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BBEJAEHUE

luopasénuka  TpeACTaBIsSIET  COOOM  TEOPETUYECKYH)  JUCUUILUIMHY,
M3YYaIOIIyI0 BOIPOCHI, CBA3AHHBIE C MEXAHUYECKUM JBUKEHHEM >KUJIKOCTH B
Pa3NIUYHBIX MPUPOJHBIX U TEXHOTCHHBIX YCIOBUsAX. [I0CKONBKY KHUIKOCTH (U ra3)
paccMaTpUBAlOTCA KaK HENpepbiBHbIE M HeJenuMble (U3MYECKHe Tena, TO
THJPABIUKYy YacTO pPacCMAaTPUBAIOT KaK OJWH M3 Pa3[elioB MEXaHUKH, Tak
Ha3bIBAEMBIX CIUIOIIHBIX CPeJl, K KAKOBBIM IPUHATO OTHOCUTH M 0c000€ (pruznueckoe
TEJNO — XHUIKOCTh. [1o 3TOW MpUYMHE THIPABIMKY YacCTO HA3bIBAIOT MEXAaHUKOM
KUIKOCTH, WM TuUapoMmexaHukou. IIpenmMeToM ee wuccieqoBaHUN  SBISIOTCS
OCHOBHBIE 3aKOHBI PAaBHOBECHS M JIBIDKEHHUS O>KUAKOCTeM u ra3oB. Kak B
KJIACCMYECKOW MEXaHMKE, B THUIPABIMKE MOXHO BBIACIUTh OOUICTPUHSTHIC
COCTaBHbIE YaCTHU: THAPOCTATUKY, M3YYAIOIIYI0 3aKOHBI PaBHOBECHS KHUAKOCTH;
KMHEMAaTHKYy, OINHCHIBAIOUIYI0O OCHOBHBIE 3JEMEHTHI ABIXKYIICHCS >KUIKOCTH, U
THIPOJUHAMUKY, W3Yy4alOUlyl0 OCHOBHBIE 3aKOHBI JBW)KCHUSA JKUIKOCTH U
PaCKpBIBAIOILYIO TPUYNHBI €€ IBHKEHUSI.
3HaHME THIPABIMKKM M, B YACTHOCTH, TEXHUYECKOM THUAPOMEXaHUKU
HE0OXOIMMO ISl PELICHNs MHOTOYHCIICHHBIX HH)KEHEPHBIX 3a/1a4, HalpUMep:
- pacuer TpyOONpPOBOJOB pa3IMYHOIO HA3HAYEHUs (BO3AYyXOMPOBOIHI,
BOJIOTIPOBO/IBI, FA30MPOBO/IBI, TAPOIPOBOIBI U JIP.);
- KOHCTPYHMPOBAaHHE THUAPABIMYECKUX U BO3AYXOAYBHBIX MAalIMH (HACOCHI,
KOMIIPECCOPBI, BEHTUJIATOPHI U TIP.);
- TIPOEKTUPOBAHNE KOTEIBHBIX arperaTtoB, MEYHBIX M CYIIMIBHBIX YCTaHOBOK,
BO3/IyX0- ¥ Ta3004YHUCTHBIX allapaToB, TEIIOOOMEHHBIX allapaToB;
- pacyeT OTONMUTENbHBIX U BEHTWISILMOHHBIX YCTPOICTB H T. [I.

1. TEOPUSA HANIPAKEHHOTI'O COCTOAHUA

PaccmoTprm  HampsbKEHHOE  COCTOSIHME — KMAKOCTH, HAXOIAIIEHCA B
paBHOBecuu. [Ipexae Bcero, HAIOMHKUM, YTO JIOOBIE CUJIBI MPEJCTABISIOT COOOM
B3aMMOJICUCTBUE MEX Ty Maccamu. Ecim, Hammpumep, Macca my MPUTATUBAET K cebe
APYTyI0 Maccy My ¢ cuiioit P, To ¢ Tako# e cujioi Macca My IPUTATUBAET K cebe
Maccy m;. CrnenoBaTenbHO, 00€ CHIIBI HAMPABIICHBI MPSMO MPOTHUBOTIOIOXKHO JAPYT
npyry (3akoH HbproToHa 0 paBeHCTBE IEUCTBUS U POTUBOACUCTBHUS).

B cucrteme Macc, kakuM-HUOYAb 00pa30M BBIJIEJIEHHBIX CPEAU APYTHUX Macc,
CIEeAyeT pa3inyaTh /IBa BUA CUJL:

- BHYTPEHHHUE CWJIbI, ACHCTBYIOIIME MEXKIYy MaccamH, NPUHAICKAIIMMU K
paccMaTpuBaEMOM CHUCTEME;

- BHEIIIHUE CWJIbI, JCUCTBYIOIIME MEXAY KaKJIOWM MacCou paccMaTpUBAEMOM
CHUCTEMBI U MACCAMH, HAXOASIMMUCS BHE CUCTEMBL.

Jaenenue scudkocmu. HanpsykeHHOE COCTOSHUE B )KUIKOCTH, HAXOASIEHUCS
B paBHOBECHH, 0COOCHHO TIpocToe. COMpOTUBICHUE KUIKOCTU AchOpMaIIHH, T. €.
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MEPEMELIECHUIO €€ YaCTe OTHOCUTENIBHO APYT IPYyra, MMEET HEKOTOPOE CXOICTBO C
TpeHueM. Eciu npu CONPUKOCHOBEHUU JIBYX TBEPJIBIX TEN TPEHUE OTCYTCTBYET, TO
JIABJICHUE OJTHOTO TeJla Ha IPYToe B MJIOCKOCTH UX COMTPUKOCHOBEHUS JOKHO OBITh
00s3aTeNbHO MEPNEHAUKYIIPHO K 3TOM IiockocTh. COBEPIIEHHO aHAJIOTMYHO
NpOSBIISIET ce0sl U OTCYTCTBUE B JKUJKOCTU COMPOTUBIEHUS AePOpMAILIMK: B 3TOM
CIy4yae HamnpsHKEHUE BHYTPU KUIAKOCTH, WIIH, KaK MPUHITO TOBOPUTH, AABJICHUE
KUIAKOCTH, TOJDKHO OBITh BE€3Jl€ MEPIEHAUKYISPHO K MOBEPXHOCTH TOTO CEUYEHHS,
Ha KOTOpPO€ OHO JEHCTBYeT. OJTO CBOMCTBO [aBJICHHS JKUJIKOCTU MOXET
paccMaTpUBaThCA KaK ONPEAEIICHUE )KHJIKOCTH, COBEPUIEHHO 3KBUBAJIECHTHOE TOMY
OTIpeICNICHUI0, KOTOPOE OBLIO CAENaHO PaHbIIIe.

[Tpu momomM mpOCTHIX COOOpaKEHH M3 YKa3aHHOTO CBOMCTBA JAaBJICHUS
MOYXHO BBIBECTH JIPYro€ Ba)KHOE CBOMCTBO — JABJICHUE B OJHOW M TOM K€ TOYKE
AKUJKOCTH OJIMHAKOBO BO BCEX HANPABICHUSX (TOUHEE IOBOPSI, OJMHAKOBO BO BCEX
CEUYCHMSIX, MPOBEACHHBIX Yepe3 paccMaTpuBaemMyro Touky). s onpeneneHus
TaKOTO HaIPS)KEHHOTO COCTOSIHUS, KOTOPOE MPUHSTO HA3bIBATh TUAPOCTATUYECKUM
HaIPSHKEHHBIM COCTOSIHMEM, JI0CTaTOYHO YKAa3aHHS OJHOT0-€IMHCTBEHHOI'O YHCIIA
— JIaBJIEHUS p. DTa BEJIMUYMHA XapaKTEPU3UPYET CUITY, JEUCTBYIOUIYIO HA €IUHUILY
IJIOIIAIA CEYCHHUS.

Cnocoovt usmepenus oaenenusn. Kuokocmuvie manomempwl. Ecim
Pa3HOCTH JaBJIEHUIN BO3yXa B COCY/I€ U BO BHEIIHEW aTMOc(epe HE OUEHb BeJMKa,
TO €€ JIETKO M3MepHUTh npu nomouin U-oOpa3Hoi CTEKISTHHOW TPYOKH, YACTHUYHO
HAINOJTHEHHOW KUAKOCThIO. [IpeHeOperass cOOCTBEHHBIM BECOM BO31yXa, MbI
MOJIyYUM CJEAYIOIME COOTHOLIEHUs. B ceueHun A AaBieHUE XUAKOCTH PABHO
TOMY JABJIEHUIO P1, O] KOTOPBIM HAXOAUTCS BO3AYyX B cocynae. B apyrom konene
U-00pa3Hoii TpyOKH Ha TOU K€ BBICOTE, T. €. B CEUCHUU B, maBiieHne Takxke paBHO
p1 (coobmrarommecs: cocyasl). Ha cBOOOMHON TOBEPXHOCTH >KHIKOCTH, T. €. B
ceuennu C, IaBlieHUE KUAKOCTH PaBHO aTMOC(EpHOMY J1aBlieHUIO pg. O003Hauas
NPEBBIIIEHUE YPOBHS KUJKOCTH B MPABOM KOJIEHE HAJl YPOBHEM B JIEBOM KOJICHE
yepe3 h, Ha OCHOBaHMM PaBEHCTBA NABJICHUN B CeUeHHSIX A W B Mbl modydmm:

P1=po + yh.

Pucynok 1 — I'mapocraTuueckoe
u3mepenue nasnenus (U-oOpa3uas
TpyOKa)

Takum oOpazom, U-oOpa3Has TpyOKka, HAOJHEHHAs KUJIKOCThIO, TTO3BOJISIET
BECbMa MPOCTO H3MEPSITh PA3HOCTH JIABJICHUW BO3/yXa, MOKAa 3TH Pa3HOCTU HE
OY€Hb BEJIMKHU. B pa3HbIX BUIOM3MEHEHUSIX OHA SIBISETCS OCHOBHOM 4aCThIO MHOTHX

MaHOMCTPOB. I[JI}I TOrO YTOOBI HE HagIo OBLIIO OTCUHUTHIBATH YPOBCHBb KUAKOCTHU B
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AByX cedeHusix TpyOku (B ceueHusix A u C Ha puc. 1), o1HO U3 €e KOJEH 4acTo
BBITIOJTHIETCS B BUJIE MHUPOKOTro cocyna (puc. 2). Toraa xonebanusi ypoBHS B 3TOM
COCY/I€ TIOJTyYa0TCs CTOJIh MaJbIMU, YTO MU MOXHO TIpeHeOpeub. [t oTMeTKH Ha
TpyOKe HYJIEBOM TOYKM HEOOXOIMMO COCIMHUTH C arMocdepoil ob6a OTBepCTUS
mMaHoMeTpa. [IpuMeHeHue KUAKOCTHBIX MaHOMETPOB IMPHBEJIO K YCTAaHOBJICHHUIO
0c000T0 pojia €IUHUI] IaBIICHUS, IIUPOKO PACTIPOCTPAHUBIIIUXCS B MPAKTHKE.

B camom pgene, naBieHHME JKUIKOCTH MOXKHO YCIIOBUTBCS H3MEPATH
HEMOCPEACTBEHHO BBICOTOW TOTO CTOJIOA KUAKOCTHU, KOTOPBIA YpaBHOBEIINBAETCS
3TUM JaBieHHeM. [IOCKOIbKY >KHMIKOCTHBIE MAHOMETPHI MOTYT HaIOJHATHCA
pPa3HBIMH KUAKOCTSIMH C Pa3HbIMU yAETbHBIMA BECaMH, TO MPHU TaKOM CHOCO0O€
M3MEpEHUS 1aBJIeHUS HEOOXOANMO KaXIbli pa3 yKa3bIBaTh HA3BAHHUE KUAKOCTH.

oy
\K Pucynok 2 — )KuakoctHou
MaHOMETP

e
ot
]

k I.]'
T
i
1

Tak, Hampumep, TOBOPSAT O MHIJUIUMETPAX BOJSHOTO CTOJ0A, PTYTHOTO
cronba. Kak nerko nogcuurats, 1 MM Bog,. cT. = 1 kr/m? = 10% kr/cm? (B camoM Jiedte,
CTOJIO BOBI C IUIOMIAALI0 OCHOBAaHMs | M? M BBICOTOM 1 MM uMeeT 00beM 1 11 1 Becut
1 xr). Ilepsoe coornomenue (1 mMm Box. cr. = 1 kr/M?) OCOOEHHO IIETKO
3aIOMHHAETCA. JTO MPUBENO K TOMY, YTO €IMHMIA JaBlIeHHs 1 Kr/mM? momyduna
OUYEHb IIMPOKOE PacHpOCTpaHEHHE B TeXHUKe. B Tex ciydasx, koraa Ttpedyercs
BBICOKAsi TOYHOCTh OTCYETa BBICOTHI CTOJI0A >KUJKOCTH, BOJIa KaK >KUJIKOCTb JJIs
U3MEPEHUS NABJICHUS MAJIO NPUIOJIHA, MOCKOJbKY OHA JIETKO U HEPAaBHOMEPHO
NPUIKINAET K CTEHKaM CTEKISIHHOW TpyOKH. 3HAUUTENbHO YJIO0OHEE >KUJIIKOCTH,
pacTBOpsItOLIME KUP (QJIKOrojb, TONYOJ, KCWiIon U T. A.). g u3mepeHus
3HAUUTETBHBIX PA3HOCTEH NaBlIEHUN ylnoOHEee BCEro MPUMEHSTh PTYTh, KOTOpas B
YUCTOM BHJI€ JaCT B HE CIUIIKOM Y3KHUX TPYOKax O4YeHb YJOOHBIA IS OTCUETa
MEHHUCK. Y IeNbHbIN BeC PTyTH paBeH ~13,6 r/cm, mosTomy 1 MM pr. cT. = 13,6 Kr/M?
=0,00136 xr/cm?,

bapomemp. Ecin w3 cocyna, n300paKeHHOTO Ha PHUCYHKE |, BBIKayaTh
HEMHOTO BO3/IyXa, TO JJaBJICHUE B HEM CTAaHET MEHBIIIE aTMOC(PEPHOTO, BCIICICTBUE
4ero ypOBEHb KHUAKOCTH B KoyieHe A U-oOpa3Hoi TpyOKH TMOAHUMETCS BBIIIIE
ypoBHS kuAKOCTH B KojieHe B. [To npemnoxenuto [1ackans mogoOHbIH mpubop ObLT
Ha3BaH OapomMeTpoM. JTO HazBaHMe (OT rped. barus — TsIKeNbIi) 03HAYaeT, 4YTO
npubop U3MepsET Bec cTo10a BO3/yXa, PaClOIOKEHHOTO HaJl MECTOM HAOJIO/ICHNUS.

Ha npumenenun OapomeTpa OCHOBAaHA €IUHUIA, Ha3biBaeMas (U3UUECKOU
atmocdepoii. Cpennsis BbicoTa cToi0a PTYTH B 0apoMeTpe Ha YpPOBHE MOps
COCTaBJIACT KpyryibIM uucioM 760 mwm. [laBieHHne BO3AyXa, COOTBETCTBYIOLIEE
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ATOMY NOKa3zaHuio Oapomerpa npu temmneparype pryTa 0 °C, yCIOBUIUCH CUUTATD
HOPMAaJIbHBIM U JlaJi €My Ha3BaHue Quanueckod armocdepsl. IlpunaratenbHoe
100aBIIEHO JJIS TOTO, YTOOBI YCTPAHUTh CMEIIMBAHKUE C TEXHUUYECKON aTMochepoit,
paBHO# 1 Kr/cM? 1 OOBIYHO NPUMEHSEMOM B TeXHHKE. YENbHBIA BEC PTYTH IpH
0 °C pasen 13,595 r/cm®, cnemopatensno, 1 cm® pryru Becur 13,595 r. Ecmm
HAMoOJIHUTh  OapoMeTp BMECTO PTYTH  BOJOM, TO BbIcOTa  cTOjOA,
yPaBHOBEIIMBAIONIETO AaBieHue, pasHoe 1,0332 kr/cM?, T. e. oJHON (u3HUecKoit
atmocoepe, Oynet coctaBisath 10,332 m. U3 onpenenenus pusnueckoii atmochepsl
CJIE/IyET, UTO €€ BEJIMYMHA B U3BECTHOM MEpE 3aBUCHUT OT NMPUTsHKEHUs 3eMiu. [
TOTO YTOOBI OCBOOOJUTHCS OT O3TUX HECKOJBKO MPOU3BOJIBHBIX TpeOOBaHUIA,
BBEJ/ICHA HOBAs €IMHHUILIA JABJICHMS, CBA3aHHas ¢ cucteMoil equnuy CGS u paBHas
nuB/CM?. DTa eIMHMIA JABJIECHUS MONyYuiIa HazBanue «b6ap». Omnomy Gapy mpu
HOPMAaJIbHOMU TSKECTU COOTBETCTBYET PTYTHBIN cTOJO BBICOTOM 750,06 MM.

2. CBOUCTBA )KNJIKOCTEM U T'A30B

KunkocTth, Kak U BCSKOE (PU3UIECKOE TEII0, UMEET MOJICKYJIIPHOE CTPOSHUE.
Kunkocte obOnamaer ceoticmeom mekyuecmu, T. €. HE HMEET CIOCOOHOCTU
CaMOCTOSTENIbHO COXpPaHATh CBOIO (GopMmy. TeKydecTb >KHUJIKOCTU OOYyCIIOBJIEHA
NOABMKHOCTBIO  MOJIEKYJ, COCTaBIIIIOIIMX  KUAKOCTb. B TeXHUYECKOU
TUAPOMEXAHUKE MPU pelIeHUU OONBIIMHCTBA 3a/lady MPUHUMAIOT KUIKOCTh Kak
CIUIOLIHYIO (HEMPEPHIBHYIO) CPEAY BBUY UPE3BhIUYAHHON MAJIOCTH HE TOJIBKO CAMHX
MOJIEKYJl, HO M pPAacCTOSHHM MEXKIy HUMU IO CpaBHEHUIO C oO0bemMaMu,
paccMaTpUBa€MbIMHU TIPU U3YYEHUU PABHOBECUS W JIBUXKEHHUS KUJIKOCTH. Tem
CaMbIM BMECTO CaMOM KHJAKOCTH M3Yy4aeTcCsl €€ MOJelb, 00Jaaronias CBOWCTBOM
HETIPEPBIBHOCTHU.

['unoTe3a 0 HENpPEepHIBHOCTH, WJIU CIUIOMIHOCTH KHUJIKOW Cpelbl yIpoIllaeT
HCCIIEIOBAHHUE, IIOCKOJIbKY MO3BOJISIET pPacCMaTpyMBaTh BCE MEXAHHUYECKUE
XapaKTePUCTUKU KUAKOM cpenbl (CKOPOCTh, MJIOTHOCTh, JABJIEHHE U T. J.) Kak
(GyHKIIMHA KOOPAWHAT TOYKH B IPOCTPAHCTBE U BPEMEHU.

