























2. Kakum obpasom crnemyer mporpaayHpoBaTh IIKany mpubopa,
4T00B! OTCYET IO IIKaJe COOTBETCTBOBA HCTHHHOMY JaBJICHHIO?

Omegem. 1, 0,99%. 2. Ilepenany 100 MM pPT. CT. HOMKHA COOTBETCTBOBAThH JUIHHA
wkansl 99 Mm.
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3agauya 1.6. [IpuMeHeHHE CNMUPTOBOTO YalIEYHOTO MHKPOMaHOMET-
pa ¢ HAKIIOHHOH LIKaJION 3HaYHTENbHO YBENHYMBAET TOYHOCTh H3Mepe-
HHH NPH N3MEPEHHH MaJIbIX N30BLITOYHBIX JaBICHHUH B ra3ax.

1. [NpuHrMas abGcomoTHY!0 omKHOKY OTCYETa MO MULIMMETPOBOI
HIKaje HEBOOPYXXEHHBIM ria3oM, paBHOH 0,5 MM, ompejaenuts, moj
KaKMM YTJIOM K TOPH30HTY HYXXHO pacroyIoXuTh TpyOky mpubopa,
4TO0BI IPH H3MEPEHUH AaBieHus B npenenax | — 2 klla norpemHocTsb
H3MepeHus He npeBbimaia +0,2%. OTHOCHTENbHAA MIIOTHOCTD CIHPTa
3=0,8.

2. KakoBa MakcHMaJibHas TMOTPELIHOCTh MPH U3MEPEHHH TOTO XKeE
naBjieHUs pTYTHBIM (O = 13,6) YaweYHHIM MaHOMETPOM C BEPTHKANb-
HOU 1Kanoi?

JuameTpbl Jalek CHUTaTh HaCTONBbKO GONBIIMMH, YTOOBI MOXHO
6110 npeHeOpeys MONpPaBKOH Ha CMEIEHHE YDOBHS B HUX.

Omsem. 1..a=30" 2. £6,8%.

3anaua 1.7. Ha kakoii Bricote H ycraHoBHTCA BoJa B TpyOke,
MIEPBOHAYANBHO 3aMONHEHHON BOJOH, a MOTOM ONPOKHHYTOH M TO-
IPY>XEHHOH OTKPBHITHIM KOHIIOM TMOJ YPOBEHBb BOJbI, €CIH aTtMocdep-
Hoe naBieHue coctapasgeT 98 kIla u Temneparypa Boas! 4°C?

Kak n3Menutcs BbicoTa f, €CiH TeMIEpaTypa BOJIbI IIOBLICUTCS J10
20°C, no 80°C?
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lIaBﬂCHHC HaCBIUICHHBIX MapOB BOAbI U €€ MJIOTHOCTDL 3a/1aHBI HHXKE!

£,°C eeeeeeereseeeeeeesemmeseeriseoas 4 20 80
Puac. naps K8, 0,618 2,31 47,4
Py KT/ Moo 1000 9982  971.8
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3anava 1.8. /laBneHye Ha MOBEPXHOCTH BOJbl B pe3epByape H3Me-
pseTcst pTyTHbIM U-06pa3HbIM MaHOMETPOM.

Kak M3MEHHTCA mMoka3zaHHE h MaHOMETpa, €C/IH ero NepeMeCTHTh
BHH3 Ha d MM [IPH HEH3MEHHOM /1aBJI€HHH Ha [OBEPXHOCTH BOABI

NPaKTHYEeCKH HEM3MEHHOM €€ ypOBHe?
Omeem. Ah = a/13,1 mm.

3anaya 1.9. Boigenusiuuiics BCIACACTBHE XMMHYECKOH peaklHH
ras M3 petopThl A HanpasiseTCcs MocnenoBatenbHo B cocyasl B u C,
HarmoNHEHHblE NPOMBIBHBIMH PacTBOpaMH, OTHOCHTE/IbHbIE MIOTHOCTH
koTopbiX 8z = 1,03 1 8¢ = 1,05, u B c6opHHK D, HAMONMHEHHBIH BOAOH
Gp=1). . '

Onpenenuts naBneHue B peropte 4, cocynax B u C u B cOopHuke
D mpH yKa3aHHBIX Ha 4epTexe pasMepax (B MM).

ConpoTHBIeHHEM POXOAY rasa no Tpybxam npeHebpeys.

Omeem. p;, = 3280 Ila (Bakyym); pc = 1960 [a (Bakyym); py =930Ta (Bakyym);
pa= 18,5 Ia (u36sITONHOE).

3anauya 1.10. B uManHapUYECKOM OTCTOMHHKE MOJOXKEHHE I10-
BEPXHOCTH pa3ena MeXXIy MacioM M oceBiuel Boao# onpenensercs
10 YpOBHIO BOABI B TpyOke A, a ypoBeHb Macjla — IO YPOBHIO B
Tpy6ke B.

1. Onpenenuth MNOTHOCTH Macna, ecnu a = 0,2 M, b = 1,4 M, a
ypOBeHb BOJbl B NOTONHUTENLHON TpyOke C YCTAHOBHIICS Ha BBICOTE
c=12mMm.

2. HaiiTu BBICOTY ypOBHE#H a, b, ¢ B TpyOKax, €ClH IIpH TE€X XKe
ofbemMax BOIBI H Macjia B OTCTOHHHKE HaJl MaclIOM CO3/1aHO H36bITOU-
Hoe naenenue p = 10 klla.

3 3ax. 336 17












































































































Macca cocyna m = 150 kr, pasmep b = 1 M, koaddunmenT Tpenus
cocyqa o IockoCTb cKonbkeHus f = 0,278.

Haiitu cuny naBnenus Ha Kpbluky /, CTeHKH 2 M 3, AHO 4, cuuTas,
9TO XHUJKOCTh W3 COCYy/Ia HE BEUIUBAETCA.

Omeem. F,=0; B, =4,9kH; P,=8,98xH; P, =13,3xH.

Z 2, 4
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3apaua 4.5. CocraBHOM UMAMHAPHYCCKHH COCYJl, 3anONHEHHBIH
BOAOH 10 BBICOTHI A + h; = 800 MM, noABeLIeH Ha LIHYPE, EPEKHHY-
TOM uepes 6JI0KH, H COEMHEH ¢ rpy30M Maccor m = 200 kr.

OnpenciuTth Harpy3ku Ha Gontosble rpynnbsl A, B u C npu ycko-
PEHHOM JBHXXEHHH cOCy/a.

Pasmepnl cocyna: D = 400 mm, D, = 600 MM, h, = 300 MM. Mac-
coii cocyaa u TpeHreM B Bi10kax npeHebpeys.

Kak M3MCHATCA HArpy3KH, €CJIN COCYl OCTaHOBHTbL?

Omeem. P, =1,67 kH; Py =F-=2,56 xH.
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3anaua 4.6. HUunurapuueckuii cocya auamerpoM d = 0,8 M,
WMCIOUIMHA IUIOCKYIO KPBIIKY M mosycdepuyueckoe AHO, 3arojHEH
BoOH 1m0 BBICOTH ¥y = 0,3 M U NOAHHUMAETCS BEPTHKANBHO BBEPX C
yckopenuem a = 10 m/c’.

1. Onpeaenuts ycunue T B TATE, €CIH Macca AHa cocyda my = 50 Kr,
IMIHHAPHYECKON YacTH 71, = 30 KT ¥ KpBIWKH m3 = 20 kP,

2. Haiitu cuny naBneHHs P Ha JHO COCYJa, €CIIM BaKyyMMETD,
NPHCOCAMHEHHBIH K HHXXHEH TOuke cocyna, mokaspiBan V' = 30 klla.
KOTIa COCYJ OB HEMOABHIKEH.

3. [ocTpouTs 3MIOpy HABIEHHA JKHAKOCTH MO BBICOTE B HEMOM-

BHXKHOM COCYJZI€ U IIPH YCKOPCHHOM €T0 ABHIKEHHH.
Omeem. T'= 7,63 kH; P =129 kH (HanpaBnena BBepx).

3anaua 4.7. OnpeacnuTb ropu3OHTaNBHYIO P, BEPTHKAIBHYK P,
CHJIbl JaBJicHUs Ha noNycepHUecKylo KpbIIIKY HHIMHAPHUUECKOro
cocyna auameTpoM D = 0,6 M, CKONb3gUIErO C YCKOPEHHEM a = 5 m/c’
[0 MJIOCKOCTH, HAKJIOHEHHOMH noj yrapM o = 60° K TOpHU30HTY, €C/H
COCY/ 3amofiHeH BOJO# 10 ypoBHs h = 1 M B OTKpBITOH TpyOKe, NpH-
COEeIMHEHHOMN K BCPXHEH €ro Touke.

Kak M3MCHATCSA 3TH CHIIBI, €CJIM COCYA OCTAaHORW ,ll?‘“
Omaem. P,= 1700 H; P, = 141 H. [Ina nenonsnxHoro cocyaa R,fj—j 3050 H; P, = 0.

3apaua 4.8. 3akpbiThlii UMIHHIPUUECKHI COCyd AMaMETPOM
D = 0,6 M, nMelolnit nonycheprueckoe AHO, HAIMOJHEH A0 YPOBHA
H = 0,8 M BOJIOI1 1 JIBHXKETCA MPAMOJIMHEHHO noA yriaom o = 30° k
FOPH30HTY C MOCTOSHHBIM YCKOPEHHCM a = 2g.

OnpenenuTh BEPTHKAILHYIO P, U TOPH30HTANbHYIO P, CHIIbI JIaBJie-
HMA Ha JIHO, €CJIM U30BLITOYHOE JABJICHHE ra3a Hajl MOBEPXHOCTBIO BOJIb

B cocyne p, = 20 kIla ¥ NOBEPXHOCTb BOJBI HE KACACTCHA KPBILIKH.
Omaem. P, = 8980 H; P, = 960 H. {1+
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3apaua 4.15. 3amxHyTbIH UMIMHAp pa3smepaMH R = 04 M u
Hy = 0,7 m conepxHT Boay B obveme W = 0,25 M’ 1 BpamaeTcs OT-
HOCHTENbHO BEPTUKATLHON OCH C Yri0oBOH CKOpoCThIO @ = 10, 20
100 pan/c.

OnpenenuTs YCHIHS, ACHCTBYIOIIME MPH YKa3aHHbIX YIJIOBBIX
CKOPOCTSX Ha KpbIIKY LMJIHHAPA, ECIH JIaBJIEHHE Haj BOAOH paBHO

aTMocepHOMY.
Omeem. P=10,176; 2,9 n 100 kH.
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Bagaua 4.16. Lluaunapuucckuii cocyn nnamctpom D = 600 MM
BuicoToit Hy = 500 MM 3anonncH Boaoi a0 BeicoTsl A = 400 MMm. Oc-
TanpHas uacTb COCYAA 3arojiicHa MacioM (OTHOCHTENbHAs IJIOT-
HocTh O = 0.8). Cocya 3aKphIT KpBILKOH C MalbiM OTBEPCTHEM B
LlEHTPE M MPUBCACH BO BPAICHMC OTHOCHTCIIBHO LEHTpanbHOH BCp-
TUKaJIbHOH OCH.

OnpenenuTs, ¢ KakoH yriaoBoi CKOPOCTbIO () HYXKHO BpailaTh CO-
CyI S TOro. 4TOOBI NOBEPXHOCThL pazjena >XHAKOCTEH KOCHYNach
nHa cocynaa. Haiftu ycunus, neHCTBYIOUIME MPH 5TOM Ha AHO (P,) H
KpbllKy (P,) cocyaa.

Omaem. ® = 16,5 pan/c; P, = 1,51 kH; P, = 2,84 xH.

3anaua 4.17. Llunuuapuueckuii cocyn auameTrpom D = 1,2 M, Ha-
TMIOJTHEHHEIA BOAOH 0 BLICOTH a = 0,6 M B NbE30METPaX OAMHAKOBOTO
JMaMeTpa, YCTaHOBNCHHBIX HAa KpBIIIKE COCyJa Ha PacCTOAHHMSAX
ri=0,2 1 r, = 0,4 M OT OCH, BpaiaeTcs ¢ 4actoToit n = 60 06/MuH.

Omnpepgenuth CHIY JaBeHHSA Ha KPBILKY COCyNa M YKa3aTh, Kak

oHa OyeT H3MEHATELCS, ECIIH NI00YEPEHO OTKIIOYATD NbE€30METPEIL.
Omsem. P = 8450 H.
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3anaua 4.18. ITokazaHHBIH Ha pHUCYHKE COCYJ HMEET pa3Mepsl
D=04wm,d=02wm b=0,35M U HanojIHEH BOAOH 1O BBHICOTHI
a + b = 0,52 M. CBepXy COCYA 3aKpHIT MOPIIHEM, Macca KOTOPOro
m =50 kr.

OnpeaenuTh THAPABIMYECKHE HArpy3kH 60NTOBBIX rpymn A H B,
©CTH COCYJl BpAIAETcss OTHOCHTENbHO LEHTPafibHON BEPTHKaIbHOM
ocu ¢ gacToToi n = 450 06/MuH. TpeHHEM MEXAy MOPIIHEM H CTCH-

KaMH LHJIHHApa npeneﬁpeqb.

Yxasatine. [IpH BpallieHHH CHCTEMbl CyMMapHas CH/a AaBACHHA XKMAKOCTH Ha
Moplletb PaBHAa BeCy NOPUWHA. OTO YCIOBHE NMO3BOJSET HAHTH AaBNCHHE B UEHTpE
MOPLUHA K, CIICJOBATENbHO, BO BCEX TOUKAX COCYAA.

Omeem. P,= Py=3710 H.
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3axaua 4.19. XXuAKOCTHBIH TaxOMETpP COCTOMT M3 LIMIHHApA, Ha-
MOJIHEHHOTO PTYTbIO M COOOIIEHHOro ¢ IAByMs TPyOKaMH Majnoro
AuameTtpa d, pacrioNoXeHHBIMH Ha paccToAHHMH R ot ero ocu. Hau
PTYTBIO B LMIMHAPE HaxoAMTCs MopiueHb auamerpoM D. [lopuieHs
TIEpEMEIIAETCs [IPH H3MEHEHHH YaCTOThI BPALIICHUS TaXOMeTpa.

YCTaHOBHTH CBS3b MEXIY YaCTOTOH BpaIEHHA n TaxoMeTpa U
OMyCKaHHeM h TOPIIHA OT €ro HAauyaAbHOTO MOJOXCHHA NPH HEBpa-
W@OIIEMCS TAXOMETpE.

n?
1'[2 R2~_~ 2
Omeem. h= 2—————§——n'
2g30 D
1+
2d
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3agaua 4.33. OnpenenauTs CUIly JaBieHHUs BOJBI HA NoaychepHie-
CKYIO KPBIILIKY LMJIHHIAPUUECKOrO cocyaa paguycoM R = 0,2 M, eciu
COCYJl BpAllA@eTCs OTHOCHTENBHO CBOEH OCH C YIJIOBOH CKOpOCTBIO
= 100 pag/c ¥ MaHOMETp NPH 3TOM NoKasbIBaeT aasiaeHue M = 50 kIla.

JICHCTBHEM CHJIBI TSXKECTH Ha XHAKOCTH NpeHebpeys.
Omeem. P = 18,8 kH.

3amaya 4.34. Koundcckuit cocyn pasmepamu d = 0,6 M, D = 1 M,
a = 0,9 M 3amoJHCH BOAOH M NMPHBEICH B PaBHOMEPHOC BPALLEHHC C
yri0Boii ckopocTbio = 20 paa/c.

JlaBiiennc B LCHTPE KPBILIKH cocyna no MaHometpy M = 10 klla.

OnpenenuTtsh rHAPaBIHYCCKHC Harpysku OonToseix rpynn 4 U B
cocya:

1) yuuTBIBass ACHCTBHUC CHIIbI TAHKCCTH;

2) npencbperas ACHCTBUCM DTOH CHIIBI.

Omaem. Py =277 xkH; 1. Py = 3,34 xH; 2. Py - 5,37 kH.
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3anaua 4.35. Llunrnapuyeckuid cocya ¢ ropJoBHHOM, pasMepht Ko-
toporod=0,2 M, D=0,4™M,a=0,4 Mmu b=0,2 M, paBHOMCPHO Bpalla-
CTCA BOKpY!I' cBOCH BepTHKanbHOH ocH. CoCyll MPEABAPHTENLHO 3amo)I-
HCH XHAKOCTLIO (P = 1325 Kkr/m”) 10 BoicoTsl A = 0,1 M B ropioBHHeE.

HaiiTi yrioByio ckopocTb () COCYHa, NMPU KOTOPOH M3 HEro Hau-
HCT BLUIMBATLCA XHAKOCTD. [1pH 9TOH yrioBoH CKOpOCTH ONMpPEAC/IHTD
CHJIy JIaBJICHUA P XUAKOCTH Ha KpelKy K cocyna.

Kak M3MeHATCA cuia JaBJICHUS HA KPBILIKY, €CIH YrJoBas CKO-
pOCTDb cTaHeT BABOE Gosbliie HalAeHHOH?

Omeem. o = 34,3 pap/c; P = 1600 n 4900 H.

3anaua 4.36. Onpenenursb CHy JaBJICHHA Ha BEPXHIOK MOJIOBHHY
wapa paauycom R = 0,6 M, 3arI0JJHEHHOTO BOJOH 110 yPOBHA h = 1,2 M
B MBE30OMETPE, B CJEAYIOLMX YEeThIpeX Clydasx: |) mwap HEMOABUKEH,
2) sBpauactcs BOKPYr BEPTHKATLHOH OCH ¢ YIJIOBOH CKOPOCTBIO
® = 12 pag/c; 3) cBOGOAHO NMajaeT B MOJE CHIIbI TAXKECTH; 4) cBOOOA-

HO MajaeT Bpanlasch ¢ yriaoBoi ckopocTH @ = 12 paj/c.
Omeaem. P=8,8;23,5;0un 14,7 kH.
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YACTb 2
rmaPOOUHAMUKA

FMMABA 5. TMAPOOUHAMUYECKOE
NOAOBUE. PEXUMDI
OBUXEHWUA XUOKOCTHU

BBEAEHWE

1. TToaoGHBIMH Ha3BIBAIOT TaKUC TMOTOKH XXHMAKOCTH, Y KOTODPBIX
Kaxcaas XapakTepu3ylollas WX (GU3HUCCKas BEJIMYMHA HAXOAWTCS ANs
JIOOBIX CXOACTBEHHBIX TOYEK B OJMHAKOBOM OTHOLIEHMH. [loHsTuc
FMAPOAMHAMHYECKOro Moxobus BkiouyaeT (puc. 5.1) momoGue no-
BEPXHOCTEH, OrpaHHYHBAIOLINX MOTOKH (T€OMeTpHYecKoe noaobuc);
TPOTOPLHOHALHOCTb CKOPOCTEHN B CXOJCTBEHHBIX TOUKaX M Moaobne
TPaeKTOPHii [BIKECHHS CXOACTBEHHBIX YACTHLL KHAKOCTH (KHHEMATH-
yeckoe noAo0ue); MNPONMOPLUHOHATBHOCTE CHJ, JEHCTBYIOILHMX Ha
CXOJCTBEHHBIE YaCTHLbI KHUAKOCTH, W MPOMOPLHOHATBHOCTh Macc
3THX 4acTHL (AMHAMUYECKOE 110a00He).

