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BBepneHue
UTOo Takoe mexaHuka XNOKOCTU U ra3a

MexaHuka xumgkoctn u rasa (MXKIN) — aT1o Hayka, nsydarowasi 3aKOHOMEPHO-
CTW MNOKOSI U ABwXKeHus xunakocten n rasos. CtyaeHTol MIC, MCX, MNMCK mnsyyatot
npuknagHyto MXXT, To ecTb Te eé 3aKOHOMEPHOCTU, KOTOPbIE UMEIDT NMPaKTU4ecKoe
3Ha4yeHune B ob6nacTn cTpomuTenbCTBa.

TepMUH «MexaHuKa XUOKOCTU U rasa» nMmeeT cneayowme CUHOHUMBbI:

— rmapasnuka n aspognuHamMuka;

— rmgporasoguHamMmuka;

— TEeXHMYeckas rmgpognHaMmmnka u razosas guHamuka.

«'mgpo...» nogpasymeBaeT BoOAY, B 00OLLUEM Cnydae — XUOKOCTb. «A3pO...»
— BO34yX, B obwem crnydyae — ras. B cTpoutensCcTBe 4alle BCero OCHOBHble pac-
YéTbI, KacaroLlmecs XnaKoCTu 1 rasa, cBsidaHbl C BOOOW N BO34YXOM.

B yyebHoMm npouecce kypc MXKIT siBngeTcss TeopeTn4eckomn OCHOBOW KOMMIIEK-
ca AUCUUNIIMH MO UHXEHEPHbIM ceTaM M 0O0pyAOBaHUIO 34aHUN U COOPYXKEHUN
(BOgonpoBog, KaHanusauusi, OTOMMEHNe, BEHTUNALKUS), UCNOSb3YeTCs NpuU pacyé-
Tax CTPOMUTENbHbIX KOHCTPYKUMA Ha BO3OEWCTBME BOAblI U BeTpa, Ana Bblbopa
CTPOUTESNILHOrO BOAOOTNIMBA U BOAOMOHMXEHUS B TPaHLUEAX, KOTNOBaHax M noa-
3EMHbIX NpOXoAKax Npu HanM4YnMn NOA3EMHbIX BOA.

Kak nonb3oBaTbCA KOHCNEKTaMM NeKuun

Mpexae Bcero Hago NPOCMOTPETb UX LIESTMKOM, a 3aTeM BHUMATESbHO Npoyu-
TaTb OT Ha4ana Ao KoHua. B KoHUe KHUIrM MMetoTcst BcrioMoraTernbHble pasaernbi:

— ByKBEHHble 0603HaYeHUs C NPeAMETHBIM YKa3aTenem ;

— CMNpaBOYHble AaHHbIE .

— andaBUTHO-NpPeaMETHbI ykasaTenb .

BykBeHHble 0603Ha4YeHUs1 ¢ NpeaMeTHbIM ykasaTenem u andaBUTHO-Npeame-
THbI YKa3aTeslb NOMOryT ObICTPO OTbICKaTb TOT UNN MHOW TEPMUH, DOPMYnyY U T.4.
CnpaBo4Hble AaHHble MOTYT NPUroAUTLCS AN PELLEeHNs 3a4ay.

He cneayet 3abbiBaTb, YTO KOHCMEKTbI NEKUWUA SIBNSOTCS NUlb BCNoMora-
TenbHbIM Matepuanom. OHU He MOryT 3aMeHUTb Y4EOHUK — OOBLEM MX OrpaHUYeH.
He BMmeLLaOT OHWM M MOMHOrO TekcTa nekuun. VX uenb — KpaTkum TenerpadgHbIm
CTUNEM BblAENUTb OCHOBHbIE MOMOXEHUSI MEXAHUKWN >KMOKOCTU WU rasa, KoTopble B
NnepBylo odyepedb HeEOBGXOOAUMO 3HaTb AN MPaKTUYECKOW AeATENbHOCTU UHXKEHe-
paM-CTPOUTENSIM.



f'maopaBnuka (MexaHuKa XXugKocTu)

MMopaBnvkon HasbiBaeTCs pasgeryl MexaHUKM XXMOKOCTU U rasa, Usy4aroLmi
3aKOHOMEPHOCTM MOKOSI U ABWXKEHUs XuakocTen. MvapaBnuka — 3TO Hayka npu-
GnKkEHHas, BO MHOFOM 3KCNepuMeHTarnbHasi, HO TOYHOCTb €€ hopMyn npu pacyé-
Tax BMOJMHe AocTaTo4vHa NS MHXEeHEePHOW NPaKTUKK.

dusnyecKkue CBOUCTBA XUOKOCTU

Ons NpakTn4eCcKknx 3agay rmapaBJiikm B obnactu cTpouTernibCTBa UMEKT 3HA-
YyeHune Tpu Ct)I/I3I/I‘-IeCKI/IX CBOWCTBA XMAKOCTU: NIOTHOCTb, yp,eanbM BeC, BA3KOCTb.

MNMnoTtHOCTbL

[NoTHOCTL O — 3TO Macca eaAnHULLbI OObEeMa XXNMOKOCTH (K3/M3)

p=m/V,
roe M — macca, k2. V — o6bém, m3.

MnoTHoCTb BoAbl Npwu TemnepaTtype +4 °C pasHa 1000 Ka/m3. Hpyrve 3Ha-
YeHUs NNOTHOCTU BOAbl B 3aBMCUMOCTM OT TeMnepaTypbl MOXXHO HAWTKU B CNpaBoY-
HbIX AaHHbIX Ha C. 54. Jlerko 3amMeTuTb, YTO NMOTHOCTb BOAbI 3aBUCUT OT TeMnepa-
Typbl He3HauuTenbHO. B GONbWKWHCTBE rMapaBnn4eckUx pacye€ToB CBOMCTBaAMMU
CXKMMaeMOCTM N TeMMepaTypHOro paclUMpeHns XUAKOCTEN NpeHebperatoT, Hanpu-
Mep, ANsS BOAbl CHUTAKOT NSIOTHOCTb NOCTOSIHHOW 1 paBHon 1000 Ka/mS.

YpenbHbIN Bec

YaenbHbIN BEC Y — 3TO BEC eAMHULbI 06 bEMa KNAKOCTH (H/M3)
y =GV,
roe G — Bec (cuna Taxectn), H, V — o6bém, m3.

CBsA3aHbl yaenbHbI BEC W NIIOTHOCTb Yepes3 ycKopeHe cBOBOAHOro nageHus
(g=981~10 M/c2) TaK :

Yy =P &
Ba3kocTb

Bs3KOCTb — 3TO CBOWCTBO XXWAKOCTU MPOSIBNSATbL BHYTPEHHEE TpeHue npu eé
ABWKEHUM, 00YCNOBMNEHHOE COMNPOTUBIIEHMEM B3aUMHOMY caABUry eé yactuu. B no-
KOSILLIEMCA »KMOKOCTM BA3KOCTb He nposinsieTcsl. KonnmyecTBeHHO BSAA3KOCTb MOXET
ObITb Bblpa)keHa B BUAE ANHAMUYECKOM UMNN KMHEMATUYECKOM BSA3KOCTU, KOTOpble
nerko nepeBoasATCst oaHa B ApYryto.



BaskocTb auHamudeckas U, lla- ¢ = H- c/m2.
BA3kocTb KMHEMAaTU4Yeckasa y = ,U/P , M2/ c.

CnpaBo4Hble AaHHble MO BA3KOCTM BOAbl B 3aBMCUMOCTM OT TemnepaTypbl Mo-
XHO HanTK Ha c. 54. 3aBUCMMOCTb YKe Boree cywecTBeHHas, B OTnindume oT nnoT-
HOCTWU. [1NA BCeX XWOKOCTEW XapaKTepHO, YTO C yBeNnU4YeHuUeM TemnepaTtypbl BA3-
KOCTb X YMEeHbLUaeTCs.

M'mppocTatuka

FMapocTaTka — 9TO pasfen rapaBivki (MEXaHUKW XWIKOCTH), U3yyatoLLmii
MoKosLLMECS XnAKocT. OHa M3yyaeT 3aKOHbl PABHOBECUS XMAKOCTM U pacnpene-
neHus B Hell AaBneHus. OCHOBHblE BEMUYMHBI, UCMIOMNb3yeMble B rMapocTaTuKe, —
aT0 pasrneHve p n Hanop .

rVI,quCTaTM‘-IeCKoe AaBrieHue

['mopocTaTnyeckoe faBrneHne P — 3TO cKanspHas Benu4vvHa, xapakrepusyto-
LLad HanNpPsPKEHHOE COCTOSIHME XUAKOCTU. [laBneHne paBHO MOAYJSIH0 HOPMasrbHOMo
HaNpsHKeHWs B TOYKe: P = lol

HasneHne B cucteme CU nsmepsgaetcsa B nackansx: la = H/m2.

CBs3b eQMH1L, AaBNEHUS B Pa3fnuYHbIX CUCTEMAX N3MEPEHUs Takas:

100000 /Ta = 0,1 MTa = 1 kac/cm? =1 am = 10 M 600. cm.

[1Ba cBoOMCTBa rmgpoCcTaTU4eCcKoro AaBneHus:

1. [laBneHne B MOKOSILLENCA XWOKOCTM Ha KOHTaKTe C TBEPALIM TENOM Bbi-
3blBAET HANPSXKEHWs1, HanpaBeHHbIe NeprneHanNKyNApHO K MOBEPXHOCTM pa3aena.

2. [laBneHne B nobON TOYKE XUOKOCTU OENCTBYET OAMHAKOBO MO BCEM Ha-
npaBneHnsaMm. TO CBOMCTBO OTpaXKaeT CKanspHOCTb AaBMEHMS.

OCHOBHOe€ ypaBHeHUe rmgpocTaTuKm

OcCHOBHOE ypaBHEHME rMAPOCTaTMKK FMacuT, YTo NOMHOE AaBMEHUE B XUOKO-
CTV P paBHO CyMMe BHELLHEro JaBreHns Ha XUOKOCTb Po W AaBreHns seca CTon-
6a XMOKoCTn Py, TO €CTb

P=Dp,+De =D,y N
roe I — BbicoTa cTon6a KUAKOCTU Haf TOYKOM (rnybuHa eé norpyxeHus), B KOTO-

pon onpepensietca gasnexHuve (puc. 1). I3 ypaBHeHus cnegyeTt, 4To [aBrfieHue B
XNOKOCTU yBENMYMBAETCA C rMyOMHON 1 3aBUCUMOCTb SBRSIETCSA IMHENHOMN.
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Puc. 1. Cxema K OCHOBHOMY Puc. 2. amepeHne gaBneHus:
YpaBHEHUIO MTNOPOCTaTUKN 1 - OTKPbITLIN pe3epByap;

2 - Nnbe3omeTp

B yacTtHOM crnyyae ons oTKpbITbIX pe3epByapoB, coobLuatLmnxcs ¢ atMmocge-
pon (puc. 2), BHELLHEEe AaBfieHMe Ha XUAKOCTb paBHO aTMOCGEepHOMY AaBfiEHUIO
Do = Pamn=101325a =1 am. Torga oCHOBHOE ypaBHEHMWE rnapocTaTukm Npu-
HUMaeT Bug,

P= Do 77 I

OTKpbITble pe3epByapbl — 3TO He TonbKo Gaku, éMKoCTu, coobularoumecs ¢
aTmMocdepon, HO Takxke Nobble KaHaBbl C BOAOW, 03épa, BOOAOEMbI U T.4.

N36biTOuHOE OaBneHne (MaHOMETPUYECKOE) eCTb Pa3HOCTb MeXAY MOSHbIM U
aTMocdepHbIM AaBneHnem. 13 nocneaHero ypaBHeHMs Noslydaem, YTo A4S OTKPbI-
ThiX pe3epByapoB M30bITOMHOE AaBfEeHNe paBHO AABMNEHNO CToMnba XKMOKOCTH

pu36: pmaH - p_pam/w - }/ h
anI60pb| Ansa namepeHus aasrieHUA

[laBneHune B XnaKkocTn namepsietcs npnbopamu:

— Nbe30MeTpamu,

— MaHoOMeTpaMy,

— BakyyMMeTpamMu.

[Mee3omeTpbl 1 MaHOMETPbI U3MEPSIOT N3bbLITOYHOE (MaHOMeTpuyeckoe) nas-
neHne, To ecTb OHM paboTaloT, ecrnn NOoNHoe AaBfeHue B XUAOKOCTU MpeBbllaeT
BEIIMYMHY, paBHy0 ogHon atmocdepe P =1 kec/cm2 = 0,1 MIMa. Ot npubopbl no-
Ka3blBalOT OOMK0 OaBneHust cBepx atmocdepHoro. [Ons M3aMepeHust B XKUOKOCTU
MOMHOro AaBfeHuna P HeobxoaMMOo K MaHOMETPUYECKOMY AaBneHuo P, npuba-
BUTb aTMocdepHoe AaBrneHune P ,y,, cHAToe ¢ 6bapometpa. Npaktuyecku xe B rma-
paBnvke aTmocdepHoe [aBfneHue cuyMTaeTca BEeNUYUHON MOCTOAHHON P ypy=
=101325 ~ 100000 /Ta.



Mee3omeTp 06bIYHO NpeacTaBnseT cobon BeEpTUKASIbHYIO CTEKIISAHHYIO TPYOKYy,
HWKHSAS YacTb KOTOPOM coobLiaeTcs ¢ uccrnegyemMom TOYKOM B XKUOKOCTU, FOe HyX-
HO U3MepWTb AaBneHue (Hanpumep, Touka A Ha puc. 2), a BepxHas eé yacTb OT-
KpblTa B aTMocdepy. BbicoTa ctonba Xuakoctu B Nbe3oMeTpe hp ABNSETCA no-
KasaHuem aToro npnbopa u No3BonseT U3MepaTb U30bITOHHOE (MaHOMETpUYecKoe)
AaBfeHne B TOYKE MO COOTHOLUEHUIO

pu36:7/h ,

roe hp — Mbe30oMeTpUYECKNin Hanop (BbicoTa), M.

YNoMAHYTble Nbe30METPbl NPUMEHSIOTCA rMaBHbIM obpasom ans nabopartop-
HbIX uccregoBaHun. X BepxHUn npegen U3MepeHus orpaHnyeH BbICOTOM 0 5 M,
OQ4HaKO WX MpeuMyLLecTBO rnepen MaHoMeTpamu COCTOUT B HenocpenCTBEHHOM
N3MEPEHNN OaBIIEHUSA C MOMOLLBbI NbE30OMETPUYECKON BbICOTbI CTONBAa XMOAKOCTH
0e3 NPOMEXYTOYHbIX NepeaaToYHbIX MEXaHU3MOB.

B kauectBe nbe3omeTpa MOXeT ObiTb ucnonb3oBaH nbon kKonogeu, KoOT-
foBaH, CKBaXWHa C BOOOM wunu gaxe noboe namepeHue rnybuHbl BoAdbl B OT-
KPbITOM pe3epByape, Tak Kak OHO JaE€T HaM BENUYUHY hp .

MaHoMeTpbI Yalle BCero NpUMEHSIITCS MexXaHN4Yeckue, pexe — XUOKOCTHbIE.
Bce maHOMeETpbI M3MepPSOT HE NOSTHOE AaBreHne, a U3bbITouHoe

p/l/laH = pu36 =P~ pam/v :

[MpevmylwecTBaMmn 1Ux nepen nbesoMeTpamu ABNASAOTCA Donee LIMPoOKUe npe-
Aenbl U3MepeHnsi, OAHAKO eCTb N HeJOoCTaToK: OHU TPebyrT KOHTPONS MX Nokasa-
HUA. MaHOMeTpbI, BbiNycKkaeMble B MocnefHee BpeMs, rpagympyroTcs B eanHuuax
CW: Mrlla vinn kla (cM. Ha c. 54). OgHako eweé npoformKarT NPUMEHATLCH U CTa-
pble MaHOMETPbI CO LLKANoNi B K2C/cM2, OHM YAo6GHbI TeM, YTO 3Ta eAuHWLA paBHa
ofHou atmocdepe (cMm. c. 8). Hynesoe nokasaHue noboro MaHomeTpa COOTBETCT-
BYET MOMHOMY AaBMeHunto P, paBHOMY OHOW aTmocdepe.

BakyymmeTp no cBoemy BHeLLHEMY BWAY HAnNoOMUHaEeT MaHOMETp, a MnokKasbl-
BaeT OH Ty JONI0 AaBMNEeHUd, KOTopasa JOMOMHAET NOMHOe AaBreHne B XUOKoCTU A0
BESIMYMHBI 0gHOW aTtMocdepbl. Bakyym B XXMOKOCTU — 3TO He MyCTOoTa, a Takoe Co-
CTOSIHME XUOKOCTW, KOorga nosiHoe AaBrieHne B HeW MeHblle aTMOCHEepHOro Ha Be-
NIUYNHY Dg, KOTOpPas M3MepsieTca BakyymMmeTpoMm. BakyymmeTtpuyeckoe gaBneHue
D, NOKa3biBaeMoe npnubopom, CBA3aHO C MOSHbIM M aTMOCHEPHbIM Tak:

p@ - pam/w_ pP-
BenvnunHa Bakyyma Pg He MOXeT ObITb ObITb 6onblUe 1 am, To ecTb npeaensHoe
3HayeHune P, ~ 100000 [Ia, Tak Kak NonHoe AaBrneHne He MOXeT BblTb MeHbLle ab-

COJIIOTHOIO HyISl.
MpuBeném NpUMepbl CHATUSA NokasaHui ¢ NPUBopPOoB:

— Nbe3oMeTp, NoKasbiBaroLLMn hp=160 CM 800. cm., COOTBETCTBYET B €ANHU-
uax C/ pasnexuam p,,;5=16000 [1a n p=100000+16000=116000 /]a;

— MaHOMeTp C MnokasaHusMu P, = 2,5 K2c/cM2 COOTBETCTBYET BOASHOMY
cTonoby hp=25 M v nonHomy gasnexuto B CU p = 0,35 Mla;

8



— BaKyymMmeTp, nokasbiBawolwui pPe=0,04 Mlla, cooTBeTCTBYET NOMHOMY AaB-
nexHvo p=100000-40000=60000 /Ta, yto cocTtasnseT 60 % oT aTMocdepHoro.

