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Jlexuusa 1. BBenenue

Mexanuka, xak paznen GU3NKA, U3y9aeT 3aKOHBI PABHOBECHS M JIBUKCHUS
MaTepUANIbHBIX TEJ Pa3IMYHbIX BUJIOB. OHA pa3desieTcs Ha:
v MEXAHUKY MEEPO020 mena, KOTopasi u3ydaeT MOKOU U JIBUMKE-
HUE TeJl KaK COBOKYIMHOCTH CHJIBHO CBSI3aHHBIX MaTEpHUaIbHBIX TOYEK;
v MEXAHUKY CHINYYUX cpeld, U3YUaIollyI0 JBWKCHHUE IECYAHBIX
TPYHTOB, 3€pHa U APYTUX aHAJIOTUYHBIX TEIL;
v MEXAHUKY HCUOKUX Cped, B KOTOPOM M3y4arOT PaBHOBECHE U

JABUXKCHHUC X XKUJIKOCTH.

Mexanuka
JKMIKHX Cpej

N\
AN

Mexanuka cot-

Mexanuka meep- nyuux men
0020 mena

I'mnpomexanuka Aspomexanuka

N\

I'mppaBaunka

A3dpozudpomexanuka

YacTh MEXAHUKHU KUJKUX CPEd, KOTOpAask paCCMATPUBAET JIBUKECHUE KUIKO-
CTH, & TaKXE CHUJIOBOEC B3aUMOJICUCTBHE MEXKIY KUIAKOCTHIO M OOTEKAEMBIMHU €10
TeJlaMH WJIM OTPAaHWYUBAIOIIMMH €€ MOBEPXHOCTSIMU, HA3BIBACTCS CUOPOMEXAHU-
Koll.

Pazgen mexaHuku, B KOTOPOM M3Yy4aroT JIBHJKEHHUE Ta30B M JKUJIKOCTEH U 00-
TEKAHUE UMM TEJI, HA3BIBAIOT AIPOMEXAHUKOIL.



[IpuknanHyro 4acTb TUAPOMEXAHUKH, JUIsI KOTOPOM XAPAKTEPEH OINPEIEIICH-
HBII KpYyT TEXHUYECKHX BOIPOCOB, 3a/1a4 U METOJIOB UX PEIICHHUS, HA3bIBAIOT HleX-
HUYECKOU MEXAHUKOU HCUOKOCMU, VTN 2UOPABIUKOU.

OOBIYHO THIPABIUKY ONPENEINSIOT KaK HAyKy O 3aKOHAaX paBHOBECHS U
JIBMKEHUS KUJIKOCTEH M O crocobax MPUIOKEHUS 3THUX 3aKOHOB K PEIICHUIO
NPaKTUYECKUX 3a/1a4y. B rusipaBinke paccMaTpuBarOTCs INIABHBIM 00pa3oM MOTOKHU
KUJKOCTH, OTPAHUYCHHBIC Y HAIPABJIEHHBIE TBEPABIMU CTCHKAMH, T. €. TEUCHUS B
OTKPBITHIX M 3aKPBITHIX pyciax (kaHanax). MoHO cka3aTh, TaKUM 00pa3oMm, uTo B
TUAPABIMKE M3Y4YalOT BHYTPEHHUE TEUYEHUS KUAKOCTEH M PEIIAIOT TaK Ha3blBae-
MYIO «6HYMPEHHION» 337auy B OTIMYME OT «GHeuiHeuw 3ala4d, CBSI3aHHOU C
BHEITHUM OOTEKaHHWEM TeJl CIIOLIHOW Cpefior, KOTOPOE MMEET MECTO TPH JBIKE-
HUM TBEPJIOTO TeJla B KUJKOCTU UM Ta3e (Bo3myxe). «BHemmHioro» 3amauy pac-
CMATPUBAIOT B COOCMBEEHHO 2UOPOMEXAHUKE UTU AIPOZUOPOMEXAHUKe. DTOT pas-
7IeJ1 B OCHOBHOM CBS$I3aH C MMOTPEOHOCTSAMHU aBUALMU U CYAOCTPOEHUS.

B runpaBivke npu pelIeHUH Pa3IuYHbIX MPAKTUYECKUX 3a/1a4 IIUPOKO HC-
IIOJIB3YIOTCSL T€ WIM WHBIE JIOIYIICHUS U IPEAIIOJIOKEHHUs, YIPOILIAOIIUE pac-
CMaTpUBAEMBbIi BOIpOC. /[OCTaTOYHO 4acTO TMAPAaBIMYECKUE PEUICHUS OCHOBBI-
BAlOTCSl HAa pe3ysbTaTax JKCIIEPUMEHTOB, U IIOTOMY B T'MAPABIMKE IPUMEHSIETCS
OTHOCHUTEJIbHO MHOT'O Pa3jMYHBbIX AMIUPUYECKUX U MOITYIMIUPUUYECKUX (HOPMYIL.
[Ipu 3TOM, Kak mpaBUIIO, OLIEHUBAIOTCS TOJIBKO TJIABHBIE XapaKTEPUCTUKU U3yvae-
MOTO SIBJICHUSI M 4aCTO MCIIOJB3YIOTCS T€ WJIM WUHBIE MHTETPAIbHBIE U OCPEIHEH-
HBIE BEJIMYMHBI, KOTOPBIE JAIOT JOCTATOYHYIO I TEXHUYECKHUX 3a7a4 XapaKTepu-
CTUKY PacCMaTPUBAEMBIX SIBJICHUM.

[To cBoeMy xapakTepy TeXHUYECKas MeXaHuKa (TUApaBiivKa) OJM3Ka K W3-
BECTHBIM JUCLHUIUIMHAM — COINPOTUBIICHUIO MAaTEPUATIOB U CTPOUTENBHOM MeXa-
HUKE, B KOTOPBIX MMOJ TEM KE YIJIOM 3PEHUS U3y4atOTCsl BOIPOCHl MEXAHUKHU TBEP-
noro tena. Criexyer y4uThIBaTh, YTO THJIpPAaBIMKA, SBJSISICH OOIIETEXHUYECKON
JUCLMIUTMHOM, MOXKET paccCMaTpUBAThCA Kak «IpodeccuoHanbHas GU3NKa KUAKO-
ro Tejla», B KOTOPOH, B YaCTHOCTH, JTAIOTCSI OCHOBBI COOTBETCTBYIOIUX TUAPABIIH-
YECKHUX PaCYETOB. DTH PaCUYETHI UCIONB3YIOTCS MPU MPOEKTUPOBAHUU HHXKEHED-
HBIX TUAPOTEXHUYECKUX COOPYKEHHUI, KOHCTPYKLIHM, a TaKK€ TMAPOCUCTEM TEX-
HOJIOTUYECKOTO 000PYAOBaHMSI, TPUMEHSIEMbIX BO MHOTUX O0JIACTSIX TEXHUKH.

Pa3ymeercs, 4To rugpaBivKa pa3fessieTcsl Ha CTaTHKY >KMIKOCTH (THApO-
CTaTUKY), KHHEMATUKY MOTOKOB >KUJIKOCTH U JUHAMHKY >KUJIKOCTU (TUIpOJMHA-
MUKY).

Meron, npuMeEHsEeMbId B COBPEMEHHOW THJAPABIUKE IIPU HCCIEHOBAHUU
JBWKECHUS, 3aKJIOYaeTcsl B clenyromem. Vccnenyemple sIBIICHHMS CHadajaa yIpo-
IAI0T, U K HUM NPUMEHSIOT 3aKOHbI TEOPETUUYECKON MEXAHUKH. 3aTEM IOJIYYECH-
HBIE PE3YyJbTaThl CPABHUBAIOT C JAHHBIMU ONBITOB, BBISICHSIOT CTEIIEHb PACXOKIE-
HUS, YTOUHSIOT U UCHPABIISIOT TEOPETUUECKHE BBIBOABI U (POPMYJIIBI SISl IPUCIIO-
coONeHusT UX K MPAKTUYECKOMY HCTOJb30BaHMI0. Llenblil psin siBiaeHU, KpaiiHe
TPYIHO MOJJAOIINXCA TEOPETUYECKOMY AHAIMU3y, BBUAY CBOEH CIIOKHOCTH, HC-
CJIEIYIOT IKCIIEPUMEHTAIBHBIM IIyTEM, & PE3YJIBTATHI TAKOTO MCCIIETOBAHUS IIPE-
CTaBJISIIOT B BUJI€ SMIUPUUYECKUX (POPMYII.



Oco0eHHO BENHWKO 3HAYEHUE TUAPABIUKH B MAIIMHOCTPOCHHH, T TPUXO-
JUTCS UMETH JIEJI0 C 3aKPBITHIMU IMOTOKAMH B TPyOax U JIaBJICHUSMU, MHOTOKPATHO
MPEBBIIAIOIMUME aTMOcepHoe. [ MaApOCHCTEMBI, COCTOSIINE U3 HACOCOB, TPYOO-
IIPOBOJIOB, PA3JIMYHBIX THIPOATPEraToOB, IIUPOKO HCIIOIL3YIOT B MAITHHOCTPOCHUHU
B KaueCTBE YCTPOMCTB TMepeaayd M IPeoOpa30BaHHS SHEPTUU, >KUIKOCTHOTO
OXJIQXKJIEHUSI, TOTJIMBOIIOIaYH, CMa3KH U JIp.

MoXHO TakKe OTMETHUTh, YTO UMEET MECTO U JAPYroi moaxoj K Kiaccudu-
Kalluu pa3/ieJIoB MEXaHUKHU KUJKUX cpell. B 3ToM moaxoje roBopAT O JABYX pas-
HBIX METOJaX UCCIIEJOBAHUS.

v\ METOJ| «TEXHHYECKON MEXaHUKHU JKUAKOCTH» ((TEXHHUYECKOU THAPO-

MEXaHUKN», KTUIPABIUKNY ),

v\ METOJ «MATEMaTUYECKON MEXAHUKHU KMIKOCTH» («MaTeMaTHYECKOM

TUJPOMEXAHUKI).

B maremaTnueckoi MEXaHMKE >KMIAKOCTH HIMPOKO MCIOJIB3YETCS OTHOCHU-
TEJIbHO CJIOKHBIM MaTeMaTUYeCKUM ammapar. PerieHus, mojaydyaeMbie B 3TOM CITy-
gae, OKa3bIBAIOTCS 00Jiee CTPOTMMHU B MAaTEMaTHYE€CKOM OTHOIICHUH.

Kak moka3zan omeIT, METOJAbl MaTEMaTHUYCCKON MEXaHHKH JKUJIKOCTH OYEHb
YacTO OKa3bIBAIOTCS CTOJIb CJIOKHBIMH, YTO TPOMaJIHOE OOJIBIITMHCTBO IPaKTHYe-
CKHMX 3aJiad, CJIeAys dTUM METOJaM, PEIIUTh HEBO3MOXKHO. DTHUM U OOBSCHSICTCS
BO3HHKHOBEHHE M PA3BUTHUE TEXHUYECKOM, MPUKIATHOW HAYKHM — TEXHHYECKOU
MEXaHUKHU KUJKOCTH, T. €. TUAPABIUKHU, KOTOpasi CTPEMUTCS JaTh MPUOJIMKEHHbBIC
OTBETHI Ha BCE T€ BOMPOCHI, CBA3aHHbBIC C JABIKYIIEHCS WA MOKOSIICHCS KUIKO-
CTBIO, KOTOPbIEC CTABUT NEpe] HaMU MPaKTHKA.

MoXHO CKa3aTh, YTO B TEXHUUYECKOW THJIpOMEXaHUKe (B THAPABIUKE) MPHU-
OJIM>KEHHO PeIIaloTCsl CIOKHBIC 3a/1a4M MPU TTOMOIIM MPOCThIX METO/0B. B maTe-
MaTHYECKOM K€ TUPOMEXAHUKE OTHOCUTEIBHO TOYHO PEIIAIOTCS TOJBKO HEKOTO-
pble MPOCTEUIIME 3aa4H TIPU MTOMOIIH CJIOKHBIX METOOB.

3aueM rupaBJIMKa B MAIIMHOCTPOeHUH ?

BaxkHeiileli 4acTbi0 TOYTH JIFOOOTO TEXHOJIOTMYECKOTO O0OpYyIOBaHMS,
CTaHKa, mpecca, podoTa U T.1. siBiseTcs npuBoj. [Ipocreifmum 06pazoM NpUBO.
MOYHO MMOHUMAaTh KaK COBOKYITHOCTb YCTPOMCTB, MpeIHA3HAUYCHHBIX JIJIs1 Mpeoopa-
30BaHUA U TMepelaund YHEPTrUuu, HeOOXOJUMOMN JIS OCYILECTBICHUS TEXHOJIOTHYE-
CKOT'O JBW)KEHHUSI C 3aIaHHBIMA KHHEMATUYECKUMH U CUJIOBBIMU XapaKTEPUCTUKA-
MH. B TEeXHUKE MIMPOKO NMPUMEHSIOTCS MEXaHHUYECKUH, DJICKTPUUECKUM, ITHEBMa-
TUYECKUH (ra3oBbId, Yalle BCEr0 BO3AYILIHBIN) U THAPABIMYECKUN MPUBOILI U UX
KoMOuHanuu. BakHelmel XxapakTepuCTUKONW JTI000TO MPHUBOJIA SBISETCS KPYTS-
U MOMEHT (WJIM CHJIa), KOTOPBIA OH MOKET 00eCleunBaTh MPHU OJHUX U TEX KE
pasMepax uiam Bece. llomblTaemcs CpaBHUTH MO 3TOMY IMOKAa3aTEII0 BJIEKTpUYe-
CKHUIi, THEBMAaTUYECKUN U TUAPABINYECCKUMN TTPUBO/IBI.



Jns momoOHOro ama-
Ju3a TMPUBOJIOB PacCMOTPUM
OCHOBHOM, HauboJyiee YacTo
BCTpEYAIOIINICS AIEMEHT
IpUBOJa — JBUraTelb Bpa-
meHus. JIro0oil Takoil aBUTA-
TeJIb MPUHIHUIIHAAIBEHO COCTO-
UT W3 HEMOJBIKHOTO CTaTO-
pa U BpalaIoIIerocs BHYTPH
Hero potopa. Ilpm sTtom B
JI000M  JBHTATENE MOYKHO
CUYHUTaTh, YTO POTOP OTTAJTIKHU-
BaeTCs OT CTAaTOpa, B Pe3ysib-
TaTe€ 4ero co3ma€rcs Bpallle-
HUE.

Takum oOpazom, MOX-
HO CYMTaTh, YTO MEX]y CTa-
TOPOM U POTOPOM €CTh Ka-
Kas-To paobouas cpeoa (pa-
Oouee meno), KOTOpas, ynupasch B CTaTOp, TOJIKAeT poTop. B anexkrpoasuraresne
ATO AJEKTPOMArHUTHOE IOJie, B THEBMATUYECKOM JBUTATENIE 3TO BO3AYyX, B TUAPO-
JIBUTATENIE ATO >KUAKOCThb. YeM OoJbllle cujia OTTAIKUBAHUSA, TEM OOJIBILIUN KpY-
TAIMIANA MOMEHT pa3BUBACT JBUTATENb. BeTnyrHa CHITBI OTTaJIKWBAHMS 3aBUCUT OT
TOro, Kak CWIBHO cCkaTa pabouas cpena, T.e. OT TOTO, KaKOBbl BHYTPEHHHE
HanpsadceHus padoueii cpeowl.

Jlnst moGoro aBurartens (¢ HeKOTOPHIMU, HEPUHIIMITHAIBHBIMA JTOITYIIECHH-
SIMH ) MOXKHO CYUTATh, UTO KPYTSIIUI MOMEHT OMHUCHIBACTCS (PyHKITMEH BUA

Myp = F(L,1,5,Z,P),

rane L — nnuuba orrankueanus poTopa OT CTaTOopa,
I — paguyc portopa,
0 — paJuasbHbIH 3a30p MEXKIY POTOPOM M CTATOPOM,
P — manpsokéanocts paboueii cpespl,

Z — XOJMYECTBO Map JJIEMEHTOB, B3aUMOJEHCTBYIOMIUX B IPOLIECCE
OTTAJIKUBAHUSI pOTOpa OT cTaTopa (Maphl MOJIKOCOB, MIIACTUHBI TUAPO-
WJIM THEBMOJIBUTATENIS U T.11.).

Onupasice Ha 3Ty (QPYHKIUIO, JIETKO OMNPEACIUTh MPEAEIbHO BO3MOXKHbIE
MaKCHUMaJIbHbIE HAIMPSLKEHUS TSl JIF0OOTO ABUraTeNsl Kak OTHOLICHHE pa3BUBAEMO-
ro UM KPYTAILIEr0 MOMEHTa K €ro reOMEeTpUUECKUM pazMepam. I1o dopmyina 0y-
JeT UMETh BUJL:

M

Kp

Pp—-_"%
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Bemnunna P Oymer BeIpaXkaThes B €IMHHMIAX HAIPSHKEHHOCTH pabodeit
cpensl H/M2,

Ecnmu takuMm crmocoOoM TpoaHaIu3upOBaTh JABUTATEIM BCEX TPEX THIIOB,
pa3eauB UX MAaKCUMaJIbHBIC KPYTAIIME MOMEHTHI HA COOTBETCTBYIOIIUE T€OMET-
pUYECKHE XapaKTEPUCTUKH, TO MOKHO YCTAHOBHTH CIICYIOIICE:

v" P snextpomarautnoro mons -  oxono I MIla
v" P rasosoii cpenpt - oxono I MIla
v P sxuaxocTHON cpeb - 6,3-40 MIla u evriue.

CrnenoBaresibHO, TUIPABINYECKUIN MMPUBOJI BO MHOTHE Pa3bl U IaXKE ACCATKU
pa3 0oJiee SHEPTOEMKHIA, YEM AIIEKTPUUECKHUIN U MTHEBMATUYECKUH.

[Ipu 3TOM TUAPABIMYECKUM ITPUBOJ UMEET €1le OAHY, OYEHb BAXKHYIO OCO-
OCHHOCTb, KOTOPYIO MOKHO NPOMJUIIOCTPUPOBATH Ha CieayroleM omnbite. Bo3b-
MEM TPHU OJAMHAKOBBIX LIWIMHIpA. B mepBbld NUIMHADP IOMECTUM JIBA MAarHUTa OJI-
HOMMEHHBIMH TOJIOCAMU HABCTPEUY JAPYT K APYTY TakK, YTOObI BEpXHUN MarHuT

P
| | L] L___| L} —
":
f.:
-t
'." [l
“.-? =
L
.I'..?. .
-...
F
L 3

MOT UTpaTh POJb MOJABUKHOTO MOPIIHS. Bo BTOpOM, 3alOJHEHHOM BO3AYXOM, U
TPEThEM, 3aMIOTHEHHOM >KUJKOCTHIO, YCTAHOBUM IUIOTHO MpUTHAHHBIE nopiiHu. Ko
BCEM TPEM MOPIIHAM MPUIIOKUM CHUJIbI, CKUMAIOIIHUE paboyue Cpeibl: AJIEeKTPO-
MarHuTHOE TMO0Jie, BO3AYyX M JKUIAKOCTh. [Ipu yBenvueHMHM Cu MOPIIHA HAYHYT
OIyCKaThCsl, a HanpsbkeHue pabounx cpen P Oyzmer pactu. B tmnusape ¢ xKuako-
CTBIO TepeMenieHue OyAeT MPaKTUYEeCKH HE3aMETHBIM MO CPAaBHEHHMIO C OCTallb-
HBIMHU HUATUHApaMHU. T.e. )KHAKOCTb MO CPAaBHEHHUIO C Ta30M U 3JIEKTPOMArHUTHBIM
MoJIEM, TIPAKTUYECKM HECokKMMaema B OoJibiioM auana3zoHe cui. [locnennee mpo-
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WUTIOCTPUPOBAHO Ha rpaduke. ITO KaueCTBO 00ECIEUNBAET BHICOKYIO KECTKOCTh
THJIPOTIPUBO/Ia B OOJIBILIOM JIMANIa30HE HATPY30K.

OmnucaHHble 0COOEHHOCTU TUAPABINYECKOrO IPUBOJA ONPEIEIAIOT 00IacCTh
€ro MCIOJIb30BaHMs B TEXHUKE. B OOJBIIMHCTBE CilydyaeB €ro NpUMEHEHue 00y-
CJIOBJIEHO HEOOXOIMMOCTBIO B BBICOKMX SHEPreTUUYECKHUX MOKa3aTesaX Ipu MaJoM
Bece WK rabapurax.

AKuakocTh Kak 00beKT U3Y4YEHUS THAPABIMKHU

Hepenaqy OHCPIrUU B THAPABINYCCKHUX CHUCTCMAX 00ecIeynBaroT pa60‘II/IC
KUIAKOCTH, IIO3TOMY YTOOBI 3(1)(1)€KTI/IBHO UX IIPUMCHATHL, HAAO 3HATH KAKHUMH
CBOMCTBaMH OHU 06J'I8,I[3.I-OT.

H{I/IIIKOCTI/I, KaK 1 BCC BCUICCTBA, UMCIOT MOJICKYIIIPHOC CTPOCHHC. Onu 3a-
HHUMAIOT IIPOMCIKYTOYHOC IIOJIOKCHHUC MCKIY I'a3aMM W TBCPAbBIMH TCJIaMH. 910
ONpCACIIICTCA BCIIMYMHAMU MCIKMOJICKYJIAPHBIX CUJI U XapaKTCPOM I[BI/I)KGHI/Iﬁ CO-
CTaBAIOINNX HUX MOJICKYII. B razax PACCTOSAHUSA MCIKAY MOJICKYJIaMH 60J'IBHI€, a
CHJIbI MCKMOJICKYJIAPHOTO B33PIMOI[€I>1CTBHH MCHBIIC, YEM B XHUJAKOCTAX U TBCP-
AbIX TECJaX, IMMO3TOMY Ira3bl OTIIMYAIOTCS OT )KI/II[KOCTGﬁ N TBCPABIX TCJI OoIbIICH

! '\\ \ ! =
' .'I‘ I \ ’
! 1 \ ’
\ 1 ! * ’
\ ’ v , 1

\ x ’ / N \ ’
\\\5-—‘,/ \\‘-_,//, lll ‘ \‘I \\\-——’//
\ 1 I"’
’ a3sol

~ -

Kuokocmu

C)KMMAEMOCTHIO. 10 CpaBHEHUIO € ra3aMHu KUJIKOCTU U TBEPJBIE TeJIa MaJIOCKHUMA-
€MBl.

MouJiekyJibl KUJKOCTH HaXOASATCS B HEMPEPHIBHOM XAOTHUYECKOM TEILJIOBOM
JIBUKEHUH, OTIIMYAIOIMIEMCSI OT Xa0OTHYECKOTO TEIUIOBOTO JIBUYKEHUS Ta30B U TBEP-
IBIX TeN. B JKHUIKOCTSAX ATO JBMXKCHHE OCYIIIECTBIISETCS B BUJE KOJCOAHUM (1013
KOJIeOaHWil B CEKYH/y) OTHOCUTEIHPHO MTHOBEHHBIX IIEHTPOB U CKaYKOOOPa3HBIX
MIEPEX0JI0B OT OJHOIrO LIEHTPA K Apyromy. TemioBoe IBUKEHUE MOJIEKYJ TBEPABIX
TeJl COCTOUT B KOJIEOAHUSX OTHOCUTENIBHO CTaOWIBHBIX IIEHTPOB. TernioBoe IBU-
YKEHHUE MOJICKYJI Ta3a BBITJISJIUT, KaK HEMPEPHIBHBIE CKAYKOOOpa3HbIEC MEPEMEHBI
MECT.

[Ipu 3TOM HaAO 3aMETUTH, YTO MU3MEHEHHE TEMIIEPATypbl U JaBJICHUS MPU-
BOJST K U3MEHECHUSM CBOWCTB HJKOCTEH. YCTAHOBJICHO, YTO TPU ITOBBIIIEHUU
TEMIIEPATypPbl U YMEHBIIICHUU JAaBJICHUS CBOMCTBA KUIKOCTECH MPUOIMKAIOTCS K
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CBOMCTBaM ra30B, a4 IPpU IMOHWKCHHUU TCMIICPATYPbl U YBCIIMYCHUUN JIABJICHHUA — K
CBOMCTBaM TBCPABIX TCII.

TGpMI/IH GKHUIKOCTDb» IIPUMCHACTCS OJIA 0003HaYCHUSA U COOCTBEHHO KHNIKO-
CTH, KOTOPYIO paCCMATPUBAIOT KAaK HCCXKMMACMYIO UJIN MAJIO CXKHMACMYIO CpCaAy,
H rasa, KOTOpLII?I MOJKHO paCCMATPpUBATh KaK «CKUMACMYIO JKUAKOCTDBY.

I'mnmore3a CILNIONIHOCTH

PaccmaTpuBath U MareMaTUYECKH OIMCHIBATH KUJIKOCTh KaK COBOKYITHOCTh
OTPOMHOTO KOJIMYECTBA OTJAEJIBHBIX YACTHUI, HAXOASAIIMXCS B MOCTOSSHHOM HENpO-
THO3UPYEMOM [JIBHDKEHUHU, Ha COBPEMEHHOM YPOBHE HAYKH HE IPEICTABISETCS
BO3MOKHBIM. 110 3TOI MpHUUYMHE )KUAKOCTh pacCMaTPUBACTCS KaK HEKAsl CILIOIIHAS
nepopmupyemasi cpefa, UMEIOIIas BO3MOXHOCTh HENPEPBIBHO 3aIllOJIHATH IPO-
CTPaHCTBO, B KOTOPOM OHA 3aKJIfoueHa. J(pyrumu cioBaMu, MO KUAKOCTSIMH I10-
HHAMAIOT BCE TeJa, ISl KOTOPBIX XapaKTEPHO CBOMCTBO MieKyuechiu, OCHOBAHHOE
Ha aBieHUH TUPQy3un. TeKydecThI0 MOKHO Ha3BaTh CIOCOOHOCTH TeJa KaK yroj-
HO CWJIBHO MEHSTh CBOM O0BEM MO/ JEHCTBUEM CKOJIb YTOJHO MajbIX CUJ. TakuMm
o0pa3oM, B TUJpaBIMKE KUIKOCTh IOHUMAIOT KaK aOCTPAKTHYIO CpeAy — KOHMmU-
HYYM, KOTOPBIN ABJISIETCS OCHOBOW TMITOTE3bI CIVIOMHOCTA. KOHTHHYYM cunTaercs
HETIPEPBIBHOM cpeioit 0e3 MyCTOT U MPOMEKYTKOB, CBOMCTBA KOTOPOIH OJMHAKOBBI
BO BCEX HAINPABJIECHUAX. JTO O3HAYAET, YTO BCE XAPAKTEPUCTUKH JKUIKOCTH SIBIIS-
IOTCS HEMPEPHIBHBIMU (YHKIMSIMU U BCE YaCTHBIE MPOU3BOAHBIC MO BCEM Iepe-
MEHHBIM TAK€ HEMPEPHIBHBI.

[To-npyromy Ttakue Tena (Cpelpl) HA3bIBAIOT KANEAbHLIMU KUIAKOCTIMU.
KanenpHble KUIKOCTH - 3TO TaKUE€, KOTOPHIE B MaJIbIX KOJUYECTBAX CTPEMSITCS
NPUHATH MapooOpa3Hyro (GopMy, a B OONBIIUX 00pa3yrOT CBOOOJHYIO TOBEPX-
HOCTBb.

OdeHb YacTO B MaTeMAaTUYECKUX OMHCAHMIX THAPABINYECKUX 3aKOHOMEP-
HOCTEH MCHOJIB3YIOTCSI TOHATHS «UACHMUUA HCUOKOCHUY WA «I1eMEeHMAPHbLl
00véMm Hncuokocmuy». K HUIM MOXHO OTHOCUTBHCA KaK K OECKOHEUHO MAJIOMy OOBE-
My, B KOTOPOM HaxXOJHUTCS JOCTATOYHO MHOTO MOJIEKYH kKuakoctu. Hanpumep, ec-

JH PacCMOTPETh KyOMK BoAbI co cropoHamu pasmepom 0,001 cm, 10 B 06beMe

Oyner Haxoxuthes 3,31 013 MOJIeKy/I. YacTuia )KUAKOCTH ITOJIAraeTcs T0CTaTOY-
HO MaJIOW MO CPABHEHHIO C pa3MepaMu 00JIaCTH, 3aHATOU JABWKYIIEHCS WU TTOKO-
SIIENCS dKUIKOCTBIO.

CrtoniHast cpefia mpecTaBisieT co00M MOJIeb, KOTOpasi YCIEIIHO UCIOJb-
3y€TCsl IPU UCCIIEJOBAHUN 3aKOHOMEPHOCTEN MOKOS Y IBWKEHUS KUAKOCTH. [Ipa-
BOMEPHOCTb NPUMEHECHUS TaKOW MOJEIU >KUJKOCTH TOJITBEPIKICHA BCEH MPAKTH-
KOW T'MJIPABIIUKH.

12



Jlekuust 2. OcHOBHbIE PU3HUYECKHE CBOMCTBA KUJAKOCTEH

IL1oTHOCTH

[TnotHOCTH *XHAKOCTH [, Tak K€ KaK JIIOOBIX JPYTHX Tel, MPEICTaBIIACT
co0oif Maccy eauHUIBI 00bEMA, U Ui OECKOHEUHO Majoro 00b&éMa >KUIKOCTH

dW wmaccoit dM moxer 6b1Th onpesienena o gpopmysie:

Jo,

_ dm
dw -

JIns OMHOPOIHBIX KUJIKOCTEH MOXKHO CYH-

M\WN

& »
< V|

TaTb, 4YTO

— M
L =w>
rae M — macca )KUIKOCTH,

W — 06BEM KUAKOCTH.

EaunHuner n3sMepeHusi:

[ke/m], [ko/om®], [ke/n], [2/em?].
[II0THOCTh KUAKOCTH 3aBHCHUT OT

TEMIIEPATypbl U AaBieHus. Bcee Kuukocty,
KpOME BOJIBI, XapaKTEpPU3YIOTCA YMEHbIIIE-
HUEM IUIOTHOCTH C POCTOM TeMIIEpaTyphl. I[MOTHOCTH BOABI UMEET MAaKCUMYyM IpU

t = 4 °C u ymenbImaercs npy a00bIX IPYTHX TEMIIEpaTypax. B oTom npossisgercs
OJHO M3 aHOMAJIBHBIX CBOMCTB BOJIbI. TemMmepaTrypa, Ipu KOTOPOU ILUIOTHOCTh BO-

bl  MakCHUMallbHasi, C
YBEIIMYEHUEM [1aBJICHUS
yMeHbIIaeTcsa. Tak, npu

nasnenuu 14 MlIla so-

Ja HMEET MAaKCHMallb-
Hyro miotHocts 1pu 0,6
°C.

[notHOCTH TIpEC-
noii Boael pasHa 1000
K/mM3, conéHOW  Mop-
ckoii Bogel - 1020 -+
1030, nmedru u Hedre-
npoaykros — 650 +~ 900

K2/M3, pryi — 13596 ke/mP.

MnotHocTb BoAbl (Kr/Ky6.m)

1000,05
1000
999,95
999,9
999,85
999,8
999,75
999,7
999,65
999,6
999,55

2 4 6 8 10

TemnepaTtypa (rpaa. Llenbcus)



HpI/I NU3MCHCHHMHN JOaBJICHUA IINIOTHOCTDH )I(HI[KOCTeﬁ HU3MCHACTCA HC3HA4H-
TelbHO. B OonbIIMHCTBE CJIy4acB IINIOTHOCTDL JKHAKOCTH B pacqéTax MOJKHO ITIpH-
HUMAaThb IIOCTOSIHHOM. OI[H&KO BCTPCUAIOTCA CJIydau, KOIrJa UBMCHCHUCM ILJIOTHO-
CTH HpCHC6peI‘aTI> HCJIb34, T.K. 3TO MOXKCT IIPUBCCTHU K 3HAYUTCIIbHBIM ormmnoOKam.

YeJabHBIN Bec

VY IeIbHBIM BECOM KUIKOCTH J - HAa3bIBACTCS BEC IMHUIILI €6 00beMa. DTa
BEJIMUMHA BBIpakaeTcss (GopMyno mjisi OECKOHEYHO Majioro 00bEMa JKHJIKOCTH

dW ¢ Becom dG:

__ dG __ 9dM
YV =W T Taw

JIns1 OMHOPOAHBIX JKUAKOCTEN MOXKHO CUUATATH:
- G _ Mg
7/ W w

Ay
rae G — BeC KHUIKOCTH.

1 VY nenbHBINA BEC )KUIKOCTH U INIOTHOCTH CBSI-
3aHBI COOTHOIIIEHUEM:

Yy =pr9,

rzie  — yckopeHHe cBOOOHOTO HajleHUs.
E IMHUIIBI WU3MEpEHHUS: [H/m?],
1 [H/oMm3], [H/n], [H/cm®], 1H=Ikzem/c?.
3HaueHHe YCKOpPEHHS CBOOOJHOTO
majeHuss ( Ha 3eMlie  M3MeHseTcs OT
19 9,831 m/c®> Ha momocax 1o 9,781 m/c> Ha
3KBaATOpE.

G,W

OTHOCHTEJIBbHBIN yIeJIbHbIN BeC

WNHorna ynoOHO MCIONb30BaTh TAKYI0 XapaKTEPUCTUKY KUJKOCTU, KOTOpas
Ha3bIBAETCS] «OTHOCUTENIBHBIM yNIEIbHBIA BEC». JTO OTHOLIEHHE YIEIbHOTO Beca
KUAKOCTH K yJIETbHOMY BECY ITPECHOM BOJIbI

— Yo
5‘7"0 o 760()1;1.

Enununel n3mepenns: OTHOCUTENBHBIN yIE€IbHBINA BEC - BEIUYMHA Oe3pas-
MepHasl.
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CKuMaeMoCTDb KUAKOCTH

CKMMaeMOCTh JKUJKOCTH 3TO CBOMCTBO JKHUIKOCTEH M3MEHSATH CBOM O0BEM
MIPU U3MEHEHUHU JIaBJICHUSL.

CXMUMaeMOCTh XapaKTEPU3YETCS KoIphduuuenmom 00bEMHO20 cocamus
(cxumaemocTH) P, IPEICTABISIONIMM COOO0M OTHOCHTEIBLHOE H3MEHEHHE 00BEMa

xuakoctd W npu usmenennn napienns P na exqunmiry.
y 4 “ e d
Bp = "W, dp
- 3Hak MUHYC B (hopmyJie yKa3bl-

Po,.Wo Pordp BACT, 9TO NIPH YBE/MYCHUH JaBIICHHS
, 00BEM KHIKOCTH yMEHBIIAETCS.
Wo-dW
Emuannel  w3Mepenus: IHat
(IMackank. 1T1a=1H/M?).

[Iepenuiem onpeneneHue ,Bp B BHJIC

dw 1
PP =W dap
O0e yacTi yMHOKUM Ha 3HAMEHATENb U MIEPEHECEM B JIEBYIO YaCTh
BeWodp +dW = 0.
VYurém, uto
dW =W —-W,,
Y MIOJICTABUM B IIPEIBIAYIIEE PABEHCTBO

ﬂpWOdp +W _WO =0.

Beipasus orcroga W, MokHO nony4uth (GOpMyITy AJs BBIYUCIEHUS HOBOIO
3Ha4YeHUs1 00bEMA MTPU U3BECTHOM YBEIIMUCHUM JIaBIICHUS

W =W — BpWodp =Wo (1 - SpdP).
Ecin ydecthb, 4TO BCe M3MEHEHHs 00bEMA MPOMCXOMAT MPH HEM3MEHHOM

. W. =M W = M
Macce 3a c4€T u3MeHeHus wiotHoctu (YVo = p) | = ", ), MOXKHO IIOJTYYHUTh
(dbopMyiTy U3MEHEHUS TIOTHOCTH NIPU U3MEHEHUU JAaBICHUS

M:M(l—ﬂde)ziz (1_ﬁpdp)_

P Fo P Po
OTKy/1a BEIPA3KB 0, TIOIYUHM
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— o
P =1pdp:

Usmenenne o6béma AW, mpoucxopsmiee 3a c4éT u3MeHEHHs IWIOTHOCTH dp
IIPU TIOCTOSTHHOM Macce, MOYKHO 3aIicaTh B BUJIC
M
dw =—.
do
[ToxcraBuB 510 B omnpenelicane fp, onpenenum Ko3(GOUIHEHT CKUMAEMO-
CTH KUIKOCTH Yepe3 N3MEHEHHE TUIOTHOCTH

P =

OTcyTCTBHE 3HAKa MHHYC B 3TOM BBIP&KEHHWU O3HAUAET, YTO yBEINYCHHE
JaBJICHUS TPUBOIUT K YBEITUUCHUIO TNIOTHOCTH.
Bennuuna, oOpatHas kKo3(pQUIMEHTY CKUMAEMOCTH, WIH, O-APYroMy, KO-

1 _ 9o 1
dP o dP -

) |Z|§\Z

s punueHTy 00HEMHOTO CKATUS 154 p , 0003HauUaeTcs

E —1L
HC B!
Y Ha3bIBAETCS OOBEMHBIM MOJIYJIEM YIIPYTOCTH KUIAKOCTH.
Torna npeapiaymias Gopmysa IpuMeT BUJ

E,.=pq.

DTO BBIpAYKEHHUE HA3bIBACTCS 3aKOHOM ['yKa JJIsl )KUJIKOCTH.
Enunune! usmepenus: [Iaj, [MITa], [kIc/ cm?].

Monyne yrnpyrocta Eye 3aBUCHT OT TemrepaTypsl M AaBieHus. 1loaTomy
pazIMyaroT JABa MOJIYJS YIOPYTOCTH: aauabdaTHYecKui W u3orepmuyeckuid. Ilep-
BBbIIl UIMEET MECTO MpHU OBICTPOTEKYIIUX Mporieccax 06e3 Teroodmena. [Ipoieccsl,
MIPOUCXOASIINE B OOJBIIMHCTBE THAPOCUCTEM, MPOUCXOAT C TEINIOOOMEHOM, MO-
ATOMY 4Yallle HUCIOJIB3YETCA HM30TEPMUUYECKUN MOAYJb ynpyroctu. lIpumepnas

dopma 3aBucumocteii Exe ot P u t0 mpescranena na rpagukax. Beé 910 ToBOpHT
0 TOM, YTO YKHJKOCTH HE BIIOJHE TOYHO CIEAYIOT 3aKOoHY I yKa.

A A
E,. E¢
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[IpuBenéM HECKOIBKO MPUMEPOB 3HAYECHUN MOIYJIEN YIIPYTOCTH.

MuHepabHbIE Maclia, UCIOJIb3yeMbI€ B TEXHOJIOTHYECKUX MallMHaX ¢ THI-
pasnuaecknm mpusogom, mpu 10 = 20 °C  umeror 06bEMHBIE MOALYIIH YIIPYTOCTH
1,35-10° + 1,75:10° MIIa (Meubinee 3HaueHHE OTHOCUTCS K 6OJIEE JICTKOMY
Maciy), GemsuH u kepocuH — npubmmsurensuo 1,3:10° MIa, rmuepun -
4,4-10° MI1a, pryrs — B cpenuem 3,2:10° MIa.

B mpakTuke dKCILIyaTalMy MMAPABIMYECKHX CHCTEM MMEIOTCH CIIydau, KO-
rJa BCIEICTBUE AEHCTBHS TOTO MIIM MHOTO BO3MYIIEHHS B JKUIKOCTH MOXKET 3HA-
YHUTENBHO M3MEHATHCS JaBleHUE. B TakuxX ciydasx IpeHeOpek EeHHe CIKUMAEMO-
CTBIO MIPUBOJIUT K CYIIECTBEHHBIM ITOTPEITHOCTSIM.

M3BECTHO, YTO CKOPOCTH PACIPOCTPAHEHHs 3ByKa C B OJHOPOHOM JKHIKO-
CTH MOXKHO OIPEAEIHUTH IO (POpMYJIe

E dP

ECiM BCIOMHUTB, 4T0 —oc — P dp , ¥ TOACTAaBUThH 3TO 3HAUYEHUE B (OPMYITY

CKOPOCTH pacIpOCTPaHEHUS 3BYKa, MTOJTYYUM

ar
c_ql_90 _ [dP
Y2 do

B aTOM cityyae M3MeHEHHE TUIOTHOCTH JKMJIKOCTH, BBI3BAHHOE M3MEHCHHEM
TaBJIeHHs, OyIeT

C
Ecnu cuurath, uTo *KuakocTh Heckumaemas, T.e. dp = 0, To okaxercs, uto
CKOPOCTh PAcHpOCTPAHEHHS 3BYKa B XKHAKOCTH MO NPHBEAEHHOM (GopMyne OKa-

KeTcst OGeckoHeuHoi (C = ¢0). IIpu MCIOIb30BaHUM TAKOTO 3HA4YeHUs C B cilydae
JOCTATOYHO OOJBIIMX O00BEMOB KUAKOCTH (03€pO WIIM HEPTENPOBOJ) WM OBICT-
pOro U3MEHEHHMSI JABJICHMSI, HAIPUMEpP, IIPU PE3KOM 3aKPBITUU WM OTKPBITHS 3a-
MIOPHOTO YCTPOMCTBAa B TPyOONMpPOBOJE, PE3yNbTaThl PacUETOB OKAXKYTCS CyIle-
CTBEHHO HETOYHBIMU. [10 3TOI NMpHUYMHE B ONMCAHHBIX YCIOBUSX MPUHUMATD KU~
KOCTb HEC)KUMAEMOM HEIOIyCTUMO.

TeMnepaTypH()e PaCIMPCHUC dKUAKOCTHU

TemmnepaTypHOe pacHIMpEeHHE >KUIKOCTH COCTOUT B TOM, YTO OHA MOXKET
M3MEHSTh CBOW 00BEM MPH U3MEHEHHH TeMIIepaTyphbl. ITO CBONCTBO XapaKTepH-
3YeTCSl TeMnepamypHviM KOIhpuyuenmom oo6vemMHo2o pacuiupenus, npeicTaB-
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JISTFOIIIUM OTHOCHUTEJIBHOE N3MEHEHUE 00beMa KUIKOCTH TTPH N3MEHEHHUH TeMIIepa-
Typhl Ha enunHuIly (Ha 1°C) 1 Ipu MOCTOSTHHOM J1aBJICHUH:

B 1 dw
t - T .
W dt
[lo aHamornm co CBOMCTBOM CXKHUMAaEMOCTH KNAKOCTHU MOXKHO 3allMCaTb
W =W, (1+ A.dt).
HJIN 9€PE3 IINIOTHOCTDH

S 0
L = Ixp.atc -

N3menenue o0bEMa nMpyu M3MEHEHUH TEMIIEpaTyphbl MPOUCXOAUT 3a CUET W3-
MEHEHHUS TJIOTHOCTH.

J{ns GoNbIIMHCTBA KUAKOCTEH KOA(PUIIHEHT ﬂt C YBEJIMYEHUEM JIaBJICHUS

ymenbinaercs. Koapdurment f ¢ yMeHblIeHHEM IIOTHOCTH HEPTENPOIYKTOB OT
920 o 700 k2/m® yemnuupaercsa ot 0,0006 mo 0,0008; nns paboumx KuAKOCTEH

ruapocucteM [ 0OBIYHO NPUHUMAIOT HE 3aBHCSINMM OT TeMIeparypsl. Jlus aTux
KUJKOCTEH yBelWUYeHUe AaBiieHust oT atMocdepHoro 10 60 MIla npuBoauT K po-

cry f npumepro Ha 10 — 20 %. Tlpu 9TOM, 4eM BbIlle TemIepaTypa pabodeit xu-
KOCTH, TeM Oosbiie yBenudenue f. Jlist BOBI C yBEIMICHHEM JaBICHHUS IPH TEM-
neparype 10 50 °C S pactér, a mpu temneparype Boiute 50 °C  ymenbiuaercs.

PacTBOopeHue razos

PactBopenue ra3oB - CriOCOOHOCTh KHAKOCTH TOTJIONIATh (pacTBOPSTH) Ta-
3bl, HAXOISIIUECA B COPUKOCHOBEHUHU C HEU. Bce )KUIKOCTH B TOM WM MHOM CTe-
MICHU TIOTJIOIIAIOT U PACTBOPSIOT T'a3bl. ITO CBOMCTBO XapaKTEepU3yeTCs KoIgghu-
UUEHMOM PACMEOPUMOCMU kp.

Ecnu B 3aKpbITOM COCYJI€ KHMIKOCTh HAXOJWUTCS B KOHTAKTE C Ta3oM NP

nasieHuy P1, T0 ra3 HauHET pacTBOPATHCS B KUIKOCTU. Yepes KaKoe-To BpeMst

a3z BOSSENONE T'a3

W, Kuokocmp \ w

Kuoxkocmo
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HpOH3OI>iI[éT HACBbINICHUC KUJAKOCTH Ia30M M AABJICHUC B COCYJIC M3MCHUTCH. Ko-
3¢)(1)I/IHI/ICHT PaCcTBOPUMOCTHU CBA3BIBACT U3MCHCHHC TABJICHUA B COCYIC C 00BEMOM
paCTBOpéHHOFO rasa u o0LéMoM KUAKOCTHU CIICAYIOIUM COOTHOIMICHNCM

& — KP &,

W}K pl

rne  Wr— 00béM pacTBOPEHHOIO Ta3a IPU HOPMAJIBHBIX YCIOBUSIX,
Woe — 00BEM KUIKOCTH,

Pl )41 PZ — Ha4YaJIbHOC N KOHCYHOC JaBJICHUC I'a3a.

KoaddummenT pacTBOpuMOCTH 3aBUCUT OT THUIIA KUIKOCTH, Ta3a U TEMIIe-

paTyphi.
IIpu temmneparype 20 °C u atMochepHOM JaBIEHUH B BOJIE COIEPIKUTCS

okoino 1,6% pacteopennoro Bosayxa no oosemy (Kp = 0,016). C yenuuenuem
p p

temmeparypel o 0 10 30 °C xo>dpduuMeHT pacTBOPUMOCTU BO3IyXa B BOJE
yMmeHblnaeTcs. KoaGuuueHT pacTBOPUMOCTH BO3/yXa B Maciax [Py TeMIIEpaTy-

pe 20 °C pasen npumepro 0,08 — 0,1. Kucnopon ornmyaercss Goniee BBICOKOMN
PacTBOPUMOCTEIO, YEM BO3YX, II03TOMY COJAEPKAaHHUE KUCIOPOAa B BO3IyXeE, pac-

TBOpeHHOM B kuakocty, npumepHo Ha 90% Beime, yem B armocdeprom. Ilpu
YMEHBIIEHUH [aBJIEHUS a3 M3 JKUIKOCTH BhLaenseTcs. IIpoiece BhIIEIEHHs ra3a
IPOTEKAET UHTEHCUBHEE, YEM PACTBOPEHHUE.

Kunenue

Kunenue — crmocoGHOCTh KHUIKOCTH NEPEXOIUTh B Ta3000pa3HOE COCTOSIHUE.
HNuaye 3T0 CBOMCTBO KUJIKOCTEN HA3BIBAIOT UCHAPAEMOCHIBIO.

KuakocTe MOXHO JOBECTH 10 KUIICHHSI TOBBIIICHUEM
TEMIIepaTypbl 10 3HAYECHHUM, OOJBIIMX TEMIEPATYPbl KUMECHUS
IIPA JAHHOM JIaBJICHUH, WU [IOHWKEHUEM JABJICHUS 10 3Haye-
HUW, MEHBIINX JABJICHHUSI HACBILIEHHBIX NApOB Pun KUIKOCTU
pu JaHHOM Temneparype. O0pa3oBaHue MYy3bIPHKOB TPU IO-
HWKEHUU JABJICHUA 10 JaBJICHUS HACBIIICHHBIX I1ApOB HAa3bl-
BACTCs XOJOAHBIM KUIICHUEM.

KunkocTe, U3 KOTOPOM yJaleH pacTBOPEHHBIA B HEM ra3, Ha3bIBaeTcCs Aera-
3UPOBAHHOU. B TakoW >KUIAKOCTH, KWUIIEHUE HE BO3ZHMKAET U IIPU TEMIIEpAType,
0oJbIIEH TeMIepaTypbl KUIIEHUS MPU JAHHOM JIaBJICHHH.

ConpoTuBJieHHE PACTSKEHUIO KUAKOCTE

ConpoTUBIIEHUE PACTSIKEHUIO >KUIKOCTEH 3aKiioyaercs B CIHOCOOHOCTU
AKUJIKOCTH IPOTUBOCTOATH PACTITUBAIOIINM CUJIAM.
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ConpoTHBIIEHHE PACTKEHUIO KUIKOCTEN MOKET BO3HUKATh TOJIBKO B Jlera-
3UPOBAHHBIX KUIAKOCTAX. B ombITax ygaBaioch NMpHU ILIEH-
TpUyTrUpOBAHUU JCTa3UPOBAHHON JUCTUILIMPOBAHHOU BO-
Ibl TIOJIYYUTh HA OYEHb KOPOTKOE BPEMs HAIPSKEHUS pac-
TSOKEHUS B BOJE, JOXOJUBIIWE MNPUOIU3UTENBHO 00 25
Mlla. TexHn4yecKue )XUAKOCTU HE COMPOTHUBIISIIOTCS pacTsi-
TUBAOLIUM YCUIIUSIM.
["a3pl MOTYT HAaXOIOUTHCA B KUIAKOCTU B PAcTBOPEH-
HOM M HepacTBOpeHHOM Buje. lIpucyTrcTBue B XKUIKOCTU
HEpPACTBOPEHHOI'O Ta3a B BHJIE IMY3BIPHKOB CYILECTBEHHO
YMEHBIIIAET MOJYJIb YNPYIOCTH XKUJIKOCTH, MPUUYEM 3TO
YMEHBLIEHUE HE 3aBHCHUT OT Pa3MEPOB My3bIPHKOB BO3/1yXa.
Jlunamuyeckass BSI3KOCTb KUIKOCTH C YBEIUYEHUEM CO-
Jep)KaHus B Hel Bo3ayxa pacrer. CopeprkaHue HEpACTBO-
- PEHHOTO BO3/lyXa B pabOYUX KUIAKOCTSIX THIPOCUCTEM Ma-
IIMH ¥ MEXaHU3MOB, TaK ke Kak U B TPyOONPOBOAAX, MOJAOIINX KUIKOCTh, MO-
KET CHJIBHO TOBJIMATH Ha MapaMeTphbl padoThl TPyOOIPOBOIOB U THAPOCUCTEM.

P

Bsa3kocTh

Bs13KkocTh — CBOMCTBO KHMJIKOCTH OKa3bIBaTh COIMPOTHUBICHHE OTHOCUTENb-
HOMY CIBHUTY €€ CJIOEB. BA3KOCTh NPOSBIAETCS B TOM, YTO IIPU OTHOCHTEIBHOM
IIEPEMELICHUM CJIOEB XUIKOCTU HA MOBEPXHOCTSAX MX CONPHUKOCHOBEHMS BO3HMU-
KAalOT CWJIbl CONPOTHUBIICHMS CIIBUT'Y, Ha3bIBAEMbIE CHUJIAMU BHYTPEHHETO TPEHHS,
WJIM CUJIAMM BA3KOCTH. ECiiM paccMOTpeTh TO, KaK pacipeiessitoTCsl CKOPOCTH pas-
JUYHBIX CJIOEB KUAKOCTH 0 CEYEHHIO MOTOKA, TO MOYKHO JIEFKO 3aMETUTh, YTO
YeM Jaiblie OT CTEHOK MOTOKAa, TEM CKOPOCTh JIBUXKEHUS YacTHl] OoJiblie. Y cre-
HOK NOTOKAa CKOPOCTh JIBWXEHHS KUIKOCTHU paBHaA Hymto. Miuroctpamuen 3Toro
ABJISIETCA PUCYHOK, TaK HAa3bIBAEMOW, CTPYMHOM Monenu mnotroka. Ha pucynke
MIPUMEHEHBI CIIEAYIOIINEe 0003HAYEHUS:

u. CKOPOCTB CJIOST JKH/I-
y 4 Cnou srcuo-  xocrtu,

Kocmu

dy - PacCTOSTHUE MEX-
Iy COCEIHUMH CJIOSIMU KUJIKO-
CTH.

MenneHHo NBHXKYIIUKCS

CIIOW JKUIKOCTH «TOPMO3HUT»

COCCIHUM  CJIOM  KHUIKOCTH,

7 NBIDKYyIIMMCS ~ ObICTpee, U

HA00OpOT, CIJION, ABUKYIIHUICS

y=0 u=0 c OospIell CKOPOCTBIO, YBIIE-

KaeT (TsAHET) 3a CcOoOOM CIIOH,

JBYDKYIIUICS C MEHBIIEH CKOPOCThbIO. CHIIbI BHYTPEHHETO TPEHUS TMOSBIISIFOTCS
BCJI/ICTBUE HATMYUS MEKMOJICKYJISIPHBIX CBSI3€M MEKTY BYKYIITUMUCS CIOSIMH.

7y u+du

=N

v

7
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3aKO0H KMIKOCTHOIO TpeHHs — 3aK0OH HpoTOoHA

Ecnu B paBHOMEpPHO JBHUKYIIEMCS IOTOKE KUJIKOCTH PacCMOTPETh JBa CO-
CEIIHHX CJIOS C OpAMHATaMH Y1 ¥ Y2, pacroNoKeHHbIX Ha paccrosauu Y mpyr ot
ApyTa, 1 CKOPOCTh MEPBOro M3 HUX 0003Ha4uuTh U1, a ckopocTh npyroro U2 , To
pasHuua Mexay HuMu coctaBut AU. Toraa MoxkHO 3anucarh

lim —2— 1 —du
yl_)yz Yo—Y1 dy

OTa BeIMUYMHA Ha3bIBACTCS I'paiuCHTOM CKOPOCTH I10 CCUCHHUIO ITIOTOKA HJIHN
IMOIICPCYHBIM TI'PaAUCHTOM CKOPOCTH. On IMTOKA3bIBACT, KaK MCHAKOTCA CKOPOCTH
CIIOEB AKHUIKOCTH 110 CCUCHHIO ITOTOKA.

Ecnu MCKAY COCCOAHUMMU CIIOAMHU KUAKOCTU BBIACIINTL HCKOTOPYIO INNIOIIAT-

Ky S, TO corjiacHo rumnote3e HeroToHa

T =4S

dy '’
rae | — CUIIBI BA3KOTO TPEHMS,
S — omane TpeHwus;
y A M — KO3 (HULIMEHT BA3KOTO Tpe-
HUS.

BenmnunHa g B 3TOM BBHI-
PaXXEHUM SIBIISIETCS OUHaAMUYe-

CKUM KOI(hpuyuenmom 6a3Ko-
cHiu, paBHBIM

o T & 77 =11

»

d
y2 Y1 ) Y
v NJIn
_ 1
H =T
dy

r7e T — KacaTelbHOE HAINpPSKEHHE B KUIKOCTH (3aBHCHT OT POJa XKUAKO-

CTH).

duznyeckuit cMbICT KO3 (UIIMEHTA BSI3KOTO TPEHUS - YUCIO, PABHOE CHUIIE
TPEHHUSI, PA3BUBAIOIICHCS HA €IUHUYHON MMOBEPXHOCTH MPU CAUHUIHOM TPATUCHTE
CKOPOCTH.

Enuuuusl  wsmepenus:  [Hee/m?],  [klce/m?],  [II]{Tyazeiins),
1113=0,1Hc/m°.
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Ha npakTuke yaie MCHOJIb3YETCS KUHemamuuecKuil Koigguuyuenm 6:3-
Kocmu, Ha3BaHHBIA TaK MOTOMY, YTO B €r0 Pa3MEPHOCTH OTCYTCTBYET 00O3Haye-
HUE CHJIBL. DTOT KO3()PUIMEHT MpeICTaBIsIeT cOOON OTHOIIEHUE AMHAMUYECKOTO
K03 uineHTa BA3KOCTH KUAKOCTH K €€ TUIOTHOCTH

Vv ==
Yo,

Envannsl usMepenus: [m?/c], [em?/c], [Cm] {cmoxc}, [cCm] {canmu-
cmoxc}, 1ICm=100cCm {I1Cm=I cm?/c}.

AHAJIN3 CBOMCTBA BA3KOCTH

JInst KanesbHbIX JKUIKOCTEH BSI3KOCTh 3aBHCUT OT Temreparypsl U u masie-
uust P, o1HaKo MOCTeqHSS 3aBUCHMOCTD TPOSIBIISIETCST TOJIBKO TPH OOJIBIINX H3Me-
HEHUSX JIABJICHUS, IOPAIKA HecKoabKux decamkoe Mlla.

3aBucuMOCTh KOA(G(UIMEHTa TUHAMHYECKOW BS3KOCTH OT TEMIIEPATyphI
BBIpaXkaeTcsi popmyIioil Bua:

= page
rae Mt — KO3QQOUIMEHT JuHAMHU4e-
V CKOW BSI3KOCTH IPU 3aJlaHHOW TEMIIE-
patype,
M0 — KOO((ULIMEHT AMHAMHYECKON
BSI3KOCTHU TIPH W3BECTHOW TEMIIEpaTy-
pe (mns munepanbHbIx Macen mpu 90
OC),
T — 3amannas Temmeparypa,
To —remneparypa, mpu KOTOPOH W3-
> wmepeno 3nagenne 4o (50 °C s mu-

tO
Kt — koo durment, 1 munepansasix Macen pasusiii 0,02-0,03,

€ — OCHOBaHHWe HaTypanbHOro norapuma passoe 2,718282.
3aBUCUMOCTh OTHOCHUTENBHOTO KO3(PPUIMEHTAa JMHAMUYECKON BSI3KOCTH

HEpaJIbHBIX Macel),

_H
HMp =~ 0T maBJIeHHs OMKUCHIBACTCS POPMYIIOW
0
— kP (P_PO) .
Hp = Ho€ ’
rae Mp — K03(pQUIUEHT JUHAMMYECKON BSI3KOCTH IPHU 3aJlaHHOM

JIaBJICHUH,

M0 — KOOPPUIMEHT TUHAMUYECKON BSI3KOCTU IIPU U3BECTHOM JaB-
JieHuH (Yalie BCero Npy HOPMAJIbHBIX YCIIOBUSIX),

P — 3ananHoe naBienue,
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Po —naBsnenue, npu KOTOpOil U3MEPEHO 3HAYEHHUE MO,
Kp — xospduuument, nns munepansueix Mmacen pasubiii  0,002-

0,0083.
BnusiHue naBneHus Ha BS3-
y2i 1 KOCTb  JKHUJKOCTH  TPOSBIISIETCS
TOJIBKO ITPU BBICOKHMX JABJICHUSX.
Ho Ina npumepa npuBeném

3HAa4YCHHA KHHCMATHYCCKOI'O KO-

addunueHTa BI3KOCTH V 1A He-
0,003 KOTOPBIX JKHAKOCTEH: Macjia HH-
nyctpuanbsibie (mo 'OCT 20799-
75) mpu temmeparypax 50 °C: U-
0002 | 54 _4-5 cCm, H-124 — 10-14
cCm, U-404A — 35-45 cCm;
P Boga mpecuass mpu 20 °C -
0,0101Cm; pryrs mpu 15°C
0,0011- Cm, ctans xunakas mnpu 1550 °C — 0,0037 Cm.
BSI3KOCTB JKUIAKOCTH - 3TO CBOWCTBO, MPOSIBIISIONIEECS TOJIBKO MPH JBIIKE-
HUM JKUJKOCTH, M HE BIMAIOIICC HA IMOKOSIIMECS JKUAKOCTH. Bsizkoe TpeHue B
YKHIKOCTSAX TOMYMHSICTCS 3aKOHY TPEHHUS, MPUHIUIIHAIBHO OTIIMYHOMY OT 3aKOHa
TpeHust TBEPABIX TeJ, T.K. 3aBHCHT OT IUIOMIAJNA TPCHUS M CKOPOCTH JIBHIKCHHS
JKHKOCTH.
XKuakocT, KOTOphIE MOAUUHSIIOTCS OMMMCAHHOMY 3aKOHY KMIKOCTHOTO Tpe-
Hust Hpl0TOHA, HA3bIBAIOTCS HBIOTOHOBCKUMH JKHUAKOCTAMH. OIHAKO €CTh KHMIKO-
CTH, TPEHHE B KOTOPHIX OMKCHIBAETCS APYTHMH 3aKOHOMEPHOCTSIMH.

HeHBIOTOHOBCKHE KUIKOCTH

OCc0OEHHOCTBIO HBIOTOHOBCKUX JKHUJKOCTEH SIBISIETCS TOJIHOE€ OTCYTCTBUE
TpeHus Mokos. OJHaKO CYIIECTBYIOT KUJIKOCTH (pacTBOPHI MOJUMEPOB, KOJIJIOU-
HbI€ CYCTIEH3UH, CTPOUTEIIbHBIC PACTBOPHI, MUIIEBbIE U KOPMOBBIE CMECH U T. I1.),

JJIsI KOTOPBIX CBA3b MEXKAY KAaCAaTCIbHBIM HANPsSIKCHUEM T U IONCPCYHBIM I'paau-
CHTOM CKOPOCTH HC ITOJYUHACTCA 3aKOHY Herorona. Takue KHNIAKOCTH HAa3bIBAKOTCsA
HEeHbIOMOHO6CKUMU UIIU AHOMA/IbHbIMU, 1 OTIINYAIOTCA OT HBIOTOHOBCKHMX HAJIM-

YHEM KacaTeJIbHOTO HAMPSHKEHUSI B COCTOSIHUM MOKOS 7D.
Hanpumep, kacatesbHbIe HAPSHKEHUS] TOAUUHSAIOTCS 3aKOHY

du
TaKI/Ie JKUIKOCTHU HA3BIBAKOTCA BHSKOHHaCTI/I‘IHBIMI/I, U OIBUXCHHUEC UX CJ'IOéB
HA4YWMHACTCA JIMIIb ITOCJIE TOI'O, KaK 6y,21€T HpCO}IOHeHO Hanpﬂofceuue cdeuza no-

T=7,%

Kosa 10.
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Jnst Ipyrux HEHbIOTOHOBCKUX JKUJKOCTEH TUHAMUYECKAs! BSI3KOCTh MOXKET
3aBHUCETh OT TPAJMEHTA CKOPOCTH, BPEMEHH W T. JI. DTa 3aBUCHUMOCTb MOXET
UMETh, HAIIPUMED, CJICTYIOMINN BU/T

k

du)
T =71 =+ H d_ y
rae K — ko> puImMenT, KOTOphIii MOKET 3aBHCETh OT CKOPOCTH, BPEMEHH,
TEMIIEPATYPbI, JTABICHHUS U HEKOTOPBIX JPYTUX (PaKTOPOB.

Onpez(eneHne BHA3KOCTHU KUAKOCTH

BS3KOCTB XHAKOCTH OMPEeNIeTCs] SKCIIEPUMEHTAIBHO ¢ TTOMOIIBIO TTPUOO0-

POB, KOTOpBIE HA3bIBAIOTCS BUCKO3UMeTpaMu. [Ipumepom Takoro npubopa MOKeT

cnykuth BuUcko3uMeTrp Ctokca. Ero pabora ocHoBaHa Ha cieayromieM. B mpo-

3pauHyI0 TPYOKY C KMJIKOCTBHIO TOMEIIAETCs

F IApPUK, TNIOTHOCTh KOTOPOTO BHIIIE TJIOTHO-

apx ctu xkuakoctu. Illlapuk memyieHHO omycka-

4 €TCSI B BSI3KOM JKMIKOCTH C IIOCTOSHHOU

F Ilapux ckopoctbio V. Ha mapuk Oyayt neicrtso-
c BaTh: BO-TIEPBBIX, CUJIA TSHKECTH

V . Fmﬂofc = meg’

BO-BTOPHIX, BEITAJIKMBAIOIIAsd (apXI/IMCIIOBa)

cujia
F..=p,Wg,
v Fm}ZQfC B-TPCTbUX, CHUJIAd CTOKC&, Imopoxgacmasd
BA3KUM TPCHHUECM Ha IMOBCPXHOCTH IIApHUKaA
F. =37dV .

B npuBeaEHHBIX BbIpaKEHUSX MPUMEHEHBI CIIEAYIoNe 0003HAUYEHHUS:
P, - IIIOTHOCTh MaTepuaa Imapuka,

P, - IIIOTHOCTD KUJKOCTH,

W - 00BéM mapuka,
V - CKOpOCTH OIyCKaHMs IIapuKa,

g - YCKOpE€HHE CBOOOIHOTO MaCHUs,

H - JTUHAMHYECKUH KOA(POHUITUSHT BSI3KOCTH,

d - tnameTp mapuka.
Tak kak CKOpPOCTh Tella TIOCTOSIHHA, 10 BTOPOMY 3akoHYy HbprOTOHa MOKHO 3aru-
caTh

Fro=F +F,..

msiofc
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O6béMm mapuka W
1
W == 7d>
6

IToncraBiisist mONy4YEHHBIE BBIPAXKEHNS B YPABHEHUE CUJI, IEUCTBYIOIINX HA IIAPUK,
MTOJIYYNM:

1 1
37du = == 7gd® — o).
ty 6729 (Pu = Poe)

Bripasus u3 nocieaneit Gopmynsl A | Gynem umeTs BeIpaxkeHue s oIpesee-
HUSL JUHAMUYECKOTO KO3 pUIeHTa BI3KOCTH:

1 21

p=gd? =

18 V

Ecnu u3meputh BpeMsi ONyCKaHHs IIapuKa Ha ONPENEIEHHYIO, 3apaHee H3-
MEPEHHYIO TTTyOUHY, TO HETPYHO OMPEACIIUTD BSI3KOCTh JIF000H KUIKOCTH.

(Pg — Pz )-
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Jlekuust 3. DKcmiayaralMoOHHbIe CBOMCTBA JKUAKOCTEHN

Kpome paccMOTpeHHBIX (PU3MUECKUX CBOMCTB KUAKOCTEW HPU UX HCIOJIb-
30BAHMM B TEXHOJIOTMYECKHUX MAIIMHAX HY)KHO YUYUTBHIBAaThb U JPYTHE XAPAKTEPH-
ctukd. OHY HE BIUSIOT HA MAaTEMATHYECKOE OMMCAHUE TMAPABINYECKUX SBICHUH,
HO OKa3bIBAIOTCS CYLIECTBEHHBIMU NP 3KCIUTyaTalluu TUApocucTeM. TpeboBaHMs
K TAKUM CBOWCTBAaM OINPEAEISIOTCA, MPEXKAE BCEro, LEIbI0, ¢ KOTOPOU JKUIKOCTh
MIPUMEHSETCA B TEXHOJOTMYECKON MallvHe. B ruaponpuBojie )KUIKOCTh BBINOJ-
HSIET HECKOJIBKO Pa3Nu4HbIX QyHKIMA. Bo-niepBoix, 310 hyHKIMA pabodero Tena,
00€eCIeYnBaIOIEr0 MEPEHOC SHEPTUH B THAPOCUCTEME, MOATOMY €€ Ha3bIBAlOT pa-
004eil JKUIKOCTHIO, B THIPOIPUBOIaX TOPMO30B — TOPMO3HBIMH JKUIAKOCTSIMH. Bo-
BTOPBIX, padoyasi )KUAKOCTb SIBJSIETCS CMAa30YHBIM U OXJIAKJAIOLIUM BEILIECTBOM.
B cucremax cMa3ky MX Ha3bIBAalOT MacjlaMH, B CUCTEMaX OXJaXKICHHs — OXJIaXa-
IOUIMMH WM CMa304HO-oxJI1axaaomuMu xujakoctsamu (COX). B stom cnyuae onn
o0OecneunBaOT YMEHbIIEHUE CHJI TPEHUS B Mapax TpeHus. B-TpeTbux, *KUAKOCTbH
ABJISIETCSL  CPEAOM, YAAIAIONIEM W3 THAPOCUCTEMBI NPOAYKTHI H3HOcA. B-
YeTBEPTHIX, CMA304YHO-OXJIAXKAAIOIINE KUAKOCTH 00ECTIEUMBAIOT 3aLUTY JleTanen
oT koppo3uu. KoMiiekc pu3nKo-XMMUUYECKUX CBOMCTB pabOuuX XKUAKOCTEN 10J1-
KEH HaWwIydlluM o0pa3oM o0OecrneuyuBaTh HUX OCHOBHYIO M JOIOJIHUTEJIbHbBIE
¢ynkuuu. Pabouyne )KUIKOCTH THAPOCUCTEM AOJDKHBI 00J1aaTh CIEAYIOMIMMU J10-
MTOJIHUTEJIbHBIMU CBOMCTBAMHU.

AHTH(PUKUIMOHHBIE (CMa3bIBAIONINE) CBOMCTBA 3aKIIOYAIOTCS B CIOCOO-
HOCTH HUJKOCTH YMEHBIIATh CHJIBI TPEHUS MEXIY JBIKYIIUMUCS JIE€TaJISIMH.
JlanHHOE CBOMCTBO OOECIEeYMBaeTCs MOCPEACTBOM J100aBICHUS Pa3IMYHBIX MOJIH-
(UKaTOPOB U MPHUCATOK.

CTadMIbHOCTH BA3KOCTH COCTOUT B MUHUMAJIbHOW 3aBUCUMOCTH BSI3KOCTH
OT TeMIepaTypbl B TpeOyeMOM TeMIIEpaTypHOM JHamna3oHe. BsS3KocTh XKuAKoCTH
JOJDKHA OBITH ONTHUMalIbHA, T.€. JOJDKHA 00ecredyrBaTh XOPOILIUE CMa3bIBaroOIINe
CBOMCTBA NPY MUHUMAJIBHBIX YT€UKaX 4e€pe3 HEIJIOTHOCTH U 3a30pbl B TMAPOCH-
cTeMe. JTO CBOWCTBO CYIIECTBEHHBIM O0Pa30M 3aBUCUT OT OTHOCHTEIBHBIX CKO-
pOCTEN IBUKEHUS TTOJBUKHBIX YaCTEH.

Temnepatypa kuneHnusi 0JbKHA OBITh BBICOKOM, 4TO obOecreunBaeT pado-
TOCHIOCOOHOCTh U CTOMKOCTD KUJAKOCTH B OOJIBIIIOM TEMIIEPATYPHOM JHAara3oHe.