OTHOUIEHHS OJHOPOAHBIX (HM3HYECKMX BEJMYMH, MOCTOSHHbBIC BO
BCEX CXOJCTBEHHBIX TOYKaX MOAOGHBIX MOTOKOB, HA3bIBAIOT KO3(QH-
uventamu (MacutaGamu) nopobus. COOTBETCTBEHHO MPHHATBIMH B
MexayHapoJHON CHCTEME €IHHHL OCHOBHBIM (PU3HYECKMM BEJIHYH-
HaMm (nvHa L, Bpems T u Macca M) BBLAENAIOT TPH OCHOBHBIX KO-
¢uumenTa noao6ua: JnHeHHbI MacuTab k; = Iy /L,, macuTal Bpe-

menn kp =T,/T, n macwtab Macc ky =M, /M,. Macwrabnl Beex
OCTTbHBIX (MPOM3BOAHBIX) GPU3HUECKUX BEMHUH BBIPAXKAIOTCA 4epes3
OCHOBHbIE B COOTBETCTBHH C (HOPMYJIaMH Pa3MEPHOCTH 3THX BEIHYMH.
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HaiiT MHHHUMAIbHOE 3HAYEHHE V,, , IPU KOTOpoM B Tpybonpo-

Boje OyJIET elue TaMMHapHBIH PeXHM, NIPHHSB Re,, = 2000.
Ykaizanue. Bocnosb3oBaslwHch GOpMynaMH s NOTEPH HAMOpa NPH TaMHHAPHOM
pexHME:

H =128vIQ/(ngd*)
W ans uucna PedHonbaca:
Re = 4Q/(ndv),
HaXOIMM BhIPaKEHHE KPHTHHECKOTO HANOpa YEpPe3 pacxol, He COAEPKaLUee NHAMETpa
TpyO6nI:
H =1V Reg,/(280°).
Omeem. He = 113 M ~ pesxuM naMHHapHbIi; Vo, =2 Cr.

3agaua 5.21. [Ina keampatHoit TpyOKH, CTOpOHa KOTOpoH a = 10 MM,
OTIpEJICIUTL KPUTHYECKYIO CKOPOCTb ABMXEHHs Boasl mpu ¢ = 20°C
(v=0,01 Cr), Bosnyxa npu p = 0,1 MIla u 1 =20°C (n = 1,82-10™ 11,
p=1,17 kr/mM’) u Typbuntoro mMacna nipu ¢ = 20°C (v=1 Cr), npuHss
Re,, = 2000.

Omeem. CkopocTs Boanl 0,2 M/c, Bo3ayxa ~ 3,1 M/c, macna — 20 m/c.

3apaua 5.22. Jlna y3koii KonbLeBoii menu auamerpom D = 250 MM
¥ wHpHHON b = | MM onpeaenuTh MUHHMAIbHBIA Pacxol BOJbI TEM-
nepatypoit 10°C (v =0,013 Cr), npu KoTopom coxpaHsercs TypOy-
JICHTHBIH PEXHMM; TIPUHATL B KAYECTBE HIDKHEH rPAHULIBI 3TOTO PEXH-
ma Re,, = 3000.

Byner nu BauaTb b Ha 3HauYEHME KPUTHYECKOTO pacxoaa (IpH co-
XpaHEeHHUH ycnoBus, uto b/ D« 1?

Omeem. Qxp = 1,5 11/ HE3ABHCHMO OT h.

3anaua 5.23. Onpenenuts B 00lIeM BHAE A8 Y3KOH KONbUCBOH
uienu aMametpoM D, wiHpHHOH b W aiMHOM | KpUTHYECKHH nepenaj
JABJICHUH Ap = p| — Py, COOTBETCTBYIOLIHH CMEHE PEXXKHMOB JIBHKEHHA
HAKOCTH C 3aflaHHBIMH XapaKTCPUCTHKAMH (TJIOTHOCTB P, BA3KOCTD
W). Moacuurate Apy, B 4aCTHOM Ciy4ae (D = 250 MM, b = 0,5 MM,
/=100 mm) ans Boasl (v = 0,01 Ct), npunss Re,, = 3000.

Ykasanue. TIpHHHMATh, 4TO Nepenaa Ap LETHKOM MONJIOWAETCH CONPOTHBICHHEM
TpeHHA:

Ap = 12W0/67,
rae v - cpenumi CKOpOCTb B LLUCTNH.
Omeem.
6pv2l
Apgp = B Reyp;
Ap,, =14,5 kTla
118

FMABA 6. UICTEYEHUE XUOKOCTH
YEPE3 OTBEPCTUA,
HACALKU U BOAOCIUBDI

BBEAEHUE

1. Tlpu YCTaHOBHBLUEMCS MCTEYEHHH KHAKOCTH M3 GOJIbIIOTO OT-
KPBITOTO pe3epByapa yepes Kpyrioe OTBEPCTHE, pasMep KOTOpOro Mat
M0 CPABHEHHMIO C €ro 3ariayOneHHeM MoJ ypOBHEM XHAKOCTH (Masoe
oteepcTHe, puc. 6.1), cpeHAs CKOPOCTb B CXKaTOM CEYEHUH CTPYH
paBHa Mo ypaBHEHHIO BepHyIH

V= Qy2gH 6.1)
rae H — rnybuHa HEHTpa TAKECTH CKATOrO CEYECHHUs CTPYH MOA ypOB-
HeM (Harop ucTeuenus)'. Be3pasMepHblil KO3QPULMEHT CKOPOCTH

e=1/{o+C, (6.2)

rae O — K03G(HUHEHT KMHETHYECKOH JHEPTMH B CXKATOM CEYCHHH
ctpyH; { — KO3QGHLUMEHT COMPOTHBIIEHHA OTBEPCTHS, BbIPaXaAKOLINH

NOTEPIO Haropa MpH UCTEYEHHH B JIONIAX CKOPOCTHOro Hamopa CTpyH,
MOACYMTAHHOTO MO CPEAHEN CKOPOCTH.

B o611eM cayuae HCTEYEHHS U3 3aMKHYTOTO pe3epByapa B ra3oo0-
pasHyio cpefty (pHc. 6.2) Harop HcTeueHHs F npeacTaBiseT pa3sHOCTh
3HaYeHMH HAPOCTaTHYECKOro Hamopa B pe3epByape U B LEHTPE Cxka-
TOTO CEYEHHs CTPYH:

H=h+(p - p,)/pg, (6.3)
rae h — rnyOuHa LeHTpa CKATOTo CEUYEHHs CTPYH MOJ YPOBHEM XKMA-
KOCTH; p; — AaBjeHHE B PE3epBYyape Hajl XKHIAKOCTbIO; p; — AABJICHHE
cpelbl, B KOTOPYIO BbITEKAET CTPYS; P — IUIOTHOTb MHAKOCTH.

EcnM MCTEYeHHE NPOHCXOAMT B atMocdepy, HANop HCTEYEHHs
npejacTapiserT rIyOWHY pacrloOXEHHs LEHTpa CXKaTtoro CeYeHus
CTpYM TOJ Mbe30METPHYECKHM YPOBHEM (YPOBHEM atMocdepHOro
JIaBJIEHUA) B pe3epByape:

H =h+p, (pg), (6.4)
TI€ Py = Pi — Par — W3OBITOUHOE IABJIEHHE B PE3EPBYAPE Hal KHAKOCTBIO.

! Tak KaK CKAaTOE CEUEHHE HAXOAMTCH HA PaccTOSHMU | = do/2 OT MNOCKOCTH OT-
BEPCTHA, HAMOP MCTEYEHHS AN Masoro oTsepctus (do « H) MOXHO NPHONHIKEHHO OT-
HOCHTb K €r0 LIEHTpY.
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OnpeieIUTh TEOPETHUECKYIO BBICOTY z (POHTAHA MPH MOIHOCTHIO
orkpbitoM Bentune (L, =0,6), npuHuMas KOd3OQHUHMEHT COMPOTHB-

neHus Tpenus B Tpy6e A = 0,03, k09 GpuLHEHTE COTIPOTHBIEHHS BXO-
na B 1py6y C,, =0,5 unHacaaka {, =0,06. Cxarne cTpyH Ha BBHIXOAC

U3 Haca/lka OTCYTCTBYET.

[locTpouTh rpaduK HATOPOB 10 BHICOTE TPYOHI.

Omeem. 2= 12,5 M.

3anaua 7.15. B orcaceiBaronieii TpyOe BOAAHOH TypOUHbI, BBINON-
HEHHOM B BHAE KOHHMUCCKOro auddy3opa ¢ BXOAHBIM AHAMETPOM
D = 0,5 M u yrioM packpbitus 0 = 16°, pacxoa Boast Q = | M/c.

OnpeenuTh BAKYYM BO BXOIHOM CCUCHHH, KOTOPOC PACTIONOKECHO
Hajl ypoBHEM BOJbl Ha BeicoTe H = 1,0 M, €CIIM BBIXO/IHOE CEHCHHE
Tpy6sl 3arty6neno noa yposets Ha i =0,4 M, a K03 (QOUIUEHT NOTEPh
B tuddysope ¢, =0,3.

KakuM CTaHeT BaKyyM BO BXOJIHOM CEUCHMH, cciu auddysop 3a-
MCHHTb LMIHHAPHYECKOi TpyBOi anameTpoM D (WITPHXIYHKTHP) C
K02 HHLIMEHTOM CONPOTHBIICHHS TPEHHA A = 0,037

B 0GOMX clydasx MOCTPOUTh MbE€3OMETPHUECKHUC JIKHUH MO BBICO-

Te TpYOHI.
Oméem. p, = 258 u 14,1 «Ila.

b

K 3apave 7.15 K 3anaue 7.16

3agaua 7.16. Bogocnyck IUIOTHHBI COCTOHMT M3 MJIABHO CKpYyIJICH-
HOrO BXOJHOTO y4acTKa ¢ KO3(P(HIHUCHTOM COMPOTHBICHHA £ =0,05,

KOPOTKOH LIMIIMHAPHYECKOH TOPIOBHHBEI AHAMETPOM d = 0,6 M ¢ pas-
MEILCHHBIM B HEl IMCKOBBIM 3aTBOPOM, KOI()(HUMEHT COMPOTHBICHHS
KOTOPOTO TpH NoHoM OTKpbiTHH §=0,1, 1 KOHHYECKOTO pactpyba
JUMHOM | = 4 M ¢ BBIXOJHBIM AnameTpoM D = 1 M H K03(pHLUHCHTOM
notepb @, = 0,2.
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I. Onpenenuts pacxon Q depes BOJAOCHYCK NpH Hanope /=5 M u
TpeOyeMoe 3aTOIUICHHE A €ro OCH MOJ HM30BOW YPOBEHb, 4TOGHI Ba-
KyyMMETpHYecKas BBICOTa Ha BXO/ie B AHQ(Y30p He NpeBbIlIana 6 M.

2. Kak M3MeHHTCS pacxoj, eci¥ BMecTo pactpyba OyAeT BHINON-
HEeHa LMJIMHApHYecKas TpyOa anaMeTpoM d ¢ Ko3(Q(HHLHEHTOM CcO-
npoTusieHus Tperus A = 0,025?7

Jlis 06oMX Ccly4aeB MOCTPOUTH MpaMKH HAMoOpOB MO JUIMHE BOJO-
crnycka. '

Omesem. 1. Q = 4,65 M¥/c; h = 5 m; 2. Pacxon ymenbuntes B 1,9 pasa.

3anaua 7.17. Jlns yBenuuCHUS MPOMYCKHOH CMOCOOHOCTH KOpOT-
KoM TpyObt anuHoi / = 800 MM u nuamerpom d = 80 mm, paboraro-
e Moj NOCTOAHHBIM HarmopoM /1 = 10 M, K HEH NMPHUCOEANHCH KOHH-
gecknit auddy3op ¢ yrinom packpbitust 8 = 16° n koadduunentom
notepsb ¢, = 0,3.

Onpenenuts BoIXOAHON AvameTp Auddy3opa D W COOTBETCTBYIO-
LLYIO €My JUIMHY L, TIpH KOTOPBIX pacxoj Bojbl no Tpybe Gyaet Hau-
6onbinM. Bo ckonbko pa3 npucoenntenne takoro auddysopa yse-
JIUYUT Pacxoz 1o Tpyoe?

KoahduuuneHt conpoTusienns Tpeuus B TpyOe NPUHATH K 0,03.
TMocTpOUTh MBE3OMETPHUCCKYIO JIMHHIO JUIS 9TOH CHCTEMbI MpPH 3a/1aH-

HOM 3ar1yGJICHHH OCH TPYObl MO HHMHHI YPOBEHb, PABHOM /2 =3 M.
Ykazatine. CM. npuMmep BO BBEACHHH K 11, 6.

Omeem. D=d J(1+9,)/@, =166 Mm; Q,/Q, =1,32.

3anaua 7.18. Boaa neperekact U3 OJJHOrO OTKPBITOrO pe3cpByapa B
JPYro# TMOJ1 MOCTOSHIBIM HAMopoM /7 110 ropH3OHTAILHOMY KOHHYECKO-
my anddysopy ¢ nmamerpom Bxoza d =200 Mm 1 mHOH L = 1200 MMm.

peneGperas cOMpOTHBIEHHEM BXoja B AHGbdy30p, OnpeacnuThb
3HaycCHHE BBIXOJHOro AuameTpa D, mpH KOTOPOM MpPOMYyCKHas CIo-
cobHocTh b by3opa OyaeT MakCHManbHOM.

Koadhpuument noreps B anddysope 3aaaH TabIHYHO B 3aBHCHMO-
CTH OT yIJia pacKkpbitHs 0:

0, rpan 8 10 12 14 16
9, 0,15 0,175 0,20 0,25 0,30

OnpeaenuTts TaKxke, NpH KakoM HaHOonbiieM Hanope 1 MoxeT pa-
60oTaTh Takoit 1 Py30p, €CaH OH 3armyOeH Mo ypoBeHb Ha 4 =2 M, a
BAaKyyMMETPHYECKas BbICOTA B €r0 BXOAHOM CEUYCHHHM HE JIOTKHA Tpe-
BBILIATH § M.

ToCTpOUTB st 3TOTO Cy4as rpaduk Harmopos.

VYka3anue. 3a/1asas pAa 3Ha4EHHH O 1 BblUMCAA BbIXOAHOH anamerp D nuddysopa
npx BMQHHOﬁ €ro JJIMHE, NPOBECTH YHUCICHHOE HCCICA0BAHHE Ha MAKCHMYM pacxoja Ipd

3aaHHOM Hanope F, Hcnonb3ys s ofcyera noteps B iddysope popmyay (7.4).
Omsem. D =410 mM; Hyoo = 1,9 M.
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K 3apave 7.17 K 3agaue 7.18

3apaua 7.19. /lns yBenwueHus awamerpa Tpybomposoaa oT
D, =150 mm 1o D; = 300 MM KOHCTPYKTHBHO 3allaH OrpaHHYCHHBIH
riepeXoAHbIH yuacToK, ATMHa KoToporo L = 200 mm.

1. Onpenenuts ONTHMANIBHBIHA yron 6 packpeiTus aAHGdy30pa, npu
KOTOPOM CYMMapHBIe MOTEpH PaclIMpPEHHs TNOTOKa B TpybompoBoae
OyayT HAMMCHBUIMMH, TMOAB3YACH JUIS ONpPEAETEHHA MOTEPH paculiv-
peuns B auddysope rpadukoM 3aBHCHMOCTH K03bHIHEHTA NOTEPH
paciuMpeHus @, oT yria 6.

2. Bo ckonbKO pa3 Takoi ONTHMabHLIH CTyneHYaTsil Aubdy3op
CHH3HUT TMOTEPH MO CPaBHCHHIO C BHE3ANHBIM paclIMpeHHcM Tpy6o-
npoBoja?

Yka3zanHe. CyMMapuau HOTEepS PACUIHPCHHA
W -v)’ (v, -y’

28 2
r¢ U, U U, — CKOPOCTH B Y3KOM H WMPOKOM ceyeHuax Tpybonposoaa; v, — cKo-

h, =

n q’p

POCTb B BBIXOAHOM cedeHHH Anddy3opa.

3ajnaua pelaeTca YHCACHHBIM HCCICA0BAHHEM HA MHHUMYM BEJIHYHHBLI A, B 38BH-
CHMOCTH OT yriia 0 npu 3a1aHHoi Juke nuddysopa.

Omgem. 1. B, = 17°. 2. [Torepsa yMeHblwHTCA B 4,1 paza.

3apaua 7.20. TpyOka BeHTypH, yCTaHOBIEHHas Ha caMoJieTe,
JOJDKHA OTCachlBaTh, BO3AYX M3 KaMepbl I'MPOCKOMA, MPHBOIAA MO-
crelHUH BO BpanIeHHe.

OnpenenuTs COOTHOUIEHHE BBIXOJHOTO AMaMeTpa d, H JHaMeTpa
rOpJ0BUHEI TPYOKH d, NPH KOTOPOM BaKyyM p, B TOploOBHHE OyneT
MaKCHMaJIEHBIM.

Koa¢d¢dpuumeHT conpoTHBIEHHs CXOASAIIErocs BXOMHOrO ydyacTka
Tpybku { =0,04, koadpduumuent noreps B uddysope @, = 0,2. Cxu-
Ma€eMOCTBIO BO3/lyXa NpeHe6peys.

158

Yka3anue. Bakyym B ceuenun / onpenenserca U3 ypasHenus bepuynnu ans Asu-
HEHHA aTMOCHEPHOTO BO3AYXA OTHOCHTENBLHO TPYOKH:

2
Ps Y vy
£8 -1 -

1Y 2( 0 2

CAC VL ~— CKOPOCTH camolieTa.

