MexaHuKka >XKUIKOCTH U raza

1. Bseneuue.

MexaHnuka MaTepuaibHOM TOUYKH M MEXAHUKA TBEPJOTrO TeJa - 3TO MPEAMET U3yUEHUsI TEOPETUUECKON
MexaHuKu. Hapsny ¢ TBepAbIMH TeslaMH B IIPUPOJE CYIIECTBYIOT JKUIKOCTH U Ta3bl. 3aKOHBI MEXaHUYe-
CKOTO JBMXKEHMSI JKUJKOCTEH M3y4yaeT THApPOMEXaHHKa. B rujpomexaHuke, Kak U B MEXaHHUKE TBEPIBIX
TeJ1, BBIJEISAIOT KHHEMATUKY KHUJIKOCTH, THPOCTATUKY U THIPOMEXAHUKY.

Kunemaruka KMIKOCTHU SIBJISETCS pa3leioM TMAPOMEXAHUKH, B KOTOPOM JIBUKEHHE M3y4daeTcsl BHE
3aBUCHMO OT JAECWCTBYIOLIUX CHUJI; B KHHEMAaTHKE YCTAHABIMBAECTCS CBA3b MEXIY I'€OMETPUUYECKUMU Xa-
PAKTEPUCTUKAMU JABUKEHHS U BPEMEHEM.

l'uapocraTuka n3ydaer 3aKOHbI paBHOBECHSI (ITOKOST) KUAKOCTH.

['mapoanHamMuKa U3y4aeT 3aKOHbI IBUKEHUS KUKOCTH.

B 3aBucuMocTH OT TEOPETUUECKON MM NPUKIIAJHONW HAIIPaBICHHOCTH YINOTPEOJSIIOT HAUMEHOBAHUS
TeopeTuyecKas WK NPUKIIaJHas THAPOMEXaHUKA.

2. JXunkocTty U X CBOKCTBA.

MarepuanbpHble TeJla MOTYT HAXOJIUTCS B TPEX arperaTHbIX COCTOSHUSX: TBEPAOM, )KUIKOM M ra3000-
pasHoM. Kaxioe U3 3TUX COCTOSTHUM XapaKTepu3yeTcsl Crieu(pUIeCKUMU CBOWCTBAMH, KOTOPBIE OIpeie-
JSIFOTCSL 0OCOOEHHOCTSIMU MX MOJIEKYJISIPHOM CTPYKTYPBI, HEIIOCPEICTBEHHO CBA3aHHOW C CUJIaMM B3aHUMO-
JEHCTBUS MOJIEKYN. DTUMH CUJIAMU SIBJISIFOTCSI CHJIBI IPUTSKEHUS. U OTTAJIKMBAaHUSI, A€HCTBYIOIIME OJTHO-
BPEMEHHO U 3aBUCSIINE OT PACCTOSHUS MEXKIY YaCTULAMU.

Ha npumMepe nByX M30JIMPOBAHHBIX MOJIEKY (puC. 1) Ha paccTOSHUM I, CHJIa B3aMMOJACHCTBUS paBHA

HYJIIO, TO €CTh CHJIBI OTTAJIKUBAHUA YPAaBHOBEIIMBAIOT CUJIbI IPUTsDKEHU. IIpu I > 1y pesyabTupyromen

CHJION SIBIISICTCS CHIIA MMPUTAKCHUA, KOTOpass pacTeT IO a0CoOJIIOTHOM BCJIIMYMHC, NOCTHUIasd MAaKCHUMyMa
npu r = rm, a 3aTCM YMCHBbIIACTCA. HpI/I r< ro — CHJIbI OTTAJIKMBaHMA. MoneKlea B II0JIC ATUX CHII 00Jia-

JlaeT MOTEHLUAIbHOM 3Heprue E(r), KoTOpasi cBsizaHa ¢ cuioi f(r) nuddepeHnnanTbHbBIM COOTHOIICHHU-
eM

dE=-f(r)dr (1)

B touke r=r,, f (r) =0, E(r) JIOCTUTaeT 3KcTpeMyMa (MUHUMYMa). B TBepAbIX (KpUCTANINYECKUX )
TeNIaX MOJEKYJIbl PACIOIaratoTCsl Ha PacCTOSHUM [, TJ€ OTEHIMANbHAas SHEPrUs MUHUMAIIbHA, 00pasys

KPUCTAJNTMYECKYIO peleTKy. TerioBoe IBUKeHne — KojebaHue aTOMOB B y3iax pemerku. CpeaHss Ku-
HETUYeCKasi SHEPTUs TEIUIOBOTO JBIKeHUsS - KT , OHa MHOTO MEHbIIIE SHEPTUU CBS3H MOJICKYIbI B y3JI€
pELIETKH, T. €.

EO >> KT (2)

OTcrozia — yCTOWYMBOCTh COXpaHEeHUs1 00beMa 1 (hOpMbI TBEPOTO Tea.
B raze mexmonekymsipHoe paccrossaue > 101, 9To COOTBETCTBYET ClIaObIM CHJIaM TPUTSHKCHUS U Ma-

JIOM MOTEHIUAIIBHOM 3Hepruu. TerioBoe ABMKEHNE JOMUHUPYET HAJl CUIIAMU ITPUTSKECHUS
<< kT (3)

EO
Monekyibl pakTUdecku cBoOOHBI. CBOOOHOE OECIOPSI0UYHOE IBUKCHUE MOJICKYJ ra3a o0yciaB-
JIMBAET €ro paclIMpPeHUe BO BCE CTOPOHBI, TOITOMY T'a3 HE HMEET OMpPEACTICHHOr0 00beMa U COOCTBEHHOI
(dopmbl, a 3aHUMAeT 00bEM U PUHUMAET (POPMY COCY/a, B KOTOPOM OH HAXOJIUTCH.
KuakocTi M0 MOJIEKYJISIPHOMY CTPOCHHIO 3aHMMAIOT MPOMEKYTOYHOE MOJOXKEHUE MEKIY KPUCTAI-
JIMYECKUM TBEPJIBIM TEJIOM U T'a30M

E,|=kT (4)

[ToaToMy OHM 00NaArOT TUIOTHOCTHIO OJMU3KON K TBEPAOMY Ty, YCTOHYHMBO COXPAHSIOT BEIUUHHY
3aHMMAeMOTO UMH 00beMa, HO HE epxKaT GopMmy.
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Puc. 1. 3aBucUMOCTE MMOTEHITAILHOMN SHEPIrvuu MOJICKYJ U CUJIbI
B3aHMOHeﬁCTBHH OT paCCTOSAHUSA MEXKAY UX LICHTPpaMHU.

C0XHOCTh MOJIEKYJISIPHOTO CTPOCHMS JKUJKOCTH 3aTPyIHSAET MOJYyYEHUE TEOPETUUECKUM IIYyTEM J10-
CTaTOYHO OOMIMX CBS3€H MEXAY MOJIEKYISIPHBIMH XapaKTEPUCTHKAMH M HAOIIOZAEMBIMH CBOWCTBAMH:
TEMIIEPATYPOH, NABJIEHUEM IUIOTHOCTHIO, BA3KOCTHIO U Ap. [lo3TOMY B rHIpoauHaMKKE MOJIB3YIOTCS IKC-
IIEPUMEHTAIbHO YCTAaHOBJICHHBIMY 3HAYEHUSAMH ULl OTUX BEJIUYMH U CBA3SIMU MEXIY HUMU.

OCHOBHBIMU IIapaMETPaMH, XapaKTEPU3YIOLIMMHU TEPMOJUHAMUYECKOE COCTOSHUE JKUIKOCTH, SBIIS-
10Tcs Temneparypa T, naBineHue p U INIOTHOCTS .

CBs3p MEXIy IUIOTHOCTBIO, TEMIIEPATYpPOM M JABJIICHUEM YCTaHABIMBACTCS YPAaBHEHUEM COCTOSHUSA,
KOTOpOE JUIsl pealIbHbIX KMJIKOCTEH U ra3oB BBIBOJUTCS B KUHETHUYECKON Teopuu. OAHAKO BBUIY CIIOXK-
HOCTH OOLLIEr0o ypaBHEHHsI COCTOSIHUS U 3aTPyJHUTEIBHOCTH ONpPE/EICHUs BXOAAIMX B HETO KOHCTAHT,
JUIsL KQUeCTBEHHOI'0 aHajM3a CBOMCTB 3TUX CpEJ IMOJIb3YIOTCS MPUOIMKEHHBIMU TEOPETUYECKUMU WU
SMIIMPUYECKUMHU YPABHEHUSIMHU.

Jpyroii TepMOAMHAMUYECKON XAPAKTEPUCTUKON KUJKOCTH SIBIISIETCS COKUMAEMOCTb.

KonuuecTBeHHO CKMMaeMOCTb  OLEHMBAETCSA U30TEPMUUECKUM KO3 OUIIMEHTOM CKUMAEMOCTH!
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rae 9 — ynensHslii 06beM, 9=1/p. Kuakoctn, B OTIHYHE OT ra3oB, 00IaNAIOT MAIOH CKHMAEMO-
-10

cthio. KoodduuuenT cxumaeMocTH GOJBIIMHCTBA KUAKOCTEH JeXUT B mpenenax y, =107 +10
(H/m?)L. Jlns Beex sxuakocTelt OH yMeHbITAETCs ¢ BO3PACTAHHMEM JABIEHHS U BO3PACTAET C MOBBIIIEHHEM
TeMIIepaTyphbl.

O0beM KUAKOCTEN U ra30B U3MEHSETCS HE TOJBKO MPU U3MEHEHUHU JaBJICHUS, HO U IPU MU3MEHEHUU
temneparypbl. Kak npaBuiio, »KMJIKOCTH M Ta3bl pacIIUPSIOTCS C MOBBIILICHUEM TeMIEpaTyphl, a IJIOT-
HOCTb UX IIPH 3TOM yMeHbIIaercs. VckitoueHne coctaBisieT BoJa, MIOTHOCTh KOTOPOM BO3pacTaeT MpHu
nosblineHnH Temmnepatypsl oT 0 10 4 °C u nocturaer makcumyma npu 4 °C. Takas aHoMaiust 0ObsICHAET-
Cs1 OCOOEHHOCTSIMU MOJIEKYJISIPHOTO CTPOEHUS BOJIBI.

KonnyectBeHHO M3MeHeHHne 00beMa NMPH U3MEHEHUH TeMIIepaTyphl U MOCTOSHHOM JAaBICHUU OLIEHH-
BaeTcs KO3 PUIIMEHTOM TEIJIOBOTO 00bEMHOTO PaCIIMPEHUs

a, _Lv . (6)

Viar ),

VY kugkoctelt 3TOT KOA(PGUIMEHT 3aBUCUT OT TEMIEepaTyphl U JIaBJICHUS, BO3pACTas C MOBBIIICHUEM
NEePBON U YMEHBIIASICh C YBEIIMYEHUEM BTOPOTO.

MonexymsipHble IBUKEHUS B RKHUJIKOCTAX U razax 0OyCIOBIMBAIOT CONPOTUBIICHUE ITHX CpeJl CABUTA-
IOLIUM YCUIIHSIM.



MexaHu3M BO3HUKHOBEHUSI CHUJIBI CONMPOTHBIICHUS MOXHO MPEACTaBUTH CleayomuM oopazom. Croit
JKUJIKOCTH, IPWIETAIOLIEN K IUIACTUHKE, MMPUJIMIIAECT K HEM U JIBUXKETCS BMECTE C IIJIACTUHKOM CO CKOPO-

CTbiO U,. BeriencTBue MoneKkymsipHBIX CBs3€H 3TOT ciloil yBiekaeT 3a coboit cienyromuii u 1. 1. Ilo-

CKOJIbKY HMOKHUH CIIOH IIPUMBIKACT K HCHO,I[BPI)I(HOI;‘I IIJIAaCTUHKE, €I'0 CKOPOCTHh paBHA HYIIIO. Taxum o6pa—
30M, B JKUAKOCTH BO3HUKACT CIIOUCTOC ABMIKCHUEC C HCKOTOPBIM PACTIPCACICHUCM CKOpOCTCfI I10 BBICOTEC U
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Puc. 2. Cioucroe OBMXKEHUE B KUIKOCTH.

=f(y).
B paccmarpuBaemom cityyae pacnpezeieHue CKopocTel JuHeiliHoe. BenencrBue neicTBus MexMore-
KYJISIPHBIX CBSI3€U MEXY ABMIKYIIMMHUCS CIOSIMHU KUIKOCTH BOSHUKAIOT CHJIBI BI3KOCTH WJIM BHYTPEHHE-

'O TPCHUA. HreroTon YKa3zall Ha T€ MapaMETpbl, OT KOTOPbIX 3aBUCUT BCIMYNHA 9TOU CHUIIBI Fﬂ . ,HJ'IH pac-
CMaTpuBaCMOI0 CJIOUCTOrO ABUKCHHUA

I =+45 du I _ ©)
P TU ) = 7— KacCaTCJIbHOC HAIIPSAXKCHHUC

dy S
. u
IJIe 4 — TMHAMUYECKUI KO3 PUIIMCHT BA3KOCTH; S — TUIOIIAh CONMPUKOCHOBEHUS CIIOCB; d_ — rpagu-

€HT CKOPOCTH, SIBJIAIOIIUNCS MMOKA3aTeJIeM UHTEHCUBHOCTH U3MEHEHHUS BEIMUUHBI CKOPOCTH MO HOPMAJIU
K €€ HaIlPaBJICHUIO.

JunamMuuecknii KO3(PGUIHUEHT BSI3KOCTH 4 SBISAETCS OCHOBHOM KOJMYECTBEHHOM XapaKTEPUCTH-
KOM BSI3KOCTH JKUJIKOCTEH U I'a30B.

Hapsny ¢ nunamudeckum KO3(QGUIMEHTOM BSI3KOCTH B THAPOTa30JMHAMHUKE HIMPOKO HCHOIB3YIOT
KHHEMATHYECKUU KOADPHUITUEHT BA3ZKOCTH V, ONIPEACIIEMbI COOTHOIIICHUEM

y=*H, (8)
o
Tac p — IJIOTHOCTD X KUAKOCTH.

Enununeit HU3MCPCHUA KHHEMATUYICCKOTO KOB(I)(i)I/II_II/IeHTa BA3KOCTU CITYXKUT MZ/C.
3. T'mmoresa CIIOIIHOCTH CpCabl.

B rugpomexanuke paccMaTpUBaOTCSI MAaKPOCKOITNYECKUE ABUKEHMSI )KUIKOCTEHN U T'a30B, a TAKKE CH-
JIOBOE B3aMMOJEICTBHE 3TUX CpeJ] C TBEpAbIMU TeraamHu. [Ipu 3ToM, Kak nmpaBuio, pa3Mepbl paccMaTpHUBa-
eMbIX 00BEMOB JKUIKOCTEH, Ta30B M TBEP/BIX TEJ OKAa3bIBAIOTCSA HECOMOCTABUMO OOJIBIIMMH IO CpaBHE-
HUIO C pa3MepamMH MOJIEKYJ] U MEXMOJEKYISIPHbIMUA PACCTOSIHUSMHU. DTO €CTECTBEHHO, MTOCKOJIBKY MEX-

MOJIEKYIISPHBIE PACCTOSHHS B KUIKOCTAX COCTaBIAIOT Beero 1077 +107% cm.

YkazaHHble 00CTOSATENBCTBA ITO3BOJIIIOT BBECTH THIOTE3Y CIUIOMIHOCTU M3y4aeMOM Cpeibl U 3aMEHUTh
peayibHbIe JUCKPETHbIE OOBEKThI YINPOILIEHHBIMA MOJENSAMHU, MPEACTABISIOIMMU COO0N MaTepHallbHbII
KOHTHHYYM, T. €. MaTepHaIbHYIO CPEIy, Macca KOTOPOM HENpephIBHO pacnpesencHa no oosemy. Takas
UJeIN3alUs YIPOILIAET PEAIbHYIO JUCKPETHYIO CUCTEMY U IO3BOJISIET MCIIOJIB30BaTh I €€ ONHUCAHUS
XOpOIIO pa3pabOTaHHBIM MaTeMaTHYECKUI ammapar MCUUCIEHHUsS O0ECKOHEYHO MajblX U TEOPHUIO Herpe-
PBIBHBIX (DYHKIUH.

[TapameTpsl, XapaKTepU3yIOIIe TEPMOANHAMUYECKOE COCTOSIHUE, TOKOM WMJIW. TBHKEHUE CPEJbl, CUU-
TAIOTCSI IPU ATOM HETIPEPHIBHO U3MEHSIOIMMHUCS 110 BCEMY 00bEMY, 3aHATOMY Cpeloi, KpoMe, ObITh MO-
JKET, OTJEIbHBIX TOYEK, IMHUW WU IOBEPXHOCTEH, II€ MOTYT CYLIECTBOBATh Pa3pPbIBHI.

Teopernyeckue pe3yabTarThl, OAYYECHHBIC Ul TUIOTETUYECKOW CIUIOUTHOW CPE/Ibl, TEM JIYYIIIE COBIA-
OyT C pe3yabTaTaMy HaOJIOJIeHUI, YeM MOJIHee U TOUHEE YUTEHbI B Hell CBOICTBA peabHBIX KU JIKOCTEH
u ra3oB. K coxanenuto, naeain3anuo cpepl BO MHOTMX CIIydasiX HE yJaeTCsl OIPaHUYMUTh TOJIBKO AOIY-




HICHUEM ee CIIOMHOCTH. CI0KHOCTh M3Y4aeMbIX SIBJICHHI 3aCTaBIISICT OTKA3bIBATHCS OT y4eTa M HEKO-
TOPBIX APYTUX CBOWCTB PEANbHBIX cpel. B 3aBHCHUMOCTH OT T€X CBOWCTB, KOTOPHIE MPUIUCHIBAIOTCS TH-
MOTETUYECKOH CIUIOIIHOM CpeJie, MOTYyYaroT Pa3IMYHbIE €€ MOJIEIIH.

'umore3a CrIOMIHOCTH CPEebl 03HAYAET, YTO BCSAKUU MAJbId 3JIEMEHT 00BbeMa KHIKOCTU CUUTACTCS
BCE-TAKW HACTOJBKO OOJBIINM, YTO COJCPKHT €IIe OYCHb OOJBIIOE YUCIO MOJeKyd. COOTBETCTBEHHO
3TOMY, KOTJ]a MBI Oy/IeM TOBOPUTH 0 OECKOHEUHO MAaJIbIX JIEMEHTaX 00beMa, TO BCETa MPU ATOM Oy/ieM
NOJIpa3yMeBaTh «(PHU3NIECKN» OECKOHEYHO MaJIbIi 00bEM, T. €. 00bEM JIOCTATOYHO MAJIBIH 1O CPABHEHUIO
¢ 00BEMOM KHJIKOCTH, HO OOJIBIIION 110 CPAaBHEHHUIO C MOJICKYJISIPHBIMU PACCTOSHUSMHU.

CoriacHo THIIOTE3€ CIUIONTHOCTH Macca Cpeiibl paclpeieicHa B 00beMe HeNpPephIBHO M B 00IIEM
HepaBHOMEpHO. (OCHOBHOHM JIMHAMUYECKOW XapaKTEPHCTUKOM CPEbl SBISIETCS TUIOTHOCTh pacrpeese-
HUS MacChl IO 00bEMY HJTU TIPOCTO TUIOTHOCTH CPE/IBI.

[110THOCTH cpenbl o B MPOU3BOIBHOM TOUKE A ONpPEAEIAeTCS COOTHOIIEHUEM

. AM
p=lim ©)

rie AM — macca, 3aKiIf0o4eHHas B MaIoM o0beme AV , BKIIIOYAIOIIEM TOUKY A; mpenen oepercs npu
CTAruBaHUM o0beMa AV K 3TOM TOUKe.

Hapsny ¢ mioTHOCTbIO B pacCMOTPEHHE BBOJAUTCS IMOHATHE YAEIBHOIO oO0beMa ¢, KOTOpBIA mpej-
cTaBJsieT cOO00M 00beM, COAepIKAIITUIN €AMHUILY MACCHI:

1
9="=. (10)
0
HHOTHOCTB CpeﬂLI MOXKET U3MCHJSTCA OT TOYUKH K TOYKC U B ﬂaHHOﬁ TOYKE CO BpeMeHeM, T. €.
p=p(xy.zt) (11)

AHaJOrMYHO Ui 1aBJICHUS UMeeM P = p(x, y,z,t). Kax u3BecTHO, 110 IBYM T€PMOJIMHAMHYECKUM Be-
JUYAHAM C TIOMOIIBIO YPAaBHEHUS COCTOSHUS BEIICCTBA MOTYT OBITH ONPEACNICHBI BCE TEPMOTUHAMHUYC-
ckue BenmunHbL. TakuM 0GpasoM, 3aiaHue ISITH BEIHYUH: TpeX KOMIOHeHToB ckopoctd V =V(X, Y,z 1),
JABJICHUS U IUIOTHOCTH TIOJHOCTBIO OIPEAENseT COCTOSHUE MIBWXKYIIEHCS >kuakocth. [lomuepkuem,
aro V=V(x,y,z,t) ects CKOPOCTh >KMJIKOCTH B Ka)JIOH JNaHHOW TOYKE X, ), Z IPOCTPAHCTBA B MOMEHT

BpeMeHH t.

Opnaxo 3Ta QyHKIIMOHATIbHAS CBS3b HE SIBISIETCS HEMOCPEICTBEHHOM, TaK KaK IMJIOTHOCTh KUAKOCTEN
U Ta30B omnpenensercss (akTHYecKu 3HAYCHUSIMU TEPMOJMHAMHMUYECKUX MapaMeTpoB COCTOsHUSA (p u 1),
KOTOpBIC MPH JBMKCHUU CPEIbI 3aBUCAT OT KOOPIAUHAT (X, y, Z) ¥ BpemenH (t).

MareMaTHuecKkoe OMNHMCAaHUE MABMKEHHS >KUAKOW cpelsl oOmumu IuddepeHnaaIbHbIMU ypaBHEHU-
MU, YYUTHIBAIOUIMMH BCce (PU3NUYECKUE CBOICTBA, MPUCYILUE STOU Cpefie, OKa3bIBaeTCs BEChMa CIOKHOM
3amaued. Ecin naxe OorpaHMYMTCS YYETOM TOJIBKO TEKYYECTH, BSA3KOCTH M CKUMAeMOCTH, TO U TOTIa
YPaBHEHUS JIB)KCHMS, BBIPAJKAIOIINE OCHOBHBIC 3aKOHBI MEXaHUKH, OKA3BIBAIOTCA HACTOJBKO CJIOXKHBI-
MH, YTO MOKa HE yJaloch pa3paboTaTh OOIIMX aHATUTHYECKUX METOJIOB UX pemeHus. [Ipumenenue uuc-
JICHHBIX METOJ/IOB MHTETPUPOBAHUS TaKUX ypaBHEHUN Ha 0Oa3ze coBpeMeHHbIX OBM Takke cBsizaHO cO
3HAYUTEIILHBIMU TPYAHOCTAMU. B rupoMexaHuKe 03TOMY IIUPOKO UCIONB3YIOT Pa3JIMYHbIE YIIPOIIEH-
HBIE MOJIEJIH CPEIIbl M OTAENbHBIX SBJICHUMN.

ITon MozIenbI0 peanbHOM Cpe/ibl MOHUMAKOT TAKYIO THIIOTETUHYECKYIO CPEAY, B KOTOPOU YUYTEHBI TOIBKO
HEKOTOpbIE U3 GUBNYECKUX CBOWCTB, CYIIECTBEHHBIE /ISl ONPEAEIEHHOTO KPYra sIBICHUNA U TEXHUYECKUX
3aaa4. JI[pyrue MajoCylecTBEHHbIE CBOKMCTBA CPE/Ibl B MOJIEIN UTHOPUPYIOTCS.

OnmHO# M3 OCHOBHBIX B THAPOMEXAHUKE SIBIISIETCS MOJIEIh HECKUMAEMON UACATbHOU (MM HEBS3KOM)
XKHUJIKOCTH. Tak Ha3bpIBaeTCsl TUIIOTETHUYECKAas CIUIOIIHAs cpejia, 00Ja/aronias TEeKyYecTblo, JIMIIEHHAs
BA3KOCTH M IOJHOCTBIO HEC)KHMaeMas. ITa MOJEJb SIBISETCS 0ObEKTOM HCCIENOBaHMs B paszeiie Tui-
pomexanuku «Teopus uAcCaIbHONW HECKMMACMOW KUAKOCTH». MrHOpUpOBaHHE CBOMCTB BS3KOCTH U
CKUMAEMOCTH CHJIBHO YIPOLIAET MAaT€MaTHYECKOE ONHUCAHUE JBHUKEHUS JKMJIKOCTH M IO3BOJISET IONY-
YUTh MHOTHME PELICHUS B KOHEUHOM 3aMKHYTOM BuUIE. HecMOTps Ha 3HAYUTENBHYIO CTEIEHb UCAIN3a-
LIUN CPEJbl, TEOPUS HEC)KUMAEMOM HEBSI3KOM KHUIKOCTH JAET PAJ HE TOJIbKO KAYECTBEHHO, HO M KOJINYe-
CTBEHHO IOATBEPKIAEMbIX OIBITOM PE3YJIBTATOB, MOJE3HBIX Ul IPAKTUYECKUX IpuioxeHui. Ho He
MeHee CYIIECTBEHHOE 3HaUY€HUE ITON TEOPUU COCTOUT B TOM, UTO OHA sIBiIseTCs 0a30i i IPYrux Mojie-
Jeii, 6osiee TOTHO YUYMTHIBAIONIMX CBOMCTBA peanbHbIX cpea. Cremyer, oJlHaKO, MOTYEPKHYTh, YTO Ipe-




HEOPEKEHHE BSA3KOCTHIO SBIISICTCS BECbMa CHIIBHOW CTETICHBIO WCANTH3aIliN, TTO3TOMY TEOPHUS U1eaTbHON
HECKUMAEMOU KUJIKOCTH MOXKET IPUBOAUT K pe3yJbTaTaM, Pe3KO PACXOIAIIUMCS C OIIBITOM.

bonee moaHO CBOMCTBA peaAIbHOM JKMIAKOCTH VUWTBIBAIOTCS B MOJCIN BI3KOM HECKMMAEMOM KHIKO-
CTH, KOTOpasi MPEJACTABISICT cO00M cpeay, 00JIaIafolyi0 TEKYYSCThI0 M BI3KOCThIO, HO a0COJIFOTHO HeE-
cxuMaeMyro. Teopus BA3KOW HEC)KMMAEMOM KHUIKOCTH JIMIIb B OTPAHUYCHHOM YHCIIC CIIy4aeB C IMPO-
CTGfIH.IHMH I‘paHI/I‘-IHBIMI/I yCJIOBI/ISIMI/I IIO3BOJISICT HOJIyTII/ITB TOYHBIC pemeHI/m ITIOJIHBIX ypaBHeHI/If/’I JBUXKC-
Hus. Hambombiee 3HaueHWE B 9TOH TEOPHH UMEIOT NMPHOJMIKEHHBIE YpaBHEHUS M MX pelieHus. Takue
ypaBHCHI/ISI HOJIy‘-IaIOT HYTCM OT6paCbIBaHI/I$I B ITIOJIHBIX ypaBHeHI/ISIX JABUKCHUSA TEX YJICHOB, KOTOpBIe Ma-
JIO BJIMSIIOT Ha COOTBETCTBHE TEOPETUUCCKUX PEIICHUM OMBITY. Pemenust npuOInKeHHbIX YpaBHEHUN MO-
T'yT OBITh KaK TOYHBIMH, TaK M MPUOIKCHHBIMH.

KaK HU3BCCTHO, KAIICJIbHBIC X KUJKOCTHU ABJIAIOTCSI MaJIOCKHUMAaCMbIMU cpez[aMH, HOE)TOMy JJIA H_II/IPOKOFO
Kpyra TEOPETHYECKUX M TMPUKIAIHBIX 3a7ad MPEHEOPEIKEHUE CKUMAEMOCTBIO SBJISICTCS BIIOJHE JOITY-
CTHMOﬁ H,ueanmauﬂeﬁ 1 MaJIO BJIUSICT HA BU HOHy‘IaeMBIX peIJ_IeHI/If/’I U1 CTCIICHb COBIIaAACHUS TGOpeTqu-
CKHX pe3y/IbTaTOB C JaHHBIMH M3MepeHuid. Ho Bce e CyIIecTBYIOT Cilydan JBYKCHHS KHIKOCTEH, KOTO-
pbl€ HeJb3sl JOCTATOYHO JOCTOBEPHO OIKCATh, €CJIU HE YUECTh CKUMAEMOCTb.

I'MIPOCTATUKA

4. YpasaeHue Diiepa.

BeigenuM B )KHIIKOCTH HEKOTOPBIA 00beM. [lomHast cuiia, qeicTByromas Ha BBIJCIICHHBIN 00BEM KHI-
KOCTH, paBHA UHTETrpaIy

~§pds (12)

OT JIaBJICHHS, B3SITOMY I10 IOBEPXHOCTU paccMarpuBaeMoro oosema. IIpeoOpasyst ero B mHTErpai mno
00BeMy, UMeEM:

—if pdS =—jgrad pdVv (13)
Orcroa BUAHO, YTO Ha KaxKIbIi seMeHT o0beMa dV sxuakocTu NEHUCTBYET CO CTOPOHBI OKpYXkKarolen
€ro XuAKOoCTu cujia — dVg rad p . ﬂpyrI/IMI/I CJIOBAMHU, MOJKHO CKa3aThb, YTO HA CIUHULLY o0BeMa KUAKOCTU

neiictByert cuna -grad p.
MbI MOKEM Teleph HAKCaTh YpPaBHEHHE JIBIKCHUS dJIEMEHTA 00beMa XHUIKOCTH, TIPUPABHSB CHITY -

19
grad P Mpou3BEACHUIO MACChl O CIUHMUIIBI o0Bema KHUAKOCTHU HA €€ YCKOPCHUC E .

do
pa =—gradp. (14)

% o
CTO?IHIaSI 3AC€Chb MPOU3BOJHAA E onpeaciisi€T HE UIBMCHCHHUE CKOPOCTHU KUJAKOCTH B JAHHOU HECIIO-

JBUKHOW TOUKE MPOCTPAHCTBA, & U3MEHEHHE CKOPOCTU OMNPEECIIEHHOM MepeaABUTaloleicsi B IPOCTpaH-
CTBE YaCTHIIBI XHUJIKOCTH. DTy MPOU3BOAHYIO HAJlO BHIPa3UTh Yepe3 BEIMUMHBI, OTHOCSIIUECS K HEMo-
JBWKHBIM B MIPOCTPAHCTBE TOYKaM. st 3TOro 3amMeTum, 9To M3MEHEHHWE BCKOPOCTH JaHHOW YaCTHIIBI
KHJKOCTH B TeUeHHE BpeMeHH Ot CKilafbIBaeTCs U3 JBYX YacTei: U3 N3MEHEHUs] CKOPOCTH B IAaHHOH TOY-
Ke TPOCTPAHCTBA B TeUCHUE BpeMeHH At U U3 pa3HOCTH CKOPOCTEi (B OJIMH U TOT K& MOMEHT BPEMEHH) B
JIBYX TOUYKaX, pa3JeleHHBIX paccTosHueM dr, TpoiAeHHBIM pacCMaTPHBAEMON YaCTHIICH JKUAKOCTH B Te-
yenue Bpemenu dt. [TepBast U3 3Tux yacteit paBHa

ov dt (15)

ot
I7Ie Tereph MPOU3BOAHAs Ov/Ot Gepercst P MOCTOSIHHBIX X, ), Z, T.€. B 33[aHHON TOYKE MMPOCTPAHCTBA.

BTOpa}I YaCTb USMCHCHUA CKOPOCTU paBHA
24 dya—” 20 (drv)o (16)
OX oy 0z

Takxum oOpazom,



do = z—l:dt +(drv)o (17)

WK, Pa3lielIiB 00€ CTOPOHBI paBeHCTBA Ha dt,

do oo

—=—+V)p. 18
-t (18)

[MoxcraBinss noiay4deHHoe cooTHorrenue B (14), Haxoaum:
a—U+(uV)u:—1 gradp. (19)
ot p

DTO U €CTh UCKOMOE YpaBHEHHE JBUKCHUS KHUIAKOCTH, YCTAHOBJIEHHOE BIiepBhie JI. Diinepom B 1775 T.
OHO Ha3bIBaeTCs ypaBHEHHEM Diijiepa sBJISETCS OJIHUM M3 OCHOBHBIX YPaBHEHUH TMIPOMHAMHUKH.

Ecnu skuaKoCcTh HAXOAUTCS B TOJIE TSHKECTH, TO HA KAKAYIO CIUHUILY €€ 00beMa JACUCTBYET elie cuiia
9, i€ § eCTh YCKOPEHUE CHIIBI TSHKECTH. JTa cujla I0JHKHA OBITh MpUOaBIIeHa K MPaBOW CTOPOHE ypaB-

Henwus (14), Tak uto (19) npuobperaet Bu
a—U+(UV)U=—E+g. (20)
ot p

[Ipu BeIBOZIE ypaBHEHUI ABUKEHUS Mbl COBEPLICHHO HE YYMTHIBAJ MPOLECCOB AUCCUNIALMN YHEPTUH,
KOTOpPbIE MOT'YT UIMETh MECTO B TEKYILEH )KUIKOCTH BCIEACTBHE BHYTPEHHETO TPEHHUS (BA3KOCTH) B KU I~
KOCTH M TeIuIoo0MeHa MEXJy pa3InyHbIMU ee ydyacTkamu. [losToMy Bce u3naraemoe 3/1€Ch OTHOCHUTCS
TOJIBKO K TaKUM JABM)KCHUSAM JKUIKOCTEW M ra3oB, IPU KOTOPBIX HECYIECTBEHHBI NPOLIECCHI TEILIONPO-
BOJHOCTH U BSI3KOCTH; O TAKOM JBUKEHUU IOBOPSAT KAK O JIBHKCHUM UJI€AJIbHOMN )KUIKOCTH.

OTtcyTcTBHE TEMIIOOOMEHA MEXIY OTAEIbHBIMHM Y4aCTKaMH >KUJIKOCTH (@ TakKKe, KOHEUHO, U MEeXIy
KUJKOCTBIO M CONPUKACAIOIIMMUCS C HEKO OKPY)KAIOIIKMMHU TEJIaMU) O3HAYaAEeT, YTO JBUKEHHUE IPOUCXO-
JIUT aguabaTUUYecKH, MpUYeM aguabaTHUeCKd B KaXKJIOM U3 Y4aCTKOB >KUIKOCTU. TakuM oOpas3om, IBHU-
KEHHUE UJIeaIbHOM KUJIKOCTH CIeAyeT paccCMaTpUBaTh KaK aJinadaTHuecKoe.