YCTOHYMBOCTh K MEXaHMYECKOM U XMMHUYECKON NeCTPYKUMHU U K OKHC-
JICHUIO JOJKHA OBITh BBHICOKOM B YCIIOBUSIX NMPUMEHSIEMOT0 TEMIEpaTypHOro pe-
KUMa, a TAKXKE B TECUCHHE MAKCUMAJILHO JITTUTENIBHOTO CPOKA CITYKOBI.

MoayJib 00beMHOM YIIPYTOCTH JOJKEH MAaKCUMAIbHO BBICOKHM.

Ko3ddpuuuenrsl Ten10npoBoAHOCTH M YACJbHONH TEMJIOEMKOCTH JIOK-
HbI ObITh BBICOKMMH, YTO 00ECIEUYMBAECT WHTEHCUBHBIM OTBOJ TEIlIa U3 THIIPOCHU-
CTEMBI U MOBBIIIAET TOYHOCTD €€ pabOTHI.

Koy puuueHT TenaoBoro pacmmpeHusi JTODKCH ObITh HEOONBIIHNM, T.K.
ATO TaKXKE MPUBOAUT K YBEIUYEHUIO TOUHOCTU PAOOTHI THIPOCUCTEMBI.
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JKOJIOrHYeCKasi 0e30MaCHOCTb >KHJIKOCTH U IPOAYKTOB €€ pa3iIoKEeHHs
3aKJII0YACTCSl B HEJAOPOTOM BO3MOXKHOCTH NEpepabOTKH, MOBTOPHOTO MCIOIb30Ba-
HUS WIM YTUIN3ALUY [T0CJe OKOHYAHUS CPOKa DKCIUTyaTallUu.

Temmnepatypoii 3acTbIBAHUS HA3BIBAIOT TaKyI0 HAHOOJIEE BHICOKYIO TEMIIE-
paTypy, Ip¥ KOTOPOH MOBEPXHOCTh YPOBHS Maclia, 3aJIMTOr0 B CTaHJAPTHYIO MPO-

OUpKy, He TepeMeInaeTcs Mpyu HakiaoHe mpobupku Ha 45° B Teuenne 5 muH. DT1a
TeMIlepaTypa XapakTepu3yeT KUIKOCTb C TOUKH 3PEHUsI COXPAHEHUS! TEKY4YeCTH, a
CJIeI0BaTEIbHO, BO3MOKHOCTH TPAHCIOPTUPOBKU U CIMBA B XOJOJHOE BPEMs TO-
na.

Temneparypa 3acThIBaHHMs Macja JOJKHAa ObITh He MeHee yeM Ha 10 —

17°C nwxe HauMeHbIIEH TEMIIEPATYPBI OKPYXKAIOIIEH CPENbl, B YCIOBHAX KOTO-
poii Oyzer paboTaTh I'MJIpOCUCTEMA.

Temnepatypoii 3amep3aHusi HA3bIBAIOT TEMIIEPATypy Haydajga KPUCTAJLIIN-
3alliH, T.€. TEMIIEPATYPY, IPU KOTOPOMl B )KHIKOCTH 00pa3yeTcss 00Ja4Ko U3 MEIlb-
yaiimmx KpuctawioB. [Ipu 3TOM He TOJKHO OBITh paccianuBaHUs KUIKOCTH U BbI-
NEJIEHUS U3 HEE COCTABHBIX KOMIIOHEHTOB.

Kuakocte HE AOHKHA COAEPKATH JIETKOMCHAPAIONINECS] KOMIOHEHTBI, HC-
apeHUe KOTOPBIX MOXKET NPHUBECTH IPH MPOAOJLKUTEIIBHON IKCILTyaTalluu K 3ary-
CTEHUIO KUIKOCTH.

OruecToKoOCTh KUAKOCTEH BBIPAKACTCA B TOM, YTO KUJIKOCTh HE JIOJKHA
OBITh NPUYMHON BO3HUKHOBEHUS WK PACIIPOCTPAHEHHUS MT0XKapa.

C TOYKHM 3peHUsI OTHECTOMKOCTH KUAKOCTH XapaKTEPU3YIOTCS memnepamy-
pamu 6CnuluKu, 60CNIGMEHERUA U camoeocniamenenus. 1lon teMieparypon
BCIIBIIIKM TOHUMAETCS MUHUMAJIbHAs TEMIIEpaTypa, Mpu KOTOPOIl Haja MOBEPXHO-
CTBIO KUJKOCTU 00pa3zyeTcsi KOJUYECTBO Mapa, JOCTATOYHOE JUIsl BOSHUKHOBEHUS
KPAaTKOBPEMEHHOW BCIBIIIKH. TemnepaTypoll BOCIUIAMEHEHHUsI HA3bIBACTCA TaKas
TEMIIEPATYpPa, IPU KOTOPOM KOJIMYECTBO BBIIEISIOLIETOCS MMapa TaKOBO, YTO Tope-
HUE IIPOJOJDKAETCS IOCIIE yIaJeHUsI UCTOYHHKA OrHA. TemmepaTrypoil caMOBO3IO-
paHusl Ha3bIBAETCS Takas TeMIlepaTypa, PU KOTOPOH KUIKOCTh WJIU €€ Map BCIbI-
XMBAET PHU KOHTAKTE C BO3AYyXOM 0€3 BHEITHETO UCTOYHHKA BOCTUIAMEHEHMUSI.

TemnepaTypa BocIIaMEHEHHs] Macel Ha He(TSHOM OCHOBE HAaXOJUTCS B

npenenax 180—230° C, a temneparypa camososropanus or 260—370° C u
BBIIIIC.

HeroproyecTs BO MHOTHUX CiIy4asiX SIBJISIETCSl PELIAIOIIMM CBOMCTBOM IpH
BbIOOpE THUIIa pabouel >KUIKOCTU. B ruapocucreMax, pacnoyioKeHHBIX OJIM3KO K
MCTOYHUKAM TeIlIa WINA OTHS HEOOXOJUMbI HErOPIOUHE KUAKOCTH.

Bonee BbICOKO# MOKapHOU 0E€30MACHOCTHIO, IO CPABHEHHUIO C MUHEPAIbHBI-
MU, 00JIaAal0T CUHTETHYECKUE KUAKOCTH. OHM MPAKTHUYECKU HE TOpST MPH BO3-
MO>KHBIX BBICOKHMX TeMIlepaTypax U He pacnpocTpaHsior oras. [Ipu pabore ¢ Mmu-

HepalbHbIMM Maciamu npu temmneparype Bbime /0°C HeoOX0mMMO yCTpaHAThH

KOHTAKT ¢ Bo3ayxoM. J{is sToro 6aku npu 70°C u Bellle HEOOXOAUMO 3aIOJIHATE
MHEPTHBIM T'a30M (230TOM, aprOHOM WJIM TeJIheM). ITOro e 3ddexra MOKHO J10-
CTUYb MEXAHUYECKUM PA3AEICHUEM I'a30BOM U KUJIKOCTHOM Cpe/l.
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JAudekTpuyecKkue cBoicTrBa. Berpeyarores ciydau, KOrJa BaXHBIMU SIB-
JISIFOTCS U30JIUPYIOLINE U TUDJIEKTPUUECKUE CBOMCTBA KUIKOCTH.

BONBIIMHCTBO KUAKOCTEN ISl THAPOCUCTEM - XOPOIINUE U30JATOPHI. Takoe
CBOWCTBO ITO3BOJIAET MTOMEIIATh B HUX 3JIEKTPUUECKUE arperaTbl U UX AJEMEHTHI
(conmenouibl, OOMOTKH 3JEKTPOJIBUraTeNEH U Mp.) 6€3 JOMOTHUTEILHON U30JISIUH.
OpnHako B 3TOM Cily4ae B JKUJKOCTSAX HE JOJDKHO OBITh METAIUIMYECKUX MPUCATIOK
U METAJUIMYECKHUX MPOAYKTOB M3HOCA. OHU TaKKE HE TOJKHBI COJIEPKATh BOJY.

Bo3aeiicTBue »KMAKOCTH HA Pe3UHOBbIE JeTaJu. BaxxHbIM CBOWCTBOM pa-
00YnX KUIKOCTEH IJIsi TUAPOCHUCTEM SIBIIACTCS BO3JICUCTBHE WX HA MaTepHabl
KOHCTPYKTUBHBIX JIEMEHTOB, U, B YaCTHOCTH, HA PE3UHOBBIC JIETAJIM TUApOArpera-
TOB, KOTOPBIE HCHOJIB3YIOTCA B KAaueCTBE YIUIOTHEHUU. M3MeHEeHME MX CBOMCTB,
MPOUCXOJAIIEE MOJ BO3JACUCTBUEM KUIAKOCTH, CONPOBOXKAAETCS HAPYILIEHUEM
TePMETHYHOCTH U IPYTUMHU OIIKOKaMu B pabOTE THIPOCUCTEM.

Hu oana pabouas kuakocth He oOiagaeT abCOMOTHON MHEpPTHOCTHIO. [1o-
ATOMY Ba)XHO, YTOOBI OHA HE KPUTHYHO yXY/IIajia OCHOBHBIE KauecTBa MaTepHuaia
YIUIOTHUTEIBHBIX YCTPOUCTB. B pe3ynbrare AIuTeIsHOr0 KOHTakTa pabodeit xKui-
KOCTH C PE3MHOBBIMHU JETATSIMU MOTYT U3MEHSTHCA UX 00bEM, BEC, MPOYHOCTh U
JIpyrue MexaHudeckue cBorcTBa jaeraneil. Ocobo cieqyeT OTMETUTh BIUSHUE Ha
PE3UHY CUHTETHYECKUX >KUJKOCTEH, OJTHU U3 KOTOPHIX BBI3BIBAIOT JIMOO Upe3Mep-
HOe Hal0yXaHWE€ YIUIOTHUTEIBHOTO MaTepuaia, 0o, Ha000POT, 3HAYUTEIHHYIO
€ro yCcaakKy.

Iena paboueil )KUIKOCTH AOJAKHA OBITH IO BO3MOXXHOCTH HEBBICOKOM.

[lepeunciieHHbIE CBOMCTBA TMAPABIMYECKUX PAOOUYMX KUIKOCTEH, K COXKa-
JICHUIO0, HE HOCSIT MOCTOSTHHBIN XapakTep. B mpornecce paboThl THAPOCUCTEM TIPO-
HCXOJUT U3MEHEHHUE UX XAPAKTEPUCTHK.

N3meHeHHne XapaKTepUCTHK Pa004uX KUAKOCTEN

Haunbonee cymiecTBeHHBIM (haKTOpOM, BIIMSIONIMM Ha CBOWCTBA paboOumx
KUIKOCTEH, SIBISICTCS KOJMYECTBO U COCTAB YACTHIL 3arPA3HSIONTNX 3TY KHIKOCTb.
3arpsi3HeHNE paboUnX KUIAKOCTEH THAPOCUCTEMBI MOYKET TPOUCXOANTH

. BO BpEMs MOCTABKHU KUIKOCTEN, XPAHEHUS U 3alPABKU UX B THIPOCH-
CcTeMY,

. B MPOIIECCE M3TOTOBJICHUS, COOPKU U UCIIBITAHUS DJIEMEHTOB THAPO-
CHUCTEMBI,

. B MPOLIECCE IKCIUTyaTalluH,

= 3a cu€T pacraja caMou XKHUIKOCTH MO ICUCTBUEM Pa3INIHBIX (aKTO-
pOB.

3arpsizHeHHe BO BpeMsi IOCTABKU, XPAHEHUS U 3alIPABKH

Paznuunble mpucagku U 100aBKHU, MpeJHA3HAYCHHBIX JJIS yIyUIIECHUS JKC-
IUTyaTallMOHHBIX CBOMCTB JKMIKOCTH B MPOLIECCE TPAHCIOPTHUPOBKM U XPAHECHHS
MOTYT BBIJIEIIATHCS W3 JKUAKOCTH, IPEBpPALIAsCHh B 3arpssHsAmoNIME BemecTBa. [Ipu
JUTUTEITBHOM XPAHEHUH B YCIIOBHSX IMOJIOKUTENIBHBIX TEMIIEPATYp B Maciaax MOTYT
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pa3BUBAaThCA KOJOHWM MHUKPOOPTraHM3MOB, BOoJopociell u rpubkoB. Paszmep oT-
JIENBHBIX TPUOKOB U GAKTEPHIA, a TAKKE HUX CIOP COCTABJIAET, KaK mpaBmio, 1 — 2

MKM, onHako Moxer gocturate ¥ 10 mMKm. B 0CHOBHOM MX HaOIIOJAIOT Ha rpa-
HHUIIE MAcJIo — BoAa. HempepsIBHO UIET IPOLECC OKMCIIEHUS Macla. AKTHMBHOCTh
3TOr0 IMPOLECCA MOBHINIAETCS C yBEIMYEHHEM TEMIIEPATYPhl U IIPH HAIUYUU B
Maclie SMyJIbIMPOBAHHOIO BO3yxa. Karanus3aTopoM OKHMCIIEHUs SBJISIOTCS YacTH-
1Bl U3HOCA U3 YEPHBIX M LIBETHLIX MeTA/LIOB. [Ipy OKUCIEHHH B Macie 06pasyroTes
PacTBOPHMMBIE U HEPACTBOPUMEIE IPOAYKTBI, KOTOPBIE CIIOCOOCTBYIOT €r0 Crylie-
HMIO ¥ MOTYT, B KOHEYHOM CYETE, BBIIANATh B BUJE OCAIKa HA JIETAIM THAPOAIIIa-
paToB M ruapoMamyH. Menpuaiiiye HepaCTBOPUMBIE IPOMYKTI OKHCIECHHS KOa-
T'yJIMPYIOT M YKPYIIHSIOTCS. 3aMEUEHbI CIIy9an «CaMOIIPOM3BOIBHOI0» YBEIMIECHHS
pa3sMEpOB YACTUIl 3arPA3HEHHMI B T€PMETHYECKM 3aKpPBITHIX cocynax. Hampumep,

€CIIM IIPY 3alpaBKE B JKUAKOCTU ObLIM 3adukcupoBaHbl dacTHisl He Oomee 10

MKM, TO CO BpeMeHEM OOHApyXMBAIIUCh YacTULLl pasmepoMm 25 — 200 mkm B
BHJIE PHIXJIBIX 00pa30BaHuil. BBICTPBIM POCT pasMepa YacTHUIl NPOMCXOIUT B HKHUI-
KOCTH, IOJBEPTAIOIIEHCS TPACKE NMPH TPaHCHOPTUPOBKe. JKHUAKOCTH MOKET 3a-
IPA3HATHCS YACTHIAMM IBUIM U3 BO3ayXa. IIbUIb NOCTYIAaeT B GaKK Yepe3 CUCTEMY
HaJIyBa M IPEHAXKA, Y€PE3 3aIUBHBIE TOPIOBMHBI IIPH «OTKPBITOW» 3ampaBke Oa-
xoB. IIblIb BCerga mpucyTcTByeT B atMocdepe. B ogHOM JIHMTpe BO3MyXa YMCIIO
nbuHoK MoxkeT u3MensaThes or 10 no 200000. IpenensHas KpymHOCTL YacTHIL
MBLIA B BO3MyXe cocTaBisieT 50 MKM, OCHOBHYIO MacCy IBUIM COCTABISIOT IIbI-

nuHKY pazmepom Menee 10 mkm. B ux cocrase:

o no 80% - xBapu TBEPAOCTBIO [ €IMHMI[ IO AECATHOAIILHON MIKAJIe
(Mooca),

. 10 17% - oxuck anmromunus ¢ TBEpHOCTHIO 9 enunuI,

o TIOJIEBOM 1ITIAT ¢ TBEPAOCTHIO 6 - 6,5 enunnn,

3 Jpyrue KOMIIOHEHTHI.

Jlis cpaBHEHHMS: TBEPAOCTH anMasa no aecsatuunoi mkane — 10, xenesa —
4.4, menu — 3,0, amomunus — 2,9.

Takum o0pazom, Ooibiliasi M0JiA YACTHUI[ TBUIM COM3MEpPUMa C 3a30paMu B
MOJBMKHBIX y3JIaX THUJIPOArperaTtoB, a TBEPJAOCTh HEKOTOPBHIX KOMIIOHEHTOB 3a-
TPSA3HEHU 3HAYUTEIBLHO MPEBOCXOJUT TBEPAOCTH MATEPHUATIOB COIPATAEMBIX JiE-
TaJiei.

3arpsizHeHHe B Mpoliecce U3roToBJIeHNsl, COOPKU U UCTILITAHUS

Bonpiioe KoMM4ecTBO YacTHIl 3arpsA3HEHUs OCTAéTCs B THIPOCUCTEME U €€
AJIEMEHTaX MOCJe U3TOTOBJICHUS U PEMOHTA. DTO MECOK, MOMAJA0NTNi TIPU JTUTHE;
IbLIb, OCEBIIAs HAa CTEHKaX; OKAJIMHA OT CBApKH, KOBKHM WM TEPMUYECKOU 0Opa-
OOTKH; OCTaTKM MEXaHUUYECKOW 00pabOTKH JeTaleil; 3ayCeHIIbl OT TPYOOIpPOBOIOB;
BOJIOKHA BETOIIIH, OCTAIOIIUECS T0CIe MPOTHPKH. [IpuTHpoUHbIe MacThl, TPUMEHS-
€MbI€ TIPH JIOBOJKE THUAPOArperaToB, oOpa3yloT CMEIIaHHbIE ¢ MapaduHOM, CTea-
PUHOM, BOCKOM H JIp. abpa3uBHbIE 3€pHA (KapOuabl Oopa u KpeMHUs, OeIbIif dJIeK-
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TPOKOPYH/, ajaMa3Hasi MbUIb), TBEPAOCTh KOTOPBIX MPEBBIIIAET TBEPIOCTH OOJIb-
IMIMHCTBA KOHCTPYKIIMOHHBIX MaTtepuaios. [lacta mpu oOpaboTke AeTaseid 0ObIUYHO
HAKAIUIMBAETCSl B IIYXUX OTBETBIEHUSAX CHCTEMbl U MpU €€ paboTe MOCTENEHHO
BBIMBIBACTCS, IIUPKYIUPYSI BMECTE C paboueid *KUIKOCTHIO.

3arpsizHeHHe B Mpolecce IKCILIyaTalluu

Haubosbiiee KOIMUECTBO YaCTUL 3arps3HEHMsI TONAJaeT B pabouue KHUIKO-
CTH B IPOLECCE DKCILTYyaTallMM TMAPOCUCTEMBI. 3a CYET U3HOCA €€ DIEMEHTOB pa-
004re KUAKOCTU 3arpsi3HSAIOTCA HEMPEPHIBHO CaMBIMHM Pa3MYHBIMH BHJIaMU 3a-
IPSI3HUTENEH — P>KABUMHOM, PE3UHOM, METAUIOM, a0pa3sMBHBIMU YaCTHUIIAMH, BO-
JIOKHUCTBIMU YaCTHIIAMH, Kpackod, mNbpuUIbl0. OCOOEHHO WHTEHCUBHBIA HW3HOC
HaOII0AAaeTCsl B Mapax TPEHUs, JPOCCEIbHBIX 3JIEMEHTax, pado4ynx Kamepax Tuf-
POMAaIIVH, PACHpPENEIUTENIBHBIX YCTPOUCTBAX IUIYHXKEPHBIX HACOCOB U T.a. IIpo-
OYKTBl M3HOCA TPYIIHUXCA JOETAIEW MOCTYIMAKT B KUAKOCTH HemnpepblBHO. [lpm
MHUKpOaHaJ13€e NMpo0 >KUIKOCTH ObUIO YCTAaHOBJIEHO, YTO Pa3Mep METAIUIMYECKUX

IMPOAYKTOB U3HOCA, TCHCPUPYCMEIX B pa60t1y}o KHUIKOCTB, COCTAaBJIACT OT 1 a0 10

MKM.

CoBMecTHOE BO3/ICHCTBUE BJIard, KUCIOPOJia BO3AyXa U pabodel KUIKOCTH
MO’KET BbI3BaTh Ha MOBEPXHOCTU JeTalied, TpyOOnpoBOI0B, 0aKOB 00pa3oBaHUE
PKABUMHBI M IIENYLICHHE NOKPHITUM. YacTUIbI P>KaBUYMHBI BBINANAIOT B BHJIE
ocaJika 4acCTHI] MUKPOHHBIX pa3MepOB. ITOMY CIOCOOCTBYET BUOpausi KOHCTPYK-
LIAH U ITYJIbCALNU JABICHUA.

Kpome Toro, 3arps3HeHusi B KUJIKOCTh MOMAJA0T MPU 0OCITY>KUBAaHUU CH-
CTEMBI, IPU HEOPEKHOM MOHTAXKE arperaToB, IIJIAHTOB U TPYyOONPOBOJOB, Yepes3
HE3aIrNIylIEHHbIE COEAUHUTEIbHBIC Y3JIbl, U3-3a 3arpsA3HEHHOCTH WHCTPYMEHTOB,
3aMpaBOYHBIX CPEJCTB, OJEXK bl 00CTYKUBAIOILIETO IEPCOHAA.

M cTOYHMKOM 3arps3HEHUs TOIUIMB M MAacesl B HEKOTOPBIX CIIy4yasX MOTYT
CIIy’)KUTb TaKXe caMu (UIbTPbI, NpeJHA3HAYCHHbIC IS OYUCTKU KUAKOCTU. B
npouecce padoThl GUIBTPYIOIIKE FTEMEHTHI YACTUYHO Pa3pyLIatOTCs U UX KOMIIO-
HEHTBHI BHIMBIBAIOTCS IOTOKOM JKUJKOCTH. Takoro Tuma 3arps3HeHHs] HaOJI0Jar0T-
cs1 'y BceX (GUIbTPOB C BOJIOKHUCTHIMHU HAOJHUTENSAMU, U3TOTOBJICHHBIMU, HAIIPH-
Mep, U3 Oymaru, IIepcTH, BOMIOKA, LEJUTI0I03bl, CTEKJIOBOJIOKHA U T.I. Kpome To-
ro, IPU UCIOJIb30BaHUN BOJIOKHUCTBIX HAITOJHUTENEN, KOTOPbIE MOTYT U3MEHSATH
NOPUCTOCTH ITPU YBEJIWMYECHUH NIEPENANa JABJICHHUIN BO BPEMS TUAPOYAAPOB U MyJIb-
cauui JaBJICHMS, 3a/IepKaHHbIE (PUIBTPOM YACTHULIBI 3arPSI3HEHUS MEJIEHHO TPO-
XOJAT Yepe3 GUIbTPOIIEMEHT U BHOBb MOMNAJAI0T B pa00UYIO )KUAKOCTb.

Pacnajg :xuaKoCTH MO AeHCTBHEM PA3JIUYHBIX (PAKTOPOB

Pabouast )KUIKOCTh B MpOLECCE XPAaHEHUs, TPAHCIOPTUPOBKH, 3aMPaBKU U
AKCIUTyaTalluy MOJIBEPraeTCsl BO3AECHCTBUIO PAa3IMUYHbBIX BUIOB SHEPIHH, BCTYIAET
B KOHTAKT C Pa3jJM4YHbIMUA BUJAMHU MaTepUajoB (METaUIaMH, OJIUMEpPAMHU, KUCIIO-
TaMU, BOJOM U T.J.), MHOTHE U3 KOTOPBIX SBJIAIOTCS KaTAIM3aTOPAMU XUMHYECKHUX
nporueccoB. [IoCTOSHHO BO3AEUCTBYIOIINM (PaKTOPOM SIBIISIETCS TEILII0OBAst SHEPT U,
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MHOT/Ia paJuallMOHHAs U 3JEKTpUYECKasi. ITU BUJIbl SHEPTUM OMPEACISIOT UHTEH-
CHBHOCTb CTAaTUYECKHUX MPOILECCOB cTapeHusi. CTapeHHEM Ha3bIBalOT M3MEHEHUE
CBOMCTB BEIIECTBA BO BPEMEHH. B AMHAMUYECKUX YCJIOBHUSAX, B JIONOJHEHHUE K

STUM BHUJaM dHEPTHUH, HA MACJIO JICUCTBYIOT MEXaHWYECKasi SHEPTUs IIPU CKATUU U

Pa3peKEHUH, BOJHOBAsI MEXaHUYECKasi SHEPTHUs TIPU BUOPAIMAX, 3BYKOBBIX U YJIb-

TPa3BYKOBBIX KoJieOaHMSIX. B pesyibpTare 3TUX BO3JACHCTBUI B pabouei KUJIKOCTH

MPOUCXOIUT KOMIUIEKC (DU3UKO-XUMHYECKUX U3MEHEHUM, KOTOPhIE MOXKHO pasjie-

JIUTh HA TP TPYIIIIHIL.

1. V3meHenuss GU3HUECKOTO XapakTepa: HCIapeHHe KOMIIOHEHTOB Macia, IMpo-
HUKHOBEHHE B KHJKOCTH MPOJAYKTOB W3HAIIMBAHUS, PACTBOPEHHUE Ta30B, BOJbI
Y KOMIIOHEHTOB 3JIaCTOMEPOB, U3BMEHEHUE KOJIMYECTBEHHOI'O COCTaBa MPUCAIOK
3a cuéT 00pa3oBaHUs COPOIIMOHHBIX MIEHOK HA MOBEPXHOCTAX KOHTAKTHUPYIO-
X JeTaleH.

2. VI3MeHeHHs XHMHMUYECKOTO XapaKTepa: OKHCIICHHE YIJIEBOJ0POJIOB 0a30BOTroO
MacJjia ¥ MPUCa0K BCIEIACTBUE MPUCYTCTBUS B Maciie BOJIbl U BOJIHBIX PaCTBO-
POB, pe€aKkIuy MPUCATOK Maciia C MaTepragaMy THAPOCUCTEMbBI U JIPYyTUE XUMU-
YECKHE MPOLIECCHI

3. M3MmeHeHuss MeXaHOXMMHUUYECKOTO XapaKTepa: y4acTHe Macja B IpoIeccax Tpe-
HUSI, IEPEMEIIINBAHMS, a TAKKE CTUMYJIUPYIOIIEE BIUIHUE MEXaHUYECKUX BO3-
JIEUCTBUI HA XUMUYECKUE PEAKIIUU.

IHocaenacTBust 3arpsi3HeHUs padoUye KUIKOCTH

HanexxHocth paboOTHl THAPONIPUBOAA HAXOAUTCSA B HEITOCPEACTBEHHOU 3aBHU-
CUMOCTH OT YHCTOTHI pabouei KUAKOCTH. B OONBIIMHCTBE CiTyyaeB HAOIIOAI0TCS
CICAYIOIINE HAPYIICHUS PaOOTHI U TOBPEKACHUS, BRI3BAHHBIC 3aTrPS3HCHUEM:

® 3aTpPyIHEHHOCTH ABM)KCHUS WM MTOJTHAS OCTaHOBKA,

® OMMOKH MO3UIIMOHUPOBAHUS TTPUBOJIA,

® OTKJIOHEHHUS OT 3aITAaHHOW CKOPOCTH JIBMYKEHUS THIPOIBUTATEIS,

® CKayKoOOpa3HOCTh IBWIKECHUS MPUBOA TPH IJIABHOM W3MCHEHHUH YIIPABIIS-
IOIIEr0 CUTHAja,

® YMCHBIIICHHUE XKECTKOCTH CHUCTEMBI M3-3a YBEIMYCHHS yTEUCK B THIpOArpe-
rarax,

® TI0pYa IMOBEPXHOCTH IIITOKOB U BAJIOB THIPOIBUTATEIICH,

® II0pYa IMOBEPXHOCTHU CEST KIIAllaHOB.

OTH TOBPEXKEHUS 3HAYUTEIHHO YXYAIIAIOT KAaYECTBO BBITIOJHIEMBIX 000-
PYJIOBaHHEM TEXHOJIOTHYECKHX OIEpalliii M BEAYT K MPOU3BOJICTBY OpaKOBAaHHBIX
WU3CIINH.

Kpome 3toro, Hamnuue 3arps3HEHUS B KUIKOCTH HEOOXOIUMO YUHUTHIBATH
pyu pa3pabOTKe AIEMEHTOB ruapocucTeM. Hampumep: cuibl, TpeOyembie s Tie-
pEMEIICHUS TUTYH)KEPOB pacIpeAe/IuTeNel, n3MepseMbIe TeCIThIMHA A0asIMU Hbto-
TOHA, MOTYT NPH HAJMYHUH 3arPsS3HEHUS BO3PACTH B COTHU Pa3, BHI3BaB HAPYIIICHUE
HOPMAaJIbHOM pabOThl THUAPOCUCTEMBI W JIaK€ BBIXOJ W3 CTPOS OTICIBHBIX €€
y4acTKOB. UTOOBI TapaHTHPOBATh HAAEKHYIO PabOTy, ISl MPEOJOJIECHUS CHII Tpe-
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HUS IUTYHXKCPOB ITPHUMCHSAIOT 3JICKTPOMAIrHUTHI C OOJBIINM TATOBBLIM YCHUIIMEM, J10-

cruraromum 150 H. Takue ycrpoiicTBa IMEIOT OOJIBIINE pa3Mephl K Maccy, ¥ Ma-
JIBIA CPOK CITYXkOBI, TaK Kak OOJIbIINE WHEPLUOHHEIE CHJIBI, PA3BUBAEMBIE IKOPEM
IpU €ro BTATMBAHUH, OLICTPO Pa30MBAIOT JIEKTPOMATHUT, YTO BEAET K yBelIUUe-
HMIO 3aTpaTr Ha 00CIYKUBAHUE CUCTEMEL. B TO ke Bpemsl, 0OJIbIIME ITyCKOBbIE TOKH
TpeOyIOT MOIHBIX KOHTAKTHBIX YCTPOMCTB B CUCTEMAX DIIEKTPOIIUTAHMS.
3arps;3sHEHHs B JKHAKOCTH CYIIECTBEHHO BJIMSIOT TaKK€ Ha CPOK CITY>KOBI
TUIPOAIapaToB U ruapoManiud. JKUAKOCTh CO B3BEHIEHHBIMH TBEPIBIMH YaCTH-
IIaMM [IPY TEYEHHHU C OOJIBIION CKOPOCTHIO, JOCTHIAOIIEH B HEKOTOPHIX YUacTKax

cuctem 300 m/c, npuryruiser, mogo6HO aOpa3MBHON dMYIILCHH, KPOMKH pacIpe-
JACTUTENBHBIX OTBEpCTHI. OT ATOTO ¢ TEYEHUEM BPEMEHHU YBEIUYHUBAIOTCS 3a30PHI,
YMEHBIIAIOTCS MEPEKPBITUS, U3MEHSIOTCS KO3(PPHUIIMEHTHI pacxo/ia U COMPOTHBIIC-
HUSI COTIEJ U TOYHBIX (KaJIMOPOBAHHBIX) OTBEPCTHUH.
M3 BBIIEHU3II0KEHHOTO CIIEAYET, YTO HEOOXOAUMO MOCTOSIHHO KOHTPOJIUPO-
BaTh CTEIICHb YUCTOTHI paboveil KUAKOCTA BO BpPEeMsl 3alpaBKu u pabOThI 000py-
JIOBaHUs, T.K. 3TO MOXET CII0COOCTBOBAaTh CBOCBPEMEHHOMY MPEIYIPEKICHUIO
0TKa30B B pabote ruapocucteM. J{Jist Kaxk 10 THAPOCUCTEMBI B 3aBUCIMOCTH OT €€
Ha3HAYCHHUSI W BBIMOJHACMBIX (DYHKIWNA, TUTAHUPYeMOW HAAEKHOCTH M CpOKa
CITy’KOBI amnmaparypsl JOJDKHA ObITh HA3HAYCHA ONpECNIEHHAS CTEIEHb YUCTOTHI
paboueil )KUIKOCTH.
Omnpenenenue Kjacca YUCTOTHI paboydeid KUIKOCTH.
B OonbIIMHCTBE CiTy4aeB /sl OIIEHKHA CTETIEHU YHCTOTHI KHUKOCTH HCIIOJb-
3YIOTCS CIEIYIOIINE TOKA3aTEeIH:
» Macca 4acCTHI[ 3arps3HEHUS B €IMHUIIC 00beMa JKUIKOCTH,
» 00BeM MEXaHUYCCKUX BKIIFOUCHUH B IMHUIIE 00BEMa KUIKOCTH,
» KOJIMYECTBO YACTHII Pa3HBIX Pa3MEpPOB B CIUHUIIE 00BEMa KUIKOCTH.
CreneHb YUCTOTHI paboUeH )KUIKOCTH OIIPEICIISETCS HAa OCHOBE HECKOJBKUX

cranpapros: I'OCT 6370 — 59, 10227 — 62, 10577 — 63 u apyrux. IIpusenem
npumep HekoTopbix u3 Hux. Ilo 'OCT 6370 — 59 xuakocTs cuntaeTcs YUCTOI,
ecnu cozepkanue sarpsasasromux yactun B Hell He npesbimaer 0,005 %, uro co-

crasisger 50 me/n. O6weit Maccoil YacTuLl 3arpsA3HEHUS Helb3s 10 KOHIIA OXapaK-
TE€PU30BaTh CTENECHb 3arPs3HEHHOCTH, TaK KaK IIPU OJIMHAKOBOW Macce KOJUYECTBO
YaCTHUIl MOXKET CUIIbHO U3MEHSATHCS.

B I'OCT 17216 — 2001 sarpssHeHHOCTH Onpenensercs UHAYe. DTOT

cTaHmapT ycraHasiupaeT 19 Ki1accoB 4MCTOTHI paboYeil KUAKOCTH (CM. TIPHIIOKE-
HUE), KQKI0MYy U3 KOTOPBIX COOTBETCTBYET OINPEIAEICHHOE YHCIIO YACTULl PA3INY-

HOro pa3Mepa, cogepskamuxcs B 0,1 J1 sxunkoctu.
MexyHapoaHasi acCOIMalMs TPAHCIIOPTHOM aBHAIMU PEKOMEHIYET HC-
H0JIb30BaTh B KAuecTBE Paboueil cpeibl KUAKOCTh C YACTUIIAMH 3arpsA3HEHUS HE

OoJibliie 5 MKM ¥ C OTpaHUYEHHBIM YHCIOM MEHBIIHNX Pa3MEPOB.
ITo npoekty mexayHapoanoi opranusaruu MCO/TK 131 xnaccer uncro-
ThI JKUJIKOCTH YCTAHABIMBAIOTCS 110 pasMepam dactui| 6onee 15 MKm.
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CyliecTBylOT U JApyrHe METOJAbl OINPEACNICHUs 3arpsi3HEHHOCTH padodeid
CpEIBl.

Bo Bcex ciydasix KOHTPOJIS YMCTOTHI KUAKOCTD JIOJKHA OBITh ITEpEMEIlIaHa,
a0 npoda AOHKHA CHUMAThCSI HE TI03)KE OJTHOM MHUHYTBHI MOCJIE OCTAHOBKH T'U -
pocuctemsl. Ilpucnocobienue 1uist U3BAE€YEHHUsI IPOOBI TOJKHO MCKIIOYATh MpO-
HUKHOBEHHE B MPOOY YaCTHUIl 3arpsA3HEHMs] U3BHE KaK BO BPEMs B3ATHSA, TaK U BO
BpEMsI TPAHCIIOPTUPOBAHUS, UTO 00ECIIEUNBAET IPOBEACHIE MAaKCUMAaJIbHO TOYHO-
ro axammsza. Kpome mnepedncieHHbIX
CylIecTBYeT ewE Lesblii psan TpeboBa-
HUN K TPOBEIACHHUIO MOJOOHBIX aHaIIU-
30B.

ITopiueHns DHILTP

Merton aHanu3a CTENEHNU YUCTOTHI
pabouell >KUAKOCTH OPHEHTHPOBAaH Ha
TI'OCT 17216-2001, xotopsli yuu-
THIBAE€T KOJUYECTBO M Pa3MEp YacCTHII

Pabouad JKHIKOCTh sarpsisaerns B 100 em® sxumkocta n
KJIaccuuIupyeT OKUAKOCTH 1o 19

KjlaccaM 4ucTOThl. OOBIYHO TaKOM aHAIM3 MPOBOAUTCA cieayromuM odpazoM. C
MIOMOIIBIO CHEIUATIEHOTO 32a00pPHOr0 YCTPONCTBA, IO BHEITHEMY BUY U IPUHLIUITY

NECTBUS HATIOMUHAOIIEMY IIIIPUII, Habupaercs npoda xuakoctu B 0obéMe 100

cm®. Jlanee 5Ta KHAKOCTH MPOMYCKACTCS depe3 (HIBTPONEMEHT, Ha KOTOPOM
OCTAIOTCSl YacTULbI 3arpsasHeHus. [locie 3Toro ¢ momMoub MHKPOCKONA MPOBO-
JUTCS TTOACYET YACTHUL], OCEBIIMX Ha (PUIBTPE C yUYETOM UX pa3MmepoB. Takoil me-
TOJI - OYEHb JJIUTETBHBIN U TPynoEMKHI Tipotiecc. [Ipu ero ucnonap3oBanum CyOn-
€KTMBHas TOrPemHoCcTs onepatopa Moxer gocturate 100%, a Bpems, 3aTpaun-
BaeMO€ Ha aHaJIM3 OJHOM MpoObl (0AHOTO (UIBTPOINEMEHTA), - HECKOJbKUX Ya-
COB.

HpI/IMeHﬂeMI)Ie AKUIKOCTH

B TUAPOCUCTCEMAX MAIIMH TCXHOJOTMYCCKOTO0 Ha3HAUYCHHA Yallc BCCTO IIpPHU-
MCHSAIOT CIICHUAJBHBIC JXUAKOCTH MHUHCPAJIBbHOI'O0 IPOUCXOXKIACHUA C JHUAITA30HOM

Bsskoctr ipu 50° C npumepro10-175 ¢Cm. Mumepanbabie Macia, TpHMEHse-
MBIE B KQUECTBE PA0OUMX KUAKOCTEN MHAPOCUCTEM, OTIMYAIOTCS OT MUHEPATBHBIX
CMa304YHbIX (MAIIMHHBLIX) MACENl TEM, YTO OHU COIEPKAT MPUCAIKHU, IPHIAOIIHE
MM Crienu(pUUECKUe CBOMCTBA, OTCYTCTBYIOLIME Y CMa304HbIX Macel. Tak, Hampu-
Mep, Ul TIOJYYeHUs MHUHUMAIbHOM 3aBUCUMOCTH BS3KOCTH OT TEMIIEPATYPHI
IPUMEHSIOT BA3KOCTHBIE ITPUCAIKH.
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Jlekuus 4. I'mapocraruka

Tuopocmamuxka — pasziesl THAPOMEXAHUKHU, U3yYalOlIUi 3aKOHBI PaBHOBE-
CHSI HEMOABUKHOM JKUIKOCTH, HaXOISIIEHC 0T T€HCTBUEM BHEIITHUX CHII.

BcenencrBue nedcTBUS 3TUX CHIT BHYTPH KUJIKOCTH BOZHUKAIOT HAINPSHKCHUS
CKaTHs, KOTOPbIE B THJIPABIIMKE HA3bIBAIOTCS dasnenuem u 0003Ha4aroTCss OyKBOU

P. B r'uapoCTaTuKC CHJIIBI, I[eﬁCTBYIOH_[PIe Ha JXUIKOCTb, IPUHUMAIOTCA HC 3aBUCS-
IMUMH OT BPCMCHHU. C y‘IéTOM 9TOI'0 IMOJIOKCHHUA MOKHO CHUTATDH, YTO HAIIPSAKC-
HUs1, BOSHUKAOIKWEC B X KUJKOCTH IO ,HGIZCTBI/ICM BHCITHHX CHJI, 3aBHUCAT TOJIBKO OT
KOOpAWHAT TOYKH X 1Y1 Z B XXMIAKOCTH. Takum o6pa30M, OCHOBHBIMH 3aJadaMH

THUAPOCTATHKY SIBISIIOTCS ONPEACIICHNE TaBIICHUS B KUAKOCTH KaK (DYHKIIH KOOP-
IUHAT

P=fp(X,Y,2),

da TaKXKC OIIPCACIICHUC CHII, I[GﬁCTBYIOIHPIX CO CTOPOHBI KHMIKOCTH Ha TBépIIBIG
CTCHKH.

Cuiibl, 1elCTBYOIIHE B KUAKOCTH

MaccoBbie CHJIbI

MaccoBble CHITBI 3TO CHJIBI, POITOPIIMOHAIBHBIC Macce KUAKOCTH. B ciydae
OJIHOPOJHOM JKHUIKOCTH 3TH CHJIBI IPOIOPIIHOHAIBHBI
- 00béMy. [Ipexe Bcero, K HUIM OTHOCHUTCS 8€C JKHJIKOCTH
G=mg=Wpg =Wy,
m,W,p,y rae G — Bec skuIKOCTH,
W — 00BéMm xuaxocty,
M — Macca XUIKOCTH,
g — yckopeHue cBOOOIHOTO MaieHus,

P — IOTHOCTH KUIAKOCTH,

G Y — YAEIbHBIA BEC )KUIKOCTH.
Kak wn3BecTHO, Macca SBIISIETCA MEpPOM WHEPTHO-
CTHU TeJia. DTO CBOMCTBO MPUCYIIE U XUIAKOCTAM, MTOITO-
My K MAaCCOBBIM CUJIaM OTHOCSITCS U CUJIbl UHEPUUU.

Fei =ma¥ = oW 4¥ — ma;

rne  F,, — naepunonnas cuna,

V — CKOPOCTB KUIKOCTH,
{ — Bpems IBIKEHHS,
d — YCKOpPEHUE IBUKECHHUS.
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Cuitel HHEpUMH, AEHCTBYIOIIUE B )KUIKOCTH, TaK K€ KAaK U I TBEPAOTO Te-
J1a, MOTYT IIPOCIMPOBATHCS HA OCH.

A

21 F =ma . dv,
UH Fei =M= =may,

t

’

“ ya dVv
A// F‘I’ — dtZ :maz’

X EY _ dvy
5] =M—+ gt may

rac FEI ) e| ) F - IPOCKINH CUJI MHCPIUU HA
COOTBCTCTBYIOIIHC OCH.

IToBepXHOCTHBIE CHJIBI

I1oBEpXHOCTHBIE CHJIBI — CHUJIbl, BEJIMYHUHBI KOTOPBIX IPONOPLIMOHAIBHBI
wiomaau. K HuM otHocAT aBa Buaa cuil. CUIBI HOBEPXHOCMHO20 HAMANCEHUA T
CUJIBl 643K020 mpenus. 11ocinenue nposBIsitoTCs TOJIBKO IIPU IBUKEHUU KUIKO-
CTH M HE UI'PAIOT HUKAKOM POJIM, KOTJA KUJIKOCTh HAXOAUTCSA B TIOKOE. JTU CHJIBI,
KaK CBOMCTBO BSI3KOCTH, ObUIM PACCMOTPEHBI IPU U3YYEHUN CBOMCTB KUJKOCTEH.

Cuibl MOBEPXHOCTHOTO HATHIKCHUSA

Monekynbl KUIKOCTH NMPUTATUBAKOTCS APYT K JIPYTY C ONPENEIEHHOW CH-
noil. [lpyuéM BHYTpPH KUIKOCTH CHJIbI, ACHCTBYIOIIME HA JIIOOYIO MOJEKYIY,
YPaBHOBEIIMBAIOTCS, T.K. CO BCEX CTOPOH OT HEE HAXOMATCSA OJMHAKOBBIE MOJIEKY-

JIbl, PACIIOJIOKEHHBIE HA OJJUHAKOBOM PACCTOSIHUU.
O O O OO O (O  OnxHako MOJIEKYJIBI KUAKOCTH, HaxoIsdIuecs Ha
O ()  rpaHuue (C ra3om, TBEpAbIM TEJIOM WM HA IPAHH-

O O 1ne aByX HeCMENIMBAIONIMXCS KUAKOCTE) OKa3bl-
BAIOTCSA B HEYPABHOBELIEHHOM COCTOSHUM T.K. CO
CTOPOHBI JIPYTOT0 BEIECTBA AEHCTBYET MPUTSKe-

HUE JAPYTUX MOJIEKYJI, PACIOI0KEHHBIX Ha APYTHUX

paccrosiHusIX. Bo3HUKaeT nmpeoliiajaHue KaKou-To
cunbl. [log BIUsSHHEM 3TOTO BO3ICHCTBHS TOBEPXHOCTH JKHUIKOCTH CTPEMHUTCS
IPUHATH (OPMY, COOTBETCTBYIOIIYIO HAaMMEHBIIEH Tutomaan. Eciu cuiabsl BHYTpH
KHUIKOCTH OOJIBbIIIE HAPYKHBIX CHJI, TO MMOBEPXHOCTD YKUIKOCTH CTPEMUTCS K ce-
pudeckoit ¢popme. Hampumep, Majble MacChl KHJIKOCTH B BO3IyXE CTPEMSTCS K
mapoo6pazHoi popme, 06pa3ys kariu. MokeT UMETh MECTO U 0OpaTHOE SIBJICHHE,
KOTOpOE HAOIIOIAeTCs KakK sSIBIICHUE Kanuaaapuocmu. B Tpybax mManoro quamerpa
(kanmuyutsipax) HAOTIOAeTCs UCKPUBIIEHNE CBOOOTHOM MOBEPXHOCTH, TPaHUYAIIICH
C Ta30M WJIH C TTapaMH 3TOU ke KUIKOCTH. Eciii MOBEpXHOCTH TPYOKH CMaunBaeT-
csl, CBOOOTHASI TIOBEPXHOCTh KHUAKOCTH B KamwUIsipe BorHyTas. Eciu HeT cMmauwn-
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BaHM:I, CBO6OI[Ha$I IMOBCPXHOCTH BBIITYKJIAsA, KaK IIPpHU KaHJ'IeO6p330BaHI/II/I. Bo Bcex
OTHUX ClIydasaX CHUJIbl IIOBCPXHOCTHOI'O HATAXKCHUA O6YCJ'IOBJ'II/IB3IOT JOITOJIHHUTCJIb-

HbIC HAMPSHKCHUS Pnos B KUIKOCTH. BenwunHa 3TUX HANPsDKESHUH OMpeenseTcs
dbopmyoit

_ 20
pnoe —r .

riae o - Ko3QPUIMEHT MOBEPXHOCTHOTO HATSIKEHUS,
I' - paguyc cepudeckon MOBEPXHOCTH, KOTOPYIO IPUHUMAECT JKU/I-
KOCTb.
OTH NONOTHUTEIbHBIE HANPSHKEHUS JIETKO HA0I0aTh, €CIIU B COCY/ C )KUJKOCThIO
MOTPY3UTh Kanmwmuisgp. B 3ToMm omnbiTe BO3MOXKHBI JBa BapuaHTa. B nmepBom cirydae

4 d d

_.,._.h—

v

I Ah

T Ah

1 p i

b r N o

KUJKOCTh, 32 CUET MOBEPXHOCTHBIX CHUJI, TOAHUMETCS MO KamWJULSIPy Ha HEKOTO-
py1o BeICOTY. Torma roBOpsT O KARUILIAPHOM ROOHAmMUU, Y HAOIIOIACTCS SIBJIE-
HUE cmayueanusa. Bo BTOpOM BapuaHTe KUIKOCTh OIYyCKAeTCA B KaUJUISIPE HUXKE
YPOBHS )KUJIKOCTH B cocylie. Takoe SIBIICHHE Ha3bIBAIOT KARUIAAPHBIM ONYCKAHU-
eMm, KOTOPOE MPOUCXOINUT MPU HECMAUUGAHUU.

B o0omnx Clly4dasax BCIN4YHUHA Ah IIpoIroporuoOHalIbHa JOIIOJIHHUTCIbHOMY
HAIIPAKCHHUIO, BBI3BBAHHOMY B JKUJIKOCTH ITOBCPXHOCTHBIMU CHIIAMMU. Omna paBHa

Ah = 4o
gdp ;
rzie 6 - K03 (QULUEHT NOBEPXHOCTHOTO HATSKEHHS,
d — muamerp xanumnspa,

K — ko3¢ huImenT TponopHuOHaTbHOCTH, KOTOPBII BEIPaKaeT-
csi cenytomeit hopmyoi

k_40

o

¥ 3aBucut o1 xuakoct. Hanpumep, npu t = 20 °C, K cnupra cocrapnser

11,5, pryru —10,15 a Boxw - 30.
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[TogasTHE BOMBI B KAMWIISIPaX MOYBBI M TPYHTOB SIBISIETCS BAXKHBIM (haK-
TOPOM B PACHpPOCTPAHEHUH BOJAbI. BbicOTa KanmmIipHOTO MOJHSATHS B TPYHTAX
U3MEHSIETCSl OT HyJs (FaJeuHUKH) moutu A0 5 M (rymHbl). [Ipu 3TOM C yBenuue-
HUEM MUHEpaIU3alliy BOAbI BHICOTA KATMJUIAPHOTO MOIHATHS YBETUUNBACTCA.

[ToBepXxHOCTHOE HATSKEHUE M KaMWUIApHBIE A (PEKTHI OMpeensoT 3aKo-
HOMEPHOCTH ABUKEHUS KUJAKOCTH B YCIOBUSX HEBECOMOCTH.

K moBepXHOCTHBIM cuIaM OTHOCSTCS W CWUJIbI JaBJICHUS, T.K. OHH Je-
CTBYIOT Ha OBEPXHOCTH >KUJIKOCTH.

Cuibl 1aBJIeHUA

/Jlaenenue — HanpsHKEHNE, BOSHUKAIOIIEE B KUIKOCTHU TIOJ] ICHCTBHEM CIKHU-
MAIOIINX CHUIL.

B o0mem ciyuae moBepXHOCTHas CHJia AR , JICUCTBYIOIAsI Ha TUIOIIAIKE

AS MOJ] HEKOTOPBIM YIJIOM K HEH, MOXKET OBITh pa3joKeHa Ha HOPMAaJIbHYIO

AFn

Ilo nopmanu K
naouwiaoke

Ilo kacamenvnoi
K naouiaoke

AFn Y TaHT€HUUAJIBHYIO AT cocrasistonue. Ilepas, HanpaBiieHHas: BHYTPb

o0beMa, Ha3bIBaCTCS CUJIOW JIaBJIEHUs, BTOpas — Cuion TpeHusi. Hopmainbhas co-
CTaBJISIIONIAS BBI3BIBAECT B KUIKOCTH HOPMAJbHBIC HAMNPSIKECHUS WU cUOpOMexa-
HUuecKkoe OaeéneHue, KOTOPOE B MOKOAIICKUCS KUIKOCTH HAa3bIBAETCS cUOpOCHa-

muueckum. Ecnu cuma AR, paBHOMepHO pactpenenena mo miomanke AS | o

AP = AR,
AS '’
WJIU TIEPEXO0/Jis, K TIpeIeiy
oo OF
dS
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B mro6oMm ciy4dac HpH‘IHHOfI BO3HHMKHOBCHUA OAaBJICHUA ABJISCTCA BHCIIHAA
Cujia, IIPHUIIOKCHHAA K KXKHUIAKOCTHU. Yacrto B TuapoIIpruBOIAC TaKOM CHJION SIBISICTCS

Harpyska F, npuinoxeHHas K UCIOJIHUTEILHOMY Oprady. DTa Harpys3ka BO3JCH-
CTBYET Ha >KUJKOCTh U€pe3 KaKyI-TO KECTKYIO MOBEPXHOCTb U, CIIEIOBATEIBHO,

pacIpezenesa paBHOMEPHO, HaIpPUMEP IUIOMAaAb HMOPIIHS THAPOLMIUHApa S. B
TakoM cilydae nasienue P onpenensercs mo gpopmysie

P—_
g -

Ecnun AaBJICHUC OTCUYHUTBLIBACTCA OT HYJIA, OHO HA3bIBACTCA aodcoromubim N

o603Ha"aeTcs P, eclu oT aTMOChEpHOTO, — U30bIMOUHBIM U 0003HAYACTCS

P..;. Ammocgepnoe napnenue o6osnaqaercs P, .

KpomMme Toro, paznnuaroT AaBICHUE 2UOPOOUHAMUYECKOE VU UOpOCmamuye-
ckoe. I'uIpoIMHaMUYECKOE JaBJICHUE BO3HUKAET B JIBIKYIIEHCS >kuakoctu. ['mi-
POCTaTHUECKOE JABJICHUE — JIABJICHUE B MOKOSIIEHCS KUIKOCTH.

CBolicTBa rHIPOCTATHYECKOTO IABJICHHUS

Ilepesoe ceoiicmeo popMynupyeTcst CaeayouM 00pa3oM: Ha BHEILIHEH I0-
BEPXHOCTH KUAKOCTU I'MAPOCTATUYECKOE JABJICHUE BCETJA HAIIPABJICHO II0 HOP-
MaJId BHYTPb pacCMaTpUBaeMoro oob&ma.

B npuBenénHol (HOpMyIMpPOBKE «BHEIIHSS MOBEPXHOCTH» 3TO J0Oas mo-
BEPXHOCTh, KOTOPYIO MOHO BBIICJIUTh BHYTPHU JKUJKOCTHU ([1aXKe MBICIEHHO), WU
ITIOBEPXHOCTH pa3zieiia Cpen.

Jloka3pIBaeTCsl MEPBOE CBOMCTBO MYTEM pacCykie-
HUWA METOJIOM «OT IPOTUBHOTO.

PaccmoTpum nokosmyrocs KuaKocTb. M3BecTHO, 4TO
KUAJKOCTh IIJIOXO CONPOTHUBIIAECTCS KaCaTEIbHBIM YCHIIHSM.

Ecmu Obl cwia, oT fgaBieHuss R pelicTBoBanma Obl HE IO
HOPMAaJIM K TUJIOIIAJIKE, TO €€ MOKHO OBbLJIO OBl MPEICTaBUTh

B BHJIE JIBYX COCTABISIOIIMX — HOpMaibHOW Fn u kaca-

tensHOl Fr. Torma xacarenbnas cocrapisiomas cMmemana Obl CIOH KUIKOCTH
APYT OTHOCUTEBHO JIpyra. TO O03Hay4ajao Obl, YTO KMJIKOCTh HE HaXOJUIach Obl B
MIOKO€E. JTO MPOTUBOPEUYUT HAYAIIBHOMY YTBEPKIACHUIO.

W3 mepBoro cBOWCTBA CIIEAYET, YTO HANPSIKEHUE CXKATUA - €IUHCTBEHHBIN
BUJ] HAIPSDKEHUM B MIOKOSIIEUCS KUIKOCTH

Bmopoe ceoiicmeo cocTouT B TOM, 4YTO B JHOOOW TOUKE BHYTPH >KUIKOCTH
JABJICHHE TI0 BCEM HAIPaBJICHUSM OJMHAKOBO. [{Haue 3TO CBOWCTBO HABIEHUS
3BYUYUT TaK: Ha JIIOOYIO IJIOMIAJIKy BHYTPU 00BEMA JKUJIKOCTHU, HE3aBUCUMO OT €€
yTJla HaKJIOHA, IEUCTBYET OJIMHAKOBOE JABIICHHUE.

JlokaxeMm BTOpoe CBOMCTBO. /{151 3TOro paccMOTpUM MPOU3BOIBHBIN 00BEM
B HEIMOABWKHOW >KUAKOCTH B BHUAE MNPSIMOYTOJIBHOTO TETpadJpa C pa3Mepamu
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dx’dy’dz. bynem paccmatpuBaTh 3TOT 00BEM B HEKOTOPOH MPOU3BOJIBHOM CH-

creme koopaunar X,Y,Z.

7 dz

i

G -
S
G0
o0
i

AR

RN
\
\ 4

dx

F=ma

X

Pz

Ha pucyHke npuBeneHsl cienyronme OyKBeHHbIE 0003HAYCHUS:

P. Py, P,- TUAPOCTATUYECKOE JIaBJIEHHE, ACHCTBYIOIEe Ha rpaHb, NEp-
MEHAUKYJSAPHYIO COOTBETCTBYIOIIEN OCH,

Pn - FTMIPOCTaTHYECKOE JABJIEHHE, JeHCTBYIONIEE HA HAKIOHHYIO IpaHb (S,

F- unepiyonnsle cuisl (MM CHIIBI Beca).
Terpasap dX, dy, dzZ no onpenenenuro HaxoaUTCA B MOKOE, CIENOBATENLHO,
cymMMa cuil, AeifcTByronux Ha Hero pasHa O, T.e.

> Fyyz=0.

X,Y,Z

[TonpobrO paccMoTpum 3TH cuibl. [Ipexae Bcero, Ha BBIJCICHHBINA TETpa-
3Ap ACUCTBYIOT CWIbI JIaBiieHUS. B MpoeKuusX Ha OCHM CHUCTEMbI KOOPIAUHAT IO
HANPaBJICHUIO KAXKJIOW U3 OCEU IEMCTBYET CUJIa OT JABJICHUS HA I'PaHb, NEPICH IN-
KYJISIPHYIO 3TOM OCH. DTOM CHII€ MPOTUBOJECUCTBYET MPOEKIUS HAa COOTBETCTBYIO-
IIYI0 OCh CWJIbI JIaBJICHUS HA HAKJIOHHYIO (OO0JbIyI0) rpaHb TeTpadapa. I[lomyda-
F0TCSI TPY TIapbl CUJI, COOTBETCTBEHHO OCSM:
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% Pd,d, — P,dSCos (x,n)

N

% Pydyd, — F,dSCos(y,n)

N

N\

% Pyd,d, — B,dSCos (z,n).

-

Bwmecte ¢ cunamu naBieHus, B oOIIeM ciydae, Ha TETPadJp NEHUCTBYIOT
UHEPIIMOHHBIE CWIbI (MUJIM B TMPOCTEHIIEM Cllydae Cujia Beca), KOTOpbIE PaBHBI
IIPOU3BEICHUIO MACChl Ha MPOEKLUIO YCKOPEHHS HA COOTBETCTBYIOLIYIO OCh. Mac-
Cy ONpeneuM KaK MNpPOU3BEACHHUE IUIOTHOCTU XUAKOCTH M 00BbEMA TeTpa’ipa.

1
OO6BEM 718 IPAMOYTOJIBLHOTO TETPAdApa paBeH EdXdde' B 5TOM ciydae MHEpIU-

OHHBIC CHUJIBI IIPUMYT BU/:

-

%dxdydz,oaX
1
5 dxdydzpa,

% dxdydzpa,

CnoxuB 00€ TOIyYeHHbIE CUCTEMBI YPaBHEHU, 1, mpupasusB ux 0 mo npu-
YUHE PAaBHOBECUS TETpaj/apa, MOJy4YUM OOIIYI0 CUCTEMY YpaBHEHHM cuil, Aei-
CTBYIOIIMX B IMOKOSIENCA KUIKOCTH:

N

% Pyd,dy —PF,dSCos(x,n) +%dxdyd2pax =0

N

% P,d,d, — P,dSCos(y,n) +%dxdydz,oay =0
1 "o
> Pydyd, — P,dSCos(z,n) + gdxdydz,oaZ =0.

Ecnu ydecTp, 4TO 1iomaap Kaxa0u rpaHd TETPa3apa, MapajuieIbHOMN IIIOC-
KOCTSIM KOOpJIMHAT, paBHA IUIOLIAJM MPOCKIUU HAKJIOHHOM T'paHU Ha COOTBET-
CTBYIOILYIO KOOPJIUHATHYIO MIJIOCKOCTD, MOIYYHUM CJIEIYIOIIEE PABEHCTBO:

%dzdy _ dSCos(x.n) = %dxdz _ dSCos(y, n) = %dxdy — dSCos(z,n).

Pa3nenuB ypaBHEHUs CUIJI Ha COOTBETCTBYIOINE OJAVMHAKOBBIE IUIOIIAIH, T10-
JTy4HM:
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~

P, — P, +%dx,oaX =0

A

1
Py—Pn+§dy,an :O

1
P, — P, +§dz,oaZ =0
Verpemus pasmepsl Terpadapa k 0, T.e. dx,dy,dz —>0 y dS >0
IMOCJICOAHAA CUCTCMA ypaBHGHI/Iﬁ IIpUMCT BUO:

P-P =0
P,~P,=0
P,~P,=0

ITpupaBHSB Bce TpHU yYpPABHEHHUS, ITOJyUYNM CIIEYIOIIEE PABEHCTBO:
P=P, =P, =F,.

B pesynbTaTe MOXKHO cenaTh CASAYIONTUN BBIBO: IaBJICHUE HE 3aBUCUT OT
HaIlpaBJICHMS, WUIH JIPYTUMU CIIOBAMU: OA671eHUE - 8EUYUHA CKANAPHAA.

OpnHako BO3HUKAET BOIPOC, KAKUM OOpa3oM IOJIy4YaeTcs, 4YTO JIaBJICHUE U
IJIOIA Ib BETMYMHBI CKAJISIPHBIC, a MX MPOU3BEJCHNE CUJIa — BEJIMYMHA BEKTOPHAS.
F=PxS-?.

OTBeT Ha ATOT BOMPOC 3aKII0YaETCs B cieayromeM. Hanpasnenne eexkmopa
cunwl 331a8T TIIOMIAKa, Ha KOTOPYIO IEUCTBYET JaBiecHHEe. DTO HAINpaBJICHUE BCe-
I/1a HEPREeHOUKYNIAPHO NAOWA0Ke Oelicmeus W HaIlpaBjICHO BHYTPh paccMaTpH-
BaeMoro oonéma.

OCHOBHOE YpPaBHEHHE THAPOCTATUKU

Onpenenum Teneps BEIUYMHY JABJICHHUS BHYTPH MOKOAIIEHCS KUAKOCTH. C
3TOH 1eNIbI0 PACCMOTPHM NTPOU3BOJIBHYIO TOUKy A, Haxoasurytocs Ha ray6uHe Na.
BO6M3M 3TOi TOUKH BBIIEIMM 3JeMeHTapHyo mwomaaky 0S. Ecmu sxkuakocTs 1mo-

KOUTCA, TO U T. A HaxOoOWUTCA B paBHOBCCHUH, UTO O3HA4Ya-

- l PO - €T YPAaBHOBCIICHHOCTEL CHIJI, )IGI\/'ICTBYIOH.II/IX Ha IIOAJAKY.
A — IIPOU3BOJIbHAA TOYKA B JXKUJIKOCTH,
p

Na—rny6una 1. A,
ds hd Po - naBnenue snemmeii cpenpr,

p - INIOTHOCTB KUJIKOCTHU,

, Pa— naBnenue B T. A,

A T P, dS — snemenrapnas niomaaka.
CBepxy Ha IJIOMIAJKY JACHCTBYET BHEIIIHEE JIaBJIE-

uue Po (B ciydae, eciu ¢cBoGOAHAS MOBEPXHOCThL MPAHM-
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quT ¢ aTMochepoit, To Po = PamM) U Bec cTojba xuakoctu. CHU3Y — JaBlIeHHE B

T. A ypaBHeHI/IC CHJI, I[CﬁCTBYI-OHIPIX Ha INIOIIAAKY, B 9TUX YCJIOBHAX ITPUMCET BUJI:
dSP, +dSh,gp = P,dS .

PaszienuB 510 BhIpaxkenue Ha OS u yuts, uto T. A BHIOpaHa IIPOU3BOJILHO,
TIOJIyYMM BhIpakeHue Uit P B 110601 Touke HOKOSIIENCs KUAKOCTH:

rae N — 2nybuna scudkocmu, na xoropoii onpenensercs nasiaenue P.
[ToayyeHHOE BLIPAKEHUE HOCHT HA3BAHHE OCHOGHO20 YPAGHEHUA 2UOPO-
cmamuku.

CaencTBusi OCHOBHOTO YPAaBHEHMSI THAPOCTATHKH

BO-HCpBBIX, N3 OCHOBHOI'O YPaBHCHHUA T'MAPOCTATUKH CJICAYCT, YTO IJIA JIIO-

0Ol TOYKHM KUIKOCTU B COCTAB BEJIMYMHBI JaBieHus Bxoaut Po - naBnenue, koro-
pO€ MPWIOKEHO K TPAHUYHOW NOBEPXHOCTH KUJIKOCTU M3BHE. DTa COCTABIIAOIIAS
OJIMHAKOBA JUIs JIF000H TOUKU KUAKOCTU. [103TOMY U3 OCHOBHOI'O YpaBHEHHMsI TH/I-
pOCTaTUKU cienyet 3akon Ilackana, KOTOPBIN IVIACUT: JABJIICHUE, IIPUIIOKEHHOE K
I'PAaHUYHON NOBEPXHOCTH MOKOSIIENUCS KUIKOCTH, IEPEAETCSI BCEM TOYKAM ITOU
KUJKOCTH II0 BCEM HAIIPaBIEHUSM OJMHAKOBO. CienyeTr MOog4epKHYTh, YTO JaB-
JIEHWE BO BCEX TOYKAX HE OJMHaKoBO. OJMHAKOBa JIMIIb Ta YacTh (COCTaBIISIO-
11as), KoTopas NpuiiokeHa K TPaHUYHOW MOBEPXHOCTU KUAKOCTH. 3akoH [lackans
— OCHOBHOM 3aKOH, HA OCHOBE KOTOPOro padboTaeT 0OBEMHBIN TUAPONPUBO, IPU-
MEHSEMbII B a0COJIFOTHOM OOJIBIIMHCTBE TUAPOCUCTEM TEXHOJIOTUYECKUX MAIIIHH.

BropsiM crieacTBueM siBIsieTCS TOT (akT, UYTO HA PaBHOM IiIyOMHE B MOKOS-
Hiercs KUIAKOCTH JAaBJIEHUE OJWHAKOBO. B pe3ynbrare MOXHO TOBOPUTH O IO-
BEPXHOCTSIX PABHOTO AaBieHUA. [[J1s1 ®KUAKOCTH, HAXOAAIIENHCs B aOCOIOTHOM T10-
KO€ WJIM PAaBHOMEPHO JIBHXKYLIEICS, TH MOBEPXHOCTU — TOPU30HTAIIBHBIE TIJIOCKO-
cTi. B npyrux ciaydasx OTHOCHUTEIBHOIO IOKOS, KOTOpbhle OyAyT PacCMOTPEHBI
HIDKE, MOBEPXHOCTH PaBHOTO JIaBJICHUS MOTYT UMETh IPYTyi0 GopMy WM HE OBITh
ropu30HTaIbHBIMU. CylIECTBOBaHHE OBEPXHOCTEN PABHOIO JABJICHMS ITO3BOJISET
U3MEPATH J1aBJIEHUE B JIIOOOM TOUKE KUIAKOCTH.

IIpuGops! AJ1s1 H3MepeHus JaBJIeHUS

CymiecTByeT JBa OCHOBHBIX THMAa MPUOOPOB JJIsi U3MEPECHUS IABICHUS B
KUTKOCTH.

K nmpubopam nepBoro tuma MO>XHO OTHECTU The3oMeTphl. OHU TIPEICTaABIIS-
10T cO00# BepTUKAIbHYIO TPYOKY, 00BIYHO TIpOo3paunyto. Eciu, Hampumep, HY>KHO
W3MEPUTH JABJICHUE B TOYKE A, TO IOCTATOYHO MOJACOSTUHUTH 3Ty TPYOKY K CTCH-
K€ coCyJla TaKk 4yTOoObl €€ KOHEIl HaXOAWJICS Ha IMOBEPXHOCTH PABHOTO JABJICHUS,
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MPOXOJAIIEH Yepe3 3Ty TOUKy. B mbe3oMeTpe yCTaHOBUTCS YPOBEHBb KUIKOCTU,
POTIOPIIMOHANIBHBIN JaBJICHHIO B T. d. AOCOJIIOTHOE JTaBJICHUE B 3TOM TOUKE OyJIeT

P

abe

= I:)O + pgha :

C I[pyr0ﬁ CTOpOHBI, 9TO K€ JAaBJICHUEC MOKHO HpeI[CTaBI/ITB KaK
Paﬁc = PamM + mhn '

Orcrona

PP, +pgh, P

amm uz0O amm

ot A9

h

n

Bemuunna h n HA3BIBAETCS nbezomempuueckoul evicomoit. 110 e€ BenmurnHe

CYJAT O BEJIMYMHE TABIICHUS.

Ecnu abcomroTHOE naB-
JIEHHE MEHbIIe aTMOCc(hepHO-
ro P_ <P TO B KHJKOCTH

abe amm >

PamMO

) UMEET MECTO pa3pexKcHHUE,
WM BakyyM. Takoe aBieHUE
Ha3bIBAIOT GAKYYyMMempuue-

hn ckum Oaenenuem P, . a BHI-

COTY B MbE30METPE HA3BIBAIOT
8AKYyMMEmMPUUecKoll 6blCo-

mou hgaK. OTH BEIUYHHBI
COOTBETCTBEHHO PaBHBbI:

P =P 4P

sak amm abc

u

Ko BTOpomy Tumy mnpuOOpOB OTHOCSATCS MaHOMETPBI, KOTOpPbIE HMEIOT
OoJibllIoe pa3HOOOpa3ue Mo TUIAM pa3MepaM U xapaktepuctukam. OIHaKO MPUH-
HIxana IUIIUMAJIBHO BCE 3THU MPUOO-

pBI COCTOSIT W3 UYyBCTBH-

l \ TENBHOTO JJIEMEHTa, KOTO-

l | | L1 pBIii MeHseT cBo (opmy
1

1I0JI BO3JCHCTBHUEM [aBiic-

HHS, Y, CBA3aHHOTO C 3THUM

3JIEMEHTOM, TepPeIaTOYHOTO

MEXaHHW3Ma U PErucTpupy-

Memopana fomero npubopa (MHIUKA-
TOpa).