Tak kak Ha BbIXOAC U3 TPYOKH (ceqenue 2) naBneHue pamm aTMOoCepHOMY, HMEEM

Uo ( iz )
2 C 2 2 2
Omeem. do/d\ = 2,45; MAXCHMANbHBIH BaKYYM pp, =4pu(2)/2.
%
06
_ g 0;4 /!
0z /A
A
L

0 0 2082pad

K 3anaue 7.19

3agava 7.21. [Ina 3anonHcHus BOAOH TEHACpa HA XOA4y Moe3la B
CNELHAILHO YCTPOCHHBIA MEXY pebCaMH JIOTOK C BOJOH OIyCKaeT-
ca Tpyba npueMuoro ycrpoictBa anametpom D = 200 MM Tak, yTO
BXOJJHOE ccueHHC TPYObl pacrnonaraeTcss HaBCTpeUy MOTOKY.

CyMMapHBI#i KO2G(HULUMCHT NOTEpb B PUEMHOM YCTPOHCTBC, OT-
HECEHHbIH K cpeaHel ckopocTH B Tpybe, { =2, a BricoTa noabeMa

BOABI A =3 M.

Om 2upockona
;1—
—7 e PN
o, Y% =1 } R E Y
— —
[ 22
! —
1 z
K 3agaue 7.20 K 3amaue 7.21

OnpenenuTs BpeMs !, HeobXOMMMOE AJii 3amONHEHMs TeHiepa
o6bemom W = 10 M® npu ckopocTH noe3aa L =36 km/u.
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Ilpn xakoH HaMMEHBIIEH CKOPOCTH U, TMOE€3/a 3TO MPHEMHOE

YCTpOHCTBO MepecTaneT paborars?
Ykazauue, V3 ypasHenns bepiyuin yis OTHOCHTENBLHOIO ABHXEHNHS B TPYDe HMCEM

- (O
*2*;=i¥+2—g(‘+§).
rae @ - CKopocts B 1pyde.
Omeem. t = 86 ¢; v, = 27,5 km/u.
3agaua 7.22. Onpencnurb pacxoj BOABI uepe3 JTaOUPHHTHOE yn-
JIOTHEHHC MMAPOTYPOHIbI, PACTIONONKCHHOE Ha AMaMeTpe D =2 M u pa-
7 padboTarolee NojA nepenaaoM Ias-
& Jdcuuit p; - p, =0,3 Mlla, cecnm

Paboyee
Koneco

|

panvanbHbIi 3a30p b=2 MM H
JUMHa Kax ol e [ =40 mm.
JIns Kaxx IO LICNK yUHTbIBATD

// norepu: npu Bxoae (L=0,5),

/ npu Buixone ({=1) u na tTpeuue

) (L=A/2b, rac kodddUUMCHT

i = ;’mwmm, COilpoTlle.TlCIlHﬂ TPCHUS MPHHSATH
2 L oneyo A =10,04).

Kak wu3Mmcuures pacxoll, cCin
K 3anaue 7.22 BbIIOJIHUTB YIUIOTHCHHC Oe3 kaHa-

BOK B BMAC ILIC/IH JUIHHOMH L = 5[?
Omeem. ) < 129 1 165 /e,

Zapnaua 7.23. U3 BOJIOIPCHHOrO KOTJIA OTBOJAMTCA NOCTOAIIDIA

pacxon Bojwl 0 — 35 a/c npu yposhic B kotiie /1, = 1 M U ypoBHC B
nurarenbioM dake [, =3 M.
« Jlns 1ouIep)KaHMs NPAKTHYCCKH TMOCTOAHHOIO YPOBHS B KOTAC
MNpH 3HAYMTCILHLIX KONCOAHHUAX YpoBHS B NHTatenbHOM Gake Ha co-
cavHsoueM ux Tpybornposoac amamerpom D = 100 MM ycTaHOBJiIEHA
3a7IBMIKKA, YIIpaBisScMas MOIUIABKOM 4epe3 PaBHOIUICYMH phiyar.,

OnpenennThb, KaKk U3MEHUTCs ypoBeHb H, pH ToM xe pacxone (J,
ec/M ypoBeHb H| nogHHMeTCs Ha 2 M.

Yka3zaune. TIpeaBapuTensHo no 3agaHubiM Hanopam H, 1 H, W pacxoay B TpyGo-
1IpoBOJie ONpenaeaseTcs KO3IPGULUHEHT CONPOTHBIEHHA 3aBHXKKH (, COOTBETCTBYIO-
WHH ee Ha4aNLHOMY OTKPLITHIO S, MO npuBencuHomy rpaduxy § B dynkumnn S/D.

3arem npu HOBOM Hanope H\ rpadpH4YecKH ONpeaeIaeTCs TAKOE NOBLILUCHHE YDOBHS
B KOTJIC AH, NpH KOTOPOM pa3HoCTh ypOBHCﬁ 8 0ake n KoTie H l‘lOTCpﬂHHblﬁ B pr60-
NpoBOAE Hanop (NPH HOBOM OTKPBITHH 3aABMXKKH S =S, —AH ) GyayT paBHbl MEXAy

coboit. B pybonpoBoae y4NThIBATE TOIBKO MECTHLIE NOTEPH.
Omegem. AH =23 MM.
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Pt

2 04 06 G068/

K 3agaue 7.23

3anaua 7.24. [lns M3mepelMs pacxoaa BoAbl B TpyOONMpPOBOAE Ha
CTbIKE JIBYX €ro y4acTkoB aAvametpamu Dy = 50 u D, = 80 mm ycTa-
HOBJICHA fuadparma nuaMeTpoM d = 40 Mm. '

1. OnpeacnuTh pacxoj, €C/id H3BCCTHA Pa3HOCTL TIOKA3aHMH Nbe-
soMeTpoB AH = [,5 m.

2. Tlony4uThb BbIpaXKCHUC KOIPPHIMCHTA COMPOTHBICHHA PACXO-
J0Mepa (OTHCCEHHOro K CPeHCH CKOPOCTH B CEYEHHH 2) U BBIMHC-
JAUTh MECTHYIO MOTCPIO HAMmopa AP HalACHHOM pACXOAC.

3. Onpenenuts abCONIOTHOE IaBICHHC B CCHCHHMHU [, MPH KOTOPOM
B pacxoIoMepe BO3HHMKACT KaBHTallMs (YNIPYrocThlo NapoB BOALI Mpe-
HcOpeub).

Ko>dduument conpotuBicns OTBEpCTHs JAHadparMbl  [PHHATH
Gy =0,04; k03dHHLHEHT CxxaThs CTPYH OAPCACHUTS 110 dopmyJic (6.12).

[TocTpouTs rpadmk HaNoOpos.

Omeen. }.Q =6mnc.2. [ =182:h, =1,3m. 3. p, =15 «lla,

K 3anaue 7.24 K 3apave 7.25
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Pacnpenenurenshbii
KaHa

/)

W

I

| -]

K 3aaav4e 8.31 K 3agauam 8.32 u 8.33

3anaya 8.33. [ina oupeaencHns BA3KOCTH XHUAKOCTH M Ce TUIOTHO-
CTH HabJIONAOT PaBHOMCPHOE NajicHUE B HEM ABYX Pa3HYHBIX LLa-
PHKOB, ATIOMHHHUCBOTO IMAMETPOM d| = 3 MM (OTHOCHTC/IbHAA IJIOT-
HOCTb &) = 2,6) M NIAacTMaccoBOro auaMerpoM d, = 4.5 mm (6; = 1.4).
CKOpOoCTH paBHOMEPHOIO JABHXKCHHMS IUAPHKOB COOTBETCTBEHHO CO-
CTaBAAIOT
’ uy=0,5cM/cnu, =0,2 em/c.

BoIYHCIIMTE KHHCMAaTHYCECKYIO BA3KOCTb V M TUIOTHOCTH P KMI-

KOCTH.
Cwm. ykazaHue k 3anaue 8.32.
Omeem.

I didi(p,-
v g 12202 7P 22("2 pz') =3,15Cr,
727 pydiuy - pydiu
- pidiuy —pydiu,
d,z uy -dzzuI
3anaua 8.34. [Ina onpeneneHus BA3KOCTH Macna M3MepAETCA MoTe-
pA Hamopa npu ero npokayke yepes kanubpoBaHHYIO TPYOKy auamer-
poM d = 6 MM. KakoBo 3HaueHHe AMHAMHMYECKOH BA3KOCTH | Macia,

P =1140 krim’.

ecau npu pacxoze Q =7,3¢cM®/c nokasauue pPTyTHOTO IupMaHOMET-
pa, MOAKIIFOUYEHHOTO K YYacTKy TpyOku IHHOH [ =2 M, h=120MMm ?

TlnotHocTh Macna p =900 kr/m> .
Omsgem. p = 0,033 1.
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3anaua 8.35. OpukiHoHHasg Mojaya Macia OCYUIECTBISETCS ¢ T10-
MOLIBKD GECKOHEYHOrO peMHS, 00pa3yIoulero ¢ TOPH30HTOM YO O U
ABHXKYLLIETOCS C MMOCTOAHHON CKOPOCTBIO V. LlInpuna pemHs paBHa B.

" Onpenenurs KITJ 1 # nosady Q Takoro Hacoca, eciu IIIOTHOCTD
Macjia P M €ro JMHaMH4ecKas BI3KOCTD W
CM. ykazanHe k 3agaue 8.5.

1 2,
Omegem. M= %; Q =-Bvy, kY

B mepHbiit
cocyn

Macno

Pryrs

K 3a1a4e 8.34

K 3axaye 8.35

3anaua 8.36. GpukuUHOHHA MoJaYa KHAKOCTH OCYLIECTBIISETCA ¢
TIOMOILBIO [IBYX MapanfienbHO ABHXKYIHUXCA peMHEH, pacrookKeHHBIX
€ 3a30pOM b OTHOCHTENBHO JApYT ApYyTa.

Onpeaenuts nogayy Q B BepxXHUH Gak, ecly yrioBas CKOPOCTb
K&XJ10ro WwkHBa W = 20 pan/c, BA3KOCTb XHAKOCTH U = 0,4 II, ee
IJIOTHOUCTD P = 900 KI/M®, Pasmepsi: R=75MM; | =0,8M; b =2,5 mm;
B =200 MM (umpuna pemHs). Bricora mogaun A =1 M.

BnusHueM rpanun 3azopa npeHeOpeys.

Onpenenuts KITJI n Hacoca.
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Hatitn ontumansuslif 3a30p by, npu KoTopoM nonaua Gyner mak-
CUMAJIbHOH.

Omeem. Q =680 cm>/c; n=1{-

ngb
lzp[Rw

04; by = 4,8 Mm.

K sanauc 8.36 K 3anaue 8.37

3ajiaua 8.37. Onpenenutsh nojauy Q GPUKIHOHHOTO LUAMIAPH-
HCCKOr0 HAcoca MpPH YrioBo# cxopoctH w= 20 paa/c, ¢ciu BAKOCTD
nepekayuBacMon xkuaxoctu U = 0,4 Il n masncHue, cos3aBaeMoe Ha-
cocoM, Ap = 0,012 MITa. Pasmeper Hacoca: D = 60 mm; b = 0,5 Mm;
L= 50 MM (JuiMna poropa).

Onpesennrs KITIL 1 nacoca.

Halru outumansibiit 3a3op hy, npu koTopom nofaua Hacoca 6y-
JACT MAKCUMANILHOM (NPH 3aRaHHbIX Ap, U, W).

Omeem. () =6,67 em*/c; n=022; hy = m = 0,84 MM.

3ajtaua 8.38. CpaBHUTH 1IOTCPH HATIOPA NIPH ICPCKAYMBAHUH HETH
B Kosmuecrse Q = 400 n/mMun no tpybonposoay wikHoH L =2000M u
Anamerpom D = 0,1 m npu Temneparype Hedtu £ = 10°C u 1, =40° C.

Onpenenuts, OyAeT K BBITOAHO, C TOYKH 3PEHHS 3aTPAT IHEPTHH,
NPEABAPUTCABHO TOAOrPETh. XOJNOAHYIO He(GTb OT TEMIEepaTyphbl

= 10°C no t; = 40°C, BMeCTO TOro 4TOObI MEpEKayHBaTh €€ MpH

temnepatype ¢, = 10°C. BaskocTs HepTH v = 180 Ct npu 1, = 10°C u
v = 25 Cr npu ¢ = 40°C; NIOTHOCTb NMPH TOH M APYroi Temreparype
p =900 kr/m’, Ternoemkocts C = 2200 [/ (xr-°C).

Onpenennts anuHy TpyOompoBona Ly, HauyWHas OT KOTOPOH Mo-
JOrpeB He(TH CTAHOBHUTCS BBIFOAHBIM.

Omeem. [Tonorpes Bhirones npu AkHe TpyGonposoaa Ly > 1570 m.
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MMABA 9. PACYET NPOCTbIX
TPYBOMNPOBO4OB

BBEAEHUE

1. TIpocTeiM Tpy6oNpoBOIOM Ha3bIBAIOT TPYGONPOBOA, 110 KOTO-
POMY XHAKOCTb TPAHCHOPTHPYCTCA OT MHUTATENA K NMPUCMHHKY 6e3
NPOMEXYTOUHBIX OTBETBJICHHUH NoTOKa (pHc. 9.1).

[lurarensMH M NPHEMHHMKAMHM B FMAPOCHCTCMAX MOTYT SBIATHCS
pasNMYHbIC YCTPOUCTBA — HACOCH! M THAPOJABHIATCIIH, aKKYMYJISTOPSI,
pescpByaps! U ap.

Tpy60onpoBOa MOXKET HMCTb HMOCTOSIHHBIA AHAMETP N0 BCCH JUTHHE
WM XKC COCTOSATb M3 PAMNA TOCICAOBATCALHO COC/IMHCHHBIX Y4dCTKOB
Pa3IHYHOIO JIHAMCTPA.

HcexomnbiM  npu pacderax  n1pocToro  Tpy0onpoBoja  sABISETCS
ypaBrcuue 6ananca nanopos (ypasticuue bepryiun) ans noroka ot
CCUCHMS ¢ B [IUTATCNIC NIEPCA BXOAOM B TpyOONpOBOA 10 CCYCHUS b B
NPHEMHHKC NMOCIC BLIXOAA XHAKOCTH U3 Tpybonposoaa. [Ipu ycrano-
BUBILCMCS ABHXXCHHH XHIKOCTH

2
U
z“+pu+a _zb+lh
pg 2g pg

rie h, — CyMMa Mnorcpb Hanopa Ha NyTH MEXy BbiOpaHHBIMHU
1

+(x,,—+2h”,

CCHCHHUAMHM, COCTOALL@AA M3 NOTEPb Ha TPCHUC MO JUIMHC H NOTEPh B
MCCTHBIX COMpPOTHBJICHHSX, PACMONIOKEHHBIX Ha Tpybonposoae (k
MECTHBIM NOTEPSAM HaANopa OTHOCATCS TAKXKEC IIOTCPH NPH BXOAE MOTO-
Ka M3 MATaTeNs B TPyGONPOBOA M MPH BBIXOAC MOTOKA M3 TpyGOMpo-
BOJA B IPUCMHHK).
Hns ynobcTea pacyeToB BBOAMTCS MOHATHC PAcioNaraeMoro Ha-
nopa Tpy6omnposoaa
H=|¢, +—p—” - 2y — P
Pg P8
KOTODBIH NpPEeACTaBAET Nepenaj r’MAPOCTaTHYCCKUX HAllOpOB B NTHTA-
TeJE€ MW NPHEMHUKE W BBIPAXKAETCS Pa3HOCTBIO IbC30METPHYECKHX
YPOBHEH B CEUEHHSIX ¢ 1 b.
[Ipeobpasys ypaBHeHue Dasanca HanopoB, Mony4aeM OOHIMIA BHI
PacyeTHOro ypaBHEHHSA NMPOCTOro pr60nposona
2

H= ab;——a 241V, 9.1)

]
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Pacuupumens eTcs 10 Temnepatypsi ¢t = 95°C, M KoJb-

uesoro TpyOomnpoBoda obuieH AnMHOH
I = 16 M u quametpoM d = 50 MM, BKIIIO-
-}-e—{-  uarouiero xanopudep, rie Boaa oxiaxia-
eTcs 110 t; = 65°C. Pa3HOCTb BBICOT MEXAY
‘ LIEHTPaMM KOTJ1a U Kasiopudepa i = 4 M.

1 h Onpenenutb pacxod Q LMPKYJIHPYIO-
HICH B KOJIbLIE BOABI, MPHHAMAsA, UTO ME-
CTHBIE MoTepH Hamopa cocTaeisior 50%
1oTepb TPCHUA MO JUTMHE, U MpcHebperas

= Kanopugep

C oxnax/eHneM Bojel B Tpybax. Illepoxo-
BodoepeliHbti
Kxomen patocTh TpyborpoBoaa A= 0,2 mm. Ilnot-
— HOCTB BOAB! NpH Temiepatype ¢ = 95°C
K sanaue 9.19 cocTapaseT P; = 962 kr/M’ M npH 1, =

3
= 65°C p; =980 kr/M".

Ykazanue. JBHXEHHE KHAKOCTH B KONbUE IIOJUIEPKHBACTCA 3@ CUCT PA3HOCTH
IIOTHOCTCH CTONBOB KHAKOCTH B BEPTHKAIbHBIX YHACTKaX KONsUa BLICOTOH A [pume-
His ypasueine Bepryiuin UIs yHacTKOB KONbLA C TEMHEPATYPAMH ) H 12 (MEXLY LIeH-
TPAMH KOTAA M KanopHcpa), NPUXOAHM K COOTHOLLCHHIO

h{py =) =Pyl + P2l
1e fyg M g — 110TEPH HANOPA Ha FTHX YYACTKaX:
2 2
h.=A h_BL‘ hoa=A _1132.
nl ! n2 2
d2g d 2g
BBOAA 10HATHE TEPMOCTATHYCCKONO HANOpa
Py =(P2-pi)8h
H IPHHAMAZ CPE/IHHE 3HAYEHHA O,V M A, NOaydYaeM PACYETHOS YPABHEHHE B BUJE
LV?
d2’
rac L — NPHBEACHHAN ANHHA BCErO KONbLIA C YHETOM MECTHLIX CONPOTHBACHHA.

Janauy pewnTb rpadMueckn, NOCTPOMB B COOTBETCTBHM C MOC/EAHHM yPaBHEUHEM
1aBHCHMOCTb 110TPEGHOI0 TEPMOCTATHYECKOrO HaNopa p; OT ckopocTH V. Koadduum-

Pr=PA

EHT CONPOTHBIEHHS TPEHHA A ONPEAENATD 1O rpaduKy npuaoKeHns 2.

Cpemmc 3JHAYEHUA NMJIOTHOCTH H KHHEMATHUYECKOH BAIKOCTH BOAbI [IPHHATL MO
cpeaneii TemnepaTtype f, = 80°C: p =972 kr/m*; v = 0,367 cCT.

Omeem. Q = 0,635 a/c.