ITpu aguabaTuyeckoM JBM)KEHUHU SHTPOIUS KaXJIOTO Y4acTKa KHIKOCTH OCTAETCS NOCTOSHHOM IpH
HepeMelleHUH MOCIIeAHEro B npocrpancTBe. O003HaYast MOCPEACTBOM S SHTPOIMIO, OTHECEHHYIO K €U~
HUIIE MacChl )KUJKOCTH, Mbl MO’KEM BBIPA3UTh aIMa0aTUYHOCTD JBUKEHUS ypaBHEHUEM

ds

=>=0, (21)

dt
rje nojaHast IIPOU3BOJHAs II0 BPEMEHHU O3HAYaeT, KakK U B (14), U3MEHEHUE DHTPOINU 3aJaHHOI'O IIepeEMe-
MAarIICTrocs y‘IaCTKa KUIOKOCTH. 3Ty HpOI/I3BOI[Hy1-0 MOXXHO HammucaTthb B BUJC

0S
—+vgrads=0. 22
Ve (22)

DT0 ecTh 00I1Iee ypaBHEHHE, BhIpaXkaroliee co00i annadbaTuyHOCTh JBWKEHUS UCATHHON KUIKOCTH.

0 .
C IMOMOIIBIO _,0 + lepV =0 ero M0oXHO HaIKcaTh B BUJC «YPAaBHCHUA HECTIPCPBIBHOCTHY AJISI SHTPOIIUU

a(aLi[S) +div(psv)=0. (23)

[TpousBenenue pPSV npeacTaBisieT cCOO0N «IIOTHOCTh TOTOKA SHTPOITHH.

Haz(o HUMCTb B BUIY, YTO 00BIYHO YpaBHCHHUC aI[I/IaGaTI/I‘{HOCTI/I MMPpUHHUMACT ropa3ao boiee IpOCTYHO
dopmy. Ecam, kak 370 0OBIYHO UMEET MECTO, B HEKOTOPBIN HadaJIbHbIII MOMEHT BPEMEHH SHTPOIHUS O U-
HAKOBa BO BCEX TOYKAX 00beMa KHUIKOCTH, TO OHA OCTAHCTCA BE3AC O,[[I/IHS.KOBOfI 1 HEM3MEHHOM CO Bpe-
MCHEM H IIpHU JIaHBHefIHIeM JABHUKCHUU )XKUIKOCTH. B »tux clIydadax MOXHO, CJIICA0BATCIbHO, TUCATh YpaB-
HEHUC a,[[I/IaGaTI/I‘{HOCTI/I IpoCTO B BUAC

S = const. (24)

YTO MbI U 6y;[eM 0OBIYHO AcJ1aTh B ﬂaﬂbHeﬁmeM. Taxoe ABHUKCHUC HA3bIBAOT U3DHTPOIITNYCCKUM.

HSE)HTpOHH‘—IHOCTI)IO JABMOKCHHUA MOXHO BOCIIOJIB30BaThCA AJIA TOTO, 4TOOBI npeaACTaBUTL YPABHCHUC
JABUXKXCHUSA (19) B HECKOJIBKO MHOM BHJC. I[JI}I 9TOI0 BOCIIOJIB3YCMCA U3BCCTHBIM TCPMOAWMHAMHUYCCKUM
COOTHOIIICHUEM

dw=Tds+Vdp, (25)



rae W — TerioBast GYHKIHs SMHULIBI MAacChl JKUIKOCTH, V =1/ p — ynenbHblii 00beM, a T — Temiepary-
pa. ITockoubky S = CONSt, MbI IMeEM IIPOCTO

dw=Vdp="1dp, (26)
P
U II03TOMY in = VWw. YpaBuenue (19) MokHO, ClleIOBaTEIbHO, HAMTKCATh B BUJIC

%JF(VV)V:—gradW. (27)

[Tone3no 3ameTuTh emie oaHy GopMy ypaBHEHHs Diiepa, B KOTOPOM OHO COJIEPIKHUT CKOpOCTh. Boc-
M0JIb30BABIIUCH U3BECTHOM (POPMYIION BEKTOPHOT'O aHAIIN3a

%gradu2 =[vrotv]+ (W), (28)
MOYHO HamucaTh (29) B Buje
%—r+%graduz —[vrotv]=—gradw. (29)

Ecmu IIPUMCHUTD K o0enm CTPOKaM 35TOI'O YpaBHCHUS OIICPpaAlUIO I’Ot, TO MbI ITIOJIYYHUM YPABHCHUC
0
S o= rot[vrotv], (30)

COJIEpIKAIIIEE TOJIBKO CKOPOCTb.
K ypaBHEHHAM IBHXKEHUS HAJO0 H00ABUTH MPAHUYHBIC YCIOBHS, KOTOPHIE IOJKHBI BHIONHITHCS Ha
OrPaHMYHBAIOIIUX KHUIKOCTh CTEHKaX. JIJIs ueanbHOM KUIKOCTH 3TO YCIOBHE JOJKHO BBIPaXKaTh COOOM
IPOCTO TOT (HaKT, YTO KUJAKOCTH HE MOKET MPOHUKHYTH 3a TBEPAYIO MOBEPXHOCTH. ITO 3HAYMT, YTO Ha
HEMOJBIKHBIX CTEHKaX JOJDKHA 00pallarhCs B HYJb HOPMAlbHAs K MMOBEPXHOCTH CTEHKH KOMIIOHEHTA
CKOPOCTH KHIKOCTH:
v, =0 (31)
(B 001IIEM K€ CIlydae JABUKYIIEHCS MOBEPXHOCTH U, JTOJKHO OBITH PABHO COOTBETCTBYIOLIEH KOMIIOHEH-

T€ CKOPOCTH IMTOBEPXHOCTH).

Ha rpanuie mMexay AByMs HECMEIIMBAIOIIMMUCS KHJIKOCTSMHU JOJDKHBI BBITIOTHSATHCS YCIOBUE pa-
BCHCTBA )IaBJ'IeHI/Iﬁ N YCJIOBHC PABCHCTBA HOPMAJIBHBIX K IMOBEPXHOCTU pa3jicyia KOMIIOHCHT CKOPOCTHU
o0enx XUIKOCTeH (Mpu4eM Kakaasi U3 3TUX CKOPOCTEH paBHA CKOPOCTH HOPMAIBHOTO MepeMeIIeHus ca-
MO TTOBEPXHOCTH Pa3erna).

Kak yxe ObUIO yKa3aHO, COCTOSIHUE JIBHXKYILEHCS KUIKOCTH ONPEAENAeTCS MAThIO BETUYUHAMHU: TPe-
MsI KOMIIOHEHTaMH CKOPOCTH U M, HalpuMep, aBJICHUEM p U MIOTHOCThIO p . COOTBETCTBEHHO 3TOMY
MOJIHAS CHCTEMa THAPOIMHAMUYECKUX YPaBHEHUH JTOJKHA COMEpKaTh NATh ypaBHeHUH. Jnia uneanpHOU
KUAKOCTHU 3TUMHU YPABHCHUAMU ABJISAKOTCS YPABHCHUSA 3171.]'[6‘[)3, YPAaBHCHUEC HCIIPCPBIBHOCTU U YPABHCHUC,
BhIpaxkaroriee aanabaTuyHOCTh ABMYKCHHUSL.

1. OcHoBHas ¢popMyiIa THAPOCTATHKH.
3akoH IMackana. [ToHaTHe 0 Hamope

PaccMoTpuM a0CONIOTHEIN MOKOH HEC)KUMAEMOW JKUJIKOCTH B I10JIE€ CHUIBI TSKECTH.

VYpasaenue Diinepa (20) npuHUMaeT BU]

gradp=pg. (32)

DTO ypaBHEHHE OIMMCHIBAET MEXaHMYECKOE paBHOBECHE JKUIKOCTH. ECliM BHENIHHE CHIIBI BOOOIE OT-
CYTCTBYIOT, TO ypaBHEHHE paBHOBecHUs riacut npocto VP =0, T.e. p = CONSt — gaBneHUe OJAMHAKOBO BO

BCEX TOUYKaX KUIKOCTH.

VYpaBHenue (32) HEMOCPEACTBEHHO MHTETPUPYETCS, €CIIU TUIOTHOCTh JKUAKOCTH MOYKHO CUHUTATH I10-
CTOSIHHOM BJIOJIb BCETO OOBEKTA, T.€. €CIIM HE MPOUCXOANUT 3aMETHOTO CXKATUS KUAKOCTH MO/ IeHCTBUEM
BHEIITHETO MoJisl. BeiOepeM ocu KOOpIMHAT, KaK MOKa3aHo Ha puc. 2. [IoCKOIbKY U3 MacCOBBIX CHII JICH-
CTBYET TOJIBKO CUJIA TSKECTH, TO



®_®_g, P _pg. (33)

ox oy 0z

Takum o0Opa3oMm, uckomas (yHKLIHMS p 3aBUCHT TOJBKO OT OJHOH mepe-
MEHHOH Z; MUHTErpUPOBAHUE ITOCIEHEr0 PAaBEHCTBA JAET

p=-pgz+C, (34) _ fo
rae C — npou3BoJIbHAs TOCTOSTHHAS.

Ota dopMyna BbIpaKaeT THAPOCTATHYECKUI 3aKOH paclpesie]CHUs JaB-
JICHUS, COCTOSAIIUNA B TOM, YTO B TSDKEJIOH (ITOJBEPKEHHON EHCTBHUIO CHUJIBI
TSHKECTH) HEC)KUMAEMOM >KUJKOCTU JABJICHUE JIMHEHHO 3aBHCHUT OT BEPTH-
KaJbHON KOOPJMHATHI.

UYroObl HAWTH MOCTOSHHYIO B ypaBHeHUH (34), HaJI0 HCIIOJIB30BaTh KAKOE- - : J
HUOYyb rpaHuyHoe yciosue. IlycTh, HampuMep, KHUIKOCTb IOKOUTCS B pe- 0
3epByape (CM. puc.2) mpudeM Ha ee CBOOOIHON MOBEPXHOCTH JaBICHHUE PaB-
HO po. Byniem 3To 1aBieHNe Ha3bIBaTh BHEILIHUM.

J1st TOuek cBOOOIHOM MOBEPXHOCTH MOXKEM 3aInCaTh

P, =—vgz,+C. (35)

Bbrunrtas 310 otHOIEHUE U3 ypaBHeHus (34), HaxXouM

p=p,+p9(z,-2)  (36)

niu, 0003HaYNUB uepes3 h= (ZO — Z) 38.FJ'IY6J'I€HI/I€ Touku M 1oj CBO60,Z[HYIO IMOBEPXHOCTDH, MOJYUIUM

~
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Puc. 2. x BeIBOOY
dbopMyaBl  THAPO-
CTaTHKH.

OCHOBHVHO (bODMVJ'IV THAPOCTATUKHAU
p=p,+pgh, (37)

¢ BEJIMYMHA O( h maspIBaeTcs BECOBBIM JAaBJICHHUCM.

W3 sToit popMynbl SICHO, YTO BCSIKOE MU3MEHEHUE BHELIHErO JaBICHUs [, BbI3bIBAET U3MEHEHUE /1aB-
JICHUS1 BO BCEX TOUKAX MOKOSUIEHCS KUJIKOCTU Ha Ty K€ BEJIMYUHY. JTOT PE3YJIbTAT U3BECTEH KAK 3aKOH
ITackais.

Ecnu )XKMAKOCTh HAXOJIUTCS B HEHAIIPSIKEHHOM COCTOSIHUH, T.€. B HEH OTCYTCTBYIOT HaIIPSIKEHUS CHKa-
TUs, TO pO = O 3H3‘I€HI/I$I p , OTCHUTAHHBIC OT HYJIA, Ha3bIBAKOT MHOT 1A a6COJ'IIOTHI)IM JABJICHUCM.

B TexHuke BecbMa 4acTo MMpEACTaBIACT UHTEPEC HU30BITOK JAaBJICHHUA p HAA aTMOC(I)epHBIM pAT , KOTO-
pI)H\/JI Ha3bIBA€TCSI N30BITOYHBIM WIIH MaHOMCTPHUYCCKUM JJaBJICHHUECM. ITo OIPECACIICHUIO

P, =P~ Par- (38)

JIs1st mpor3BONIbHON TOUKU M, 3ariy0iieHHO# Ha BBICOTY h moa cBOOOMHYIO MOBEPXHOCTh, H30BITOYHOE
JIaBJICHUE PaBHO

Pin = Po +PIN = Pur; (39)
OTCIOJ]a BUJHO, YTO M30BITOYHOE AABJICHHE COBIIAJAET C BECOBBIM, €CIU JIaBI€HUE Ha CBOOOAHOIN mo-
BEPXHOCTH paBHO aTMoc(hepHOMY ( Py = Par)-

Ecnu Bce wiens! Gpopmyiisl (37) pa3aenuts Ha BEIUIUHY O , TO OHH IPHOOPETYT JIMHEHHYIO pa3Mep-
HOCTbB:

PPy, (40)

P9 Pg

Orcrona ciieyer, 4To KaKJI0OMYy JAAaBJICHUIO p MOXKHO ITOCTaBUTh B COOTBETCTBUE JIMHEWHYIO BEAUYUHY
P/ Q. KOTOpas mpejicTaBisieT coOON BENMYUHY CTONIOA SKHUAKOCTH, CO3/IAIOIIET0 B CBOEM OCHOBAHHH

JNAaHHOE JaBJIEHHE. DTO HATVSLAHO MIUIFOCTPUPYETCS CXEMOM, mokasaHHOH Ha puc.3. Ecim Ha ¢cB0oOOIHOI
IIOBEPXHOCTHU B pe3€pByape AaBICHUE [,, a U3 3alasiHHON CBepXy TPYOKU A yAajieH BO31yX, TO MoJ Jeil-

CTBUECM JaBJICHHUA pM = pO + 04 h KHUAKOCTDH B TPY6KC NOJHUMETCS Haa Toukoii M Ha HCEKOTOPYHO BLICO-

Ty h,,, HasbIBacMyro NpuBENCHHOH BhICOTOH. [TpHHMMas NPUOIMKEHHO, YTO Ha CBOOOHOMN TOBEPXHO-

cTH B TpyOKe NaBjieHHE paBHO Hymio, cormacHo (37) moxHo 3ammcath Py = pgh, . CnenosarenbHo,

MMPUBCACHHAA BbICOTA €CTh BbICOTA croyba KHUAKOCTHU, Ha CBO60,Z[HOI>1 MMOBCPXHOCTU KOTOPOI'o HABJICHUC
PaBHO HYJIIO, 4 B OCHOBAHHU — JAHHOMY JAaBJICHUIO XUJIKOCTH.



st TpyOxu 71, oTKpBITON B aTMOCGhEpY U Ha3bIBAEMOM IMHE30METPOM, MTOTYIUM

Pw = Par +po8h,, (41)

OTKyJa

hn — pM B pAT — pMu : (42)
P4 pn

BCJINMYHMHY hn Ha3BIBAIOT ITHE30METPUIECKON BEICOTOM.

Pam =

puc. 3. AOCONIIOTHOE JaBJICHHE B TOYKE M MOMXKET OBITh
BBIPAXKCHO Yepe3 NMPUBEICHHYIO BBICOTY P,, = ogh wmmm ge-
pe3 TBE30METPHYECKYIO BBICOTY P,, = Py +09h, . AbGco-

JIOTHOE JlaBjeHue B Touke N, rie uMeeT MEeCTO BaKyyM, BbI-
pakaercs yepes BaKyyMMETPUYECKYIO BBICOTY:

Py = Par — P9
puc. 4. BakyymMeTpruueckas BbICOTa XapaKTepU3yeT HE0-
CTaTOK JaBIICHUS 10 atMocepHoro hy = (p AT — p)/ yolo

Ecnu naBneHue B TOUKax Kakoro-mudo o0bema KUIKOCTH MeHblIe aTMOc(epHOro (P < P,y ), TO
TaKOe€ COCTOSIHUE Ha3bIBaeTCs BakyyMoM. /[l ero XapakTepHCTUKH BBOJUTCS MOHSTHE BaKyyMMET-
puueckoro naBieHus ( Pg ), MOA KOTOPBIM MOJPa3yMeBaeTCs HEAOCTATOK JAHHOTO JIaBJIEHUS O aTMO-
chepHoro

Pg = Par = P- (43)

CoOTBETCTBYIOIIAS BHICOTA HA3LIBACTCS BAKYYMMETPHUUCCKOM .

(44)

h. = Par — P _ &_
B
PrY PrY

Ha puc. 3 u 4 mokazaHbl BAKYyMMETPHUYECKUE BBICOTHI JJIs CIy4aeB BaKyyMma B KamlelbHON KUIKOCTH
v raze. /laBieHne u3MepsaeTcs B €AMHULIAX CUJIbl, OTHECEHHBIX K eauHuIle Tomaau. B cucteme CU enu-
Huneil napaenus cayxut H/m? = Ila (mackans), a B TEXHUYECKOH CHCTEMeE — Krc/cM? = aT (TeXxHHYecKast
atmocdepa). Hapsay ¢ atumu, kak cieayet u3 (42) u (44), naBjaeHre MOXKHO, U3MEPSATH B €AUHUIAX TH-
HBI CTOJIOA TaHHOH KUIKOCTH.

Ooueii popmyioN nepeBoga SAUHUIL IABICHHS B JINHEHHEIC SAMHUIIBI SIBJISETCS

h=_P (45)
L9
HDI/I BBIPAKCHUU JABJICHUA BBICOTOﬁ CTOJ‘IGa KUAKOCTHU 4Yall€¢ BCCHO IMPUMCHAKT MCTPHLI BOJASAHOI'O
CTOJ‘I6a, MUJIJIMMETPBI PTYTHOT' O CTOJ‘I6a U MUJIJIMMETPBI CIUPTOBOTO CTOJ‘I6a.




I'mapocTaTHUecKuil 3aKOH paclpeeieHus] JaBlICHHs, BbIpakeHHbIH (opmyioi (34), crpaBemus,
O4YCBUAHO, OJI4A HI060F0 IIOJIOXXCHUA KOOpI[HHaTHOﬁ IIJIOCKOCTH XOy 3Ty IIJIOCKOCTh HAa3bIBAIOT ITIIOCKO-

P P.

CTbIO CpaBHEHHUs, a BeNIWYMHY H.; = Z +——— ruapocraruueckum HanopoM. Bemnuuny H, =27 + g’
o,

rae P, — U30BITOYHOE JaBJICHUE, HA3bIBAIOT Ibe30MeTpUYecKuM HaropoM. 13 dopmynsr (34) cnenyer,

yro Hanopsl H.; ¥ H, moCTOSHHBI 11 BCeX TOUEK JaHHOM MacChl MOKOSILEHCS KU IKOCTH.

2. Cuibl JaBJICHUS ) KMAKOCTH Ha TBEPABIC ITIOBEPXHOCTHU

B 06I_HCM ciiydac BO3,HCfICTBPI€ KHUJIKOCTU Ha TBEPAYIO ITOBEPXHOCTH S CBOAUTCA K CYMME 3JIEMCHTAp-

Heix cui1 dF , AelicTByrONMX Ha MajbIX wIommaakax dS, cOCTaBISIOIIUX 3Ty MOBEPXHOCTH (pHC. D).
Ecnu 1 — eAMHUYHBIN BEKTOp HOPMAJI K IMOBEPXHOCTU S, BHEIIHEH K 00beMy KHJIKOCTH, a P — JIaB-

Jenue Ha momanke dS, o cuna dF = pnds.

Cy'MMI/Ipy'S{ CUCTCMY CHUJL dlf y HOJIY4aeM BBIPAXKCHUC AJIA I'NIABHOI'O BEKTOPaA
F = [ prds, (46)
S

Ha3BIBA€EMOI'0 CHJION JABJICHUS XXUAKOCTHU HA IMTOBEPXHOCTH S, H BBIPAKCHUC IJIA I''TaBHOT'O MOMCHTA
M = [T x prids, (47)
S

rae I — pamuyc-BEKTOp IUIOIAAKH (S OTHOCHTEIBHO IEHTpa
MIPUBEJICHUS CUCTEMBI CHJI.
PaccMoTpuM HECKONIBKO YaCTHBIX CITY4aeB.

2.1. PaBHOMEpHOE JIaBIICHHE HA IINIOCKYIO CTEHKY (p=C0nst.,

n=const).

B stom ciyuae cymmupyembie BekTophl OF coOCTaBisSIIOT CH-
CTEMY MapaJlIeIbHBIX U OJIMHAKOBO HANPaBJICHHBIX cuil. Takas cu-

cTeMa Bcerjia MOXeT OBITh CBEICHA TOJBKO K CHJIE JaBieHus F .
ITpu p = const u n = const u3 Beipakenus (46) momyuaem

Puc. 5. Cxema x ompene- F = pAsS. (48)
JICHUIO CHJIBI JIABJICHUS TIO- . ~
KOSIeHic  KWJKOCTH Ha Jlunust nefictBus CUibl F  TMPOXOAMT dYepe3 LEHTP TSHKECTH
TBEP/YIO IOBEPXHOCTb. nnomaz S.

PaBHOMEpHOE JaBICHHE MOXKET CO31aBaThCs MOKOSIIHMCS Ta-
30M, TaK Kak Oiarojaps MaJloi ero IJIOTHOCTH MOXKHO IIpeHeOpedb AeiicTBHEM MacCOBBIX CHJI M CYH-
TaTh AaBICHUE OJIMHAKOBBIM BO  BCEX TOYKaX rasa.

PaBHOMepHOE /aBlIeHHE MOXXET CO3/aBaThCs M KalelbHOH JKMIKOCTBIO, HAlpUMeEp, NPU ee BO3JCH-
CTBHH HAa TOPH30HTAJbHBIC IUIOMIAKH, B CIydae aOCONOTHOTO MOKOS MM JBHYKEHHUS COCY/a C YCKOpe-
HHEM BBEpPX WIIH BHH3.

Benuuuna cunsl F mipu paBHOMEpHOM pacrpesielieHUH J1aBJIeHUs He 3aBUCUT OT OpUEHTAIUU IIOC-
KOI CTEHKH S B MPOCTpaHCTBE U BhIUMCIsIeTCs o popmyne F = pS.

Hampumep, aist cxembl Ha puc. 6 naBnenue Ha qHe P = P, + pgh,, a cuma F = (p0 + pgh, )SO. 3ame-
THM, YTO CHUJIa JABJIEHUS HA JHO HE 3aBUCHUT OT (pOpMBI cocyna (THAPOCTATHUECKUI MapaioKcC).

2.2. Cuiia paBHOMEPHOTO JIaBJICHHS Ha KPUBOJIMHEHHYIO cTeHKY ( P = const, i = const)

B aTom cnydae snemenTapHbie ciibl F MMEIOT pa3Hble HanpaBiieHUs. [ 1aBHbI BeKTOp F crcTembl
BBIYHCIIAETCS Yepe3 CBOM NPOeKInU. YTOoOBI HAlTH €ro NpoeKuno F, Ha ock X , IPOEKTUPYEM Ha 3Ty OCh

sektopsl dF = dFn (puc.7).
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T T 7o v oo s

Puc. 6. l'mnpocraTudeckuii

Puc. 7 Cxema x ompejne-
napajiokc

JEHUIO CHJIBl pPaBHOMED-
HOT'O JIaBJICHUs HA KPHUBO-
JIMHEHHYIO IOBEPXHOCTH

rne X° — eqMHUYHBIN BEKTOp ocH X; 0S,— mpoexkiust rromaaku dS Ha MI0OCKOCTh, HOPMAJIBHYIO OCH X.

Hckomas Bennunna F, mpu p =const
F, = I pcos(nx)dS = pJ.dSX = pS,. (49)
S Sy
JIunus pefictBus cuiibl F, IpOXOMUT Yepe3 HEHTp THKECTU IUIomanu npoekuuu S, . Takum obpaszom,

BCJIMYMHA NPOCKINYU HA HANIPABJIICHUU OCHU X CHJIbI PABHOMEPHOI'O JMABJICHUS p HA K‘[)I/IBOJII/IHGI\/JIHVIO I10-
BCPXHOCTH S pPaBHA IMPOU3BCACHHNIO AABJICHHMA W IJIOIIAAN IMIPOCKIINN Sx 9TOM KDHBOHHHGﬁHOﬁ ITOBCPXHO-
CTH Ha IIJIOCKOCTb. HODMaHBHOI;'I ocu x. Ecim Takme MMPOCKIMKU HAa TPU B3aMMHO OPTOIrOHaJIbHBIC OCH IIC-

pecekaroTcsl B OJIHOM Touke, To cucteMa cuil dF MokeT OBITh CBEJCHA TOJBKO K CHJIC JaBJICHUS, BEJIH-
YHUHA KOTOPOU

F=JF+F +F, (50)

a HaITPpaBJICHUC ONIPCACIIACTCA HAIIPABIIAIOIINMU KOCUHYCAMU
F F F
cos(F,x)=FX; cos(F,y)sz; cos(F,z):FZ. (51)

Ecnu cocrapnsromue He MEPCCCKAOTCA B OIHOM TOYKE, CUCTEMA CBOJAUTCA K CHJIC U MOMCHTY.

2.3. Cuiia HepaBHOMEPHOTO JIaBJICHHs Ha TIOCKYIO cTeHKY ( P # const, M = const).

CI/ICTeMy QJICMCHTAPHBIX CUJI dF y OAMHAKOBBLIX 1O HAIIPABJICHUIO, HO PA3JIMYHBIX 11O BECIUYNHE, MOXK-
HO CBCCTH B JaHHOM CJIy4ac K OJIHOM cuJie JaBJICHUA

F = pds, (52)

riae S — mwiomanab CTEHKH.
Benuunna 3T0o# cuibl

F = pds (53)

3aBHCHT OT 3aKOHA pacIpeieeHus JaBieHus P 1o 1iora-
mu S. TIpy BO3/IeHCTBUM Ha S KaleIbHOW KUIAKOCTH ITH 3a-
KOHBI MOTYT OBITh pa3MHUHBIMH. VX KOHKPETHBIH BU 3a-
BHCHUT OT OPUCHTAIINH TIJIOMIAJKH M JICUCTBYIOIIMX Ha KU I-
KOCTh MAacCCOBBIX CHJI TIpHU aOCOJIOTHOM U OTHOCHUTEITHHOM
MTOKOE.

—

g Boruucnum cuny F Uit IOCKOW CTEHKH, HAKJIIOHEHHOM

K TOPU30HTY NOJI YIJIOM O Y IOJBEPKEHHON BO3JIEHCTBUIO
Puc. 8. Cxema Kk oOmpeneneHuio CHIIbI
HEPAaBHOMEPHOTO  THUAPOCTATUYECKOTO

JaBJICHUS Ha ITJIOCKYIO CTCHKY 1



TSKEJION JKMIKOCTH, HaXOASIICHCS B COCTOSHUU abCOIIOTHOTO MOKOs (puc. 8).
OnpenenuM pe3yabTUPYIOLIYIO CHITy U30BITOUHBIX JaBJICHUN P, , KOTOPHIE CO3/1AIOTCS BHEIIHUM H3-

OBITOUHBIM P, >0 u BecoBeM pQh naBneHusMHU. 3aMEHHM BHEIIHEE JaBICHHE [, BO3JICHCTBHEM K-

BHUBAJICHTHOI'O CJIOA KUAKOCTH, TOJIIMHA, KOTOPOIro h  OIPEACIIACTCA BBICOTOM OAHATHA XUIKOCTH B

_ pOu

ObE30METPE P, = . Takum 06p330M, BHCHIHCC AaBJICHUEC U3 paCCMOTPCHUA UCKIHOYACTCA, U CBO60,Z[-

Has moBepXHOCTh CI1 3aMEHSIETCSl Tbe30METPUUYECKOM TIIOCKOCThIO /111, TTpon0aKUM IIIOCKOCTh CTEHKH
JI0 TIEPECEUCHUsI C MbE30METPUUYECKON IIOCKOCTHI0. BAoNb MUHUM UX NepeceueHrs HalmpaBUM OCh X, a
OCh ) PACIIOJIOKHUM B TUIOCKOCTH CTEHKH. 3aTeM JJIs HarJISIHOCTH MOBEPHEM IUIOCKOCTh CTEHKH Ha 90°
BOKPYT OCH ) 1 COBMECTUM CTEHKY C IJIOCKOCTBHIO YepTexka.

Bennuuny cuisl Beraucaum mo gopmyie (53):

F:jpudS.
S

B paccmarpuBaemom cityuae (cM. puc. 8) naBiieHue
p, = p9<& = pgysina, (54)
YTO MpHU MOjCTaHOBKE B hopmyiy (53) maer

F= pgsinaj ydS.
S
HNuTerpan I de MPEACTABISIET COOOM CTATUYECKUM MOMEHT IUIOIIAJAN S OTHOCUTENIBHO ocu Ox, paB-
S

HBII, KaK U3BECTHO, TPOM3BEACHUIO S HA KOOPIUHATY Y, €€ HEHTpa TIKECTH.

[ToaTomy

F = pgsinay.S = pgé.S = pg hﬁ% S. (55)

dopmyia (55) MoxkeT ObITh 3aMKUcaHa B IBYX BUIAX

F=p.S, (56)
Po..

rae pCu = pg hc + — I/I36BITOLIHOG JABJICHUC B ueHTpe TAXKCECTH ILJ10Iaan S, NJIn
£9
F = Py,S +pgh,S. (57)
COFHaCHO (56) BCIIMYMHA CUJIbI I/I36BITOLIHOFO JdaBJICHUSA HOKOHmeﬁCH KHUIKOCTHU Ha HJ'IOCKYIO CTCHKy
paBHa HpOI/ISBGJIeHI/IIO romaan CTEHKHU Ha I/I36I)IT0LIHOC JABJICHUC B €€ IICHTpe TSIOKCCTHU.

BCKTOp cuibel F HaITpaBJICH 110 HOPpMaJIU K CTCHKE S:

F=fF,
a JIMHUA HeﬁCTBHH 3TOU CHUIIBI MEpeCCKacCT CTCHKY B HCKOTOpOﬁ TOYKE D, Ha3bpIBaeMO HOCHTPOM IaBJIC-
HU. I[J'IH OTBICKAHUA KOOpAUHAT 9TOU TOYKU (XD, yD) HCIOJIB3YEM TCOPEMY O paBCHCTBE MOMCHTA paB-

HOJIeI\/’ICTBYIOHleﬁ U CYMMbI MOMCHTOB COCTaBJIAIONIUX, KOTOpPAasA B JAHHOM CJIydac BBIPpAXKacTCd yYpaBHC-
HUEM

Iy xF =[Fxiip,ds, (58)
S

rne Iy U I — paauyc-BeKTOpPbl COOTBETCTBEHHO LIEHTPA AaBJieHUsI D 1 mMpou3BOIILHON TOYKH (X)) TUIOIIA-

mm S.
[To mpaBmITaM COCTaBIIEHUS IPOSKIINY BEKTOPHOTO TIPOU3BEICHHUS HAXOIUM

YoF =[yp,dS; xoF = [xp,ds.
S S

YuureiBas Beipakenus (54) u (55), nomxyunm
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Ixde

Xp =2—— S ;
e (59)
jy ds
_ S
Yo —yc S

Bbonee yl[O6HbIe BBIPAXKCHUSA OJIA XD u yD IMOJIYYHM, €CJIM BOCIIOJIB3YyCMCA TGOpeMOﬁ O COOTHOIICHHUH
MCKAY MOMCHTaAMU BTOpOfI CTCIICHU, B3ATBIMHW OTHOCUTCJIbHO IMapalJICJIbHBIX oceit

Ixde:nyCS+Jﬂy;Iyzmszny+J%,
S S

rae X' y/ — OCHM KOOPJIMHAT, MIPOXOASAIINE Yepe3 HeHTp TsokecTH C IUIoMaaKy S napajijieIbHO OCSAM X U
y; Xc B Yo — KOOpIUHATHI lIeHTpa TshkecTH C B cucteme Xy; J Ay HEHTPOOCIKHBI MOMEHT TUTOIIAAN S

OTHOCHTEJIBHO OCEH X My ; J , — MOMEHT HHEPLMH IUIOA/HM S OTHOCHTENBHO OCH X (CM. pHC. 8). OKOH-

4aTCJIbHO,

J J

x! y . x!
» Yo=Y (60)
Ye S’ ot Ye S

Bropas u3 popmy:n (60) mokassiBaet, 4To LEHTP JABJICHHS PACIIOI0KEH HIDKE IIEHTPA TSHKECTH Ha Be-
maury J, /Ye S

Xp =Xe +—

BosBpamascs k Gpopmyie (57), 3aMeTum, 4TO CHITy JAaBJICHUS B PACCMAaTPUBAEMOM CIIydae MOXHO IO-
Jy4uTh, CKJIaJbIBas HE3aBHCHMO BBIUMCIEHHbIE ABe cuibl: Fy=p, S u F; =pgh.S, rne F,— cuna
BHEIIHET0 M30BITOYHOTO JaBieHus, F;— cuia BecoBoro nasienus. Ilpu TakoM crocobe omnpeneneHus

cuiel F CJICAYyCT IMOMHUTL, YTO JIMHUU II€I>'ICTBI/I$I CHJI FO n FB HC COBIAJAar0T, U LUCHTP JAaBJICHUA D

oIpezersieTcs IMHNEH necTBus cymmapHoil cuiiel F =F, + F; .

2.4. HepaBHOMepHOE JIaBIeHHE HA KPUBOJIMHCHHYIO TBEPJAYIO MOBEPXHOCTH ( P # CONSst, M = const)

MOJKET OBITh CO3/IaHO TSIKETOW KUAKOCTHIO MPU aOCOTIOTHOM WJIM OTHOCHUTEIHHOM IMOKOE. DIeMeHTap-
mpie cuitsl dF COCTABIISIOT B 9TOM CITydae CaMyio OBy CHCTEMy, KOTOPast AOJKHA CBOAMTBCS K CHIIE
nasnenns F (46) u momenty M (47). OQHAKO CYIIECTBYIOT YaCTHBIE CITY4aH,, KOTa CHCTEMa CBOIHUTCS
K OJHOIT CHIIE IaBIeHns F , HAlpuMep, eCilH JIMHIK ACHCTBUS dIeMeHTapHbIX cun dF mepecekarorcs B
0JIHOM Touke (chepuueckast CTeHKa).

