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BBenenue
[Ipy BeIMOMHEHMM J1labopaTOpHBIX paboT 1o Kypcy '"l'mapaBinuka wu

TUAPABINYECKUE MAIIMHBI" CTYACHTHI 3HAKOMSITCS C OCHOBHBIMU M3MEPUTEIHHBIMH
npudopamMu, TPUMEHSIEMBIMH B THAPABIMYECKOM OKCIEPUMEHTE, METOIUKOM
M3MEPCHUsI THIPABINYCCKUX MApaMeTPOB, IMOIYYAIOT MPAKTHYECKUE HABBIKH TIPH
BBITIOJITHCHUH THJIPABIMYECKUX pPACUETOB M HEKOTOPHIE CBEIACHUS O METOax
CTaTHCTUYICCKON 00pabOTKH IKCIIEPUMEHTATBHBIX TAHHBIX.

Jlo Hawama 1a0OpaTOpPHOTO  3aHATHS  CTyIeHT o00s3aH  TpopadoTaTth
COOTBETCTBYIOIIUHN pa3/iesl HACTOSIIETO PyKOBOJICTBA.

HeoOxoammo HailTh OTBETHI Ha KOHTPOJIBHBIE BOMPOCHI M 3apaHEE 3arOTOBUTH
OJIaHK oT4eTa Mo paboTe, CoMePIKAIIIHIA:

1 Ha3Banue paOoThbl;

2 Ilens paGoTHI;

3 BriBoJ1 HEOOXOAMMBIX PACUETHBIX COOTHOIICHUM;

4 Cxemy 1a00paTOpPHON YCTaHOBKH;

5 Kparkoe onmcanue u mociieJJoBaTeIbHOCTh BBIIIOJHEHUS paOOTHI;

6 [Ipotokomn HaOIIOACHUSI.

B naGoparopurio cTyeHT 00s13aH SIBISTHCS, UMES IIPU ceoe:

a) METOJUYECKUE  YyKa3aHusi 10  JabopaTopHOMY

IPAKTUKYMY;

0)oTyeT 1o J1abopaTopHOl paboTe;

B) KQJIbKYJISITOD;

I') KOHCIIEKT JICKIUH.

[Ipu oOpaboTKke pe3ynbTaTOB HEKOTOPHIX JTA0OOPATOPHBIX PA0OT MCIOIL30BaHBI
AJIEMEHTHl CTAaTUCTMYECKOTO aHanmm3a ©  (opmamusanus IKCIEPUMEHTATbHBIX
TaHHBIX.



1 IpaBuia

BBINOJIHEHN S JIA00PAaTOPHBIX PadoT B JiabopaTopuu TenJa0Qpu3nKu,

1

TCIUVIOTCXHUKHU U THAPABJIUKHA

Kaxmas maGopatopHas pabGoTa BBINIOJHSETCS Opuraaoi B cocraBe 3-4
CTYJICHTOB.
[Ipexxne yeM NpUCTYNUTh K JaOOpaTOpHON paboTe, KaKIbId CTYIEHT JOJHKEH
U3YYUTh €€ OINHCAHHUE, MOATOTOBUTH OJIAHK OTYETa M ClIaTh MPEINoAaBaTENIO
KOJUTOKBUYM I10 TEOPETHYECKUM BOMPOCaM, OTHOCAIIUICS K TaHHOM padoTe.
CryneHT, He HUMEIONIMM OJIaHK OT4eTa WM HE CHABIIMKA KOJUIOKBUYM, K
IPOBEJCHUIO 1a00paTOpHOM paboThl He nomyckaerca. OH 00s13aH oTpaboTaTh ee
B yKa3aHHOE MPEMNoJaBaTeIeM BpeMsl.
[Tocne okoH4yaHus TaOOPATOPHBIX 3aHITHI PE3yIbTaThl U3MEPEHUN U PACUETOB
KaXIBIH CTYJACHT MPEABSABISAET MPENO01aBaTENIO Al BUSUPOBAHMS.
K Hauany crneayromiero j1abopaTOpHOrO 3aHATHS CTYIEHT AOJDKEH CIaTh 3a-
KOHYEHHBII OTYET IO BBHIIOJHEHHOM paboTre, 0€3 JaHHOro OT4YeTa OH HE
JOMyCKaeTcs K JaJbHEUIINM JTaOOpaTOPHBIM paboTam.
Otuer 1o paboTe BHIMIOJNHSETCS Ha JucTax Oenoi Oymaru (popmar A4) B
coorBerctBu ¢ ['OCT 2.105-95. Ha TuTynbHOM JIHMCTE  yKa3bIBaeTCA
HAaMMEHOBaHUE pPAOOThI, KTO BBIMOJHWI, KTO MPOBEPHII, YKa3bIBACTCS TOJ
BBHITIOJIHEHUS paboThl. Ha nucTax oTdera AOMKHBI OBITH: 11€Tb pabOTHI, cXeMa
OMBITHOTO YCTPOMCTBa, TaONHIBI pPE3yAbTATOB M3MEPEHUW U  TaOJIHIIBI
pe3ynpTaTOB pacueToB, W pacderbl. Oco0oe BHHMaHWE TPHU TMPOBEICHUHU
pacyeToB HEOOXOIMMO OOpalllaTh Ha COOJIOJICHUE €IUHCTBA CUCTEM €IIMHMI]
u3MepeHus. Bce BeIMUMHBI, yUacTBYIOIINE B pacyeTax, BhIpakaTh B €IUHHIIAX
CU. I'paduxu cTposarca Ha Oymare popmaTta A4 U punaratoTcs K OTUETY.



2 NHcTpykums

10 TeXHHKe 0e30MACHOCTH NPHU padoTe B J1adopaTopuu Tenja0QPU3NKH,

8

9

TCIJVIOTCXHUKH U THAPOMEXAaHUKH

K nmpaktudeckum 3aHATHSM B JTAOOpaTOpUM  JOMYCKAIOTCS  CTYJICHTHI,
MOJIyYMBIIME HHCTPYKTAXK IO TEXHUKE OE30MacHOCTH C COOTBETCTBYIOIIUM
oopMIICHUEM €T0 B KypHAJIE.
Crygentam 3ampemaercss 0e3  paspelieHusi IpernojiaBatelis — BKIIOYaTh
AIEKTPOOOOPYIOBAHUE, OTKPHIBAThH U 3aKPHIBAThH 33JIBUKKH U BEHTHIIH
TpyOOIPOBOIOB, BKIIOYATh U3MEPUTEIbHBIE MPUOOPHI U YCTAHOBKH.
Ilepenq HayasioM paboThl HEOOXOAUMO O3HAKOMUTHCS C 3aJaHHEM, C
npaBuwiIaMu  0€30MacHOCTH MPOBEACHUS paboT, MPOBEPUTH HCIPABHOCTH
OTpaKJICHUI U MPEAOXPAHUTEIBHBIX YCTPOUCTB.
[Ipu pabote B ;1abopaTopusix BBITIOJHSIETCS TOJIBKO Ta JiabopartopHas padoTa,
KOTOpast peIyCMOTpEHA TUTAHOM. Kareropuuecku BOCTIpeniaeTcs
BBITIOJHATH JIpYTHE Ta00paTOpHbIE pabOTHI.
Bo Bpemsi BeInosiHEeHUs 1abopaTOpHOM pabOThl XOUTh 0€3 ena 1o J1abopaTopuu
3ampeniaercs, T.K. STUM OTBIIEKACTCS BHUMAHHUE IPYTUX  CTYJEHTOB M OCTaeTCA
0e3 HaOmo1eHus JabopaTopHasl yCTaHOBKA, UTO MOXET TMOBJE€Yh 3a COo00it
HECUYACTHBIN CITy4ai.
O6opynoBanue abOpaTOPUU OTHOCHUTCS K paspsigy OIIACHBIX B CBA3U C
BO3MOXHOCTBHIO TOPAKEHUS DJICKTPUYECKUM TOKOM, TOITOMY CTYICHTHI
00s13aHbI CTPOro co0JIr01aTh paBuiia Oe3onacHocTy. B cioyyae
MPEKpalIeHus TOJa4u JJIEKTPOIHEPTUHM HEOOXOJIMMO OTKIIIOUUTh YCTaHOBKY U
OCTaBaThCs y pabouero Mecra.
Ecnu npou3soren HecyacTHBIN ciydaid, TO HEOOXOJUMO HEMEIJIEHHO — OKa3aTh
NEPBYIO TOMOILb U COOOUIUTH 00 ATOM MPENOIABATEINIO.
bepexxHoe oTHomieHHE K MpuUOOpaM U OOOPYAOBAHUIO JIAOOPATOPUM CO3AAET
YCJIOBUS Ballleil 0€30MaCHOCTH.
3amnperniaercs B 1a00paTOPUIO TPHUHOCUTH BEPXHIOIO OCKIY.

10 Ilo oxoHuUaHWU pabOTHI MPUBEANTE B MOPSAIOK paboyee MeCTo.



3 JIabopaTopHas padora Nel

N3mepenue naBjieHU
KOJII/I‘IGCTBO AYIUTOPHBIX 9aCOB — 4 gaca.
KOJII/I‘IGCTBO YaCOB Ha CaMOCTOATCIIbBHYIO pa60Ty CTYACHTA - 2 gaca.

Ieab padoThI

1 3akpenuienue 3HaHul N0 pazaeny «[ uapocraTuka.

2 OzHakoMjieHME ¢ TpubopamMu JUIsi HM3MEPEHUs JAaBJICHUHN (IIbe30MEeTpami,
MaHOMETpaMH, BaKyyMMeTpaMu, T pepeHInanbHbIMU MaHOMETPaMH ).