IloncoenuuaT,  Ma-

HOMETPHI JIJI1 UBMEPEHUS JaBJICHUS B ONPEICIEHHON TOUKE HAZ0 TaKXKe KaK Ibe-
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30METPhI, HA YPOBHE IMOBEPXHOCTH PABHOTO C BBIOPAaHHOW TOYKOH, IaBICHUS.
Hamnpumep, non nelictBueM JaBieHUs THOKUNM YyBCTBUTENbHBIN 3JEMEHT — MEM-
Opana u3rubaercsa. Pazmep 3TOro OTKJIOHEHUs MPONOPLUUOHATICH BEIMYUHE H3Me-
psieMoro naBieHusi. Bmecte ¢ MeMOpaHON OTKJIOHSETCS JKECTKO COETUHEHHAs C
HEel cTpesKa, KoTopas mepeMenaeTcss BAOAb MKalbl. Takoi mpuOop OTIWYaeTCs
HEOOJBIITUM OTKIIOHEHUEM PETUCTPUPYIOUIETO 3JIEMEHTA — CTPEJIKH, CIEA0BATEIb-
HO, TOYHOCTb H3Me-
peHus OOJBIION OBITH
HE MOXET.
Hns  yBenmuue-
. peiika-uecmepns HUS 4YYyBCTBUTEIBHO-
Pase CTH Tmpudopa MeMm-
OpaHy MOXHO COE€IHU-
HUTH C 3y04aToii peil-
KOM, HaXoJsIIeHcs B
3aleIJIEHUd € IIe-

Memopana

§ crepHen. Eciom ¢ mo-

\ CIIEIHEU MKECTKO CO-

€IMHUTh CTPEIIKY, TO

/ \ Ipu HW3MEHCHHH JaB-
Ikana JIeHUs OHa OyJeT Mo-

BOPAYMBATHCS IO OT-

HOLIEHUIO K KPYTOBOM
mkaie. B aTom ciyyae u3ru6 memOpaHbl JacT Oojbliee, 4eM B MEPBOM cCiyyae,
JMHEMHOE OTKJIOHCHHE KOHIIA CTPEJIKU. ITO YBEIMYUT TOUHOCTh MOKa3aHUU MpH-
oopa.

OOmMM HETOCTATKOM TaKUX MPUOOPOB SBISETCS MAJIOE MUCXOJTHOE OTKJIOHE-
HUE YYBCTBUTEJIBHOTO PJIEMEHTA — MEMOPaHBI.

Jlist ycTpaHeHHusl 3TOr0 HEAOCTaTKa HCIOIB3YIOTCA 0oJiee CIIOXKHBIE YyB-
CTBUTEJIbHBIE 3JIEMEH-
Tel. Yale Bcero Takum
AJIEMEHTOM  SIBJISIETCA
noyiags TpyOKa, COTHY-
Tasg MO OKPYKHOCTH.
OguH  KoHel TpyOKH
CBA3aH CO WITYLEPOM
JUIST  TIOAKIIIOUEHHUST K
U3MEpSAEMOMY  JlaBlie-
HUIO, Apyrou c 3yOuya-
TBIM CEKTOPOM, KOTO-
pPBIM CBA3aH C ILIECTEP-
HEW U CTPEJIKOU, MOBO-
PaYnBAOLIENCS BOKPYT
wkanel. [Ipu mosbime-
HUW JaBJieHUs TpyOKa

T'uoxkaa mpyoka

Ilepeoamounbwiit mexda-
HU3M
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pa3rubaeTcs, U 3TO OTKJIOHEHUE 3HAYUTEIBHO OOJIbLIE, YEM OTKJIOHEHHE MeMOpa-
HBI [IPU TAKOM K€ JIaBJICHUU.

Bo Bcex ciydasix 4yBCTBUTENIBHBIN 3JIeMEHT (MeMOpaHy WM THOKYIO TpyO-
Ky) MOKHO CBS3aTh C MHAYKTUBHBIM 3JIEKTPUUYECKUM IpeoOpazoBaTeneM, COCTOs-
UM U3 CepJICYHUKA U DJIEKTPUUYECKOM KaTymKu. MOXKHO Tak K€ HCIOIb30BaTh
bE30KPUCTAIUIMUECKUN TpeoOpa3zoBarens. B oboux cinydasx Oyner reHepupo-
BaTbCS JJIEKTPUUECKHN CUTHA, MPONOPIUOHANBHBIA BEIMYMHE NABJICHUS. DTOT
CUTHAaJ TOCJIE COOTBETCTBYIOIIMX JJIEKTPUUYECKUX AHAJOTOBBIX WM LHU(PPOBBIX
npeoOpa3oBareieil MOXKHO IMepenaBaTh Ha OOJBIINE PACCTOSHUA U PETUCTPHUPO-
BaTh CTPEJIOYHBIMHU WIH IIU(PPOBBIMH, HAPUMED KUJIKOKPUCTAITMUECKUMH UHIH-
KaTopaMy. DTOT CUTHAJI HECIIOKHO TaK)Ke MepeaaBaTh A1 00pabOTKH KOMITbIOTE-

py.
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Jlekuus S. Iu¢pdepenunabHbie ypaBHEHUS PABHOBECUSA
MOKOALIENCH JKUTKOCTH

HuddepeHnnanbabie ypaBHEHNUS PABHOBECHS TIOKOSIIEHCS )KUIKOCTH HHAYE
Ha3bIBAIOT Oughepenyuanvnvimu ypasuenuamu ijiepa. OHU TOJYYESHBI IS
o0IIero ciry4as OTHOCHUTEILHOTO TIOKOS >KUIKOCTH. BO3MOXKHBI Clieyrolue Bapu-
AHTBI OTHOCHUTEIILHOTO TTOKOSI.

il

\

—

a

[lepBbIil BapuaHT COOTBETCTBYET aOCOJIOTHOMY MOKOK HJIM PABHOMEPHOMY
JBKEHUIO COCYJla C JKUJKOCThbIO. Takoi BapuMaHT pacCMATPUBAIICA MPHU BBIBOJE
OCHOBHOT'O YPaBHEHUS TUAPOCTATHKU.

BTtopoii BapuaHT — BpallleHHE COCYJa C KUAKOCTBIO C MOCTOSIHHOW YTJI0BOU

CKOPOCTBIO () BOKPYT LEHTpaJIbHON ocu. HecMoTps Ha TO, 4YTO BCA Macca KUIKO-
CTH BPaIa€TCsl BMECTE C COCYJOM, YACTHUIBI )KUJKOCTU IPYT OTHOCUTEIBHO APYra
HE MEePEeMEIA0TCs, CIe0BATEIbHO, BECh 00BEM KUJIKOCTH, KaK U B MIEPBOM CIIY-
yae, mpecTaBiIsieT cooor kak Obl TBEpOE Teo. J[aBiaeHue B KaKI0M TOUKE JKUI-
KOCTH HE MEHSIETCS BO BPEMEHH M 3aBHUCHUT TOJBKO OT KoopauHar. [lo atum npu-
YUHAM XKHUJKOCTb MOJIMAAAET MO ONPEAECTICHUE MOKOAIICHCS.

Tpernii BapuaHT aHAIOTUYEH BTOPOMY, TOJIBKO BpAILIEHUE OCYLIECTBISECTCS
BOKPYT MPOU3BOJIBHO PACIIOI0KEHHOW BEPTUKAJIBHOW OCU. BO BTOpOM U TpeTbeM
ciydae CBOOOJHAs TTOBEPXHOCTh JKUJKOCTH IMPUHUMAET HOBYIO (OpPMY, COOTBET-
CTBYIOLIYIO HOBOMY PAaBHOBECHOMY IOJIOKEHUIO KUJIKOCTH.

B 4eTBEpTOM BapHaHTE COCYHA C KUIKOCTHIO JBHXKETCS MPSAMOJIUHEHHO U
PaBHOYCKOPEHHO. TakoW ciaydall OpOSIBIIAETCS, HApUMEP, B MPOLECCE pas3roHa
WJIM OCTAaHOBKHU aBTOIMCTEPHBI C )KUAKOCThIO. B 3TOM cllydyae *KUJIKOCTh 3aHUMAET
HOBOE PAaBHOBECHOE IOJIOKEHUE, CBOOOHAS MOBEPXHOCTh MPHUOOPETACT HAKJIOH-
HOE TIOJIOKEHUE, KOTOPOE COXPAHSAETCS 0 U3MEHEHUS YCKOpEeHUs. YacTUIlbl KU -
KOCTH JIPyT OTHOCUTEIIBHO JIpyTa HaXOJATCS B MOKOE, U JABJIICHUE 3aBUCUT TOJIBKO
OT KOOpJWHAT.

Bo Bcex mepeuyuciieHHBIX ClydasiX Ha XKUJKOCTh JEHUCTBYIOT, BO-TIEPBBIX,
CHUJIBI BECa, BO-BTOPBIX, CHUJIbI HHEPIIUH, B-TPETHUX, CUJIbI IABJICHHUS.
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PaccMoTpuM B npou3BoibHON cucteme koopaunar X,Y,Z Npou3BOIBHYIO
Ttouky A. BOmu3u 3TOH TOYKM BBIAEIUM DJIEMEHTAPHBIA 0OBEM dX, dy, dz =

P+@dz
oz

dz

Az

I
] P P+ P ux

, A:/’ OX

»
> - oees s -

Ay A AX
// _\ . X
P+%dy dX

(bopMe IMPAMOYTOJIBHOI'O ITapaJUICIICIIMIICAA4, I'PAHU KOTOPOI'o AJIA IIPOCTOThI MATC-
MAaTH4YCCKHX BI)Ipa)KeHI/Iﬁ IMapauICIIbHbI KOOPANHATHBIM IIJIOCKOCTAM.

A

A\

3aMeTUM CIIEIYIOIIEE:
v’ naBjieHue sBjseTcs QYHKIUEH KOOpIUHAT (IIPU 5TOM B JIFO0O0H TOUKE
OHO TI0 BCEM HaIpaBJICHUSIM OJIMHAKOBO),

v' npu nepexoze k Toukam AX( AY, AZ) MeHseTCS TOIBKO OIHa KOOP-

nuHata Ha OeckoHeuno manyio Benmmuuny dX( dy, dz), nostomy Qynkuus
TI0JTy4aeT IPUPAIIEHHE TOJIBKO MO OJHON KOOPAMHATE,
5TO NPHUPAIIEHHE PABHO YacTHOMY AU(QPEpEeHIrany o COOTBETCTRY-

. oP oP oP
IOIEN KOOpAUHATE x dx, —dy, —dz.
X

oy 0z
Takum 006pa3om, pa3HOCTh JaBJICHUH, IEUCTBYIONINX HAa TPOTUBOIOJIOKHBIC
rpaHu Mapajuienenumena (BHyTpb paccMaTpuBaeMoro o0bEéma), MepreHIuKyIsp-
HbIE COOTBETCTBYIOIIUM OCSIM, OyI€T UMETh BUI:
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AP, = P—(P+@dx) :—@dx
OX OX

oP oP
AP, =P —(P+—dy)=——dy
Y oy oy

@dz.
0z

I/ICXOI[H N3 3TOro, OIpCACIINM PAa3HOCTH CUJI, BBI3BAHHBIX JABJICHUCM, B IIPO-
CKIIMH Ha OCH KOOPJAHUHAT

oP
AP, =P —(P+Z-dz)=-
; (P+—d2)

OoP
AF, = ——dzdxd
7 pe y
oP
AF,, = —— dydxdz
y ay

oP
AF,, = —— dxdydz.
X o Yy

Kpome cuit naBnenuss Ha napaienenunesn OyJayT JeHCTBOBATh MHEPLMOH-

ueie cubl F¢' B 06mem cly4yae OmpeaensieMble MacCOd U YCKOPEHUSIMU Ax, dy,

az
Ffi = a, pdxdydz

] Ffi = a pdxdydz
Fzéi = a, pdxdydz.

VuuTEIBas, YTO MapajIeNENuIIe] HAXOMUTCA B IOKOE, CyMMa CHJI, I€HCTBY-
I0IMX Ha Hero, pasHa 0

ay pdxdydz — Z—P dxdydz =0
X

ay pdxdydz — Ui dydxdz =0
oy

a, pdxdydz — 2—I:dzdxdy =0.

PasnenuB cucrteMy ypaBHEHMM CWJI HAa MAacCy pacCMaTpUBacMOIo mapajuie-
Jenunena, nojy4yuM CUCTEMY YpaBHEHMI Dilepa:

a _PL_g
oX p
<ay—a—Pi=O
oy p
@ PL_g
oz p
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Ha IIPaKTHKC, yTOOBI M30aBUTHCI OT YACTHBIX IMPOU3BOAHBIX, MCIIOJB3YIOT
OJHO YPaBHCHHUC, 3aMCHAIOIICC CUCTCMY. I[J'I}I 9TOI0 IICPBOC YPABHCHUC YMHOXKA-

FOT Ha dX, BTOpPOE Ha dy, TpEThE Ha dz u CKJIAABIBAIOT UX:

aydx+aydy+ azdz—i(é—de+a—de+a—sz) =0.
o OX oy o/

dP
B aroii popmyne cymma B CkOOKax SIBISCTCS MOJTHBIM auddepeHITnaiom
JABJICHUSI, KOTOPBIN B PE3YyJbTAaTe OKA3bIBACTCS PAaBHBIM
dP = p(aydx+aydy + a,dz).
[TonyuyeHHOE ypaBHEHHE MOKA3bIBACT, KAaK U3MEHSETCS JIaBJICHUE MPU U3MeE-

HEHUU KOOPJIMHAT BHYTPH IMOKOSAILIEHCA XKUAKOCTH JJI1 OOILIEro ciaydas OTHOCH-
TEJIBHOTO MOKOSI.

YacTHble CJIy4ad HHTETPUPOBAHUS YPAaBHEHU Jiljiepa

Z IToxo# KUAKOCTH MO AeHCTBHEM CHJIBI TAXKECTH

ChHavana pacCMOTPUM MPOCTEUIINN CITy4al IMOKOSI.
KunkocTe HaxomuTCS MOJ ACHCTBHEM CHIIBI TSDKE-
CTA. DTO O3HAYAET, YTO MPOEKIWH YCKOPEHHUU Ha

? ocu X u Y OTCcyTcTBYIOT. ENMHCTBEHHBIM YCKOpE-
HHEM SIBJISETCS YCKOPEHHE CBOOOIHOIO mameHus (,
v X T-e
vy a,=0, a,=0 a,=-g.

Torna nmonubii Auddepeniman qaBieHus Mociie MOICTaHOBKH B HETO YCKO-
PEHUI NTPUMET BUJ:

dP = —pgdz
[Tociie HHTErpUPOBAHKS DTOTO BHIPAKEHHUS [TOTYUHM:

de:j—pgdz:P:—pgz+C

[TocTOSIHHYO UHTErPUPOBAHUS, PABHYIO

C=P+p0z

HaiiIéM, TIOJICTAaBUB TTapaMeTpsl CBOOOIHOM moBepxHOCTH Py u Z,.

[Tocne nojicTaHOBKYM 3THX 3HAYEHUH B UHTETPa P 6y,ueM MUMETb PAaBCHCTBO:
P=—-—p0z+ B, + 00z,

HepeanaB 9TO BBIPAKCHUC B APYI'OM BU/JIC, ITIOJTYIUM
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P=F +p9z, — P9z =

Po +09(2, — 2)
S —

h

Ecnu o603naunts (Zo - Z) uepes h, To npuBeiéHHOE paBEeHCTBO IIPUMET YKE 3HA-

KOMBIN BHUJ OCHOBHOT'O YPABHCHUA THAPOCTATHKH

P =P, + 0ogh

N3 storo xe PaBCHCTBA MOKHO ITOJIYYUTDb CJIG,ZIy}OHII/IfI BUJ

P+ 09z = P, + 09z,

500041

P
Z + — =const.
Y

Ilocnennee BBIPAKCHUC YaCTO HA3ZBIBAKOT OCHO6HbBIM 3AKOHOM zquocmamuKu.

DU3NYeCKUIN CMBICJI OCHOBHOI'0 32KOHA I'HJIPOCTATUKHU

[Tosry4eHHBIN BBIIE OCHOBHOM 3aKOH TMAPOCTATUKH HECJIOKHO BBIBECTH,
ONMpasich Ha CIEAyIoIIKe paccyxaeHus. OHH HE HOCAT CTPOroro MaTreMaruye-
CKOT'O XapaKTepa, HO MPABUIIBHO OTPAXaIOT (DU3UKY SIBJICHUS.

PaccmoTpuM pOU3BOJIbHYIO TOUKY @ BHYTPHU MOKOSIIIErOCsl 00bEMa Ku/I-
KOCTH, KOTOPAasl PacloJIO)KEHa HAa KAKOW-TO BBICOTE€ OTHOCUTEIIBHO HEKOTOPOTO
POU3BOJILHOTO YPOBHS. DTOT YPOBEHb HA30BEM HYJIEBBIM YPOBHEM (HYJIEBOMA
nuHuEN). byneM cuuTaTh, 4TO Ha 3TOM JIMHUM MOTEHLHAIbHAS SHEPTHUs, 3aBU-

csIas OT TOJOKEHUs paccMaTpuBaeMoro oobéma sxuakocty, papaa 0. C Touku
3pEeHUs NPAKTUKU MOXHO CUUTATh, UTO 3TO YPOBEHb, HUKE KOTOPOrO paccMmart-
pUBaeMbIii 00BEM KUIKOCTH HE MOKET IpoiuThesi. Hanmpumep, mist mabopaTtop-
HOI'O0 CTaKaHa 3TO YPOBEHb CTOJA, JJISl TUAPOCUCTEMBI CTAHKA — YPOBEHb 110714,

m Po -

= Zo

oW 7.

0 v v

s

50

JUISL CUCTEMBI OTOIUICHUS -
YPOBEHb 3€MJIM WJIW MOJIBa-
Ja.

Bo6mm3u T. @ BbIOEpEM dJie-

MeHTapHbI  00BéM AW,
Bripazum noTeHIMANBHYIO
SHEPruI0 3TOro 00bEMa, Kak
CyMMYy JIByX COCTaBJISIIO-
IIAX: YHEPTUM, 3ABUCSIICH
OT IIOJIOKEHUS HaJ HYJIEBOU

muaven M, QZ, , u sHEprum

ckatus dWP,, 3aBucsmei



OT CTENEHH BHYTPEHHET0 HAPSLKEHUS B BBIOpaHHOM 00BEME.

Ey, =my0z, +dWP,;
rne P, =P+ ha g - AaBJICHHE B T. a,

m, = dWp - macca 06béma dW, BEIGpaHHOTO BOKpYT T. a.
E, =dWegz, + dWP,.
Torna moteHnmMansHas SHEpTHs OyAET BhIpaKeHa
Ey =dWegz, +W (P + hg09).

Ecan Y4CCThb, 4TO ha = ZO - Za, " IIOACTABUTH €T0 B IMMOCIICAHCC BBIPAKCHUC, I10TY-

YUTCA

Ea =dWpegz, + dWPy + dWeg (zg — ).
PackpbIB CKOOKH, MOTYyYUM
Ea = dWpgz, + dWP, + dW pgzg — dWogz,.
ITocne cokpamienust 0yJeM uMeTh
Ea = dWPy + dW ogz,.

C npyroil CTOpOHBI UCXOAHOE BBIPAXKEHUE I MMOTCHIMAIBHON SHEPTUHU paccMaT-
puBaemoro o0béma umeet Buj Ey = dWpgz, + dWP,. Torna MoxxHo 3anmcats

dW gz, + dWP, = dWPy + dW ogzg .

Paznenmum 006e dYacTh 3TOTO BBIpAXEHUS HA BEC paccMaTpPUBAEMOro oO0BEMa
dWpg . B pesysbTaTe NOIy4uTCs yKe M3BECTHOE BBIPAXKEHHE OCHOBHOIO 3aKOHA

I'maApOCTAaTHKH

P P
Z, +—2& =75+,

£9 £9
Ecnu BcmoMHUTH, 4TO T. & ObUIa BHIOpAHA MPOU3BOJILHO, MOYKHO 3aIlMCaTh IMOTY-
YEeHHOE PAaBEHCTBO B 0OILIEM BHJIE

P
z + — = const.
o)

W3 BBIBOJIA SICHO, YTO (DM3WUYSCKUI CMBICII OCHOBHOTO 3aKOHA THIPOCTATUKH
— 3aKOH COXPAHEHMS DHEPTUU IS MOKOSILIEHCS KUIKOCTH, KOTOPBIM TOBOPUT O
TOM, YTO MEXaHUYECKasi SHEPTHUs JII0O0N YaCTUIIBI )KUJKOCTH OJIMHAKOBA.
B 3TOM BBIpakeHuu:
Z - noTeHIMaIbHAS SHEPTHUS CIUHUIIBI Beca KHUIKOCTH, OIpeIessieMas mo-
JIO)KEHUEM HAJl HYJIEBOM JIMHUEH,

P

- HOTCHIMAJIbHAA SHCPI'UA CANHHUIBI BECA ) KUAKOCTH, 3aBUCAIIAA OT

CTEIIEHU €€ CXKATU4.
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B reoMeTpr4ecKoil HHTEPIpPETALUE KOHCTAHTy 0003Ha4aioT Oyksoi H n
HA3BIBAIOT 2UOPOCHM AMUYUECKUM HANOPOM, a caMy (DOPMYITy 3allHChIBAIOT B BUJIC:

Z+£=H.
r9

CnaraeMbie OCHOBHOI'O 3aKOHa I'MAPOCTATHKH B 3TOM CJIY4aC HA3bIBAIOT:

Z - HUBCJIMPHAsA BBICOTA,

P

- IbC30OMCTPHUICCKAA BbICOTA.

HpﬂMOJ]HHEﬁHOG PABHOYCKOPEHHO€ IBMIKECHUE COCYyaa C ')KUAKOCTBIO

Ecnu cocyn ¢ KUAKOCTBIO HEPABHOMEPHO JIBHMKETCS, TO HA KUIAKOCTH JEH-
CTBYIOT CHJIBI BECA U MHEPUMOHHBIE cUiibl. [log HMX AeiicTBUEM YaCTHIIbI )KUIKOCTH
IPUHUMAIOT HOBOE IOJIOKEHUE. Ecau IBHKEHNE pPaBHOYCKOPEHHOE, TO HOBOE I10-
JIO’)KEHHE OKAa3bIBAECTCS PAaBHOBECHBIM, U JKHJIKOCTb HAaXOJUTCS B OTHOCUTEIIBHOM
nokoe. CBOOOJIHAs MOBEPXHOCTh W MOBEPXHOCTU YPOBHS HE TOPHU3OHTAJIbHBIE.
@opMa 3THUX MOBEPXHOCTEH ONPENEISACTCS BEJIMYMHOM M HANPABICHUEM PaBHO-
JNENCTBYIOLIEN MacCOBBIX CWi. IIpu 3TOM paBHOIEHCTBYIOWIAs BCEr/Aa NEPIIECHIN-
KyJIIpHA IOBEPXHOCTU (TIEPBOE CBOICTBO THUAPOCTATHUECKOro nasieHus). Ilo-
BEPXHOCTH YPOBHSA HE MOTYT IEPECEKAThCA, T.K. B 3TOM Cllydae B OAHOW TOUYKE
JEHUCTBOBAJIO OBl JIBA PA3HBIX TABJICHHUS.

PaccMoTpuM cocysl € JKHIIKOCTBIO, IBMXKYLIUMHCS C TOCTOSHHBIM YCKOPEHU-
€M a.

mq

Kuakocts B 3TOM coCyJie 3aiiMET HOBOE PABHOBECHOE MOJIOXKEHHUE. PaBHO-
Becrue 00bEMa KUJKOCTU OMKUCHIBAECTCS MOJHBIM U] PepeHIrarioM JaBiaeHUs:

dP = p(aydx+aydy +a,dz).
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OnpenenuM AaBi€HUE B MPOU3BOJBHON TOYKE KUAKOCTH. LIl 3TOro BO3BMEM

npou3BosibHY0 Touky M Ha paccrosuuu | ot cBoGomHOM MOBepxHOCTH. Kpome
ATOTO BBIOEPEM CHUCTEMY KOOPJMHAT, TAKyI0, YTO OCh Z HaIlpaBlieHa MO TepIeHIH-
KyJISIpy K CBOOOZHON MOBEPXHOCTH. Takoe pacronokKeHne OCH HE U3MEHHUT Cyllle-
CTBa BBIBOJIa, HO MaTeMaTHYECKHE BhIpAXKEHUS OyAyT Mpoiie u 0oyee y3HaBaeMbl.
Toraa mpu npssMOTUHEITHOM ABUKEHUH B BEIOPAHHOW CUCTEME KOOPIUHAT:

ay =ay =0,
a, =R.
[ToncTaBuB 5TH 3HAYEHHS B BBIpaXKEHUE TSI TOJIHOTO AU epeHIrana, NoIydnm
dP = po(Rdl).
[Tocne unTerpupoBanus OyaeM UMETh
P =Rl +C.
[Tocrosiunyro unterpupoanus C HaliéM U3 rPaHUYHBIX YCIOBUM Ha CBOOOIHOM
nosepxrocty, korma mpu |=0, P=P,. Ilocrosumas C mnpumer Bun
C= Po + PRl —o — Fp. Ilocne moacTaHOBKYU MOJTYyYUM B OKOHYATEIIBHOM BHJIE
P=PF,+Rl.

HtoroBas ¢opmyia aHaJOTMYHA OCHOBHOMY YPAaBHEHHUIO T'MJIPOCTATUKH, C
TOM MU pasHULEH, Y4TO BMECTO DIyOMHBI N McHonbsyeTcs paccrosHHE OT
HAKJIOHHOMN cBOOOIHOI moBepXxHOCTH |, a BMecTO yckopeHus cBOOOAHOro majeHus
g - paBHOzElCTBYIOIIEE yeKOopenue R.

ITokoii npy paBHOMEPHOM BPALLIEHUH COCYAA C KUIKOCTHIO

PaccMoTpum cocyn € JKMAKOCTBIO, BPAIAIOIIUMKCI BOKPYI BEPTUKAIBHOM
OCH C IMOCTOSIHHOM CKOPOCTHIO . Ha XMAKOCTH EWCTBYIOT BHEIIHEE JIaBJICHUE,
CHUJIBI TSDKECTU U MHEPLIMOHHBIE CUJIbL. B pe3ynprare ux NeucTBUs KUIAKOCTH IPU-
HUMaeT HOBOE pPaBHOBECHOE MojokeHue. CBOOOJHAS MOBEPXHOCTh MPUHUMAET
dbopmy mapabonouga. PaccMoTpuM Ha 3TOM MOBEPXHOCTU MPOU3BOJBHYIO TOUKY
N. PaBnozeiicteyromas cuna R, neiicteyromas B 1. N, nepnenaukynspua K cBo-
00/1HOI TTOBEPXHOCTU. BennuuHa 3Toil CUilbl YBETUUMBAETCS C YBEJIIMYEHUEM pa-
IMyca, a yroyj €€ HakJIOHa K TFOpPU30HTY ymeHblunaercs. M3 storo ciemyer, 4yrto
HAKJIOH 3TOM MOBEPXHOCTU K TOPU30HTY YBEJIUYUBAETCS C POCTOM paauyca. Takum
oOpasom, cuna R onpenenser popmy cBoboaHoM mosepxHocTu. Haliném mMatema-
TUYECKYIO (hOpMYITy 3TOM KPUBOM.
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N3 pucynka BUIHO, YTO

dz  wr
tga=—=—-.

dr g
Bripazum otcrona dz:
2
[dz=[2 Tdr
g

[IpounTterpuposas, Oynem
UMETh:

2
ar

jdz = j—dr = H
g h,

a)2r2
+C .
29 h
[TocTostHHYIO ~ WHTErpUpOBa-
HHUSI HAWJIEM W3 U3BECTHBIX

7 —

yenopuit: mpu ¥ — O
Z = h . IMoacraBuB »>TH
3HAUYCHHUS B TIOCIICTHEE pa-
BEHCTBO, MOJYyYHUM, YTO C = h B urore OyneM UMeTh (OPMYITy, OIMUCHIBA-
01y (opMy KpHBOH, 00pa3yroIieii CBOOOHYIO TOBEPXHOCTH:

2.2

°r

Z=h+
29

Tenepb onpeaenuM AaBJICHUE B KUJIKOCTH, UCIIOJIb3Ys TOJHBIA nuddepes-
yal AaBJICHUS

dP = p(aydx+aydy + a,dz).

I[JISI JaHHOI'O ClIy4das OTHOCHUTCIIbHOI'O ITOKOs

a, =X,
2
az - _g.

C yuéroM 3TOro noJHei nuddepenuman gapaeHust IpUMET BU
dP = p(a)ZXdX + @ ydy — gdz).
[IpounTerpupyem 3Ty GyHKIUIO

de = Ip(a)zxdx + a)zydy +—Qgdz) =

prZXdX+pr2ydy—gIdZ.

Pe3ynbraTom mHTErpupOBaHus OYIET SBISTHCS BhIPAXKEHHE
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2,2 2,2
@ X w
P=p(——+ 2y —gz)+C =

2
p%(xz + y2)—pgz + C.

2 2 2
YuauteiBas, uto X~ + Y~ =1, rae I' — paguyc BpaleHus, MOayIum

61)2 2
Psz(r )—ng'l-C.

IocrosiHAyI0 uHTerpupoBanus C onpeaenum u3 ycnosus, uro npu I =0

P= Po ,Torga £ = N Tlocrosunas UHTETPUPOBAHUS C YIETOM IPUHATHIX YCIIO-
BUM OyeT
0?02
C = PO + ,Ogh + ,0 T

TOI‘II& (IJOpMy.TIa, BhIpakaromas JaBJICHUC B JKUJIKOCTH, BpaH_[aIOH_[efICH C ITIOCTOSAH-
HOU yrHOBOﬁ CKOPOCTBIO, ITPUMET BU
602 r 2
P: P0+pgh—pg2+pT:

2,2
P +pg(h—2)+p%.

3aMeTI/IM, 4TO B UTOTOBOM BBIPAKCHHHU IICPBOC CJIAraCMocC, XapaKTCpU3yCT
JaBJICHHUC BHEIIHEH CpCAbI. BTOpOG cJaracMoc OIIMCBIBACT AABJICHHUC, CO3JaHHOC

CTOJIOOM KMAKOCTH, Haxonsmieiics Hmwke touku 0, T.e. rryOMHON mox ypoBHEM

HyJI€BOM TOYKH. TpeThe cllaraeMoe XapakTepHu3yeTcsl BbIcoToi Han Toukoi 0, m,
CJIeI0BATENIbHO, OMUCHIBAET JABJIECHUE, CO3/IaBAEMOE KUAKOCTHIO, MOJHUMAIOIIEH-
Csl 1O KpasiM cocyia, MPpUYEM 3Ta BEIMYMHA 3aBHCHUT OT PACCTOSHUS TOYKH OT OCH
BpamieHus. Takum 00pa3oM, OKa3bIBa€TCs, YTO JABJIECHUE B KaXKJIOH TOYKE JKUJKO-
CTH, BPAIIAIOUIEHCs C TOCTOSHHON CKOPOCThIO OTHOCUTEIBHO BEPTUKAIBLHOU OCH,
CKJIQJIBIBACTCSl M3 BHEIIHETO JIaBJICHUS U JABJICHUS CTOJIOA KUIAKOCTH HAJl TOU
TOYKOM.

M3 nprBen€HHOrO aHanu3a MOXHO clenaTe cieayromuid BeiBoA. Cocyn ¢
PAaBHOMEPHO BpAIIAIOMIEHCS KUAKOCTHIO MOXKHO MBICIICHHO MPEJICTABUTh KaK CO-
BOKYIHOCTh COCYZIOB, UMEIOIIUX OECKOHEYHO Mallble MIomaau. J(aBieHue B Jto-
00l TOYKE TAaKOro COCy/aa MOJYUHSETCS OCHOBHOMY YPAaBHEHHUIO TUIPOCTATUKH H
MOJICUMTHIBAETCS TPUBBIYHBIM 00pa3oM. BreicoTa cTosida KHAKOCTH B COCyIax 3a-
BHUCUT OT YacTOThI BpAIllEHUSA W pajuyca BpallleHus peasibHOro cocyna. Orcrona
CTAHOBUTCSI TIOHSITHO, YTO BapHaHT PABHOMEPHOTO BPAIICHUS KUIKOCTH BOKPYT
IIPOU3BOJILHO PACIIOJIOKEHHONW BEPTUKAJIBbHON OCH (B Hauajie JIEKIIMU OH OTMEYEH
g poii 3) NpakTUYECKU HE OTIUYAETCS OT YK€ PACCMOTPEHHOTO.
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Jlekuus 6. /laBjieHUe )KUAKOCTH HA OKPYKAOIIKME €€ CTEHKH

Baxneiiielt 3aaueil THAPOCTATUKY SIBIISIETCS ONPEICIICHUE CUII, C KOTOPbI-
MU JKHJIKOCTh JEWCTBYET Ha OKpyXkarolue €€ TBEpAble CTeHKH. O4eHb 4acTo
HE0OXOIMMO 3HATh BEJIIMUMHY, HAMPaBICHUE W TOYKY MPUIOKEHUS CHUJI, BbI3BaH-
HBIX JTABJICHUEM, YTOOBI MPABUIIBHO MPOBECTH MPOYHOCTHBIE PACUETHI IJIEMEHTOB
KOHCTPYKIIUU THUAPOINPHUBOJIA (TUAPABINYECKUX MAIIUH, allapaToB U apMaTyphl).
[TogoOHBIE 33724l HEOOXOIUMO PEIIaTh U B XOJ€ MPOCKTUPOBAHUS THIPOTCXHU-
YECKUX COOpYXKeHUW (TIOTHH, AaM0, mpuyaioB u T.1.). [Ipoananusupyem peiie-
HHE Han0oJIee YacTO BO3HUKAIOMIKX (TUITOBBIX) 3aj1a4.

Cuiaa AABJICHUA KUIKOCTH HA IVIOCKYHO CTCHKY

PaccMOTpUM MTPOM3BOJIBHYIO TUIOMIAAKY (S, pacroyioKeHHYI0 Ha IIOCKOM
HAKJIOHHOM CTEHKE COCyza
Po C KHUAKOCTBIO Ha paccTosi-

bibbbiddasbiiiiyg it Y ot ocn X, u onpe-

AENUM CUJbl, JEUCTBYIO-
IHe Ha 3Ty IUIOMIAIKY.
Cuna oT pgaBlicHMS, JCH-
CTBYIOIIETO Ha JJIEMEH-
X TapHylo Tuiomanky dS,
Oyner onuceiBaThea (Gop-

he

MYJIOM:
dF = PdS =
(Py + pgh)dsS.

Ecnmn mpouHTerpupoBath
3TO BBIPAXKEHUE II0 ILIO-
aJId, MOKHO OIPENCIUTh
Y MOJIHYIO CHILY, JIEHCTBYIO-

LIYI0 Ha BCIO IUIOLIA/b Lie-
JINKOM

F =Ry[ds+pg[hds.
S S

W3 pucyHka siICHO, 4TO B TocieaHeMm BoipakeHnn h=Y sin o . IlogcraBus
sHauenue N B npenbiyee Bepaskenne, 6y eM UMETh:

F=POS+pgsina_[YdS.
S
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U3 TCOpGTH‘-IGCKOfI MCXaHWKHN M3BCCTHO, YTO HMHTCIPAJI IYdS €CTb HHN 4YTO HMHOC,
S

KaK CTaTMYE€CKUM MOMEHT Iiomaaur S otHOocuTelbHO ocu 0X. On PaBCH IIPOU3BC-
JCHHUIO ATOM Imomraa Ha KOOpaAuHaTy ec HCHTpaA TAKECTH, T.C. MOKHO 3aIlICATDh

[yds=Ycs;
S

rae Y¢ — paccTosiHue OT ocH X 710 LEHTpa TskecTH momany S. [Toactasus Gop-

MYJIy MOMCHTA B BBIPAKCHUC CHIIbI, ITIOJTYYHUM:
Peca
F =PyS + 0gY. sin aS.
%/_/
he

AHanu3 BTOPOTo C1araeMoro moKa3bIBaeT, 4To npousseaenue Y, Sin o 31o rioyou-

Ha MOJIOKEHHS LIEHTPa TsKecTH miommanku, a OJY, SIN & - u36piTouHoe NaBieHne
KHUJKOCTH B IEHTPE TAXKECTU ITomaaku. C y4éToOM 3TOTO MOXKHO 3alucaTh

F =(Py + pghe)S.
P

CyMMma B CKOOKax B MOCJICTHEM BBIPAKCHHUU SIBIISIETCS a0COJIOTHBIM JIaBJie-
HUEM B LIEHTPE TSHKECTH PacCMATPUBAEMOM MTPOU3BOJBLHOM TUIOMIAKK. TakuM 00-
pazoM, MOKHO CJI€JIaTh BBIBOJ: IOJIHASI CHJIA JIaBJICHUS >KMJIKOCTH HA IIOCKYIO
CTEHKY paBHA MPOU3BEICHUIO €€ IUIOIaJAN Ha BEJIMUYUHY THAPOCTATUUECKOTO JaB-
JICHUSI B LIEHTPE TSHKECTU ITON CTCHKHU.

OpHako HEOOXOUMO YYECTh, YTO ATa CHJIA HE CKOHIIEHTPUPOBaHA B TOUKE,
a pacmpeneneHa no maomanu. M pacnpenenenue 310 HepaBHOMEpHO. [lo 3Toi
OpUYUHE [JI1 Pacdy€TOB, KPOME BEJIMYHUHBI CUJIbI JACHCTBYIOIICH HAa HAKJIOHHYIO
TUTOIAAKY, HEOOXOUMO 3HATH TOUKY MPUIIOKEHUS PABHOACHCTBYIOMICH.

enTp naBiieHuA

Pacnpenenénnyro Harpy3ky, J€HCTBYIOIIYIO HA HAKJIOHHYIO CTEHKY, 3aMe-
HHAM CKOHIIEHTPUPOBAHHOM. /{1 3TOro HaAEM Ha HAKJIOHHOW CTEHKE MOJIOKEHUE
Touku D, B KOTOpOIl mpuiiokKeHa PaBHOACHCTBYIOIIAS CUJIBI JaBiICHUS. TOUYKY, B
KOTOPOM MPHUJIOKEHA 3Ta CUJIA, HA3bIBAKOT YeHmpom oaesieHusn. Kaxk yxe HEOqHO-
KpaTHO paccMaTpHUBaJIOCh, JAAaBJICHUE, NEHCTBYIOIIEE B JIIOOOM TOUYKE, B COOTBET-
CTBMM C OCHOBHBIM YPAaBHEHHEM TI'MAPOCTATUKHU CKJIAABIBACTCS U3 JIBYX YacCTEU:

BHCIIHCTO AAaBJICHHA PO, nepecaaromerocss BCECM TOYKaM JKHUIKOCTH OAMHAKOBO, U

JaBJIeHUs CTOJI0a XUAKOCTU P, onpenensieMoro riryGMHOM IOTpyKeHHs dTOM TOY-
KH.
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Jasnenue Po mepenaéres Bcem
TOYKaM ILIOIIAIKH OJMHAKOBO.
CrnenoBaTenbHO, paBHOAEH-
creytomas Feu 5TOro nasnenus
OyneT mpuiIoKeHa B IEHTPE Ts-
KecTH uiomanku S. Ilpu stom

Hasnenne P yBenmumsaercs c
yBEIIMUEHUEM TIIyOuMHBL. Ilpu
5TOM BEJIMYMHA PAaBHOIECHCTBY-
roreit 3toit cunel Fuss m3BecTHa
¥ PaBHa

Fu36 = mhcs ’

HaJ0 Y4YUTBIBATh, YTO B 0OJIb-
IIMHCTBE CIy4YaeB 3TO JABJICHUE
JNEUCTBYET U CO CTOPOHBI KHJI-
KOCTH M C Hapy>XHOH CTOPOHBI
CTEHKH.

a TOUKYy €€ IpUIIOKEeHUsI HeoO-
XOJIMMO OTPEICIHTb.

Fuso

T
P

¥

Sy

Jns HaXOXKACHUS IIEHTpPa HM30BITOYHOTO JABJICHUS JKHIKOCTH IMPUMEHUM
YpaBHEHHE MEXaHUKH, CO-
Po IJIaCHO  KOTOPOMY  MOMEHT

I EERER! ﬁl I TERE RN 0 PaBHOAECHCTBYIOIIECH CHUJIBI OT-

nocurensHo ocu OX  pasen
CyMME MOMEHTOB COCTaBJIsI-
IOLIUX CHJL, T.€.

FecaYp = JYd Fecas
5

rae YD - KoOpauHATa TOYKH
IPUIIOKEHUS CHIIBI Fuss,

Y — Tekymias riyOuHa.

Vurém, uro, ecmu Nec
BBIPA3UTh KaK KOOPAUHATY

toukn C mo ocu Y, 10 Fuss

IIPpUMCT BHUA:
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Feca = (p9sin @YcS)Yp = [Yd(pgsin &¥S) = pgsin « [ Y ?dS.
S S

3aMeHMB B 9TOM BbIpaKeHUU Fyus6 1 YD HHTErpaioM, B COOTBETCTBHHU C YIOMSHY-
THIM YPAaBHEHHEM MEXaHUKH, Oy1eM UMETh:

FecaYD = j\(dlzégél - ij(pg sin aYS) = pg sin anst.
S S S

Otcrozia BeIpazum Yp:
g sin an 2ds IYZdS

Y = S _S
D= : =
pgsin aYS YeS

VHTerpan B 4yuciaurene ApoOH SBIAETCS CTATHYECKAM MOMEHTOM HHEPIHUH ILIO-
maman S otHocutenbHo ocu OX 1 06br9HO 0603HAUaeTCT Jx

Jyzds=3,.
S

N3 TeopeTnueckor MEXaHUKUA U3BECTHO, YTO CTATUYECKUH MOMEHT TLTOIIA A
OTHOCHUTEJILHO OCH BpAlllCHUSI paBE€H CyMME COOCTBEHHOTO MOMEHTa HWHEPIUHU
(MOMEHTa WHEPIMU STOW IUIOMIAM OTHOCHUTEIBHO OCHU MNPOXOAsIIed uepe3 eé
LEHTP TSHKECTU U MapajuiesIbHOW NIEPBOM OCH) U MTPOU3BEACHUIO 3TOM IIONIAAN Ha
KBaJIpaT PACCTOSHUS OT OCH BPAILIEHUSA JI0 LIEHTPA €€ TAKECTU

_ 2
Jy =3, +YSS.
C yuéToM nocseaHero onpeaeiaeHus YD OKOHYATETLHO MOYKHO BBIPA3UTh B BH/IE:

- Jo +YZS Y+ Jyo |
Y.S Y.S

Takum oGpaszom, pasauia B nonoxenusx AY (riyOMHAx) HEHTPA TAKECTH
mnomanku (1. C) u nenrpa nasnenus (1. D) cocrasmser

Y.S"

B utore moxxHo caciiatb CJIICAYIOIIUC BBIBO/BI. Ecau BHemHee JaBJICHUC

NEACTBYET HA CTEHKY ¢ 00EHMX CTOpPOH, TO HaijeHHas Touka D Oyner sBasTbCs
HEHTpOM JaBiieHus. Eciau BHelllHee JaBleHUE CO CTOPOHBI KUJIKOCTU BBIILIE JaB-
JIEHUSI ¢ TIPOTUBOIOJIOKHOU CTOPOHBI (HarpuMep, aTMOC(PepHOTro), TO UEHTp JaB-
JIEHUsI HAXOJUTCS MO MpaBUJIaM MEXaHUKUA KAaK TOYKA MPUIIOKEHUS PaBHOJIEH-
CTBYIOLIEH JIBYX CHJI: CHJIbI, CO3JaBa€MOM BHEIIHUM JAaBJICHUEM, U CHJIbI, CO3/a-
BaeMoil BecoM kuakocTu. [Ipu 3ToM, uem Oosibliie BHEIIHEE JaBJICHHUE, TEM OJIHKe
pacnoJiaraeTcsi UEHTP JABJIEHUS K LICHTPY TSHKECTH.

B runpornpuBoe TEXHOJIOTHUYECKOTO OOOPYJIOBaHMSI BHEIIHUE TABJICHUS B
JECSITKU U COTHU pa3 MPEBBIIIAIOT JaBJICHUS, BbI3BAaHHbBIE BHICOTOM CTOJI0A KHUAKO-
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CTH. HOBTOMy B pacqéTax THAPABINMYCCKUX MAIMH W alllIapaToB ITOJOKCHUC IICH-
TPOB JABJICHUA IIPUHUMAIOTCA COBIIAAAIOMIUMUA C HCHTPAMHU TAKCCTH.

Cunia n1aBjieHHs dKMJIKOCTH HA KPUBOJMHEHHYIO CTEHKY

Yamie Bcero HEOOXOAUMO OMPENCIIUTh CHUITY, JEUCTBYIONIYIO HA WJIMHAPU-

YECKyI0 TOBEPXHOCTb,

Po MMEIOIIYI0 BEPTUKAIb-

HYI0 OChb CHMMETPHHU.

l l l l l l iDl l l Bo3MoxHBI n1Ba Bapu-

C anra. I[lepBblli BapuaHT

- JKMJAKOCTb  BO3JCi-

CTBYET Ha CTEHKY WU3-

HYTpH.

G Bo BTOpOM Bapu-

hc e aHTe JKHUIKOCTh JICH-

CTBYET Ha CTE€HKY CHa-

pyxu. PaccMoTpum 00a
ATHUX BapuaHTA.

B nepBom ciryqae
BBIICIIUM OOBEM KHUJI-
KOCTH, OI'PAHUYECHHBIN
_ paccMaTpUBaEMbIM

B YYaCTKOM LIMJIMHApPUYE-

A

LHenmp masicecmu
naowaoxu AB

ckoit mosepxnoctu AB,
ydacTkoM cBoGoanoi nosepxnoctu CD, pacnonoxennsiv nag yuactkom AB, u
nByms BeprukainbabpiMu nosepxaoctamu BC u CD, npoxoasimumu yepes touxku A

u B. Dru nmosepxnoctu orpanmumsaror 066éM ABCD, xotopeiii maxogures B
paBHOBeCcUH. PaccMOTPHM yCIIOBHSL PABHOBECHUS DTOTO 00bEMA B BEPTUKAIBHOM U
TOPM30HTAILHOM HAIPABIEHHUIX. 3aMETHM, YTO, €CIIN JKUIAKOCTH IEHCTBYET HA I10-

sepxnocth AB, ¢ kakoit To cunoii F, To ¢ Takoii xe cumnoii, HO B oOpaTHOM
HAIPaBJICHUM, ¥ TIOBEPXHOCTh JAEHCTBYET HA PACCMATPUBAEMBIN 00BEM KHUIKOCTH.

DTy cuily, nepreHauKyaspHyo nosepxnoctu AB, moxHo mpencrasuts B BuzE
ropusoHTanbHoi . u BepTukansHoii F¢ cocraBnsrompux.
Venosue pasrosecusi 00béMa ABCD B BepTHKanmbHOM HanpapieHHH BbI-
TJISJIUT, TaK:
F =RS, +G;
rne Po— BHemmnee naBnenue,
S:— momans ropuzoHTANBHOMN Mpoekuuy mosepxHoct AB,

G — Bec BBIIEIEHHOTO 00BEMA KUIKOCTH.
YcnoBue paBHOBECHS 3TOT0 00bEMA B TOPU3OHTAIBHOMN TJIOCKOCTH 3aITUIIIEM
C YYETOM TOTO, UYTO CHUJIbI, JEHCTBYIOIINE HA OJIUHAKOBHIE BEPTUKAIbHBIE MOBEPX-

noctu AD u CE, B3aummno ypaBrOBemmBarotcs. OcTaéTcs TOMBKO CHIIA JABIECHHS
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na mwiomans BE, koropas mponoprimoHanbHa BEPTUKAIBLHOM NPOEKLIUH OS¢ IT10-

sepxuoctu AB. C yuérom uactiunoro ypasHoBelmuBanus OygeM UMETh YCIOBHE
paBHOBECHUS CHJI B TOPU30HTAIbHOM HAIIPABJICHUU B BUJIE:

Fa = Saprghc + PoSa;

riae Ne- rmy6una pacnonosxenus neHTpa TsaxecTu nosepxuocta AB.
Buas F. u F¢ ompenenum nomnyro cuny F, peiictByronyro Ha numiuapu-

YECKYI0 IOBEPXHOCTh
F=+F<+FZ.

Bo BTopom cnyuae, ko-

P rJ1a )KUJIKOCTh BO3JEHUCTBYET Ha

THHIPUYIECKYIO IIOBEPX-

C D l l l l l l l HOCTb CHApyXXH, BeJINYNHA
17777 - THAPOCTAaTUYCCKOTrO JaBJIICHUS

BO BCCX TOYKax ITOBCPXHOCTH

AB umeer te xe 3HaueHus, 4TO
G ¥ B TIEPBOM Ciydae, T.K. OIpe-
JEJSIETCSl TaKOM ke TITyOMHOM.
Cunpl, OeUCTByHOIIME Ha IO-
BEPXHOCTh B TOPHU30HTAIHLHOM
¥ BEpPTUKAILHOM HaIlpaBJICHU-
SIX, OMPEACIIAIOTCS MO TeM Ke
dbopmyliaM, HO UMEIOT IMPOTH-
' BOITOJIOKHOE HaIlpaBJICHHE.

IIpn »tom moj Besmuunoi G
HaJ0 MOHHUMATh TOT e 00BEM

xunkoctu ABCD, necmorps

Ha TO, YTO Ha CAMOM JIEJI€ OH, B JAHHOM CIIy4ae U He 3aI0JIHEH KUAKOCTHIO.
[TonoxeHWe LEHTpa AABIEHUS Ha LUIMHIPUYECKON CTEHKE JIETKO MOXKHO
Haiity, eciam usBecTHbl cuibl F. u F¢ v onpenenens uentp naBnenus na Bepru-

KaJIbHOM MPOEKIUK CTEHKH U LIEHTP TsKecTH paccmarpubaemoro ooséma ABCD.
3ajaua yIpoINaeTcs, eCid paccMaTpuBaeMas MOBEPXHOCThL SBISETCS KPYrOBOH,
T.K. PaBHOAEHCTBYIOIIAs CHJIA IIPU 3TOM IEPECEKAET OCh MOBEPXHOCTU. ITO MPO-
MCXOIUT U3-3a TOTO, YTO CUIIBI JIABICHUS BCETIA IIEPIEHAUKYIISAPHBI TIOBEPXHOCTH,
a NEePIEHIUKYIISAP K OKPYKHOCTHU BCETIA IPOXOIUT YePe3 €€ LEHTP.
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Kpyraas Tpy6a noa aeiictBueM ruipocTaTHYecKoOro 1aBjaeHus

B ruapaBinyeckux CUCTEMax TEXHOJIOIMYECKOTO HA3HAYEHUS >KUIKOCTh B
OCHOBHOM MNepenaércs no Tpydoam Kpyriaoro cedeHus. B BogonpoBoiax, KaHaIH-
3alMOHHBIX U MHOTHX JAPYTHX TPYOONPOBOJHBIX CHCTEMaX, T'MJIPOTEXHUYECKUX
COOPYKEHMSIX IIMPOKO HCTOIB3YIOTCS TPYOBI U pa3iHyuHbIe pe3epByapbl KPYTIOro
ceyeHus. [lo 3Toil mpuuMHE 3ajaya ONpEAENICHHS HAarpy3ku Ha TpyOy sIBIseTCs
BECbMa pacCIpOCTpaHEHHOU. B Takux pacuérax MCHOJIb3YEeTCS MOJy4eHHas paHee
dbopMyna TOPU3OHTAIBLHOM COCTABJISIONMIEH CHIIbI, JCHCTBYIOIIEH CO CTOPOHBI
KUJKOCTH Ha KPUBOJIMHENHYIO IOBEPXHOCTD

Fs = Sapahe + PySa = Sa(pahe + Py).

st TpyO HEOOJIBIIOTO UaMeTpa, KOTOPbIE MPUMEHSIOTCS B MAIIMHOCTPOU-
TEIbHOM THIPONPUBOJIE, JABJICHUEM CTOJIOA KUJIKOCTH MOXKHO IpeHeOpedb BBULY
ero Majoctu. Torjga ypaBHEHUE PUMET BH/T

Fs=SsPp,

rac PO — BHCIIHCC OJaBJICHUC.

Paccmotpum 1pyOy mmmHOH | ¢ BHyTpeHHUM quameTpoM D u TonmuHON
. CTEHOK O, HaxXOJIALIYICS IoJ JcH-
CTBHEM THIPOCTATUYECKOTO JABIICHHS
| D P. D10 naBieHHe NOPOXKIAET Pa3pbl-
Baromue cuibl Fx. M3-3a cummerpuy-
HOCTH TpyOBbl Takue pa3pbIBAIONINE
cuibl OyAyT NeWcTBOBaTh OAMHAKOBO
‘ BO BCeX HampasieHusx. [[ns BepTu-
e A e/ e KaJbHOW IIJIOCKOCTU 3Ta cuia Oyner
‘ paBHa

F, =PDI,

rae npousBeneHue DI — ecth BepTH-
i KaJIbHas MMPOEKITUS TJIOMIAU CTEHKU

i TPYOBI.

: PaspeiBaromieit cusie OyayT MpOTHUBO-
JIECTBOBATh CUJIBI peakiuu Fr, Bo3HUKarOmue B CTeHKax TpyOsl. [lmomane cre-

HOK TpYOBI S; B IFOOOM OCEBOM CEUEHUH COCTABMT:
Ss =2lo.

[Tox nmeiicTBHEM pa3phIBAIONINX CHJI B CTEHKaX TPyObl OyneT BO3HUKATh CyMMap-
Has cuia peakuusi Fr, paBHas Mo BeJIMYMHE pa3pbIBAIONICH CUJIE, HO HaIpaBJICH-
Hasi B POTHUBOIIOJIOKHYIO CTOPOHY:

Fr =Fy.
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OTCIOI[a HaXOJUTCA HAIIPSAKCHUC O B CTCHKAX Tp}I6BI, BbI3BIBACMOC AAaBJICHUCM

BHYTpH TpyObl. OHO paBHsIETCS

O =

I'uapocraTuyeckui mapaaoKc

PDI

PD

85:2|O':20"

PaccmoTpum Tpu cocyaa pa3HoOil (OpPMBI, 3aMOJHEHHbBIE KUAKOCTBIO O OJHOTO
ypoBHs he. Bee cocyapl Takue, 9T0 IMEIOT OJIMHAKOBYIO TUTOIIA T JHA.

he

p

A 4

p

T A A A A

S1 = So

Ss3

B cootBercTBUM C 0O0MICH
dbopmyoit OTIpEICIICHUS
CUJIBI, JICUCTBYIOLIEH HA
MJIOCKYIO TIOBEPXHOCTh

Fu36 - mhcs y

MO>XHO BBIYUCIIUTH CUIY,
JEUCTBYIOIIYIDO HAa JHO CO-
cyna. Jlis Bcex TpEX cocy-

JIOB 3TU CHJIbI OKa)XKyTCS OJMHAKOBBIMU U HE3aBUCSIIMMHU OT BECA JKUJIKOCTU B
cocyne. Ho Ha onopy Bce cocynbl OyayT IedcTBOBaTh C pa3HbIMU CUJIAMH, PaB-
HBIMH BECY COCYJIOB C JKHJIKOCTBIO. DTOT (DAKT MOIY4YWJI Ha3BaHUE 2UOpPOCHMA-

mu4yecKozo napadoxca .

OcHOBBI TCOPHUH IVIaBAHUA TEJI

Bbynem cuutath, 4TO B JKUJKOCTH MJIOTHOCTBIO P TOTPYIKEHO TEIO 00BEMOM
V. Beibepem cuctemy KOOpJIMHAT, OCh Z KOTOpPOMl HalpaBUM BHU3, @ OCH X U Y
BJI0JIb CBOOOIHOM MOBEPXHOCTU. PaccMOTpuM ycuivs, JEeHCTBYIONIME HA TEJIO CO

A
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CTOPOHBI JKUJIKOCTH. Bce
TOPU30HTAIILHBIC co-
CTaBJISIIOIIME, KaK OBLIO
YCTaHOBJIEHO BbIIIE, OYy-
IyT YpPaBHOBEIIMBATHCA.
[ns ompeneneHus Bep-
TUKaJbHBIX COCTAaBIISIO-
MUX BBIACIUM B TBEP-
JIOM TEJI€ 3JIEMEHTAPHBIN
MATHHIPUICCKHN 00BEM
C IUIOWIAJbIO TOIEepey-
Horo ceuenusi dS. Ha
TOpLEBbIE TMOBEPXHOCTHU
3TOro o0BEMa JIEHCTBY-
toT cwiel dF1 cBepxy u
dF; cuuzy.



BeptukansHas cocraBmnstomnias cuibl dF1 Oyner:
dFCos; =
p9dS,Cosay =
= pgz,dS.

BeptukanbHas cocTaBIsironas CUIIbI dF Oyner:

dF,Cosa, =
=—pgdS,Cosa, =
= pgz,dS.

Bynem cuutath, 4TO MOTPYKEHHOE B KUAKOCTH TE€JIO HAXOJUTCA B PABHOBECHUHU.
[TosToMy Bec BBIICICHHOTO 3JIeMEeHTapHOTo ImuHApa dG OyneT ypaBHOBEIIH-
BaThCs JEHCTBYIOIIMMU HA HETO CUJIAMU.

dG = pgz,dS — pgz,dS = —,ghdS.

[TpounTErprpOBaB 3TO BHIPAXKEHHUE IO TIONIAU TOPU3OHTAIHLHON MPOEKIUU
TeNa, MOTYYUM:

G :—pgjhdS:—ng.
S

DTO BBIPAXKEHUE HA3BIBACTCS 3AKOHOM Apxumeda: MOTPYKEHHOE B KUJIKOCTb
TEJIO TEPSIET B CBOEM BECE CTOJIBKO, CKOJIBKO BECUT BBITECHEHHASI UM JKUIKOCTb.
Jpyrumu ciioBamu Ha T€JIO, IOTPYKEHHOE B KUJKOCTb, JEUCTBYET BBHITAIKUBA-
IOIas CUJIa, PaBHAsI BECY BBITECHEHHOM TEJIOM YKUJKOCTH. JTa CHJIa IPUIOKEHA
B TOUYKE, KOTOPAasi HA3bIBACTCS TOYKOW BOJOU3MEICHHUS.

B 3aBucuMoCTH OT OTHOIIICHHUS Beca U BI::ITaJ'IKI/IBa}OH_Ief;I CHJIbI BO3MOHBI TpHU
COCTOAHMUA TECJIA:

» ecau Bec 00JIbIIC BRITAJIKUBAIOIICH CHIIBI — TEJIO TOHET,
» €CJIM BEC MCHBIIIE BHITAJKUBAIOIIEH CUJIBI — TEJIO BCILILIBACT,
» €CIIM BEC PAaBEH BBHITAJIKHUBAOIICH CHIIC — TEJIO TUTaBacCT.
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Jleknusa 7. Kunematuka :KUIAKOCTH

OcHoBHOM 3a11aqeﬁ 9TOT'0 pasaciia r’mAPaBINKU ABJIACTCA OIIPCACIICHUC CJIC-
14%4:0)1115%0,¢ 3aBUCHUMOCTEH CKOPOCTH U U NaBJICHUA PB K&)K,Z[Oﬁ TOYKC IIOTOKA KU~
KOCTH, KOTOPHBIC ABJIAIOTCA COOTBCTCTBYIOIIUMHA q)YHKHI/I}IMI/I BpPCMCHHU tu KOoOopau-

HaT X,Y,Z:
u=f,(x,y,zt)
u
P=1f.(xy,zt).

N3ydyeHne 3THX 3aBUCUMOCTEN HAYHEM C PACCMOTPEHUS UOEAIbHOU HCUO-
Kocmu, 110/1 KOTOpOW OyJieM MOHUMAaTh BOOOPaXKAEMYIO JKUJKOCTh, HE UMEIOLIYIO
BSI3KOCTH U, CJIEIOBATEIbHO, HE MMEIOIIYI0 BHYTPEHHUX Cuj. JlaBieHue B Takou
KUJKOCTH UMEET CBOICTBA CTATUYECKOTO JAaBJIEHUS, T.€. HAIIPaBJIEHO M0 BHYTPEH-
Hel HopMaJiu U niepeaéTcs OJUHAKOBO BO BCEX HAIIPABIICHUSIX.

Buabl iBMKeHMA (TeYeHHM) )KHUTKOCTH

TedyeHue KUJIKOCTH BOOOIIE MOXET ObITh HEYCTAHOBUBIIMMCS (HECTaIlMO-
HapHBIM) UJIM YCTAHOBUBIIMMCS (CTAllMOHAPHBIM).
Heycmanosueuieeca 0suxcenue — Takoe, Ipyu KOTOPOM B JTI000H TOUYKE TO-

TOKa CKOPOCTb ABMIKCHUA W OABJICHUC C
TCUCHUEM BPCMCHH HM3MCHAIOTCS, T.C. u

u P 3aBucar me Tompko or KoopauHar
TOYKH B MOTOKE, HO U OT MOMEHTa Bpe-
MEHH, B KOTOPBII ONpPEESAIOTCS XapakK-
TEPUCTUKHU JBUKECHHUS T.€.:

u="f,(xy,zt) u P="1f(xyzt).

[IpumMepoM HEYCTAaHOBMBIIETOCS JIBU-
JKEHHSI MOXET SIBIATHCS BBITEKAHUE

KNAKOCTHU U3 OIIOPOKHAIOMICTOCA COCydad, ITPHU KOTOPOM YPOBCHb KUAKOCTHU B CO-

CyJlle TIOCTENEHHO MeHsieTcsl (yMeHbIIa-
€TCs1) 110 MEpE BBITEKAHUS HKUJKOCTH.

Yemanoeusweeca oeusicenue
Takoe, IpU KOTOPOM B JIFO0OM TOUKE MO-
TOKAa CKOPOCTh JIB>KCHUSI U JaBIICHUE C
TEYEHUEM BPEMEHU HE M3MEHSIOTCS, T.€.
U u P 3aBUCAT TOJBKO OT KOOpJUHAT
TOYKH B MOTOKE, HO HE 3aBUCAT OT MO-
MEHTa BPEMEHH, B KOTOPBIA ompenens-
IOTCSI XapaKTEPUCTUKH JIBUKEHUS:
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u=~f,(X,y,2) u P=f(x,y,2),
oP _ au ou, ou,

X —
1, CIENIOBATENEHO, — - = 0, po 0, P 0, ot 0
IIpuMep yCTaHOBUBLIETOCS IBHKEHHS - BBITEKAHHE KUIKOCTH U3 COCYAA C ITOCTO-
SHHBIM YPOBHEM, KOTOPBIN HE MeHseTCs (OCTAaéTcsl MOCTOSIHHBIM) IO MEpE BbITE-
KaHUs KUJIKOCTH.

B cnyyae ycTtaHOBHBIIETOCS T€UCHHs B MPOIECCE ABMKECHHS JIt00ask 4acTH-
11a, MOomaaas B 3aJJaHHOE, OTHOCUTENBHO TBEPIBIX CTEHOK, MECTO IOTOKA, BCETIa
MMEET OJMHAKOBBIE MapaMmeTpbl ABWXKEHUSA. CreqoBaTeNbHO, KaKJIas YacTula
JIBUKETCS IO ONPEACIEHHON TPACKTOPHUH.

Tpaexmopueii Ha3pIBACTCA MYTh, IPOXOAUMBIN JAHHOM YaCTULEN KUIKOCTH
B IIPOCTPAHCTBE 3a ONPEACIECHHBIN NPOMEKYTOK BPEMEHMU.

[Tpu ycraHoBuBLIEMCS OBWXEHUHM (POpMa TPAaeKTOPUM HE HU3MEHSETCS BO
BpeMs JBIKEHMs. B ciydyae HEyCTaHOBMBUIEIOCsS JABH)KCHMS BEJIIMYMHBI HAIPaB-
JICHUS] ¥ CKOPOCTH JIBUYKEHUS JTF0O0N YaCTULIbI KUJAKOCTU HEIPEPHIBHO U3MEHSIOT-
Csl, CJIEIOBATENIBHO, U TPACKTOPUU IBUKEHUS YaCTUL] B 3TOM CIIy4yae TAKKe IOCTO-
SIHHO U3MEHSIOTCS BO BPEMEHH.

[Toaromy Uil paccCMOTpEHMs] KapTUHBI JBU)KEHUS, 0Opas3yrolencs B Kax-
JbI1 MOMEHT BPEMEHH, IPUMEHSETCS IOHATUE JIUHUN TOKA.

Junua moka - 3TO KpUBasi, IPOBEJCHHAS B ABWKYIIECHCS )KUIKOCTU B JTaH-

HbIA MOMEHT BPEMEHH TaK, YTO B KaXJOM TOYKE BEKTOPBI CKOPOCTHU Ui COBNAIarOT
C KacaTeJIbHBIMH K 3TOM KPUBOM.

Hyxno pasnmuuare Tpaekrto-

t1 pHIO W JIMHHIO TOKa. TpaexkTopus

/ —_ U, XAPaKTEpU3yeT IyTb, HPOXOAMMBIi

/ OJIHOU OIpeJeJICHHON YacTuleH, a

\ JMHUSL TOKA HAIpaBJICHUE JBUXKE-

HHUS B JIaHHBII MOMEHT BpPEMEHU

Ka)XJOM 4YacTUIBl JKUIKOCTH, Jie-
JKallel Ha Hel.

[Ipu ycTaHOBHUBIIEMCS JBUXECHUHU JIMHUKM TOKA COBNAJAIOT C TPACKTOPUSIMU
YacTUIll KUJIKOCTU. [Ipy HEyCTaHOBHUBIIEMCS IABHXCHWUW OHM HE COBIIAJAIOT, U
KaXJ1asi YaCTUIA >KUJKOCTH JIMIIb OJWH MOMEHT BPEMEHW HAXOAUTCS HA JIMHUHU
TOKa, KOTOpas caMa CYIIECTBYET JIMIIb B 3TO MTHOBEHHE. B clienyronmi MOMEHT
BO3HUKAIOT JIPyTUE JIMHUU
TOKa, Ha KOTOpPBIX OyAyT
pacnoJiaratbCa JIpyrve 4a-
cruupl. Eme depe3 Mrao-
BCHUE KapTUHA ONSTh MeE-
HSETCH.

Eciu BbIIEINTE B IBMKYILIEHCS )KUIKOCTHA SJIEMEHTAPHBIN 3aMKHYTBIA KOH-
Typ TUIOAJb0 d@ W 4epe3 BCE TOUKUA ITOTO KOHTYpa MPOBECTHU JIMHUM TOKA, TO
MOJIy4uTCs TpyOuaTass MOBEPXHOCTh, KOTOPYIO HA3bIBAIOT mpyoKoit moka. Yactb

us
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MMOTOKA, OTPAaHUYCHHAS IOBEPXHOCTHIO TPYOKH TOKA, HA3bIBACTCS 9/1€MEHMAPHOU
cmpyukoil ydcuokocmu. Takum oOpazom, dJIeMEHTapHas CTpyHKa KUIKOCTH 3a-
MOJIHSAET TPYOKy TOKa M OrpaHWYeHa JIMHUSIMHU TOKa, MPOXOASAIIMMHU Yepe3 TOUKHU
BBIJICJICHHOTO KOHTYpa ¢ miomaasio dw. Eciu do ycrpemuts k 0, To a5eMeHTap-
Hasl CTpyWKa NpEBPATUTCS B JIMHUIO TOKA.

W3 npuBeAEHHBIX BBIIIE ONpEACICHUM BBITEKAEeT, YTO B JIIOOOM MECTE IO-
BEPXHOCTH Ka)KJ0M 3JIeMEHTapHOU CTpyiHku (TpyOKH ToKa) B JII0OOH MOMEHT Bpe-
MEHHM BEKTOpPa CKOPOCTEH HaIpaBiIeHbl MO KacaTeJbHOU (M, Clen0BaTeIbHO, HOP-
MaJIbHbIE COCTABJISIFOIME OTCYTCTBYIOT). DTO O3HayaeT, YTO HU OJHA YacTHUIlla
KUJKOCTH HE MOXKET MPOHUKHYTh BHYTPh CTPYUKHU WUITU BBIUTU HAPYKY.

[Ipu ycTaHOBUBIIEMCS ABUKEHUU JIEMEHTAPHBIC CTPYHUKH KUIKOCTH 00J1a-
JAFOT PSJOM CBOMCTB:

® [UIONIA/b MOMEPEUYHOI0 CEUCHUs CTPYHKH U ee ¢opMa ¢ TeUeHHEM BPEMEHHU
HE U3MCHSIOTCS, TaK KaK He U3MCHSIOTCS JIMHUM TOKA;

® [POHUKHOBEHHME YACTHI] KUIKOCTU 4yepe3 OOKOBYIO MOBEPXHOCThH AJIEMEH-
TapHOM CTPYWKHU HE MPOUCXOJINT;

® BO BCEX TOYKAX IMOIMEPEYHOTIO CEUCHUS AJIEMEHTAPHOW CTPYHKH CKOPOCTH
JBIKEHUST OJIMHAKOBBI BCIIEICTBUE MAJION IIIOMIAU TOTIEPEYHOTO CEUCHUS;

e (Qopma, IJIOMIAAb MTONEPEUYHOTO CCUCHUS JIEMEHTAPHOW CTPYHKH U CKOPO-

CTU B Pa3JIMYHBIX MOMEPEUYHBIX CEUCHUIX CTPYHKH MOTYT U3MEHSTHCS.

TpyOka Toka sBIsieTCS Kak Obl HEMPOHHUIIAEMOM IS YAaCTHI[ KHIKOCTH, a
aJIEMEHTapHasl CTpyHKa IpeACTaBIIsIeT cO00M JIEeMEHTAPHBIN MOTOK KHIKOCTH.

[Ipn HeycTaHOBHBIIEMCS JIBMXKEHHUU (PopMa M MECTOMOJIOKEHUE DJICMEH-
TapHBIX CTPYEK HEMPEPHIBHO U3MEHSIIOTCS.

Kpome Toro, yctaHoBHBIIIEECS ABUKEHHUE MOAPA3ETACTCS HA PAGHOMEPHOE
Y HepagHOMeEPHOe.

PaBHOMEpHOE ABMKEHUE XapaKTEPHU3YEeTCs TE€M, YTO CKOpPOCTH, dopma u
IUIOIIA/Ih CEYCHMS ITOTOKA HE U3MEHSIOTCS I10 JUTMHE ITOTOKA.

HepaBHOMepHOE IBIKEHHE OTIUYAETCS W3MEHEHHEM CKOPOCTEH, TIyOuH,
IUJTOIAJIEN CEYEHUN MOTOKA MO JUIMHE ITOTOKA.

Cpenn HEpaBHOMEPHO JBMXKYIIMXCS MOTOKOB CJIEAYET OTMETUTH IIJIABHO
WU3MEHSIONIMECS NBMKCHUS, XapaKTEPU3YIOIEEeCs: TEM, UTO:

® JIMHWU TOKA UCKPHUBJISAIOTCS MaJlo;
® JIMHUM TOKAa MOYTH MapajuieJbHbI, U KUBOE CEUYEHHE MOXKHO CUUTATh IIOC-
KUM;

>

® JaBJICHHA B )KUBOM CCUCHHUH ITOTOKA 3aBUCAT OT FJ'IY6I/IHI)I.