3anaua 9.20. B koTeNbHOM yCTaHOBKE C €CTECTBEHHOM TATOM MpH
pacxozie AbIMOBbIX razoB M = 18 000 kr/u BakyyM Y OCHOBaHHA Ibl-
MOBO# TpyObl (06YCNOBNEHHDBI CONPOTHUBJICHHEM Ta30BOr0 TPaKTa)
aosnked 6e1Th p, =20011a .

OnpenenuTth, Kakyio BbIcoTy H NomxHa UMETh TpyOa, cospatolas
TAaKOM BaKyyM, eciu ee qMametp d = 1 M.
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CpenHss TUIOTHOCTb ABIMOBLIX TasoB 0, = 0,6 kr/ M> U oKpy-

xaroulero atMocepHoOro Bo3jyxa p, =1,2 kr/m’. Kospguuuent

COMPOTHBJIEHHSA TPEHHUS B TpyOe npuHaTe A =0,03.
Yka3zanue. M3 ypasHenus BepHy i 1U1s ABHXEHHUS JbIMOBbIX ra3oB B TpyGe
H V!
R - Ry Sl
PMEg Pg d2g
rie p) M py — 3Ha4eHns aGCONIOTHOrO NABACHNS AbIMOBbIX ra30B y OCHOBaHHs TpyGbl B

ceueHMH | M B ee BbIXOJIHOM CedeHHH 2.
0603H4a4HNB p,, — aTMOCEPHOE AABJIEHHE HA YPOBHE OCHOBaHUS TPYObl, 10/1y4HM

PL=Pu =Py U P2 = Pur _ngH'

Omaem. H =40 m.

i Hacoc
W, = ~0.2
v ' bBacceiH
= TR
$ - == \
- — I N %-/,d
- — N N
DOONITREEEN
E N
1 (= LD i—é =6
&\\\\\\\
K 3agaue 9.20 K 3anaue 9.21

3anaua 9.21. LentpobexHslit HacoC ocyLiecTBISET 3a60p BOJBI
u3 GacceifHa o caMoTeyHoH TpyGe yepe3 MPOMEXKYTOUHBIH KOJIOACL.
Pasmeps! camoTeyHoit TpyGet L = 20 M, D = 150 MM M BCachiBatoLieH
nuHuK Hacoca [ = 12 M, 4 = 150 mm. Hacoc pacnosioxeH Bebille ypoB-
Hs BOJb! B GacceitHe Ha 1 =2 M.

Onpenenntsh pacxoa 0 BOABI, OTKAYHBAEMOH HACOCOM, €CIH H3-
BECTHO, YTO BAKYyMMETPHUECKas BBICOTA BO BCACHIBAIOLIEM NaTpybke
Hacoca paBHa 6 M.

Ko3¢hHLHEHT conpoTHBeHHs TpeHHs B Tpy6ax npuHATs A = 0,03
(3HaueHHs K0P bULMEHTOB MECTHBIX NIOTEPh YKa3aHbI HA CXEME).

Kako# GyneT npu 3ToM pacxofie pa3HOCTb YpoBHe# z B GacceiHe u
xonojue?

Omegem. Q =38,5n/c;z=1,7m.

3agaua 9.22. J{ng nogaun BoAwl B koauvecTse O = 2,1 M>/MUH Ha
paccrosinue L = 400 M noa HanopoM H = 9 M MOXHO HCINONB30BaTh
uyryHHbie Tpy6b1 nuaMerpamu d; = 150 MM U d; = 200 mm.
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3agaua 9.26. [IpoTHBOTOUHBIN MepeoXjaauTeNb Uit aMMHaKa BbI-
MOJNIHEH B BHIE YETHIPEX IOCEAOBATENbHBIX CEKLMH, Ka¥aas M3 KO-
Topbix 00pasoBaHa ABYMs KOHLEHTpH4YeckMMH TpyGamu. Ilo BHYT-
peHueit TpyGe, anamerp kotopod d; = 30 MM H TONI(MHA CTEHKH
2,5 MM, TedeT BOHAa, N0 MEXIyTpyOHOMY MPOCTPAHCTBY — KHAKHH
amMMHaK (auameTp BHewwHeH Tpy6sl dy = 50 Mm). Ob1las anKMHa BHYT-
penHeit TpyObi L, = 22 M, JJIMHA KaX<AOH cekuuH L, = 4 M, AMameTp
COENMHNTENBHBIX NATPYOKOB MEXAY CCKLUHMAMH di = 35 MM.

OnpenenuTs MOTEPH Haropa B NCPCOXNAANTENE 1A BOIbI A, 1 aM-

MHaka h,,, eciM  MaccoBblii pacxon Bomsl M, =4000 «xr/4
(v=12- 1072Cr ) 1 ammuaka M,= 2200 kr/u (oTnocuTenbHasA MIOTHOCTH
6 =0,61 u guHaMHueckas BA3KOCTb U =0,225- 1072 1T npu £ = 20°C).

Tpy6bl NTPUHUMATL MAPABIHYCCKH TIAJKHMH, KOIQHUIHCHT CO-
NPOTHB/IEHHS BXOAa B COcAMHUTCbHBIH maTpybok {,, =0,5 W BbIXO-

na w3 vero §,, =1. [ToTepsMH Ha MiaBlbIX NOBOPOTaX BHYTPEHHCH

TpyOb! NpeHebpeub.
Yxasauue. [Torepu Ha Tpenue 10 JUIHHE JUIS BOIbI M aMMHaKa ONPEACIATL 1O
dhopmyne

[V
hll.l EATTTTY
D2g
NpHHHMas JINA IHAPABJIIHYCCKAX 1JIAJIKHX 'rpyG
x=0,316/4Re,

rac Re=vD, /v (D, ~ ruupasiuyeckuii qnametp, pasibii 4F/x; F/ - miomaus 1 ¥ -
HEPHUMETP CEHEHHH).

Omaem. hy = 2,1 M, h,p = 1,5 M.

3anaua 9.27. Bojaa noaaercs 8 UMAMHAP Mpecca FHAPaBIHYCCKHM
rpPY30BbIM AKKYMYIATOPOM MO CTanbHOMY Tpy6ompoBoay AnMHOM
L =180 M u auamerpom d = 50 MM. Macca NOABHXXHbIX YacTeH akky-
Myastopa m = 40T, anamerp ero nuymwkepa D, = 220 mm u KIIJ pa-
6oyero xoma n; = 0,95.

Onpeaenuts ycunue P, pa3BUBacMOE NPECCOM MpPH ABYX 3HAYCHHU-
X ckopocTH ero muymxepa v=0,1 1 0,2 m/c.

Jluamerp nnymwxkepa npecca D, = 300 mm, KI1JL paboyero xona
npecca 1, = 0,95 (Maccoi niyHxkepa npeHeGpeyb).

IllepoxoBatocTh cTeHok TpyGonposoaa A = 0,2 MM, MECTHBIE NOTE-

pu cocTapasoT 10% noreps Ha Tpenne. Bsskocts Bow! v = 1,25 cCr.
Omeem. P =610 n 460 xH.

3agaua 9.28. OnpenenuTs M30LITOYHOE AaBJICHHE Ha BXOAE B
LIECTEPEHHBIH HAcOC CHCTEMB! CMa3ky, mojaroumi @ = 60 i/MuH
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Macina npu temnepatype ¢ = 20°C (kHHeMaTHUYeCKas BA3KOCTh Macia v
= 2 CT, OTHOCHTeNBHAs [IOTHOCTh & = 0,92).

JnvHa cTansHOTO BcachklBaowero Tpybonposoaa [ = 5 M M aua-
MeTp d = 30 MM, ero mepoxoBatocth A = 0,1 MM.

BxonHoe ceueHMe Hacoca pacrosoXKeHO HHXKE CBOOGOAHOW To-
BEPXHOCTH B Mac/IsHOM Oake Ha h = 2 M.

Kak u3MeHHTCs naBneHue mepea HACOCOM, €CIIH Maciio Harpeercs
1o temneparypsl ¢ = 80°C (v =0,1 Ct, § = 0,87)?

MccTHble notepy B TpyOONpoBoae NpHHUMATL paBHbIMH 10% mo-
TEPb Ha TPCHUE 1O JJTHHE,

Omeem. p,=30klla up,= 10 klla.

D, m
. Om Hacoca

———

Ld

AKKymMynamop

K 3anave 9.27

Id

e

K 3anave 9.28 K 3agaue 9.29

3agaya 9.29. Ilo camoTe4HOMY CHOHHOMY TPYGOTIPOBOAY ATHHOI
L = 44 m neobxoaumo obecneunts pacxoa Hedtn (8 = 09, v =1 Cr)
Q = s/c npu Hamnope H =2 M.

Haittn tpebGyemsiit anamerp D TpyGomnpoBoaa, y4HThIBas TOJNBKO
MIOTEPH HAMOpa Ha TPEHHE 110 €r0 JJIHHE.
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OnpenenuTb AOMYCTHMOE NPEBBILIEHHE /1 cedeHHs K Hal ypoBHEM
B BEPXHEM pe3epByape, €CiM 3TO CE4EHHE HAXOJMTCA Ha cepeauHe
InMHbl TpYGONpOBOAa, @ BAKYYM He JODKEH MpeBbIaTh p, = 53 klla.

Omeem. D=55mm, h=5m.

3apauva 9.30. ITo TpyGonpoBoay MOCTOAHHOTO AHAMETpPa MOJaeTCs
3aflaHHBIA PacXoA XUAKOCTH. OMNpelenuTb, Ha CKOJBKO MPOLCHTOB
HEOOXOMMO YBEIHUYHTh AMaMeTp TpyOonpoBoaa, 4ToObl yMEHBLIUHTD
B HEM MOTEPIO Haropa Ha TPEHHME B 2 pasa.

3ajauy pelInTh, NPEANONaras, 4T0 HMEIOT MECTO: 1) TaMHUHAPHbIH
pexum; 2) TypOyneHTHBIR pexHM B 061aCTH THAPABIHYECKH ITTaAKHX
py6 (A = 0,316/ YRe ); 3) Typ6yneHTHbIH pexuM B 001acTH ruapas-
NMUecKH epoxosathix TpyO (A = 0,11 Yard).

Omaem. Jlnamerp neoGxoumo yBesnuntb ua 19, 16 v 14%.

3amaua 9.31. Temnepatypa Ma3yTa, NEpeKayHBaeMOro Mo ropu-
3ouTanboMy TpybGonposoay auamerpoM D = 150 MM M IIMHO#H
L =5KM, MEHAETCA B CBA3M C KJIHMAaTHYECKMMH YCJIOBHAMH OT
t=10°C go t = 30°C.

OnpepenuTs NOTEPIO AaBieHHs Ap B TpyOONpoOBOAE MpH MOCTOSH-
HOM pacxoge Ma3yta Q = 50 1/c ¥ Tpex 3Ha4YE€HHAX TCMIEpaTyphl
10, 20 ¥ 30° C, BOCNONB30BABIIKCH NPHUBCACHHBIM rpadHKOM 3aBH-
CHMOCTH KMHEMAaTHYCCKOM BA3KOCTH V W OTHOCHTEJBHOH MJIOTHOCTH
masyTta 8 oT Temneparypsl. lllcpoxoBatocTh crcHok TpyGomnpoBoaa
A=0,1 Mm.

Omsenm. Ap = 5,42, 4,92; 3,92 MIla.

v,Cm

\
o
- 097
sl‘ : 090
= 089
1.0 \I\\ T\ 0.88 0
\1]_\ 0.4 \‘

— \\‘L
= ]
0 10 20 30 t C 0 10 20 30 40 t°C
K 3agaue 9.31 K 3apaue 9.32

3anaua 9.32. BuIsiCHUTh BIHAHME NOAOrpeBa HEPTH HA MPOMYCK-
HYIO CMOCOGHOCTL CaMOTEYHOTO CTalbHOrO TPyOOmMpoBOAa AIHHOMH
L = 10 kM u auamerpom D = 200 MM (tuepoxoBaTocTs A = 0,2 MM),
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paboTarowiero noj NOCTOSHHLIM HaropoM H = 45 M, onpeaenus pac-
xon He)TH MK YeThIpEX 3HaYEHHAX ee TeMnepatypsl ¢ = 10, 20, 30
40°C. Bocrnonb30BaThesl NPHBEAEHHBIM PaQUKOM 3aBHCHMOCTH BSA3-
KOCTH HEQTH v OT TEMIIEpaTyphl.

Yka3zauue. [To popMyne (9.23) npeaBapHTENbHO ONPEAENNTh 3HAUEHHE V,p, OTBE-
qarouwee nepexoly AaMHHAPHOrO pexuMa B TypOyseHTHbl npH 3anaHHOM Hanope H
(npuHsB Reg = 2300).

Omeem. Q@ =10,8;21,6; 20,31 21,8 n/c.

3apaua 9.33. CpaBHUTH pacxo BOObI (V= 1072 Cr), Typ6uHHOTO
macna (v = 1 Cr) 4 unnuaaposoro Macna (v = 10 Ct) npu temnepary-
pe t = 20°C no cransHOMy TpyGonpoBony anuHoH L = 200 m u qua-
metpoM D = 100 MM (wepoxoBatocts A = 0,1 MM) Npu OJHHAKOBOM
Harope H = 10 M,

Omesem. Q=17,2,12u 1,2 n/c.

3anaua 9.34. KynopocHoe macno npu ¢ = 25°C (u =20 cI1, d = 1,84)
BbIKMMaeTcs M3 Gaka B aTMocdepy NarneHHeM Bo3ayxa p, = 0,3 Mlla o
Tpy6e uHoi [ = 40 M, nogHNMasACk Ha BHICOTY h = 8 M.

Onpenenuts AHaMETP TpYy-

GonpoBozaa, MpK KOTOpoM 00b- Coxathiit BO32YX |
em macna W = 3 M’ Gyner Bbl-
®uMatbcs U3 Gaxa 3a 7= 5 muH,

]

€CTM  IEPOXOBATOCTL TpYObI D A
A = 0,05 MM ¥ MecTHblE IOTEPH B
cocraBnsaior 25% nmnotepr na - — —

TpeHHe (M3MEHEHHEM A B Tpo-

1lecce BbDKMMaHHA Macia Ipe- K 3aaaue 9.34

Hebperarts).

Yiasauue, 3agady pewuth rpadHUeck, IOCTPOUB 3aBHCHMOCTh noTpebHoro Ha-
nopa H ot anamerpa d npu 3agaHHOM pacxole. Jlns onpeneneHHt pexHMa ABHKEHHA
HANTH KpUTH4eCKHi Hanop no gopmyae (9.25), npuuss Re., = 2300, u cpaBHuTh €ro ¢
pacnonaraeMsiM Hanopom H = pJ(p g) — h.

Omeem. d = 67 MM; okpyrnas 10 d = 70 MM, noiy4yHM Heobxoaumoe naBieHHe
Pu=0,27 MIla.

3anaua 9.35. Boga B xonnuectse Q = 12 n/c nepexayuBaercs 1o
cranbHOMy TpybonpoBoay auamerpoM d =125 MM, anmnort L = 1000 M.

OnpenenuTh MoTepH Hanopa A, NpPH BO3PAacTAMOWHX 3HAYEHHAX
LIEPOXOBATOCTH B mpouecce crapeHus Tpyosl A = 0,1; 0,2 u 1,2 MM,
KuneMaTtnyeckas Baskocts Boasl v = 0,01 Cr.

3HayeHHs A ONPEAETHTS Mo rpad UKy MPHIIOXEHHUS 2.
Omeem. h, =1,9; 8,84 14,8 m.

3agaya 9.36. CpaBHHTb MOTEpH HAropa Ha TPEHHE B KPYIJIOH H
KkBagpaTHOH Tpyb6ax paBHOH JUTHHBI ¥ pPaBHOM IUIOWAAH CEUEHHUS MPH
OZIMHAKOBOM pacxofie AaHHO# XHUIKOCTH, MpeAnosaras, yTo B Tpybax
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MMEIOT MecTo: 1) JIaMMHapHBIA pexuM; 2) TypOYJICHTHBIH pEXHM
(xBampaTHyHas 001ACTb COMPOTHBICHHA), MpPHUEM LIEPOXOBATOCTE

Tpyb OAMHAKOBa.

Ykasauue. [loTepy Ha TpeHHe NOACHHTHIBATH N0 o6wed popmyne

2
o=,
D, 2g

rae D, = 4F/y - PMAPABIHYECKHA AHaMETP (F - niowanb ¥ X, —~ NepHUMETp CeHeHHH),

TpH saMHUAPHOM PEXHAME KOIQGUUHCHT CONPOTHBIICHHA TPEHUA LA Kpy1iioH
tpy6ui A = 64/Re 1 )Uis KBAAPATHOH A = 56,9/Re, riae Re=vD, /v — uncio Peiinonba-
¢4, ONPE/CAACMOE NO THAPARAHHCCKOMY AHAMETDY.

[lpu TypOy/NEHTHOM PEKHUME B KBaaApaTH4HOM obuacTH juis obeux Tpy6 NpUHATH

A=011(a/D, ).

Omeaem. OTHOLICHHE 110TEPb HALIOPA B KBAAPATHOM M KPYLito# TPyGax pasHo 1pw
AaMUHAPHOM pexcnme 1,13 n npy typOyneuriom 1,16,
d 3aaaua 9.37. Bo ckosbko pa3
4 YBEIIHUHUTCA NnoTcps Hanopa Ha
TpeHue B TpyOc MpH 3alaHHOM
N pacxone, €c/i KBaJpaTHOC ccyce-
i HHe Tpybbl 3aMEHHTh TPAMO-
. YToJibHbIM CCYCHHUCM TO ke
IR N L mioulagy ¢ OTHOUWICHHCM CTOPOH
: hib=0,1?
, 3anauy peUIMTbL Ui JlaMHHap-
K sanaue 9.37 HOro pexuma M TypOyJeHTHOrO

pexuMa B KBaIpaTHIHOH 061aCTH.

Ykazauue. Cm. sajgauy 9.36; s npAMOYrofbloi TpyOel ¢ hib = 0,1 npu namu-
HAapHOM PEXHUME A = 847/Re.

Omeem. TloTeps nanopa yBE/IHYHTCA 1IPH NAMHHAPHOM PCXHUME B 4,5 pasa, npH
TypBOyneHTHOM — B 2 paja.

3agaua 9.38. Bo CKOJBKO pa3 yBEIMUHTCA PACXON NaHHOH XHIKO-
CTH, MpONycKaeMblil TpyGONpoBOAOM MpH HEM3MEHHOM pacrojiarac-
MOM Harope, eciii auameTp Tpy6ornpoBoJa Ha MOJIOBHHE €ro ATHHbI
yBENHYHTH BABOE?

