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JlabopaTtopHasi pa6ora 2.1. Onpenesienue ko3gpuiueHTa
AUHAMHMYECKOM BA3KOCTH KMAKOCTH MeToaoM CTokca
Heab padoTsl uzyuenue sasieHusi 6HympeHHe20 MpeHus 6 HCUOKOCMAX U
onvimHoe onpedeneHue GeIUUUHbl  KOIDuyuenma  6A3KOCMU  HCUOKOCMU

memooom Cmoxca Ha 8upmyanbHoU 1a60pamopHOU YCMaHo8Ke.

Teopemuueckasn uacmo

Pasnmuyaror aBa THMa TEUEHUS BS3KOM IKUIKOCTH — JAAMUHAPHOE U
mypoynenmuoe. TypOyienmHbiM HA3BIBACTCS TAKOE TEUCHUE JKUAKOCTH, MPH
KOTOpOM €€ 4YacTHIBl COBEPIIAIOT HEYCTAHOBUBINECECS W HEYHOPSAIOYCHHBIC
JBUKCHHSI 110 CIIOKHBIM TPACKTOPHUSM, MPUBOISIIAM K MEPEMEIINBAHUIO CIOEB.
Jlamunaproe — 3To yropsI09eHHOE TCUCHHE KUIKOCTH, P KOTOPOM TPACKTOPHUH
JBYKCHHSI COCETHUX YaCTHII MAJIO OTJIMYAIOTCS APYT OT apyra. [lpu mammuaapHOM
TEYCHHH JKUJIKOCTh MOKHO PacCMaTPUBATh KaK COBOKYITHOCTb OTJICIBHBIX CIIOEB,
JIBYKYIIUXCS C Pa3IMYHBIMH CKOPOCTSMH. IJTO OOYCIIOBJICHO TEM, YTO IIpH
JIBUKCHUHM CJIOCB JKHUIKOCTH OTHOCHUTEIBHO JApPYyr JApyra ¢ pa3IndyHbIMA
CKOPOCTSIMH MEXITy HHUMH BO3HHKACT TOPMO3SIIasl CHjia, dTO CHJIa BHYTPEHHETO
TPEHUS WIH CUJIa 813KOoCmu. BA3KOCHb — 5mo c80UCmE0 HCUOKOCU OKA3bI8AMb
npomugooelicmeue nepemeujenuio  e€¢ Cloée OMHOCUMENbHO Opye Opyed.
PaccMoTpuM niepeMeIieHre B )KUIKOCTH IIACTHHKY TapajuIeIbHO MIIOCKOW CTEHKE
(puc. 1).

JJis epeMenieHrs MIIaCTHHKN HEO0XO0MMO MPHIIOKHUTH CHITY, TIO BEJTMIHHE
paBHYIO CWJIe TpeHHUs. Eciau ClIoM KUIKOCTH HAXOAATCS Ha PAcCTOSHUU AX H
JIBUXKYTCSA C Pa3IUYHBIMH CKOPOCTSIMH, TO BEpPXHHE CIIOM OYAYT YCKOPSTH
JBUKCHHE CpeIHUX Co€B, a HIKHHE —

3aMCOJIATH.

Hamnpasnenue ckopoctu

Puc. 1. PacipeiesieHHe CKOPOCTH MY ABHKYIIeHCS MJIACTHHKOH M CTEHKOM



[Tpupona 3TUX CUII 3aKII0YAETCSA B TOM, YTO CJIOU KHUJKOCTH, IBUKYIIIUECS C
pa3HbIMM  CKOpPOCTAMH, OOMEHHMBAIOTCA JHEPrUeil: CIOM C MOJIEKYJIaMH,
UMEIOIIUMH OOJBIIYI0 CKOPOCTh, NEPENAIOT HEKOTOPOE KOJIMYECTBO JBUKEHUS
0oJee MEMJIEHHBIM CIJIOSIM, YCKOpsAs WX, HO IpPH 3TOM CaMH IOJBEpraroTcs
TOPMOKEHHI0. HBIOTOH mOKa3as, 4yTo cujia BHYTPEHHETO TPEHUs, IEHCTBYIOIIAs Ha
CpEeOHHE CJOW, MpPsAMO NPONOPLUUOHANIBHA TPATUEHTY CKOPOCTH CIIOEB B
HaIpaBJICHUH, IEPIECHIUKYIISIPHOM TE€UEHHUIO:

