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BBEJIEHUE

K BbImoOSHEHUIO 1a00paTOpHBIX padOT CTYNEHT JOIMYCKAeTCsl TOCie W3Y4eHUs
OCHOBHBIX TEOPETUYECKUX MOJOKEHUN U METOAUKY POBEAEHUS dKcniepruMeHTa. PaboThl
BBINIOJIHAIOTCS Opuragamu B coctaBe 3—4 uenoBek. [locne BblmonaHeHUsT padoOThHI ee
o(pOpPMIISIOT U 3alTUIIAIOT JI0 HAavaja CIAeAYOme paboThl.

3ammuTa  7a00paTOpPHBIX  pabOT  OCYHIECTBIACTCS  KaXIbIM  CTYJACHTOM
camocTosATeabHO. OIlIEHKa TMOJYYEHHBIX CTYJIEHTOM MPAKTHUYECKUX HABBIKOB
BBITNIOJIHSAETCA 10 3KCHEPUMEHTAIBHON YacCTH OMbITA, & TEOPETUYECKUX 3HAHUM — MO
OTBETaM Ha KOHTPOJbHBIE BOMNPOCHI, KOTOpbIE€ TNPHUBEIECHbI B KOHIE KaXJA0U
n1abopaTopHOIl pabOTHI.

Otuer noimkeH ObITh OGoOpMIIeH B cOOTBETCTBUMU ¢ TpeOoBanusmu ECK]] Ha
muctax ¢popmara A4 (297x210) u BKITIOYATh: TUTYIBHBIN JIUCT; 1IEJIb PAOOTHL; OCHOBHbIE
TEOPETUYECKUE TTOJIOKEHHS; CXEMbI OINBITHBIX YCTAHOBOK MJIM MPUOOPOB; PE3yibTaThl
OTIBITOB M PAacYETOB, CBEJICHHBIE B TAOIUIIbI; IpaduuecKkrue 3aBUCUMOCTH U BBIBOJIBI 110
pe3ysibTaTaM ONBITOB; KOHTPOJIbHBIE BOIPOCHIM OTBETHI HA HUX.
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JlabopaTopHnas padora Ne 1

U3YUYEHUE OCHOBHBIX ®U3NUYECKUX CBOMCTBXKUIKOCTEN U
I'A30B

Ilenv pabompl: 03HAKOMUTHCSI ¢ METOAUKOW M3MEPEHHS IUIOTHOCTHU >KHUJIKOCTH,
pacueta Kod(pUIMEHTa TEeMIEpaTypHOrO pacHIUpeHus, Kod(DQPUIUEHTa BI3KOCTU
KUJKOCTU U KO3(PhUIIMEHTA TOBEPXHOCTHOTO HATSHKCHUS.

1.1. O01ue cBeaeHns

Kuokocmuio Ha3bIBAIOT (PU3MUECKOE TENo, 00Iaaromee O0IbIION MOABUKHOCTHIO
YJaCTHI] WHU3MEHSIOIICe CBOO (OpMY TOJ JEeHCTBUEM BechMa Manblx ciil. OCHOBHBIC
¢u3nUeckre CBOWCTBA JKHJIKOCTH — TUIOTHOCTh, CXKHMaeMOCTh, TEMIIEPATypPHOE
paciMpeHne, BS3KOCTh M IOBEPXHOCTHOE HaTshkeHue. Bce du3mueckue cBoiCTBa
KHUJIKOCTH 3aBUCAT OT TemiiepaTypsl T, °C, v OT 1aBJIeHUS P.

IInomnocmos dcudkocmu — 3TO OTHOIICHUE MACChl JKUIKOCTH K 3aHUMAeMOMY
o0beMy:

p= Vm,[KeﬂMs]' (1.1)

[T10THOCTB KMAKOCTH 3aBUCUT OT TeMIiepaTypsl u nasienus p = f(T°; p). C
YBEJIMUEHHUEM TeMIIepaTyphl TUIOTHOCTbD KUAKOCTUA yMeHbIaeTcs. C yBelnueHueM
JaBJICHUS — YBEJIUUYMBAETCS. Y BOJBI MaKCUMaIbHOE 3HaUeHHE TIoTHOCTH ipu — 4 °C. C
yMeHbIlleHreM temrnepatypsl Bojbl 0T 4 °C 1o 0 °C mIoTHOCTh BOIBI YMEHBIIIAETCS.

[110THOCTD KUKOCTH MOKHO OTPEAETUTH C IOMOIIBIO CIEIHAIEHOTO TprOopa
apeomempa.

Corcumaemocms HcuOKOCMU — 3TO CIIOCOOHOCTH YKHJIKOCTH U3MEHSTH CBOM
00BeM MpHU U3MEHEHUHU JECHCTBYIONIETO HA HEE JABJICHHUS.

Temnepamypnoe (mennogoe) pacuupeHrue — 3T0 CIOCOOHOCTbD KUIKOCTH U3MEHSTh
CBOI1 00BEM TIpH U3MEHEHUH TeMIepaTrypbl. Ero MOKHO OIIEHUTH C TTIOMOIIBIO
Kod(hpuIEeHTa TeMIepaTypHOTO PaCIIMPEHHUs, IPEACTABISIONIETO COOOM
OTHOCHUTEIHHOE U3MEHEHHE 00BEMA )KUIKOCTH IPUU3MEHEHUH TEMITEpaTyphl Ha OJTUH
rpanyc

Bsaskocmb — 370 CBOMCTBO JKHUJIKOCTH OKa3bIBaTh COMPOTUBJIECHUE CIIBUTY WU
CKOJIBKEHUIO COMPOTUBIISIIOLIUXCS CIIOEB.

Bsi3kocTh XapakTepu3yeT CTeneHb TEKYYECTH KUJIKOCTH U TIOJIBMKHOCTH €€
YacTull.

Eounuyeri usmepenus ounamuyeckou eazkocmu 6 cucmeme CH aensemcs
(Ila-c=nc/m?).

[Ipy BBIMOTHEHUM TEXHUYECKHX PACUYCTOB OOBIYHO JIJISi OIICHKU BSI3KUX CBOMCTB
KUJKOCTH UCIIOJIB3YIOT KUHEMAaTUUECKUN KOA(DPUIMEHT BA3KOCTH V, IPEACTABISIONINIMA
OTHOIIEHHUE TUHAMUYECKOU BA3KOCTH K €€ MIOTHOCTH:

V7 )
Enununei n3aMepeHus: KHHEMaTHUECKOU BI3KOCTH B cucteMe CU aBiseTcs m2/c.
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WNHorga MCnonap3yloT MPOU3BOJHYIO OT €AMHMIBI M3MEpPEHUs KUHEMATUYECKOU
BA3KOCTH, Ha3bIBaeMylo cTokcoM (1 ¢t = 1 cm?/c).

BsI3KOCTh 3aBHCHUT OT POJa KUJIKOCTHU, €€ TEMIEPATYPhl U JABJICHUS U HE 3aBUCUT
OT CKOPOCTH TE€UEHUS KUAKOCTH.

C yBenuyeHHEM TeMIEpaTypbl BS3KOCTh KaleNbHBIX XHAKOCTEHM M UX cMmecei
YMEHBIIAETCS, a Ta3000pa3HbIX — YBEJIWYUBAETCA. 3aBUCUMOCTh BS3KOCTH OT
TEMIEPATypbl JUIsl Pa3HBIX KUAKOCTEM pas3inyHa, U BBIPA3UTh 3Ty 3aBUCUMOCTD
aHAIMTUYECKH OOIIMM YypaBHEHHEM HE TMPEJCTaBIsSeTCS BO3MOXHBIM, rae t° —
TemIieparypa Boasl, °C.

JlJist MUHEpAJIbHBIX Macell, MPUMEHSIEMbIX B TUAPONPUBOIAX MAILMH, B UHTEpPBaJIe
temrieparyp 30...150 °C, nonb3yroTcs BIpaKEHUEM:

N
50
VYt = Vs TO
A€ Vo U Vsp — KHUHEMATH4eCKas BA3ZKOCTb COOTBETCTBEHHO MIPU JTaHHOW

T °C u npud0 °C; N — nokazarenb CTeNeHH, 3aBUCIIINANA OT HICXOJHON BA3KOCTH IIPH
50 °C.

3unauenus N npencraBneHs! B Ta0m. 1.1.

Tab6auma 1.1
3Hauenus mokasareis crenedu N B ypapHenun (1.9)

vsor10°, M%c | 2,8 [6,25] 9,00 | 11,8 | 21,2 [3/,4 [ 451 [52,9]| 60,6 | 80
N 1,38 159 1,72 | 1,79 [199 [213 2,24 [2,32 | 2,49 |2,56

C yBenW4YeHHWEM [IaBJICHUS BSI3KOCTh J>KHJKOCTEH BO3pacTaeT, OJHAKO JTa
3aBUCUMOCTh CYIICCTBEHHO IIPOSIBISCTCS JIMIIb IIPH OTHOCUTEIBHO OOJBIITUX
M3MEHEHUAX JIaBJIeHUA (B HECKOJIBKO JecsiTkoB MITa).

Jnst  u3MepeHus:  BSI3KOCTH — TOJB3YIOTCA  MpUOOpamMu,  Ha3bIBAEMbIMU
suckosumempamu. CylIECTBYIOT pPa3JIU4YHbIE THUIBI BUCKO3UMETPOB, KOTOPBIMU

ONpPEACsIOT BI3KOCTh, — BHUCKO3UMETp CTOKca, KamWUISPHBIA BHCKO3UMETD,
BHUCKO3UMETP DHIJIEpa U JIp.
llosepxnocmnoe  namsdicenue —  CBOWCTBO  JKHJIKOCTH  0Opa30BBIBATH

MOBEPXHOCTHBIM CJIOM B3aMMHO MPUTITUBAIOIMIMXCS MOJIEKYJI. OIDTO CBOMCTBO
XxapakTepusyercs KodhGHUIHEeHTOM MOBEPXHOCTHOTO HATSKEHUS 0, YUCIIEHHO PABHBIM
cujie, JEUCTBYIOLIEM HAa E€IWHULY JUIMHBI KOHTypa IIOBEPXHOCTM B CTOPOHY €€
cokpamenus. 3mepsiercst k03P UIMEHT MOBEPXHOCTHOTO HATSDKCHUS 0 BEIMHHIIAX
CWJIBbI, OTHECEHHOH K JTMHE, T.€. B H/M.

Onpenenuts KOOPPUIMEHT TOBEPXHOCTHOTO HATSIKEHUS MOXXHO C TOMOIIBIO
npubopa cmanazmomempa.
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3HaYeHus IIOTHOCTH, KOI(PPUUMEHTOB C:KATHUS, TEMIIEPATYPHOI O

Tabnuma 1.2

pacmiMpeHus, KHHEMAaTHYeCKOH BA3KOCTH U KO3(p(prumeHTa NOBEPXHOCTHOI O

HATSOKeHU A
npu T° =20 °C
HauMeHOBaHYE KUIAKOCTH | P, Bp-10%,  |B-103,°C | v-107, c:107%,
Kr/Mm° MIlal 1 Mm2/c H/m
Bona npecHast 998 0,49 0,208 1,01 73
CrnupT >TUI0OBBIN 790 0,78 1,10 1,52 23
Macino motopHoe M-10 900 0,60 0,64 300 25
%acno uHayctpuansHoe M- 900 0,72 0,73 110 25
Maciio 890 0,60 0,70 30 25
TpaHchOpMaTOPHOE
Macro zrs 850 0,76 0,83 20 25
THIPABINICCKUX
cuctem AMI-10

1.2. Onucanue ONBITHOIO YCTPOIicTBA

YerpoiictBo Ne 1 niia m3ydeHuss (PU3MUECKUX CBOMCTB JKHAKOCTH COJEPIKUT 5
npuOOpPOB, BBHIMOTHEHHBIX B 00IIeM Mpo3padyHoM Kopryce (puc. 1.1), Ha KOoTOpoM
yKa3zaHbl MapameTpbl MPUOOPOB, HEOOXOAUMBIE I 0OpPaOOTKHA ONBITHBIX JTAHHBIX.
[TpuGopsl 3—5 HaAUMHAIOT ACHCTBOBATH MIPHU MIEPEBEPTHIBAHUU YCTpOMcTBA. TepMoMeTp
| moka3pIBaeT TemmepaTypy OKpYy>Kalolel cpenbl U, CIEHOBATEIbHO, TEMIEPATypy

KUJIKOCTEN BO BCEX YCTPOUCTBAX.

2

NE

o

R

Puc. 1.1. Cxema ycrpoiictBa Ne 1 juist onpeznenenust GU3MUECKUX CBOMCTB XKHIKOCTH:
TEPMOMETP; 2 — apeoMeTp; 3 — BUCKo3uMeTp CTokca; 4 — KamUIPHbIM BUCKO3UMETP; O —

CTAJIarMOMCETP

[Ipu BbITIONTHEHUH PAOOTHI HEOOXOIUMO:
¢ DKCIEPUMEHTAIBHO ONPEAEIUTD INIOTHOCTH P BOJABI APEOMETPOM;
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*  DBKCIIEPUMEHTAJIBHO ONPEAEIUTh KOAYPUIUEHT TeMIIepaTypHOTO
pacmupenus Sy cnupTa CIoMOILbIO CHUPTOBOTO TEPMOMETPA;

*  DKCIIEpUMEHTAJIBHO ONPENEINTh KHHEMATUUECKYIO V U JUHAMUYECKYIO [
BS3KOCTh MOTOpHOr0 Macia M-10 Buckozumerpom CTokca M KalmWJIIPHBIM
BUCKO3UMETPOM;

*  DKCIIEPUMEHTAJBHO ONPEAEAUTh KOAP(OUIIMEHT MTOBEPXHOCTHOIO
HAaTsDKEHUS 6 MOTOpHOromacina M-10 cramarmomMerpowm;

*  CpPaBHMTb OIBITHHIE 3HAYCHUS NOJYYEHHBIX BEJIUYUH CO CIIPABOYHBIMHU
3HAYECHUSMHU.

1.3. MeToanka v NOps/IOK NMPoBe/IeHUs UCTILITAHUI, 00padoTKa pe3yJbTATOB

H3MepeHne IIJIOTHOCTH KHIKOCTH ape€oOMETPOM

ApeoMeTp 2 CAyXUT sl ONPEAECICHUS] TUIOTHOCTH KUJKOCTH MOIJIABKOBBIM
METOJIOM Y MPEJICTABISIET COOO0M MyCTOTENBIN MIMHAP C MIWIIUMETPOBON IIKAJION U
rpy30M B HWXKHEH YacTu. biaromapss rpy3y apeoMeTp IUIaBaeT B HCCIEIyEeMOU
KUJKOCTH B BEPTUKAIHLHOM IMOJ0KEHUU. [ JIyOMHA MOTpyXKEHUsI apeoMeTpa SBISICTCS
MEPOU TUIOTHOCTH KUJIKOCTH W CUUTHIBAETCS CO MIKAJIbI IO BEPXHEMY KPAaK0 MEHHUCKA
KHUJKOCTH BOKPYT apeoMeTpa. B 0OBIUHBIX apeoMeTpax IiKaia OTrpaayupoBaHa cpaszy
I10 TNIOTHOCTH.

B nporiecce paboTsI criemyer:

1) W3MEpUTh IIYyOMHY MOrpy:kKeHuss h BOIbI HAa apeoMeTpe M0 MHJUIUMETPOBOM
IIIKaJIC Ha HEM;

2)  BBIYHCIUTH IUNIOTHOCTH BOABI IO popmyne:  4m

nd2h (1.10), rne mu d —
Macca u quametp apeomerpa. ®opmyna (1.10) monydeHa nmyremM npupaBHUBAHUS CUIIBI
TSDKECTH apeomeTpa G = mg U BeITAIKUBAIOLIEH (apXumenoBoit) cuisl Papx = pgW, rae
W — 06beM norpyskeHHoi yactu apeomerpa 1 W = (nd?/4) h;

3) BBIUUCTUTH TUIOTHOCTH BOJIBI IO (hopMmyIIe:

L0
P = qypare L1
rae fr— Kod(pPUIUEHT TeMIepaTypHOTO paCUIUPEHHs; pPo — IUIOTHOCTH

XKUJKOCTH, COOTBETCTBYIOIIAsl €€ HadaJIbHOM Temmeparype; AT°— pa3HOCTH
temneparyp (T° — T°);
4)  3HAYEHHUS UCTIONB3YEMBIX U TIOJYYCHHBIX BEJIMYMH 3aHECTH B Ta0xd. 1.3.