YyuTBIBaTh TONBKO MOTEPH Ha TPEHHE MO AJIMHE, Mpeanonaras,
4TO B CPaBHHBAEMbIX TPYOOMpOBOAax OyAyT HMETh MECTO: 1) namu-
HapHBIN peXnM; 2) TypOyNeHTHBIA PEXHM B 006/1aCTH I'HApaBIHYECKH

rnaaxux Tpy6 (A = 0,316/ YRe ); 3) Typ6yneHTHBIH pexum B 061acTH

IHAPABIHUYECKH LIEPOXOBATHIX TPYO (A =0,11 YA/d); B nocnenxem

cily4ae CYMTATh IIEPOXOBATOCTH A OOMHAKOBOM AN 000X y4acTKOB

Tpybonposoaa.
Omeem. Pacxoll yBenMUUTCA B 1,88; 1,451 1,39 pasa.
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3agaua 9.39. [To ropusoHTanbHOMY TpyboONpoBosy JHHOH L=17 kM
HEoBX0MMO MepekayuBarh He(Th (TIOTHOCTL P = 920 KI/M®, KHHEMATH-
yeckas BsizkocTh v = 0,2 CT), MaccoBblif pacxofl KOTopo# M = 200 T/4,
NpH YCNIOBHH, 4TOGHI N1aJCHHE 1aBNIEHHs B TPYGONPOBOAC HE MPEBLILIANIO
Ap = 4 MITa. lLlepoxoatocTs TpySonposoaa A = 0,2 MM.

Onpenenutb auaMeTp TpyGonposoja.
Omaem. D = 200 MM.

3agaua 9.40. Onpenenuts MaccoBeli pacxod M MaszyTa B MEXIy-
Tpy6HOM npocTpaHcTBe TpyGonposona AnuHoi L = 600 M 1 anameT-
pom D = 200 MM, BHYyTpH KOTOPOrO COOCHO pacmoyoeHa Tpyba
BHEIHHMM anaMeTpoM d = 100 MM, €CJIM H3BECTHO, YTO NOTEPS AaBiie-
uus B Tpybonposoae Ap = 0,3 Mlla.

[TnotHocTs Ma3dyta p = 920 Kr/M’, €ero KMHEMaTH4ecKas BA3KOCTh
y =1 Cr. lllepoxoBatocTs cTeHOK Tpybonposoaa A = 0,1 M.

Kak WM3MEHHTCS TIOTCPA NaBJCHHS, €CIH MPH TOM Xe 0OGbeMHOM
pacxofic Ma3yTa cro MJIOTHOCTb ¥ BA3KOCTb B PE3YJILTATC IMONOTPEBa
cTanyT paBHbIMH p = 900 kr/m’ nv =0,2 Cr?

Viaszanue. [IpcABapHTENbHO ONPENENHTL PEXHMM ABWKEHHA B tpy6onposoae,
HOACUHTAB KPUTHHECKY IO CKOPOCTL U"P H KPUTHYECKY 0 NOTEPIO JaBJICHHA Ap.(p, KOTO-~
pble COOTBETCTBYIOT BEpXHew rpa'uuuc namuHapioro pexuma Re,, = 2300. IToTepio
NABACHHSA IPH TAMHHAPHOM PEXHME ONPEACNATH N0 dopmyne
Ly

R} - R}
(R, /R,)
FZIC |4 — AMHAMUMECKAs BAIKOCTL XKHUAKOCTH, U — CPEAHAR CKOPOCTh, R: n R, — papuycot

KOJIbUEBOH TPYObl.
Omeem. M = 85 1/4; Ap = 0,125 MIla.

™
"
S

K 3agaue 9.40 K 3agaue 9.41

Ap =8y

K

R} + R}

||||‘
!I!!

V2

:

e

3agaua 9.41. Onpenenuts pacxoa () Macna, MepeTeKarolero 1o
TpyGe 3 6axa A B Gak B, u pacrionaraembiit Hanop H, eciiu nokasaHue
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PTYTHOTO JM(MAHOMETPA, IPHCOSAMHEHHOrO OHOM BETBRIO B Gaky A 1
JPYTOii BETBBIO — K CEYCHHIO Ha CEPEIMHE JUTHHBI TPYBbl, Ay = 440 MM.

Jnuna tpy6ul [ = 10 M, ee anametp d = 20 MM M LIEPOXOBATOCTH
A=0,01 mm.

MnotHocTs Macna P = 850 KI/M’, ero KHHEMaTHYeCKas BA3KOCTb
v=4cCr.

Omeem. Q= 1,25n/c, H=12m.

3amaua 9.42. Boga BeiTekaeT u3 6aka B aTMocdepy Nno ropH3oH-
TanbHOM Tpy6e, Ha KOTOpO# yCTaHOBICHDI ABa Mbe3oMeTpa. [uamerp
Tpy6bI d = 50 MM, ANHHA KAXJIOr0 U3 TPEX €€ YHacTKOB, Pa3CNeHHbIX
nee3omerpamy, [ = 4 M.

1. Onpenennts Hanop H B 6ake 1 pacxonl Q BOAbI, €C/IH U3BECTHO,
YTO MPH MOJIHOCTLIO OTKPbITOH 3amBinkKe ( § = 0), ycTaHOBNEHHOH Ha
y4acTKE MEXy NbC30METPaMH, Pa3HOCTh HX nokasanuit Ak = 3 M.

[LlepoxosatocTs TPy6Hl A = 0,5 MM, KMHEMaTHYeckas BA3KOCTb
Boasl vV =1 ¢Cr.

2. Kak M3MeHATCA pacXoA ¥ pasHOCTb MOKa3aHHH Ah NpH TOM xe
Hanope B 6ake, HO yacTHUYHO NMPHKpBITOH 3amBixKe ( § = 30).

IMToTepeit Hanopa npu Bxoae B TpyOy npexebpeds. B 0bonx ciyya-

X TIOCTPOMTh rpadvKK HAMOPOB MO ANTHHE TPYObI.
Omsem. 1. H = 10 M; Q = 8,64 n/c. 2. Q = 4,32 n/c; Ah = 8,25 m.

Y
A

|
|
11

H
X0
Ah

K 3anauve 9.42 K 3anaue 9.43

3anaua 9.43. Hacoc oTkaunBaeT 6€H3UH M3 MOA3EMHOTO pe3epByapa
no BcachiBaloleMy TpyGonposony, auamerp kotoporo d = 100 mm,
anuua [ = 120 M, wepoxosatocte A = 0,1 MM. YpoBeHb GeH3nHa B
pe3epByape HIKe ocH Hacoca Ha Hy = 3,8 M, naBneHue B pesepByape
Pa =101 kIa.

ITnoTHocTs GeHsnna p = 750 Kr/M’, ero KMHeMaTHYecKas BA3KOCTb
v =0,01 Cr.
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Omnpenenutb pacxoa Q GeH3HHA U3 pe3epByapa, €CIH HM3BECTHO,
yTOo abCONMOTHOE aBIeHHe BCachbiBaHUA Hacoca p,. = 42 klla.

MecTHble MoTepH Hanopa B TpybonpoBoje NPUHATL paBHBIMH 10%
OT NMOTEPb TPEHHS 10 €ro JIHHE.

Omaem. Q = 13,5 n/c.

3anaua 9.44. Onpenenuts cuay P, KOTOPYIO HYXHO MPHIOXKHTb K
MIOpIIHIO Hacoca AHaMeTpoM D = 65 MM, uToGBI MOJaBaTh B Harop-
HbI# 6aK XKHMIKOCTH C MOCTOSHHEBIM pacxonoM Q = 2.5 si/c.

BricoTa noanseMa XHAKOCTH B ycTaHoBKe Hy= 10 M, n3bbiToutoe
JaBlieHHe B HanopHoM 6ake py = 0,15 MIla.

Paamepn! TpyOonposoga [ =60 M,

d =30 MM; ¢ro 1epoOXOBaTOCTh
A = 0,03 mm. Koadduument comnpo-
THBJICHHUS BEHTH A Ha Tpybonposoae
{=15,5. Motepy Hamopa Ha mJaB-

HBIX TOBOpOTax TpybomnpoBoaa He
YUHTBIBATD. K 3anaue 9.44

3ajiauy peLUTh IS CITy4aes Noja-
un B 6ak Gensuua (p = 765 kr/M’, v=0,4cCT) U MalIMHHOTO Macna
(p=930kr/M*,v=20cCr).

TpeHueM NOpLIHA B LHIHHApPE NpeHEOpeYs.

Omeem, P = 15001 2350 H.

3agaua 9.45. [Topwens auaMerpom D = 60 MM, IBHraschb paBHO-
MepHO, BcachiBaeT kepocuH (p= 850 kr/M’, v =2 ¢CT) H3 OTKpHITOrO
6aka mpu aTrMocdepHoM naBie-
HHUH py, = 100 kITa.

BricoTa BcacbIBaHHA g = 3 M.
BcacwiBaromas Tpy6a (1epoxosa-
tocts A = 0,05 MM) umeeT pasMe-
pol | = 8 M, d = 20 MMm. Koaddu-
IIMEHT COTPOTHBIEHHA KAXKAOTO
3 KoseH Ha Tpy6e {, =0,4.

K 3anaue 9.45

OﬂpCﬂCJ'IHTb MaKCHUMaJIbHO BO3MOXHYH CKOPOCTh U, NOpLIHA MO

YCNIOBHIO KaBHTAlMH B LIWIMHIpE, €CJH HU3BECTHO, YTO JaBJICHHE Ha-
CBIILCHHBIX MapoB KepocHHa p, , = 16,6 klla.

KakoBa mpu 3TOM BHelIHss CHIa P, KoTOpas J0MkHa ObITh NpH-
JI0EeHa K MOpLIHIO?

TpenueM nopiiHA B LMAKHApPE MpeHebpeys.
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TTocTpouts rpagux Hanopos.

Omegem. v, =036M/c, P=235H.

3apaua 9.46. B cucreme 06BeMHOrO THAPONPUBOAA THEBMOTHI-
PaBIMYECKHH aKKYMYJATOp ¢ M30BITOYHBIE [aBJIEHMEM BO3AyXa
po= 5 MIlla nutaeT Mmacnom ruapoimnuuap avameTpoM D = 60 MM.

TII0THOCTE ¥ KMHEMATHYeCKas BA3KOCTb Machna P = 910 kr/m’,
v =0,2Cr. ,

CoeavHuTeNbHAd NaTyHHas Tpybka (uepoxosatocte A = 0,01 Mm)
uMeeT pasMepsl [ = 12M U d = 15 MM,

OnpeaenuTs CKOPOCTh V,, YCTaHOBHBILETOCS ABMXCHHS MOPLIHS
FHAPOUMIMHApPA, KOTAa K HCMY TpPHIOXKEHa MOJC3Has Harpyska
P=12«kH.

Kakoif cTaHeT ckopocThL NopiiHsA NpH cOpoce Noie3uon Harpy3ku
(P=0)?

MecTHble conpoTHBiaeHHs TpyOkH (BXOJ, MOBOPOTHI M apMarypa)
- TIPUHATDb PaBHBIMHU 30% OT CONPOTHBIICHUS TPCHHUA MO CC JUTHHC,

YreukaMH U TPCHUCM MOPIUHA B FHAPOLMIHHAPE NMpeHebpetb.
Omeem. v, =0,4u 1,2 M/c.

==
)

K 3anay4e 9.46 K 3apaue 9.47

3agaua 9.47. B ycraHOoBKe NOpPIUHEBOTO TMAPOABHMraTelis pacno-
naraeMelit Hanop BoaAbl // = 40 M. Boxa noaBoauTCs K MONOCTH BHICO-
KOTO JaBJIeHUs UMIHHApaA o Tpybe pasmepamu /; = 60 M, d; = 150 MM
M OTBOJHUTCS OT IOJOCTH HU3KOTO JaBJieHHA No Tpybe pa3Mepamu
I, = 10 M, d, = 150 mm. lllepoxoBatocTs 06eux Tpy6 A = 0,5 MM,

HuameTp nopins D; = 400 MM u ero wtoka D, = 120 MM, Onpe-
AENUTH CKOPOCTh U, YCTaHOBMBLLIErocs ABHIKEHHs MOPIUHSA, KOTAA K

HEMY NpHJIOXKEHa NoNe3Has Harpy3ka P = 40 kH.
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MecTHble TOoTepH Hanopa B Tpybax NMpH MOJHOCTBIO OTKPBITOH 3a-
asixke (£ = 0) npuHATHL paBHBEIMH 15% OT CyMMapHOH NOTepH Tpe-
HUA 10 UX AnuHe. Baskocts Boasl v =1 cCr.

Kakum nomkeH ctate KO3 UUMEHT CONPOTUBIICHUS { YacTHYHO
NPHUKPHITOH 33JIBUKKH, YTOOB!I CKOPOCTH NMOPIIHSA NPH 3aJaHHON 1O-
NIe3HOM Harpy3ke yMeHbLIMIaces B 2 pasza?

YTeukaMH ¥ TPEHHEM MOPUIHA B LIMIHHApE NpeHeOpeyb.

Ykasauue. I'naposasurarens, npou3BoaALIMA nonesnylo paboTy 3a cueT pacnona-
ragMoro Hamopa BObl B YCTAHOBKE, CJICAYET pacCMaTpHBATh KaK MONE3HOE COMPOTHB-
JieHHE, NaJeHHE Hanopa B KOTOPOM

Ah=24pi(pg),

rae A]) - nepenan IIBBHCHMﬁ B NOJIOCTAX LIHIHHApA:
_ P
T Dl - D314

Ontaem. v, = 0,37 m/c; {=435.

3apaua 9.48. Onpenemuts pacxo ®HUAKOCTH (KHHEMaTH4ECKas BA3-
koctb kotopoit v = 0,5 Ct) nio Tpybke pasMepamu [ = 10 M, d = 20 MM
npy pacnonaracMoM Harnope 1 =30 m.
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- ]
0 1000 2000 Re
K 3apaye 9.48

Jns ydera norteps Hamopa B MECTHBIX CONPOTHUBJEHHSX (BXOI B
Tpy6Ky, koneno 90° u HOpManbHBEIH BEHTHIIb) BOCHOJIB30BATLCS MPH-
BEACHHBIMH 3aBUCHMOCTSAMH OTHOCHTENBHBIX 3KBHBAJICHTHBIX JJIHH
[, /d 3THX MeCTHBIX COTpPOTHBNIEHHH OT 4ucna Peitnonbaca Re npu
JaMHHApHOM PEXKHME TeYeHHs B TpyOke.
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Yka3zarue. 3anauy peiiuTb rpadHyecKy, NOCTPOHUB XapaKTEPHCTHKY Tpybonposo-
na H = f(Q). MoTepto Hanopa npH BbIXO/AE KHAKOCTH U3 TPYOKR B 6ak yuecTb C nomo-
IO COOTBETCTBYIOLLIEH JKBMBAICHTHOH 1IHHbL, onpeaenseMoi U3 obuwiei GpopMynb

Lid= CIA,
B KOTODO#H NpH NlaMHHapHOM pexuMe { = au A = 64/Re.

Omgem. Q = 1,45 n/c.

3agaua 9.49. HaiiTH oTHOLIECHHE NOTEPh Haopa B JaHHOH Tpy6Oe
npH TypOyJE€HTHOM M JIAMHHApHOM peXHMaX TEUEHHs AaHHOM XHa-
KOCTH, pacXolbl KOTOpo# B 060MX Clyuasx OAMHAKOBBI. Pacuer BbI-

o S
HOJIHUTE JUIA 3HadeHMs uucna Pefinonsaca Re =107, npeanonaras

Tpy6y npH TypOynEeHTHOM PCKHME THAPABIHUECKH TIaJIKOM.
Oméem. OTHOWEHHE NOTEPDb Hanmopa NpHOIU3MTCALHO paBHO 28.

NMABA 10. PACYHET CNTOXHbIX
TPYBONPOBONOB

BBEREHUE

CnoxHblit Tpy6ONpOBOA HMCET Pa3BETBIEHHBIE YYaCTKH, COCTOS-
LME M3 HECKOJLKHX TPYO (BeTBEi), MeX a1y KOTOPbIMH pacnpeicnser-
s XHJIKOCTb, NocTynatoulas B TpySonposo 13 nurarenei,

Ceyenus TpyGonpoBoaa, B KOTOPBIX CMBIKIOTCH HECKOJIBKO BET-
BEi, Ha3bIBAIOTCA Y3/IaMH.

B 3aBHCHMOCTH OT CTPYKTYpbl pa3BETBJICHHbIX YHYacTKOB pa3jH-
YaKOT CNEAyIOIHMe OCHOBHBIE THIbI CJIOXKHBIX TpyGonposoaos: ¢ na-
paie/bHBIMU BETBAMH, C KOHLEBOH pa3fauci KHMIKOCTH, C Henpe-
PBIBHO# pa3naueil XHUAKOCTH, C KOJILLEBBIMH Y4acTKaMM, B npaktuke
BCTPEYAlOTCA Takxke pasHoofpasHble CNOXHbIE TPYOONPOBOABI KOM-
6MHHPOBAHHOTO THMNA.

Kak u npu pacuere npoctoro Tpybonposoaa (cM. I, 9), MOXHO
BLIJAETMTE TP OCHOBHbIE TPYIINBI 33184 pacyeTa CI0XKHBIX TPyOomnpo-
BOJIOB.

1, Onpenenedue pa3MepoB TpyO 10 3a18HHBIM B HUX pacxoaaM H
rnepenanaM HAMOPOB B MUTATENAX H IPUEMHHKaX.

2. OnpeneneHre nepenaaoB HaNnoOpOB B MUTATENAX H MPHEMHHKAX
10 33JaHHBIM pacxoiaM B Tpy6ax 3aaHHBIX pa3MepoB.

3. Onpenenenune pacxodoB B Tpy6ax 3akaHHBIX pa3MepoB MO H3-
BECTHBIM TIEpenafaM Haropos.
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Tlocnenuue ABe rpynmel 3a1a4 NPEACTABIAIOT co00i MOBEpOUHbIE
pacyeTs! CYLICCTBYIOIIETO TPyOONMpOBOa, BBIACHAIOLNE YCIOBHS €ro
paboTel Npy pa3NHYHBIX 3HAYECHHAX M’HAPABIHYECKHX MapaMeTpoB,

BcetpeuatoTes Takke 3aaud CMEIIAHHOTO THITA, MPEACTaBIAIOUINE
KOMOHHaUMHU U3 33]1a4 OCHOBHBIX [PyMNI.