IETp =n %/ S.
rae 77 — Ko3((UUUEHT IUHAMUYECKOW BS3KOCTH, PaBHBI CHUJIE BHYTPEHHETO
TPEHUS, BO3HUKAKOIIEH HAa €JUHULE IIOBEPXHOCTH COINPUKOCHOBEHUS CIIOEB,
JOBUKYIIUXCA OTHOCHUTEIBHO APYr Jpyra € 2paouenmom CKOpOCMU, PaBHBIM
enuHuLe. I paouenm ckopocmu — 3T0 U3MEHEHNE CKOPOCTHU JIBYX CIIOEB XKUIKOCTU
dV Ha paccrossauu mMexnay ciosmu dX. KoaddunueHT nuHaMU4ecKoi BSI3KOCTH
3aBUCHUT OT IPHUPOJBI )KUJIKOCTH U YMEHBIIAETCS C TOBBIILIEHUEM €€ TEMIIEPATYPBHI.
3akoH HprOTOHa ompeznensieT Takke CHIIy TPEHMs, BO3HHUKAIOIIYI0 Ha TPaHULE
MEXIY KUAKOCTHIO M JBHXKYIIMMCS B HE TBEPABIM TEJIOM, HapUMEp, IIAPUKOM.

B cucreme CHM k03p(PUUHEHT TUHAMHYECKOW BSI3KOCTH
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HU3MEPACTCA B IIACKAJIb-CCKYHAAX.
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[17]= nackan - cexynoa = (Ia-c)= H - ¢l m* = kel(m-c);

Jo 1980 r. mpumensnu enuHuily usmepeHust nyas (1),

mg 1 nyaz =01 Illa-c;

Puc. 2 Memoo Cmokca. CtokcoM ObUT TIPEAJIONKEH METOJ

ne OTIPENICJICHUS] 7], OCHOBAHHBIM Ha aHaAIM3€ JBIKCHUS IIapuKa,
CBOOOJIHO MAJAIOIIETO B BSI3KOM JKUJIKOCTH. DTO BO3MOKHO, €CIIH

IJIOTHOCTh MaTepuaja Iapuka o, 00JbIlIe TIIOTHOCTU KUJIKOCTH P , B KOTOPOU
OH JIBIDKETCS. XapakTep ABM)XCHUS IIapUKa OMPEIesaeTcs] TpeMs JeHCTBYIOIUMU

Ha Hero cuiamu (puc. 2): CUJION TSKECTH M{, BBITAIKUBAIOIICH CUION ApxuMmena

F, M CWIOH BA3KOro TpeHus F.. YpaBHEHHE IBMIKEHHS IIAPUKA M3 OCHOBHOIO

3aKOHa JUHAMHWKH B JaHHOM CJIy4ac ITPUHUMACT BU

m(?j—\::mngfAch, (1)



rje m — Macca mapuka; V. — CKOPOCTb €ro JIBUKEHUSI OTHOCUTEINIBHO KUJIKOCTH; §

— YCKOpPCHHC CBO6OI[HOFO IHaacHU:I. B IMPOCKIMU Ha OChb O)C, T.C. HAa HAIIPpAaBJICHHUC

JBUKEHUS IapHKa, ypaBHeHue (1) 3anumercs ciieayronmm o0pazoM:

dv
dt

OCcoOEHHOCTE CHJIBI BSI3KOTO TPCHUA 3aKIIIOYACTCA B TOM, YTO €C BCIMYHNHA

m

*=mg-F,-F.

3aBUCUT OT CKOPOCTH JBFWDKCHHSI TeJla OTHOCHTEIIBHO JXHIKOCTU. [lpm Mambix
CKOPOCTSIX 3Ta 3aBUCUMOCTh NPsIMO MpomopuuUoHalbHA. B Hawane, npu
YBEJIMYEHUH CKOPOCTH Tejla CUJia TPEHUS BO3pPACTaeT HACTOJBKO, UYTO JIBUKEHUE
CTAaHOBUTCS pPAaBHOMEpPHbIM. EciM Teno HMeeT MOCTOSHHYI0 CKOpPOCTh, T.€.
nBmwxeHne ycranosusieecst, To dV/dt =0 ; momyunm ypaBHenue
mg—-F,—F. =0, (2)

BbIpazum cOCTaBIAIONIME CHIIBI, BXOJSANIME B ypaBHeHue (2), depes
napameTpbl KUAKOCTH M Imapuka. Jus ten chepudeckoil GopMbl MOAYIb CHUIIBI
BS3KOI0 TpeHUs onpenensercs popmynoit CTokca

F.=6znrV, (3)

re I — paauyc mapuka; V — CKOpoCTh €ro IBIKESHUSI OTHOCHTEIILHO KHIKOCTH.