PaccMoTpuM KpUBOJIMHEHHYIO MOBEPXHOCTH S, HAXOJSAIIYIOCS TOJ BO3JCHCTBHEM BHEIIHETO W30bI-
TOYHOTO jAaBieHus P,, =0 u BecoBoro maenenusi pQgz (puc.9). Kak ObII0 mMoka3aHO B MpeIpLAYIIEM
MyHKTE, 3a/1a4y OTHICKAHUSI CUJIBI ITABJICHHSI MOYKHO PAaCUJICHUTH, OTPEAeNsis pa3febHO CHIIBI BECOBOTO U

BHEIITHETO JaBJICHUH. 3Ty KC 3aJa4y MOKHO CBCCTH K 3a7a4c 00 OMpCACJICHNU TOJBKO BECOBOI'O AaBJIC-
HUs, 3aMCHUB BHCITHEC JJaBJICHHUC JIeNCTBUEM SKBUBAJICHTHOI'O CIIOS *KUIKOCTH.

o P
en . 7% puc. 9. Cxema k ompene-
K[@I . JICHHUIO CHJIBI HEPaBHO-
——tte =t MEpHOTO JIaBJIEHUs Ha
] = Wra KPUBOJIMHENHYIO o-
4P 7=\ NN
ol Q7 BEPXHOCTh
x —~
/ 5
s 7T as
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Cuity BecoBoro aaBieHus F onpenenum no ee npoekuusm. ['opu3oHTanbHas NpoeKuus
F, :J.dPX :J. pcos(nx)ds = pgjzcos(nx)ds = ,ogfzdsX ,
S S S S

rae dS, :dSCOS(nX) — MPOEKIHMs TIomAAKu 0S Ha BEPTUKAIBHYIO IIOCKOCTh, HOPMAJbHYIO K OCH X.
[Tocnennuit HHTErpan NpeacTaBiIseT COOOH CTAaTUYECKHH MOMEHT IUIOMAAN S, OTHOCHUTEIHHO OCH Y.
CrnenoBaTeiabHO,

Fo=p923,, (61)
rie Z.,— KOOpAuHATa HEHTpa TSKECTH IUIOmanu S, .

AHaJIOrM4HO NOTYyYUM

F, =p92.5S,, (62)
re S, — IWIomaab NPOEKIMH KPUBOJMHEHHOH MOBEPXHOCTH Ha IJIOCKOCTh, HOPMAIBHYIO OCH Y.

Takum 00pa3zoM, YTOOB! BBIYMCIMTH TOPU3OHTAIBHYIO IpoeKIuo F (i =X, y) CHJIbI BECOBOI'O JIaBjie-
HUSl Ha KPUBOJHMHEHHYIO MOBEPXHOCTb, CIEAYET IUIOMIAAh MPOEKIHMU S, 3TOW MOBEPXHOCTH Ha IJIOC-
KOCTb, HOPMAJIbHYIO K pacCMaTpUBaeMOW TOPU30HTAIBHON OCH, YMHOKUTH Ha JIaBJICHHUE B IICHTPE TsKe-
CTH TUIOUIAH S; .

[Ipoexius cusbl BECOBOro JaBJIEHUS HA BEPTUKAIBHYIO OCh OIIPEAECIIUTCS COOTHOLIEHUEM

P = pg_[zcos(nz)dS = ngZdSZ , (63)
S S

z

rae S,— NpoeKuus Ha MI0CKOCTb x(J)y HOBEPXHOCTH S.

[Tocneanuii uaTerpan npeacrabiser coboi oobem Tena W, , OrpaHIYEHHOTO NOBEPXHOCTBIO S, LH-
JTUHAPUYECKO OOKOBOI MOBEPXHOCTBIO S;, C BEPTUKAIbHBIMU 00pa3yIOIMMU U IpoeKiuel S, kpuso-
JMHEWHOW TIOBEPXHOCTH S Ha CBOOOTHYIO TIOBEPXHOCTH JKUAKOCTH. JTO TEIO HA3BIBACTCS TEJIIOM JaBlie-

HHS, a BeIMYMHA ng. z,dS, ecTh Bec )KUAKOCTH B €T0 0OBbEME.
S
Takum 00Opa3zoM, BepTUKaIbHAs MPOEKIMSA CHJIbI BECOBOTO JABJICHUS HAa KPUBOJIMHEHHYIO IOBEpX-
HOCTB paBHA BECY JKHJKOCTH B 00beMe Teja IaBJICHHUSI.

Puc. 10. /IBa Bua qaBiacHus Puc. 11. ApxumenoBa cuna A
paBHa BeCy >KUIKOCTH B 00be-
Me TIOTPYKCHHOTO TeJTa

Bemuunna F cuner F onpenenurcst popmynoit

F=F +F +F7, (64)

a HaITpaBJICHUC JIMHUU €€ )IeﬁCTBHﬂ — HaIpaBJIAIOIINMHA KOCUHYCaMU
F F F
cos(nx)= = cos(ny)= Fy ; cos(nz)= = (65)

Ecmm F, Fy n F, mepecekarorcst B OTHOM TOYKE, TO CHCTEMa CBOAMTCS K CHIIE JAaBJICHHUS, IPOXOJIs-

1Iei yepes 3Ty TOUKY.
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Bo3MosxHBI 71Ba ciydasi pacrioioKeHUs KPUBOIHMHEHHOW moBepxHOocTH (puc. 10 a u 6) mox ypoBHEM
KUAKOCTUA. B TIepBOM citydae *KHAKOCTh PACIIONOKEHA HaJ TBEPIOW MOBEPXHOCTHIO; TEJIO JABJICHUS 3a-
TIOJTHEHO JKUJIKOCTBIO M CUUTACTCS MMOJIOKUTEIIBHBIM, a BEPTHKAIBHASI COCTABIISIFOINAS CHJIBI HAITpaBIICHA
BHU3. Bo BTOpOM citydae Teno naBlieHUS HE 3alOJHEHO KHIKOCTBIO M CUUTACTCS OTPUIATEIILHBIM; BEp-
TUKaJIbHAs CHJIA JTABJIICHUS HAIIPaBJieHa BBEPX.

Ecnu kpuBONHMHEWHAS MOBEPXHOCTh S 3aMKHYTa M MOJHOCTBIO TIOTPY)KEHA IO/ YPOBEHb a0COIIOTHO
nokosieics: xKuakoctu (puc. 11), To Bo3meicTBUE KUAKOCTH CBOJUTCS K OTHON BEPTHKAIBLHON CHIIC.
JeiicTBUTENBHO, IS 1000 TOPU30HTAIBHON OCH CYIIECTBYIOT JABE IPOTHBOIOJIOXKHO HAINPABICHHbBIE U
paBHBIC TI0 BEJIMYWHE CHJIbI, IEHCTBYIOIIAE HA TEJO; MOITOMY PE3YJIbTUPYIOIIAs TOPU30HTAIBHBIX CHII
paBHa HyI0. UTOOBI HAWTH BEPTUKAIBHYIO CHIIY, IPOCKTHPYEM S Ha CBOOOJHYIO MOBEPXHOCTH JKUIKO-
ctu. [IpoexTupyromye BepTHKAIN OTMETIT HAa MOBEPXHOCTH TeJia 3aMKHYTYIO JIMHHIO |, KOTOpas nenmut
IIOBEPXHOCTb Ha ABE YacTu Sy u Sy, . Jia BepxHell uacT Sy TEO AaBJIE€HUs IOJIOKUTEIBHO U COOTBET-

CTBYIOIIAs €My CHJIA HalpaBlieHa BEPTUKAIBHO BHU3, a UISI HIDKHEH S,, — TeNo JaBJICHUS OTPHUIIATEIBHO
U cuia HampasieHa BBepX. O003HauuB 00bEMBI ATUX TEJl AABIEHUS COOTBETCTBEHHO uepe3 V, u V,,
HaliZIeM BEJIMYMHY pe3yJIbTUPYIOIIEN BEPTUKAIBHON CUIIbI 4.

A= pg(V, —V;)=paV,, (66)
riae V,,— o0obeM Tena.

TakuMm oOpas3om, cuiia JaBIEHUS MOKOALICIHCS XUAKOCTU Ha MOTPYKEHHOE B HEE TEJO HalpaBlieHa
BEPTUKAJIHHO BBEPX M PaBHA BECYy JKUAKOCTH B 00BbEMe Teia. DTOT pe3ysibTaT COCTABISET COAEPIKaHUE
3aKoHa ApxuMmena: cuiia A Ha3bIBaeTCs apXUMEIOBOM MM TMIPOCTaTHUECKON MmoabeMHoM cuioi. Eciu G
— BEC Tela, TO ero IyiaBydecTs onpenensercs cootHomenueM cuil A u G. [Ipu G > A Teno tonet, nipu G < A
— BCIUTbIBaeT, mpu G = A — 11aBaeT B COCTOSHUM Oe3pa3innyHoro paBHoBecus. CieayeT UMETh B BUAY, UTO
muHuK AeicTBrs ¢l G 1 A MOTYT He COBIIAJIaTh, TaK Kak JIMHUS JeicTBUs Beca G MPOXOIUT dyepe3 UEHTP
TSDKECTH TeJla, a JTUHUS ISHCTBUS apXUMEI0BOM cuiibl A — depes LeHTp ero oobema. [lpu HepaBHOMEpHOM
pacnpeieieHuH INIOTHOCTH TeJla MOKET MOSIBUTHCSI MOMEHT, CIIOCOOCTBYIOIIMI OIPOKUIBIBAHUIO TENA.

B 3aknroueHue oTMETHM, YTO CUJIA JIaBJICHUS KUAKOCTH IO KPUBOJMHEHHON MOBEPXHOCTU B CIIydasix
OTHOCHUTEJIBHOTO TOKOSI MOXET OBITh ONpeAesieHa OOIIMM CIIOCOOOM CYMMHPOBAHHS 3JIEMEHTAPHBIX CHII
JTaBJICHUS, IPUMEHUTENBHO K 3aJaHHON (popMe MMOBEPXHOCTH M YCIOBUSIM OTHOCHTENTBHOTO MOKOSI.

2. ' IPOINHAMUKA
2.1 OcHOBHBIE MOHATHS THAPOAUHAMUKH

OCHOBHBIE DIEMEHTH JABUXKEHUS XKUIAKOCTHU. [IpuunHamu IBHKEHUS
YKUJKOCTH SIBJISTIOTCS JICUCTBYIOIINE HA HEE CHIIBI: 00bEMHBIE HIIM MAaCCOBBIE CHITBI (CHJIA TSKECTH, MHEPITHU-
OHHBIE CHJIbI) M TIOBEPXHOCTHBIE CHIIBI (JIaBJIeHHE, TpeHue). B oTnnymne oT ruApoCTaTUKU, T/Ie OCHOBHOM
BEJIMYMHOM, XapaKTEPU3YIOIIEH COCTOSHUE TTOKOS JKUJIKOCTH, SIBJISIETCS TUAPOCTATUYECKOE TABIIEHUE, KOTO-
pO€ OIpenenseTcs TONBKO MOJI0KEHUEM TOYKH B ITPOCTPAHCTBE, T.€. P = f(x, Y, z), B TUJIPOJAMHAMHUKE OC-
HOBHBIMU 3JIEMEHTaMH, XapaKTePU3YIOIIMMU JBIKEHUE KUIKOCTH, OYIyT J1Ba: THIPOAMHAMUYECKOE JaBiie-
HHE U CKOPOCTE ABMKEHUS (TEUEHHU) KIIKOCTH.

['maponrHamMuyeckoe TaBJIeHHUE p — 3TO BHYTPEHHEE JTABJIICHUE. PAa3BUBAIOLIEECS MPU JBH)KEHUU KUIAKO-
ctu. CKOpOCTh JBUKEHHUS KUJIKOCTH B JAHHOM TOYKE % — 3TO CKOPOCTh MEpPEMEUICHUsI HaXOAsIIeHCs B
JTAHHOM TOYKE YaCTHUIIBI )KUAKOCTH, ONpeaessieMast JJIMHOM myTH |, MpoiiIeHHOTo 3TOM YacTUIICH 3a ¢UHH-
11y BpeMeHu t.

B ob6miem ciydae OCHOBHBIC JIEMEHTHI JIBIXKCHHSI KUJIKOCTH p U U JUISA JAHHOW TOYKHU 3aBHCST OT €€
MOJIOKEHHUSI B MPOCTPAHCTBE (KOOPAMHAT TOYKH) U MOTYT M3MEHATHCS BO BPEMEHU. AHAIMTHYECKU STO
MOJIOYKEHNE TUAPOMHAMUKY 3aMChIBAETCA TAK:

p=f,(x,y,21t),

u=f,(xy,zt).
3aI(aLIeI71 TUAPOAUHAMUKU U IBJIACTC OIPECACICHUE OCHOBHBIX YJIEMEHTOB JABMXCHUS XXKUJIKOCTHU p U U,
YCTAHOBJICHHUEC B3AMMOCBA3U MCKAY HUMHW W 3aKOHOB M3MCHCHUWA MX IIPU PA3JINYHBIX CIIyYasaX OBHMKCHUA

KHUIAKOCTH.
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TpaextTopus gacTulbl.E om B Macce NBIKYIIEHCS KHUIKOCTH B3STh KaKYIO-TMOO YaCTHUILY
YKHUJKOCTU U TIPOCIIEANTH €€ IMyTh 3a KaKOH-TO MPOMEKYTOK BpeMeHU At (KOHEUHBIH, JOCTaTOYHO OOJIBINIO),
TO MOXHO TMOJIyYUTh HEKOTOPYIO JIMHUIO, BHIPAKAIOIIYI0 T€OMETPUUYECKOE MECTO 3TOM TOUYKU B MPOCTPaH-
CTBe 3a Bpems At .

JJuuusa toxka. Eum B macce IBUKYIICHCS KUAKOCTA B JTaHHBIN
4 MOMEHT BpeMEHH 1 B3iTh Kakyro-nmu6o Touky 1 (puc. 12), TO MOXKHO B 3TOH
TOUYKE MMOCTPOUTH BEKTOP CKOPOCTH %1, BHIPAKAIOUIUI BEJTMUMHY U HaIpaBlie-
HUE CKOPOCTH JIBUKEHHUSI YaCTHUIIbI )KUJIKOCTU B IAaHHOM TOYKE 1 B ’TOT MOMEHT

7,

BpPEMEHHU.
B ToT k¢ MOMEHT BpeMeHH t MOXKHO B3SITh U JPYTHe TOYKH B JIBUXKYILICH-
Cs1 )KUJIKOCTH, HaIlpuUMep, TOYKH 2, 3, 4,. . . . . . 6 KOTOPBIX TaK)K€ MOXHO I10-

CTPOHUTBH BEKTOPBI CKOPOCTEH Uz, U3, U4,... BBIPAXKAIOIINE CKOPOCTH JIBUKECHUS
JPYTHX YaCTHUII )KUJAKOCTH B TOT K€ MOMEHT.
MosxHo BbIOpaTh ToukH 1, 2, 3, 4. . . U MPOBECTH Yepe3 HHUX IUIABHYIO
puc. 12. KPUBYIO, K KOTOPOU BEKTOPBI CKOpOCTEi OyIyT BCIOJIy KacaTelIbHbL. JTa JIH-
HUS ¥ HA3bIBACTCS JIUHUEL MOKA.

Takum 00pa3oMm, jsuruell moka HA3bIBACTCS JIMHUS, MPOBEJCHHAS Yepe3 sl TOYCK B JIBUIKYIICHCS
JKUJIKOCTH TaK, YTO B JIAHHBI MOMEHT BPEMEHHU BEKTOPbI CKOPOCTH YACTHUIL KHUJIKOCTH, HAXOJSAIINXCS B
ITHX TOYKAX, HAMPABJICHBI 110 KACATSIBHOW K ATOW JUHHUU. B OTIM4YME OT TpaeKTOpHH, KOTOpas MOKa3bI-
BAaCT MyTh JBM)KCHUS OJTHOW YACTHIIBI )KUJKOCTH 32 OIPEICIICHHBIA IPOMEKYTOK BpeMeHH At , JTMHUS TO-
Ka COEIMHSCT pa3Hble YaCTUIBI M JAaeT HEKOTOPYIO MTHOBEHHYIO XapaKTEPUCTHKY JBIKYIICHCS JKUKO-
CTH B MOMEHT BpeMeHH t. Uepes 3a1aHHyI0 TOUYKY B JJAHHBI MOMEHT BPEMEHH MOXHO MPOBECTU TOJIBKO
OJTHY JINHUIO TOKA.

Ecnu B 1aHHBIX TOYKAX JBHXKYIICHUCS )KUIKOCTU BEJIMYMHA U HAIPABJICHUE CKOPOCTH M THJIPOAMHAMH-
YeCcKOe JIaBJICHHE C TEUYCHHEM BPEMEHHU He M3MEHSIOTCS (TaKoe JIBUKCHHE Ha3bIBACTCS YCTAHOBHBILIUM-
csl), TO M JIMHUS TOKA, U TPACKTOPHS YaCTHIIbI, OKa3aBIICHCs Ha HEW, COBIANAIOT U CO BPEMECHEM HE W3-
MEHSIOTCA. B 9TOM cityyae TpaeKTOpHH YacTHIL SIBJISIFOTCS M JIMHUASIMH TOKA.

DneMeHnTapHas cTpyHuka. FEcim B aBwkymeics xuu-
KOCTU BBIJICIUTh BECbMa MAIYIO AJIEMEHTapHYIO TUIOMAAKy AS, MepIieH-
TUKYISPHYIO HApaBiICHUIO TEYEHUsS, U MO KOHTYPY €€ MPOBECTH JTUHUHU
TOKa, TO MOJy4YEeHHAs! TIOBEPXHOCTh HA3BIBACTCS MpYOKOU MmoKd, a COBO-
KYITHOCTb JIMHUN TOKA, TIPOXOJISAIINX CIIONIb Yepe3 TUIomaaKky AS, obpa-
3yeT TaK Ha3bIBaEMYIO aemenmaphyio cmpyuxy (puc. 13).

DneMeHTapHas CTpyHKa XapakTepu3yeT COCTOSHHE IBIKEHHS JKUIKO-
CTH B JJaHHBI MOMeHT Bpemenu t. [Ipu ycTaHOBHUBIIIEMCS JABHKEHUU dJie-
MEHTapHas CTPyHKa UMEET CIIeTyIOlIHe CBOHCTBA:

1. dopma M MoNOKEHUE FNEMEHTAPHOM CTPYHWKHU C TEUEHHEM BPEMEHM OCTAIOTCS HEM3MEHHBIMH, TaK Kak He
W3MEHSTFOTCSI JINHUAM TOKA;

2. IPUTOK >KUJIKOCTH B AJIEMEHTApHYIO CTPYHKY M OTTOK U3 Hee yepe3 OOKOBYIO MOBEPXHOCTh HEBO3MOXKEH,
TaK KaK 10 KOHTYPY JIEMEHTApHOU CTPYHUKH CKOPOCTH HAIIPABJIEHBI 10 KacaTeIbHOM;

3. CKOpPOCTb M THAPOAWHAMUYECKOE MAaBJICHME BO BCEX TOYKAX MOIEPEYHOIO JICUECHHMS SJIEMEHTapHOU
CTPYMKH MOYKHO CUHTATh OJMHAKOBBIM BBU/TY MAJIOCTH IO AS .

ITo 1ok ._COBOKYITHOCTb 3JI€MEHTAPHBIX CTPYEK JBIKYIICHCS JKUIIKOCTH, TPOXOJIINX  Yepe3  III0-
IIJKy JIOCTaTOYHO OOJBUIMX Pa3MEpPOB, HA3BIBAETCS nOMOKOM dtcudkocmu. II0TOK orpaHudeH TBep-
JILIMHU TIOBEPXHOCTSIMHU, TT0 KOTOPBIM ITPOUCXOIUT ABMKEHHE KUIKOCTH (TpyOa), m arMocdepoii (peka, jo-
TOK, KaHaJ | T.IL).

Puc. 13

2.2 llonsiTHE 0 HOTOKE JKUIKOCTH.

'mppaBnuuyeckue 2NE€MEHTH MOTOK a Kugblm ceuenuem Ha3bIBAECTCS TOBEPXHOCTH B
IpeJienax moToKa, NPOBEACHHAS MEPICHINKYISIPHO K JUHUSM TOKa (JIeMEHTapHBIM CTpyiikam). B olmiem
ClIydae dTa OBEpXHOCTh KpuBoMHeHas (Ha puc. 14 moBepxaocts ABC). OHako B OONBIIMHCTBE CITy4acB
MIPAKTUIECKON TUAPABIMKA TTOTOK KHUIKOCTH MOXKHO TPEJICTABUTH MMapauIeIbHO-CTPYHHBIM WM C OYSHb Ma-
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JIBIM YTJIOM PacXOKAEHUsSI CTPYEK, a 3a KHUBOE CeUeHHE NMPUHATH TIOCKOE MONEPEeYHOe CeUeHUE MOToKa (Ha
puc. 14 mnockocts AC). [101maas KUBOro cedeHus: 0003HavYaeTcst OyKBOIA S.
CmouenHblM nepumempom Ha3bIBaeTCs JUIMHA YacTH MEpUMETpa Ku-
BOT'O CEYEHMsI, B Ipejieniax KOTOPOW MOTOK CONPHUKACAETCS C TBEPbIMU
BHEIIHUMHM cTeHKaMu. CMOYEHHBIN niepuMeTp 0003Ha4aroT OykBoii /1.
ludpasnuueckum paduycom Ha3bIBACTCS OTHOUICHUE IIIOMIA/N KHUBOTO A
CEUCHHUS K CMOYEHHOMY MEPUMETPY:

R=S/11. 67) —

Ha puc. 15 npuBeaeHbl npuMepbl TMONEPEUYHBIX CEUYECHUH TMOTOKA: i

a) Tparnelneu1aIbHOe; 0) MPSIMOYTOIbHOE; B) KPYTOBOE. \h\
A

Jli1st KpYyroBOro cCedeHws, 3alOJHEHHOIO JKHJIKOCTBIO TIOJHOCTBIO (PHC.
15,6): s=xd?/4; IT=xd; R=s/IlI=d/4.
Pacxoag XHAKOCTH UCPEOAHSS CKODPOCT b Pacxonom
JKUJIKOCTH Ha3bIBAETCS KOJHMYECTBO YKHJIKOCTH, IIPOXOJISIIEH Yepe3 JJAHHOE
JKMBOE CEUEHHE ITIOTOKA B €MMHULYY BPEMEHH.
Pacxon mortoka xuakoctd 0003HadaroT Q, a IJIEMEHTAPHON CTPYHKH
— AQ . EnuaniiamMu u3MepeHus pacxoia siBISTFOTCS: M%/cex, M3/a wnw J1/cex, /4 u Ip.

Puc. 14.

PaccmoTpum snemenTapHyo cTpyiky (puc. 13) ¢ monepeyHbiM ceueHueM AS U TOCTOSSHHOW CKOPOCTBIO

a) B-b5+2mh 4)
7 77
- PG WE—
D T W T :.g
a e S 7
‘e — B/‘_q.,,._... ....JL:— /H
LGI//é f{a ‘///6/////
Puc. 15.

JIBMDKCHUST YaCTHUIIBI JKUJIKOCTH U. Yepe3 MPOMEKYTOK BpeMeHH ! 4acTHIbl IepeMecTsiTcs u3 cedenus 1-1 B
ceueHne 2-2 Ha paccrosHue |. IIpu stom uwepe3 ceuenue 1-1 mpoiizer S7eMEHTapHBI O0BEM KHIKOCTH
AV = Asl . Paznenus 00e yacTu ypaBHEHUs Ha t, ToTyamm

ﬂ:ASI_’
t t

HO AV /t = AQ — pacxoj aeMeHTapHON CTPYHKH (00BeM, TPOLIE/IIIHIT Yepe3 SIIEMEHT KUBOTO ceveHnst 1-1 B

€/IMHUILy BPEMEHM); n =U — CKOpPOCTb JIBUKEHHUS YaCTULL KUAKOCTH (ITyThb, IPOMIEHHBIM YaCTUI[AMH JKHJIKO-

CTH 32 €IMHUILY BPEMEHH).

Orcroma

AQ =UAS, (673)
T. €. PacX0JI DJIEMEHTAPHOM CTPYHKH paBeH IUIOMIAIN €€ MONEPEUHOro CEUCHMS, L s
YMHOKEHHOH Ha CKOPOCTH B DTOM ceueHHMH. [10TOK XKUIKOCTH B JTaHHOM JKH- ] D
BOM CEUEHHUH TMPECTABIISIET COBOKYMHOCTH (CyMMY) OOJBIIIOTNO YKCIIa 3eMeHTap- N ) ; -

HBIX CTPYCK, 3alIOTHAIOIIMX CIUIOHIb IUIOHIAAb KWUBOTIO CCYCHUSA, ITOOTOMY I
OIIPEJICNICHUS pacxo/ia MOTOKa Yepe3 KUBOE CEUCHUE S HEOOXOMMO B3STh CyMMY
pacxonoB AQ 3JIeMEHTapHBIX CTPYEK, T.C.

Q=) uAs. (676)

B obmem cimydae, 9ToObI BOCHONB30BaThCs hopMysoi (670) it onpenesieHnst pacxo/ia MoToKa, HaJlo 3HaTh
3aKOH paclpeeNieHHs CKOPOCTEH 10 KUBOMY CEUEHHIO, KOTOPBI OYeHb CJIOXKEH M BooOIIe HemsBecteH. [lo-
9TOMY TSI TPAKTHYECKUX PACUETOB BBOJATCS TIOHSTHE CPEIHEN CKOPOCTH TTOTOKA.

Ha puc. 16 mpencrasnen rpaduk (3mopa) pacnpeneNieHns IeHCTBUTENBHBIX CKOPOCTEH B TOYKAX YKHBOTO
CEYEHHS TIOTOKA, M3 KOTOPOTO BUIHO, YTO CKOPOCTH TI0 CEYECHHIO PACTIPEIEISIOTCS HepaBHOMepHO. [1pu neii-
CTBUTENTLHBIX CKOPOCTSIX Yepe3 KUBOE CEYSHUE TPOXOAUT ONpe/eNieHHbIN pacxon Q. MoXHO HAaTH HEKOTOPYIO

o
W | H
V7725 LT e

Lr !
e — |

puc. 16.
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MIOCTOSTHHYIO JUUISl BCEX TOYEK CEUCHHS] (PUKTHUBHYIO CKOPOCTb, IPHU KOTOPOW Yepe3 JaHHOE CEYCHHUE MPOXO0-
J1 OBl TOT K€ CaMBbIi PAacXo/l, YTO U MPH JACHCTBUTENBHBIX CKOPOCTSX JBMXKEHHS KUAKOCTH. JTa CKOPOCTD V
Oyzmer cpemHel W3 nmedcTBUTENBHBIX CcKopoctei. [lonmcraBmsas B dopmymy (670) CKOpocTh V IOMyIUM

Q=) VAs,no v=const, Y As=s, nostomy
S S
Q=vs, (68)

T. €. PACXO0J1 )KUJIKOCTU B TAHHOM CEYEHHH ITOTOKA PaBEH MPOU3BEICHUIO CPETHEH CKOPOCTH JIBHKEHUS KUIIKO-
CTH, YMHO)KEHHOM Ha TUIOIIA b )KUBOTO CCUYCHHS.

Wrak, cpedueti ckopocmbio IOTOKa B TAHHOM CEUCHUM V HA3bIBACTCs TaKas OIMHAKOBAs JUIS BCEX TOYEK
JKHMBOT'O CEYCHHUS CKOPOCTh JIBUKCHUS YKUJIKOCTH, TIPH KOTOPOH Yepe3 3TO KHUBOE CEUCHUE TPOXOJUT TOT Ke
pacxoa Q, 4TO ¥ PH JICUCTBUTEIBLHBIX CKOPOCTSIX ABMYKEHUS KUIKOCTH U.

N3 dpopmybl (68) MOKHO HaNUCaTh

v=Q/s, (68

s=Q/v. (68"

Dopmyitet (68), (68") u (68") HCIIOMB3YIOTCS MPH PEIICHUHA OCHOBHBIX THIPABIMYECKUX 3a1ad, CBSI3aHHBIX C
TIOTOKOM HUJIKOCTH. VX criemyer 4eTko 3HaTh 1 3allOMHHTH.

2.3. Buabl ABUKeHHS KUIAKOCTH

Yemanosuswumes cmayuoOHApPHbIM osudIceruem KHUIKOCTH HA3BIBACTCS TAKOC ABUMKXCHHUC, IIPHU KOTO-
POM B K&)K,Z[Oﬁ HaHHOﬁ TOYKC OCHOBHBIC 3JICMCHTHI ABMXXCHUA )KUIKOCTU — CKOPOCTh ABMXCHUA U U TUI-
POAMHAMHUYCCKOC OABJICHUC p HC M3MCHAIOTCA C TCUCHHUECM BPEMCHHU, T.C. 3dBUCAT TOJIBKO OT KOOpAWMHAT
TOYKHU. AHAIUTHYECKU DTO YCJIOBHUC 3aITMIICTCA TaK:

u=f,(x,y,z) u p=1f,(x,y,z).

HeVC”naHO@M@WUMC}l (HecmaquHaprlM) Oeu:)fceHueM KHUIAKOCTH HA3BIBACTCA TAKOC ABHIKCHUC, IIPU
KOTOpOM B Ka)KIIOﬁ ﬂaHHOﬁ TOYKE OCHOBHBIC 3JICMCHTHI ABUXCHUA )KUAKOCTHU — CKOpOCTI) OBUXXCHUA U U
TUAPOJUHAMHUYCCKOC NABJICHUC p — IIOCTOAHHO U3MCHAIOTCA, T.C. 3aBUCAT HC TOJIBKO OT ITOJIOKCHUA TOY-
KN B IPOCTPAHCTBEC, HO U OT BpECMCHU t. AHAJIUTUYECKH DTO YCJIOBHUEC 3alIUIICTCA TaK:

u=f,(x,y,z,t) m p=f,(x,y,zt).

HpI/IMepOM YCTaHOBI/IBIHeFOCﬂ JOBUXCHUA MOXET 6I)ITI): JABHXKCHHUE KUJKOCTH B KaHaJI€, B peKe HpI/I
HCU3MCHHBIX rHY6I/IHaX, HCTCUYCHHUC KUJAKOCTHU U3 pE3C€pBYyapa IIpU MOCTOSIHHOM YPOBHEC KUJKOCTU B HEM
nu I[p HCYCTaHOBI/IBHIeeCﬂ ABHUXKXCHHUEC — 3TO ABUXCHUEC KUAKOCTU B KaHAJIC UJIU peKe HpI/I HepeMeHHOM
YPOBHEC HUJIH IIPU OIMOPOKHCHUU PE3CPBYyapa, KOTrla YPOBCHB KUJKOCTU B HCM HCIIPCPBIBHO U3MCHACTCH.

B HaﬂBHeﬁmeM 6y)ICT I/I3yanI)C$[ TJIaBHBIM 06paSOM YCTaHOBI/IBIHeeCﬂ ABUXKXCHHUEC KUIAKOCTU U B OT-
JIENIBHBIX CITy4asx OyayT pa3OuparhCs MPUMEPBI HEYCTAHOBUBIIETOCS JIBHXKEHUS.

YcranoBusitieecst JBIDKCHHUC B CBOHK)  OQ4UCpeab IOAPABACIEICTCA HA PABHOMCEPHOSC 1 HCPABHOMEPHOC.

PCZGHOMeprlM HA3bIBACTCA TAKOC YCTAHOBHUBIICCCA NBUKCHHUC, IPU KOTOPOM XHUBBIC CCUCHHUS BAOJIb
IOOTOKA HE U3MECHIIOTCA: B DTOM CJIy4ya€ S =COﬂSt, CPpCAHHUEC CKOPOCTH ITO JUIMHEC ITOTOKA TAKXKEC HC M3-

MEHSIOTCS, T.€. V=COoNnst. [I[ppumepoM paBHOMEPHOTO ABHKEHUS SIBJISIETCA: IBUKEHUE KUJKOCTU B IIH-

JUHApPUYECKOU TpyOe, B KaHalle TOCTOSIHHOTO CEYEHUS ITPH OJMHAKOBBIX IITyOMHAaX.

YcraHoBuBIIeecs IBUKCHHUE HA3bIBACTCS HEPAGHOMEPHbIM, KOTJIAa pacipe/ieIeHne CKOPOCTel B pa3-
JJMYHBIX ITONCPECYHBIX CCUCHHUAX HCOANMHAKOBO, ITPU 3TOM CPCAHAS CKOPOCTH U IIOMIAAb ITOIICPEYHOI'O CC-
YeHHs ITOTOKA MOTYT OBITh M JIOCTOSIHHBIMH BJIOJb MOTOKA. [I[pruMepomM HEpaBHOMEPHOTO JABUKEHUS MO-
JKET OBITh JBMIKEHUE KUJIKOCTH B KOHUYECKOW TPyOe MIIM B pEYHOM pyciie IEPEMEHHON IIUPHHBI.

Hanophvim Ha3bpiBaeTCs NBIKEHUE KHUIAKOCTH, IPH KOTOPOM MOTOK MOTHOCTHIO 3aKIIOYEH B TBEPAbIC
CTEHKH W HE UMEET CBOOOTHOU MOBEPXHOCTH. HamopHoe NBMXeHNEe TPOUCXOIUT BCIEACTBUE PA3HOCTH
JABIIEHUHN U TOJ IEHCTBUEM CHJIBI TSHKECTH. [I[pruMepoM HallOPHOTO JBUKECHHUS SIBISETCS ABHKEHUE K-
KOCTH B 3aMKHYTBIX TPYOOIPOBO/IaX (HAIPHMED, B BOAOIPOBOIHBIX TPYyOax).

be3nanoprviv HazbIBaeTCs IBIKEHUE KUJIKOCTH, IIPU KOTOPOM TTOTOK UMEET CBOOOIHYIO TIOBEpXHOCTS. [IpH-
MCEpOM 663HaH0pHOFO JOBHWXCHUSI MOXKET OBITE: ABMKCHUEC XXUJKOCTHU B PEKax, KaHajlaX, KAHAJIM3allMOHHBIX U
IpEeHaXHBIX TpyOax. be3HamopHoe ABMKEHUE MPOUCXOAUT TMOJA IEHCTBUEM CHIIBI TSDKECTH U 32 CYET
HavaJTbHOM cKOopocTH. OOBIMHO Ha MTOBEPXHOCTH OE3HATIOPHOTO TMTOTOKA JaBJICHUE aTMOC(EpHOE.
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Crnemyer OTMETHUTS €IlIe OJTMH BUJI ABWKEHUS: CBOOOIHYIO CTPYI0. C80000HOU cmpyeli HAa3bIBACTCS TIOTOK, HE
OIPaHUYCHHBIM TBEPABIMU CTEHKaMHU. lIprMepoM MOMKET CIIy’KUThb ABWIKEHUE >KUIKOCTU U3 I10KAPHOTO
OpaH/croifTa, THAPOMOHUTOPA, BOJOIPOBOTHOIO KpaHa, U3 OTBEPCTHS pe3epByapa U T. 1. B aToM ciydae nBu-
YKEHHUE JKUKOCTU MPOUCXOIUT MO MHEPIMHU (T. €. 32 CUET HAUYaIbHOM CKOPOCTH) U MOl ISCTBUEM CHITBI TSDKE-
CTH.