HNHuTtepecysich, HaIpUMeEp, BOIIPOCOM, KaK BEJIUKH B JaHHOM TOUYKE JAaBJICHUE
BHYTPU >XUIKOCTH WJIM CKOPOCTh €€ JBWXEHHUSA, IMPAKTUYECKH BAXXKHO 3HATh
JIABJICHUE U CKOPOCTh B HEKOTOPOM BeChbMa MajioM 00beMe, a HE CTPOr0 UMEHHO B
JAHHOM reoMEeTPUYECKO TouKe. DTOT 00beM JIEHCTBUTENLHO MOXKET ObITh OYEHb
ManeiM. Jlaxke B TakoM MajoM oObeMme, Kak KyOuk co crtopoHoit 0,001 mm,
Haxoxutcs 2,7-107 mMonekyn. DTOT HpUMeEp MOKA3bIBAET, YTO 3aMEHA PEalbHOM
KUJKOCTH €€ MOJENIbI0 B BHUJE CIUIOIIHOM >XKHAKON Cpellbl HE MPUBOJIUT K
MOTPEIIHOCTSIM JI0 T€X IMOp, MOKAa HE PacCMAaTPUBACTCA JABUIKEHHE MOJEKYII.
OCHOBHBIE 3aKOHBI, UCIIOJIb3YEMbIE B TEXHUUYECKON THAPOMEXAHUKE, TE XKE, UTO U B
MEXaHuKe TBepApIX Teia. OAHAKO NPUMEHEHHE ITUX 3aKOHOB K 3aJadaMm
TUAPOMEXAHUKN OTIMYAETCS HEKOTOPHIMU OCOOEHHOCTSIMU BCJIEJICTBUE Pa3IMUUs
CBOMCTB JKHUJKOCTEM MW TBEpAbIX Teil. [lodToOMy u3ydeHHE TEXHUYECKOU



TUAPOMEXAHUKN IE€JIeCO00pa3HO HaudaTh C OMPEIETICHUS M OIEHKH OCHOBHBIX
CBOMCTB KUJIKOCTEH.

Kuokocmv u meepovie mena. XuIKoCTH OTIMYAKOTCA OT TBEPIBIX TEIl
JIETKOM MOJBMKHOCTBIO CBOMX 4YacTuil. [t u3MeHeHnus Gopmbl TBEpJOro Tejia K
HEMY HEO0OXOAMMO MPHIIOKHUTh CHUJIbI KOHEYHOW, MHOTJAa BEChbMa 3HAYMTEIbHOU
BEIMYUHBL. Mexay TeMm JUisi MeIJIeHHOW nedopMmanuu >KUJIKOCTU JOCTATOYHO
JEUCTBUE CaMbIX HMUYTOXXHBIX CHJI, KOTOpbIE B MPEAECIbHOM Clydyae OECKOHEYHO
Majoil nedopmanuu paBHBI Hym0. Ha OCHOBaHMM S5TOTO MBI MOXEM JaTh
CIenyIolee OIMpeaesieHrne: >KHIKOCThIO HAa3bIBACTCS TaKOe TEJIO0, B KOTOPOM B
COCTOSIHUM PABHOBECHUS BCSKOE COMPOTUBIICHUE JAePOopMaIlii PaBHO HYJIIO.

OnnHako mpu OBICTPOH AedopManuil KHUIKOCTh, OJOOHO TBEpIOMY Temy,
OKa3bIBaeT compotuBieHne nedopmanuu. Ho, Kak TOJBKO NBMKEHHE JKHIKOCTU
MpeKpaniaeTcsi, 3TO COMPOTHUBIICHHE OYEHb OBICTpO wucuesaer. CrmocoOHOCTH
KUJAKOCTH OKa3blBaTh CONPOTHUBJICHHE CIBUTY CONPHUKACAIOIIUXCS  CJIOEB
Ha3bIBACTCA BA3KOCThIO. Kpome OOBIYHBIX, JIETKO TMOJBUXHBIX KHJIKOCTEH,
CYILLIECTBYIOT OYEHb BS3KHE JKUJKOCTH, COMPOTUBICHHE KOTOPBIX AedopManuu
BECbMa 3HAYUTEIBHO, HO B COCTOSTHUU TTOKOS MO-TNpekHeMy paBHO HYJto0. [To mepe
YBEJIMYEHHUSI BI3KOCTH KUIKOCTh CTAHOBUTCS BCe O0Jiee MOX0XKeH Ha TBEPJIOE TENO,
OJIHAKO HEJb3sl MPOBECTU PE3KOM TPaHUIIbl MEXKIY KUJIKOCTHIO C OYEHb OOJIBIION
BA3KOCTBIO U TBEPJbIM TEJIOM: HEKOTOpPbIE BEIIECTBA MpHU ObICTPOU AedopManuu
BEeIyT ce0s Kak TBEpAbIC Teia, a MpU MEJICHHOW — Kak XUAKOCTH. K Takum
BEIIIECTBAM MPUHAJJICKHUT, HarmpuMmep, achanbT. CoraacHO KHHETUYECKON TEOpUHr
MaTepuu, MeENbUallliie YacTHIBl BCEX TN (aTOMBI MU MOJIEKYJIbI) HAXOJISITCS B
HETMPECTAaHHOM JIBIDKCHHUH; KHHETUYECKAst YHEPTUS STOTO JIBYXKCHUS MPOSIBIISICTCS B
terore. C TOYKW 3pEHHS] dTOM TEOPUH, KUIKOCTH OTIIMYAIOTCS OT TBEPABIX TEI
TEM, YTO B HUX OT/CJIbHBIC YACTHIIBI 00JIe€ NI MEHEe YaCTO MEHSIOTCS MECTAMH C
COCEIHUMHM YaCTHUIIAMH, B TO BpEMs KaK B TBEP/IbIX TeJlaX KaK/1asi 4aCTUIAa 3aHUMAET
B IIPOCTPAHCTBE BIIOJIHE OMPEIeTIEHHOE MOJI0KEHUE, MPaB/Ia, COBEPILIAs OKOJIO HEro
HeOoJbIINE KOeOaHus.

JlpyrumMm CBOWCTBOM >KHUJIKOCTEW SIBJISIETCS HX OOJIBIIOE COMPOTUBIECHUE
U3MEHEeHHI0 00bemMa. Hukakum crnocoOoM HEBO3MOKHO CKaTh OJIMH JIUTP BOJIbI TaK,
9YTOOBI OH MOMECTUJICS B COCYAE €MKOCThIO B mos-nuTpa. OOpaTHO, €clid HAJUTh
JIUTP BOJBI B COCYJ] EMKOCTBIO B JIBA JIUTPA U BbIKAYaTh U3 MOCIEIHErO BO3AYX, TO
BOJla TO-TIpEKHEMY OyJeT 3aHuMaTh TOJBKO TMONOBHHY cocyaa. OmHako B
HEKOTOPOW Mepe BOJa P OOJBIINX TAaBICHUSIX CKUMACTCS, TIPU TaBIICHUHA OKOJIO
1000 ara 310 cxxkatue mocturaeT 5 % MepBOHAYAIBHOTO 00beMa. AHATOTUYHBIM
o0pa3oM BenyT ceOsl U IpYrue KUIKOCTH.

Kuokocmv u 2a3. JXugkocTM 1O CBOMM MEXAHUMYECKHM CBOWCTBaM
pa3nenstoTCs Ha JIBa Kilacca:

- Majno coicumaemvle (KaneibHvie);

- colcumaemvle (2a3000pasmoie).

C no3unuit pu3MKu KaneiabHas >KUJIKOCTh OTIMYAETCS OT rasza, C MO3HUIIMM
MEXaHUKUA KUAKOCTH pa3liduyue MEXAy HUMU HE TaK BEJIMKO, U 3aKOHBI,
CIpaBeJIUBbIC /JI KalelbHbIX KUAKOCTEH, MOTYT OBITh MPHUJIOKEHBI TAKXKE U K

ra3daM, Korga CKuMacMOCTBIO ITOCICIHUX MOXHO HpCHC6pC‘{L. I[pyrI/IMI/I CJIOBaMU,
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MO KUAKOCTHIO OyJeM MOHUMATh BCSIKYIO Cpery, OOJafarolnlyl0 CBOWCTBOM
TekyudecTH. KarnenbHble )KUJIKOCTH UMEIOT BIIOJIHE ONPEACICHHBIN 00beM, KOTOPBIM
MPaKTUYECKH HE M3MEHSETCs MoJ JAedcTBUeM cuil. ['a3 (Ccokumaemasl KUJIKOCTh),
3aHUMasl BCE MPEIOCTABIICHHOE €My ITPOCTPAHCTBO, MOKET 3HAUMTEIHHO U3MEHSITh
00beM, CKMMASICh M PACIIUPSSCH MO IEUCTBUEM CHIL.

Takum 006pa3oM, KamneabHbIe KUJIKOCTH JIETKO U3MEHSIOT (popMy (B OTInUHe
OT TBEPABIX TE€JI), HO C TPYJIOM HU3MEHSIIOT 00BEM, a Ta3bl JIETKO M3MEHSIOT Kak
o0beM, Tak u popmy. OCHOBHBIE XapaKTEPUCTUKH KUIKOCTEH, CYIIIECTBEHHBIE TIPU
PacCCMOTPEHUH 33/1a4 TEXHUYECKOM THJIPOMEXAHUKH, — IUIOTHOCTh U BA3KOCTh. B
HEKOTOPBIX clydasx (mpu o0Opa3oBaHWM Kamneidb, TEYEHWU TOHKUX CTPYH,
00pa30BaHUM KAMWUIAPHBIX BOJIH U JIp.) UMEET 3HAUCHHUE TAKKE MOBEPXHOCTHOE
HaTsDKEHHE YKUIKOCTEM.

3. INIOTHOCTb

BaxunenmumM mapamMeTpoM KaleiabHOM KUIAKOCTH, ONPEACILIIOIINM €€
KOHIICHTPAIIMIO B TIPOCTPAHCTBE, SBISCTCSA IUIOTHOCTH JKUIKOCTH. [L1omHocmuio
(MaccoBOM MIIOTHOCTBIO) p CIUIOLIHOM Cpefibl B TOUKe A (puc. 3) Ha3bIBaeTCs Macca
eUHUIIBI 00beMa, T. €. OTHOIIIEHHE MacChl AM Kk ee 00bemy AV:

.  AM
p = llmE npu AV — 0, kr/m3 (1)

rae AV — 00beM B okpecTHOCTH Touku A; AM — macca, conepskarasics B AV.
[ToHsITHE TIIIOTHOCTH, TAKUM 00pa30M, MOKHO BBECTH TOJIBKO B CILIOIIHOM Cpeie.

z M A

.

— AV=Ax-Ay-Az

Pucynok 3 — K onpenenenuto moHATUS INIOTHOCTH CILIONTHON Cpeabl

BennuuHbl MIOTHOCTH PEANIbHBIX KamlelbHBIX >XKUAKOCTEH B CTaHJIAPTHBIX
YCIOBHSAX M3MEHSIOTCA B IIMPOKUX npesenax ot 700 kr/m® no 1800 kr/m3,

BenuuuHbl MIOTHOCTH Ta30B MEHBINIE INIOTHOCTH KaIleIbHBIX >KHIKOCTEH
NpUOJM3UTENILHO Ha TPU TMOPSJKa, T. €. IJIOTHOCTH Ta3oB IMpU aTMOC(hHEpHOM
napyienuu u remreparype 0 °C uzmensitorcs B npeaenax ot 0,09 Kr/M° 10 3,74 xr/M°,
IJIOTHOCTh BO3ayXa cocraBiser 1,293 xkr/m3.  Hwmxe MPUBEACHBl 3HAYCHUS
MJIOTHOCTH HEKOTOPBIX HamOoJiee MPUMEHSIEMBIX >KHUAKOCTEeW M razoB (Tabum. 1).
Kpome a0GcosfoTHOM BETMYMHBI MJIOTHOCTH KamNeIbHOW JKUIIKOCTH, HAa TPAKTUKE
MOJIB3YIOTCSl U BEJIMYMHON €€ OTHOCUTEIBHOMN MIOTHOCTH, KOTOpAasi MPEACTABISAET
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co0Ol OTHOIICHHWE BEIWYUHBI A0CONIOTHOW TUIOTHOCTH KHUIKOCTH K IUIOTHOCTH
yucto Bonbl npu temmeparype 4 °C. OTHocuTenbHas MIOTHOCTh JKUAKOCTH —
BeJIMYMHA Oe3pa3MepHast.

Tadomura 1 — [MOTHOCTE KalEIbHBIX KUIKOCTEN U Ta30B

[ImoTHOCTH KaneabHBIX KUAKOCTEHN IIPH [InoTHOCTH ra3oB npu

CTAaHJAPTHBIX YCIOBHSAX, KI/M° atMochepHOM JIaBIICHUH U
temneparype 0 °C, kr/m®

A3oTHas KACIOoTa 1510 A3zor 1,251
AHunmnH 1020 AmMMuak 0,771
Auero” 791 Apron 1,783
bensun 680...720 Anerunen 1,173
Benson 879 Bonopon 0,090
Bpom 3120 Bozmyx 1,293
Boga 998 lenumit 0,178
['munepun 1260 Kucnopon 1,429
Mopckas Boga 1010...1030 Heon 0,900
Hedtn 760...995 O30H 2,139
CepHas Kuciora 1830 Vraekuciora 1,977
DTHIIOBBIN CIIUPT 790 Xiop 3,220

4. CKUMAEMOCTD

KamnenbHble XKUAKOCTH OTHOCATCA K KAaTETOPUHU IUJIOXO CXKUMAEMBIX Tel.
[IpyunHBl HE3HAYUTENbHBIX H3MEHEHUH 00beMa KHUAKOCTU MpPU YBETUYCHHUU
JaBJICHUS OYEBUIHBI, TaK KaK MEXMOJIEKYJISIpHbIE PACCTOSHUS B KameabHOU
KUIKOCTH Mallbl U Tpud AePopMaIi KUAKOCTA MPUXOTUTCS TPEOJI0JIEBAThH
3HAYUTENIbHbIE CHJIbI OTTAJKWBAHUs, JEHCTBYIOIINE MEXIY MOJEKYJIaMH, U Jaxe
UCHBITBIBATh BIUSHUE CUJ, JACUCTBYIOUIMX BHYTpU aroma. Tem He MeHee,
C)KMMAeMOCTb KHJKOCTEN B 5—10 pa3 Bbllle, 4eEM CKUMAEMOCTb TBEPABIX TEJ, T. €.
MO’KHO CUHTaTh, YTO BCE KaIleJIbHbIC XKUAKOCTU 00JaAA0T YIIPYTUMHU CBOMCTBAMH.
XKuakocts criocoOHa COXpaHATh CBOM 0O0OBEM M 3TUM OHA CX0Ka C TBEPJBIM TEJIOM,
HO HE CIIOCOOHA CaMOCTOSITENIbHO COXPaHATh CBOIO (hOpMY, UTO COJMXKAET €€ ¢
razoM. Bece )XUIKOCTH IPU M3MEHEHUU JIAaBJICHUS U TEMIIEpaTypbl U3MEHSIOT CBOU
o0beM. JKHMIKOCTH CKHMMalTCs He3HauuTenbHO. Hampumep, npu mNOBbIIEHUH
nasinenus ot 0,1 7o 10 MIla o6bem Boasl ymensbinaercs aumib Ha 0,5 %. [Toatomy
Yaie BCEro B TUAPABIMYECKHUX pacueTax >KUAKOCTH CUUTAIOTCS HEC)KUMAEMBIMH.
OpnHako mpu pacCMOTPEHUU psifia BONPOCOB (HAMpUMeEp, TUAPABIMYECKOTO yaapa)
C)KMMAaE€MOCTh KHJAKOCTU CJIEAyeT Yy4YUThIBaTh. KOJIMYECTBEHHO 3TO CBOMCTBO
OLICHHUBAETCS BEIMYMHON KO3(PPHUIIEHTa 00BEMHOTO CIKATHUS [, OTIPEAETIIEMOTO U3

BbIpaxkeHus (3akoH ['yka jyist Mogenu OObEMHOIO CHKATHS):

AV

Bp = v 1/T]a, (2)
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rae Vo — mepBOHAYAIBHBIH OOBEM KHUIKOCTH, M AV = Vo — Veon —
M3MEHEHUE 00beMa, M, AP = Pion — Puas — U3MEHEHHE NaBJIeHNS, [1a.

5. TEMIIEPATYPHOE PACIIMPEHUE

C yBelnMYEeHHEM TeMIIepaTypbl >KUAKOCTH PACHIMPSIOTCS, Hampumep, Npu
MOBBIIIIEHUN TemiepaTypbsl Boasl ¢ 4 g0 100 °C ee o0beM yBenUUYHMBAETCS
npubau3utenbHo Ha 4 %. KonnuecTBeHHO 3TO CBOMCTBO OIIEHUBAETCS BEIMYMHON
Kod(punmeHTa TeMIepaTypHOro pPACIIMPEeHUst f;, omnpenensieMoro u3 (HopMyIibl

. . Menneneena:

w1
ﬁt_M1oC1 (3)

rae At = tyou — tuau — U3MEHEHHE TEMIIEPATYPHI, °C.

6. BA3KOCTbD

CrnocoOHOCTh  KUJKOCTHM  OKa3blBaThb CONPOTHBJICHHE CABUTY (WM
CKOJIBKEHHUIO) CONMPHUKACAIOIIMXCA CJIOEB HAa3bIBAeTCAd GA3Kocmblo. Bs3KOCTb
OPUBOAUT K MOSBICHUIO CHJI BHYTPEHHETO TPEHUS MEKIY CMEXKHBIMU CIOSIMU
KUIKOCTH, JABUKYIIMMUCA C Pa3IMYHbIMU CKOpOCTsIMU. OHa XapaKTepus3yeT
CTENEHb TEKYYECTH JKUJKOCTH, MOJBMKHOCTU €€ 4acTull. Boaa mpuHagIeKUT K
HaUMEHEee BSI3KUM KUAKOCTAM. Bs3zkocTe 3dupa u cnupra eiie MeHbIIE.
Hanmenbiield BSI3KOCTBIO 00s1aiaeT kuakas yriaekuciora. Ee Bsizkocts B 50 pas
MEHbIIIE BA3KOCTH BOAbl. C TMOBBIIIEHUEM JABJICHHUS BSA3KOCTh JKHJIKOCTU
yBenanuuBaeTcs. OTHAKO 3aBUCUMOCTD BSI3KOCTH OT JABJIEHUS CYLIECTBEHHA TOJIBKO
npu OOJBIIMX TMepemnanax AaBieHus, udMmepsembix aeciatkamu Mlla. Bo Bcex
APYrUX CIlIydasX BIJIMSHHE [aBJICHHUS Ha BS3KOCTh MOXXHO HE y4MThIBaTh. [lpm
YBEJIMYEHUHU TEMIIEPATypbl BSI3KOCTh KUAKOCTH 3aMETHO yMeHbIuaercs. Cienyer
OTMETUTH, YTO BSI3KOCTh I'a30B C MOBBIIICHUEM TEMIIEPATYPHI yBennunuBaeTcs. [1oka
KUJKOCTh HE JIBUXKETCS, BA3KOCTh HE MPOSBIIAETCS, MO3TOMY IPHU PELICHUH 3a7ay
pPaBHOBECHUS KUAKOCTEW €€ HE HaJ0 NPUHUMATh BO BHMMAaHUE, a MPU JABUKECHUU
KUAKOCTH HEOOXOJMMO YUYHUTHIBATh CUJIbI TPEHUS, KOTOPbIE MPOSBISIOTCS H3-3a
BA3KOCTH U MOJUMHSIOTCA 3aKOHY HbrOoTOHA.