3 Omnpenenenne U30BITOYHOTO JABJICHUSA, BaKyyMa (pa3peskeHus) 1 abCOTIOTHOTO
JaBJICHUS BO3/yXa Ha MOBEPXHOCTH KMJKOCTH MO mMokazaHusiM U-o6pazHoro
IILE30METPA;

4 OcBOUTH €IUHULBI U3MEpEeHHs AaBieHus B pasnuuHbix cucremax (CHU, CI'C,
MKI'CC) 1 ux B3aUMOCBS3b.

5 OCBOUTHh METOJIMKY pacyeT adCOJIOTHOTO THIPOCTATUYECKOTO JIABJICHHS B JIO-
00l TOUKE MOKOSIIEHCS )KUIKOCTH.

Heo0xoaumoe 000py1oBanne M MaTepHAabI

Jis u3MepeHuss HU30bITOYHOIO JABJICHHUSI M DPa3pekeHus B JabOpaTopHOM
ycraHoBke (puc. 3.1) npeaycMoTpeH HeOOoNbIION 3aMKHYTHIN pe3epByap 1 ¢ kpaHoM
K, 3amosiHEeHHBIN BO31yXOM M COEIMHEHHBI PE3WHOBBIM IUIAHTOM C ITOJBHXHBIM
pe3epByapoM 2, YaCTUYHO 3al0JIHEHHBIM BoJ0OM. Takum oOpazom, pesepByapsl 1 u 2
ABJISFOTCS] COOOILAIOIIMMHUCS COCYIAMHU.

K

-

-

Puc.3.1 Cxema nabopaTopHOM yCTaHOBKH JIJIsl U3BMEPEHUS N30BITOUHOTO
JABJICHUS M pa3peKCHUS
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Ecnu kpan K Ha pesepByape OTKpBIT, TO B pe3epByape aTrMoc(epHOe IaBiie-
HUE W TIOJIO)KCHHWE YpPOBHEH x)uakoct B U-00pa3sHOM mbe3oMeTpe 3 B MPaBOM H
JICBOM KOJICHE OJJMHAKOBBI.

[Tocne 3akpeITHS KpaHa W MEpEMEIICHHS pe3epByapa 2 BBEpX, HaJ KUIKOCTHIO
B pe3epByape | cosmaeTcss M30BITOUYHOE JABJICHHE 3a CUET IMepenBa KUIKOCTH U3
pe3epByapa 2 B pe3epByap 1. DTo M30BITOYHOE MABICHHUE H3MEPSIETCS Pa3HOCTHIO
ypOBHEH KUJIKOCTH B MPABOM U JIeBOM KojieHe U-o06pa3Horo neezomeTpa (puc. 3.2a).

[Tpu mepemenieHNH pe3epByapa 2 BHU3 U 3aKPHITOM KpaHe Ha pe3epByape 1 u3-
3a TepeliiBa YacTH JKUAKOCTH W3 pe3epByapa | B pesepByap 2 B 3aMKHYTOM
IPOCTPaHCTBE pe3epByapa | co3maeTcs BakyyM. BenuumHa Bakyyma H3MepsieTCs
takke U-o0pa3HbIM nibe3omeTpoM (puc. 3.2.0).

Teopernueckue 0CHOBBI MeTO/A

[ToHOE WM aOCOMOTHOE THAPOCTATUYCCKOE MAaBICHWE B JIFOOOM TOYKE
MTOKOSTIIEHCS JKUIKOCTH OMPEICIIICTCS 0 OCHOBHOMY YPaBHCHHIO THIPOCTATHKH:

P=potpgh nma p=po+vh, 3.1)
rae  p - abcomoTHOE (MOTHOE) THAPOCTATUUECKOE JaBIICHUE;

Do - a0COTIOTHOE JIaBJieHHE Ha CBOOOIHON MOBEPXHOCTH KHUIKOCTH;

V - yIeJIbHBIN (00BEMHBIN) BEC KUJIKOCTH;

p - TUIOTHOCTb JKUJIKOCTH;

g - yCKOpeHHE CBOOOTHOTO TMaJICHUS;

h - rmyOuHa MOTPYKEHUS TOYKH MO YPOBCHbD KHUIKOCTH.

Hcxons u3 ¢opmynsl (3.1), MOXHO cKa3aTh, 4TO pacueT abOCOJOTHOTO
THAPOCTATHYECKOTO JABJICHUS CBOJUTCS K OMPECICHIIO a0COMFOTHOTO JaBIICHUS Ha
MMOBEPXHOCTH JKUIKOCTH Py B COOTBETCTBYIOIIMX CIUHHUIAX H3MEPEHUS (yIeTbHBIN
BeC V WM IUIOTHOCTh p, a TakXke TIJIyOMHa TMOTrPYy)KeHHUs TO4Ykd h 3amaroTcs
WCXOJTHBIMU JaHHBIMH).

AOCOTIOTHOE NaBJICHUE - ATO JIABJICHUE, OTCUUTAHHOE OT aOCOIFOTHOTO HYJIS
(momHOTO Bakyyma), MOJOOHO TOMY, KaK OTCUMTBHIBACTCS TEMIIepaTypa IO MIKaje
KenpBuHa. B TeXHHMKE NPOMBIIUIEHHBIX W3MEPEHUN JABJICHUS OTCYET BEAYT OT
OTHOCHUTEIILHOTO HYJsI - atMochepHoro faBieHus. J[aBieHue, BbIe aTMOCPEPHOTO
U3MEPSIOT MaHOMETPaMH, W Ha3bIBAIOT M30BITOYHBIM WM MaHOMETPUYECKUM.
JlaBnenue, Hke aTMOC(hEpPHOTO (BaKyyM), U3MEPSIIOT BaKyyMMETPAMHU.

Ha puc.3.2 MOXHO mpocCienuTh TMpeneinbl H3MEHEHUS U B3aHMOCBS3b
aOCOJTFOTHOTO TaBJICHUS Pyge, U3OBITOYHOTO Py U BAKYYMA Ppag-

AOCOIIOTHOE JaBJIeHWE TpU HaMMuuM BakyyMmMa (popmyrna 3.2) Ha3bIBAIOT TaKkKe
OCTATOYHBIM JIABJICHUEM.

B oTKpBITBIX coCynax aOCOJIOTHOE JaBICHHE Ha TOBEPXHOCTH IKUIKOCTU

paBHO aTMOC(EpPHOMY JTaBJICHUIO.

PO =PamM+Pu36- PO =PamM_Pea1<- (32)



[Ipumensemple B THAPOTEXHWUYECKOW TMPAKTHKE EAUHUIBI HU3MEPEHUS
JABJICHUS U MX B3aUMOCBS3b CJICIYIONTHE:
1 atm. = 760 mm.pT.cT.= 101325 ITa = 101,325 klla - pusuveckas atmocdepa;
1 at = 98066,ITa = 98,066 I1a = 0,1 MIIa - Texauueckast armocepa;
1 mm.Bog.cT. = 9,806 I1a ;
Imm.pT.cT. = 133,322 [1a;
16ap = 100 xITa = 0,1 MlIa;
16ap = 100 xITa = 0,1 MIIa.

p

Pus6

6dK

Pabc
Pamm

0

Puc.3.2 . BzauMocBs3b JaBieHni H30BITOYHOT0, AOCOIIOTHOIO U TaBJIICHUS
BaKyyMa

AOGcomoTHOE W UM30BITOYHOE JaBJEHUS, BBIPAXEHHbIE B arMocdepax,
0003HauYa0TCs, COOTBETCTBEHHO, "ara" mim "atu" (Hampumep, p =2 ata, p = 3 aTu
T.IL.).

JlaBnenue MOXeT OBITh BBIPAKEHO BBICOTOM CTONOA JKUIAKOCTA Ha
paccMaTpuBaeMol TOuko. BpicoTa cTONM0a JKUJIKOCTH OMNpeAessieTcss Mo 3a-
BUCHUMOCTHU:

h=PlN =P/pg . (3.3)

N3 popmynsr (1.3) cneayeT, 4TO OJHO M TO K€ JABJICHHE B 3aBUCUMOCTH OT
TJIOTHOCTH JKUJKOCTH MOXET OBITh CO3J]aHO CTOJIOOM pAa3jIM4YHON BBICOTHI. Tak,
texHuyeckas arMmocdepa (1 at) coorBercTByeT 10 M. BOA. CT. (MpU yAETHLHOM Bece
Bombl ¥ = 1000 kre/m°) = 735,5 MM. pT.cT. (IIpH yAenIsHOM Bece prytH 13600 kre/m’).

3aganune

Paccuntath aOCOIOTHOE MdaBJIEHUE Py B 3aMKHYTOM BO3AYIIHON 00JacTH
BHYTpU pe3epByapa | 11 Bcex OmnbITOB 1o (opMynaM U 3aHecTd B Ta0iuib! 3.1 u 3.2.
ATMoc(epHOoe 1aBlieHUE IPUHSATH PAaBHBIM TEXHUYECKOU aTMocdepe.

IIpoBenenue onbiTa
1 Tlpu otkpsiToM Kpane K ycTaHOBUTH MOJIOKEHUE pe3epByapa 1 u 2 B
COOTBETCTBUH C puc. 3.1.



Jomuts Boasl B U-00pa3Hblil Mb€30METP 10 HYJEBOI OTMETKH B 00€HX
TpyOkax. [Ipu nepenuBe N30BITOK yIAINTH (PUIBTPOBATIBHOM OyMaroii.

3akpbITh kpaH K 1 co31aTh n30BITOYHOE 1aBJICHUE B 3aMKHYTOM MIPOCTPAHCTBE
pe3epByapa.

3anucaTh B XKypHaI HaOmoaeHuid BenmnuuHy h (puc.3.1a), xapakTepusyromyro
n30bITOYHOE JlaBiieHue. CreayeTr MpoBecTH 2 -3 ombITa, MEHsISI U30BITOYHOE
naBieHue. ONbITHBIE TaHHBIE 3aHECTH B Ta0uILy 3.1.

[lepemernas pesepByap 2, cO3/1aTh BaKyyM B 3aMKHYTOM BO3YIIIHON 00JIacTH
pe3epByapa 1; 3aMmepuTh ero BeauyuHy 1o nsezometpy 3 (puc.3.1,0). Tak xe,
KaK ¥ B IPEJIbIAYIIEM CIIydae, CIEAYeT MPOBECTH 2 - 3 ONbITA, MEHSIS BETUUUHY
BakyyMma. OTIBITHBIC TaHHBIE 3aHECTH B Ta0IHUITy 3. 2.