3|'II'0pr AaBJieHnA XNAKoCTu

Qniopa gaBneHns XnaKocTM — 3To rpadmyeckoe u3obpaxkeHne pacnpeaene-
HUS [aBMEeHUs1 XWUOKOCTM Mo TBEPAOW MOBEPXHOCTU, COMpUKacaloLencsl ¢ Hew.
MprMepbl aMop ANS NAOCKUX U KPUBONMMHENHbIX NOBEPXHOCTEN NpUBEAEHbI Ha pUC.
3 n 4. Ctpenkamu Ha anope rnokasbiBaloT HanpaBneHne AencTemsa gaBnexHus (Bep-
Hee, HanpaBneHue HopPMarbHbIX HanpPsPKeHUN, BO3HMKAKOLIMX OT AENCTBUA OaBrne-
HUS, TaK Kak Mo 2-My CBOWCTBY AaBreHne ckanspHo). BenuunHa ctpenku (opavHa-
Ta) OTKNaablBaeTcsl B Maclitabe M KONMMYeCcTBEHHO MokasblBaeT BENUYUHY AaBne-
HUS.

Th
f Th
=
Th
Puc. 3. 3niopbl 4aBNEeHUS XXNMOKOCTU Puc. 4. 3niopa gaBrneHus XnakocTu
Ha NIocK1e NoBEPXHOCTM Ha KPUBOSNMHENHYIO NMOBEPXHOCTb

OnNopbl JaBMneHUs cryxaT UCXOAHbIMW AaHHLIMW ANs1 NPOBEAEHUS pacYETOB
Ha NPOYHOCTb M YCTOMYMBOCTb KOHCTPYKLUUIW, B3AaUMOLENCTBYIOLNX C XKUAKOCTSAMMU:
CTEHOK nnasaTtesnbHbiXx 6accenHoB, GakoB, pe3epByapoB, LUCTEPH. PacyéTtbl Be-
AyTCa MeTogamun ConpoTUBIIEHNA MaTepuanoB N CTPOUTESTbHOM MEXaHUKM.

B BonblIMHCTBE criyd4aeB CTPOAT anopbl U30LITOYHOrO AaBreHnss BMECTO MNOSi-
HOro, a atTMocepHoOe He y4YnTbIBaKOT N3-3a ero B3aMMHOro rnoraileHus ¢ Ton n apy-
O CTOPOHbI OrpaxgaroLlen KOHCTPYKUMU. [1py NOoCTpoOeHUn Taknx anp Ansa nro-
CKUX N KPUBOSTIMHEWNHBIX NOBEPXHOCTEN (CM. puC. 3 U 4) NCNOMb3YIOT JIMHENHYIO 3a-
BMCUMOCTb AaBMneHus OT rmybuHbl P36 = gh n 1-e CBOWCTBO r'MapOCTaTUYECKOrO
AasnexHuns (cm. c. 8).



3akoHbl Apxumepna u lNackansa

rlpaKTI/I‘-IeCKOG 3Ha4vYeHne MMEeKT ABa 3aKOHa rmapoCTaTUKU: Apxmme,qa n lNa-

ckans.
3akoH Apxumena o NOABLEMHOW (apxumMenoBoun) cune Fn , OJeNCTByOLWEN Ha
NOrpy>X€HHoe B XWNOKOCTb TeNno, MMeeT BUA

jF;z - 7/ Lz%i ’

roe V,, — 06bEM XnAaKOCTH, BbITECHEHHON TESOM.

B cTpouTenbHOM npakTuke 3TOT 3aKOH NMPUMEHSIETCS, HanpuMep, Npu pacyéTe
NOA3EMHbIX pe3epByapoB Ha BCMfbITUe B 06BOAHEHHBIX rpyHTax. Ha puc. 5 noka-
3aH pesepByap, YacTb KOTOPOro pacnosioXXeHa Huxe ypoBHSA rpyHToBbIX Bog (YIB).
Takum obpasom, OH BbITeCHSET OObEM BOAbI, paBHbIN OBBHLEMY €ro Norpy>KEHHOM
yacTu Huxe YIB, 4To Bbi3biBaeT nosBreHne apxumenoson cunbl F,. Ecnn F, npe-
BbICUT COBCTBEHHbIN BEC pe3epByapa G,, 1o KOHCTPYKUUSA MOXET BCMNSbITb.

3akoH [lackans 3By4YuT Tak: BHELUHee JaBrieHue, NPUIoXXeHHOe K XUAKOCTH,
Haxo4sdLlencs B 3aMKHYTOM pesepByape, nepefaétcs BHYTPU XUOKOCTU BO BCe eé
TOYKM 6€e3 n3MeHeHusi. Ha 3TomM 3aKoHe OCHOBaHO OEWCTBME MHOrMMX ruapasnunde-
CKMX YCTPOMCTB: rmapoaoMKpaToB, rMaponpeccos, rmgponpmeoga MallmH, TOPMO3-
HbIX CUCTEM aBTOMOBUNEN.
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Puc. 5. Cxema k 3akoHy Apxumega Puc. 6. Cxema K NOHATUIO rMapOCTaTU4ECKOrO

Hanopa

M'mapocTaTnyeckni Hanop

rI/I,EI,pOCTaTI/I‘-IeCKI/IIz Harop H— 9TO 3HepreTn4eckKkad Xapaktepuctumka rnokKkos-
LLENCA XKNOKOCTM. Hanop namepdaeTcd B MeTpax no BbiCOTE (BepTVIKaJ'IVI).

MmopocTaTtuyeckwii Hanop F cknagbiBaeTcs U3 ABYX BennumH (puc. 6):

H:z+hp:z+p’"36 !

Y
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roe Zz — reomepr-leCKvM Hanop unm BbiCOTa TOYKN Ha HyJ'IeBOI7| FOpI/|3OHTaJ'IbHOI7I

MNOCKOCTbIO OTCYETA Hanopa O-0:; hp — MNbe30MEeTPUYECKNI Hanop (BbICcOTA).

MmapoctaTuyeckuii Hanop F xapakTepusyeT MoTeHUMANbHYI0 3HEPruo Xua-
KOCTW (€€ 3aHepruio rnokos). Ero coctaBnsawowasa Z oTpaxaeT SHEPTrUO MOSOXEHUS.
Hanpumep, 4em Bblwe BogoHanopHas 6allHs, Tem 6onbLwmin Hanop oHa obecneyu-
BaeT B cucteme Bogonposoda. BenuunHa hp cBsidaHa Cc gasneHueM. Hanpumep,
YyeM Bblle U3ObITOYHOE AaBfieHMe B BOAOMNPOBOAHOM Tpybe, Tem Gonblue Hanop B
Hen n BoAda NogHUMETCA Ha BONbLUYHO BbICOTY.

Hanopbl aAns pasnuyHbiX TOYEK XUAKOCTU LOSMKHbI OTCYMTBIBATLCA OT OLHOW
rOPU30OHTaNbHOM MIOCKOCTH O-0O gns Toro, 4ToGbI UX MOXKHO GbISO cpaBHMBaTb
Apyr ¢ apyromMm. B kayecTtBe ropusoHTasibHOM MrOCKOCTU CpaBHEHUSA O-0O wmoxer
ObITb NpuHATa ntodas. OgHako ecnu cama Tpyba ropmsoHTanbHa, TO MHorga Ans
ynpoLleHusi pacyéToB ynobHee O-0 npoBectT no ocu Tpybbl. Kpome TOro, Ha
npakTWKe Y4acTo BbICOTHble oTMeTkM Z n [ oTcuéra Hanopos oT O-0 otoxgects-
NAlT ¢ abCoNTHLIMU reoe3nyeckKnmMm, OTCUUTbIBAEMbIMU OT CPegHEero YypOBHS
NOBEPXHOCTU OKeaHa. B Poccuun, Hanpumep, OHM OTCUYUTLIBAKOTCA OT ypoBHS ban-
TUNCKOro MOpsi.

BaxxHas ocobeHHOCTb rmgpocTaTnyeckoro Hanopa CoCTouT B TOM, YTO OH Oau-
HaKOB AJ151 BCEX TOYEK MOKOSALWENCHA XUOKOCTU, rmapaBnnyeckn B3aMMOCBA3aHHbIX.
PasencTBo Hanopos 4 = Hpg npovnnnioctprposaHo ans Touek A 1 B B pesep-
Byape Ha puc. 6, HeB3Mpasa Ha TO, YTO OHN HAXOAATCSH Ha pasHbiX rnybuHax u gas-
neHusa B HUX HeoguHakosble. CriegyeT obpaTtnTb BHUMaHWE, YTO OS5 OTKPbITbIX pe-
3epByapoB Hanop B f0OON TOYKE XNOKOCTU HAXO4UTCA OYEHb NPOCTO: OT O-0 no
YPOBHA CBOOOAHOM MOBEPXHOCTU BOAbl, HA KOTOPYH AENCTBYeT aTMocdepHoe
AasneHune P ;..

M'mapoanHamuka

rI/I,EI,pO,EI,I/IHaMI/IKa — OJ3TO pasgen runapasJinkn (MexaHI/IKI/I )KI/Iﬂ,KOCTI/I), n3y-
YyaroLum 3aKOHOMEPHOCTU ABWXYLLINUXCA XNOKOCTEN (I'IOTOKOB )KVID,KOCTGVI).

CHOBapb rmagpaBrimn4eCKux tTfepmmHoOB

Bce noToku XnMokocTn nogpasgenstoTcsa Ha ABa Tuna:

1) HanopHble — 6e3 cBO6O4HON NOBEPXHOCTY;

2) 6e3HanopHble — cO cBOOOAHOM MOBEPXHOCTHLIO.

Bce notoku umetoT obime rmgpaBnmyeckme 3NeMeEHTbl: FIMHUN TOKa, XUBOE
ceyeHue, pacxod, CKopocTb. [lpvMBegéM KpaTKuM CrioBapb 3TUX MOPaBIIMYECKMX
TEPMUHOB.

CBobogHas NOBEPXHOCTb — 3TO rpaHuua pasgena XMAOKOCTU 1 rasa, Aaene-
HMe Ha KOTOpOoW 0Obl4HO paBHO aTmocdepHomy (puc. 7,a). Hannune unum otcyTCT-
BME €€ onpeaenseT Tun notoka: 6e3HanopHbIA UM HAaNOPHbIN. HanopHble NOTOKM,
Kak npasunio, HabnwogakTcsa B BOAONPOBOAHbIX Tpybax (puc. 7,6) — pabotaroT
NOMHbIM ceyeHneM. be3HanopHble — B KaHanm3auuoHHbIX (puc. 7,B), B KOTOPbIX

11



pr6a 3aroJyiHAeTCA He MNOJIHOCTbKO, NMOTOK NMeeT CBO6OD,HyIO NnoBepxHOCTb N ABWU-

XeTcsl CaMOTEKOM, 3a CYET YKIoHa TpyObl.
Bo3ayx

0)

00)

FYYvyyy

2

Puc. 7. T'ngpaBnnyeckne anemeHTbl NoToKa XUAKOCTU :
a - cBoboaHas NOBEPXHOCTb; 6 - HANOPHbLIA NOTOK;

B - 6e3HaNOpHbIN NOTOK; 1 - NMHMA TOKa; 2 - XUBOE
ceyeHne

JlvHna Toka — 3TO anemMeHTapHas CTpyyrKa noToka, nrowazb MonepeyHoro
ceyeHus kotopon 6eckoHeyHo Mana. [MoTOK COCTOMT M3 nyyka cTpyek (puc. 7,r).

Mrowaab KMBOrO CeYeHUst NoToka (@ (M2) — 3To NroLaAb NONEPEYHOro ce-
YeHUs1 NoToKa, NepneHguKynapHas NMMHUAM Toka (CM. puc. 7,1).

Pacxon notoka ¢ (vnu Q) — 3T0 006bEM xuakoctn V, npoxoasiLen yepes

XnBoe cevyeHune NnoToKka B eanHnUy BpemMeHn t :
q = Vit

EonHnubl namepenus pacxoga B CU m3/c, aB APpYrMx cuctemax: M3ty
M3/cym, n/c.
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CpefHsis CKOpOCTb NoToKa V (M/Cc) — 3TO YacTHOe OT AerneHuda pacxoga no-
TOKa Ha NSowagb XXMBOro CEeYeHUs :

V=yo.

OTcloaa pacxo MOXHO Bblpa3uTb Tak:

g=Vo.

CKopoCTM NOTOKOB BOAbl B CETAX BOAONPOBOAA U KaHanusaumm 3gaHnin oobbl-
YHO nopsaka 1 m/c.

Crnegyrwowimne gBa TepMmHa OTHOCATCS K Be3HanOpHbIM NMOTOKaM.

CMOYeHHbIN nepumeTp ¥ (M) — 3TO YacTb NepuMeTpa XX1BOro Ce4eHns noTo-
Ka, rae XmnakocTb conpuKkacaeTcs ¢ TBEPAbIMU CTeHKamu. Hanpumep, Ha puc. 7,8
BENUYMHON Y ABMsETCA ANvHa OyrM OKPYXHOCTU, KOTOopas obpasyeT HWKHIOW
4YacTb XMBOro CeYeHNd NoToKa 1 conpukacaeTcsi Co CTEHKamMu TpyObl.

Mmopaenuyeckwnii paanyc R (M) — 310 oTHOLWEHME BUAa
R=wly,

KOTOpOe MPUMEHSIETCA B KayecTBe pacy€THOro napameTpa B popMynax ans Ges-
HamMopPHbIX NMOTOKOB.

YpaBHeHue Hepa3pbIBHOCTU NOTOKA
YpaBHeHne HepaspbiBHOCTU MOTOKA OTPaXkaeT 3aKOH COXPaHEeHUs Macchl: KO-

NNYECTBO BTEKAKOLWLEWN XUAOKOCTU paBHO KOJIM4ECTBY BbITEKAIOLLEWN. Hanpmmep, Ha
pwucC. 8 pacxogbl BO BXOOHOM M BbIXOOHOM CeYeHUAX pr6bl paBHbI: Q]=QZ.

Puc. 8. Cxema k YpaBHEHNKO HEPA3PbIBHOCTU MOTOKA

C yyéTtom, 41O q=Va), NONY4YMM YpaBHEHME HEPAa3pPbIBHOCTM NOTOKA:
V7a)1 =V2a)2 :

A ecnn Bblpa3nM CKOPOCTb AJ14 BbIXOOHOIo ce4yeHund

V2=V1601/ w2,
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TO MOXHO 3aMeTUTb, YTO OHa yBenuyinmBaeTca obpaTHO NPOMOPLNOHANbHO YMEHb-
LUEHWNIO NNOLWaaAn XUBOro ceyeHust NoToka. Takast obpaTHaa 3aBMCUMMOCTb MeXay
CKOPOCTbIO M NIoLWaabio ABMSETCA BaXXHbIM CNeaCTBUEM YpaBHEHUS HEpPa3pbIBHO-
CTU U NPUMEHSETCA B TEXHWUKE, Hanpumep, nNpu TyweHun noxapa Ansa nonyyYeHus
CUNbHOW 1 AanbHOOOWHOM CTPYM BOAbI.

rVI,quIJ,VIHaMM‘-IeCKVIﬁ Hanop

mapoanHamuyeckuii Hanop [ (M) — 3To aHepreTudeckass xapakTepucTuka
ABWXKYLLENCs XuakocTu. [oHSATME rMApPOAMHAMMYECKOro Haropa B ruapaBnuke
MMeeT pyHaaMeHTanbHOe 3Ha4YeHne.

MmapoanHamuyeckuii Hanop H (puc. 9) onpenensietcsa no dopmyne :

H :z+hp+h\,:z+p“35+v !
y 2g
rae Z — reoMeTpuyeckuii Hamnop (BbIcoTa), M;
hp — nbesomeTpudeckmii Harop (BbiCoTa), M;
hy = V2/2g — CKOPOCTHOW Hanop, Mm;
— CKOPOCTb MOTOKA, M/C;
g — yckopeHue cBo6ofHOro nageHus, M2/c.