Baxno otmetrutsh, uto ¢opmyna (3) chopaBeqinBa TOJBKO B Ciydae
JIAMUHAPHO20 TEUEHUS KUIKOCTU OTHOCUTEIBHO IIapuKa (CKOPOCTh JABUKEHUS
mapukKa JIOJDKHAa ObITh HEOOJBINOM), a KHUAKOCTh IO BCEM HaIpaBiICHUSM
npocTUpaeTcss Oe3rpaHu4HoO, T.€. pa3Mepbl Cocyda, B KOTOPOM HaXOIUTCS
KUJIKOCTh, JTIOJDKHBI OBITh MHOT'O OOJIBIIIE 1O CPAaBHEHUIO C pa3Mepamu IapHKa.
YcnoBus TaMHUHApPHOCTA MOXHO CUHTATh BBIMOJTHCHHBIMH, €CIA  YHUCIIO
Peitnonbaca Re < Rey:

Re= V0
- :

31ech py. — TIOTHOCTH KUJKOCTH, a KPUTHUECKOE 3HadYeHue yucia PeitHombaca
Ui wapuka Rey,, IBUKYIIErocs B »KUIKOCTH, MOXHO MPHUHSTH PAaBHBIM €UHUIIBI.

Bripazum maccy mapuka yepes ero mioTHOCTh U 00beM:

m=p 2z
pu43 :

(4)

Torz[a BBIPAKCHUC JIA apXHMeI[OBOﬁ CHJIbI IPUHUMACT BU

4
FA:pmgﬂ' r’y . (5)



[ToxcraBnss Beipaxkenus (3), (4) u (5) B ypaBHeHHE (2) M yYHUTHIBAs, YTO

d=2r, moce npocThIX MPeoOpa30BaHUI MOTYUHM:

_1(p,-p, %
=5ty | (6)

Onucanue IKcnepumenm QAIbHOIL ycmaHoeKu

YcraHoBKa e pealin3daliuu MCTOOA CTokca COCTOUT U3 CTEKJISTHHOI'O
OUJINHApPA 1, B KOTOPOM HaxXOOUTCA HUCCIICAYCMaA ) XKUIKOCTb, BABKOCTDb KOTOpOﬁ

HeoO0XxoauMo onpeaenuTs (puc. 3).
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Puc. 3. YcranoBka IJISA U3MEPEHUSA BAZKOCTH *KUAKOCTH IO METOAY Crokca

Ha nununape umerotcs Mmetku 3 u 4. PacctostHue Mexay MeTkamu L MOKHO
3aMEpUTh NpU TOMOILIM JHUHEHKHM 6, a [auameTp MIapuKa — MpU OMOIIH
MUKpoMeTpa. Bpemst mpoxoskieHust Mex1y MeTkamMu 3 ¥ 4 MOXHO OIpPEACNIUTh C
MOMOIIbIO CEKyHAOMEpa 5. MeTka 3 moMelieHa Ha HECKOJIBKO CAHTUMETPOB HUKE
BEPXHET0 YPOBHS KUJIKOCTH JIJIsl BBITIOJTHEHHUS YCIOBUS PABHOMEPHOIO JIBHXKCHUS
mapuka B kuakoctd; V = const Ha yyactke L. [{unmuugap 3akpbIT mpoOKoH ¢
BOPOHKOM, B KOTOPYHK) OIyCKA€TCAd IIApPUK, JBUTAKOIMIMNCA B JalbHEUIIEM
MIPUMEPHO TI0 OCH ITWJIMHAPA TaK, YTOOBI HAa €T0 BMKCHHUE HE BIUSIN cTeHKU. [Ipu
0oJiee TOYHBIX HW3MEPEHUAX HEOOXOAMMO YUMTBHIBATH BIMSHUE Pa3MEpPOB
CTEKJISTHHOTO IIUJIMHIpA.