THnbI NIOTOKOB KHUAKOCTH

COBOKYITHOCTB 3JIEMEHTAPHBIX CTPYCK KUIAKOCTH TMPEACTABISICT cOO0H no-
MOK >KUJIKOCTH. PaszmuyaroT CIICTyIOIINE THITBI IMOTOKOB (MM THITBI JIBHKCHUN
AKHUJKOCTH).
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Hanopnvie nomoku (HanopHwvle 0euiceHus) - >TO TAKHUE, KOTAA IMOTOK
OTpaHUYEH TBEPABIMH CTEHKAaMU CO BCEX CTOPOH, IIPH ATOM B JIIO-
00if TOUKE TTOTOKA JIaBJICHUE OTJIMYAETCS OT aTMOC(EpHOro 0OBIYHO
B OOJIBIIYIO CTOPOHY, HO MOXXET OBITh M MEHbIIIE aTMOC(HEpHOTO.
JIBr>keHHE B ATOM Ciydae IMPOMCXOJUT 3a CUET Haropa, co3jaBae-
MOTI'0, HalpuMep, HACOCOM WJIM BOJOHANoOpHOMW OamrHeil. /laBieHue
BJI0JIb HAIIOPHOTO MOTOKAa OOBIYHO MepeMeHHoe. Takoe NBHUKEHHUE UMEET MECTO BO
BCEX TUJIPONPUBOAAX TEXHOJOTHMUECKOTO 00OpYI0BaHMS, BOAOMPOBOJIAX, OTOIMH-
TEJIbHBIX CUCTEMaX U T.II.
be3nanopuvie nomoxu (0e3nanopnuvie 08udzCceHuUs) OTINYAOTCS TEM, YTO
- MOTOK MMEET CBOOOJHYIO MOBEPXHOCTh, HAXOMSIIYIOCS MO aT-
MochepHbIM AaBiCHUEM. be3HamopHOe IBIKEHHE MPOUCXOIUT
IIOJT JICMCTBHUEM CHJI TSHKSCTH CaMOTO IMOTOKA JKUIAKOCTH. JlaBie-
HHUE B TaKUX IMOTOKaxX IMPUMEPHO OJMHAKOBO M OTIWYACTCSH OT
aTMOC(EpHOro TOJIBKO 3a CYET INIYOHMHBI MOTOKa. [IprMepoM Takoro IBMKCHUS
MOKET OBITh TEUCHHE BOJBI B pEKE, KaHAJIE, PyUbe.
Ceob00naa cmpya He UMEET TBEPJIBIX CTEHOK. J[BMYKEHHE MPOUCXOAUT IO
----------- JeWCTBUEM CHJI MHEPIIMH M Beca *KUIAKOCTU. J[aBieHHEe B TaKOM

--------------- MOTOKE MPaKTHYECKH paBHO atMochepHomy. [Ipumep cBoOOHOIM

———————————————— CTPYHU — BBITCKAHUC JKUIAKOCTHU M3 IJIaHT'd, KpaHa ! T.II.

lepaBqueCKne XapaKTEPUCTUKH MOTOKA KHAKOCTH

B ruapaBnvike pa3snuyaroT CIEAYIOINE XapaKTEPUCTUKH ITIOTOKA: HCUBoe ce-
YyeHue, CMOYEHHBLIL nepumemp, uopasiuidecKuil paouyc, pacxoo, cCpeoHas cKo-
pocme.

/Kuevim ceuenuem mOTOKA HA3BIBAETCS MOBEPXHOCTH (MOINEPEYHOE Ceyve-
HUE), HOpMaJbHasi KO BCEM JIMHHSIM TOKA, €r0 MePECEKArOIINM, U JIe)Kalas BHyTPH
noToKa XuAKocTH. [Imomans kuBoro ceuenus obo3Havaercs OykBoit w. Jls aie-
MEHTAapHOM CTPYWUKHU KUIAKOCTH HUCHOJB3YIOT IOHATUE HCUBO20 CEHEHUs IIeMEH-
mapnoii cmpyiiku (CEYeHHE CTPYHKH, MEPHNECHIUKYJISIPHOE JUHUSAM TOKA), IUIO-
maab KOTOPOro o003HavaroT yepes dw.

Cmouennstii nepumemp 1MOTOKA — JIMHUSA, IO KOTOPOU KUJKOCTh COMPUKA-
Caercsl C MOBEPXHOCTSIMHU PycClia B JAHHOM >KUBOM Ce€YeHMH. JJIMHA 3TOW JIMHUU
o0o3HavaeTcss OYKBOM ¥.

B HanopHbIX MOTOKaX CMOYEHHBINA NIEPUMETP COBIAIAET C TEOMETPUUECKUM
[IEPUMETPOM, TaK KaK MOTOK KUJIKOCTH CONPHUKACAETCS CO BCEMU TBEPIBIMH CTECH-
KaMH.

Tuopaenuueckum paouycom R moroka HaspIBaeTcs 4acTo MCIOIb3yeMas B
TUAPABIIMKE BEJIMYMHA, TPEICTABIIAIONIAs COOOW OTHOIICHHWE IIIOMIATU >KHBOTO

CCUCHHUA @ K CMOUYEHHOMY IIEPUMETPY }-

R =

B
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[Tpu HanmopHOM ABMKEHUU B TPyOE KPYTJIOro CEYeHUs THIPaBIUYECKUN pa-
auyc OyJeT paBeH:

! 7Zd2
R:Q:izg,
x d 4

T.€. YCTBEPTH AWAMETpPa, WM IOJOBHUHE paauyca Tpy-
OBI.

Jlist 6e3HAMOPHOrO MOTOKA MPSIMOYTOJIBHOTO CEUEHUS C
pasmepamu @ X D ruspapanueckuit paguyc MOXKHO BbI-

b R_®@__ab
¥y 2a+b

_____________________________________ a CBoOoiHasE TOBEPXHOCTh KHUJIKOCTU
------------------------------------- A4 IIpA ONPENEIEHUA CMOYEHHOIO IIepHU-
MeTpa HE YUYUTHIBAECTCS.
Pacxoo nomoxa xcuoxocmu (pacxoo HcuoKocmu) — KOJIUYECTBO KHUJIKO-
CTH, IPOTEKAIOIIECH B €IMHUILY BPEMEHU Yepe3 )KUBOE CEYEHUE NTOTOKA.
PaznnuaroT 00bEMHBIN, MaCCOBBII U BECOBOM PaCXO/Ibl )KUIKOCTH.
OOBEMHBIN pacxoj KUAKOCTU 3TO 00BEM KMJIKOCTH, MPOTEKAIOIIEH B €u-

HMI[y BPEMEHHU 4epe3 KMBOE ceueHHe MoToKa. OOBEMHBINA PACXO KUIKOCTH H3-
MepsieTcst 00bI9HO B MY/C, OM/c v 1/c. Ou Boraucisiercst o hopmyie

W
Q_T’

rae Q- 0OBEMHBIN pacxo XKHUIKOCTH,
W - 00BEM EKUAKOCTH, MPOTEKAIOIINN YEPE3 )KMUBOE CEUEHUE MOTOKA,
t — BpeMst TeUeHUS KUJTKOCTHU.
MaccoBblli pacxoj KHUIKOCTH 3TO Macca KUAKOCTH, MPOTEKAIOIIEH B €U-
HUIy BPEMEHHU 4YEpe3 >KUBOE CEYEHUE IMOTOKA. MaccoBbI pacxol H3MepsSeTcs
0OBIYHO B KI/C, T/C WX T/C U ompeenseTcs o Ggopmyiie

M.
QM _T’

rie  Qm — MaccoBbIi pacxo JKHIKOCTH,

M - macca )KHIKOCTH, IPOTEKAOIINH Yepes3 )KMBOE CEUCHHE TTOTOKa,
t — BpeMst Te4EeHUS KUIKOCTH.

BecoBoii pacxon *KUIAKOCTH 3TO BEC XKUJKOCTH, MPOTEKAKOIIEH B €IUHUILY
BPEMEHH Yepe3 JKMBOE CEUCHHE MOTOKa. BecoBoil pacxom m3mepsieTcs OOBIYHO B
H/c, KH/c. ®opmyna uist €ro onpeelieHns BHIMISIUT TakK:

G

QGZT;
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rne QG - BecoBO# pacxof KUAKOCTH,

G - Bec XKMIKOCTH, IPOTEKAIONIMI YePE3 )KUBOE CEUEHHE TTOTOKA,
t — Bpems TeueHHS KHUIKOCTH.
Yame Bcero ucnosib3yercs 00ObEMHBIN pacxo/ moToka xuakoctu. C yuérom
TOTO, YTO TIOTOK CKJIQJIbIBA€TCA M3 DJIEMEHTAPHBIX CTPYEK, TO U PAacXo] MOTOKa
CKJIaJIbIBAETCS M3 PACXO0JI0B 2JIEMEHTApHbIX cTpyek skuakoctu dQ.

Pacxo0 rnemenmapnoii cmpyiiku — oowvem xugkocty AW, npoxopsmeit
yepe3 )KUBOE CeUEHUE CTPYHUKH B €IMHUILY BpeMeHU. Takum oO6pa3om:

dw
d =
Q dt

Ecnu mocnennee BhIpakeHHE MPOUMHTEIPUPOBATH MO IJIONMIAAM >XKUBOTO CEUYCHUS
MOTOKa MOKHO TOJY4HUTh (POopMylly OOBEMHOTIO pacxojia KHAKOCTH, KaK CyMMY
Pacxo/IOB 3JIEMEHTAPHBIX CTPYEK

Q=[dQ

[Ipumenenue 3Toil opMyIbl B pacyeTax BEChbMa 3aTPYAHUTENBHO, TaK Kak
pacxonbl JIEMEHTAPHBIX CTPYEK JKUJIKOCTH B PA3JIMYHBIX TOYKAX KMBOTO CEUECHUS
IIOTOKa pa3nuuHbl. [103TOMY B IIpakTHKE U ONPENENICHHs pacxoa Yalle I0JIb-
3YIOTCS IIOHATUEM CPEAHEN CKOPOCTH IIOTOKA.

Cpeonasa ckopocmsv nomoka syxcuokocmu Vep B JaHHOM CEYEHHH DTO HE
CYIIECTBYIOMIAS B ICHCTBUTEIHPHOCTA CKOPOCTh MOTOKA, OJWHAKOBAS ISl BCEX TO-
YeK JTAaHHOTO JKMBOTO CEYCHHS, C KOTOPOM JOKHA Obl1a ObI JBUTATHCS JKUIKOCTD,
4yTO0 OBbI €€ pacxo]i ObUT paBeH (PaKTUIECKOMY.

CrpyiiHas MoeJIb MOTOKA

B rumpaBnuke = paccMarpuBaeTcs
> CIMPYUHAA MO0€/b OBUNCEHUA HCUOKOCMU,
T.e. TOTOK MPEACTABISAETCS KaK COBOKYII-
HOCTh JJIEMEHTapHBIX CTPYEK KHUIKOCTH,

HMCIOIIUX PA3JIMYHBIC CKOPOCTU TCUCHHA Uw.

Nunekc ¢ o3HayaeT (HAlOMHHAET), 4YTO B
KOKJIOM TOYKE >XUBOTO CEYEHUS CKOPOCTH
pa3iauyHbl. DJIEMEHTapHbIE CTPYMKH Kak Obl
CKOJIB3AT APYT MO Apyry. OHU TPyTCS MEXKIY
= - cO0OM U BCIIEACTBHE 3TOIO UX CKOPOCTHU pa3-

nunyarores. [Ipuuém, B cepeauHe 1moToka CKo-

poctu HanboJbplIMe, a K nepudepun OHM yMEHBIIAOTCS. Pacnpenenenue ckopo-
CTEH MO KUBOMY CEUEHMIO IIOTOKA MOKHO MPEJCTABUTh B BUJE NMapadoaona ¢ oc-

HOBaHUEM, PaBHBIM (. BricoTa ero B 1000 TOUKE paBHa CKOPOCTH COOTBETCTBY-
1olIeil a1eMeHTapHoOl cTpyiiku Ue. Ilnomans sneMentapHoii crpyiiku pasHa Ow.
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B npenenax 3To# miomany CKOpOCTb MOXKHO CYUTATh MMOCTOSAHHOU. [loHATHO, 4TO
3a €IUHUIY BPEMEHU Y€pe3 KUBOE CEUEHUE MOTOKA OYIET MPOXOAUTh OOBEM KUJI-

koctu Wh, paBHbIil 00bEMyY mapabosonaa. ITOT 00bEM KUAKOCTH M OyIeT paBeH
pacxojy MOTOKa.

Wi_iasaaisiea a =Q = IdQ = jua,da).
w w

C y‘{éTOM IIOHATHUA CpCI[HCﬁ CKOpPOCTH, KOTOpasA BO BCEX TOYKAX JKHBOT'O CC-
YCHUA OAMHAKOBA, 3d CAWMHUIY BPpCMCHH YCPC3 JKUBOC CCUCHUC ITOTOKA 6y,Z[eT Impo-

XOIUTh 006EM xuakocTH (0603naunM ero Wiep ), paBHbI:
Wtcp :chp,

Ecnu npupaBuath 3t 006éMbl Wtep = Wi=napasonouoa, MOXKHO OIIPEICITUTH
3HAYCHUE CPEAHEH CKOPOCTH MOTOKA KHIKOCTH:

_fu oo
— —
Vpg =2 ==
1)) 1))
B nmanpHEWIIEM CPEIHIOI CKOPOCTh MOTOKA XKHJIKOCTH OyaeM 0003Ha4aThb
OykBoil V 6e3 uHjeKca cp.

[Tpr HepaBHOMEpPHOM JIBH)KEHUHU CPEIHSS CKOPOCTh B PA3IMUYHBIX KHBBIX
CEUCHHUAX IO JUIMHE IMOTOKa pa3imyHa. [Ipm paBHOMEpPHOM JBWKCHHH CpPETHSS

CKOPOCTH T10 JTTHHE IMTOTOKA MIOCTOSTHHA BO BCEX KHUBBIX CCUCHUSX.
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Jlekuus 8. YpaBHeHUs Hepa3pPbIBHOCTH

YpaBHeHHe HEPa3PBIBHOCTH JISl 3JIECMEHTAPHOM CTPYHKH KUIKOCTH

B TexHonmornyeckoM 00OpyAOBaHUM Yalle BCEr0 pacCMaTpPUBAIOT NOTOKH, B
KOTOPBIX HE 00pa3yroTCsl Pa3pbIBbI )KUJIKOCTH, T.€. XKHUAKOCTh CIUIOUIb 3allOJIHSAET
IIPOCTPAHCTBO.

PaccMOTPUM >JIEMEHTAPHYIO CTPYHKY HECKMMAEMOU >KMIKOCTH IIPU yCTa-
HOBHUBIIEMCS JBHKCHHH, B KOTOPOM BBIIEIUM JBa NPOM3BOJILHBIX cedeHus 1-1 u
2-2, pacroNokKEHHbIE Ha HEKOTOPOM PACCTOSHUM OJHO OT APYroro. 3xeck dw1 u
dw? — nnomanu, U u U2 — ckopoctu, dQ1 u dQ2 — pacxonsl anemenTapHOit
CTPYHKHU B COOTBETCTBYIOLINX KUBBIX CEUCHUSIX.

OueBuIHO, YTO

dQ, =dawyu,
nu
dQ, =dw,u,,

npuuém dQ1 BTekaeT B paccMaTpuBaeMblii y4acTOK 3JIEMEHTapHON CTPYHKH, a
dQ2 — BrITEKaeT.

Yurém, uro dopma dIEeMEHTAPHOU CTPYHKHM HE W3MEHSETCS C TCUYCHHEM
BPEMEHH, a MOMEPEYHBIA MPUTOK U OTTOK HEBO3MOXKHBI, TaK KaK CKOPOCTH Ha 60-
KOBOM TMOBEPXHOCTH CTPYMKH HAIPABJICHBI MO KACATEIbHBIM K JIMHUSIM TOKa, U3
KOTOPBIX COCTOUT 3Ta OOKOBAs MOBEPXHOCTh, TOT/A MOJIydaeM, 4To pacxoabl dQ: u
dQ2 paBHBI, T.C.

doyu; =dwsus.

Bcnencrteue Toro, uro ceuenust 1-1 u 2-2 BeIOpaHbI IPOU3BOILHO, HOZOOHBIE CO-
OTHOIIEHUSI CIPABEAJIUBHI VISl JIIOOBIX CEYCHHM 31emMeHTapHou ctpyiiku. Ciemo-
BATEJIBbHO, MOXHO 3aIIMCATh:
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dayu; = const
501041
dQ; = const.

[TocnenHee COOTHONIEHUE HA3BIBACTCS YPAGHEHUEM HEPA3PbIBHOCHU 6 2UO-
pasauueckoil popme 014 I1eMeHMaAPHOU CMPYUKU HEC)KUMAEMOM KUJKOCTH TIPU
YCTAaHOBHUBUIEMCS JIBUKEHUU.

YpaBHeHHe HEPa3pBLIBHOCTH B TMAPABJIMYECKON (popMe 1JI MMOTOKA
KUAKOCTH NPU YCTAHOBUBIIEMCSH JABUKEHUH

Ecau MMPOCYMMHUPOBATH PaACXOAbl BCCX JJICMCHTAPHBIX CTPYCK B KaAKIOM
JKMBOM CCUYCHHUM IIOTOKA, TO IMOJYUYHUTCA ypaseHernue HepaspvleéHocmu 011 NOMOKa
IIpHN YCTAHOBUBIICMCS IBHKCHHU. OOBIYHO €T0 3aINCHIBAIOT B CIICAyroIux BUAaX:

Q =const,
nim
w;V; =const,
nim

Iuidw:const
[0

W3 cka3aHHOTO BUAHO, YTO JUISI HEC)KUMAEMOM >KUIKOCTU MPU YCTAaHOBUB-
IeMCSl JIBUKEHUU KUAKOCTH PACXOJl BO BCEX JKMBBIX CEUECHHS MOTOKAa OAMHAKOB,
HECMOTpSI Ha TO, YTO TUIOLIAAN KUBOTO CEYEHUSI U CPEIHUE CKOPOCTH B KaXJIOM
CEYEHUH U MOTYT OBITh Pa3HBIMHU.

W3 ypaBHEHMsI HEPAa3pBIBHOCTH BBITEKAET CIICIYIOLIEE BAKHOE COOTHOLIE-
HUE:

R

Vo o

T.C. CpeI[HHe CKOpOCTI/I B JKUBBIX CCUCHUAX ITOTOKA 06paTHO HpOHOpHI/IOHaHBHH Uux
IJI10IIad5sIM.

VpaBHeHWEe HEPa3pBIBHOCTH TOTOKA KHIKOCTH B THIAPABINYECKON (GopMme

OYCHb YaCTO MPHUMCHSETCS B THIPABIUKE JJISI ONMUCAHUS JTBIKEHUS JKUIKOCTH B
KaHaiax u TpyoonpoBoax.

JAuddepeHuuanbHble ypaBHEHUS HEPA3PHLIBHOCTH ABUKCHUS KU /-
KOCTH

YpaBHEHUS, pACCMOTPEHHBIE BHIIIE, TTPEACTABICHB B HHTETPAIBHOU (hopMe
Y HE YUYHUTBIBAIOT BCEX YCIIOBUM JBUKEHHUS TOTOKA )KUIAKOCTH.
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PaccmoTpum TO Ke camoe NBHKEHME KUIAKOCTH, ONMPAsACh HA BAKHEUIIUN
3aKOH MEXAaHHKH - 3aKOH COXPaHEHUS MacCCHl.

PaCCMOTpI/IM ABHIKCHUC CO CKOPOCTBIO u HCKOTOpPOTO

w ! npousBojbHoro ooséma W miorHocTeio Pep.  Macca
storo o6béma pasaa M = ppW. Venosuewm crutorso-
Pep CTHU (Hepa?)pI)IBHOCTI/I) ABIISICTCA.
dM
da

T.e. Macca 00béMa W He Menserca Bo Bpemenu. OHAKO HEU3MEHHOCTH MAcChl HE
03HAYAET, YTO COCTABJIAIONINE, OIPEACIISIOIINE MACCY TOXKE JOJDKHEI OBITh TOCTO-

sHHbL [IpuuéM, B 00IIEM Cilydae M3MEHSIOTCS BO BpeMeHH Kak 00béM W, Tak u
IUIOTHOCTB KUJKOCTH p. Toraa MOXHO 3anucaTh:
dM d dw
M ow 2 2T,
dt dt dt

0
[lepBoe crnaraemoe B 3TtoMm ypaBHeHuun W g CTUACHIBACT H3MEHEHHE MACCHL

32 CUET M3MEHEHHs IUIOTHOCTH IIPH IOCTOSIHHOM O0BEME, a BTOPOE CllaraeMoe

dw ,
—— P OIIUCBIBACT U3MECHCHHNE MACCHhI 34 CUCT U3MCHCHUA 00BEMa IIpHU ITOCTOSAH-

dt
HOH IJIOTHOCTH.

M M
Yuurteisas 10, uto W =— u p =y > MOACTAaBHM OTH 3HAYEHH B MOCIE]-
o,

Hee ypaBHEHHE U MpeoOpaszyeM ero K BUIY:
dM M dp N dw M
dt o dt dt W

Paznenum 310 ypaBHEHHE Ha M, MIPUBEJS €T0 TEM CAMBIM K YPABHEHHIO JJIS
€ IMHUYHOUN MAaCCHI:
dM :id,o_|_ldW:O
dt Lo dt W dt

[IepBoe cnaraemoe MOKa3bIBAET W3MEHEHHE IJIOTHOCTH BO BPEMEHH, T.€. B
npolecce ABUXKEHUS (M0 Mepe MepeMelleHus) KUIKOCTH. BTopoe cimaraemoe —
U3MEHEHUE 00BEMA B TIPOIIECCE JIBHKCHUS.
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PaccMoTpuM moznpo6HO BTOpoe criaraemoe. J[i1st 3Toro BO3bMEM HEKOTOPYIO

X

y

npou3BoNbHYI0 Touky A ¢ xoopmunatamu X,Y,Z. Uepes Heé (1 BONMM3U HEE) B
MOMEHT BpeMeHH [ Teuér »KUIKoCTh co ckopocThio U. B mpoekiuu Ha ocu Koop-
nuHAT B Touke A KUIKOCTh UMEET ckopoctu Ux, Uy, Uz, cooTBeTCTBEHHO. BhIIe-
JIMM BOKpPYT TOYKU A OGECKOHEYHO Majblii 00bEM B (opMe Mapajiesenurena ¢

pasmepamu dx, dy, dz. Bynem cuutath 3TOT 00bEM HEMOJIBUKHBIM, a KUJIKOCTh -
npoTekaroniel yepes Hero. Onpenenum BeTuduHy 00bEMa KUJIKOCTH, KOTOpast To-

CTyIaeT B paccMaTpUBaeMblil 00BEM U BBITEKAET U3 Hero 3a Bpems (.
B npoekuuyu Ha och X B Touke A TOPU30HTAIBHAS COCTABIISIONIAS CKOPOCTH
paBHa Ux. B Touke A2 (pacnonoxennoii Ha rpanu 0y — dzZ), naxonsmeiics na pac-

1
crosauu —0X ot A, ropu3oHTaIBHAS COCTABIAIONIAs OYIET:
2

B touke A1 (pacnonoxenHoi Ha apyroii rparu dY — 0Z) ropusonransHas coctas-
JSOILAs ATOM CKOPOCTH OYyJeT paBHa:
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=u —ldxaux
XA T T o

u

B npoekuun Ha ock Y B Touke A cocraBisiomas ckopoctd Oyzer pasHa Uy. B

TOUKe, PacIojokKeHHOI B neHTpe rpanu X — 0z, Haxonsmelica Ha pacCTOSHUM

1
Edy ot A 5Ta cocraBusomas CKOpoCTH OyIET:

ou
uy=uy+£dy .
2 oy

B Touke, pacrojokKeHHOH B LEHTpe NpoTuBononoxHoit rpanu X — dZ u Haxo-

1
IAIIEics Ha PACCTOSHUU Edy ot A, 5Ta cocrapusomas CKOpOCTH OyIeT:

ou
u, = y—ldy .
2 oy

AHAJIOTMYHO B IPOEKIUH Ha 0Cch Z B Touke A COCTaBIAIOLIas CKOPOCTH OyIeT
paBHa Uz. B Touke, pacnonoxenHoii B nentpe rpanu AX — dy u naxopsmeiics Ha

1
pPacCTOAHUU Edz oT A, 9Ta COoCTaBJAOmiass CKOPOCTU IIPHUMCT BHU!:

1 ou
u, =u, +—dz Z .
Z Z az

B Touke, pacrosokKeHHO! B LIEHTpe NPOTHBONOJI0XkHOM rpann OX — dy, u Haxo-

1
JAMCHCA Ha PACCTOSHHH — dz or A cocraBnsromas cKopocTH OyJer:

1 ou
u, =u, ——dz =
2 oz
ou, ou, ou,
B MMOCICAHUX BBIPAKCHHUAX YaCTHBIC ITPOU3BOAHBIC a—,a—,a— [IOKa3bIBAKOT H3-
X oy oz

MeHeHue BeauyuH Ux, Uy 1 Uz COOTBETCTBEHHO, NMPUXOAALIUECA HA €AUHULLY

JUIMHBI, U3MEPEHHYIO BIOJIb OCH, IIPOXOIAINEN Yepe3 TOUKy A ¥ mapajuieabHo co-
OTBETCTBYIOIIUM KOOPJAUHATHBIM OCSIM.

OOBEMBI KUIKOCTH W,,,(g,,,x), BBITEKIOIIEN YEPE3 COOTBETCTBYIOIIME TPAHU
dy - dZ, dx — dZ, dx — dy, 6y1[yT paBHBI IPOU3BEACHUAM COOTBETCTBYIOIIHNX
MPOEKIMN CKOPOCTEN Ha IIJIOMIAAN TPAHEH:

1, ou, _
W, e = (U, +§dx 8x )dydzdt;
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W

X—2(8bix)

1 a4u
= (u, +=dy—>)dxdzdt;
2 5)’

W

X—y(eb1x) —

=, +— dz z)dxdydt.
2 lo74

Ananoruyno 00sEMbI KuakocTd W (6x), BXOIAIIEN Yepe3 COOTBETCTBYIOIINE
rpanu dy — dz, dx—dz, dx—dy OyayT paBHBI IPOEKIMSIM COOTBETCTBYIOIINX
CKOPOCTEMN Ha TAKUE K€ MO pa3MepaM IUIONIA A TPAHEH:

1, ou, _
W, en = (U, —de ™ )dydzdt;
W, o = (U, ——dy )dxdzdt
1, 0u,
W, e = (U, —Edz P )dxdydt.

Jlerxo BuzeTh, uto u3Menenue oobéMoB AW... xumkocty, mpoxosmieii ye-
pe3 IPOTUBOJICKAIIIKE TPaHu 3a BpeMs dt, OyyT COOTBETCTBEHHO PaBHBI:

dWs_; =Ws_z(aae) ~Wo-z(a8) =

1, Ouy

ou
:(ux—zdx X

)dydzdt — (uy — %dx )dydzdt =

— (U +%dx 88 X dydzdt —u,, + = dx X )dydzt -

1
= X ax X dydzdt + L dx 2%y dydzdt = Y% dxdydzdt:
2 OX 2 OX 8x
OCT&HBHBIC JABa BBIpa)KCHI/IH 3allMIICM 110 aHAJIOTUH 663 HOI[p06H0r0 BBLIBO-
Ja.
ou
dfoz :foz(ebzx) _foz(sx) = _deddedtr
oy
ou, )
AW,y =W, o ~Wiiyen = — dxdydzdt;

[TonHbIi 00BEM KUIKOCTH, TpoTekaromeii 3a Bpems Ot yepes BEIOpaHHBINH
TIPOU3BOJILHBIM 00Pa30M HEMOJABUKHBIN deMEHTapHBIH 00bEM mpoctpancTsa dX,
dy, dz, 6yner paBen cymme 00BEMOB KUAKOCTH, IPOTEKAOILEH Yepe3 BCe TPH Ia-
PBI IPOTUBOJICKAIIUX TPAHEN

dW =dW,_, +dW,_, +dW,_,.

HOI[CTaBI/IB B TIIOCJICIHCC BbIPAXKCHUC 3HAYCHHA COOTBCTCTBYIOIIHX 00BEMOB

dw,_,,dw, ,,dW,  , nomydum:

y-z?
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ou
dw = AUy dxdydzdt + — dxdydzdt + ou, dxdydzdt =
OX oy 0z
ou
= (Ux Ay | Ny iyt
OX oy oz

B stom BhIpakenuu npoussenenne 0XAYdZ uu uro unoe, kak Bech 00BEM

xuakoct W, porekaromneii yepes paccMaTpuBaeMblii apajlIesenuIIe ] 3a BpeMs

dt. Takum o6pasoM, moacTaBUB 3Ty (OPMYITy B HCXOJHOE BBIPAKEHHE lddﬂ
W dt
(BTOpOE claraeMoe — Y4YUThIBAIOIlee U3MEHEHHE 00bEMa B 3aKOHE COXPAHEHUS

Macchl), aHAJTM30M KOTOPOTO Mbl 3aHUMAEMCS, MOJYIHM:
(6ux
1 dw 1 OX

ou
+—Y 4 A, )dxdydzdt
oy oz

1.dwW _ duy +5Uy | ouy

wodt dxdydz dt - W dt OX oy oz

PaBeHCTBO HyJIO ATOTO BBIPAXKEHUS HA3BIBAIOT YPAGHEHUEM HEPA3PbIGHO-
CMU 0151 HECHCUMAEMOU HCUOKOCIU 6 OudhhepenyuaivbHoll hopme 1 3aINCHIBA-
€TCs CIEIYIOIUM 00pa3oM:

ou
OUy LMy au,
OX oy 0z

K Takomy ke BBIBOJYy MOKHO MPHUHTH, OCHOBBIBASICh Ha CIEAYIOIIMX pac-
CY>KJIEHUSX: €CJIM CUUTATh KUJKOCTh HECKUMAEMOH, TO YCIIOBUEM HEPa3PhIBHOCTH
(CTUIOITHOCTH) TMOTOKAa MOKHO CUMUTATh PABEHCTBO BTEKAIOIIUX U BBITEKAOIINUX
00BbEMOB, T.c. U3MEHEHHE 00bEMa Mo/vkHO paBHAThCA 0. B Beipaxkenun mus dW
BenuuuHbl dX, dy, dz, dt o0s3aTenbHO MMEIOT MOJIOXKUTENbHbIE (HE HYJIEBbIE) 3Ha-

=0.

yeHus. Torma njsi TOro, 4ToObl =0, HY)XHO BBIITOJIHCHHE CJICIYIOIIETO

dt
ou, ou, éu

yCHOBHS: — + Y + 822 =0, KoTOpOE U €CTh yXke YHOMSIHYTOE BHILIE YPABHEHUE

HEPa3pbIBHOCTH JJI1 HEC)KMMAEMOM XKUJIKOCTH B U depeHimansHoi hopme.

Ecnu B mosnyyeHHOE ypaBHEHUE HEPA3PBIBHOCTH J100ABUTH ClIaraeMoe, y4u-

1dp

TBIBAIOIICC M3MCHCHHC INNIOTHOCTH KHUJAKOCTH BO BPCMCHU ; dt IMOJIy4YruM (1)Op—

MYJly, BBIPQKAIOIIY0 U3MEHEHHE €IMHUYHON MaCChl KUIKOCTH MPOTEKAOIIEHN 3a

Bpems Ot uepes 06wém AX, dy, dz. TIpupasHsB 5T0 ypaBHEHNE K HYIIO:

ou
id—'0+aux+ y+au2=0,
pdt ox oy oz

MOJIYYUM YPaAGHEHUE HePA3Pbl8HOCHU ONA CHCUMAEMOU HcuOKocmu 6 oughghe-
PeHuuanbHoil ghopme.
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Ero ¢usnueckuii CMBICH 3aKIII09aeTCs B TOM, YTO U3MEHEHHUE TJIOTHOCTH BO
BpEMEHU 00paTHO U3MEHEHHIO 00BbEMA KUIKOCTH BO BpeMeHU. OO0BEM ke MEeHsIeT-
Csl M3-3a UBMEHEHUS] CKOPOCTEW BO BPEMEHH, T.€. BCIEJCTBUE U3MEHEHUsI (POPMBI
OTOKA.

[Tocnennee BbIpakeHUE €CTh MEPBOE ypaBHEHHUE (YCIOBHUE) B cUcTeMe AUd-
(bepeHIaNnbHBIX YPAaBHEHUM, ONMUCHIBAIONIUX JTBUKEHHUE MMOTOKA KUIKOCTH.
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Jleknust 9. /IluHaMuKa KUIKOCTEH

['maBHas 3agada JaHHOI'O pa3aciia, BMCCTC C pasac/ioOM KHHCMATHUKU KUIKO-
CTeﬁ, 3aKJIIIOYaCTCA B YCTAHOBJICHHUHA CBSI3EH MCXKOY CUJIaMH, CYHICCTBYIOIIIMMHA B
ITOTOKEC JKUIAKOCTU U XAPAKTCPHUCTHUKAMH IOBUIKCHUA 3TOU KNIKOCTH. HaHOMHI/IM,
YTO 3TH CBs3HU B 06HIGM ClIy4dac nmpcacCTaBIAIOTCA YPABHCHUAMU BHUAA:

u, = f,(x,y,2,1),
u, =f,(xy,z1),
u,=f,(xvy,zt),
P=1f,(X,y,z1).

Haxoxnenue stux (yHKIUN SBISIETCS BeChbMa CIOXXHOM 3amauei. [losTtomy nis
ynpouieHus e€ pemenus JI. Dunep mpeamnosokus, 9YTo KUAKOCTh SBISIETCA UAE-
aNbHOM, T.€. HE UMEIOIIEH BA3KOCTH, a TAKXKE TO, UTO BCE NMEPEUUCIECHHbIE (PYHK-
LMW HempepbiBHbIE U AU(depeHupyeMble, X0Ts (PU3NYECKOW NPUYMHON Hempe-
PBIBHOCTH PacCIpeAesIeHUs] CKOPOCTEN B IBHXKYLIEHCS AKUIKOCTH SBISETCA HMEHHO
BSI3KOCTb.

AuddepennuanbHble ypaBHEeHUs Jijiepa sl IBUKEHUS UIeAJIb-
HOM KMJAKOCTH

PaccMOTpUM TMPOM3BONIBHYIO TOUYKY A B TOTOKE JKUIKOCTH. JlaBieHue B
3TOM Touke 0603HauMM OykBoi P. Boimenum BOIU3M HEE NPAMOYTOJIbHBIA 00BEM
xuakoct pasmepamu dX, dy, dz.

Taxk ke Kak ¥ B ciy4yae BeIBoja AuddepeHIIuanbHbIX YPaBHEHUN JJIs TTOKO-
SIIENCS KUIKOCTH, CUCTEMY YPAaBHEHUH, BBIPAKAIOLIYIO CHJIBI, JTEUCTBYIOIIME HA
BBIJIEJICHHBIN 00BEM, TIOJYYUM B MPOEKIMIX Ha OCH KoopauHaT. Onpeneiaum pas-
HOCTb JABJICHHUM, IEUCTBYIOIIMX HA TPOTUBOJICKAIIME TPAHU:

AP, = P—(P+8—de) = —a—de,
OX OX

AP =P-(P+Layy=-Lay
oy oy

AP, = P—(P+6—sz) = —a—sz,
0z oz
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OTH ypaBHEHHUS MOJYYEHBI ¢ YUETOM MPEANOJIOKEHUS, YTO J1aBJIEHNUE, KaK U B CTa-

Z
oP
P+—dz
dy\ oz duz
dz
dt
. Az
‘IV dux L
I P
, g ———
A I/
P |
- = = = =
A A X
Y /, P+Z—zdx
/ X

oy e

TUKE, JEHCTBYET MO HOPMaJId BHYTPh pacCMaTpMBaeMoro o0bEéma, a M3MEHEHUE
JABJICHUS TI0 KaXKJI0M KOOpAMHATE PaBHO YacTHOMY MudQepeHIany mo cooTBeT-

oP ..
CTBYIOLIEH KOOpAMHATE Edl. Torga pa3HOCTH 3TUX CHJI B MPOEKIUSAX HA OCU

KOOpAUHAT OyIyT:

X

AF, = _oP dxdydz
OX

y

AF, = _P dydxdz
oy

AF, = _P dzdxdy .
oz

Kpome cuit naBieHusi, Ha BbIACICHHbIN 00BEM OyAyT A€CTBOBATH MHEPIU-
OHHBIE CUJIBI B 00ILIEM ClTy4dae omnpeieiieMble YCKOPEHUSIMHU ax, dy, dz

F." =a,odxdydz,
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F,“ =a, pdxdydz,
F, = a, odxdydz.

[Ton meiicTBHEM STHX CHIJI pacCMaTPUBAEMBbI 00BEM KUIKOCTH JIBUXKETCS C

du du, duy du,
YCKOPCHUCM — — , HJIHK , , B IIPOCKOUAX HA OCH KOOpAWHAT. Torz[a
dt dt  dt
MIOJIYYUM CJICIYIOIIYIO CUCTEMY YPABHEHHUMN
_op1_du,
“ ox p ot
_op1_du,
oy p o dt
_op1_du,
‘oz p dt

KOTOpasi HOCUT Ha3BaHUE OJughepenyuanvhvie ypaenenusn aepa 011 0suxice-
HUA U0eanbHOll HCUOKOCmU. DT YPABHEHUS CIIPABEMNIUBBI ISl UACATBHON KHUA-
KOCTH, T.€. JUISl JBIKEHUS 0€3 BHYTPEHHErO COMPOTHUBJICHUS, U OHU OIHCHIBAIOT
CBSI3b MEXIY CHUJIaMU B )KHJIKOCTH U 3aKOHAMU €€ JIBUKCHHUSI.

IIpeoOpazoBanue ypaBHeHU Jiljiepa

Tak e Kak M B CTaTHKe, 4TOObI M30aBUTHCS OT YACTHBIX HPOM3BOIHBIX,
YMHOKMM 3TH ypaBHeHMs cooTseTcTBenHo Ha UX, dY 1 dZ u cnoxum ux:

du
aydx +aydy +a,dz —1(8—de+a—de +6_sz) =d&dx+—ydy +dﬁdz_
p OX oy 0z dt dt dt

dpP

[Ipoananu3upyeM Moay4YeHHYIO (QYHKITUIO.

[lepBble Tpu ciaraemsie (aXdX+aydy+ade) [0 CYUIECTBY SBJISIOTCS

CYMMOW MHEPUHMOHHBIX CHJI WJIA Beca, IEUCTBYIOIUX B KUAKOCTH. OO03HAUNUM 3Ty
cymmy 0O u Ha30BEM €€ cu1060ii (hynKyueii Uan TOYHEE CULOB0I NOMEHYU-
anbHOU hyHKyueil.

P P oP )
BCIIOMHHMM W3 CTaTUKH, 4TO &dx+—dy+5d2 - eCTh HOJIHBIA Jud-

depenrman nasnenus dP.

YuTéM Takke, 4TO KaXKJ0€ CIaraéMoe B MPaBOil YaCTU MOKHO IEpPENnucaTh B

dx

du
apyroMm Buje. Hampumep, ——0X mpencTaBuTh Kak du,— . B cBoro ouepeip
py pumMep dt p dt p
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dx Wy gy = u,du, = Ldu?
azux. N torma okoHYaTEIBLHO gt X=Uu,qau, :E Uy. IIpuMeHUB Takue xe

peoOpa3oBaHUs KO BCEM TPEM ClIaraeMbIM, TOJTYIUM:
1 1 1 1 1
—du +=du; +=du; ==d(u; +u; +u;)==du’.
2 2 2 2 2

C y4u€ToM NpoBeIEHHOTO aHaIN3a MpeodpazyeM «CI0KEHHbBIE YPaBHEHUS» K
0000wénnon hopme ypaseuenuii Jinepa.

dCI)—ldP—ldu2 =0.
Yo, 2

HccnenoBanue ypaBHeHuil Jiljiepa

B npaByto yacte nuddepeHiranbHbIX YpaBHeHUM Diiiepa s ABUKYIIEHCs
MIeaTbHON KuaKocTH BXoauT BennunHa OUx. EE MOXHO IpeicTaBUTh Kak MOJI-

Hell guddepeHnyan (GyHKIUMHM HE3aBUCHMBIX nepeMeHHbIX 1 OUx, KoTopblii
MO>KHO 3aIlicaTh B BUJE:

du, = u, dt + o, dx + o, dy + U, dx.

oot ox oy o1

Torna 9TO YPAaBHCHHC IJIA de IIOCJIC OCIICHUA HA dt 6y,[[€T BBITJIAACTD.

du ou

X X

ou, dx ou, dy oJu, dx
= + + + :
dt ot ox dt oy dt oz dt

du,
rae: F = U, - npoekuus ckopoctd U Ha och X.
Torna OKOHYATENIbHO NOIYYHUM:
du ou ou ou ou
~=—+—>U, +—=U, +—=U,.

dt oo ox * oy 7 oz °

[To aHayOrKMu TO € caMO€ MOJKHO 3amucaTh U s Apyrux ocei. C yuérom
TaKUX MpeoOpazoBaHuii cucrema auddepeHIuaIbHbIX YpaBHEHUN Dilnepa s
JBYDKYIIIEHUCS )KUJIKOCTH TPUMET BUJL:

( 10P ou, ou, ou, ou,,
aX _— = —|— uX + uy + uZ
o ox dt OX oy 0z

1 0P oJu, adu, ou, ou,
18, —— = + u, +—u,+—u,
p oy dt OX oy 0z
1 0P ou, ou, ou, ou,
a, —— = + u, + u, + u

‘* poz dt ox * oy Y oz °
@U3NYECKN CMBICT YaCTHBIX MPOM3BOJHBIX B YpPaBHEHUSIX Jiljepa pac-

CMOTPHM Ha IIPUMEPE U3MEHEHHS CKOPOCTH TOJIBLKO [0 OJHOM KoopauHare X.
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ou,

CnaraeMoe — ONHCHIBACT U3MEHEHUE CKOPOCTH KHUIAKOCTH BO BPCMCHU,

dt

T.€. XapaKTEPU3yeT HEYCTAHOBUBIIMICA PEXKUM TEUEHHUS KUJIKOCTU. Eciu TeueHune

Uy

o <
&*/_,T _______ QZ
o i
Ul
L'|X|x1
o ,-"'..-"'/"/ o

X
/N
e u
u | )\_: _______________________ Xb|t2
xatz
AUX I qu|t1
Xalyy
>
a b
dy

pocTh B Touke A Uxa‘tz CTaHeT det ,a B TOuKe B - qu\tz - u,dt+

YCTaHOBHUBILEECS, TO 3TO CJIAraeMoe
PaBHO HYJIIO.

Bennuunnsl - npamole

YacTHbIE MPOU3BOAHBIE. OHM OMUCHI-
BAIOT U3MEHEHNUE CKOPOCTHU BIOJIb OCH
B 3aBUCUMOCTH OT TOM K€ KOOpJWHA-
TEL.
ou, ou,
YieHbl u - Kocwble
oy 0z
YacTHbIC MPOMU3BOJIHBIE, T.C. MPOU3-
BOJHBIE II0 CMEXHOM KOOPJIUHATE,
MOKa3bIBaIOIIME, KaK M3MEHSICTCS 3Ha-
YeHHE CKOPOCTH B HampaBjeHUU X (B

poeKIuu Ha och X) B 3aBHUCH-
MOCTU OT HU3MEHEHHUS KOODP.IM-
HAT HAa IMEPIEHIMKYJISPHBIX
ocax Y u Z. PaccMOTpUM HX
noapoOHee. B MomeHT Bpeme-
au 11 cxopocts xumkocTH B

Touke A uxa\tl pasua Uy, as

ou,
touke B- uxb\tlzux*‘ oy dy .

EcrecTBeHHO, UTO NpupalieHue

ckopoctd 1o ocu Y B ITOM

Y ou,
ciydae cocraBuT AU, = & dy.

B moment Bpemenu 12
gepe3  OCCKOHEYHO  MaJIblit
npomMexkyTok Bpemenu Ot cko-

ou,
ay dydt . To-

rja TaHredc yriua da MoKHO BBIYHCIUTE 110 (GopMyIie:

u —Uu
xbl¢ o xal ;o

ou

X dydt
y ou

ab
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Y‘-II/ITBIBaH, 4TO IIPpU MAJIbIX yIJIaX UX TAHI'CHCBbI PABHbBI CaMUM YTJIaM, MOX-

ou
HO 3ammcarb tgda =da. Torna do = Exdt . IlepenucaB nociienHee BBIPAKEHHUE,

OKOHYATEJIHHO TOJTYIHM:
da ou

X

Way

DTO COOTHOIIIEHHE IMIOKAa3bIBACT, YTO PACCMOTPCHHAA YaCTHAA IIPOMU3BOJHAA
CCTb HHU 4YTO MHOC, KaK YIJIOBasA CKOPOCTb BpAIICHUA OECKOHEYHO MaJjoro OTpPC3Ka
a.b OTHOCHUTEIBHO ocH Y (T.e., 9TO COOTHOIICHHUC OIIMCBhIBACT BPAIICHUC BOKPYT
«TPEThE» OCH).
Taxum xe 06pa30M MOKHO HCCJICAOBATH U OCTAJIbHBIC YACTHBIC IIPOU3BOI-
HBIC
ou, Ou, ou, ou, ou,
oy oz "oy oz ox

[1o aHamorny ¢ NpUBEAEHHBIMU BBIIIE PACCYKACHUSIMHU MOKHO YTBEPKIATh,

ou ou
4yTO 4YacTHasg HpOI/ISBOI[HaHa—Xy, TaK XK€ KaK u ayx

KHUAKOCTH B IINIOCKOCTHU XY OTHOCHUTEIBHO OCH Z, JaCTHBIC IIPOU3BOI-

ou, ou
y
HBIC ’ —= OIINCBIBAKOT BpameHHe qacTul )XUJIKOCTHU B IINIOCKOCTHU YZ OTHO-

oz oy
ou, ou

CHUTCJIBHO OCHU X, a 4YaCTHBIC IIPOHU3BOIHELIC a_,a—z OIIKMCBIBAIOT BPAIICHHUC 4Ya-
Z X

CTHII )KUJAKOCTHU B TIIOCKOCTH XZ OTHOCHUTEIHHO ocH Y.

B 3akiI0ueHHe MOKHO OTMETUTh, YTO TAKOE ABMKEHHE MOYKHO HAaOIIONATh,
HAIpuMep, B BOJOBOPOTAaX, KOTOPBIE YaCTO BO3ZHUKAIOT BOJIM3U CIMBHBIX OTBEP-
CTHUI1 IIPU CJIMBE BOJBI U3 BAHH WJIM PAKOBUH WM B IPYTUX MOXOKUX YCIOBUSIX.

, OIIMCBIBACT BpAIlICHHUC YaCTHII

JAn¢¢pepenuuanbHbie YypaBHEHHU IBHKEHUS BA3ZKOU KUAKOCTH
(ypaBuenust HaBbe-CToKkca)

Jlo cux mop MBI HE pacCMaTpPHUBAIHM BIHMSHUAE CHJI BS3KOTO TPEHHUS HA JIBUKCHUE
xuakocTH. [lombITaeMcst yaecTb 3TH CHIIBL. [|JIs MPOCTOTHI pACCMOTPUM JIBHIKECHHE
peanbHOM (BA3KOM) KUJIKOCTU B MPOEKIMU HA OJHY KOOpAuHaTy. bynem cuurarts,
4TO yacTHuIla B hopMe mapajienenumeaa ¢ pasmepamu dx, dy, dz nBmkercst BIOJb
ocu X. 3a cu€T CHJI BSI3KOTO TPCHHS Ha BEPXHIOI W HIDKHIOI MOBEPXHOCTH pac-
cMaTpuBaeMoro oonéma OymyT naericrBoBaTh cuibl TpeHus dT, udT, cooTBer-
CTBCHHO. DTH CHJIBI 3aBUCST OT IUIOMIAAH TpeHUs dydZ W BETMYMHBI KACATEIBHOTO
HANpsHKCHUS Ha TIOBEPXHOCTSAX TPEeHUs 7. Ha HIDKHEH MOBEPXHOCTH CHJIa TPCHUS
Oyner:

dT; =dxdy,
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Ha BEpXHEW oHa OyaeT OTiIH-
YaTbCs Ha BEIUYMHY MpUpa-
IMIEHUSI KacaTeNIbHBIX HaIps-

KCHHUC BAOJIb OCH Z

dr
dT4 = (z+—dz)dxdy .
Z 4 Ux a ( dZ ) y
PaBHOpelcTBYIOIIAs
d_T: ATUX CHUJ, JNEUCTBYIOIIAs Ha
dz & |7 paccMaTpruBaeMBbIit 00BEM
e - 4 OyzeT paBHA PasHOCTH CHII
z >~ ! TpeHHs
v >
» X dr
dTy —dT; =(z + r dz)dxdy — zdxdy =-
z

X dx '
1Z0)0%1
dr
dz
riae dW - BelMYMHA paccMaTpUBaeMoOro o0bEéMa KUIKOCTH.
HanpspkeHue BHyTpeHHETo TpeHHS, 00YCIOBICHHOTO BA3KOCTHIO, 110 3aKOHY
YKUJIKOCTHOI'O TPEHUSI UMEET BU:

du

X
dy ’
rne M - nunamuyeckuit K0dpQUIMEHT BAZKOCTH.
[Tocne noaCTaHOBKY MOJIYYUM:

2
AUy gw =ﬂd—”2xdw.
dy dy

T=u

d
dTy =—(u
dy
B ypaBHEeHusIX Diljiepa BCe CUIIbI OTHECEHBI K €IMHUYHOM Macce, TOATOMY U
CUJIbl, OOYCIJIOBJIEHHBIE BI3KUM TPEHUEM, MPUBEIEM K TAKOMY K€ BUIY:

dT, _ u d?u, :deux
pdW o dy? dy?

H .
rae vV = — - KuHeMaTu4ecKuid Kod(PUIIMEHT BA3KOCTH.
Yo,

Ecnmu nmomoOHbIe paccykaeHus MPOBECTU ISl OCTAIBHBIX KOOPJIWHAT, T.C.
MepPENTH K 00IIeMy CTydaro MPOCTPAHCTBEHHOTO JABUKEHUS, KOT/1a COCTABIISIONINE

ckopoctu U,,Uy,U, smisrorest GyskimsimMu tpéx koopmauuar X, Y, Z. B Takom

Cllydae NPOEKIKs CUIIBbI BA3KOTO TPEHUS HA 0Ch X B MEPECUYETE K €MHMIE MACCHI
JNA€T BEJIUYUHY:
o°u, o%u, o%u
Vi +—+
OX oy 0z
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AHQJIOTUYHBIE BBIPAXKEHUSI MOXHO 3aMucaTh ISl JBYX JIPYTUX KOOPJMHAT.
Ecnu ypaBHeHus Ditnepa il ABMIKYIICHCS JKUIAKOCTH JTOMOJHHUTH MPOSKIIUSAMU
CHJI BSI3KOTO TPEHHS Ha OCH KOOPJIMHAT, TOJIydaTcs oughghepenyuanvnovle ypasHe-
HUSL 0BUINCEHUS BAA3KOIL HCUOKOCHU, KOTOPBIC HOCAT Ha3BaHue ypasnenus Haeve-
Cmokca v UMEIOT CIISTYIOIIUNA BU/:

2 2 2
duy a oP 1 Vd Uy dux+d uzx)

dt " xp & oy @z
du d2u d2u d2u
—y:ay—a—Pl-FV( 2y + 2y + 2y
dt oy p OX oy 0z
2 2 2
duZ_aZ 6P1+Vd uz+d uz+d uz).
dt oz p x> oy? ozl
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Jlekuus 10. UaTerpupoBanue ypaBHeHu Jiljiepa

MHTerpupoBaHne ypaBHEHHI Diiepa paCCMOTPUM Ha IIUPOKO pacipocTpa-
HEHHOM IIpUMEpPE ABUKEHUS KUJIKOCTHU O] JEHCTBUEM CUIIBI TskecTh. [Ipumepa-
MU TaKOTO JBUKEHMSI MOTYT CIIY’KUTb: TEUEHUE PEKH, PyUbsl WIH JIFOOOTO APYroro
IOTOKA KHUJKOCTH, TEUEHUE )KUJIKOCTH B BOJOIPOBOJE, padOTAIOIIEM OT BOJOHA-
MIOPHOM OaIIHu.

JIBuKeHHE >KUIKOCTH OMUCHIBAETCs 0000MEHHON PopMoil ypaBHEHUI Dii-
nepa

dCI)—idP—ldu2 =0
0 2

B paccmarpuBaeMoM ciydae, KOTa ABMKEHUE XKUIKOCTH OCYLIECTBIISICTCS
4 WCKIIFOUUTEIBHO TMOJ JIEMCTBUEM CHIIBI TSIXKECTH,
Z l l l l CU106a5 NOMEHUUAIbHAA PYHKUUSA

d® =a,dx+a,dy +a,dz

MMPpUHUMACT BU:

)Z dd =-gdz,

Y rae § — yckopeHue cBOOOAHOIO NaieHHU.

[ToacTaBuB 3TO BRIpRXKEHHE B YpaBHEHUE Dilliepa, 1 YMHOKHUB Ha «—1», 15 TO-
r0o, YTOOBI N30ABUTHCS OT 3HAKOB «MUHYC» TMEpe] KaXkKIbIM ClIaraeMbIM, TOJTy-
JUM:

ITocne uHTErpUpOBaHus NPUIEM K BULY:
P u’
gz+—+—-C=0
p 2
rae C — mocTosHHAas UHTErpUpOBaHus (3HAK «-» IEPE]] Hell HE UMEET

(bu3HUecKoro 3HaYCHHS ¥ MOCTABIICH TOJILKO ISl YI00CTBA MOCTIEY-
IOIMX MAaTEMATUYECKUX MPEeoOpa3oBaHmit).

PaznenuB nocnenHee paBeHCTBO HA (, MPUIEM K OKOHYATEIIBHOMY BUTY:
P u?
Z+—+—=H,
9p 29
[TomyyeHHOE BbIpaK€HUE Ha3bIBaeTCAd unmezpaiom bepuynnu, a nocTosiH-
Hag BenmmuumHa H HocuT HasBamme 2udpoounamuueckuii nanop unu NOAHbL
Hanop. Jlpyroe Ha3BaHuE€ HUHTErpaja bepHYIIM, KOTOpPOE MNPUMEHSETCS 3HA4M-
TEJIHO Yallle, - ypasHenue bepuynnu onsa cmpyiiku udeanvHoi HcudKocmu.
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YpasHenue bepnysuiun

Brire ypaBHeHune bepHyium Uit CTpYWKM UACATbHOM KUAKOCTU ITOIYYEHO CTPO-
TUMHA MaT€MAaTU4ECKUMH METOJAMH, MCIIOIB3YIOIMMMUCS B KJIACCUYECKOM THIPO-
MexaHuke. To ke ypaBHEHHE MOKHO MOJIYYUTh (HECTPOIO), UCIOIb3YS PacCyKie-
HUsI, KOTOPBIE YaCTO MPUMEHSIOTCS B TUIPABIIMKE.

YpaBHenue bepHy/IH U1 CTPYHKH HACAIBHOMN dKUAKOCTH

PaccMOTpHUM BIIEMEHTAPHYIO CTPYHKY MIEATBHOMN XKUAKOCTH MPH YCTAHOBUBILIEM-
Csl IBHYKEHHH, B KOTOPO# BhIIENUM 1Ba ceuenns 1-1 u 2-2. Tlnomaau KuBbix ce-
yeHuit motoka 0603HaunM w1 1 w2, TlonosxkeHue EHTPOB TAKECTH ITUX CEUe-
HUI OTHOCHTEIBHO POU3BOJIBHO PACIIOIOKEHHOM JIMHUK CpaBHEHHs (HYJIEBOM
mannn) O - 0 xapakrepusyercs BenuunHamu Z1 U Z2. JIaBIeHHs U CKOPOCTH JKHI-
KOCTH B 3THX CE€UCHHsX UMeIoT 3HaueHus P1, P2 u U1, U2 cooTBeTCTBEHHO.

ByjieM cuMTaTh, 4TO JBHKEHUE CTPYHKH JKUIKOCTU MIPOUCXOIUT TOIBKO IO
NEeiCTBUEM CHJIbI JaBJIeHUS (BHYTPEHHEE TPEHUE B JKHIKOCTH OTCYTCTBYET), a
JaBlIeHKE 00JIANAeT CBOMCTBAMU CTATHYECKOTO M AEHCTBYET MO HOPMAIM BHYTPb
paccMaTpuBaeMoro o0bEMa.

3a manblii npomexyTok BpeMmenu Ot wactmupl xuakoctu us 1-1 nmepeme-
crarca B 1'-1" ma paccrosnue, pasnoe Urdt, a wactunp n3 2-2 B 2" - 2" na pac-
crosaue Uxdt.

0 \ 4 A 0

R o o s s e sy

CornacHo TeopemMe KMHETHUYECKOW SHEPTruM NpHUpalleHHe dHEepruu Tena (B
JTAHHOM CJIy4ae BBIICIEHHOTO 00BbEMa JKHUIKOCTH) PaBHO CyMMe€ padoOT BCeX Jei-
CTBYIOILIMX HA HETO CHUJL.
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PaGoTy B JaHHOM Clydae NPOU3BOAAT CHJIbI JABJIEHHS, NEHCTBYIOLIUE B
paccMaTpMBaEMbIX JKUBBIX ceueHusx cTpyiiku 1-1 u 2-2, a Taxke cuiibl TsHKECTH.

Torga pabora cui naBjieHus B ceuennn 1-1 Oyner mosoxkuTenbHa, T.K. Hampasie-
HUE CHUJIbI COBIIAJIAET C HAIMPaBICHUEM CKOPOCTU cTpyiiku. OHa OyAeT paBHa Ipo-

u3BeeHuIo Citbl P1d@1 Ha 1y Th uzdt:
Pdwu,dt.

PaGora cui naBieHus B cedennn 2-2 OyIeT OTPHMIATENBHOM, T.K. HAIPaBIEHHE
CHJIBI IPOTUBOIIONIOKHO HAPABJIEHHIO CKOPOCTH. Eé 3HaueHue

- P,dw,u,dt
[Tonnas paboTa, BRIIOIHEHHAS CHJIAMH JaBJICHUS, IPUMET BU:
Pdo,u,dt — P,dw,u.dt .

PaboTa cun TsxecTH paBHa U3MCHCHUIO HOTCHHH&J’IBHOﬁ OHCPI'UHU IT0JIOKC-
HUs BBIACIICHHOI'O 00BEMa KHUAKOCTH IIPH IICPCMCIICHUN W3 CCUCHUA 1'1 B CCUC-

nue 2-2. C yu4éToM yCIIOBHSI HEPA3PHIBHOCTU MOTOKA M HECKUMAEMOCTH JKHJIKO-
CTH BBIJICJICHHBIE 3JIEMEHTApHbIE 00BEMBI OYIyT paBHBI U, CJIEIOBATEIbHO, OYAYyT

pasHbI ux Beca AG:
dG = pgu,dw,dt = pgu,dw,dt .

[Ipu nepetexannu ot ceyennst 1-1 B ceuenue 2-2 1eHTP TAKECTH BbIIEIECH-
HOTO 00BEMA IIEPEMECTUTCS Ha Pa3HOCTh BBICOT (Z1 — Z2) 1 paboTa, IPOM3BENEH-

Has CuJiaMu TAXKECTH, COCTABUT:

[Ipoananu3upyem Terepb U3BMEHEHUE KUHETUUYECKOW SHEPTUU paccMaTpUBa-
eMOTro 00BEMA IIEMEHTaApPHON CTPYHKH JKUIKOCTH.

[IpupalieHre KUHETUYECKO HEprUuM BhleleHHoro 00béma 3a dt pasno

Pa3sHOCTH €r0 KHHETUYECKUX dHEpruii B ceuennsx 1-1 u 2-2. Dro npupamenne
COCTaBuUT
dG , dG ,
ul u2
g _ g (U 2 2 ) d G
2 2 . '

[IpupaBHuBas npupameHne KHHETUIECKON dHEPTUH CyMMe padoT CHJ TS-

KECTHU N CUJI AAaBJICHUA, HpI/II[eM K BUAY:
dG(Z,-Z,) + Pdwu,dt — P,dw,u,dt = (u? — uzz)g—G _
g

Pasznenus 06e yactu Ha Bec G, T.e. mpuBens ypaBHEHUE K €IUHUYHOMY Be-
Cy, HOJIYUYUM
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dG(Z,-Z,) , Rdwudt Pdwu,dt _ w _uz)d_Gi
dG poudodt  pgudedt ' 2 2g dG"
[Tocne cokpareHus u mpeodpa3oBaHUul TPUIEM K HCKOMOMY BUIY
2 2
Zl+i+u_l — Z2 +i+u_2
P9 29 P9 29

Ecmu yuects, uto ceyenus 1-1 m 2-2 BeIOpaHbl NPOM3BOIBHO, MOKHO
2

OPUNTH K BBIBOJY, UTO CyMMa MPUBEAEHHBIX BBIIIE BEIUYUH Z; +i+u—i, omnu-
P9 29
CBHIBAIOLIUX JBIXKEHUE KUIAKOCTH IMOJ JEHCTBUEM CHJI JIABJICHUSI U CHJI TSXKECTH
€CTh BEJIMYMHA IMOCTOSTHHAS IS SJIEMEHTAPHOU CTPYHKH, T.€.
P u?
Z +—+—=const(=H).
gpr 29
Takum 00pa3omM, CHOBA MOJYYEHO TO ke (paHee MOJYyYEHHOE UHTErPUpOBa-
HUEM ypaBHEHUU Dilniepa) ypaenenue bepuynnu ona rnemenmapuoii cmpyiuku
HEBSI3KOM KUIAKOCTU MPU YCTAHOBUBIIEMCS JIBM)KECHUU IO ICUCTBUEM CHIT TSDKe-
CTH.

I'eomeTpuyeckasi HHTEepnpeTanus ypasHeHus bepuyiiu

[Tonoxenue 000N YaCTUIIBI KUJIKOCTU OTHOCUTEIHLHO HEKOTOPOW MpOu3-
BOJIbHOM MK Hysesoro yposHs 0-0 onpenensercs BepTukanbHON KOOPAUHATOM

Z. JIns peanbHBIX TUAPABINYECKAX CHCTEM DTO MOXKET OBITh YPOBEHb, HUKE KOTO-
pOro KUJIKOCTh U3 IAHHOM TMJIPOCUCTEMBI BBITEYL HE MOXKET. Hanpumep, ypoBeHb
IoJa 1exa i CTaHKa Wi ypOBEHB MTOABaja JOMa ISl JOMAIIHETO BOAOIPOBOIA.
e Kak u B ruppocTaTike, BeIUUUHY Z Ha3bIBAIOT HUGEIUPHOIL 8bICOMOIL.

P
L BTOpOG cjaracmMoc - @ HOCHUT HA3BAHUC nbe3omempuuecKkas evicoma. OTa

BCJIMUKMHA COOTBETCTBYCT BBICOTC, HA KOTOPYIO NOJHHUMCETCA KUAKOCTDH B IIbC-
30MCTpPE, €CIIN €TI0 YCTAaHOBUTH B paCcCMaTpuBacMOM CCUYCHHUU, IO I[GIZCTBPICM

nasnenus P.
7 P .
e (CyMMa MNepBbIX JBYX WICHOB ypaBHEHUS + aop 2UOpocCmamu4ecKuil
Hanop.
u2
e Tperhe crnaraemoe B ypaBHeHUs bepHysmiu _29 Ha3bIBACTCSI CKOPOCMHOIL Gbl-

COMOU VI CKOPOCMHBIM HANROPoMm. JJaHHYIO BEIIMYMHY MOKHO IPEICTABUTH
KaK BBICOTY, Ha KOTOPYIO IOJTHUMETCS KUIAKOCTh, HAYaBIlIasl IBUTAThCS BEPTU-
KaJbHO CO CKOPOCTH U IMPHU OTCYTCTBUU COIPOTUBIICHUS JBUKEHHUIO.
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e CymMy Bcex TpEX WICHOB (BBICOT) HA3BIBAIOT cUOPOOUHAMUYECKUM UTIU NOJI-
HbIM HANOPOM W, KaK yKe ObLIO cKa3aHo, 00o3HauaroT OykBoi H.
Bce cnaraempie ypaBHeHHs bepHymM WMEIOT pa3MEepHOCTh JJIMHBI U UX
MOYHO M300pa3uTh rpaduuecKu.

IMuppoaunamudeckast
JTUHUS
2 m — =<
u, A 4 U2 I
- -3
= £ | IIpe3omerpuueckas
29 =
S INJIMHHS
] \\ =
P ) 2
B \\l
Py = Ps 5 IIvezomempeol
% A B - = P

t".n"ff.n"fff‘f//lfffflfffffffffffff;r4".n"//JffffJff.n".-".-".-"4"fffffffff//lf}f}lf}fff—-".
P u?
3HadYeHHUs Z,—g ’_29 - HUBEJIUPHYIO, NbE3OMEMPUUECKYIO U CKOPOCHHYIO 8bICO-
Jo,
M6l MOYKHO OTIPENICIIUTD JJIS KaXKIOTO CEYCHHUS DIIEMEHTAPHON CTPYHKH KHUIKOCTH.

['eomeTpryeckoe MeCTO TOUEK, BHICOTHI KOTOPBIX paBHBI Z + g_’ Ha3bIBACTCS Mbe-
Yo,

30mempuueckoil aunuen. Eciu Kk 3TUM BbICOTaM J100aBUTh CKOPOCTHBIE BBICOTHI,

u2

paBHBIE 5, TO TOJIYYUTCS ApYyras JUHHS, KOTOpask Ha3bIBACTCS cUHOPOOUHAMUYe-
CKOU WV HANOPHOU TUHUECH.

N3 ypaBuenus bepHymm 11t CTpyiKu HEBSI3KOM KUIKOCTH (U rpaduka) Ciaeayer,
YTO TUAPOJIUHAMHUYECKUI HAIIOP IO JJIMHE CTPYWKH MOCTOSHEH.
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JHepreTuyecKkas MHTepnperanusi ypaBHeHusi bepuyaiu

Brltie Ob110 MoyyeHo ypaBHEHUE bepHYIUIM ¢ UCIOJIb30BaHUEM DHEPreTH-
YECKUX XapaKTEPUCTUK KUAKOCTH. CyMMapHOW >HEPreTHYecKOd XapakTEepUCTH-
KOM KUJAKOCTH SIBJISIETCS €€ TUIPOIMHAMUYECKHUI Harop.

_ y
1 e Al
U 20+
0 AN
A - pg ffﬁ
. f/ .
Pl ey fﬁf N 3:1::::155 u2 -
o ;..f %
Y = o/ |2
1
Z1 Z>
\4 !

A R R B A R A R S Y
C dusndeckoil TOYKH 3pEHHS ITO OTHOIICHHWE BEJIIMYMHBI MEXaHHUECKOM

SHEPruu K BEJIWYMHE Beca KUIKOCTHU, KOTOpas 3ToW sHeprueil obnagaer. Takum
00pa3oM, TUIpOJAMHAMUYECKUN HAIMOp HY>KHO MOHUMATh KaK DHEPTUI0 €IUHUIIbI
Beca KUJAKOCTH. W 71 uaeanbHOM )KUJKOCTH 3Ta BEIMYMHA MMOCTOSIHHA TI0 JIJTUHE.
Takum oOpa3zoM, GU3UYECKHUI CMBICT YpaBHEHUs BepHYIUIM 3TO 3aKOH coxpame-

HUA IHEP2UU 0151 OBUNCYULCILCA HCUOKOCHLU.

u2

H=z+ i + .
A9 29
@U3NYECKUN CMBICH CIaraéMbIX, BXOJSAIINX B YPABHEHUE CIICTYIOIIUN:

e / - moTeHNUANbHAsS SHEPTUS €IUHUIBI BECA XUIAKOCTU (YAENbHAas dHEp-
TUsl) — SHEPTHUs, 00yCIOBIICHHAS TMOJO0XKEHHUEM (BBICOTOM) €IMHUIIBI Beca
JKUJKOCTH OTHOCHUTEIBHO IIJIOCKOCTH CpaBHEHHUS (HYJEBOIO YpPOBHS),
MPUHUMAEMOI 32 HaYaJI0 OTCUETA;
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P

L - [IOTCHOUAJIbHAA SHCPIUA CANMHUIIBI BECCA JKUAKOCTHU - DHCPIUA, O6y-

P9

CJIOBJICHHAA CTCIICHBIO CXKaTus CIUMHHIBI BECAa KHMIAKOCTH, HEIXOI[?IHI@IZCH

oA A4aBJICHUCM P ;

o L+ - IOJIHAsI MIOTEHIMAJIbHASL SHEPTUSI €UHUILIBI BECA JKUIKOCTH;
2
u
°* > g - KHHETUYECKasl SHEPTHs €ANHUIBI Beca )XKUIKOCTU - SHEPrus, o0y-

CJIOBJICHHAA ABMKCHHUCM CAMHUIIBI BECA JKUIKOCTHU CO CKOPOCTBIO u,

e H - monnas sHeprus exuHMIBI Beca KUAKOCTH (MOJIHAS YAEIbHAS DHEP-
THUsA).