O0padoTka pe3yibTATOB
PaccunTaTh aOCOJIIOTHOE AaBJICHUE Pg B 3aMKHYTON BO3IYIITHOMN

objacTu BHYTpU pe3epByapa | nisi Bcex OmbITOB 1mo ¢GopMmyjaM M 3aHECTH B
tabmuiel 3.1 u 3.2. AtMochepHOe NaBieHUE NMPUHATH PABHBIM TEXHUYECKOM aT-
Mocpepe.

Tabnuna 3.1 Pacuér abCoMOTHOTO JaBICHHS BO3yXa MO U30BITOYHOMY JIABJICHUIO

ATtMochepHoe aBieHne N30bITOUHOE TaBICHKE AOcooTHOE
JIABJICHUE

2 2 2 2 2 2

M.BOJI.CT KI'C/M H/™m MM.BOJI.CT KIc/M H/™m KI'C/M H/m

Tabnuna 3.2 Pacuét abCOMOTHOTO AaBJICHHS BO3yXa MPU HAIUYUHU BaKyyma

ATtMochepHoe aBiieHne N30bITOUHOE TaBIEHHE AOcontoTHOe
JABJICHUE
2 2 2 2 2 2
M.BOJ.CT KIc/M H/™m MM.BOJ.CT KIc/M H/m KIc/M H/m

o O1Th WN -

OTtuer mo padore

OTuer mo paboTe JOMKEH BKIIOYATh CIACIYIONINE MyHKTHI:
TUTYIBHBIN JIUCT.

HaumenoBanue u 11e51b paboThI.

Cxemy OTBITHOW YCTaHOBKH.

Tabnuiy HabmOACHUIA.

O0paboTKy pe3yibTaTOB OIbITA.

BriBogpl.

KonTposbHbIe BONIPOCHI
I1esb 1ab0OpaTOPHOTO UCCIIEOBAHUS.




2 T'mapocTaThyeckoe JaBJI€HUE U €0 CBOMCTBA.

3 OcHOBHOE ypaBHEHHE THIPOCTATHKHU.

4 EnuHUIB I3MEPEHUS JaBIICHHUS U UX B3aMOCBS3b.

5 IlonsTre abcomMOTHOTO, U30BITOYHOTO IaBIICHHM, BaKyyMa.

Iloamucu ucnoiHuUTEIEN

[Toanucu pykoBoauTes
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4 JladbopaTtopHasi paGota Ne2.

3akon Ilackanas. 'mapaBianyecku npecc.
KonuuecTBo AYAUTOPHBIX YaCOB — 4 gaca.
KommuecTBO yacoB Ha CaMOCTOATCIbHYIO pa60Ty CTYACHT - 2 Jaca.

Ieab padoThI
1 3akperuieHue 3HaHMH M0 pazaeny «l uapocTaTukay.

2 MWzydenue 3akona [Tackaisi.
3 W3yueHue npuHIUIA ACHCTBUS TMAPABINYECKOTO IIpecca.
Onucanue IKCIEPUMEHTAIBHOH YCTAHOBKH
I'unpaBnuyeckuii npecc (puc.4.1) umeer aBe nuIMHAPUYECKHe Kamepbl A u b,
KOTOpBIE COEOUHEHBl MEXIy co0oil obmielr rugpocuctemond. B mmmmaape A
ycTaHOBJIEH IuTyHkep 1 auamerpom d, a B mmnuHape b - miymxkep 2 nuamerpom D.
[Inynxxep 1 uMeeT caJpHUKOBOE YIUIOTHEHHWE, CHJIA TPEHUS B KOTOPOM 3aBHCHUT OT
YCUJIUS 3aTsDKKU HAKUIHOM Taliku (IpU HOPMAJIbHOM 3aTsKKE JaBJICHUE MPHXKATUs
CaJIbHUKOBOM HAOMBKU K JIBWXKYILIEMYCS ITOPLIHIO J0JDKHO OBITH IpuMepHO B 1,3 paza
0OJbIlIE MAaKCHUMaJbHO BO3MOXKHOTO JaBieHHs B rujpocucreme). [lnynxkep 2
YIUIOTHEH MaHkeTor. Cuia TpeHus PU MaHKETHOM YIUIOTHEHUH MTPONOPLHOHAIBHA
BEJIMYMHE  JIaBJICHUA B THAPOCUCTEME, T.K. MaHXKeTa TeM IUIOTHee Oyjaer
IPWKUMATBCS K IUTYHXKepy 2, yeM OoJibliie OyJeT JaBieHrue B THAPOCUCTEME TIpecca.
[Munmuaap A BMecTe ¢ IUIyHXepoM | M KianmaHHOM KOpoOkod 3 oOpa3zyror
IIOPIIHEBOM HACOC, MMEKOIIMKA py4YHOM MpuBoA mnocpenctsoM peiyara 4. C ero
IIOMOILIBIO 3@ CYET BCACHIBAIOLIETO U HArHETATEIBbHOIO KJIANIaHOB, YCTAHOBJICHHBIX B
KJIAIaHHOM  KOpOOKEe, MOXXHO T[epeKauuBaTh pabouyyr0 KUAKOCTH (Macio
WHJyCTpUAIbHOE) W3 BaHHBI 5 B MOJOCTh rujpommwinHapa b. Manomerpom 6
3aMepseTca JAaBIICHUWE B Tuapocucteme npecca. lIpenoxpaHnurtenbHblid KianaH 7
OTKpOETCSl B TOM CJIydae, €ClIM M0 KaKUM-JIM0O MpUYHHAM JIaBJI€HHE B THAPOCHUCTEME
IIPEBBICUT MAaKCHUMAJIBHOE JIOIyCTUMOE 3HAYEHUE NaBJIICHUA Ui JaHHOIO IIpecca
(Pmax= 150 krc/em®). TIpu 5TOM HpOM30HIET CIMB pabodell KHUAKOCTH B BAaHHY 53,
JABJICHUE ITIOHU3UTCS, U pa3pyLIeHUs] KOHCTPYKLMU IIpecca He MPOU30UIET.
[Tocne mpoBeieHUs ONbITa IEPEIUBHON BEHTUIIb 8 OTKPHIBAIOT, pab0OUyIO
KUIKOCTh U3 KaMepbl b Bpy4yHYIO BBIIABIMBAIOT ILTYHKEPOM 2 B BaHHY 5.
Kpan-Bo3aymHuk 9 CayKuT Iis yAaJIeHUs BO3AYyXa U3 THIPOCUCTEMBI ITpecca.
IIpecc ocHaieH npoceynbiM mrammnoM 10 ¢ myanconom 1.
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Puc. 4.1. Cxema n1abopaTOpHON yCTaHOBKU

Teopernyeckne 0CHOBBI METOAA
Jl1st Toro 4TOOBI OMPENIETUTh AaBJICHUE B MPOU3BOIHLHOM TOUYKE MOKOSIIEHCS

KUIKOCTH, JIOCTATOYHO 3HATh BEIUYHMHY JaBJICHUS B KaKoW JMOO APYrol TOUKE,
MpUHAICKAIICH TOMY K€ 00bEMY, a TaK e IIyOMHY MOTPY>KEHUS OJHON TOYKHU
OTHOCHUTEJIBHO APYTOM.

[Iycts B OTKpBITOM cocyne (puc.4.2) HaXOAUTCS OJHOPOJHAs KUIKOCTh B
cocTossHUM 1oKodA. Ha e€ moBepxHOCTb, a CIEJOBATENBHO U HA TOUKY 1, JIeXallyro Ha
MOBEPXHOCTH, JECUCTBYET JABJICHUE HAXOJSALIErOCs HaJ >KHIKOCTBIO Ta3a, KOTOpPOe
o6o3HaunM pg Ecnu okpyxkaromuii raz cBoOoaHO cooOiaercst ¢ atmocdepoi, To
BHEIIIHEE JABJICHUE PaBHO aTMOCHEPHOMY: Po = Pumu.

OnpenenuM a0CONIOTHOE (MOJTHOE) JABICHUE P, NCUCTBYIOIIEE HA TOUYKY 2
BHYTPHU KUAKOCTU. OUEBUIHO B 3TOW TOUKE KUJIKOCTh HCIBITHIBAECT HABIEHUE Py
HaXOJIAILIErocs HaJl )KUJIKOCThIO rasa (AeicTByroliee OJHOBPEMEHHO U B TOUKE 1) H.
KpOME TOT0, JaBJIEHUE OKA3bIBAEMOE CTOJIOOM JKUJIKOCTHU, PACTIOIOKEHHBIM HaJ HEM:

p2=po + pg(h1 —hy), (4.1)
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rJie p- IIIOTHOCTB KUAKOCTH (KI/M),
g — YCKOpEHHe CBOOOJHOTO mageHns (M/c2),
hy mw h, — BBICOTBI, OTCYMTAHHBIC BBEPX OT OJHOW W TOW XK€ YCIOBHOM
TOPU30HTAIBHOM TJIOCKOCTH (B JAHHOM CiIy4yae OT JHa cocyna) (M).
B o0miem ciydae ypaBHeHue (4.1) MOXeT OBITh 3alKCaHO B BUJIC

P=po+ pgh, (4.2)
rae h BeicoTa cTON0A KMIKOCTH HAJl pacCMaTpPUBacMOW TOYKOH. DTO pPaBEHCTBO
HAa3bIBACTCSI OCHOBHBIM YPaBHEHHWEM THAPOCTATHKHU. M3 3TOro ypaBHEHUS CIEIyeT,
9TO B OJTHOM M TOM K€ 00BEME MOKOSICHCS OJHOPOIHOMN JKHIKOCTH BCE YACTHIIHI,
PAacCMoOJIOKEHHBIE B OJHOM M TOW K€ TOPU3OHTAIBHOW IJIOCKOCTH, HAXOIATCS MOJ
OJIHUM U TE€M K€ THJIPOCTATUYECKUM JIaBIICHUEM.