Jna pewenus chopMyaHpoBaHHBIX 3alad COCTABIAETCA CHCTEMa
ypaBHEHHH, KOTOPBIC YCTAHARIHBAIOT (PYHKIHOHATBHEIE CBA3H MEXIY
napaMeTpaMH, XapaKTepH3yIOLMMH MOTOKH XHIAKOCTH B TpyDax, T.e.
Mexy pasMepamd Tpy0, pacxomaMH >KHMIKOCTH M HanopamH. Jta
CHCTEMA COCTOMT H3 YpaBHEHHH Oananca pacXofoB Ul KaxJOro y3na
M ypaBHcHu# GanaHca HanopoB (ypaBHeHHH bepHynnn) ans kaxnoi
BETBH TpyOonposoa. :

[Tockonbky 00BIMHO CNOXKHBIC TPYOONPOBOLB! ABNSIOTCSH [UTMHHEI-
MH, B ypaBHeHusx BcpHymmM MoxHO mpeHcOperatb CKOPOCTHBIMH
HanopamH, NPHHUMAas NOJIbIH HarNop NOTOKa B KaXAOM PacieTHOM
ceycHMH TpyBonpoBoaa MpakTH4YCCKH paBHbIM FHAPOCTATHYECKOMY H
BbIpaXas €ro BbICOTOH NbE3OMCTPHYCCKOrO YPOBHS Haj NPHHATOH
MJIOCKOCTBIO CpaBHeHHA. Kpome Toro, B cnoxHbix TpybomnpoBomax
MOXHO TaKXe NMpeHeOperaTb OTHOCHTEIbHO MAalbiMH MECTHBIMH TIO-
TEpAMH Hamopa B y3jax. OTO 3HAYHTENbHO YNpPOLIAET PacueThl, NO-
CKOJbKY MO3BONAET CUMTATh OJAWHAKOBBIMH Hanopbl MOTOKOB B KOH-
HEBBIX CEYECHHAX TPYO, MPHMBIKAIOLWIMX K AaHHOMY y31Yy, H ONEpHpO-
BaTh B ypaBHEHHAX BepHynHM noHsTHEM Hanopa B JaHHOM Yy3Jie.

TloTepy Hanopa B Tpybax BeIpaxatoTcs GpopMyoii

I v?
h. =i -+ A S Sy
1 i di ;CJk . 28
KOTOple JUIA pacuyeTa y1106HO IIPUBECTH K BH}IyI

h,; =0,08272, %Qf, (10.1)

H
rae /; ud;— nnuHa u gnamerp Tpyosl; {; — koapduuHeHT MecTHOrO
COTPOTHBJIEHHSA; V; — CpeaHAs CKOPOCTb NOToka B Tpybe; A; — k03d-
OHLHUEHT COMpPOTHBIECHHA TPeHHs; L; — npHUBeJEHHAs ANKHA TPYObl
(Y4HTBIBAET MECTHBIE CONPOTHBIICHHS C MOMOMLILIO HX 3KBUBAJICHTHBIX
ame o) Ly = b+ L, amech [, = Cudi /A,
k

' Yncnosoil MHOXHTENb B cb.opMyne (10.1) pasen 16/(11:2-2g), rlI€ YCKOpEHHE

CBOGONHOIO NANEHHS g BHIPAKEHO B M/C’.
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Takum 06pas’om, cucTeMa pacyeTHBIX ypaBHeHMit ¢ yueToM op-
mynbt (10.1) MoxeT GbITh NIpHBeseHa K BULY

Q-Ql+...+Q,.+...+Q,,;

0,0827A, %QE =...=0,0827A, d%-Q,? =..=0,0827A, 5’;—Q3;

d 1 i n

noas

10.7
H =0,0827A L""‘"’ Qnm +0,0827\. —L'——Q, ( :
‘ f]omz dl

L
+0,0827A,,,, =22 Q2 .

OTB
T[lockonbKky B ANMHHBIX TPyGax CKOPOCTHBIMH HAMopamMH MOXKHO
npeHeOperate, TMOTEPS Hanopa B KaXIOW M3 NapamicibHBIX TPy6

NpPaKTHYECKH PaBHA Pa3HOCTH /i MbEIOMETPUYECKUX YPOBHCH B y3nax
(cM. puc. 10.1):

hy=...=h,=...=h,=h (10.8)
Cuctema ypashenui (10.7) nossosser pewnts mo6yio U3 chop-
MYJIHpPOBaHHbBIX BbILIC 3a/ay.

Pelienne 3To# cHCTEMBI BLIMOMHAIOT MCTOAOM MOCAEAOBATEIbHbBIX
NpHOIMKEHNHA, TaK KakK, HE 3Has Pa3MepoB TPYG MIIM MAYLIHX 110 HHM
Pacxo/loB, HENb3s TOYHO OTIPCACIHTL KO3P(HIHEHTD! CONPOTUBIEHHS
Ain Gy BoTHX Tpy6ax.

Jns pewicHus B epBoM NPHGITHKEHHH IPHHUMAIOT, YTO B TPyGax
HMMCCT MECTO KBAaIAPATHYHbIH 3aKOH COMPOTHBIEHHMSA W 3HAYEHHS A, H
i OMNpPEAENsIOTCA TONBLKO OTHOCHTENBHOM WIEPOXOBATOCTHIO TpYO
(eM.Tn.719).

Peuins ypasHenus ¢ BbIGPaHHBIMH 3HAYCHHAMH KOdHDUIHMEHTOB
COMPOTHBIICHHH U ONPEETHB HCKOMBIC BETHYMHBI, TOBTOPAIOT PelLIC-
HHE BO BTOPOM NPHOIMXCHHH, NMOMb3YACh 60JIeC TOYHBIMU 3HAUYCHHUSA-
MH A; U C; , BBIYMCIICHHBIMH 1O PacXofiaM, KOTOpbIC MOIY4EeHbl B
nepBoM npubnikeHnH. TIpubnmkeHUs MOBTOPAIOT A0 NPAKTHYECKOTO
COBMANCHHA TNMONY4aeMbIX pe3ynbTaToB. OOBIYHO yxe BTOpoe Npu-
GMXKEHHE OKa3bIBACTCA JOCTATOUHO TOUHBIM.

B pane cnyyaes npu aHanuTHuECKOM PELICHHH CHCTEMBI ypaBHe-
Huit (10.7) yno6Ho 3aMeHHTL MyyoK MapamnenbHbIX Tpy6 OZHOIM JK-
BHBANICHTHOM TPy0Oil, KOTOpas MpomyckaeT Bech pacxoj, NPOXOs-
LKA Yepes napauienbHele TpyObl, NPH NOTEPAX Hanopa, paBHbe no-
TEPSIM HANopa Ha pa3BETBJICHHOM y4acTKe.

PasMmeps1 xBHBaneHTHO#H TPYGbI (anameTp d, u anuHa L, ) cBs-

3aHbI C pasMEpaMH NnapaieJIbHbIX BETBEH COOTHOLIEHHEM
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dS n

(10.9)

IIpu pacuere 3THM crnocoboM cxema Tpybonposoza ¢ napauiens-
HBIMH BETBAMH IPHBOIMTCA K CXeMe NpocToro Tpybonpososa, B Ko-
TOPBIA 3KBUBANEHTHasA TpyOa BXOAMT Kak OAAMH M3 MOCEN0BaTENbHBIX
HEpa3BETBJICHHBIX YJaCTKOB.

Jnsa cxemsl TpyOonpoBoaa, nokasaHHOH Ha puc. 10.2, ypaBHeHHe
6anaHca HaMoOpPOB B 3TOM CITy4ac HMEET BUA

L
H =0,0827X o1 Iﬂ;““" Q* +0,0827A, =2 Q% +
I-IOAB d3 (1010)
+0,0827),, 2‘—;& Q°.

oT8

Peulenue cucrembl ypasHeHui (10.7) ang Tpy6GonpoBona ¢ 3anaH-
HBIMH pasMepaMHM ynobHO mosyuaTb rpagpHyeckum Mmetogom. Jlns
3TOTrO NpEexX /e BCEro CTPOAT XapaKTCPHCTHUKH BCEX TPYO CHCTEMBI 1O
ypaBHenuto (10.1). XapakTepucTuka mnpeacTtaBiaseT coboit 3aBucH-
MOCTb NOTEpb Hamopa B Tpybe ot pacxona. [Ipu TypbynentHom Tede-
HHU B TpyOe ec XapakTepHCTHKa ABIACTCA NMPAKTHYECKH KBaApaTHu-
HOH napa6onoit; npu 1aMUAPHOM TCYEHHUH B AJTMHHOM Tpybe — npak-
THYECKH NIPAMOi (cM. 1. 9).

XapakTepuCTHKH MNapanieNbHo paboTaloluX BETBCH 3aTeM CyM-
MHpYIOT coryiacHo ypaBHeHHaM (10.2) v (10.4), T.c. nyTeM cnoxeHus
abcuucce KpUBbIX (PacXomoB) NMpH OAHHAKOBBIX OpPJHHATAX (Hanopax).
[MonyyeHHYI0O B pe3y/ibTaTe TAaKOro CYMMHPOBaHHWA XapakTepHCTHKY
Pa3’BETBJICHHOrO y4acTKa MOXXHO PacCMaTPHBaTh KaK XapaKTEPHCTUKY
9KBHBaNEHTHOH TpyOBl, 3aMeHAIOLIEH NaHHbIE NapajUleNbHbIC.

Ha puc. 10.3 nocTpoeHa xapakTcpUCTHKa pa3BCTBICHHOIO yyacTka
Tpy6onpoBoaa, COCTOALEro U3 ABYX MapaenbHbIX TpyO.

XapakTepuCTHKY pa3BETBIEHHOrO Y4acTKa CYMMHPYIOT 3aTEM C
XapaKTePUCTHKaMH MOABOIALIEH M oTBOAALIEH Tpy6 cormacHo ypas-
Henuio (10.6), T.e. NyTeM CIOXXEHUA OpAMHAT (HarmopoB) MpH OJHHAa-
KoBBIX abcumccax (pacxoaax). [lonyuyeHHas B pe3ynbTaTe KpHBas fB-
JISETCS XapaKTEPHUCTHKOH cloxHoro Tpybonposoa (puc. 10.4).

[Tonnas cxeMa rpaduyeckoro pacyera cjloxHoro Tpybonposoaa c
IBYMS MapajuiesibHBIMHM BETBAMH 110Ka3aHa Ha puc. 10.5.

ITocTpocHHbIE XapaKTEPUCTHKH MO3BOJIAIOT MO 33aHHOMY Dacxo-
Ay B OJIHOI M3 BETBEH ONpeNeNUTh NOTPEeOHBIH HaNop CIIOXKHOTO TPY-
60MpoBoAa MM MO 33JaHHOMY pacloaraéMOMY Haropy ONpelentTh
pacxonsl BO Bcex Tpybax.
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no tpybam omuHakoBoro auamerpa d = SO MM M OJMHAKOBOH JUIHHBI
10 y310B0it Touku L =10 M.
OnpenenuTs HayaIbHBIA pacxon U3 BepxHero (), M HXKHero Q,

6aKoB.

Vka3aTs, MPH KaKoH pa3sHOCTH ypoBHeH h HAyanbHbIA pacxox M3
HiwkHero Oaka OyneT paBeH HyJO.

OnpenenuTs, Ha KaKOH MTyGUHE Z TOX AHOM HUWXKHEro Gaka creny-
€T PacloNiOXHThb Y3JIOBYIO TOYKY CHCTEMBI, 4TOOBI MOCJIE OMOPOXKHE-
HUA BepxHero 6aka ObLIO MCKIIIOYEHO MOMajJaHHe BO3AyXa B HAacoC
HIXHHI 6ak MOKHO ObIIO OMOPOXKHHUTH 10 KOHLA.

VYUTEIBaTb TONBKO TOTEPH Halopa Ha TpeHWE Mo AnMHE Tpyo,

npuss A = 0,02.
Omeem. Q, = 3,18 n/c; Q.= 0,82 n/c; h = 0,85 M; 2= 0,85 m.

OO Hacoc _«._.»...mﬁ:’; ke / ﬂ
Ly.d,

ed e 10 1k

== | =l J TN e
=] T A
S < L. d,
L. d L, d—]
N
D
K 3agaue 10.22 K 3agaue 10.23

3anaya 10.23. Haiity, kak pacnpenenutcs pacxon ¢ = 10 j/c Boasl
(v = 0,01 Cr) Mexay AByMs cTalbHBIMU TpyGaMu (A = 0,2 MM), JUTHHBI
koTopulX L, = 31,2 M, Ly = 71,2 M u auametpsl dy = dy = 0,05 M, eciu
BBICOTBI PACIIONIOKCHUS MX BBIXOAHBIX ceucHuit H, =4 Mu Hy =10 M, a
CYMMapHBIi KO3(Q(HUHEHT MCCTHBIX CONpPOTHBICHMH KawaoH TpyOel
C =5.

Kaxoe u30bITOYHOE AABJIEHHE p B MarHCTPaTILHOM Tpybomnposoje
ofecneynT yKasaHHbIH CyMMapHBIH pacxof, eciii pa3Mephbl MOABOAS-
uteit Tpy6sl L; = 40 M, d, = 0,075 M 1 ee wepoxosaTocTs A = 0,2 MM?

Kak HY)XHO M3MEHHTb QUaMeTphl dy U d3, YTOOBI NPH TOM Ke [aBie-

HHMH B MATHCTPAJTH pacxo/bl B Tpy6ax cranu paBHeIMH Qb = Q3 = 5 1/c?
Omeem. p= 202 klla; d, = 45 MM; d3 = 58 MM.

3apaua 10.24. Baku 4, B, C coexuneHsl TpyOONpOBOAAMH,
MMEILNMH pasmepbl Ly = 75 M,d, =75 MM u L, = Ly = 100 M, d; =
= d; = 50 MM. Hanop H = 10 m.
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1. Tlpn xakom M3OLITOYHOM AABNEHHH M Ha MOBEPXHOCTH BOJBI B
6ake A B 6ak B 6yzer moctynath pacxoa O, = S n/c?

2. Kak Hy»HO U3MEHHTDb JaBicHHe M, 4ToOBl BOAA HE MOCTYNana B
6ak B?

KosduuuenTs conpoTHBIeHHs TpeHHs BO Bcex TpyGOmpoBoaax

NPHHATL paBHbIMH A = 0,03, KO3QOUUHEHT CONPOTHBIEHHS 3aABHKKH
€ =15.

Omeem. M =279 k[Ma. 2. M’ =745 «a.

K 3apaue 10.24 K 3anaue 10.25

3apaya 10.25. [lo aByM oaMHAaKOBBIM, OTKpBITHIM B aTMocdepy
CTanbHBIM Tpy6am (A = 0,2 MM) wtnHaMK Ly = Ly = 25 M 1 AnameTpaMu
dy = dy = 50 MM Tpebyercs moxaBaTh OAMHAKOBBIE pacxoasl O = 5 1/c
BoAsl (v=0,01 Ct) npu Hanopax H=10M, k=T M.

1. Onpenenuth HEOOXOAUMBIM 1T 3TOr0 AKAMETp d; MOABOAALEH
cTanbHOH TpyOsI, AnuHa KoTopoil L; = 50 M, a4 Takxe HeobXoaumoe
3HayeHHE K0P HIMEHTa CONpOTHBIeHHS { BEHTHIS, YCTAHOBIIECH-
Horo Ha Tpybe 3.

2. Kaxo#t pacxon Q’ moiiaet no tpy6onposoay u kakoe H3GbITOY-
Hoe NaBneHue OyAeT B y3ie K, ecii NOoNHOCTbIO 3aKphITh BEHTH/IL Ha
TpY6E 37

Omeem. 1.d, =85mM, {=9,1.2.Q=5,75 alc, px = 61 kIla.

3agaua 10.26. PesepByap A ¢ MOCTOSHHBIM YpoBHeM Boasl H = 3 M
M M3OBITOYHBIM JaBJICHHEM Ha ee MoBEPXHOCTH M = 0,4 MIla nuraer
BOJOHanNopHyw GawHio B U GacceltH C 1o cucTeMe, COCTOAILEH M3
TPeX OAMHAKOBBIX TPYO mpuBeneHHOH anuHOM L = 210 M K auamer-
pom d = 100 MM kaxnas.

Onpenenuts pacxon Qc, nocrynatouuii B 6acceitn C, 1 BhIiCOTY A,
Ha KOTOpOH YCTaHOBMTCA YpPOBEHb BOIBI B BOJOHAMOpHOMH GallHe,
€ciH U3 Hee oTOMpaeTcs pacxod Qp = 5 /¢,
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rae | — k03bGHUMERT pacxoaa BbIYCKHOTO yCTPOMCTBA, OTHECEHHBIH
K IIOIAAH f BBIXOAHOTO OTBEPCTHS.

F Ilpy KBagpaTHUHOM pexuMe
A — UCTEYCHHA, KOTOPBIH Yallle BCero
—— 1 — HabmofaeTcs WIS MaloBA3KMX

KUAKOCTEH, Ko3(ObHUMEHT pac-
X0Za MOXHO NPUHUMATL MOCTO-
AHHBIM B TCUGHHC BCETO MPOLEC-
ca. Torna WHTCrpan ypaBHCHHs
(11.1), maromuii BpeMs uacTuy-
HOMO ONOPOXHCHHUSA cocyaa oOT
HauanbhHoro ypomHs ffy o npo-
Puc. 11.2 M3BONBHOrO ypoBHA H, Oyner

HMCTb BHA

] '} F(2)dz
uy2e ; NP
Hns npusMaTHycckoro pesepeyapa, y kotoporo F (z) = F = const,
ypasHcuuc (11.3) ncpexout B ciicaylonee:
2F

t=m(\/H_0—\/ﬁ). (11.4)

BpeMst  monHoro  onopoHCHHA NPU3MAaTHYECKOro pescpByapa
(puc. 11.2)

ty
Hy

Ui

(11.3)

T=sz%(./m,+h,-Jh_,). (11.5)

Kos¢ddpuumenT pacxona | BBITYCKHOTO yCTpOMCTBa ONpenensercs
Cro KOHCTPYKUMEH. 3HAa4€HHA |L ANA OTBEPCTHH W HacaikoB Mpu
KBaAPaTHYHOM PEXKUME HCTEYCHHUSA CM. B IN. 6 U 7 H B IPHIIOXKCHHH 2.

Hns Tpy6e! nocTosiHHOro AMamerpa d U AMuHEI |

1

» JI+C+M/d
rae § — cyMMapHbIit KOO(POUUHEHT MECTHBIX COMPOTHBIIEHHMI, A —
K03 HUMEHT CONPOTHBNCHHUS TPEHHS.

[Ip1 ucTeueHUH yepe3 OTBEPCTHE MITH KOPOTKHit Hacanok (h, = 0)
BPEMs TIOJTHOT'O OMIOPOXHEHHUA

2FJHy _2v,

TN 0_2% (11.6)
w2g O
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rae Vo = FH, - HavanbHblit 06beM KMAKOCTH B pesepByape;
Qy =1f2gH, — HauanbHbIi pacxoj ’KHAKOCTH.