YpaBHenue bepHy/uiu 1JI IOTOKA WAEAJIbLHOM JKUIKOCTH

[ToToK MAeanbHOW JKUIKOCTH, KaK YKa3bIBAJIOCh paHEE, MOXKHO MPEICTaBUTh
COBOKYIMHOCTBIO JIEMEHTAPHBIX CTPYEK KUAKOCTU. CKOPOCTH MO CEUEHHIO TOTOKA
HEOJMHAKOBBI, IPUYEM B CEpEAMHE MOTOKA CKOPOCTH HamOOJbIIME, a K nepude-
pUU OHU YMEHbILIAIOTCS (CTpyHHas MOJEb MOTOKAa). DTO O3HAYAET, YTO pa3iiny-
HBIE CTPYMKH B OJJHOM CEYEHHH UMEIOT pas-
JUYHBIC 3HAYCHUS KUHETUYECKON 3HEPrUU.
Orcroza cienyer, 4To KMHETHYECKash 3HEp-
I'Usl, TIOCYUTAHHAS C UCIOJIb30BAHUEM CKO-

pocCTeN 3IeMEHTapHbIX CTpyeK Ug, U KHUHE-
TUYECKasl SHEPrusi, MOCYUTAHHASI C UCIOJb-
30BaHUEM 3HAYEHHUSI CPEAHEN CKOPOCTHU IO-

toka V, OyJer UMeTh pa3Hble 3HAYCHMI.
Brisichum, kakoBa 3Ta pasnuna. Kuneruue-

CKasl SHEPTHUs DIIEMEHTAPHOM CTPYUKHU dE,, paBHa:

2
dE.. _ Updm
2

rme M - Macca KUIKOCTH IIOTHOCTBHIO £, IpoTeKaromeil Yepe3 KUBOE
CEeYEHHE DIIEMEHTAPHON CTPYHKU do co ckopoctsio Uy, 3a Bpemst dt, pasmas:
dm=u_,dadt
[IpOUHTErpUPOBAB BLIPAXKEHUE IS dE,,, OJIyYMM BBIPAXKEHHUE IS KHHE-

o o u
THYCCKOMN SHEPTHH IIOTOKA NACATIbHOU JKUAKOCTHU En .

E, = [dEL =fuf’%=fuiu‘”pda’dt = £ [uddat,

2 2

@
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Ecnu npunsts, uro t=1, nonyunm:

E, zgj'uf,da),

[Mocnenuss GpopMymna onpeaenseT HEPTHIO TOTOKa ¢ UCMOIb30BaHUEM CKOPOCTEHt

AJIeMEHTapHbIX CTPyeK Uw.
Ecnu nonyuuth 3Ha4eHUE KUHETUYECKOU YHEPTUM MTOTOKA C HUCIOJIb30BAHUEM

3HAUYCHMUSI CpeﬂHeﬁ CKOPOCTH IIOTOKA V , IIOJIYIUM CI)OpMy.Hy
EV _ mvV ?
n 2 y
Trac m - Macca KUAKOCTHU IINIOTHOCTBIO ,0 ) HpOTeKaIOIHeﬁ qepe3 KUBOC CC-

4yeHue moroka @ co ckopocThio V 3a Bpewms i, paBHas:

m=Vpawt .
I[Tocne noacranosku npu t=1 oxonuarensHO MOMyUYHM:
EY =2Vv3p,
2
\%
Otnomenue E, u E, , paBHoe:
y I u’dow
El’l . J—
v 3 =,
E Viw

[TonyuenHast BeIM4YMHA @ HOCUT HaMMEHOBAHUE KoIpduuyuenm a Kunemu-
yeckoul Inepzuu Wi koIppuuyuenma Kopuoauca. Cmpicn 3toro koddpduirieHta
3aKJIFOYAETCS B OTHOIIEHWM JI€MCTBUTEIbHOW KWHETMYECKOW SHEPTHUU MOTOKA B
OTPE/ICIEHHOM CEYCHUH K KMHETUUYECKOW PHEPTrUU B TOM K€ CEYEHUM MOTOKA, HO
MpU PaBHOMEPHOM pachpenesieHnu ckopoctei. [Ipu paBHOMEpHOM pacmpenee-
HUU CKOPOCTEW €ro 3HaueHHUE PaBHO €IWHHUIIC, a NMPU HEPABHOMEPHOM — BCET/a
0oJIbIlIe €UHULIBI U JJIS JTF0OO0r0 MOTOKAa €ro 3HaUYCHHE HAXOJUTCA B Mpeaeiax oT

1 no 2 u Gogee.
YuuteiBass KodPQGUIIMEHT KUHETHUYECKONW JHEPruM, MPUBEAEM YpaBHEHUE
BCpHyHHI/I JJIs1 IIOTOKA HI[G&HBHOﬁ )KI/II[KOCTI/I, KOTOpOC HpI/IMeT BHU.
P V2
Hopors =L +—+0x—.
9 29

Hano ydects, 4to B 00111eM ciiydae B pa3HbIX CEYEHHUSX MOTOKA KO OUITUEHT
o OyJeT UMETh Pa3INYHbIC 3HAYCHUS.

YpaBHenue bepHyJUIM 1J1sl MIOTOKA PeajbHOM KUAKOCTH

B peanbHBIX MOTOKaX *UAKOCTH MPUCYTCTBYIOT CHJIbI BS3KOro TpeHus. B
pe3ynbTaTe CIOU KUAKOCTH TPYyTCa Apyr o0 Apyra B mpoluecce apmxenus. Ha 3to
TPEeHUE 3aTpauyMBaeTCsl 4acTh dHEpPruu mnoroka. [lo »Toil mpuumMHe B mpouecce
JBUKEHUSI HEU30€KHBI TOTEPU SHEPTUU. DTa IHEPrusl, KaK U MpH JI0OOM TPEHHUH,
npeoOpasyeTcs B TEIUIOBYIO SHEpruto. M3-3a 3TUX moTeph SHEPrusl MOTOKA KUAKO-
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CTH I10 JUIMHE TIOTOKA, ¥ B €10 HANPABJIECHUH MOCTOSAHHO YMeHbIaercs. T.e. Hamop
notoka Hyomoxs B HalpaBiIeHUW IBHKEHUS MOTOKA CTAHOBHUTCS MeHbIne. Eciu
paccMOTpeTh aBa cocenuux cedenns 1-1 u 2-2, To morepu ruapoaMHAMUYECKOTO
Hariopa Ah cocrassr:
Ah=H,, —-H,,,
rie Hi-1- Hanop B iepBoM ceyeHHH MOTOKA KUIKOCTH,

H2-2 - manop Bo BTOpOM ceuenuu moroka,

AN - noTepsaHHbIi HaTIOp - SHEPrUs, MOTEPAHHAS KAXKI0M eIMHUIIEH Beca

JIBYOKYILENCS KUAKOCTH Ha MPEOJOJIEHHE CONPOTUBIEHHH Ha MyTH I10-

Toka oT ceuenus 1-1 no ceuenus 2-2.
C yu€tom motepb sHEpruu ypaeénenue bepuynnu ona nomoka peanvHou
Heuokocmu OyJIET BBITTISAIETD
2 2
Zl+i+a1\iz Z, +i+052v2

29 9 29

Nnpexcamu 1 1 2 0603HaYEHBI XapAKTEPUCTHKU NOTOKA B ceyenusx 1-1 u 2-2.
Eciu y4ecThb, 4TO XapaKTEPUCTUKH IO0TOKA V M @ 3aBUCAT OT T€OMETPUH I10-
TOKa, KOTOpas Il HAIOPHBIX ITOTOKOB OIPEAEIIeTCS TeoMeTpuei TpyoonmpoBo/a,
MOHATHO, YTO MOTEPU PHEPIUM (HArmopa) B pa3HbIX TPyOOmpoBoaax OyIyT U3Me-
HATHCA HEOJMHAKOBO. [TokazaTeneM M3MEHEHHs Halopa MOTOKa SIBJSIETCS cUOpas-
auueckuit ykaon |, KoTopelil xapakTepusyeT NOTEpU HaIopa Ha €AUHUIE JJIHHEI
nmoToka. OU3NIECKU CMBICI THAPABINYECKOTO YKIOHA — MHTEHCUBHOCTh paccesi-

+ Ah.

HMS DHEPIMU IO JUIMHE NMOoToKa. JIpyrumu cioBamu, BenuuuHa | mokaseiBaer, kak
OBICTPO TPYOOIIPOBOI IMOTJIOMIAET SHEPTHIO IMOTOKA, MPOTEKAIOMIETO B HEM

o
L,

M3MeHeHne sHepruu 1o JUIMHE MOToKa yA00HO mpociaeauTs Ha rpadukax. 13
ypaBHeHUs1 bepHyuM 11 OTOKA peaibHOM KUJKOCTHU (3aKOHA COXPaHEHUs SHEP-
IMU) BUAHO, YTO TUAPOAMHAMUYECKAs JTUHUA JUIsl IOTOKA PealbHOM JKUAKOCTH (C
OJIHUM MCTOYHMKOM 3HEpPruu) Bcerja Hucnajaromas. To e CrnpaBeIiIuBO U s
MbE30METPUYECKON JIMHUM, HO TOJBKO B CIIy4a€ PaBHOMEPHOI'O JIBHKEHHUs, KOTIa

V 2
CKOPOCTHOM Hamop & 5 = const, a yMEHbIIIEHUE HAopa MPOUCXOJIUT TOJIBKO
3a C4ET U3MEHEHMSI MOTEHIIMAIBHON SHEPIHM MOTOKA, TJIaBHBIM 00pa3oM 3a CUéT
YMEHBLIEHUS JaBieHus P.
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IloTepn manopa Mhya Ahys
+ Tunpoguuamugeckan
f |_|]_ IHHHA
i
2 | [S—
g H IrezomeTpuueckan
EEEEERJIHHHH
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Jleknuga 11. Pe:kuMbl TeueHus ;KHAKOCTEN

I[Ba Pe€KUMA TCHCHUA KUTKOCTH

Bo3bMéM mpo3padnyio TpyOy, B KOTOPOH ¢ HEOOBLION CKOpOCThIo V1 Te-
4yET mpo3pavyHas KUJIKOCThb, HAIPUMEP, BoJa. B 3TOT MOTOK moMecTUM HEOOJIbIINE,
CYIIIECTBEHHO MEHBIIIE, YeM JHaMETp MOTOoKa, TpyOku. B TpyOkax moa Hamopom
HAXOJIUTCS MOJKPAILICHHAS XKUJIKOCTh, HAIIPUMED, [IBETHBIE YEPHHIIA, KOTOPAST MO-

JKCT U3 HUX BBITCKATb, CCJIN OTKPBITH KPAaHbI I( . BYI[CM OTKPBIBATh MX HAa KOPOTKOC
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BpeMs (1-3 cexyHIpl) U MpeKpaniaTh Moaavy YepHU 94epe3 KaKue-TO TPOMEKYTKH
BPEMEHHU TaK, YTOOBI MOYKHO OBLIO TIPOCIEANTH IBM)KCHHE IIBETHOM KUIKOCTH. B
TaKOM CJIydae B MOTOKE OyAyT BO3HHMKATh PA3HOIIBETHBIC CTPYWKH, IPHUEM IIBET-
Hasl KUJKOCTh OYJIeT SIBHO MOKa3bIBATh paclpeaesieHue CKOPOCTel (3Mmopa CKOpo-
CTEH) MO CEeYEHUIO MOTOKa. JTO pacmpeaeneHue 0yaeT COOTBETCTBOBATh PACCMOT-
PEHHOM paHee CTpyWHON Mojenu noToka. Eciin HaOmo1aTh 3a IBHXKEHUEM >KUJIKO-
CTH, TO MOXHO SICHO BHJIETh, YTO TPU MEPEMEIEHUN OT ceueHusi | K cedueHuro 2
KapTUHA pachpeesieHus CKOpocTed OyleT OCTaBaThCsl MOCTOSIHHOW, a JBH)KCHHE
KUJAKOCTH OYyJIeT CIOUCTBIM, TUIABHBIM, BCE CTPYWKH TOKa OyAyT mapasiielibHbI
Mexay coboi. Takoe dsuscenue HOCUT Ha3BaHHE JiAMUHAaAPHOe (OT JTATUHCKOTO
cioBa lamina - cioi).

Eciiu yBeIMYUTL CKOPOCTH OCHOBHOTO MOTOKA IO BEIMYMHEI V2 M IOBTO-
PUTH AKCIIEPUMEHT C IBETHBIMU CTPYWKaMH, TO SIIOPHI CKOPOCTEH KakK OblI BBHITS-

I A\
I V)
K oo .-‘ oo #

HYTCSl, @ XapakTep ABUKECHUS OCTAHETCS NPEKHUM, JJaMUHApHbIM. [lormyTHO 3ame-
TUM, 9TO KO3(PPUIIMEHT KMHETHYECKOW SHEPTUH ¢, BXOIAIIUN B ypaBHeHue bep-
HYJUIA ¥ YYUTBHIBAIOIIUN OTHOLIEHUE NEUCTBUTEIBHON KNHETUYECKON DHEPTUU I10-
TOKAa K KHHETUYECKOW SHEPIuH, IOCUNTAHHOU C UCIIOJIBb30BAHUEM CPENHEN CKOPO-
CTH, IIPU «BBITATMBAHUMNY JITIOPBI CKOPOCTEN BO3PACTaET.
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Ecnu eme 6oJblIe yBEIUYUTE MMOAaqy KUIKOCTH 10 CKOPOCTH V3, TO 3IIio-
pPBI CKOPOCTEH MOTYT BBITSHYThCA €II€ OOjbllle U IPU ITOM TeueHue OyAeT cro-

KOMHBIM, IJIABHBIM — JaMuHapHbIM. KoadduimenT o npubnmxkaercs K 3HAYCHHUIO

2.

Opnako 10 O€CKOHEYHOCTH YBEIWYUBATh CKOPOCTh MPU JIAMHUHAPHOM pe-
KUME JIBUKEHHUS TTOTOKA HEBO3MOXKHO. O0s13aTeIbHO HACTYTUT TAKOW MOMEHT, KO-
rja XapakTep JBW)XEHUS >KUIAKOCTU paguKalbHO WU3MEHUTCS. [[BeTHBIE CTpyHKuU
HayHYT CHauaja KoJjie0aThCsl, 3aTEM Pa3MbIBaThCS U MHTCHCUBHO MEPEMEIINBATh-
cs. TedeHue MoToka CTAaHOBUTCS HECHOKOWHBIM, C MOCTOSHHBIM BUXpPeoOpa3oBa-
HUEM. OIopa paclpe/eIeHUs] CKOPOCTEed MO CEUEHHUIO MOTOKAa MPHUOIU3ZUTCS K
IpsIMOYTOJIbHOM (popMe, a 3HAUEHUSI CKOPOCTEH B Pa3HBIX CEUEHHUSAX IMOTOKA CTa-
HYT IPAKTHYECKU PABHBI CPEIHEN CKOPOCTH ABUKECHHS KUJIKOCTH. 3JHAUYECHHE KO-

3} uULHEHTa KHHETUYECKOM SHEPruK o npubmkaercs K 1.
Takoe TeueHue KUIKOCTU Ha3bIBAETCA mypoynenmHuvim (OT JIATUHCKOTO CIOBA
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turbulentus - Bo3amymiéHHbIH, OeCITOPAIOUHBIH ).

Ecnu cHOBa yMEHBIIUTH CKOPOCTh TEUEHUS JKUJKOCTH, BOCCTAHOBUTHCS JIa-
MUHAPHBIN PEXUM ABIKEHUA. [lepexo oT 0HOTO peXrMa ABHKECHHS K APYyrOMY
OyZeT MPOUCXOANTh MPUMEPHO MPHU OJHOM U TOH ke CKOPOCTH, KOTOPYIO Ha3bIBa-
10T KPUTUYECKON CKOPOCTBIO M 0003HAYal0T Vip. DKCIEPUMEHTHI MOKA3BIBAIOT,
YTO 3HAUYEHHUE ITOM CKOPOCTU MPSIMO MPONOPLUOHAIBFHO KHUHEMAaTHYECKOMY KO-
s¢dunmenty Baskoct kuakoctd V' M 0OpaTHO MPONOPLMOHANBHO JUAMETPY
Tpybonposoaa O (mns Haubosee yacTo MPUMEHAEMBIX TPYO KPYIJIOrO CEUeHHs)
VI THAPABIMYECKOMY paauycy moroka R (s apyrux tumos tpy6 u pycen).

VK‘p = K%, Wi Véé =é1%.
B atux Beipaxkenusx kodpdurmentet K u K; - 6e3pa3zMepHbic BEIIMYUHBI, OTHHA-
KOBbI€ (OJU3KU MO JAHHBIM PA3JIMYHBIX SKCHEPUMEHTOB) ISl BCEX KUIKOCTEN (U
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ra3oB) IS JIOOBIX pa3MepoB TpyO W cedeHuil moToka. B ganpHeieM Mbl Oyaem
paccMaTpuBaTh TOJIBKO HAIMOPHBIE TOTOKH B TPYyOaX KPYIjIoro CeYeHUs.
y . Vead
bespasmepnsiii KOAhPUITMEHT é = —— Ha3bIBACTCS KPUMUYECKUM YUCTIOM
1%
Peiinonvoca 1o GaMuivd aHTJIMMCKOTO y4e€HOro - (u3MKa, MCCIETOBABIIECTO B
1883r. n1Ba pexxuma TeUSHUS KUIKOCTH. ITOT KOdhPuImeHT 0603HavaeTcs:

V. d
Re =%,

Kp

|4

OnpITHBIM NYTEM YCTAHOBJIEHO, YTO KpUTHYECKOE uucio PeitHompaca mms

kpyrisix Tpy6 - 2320 s kpyrusix Tpy6, a s apyrux cedennii 580.

JUIs OIpeeNeHUs PEKUMA IBUKCHUS B IOTOKE HAJ0 HAWTU hakmuueckoe
uucno Peitnonvoca Re , xoTopoe MOXHO yCTaHOBUTH HJI JIFOOOTO IOTOKA II0
bopmyie

VvV d

Re —_—
|4

" CPAaBHHUTH CI'0 C KPUTHUICCKUM YHCIIOM Rer.

I[Ipu stom, eciu Re < Rexp, 10 pexum npmxenns namunapusiii, eciu Re > Reyp,
TO PEXKHM JBMKEHHS TypOYICHTHBIH.

duznueckuil cMbIC Yucaa PeidHoabaca

@uU3NYECKUd CMBICT 4uclia PeilHoNbACa 3aKII0YaeTCs B CMEHE PEKUMOB
TEUCHMS XKUAKOCTU. B HacTosiiee BpeMsi HE CYIIECTBYET CTPOrOro Hay4yHO JOKa-
3aHHOTO OOBSACHEHMS ITOMY SIBJIEHUIO, OJTHAKO HAauOOoJee TOCTOBEPHOM TMIIOTE301
CUMTACTCA CJIEAYIOIIAsl: CMEHA PEXUMOB JIBUKCHHUS KUAKOCTH OIPEIEISIETCA OT-
HOIIICHUEM CHWJI MHEPIIMU K CUJIaM BSI3KOCTH B MOTOKE >KUAKOCTU. Eciu mpeobiia-
JAI0T TEPBbIC, TO PEKUM JABUIKECHUS TYPOYJICHTHBINU, €CIIU BTOPHIC - JIAMUHAPHBIM.
TypOyneHTHbIE TOTOKH BO3HUKAIOT MIPH BHICOKUX CKOPOCTSX JABUKCHUS KUIKOCTH
Y MaJIOW BSI3KOCTH, JJAMUHAPHBIE IMOTOKM BO3HUKAIOT B YCIOBUAX MEIJIEHHOIO Te-
YEHHS U B BA3KHUX XUJIKOCTAX. Ha mpakTuke B pa3inyHBIX ra3onpoBOJax, BOLO-
IPOBOJIaX U MOJOOHBIX UM CHCTEMax Yalle BCTPEYaroTCsl TypOYyJIEHTHBIE MOTOKHU

naxke npu ckopoctsax menee Im/C. B ruppocucTeMax TEXHOIOIHMYECKOTO 060pY-
JIOBaHUsI, B KOTOPBIX B KAa4eCTBE PabOUMX >KUAKOCTEH HMCMOJIb3YIOTCS MUHEPAIIh-

HBIE Maciia, TYpOYJIEHTHBIN PEXKUM BO3HHUKAET IPH cKopocTsax Oonee 13Mm/C, Torna
KaK IIPY TPOEKTUPOBAHUYU TAKMX CUCTEM Yallle BCETO MPELyCMATPUBAIOT CKOPOCTH
4-5m/C. Pexxum IBHKEHNS B TAKHX TPYOOIIPOBOIAX, KaK IIPABHUIIO, TAMUHAPHEIH,

Tak KaKk CUIIbI MHEPLMU M CHJIBI BA3KOCTH B IIOTOKE XKHUAKOCTH 3aBHCAT OT
MHOTHX IIPUYUH, TO IIPH CKOPOCTAX, ONU3KUX K KPUTHYECKOM, MOTYT BO3HHUKATH
IIEPEXOJHBIE PEKMMBI, IIPU KOTOPBIX HAOIIOAIOTCA HEYCTOMYMBOE JIAMUHAPHOE
WM TypOYJIEHTHOE JBMKEHHE. JTH PEXUMBI OTPAKEHBI HA CXEME.
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Ecau ckopocTh MOTOKA yBETMYUBATh, TO JAMUHAPHBIN pexKuM (30HbI 1 1 3)

V
0
TypOyneHTHBIN peKUM
V' Kp ﬂ TypOyneHTHBIN pexumM
V HaMHHapHLH?I@” V
kp PEKUM (2 kp
JlamuHapHBbIii pe-
@ KUM

IIEPEXOUT B TypOYIIEHTHBIH (30Ha 2) pu ckopocTH V 'xp — BEPXHSAA KpUTHYECKAs
ckopocTb. Eil cooTBeTCTBYET BepxHee uncio PeitHonbaca. Eciiu ckopocTh yMEHb-
aTh, TO MEPeXo] U3 TypOyJIEHTHOTO MOTOKAa B JaMUHAPHBIA MPOUCXOAUT TPH

ckopocTH Vip - HUKHSA KPUTHYECKAsk CKOPOCTh. Eif COOTBETCTBYET HIKHEE YUCIIO
Peitnonbca. 30Hy 3 Ha3bpIBalOT HEYCTOWYMBOW, WM IEPEXONHOU, 30HOU. [Ipm
CKOPOCTAX, KOTOpbIE K HEH OTHOCATCS, MOTYT CYILIECTBOBATh KaK JIJAMHUHAPHBIE, TaK
U TypOyieHTHble MOTOKU. OJTHAKO JaMHHAPHBIA pEXHUM B 3TOM 30HE BeCchbMa He-
yCTOWYUB U JII000€ BO3MYIICHHUE, HalpuMep, KojiebaHue TPyObl, MOMEHTAIBHO
OPUBOJUT K BOZHUKHOBEHUIO TypOyJieHTHOro notoka. [lo 3Toi npuynHe Ha mpax-
THUKE 3Ty 30HY BCErJa OTHOCIT K TypOyJeHTHOM, a moj kputrepueM PeitHonbaca

IMIOHUMAIOT HIDKHEE YHCIIO Rekp. B 30Hax ke 1 u 2 pexxuMbl JBMKEHUS BCETJIa
ycTol4uBhL. Jlake €ciM peXUM JIBUKEHUS B 30HE | MPUHYIUTEIHHO W3MEHUT,
HaIlpuMep, C TOMOIIBIO CIECIHANTBHBIX YCTPOMCTB — TypOyJie3aTOPOB MOTOKA, TO
yepe3 OYeHb KOPOTKOE BpeMsi IIOTOK CHOBA CTaHET JIJAMUHAPHBIM.

OcCHOBHBIE 0COOCHHOCTH TYPOYJICHTHOI'0 PEKUMA IBUKCHUS

Kak yxe oTmedanoch BbIllIe, Ha TIPAKTUKE BCTPEUAIOTCS 00a pexuma JBU-
KEHUSI KUJKOCTU, OJTHAKO HAUOOJBIINE OCOOCHHOCTH MMEIOT TYpOYJEHTHbBIC MO-
Toku. [lepeunciuM OCHOBHBIE U3 HUX.

v [To xapakTepy ABUKEHUS YACTHUIIBI KUJIKOCTH B TYpOYJICHTHOM TIOTO-

K€ BEIyT ce0s MPUMEPHO TaK, KaK MOJICKYJIbI B MIPEICTABICHUA KMHETHYECKOU
TEOPUU Ta30B: OHM HAXOJSATCS B COCTOSHUU OECHOPSIOYHOTO XaOTHYECKOTO
nBKeHus. B ciydae, HanmpuMep, TpyOOITPOBOIOB C TUM CBSI3aHO CYIIIECTBEH-
HOE€ BO3pAacTaHUE MOTEPh PHEPIUU MPHU ABUKEHHUH >KUIKOCTU MO CPABHEHUIO C
JTAaMHUHAPHBIM IOTOKOM.
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v B typOyneHTHOM pexuMe MPOMCXOAUT BBHIPABHUBAHHE SIIOPHI pac-
IIPEACIICHUSA CKOPOCTEN 10 CEYEHUIO IOTOKA.

v C TypOyJIeHTHBIM JABUKEHUEM CBS3aHO TaK K€ yCUJIEHHE TEIIonepe-
Ja4¥ BHYTPH KUJIKOCTH.
v [lepemermBanue onpenensieTcs HaJu4ueM B TypOYJIEHTHOM IOTOKE

YK€ YINOMSHYTBIX BBIIIE, IEPIEHIUKYJSIPHBIX OCHOBHOMY HAIIPABIICHUIO JBHU-
KEHUS KUAKOCTH COCTABIIIOIINX CKOPOCTEH.

v [lepememmBanue B TypOyJIEHTHO JIBHKYIIEHCS KUIKOCTH MPUBOIUT
K B3BEIIMBAHUIO HAXOMSIIEHCS B MOTOKE B JUCIIEPCHOM COCTOSHUU (PAKIHH
apyroi ¢a3sl (TBepable, ra3000pa3HbIe U T. 11.).

v TypOynenTHoe NBHKEHHUE TIO CaMOil CBOEH CYIITHOCTH SBIISETCS JBU-
KEHUEM HEYCTaHOBUBILIHUMCS; BCE TMIPABINYECKAE XAPAKTEPUCTUKH U, B 4aCT-
HOCTH, CKOPOCTHM B KaXJIOH TOYKE 3aHATOr0 TYpOYJIEHTHBIM IMOTOKOM IIPO-
CTPAHCTBA U3MEHSAIOTCS C TEUEHHEM BPEMEHH.

Takum o6pa3om, TypOyJIEHTHOE JBUKEHHE MOXKHO OIPENEIUTh KAaK JIBUXKE-

HUE )KUJIKOCTH C MYJIbCAIMEN CKOPOCTEM, MPUBOAAIICH K IIEPEMEIIMBAHUIO JKHI-
KOCTH.

Bo3HuKHOBeHNE TYPOYJIEHTHOIO Te4YeHH I JKUTKOCTH

Ecnu Ha KakOoM-TO y4yacTke TpyOOIpoOBOJia CYIIECTBYET TypOyJIEHTHBIN MO-
TOK, TO 3TO HE 3HAYMUT, YTO TAKOU K€ XapakTep coxpaHsieTcs Bo Bceil TpyOe. Ha
Pa3IMYHBIX Yy4acTKax TpyOOINpOBOAA U JIaXKe HA OJIHUX U TeX ke y4acTKax B pas-
HBIE TEPUOJbl BPEMEHU MOTOK MOXKET MMETh Pa3JIMYHBIM XapakTep. ITO MOXKET
OTIPENENAThCS TUO0 PA3IMYHBIMHU JHAMETPAMH TPYOOIIPOBOIOB, TUOO U3MEHEHH-
€M CKOPOCTH TE€UEHHUS KUAKOCTH. Bo Bcex ciyyasx npu BOZHUKHOBEHHH YCJIOBHMA
TypOyJICHTHOTO PEeKMMa OH YCTaHABJIMBACTCS B TPyO€ HE MIHOBEHHO. DTO TIPOKC-
XOJIUT B TEUCHUE HEKOTOPOT'O BPEMEHHU Ha Y4acTKe TPYOBI ONpeeIEHHON JTHHEI.
PaccmoTpum mporiecc BOSHUKHOBEHUS TypOYJIEHTHOTO PEKUMa JIBYKCHHS.

[Tepexon k TypOyJEHTHOMY PEKHMY MOXKET MPOUCXOAUTH U3 JTAMHUHAPHOTO,
HaIrpuMep, B pe3yibTaTe IMUIABHOTO WM BHE3ATHOTO M3MEHEHUS JuamMeTpa TPyObl
Tako# ke Mmepexo] BO3MOXKEH 32 CUET UBMEHEHUSI CKOPOCTH JIBUKECHUS KUIKO-
ctu. K o06pa3zoBanuio TypOyJEHTHOTO peXUMa MOXKET MPUBOJUTH TaKKe U HU3MeE-
HeHHEe (DOPMBI TOTOKA YKUIKOCTH.

Kpome nepeuncieHHbIX BO3MOXKHBI U APYTHe MPUYUHBI, OCOOCHHO TIPH pe-
KUMAaX, XapaKTepU3yIouXxcs ynciaMu PeiitHombaca, OMM3KUMHU K KPUTHIECKOMY.
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Ha ocHoBaHuu omnbiTa ycTaHOBJIEHO clienytoniee. Korma co3mpatorcst ycinoBus
JUISI TAKOTO Tepexojia, Hampumep, CY>KEHHUE MPOXOJHOTO CEUEHUs TPyObl JOCTH-
raeT 3Ha4eHMsl, IPU KOTOPOM MOTOK MOKET CTaTh TypOYJIEHTHBIM, 0 nepudepun

Jlamunapuoti Typoynenmmuowtii
ROMOK nOmMoK

1
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IIOTOKA JIAMUHAPHBINA CIIOM HapyLIaeTCsl U JaJIblIe [0 TEUYCHHUIO Pa3BUBACTCS Myp-
Oy1eHmHublLil noZpanuynblil caoi. TolHA 9TOTO CIIOS U3-3a TYPOYJIEHTHOTO Tie-
pEMENINBaHUs JIOCTATOYHO OBICTPO YBEIMYMUBACTCS, U TYpPOYJEHTHBIM MOTOK 3a-
MOJIHAET BCE CEUYEHHE TPyOOINpoBOoja. YYacTOK, Ha KOTOPOM IMPOUCXOIUT Tpe-
BpallleHUE JIAMUHAPHOTO PEKHMMa JBUKEHUS B TypOYJICHTHBINA, HA3bIBACTCS pa3-

20HHBIM yuacmkom. Ero nnvHa | pas> 110 DKCTIEPUMEHTAIBHBIM JaHHBIM paBHA

~ (40 +50)d ,

pa32

rae d — auamerp Tpy6onpoBoa.

Bo3HUKHOBeHHE JAMHHAPHOIO PeKUMA

B peanpHBIX rugpocucTeMax, Jake Ipy JAMUHAPHOM PEXUME TEUEHUS KUIKOCTU
B KPYIJIBIX TpyOax, Ha MyTH MOTOKA BCTPEYAIOTCS YUACTKH C IPYroi TeoMeTpue.
OT0 MOryT OBITH COeQUHEHUs TpyO, M3ruObI, ruapoanmapaTel U T.. Ha Takmx
y4acTKax XapakTep MOTOKa MEHSIETCS, PEeKUM JIBUKEHUS] CTAHOBUTCS TypOYJIEeHT-
HBIM.

OpHako mocie NpOX0KIEHUs TaKOro y4acTKa MPH BXOJE KUIKOCTH B Mpsi-
MyI0 TpyOy NpH COOTBETCTBYIOIIEH CKOPOCTH YCTaHaBJIMBAaeTCS MapadoIndecKoe
pacnpeneneHue cKopocren. 110Tok cHoBa CTpEMUTCS K JIAMUHAPHOMY PEXUMY
NBWKEHUS. 1IporcXoauT 3TO HE MOMEHTAIBHO, & B TEUEHHE HEKOTOPOTO BPEMEHHU
Ha OTpe3Ke TpyObl onpenenEHHON IMHbL. Takoil OTPe30K HA3bIBAIOT HAUAIbHBLIM
yuacmkom namunapnozo meuenus luau.

JIIMHY TaKOro y4acTKa MOKHO ONpeenuTh u3 gpopmynst Illunnepa

Lus _0029Re
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rae d — quamerp TpyOBI
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OTCIOI[a, €CJIM B KauecTBe Re B3ATh KPpUTHUYICCKOC YHUCIIO Peitnonnca jerko IIoJIy-
YUTh, YTO MAKCUMAJIbHO BO3MOJKHAsA JJIMHA TAKOT'O Y4AaCTKa paBHA

.. =0,029Re, d =0,029x 2300d = 66,7d.

[ToTepu 3HEprumn Ha ATOM y4acTke OyAyT HECKOJBKO OOJIbIIE, YEM B OCTaJIb-
HOI1 yactu TpyObl. C yuéToM 3TOro0 (hopmysa ajsl pacyéra MoTepb Haopa Ha Tpe-

HHC hmp IIpu JJaMHUHAPHOM ABHKCHHUH B KPYIJIBIX I'N'TAIKHUX TPY63X IMPUHHUMACT BHU

2
h,, = o,165+ﬁ'_j\’_.
z Re d / 2g

JI1s KOPOTKUX TPyO TaKOE yTOYHEHHUE IOTEPH HAIIOPA MOKET MMETh CyIIIe-
CTBEHHOE 3HaueHue, i LMHALIX Beanunay 0,165 moxnO He yunThBaTE.
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Jlekuusa 12. I'mapaBian4yeckue CONPOTUBJICHUS B MOTOKAX
KUAKOCTH

COIIpOTI/IBJIeHI/Ie IIOTOKY KHIKOCTH

Cuapasinyeckas KUIKOCTh B THAPOCHCTEMAX TEXHOJIOIMYECKOIO 000pYI0-
BaHM, KaK yKe 00CYKIAI0Ch paHee, UrpaeT pojb padodero tema. OHa obecrneun-
BaeT IEPEHOC DHEPTHU OT MCTOYHHMKA THAPABINYECKOM DHEPTUU K IIOTPEOUTENO (B
OOJILIIMHCTBE CIIy4acB, K TUAPOJBUraTeNro). I TAKOro mepeHoca NCob3yTCs
HAIOPHBIE MMOTOKH. B IMOMOOHBIX MOTOKAX KHUIKOCTH CO BCEX CTOPOH OrpaHHueHA
TBEPABIMU CTEHKAMH TPYOOIIPOBOIOB, KAHAIIOB I'MIPOAIIIAPATOB M IOJIOCTEH TH/I-
pomamuH. B nansHelieM Mbl OyieM OPHEHTHPOBATHCS MMEHHO Ha TaKUE CIyYau,
XOTsI aHAJOTMYHBIE MTPOIECCHI CONPOBOXKIAIOT U IBHKEHHE OE3HAIIOPHBIX IOTO-
KOB.

EcrecTBeHHO, YTO TBEpPIBIE CTEHKH IPEMATCTBYIOT CBOOOJHOMY JIBHIKEHHIO
KHIKOCTH. I103TOMY IIPM OTHOCHUTEIBHOM IBMKCHHHU KUIKOCTH M TBEPABIX II0-
BEPXHOCTEN HEM30€KHO BO3HUKAIOT (Pa3BUBAIOTCS) 2UOPAGAUYECKUE CONPOMUG-
Jnenusn. Ha mpeomorneHne BO3HHKAIOIIUMX CONPOTHBIECHUIN 3aTpauydBaeTCsi 4acTh
SHEPIHHU [TOTOKA. DTy IMOTEPSHHYIO SHEPTUIO HA3KIBAIOT 2UOPAGIUYUECKUMU NONLe-
pAamu yIEIbHON 3HEPTUU WK HOTEPSIMHU Haropa. I mapaBanMdecKue MOTEPU TiIaB-
HBIM 00pa3oM CBSI3aHBI C MPEOJOICHHEM CHJI TPEHHUS B IIOTOKE M O TBEPBIE CTEH-
KU U 3aBHCAT OT psija GaKTOPOB, OCHOBHBEIMH U3 KOTOPBIX SBJISIOTCS:
reoMeTpuueckas hopma IoToKa,
pasMephI ITOTOKA,

IIEPOXOBATOCTH TBEPBIX CTEHOK IIOTOKA,
CKOPOCTh TEUECHHMSI JKHUIKOCTH,
PEKHUM JIBUIKEHHS JKUIKOCTH (KOTOPBIN CBSA3aH CO CKOPOCTBIO, HO y4H-
TBIBAET €€ HE TOJILKO KOJUYECTBEHHO, HO M KAYECTBEHHO),

v BA3KOCTB KUAKOCTH,

v’ HEKOTOpBIE IPYTUe DKCILUTyaTallMOHHbIE CBOMCTBA JKHUIKOCTH.
Ho zudpaenuueckue nomepu npakTuyecKu He 3A6UCAN OM OA6/1eHUA B KWIKO-
CTH.

NANENENRN

BennunHa ruapaBiInyuecKUX MOTEPh OLEHUBAETCS OSHEPrUEH, MOTEPSHHON
Ka)XJI0M BECOBOM €IMHULEH XUAKOCTU. 3 ypaBHeHus: bepHyum, cOCTaBIeHHOTO
JUTSI IBYX CEYEHUH MOTOKA, 0003HAYCHHBIX UHJICKCAMU 1 U 2 HOmMepuU IHePzUlU no-

moka ycuokocmu Ah MOXHO MPEJCTaBUTh KaK

2 2
Ah = Zl+i+a1L — zz+i+a2\/_2
29 9 29
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P V2
HanoMHuM, 4T0 B 9TOM ypaBHeHun £ + —— + & —— - 3HEpIus eJAUHUILIBI

£9 29
BE€Ca XXNJIKOCTH, HBH)KymefICH B ITOJIC CHUJI TATOTCHMUA,
Z - IIOTCHIMAJIbHAasA 3HepFI/I}I CANMHHNIIBI B€Ca KUAKOCTH, 3aBUCAIIAA OT eé

MOJIOKEHUS HaJl YPOBHEM HYJIEBOTO MOTEHIMANA (JIMHUEH O0TCUETa),

P
— - HOTCHHOHAJIbHAsA SHCPIruA CANHHIBI BCCA JKUAKOCTHU, 3aBHUCAIIAA OT CTC-

A9
neHu e€ ckatust (0T 1aBJIeHUS),
P - naBieHue B MOTOKE KUIKOCTH,
L - IIOTHOCTB KUAKOCTH,
aV’®
—29 - KHHETUYECKask SHEPTUsl €IMHULIBI BECa MOTOKA KUJIKOCTH,
O - ko3 PULIMEHT KHHETUIECKON YHEPTHH,
V' - cpennss ckopocTh MOTOKA JKUIKOCTH,
0 - yckopeHue cBOOOIHOTO A ICHUSI.

Ecan Y4CCTh, UTO pr6a B 000MX CEUYCHHIX 1 u 2 NMCCT OIMHAKOBBIC IIJIOMIIA-
AW TIOIICPCYHBIX CG‘—ICHI/II)'I, KHUOKOCTb ABJIACTCA HECO)KMMAeMOM M BBINOJHSACTCS
YCJIOBHC CIUIOINIHOCTH (Hepa?)pI)IBHOCTI/I) IIOTOKa, TO, HCCMOTpsA Ha I'HAPaABJINYC-
CKHC COIIPOTHUBIICHUA U IIOTCPU HAIIOPA, KHHCTHYCCKAA SHCPIUA B 000MX CEeUYCHUIX
6y,[[eT OHHH&KOBOﬁ. Yursa 9TO, a TAKIKC TO, YTO IIpH OOJIBIIHNX JaBJICHUAX B HAIIOP-
HBIX ITOTOKaxX W HEOOBIION (HpaKTI/I‘-IGCKI/I

HyJIEBOM) Pa3HUIIE HUBEIUPHBIX BHICOT Z1

Zz, MOTEPU  YICIBHOW DJHEPTUM MOXKHO .
OpeACTaBUTh B BUAC i 4h
P P, :

Ah=_—L "2
B

P9 PO

OnbITEl MOKAa3bIBAIOT, UTO BO MHOTHX SHEHHSHIE
(HO He BO BCeX) CIIydasx MOTEPU DHEPIUM SEEEHEES
MPpSAMO NPOMOPLIMOHAIBHBI KBAJIPATy CKOPO-
CTU T€UEHUS KUJKOCTH, TOATOMY B THUIAPaB-
JIMKE€ TPUHATO BBIPAXATh IOTEPSHHYIO
SHEPTUI0 B JOJAX OT KUHETUYECKOU SHEp-
I'Myd, OTHECEHHOM K €IMHMIC Beca >KUJKO-
CTH

ey

rae 5 - Ko3ghpuuuenm conpomuenenus.
Takum 06pazom, KOIPPUITUEHT COMPOTUBICHUS MOKHO OMPEIETUTh KaK OT-
HOIICHHE MMOTEPSTHHOTO HAropa K CKOPOCTHOMY HAropy.
['unpaBnuyeckre MOTEpU B MOTOKE KUJAKOCTH PA3ICISIOT HAa 2 BHUA:
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» TIOTEpU MO JJIUHE,
» MECTHBIE MTOTEPH.

I'mapaBinyecKkue NOTepH Mo AJINHE

HOTepI/I HaHOpa o IJJIMHE, NHAUYC NX HAa3bIBAIOT HOTepHMI/I HaHOpa Ha Tpe—
HHUC hmp , B YUMCTOM BHUAC, T.C. TaK, YTO HCT HUKAKHNX I[pyl“I/IX HOTepB, BO3HHUKAKOT B
TJIaaKux HpﬂMBIX pr6aX C IIOCTOSAHHBIM CCUCHHEM HpI/I paBHOMepHOM TCUYCHUUN.
TaKI/Ie HOTepI/I 06yCJIOBJ'IeHBI BHYTpeHHI/IM TpeHI/ICM B XKUAKOCTHU U HOSTOMY HpO'
HUCXOOAT U B IHGpOXOBaTLIX TPY6aX, 1 B I'IaIKHUX. BCJII/I‘{I/IHa 9TUX HOTepB BLIp&)Ka-
CTCA 3aBUCHUMOCTBIO

V 2
mp mp 2g y
rac gmp - KO:)(D(I)I/H_II/IGHT COHpOTHBJIeHI/IH, O6yCHOBHeHHBIﬁ TpeHI/IeM 110

JUTHHE.

[Ipu paBHOMEPHOM JABMKEHUH KUIKOCTH HA y4acTKe TPyOOIPOBO/Ia MOCTOSTHHOTO
auametpa d amuHON | 3T0T KO3((GUIIMEHT COMPOTUBIICHUS MPSAMO MPOMOPIIHOHA-
JIEH JJIMHE W 00OpaTHO MPONOPLUUOHAIEH JUAaMETPY TPYOBI

gmp:/l%,

rae A- koagppuyuenm zudpagnuueckozo mpenus (MHaue €ro Ha3BIBAIOT KO-
Ippuyuenm nomeps na mpenue Vv KoIpduyuenm conpomueieHus mpeHus).

N3 3TOro BBIpa)KeHHUs HETPYAHO BUAETH, YTO 3HAYCHHUE A - KodhpurmeHT
TPEHUS y4acTKa KpYTJION TpyObl, JJIMHA KOTOPOTO paBHA €€ TuaMeTpy.
C yueTom MoOCeIHero BbIpakeHUs it Koddduimenta conpoTUBIEHUS TI0-
TEepU HaTopa Mo JJIMHE BhIpakatoTcs ¢hopmynoit lapcu
1 v?2
h,, =A——.
d 2g
Oty dhopMyay MOKHO MPUMEHSTH HE TOJBKO JJIA IHJIMHIPUYECKUX TPyOO-
IIPOBOJIOB, HO TOTJa HAJIO BBEIPA3UTh AUAMETP TPyOoIpoBoaa d yepes cuopasiuye-

ckuii paouyc nomoxa R

4 1581071 x

r7ie, HAIIOMHUM, () — IUIOLIA/Ib )KUBOT'O CEYEHUS MT0TOKA,
X - CMOYEHHBIU [IEPUMETP.
['unpaBnuyeckuid paguyc MOKHO BBIUHMCIUTH JIJISl TIOTOKA € JIIOOOU (popMoit
cedeHus, u Tornaa popmyna Jlapcu npuHUMaET BU

Al v?
P T AR 2g
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Ota (opmyna cripaBesiMBa Kak i JAMUHAPHOTO, TaK U JJi TypOyJIEeHTHOTO

PCKHUMOB ABHKCHUA KUIAKOCTHU, OJHAKO KOB(b(i)I/IHI/IeHT TPCHUA 110 OJIMHC }u HC sB-

JII€TCSA BEJIMUNHOU ITOCTOSIHHOM.

Jliist onpesiesieHnst PU3NIECKOTro cMbIcia KoddduimenTra 4 paccMOTpuM 00b-

| |

€M KUJIKOCTH JJITMHON |, KO-
TOPBIM PAaBHOMEPHO JIBU-
KETCsl B TpyOe TuaMETpoM
d co cxopoctsio V. Ha ator
00BEM  JEHCTBYIOT  CHIIBI
nasnenust P1u P2, mpuuém
P1 > P2, u cunel tpenus
paccMaTpuBaeMoro o00bEmMa
O CTEHKH TpyObl, KOTOpBIE
OTIPE/IEISAIOTCS HaNpsKEHU-
€M TPEHUS Ha CTEHKE TPYObl

70. YcCioBueM PaBHOMCPHOI'O ABHIKCHHUA IIOJ I[GﬁCTBHGM CKa3aHHBIX CHJI 6y,ZIeT

CJIeyIOIIee PaBeHCTBO:

d? d’ d?

7T—P1—7Z'TP2—7ZC“TO =7[7AP—7zd|z'O=0_

4

Ecnu yyects, uto

h 4P

mp

2
TO AP :;t'—v—pg

p91 dzg ]

Y TMOJICTABUTh ATy BEIIMYMHY B YPAaBHEHHUE CHWJI, JCUCTBYIOIIMX Ha paccMaTpuBac-

MBbIH 00BEM, ITOTYUHM:

p-7,=0]| . Bripa3us u3 Hero

d? _1V?
w—A——pg—mdlz, =0,
4 d2g
1. V?
CokpaTHB MocjeaHee BEIpaKeHNE, TONyduM | —A——

4 2

A, OKOHYATEJIBHO OyIEM UMETh

W3 nomy4eHHOro BhIpaXEHUS CIAEAYET, YTO KOIPPUIUEHT TUAPaBINYECKOTO
TPEHUS €CTh BEJIIMYMHA, NMPONOPLIMOHANBHAS OTHOIIEHUIO HANIPSKEHUS TPEHHS Ha

CTEHKE TPYObl K THAPOJUHAMHUYECKOMY JIaBJICHUIO,

IIOCYUTAHHOMY II0 CpEIHEN

CKOpoCTH NOTOKA. [IpruBen€EHHBIE BBIIIE PACCYKICHUS U TIOJIYYCHHBIE B PE3YJIbTATE
HUX (OPMYJIBI CTIPABEITUBBI KaK I JAMUHAPHOTO, TaK U JUIsl TYPOYJIEHTHOTO TI0-

ToKOB. OHaKo K0d(PQUIMEHT A HE ABJIAETCS BEJIMYMHON IMOCTOSHHOW U 3aBUCHUT
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OT MHOI'UX (baKTopOB. I[J'I?I BBIICHCHHSA €TI0 BCIIMYWHBI, 1 CBA3dHHBIX C HUM IIOTCPb
OHCPIUH HGO6XOI[I/IMO l'IOI[pO6HO MMPOaHAIIM3UPOBATE PCIKUMBI JABHKCHUA KUIKO-
CTH.

JIaMnHapnoe TCUYCHUC KUTKOCTHU

HaHOMHI/IM, 4dTO JIaMUHApPHOC TCUCHHUC - 3TO YIIOPAAOYCHHOC CIIOUCTOC TC-
YCHUC, MATCMATHUYCCKOC OITMCAHHUC KOTOPOI'0 OCHOBAHO HA 3aKOHC TPCHUSA Hge1oTo-
Ha.

I[JISI Ha4daJia paCCMOTPHUM YCTAHOBHBIICCCS JIAMHUHAPHOC TCUCHHUC B KPYIJIBIX

TpyOax. B TpyOe mmamerpoM 210 BBIACIUM IMIMHIPUYECKUAN OOBEM JKUIKOCTH
mexay cedenusmu 1 u 2 nnmuoii | m quamerpom 2r. Otmerum, uTO aBIeHUs B

ceuenusx 1 u 2 coorBercTBenno pasubl P1 n P2. Pacnpenenenue ckopocreii mo
CEUEHHUIO MTOTOKA Ha BCEH UIMHE TPyObl OMMHAKOBO, O3TOMY OJMHAKOBO M 3HaUe-

HUue Kod(p¢uuueHTa KUHeTHYecKoW sHepruu a@. Ha paccmarpuBaemblii 00bEM,
IBWKYIMNCS CO CKOPOCTBIO V, NEWCTBYIOT CHJIbI JaBleHHs (HA TOPIOBBIE I10-
BEPXHOCTH) U CUJIbI CONPOTHBIICHMS], BBI3BAHHBIE BSI3KMM TPEHHUEM T Ha OOKOBOM

.{( 2 :

noBepxHocTU. Kak yxe ObLJI0 MOJTyueHO BBIIIE

AP
mp
9
a ypaBHEHHUE CHJI, IEHCTBYIOIIUX Ha BBIACICHHBIN 00BEM, OyIET BBITJIAICTD

r (P, —P,)r* =2z,

h
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Bripasus otcioga U, moiaydnm

. h,,.o9r
21

N3 nocnenneit Gopmysibl CIEAyeT, UTO KacaTelbHbIE HAMPSKEHUS TPECHUS
JMHEWHO 3aBUCAT OT paguyca MOTOKa. JTO MOKa3aHO Ha pucyHke. C apyroii cro-
POHBI, KacaTelbHbIC HANPSKEHUS 110 3aKOHY HbI0TOHA paBHBI

du du

T =H—— wumu, B HaIIeM ciydae ¢ =~ —H _dl’ T.K. Pa3HUIIA CKOPOCTEH MEXKy CO-

dy
CCAHUMU ITOTOKAMHU KUAKOCTHU 3aBUCUT OT pam/cha r .3HaK «=-»B (bOpMyJ]e O3HAa-

YaeT, 4To OTCUET Mo I HampaBJIeH OT OCU K CTEHKE, a MPpU OTCYeTe Mo Y - OT CTEH-
KM K OCH IToTOKa. Torma

_h,por _ du
2 dr -
W3 3TOr0 COOTHOIIIEHHUSI MOKHO HAWTH TPpUpAIEHUE CKOPOCTH
h,,r9
du=—-——"—rdr,
2.
T.C. TIPY YBEJIUYCHUHU paJlyca CKOPOCTh YMEHBIIIACTCS, YTO COOTBETCTBYET JITIOpPE
CKOpPOCTEH.
[Tociie MHTErpUpPOBAHUS, TOTYIHM
h,,P9 h.,P9 r’
T L N
2 2 2

[Toctosiunyro unterpupoBanus C 1erko onpenenurs U3 M3BECTHBIX YCIOBUH Y
cTeHku TpyObl, T.e. ipu I = Fo, U = 0. C yuérom stux ycnosuit C npumer Buj

' _ hmppg

i 4
! IIOTOKE B 3aBUCUMOCTH OT pajuyca (a nmpakTuye-
CKH 3TO CKOPOCTb LIWJIMHIPUYECKOTO CJOS KUJI-
KOCTH, COCTOSILET0 U3 3JIEMEHTAPHBIX CTPYEK,
pPacnoJIOKEHHBIX Ha OJHOM paauyce B IIMJIMH-
JPUYECKOM MOTOKE) Oyner omuchiBaThes — (op-
MYJION

2
I, . 1 Toraga cKopocTh B JJaMUHAPHOM

. 9
| u=—"r2(r2_r?),
2ro KOTOpasi, ¢ MaTeMaTHYECKON TOYKH 3pEHUS, SIB-

A
\ 4

JSieTCs KBaApaTHOW mapaboiod W odepurBaeT
3MIOPY pacnpeAcsieHrsl CKOPOCTEN MO CEUEHUIO MOTOKA. MakcHManbHOE 3HaYCHUE

CKOpOCTH J0CTHTaeTcs B enTpe notoka npu =0 u cocrasnser
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u _ hmppg rz
mex 444 0"

Hcnonb3ys 3HaueHrne CKOpOoCTH U, OMpEeAenM BEIMYMHY pacXoda Yyepe3 KoJiblie-
By10 Ttomans dwc mupunoit dr, Haxoasmylocs Ha paccTosHuu I OT HeHTpa Tpy-
Ob1. Beie ObT0 OTMEYEHO, YTO CKOPOCTH B JIFOOOM TOYKE 3TOTO KOJIbIIA OJJUHAKO-
Ba, U TOT/Aa

(2 —r? Rzrdr .

h
dQ = udes, =22

IpounTterpuposas 0Q no Beeit mnomamu Tpy6s! (.. or I = 0 10 ' = o), nomy-
9UM

Q= E%‘”T[ig(roz — r2)27zrdr =h’;’1p—p927zz(r02 — rz)rdr =

y7;

h o h o h 2 4
g9 7zr02J' rdr — 9 7zJ' r3dr — 229 ry To _To |_

2. > 2 S 2 2 4
h.,,P9 1 _M.,P9 4

2. 4 8. ©

CpeIIH}IH CKOPOCTb B TAKOM IIOTOKC 6YI[CT
VR ., Iy

2 0

ar, 8u

3aMeTHM, 4YTO CpEIHAs CKOPOCTh MOTOKAa C MapabOJIMYECKHM paclpeieieHHEM
CKOPOCTEH BJIBO€ MEHBIIIE MAKCUMAaJIbHOM.

W3 nmocnenHero BoIpaXEHUS JIETKO MOJYUYUTh 3AKOH CONPOMUEieHus noTo-
KY, T.€. 3aBUCUMOCTb MIOTE€Ph SIHEPTUU OT PA3MEPOB U MAPAMETPOB JIBHIKECHUS KU -
KOCTH:

T 8,440
B¢ 04/09
3aMEeHUB B 3TOM BBIPQKCHUHM JIHUHAMUYECKUN Kod(duimeHt Bszkoctu L = VO
KMHEMATHUECKUM M BBIPA3MB paauyc TpyOsl o uepes quamerp d, momydnm

81iQ  1284Q
wT Y g
(3)

[TonyueHHOE BBIpa)KEHHME HOCUT Ha3BaHUe 3axkona Ilyaseiina v IpuUMeEHsET-
Cs U1l pacyeTa NOTePb SJHEPTUHU C JAMUHAPHBIM TEUCHHUEM.

DTy K€ BEJIMYMHY MOTEeph Ha TPEHHUE paHee Mbl Bbipazuiu ¢opmyoit dap-
cu. Ecnu npupaBHsTh npasbie yactu Gopmyisl Japcu u 3axona Ilyaseitns, momy-
YUTCA:

111



1V?  1284Q
" d2g ‘g’
7zd2

3aMeHUM pacxona MpoOu3BCACHUEM 4 \Y " MOACTAaBUM B ITOCJICAHCC PABCHCTBO

1v? 1284 #d* 64UV
" d2g ‘g 4 d?g 2°

HCKYCCTBGHHO YMHOXHM U pa3aCcInM YUCIUTCIIb U SBHAMCHATCIIb Ha V:

2 2 2
Ve emvy v IVE 11V

"~ "d29 d?g 2V  vdd2g  Red?2g’

O‘-IGBI/II[HO, 4TO B 9TOM CJIy4dac

_ 64

= R_e .

910 BBIPpAKCHHUC JIA KOZ)(i)(i)HI_II/IGHTa TUAPABIMYICCKOIO TPCHUA IIPpU JIaMU-

HAapHOM ABHXCHHUH KHIKOCTH XOPOIIO IMOATBCPIKAACTCA ISKCIICPUMCHTOM H HC-
IMOJBb3YCTCA Ha IMPAKTHUKC IJIA OIIPCACICHUA IIOTCPb SHCPI'MKU B IIOTOKC IIPU JIAMH-

A

HapHOM TeueHuH. Horna >tot kospduuuent o6o3Hadaercs A, .

3Has MOJyYEHHBIE BBIIIE BBIPAXKEHHUS JUIsI CKOPOCTHU DJIEMEHTAPHOU CTPYHUKH
U 1 11g cpeaHed CKOPpOCTH OTOKA V, MOKHO BBIYHCIIUTH 3HAYECHUE ko3 (punreH-
Ta KUHETUYECKOW SHEPTUH A g ypaBHEHUH bepHyIuM, KOTOPBINA SABISETCS OTHO-

ICHUEM JIEMCTBUTEIBHON KMHETUYECKON SHEPTUHM K KMHETHYECKOW DHEPruu, Mo-
CUATAHHOM C MPUMEHEHUEM CPEJHEN CKOPOCTH

jusda)
o = o 000
Vim
h, o9
Yurém, dTO = 7Zf2 , dw = 2xrdr , CKOpPOCTH V = 8p—y| r02 u

h,,~9
4ul
3aMCHUM pa}lI/IYCOM. HOCHC IIOACTAHOBKHU B BBIpa}KeHI/IC I HOHy‘H/IMZ

" - rz)fzﬂrdr

2 2
u= (FO —r ) [lepeMeHHyI0 UHTETPUPOBaAHUS () (TIJIOMIAH KUBOTO CEUCHUS)

Packpoem nHTErpan B YUCIUTENE
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N, 00 ’ NP9
j(—’”p (r? —rz)j 27rdr = 27{—’"” j J'(ro2 —r2)rdr =

'\ 4l 44 g
h, r9 ’
27| 22— I(roe —3rr? +3r7r* — rﬁ)rdr =
4.4 .
h, 9 ’
27| = U r.rdr —I3r04r2rdr +IBr02r4rdr —J’r‘srdrj
4#' r r r r

[Ipounterpupyem o1y GyHkuuo B npeaeiax or 0 1o o, T.e. 0 ceyeHnIo NoToka

h 3
2 ZP/I)g J'ro“rdr —j3r04r2rdr +I3r02r4rdr —Irerer =

’Ll r r r r

h ,09 8 1"0 fo fo fo
27| 2 rr sl =St +>rirel = | =

4 0 0 0 0

h 3 h 3 ]
Z”Lpg lr08_§r08+§r08_1r08J:277Lpg r08(£_§+§_1j:

ag J\2° 4° ' 6° g 4, 2 4 6 8

3
4ul °\8

TGHGPB pacCMOTPHUM 3HAMECHATC/Ib BHIPAXKCHUA NJII A.

h > *h °
’gp w ro2 7Z'r02 — ﬂ[ij mp m r08 .
y7. 2 4.

PaznenuB monyueHHbIE YMCIUTENh Ha 3HaMEHaTeIh, OyJeM HMMETh 3HAUYCHUE KO-
a3 puiueHTa KHHETUYECKON SHEPTUU L

h,o9) o1

27{ mpl ] rog(Sj
j“ 3 =16(1j
ﬂﬁ (hmppgj r
2) 4 ) °

DTO 3HAYUT, YTO KMHETUYECKAs] YHEPTHUS JIJAMHUHAPHOTO IMOTOKA C MapadoIMIeCcKuM
pacrpeiesieHieM CKOPOCTEH BIBOE MPEBBINIAET KHHETUUECKYI0 SHEPTHUIO TOTO KE
MOTOKa C PABHOMEPHBIM pacIpe/ieIeHueM CKOPOCTEH.

B HekoTopbIX ciiydasix ynoOHO 3HATh APYroil MmonpaBOYHbIA KOI(P(HUIIMEHT,
KOTOPBIN YUUTHIBAET OTJIMUME JIEUCTBUTEILHOTO KOJMYECTBA JBUKEHUS MOTOKA OT

€ro 3Ha4y€HUsA, IIOCHUTAHHOI'O C HCIIOJIb30BAHUEM CpClIHCfI CKOPOCTH IIOTOKa V.

O1oT K03pPULKMEHT 0003HAYAIOT @0, HA3BIBAIOT KOA(DPUIIMEHTOM KOJUYECTBa
JBUKEHUSI U BBIYUCIISIIOT IO (hopmyiie
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J u’dw
o — @
(0]
V 2w
[To aHamoruu ¢ BRMHCIEHHEM Koddduiuenra @, moacraBus Bmecto U u V

COOTBCTCTBYIOIIMEC BbLIPpAKCHHA, IIOCJIIC BO3BCACHUSA B KBaApaT U 3aMCHBI
HepeMeHHOﬁ HHTCTPUPOBAHMA TOJTYYUM IJIA YUCIIUTCIIAL

h o9 ? h 09 ? 2
j[ il (roz—rz)] 27zrdr:27r[ ZPI j I(roz—rz) rdr =

A M)

2
Zﬂ(h’zﬁgj 'r[(ro“ —2rir? + r“)rdr =

h 2
27 JmePd jr04rdr—j2r02r2rdr+jr4rdr
4,U| r r r

ITocne HHTCTPUPOBAHUA B IIPCACIIAX OT 0 0 o, YUCIIUTED IIpUMCT BUI

2

h
27 —’Z’/Tg J'ro“rdr —_[Zrozrzrdr +Ir4rdr =
‘[I r r r
h pg 2 1 fo fo fo
27| = | rfr2 = —=rirt +=r® | =
414 2]y o 6 I
h ’ h ’
271- Lpg £r06_1r06+lr06 :272- Lpg rOG l
4l 2 2 6 4, 6

3HaMeHATeIb BRIPAKECHUS JJIsI O TIEPEMUIIIEM B BUE
2 2 2
h,.,~29 1\ ( h,,~9
mp r.OZ 7Z_r.02 =7 mp 6
8.ul 4.4
ITocne neneHus 4ducaUTENs HAa 3HAMEHATEIb IMOJIYYHMM 3HauyeHHue KoddduimeHTta
KOJINYECTBA ABWKECHUA Q0.

2 ) w(5) _o1)-2

3 .
ﬂ(ljz o8 ry © 3
2 4. ©

OTa BenMYMHA JI JaMUHAPHOrO TMOTOKA C MapadOMYeCKUM paclpeeieHueM

(0]

CKOPOCTEM, TaK K€ KaK U O, ABJISACTCA BEIIMYUHOU MTOCTOSHHOM.

Bce npuBen€HHbIE 3aBUCUMOCTH CIIPABEJIMBEI IS YYACTKOB MPSAMBIX TJ1a-
KUX TpyO MOCTOSIHHOI'O CEYEHUsS C MapaboJUYecKuM pacrpeesieHueM CKOpPOCTei
I10 )KUBOMY CEYCHUIO ITOTOKA.
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Jlekuust 13. TypOyJ/ieHTHOE TeYeHHre KUIKOCTH

HanmomHuM, 9T0 TypOYJICHTHOE NBIKEHUE YXUAKOCTA OTIMYACTCS HHTCH-
CHUBHBIM BHXpPE0Opa3oBaHHEM, MPUBOASAIINM K TIEpeMENINBaHUIO clIOEB. B moToke
HaOJTI0JAI0TCS IOCTOSIHHBIC TYJIHCAIMH JaBICHUN U CKOPOCTEH, KaK M0 BEITUYHHE,
TaK W 10 HampaBicHHUIO. TypOyJIeHTHOE TeUeHHE MMEeT HEYCTaHOBHBIIMKCS Xa-
paKkTep, a TPAaeKTOPUH ABMKEHUS YaCTHUIL )KUJIKOCTH MOCTOSTHHO U XaOTHYECKH Me-
HstoTca. Ha mpakTuke Takoe IBHYKEHUE BCTPEUYACTCSI IOCTATOYHO YacTO MPHU BHICO-
KHX CKOPOCTSIX MOTOKa M MaJION BSI3KOCTU XKHUAKOCTU. BenencTBue Toro, 4to mpu
TypOyJIEHTHOM TEUYEHUH MOTOKA HET CIOMCTOCTH, 3aKOH TpeHus HpioToHa Hempu-
MeHuM. [lo mpudnHe CI0KHOCTH TypOYJICHTHOTO JABMKCHHS M €r0 aHAIUTUYECKO-
IO HCCJEeNOBaHUS, TIOKa HET JOCTAaTOYHO CTPOrod Teopuu 3Toro teueHus. Cye-
CTBYET MOydIMIUpUUYECKas MPUOTMKEHHAS Teopust [IpaHaTis, 2JIeMEeHThl KOTOPOi
OyayT 3aTpOHYTHI HWKE, IPU PACCMOTPEHHUU BOIIPOCA O BSI3KOM TPEHHUH B TypOYy-
JICHTHBIX MTOTOKAX.

[Torepu 3HEeprum (MOTEpU HATOpa HA TPEHHE) MPH TYpOYJICHTHOM TCUCHHUH
KHUJIKOCTH OOJIBIIIE, YeM TPU JJaMUHAPHOM, H3-3a 3HAYUTEIIBHBIX ITOTEPh Ha BHXPE-
oOpa3oBaHue, epeMeIMBaHue U U3BMEHEHUE TPACKTOPHIA.

B ruppaBnvke A mpakTHYe-
4 Ny CKUX pacdéToB TypOYIEHTHOTO Te-
YCHUS KUIKOCTH B TPyOax HCIIONb-
3YIOT JKCHEPUMEHTAIbHBIE CHCTE-
MaTU3WPOBAHHBIC JaHHBIC, MPUME-
HSIEMBbIE HAa OCHOBE TEOPUHU TOIO-
ousi. OCHOBHOM pacy€THOU (popmy-
Ja ISl OTPEJICIICHUs MTOTePh HaIopa
B KpYIJBIX TpyOax SBISETCS YKe
u3BecTtHas popmyna lapcu
2
9’\/ hmp = ;i’T L V_ )
d 2g
onHako ko>ddurment Ay, B naH-
HOM CJiydae 3TO KoIhpuuyuenm na
mpeHue no 0J1uHe npu mypoy1eHmHOM nedeHuu, i OH CyIIIeCTBEHHO OTINYAeTCs

64
oT 11 = R_ , HCTIOJIb3YyCMOM IIpH JIAMHUHAPHOM JIBUKCHUU KUIKOCTH.
€

Jlamunapuoii  \/,,,  TypOynenmmoii
pexcum pexcum

Bs3koe TpeHue Npu TypOyJIEHTHOM ABHKCHHUH

Boeiienum B TypOYJ€HTHOM IMOTOKE, ABMXKYIIMMCS MapajulebHO TBEPIOM
CTEHKE, 3JIEMEHTAPHYIO IuIomanky A4S u onpenenuM KacaTeabHOe HANpsHKEHHE T,

!/ !
BO3HMKAIOIIEE 3a CUeT mynbcanuii ckopocrer Uy, Uy Uepes mromanky B nepnen-
JUKYJISPHOM IIOTOKY HAIPaBJIEHUH, IPOXOAUT PACXO KUAKOCTH
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Aq, =UAS.,

Macca JKUJIKOCTH,
I du MpOXOosiias 4epe3 miomai-
Ky 3a Bpems Al, pasna

Am = pAq, At = pu; ASAt

3a CcuyéT  COCTaBJISIOILEH

!
nyJbcanuii ckopoctu Uy ora

Macca IOJyYUT IPHPAILCHHUE
0 KOJMYESCTBA IBHYKCHUS
D T T S T , .,

Amu, = pu,u ASAL,

HpI/IpaIHGHI/Ie KOJIMYCCTBA IBUKCHHA PAaBHO UMITYJIBCY CHIIBI, T.C.

Amu; = AFAt = pu U ASAt ;

rjae cuia AF =7AS y TOT'/Ia KacaTelIbHOE HaNpPsKEHUE Oy1eT paBHO
TASAt = pu U ASAt = 7 = pu U,

a cro OCpCIIHéHHOG I10 BpCMCHH 3HAUYCHUC MOKHO IIPCACTABUTL B BUJIC

= 1ot
T = puiu;
OnpenenéHHoe TakuM 00pa3oM KacaTelIbHOE HAMPSKEHUE BEIYMCIIUTH OYCHB

o / 4
TPYIHO W3-3a HeW3BeCcTHBIX 3HaueHnit U, m U, , mostomy, vame Bcero paccmar-
puBaeTcs NPUOMMKEHHOE PEIlICHNE.
[IpencraBum, 4TO Maiblii 00BEM >KHIKOCTH, HAXOJSIIUKCS B TOUYKE A u

umeronuii ckopocts U | B pesyneTate TypOyneHTHOrO mepeMennBaHus HepeMe-
ctuncs B Touky B, pacnonosxkennyro na paccrosuuu | ot Touxu A mpuobpén cko-

. ' ’
Bynmem cuutark, uro mynscanuu ckopocreit U, m Uy mpomoprmoHansHbl

MIPUPAIIEHUIO CKOPOCTH pacCMaTpUBAEMOro 00bEMa KUJIKOCTH, T.€.

_do ,du
u~—I1 u ~—I

dy’”dy

Torga T MOXHO IIPECTABUTH B BUJIE

X

T =pu;u =p
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rie Ko3(QQUIHEHT NPONOPIUOHATLHOCTH BKIOUEH B Benuuuny |, 3mak 7
du
COBIAJIaeT CO 3HAKOM IPOHM3BOIHOM W Bennuuna | mocut HasbiBanue
nymo nepemeuiueéanusi.
[Tocneanee ypaBHeHHE OOBIYHO MPEOOPA3OBBIBAIOT K BUILY
2
du du du du
2 2
r=p? S| — ot 2 o, 2
dy dy dy dy
rae C1 — ko GUIIHEHT TIepeMENTMBaHusI, WM KOIPPHUIUEHT TypOyIEeHTHO-
ro oOMeHa KOTOPbIi paBeH
du
dy
[TonyyeHHOE ypaBHEHHE aHAJIOTMYHO YPAaBHEHHUIO KAcaTEIbHOTO HampshKe-
Hus 1pu JamuHapHoM pexume. Koopduuuenr C7 3HaUMTENEHO MpEBBIMIAET MO

C, = pl?

BCIIMYMHC TUHAMHWYCCKYIO BA3KOCTDb lLl 1 3aBUCHUT OT umcna PeitHonbaca.

TypOyJieHTHOE TeueHue B Tpydax

HecMoTpst Ha To, 4TO B 0011IEM Ciy4yae TypOYJIEHTHOE JBHKEHUE KUIKOCTH
ABJISIETCA HEYCTOMYMBBIM, €CIIM PACCMATPUBATh HEKOTOPBIE YCPEAHEHHBIE IO BpE-
MEHHU XapaKTEPUCTUKU MOTOKA, CPEAHIOI CKOPOCTh, CPEAHEE PACIIPENEICHUE CKO-
POCTEHN IO CEYEHMIO, CPEIHEE ABJIICHUE, CPEITHUE BEJIMYMHBI ITyJIbCALUN, & TAKKE
cpeaHee 3Ha4eHHUE Pacxo/a, TO BO MHOTMX CIIy4asX OHM MOTYT OKa3aTbCs IOCTO-
AHHbIMHU. VIMEHHO Takue XapakTEepUCTUKU Mbl U OyJleM HCMOJIb30BaTh MPHU OMHUCAa-
HUM TypOYyJIEHTHBIX TTOTOKOB.