KonuuecTtBeHHO 3Ta  CMOCOOHOCTH  OLlEHMBaeTcs KO3 UIIMEHTaMU
KUHeMamuyeckou V WIH OUHAMUYECKOU |L BSI3KOCTH, KOTOpPbIE CBS3aHBI MEKIY
c000i COOTHOILIEHUEM

u=p-v,Ilac. 4)
3aBUCHUMOCTh BSI3KOCTH Ta3a OT JABJIICHHS HUYEM HE OTJIMYAETCA OT
AQHAJIOTMYHOW 3aBUCHMOCTH JUISl KalleJIbHbIX JKuAKocTed. Hwxke mnpuBoasTcs
3HauYeHUs KOd(PPUIMEeHTa TMHAMUYECKON BSI3KOCTU HEKOTOPBIX KUJKOCTEH U ra30B

(Tabm. 2).
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Pa3mepHOoCTh KO3 PUITMEHTa TMHAMUYECKON BI3KOCTH:
— B cucteme eaunui CHU —Ila-c;
— B cucreme egunnl CI'C — (nun/cm?)-c.
Ta6nuna 2 — KoagdunureHT nuaaMuydeckoi BI3KOCTH KUJIKOCTEH U Tra30B

Koadurnment quaamMmudeckoi BA3KOCTH KUAKOCTEH M ra30B

KanesnbHble Kuakoctu (npu 18 °C) ra3bl (pu 0 °C)
Annnun 0,00460 Asor 0,0000167
AueroH 0,00034 AMMHak 0,0000093
Bpom 0,00102 Bonopon 0,0000084
Bona 0,00105 Bozmyx 0,0000172
['munepun 1,39300 Kucnopon 0,0000192
Macio MalmuHHOoE 0,11300 Meran 0,0000104
HedTp 0,0080-0,1000 Yraekucnora 0,0000140
CrnupT STUITOBBINA 0,00122 Xiop 0,0000129

B cucreme emunnny CU  koddduImeHT KUHEMATUYECKOW BA3KOCTH
usMepsercs B M2/c, B cucteme equnui CI'C — B Crokcax (Cr).

N3MepeHnne  BA3KOCTHM  JKMAKOCTEHM  OCYHIECTBISIETCS. C  ITOMOIIBIO
BUCKO3UMETPOB, paOOTAIOIIMX HA MPUHITUIIE MCTEUCHHS KUIKOCTU 4Yepe3 Majoe
KaJIMOPOBAHHOE OTBEpPCTHE. BSA3KOCTH BBIUUCIISICTCS 1O CKOPOCTH UCTECUEHUS.

7. CAJIbI, IEUCTBYIOIIHUE B )KUJIKOCTHU

Cuibl, JEUCTBYIOIIUME B KUJKOCTH, NOAPA3ACISIIOTCS Ha .Mdaccosvie,
0OveMHble U NOBEPXHOCTIHbIE.

Maccosbie cunvbt (CWibl, MPOMOPIMOHATBHBIE MACcCE€ MKUJIKOCTH) — CHIIbL,
JIEHCTBHE KOTOPBIX OOYCIIOBJICHO BHEIIHUM CHJIOBBIM TOJEM (Hampumep, MoJieM
CHUJIBI TSPKECTH, DIEKTPUUYECKUM, MATHUTHBIM U T. 11.). [lojie MacCOBBIX CUIT ABJISIETCS
BHEIIIHUM TI0 OTHOIICHHWIO K TOTOKY. J[eficTBHE 3THX CWJI Ha JaHHBIA 00bEeM HE
3aBUCUT OT TOTO, OKPYXEH JIM 3TOT OOBEM NPYTMMH KUAKAMUA OOBEMaMH.
MaccoBbl€ cuiibl JEUCTBYIOT OJIMHAKOBO Ha KAy MaTEPUAIbHYIO TOUKY KUJKOU
YacTHIIbI, CIIEIOBATEIBHO, HE MOTYT BbI3BaTh €€ Ie(pOpMalIlIo, a TOJHKO YCKOPEHHUE
(3amenyenne) yactuibl. KosiMuecTBEHHO MaccoBas Cuja XapaKTepusyercs
BEKTOPOM HampsiKEHUs] MacCOBOM cuJiibl f U ompeniensieTcss Kak npejies OTHOLIEHUS
MaccoBoii critbl AF, neficTByronieit Ha yacTuily, K Macce 9acTuilbl AM (puc. 4)

. AF
f(x,y,2z,7) = lim oy PHAM =0, M/c?. (5)
fiy 3}
AM=p- 4V Pucynok 4 — MaccoBbie
T n Y TTOBEPXHOCTHBIE CHUIIBI,

JEUCTBYIOIIME HA JKUIKYIO
4acTUIy (BEKTOp MacCOBOM
cuibl AF TIpuiioxkeH K eHTpy
MacC YacCTHIIbI)

HF
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B rugpasirke yaie BCEro MacCOBOM CHJION SIBJISIETCS CUJIA TSKECTH
f =g = const, (6)
I7i€ g — BEKTOpP YCKOPEHUSI CUJIbI TsDKECTH (YCKOpeHre CBOOOHOTO MaJIeHus),
m/c?. Cuily, IEHCTBYIOIIYH0 HAa KOHEYHBIA 00beM V, MOHO BBIYUCIUTH

MHTETPUPOBAHUEM
F=[fpadv. (7)

Obvemnvle cunbl (CUIIbL, MPONIOPLHUOHATBHBIE 00BEMY )KHJIKOCTH). MaccoBble
u OOBEMHBIE CHJIBl WMEIOT OJMHAKOBOE 3HAYEHWE, €CJIM BO BCEX TOYKaX
ucciaeayeMoro o0beMa Cpenbl €€ IUIOTHOCTh He wu3MeHserca. [loatomy mpu
MCCJICIOBAaHUY PABHOBECHUS WIIA JBIDKCHHS CPEIbl BCET/Ia HEOOXOIUMO yTOUYHSTH
U3MEHEHHE €€ IUIOTHOCTU Mo oO0beMy. [LIOTHOCTH cpeipl MO BceMy 00ObeMy
IIOCTOSIHHA p = CONSt.

llosepxnocmmuble cunvl  (CUIbI, MNPONOPLHUOHATBHBIE TOBEPXHOCTH, Ha
KOTOPYIO OHHM JIEWCTBYIOT) — CHJIbI BO3JECUCTBHUS OKpYXKaloled >KUIKOCTH Ha
paccMaTpuBaeMblii 00beM. K MOBEpXHOCTHBIM CHJIaM OTHOCSITCSI CHJIbI JIABJICHUS U
BA3KOCTH.

KosmnuecTBEHHO  MOBEPXHOCTHAs CUJa  XapaKTEpU3YeTCsl  BEKTOPOM
HaIpsUKEHUS TOBEPXHOCTHOM CWIIBI Tp. Hampumep, ecnmm Ha mmomaaky Aw ¢
HOpPMaJbl0 N JIEUCTBYET MOBEpPXHOCTHasE cuia At, (cMm. puc. 4), TO BEKTOp
HANPSKECHUS IOBEPXHOCTHOM CHJIBI Tp:

T, = limAA% npu Ao — 0, H/m?, (8)

JIns1 MOBEpXHOCTHOM CHJIbI JIaBjieHusI AP, umeeM:

Dy = lim% npu Ao — 0, H/Mm2, 9)

['unpocrarnueckoe naBieHue P, 00JagaeT IByMs CBOMCTBAMMU:

1) rugpocTaTryeckoe 1aBieHUE BCET1a HAITPABICHO IO BHYTPEHHEN HOpMAaIIH K
OBEPXHOCTH, HA KOTOPYIO OHO JIEHCTBYET;

2) TUAPOCTATUYECKOE JAaBJIEHUWE B JIIOOOW TOYKE O00BEMA >KHIKOCTH IO BCEM
HaIIPaBJICHUSIM UMEET OJJMHAKOBOE 3HAUYCHHUE.

['mapocraTtrka U3ydaeT 3aKOHbI PaBHOBECHS KUIKOCTH. OHA paccMaTpUBaeT
pacrpeaeneHue 1aBIeHus B TOKOAIIECKUCS KUAKOCTH, ONPEAEICHUE HAPABIEHUS U
TOYKH TPUJIOKEHUS CUJIbl JABJICHUS KUJIKOCTH HA IJIOCKME W KPUBOJIMHEWHBIE
MMOBEPXHOCTH, YHUCICHHOE OMNPEICIICHUE A3TOM CHibl. YacTo KHUAKOCTh CBEPXY
cornpukacaetcs ¢ razoM. [loBepxHOCTb pa3zena Mexay KUAKOCTBIO U Ta3000pa3HoOn
Cpemoi Ha3bIBaeTCS CBOOOTHON TOBEPXHOCTHIO KUIKOCTH.

Pasnuuator  abcontomnoe  Oasnenue  Pas, Manomempuueckoe — (Wnu
U30BITOYHOC) Py (Puss) W BAKVYM  Peax. MEXIYy YKa3aHHBIMH JIaBICHUSIMHA
CYILIECTBYIOT CIEAYIOIINE 3aBUCUMOCTH:

Pu (pH36) = Pas — Pars (10)
Pgax = Par — Pass (11)
Pgax = _pM(pI/I36)' (12)

TIIe Pum — aTMOCQEpHOE naBieHue, [1a.
BakyyMm He MOeT ObITh 00JIbIlIe aTMOC(EPHOTO JaBICHUS.
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JKMakocTe MAaBUT Ha NOBEPXHOCTb, C KOTOPOW OHa compukacaercd. [Ipm
OMpEeNEIeHUN CHJIbl THAPOCTATUYECKOrO AaBJICHHS, KaK MPaBUIO, ONEPUPYIOT
MaHOMETPUUYECKUM WM BaKyyMMETPUYECKUM JaBICHHEM, TaK Kak aTMoc(epHoe
JaBJICHUE JACHCTBYET HAa pacCMAaTPUBAEMbId OOBEM OJMHAKOBO U IOATOMY €ro
MOXHO HE€ MPUHUMATh BO BHUMaHue. [Ipu omnpeneneHuu cuiibl AaBICHHUS 4acTO
UCIIOJIb3YeTCSl TaK Ha3bIBaeMasl NMbE30METpPUYEcKas TUIOCKOCTh, WUIIM IUIOCKOCTh
aTMOC(EpHOro JABJICHUS — TOPU30HTAJbHAs IJIOCKOCTh, MPOXOJAIIAs Yepe3
YPOBEHb KHUJIKOCTH B MBbE30METPE, MBICICHHO MPHUCOCAMHEHHOM K pE3epByapy
(Mbe30MEeTPOM Ha3bIBAIOT MPOCTEHIIIEEe YCTPOMCTBO AJIsl OMpEeNICHUs JaBICHUS B
MecTe ero nojkiatoueHus). [IoBepXHOCTh )KUIKOCTH Ha YPOBHE MbE30METPUUECKON
IJIOCKOCTH TOJIBEpraeTcs JMIIb BO3JEUCTBUIO aTMoc(hepHOro gaBieHus (T. e.
pn = 0). Ecu pesepByap € XHAKOCTBIO OTKPHIT (COEAMHEH ¢ aTMOc(hepoii), TO
bE30METPUYECKAs INTIOCKOCTh COBIMAJIAET CO CBOOOIHON MOBEPXHOCTHIO JKUIKOCTH.
B cirydae ke repMeTHYHO 3aKphITOTO pe3epByapa OHa MOXKET PaCIoIaraTbCsl BhIIIe
WIM HUXKE CBOOOJIHOM MOBepXHOCTH. B 001iem ciiydyae paccTosiHue Mo BepTUKAIIU
710 Tb€30METPUUECKOI MI0CKOCTH hy, (Tb€30MeTpuUecKas BbICOTa) ONpeeIsieTcs U3
BBIPAKEHMUS:

hy = I;Pf; , (13)

TA€ Pyuss — MAHOMETPUYECKOE JIaBJieHUE (MJIM BaKyyM) B pacCMaTpUBaeMoOi
TOUKEe 00beMa KUAKOCTH, I1a; p — IIIOTHOCTB KUIAKOCTH, KI/M; § — YCKOPEHHE
CBOOOIHOTO TIaieHHs, M/C.

Pacctosinue h oTkmagpiBacTcs OT TOM TOYKM JKUAKOCTH, JaBICHHE B
KOTOpOH paBHO p, BBEPX, €CIM OHO MAHOMETPUYECKOE, U BHU3 — B Cllydae
BaKyyMma.

KuakocTh HAaXOOUTCS B PABHOBECHMHM TOJBKO TOrJa, KOrJa CHUCTEMA
MacCCOBBIX CHJI, JIEHCTBYIOIIMX Ha Hee, OyJeT UMETh MOTEHIUAN. ITO COCTOSIHUE
CUCTEMBI XapaKTEepU3YETCsl ypaBHEHUEM paBHOBECHS (YpaBHEHHEM Dilnepa):

p(Xdx +Ydy + Zdz) = dp, (14)
rae X, Y, Z — IpoeKIMu MaCCOBBIX CUJI, OTHECEHHBIX K €IMHUIIE MACChI, Ha
COOTBETCTBYIOIME HANpaBaeHus, M/C%; dp — mosnsi auddepeHnman qapieHus,
ITa.

PaccmoTpum HaumbOosiee BaKHBIM JJI1 TPAKTUKKA YaCTHBIM  clydait
paBHOBECHUS IJIEMEHTAPHOTO 00beMa KUAKOCTH, HaXOASIIeHCs Mo JAeCTBUEM
TOJNIBKO cull TskecTH (3akoH Ilackans). [ns manHOro ciydas ypaBHEHUE
PaBHOBECHUS BBITJISIAUT CIAEAYIOIIUM 00pa3oMm:

Pasc =Po +p-g-h lla, (15)

e Puse — abcomroTHOE AamieHue, Ila; po — maBimeHue Ham CBOOOTHOM
MOBEPXHOCTHIO JXKUIKOCTH, [1a; h — riayOmHa HOrpyXeHHsI paccCMaTpPUBAEMOTO
AJIEMEHTapPHOr0 00beMa KUJKOCTH, M.

Jlns  cimydas, KOrja paccMaTpuBaeTcs paBHOBecHME JBYX M Oosee
AJIEMEHTapHBIX OOBEMOB B MOKOSIIEHCS >KHIKOCTH, 3TO YCIOBHUE UMEET BUJ

(OCHOBHOE ypaBHEHHE TUPOCTATUKH):

P1 D2 Di
zZ — =72, +—=z;+— = = const, M, 16
1 0-g 2 0-g l p-g CT ( )
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1€ Zj — pacCTOSAHUE OT INIOCKOCTHU CpPpaBHCHUA 10 paCCManHBaeMOﬁ TOYKHU

. Di
(BpICOTA MOJIOKEHHUSI), M; pi — MaHOMETpPUYECKOe AaBieHue B Touke, lla; p—‘g -

MbE30METPUYECKAS BBICOTA, M; H; — THAPOCTATUYECKHUMN HAIIOP, M.
YpaBHEHHE MOKA3bIBAET, YTO THUIPOCTATHYECKUH HAIIOpP BO BCEX TOYKAX
HOKOSIIENCS KUIKOCTH ABISIETCS IIOCTOSHHON BEJIMYUHOIMI.

8. KHHEMATHUKA KUJIKOCTHU

Tpaexmopueri Ha3bIBAa€TCS MEPEMEIIEHUE YAaCTULIBI B IPOCTPAHCTBE U
BpEMEHU. Jlunueli moxa Ha3bIBAETCSI BEKTOPHAs JIMHUA IOJS BEKTOpA CKOPOCTH,
T. €. JIMHUA, KacaTelbHas K KOTOPOH B JIOOON €€ TOUKEe COBMAAAET C BEKTOPOM
CKOPOCTHU YaCTHUIIbI, HAXOASIIEHCS HA 3TON TUHUU. YacTh )KUJIKOCTH, OTpaHUYEHHAs
MOBEPXHOCTHIO, 00pa30BaHHOM TPAEKTOPHUSAMH, MPOXOJAIIMMU YEPe3 3aMKHYTHIN
KOHTYP (’KMBBIE CEUCHUS), HA3BIBACTCS 2IeMEHMAPHOU CIMPYUKOI.

YacTh  3amOJIHEHHOTO  JKMAKOCTBIO  MPOCTPAHCTBA,  OrPAaHUYEHHOTO
MOBEPXHOCTHIO0, 00PAa30BAHHON JIMHUSIMHU TOKA, MPOXOASIIMMHU Y€pe3 3aMKHYTHIN
KOHTYp (Hampumep, )KUBbIE CEUEHUS ), HA3bIBAETCS MpPYOKOU MOKA.

Kusbimu ceuenusmu HA3bIBAIOTCS CEUYEHUS, NMEPIEHIUKYISIPHBIE JIMHUASAM
Toka. Eciu TedueHue cranimoHapHoe, 3JIeMEHTapHasl CTpyiKa COBINAAAET C TPYOKOi
ToKa. [I0TOK KHUIKOCTH CKIIaJBIBAECTCA U3 MHOKECTBA AJIEMEHTAPHBIX CTPYEK (MM
TpyOOK TOKA).

Paznuyator  cnemyrome  BHIBI  JBW)KCHMS: — HEYCTaHOBHUBIIEECH,
YCTaHOBUBIILIEECS, HEPABHOMEPHOE, paBHOMEPHOE, O€3HANIOPHOE, HATIOPHOE.

Heycmanosusweecs ogudiceHue  XapakTEepU3yeTCs  3aBUCHMOCTBIO
napamMeTpoB JBW)XEHHS OT BPEMEHHM U MPOCTPAHCTBA, T. €., HAMpUMEp, s
JaBJICHUS P!

p = p(xyz1). (17)

Yemanosusweecs 0gudicenue XapakTepU3yeTcsl 3aBUCUMOCTBIO [TapaMeTpOB
JABUYKEHUSI TOJIBKO OT MPOCTPAHCTBA, HATIPUMED, [Tl TaBJICHHUS P!

p =pxyz). (18)
Hepaeromepnvim Ha3pIBa€TCS IBUKEHUE, TSI KOTOPOI'O XapaKTEPHO
Uy F Uy FF Uy, (19)
W] #F Wy FF Wy, (20)
HO IIPH 5TOM w;U; = Q = const (HampuMep, IBIKCHHE KUIKOCTH B KOHHYECKOM

TpyOe€), TJIe Vi — CPEIIHSS CKOPOCTh MOTOKA.
Paenomepnvim Ha3bIBACTCS TAKOW BUJ YCTAHOBHBILEIOCS JBW)KCHUS, IS
KOTOPOTO XapaKTepPHO
U= Uy == Uy, ; (21)
W] = Wy == Wy, (22)
HanpuMep, TBUKCHUE KUIKOCTH 110 TpyOam.
Hanopuvim Ha3piBaeTcs IBMKEHUE 0€3 CBOOOIHOM MOBEPXHOCTH, T. €. KOT/a
’KMIKOCTh 3aHUMAeT BECh BHYTPEHHHI 00beM TPyOOIPOBOA, HIIH JBUKCHHE IO/
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JICHCTBUEM Tiepernaja JaBlieHus (HampuMmep, ABUKCHHE BOJbI B CHUCTEME

BOJIOCHA0KEHUS, TBIXKCHHUE TEIJIOHOCUTEISI B CUCTEMaX TETIOCHA0KEHHUS).
besnanopnvim HazbiBaeTCs ABMIKEHHE CO CBOOOJHOM IMOBEPXHOCTHIO WU

JBIDKCHUE IO ICUCTBUEM CHJIBI TSDKECTH (HalpuUMep, IBHXKEHUE BOJIBI B PEKE).

B oTauume oT BHAOB ABMIKEHHS KUJIKOCTH DPA3IMYaIOT PEKUMBI TCUEHUS
KUJKOCTH: JIAMUHAPHBIN U TYpOYJICHTHBIM.

Jlamunapnoim (MOCIOMHBIM) HA3bIBACTCS PEKUM TEUCHHS, KOTJa CHIIBI
BSI3KOCTH COM3MEPUMBI C CHJIAMU HHEPITUH, U JIJIS1 KOTOPOT'O XapaKTePHO OTCYTCTBUE
00MEHa YaCTHUIl MEXY CJIOSIMU (ITepEeMEIINBAHUE )KUIKOCTHU 10 CEUCHUIO MOTOKA),
T. €. JIOJISI YaCTHII, ABUTAIONINXCS B IMOMEPEYHOM HANPABJICHUH, COCTABIIACT HE
oonee 1-3 % oT 00111er0 YKcIa YacTHII.