UccnemyeMoit KUIKOCTBIO SBJISIETCS TIIMIIEPUH, TUIOTHOCTh KOTOPOTO
Oy = (1,26+0,01)10% kr/m3. Uccnenyemple IAPUKK — CTATBHEIE C ITIOTHOCTBIO
Ou = (7,840,1)10% kr/mM3. DKCIIEpUMEHT MOKHO IPOBOJMTH KAK Ha (PM3UYECKOM,

TaK M Ha BHpTyaHBHOﬁ MOACIN YCTAHOBKH.



PaGouass ¢opmyna. Eciu B BbipakeHuu (6) CKOPOCTh PaBHOMEPHOIO

ABH)KCHHUA IapUKa B JKUAKOCTHU V 3aMEHHUTH OTHOIIICHUEM L/t, TO IIOJIYYHM.

1 (p, —p, o0t
=0 2 : (7)

Hopaook evinoinenus padomat

1. IlomyunTs CBOMl BapuaHT 3aJaHHUsd M JONYCK K paboTe y BeIyllero
npenoxasarens. CBoii BapuaHT (3HaueHus L u d) MOKHO B3STh M3 TaOIHIIBI
B IIPWJIOKEHUU IO HOMEPY 3a4ETHON KHIKKHU.

2. Tlo3nakoMuThCS ¢ pabOTON BUPTYAIbHOMN JJAOOPATOPHOM YCTAHOBKH.

3. IlpoBectn mpoOHBIE H3MEPEHUS M PA3NUYHBIX 3HAYCHUW JAMaMeTpa
mapuka 0 ¥ paccTosHHA Mexay MeTkamu L, ompegensst Bpems
IIPOXO0’KJICHUS MEKy METKaMU ITPU IIOMOLIY CEKYHIOMEpa.

4. 3aHectu B TaOJMIly 33JjaHHBIE B BallleM BAPUAHTE 3HAYEHUS: paccTOAHUE L
Mex Iy MeTKaMu 3 1 4 (cM. puc.3), quamerp 1rapuka d ¥ ero IioTHOCTh Oy,
a TAKXe MIOTHOCTb UCCIEYEMOU KUIKOCTH L.

5. COpocuTh mapuK B COCYJ C KUAKOCTbIO. B MOMEHT KacaHus IIapUKOM
BEPXHEN METKM 3alyCTUTh CEKYHJIOMEpP, a B MOMEHT KacaHUs IIApUKOM
HIDKHEM METKM OCTAHOBUTH €ro. 3amucarh B TaONMIly [OKa3aHUe
cekyHomepa t;.

Kuornkoii “CbPOC” ycTaHOBUTH HyJIb Ha TabJIO CEKyHIOMEpA.
7. TloBTOpUTH M3MEPEHUS MATh pa3, 3a/aBasl pa3IM4YHbIC 3HAYEHUS AUAMETPA
mrapukoB 0; 1 paccrosiHue L Mexny MeTkamu (yHKT 3 1 4).
Pe3ynbpTaThl OMBITOB 3aHECUTE B TA0JIMIlY U3MEPEHU.
Borancnuth K03(QQUIHEHT BSA3KOCTH 77 U1 KaKIOTO U3 MSATH ONBITOB IO
paboueit popmyie (7).
10. Haiitu cpennee 3HaueHue KodhPuiimeHTa BI3KOCTH 77 :
=31,
i=1

11.0npenenutbs abCOMIOTHBIE TPUOOPHBIE MOTPEIIHOCTH MPSMBIX HU3MEPEHUN

(paccrostnust Mexxny Mmetkamu AL, nuamerpa mapuka Ad, BpeMeHu ero

nagenuss At, wiotHoctn mapuka Ap, W KuakoctH Ap,), a Takke uX

OTHOCHUTENbHBIE OIIMOKH €L, €d,€, U &t .



12.01ueHuTh MOJTHYI0 a0CONMIOTHYIO A7) i OTHOCUTEIBHYIO € TIOTPEIIHOCTH.

13. 3anucaTh KOHEYHBIH Pe3y/IbTaT B BUAE 17 =177 AR,

14, CpaBHI/ITB IMOJIYYCHHOC 3HAUYCHUC 7) CO CIIPABOYHBIMHU JTaHHBIMHU.

15.1To pe3yiibTaTaM SKCIICPUMCHTA CACIIATh BBIBOIBI.