MHOTroYNCIEeHHBIMH OTBITAMH YCTAHOBJIEHO, YTO TYpOYJIEHTHBIN MOTOK, KaK
IPaBUJIO, HE COIMPHUKACAETCSI CO CTEHKaMH TPyObl, a 3aHMMAET TOJIBKO IEHTpallb-
HYI0 4acTh. MeXay CcTeHKaMu TpyObl U TYpOYJE€HTHBIM OTOKOM CYIIECTBYET TOH-
KUH CJIOW KXUIKOCTH, TEYEHUE B KOTOPOM SIBISIETCS JJaMUHApHBIM. [Ipruém BHEII-
HSSL 4acTh 3TOTO CJIOSl, COMPHUKACAIOMIASACS C MOBEPXHOCTHIO TPYObl, HEMOABUKHA
(MMeeT HyJEBYIO CKOPOCTh), a €r0 BHYTPEHHS YacTh, HEMOCPEACTBEHHO B3aMMO-
JNEUCTBYIOLIAs ¢ TIOTOKOM, HIMEET CKOPOCTb, COU3MEPUMYIO CO CPEHEN CKOPOCTBIO
AKUJKOCTH B JIAHHOM ceyeHUHU. Takum oOpa3oM, TypOYyJEHTHBIN MOTOK ABUKETCS
Kak Obl B TpyO€ M3 JJaMUHApPHOIO CIIOSI TOM K€ XKUAKOCTU. TOJIIMHA 3TOro CJos
BechbMa Mana. E€ MoxxHO onpenenuTs no ¢popMmyiie:

32,5d

Re /4,

rae 0 — BHyTpeHHuit 1uameTp TpyoOsI,

S =

AT — KOO()DUIMEHT TIOTEPh HA TPEHHUE NPU TYPOYICHTHOM PEKHME Te-
YEeHUSI.
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Mo>xHO CUUTAaThb, 4TO CKOPOCTb KUAKOCTU BHYTPH 3TOI0 CJIOA IO TOJIIIWHEC
MCHJCTCA 11O HHHeﬁHOMy 3aKOHY. HaILO TaK K€ OTMCTHUTB, YTO 4YHCJIO PeﬁHOHBﬂca

Ree (uncno PeiiHonbaca Ui TaMUHAPHOTO CIIOSA), HMOACYMTAHHOE 110 TOJIIIMHE

CJI0s1 5ﬂc, CKOpPOCTH BHYTpeHHCﬁ 4aCTH JTAaMHHAPHOT'O CJIOA u_]lc N KHHCMAaTHU4C-

cKoMy KO3((HIMEHTY BA3KOCTH V' eCTh BEIMYMHA NOCTOSHHAS.
UsiOr
Regn = ——= = const
1%

Ota BeJIMYMHA UMEET MOCTOSSHHOE 3HAYCHHE /IS JIFOOBIX TypOYJIEHTHBIX T0-
TOKOB. [loaTOMY NpH yBETUUEHUH CKOPOCTU MOTOKA PACTET CKOPOCTH JTJAMUHAPHO-
ro cjos, a ero TojimuHa ymeHbinaercs. [Ipu Oonbmiux 3HaueHusix Re (Oombrmx
CKOPOCTSIX) JIAMUHAPHBIN CJION IPAKTUYECKU UCUYE3aET.

TypOyJieHTHOE TeueHHe B IJIAAKUX TPydax

[magkue wim TOYHEE TEXHUYECKH TJIaJKHE TPYOBl 3TO TaKue, IIepOXOoBa-
TOCTh BHYTPEHHHUX MOBEPXHOCTEH KOTOPHIX HACTOJHKO Maja, 9TO MPAKTHIECKH HE
BIIMSICT HA TTOTEpU dHEPTUH Ha TpeHue. K TakuM TpyGaM OTHOCST

® [EJIBHOTSIHYTHIE TPYOBI U3 IIBETHBIX METAJUIOB,

e TpyOBI U3 ATIOMUHUEBHIX CILIABOB,

® CTaJbHBIC BHICOKOKAUYECTBEHHBIC OCCIIIOBHBIE TPYOBI,

® HOBBIC BRICOKOKAYECTBCHHBIC YyTYHHBIC TPYOHI,

® HOBBIC HE OIIMHKOBAHHBIC TPYOHI.
B ocHOBHOM TpyOBbI, UCIIOJIB3yEMbI€ B TUAPOCHUCTEMAX TEXHOJIOTHYECKOTO 000py-
JIOBaHUSI MO’KHO OTHECTH K TEXHUUECKH TITIaJTKUM.

[ToTepu Hamopa npu TypOyJIEHTHOM TEUEHUU KUJIKOCTU, KaK yXKe OTMeda-
JI0OCh paHee, MOTYT OBbITh onpeseeHsl mo popmyie Japcu

| v?
mp - /’i’T N A
d 2g
HJIN B BUJC HOTepB JABJICHHUEC Ha TpeHI/Ie
(IAVAG
AP, = —
p — P —

Onnako k03¢ (ULKEHT NOTEeph HA TPEHHE IO AJUHE B 3TOM cllydyae OyayT
3HAYUTENIbHO OO0JIbIIIE, YeM MPU JAMUHAPHOM JBUKCHHH.

[Tpuuém cam kodddunmreHt Ar OyJeT CYIIECTBEHHO 3aBUCETh OT YHCIIA
PeitHonbaca. DTy 3aBUCUMOCTH MOKHO TIPEICTaBUTH B BUJE Tpaduka.

Haubonee npumeHuMbIiMu hopmynamMu AJis ONpeneaeHus /1T SABJISIOTCS CIIEIYIO-
M€ SMIIUPUYECKUE U TTOTYIMIUPUUECKUE 3aBUCUMOCTH
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2 " (18lgRe—15)*"
0,081 npuMeHsemas Ui 4ducen Peii-
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2300--100000.

TypOyeHTHOE TedeHMe B IEPOXOBATHIX TPyOax

HccnenoBanre TEUEHHS KUJKOCTH B IIEPOXOBATHIX TPyOax MpPaKTUUECKH
MOJTHOCTBHIO OCHOBBIBAIOTCS HA IKCIEPUMEHTAJIBHBIX HccieaoBaHusx. Ha ux pe-
3yJIbTaTaX OCHOBAHbI 3aBUCUMOCTH M PaCUYETHBIE (OPMYJIbI, TPUMEHSIOIIUECS TS
OTPENICNICHUS] TTOTEPh PHEPTUM B MOJOOHBIX ycioBusx. OcHoBHas (popmyna st
ompeesIeHHs MmoTephb Haropa — dhopmyna Jlapcu. OTiMune 3aKa0daeTcs TOJIbBKO B
kod(pduieHTe nmoreps Ha TpeHue. B ornnune ot TypOyIeHTHBIX TOTOKOB B TJlajI-
KHX TpybOax, rae KodDQPUIMEHT Ha TPEHHUE TOJHOCTHIO ONMPEACISICTCS YHUCIOM
Petinonbaca Re, misg mo-
TOKOB B TpyOax HMeEro-
11107D. IEpOXOBAThIC
BHYTPEHHHUE ITOBEPXHO-

CTH ﬂT 3aBUCUT €LIE U
OT pPa3MEpoB ITOM LIe-
POXOBAaTOCTH. Y CTaHOB-
JICHO, YTO PEIIAoIee 3HaueHne UMEET He a0COJIIOTHASI BHICOTA HEPOBHOCTEH (ao-
conromuasn wepoxoeamocms) K, a OTHOIICHHE BBICOTHI 3TUX HEPOBHOCTEH K pa-

auycy TpyOwel Fo. Ota

BeJIMYMHA 0003HAYyaer- o
k

cq r_ U Ha3bIBACTCH
] _

OMHOCUMENbHOU  Ule-
poxoeamocmupio. OnHa
U Ta ke a0COJIOTHAs IIEPOXOBATOCTh MOXKET MPAKTHUUECKH HE BIMATH Ha KO3 du-
[UEHT TPEHHUs B TpyOax OOJIBLIOrO IMaMeTpa, U CYIIECTBEHHO YBEJIMYMBATH CO-
MPOTUBJICHHE B TpyOax Majoro auamerpa. Kpome Toro, Ha COpoTUBICHHUE TOTOKY
KUJKOCTH BJIMSET XapakTep IIepoxoBarocTu. [lo xapakrepy mepoxoBaToCTh pas-

NENSAIOT HAa ecnecmeeniylo, TIpU KOTOpoH BelanuMHa HepoBHocTed K mo mmmne
TPyOBl pa3iivyuHa, U pezyaapHylo, IpU KOTOPOW pa3Mepbl HEPOBHOCTEH MO Bcel
TpyO€ OAMHAKOBBI. PerymnsipHas mepoxoBaTOCTh CO3AAETCS MCKYCCTBEHHO M Xa-
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pPaKTEpU3YyEeTCsS TEM, YTO MMEET OJMHAKOBYIO BBICOTY U (POpMYy HEPOBHOCTEH TIO
Bcel anuHe TpyOsl. [llepoxoBaToCcTh Takoro BUja HAa3bIBAIOT PABHOMEPHO pacipe-
NeNEHHON 3epHUCTON mepoxoBaTocThio. KoadduiineHT norepp Ha TpEHUE B 3TOM
cilydae OonuchbiBaeTcs (PyHKIuen

Kk
A, = f(Re,—).
rO
BKCHCpI/IMCHTaHLHHM HN3Yy4YCHUCM BJIMAHHUA YHCIIA PGP'IHOHBIIC& H OTHOCH-

TEJIbHOW 1epoxoBaTtocTu 3auumancs Huxypaosze U. U., KOTOPBI POBOAWI OIIbI-

k 1 1
o1 1 nuanazonoB Re =500 +1000000 u E = 500 +E .

Pe3ynpTaThl 3TUX HCClIeOBAaHUN CBENECHBI K TpaduKy B JOTapudMHUUECKUX
KOOpANHATAaX.

19(10002)

A

1,5

1,2
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Ha rpaduke nudpamu 0603HaYEHBI:

1 — 30Ha MTaMHHAPHOTO TEeYeHHs, KO3 PHIMeHT ﬂvﬂ BBIUKCISIETCS 11O GOop-
MyJie
64
==
Re”’
2 — 30Ha TypOYyJIEHTHOTO ITIaAKO CTEHHOTO TedeHus, Kodppuiuenr A, BbI-
quCIIsAeTCs 1o hopMyIie

A

1
~ (L8lg Re—1,5)2

T

nim
03164

Ar TR

3 — 30Ha, TaK HA3BIBAEMOTO, JOKBAAPATUYHOTO TedeHus, Kodpduuent A;
BBIUUCIISIETCS IO PopMyJie

2, —ox Ko 88
d Re

0,25

4 — 30Ha KBaJPaTUYHOTO COMPOTHUBIICHUS, KOADPUIIUECHT ﬂq BBIYUCIIACTCS

o opmyiie

K 0%

A, =011 —=2
d

Ha npaxTtuke jy1si onpenesieHus: oTeph Haopa B peaIbHBIX MIEPOXOBATHIX
TpyOax yare BCero UCIONIb3YIOT hopmyy Anvoutyns

0,25

1,46K , N 100
d Re

A, =0,

B npuBenéHHbIX BbIlIE (opMyax K 5 - DKBUBAJICHTHAasl aOCOJIOTHAS IlIe-
pPOXOBAaTOCTh B MWLIMMETpax (aOCOJIIOTHAs IIEPOXOBATOCTh, KOTOpask SKBHUBa-

JIEHTHA PETYJSPHON MIEPOXOBATOCTH W ONpENeseTcs] U3 TalOmuL), d- IaMeTp
TPYOBI.
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BriBoabl u3 rpagpuxkos Huxkypaase

» Ilpu 1aMUHApPHOM TEUEHWH IIEPOXOBATOCThH MPAKTHUYECKU HE BIIU-
€T HAa COINPOTUBJIEHUE. DKCIEPUMEHT IMPAKTUYECKH IOJHOCTHIO
MOJITBEPKIAET C TEOPETHUECKUE (OPMYIIBI.

» Kpurndeckoe uncno PeliHombaca OT MIEPOXOBATOCTH HE 3aBUCHUT
(WITpUXOBBIE KPUBBIE OTKIOHSAIOTCS OT MPSIMOM A B OJHOM TOYKE).

» B oOmactu TypOyJEHTHBIX TEUCHUH IPH HEOONBINNX YHCIIax Peli-
HOJIBJCA U MaJOW IIEPOXOBATOCTH CONPOTHBIIEHUE OT LIEPOXOBa-

TOCTH HE 3aBMCUT (IUTPUXOBast JIMHUS COBNAAaeT ¢ mpsamoii B), a ¢
yBennuenneM Re conporusienue Bo3pacraer.

> Ilpu Gonplux 3HaueHHUsX uncel Peifnonbaca A; mepecraér 3aBu-

ceTh 0T RE 1 cTaHOBUTCS MOCTOAHHBIM VIS ONMPENEIEHHON OTHO-
CUTEIIBHOU LIEPOXOBATOCTH.
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Jlekuust 14. MecTHbIe THAPABIMYECKHE IOTEPH

MecTHbBIE IT'HAPABJINYIECCKHUE COIIPOTUBJICHUSA

Mecmubvimu 2uopagiudecKumMu CcOnPOMUGIEHUAMU HA3BIBAIOTCS JIOOBIS
YYaCTKH THUAPABIAYECKONW CHCTEMBI, TJIE UMEIOTCS TIOBOPOTHI, IPETpajbl Ha MYTH
IOTOKa paboYeii KUIKOCTH, PACITUPECHHS WM CY>KCHHS, BBI3BIBAIOIIUE BHE3AIMTHOE
U3MEHECHHE (OPMBI TTOTOKA, CKOPOCTH MJIM HAIPABJICHHS €€ ABWKCHUSA. B 3THX Me-
CTaX MHTCHCUBHO TepseTcs Hamop. IIpuMepamMu MECTHBIX CONPOTHBICHHH MOTYT
OBITh MCKPHUBJICHUS OCH TPYOOIpPOBOa, M3MEHECHHS ITPOXOIHBIX CCUCHHH JIFOOBIX
THAPABIMYCCKHUX ammapaTroB, CTBIKKM TPyOompoBojoB u T.1. [lorepum Hamopa Ha
MecTHBIX conpotusieHusx AN onpenensiorcs no gpopmyne Beiicoaxa:

2
Ah =g Y

rae f 2 - KOO PUIIMEHT MECTHOTO CONPOTUBJICHUS.

KoadduimeHT MECTHOTO CONMPOTUBICHUSI 3aBUCUT OT KOHKPETHBIX IeéOMET-
PUYECKUX pa3MEpPOB MECTHOTO CONPOTHUBIICHUS U er0 (PopMbI. B CBSI3U CO CIIOKHO-
CTBIO MIPOIIECCOB, KOTOPHIC TPOUCXOAAT MPU JIBUKECHUH KUIKOCTH YEpPE3 MECTHBIC
CONIPOTHBJICHUS, B OOJIBIIMHCTBE CIIy4aeB €ro MPUXOJIUTCS OMpPEAeNIITh Ha OCHO-
BaHHUH IKCIIEPUMEHTAIBHBIX JIAHHBIX C TTIOMOIIBIO (POPMYIIBI:

Ah.
Su =2
Y

29

OpaHako B HEKOTOPBIX CIy4asx BETUYMHBI KOAPPUIIMEHTOB MECTHBIX COIPO-
THUBJIEHUM MOHO ONIPEAEIUTH AHATUTUYECKH.

N3 onpenenenust kosdduimenta S BUJHO, YTO OH YYUTBHIBAET BCE BUJIbI
MOTEpPh PHEPTUU TMOTOKA >KUJIKOCTH HAa y4acTKE MECTHOro cOmpoTuBieHUs. Ero
(U3UYECKHI CMBICTT COCTOUT B TOM, YTO OH MOKA3bIBAET JOJIF0 CKOPOCTHOTO HAIO-
pa, 3aTpaurBaeMoro Ha NpeoA0JeHUE JAHHOTO CONTPOTHUBIICHHUS.

KoadgduumeHTsl pa3audHbIX COMPOTUBICHUN MOXXHO HAWTH B TUJIpaBlIdYe-
CKHUX CIIpaBOYHHKaX. B TOM ciyuae, €cii MECTHbIE COITPOTUBJICHUS HAXOASITCS Ha

paccTostamn MeHbe (25+50)d npyr ot mpyra (d - gmamerp Tpybomposoaa, co-
€IMHSIONIET0 MECTHBIE COMPOTHBIICHHUS ), BECbMa BEPOSTHO WX B3AMMHOE BIIMSHHE
APYr Ha Apyra, a MX JCHCTBUTEILHBIE KOX(PPHUIMEHTH MECTHBIX CONPOTHBIEHHUI
OyIyT OTJIMYATHLCS OT TaOAMYHBIX. TaKhe CONPOTUBICHUS HYXHO PAacCMaTpPUBATH

KaK €JIMHOE CI0KHOE CONPOTHBICHUE, KOIPDHHUITUCHT ¢ w KOTOpOTO ompeaeisieTcs

TOJBKO SKCIIEPUMEHTAIBHO. HyXXHO OTMETUTBH, 4TO M3-3a B3aWMMHOIO BJIMSTHUS
MECTHBIX CONPOTUBJICHUH, PACIIOIOKEHHBIX BOJIU3U APYT Apyra B MOTOKE, BO MHO-
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I'MX CIIy4asX CyMMapHas OTepsl Haropa He paBHA MPOCTOM CyMME MOTEPh HANopa
Ha KaXXJIOM U3 3TUX COMPOTUBIICHUH.

MecTHble TIOTEpU Hamopa MOKHO BBIPa3UTh KaK 4epe3 CKOPOCTHOM Harop,
COOTBETCTBYIOIIUIA CKOPOCTH JIO MPEMSATCTBUS B IMOTOKE, TAK U YEPE3 CKOPOCTHOM
HaIop, MOJICYUTAHHBIA MO CKOPOCTH 3a 3TUM MpensTcTBueM. OObIYHO B hopmyTy

Beiic6axa MOJCTABIAIOT CPETHIO CKOPOCTh 3a MpenaTcTeueM Y, U B CIPAaBOYHH-

KaX IIpUBOIAT KOC—)(i)(bI/IHI/IGHT MCCTHBIX COHpOTI/IBJIeHI/Iﬁ MMPUMCHHUTCIIBHO K CKO-
2

pOCTHOMY Hamopy ﬁ . norna ko3¢ @uUImeHTsl MECTHBIX MOTEPh JAIOTCS B CIIpa-
A

BOYHHKAX IJIsI CKOPOCTHOI'O HAIlopa E, rac Vl - CpCaHAA CKOPOCTb A0 IIPCIIAT-
CTBUI. 3TO O6CTO$ITCJ'IBCTBO HY)KHO y‘{I/ITBIBaTB HpI/I HCIIOJIB30BAHUHU cnpaBquH—
KOB.

y‘II/ITBIBaSI YCJ'IOBI/IC HCp&BpBIBHOCTI/I ITIOTOKA, MOXXHO HaﬁTH COOTHOIIICHUA
MCIKIY KOB(l)(bI/IIII/IeHTaMI/I MCCTHBIX COHpOTHBHGHHﬁ, OHpe,Z[eJIéHHBIX II0 OTHOIIIC-
HHIO K PAa3HBIM CKOPOCTHBLIM HallopaM (IlO H I10CJIC COHpOTI/IBJ'ICHI/IH). HOHHTHO, qTo
HpI/I IIOCTOAHHOM pacxoz[e Q, CKOpOCTI/I B I[ByX CCUCHUIAX OTHOCATCA O6paTHO
HpOHOpHHOHaHBHO I1omaasaM KHUBBIX CG‘-ICHPIfI. Torz[a, cClin OI[Hy nu Ty JKE MECCT-

HYIO IIOTCPIO HAIIOpa BBIPA3UTH 4YCPC3 CPCAHHUC CKOPOCTH OO IIPCIIATCTBUA Vl u

II0CJIC HETO V2 , TO IIOJIYYHM.
2
V2

do \LZ _ gnoc,w_

AhM ~6u -
29

Ecnu BeIpa3uTh OTHOLIEHHE MEXAY MO-pa3sHOMY OMNpeNeIEHHBIMU KO3 (ULIHEH-
TaMu, OyJIeM UMETb:

Q
d0 DN 2
5/\30 V22 §M — w, _ &
5};100/16 = V12 WIn gzome Q 2 a)z
a)z

rae @, u @, - MWIOWAAH KUBBIX CEUEHUN 10 U TIOCTIE MPENSTCTBUS,

COOTBETCTBEHHO.
OtmeTuM, 9TO 1Jisi OOJBITMHCTBA MECTHBIX COMPOTUBICHUN HX KO3 duIm-

EHT fM HE 3aBUCUT OT 4ucia PelHoisbaca mpu Re > 5000. IIpn meHbIIMX

3HadYeHMsX uncia RE kospdurment &, yBenndauBaercs.
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Buabl MeCTHBIX CONPOTUBJICHUM

Buesannoe pacmmpenue. Teopema bopaa - Kapuo

B sTOoM ciydae, OTHOM M3 HEMHOTHMX, BBIPAKEHHUE I TOTEPU HAIOpa MOXK-
HO HalTH TEOPETUYECKUM ITyTEM.
— [Ipr BHE3amHOM paCIIMPEHUU

NoTOKa B TpyOKe oT cevyenus 1 no ce-

B yeHUs 2 KHUAKOCTH HE TEYET MO BCEMY
5 KOHTYpPY CTEHOK, a IBUKETCS IO TUIaB-
HBIM JIMHUSM TOKOB. BOJM3U CTEHOK,
/I BHE3AITHO YBEJIMYMBACTCS TUAMETP
TpyObl, OOpa3zyercsi MPOCTPaHCTBO, B
Va2 Powz | KOTOPOM >KHJKOCTh HAXOJUTCA B WH-
35 I SNSRI g TCHCHMBHOM BpallaTeIbHOM JIBOKCHUU.
ViPron 1 N [Ipy TaKOM HHTEHCHBHOM MEpPEMEIIIH-
R >
e BaHUHM MPOUCXOJUT OUYEHb AKTUBHOE
TPEHUE >KHUJIKOCTU O TBEPJBIE CTEHKHU
TpyObl 00 OCHOBHOE pycia MOTOKa, a
xxxxxxxxxm\m& o TaK)K€ TPEHHE BHYTPH BPAILLAOLINXCS
1 NASESTO S : IIOTOKOB, BCJIEJICTBHE YETO MMPOUCXOIST
\\xxmxxxxxxxxxxx\\\\\\\\\xx CYILLECTBEHHbIE NOTEepU 3Hepruu. Kpo-
2 Me TOro, KaKas-To 4acTh SHEPIUH KHJI-
KOCTH 3aTpauuBaeTcs Ha (pa30BbI Iie-
PEX0/1 YacTHI] )KUJIKOCTH U3 OCHOBHOTO IIOTOKA BO BpallaTesnbHble 1 HaoOopot. Ha
PUCYHKE BHUJIHO, YTO MOKa3aHUs MbE30METpPa BO BTOPOM CEUEHUHU OOJIbllIe, YEM B
nepBoM. Toraa nosiBIseTCs BOMPOC, O KAKUX MOTEPAX UAET peub? Jleno B Tom, 4To
MOKa3aHUs MMbE30METPa 3aBUCAT HE TOJIBKO OT MOTEPh SHEPTUU, HO U OT BEJIUUYHUHBI
JaBJeHUs. A JaBJ€HHE BO BTOPOM CEUEHUU CTAHOBUTCS OOJIbIIE M3-32 YMEHbIIIE-
HUS CKOPOCTHOTO Haropa 3a CU€T paclIUpeHusi MOTOKa W MaJeHusi CKOpocTH. B
ATOM CJIy4yae HaJ0 YYUTHIBATh, YTO €CIM Obl HE ObUIO MOTEPh HAOpa HA MECTHOM
CONPOTHUBJICHUHU, TO BBICOTA >KUJIKOCTH BO BTOPOM Mbe30METpe Oblia Obl emé
OoJbIIIE.
[Tpoucxopsias npy BHE3aITHOM PACUIMPEHUH MOTEPs HAIOPa MOXKET OBITh
HalJIeHa ¢ MOMOIIBI0 YpaBHEHHS bepHyIUM ISl MOTOKA peaIbHOM KUIAKOCTH, 3a-

Ah

IIMCAHHOTO JUIsl cedeHuit 1 M 2, Tie JBMKEHHE OCHOBHOTO IIOTOKA 3aHMMAET BCE
cedyeHue TpyObl, KOTopoe OyAeT UMETh BU:

2 2

Ah = P +051V1 | P2 +0(2V2
"lop 29 go 29

HpI/IMCHI/IM TECOPEMY MCXAaHHUKH 00 M3MEHEHUH KOJNYECTBA JABHXXCHMHS K BbI-

JENEHHOMY LMJIMHIPHYIECKOMY 00BEMY, 3aKII0OUEHHOMY MEXIY CeYeHHsaMU 1 u 2,
paBHOMY MMITYJIbCY BHEUIHUX CHJI, JEMCTBYIOUIMX HA paccCMaTpUBAaeMbIil 0OBbEM B
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HAIpPaBJICHUH €r0 JBMXKEHUSA. DTUMU CUJIaMU OyJIyT CHIIbI OT AaBJICHUS P u P2 B
COOTBETCTBYIOIINX CEYEHUAX, NEUCTBYIOIINE HA PaBHBIE MO Pa3Mepy TOPLOBBIE
mwiomagu @ = @, . (M3meHeHneM JaBieHUs MO BBICOTE MTOTOKA B TPyOE U cuIaMu
TPEHUSI M3-32 MAJOCTU y4yacTKa MpeHeOpe:kéM.) Pa3HOCTh 3TUX CHUJT COCTaBIISIET

BCIIMYUHY
(Pl — PR, )a)l -

OTOMYy MMIYJIbCY COOTBETCTBYET CEKYHIHOE U3MEHECHHUE KOJIUYECTBA JABU-
KEHHSI )KHUJIKOCTH, BTEKAIOIIEH B pacCMaTpUBaeMblii 00bEM M BBITEKAIOIEH U3 He-
ro. Ecinu cunrtarh, 4TO CKOPOCTH MO CEUEHUSAM PACIPEAEIICHBI PABHOMEPHO, ITOMY-
YUM:

QpV, —QpV, =Qp(V, -V,).

HpI/IpaBHHeM HMITYJIBC CHUJI 1 UBMCHCHHC KOJIMYCCTBA ABHIKCHUA 110 TCOPCMC 00
HN3MCHCHHNH KOJIMYCCTBA ABUXKXCHMUS

(Pl — R, )a)z =QpoV, —V,).

PasnenuM ypaBHeHHe Ha @, 1 yuTéM, uto Q = @,V

w .\
(Pl -PR, )_2 =22 /O(Vz _Vl) = p(vzz _V1V2)
w, ,
. 2 . 1., 1,
Jlajsiee MpOM3BENEM COKpAILEHHsS, 3aMEHUB BEIMUYMHY V, CYyMMOIi EVZ +§V2 :

1,2
HckyccTBeHHO 100aBUM B TIPABYIO YaCTh U TYT K€ BHIYTEM BEITUUUHY Evl )

1 1 1 1
R-PR= p(EVZZ +§V22 —V,V, +EV12 _Evlzj .

[leperpynnupyem 4jieHbl B IPaBOW YaCTH PABEHCTBA

1 1 1 1
R-F= p(EVZZ —V\V, + Evlzj + pEVZZ - p§V12 -

3amMeTuM, 4YTO BEJIMYMHA B CKOOKaX MOKET OBITh YIIPOIIICHA
1 1 1 1
Evzz _V1V2 + Evlz = E (\/22 - 2V1V2 +V12): E (Vz _V1)2 .

IIpoBens 3ameny, OIy4YuM

1 1 1
P-F ZPE(Vz _V1)2+pEV22_pEV12-

ITocne MEPETrpynIIMpOBKU YICHOB ITOJIYIUM

1 1 1
Pl+p§V12 =P, +pEV22 +p5(\/2 _V1)2
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PaBILCJII/IM BCC YJICHBI pPaBCHCTBA Ha ,Og
P 1 P, 1
p V12 - ,0 V22 (Vz _V1)2 .
£9 Pg 2 £9 ,09 2 ,09 2
OKOH‘{aTCJIBHO YPaBHCHUC IIPUMCT BU
Pl V § Pz _|_V22 + (Vz _V1)2
9 2 g pg 29 29

CpaBHHM MOJTyYeHHOE YPaBHEHHE C HCXOIHBIM ypaBHeHHeM st AN | rio-

2 2

B V) (B, Y,
g0 29 do 29

Jly4EeHHBIM U3 ypaBHeHus bepaymm:  Ah, =

Ecnu nonmycTuth, 4To popmMa 31op CKOPOCTEH B IEPBOM U BTOPOM CEUCHUU

OJIMHaKOBa, T.e. &) = &, W UX 3HAYCHUS MPUOIMKAIOTCS K €AUHUIE T.K. TOTOK

. 2 2
TypOyIeHTHbIH, 1 moMersaTs Mectamu Vi u Vi, tx. (V, -V,)° =V, -V,)*, o u3
CpaBHEHMS MOCJIEIHUX yPABHEHUI MOKHO MOJIY4UTh, 9TO:

vy
29

Ah

M

HassaB pasnocts (V, —V,) mOTEpSHHOW CKOPOCTBIO, MOXHO CKAa3aTh, YTO

nomepsa HaAnopa nNPpu 6HE3ANHOM DPACUIUPEHUU PAGHA CKOPOCHMHOMY HANOPY,
HOOCUUMAHHOMY HO NOMEPAHHOU CKOpocmu. IDTO YTBEPXKICHUE HOCUT UM
meopemul bopoa - Kapno.
[Tocneaaioro hopMyITy MOXKHO TIepenrcaTh B BUJIC:
ARYE v, L) V2
Ah, =|1-4%| L 170071 Ah =|L-1| 2%
V. ) 29 V, 29

C yuyeroM TOro, 4YTo Ha OCHOBAaHUW YPABHEHUS HEPA3PHIBHOCTU MOTOKA
@V, = ®,V, , Te e noTepyu HAIIOPa MOKHO IIPEICTABUTH B BUJIE:

“\2 @ “v2
Ah, = 1-% | Vi - Ah =| 22 1| =
“ w, ) 29 @y 29
V 2
CpaBHuBas nocieHue BepaxkeHus ¢ Gopmyioii Belicbaxa Ah, =& — 2g

MOYHO BBIJICJIUTHh BBIPAKEHUS ISl KOIhhuyuenma mecmuozo conpomueieHus
npu 6HE3ANHOM PACUUPEHUN NOMOKA:

2

@y
¢, =|1-—|, ecnmu Ah, onpenensts mo ckopoctu V, ;
W,
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Gy = 5‘1 , eci Ah, ompenensts no ckopoctu V,.

BHe3annoe CY’KCHHE IT0TOKA

[Ipu BHE3aITHOM CY)KEHHH, TAK ke

KaK ¥ TIpHU BHE3AIHOM pacllupe-

HUM TMOTOKa, CO3/JA0TCA Mpo-

CTPAHCTBA C 3aBUXPEHUSIMH Bpa-

‘== IIAIOWENHCS KHUIKOCTH, KOTOPBIE

o0pa3yloTcsi B IMPUCTEHHOM IIPO-

1% CTPaHCTBE LIMPOKOI 4acTu TPyOBHl.

et SR R s 2 Takue ke 3aBUXpeHUsT 00pa3yroT-
R G S o

1 ¢4l B Havale y3KoH 4acTu TPyObI 3a

C4€T TOro, 4TO NpPHU BXOAE B HEE

(Y3Ky10 4acTh) *KUJIKOCTh MPOJIOJKAET HEKOTOPOE BPEMS IBUTaThCs 10 MHEPLIMH B

HaIlpaBJIEHUU LIEHTpa TPYObl, © OCHOBHOE PYyCJIO MOTOKA €IIE HEKOTOPOE BpeMs

MPOJIOJKAET cyx)aTbea. CrneaoBaTelibHO, IPU BHE3AIMHOM CYXE€HUU MOTOKA BO3HU-

KAaeT Kak - Obl JABa MOJpPSA MIAYIIMX MECTHBIX CONPOTUBIECHUS. MecTHOEe compo-

TUBJICHUE 32 CYET CY>KEHHS] OCHOBHOT'O pycja U cpasy K€ 32 HUM MECTHOE PaCIlH-

peHue, yxe paccMoTpeHHoe Bbile. C ydETOM 3TOro noTepu Hamopa npy BHeE3al-

HOM CY>KE€HUH MIPUMYT BUJ

AR KKK\\\\KKKK&KK&KKKK&H

‘“\KK\KKKKKK

......

“ﬂ“ﬁﬂ

g .:!{.5;.;;.'.'.'.'.
.Z\“'SH.. K\\\‘h

A ) YA
A, =& g T

!’ .
rie &, - Ko3QOHUINEHT MECTHOTO CONPOTUBICHHUS 32 CUET CYKEHHUS MOTO-
Ka,

V, - cpenHsis CKOPOCTh IIOTOKA B CAMOM Y3KOM MECTE OCHOBHOTIO pycia (B

CEeYCHUH ),

V, - cpenHss CKOPOCTb IOTOKA B CEYEHHH 2.

JIJis IpakTUYeCcKuX pacy€TOB Yallle BCEro MOJB3YIOTCS CIEAYIOIIEH MOoIy-
AMITUPUUECKON HOPMYJIION:

guzl _e | 11
T2 @ ) 2 nj’

rae N - CTENeHb CYKEHUs! TPYOBI.
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ITocTtenennoe pPacliipeHmnue nmoToxka

ITocrenennoe
pacuipeHue  TpyObl
Ha3bIBACTCA Ougpgy-
30pom. JIBrxkeHue
KUJIKOCTH B auddy-
30p€ COIPOBOXKIACT-
cs YMEHBIIICHUEM

CKOpPOCTH W TIOBBIIIE- T
HAEeM naBlicHus. Ya- 1

CTUIIBI KHUIKOCTU 2 KK\\\\\\KK&H‘&N&
JIBIKYTCS BIEpEN, B
CTOpPOHY 0oJiee BBICO-
KOr0 JaBJIEHUA, MO0 HHEPIUU 3a CYET CBOECM KMHETUYECKOW SHEPTUHU, KOTOpas
YMEHBIIIAETCS 10 HAIPAaBJICHUIO IBWXKEHUs. Kpome Toro, 3a cuéT pacummpeHust
TPyOBbl YACTHUIIBI >KUJIKOCTU JBIDKYTCS HE TOJBKO BIIOJIb OCH TMOTOKa, HO M B
HaIlpaBJIICHUH OT OCH K CTEHKaM. B KakoM-TO CEUEHHHM WHEpUHUs KUIKOCTU
YMEHBIIIAETCS 10 TaKOW CTEMEHM, YTO €€ HE XBaTaeT JJIS IPEOJIOJIEHUS MOBBIIIA-
IOILIETOCS AaBieHusA. Torjaa Takue 4acTULbl )KUAKOCTA OCTAaHABIIMBAIOTCS WM Jla-
K€ HAYMHAIOT JBUTAThCS B 0OpaTHOM HampaBieHHH. B pesynpTaTe BO3HHKAIOT
BUXPEBBIC TOTOKU M MTOTOKHU, OTPHIBAIOIINECS OT CTEHKH. DTH SIBIICHUS 3aBUCAT OT
CKOPOCTH Y MHTEHCUBHOCTH paciiupenus noroka. Kpome toro, B nuddysope npo-
HCXOAAT OOBIUHBIC MIOTEPU HA TPEHUE, MOJO0OHBIE MOTEPSIM M0 JIJIMHE B TpyOax mo-

PN AN

CTOSHHOTO ceueHns. TaxuM obpasoM, motepu Hepruu B auddysope Ah, cxa-

JIBIBAIOTCS U3 TIOTEPh HA TPEHUE 10 JJIMHE U MTOTEPh Ha BUXPEOOpa3oBaHUeE 3a CUET
pacIipeHust:

Ah, =Ah, +Ah

pacuuperus "

Jlist onpenenenns 3TUX BEJIMYUH PacCMOTPUM Kpyribld Aud@dy3op ¢ yriom oT-
KJIOHEHHS CTEHKH OT OCH, paBHbIM & | M TapaMeTpaMH, IPUBEAEHHBIMU HA PUCYH-
ke. Onpenenvm moTepu Ha TPEHUE HA IPOU3BOJBHOM JJIEMEHTAPHOM Y4YaCTKE

muddysopa mmunoit dl . Yeenuuenne pagmyca nuddyzopa Ha 3TOM yuacTke co-
craur dr . C yuérom storo
dr
sina

dl =

Torna motepu sHepruyM Ha ATOM DJIEMEHTApHOM ydacTke 1o dopmyne lapcu co-
CTaBAT

2
dn, =2, A V"
2dr 29’

3 YCIIOBUA IMOCTOAHCTBA pacxoaa MOKHO 3allMCaThb
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oV, =wV =7a?V, =a?V

Orcrofa, BeipasuB V , MOJyYnM:

r 2
(2]
r

rie V u I - coorBercTBenHO crOpOCTE *XUmKOCTH M paguyc muddysopa

B HAdalle IPOU3BOJBHO BhIOpaHHOro yuactka auddyszopa 0l . Mx moxwo pac-
CMaTpHUBaTh, KaK TEKYIIME 3HAUCHHsI TapaMeTPOB.

[MoacraBuB mosy4deHHbIe BeIpaxeHnus B popmyny mist  dh, | momydnm:

mp

2 2
on g (50 (]
v 2rsina \ r Zg 2sin o 29 r

Tlocie MHTErpupOBaHHUs 10 paguycy B npexenax or I no 12 Gymem umers:

yIAVA r4—1r2

“8sina 2g ' r

dh =4, —— j —dr
23ma29

n

2 2
%—T£r14 _%+i4 :Lv;rl“ _i4+i4 =
8sin ¢ 29 r,, n 8sin o 29 r,, n :

_Ar 1_L4 V_12
8sin r, )2d

Ecnu yuects, uto

£}

2 2
w, 7 _ G o_
w, 7zr12 r12 '

rae N - crenens cyxenus nuddysopa,

TO opMyITy TOTEPh Ha TpeHHUE B TP dy30pe MOKHO TIEpenucaTh B BUIE:

ah = A [ BN 4 [1_ijvz

"’ 8sina r, )29 8sina 29"
Bropoe cnaraemoe B ¢opMmyiie nmoreps Hamopa B 1ud@y3ope mpencTaBisiet
co00l MOoTepH PHEPTUU Ha pACIIMPEHHE IMOTOKA. ITH IMOTEPH MOXO0XKH Ha MOTEPH

2 2
1
IpH BHE3AMHOM paciuupenun Ah, :[ ——J = (1—H , OJTHAKO UMEIOT HECKOJIBKO
@,
MEHBIIYIO BEJIMUKHY, NMOATOMY B (GOpMYIY Ui UX OINpPEACTICHUs] BBOAAT MOMpa-

BOYHBIA KOAPHUIUECHT k . UucnenHoe 3HaueHue 3TOro Kod(h UIIMEHTa MOXKHO
onpenenuTs o Gopmyne Maenpunka:

k = 3,2tgoxi/tgo |
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WK pUOImKEHHO N0 hopmyne Dnuruepa
k =sin 2« .

OxoHyaTenbHO (QopMmylna ISl OmpejaesieHus MoTeph Hamopa B auddysope

IIPUMET BU/T
2 2

Ah, = L(l—iz} k(l—lj Vi

’ 8sin n n 29

CpaBHuBas 3T0 BbIpaxkeHue ¢ ¢opmynoil BeiicOaxa jerko BBIABHTH KO3 (-
(GUIIMEHT TMOoTeph HA MECTHOM COMPOTHUBIIEHUHU, KOTOPBIM st nuddy3opa Oyaer

PABHATHCA:
2

EIEC AN R I

8sin « n? n

M

ITocTenennoe CY;KCHHE IMOTOKA

Takoe compoTHBIEHHE TPEACTABIACT COOOW KOHMYECKYIO CXOJSIIYIOCS
TPYOKy — Konghyzop. Teduenue B KOH(Y30pe COMPOBOXKIAETCS MOCTENICHHBIM yBe-
JWYEHUEM CKOPOCTH U OJHOBpPEMEH-
HBIM CHIDKEHHEM JaBieHHd. 1lo »aTon
IPUYUHE YCIIOBUS ISl BUXpeoOpaso-
BaHHUS HAa KOHMYECKOW IMMOBEPXHOCTHU
OTCYTCTBYIOT. lloTepn B 3TON 4acTu
: MECTHOI'O COIPOTUBIICHUSI MPOUCXO-
it o S Y 14T TONBKO 3a CuéT TpeHus. Buxpe-
2 0o0pa3oBaHME€ MOXKET TMPOUCXOJUTH

TOJIBKO B Y3KOM 4actu TpyObl. Ero

1 NpUPOJAa AHAJOIMYHA TPHUPOJE IIO-

TOOHOTO BUXpS TPH  BHE3AMTHOM

CY)XEHUH TIOTOKAa, OJIHAKO BEIMYMHA CYIIECTBEHHO MEHbIe. B OonmpIIMHCTBE pa-

OOT MO THAPABIMKE YKA3bIBAETCS, YTO 9Ta BEJIWYHHA CTOJh HE3HAYUTENbHA IO

CPaBHEHHUIO C TIOTEPSIMH HAa TPEHUE B KOHUYECKOW YacTH KOH(Y30pa, 9TO €10 MOXK-
HO NpeHeOpeyb.

C y4€ToM CKa3aHHOTO, BEJIMYUHY ATUX MOTEPb MOKHO OIMpPEAEIUTh Mo Gop-
MyJI€, BBIBOJI KOTOPOU aHAJOTUYEH BBIBOAY (hOpMYJIbI IOTEPh HA TpeHUe B 1uddy-

3ope. OHa UMeeT BU:
2
an, = gde (1 L)
7 8sinh«o n° J2g

DlpewmmmEdeagL

Bripaxkenne s onpeaeneHus: kodgduimeHta norepb Ha TpeHHE B KOH(Dy3o0pe
OyJleT UMETh BU/I;

A (1

8sin «¢ N

M
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BHe3anHblii IOBOPOT OTOKA

Takoe MecTHOE CONMPOTHBIICHHUE, Ha3bIBaEMOE OOBIYHO KOJICHOM, OYEHb
CWJIBHO BJIMSIET Ha MOTepu Hamopa. B HEM
POUCXOJIUT OTPHIB MOTOKA OT CTEHKHU TPY-
Obl U CO37AI0TCA JIBE€ CJIOKHBIE BUXPEBBIC
30HbI, B KOTOPBIX HHTEHCHUBHO TEpAETCS
sHeprus. CrerneHb WHTEHCUBHOCTH CYIIIe-
CTBEHHO 3aBUCHT OT yrJia noBopora & . Ko-
3¢ PUIMEHT MECTHOTO COMPOTUBIICHUS 3HA-
YUTEJIBHO BO3PACTACT C YBEIMYECHHEM YyTJia
IOBOPOTA, U €r0 MOKHO OIMPENEIUTH 10 IM-
nupudeckou popmyiie

& =0,95sin 2(5) +2,05sin 4@) ,
2 2

B Ir'napoCucCTCMax HOIIO6HI>IX MCCTHBIX COHpOTI/IBJIGHI/Iﬁ PCKOMCHAYCTCA n30erarh.

Ils1aBHBINH NOBOPOT NMOTOKA

[TocTenenHpii MOBOPOT TPYOBI (OTBOJ WM 3aKPYTIEHHOE KOJIEHO) 3HAYU-
TEIbHO YMEHBIIAET BUXPEOOpa30BaHHUE U, CIIEIOBATEIbHO, MOTEpHU SHEpruu. Be-

R
JIMYHWHA IIOTCPh CYIICCTBCHHO 3aBUCHUT OT OTHOIICHUA ~—~ H yIJId a .

d
KoaddummenT MecTHOro conmpoTUBICHUS ISl TUIABHOTO MOBOPOTa MOXKHO
OIPENENUTH 110 SKCIIEPUMEHTANLHEIM (opmyaam. s mosopora mog yriaoM 90° u

R
— >1 on pasen

d

&% =o,51+0,19%;

1714 yria mosopora Gonee 100°

ao 0
E = o,7+0,35900 E°

Mmoo
0
J1s1 yria moBopoTa menee 70

- &g =0,9sin &% |
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Jlekuus 15. Kpurepuu nogooust

B mporiecce mpoekTHpoBaHUS Pa3IMYHBIX THUAPOCUCTEM, TPYyOOIPOBOJOB,
TUAPOTEXHUUYECKUX COOPY>KEHUM, THIIPABIMYECKUX U Ta30BBIX CHUCTEM XHUMHYE-
CKUX U HEPTEXMMHUYECKUX MPEINPHUATUN HEPEAKO BO3HUKAET HEOOXOJAMMOCTb HE
TOJBKO MaTEMaTUYECKOTO, HO W HATYpHOTO MOJenupoBaHus. B Takom ciyuae
HE00X0AMMO, YTOOBI paboTa TUAPOCHUCTEMBI IEUCTBYIOIIEH MOJEIN COOTBETCTBO-
Bajia (yHKIIMOHUPOBAHUIO PEATLHOTO O0BEKTa. ITO O3HAYAET, YTO Pa3IMUHBIC Xa-
PAKTEPUCTUKH MOTOKOB KUAKOCTH, KOTOPbIE UMEIOT MECTO B MOJICJIM U B pEAIbHOM
CUCTEME, JOJKHBI ONMKUCHIBATHCS OJUHAKOBBIMU 3aKOHOMEPHOCTSIMU, XOTS UX YUC-
JICHHbIE 3HAYEHUSI MOTYT CYIIECTBEHHO pa3inyarhcsi. B HaTypHOW MoOJeau OHU
MeHble (Kak MpaBuiio) Wi OoJibliie (BCTpEYaeTCsl pexke), 4YeM B JICUCTBUTEIBHO-
ctu. J{s 3TOro He0OX0JUMO UMETh KPUTEPHUH, KOTOPHIE MO3BOJISLIIN JIM ObI «Mac-
mMTaOUPOBATE» PEATBHYIO CHUCTEMY. DTH KPUTEPUU YCTAHABIMBAIOTCS B TEOPHUH
11010011 TIOTOKOB YKUJIKOCTH.

OcHOBBI TeOpHM NMOA00HUS, TeOMETPUYECKOE U TMHAMHYECKOE MO10-
oue

T'uopoounamuueckoe nododbue - >T0 1OAOOHME TOTOKOB HECKUMAEMOU
KUJKOCTH, BKJIIOUAIOIIEE B CEOS1 nOO0OUe 2eomempuueckoe, KUHeMamu4eckoe u
OuHamuueckoe.

N3 reoMeTpuun U3BECTHO, UTO 2e0oMempuueckoe nododue O3HavaeT Mpo-
MOPIMOHATBLHOCTh CXOJICTBEHHBIX pPa3MEPOB M PABEHCTBO COOTBETCTBYIOIIHUX
yrioB. B rujmpaBivke moja reoMeTpUYSCKHM T0J00HMEM MOHUMAIOT TMOJI00Me TeX

1
[ ;’;’ffff////f?fxﬁ-:-j?
&, 1
2 et
S, 2
>, o

L - 7 2

2 T

1 I

MOBEPXHOCTEH, KOTOPBIE OTPaHUYMBAIOT TOTOKH KHIKOCTH, Takum oOpa3oM B
TH]IPABIIUKE TEOMETPUYECKOe Moo0ne 03HaYaeT MoJo0ue pyces Wiu Tpyoomnpo-
BOJIOB, IO KOTOPBIM TE€UET KUIKOCTb.

Kunemamuueckoe nodobue 310 monodue TUHUN TOKA U TMPOMOPIIMOHAIb-
HOCTb CXOJICTBEHHBIX CKOPOCTEH. DTO 3HAUUT, YTO JJISI KHHEMAaTHIECKOTO IT0100Us
MOTOKOB TpeOyeTcs: COOII0ACHUE TeOMETPUUECKOTO OJ00uSI.
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Jlunamuueckoe nodoodue 3aKa04acTCs B IPOMOPLUOHAIBHOCTH CUJI, JEH-
CTBYIOILIUX HA CXOJCTBEHHBIEC 3JIEMEHTHl KMHEMATUYECKHM U T€OMETPUYECKH IIO-
JOOHBIX MMOTOKOB, U PaBEHCTBO YIJIOB, XapaKTEPU3YIOIIKX HAIIPABJICHUE JICHCTBUS
ATUX CUIL

B notokax xuakocTed (B HalleM ciydae B TpyOOIIpoBOax, B rMAPOMAIIH-
HaxX U T.J.) OOBIYHO JEHCTBYIOT pa3Hbl€ CHJIbI — CHJIbl JAaBJICHUS, CHJIbI BS3KOTO
TPEHHUsI, CUJIBI TSDKECTH, HHEPLMOHHBIE CHiIbl. COOMI0EHIE TPONIOPLNOHAIIBHOCTH
BCEX CHJI, ICUCTBYIOIIMX B MOTOKE, O3HAYAET HOIHOE 2UOPOOUHAMUYECKOE NOOO-
oue.

Ha npakTuke moiHOe THAPOAMHAMUYECKOE MOJ00ME TOCTUTAETCA PEIKO,
MIO3TOMY OOBIYHO MPUXOJUTCS OTPAHUYMBATHCS YACHUYHBIM (HENOJIHbBIM) 2UOPO-
OuHamuyecKkum noooduem, pu KOTOPOM HMEETCS NPOIOPLUUOHAIBHOCTD JINIIb
OCHOBHBIX CHIL

3anuceiBaeTcsl mojgo0ue cienyromuMm obpasoM. Hanmpumep, mpomopimo-

HaJabHOCTHL cui gasnenus P u cun tpenus T, nelictByrommx B morokax | u 1,
MO’KHO 3alicaTh B BUE

Kpurtepuu noaoous 1 MOTOKOB HECXKMMAEMOM KUIKOCTH

Kpurepnii nogoousst Hororona

B momo0HBIX MOTOKaX CHIIBI, ¢ KOTOPBIMHU ITOTOK BO3JCHCTBYET HA MPETMST-
CTBHS - TBEpAbIC CTCHKH, JIONMACTH THIAPOMAIINH, OOTEKaeMbIe MOTOKOM Teja, U
JpyTye Tperpajbl, AOKHBI ObITh MPOMOPIHUOHAIBHBI. JTUMHU CHJIAMH SIBIISTFOTCS
CUJIbI MHEPLMH JIBHXKYIIEHUCS KUIKOCTH, KOTOPbIE POMOPIMOHATBLHBI POU3BE/IE-
pV*

2
nperpaay HpH IUIOMIAAN BO3JEHCTBHS S.

PaccmoTpumM, Kak MOTOK KUJIAKOCTH
HaTaJIKUBaeTCsl Ha O€3rpaHUYHYIO CTEHKY,
YCTAHOBJICHHYI0 HOPMaJbHO K HEMY, U B
pe3yabTare, pacTeKasCh MO HEH, MEHSET
cBoe HamparieHue Ha 90°. Ha ocHoBaHMM
TEOpPEMbl MEXAaHUKU O KOJIMYECTBE JIBHKE-

HHUIO JHMHAMHUYCCKOI'O OJaBJICHUA Ha

HUS CeKYHIHBIH MMIyIbc ciitbl | g, ¢ Ko-
TOPOM IOTOK IEMCTBYET HA CTEHKY, PABEH:

I l. = PQV = pV°S

rae L - IDIOTHOCTH KUJAKOCTH,

Q - CexyHIHBIN pacXol JKUIAKOCTH,
V' - cpemnsis CKOPOCTh KUIKOCTH,
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S - mmomans BO3AEHCTBUS CTPYH HA TIPETPaLy.
DTO U €CTh cujia BO3JEUCTBUA Ha mperpany. s mogobusix motokos | u Il
JOJKHO BBITTOTHATHCS PABEHCTBO

I:I — (pvqi S )|
F,, (pV;S)“ !
NN

F F

_ ~ N
(ovzs)) ((ov2s)) °

ITocmennee oTHOIICHHWE, OJMHAKOBOE I MOJOOHBIX ITOTOKOB, HA3bIBACTCS
yucnom Heromona v o6o3nauactcsa Ne.

Kpurepuii nogodus Jitjiepa

Bnavane paccmoTrpuM HamOosee MPOCTOM Cydail - HamoOpHOE JBUKEHUE
WJICaIbHON KUJKOCTHU, T. €. TaKO€ JBIXKCHUE, TP KOTOPOM OTCYTCTBYIOT CHJIBI

BA3KOCTH. J[jist 3TOrO0 cilydas ypaBHenue bepaymnu qus ceuennii 1-1 u 2-2 Gyner
VMETH BUJI:

P VP VS
PI 29 P9 29

U3 ycnoBus Hepa3phIBHOCTH MOTOKA pacxoasl B cedenusax 1-1 n 2-2 ¢ mo-

IIAAIMUA COOTBETCTBEHHO ®; U @, OAWHAKOBBI, a 3TO 3HAYMT, UTO

Vo, =V, 0, ,
OTKyza

Vv, =V, £

(D)

g1

[MoacraBuB MociaeqHee COOTHOLIEHUWE B ypaBHeHHE BepHyIuM, mocie nepeHoca

YJICHOB TIOJTYIUM:

2
R-P 1 Vz_Vza)z

- 2 2 2 2

£9 g W,

[Tocne oueBUIHBIX TPEOOPA30BAHUIN U COKPAIIICHUM MTPUAEM K BUTLY

PR-F _a)zz
Vz - a)z-

P 2 1
2

Ecnu nBa moToka reoMeTpuYecKd MOAOOHBI, TO IMpaBas 4acTh YpaBHEHUS
MMEET OJTHO U TO XK€ 3HAYECHUE, CICJOBATENBHO, JIEBAs YaCTh TOXKE OJMHAKOBA, T.€.
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pasHocTH jgaBieHuil B ceueHusx 1-1 u 2-2 nponopuuoHanbHbl JUHAMUAYECKUM
JIABIIEHUSIM:

AP AP

2 | 2
oV oV

Takum oOpa3zoM, NMPU HAMIOPHOM ABUKEHUHU UJI€ATLHON HECKUMAECMOU KU /I-
KOCTH JiJIs1 00eclieueHus: THAPOIUHAMUYECKOTO MOJA00Us JOCTATOYHO OJIHOTO T'€0-
MeTpuueckoro noaodusi. bespasmepHas BeauuuMHa, MPEICTaBISAIONIAs COOOM OT-
HOILIEHUE PAa3HOCTU JABJICHUM K TUHAMHUYECKOMY JABJICHUIO (UJIU Pa3HOCTHU Ibe-
30METPUYECKUX BBICOT K CKOPOCTHOM BBICOTE), HAa3bIBACTCA KoIghhuyuenmom
oaenenusn Win yucnom Jiiepa v obo3nadaercs EU.

B cnydae HamopHOro JBHXKEHHUS B TPUBEAEHHBIX YPaBHEHUAX TIOJ
P, P,, AP MoxHO MOHMMATh TOJTHOE JaBieHUE (HA KUIKOCTh ICUCTBYET TaKXKE CH-
Ja TSDKECTH, HO B HAMIOPHBIX MOTOKAaX €€ JIEMCTBUE MPOSBIIACTCS Yepe3 JaBJICHHUE,
T. €. OHO CBOJIUTCA JIMIIIb K COOTBETCTBYIOIIEMY HW3MEHEHHUIO JaBJICHUS 3a CUET
[IIyOWHBI MTOTOKA), T.K. NMPU BBICOKUX JABJICHUAX BEJIMYMHA JIABJICHUS, 3aBUCAIIAS
OT TJIyOMHBI MMOTOKA, HECOU3MEPUMO MaJia, U BEJIMYMHA TUAPOCTATUYECKOTO HAIO-
pa MPaKTUYECKH TOJHOCTBIO OIpeaenseTcs M30bITOYHBIM aaBieHueM. Crenoa-

TCJIIBHO, IJIA EU MOKHO 3aIIMCaThb:

L9V Vv

rae AH, - pasHOCTh CTAaTUYECKHUX HAIlOPOB.

Kpurepuii nogodus PeiiHosibaca

[TocMOTpUM, KaKOMy YCIIOBHIO JOJDKHBI YJIOBIICTBOPATH T€ KE reOMeTpUUe-
CKH U KMHEMAaTHYECKU MOJO0OHBIE MOTOKH JJI1 TOr0, 4TOOBI OBLJIO 00ECIEUEeHO HX
TUAPOJIMHAMUYECKOE T0100Me TPU HAJIMYKMU CHJI BS3KOCTH, a, CJICAOBATEILHO, U
IIOTEPh DHEPIHH, T.€. MPU KAKOM ycioBMM uuciaa EU Oyayr onMHAaKOBBEIMU Uit
STHX IOTOKOB.

YpasHenue bepHyiun 11 3T0ro ciaydast IpUMeET BU:

2 2 2
PG WP VP LV
£9 29 9 29 29

_Q
VLI TIO aHAJIOTHH C TIPEABITYIIMMH PacCykKASHUAMH, yuTs, uto Vi = . * MOXKEHO
1

HaItmcaTb
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Kak BUIHO U3 MOCIIEHETO ypaBHeHus, yncia EU GyayT uMeTh oMHaKkoBbIE
3HAYEHUS JJI PAaCCMAaTPUBAEMBIX MTOTOKOB, & CAMH MOTOKH OyAyT MOJOOHBI APYyT
ApYTy THAPOJIMHAMUYECKH IIPU YCIOBUU PAaBEHCTBA KO3()PHUIIMEHTOB COMPOTUBIIE-

HUs (paBeHCTBO Kod(uineHToB & u &, A CXOACTBEHHBIX CEYCHHM JIBYX IO-
TOKOB CJIETyeT U3 UX KHHEMATHUECKOro moaoous). Takum obpazom, KodpuiiueH-

ThI COHpOTI/IBJIGHI/Iﬁ 5 B HO,Z[O6HI)IX IIOTOKax AOJI?’KHBI OBITH OJMHAKOBBIMH, a 3TO

3HAYUT, 4YTO IIOTCPU HAIIOpa IJIA CXOACTBCHHBIX YUACTKOB IIPOIIOPIHNOHAIIBHBI CKO-
POCTHBIM HAIIOpPaM.

hl—2 — h1—2
2 g | 2 g 11

PaccMoTpuM O4eHBb BaKHBIM B THAPABIUKE CIy4adl JBUKCHHS KUJIKOCTU -
JBWKEHUE C TPEHUEM B UWIMHAPUYECKOM TpyOe, JUIsi KOTOPOro Ko3(PQUUIUEHT
TPEHUS MOKHO onucath popmysoit

I
I[J'Iﬂ IrCOMCTPHUUCCKH HOI[O6HI)IX IIOTOKOB OTHOIICHUC E OAMHAKOBO, CJIC-

J0BaTEIbHO, YCIOBUEM T'MIPOJIUHAMUYECKOrO NOI00MS B TaHHOM CIly4yae SIBJISET-
Csl OIMHAKOBOE 3HAYEHHUE JJIsl ATUX MOTOKOB KO3 (dULIeHTa A . Ou BBIPAXKaeTCs
yepe3 HalpskeHue TpeHust Ty Ha CTEHKE M JUHAMUYECKOE JIaBlieHHE, Kak ObLIO
YCTaHOBJICHO paHee, CAEAYIOIHUM 00pa3oMm:

4t
A= jz.
Py

CrnenoBaTenbHO, 1 ABYX MOA00HBIX MOTOKOB | 1 || MokHO 3amucath

—TO = —TO — k
2 2 '
oV ), oV

T. €. HAIIPSKEHUS TPEHUS IPONIOPLUHUOHAIBHBI JUHAMUYECKUM JTaBIICHUSIM.
VYuuteiBas 3akoH TpeHus HproToHa ¥ TOT (hakT, 4TO B MOCIEIHUX YPABHEHU-

ax V =V

cp » HPEABIAYIINEC OTHOIICHMA, paBHBIC k, MOXHO BBLIPA3UTDH
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v
S
Ve,

TJIe HHICKC y = ¢ O3HAYAET, YTO MPOU3BOHAs B3sita ipu y = 0, T. €. y CTEHKH TpY-
obl. [Ipu 3TOM 3amMeTM, 4TO 3aKOH TpeHHUs] Hpl0TOHA MPUMEHUM JIMIIH TIPH JIAMH-
HapHOM TeueHuu. OJIHaKo, KaKk ObUIO MOKa3aHO BHINIE, MPU TypOYJIEHTHOM Teue-
HUU B TpyOax BOJIM3M CTEHOK 00pa3zyeTcsi TOHKUM JJAMUHAPHBIN CJI0M, BHYTPH KO-
TOPOro CIpaBeMB 3aKoH TpeHus HptoroHa. IloaTOMy HampsbkeHHE TpeHus

T Ha CTEHKEe MOXET OIpPEIeIATHCS IO STOMY 3aKOHY TaKxkKe U IIPH TypOYICHTHOM
TEUYCHUMU.

[Tocne yMHOKeHMs U jieJieHusl Ha auameTp Tpyosl O u meperpynnupoku
MHOXUTEJIECH MOJIYyYUM:

a v
Kk — dVv d ﬁ 1 . ch | 4 —C Vv
dy ), V., pV,d d(yj v,d Vv d-
d
L Jy=0

3necs OykBoii C 0003HaYeHO BHIpaKEHHE B KBaJpaTHBIX CKOOKax, Mpen-
cTaBJsitoliee co0oi 6e3pa3MepHBI rpaJIMeHT CKOPOCTH BOJIU3M CTEHKH.

I[J'Iﬂ KHMHCMAaTH4YCCKHU HOI[06HI>IX IIOTOKOB BCJIMYHMHA C OJJMHAKOBa, IIO3TOMY

IMOCJIC COKpAIICHHA Ha C YCIIOBUC NTUHAMHNYCCKOTI'O HOIIO6I/I$I IMOTOKOB IICPCIIUILICM
B BUJC

LA R
v,d v,d

HIIH, IICPCXO g K 06paTHI>IM BCJIIMYMHaAM
Re, =Re,,.

B sTom 3akntouaercss kpumepuit nodoousa Peiinonvoca, KOTOPbIA MOKHO
chopMynHpoBaTh CICAYIOMKUM 00pa3oM: JUIsl TUIPOAMHAMUYECKOTO MOI00US Teo-
METPUYECKH U KUHEMATUUECKH MOJ00HBIX MTOTOKOB C YUY€TOM CHJI BSI3KOCTH TpeOy-
€TCs PaBEHCTBO uucelsl PeitHobaca, MOJCYMTAHHBIX JIJIs 000 maphl CXOJACTBEH-
HBIX CEYEHHI ITUX MTOTOKOB.

Kpurepuii nogodus ®@pyna

B Tex ciyyasix, Korja ABUKEHHE KUJKOCTH SBIISIETCS OC3HATIOPHBIM U MPO-
MCXOJIUT MO JACUCTBHEM PA3HOCTH HUBEIUPHBIX BBHICOT, YCIOBUE MOAOOUS MOTO-
KOB OIMCHIBAETCSI MHAYE, C TIOMOIIBIO IPYToro KpuTepus noaobus - yucaa dpyoa.
OTOT KpPUTEPHUI YUUTHIBAET MPOMOPIUOHATBHOCT B OTHOIIEHUAX CHJI MHEPLUHH K

138



cunam Tspkectd. OHAKO TS TIOABJISIFOIIETO OOJIBIIMHCTBA WHTEPECYIOMMUX HAC
3a/1a4y B 00JIaCTU MAIIMHOCTPOCHUS 3TOT KPUTEPHUI HE UMEET 3HAUEHHUS U paccMart-
puBaThcs HE OyIeT.

3akJ/iroueHue 0 Mo100UM HANMOPHBIX MMOTOKOB

Utak, B MoZOOHBIX HANOPHEIX MOTOKAX MMEEM PABEHCTBO O€3pa3MEpPHBIX
xo>(unuentos u uncen d, ¢, A, EU, Re, Ne. Usmenenne Re o3nagaer, uto me-
HSAETCS COOTHOLIEHHE OCHOBHBIX CHJI B IIOTOKE, B CBSI3M C YE€M yKA3aHHBIE KOD(-
(DULIMEHTHI MOTYT TAaKKE€ HECKOJIBKO MEHAThCA. [103ToMy Bee 5TH KO3 (PUIUEHTEI
clIedyeT paccMaTpHMBaTh Kak (yHKIMH RE (XoTa B HEKOTOpHIX MHTepBamax Re
OHM MOT'YT OCTaBaThCs IOCTOSTHHBIMH).
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Jlekuust 16. UcTeyeHne :MAKOCTH U3 OTBEPCTUH U HACATKOB

Hcreyenune KUAKOCTH U3 OTBEPCTUH U HACAKOB (KOPOTKUX TPYOOK pa3iuy-
HOU (hOpPMBI M CeUEHUI) XapaKTEpPHO TE€M, YTO B ATOM MpPOIIecCe MOTEHIMAJIbHAS
SHEPrusl KUJKOCTH HAa OYEHb KOPOTKOM PACCTOSIHUM U 32 OYEHb KOPOTKOE BpEMs
IpeBpallaeTcd B KHHETHYECKYIO SHEPIHUIO CTPYH (WM Kareiab B OOLIeM ciydae).
[Ipu 3TOM TIpPOMCXOMAT Kakue-TO, OOJbIIUE WJIM HE O4YeHb, oTepu Hamopa. [lo-
NOOHBIE PEKUMBI TEYCHHS KUIKOCTH BO3HUKAIOT MPH BBITCKAHUU KUIKOCTH W3
pe3epByapoB, 6aKOB, KOTJIOB B aTMOc(hepy WX MPOCTPAHCTBO, 3aMOIHEHHOE JKU/I-
KOCTbIO. AHQJIOTUYHBIC SIBIICHUSI MPOUCXOIAT NPU MPOTEKAHUH KUIAKOCTH YEPE3
MaJIbI€ OTBEPCTHS U LIEIW B HAIIPABIISIIOIICH, KOHTPOJIBHOM M PETYJIUPYIOIIEH am-
MapaType pa3aInyHbIX TUAPABINYECCKAX CUCTEM.

OCHOBHOMI BOIIPOC, HA KOTOPBI HYKHO HAaWTHU OTBET, COCTOUT B TOM, KakK
ONPENEIUTh PACX0Jl U CKOPOCTb MCTEUEHHS Yepe3 OTBEPCTHUS WM HACAIAKU pas-
JTUYHOU (POPMBI.

Cikartue cTpymn

[Ipu BBITEKaHWM KUAKOCTH U3 pPe3epByapa depe3 OTBEPCTHE B TOHKOW CTCH-

K€, TUaMeTp KOTOPOTO 3HAYMTEIbHO MEHBIIIE Pa3MEPOB pe3epByapa, a Kpas OTBEp-
CTHUSI UMEIOT MPSAMOYTOJIBHYIO (OpPMY, JUAMETP BBITEKAIOIIEH CTPyH OyJeT MEHb-
e pa3MepoB JHUaMeTpa

4—5 OTBEPCTHUSA. DTO MPOUCXO-
JUT TOTOMY, YTO KHJ-
KOCTh, BBITEKAIOMAs W3
pesepByapa, TMOMAJaeT B

TR

2 |

g 7Y OTBEPCTHE  CO  BCEX

) il HaNpaBIeHUH, a TocIe

i b dq| do HPOXOXKICHUSI  OTBEPCTHS

R S HAnpaBjIeHUE  JBUKCHUS
A 4

BCEX YAaCTUI[ KHUAKOCTH
: CTAaHOBUTCS OJMHAKOBBIM.
! ~do N3meHeHne HanpaBieHUs
JBUKEHUSI YaCTHUL[ KUAKO-
CTH B CHUJIy MX MHEPIHOH-
HOCTU MTHOBEHHO TIpO-
u3oiTH He MoxeT. [loaToMy cxkaTue cTpyn OOyCIIOBJIEHO HEOOXOAUMOCTBIO MO-
CTETNIEHHOTO M3MEHEHHS HAaIpaBJICHUS ABMXKCHHS KUAKOCTU MPU MPOXOXKICHUU
orBepcTus. Tak Kak pa3Mepsl pe3epByapa MHOTO OOJblle pa3MEepOB OTBEPCTHS,
OOKOBBIE TIOBEPXHOCTH M CBOOO/HAS TMOBEPXHOCTh HE MOTYT OKa3bIBAaTh BIUSHUS
Ha HaIpaBlIEHUE BXOJIa KUAKOCTA B OTBEPCTHE, TO B ATOM cliyyae HaOJrOmaeTcs
cosepuiennoe cocamue cmpyu. Takoe cxaThe SBISETCS HAMOOIBIINM, U OHO JI0-
CTUTaeTCsl Ha PAaCCTOSHUU MPUMEPHO PAaBHOM JMaMeTpy oTBepcTusi. CTEemeHb cxa-
TS BBIpaXKaeTcs KO3 OUIIMEHTOM CxKaThsl € :
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rne @, d, - mnomans u muameTp oTBepcTH,

., dc - IUIOLIA/Ib U JUAMETP COBEPILICHHO CKAaTOM CTPYH.

B tom cnyuae, ecnu UCTeueHUE MPOUCXOAUT U3 pe3epByapa Takou (HOpMEI,
YTO €r0 CTEHKHM BIIMSIOT HAa TPACKTOPHUIO JIBUKEHUS YACTHIl IPH BXOJE€ B OTBEP-
CTHE, HAOJIIOIACTCSI HECOBEPUIEHHOE CHCAmUe CIPYU.