BBons B ypaHenue (11.4) 3HaueHus HAYATBHOTO (npu ypoBHe Hy)
M KOHeuHoro (mpu yposHe H) pacxomos M3 pesepyapa, omnpeaense-

MBIE Kak
Qo =1f\28H, u Q=yf J2gH
nocne npeobpa3oBaHUH MOTyuUM
_2F(Hy-H) v
Q+0 Qép
rae V = F (Hy — H) ~ 06beM %HAKOCTH, BBITCKUICH U3 pc3epByapa;
Qcp = (Qo + Q)/2 — cpeanuii pacxon 3a paccMaTpuBacMOC BpeMs TIpo-
ccea.
BosmoxuocTb pacuera BpeMeiin OTMOPOKHCHHSA TIPH3MATHUCCKOTO
pcaepByapa 1o CpeAHCAPHPMCTHYCCKOMY PACXOAy BLITCKACT U3 TOTO,

4TO JUIA TaKOro pe3cpByapa 3aBHCHMOCTh pPacxofia OT BPCMCHH
Q = f(1) sasngeTcs nUNCHNOMN,

!

) (11.7)

MoxHO nokasath, 4TO A% pe3cpByapa, pacUIMPSIOWIErocs BBEpX
(dF/dz > 0), xpuBas Q = f(f) UMCCT BOTHYTOCTD BHHU3, JUIA cyKatotue-
rocs BBCpx pcicpByapa (dF/dz < 0) - BorHyTocTs BBCpX.

2. Ec/in ONMOpOXHCHHE MPOMCXO/UT UEPE3 Psijl COBMCCTHO pabo-
TAIOHMX BBITYCKHBIX yCTPOHCTB, TO B ypaBucHuu (11.1) Q. cetb CyM-
MapHblii Pacxon M3 pesepsyapa. Tak, JUIS CXCMbl, TTOKA3aHHOH Ha

puc. 11.3:
Q. =mhiv2g(z—a) +u, fr42¢z;
Hy
Fdz

,{ W Aiv28(z—a) + 1, o282

Ipu a = 0 (06a BBINYCKHBIX YCTPOiCTBA PaGoOTAIOT MO OAMHAKO-
BbIM HalopOM MCTCYEHHS) BPCM$ NOIHOTO OTNIOPOKHEHHS pe3epByapa

2F
T= Jho+h = Jh ).
(A +P~zf2)\[2—g( ot h \/_])
B aToM cnyyae T MOXHO Take BBIYHCIUTD H vepes cpeaHui pac-
xoq (popmyna (11.7)).
Hns cxemp! Ha puc. 11.4, B xoTopoii ogHO u3 BBINYCKHBIX YCT-
POHCTB BBIKIIOHAETCA B IPOLIECCE ONOPOKHEHHA,

2 (Jhorh~is) 27 (s - i)

+

(M h +P~2f2)\/E H1f1\/_2; .

! =

T=1+t=
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Puc. 11.3 Puc. 11.4

3. llpu ucTeyeHHUH XUAKOCTeH GONBIION BAIKOCTH B BBITYCKHOM
Tpy6onposoae MoxeT HabmoAaTbCA TaMHHAPHBIA PEXHM JBHXKCHHA.

PaccMaTpuBas HCTEYEHHE XHUAKOCTH 32 Kax bl GeCKOHEYHO Ma-
TIbIH IPOMEXYTOK BPEMCHH KaK YCTAHOBHMBIICECS M yUHThIBas TOJBKO
noTepy Haropa Ha TPCcHHE NO iMHE Tpybomposoaa, Mony4yuM Ans
MTHOBCHHOI'O 3Ha4€HHA pacxoja U3 pe3epByapa

Q, = kz, (11.8)

rac k = mgd'/(128vl) (cm. ra1. 9).

Bpems noHMXKEHHA YPOBHA OT HayanbHOrO MOJNOXKEHHs My 10

npoussossHoro H no ypasHenuio (11.1)
Hy

F(z2)dz
= | —— (11.9
! { kz, )

JIns npu3MaTHYECKOTO pe3epByapa

t=—In—,

k H

4. B cnyuae 3aMKHYTOro cocysa ¢ H36bITOYHBIM RaBJiEHHEM p Hal -

cBoOOAHOM MOBEPXHOCTHIO XHAKOCTH, B AHbOEpEeHUNaNbHOM YypaB-
Henuu (11.1) pacxon

Q. =W 28(Z+£)
‘ Pg
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H BPCMS1 OTIOPOKHEHHA MPH KBAAPATHYHOM pEXHME UCTEHCHUSA onpe-
ACTACTCA HHTErpaioM

p F(z)dz

t= ,

wy2g { Jz+p/(pg)

JUIS BBIYHCIIGHHA KOTOPOrO JOMKHA GBbIThb M3BECTHA 3aBHCHMOCT
p=p(2).

B yacTHOCTH, ecnM naBieHHE NOMIEPXKHUBACTCH MOCTOSAHHBIM (My-
TeM mojayn B Oak BO3dyXa), TO AL NPH3MAaTHYECKOro cocyaa

(puc. 11.5) nonyyaem
r-—2f_ \/ho +hy +—”——\jh, +L2
Wy2e P8 Pg

5. B page cnydaes npu pacueTe UcTedeHUd MO MepeMEHHBIM Ha-
NOpOM MOXHO npenebperate $HakTopoM BECOMOCTH XHIAKOCTH, NpH-
HHMas, 4TO UCTEYEHHE NPOHCXOIHUT TONBKO NOA AEHCTBHEM JIaBJICHHA
TIOPIUHSA WK ra3a B pe3cpByape.

K Takum 3azayaM OTHOCHTCS, HanpHMep, pacueT cpabaTbiBaHHs
ITHEBMOTHPAB/IHYECKOTO aKKyMYJISATOPA, MUTAIOLLCTO M’MAPOLMIHHAD
(puc. 11.6).

JuddepeHunansHoe ypaBHCHHE NMpolLEcca MUCTEYEHHS KHIKOCTH
M3 aKKyMYJATOPa B THAPOUMIIHHIAD UMEET BU

Fdx = Qdt,
rae F - nnowans ce4EHHs aKKyMyJlaTopa; dx — MOHHKEHHE YPOBHS
MHUOAKOCTH B HEM 3a BpeMs df; ) — pacxoJ XUIKOCTH B TMAPOLIH-
JMHAP,

[Tpenebperas reoie3MHECKUM HAMOPOM 2 B aKKYMYJIATOPE OTHOCH-
TENBHO BBIXOJHOTO CEYEHHA MNHUTawulero TpybonpoBoaa, a Taxxke
JIOKAIbHBIMH YCKOPEHHAMH YaCTHL KHAKOCTH, MOTYYHM BbIpaxeHHe
pacxona B MPOH3BONBHLIA MOMEHT BpeMEHH:

(11.10)

Q= 2P‘P|
p

rae p — u3bbITOYHOE JaBIEHHE BO3AyXa B aKKyMYJIATOpE; py — H30bI-
TOYHOE JABJICHNE XKHUIKOCTH B THAPOLMIHEIPE.
TIpu Harpy3ke P ruapounnuHapa u ero miowanu F (npeHebperas
TPEHHEM B THAPOLMIIKHHIADE)
_ p=PI/F,.
Bripaxas nepeMeHHOe NaBJIEHHE p 4Yepe3 HavdalbHOe H3OBITOUHOE

JaBJICHHC BO3AyXa pg, HAYaJIbHYIO BBICOTY Gy BO3JYLIHOIO obpeMa u
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€ro NEPEeMCHHYX BBICOTY X, MOJY4YacM B INPCAINONOKCHHH H30TEP-
MHUYHOCTH Ipo1ccca paclIMPEHNA BO3aYyXa

a
pP= —._XQ_(pO + Pu’r) = Par>

TAC Py — aTMOC(i)epHOC JAABJICHHC.

\dr

S—— S —

JULHITTI]

L og
/I

7 — I
Ty S

Puc. 11.5 Puc. 11.6

[ToncTraBnas selpaxeuus Q W p B ucxoanoe auddepenunansioe
ypaBHCHKE, nocic npeofpasoBanHii 11axo MM

aYx
\/B—Cx
ruec A= F/(uf,/2/p); B=ay(po+pa )1 C=p, + pp.

Bpewms T cpabaTbiBaHus akKyMYJISTOpa, COOTBCTCTBYIOILCE XOAY ¥
NOPIIHA THAPOLUWIHHAPA, OMPCACAACTCH HHTCTPAIOM:
a \/‘
X
dy B- C"‘
BEPXHHII NpefieN1 KOTOpOro a, (NMpeACTaBAIOWMHA BbICOTY BO3AYLIHOIO

obbecMa B KOHLEC ﬂpOHCCCﬁ) HaAXOOHUTCA W3 QUYCBHUAHOTO 00beMHOTO
COOTHOLUCHHA

di = dx, (11.11)

F(a)~ay) = F\s.
EciM Npeanonox1Th PEKUM IBHKEHUS B muTaouiem tpybonpo-
BOJIE IAMHHAPHBIM, TO PACXOJ

g=mP—P
p
¥ nuddeperuranpHOE ypaBHEHHE npollecea

300

dt=FE a

dx, . (11.12)
B-Cx

rae m = nd'/ (128v]); E = Fp/m.

Ecau B MpelplAylUHX YPaBHEHHAX IPUHSTH MPOTHBOAABICHHE
p, =0, nonyuum QopMyJiel IS BPEMCHH ONIOPOXHERUS 3aMKHYTOTO
NPHU3MaTHYECKOrO pe3epByapa B aTMoc(epy nOA ACHCTBHEM U30bI-
TOYHOrO AaBJCHHS Ta3a.

6. B Gosee oblucM cnydyae OIOpOXKHEHHA pe3epByapa NMpu OJQHO-
BPECMCHHOM TIOCTOSHHOM MPHTOKE B HETO JKMAKOCTH (pHC. 11.7) nud-
(epeHLHabHOC YPABHCHHC POLECCE HMEET BUIL

-F(2)dz=(Q, —q)dt,
TJic g — NPUTOK XHAKOCTH B €IMHHLLY BPEMCHH.

Otcioaa Bpems nonwxeiust yposus ot Hy no H

M F(2)dz

) ,I, W28z -q

Bripaxas NPUTOK ¢ 4EPE3 NOCTOAHHBIM HANOP HCTEYCHHSA H*:
— : *
q=p y28H*,

nojy4acm
l HO F(Z)dZ
1= . (11.13)
WrE RET
‘l] F(Z)
Y ﬁL_ |
\ ﬁ 3 N
\ < 8
N ‘—/ =
. x
hp
/I Ly
Puc. 11.7 Puc. 11.8

Mpu npmMaTquCKOM pesepsyape (F = const)

uf\f_ JH*In ‘/— ‘/- +(VHo-VH) | (114)
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W3 dopmynnt (11.14) cnenyer, yto yposens H B pesepsyape
4CUMNTOTHYECKH CTPEMHUTCA K Hanopy H*, mpu KOTOPOM pacxoj omno-
POXHEHHA Q, paBEH NPUTOKY q.

7. Ilpu BeIpaBHUBAHWM YPOBHEM XHUAKOCTH B ABYX COOBLIAIOLIMXCS
pesepyapax (puc. 11.8) umeem nuddepeHHaTbHBIE COOTHOLLICHHS

-Fdz, =Q.dr;
rae Fy, n F; ~ nnowanu pesepsyapos; dz; 1 dz; — H3IMEHEHHUS ypOBHe#t
B pesepByapax 3a Bpems df (dz; <0, dz; >0).

Bbipaxas pacxon (), 4cpe3 pa3sHOCTb z ypoBHeH B pe3cpByapax:

Q. =w+28z
H NONb3yACh COOTHOLEHHEM
dz = dz; — dz,,
MOJYYacM M3 NPHUBEACHHBLIX BbIpaxeHHit auddepeHunansHoe ypasHe-
HHUE NpOLlecca BLIPABHUBAHHS:
F\F, dz

dt:— . R (1115)
F+F Pf\_/ZSZ

Huterpupys ero ans npusMatHyeckux pesepByapos oT z = H, 10
z =0, Halinem BpeMs BbIDaBHHBAHHMSA B HUX YPOBHEMH

2F1F2 H()
T=20172 N . (11.16)
F+F ufx_/2gz

Ilpu noactanoBke F) = oo nimn F, = oo popmyna (11.16) nepexoaut
B popmyny (11.6), npu 3TOM B mepBOM Ciydae ONpeaENseTcs BPEMS
HaroJIHEHUA pe3epByapa 2 u3 pesepByapa / ¢ MOCTOAHHBIM YPOBHEM H
BO BTOPOM Clly4yac — BpeMs OMOPOXHEHHA pe3epByapa / moj mnocrto-
AHHBIA ypOBEHD B pe3epByape 2.
p — 8. Tlpouecc HanonHeHus
ypobens NaBaloLIero pelepByapa ue-
mudxacmu pe3 OTBEPCTHE B €r0 CTEHKE,
=== CONpPOBOXAAILIHHACA yBENH-
YEHHEM €ro MOTpYXKEHus B
> XUIAKOCTh (3aTOIUIEHHE pe-
3epByapa, puc. 11.9), BeIpa-
xaeTcs  auddepeHUMaNBHBIM
ypaBHEHHEM
Fdx = Qat,
Puc, 11.9 rae F — BHyTpeHHss IIo1Iaab

— e ———d
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pe3sepByapa; dx — NOABEM YPOBHS JXHAKOCTH B pe3epByape 3a BpeMs
dt (dx > 0) ; Q, — pacxoa >XMAKOCTH, MOCTynarolleH B pe3epByap.
O603HauMB yepe3 z pasHOCTb YPOBHEH XMAKOCTH (MOCTOSHHOIO
BHE pe3epByapa M NnepeMeHHOro BHYTPH HEro), NoNy4YHM, paccMaTpH-
Basg UCTEUEHME 3a MAOe BpeMs df KaK YCTAHOBHBILEECH M CUMTASA, UTO
OTBEPCTHE ABNACTCA 3aTOIUICHHBIM B TEYEHHE BCEro MpPOLECCa HarloN-

HEHHUs pe3epByapa:
Qz = pf \J2gz.

TepemeHHbIe X U Z CBA3aHBI C NOTPYXEHHEM y pesepByapa audde-

pEHLHANBHBIM COOTHOILIEHHEM
dy = dz+dx,
rae dy — onyckaHde pesepByapa 3a Bpems di(dy > 0).

Tax xaxk npeanonaraercs, YyTo MNIOWAAb OTBEPCTHA f Mana no
CPaBHEHHIO C IuUlollaAbio F pesepsyapa H, cleaoBaTeNbHO, MOTPYKe-
HHe nocyegHero (yBEIHYEHHE Y) MPOUCXOANT JOCTATOYHO MEIJIEHHO,
MOXHO npeHebperaTb CHIO0M MHEPLUMH pe3epByapa, CYHTas, YTO B JIO-
60/t MOMEHT BpeMEHH OH HaXOJHTCA B PABHOBECHOM COCTOSHHH.

Otciona, U3 yCIOBHA paBeHCTBa AJs M060Oro MOMEHTa BPEMEHH
BeCa pesepByapa C 3arnoJHAIOLICH €ro XXUAKOCTbIO M AeHCTBYOLIEH Ha
Hero rMApPOCTaTHYeCKOH NMOABEMHOM CHIIBI, HMEEM AN NMpH3MaTHYe-
CKOro pe3epByapa BHELIHEN rowansio Fy

Fdx = Fydy
(obBbeM XxMIKOCTH, TOCTYNHBLIEH B pelepByap 3a Bpems df, paBeH
00BbeMy, HOTONHUTENBHO BHITECHEHHOMY MM 32 3TO BPEMS).

Taxum obpa3oM, nomayyaem

dz =dy-dx=dx (F/Fy- 1)

OueBHAHO, YTO npU F = F;; (TOHKOCTEHHbIA NPU3MATHYECKHH pe-
3epByap) dz =0 W HamoJNHEHHE pe3epByapa NMPOUCXOAUT NPH MOCTO-
AHHOM Harope HcTeueHus z=const. Ecnu F < F;;, To, moacTasnss

NOCNIeIHEE COOTHOLIGHHE B MCXOJHOe AMddepeHIHaILHOE YpaBHe-
HHe, Noayyaem
FyF dz

Fo‘F.Pf\/E.

HHTerpupys 3T0 ypaBHEHUE B 3aJaHHBIX Npeleax, MOXKHO HalTH
BPEMSI JOMOJIHMTENLHOrO MOTPYXKEHHA (OT MOMEHTA OTKPBITHS OTBEp-
CTHS) M, B YAaCTHOCTH, TIOJIHOTO 3aTOIIEHUS Pe3epByapa.

9. Bpems onopokHeHHs pe3epByapa, HaxXOALIErocs B NEPEHOC-
HOM [BWXKEHHH, ompeaensercds no oOumeMy auddepeHUHaTbHOMY

dt=- (11.17)

303



ypaBrenH1o (11.1), B xoTOpoM Q, — pacxoj, BEIYHCASEMBIH 10 OTHO-

CUTENIbHOH CKOPOCTH UCTEYECHHS YEPE3 BbITYCKHOE YCTPONHCTBO.

OTHOCHTENBHAs CKOPOCTh MCTEYEHHS OMNpPEIENseTcs M3 YpaBHEHHUS
bepHynmM 11s ycTaHOBUBILErOCA OTHOCHTENBHOIO ABHKEHHS KUIKOCTH

2 2
R N L S (11.18)
pe 2g pg  2¢
FIC W — OTHOCHTCNbHAS CKOPOCTh B PAaCCMaTPHBACMOM CCUCHHH MO-
Toka; T — yacibHas paboTa CHN MHCPUMHM NCPCHOCHOIO JIBHIKCHMS
MCXKAY BbIOPAHHBIMH CCUYCHUAMMU:
s .
T = {LcosBs; (11.19)
8
0
3CCh j — CAMHHUHAA CHITA MHCPUMH ICPEHOCHOTO ABHXEHHS; O — yron
MCIKIY j M HALIPABJICHMCM OTHOCHTENILHOTO IEPCMCILCHUS d.

Ans paBHOMCPHOIO BPAUICHUA KaHANA BOKPYT HCMOABHXHOH OCH
(puc. 11.10) npumecucuuc gopmynsr (11.19) noeic NOACTAHOBOK
J=w'rudscos 0 =drpact
w0 ol uk-u?
2g 2g

TAC 4 — NICPCHOCHAA (OKPYXHAA) CKOPOCTB B LICHTPC paccMaTpHUBaEMo-
IO CCHCHHUA.