I[JBI YIIPOUICHHA BbBIBOAOB, CBA3AHHLIX C U3YYCHHUEM IIOTOKA XUJIKOCTH, BBOAUTCA IMOHATHC O IJIABHO U3MC-
HSTIOLIIEMCS IBHKEHUH SKUTKOCTH.

TInasno uzmensaoOwumMCcs Ha3bIBACTCS TAKOE JIBIKEHUE JKUJIKOCTH, TIPU KOTOPOM KPUBHU3HA CTPYEK HE3HAUH-
TeNbHA (paBHA HYITIO WM OJM3Ka K HYJIO) M YroJl pacXOXKJICHUS MEXIy CTpylKaMHu BecbMa Maj (paBeH Hy-
JF0 WK ONM30K K HYIO), T. €. MPAKTUYECKH MOTOK YKUAKOCTH MaJI0 OTIMYAeTCs OT MapauiebHOCTPYIHOTO.
3TO MPENONIOKEHUE BIIOJTHE OMPAB/IBIBACTCS MPU M3YYEHUH MHOTHMX CIIy4aeB JABM)KCHHS JKUJKOCTU B KaHa-
Jax, Tpy0ax u APYruxX COOPYKEHHUSIX.

OT™MeTuMm clieyroNye CBOMCTBA MOTOKA MPH TUIABHO M3MEHSIOIIEMCS IBIDKCHHH:

1. nornepeyHble ceueHust MOTOKA IIOCKUE, HOPMATTbHBIE K OCH TIOTOKA;

2. pacnpeaciiCHuC ru JpOANHAMHUYCCKUX I[aBJIeHI/Iﬁ MO0 CCUCHUIO IMOTOKA IMOAYUHACTCA 3aKOHY I'MApPOCTa-
TUKH, T.€. THAPOJUHAMUYECKUE JABJICHUS 10 BBICOTE CEUEHUsI PACIIPEACIISIFOTCS 0 3aKOHY IPSMOM. ITO CBOM-
CTBO JICTKO MOXHO IOKa3aTb, €CJIM BHYTPU ITOTOKA BBIACIIUTL YaCTHUIY KUAKOCTH U CIIPOCKTHPOBATL BCC IICfI-
CTBYIOIIIME Ha HEe CHJIbI Ha IIOCKOCTh JKUBOTO CeUeHus. BeneacTBue Toro, 4To CKOPOCTH M YCKOPEHUS! B 3TOM
ciyyae Oy1yT MEepHEeHAUKYJIIPHbI CEUEHHIO, CUJIbl HHEPLIMU B YpaBHEHUE HE BOMAYT; IO3TOMY ypaBHEHUE
paBHOBECHSI U 3aKOH PacIpe/ieNieHus JaBIeHHs B TUIOCKOCTH JKUBOTO ceYeHHs He OyIeT OTIINYAThCs OT TaKOBO-
IO IS KUIKOCTH, HAXOSIICHCS B IIOKOC;

3. yhenbHas MOTEHIMANIBHAS SHEPrus (T. €. MOTEHIMAIbHAs YHEPTUs €UHUIIBI Beca KUAKOCTH) MO OTHO-
IICHUIO K HEKOTOPOH TUIOCKOCTH CPABHEHUS JUIsl BCEX TOYEK JAHHOTO CEUEHHSI MIOTOKA YKHUIIKOCTH €CTh BEJTYM-
Ha [OCTOSTHHASL.

2.4. YpaBHeHUEe HEPA3PbLIBHOCTH YCTAHOBUBIIET0CS ABHKEHHUS KUIKOCTH

ITpu paccMOTpeHNH ABMKEHHUS AKUIKOCTH CUMTAIOT, YTO B MOTOKE JKMJIKOCTh CIUIONIb 3aMIOJHSET 3aHUMaeMOoe
€0 MPOCTPAHCTBO 0e3 00pa3oBaHus MYCTOT, T.€. ABMKEHUE KUAKOCTH MMPOUCXOIUT HEPA3phIBHO. B aTOM city-
Yyae CIPAaBEIJIMBO YPaBHEHWE HEPAa3pbIBHOCTH JBWKEHUs, BBIBOJAMMOE Ha OCHOBE 3aKOHA COXPAHEHHS MAacChl.
[lomyynm BHauane ypaBHEHHME HEPa3pbIBHOCTH IIPU YCTAaHOBUBILEMCS JBMDKEHUH YKUIKOCTHU IS SJIeMEHTap-
HOU CTPYHKH.

[Iycts nMeeM aniemeHTapHyto cTpyiKy (puc. 17). BospmeMm ceuenue 1-

1 c uromaznpo0 AS; M CKOPOCTBIO JIBHKEHUS YACTHIL )KUAKOCTH U1. JIie- ]

MEHTapHBIN pacxo yepe3 cedenre 1-1 [mo popmyne (67a), § 2.2] pasen
AQ, =U,As,.
3aTeM BO3bMEM CeUeHHE 2-2 B ITOM 7Ke CTpYHKE C IUIOMIAIbI0 cedeHus AS,
Y CKOPOCTBIO U1. DJIEMEHTApHBII pacxoj1 Yepe3 ceueHue 2-2 paBeH
AQ, =U,As,. Puc. 17.
Ho 1o cBOHCTBY 3rieMEHTapHOM CTPYWKH NMPUTOK U OTTOK JKUJIKOCTU
yepe3 ee OOKOBYIO TIOBEPXHOCTh HEBO3MOKeH (cM. § 2.1); kpome Toro, B oTceke 12, KOTOpPBIN COXpaHseT
HEU3MEHHBIE Pa3Mephbl, He 00pa3yeTcst IMyCTOT U HE MPOMCXOINT MEPEYIUIOTHEHNI; 3HAUYNT KOJIMYECTBA JKUIKO-
CTH, IPOTEKAIOIIEH H SIMHUILY BpeMeHHU uepe3 cedenus 1-1 u 2-2, nomxHb! ObITh 0fMHAKOBEL T.6. AQ, = AQ, .

HpI/IHI/IMaSI BO BHUMaHHMC, YTO CCUCHUA 1-1u 2-2 MPUHATBI ITPOU3BOJIBHO, MOKHO B 06IJ_[CM CJIydac Ut DJICMCH-
TapHOW CTPYHMKHN HaIMCaTh
AQ, =AQ, =AQ, =...=AQ, =AQ =const,
W
U, AS, =U,AS, =U,AS, =...=U,AS, =AQ = const. (69)
DTO U €CTh YpPaBHEHUE HEPA3ZPBIBHOCTHU (CIJIOMIHOCTH) JIJISI AJIEMEHTAPHOU CTPYUKH, KOTOPOE YHTACTCS
TaK: 3ﬂ€M€HmaDHbZZZ pacxod AHCUOKOCIIU AQ npu ycmaHoeUueuUemMcA O0BUIICEHUL eCIMb BETUYUHA NOCMOSIHHAS

0151 6cell DNIeMEHMAPHOU CINPYUKU.
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[Tycth Tenmepp nmeem NoTok xkuakoctu (puc. 18). B3se B motoke nBa
MPOU3BONBHBIX cedeHus 1-1 u 2-2 ©  TpenCcTaBUB KUBBIE CEUYCHUS UX
COCTOSIIUMU U3 CYMMBI DJIEMEHTApHBIX CTPYEeK, MOXHO HamucaTh
Q= Z:ulASl — pacxoj xuakoctu B ceueHun 1-1; Q, = ZUZASZ — pac-

S S2
XOII JKUIKOCTH B CEUEHUH 2-2.

Ho mockosbky CKOpOCTH KacaTelnbHbI K OOKOBOW MOBEPXHOCTH TOTOKA,
TO B OTCEK M&XTy cedeHusiMH 1-1 u 2-2 yepe3 OOKOBYIO TIOBEPXHOCTH JIBH-
JKCHUSI KUIKOCTH HE MPOMCXOJUT; HE U3MEHseTcs U o0bem orceka. Crie-
JIOBAaTENbHO, B OTCEK uepe3 ceueHue 1-1 mocTymaer CTONbKO e )KUIKOCTH,
CKOJIBKO 3a TO ke Bpems BbixoguT Q, =Q,. Ho Tak xak cedenus 1-1 u 2-2 B3sTbI IPOU3BOIBHO, TO MOKHO

puc. 18.

HamucaTb, 4to Q, =Q, =...=Q, =Q =Cconst unu, Bepaxkas pacXof *KUIKOCTU B CEUEHHUAX YEPE3 CPEIHIOI0

CKOPOCTB V, TTOTy4IHUM
1

v,S, =V,S, =...=V, s, =Q =const. (69"

DTO U €CTh YpasHeHUe Hepas3pbleHOCMU 01 NOMOKA HCUOKOCHU, KOTOPOE YUTACTCS TAK: PpACX00 JHCUO-
Kocmu_yepes 1ioboe ceyerue nOmoKda npu YCmaHoSUSUIeMcsl 08UCEHUU ecmb 8eluduna nocmosnuas. 3
ypaBHeHuUs (69) 1s IByX CEYSHHI MOXKHO HAIKMCaTh

Vl/Vz = S2/51 1 (70)

T.€. CPeJIHHE CKOPOCTH MOTOKAa 0OpaTHO MPOMOPIMOHATIBHBI TUIOMIA/IIM COOTBETCTBYIOIINX KHUBBIX Ce-
YEeHUH.

2.5. YpaBHenne /I. Bepnysumm

VYpaBuenue [lanuwmia bepHymuin sSBisSE€TCS OCHOBHBIM ypaBHEHUEM THIIpoJuHaMukH. Huke pazbupaercs
9TO YpPaBHEHHUE JUIsl YCTAHOBUBILIETOCS IIABHO M3MEHSIOIIETOCs IBUKECHHUS JKUAKOCTH, C IOMOLIBIO KOTOPO-
IO PElIAKTCsd OCHOBHBIE 3a/a4d TMAPOJMHAMHUKU. BBeneM IOHATHS YIEIbHOM 3HEPIMU DIIEMEHTApHOU
CTPYHKH U IIOTOKA )KUAKOCTH.

YnenpHass DJHeprus DIEMEHTApHOWU CTPpPYWKH.
HamoMuuM, 4TO ynenpHas DHEpPrus €CThb DHEPIrHs, OTHECEHHAs K €IUHMIIE CHUJIbI
TSDKECTH JKUAKOCTH. [IycTh MMeEeM B 3JIEMEHTApHOM CTPYMKE YACTHUIy Maccor M,
KOTOpasi 00J1a71aeT HEKOTOPOIl CKOPOCTBIO U, HAXOAUTCS MO THUIPOANHAMUYECKUM
JTABJICHUEM p, 3aHUMAeT HEKOTOpbIM 00beM V M HaXOAWUTCS OT MPOU3BOJIBHOU
IUIOCKOCTH CPaBHEHUS 0-0 Ha HEKOTOpo# BbicoTe Z (puc. 20). Macca yacTuIlbl
o0JajaeT 3armacoM yJaeIbHON MOTEHIUATIBHON SHEPTUH €,;, KOTOpasl CKJIabIBACTCS
U3 YIEIbHBIX NMOTCHIMAIBHBIX SHEPTUN IOJOKEHUS €nor, U JABIICHUS €as. B camMoM
JieIie, Macca JKUJAKOCTH, TOJIHATAsL HA BBICOTY Z, UMEET 3arac NOTEHINAIBHOW SHEPIMH, PABHBIM MQZ, rae g —
YCKOpEeHHEe CBOOOJHOTO MajeHUs. Y ieNbHas MOTEHIMAIbHAS SHEPrusl MOJ0KEHNsI paBHAa MOTEHIMAIbHON
OHEPIHH, JICNICHHOW Ha CHIY TSDKECTH XUIKOCTH (Mg )

puc. 20.

el’l()/l = m =Z. (a)
mg

Macca JKMIKOCTM 3aHUMaeT HEKOTOphIH 00beM V, HaxOASIIMICsS 1Mo MaBieHueM p. [loTeHm-
allbHas DHEPIUsl AaBlieHus paBHA pV. YaenpHas ske MOTEHIMAIbHAS SHEPIUsl JABICHMS PaBHA ITOTEHIMATBLHON
SHeprud PV, NeIeHHOM Ha CHITY TSDKECTH JaHHOro o0peMa YV, T.€.

_pV_p (6)
oas - *

N oy

[Tosmnb1i 3amac yaensHOM NOTEHIUMATIBHOM SHEPTUHM MACChI )KUIKOCTH PaBEH UXCYMME, T. €. €, =€,

e

oas + em)ﬂ
U, YIUTBIBas BbIpaxxeHus (a) u (0), HanmuIeM
e, =p/y+z. (8)
Kpome TOro, macca >KUAKOCTH m JIBUXKETCS CO CKOPOCTBIO u W OOJIajjaeT KWHETUYECKOH sHeprueit

mu’® / 2; HO CHJia TSKECTH STOW Macchl paBHa MQ, U yAeNbHas KUHETHYECKasi SHEPrHs CTPYHKU paBHA
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e —miuz mg—ﬁ (l")
K2 29

CknazpiBast BeIpakeHus (B) U (T), IOJYYUM BRIpAKEHHUE MOJIHON VIEILHON SHEPIUH DIIEMEHTAPHON CTPYH-

2
e:u—+£+z. (71)
29 vy

2
3I[CCB 2— — YACIIbHAs KUHCTHUYCCKAA SHCPI U,

P

— + Z — yACJIbHAA NOTCHIMAIbHAS SHCPIHs JABJICHUA U ITOJIOXKCHUS.
/4

Iomnnas ynenbHas SHEPIUs NOTOKA £ CKIAIBIBACTCA U3 YIECAbHON MOTEHIUANLHOW SHEPIMU £, W yIEIbHON

KUHETUYECKOU dHepruu Ey OTOKA.
JIist cmydasi yCTaHOBHMBILIETOCS TVIABHO M3MEHSIIOLIETOCS JIBHKEHUS KUKOCTH yeNTbHAsI TOTEHIIMAIbHAS SHEP-
TSl BO BCEX TOYKAX JKMBOTO CEYEHHsI OJJMHAKOBA U paBHA

E,=p/y+z=const. ()

IToTok KHUJIKOCTHU PACCMATPUBACTCA KaK COBOKYITHOCTD # 3JICMCHTAPHBIX CTPYCK, KaXKJasad U3 KOTOPBIX
2

. o . . U
O6J'Ia,Z[aeT CBOCH YJCIBbHOU KHHCTHYCCKOU SHEPrucu 2— Ota BeIWYHMHA pasidHa I pPa3HbIX

CTpyeK, OOpa3yroIuX IOTOK.
OmnpenenuM cpegHee 3HaYEHUE ATOM BEJIMYMHBI B CEYEHUU NOTOKA. /L1 3TOro JeicTBUTENbHBIE CKOPO-
CTH 3JIEMEHTApHBIX CTpyeK Ui, Uz, ..., U; 3AMEHUM CpeIHEH CKOPOCThIO MOTOKA V; TOIJa CpeJHee 3HaueHHe

yEIbHON KUHETHYECKON SHEPTUH MOTOKA B IAHHOM CEYCHUU PABHO
2 2 2 2
E = u—l+u—2+...+u—" n:a-v—. (e)
29 29 29 29

3neck o — koaddurment Kopronrica, yauThIBaroIiiA HEPABHOMEPHOCTh PACTIPEACIICHUS] CKOPOCTEH TI0 CEUSHHUTO
TIOTOKA (MJTM KOPPEKTUB KHHETUIECKOM SHEPIVIN).

bespazmepHblii KodhPUIMEHT o peICTaRIsSeT CO00M OTHOIIEHHE ASUCTBUTEIHHON KUHETHYECKOW SHEPIUH TI0TO-
Ka K KWHETUYECKOM SHEPIYH, BEIYMCIICHHOM 10 CpeTHEel cKopocTy. Eciu smopa ckopocTeii B CeYeHHH TTOTOKa OITi3-
Ka K PSIMOYTOJTLHOM, T.€. CKOPOCTH B Pa3HBIX TOUKaxX OMM3KH K cpefHel, To koaddurment Koprommca o 01130k K
enuHuUIe. Eciu jke CKOpPOCTH B CEUSHUH 3HAYUTENBHO Pa3INYaloTCsl MKy COOO0M, TO M KOO PHUIIMEHT O OKa-
3BIBACTCS 3HAYMTEITHHO OOJTBIIIE SAMHHIIBL.

PaccmotpuM, Hanpumep, MOTOK rIyOnMHONW H = 6 M, B CEUEHUU KOTOPOTO CKOPOCTH paclpeieNeHBI 10
TPEYrOJIbHUKY, T.. y JIHA CKOPOCTh paBHA HYJIIO U K MOBEPXHOCTH HApPACTaET MO 3aKOHY MPSIMOU 10
HauOOJBIIETO 3HAYCHUS Unos — 3 M/ceK. CpemHsist CKOpocTh V = 1,5 M/cek, a COOTBETCTBYIOIIAs el KIHe-
TUYECKasi DHEPTUS

2
=L _og1gw
29 19,6

O1eHUM KMHETHYECKYIO0 SHEPTHUIO MMOTOKa ToYHee. J[JIst 3TOro BO3bMeM TpH TOYKH Ha BbicoTe h1 = 1wm;
h2 =3 M u h3 =5 M, KOTOpBIE JICKAT MMOCPEAMHE CIIOCB PAaBHOW BBICOTHI 1O 2 M Kax1blii. CKOPOCTh B 3TUX
TOYKax cooTrBeTcTBeHHO u1 = 0,5; up = 1,5 m uz = 2,5 M/cek. BeUUCIIM KHHETHYECKYIO SHEPTHIO 10
STUM TPEM CKOPOCTSIM

_uf+u +ul oo 0,5% +15° +2,5°
29 19,6-3
YTO OOJIBINIE, YEM T10 CPEIHEN CKOPOCTH.

Koappuuunent Kopuonuca nomyuaercst
a=E,/E,, =0153/0118 =13.

E, =0,153 M,
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Ha ocHoBe 00paOOTKM MHOTOYMCICHHBIX JAAHHBIX, IMOJTYYEHHBIX Ha peKax M KaHajlax, YCTaHOBJIECHO,
YTO 17151 OOJBIIMX OTKPBITHIX MOTOKOB « ~11. [Ipu paBHOMEpHOM JBH)KEHUU B TpyOax M KaHajaX Mpak-
tyecku o =1+15.

B nanbHeiiem, 3a UCKIIIOYEHHEM 0COO0 OTOBOPEHHBIX CIIy4YaeB, JJIsl YIPOIICHUS PacyeToB OyaeM mpu-
HUMaTh o =1. OgHAKO ClieJlyeT MOMHHTH, YTO B HEKOTOPBIX CIIydasX MpHU HEPAaBHOMEPHOM pacrperesie-
HUU CKOPOCTEH 3HAUYEHUS OL MOTYT OBITh 3HAUMTEIBHO Oosbine 1 (2 u 6ornee).

CkranpiBasi yIeIbHYI0 KHHETHUECKYIO U YIeTbHYI0 OTEHIIMAIBHYIO SJHEPIHH [TOTOKA, MOIYyYUM (GOpMYITy
IIOJIHOM YZIEIIbHOM SHEPIUU IT0TOKA

1
N ————
I
L 29 ____29 ’—\ A H
P T H—1 79

) 1 to
iz 7o ///////’er 1//’1%//’////////

Puc.21.
E=E, +E,,

a yYHMThIBas BhIpaxkeHus (€) u (1), uMeeM
2

E-2 [P (72)
29 \7
T.€. MIOJIHAs yJeIbHas SJHEPTUs IOTOKA paBHA CyMME YAEJIbHON KMHETUYECKON U YIEIIbHOW TOTEHIUAIbHON
(naBieHMs M MOJIOXKEHMs) SHepruil motoka. HamomHuM, 4TO Bee BBIBOIBI C/ENAHBI JUISl YCTAHOBUBILIETOCH,
IUIABHO U3MEHSIOLIETOCS JBYKEHUS )KAIKOCTH.

YpaBHeHue IbepHynnu nisgd 31eMeHTAapHOUW CTPYHKHU. Bolienum B yCTaHOBUBLIEM-
Cs IOTOKE PeaJIbHOM JKUJIKOCTH 3JIEMEHTapHYIO0 CTPYHKY (puc. 21) U onpenenum yaelbHYyI0 SHEPTUIO KU/
KOCTH B JIBYX IPOU3BOJIbHBIX ceueHUsX 1-1 u 2-2. BbICOTHI MON0XKEHUS LIEHTPOB MEPBOTO U BTOPOTO Ce-
YeHUIl OylyT COOTBETCTBEHHO Z1 U Z2; THIPOJIUHAMHYECKOE JaBIE€HUE U ITHX K€ TOUKaX p1 U p2 CKOPOCTH
TEUeHUsS — u1 U uz. Tor/a rnoyHas ynenbHas HEprus dIeMeHTapHO! CTpyikHu B cedeHuu 1-1 Ha ocHoBa-
Huu popmystbl (71) paBHa

U, Py
g =—t+-1+12, K
1 2g 7/ 1 ( )
a B ceueHuu 2-2
u; P,
g, =—=+-54+7,. 3
2 =gt TH ©)

INpaxTidecku Beeraa €, < €, TaK Kak 4acTb TOTHON SHEPIuH 3aTpauylBaeTCs Ha MPEO0JICHUE CUI COIIPO-
TUBJICHHS (TPEHHUS) TP IBHKEHUU KHUIKOCTH OT cedennst 1-1 k cedenuto 2-2. O603Haumm o1H notepu N, . To-
I/ia B COOTBETCTBHH C 3aKOHOM COXPAHEHHs SHEPrHH MOXKHO HAIMcath, 4To € =€, +N, , ¥, y4uThIBas BbIpa-
KeHUs (K) U (3), TOydrM
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2

—1+&+21: p2+z +h, . (73)

29 7 29 7
Ypasnenue (73) u ectv ypasnenue /[. bepuynnu Ons 21eMeHmMapHOl CMpPYUKY PEATbHON KHUJIKOCTU MPH
YCTaHOBUBILEMCS JIBKEHHH, KOTOPOE YCTaHABIIMBACT CBSI3b MEX/Ty CKOPOCTBIO JIBHIKEHIIS, JTABJICHIEM B YKHJIKO-
CTH ¥ TTOJIOXKEHUEM TOYKH B TIpocTpaHcTBe. OHO CIpaBeTHBO TS JFOOBIX JBYX CEUCHUIA, TaK Kak ceyenus 1-1 u 2-
2 ObLTH B3STHI [IPOM3BOIIBHO. YpaBHEHHE (73 ) MOKHO M300pa3uTh 1 rpadudecku (puc. 21). Ecmm coeauuuTs ypoBHI
KUJIKOCTH B TIE30METPAX, MPUCOETUHEHHBIX K HECKOJIBKIUM CEYEHHSIM, MOIYYUM HEKOTOPYIO JIMHUIO p-p, KO-
TOpast Ha3bIBACTCS NbE30MEMPUYECKOLL IUHUell W TIOKa3bIBACT U3MEHEHHUE yICITbHON MOTEHIIMAIBHOW SHEPrHel
10 JUIMHE 3JIEMEHTAPHOM CTpYHKHU. Ecny coeqMHNTD TOUKHU, KOTOPbIE B KQKIOM CEYCHUH BEPTUKAIN U300-
PaXaroT MOJHYIO YSIbHYIO SHEPTHIO (@ TaKUe TOUKH JISHCTBUTEIILHO MOYKHO TIOJTYYUTh, O YEM CM. HIDKE), TIOJTY-
yuM HekoTopyto JiuHUIO N-N, KOTopast Ha3bIBACTCS HANOPHOU IUHUel VW JIUHUel SHep2ul, OHA TIOKAa3bIBACT 13-
MEHEHHUE TIOJTHOM Y/ICIbHOM 3HEPruy 10 JUTMHE CTPYHKH. Torna paccTosHUE 10 BEPTHKAIN B JIIOOOM CECYCHUU
MEXIy TOPU30HTAIBHOM IIOCKOCTHIO |-1, COOTBETCTBYIOMIEH HAYATBHOMY 3ar1acy yAeIbHOW YHEPTUHU B IEPBOM
ceueHuH, U HarmopHou yiuHuer N-N maeT BearMunHy noTephb SHepruu My Ha MPEOI0JICHNE CHIT COMPOTHBIICHHS
Ha YJacTKe OT MEPBOrO CEYEHHUS JI0 JAHHOTO CEUCHUS, & PACCTOSHUE MEXTY HAIOPHOM M MbE30METPUUECKOM
NTMHUAMHE — yeTbHYI0 KHHETHUECKYIO SHEPIUI0 B JAHHOM cedeHnH U7/2g.

JIst ujeanbHOM JKUIKOCTH, TJIe OTCYTCTBYIOT CHJIbI TpeHusi, B ypaBaenuu (IV.7) hw= 0 u ypaBuenue bep-

HYJUIM ITIPUHUMACT BUL

2 2
—1+&+21:u—2+&+22. 73"
29 7 29 7
Ho Tak kak ceyennst 1-1 u 2-2 B3sITHI IPOUBBOJIHGHO, TO B OOIIIEM BHJIE YpaBHeHHE bepHy i it aneMeHTap-
HOM CTPYHMKU UJICUTHHOM YKHUKOCTU 3aITUCHIBACTCS TaK:
2
v.Ph, =const. (73"
29 7y
YpaBuenue Abepunynnu ans notoka. PaccMOTpuM MOTOK ITpHU YCTaHOBUBIIIEMCSI, TIJIABHO U3-
MeHstoIeMes ABrmxeHnu (puc. 22). Beibepem nponsBonbHO ABa ceuenus 1-1 u 2-2, mo ocsiM KOTOPBIX CO-
OTBETCTBEHHO UMEEM Z1 U Z2 — BEPTUKAJIbHBIE KOOPMHATHI OCH MTOTOKA HaJl MPOM3BOJIBHOM MIOCKOCTBIO CpaB-
HEHUsI 0-0, p1 ¥ P2 TUIPOIMHAMUYECKUE TABJICHHS, B TEX MKe TOUKaX Vi M V2 — CPEJIHHE CKOPOCTH B ceueHmsX 1-1
2-2.
[MomHyro yrenbpHy0 SHEPIHIO MOTOKa onpesersieM 1o gpopmyrie (72): ceuenne 1-1

a
E, =24 Py Z,,
. 29 7y
y Ry R | E—— =T cedyeHue 2-2
Ul ok N| < 2
NN i AV, Py
130 18 s E,= +2 47,
[~ s 29 7
-““““p*n -—t OueBngno E, < E,, Tak Kak 4acTb 3HEPruu NOTPATUT-
H 1 Csl Ha IPEeoJIoJIeHHe CUJl compoTHuBieHus (TpeHus). O0o-
3HaYMM INOTEPIO HEPruM Ha 3ToM ydactke — h . Torma
o=
i s MOKHO Hammcath, uto E, =E,+h u, moncrasnss 3na-
5
= 2 uennst E, u E,, l'IOJ'Iy‘-II/IM
/
'} 2
a,\V. LV
— oV P v, pz+22+h (74)
, =+ 29 v 20 7
——L
7 Ypasnenue (74) nazpiBaercs ypasnenuem /[, beprynnu ons
' ]
L HOMOKA HCUOKOCMYU W SBIISETCSI OCHOBHBIM YpaBHEHUEM
THJIPOAMHAMHUKH; C €T0 TIOMOIIBIO TTOTy9eHB MHOTHE pac-
o L ¥ 0
R oy YyeTHbIe (OPMYIIBI M pEIIaeTCsl Psi MPaKTHUECKUX 3aiad.
VYpaBHenre bepHy ycTaHaBIMBAET MATEMATHYECKYIO CBSI3b
Puc.22. MEXTy OCHOBHBIMH 3JIEMEHTAMH JBIDKEHUS KUAKOCTH, T. €.

CpeIHel CKOPOCTHIO ¥ TUIPOIMHAMIIECKHM JTABJICHHEM.

23



2.6. UcToakoBanmne ypapHenus /1. bepuysim

Paccmotpum cMbIc ypaBHEHHST bepHYIUH ¢ TOYeK 3peHHs THAPABIMUYECKOM, TEOMETPUYECKON M SHEpreTHYe-
CKOH.
mappaBinuueckoe uctronkoBanue ypaBueHnus Jbepnynnaun CTouku 3peHus ruj-

PaBIMKY KaXIbIi WieH ypaBHeHus beprysum (74) uMeet cBoe Ha3BaHHE, 2 UMEHHO:
2 2
o . . o 4V a,V,
1. IlepBslii wiieH npaBoil U JIeBoil yacTeil ypaBHeHus: bepHynu v u EYY HA3BIBACTCSI CKOPOCHI-
g
HbIM Hanopom 6 ceuenusx 1-1 u 2-2.

CKOpOCTHOM HAIop MOXHO HaOJtoIaTh B JeHcTBUTEIbHOCTH. Ecim
HanpuMep B Touke A (puc. 23) psaoM ¢ IIbE30METPOM MOCTABUTH U30THY- 1
TYI0 TpYOKy, OOpallleHHYyI0 OTBEPCTHEM HABCTPEdy IOTOKY, TO YPOBEHb ES
XKHUJIKOCTH B 3TOM TpyOKe Oy/eT BbIIIE YPOBHS B ITbE30METPE HA BBICOTY, ] 17
PaBHYIO CKOPOCTHOMY HaIlopy B TOW TOYKE, IJie HAXOAUTCS OTBEPCTHE W N - A

: F — ==
u — L e N T

TpyOKHU 2al’ Ota TpyOKa HAa3bIBACTCA SUOPOMEMPUYECKOL, I mMpyOKOU AL
g

]

L]
Ilumo. 3Has pazHuly ypoBHed B TpyOke IIuTo M mbe3oMeTpe, MOXKHO - _-:;-,:-,-;7;,,-.—7,717;77
ONPEEIUTh CKOPOCTh IBUKEHHUS )KUJIKOCTH B 3TOU TOUKE.

2. Bropoii wieH npaBoil U JEBOW 4acTell ypaBHeHHS P,/y U P,/y
HA3BIBACTCS Nbe30MempUiecKkoli 6blcomoti (€CJIM YUUTHIBAEM MAaHOMETPUUYECKOE JIABIICHUE), WU NPUBEOEHHOU
sbicomotl dasnenus (€CA yYUThIBaeM aOCOIOTHOE AaBiieHue). Kak npaBuiio, B pacueT MPHHUMACTCSI MaHO-
METPUYECKOE JIaBIICHIE, [I03TOMY B JalbHEHIIeM P/y OyaeM Ha3blBaTh MbE30METPUYECKON BBICOTOM.

Puc. 23

3. Tpetuii uneH mnpaBod U J€BOH uacTell ypaBHEHMs Z, U Z, HA3bIBAETCS 6bICOMOU NONOJICEHUA TOUKU
YKMBOT'O CEYEHHUS HaJl IUIOCKOCTBIO CPABHEHHSI.

4. YeTBepThIi WiCH MPABOi YaCTH ypaBHEHHS Ny HAa3bIBACTCS nomepeil Hanopa TPH JABKCHAM SKHIKOCTH MEK-
ny cedenmsivu 1-1 u 2-2.

HaromMHmM, 910 CyMMa Ibe30METPHYECKOi BBICOTBI [P/ M BBICOTHI IOJIOXKCHHMST Z BO BCEX TOYKAX IKH-

BOI0 CCYCHHS YCTAHOBMBIICTOCS, IIJITABHO U3MCHSIOIICTOCA IIOTOKA OJHA U Ta XK€, T.C. P / y+i= const u

Ha3BbIBACTCA nbe3oMempuiecKumM Hanopom.
2

(4Y
CYMMa CKOPOCTHOI'O Haropa 2— " IIbE3OMETPHUYICCKOI'0 HaIllopa p/7/+ Z HaA3bIBACTCA eudpoduncmu-

UECKUM Hanopom Hd
2

H, =2 Pz (75)

29 7
VYuursiBas Belpakenue (75), ypaBHenue /. bepHyinm MOXXKHO HanmucaTh B CIIEIYIOIIEM BUJIE:
Hy =Hg +h,. (76)

Takum 06pazoM, ¢ THAPaBIMYECKON TOUKH 3peHus ypaBHeHue J{. bepHysi MoxeT ObITh IMPOYUTAHO TaK:
2UOPOOUHAMUYECKUL HANOP 68 OAHHOM CeYeHUU NOMOKA HCUOKOCMU pPABeH  2UOPOOUHAMUYECKOMY
Hanopy 6 Opyeom cedenuu (JI€XKaLEM HUXKE N0 TEUECHUIO) NII0C NOMeEPst Hanopa Meicoy SMmumu ce-
YeHUAMU.

'eomeTrpuueckoe wucTONKOBaHue ypaBHeHUus LbepHynnu Bceasucrtem,
4TO BCE WIEHB! ypaBHEHUs bepHyIIM HMEIoT TMHEHHYI0 pa3MepHOCTb, €r0 MOXKHO MPEACTaBUTh rpaduuecKku
(cM. puc. 22), OTJIOKHB B KOKIOM CEYEHMM OT IUIOCKOCTU CPaBHEHHMS 0-0 MO BEPTUKATU OTPE3KH, BbIpka-

av’ p

2" — u z .Ilpoensg Mexiy cedeHusiMu 1-1 1 2-2 TUHUIO pp 10 BEPXHUM
TOYKaM ITbE30METPUYECKOTO HAIopa, TOIYYUM TaK Ha3bIBAEMYIO Nbe30Mempuieckyro JuHUu, KOTopas Imo-
Ka3bIBaeT M3MEHEHUE NbE30METPUUECKOTr0 Haropa Mo JUIMHe 1MoToka. Eciu paccTosHie MeXAy CeYeHU s -
MH HO JUIMHE MOTOKA PaBHO |, TO MOYKHO IOIYyYUTh N3MEHEHUE ITbEe30METPHUECKOTO HANOPa HA CHHHILY

HOIMe B OIpCIcTICHHOM
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JUTUHBI TI0TOKa. O003HAYUB ATY UIMHY Jp, HA3BIBAEMYIO CPEOHUM Nbe30MempuyecKum YKIOHOM Ha TaH-
HOM YYacTKe, OJTy4uM

&+zl - &+22
3 =7 Y , (77)

P I

T.€. Ibe30METPHUYECKIM YKIIOHOM Jp Ha3bIBaeTCs Oe3pa3MepHasi BeIMUMHA. TIOKA3bIBAIOIIAS H3MEHEHHUE ITbE30-
METPHYECKOTO HAIopa, MPUXOASIICECcs Ha SMHUILY JUTMHBI MTOTOKa. [Ibe3oMeTpuyeckuil yKIOH Jp MOXKET
OBITh BEJIMUYUHOU TMOJIOKUTEITHHON — JIMHUS pp TIOHIKASTCS 110 HANIPABIICHHUIO JABMKEHUS, KOTJ]a CKOPOCTH
BJIOJIb [TOTOKA PACTyT; WIN OTPULATEIBHON — JIMHKS pp TOBBIIIACTCS IO HAINPABICHUIO JBIKCHHS, KOT/IA
CKOPOCTH BJIOJIb IIOTOKA YMEHBIIAIOTCS.