Tabnuma 1.3

3HavyeHus HCIMOJb3YEMbIX U MOJYYCHHBIX BCJIMYHUH MPHA ONIPEeACICHUN
IJIOTHOCTH KHAKOCTH ap€OMETPOM

HaumeunoBanue o
T, °C m, r d,cm | h,em | p, xo/m® |pro, kT/M3|  p*,
KUIKOCTHU 3
KI/M
Bona
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*
p 70 — IUIOTHOCTb JKUIKOCTH, MOCUMTaHHAs 10 ypasHeHuio (1.11) n

COOTBETCTBYIOLIAsi u3MepeHHol Temneparype T °C; p*— cripaBouHOe 3HaU€HUE
IUIOTHOCTH JKHJIKOCTH (Tadu. 1).

Omnpepnesienue ko3 (ppuumeHTa TEMIEPATYPHOr0 paclIupeHUus

s omnpexnenenus kKodpduuueHta TeMIEpaTypHOrO PaCIIUPEHUs KUAKOCTH
ucnoab3dyetcss TepmMomeTp 1 (puc. 1.1), KOTOphIi HpeacTaBiIsgeT cOOOW CTEKIISTHHBIHN
OQJIJIOH C KamWUISIpOM, 3alOJIHEHHBIM TEPMOMETPUUYECKOW >KUIKOCTHIO (B JaHHOM
ciyyae cnuptoMm). Tepmomerp umeer mkany. [lpuHuun paeicTBuUsSi TepMomeTpa
OCHOBaH Ha TEIUIOBOM pACIIMPEHUH JKUIKOCTU. VI3MeHeHue TemmnepaTypsl
OKpYXalole cpenbl NPUBOJUT K COOTBETCTBYIOIIEMY HW3MEHEHHI0 00beMa
TEPMOMETPUYECKON KUAKOCTH U €€ YPOBHS B Kamwuisipe. YPOBEHb KHUIAKOCTH
yKa3bIBaeT Ha IIKaje 3HaYCHUE TEMIIEPATYPHI.

Koaddumment temmnepaTypHOro paclIMpeHUs TEPMOMETPUUYECKON >KUIKOCTH
omnpejeNsieTcsl Ha OCHOBE MPEIOJIOKEHHsI, YTO TeMIEpaTypa OKPYKarolIlel cpesbl
NOBBICUJIACH OT HWIKHEro (HyJeBOro) [0 BEPXHEro MNpelebHOr0 3HauYeHUs
TEPMOMETpPa U YPOBEHbB JKUJIKOCTH B KaIMJLIAPE BO3POC HA BEIUUUHY .

B mpouiecce pabothl cienyer:

1)  moxacuuTaTh OOIlIEe YUCIIO TpadycHbIX neneHuil AT B mikaie TepMoMeTpa u
U3MEPUTH paccTosiHUE | MEXy KpalHUMHU IITPUXAMU IIKAJIBI;

2)  BBIUMCIUTH IpUpalieHHe oObemMa TePMOMETPUYECKON >kugkoctu AW =
(nd?/4)1, rae d- qMaMeTp KamuIspa TEPMOMETPA;

3) ¢ yuerom HavyasbHOTO (pu 0 °C) 06BeMa TepMomMeTpudecKko Kuakoctu W
HalTH 3HaueHue KoddduimeHTa TemneparypHoro pacmuperuss B, 3Hauenus
UCIIOJIb3YEMbIX U BBIYUCIICHHBIX BEJTUYMH 3aHECTH B Ta0u. 1.4.

Tabmuna 1.4

3HaYeHUs UCTOJIb3YeMbIX U BBIYUCIEHHbIX BeJTHYHH
NpH onpeieleHNU KO3(PPuIMeHTa TeMIEPATYPHOT0 PaCIIMPEeH s

HaumMeHoBaH T.°C d-107?, W'l:?'b, AT, 1-107, AW-%O"’, B.10° o] B 1%, °C
ue M M C M M 1 T
KHJKOCTH
Couprt

1.4.1. Omnpenenenue BA3KOCTH BUCKO3MMeTPoM CTOKCa

Buckosumerp Crokca 3 (puc. 1.1) mpexacrtaBisier co0o0il UUIMHAPUYECKYIO
€MKOCTb, 3aIIOJITHEHHYIO UCTIBITYEMOM KUAKOCTBIO. B 3Ty )KUAKOCTh NOMEIIEH IAPHUK.
[TpubGop mo3BOISET OMPEETUTH BSI3KOCTD KHJIKOCTH 10 BpPEMEHH MAJCHUS MIapUKa B
HEM.

B npouiecce pabGoThl crienyer:

1)  noBepHyTh ycTporcTBO Ne 1 B BeprukanbHOM IockocTh Ha 180° m
3a(hpKCUPOBATH CEKYHIOMEPOM BpeMsl t TPOXOKACHHS IApUKOM paccTossHus | Mexay
nBymMss Metkamu B npubope 3. Illapuk goibkeH majgaTh MO OCH €MKOCTH 0e3
CONPUKOCHOBEHHUSI CO CTEHKAMHU, T.€. MpUOOP 3 TOJKEH CTOSITh CTPOTrO BEPTUKAIBHO.
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OnpIT BBIOJHUTH TPH pa3a, a 3aTEM OINpPEIEIUTh CpeaHeapu(PMEeTHUECKOE 3HAUCHHE
BpPEMCHU t;

2) BBIUMCIUTh ONBITHOE 3HAYE€HUWE KHUHEMATHUYECKOro Ko3(duuueHra
BSI3KOCTH KMJKOCTH I10 SMIIHPUIECKOMY YPAaBHCHHIO:

L gd?t ('%0— 1)
[18l + 4321 (%)]

rae d u D — nuameTpsl mapuka v MITHHIAPUIECKON EMKOCTH, p U Py — ITIOTHOCTH
KHJIKOCTU U MaTepHasa mapuKa;

3)  BBIYHCIHUTH OMBITHOE 3HAUCHHE TUHAMUYECCKOTO KO3(pHIMeHTa BI3KOCTH
L, UCTIONB3Ys3aBUCUMOCTH (1.7);

4)  3HAYCHUS MCIOJB3YEMBIX I PacyeTa U ONpeACIsIeMbIX BETHYUH 3aHECTH
B Tabi. 1.5.

Taonuma 1.5

3HaYeHHs UCTOJIb3YyeMBbIX JJIfl pacueTa BeJMYNH NMPHU ONpeaeTeHun
BAI3KOCTH BUCKO3UMeTpOM CToKCa

Haumenosanyy T | p, o [-102,/d-102,|D-102,| pu, [v-10°| pn, |v*10" | p*,
exunrkoctu | °C | kr/m3| 7 M M M | kr/m3| M%c |TTac|® m%c |[ac
Macno
MOTOpHOE M-
10

1.4.2. HN3Mmepenue BA3KOCTH KANMJIAPHBIM BUCKO3UMETPOM

Kanumispueiii Buckosumetp 4 (puc. 1.1) BKIIOYaeT €MKOCTh C KallHMJUIIPOM.
BsskocThomnpenensercs o BpEMEHH UCTEUEHUS! UCIIBITYEMON KUIAKOCTU U3 EMKOCTHU
4yepe3 Kanuuisp.

B npornecce pabotsl cnenyert:

1)  nepeBepHyTh ycTpoiicTBO No 1 B BepTHKanbHOM Miockoctd Ha 180° u
OTIPEJICIUTh CEKYHJIOMEPOM BpeMs t UCTEUEHHUS Yepe3 Kamuuiap o0bema >KHIKOCTH
MEXKy METKaMHt (BbICOTOM S) U3 €eMKOCTH BHCcKo3umeTpa 4 u temmneparypy T°, C, no
TepmomeTpy 1;

2)  BBIYHCIUTH OMBITHOE 3HAYEHUE KMHEMATUUYECKOTO KO3(PPUIIMEHTA BA3KOCTH MO
YpaBHEHUIO: v=M-, (1.13)

rae M — nocTossHHasi BUCKO3UMETPA;

3)  BBIUYHCIUTH ONBITHOE 3HAYCHUE TUHAMHYECKOTO KOA((DUIMEHTA BI3KOCTH L
HCTBITYEMOMKHUIKOCTH;

4)  3HAYCHUS HCIIOJIL3YEMBIX IS pacueTa W ONpeIeIIeMbIX BEIIMYHMH 3aHECTH B
Tao. 1.6.
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Ta0Onuia 1.6

3HaueHnus HCIMOJIB3YEMBIX /IUISI pacueTa BEJINIHH
IpH onpeacjJeHU BASKOCTH KANMWVIIPHBIM BUCKO3UMETPOM

HaI/IMeHOBa T M, t V- 10_6’ “ V*' 10_ “*
HUE KUJIKOCTH 2,2 12 > 6 2 ’
°C M</C c M</C Ma-c , M°/c Ma-c
MotopHoe
macio M-10

3HadeHue v* npuHUMaeTcs 1o tadm. 1.2.

1.43. Omnpenenenne KO3IQPPUUMEHTA NOBEPXHOCTHOI0 HATSKEHHUS
CTAJIarMOMETPOM

Cranmarmometp 5 (puc. 1.1) BKIrOYaeT EMKOCTh ¢ KallWJUISIPOM, PACITUPEHHBIM Ha
KOHIIC JIJIs HAKOTUICHUSI JKUJIKOCTH B BHUAe Karum. Ompenenenue koddduimeHTa
MOBEPXHOCTHOTO HATSKEHUS JKUJIKOCTH CTAJIarMOMETPOM OCYIIECTBIISIETCS METOI0M
oTpbIBa Karesb. Cuia MOBEPXHOCTHOTOHATSKEHNS B MOMEHT OTPhIBA KaIlJId paBHA €€
Becy (cujie TSDKECTH) M OMPENENIeTCS MO TUIOTHOCTH JKHIKOCTH U YHUCITY Kareb,
MOJIYYEHHOMY TPU OTIOPOKHEHUU EMKOCTH C 33JITaHHBIM 00BEMOM.

B mpouiecce pabGothl cienyer:

nepeBepPHYTH yCTpoilcTBO Ne 1 B BepTUKalbHOM TiockocT Ha 180° 1 mojacuutaTh
YHCJIO Karlelb, OJy4aeMbIX B CTAIArMOMETpE S5 U3 00beMa BHICOTON S MEXAY ABYMS
MeTkaMu. OTBIT HOBTOPUTH TPU pa3a U BEIYUCIUTH CpeHEe apuPMETHIECKOE 3HAUCHHE

qucJia Karenb N;
1) HAWUTH ONBITHOE 3HAYCHME KOB(b(bI/IHI/ICHTa IMOBCPXHOCTHOI'O HATSKCHUA O I10

dbopmyie:

c= —— ,
0 (1.14)

Tac K — nocrosiHHas CTaj1arMmomMeTpa,

2)  3HAYEHUS MCIOJB3yEeMBIX JIJIS pacyeTa U ONpPEIe/IIeMbIX BEIMUUH 3aHECTH B
tabm. 1.7;

Tabmuna 1.7
3HaYeHUs UCMOJb3YeMBbIX JIJISl pacueTa BeJUYHH
npu onpeaeaeHun Ko3GpPpuiueHTa NOBEPXHOCTHOT O HATSIKEHUS
CTAJIarMOMETPOM

HaunmeHnoBanue T, P> K, n c 10 c*-10°
PKHIKOCTH °C KIr/M Mo/C 3 H/m 3 H/m

Macno MOTOpHOE
M-10

3Hauenue ¢* npuHumaercs no tadmn. 1.2.
3)
0 pe3yJbTaTaM MPOBEJICHHBIX UCIIBITAHUN ClIeNIaTh COOTBETCTBYIOIIUE BBHIBOJIBI.

KonTposibHbIE BOTPOCHI
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1. YTo MOHMMAIOT MOJ, IMIIOTHOCTBIO KUJIKOCTH? KaKoBBI € TUHHIIBI €€
n3MepeHusi? OT 4erou Kak 3aBUCHUT IJIOTHOCTD KUIKOCTH?

2. YeMy paBHa IJIOTHOCTb BOABI IIpH Temneparype 4 °C?

3. Kak onpenenuTs IIIOTHOCTD KUJIKOCTH MPU 3aJJaHHON TeMrieparype?

4.  Kak HazpIBaeTCs puOOp 15l ONpeIeSICHUs] TUIOTHOCTH KUJKOCTH?

5. YTo MOHUMAIOT I10JT CKMMaeMOCThIO sKuAKOoCcTH? Kak oreHnBaeTcs
CIIOCOOHOCTD JKHJKOCTH K CKaTHIO?

6. Uto Takoe MOAYyNb OOBEMHON YNPYTOCTH KUAKOCTH, B KAKUX €IMHUIIAX OH
M3MEPSEeTCS UOT YeTO U KaK 3aBUCHUT?

7. YTO MOHMMAIOT MOJ TEMIIEPATYPHBIM paclIMpeHreM xuakoctu? Kak
OLICHMBAETCSI CLIOCOOHOCTD JKUJKOCTU K PACIIUPEHUIO?
8. Yto noHUMaIOT oA KOo3()PUIIMEHTOM TEMIIEpaTypHOTO PaCUIUPEHHUS], B

KaKUX €IMHUIAXOH U3MEPSETCS, OT YeTrO U KaK 3aBUCHUT?

9. Kak onpenenuts Ko3hPUIMEHT TeMIIEPATyPHOTO PACIIUPEHUS?

10.  Yto HaA3BIBAIOT BA3KOCTBHIO KUJIKOCTH?

11.  Kak popMmynupyercs u 3alUChIBACTCS 3aKOH KUJIKOCTHOT'O TPEHUS
HrroTona?

12. B kakux BoOmpocax THAPABIUKU UCTIOIB3YIOTCS 3HAHUSI O BSI3KOCTH
JKUJIKOCTU?

13.  Yto Ha3bpIBaeTCs KacaTeJbHBIM HAMPSHKEHUEM U KaK €ro ONPEeeIUTh?

14.  KakoB pu3nyueckuii CMBICT AUHAMUYECKOTO KOd(PHUIIUEHTA BI3KOCTH
JKUIKOCTH?

15.  KakoBa pa3MepHOCTh JUHAMUYECKOTO Kod(pduiineHTa BI3KoCcTr?

16.  KakoB cMbICIT KMHEMATHYECKOTO KOA(PUITUEHTA BI3KOCTH U KaKOBa €ro
pPa3MepHOCTH?

17.  KakoBa cBsI3b MEXIy TMHAMHUYECKUM M KHHEMaTHIECKUM Kod(dPpuiimeHTaMmu
BSI3KOCTH?

18. Ot 4ero u Kak 3aBUCHUT BSI3KOCTD KUIKOCTH?

19. Kakyto *UJIKOCTh HA3bIBAIOT «HjaAcaIbHON»? JIJIsl 4ero BBEIEHO MOHSATHUE
«AAEATLHON» KUIKOCTH?

20. Kak Ha3piBaetTcs an6op JIJIs1 OTIPEICTICHUS BA3KOCTH KUJKOCTH ?

21.  KakoBo ycTpoiicTBo Buckozumerpa Ctokca?

22.  KakoBo yCTpOWCTBO KamWJIJISPHOTO BUCKO3UMETpa?

23.  KakoB NpUHITKIT ONPEICJICHUS BA3KOCTH KUJIKOCTH BUCKO3UMETPOM
Crokca?

24.  KakoB NPUHITKIT ONPEICIICHUS BA3KOCTH KaUJUIIPHBIM BUCKO3UMETPOM ?

25.  Uto moHMMaroT moJi K03 OHUITMESHTOM ITOBEPXHOCTHOT'O HATSKEHUS U B
KaKMX €IUHUIIAXOH U3MEPSIETCs?

26. Ot 4ero u Kak 3aBUCUT KOA()PUIIUCHT TOBEPXHOCTHOT'O HATSKCHUS?

27.  Kak Ha3biBaeTcst npubop A u3Mepenus kodpduireHra
MMOBEPXHOCTHOTO HATSKEHUS MKAK OH YCTPOEH?

28.  KakoB nmpuHIUIT onpeaeneHus KodOPUImeHTa MoOBEPXHOCTHOTO
HaTsDKEHUA ?
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JlabopaTopHas padora Ne 2

N3YYEHUE ITPUBOPOB J1JIsI UBSMEPEHUSA JABJIEHUA

Heab padoTbl: U3y4UTh YCTPOMCTBO U MPUHIIMIT IEHCTBUS PUOOPOB JIJIs1 U3MEPEHUS
JABJICHU.