1 2

:
C

T pu36 T

HanpasneHue noTtoka Z

. . - \ - v
Puc. 9. Cxema K NOHATUIO rmapoaMHaMNYeCcKoro

Hanopa: 1 - nbe3omeTp; 2 - Tpybka nTo

M'mopoanHaMn4eckuin Hanop, B oTnnymMe OT rmgpoctaTtudeckoro (cm. c. 11),
cKnagblBaeTcsa He U3 ABYX, @ U3 TPEX COCTaBNAOLWMX, U3 KOTOPbIX SOMNONHUTENb-
Has TpeTbsa BENUYMHA hV oTpaxkaeT KMHETUYECKYH SHEPIruto, TO eCTb Hanuyne aBu-
XeHusa xmnakocTu. lNepBble ABa 4neHa z+h,, Takke kak un y rmapocTaTtnyeckoro,
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NpeacTaBnalnT NOTEHUManbHy 3Hepruo. Takum obpasom, rvapogmHaMuyecKnn
Hanop OoTpa)kaeT MOJSIHYI0 IHEPru B KOHKPETHOM TOYKE MOTOoKa Xuakoctn. OTcyu-
TbiBAeTCHA HAMop OT HyNeBOW ropu3OHTaNbHOW MIOCKOCTH O-0 (cm. c. 12).

B nabopatopun BennymHa CKOPOCTHOro Harnopa hV MOXeT ObITb n3amepeHa ¢
NOMOLLbIO Nbe3oMeTpa U TPyoKM MNUTO No pasHOCTM YPOBHEN XNOKOCTU B HUX (CM.
puc. 9). Tpybka Nt oTnNnYaeTcsa OT Nbe3oMeTpa TEM, UTO €€ HWXKHASA YacTb, Mo-
rPY>X€HHas B XMOKOCTb, obpalleHa NpoTUB ABWKEHUS NOTOoKa. TemM camMmbiM OHa OT-
KnuKaeTcsa He TONMbKO Ha AasrieHne ctonda XuakocTu (Kak nbe3omeTp), HO U Ha
CKOpPOCTHOE BO3enCTBNEe Haberatowiero noToka.

MpakTny Xe BenuyunHa hV onpegenseTca pac4EToM Mo 3HAYEHUKD CKO-
poCTu HOTOKaW

YpaBHeHMe EepHynnM AnAa XnaKocTtu

PaccMoTpyM NOTOK XXMAKOCTK, MpoxoAaswmin no Tpybonposoay nepemMeHHoro
ceyeHust (puc. 10). B nepBoM ceyeHMM rMapoAMHAMMUYECKMIA Hanop MyCTb paBeH
H ;. No xony nswxenns notoka YacTb Hanopa F; HeoBpaTumo notepsieTcst n3-3a
NPOSIBIIEHNS CUM BHYTPEHHErO TPEHWUS XXMOKOCTU M BO BTOPOM CEYEHWUM Hamnop
ymeHbLumtes Ao 5 Ha BenununHy notepb Hanopa AH.

hVL AH=H-H,
hy,
hp2
H, H,
Z,
0 0

Puc. 10. Cxema k ypaBHeHuto bepHynnu: 1 - HanopHasa NUHKUS; 2 - Nbe3oMeTpudeckas NMHUA

YpaBHeHme EepH}’/J'IJ'II/I ana XKMgkKoctn B CaMoM I'IpOCTeIZLLIeM BUAe 3arincbiBa-
eTCA Tak.

H]:H2+AH,
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TO €CTb 3TO ypaBHeEHMEe ANs OBYX CEYEHWU NoToka B HampaBnEHWM ero TeyeHus,
Bblpa)KEHHOE 4Yepe3 rmapoavMHaMuUYecKkne Hamnopbl M oTpaxalolee 3aKOoH coxpa-
HEHUS1 SHEPTUN (YacTb IHEPrUM NEPEXOAUT B NOTEPU) NPU ABUKEHMMN KNOKOCTU.
YpaBHeHve bepHynnu B TpagMuUWOHHONM 3anucK rnosfy4ymMM, ecriv B nocregHem
paBEHCTBE packpoeM 3HaueHus ruapoanHamudeckux Hanopos H; v H, (m)

I"Ip|/| NCnonb3oBaHMN 0003HAYEHUN Nnbe3o0MeTPU4eCKoro hp N CKOPOCTHOIO hV
HanopoeB ypaBHEHNE EepHynnM MOXHO 3anncaTtb 1 TakK:

Z1+hp1+hv1=22+hp2+hV2+AH.

OHepreTMYecknini CMbICH ypaBHEHUSI BepHynnu 3aknyaeTcs B TOM, YTO OHO
OTPaXKaeT 3aKOH COXPaHEHUSI HEPruu: cymma noTeHumnanbHom Z+hp, KMHETUYe-
CcKoW 2/2g aHeprum u aHeprn notepb AH octaétcs HensmeHHol Bo Bcex Tou-
Kax noTtoka.

FeomMeTpuYecKnii CMbICN ypaBHeHUst bepHynnu nokasaH Ha puc. 10: cymma
YeTbIPEX BbICOT Z, hp, hv, AH octaértcsi HenameHHOM BO BCex ToUKax MOTOKa.

PasHocTb HanopoB 1 NoTepu Hanopa

Pa3nuyne B NpUMEHEHUN TEPMUHOB «Pa3HOCTb HAaMoOpPOBs» U «NOTEPU HANopa
C OHUM 1 TeM xe o6o3HauveHnem AH nosicium Ha npumepax.

[BWKEHUE XUOKOCTU MPOUCXOAMUT TOMbKO MNPV HaNWyWM PasHOCTM HAaMoOpOB
(AH = H1 - H>), ot Touku ¢ 66nbimm Hanopom H 1 k Touke ¢ meHbwmm Ho. Ha-
npuMmep, ecnu ABa 6aka, 3anonHeHHbIX BOAON A0 Pa3HbIX BbICOTHbIX OTMETOK, CO-
eVHUTL TPYGONPOBOAOM, TO MO HEMY HA4YHETCA NepeTekaHue B 6aK ¢ MeHbLLEN OT-
METKOW YpOBHS BOAbl Nog BRusiHueM pasHocTu Hanopos AH, pasHoit B aTom cny-
Yae pasHOCTM OTMETOK YpOBHeit Bofdbl B 6akax. Mpu BblpaBHWBAHUM YpPOBHEN Ha-
nopbl B 0bomx Gakax ctaHoBsiTcs oauHakoBbiMu 4 = Ho |, pasHocTs Hanopos
AH=0 v nepetekarve npekpaliaeTcs.

Motepu Hanopa AH oTpaxaloT noTepio NONHoOW 3HEPrUM NOTOKA MPU ABUXE-
HUK xunakocTn. Ecnv B npeabioylieM npuMepe Ha Tpybe YCTaHOBUTL 3afBUXKKY W
3aKpbITb €€, TO ABWKEHVe BOAbl NPeKpaTUTCst U noTepb Hanopa He 6yaet (AH =
= (), ogHako pa3HOCTb YPOBHEN BOAbI ByAeT CO3aaBaTh HEKOTOPYIO PasHOCTb Ha-
nopos AH. Mocne oTkpbiBaHUSA 3a4BWKKM BOAA BHOBb HAYHET nepeTekaTb no Tpy-
6e n obume notepun Hanopa B TpybonpoBoae nNpu ABMKEHUN U3 O4HOro 6aka B Apy-
roih 6yayT pasHbl pa3HocTu Hanopos B 6akax AH = H4 - Ho, To ectb Mbl onsith
NPVLLNN K ypaBHEHMI0 BepHynnu.

Takum 06pa3oM, «pa3HOCTb HAMOPOB» SBMSETCH MPUUUHON ABMXKEHWUS BOARI,
a «noTepsi Hanopa» — cneacTemeM. pu YCTaHOBUBLLEMCS ABWKEHUN XWUOKOCTY
OHM paBHbIl. I3MepsIioTCS OHU B OAHMX U Tex xe eanHnuax CU: meTpax no BbicoTe.
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O6bLIYHO B rMOPaABNMYECKMX 3aJayax Mpu WM3BECTHbIX V v q onpene-
nsaemas Bej{}qvma AH HasbiBeTcs notepeit Hamopa M, HaoGopoT, npu on-
peaeneHu V unu g nseectras AH — pasHocTbio Hanopos.

Hanopl-laﬂ N nbeaomMmeTpunyeckKkas JiMHU

HanopHas nuHus (cMm. puc. 10) rpadomyeckn nsobpaxaeTt rugpognHammyeckmne
Hanopbl BAOSb NOTOKA. OTMETKM 3TOM JIMHUN MOTYT ObITb onpeAeneHbl C NOMOLLbIO
Tpybok Mutd nnn xe pacdétom. lNo xooy ABWXKEHUS OHa Bcerga nagaeT, TO eCTb
MMeeT YKITOH, Tak Kak noTepu Hanopa He obpaTuMbl.

Mee3omeTpuyeckad nuHus (cMm. puc. _10) rpadumyeckn oTpaxkaeT Hanopsbl
BAOMNb NoToka 6e3 CKOpoCTHOro Harnopa Ay = 2/ 2g, MNO3TOMY OHa pacronaraeTcs
BCerga Hwke HanopHon nuHuMKM. OTMETKM 3TOW NIMHUK MOryT ObiTb 3aperucTpupo-
BaHbl HEMOCPEACTBEHHO Nbe30OMETPaMun UNn, ¢ NepecHEToM, MmaHomeTpamu. B oT-
nnyne OT HanopHOW JIMHUM Mbe30MEeTpUYecKas MOXET He TOSIbKO MOHMXKaTbCs
BOOMNb NOTOKA, HO 1 NOBbILATLCS .
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Puc. 11. BogoCTpynHbI Hacoc: 1 - HarHeTaTenbHbIN TPYOONPOBOA;

2 - conno; 3 - BcacbiBarowuii Tpydonpoeos; 4 - roprioBMHa; 5 - oTBO-

Aswmii TpybonpoBog; 6 - HanopHas NUHKUS; 7 - Nbe3oMeTpuyeckas
nHKUSA

CBA3b AaBJIEHUA U CKOpPOCTU B NOTOKe

CB43b gaBneHns 1 CKOPOCTU B NMOTOKE XUOKOCTU — obpaTHada: ecnn B KakoMm-
TO MecTe MoToKa CKOPOCTb yBernuvyumBaeTcs, TO AJaBreHune 3gecb manod, u, Haobo-
pOT, TaMm, rae CKOpPOCTU HEBENWKW, JaBrneHue MOoBbILWEHHOEe. DTy 3aKOHOMEPHOCTb
00BSACHUM Ha OCHOBE ypaBHeHnsa bepHynnu.

PaccmoTpum paboTy BogocTpynHoro Hacoca (cMm. puc. 11). Ha nogxoge no Ha-
rHeTaTenbHoMy TpybonpoBogy 1 nNoTok paboyven XMOKOCTU MMEET OTHOCUTESNbHO
HeGoMbLUY ckopocTb V 1 M BbICOKOE W3BbITOYHOE AaBREHMe Puse1- Tpoxoasa ve-
pes connd 2, NOTOK CyXaeTcsl, CKOPOCTb ero pesko Bospactaet Ao V 2. [ns ganb-
HENLKNX paccyxaeHun 3anuwem ypasHeHne bepHynnu tak:
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pu3§+\/12:pu3@+\/§
y 28 vy 2g

30ecb HeT Z; N Z), Tak Kak Tpyba ropusoHTanbHas, a BENUYNHON NOTEpPb Ha-
nopa AH=~ O npeneGperaem. Tak kak B NpaBoii 4acTu YpaBHEHUST KYHETNYECKas
COCTaBNsAOLLAA 3HEPrMM notoka pes3ko BO3pocra M3-3a yBenmyeHus MQ?Q, TO no-
TeHumanbHas cocTaBnsoLwas, cBa3aHHasa ¢ n3bbITOYHbIM JaBNEHMEM Nnocre conna
Duz62, HA060POT, yMEHbLINTCA. BenuunHy P52 MOXHO BblpasuTb U3 3TOro ypas-
HEHWS U HAaWTWN YNCNEeHHoe 3HadYeHne. Ecnu P, ;52 nonyvaeTcs oTpuuartenbHbIM, TO,
3HA4UT, BO3HUK BaKyyM (MONHOE AaBfeHWe B CTpye CTano MeHblle aTMOoCdepHO-
ro). B nocnegHem cnyyae nbe3omeTpuyeckasa NMHUSE ONyCTUTCS HMKE OTMETKM ca-
MOM cTpym (cMm. puc 11).

Takum obpasom B cTpye paboyen XmakocTu nocrie conna obpasyerca 06-
NacTb NOHWXEHHOro AaBfieHMSI UMK AaXke BaKyyM, YTO Bbi3blBaeT MOACOC TpaHC-
NOPTUPYEMOM XNOKOCTU MO BcacbiBarowemy Tpybonposogy 3 (cm. puc. 11). anee
o6e XnagKkocTu CMEeLLNBalOTCS B rOPfioBUHE 4 1 TPaHCNOPTUPYHOTCA NO OTBOASLLEMY
Tpybonposoay 5.

BooocTpynHble HAacoCbl HE MMEKT TPYLLUMXCS YacTen, B 9TOM MX NpenmyLLec-
TBO nepea MexaHuvecknmu. Mo ux npuHumny paboTatoT Takke 3KEKTOopbl, rmapo-
aneBaTopbl, HACOChI AN CO34aHus Bakyyma.

PeXxunmbl ABUXEHUA XXNOKOCTU

Mpn npoBegeHN rnapaBnNYecKoro pac4yéta B NepBylo odepedb HYXXHO BbISAC-
HATb: KaKOW PeXnM OBWMKeHUs OyaeTt HabnogaTbca y AaHHOro noTtoka?

Pexnmbl ABWKEHNS BCEX MOTOKOB (HaMopHbIX M Ge3HanopHbIX) AensaTcs Ha
Asa tuna (puc. 12):

1) NamMMHapHbIN, TO €CTb CMOKOWHbIA, NapanfenbHOCTPYWHbIN, NpU MarsblX
CKOPOCTSIX;

2) TypOyneHTHbIN, TO ecTb Bypnawmnmn, BuxpeobpasHbiii, C BOOOBOPOTaMU, Npu
OONbLUMX CKOPOCTSIX.

19






d - = d N N N
_ = D N N
N T ———
0 Rer Re
| |
| | =
NamuHapHbIN pexum TypObyneHTHbBIN pexXum
2= a=om| 28,2 e
Re ~ 7" |Re d

Puc. 12. lLkana yncen PenHonbaca ans onpeneneHns pexxMmoB ABMXXKEHUS XUOKOC

n obnacTtb NpuMeHeHns oopmyn Ang onpegeneHnst KoaduuneHTa rnapasnmnyeckor

TpeHusl,

[ns BbIAICHEHMA TUNa pexnma Hy>XXHO pacCyHuTtaTb YUCIIO PenHonbaca Re n

CPaBHUTb €ro C KPUTUYECKUM Rer.
Uucno PéiHonbaca Re — ato GespasmepHbiin kpuTepwii, BbIYMCISieMbIN MO

dopmynam:
— ANS HaMNOpPHbIX NOTOKOB
Re =Vdlv,
rae d — BHYTPEHHUI AamMeTp HanopHOro TpyGonpoBoAa;
— ansa 6e3HanopHbIX NOTOKOB
Re =VR/v,

roe R — rmgpasnuyeckumn paguyc 6esHanopHoro noTtoka, m (cm. c. 14).
Kputnyeckoe ymcno PenHonbaca Rer — 970 ymcno PenHonbaca, npu KOTo-
POM HacTynaeT CMeHa pexuma LBWKEHUS.

,D,J'I‘/'-I HarnopHbIX NMOTOKOB
Rey,=2320,

Anst 6e3HanopHbIX NOTOKOB
Re,, ~500.
YMPOLLEHHO peXnM ABMXKEHUSI MOTOKA MOXHO OnpedesiuTb Mo Lkane yucen
PenHonbaca (cm. puc. 12). PaccmoTpum npumMep ¢ HarnopHOW BOAONPOBOLHON TPY-
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6on, y KoTopowu d=20 mm, V=1 m/c, v =100 m2/c. [ns notoka B gaHHOW Tpybe
ymncno PenHonbaca cocTtaBuT:

Re=1-0,02/100 = 20000.

Hucno 20000 Gornble, Yem Rey,=2320 (ana HanopHbIX NOTOKOB) 1 Ha puc.12
OHO HaxoOuTCsl B MpaBOM 4acCTW LIKanbl, crieqoBaTeflbHO, pexum noTtoka TypOy-
NEHTHbIN N BCe AarnbHeWllne rungpaBnuyeckme pacdéTbl AOMKHblI NPOBOAUTLCA
TOMbKO MO 3aBUCUMOCTAM M oOpMyriam gnsi 3TOro pexuma.