[TpoBens mexny ceueHussMH 1-1 u 2-2 nuauo NN 1o BepXHUM TOYKaM THIpOIMHAMUYECKOTO HAIopa,
HOJYYMM TaK HA3bIBAEMYIO HANOPHYIO JUHUIO, KOTOpas MOKa3bIBaeT M3MEHEHHE THIPOIUHAMHYECKOTO
Haropa 1o JIuHe oToka. [logenus pa3HOCTh THAPOANHAMUYIECKIX HATIOPOB B JABYX CEUCHUSIX HA PACCTOSHHS
MEXIy HUMH, TIOJIY9UM CPeOHUll 2UOPABIUYECKULL YKIOH

i=(H, —Hg, )1, (78)
o H, —H, =h, —noreps nanopa mesxty cevenusivu 1-1 u 2-2; N03TOMY MOXKHO HAIMCATH
i=h,/I, (78"

T. € 2UOpaAsIUYecKUM YKIOHOM TIOTOKA Ha3bIBaeTCsl Oe3pa3MepHas BEIMUYMHA, MTOKa3bIBAIOIas U3MEHEHHE
TUAPOAMHAMHYECKOT0 HAIopa Ha €IUHUILY JUTMHBI MOTOKA. 3aMeTUM, 4TO | MOXET OBITh TOJBKO TOJIOKH-
TENbHON BEMUMHOM, Tak Kak HaropHas NuHU s NN Bcerga moHm»KkaeTcsi BBULy TOTO, YTO IMOTEPU HAOpa
10 JUTMHE ITOTOKA HeM30SKHBI.

Takum 006pa3oM, ¢ reoMeTpUIeCKON TOUKU 3peHHst ypaBHeHHe J[. bepHymm MOXKHO MpOYMTaTh Tak: Hanop-
HASL TUHUS NO ONIUHE NOMOKA 6Ce20a NOHUICAEMCsl, MAK KAK YaCHb HANopa Mpamumcst Ha npeoooieHue mpeHusl
no OluHe NOMOK.

YUactHb ¥ cayyuaiu. [lpupaBHOMEPHOM JBIKEHUH, KOTZIA CKOPOCTb IO JUTMHE TTOTOKA HE U3MEHS-

VZ
etcs, HanopHast NN 1 mbe3oMeTpuueckas pp TUHUY NapaUIebHbI, TAK KAK —— BO BCEX CEUCHMSX BEIUYH-
29
Ha OJIHA U Ta XkKe.

DOHepreruueckoe uctonkoBaHue ypasHeHnusa J bepn y n n u [lpunumas Bo

BHUMaHue u3J10xkeHHoe B § 2.5 u ¢opmyny (72), cymmy 4iieHOB ypaBHeHUs: bepHymn ¢ sHepreTHyecKoi
y . av’ y
TOYKH 3PEHUSI MOKHO NIPEJICTABUTh KaK CyMMY VAEIbHOM  KMHETHYECKOU Er Y yIETBbHOW MOTEHIIH-

QIBHOM P/ + Z SHEpruii B IFOOOM  CEYCHHH MOTOKA IIPH YCTAHOBUBIIEMCS ABIKCHUHN JKUIKOCTH, A 4ETBEp-
THIIl 4iIeH ypaBHEHHUs Ny Kak MOTEPI0 MEXaHWUYECKOW YHEPTUH Ha MPEOOJICHHUE CHII TPEHHS MPH TIepeMe-
[IEHUN E€IUHULBI MACChl XUIKOCTH OT ceueHusa 1-1 k ceuenuro 2-2. B cBsa3u ¢ stum a0 NN MoxHO
Ha3BaTh JIUHUEL NOJHOU YOeIbHOU IHepauy TIOTOKA, a IUHUIO pp — JUHUEl YOeNbHOU NOMEHYUATbHOU dHep-
auu.

['mapaBnuyeckuil YKIOH ¢ SHEPreTHYecKOoi TOUKH 3peHHs HEOOXO0IMMO pacCMaTpUBaTh KaK YMEHbIICHHE
MOJTHOM YAETbHOM HEPTUU Ha €IMHUILY JJIMHBI TOTOKA.

2.7. IlpakTnyeckoe npuMeHenue ypasHenus /. bepuyiun

[Ipu nmpumenenun ypaBHeHus /. bepHymm s pelieHus NPakTUUYECKUX 3a7ad THAPABIMKHU CIELYET
MTOMHHTH JJBA OCHOBHBIX YCIIOBHSI:

1. ypaBHeHue bepHyIM MOXeET OBITH IPUMEHEHO TOJBKO JIISl T€X JKUBBIX CEYCHHH MOTOKA, B KOTOPBIX
COOJTIOTAtOTCS YCIIOBHUS TNIABHO M3MEHSIOIIETOCS JBIbKeHHMS. Ha ydacTkax Mexay BbIOpaHHBIMH —Ceue-
HUSIMH  YCJIOBHSL TIIABHO M3MEHSIOIIETOCS IBMIKEHUSI MOTYT U HE COOJIO/IAaThCS,

2. TUAPOJMHAMHUYECKOE JaBJI€HUE [ H, CIEIOBAaTEeIbHO, BEICOTY MOJOKEHUS Z MOXKHO OTHOCUTD K JIFOOOI
TOYKE KMBOI'0 CEYEHHs, TaK KaK P / ¥ + Z IS JII000M TOYKH KMBOTO CEYEHUSI MOTOKAa MpU IJIaBHO H3Me-
HSIOLLEMCS IBJKEHUU €CTh BelIMYMHa mocTosiHHas. OObIYHO ABYWIEH P / ¥ +2Z ynoOHO OTHECTH JUIst
YIOPOIIEHUS PEIIeHUs 3a/1a4 K TOUYKaM WK Ha CBOOOTHOM TTOBEPXHOCTH, UJIM HA OCH TTOTOKA.
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Puc. 24.

Paz6epem mpumenenue ypaBHeHHss bepHyIM Ha mpuMepe TpocCTei-
IIEro BOJOMEPHOTO YyCTpoiicTBa B Tpybax Bomomepa BeHTypu
(puc. 24.); oH mpeAcCTaBIseT COOOM BCTaBKY B OCHOBHYIO TpyOy Ama-
merpoM D TpyObl MeHblero quamerpa d, KoTopas COeIMHEHa ¢ OCHOB-
HOM TpyOOi KOHWYECKUMH TTEPEXO0JaMHU.

B ocHoBHO# TpyOe ceuenne 1-1 u B Cy>)KEHHOM CEYCHUU CEUCHUH 2-
2 MPUCOEMHEHBI [TbE30METPHI, 0 NMOKAa3aHUAM KOTOPBIX MOYKHO OIpesie-
JIUTH Pacxo] KUAKOCTU B TpyoOe Q.

Beienem o0myro dhopmysty BomoMepa Juis onpezenenus pacxozaa B Tpyoe. CocraBuMm ypaBHeHue bepHymm
JUISL TOUEK, PACHOIOKEHHBIX B LIEHTpE TshKecTu ceueHuil 1-1 mepen cy:keHreM U 2-2 B TOpJIOBUHE, PUHSIB

IUIOCKOCTb CPABHEHMS 110 OCU TPYOBI 0-0. i Haummx ycnosuit 2, =2, =0, o, =, =...=a =1.

HOTepI/I Haropa B CY)XXCHMU BBHAY MaJIOCTU PACCTOSAHUA MCKIY CCUCHUAMU CHUTACM PaBHbBIMH HYIIO,

te. h, =0.

Torna ypaBuenvie beprymm (74) 3anuiiercs Tax:

4P P
Yoy

Ho u3 puc. 2

2 2 2
v VR
PV B P BV W

29y 29 vy y 7y 29 29

=h, moatomy

i o
29 29

B YpaBHCHUN (a) IB€ HEU3BECTHBIC BEJIUYUHBL V, U V,. CocraBuM BTOpPOC YPaBHCHHUEC, UCIIOJIb3YsI

ypaBHeHue Hepa3pbIBHOCTH (70)

OTKyJa

Vz/Vlzsl/szzDz/dz’

v, =v,-D?/d?.

Iloacrasnss V, B ypaBHEHHE (a), HOITyYUM

2 4
1= [P,
29 ( d

Ortcroza cKkOpoCTh TEUEHUSI B OCHOBHOM TpyOe (ceuenue 1-1) paBHa

pacxo KHUIKOCTH B TpyOe 1o popmyre 1V.2:

ToTAa

: (79)

Q=K-+h.

OpnHako npu BeIBO/IE 3TOM (POPMYIIBI HE YUUTHIBAIKMCH TOTEPH HAIrlopa B BOJAOMEpE, KOTOPHIE B JICHCTBH-
TerpHOCTH OyayT. C ydeToM notephb Haropa GpopMyiia pacxoza BogoMepa BenTypu 3anuiercs Tak:
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Q=uKh, (80)
re [ — Kodghguyuenm pacxooa 600omepa, YIUTHIBAIONIMNA OTEpU HAopa B BogoMepe. s HOBBIX
BoromepoB 4 =0,985; nns Bomomepos, ObIBIIMX B ynorpebienuu, s =0,98.

Takum 06pa3zoM, Ul ONPEIEIICHUS pacXoia B TpyOe TOCTaTOYHO 3aMEPHUTH Pa3HOCTh YPOBHEH BOIBI B
bE30MEeTpPax U MOJCTaBUTh €€ 3HaueHue B popmyiry (80).

2.8. Buapl rugpaBiInyecKux CONPOTHBIICHHUH U IIOTEPH HANopa
Beiie ObuTM MOTyYeHbI J1BA OCHOBHBIX YPAaBHEHUS TMAPOIMHAMUKHU: YPaBHEHHME COXPaHEHMs SHEPIUU
(ypaBHenue /1. bepHyium), cBA3bIBaroIIee CPEAHNUE CKOPOCTU U JIABJICHUS], U YPaBHEHUE HEPA3PHIBHOCTH I10-
TOKa (COXPaHEHMsI MaccChl) JUI HEC)KUMAEMOM KHUIKOCTH, KOTOPbIE OBbLIM 3alIUCAHbI B CIIEIYIOIEM BHUIE:

NPt =const;
29y !
Q=v-w=const.

[Ipu pemerny HEKOTOPBIX 33124 BIIOJIHE JIOCTATOYHO 3TUX YPABHEHUH, €CITM MPeHeOpeyh MOTEpsSMH dHEp-
ruu (Haropa) hw, Tak kak pacxo Q ¥ mosHbIi Harop H 0OBIYMHO 33/1aHbI HJTH MOTYT OBITh OTPE/ICIICHBI.

Ho 6onbIIMHCTBO 3a/1a4 HENb3s PEIIHTh, CCIU MPEeHeOpeyb moTepssMu Haropa hy. B Takux ciydasx uMeror-
Cs IBa YPABHEHHS U TPU HEU3BECTHBIX V, p U hy.

Jis pernieHust TakuxX 3aad HEOOXOAMMO COCTaBUTH TPEThE ypaBHEHUE,
CBSI3BIBAOIIEE MEXYy COOOI Hen3BecTHbIE BelnunHbL. Hambomnee momxoms-
MM, OYCBHJTHO, OY/ICT YpaBHEHHE, JAIOIICE 3aBUCUMOCTD Ny OT CKOPOCTH V.

[Tpu ABMKEHHHU MTOTOKA MEXITY JKUJIKOCTBIO M CTEHKaMH, OTPaHUYUBAIOIIIN-
MU TIOTOK, BO3HHKAIOT CHJIBI CONPOTUBJICHH. KpoMe TOro, BCIICJCTBHE BS3-
KOCTH JKUJIKOCTH MEXIy €€ OTACIbHBIMH CJIOSMUA BO3HHMKAIOT CHJIBI CIICTLIC-
HUSI, KOTOPBIE TAKKE 3aTOPMAKUBAIOT JBIDKCHUE TIOTOKA. CKOPOCTh JBUKCHUS
YaCTHII )KHJIKOCTH YMEHBIIACTCS 10 MEpe M0 Mepe YIAICHUS OT OCH MOTOKA
K CTEHKaM TpyOBbl, JIOTKa U T. 1. PaBHOJIEHCTBYIOMIAsl CHJI CONPOTHUBIICHUS TapajielibHA OCH MOTOKA U
HalpaBJIeHA B CTOPOHY, TPOTHBOITOJIOKHYIO HAIPABJICHUIO JABMKEHHUS (puc. 25).

JIn1st IpeoIoeHus CHJT THPABIIMIECKOTO TPEHHS M COXPAHEHHS TOCTYIATEIBHOTO JABWKCHHS JKHIKOCTH
HEOOXOIMIMO TIPUJIOXKHUTH CUITy, HAPABICHHYIO B CTOPOHY JBHKCHHSI U PAaBHYIO CHJIaM COMPOTHBIICHHUS.
Paboty 310 CHIIBl HA3BIBAIOT HOMEPAMU HANOPA O ONuHe nomoka (IMyTeBbIe MOTEPH HANopa) U 0003HAYAFOT
uepes N,

Cetu TpyOOMIPOBOJIOB, pacHpeISNSIONINE UM OTBOASAIINE KUAKOCTh OT TOTpeOHTeNel, MEHSIOT CBOW JHa-
MeTp (CedeHue); Ha CEeTAX YCTPaUBAIOTCS TIOBOPOTHI, OTBETBIICHHSI, YCTAHABIIMBAIOTCSI 3AIIOPHBIE YCTPOMCTBA U T.
n. B atix mMectax moTok MeHseT cmoto ¢opmy, pe3ko nedopmupyerca. BenencrBue m3MeHeHUsT GOpPMBI
BO3HHMKAIOT JIOTIOJIHUTENBHBIE CHITHI COTIPOTUBIICHHUS, TaK HA3blaeMble MecmHtbvle conpomusienus. Ha ux mpeomo-
JeHue pacxofayeTcs Hanop. Hamop, 3arpauriBaeMblii Ha MPEOIOJICHUE MECTHBIX COMPOTHUBIICHUH, HA3bIBAIOT
MechHbIMU NOMEPSMU Hanopa ¥ 0003Ha4aroT uepes h .

OOr11e oTepy Haropa paBHLI CyMME TTOTEPh HATopa M0 JIMHE U MECTHBIX
ha) = hd’l + hM ) (81)
PasmepHOCTh IOTEpH HaTOpa Takas ke, Kak U Haropa, T. €. METPbI CTOJI0a YKUIKOCTH.

2.9. Pe;kuMbl ABIIKeHHS KuaKocTh. Unciio PeiftHoanaca.

B 3aBHCHMOCTH OT poJa KUIKOCTH, CKOPOCTH €€ IBIKCHHS U Xa-
pakTepa CTEHOK, OTPaHUYUBAIOIINX ITOTOK, PAa3JINYarOT 1Ba OCHOBHBIX
peKuMa JBMKEHUS: JJAMUHAPHBIN U TypOYAEHTHBIN. Jlavunaprbim Ha3bl-
BAIOT YNOPSIOYEHHOE IBIKECHHE, KOTIA OTENIBHBIE CIIOU CKOJIB3AT JPYyr
10 JIPYTY, HE MepeMeIInBasich (puc. 26, a).

o JlamMuHapHBIN peXUM JIBIKEHHS MOXKHO HAOJIONATh yalle y BSI3KHX
St YKUJIKOCTEH, TAKMX KaK He()Th, Macia 1 T. 1.

Typbynenmnoiv Ha3bIBAIOT PEXKUM, IIPU KOTOPOM HaOIIOJAeTCst
Puc. 26. OecropsiIoyHOe ABMIKEHHE, KOT/Ia YacTHIBl >KHJIKOCTU JABMXKYTCS
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IO CJIO’KHBIM TPACKTOPHSIM M CJIOH JKHIKOCTH MOCTOSHHO TEPEMENTUBAIOTCS IPYT C Apyrom (puc. 26,
0).

CyIiecTBOBaHHE JIBYX PEKMMOB JIBIDKEHUS KUIKOCTH ObUI0 3aMedeHo B 1839 1. Xarenom u B 1880 1. [1. W.
MenneneeBbM.
JlocTatouyHO TIONHBIC JTAOOPATOPHBIE HWCCICIOBAHUS

- 46 PEXKMMOB JABMKCHHSI M BOIIPOC UX BIUSHHS HA XapakTep
— 3aBUCHMOCTH IIOTEPH HAIIOpa OT CKOPOCTH BIIEPBBIE MCCIIE-
] JIOBAT aHTTIHHCKIN (hr3UK PelHOMB IC.
! m

VYcranoBka PeitHonbaca a1 MCCIENOBaHHUS PEKUMOB
JIBUKEHUS JKUAKOCTH TIpel cra BieHa Ha puc. 27. Cocyn A
3am0JHAETCS UCIIBITYeMOM uaKocTho. K cocyny 4 B HUX-
Hell ero yacTu NpUCOeIUHEHAa CTEKJIsTHHas TpyOka 1 ¢ kpa-
HOM 2, KOTOPbIM PEryJupyeTcsi CKOPOCTh TEUCHHsI B TPYOKe.
Han cocynom A pacrionoxen cocy b ¢ pacTBOPOM Kpacku.
Ot cocyna b orxonut TpyOka 3 ¢ kpanom 4. Konen tpy0-
KU 3 3aBeJIeH B CTEKJIIHHYIO TpyOKy 1. J{ia momonHenus co-
77777777777, cyna A cilyxuB TpyOKa 5 ¢ 3aI0pHBIM YCTPOACTBOM 6.

Pric. 27 [Ipy namMMHapHOM peXUME JBUKEHHS >XKUAKOCTH IO
TpyOke 1 crpyiika pacTBOpa Kpacku, HMCTEKalolled H3
TpyOKH 3, UMEET BHJI YETKO BBITIHYTOM HUTHU BJIOJIb TpYOKH 1.

[To mMepe OTKpBITHS KpaHa 2 YBEIMYUBACTCS CKOPOCTh JBIIKEHHS M PEKUM JBIIKCHUS TIEPEXOINT B
TypOYJIEHTHBIN, IIPU 3TOM CTpyHKa IPHOOpETaeT BOIHOOOPA3HBIN XapakTep, a Npu emle 0ojbluel CKo-
POCTH COBCEM Pa3MBIBACTCS U CMEIIMBACTCS C KUAKOCTHIO B TpyOKe. IIpu mocTeneHHOM 3aKphITUH Kpa-
Ha 3TH SIBJIIEHUS MPOTEKAIOT B 0OPAaTHOM MOPSIIIKE, T. €. TypOyJIIEHTHBIN PEXXUM CMEHSAETCS JIAMUHAPHBIM.

OnbITHI MTOKA3aJk, YTO MEPEX0]] OT TYpOYJIEHTHOTO peXKUMa K JAMHUHAPHOMY IPOUCXOIUT MPH OIpe-
JIeJICHHO# CKOPOCTH (9Ta CKOPOCTh HA3BIBACTCS KPUMUYECKOIL), KOTOPAsi pa3iiM4Ha TS Pa3HBIX KHUAKOCTEH
U T1aMETPOB TPYO; MPH STOM KPUTHIECKASI CKOPOCTH PACTET C YBEJTMUECHUEM BS3KOCTH YKH/IKOCTH M C YMEHBIIICHAEM
JameTpa Tpyo.

PeliHombIC0M 1 PSZIOM JPYTHX YYEHBIX OMBITHBIM ITyTeM ObLIO YCTAHORJICHO, YTO TIPU3HAKOM PEXKIMA JIBHKECHHS
SBIIIETCS. HEKOTOPOE Oe3pa3MEpHOE YMCII0, YUUTBIBAOIIEE OCHOBHBIE XapaKTEPHCTUKH TIOTOKA

R, =uR/v, (82)
I7le U — CKOpOCTh, M/ceK; R - ruapaBarueckuil paguyc, M; V - KHHEMaTHYeCKU KOI(P(UIIMEHT BSI3KOCTH,
M?/cex.

OTO OTHOILIEHHE Ha3bIBaeTCs wuciom Petinonvoca. 3HaueHue uncna Re, mpu KoTopoM TypOyleHTHBIN
PEXUM MEPEXOUT B JIAMUHAPHBIN, Ha3bIBAIOT Kpumuueckum duciom Petinonvoca Rexp.

Ecnu daxtrueckoe 3Hauenue yucia Re, BerancieHHoro no ¢popmyie (82), Oyner 60sbIie KpUTHIECKO-
10 Re > Rekp — pexuM IBMKEHUS TYpOYIEHTHBIN, Korna Re < Rekp — peXuM JTaMUHAPHBII.

JIyst HarOpHOTO JIBIKEHUS B IWJIMHJIPUYECKUX TpyOax ymoOHee umcio PeltHombaca onpenensrs 1mo oT-
HOIIICHHUIO K AuameTpy d, T. e.

R, =v-d/v, (82)
rae d — quamerp TpyoOsI.
B stom cityuae Rexp momyuaercs paBabiM ~2300. Ecriu B popmyie (82') st Tpy6oIpoBo10B KPYTIIOro ce-
ueHus 0 BbIpa3uTh Yepes rujpasnndeckuii paauyc R =d/4, to momyunm Rekp=575. st apyrux tpy6o-

IIPOBOJIOB M KaHAJIOB HEKPYIJVIBIX CEYEHUM MOYKHO MPHHUMATh 3HAaYE€HHE KPUTHUYECKOro yuciia PeliHonbaca
Rexp=300 (ipu BbIuKcineHn Re yepe3 rufipaBanyecKuii paguyc).

2.10. ITorepu Hanopa 1o AJIMHE NOTOKA

PaccmoTpum XxapakTep pacrpeneneHusi CKOpocTeld B CEUEHUHU IMOTOKa MpU JaMHUHApPHOM U TypOy-
JICHTHOM PEeXHUMax JBM)KEHUS >KUIKOCTU. Kak moka3ain TeopeTH4ecKHid aHajIu3 M OIBITHI IIPU JIAMUHAP-
HOM pEXUME JBHKEHUS KUAKOCTH B KPYIJIOH TpyOe, CKOPOCTH B MOMNEPEUYHOM CEYEHUHU pPaCIpe/ieNieHbl 0
napabose (puc. 28), CKOPOCTH y CTEHOK TpyObl paBHBI HYIIO U, IJIABHO yBEIMYUBASCh, TOCTUTAIOT MaK-
CHMYMa Ha OCH IIOTOKA.
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[Ipn maMUHAPHOM pEXUME JIBIXKEHHS CYIIECCTBYIOT JIMIIb MPOAOJIBHBIE COCTABIISIOMNE CKOpocTel. B
9TOM CJIydac CHJIbI COIMMPOTUBIICHHUA NABHUKCHUIO BO3ZHUKAIOT BCJICACTBUC TPCHUA MCKAY CIIOAMU KUAKO-
CTH, T. €. 3aBUCST OT BA3KOCTH >KUJIKOCTH M HE 3aBHCAT (TIOYTH) OT COCTOSHHS CTEHOK.

ITpu TypOyneHTHOM peKHMe 3aKOH pacHpeieieHHs CKOPOCTeil Mo KHUBOMY CEUEHHIO Ooliee CIIOKEH; B
OoJIbIIIeH YaCTH CEYEHHSI CKOPOCTH OJIM3KH K CPEAHEH M PE3KO MaJaloT B TOHKOM CJIO€ Y CTEHOK, TOXOJS JI0
Hyst. ['paduk pacnpenenenust CKOpocTeil mo cedeHuto 0m3ok k Tpanenuu (puc. 29). Takoe pacrpenene-
HHE CKOPOCTEH BBI3BIBACTCSI TypOYJIEHTHBIM IEPEMELIMBAHUEM B PE3YNIbTATE IONEPEUHBIX MEPEMEIICHUH
YacTull. BeICTpo ABMXKYIIMECS YaCTHIIBI )KUAKOCTH M3 CPEeIHEH YacTH MOTOKA CTAJIKHBAIOTCS C MEIJIEHHO

r

\ N
L

Adpo

> MEHEHUR

L ——

L)
fMpucmennsig caoy

Puc. 28. Puc. 29.

ABVKYIIUMHCA HaCTUIaMU BOJIM3U CTCHOK, 6HaFOI[ap$[ YCMYy U MMPOUCXOAUT BbIpABHUBAHHC CKOpOCTCﬁ.
H Ttonpko B INOTrPpaHUYHOM CJIOC, TAC CTCHKHU IIPCIATCTBYIOT IICPEMCIINMBAHNIO, CKOPOCTH PE3KO y'6bIBa—
CT.

OKCHEPUMEHTAIBHO IOJITBEPKAACTCS, YTO NPU TYpOYJIEHTHOM PEXUME IBIKEHUM NOTEpU Haropa Io
JUTMHE 3aBHCST OT COCTOSIHUSI CTCHOK, OIPaHHYMBAIOLIMX MOTOK. ECiU mporyckars 1mo Tpyoe >KHIKOCTh C
Pa3IMYHBIMU CKOPOCTSIMH, HAUMHas C JAMMHAPHOTO PEKUMA U MOCTENIEHHO MEPEX0/id K TypOyJIEHTHOMY,
¥ OJIHOBPEMEHHO M3MEPSTh MMOTEPH HAIOpPA, TO MOXKHO TOIYy4YUTh rpaduK 3aBUCMMOCTHU MOTEPh HAIOPa OT
ckopoctu h, = f(u) (puc. 30). I'paduk mokaspIBaeT, 4TO MPU CKOPOCTH MEHBIIE HEKOTOPOTO Mpeaesa

HIOTEPH HATIOPa MPSIMO MPOIOPIMOHATILHBI TIEPBOI CTENICHU CKOpocTH (Ha rpaduke yuactok 0-1).
Kak u cienoBano 0xuaaTh, 3TOT IPees COOTBETCTBYET KPUTHUECKON CKOPOCTH

UKp = ReKKl)/d (83)

AamuHapre
pewum

[Tocne mepexoma OT JaMHUHAPHOIO peXMMa K TypOyJIeHTHOMY MOTEpU
Haropa pacTyT MPOIOPIIUOHATBHO CKOPOCTH B CTETEHHU, OOJNbIICH eIUHU-
1bI (Ha rpaduke yyactok KpuBoii 2-3). [lepexoa OT TaMHHAPHOTO PEeXKUMA K
TypOyJIEHTHOMY MOJKET MPOUCXOIUT M TPH Ynciax PeliHombaca, OOMbIIX
KPUTHUYECKOTO.

/, -
“Typoyaen G

i OOpatHblif ke Tmepexoj]] OT TypOYJIEHTHOrO peXuMma K JIAMHUHAPHOMY
OCYILECTBIISETCS MPH MOYTH OJAMHAKOBOM 3HaueHun R, =R, , koTopoe u

|
i
* e
1
(
(
!
Vo v CUUTAETCS KPUTUYECKHM.
[Torepyn Hamopa Ha TPEHHE MO UIMHE MOTOKA, BO3HUKAIOUIUE NPH PaB-
Puc. 30. HOMEPHOM HAIIOPHOM JIBMKEHUHU JKUIKOCTH B TPYOax, ONPEIENAIOT 110 ypaB-
HEHUIO
| 2
h, =A— o, (84)
d 2¢g

rae | — nnuHa yyactka TpyOsl, M; d — BHYTpEeHHHIA TUaMeTp TpyOOIpoBoa, M; V — CPEIHSAS. CKOPOCTH T10-
TOKa, M/CEK; ( — YCKOPEHHe CBOOOIHOTO TIaJeHNs, M/ceK; A — Ge3pa3MepHsIii KodDOUIMEHT THIpaBIie-
CKOTO TPEHMUSL.

Briepsrie popmyina (84) Obi1a momyueHa smnupudeckuM nytem B XX B. u Ha3BaHa ghopmynou [apcu-
Beiicbaxa. B nanbreimem ykasanHas (GopMmysa IpoBepeHa TEOPETHUECKH Ha OCHOBE METOJIa aHAIN3a pas3-
MEPHOCTEM.

B ypaBuenuu (84) ocraercs He BBISICHEHHBIM CMBICH Oe3pa3mepHoro kodgurmenta A . s BeIACHEHUS
¢dusnueckoro cmpicna kodppuireHTa A Mpu paBHOMEPHOM HANlOPHOM JIBMKEHHHU >KHIKOCTH B TPyOax Kak
IpH JTAMUHAPHOM, TaK U TP TYpOYJIEHTHOM peXuMax JBHKEHHs Hcnonb3yeM ypaBHenue [l bepuymm. [Tom-
Hsl, YTO [IPY PAaBHOMEPHOM HAIIOPHOM JIBMKEHHUH CPEHSSI CKOPOCTh M PACIIPENEIICHUE UCTUHHBIX CKOPOCTEH 110
CEYCHHUSM JIOJDKHBI OBITh HEM3MEHHBIMH TI0 JUTHHE TPYOOIIPOBO/Ia M cOCTaByIsisl ypaBHenue 1. bepHyrm st iByx
CEUCHMI, MOYKEM 3aricaTh

29



Ah,, :[&+zlj—(&+22]. (85)
v 4

ITpy rOpH30HTAIEHOM PACIONIOKEHUHU TPYObI Z, = Z, W TOrza

ah, =P P _BiZP g
yov /4
! - - ¢
I Ir
P S W _.I‘T:_“i_'_
\?'4",[ _____

Puc.31.

s yTouHeHus BOIpoca O MOTEpsIX HAmopa BBIACIUM B TpyOOmpoBojae Mexny ceuenusmu 1-1 u 2-2
COOCHBI# IIMIMHAP C pamrycoM a u umuHoi | (prc. 31).

Kak oroBopeHo BbIllie, pactpeieiecHne ckopocreil B ceueHus X 1-1 u 2-2 oMHAKOBO, YaCTHIIBI KHUIKOCTH
JIBUTAIOTCS 6€3 YCKOPEHHUIA.

Hanumiem ypaBHeHHE JUHAMHUYECKOTO PAaBHOBECHS PACCMAaTPUBAEMOr0 ITUIIUH/IPA

(p,—p,)7-a*=2-7-afz,

IJie 7 — KacaTelbHOE HaNpshKeHHE (TPeHus ) Ha TIOBEPXHOCTH IIIUHIIPA.

Tozemis 06e 4acTH ypaBHEHHs HA ¥ 77a° , HOTydHM

(p,— p,)/r =27l/(ya).

Ioncrasnss u3 ypaBHeHus (86) 3HaYeHNE (pl -p, )/ Y , UIMEeEM
27l

Ah, = , (87)
ya
W
Ah, 2t (88)
I ya
Bebipasum 7 u3 ypaBHeHus (88)
T=7_a'=7(r_y)i (89)
2 2
(Tak Kak a=r—Y).
VY crenku TpyObL 1€ Y =0, 3HaueHue 7 paBHO
yri
Ty="— 90
o= (°0)
¥ TOT/IA
. 27,
i=—. (91)
yr
VpaBuenne (91) ectp oOmiee BeIpaXeHHE TOTEPh HANOpa MPH PABHOMEPHOM JIBIDKEHUHW KHUIKOCTH B
2
Tpybax. [Tozacramsst B ypaBruenue (91) 3HaueHust y = pg, | = % uh, = /1512)— , TIOJTy4UM
g
2
To_pv . (92)
yo, 8

3ameuaeM, UTo 7,/ p UMEET pa3MEPHOCTh KBaJIpaTa CKOPOCTH.
O003HAYMM

70/ p=U?, (93)
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rae U= 1/T0/p — HA3bIBACTCS CKOPOCMIbIO KACAMENbHO2CO HANPAMNCEHUA HA CMEHKe, NI OUHAMUYECKOUL

cxopocmwio. Torna ypaBaenue (92) npumMer Buj
2

uzzz%ﬂ (94)
W3 ypaBuenus (94) Haxonum, 4to
2
1:8%5. (95)

Takum 00pazom, KOAPPUIMEHT TUIPABINIECKOTO TPEHUSI A MPSIMO MPOMOPLIOHATIEH OTHOILIEHHUIO KBaIpa-
TOB IMHAMUYECKOU U CPETHEN CKOPOCTEH.

[ToTepu Hanmopa Npu JaMHUHApPHOM JBUXEHUU. HaocHOBE U3TI0KEHHOTO BBILIE JJIS
MOTEeph HAMoOpa MO JIMHE MPU JAMUHAPHOM PEXUME JBHKEHHS KHUJIKOCTU B TPyOE MOIYYEHO CIICAYIOLIEe
ypaBHEHHE:

) 2
h,, =il =S40 (96)
-2
rre 4 —a0CcoNOTHBIN KOI(GUIMEHT BSI3KOCTU >KUJIKOCTH, (KZ-CeK)/ Mm% |- nmna TpyOompoBoaa, m; V —

CPEIHSA CKOPOCTh, M/CEK; ¥ — YAeNbHBIH BeC AKUIKOCTH, Kre/M°; d — quaMeTp Tpy6onpoBo/a, M.
Tak kak y = pg,a g =vp, T0 BMecTO PopMyIsl (96) nomyuum

32vlv
hm = W .

Beipaxxenue (97) HazbiBatot ghopmynoti Ilyaserina-I aeera (1o IMEHN YIEHBIX, TIOMYYHBILIHX 3TO YPaBHEHHUE).

®opmyna (97) nmokas3bIBaeT, YTO MPHU JIAMUHAPHOM PEKHMME NOTEPU Haropa MpONOpLUOHATIBHBI CPEl-
HEH CKOPOCTH U HE 3aBUCAT OT COCTOSIHUS CTEHOK TPYOOITPOBO/IA.

[IpupasusB npassie yactu ypaBHeHus lapcu-Beiic6axa (84) u Beipaxkenus (97), moiydaum

PR (98)
vd R,

Takum oOpazom, KOA(DPUIIMEHT THAPABIMUECKOTO TPEHUS MPH JJAMUHAPHOM PEXUME 00paTHO MPOTIOp-
LMOHAJIEH Yucity PeiiHonbca.