TypbynenmHolM HA3BIBACTCS PEXKUM TEUYCHHS, KOTJA CHJIBI HHEPIUU
mpeo0IagaroT HaJl CUJIAMU BSI3KOCTH, M JJISI KOTOPOTO XapaKTepeH WHTEHCHUBHBIN
oOMeH yacTull Mexay ciosamu (6omaee 90 % ot obmiero yucnia).

Obvemublil pacxoo KUIKOCTH JJIs MTOTOKA ONPEEIAETCS U3 BhIPAKEHUS

Q=Y,dq, M /c, (23)
rae dq — >IeMeHTapHBIH pacxo (pacxox TpyOku Toka), Mo/c.

Oonomepnvie meuenuna. Eciu paccMaTpuBaeTCs TEUEHUE WICAIBHOU
KHUJIKOCTU B KaHaJe C NPSAMOJIMHENHON OChIO U JOCTaTOYHO IUIaBHBIMU 00BOJaMH,
TO B 3TOM Ciy4ae IpPOEKLHU CKOpocTed Uy M U, BECbMa Majbl B CPABHEHHUHU C
IOPOAOIBHON CKOPOCTBIO (IIpoeKuMen Uyx). B 3ToM ciayyae MOKHO NpPUHATH
Uy = u; = 0, 1 3a71a4y ClIeyeT pacCMaTpuBaTh KaK OJTHOMEPHYIO.

OnHaKo noJje CKOPOCTEH B MONEPEYHOM CEUEHUH KaHalla HEpaBHOMEPHO, UTO
oOyCIIOBIIEHO BIMSIHMEM cul Bsi3kocTu. Hecmorpss Ha 3To, Hpu pelieHuu
MPAKTUYECKHX 3a/1a4 JOIYCTUMO pacCMaTpUBAaTh 33]1a4y KaKk OJHOMEPHYIO, BBOJISI B
pacueT ocpeaHeHHbIe mapameTpbl. K TakuM 3aauaM OTHOCSTCS 3a7ja4i O TEUCHUH
B Tpy0Oax, KaHal1ax, HEKOTOPHIX CTPYHHBIX TCUCHUSX.

JuddepeHunanbHoe  ypaBHEHHWE  JBIDKCHHS — UACATBHOM  KUAKOCTU
(ypaBHeHHe Diliepa) MOXKET OBITh MOJy4YeHO U3 AUPPEpEeHINATbHOTO yPaBHEHUS
paBHOBECUS TOW K€ JKHUAKOCTU, €cliu, coriacHo npuHiuny J'Anambepa, k
JEMCTBYIOIUM CHJIaM IPUCOEIUHUTD CHIIbI MHEPLUH, T. €.

p(Xdx + Ydy + Zdz) = dp + £ du?, (24)

TAC u — CKOPOCTb ABUKCHUA YaCTUIIBI J KUJIKOCTH, MZ/ C.

Onpedenenue u 0codeHHOCIMU NI0CKO20 08udxcenus. Ilnockoe osudcerue —
ATO JBUKEHHUE KHUIKOCTH, MPU KOTOPOM BCE €€ YacTHUIbl IepeMeniatTcs
napajijieIbHO HEKOTOPOM OJIHOM IUIOCKOCTH, MpPUYEM BO BCEX IJIOCKOCTSX,
napayyiebHbIX 3TOM IUIOCKOCTH, IMOJSI CKOPOCTH, JaBJIEHUS M IJIOTHOCTH
TOXJI€CTBEHHO oANHaK0Bbl. Hanpumep, o0Tekanue kpbuioBoro npoduss (puc. 5).

16



v

X

Pucynox 5 — [Ipumep miockoro (IByMEpHOT0) TCUCHUS

[Tpu miockoM TedeHnH 3a/1a4a SBISETCS IBYMEPHOU. 3/1eCh ABUKEHUE OyaeT
IUIOCKHUM B INIOCKOCTH X — 0 — Z..

Jns ciydasi, Korja Ha >KUJIKOCTh M3BHE JIEMCTBYET TOJBKO CHJIa TSXKECTH,
MOJIyYUM ypaBHEHHE SHEPrUU JJIsI YCTAaHOBHUBIIETOCS JBUKEHHUS SJIEMEHTApHOU
CTPYHKHU (TpYyOKH TOKA) MACATHHOM YKUAKOCTH B MHTErpaIbHOU (hopme (ypaBHEHHE
bepnynm):

Al + b1 =Z + Pz
P9 29 p-g 2g

N3 3akona beprymm cnemyer, 4To MPU yMEHBIIICHUHN CEYCHHSI TIOTOKA, U3-3a
BO3pACTaHUsI CKOPOCTU, T. €. TMHAMHUYECKOTO JaBJICHHs, CTAaTUYECKOE JaBJICHUE
najaer. 3akoH bepHyIu cnipaBeyIUB U JUIs TJaMUHAPHBIX MOTOKOB rasa. SIBjaeHue
MOHWKEHUS JaBJICHUS TIPU YBEIMYCHUU CKOPOCTU MOTOKA JISKUT B OCHOBE PaOOThI
pa3IMYHOrO pojAa pacxoAoMepoB (Hampumep, Tpyda BenTypu), Bomo-
[IapOCTPYHUHBIX HACOCOB.

3akoH bepHyIM CHpaBeMIUB TOJIBKO IS JKUIKOCTEH, BSI3KOCTh KOTOPBIX
paBHa HYJIO, T. €. TaKWUX XXUJKOCTEH, KOTOphIE HE MPUIUIAIOT K TOBEPXHOCTH
TpyObl. Ha camom niene axcrepuMeHTaaIbHO YCTAaHOBJICHO, YTO CKOPOCTh YKUIKOCTH
Ha TIOBEPXHOCTH TBEPJOTO Teja MOYTH BCEr/a B TOYHOCTU paBHA HYIO (KpoMme
CJIy4aeB OTPbIBA CTPYH MPU HEKOTOPBIX PEAKUX YCIOBHSIX).

JlaHHasi 3aBHCUMOCTh YCTaHABIMBAET CBS3b MEXKIY CKOPOCTHIO JBUKCHUS,
JABJICHUEM M TEOMETPUUYECKHM IOJOKeHneM dYacTuil. Eciau 11 IByX MOTOKOB
OKOJIO (VUM BHYTPH) T€OMETPUYECKH MOJOOHBIX TET KAPTHUHBI JTUHUN TOKA TAKKE
reOMETPUYECKH TTOTI00HBI, TO TAKKE MMOTOKU HA3bIBAKOTCS MeXAHUYECKU NOOOOHBIMU.

OCHOBHBIM YCIIOBHEM OCYIIECTBICHUS MEXaHUYECKOTO IMOJ00US SBISETCS

u?  pu

] I/Il—2 , T. €.

2
pur , pu _pul _po (26)
l 12 i
rae | — skBHBaEHTHBIN pa3Mep, M.
[TOCKONBEKY 3TO OTHOLIEHHE IMPEACTABISAET COOOM OTHOIIEHHE IBYX CHII,
OTHCECCHHBIX K CAUHUIIC 06'I)eMa, T. €. ,Z[ByX BCJINYHUH C OHHHaKOBOﬁ paBMepHOCTBIO,

OHO SABJIACTCA 663paSMepHI)IM YU CJIOM.

2

a-u? a-u’

= H,,, = const. (25)

OJWMHAKOBOC OTHOIICHUEC BCINYMUH
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“u-l
YHucmio Re = ,0_, xapaKTepmonmee OTHOHNICHHUEC CHJIbI I/IHCpHI/II/I K CHJIC
i

TPEHHUs1, Ha3bIBaeTCs YucioM PertHonbaca Re.
Jlnst mamunapuoro pexkuma Re < 2300, mis TypOyJNeHTHOTO peXuma
Re >2300.

9. IMHAMMWKA BSI3KOM )KUJIKOCTHU

VYpaBHenune bepHyM I YCTAaHOBUBIIETOCS JIBIKEHUS MOTOKA peaabHOU
(BsA3KOM) KUIKOCTU O0Opa3yeTcs W3 ypaBHeHUs bepHymm s TpyOKH TOKa
UICaTbHON KUAKOCTU (KOT/Ia U3 MacCOBBIX CHJI Ha KHUAKOCTh ACHCTBYIOT TOJIBKO
CHWJIBI TSDKECTH). ETO COCTaBNSAIOT 1St ABYX XapaKTEPHBIX KUBBIX CEUCHUM:

7 + 2+ =z, +p—2+0('—u%+2hHOT = H,,y = const, (27)
pg 29 pg 29

r7ie Z — TeOMETPUUYECKHUI HATIOp, WM BBICOTA MOJIOKEHUS — PACCTOSTHUE OT
MPOU3BOJIBHO BBHIOPAHHOW TOPU3OHTATBHOW TIJIOCKOCTH CpPaBHEHHS N0 IIEHTpa
TSOKECTH PacCMaTPUBAEMOTO CEUYCHHUs (T€OMETPUUYECKUN CMBICT) WU yJeTbHAs
(T. e. OTHeceHHass K EIWHUIIE MAacChl KHAKOCTH) IOTCHIMAIbHAS DSHEPTHUs
TIOJIO’KEHUS! (SHEPTETUIECKHUI CMBICIT), M; p — TABJICHHUE B IICHTPE TSIKECTH CEUCHUS,

a-u?

p o
Ha; —— — IBbC3OMCTPHUUYCCKHNH HAIIOp, T. €. BEPTHKAJIBHOC PACCTOAHUC MCKIAY
p-g

LHECHTPOM TSKECTH paCCMATPHUBACMOTO CCUCHMA U YPOBHCM JKUAKOCTHU B ITbE30MCTPC

(yaenLHaﬂ MNOTCHIOUAJIbHAA SHCPIUs I[aBJ'IeHI/IH), M; LV — CpCaHAA CKOPOCTh ITIOTOKA B

a-u?

CEUYCHUHU, M/C; — CKOPOCTHasl BBICOTA, MJIM CKOPOCTHOM Hamop, M; Y, Ayor —

TUAPABINYECKHE TMOTEpU Hamopa (4acTh YJIEJIbHOM MEXaHHMYECKONW JHEPTUH,
KOTOPYIO KHJKOCTh TEpS€T Ha TMPEOJOJICHUE CONMPOTUBICHUMN), M; Hyy
JUHAMHYEeCKU Hamop, ™M; o — Kodhdumuent Kopuonuca (OTHOIIEHHE
JNEUCTBUTEIILHOW KHUHETHYECKOW JHEPIrUM IIOTOKA K YCIOBHOW KHUHETHYECKOU
SHEPIruH, BEIYUCIICHHOM MO CPEIHEN CKOPOCTH MOTOKA).

Koadpdumment Kopuonuca o sBiIsgeTcs ONpeAcTICHHON BEIUYWHOU H
XapaKTEPU3YyeT CTENEHb HEPABHOMEPHOCTH PACIIPEICIICHUSI CKOPOCTEN IO KUBOMY
CEUEHHUIO MOTOKA. Y CTaHOBJIEHO, YTO O > I M OOBIYHO €ro 3Ha4YeHHE 3aKJIIOUEHO B
mpeaenax o = 1,03+1,1. OObrurO ko3pdunment Kopuonuca ompenensercs
ONBITHBIM MyTeM. OH 3aBUCHUT OT CTENEHW HEPABHOMEPHOCTHU pacIpeieaeHus
CKOPOCTEH B IMOIMEPEYHOM CEUYCHHH TOTOKA W BCETJa OOJNBINE CAMHUIIBL; I TaK
HAa3bIBAEMOT0 JIAMHUHAPHOTO PEXUMa B IWIMHAPUYECKON TpyOe o = 2, a Jyis TaK
Ha3bIBaeMoro TypOyseHTHOro pexxuma o = 1,0454+1,10. B unxeHepHoOl npakTuke
yale BCEro NpuHUMaroT o = 1.

Cymmy z + pig HA3bIBAIOT FUApPOCTaTHYECKUM HanopoM. Cymmy BCeX Tpex

YJICHOB (BBICOT) HAa3bIBAIOT cUOPOOUHAMULECKUM, UL NOJIHLIM HANOPOM W, KaK yKe
OBLIO yKa3aHO, 0003HauarT OykBoOi H.
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VYpaBuenue bepHymum BbeIpakaeT co0OW 3aKOH COXPAaHEHHsI DHEPTUU B
mexanudeckoit popme. Kak BugHO, ypaBHeHHe bepHyIn BhIpaxaeT CBSI3b MEXIY
TpeMsi pa3HbIMHU BEJIMYMHAMU TMOTOKA: BBICOTOM MOJOXKEHUS Z, JABJICHUEM [ U
CpellHEel CKOPOCThIO Ugp, MOTOKA KUJKOCTH JJ1s1 BRIOPAHHBIX XapaKTEPHBIX CEUCHUI.
[Ipu pemieHnn NpakTUYECKUX 3a7a4 BMECTe C ypaBHeHHEeM bepHyu npumeHsercs
U ypaBHEHHE IIOCTOSHCTBA pacxoja (ypaBHEHUE J[BM)XEHHUS B HHTETPaIbHOU
dbopme), T. €. paBeHCTBa pacxoja Q BO BCEX CEYEHUSAX YCTAHOBUBIIETOCS JBUKEHUS
MOTOKA KUIAKOCTHU (MPUHUMAETCS, YTO OTCYTCTBYIOT Pa3PhIBBI CILUIONTHOCTH CPEIbI):

Q= w-uy,m, (28)

T U ¢p = Y, U; — CPEIHSAA CKOPOCTh JIBUKEHHS YACTHIL KUJKOCTH B CEIECHUH
MOTOKA, M/C; U; — CKOPOCTH JIBHKCHHSI YACTHII TIO CEUCHHUIO MTOTOKA, M/C.

Bce rungpaBiandeckue noTepu CKIIabIBAIOTCS U3 IOTEPh Ha TPEHUE 10 JITTUHE
Y TIOTEPb B MECTHBIX COMPOTUBJICHUAX. [[JIs rupaBiIMyecKuX moTeph Harmopa Y, Ay or
UMEEM:

— TOTepU Hamopa Mo JUIMHE TPyOONpOBOIA BCIEJACTBUE HATUYHS TPCHHUS
(moTepu Ha TpeHUE 10 JIuHE) ), hy;
— MOTEPH HAopa B MECTHBIX COMPOTUBJICHUSIX (HAIPUMED, BHE3AITHOE CY>KEHHE
W pacIIipeHne MOTOKa, KpaH (BEeHTHJIb), U3THObI U 11p.) ), h,,, T. €.
ZhHOTzzhl-l_ZhM’M' (29)

[loTepu Hamopa Ha TpeHUE MO JJIMHE Ha 1-M YYacTKE OMPENESIOTCS W3

dbopmyinsl lapcu — BelicOaxa:

Luf
Ah’l = )l'i — M, (30)
di2g
rae Ai — KO3(PQUIMEHT THIPABIUYECKOTO CONMpOTHBIEHUs; li — mmmHa

yuactka, M; di — quameTp TpyOBI, M; Ui — CPEIHSISI CKOPOCTh JBUKCHHS YaCTHII
YKMIKOCTH, M/C.
[ToTepu Hamopa B MECTHBIX CONPOTHBIICHUSX OIMPEACISIOTCS U3 (HOPMYJIBI

Beiicbaxa:

2
U;

Ahy =§ - M, €1y
29
rie & — KkodpOUIMEHT MECTHOTO COINPOTUBIICHHUS (BBIOMpaeTcs U3
CIIPaBOYHOW  JIUTEpATypbl s  KOHKPETHOTO  THMAa  THAPABIMYECKOTO

CONIPOTHUBJICHUS).

Haubomnbiryto cnoxxHocTh npu onpeneneHnn Ah; BbI3bIBaeT KOAPHUITUEHT Ai.
Ero BennunHy HaxoAAT B 3aBUCMMOCTH OT CKOPOCTH JABIDKEHUS XKUAKOCTU. Bech
HMHTEPBAII U3MEHEHHS CKOpoCTH 0T () [0 00 pa3/ieicH Ha 30HY B JAMUHAPHOM PEXXHME
JABWXKEHUSI U TPU 30HBI B TYpOYJIEHTHOM pekuMe TedueHus (puc. 6). s kaxnon
30Hbl  CONPOTHMBIIEHUS  NPEJIAraroTCs  HOMIMPUYECKUE  3aBUCUMOCTH IO
oIpeeseHUI0 Ko (UIMEeHTa THAPABINYECKOIO CONPOTUBIICHUS HA TPEHUE A.

1. IlepBas 30Ha — 30Ha JTAMHHAPHOTO PEKUMA TEUEHMUSL.

Jlis oroii 30mbl comporuBienus 0 < Re < 2320, Ah oo Ul , 1 = f (v).

IIpennaraercs 0AHO U3 HIMIIMPUYECKUX BBIPAKEHUM IO ONPEIEICHHUIO!

64
1=— (32)
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2. Bropas 3oHa — 30Ha TJIAJIKOCTEHHOTO CKOJIb)KEHHS (WJIA 30HA
TUAPABINYECKH TTIAIKUX TPYO).

Tl 5ToM 30HBI conpoTuBieHns 2320 < Re < 56 % , Ah oo Ul*LL ) = £ ).

OnaHO U3 YMOUPUYECKUX BBHIPAKEHUH M0 ONPEACTIECHUIO A

0,316
VRe
rjie A — epoX0BaTOCTh BHYTPEHHEN MTOBEPXHOCTHU TPYOBI, M.
W TypbynenTHbI pekiM
0.1
. A
0,09 , ’
0,08 F¥ =i : o lepoxosatoie TpyGbl i
0,07 H i 0,05
P—
. 0,04
0,06 A e N
Sack: 0,03
005 5§
BHEY : - 002
e 3 = 0,015
0,04 H1 % 5 N
2\ AN R 0,01
HHHE 2 ) h S 0,008
'?“, P, P T k. Lom ¥
0,03 ‘f:}_ o, = = A {R""D) npeil 0,006
X ) L] 0,004
0,025 “\ NN <
T‘-’ A (REU}I npen || - i by 0.0“2
?; e 3
0,02 oh i Sa 0,001
/J%_ TR = 0,0006
I,o(, = i~ S -
0,015 J%; g ] 0,0004
f NN . 0,0002
) '-u-“__ "\‘_
R T I 1 0,0001
T 0,00003
0,01 LQomo0s ~HEHTE >
RO,
0,009 S el 1]
0,008 : 1 1 L il =2 0,00001
2T34a7n_ 23457k 2 3457 2345702 3457 ARey)
10° 10* 10’ 10" 10 10

(Rcﬁ)'xp (R‘-'n)",;p

Pucynoxk 6 — 3aBucumocts KonbOpyka —Yaiita s onpenenenust KoappuunueHTa TpeHus

3. TpeThbs 30Ha — 30HA JOKBAAPATUYHOIO pexUMaA TeueHus. [[s1 3Toi 30HbI
d d
CONIPOTHUBIICHUS 56 ~ < Re < SOOZ, Ah oo Ul 5 =f (u, A).