Pacuér HaNnopHbLIX MOTOKOB

PacyéTt HangpHbIX NOTOKOB CBOOUTCA K HAXOXOEHUHO HEU3BECTHbLIX PacxoadoB
g , ckopocTen UNn NOTepb Hanopa (pPas3HOCTU HaNnopoB) AH. Ons Tpy6onpoBo-
AOB ONpeaensioTcs NX BHYyTPEHHME OnaMeTpbl d.
OOwme notepun Hanopa (UnNn pasHOCTb HANOPOB) onpeadenaTcsa no dopmyre
Béncbaxa
Vz

AH = 4’ —
2g
raoe é’— KO3 PULIMEHT rMapaBInyYeCcKoro ConpoTUBIEHNS.
CKOpOCTb NOTOKa CBA3aHa C pacX04oM COOTHOLLEHMEM Buaa
=q/w,
roe () — nnowlagb XXUBOro cedeHus notoka. Hanpumep, ana TpyObl Kpyrnoro ce-
yenus w=1d2/4.
Takum 06pa3oM, NprBea&HHbIe 3aBUCUMOCTM CBS3bIBaOT BenuunHbl AH, V
q, 0, d, uto nossonset paccymTaTb N0OON HANOPHbIN NOTOK. 3Ha4YeHUs1 koaddu-
LMeHTa é’ NPUHUMAIOTCS B 3aBUCMMOCTM OT BuAa onpegensieMblx NOTepb Hanopa
(NMMHENHBIX NN MECTHbIX).
O6wwue notepu Hanopa AH (m)B nio6om noToke npeacTaBnstoT co6oi cyMmy
FIMHENHBIX 1] i MeCTHBIX /1,, noTepb:

AH =Y h+) h,
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Puc. 13. NoTepun Hanopa: a - NUHeNHbIE;
6 - mecTHble; 1 - TpybonpoBog; 2 - Ha-
nopHas NnHUs; 3 - MECTHOE COMNpOTMBIe-
Hue (anadparma)

INWHeliHble NOTepu Hanopa /1; BO3HMKAKT Ha MPsIMbIX yyacTkax Tpy6 (puc.
13,a). B nuTepaType vHOrOa BCTPEYaOTCs Apyrie BapuaHThbl Ha3BaHwi /1; : noTepm
Hanopa no AfnHe; NoTepu Hanopa Ha TpeHue; NyTeBble NoTepun Hanopa. BennuunHa
h; onpegensetca no dopmyne Béncbaxa B Takom 3anucu:

@_gbg.
3aecb K03 DULMEHT NIMHENHOTO rMOPaBIMYECKOro CONPOTMBNEHNS HAXOANTCA TaKk:

P
l_d’

roe A — koabdULMEHT FMAPABINYECKOrO TPEHNS;
[ — pnvHa npsiMonuHeliHoro yuacTka Tpy6onposoaa.
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KoatbpnLMeHT rvapaBnMyeckoro TpeHust A 3aBUCUT OT peXuma ABWKEHUS
NOTOKa — flaMUHApPHOro unu TypbyneHTHoro (cm. puc. 12).
[Mpy nammMHapHOM pexume

A= 64/ Re.
Mpun TypOYyNeHTHOM pexnme
0,25
A=0]l1 08 + A
Re d

roe A — aBconioTHas LepoxoBaToOCTb CTeHoK TpyBonposoaos. Hanpuvep, y cTa-

pbiX cTanbHbIX TPY6 A =~ 1,5 mm.
CMOpaBAMYEcKMM YKIIOHOM [ HasblBAeTCSH OTHOLUEHWE NUHENHbIX NoTepb Ha-
nopa h; K ONIMHEe noToKa I(CM. puc. 13, a):
1 = h[/ [
MecTHble noTepw Hamopa /1,, BO3HMKAIOT B MecTax peskoi gedopmMaLiun no-
TOKa: Ha MOBopoTax TPYO, B MECTHbIX CYXXEHUSIX UMW pacLUMPEHUsIX, TPOMHMKaX,
KPeCTOBMHAX, B KpaHax, BEHTUNSX, 3aABwkkax. Ha HanopHoOW §nWMHWUM OHWU K30-

OpaxatlTca B Buae nagaroLiero ckadykoobpasHoro yyacrka h,, (cm. puc. 13,6).
dopmyna Béncbaxa Anst MECTHbIX MOTEPb Hanopa MMeeT BUA

ho=Cy

roe gm — KOSC*)C*)I/ILI,I/IGHT MEeCTHOIro rmgpasJjindeCcKoro ConpoTuBIiieHNA. OH npu-
HAMaeTCA ONnA KOHKPETHOIo y4yacTtka p,ecpopmau,vm NOTOKa (I'IOBOpOTa, KpaHa u T.Ll,.)
no cnpaBoYvyHbIM JaHHbIM.

FmapaBnuyeckun yaap

MvopaBnuyeckuii yaap npeactaBnsieT cobon siBNeHUEe WUMMNYNbCUBHOMO W3-
MEHEeHUs1 AaBneHus, npoucxoasiiee B HaMnopHbIX Tpybonposoaax. Hanpumep, ec-
NV Pe3Ko 3aKpbiTb BOAOMNPOBOAHbLIN kpaH (puc. 14), To Boaa, ABUXKYLLASICA CO CKO-
pocTbio V, BbIHY)XAEHa TaK e Pe3Ko OCTAHOBUTLCS. OfHAKO U3-3a Hanuuus UHep-
LIMOHHbIX CUIT ABWXKYLLENCS XUOKOCTU Nepen KpaHOM BO3HWUKHET yAapHOe MoBblLLe-
HWe AaBneHns BenuunHon Ap, KoTopoe HauHET pacnpoCTPaHATLCS CO CKOPOCTbIO
3Byka V ,, B BoZe B 06paTHYI0 CTOPOHY U MOXET MPUBECTM K aBapusim Ha Tpy6o-
npoBoaax.
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Puc. 14. nniocTpaumsa rmgpasnuyec-
Koro yaapa

BenuuuHy Ap (Ma) npu rmgpaBnnyeckoM ygape MOXHO paccumtaTb no qop-
myne H.E.>KykoBckoro:

Ap=pVV,,

rae L — NMNOTHOCTb XWAKOCTH, Ka/mS.

MmapaBnuka oTBepCcTUI U HacaaKoB

Hacagkom HasblBaeTcsi kopoTkas Tpy6a AnuHol obbluHo oT 3 Ao 4 d, ynyu-
LaroLwas ycrnoBus BbITEKAHMSA XUOKOCTU. Hanpumep, ecnun Boga BbiTekaeT u3 6aka
Yyepes oTBepcTnE N Hacagok (puc. 15), KOTopble pacnosiIoXXeHbl Ha OOHOM U TOW Xe
rnybuHe M gnameTpbl KOTOPbIX pPaBHbl, TO B Hacagke pacxon BoAbl OyaeT npu-
mepHo Ha 30 % 6onblue, YeM B OTBEPCTUN.

),

Puc 15. NcTteueHne n3 otBepcTumn
N Hacagkos : 1 - oTBepCTHE;
2 - Hacapgok
Pacxopg Bogbl A4ns oTBEpPCTUS WU Hacagka HaxoguTcsa no gopmyne
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Q= pu,w\2gAH .

3nech Lo — KoadhdULUMEHT pacxoaa (ansa kpyrnoro oteepctus Lp=0,62; ons
Hacaaka #o=0,82 ); @ — nnowagb NonepeyHoro CeYeHms OTBEpPCTUS UIKN Ha-
cajka; — pa3HOCTb HanopoB (CM. puc. 15).

PacuyéTt 6e3HanopHbIX NOTOKOB

PacyéTt 6e3HanopHbIX NOTOKOB COCTOUT B peLleHMM COBMECTHOW 3agadun o
npornycke pacxopa ¢ npuv AONYyCTUMbIX CKOPOCTAX MOTOKa V u reometpuueckux
YKNOHaX I.e0, OHUWA TPYyD, kaHanoB M T.0. BesHanopHblie (co csoboaHoW mMo-
BEPXHOCTbIO) MOTOKN HabMNL4alTCA B KaHanu3auMOHHbIX Tpybax, JOPOXKHbIX J1OT-
Kax, KaHanax; B Npupoge — B pekax, pydbsx.

Mpn pacyéte HGe3HanoOpPHbIX MOTOKOB BBOAWUTCSA AONyLEHWE O paBHOMEPHOM
OBWKEHUN MOTOKA: rEOMETPUYECKUN YKNOH [HA I.pp, CHUTAETCH PaBHBLIM YKIOHY
cB0604HON NOBEPXHOCTU (MbE3OMETPUHECKOMY YKITOHY) U rMAPaBIMYECKOMY YKI10-
Hy [ . [pyr¥Mu crnosamu, NOBEPXHOCTb AHa 1, cBoBOAHas NOBEPXHOCTb NOTOKA 2 U
HanopHasa NuHKsS 3 napannenbHbl Apyr apyry (pyuc. 16). 3To ynpouwiaeTt pacyéT, Tak
KaK onpeaenss rmapasBnuyecknii I, aBTOMaTUYECKN HAXOOAT YKMNOH AHA ey

c 5 0

Puc. 16. besHanopHbIi noTok : 1 - AHO; 2 - cBO6OAHAs NOBEPXHOCTb;
3 - HanopHas nuHus; 4 - Tpybka MNuto; 5 - rbpusoHTans

MoayepkHéM, 4To Ge3HanopHbIt NOTOK UMeeT Hanopbl! [leno B ToM, 4TO Tep-
MUH «BE3HaMoOpHbI» SBNSETCS TPAAULIMOHHLIM, NPaBUMbHEE Xe ero HasbiBaThb
«MOTOK CO cBOBOAHOM NOBEPXHOCTLIOY. Hanpumep, Ha puc. 16 B Toukax notoka A u
B Hanopbl cyliecTsyloT, 1 X 0TMETKM MOryT BbiTh 3aperMcTpupoBaHbl Tpybkamm
Muté cooteetcteenHo [ A v Hp. Pastocts Hanopos H 4 — Hp pasHa nuneinHon
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noTepe Harnopa /; Ha yyacTke noToka AnuHoii /. Bennuuna /1; no npuHsiTomy fo-
nyLLeHuio paBHa AZ — pa3HOCTU BbICOTHbLIX OTMETOK [iHa B Hayane v KoHLe y4yacT-
ka, Tak kak 1 = /1, foeoy = A2/ @ 0 = Lopoy

MecTHble NoTepu Hanopa /1,, Bo3HVKatoT B Ge3HamnopHbIX MOTOKax TaK xe, Kak
N B HANopHbIX, B MeCTax pe3kon gedopmanmm notoka: Ha NoBOpOTax, B TPOMHMKAX,
KPeCTOBMHAX, MECTHbIX CYy>XXeHUAX 1 T7.4. OgHako B pacye€tax 6e3HanopHbIX NOTOKOB
BEMWNYMHBI /1,, OBLIYHO HE YYUTHIBAIOT.

Mpn npoBeaeHN rnapaBnnyecKkoro pacyéta 6e3HanopHbIX NOTOKOB BBOAATCS
OorpaHuyeHnsa No CKOpoCTU (m/c), HaNONHEeHUto hld (c™m. puc. 7,B) 1 YKINOHY
Leom- Hanpumep, npu pacuéte kaHanu3aLMOHHbIX TPY6 AOMKHbI BbiTh BbINOMHEHbI
TPY TaKNX OrpaHnNYeHns:

07< V<4 ;
03<h/d<06;
yd,, <i,,,<0l5,

c2eom
roe d,,,, — BHyTPEHHUI AnameTp Tpy6bl B MM.
[ns pacyéTta 6e3HanopHbIX NOTOKOB LLUMPOKO NpumeHsieTcs hopmyna LLesu:

\/z

lZe‘OM = R . C2 ’
roe R — rmapaBnnyeckun paguyc (m); C— KoadpdpuumeHT Leau.
KoadhpuumeHT Lesu moxHo onpenenutb no doopmyne MaHHUHra

=g,
n
rpe n — KOSC*)CbI/ILI,I/IGHT LLHEepOXoBaTOCTU CTEHOK pr6bl I KaHarna,
R— rmgpasridecknin paguyc, nogcraBnaemMbsi B MeTpax.
CKOpOCTb NOTOKa CBA3aHa C pacxXxogomM COOTHOLWeHnemM Bnaa

V =yw

Takum obpasom, npusenEHHblE POPMYIibl NO3BOSIAKT OCYLLUECTBNATb rMapas-
NNYECKNn pacyeT nobbix 6Ge3HanopHbIX NOTOKOB. OB6bIMHO ANA PacYETOB UCMOMb-
3yl0TCS BCnomMoraTtesbHble Tabnuubl UM HOMOrpaMMmbl, COCTaBSIEHHbIE HA OCHOBE
dopmynel Lesw.

OTtmeTum, 4tO popmyna Llesn cnpaseanveBa Ansi NOTOKOB C TypOYyNEeHTHbIM
pexnmMom. Taknux NOTOKOB Ha NpakTuKe nogasndtouiee 60NbLINHCTBO.

Teopusa dounbTpauumn
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Onpep,eneva, TepMUHbI N 3aKOHOMEPHOCTHU

dunbTpaumen HasbiBaeTCAa OBMXKEHME XUOKOCTM UMK rasa B NopucTon cpege.
Mop cpenon nogpasymeBaeTcs TBEpAasa dasa.

BonbLWKWHCTBO cpepn SABNATCA NOPUCTBIMU: TPYHTLI, BETOH, Kupnuy n 1.4. Ho
He B KaXOoW NOpuCTON cpede npoucxoauTt dunbtpauns. [BumKeHUe XXnakocTu unm
rasa npomcxoguTt TOMbKO MO coobLarwmmcs Mexagy cobon nopam (He 3aMKHy-
TbiM). Kpome Toro, pasamep nop AofmKeH ObiTb JOCTATOYHbLIM 4SS NPOMyCcKa XUAOKo-
ctn unu rasa. Cpefbl C TakKMMu nopamu HasblBaTCA OUNLTPYOLWNMA NN NPO-
HuuaeMbiMW. MpumMmepamn PUNbTPYIOLWMX Cpen MOTryT CIYXUTb HEKOTOPbIE TPYHTHI
(necku, cynecu, CyrnuHKKn), cTpouTenbHble Matepuarnsbl (LwebeHb, NopucTbin 6eToH,
KnpnndHaa knagka). MNpoHuuaemMocTb MOPUCTON cpeabl onpenenseTcsl OnblTHbIM
nyTém.

Bopooynopom HasbiBalOT rPyHT, NPaKTUYECKM He nponycKarowmn sogy. [MuHbl
4acTo ABMAKTCA BOAOYMNOPHbIMU, TaK Kak Nopbl B HUX 3aMKHYTble M Manoro pasme-
pa. HenpoHuuaeMbln e CTPOUTENbHbIM MaTepuan NPUHATO UMEHOBATb rMapPoOun3o-
NAUMOHHBLIM (a2 He BOAOYMNOPHbIM). Tak, B KayecTBe rMapousonsaumm UCronb3yoT
LleMEHTHbIN pacTBoOp, pasfnunyHble BUTYMHbIE MacTUKK, TOMb, pybepouns.

Teopus connbTpaunmm NPUMEHUTENBHO K BOAOCHAGXEHWO M CTPOUTENbCTBY
paccmaTpuBaeT 3aKOHOMEPHOCTM ouNbTpauun BOAbl C LEnbio NpoBeAeHUsa KOnu-
YeCTBEHHbIX PaCYETOB:

— MNPUTOKa NOA3EMHbIX BOA K BO403abOPHbLIM COOPYKEHUAM (CKBaXXMHAM, KO-
noguam n T.4.);

— paboTbl hUNbTPOB Ha CTaHUMM BOAOMNOArOTOBKM NPW NMPUrOTOBNEHUN NMNTb-
€BOW BOAbI;

— MpW NporHo3ax NoaTonneHnsa noa3eMHbIMKU BogaMn TEPPUTOPUIA 3aCTpPOn-
KW;

— npun BbIGOpE CUCTEM CTPOUTENBHOrO BOAOMOHMXKEHUSA ANS1 KOTFOBaHOB,
TpaHLEen UM NoOA3EMHbIX MPOXOAOK B BOOOHACIWEHHbIX FPYHTaX;

— NPU NPOEKTUPOBAHUN APEHaXHbIX CUCTEM (OpPEHaXKEN), MOHMKAKLWNX YPO-
BEHb rPyHTOBbIX BoA (YIB) Ang 3awmtbl NOA3EMHbBIX COOPYXEHUA N MOMELLEHUI
30aHUN OT NOATONSEHUA.

TepMmuHbl Teopun unbTpaumMm BO MHOrOM COBMNagaltT C rmapaBnnyeCcKUMM.
[BWXEHME XMAOKOCTU Npu OuNbTpauum MNPUHATO paccMmaTpuBaTb KaK CrfOLUHOMN
NOTOK, OyaATO 6bl TBEPALIX YacTUL, NOPUCTON cpenbl HeT. [oaToMy (punbTpaUnoH-
Hble NOTOKN hopMaribHO MMEKT CXOACTBO C MOTOKaMu B Tpybax u KaHanax.

Mepeuncnnm anemeHTbl PunbTPaLMOHHbBIX MOTOKOB (TEPMUHDI).

CBoboaHasa NoBepxHOCTb — 3TO rpaHuua pasgena mexagy nofHOCTbH BOLO-
HaCbILLEHHON NOPUCTON Cpeaon N OCyLeHHoM eé vacTblo (puc. 17). Ha aTton rpa-
HULEe [aBreHne paBHO aTMOCHEPHOMY Py - OCOBEHHOCTBIO ABMSETCH TO, YTO
Hag cBOOGOAHOM NOBEPXHOCTLIO B MOPUCTOW Cpeae UMeeTcs KanunnspHasa 30Ha Bbl-
coToun hK , KOTOpasi He MOSIHOCTLID BOAOHAChLIWEHA, HO r4e YacTb Bnaru yaepxvea-
eTCcs KanunnapHbIMKU cUnamMmu nop.
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Puc. 17. Npumep BoaoOHACHILLEHHON NOPUCTOM
cpeabl: 1 - ceobogHas nosepxHocTb (YIB);

2 - Bepx KanunnapHOW 30HbI; 3 - MOBEPXHOCTb
3emMnu

Bce dunbTpaumoHHbIe NOTOKM AENATCA Ha:

— HanopHsble (6e3 cBOOOAHON NOBEPXHOCTN);

— 6e3HanopHble (co cBOOOAHOM NOBEPXOCTHIO).