BcenenctBue TOro, 4ro OOKOBBIE CTEHKH pE3EpByapa IMEpPe]l OTBEPCTUEM
(GopMUPYIOT HanpaBlIEHUE BHKEHUS KUIKOCTH, CTPYS MOCIE OTBEPCTHS CXKUMa-
€TCsl B MEHbIIEH CTEIEHH,
YeM INpH BBITEKAHUU U3
IPAKTHYECKU OECKOHEUHOTO

)

pe3epByapa. Ilo ston mpu-
yuHe MeHseTcs Koddduim-
eHT ckaTusi cTpyu. Dopmy-

duc>de

JBI 11 ONPENENIEHUs] 3TOTO
CKaTHUs JIJISl pa3HbIX JKHUJIKO-
CTEW W Pa3HbIX YCJIOBUM HC-
TE€YeHUs - 3Mnupuyeckue. Hanpumep, nis Kpyrioro HEHTPAIbHOIO OTBEPCTUS B
TOHKOM TOPILIOBOM CTEHKE TPYObl W NJIsi MAJIOBA3KHUX J>KUIKOCTEH KO3(PQPUIUEHT

— O,

cKaTusl  €; MOXKHO HaXOJUTh IO CIEAYIOEH dMIUPUYECKON (opMyse B TOJISIX
oT Ko3(ppuumenTa cxxatusi € MpU COBEPIICHHOM CXATUU CTPYH

& _ . 037
& E

n2.

riue n=—m"—;
a)pe3ep6yapa

r7ie, B CBOIO O4epellb, (), - TUIOIIAJb OTBEPCTHS,

@ posepsyapa ~ TWIOIIAIE CEUCHNUS pe3epByapa (B Mpu-

BEJEHHOM IpHUMepe IUIOUIa/lb MONEePEeYHOoro ceye-
HUS TPYyOBI).

Hcreuenune yepe3 MaJjio€ OTBEPCTUC B TOHKOM CTEHKE

PaccmoTpum GobIion pe3epByap € KUAKOCTHIO, U3 KOTOPOTO Yepe3 Majoe
OTBEpCcTHE B OOKOBOM CTEHKE BBITEKAET CTpyHKa. TepMUHBI «OO0JIBIIION pe3epByap»
U «Majo€ OTBEPCTUE» 03HAYAET, UTO 3TH Pa3MEPbl HE CKA3bIBAIOTCS HA N3MEHEHUU
BBICOTHI JKMJKOCTH (Haropa) B pe3epByape MpHU BBITEKAHUU U3 HErO JKUIKOCTH.
TepMHH «TOHKasi CTEHKa» O3HA4YaeT, YTO MOCJE CKATUSL CTPYS BBITEKAIOLIEH K-
KOCTH HE KacaeTCs UINHIPUYECKON ITOBEPXHOCTH OTBEPCTHSL.
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PaccMOTpHM JiBa CEYEHHs B 9TOM pe3epByape, 0bo3HaueHHbie nHaekcamu 0
u C. 3anumiem ypaBHeHHe BepHyIUH U1 9THX YCIOBHIA:

2 2 2
Z, +&+ao\/_0: Z, +&+acv—°‘+§v—°’_
A 29 A9 29 29
Jltst OIMCAHHBIX
0 YCIOBUM MOXKHO CYHUTATh,
o YTO JIBUKCHUS >KUIKOCTH B

ceuenun 0 mer, crmegosa-

TEJIbHO, CKOPOCTHOW HAaIop

paBeH Hymo. PasHuien Hu-

BEJIUPHBIX BBICOT, U3-3a MX

MaJoOro BJIMSHHUS  MOXKHO

npenedpeus. Koaddunuen-

l ToM ¢ B JAHHOM CIydae

0003HAYEHO CONMPOTUBIICHUE

oTBepcTHsl. IDTOT KO3 Du-

c de [UEHT YYWUTBHIBACT MOTEPU

SHEPrUM KUAKOCTU HA CXKa-

THE CTPYH U TpPEHUE B

CTpy#Kax *HUAKOCTU BOJIM3U OTBEPCTUU MPU (POPMHUPOBAHUN BBITEKAIOIIEH CTPYH.
C y4eToM 3TOro ypaBHEHHE NIPUMET BUL:

2 2
pO — pc + ac Vc + Vc .
A A9 29 29

[Tocnie meperpynnupoBKY YWIEHOB MOJTYYUM

do

pO_pc_
£9

BrIpa3um oTcroz1a CKOpoCcTh

\/pga o)

3aMEHHUM CKOPOCTh OTHOUIEHHMEM PACX0/ia K IUIOMIAU >KUBOTO CEUYECHHUS IT10-
TOKa ¥ BHOBbB IIEPETPYIIIUPYEM

QC pO _ pc

=

_ Y 129, _
. pg(ac+§)29 N R C\/pg(po p.).

[Ipoananu3upyeM MOJIy4EHHOE BBIPAXKEHHUE. 3AMETUM, UYTO UHJIEKC « ¢ » OT-
HOCUTCA K CTpy€, U 3TO €IWHCTBECHHBIM WHIAEKC, OTHOCSIIUKUCSA K JIBHKYIICHUCS
KUJKOCTH «Ha BBIXOJIE» PAcCMaTPUBAEMOTO HPOXOOHO20 ceueHusn (OmpeliesieHue
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1
MpUBEAEHO HIKE). OIMycTUM 3TOT UHAEKC. Bennuuna ) =@ - Ha3pIBAETCS

(o +¢
Koahpuyuenmom ckopocmu. Eciv cautath pacrperelieHue CKOPOCTeH B CTpye
paBHOMepHBIM (¢ =1), a JKUIKOCTH UICaIbHOM, B KOTOPOI HET MOTEPh HA TPEHHE,
10 k03 durment & =0 . Torna xodddurment ckopoctu @ =1,

OTcroa CTAaHOBUTCS MOHATHBIM (PU3UUYECKUN CMBICT KO3 PUIIEHTa CKOPO-
ctu. OH BbIpa)kaeT OTHOILICHUE Ol CMEUMENbHO20 PACX00a Yepe3 IPOXOTHOE Ce-
YEHUE K meopemuieckomy pacxody. JIefiCTBUTEIbHBIM pacXxo/I0M HA3bIBAIOT pac-
X0/, KOTOPbIA Ha caMOM JieJie TTPOXOJIUT Yepe3 MPOXOJHOE ceueHue. TeopeTnue-
CKHMI pacxojl 3TO TaKOW, KOTOPBIA MOT Obl MPOTEKATh Yepe3 MPOXOJHOE CEUCHHE

MIPU OTCYTCTBUH MOTEPh. YUTEM, uTO W, = W&, TAe &€ - KOdDPUITUEHT CoKATHSA
ctpyu. [locne noacTaHOBKY 3THX 0003HAYEHUI B KO3(PPUIMEHT nIepes] 3HaKOM pa-

1
IUKaja MONyUYuM ~ 1o Pe = P& | TIpousBeneHue P& = fI HOCUT Ha3Ba-
N e+ ¢) d
HUE Koaghguuyuenm pacxooa. Torna okoHUIATEIBHO Oy/1eM UMETh HopMyITy
2
yo,

WK B Ipyroii popme, ¢ yaérom Toro, uro OJ =)

Q =wu z_gAP .
e

B atux dpopmynax AP - pazHocTs maBneHuid 10 IPOXOIHOTO CEYCHUS U MOCIIE He-
ro.

C noMOUIbIO MOJYYEHHOI'O BBIPAXKEHUS PELIACTCs 3a/1a4a OIpEIeSICHUs pac-
X0Jla I BCEX CIIy4acB TEUECHMS KUIKOCTHU IOJ ACHMCTBUEM Pa3HOCTH JABJICHUMU.
Kpome Toro, u3 naHHOrO BBIPAKEHUSA BUIHO, YTO IPUYMHOW TEUYEHUS KUAKOCTU
ABIIIETCS PA3HOCTH JaBieHUM. JKUAKOCTh BCerja IBUKETCS U3 00JaCTH BBICOKOTO
JaBjieHHus 00JIacTh HU3KOro aAamieHus. [1o cyiecTBy mpuBenEHHOE BbIpa)KEHHE
MOYXHO CUUTATh UHHCEHEPHOUL (hopmoii ypaenenusa bepuynnu.

[Ipy MpOXOKAECHUH JKUAKOCTH YEPE3 MAJIOE OTBEPCTHE NPOUCXOAUT «CMs-
THe» cTpyu. Ha Hemenkom si3bike «msitue» - «drosselny. TToatomy B TexHHKE HC-
TEUEHUE YEpPEe3 MAJIO€ OTBEPCTUE HA3BIBAKOT IPOCCEIUPOBAHUEM. | MIpaBINUECKU
anmapar, NpeIHa3HauYeHHbIN U1 APOCCEIMPOBAHUS, Ha3bIBACTCS APOCCENIEM, a OT-
BEPCTHE B 3TOM TMIpOANNapaTe HAa3bIBAETCA HPOXOOHBIM CEHEHUECM.

Haubonee cnoxxHol 3agadeil NpakTUYECKOr0 MPUMEHEHUS 3TOT0 YpaBHEHUS

sBIseTcs onpenenenue kodpduuuenta A, 3mauenwe KOTOPOro 3aBUCHUT OT CTe-

NIEHU CKATHUs CTPYHU U PeKUMa €€ TeUEHUs, CTPYKTYpPhI pacipeesieHus: CKOpoCTen
BOJIM3M MPOXOJHOTO CEYEHUs, KOTOpasi B CBOIO OYEpelb 3aBUCHUT OT (OpMBI BXOJa
B MPOXOJHOE C€YeHHe. DTOT KOIPPUUUEHT onpenenéH 3kcnepuMeHTanbHo. OH,
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KaK ¥ KOO(Q(ULIMEHTH @ M & 3aBUCUT OT 4Mcla PeliHOmbaCca M 9TH 3aBHCHMOCTH
MOYKHO IIPEJICTABUTH C TIOMOIIBIO rpaduKa.
Ha rpapuxe OykBamu Ren

8 A .
9 0003HAYEHO YUCIO0 PeiiHOb-

&
1 0 L /é Jca, IIOCUHHUTAHHOC II0O meo-
1 —

" 7] pemuueckou cxkopocmu, CO-

0,8 ~—_ OTBETCTBYIOILLICH TCOpETHUYC-
L — I — CKOMY pacxony.

0,6 C yBENIMYEHHEM CKOPO-

04 H CTU HCTEUYCHMS U CBSI3aAHHBIM

’ C oTuM yBenudeHueM Ren

10 1000 10° 5 g K03 (HUIMEHT CKOPOCTH @)
100 10° 10° Rem OBICTPO HApacTaeT U IpH

Rem— oo crpemurcs x 3Ha-

yennto @ =I1,0. D10 CBHUAETEIBCTBYET O 3HAYUTEIHHOM YMEHBIICHUH THIPABIIH-
YECKOT'O CONPOTUBIICHUS OTBEPCTHUSA 3a CUET CHUIKEHHUSI BIUSAHUS BA3KOCTH.

Koo duuuent cxatus cTpyu € ¢ yBeAH4eHHEM RE, yMeHbIIaeTcs u npu
Rem — oo ctpemurcs k snagenuro & = 0,6.

Koadpdunuent pacxona g, sSBissich Npou3BeeHUEM KOAP(ULIUEHTOB @ U &,
Ha MEPBOM dTarle pacTér, JAOCTHTask MakCUMaibHOro 3HaueHus M = 0,69 mupu
Rem = 350, a 3arem mwiasHo cumkaercs 1o 4 = 0,6.

Takum 06pa3oMm, TOJIBKO 3a CYET KOd(GQHUIMEHTa M BEIMIWHA Pacxoja
ymenbmaercs Ha 30 — 40 % orHocuTENBEHO TEOPETHYECKH BO3MOKHOTO.

HUcreyenue yepes HaACaAKU

HacankoM Ha3biBaeTcs KOpOTKas TPyOKa JUIMHOW OT JBYX 1O IIECTH AHa-
METPOB, MPUCOCANHEHHAS K BBIXOAY OTBEPCTUS, UEPE3 KOTOPOE HUCTEKAET KU-
KOCTb. POJIb Hacajgka MOXET BBIIOJHATH U OTBEPCTHE B TOJICTOW CTEHKE, KOrja
JAAMETP OTBEPCTHS 3HAUYUTEIBHO MEHbIIE €€ TOoMuuHbL. Hacaaku orinyarorcs

"
-
o
-
-
)
.
)
_\
-,
")
-
%
oy

* "'\-\.L
dbopmoii u pazmepamu. Hambomnee CyIecTBEHHbIE OTIMYUAS MEXIY HACaJIKaMH CO-
CTOSIT B (hOpME BXOJTHOTO OTBEPCTHS, KOTOpasi, KaK YK€ OTMEUaJoCh BBIIIE, MOKET
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CYILIECTBEHHO BJIMATH Ha BEJIMUYMHY PACX0/ia MPH TOM ke CaMOW MIOLIAIU MPOXOI-
HOTO ceueHus. [IpocTelmM HacaaKoOM SIBIISIETCS WUAUHOpUYecKull HacaloK. Te-
YEHUE B HEM MOXET MPOUCXOJNTH B JIBYX pa3HbIX pexxuMax. B mepBom ciydae Ha
OCTPBIX BXOJIHBIX KPOMKax Haca/ika MPOUCXOIUT COBEPIIECHHOE CHKATHE CTPYU U
Jlajiee OHa JIBMXKETCS, HE KacasiCh CTEHOK Hacalka. B 3ToM ciiyyae ucreuyeHue HU-
YEeM HE OTJIMYAETCA OT UCTEUCHUS Yepe3 MAJIOe OTBEPCTUE B TOHKOU cTeHke. Cko-
POCTB IIPX ATOM UCTEYEHUHU BBICOKAS, @ pACXOJ MUHHMAJIEH.

Bo BTOpOM Ciyduae, Kak U IpU UCTEYEHUHU Y€pPE3 OTBEPCTUE B TOHKOU CTEH-
Ke, CTPYs >KUJIKOCTH BHAYajie CXKMMAETCS Ha HEKOTOPOM YJAJE€HUU OT BXOJHOTO
CedeHHs, 00pa3ysl BUXPEBYIO 30HY, JABJICHHE B dTOM CCUCHHUU CTPYH CTAHOBHTCS
MeHbIIe aTMocdepHoro. Jamee cTpyst MOCTETIEHHO PACIIUPSIETCS M 3aMOHICT BCE

ceyenue Hacajaka. M3-3a Toro, 4To c:kaTtus Ha BeIXoje Hacaaka Het (€ = 1,0) a ko-
s PuMeHT pacxoaa yepe3 Takol HacaI0K paBHSAETCS

u=¢p~=08.

[Ipu 3TOM pacxon KUAKOCTU Yepe3 HACAAOK IPU MPOUYMUX PABHBIX YCIOBUAX

............ - IIPEBBILIAET PACXO] B IIEPBOM Cllydae, a

CKOPOCTb KHUAKOCTH CTAHOBHUTCA MCHb-
1Ie u3-3a 00Jee BHICOKOTO COIIPOTHBJIC-

: \ HU.

Emé nyymme ycnoBusi uCTeueHUs
HAOJIIOAIOTCS TIPU JIBMDKCHHUH SKUJIKO-
CTH uepe3 TaK Ha3bIBaCMbI mopou-
O0aIbHBLI HACATIOK, KOTOPBIN 0becmeun-
BaeT OoJyiee BBICOKUN KOIPPUIIUEHT
pacxomaa. Ero 3nauenue, B 3aBUCUMOCTH
OT YBEJIMYCHUS painyca CKPYTJICHUS KPOMKH, JOXOJIUT J0

1= 0,95

Korna paanyc KpuBU3HBI CTAHOBUTCS
OoJbIlle JJIMHBI HAcajKa, HAcaJlOK CTaHO-
BUTCS  KoHouoanvhvim. KoddduimeHnr
pacxola B TaKHX YCJIOBHSX HWCTCUCHHS
MPUOIMKAETCS K 3HAUCHHUIO

11=0,98

fffﬁ} -
Py
'
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Jlekuust 17. I'mapaBiauyeckud pacuet TpyOONpoOBoOI0B

Kunkoctb ABUKETCS MO TPYyOONpoOBOAY Oiiaroapsi TOMY, UTO €€ SHEPTHUs B
Hayayie TpyOomnpoBoAa (y MUCTOYHUKA THAPABIMYECKON >HEpPruu) OoJibllie, YEM B
KOHIIEe. DTOT Tnepenaj (pa3HHIla) YPOBHEH PHEPruu MOKET ObITh CO3/IaH TeM WU
UHBIM CIIOCOOOM: pabOTOM Hacoca, 3a CYET Pa3HOCTH YPOBHEH KUIKOCTH, JIaBlie-
HHEM rasa.

Baxueimen 3amadeil, BO3HUKAIOWIEHM NpPU MNPOCKTHPOBAHWHM MHOXKECTBA
TUJPOCUCTEM PA3IMYHOIO HA3HAYCHMUS, SIBJISICTCS 3a/1a4a ONPENECIICHHS SHEPreTH-
YECKUX XapaKTepUCTUK UCTOUYHUKA TUApaBiIndeckor sHepruu. K takum cucremam
OTHOCATCS THAPOCUCTEMBI IIEXOBOTO TEXHOJIOTHYECKOTO 000pYIOBaHUS, MOOWIIb-
HbIE THIPOPUITMIPOBAHHBIE MAIITUHBI, CHCTEMbBI BOJJOCHA0KEHUS W OTOTUICHHSI H JIP.
HcTouyHnKkaMu 3HEPruM TaKWX THAPOCUCTEM SIBIIAFOTCS HACOCHBIE CTAHIIMU, ra3o-
OaJIJIOHHBIE CHUCTEMBI, BOJIOHATIOPHBIE OAlllHU. DHEPreTUUYECKUE XAPAKTEPUCTUKH
UCTOYHUKA SHEPTUH — Mojayda (pacxoa) U JaBJIEHUE — JOJHKHBI ObITh TAKUMHU, YTO
Obl oOecneunBaINCh HEOOXOAMMBIC PACXOJl U JIABJICHHE Ha BBIXOJE CHUCTEMBI —
TUAPOJIBUTATEIIE, BOJOIPOBOIHOM KPaHE U T.II.

Pexxe BcTpeuaeTcst oOpaTHas 3a/1a4a, KOrja MpU U3BECTHBIX SHEPTeTHUECKUX
XapaKTEPUCTUKAX UCTOYHUKA DHEPTHUH HEOO0XOIUMO y3HATh, KaKUMHU OYIyT Mak-
CHUMAJIbHO BO3MOXKHBIN pacXoj] ¥ JaBJICHUE HA BBIXOJI€ TUIPOCUCTEMBI.

B MammHoCTpoeHUH MPUXOIUTCS UMETH JIETI0 Yallle BCEro ¢ TaKUMH TPyOo-
MPOBOAAMHU, JBIKEHHUE KUIKOCTU B KOTOPBIX co3/aércst paboToi Hacoca. B ruj-
POTEXHUKE U BOJOCHAOXKEHUH, a TaKKE BO BCIIOMOTATENbHBIX YCTPOMCTBAX Teue-
HUE XUIKOCTU MPOUCXOIUT, KaK MPaBUJIO, 3a CYET PA3HOCTU YPOBHEW MaBICHUMN
(pa3HOCTH HUBEJIHUPHBIX BHICOT).

IIpocTbie TPYOONPOBOABLI MOCTOSIHHOTO CEYEHUSA

Bce TtpyOompoBoabl MOTYT OBITH pa3jielieHbl Ha MPOCThIe W CioxHbIE. K
MPOCTBIM TPyOOMPOBOJAM OTHOCATCS TPYyOONpOBOJbI 0O€3 pa3BETBIEHUM, a K
CJIOKHBIM - TPYOOMPOBO/IBI, IMEIOIINE XOTSI OBl OJHO pa3BETBIEHHUE (MM MECTO
coeMHEHUs TpyoO).

Ilyctes mpoctoii Tpy0O-
IPOBOJI MOCTOSIHHOTO CEUYEHUS
pacrojoXkeH MPOU3BOIBHO B
MPOCTPAHCTBE, MMEET OOIIYIO
mmny | 1 quametp d u comep-
XKUT PAI MECTHBIX COMPOTHB-

JICHUU fi . B HauannrHOM ceue-

Huu (1—1) umeem HuBeIUp-
HYIO BBICOTY Z1 U U30BITOYHOE
naBiaeHue Pi, a B KOHEYHOM

(2—2) — coorBeTcTBEHHO Z2
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u P2, CkopocTh MOTOKA B 3TUX CEYEHUAX BCJIEACTBHUE MOCTOSHCTBA JUAMETPaA TPY-
OBl 0JTMHAKOBA U paBHA V.
3anuiiem ypaBHeHnue bepuyinu ceuennit 1—1 u 2—2

2 2
Zl+i+a1VL:ZZ+i+a2\éig+ZAh;
|

A9 29 jas)

B sTOM BBIpaxkeHnn ZAh - CyMMAapHBbI€ ITIOTEPU HA TPEHHME I10 JJIMHE U HA MECT-
|

HBIX COIPOTUBJIECHHUAX Ha ydacTke TpyObl mmuHoii |. Tlotepu mo manune B cooTBeT-
ctBuH ¢ popmynoit lapcu OyayT
2
Al
e d 2g°
[loTepu Ha MECTHBIX CONPOTUBIIEHUSAX B COOTBETCTBUU ¢ (popmyroii Beiicbaxa co-
CTaBSIT

Ah, =& —
=gy

YuuTeiBass ypaBHEHHE HEPA3PBIBHOCTH IOTOKA W IOCTOSHCTBO AUAMETpa
Tpy6nI T. €. V; =V, u &, =@a,, ckopocTHbIE HAMOPHI B 0GEMX YACTAX MOKHO CO-

kpatuth. Kpome Toro Benuuuubl £, U Z,, BRIPaXKAKOIIUE YAEIbHYIO IIOTEHIHAIb-

HYIO SHCPIUIO IMOJOXCHHA, I THAPOCUCTEM TCXHOJIOTHYCCKOTO O60pyI[OBaHI/I$I,
KaK YK€ HC pa3 O0TMC4YalloCb, MHOI'O MCHBIIIC HOTCHHPIEU'IBHOIZ OHCPIrun CXKaTus

P

——, 1 OTJIMYAIOTCSl OHU MEK]y CO00M 0YeHb He3HauUuTeNnbHO. 110 3TOM npuynHe B
JAJbHENIIIEM UX MOXKHO HE YUYUTHIBAaTh. Torjaa ypaBHeHue bepHyiim npuMeT BU

. 2 2
u:ﬂ_'v_jngMV
9 d 2g

WIH
o A 2
Aap=L[2, S
2\ d |§M}/'

Bripasus Benuuuny V uepes pacxon Q:

Q
d?
4

Y TIOICTaBUB €€ B MPEABIAYLIEE BBIPAKEHNE, ITOTYUNM

o A 16Q°?
AP =LA, =0
Z[d Z,“gjwjﬂzd“'

V =
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BBeném 0003HaueHMnE

oA
k. =X 2
d Z(d

16
+ —_—
e

Bemmunny K, - Gynem Ha3bIBaTh 2udpasiuieckum conpomueienu-

em mpyodonpoeooa.
C y4€ToM 3TOro MOJy4yuM

AP =k Q?%.

[locnennee BbIpaKEHUE HA3BIBACTCS XAPAKMEPUCHMUKOU mMpPYyodOnposooa.

APA

AP = (Q)

» Q

DTa XapaKTepUCTUKA TIPE/ICTABIIAET
co00l 3aBUCHMOCTh CYMMAapHBIX TI0O-
Teph JlaBlieHUs (Hamopa) oT pacxoja

B Tpy6OnpoBOIE AP = f(Q)
(ah=1(Q)).

Eciu B TpyGompoBojae ycrta-
HOBJICHBI THAPABIMYECKUE armapa-
ThI, UMEIOIIIUE CBOU COMPOTUBIICHUS,
TO UX HEOOXOJUMO J00aBHUTH K KO-
3¢ PUIMEHTY CONPOTUBIEHUS TpPY-
OompoBo/a, U B pe3yjbTaTe MOIY-
YUTCS CYMMAapHOE THIPABIMYCCKOE
COTIPOTUBJICHUSI.

IMocnenoBaTe/ibHOE coelMHEHHE TPYOONPOBOI0OB

[TocnenoBarenbHbI TPyOONPOBOA COCTOUT U3 HECKOJIBKUX TPYO pa3inyHOM
JUTMHBI ¥ PA3JIMYHOTO AUAMETPA, COEAMHEHHBIX MEXITY COOOM.

B kaxxnom u3 3THX TpyOONpPOBOJOB MOTYT MMETHCS CBOM MECTHBIE COIpPO-
TUBJIEHUA. TedeHue B KUAKOCTH B TaKOM TpyOe MOJUUHSAETCS CIAEAYIOIIHUM YCIO-

BHSIM:
v pacxon Ha BCEX ydact-
g 1 5 2 é: 3 KaXx TpyOONpoOBOJIa OJIMHAKOB,
» T.e. @ =Q,=0Q;;
N\ — —~ v
 V X > @ MoTepH NaBICHHUS
/ \J ..
v 7\ (Hamopa) BO BCEM TpyOONpoBOJE
AP paBubl cymme moTeph Ha
1 2 3 Kaxa0M ydactke AP, :
< > < > |< S AP = AP, + AP, + AP,

C y4€ToM CKa3aHHOTO HETPYIHO

INOJIYUYUTL YPaBHCHUC OJIA OIPCACICHHA CYMMAPHBIX IIOTCPb JABJICHHA, KOTOPOC

IMPUMCET BU
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AP =k, Q% +k,, Q% +k, . Q? = (k,, +k,, +k,, )Q% = k;,Q?,

rae le : sz, sz - TUJIPABIIMYECKOE COMPOTUBIIEHUE COOTBETCTBEHHO
MIEPBOT0, BTOPOTO, U TPETHETO YUACTKOB TPYOOIIPOBOIA,

kZT - CyMMapHO€ T'HIpaBIMYE€CKOE COMPOTUBIEHUE BCEr0 TPyOOIpO-
BOJIA.
Benmnunna cyMMapHOTO COMPOTHBJICHUS C YYETOM paHEe MOITYyYEHHOU (PopMyITbI
JUTSI IPOCTBIX TPYOOIIPOBOIOB COCTABUT.

Pl Al 16 P 22'2
T 2 dl ;51,44} 7Z'2d14 2 252/‘4 24
Al
g =3 Zé:SM
3

ZélM 5. DS
p 16 21' Aly 7 Agly | 7
5 2 5 4 + 5 T - 4 + 5 T ) 4
2 d1 d1 d- d, d>s d,

B 06H1€M CIy4ac BBIPpAKCHHC, OITMCBIBAIOIICC CYMMAPHOC T'HAPABJINYCCKOC COIIPO-
THUBJICHHUC CJIOZKHOI'O TPY60HpOBOILa, 6y,Z[GT BBITTIACTD.

8 1. Zi“c’g‘”’
kZT :pﬂ_z Z d.° =+ d.?

[TonyueHHOE ypaBHEHME, OINPEAEISIIONIEE CyMMapHbIE NOTEPU J1aBIICHUSA,
MPEACTABISIET COO0M XapaKTEPUCTHKY CJIOXKHOTO TpyOOIpoBoOJa, KOTOpas SBIIS-
€TCSd CyMMOHM XapakTe-

AP, PUCTUK TPOCTHIX TPY-
OOMPOBOIOB. Ot1o
YpaBHEHUE TO3BOJISIET
y3HaTh, Kakue 3Hepre-
TUYECKHE  XapaKTepu-
CTUKHA JIOJDKEH HMETh
VCTOYHHK SHEPIUH,
4YTOOBI KHUJIKOCTH MOT-
Ja MPOTEKATh MO BCEMY
TpyOompoBoy. OmHa-
KO B KOHEYHOW TOYKE
ATON TpyOBl DHEpPrus
KUAKOCTH OyneT paBHa HyJ0. Eciii B KOHIIE TpyObl HEOOXOAMMO UMETH KaKOe-TO

»
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nasnenne P,,., (Hampumep, 4ToOBI mMpeoponeBaTh HArpys3ky) K Benmumae AP

H

HYKHO ,ZIO6aBI/ITI> 9Ty BCIIMYHHY. KpOMe TOro, T.K. B O6IHCM ClIydac BCIIMYMHA CKO-
2 2

POCTHOrO Hamopa B Hauaje 2”—;” U B KOHIIE _ZKOQH TpyOOMNpoBOja M3-3a Pa3HBIX

JIMAMETPOB Pa3IMYHbI, HEOOX0IUMO J00aBUTh U OTy pasuuity kK AP . B pesynbpra-
TE€ YHEPTrUsl, KOTOPOH JOHKEH 00J1a/1aTh HCTOYHHUK, IOJKHA COCTaBIISATh

V2 -V
29

Ecan Ineperucaro 3TO YpPaBHCHUC, 3aMCHHUB CKOPOCTb KHAKOCTH OTHOIICHHUCM

AP =k, Q*+P __ +

azp

pacxoa K I1omaan ;KUBOTro CCUCHUA Z , HOJIy4YHUM:

2 2
APZKZTQZ"'P, + L2 - Q :kZTQ2+kVQ2+P

o 2 g a)Halt a)KOH e
b A 111 1
1€ KO3 UIHACHT Ky = | — ——
29 a)mm a)K()H

OKOHYATENBHO XapaKTEPUCTUKY CIOKHOTO TPYOOIpOBOJA MOXKHO 3aIUCaTh
B BHJIE

AP = (ky, +k, )Q*+P,

azp
Cymma kzr+kv B OTOM BBIPAXEHUU - OOIINEE THUIPABINYECKOE COMPOTUBIICHUE
CJIO’KHOTO TPyOONpoOBO/IA.

IMapanjeanHoe coeTuHEHHE TPYOOMPOBOIOB

OTAMYUTEILHON OCOOCHHOCTHIO TaKUX TPYOONPOBOJOB SIBJISIETCS TO, UTO
MOTOK KUJKOCTH JICJIUTCS B OJTHOM TOYKE HAa HECKOJIbKO CAMOCTOSTENIbHBIX MOTO-
KOB, KOTOpBIE TO3KE CXO-
IATCs B Apyrou touke. Kax-
JIBIN U3 TUX MOTOKOB MOKET
COJICp)KaTh CBOM MECTHBIE
conpotuBneHusi. HaubGomnee
JacTO BO3HHUKAIOIIEH 3aja-
Yel, CBSI3aHHOW C Pacy&éTroM
TaKuX TPyOONpPOBOMOB, SB-
JISIETCSl ONpPEJIETIEHUE Pacxo-
Ia B Kaxaou BeTBU. Pac-
CMOTPHUM JIBHKEHUE KUIKOCTHU IO 3THUM TPYyOONpPOBOJAM, CUUTAs, YTO MOTCHIU-
ajbHas PHEPrUs MOJIOKEHUsIT Z MHOI'0 MEHBIIE MOTSHIINATBHON YHEPTUH CKATHUSA,
KOTOpasi OMpeIeIIeTCs TaBjIeHUEM, U €10 MOXHO npeHeopeub. Ecnu cuuraTh, 4To

150



B MECTax pa3BETBJICHUS U COEAMHEHHUS TPyOONMpOBOJIOB, 0003HAUECHHBIX OyKBaMu

H ¥ K, pacxon Q OJMHAKOB, a4 IaBJICHUA PAaBHBI

Q=Q1+Q2+Q3

u

P u

PK , TO MOXHO 3aIIMCaThb.

AP =P, —P; =AP, = AP, = AP,

rae 1, 2, 3 — HoMepa napaensHbIX BETBEN TPYOOIpOBOIa,

Q1, Q2, Q3 — pacxomsl B COOTBETCTBYIOIIUX BETBSIX,
AP1, AP2, AP3 — norepu naBnenus B COOTBETCTBYIOIIUX BETBSX.

[Ipeacrapisis Kaxayro U3 NapajljieIbHBIX BETBEU KaK MPOCTON TpyOOIpoBOI,
MO>KHO 3aIHMCaTh XapaKTEPUCTUKU KaKJI0H BETBHU:

AP =Kk,.Q,°

AP =k, Q,°

AP = k;,. Q%

Ha ocHoBaHuu 3tux PAaBCHCTB MOKHO ITOJYYUTb YPAaBHCHUA BUA:

2 2
k1TQ12 = szsz, kZTQZ — kSTQS Hu le Q12 - k3T Q32

JloGaBUM K 3THM ypaBHEHHUSM YCJIOBHE PAaBEHCTBA PACXOJI0OB B Hayalle U KOHIIE
Pa3BETBIEHHBIX TPYOOIIPOBOAOB U OYJIEM UMETh:

Q:Q1+Q2+Q3

leQ12 = k2TQ22
ker22 = k3TQ32

B urore nomy4yunachk cucremMa ypaBHEHHM, U3 KOTOPOM MPU U3BECTHOM I10-
Jlaye KUJKOCTU OT UCTOYHUKA DHEPIUU U U3BECTHBIX TMIPABINYECKUX CONPOTHUB-
JICHUSX TApAJUIEIBHO COCTUHEHHBIX TPYOOIIPOBOJIOB MOKHO OMPEIETUTh PACXOIbI

AP

4

AF)lzf((?l)AP _f(Q)
I ]
I
I I I AP3:f( 3)
’l I
Iy 1 /) AP=1(Q)
l/ /
l 7
427 Q

B KaxaoM u3 Hux. [1om00-
HYI0O CHCTEMY YpaBHEHUU
MOKHO 3amucaTh JJis JI0-
O0oro wyucia mnapasiesbHO
COEIMHEHHBIX TPYO.

N3  npuBenéHHBIX
YPaBHEHUI BBITEKAET Clie-
AYIOIllee BaKHOE MPABUIIO:
IJI1 TIOCTPOEHUS] XapaKTe-
PUCTHK  TapajieIbHOTrO
COCMHEHHSI HECKOJBKUX
TpyOOIIPOBOZIOB  CIIEAYeT
CJIOUTH a0CITUCCHI (pac-
XO/IbI) XapaKTEPUCTHUK

KaXXJIOT0 M3 ATUX TPyOONpPOBOAOB NPHU OJIMHAKOBBIX OpJAMHATax (MOTEpAX JaBlie-

HUSA).
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Pa3BeTBJIéHHBIE TPYOONIPOBO/BI

Pa3BeTBiIEHHBIE TPYOONPOBOABI OTIUYAIOTCS TE€M, UYTO OHU HUMEIOT OJIHY
0O0II1yI0 TOYKY, U3 KOTOPOH pacXoAsATCA pa3Hble MOTOKH, UK OOIIYIO0 TOUKY, B KO-
TOpPOM HECKOJIBKO Ppa3HbIX IMOTOKOB CXOJAUTCSA. DTOT BapUaHT HAMOOJEe YacTo
BCTpPEYACTCS B THUAPOCHUCTEMAX TEXHOJIOTMYECKOTO O0OPYyIOBaHUS, T/I€ OT OJHOMN
HACOCHOM CTaHIIMHM MUTAETCS Cpa3y HECKOJIbKO OJHOBPEMEHHO pabOTaIOLIUX MO-
TpeoutTeneit. s pa3BeTBIEHHBIX
TpyOONIPOBOJIOB, TAK K€ KaK U JJis

na- paJIENBHBIX, MOKHO  3aIlicaTh
ypaBHEHHUE PACXOJI0B
Q = Ql + Qz + Qs )
rne Q,,Q,,Q; - pacxons B
co- OTBETCTBYIOIMX BETBSAX.
Co- CTaBMM TaKXe ypaBHeHHE BepHyi-

I JUTs 000 13 BeTBel. byneM cum-
TaTh: JAaBJEHHE B TPYOOIPOBOJEC TAaKOBO, YTO HUBEIMPHOU BBICOTOM MOJKHO Ipe-

HeOpeub. [IpuMem TakXke, 4TO JABJICHHUE B KOHIIC KaXIOH BETBU (B CEUCHHH K),
HEOOX0MUMOE [UIsl MTPEOOJICHHsT Harpy3ku, pasao P,

inazp*

YpaBHenue bepHym

JUTSl CeUEeHUN K 1 K OyZIEeT BBITISIIETh CAEAYIOIIHMM 00pa3oMm:

P, V? P, V?: AP
+, = + o, +—
£9 29 9 29 9

rze | — uHeKC, COOTBETCTBYIOIMI ONpeIeIEHHOM BETBH.

Ecnu cuurtarh, 4TO paccmaTpuBaemasi CUCTEMa TpPyOONPOBOAOB MPUHAIJICKUT
TUAPOCUCTEME TEXHOJIOTMYECKOW MAIWHBI, B KOTOPOM AABJIEHUSA B Pa3IUYHBIX
BETBSX, KaK MPAaBUJI0, COCTABIISIIOT HECKOJIBKO METANacKaJIed, a CKOPOCTU TEUECHUS

’KUIKOCTH 110 TpyOaM 4alie BCero HeBbicokue (005 M/C), CKOPOCTHBIM HAIIOPOM
MOKHO TIpeHeOpeus. B camoMm nene, Hanpumep, npu ckopoctu I m/C u kod3dhpu-
LIMEHTE KHHETHYECKON DHEPTUM @ PABHBIM 2, BEJIMYMHA CKOPOCTHOTO HAIOpa CO-

crasut 0,1 m, 9ro npu nepeBoje B eAUHUILI AaBienus pasHo 0,00IMIla. C yuye-
TOM 3TOTO U TTOCJIE OOBIYHBIX TPEOOPA30BAHUMN TTOTYIHM

P, =P + AP,

H inHazp

Bennmunna AP | B mannom ciydae, mpeacrtasiseT co00i XapaKTEPUCTUKY

2 .
npoctoro Tpybonposona u pasHa K,Q<. Takum obGpasoM, mis Kaxmoil BeTBH

Pa3BETBIEHHOTO TPYOONPOBOAa MOKHO HamucaTh mojo0Hoe ypaBHeHue. Eciau 1o-
0aBUTH K HUM YpPaBHEHHE PacX0JI0B, TO MOXKHO MOJYUYUTh CUCTEMY YpaBHEHUN BU-

Ja
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P =P, k,, Q%
P, =P, +k,Q%
P =P, + Ky, Q%
Q=0,+Q,+Q,

[Tono6Hyt0 cucTeMy ypaBHEHUI MOXKHO 3alucaTh JJIs JI000T0 YKciia BETBEH
pa3BeTBIEHHOTO TpyOOonpoBoaa. Pemras e€, MOXKHO ONpeAenTb, KAKOW pacxojl u
KaKoe JaBJICHUE JOJDKEH 00eCTIeUnBaTh UCTOYHHK THAPABIMYECKONW YHEPTUH, UTO-
Obl Ha BBIXOJIE TPYOOIPOBOJOB MOJYYaJIOCh 3aJaHHOE JAaBJIICHHWE MPHU 3aJaHHOM
pacxoJze.

TpyOonpoBoabI C HACOCHOM MOJAYeH KUIKOCTH

B 0GonblIMHCTBE THAPABINYECKHX CHCTEM TEXHOJOTHYECKOTO O0OpYyn0Ba-

HUS B KaYECTBE MCTOYHMKA 3HEPIUU HMCIOJb3YIOTCS HACOCHI PA3JIUYHOrO IPUHIIH-

na JaercTBus. Baxknenmen 3agadei, KOTOpas BO3HMKAET NPHU NPOECKTUPOBAHHUH

KaXJI0M TUAPOCUCTEMBI, SIBJISIETCS] COTJIACOBAHUE PA0OTHI HACOCHOW CTAHILIMM U CH-

CTEMBbI TpyOOIPOBOJOB, TUAPOAIIIAPATOB U THAPOMAIIHNH, BXOIAIINX B €€ COCTaB.

DT0 MHOTO0Opa3HbIE U CIOKHBIE 33a/1a4, KOTOPbIE MOAPOOHO pacCMAaTPUBAIOTCS B

Kypcax, CBSI3aHHBIX C U3YYEHUEM T'HJIPONPUBOJA. 3JECH Mbl IO3HAKOMHUMCS JIUIIb
¢ OOLIMM IPHUHIMIIOM TaKUX Pacy€TOB.

Jns sToro paccmor-

Prazp puM VHaH6onee IPOCTOM

, — Fugp CYH2H TpyOOTIpoBOa, IO

3 I KOTOPOMY HacoC TepeKadu-

BaeT JKMIKOCTb W3 THUA-

C) é LU pobOaka B EMKOCTh WJIM TO-

JOCTh C 3aJaHHBIMH BEJIH-

2 YMHAMU JIaBJICHUS U PacXo-

A na. K Ttakum EmKocCTIM

MO>KHO OTHECTH, HAIPUMED,

Po ruapoinHap. Husenup-

HbIMU BBICOTAMH, KaKk U B

PEeAbLIYIINX ciyyJasx,

npeHeOpexeM n3-3a UX Ma-

JIOCTH.
3anuiieM cHadana ypasHeHne beprymm mis cedenuii 2 u 3

2 P 2
I:)2 + az V2 — _ Maep + as V3 + AI:)2—3
£9 29 9 29 £9

rne AP, ., - cymMMapHbI€ TIOTEPU NABJIEHHUS B HAIIOPHOM TPYOOIIPOBOIE
2-3 Yy

(XapakTepucTUKa HaIOPHOTO TPYOONPOBOIA).
Teneps 3anuiuem ypasaenue Bepaymm s cevennii O u 1
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I:)o — ID:I_ +a1V12 _|_AP0—1’
£9 o9 29 £9

rne AP, - armochepnoe nasnenue,

AP,_; - cymMapHbIe NOTEpH JaBJIEHHS BO BCACHIBAIOILIEM TPY-
0oMpoBo/Ie (XapaKTepUCTHKa BCACHIBAIOIIETO TPYOOIPOBOIA).

W3 BTOpOTO ypaBHEHHS OMpPEAeInM OOITUi Harop (SHEPTUIO), KOTOPHIM 00-
JAJaeT KUJKOCTh MPU BXOJIE B Hacoc. Torna BTopoe ypaBHEHUE MPUMET BU]T

2
Pl + V1 _ I:)o _APOfl
) =
9 29 P9 P9
B mponecce cBoeil paboThl Hacoc mepenaéT *KUIKOCTU JTOTOJHUTEIbHYIO

sHepruto Huacoca, B pe3ynbraTe uero o6mmii HAIOP KUAKOCTU B CEYEHUH 2 CTAHO-
BUTCS PABHBIM:

P \VA
2 4+ az 2 ’
9 29
T.€C. MOXXHO 3aII1UCaThb.
2
i + al \L + HHacoca = PO - APO_:L + HHacoca =
9 29 £9 A9
2 2
i 4 az V2 — PHaZp 0£3 V3 n AP273
9 29 9 20 9
BI)II[eJ'H/IM N3 IIOJYYCHHOI'O paBCHCTBA BCIIMYUHY Hnacoca:
2
Hnacoca — PHQZP + a3 V3 + APZ—S _ I:)0 + AI:)0—1
9 29 £9 9 £9

[leperpynnupyem 4aeHbl B 3TOM BBIPAKCHUU:

oo :(Pmp _&}{% V32]+[AP23 . APMJ _
Hacoca w w 29 m m

( Plla?p - I:)0 j + (as \/izj + (APO—l + AI:)2—3 J
£9 29 £9

Ecnu npunsTh, 4TO:

* B 1epBoM ciaraeMoM armocheproe nasnenue Po pasno 0,

* BTOpOE cjaraemMoe (CKOpPOCTHOUM Hamop Ha BBIXOJE M3 HAIOPHOTO
TpyOOTIIPOBO/Ia) MOKHO TIEPENHCATh Yepe3 Pacxo U MPEeJCTaBUTh B

1

MO>XXHO CUHTATh KOD NI CH-

sune K.Q?, rme K, =«
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TOM CKOPOCTHOI'O HaIlopa (B 9TOM BBIPpAXCHHHU () — ILUIOMIAJb CCUC-

HUs TpyOOnpoBoIa),

" TpPEThE CJIAra€MO€ MOKHO NPEJICTaBUTh B BUJE CYMMapHOW Xapak-
TEPUCTUKH BCACBIBAIOIIETO M HAMOPHOTO TPYyOOIpOBOAa, TO IO-
CJIEIHEE BBIPA)KEHHE MPUMET BH/I:

Hacoca

H(P)

Xapaxkmepu-
CMUKA HACOC

Xapaxkmepu-

cmuka mpyoo-

»
»

Q

PHaZ
= pgp +k Q% +k,,Q%.

[Tocnennee BbIpakeHUE MpeEn-
CTaBJIICT CO0OU padouyrw xa-
PaKmepucmuKy Hacocad.

[ToctpouB  XapaKTEPHUCTUKY
Tpy6omposoga AP =k.Q? u
XapaKTEPUCTUKY HAcoca MOX-
HO HAWTH TakK Ha3bIBACMYIO
padouyro moukKy, Kak TOUYKY
MEPECCUCHNS]  XapaKTEePUCTHUK
Hacoca U TpyOompoBoaa. ITo
O3HA4aeT, 4YTO MpPH COOTBET-
CTBYIOIIMX JTOM TOYKE JaBJe-
HUU U pacxojie, Oyaer odecrme-
yuBaThCcad paboTa Hacoca ¢
TpeOyeMbIMU  XapaKTEePUCTH-
kamMu. YTOOBI MOJMYy4YUTH APY-
TyI0 pabouyl0 TOUYKY HYKHO
WIM HW3MEHUTHh pabouyro Xa-

PaKTEPUCTUKY HAcOCa WM XapaKTEPUCTUKY TPyOONpoBOaa. ITO MOKHO CHAENaTh
Pa3IMYHBIMK CIIOCOOAMU, HAIPUMEP, U3MEHHUB COMPOTUBJICHUE TPYOOTIPOBOIA WIIH

pexuM paboThl Hacoca.
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Jlekuus 18. I'mapaBianyeckuut yaap B TpyoonpoBoaax

Teopernyeckoe M 3KCHEPUMEHTAIIBHOE MCCIEIOBAHUE 2UOPABAUUECKO20
yoapa B TpyOOIIPOBOJaX BIEPBHIC OBIJIO MIPOBEICHO M3BECTHBIM PYCCKUM YUIEHBIM
Huxkonaem Ezoposeuuem Kykoeckum B 1899 romy. DTo sIBIIEHHE CBSI3aHO C TEM,
YTO MPU OBICTPOM 3aKPBITUH TPYOOIPOBOJA, IO KOTOPOMY TEUET >KUIKOCTh, WIH
OBICTPOM €r0 OTKPBITUU (T.€. COEUHEHUHU TYIUKOBOTO TPYyOOIPOBOJa C UCTOUHH-
KOM THJIPABIUYECKON SHEPrHH) BO3HHUKAET PE3KOE, HEOJHOBPEMEHHOE IO JJIMHE
TpyOONpOBOAa UBMEHEHHE CKOPOCTHU U JIaBlieHUs kukoctu. Ecinu B Takom Tpy6o-
IPOBOJIE U3MEPATh CKOPOCTh KUIKOCTU U JaBJICHUE, TO OOHAPYKHUTCS, YTO CKO-
POCTh MEHSETCSl KaK IO BEJIWYMHE, TaK W [0 HAIMpPaBJICHUIO, a JABJICHHUE - KaK B
CTOPOHY YBEJIMYEHHUS, TaK U B CTOPOHY YMEHBILICHHS 110 OTHOLIEHUIO K Ha4aJbHO-
My. DTO 03HAYAET, YTO B TPyOOINPOBOJE BO3HUKAET KOJEOATENbHBIN MpoLecc, Xa-
PaKTEPU3YIOIIUICS IEPUOANYECKUM TOBBIIICHUEM U MOHWKEHUEM JaBiieHus. Ta-
KOM TpoliecC 0YeHb OBICTPOTEUEH U OOYCJIOBIICH yNpyruMu jaehopMainusiMu CTe-
HOK TPYOBI U CAaMOM JKHJIKOCTH.

[TogpoOHO paccMOTPUM €ro KapTUHY ISl Cllydasl ROJIHO20 U RPAMO20 TU]-
PaBIMYECKOTO yiapa.

Bbynem cuurtarh, 4TO B MCXOJAHOM COCTOSIHUM TPYOOTNpPOBOA OTKPHIT. JKu-
KOCTb JIBHKETCS 110 TpyOe co ckopocthio V>0. [laBnenue B xuakoctu pasuo Po.
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TpyOonpoBoa MrHOBEHHO 3aKkpbiBaeTcs. CIIOU )KUIAKOCTH, HATOJIKHYBIIIHCH HA
3aCJIOHKY KpaHa, OCTaHaBIMBAIOTCs. KnHeTHIeckasi SHepTUs KUAKOCTH MTEPEXOTUT
B nedopMaiuio CTEHOK TpyObl (TpyOa y 3aCIOHKH PACIIMPHUTCS), U KUIKOCTU

(maBieHME y 3aCJIOHKH TIOBBICUTCS Ha BenuuuHy A P). Ha ocranoBuBmIMEcs y 3a-
CJIOHKH CJIOU JKUJKOCTU OyayT HaOeraTh CIeAyIOIIUe, BbI3bIBAS CKATHE KUIAKOCTH
U pOCT AaBJIEHHS, KOTOPBIA Oy/IeT ¢ HEKOTOPOH CKOPOCTBIO PACIPOCTPAHATHCS B
CTOPOHY IMPOTHBOIOJIOKHYI HAIPABICHUIO CKOPOCTH JABMKEHMS xkuakoctu. lle-

pexonnas o6nacts B ceuenun A-A HaspiBaeTcs ymapHoi BoiHo#i. CKOpOCTE mepe-
memenus cedenus A-A(gpponma 607Hbl) HasbiBaeTCA CKOPOCTBIO PACIPOCT-
paHeHus yaapHOi BOJHBEI U 0003HaYaeTcss OyKBOi @. Takoii mpolece MpoXoauT B

L
nepuon Bpemenu 0 <t < 3

L
B MomeHT Bpemenn U < — Bech TpyOONpPOBO OKaXKETCS PACIIMPEHHBIM, a KU-
a

KOCTb CKaTOM M HenoJaBWkHOU. Ho Takoe cocTosiHne HepaBHOBECHOE. I10CKOIIBKY

y uctounuka aasieuue Py, a B Ipyoe P = Pyt A P, TO )UIKOCTh HAUYHET JBUTaTh-
Csl B CTOPOHY MEHBIIIETO JABJICHHS, T.€. U3 TPYOBI B pe3epByap.

DTOT mpouecc HauMHaeTcss OoT Hayana TpyObl. JKuakocth OyAeT BbITe-
KaTh U3 TPyObl B pesepByap ¢ Hekoropoil ckopocthio V. Ceuenme A-A
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(ynapHas BoiHA) HAYHET MEpPEMEIIaThCs K KOHIY TPYObI CO CKOPOCTBHIO d.

I[Ipu >TOM gaBienue B TpyOe OymeT cHmkaThes 10 Po.

L 2L
OTOT nporecc OyaeT TPOUCXOIUTh B MEPUOJ BPEMEHH N <t< &

DHeprus aedopMalvy KUJIKOCTU MEPEXOJUT B KHHETUYECKYIO SHEPIHIO, U
JKUJIKOCTh IIPHOOPETAET HEKOTOPYIO CKOPOCTh V, HO HAIPABIECHHYIO B OOPaTHYIO
cropony. Bo BcéM TpyGompoBojae ycraHaBiuBaercsi aasienue Po. ITo mHepuuu
KUJKOCTh MPOJIOHKAET JBUTaThCsl K Hayaly TPyObl U HAaYMHAET UCIBITHIBATH JlE-

(1)OpMaI_[I/II/I paCTsKCHUA, YTO IIPUBOAWUT K YMCHBIIICHUIO JaBJICHHA BOJIM3H 3aCJIOH-
KH.

Bo3Hukaer oTpuaTenbHas yapHasi BOJHA, ABMKYILIAICS OT KOHIA TPYObI K

Hayvajly co CKOpPOCTBhIO @, U 3a (DPOHTOM BOJIHBI OCTaeTcs cxkaras TpyOa. Kuneru-
YyecKas dSHEpIusi CHOBA MpeBpaliaeTcs B 3HEPruto aedopmanuu (cxatus).




3L
B moment Bpemenu t = 5 PR TpyOa OKa)XeTCsl CKaToW, a BOJHA JIOCTH-

raeT Havyayia TpyObl. JlaBneHue BOMM3M MCTOYHUKA BbIlIE, yeM Bo ¢ponte. M3-3a
ATOTO CJIOW KUIKOCTH MOJ ICUCTBUEM Tepernaia TaBJIeHUs HAYNHAIOT IBUTAThCS K

KOHILy TPyOBI (K 3ac/IOHKe) ¢ HeKoTopoi ckopocthio V>0, a maBnenue mogHuma-

ercs 10 Po.

3L 4L
IlosToMy mepuon BpemeHH Y <t< —  VPOHMCXOJIAT NPOLIECC BEIPABHMBAHM

JaBiieHus1 B TpyOonpoBojie. [Ipu 3TOM MPOUCXOIUT ABUKEHHUE YAAPHOU BOJIHBI CO
CKOPOCTBIO @ OT Hauyaja TpyObl K €€ KOHILY.

3L AL
2ot =
a a
A
—>
— V=0,
A P=py+AP

Jlanee Bech mpouecc HaunHaeTcs: cHavana. [Ipu uccnenoBanuu 3Toro npo-
[IeCCa BO3HHMKAET TPU OCHOBHBIX Bompoca. [lepBblid - KakOoBa CKOPOCTh MPOTE-
KaHHS 3TOTO KOJIeOATEIbHOTO MPoIlecca M OT Yero OHa 3aBUCUT? BTopoii Bompoc
— KaK CWJIBHO MEHSETCS JaBJICHHE B TPYOOIPOBOJIC 3a CUET OMUCAHHOTO TPO-
uecca? 1 Tpetuii — Kak 10Ar0 MOXKET MPOTEKATh 3TOT Mpoiiecc?
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CxopocTh pacnpocTpaHeHHsI THAPABJIAYECKOM YIAPHOHM BOJIHbI B
TpyOOnpoBOI€E

N3meHeHus JaBieHus: U CKOPOCTH MOTOKA B TPYOONPOBOAAX MPOUCXOIAT HE
MTHOBEHHO B CBSI3U C YIPYTOCThIO TBEPHABIX CTEHOK TPYOBI M C)KUMAEMOCTBIO pa-
Oouelt cpefpl, a ¢ HEKOTOPOM KOHEYHOM CKOPOCThIO, 00YCIOBICHHONW HEOOXOH-
MOCTBIO KOMIIEHCAlIMM YNpyrux aedopmanuil >KMAKOCTH U TpyObl. PaccMoTpum
clyuaii Korga B Tpybonposoze mmHoM L v miomansio ceuenus @ nox naBiaeHu-
1 eM P naxomout-
Ccd  KHJAKOCTD,
IJIOTHOCTh KO-
TOPOM p.
[Ipenmnosoxum,
YTO B MOMEHT

Bpemenun 1 B

ceuenun 1 — 1
JIaBJICHUE  TIO-
BBICUTCS Ha Be-
JAYUHY dp.
L DTO TIOBHIIIE-

HHC BBI3BIBACT

yBelIMYeHMe ILUIOTHOCTH Ha Benumuuny Up, a Taxke pacummpeHue BHYTPEHHETO
nuameTpa TpyOosl. CiaenoBaTenbHO, TJIOMAIh MPOXOIHOTO CEUSHUS YBEIIMUUTCS Ha

A
A 4
|

senmuuHy dw. B pesynsrate yBenuuurca o6béM W yuacTka TpyObl Ha BeTUUMHY
dW. 3a cuér sroro mpoumsoiieT yBenuueHHe Macchl KHIKOCTH HaxXoJsIIeHcs B
TpyOe Ha yuacTke quuHol L. Macca yBennuuTest 3a CUET yBENNUEHUS, BO-TIEPBBIX,

IUIOTHOCTH KUIKOCTH, BO-BTOPHIX, 3a CUET yBeauueHus oonema W.

Takas cuTyalus paccMaTpuBajiach MpU BbIBOJE YPABHEHUS HEPA3PHIBHOCTH
noToka B quddepeHunanbHoil popMe, ¢ TOM TONBKO pa3HUIIEH, YTO TaM paccMarT-
pUBAJIOCH JIMIIb U3MEHEHHUE MAcChl BO BpEMEHH, 0€3 yuéTa BBI3BABILUX 3TO U3Me-
HEHUE NPUYUH dM =W dp + aw

dt dt  dt
€M 3aIMIIEM BBIPAXKEHUE, OINMCHIBAIOIIECE U3MEHEHHE MAcCChl 3a CUET U3MEHEHMS

JaBJICHUS

£ . Ilo ananoruu ¢ NpuBENEHHBIM YPaBHEHU-

dM _ . do dw

dP dP dpP

}KI/II[KOCTL o1 )ICﬁCTBPICM YKa3aHHOT'O IMOBBINICHUA JAaBJICHHA YCTPCMUTCA

=0,

C HEKOTOPOU CKOPOCTBIO @& B CJIOW C MEHBIIMM JIaBJIEHUEM, B KOTOPBIX Takxke Oy-
JIET TMOBBIIATHCS MIIOTHOCTh U YBEJIMUMBATHCS HANPSIKEHUE B CTEHKax TpyOompo-
BOJIa, CIOCOOCTBYIONLIEE YBEIMUYEHUIO IUIOIIAaU TpyOonpoBoaa. B c¢BsA3M ¢ 3TuM
NoTpeOyeTCsl HEKOTOPOE BpEMSI HA PACIPOCTPaHEHHE ATHX JAedopmanuidl BIOJIb
TpyOomnpoBoAa.
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C apyroii croponsl, nepemernienure Maccsl M 3a Bpems dt mpoucxoaut nox
BIMSHUEM Pe3ylbTUpyromei Fp cun napnenus, neiicTBYOMUX BAOIb JIMHUA [BH-
’KEHMs Ha TOPILIOBBIE OBEPXHOCTH LIUIMHAPUYECKOro 00bEMa JmnHoM L

F, =w(P+AP)— P

P

B sToM cnydae ypaBHeHHE UMITyJIbCa CHJIBI MOXKET OBITh MPEICTABICHO B
CIICAYIOIIEM BHJIC

codPdt = dma .

Orcrona

dm  «dt

dP a

Hwmes B BHUAY, 4TO dt = g , 1 IIOACTABUB 3TO B IIPCALIAYIICC BBIPAXKCHUC, IIOJIY-

qum
dm oL
dpP a“®
3aMeTI/IM, qToO HpOI/I3B€I[€HI/I€
ol =W.
dm
[IpupaBHsieM 00a BbIpaXEHUS IJIs aP Y TIOJTYYUM:
\/\/2 _wde  aw
a dP dP
Bripaszum u3 nocnegHero paBeHCTBAa BEITUUNHY a’
> W
a =—3 aw
dP dpP

PaBI[eJ'II/IM YUCJIUTCIDb M1 3HAMCHATCJIb Ha W, a IICPBOC CjlaracMocC B 3HAMCHATCIIC
HCKYCCTBCHHO YMHOXXHUM M pa3CiinM Hap:

dp_|_ 1 dw -

O6paTtum BarManue Ha 10, uto W = oL a dW = dwL . TTocne noacranosku
9THUX PABEHCTB B MOCJICAHEE BBHIPAKECHUE W M3BJICUCHHUS KOPHS MMOJyYHUM BhIpaske-
HHE JJIs1 CKOPOCTH PACIPOCTPAHEHHS yIapHON BOJIHBI, KOTOpPAsi, 0 CYTH, SIBJISICTCSI
CKOPOCTBIO PaclpOCTpaHEHHs YIIPYTuX AedopMariuii )KUAKOCTH B TPYOE.
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1 1

l1dp 1 dwL ldp 1dw
pdP oL dP pdP o dP

35ech mepBoe ciaaraeMoe Ioji KOpHEM XapaKTepus3yeT yIpyrue CBOMCTBa pa-
Ooueit cpeqibl (KHIKOCTH), a — BTOPOE YIPYTHe CUIIbl MaTepHaia TPyOsbl.
PaccMmoTpum nosipoOHee 3TU ciiaraeMele.
Kak wu3BeCTHO W3 TUIPOCTATUKH, CHUIIA,
JCHCTBYIOMAsl Ha IMIMHAPUYECKYIO TOBEPX-
HOCTb, PaBHA MPOU3BEACHUIO JaBJICHUS Ha MPO-
EKLHUIO TUIOMIAM 3TOW MOBEPXHOCTH B HAIpaB-
JeHun JerctBus cuibl. Ha paccmarpuBaemblin
YY4aCTOK TPYOBI ¢ TONIIUHON CTEHOK O, JJIMHOMN
L u muamerpom D neiictByer usHyrpu nasie-
nue P. Benencrue sToro BosHHMKaeT paspbiBa-

romas cuna F, papnas
F = PDL.

B crenkax TpyObl BO3HUKAET CUJIa CONPOTUBIIC-
HUs k., paBHas NpOU3BENEHUIO IUIOLIAAHN Ce-

YeHHs CTCHOK TpyObl 2(0L) Ha BHYTpEHHHE
HalpsDKEHUsT O, B Marepuaie CTCHOK TpPYOBI,
T.C.

F =2(Ll)o, .
Econ IMPUPAaBHATDb ABC 3TH CUJIbI, IIOJIYYHM PABCHCTBO

o 2(5L)=PDL,

13 KOTOPOro HalAEM BBIPAXKEHUE, ONPEAEISIONICe BHYTPEHHEE HAMNPSHKECHUE

B CTE€HKax TpyObl O ,,, :

PD
o, =——".
20
2AR
D

[Tomarasi, 4T0 OTHOCUTENHHOE YBEIMYCHHUE TuaMeTpa TpyObl, paBHOE

MPSIMO MPOTOPIIUOHATBHO HAIPSKEHUIO B CTEHKaX TPYObI, MOKHO 3aIlHCaTh
2AR
oc,=E ——,
D
rae Ey, - xodhGuimenT mpornopiroHaaIbHOCTH, KOTOPBINA ABJISIETCS MOIY-
JIEM YTIPYTOCTH MaTepHaia TPyOBbl.
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W3 nByX MOCNEIHUX BBIPAXKEHHI CIIEIYET, 4TO Aa0COJIOTHOE MPUPALLIECHUE
panuyca ceuyeHus: TpyObl MOXKET OBITh BBIpaXXEHO (HOpMyIIOn
Do D PD D?

AR = - _
2E.  2E, 25 A4E, S

3anuineM BBIpAKCHHUE, OMPEACIIAIONICEe YBEIUYCHUE TUIOIIAA CEUCHUS TPY-
OBI;

D 2 D?2 D2 D
w-w,=n| —+AR| —7x— =z——27—AR
2 4 4 2

D2
+ 77 AR? —zT = 7DAR + 7ARZ.
¢ ) — HadaJiIbHad II0IIaab CCUCHUA pr6I>I,
(Wp — TUIOLIAb CEUCHUSI TPYOBI IPU JIaBJICHUU P.
[IpeneOperast Manoil BETUYMHON BBICHIETO MOPSIKA AR? u IIOJICTaBUB BbIpa-
xenne 1 AR, MOJIy4YuM

DZ P 7Z_D3

®—w, =D =—P
4E o 4E, o

[Tponuddepenuuposas 310 BhIpaxenue mo P u paccmarpuBas @ xaxk (yHK-
1MIO, 3aBUCAILYIO OT P, moayunm:

dw D3

dP 4E &

B urtore cnaraemoe, onmuchIBarolee ynpyrue CBOWCTBa mMarepuaina Tpyobl B
BBIPAKEHUU [IJI1 CKOPOCTU PACIPOCTPAHEHUS YAApPHOU BOJHBI, MOKHO MpEICTa-
BUTH B CJICAYIOIIEM BUJIE:

lde 1 #D° D
wdP D? 4E,6 E,J5
4

Tenepb paccMOTpUM cllaraeéMoe, OIUCBIBAIOIIEE YIPYroCTh KHJIKOCTH
1dp

p dP
JM U3MEHEHHE 00BbEMa MPOUCXOTUT 3a CYET U3MEHEHUS IUIOTHOCTH, TO MOKHO

. Panee mpu paccMOTpeHMH CBOMCTB MHUAKOCTH ObUIO YCTaHOBJIEHO, YTO €C-

ONPEIETUTE KOOPPUIIMEHT CHKUMAEMOCTH KUIAKOCTH fw:

M
ﬂ:dp1:dp1
W %dP p dP-*
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Yacto 370T K03(h(PUIIMEHT BbIpaxaroT yepe3 oOpaTHYIO0 BEITUYHMHY, Ha3bIBa-
EMYIO MOJIYJIEM YIPYTOCTH KUAKOCTH Eype, T. €.:

1

ﬂw :E—'

aHC

Otcrofa ciueayer, 4To BTOPOE CIaraéMoe, XapakTepU3yIolllee YIpyrue cBoi-
CTBa paboueil cpelibl, MOXKET OBITh MPEICTABICHO B BUJIE:

1 dpo 1
p,dp E,°

TakuM 00pa3oM, OKOHYATENHHO BBIPAXKEHHUE ISl CKOPOCTH PaCIpOCTpaHe-
HUS YJApHOU BOJIHBI B YIIPYrOM TPyOOIPOBOIE€ MOXKHO NEPENHCATh B CIEIYIOIIEM
BUJIE:

E.

1 P
4= ~ [ DE_°
o P .1 14 = o
E. &5 E, E, o

rae O - IIOTHOCTH KHIKOCTH,
D - quamerp tpy6onposoaa,

o - TOJIIIIMHA CTEHKHU TPyOOTpOBOIa,
E'm — 065EMHBII MOYITH YIIPYTOCTH MaTepHaa Tpyosl,

E i - 00bEMHBIN MOYJTb YIIPYTOCTH KUAKOCTH.
N3 GpopMyibl cieryeT, 4TO CKOPOCTh pacpOCTPaHEHUs yAapHOU BOJIHBI 3a-
BUCUT OT CKMMAEMOCTH XKHJIKOCTH M YIPYTux AedopMainii MmaTepuana Tpyoomnpo-
BOJA.

YnapHoe 1aBjieHue

JIst BBISICHEHHSI BEJIMYMHBI TTOIbEMA JaBiieHus A P npuMeHuM Teopemy o
COXpAHEHUU KOJIMYECTBA JBWXKEHHS (MMITysbca cuiibl). s 3TOro paccMorpum
>JIEMEHTapHOE IIepeMelleHne ydacTka kuakoctn mmmuaHod OL 3a Bpems dt.
Y4réMm, 4YTO MpPU OPSAMOM THUAPOYIAPE KUHETUUECKAsT DHEPIUsl yAAPHOM BOJIHBI
TIOJIHOCTBIO TPEBPAIIAETCS B MOTEHIMAIBHYIO, T.€. CKOPOCTh XHUAKOCTH V cTaHo-
BUTCS paBHOit Hyro 0.

Nmnynsc cuiibl, O AEUCTBUEM KOTOPOTO MPOUCXOAUT 3TO JIBUKEHUE, pa-
BEH:

(o(P + AP)— wP )dt = @APdt .

M3MeHeHre KOJIMYeCTBA ABMKEHUs paccMaTpuBaeMoro ooséma mmmnoit AL 6yner:
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(wdLpV )—(wdLp0)= odLpV

[ToBTOpUMCH: CKOPOCTH BO BTOpOi ckobOke pasHa 0, T.K. paccMarpuBaeMblii 00bEM
KUJKOCTH OCTaHABIUBACTCS.

[IprpaBHUBas 3TH BBIPAKEHUS IO TEOPEME O COXPAHEHUH KOJWYECTBA JBUKEHUS,
IIOJLy4HM:

wAPdt = wdLpV |

Otcrozia BEIpasuM BeIMYHHY NOBbIIIEHHs qaBjienus AP:

dL
AP = pV ——
=4 dt

[Tocne 3ameHBI IPOOH CKOPOCTHIO &, OKOHYATEIIBHO OYJIeEM UMETh:
AP = pVVa,

rae V - cKOpOCTh KHAKOCTH B TPYOOIPOBOJE 10 BO3HMKHOBEHMS THIDPO-
yAapa,
L - IIOTHOCTB KUIKOCTH,

@ — CKOPOCTb PaclpOCTPAHEHUS YAAPHOU BOJIHBI.
Ecnu B 3Ty QopmMyiy MoCcTaBUTh BRIPAXKEHUE OMHUCHIBAIOIIEE d, TO MPUIAEM
K popmyne, Hocse umst JKyKoBCKOTO:

1
D 1
“lE 6 E,

IIpoTrekanune ruApaBINMYECKOro0 yAapa BO BpeMeHH

AP = pV

PaccMoTpeHHBIN paHee mpoLece paclpOCTPAHEHUsI yIAPHON BOJIHBI B TPY-

itkdtilin ,-
AP
LI

LA N
Y A
PE A
il ]
LI
alst
7
L3
2%

ru nJ
LY

YA
PY L
¥y
8

P
]
]

il

2L 2L 2L 2L

A 4
A
A 4
A

A

OOIpOBOIC HE MPOUCXOAUT OecKOHEeUHO noyro. B ombitax KykoBckoro ObuIO 3a-
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PErUCTPUPOBAHO MO 12 MOJHBIX HUKIOB. [Ipy 3TOM BEMYKMHA YAAPHOTO JABIEHHSA

AP nocreneHHo ymeHbIIAIach.

YMeHblIeHHEe JaBIEHUs BbI3BAHO TPEHUEM B TPyOE M pacCEeMBaHUEM HDHEP-
T'MM B pe3epByape, odecreunBarouieM UcXoaHblil Hanop. Ha rpaduke crutomHoit
3aIITPUXOBAHHOM 00JIACTBIO MOKA3aHO TEOPETUYECKOE M3MEHEHUE JaBJICHUs IpU
ruapoyzaape. [IpepplBUCTON JMMHMEH NOKa3aH IPUMEPHBIA BUJ JEUCTBUTEIBHOU
KapTUHBI U3MECHEHUS JaBJICHUS.

PasHoBuaHOCTH rUaApOyaapa

Ecnun TPY6OHpOBOI[ MCPCKPBITh HC INTOJJHOCTBIO, TO CKOPOCTb KUAKOCTU H3-

MEHMTCS HE [0 HyJId, a 10 3HaueHus V1 . B oToM ciiydae MOXKET BO3HMKHYTH He-
nOJIHBLL 2uOpoydap, TIpU KOTOPOM BEJIMYMHA TOBBIIMICHUS JaBJICHUS (yIapHOE
naBieHue) OyeT MEHbIIIe, YeM B IEPBOM ciaydae, a popmyna JKyKOBCKOTO MPUMET
BU/T

AP = p(V —V, )a.