OnHO U3 HYMIUPUYECKUX BBIPAKEHUH MO OMPEACTICHUIO A

0,25
68 A\
1=011 (— + —) . 34
! Re d ( )
4. YerBepTas 30HA — 30HA KBAJAPATUIHOIO PEeKUMA TedeHHs. J1JI1 3TOM 30HbBI

conpoTuBieHus Re > 5002, Ah o U 1 =Ff(A)u
A

1=0,11 (3)0’25. (35)
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OCHOBHBIM yCJIOBUEM MPUMEHUMOCTH YPABHEHUW T'MIPABINKU K JBUKEHUIO
ra3oB SBISIETCS COOTHOIICHHE BO3HMKAIOIIECH IPU JBWKEHUU Ta3a pasHOCTU
JaBJICHUH K BEIMYMHE a0COIIOTHOTO J1aBiieHus ra3a. Eciu npu nBuxkeHuu raza (wim
napa) BO3HUKAOT Pa3HOCTHU JIaBJICHU, HEOOJBIINE [0 CPABHEHUIO C A0COIIOTHBIM
JaBleHWEeM rasza (mapa), TO HW3MEHEHUs O00beMa MOJy4yaroTCsi OYEHb
HE3HAYUTEIbHBIMU, U TAKUE ITOTOKH Ia3a MOXKHO CUYUTATH B IIEPBOM MPUOIMKEHUN
KaKk Heckumaemsle. CenoBaTesbHO, Ui MX HCCIEIOBAHHUS MOXHO ITPUMEHSATH
3aKOHBI, BBIBEJICHHBIE IS IBH)KEHUSI HEC)KMMAEMOM skuikocTi. Ho B Tex ciyvasx,
KOrJla JBIKEHHE Ta3a (WiId Tapa) COMPOBOXKIAETCS OOpa3oBaHHEM OOJIBIIUX
pa3HOCTEW JaBICHHUM, HM3MEHEHHs O0beMa TOJY4YalOTCS 3HAYUTENbHBIMHU, H
paccMaTpUBaTh r'a3 KaK HEC)KMMAEMYIO CPENly YXKE HENb34.

10. PEKOMEH/JAIINM 1O BBIITIOJTHEHUIO KOHTPOJIBHBIX
3AJAHUN

CryneHTam, COTJIacHO y4eOHOMY IUTaHy, HEOOXOJWMO BBHITIOJHUTH OJIHO
KOHTpPOJIbHOE 3aaanune. Homepa 3amad BeIOMparoTcs 1o mocienanei mudpe 3a4eTHon
KHIDKKU U Ta0iuue 3, a Yuciogvlie 3HA4eHUs YKA3aHHLIX 8 3a0aye 8eluyuH — no
npeonocieonell yugpe wugdpa 3auvemunor KHuxicku u maoauye 6.

[Ipexxne yeM MPUCTYIUTH K BBIMOJHEHUIO KOHTPOJIBHOTO 3a/IaHMs], CTYACHT
JOJHKEH 0053aTeNIbHO 03HAKOMUTHCS C TEOPETUYECKUMU TOJIOKEHUSIMU 110 pa3iemy
pelaeMoro 3agaHusl.

[Ipy BBIIOJHEHWH KOHTPOJBHOTO 3aJaHUs HEOOXOJMMO TOJHOCTHIO
BBIMKCATh YCJIOBUSA 3a/1a4, TU(POBHIE JaHHBIE U pucyHKH. Kakmas 3amagya 10KHA
ObITh OpopMIleHa B CIIEAYIONIEM TOpPSAKE: yCIOBHE 3a/Jayd, pacueTHas CXema C
yKa3aHHEeM BCEX HEOOXOAMMBIX BEJIMYWH, HCXOJHAs CHUCTEMa YypaBHEHUU C
yKa3aHUEM BCEX BXOJSIIMX B HHUX BEIIMYWH, TUTAH WX PEIICHUS, BBIYUCICHUS W
KOMMEHTApUH TIOJIYYCHHBIX pe3yabTaToB. Bce MpoMexyTOdHbIE W KOHCYHBIC
BEIIMYUHBI JIOJDKHBI OBITH BbIpakeHbl B enuHunax CH. PucyHku u cxemsl
BBITIOJIHSTH B MacIITade, AejiaTh CChUIKU Ha MCTIOJIb3YEeMYIO JTUTEPATyPYy.

B xon11e HacTOSAIMX YKa3aHUM MPUBOJIATCS HEKOTOPBIE CIIPABOYHBIE JaHHBIE.
OpHako 3TO HE HCKIIOYaeT HEOOXOIUMOCTH oOpamiaTbCsi K Y4eOHHKaM U
CIIPABOYHOM JIUTEPATYPE.
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Tabmuma 3 — Homepa 3agau

xR R

xR R

E fa] a <

SE5 S E5

o = = C = =

= 5 5 = = 3

Howmep 3agau Howmep 3agau

0 1 10 16 21 28 5 6 13 16 21 33
1 2 15 17 24 35 6 8 11 17 27 31
2 5 9 18 22 29 7 4 9 18 22 32
3 6 8 19 25 34 8 6 7 19 26 28
4 3 14 20 23 30 9 4 12 20 23 33

11. KOHTPOJIBHBIE 3AIAHUSA

1. B BepTHKAIBHOM IWIIMHIPUYECKOM pe3epByape auamerpoMm D xpanutcs
HeTh B 00beMe V, mioTHOCTE KoTopoil p = 850 kr/m® npu 0 °C. Ilpenebperas
pacHIMpeHneM pe3epByapa, ONMpeeanTh KojieOaHusT YPOBHS HEPTH B pe3epByape
npu kosiebanuu ee temmeparypsl oT 0 mo t °C. Koaddumment remneparyproro

paciIipeHus IPUHATH PaBHBIM fi.
2. JIns TapupOBKH MaHOMETPOB

1o ATAJIOHHOMY MaHOMETPY
npumMensiercs npecc (puc.7: 1 — mpecc;
2 — DTaJOHHBIM MaHOMETp; 3 -—

npoBepsieMblid  MaHoMeTp; 4 -
HNUHAENb, 5 — raiika). Onpenenurhb
KOJIMYECTBO O00OpPOTOB N, KOTOpOE
JOJIKEH COBEPIIUTD IIMHUH/IETb, YTOOBI

nasjeHue B quimHape nocturio P. [lar
BUHTA IIMHUHICIA S, THaMeTP YIUIOTHSIOIIETo mopiiHs d, HauaabHbIH 00beM Macia
B nuiuHape (mpu atMocdeprom napiennn) V. KoapduuueHT o0beMHOT0 CKATHS

Macia .

I

> 3 5
2/ ol
Grrerers)Mm 7o
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3. Nmerotcs aBa pesepByapa A u B (puc. 8).
B pesepByape A Haxoautcs KUIKOCTh 2Ka, B
pesepByape B — Bo3nyx. Onpenenuts nasieHue Pg
B pe3epByape B, eciin 1aHO naBiieHHE BO3ayXa B
pesepByape A - Pa, IOKa3aHus
g depeHInaIbHOrO TBYXKOJIEHHOTO MaHOMETpa
hi u hz, mnonoxkenue ypoBHSA IKUAKOCTH B
pesepByape A OTHOCUTENBHO YpPOBHS paboueit
KHIIKOCTH B JICBOM KojieHe h. B mudmanomeTpe
UCIIOJIb3YeTCS KUIKOCTh Awm.

Pucynoxk 8

4. Jlns peryaupoBaHus pacxojaa B TpybompoBoje (puc. 9: 1 — tpybda; 2 —

muamerp D
HEOOXOIUMBIHN

MOJIBMOKHBIX
Koadbdumment

3aBOKKM  TIPH
xunkoctu P. Jlnamerp tpydomnposoaa d, macca
yacTen YCTPOUCTBA m.

pacnpeaenuTens; 3 — HWINHAP, 4 — TOPIIEHB; S5 —
3aIBUXKKA) TPUMEHSIETCS 3aABUKKa. OnpenenuThb
TUJPABINYECKOTO  LMJIMHJPA,

JUIL  TOJHOTO  OTKPBITHS

M30BITOYHOM JaBJICHUHN

TPCHUA 3aJIBHXKKHU B

Hanpasisiromux npuHath T = 0,25, cuny TpeHus

PHCyHOK 9 B UWJIMHAPE CUUTATh paBHOM 5 % OT Maccel
MOABYDKHBIX 4YacTeM. JlaBleHHE 3a 3aIBHKKOU

paBHO aTMOC(EpHOMY.

5. B KoHzieHCcaToOp MapoBOil MalMHbI (pUC.
10) momaercst HacCOCOM BOJIa U3 OTKPBITOTO OaKa Ha
Beicory H. IlpeneOperass moTepsMu >HEpruu
KUIAKOCTH B TPyOONpOBOAE,  OMpPEAEIUTh
CTaTUYECKUU Harmop, KOTOPBIU JOJDKEH
mpeojoyieBaTh ~ HAacoc TMpu  pabore, eciau

pa3pexkeHre B KOHeHcaTope paBHO Pg.

6. B cocyn (puc. 11) yepe3 orBepcTue B
BEPXHEU KPBIIIKE 3AJINTA JKUAKOCTD 2K 10 ypOBHS
H/2 (H - BbeICOTa cocyna) mpu arMocqepHOM

nasineHuu Boszayxa Par = 98 klla. Kak uzmenurcs
MOJIOKCHUE YPOBHS JKUJIKOCTH B COCYAEC U
JIaBJICHUE BO3JyXa B HEM, €CIM B COCYyIl d4epes
OTBEPCTHE B BEPXHEH KPBIIIKE OIYCTHTH TUTYHXKED,
auametp kotoporo d u macca m. JluameTp cocyaa
D. Ilpouecc cxaTuss BO3Ayxa, 3aMKHYTOrO B
cocylle, CUuTaTh HM30TEPMUYECCKHM; TPEHHEM
TUTYH)KEpa B HAIPABJISIONIEH BTYJIKE TPEHEOPEYb.
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/. Omnpenenutb Cujiabl JIaBJICHUS
KUIKOCTH, JICMCTBYIOIIME HA  KaXKIbIU
ydyactok moBepxHoctu ABCH (puc. 12), a

D

Wl

TaKxXe TOYKHU ux MPUIIOKEHUS = d
AHATUTHUYECKUM H  IpaoaHAIUTUYECKUM K p——
criocobamu. ['padpuyeckum Crocooom Lk
OTIPEIICITHTh PE3YJIbTUPYIOIIYIO CUILY 28
JIaBJICHUSI, JEUCTBYIOILYIO Ha BCIO .D
noBepxHocth ABCJ, u  Touky ee

npunoxenns. Illupuaa nosepxHoctn B, Pucynox 12

OCTaJIbHbIE BEJIMYMHBI YKa3aHbl HA puc. 12.

8. Jlns mepekphITUS ITOTOKA BOJIBI B KaHAJIC MMpUMEHseTCs 3aTBOp (puc. 13),
YCTaHOBJICHHBIN O] YTJIIOM @ K TOPU30HTY M UMEIoIUi och moBopoTa 0. YpoBeHb
BOJbI B BepxHeM Obede (mpu 3akpbiTom 3atBope) Hi, B HmxHem Hz, BbicoTa

pacnionoxxenus mwapuupa Hs, mupuna 3arsopa B.

-2 T OP _ Omnpenenutb: 1) cuibl JaBICHUS >KUIKOCTH Ha
| =\  3aTBOP U TOYKHU UX MPUIOKEHUS aHATUTHUECKUM
i B / 1 TpadoaHaATMTHYECKUM CIIOco0aMu; 2) yCcuiue
™= T, HeoOxoauMoe TSl OTKPBIBAHUS 3aTBOPA.
y
== B ¢ B

t D 1
A Xﬂ'% - Dl - t
Pucynok 13 —— L._‘_&:% %m

9. Cocyn (puc. 14) pasnmeneH
MIEPEropoaKOd Ha JBE IIOJOBUHBL. B Pucynoxk 14
MEPErOpoJIKE  MMEETCS  OTBEPCTHE  C
pazmepamu axb, koTopoe 3akpbIBacTCS KPBIIIKOW, BPAIIAIOMICHCS OTHOCHTEIBHO
ocu 0 ¢ xoopaunatoit Zo. Onpenenuts ycunue R, KOTOpoe HAIO NPUIOKHUTH K
KpBbIIIKe (CM. puc. 14) 11st yaep:kaHus €€ B 3aKphITOM COCTOSIHUU IIPU YCIIOBUH, YTO
YpOBEHb KUAKOCTH 7Ka B JIeBOM oTceke cocyna Ha, a 1aBiieHHEe HAa TPaHUYHYIO
MOBEPXHOCTH Py, ypoBeHBb KUIKOCTU Knp B ipaBoM oTceke Hup 1 naBnenue Pup.
10. 3atBop AB (puc. 15), mpencraBisrommii coO0W YETBEPTH IUIMHAPA
pamuyca R wu gmunoit L, choyxut s

P 5 MEePEKPHITHSI  TOTOKa BOJABI B  KaHAJeE.
£ [ 0 B L. Onpenenurs AHATTUTHYECKUM u
rpadoaHaTUTHYECKUM criocobamu CUITY

ﬁ "p D JABJICHUS BOJBI HAa 3aTBOP M TOYKY €€

VA A A4 g MIPUIIOKEHUS TIPU YCIIOBUHU, YTO JABJICHUE Ha

IIOBEPXHOCTH BOJBI paBHO Po.

Pucynok 15
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11. B npuume pe3epByapa (puc. 16) umeercs
OTBepCcTHE pasMepamMu axb, KOTOpoe MmepeKpbhIBaeTCs
IMIMHAPUYECKAM 3aTBOpOM (paauyc IpuimHapa ).
Onpenenuts cuity naBieHus xkuakocty 2K Ha 3aTBOp U
JUHHUKO €€ JCUCTBUS, €CIM YPOBEHb JKHIKOCTH B
pe3epByape H, naBieHue Ha TpaHUYHYIO MTOBEPXHOCTH
P,, macca 3atBopa M. Ilpu xakoit riay6bune H
pe3yabTUpYIOIasl CWUJia, JCHCTBYIOIIAs Ha 3aTBOD,
OyneT paBHa HYJIO?

12. B

l'g_lpo

Pucynok 16

OOKOBOIl CTEHKE

cocyna (puc. 17) umeercsi oTBepcTHe
nuameTpom d. OTBepcTHe 3aKpbIBaeTCs
IAPOBBIM  KJIamaHoM jguametrpoMm D.
OnpenenuT MUHMMaJIbHYIO Maccy M
rpy3a, ypPaBHOBECIIMUBAIOIIETO  CHIIY
JIaBieHUS XkuakocTu 2K, HaxogsIencs B
COCyJ€, Ha KJamnaH, €CJIM YpPOBEHb

JKUJKOCTH B COCYJI€ OTHOCUTEIBHO OCH
orBepctusi H, naBieHue Ha rpaHUYHYIO
noBepxHocTh P,, miedo peryara l1, a
paccTOsHUE OT IApPHUPA 0 LIEHTpa 11apa

Pucynok 17

l2. CoOctBeHHOli Maccod Imapa W
pBIYaroB nMpeHeOpeyb.

13. [wmHapuyeckuid  cocyn Il ey [

Beicoroi H u mumamerpom D (puc. 18) ==

IIPUBEIEH BO BpalleHUE C IIOCTOSTHHOM

YIJIOBOW CKOpOCThIO. HaliTh HanmeHnsblee
naBjeHue B KUAKOCTU 7K, 3amOJIHSIONICH
COCyl, €CIM  PTYTHBIA  MaHOMETD,
IIPUCOEIUHEHHBIA K COCYAy KECTKO B TOYKE A, UMEET
nokasanus h u pasmepsr: d = 0,3H, r1 = (1/2)D +0,2 u
r2 = r1+0,1 (cm. puc. 18). Onpeaenuts culy JaBICHUS
KUIKOCTH Ha JHO M KpbIKY cocyna. Omnpenenutsb
VIJIOBYKO CKOPOCTh (), IpU KOTOPOM B COCYJE
HapyIIUTCS PAaBHOBECHUE )KUIKOCTH, CUUTAS, YTO PA3pPbIB
KUJAKOCTH TIPOUCXOIUT B Touke (obmactu), TII€
a0COJIIOTHOE /IaBJIEHUE PaBHO HYJIIO.

14. Munuuapuyeckuii cocyn (puc. 19) nnametpom
D, HamomHeHHBIM KUAKOCTHIO K 10 BBICOTHI a B
NIbE30METPax OJWHAKOBOIO JMaMETpa, BpaIlAETCS C
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gactoToi N. IIbe3oMeTphl pacmoioxkeHbl Ha pamuycax 1 u r2 (r2 = r1 + 0,2).
OnpenenuTh CUTy JaBJICHHS Ha KPBIIIKY COCYyJIa B TPEX CAydasX: MPU COBMECTHON
paboTe ABYX IMbE30METPOB M Pa3IeIbHOM, KOTa TOOYEPETHO OTKITFOYACTCS KaXK IbIi

U3 IIbE30METPOB.

15. B 3amMKHYTHI HWIMHAPUYECKUU COCYA
(puc. 20) nuametpom D u mmpunHoil L 3anutel

. _/ n xugkoctn K1 uw K2 paBHBIX 00BEMOB,
o Gowa . oOpasyromme ciou TommuHOM h. Yactora
qf- .‘ BpaIICHUS cocyna n. Omnpenenurs,
= _ npeHeOperass JEHCTBHEM Ha >KUIKOCTh CHII
~9 4——- A TSOKECTH: 1 — HauboJIbIliee JaBIeHHE B COCY/IE,
= ‘ 2 — pacTArMBalOIIME CHIBI B OCEBOM CEUEHUU
| Pﬁa ~ COCy/la U B CEYEHMHM, NEPIECHIUKYJIIPHOM €ro
b2 OCH.
Pucynoxk 20 ~<
16. B o0Oak (puc. 21) mnoctymaer Al iy
xunkocte K ¢ pacxomom Q U BbITEKaeT T
yepes orBepeTre quamerpom d B e Oaka. C = Jq |
HENBI0 TOJICPKAHMSI TIOCTOSTHHOTO pacxojia =
yepe3 OTBepcTHE K Oaky NpUCOEIUHEH I
OpPSMOYTOJIBHBI ~ BOJOCIMB € TOHKOM (i s
cTeHKOH. [lopor BoocirBa pacionoKeH BHE TLd
KPOMKH OTBepcTHs Ha BennunHy H, mmpuna o
Pucynok 21

BOJOCJIMBa

OOKOBBIM

CXXaTucM

npeHebpeus. Onpenenuth nomady B 6ak Q u pacxop yepe3 orBepctue Qi1, eciu

Harop Ha Bogociuse h, koadduimenTs! pacxoaa orBepctus o = 0,97 u BogocvBa
m = 0,43. Tlpu kakoi momaye B Oak WCTEYEHUE Yepe3 BOJOCITHB MPEKPATUTCS?
Pemmth 3amady mpu yCIOBUHM, €CIM K OTBEPCTUIO MPUCOEAUHUTH BHEIIHIOIO
UIMHAPUYECKYIO MIIH KOHUYECKYIO CXOSILYIOCS HACAIKU I COTLIIO C BBIXOIHBIM
orBepctieM auamerpoM d. 3HaueHMS KOIPQPHUIIMEHTOB pacxoja MPHUHSITH
COOTBETCTBYIOIIUMH ABTOMOJIEIBHOMY PEXKUMY.