=
-é«
= = = T = ==
— e R —
s e s (]
s 1
] = ¥

h1

h2
|
[

Puc. 4.2. K onpenieieHUI0 OCHOBHOTO YpaBHEHUS THAPOCTATUKU

[ToBepxHOCTh, BCE€ TOYKHU KOTOPOW WCHBITHIBAIOT OJIMHAKOBOE JIaBJICHUE,
Ha3bIBAIOT TOBEPXHOCTHIO PABHOTO JaBiieHWs. M3 ypaBHeHus (4.2) BHUIHO, 4YTO
BEJIMYMHA THUJIPOCTATUYECKOrO [ABJIEHUS OJHOPOIAHON MOKOSIIEHCS >KUIKOCTH B
KaKJIOW TOUKE 3aBHCHUT TOJIBKO OT BBICOTHI CTOJI0A >KMAKOCTH Haja Hel. [loaromy
SICHO, YTO MOBEPXHOCTSMHU PABHOTO NABJICHUS B MOKOSAIICUCS JKUAKOCTH SIBIISFOTCS
rOpU30HTAIBHBIE TNIOCKOCTH.

[IycTh Ha MNOBEPXHOCTHh KUIAKOCTU (puc.4.2) KpoMe BHEIIHEro Ta30BOI0
NABICHUS Py ACHCTBYET MOMOIHHUTEIBHOE NABICHHE p OT HPHIOKCHHBIX BHEIIHUX
CHUJL.
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Oo6miee naBiaeHNEe Ha CBOOOIHYIO MOBEPXHOCTD KUIAKOCTH COCTABIISIET CyMMY JaBJICHUMN
po + p. Tlo ypaBHemmio (4.2) mOTHOE [ABICHHE B TOYKE 2 C y4ETOM
JIOTIOTHHTEIIBHOTO JABICHHS P PABHO

p2=potp +pg(hs—hy). (4.3)

JlokaxeMm, 4TO B JIO0OM TOUYKE paccMaTpUBaeMOro oO0bEMa JaBlIeHUE
BO3pacTaeT Ha Ty € BEJIMYMHY, Ha KOTOPYIO YBEJIMYUIIOCH [ABJIEHUE Ha
MOBEPXHOCTh KUJAKOCTU. Briuntas ypasHenue (4.1) uz (4.3) nomyunm

P2—P2=p - (4.4)

VYpaBuenue (4.4) mokaspIBae€T, YTO JaBJICHUE HA TOBEPXHOCTU KHUJIKOCTHU
YBEIIMYUJIOCh HA TY K€ BEJIMYMHY, HA KaKyl0 OHO BO3POCJIO B IMPOU3BOJBLHO B3ATOU
TOYKE 2, a, CJIeI0BATEIbHO, U B JIIO00H IPyroi TOUKe 3TOro 00bEMa KUIAKOCTH.

DTO CBOWCTBO JKHUJIKOCTH OTpa)aeT CYIIHOCTh 3akoHa Ilackais, KOTOpbIi
dbopMmynupyeTcs Tak: JaBlIEHHE, CO3JjaBaeMoe B JIO00M TOYKE IKHUIKOCTH,
HaxoJAsIelcs B TMOKOe mepemaéTcsi OJUHAKOBO BCEM TOUKaM BHYTPHU KUIKOCTH.
3akoH Ilackans NpUMEHSIOT MIPU KOHCTPYUPOBAHUU PA3IMUHBIX THIPOCTATUYECKUX
MalllMH W yCTaHOBOK, JEHCTBUE KOTOPHIX OCHOBAaHO Ha PaBHOMEPHOM
pacrpeeseHuy JaBJICHUs] BHYTPU HEMOABUKHON KUJIKOCTH.

Cxema pabomvl euopasnuueckoeo npecca. B COBpeMEHHBIX THAPABINYCCKUX
mpeccax pa3BUBAIOTCS OYeHBb Ooubinne ycwmus (1o 150 Mu). X ucnonb3yroT npu
KOBKE, IPECCOBAHUH, UCIIBITAHUN MaTepHalioB U Jip. OCOOEHHOCTh THAPABINICCKOTO
rmpecca 3aKiIoYaeTcs B BO3MOXKHOCTH IOJydYaTh OOJBIIHE YCHIIMS TPH 3aTpaTe
CPaBHUTEIIBHO HEOOJIBIIION MCXOTHON CHJIBI.



14

— i —
A - ZIlZ N | ;
| =
7 =~ > -
- 4 8 |
P 1 |k | —
P2 - I
= P = | ] d 41
L]
1
g 7 5
/ __q/
<8 vzl | lzzzza = 6
_ |J—|_— ’Y? 77
a - rmpecc 0 - aKKyMYJISITOP

Puc. 4.3. Cxema paboTbl THIPABIMYECKOTO IIpecca M THUIPaBIMYECKOrO
aKKyMYJIsITOpa
Ha puc. 4.3,a npuBeneHa cxema rujapaBiaudeckoro mpecca. Ha crone 4 mpecca
HAaXOAUTCS IIPECCYEMBIM Marepuan 3, NPWKATbId HENOABWKHOW TpaBepcou 2,
sBisttoreiicss ynopom. Hunmuumap 1 npecca, munmmaap 7 Hacoca u TpyOorpoBo 6
3ar0JIHEHBI JKUIKOCThI0. K mopuiHio 8 Hacoca, UMEIIeMy MIomaas A1, MPUI0KeHa
cuna P;, mox JEWCTBUEM KOTOPOM OH MEPEABUIACTCS CBEPXY BHU3 U OKA3bIBAECT
JABJICHUE HA TIOBEPXHOCTh KUJKOCTHU, HAXOJMSIIYIOCS MOJ HUM. BemuumHa 3TOrO
JABJICHUS

p = Pi/A;.
[To 3akony Ilackans naBneHue mnepenaércss HAa NOPIIEHb S5 mpecca co3aaBast
MOJIE3HYIO CUITy P, o/ IeCTBUEM KOTOPOi mpeccyercst Marepuai. OTkyna

p = Po/4,,
rae A, - Iiolaab MOPIIHS Mpecca.

BripasuB 1miomaayM mopiiHeM depe3 WX JUaMeTpbl U CAeTaB P

npeoOpa3oBaHUid, MOIy4aeM

P,/P, = D/d?, (4.5)
riae d — nuamerp masoro nopiHs, D — quaMerp OOJIBIIOro MOPIIHS.
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Tak, Hampumep, ecau auaMeTp OOJIBIIOTO MOPIIHSA B JECATh pa3 Ooblie

JUamMeTpa Majioro, TO MOJIE3HOE ycuiue Ha OOoJbIIOM MHopuiHe OyaeT B CTO pa3s
OOJIBIIIE YeM Ha MaJIOM.
Cxema pabomwel eudpasnuyeckoz2o axkkymynsmopa. Hacocel, mutaromue padouei
KUJIKOCTBIO TUAPABIMYECKHE IIPECCA, OTHOCATCA K HEMPEPBIBHO ACHCTBYIOIINM
marHaMm. OcTaHaBiIMBaTh pabOTy Hacoca MPHU KaxA0W MEepUOIUYECKON OCTAHOBKE
Ipecca HelenecooOpa3Ho M0 TEXHUYECKUM U 9KOHOMHYECKUM NpudnHaM. [loatomy
HarHeTaeMasi HAacoCOM TEXHUYECKas JKUJIKOCTh MpU KaXAOW peryaspHOM
IIEPUOANYECKONM OCTAaHOBKE JIOJDKHA HENPEMEHHO OTBOJAUTHCS B HEKYIO EMKOCTB,
CIIOCOOHYIO HAaKaIlUIuBaTh (AKKYMYJIHUPOBAThb) pabOuyl0 KUAKOCTH MOJ OOJIBIIUM
naBiicHHEM. Takue €MKOCTH Ha3bIBAIOT TMIAPABIMYECKUMHU aKKyMYJIATOPaMH, OHU
SBJISIFOTCS JOTIOJTHUTENIBHBIMU arperaTaMu Hacoca.

Paccmotpum cxemy paboOThl M yCTPOMCTBO FHAPABIMUECKOIO aKKyMYJIsITOpa €
rpy30BbIM HarpyxkeHuem (4.3,0). Takoil akKymyJsiTOp COCTOMT W3 HEMOABUKHO
YCTaHOBJICHHOIO Ha (yHJAAMEHTE BEPTUKAJIBbHOIO LMIMHAPA 3, HWXKHUNA TOpell
KOTOPOTO TEPMETUYECKHM 3aKpBIT KPBIIIKOW. B munmHAape ycTaHOBIEH MTOK 4 C
MOpIIHEM 5, TMepeMeNlalouMMcs BBEpX MPU 3alOJHEHUU HIKHEH MO0JI0CTH
HWIMHIpa pabodell )KUAKOCThIO, TOCTYNAIOUIEH B HETO U3 Hacoca (CM. CTPEIIKY 6).

Bo Bpems paboThl mpecca U3 aKKyMyJIsITOpa B IIpecc MO BBIXOJHOU TpyOe 7
(cMm. ctpenky8) nogaércst pabouasi )KUIKOCTh. B KOHIIE TpyObl HAXOIUTCS 3alOPHBIN
KJIalaH, KOTOPBIM IIPH OYEPETHON OCTAHOBKE Mpecca MEePEeKphIBAIOT MoAauy padoyeit
XKUAKOCTH B npecc. [locie yero nBukeHUE CTOJIa U MPECCOBAHUE IpeKpaaercs. B
ATO BpeMsl HAcOC MpOJOJDKAaeT paboTy M HarHeraeT pabodyr0 JKUIKOCTh HE B
HWJIMHIP Tpecca, a B LMWIMHAP THAPABIMYECKOTO akkymyJsatopa. [Io mepe ero
3al0JHEHUs] ITOK 4 C MOPIIHEM 5 MOJHMMAETCS BBEPX BAOJb OCU LIWIMHIpA U
BMECTE ¢ HUM NogHUMaeTcs TpaBepca 1. Ha koHnax TpaBepcsl o 006€ CTOPOHBI OCH
IUTYHKepa CHMMETPUYHO MOJBEIICHBI TPY3bl 2, 00111ast Macca KOTOPbIX MMoAOupaeTcs
Takoi, 4yTOObl JaBJI€HUE B LUIUMHAPE AKKYMYJSITOpa OBUIO pPABHO JIABJICHUIO
KUJIKOCTH, HATHETAEMOM B HETO HACOCOM.