2.1. O0umue cBeaeHus

T'uopocmamuueckum daénenuem Ha3bIBACTCS MPEIET OTHOILICHUS CUITbI JaBICHUS
K IUTOIIA/IKe, HA KOTOPYIO ICMUCTBYET 3Ta CUJjla, U MPU CTPEMJICHUH ITOM TUIOMIAIKH K
HYJIIO WJIH TOYKE, T.€.

. |
P =Ilim (—
W
rge W — BEJIMYMHA HEKOTOPOM IUIOMIAJAKU BHYTPU KUJIKOCTH WA Ha €€
ITOBEPXHOCTH; P — cuiia JaBieHus )KUAKOCTH Ha TIJIOIIAJIKY W.

FI/IIIpOCTaTI/I‘ICCKOC JaBJICHHUC ABIISACTCA HOpMaJIbHBIM CXKUMArIuM
Halps’KCHUCM B HGHOJIBI/I}KHOﬁ KHUAKOCTH.

Paznmuuaror cnepyroomue BHABI JAaBieHHsS: aOCONIOTHOE (ITOJHOE), BECOBOE
(M30BITOYHOE), MAHOMETPUYECKOE, BAKYYMMETPUUECKOE, OApOMETPUUIECKOE.

JUist  KUIOKOCTH, HaXOoAsIIeWcs B TMOJN€ CHIIBI  TSXKECTH, abCcoiomHoe
euopocmamuyeckoeoasieHue B pacCMaTpuBaeMon TOYKE KUJAKOCTH, HaXOISAIIEHCs Ha
riyouHe h oT cBOOOJHON MOBEPXHOCTH WJIM OT YPOBHS C W3BECTHBIM JIaBJICHHUEM,
paccuMThIBaeTcs 1o popmyse:

P =po + pgh, (2.2)
rZie po — JaBJICHWE Ha CBOOOJHOW MOBEPXHOCTH WJIM Ha W3BECTHOM YpPOBHE; B
YACTHBIX CIy4asX Po MOXKET PaBHATHCSA aTMOCHEPHOMY HABICHUIO (Do = Par), JTUOO
OBITH OOJIBIIIE aTMOC(HEPHOTO ABICHHS (Po > Par), TUOO0 OBITH MEHBIIIE aTMOC(EPHOTO

nasieHus (po < Par).
Bemuuuna pgh B ypaBHeHuH (2.2) HA3BIBACTCA 6eCO8bIM, WIH U3ObIMOUHBIM,
oasnenuem (M30BITOK HAJ BEIIMYHHOM po):

Pusc = pgh (2.3)
Bennyuna npeBsieHns aOCOMIOTHOTO JTaBICHUS HaJl aTMOC(HEPHBIM
HaA3bIBACTCIA Maﬂomempuqecmm 0a6ﬂ€Hl/l6M:

Puanr = P — Par. (2.4)
Bennuuna naBneHus, HemoCTaromas 10 aTMOChEpHOTo, Ha3bIBACTCS
BAKYYMMEMPUYECKUM OABTICHUEM

Prax = Par — P- (2.5)

BakyymMmeTpudeckoe naBieHHE MMEET MECTO, €Clii a0CONIOTHOE JAaBJIICHHE B
TOYKE MOKOAIIEHCS KUIKOCTH MEHbIIe aTMocdepHoro nasnenus. [Ipexen namepenus
BaKyyMMeTpu4eckoro nasneHust — ot 0 go 1 ar.

bapomempuueckoe, unu ammocgeproe, O0agnenue — 3TO IABIECHHUE BO31yXa,
KOTOPOE 3aBHCUT OT BBICOTBI MECTA HAJl YPOBHEM MOPS U OT MOTOJbI.
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Tabnuua 2.1

3Ha4venus atmocepHOro (0apoMeTpu4ecKoro) 1aBJIeHUA B 3aBUCUMOCTH OT
BbICOTBI HA/l YDOBHEM MOPH

BricoTa Han
YPOBHEMMODSI, M 0 100 500 1000 2000 3000

JlaBneHue par, 101,3 100 95,1 90,2 79,4 12,3

klla

JIist u3MepeHusl JaBJICHHSI B JKHIKOCTH HCIIONB3YIOT MPHOOPHI, KOTOPHIE IO
NPHUHIMITY JCWCTBUS  TMOAPA3ACIAIOTCS HAa KHJKOCTHBIE, MEXaHWYECKHE U
AIEKTPUYCCKHE.

B 3aBucuMoOCTH OT BHaa U3MepseMOro aaBjicHus (aOCOJIOTHOTO, U30BITOYHOTO,
MaHOMETPUYECKOT0, BaKyyMMETPHUYECKOT0, OapOMETPUUYECKOr0) IHCUOKOCHHbLIE
prOOPHI IETATCSA Ha MbE30METPhI, MAHOMETPHI, BAKYyMMETpPHI, TudhepeHnaabHbIe
MaHOMETPbI, 0apOMETPHI.

XKXunakocTHble TPHOOPHI UCTOPUUYCCKU CTAIM NMPHUMEHSTCS MepBbIMU. B 1642 T.
UTATBSIHCKAM Y4eHbIM 3. Toppudyelii BHIepBbIe OBUIO H3MEPEHO aTMochepHOe
JaBJICHUE PTYTHBIM 0apOMETPOM, COCTOSIIUM M3 BEPTHKAIBHOW CTCKISHHON TPYOKH
C MHJUTUMETPOBOH IITKAJION M 3aKPBITHIM BEPXHUM KOHIIOM. TpyOKa 3armoTHeHa PTYThIO
Y OITyIIICHA HIDKHUM KOHIIOM B YaIlly C PTYThIO.

XKuakocTHbie MPUOOPHI MPUMEHSIOT AJIsI U3MEPEHHs] HEOOIbIINX AaBICHHUM (110
1,5 kr/cm?). OHH MMEIOT IPOCTYI0 KOHCTPYKIHIO, JOCTATOYHO BBICOKYIO TOYHOCTH,
NPUMEHSIOTCS Kak B JTA0OpaTOpHOM TMpaKTHKE, Tak M B TexHuke. JlelicTBue
KHUJKOCTHBIX TPUOOPOB OCHOBAHO Ha MPHHIIMIIE YPABHOBEIIMBAHUS HU3MEPSIEMOTO
JaBJIEHUS BECOM CTOJI0A )KMJIKOCTU BhICOTOM h B mpubope.

CaMbIM  TMPOCTEUIIUM  KUAKOCTHBIM  MPUOOPOM  SIBISIETCS  ITBE3OMETD,
IPEACTABISAIOMMKN COO0M TPAMYIO CTEKISHHYHO TpyOky aumamerpom 1,0...1,5 cwm,
HWKHHUIM KOHEIl KOTOPOH MPUCOEAUHSIETCS] K OTBEPCTHIO B CTEHKE COCYJla Ha YPOBHE,
HEOOXOIMMOM JIJIsI U3MEPEHUS TaBJICHUS, @ BEpXHUI KOHEI[ 0CTA€TC OTKPBITHIM (pHC.
2.1).

MaHoMeTpudecKoe TaBicHHe, U3MEPSEMOE MThe30MeTPOM (puc. 2.1), BBIYUCISETCS 110
dbopmyie:

Puan = pghp, (2.6)

rne h, — BeicoTa cTO)I0a KUAKOCTH B THE30METPE.

i)

Puc. 2.1. Cxembl XHUJIKOCTHBIX MPUOOPOB: a) Mbe30MeTp; 0) V-00pa3HbIi pPTYTHBIN
MaHOMETp;B) BAaKyyMMET]p

Ecnu B pesepByape po = par, TO BBICOTA CTOJIOA KUJIKOCTU B MbE30METpPE OylEeT
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paBHa TITyOMHE, Ha KoTopoii nuaMepsiercs: napnenue (h, = h).

JUis I3MEPEeHNs MAHOMETPUIECKOTO IABIICHHUS B KHUIKOCTH YacTO MpUMeHstoT U-
o0pa3HbIi MaHOMETp, OJUH KOHEI[ KOTOPOTO OTKPBIT, & BTOPON MPHUCOEAMHIETCSA K
TOUKE, B KOTOpOH u3Mepsiercs aasieHue (puc 2.10). Yaie Bcero padoyen :KUIKOCTHIO
U-o0Gpa3Horo MaHomeTpa SBISETCS PTYTh, YTO YBEJIHMUMUBACT AMAMA30H H3MEPSIEMOTO
TaBIICHUSI.

JlaBnenue B TOuke mnpucoenuHeHuss U-oOpa3HOro pTYTHOTO MaHOMETpa
OTIpe/IeTIsIeTCs 0 ypaBHEHUIO:

Puan = (Pp:hpr — pa)g, (2.7)

IA€ pPpr U p — COOTBETCTBEHHO IUJIOTHOCTH PTYTU U KUJIKOCTH, B KOTOpPOU
I/ISMepHCTCH JaBJICHUC, hpT — paSHOCTB ypOBHeﬁ pTYTI/I B KOJICHax MaHOMeTpa; a —
paccTosiHiEe OT TOYKH IIPUCOECIUHEHUST MAHOMETPA K pe3epByapy A0 YpPOBHS PTYTH B
JICBOM KOJICHC MaHOMCTpa.

B xayecTBe )XMJIKOCTHOTO BaKyyMMeETpa MOXKET CIyKUTh U-00pa3HbIil pTYTHBIM
MaHOMETp WJIU OOpaTHBIN MbE30METP.

Ecnu abcomnmoTHOE naBieHue B pe3epByape B TOUKE NMPUCOSAUHEHHS] MAaHOMETpa
MEHbIIIe aTMOC(HEPHOT0, TO YPOBEHb PTYTHU B MPABOM KOJIEHE MAaHOMETPa HIKE YPOBHSI
B JICBOM KOJICHE Ha BBICOTY Ny, (pHc. 2.2a).

BakyymmeTrpudeckoe naBieHue B TOuke nprcoeauHeHus U-00pa3Horo pTyTHOTO
YCTPOICTBA ONpeesieTcsl 0 YpaBHEHUIO:

Prax = (ppThpT + pa)g (2.8)
Ha (puc. 2.26) uzo0paxeH oOpaTHBI MbE30METP, OTKPBITHIM KOHEI[ KOTOPOTO
OIYIIICH B YaIlIKy C PTYyThI0. BakyymMMeTpuueckoe gaBlieHHe B TOUKE A OIpenessieTcs
o ypaBHeHuto (2.8).

a 0

Puc.

2.2. JXunkoctHele BakyyMMeTpbl: a) pryTHbiii U-oOpasubiii; 0) oOpaTHbIN

nbe3oMeTp; 1 — pe3epByap ¢ KUAKOCTHIO; 2 — U-00pa3Hoe KOJIeHO, 3alI0JTHEHHOE PTYThIO; 3 —
oOpaTHBIN The30MeTp (KUAKOCTHBIN BaKyyMMeETp); 4 — Yalllka ¢ pTyThIO

Mexanuueckue TpuOOPHI T W3MEPECHHS NABICHUS JEIATCS HA MaHOMETPBI,
BAKYYMMETPBHIU MAHOBAKYYMMETPHI.

B mexanudeckux mnpubopax Hu3MepseMOe JaBJICHUE BbBI3BIBACT AehOpMAaIUIO
YyBCTBUTEIBHOTO (YIpPyroro) sieMeHta (TpyOka, MeMOpaHa, CWiIb(OH), KOTOpas C
MOMOIIIbIO CHEIUATBHBIX MEXAHU3MOB IIEPEAcTC HA YKa3aTellb JaBJICHUS (CTPEJIKY),
nepemMenas ee mo MporpayupoBaHHOM IKaJe.

Mexannueckue  OpuOOpel  KOMOAKTHBL. ~ MeXaHHYeCKHME  MaHOMETPHI
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MPUMEHSIIOTCS 1711 W3MEPEHMs] BBICOKMX JaBiieHuil. [IpuHnunuanbHas cxema
MEXaHWYECKOro mpuodopa Jisl U3BMEPEHUs 1aBJICHUS MIpeCTaBieHa Ha puc. 2.3.

S2a)

LT ety

Puc. 2.3. Mexanudeckuii MaHoMeTp: 1 — ayBcTBHTENBHBIH d11eMeHT (TpyOka Bypnona); 2
— mKana; 3 — mepelaToYHbI MeXaHn3M; 4 — cTpenka. JKecTKOCTh YyBCTBUTEIHHOTO dJIEMEHTA
MOIOMPAIOT B COOTBETCTBHH C MAaKCUMAJIbHBIM JaBJICHHEM, HA KOTOPOE PACCUUTAH JIaHHBIH
MaHOMETP.

B oamekrpudeckmx mpubopax BOCIPHUHHMAEMOE YyBCTBHTEIHHBIM
DJIIEMEHTOM JIaBJIEHUE TpeoOpa3yercss B OSJIeKTpuuecKuid curHai. CHrHal
PETUCTPUPYETCsT TOKA3bIBAIOMIMM (BOJBTMETpP, aMIIEPMETP) WIH MHUIIYIIHAM
(camomucerl, ocriuiorpad) npuoopamu.

2.2. OnucaHue ONbITHOTO YCTPOICTBA

VYerpoiictBo Ne 2 st onipeienieHust JaBJIE€HUS BBIIIOJHEHO MPO3PAYHbIM U UMEET
NOJIOCTh 1,B KOTOPOM Bceraa coxpansercs atMochepHOe IaBlieHHUe, U pe3epByap 2,
YaCTUYHO 3aIOJHEHHBIM BojoW (puc. 2.4a). Jlns u3MmepeHus JaBICHUS U YPOBHS
KHUJKOCTH B pe3epByape 2 CIyKaT KUAKOCTHBIC MpuOopsI 3, 4 u 5. OHU NPECTABIISIOT
co00¥ Mpo3payHbie BEPTUKATHHBIC KAaHABI CO IIKAJAMU, PA3MEUCHHBIMU B €IMHUIIAX
JUTVHBI.

[TeezomeTp 3 cooOmaercs BEpXHUM KOHIIOM C aTMochepoil, HIKHUM — C
pesepByapom 2. C TIOMOIIBIO TIbE30METpa 3 MOXKHO OINPEACITUTh BECOBOC
(MaHOMETpPUYECKOE) TABIICHHE HA THO Pe3epByapa 2.

YpoBHeMep 4 coelMHEH O0OMMH KOHILIAMHU C PE3EPBYapoM 2 U CIIYXKHUT AJIs
U3MEpEHUsl YPOBHS KUIKOCTH H B HEM.