17. Bak (puc. 22) pasuelieH Ha JBE€ CEKIUH )
MEPETOPOAKON, B KOTOPON UMEETCS OTBEPCTUE C OCTPOU | & I i :
kpomkoi auamerpoM do. M3 Kkaxkmoll cexuuu Boja = [
BBITEKAET 4€pe3 BHEIIHUM LUIMHIAPUYECKUM HACaIOK ~q§L =
auameTpoM do. OnpeneuTh pacxo bl Yepes JieBblid — Q1 —=
1 mpaBelii — Qne HAacaIKW TpPU YCIOBHHM, YTO B 0ak o f
MOCTyHaeT XUAKOCTh ¢ pacxonoM Q u oTBepcTHE B
Ieperopoake 3aToruieHo. Kak Hago u3MeHuTs auaMeTp Q. |1 I | l[ O

HACaJKd B JIEBOM CEKIIMM, YTOOBI Pacxojbl depe3 00e
Hacagku ObUTM paBHBI? 3HadeHUs Kod(hPUIMEHTOB

U Hacaakh Wun IPHUHATH Pucynok 22
COOTBETCTBYIOIIMMH aBTOMOJICIbHOMY PEIKHUMY.

pacxoma OTBEpPCTHS Mo
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18. CpaBHHUTH pacxoJbl 4Yepe3 OTBEPCTHE C OCTPOM KPOMKOM, BHEIIHHUN
UWIMHAPUYECKUA HACAOK M KOHOMJAJIBHBIM HacaJoK (COIJIO0) OAMHAKOBOIO
nuametpa d npu oauHakoBoM Hamnope ucreuenus: H (puc. 23).

19. Boxpoctpyiinbiii Hacoc (puc. 23) nepemeriaeT kujakocTh 2K u3 6aka B B

6ak C ¢ TOMOIIbI0 pabovero MoToKa BOJIbI,

B u C oTKpbITBI, 6aK A — 3aKpbIT U UMEET

nBIKyIerocs u3 6aka A B 6ak C. baku

T {P
nasiaeHue Bo3nyxa PA. Ilpu yka3zaHHbBIX Ha /f-_ o, <
pUCYHKE 0O0O03HAYEHUAX OMNpeAeiuTh: 1) c :g'
naBjaeHue B 0ake A U pacxojl BOJBI JJis :
MOMEHTa,  KOTJa  HAacoC  IEpeCcTaeT =

nepemMenarh kuakocTh K u3 6aka B B 6ak
C. Ilpu stom l1 = 2 M, d1 = 50 mm, d2 = 25
MM, d3 =45 mm, da =100 mm; H, H1 1 H2 -
cM. Tabi. 6; 2) pacxox Q2 nepemeniaemMoit u3

Pucynok 23

6aka B sxxuakoctu 2K, ecnu u3BecTHO naBieHue Pa u pacxon pabodero noroka Q1

(BOABI), @ TAK)KE BETUUMHBI, YKa3aHHBIC B 1.

P,

Pucynok 24

1.
20. Jlns TOHWIKCHHUS HaBIICHUS

Ha OTJIEIIBHBIX ydacTKax
TUAPOCHUCTEMBI MIPUMEHSIETCS
 penyKUMOHHBIM kjanaH (puc. 24).
Onpenenutsb pEAyLIUPOBAHHOE

napienne P2 w  BpICOTY moabEMa
30JIOTHHKAa Y TpU pacxojae uepes
Ki1anaH xugkoctu 2K B konmdecte Q,
IaBJIeHMM Ha BXoae Pi1 U cxkaTum

npyxunsl |. [lnamerp 3omotHUKA d, %KeCTKOCTH MPYKUHBI C, KOAPPHUIIMESHT pacxoja
kimarmana p = 0,6. Kak m3meHuTcs mombeM 30yI0THHKA Y W pacxon Q, eciu
pEayLIUPOBAHHOE JIaBJIICHUE yBEIUYUTCA Ha 25 % OT HadallbHOTO, a JaBJICHUE Ha

Bxone P1 He uzmenurcs.

21. Xunkocte 7K momaercss W3 3aKpHITOTO
O0aka A B OTKpwITBII B B kommuectBe Q 3a cuer
n30bITOYHOrO nAaBieHus PA B Oake A mo TpyoOe,
Xapaktepusymolieics pasmepamu d, hul  (puc. 25).
Onpenenuts gaBieHne PA  Tpu  TOTHOCTHIO
OTKPBITOM BEHTHWJIE, HMEIoIEeM KOo3(pPUIIUEHT
conpoTuBiieHus {, 1 abCOMIOTHON MIEPOXOBATOCTH
TpyOBl A. JlaTh reOMEeTpUYECKYI0 WHTEPIPETAIHIO
ypaBHeHus1 bepHysm.
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22. U3 3akppITOTO Oaka A KHIKOCTH IO TpyOe BBITEKAaeT B aTMochepy (puc.
26). Onpeaenuthb: 1) pacxon xuakoctu Q u

naBienne PA B Oake A, eciu J1aHO: Iepernaj
JABJICHUS Ha CpeAHEM YydacTke TpyOsl (B
nbe3omerpax) Ah, reomerpuueckuii Hamop B
O0ake H, nmmamerp TpyO®nl d, HIMHA OJHOTO
L, ——= : : yuactka |, mepoxoBartocth A, TeMmIieparypa
) xuakoctd t "C, K03(pQUIMEHT CONPOTUBIIEHUS
Beutig { = 0; 2); kak M3MEHHUTCS pacxoi

2)

Pucynoxk 26 pa3HoOCTh NokazaHud Ah mpu Tom e Hamope B
0ake, HO YaCTUYHO MPUKPBITOM 3a1BIXKe (L # 0).
23. [THEeBMOTMAPABINYECKHIA

aKKyMyJIATOp | MPUBOIUT B JABHXKEHUE 12 4 3 F
nopiieHs 4 rugpouunuEapa 3 (puc. PR TR b
27). Omnpenenurs CKOpPOCTb .- £ e A_—éé
YCTaHOBUBILETOCS JBUKEHHS MOPILIHS >K 1 ¢
Vu, ecnmu [aHO: MONe3Hast Harpyska I N,

nopmHs F, naBnenme Bo3ayxa Po,
auaMeTp TpyOst 2 — d, mHa |, mnamerp
uumuaapa D, xxunkocts K npu temneparype 15 — 30 °C, norepu Ha MeCTHbIE
conpoTtusieHus cocTaBisitoT 20 — 30 % oT moTepp Mo AuHE. YTeUKaMu U TPEHUEM
MOPUIHS B TUAPOIMIIMHAPE TPEHEOPEUb.

24. B cranpHOM TpyOOMpOBOAE ABUKETCS KUIAKOCTh 7K mpu pacxoae Q u

temneparype t C. Hmuna TpyOompoBoma L, amamerp d, TONIUHA CTEHOK O.
Onpenenutb MUHUMAaJIbHOE BpEMs 3aKpbIBaHUS 3a/BIKKH, YTOOBI MOBBIIICHHE

Pucynok 27

JABJICHMs, BBI3BAHHOE THApPOyAapoM, He mnpeBbiuao APmax. Ha ckombko
MIOBBICUTCS J1aBJIEHUE B TPYyOOIPOBO/I€ IPU MTHOBEHHOM 3aKpPBhIBAHUM 3a/IBUKKH?
25. CoKHBIM CTaJIbHOM TpyOOIIPOBOJ COCTOUT U3 JABYX IOCIIEOBATEIBHO
COCIMHEHHBIX YYaCTKOB M 3aJBHJKKM Ha BbIxoze. Omnpenenutrbh NOBBILICHNE
JABJIEHUS Tepe] 3aJBWKKOM NpPH €€ 3aKpbIBAHUM, €CIIM BpPEMs 3aKpbIBaHUA T,
pacxon Boabl Q, niiHa iepBoro y4actka l1, amametp d1, Broporo — I2, d2, Tonmmmaa
CTEHOK TpyOompoBoja 9, temneparypa t °C. OnpenenuTs HauMMEHbLIEE BpEMs
3aKpBIBAHUS 3aJIBKKH, HCKIIFOYAKOLIECH NPAMON IMAPABINYECKAN yaap.
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26. baku A u B coennHeHsl clnoxHBIM TpyOomnpoBoaoM (puc. 28). Pazmepsl

TpyO: d1 = d4, d2 = d3, l1 = lg, I2 = I3
OmnpenenuTh MarucTPaIbHBINA PacXo BOIBI B
TpyOOINpoBOJE, €CiIu JaBlieHUe B Oake

A — Pa, B 0ake B — PB, pa3HOCTb ypOBHEU
xuakoctu B Oakax H. Koaddunmentsr
COTIPOTUBJICHUSI TPEHUS B TpyOax paBHBI:
A1 =h2=A3=10,025, A= 0,02; korpPpurmeHT
COMPOTUBIICHUSI  3aJBWKKKM  paBeH (.
OcTanbHBIMM MECTHBIMHU COIPOTHUBIICHUSAMHU
peHeopeyb.

27. U3 3akpeiToro Oaka (puc. 29)
KEpOCUH  BBITEKAET TI0  CJIOXXKHOMY
TpyOompoBogy B atMmochepy. Pasmepsr
Tpy0: d1, I1, d2 = d3, |2 = I3, mepoxoBaTocTh
A. Onpenenuth pacxoibl >KUAKOCTH Ha
yuactkax Il u III, eciiu naBnenue B 6ake PA
U BbicOoTa ypoBHs >kuakoctu H, a Takxke
BeICOTY h pacnonoxenus ysna C mpu
NPEAEIbHON BAKYYMMETPUUYECKOU BBICOTE,
paBHo# 10 m.
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28. Hacoc momaet kepocud B TpyoompoBoa (puc. 30). Pasmepsr Tpy0 di, l1,

_ d2 d3, l2 = I3, mepoxoBarocTh

_ M A 0,1-1,0 ™M, ko3(pduIUEHT

. / CONPOTHUBJIEHUS BEHTWIA (, BBICOTHI
- Jq,

L |

I 2

Pucynok 30

29

pacIoioKeHus1 BBIXOAHBIX ceueHuit Ho,
- H3. Pacxon nacoca Q. Onpenenuts: 1)

- : 't‘ P ﬂ pacxonasl KUAKOCTH Ha yyactkax Il u III;
.y 2) naBieHUWE Ha BBIXOJE M3 Hacoca (B
ceyeHuu 2-2); 3) mpu KaKux 3HAYEHUSIX

auaMeTpoB d2 u d3 pacxo/ bl Ha ydacTKax

{” IT u 11T 6ynyT paBHbI?
2 ' .

[{eHTpOoOEKHBIIM HacoC
paboTaeT Ha TpyOONpPOBOJ, JaHHBIC

KOTOpPOrO TMPUBEICHBI B 3agaue 28.
XapakTepucTUKN Hacoca JaHbl B Tabnu4yHou Qopme (tadm. 4). Onpenenuts: 1)
napameTpsl Hacoca (pacxo, Hamop, MOJABOJIUMYIO0 MOITHOCTh, oOmui KIIJI) npu
paboTe Ha CceTh W TIOCTPOUTH XapaKTePUCTUKU HACOCa, CUYUTAsi, YTO OHH
COOTBETCTBYIOT YaCTOTE BpaIleHus N; 2) KaKk U3MEHATCS MapaMeTpbl Hacoca, ecliv

4acTOTa BpalleHUs yBEIUUUTCA Ha 25 %?

30. LlenTpoOeKHBIN HACOC, XaPAKTEPUCTUKN KOTOPOTO MPHUBEACHBI B TA0I. 4,
paboTtaer Ha TpyOONpOBOJA, CXeMa W JaHHBIE KOTOPOTO yKa3aHbl B 3amaue 28.
Onpenenuts: 1) mapameTpsl Hacoca (Hamop, MOJBOJWMYIO MOIIHOCTb, OOUIUN
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KIIJI), canrasi, 9T0 OHM COOTBETCTBYIOT YacTOTE BpamieHus N; 2) KakoBa Oyjaer

4acToTa BpalIeHUsI pOTOpa Nx, €CIIM PacXo/ Hacoca yBenuuuTes Ha 25 %.

Tabnuna 4 — [lapamerpsl Hacoca

Q O*Qom O,Z*Qom 014*Q0HT 016*Q0HT 018*Q0HT 1,O*Q0m 112*Q0HT
H | Ho*1,0 H,*1,07 H,*1,03 H,*1,0 H,*0,96 H,*0,85 H,*0,72
5 O*Hmax 0,44*nmax 0,72*nmax 0,86*nmax 0,96*nmax 1,0*nmax 0,96*1’]max

*) Q, H, n — oTHOcHTeNnbHBIC BeTHUUHBI pacxofa, Harmopa u KIIJ] coorBercTBenHo. [Ipu

stoM: Q =Qi /Qopr » H =Hi/Ho .\ 7= 17 /Mmax » tie Qi , Hi , i — Texymme 3Hauenns pacxora,
Hanopa u KII/I; Qont — pacxon, cooTBeTCTBYOMNN MakcuMainbHOMY 3HaueHUI0 KIIJ{ — nmax; Ho

— 3HaueHWE HANopa TpPH 3aKphIToil 3amBrkke. IIpuaaTe: Qonr =102 * 50 m%/c, Ho = 35,5 m,
MNmax = 0,75.

31. B 3amknytoit cucreme (puc. 31) vV,
co3maeTcss IMPKyJsAnusa okuakoctn K B @ A
koymmaectBe QQ ¢ momoImp0 HacocoB 1 u 2 1o 4 1P
OJIMHAKOBBIM TpyOompoBogaM aiauHON | )
auametrpoM d. OmpenenuTh Hamop KaxXIoro
Hacoca, eclid BAKyyMMETPUUYECKOE JaBJICHUE B 1 :
O0ake A paBHO P, pa3HOCTH YPOBHEH KUIKOCTH YD
B Oakax h, ko3(HUIMEHT CONMPOTHBIICHHUS IO

nmaae A = 0,025. Ilpu kakom Bakyyme Py B
O0ake A Hacochl OyIyT co37aBaTh OJMHAKOBHIE
Haropsbl?

32. Hacoc co3maer UMPKYJIALMIO
xuakocTy K B 3aMKHYTOMU cucteme (puc.
32), cocrosimied U3 TpeX Y4YacCTKOB / \ 7
TpyOonposoaa  obmell  umHOM 4, N\ __fH
auamerpoM d M IIEpOXOBATOCTHIO A,
pamuaropa ({p) W KOMIIEHCAIIMOHHOIO
Oaudka, pacmojio)keHHOro Ha BbicoTe H.
[Ipu momaue nHacoca Q: 1) ompenenuthb
HaIop U MOIIHOCTb HAcOCa; 2) MOCTPOUTH
MbE30METPUUYECKYIO JTUHUIO ISl CUCTEMBbI
Y OTIPEJICITUTH JIaBJICHUE Ha BXOJIE B HACOC

Pucynox 31

Aduamgp

H
S

j
H

NoZ

Pucynok 32

Pgc; 3) onpenenuTs HaMMEHbITYIO BBICOTY Hmin, ipu KOTOpOIi B cucteMe He Oyaer
BAaKyyMa.
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33. Hacoc paboTtaet Ha 3aMKHYTYIO cucTeMy (puc. 33), COCTOSIIYIO U3 KOTJIA
Y COCTUHSIONINX TPYOOIIPOBOJIOB, PABHOM
mmnbl | n guamerpom d. K cepemune '
IPaBOTO BEPTUKAIBHOTO ydacTka MK
MOJKITFOYECH MBE30METP, IKUJIKOCTh B Z
KOTOPOM YCTaHaBJIHMBAaeTCs Ha BbicoTe h.

JlaBnenue B kotiie Myg. Onpenenuts: 1) " \‘:\“
HaIpaBJeHUE HUPKYISIIUN KUAKOCTH 2K B /-8
cUCTEME; 2) mojiavy, Harnop U MOIIHOCTb _ /Z ‘\%’
Hacoca, MIPUHSB ko3 duLreHT ‘)
conpotusnenust A = 0,025 u npenedperas
MECTHBIMHU COTIPOTHUBJICHUSIMH, 3) PrCyHOK 33
OTIPEIIENTH JaBJICHNUE HAa BXOJIEC U BBIXOJIC
U3 Hacoca.

34. llenTtpoOexHbIi Hacoc TpU
yacToTe BpaumieHus N oOecreuyuBaer ad
UUPKYJSIINIO )KUAKOCTH 2K B 3aMKHYTOMN ' T
cucteme (puc. 34), cocrodiieil U3 AByX
ygactkoB  Tpybompooga I wu I,
COCNMMHSIEMBIX B  TOYKe A, W
KOMIICHCAIIHOHHOT'O Oauka,
NPUCOCANHEHHOTO B OJTOH TOYKE W
pacnoJioxkeHHoro Ha Bbicote H,. Jnuna Pucynok 34
BcachiBaromie auHuu [ (OT Touku A 10
Hacoca) |1, nnuHa BepTukanbHOro ydactka 2h, muamerp Tpy6 d, xo3dduument
conpotusnenus A = 0,02 + 0,03, remneparypa xunkoctu t °C. XapakTepuCTUKA
Hacoca Ipu paborte Ha BojJe, uMmeronieil remmepatypy 20 °C, u yactoTe BpalleHus
n = 900 06/MuH TpeCTaBIEHbI B Ta0M. 5.

Onpenenuts: 1) 10ABOAUMYIO MOIIIHOCTh HACOCA; 2) MUHUMAJIBHOE 3HAYCHHE
Ho min B 0ake, COOTBETCTBYIOIIEE OTCYTCTBHIO Bakyyma B TpyOompoBoje; 3)
OTIpeENUTh JaBJICHUE Ha BXOJE B HACOC U MOCTPOUTH MbE30METPUUECKYIO JIUHUIO
yuactka .

{=I

=
I‘ -3

A

Ta6nuna 5 — [TapameTpsl Hacoca

10* Q,
3 0 5 10 15 20 25
M~/c
H, m 9,4 9,4 8,8 7,5 55 2,6
M, % 0 30 60 70 65 50
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35. Jlns moamsema rpysza Maccoil m u co
CKOPOCThIO V UCHOJIb3yeTCsl TUAPONPUBOL (pHC.
35), cocrosimuii u3 Hacoca 1, apocceneit 2 u 3,
rupoliiMHApoB 4 U 5 u  TpyOompoBoja.
Pa6ouas sxuakocts 2K, nuamerp Tpyo d, nmamerp
ruapouinHapa D, paccrosiHue Mexay ocsiMu
ruapouunuHapos L. Ilpu ykmamke rpysa ero
HEHTP TSKECTH MOXKET CMEIAThCs OT CPEIHETro
MOJIOKEHUS HA BETTMYHHY a.

1. Kakum nomkeH ObITh KO3 UIIMEHT
COTIPOTHUBIICHUS JIpocceliss 2 Uik 3, 4ToOBI TPy3
MOTHUMAJICSI oe3 MepeKaIMBaHus?
Kosddurment  conpoTuBIeHUS  TOJIHOCTHIO
OTKPBITOTO APOCCEIISi IPUHATH PAaBHBIM HYITIO.

2. Kakumu OyayT mpu 3TOM Tojaaya
Hacoca 1 pa3BUBaeMOE UM JaBjeHUE?

[ToTepsimu Hamopa B TpyOompoBoaax
CHUCTEMBbI, TpPEHHEM ¥  yTeYyKaMH B
TUAPOLMIMHAPAX NpeHeOpeyb.