MprMmepamMn HaNOPHbLIX PUNLTPALMOHHBIX MOTOKOB MOTYT CIY>XWUTb apTe3unaH-
CKue noasemMHble BOAbl, KOTopble Npy BypeHun cKkBaxknH garT doHTaH. MNMpumepom
6Ge3HanopHbIX NOTOKOB SBMSIETCS PYHTOBLIE BOAbI, MpocavMBaloLmecs B KOTroBa-
Hbl M TPaHLLEW, YTO PAaCCMOTPEHO HUXE.

Onpenenenns nNuMHMM TOKa, Nowagn XMBOrO CeYeHuss noTtoka @ (M2) n
cdunbTpaumonHoro pacxoga Q (M3/cym) MOXHO WCMONb30BaTb rMapaBinyeckune
(cm. rmgpogmHamuky, c. 13). Ho B OTHOLIEHUN (D HYXXHO y4uTbIBaTb, YTO 3TO MSl0-
Laab BCA — M nop, u TBEpAoKN dasbl, TaK Kak B Teopun punbTpaunm NpmMHATO CHK-
TaTb NOTOK CMNMOLWHbLIM (YCNOBME CNIIOLIHOCTK).

[BvXeHne notoka npu punbTpaumm BCcerga NnponucxoguT nog BNUSHMEM pas-
HocTv HanopoB AH (M), oT Gonbluero Hanopa K MeHbLLIEMY.

dunbTpaunoHHbiii Hanop H (M) HaxoguTcs dopmarnbHO Kak rugpocTaTuye-
CKUI:

H=z+h = g4 Pws
" y

TaK Kak B HEM ODObLIYHO He Yy4UTbIBAETCS CKOPOCTHAd COCTaBnstowas Hanopa hV
(cM. rmgpogmMHamMmyeckun Hanop, . 15) n3-3a marnbix CKOPOCTEN OABWKEHNSA XKNOKO-
CTWN no nopam. B rpyHTOBbIX BOAax Hanop B MeTpax Mo BbICOTE MOXET OTCYMTbI-
BaTbCA OT BOAOYNOpA, €CN NOBEPXHOCTb NOCNELHErNO0 MOXHO NMPUHATbL 3a rOPU30H-
TanbHyt nnockoctb (puc. 18), HO MOXeT Takke NPUHMMAaTbLCS Kak abconoTHas
reogesnyeckas oTMeTka cB0604HOM NOBEPXHOCTM MNOTOKA (CM. C. 12).
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L3 AH

&

Puc. 18. MNMoTok rpyHTOBLIX BOA: 1 - BOgoynop; 2 - YI'B; 3 - ckBaxuHa

PunbTpaLMOHHLIA NOTOK MO XO4Yy ABWXEHUS BCerga TepsieT Hanop us-3a BHY-
TPeHHero TpeHus xuakoct. OTHoweHne noTtepb Hanopa AH (M) k anuHe nytu
dunbTpaumm [ (M) HasbiBaeTCA Mbe30METPUYECKUM YKMOHOM UMW rpafveHToOM Ha-
nopa (BenuyuHa 6e3pasmepHas).

I=AH/I.

CKopocCTblo dounbTpauum qu (M/cym) HasblBaeTCs OTHOLIEHWE (hunbTpaum-
OHHOro pacxoga Q (M3/cym) K nNfoLwaan >XnMBoro cevyeHus notoka (M2)Z

qu = Qw.
Tenepb, Mes BblLlenepeymcrieHHble TepMUHbI TeOpUn unbTpaunmn, npuse-
JEM e€ OCHOBHOW 3aKOH.
3akoH [Japct (OCHOBHOW 3aKOH ourbTpaumm) CBs3bIBAET CKOPOCTb hunbTpa-
Lum ¢ (M/cym) ¢ koadhpuLMeHTOM bUnbTpaLmnm NopuUcTon cpeabl kqb (m/cym),
Pa3HOCTbID HanopoB (NOoTepssMM Harnopa) AH (M) n gnuHon Nyt omnNbTpaumm /

AH
o=k o

PunbTpauMOHHbIE XapaKTEePUCTUKM MOPUCTLIX cpen onpeaensitoTCs OnbITHbIM
nyTéM. HekoTopble 13 HUX npuBedeHsl B Tabnuue.

KoappumumeHTt dunbTpauum kqb XapaktepusyeT MNpOHMLAEMOCTb MOPUCTON
cpeabl. KoapdumuneHT BogooTaaun [lg (BenudnHa bGespasmepHasi) nokasbiBaer,
CKOJMbKO BOAbl MOXET OTAaTb NPU OCYLLUEHUN FPYHT B A0NSAX eANHULbI ero o6bEMa.
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KoagppumumeHT KoagppunumeHT
MopucTtas cpena dunbTpauum BOAOOTAAYN
kqb, m/cym s

BopoynopHble ruHbl,
NNOTHbIM 6EeTOH Menee 0,01 Menee 0,05
CyrnuHku 0,01 —0,5 0,05 —0,1
Cynecu 0,5—2 0,1—0,2
Meckn 2—50 0,2—0,25

dunbTpaunoHHbIe PacYEThbI

B cTtpoutenbHon npaktuke 60NbLINMHCTBO (PUNbTPALMOHHBLIX PAacYETOB CBs3a-
HO C onpegesieHNeM BOAOMNPUTOKA FPYHTOBbLIX BOA Q (M3/cym) B TpaHLWEN N KOT-
noBaHbl, C Uenblo 3abnaroBpeMeHHOro nogbopa HacocoB ANl BOAOOTNMBA Tak,
4TOObI X NPOM3BOAUTESIBHOCTL Oblfla HE MeHee BENNYUHDI Q.

‘pyHTOBBLIE BOAbI (CM. puc. 18) — 3TO NOA3EMHbIA BOLOHOCHbLIA FOPU3OHT,
MMeELWNN CBOBOOHYIO NMOBEPXHOCTL (T.€. YPOBEHb IPYyHTOBLIX Bog — YIB) u 3ane-
ralowmm Ha NepBoM OT MOBEPXHOCTU 3eMnin Bogoynope. Takum obpasom, rpyHTo-
Bble BoAbl sBnatTCcA 6e3HanopHbiMW. OHM 3anerawT B NPOHMUAEMbIX FPyHTaX
(neckax, cynecsx, CyrfiuHKax), UMeKLWmnX HEKOTOPbIN KOIPMPULNEHT unbTpaumnum
kqb. OHWN MMEKT HEKOTOPYH €CTECTBEHHYI MOLLHOCTb H¢ , B npepenax kotopon
FPYHT NOJSTHOCTBLIO BOAOHAackIWeH. YI'B pernctpupyetcsa ckBaxXmuHamu, OTKPbITbIMU B

aTMocdepy (CKBaXXMHaMU-Nbe3oMeTpaMi).

3akoH [apcu crny>XuT OCHOBOW AN MOMyYeHUs pacyYETHbIX hopMyn nNpu pas-
NNYHBIX CnyYasx punbTpauumn, KOTopble MOryT HabntoaaTbCa Ha NPaKTUKE.

B kayecTBe npumepa nokakem, Kak MOXHO BbIBECTU hopmyny Anda onpege-
NEeHna NpUToKa rPyHTOBLIX BOA B TPaHLUEK MpU UCMOMb30BaHUM 3akoHa [dapcu n
rmapasnnyeckmx NPUHLMMNOB.

Ha puc. 19 nsobpaxeHa TpaHLues AnvHol B. B HalweMm npuMmepe CBOMM AHOM
OHa goxoaut oo sogoynopa. MNpubbiBatowasi B TpaHLWer rpyHToBasd Boga NOCTOSAH-
HO OTKa4YMBaeTCss HACOCOM C PacxogoMm Q. 9ot pacxop cKfaablBaeTcsi U3 NnpaBoro
Q,-, N neBoro Q,-, BOOOMPUTOKOB IPYHTOBbLIX BOA. [IBWKEHWE rpyHTOBbIX BOA K
TpaHLwee NPOUCXOAUT U3-3a pa3HOCTM HaNopoB B BOOOHOCHOM nflacTte U TpaHwee
AH=H9—Hm. Hanopbl oTcuntbiBaeM OT MOBEPXHOCTU Bogoynopa. OnuHa nyTtu
JunbTpauum Lt (c™m. puc. 19,6) HasbiBaeTCsA 30HOM BNMSIHUS OTKayku. B npegenax
3TOM 30HbI eCTeCTBeHHbIN Y[B nocTteneHHO NoHmXaeTcsa B CTOPOHY TpaHLLEen 1 Ho-
CWT HasBaHWe KpUBOIi Aenpeccun. 3oHa BNUsSHWA oTkadku Lt ¢ TeueHnem BpeMeHH
yBenmymBaeTcsa. ATO NMPOMCXOOMUT M3-3a OCYLUEHUA rpyHTa BOMM3K TpaHLleun, Kpu-
Basi Aenpeccun ctaHoBuTcst Gonee nomnoroit n AnuHHoN . Benuuuny Ly (M) MoxHO
onpeaenuTb Tak:
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2
L, 1
L, 2
3
|eI
B
1 7
°) I-1
5 7. Q
\
v ..‘.;'.7\\.-_' .. ) ,-/';
He 4 _> .6 HTT — kd) P
Lt Lt {
4 7 7

Puc. 19. dunbTpauusa B TpaHLLeto: a - nnaH; 6 - paspes; 1 - TpaHwes;
2 - HanpaeneHve unbTpaumu; 3 - rpaHuya obnactu punsTpaumy,

4 - Bogoynop; 5 - ectecTBeHHbIN YIB; 6 - noHWwxeHHbIN YIB (kpuBas
aenpeccun); 7 - Hacoc

k,H, t
K,

L =173

roe t— BpeMd OT Ha4alra OTKa4ku, cym.
Pacnuwem BOOOMNPUTOK NPYHTOBbIX BOA B TPAHLUEH!

Q= Q.+ Q.= Vpo+ Vyo.
CkopocTb hunbTpaLmm No 3akoHy [lapct BblpaxaeTcs Tak:
AH H -H
V, =k, ==k e

t
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CpefHo BENMUYMHY MoLanm X1MBoro cedeHns omnbTpauMoHHOro NoToka ne-
peMeHHON BbICOTbI B Npeaenax kKpmsomn genpeccun (cMm. puc. 19,6) MoXXHO 3anucaTb
Tak:

H,+H
2

lNogcTaBnss Vd) n (U B BbipaxeHue ansd Q , NOcCIe 3JieMeHTapHbIX BblKI1a-
AOK NoJty4ynm CbOpMyJ'Iy Ana onpeneneHna NpuToka rpyHToBbIX BOA B TPaAHLIEH:!

H>-H?
Q=k,B——"

w=2B-

t
MpuTOK rpyHTOBLIX BOA, OUNbTPYOLMUXCA B koTnoBaH (puc. 20), konoaew, unm

CKBaXWHY, MOXHO onpeaenuTs no dopmyne (npmvsoanTtcs 6e3 BbiBoaa)
2 2
7k, (H o—-H K)
In(R,/r,)

roe He —ecTecTBeHHbIN HANop B rpyHTOBLIX BOAAX (MX MOLLHOCTb);

H, — nanop B koTnosaHe (croi Boabl B KOTIOBaHeE);
Rt — pagwnyc snusiHua oTkauky;

V'x — paguyc KoTnosaHa,

T=3,14;

In— HaTyparnbHbIN norapngm.

Benuuunny Rt MoXHO HalTu Tak:

k,H 1
K,

R =15

roe [ — BpeMd OT Ha4daria OTKadku, cym.

KoTnoBsaH c peanbHOM NnaHOBOW KOHUrypaumeun nnowanbto F NPMBOAUTCA K
paBHOBESIMKOMY YCIIOBHO KPYrrnomMy KOTSIOBaHy pagnycom

ro=\F/x

Boponputok (Q B TpaHLLen u KOTNOBaHbI MakcUManeH B Havasie OTKauku U
YMEHbLIAETCs C TeYEHMeM BPEeMeHU oaHoBpemeHHo ¢ ysennderunem L nnun Ry
310 06BACHMMO MOCTENEHHON CPabOTKOM BOOOHOCHOIO TOPU3OHTA (OCYLLEHUEM
rpyHTa) BONU3K CTPOUTENBHOWN BLIEMKM.
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AspoauHamuka (MexaHuka rasa)

AspoanHaMUKON Ha3biBAETCA pasfen MexaHUKN XXUOKOCTU U ra3a, usydaroLwum
3aKOHOMEPHOCTMN MOKOS N ABMKEHUA ra3os.

B obnactu crtpoutenbcTBa aspoauHaMUYECKME PACYETbI CBSA3aHbI NaBHbIM
obpa3omM C BO34yXOM, Ha KOTOPbIA B OCHOBHOM U BygeM OpuveHTUpoBaTbCA B AaH-
HOW KHUre.

MHorve rugpaBnmyeckue NPUHUMMNbI COXPAHAKTCA M Ans ra3oB, Tak Kak Mo-
clnefgHue 4acto CYMTaKT YCNOBHO HECXKMMaeMbIMW, Kak U Xugkoctu. [loatomy B
a’poanHaMMKE MHOIO CCbISTOK Ha 3aKOHOMEPHOCTU rMapaBInKK.

[MonoxeHna asapoanHaMUKN UCMONb3YKTCA AN pacdéTa CUCTEM BEHTUNALUN
N rasocHabxeHna 30aHui, NpU onpefenieHun BEeTPOBbIX HAarpy3oKk Ha CTpou-
TenbHble KOHCTPYKUWUW, B pacyéTax MpoAyBaeMOCTU XWUITbIX MUKPOPaAMOHOB, AJIS
OLIEHKN BO34YXOMPOHNLAEMOCTN CTEH N OKOHHbIX MPOEMOB 34aHUMN.

dusnyeckme cBoOUCTBa ra3oB

OnpepeneHns NAOTHOCTM O, yAENbHOro Beca ¥, BA3KOCTU AUHAMUYECKON LI U
KMHEMaTMYEeCKOM V, NPUBEAEHHbIE ANSA XWUOKOCTU B rmapaenuke (cMm. c. 6—7), oc-
TaloTCca B cune n Angd rasa.

MNMnoTtHOCTbL

MnoTHocTb rasa PO (K3/M3)B 3aBUCMMOCTM OT AaBrfeHUs U TeMnepaTtypbl MOX-
HO onpenenutb No popmyne KnanenpdHa

p — pc m
RT
rae pPcm — cTtaTudeckoe fasneHne B rase, [la (aHanorm4Ho rmapoctaTuyeckomy

— CM. c. 8);

Re — rasoBas noctosiHHag, x/(ke: K);

T — abconiotHaa TemnepaTypa rasa B rpagycax Kénbsuna (K), Bblumcnsemas

yepes Temnepatypy [ ° B rpagycax Llenbcus (° C) no doopmyne

T =1t°+273°.

Hanpumep, nnotHocTb Bo3ayxa npu £ °=+20 °C, HopManbHOM aTMOCHEPHOM
AaBnednmn Pey = Pamu = 101325 Ma n cootBeTcTBYIOWEN rA30BON NOCTOSHHOM
R_=287 [x/(ke-K) cocTaBuT no doopmyne KnaneipoHa

0 =101325/287(20+273) = 1,2 ka/m3 .

B npakTndeckux pacyértax Bo3gyxoobmeHa B 34aHMsIX, B YaCTHOCTM Npu ca-
MoyZaneHMM Harpetoro Bo3gyxa M3 MOMELLEeHMM MO KaHanam eCTeCTBEHHOW Bbl-
TSDKHOM BEHTUNALMM HapyXy NIOTHOCTb BO34yxa onpenensercs ynpoLwéHHO npwu
yCrnoBuUM MOCTOSIHCTBA AasneHusa (M3obapHbi npouecc): Pem= Pamn=101325 lla.
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OTO 03HayaeT, YTO MMOTHOCTb BO3Adyxa O CHMTAETCH 3aBUCSLLEN TOMbKO OT ero
Temnepatypsl 1. B panbHeiiwem 6ygem umeTb BBUAY TOMLKO TaKyl MPOCTENLLYIo
3aBUCUMOCTD.

YpenbHbIN Bec

YpenbHbln BeC rasa }/(H/M3) HaxoguTca no gopmyrne:
y=pPE&
Bs3kocTb

AvHamuyeckas BA3KOCTb Bo3ayxa L ([1a-c) moxeT ObITb onpeAeneHa no aKc-
nepumMeHTanbHom popmyne P.O3. MunnukeHa
1 =1745-10"° +503-10"¢°,
roe 1 ° — Temnepatypa, ° C. Hanpumep, npu £ °=+20 °C Bbluncnsem auHa-
Muyeckyto U =1,85-107° [la:C 1 KMHEMATU4YECKYI0 BAKOCTb BO3Ayxa V = ,u/p =
=1,85-1079/1,2 = 1,54:10"° m?/c.
Ob6paTtnTe BHUMaAHME, YTO C YBENMNYEHMEM TeMnepaTypbl BA3KOCTb rasa yBe-

NUYNBAETCH, B OTNNYNE OT XUOKOCTEWN, KOTOpblE NMPpUN HarpesaHMn CTaHOBATCA Me-
Hee BA3KMW.