Korma BcnomoraTtenbHble padOThl HA MPECCE 3aKOHYEHBI U JOJDKHA HAYaThCs
€ro OCHOBHas paboTa, OTKPHIBAIOT 3allOpHBIM KJamaH, paHee OTIEISBLINN
TUIPONPECC OT aKKyMyJsiTopa. B rumpornpecc HauMHaeT nocrynarb JBOMHOM MOTOK
pabodeil KMAKOCTH: IMOTOK, IMOJIaBaeMbIii HACOCOM, M JIOMOJHUTEIBHBINA IOTOK W3
AKKyMYJISITOPA, BBITECHSIEMBIM M3 HETrO OIYCKAIOIIMMCS IUTYH)XKEPOM C TPy3aMHU.
OToT 60JIee MOIIHBIN MOTOK padouel >KUIKOCTH YCKOpSAET MpOoIecc MpeccoBaHus,
YTO MOBBIIIAET MPOU3BOAUTEIBLHOCTD IIpECCa.
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JIOCTOMHCTBOM JIAaHHOTO AKKyMYJISITOpA SIBJISETCS IOCTOSHCTBO JABJICHUS
HAKOILJIEHHOM JKUJIKOCTH OOYCJIOBIEHHOE TEM, YTO Macca rpy3a M IUIOIIA/lb CEYEHUs
IUTYH)KEPA MOCTOSHHBI.

HenmocTtaTkoMm Takux akKyMyJISITOPOB SIBJISIETCSI CPABHUTEIBHO Manasi EMKOCTb
U OOJIbIIINE Ta0aPUTHI.

Jns  HakoruieHWss — OOJBIIMX ~ KOJUYECTB  KUAKOCTH  MPUMEHSIOT
ra3oruIpaBIuyecKuil akKymyasTop. OH COCTOMT M3 LWIMHAPUYECKOHM EMKOCTH,
M3TOTOBJIEHHOTO W3 CTalbHBIX JIUCTOB. EMKOCTh HpeIBApUTENHLHO 3allONHAIOT
CKaTbIM T'a30M C HEKOTOPBIM HauyaJbHbIM AaBieHUEM. [Ipy HakauMBaHUU B HETO
pabouell KUAKOCTH 3aJaHHOTO 00BEMa, OOBEM Ta30BOM YACTH aKKyMYJSTOpa
YMEHBIIIAETCS, a JABJICHUE T'a3a MOBBIIIAETCS 10 MAKCUMAJIBHBIX 3HAYECHUI.

K HemocrarkaM ra3oruapaBlIMUECKHX aKKyMYJSITOPOB CIIEAYET OTHECTH:
HECTaOUJILHOCTD JaBJICHUSI pabouel >KUIKOCTH, U HAJMYME PACTBOPEHHOIO Tra3a B
cxaTol paboyel KUIKOCTH.

3ananue
1 Paccuurtath cunmy F Harpy3ku Ha aJllOMHUHHUEBYIO IUIACTUHKY B MOMEHT €€

paspyuieHust (POCEUYKH).

2 Paccuutath ycunue f, mpuitoskeHHOM K TUTyHXEpY, B MOMEHT ITPOCEYKH 00pasiia.

3 PaccuuraTth KO3(G(HUIMEHT NOJIE3HOTO ACUCTBUS TUAPABIMYECKOTO MIpecca.
IIpoBenenue onbiTa

1 TloaroroButh mnpecc K pabote. IlmyHxep 2 O0KEH HAXOOUTHCA B KpailHEM
HWDKHEM T0JI0KeHUH. [lepeTuBHOM BEHTUITb 8 OJIKEH ObITh 3aKphIT. [[pUOTKpPHIB Ha
MoJI-000poTa KpaH - BO3AYIMIHUK 9, cmenaTh MPOKAYKy THIAPOCUCTEMBI (5 - 6
KOJieOaTeNbHbIX JIBH)KEHUM phiuara 4). 3akpbITh KpaH-BO3IYIIHUK 9.

2 B mpoceuHol mITaMn 3a710KUTh aJIFOMUHUEBYIO MOJIOCKY, NIPEIBAPUTEIBHO 3aMEPUB
ee TonmuHy 8. 3aMepuTh quaMeTp myaHcoHa d, ¥ BCTaBUTh €r0 B BEPXHIOK YacTh
mramma. 3amMepuTh Iieuyd perdara lp w |, gumamerp miymkepoB 1 om 2
(coorBerctBenHo d u D) (puc.4.1), pe3ynbraThl 3aHecTd B Ta01. 4.1,

3 IInaBHO pabotast pelyarom 4, co3fgaTh Harpy3ky Ha aJIIOMHHHEBYIO MOJIOCKY B
npoceyHoM mTamne. CaeauTh 3a OTKIOHEHUEM CTPEIKM MaHOMETpa OT HYJIEBOU
OTMETKM. B MOMEHT paspyiieHus obOpasua 3apUKCUpOBaTH JABJIEHUE p TIO
MOKAa3aHHIO CTPEJIKU MaHoMeTpa. VcnbiTaHue MOBTOPUTSH 3 - 4 paza.

OO0paboTka pe3yJIbTaTOB

1 Bce ocHOBHBIE KOHCTPYKTHBHBIC Pa3Mephl THIPABIMYECKOTO MPECCa BHECTH B
tabmuiy 4.1.



Tabmna 4.1. Pe3ynbrarsl 3aMepoB

HanmMmeHnoBanue O6o3Hauenue, Bemunna
pa3MepHOCTh
JlnameTp Majoro riyHxepa d, m
JlnameTp 00IBIIOTO IIYHXKEpa D, m
JlmuHa maeya Iy, m
JlivHa pyKOSITKA I, M
JlmameTp myaHcoOHa dn, M
TommuHa 0Opa3oB S, M

2 Paccunrath cuiny F Harpy3ku Ha aqlOMUHHEBYIO TUTACTUHKY B MOMEHT €€
pa3pylieHus (MMPOCEYKH) C YUETOM MOTEPh CUJIbI IaBJIEHUS TUAPOCUCTEMBI Ha
IIPEOJI0JICHUE CUJI TPEHHUS ILTYH)KEpa 2 0 MAaHKETHOE YIUIOTHEHHE:

F = paD¥4 - upzdB,

/i€ p - aBJIeHHEe B THAPOCUCTEME TIpecca B MOMEHT MPOCEUKH IIaCTUHBI, [1a;
D - nuameTp GOJIBIIOTO ITYHXKEPA, M;

B=0,015M - mmprHa yIJIOTHEHUSI MAHKETHI;

1= 0,08 - koappurueHT TpeHus cTaiu Mo MaTepruany MaHKeThI,

d - Tnamerp mIyHXepa, M.
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3 Paccuutare ycunme f, mpuiiokeHHOW K TUTyHXKepy 1, B MOMEHT IPOCEUYKHU

obpa3na:

f=pad4 + 1,3 upmaadb |

rae:  d— quamerp Majoro IUTyH)KEpa, M;

b = 0,008 m - BbicOTa (IIMPHHA) CATLHUKOBOM HAOMBKH;

2
max - MAaKCHMaJILHO BO3MOkHOe AaBiieHue (150 xkrc/cM”) B rumpocucTeMe mmpecca
2

Ha KOTOPOE paccuuTaHa Cujia 3aTSKKHU CaIbHUKOBOW HaOuBKkH, [1a.

4 PaccuutaTh KO3()PPUIMEHT MMOJIE3HOTO ASUCTBUS TMAPABIMYECKOIO Mpecca:
n=FlFr-100%.
IIpeccyromee ycunne 0e3 yuera Uil TpeHUs (TEOPETUUYECKOE MPECCYIOLIEE

ycuiue):
Fr = paD¥4 .
5. Paccuurarte pazpymaroliiee HanpsHKeHUE Ha Cpe3 I aTFOMUHUEBOU TUIACTUHBI:
oc=F/nd,o,

rac dn - ANaMCTp IMyaHCOHA IMPOCCYHOT'O IITaMIlad, M,

0 - TOJIIIHNHA aJIIOMMHUEBOM IIJTaCTHUHBI, M.

6 Paccumrarh ycuine, NpUIOKEHHOE K PYKOSITKE pplyara:



rae : |y - qmuna mieya, m;

|, - nMHA pyKOSITKH, M.
Pe3ynbratel 3amepoB 3aHecTd B Ta01.4.2.

f,=fll,,

Tabmuua 4.2. OnbITHBIE U PACUETHBIE IAHHBIE 110 U3YYEHHUIO pabOThI
TUIPABIMYECKOTO Mpecca
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IMokazanus [Mpeccyromt. | Ycwunue Ha KILJA. | Ycunmmena | Paspymarom.
MaHOMETpa, ycuiue, uryHkepe 1, n PYKOSITKE, HAIPKCHUC,

P F f fp o

Kre/cm” [Ta H H % H ITa

OTtuer mo padore

Otuer 1o paboTe JOJIKEH BKIKOYATh CIEAYIOLINE TyHKTHI:

S5 TuTynbHbBIN JUCT.

6 HawmmenoBanwue u 1€ PaOOTHI.
7 CxeMy OIBITHOM YyCTaHOBKH.
8 Tabnuily HaOIIOACHUIA.

9 OO0paboTKy pe3yabTaTOB OIbITA.

10 BrIBOAEL.

KouTpoJsbHBIE BONIPOCHI

N -

[ens mabopaTopHOil pabOTHI.
3axoH ITackains, ero (hopMyaupoBKa.

3 IIpaktuueckoe npumenenue 3akona [lackans Ha mpuMepe TUAPABINIECKOTO

npecca.

o

Y CTpOUCTBO 1 MPUHLKI IEUCTBUS THIPABIMYECKOTO IIpecca.
Ha mpumepe nmabopaTopHbBIX HCCIEI0BAaHUIN MOKAXKHUTE, KAKOE TPEUMYIIECTBO
MOJIy4YaeTCsl IPU UCIIOJIb30BAaHUH TUAPABINYECKOTO nipecca? Peruara?