32
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Tabnuma 6 — Vcxoaable JaHHbBIE 715 pEeLICHUS 3a1a4

33

No Benuunnbl ITpennocneansis nudpa mmdpa
3a- HauMe- e.
Ja4d | HOBaHUE | H3Me- 1 2 3 4 5 6 7 8 9 0
peHHSI
D M 13 12 11 10 9 8 7 6 5 4
1 \Y M3 550 500 450 400 350 300 250 200 150 100
t °C 42 40 36 36 34 32 30 28 25 20
10° Bt l/rpan. | 0,77 0,76 0,75 0,74 0,73 0,725 0,72 | 0,715 0,71 0,705
103-p klla 5 7 9 11 13 15 17 19 21 23
2 S MM 2 2,5 3 3,5 4 4,5 5} 9,5 6 6
d MM 10 12 14 16 18 20 22 24 26 30
V cm® 200 250 300 350 400 450 500 550 600 650
10° By cM?H | 0,48 0,478 0,465 0,455 | 0,155 0,44 0,44 | 0,438 0,436 0,45
102 -Pa klla -0,2 1 2 -0,3 3 5 -0,25 6 -0,35 8
}KA - BOJa KCPOCHH Macio OCH3HMH | Maclo MacJio BOJa He(l)TB KCPOCHH OeH3UuH
TypOUH. TpPaHC. | BEPETEH.
h M 4 6 5 8 3 2 7 1 10 2
XJIOP.
3 Kn - PTYTh BOJA BOJA e BOJA pPTYyThH HaT- BOJa | TJIMLIEpUH PTyTh
pHH pui
hy pffT 100 200 300 150 | 260 300 | 180 | 300 160 320
ha pffT 150 250 350 180 | 280 320 | 200 | 330 180 340
*3meck U B MOCJeMyIoIeM MpUHATO: P — maBieHne, cucteMa n3MepeHusi KOTOPOTO BBITEKAET U3 COJEPIKaHUS
3amauu Pu, Py, u Py — aGcomoTHOE, N30bITOUHOE (MAHOMETPUIECKOE) U BAKyyMMeETprUdeckoe aapienus; "+" - Py, "-" - Py



IIpooonicenue maban. 6

No Bennunnel [Tpennocneanss nudpa mumdpa
3a_- HauMe- ell.
HOBaHUE n3Me- 1 2 3 4 5 6 7 8 9 0
Iavyu
peHus
102-P kI1a 5 4 3 2 1 1,5 2,5 3,5 45 5,5
4 d M 0,7 0,8 0,9 1 1,1 1,05 0,95 0,85 0,75 0,65
102-m KT 1,4 1,5 1,6 1,85 2 1,9 1,8 1,7 1,6 1,5
5 H M 50 45 40 35 30 25 20 18 16 15
102-Pg klla 0,85 0,8 0,75 0,7 0,65 0,6 0,55 0,5 0,48 0,45
K - - - - - - - - - - -
H M 2 3 4 5 6 7 8 9 10 11
d M 0,5 0,6 0,7 0,8 0,85 0,9 0,95 0,98 1 1,2
6 D M 1 1,5 2 2,5 3 3,5 4 4.5 5 55
102-m KT 5 7 9 11 13 15 17 19 21 23
102-Pg klla -0,5 2 -0,4 2,5 -0,3 1 -0,2 15 -0,1 1
H1 M 3,5 2 55 6,2 6,5 6,6 6,6 7,2 7,6 10
Ho> M 15 2 2,7 3 3,2 3,4 3,6 3,8 4,0 4,2
7 d M 15 2 2,5 2,8 3 3,2 3,4 3,6 3,8 4,0
o rpan 40 45 50 55 60 65 70 75 80 85
B M 2 2,5 3 3,5 4 45 5 55 6 6,5
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IIpooonocenue mabn. 6

No Bennuunnel [Tpennocneansis uudpa mmdpa
. | HAHME- | el
HOBaHUE | m3me- | 1 2 3 4 5 6 7 8 9 0
Jla4qu
peHus
o rpat. 60 62 64 68 70 74 78 80 82 84
Hi M 10 9 8 7,5 7 6,5 6 55 5 45
8 H> M 3 2,8 2,6 2,4 2,2 2 18 1,6 14 1,2
Hs M 1 0,9 0,8 0,7 0,6 0,5 0,4 0,35 0,3 0,25
B M 7 6,5 6 5,5 5) 4,5 4 3,5 3 2,5
9 a M 1 1,2 14 15 1,6 1,7 18 1,85 1,9 1,95
B M 0,3 0,2 0,4 0,3 0,4 0,5 0,7 0,8 0,8 1
Zo M 3,5 4 4.8 5,5 6 6,6 6,5 6,4 6 8
Ko - Boja | He(pTH | cIUpT OeH3UH Macj0 MUHED. KEpOCHH pTYTH | cupT | HedTh OCH3MH
Hn M 4 5 6 7 8 9 9,5 8,5 6,5 10
10%Px | xlla 1 1 15 -0,2 3 4 2 -0,1 3 -0,3
K - CIIUPT | BOJA | BOJA | MAacCJIO TpaH. KEPOCHH MacJo Typo. BOJIa PTYTh | TIHLEp. BOJIA
Hnp M 1 1,5 2 2,5 3 3,5 4 4,5 5 55
10%Pyp | xIla | 05 | -01 | -0,2 0,6 1 1,2 2 2,3 1,5 -0,6
R M 2 2,5 3 3,5 4 45 5 55 6 6,5
10 L M 25 3 35 4 45 5 55 6 6,5 7
102-Pg klla 1 0,8 0,6 0,4 0,2 0,1 -0,1 -0,2 -0,4 -0,6
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IIpooonocenue maobn. 6

No Bennuunnel ITpennocneansis uudpa mmdpa
3a- | HauMe- e/I.
Ja4yu | HoBaHue | u3me- | 1 2 3 4 5 6 7 8 9 0
peHus
a M 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
B M 1 2 3 4 5 6 7 8 9 10
r M 0,1 0,2 0,3 0,4 0,45 0,5 0,55 0,6 0,65 0,7
l 1 >K - BOa 6GH3PIH KCpOCHUH CIIUPT mMmacliio PTYTb Maciio 6€H30.H AHUJINH mMmacliio
TpaHcd. MUHED. KacTop.
H M 15 14 13 12 11 10 9 8 7 6
102-Py | kIla | 05 1 -0,5 1,5 -0,4 2 -0,3 2,5 -0,2 3
102-m KT 1 2,5 4 8 12 15 20 30 40 60
d M 1 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1
D M 1,5 13 1,1 0,9 0,8 0,7 0,6 0,5 0,4 0,3
K - PTYTh | ITMUALEPUH | CHUPT | aHUIUH OeH3o KepOCHUH BOJA Maciio OeH3MH Maciio
12 KacTop. MHUHED.
H M 15 10 9 8 7 6 5 4 2 1
102-Po | Ila | -0,5 1 2 -0,4 2,5 3 -0,3 -0,2 3,5 4
Iy M 1,8 1,6 1,4 1,2 1 0,8 0,7 0,6 0,5 0,4
I2 M 0,6 0,55 0,5 0,45 0,35 0,3 0,25 0,2 0,15 0,1
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IIpooonicenue mabn. 6

No Bennuunel [Tpennocnennsis uudpa mmdpa
3a- | HauMe- ex.
Jla4’ | HOBaHHE | U3MeE- 1 2 3 4 5 6 7 8 9 0
peHus
H M 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2 2,2
13 D M 2,1 1,9 1,7 1,5 1,3 1,1 0,9 0,7 0,5 0,3
X - OCH3UH | KEPOCHH | Maciio MacJjo BOJA Macjio | [NIMLEPUH | MAacio | CIOUPT | TJIMUEPHUH
BEPETEH. | UHAYCTP. AMI' TypOUH.
h M 0,5 0,8 1,1 1,4 1,7 2 2,3 2,6 2,8 3
14 D M 1,3 1,4 1,5 1,6 1,8 2 1,1 1,3 1,5 2,1
X - OCH3UH | KEPOCHH | Maclio MacJjo BOJA Macjio | [NIMLEPUH | MAacio | CIOUPT | TJIMLUEPHUH
BEPETEH. | UHAYCTP. AMI' TypOUH.
a M 0,4 0,5 0,6 0,7 0,5 0,6 0,7 0,5 0,6 0,7
n 00\MHH 60 70 80 65 75 85 90 60 70 75
r M 0,2 0,3 0,4 0,5 0,2 0,3 0,4 0,5 0,3 0,4
D M 0,20 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65
L M 0,2 0,25 0,3 0,35 0,4 0,5 0,6 0,7 0,75 0,8
h M 0,08 0,1 0,12 0,12 0,15 0,2 0,25 0,3 0,3 0,35
15 K - KEPOCHH | Maciio BOJIA Macino | OEH3UH | Macio CIIUPT | KEPOCUH | aBTOJI | aBTOJI
TypOHH. KacTop. BEPETEH.
103:n | 06/mMun 3,4 3,3 3,2 3,1 3 2,8 2,6 2,4 2,2 2
X - BOJIA BOJA pPTYTh | [JIMIEPUH | BOJA pPTYTh BOJIA Macio | Boja MacJjo
UHIYCTP. TypOHH.
d MM 95 100 105 110 115 120 125 130 135 140
16 B M 0,9 0,86 0,82 0,78 0,74 0,7 0,66 0,62 0,58 0,54
H M 4,5 4,2 3,9 3,6 3,3 3 2,7 2,4 2,1 1,8
h MM 75 80 85 90 95 100 105 110 115 120
17 do MM 116 112 108 104 100 96 92 88 84 80
10%-Q M3/c 92 89 86 83 80 77 74 71 68 65
18 H M 1 2 3 4 5 6 7 8 9 10
d MM 10 12 14 16 18 20 22 24 26 28
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IIpooonocenue maoa.

No Bennuunnel ITpennocneanss uudpa mmdpa
3a_- HauMme- ell.
HOBaHHE | U3ME- 1 2 3 4 5 6 7 8 9 0
nauun
peHust
X - cnupT | OCH3MH | KEPOCUH | TIIUICPHH | Macio aBTOI Macio Macio MacIio XJI0P.
TpaHcd. KacTop. NC-20 | consap. | HaTpwmid
H M 5,4 5 4,5 6 5,6 4,8 6,2 6,8 5,3 5,7
19 Hi M 6,6 6,5 6 4 55 5 3,5 3,6 3,2 3
H: M 1,6 1,5 1,4 1,2 1,4 1,3 11 1 0,9 0,8
102Py | xlla 1 1,2 1,4 1,6 1,8 1,9 2 2,1 2,2 2,3
103Q: | Mk 1 1,3 1,6 0,6 0,7 0,8 0,5 0,4 0,3 0,35
X - BOJa | OCH3WH | KEPOCHH | MAacCIo BOJIA Macio Macio Macio Macjio | Macio
T-1 KacTop. tpancd | AMI-10 | typobun. | UC-20 | HMC-50
10*Q M3/c 1 0,9 0,8 0,7 0,6 0,58 0,56 0,54 0,52 0,5
20 P: mlla 6 7 8 9 10 11 12 13 14 15
I MM 2,6 2,5 2,4 2,3 2,2 2,1 2 1,9 1,8 1,7
d MM 22 20 18 16 14 13 12 11 10 9
C H/mMm | 255 250 245 235 230 225 220 215 210 205
X - OCH3WH | CIUPT | BOAa | KEPOCHH | aBTOJ Macio Macio Macio Macjio | KepoCHH
T-1 KacTop. | TypOuH. NC-20 | BepeteH.
10%-Q M3/c 0,7 0,8 1 1,2 1,4 1,6 1,8 2,1 2,4 2,8
d MM 15 20 25 30 35 40 45 50 55 60
21 I M 0,2 0,25 0,3 0,35 0,4 0,44 0,47 0,5 0,55 0,6
h M 0,7 2 2,5 3 3,4 3,7 4 4,3 4,6 49
C - 7,5 8,5 9 9,3 9,6 8,1 7,6 7,3 7 6,7
A - 0,07 0,08 0,1 0,15 0,18 0,2 0,22 0,24 0,26 0,28
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IIpooonsicenue mabn. 6

No Bennuunnel ITpennocneansis uudpa mmdpa
g | HAHMe- ell.
HOBaHHE | U3ME- 1 2 3 4 5 6 7 8 9 0
Jadn
peHust
XK - OCH3UH | TTUIIEPUH | aBTOJ | KEPOCHH BOJIA MacJio Maciio Maciio MacJio Maciio
T-1 NC-50 Kactop. | BepereH. | TypOouH. | AMI-10
Ah M 2,2 2,4 2,6 2,8 3 3,2 3,4 3,6 4 4,5
H M 2,1 2,7 3,7 45 55 6 7,1 7,9 8,3 8,7
22 d M 70 65 60 56 50 48 46 44 42 40
I MM 7,5 7 6 5) 4 3,5 3 2,5 2,4 2,3
A - 0,65 0,6 0,58 0,55 0,5 0,4 0,3 0,2 0,15 0,1
t °C 80 65 40 40 20 30 35 40 45 50
C - 3,7 4,1 4,4 4,7 5 5,2 9,5 6 6,5 7
F kH 6,8 7,1 7,4 1,7 8 9 10 11 12 13
P, mlIa 3,5 3,7 4 4,5 5) 6 7 8 9 10
d MM 15 20 25 30 32 34 36 38 40 45
23 I M 5 7 9 11 12 13 14 15 16 17
D MM 40 45 50 95 60 65 70 75 80 85
K - aBTOJI Macio Macio Maciio Maciio Maciio TIMLOEPHUH | KEPOCHUH OeH3HuH BOJa
TypOUH. | BepeTeH. | TpaHC. NC-20 KacTop. TC-1
K - BOJIa OCH3MH | KEPOCUH | KEPOCHH MacJyo aBTOJI MacJyo Macyo Macyo CIIAPT
T-1 TC-1 nC-20 BepereH. | Tpancd. | MC-50
103.Q M3/c 100 80 70 65 60 55 50 45 40 35
t °C 15 20 25 30 30 35 35 25 30 25
24 L M 800 700 600 650 500 550 400 450 300 250
d MM 200 180 160 150 140 130 120 110 100 10
1038 M 10 9 8 7 6 5 4 3 3,5 2,5
APmax Mmlla 40 35 30 25 20 15 10 8 6 4

20




IIpooonicenue maon. 6

No Bennuunnel [Tpennocnennss nudpa mmdpa
3a_- HauMme- ell.
HOBaHHE | U3ME- 1 2 3 4 5 6 7 8 9 0
Taqu
peHust
T c 0,25 0,2 0,18 0,17 0,15 0,2 0,3 0,22 0,14 0,16
10%-Q M3/c 20 25 30 32 36 38 42 45 50 60
1 M 100 120 140 160 180 200 220 240 250 270
o5 ds MM 200 190 175 165 160 155 150 145 140 135
I2 M 200 210 220 230 240 250 260 270 280 300
d2 MM 100 110 120 90 85 80 75 70 65 60
1038 M 4 4,5 5 55 6 6,5 7 6,2 6 5,6
t °C 10 15 20 25 30 35 40 45 50 55
ds MM 70 75 80 85 90 95 100 105 120 130
1 M 40 50 60 70 80 90 95 100 105 85
dz MM 50 55 60 65 70 75 80 85 90 95
26 I2 M 30 40 50 55 60 65 70 75 80 85
Pa mlla 0,8 0,7 0,6 0,5 0,4 0,3 0,25 0,2 0,3 0,15
Ps mlla 0,5 0,4 0,3 0,35 0,2 0,15 0,1 -0,1 -0,1 -0,2
H M 20 22 24 25 26 27 28 29 30 31
C - 13 15 17 19 21 23 25 27 29 31
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IIpooonicenue mabn. 6

No Bennunnbr ITpennocnennsis uudpa mmdpa
3a_- HauMe- ell.
HOBaHHE | U3Me- 1 2 3 4 5 6 7 8 9 0
Taqu
peHusI
da MM 125 120 115 100 96 90 84 80 75 70
l1 M 100 95 90 85 80 70 60 50 40 30
d2 MM 80 75 70 65 60 55 50 45 40 35
27 I2 M 70 64 60 56 50 46 42 38 34 28
A MM 1 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1
Pa mlla | 0,05 0,06 0,07 0,08 | 0,09 0,1 0,12 0,14 0,16 | 0,18
H M 10 9 8 7 6 5 4 3 2 1
da MM 50 60 70 74 78 82 86 90 94 100
l1 M 20 30 40 44 48 53 57 60 64 72
d2 MM 40 45 50 55 60 62 65 70 72 74
28 2 M 35 40 45 50 52 55 58 60 62 64
¢ - 10 9 8 7 6 5 4 3 2,5 2
H> M 2 3 3,5 4 4,2 4,6 4,8 5 5,2 54
Hs M 3 4 4,5 5 52 53 51 54 6 6,2
10%-Q M3/c 10 15 20 30 35 40 45 50 55 62
29 102n | o6/mMun | 100 120 140 160 | 180 200 220 240 260 | 280
30 102n | o6/mun | 300 290 270 250 | 230 210 200 190 170 | 150
XK - aBTOJI |  MAacJyo Macio | Boxa | OeH3uH | KepocuH T- Maciio Macio BOjia | OeH3MH
NC-20 NC-50 20 TypOuH. AMI-10
10%-Q M3/c 28 26 26 24 22 20 18 16 15 13
31 d MM 150 140 130 120 | 110 100 90 80 70 60
I M 30 28 26 25 24 22 20 19 18 17
Piax klla 80 75 70 65 60 55 50 45 40 35
h M 12 10 9 8 7 6,5 5 4,5 4 3,6
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IIpooonicenue mabn. 6

No Bennunnbl ITpennocneanss nudpa mmdpa
3a_- HauMme- ell.
HOBaHue | u3me- | 1 2 3 4 3) 6 7 8 9 0
Ja4n
peHus
K - BOJa | KEPOCHH aBTOJI KEpOCUH Macio Macio | Mmacio | OEH3MH | aBTOJ | CHUPT
TC-1 TC-1 TypOuH. | kactop. | MC-20
41 M 130 120 110 100 90 80 70 60 50 40
32 d MM 155 145 135 125 115 105 95 85 75 65
A MM 1,2 11 1,0 0,9 0,8 0,7 0,6 0,5 0,4 0,3
& - 25 23 21 19 17 15 13 11 9 7
H M 26 24 22 20 19 18 17 16 15 14
103-Q M3/c 32 30 28 25 24 22 20 18 16 14
I M 10 12 13 15 17 18 19 20 21 22
d MM 50 55 60 65 70 75 80 85 90 95
h M 5 55 6 6,5 7 7,5 8 8,5 9 9,5
33 Px k[la | 100 120 130 140 150 160 180 190 200 210
X - Ma3yT | aBTOI Macio Macio Macilio Maclio | KepocuH | OCH3MH | BO/a | KEPOCHH
TpaHcd. NC-20 AMTI-10 | UC-50 T-1 TC-1
a M 1 1,2 1,4 1,5 1,6 1,7 1,8 1,85 1,9 1,95
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Oxonuanue mabna. 6

No Benuunnbr [Tpennocneanss nudpa mmdpa
3a- | HauMe- en.
Jayul | HOBaHUE | U3Me- 1 2 3 4 5 6 7 8 9 0
peHust
n 06/mun | 900 1000 1100 1200 1300 1400 | 1500 | 1600 1700 1800
X BOJa | OCH3MH | KEPOCHH | Ma3yT | KEPOCHH | aBTOJ | Macjio | Macio | Maciio | Maciio TypOWH.
TC-1 T-1 NC-20 | UC-50 | tpancd. 19
Ho M 10 11 12 13 14 15 16 17 18 150
34 l1 M 200 190 185 180 175 170 165 160 155 6,8
2h M 4 4,5 5 54 58 6 6,2 6,4 6,6 62
d MM 100 95 90 86 82 87 74 70 66 75
t °C 30 35 40 45 50 54 58 60 65
m T 6 7 8 9 10 11 12 13 14 15
\Y m/c 0,5 0,45 0,4 0,36 0,32 0,28 0,24 0,22 0,2 0,18
X - Macjio | Macio | Macio | Macio | Macio | Macio | Macio | Macio | Maclio Macio
NC-20 | typbun. | kactop. | AY | tpancd. | comsap. | UC-20 | UC-50 | kactop. AY
35 d MM 12 13 14 15 16 17 18 19 20 21
D MM 100 110 115 120 125 130 135 140 145 150
L M 5 52 54 5,8 6 6,2 6,4 6,5 6,8 7
a MM 250 260 270 280 290 300 310 320 330 340
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12. METOAUYECKUE YKA3AHUSA K PEHIEHUIO 3AJIAY

3aoaua 1. Vicnonw3oBath (popmyny s ko3 dUIMEHTa TeMIlepaTypHOTO
pacuIMpeHus.