CtaTuka rasa

CtaTvka rasa — 9T0 pa3gen aspoauHaMuky (MeXaHUKU rasa), uyyarowui 3a-
KOHbl paBHOBECKSI MOKOSILLIEroCsi rasa v pacnpenerneHunsi B HEM gaBreHus.

CrtaTnyeckoe pnaBreHue

Cratnyeckoe pasneHve P, (l1a), nencTtsylollee B NokosLleMcs rase, ckna-
AblBaeTCa U3 BHELIHEro OaBfeHust Ha ra3 pPo Ha HEKOTOPOM TOPU3OHTalIbHOM
YypOBHe (Hanpumep, 3amepeHHoe 6apoMeTpoM atMocdepHoe AaBneHne) u aasrne-
HMsA COBCTBEHHOro Beca rasa (BecoBoro AaBrneHus) p, = ;/h (puc. 21):

Pem =Potyh=pot+pgh ,

roe h — BbICOTa CJI04 rasa Hag TO4YKOW, B KOTOpOI;I ornpependeTca cratn4eckoe
JaBrneHune. I"IpMBenéHHoe ypaBHEHNE aHallormM4HO OCHOBHOMY YpaBHEHUIO Tnapo-
CTaTUKN (CM. C. 8) OHo nokasblBaeT, YTO AaBfieHNE B rase, Kak U B XXMOKOCTWN, C U3-
MEHEHMEM BbICOTbl MEHSIETCS NO NIMHENHOW 3aBUCUMOCTM.
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Puc. 21. Cxema K onpegeneHunto ctaTuyeckoro
aBneHus
A B,

an60pbl AnA nsMmepeHus aaBreHuns

Ana namepeHns BenUYMHbl CTaTUYECKOro OAaBNEHUs D, MOTYT MPUMEHATLCS
cnegywoume npnbopsbl:

—0bapomeTpsbl (M3MepAT aTMOcepHoe aaBrieHue);

—MaHOMETPbI (M3MePSIOT U3OLITOYHOE AaBNEHUNE);

—BaKyyMMeTpPbl (U3MEPSAIOT BakyyM — CM. C. 9).

[asneHune B rase B cucteme CU nsmepdaeTcs B nackansax (I'Ia=H/M2), KoTOopble
CBSI3aHbl C MUNNIMMETPaMM BOASHOIO cTonba u kec/cm? Tak:

1Ma=0,1 mmeod.cm. = 1075 kac/cm? .

B aTtmocdepHom Bo3ayxe ctatudeckoe aaBreHue P, paBHO aTMocepHoMy
Pamm Ha ypoBHe, rae oHo mamepsieTcs bapomeTpoM. [Ana Apyrnx ypoBHen Aena-
eTcsl nonpaska pgh C NNOCOM mMnNu MuHycom. Hanpumep, B aTmocdepe npwu
[°=+20 °C paBneHve npv noabEMe Ha Kaxable BOCEMb METPOB YMEHbLUAETCS
npvmMepHo Ha 100 [1a — 3TO MOXHO NPOBEpPUTL MO hopmyne Ans Pey,.

MNpv namepeHun P, B pesepsyapax (puc. 22) pasnuyaroT gsa cryyas:

1. Koroa BHyTpu Oasnexve Gonblie atMmocdepHoro (Pem > Pamum), TO UC-
nonb3ytTcs 6apomeTp U MaHOMETp M Toraa

Pem = Pamm + Puan »
rae pyan — AaBrneHne maHoMmeTpuyeckoe (M3BbbIToYHoe).
2. Korga BHYTpM paBrneHne meHblle atMocdepHoro (Dem < Pamu), TO UC-
nonb3yTcs 6apoMeTp 1 BakyyMMeTp 1 Torga

Pem = Pamm — Ps

rae Pe — AaBneHne BakyymmeTpuyeckoe (CM. c. 9).
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Puc. 22. Cxema k uamepenuto p 1 - pesepsyap;
cm

2 - bapomeTp; 3 - MaHOMETp (Unn BakyymMMeTp)

Anopbl AaBneHus

[ns pacyéta Ha NPOYHOCTb 3aMKHYTbIX KOHCTPYKLWIA, orpaxkgaroLmx ras (Tpy-
6onpoBoaos, 6annoHoB, pe3epByapoB, ra3rofbAEpPoB U T.4.), Ha UX NOBEPXHOCTSX
CTPOSAT 3MNOPbI AaBMEeHUS:

— U3BbITOYHOIO Dy = Pem — Pamm  (PUC. 23,a);

— BaKyyMMETPUYECKOro Pg = DPamu — Pem (pPUC. 23,0).

OTW AaBneHns ABNAKTCA Pe3yribTUPYIOLWMMU, TO eCTb pakTUYECKU OEeNCTBYHO-
LLUMMM Ha KOHCTPYKLMIO. ONIOpbl AaBMEeHNA Ha puc. 23 NOCTPOEHbI C npeHebpexe-
HMEM WM3MEHEHUS LaBfeHust Mo BbICOTE pes3epByapa, NO3TOMY Ha BepTuKarbHbIX
CTEHKaX OHW MPSIMOYroSibHbIE, a He TPeyrosfibHble KaK AMfs XUAOKOCTU (CM. puc. 3).
Takon npuém gonyckaeTcs Ans rasa npu HebONbLUMX BbICOTaX M3-3a ManocTu ero
yOenbHOro Beca. Jnopbl AaBneHust crnyXaT UCXOOHbIMU AaHHbIMW AN pacyéTa
KOHCTPYKLMIM Ha NPOYHOCTb MeTogamum conpomara.
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Puc. 23. Ontopbl faBneHns Ha NOBEPHOCTb

pesepsyapa:a-p >p 6-p <p

amm

MNpuBenéHHoe cTaTUYecKoe AaBneHue

Cratnyeckoe gaBneHue P, He BblpaxaeT yCnoBus paBHOBeCUs (MOKos) rasa.
Hanpumep, ra3 nokoutcs, HO Mo BbICOTE B Pa3HbIX €ro ToYKax BenuumHa P, pas-
Hasl, TaK kaK /1 IBnsieTcsl NepeMeHHol. B ruapaBnvke NMPUMEHSIETCS MOHSTUE M-
pocTaTuyeckoro Hanopa F (cm. c. 11), KOTOPbIN AN BCEX TOYEK MOKOSALLENCS Xna-
KOCTM oauHakoB. OgHako Ansa rasa Hanop He yaobHO BBOAUTL M3-3a NepeMeHHON
MNOTHOCTK O, 3aBUCALLIEN OT Temnepatypbl. [10aToMy B rase Ans 3HEPreTU4eckoro
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CpaBHEHUS ero Tovek yAoBHO MCcnonb3oBaTb MOHATUE MpusedéHHO20 cmamudye-
CK020 OasrieHusi (puc. 24):

pnp.cm =,ng *Pem
rae OZZ — AaBrieHne MoNoXeHWs TOYKM rasa, OTCTOSLLEN Ha BbICOTY Z OT HyNeBOW
ropusoHTansHon nnockoctu otcyéra O-O; P — nnoTHocTb rasa, coOTBETCTBYHO-
Lias TemnepaTtype B paccMaTpuBaemoil Touke. [pyrumMu crnosamu, Py, e, NPUBO-
AVT AaBleHUs B PasnuYHbIX TOYKax K OAHOMY YPOBHIO O-0.

t _
© V=pg
P

CT

Puc. 24. Cxema K NOHATUIO NPUBEAEHHOIO
CTaTUYeCcKoro JaBrieHUs

pnp.CT

YcrnoBre paBHOBECKUS! Frasda MOXXHO CHOPMYNMpoBaTh TakK: ecnu NpuBeaéHHble
cTaTUYeckme AaBneHust Dy, e, B PA3NIMYHBLIX €70 TOYKaX O4MHAKOBbI, TO ras Moko-

I RS

hg .. . . B
o A
Y= pg=const t"= const

z, .
A

z

;_- - . — . _ . _ . A

0 0

Puc. 25. CpaBHeH\e NpuBeAEHHbIX AABNEHUIA D
np.ct

PaccmoTtpum npumep ansa todek A u B nokosiwerocs rasa (puc. 25):
B Touke A

pnp.cmA =PLCZA * PemA = PLZA T Pamm T ,OghA =Pamn T ,Og(ZA + hA);
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B Touke B
pnp.cmB =PLgZB * PemB = PLZB* Pamm T ,OghB =Pamn T ,Og(ZB + hB);

Takkak Zp + hA =Zp+ hB » TO Dup.cmA = Pnp.cmB -
3Hal‘||/1T, dHepreTn4eckoe CoCToAHME ra3a B obeunx To4ykax O MNHaAKOBOE, 4YTO yKa3bl-
BaeT Ha paBHOBECHOE COCTOAHUE MNMOKOA, OTCYTCTBUE OBUXEHUA.

IOnHamuka rasa

[dnHamuka rasa — 970 pasgen aspoanHaMUKKN (MexXaHUKK rasa), nsyyaromm
3aKOHOMEPHOCTU ABWXKYLLUMXCA ra3oB (MOTOKOB rasoB). bygem paccmaTpusarh,
rnaBHbIM 06pa3om, BO3gYX.

Ha npakTuke aBwkeHue Bo3gyxa NoLOOHO ABWXKEHUIO HECKMMaeMOW Xua-
KOCTM (Kak B ruapasrnvke). PasHuua COCTOUT NuWb B (PM3MYECKUX CBOWMCTBAxX
(NNoTHOCTK PO, BA3KOCTU V) 1M B UCMONb3OBAHUW AN ras3a BenuvnH AaBneHus Bme-
CTO Hanopa.

CnoBapb asapoanHaMU4eCKUX TEPMUHOB

A3dpogMHaMnyeckyto TEPMUHOSOIMIO NPUBEAEM B COMNOCTaBNEHUM C rmapaBnu-
YeCKOW.

AHarnornsa HanopHbIM 1 Be3HaNOPHbLIM MOTOKaM XMUAKOCTU CyLLecTByeT U B ra-
3ax.

[MoTok rasa B TpybonpoBoae, 3aKpblTOM KaHasne unn Bo34yXOBOAe 3anosiHAeT
ceYveHue MosHOCTbI0, CoMnpuKacasdcb CO CTEeHKaMn, MO3TOMY OH aHanorn4yeH Hanop-
Homy. Takue NoToku, HanNpumep, Habn4alTCs B CUCTEMAX BEHTUNSLNN.

AHanoruo ¢ 6e3HanopHbIMU MNOTOKAMMN MOXHO NMPOCneanTb B Tak HasbiBaeMblIX
cBoboHbIX CTpysax. Hanpumep, B CTpysiX TENNOro BoO3Ayxa — BO3AYLUHbIX 3aBecax,
yCcTpanBaeMbliX 3UMOW Npu Bxode B 0OLLECTBEHHbIE 30aHWS.

B aspoavHaMyike onpedeneHus NroLiaamn XUBOTo ceveHust @, M2, pacxopa
notoka Q, m3/c, CKOPOCTW NoToKa V M/C, MOXXHO UCMONb30BaTb rMapaBfiMyeckmne
(cMm. rmgpoanHamuky, c. 13), 3aMeHMB CIIOBO «XKWOKOCTb» Ha «rasy». BenuuuHbl
CKOPOCTEN B CETSAX BEHTUNALMM N OTOMMEHUA 34aHun obbl4HO nexaT B npegenax
0,5—1,5 m/c.

Ans Tpy6onpoBogoB, KaHaNoB U BO34YXOBOLOB KPYIforo Ce4eHust pacy€THbIM
reoMeTpu4eckMuMm napameTpoMm SBNSeTCs BHYTPEHHWUA auMameTp d. Ecnn ceueHue
HEeKpyrmnoe, To ero NPUBOASAT K YCNOBHO KPYrfiOMYy C 3KBUBASIEHTHLIM ANAaMEeTPOM d,
no dgpoopmyrne

d,=4wly,
rae Y —nNOnHbIN NepuMeTp ceveHuns (Kak Ans HarnopHon Tpyobl).

Hanpumep, ans Bo3gyxosoga NpsMOYroSfibHOro CE4YEHUsa Co CTopoHamMn d m b

3KBMBANEHTHbIN AuamMeTp HaxoauTcs Tak:
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d,=4wly =2abl/(a +b).
YpaBHeHMe Hepa3pbLIBHOCTU NOTOKA

YpaBHeHme Hepa3pblIBHOCTU MNOTOKa ra3a, oTpaXarlLllee (1)|/13W-IeCKI/II7I 3aKOH
COXpaHEHUA MaccChbl, BbIrMMAOUT TakK:

V1601 = V2602 ,

TO €CTb TOYHO TakK Xe, YTO U Ans Xugkoctn (cm. €. 14), n ¢ TeEM Xe CneacTBUEM:
NPV YMEHbLUEHMM NSIOLWAAM KMBOIMO CEYEHUSI CKOPOCTb NOTOKA YBENNYMBAETCS, U
Hao0bOopOT.

MNpuBenéHHoe NnonHoe gaBneHue

B ntobon Touke ABMXKyLLErocd rasa 4eyCTBYeT NosiHoe AaBlneHne
Pn =Pem *Po,
rae Pem — CTaTI/I‘-IeCKoe AasreHune (cMm. c. 35);

po=p / 2—MHamMuyeckoe AaBneHve, oTpaxaroLlee KMHETUYECKYIo SHep-

rM0 NOTOKa rasa.

OpHako BenuymMHa MOSHOro AaBreHust P, He OXBaTbiBaeT MOSHYI 3HEPruio
TOYKM ABWXKYLLErocs rasa, Tak Kak B HEW He COOEPXUTCS AaBreHue MONOXeHUs
TOYkN PZZ. MNo3aToMy B KauyecTBe 3HEepreTMHecKor XapakTepucTUKM mobon TOYKK
NOoTOKa rasa BBeEM MNOHATUE rpusedéHHO20 os1Ho20 dasrneHusi (puc. 26):

2
Pnpn = PLZ ¥ Pem * V /2
MepBble ABa uneHa PZZ + P, NPEACcTaBnsaT cobO NOTEHUMABHYIO YacTb
aHepruu, a nocneaHuit OV /2 — kuHeTnueckyio.

41



Puc. 26. Cxema K NOHATUIO NPUBEAEHHOIO

NoJIHOro AaBneHusa pnp q

YpaBHeHue BepHynnu ans rasa

PaccmoTpuM noToK rasa, NpoxoAsiwmin no TpybonpoBogy NepeMeHHoOro ceye-
HUS (pyc. 27). B nepBoM ceveHwun NpuvBEAEHHOE MONHOE AaBreHue PaBHO Py pj-
[Mpy npoxoxaeHun no Tpybe YacTb Py, ,; HEOOPaATUMO NoTepsieTcs 13-3a NposiBre-
HWUA CUIT BHYTPEHHEro TPeHusi rasa M BO BTOPOM CEYEHUN 3HepreTnveckasi xapak-
TePUCTMKa YMEHbLUNTCS [0 Dy 2 HA BENUYMHY NOTEPL AABMNEHNS Apnom.
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Puc. 27. Cxema K ypaBHeHuto bepHynnu ons rasa

YpaBHeHue BepHynnu aons rasa B NpocTeiemM Buae 3anmcbiBaeTcs Tak:

pnp.n] =pnp.n2+ Apnom ;

TO €CTb 3TO YpaBHEHWE ANS OBYX CEYEHMIN NOTOKa B HaMpaBneHUn ero OBUKEHMS,
Bblpa)XEHHOE Yepe3 NpuBeAEHHbIE MOSHbIE AABNEHNS U OTpaXaroLee 3akoH coxpa-
HEHWUS1 3HEPrUK (YacTb IHEPrUM NEPEXOAUT B NOTEPU) NPU ABUKEHMU rasa.
YpaBHeHue bepHynnu B TpagMuUMOHHONM 3anucKy Mnosfy4ymMM, ecriv B nocregHem
paBeHCTBE PacKpoeM 3HaueHUst NPUBEAEHHDBIX NOSTHBIX AABNEHWA Dy 1 M Pup. n2:

Ve \
0121 = 0,82, + D, ,a+p222+Apnon '

OHepreTn4ecKnin CMbICn ypaBHeHUS BepHynnu onsa rasa 3aknioyaeTcd B TOM,
YTO OHO OTpaXKaeT 3aKOH COXPaHEHUs! AHEPrun, a reoMeTpPUIECKUn He paccmaTpu-
BaeTCs, TaK Kak BenM4YMHbl B HEM BblpaXkaloTcsl B eguHuuax gasnenus (1a), a He
Hanopa (m).

P&zt P a4t

Pa3HocTb paBneHun u notepu AaBneHus

OcobeHHoCTH TeEPMUHOB «Pa3HOCTb AaBneHumn» " «noTepwn aaBreHunsA » rnosc-
HUM Ha npumMmepax.

[1BmxeHne rasa nponcxoanT TOJIbKO MpU Hanndnm pa3HOCTU I'IpI/IBeJJ,éHHbIX
NONHbIX AaBNeHun

Apnp =pnp.n] _pnp.nZ
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OT TOYKU C BOMbLUNM AABNEHUEM Dy, ;7 K TOUKE C MEHbLWUM Dy, 42. Hanpu-
Mep, 3TO ABNsAeTcs ycrnoBnem paboTbl CUCTEM €CTECTBEHHON BEHTUNALUN 30aHUN:
ANs yAaneHus BO3fyxa U3 MNOMELLEeHUst AaBneHue Py, , BHYTPU LOMKHO ObiTb
OonbLue, YEM CHapYXW.