6 Koaddumment nmonesHoro neicTBUS THAPABIUIECKOTO Mpecca.

Iloanucu ucroaHuTEICH

IToanucu pykoBoauTens
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5 JlaGopaTtopnas paGora 3.

OﬂpelIeJIeHI/Ie CHJIBI JaBJICHUS KHIKOCTH HA IVIOCKYI0 CTEHKY
KomngectBo AYAUTOPHBIX YaCOB — 4 qaca.
KomnuecTBo yacoB Ha CaMOCTOATCIbHYIO pa60Ty CTYACHTA - 2 yaca.

Ieab padoThI
1 3akperuieHue 3HaHHM M0 pazaeny «l uapocTaTukay.

2  OnbITHOE OMpeJeieHUe BEIUYMHBI CHJIBI JABJICHUS >KHJIKOCTH Ha IUIOCKHE
HAKJIOHHBIE CTEHKHU.
3 OmnpeneneHre KOOPAUHATHI TOYKH MPUIIOKEHUS ATOM CUIIbI (LIEHTpa JaBICHUS ).

TeopeTquCKne OCHOBBI M€TOda
Pacuet cuibl AaBJICHUA JKUJIKOCTHU Ha INIOCKYIO CTCHKY SBJIAACTCA OI[HOﬁ nu3

HanboJiee 4YacTo BCTPEUAOLINXCS 3a/]ad MH)KEHEPHOH npakTtuku. OnpeaenuTs ee
MO’KHO aHAJIMTUYECKUM U rpadoaHaTuTHUEeCKUM MeToamu. [1pu ananutuueckoMm
METOJIE CUJTY JaBJICHUS BBIPAXAIOT (POpMYIION:
F=p.-S, (5.1)

I1€ P - THAPOCTATUYECKOE JIABJICHUE B LIEHTPE TSHKECTH INTIOCKOM
burypsr;

S - IoImaabL CTEHKH, T.€. MOJIHAS CUJjla JaBJICHUS KUAKOCTH Ha IUIOCKYIO
CTEHKY paBHa MPOU3BEACHUIO THIPOCTATHUECKOTO JIaBJICHUS B LICHTPE TAKECTU

IJIOCKOM CTEHKHU Ha IUIOIIAJb 3TOM CTECHKH.
ITo 0CHOBHOMY YypaBHEHUIO TUAPOCTATUKH:

Pe=po +pghe = pot+yhe, (5.2)
rac p 0~ a6COJIIOTHOG JABJICHHUEC HA HOBerHOCTH KUIOKOCTH,

P - INIOTHOCTD KUJAKOCTHU,

2.
g - yCKOpeHHe cBoOOHOTO majienus, g = 9,81 m/c*;
Y - YIAEIbHBIN BEC KUIKOCTH;

h. - rIyOuHa morpysKeHus HEHTPa TSHKECTH IUIOCKOM IIOBEPXHOCTH IO/
YPOBEHb JKHJIKOCTH.
B o6mem ciyuyae:

F=(o+pghy) - S=peS + pgheS , (5.3)

T.€. ITOJTHASI CUJIA TABJICHUS KHUIKOCTH Ha CTEHKY CKJIabIBACTCS M3 IBYX CHIL: Fg OT
BHerHero gasiacHust (Fo=poS) u cuner F,,. ot Beca xuakoctu (F,. = pgh.S):

F=Fo+F, (5.4)
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Kak mnpaBuno, BMecTo po B ypaBHeHuH (5.3) ONEpUPYIOT HU3OBITOYHBIM
(MaHOMETpUYECKUM) JaBJICHUEM WJIM BaKyyMOM, T.K. aTMochepHOe JaBJCHHUE
JIEUCTBYET Ha PACUETHYI0 KOHCTPYKIIHUIO CO BCEX CTOPOH M MOITOMY €r0 MOKHO HE
NpPUHUMATh BO BHUMAHUE:

a) IpU Do = Pamm F= (pu36 + pghc )S

6) IPA Po<Pamu F= (pghc - peaK)S (55)

B)TIPH Po =Pamn F =pdhcS

B YO

Puc. 5.1. Touku npusio>keHUs CUITbI BHEIIIHETO JaBlieHus1 Fou
CUJIBI TABJICHUS KUIKOCTH Fo

BremHee maBieHue po mepemacTcss BCEM TOYKaM IUIOCKOM CTEHKH OJIMHAKOBO.
CrnenmoBarelbHO, €ro paBHOJCHUCTBYOIass Fy Oyner mpuiokeHa B IEHTPE TSKECTH
momanu S. KoopavHaty Yp TOYKH TPHIIOKEHUS CHIIBI JaBJICHUS KUJIKOCTH (CM. PHC.
5.1) HaxomaT Mo popmyiie:

yc:yc+|0/ycs (56)
A€ ). - KOOpAWHATa UEHTPA TSKECTU CTCHKHU,
lo - MOMEHT MHEPLIHH TUTOMIAAN S OTHOCHTEIBHO IEHTPAIBHON OCH, IPOXOIAIIECH B
MJIOCKOW CTEHKE MapayljIeIbHO CBOOOHOM MTOBEPXHOCTH.

lo/y.S =e, - xapakTepu3yeT pacCTOSHHE MEXIy KOOPJAHMHATAMHU TOUYCK MPUIOKEHUS
cun Fou F,., Ha3pIBaIOT SKCIEHTPUCUTETOM.

DT yCIOBHBIE TOYKH HA3bIBAIOT TaKXKe IICHTpAMHU JMJaBlIeHWs (BHEIIHETO W
TUAPOCTATUYECKOTO).
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[Ipu rpadoaHaIuTHYECKOM METOJE CTPOST DMIOPHI JABJICHHS, BhIPAXKAIOUIHE 3aKOH
pacupenesieHusl J1aBJICHHs Ha KOHTYp Tela, MOTPYKEHHOro B KUAKOCTh. Cuiia
JABJIEHUS paBHSAETCH OOBEMY MPOCTPAHCTBEHHOIO 3IMIOPA, BBIPAXKAIOLIETO BEC
KHUJIKOCTU B 00BEMe 3TOro 31topa (¢ yueToM Maciutaba mocTpoeHus amtopa). Bekrop
ATOM CUJIBI IPOXOJUT YEpe3 LIEHTP TSHKECTH 3TOrO 3II0pa.

Onucanue 1a00paATOPHOI YCTAHOBKH

_ v HavyaJIbHBII
§  ~— YPOBCHb
~ CJIMB BOJBI JI0
OTKPBITHS
— —
1
h £
2 -
(
H

Puc. 5.2. Cxema n1abopaTopHON yCTaHOBKU

Tpyba 2 kBagpaTHOTO ceueHust co CTopoHOoN a =10 cM 3aKphITa TIOCKOH
HAKJIOHHOMW KPBIIIKON cO cTopoHaMu a u | = alsina; yron Hakinona o = 45°,
PaccrostHue oT HA cocyia A0 HUKHEH CTeHKH TpyObl b=8 cm.

PesepByap 1 3anuBaroT BOAON, ypOBEHb KOTOPOM KOHTPOJIMPYETCS MO BOJOMEPHOMU
CTEKJITHHOM TpyOKe (Ha puc. 5.2 He moka3aHa). HakmoHHas Kpblllika NPUKUMAETCS K
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TpyOe CHIION THAPOCTATUYECKOTO MABJICHHS JKUIKOCTH F,. ¥ COOCTBEHHOW CHIIOU
Tsorectu G.

He3akpenn€nnpli KpaH KpPBIIKKM B TOYKE B COEIWHEH C TPOCHMKOM S, KOTOPBIU
HPOMYIIEH Yepe3 OJ0Ku 6 M JPYyruM KOHIIOM MpHucoeanHEH K Tpy3y 4 (G;). B xone
71a00paTOPHOTO HCCIIEIOBAHUS YPOBEHb KHUAKOCTH B pe3epByape | MOHMKaAIOT
CIIMBOM €€ U3 pe3epByapa depe3 KpaH 7 U GUKCUPYIOT YPOBEHb, MPU KOTOPOM CHIIA
JABJICHUS JKUJIKOCTH HA HAKJIOHHYIO CTEHKY CTAHOBHMTCS PABHOW CHWJIE HATSKCHUS
TpOCMKa W  KpbIIKa 3  OTKpeIBaeTca moj  aeiictBuem  rpy3a  G.

3aganune
1 OnpenenuTh rIyOHMHY OTPYKEHHUS IIEHTpa TshKeCTH h .

2 PaccunTath CHIIy JaBJI€HHS KUIKOCTH Ha KPBIKY 3 (F,.).
3 PaccunrtaTh ruapocTaTHuecKoe IaBIeHHE Ha ITyOnHe norpyxenus h; Bepxuei
CTEHKH U Ha TIIyOuHe norpyxenus N, HIbKHel CTeHKH TpyOsbI 2.

IIpoBeaenue onbiTa
1 B pe3epByap 1 HanuBarT BOLY 10 HEKOTOPOTO YPOBHS, IPH KOTOPOM Ipy3 4 HE
crioco0eH OTKPBITh KphIIKY 3. Bec rpy3a G; uzBecrteH.

2 OTKpBIBAIOT CIIMBHOM KpaH 7, 10OMBasiCh MEUIEHHOTO MTOHIKEHUST YPOBHSI BOJIBI B
pesepByape.
3 OUKCHPYIOT YPOBEHB KUJKOCTH [, TPH KOTOPOM KpBILIKA 3 PE3KO OTKPOETCS U

BOJIa TTOTEYET 10 Tpyoe 2.