ManoBakyymmerp 5 mnpexactaBisier co6oil U-oOpa3Hblii KaHall, 4YaCTUYHO
3aMOTHEHHBINA KUAKOCTHIO. JIEBBIM KOJICHOM OH MOAKIIOYEH K pe3epByapy 2, a MpaBbIM
— K oocty 1 u mpenHa3HayeH JUisl OnpeiesIeHusl MaHOMETpruieckoro (puc. 2.4a) unu
BakyymmeTpuieckoro (puc. 2.40) pnpaBieHUd Haa CBOOOJHOW TOBEPXHOCTHIO
XKUJIKOCTH B pe3epByape 2. JlaBiieHue B pe3epByape 2 MOKHOU3MEHSITh IyTEM HAKJIOHA
ycTpoiicTBa Ne 2,
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Puc. 2.4. Cxema ycrpotictBa Ne 2: 1 — 1osiocTh ¢ aTMOC(EPHBIM JJaBJICHHEM; 2 — OTIBITHBIH
pe3epByap; 3, 6 — mbe30MeTpEhI; 4 — ypoBHEMED; 5 — MAHOBAKYYMMETD; 7 — BAKYyMMETP

[Ipu moBopote yctpoiictBa Ne 2 B BepTHKaigbHOU miuockocTd Ha 180° mpotus
yacoBor crTpenku (puc. 2.4B) kaHan 4 ocTaerci YpPOBHEMEPOM, KOJEHO
MaHOBaKyyMMETpa 5 MpeoOpa3yeTcsaB Mbe30METp 6, a Mbe30MeTp 3 — B BAKYyMMET)P
(oOpaTHBIi Mbe30METp) 7, CIyXKaIIui IJI Ompene- JEHUS BaKyyMa HaJl CBOOOJIHOMU
IIOBEPXHOCTBIO )KHUJIKOCTH B pe3epByape 2.

2.3. 3aganue

OmnpenenuTh aOCOMIOTHOE TaBJICHUE Ha JTHE pe3epByapa 2 IpH Po > Par;

OmnpenenuTh aOCOMIOTHOE JTABJICHUE Po HAJl CBOOOHON MOBEPXHOCTHIO KUIKOCTH
B pe3epByape 2 Mpu Po > Par;

OmnpenenuTh aOCOMIOTHOE JTAaBJICHUE Po HAJl CBOOOHON MOBEPXHOCTHIO KUIKOCTH
B pe3epByape 2 npu po < Par;

OnpenenuTs JaBJICHUE B 3aJ1aHHOM TpenoaBaTenaeM Touke C.

2.4. MeToanka v MOPsiJIOK MPOBeAeHUsT MCITBITAHUI

s ompeneneHuss aOCOMIOTHOTO [AaBIEHWS p HAa JHE pe3epByapa 2 U
a0COIOTHOTO JABJICHUS Po B pe3epByape 2 HaJ KUJIKOCThIO BHaYaJle CIENYET CO31aTh
JaBJICHUE HAJl CBOOOHON MMOBEPXHOCTHIO KHUIKOCTH BBIIIE aTMOCHEPHOTO (Po > Par).
Jist aToro ycrpoiicTBo Ne 2 MOCTaBUTH Ha MPaBbIid 00K, a 3aTe€M TOBOPOTOM €T0 IMTPOTUB
YaCOBOW CTPEJIKM OTJINTh YacCTh KUJIKOCTH M3 JIEBOrO KOJEHA MAaHOBAKYyMMeETpa S B
pe3epByap 2. Ilpyu 3TOM ypOBEHBH KHAKOCTH B MbE30OMETPE 3 CTAHET BBINIEC YPOBHS
KUJIKOCTHU B Pe3epByape 2, a YPOBEHb )KHUIKOCTH B JICBOM KOJICHE MAaHOBaKyyMMeTpa S —
HW)KE YPOBHS JKHUJKOCTH B €ro IpaBoM KoJieHe. CHATh MMOKa3aHus mbe3oMerpa 3 — hs,
ypoBHeMepa 4

— H u ma"oBakyymmetpa 5 — hs (puc. 2.4a).

Jlns ompenesieHusi aOCOIOTHOTO JABJICHHSI Po HAJ CBOOOJHOM MOBEPXHOCTHIO
KUJIKOCTH B pe3epByape 2 Mpu po < Par BHAYAJE HANO CO3/1aTh BakyyMm. [list aToro
ycTpoiicTBO Ne 2 mocTaBUThHA JICBBIM OOK, a 3aT€M HAKJIIOHOM BIIPaBO OTJIUTH YacTh
KUJIKOCTH U3 pe3epByapa 2 B JIEBOE KOJEHOMaHOBaKyymMMmeTpa 5. [Ipu 3ToM ypoBeEHb
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KUIKOCTH B TIbE30METpPE 3 NOJDKEH CTaTb HM)KE, YEM B pe3epByape 2, a Ha
MaHOBAKYyMMETpPE 5 yPOBEHb KUJKOCTH B JIEBOM KOJIEHE TOJDKEH CTATh BBILIE YPOBHS
KHJIKOCTH B NpaBOM KoJjeHe. [lamee CHATh MOKa3aHUsT MaHOBaKyymMmeTrpa 5 — hs,

noka3anusiypopaemepa 4 — H, meezomerpa 3 — hs (puc. 2.40).

Jis omnpezaeneHus JaBieHUs B 3aJaHHOW mnpernojaaBaTenieM Touke C cieayer
ycTporicTBo Ne 2 mepeBepHYTh MPOTUB 4acoBOil ctpenku Ha 180° (puc. 2.4B). CHATH
moka3aHus mbe3omeTpa 6 — hg, oOpaTHoro meesometpa 7 — hy u ypoBaemepa 4 — H.

2.5. O0padoTKa pe3yJIbTATOB U3MePeHuit

IIpu po > par (puc. 2.4a) abcontoTHOE JaBJICHUE HA JIHE pe3epByapa Mo
MOKa3aHUIO MThe30-MeTpa 3 OMpPEenessIOT M0 W3BECTHOMY YPAaBHEHHUIO THAPOCTATHKU:

P = pa + pghs, (2.9)
r7ie p, — atMocepHoe naBinenue, I1a; p — WIOTHOCTH BOJKI, KI/MC,
[punsaTh p, = 101 325 Ia; p = 998 kr/m>,
AGCONIOTHOE JaBIEHUE Po B pe3epByape 2 Haj KUAKOCTHIO (Do > Par)
onpe/ensieTcs 10ypaBHEHUIO:

Po= pa — pghs. (2.10)
Jliist mpoBepKHU aOCOMIOTHOE JaBlIeHUE p* Ha JIHE pe3epByapa 2 ONpeac/IiuM Yepes
MOKa3aHUsI MAHOBAKyyMMeETpa 5 U ypoBHeMepa 4 10 ypaBHEHHUIO:

p*=po+ pgH. (2.11)
AOGcComoTHOE JaBiIeHUE Po B pe3epByape 2 HaJl CBOOOTHON MOBEPXHOCTHIO
KHUJKOCTHU MPHU Po< Par (pHC. 2.40) onpesenum 1o YpaBHEHHIO:

Po= Pa — pghs. (2.12)
JlaBneHue B 3aaHHON mpenojaBaTeneM Touke C, MAHOMETPUYECKOE HIIN
BaKyyMMETpHUYECKOe (puc. 2.4B), ONPEAEIISIIOT M0 YPaBHEHUIO:

pe=po’ + pgHe (2.13)
rae H. — rmybuna norpyxxerust Touke C moJ1 cBOOOIHOM MOBEPXHOCTHIO

KHUJIKOCTH.
[Ipu 5TOM po OIIPEIETUM IO YPABHEHUIO:

po’ = pa + pghe — pgH, (2.14)
rjae he — moka3aHus npe3omeTpa 6; H — mokasanue ypoBHemepa 4, nudo 1o
YPaBHEHHUIO:

po” = pa— pghz, (2.15)

riae h7 — mokasanus 0OpaTHOTO ITbe30MeTpa (BaKyyMMeTpa) 7.

[Tocne BbUMCICHUS aOCONIOTHOTO JIABJICHHWS Ha JHE pe3epByapa ABYMS
crioco0amMu(po > Par) 0 ypaBHeHUAM (2.9) u (2.11) nns conocraBieHus: pe3ybTaToOB
HAWTU OTHOCHUTENIbHYIO TTOTPEITHOCTh U3MEPEHHUI Jp U BBIPA3UTh €€ B MPOIECHTAX IO
dbopmyie:

5§ =l

p P
a6 ]%Emuecce MPOBEJICHUS ONBITOB M 00PA0OTKU UX PE3YJIbTATOB JAHHBIE 3aHOCUTH B

' % 100%. (2.16)
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Tabnuua 2.2

3KCIIepI/IMeHTaJIbeIe AAHHBbIC U SHAYCHUSA ONPEACTACMbIX BCJIUYHH

No YciaoBus onbiTa
HanMeHoBaHUE BETMYUHBI U MEPHOCTH HAYCHH
o/n | HAMMEHOBAHHE BEJl ee pa3MepHOC 0603;1 N
1) YpoBeHb KUAKOCTH B pe3epByape, M H+10™
2. |IIbe3omeTpuueckas BbICOTa B IbE30OMETPE 3, M N3* U™
3. |lloka3aHus MaHOBaKyyMMeTpa 9, M hse107 —
4. | AGCoIOTHOE JTaBJICHUE Ha JHE pe3epByapa 2 1o D _
YPaBHCHHIO
(2.9), Ia
5. | AOGconroTHOE AaBJIeHUE B pe3epByape 2 Hall Po
KHUJIKOCTBIO, [1a
6. |AOcoyIOTHOE aBlIeHHE Ha JHE pe3epByapa 2 Mo *
ypaBHeHuio(2.11) P -
7. |I'myOuna touxku C noa cBoOOIHOM OBEPXHOCTHIO Hee10™ -
KHUJIKOCTH, M
8. |llokazanus nmpe3omerpa 6, M h6+10-2
9. |Ilokaszanus ypoBHeMepa 4, M He10-2
10. |llokazanust oOpaTHOTO MbE30METpa 7, M H7210-2
(BakyymMMmeTpa) 710~
11. | AOGcomoTHOE AaBieHHe HaJl CBOOOIHOMN ’
MIOBEPXHOCTHIOKUKOCTHU TI0 ypaBHEeHuto (2.14), ® -
I1a
12. | AOGcomoTHOE AaBieHHe HaJl CBOOOIHOMN
MOBEPXHOCTBIOKUKOCTH TI0 ypaBHeHuto (2.15), po -
I1a
1] AGconrotHoe maBieHue B Touke C ¢ ydeToMm nc _
ypaBHEHHSI
(2.14), ITa
14 AGconrotHoe maBieHue B Touke C ¢ ydeToMm R B
ypaBHEHHUSI
(2.15), I1a
14 OTHOCUTENBHAS TTOTPEITHOCTh PE3YyJIbTATOB
OTIpeJICIICHMSI IABJICHUS Ha JIHE pe3epByapa, % Sp ~
KoHTposbHBIE BONIPOCHI
1. UTOo NOHUMAIOT TIOJT THAPOCTATHUECKHUM JIaBICHUEM ?
2. KaxoBbl equHUITEI H3MEPEHUS THAPOCTATHYECKOTO JIaBIICHUS B

MexyHapoanon CHU?

KakoB 3akoH pacrnpeneneHus TiipoCTaTHYECKOro JaBJICHUs 0 TiyouHe?
KakoBbI OCHOBHBIE BUBI THIPOCTATUYECKOTO JIABICHUS?

YTo MOHUMAIOT 10 a0COJIFOTHBIM JIaBJICHUEM?

YTo MOHMMAIOT MO MAHOMETPUUYECKUM JTABJICHUEM ?

Kakoe naBneHne Ha3bIBalOT BAKYYMMETPUUYECKUM?

Kakoe naBieHue Ha3bIBalOT OApOMETPUUSCKUM?

YTo HA3BIBAIOT MacKajieM?

© o N R ®
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10.  Yro Gonbiiie: abcontoTHOE NaBieHue, pasHoe 0,16 Mna, nim u30bITouHOE,
pasnoe 0,07 MITa?

11. UYUTO MOHMMAIOT MO/ MEE30METPUUECKUM HAIOPOM?

12. KakoBa cBs13b MeXy aBIICHUEM U IbE30METPUUECKOMN BBICOTOM?

13. KakoBbI TOCTOMHCTBA M HETOCTATKH KUJAKOCTHBIX TPUOOPOB IS
WU3MEPEHUS 1aBICHUSA?

14. KakoBbI TOCTOMHCTBA U HEJOCTATKU MEXAHUYECKUX IPUOOPOB IS
MU3MEPEHUS TaBJICHUS B KUIKOCTAX?

15. [Ise30meTp — ut0 310?

16.  UYemy paBeH MbE30METPUUYECKUN HaAmop (B METpax BOJSHOIO CTOJ0a U

MUJUTUMETPaXPTyTHOTO CTOJI0A) JIsl JaBJIEHUS, PABHOTO IByM atMocdepam?

JlabopaTopHasi pa6ora Ne 3

N3YYEHHUE CIIOCOBOB UBMEPEHUSA THAPOCTATHUYECKOI'O
JABJIEHUSA

33}13‘11/1 pa6OTBI — IMOJYYCHHC IIPAKTUYCCKUX HABBIKOB 3KCIICPHUMCHTAJIILHOT'O
OoNpCACICHUA TUAPOCTATUYCCKOTO HAaBJICHUA C ITOMOIIIBIO HpOCTCfIIHCI‘O YCTPOﬁCTBa,
Ha3bIBACMOT'O IMbE3OMCTPOM, a TAKIKC HABBIKOB BbLIYMCJIICHUA M30BITOYHOTO JaBJICHUA,
BaKyyMa, a0COJIFOTHOT'O JaBJICHUA B PA3JIMYHBIX CUCTEMAX CAUHUI U3MCPCHUA.

Onucanue IKCNIEPUMEHTAIBHON YCTAHOBKH

JIns u3ydeHus cnoco0OB M3MEPEHHUs THIPOCTATHYECKOIro JaBJICHUS Ha Kadeape
UMEIOTCSI JIBE DKCIIEPUMEHTAIbHBIE YCTAHOBKH, UMEIOIIME PA3HBIMIIPUHITUIT TTOJTYUYCHUS
JABJICHUS B 3aMKHYTOW BO3JYIITHON 00JIacTH.

DKcnepuMeHTalbHast yctaHoBKa Ne3

Cxema yCTaHOBKHM TIpejicTaBicHa Ha puc.l. YcTaHOBKa COCTOMT W3 OCHOBHOTO
pesepByapa 1, pezepByapa 2 00paTHOTO ITbe30MEeTpa, PyIHOT0 BO3AYIIHOTO Hacoca 8 1
CO37IaHUsI M30BITOYHOTO JAaBJCHHUS, BOJOCTPYWHOro Hacoca 9 sl co3maHusl BaKyyma,
3aIIOPHBIX KPaHOB 3-7, MO3BOJISIONIUX YIPABISITEPEKUMOM PAOOTHI YCTAHOBKH, a TAKXKE
CHUCTEMBI MHE30METPOB IS U3MEPCHUS JAaBJICHUS B BO3MYIIHON 00JIACTH OCHOBHOTO
pesepByapa u B TOYKE A Ha ero JTHE.
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Kananusauy

Puc.1
OKcnepuMeHTalibHas yctaHoBKa Ne3

Cxema yCTaHOBKM TpeJICTaBlieHa Ha pHUC. 2. YCTaHOBKAa MPEACTaBIAET COOOM
3aKPBITHIA HETIOJBIKHBIM pe3epByap A, COCAMHEHHBIN pe3nHOBOM TpyOkoir 71 co
CTEKJITHHBIM TOJIBIXKHBIM cocynoM T2 B nmanHoil pa®oTe u3Mmepsercs AaBlIeHHUE B
Bo3aymHoON obmactu W pesepByapa A. PesepByap A u crekissHHbIN cocy T29acTUUHO
3aroJHEHbI BOJIOM, TaK YTO UX MOKHO paccMaTpUBaTh KaK JiBa COOOIIAIOIIUXCS COCY A,
B KOTOPBIX HaXOAMUTCS XKUAKOCThb. BepxHuil KoHeln cocyfa T2 OTKpPBIT U BBIXOJOUT B
aTMocdepy. DTOT COCy MOKHO MIEPEMEINIATh B BEPTUKATILHOM HAMPABICHUU, TIOJIB3YAChH
cuctemoit OnokoB. Ilpu mepemenieHun €€ BBEpX WJIM BHU3 BEIWYMHA U30BITOYHOTO
JaBJICHUS WIM BaKyyMa B BO3AYIITHOM o0jacTu pesepByapa A U3MeHsETCS.