MoTepu paBneHus Apnom OoTpaxkaloT NOTEpPH MOSIHOW JHEpPruM noToka npu
ABWXEHUN rasa. Hanpumep, yem gnvHHee BO34YyXOBOA, MEHbLUE €ro NpOxXOAHoe
ceyeHue, LuepoxoBaTee ero CTeHku, Tem bonbwe GyayT notepu AaBNeHUA B CUC-
TEMe BEHTUNALUKN, YTO MOXET YXYALWTb yOaneHne HecBeXero Bo3gyxa u3 rnome-
LLIeHU. B nokoswemcs rase HUKaknx NoTepb AaBMEHNs HeT.

I"Ip|/| yCTaHOoBu/BLUEMCA AOBWXEHUN rada Pa3HOCTb AaBneHun paBHa nortepam
AaBlneHnaA:

APrp = ADnom,
YTO SABNSIETCA ypaBHeHUeM BepHynnu B npocTenwien 3anmcu (CMm. c. 42).
Taknm 0bpa3om, «pas3HOCTb AaBMeHUn» ABMSAETCH NPUYUHON OBWKEHUS rasa,

a «noTepw AaBreHus » — crneactemem. Mpu ABMXKEHUN rada OHN YUCIIEHHO PaBHbI.
N3amepstoTcst oHM B OOHUX U Tex ke eanHuuax CU — nackansx (7a).

Pexumbl AoBMXeHUA rasa

Mpn npoBedeHUN a’apOAMHAMUYECKOro pacyé€Ta B MNEpPBYK oYepedb HYXXHO
BbISICHUTb, KAKOW pexum aswkeHnsa byaeT HabnogaTbCsa y 4aHHOro noToka rasa.

Pexnmbl ABWKEHNS ra3oBbIX NOTOKOB AENATCA Ha ABa TUNa (Tak Xe, Kak B Xu-
AKOCTAX):

1) NnamMuHapHbIA, CNOKOMHbLIN, NapannenbHOCTPYNHbIW, MPY MarnblX CKOPOCTSIX;

2) TypbyneHTHbIN, BUXpeobpasHbli, Npu D0MNbLINX CKOPOCTSX.

[ns BbIAICHEHMA TUNa pexnma HyXHO pacCyHuTaTb YUCIIO PenHonbaca Re n
CpaBHUTb €ro ¢ KpUTNn4eCKnMm Rer AnA rasa.

UYucno PéiHonbaca ansi rasa Re Buiuncnsercs no dopmyne:

Re =Vd,/v,
roe d; — SKBMBANEHTHbIV AMameTp TpyGONpoBOAa, BO3AYXOBOAA UMK KaHama (CM.
c. 40); d;, =d, ecnu TpybonpoBOa KPYrnoro ceyeHus.
Kputuyeckoe uncno PenHonbaca ans rasa Rerz 2000 .
Ecrim Re < Rey,, 10 pexum namuHapHbiii.

Ecrm Re > Re,y, To pexum TypbyneHTHbI.

Ha npakTuke B nogasnsioleM GOMbLIMHCTBE CryyaeB HabrnogaeTcs pexum
TYPOYNEHTHBIN: B BEHTUMSALMOHHBIX KaHanax (BO3AyxoBoAax), rasonposopax, na-
ponposoAax, npu BeTpe.

ASPODMHaMMKa MHXXEeHepPHbIX ceTen

NHXeHepHble CeTU BEHTUMNSILMKN U OTOMNSIEHUSI 30aHWUIA pacCUYUTbLIBAOTCSA NO 3a-
KOHaM aspoanHamukn. Mpu 3TOM Ucnonb3yeTcs ypaBHeHUe BepHynnu ons rasa
(cMm. c. 42), B kOTOpOM hurypupytoT AaBneHusl, a He Hanopsbl. [laxe BogsiHOe OTO-
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NfeHne paccuYnTbIBAETCS MMEHHO MO OABfIEHUAM, TaK Kak B HEM MMeeT MECTO W3-
MeHeHNe TeMnepaTypbl XXUOKOCTU N COOTBETCTBEHHO €€ MNSIOTHOCTU, NO3TOMY Npu-
MEHSATb BEeNUYUHbI HanopoB HeynobHO. AdpoaMHaMUMYECKUA pacyeT ITUX CeTen
CBOOUTCA K onpeeneHnio AenUCTBYLWEN pa3HOCTU AaBreHun Apnp (BbI3bIBatOLLEN
B HUX OBWXEHMWE), NoTepb AaBMEHUS B HUX Apnom, CKOpOCTEeW, pacxonoB U reo-
METPUYECKNX pa3MepPOB NPOXOAHbIX CEYEHUMN.

Pacuyét Begétca no ypasHeHuto bepHynnu Ttak. Hago nogobpaTb Takme pas-
Mepbl TPyOoNpoBOAOB, KaHAMOB N UX NPOXOAHbIX CEYEHUN (KOTOopble CO3a4alT Co-
NPOTUBIEHNA MOTOKY), YTOObLI CKOPOCTM MOTOKOB OblfiM AONYCTUMbIMUK, pacxoqbl
yOOBETBOPASIN HOPMaM U Pas3HOCTb AaBrieHUn Apnp Oblna paBHa noTepsiM Aa.-
NneHna B ceTun Apnom, NpUYEM ANs 3anaca HagEXHOCTU NOTepu UCKYCCTBEHHO yBe-
nnymeatoT Ha 10 %. MoaTomy ana pacyéta MHXEHepHbIX ceTen ypaBHeHue bep-
HYNW NPUMEHSIOT B TAKOW 3anucu:

Apyp =1,1APnom,
N CETb OKOHYATENbHO AOMMKHA YAOBNETBOPATL 9TOMY PaBEHCTBY.

OnpenenexHne pasHOCTU AaBnEeHUN Apnp OyneT pacCMOTPEHO HWXKe Ha npu-
Mepax pacyYEToB TOMKW C AbIMOBOWN TpyOon N BOASHOrO OTOMSIEHNSA C €CTECTBEHHOM
LUMpKynsaumen.

MoTepu gaBneHus Apnom B TpybonpoBoae, BO34yXOBOAE WK ra3onpoBoge
MOXHO HanTu no popmyrne Béncbaxa ona rasa:

Apn om: 4/ 2 ’
roe é’ — KO3(h(PULMEHT rmapaBnnyeckoro COnpoTUBIIEHUS, TOT Xe, YTO U AN XKu-
AKOCTU (CM. C. 21), TONbKO B Cly4Yae HEKpPYrroro cevyeHust Hago MCnosib3oBaTh Be-
FIYMHY SKBMBAMNEHTHOro Anametpa d, BMecTo d.

O6wwwe notepn gaenenns Ap,,,; cknagbiBaloTca U3 CyMMbl NMHeNHbIX AP 1
mecTHbix Ap,, noteps:

AP pom = ZAp; + ZApM

[Ans BblMucneHus Ap; n ApM npumMmeHsieTca opmyna Bencbaxa aons rasa, B
KoTopoii BMecTo { noacTaenstoT cooteeTcTBeHHo &) unm C, (cm. ¢. 23), a BMecTo
d — d,.

Hanpuwmep, npu onpegeneHun Ap; KOS(PPUUNEHT JIMHEMHOIO rngpaBnnye-
CKOro conpoTmeneHus (BennynHa 6espasmepHas)

G=A1ld, .

rae I— OnnHa I'IpFIMOJ'II/IHeI;IHOI'O ydacTKa CeTu. KOSCbeI/ILl,I/IeHT rmgpasJjin4ecKkoro
TPEHUA ﬂ, npu Typ6y]'leHTHOM pexunmMme (I'IpaKTI/I‘-IeCKI/I BCerga B ra3oBbIX I'IOTOKaX)
onpepnendeTcsd Tak:
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68 A 0,25
A=011|—+— ’
Re
rge A — LLIepOXOBaTOCTb CTEeHOK pr6onp0|30,u,a Unn KaHana, vm. Hanpmmep, BEH-
TUNAUMOHHBbIE KOpoba M3 NUCTOBOW CTann UMET A=0,1mm a BO34yXOBOAbI B
knpnnuHon cteHe A = 4 mum.
3Ha‘-IeHI/IFI KOGCbeI/ILI,I/IeHTa MeCTHbIX I'I/I,D,paBJ'II/I‘-IeCKI/IX COI'IpOTI/IBJ'IeHI/II;I gM
I'IpI/IHI/IMaPOTCFI no CI'IpaBO‘-IHbIM OaHHbIM O5A KOHerTHbIX y‘-IaCTKOB /J,ecpopmau,mm
NOTOKa (BX04 1 BbIxog 13 Tpybbl, NOBOPOT, TPOWMHUK U T.4.).

]

PacyéT cuctem c ecteCTBEHHOM TAron

PaboTta neyHbIx Tpyd 1 BEHTUNSALNOHHBIX CUCTEM 30aHUN, YyOANAoWmMX AbliM U
HECBEXWUN BO3QYyX U3 NOMELLLEHMIA, OCHOBaHa Ha eCTECTBEHHOW THAre Ape — pas-
HOCTM NPUBEOEHHBIX NOJSTHbIX AaBMEHU BHYTPU U CHapYyXWu, [a.

EctectBeHHas Tdra Ape (Ma) Haxogutcsa no popmyne

Ape = gh(pu— ps).
roe I — BbicoTa MEYHOM (AbIMOBOIA) TPYGbl UMW BEHTUNSILIMOHHON LIAXTbI;

Pr — MNNOTHOCTb HAPYXXHOrO (XOroAHOro) Bo3ayxa,

Pg — NNOTHOCTb BHYTPEHHEro (TEnnoro) Bo3ayxa.

PaccmoTpum npumep pacyéta Tonku (puc. 28). Npun ropeHnn Tonnmsea B TOMKe
TAara gbiIMoBon Tpybbl cnocobCcTBYeT yaaneHuo rasoB. Tara BO3HUKAET M3-3a pas-
HOCTM TemnepaTyp: ropayero Bo3gyxa BHYTPWU TOMKK t6° N XOJTOOQHOro —CHapYyXu
tHo. Pa3Hble TemnepaTypbl COOTBETCTBYIOT pa3HbIM MMOTHOCTAM Bo3ayxa POg U Oy.
N3-3a HeBomblumx ckopocTeit V B TakMx CHUCTEMAX OMHAMWUYECKOe OaBIEHUE
Po= ,OV2/ 2 He yunTbiBaeTcs. Torga, noacTaensasa B ypaBHeHne bepHynnu ans ra-
3a npuBeaéHHbIe NoNnHble AaBnenns ans todek A n B, npuaém k dopmyne ectect-
BEHHOWN TArM (CM. BbILE) N onpeaenmm Ape.
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Puc. 28. Cxema Tonku ¢ gbiMoBOW Tpybon

Cnegyoowum waroMm pacyérta siBnseTcd HaxoxaeHve obwmx notepb Aasre-
HUA Apnom (c™m. c. 44) n cpaBHEHNE UX C BESNTMMMHOWN TArM Ape. Ecnu gocturHyTo
paBEHCTBO

Ape =1,1APnom ,
TO Pacy€T 3aKoH4YeH, cuctema byaeT paboTaTb HOpManbHO — yAanaTb AbIM.

Ecnu paBeHCTBO He cobnogaeTcs, TO HYXXHO KOHCTPYKTUBHBIMU Meponpusi-
TUAMU U3MEHUTb UNK TATY, NN NoTepu. Hanpumep, TAry MOXHO yBENUYUTbL OBYMS
crnocobamu:

—cpaenaTtb Bbiwe Tpyoby;

—YBENUYNUTb pasHuLy TemnepaTtyp (4TO He Bceraa BO3MOXHO).

MoTepu gaBneHusa 6yayT meHblle, ecnu byaerT:

—OonbLue NPOXoAHOe ceyeHue Tpyobl;

—KOopoYye NyTb NPOXOXAEHUS yaanseMblX ra3os;

—MeHbLLE NOBOPOTOB N APYrMX MECTHbIX CONPOTUBIEHUN;

—MeHbLLUEe LWepoxXoBaTOCTb CTEHOK KaHanos.

CnctemMbl eCTEeCTBEHHOW BEHTUNALMM B 30aHUSX MO yOaneHuio HeCBeXero Bo-
3gyxa n3 nomeleHun paboTarT U pacCUMTLIBAOTCH TOYHO MO TakKUM Xe NPUHLM-
nam.

PacuyéT cuctem c ectecCTBEHHOM LUPKYnsALUen

Ha puc. 29 cxemaTnyHo nsobpaxeHa cuctema BOASIHOIO OTOMSIEHUS — 3TO
TUMUYHas CUCTEMA C €CTECTBEHHOM Lupkynaumen. CTpenkamm nokasaH KpyrosopoT
BOAbI. 3@ CYET Yero e oHa «KPYyTUTCSA»?
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0 1 A 4 0
Puc. 29. Cxema BOASAHOro OTOMMEHUS C eCTeCTBEHHOMN

uMpkynsauuen: 1 - BOgorpenHblil KOTEN; 2 - paguarop;
3 - pacwupuTenbHbIn 6ak; 4 - TpybonpoBoabl

Mpu HarpeBaHUM BOoAbl B BOAOrPENHOM KOTINE OHa CTAHOBUTCS ropsiyen u npu-
obpeTtaeT NNOTHOCTb O, OTIINMYHYIO OT NMOTHOCTU XOMOAHON BOoAbl Py. [ins pacué-
Ta TakMX CUCTEM YMNPOLLEHHO MPUHMMAOT, YTO TemnepaTypa M NIOTHOCTb PE3KO
N3MEHSIIOTCH TONbKO B LIEHTPE HarpeBaHus (KOTNE) U LeHTpe oxnaxaeHus (oTonu-
TenbHoM npubope — pagunatope). BosHMKkaeT ecTecTBeHHOE AaBneHue Ape — TaK
NPUHATO Ha3biBaTb Pa3HOCTb NPUBEAEHHBIX MOMHbLIX AABNEHUA B KOTNE U paguaTo-
pe, lMa. OHO 1 NPMBOAUT B ABWKEHUE BOAY B TaKMX CUCTEMAX, MOHSIS €€ N0 3aMKHY-
TOMY KpYry, — 3TO Ha3blBaeTCS €CTECTBEHHOW LMPKYNSLNEN.

dopmyna Ons ecTecCTBEHHOro AaBrieHus Ape BbIBOAWTCSA, Kak U B npeablay-
LemM npuMepe C TOMKOW, C NMOMOLLbIO YpaBHeHUs BepHynnu ons rasa:

Ape = gh(px— p2),
roe /I — paccTosiHWe MO BLICOTE MeXay LIEHTPOM HarpeBaHUs v OXNaXaeHus.
Mocne BblYMCNEHUSA Ape paccunTbiBalOT obLme notepu OaBrieHus Apnom
Npu ABWXEHMM BoAbl MO TpybonpoBogam LMPKYNSAUMOHHOMO Konbua oT Todkn B k A
(cm. puc. 29) ¢ ucnonb3zoBaHnem opmynbl Bencbaxa (cm. c. 44).
Ecnu cobnogaetcsa paBeHCTBO

Ape = 1,1APom,

TO pacyéT 3aKoHYeH, cuctema bGypet paboTatb HOpManbHO — oborpeBaTb nome-
weHve. Ecnn xe paBeHCTBO He cobniogaeTcs, TO HeOBXOAMMO KOppeKkTUpoBaTb
UNn ectecTBeHoe fasneHne, unu notepu. Kak atoro gobutbcs — nogymamte camu
(no aHanorunm ¢ Tonkom — cM. c. 46).
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ApXVITEKTypHO-CTpOVITenbHaﬂ adpoanHaMuUKa

Mpwn BO3BEAEHUM 3AaHUI CTPOUTENN CTANKMBAOTCA C BO3AeNCTBUEM BETpa —
C Tak HasblBaeMbIM/ BETPOBbIMU Harpy3kamu. [oTokM Bo3dyxa obTekaloT 3aaHus,
COOPYXXEHWS1, CTPOUTENbHbIE MeXaHU3Mbl (KpaHbl U T.A.) U CTPEMSITCS OMPOKMHYTb
nx. Mpn BeTpe Ha NOBEPXHOCTU AOMOB BO3HUKAOT 30HbI NMOBbILUEHHOIO U MOHMXEH-
HOrO [aBreHUs, YTO MOXET MPMBECTM K NPOAABMMBAHUIO Orpa)kaatolleint KOH-
CTPYKLUM UK K €€ oTpbIBY. Mpu CUNbHbLIX BETPAX CPbIBAET KPbiLly UIK OTAENbHbIE
eé anemeHTbl. MNepena AaBneHUn ¢ pasHbIX CTOPOH JOMa NPMBOAUT K CKBO3HSKaM
B MOMeELLIEHUAX Yepe3 OkHa, bankoHHble ABEPU U Aaxe Yepes3 cTeHbl. PaccmoTpum
adpoaANHAMUYECKYIO CyTb 3TUX SABMIEHWN.

Mpwn o6TekaHUM 3gaHNs BO3AYLUHbIM NOTOKOM FIMHUK TOKa ornbatoT ero Kopob-
Ky, NPU4éM 3a 3gaHvemM B MNOABETPEHHOW 30He obpasyeTcsi BUXpb M obnactb no-
HWKeHHoro gasneHus (puc. 30). B nepegHen e HaBETPEHHOW 4acTu AaBneHue
BO34yxa, HAaobopOT, NOBbILLIAETCS.