[lortepu Hanmopa npu TypOYJIEeHTHOM JBHUXEHUU. B HHKEHEpHON NpaKTHUKe yalle
BCTpeydaeTcs TypOyJEHTHBIH PEKUM JIBHXKEHUS JKUIKOCTH B TpyOax, KOTOpbIEe TPYAHEE UCCIIeI0BaTh TeOpe-
TUYECKU. DTOT BOIPOC MO/IBEpPrcst HauboJsiee MHUPOKUM ONBITHBIM UCCIIEIOBAaHUSM KaK CO CTOPOHBI COBET-
CKUX, TaK U 3apyOeKHBIX yyeHbIX. M3-3a CIOKHOCTH MPOLIECCOB, MPOTEKAIOUIUX MPU TypOYJIEHTHOM pe-
KHME, JI0 CUX MIOp HE CO3/IJaHO OKOHYATEIbHOM TeOpHH, KOTOpasi Obl BHITEKAIa U3 OCHOBHBIX YPABHEHUI I'HI-
POIMHAMHKH U COIJIaCOBBIBAJIACh ¢ OoNbITOM. HarmoMHMM, uTO npH TypOyIeHTHOM pexkuMme HaOmojaeTcs UH-
TEHCUBHOE BUXPe0Opa30BaHUE, YACTHILIBI )KUAKOCTH OMMCHIBAIOT CJIOKHBIE TPAEKTOPUH, MECTHBIE CKOPOCTH
MEHSIOTCSI BO BpEMEHHU JJa)K€ IIPH IIOCTOSHHOM PacxXo/e. JTO SIBICHUE HA3bIBAETCS n)Ibcayueti CKOpoCmi.
YacTh KMHETUYECKOM 3HEPTUU KHUAKOCTU MEPEXOIUT B TEIUIOBYIO. Y CTAHOBMBILIETOCS JIBUKEHUS B CTPO-
roM cMbicie HeT. [1o3ToMy BBeZIeHO MOHATHE 00 OCPEAHEHHOM CKOPOCTH.

MrHOBeHHbIE CKOPOCTH MYJIbCHUPYIOT OKOJIO CBOETO OCPEIHEHHOTO 3HAUeHHs, KOTOPOE 3a JI0CTaTOYHO
JUTUTEbHBIA MPOMEXYTOK BPEMEHHM OCTAeTCsl MOCTOSHHBIM; 3TO 3HAUCHHE U HAa3bIBACTCS OCPEOHEHHOU
ckopocmuio. B nanbpHeliieM, roBopsi 0 CKOPOCTAX, paccMaTpuBast TypOyJIeHTHOE JIBHKEeHUE, OyeM mnojpa-
3yMEBaTh OCPETHEHHBIE CKOPOCTH.

OnbITaMu  yCTaHOBIIEHO, YTO 3aKOH pacIpelesieHns] OCPEJHEHHBIX CKOPOCTEM MO CEYeHHIO U IMOTepu
Haropa 3aBHCAT OT JAuamerpa TpyO, CpeaHel CKOPOCTH, BSI3KOCTH YKHUIKOCTH M IIEPOXOBATOCTU CTEHOK
TpyO. B cBOIO ouepenp xapakTep MIEpOXOBATOCTH 3aBUCUT OT MaTepHaia CTEHOK TpyO, CTeTIeHHu 00paboT-
KM, a TOCJIEJHUE ONPENeNIAI0T BBICOTY BBICTYIOB, UX TYCTOTY U (opmy. st mpuOmmkeHHON OLIEHKH BBe-
JICHO TIOHATHE CPEAHEH BBICOTHI OyTrOPKOB (BBICTYIIOB) IIEPOXOBATOCTH, HA3BIBAEMON AOCOIIOMHOU UWepOoXO-
eéamocmyio v 0003Ha4aeMoi K. O4eBHUIHO, YTO YeM MEHBIIIE TUAMETP, TeM ObICTpee YaCTHIIBI )KUAKOCTH
coBepuiar Mmpoder OT IeHTpa TPyOOoIIpoBoJa K CTEHKaM U BCTPETSTCS ¢ OyropkaMH IIepOoX0OBaTOCTH, U, OTpa-
KasiCh OT HUX, BBI30BYT BO3MYILEHHS B MOTOKE >KUIKOCTH. Cie10BaTeNbHO, YaCTOTa BUXPEOOpa30BaHus pU
MaJIbIX AMameTpax TpyO Oouibliie, ¥ MIepOXOBaTOCTh TOM e BBICOTHI MposABIsieTcs cuibHee. [loaTomy BBe-
JICHO TIOHSITUE OMHOCUMENbHOU WEPOX08amocmu, T. €. OTHOILIEHUE aOCOIMIOTHON IEPOXOBATOCTH K THAMETPY

97)
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TpyosI k/d .
OKCIEepUMEHTaMH YCTaHOBJIEHO, 4TO KO03((uIiMeHT ruipapauyeckoro tpeHus A B ¢opmyne [lapcu-

BeI7IC6axa, a COOTBETCTBCHHO U ITIOTCPU HAIlopa I10 JJIMHE h ), 3ABUCAT OT YUCJla PeﬁHOHBﬂca 1 OT OTHOCUTCIIb-

HOU IIEPOXOBATOCTH. JTO BBITEKAET U U3 TEOPETUUECKUX HccaenoBaHui. [103ToMy ycHius Kak COBETCKUX,
TaK U 3apyOEKHBIX YUEHBIX ObUIM HAIpaBJICHBI HA BBISBICHHE XapaKTepa dTON 3aBUCUMOCTH. bbuto ycTa-
HOBJICHO, YTO MpH OOJIBIIKX Ynciax PeiiHob/ca U BBICOKOM 1IEpOXOBATOCTH KOI(PGHUIUEHT rUApaBIye-
CKOT'0 TpeHHUsl A B TpyOax COBCEM HE 3aBUCHUT OT BA3KOCTH UAKOCTH (duciia PeifHonbaca), a 3aBUCUT TOJIBKO OT
OTHOCHUTEITLHOM IIEPOXOBATOCTH (B 3THX YCIOBUSX TPYOBI M pyciia Ha3bIBAIOT 610JIHE uiepoxosambimi). TpyObl
e, B KOTOPBIX KO3((UIIMEHT A 3aBUCHUT TOJIBKO OT 4rcia PeliHob/ca 1 He 3aBUCUT OT OTHOCUTENILHOM I11e-
POXOBATOCTH, YTO OBIBACT MPH CPABHUTENIBHO MaNbIX Re 1 K/d, HaszpBaroT cuopaesnuuecku enaokumu. Ipu sTom
OJIMH U TOT € TPyOOIPOBOJA B OJHUX YCIOBHSIX MOXET ObITh I'MAPABIMYECKH TIAJAKUM, a B IPYTUX —
BIIOJIHE IIEPOXOBATHIM. Y CJIOBHS, B KOTOPBIX A 3aBHCUT U OT unciia PelfHomb/ica 1 OT OTHOCUTENBHOM I1ie-
POXOBATOCTH, Ha3bIBAIOTCS NEPEXOOHOLU 00acmblo. ITO OOBICHSETCS TEM, YTO TPH MAJIBIX YKciax PeliHombca
BOJIM3U CTEHOK COXPAHSETCSl CPABHUTEIIBHO TOJICTBIN JJAMUHAPHBIN CIIOH, M BBICTYIIbI IIEPOXOBATOCTH OOTEKAIOT-
Cs )KUIIKOCTBIO 0e3 00pa3oBaHMsi M OTpbIBa BUXpeld. CBOMCTBAa MOBEPXHOCTH CTEHOK TPYOOIPOBOJIa B 3TOM
cllyyae He BIMSAIOT Ha CONPOTUBIICHHUE, U 3aBUCUMOCTh A = f(Re) BBIpaXKaeTcsl B JIOrapu(hMUUECKHUX KOOP-

JMHATax mpssMoit (cm. puc. 30).

C yBemmuenneM yncra PeitHosb/ica JJaMUHapHBIN CJI0M CTAHOBUTCSL TOHBIIIE M HE TTOKPBIBACT BHICTYIIOB IIEPO-
XOBAaTOCTH; TIPY 3TOM OT BBICTYIIOB IIIEPOXOBATOCTU HAYMHAIOT OTPHIBATHCS BUXPH, U CBOMCTBA TOBEPXHOCTH OKa-
3BIBAIOT BIIMSIHUE HAa COTIPOTHBIICHUE JBMYKCHUIO; TpaUK 3aBUCUMOCTH A = f(Re) OTKJIOHSIETCSI OT TIPSIMOMA

Y IIEPEXOIUT B KPUBYIO BTOPOT'O IIOPSIKA.

Tax Kak Ha XapakTep CONMPOTUBICHHUI OKA3bIBACT BIMSHHUE HE TOJHKO OTHOCUTEIBbHAS IIEPOXOBATOCTh, HO
U opmMa U pacnpeeseHue BBICTYIIOB IO TIOBEPXHOCTH, TO B IMPAKTHKY PACYETOB ObLIO BBEJICHO TIOHSTHE 00 K-
BHBAJICHTHOI PaBHO3EPHUCTOH 1repoxoBatoctH K,. [To Heil HOHMMAOT TaKyto BBICOTY BBICTYIIOB IIEPOXOBATO-
CTH, CIIO’)KEHHOW W3 TIECYMHOK OJJMHAKOBOTO pa3zMepa, KOTOpas JaeT MPH IMOACYETAX OIMHAKOBOE C 3aJaHHON
IEPOXOBATOCTHIO 3HAYCHHE KOI(D(HIMCHTA THIPABINYESCKOrO TPSHUS A .

2.11. IloTepu HAamOpa B MeCTHBIX CONMPOTUBJIEHUSIX

MecTHBIE TIOTEpH HAITOPa BBI3BIBAIOTCS COMPOTHBIICHUSMH B apMarType, (DaCOHHBIX YacTsX ¥ 000py/I0BaHHH,
BCJIEZICTBUE CY)KEHHUS M PACIIMPEHHS TIOTOKA, N3MEHEHUsI HAlPaBJICHNUS IBUKEHUSI SKUIKOCTH, CITUSIHUS U paszie-
JIEHH TTOTOKA U T. 1.

[ToTepyn Ha mpeooIeHINEe MECTHBIX COMPOTHBICHUI B HAPY)KHBIX CETAX BOJIOMPOBOJIA OOBIYHO HE MPEBHI-
matot 10-15%, Bo BHyTpeHHUX ceTsax — 30% OT moTeph Haropa 1o JIHHE.

OpHako MecTHBIE TMOTEPU HAropa B HEKOTOPBIX BUAAX WH)KEHEPHBIX CETEHl MOTYT JOCTUTaTh 3HAYMTEIb-
HOM BEJIMYMHBIL: TaK, HAIPUMEP, B CUCTEMaxX OToruIeHus 31anuii — 10 40%, B BO31yXOBOJaX BEHTHJISAIIMOH-
HBIX CHUCTEM U IHeBMOTpaHcnopra — 10 60-70% o noteps Haropa Io JUIMHE.

MectHble OTEpH HaNopa ONPEAEISIIOT KaK MPOU3BEIEHNE CKOPOCTHOTO Haropa HEMOCPEACTBEHHO BOIM3U
MECTHOIO COMPOTHBIIEHUS & , 10 hopMmyIie

2
h, =4§—g. (99)

OOreii Teopuu JUIst onpeaeneHus Ko3(hHUIIMEHTOB MECTHBIX CONPOTHBIICHUH, 32 UCKITIOYEHUEM OT/IETbHBIX
ciydaeB, HeT. [loaTroMy KOA(@UIMEHTHI MECTHBIX CONPOTUBJICHHUMN, KaK MPAaBUIIO, HAXOST OMBITHBIM ITYTEM.
3HaueHUs! UX JUIS PA3IMUHbIX 3JIEMEHTOB TPYOOIIPOBOIOB MPUBOASATCS B TEXHUYECKUX CIpaBOYHMKaxX. MHorma
MECTHBIC COMPOTUBIICHHUS BRIPKAIOT Yepe3 SKBUBAICHTHYIO JUTMHY TIPSIMOTO yyacTka Tpyoonposona |, . Ok-

6uUBaneHmHOU ONUHOU HA3bIBAIOT TaKYHO JUIMHY IPSAMOro ydacTKa TpyOOIIpoBOAa JaHHOTO AMAaMETpa, NOTepU
Haropa B KOTOPOM IIpH MPOITYCKE JaHHOTO pacxo/ia paBHbI pacCMaTpUBaEMbIM MECTHBIM noTepsM. 1Ipupas-

HuBas Gopmynel lapcu-Beiicbaxa u (99), umeem
2 2
Le U7 _ e (100)
d 2¢g 29

MOJIy4aemM
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d
L =€ ra (101)
WIN
¢ = o 2 : (102)
d
BueszanHoe pacmupenue notoka (puc 32). 3ror atydaid nojyia-
€TCSl TEOPETUYECKOMY OOOCHOBAHHIO. V3 OIMBITOB YCTAHOBJICHO, YTO TIOTOK f 2

KUJKOCTH, BBITCKAIOIIUN U3 y3KOUH TPYyOBI, HE Cpa3y 3aloiHIEeT BCe cede-
HUE IIUPOKON TPYObI; OH OTPBIBAETCS OT CTEHOK U JIAJIbLIE IBUTAETCS B BU-
JI€ PACHIMPSIFOLICHCS CTPYH. B KOJIBLIEBOM ITPOCTPAHCTBE MEXKITY CTPYEH U CTEH- w4, V|
KaMH TPYyObI KUIKOCTh 00pasyer 3aBuxpeHus. Ha HekotopoMm paccrosiauu | ot )
pacimpeHust TpyOoOIpoBO/Ia CTPYs BHOBb 3aIlONHSET BCE CeueHue. B pe3ynbTa- '
T€ BUXPEBBIX JBHYKCHUH KUIKOCTH MEXKTY ceueHusiMd 1-1 u 2-2 uaer mocro-

SIHHBIA OOMEH MEXIy CTpyeH H JKHIKOCTBIO B KOJBLIEBOM IPOCTpaHCTBE. B

pe3yibTaTe 3TUX SIBJICHUNA NPOUCXOIUT IEPEXOJ] MEXAHWYECKOW SHEprHU B

TEIUIOBYIO, YTO U SIBIIIETCS IPUYMHON ITOTEP HAIopa. Puc. 32.

PaccMotpum BHe3amHoe pacimpeHre Tpyobl ¢ TOPU3OHTAIBHOM ockio. [ToTe-

Pl Harlopa Ha BHE3alHOE paclIMpeHue paBHa
2 2

2 2
19 19 1) D
h(m'p:__{_&_ _+& :_1__2+ &_& . (103)

29 y \29 vy 29 29 \r 7
PaSHOCTB I[aBJ'IeHI/Iﬁ pl — p2 HaﬁHeM, l'IpI/IMeHI/IB ypaBHeHHe KOJIMYECTBA ABMXKXCHUSA K OTCCKy KUIKOCTHU

mMexay ceueHnssmMu 1-1 u 2-2. 3a Bpems t uepes ceuenus 1-1 u 2-2 nporeder macca xuakoctu pQt, Ko-
JIUYECTBO JBUKEHMs KOTOpoil B ceuenun 1-1, rae ckopocts V, paBHO pQtv,, a B cedenun 2-2— pQtv,, T.
K. V, >V, , TO U3MEHEHUE KOJIMUECTBA JABXKEHNUS IIPOTEKILIE MACChI COCTABUT

PRV, -V, ). (@)
3T0 W3MEHEHHE KOJIMYECTBA ABMKEHHSI PABHO UMITYIIBCY CHIT IABJICHUS. DTH CHJIbI Clieyromue: B cedenun 1-1,
I7ie JaBJieHUe P,, CUJIa JaBJICHUS HApaBjieHa B CTOPOHY T€UEHUS U paBHa P,@; (CUMTAETCs, YTO JaBiie-

HHE P, JeHCTBYeT M Ha TonepedHoi creHke). Cuia JaBieHus B CEYEHHU 2-2 HalpaBlieHa MPOTHB TEUYCHHS U
paBHa P,®, . CyMMapHBIi UMITYJIEC 3THX CHJI 33 BpeMs t cocTaB/sier
(pzwz - pla)l)t' ©)
B cooTBeTCTBUM C TEOpEeMO O KOJMYECTBE BIDKECHHS TPUPABHHUBAEM BhIpaKeHwsI (a) 1 (0)
th(Vl —Vs ) = (pza)z - pla)l)t
Orcrona mocrne JeneHus Ha ¥ = pg U Ha t@, ¥ nepeMeHbI 3HaKOB MOJTydaeM
VvV, —V. V, =V
PP _Q-v) v, Ly, (104)
yor o, g g

Takkak Q/w, =V, .
[ToncraBisis mpaByro 4acTh paBeHCTBa (0) B BhIpaykeHUE (a), UMEeeM

i :ﬁ_ﬁJrvz—vlvz=v12—2v1v2+v22  0s)
" 29 29 ¢ 29
NIIM OKOHYATCIIBbHO
— (Vl _VZ )2 (106)
6H.p 29 1

T. €. IOTEPH HAIopa MPH BHE3AITHOM PACIIMPEHUH PaBHbI CKOPOCTHOMY HAIOpy OT MOTEPSHHOM CKOPOCTH. YpaB-
nenue (106) HazbBaercs hopmynoii bopoa.
Jnst BeIsIBIICHUST 3HAUYeHUS KOA3(PPUIIMEHTa MECTHOTO COMPOTUBJICHUS U3 ypaBHeHUs (106) BeiHECEM

3a ckobku V2 /(29)
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v, ) 29 29
1501041
2
V2
F=|1-—=|. (107)
Vl
3amenss CKOPOCTH 4YE€pE€3 ILIoMaIn KUBBIX CEeUeHU u3 YpaBHCHHA HCPA3PBIBHOCTU Vla)l =V2a)2, I10-
JIyIuM
2
.
C=]1-—21. (108)
@,

[Tonyuyennsie ypaBHenus (107) u (108) i 3HaueHUs: { XOPOILO COINIACYIOTCS C OIBITAMH.
Ypasuenue (108) npencrasieHo B Bujie rpaduka Ha puc. 33.

02 04 05 08 n=w/w,

Puc. 33.

[Tocrenennoe pacmmpenue TtpydorpoBonaa. [ImaBHO pacimpsiio-
mmiics TpyoonpoBon — auddysop (puc. 34) mMUPOKO MPUMEHSIETCS B
texauke. [lpu TeueHWM >kuakoctH 1o au(Py30py 3HAUMUTENBHO — @y Ui
MEHBIIIe, YeM MpPHU BHE3AHOM pacHIMpeHuu. Y CTeHOK auddysopa
Takke 00pa3yroTcs 3aBUXpeHus. Yem Ooblle yrojl KOHYCHOCTH TPY-
OompoBofa, TeMm Oojbllle BHXPEOOpa3OBaHHE U COOTBETCTBEHHO Puc. 34.
Oonpiie motepu Hanopa. IloTepsMu MO JJIMHE B TaHHOM CITydae Ipe-
HeOperath Helb34l.

idy
| R
=
s

dy|

Taxkum obpazom, MOTEPH Haropa B nuddyszope
paBHBI CyMMe noTephb Ha pacuMpeHue u Ha TpeHHE o
JUTHHE

Ny =N e +hy, - (109)

[Torepst Hanopa Ha pacmMpeHre MOXeT ObITh HaiizeHa 1o ¢opmyne (106) ¢ BBeeHHEM MONPaBOYHOTO
k03¢ uirenTa Ky, Ha3bIBAEMOT0 KOIhuyuenmom cmaeuenus, KOTOPbIi 3aBUCUT OT yIia KOHYCHOCTH o

2
V, =V
hoo—k, )l (110)
pacut M 2
g
KOS(l)(I)I/II_[I/ICHT MCCTHOI'O COITPOTHUBJICHUS B 3TOM CJIy4ac OMPECACIIUTCA 110 (bOpMyJ'IC

2
—K ¢ =K |[1=2| - 111
pacm M BH.p cM

W,
Ko iput @ <20° MOXHO mpuHATH paBHbIM K =sSing, a npu « <60° 3nauenue xoahdurmenta Ky, cie-
p M

JIYIOILIHE:
VYron KOHyCHOCTH, 4 8 15 30 60

K. e 0,08 016 035 0,80 090

[Torepu Hamopa Ha TpEeHHE MO JUTMHE ONPEICISIOT 1Mo hopMyJie
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A 1 V7

haﬂ=8.— 2 |54
sina/2 n‘ )2g

TakuMm oOpa3om, CyMMapHBIi KO3 (HUIIMEHT MECTHOTO COTPOTHUBIICHUS i AU dy30pa paBeH

1\ y) 1
K |1-=] +—2|1-—|. 113
ot ( nj 8sina/2[ nzj (113)

Haunmensbime nmotepu Hanopa B quddy3ope morydaroTcst Py yriie pacuIMpeHus ero B mpeenax ot S5 10
10°.

[Tocrenennoe cyxenue TpyodorpoBojaa. [locTeneHHo CyXaroluecs y4acTKi TpyOompoBoaoB (KoHDY-
30pbl) TAK)KE HALUIM HIMPOKOE IPUMEHEHUE B IIPAKTHKE (puc. 35).

[Tpu moOCTEeNIEHHOM CY)KEHUHU CEYEHHUsSI CKOPOCTh BIOJb TPY-
OormpoBoaa Bo3pacraer, a JaBjeHue najaaer. OTpbIB MOTOKA OT
CTCHOK B 3TOM CJy4ae BO3MOKEH TOJBKO Ha BBIXOJIC U3 KOH- 1 ‘ = _—\;’S-
dy3opa B HMIMHAPUYECKYIO 4YacTh TpyOompoBoaa. Ilostomy o o,
NPU OJMHAKOBBIX TUIAPABIMYECKUX XapAKTEPUCTHKAX U pa3Me-
pax MeCTHBIE CONPOTHUBJICHUS B KOH(Y30pe MEHBIIE, YeM B - .
muddysope.

[Torepu B KOH(}Y30pe Takke paBHbI CyMME MOTEPh Ha T10- Puc. 35.
CTETIEHHOE CY)KCHUE M Ha TPEHHE TI0 JJTUHE

hKOqu = hn.c + hd}z ' (114)

IMorepu Haropa 1o Jymwse h,, MoxHO onpenernsTs 1o ¢opmyie (112).

(112)

XK pw

Kcyan
e
08
//
0,6 A
- \ i /
04 X <
p2— 1
T
020 %0 50 80 100 120 140 160 Begn
Puc. 36.
[oTepu Hamopa Ha Cy’KeHHe CyIIECTBEHHBIMHU 6y ayT mpu o >50°, 1 MX MOYKHO ONpeeTHTh 110 (hopMyIie
2
v
h,=¢,. ==, (115)
rac
é,n.c = Kcym('é/(sn.c : (116)

3nech ¢, . — KO3 PUIIMEHT MECTHOTO COTIPOTUBJIEHUS ITPU BHE3AITHOM CYKEHUH; Keyoe — KOI((UIMEHT cMATye-

HUSl, YYUTHIBAIOIINH IJIABHOE CYKEHHE, KOTOPBIN 3aBUCUT OT yIila KOHYCHOCTU ¢ .
I'padux pacripenenenusi CKopocTel Mpy CTPYKTYPHOM PeKUMe H300pakeH Ha puc. 37.
Jlis1 otipenienienust CKOpOCTe Mo CEUEeHUI0 TTOTOKA TEOPETUIECKHIM ITyTeM TOTydeHa crieyrorias hopmysa
Vzﬁ(rz_yz)_f_o(r_y), (117)
4ul Y7,
rae AP — pa3HOCTb JIaBJICHHH B HAYaJIe M KOHIIE TPYOOIPOBO/IA; £/ — a0COMIOTHAS BSIBKOCTh JKHIKOCTH; | — yHa Tpy-
0orpoBozIa; ' — pamuyc TpyOOIpoBOIa; Y — PACCTOSHUE OT OCH TPYOONPOBOAA JI0 CJIOS KUAKOCTH, Y KOTOPOTO

OIPEACTEICTCS CKOPOCTD; 7 — IIEPBOHAYAIIbHOC HATIPSPKCHUE CAIBATA.
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Bowm agMunciHzca
. ;’ gemuma

_I‘__ . 'h__ \ zzz:zmz]

L" N = \Lg_e_nmpafb |
":‘.1‘.,—‘_: =+ Hoe rdgo {

=

Puc. 37.
Jlns onpeniesieHyss CKOPOCTH B SJIPe CEYEHUSI HEOOXOIMMO IIPHHATE Y = Iy, TOrAa
Ap (2 2\ To
V=—eIr-—-ry )——(r-r,). 118
Pacxon xxuakoctu onpeznenserca no ¢opmyiie bykuHrama, nony4eHHOM TEOpeTHYECKH
xrt 4
= Ap——=Ap, |. 119
Q=21 ap-34p. (119

rae AP— NpuUiI0KEeHHAsl pa3HOCTh JABJIECHHUM; AP,— pa3HOCTh AABJICHUH, COOTBETCTBYIOLIAs HAYaly JBH-
YKCHHsI, OTIpe/iensieMast 10 ypaBHeHuo P, p, =4r,l/d .

[ToTepu Hamopa mpu ABMKECHUU aHOMAIBHBIX (HEHBIOTOHOBCKHX) KHIKOCTEH MOXXHO OMPENEIsATh IO
ypaBHeHuto Jlapcu-BeiicOaxa (84), uro moareepxkaeHo uccienoBanusimu b. C. @unaroBa. O6b14HO pe-
JKUM JBUKEHUs TYpOYJIEeHTHBIN, 1 3HaueHne A npuHuMaroT B npeaenax ot 0,017 mo 0,025, npu stom A
MPUHUMAIOT TeM OOJIbIIIE, YeM MEHBIIIE KOHIIEHTpAIUs PacTBOpa.

[Ipn nmpousBoacTBE 3eMISTHBIX PaOOT MOJIYYHISI IIUPOKOE MPUMEHEHHE METOJ| THAPOMEXaHU3AlIUU.
['pyHT pa3mMbIBaeTcs cTpyeil BOJbI, 3aCaChIBACTCS 3€MJIECOCOM U TPAHCIIOPTUPYETCA MO TpyOaM B OTBaj
WM K MECTY HaMbIBa TpyHTa. CMeCh BOJIbI C pa3MelIbYeHHBIM IPYHTOM Ha3bIBACTCS 1)1bNOU, UITU 2UOPO-
cMechio, a TPYOBI IO KOTOPBIM ITEPEKAYNBACTCSI ITYJIBIIA, - TYJIBIIOBOIAMH.

[Ipn HEKOTOpOI AOCTATOYHO MAJIOM CKOPOCTH YAaCTHIbl TPYHTa HAYMHAIOT OCAXKIATHCA M 3aWIATH
TpyOOTIpOBOJ. DTa CKOPOCTh HA3bIBaeTCs Kpumuueckou. OObraHbIe (HOPMYITBI THIPABINKH, IPHBEICHHBIC
BBIIIIE AJIs1 TPYOOIIPOBOOB € BOJIOH K MyJIBIONPOBOIaM HE MPUMEHUMBI.

IM'mapaBnuueckuii pacyeT MyJIbIIOBOJOB 3aKIIOYACTCS B OMPENCTICHUNA KPUTHUYECKUX CKOPOCTEH U TO-
Tepb Hamnopa. [Ipod. A. I1. FOdun npennoxun cienyromnpe SMIupruieckue GopMybl.

JI71s1 KpUTUYECKON CKOPOCTH:

a) B TpyoOorpoBojax guamerpoM 10 200 MM

v, =0,2d0% eV .0 (120)
0) B TpyOonpoBoaax auamerpoM Oombiie 200 MM
v, =9,8d -4w| L -04/|, (121)
Ve
rne d — auameTp TpyoOompoBoaa, M; d,— cpenHuMil AMaMeTp TBEpIBIX YacTHIl, MM; € =2,71— OCHOBaHHE
HATYPATBHBIX JIOTApH(MOB; ¥ — YAETBHBIH BEC MyJBIILL ¥, — YAeTbHbIH Bec Bomsl; a=3,86/d "™ ; w— Tax

Ha3bIBA€Masi «TUJIPABIMYECKAs KPYITHOCTH), T. €. CKOPOCTh MaJICHUS YaCTHI] B CHIOKOMHOM BOJE.
st motreppb Hanopa:
a) IpU KPUTUYECKON CKOPOCTH

y=1)w

0 (122)

o =71

0) pK CKOPOCTH BBIIIE KPUTUYECKOM
h=h, +(h, —h,&* )4z, (123)
rae | — muHa TpyGonpoBoia; g — ycKopeHue cBOOOJHOTO majaeHust; h, — morepu Hamopa B TpyOOmpoBo e
TIPU JBIKEHNU YHCTON BOJIBI IPU TOM e pacxone; h,,— morepu Hamopa nmpu JBHKEHHH TTYJIBIBI C KPH-
THYECKOH CKOPOCTHIO; &=V, /V.

OcranpHble 0003HAUYEHUS TE XKeE.
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3. MICTEYEHUE KWIKOCTH YEPE3 OTBEPCTHSI,
HACAJIKHA

3.1. Knaccuduxauusi orBepcTHii M X NPaKTHYECKOe MPUMeHeHHe

Bomnpoc ncTeueHns KUIKOCTH Yepe3 OTBEPCTHS SBISETCS OAHUM U3 Y3JIOBBIX MOMEHTOB THUIPABIIUKH.
VY4yeHsle 1 uHKEHEPH U3ydasn 3ToT Borpoc HaunHas ¢ XVII B. Ypasuenue JI. bepHymiu BrepBbie ObLIO
BBIBEJICHO MPH PEIICHUM OJHOW W3 3a/lay Ha MCTCUCHHUE XUIAKOCTH W3 OTBepcTusi. [Ipu pacyerax nua-
(dparm, IbIPYATBIX CMECUTEIICH, HAITOJHEHUU U ONIOPOKHEHUH Pe3epPBYapoB, OACCEHHOB, BOJIOXPAHMIIHII,
IITI030BBIX KaMep W JIPYTUX €MKOCTEW pEIIAloTCsl 3a/1a4d Ha MCTCYCHUE KHMIKOCTSH uepe3 OTBEpPCTHSI.
[Ipu pemernn dTUX 32124 OMPEACIISIFOT CKOPOCTH U PACXO/IbI YKUAKOCTEH.

DKCHEpUMEHTATbHO YCTAHOBJICHO, YTO NMPH MCTEUCHHH JKUAKOCTH M3 OTBEPCTUH MPOUCXOIMUT CHKATHE
CTpYyH, T. €. yMEHBIIIEHHE €€ onepeyHoro ceueHusi. Dopma ckaTol CTPyH 3aBUCHT OT (OPMBI U Pa3MEpPOB
OTBEPCTHS, TONIIMHBI CTEHOK, a TAK)KE OT PACIOJI0KEHUS OTBEPCTHSI OTHOCHTEIIBHO CBOOOIHOM ITOBEPXHO-
CTH, CTCHOK U JTHA COCY/a, U3 KOTOPOTO BBITEKACT JKUAKOCTh. C)KaThe CTPYH MPOUCXOAUT BCIICACTBHE TOTO,
YTO YACTHIII KMKOCTH TIOAXOJST K OTBEPCTHIO C Pa3HBIX CTOPOH M [0 MHEPIIUH JBUKYTCS B OTBEPCTUU TIO
CXOJISIIAMCS TPACKTOPHSIM.

[MapasenbHOE TEUCHUE CTPYH B OTBEPCTHH BO3MOXKHO TOJIKO B TOM CIIy4ae, KOrja TOJIIIMHA CTEHOK CO-
cy/ia Oym3Ka K pa3mMepaM OTBEpPCTHSl, a CTCHKH OTBEPCTHS MUMEIOT TUIABHBIC OYEPTaHHS, C pacIIMpeHUEM
BHYTpPb cocyza. [Ipu 3TOM 0TBepCTHE MPEBpaIacTCsi B KOHOUIATBHBINA 0CaI0K (CM. HIXKE).

OtBepcTrs KIacCHPUIMPYIOT CIETYIOITUM 00pa3oM:
l.IlopaszmMepy.

a) Majble oTBepcTHs, Korga d < %x H (Z) W a < % H (Z) (puc. 38), rne d — quaMeTp Kpyrioro oT-

BepcTusi; H — Hamop; Z — pa3HOCTb HAallOPOB MPU 3aTOIJIEHHOM OTBEPCTHUH;

0) Oonpire oTBepcTHs, Koraa d > % xH (Z) Wi a > % H (Z) .

2110 TonmuHE CTEHKH,BKOTOPOH CAEITAHO OTBEPCTHE:

a) OTBEPCTHS B TOHKO# cTeHKe, koraa t <3d wmm t <3a, rae t — TonmHa CTeHKH;

0) oTBepCTHs B TOJICTOM cTeHKe, koraa t >3d wm t > 3a.

3.I1o0 ¢ op M e pa3uyaroT Kpyrible, KBaApaTHbIC, MPSIMOYTOJIbHBIC, TPEYTOJIbHBIC U JPYTHE OTBEP-
CTHSL.

3.1. HcreyeHue ;KMAKOCTH Yepe3 OTBEPCTHSI B TOHKOM CTeHKe IPH OCTOSIHHOM YPOBHe

BriBenieM ¢opMysibl CKOPOCTH M pacxo/1a KHUJIKOCTU MIPU UCTEUEHUH Yepes
sfr-'/”—’_-?‘r\\g Masioe oTBepcTHe. [1ycTh )KHIKOCTh BHITEKAaET M3 OOJBIIOTO pe3epByapa ye-
h pe3 MaJioe OTBEPCTHE B €r0 JHE WK CTeHKe (puc. 39).

OmnpITaMH yCTAaHOBJIEHO, YTO C)KATOE CEUYCHUE CTPYH HAXOIUTCS OT BHYT-
- ‘ = pEeHHE MOBEPXHOCTH pe3epByapa Ha PacCTOSHUHM OKOJIO MOJIOBUHBI JHAMET-
©  pa oTBepCcTHs. JTa BETUYMHA OOBIYHO OBIBAET Maja CpaBHHUTENIBHO C HaIlo-
: poM H B pe3epByape, 1 MOXKHO CUMTATh, UTO LIEHTP OTBEPCTHUS U LIEHTP CXKa-
¥ TOro cevyeHusl CTpyM HaXOJAATCS Ha OJJMHAKOBOW BBHICOTE, TEM OoJiee NpU OT-
§ BEpCTHU B OOKOBOW CTEHKE.
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BricoTy ypoBHSI KUAKOCTH B pe3epByape H HaJ LIEHTPOM OTBEPCTUSl HA3BIBAIOT 2e0MempuiecKum
Hanopom. B oOuieM citydae naBieHue P, B pe3epByape OTIMYAeTCs OT JABIEHHsA [), B IPOCTPAHCTBE, KyJa

UCTEKACT )KUJIKOCTb.

[IpoBenem MIIOCKOCTh CpaBHEHHS 2-2 Yepe3 LEHTP CKATOTO CEUYCHUS CTPYH.