Jlns w3MepeHus AaBieHHs B BO3AYIIHOW oOmactu ciyxar aBa U-00pasHbIX
nee3omerpa I u II; u oOpatHblii ibe3omeTp I13, CMOHTHpPOBAaHHBIE HA OJHOMIIIUTE
1] v cuaGxxennple mkanoit 111 ¢ caHTUMETPOBBIMH M MUJUTUMETPOBBIMU JleTIeHUsIMU. Bee
3T MbE30METPHI OJTHUM KOHIIOM COEAMHEHBI ¢ BO3AYyIIHOW o0nacTeio W pesepByapa A,
/i€ TOJDKHO U3MEPATHCS JIaBlIeHUE, a IPYTUM KOHIIOM HEMOCPEICTBEHHO C aTMoc(epoit
WIM C COCY/IOM, TJIe JaBJICHHE Ha MOBEPXHOCTH paBHO atmocdepHomy. PesepByap A4
MOXXET OBITh COCAMHCH C aTMOC(Eepoid, JJISI Yero HeoOXOAMMO OTKPHITh KpaH Ki
.O0patHblii ibe3omeTp II3 OTKIIIOYAIOT OT pe3epByapa A moBopoToMm kpaHa K> .Bronb
TPYOOK ME30METPOB MEPEIBUTACTCSA TOM3YHOK B ¢ HataHyToW HHUTHIO. [l0o 3TO¥ HUTH
JENArT oTcUeThl no wmkaine 1.
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NoaBuKHBIA cocya

Conepxanue padoTsbl

1. Tlonmyuenue u onpejeneHre u30bITOYHOTO JABICHUS B 3aMKHYTOM BO3YIIHON
00JIaCTH OCHOBHOTO pe3epByapa U B Touke A (st yctaHoBKH Ne3d) ¢ momoirpio U-
be30MeTpoB. B o/1HOM mbe3omeTpe padoueil KUAKOCTHIO SIBISETCS BOAA, B APYTOM —
CIUPT.

2. llonyueHuwe W omnpenaesieHWE BEIWYMHBI BaKyymMa B 3aMKHYTOM BO3YIIHOMU
00JIaCTH ¢ IIOMOIIBIO U-ngaSHBIX m%soMeTpOB U 00paTHOro ThE30OMETpA.
Brruncnenue aOCONIOTHOTO NABJICHUS p4 B 3aMKHYTOM BO3IYIIHON 00JacTH IS

CIIYYa€B Pu> Pa U Pa< Pa -

[Ipu BbIONHEHUH PaOOTHI OMBITHI HEOOXOJUMO MPOBECTH MJIsi TPEX - MATH
Pa3TUYHBIX 3HAYCHUH U30BITOYHOTO JIABIICHUS U TPEX - MSATH 3HAYCHUI BaKyyMa.

Ilopsaaok nmpoBeeHUs1 ONBITOB
Ha ycranoBke Ne3
H3mepenue uzdbimounozo dagneHus

1. 3akpoiiTe KpaHbl 5 1 6 CHCTEMBI CO3/1aHUsI BaKyyMa, Bpallas ux JI0 yrnopa
110 YaCOBOM CTPEJIKE.

2. Otxkpoiite kpad 3 atMochepHOTO AaBICHUS, KpaH 7 BO3AYIIHOTO HAcOca, U
KpaH 4 mbe30MeTpa, YCTAaHOBIIEHHOTO B T. A, Bpalllas UX A0 YMopa MPOTUB YaCOBOM
CTPEJKH.

3. CHuMHTE OTCUET IO WIKajJe MbE30METPA, YCTAHOBJIECHHOTO B TOYKE A,
COOTBETCTBYIOIINI aTMOC(HEPHOMY aBJICHHUIO B 3aMKHYTOM 00JIaCTH. 3alUIIIUTE OTCYET
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B COOTBETCTBYIOIIYIO rpady OJlaHKa OTYeTA.

4. 3akpoiiTe KpaH 3, U30JMpPYS 3aMKHYTyI0 o0OJacTh pe3epByapa OT
BO3JIEHCTBUS aTMOC(EPHOTO JaBICHUS.

5. TlonkauvaiiTe BO3QYIIHBIM HACOCOM HEKOTOPBIA JOMOJHUTENBHBI 00beM
BO37lyXa B OCHOBHOW pe3epByap, IpH 3TOM BHU3YaJIbHO KOHTPOJIUPYHTE YPOBHHU B
[IbE30METPAX. YPOBHU JOJIKHBI HAXOIAUTHCS B IIPEAEIaxX COOTBETCTBYIOIIUX IIIKAJL.

6. 3akpoiiTe kpaH / BO3IYIIHOTO HAcOCa U MOCJE CTAOWIM3alUU YPOBHEU B
MbE30MeTpax CHUMHUTE OTCUETHI 1O mikajie U-00pa3HBIX MbE30METPOB M IbE30METPa B
Touke A.

[lepBrbiif onbIT 3aKOHYEH. YTOOBI MEpEeUTH KO BTOPOMY M MOCJEAYIOIIUM OIBITaM,
U3MEHHUTE JaBJIICHHE B 3aMKHYTOW oOnacTu. [ljisi 3TOro Ha BechbMa KOPOTKOE BpEMs
IUTABHO MPUOTKPOMTE U cpasy 3aKpoilTe KpaH atMoc(hepHoroiapieHus 3, KOHTPOJIUPYS
YPOBHHU JKHMJIKOCTH B mbe3oMmeTpax. [locie crabuimsanuu ypoBHEW B INbE30METpax
CHUMHTE COOTBETCTBYIOLIUE OTCUETHI.

H3zmepenue eaxyyma

1. OTtkpoiiTe kpaH 3 aTMOC(EPHOTO AABICHUS U KpaH 5 CUCTEMBI CO3/TaHMUSI
BaKyyMa B 3aMKHYTON o0sacTu. CHUMHTE OTCYET M0 IIKajie 0OpPaTHOTO MbE30METPa,
COOTBETCTBYIOLIUN aTMOC(HEPHOMY JaBJICHUIO.

2. 3akpoiite kpanbl 3,4 u 7.

3. IlpuBeauTte B AeliCTBUE CTPYHHBIN HACOC, MOCTENEHHO OTKPHIBAs BEHTWIIb 6

U KOHTPOJIUPYA YpOBHU KUIAKOCTH B bE30MeTpax.
[Tpu JTOCTHKCHUUTPEOYEMBIX YPOBHEH B ITbe30METpax 3aKpONUTE BEHTUIIb
6.
4, 3anumuTe B OJIaHK 0TYeTa OTCUETHI Mo mKkanaM U-006pa3Hbix HoOOpaTHOTO
IIbE30METPOB.

[Tepexo/1 KO BTOPOMY 1 TIOCIICIYIOIIUM OITBITaM OCYIIECTBIIICTCS TAKXKE KaK U TIPH
M3MEPEHUHN N30BITOYHOTO AaBJICHUS, T.C. C TIOMOIIIBIO KpaHa 3.

[To oxOHUaHUU OTMBITOB OTKPOWTE BCE KPaHBI, 32 UCKIIOUYECHUEM BEHTHIIS 6
CTPYMHOTO Hacoca.

Ha ycranoBke No2
H3mepernue uzbbimounoco 0asieHus
1. Ortkpoiite kpaH K1, TpyOKy 72 ycTaHOBUTE B CAMOE HUKHEE MOJI0KECHUE.

2. 3akpoiite kpanbl K1 u K> m momaumute Tpyoky T, BBEpX Ha HEKOTOPYIO
BbICOTY (10-15¢cM); moxauTECh YCTAaHOBJIEHUSI YPOBHEW KUIAKOCTH B TpyOke T, u B
nbe3zometpax Ihu I,
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3. CHumute oTcyeTsl No mkane III, cOoTBETCTBYIOLIME TOPU30HTAMKHIKOCTH
(BOIBI M CIIUPTA) B JIEBOM M MpaBoM KosieHax U-00pa3Hbix nbe3omeTpoB. [Ipu stom
MOJI3YHOK B ¢ HaTAHYTOW Ha HEM HMUTHIO JOJDKEH OBITh YCTAHOBJIEH TaK, YTOOBI HUTh
Kacajach LEHTpa MEHHUCKa JXUAKOCTH, Haxoxasuencs B nbesomerpax Il u Il n
COBIIa/1ajia CO CBOMM OTPaKEHHEM B 3€pKajie, IOMEIIEHHOM 3a TpyOKaMu b€30METPOB.

[lepBbiii ombIT 3akoHYeH. YUTOOBI MEpedTH K CIEAYIOLIEMY OIBITY, MU3MEHUTE
JaBJeHUe B 3aMKHYTOW oOnactu. [[ns aToro HeoOXoaumo MOAHATH TpyOKy T2 BBEpX
(xpanbl K1 1 K2 TOJKHBI OBITh 3aKpbITHI). Pe3ynbTaThl BceX U3MepeHui T0MKHbBI ObITh
3amucaHbl B COOTBETCTBYIOIIME Tpadbl OJaHKa OTYeTa.

Hzmepenue eaxyyma

1. Ortxkpoiite K1 u K> u yctaHoBute TpyOKy 72 B camoe BepXxHee IOJIOKEHHE.
[locne ycraHoBieHust ypoBHe# KUAKOCTH B TpyOke 72,8 obmnactu W u B mbe3omeTpax,
B 3aMKHYTOM BO3JIYIIHOW OOJAacTH YCTaHOBHUTCS aTMOC(epHOE JaBjeHUE, 1 00OpaTHbBIN
IbE30METP OYJET COEUHEH C 3aMKHYTOH BO3yILIHOHO00IaCThIO.

2. CHUMHUTE OTCYET 10 OOpPAaTHOMY MTBE30METPY NMPU aTMOCPEPHOM JaBJICHUHU.

3. 3akpoiite kpaH K1 , onyctute TpyOky 72 BHU3 U MOJOXKIUTE MOKA YPOBHU
KHUJKOCTH B TpyOKe T2 1 B Ib€30METPAX YCTAHOBSITCS.

4, CHumuTe oTcyeThl O mikane III, cCOOTBETCTBYIOUIUE TOPU30HTAMKHUIKOCTH
(BOIIBI M CIIUPTA) B JIEBOM M MpaBoM KoJieHax U-o00pa3HbIX Mbe30METPOBU 0OpPAaTHOTO
IbE30MeTpa.

[Ipu mepexone K CIEAYIONIMM OIbITAM HEOOXOAMMO TOJIBKO OMyCKaTh TpyOky 7>
BHU3, TP 3TOM KpaH K1 JJOJDKEH OBITh 3aKPBIT, a KpaH K2 OTKPHIT.

O0padoTKa IKCIIEPUMEHTAJIBbHBIX JAHHBIX
1.  Bpruucaure u30BITOYHOE TABJICHUE P, B 3aMKHYTON BO3IYITHON 00JIaCTH

2.  Bpruncioure abCONOTHOE JaBJIeHHUE B 3aMKHYTOM BO3IYITHOM 00acTH

JlabopaTopHas pab6ora Ne 4

YPABHEHUE JI. BEPHYJUUIN JJISA YCTAHOBUBHIETI'OCA ABU/KEHUA
(BA3KOM HECKUMAEMOM KUTAKOCTH)

Ilens padompl: N3y4nTh 3aKOH COXPAHEHUS SHEPTUU KUAKOCTU (ypaBHEHUE
JI. bepHymwin) U SKCHEPUMEHTAIBHO OMNPEIEIUTh COCTABIISIIONIME W TOJHYIO
VACNbHYI0 SHEPrUI0 B  PA3JIMYHBIX CEUECHHMSIX HAMOPHOTO TMOTOKA TP
YCTAHOBUBIIIEMCS IBUKEHUU PEATTLHOM KUJIKOCTH.

4.1. O0mme cBegeHUs:
B noToke )XHAKOCTH BBIAEIUM SJIEMEHTAPHYIO CTPYUKY U ONPEIEIINM yACIbHYIO
SHEPIUIO KUJKOCTH B ABYX MPOU3BOJILHBIX ceueHusix 1-1 u 2-2 (puc. 3.4)

24 |



2

| 2
TP LTSS LA A AL Lol LALAAN %

I'pagpuueckasn unnocmpayus ypasnenuss bepuyninu
OJ1s1 J/IEMEHMAPHOU CMPYUKU UOeATbHOU HCUOKOCTIU.

JIrobas yacTuila >KUIKOCTH 00J1aiaeT 3aracoM MOJTHON yAenbHOoM 3Heprun E, koTopas
CKJIQJIBIBAETCS U3 YAECIbHOMN MOTECHUNATBHOM S3HEPTUU Ey M yAETbHON KUHETHYECKOU
suepruu Ex: E=E, + E; .

Y,HGJILHEUI MMoTCHOAJIbHAA QHCPIUA YaCTULBI JKUAKOCTU COCTOUT U3 HOTCHHHaHBHOﬁ

OHCPIUU ITOJIOKCHUA U SHCPIrUU JaBJICHUA E,=z2+ P )

14
rjae Z — yaeibHada IIOTCHIHAJIbHAs DHEPIys IOJIOXKCHMS,

P
— - YIACJIbHAA SHCPIUs OaBJICHUA.
14

YIIGJILHa}I KHMHCTHYCCKAasA SHCPIUA HBH)KymeﬁCH YaCTHUIBI )KHAKOCTH OIIPCACIIACTCA

I10 BBIPAKCHUIO:
UZ

29
rae U — ckopoCTh ABMYKEHUS YaCTUIII )KUJKOCTH;
g — yCKOpeHHue CBOOOHOTO ABUIKEHUS.

K )

p L U?
Taxum oOpaszom, moaHas yAenbHas SHEPrUs YaCTUIIBI )KUAKOCTH E =2 += + -
Y 29

IIycts B ceuenuu 1-1 amemeHTapHOM CTPYMKH CKOPOCTH IBMYKEHUS KUJIKOCTH U1,
JaBJICHUE p1, @ BBICOTA PACIOJIOKEHHS LIEHTPA TAKECTH, OTCUUTAHHAS OT
MIPOU3BOJIBHON TOPU30HTATHHOM IJIOCKOCTH CpaBHEHUS Z1. B ceyenun 2-2
COOTBETCTBCHHO U2, p2, Z2.

Torna monHas ynenpHast SHEPTHUS dIEMEHTaAPHON CTPYHKH B ceueHusX 1-1 u 2-2
PaBHBI:

1 U1?
E1221+p—+—
29

p2  U2?

HpI/I JABHMXKXCHHNHN HI[C&JIBHOI;'I KUAKOCTHU HC BO3HHUKACT CUJI TPCHUA, IIO3TOMY Ha OCHOBC

3aKOHA COXpPAaHEHUs YHEPTUU MOXKHO Hanucarb: Eq = By wim
pl  U1? p2 U2?
H+—+—=2+—= +—
14 29 Y 29
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UZ
Ho 1.k. ceuenus 1-1 u 2-2 ObUIM B34ATHI TPOU3BOJIBHO, TO Z+ 5 + i const

Imo u ecmsv ypasnenue bepuynnu onsa snemenmapnoii cmpyiiku uoeaibHou
HcuoKocmu.
YpaBHeHue bepHyIM MOKa3bIBAECT, YTO I DJIEMEHTAPHOM CTPYHMKU UICAIBHON
AKUJKOCTH IOJIHAS YAEIbHAS SHEPIUs €CTh BEIMYMHA TOCTOSIHHAS BO BCEX CEUCHUSIX.
UiieHsl ypaBHEHHs bepHyIM U3MEPSAIOTCSA B €AMHULAX JUIMHBI U HOCAT Ha3BaHMUSL:

Z — T€OMETPUYECKHM HAIIOop;

p

; - IbE30MCTPHUYICCKAs BbICOTA,

UZ

2— — CKOPOCTHOM HAIIOP.

g
p L U?
TpequeH Z+~—- + 2— HA3bIBACTCS ITOJITHBIM HaHOpOM.