O0padoTKa ONBITHBIX JAHHBIX
1 Onpenenuts rTyOHMHY NOTPYKEHUS IIEHTPA TSHKECTH,

he=H-b-a/2 (5.7)
2 PaccumTaTh CHTy IaBJIICHUS KUIKOCTH HA KPBIIIKY 3,
F.. = pghcal (5.8)

3 PaccuuTarh rHAPOCTATHYECKOE IABJICHUE HA NIyOWHE MOTpY)eHus Ny
BEpXHEW CTEHKHU M Ha TITyOMHE MOTpyXeHus hy HukHel cTeHku TpyOosI 2.

p1=pgh1; p2 = pgh, (5.9)
4 TlocTpOoHWTh AMIOP TUAPOCTATHICCKOTO JABJICHUS.
5 Beuucantbh 00beM MPOCTPAHCTBEHHOTO d1Topa (cM. puc. 5.3).

V = (p1 + p):S/2
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6 OnpeaenuTh TOUYKY MPHUIOKEHHS CHIIBI JaBJICHUS KUAKoCcTH 10 hopmyne (5.6).
IIpu sTOM
Ve = Nsina ; 1o = a-lP/12
Ha smrope ruipocTaTH4ecKoro AaBieHUs MOKa3aTh SKCHEHTPUCUTET U LIEHTP
JaBJICHUA Yp.
Paccunrtats riyOnHy NOTpY>KEHUS CHIIBI TUAPOCTATUIECKOTO AaBICHUS (YCIOBHOTO
IIEHTpa THIPOCTATHIECKOTO JaBICHHUS).

Puc. 5.3. I[IpocTpaHCTBEHHBIN AMIOP TUAPOCTATUYECKOTO TABJICHUS Ha
IJIOCKYIO HAKJIOHHYIO CTEHKY

OnbITH TOBTOPSAIOT 3 pa3a ¢ pa3IMYHbBIMU BecaMmu rpy30B Gi

PacuerHbie maHHBIC 3aHOCAT B TaOHIy 5.1.
Tabnuia 5.1. Pe3ynbTaThl ONBITHBIX JaHHBIX

Bec H, he, Fc P, Py, V,
rpysa M H Ila Ila 3

N
T =
(9]

KoHTpoJibHBIE BONIPOCHI
1 Ienb 1a60OPaTOPHOTO UCCIICTOBAHMS.
2  Kak MOXXHO paccuuMTarh CUITy TUAPOCTATUIECKOTO JaBICHUS KUIKOCTH HA
IJIOCKYIO CTEHKY
3 I'me HaxomuTcst yciaoBHasi TOUKA MPUIIOKEHUS CUITBI TOBEPXHOCTHOTO, TH/I-
POCTaTUYECKOTO U MTOJHOTO THAPOCTATUYECKOTO AABIECHUN?



4  TlocTpoeHue 3mI0p ruAPOCTATUYECKOrO 1aBJICHUS.
5 Ilouemy 00bEM NPOCTPAHCTBEHHOTO 3MIOPA TUAPOCTATUUECKOTO AABICHUS
PaBEH CUJIE TABJICHUS )KUJIKOCTHA HA CTEHKY?

IToanucu ucnioHUTEIIEN

[Tonnucu pykoBoauTENS

24
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6 Jlaboparopnas padora 4
HUccnenoBanue pes;kuMOB TedeHUS KUAKOCTH B KPYIJIoii TpyOe
KonnuecTBo ayniuTopHbIX 4acoB — 6 4acoB.
KonnuecTBO 4acoB Ha CaMOCTOSITEILHYIO PA0OTY CTYAEHT - 2 yaca.
eab padoTsl
1 3akpemieHue 3HaHUI N0 pa3aeny «l uaIpoIMHAMHUKAY.

2 O3HaKOMUTHCS C PA3IMYHBIMH PEKUMaMHU TEUEHUS KUJIKOCTH B KPYTJIOH TpyoOe.
3 OcBOUTH METOJUKY OIpEIEICHUS PEKUMOB TEUEHUS KUIKOCTH IO KPUTEPHIO
Pentnonbpca.

Teopernyeckue 0OCHOBbI METOAA

B 1883 rogy anrnmiickuii gusuk O. PeliHonbac OmMyONMKOBaNl pe3ynbTaThl
CBOMX  DKCIIEPUMEHTAJBHBIX  HMCCIENOBAHHWM,  HAIMOHO  WUIFOCTPHUPYIOLIUX
CYLIECTBOBAaHHE ABYX PEKHMOB TEUEHHUS JKUIKOCTH - JAMHHAPHOrO (CIOMCTOrO) U
TypOyJIeHTHOrO (BUXpeBOro). B mpakThke B KayecTBE XapaKTEPUCTUKU PpPEKUMA
JBIDKEHUS SKUJIKOCTH HCHOJBb3YIOT uyHcio PeliHonbaca, KkoTopoe 0003HauaroT
cumBosioM Re. Yucno PeitHonbaca mipeactaBisieT co0oil 6e3pa3MepHbIil KOMILIEKC
(xpuTepuil), SBIAIOLIUIACS MEPOIl OTHOILIEHUS! CHJI MHEPIMM U CUJI TPEHUS B MOTOKE
KUJIKOCTHU ((PU3UYECKUM CMBICT):

Re =vl/v, 6.1)

rae V- cpeasss (1o TEYSHHIO pyciia) CKOPOCTh MOTOKA KUAKOCTH;
|- xapakTepHbIii (OTpeAESIONINN) TEOMETPUICCKHIA Pa3Mep MOMEPEYHOTO CCUSHHUSI
pycia,
V - KHHEMaTUYeCKU KO3(PPUIUEHT BAZKOCTH.

JUIsi HamoOpHOTO JABMXKEHHUS B KPYTJBIX TPyOax ONpEAENSONIMM pa3MepoM
sBisieTcs quametp Tpyos! (I = d):

Re =vd/v. (6.2)
JIJist OTKPBITBIX MOTOKOB (O€3HAMOPHOE TEUECHHE), a TaKXKe JJISi HEKPYTJIOTO
CEUCHMSI, XapaKTEPHBIM Pa3MEPOM SIBIIIETCS SKBUBAJICHTHBIA TUAMETP
| = d3k‘6):
Re =vd,./v . (6.3)
[Ipu 5TOM 3KBUBAJICHTHBIA JUAMETP PABCH TaK HA3bIBACMOMY YUYETBEPECHHOMY

TUAPABINYECKOMY paanycy R,, XapakTepu3yroleMy COOTHOLIEHUE TUIONIaAH KUBOTO
CEYEeHHS OTOKA S M1 CMOUYEHHOTO niepumeTtpa /17 :

d,, =4R,=4S/11. (6.4)
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B pesynbTaTe uccienoBaHuil ABMKCHHUS )KUIKOCTH B KPYTJIBIX TIQJAKUX TPyOax
Ha y4YacTKaxX, JOCTATOYHO yMaJeHHBIX OT BXOAa, M NPH OTCYTCTBUM PAa3THMYHBIX
MCTOYHUKOB BO3MYILEHHUs] (BUOpamusi W T.[.) YCTAHOBJEHO, YTO €CJIM YHUCIO
Peitnonpaca Menbiie 3HadeHuss Re = 2320, pexxum aBukeHus OyaeT yCTONYHMBO
JaMUHApHBIM, a eclii 4ucio PeiHonpaca Oonbiie 3Hauenus Re = 10000, pexum
JBIDKEHUS OyaeT ycTtoiunBo TypOysiaeHTHBIM. [Ipu uncnax Peitnonbaca 2320 < Re <
10000 moxeT HaOMOIAaThCAd HEYCTOMYMBO JIAMUHAPHBIM PEXHM WM HEYCTOWYMBO
TypOyJICHTHBI PEXHM M B3aHUMHBIA MEPEXOJ OT OJHOTO BHJA TEYEHUS B JPYIrOM.
Otot untepBai uncen Pennosnbca (2320 -10000) Ha3pIBalOT NEPEXOIHON 00JIACTBIO.

3HayeHue uucia PenHonbIca, COOTBETCTBYIOIIEE MEPEXOAY OT YCTOWYHBOIO
JAMUHAPHOTO PEXHMa K HEYCTOMYMBOMY TypOYJETHOMY MpH MOCIEAOBATCIHLHOM
YBEJIMUEHUH CKOPOCTH, TPUHATO HA3bIBATh HIKHUM KPUTHUYECKUM YHUCIOM
Peunonbaca (Re=2320) u ckopocTh, MPU KOTOPOH JOCTHTHYTO 3TO YUCIIO - HUKHEH
KpUTHUYECKON ckopocThio. M3  dopmynbsl (6.5) MOXHO oONpenenuTh HUKHIOKO
KPUTHUYECKYIO CKOPOCTh HJisi JIF0OOM JKUAKOCTH B KOHKPETHOM TIAIAKON KPYIJIOW
TpyOe:

Vipr = 2320 v /d. (6.5)

CootBercTBeHHO, uncio Perinonbaca Re = 10000, xapakTepu3syroliee mepexosn
K YyCTOMYHMBOMY TypOYJICHTHOMY TEUEHHUIO IMPU MOCTENIEHHOM YBEIUYCHHH CKOPOCTH
TEUEHUS KUIKOCTH B KPYIJIOW TJIAJKOW TpyOe, HA3bIBAIOT BEPXHUM KPHUTHUCCKUM
gyrcioM PenHoOnbICca, a COOTBETCTBYIOIIYIO CKOPOCTh - BEpPXHEH KPUTHUECKOMN
CKOPOCTBIO:

Vips = 10000 v /d. (6.6)
JlamuHapHbBIN pexuM HaOIOAeTCs MPEUMYIIECTBEHHO TPHU JIBIXKCHUU KUIKOCTH
MOBBIIIEHHONW BSI3KOCTH (OMTyMa, Ma3yTa, CMa30YHBIX Macel, W3 MHIIEBbIX
MIPOJYKTOB - CUPOIIA, paciijlaBa KapaMeJIbHOM MAacChl U T.I1.), @ TAaKXKe MPH JBUKEHUU
AKHUJKOCTH B TpyOax Masioro AuaMerpa (Kanmuispax).

B OGonpmuHCTBE ciyyaeB NpHU ABMKCHHH BOJABl WM JPYTUX KUAKOCTEH
IPUMEPHO TOH e Bs3KocTH (6rmskoit k v =10° M%/c) mMeeT MecTo TypOyICHTHBIH
PEXKUM JTBYKCHHUS.