VYpasuenwue /. BepHy/uM MPUMEHNUTH K CEUYCHUIO OTBEPCTHUS HEIB3s1, TAK KaK CTPYHKH B TIOCIICIHEM CXO-
JSTCS 1101 OOJBIIMMY YTJIAMH, ¥ IBHDKCHHE KUJIKOCTH B HEM HE IUIABHO M3MEHSIIOIICECS.

Hanwmewm ypasuenue /1. bepaymmm s ceuennii 1-1 u 2-2

H+&+a1—\/12:&+a2—v22+§ ﬁ (124)
y 29 7y 29 "2

r1e V,— CKOPOCTb IO/X0/1a JKUIKOCTU K OTBEPCTHIO B pe3epByape; V, — CPeIHAS CKOPOCTh TEUEHHs B CHKa-

TOM CCUCHUU, - KO3(1)(1)I/H_[I/I€HT MCECTHOI'O COITPOTHUBIICHHUA ITPHU UCTCUCHUU YCPE3 OTBCPCTHUC.

ome

HepeHeceM Hapy>KHOEC JaBJICHUEC p2 B JICBYIO 4aCTb U 0003HaYUM BCIINMYMHY

2
— (oA}
H+p1 p2+11

/4 29
9Ta BCIIMUMHA HA3bIBACTCA HANOPOM ucmel4eHu:l.

B nipaBoii yactu ypaBHeHusi (124) BeiHeceM 3a ckoOku V, . Torna ypaBaenue /1. bepuymmm cBenercs k
2

\"
HO :i(aZ +§0m6)’

=H,. (125)

OTKYyJIa

2gH,
a, +

ome
OO003HaYMM BETMUYHHY
1

\ aZ + ome

BenmuuHy ¢ HazbIBatOT K0oghuyuenmom ckopocmu.
C y4eToM BBeZEHHOTO 0003HAYCHHUSI

vV, =@J20H, . (127)

Tak kak ko>ddunment Kopnmomnca o, 21, a x03QuIMEHT MECTHBIX NOTEPh HANOpa B OTBEPCTHH

=0. (126)

Coms > 0,10 @ <1. Ilo ombITHBIM faHHBIM @ =0,97—-0,98, a o, =1. Otcrona

< =i2—1: ! ~—1=0,06.
0 0,97

Jns upeansroi xunkoctu ¢, =0 u ¢ =1. Torna

v, =/2gH, . (128)

Oto ypaBHeHHE Ha3biBaeTcs gopmynou Topuuennu. OHO MOKA3bIBAET, UTO CKOPOCTh B Hauajie BBITE-
KaloIlel CTpyH paBHA CKOPOCTH CBOOOJHOTO MaJIeHHs Tella, yNaBIIero ¢ BBICOTH H,, .

Korna nonepedynoe ceueHue pezepByapa MHOTO OOJIbIlE IUIOIIAH )KUBOTO CEYEHUsI OTBEPCTHSI, a CKO-

POCTb KUAKOCTU B pe3epByape He3HauuTelbHa (K mpumepy, MeHbiie 0,1 M/cek), TO CKOPOCTHBIM Hamo-

2
oVy

poM MOXXHO npeHe6peqL. B CIydac, Korga JAaBJICHUS CHAPYXU U B PE3CPByapc OANHAKOBBI

P, = P,, TO BeCh HAIlOp UCTEUEHMs CBOAUTCSA K T€OMETpUYEcKoMy Hamopy, T. e. H, =H. D10 OpBaer
0OBIYHO TIPU pacyeTe UCTEUCHUS U3 OTKPBITHIX PE3EPBYapPOB B aTMOCHEDPY.
Pacxom *KHIKOCTH ONpEAeTUTCsS KaK MPOM3BEIEHNUE CKOPOCTH MCTEUYEHHUS Ha IIOIIAb CKATOTO cedue-
HUS CTPYH
Q=v,0_ . =psw,/20H, , (129)

i€ &=w /a)— KOB(I)(I)I/ILII/ICHT CXKaTus CTpYyH, paBHBIfI OTHOLICHUIO INIOMIaAn CXaTroro CeHeHws1 @, K

core

TUTOMIA/T OTBEPCTHS @) .
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Benmmunny @& 0003Ha4aIOT yepe3 4 W Ha3bIBAIOT KOdhduyuenmom pacxooa.
TakuMm 00pa3oM, pacxo1 KUIKOCTH, BHITCKAOIICH Yepe3 OTBEPCTHE, OMPEICIISIOT 10 GopMyJie

Q=uw\29H, . (130)

[Ipy TOYHBIX M3MEPECHHUAX PA3MEPOB CIKATOTO CEUYCHHUS CTPYH YCTAHOBJICHO, YTO IMPU COBEPIICHHOM
cxarun ctpyn € =0,62-0,64. B atom cnyqae 1 =0,60—0,62. B obmiem xe cnydae kodpduimeHt pac-

X04a U = @& 3aBUCHUT OT YCJ'IOBI/Iﬁ CKaTHs1.

[Tpu ucrteyeHnH HE B ra30BYIO CPENly, a B CMEXKHBIN pe3epByap ¢ TOU ke KUIKOCTHIO (UTO MPUHATO
HA3bIBaTh UCTCUCHUEM «IIOJ YPOBEHBY), T. €. KOTJa OTBEPCTHE 3aTOIICHO ¢ 00X CTOPOH, B Ka4eCTBE
FeOMETPUUYECKOT0 Haropa [ mpUHUMAIOT Pa3sHOCTh YPOBHEHM KUIKOCTU B pe3epByapax. UucioBsie
3Ha4YEeHUS! KOAPPUIUEHTOB @, & U A OCTAIOTCS MPHU STOM MPAKTUUYECKH TEMHU KeE.

B cnyuyae kpyrioro orBepcTHs, PacloOiI0XEHHOI'O Ha 3HAYUTEIbHOM pPACCTOSHUM OT CTEHOK,
CTpysl C)KUMAETCSl CO BCEX CTOPOH OJMHAKOBO, M B CXKATOM CEUEHUHM MMEET Takxke (opMy Kpyra; MpH
ATOM C)KaTOE CEUYEHUE HAXOIUTCS OT KPOMOK OTBEPCTHSI HA pACCTOSHUM OKOJIO TIOJIOBUHBI TUaMETpa OTBEp-

crust — 0,5d . Beninunna xosdduimenta cxxaTus 3aBUCUT OT OTHOCUTEIBHBIX PA3MEPOB OTBEPCTHUS U

OT TIOJIOXKEHHUS €T0 OTHOCUTEIIHFHO CTEHOK pe3epByapa v MOBEPXHOCTH YKHUIKOCTH.
B 3aBUCHMOCTH OT PacIoJIOKECHUS OTBEPCTHUS PA3JINYAIOT CIIEIYIOIINEe BUIbI Cxxatus (puc. 40):
1) monHOE cxKaTUE CO BceX CTOPOH (oTBepcTHs 1 u 2);
2) HEMOJHOE, KOTJa C)KaTHs HET C OJHOW WIIM HECKOJIBKUX CTO-

poH (otBepcTus 3, 4 u 5).
[TonmHOE CxKaTHE TOAPA3NIENAIOT Ha!
a) COBepIIeHHOE, Korma N>3a u m>3b (orBepcrue 1);

0) HecoBeplieHHOE, Koria N<3a u m<3b (orBepcTHe 2).

@opMa cedeHHsT CTPYH IKMAKOCTH IIPU MCTEHYEHHM IIPETEPIIEBACT

U3MCHCHU.

Puc. 40.

OTU U3MEHEHUsl Ha3bIBAIOTCS uHgepcuell. VIHBepCUsl TIPOUCXOAMUT BCIE-
CTBHUE TOTO, YTO CKOPOCTH MOAX0/1a K OTBEPCTHIO B Pa3HbIX TOUKAX €ro NEpUMETpa pa3INyuHbl U BCIIEJICTBUE
CHWJI IOBEpXHOCTHOTO HaTspkeHus. Ha puc. 41 mokazano nu3meHenue Gopmbl CTpYU MPU UCTEUCHUU UYepes
KBaJIpaTHOE OTBEPCTHE 110 MEPE yJaJIeHUs OT pe3epByapa.
[Ipn HecoBeplIEeHHOM CXaTUU KOI(PQPHUIMEHT PacXoAa L, BBIYMCISIOT 10 GOpMyIaM:
JUJIs1 KPYTJIBIX OTBEPCTUI

= (1+5) wy (0 He

JUISL TIPSIMOYTOJIBHBIX OTBEPCTUI
Puc. 41.
= pl1+6,) (132) ne

rje i — 3HadyeHue Kod(pduimeHTa pacxoaa Mpu COBEPUICHHOM CXKAaTHH;, O M O, — MOMPABOYHBIE KO-

3(I)(I)I/IL[I/ICHTLI, 3aBUCAIINEC OT OTHOIICHHUSA IIJIOIIaaAn CCUCHHA OTBepCTI/Iﬁ @ K 1miaomaign CCUCHHUA CO-

cyla @,. 3HaueHHs ITUX KOA(DPUIIMEHTOB NPUHUMAIOT IO TalIHIIE:

3HayeHUe BeJMYUH O U O, IPH HECOBEPIIEHHOM C:KATHH

60/(01 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00

o 0,014 | 0,034 | 0,059 | 0,092 | 0,134 | 0,189 | 0,26 | 0,351 | 0,471 | 0,631

S 0,019 | 0,042 | 0,071 | 0,207 | 0,152 | 0,208 | 0,278 | 0,365 | 0,473 | 0,608
1

[Tpu HenonHOM cxaTtruu K03(hPULIMEHT pacxo/ia BEIYUCIISIIOT IO YPAaBHEHUSIM:

JUISL KPYTJIBIX OTBEPCTHI
= p(1+0152-B/P); (133)
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JUTS IPSIMOYTOJIBHBIX OTBEPCTHI
1w, = 1(1+0,128-P,/P), (134)
riae 44— Kod(pQUIHEHT pacxo/a IpH HOJIHOM CXKAaTHH; P,— yacTh nepuMeTpa, Ha KOTOPOM HeT cxKaTust; P —
TIOJIHBII IEPUMETP OTBEPCTHSI.
[Ipu pacuere OOJBIIMX OTBEPCTUH 3HAYCHUA KOIPIHUIIMEHTOB pacxoja, pekoMmeHaoBanHbX H. H.
HaBJ‘IOBCKI/IM, IMPHUBCICHLI B Ta6J'II/IHeZ

3HaveHus KO3(PPULUMEHTOB pacxoaa AJsi 00JbIINX 0TBEPCTHIl

K02 hu-
. LIUEHT
Bunet oTBepCTHIl U XapaKTep CKATHSI CTPYH
pacxona
7,

Bosbime oTBEpCTHs ¢ HECOBEPILICHHBIM, HO BCECTOPOH- 0.70
HIM COHKATHIEM ...vueeeeeeeeessnsssnnensnsnnnnnnnnnnnn ’
Bosbiime oTBepCTHSI ¢ YMEPEHHBIM OOKOBBIM CIKATHEM, 0.80
0€3 CHATHS TIO JTHY +eerverrereervenseesseessesseesseessesessseessesessses ’
Cpennue orBepcTUs (IIMPUHOM 10 2 M) C BechMa clia- 0.90
ObIM OOKOBBIM CKaTUEM, 0€3 CXKATHS MO JHY .......... ’
bonbmne orBepcTus (upuHoit 5-6 M) ¢ Becbma cia- 0.95
OBIM OOKOBBIM CXKaTHeM, 0€3 CXKATUA 10 JIHY ............ ’

3.3 UcTeueHne ;KMIKOCTH Yepe3 OTBEPCTUSI B TOHKOM CTeHKe NMPH NepeMeHHOM YPOBHe

Ucteuenne KUAKOCTH IIPHU MEPEMECHHOM YPOBHEC BCTPCYACTCA IP;: OMOPOXKHCHHMHU W HAIIOJHCHHU
pe3epByapoB, IIUCTEPH, IITIO30BBIX Kamep, OacceiHoB U pyrux eMkocTeil. OOBIYHO B 3TOM Cllydae HeoO-
XOJIMMO ONPEAETUTH BPEMSI OTTOPOXKHEHHS M HATIOJTHEHHSI EMKOCTH.

PaccmoTpuM citydail omopo>kHEHHUs! pe3epByapa uepe3 JIOHHOE OTBepcTue B aTtMmocdepy (puc. 42).
[Tycth pe3epByap MpU3MaTHUECKOro ceueHUs W umeeT miomaas . O4eBHIHO, BUKEHUE JKUAKOCTH
6YI[€T HCYCTAaHOBUBIINMCS, TaK KaK YPOBCHb € TCUCHNEM BPEMCHU OITYCKACTCs, YTO BBI3bIBACT ITOCTOSH-
HOE YMEHBIIIEHHE Pacxo/a.

Bribepem kakoii-To MOMEHT BPEMEHH, B KOTOPbI YPOBEHb KHJIKOCTH

52
—g" ] B pe3epByape Oyzer y. 3a OECKOHEYHO MAaJbIi MPOMEKYTOK BpeMeHH dt
T — :“{ YPOBEHD KUJKOCTH YMEHBIIUTCS Ha BenndyuHy dY (32 3TOT MPOMEXKYTOK
» - = —=—=-]1 | BPEMCHHU JIBM)KEHHE MOYKHO CUHTATh YCTAHOBHBIIUMCS). 32 YTO BpeMs
i \‘\\‘,"-,'g,’.i_’f_' ; BBITEUET 00BEM KUIKOCTH, PABHBIN
W dw = Qdt, (135)
Puc. 42. —
dW = po,f2gydt . (136)

Beipaxkast TOT ke 00beM KHUIKOCTH Yepe3 pa3sMephl pe3epByapa, UMeeM
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dW =-Qdy. (137)
3HaK MHHYC MOCTaBJIeH TIOTOMY, uTO (Y BeJMYnHA OTpUIlaTeIbHAas (CHUKCHUE YPOBHS), a 00bEM JI0JI-
KeH OBITh BETMYMHOMN TIOJIOKUTEIBHOM.

[IpupaBHuBas npaselie yactu ypaBHeHui (136) u (137), nonyuum

-Qdy = uw,/2gydt,

OTKyJa
o
o 2O (138)
U209y
HHTerpupys nojaydeHHOE BhIpaKEHUE, HallJIeM BpeMs HCTCUCHUS
H, Q
(139)

e

HJIN, BBIHOCA ITOCTOAHHBIC BEJIMYMWHBI 3a 3HAK HMHTCTpAJIA,

g J

2 by
ZQ(JH_Z—JHT)
e

HWrtak, Bpems noHmxenus yposus ot H, 1o H,

2oljH, )

(140)
U\ 29
Bpems nosnHoro onopoxHenus, T. €. ecat H, =0 paBHO
20, /H
= L (141)

U\ 29
PaccmoTpuM ciaydail ucredeHus mox ypoeHb (puc. 43). [lycTe pa3HOCTh ypaBHEHMI KUIAKOCTH B pe-

3€pBYyapax paBHa y, IJIomMaau IMornepeuyHoro CCUCHUA pe3€pByapoB COOTBETCTBCHHO Ql u QZ .

OHpe,Z[eJ'II/IM BpEMs BbIPpABHUBAHUA ypOBHeﬁ Ipnu HUCTCUCHUU

=3

< (V)
e — A B X KUJKOCTH 4Yepe3 OTBEPCTHE B TOHKOW CTEHKE. 3a OECKOHEYHO Ma-
! f A0y L JIBIA TIPOMEKYTOK BPEMEHH U3 TIEPBOTO pe3epByapa BHITEUYET 00BEM
' 1 : KHUJIKOCTH
" w L
) ERRA-Siess by Jnaig Nt 1 t dw =-Q, -dy,, (@)

Prc. 43 BO BTOPOM pe3epByape NpuOyAeT TOT k€ 00BbEM, paBHBIH
uc.

dw =Q, -dy,, (©)

B TO € BpeMs

dW = ue,[2gydt. (8)

N3 YCpTEIKa UMECM
y=Y.—Y,

niin

dy =dy, —dy,, (r)
Ho —Q,dy, =Q.dy,, oTKyzna
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[MoxncraBum 3nauenue dy, B ypaBHeHHE (T)

Q Q Q+Q
dy =dy, —(—Q—ldm] = dy1(1+ Q—lj = dyl(%] ,
2 2 2

OTKy/1a
Q
dv. =dy| ——=2 |, hi§
oo 5 ’
[ToncraBum 3Hauenue dy, U3 BeIpakeHUs (1) B ypaBHEHUE ()
w22y
Q+Q,

U IIpUpaBHSEM MPaBbI€ YACTH MOJTYYEHHOI'O YPaBHEHUS U YpaBHEHUS (B)

SZ1g22
——3 2 dy= A 2gydt .
Q,+Q, Y= oy gy

Paznenum nepeMeHHbIE U HHTETPUPYEM

jdt:_ 20,0,
0

o
(Ql +Qz)ﬂw\/ﬁ z \/y

t=-— 200,y (142)

(Ql +Q, )ﬂa)@ ’

B 4aCTHOM ciry4ae mpu €, =Q, =€)

Q\y
t=—Y 143
o2 (143)

3.4. Buabl HacaakoB M MX NMPUMEHEHHUE. HcTevyeHue KMAKOCTH qyepe3 HaCaaAKu

Hacaoxkoti Ha3pIBaeTCsl OTPE30K TPYOBI, [UTHHA KOTOPOTO B HECKOJIBKO pa3 OOJbIlle BHYTPEHHETO qua-
MeTpa. PaccMoTpuM citydaid, Korga K OTBEPCTHUIO B CTEHKE pe3epByapa MPUCOEAUHEH HACaJ0K AUaMET-
poMm d, paBHBIM THAMETPY OTBEPCTHSI.

Ha puc. 44 nokazansl HanboJiee pacipoCTpaHEHHbIE BUIBI HACAIOK, TPUMEHSIEMbIE Ha TTPAKTHKE:

a - UWIMHIPUYECKUN BHEUTHUH; O - UIMHAPUYECKUN BHYTPEHHUH; 6 -KOHUYECKUI pacXOIsIIHMIACS; 2 -
KOHUYECKHUHN CXOASAIIMICS; O - KOHOUJATBHO-PACXOSIITUICS; € - KOHOUTIATbHBIN.
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Puc. 44.

[{unuHapuyeckue HacaJKu BCTPEUAIOTCS B BHUJE JeTallel THAPABIMYECKUX CUCTEM MAIlMH U COOpY-
skenuii. Konnueckue CXOAImureCa 1 KOHONAAJIbHBIC HACAAKU IMPUMCHSAIOT UIA YBCIMYCHUSA CKOPOCTH U
JAJIBHOCTH TI0JIeTa CTPyU BOABI (HOXKapHbIe OpaHJICIONTHI, CTBOJIBI THAPOMOHUTOPOB, (POPCYHKH, COILIa U
Ap.).

Konnyeckue pacxopsiyecs Hacaky MPUMEHSIOT Uil YMEHbIICHHUS
CKOpPOCTH M YBCIMYCHHA pacCXoJa ) XKUAKOCTH U AABJICHUA Ha BBIXOJAC BO cunst
BCaCHIBAIOIIUX TPyOax TypOuH u Ap. B 2:KeKTopax U MHKEKTOpax TaKKe _ ﬂ’"— [___ .
UMCIOTCS KOHMYECKHE HACaJlKW, KaK OCHOBHOHM paboumii opraH. Bomjo- 51w ts
MPOIYCKHBIE TPYOBI MO/ HACHIISIMU AOPOT (C TOYKU 3PEHUS TUIPABIH- |
KH) TaKKe OPEICTaBIISIOT COOOM HACAIKH. s IR 1

PaccMoTpuM mcTeueHre yepe3 BHEIIHUM LMIMHIPUYECKHH HacaJIoK Iy @J-u
(puc. 45). QTN (il 2y

CTpys >KMIKOCTH MPH BXOJI€ B HACAJIOK CXKUMAETCs, a MOTOM pac-
HIMPSETCS U 3aloNHAET Bce ceyeHue. V3 Hacajaka CTpysl BbITEKAaeT IOJ-
HBIM CEYEHHEM, TOATOMY KOA(DGUIIMEHT CXKAaTusi, OTHECEHHBIH K BBIXOJ-
HOMY CeUeHHIo, £ =1, a ko3 uImeHT pacxoaa

Puc. 45.
H=Ep=0.
CocraBum ypasHenue /1. bepuymnu st ceuenuit 1-1 u 2-2
Vi, Py V; , P
——+—=+7,=—+—=+2,+h_,,

1
29 7y 29 7y
rae hH— IIOTEPH Hamopa.
Jlis ucTedeHus U3 OTKPHITOrO pe3epByapa B aTMOC(epy aHAJOTMYHO MCTEUEHHUIO Yepe3 OTBEpCTHE
ypasBHenue /1. bepHyum npuBoauTCS K BULY

VZ
H= i +h,. (144)

Ilorepu Hamopa B Hacajgke CKIAABIBAIOTCA U3 IIOTEPb I1a BXOJE U Ha PACIIMPEHUE CKATON
CTpyu BHYTpHU Hacazaka. (HesHauuTenpHbIMHM MOTEpSIMH B pe3epByape U  IOTEpSIMM MO  JUIMHE

Hacaaka BBI/II[y X MaJOCTH MOXHO HpeHe6pe‘IL.) I/ITaK,
2 2
Vv V. —V
h1—2 =§ cone +( core 2) . (145)
29 29
HO ypaBHeHI/IIO Hepa3pBIBHOCTI/I MOXEM 3aIlinucarhb.
Vc.wca)c.wc = VZa)Z ’

OTKyzia
Vcwc = (0)2 /a)CJIC )VZ = V2 /g ' (146)
Ioncrasnssa 3Hadenue V. B ypaBHeHuHe (145), nmeem

2 2 2 2 2
= v_z+v_z(1_1] :V_z(iz+i2_3+1j=gcv—2, (147)
29 2gl\e 2g\e® & ¢ 29
rjae 0003HaYeHO
(=5t (148)
e & ¢

43



[TomyyeHHOE 3HAYEHHUE TIOTEPh HAIIOpa MOJACTaBUM B ypaBHeHUE (144), Torna

2 2 2
H=Ye o Yo Vo))
29 ""29 29
Otcrozia CKOPOCTh HCTCYCHHS
1
V, =———,/2gH . (149)
2= z g
Ob6o03Hayas
1
——— =0, (150)
Jirc, ™
HOJIYYUM JUIsl CKOPOCTH YpaBHEHHE
V, =@, +J20H . (151)
Ormpenenum pacxo[] KHIKOCTH
Q =V,0,= ¢, 0,4/29H .
Ho i nacagka 1, =@, u
Q= w,+20H , (152)

rae 4y, — kod3hGULUUEHT pacxosa HacaaKa; @, — IUIOLab )KUBOTO CEYEHUs HACaIKa.

Takum 0Opa3oM, ypaBHEHUS Ul ONPEAETICHUS CKOPOCTH U pacxoja *HUJIKOCTH 4epe3 HAcaJ0K UMEIOT
TOT € BHJI, YTO U I OTBEPCTHA, HO JApyrue 3HaueHus koddduuuenton. s korpdumnmenta cxaTus
ctpyu (pu Oonpmmx 3Ha4eHUsAX Re u ¢ =~ 0) moxxHO npubmmkeHHo npunsats & = 0,64, u Toraa no ¢op-

mynam (148) u (149) nonyuaercs u =@, =0,84. @akTuuecku NPOUCXOIAT U MOTEPU 1O JUIMHE, OITOMY
ISl UCTE€UEHHUS BOJIbI B OOBIYHBIX YCIIOBUSX MOKHO IPUHUMATh 44, =@, =0,82.

CpaBHuBast KOOQPHUIUEHTH pacxo/la ¥ CKOPOCTH Ul Hacaaka W OTBEPCTHsS B TOHKOH CTEHKe, ycTa-
HaBJIMBAEM, YTO HACAJOK YBEITMYMNBACT PACX0Jl M YMEHBIIAET CKOPOCTh NCTCUCHUSI.

XapakTepHOil 0COOCHHOCTBIO HAcaJKa SIBJISAETCS TO, YTO JaBJICHUE B CXKATOM CEYEHHH MEHBIIIE aTMO-
cdepHOro. DTO MOJOKEHHUE JTOKA3bIBACTCS ypaBHEHHEM BepHYIUIH, COCTaBICHHBIM ISl CXKATOTO U BbI-
XOJTHOTO CEYEHMH.

Bo BHYTpeHHHX IWIMHAPHUYECKUX HACAJKaX CKAaTHE CTPYH Ha BXOJe OOJbIIE, YeM Yy BHEIIHUX, U T10-
3TOMY 3HaYeHHs KOA(PPHUIMEHTOB pacxoja U CKOpocTU MeHbIle. OnbITaMu HalJeHbl K03()OUITUEHTBI AT
Bosbl =@ =0,71.

B HapyXHBIX KOHMYECKHX CXOISIIMXCSA HAcaJKax CXKAaTUe W pacIIUpeHue CTPyM Ha BXOJ€ MEHbIIE,
4YeM B HAPYXHBIX [WIMHAPUYECKUX, HO TIOSBISIETCS BHEITHEE C)KAaTHE Ha BBIXOJE M3 Hacaaku. [losromy
KOA(pUIMEHTH ', @ U 4 3aBUCAT OT yrija KoHycHOCTH. C yBeTM4YeHHEM yIila KOHYCHOCTH 10 13° ko-

3(1)(1)I/II_II/IGHT pacxolda u pacTeT, a € JaIbHEUIIINM YBCJIMYCHUEM YyI'JIa YMCHBIIACTCA.

Konunueckue cxonsiuecs: HacaJlKi MPUMEHSIOT B T€X CIydasx, KOrJa HY»KHO MOJIY4YUTh OOJBIIYIO BbI-
XOJIHYIO CKOPOCTh CTPYH, JATBLHOCTD IMOJIETa M CHITY yapa cTpyd (THIPOMOHUTOPBI, IOKAPHBIE CTBOJIBI U
T. IL.).

B xoHMYeCKHX pacXoAsIIUXCs HacaJKaX BHYTPEHHEE PACIIMPEHUE CTPYH MOCIE CHKATUS OOJIbIIE, YeM
B KOHHYECKHUX CXOJSIINXCS M IUIHHIPHYECKUX, TOITOMY MOTEPH HATopa 3/1eCh BO3PACTAIOT U KOdP D U-
IIUEHT CKOPOCTH (9 yMEHbIaeTcs. BHENIHEro ckaTus MpH BBIXOJIE HET.

Ko>hhumuenTsl @ U g 3aBUCAT OT yriia KOHyCHOCTH. Tak, mpu yrie konycHoctd [ <8° 3mHauenus
KO>((UIMEHTOB MOXHO MPUHUAMATh paBHbIMH @, = =0,45; npu B =12° (npenenbHblii yrom)

0
@ = M, =0,26. IIpu B >12" cTpys BBITEKAET, HE KacasCh CTEHOK HACaJKa, T. €. KaK U3 OTBEpCTUs Oe3

Hacazka.
3HayeHNU KOAPPUIUEHTOB &, @ U L JAJIsl HACATO0K
Tun Hacagok g @ H
HapyxHbI# TUIMHAPUYECKHAM. . .. . ... 1 082 0,82
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BHYyTpeHHUT TUIUHAPUYECKHA .......... 1 0,71 0,71
Konnueckuii cxoasuuiics npu 0,982 0,963 0,946
L=1324"

Konnuecknii pacxomsmuiics f=8°... 1 0,45 0,45
KOHOUTAIBHBIH ..ocoovvvveeeeeieiiieeeeeeinn 1 0,98 0,98

Ipumeuanue. Jnsa KOHUYECKUX HACAOOK KO Puyuenmol 0anst 0Jid 8bIXOOHO20 CEYEeHUsL.

Konungeckue pacxoasiuecst HaCaJKu MPUMEHSIOT B T€X CIyYasX, KOTr/ia HE0OXOIUMO YMEHBIIUTH CKO-
POCTb UCTEUEHUSI, HAIIPUMEDP, HACAIKH JJIS IOAAYM CMA30YHBIX Macell U T. I1. B KOHMYECKuX pacxoasuiuxcs
HACcaJIKaX B MECTE CXKATHS CTPYHU CO37a€TCs OOJIBIION BaKyyM, IO3TOMY HX €IIe PHUMEHSIIOT TaM, Iie TpeOy-
€TCs co37aTh 0OJBIION 3P eKT BcachiBaHUS (IKEKTOPBI, HHKEKTOPHI | T. IL.).

KonounnanbHele Hacaaku UMEIOT odepTaHus (HOPMBI CTPYH, BBITEKAIOIIEH 4yepe3 OTBEPCTHE B TOHKOU
crenke. st 5THX HacaloK 3HaYeHHE K03 duumeHToB cocranisier: ¢ = 1 =0,97-0,995.

WX mpUMEHSIOT B TOYKapHBIX OpPaHICIIONTAaX, HO PEIKO, TaK KaK H3TOTOBJICHHE X OYCHB CIIOKHOE.

JJ11 KOHOMTATBHO-PACcXOIAIICHCS HACAIKH MOXHO TMOJMYyYUTh KO3(pHIMeHT pacxoma OObIle eTAHHUIIBI
3a CUET YBEJTMUEHUS BHIXOIHOTO CEUCHHSI.

B tabimmiie npuBoaaTcs cpeaHue 3HaYeHUS KOO PHUIIMEHTOB [T pa3IMYHbIX HACAIOK.

4. HACOCBHI
41. O61ue cBenenns

Hacocamu Ha3pIBaIOTCSA MAIUUHBI, CIYyXKAIIKUE JUIS EPEKauyKU U CO3JaHMs HAlopa KUIKOCTEN BCEX BH-
JIOB, MEXaHUYECKON CMECH JKUAKOCTEH C TBEPAbIMU M KOJUIOWIHBIMHU BELIECTBaMH U ra3zoB. CienyeT 3ame-
TUTb, YTO MAILIMHBI JJIsI IEPEKAYKU U CO3JaHUS HAmopa razoB (ra3000pa3HbIX JKUIKOCTEH) BbIIEIEHBI B
OTJIECIIbHBIE IPYIIIBI ¥ ITOJIYYWIM Ha3BaHUE BEHTHIATOPOB U KOMIIPECCOPOB M CIIYKaT IIPEAMETOM CIIEI M-
aJIbHOTO U3YYEHUs, IIO3TOMY B JaHHOM pa3Jielie HE PacCMaTpUBatOTCS.

Hacocsl B HacTosiiee BpeMs ABISIOTCSA CaMbIM PacpOCTPAHEHHBIM BUJIOM MAallVH.

[To nmpuHIMIY IEMCTBHS HACOCHI ITOAPA3IEIAIOTCS Ha:

a) LIEHTPOOEXKHbIE, Y KOTOPBIX MepeKadka U CO3JjaHue Haropa MPOUCXOAAT BCIEICTBHE LIEHTPOOSKHBIX
CHJI, BOSHUKAIOIIMX MPH BpallleHHH paboyero Kojieca;

0) oceBble (IIpoTEIEPHbIE) HACOCHI, PA0OYMM OPraHOM Y KOTOPBIX CIYKHUT JIOITACTHOE KOJIECO MpOTIe-
nepHoro tuma. JKuaKkocTs B 3THX HacOCax NEpEMEIAeTCs BIOJIb OCH BpaILEHUsI KOJIECa;

B) TMOpIIHEBbIE M CKaJbuaTble HACOCBl, B KOTOPBIX JKHJKOCTh I€peMellaeTcs IpU BO3BPATHO-
MIOCTYIATEIbHOM JIBUKEHHUH MOPIIHA WM CKaIKHU. K 3TOM rpyrnme MOXHO OTHECTH NPOCTEUIINNA BHJT TOPII-
HEBBIX HACOCOB - THa(parMoBble HACOCHI, Y KOTOPBIX PaOOYMM OPTaHOM CIY)KMT PE3MHOBAs MIIM KOXKaHast
nuadparma, CoOBEpIIaroIasi BO3BPATHO-IIOCTYNATEIbHbIE IBUKEHUS;

I') TapaHsbl, pabOTarOIIME 33 CYET FHEPTUU T'HAPABINYECKOrO y/apa;

1) CTpyHHBIE HACOCHI, B KOTOPBIX MEPEMEIIEHUE KUJIKOCTU OCYIIECTBIISIETCS 3a CUET DHEPIUU IMOTOKa
BCIIOMOT'aTeIbHOM JKUAKOCTH, ITapa WJIU rasa;

) 3paudThI (BO3AYITHBIE BOJIOMOIBEMHHKH ), B KOTOPHIX PAOOYUM TEJIOM SIBIISIETCS CKATHINA BO3TYX.

B 3aBucumocTy OT Ha3HA4Y€HUs U NPUHLMIA AEUCTBUS KOHCTPYKTHBHOE MCIIOJHEHHE HACOCOB CamMoe
pasznuuHoe. Huke paccmaTpuBaercsi yCTpONWCTBO, NMPHUHIMIT pabOThl, XapaKTEPUCTUKA U MPUMEHEHHE OC-
HOBHBIX I'PYIIIT HACOCOB.

4.2. YcrpoiicTBO M Kiaaccupukanmus HeHTPOOeKHbBIX
HACOCOB
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[{eHTpOoOEKHBII HACOC COCTOUT U3 CIACAYIOUTUX OCHOBHBIX JIEMEHTOB (puc. 46): CIHUPaTILHOTO KOpITyca
1, paGouero koneca 2, pacroyio)KEHHOTO BHYTPH KOpIyca M CHASAIIEro Ha Bainy 3. Pabouee komeco
Ha BaJl HACAXHBACTCS C MOMOIIBIO IIMOHKH.

Puc. 46.

Ban Bpamaercst B moammiHUKax 4, B MeCTe Mpoxoja Bajia uepe3 KOPITyC Ul YIUIOTHEHHS yCTPOCHBI
cabHUKM 5. Bozma B KopIyc Hacoca MoCTymaeT 4epe3 BCachIBAIOIIMK MaTpyOOK 6 M momajgaer B IiCH-
TpaJbHYIO YacTh Bpalatouierocs padbodero koneca. [log gericTBremM jonatok 7 pabodero xojeca 2 xKuji-
KOCTh HAYMHACT BpAIAThCs U IEHTPOOCKHON CHIION OTOpachIBacTCsl OT IEHTpA K Mepudepuu Kolieca B
CIHMPAIBHYIO YacTh Kopiyca (B TYpOMHHBIX Hacocax B HAIPaBISIONIMNA armapar) U Jajiee 4epe3 HarHera-
TENbHBIA MAaTPyOOK 8 B HAMOpHBIA TpyOonpoBoa. B pe3ynbTare ASHCTBUS JIONMATOK pabodyero kKojieca Ha
YaCTHUIIBI BOJIBI KHHETHYECKAs SHEPTHS IBUTATEINS TPeoOpa3yeTcs B JaBICHNUE U CKOPOCTHON HAIIOP CTPYH.