14 g

I'eomerpruecknii CMBICI ypaBHEHUs bepHyIu: U1 UACaIbHON IBUXKYILECHCS
KUJKOCTH CyMMa TPEX BBICOT — F€OMETPUUECKOU, IbE30OMETPUUYECKON U CKOPOCTHOMN
— €CTh BEJIMYMHA IIOCTOSIHHAS BJIOJIb CTPYUKH, T.€. JIMHUS IIOJHOT'O HAIopa sSBJISETCS
JIMHUEH, NTapalIeIbHOMN IUIOCKOCTH OTCUYETA.

DHepreTuyecKuil CMbICH YpaBHEHUsI bepHYIIN: BIOJIb AIEMEHTAPHOU CTPYHKH
UCIbHOM )KUIKOCTH YEJbHAsI DHEPTUsl MOCTOSIHHA. TakuM 00pa3oM, ypaBHEHHUE
bepnynnu npencrapiseTr coO0M 3aKOH COXpPAHEHHS] MEXaHUYECKON IHEPTUU TIPH
JIBHKEHUU UICAIBHOMN KUIAKOCTH.

Ecnu BMecTo naeanbHON KUIKOCTH pacCMaTpHUBATh KUJIKOCTh PEAIBHYIO, TO 110
JUTMHE CTPYWKU TIOJTHAS y/AeNIbHas dHeprus OyeT yObIBaTh, T.K. YACTh €€
3aTpayrBaETCs Ha MIPEOJI0JIEHUE COMPOTUBIECHUHN ABUKEHUIO, 00YCIOBIEHHBIX
BSI3KOCTBIO. B CBSI3M ¢ 3TUM ISl CTPYHKHU pEaTbHOM KHUJIKOCTH ITOJHAS YeIbHAs
SHEprus B ceueHuu 1-1 Oyner Bcerna Oobliie, 4YeM B CEYCHUH 2-2 Ha BETUIUHY
noreps suepruu hy. Torma ypaBHeHnue bepHyn A CTPYHKU peaabHOM KUIAKOCTH

OyzeT UMeTh BUJIL:
1 U1? 2 U2?
n+E =+ 22 2 hy,
14 2g 14 2g
BCHI/I‘-II/IHa hW TAKXKC I/ISMCPHCTCﬂ B €AMHNIAaX JJIWUHBI U HA3bIBACTCS I’lOl’I’l@pﬂHHblM

HANnopom.

4.2. Onucanue ONbITHOI0 yCTPOHCTBA

YerpoiictBo Ne 4 (puc. 4.1) umeer 6aku 1 u 2, cooOriaemMbie Yepe3 ONBITHBIC
kaHaiubl 3 u 4. Kanan 3 numeer nepeMeHHoe ceueHne, kaHai 4 — noctosiHHoe. Kanainbl
3 u 4 coequHEeHBI MEXKIy COO0H paBHOMEPHO PACIIOJIOKEHHBIMH MTbe3oMeTpamu [V,
CITYXalIUMH JIJIs1 U3MEPEHUS MTbE30METPUUECKUX HAITOPOB B XapAKTEPHBIX CEYEHUAX
KaHaoB. YcTpoicTBO Ne 4 3amoiHeHO MOAKpanieHHON Bojoil. B onHoM u3 GakoB
MMeEeTCs IIKalia S JJisl U3BMEPEHUS YPOBHSI BOJBI B Oake.
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Puc. 3. Cxema ycrpoucrtBa Ne 4: 1, 2 - 6aku; 3, 4 - ONbITHbIe KaHaJbl
NepeMEHHOT0 U TOCTOSIHHOTO CedyeHWH; 5 - ypoBHeMepHasa Iikajaa; [-V -
nbe3oMeTphl. [Ipu nepeBepthiBannu yctpoiictBa Ne 4 Ha 180° Giaromapsi MOCTOSIHCTBY
HaropoB ucredeHus HoBo BpeMeHu 00ecriedynBaeTCsl yCTaHOBUBIIICECS JIBHIKCHUE BOJIBI B

HIWOKHEM KaHaie. Jlpyroil kaHaia B 3TO BpeMsl MPOITYCKAE€T BO3AYX, BBITECHSIEMBIN
KUJIKOCTBIO U3 HUXKHETO OaKa B BEpXHUI.

4.3. 3apanue

[Tpu BeIMOTHEHUU PaOOTHI HEOOXOAUMO:

1) CHATH MOKa3aHUs Mbe30MeTpuIecKux Tpyook (I-V);

2) BBIYEPTUTH B MaciuTabe kaHai 3 ¢ mbezomerpamiu (puc. 3). CoequHuTh YpOBHH
KHUJKOCTH B THE30OMETPAX M TOCTPOUTH MBE3OMETPUYECKYIO IUHUIO (P—P),

IMTOKAa3bIBAOIIYIO HN3MCHCHHUC HOTCHHH&HBHOﬁ OHCPIUU (I[aBJIeHI/ISI) BJOJIb
ITOTOKA,

3) MOCYMTATL CKOPOCTHBIE HAanophl V2/2Q B ceuenusax [-VI;
4) mOCYUTATh MOJIHBIM 3amac yAeJIbHON SHEPTrUM KUAKOCTH B ceueHusx |-VI:
I+t — +—
14 29
5) MOCTPOUTH rpaduK U3MEHEHHS TMOJTHOW YIEIbHOW IHEPTUU KUIKOCTH BIIOIb
KaHana 3MEepEeMEHHOTO ceueHus (JIMHUIO Haropa, uauio E-E);
6) 1aTh OLIEHKY MMOJYyYEHHBIM PE3yJibTaTaM.

4.4, MeToauKka v NOPSAIOK NMPOBeeHUsI MCTIBITAHU I

3amoaHUTH BoAoM Oak 2 ycTpoiicTBa Ne 4, 3aTem mepeBepHyTh ycTpoiicTBo Ha 180°
JUTS TIOJTY9CHUS TEUEHUS B KaHAJIEe 3 IEPEMEHHOTO CEUCHUSI.

CHsATb TIOKa3aHus mbe3oMeTpoB |-V (p/pQ) Mo HIKHUM KPOMKaM MEHHUCKOB BOJIBI B
HUX.

OnHOBPEMEHHO CEKYHAOMEPOM M3MEPUTh BpeMsl t mepemenieHus: ypoBHsI BOJbI B

0ake HAIPOM3BOJIBHO 3aJaHHYIO BEIMUKMHY S. MI3MepeHHbIC BETMYMHBI 3aIIHCATh B
Taoi. 4.1.

4.5. OopadoTKa pe3yIbTaTOB U3MePEeHUIl
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ITo pazmepam A u B nonepeuynoro ceyenus: 6aka, NepeMeILICHUIO YPOBHA S B
Oaxe 3a BpeMmst onpeaenuts pacxo Q BoJbI B KaHAJIE, a 3aTEM BBIYHCIUTD CPETHIOO
CKOpPOCTh TCUCHHS B XapaKTePHBIX ceueHUAX KaHana 3 (ceuenusx 1-VI)

3Hast CPeIHIOI0 CKOPOCTh V B CEYEHUU KaHaa, ONPEAEIUTh CKOPOCTHOM HAnop
B aHHOM xuBoM ceuenuu (V?/2Q).

Ocp kaHana 3 pacrosoKeHa TOpU30HTAIBHO, TIO3TOMY, ITPUHSB 3a IIIOCKOCTh
orcuera 0—-0 3Ty ocCb, MONyYHMM PABEHCTBO HYJIIO T'€OMETPHUYCCKHX HAIOPOB (Z) B
ceueHusix I-VI.

CkunazipIBasi Mb€30METPUUYECKHE U CKOPOCTHBIE HAIIOPHI B CEUEHUAX KaHaja [—
VI, nosnyuyum nonHsie Hanopsl B ceueHusx (H).

[lo u3MepeHHBIM MbE30METPUUYECKUM HAIMOPaM CTPOUM IMbE30METPUUYECKYIO
muauio (1), a mopaccuyuTaHHBIM MOJHBIM Hamopam H cTpoum HamopHyro JHHHUIO
(JTUHUIO TIOJTHOW yaeabHOU sHeprur) (2) (puc. 4.2).

Pe3ynbpTaThl H3MEpEHH U BBIYUCICHUI 3aHOCUM B Taou. 4.1.

Tabmuua 4.1
IKCIepUMeHTAJIbHbIE TaHHbIE M 3HAYEHHUSI OTIPe/Ie/IAeMbIX BeJTHIHH

) CedeHuda KaHaia
n/ Haunmenosanue Benmuunnbl | O603HaueH| PasmMepHOC TTTIT TIIT TVT VT VI
11 nue Tb

1 | Ilnomans cedyeHUs KaHaia w-10™ M2
2 | YpoBeHnb BojibI B Oake 1 S-10~ M
3 | Bpems HaOmtoieHus 32 YpOBHEM t CEK
4 | O0bEM BOIBI, IMOCTYNUBIINU B W-10° MO
b0ak 1 3aBpems t
5 | Pacxon BoabI Q-10°® m3/c
6 | Cpennsisi cKopocTh B CEUCHUU V10 M/c
7/ | CKOpOCTHOM HANop B CEYEHUU V‘/2§1-1 M
O_
8 | IIbe3oMeTpuueckuil Hamop B p/pg-lO' M
CCUCHHUU
9 | IlonHbIN HAMOp B CEYEHUU H-10 M
I b/ b//4 v 4 VI
% i e g it - = =
T e R A o
N\'_,P_l__ e FITREE Soo e A0 N
Nk | e 7 = : ‘s - . {
S ) S s, OO
B =t R N 3
! i | I T~ \1 I e |\\ |
Y/ 1 B e i S R
: 1 I | : : 3 | 3
1 | 1 ! ! |
{\_l l l | ': ! R \\ |
g ol O : - : — - 2
- |

g '

]

i ;
i '
Puc. 4. Unmoctpanusa ypaBHeHusa bepHysiu: 1, 2 - nbe3oMeTpUyecKasd U
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HanopHag svuHuy; H1, H2 - nosiHble Hanopel (MexaHW4YeCKHe SHePruM) Ha BXO/Je
¥ BbIXOJe U3 KaHaua; htp, hdl, ha2, hBC, hp, hc - noTtepu Hanopa: cymmapHble,
o JyiMHe Ha 1 1 2-M ydacTKax, Ha BHe3aIllHOe Cy>KeHHUe, Ha IIJIaBHOe paclliipeHue
U CY>KEHUE

w

© N o g s

10.
11.
12.
13.

14.
15.

16.

17.

18.

19.

KoHTpoJibHBIE BONIPOCHI

YT0 NOHUMAIOT MO MTOJHOM YJIEJIBHOW YHEPTUEHN IIOTOKA KUIAKOCTH B KUBOM
ceueHuu?

Uto noHMMAIOT Mo yAeabpHOU 3Hepruei? KakoBa ee pasMepHOCTh?

B uem ¢usmueckuit cmbica kodppunuenta Kopuonuca a? KakoBsl mpenesnsl
YUCJICHHBIX3HAUCHUH K03 PuiuenTa o, Bxozsuiero B ypaBuenue Jl. bepuymnu?
KakoBsl yciioBusi npumeHumMocTy ypaBHenus 1. bepuymiu?

UTo Takoe MIOCKOCTh OTcueTa (IMJIOCKOCTh CPaBHEHUSI) U KaK OHA Ha3HavYaeTcs?
Urto cneayeT mOHUMATH O] FTEOMETPUUECKUM HAIOPOM U KaK OH ompeaensiercs?
Kaxkoii u3 3akoHOB Qusnku Beipaxkaet ypaBaenue J[. bepaymmu?

KakoB reomeTpuieckuii CMbICI KaXA0ro wieHa ypaBHeHus J[. bepnymnnu B
OT/ICJILHOCTU Y BCEr0 YpPaBHEHUS B 1I€JIOM ?

KakoB sHepreTrueckuil CMbICT KaXA0ro uieHa ypaBHeHnus . bepHyniu B
OT/ICJILHOCTU UBCEr0 YPaBHEHUS B 1IEJIOM ?

UTo moHMMAETCA MOJi HAITIOPOM MOTOKA U KaK OH OMpeAesieTcs?

Urto xapakTepuszyeT co00l Mbe30MeTpruIecKast JIMHUS?

UTo moHUMAETCS MOJi MbE30METPUUYECKUM HATIOPOM?

Kak onpenenuts 3anac yaeabHOW NOTEHIIUATBHON SHEPTUU B )KUBOM CEYEHUHU
IIOTOKa?

Kak uzmeHnsieTcs yaenbHas MOTEHIIMAIbHAS SHEPTUsl BJOJIb TOTOKA?

Kak usmeHnsiercs yaenbHass KHUHETUUECKAsi SHEPTUs BIOJb OTOKA MIPU JIBUKEHUU
peabHOM KUIKOCTH ?

Kak m3mensiercs mpe3oMeTpuuecKas JIMHUS IS TpyOONpoBOia MEPEeMEHHOTO
CEUCHMATIPHU TTOCTOSSHHOM Pacxojie sl peaabHOM KUAKOCTU?

Kak usmensiercst nmpe3omMeTpudeckasi JUHUS Ui TPyOOIpoBoaa MOCTOSHHOTO
CEUCHMSATIPU YCTAHOBUBILIEMCS JIBUKCHUH BSI3KOU KUJIKOCTU?

Kak n3MeHseTcs TuHMS MOJIHOTO HAIlopa Mo JIMHE MOTOKA ISl PEAIbHOM
KHIKOCTH?

Kakum orpe3kom Ha nuarpamme ypaBHeHus [l. bepHyium xapakrepusyercs
BEJIMYMHAY]ICJIbHOM KHHETUYECKOW SHEPTUH U TOTCHIIHATILHON SHEPT U
aBiIeHUA?

JlabopaTopHas paGota Ne 5

N3YYEHUE PEXXKUMOB JIBUKEHUSA KNJIKOCTHU

3agaun paboOTHl - BHU3YyallbHOE HAOMIOJEHHE OCOOCHHOCTEM JIaMHHAPHOTO U

TypOYJEHTHOIO PEKUMOB JBHKEHHS *KUJKOCTH B CTEKISIHHOM TpyOKe; mpuoOpeTeHue
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HABBIKOB JKCIEPUMEHTAIBHOIO OMPEAECICHHS PacXxoda KUJKOCTH, CPEIHEU CKOpPOCTH
JIBIDKCHUS  JKUJKOCTH,  BBIUMCJICHHME  uucea  PeliHonbaca  Ha ~ OCHOBaHUM
AKCIEPUMEHTAJIbHBIX JAHHBIX.