3aodaua 2. Vicnions3oBath hopmyiy 11t Koddduimenta 00beMHOTO CKaTHS.

3aoaua 3. Vicrionb30BaTh OCHOBHOE YPABHEHHUE TUAPOCTATUKH.

3aoaua 4. Hanucatb ypaBHEHHE pAaBHOBECHUA CHUCTEMbl 'TOPIICHb -
3aIBMKKA" U PELIUTH €TO0.

3aodaua 5. Vicniosb30BaTh OCHOBHOE YPaBHEHUE THIPOCTATHUKH.

3adaua 6. Haniicath ypaBHEHNE PaBHOBECHS IUTYHKEPaA U YPABHEHHUE U30TEP-
MHUYECKOTO CATHS BO3yXa U PELIUTh UX COBMECTHO.

3aoaua 7. AHanuTHYECKUH CIOCOO COCTOUT B MPpUMEHEHUH (HOpMYII, OTIpeie-
JISTFOIIUX CYJIBI JABJICHUS )KUIKOCTH HA MIOBEPXHOCTU M TOYKHU UX MPUIIOKEHUS K
JAaHHOM 3a7a4e, a rpadoaHaTUTHYSCKUN — ITyTEM MTOCTPOEHUS SIIOPHI JIaBIICHUS.

3aoauu 8, 9. Hanucath ypaBHEHHE MOMEHTOB CHJI, JCHCTBYIOIIMX Ha
KPBIIIKH, ¥ PEIITUTH €TO.

3aoauu 10, 11. Tlpumenuts (GopMysbl JJIsI ONPENCICHUS CUJ JABJICHUS
YKUJIKOCTH Ha KPUBOJUHEUHBIC TOBEPXHOCTH.

3aodaua 12. Hanucats ypaBHEHHE MOMEHTOB CHUJI, JEUCTBYIOIIMX Ha KJIAlaH,
U PEIIUTh €ro.

3aoauu 13, 14, 15. [IpuMeHUTH 3aBUCUMOCTbD JIJIsl pACIPEICIICHUS JaBICHUS
B 00bEeME€ KHUIKOCTH MPU BpaIIEHUH COCyAa BOKPYI BEPTHKAJIBLHOM OCH H
YpaBHEHHUE OBEPXHOCTH PABHOTO AABJICHUS.

3aoauu 16, 17, 18. Ilpumenuts GpopmyiTy st OTIPEIEICHUS pacxo/ia IPH HUc-
TEUEHUM >KUJIKOCTH Yepe3 OTBEpCTHS M HacaAku U BoJociauBbl. Ilpu sToM
oOpaTUTh BHMMAaHHE Ha pPA3JIUYHbIC 3HAYEHUS KOA(DPUIIMEHTOB pacxonaa Jyis
yKa3aHHBIX JIEMEHTOB.

3aoaua 19. Ilpumennuts ypaBHeHHe bepHyITM 1 OCHOBHOE YpaBHEHUE TUIPO-
CTaTUKH.

3adaua 20. HanucaTth ypaBHEHHE PaBHOBECHS KJIallaHa U PEUIUTH €r0 COB-
MECTHO C YpaBHEHHUEM pacxo/a JKHUJIKOCTHU B UWJIMHAPHUYECKOW ILENH,
0o0pa30BaHHON KOPITYCOM U KJIaIlaHOM.

3aoaua 21. Hanucath XapakTepUCTUYECKOE ypaBHEHHE TPyOOIpOBOJA H
pPELIUTh €ro OTHOCHUTENBHO P.

3aoaua 22. IlpumeHuTs ypaBHEHUE bepHYyIUIN.

3adaua 23. Onpenenuts JAaBICHUE MOJ MOPIIHEM U IPUMEHUTHh YPAaBHECHUE
bepuymnnu aiist Bcero TpyoonpoBoja.

3aoauu 24, 25. llpumenuts (opmyny KyKOBCKOro IJisg ONpPEACIICHUS
MOBBIIICHUS JTABJICHUS MIPU IPSIMOM U HETIPSIMOM THAPABIMYECKOM yJlape.

3aoaua 26. Vicnoynp30BaTh XapaKTEPUCTUIECKOE YpaBHEHHE TPyOOIPOBO/Ia.

3aoaua 27. Vicnonb3oBaTh yCIOBHS, XapaKTE€pHbIE ISl TPYOOIIPOBOIOB C
napajuielibHbIM COCAMHEHUEM, U HamUcaTh ypaBHeHUE bepHylu [ yyacTka,
orpannueHHOro y3joM C U BBIXOJ0M, MOcie Yero onpeaenuts Q u h.

3aoaua 28. Vicnonp3oBaTh METOAMKY pacdera TpyOompoBoda C
napajuieNIbHbIM U MOCIIEI0BATEIIbHBIM COCIUHEHUEM.

44



3adaua 29. OnpeneneHrie nmapaMeTpoB Hacoca MpU yBEJIHMYEHHOW Ha 25 %
4acTOT€ BpaIlEHUsS pOTOopa Mpou3BeCTH TrpadoaHATUTHUYECKUM CIIOCOOOM.
XapakTepuCTUKM Hacoca MEePeCYUTHIBAIOTCA TMpU d3TOM 1o  (dopmyiaam
PONOPIIMOHAIBHOCTH.

3aoaua 30. llpu onpeaeneHUW YacTOThl BpallleHUs poTopa N,
BOCIIOJIb30BaThCA MapadosI0i mo100usl.

3aoauu 31, 32, 33, 34. OtHocsatca k Teme "Pabora Hacoca Ha ceThb
(TpybonpoBon)". Hanucats ypaBHeHue bepHymnu A 3Toro ciayyas ¥ peuuTh
ero. Bocnosib30BaThCSl TpPaHUYHBIME YCIIOBUSIMU, TIPUBEJCHHBIMY B 33]a4aX.

3aoaua 35. Hanucate ypaBHenue bepHymmm nist Hacoca, paboTaromero Ha
TpyOOTIPOBO/I C MapauIeTbHBIM COCIMHEHUEM YYaCTKOB, U PEIIUTH €TO.

YuciieHHbIE JaHHBIE HEKOTOPHIX (U3MUECKUX BEIMYHMH MPUBEIACHBI B TaOJI.
7-11.

13.YUCJIEHHBIE JAHHBIE HEKOTOPBIX ®U3NYECKHUX
BEJINYHUH

Ta6nuua 7 — KooppuuuenT 00beMHOro cxatus Boasl Bp-10°, cm?/H

IaBnenue, H/cm?

t,°C
50 100 200 390 780
0 0,540 0,537 0,531 0,523 0,515
5 0,529 0,523 0,518 0,508 0,493
10 0,523 0,518 0,508 0,498 0,481
15 0,518 0,510 0,503 0,488 0,470
20 0,515 0,505 0,495 0,481 0,460

Ta6nuua 8 — Moayns ynpyroctu Bojsl Eo-1073, H/cm?

JlaBnenue, H/cm?
t, °C
50 100 200 390 780
0 185,4 186,4 188,4 191,3 197,2
5 189,3 191,3 193,3 197,2 203,1
10 191,3 193,3 197,2 201,1 208,1
15 193,3 196,2 199,1 205,0 2129
20 0,515 198,2 202,1 208,0 217,8
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Tabnuna 9 — 3aBUCMMOCTD TJIOTHOCTH BOJIBI OT TEMIIEPaTyphl
Temnepatypa | O 10 20 |30 |40 |50 |60 |70 {80 |90 |100
T, °C
[Tnoteocts | 1000 | 1000 | 998 | 996 | 992 | 988 | 983 | 978 | 972 | 965 | 958
p, Kr/M°

Tabnuna 10 — JlaBneHue HACHIIIEHHOTO Napa BoAbl Pyp

Temneparypa | O 5 10 20 |30 |40 50 60 80
T, °C
JlaBneHue, 0,588 | 0,882 |1,18 2,35 4,19 | 7,29 | 12,1 | 19,6 | 46,0
klla
Ta6muna 11 — [110THOCTH p, BEC €AMHUIIBI OOBEMA Y, TMHAMUYECKUM L,
KMHEMAaTUIEeCKUH V KO (PUIIMEHTHI BI3KOCTH KaleIbHBIX KHUIKOCTEH
HaumenoBaHue XUJIKOCTH L P, Vs 10%p, |10%,
°C kr/m® | H/M® |H-e/m? | em?/c
Aston 10 20 920 | 9025 - 64 *
bensun 15 720 | 7010 | 0,62 | 0,90
Bona auctrimupoBanHas 4 1000 | 9810 | 1,01 | 1,01
I'nmuniepu (0€3BOTHBIN) 15 1270 | 12460 | 512,0 | 410
Kepocun T-1 20 830 | 7950 | 2,0 | 25
Kepocun TC-1 20 775 | 7600 - 1,05
Macno:
-KaCTOPOBOE 20 960 | 9418 | 972 |1002
-BepeTeHHOe AY 20 880 | 8700 - 49
w0y 20 20 | 900 | 8800 | - |20*
-UHIyCcTpUanbHoe 50
(UC-50) 20 910 | 8910 - 50 *
-AMI-10 20 | 850 | 8340 | - | 16
~COJIPOBOC 15 890 | 8731 - 24
-TpaHchOpMaTOPHOE 20 896 | 8790 _ 30
“TypOurHOe 22 20 | 904 | 8868 | - | 100
Hedts 15 800 | 7830 | 75 | 8,7
PryTh 20 1354 [132886| 1,5 | 0,11
CnupT 3TUIIOBBIN 15 790 7790 | 1,19 | 1,51
AJIOPHCTBIH HATpHit 17 | 1210 | 11870 | 1,84 | 1,53
(HaCBIIIEHHBIN PacTBOD)
UyryH pacrnaBieHHbIN 1200 | 7000 | 68670 - 1,0

* YkazaHbpl 3HaU€HUs1, COOTBETCTBYMOIIME Temieparype t = 50 °C.
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14. IPUMEP PEIHLIEHUA 3AJAYN

Paccmotpum  MeTOOMKY — pemieHHsT IOCTABJIEHHOW  3aJadd I
HIDKETIPUBEICHHON TPyOOIIPOBOIHOMN CHCTEMBI.

Ha cxeme uzoOpaxena cucrema (puc. 36), cocrtosiiiasi U3 pe3epByapa u
TpyObl MEPEeMEHHOrO0 WJIM IOCTOSIHHOTO ceueHus. JIBuKeHue KUIKOCTH
IJIOTHOCTBIO P MIPOUCXOJIUT MO IEUCTBUEM JIaBJICHHUS, CO3/1aBAEMOT0 OaKOM.

Onpenenurs:
1. CkopocTh HMCTEUEHHMS >KMIKOCTH, PacXoJl U MOTEPH Hamopa BAOJb
TpyOBI, penosaras TypOyJE€HTHOE IBH>KEHHE.

2. I1oCTpOUTh JIMHMIO MOJHBIX HAIOPOB U MbE30METPUUECKYIO JIMHUIO (B
Macirade).

3. TpyOsi cTanbHble. HaliTi 3HaueHust A3, As/d.

4. YTOYHUTD PEXUM JABMXKECHUS )KUKOCTH B TPYO€, €CIIM KHHEMATUYECKUN
k03 QHUIUEHT BA3KOCTH V, M2/C.

JlomoJIHUTEIBbHOE 3a/IaHKUE:
1) BeruncAUTh KO3((ULIUEHT COMPOTUBICHUS CUCTEMBI

l
gCI/ICT = (}{E + Z 5)1
2) Haiftu 3aBUcUMOCTb H= f((Q), npenmnonaras TypOyJIEeHTHBINA PEXKUM TBUKECHHUS;
3) moctpouTh rpauuecKyl0 3aBHCHUMOCTh MOTPEOHOTO Hamopa OT pacxoja

H=10);

4) nath aHAJIU3 3aBUCUMOCTH.

JlaHo:
H=4w;
Po = puan = 0,05 MIla = 50000 ITa;
p = 800 xr/m>;
Zn =1 m;
Zk=2 M;
11=8 Mm;
I =12 m;
d1 =32 mwm;
dz =20 mwm;
A=0,03;
&= 2;
v -107*=0,025, m?/c.
OnpenenuTs:
Uz; Q; pexxum nprxenus (Re).
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Pucynoxk 36 — Cxema TpyOOTIPOBOHON CHCTEMBI

Pemenne. 3anumem ypasuenue J[. bepHynnu oTHocuTebHO cedeHuid 1-1
(Ha cBOOOJHOW MOBEPXHOCTU Oaka) M 2-2 Ha BBIXOJAE KUAKOCTU U3 TPYOHI B
aTMocdepy:

auz

Hamnops! onpezaensieM OTHOCUTENIBHO TJIOCKOCTH CPaBHEHUS, IPOXOASIIEH
yepe3 smHUO O-0O. IlogctaBum B ypaBHeHue (36) TIpaHUYHbBIC YCIOBUS:

Z1 =z + H; P1 = Pamn + Puan; U1 =0 (npu H = const); 22 = Zk; U 2 — CKOPOCTH
UCTEYCHUST W3 TPyOBl 2; ¢ = 1, Tak Kak NOPUHUMAEM PEKUM TEUCHUS
TypOyneHTHbIN. Cle0BaTeNbHO:

TM+ MaH ™ uz
zH+H+p‘9l p_; - =ZK+Za_g+£+zhr(1-z>

NI

2
P Uz
Zy +H+pMa; = K+@+zhm_2)'

Nmeem mpocToil TpyOOMpOBOA C TOCIEAOBATEIHHBIM COCIUHEHUEM
y4acTKOB, CJIEJIOBATEIbHO, O0IIMe moTepu Hamopa (YAeIbHON SHEPTUH MOTOKA)
OyIyT CKJIaABIBaThCS M3 MOTEPh MO JIUHE Ha ydacTkax |1 m |2 m morepnr Ha
THJPABIMYCCKUX COMPOTUBJICHUSAX: BXOX B TPyOy, BHE3alHOE CYXKCHHE, KpaH.

[lorepu sHEprUM no mrHe (Ha TpeHue) BeuuciasieM 1o dopmyne Jlapcu—
2

BeiicOaxa hy, /1 —g a TTOTEPU Ha MECTHBIX COMPOTHUBIICHHUSAX MO (PopMyIie

2
Beiicbaxa h, . = ¢ - Z—g, Torjaa ypaBHeHue (36):

Ly u1
di 2g

[ uz

gt +Ad >

Pmvan __ u%
ZH_ZK+H+E_€BXQ+/1 +€Kp—+—(37)
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B ypaBHenuu (37) HEU3BECTHBIMHU SIBJISIFOTCSI BETUYUHBI CPETHEN CKOPOCTH
U1 ¥ Uz. Beipazum ux uepes BenmnunHy 00beMHOro pacxoja Q, KOTopblil siBIIsieTCA
MOCTOSIHHOW BEJTMYMHON BJIOJIb MOTOKA:
Uy -S4 =u, - S, = Q = const,

S_;zdi2 S_;zdz2 .u_4Qu_4Q
rAc 1= nu 2= 4 , CJIEAOBATCIIbHO: 1__7T-d%I/I 1_1'[-d%

ITocne 3aMeHbl BBIYMCIUM BEIMYHMHY pacxoja no ypaBHeHuIo (37):

PMan
29-(zy—zx+H+—
0= g-(Zy—2 p,g)

L1 l2
fBX-HLd fB.c+)ld
1, 2, 4
1 1

(38)

N

V

Bennunny kodddummenta moreph BHE3AMHOTO CYXXEHUS BBIYUCIIAEM IO
dbopmyie:

d3 207
$pc = 0,5( — ﬁ) =0,5(1 - 27~ 0,3, a 3HaueHune Kod(PuIMeHTa norepb
1
Bx011a B TpyOy &5 = 0,5.
Torma BenmuunHa pacxona:
0~ 2-981-(1—2+4+5-10%/(800-9,81)) 3,14
- 12 Ty
(0,5+003-8/32-10-3)] . |(03+003 75 10 +1+2)| *
(32 - 10-3)" + (20 - 10-3)°
M3 a1
= 0,000897 . = 0,897 =
CKOpOCTH MOTOKA HA y4acTKax:
4Q  4-0,000897 M 4Q  4-0,000897
u, = 2: 3 2=1,116_;u2= 2= —3\2
nd; w(32-1073) C nd; m(20-1073)
M
= 2,857 —.
C

OnpenensieM, B KAKOM PEKUME ABUKETCS MOTOK, BEIUUCIISISI KPUTEPUIA
Pentnonpjca:

u,-d; 1,116-32-1073
Re = =

_ 14285 po - Y2 %2 _2857-20-107
v 0025-10* Re =t = IO
= 22856.

PexuM Teuenus TypOyseHTHBIN, Tak kKak 1 Req, u Rez > Rey, = 2300.

49



BUBJIHOTI PAOUUYECKHNN CITUCOK

1. bamra T. M., Pynues C. C., Hekpacos b. b. u ap. I'mapaBnuka, ruipoMaIinHsel
U ruaponpuBoasl. — M.: MammHoctpoenue, 1982. — 424 c¢. — Tekcr:
HEIOCPEACTBEHHBIM.

2. Kyxos, H. II. I'upporazogunamuka: yue6Hoe mocodbue / H. I1. XKykoB. —
Tam6o0B: Tam6. roc. TexH. yH-T. 2011. — 92 c. — TekcT: HenmoCpeACTBEHHBIM.

3. Anprmrynes A. 1. I'mapasnuueckue conportusienus. — JI.: Henpa, 1970. — 215
¢. — TekcT: HEMOCPEACTBEHHBIM.

4. Xykos H. I1. Texandeckas ruapoMexaHuka (THIpaBIUKa): yaeOHOE TTOCOOHE.
— Tam60B: Tam0. roc. TexH. yH-T. 1998. — 136 c. — TekcT: HenocpeACTBEHHBIM.

5. epctiok A. H. TypOysieHTHBIN MOrpaHU4HbIN ciaoil. — M.: DHeprus. 1974. —
272 c. — TekcT: HENOCPEICTBEHHBI.

6. AnpTiryns A. /1., Kamuiyn B. U., Matipanosckuii @. I'. [Ipumepsl pacuéToB 1o
ruapasiuke. — M.: Ctporusgart, 1976. — 252 ¢. — Tekcr: HenmocpeICTBEHHBIH.

50



	ВВЕДЕНИЕ
	2. СВОЙСТВА ЖИДКОСТЕЙ И ГАЗОВ
	3. ПЛОТНОСТЬ
	4. СЖИМАЕМОСТЬ
	5. ТЕМПЕРАТУРНОЕ РАСШИРЕНИЕ
	6. ВЯЗКОСТЬ
	7. СИЛЫ, ДЕЙСТВУЮЩИЕ В ЖИДКОСТИ
	8. КИНЕМАТИКА ЖИДКОСТИ
	9. ДИНАМИКА ВЯЗКОЙ ЖИДКОСТИ
	10.  РЕКОМЕНДАЦИИ ПО ВЫПОЛНЕНИЮ КОНТРОЛЬНЫХ ЗАДАНИЙ
	11.  КОНТРОЛЬНЫЕ ЗАДАНИЯ
	13.ЧИСЛЕННЫЕ ДАННЫЕ НЕКОТОРЫХ ФИЗИЧЕСКИХ ВЕЛИЧИН
	14. ПРИМЕР РЕШЕНИЯ ЗАДАЧИ
	БИБЛИОГРАФИЧЕСКИЙ СПИСОК