Harop Hacoca u3MepsieTcsi B MeTpax cTosida rmepeKavyrnBaeMoi sKHIKO-
cti. BcackiBaHME KUIKOCTH TIPOMCXOIUT BCIIEJICTBUE Pa3peKeHUs Tiepe]
JIonaTkaMu pabodero Koseca.

Jnst co3manmst GOMBIIIETO HANIOPa U JTYYIIEero OTEKaHHs JKUIKOCTH JIO-
MaTKaMHu TPUAAI0T CIENUATBHYIO BBIMTYKIYIO (opmy, mpuyuem pabodee
KOJIECO JOJDKHO BpAIaThCsl BHITYKIIONH CTOPOHOM JIONATOK B HAIIPaBJICHUH
HarHeTaHusl.

LenTpobexHbIi HACOC OMKEH OBITH 000PYIOBaH CIEMYIOIICH apMa-
Typoii u npubopamu (puc. 47): IpUEMHBIM 0OpaTHBIM KJIallaHOM C CETKON
1. mpenHa3HAUYEHHBIM UISl yep)KaHHsI B KOPITYCEe M BCACHIBAIOIIEM I1a-
TpyOKe Hacoca BOJIbI IIPU €ro 3aJMBE Mepe]] MyCKOM; CETKa CIYXKHUT Ul 3aJiepKaHusl KPYIHBIX B3BECEH,
TUIABAIOIINX B BOJIC; 3aJIBIDKKOM 2 Ha BCACBHIBAIOIIEM IMaTpyOKe, KOTOpas YCTAaHABIMBACTCS OKOJIO HAcoca;
BaKyyMMETpOM 3 /I U3MEPEHHs pa3pekeHUs Ha BcachIBalollel cTopoHe. BakyyMmeTp ycTaHaBIuBaeTcs Ha
TpyOOIPOBOJIE MEXKAY 3aJBHKKOW M KOPITyCOM Hacoca; KpaHoM 4 Ui BBITYCKa BO3AyXa IMpH 3aJUBE
(ycTaHaBiIMBaeTCd B BEpXHEHW YacTH KOpIyca); OOpaTHbIM KIallaHOM S Ha HAlopHOM TpyOOmpoBoje,
NPEOTBPAIIAIOIIEM JBIKEHUE BOJBI Yepe3 HAcOC B OOpaTHOM HANpaBICHHW TPH TMapaUIeIbHOW padboTe
JIPYTroro Hacoca; 3aBHKKOM 6 Ha HAIOPHOM TPYOONPOBO/E, IpeTHA3HAYESHHOM I ITycKa B paboTy, OCTaHOB-
KU ¥ PETYJUPOBaHMs TIPOM3BOIUTEIHHOCTH U HAarlopa HAacoca; MAaHOMETPOM 7 Ha HAIIOPHOM TaTpyOKe TSt U3-
MEpeHHUsI Haropa, pa3BMBAEMOI0 HACOCOM; MpPEIOXPAHUTENBHBIM KJIATAHOM (HAa PUCYHKE HE yKaszaH) Ha
HATIOPHOM MaTPYOKe 3a 3aJBMKKOM JIJIsl 3alIMTHI HACOCa, HAIIOPHOTO MaTpyOka W TpyOOmpoBOaa OT TH-
PaBIMYECKUX Y/IApOB; YCTPOUCTBOM 8 JUIsl 3aIMBa Hacoca.

B cBsi3u ¢ TeM, 9TO HAaCOCHBIE YCTAHOBKH YacCTO BKITIOYAIOTCS B OCHOBHOWM KOMIUIEKC 00OpPYIOBaHHMS
JUISL PETYIUPOBAHUS PEKUMOB pabOThl Pa3IMuHOrO Ha3HA4YeHHs, OHU MOTYT ObITh 00OpYIOBaHbI Pa3HOO0-
pa3HbIMU ITPUOOpPaMU aBTOMATHKH.

LenTpobexHbIe HacOChl KITACCU(DUIMPYIOT IO:

1) uncity Komec [omHOCTyeHYaThie (OTHOKOJECHBIE), MHOTOCTYITeHYaThie (MHOTOKOJIECHBIC)]; KpOMe TOro, Off-
HOKOJIECHBIE HACOCHI BBINOJHSIOT € KOHCOJIBHBIM PAacIOIOKEHHEM Basla — KOHCOJIBHBIE,

2) Haropy [Hu3Koro Haropa j1o 2 kre/em? (0,2 MH/M?), cpenrero Hamopa ot 2 j1o 6 kre/em? (ot 0,2 110 0,6

Puc. 47.
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MH/m?), BeIcoKor0 Haropa Gombine 6 kre/em? (0,6 MHM)];

3) cioco0y TOABO/AA BOJIBI K pabodeMy KoJiecy [C OTHOCTOPOHHMM BXOJIOM BOJl Ha pabodee KOJeco,
C JIBYCTOPOHHHM BXOJIOM BOJIBI (IJBOMHOTO BCAaCHIBaHUS)];

4) pacnoynoKeHuto Bajia (TOPU30HTAIbHbBIE, BEPTUKAIBHBIC);

5) coco0y pazpeMa Kopityca (C TOpU30HTAIBHBIM Pa3beMOM KOPITYCa, C BEPTUKATIBHBIM Pa3heMOM KOPITY-
ca);

6) crioco0y OTBO/A KUIKOCTH U3 pabovero KoJjieca B CIUPAIbHBIN KaHal Kopiyca (CIUpalibHBIE W TYp-
6I/IHHBIG). B CIIUpAJIbHBIX HACOCaX JKHUIAKOCTb OTBOJUTCA HECTIOCPCACTBCHHO B CHHpaHBHBIfI KaHall, B
TypOUHHBIX KHIKOCTb, PSKIC YEM TIIOMACTh B CIUPAIBHBIA KaHAN, MPOXOJUT Yepe3 CICIHAITLHOS
YCTPOWCTBO — HANPABIISIOIIHI armapar (HEMOJBHKHOE KOJIECO C JIONATKaMH);

7) cTenenu OBICTPOXOJHOCTH PaboUero Koeca (THXOXOAHbIE, HOpMaIbHbIE, OBICTPOXOAHBIE);

8) pomy mepexaurMBaeMoOil KHUAKOCTH (BOIOIPOBOIHBIC, KAaHAIN3AIIMOHHBIC, KHCIOTHBIC W IICIIOYHBIC,
HEeTSHBIE, 3eMJICCOCHBIE U JIP.);

9) croco0y coeMHEHUS ¢ JABUTATENEM [[IPUBOIHBIE (C PEIYKTOPOM WITH CO IIKUBOM), HETIOCPEACTBEHHO-
IO COCJMHEHUS C AIIEKTPOABHUraTEIEM C MOMOIIBbI0 MydT]. Hacocsl co NIKMBHBIM MPUBOJIOM BCTPEUAIOTCS B
HACTOSIIIEE BPEMSI PEIKO.

4.3. Teoperuyeckasi NPOU3BOAUTEIbLHOCTD
LHEHTPOOEKHOI0 Hacoca

BriepBrie OCHOBHOE ypaBHEHHE IIEHTPOOEIKHBIX HACOCOB OBLIO BBHIBEACHO uiieHoM lleTepOyprekoii aka-
JIEMHMHU HayK 3HAMEHUTHIM MaTeMaTUKOM U MexaHUKoM J1. DitepoM.

B nienTpo0exHbIX Hacocax KUAKOCTh MOJBOAUTCS K JIONAaTKaM paboyero Kojeca BAOJIb OCH Bana (puc.
48). [Ipu BxoJe Ha JONATKU MPOUCXOAUT OTKIOHEHHE CTPYH OT OCEBOIO HAMpaBICHHS K paguaibHOMY.
JXunkocTe Ha JOMATKU MOCTYNAET ¢ a0COMIOTHON CKOPOCTBIO C;, a Ha BHEIIHEH OKPYKHOCTU pabodero

KOJIeCa CKOPOCTb €€ NOCTUTACT BCIIMYMHbBI CZ .

YacTulibl )KUAKOCTH MEX/1Y JIOTIaTKaMK pabouero Kojieca COBEPILAIOT CI0XKHOE JBHKeHue. Bo-nepBbIx,
OHM Y4aCTBYIOT BO BpAlllEHUU C OKPYKHOI MEPEHOCHOW CKOPOCTHIO U U, BO-BTOPBIX, IEPEMELIAIOTCS BJIOb
JIOMATOK C OTHOCUTEIILHOW CKOPOCTBIO W .

Puc. 48.

Jnst ynporieHus IpUHUMAIOT, YTO JBUKEHUE KUIAKOCTH SBISCTCS CTPYHHBIM, M TPACKTOPHH JIBIKE-
HUS KQKJIOW YaCTHUIIBI TIOBTOPSIOT OUYEPTaHUsI JIOMATOK. Takoe MBIKEHHE BO3MOXKHO ObLIO ObI Tipu OecKo-
HEYHO OOJIBIIIOM YHCIIC JIOTIATOK.

AOCOIOTHAST CKOPOCTh JIBMYKEHUS KUIKOCTH paBHA T€OMETPUUYECKON CyMMe TMEePEHOCHOH (OKPY:KHOM) U
OTHOCUTEIILHOW CKOPOCTEH (MapajuiesiorpaMM CKOpOCcTel Ha puc. 48)

C=U+Ww. (152)

Crnenyer 3aMeTUTh, YTO OKPYXKHasI CKOpOCTh U HampaBiieHa MO KacaTelbHON K TOW OKPYKHOCTH, Ha KO-
TOPOI pacIoioKeHa YacTUIla, & OTHOCHTENILHA CKOPOCTh W HampaBlieHa MO KacaTeIbHOW K MOBEPXHOCTH
JIOTIATKU B JTAHHOM TOUKE.

PaguansHas cocraBisitorast abCOMOTHON CKOPOCTH Ha 000/1e pabodero kKojeca paBHa

C, =C,-sina, (154)
a OKpY>KHasi COCTaBJISIOIIAS
C, =C,-cose, (155)
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rJle @ — yroj MEXIy HalpaBIeHHEeM a0COIIOTHON CKOPOCTH M KacaTelIbHOM K OKPYXKHOCTH; ' — UHJIEKC,
0003HaYaIOINH «pagualibHas»; U— HHACKC, 0003HAYAIOLIHN «OKPYKHAS.

Nunexcs! «1» U «2» IpUHATH A1 0003HAUYCHHS BEIWYHH COOTBETCTBEHHO Ha BXOJIe B pabouee Koie-
CO M Ha BBIXOJIE U3 HETO.

Oxpy>kHas CKOPOCTh pabovero Kojeca Ha BBIXO/IE
zD,n

60

rae D,— mmamerp paGoyero kosneca, M; N—4UCI0 000POTOB B MUHYTY.

PanmanbHyio cOCTaBISIONIYI0 aOCOIIOTHOM CKOPOCTH MOYKHO OIPENENTUTh UCXOJIS U3 YPAaBHEHUS Hepa3pbIB-
HOCTH [TOTOKa

u, =

Q_ O

C, =1 = ,
" o Dby

(156)

rae Q. — TeopeTHUeCKHii Pacxol KUAKOCTH, TIPOXOMISIIHIA Yepes3 KOIeco, MY/CeK; @ — KHBOE CEYeHHE Ha BBIXO/IE

H3 KOJIECa, MZ; bz — IHPHUHA pa60qer0 KoOJIeCa Ha BbIXOAE, M; I/ — KOS(l)(l)I/ILII/IeHT CTCCHCHUA IIOTOKaA JIOIIaTKa-

MU Ha BBIXO/IE; €r0 3HaYeHHUE I MajIbIX HACOCOB MPUHUMAIOT paBHbIM 0,9 u 11 6omnbimx — 0,95.

AHANIOrMYHO MOYKHO OIPENEINUTh BEIUYMHBI aOCOIIOTHOM CKOPOCTH, OKPY/KHOM CKOPOCTH, YroJI MEXITY
HalpaBJIeHUEM OTHOCUTEIbHONW CKOPOCTH M KacaTeJIbHON Ha BXoje B pabouee kKosneco. AOCOMIOTHAs CKO-
POCTH Ha BXOJI€ 3aBUCHT OT KOHCTPYKTUBHBIX OCOOCHHOCTEHN pabouero Kosneca; 111 OOJBIIMHCTBA HACOCOB YO
BXOJ1a MPU ONTHMAIBHOM peXXUME HazHayaeTcs: paBHbIM 90° ¢ TakuM pacueToM, 4ToObl M30exaTh TUIpaBIIye-
CKOTO yZiapa; TorJia OKpYyXHasi CKOpOCThb Ha BXxojie C,; = 0 (paguaibHbIN BXOM).

KoaddunmeHnT crecHeHus CTpyw Ha BXOJe IO JaOOpaTOPHBIM UCCIICIOBAHUSM MOXKHO NMPHHSATH IS
MaJIbIx HacocoB paBHbIM 0,75, misa 6onpmux — 0,83.

B niensix mpenoTBparieHys THAPABIMYESCKOro yaapa Py MOCTYIUICHUN KUIKOCTH Ha pabodee Kolieco Heo0X0-
JIMO, YTOOBI CKOPOCTh €€ He U3MEHSUIACh HU 110 BEJIMYMHE, HH 110 HAIPABJICHHMIO, T. €. HAllPABJICHHUE OTHOCHUTEIIb-
HOHM CKOPOCTH TIPY BXOJIE JOJDKHO COBIIAIATH C HAIPaBICHUEM M3ruba Terna Jjornarky. [[pakTika v OmmbIT OKa3bl-
BAIOT, YTO NP HEOOJBIIIOM OTKIOHEHHHU yIiia 10 7-8° MOTOK OT JIONATOK HE OTPHIBACTCS U MOITOMY TH/I-
paBIMYECKHE MMOTEPH HA YAap MOXXHO IMPUHUMATh PABHBIMU HYJIFO. A 9TO MO3BOJISIET JIOMIATKU PadoUero KoJie-
ca y BXOJIa BBITIOJHATH HECKOJIBKO Kpy4e, YeM M3 YCIOBUsI Oe3yaapHoro Bxoaa. Kpome Toro, BXOIHYIO KPOMKY
JIOTTATOK OKPYTJISTFOT.

[Tocne paccMOTpeHUs MpeABapUTEIbHBIX JAHHBIX MOYKHO TMEPEUTH K BBIBOJY OCHOBHOTO YpaBHEHUS
EHTPOOEIKHOTO HACOCA.

Beimie 6bu10 IPUHATO, YTO pabouee Koieco uMeeT OECKOHEYHO OOJIBIIIOE YMCIIO JIONATOK, U paboTa mpo-
UCXONUT 0€3 THIPABINIECKUX MOTEPh; 3TO IMO3BOJISICT CUMTATh, YTO BECh MOTOK B KOJIECE COCTOUT U3 OJJMHAKO-
BBIX DJIEMEHTAPHBIX CTPYEK, IMEIOIIHX (POPMY MEKITONATOYHOTO MPOCTPAHCTBA KOJIECa, U UTO CKOPOCTH BO BCEX
TOYKAX MUITHHAPAIECKOM ITOBEPXHOCTH JIAHHOTO PaIAyCa OJIMHAKOBBL

Cz

Puc. 49.

Kaxk u3BectHO, paboTa Ha nepemeleHre JKUIKOCTH paBHa
A=yQ.H,,
rae y — o0beMHBIH Bec KuaKocTH; Q, — TeopeTHdeckasi POM3BOJUTENBHOCTD; H  — TeopeTryeckuii Hamop.
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Hcnonb3yeM ypaBHEHHE MOMEHTOB KOJMYECTBA JBM)KEHUS, KOTOPOE JUIsl YCTAaHOBMBLIETOCsS IMOTOKA
MOXHO C(OPMYJIMPOBATH TaK: M3MEHEHHE MOMEHTA KOJMYECTBA JIBH)KCHUS MACCHI )KUAKOCTH, MPOTEKAIO-
el B €MHUIYy BPEMEHU IPU IEPEXOJe OT OAHOIO CEYEHMs K JPYromy, paBHO MOMEHTY BHEIIHHUX CHII,
NPHJIOKEHHBIX K IMOTOKY MEXIY 3TUMH cedeHHsMHU. OTHOCS TMOJOXKEHHE K IIEHTPOOSKHOMY HAcOCy, MOXKHO
OTMETHTh, YTO BHEIIHUE CUJIbI IIPHKIIAIbIBAIOTCS K OTOKY 0] AEHCTBUEM JIONATOK paboyero koneca. 3a 1
CEeK Yepe3 KaHaJlbl pabouero Koseca MpoTeKaeT 00beM JKHIKOCTH, YMCICHHO PaBHBIN MEpEKauMBaceMOMYy Ce-

KyHIHOMY pacxoxy Q, ; ero macca paBHa

m=pQ, =(/9)Q.
MoMeHT KoJm4ecTBa JBMKEHU ITOTOKA MU pajuyce R, y Bxona B pabouee komneco (puc. 49) paBexn
M, = (7/9)Qucl: (157)
3nmech |,— nmMHa nepneHaMKyIsApa, OMYIICHHOTO W3 IIEHTpa KoJjeca Ha HalpaBlIeHUE CKOPOCTH C, .
CoOOTBETCTBEHHO, MOMEHT KOJIMYECTBA JBMKEHHS IT0TOKA Yy BBIXO/1a U3 Kojeca pu paguyce R,

M, :(V/Q)chzlz- (158)

Takum 00pa3oMm, M3MEHEHHUE MOMEHTA KOJIMYECTBA JABMKCHUS JKUJIKOCTH, IPOTEKAIOIIEH uepe3 Koe-
co3a 1 cek, paBHO

M=M,-M, =M, = (7/g)Qm(C2I2 _Clll)'
CornacHo puc. 49
I, =R,cosa, n |, =R, cos,.
HOI[CTaBJIﬂfI OTH 3HAUCHUS B IMTPCALIAYIICC BBIPAKCHUE, UMCEM
M =(y/9)Q, (c,R, cosa, —¢,R, cosa,).
YMHOXKas1 00€ YacTH ypaBHEHHS HA YITIOBYIO CKOPOCTh () , TIOJIYYUM
Mo = (7/9)Qmw(cz R,cosa, —C,R, COSO{l), (@)
rne M@ —MONIHOCTD, 3aTpadeHHas Ha Tiepeady SHEPTUH JKUIKOCTH.
ITorok ¢ pacxogom Q,, mepeHOcHUT B ceKyHIy Q. >KUIKOCTHU; €CIU IIPU ITOM KUAKOCTb 00JIAJaET HAIOPOM
H , , To HOTOK 001a1aeT MOIIHOCTBEO
N =(r/9)QuH,n- ©)
CrienoBaTelIbHO, MOYKHO 3aIHCaTh
Mo =(y/9)QnHp-
Vupresad, yro R,w = U, 1 R, = U, w3 BeIpaxkenuii (a) v (0), momydrm
QuHun7 = (7/9)Qn(U,C, cOsa, —uiC, coser ).
[Momenum obe yacTu ypaBHEHHs Ha Q. M MOIyYUM OCHOBHOE YPaBHEHHE TEOPETUUECKOrO HAropa
_U,C, COSar, —U,C, COSex,
g

Tak kak C,COSa, =C,, U C, COSe, =C,; (IIPOEKIMU CKOPOCTEi), OCHOBHOE ypaBHEHHE MOKHO HAITUCATh

H (159)

m

B CJICAYIOIIEM BHUC:
UZCU 2 —UCyy

g

TaHreHmanbHast MPOEKIUsl aOCOMIOTHOM CKOPOCTH C,, MPENCTaBIsieT cO00W CKOPOCTh 3aKpy4UBaHUS

H= (160)

IIOTOKA J10 MOCTYIUIEHUs €ro B pabodee koyieco. B coBpeMeHHbIX Hacocax oOecreunBaeTcs BX0J| Ha KoJle-
co 0e3 MmpeaBapUTEIbHOTO 3aKpy4drBaHus (paguanbHblid BXox). Torja TaHreHIuanbHasi CKOpOCTh Ha BXO-
JI€ paBHa HYJIIO U
Hpn= uzcuz/g . (161)
VYpasuenue (161) mokaspIBaeT, 4T0 HAOpP Hacoca MPOMOPLUUOHAIEH OKPY>KHOM CKOPOCTH (T. €. YHUCITY
000pOTOB U TUaMeTpy pabouero kosieca) U MPOEKUUU aOCOIIOTHOW CKOPOCTH C,, HAa OKPYXHYIO CKO-

pOCTB, T. €. HaIop TeM OoJblle, Y4eM MEHBLIE Yyroll &, W 4eM Oonblie yroa [, (cMm. puc. 49). daktuueckn

CO3JIaBa€MbIil HACOCOM Harop MCHBIIC TCOPECTHUICCKOI'0, TaK KaK YaCTb SHCPIrUuU pacXodyCTCda Ha IIPeoao-
JICHUC TUAPABINYCCKHUX COHpOTI/IBJ'IeHI/Iﬁ BHYTPHU HaCOCa, a TaKKC BCJIICACTBUE TOI'O, UYTO HE BCC YaCTHUIIbL
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KUJKOCTH COBEpPUIAIOT IBUYKEHUE BJIOJb JIOMATOK, a 3TO BHI3bIBAET YMEHbIIEHUE a0COTIOTHON CKOPOCTH.

UroObl y4ecTh KOHEUHOE YHCIIO JIOTATOK Pabodyero Kojieca U COOTBETCTBEHHO BETMUMHY MPOEKITUH a0Cco-
JIOTHOW CKOPOCTH Ha BBIXOJIE, BBOAUTCS TMOIpaBouHbIA KoddduimeHT K. Vcxoas w3 U310KEHHOTO, YpaB-
HEHUE ]IS [TOJIHOTO HAropa Mpy KOHEYHOM YHCJIe JIOMaTOK MOKHO HAlKMCcaTh B BUIE

H = Kpt&u, (162)

g
rae K — ko3hGUuueHT, yUuThIBAIOINM KOHEYHOE YUCIIO JIONATOK; 77— TMAPABIMYECKUH K. M. 1., 3aBHCA-
M OT KOHCTPYKIIMKM HAacoca U €ro pa3MepoB M npuHuMaromuii 3Hauenus 0,8-0,95.
[pakruyecku npunumMaot o, =8-14° u C,, =15—4m/cex . lpunsts o, =0 Henb3s, Tak Kak TOraa
paauanbpHasi CKOPOCTh Ha BbIXOZE OyJeT paBHA HYJII0, U HACOC HE OyJET 1101aBaTh KHUIKOCTb.
s onpenenenus 3HaueHus: K MOXHO MPUBECTU OAHY M3 (HOPMYIL, MOJyYeHHYIO akajgeMukom [. .
IIpockypa
1
k= - 163
. 36 sing, (163)
z 1-(R/R,)
1 2

IJIC Z — YUCIIO JIOTATOK.

OO6b1yHO Z=6-12, Toraa K nonyuaercs pasasim 0,75-0,9.

[Ipn mpuOMKEeHHBIX pacderax JJjis ONpeAeNiCHUs Harmopa B METpax BOJISHOTO CcToiba (M BOA. CT.)
MOYKHO TIOJIb30BaThCs CIICAYIOIINM YPaBHECHHCM:

u2
H=a-%, (164)
g
rae o — kKodhUIMEeHT Harnopa, NMPUHUMAEMbIH AJi1 HACOCOB TYpPOMHHOTO THIIA, T. €. C HANPaBISIIOIINM
annaparom, o =0,45—-0,55, mia cnupanbHeix HacocoB o =0,35—-0,5; U,— OkpyXHas CKOpPOCTb Ha
BHEITHEH OKPY)KHOCTH pabouero kKojeca, M/cek. TeopeTHuecKyro Mpou3BOIUTEIIFHOCTL pabodero Koeca
HAcoca MOKHO BBIYUCIIUTH 1O (hopmyIie
Q, =wcC,,, (165)
IJie @ — IIOmAb KUBOTO CEUEHHs TIOTOKA Ha BBIXOJE U3 KOIECa, M2, C,, — CPEHAS PafuaibHas CKOPOCTh
JKHIKOCTH, M/CEK.

J1st ieHTpOoOEKHBIX HACOCOB IJIONIA/Ib KUBOTO ceueHUs: pabodero koieca (0e3 yyeTa CTECHEHHs ero
JIOTIATKAMH M yTEYEK Yepe3 HETUIOTHOCTH) ONPEACIIIIOT KaKk OOKOBYIO MIOBEPXHOCTH IIMIIMHJIPA C THAMET-
POM, paBHBIM BHEIITHEMY AuaMeTpy koieca D, u BbICOTOH, paBHO# mupuHe Koieca b, . Takum oOpaszom,

w=7D,b,, c.,=cC,Sinc. (166)

[Tpu GeckoHEUHO OOJBIIIOM YHUCIIE JIONATOK paanuaibHas CKOPOCTh MOXKET OBITh MPUHATA OJMHAKOBON
BO BCEX TOYKaX IMJIMHIPUYECKON MOBEPXHOCTHU JAHHOTO pajnyca, a OTCI0JIa CPEAHsSI CKOPOCTh B ypaB-
HEHUU pacxoja paBHA PaUalIbHOM CKOPOCTH Ha BBIXOXE, T. €. C, =C,,.

Wrak, TeopeTrueckas Mpou3BOIUTEIBHOCTh paBHA!
JUISl BBIXOJTHOTO CEUEHUS

Q, =7D,b,C,, (167)
(6e3 yuera CTECHEHUS u yTeueK qyepes HEIUIOTHOCTH);
JUIsL BXOJIHOTO CEUeHHS
Qn =7Dbc;; (168)
I0JIe3HAST IPOU3BOUTEITEHOCTh
Q=Qu, (169)

e 17, — 00bEMHBIH K. II. I. Hacoca.

4.4. XapakTepUCTHKHU HEHTPOOEKHbIX HACOCOB

Hanopom nacoca H Ha3pIBaeTCsl mpupalieHNe yaeIbHOW YHEPTHH KHUAKOCTH MPHU JIBIDKEHUH JKUIKOCTH
yepe3 Hacoc. Hamop u3mepsiroT MeTpamu CTos0a moaBaeMoi SKUIKOCTH.
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JISL OTIPEJICIICHNUS] TIPUPAIIICHHS YACTBHON SHEPTUH (HArmopa) pacCMOTPUM padoTy Hacoca 1o MepeKadKke
JKUJKOCTHU U3 pe3epByapa A B pesepByap b (puc. 50).

3a TI0CKOCTh CPaBHEHHMS IPUMEM CBOOOTHYIO ITOBEPXHOCTH KHIKOCTH B pe3epByape A, Toraa yaenbHas
SHEPTUs €€ MPH BXOJIE B HACOC OMPEIeTHUTCA 10 (hopMyIie

2
El_v—1+&+zl,
29 7y

rae V,— CKOpPOCTh XXHUJAKOCTU IIPU BXOJE B HACOC, M/CGK; pl_ a0COII0THOE JaBJICHHUC XUJKOCTHU B MECTC
BXOJda €€ B HACOC, KFC/MZ; y- y,Z[eJ'IBHBII‘/'I BE€C XHUJIKOCTH, KFC/M3; Z,— PacCTosHHUE IO BEPTUKATIU OT MECTa

— —1 6

M3MEPEHHUsI IaBJICHUSI 10 YPOBHS KHJIKOCTH B pe3epByape A.
Y aenbHas SHEPTrHst )KUAKOCTH MPH BBIXOJIE U3 Hacoca (B HAIIOPHOM MaTpyOKe) paBHA

2
E, :V—2+&+zl,
29 7y

rae V,— CKOpOCTh B HallOPHOM Han}/'6KC, M/ CCK; pz— a0COIIOTHOE JaBJICHHUC B HAIIOPHOM HanY6Ke pu

BBIXOI€ U3 HACOCa, Krc/ MZ.

Urak, npupaiiienre yieapHON SHEPTUH WITH TIOTHBIM HAIIOP MOXHO OMPENEIUTh 1o hopmyIie
2 2
V, =V -
2 1 + p2 pl ) (170)
29 /4
PasperkeHre Ha BXOJIE B HACOC M3MEPSETCs BaKyyMMETPOM, OOBIYHO B Kre/cM? (MITH B MM PT. cT). B mepe-
CYeTe Ha M BOJ. CT. JaHHOM KUJKOCTH aOCOIIOTHOE JaBJIEHHUE Ha BXOJIE B HACOC PABHO

p./y =[(P.—Ps)/¥]-20000,  (171)
re  P,— atMocepHoe JIaBlieHHe, Kre/cM?; P, — MOKazaHusi BaKkyymMerpa, kre/cm? 10 000 — nepeBosmbIii
MuOKuTENH (1 Kre/cm? = 10 000 Kkre/m?).
JlaByieHre Ha BBIXOJIE M3 HACOCA [), M3MEPSIETCS MAHOMETPOM, TO3TOMY aGCOTFOTHOE JABTIEHHE HA Bbl-
XOJIE PABHO

H=E,-E =FE =

p,/7 =[(Pa— Py )/¥]-10000, 172

e P,, — MOKa3aHHe MAHOMETPa, KIc/cM? .
HO}ICT&BJ’ISIH IMMOJTYUYCHHBIC 3HAYCHUA pl u p2 B YpaBHCHHEC Haropa
| | (170), namyurm

Y224 4 Pu=Pa 10000
29 4
s Boner ¥ =1000 Kkre/M2, Torna

v, —Vr

H =

H =

+10p,, +10p,

501041

7
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2 2

H=M+W+2"Y (172
29

rie M u W — cOOTBETCTBEHHO MMOKa3aHUsI MAaHOMETpa U BaKyyMMETpPa B METpax CToJI0a )KUIKOCTH, ITPU-
BEJICHHBIE K OCH HAcOCa.

[Ipy BBIYMCIIEHMH TIOJHOI'O HAaIllopa Hacoca CIEAyeT YYUTBhIBATh PACCTOSIHUE IO BEPTHUKAIU MEXKIY
TOYKOW IPUCOECIUHEHUS BAKYYMMETPA U OCbIO CTPEJIKA MaHOMETpa.

Hampumep, 11 ycraHoBKM, NTOKa3aHHOW Ha puc. 51, Hamop Hacoca BBIPA3UTCS CIEAYIOLIUM YpaBHeE-

HHUEM:
2 2

H=M+W+Z+2" "1 (173)
29
a JUIsl yCTaHOBKH, ITOKa3aHHOW Ha puc. 52,
2 2
H=M-Z,-W-2, +V22—V1 . (174)
g

Uto0bl onpeaenuTh MOTPeOHBI HAOp HAacoca JJIs BHOBb MPOCKTHUPYEMOW YCTAaHOBKH, MOJIb3YIOTCS
CIEAYIOIIMM YPABHEHUEM:

H=H,,+H,, +h,; +h,,, (175)

rae H, , — reomerpuueckas BbicoTa BcachiBaHus, M; H,.,, — reo-

[ et
MeTpHYecKas BbICOTa HarHeranus, M; h, , — morepu Hamopa Bo Bca- i t‘.ﬂ‘, o

t;"!‘ L _‘__ | i
chIBafoIleM TpyOompoBoae, M; N, , — moTepu Hamopa B HarHera- - J OIS ;
— TT—— o
TEJILHOM TPYOOTIPOBOJIE, M.
PyDOTP ’ Puc.52

4.5. KaBurauusa

Bel1ie ObUIO yCTaHOBIIEHO, UTO €CIIM NPU BXOJIE B paboyee K0Jieco Hacoca adCONIOTHOE JIaBICHUE OKa-
JKETCS MEHBIIIUM WM PaBHBIM YIIPYTOCTH MapoB MEpeKaunBaeMOU >KUIKOCTH MPH JaHHOM TeMIieparype,
TO KMJIKOCTh HAUMHAET BCKUTIATh, IPOUCXOIUT Pa3phiB MOTOKA U 1MOJja4a MPEeKpaIaeTcs.

[Tpu nnurensHOI paboTe Hacoca B TAKUX YCIOBHSIX pa3pyliaercs padodee Kojeco. SIBieHus, mpouc-
XOJIAIIME B HACOCE MPU BCKUTIAHUU KUIAKOCTH, Ha3bIBAIOTCS Kagumayueti. 1Ipu 3TOM U3 )KUJIKOCTU BbBIIETIS-
IOTCS Tapbl M PACTBOPEHHBIE Ta3bl B TOM MECTE, I'/i€ JaBJICHUE PAaBHO WJIM MEHbIIIE JIaBJICHUS HACHIIICH-
HBIX TIapoB. [1y3bIppkH Mapa u ra3oB, yBEITWYCHHBIE TOTOKOM B 00JaCTh MOBBIIMIEHHOTO JIaBJICHUS, PE3KO
KOH/ICHCUPYIOTCSI C YMEHbIIIEHHEM 00beMa B MUKPOCKOIIMUECKUX 30HAX; ATO SIBJICHHUE, MOI00HOE B3phIBAM
MeTbUanMx 60M0, TPUBOAUT K MEXAHUUECKUM TOBPEKACHHIM JIOMATOK Kojeca U X paspyuieHuto. [Ipo-
UCXOAWT M XMMHYECKOE pa3pylICHHE MEeTaljla B 30HE€ KAaBUTALMU BBIACIMBIIUMCS KUCIOPOJOM BO3AyXa
(xoppo3sus).

Kapuranus MoXeT MpOUCXOJUTh HE TOJIBKO B pabodeM Koliece, HO U B HAIMPABISAIOLIEM amnmapare, U B
CIIUPAIbHOM KOpITyce. DTH SIBJIEHUSI COMPOBOXKIAIOTCS MOTPECKUBAHUEM, IITyMOM U BuOparmeit Hacoca. [1pu
KaBUTAIMH PE3KO MagaeT K. M. J. Hacoca, MPOU3BOAUTENBHOCTh U Harop. OcoOEHHO CUIIBHO MPH KaBUTAIlUU
pa3pylaroTcs Yyr'yH M YIiepoAucTas cTajlb, Haubosee ycToiuMBbl OpOH3a M Hepkaperomas crajib. [lo-
3TOMY B IMOCJEJAHEE BPeMsl 1151 U3TOTOBJICHHUS HACOCOB MIPUMEHSIOT BEICOKOKAUECTBEHHBIE MaTepHAIIbl U 3a-
IIUTHBIC TTOKPBITUS (HAIUTABKAa TBEPABIX CIUIABOB, TOBEPXHOCTHAS 3aKalka, META/UIM3AIMS B XOJIOTHOM
COCTOSIHUH ), UTO MOBBIIIAET HAJIS)KHOCTb PA0OTHI HACOCOB.

Bo uzbexanue sBieHUs KaBUTALUK HACOC CJIEIYET pacroiaraTb Kak MO>KHO HIDKE.

KaBuraimonHslii 3amac ypoBHsI ONPEAENSIOT 0 YPaBHEHUIO
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