[TpuBenéuunie HopMysbl CIpaBeUIMBBI TOJBKO B TOM ClIy4ae, €CIU BpeMs

2L
3aKpeITHS KpaHa {34k  MeHbime (asel THAPABIMYECKOrO yaapa — T
2L
Lo < P

2L

B Tom cnyuae, ecnu L > _a , BOSHUKAET HenpAmMOou cuopoyoap. [1ns Hero

XapaKTEPHO TO, YTO OTPa3UBLIASICS OT pe3epByapa B Hayaye TpyObl yaapHas BOJIHA
BO3BPAILAETCS K 3aCIOHKE KpaHa paHbllle, YeM OH OyJeT MOJHOCTBIO 3aKphIT. Be-
avurHa AP B 3TOM Ciydae OymeT MeHbIIE, YeM IPH MPSIMOM ruapoynape. Eé
IpUOIMKEHHO (CumTasi, 9YT0 M3MeHenue P B TpyOOIpPOBOJE MPOUCXOAUT IO JIH-
HEHHOMY 3aKOHY) MOKHO OIPENEIUTh 10 PopMyIie:

2L

AP = pV| —

t3a1<
B rugponpuBomax TEXHOJOTMYECKUX MAaIlMH, CTAHKOB M T.II. OY€Hb YaCTO
BO3HUKAET TaK HA3BIBAEMBINA 2UOpoyoap 6 mynukoeom mpyoonposoode. B >ToM

clydae BO3MOKHO YBEJIMYEHHE YyIapHOTO JaBlieHUs B JBa pasza. [losicHUTh 3TO
MO>KHO CJIEIYIOLIUM PUCYHKOM.




TpyOonpoBoA ¢ HU3KUM HauyajdbHBIM JABJICHHUEM OTIEIEH OT HCTOYHHUKA
THJIPaBIMYECKON PHEPrHMM BBICOKOTO JaBieHUs. [Ipy MIrHOBEHHOM (B peasbHbIX

ruppocuctemax 0,008 — 0,001c¢) otkpeiTun 3acI0HKK KpaHa JaBICHUE B HAYAJIE
Tpy6OIIPOBOA BHE3AITHO BO3pacTaeT Ha BenuuuHy AP =P - Po,

Bo3HukaeT BojHA MHOBBILICHHOTO HaBJICHU, KOTOpas ABHMKCTCA K KOHIY

TpyOomnpoBoaa co CKOpocThio . CKOPOCTh K€ JIBHIKEHUSI KUJIKOCTH CTAHOBUTCS
AP

pasuoi V = a a maBiieHHe oTiuyaetcs ot Po Ha Benmuuny A P. B MoMeHT

L 2L
—<t<—
a a
A
RESENEE ' ]
Lt Cennmns DRSS
P1=Po+AP <_- B
A

BpeMeHn U = — BoJIHAa JOCTUTHET TYNHKA, U BCS TPyOa OKaXETCs paCIIMPEHHOM.
a

T.x. manmpHelIee IBUKEHUE KUAKOCTH HEBO3MOXKHO, TO TMEPEIHUE €€ CIIOU
OCTAHOBSITCS, a TIOCIEAYIONINE IO UHEPIUU OyAyT Haberath Ha HUX. DTO BBI30BET

JIOIIOJTHUTEIBHOE TIOBBIIIIEHUE JaBJIEHUS B KOHIlE TpyObl Ha BenmunHy A P. Bos-
HUKHET BTOpasi, OTpaKEHHAsl BOJIHA, KOTOpas JBMXKETCS K Hadally TpyOOInpoBoja

CO CKOpPOCThIO @. JlaBieHnue 3a (POHTOM yIApHOW BOJHBEI CTaHOBUTCS P2
=Po+2 AP, a ckopocts xuaxoctu V=0.

Jlasiee BeCh MPOIECC MPOJOIIKAETCS KaK B ClIydae MOJHOTO THAPOyaapa, HO
KOJIcOaHMsl JaBJICHHUs MPOUCXOIAT OTHOCHTENbHO Benuuuubl P1=Po+AP, a ne
OTHOCHUTEIBLHO Po.

167



Jlekuus 19. Ocobbie ciayyau JaMUHAPHOIO TEYECHM S

JlaMuHapHoe Te4yeHue B 3a30pax

.]IaMI/IHapHOC TECYCHHUE B IIJIOCKUX 3a30pax

PaccmoTpeHHbI€ BBIIIE 3aBUCUMOCTH, KaK YK€ OTMEYaJIOCh, IEUCTBUTEIbHBI
JUTSL TPYO KpPYTJIOTO CEYEHUs, HO OHU HYXKJIalOTCsl B YTOUHEHHH, eclid popMa ceue-
HUS TOTOKA OTIUYAETCS OT OKPYKHOCTHU. Takue MOTOKM UMEIOT MECTO B KaHAJIaX U

IPOXOAHBIX HIENSAX TUAPOANNapaTypbl, B TUAPOMAIIMHAX U BO MHOTHX IPYTUX
YCTPOUCTBAX.
Bravane paccMOTpuM JaMHHAapHOE TEUYEHUME B IUIOCKOM 3a30pe€ C HEIo-

JABHKHBIMH CTCHKAMM, PaCCTOSIHUE MEXXAY KOTOPBIMH PaBHO a.
¥y

Hauasio cucremsl KOOpAMHAT [JIs1 MPOCTOTHI IIOMECTUM B CEPEAUHY 3a30pa.
B aTOM 3a30pe paccMOTpUM JBa MOTMEPEUYHBIX CEYEHUS MOTOKa 1 M 2, HaXOoaAIuX-
cst Ha pacctostHuu | mpyr ot apyra. [llupuHy paccmaTpuBaeMoOi 4acTH MOTOKa 000-

spagnM D . Ha ygactke | BeIIenMM 00BEM JKHIKOCTH B (hOpME MPIMOYTOIHHOTO
MapaJuieNenune1a, UMEIOIIEr0 pa3Mephbl | x2yxb, u CHUMMETPUYHO PACTOJIO-

’KEHHOTO B 3a30pe. YCIOBMEM PAaBHOMEPHOI'O ABMKEHUS Napajuienenunena Oyner
SIBJISITHCSI PABEHCTBO CHUJI JIABJICHUS W CUJI BA3KOTO TPEHHMS, JCUCTBYIOIIUX B
HaInpaBJICHUU JIBUKCHUS

(P,2yb — P,2yb) —,u(—g—u)ZIb =0.
y

3HaK « - » Mepell CWJION BSI3KOTO TPEHUsI O3HA4YaeT, YTO OHA HaIpaBJieHa POTHUB
JBIDKEHUS. 3HAK « - » Tepej] TPaJIMeHTOM CKOPOCTH O3HA4aeT, YTO MPOU3BOIAHAS

du
—, OTpHULATENbHA, T.€. C POCTOM Y, B IPUHATON CUCTEME OTCUYETA, CKOPOCTD CJIOS

dy

KHUIKOCTU yMmeHbluaeTcs. [lo aHamoruum ¢ 3aBUCHMOCTSIMH JUIsl TPYObI KPYIJIOTO
ceuenus npumem AP =h, 09 nostromy npupamienue ckopoctu MOKHO MpesicTa-

BUTH B BHUJC:
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_hss g

du = ydy.
y7,
ITociie HHTErpUPOBAHHKS 110 Y MOTYyYHM
he he 2
U—— Oépgj.ydyz— 06 P9 Yy L C.
y7, y y7, 2

[Tocrosunyro uaTerpupoBanus C ompenenum u3 yCloBUM JBHKEHUS KUIKOCTH Y

OBEPXHOCTU cTeHkH, e Y ==, a U=0. Torma

2
n,, P90 %
21 4

C=

[ocne noacranoBku C B BEIp@KECHUE I CKOPOCTH DJIEMEHTAPHOI'O CJIOS JKHUIKO-
¢ty U IpuMeET BUI

hss pg y? . o P9 a® _hespg(a® o
y7, 2 2ul 4 24 4

[locnenusas ¢opmyna ompenensieT To, Kak CBsi3aHa CKOPOCTb JKUIKOCTU C
PACCTOSITHUEM OT CEpPEAMHBI MTOTOKA, T.€. OT MOJOKEHHUS CJIOS )KUJIKOCTU B 3a30pe.
3Has 3TO, HETPYJAHO OMPENEIUTh PacXol KUAKOCTU B 3a3ope. g aToro omnpene-

UM cHadana >nemeHTtapHsii pacxon Q uepes mnomanky BEICOTOMH (TOMMIMHOI)
dy u mmpunoii b, koToperii 6yaer pasen

h _ogb( a?
dQ =udy = S—M[Z — yzjdy.

ITociie MHTErpUPOBaHKs 110 Y B peesax IMOJ0BMHBI BICOTHI mean ot Y = O no

y = % , IOJIyYHMM ITOJIOBHHY Pacxo/a 4epe3 IIeb:
h b 2 2
L _ udy = eI [| Z-—vy? |dy =
2 2. 3 a
h ogb( a2z . =
__ _mp s 24 _
5| a Yl ,([ y2dy
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NI

hmp'ogb a3 y3 . hmppgb 8.3 a3

24 | 8 3 24 | 8 24

(0]

_ h,.,pgba’ [1_ 1 j: h,., pgba’ (ij
2 ul 8 24 2l 12

Torna momHBIN pacxo Yepes meib OyaeT B ABa pa3a OoJbIIe:

h,,,pgba’ |
12 4

Ecnun YUCCTh, YTO CPCOAHAA CKOPOCTH B HICIIH 6YI[CT V= TO IIOTCPpHU

ab’
HaIopa B IIEIH C INIOCKUMH CTEHKaMH COCTaBSIT:
h o = Ql2 Vabl2 d 12V

"7 pgba® rgba’® pga’

JlaMuHapHOe TeYyeHHre B IVIOCKUX 3a30pax ¢ NOJABUKHON CTEHKOM

B nporecce paGoThl ruapoannapaToB U THAPOMAIINH MOXKET BCTPEYAThCS CUTya-
IUs1, KOT/Ia OJTHA U3 IUIOCKUX MOBEPXHOCTEH, 00pa3yIomux 3a30p, NepeMeInaeTcs
napajuiesIbHO JIPYroi MOIYTHO WJIM BCTPEYHO HAIIPABICHHIO IMOTOKA JKHIKOCTH.
JIBMKyIIascsi MOBEPXHOCTh 3a CYET CUJI BSA3KOTO TPEHHUS YBJICKAET 32 COOOM KUI-
kKocTh. Ecii mpu 5TOM faBiieHre B )KHIKOCTH TIOCTOSIHHO, TO BO3HUKAET TaK Ha3bl-
BacMO€ (hpukuuonHoe 0e3nanopHoe oeurcenue. DMIOPA PACTIPEACICHUS CKOPO-
CTEH B 3TOM ClIy4ae MPUMET TPEYTOJIbHBIN BHUJ, TPHUEM HAJ0 3aMETHTh, YTO CKO-

pPOCTH  OTHOCHUTEIHLHOTO
AY JIBIDKCHUS B TIPHJICTAIO-
MMX K CTEHKAM CIIOSX
KHUJIKOCTH PaBHBI HYIIIO.
BHyTpn moToka KHIKO-
CTH BBIJCINM HEKOTO-
pelii  00BEM  MpsAMO-
YTOJIBHOTO CEUEHUS U

it w&\\\ .% = v paccMOTpUM  JEUCTBYIO-
mue Ha Hero cwibl. B

—_— NPUHATBIX YCJIOBHAX Ha

Vem TOPLIOBBIE ITIOBEPXHOCTH

JEHUCTBYET OJIMHAKOBOE JIABJICHUE, CJIEI0BATEIbHO, OJJMHAKOBHIMU OYyAYyT U CHUJIBL.
Tornma myist HOCTUXKEHHST paBHOBECHS paccMaTpuBaeMoro o0bémMa HEoOXOAUMO pa-
BEHCTBO KAaCaTEIbHBIX HANIPSKEHNUE HA €r0 HUKHEN U BEPXHEN MOBEPXHOCTAX. OT-

CroJa CJIeayeT, 4To dr = 0 N T - BEJIMUUHA ITOCTOSTHHAs. CH@JIOBaTeJ'IBHO, I10 3aKO-

du
Hy KUAKOCTHOI'O TpeHI/IH HI)IOTOHa T = —,UE = C . B 3TOM Bblpa}KeHI/II/I C II0OCTO-
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SHHAs, a 3HAK « - » 03Ha4aeT, yTo npu ysenudenun dY npupamenue ckopoctu dU
CTAHOBUTCSl OTPULATENBHBIM (CKOPOCTh YMEHBIIAETCS). B TakoM ciyuyae BbIpaxke-
HHUE 711 CKOPOCTH ITPUMET BUJL

_Cdy
Y7,

du =

[Tocne uHTETpUPOBAHUSL, TOTYIUM

Cdu C
Idu =—|——=u=——y+C.
H H
[Tocrostunbie uarerpuposanns C u C1 Haliném U3 ycnoBuil Ha rpaHUNAx MOTOKA,

a a
rae npu Y = > U=0,anpn y= —5 U =V_,, (Vem — cKOpoCTh IBHKEHUS CTEH-

KH).
[ToncraBuB 3T 3HAYEHUS B BBIPAKEHUE TSI CKOPOCTH, TIOJIYYUM CUCTEMY U3 JIBYX
YpaBHEHUI

BhIpasuB U3 [EPBOrO ypaBHEHHST C1 = —— 5, MOCIE MOICTAHOBKH €r0 BO BTO-
U2

poe 3amuieM:

cm

Orcrona nocrosanas C mpumer Bug C = [ToncraBuB 3TO B BBIpaKEHHE

chﬂ E _ ch
au 2 2

nis Cy1, OyneM MMeTh 3Ha4eHHE MOCTOAHHOM uHTerpuposanus C; =

[Mocne BuisscHenus 3Ha4enuit 18 nocTosHHbX C u C1 monyunM Gopmysy cKopo-

u =ch[1—lj.
2 2

Cpennsisi CKOpOCTb TAKOTO (PPUKIMOHHOTO MOTOKA KUIKOCTH COCTaBISET
IIOJIOBUHY CKOPOCTH IOABMYKHOM MOBEPXHOCTH, YTO HETPYAHO BHUIETH HA DIIOPE
pacrpeneneHns CKOpOCTEN 10 CEYEHUIO 3a30pa:

ctu U

a BEJIMYMHY Pacxo/ia MOXKHO BBIYUCIIUTH 1O hopmyIie:
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Q= Vn ab.
2

BbIBOZI M3 CKa3aHHOTO COCTOMT B TOM, YTO B 3a30p€ MEXAY IMOJBHKHOU U
HEIOABMKHOW MOBEPXHOCTAMH JAXKe MPU OTCYTCTBUU PA3HOCTH J1aBJICHUS BCEr/a
OyZeT MOTOK XHUAKOCTH, CKOPOCTh KOTOPOTO OIMpPENEseTCs] OTHOCUTEIbHBIMU CKO-
POCTSIMH IIOBEPXHOCTEN.

Eciu QpukinnonHoe NBIKEHUE MPOUCXOAUT MpHU Iepenaje MaBICHHM, TO
CKOPOCTH JBMXCHHS CIOEB B TAaKOM IMOTOKE CKIIABIBAIOTCS U3 CKOpPOCTEH, 00Yy-
CJIOBJICHHBIX (DPUKIIMOHHBIM JBUKEHHEM, U CKOPOCTEH, 00YCIOBICHHBIX HAIOPOM.
BenuunHa CKOpOCTH HAIOPHOTO JBUKEHMSI KUAKOCTU B IUIOCKOW Ienu Oblia Mo-
Jy4yeHa paHee U BBITJIIUT CIASAYIOLUIUM 00pa3oM:

h
u=—2"-|——y

CKOpOCTb IMOJIBUKHON MOBEPXHOCTH HIENH Vem MOXKET OBITH HarpaslieHa
MOMYTHO WJIM BCTPEYHO (PPUKIIMOHHOMY MOTOKY. B 3TOM cityyae ckopoctu cioéB
KUJIKOCTH OIPEACIISIOTCS CIOKEHUEM WM BBIYUTAHUEM CKOPOCTEH, 00yCIIOBIICH-
HBIX (DPUKIIMOHHBIM JBUKEHUEM, U CKOPOCTEH, 00YCIOBICHHBIX HAITOPOM.

[Ipu nomyTHOM JBM>KEHUH

:hmppg a’ y 1y

2 | 4 y ™2 2)
BCTPECUYHOM
h 2
u — Jmp9 a e _ch(l__j_
2.u 4

CXO0O KMAKOCTHU YCPEC3 IIOCKYIO IICIIb IIPHU
Hal'IOpHO-(l)pI/IKL[I/IOHHOM JABUIKCHUHU CKJIAABIBACTCA M3 CYMMBI PaCXOJ0B IIPU JIBYX
ABMOKCHUAX B OTACIBHO-

ch

CTH U COCTABJISIET: P e A 7
3 \
Q= h,,paba’ | Vo, ab.
12 4l 2 o
........... e .
IlepBoe  cmaraemoe B ‘_V
bopmyie Ha3bIBACTCS cm

HANOPHBIM PACXO000M, A BTOPOE - (PPUKUUOHHBIM, KOTOPBIA N00ABISETCA WA
BBIYUTAETCS MPU MOMYTHOM WJIM BCTPEYHOM HANPABJICHUU JBWKCHUS TTOJABUKHOMN
CTEHKH IIICJIH.
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.]IaMI/IHapHOC TECYCHHUEC B KOJBUECBLIX 3a30pax

3a30pel B BUJE LWIMHAPUYECKOTO KOJIbIA BCTPEYAKOTCS MPAKTHYECKUA B
Ka)KJIOM KOHCTPYKTUBHOM 3JIEMEHTE THIAPOCUCTEM: B JIFOOBIX TUJIPABIMYECKUX all-
naparax, TUpoManinHax, THAPABIMYECKOH apMarype. DTH 3a30pbl MOTYT OBIThH
KaK C MOABMXHBIMH, TaK U C HEMOJBWKHBIMU MOBEpXHOCTIMU. Bee paccyxnenus
U TOJy4eHHbIE (OPMYJIBI MOTYT ObITh MPUMEHUMBI K JABUKEHHUIO >KUJKOCTH B
KOJBIEBBIX 3a30pax (MpU YCIOBUHU, YTO 3TO JABUKEHUE HAMPABICHO BAOJb OCEH
MOBEPXHOCTEH, KOTOPBIE 00Pa3yIoT 3a30p) ISl TEX CIy4yaeB, KOT/Ia TONIIMHA 3a30-
pa Maja 1o CpaBHEHUIO C PaJHyCcaMH MOBEPXHOCTEH, 00pa3yrolluX 3a30p, U HE
MEHSIETCS B HANpPaBJICHUU JBIKECHUS KUAKOCTU. Bece mpuBenEHHBIE pacCy X IeHUS
BIIOJIHE TPUMEHHUMBI K 3a30paM, 00pa30BaHHBIM IMOBEPXHOCTAMHU, PACIIOTI0KEHHBI-
MH SKCIEHTPUYHO.

PaccmoTpum o0muii citydai, Korjia MmoBEpXHOCTH, 00pa3yrolue 3a30p, pac-
MOJIOKEHBI C SKCUEHTPUCUTETOM € U, CIIeI0OBATENbHO, BEJIMUYMHA 3a30pa NIEPEMEH-
Ha ¥ 3aBHCHUT OT yria f3.

% Eciu  00603HauuThH
OTHOCHUTENBHBIN  3KCIICH-

e
TpucHuret ¢ :g U y4YECTbh,

gro dy =R~—T, 10 Benu-
YrHa 3a30pa OyJeT OIUCHI-
BaThCS BBIPAXKCHUEM

a=R+ecosB—r=a,(l+5c0sf)
PaccMmaTpuBas KONBLEBOM 3a30p, KakK INIOCKYIO Inedb mupuHoii rdS (ecnu
paauyc I mpencTtaBUTh OOJIBIIMM KAaTETOM MPSIMOYTOJIBHOTO TPEYTOJIbHHKA, TO

IMMPUHY ILEIH MOKHO onpeaenuts kak I -19f4 | a npu maneix yrmax - ), Moxk-
HO TIOJIYYUTh CIEAYIOUIEE BBIPAXKEHUE IS DJIEMEHTAPHOIO pacxoa:

h 3
ﬂ(1+ gcos )’ rdg.

3

h a
mp 79 rdg =

dQ=—"———
Q 124 1241

B pe3ynbprare mHTErpUpOBaHUs IO OKPY>KHOCTHU MOJTYUUM:

h 3 2 27rh 3
Q:—’”ppgaﬂ rj(1+gcosﬂ)3d,8: mp P98 [1+§52j.
1241 5 12 4l
Bennuunna
27rh,, P98,
1244
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IPEACTABIIAET COOOM Pacxo Yepe3 KOJNbIEBOH 3a30p NPH OJAUHAKOBON LIMPHHE IO
OKPYXKHOCTH @0 . DTO 3HAYMT, YTO IIPH MAKCHMMAJILHOM OTHOCHUTEIHLHOM JKCIIEH-
tpucutere € =1 (4 mpu TOM Ke IUIOImAAN), BEIMYMHA pacxona B 2,5 pasa Goblle,
YeM IIPU KOHLEHTPUYECKOM 3a30pe ao.

JlamuHapHoe TeyeHHne B TPyOax NpsAMOYroJIbHOIO ce4eHH sl

Jlnst onpeneneHuss MOTepb YHEPTUU B TAKUX TPyOax HCHOIB3YIOT (GOpMyITy

1 v?
Hapcu (HanoMHUM h,,=A4, d 5 ) IpH YCIOBHH, 4TO KOA(P(UIIUEHT TO-

6
Tephb Ha TPEHHE A OyJeT BEMUCIATECA 110 popmyie A, =K Re Koapdunuent K

B 9TOM BBIPpAXXCHHU CCTb (bYHK]_II/I}I, 3aBUCAIIAd OT COOTHOIICHUA CTOPOH TPY6I>I

a
— |. Ero 3mauenue M0OXHO ONpCACIIUTD 110 Ta6J'II/II_[€I

b

1 1,5 2 3 4 3) 6 o0

~ | oo

0,89 0,92 0,97 1,07 1,14 1,19 1,32 1,5

Yucno PeliHOonbpaCa 1715 3TOTO Ciydast HaJ0 MOACYUTHIBATE 110 YYETBEPEHHOMY OT-
HOIICHHIO TUIOUIAH MOMEPEYHOI0 CEYEHUS K €0 MEPUMETPY:

2abV
Re = ———,
(a+b)
2ab .
a Bmecto d B dbopmye Jlapcu UCTIOIB30BATh BEIUYUHY ﬁ . [IpuBen€HHBIE BBI-

64

paxennst st Re u 0 0GBACHSIOTCS TeM, YTO 3aBUCUMOCTD Ay = e’ NIOJTyYEHA U3
e

dopmynsl [lyazeins, xapakTepusyoliei norepu B Tpyoe kpyeinozo ceuenus. Yuc-

. Vd
10 PeiiHonbca B 3TOM cilydae NMoAcUuThIBaeTcs 1o ¢popmyne Re =—, a ero kpu-
1%

tnueckoe 3Hauenne coctapisier 2300. Yucno Pelinonbaca s HEKPYrIbIX TPYO
NPUHATO OMNpEENATh 10 OTHOMICHUIO IUIOLIAAN KUBOTO CEYEHUS K JJIMHE CMO-

Vo
YEHHOro nepumeTpa Re =——, a ero kputuueckoe 3Hauenue cocrapuser 580, 1.e.

uetBepTh 0T 3HadeHus 2300. [TosToMy ydeTBEpHUTH OTHOIIEHHE HEOOXOAUMO ISt

TOr0, YTOOBI IPUBECTU B COOTBETCTBHE KOI(DDHUIMEHT IOTEPL An IS TPYO KPYT-
JIOTO U MPSAMOYTOJIBHOTO CEYEHHI.
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C yuérom nepeuncineHHoro ¢opmyna Japcu ans Tpy0 npsMOyrojabHOTo ce-
YEHUs IPUHUMAET BUJ:

2 2
hos =/1é|—v—=k o4 : V- _
d 29 2abV 2ab 29
(a+bh \ (a+Db)
641V 2 8IV (a+b)?v

=k 2,.2 =k 2,.2 '

8a“b“Vg a“b“g

v(a+b)?

CMa304YHBIN ¢JI0M B MOAIIUITHUKE

OcoObIM ciTyyaeM JJaMUHAPHOT'O JBUKEHUS KUIKOCTH B KOJBIEBOM 3a30pe
ABJISIETCSI OTHOCUTENILHOE BPAILEHUE JIBYX LIMJIMHIPUYECKUX MMOBEPXHOCTEN, 00pa-
3YIOIIMX KOJIBLIEBYIO IIEJIb MEXY Bpalarouencs nandoil 1 HemoABUKHBIM BKJIa-
JBIILIEM.

3a cu€r BpamieHus nan@sl ¥ OPUIAIAHUS K €€ TOBEPXHOCTH KUIKOCTH 00-
pa3zyeTrcsi THAPABIMYECKUNA KIHWH, B KOTOPOM pPa3BHBAETCS THIPOJMHAMHYECKOE
JABJICHUE, NTOPOXKIAIOIIEE CUITY, YPABHOBEIIMBAIOIIYIO CHJIBI HArpy3KH, ACHCTBY-
fouiee Ha nandy. Takue ycTpolicTBa MKUPOKO MPUMEHSIOTCS B TEXHUKE M Ha3bIBa-
I0TCA IMOALINITHUKAMU CKOJIBKEHMsS. MaTreMaThudeckoe ONHMCAHHUE, MPUMEHSEMOE
JUISl TUIOCKHX LIEJIEW, K TaHHOMY CIIy4arO0 He MOAXOJAMT, T.K. BEJIMYMHA 3a30pa M0
HAIIPaBJICHUIO JBW)KEHUS HE IOCTOSIHHA, & JBWKEHUE >KUJIKOCTH B IOJIIUITHUKE
OTHCHIBACTCS] 3HAYUTENIbHO 0oJiee CIOXKHBIMU ypaBHeHUsMU. [loaTomy B pamkax
HACTOSIIEr0 Kypca Mbl KOCHEMCSI TOJBKO OCHOBHBIX PE3YJIbTATOB Meopuu noo-
WIUNHUKOG CKONbHCEHUSA HCUOKOCMHO020 mpenusa. OHa OCHOBaHA Ha TUJIPOJIMHA-
MHUYECKON TEOPUHU CMa3KH, KoTopas Obuia pazpaboTaHa pycckuM yu€HbiM Ilempo-
eévim H. I1. B 1883r. EMy xe mpuHa[JIe:)KUT niepBasi TeopeTuyeckas popmyna s
K03 duLreHTa TPEHUS MOAIIUITHUKA CKOTbKEHUS.

B pe3ynbrare COBMECTHOIO pEIIEHUs] IIECTH YpaBHEHUH paBHOBECUS IS
BA3KOM KUJKOCTH, YPAaBHEHHs HEPA3PbIBHOCTH U TPEX ypaBHEHUH ABWKEHUS, C
y4€TOM psiia JOMYIICHHH, MOJIYy4eHO OCHOBHOE AM(QepeHLranbHOe ypaBHEHUE
TUAPOAMHAMUYECKON TEOPUHU CMa3KH:

%, oh

1 0| h®oP 0| h®oP
——|—— |+ = —— |+6—22— =0,
r-oé| u oo ozZ| u oz r o6
rIe P - rugpomuHamMudeckoe JaBiIeHNUE,
M - THHAMHUYECKas BA3KOCTD,
h - TOJIIIAHA TIEHKH KUJIKOCTH,
I - paguyc nandsi,
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8., - OKpyXHas CKOPOCTh LA sl

OKp

0 - TCKYHICC 3HAUYCHHUC YyIJId, B KOTOPOM OIIPECACIISICTCS JaBJICHNUC,

Z - KOOpauHarta, OTCUUTBIBACMAA OT CCPCAMH BKJIAAbIIIA B OCCBOM

HaIpaBJICHUH.
PacuétHas cxema IMOAIIUITHUKA CKOJIBXKCHHUS IOKA3dHa Ha PUCYHKC, I'IC UC-

0JIb30BaHbI CACAYIONINE 0003HAYCHUS:

D - nuamerp nandsi,

d - amamerp BKIazbIIIa,

€ - SKCICHTPUCHUTET MEXIY OCSIMH Lan(bl ¥ BKIIAJbIIIA,

h - MUHUMAJIbHAS TOJIIUHA IJIEHKHU KHNIKOCTH,

MUH

hO - TOJIIIMHA TUIEHKU KUJIKOCTHU B 001aCTH MaKCUMAaJILHOTO JaBJICHUA,

¢ - yriaoBast KOOpAUHATA,

0, u 0, - 3HaYEHUS YTIIOB Havajia M KOHIIA 3ITFOPHI IaBJICHUS OTHOCHTEIBHO JTUHUH
LIEHTPOB.

D
d

A 4

A

AW

hmun

2

@,
Z
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be3 ydéra TOPLOBBIX yTE€UYEK JKMAKOCTH OCHOBHOE YpPaBHEHUE T'MAPOAWHA-
MUYECKOW TEOPUU CMA3KH YIPOLIAETCA U IPUHUMAET BUJIL:

oP, h, —h
=6uS, r——
d@ II’I OKp h3 1

rae P, - maBimeHue B J1000M TOUYKE IIENH 11 OCCKOHEUHO JJIMHHOTO TMOJI-

IIUITHHUKA.
]_IJ'ISI IMOAIINITHHUKA KOHCUYHOU JJINHBI I CIIPAaBCIJINBO YPABHCHHC, OIIPCACIIAIOIICC

JIaBJICHUE .
22 ?
P=P,c 1—(—| j

KacarenbHoe HaIIpsPKCHUC Ha uambe T paBHO:

., hoP
h 2r 060 °

Hecymas cnoco6HocTh (rpy3onoabéMHocTs) W noammnHuka:

T=u

W = Pcos(@ —p)dedz

—n|=
D e

N|=—

Cwna tpenuss F,, u pacxop xumkoctu 0, ompenensioTcs ypaBHEHUSIMH

P

1%h3 oP
6; 1 0z

D —y

2
F, =
%

Pemenne mociaenHMX ypaBHEHHN 3aTPYIHEHO CJOKHBIMH 3aBUCHMOCTSIMU
M3MECHEHHS IaBJICHHUS B CJIOC JKUAKOCTH 10 yriry € u mo jumHe mandsl it onpe-
JENEHHBIX TEOMETPHUUECKUX Pa3MEepPOB MOAIIUITHUKA.

Ha mpakTtuke nns pacyéra MOAIIMITHUKOB CKOJIBKEHUS HMCIONB3YIOT AHa-
rpaMMbl 6e3pa3MepHbIX KOd(PPUIMEeHTOB

=t x)he="1(1 x)a= 1 %),
rae ¢ - kod()PUIMEHT HArPYKEHHOCTH TIOAIIMITHIKA,

_ Wy
Idwp’
& - KOOPPUIMEHT CONPOTUBIICHHS TATI(PBI BPALICHHIO,
N2
&= l/zj :
Id “w® 1

N - moTeps MOIIHOCTH Ha MPEOJIOJICHUE CHJI COMIPOTUBIICHUS BPAILICHUIO HATI(bI B
TIO/IIIUITHUKE;
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g - ko3¢ dUIMEeHT TOPIIOBOTO pacxoa,

Ov

4= 0Bpald?

¥ - OTHOCHUTEIIbHBIN 3a30D,

A - OTHOCHUTCIIbHAA AJIMHA IOAIIMITHHUKA,

A:L;
d

X - OTHOCHUTEJIbHBIN OKCHOCHTPUCUTCT,
e
X ="
9

0, - CPeIHUI 3330 ,
0

(@ - yrioBasi CKOPOCTh BpaICHUS TATI(BbI.
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Jlekuust 20. OcoOble peKMMBbI TEYCHU S KUIKOCTEN

Kpome noctaroyno moapoOHO pacCMOTPEHHBIX B HACTOSIIEM Kypce BHUJOB
JBYKEHUSI AKUJKOCTU: JIJAMUHAPHOTO U TypOyJIE€HTHOTO, ABMXKEHUS KUJIKOCTU MPU
IPOXOXKICHUU PA3IUYHBIX CONPOTUBIICHUM, UCTEUEHUN Yepe3 HACaJKu U APYIHX,
CYLIECTBYIOT U JAPYTHe Pa3HOBUAHOCTH TeueHHs. OHM ONMCHIBAIOTCA ropasno 0o-
Jiee CIOKHBIM MaTeMaTUYeCKUM ammnapaToM WM HE OMUCHIBAIOTCS BOOOIIE, JINOO
TPEOYIOT CII0KHOIO 3KCHEPUMEHTAIBHOIO M3ydeHus. Huxe paccMOTpUM OCHOB-
HBIE U3 HHUX, HEPEJIKO MPOSIBISIIONIMECS B THAPOCUCTEMAX TEXHOJIOTHYECKOro 000-
PYZLOBaHUSL.

KaBI/ITaIII/IOHHI)Ie TCYCHUHA

B HEKOTOpBIX Ciydasx IpH JABHKECHUU JKUIKOCTH BO3HUKAIOT SIBJICHUS, CBS-
3aHHBIE C U3MEHEHUEM €€ arperartHoro COCTOSHMS, a UMEHHO, C IPEBpallcHUEM
HEKOTOPBIX €€ YaCTHI] B ra3000pa3HOE COCTOSTHUE.

Hanpumep, npu TeUeHUH KUAKOCTH YEPE3 MECTHOE CyKEHUE TPYObI MPOUC-
XOJUT YBEIMYEHHE CKOPOCTH M MajJieHue AasieHus. Ecnu abcoiloTHOE AaBiieHHE
IIPX OTOM YMEHBIIAETCS 10 3HAYEHUs, PABHOTO YIPYIOCTH HACBIIIEHHBIX MApOB
ATOM KUJIKOCTH MPU TAHHOW TEMIIEPATYpPE, WK 0 JABJIEHUSA, IPU KOTOPOM HAYM-
HAeTCs UHTCHCUBHOE BBIJIECIICHUE U3 HEE Ta30B, TO B JJAHHOM MECTE IIOTOKA HAYU-
HaeTCsl MHTEHCUBHOE MapooOpa3oBaHUE U BbLAEIEHUE ra30B. B pacmmpsronieiics
YaCTU MOTOKA CKOPOCTh YMEHBIIAECTCS, & JABJICHUE BO3pACTaeT, U BBIJIEICHUE I1a-
POB U ra30B IPEKPALIACTCS; BBIAEIUBIINECS MTapbl YACTUYHO MIIM ITOJIHOCTHIO KOH-
JNEHCUPYIOTCsl, a Ta3bl [IOCTENIEHHO PACTBOPSIOTCS.

OT0 MecmHoe HapyuwieHue Cna0WHOCmU meyeHus ¢ o0pa3oBaHUEM apo-
BBIX M T'a30BBIX Iy3bIpell (KaBepH), 00YCIOBICHHOE MECTHBIM MMAJICHUEM JIABJICHHUS
B IIOTOKE, HA3BIBACTCS Kagumayuei.

Ecnu B mpo3pauHoil TpyOke, [uaMeTp KOTOpPOM cHavasjla MjIaBHO yMEHbIa-

€TCidA, a 3aT€M CIIC 0oJiee IIIaBHO YBCIIMYNBACTCA, TEUET IIOTOK KHUIKOCTH, CKO-

. _,.I':l'r_.ll"j"r --"'—-Ii"'—'!l"lrIllllr .......
Wi

Wfffﬁ% o o SRR e

3ona Kaeu-
mayuu

POCTb KOTOPOT'O PETYIUPYETCS, TO MOKHO BU3YaJbHO HAOMIOJATh CIAEAYIOIIHUE SB-
JICHUS.
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[Tpu mManmoit CKOPOCTH KUIKOCTHU TMAJICHUE JTABJICHUS B Y3KOM MECTE TPYOKHU
HE3HAYUTEIbHO, MOTOK BMHOJHE Mpo3paueH. [Ipu yBenrueHun cKOpocTu B TPyOKe
a0COJIIOTHOE JIaBJICHHE B COOTBETCTBUU C ypaBHeHHeM bepHyriu Oyner magaTh U
IIPY HEKOTOPOM 3HAYEHUHU

P.=P

abc ~ ' un)

rnae Pun - JTaBlieHUE HACBIIICHHBIX MApPOB,

B TpyOKe MOSBIAETCS OTYETIMBO BUJIMMOE MOMYTHEHHE XKUIAKOCTH, 00YCIOBIICH-
HOE TOSIBJICHUEM Iy3bIPHKOB r'a3a. ITO U €CTh 30Ha KaBUTAIIUU.

[Ipu nanbHeiiieM yBEIWYEHUU CKOPOCTH pa3MEpbl 30HbI KaBUTAIUU BO3-
pacraroT. KaBuTanusi conpoBOXKIAETCA XapaKTEPHBIM IIYMOM, a MPU JIUTEIbHOM
€€ BO3JICHCTBUH TAKXKE U IPOZUOHHBIM paspyuienuem TBEPIBIX, KaK MPaBUIIO, Me-
TaJUIM4eCKUX cTeHOK. [lociiennee 0ObsICHAETCS TeM, YTO KOHJICHCAIUSI MY3bIPhKOB
napa (1 cxaTve My3bIpbKOB ra3a) MPOUCXOJUT CO 3HAYUTEIBHOU CKOPOCTHIO, Ya-
CTULBl JKUIKOCTH, 3aIOJHSIONIME TMOJOCTh KOHACHCUPYIOIIETOCs ITy3bIPbKa,
YCTPEMJISIFOTCSL K €r0 LIEHTPY U B MOMEHT 3aBEPIICHUSI KOHJACHCAIUH BBI3BIBAIOT
MECTHBIM THAPABINYCCKUN yAap, T. €. 3HAUUTEIbHOE MECTHOE MOBBIIICHUE JaBJIe-
Hud. Pa3pymienue marepuana npy KaBUTalUA IPOUCXOIUT HE TaM, TI€ BBIICIISIIOT-
Csl y3bIPbKH, a TaM, IJI€ OHU KOHJICHCUPYIOTCS BCJIEACTBUE JUIMUTEIHHOTO BO3EH-
CTBHSI 3HAKONIEPEMEHHBIX CHUJI.

KaBuTarusi B 0OBIYHBIX CITy4asiX sIBJICHHE HEKEIaTeIbHOE.

[Ipu xaBUTaIMM TAaK)KE BO3PACTAET CONMPOTUBIIEHHWE TPYOONPOBOJOB U, Cie-
JIOBATEJIbHO, YMEHBIIIAETCS UX MPOITYCKHAsI CIIOCOOHOCTb.

«KaBuTanuys MOXeT BO3HUKATh BO BCEX YCTPOMCTBAX, T/i€ MMOTOK MpeTepIie-
BAa€T MECTHOE CY)XEHHE C MOCIEIYIOUIUM pacllupeHUeM, HalpuMep, B KpaHax,
BEHTWISIX, 3aJIBUKKAX, AuadparMax, Kukjiaepax u T.0. B oTaenpHbIX ciydasx BO3-
HUKHOBEHHE KaBUTALIMK BO3MOKHO TAKXKe M 0€3 pacIIMpeHus MOTOKa BCIIE] 3a €ro
CYy’)KCHUEM, a TaKke B TpyOaX MOCTOSIHHOTO CEYEHUs MPU YBEIUUYECHUU HUBEIIUP-
HOM BBICOTHI M TUJIPABIINYECKUX TOTEPb.

KaBuraius MOXeT UMETh MECTO B THAPOMAIIIMHAX (HAcOCax U THAPOTYpOHU-
HaX), a TAaKXKe Ha JIOMACTAX OBICTPOBpAIIAIOIINXCS TPEOHBIX BUHTOB. B 3THX City-
qasx CJIEJCTBUEM KaBUTAIIMU SIBJISIOTCS PE3KOE CHUXKEHUE Kodh UIIMEeHTa MoJe3-
HOTO JEHCTBUS MAIlMHBI U 3aT€M MOCTENEHHOE Pa3pyIICHUE €€ JeTaleH, MoaBep-
KEHHBIX BO3JICHCTBUIO KaBUTalUHU. B ruapocucremax KaBUTAlUs MOKET BO3HU-
KaTh B TPyOOTIPOBOJIaX HU3KOTO JIABJICHUS - BO BCACBIBAIOIINX TPyOOompoBoaax. B
ATOM CiIy4ae 00JIaCTh KaBUTAIIMK PACTIPOCTPAHSIETCS HAa 3HAYUTEIIbHYIO YacTh BCa-
CBIBAIOLLETO TPYOOIPOBOIA WM Jake Ha BCIO ero anuHy. [loTok B TpyOormpoBoe
IIPU 3TOM CTAaHOBUTCSA JIBYX(Da3HBIM, COCTOSIIIIUM U3 KUJIKON U TTapoBoil ¢a3.

B HavanbpHOM cTajguu mapoBblJeieHus mapoBas ¢a3za MOXET ObITb B BHUJE
MEJIKUX Ty3bIPbKOB, PACOpPEACIEHHBIX MO0 00bEeMY ABIKYIIEHCS XKUAKOCTH MPHU-
OJM3UTENBbHO paBHOMEpHO. IIpu panbHeiilieM napora3oBbIAECIECHUN MPOUCXOIUT
YKPYIHEHHUE IYy3bIPHKOB, KOTOpPHIE B Cllydae TOPU3OHTAIBHOTO PACIOJIOKEHUS
TPYOBI IBIKYTCSI IPEUMYIIIECTBEHHO B BEPXHEH YacTU €€ CeUCHMUS.

B panpHeilmeM BO3MOKHBI CIIydyad MOJIHOTO PAa3[EiCHHS Iapora3oBOM U
KUAKON (a3 M JIBIKEHUS WX CaMOCTOSTEIBHBIMH MOTOKaMH, TepBas (aza - B
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BEpPXHEU, BTOpas - B HW)KHEW yacTu ceueHus TpyoomnpoBona. [Ipu HebGombImx
auaMeTpax TpyOOnmpoBoAa BO3MOKHO 0Opa3oBaHUE MApora3oBbIX MPOOOK U JIBU-
KeHue (a3, )KUAKON U ra30BOH, YePEAYIOLUIUMUCS CTOIOUKAMH.

C yBenuueHueM napora3zoBoi (a3pl NPOMyCKHas CIIOCOOHOCTh TPyOOIpOBO-
Jla 3HaYUTENBbHO yMeHbIIaeTcs. KonaeHcanys BbIIEIUBIINXCS MApOB U PaCTBOpE-
HUE Ta3a MPOUCXOIUT B HACOCAX, IJI€ JABJICHHUE 3HAYUTEIBHO IOBBIIIACTCS, U B
HaINOpHBIX TPYOONpPOBOJIaX, 0 KOTOPHIM JKUIKOCTb JIBUKETCS MOJ BBICOKUM J1aB-
JICHHEM OT Hacoca K MOTPEOUTENIO.

KaBuTanus, 00yciOBII€HHAs] BBIACICHUEM MAapOB KUJIKOCTH, MPOUCXOIHT
MO-pa3HOMY B OJHOKOMITIOHEHTHBIX (IIPOCTHIX) 1 MHOTOKOMIIOHEHTHBIX (CIIOKHBIX )
KUIAKOCTIX. [l OJHOKOMIIOHEHTHOM >KUAKOCTH JABJICHHE, COOTBETCTBYIOLIEE
Hayajy KaBUTALMM, BIIOJHE ONPENEIAECTCS YIPYTrOCThIO HACBIIICHHBIX MapoB, 3a-
BHCSIIIIEH TOJBKO OT TEMIEPATYPbI, U KaBUTAIUS MPOTEKAET TAK, KaK ObLIO omuca-
HO BBIIIIE.

MHOrOKOMITOHEHTHAs KHJIKOCTh COCTOUT U3 TaK Ha3bIBAEMBIX JIETKUX U TS-
KenbIX Qpakuuid. [lepBbie 001a1at0T OOJNBIINM 3HAYEHUEM YIIPYTOCTH MAPOB, YEM
BTOpBIE, TIOSTOMY IPU KaBUTAIMM CHAyaja BCKUMAIOT JIETKHE (pakUuu, a 3aTeM
Tsokenble. KoHzeHcanus ke mapoB MPOMCXOJUT B OOpaTHOM MOpSJKE, CHayasa
BBINAA0T TSKEIbIE (PpaKLNU, 3aTEM - JIETKHE.

[Tpu Hanuuuum Jerkux (pakuuii MHOTOKOMIIOHEHTHBIE >KUIKOCTH Oojiee
CKJIOHHBI K KaBUTAIMH, U IapoBas (paza B HUX YAEPKUBAECTCS JOJbLIE, HO MPOLECC
KaBUTALIMM BBIPAXKEH MEHEE PE3KO0, YEM Y OJHOKOMIIOHEHTHBIX KUIKOCTEW.

JInst XapakTEepUCTUKM TEUYEHHUs C KaBUTALMEW MpUMEHsETCs Oe3pa3MepHbIid

KPUTEPHI ), HA3bIBAEMBIN YUC10M KAGUMAWUU VI PABHBIN
P—-P,
x = ———
pV?
2

rne P - aGcomorHoe naBnenue,
Pn - nasnenue napooGpazoBanus,
V - ckopocCTh MOTOKA.
OGBIYHO YMCIIO KABUTALUMK ¥ ONPENENIAOT Ha BXOJE B TOT MJIM MHOM arpe-
raT, BHyTPH KOTOPOTO BO3MOKHO BO3HUKHOBEHHE KABUTALIMM.
3Hauenue ¥ , IPU KOTOPOM B arperate Hau4MHAETCs KaBUTALWs, HA3bIBACTCS

Kpumuueckum uucnom kagumayuu. lpu y >y, xoddduument arperara ¢ oT

X HE 3aBUCUT, aIpH ¥ < Y, BO3PACTAET C yMEHBIIEHUEM [ .

OOBIYHO CTPEMSTCS K TOMY, YTOOBI KABUTAIIUIO B THIPOCUCTEMAX HE JIOIYC-
KaTb.

Ho MOHO OTMETHUTB, YTO MHOTAA ATO SIBJICHUE OKA3bIBAETCA MOJIE3HBIM. ETO
UCIIOJIB3YIOT B TaK Ha3bIBAEMbIX KABUTAIIMOHHBIX PETYISATOpaX pacxoja, odecrie-
YUBAIOIIMX MPAKTUYECKUA MOCTOSHHBIN pacxoj dyepe3 30Hy kaButauuu. Ha npun-
LWIIE WCIOJB30BAaHMS THAPABINYECKUX MHUKPOYIAAPOB, MPOUCXOMSIIMX MPU KaBU-
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TalllK, MOCTPOECHBI YCTPOUCTBA JI PEreHepanuu (OUYUCTKU OT 3arpsA3HEHUI) OUu-
MIAIONINX 3JIEMEHTOB (PUIBTPOB.

TeueHnue ¢ oduTEepanuen

[Ipu TeueHuu KUIKOCTU Yepe3 KAMWUISAPBI, a TAKKE MaJble 3a30pbl HA0JIO-
JaeTcs sIBJICHHE, KOTOPOE HENb3sl 00BICHUTH 3aKOHAMU TUIPABIUKUA. DTO SBICHUE
3aKJIFOYAETCS B TOM, YTO PACXOJ KUAKOCTU Yepe3 KalWUIAp UK 3a30pP ¢ TEYCHUEM
BPEMEHHM YMEHBILAETCS,, HECMOTPSl Ha TO, YTO IEpernaj JaBICHHs, IPU KOTOPOM
IPOUCXOAUT JBUKEHHUE JKUJIKOCTH, U €€ (PU3MUECKHUE CBOICTBA OCTAIOTCS HEU3-
MeHHBIMU. [IprunHa 3TOro ABJIEHUS KPOETCA B TOM, UTO IIPH OIPEJIEIEHHBIX YCIIO-
BUSIX MPOUCXOJUT Kak Obl 3aCOpEHUE (3apallMBaHUE) KaHajla TBEPJbIMU 4aCTULA-

MH, IIPHYEM B 3a30pax M KalMUIAPHBIX KaHanax pasmepoM, Menbimm 0,01 mm,
MOJKET MPOU30UTU MOJHOE 3apallliBaHUE MPOXOJHOTO CEYEHHUS U YMEHBIICHHE
pacxoja 10 HyJs. DTOT NPOILeCC HOCUT Ha3BaHUE 00aumepayuu v 3aKiI04aeTcs B
TOM, YTO Ha MOBEPXHOCTH pa3jieia TBEPJOro Teja U KHUAKOCTU MPOUCXOTUT MO
JICUCTBUEM MOJEKYJSIPHBIX M DJICKTPOMArHUTHBIX CHJI, BO3HUKAIOUIUX MEXKIY
CTEHKOW U JKUIKOCTBIO, aJICOPOIMs, T.€. YINIOTHEHUE KHUAKOCTU 10 MPaKTUUYECKU
TBEP/IOT0 COCTOSIHUS Ha MOBEPXHOCTU CTEHKHU.

Crenenb O0NMTEpallMd 3aBUCUT OT MOJIEKYJSIPHOM CTPYKTYpPBI >KUIKOCTH,
MIPUYEM 3TO SIBJICHHE B OOJBIIECH CTETICHU MPOSIBISIETCS B CIOKHBIX, BHICOKOMOJIE-
KYJISIPHBIX JKHJIKOCTSIX THIIA MAcIsSTHOM CMECH Ha KEpOCHHOBOM OCHOBE, IPUMEHSI-
€MOil B CHJIOBBIX TUApOCUCTeMax. TomdmuHa aJcOpOIMOHHOTO CIOS JUTSl KUAKO-
CTEH 3TOTO TUMA COCTaBJISET HECKOJIBKO MUKPOMETPOB. [loaTOMY mipH TeueHUH de-
pe3 Kamwuisipbl M Majble 3a30pbl 3TOT CJIOW MOKET CYIIECTBEHHO YMEHBIIHTH
TUIONIA/Ib TTOTIEPEYHOTO CEUCHHUS KaHajla WU 1a)Ke TIOJTHOCTHIO €r0 MEPEKPHITh.

C noBbILICHUEM TeMIIepaTypbl HHTEHCUBHOCTb aACOpOLIMH, a ClIe0BATENb-
HO, ¥ O0UTepanuu, nmoHuxaetcs. [loBbilieHne nepemnaja JaBacHus, o1 KOTOPhIM
IPOUCXOAMUT JBUKEHHE JKUIKOCTH Yepe3 3a30p WM Kanuwuisip, Ha000pOT, YBEIU-
YUBAET CTENEHb OOIUTEPAIIH.

Ecnu ogHa M3 creHOK, 00pa3yromux 3a30p, NPUBOJUTCS B JABUKEHHE, T.€.
IIPOUCXOJIUT CIIBUT, TO 00pa30BaHHbBIC aJICOPOIIMOHHBIE CIIOW Pa3pyIIArOTCs, 00JIH-
TepaIrusl yCTPAHSIETCS W BOCCTAHABIMBAETCA NMEPBOHAYAIBHBIN PACXo]] KUIKOCTH
gyepe3 3a30p. OmHAKO ISl TAKOTO CABUTa OOBIYHO TPEOyeTCs 3HAYUTEIBHOE yCH-
nue. B 3a30pax Mexay MOABMKHON M HETOABIKHON CTEHKAMHU OOMUTEpaliy He
IPOUCXO/IHT.

Jlns uzberanus oOJIUTEpaIlui KaHAIOB JKUKIEPOB U IPOCCENEe PEKOMEHY-
eTcs X oTBepcTUs BHIMONHATE He MeHbine 0,2—0,4 mm. Jlna ycrpanenus o0mu-
TEpaluy Yepe3 JPOCCENMPYIONIee OTBEPCTHE MPOITYCKAIOT CTEPKEHb, TIepeMeIia-
IOIIUICSI BO3BPATHO-TIOCTYIATEIHHO U OOECIICUNBAIOIINN aBTOMATHUECKYIO MPO-
YUCTKY OTBEpCTUS (pa3pylleHre afcoOpOIMOHHOTO CIIOs).
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TedeHue ¢ TENJI1000MEeHOM

B paccMOTpeHHBIX BBILIE CIIy4asX JJAMHUHAPHOIO TEUEHUS HE YUUTHIBAIOCH
M3MEHEHUE TEMIIEPATYPHI U, CIET0BATEIBHO, NU3MEHEHUE BA3KOCTH KHJIKOCTH KaK
B IIpe/ieiax MONEPEYHOI0 CEUYEHHUs, TaK U BJIOJIb [MOTOKA, T.€. MPEANOIarajiochk mo-
CTOSIHCTBO TEMIIEpaTyphl BO BCEX TOYKax MOTOKa. [1o100HOE TeueHre Ha3bIBAOT
u30TepMUUYecKuM. B oOlmiem cimyyae, KOHEYHO, TE€UEHUE KHUJIKOCTH MO THIPOCHU-
CTEME COIMPOBOKAAETCS N3MEHEHUEM TEMIIEPATYPHI.

O4eBUIHO, YTO €ClU MO TPYOOIPOBOY ABMXKETCS JKHJIKOCTh, TEMIIEpaTypa
KOTOPOW 3HAYUTEIIBHO BBIIIE TEMIIEPATYPbI OKPYXKAIOIIEH CPEIbl, TO TAKOE TeUe-
HUE COMPOBOXKIAETCA TEIJIOOTAA4Yei uepe3 CTEHKY TPyObl BO BHEIIHIOIO CpPEay U,
CJIEIOBATEIBHO, OXJIAXIACHUEM >XHIKOCcTH. Korma e temmeparypa JIBHKYLIEHCS
KUJKOCTH HIKE TEMIIEPATypPhbl OKPYKAKOUIEH CPeAbl, TO MPOUCXOAUT IIPUTOK TEIl-
Ja yepe3 CTeHKy TpyObl. B pe3ynbrare )KHAKOCTh B IPOLIECCE TEUECHUS HAarpeBaeT-
csl.

B o0oux yka3zaHHBIX Cily4asx MpPU TEYECHUH KUIAKOCTH OCYIIECTBISAETCS
TEMJI000MEH ¢ BHEIIHEW cpenoil. IIpu 3ToM Temmeparypa U BSI3KOCTb JKUIKOCTH,
HETMOCTOSIHHBI, @ TEYEHHE HE U30TEPMHUYECKOE.

[To3TOMYy 3aBUCHMOCTH, MOJIyYEHHBIE B MPEANOIO0KEHUH MOCTOSHCTBA BS3-
KOCTU TI0 CEYEHUIO MOTOKA, IPU TEUEHUU CO 3HAYUTEIbHBIM TEINIOOOMEHOM HYX-
Jar0Tcs B IonpasKax. [Ipu TeueHnH KUAKOCTH, COITPOBOKIAOIIEMCS €€ OXJIaxie-
HUEM, CJIOM KUJKOCTH, HEOCPEACTBEHHO MTPUIIETAIOIINE K CTEHKE, UMEIOT TEMIIE-
paTypy HUXKE, a BI3KOCTb BBIIIIE, YEM B OCHOBHOW 4acTH MOTOKa. Benencrue ato-
ro TOPMOXXEHHUE B MPUCTEHHBIX CIOAX KUAKOCTU O0jiee MHTEHCUBHOE, a TPAJAUEHT
CKOPOCTH y CTEHKH MEHBIIIE T'PaJJUEHTa CKOPOCTH B OCHOBHOM YacCTH MOTOKA.

[Tpu TeueHuH ke, COMPOBOKIAIOIIEMCS HarpeBaHUEM KUIKOCTH, 00YCIIOB-
JIEHHBIM MPUTOKOM TeEIJIa Yepe3 CTEHKY, NPHUCTEHHBIE CIIOM KUIKOCTU OyAyT
MMeETh 0oJiee BBICOKYIO TEMIIEPATypy M MEHBIIYIO B3KOCTh, BCIEACTBUE YETO rpa-
JUEHT CKOPOCTH Y CTEHKH OyJlieT OOJblle, YeM B OCHOBHOM YacTH MOTOKa. Takum

| 00pa3oM, BCIEJICTBUE TEILIO-
e P e o o6MeHa uepes CTEHKy TpyObl

MEXKy KUJIKOCTBIO U BHEIIIHEH
CpPEAON MPOUCXOIUT Hapyllle-
HUE MapaboIMYeCcKOro 3aKoHa
pacnpeneseHns CKOpOCTer Io
CEYEHUIO MOTOKA.

Ha pucynke mnoka3aHsl
CpaBHUTENbHBIC TpapUKU pac-
MPEJEIICHUsI CKOPOCTEN MpHU
U30TEPMHUYECKOM TCUCHUH

(nuuus 1), npy TeueHUH ¢ OXJIAKIEHUEM KUAKOCTH (JIMHMS 2) U IIPU TEYEHHH C €&

HarpesanueM (IMHUA 3). Y3 prCyHKA CIEQyET, 4TO OXJIAKICHUE KUKOCTH BJICUET
3a cOOOH YBEJIMYCHHUE HEPABHOMEPHOCTH PaCIpe/ieICHUs CKOPOCTEH, a HarpeBa-
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HUE — YMEHBIIICHHE, 110 CPAaBHEHUIO C OOBIYHBIM MapaboIUYECKUM pacipeeiIeH -
€M CKOPOCTEH.

N3menenue npoduisi CKOpocTed Mpu OTKIOHEHUU OT U30TEPMUYECKOTO Te-
YEHUS BbI3bIBAET U3MEHEHHE 3aKOHA COTIPOTUBIICHUS TOTOKY KUIKOCTH.

[Ipy n1aMUHApPHOM TEUEHUHU BS3KUX KHUAKOCTEH B TpyDOax ¢ TEmI00OMEHOM
(oxnakJIeHnEeM) COMTPOTUBIICHHUE TIOJIy4aeTcsl OOJIbIIE, a MPU TEUEHUU C IPUTOKOM
Teruia (HarpeBaHuEM) MEHbIIIE, YeM MPU U30TEPMHUUYECKOM TEUCHUHU.

BBuny TOro, 4To TOYHOE pelIeHHE 3a7aur O TEYCHUH >KUIKOCTH C TEII000-
MEHOM TIPEACTABISET OONBIIYIO CIIO)KHOCTh, TaK KaK MPUXOAUTCS yUUTHIBAThH IIe-
PEMEHHOCTh TEMIEPATypPbl M BA3KOCTU KUAKOCTU IO TMOMEPEYHOMY CEUEHUIO U
BJIOJIb TPYOBI, @ TAK)KE pacCMAaTPUBAThH TEIUIOBbIE MIOTOKU B PA3HBIX CEYCHUSIX TPY-
OB, JUIS MPAKTHYECKUX PACUETOB TOJB3YIOTCS CIEIYIONIEH, TpHOIMKEHHOU (Pop-
MYJION JIJIsl onpenesieHns Ko (UIMEeHTa IOTePh Ha TPEHHUE C YYETOM TEIIoo0Me-
Ha

ﬂ, — 64 ch tec
Re v '

cp .o cp

rne  Recp.c - uncio PeliHombca, MOACUMTAHHOE TI0 CPEIHEN BI3KO-
CTH KUAKOCTH,

Vep.t em - BSI3KOCTB KUJIKOCTH, COOTBETCTBYIOIIAS CPETHEU TEM-
neparype CTCHKH,

Vep - CPEAHAA BA3KOCTD X KMIKOCTH.

Teuenue npu 00JIbLIINX nepenaagax 1aBJICHUSA

B BBICOKOHANMOPHBIX THAPOMAIINHAX, HAIPUMEP THAPABIMYECKUX Ipeccax,
MOXKET MPOUCXOAUTH JAMUHAPHOE TEYEHHUE KUIKOCTH uYepe3 Majble 3a30pbl MPHU
OOJBIIMX MIEpenaaax JABICHHUM MOPsIIKAa HECKOJIBKUX JECATKOB U J1aKe€ COTEH Me-
ranackaien.

OnpIT MOKa3bIBAET, YTO B TAKUX CIy4asX MaJ€HUE Hamopa BAOJb MOTOKa
OKa3bIBaCTCA CYIIECTBEHHO HEJIIMHEMHBIM, a 3aKkoH [lyaseins maer 3amMeTHyrO Io-
I'PELIHOCTb.

[Tpu Takux Te4eHHUSAX HEOOXOJUMO YUUTHIBATh HarpeBaHUE XKUAKOCTHU, KO-
TOpPOE€ BEAET K YMEHBIICHHIO €€ BI3KOCTH, IPUYEM CTENEHb BIUSHUS 3TOrO (pakTo-
pa OyzaeT HapacTaTh B0Jb MOTOKA XUIKOCTH. C Jpyroi CTOPOHBI, C YBEIMYCHHEM
JaBJICHUS BA3KOCTh XKHUAKOCTEH Bo3pacTaeT. TakuM o0pa3oM, BSI3KOCTh JKUIKOCTH
IIEpEMEHHA BJIOJIb MTOTOKA U, KAaK PE3yJbTaT OJHOBPEMEHHOTO ACHCTBUS IBYX yKa-

dP
3aHHBIX (DAKTOPOB, MPOJIOJIBHBIA TPAJUECHT NABJICHUS —— , OOYCIOBIEHHBIN Tpe-

dl
HUEM, OKA3bIBAETCSI HEMTOCTOSHHBIM.
VYkazaHHble (QakTOpbl ICUCTBYIOT M Ha PACXOJl: MOBBIIICHUE TEMIIEPATYyphI
CIIOCOOCTBYET €r0 YBEJIMYEHHUIO, @ BHICOKOE JIaBJIEHUE B KUIKOCTU - €r0 YMEHb-
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LIEHHUIO, II0 CPABHEHHUIO CO 3HAaYECHMEM, OlpenesieMbIM 3akoHoM Ilyazena. Taknm
o0pa3oM, BIUSHUE 3TUX JBYX (DaKTOPOB Ha PacXO/[ SIBJISETCS IPOTUBOIOJIOKHBIM.

PaccmoTpum 3agady o Jjamu-

TI' HAapHOM TEYEHUU B 3a30p€ TOJIIUHOU

| a, nnuuoit | u mmpunoii D ¢ yuerom

R BIUAHHUA Ha BA3KOCTb [JaBJICHHUA U
s : TCMIICPATYPHI. HpPI 9TOM OOITYyCKACM,

YTO IUJIOTHOCTH KHUJIKOCTH HE 3aBUCHUT

OT JaBIICHUS W TEMIIepaTyphl, a pas-

- MepBI 3a30pa TAKOBBI, YTO €r0 TOJIIIH-
Ha CYIIIECTBEHHO MCHBIIIC IIIUPUHBI.

Panee ObUTO yCTaHOBJIEHO, YTO

pacxoj yepe3 IUIOCKYIO IIENb COCTaB-

: _ JsIeT
e >
dl
Q — I’]mpmt)a'3 — hmpm < ba3
12 | 12.u

duznyeckas CYITHOCTB IICPBOIO0 COMHOXKHUTCIIA B 9TOM IIPOU3BCACHHUHN — IIOTCPH HaA
TPCHUC 110 JJIMHC IICIIN. On ITOKa3bIBACT, KAaK 6BICTpO TCPACTCA SHECPIUA 110 X0y

TeUeHHUs KUIAKOCTH. [Ipnuém norepu Ha TpeHue hmppg €CTh HU YTO MHOE, KaK

yMeHbIlIeHHe AapiaeHus no jiuHe memu |. Ecnu ydecTs ckazanHoe W mepeifth k
npeeNny, 3Ty BEJIMYNHY MOXKHO XapaKTEPHU30BaTh IMaJCHUEM JIaBIICHUS I10 JTHUHE
3a30pa BUjA:

dP

dl
3HaK « - » B 3TOU (popmyJie MOKa3bIBAET, YTO JABJICHUE IO JJIMHE 3a30pa YMEHb-
IaEeTCH.

C yuétoM TOCIIeIHEro U B repecuéTe Ha CIMHUYHYIO HMIMPHHY 3a30pa (b=1)
pacxoji uepes Miesib MOXKHO 3aIicaTh B BUJIC

[Ipu paccMOTpeHHH CBOMCTB JKMJIKOCTH YIOMHHAIUCH (DOPMYJIIbI, YUUTHIBA-

fOIIIE H3MEHeHHe Kodbdumenta quHamudeckoii Bsskocta A ot Temmeparypsr:
Ay = /Joe_kt (=T,

U JIaBJICHMS:

ke (P—Fo)

Hp = €
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JI1s1 OTHOBPEMEHHOTO YUY€Ta BIMSIHUS HA BA3KOCTh JKUJIKOCTH JIaBJICHUS U TEMIIE-
paTypbl MOKHO TPUHSTH

Kp (P=Ro)—k¢ (T—To)

M= L€
B npuBenéuubpix Qopmysnax, HalOMHUM, UCIOJB30BaHbI CIEAYyIOIIKUE 00O3Haue-
HUSA:
Mt — TMHAMUYECKUH KOo3()(PULIMEHT BA3KOCTU IIPU 3aJJaHHOU TeMIeparype,
MP — TUHAMHUYECKHi KOA((ULIMEHT BA3KOCTU NPU 33JaHHOM JaBICHHH,

To, Po, mo — temnieparypa, napienue u quHaMudeckuii KodGOUIUEHT BSI3-
KOCTH >KUJIKOCTH B Hayaje 3a30pa,

T, P, u — temneparypa, naBinenue v JUHAMAYECKUHA KOIDPUIMEHT BI3KO-
CTH >KHJIKOCTH B KOHIIE 3a30pa,

Kt — koo durment, s munepansabix Macen pasaeiii 0,02-0,03,
Kp — koo purment, nns munepansubix Macen pasubiii 0,002-0,003,

€ — OCHOBaHHWE HATypalIbHOro norapudma, pasaoe 2,7/18282.
Teneps 3amumieM ypaBHEHUE TEIUIOBON SHEPTHH, T. €. PABEHCTBO MEKIY HOTEpeit
SHEPrUM HA TPEHHUE, NPEBPATUBLICHCSA B TEIUIO, U IIPUPOCTOM TEIUIOBOH PHEPrHU
KUJIKOCTH 32 €JUHUILy BPEMEHU:

QpC(T —To) =k(R, —P)Q,
rac C - TemI0eMKOCTb KHUIKOCTH,

K — xosduuuent, yauTsiBaromuii 105110 paboThl CUI BA3KOCTH, KO-
TOpas UJIET HA HAarPEBAHME KUJKOCTH.

Ipu K = 1 Tennoornaya B cTEHKY OTCYTCTBYET, M Besl TepseMas SHEprus, o0y-

CJIOBJICHHAs BSA3KUM TPEHHEM, HeT Ha Harpesanue xuakoctu. IIpu K = 0 mpomuc-
XOIUT MAKCHUMAaJbHAasl TEIJIOOTIa4a B CTEHKY, B PE3YJbTAaTE€ YEro IOBBILICHUS
TEMIIEpaTyphl )KUJIKOCTU HE TPOUCXOIUT (M30TEPMUUECKOE TEUEHHUE).

U3 MMOCJICAHCTO PABCHCTBA MOKHO ITOJIYYHUTD:

k
T-T,=——(PR,—P).

[ociie MOACTAHOBKH 9TOTO PAaBEHCTBA B BEIpakeHme crereHn dopmyist mis A
TIOJYYHM:
k k, k
kp (P—F)—k; (E(PO_P)) (PO_P)(kP+IOtC)
H = € = M€ -

[IpousBeném pazaeneHue nepeMeHHbIX B ypaBHEHUHU pacxoja yepes 3a30p
12 dP
Q 4

a Yz
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Hcrionb3yeM MOyYeHHYIO CBA3b MEXKY M U P BBIIOIHUM 1OCTaHOBKY:

120 dP
a’ di =~ (Py—P)(kp + KKy
0 P C

Ho€

[Iponsseném anrebpandeckue npeoOpa3oBaHus: JOMHOXHMM 00e dactn Ha Ho n

y_ L1\
IIOMEHSIEM 3HaK cTereHu npu € (X~ = Y ):

Kk

12 (P—Ro)(kp + )
12Qs6 g _ ¢ < dP.
a
[IpouHTerprpyem nocieaHee BIpaKECHUE:
ki k
12 (P—Po)(kp+—2)
[0 g1 ——fe <’ gp
a
Pe3ynbraTom mHTErpupOBaHus, OyAEeT paBEeHCTBO:
K.k
12qu0 | — 1k - oIk ) ‘c..
a Kp +—*

ITocTosHnyto uHTerpuposanus C1 HaiiieMm, ydnuThiBas, 4TO B HAYaJILHOM CEYEHHH
notoka npu |= 0 P = Po. CnenoparensHo:

1
Cl - _—ktk
Ko +
LoC
IToxcTaBuB NOCTOAHHYIO MHTerpupoBanus C1, momyunm
K.k
120Q ¢, | — 1 e(P‘Po)(kP+pc) 1
3
a Ko + Kek
oC
Bripasum orcrona Q:
3 _ LIS
o a | 1kk e(P Po)(Kp pC)—l
12#0 kp + i
LC

[IpuBenénnyio Gopmysly MOXKHO aHaTU3UPOBATH C PA3IMYHBIX TMO3ULIUMA.
Mpb1 mocMOTpUM Ha HEE TOJBKO C OJHOM TOUkH 3peHus. CpaBHUM €€ ¢ (popmysoi
pacxoja 4yepe3 IIelb, MOJIYyYeHHYI0 Ha OCHOBaHMM 3akoHa llyasennsa. Pacxon mo
3akoHy Ilyaseins MMHENHO U3MEHSETCS IPYU U3MEHEHUU JaBiieHus. [locnennss xe
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dbopmyna, yauTHIBaIONas U3MEHEHUE BSI3KOCTH MPU U3MECHEHHH JTABJICHHS U TEIl-
J000MEH B MOTOKE, YTO MMEET MECTO, KOTJa *HUAKOCTh JBWXKETCS C OOJIbIIMMU
CKOPOCTSMH U TIpU OOJIBIIUX Mepernajiax aBlIeHUs, OMKUCHIBACT CBSI3b AABICHUS U
pacxoja creneHHoW QyHkiuei. [Ipu a3ToM YeM Bbillle AaBieHHE, TeM OOJIbIIE OT-
KJIOHEHHE pacxojia OT JUHEHWHON 3aBHCHMOCTH, COOTBETCTBYIOIIEH 3akoHy [lya-
3eisig. OOBSICHSIETCS 9TO TE€M, UYTO PACXOJ] KUJIKOCTU MPHU JIAMUHAPHOM TEUEHUU
IponopIKoHaneH rnepenany nasienus AP, a Benuuumba noTepsHHONM >Hepruw,

pasnas npoussenenno APQ, mpomopuuonanbHa KBaapaTy Iepemnasa daBIeHUs.
[To 3TOM MpUYMHE MOTEPS SHEPIHMHU HA €IUHUIY pacxoia XUAKOCTH PacTeT Ipo-
MOPLIMOHAJILHO MEpENay 1aBJICHHUS.
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