Onucanue IKCNEPUMEHTAIBLHON YCTAHOBKH

JIns n3y4yeHus peKUMOB JBHKECHHS KUIKOCTH MCIOJIb3YETCAIKCIIEPUMEHTAIbHAS
YCTaHOBKA, CXEMa KOTOPOH IpelacTaBieHa Ha puc.3. YCTaHOBKA BKIIIOYAET B CeOs
HanopHbIi 0ak 1, B KOTOPHIN BoAa MOCTYNAET U3 BOJOIPOBOAHOMN ceTU. YPOBEHb BOJIbI B
O0ake MNOJJEP>KUBAECTCA HA IMOCTOSHHOM OTMETKe OJslarojapsi XOJIOCTOMY CIUBY 7,
IPECTABIIAIOLIEMY COO0H

4

PesepByap ¢ Kpackoit
1 E

3 X—-{ B1
Hanopblii pesepsyap _ — —
7 5
N
5 e
) TpybKa creknaHHas
- *
MepHbitt 6ak
e 2
20
15 V,,ﬂ
610 2 | I
5
0 8
B2
T B3 <
- <

Puc.5

BEPTUKAIBHYIO TPYyOy C BOpPOHKOM, PacCIlOJOKEHHOW Ha 3aJlaHHOM ypoBHe. U3
HamopHoro 06aka 1 Boja MOCTyINaeT B CTEKISHHYIO TPYOKy 2, MMEIOIIYIO IIABHO
CKPYTJICHHBIA BXO/I, B KOTOPOH HaOJI0Iaf0TCS PEKUMBI JIBHXKCHUS KUJIKOCTH. Kpacka B
CTEKJITHHYIO TPYOKY mojiaetcst u3 6auka 4 ¢ moMOIIbIO TOHKON TPyOOUKH 5, CHAOKEHHOM
BeHTHIIeM BIl. Jlng perynupoBaHusi pacxoja BOJbl HMEETCS BEHTWIb B2,
PacIoJIOKEHHBI Ha BBIXOJIE M3 CTEKIIHHOW TpyOku. Boma, w3 CTEKISHHOW TpyOKH
MOCTYIMaeT B MEpHBIA 0ak 3, 00OpYHOBaHHBIN MHE30METPOM 8 C JEICHUSIMHU s
OTIpEJICIICHHsI YPOBHS KUAKOCTH B Oake. [[7s omopokHeHus MepHOro 0aka CIIyXUT
TpyOa, obopynoBanHas BeHTHiieM B3. [lns ompeneneHus TeMmmepaTypbl BOJBI CIYKHUT
TepMOMeETp 3.

Conepxanue padoTsbl

1. [IpoBeneHue AByX OMBITOB JJIsl BU3YAJIbHOTO HAOIOICHUS 3aM0JKPaIlIEHHON
XKUJKOCTBIO TIPU PA3HBIX PEXKMMAxX JBUKCHUS MKUJIKOCTH; H3MEpPEHHE pacxoaa Hu
TeMIIEpaTypbl BOJBI.

2. OOpaboTka ONBITHBIX JaHHBIX [JIs8 BBIYUCIEHUS dYucen PeliHombca,
COOTBETCTBYIOIINX HAOJIIOJa€MbIM B OIBITAX IJAMUHAPHOMY U TYPOYJICHTHOMY PEKUMaM
IIBIDKECHUSL.
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Iopsiiok npoBeeHHUsI ONBITOB

1. Hamomnute 6ak 1 10 MmakcuManbHOU OTMETKH. J[Jist 3TOTO OTKPOMTE BEHTUIIb
B. Ilocne HanosiHeHus 6aka 3aKpoiiTe BEHTHIb B.

2.  C nomoinbto BeHTuiek B1 u B2 no6eiitech TOro, 4ToObl B CTEKISIHHOU TPyOKe
YCTAaHOBUJICS JIAMUHAPHBIN PEKUM U CKOPOCTh BBIMYCKAeMOW Kpacku ObLIalpUMEPHO
paBHA CKOPOCTHU JIBMXKEHUS BOJIBI B CTEKJISTHHOM TpyOKe.

3. Omnpenenute pacxof xkujakocTu. [ aToro 3akpoite kpaH B3 u, HaOmonas
3a HAlOJHEHMEM MEpHOro Oaka IO JEJIEHUSIM MEPHOro cTrekiaa 8, ¢ IOMOIIbIO
CEKyHJOMepa OINPEIEIUTE MPOAOLKUTEIBHOCTh HANOJHEHUs t 3apaHee HaMEUEHHOIO
MEPHOro oObema.

4.  Ortxkpoiite kpan B3 u yOenurech, 4TO MEPHBINA OaKk OMOPOKHUIICS.

5. YcraHoBute TypOYJIEHTHBINA PEKUM JABUKEHUS. [[J151 5TOT0 OTKpOITE BEHTUIIN
B, BI u B3. Perynupysa Bentusiem Bl mojgady Kpacku, yOeAUTECh, YTO YCTAHOBHIICS
TypOYJIEHTHBIN PEXUM JBUKEHUS >KUJIKOCTU. 3aKpoWTe BEHTWIb B2u mpuctynaite K
u3MepeHuto pacxona (cm. 1m.3). Onpenenute TeMIeparypy BoJbl B 6ake 1 ¢ MOMOIIbIO
TepMoMeTpa 3.

O0padoTKa IKCIIEPUMEHTAJIbHBIX JAHHBIX
1. Boluucnure pacxoj BOAbI

2.  Breluuciure cpeaHIOI CKOPOCTh TCUCHHS BOJBI B CTEKIITHHON TpyOKe
3. Omnpenenute yncio PeitHonbaca v

4.  CpaBHurte uncina PeitHoiib/ica, BBIYUCICHHBIE I KAXAO0T0 ONbITa C HUKHUM
Y BEpXHUM KPUTHYECKHMMU 4uciIaMu PeiiHombica

OO6paTuTe BHUMaHKME Ha COOTBETCTBHE IMOJTYyUYCHHBIX 3HAUCHHUM yncen PeitHonbaca
pe3yibTaTaM BHU3yAJIbHBIX HAONIOACHUN 3a PEKUMOM TCUCHHS B CTCKISHHOM

TpyOKe.
JlabopaTopHas pa6ora Ne 6

MN3YYEHUE ITIOTEPH HAIIOPA 11O JJIMHE

3amaun paboThl — OMpeleSieHHe MOTEepPh Hamopa Mo JJuHEe U Kod(pduimeHTta
TUAPABINYECKOTO TPEHUSI HA OCHOBAHUM JIAHHBIX OMBITOB, U3YUEHUE BIUSHUS CPEIIHEH
CKOPOCTH TEYEHHUsI XKUJKOCTH Ha BEJIMYMHY MOTEph HaAmopa MO JIMHE, a TakKke
MpuoOpeTeHNE MPAKTUYECKUX HABBIKOB B OTIPEICIICHUH TUAPOIUHAMUYECKOTO JaBICHUS
C MOMOIIBIO MHE30METPOB U 3aKPETUICHUE HABBIKOB B OIMPECICHUN PACX0/ia OO BEMHBIM
CIIOCOOOM.
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Onucanue IKCNEPUMEHTAIBLHON YCTAHOBKH

OKCnepuMEHTalIbHAasi YCTaHOBKA JUIsl M3y4YEeHHUS TOTeph Hamopa MO JJIMHE
MpeCcTaBieHa Ha PUC. /.

VYcranoBka BkIo4aeT B cebst TpyOompoBoa 1, Ha paboyeM ydacTKe KOTOPOTO
mmmHoM L monkmrodensl mibe3ometpel 11 wu Il TpyOomnpoBoa MNPUCOETUHEH K
HAIMoOpHOMY 0aKy 2, rje ¢ MOMOIIbIO XOJ0CTOro clivBa 9 MOAAEPKUBAECTCA TOCTOSHHBIN
ypoBeHb. B HamopHblii 0ak Boja mogaeTcsi LEHTPOOEKHBIM HAacocoM 4, 3a0uparonum
BOAY M3 €MKOCTH 3, KyJa BOJa IOCTyNaeT U3 HCCIEAYeMOro TpyOOompoBoOAa uepes
MepHbId O0ak 7. Takum 00pa3oM, Ha YCTAHOBKE HCIIOJIb3YETCS 3aMKHYTasi CUCTeMa
BojocHaOxkeHus. [logaya BoJbl HACOCOM perynupyercs BeHTWseM 5. Pacxoj Bonbl B
TpyOONpPOBO/IE€ M3MEHSETCS C MOMOIIBIO BEHTHJIA 6, YCTAaHOBJIEHHOTO B €ro KOHIIE.
Mepnbiii 6ak 7 o0opyaoBaH BeHTWSeM 8. MepHblil 0ak HAMOJHSAETCS MPHU 3aKPHITOM
BeHTWiIe 8. OTMETKM YpPOBHS BOJABI B MEPHOM 0Oake BH3yallbHO KOHTPOJIUPYIOTCS IO
IIKajie BOJOMEpPHOTO CTEKJa, MMEIOIIerocs Ha JMIEBOM CTEeHKE MEpHOro Oaka.
Temneparypa BoJibl ©3MEPSETCS C MTOMOIIbIO TEPMOMETPA.

Conepxanue padorTsbl

1. TlpoBeneHuwe cepur OMBITOB MO W3MEPEHUIO TMOTEPh HANoOpa IO JJIMHE Ha
ydacTke Mexay mnbe3omerpamu I11 u Il2, COOTBETCTBYIOIIMX Pa3IUYHBIM 3HAUCHUSM
pacxoja KUJIKOCTH B TpyOe.

2. OnpeneneHne Ha OCHOBAaHMHM OKCIIEPUMEHTAIbHBIX JaHHBIX  YHUCEN
Pelinonbaca, k03 PpuueHTOB ruApaBIMUYEeCcKOro TPEHU U 00J1aCTH CONPOTUBIICHUS.

3. Tloctpoenue rpaduka 3aBUCUMOCTH MOTEPh HAMOpa OT CPEAHEH CKOPOCTH U
rpaduyueckoe ompeneseHNe IMOKa3aTeNsl CTENEeHW TpPH CPEAHEl CKOPOCTH B OATOM
3aBUCUMOCTH.

Puc.6
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IHopsinox nmpoBeeHuUs ONBITOB
1. [loAroTOBBTE YCTAHOBKY K ITPOBEAECHUIO OIBITOB. JlJIsl 3TOr0 BKIIIOUUTE

Hacoc 4 , OTKpOiiTe BEHTUJIb O M BEHTUJIb MEpHOTo Oaka 8. U3mepbre Temneparypy
BOJIbI B OaKe.

2. VYcranoBute B TpyOe MakCMMajabHO BO3MOXHBIM pacxona. ns 3toro
MOJIHOCTBIO OTKPOWTE BEHTWIb 6, KOHTPOJIMPYS IpPU 53TOM YPOBHU BOJBI B
nbe3omerpax Ihu I .

3. Caumute otcueTsl 1o nbesomerpam I u Il .

4, [Ipuctymnaiite kK uU3MepeHuro pacxona. [ns sToro 3akpoiiTe BEeHTWIb 8
MEPHOT0 0aka M py4YHBIM CEKYHIOMEPOM OINPEAEIINTE BPEMs 3allOJHEHMs 3apaHee
HaAaMEYeHHOr0 MEpPHOTO 00bEMa, KOTOPOMY OTBEYAIOT JBa YPOBHS BOJIbI B MEPHOM
Oaxe 1o BojjoMepHOMY cTekity. 3MeHuTe pacxos >KMAKOCTH C TTIOMOIIbI0 BEHTHJIS 6,
KOHTPOJIMPYS YPOBHHU KUIKOCTH B IIbE30METPAX.

[ToBTopute AeiicTBust myHKTOB 3 1 4. Beero mposenute 8-10 omnbIToB.
O0padoTka 3KCIePUMEHTATBHBIX JAHHBIX

1. Beiuucnure pacxoj] >KUIKOCTH

2. Bpiuncianre cpeiHIo CKOpOCThb

3. Onpenenure KHHEMAaTUYECKUM KOA(POUIIMEHT BS3KOCTH BOJbI, 3HAs €¢
TEMIIEPATypPy

4. Beruucnure umncio PeliHonbaca

5. Haliiute OTHOCUTENIbHYIO  NIEPOXOBATOCTh I HCCIIEIyeMOTO
TpyOompoBojga A

6. Beraucnure npez[%anLIe yucina PertHonpaca

7. YcraHoBuTe 00J1aCTh CONMPOTUBIICHHS. JIJIsI 3TOr0 COMOCTAaBbTE YHCIIA
Peitnonbca, HaliieHHbIE B TyHKTaX 4 u 6.

8. HaitnuTe 3HaUeHMs ONMBITHBIX TIOTEPh Haropa 1mo Gopmyiie

1 U1?
Zl + P_ + R
14 2g

P D
rae 7z, + — " 7z, + —0Ka3aHus NbE30METPOB.
¥ 4

9. Omnpenenute OMBITHBIE 3HAYCHUS KOXPPUIMEHTA THAPABIUICCKOTO
TpeHus o ¢popmyie Belicbaxa —lapcu

10. Jms kaxxgoro ombITa, 3Has 4Yucia PeiHombraca (1.4), OTHOCHUTEIBHYIO
IEPOXOBATOCTH (1.5) 1 00J1acTh cONPOTUBIEHUS (11.7), ONpeIeTUTE pacueTHOE

3HaueHHe KOd(QOHUIMEHTa THIPABIMYECKOTO TpeHHA Ap,c; MO Tpaduky
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KonsOpyka-Yaiita [2].
11. HaiinuTe pacxosxaeHne MexXIy Aqy ¥ Apacq O Gopmyite

Ap: ‘-1_/1 n
£ 9% 100%.
A‘Dl’l

12. Onpenenute, Kakod CTENEHW M MPU CKOPOCTH MPOMOPIIMOHAIBHBI MOTEPHU
HaIopa Mo JJIMHe JJIsl JaHHOM 00JIacTH.

13. Jlnst aToro  moctpoiite  jorapudmudeckyro  aHamopdosy

14. Vickompblii TOKa3aTellb CTENEHW YMCICHHO paBeH 10, KOTOpHIA cleayeT
HAaXOJIUTh KaK OTHOIICHHWE KaTeToB C Y4YeToM MacmitaboB (puc. 8).
Y6enurech, 4TO HaWJICHHOE 3HAYEHHUE COOTBETCTBYET YCTAaHOBJIECHHOW paHee
obsactu conpoTuieHus (1.7).

£

A

Va
ofe

/e

Puc.7

JlaGopaTopHasi paGota Ne7

N3YYEHUE MECTHBIX IIOTEPb HAITOPA

3agaun paOOTHl - MOJYYEHUE M 3aKPEIUICHHE HABBIKOB AKCIIEPUMEHTAIBHOTO
onpeneneHuss KOA((PUIIMEHTOB MECTHOTO COINPOTHBIICHUS, H3MEPEHHS pacxojaa
00BEMHBIM CTIIOCOOOM, THAPOJIMHAMHUYECKHX AABJICHUN C IOMOIIBIO IHE30METPOB,
MOCTPOCHUS HAIIOPHOM U Mb€30METPUUECKOM JIMHUH MO TAaHHBIM OIBITOB.

Onucanue IKCNEPUMEHTAIBHON YCTAHOBKHU

JlabopatopHas paboTa mMpOBOAUTCS Ha TOU K€ yCTAHOBKE, 4TO M padoTa 4. Cxema
YCTAaHOBKM TmpejcTaBieHa Ha puc 8. Boma w3 HamopHoro 0Oaka 2 TMOCTyMaeT B
Tpy6onpoBoa 1, HMEIOIUA MECTHBIE COMPOTUBIIEHHs: pe3kuii moBopor 9 Ha 180°,
peskoe pacmupenue 10 u pe3koe cyxkenwne 11. [lo qmae TpyOOnpoBoaa YCTaHOBICHBI
JECATh MbE30METPOB, CIYXKAIIUX JJII U3MEPEHUS MOTEHIUAIbHBIX HAlOPOB B 3TUX
ceyeHusix. Bona u3 TpyOonpoBojia mocTynaeT B MEPHbIA Oak /.

34 |



MbesaomeTpbl
110 9 8 7 65 4 3 2

xornocTon
cnue

2

o i i L

HanopHbiit 6ak

L

5

Hacoc

4

Puc.8

Conepxanue padorTsbl

1. HpOBG}ICHPIe OIIBITOB IIPpU PA3JIMYHBIX pacXxodax BOAbI M OIIPCACICHUC
MOTCHIHAJIbHBIX HAITIOPOB I10 ITOKAa3aHUAM IIBC30MCTPOB.