OnucaHue oNbITHON YCTAHOBKH

OmnbiTHas ycraHoBka (puc.6.1) coctouT w3 HamopHoro Oaka 1 ¢ ceruaToit

MEPErOPOAKON 2, CIyKAIIEH JJIs1 YCIIOKOEHHS MOTOKA KUJIKOCTH, MOCTYHAIIIEH MO
NUTATeIbHOMY TPYOOIIPOBOIY 3; CTEKIITHHOM TPYOKH 4 BHYTpeHHHM Juamerpom d =
35 mm; Oauka 5 ¢ TMOJKpalIEHHBIM pPAcTBOPOM TOW JK€ IUIOTHOCTH, YTO U
uccieayeMas JKUIKOCTb, U3 KOTOPOM BBIXOAMT TpyOouka 6 ¢ BeHTWIEM 7; KpaHa &,
PETYJIHUPYIONIET0 CKOPOCTh JBMKEHMSI JKUJIKOCTH MO TpyOe 4; MepHoro Oauka 9 c
BOZIOMEepHON TpyOkoi 10 u ciamBHOI TpyOoil ¢ kpaHoMm 12. YcraHOBKa B HAalIOPHOM
Oake ciauBHOM meperopoaku 11 mo3BoJsieT MOAAEPKUMBATH MOCTOSIHHBIA YPOBEHb
kuakoctu H.
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Puc. 6.1. Cxema 1abopaTopHOii yCTaHOBKU

3aganue

[lo 3amepenHoii Temmeparype BOAbl B 0ake oOmNpeneauTh Kod(puumeHt
KUHEMaTHYeCKON BS3KOCTH JHMOO 1O CHPAaBOYHUKY, JHMOO 10 3SMIIUPUIECKON
dbopmyne [Tyazeins.

ITo 3amepeHHOMY 00BbEMY BOIbI V, MOCTyNUBIIEH B MEpHBIA 0ayok 9, U BpeMeHH
HarojHeHusl T 0auka BOJOM Ha BEJIMYMHY oObeMa V TOACUYUTATh I Ka)KI0To
OTIBITA PACX0/l BOJBI B TpyOe 1o opmyiie.

ITo mailimenHoMy pacxoay Bojabl B TpyOe Q M IJIOMIaAM TMOMEPEYHOr0 CEUCHHS
TpYOBI Stp OMPENECIUTH CPEIHIOIO CKOPOCTbD.

JI71s1 Ka)K0ro onbITa MOACYUTATh KpuTepuil (uncio) Pelinonbaca Re.

Paccuntate 1o QopMysnaMm KpPUTHUYECKHE CKOPOCTH - HIDKHIOIO W BEPXHIOIO,
CPaBHUTH CO CPEIHEN CKOPOCTHIO U CAENIATh BHIBOJIBI.
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IMocsienoBaTeILHOCTH MPOBEAEHUsI PA0OTHI

1 OTKpbITh BEeHTWIb 3 Ha TpyOOonpoBojae 13 v HaNOTHUTH HAIOPHBIN 0ak 1 BOAOH.
[Ipu 3TOM ypOBEHb BOJIbI B 0aKe MOIIEPKUBAETCS BCE BPEMS TOCTOSHHBIM, T.€.
HEMPEPHIBHO Pa0OTAET CIIUB.

2 IIpuotkpsiTh KpaH &. Ilpu 3TOM BoAa HAUMHAET MOCTYNATh U3 HAMmopHOro Oaka 1 B
TpyOy 4, B pe3yibTrare B TpyO€ yCTaHaBIMBAETCS HEOOJbIAs CKOPOCTh JIBUKEHUS
BOJIBI.

3 OTKphbIBas KpaHUK 7 Ha TpyOKe 6, pEryJIUpYIOT OCTYIIEHHE KPACKHU B CTEKJIIHHYIO
TpyOy 4 Tak, yTOOBI OHA BBITEKAJa B BUJI€ TOHKOU cTpyiiku. CTpyiuaTroe IBHKEHUE
KpacKku OyAeT CBUETENIbCTBOBATh O HAJIMUUU JIJAMUHAPHOTO PEXUMA B TPYOE.

4 OO6bEeMHBIM CITIOCOOOM OIPEEIUTh PAcX0]l BoAbI B TpyOe 4. st aToro
3a(pUKCUPOBATH MOJIOKEHUE YPOBHS KUIAKOCTH B MEPHOM Oauke 9 1 OHOBPEMEHHO
BKJIFOUUTH CeKyHioMep. [Ipyu n3MeHeHnn ypoBHs )KHJIKOCTH B Oake Ha 3 - 4 cM,
3ahuKCcUpOBaTH HM3MEHEHUE YPOBHS AN U BpeMsl T, 32 KOTOPOE 3TO H3MECHEHUE
OOCTUTHYTO. TakuMm 00pa3zoM, MOXKHO OINPEAEIUTh 00bEM, TOCTYNHUBIIEH B MEPHBIN
0a4oK BOJIbI:

V=AheS, 6.7)
rje: S - oA s CEYCHHUs MEpHOro 0ayka, a 0Tcroaa 00beMHbIN pacxoa (Q) Bobl Mo
TpyOe 4:

Q=V/it=Ah+S/t. (6.8)
5 ODHOBpPEMEHHO C M3MEPEHHMEM pacxoja BOJbl MO TPyOE HU3MEPUTH TEMIIEpaTypy
BOJBI 1°.
6 MenyieHHO OTKpBIBas KpaH 8, yCTAHOBUTH HOBBI HECKOJLKO OOJIBIITUHN pacxot
Boabl B TpyOe 4. Bce wu3MepeHuss MOBTOPUTH, HaOmonas 3a COCTOSIHUEM
MOJAKpAIICHHON CTpyiku. Takum o0pa3om, mpoBoAsST 4 - 6 OMBITOB JO TOJHOTO
OTKpPBITHUS KpaHa 8.

O0pabdoTKa ONBITHBIX JAHHBIX
ITo 3amepenHo# TeMIiepaType BOAbI B 6aKe OonpeaeuTh KO3 PUImeHT

KMHEMaTHUYeCKOU BSI3KOCTH JIMOO IO CIPABOYHUKY, JIMOO MO IMIIUPUYECKON (popmyrie
Ilyasenns:

v = 0,0178/(1 +0,0337 « t° + 0,000221(t°)>, CT.
1o 3aMepeHHOMY 00beMY BOJBI V, OCTYNHBIIEH B MEPHBIN 0a4OK 9, U BpeMEHU
HaIOJIHEHMS T 0auka BOJOW HA BETUYMHY 00beMa V MOJACUUTATD [Tl KaXKI0TO OIbITa
pacxoJ1 BoJibl B TpyOe 1o dopmyiie (6.8).
ITo nalimenHoMy pacxojy BoAbl B TpyOe Q U IJIOIIaau MOMEPEUYHOr0 CEUCHUS TPYObI
S;p ONIPEETUTH CPEAHIOI0 CKOPOCTh:

v=Q/S,, = 4Q/ nd’.

4. Tlo ¢popmyie (6.2) st KaXka0ro OIbITa MOACYUTATh KpuTepui (uncio) PeitHonbaca
Re.
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5. Paccunrate mo dopmynam (6.5) u (6.6) KpuTHUECKHME CKOPOCTH - HIDKHIOO U

BEPXHIOIO, CDABHUTH CO CPEIHEN CKOPOCTHIO U CAENIATh BHIBOJIBI.

Bce manHble M3MEpEHHI W PE3yNIbTaThl BBIYMCICHHI 3aHECTH B COOTBETCTBYIOIIHE
rpadbl Tabumel (6.1).

Temneparypa Bogpi t = ...°C

. 2
Kunemarnueckuii K03(UIMEHT BI3KOCTH V= ...M°/C

Tabmuua 6.1. OnpeneneHue pexuMOB TEUEHUS KUIKOCTH

Homepa |Cocros- |O0bem Bpewms Ha- | Pacxon |Cpemnsisi  |Yuciao  |Pexum
OMbITOR |HUE MO~ [BOJBL, IO~  [[TOJIHEHUS | BOJIBI cKkopocTh | Pen- JBUYKEHUS
KpallleH- |CTYyIHUBIIEH |cocyna Q, V, HOJIBJICA |KUIKOCTH
i i 3
HOM B MCPHbIU 7,C M°/cek M/CeK Re
CTPYWKH |cOCy
Vv, M
1.
2

2
3
4

3 O1

KoHTposbHBIE BONIPOCHI
1 Ilens naGopaTOpHOTO UCCIIEIOBAHUS.

PexuMbl TBUKEHUS JKUKOCTH.
@usnuecKui CMbICH KpuTepus PenHonbaca.
Kunematnueckuii 1 fMHAMUYECKUH KOA(D(OUIIMEHTHI BA3KOCTH; UX PU3NYECKUI

CMBICJ Y B3aUMOCBSb.
[lonsATHE CpenHen CKOPOCTH UCTEUEHUS KUAKOCTH.
Kputnueckue 3HaueHus kpurepuss PenHoOnbpAca; NOHATHE KPUTHYECKOU

CKOpOCTH.

[ToHsATHE SKBUBAJICHTHOTO AUaMETpa MOTOKA; PAacyYEeT SKBHUBAJIECHTHOTO
IaMeTpa JJIsl pa3InyHbIX pycen (IpUMep).

OcHoBHas JuTEparypa
[TmyxnukoB C, bproxanoB O. OCHOBBI TUAPABINKH U TEIUIOTEXHUKU. M3,
Axanemus, ISBN 978-5-7695-7778-9, 2011, 240 c¢. Kon. B 6ubnmorekel2 mryk
bproxanos O. H, Kopo6ko B.1, Menuk — Apaxkensia A. T. OcHOBBI TUIpaBINKA
u teriorexuuku. U3n. Axanemus, 2008, 240 c. Koxn. B Oubnmoreke 17 mryk.
JlammieB H.H. I'mapasnuka. 2008 r. Yueonuk mist BY3o0B. 272 c. Kon. Kon. B
oubnunoreke 12 mryxk.
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