A

Puc. 30. O6TekaHue 3gaHnsa BO3AYLUHbIM NOTOKOM

BeTpoBoe AaBneHue BbluUcseTcs o dhopmyne

oV
pBeTp — kecaappd — kecaap T ’

roe ke — KO9(pdULMEHT N3MEHEHNSA BETPOBOrO AaBreHUs MO BbICOTE;
Cagp — aspoanHaMmn4eckni KoapduumeHT (bespasmepHbii);
Pa = ,OV2/2 — AVHaMu4yeckoe aasrnexue, [la;
p =122 k2/M3 — NNOTHOCTb BO34yXa, NpMHMMaeMasi B CTPOUTENbHbIX pac-
yéTax;
V — ckopoctb BeTpa, m/c.
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KoadppuumeHt ke C yBeSiM4eHMEeM BbICOTbl OT MOBEPXHOCTU 3eMSIN BO3pacTa-
eT 06bivHo ¢ 0,4 no 1,5 (BeTep ¢ BbicoTOM ycunmBaeTcs). B nepsom npubnmkeHun
€ero MOXHO NPUHUMaTb ke ~

AapogmHamunyecknm KoadpdonuneHT Cagp B oOLeM criyvyae aBnseTcs OyHKUmM-
en popmbl obTekaemoro Tena u yucna PenHonbaca. OH xapakTtepusyeT yCnoBus
o0TekaHnsa 3gaHusa B 3aBUCMMOCTW OT €ro KoHdurypauum B NnaHe u paspese u
OpMEHTaLUMM MO OTHOLLEHUIO K FOCNOACTBYHOLEMY HanpasrieHno BeTpoB. B cTpoun-
TenbHbIX pac4yéTax ero NPUHMMalT B BUAE KOHCTAHT.

AspoanHamunyeckum KoadppuumeHT Cagp nmeet 3HadeHust mexay 1 n 0 (no
abconTHOW BenuyuHe).Hanpumep, onNa HaBeTpeHHOM ((PpoHTanbHOWN) CTEHbI O0-
ma Cagp = +0,8 , a c NnpoTNBONONOXHOWN (NOABETPEHHON) CTOPOHLI AoMa KO3ddu-
LUNEHT Cagp = —0,6 (puc. 31). 3HaK «MUHYC» yKa3blBaeT, YTO AaBfeHne BeTpa Ha-
NpaBneHo OT CTEHbl, TO €CTb BETEP CTPEMUTCHA OTOPBATb KOHCTPYKLNIO OT 34aHUS.
3HaK «nsc» — AaBfieHne HanpaBIieHo K CTEHE.

[Ansa BbIACHEHUSI KapTWHbI pacnpeaeneHns BeTpoBoro AaeneHus Pgerp MO Mo-
BEPXHOCTU 34aHusA CTPOAT antopbl gasneHus (cm. puc. 31). Ix opgmHaTtbl BblYUCHS-
l0TCA Mo PopMyrie BEeTPOBOro AasrieHns. 3HavyeHus AnHammyeckoro aasrnenns Po
NPUHUMAKOTCA B FOTOBOM BMAE MO HOPMATMBHOM nuTepaType Ans paccmaTpu-
BaemMoro reorpaguyeckoro pamoHa ctpoutenctsa unn xe P05 BblMUCIIAETCHA MO
ckopocTvt BeTpa V 13 HabriofeHUin METEOPOIOroB, eCU PalioH mManousyyeH. Pe-
anbHble 3MNopbl BETPOBOro AaBNeHUs Pgetp UMEKT KPMBONMMHENHOE OYepTaHue,
O[HAKO B CTPOMUTENbHbBIX pacyé€Tax MPUMEHSIOT YNPOLEHHO NPAMOYrofibHbIE 3MH0-
pbl (cM. puc. 31).

Betep

—

C,.,=+0,8 C

-0,6

asp

Puc. 31. 3I'IPOpr BETPOBOIro AaBJiEHUA NO NOBEPXHOCTU 30aHUA
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PunbTpauus rasa

dunbTpaums rasa, To ecTb ero ABMXKeHMe Yepes nopuctole cpeabl, B obnactum
cTpoutTenbcTBa MMeeT 0coboe 3Ha4YeHne AN orpaxkgaroLmx KOHCTPYKUMIA 34aHUN:
CTEH, MOKPbITUMN.

31UMON XOnoAHbIM BO34YyX MPOHUKAET B MOMELLEHUA Yepes3 Mopbl U MUKPO-
TPELUMHbI CTEH, Yepe3 Lenn OKOH, B6ankoHHbIX ABepen — MPOUCXOOUT TaK Hasbl-
BaemMas MHPUNbTPaLKUA BO3ayxa, NopoxaarwLas CKBO3HAKM U MOHWKEHWEe TeMmre-
paTypbl. [109TOMY NPOHMLLAEMOCTb OrpaKaaroLmnX KOHCTPYKUMA 30aHUNA OrpaHnyu-
BaeTCHA CTPOUTENbHLIMU HOPMaMN.

[nsa pacyéTa ckopocTn hunbTpauumn rasa ncnonb3yetcsa 3akoH Japcu :

V =Ko AP,
4

u 1

roe ko — MNPOHMLIAEMOCTb NOPUCTON cpeapbl, M2;

M — AnHamuyeckas BA3KOCTb rasa, [a-c;

Ap,-,p — Pa3HOCTb NPUBEAEHHbIX MOMHbIX AaBMEHUI, Bbi3blBaloLasa ABMKEHNE

rasa, [lla;

| — nnvna nyTv ounbTpaymn, m.

3akoH [Japcu B 9TOM 3anucu Ans rasa NpuMeEHsIeTCs BO Bcex obnactax Tex-
HUKn. OgHaKo B CTPOUTENLCTBE 4S5 pac4ETOB omnbTpaumm BO3ayxa Yepes orpax-
AaroLme KOHCTPYKLUUKM 34aHNI 3TOT 3aKOH NPUMEHSIIOT B APYroM Buae

V- (Apnp)n,
" pR,

roe O — NnoTHOCTbL BO3ayxa, K3/M3;

R, — conpotusnetve BO3YXOMPOHNLAEMOCTN CTPOUTESNIbHOIO MaTepua-

na, M2 y- Ma/ke (NMpMHUMaeTca nNo CTpouTesnbHbIM HOpMaM Afsi COOTBETCT-

BYHOLLEN TOSLLMHBI MaTepmnana 5);

N =1 — gnsa cTeH 1 NOKPbLITUIA (MaMUHAPHbBIN PeXuM dUNbTpaLmm);

N =2/3 — pns okoH 1 6anKoHHbIX ABepen (TypOYNEHTHbIN pexum).

Taknm obpaszom 3akoH [lapcu no3BONSAeT BbIHUCIIATL pacxof rasa (Bo3gyxa)
Q= qua), NPOXOAALLErO Yepesd KOHCTPYKLMIO TOSLLMHON I(I/IJ'II/I 5) C nnowagbto
NONEepPEeYHOro ceveHms .
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BykBeHHble 0003Ha4YeHus
C NpeAMEeTHbIM yKa3aTtenem

NMIOTHOCTb, Ka/m3 (c. 6, 34, 54)

macca, k2 (c. 6)

06beM, M3 (c.6)

yOenbHbI BEC, H/m3 (c. 6, 35)

Bec (cuna TsxecTtun), H (c. 6)

yckopeHune csobogHOro nageHus, m/c2 (c. 6, 54)
BA3KOCTb AuMHamuyeckas, lMa-c (c. 7, 35)
BA3KOCTb KMHEeMaTun4eckas, m2/c (c. 7, 35, 54)
noabémHas (apxumeposa) cuna, H (c. 11)
rnybuHa (BbicoTa), M (C. 8)

AasrieHne nosiHoe (rmgpocrtaTtudeckoe), l1a (c. 7)
AasrieHve BHelwHee, Ma (c. 7)

AasneHune Beca ctonba xxuagkocTu, Ma (c. 7)
AasrieHne atMmocgepHoe, Ma (c. 8, 54)
AasrieHne u3bbiToyHoe, l1a (c. 8)

AasrieHne maHomeTpudeckoe, la (c. 8)
Hanop rugpoctatuyeckun , m (c. 11)

Hanop rmapogvHamMmyeckun , M (c. 15)

Hanop (BblcoTa) reomeTpuyecknin, M (c. 11)
Hanop (BblcoTa) Nbe3omeTpudeckmn, m (c. 11)
Hanop CKOpOCTHOW, M (C. 15)

nnoLwaab XXMBOro CeYeHus, M2 (c. 13)

pacxof noToka, m3/c (c. 13)

CKOPOCTb MoToKa cpefHss, m/c (c. 13)
CMOY€eHHbIV nepumeTp , M (c. 14)
rmagpasnuyeckun paguyc , m (c. 14)

AnameTp BHYTPeHHUN, M (c. 21, 26, 43)
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Re - yucno PénHonbaca (6espasmepHoe) (c. 21, 43)

Rer - yucno PénHonbaca kputudeckoe (6espasmepHoe) (c. 21, 43)

AH - noTepwu Hanopa (pa3HocTb HanopoB), M (c. 17, 21)

h/ - MOTepw Harnopa NuUHenHble, M (C. 22)

hM - MOTepw Hanopa MecTHble, M (C. 23)

é’ - KOAOPUUMEHT rnMapaBnAnUYecKoro ConpoTmereHus (6espasmepHbil)
(c. 21)

Q - KOAOPUUMNEHT NIMHEMHOrO MMAPABIINYECKOro COnpoTmBreHus (6es-

paamepHsbit) (c. 23)
é’M - KO3(pPMUMEHT MECTHOro rMapaBnn4ecKoro conpoTuseneHus (6es-

paamepHsbit) (c. 23)

A - KO3hMUMEHT ruapaBnmyeckoro TpeHus (bespaamepHsil) (c. 23)
A - abcontoTHas LWepoxoBaToOCTb CTEHOK Tpy6, MM (c. 23)

/ - AnvHa notoka, M (c. 23)

] - YKITOH rugpasnunyeckun (6espasmepHsit) (c. 23)

iaeo,v, - YKITOH reomeTpuyeckun (6espasmepHsil) (c. 25)

V33 - CKOpOCTb 3BYyKa, M/c (C. 24)

Ho - KO3hMUMEHT pacxoda (bespasmepHsbil) (c. 25)

C - KO3ghumumeHT LLesn (c. 26)

n - KO3 PUMUMNEHT WwepoxoBaTocTn (bespasmepHsbil) (c. 26)

qu - CKopocCTb thunbTpaumn, m/cym (c. 29, 50)

kqb - KO PUMUMEHT omnbTpauymm, m/cym (c. 29, 30)

He - Hanop (ecTteCcTBeHHasi MOLWHOCTb) rPyHTOBLIX BoA4, M (c. 30)
Hn, - Hanop BoAbl B TpaHwee, m (c. 30)

H, - Hanop BoAbl B KOTNoBaHe, M (c. 32)

Lt - 30Ha BNuAHMA oTKa4vku, M (c. 31)

Rt - paguyc BNUsIHUS OTKadkn, M (c. 32)

% - paguyc KoTnosaHa, M (c. 32)

Hs - KO3hPUMUMEHT BO4OOTAAYUM rpyHTa (6e3pasmepHsbil) (c. 29, 30)
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tO

Pcm
Prp.cm
Pn

Po
Prp.n

Ap nom

TemnepaTtypa abcontoTHasa no KenbBuHy, K (c. 34)
TemnepaTtypa no Lenscuto, °C (c. 34)

raszoBasi NOCTOAHHaA Ansa Bo3gyxa, x/ke:- K (c. 34, 54)
cTaTudeckoe gasrneHue, la (c. 35)

npuBeaEHHOE cTaTnyeckoe gasneHue, la (c. 39)

nonHoe aasrieHne (aswxyllerocd rasa), lla (c. 41)
AnHamMmun4deckoe gasneHue, la (c. 41)

npuBegEHHOE NoSTHoe aasnexune, lNa (c. 41)

pa3HOCTb NPUBEAEHHLIX NOSTHbLIX AaBneHun, la (c. 43)
notepu aasneHus (obwwe), MNa (c. 44)

noTepu AaBneHusa nuHenHble, la (c. 44)

noTepu AaBneHusa MecTHble, l1a (c. 44)

AnameTp 9KBMBaneHTHbIN, M (C. 40)

ecTtecTBeHHas T4ra, [a (c. 45)

ecTeCTBeHHoe aaBneHue, [a (c. 47)

AasrieHve BeTpoBoe, [1a (c. 48)

KO3 MUMEHT BETPOBOro aasneHuna (beapasmepHsit) (c. 48)
KO3bpMUNEHT aspoanHammndeckni (bespasmepHnit) (c. 48, 49)
NPOHMLAEMOCTb, M2 (c. 50)

COMNpPOTUBIIEHNE BO34YXOMNPOHULAEMOCTH, M2- y- Ma/ke (c. 50)
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Cl'lpaBO‘-IHble AdHHbIe

MIOTHOCTb p U BA3KOCTb v BO[MbI

t °c +10 +20 +30 +40 +50
0, ke/m3 999,73 998,23 995,67 992,24 988,07
V., cM2/c 0,01306 0,01006 0,00805 0,00659 0,00556

HEKOTOPBLIE MPAKTUYECKNE KOHCTAHTbI

YckopeHnue csobogHoro nagexunsa g = 9,80665 ~ 10 m/c2.

NasneHve atmocdepHoe (Ha ypoBHe Mopsl) Pamu = 101325 Ma ~ 100000 /Ta.
[[a3oBasi NOCTOsIHHAsA ANd BO3ayxa R 2 = 287 [Ox/ke K.

PASMEPHOCTW BEJIMYNH B PA3IIMYHBIX CUCTEMAX NSMEPEHNA

BenunuunHa CUn [MepeBopg B Apyrve egnHULbI
OnunHa M 1m =100 cm = 1000 mm
Mnowaab M2 1 m2 =104 cm2 = 106 mm2
OBbéM m3 1 m3 =106 cm3 = 1000 1
Macca K2 1 ke=1000e¢
Cwuna, Bec H 10 H ~1 kec = 10-3 mc
MnoTHoCTL Kka/m3 1000 ke/m3 = 1 a/cm3
YnenbHbin BEC H/m3 104 H/m3 =1 me/m3
BA3kocTb kKMHeMaTunyeckas m2/c 1 M2/c = 104 cm2/c
[laBneHune lMa = 100000 MMa ~1 am =1 kac/cm2 =

=H/m2 =10 m 800.cm. = 760 mm pm.cm.
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AndraBuTHO-NpeaMeTHbIN yKa3aTenb

AspoanHamuka 34

Bakyym 9

BsskocTb gnHamunyeckasa 7, 35
— KnHemaTundeckas 7, 35, 54
Bogoynop 27

M'mppaenuvka 6
M'mppasnunyecknin paguyc 14
MaopoamHammka 12
Mapowunsonauus 27
'mppocTtatuka 7

[aBneHne atmocdepHoe 8, 54
— BakyymmeTpuyeckoe 9

— BecoBoe 35

— BeTpoBoe 48

— BHewHee 7, 35

— AnHamu4yeckoe 41

— N30bITOYHOE 8

— MaHomeTpuyeckoe 8

— nonHoe 7, 41

— — npuBeaéHHoe 41

— NonoXeHnsa Toukn 39

— cTaTtudeckoe 35

— — npuBegéHHoe 39
HAunameTp akBMBaneHTHbI 40

EcTtecTtBeHHagqa Tara 45
EctectBeHHOe paBneHue 47

3akoH Apxumega 11
— Hapcu 29, 50

NHpunbTpaums Bosgyxa 50

KoathpmumeHT aspogmHammyeckmin 48

— BogooTaaym 29, 30

— rmapasriM4eckoro conpoTtunerie-

Hua 21
— — TpeHusa 23

— U3MEHEHNA BETPOBOIro AaBrneHnA

no BbicoTe 48
— pacxoga 24
— cbunbTpauyum 29, 30
— LuepoxoBaToCcTu 26

JTamuHapHbIi pexum 19
JInHna HanopHas 18
— nbe3omeTpunyeckas 18

Hanop rmgpoanHammnyecknin 15
— rmgpocTtaTtndeckun 11
— pUnbTPaUNOHHbIN 28

[MnoTHOCTL 6, 34, 48

MoTepwn naBneHus obwiune 44
— — NUHeNHble 44

— — MEecCTHble 44

MoTepwn Hanopa obuwme 17, 21
— — NWHENHbIe 22

— — MECTHble 23
Mbe3omeTp 9

Paguyc BnnaHna otkavkm 32
PasHocTb gaBnenun 43

— Hanopos 17

Pexunmbl aBmkenua 19, 43

CBoboaHasa noBepxHoCTb 12
CMmoyeHHbIM nepumeTp 14

TypOyneHTHbI pexum 19

YpenbHbin Bec 6, 35

YKMNOH reomMeTpuyeckmnn 25
— rmgpasnmyeckmn 23

— nbe3omMmeTpudeckun 29
YpaBHeHue bepHynnu 16, 42
— HepaspbiBHOCTU 14, 41

dunbTpauymsa 27, 50
dopmyna Béncbaxa 21, 44
— KnanenpoHna 34

— LlWe3u 26

Yucno PenHonbaca 21, 43
— — KpuTndeckoe 21, 43

LLlepoxoBaTtocTb abcontotHada 23
Antopbl gasnenms 10, 37

56