Tabnuna usmepeHuit

/o

L.m |AL,Mm |d,M | Ad,Mm |tcC At,c |V, Re 7,

m/c Ila-c

An,
Ila-c

Ila-c

An

OnpenesieHne BapmaHTa

Bam HeoOXoAMMO BBINOJHUTH MATh HU3MEpPEHHl. UeTblpe U3MepeHus IO
3aJJaHUI0 U3 TAOJHIIBI BAPUAHTOB, MSTOE U3MEPEHHUE — MPOU3BOJIbHBIC 3HAUCHUS L
u d. Kak omnpenenuts HOMep Bamero Bapuanta? [lociemnue nBe nudpbl HOMepa
3a4€THOM KHMKKH YKa3bIBalOT Ha Bair BapuaHT.
Hanpumep: Homep 3auéTHON KHIDKKH Ne645693, BapuanT 93, HaxonuM B TabimIie
3Hauyenusa L =61-66, cu d =4,3-4,8, mm;

N3smepenust:
L=61cm; d=4,3 mm
L=61cm; d=4,8 mm
L=66 cm; d =4,3 um
L=66 cm; d =4,8 um
. L=xcm; d=y mm.

o0 E

[IsaT0€ N3MepeHune — 3aAat0Tcs MPOU3BOJIbHBIC 3HAUCHUS L =Xj ey, ud =yj um.
3ameuanue. OuieHKy aOCOMIOTHOM MOrPEMIHOCTH KO3 (ULIMEHTA BI3KOCTU

paccuyuTaTh ABYMsI ClIOCOOaMMU:

1) mo cTaHAapTHON METOIUKE pacueTa MOrPEeIIHOCTEH CIyJaiHON BETUYNHBI:

An=1yn S,. 31ecsh tpn — koappunment CTbrofieHTa AJis MATH U3MEPEHUN TpU

noseputenbHOM BepositHocT P=0,95; HaxoauTcs u3 Tadiuusl (cM. ¢.16); a s, —

Cp€aHCC KBAAPAaTUIHOC OTKIIOHCHUC CPEIHETO,

AS, = \/i(m -n)* /n(n-1) ;

2) TI0 METOAMKE pacuéTa MOrPEeHIHOCTeH KOCBEHHBIX H3MEPEHUH KaK

A77:77\/(25d)2 +& e +g

W

2

2 A 2 2
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d 0 | t
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Kounmponvnuie sonpocul
[losicHuTe CyIIHOCTH SBIEHUS Bs3Koro TpeHusa. KakoBa mnpuponma cui
BHYTPEHHETO TPEHHUS KUJIKOCTU?
Yro Takoe KOd(PPUIIMEHT TUHAMUYECKOW Bs3KocTH? B Kakux egumHHUIIAX
U3MeEpSETCs BEJIMUMHA BA3KOCTU 77 B cucteme CU?
Kakue cuibl AEIMCTBYIOT Ha TEJIO, ABMKYLIEECS B AKUIKOCTH?
JlaiiTe onpeeneHre JaMUHAPHOrO U TypOYJIEHTHOTO TEYEHHUSI )KUKOCTH.
3anumute Gopmyiny CTokca U yKaxkKUTE yCIOBUS €€ IPUMEHUMOCTH.
Onpenenure BEIWYUHY CHIIBI TPEHUS, ACHCTBYIOLIEH Ha CTAJIBHOM LIApUK
JUaMeTpoM 3 MM, majarommii co ckopoctbio 0,75 M/C B JKHUIKOCTU C
ko3 urentom Bsizkoctu 1,5 [Mac.
[loueMy mapuk B Hadajle JIBWXKEHUA YCKOPSETCS, a 3aTeM JBHIKETCS
paBHOMEpHO? UTO Takoe IrpailueHT CKOPOCTH?
3anumuTe pabouyro (opmyiny, OOBSCHUTE YCIOBHUS €€ NPUMEHEHUs U
NPUYHMHY Hadyalla U3MEPEHHS] BpEMEHHU HE OT OBEPXHOCTH KUJIKOCTH.
[lepeyncnuTh  OCHOBHBIE  HMCTOYHMKHM  IIOTPEIIHOCTEM  M3MEPEHMH,

MPOBOJIMMBIX B IaHHOM padoTe.

Anpec cChUIKM Ha PUCYHOK IIpVBeIEHHBIV Ha 00JIOXKKe:
ru.wikipedia.org
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