2. OHpGIIGJIeHI/IG KOB(l)(bI/IHI/IGHTOB MCCTHOT'O COIIPOTUBJICHUA Ha OCHOBAHHUU
OKCIICPUMCHTAJIbHBIX JaHHBIX.

3. ComocTaBiieHHe  ONBITHBIX  3HAYCHUH  KOIPQPHUIIMEHTOB  MECTHOTO
COIPOTHUBJICHUS ¢ KO3 GHUIIMECHTAMH, HaliZICHHBIMHU B CIIPaBOYHOM uTepatype [2].

4. TlocTpoeHHeE MO JaHHBIM OIBITOB HATIOPHOM M MbE30METPHUUECKON JTUHUIA.

Ilopsaok nmpoBeeHusi ONBITOB

[ToaroToBbTE yCTAaHOBKY K MPOBEJCHHUIO OIBITOB: BKIIIOUMTE HAcoC 4,0TKpOMTE
BEHTWIU S u 8.

1. VYcranoBuTe MaKCUMAaJIbHBIN pacxoa B TpyOompoBoe. [ 3TOronoaHoCcThio
OTKpPOWTE BEHTWIb 6, KOHTPOJUPYS YPOBEHb BOABI B Mbe30METpax (YpPOBHH BOABI
JOJDKHBI OBITh B TIPEJIEIIax IIKAJIbl ITbE30METPOB).

2. CHuMUTE TTOKa3aHUs TbE30METPOB.

3. Ompenenute  TPOJOIDKUTEIHHOCTh  HAIMOJHEHHS  MEpHOro  0Oaka,
COOTBETCTBYIOIIYIO H3MepseMoMy pacxoay (Oomee moapoOHO cMm. paboty 4).
Beraucnure 3Hauenue pacxoja mo gpopmyie (1).

4. YMEHBIIUTE pacxo] BOJAbI B TPYOOIIPOBOJIE M IIOBTOPUTE U3MEPCHUS I1.2 1
n.3.
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Bcero mpoBeauTe Tpu ombiTa MPU pa3HbIX pacxogax.
O0padoTKa IKCIIEPUMEHTAJIBHBIX JAHHBIX

1. Omnpenenute NOTEHIMATbHbBIE HATIOPBI B CEUCHUSX JI0 U TIOCIIE€ UCCIIETyEMBIX
conpotuBiieHuil.  [loTeHIManbHBIE  HAMOPBl  COOTBETCTBYIOT  MOKAa3aHUSAM
nee3oMeTpoB. PaGoune HoMmMepa MbE3OMETPOB, s  KaXIOTO  MECTHOIO
COTNPOTHUBIICHUS, YKa3aHbl B UCXOJIHBIX JaHHBIX (CM. OJJaHK OTU¢TA).

2. Omnpenenute CKOPOCTh IBUKEHUS BOJIbI, CKOPOCTHOM HANop U MOJHBIM HAmop
B CEYEHHUSX 110 U TIOCJIE CONPOTUBIIEHUS.

3. Bblunciure mnorepu Hamopa Ha KaXXJIOM MECTHOM CONPOTUBIEHUU IO
pe3yIIbTATAM OIBITOB, HCXO/IS U3 ypaBHeHust beprymmn, npuasis & @2 =1,

2 2
av — av
ho= otz A2 Sy g e av
4 2g Y 2g
P1 P2
rne zy+— "u 7z, +— IMOKa3aHus IIbE30METPOB
14 Y

COOTBCTCTBCHHO 1O U ITOCJICCOIIPOTHUBJIICHUA,

avi  av?

2 2 — )41 CKOPOCTHBIC HAITOPBI 40 U ITOCJIC COIIPOTUBIICHUA.
g )

4. Omnpenenure KodG(UIIMEHT MECTHOTO CONPOTHUBICHHUS HA OCHOBAaHUU
JTAHHBIX OIBITOB UCX0s U3 hopmynsl Beiicbaxa

hM
v12 29

(OI'[:'

5. Ompenenure pacxoXXIeHHE B TPOIEHTaX MEXaAy KoddduuueHtamu
COTIPOTHBIICHHSI, ONPEACICHHBIMU HAa OCHOBAHUHM JKCIEPUMEHTAIBHBIX JAHHBIX U
Kodd purreHTaMu, OnpeaeIeHHBIMU U3 CIIPAaBOYHOM JTUTEpaTyphlI [2].

6. IlocTpoliTe HaMOPHYIO U MbE30OMETPUICCKYIO JIMHAM Ha OCHOBAHHMH JTAHHBIX
OMBITOB JJIS1 OJJHOTO PacxXo/ia.

JlaGoparopHasi paGora Ne§

N3YYEHUE HUCTEYEHUA KNIKOCTHU YEPE3 OTBEPCTUA U
HACAJKHN

3amaun paboTHI - BU3yaJIbHOE HAOIIOJCHUE SBJICHUS UICTCUCHUS KUIKOCTH Yepe3
OTBEPCTHSI M HACAJKH; 3aKPEIUIEHNE MOJYUYCHHBIX HABBIKOB OMPEAEIEHUS pacxoja
00BEMHBIM CIIOCOOOM; MOJyYeHHE MPAKTUYECKUX HABBIKOB OMPEACICHUSI KOOPANHAT
CTPYHU; BBIYMCIICHUE HA OCHOBAHUU SKCIEPUMEHTAIIBHBIX JTAHHBIX KOA(PPULIEHTOB
pacxona, CKOPOCTH M CKATUS CTPYH; dKCIEPUMEHTAIbHAS MPOBEPKA 3aBUCUMOCTH
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Kod(puuueHTa pacxoja OT yuciaa PelHOnbAca; SKCIEpUMEHTANIbHAs IPOBEPKA
TEOPETUYECKOU 3aBUCUMOCTH JJIs OIIPEACIICHUS BpPEMEHH OIIOPOKHEHUS pe3epByapa
py CBOOOJHOM HUCTEUYEHHM BOJBI M3 HEr0 4epe3 OTBEPCTHE B TOHKOW CTEHKE U
BHEIIHUN LIWINHIPUYECKUN HACAIOK.

Onucanue IKCNIEPUMEHTAIBHON YCTAHOBKH

VYcraHoBKa, cXeMa KOTOpPOW mpenacraBieHa Ha puc.l0, uMeeT 3aMKHYTYIO
cucreMy BojiocHaOxeHus. Bona u3 pesepByapa 1 nomaetcs HacocoM 2 uepe3 BEHTUIIb
3 B HanopHbIi Oak 4. [y nojaepKaHusi MOCTOSIHHOTO YPOBHS BOJbI B HAIIOPHOM
Oake mMeeTcs XOJOCTOM ciauB 5. B OOKOBOW CTeHKE HAmOpHOro Oaka HMMeEeTCs
pe3b00BOE OTBEPCTHE, B KOTOPOM KpemsTcs auadparMbl C OTBEPCTHSIMHU H
HacaakaMu. CTpysi, BBITEKAIOIIasi U3 OTBEPCTUS WM HACaJKa, MOMajaeT B MEpPHBIN
O6ak 9, oOopyaoBaHHBbIA ABYMs COpOCHBIMU BeHTWIsIMU /. K 3TOH Xe cTeHke
cOpocHOro 0Oaka KpEemuTCs KPOHIITEHH 6 ¢ MATbIO M3MEPUTENbHBIMU WIJIAMH,
CIyKalllUMU 11 U3MEPEHUs] KOOPAUHAT CTpyH X U Z. JIuieBasi cTeHKa HaropHOTo
0aka BBIMOJHEHA U3 OPraHUYECKOTO CTEKJa, YTO IMO3BOJSET CIEIUTh 33 YPOBHEM
BoAbl B HeM. Kpome TOro Ha 3TOW CTEHKE HAHECEHBbl PUCKH, OTCTOSIIME Ha
OTIPEJICTICHHYIO BBICOTY OT OCH OTBEpCTHs (Hacaaka), YTo MO3BOJseT GUKCHUPOBATH
HavabHbd (H1) 1 koHeuHblid (H2) Hamopsl B Mpolecce OMOPOKHEHUSI HATIOPHOTO
Oaka.

Puc. 9

Conepxanue padoTsbl

1. [IlpoBeneHue OMNBITOB C MCTEYEHUEM BOJbBI YE€pe3 KPYIJIoe€ OTBEPCTHE.
OKCTepUMEHTAIIbHOE ompeiesieHne KodhPuimeHTa pacxoaa OTBEpCTUs U U3MEpPEHNE
KOOPJIMHAT CTPYH C TENBIO JATHHEHIIIETO BBIYUCICHHS KOA(D(DHUIIMEHTOB CKOPOCTH U
CHKaTHUS

2. IlpoBeneHme OMBITOB C TPEYroJbHBIM OTBepcTHEM. HabOmoneHue sBICHUS
WHBEPCUHU CTPYH.

3. IlpoBeneHre OMBITOB C UCTCUCHUEM BOJBI Yepe3 HACAIKUA PA3TUIHBIXTHUIIOB
(UMIMHAPUYECKOTO, cxonsierocs u pacxopasuierocs). Habmonenue ocobeHHOCTEM
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MCTEUEHUS KUIKOCTHU Yepe3 HACAJIKH, OnpeaesieHue ux K03 PUIIMEeHToB pacxoa.

4.  IlpoBeneHue OMBITOB MO ONPENEIECHUIO BPEMEHU ONOPOKHEHHSI pe3epByapa
IIPU HCTEYEHHUH BOJABI YEpe3 KPYIJIO€ OTBEPCTUE W BHEIIHUM LHJIWHIPUYECKUI
Hacanok. ComocTaBleHHME BPEMEHHM ONOPOKHEHHMsI, IIOJYYEHHOTO B ONBITE, C
PacUYETHBIM 3HAYEHUEM.

Iopsiiok npoBeeHUsI ONBITOB

1. VYOenutech, 4TO0 HAmMOpHBIM OaK OMOPOXKHEH, U YCTAHOBUTE B pPe3bO0OBOM
OTBEepCTUHU Juadparmy ¢ KpyriblM OTBEPCTUEM.

2.  OtkpoiiTe cOpOCHbIE BEHTUJIU 7, BKIIFOUUTE HACOC 2 U MOJHOCTHIO OTKPONTE
BEHTWJIb Hacoca 3. by/eT HaloMHITHCS HAIOPHBIN Oak.

3. YO6eautech, YTO HAOPHBIN OaK HAMOJIHEH MOJHOCTBIO, YPOBEHb BOJIbI B HEM
CTaOMJIM3UPOBAJICS U MIPUCTYIANWTE K U3MEPEHUIO pacxoa 00bEMHBIM CIIOCOOOM.

4. Ormpeaenure TeMIEpaTypy BOJbI C TOMOIIBIO TEPMOMETPA.

5. Ompenenure ¢ TMOMOIIBIO HM3MEPUTENBHBIX WIJ KOOPAMHATHI OCH CTPYH,
BBITEKAIOIIEH U3 Kpyrioro oreepctusi. O0patuTe BHUMaHue Ha GOpMy CTPYH,
BBITCKAIOLIEN U3 OTBEPCTHS.

[IepBblii OIBIT 3aBEPIIIEH.

6. Boikitounte sneKTpoABUraTeNb Hacoca (IIPU ATOM HANOpHBIN Oak OyaeT
OTIOPOXKHATHCS KaK 4epe3 HacoC, TaK U 4epe3 OTBEPCTUE), JOKIUTECH MTOJHOTO
OTIOPOKHEHHUS HAMOPHOTro 6aka 4, KOHTPOJMPYS YPOBEHb BOJBI B HEM 4Yepes
IPO3paYHYI0 IEPEIHIOI0 CTEHKY.

7. BeiBepHUTE M3 pe3b00BOTO COCIUHEHHS AuadparMy ¢ OTBEPCTHEM MU 3aMCHHTE
e¢ Ha auadparMy C HacaakoM, SBJISIONUMCS MPEIMETOM HCCIEIOBAaHUN B
CJIEAYIOLIEM OIBITE.

8. BxirounTe 3eKTpoABUTaTE b HACOCa U MOBTOPUTE OIEpaIMK MTyHKTOB 2,3,6.
AHAJIOTUYHBIC ONBITHI MTPOBEINUTE ISl APYTUX TUIIOB HACATKOB.

OneITel MO ONPENENICHUIO BPEMEHU  ONOPOKHEHUSA pesepByapa
HEO0OXOIMMO TPOBECTU [JISI KPYTJIOTO OTBEPCTHSI W BHEIIHETO IMIIMHIPUIECKOTO
Hacaaka.

J{ns1 3TOr0 HEOOXOIUMO:
1. Ilpu BBIKIIIOYEHHOM HACOCE U MOJTHOCTHIO OMIOPOKHEHHOM HAarlopHOMOaKe

yCTaHOBUTE UaparMy ¢ KpyriibiIM OTBEPCTHEM.
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2. YO6enurech, YTO BEHTWIH 3 U / MOJHOCTHIO OTKPBITHI, MOCJE YETOBKIIOUUTE
Hacoc. [locrme Toro kak HamopHbBIM Oak 3aMoOJHUTCS U YPOBEHb BOJBI B HEM
CTAOMIM3UPYETCS, 3aKPOUTE BEHTHIb 3 U BBIKIIIOUUTE Hacoc. HanmopHblil 6ak HAYHET
OTIOPOXKHATHCS TOJIBKO Uepe3 OTBEPCTHE B CTEHKE Oakxa.

3. Omnpexnenure ¢ MOMOIIBI CEKYHJIOMEpa BpeMs OMNOPOXHEHUS O0BEMa
XKUJKOCTH HAMOPHOTo 0aKa, 3aKJII0OUEHHOTO MEXKy PUCKaMH Ha €ro JINIIEBON CTEHKE,
orBevaromumu Hiu Hy.

[ToBTOpPHTE OMBIT C BHENTHUM IMUIMHIPUICCKUM HACATKOM.
O0padoTKa IKCIIEPUMEHTAJIBHBIX JAHHBIX
Onpedenenue K02 Puyuenmos pacxooa, CKOpOCMU U CHCAMUSL

1. Boeruncnure pacxon sxunkocta Q, CpeTHIOI CKOPOCTD JIBUKEHUS KUTKOCTH
yucno PeitHonbaca Rep. s Hacaaka Bce mapaMeTpbl BBIUMCISEMJIS BBIXOJHOTO
CEUYCHUS;

2. OnpenenuTe KOCBEHHBIM IIyTEM OIBITHBIE 3HAaYeHUs KOA()PUIIMEHTOB
pacxoja OTBEPCTHUS U HACATKOB, UCTIONB3Ys (POPMYJIbI

Q =pow 2gH Q =u,w 2gH,

rac [y W Uy KOB(b(l)I/IHI/IeHTBI pacxoaa OTBCPCTHUA N HaCallKa,

H HalloOp Had UEHTPOM TAXKECTH BBIXOAHOI'O CeYeHHUA OTBepPCTHA UK HaCaJKa

3. BreruncnuTte Ha OCHOBaHMHM ASKCHEPUMEHTAIBHBIX JTAaHHBIX KOA()HUIIUECHT
CKOPOCTH JJII OTBEPCTHS TIO (popMyIie

Po =32
€ XU Z — KOOPIWHATHI CTPYH.
4, Brerancnure koaphunmeHT cxxaTus CTpys mo Gopmysie
Ho = €¢

ComnocraBbTe KOOGODHUIIUEHTBI, [y U, @ FONPEICICHHBIC HA OCHOBAHHHUOITBITHBIX
JAHHBIX, C HAMIEHHBIMH I10 CIIPABOYHOM JUTepatype [2].

d. ComnocraBbTe MPOJOIKUATEITLHOCTD ONIOPOKHECHUSA
pe3epByapa,M3MEPEHHYIO IIPU MPOBEJICHUH OMBITOB
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