T

) (11.20)

Puc. 11.10 Pue. 11.11

Jlnst MOCTynaTeNsHOTO NPAMONHHEHHOrO ABMXEHHS KaHana C yc-
KopeHueM a (puc. 11.11) u3 dopmynsi (11.19) nonyuaem
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=L, (11.21)
g
rae Sj ~ [NPOECKUHA OTHOCHTENBHOTO NEPEMCIICHUSA MEXAy BbIGpaHHbl‘
MH CEYCHHUAMH Ha HaIlpaBJICHHUEC CHJIBI HHECPLHH. BeKTOp €AUHHYHOH
CHJIbl HHEpLIUH

Jj=-a.

Hajigem ¢ momolupro 3THX 3aBHCHMOCTEH CKOPOCTb HCTCUEHHS
KHIKOCTH B aTMOCHEpPY M3 OTKPHITOTO pe3epByapa, paBHOMEPHO
BPAILAIOLIErocs BOKPYr BEPTHKAILHOH ocH (puc. 11.12).

CuHTas BLIXOJHOC OTBEPCTHE MAJIbIM IO CPABHEHHIO C IIIOIAABIO
pescpByapa W npceucOperas B MOCNCAHEM CKOPOCTHBIMM Haropamu
HaCTHLL )XMAKOCTH, noayyum H3 popmyn (11.18) u (11.20) (ceuenne /
— napabonuueckas cBOOOJHAS NOBEPXHOCTb KUAKOCTH, CeUeHHe 2 —
BBIXOJHOC OTBCPCTHC, OT LCHTPA KOTOPOrO OTCHHTBHIBAKOTCS BEPTH-

KaJIbHBIC KOOpAHHATLI Z) .
5

w2
Z’l :’i—g'(l+c)*‘ 2g

5

2
U ~y

Puc. 11.12 : Pue. 11.13

Orcrona cKkopocTh UCTEUEHUS
w=0\288 +, (7 - ), (11.22)

TAC ry, Z; — KOOPAHHATE! MPOMU3BOJILHOM TOUKM A Ha cBOBOAHOHN mO-
BEPXHOCTH; 1, — PaMyC BPAUICHHS LEHTPA BLIXOAHOTO OTBEPCTHSA; () —
KO3 HUMEHT CKOPOCTH BBIMYCKHOTO YCTPOMCTBA.
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Bribupas Ha cBOGOAHON MNOBEPXHOCTH TOuKy B, mis KoTOpoit
ry = r,, MONy4aeM

w=02gH, (11.23)
rae H — rayGuHa pacrionoxkeHHs LEHTPa BEIXOAHOTO OTBEPCTHS MOA
napabo01A0M CBOGOIHOM MOBEPXHOCTH.

B Tex ciyuyasx, Koraa MOXHO NpeHebperaTh CHIaMH THXECTH Yac-
THLl XMIKOCTH MO CPAaBHEHHMIO C HX LIEHTPOOEKHBIMH CHIaMH MHEp-

uuH (cM. 1. 4):
w= oy rt —r2, (11.24)

rAC 1, — paanyc UMIHHIAPHYECKON CBOGOJHON MOBEPXHOCTH MHAKO-
CTH B PC3CPBYape; r, — Paauyc BPALLCHUS LICHTPA BbIXOAHOTO OTBEp-
CTHUA.

AHxanornunniM o6pasoM nonyunm no dopmyaam (11.18) u (11.21)
AJI CKOPOCTH MCTCYCHHMS M3 COCYy/a, ABHXKYLICTOCH MPSMOIHHEHHO C
MOCTOSHHBLIM YCKOPEHHEM &, HaNpaBEHHBIM TMOI YIJIOM (L K FOpH-
30HTY (puc. 11.13, rac Hayano KOOpPAMHAT X, Z, PACTIONOXCHHBIX B
TJIOCKOCTH JBHXXEHUS PE3CpRyapa, COBMELUCHO ¢ LIEHTPOM BBIXO/IHOTO
* OTBEPCTHSA):

2 .
4 ==(1+0)-2Ls.
2g g’

TIpu BeiGope Ha cBOGOAHOI NMOBEPXHOCTH NPOM3BONBLHON TOUKH A

¢ KOOpAMHATaMH Xy, 2
§; = X COS0L+ Zy Sin QL
Otcrona

w=¢ (2g %xlcosa+ l+§-sina 7 | (11.25)

BbiGupas nHa cBoboaHo# moBepxHOCTH TOYKy B, ans KOTOpoit
x; =0, nony4aem

w=g.[2g| 1+Zsina |h, (11.26)
g

rae h — rnyOuHa UeHTpa BBIXOAHOrO OTBEPCTHA NMOA CBOGOMHOM Mo-
BEPXHOCTBIO KHIKOCTH.

3A0AYN

3agaua 11.1. Kakoe u36biToyHOE gaBieHue M BO3ayXa HYXHO
noanepxusaTh B 6ake, 4TOOB! €70 OMOPOXKHEHHE IPOMCXOAMIO B JBA
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pasa OwIcTpee, 4eM NpH aTMOCHEPHOM [ABIEHMH Hajl YPOBHEM BO/IBI;
KakuM Oyner npu 3ToM BpeMs T onopoxHerHs Gaka?

Hnamerp ©Gaka D =800MM, ero Ha4anbHOE 3allOJHEHME
H =900 mM. HcTeyeHHe MPOMCXOOMUT Yepe3 LMIMHAPHYECKHH Haca-

AoK AuameTpoM d = 25 MM u BHICOTOH h = 100 MM, kodbdHLHMEHT

pacxoza koroporo i = 0,82.
Omeem. M= 118 «[la; T=3 muu 12¢.

3anaua 11.2. Onpenenuts BpeMs ONOPOKHEHHS COCTABHOTO LUIMH-
Apuyeckoro pesepsyapa (D, = 1,5M; D, =22 M hy= 1 M; By = 1,5 M)
4epe3 BEPTHKAIBHYKO TpyOy BBICOTOH /3 = 2 M U quamerpom d = 60 MM
TNPH OTKPLITOM BCHTHIIE ¢ KoaddHureHToM conmpotusnenns { = 4. Ko-

3G GHLHMEHT CONPOTHBICHUS TPeHHA B TPYGe npuHATH A = 0,03.
Omeem. T =148 mun.

2, F— =+ ——1
[~ T )
M - 4 =
Bosdyx nod >
= alrenuem
x 7 N
d |
]
= L
K 3apaue 11.1 K 3aaauve 11.2 K 3agaye 11.3

3anaya 11.3. Onpeaenuts BLICOTY z CIMBHOM TpyObl, NPH KOTO-
po¥ OMOPOXHEHHE UHTHKApHYECKOro 6aka OyaeT NPOHCXOAHTh B B
pasa GbiCTpee, ueM yepe3 OTBEPCTHE TAKOTO XKe AnameTpa. HavanbHoe
zanonHenue 6aka Hy = 4 M, quameTp oteepctus d = 60 MM, ero xo-
acdduumenT pacxoaa U = 0,6.

KoapduumenT conpotupnenus tpeuus B Tpy6e npunsTs A = 0,03.

Omeem. z=1,2 M.

3apaqa 11.4. IMpusmatuueckuit 6ak 4 co CTOPOHO! KBaAPaTHOro
OCHOBAaHMA @ = 2 M M BBICOTOH h = 1,6 M 3anonHsercs GEH3UHOM 3
LEHTpaNbHOro OEH30XpaHHIHILA B, YpOBeHb B KOTOPOM NOCTOSHEH
(H =5 m). 3anonHeHHe NPOMCXOXMT yepe3 TMOKHMHM LITAHT [IHHOMN
I'="7 i1, BLIXOZHOE CE4EHHE KOTOPOTO HAXOANTCA Ha CEPEAMHE BICO-
ThI Oaka.

OnpenenuTs auamerp mulaHra d, npu kKoTopoM Gak 6yzaer 3amon-
HATBCA B 3aJaHHOE BpeMs T = |5 mMuH, NpuHAB K03 dHLHEHT compo-

21" 307












—_—
<

Bodoxpanu ruuye

N\

Hy
NNNNN

LS\ SRR KRR

2

N

l

|

|

|

|

{

NN

K 3auaue 11.19

3agaua 11.20. UWur A, omyckasck ¢ HOCTOSHHOM CKOPOCTBIO
L = 0,05 m/c, nepexpeiBaeT KkBaapaTHOE OTBEPCTHE (@ = | M) B BepTH-
KaJbHOM CTEHKe,

Cunras ypoBeHb BO/IbI B pe3epByape MOCTOAHHbIM (H = 3 M), on-
PCACINTL, CKONMBKO BOABI BBITEYET 3a BPEMS 3aKPBITHS OTBEPCTHSA.
Koapuunent pacxona OTBEpCTHA MpPUHATE B TPOUECCE 3aKPHITHA

NMOCTOSHHBIM H PaBHHIM W = 0,59,
YxazaHue, Pacxon YEPE3 OTBCPCTHC B MOMEHT BPEMEHH ! OT Huyana 3aKpPBLITHA

Q =pa(a -vr) ’Zg(H +8 ;m ]
Omeem. V = 50 M°. '

3anaua 11.21. Ilno3osas kamepa miomazsio F = 800 M2 uMeer
NEepenycKHOE MPAMOYroJIbHOC OTBEPCTHE BBICOTOM § = 2 M H LIMPHHOMH
B = 4 M, KOTOpOE HauMHaeT 3aKphIBATHCA UIUTOM, JBHXYUIMMCA C
NOCTOAHHO# ckopocTeio L = 0,05 M/c,

Onpenennts MoHMKEHNE y yPOBHA B LITIO30BO}H KaMepe 3a BpeMs
3aKpLITHA OTBEPCTHA, HMCTEYEHHE 4epe3 KOTOPOE MPOMCXOANT Noj
NOCTOAHHBIH YPOBEHb. .

HauaneHerit Hanop H =5 M.

Koadduunenr pacxona o*rsepcmn OPHHATE MOCTOAHHEIM M paB-
HBIM W = 0,65.

Omeem. y=1,2 m.

3agaua 11.22. KsanpaTHblii AIUMK cO CTOPOHOM OCHOBAHHA @ = 3 M,
BLICOTOR h = 1,2 M 1 TomumHo# creHok & = 150 MM masaer, norpy-
XEHHBIH! B BORY Ha riyGHHY hy = 0,6 M.
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Onpenennte BpeMs 3aTOMUICHHA SAIIMKA C MOMEHTa OTKPBITHS
JAOHHOTO OTBEPCTHA AHaMeTpoM d = 30 MM (ko dHIHMeHT pacxona
u=0,82).

Omeaem.

= I:,/ -8~ jh=8-(h-hy) ”} 57 mun,

uf 28
rae Fy=a’; F = (a - 225)2 uf = nd/a.

* K 3agaue 11.20 K 3apave 11.21

3agaya 11.23. OnpeacnuTh BpeMA 3aTOIUIEHHS TOHKOCTEHHOTO
COCYZa MOCJE OTKPBITHA JOHHOTO OTBEPCTHA AHAMETPOM dy = 25 MM.
Cocyn MMeeT ABa LWIMHOPHUYECKUX Y4YacTKa, AMAMETPhl KOTOPBIX
Dy =12mMuD,=0,6m, assicotsl h; = 0,8 M 1 hy = 0,5 M. Hauane-
HOC Morpy’keHHe cocyna hy = 0,85 M.

Koadduunenr pacxona orsepetus W = 0,6.

Yka3zauue. 3aronienue COCyna NPOHCXOAHT B JABa 3Tala:

)) LIOTPYXE€HHE NPH NCPCMEHHOM HANOPE UCTECYEHHR YEPES OTBEPCTHE A0 MOMEHTA
BPEMCHH, KOTd COCYA 3aNOJAHUTCR BOLOH Ha BbICOTY hz;

2,2
2) norpyxeHue Hpu NOCTOAHHOM HAMOpPEe MCTEYEHHR I=hy—h, +h,Dy /Dy 1o

MOMEIITa [TOJIHOTO 3aTONJIEHNS COCYAa.
Omesem.

D} D} 2 D?
T=t+1 =_.|—._..l.. % - —h+h =2 |+
17h D D2 dn W [\/ho hy-hy 2Dlz

D?
2 hth—hy-m =%
1 Dl
—_ =9 MHH.

+— -
0 D,

Nst(ho—hz +th—22

i

3agaua 11.24. OTKpbITBIH UWIMHAPHYECKHH cocyl (AMaMeTpoM
D =1,5M wu BeicoTo#t hy = 1,6 M), BHYTpH KOTOpOro cBoOOJHO MoMe-

INAaeTcs KpyIiblil AepeBAHHBIN Opyc, 1aBaeT OyIyqH NOTPYKEH B BOAY

20* 315









Yka3zauue. [JupdepeHunansHoe ypaBHEHHE NPOLLECCa HCTEHEHHA
~Fdx= Qdt,
rac F - niowank noputHs; dx — 0cafxa MAHHADA 3a BPeMA dl.

Pacxou HEpe3 OTBEPCTHE
. =P
Q=uj,(2—” £
P

rie py = G/F — nocTOAHHOE NaBJIEHHE Ha/l NOPLIHEM; p — IEPEMEHHOE AAB/IEHHE BO3LLY-
Xa NpH 3aHAMACMOH UM BBICOTE X, p = (Py +Pm) do/X — Py, { Py, =0,1 MITa — aTmo-
cdepnoe naBneHue).

[TojcraBiss B ypasHEHHE [1pOilecca HCTCHEHHMA BLIPDAXKEHHA Ana O M p, 1locie npe-

ofpasoBaHuit nonyuacm:
), + \}
uf J PLY Par

rli€ d) — BbICOTA obnema BO3/1yXa B KOHILC poliecca:

= Py + Pyy a

Pyt Py,
Omaem: T= 4,5 c. Ocajika UHIMHAPa o — @, = 40 MM,
vzzgza

N ==

il <>

F— ¢ -

— s

- _.ﬂ_ = <> 0
o p— K
T ==
C ==
S|
’ ',1:‘ S,
\ ‘:’ )
K 3agaue 11.30 K 3agaue 11.31

3agava 11.31. Boga, 3anonnsionias UHIHHAP aKKyMYJIITOpa, Ha-
XOLMTCA TOJ [AaBJICHMEM, CO3/aBaeMbiM IIpEJBApHTENbHO C)XKaTOH
TIPYXHUHO#M, )KecTKOCTh KoTopo# ¢ = 20 H/em.

OtkpbiTHEM KpaHa K akkyMyNSToOp BKJIIOYAETCH, M XKHAKOCTb 61a-
roaaps AeHCTBHIO MPYXKHUHbBl HAUMHAET BBITEKATh uepe3 TpyOKy, Ana-
meTp kotopoi d = 10 MM M cyMMapHBIi k03 HUHMEHT CONPOTHBIIE-
uus § =4. '
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OnpenenuTh BpeMs BhIpabOTKH (ONOPOXHEHUS) UMIMHAPA aKKy-
MynaTopa, ecau ero Auamerp D = 110 MM U npeaBapHTENBHOE CXKATHE
NpYXHHBl B HayalbHOM TOJIOXEHHMH NMOPUIHA Zp = 60 MM. Pasmepsl:
a =70 MM, b =30 Mm.

Omegem.

T_Jf__[ e [ e]-ase
c Pg Pg

gl 14—

uf g( Fpg}

rae H0=u—b;F=nD2/4;f=mIz/4.

3agaua 11.32, [ns aBapuiHOM OCTaHOBKM MOE€3J0B B TYMHKax
[PUMEHSAIOT JBYXLUMJIMHAPOBBIH TMAPABIHUYCCKHH TOPMO3, B KOTO-
pOM KHHETHYECKas JHCprus noesfa rnoryoulactcs paboToi »xHaKo-
CTHOTO TpeHMs MpH TNepeTeKaHHd BOABI Yepe3 Majoe OTBEPCTHE B
TIOpPLUHE.

Haiitn ypasHenue y= f(x) npoduis KiIMHa, NEpPEKpPbIBAIOLIETO

ApOCCENHpYIOLICe NPAMOYTOIbHOE OTBEPCTHE LIMPHHOH b = 52 MM,
€C/TM TOpMOdXKeHue roe3jia Maccoit m = 500 T, KOTOPHIH NMOAXOAMT €O
CKOpPOCTBhIO V= 7,2 KM/4, JIOMKHO NPOMCXOAUTh HAa NyTH s = 0,8 M H

HpoUecc TOPMOMKEHHUS JOJDKEH ObITh paBHO3AMEIJICHHBIM. JlHaMeTp
unnauHapa D = 300 mM. [laBnelne B 1eBOM NOMOCTH MOALCPAKHUBACTCA
NOCTOSAHHBIM: py = 0,3 MIla.

Koadduuuent pacxoaa ApOCCENHPYIOUWIETO OTBEPCTHA TNPHHATH
NOCTOSHHBIM W paBHBIM W = 0,6.

Yka3zaHue, an PaBHO3aMEJICHHOM JIBHXXEHHH MMOPIUHA Cro 3aMEJICHHE

a=02/(25)
M CKOPOCTb ABHXEHHA B GyHKUMH 1yTH
v =40l - 2ax.
Pacxon, BeITeCHASMbIH MOPLUHEM,
Q =VF =uf J2(p - p)/o,

rae F - naowaas nopuHs; f = by — nepeMeHHas N/OLWaAb OTBEPCTHS; p —~ NaB/IEHHE B
paboueil n1010CTH UMIMHAPA.

anHC6pCI‘aR niolanbKy WTOKA 10 CPABHEHHUIO C ILIOLIAALI0 IHIHHADPA, MOJ1YYHM
ans nepenana aBJIEHHH B MONOCTHX UHIHHApA

P—Ps= ma/(2F')
Omeem. y = A\ls — X,

rae A= F\2Fp/(ubm)=0,012 m"
3apaua 11.33. Onpeaenuth BpeMs ONMOPOXKHEHHS COCYAA AMAMET-
poM D = 300 MM, 3aIf0JTHEHHOTO JHMAKOCTBIO 1O BBICOTHI H = 600 MM,

MPH PaBHOMEPHO YCKOPEHHOM JBHKCHMH COCYNA B ABYX CITyHasX:
1) yckopenue cocyna a = 2,5 m/c? HampaBIIeHO BBEPX;

2



2) Takoe e MO BEJTHYHHE YCKOPEHHE HAMpaBicHO BHH3. McTeue-

HHE MPOUCXOAUT yepe3 oTBepcTHe d = 25 MM (U = 0,62).
Omeaem. T=72,7u 94,2 c.

K bodonpabody
P
j ' s
) J
m < vy |
Ly | — Lt ] ]
Npedoxpanumens- NN
Kol Knanaw N
C
N N
K 3anave 11.32
fwu\
ok
— T
pigd b
D x
[
L4
K 3anaye 11.33 K 3anaye 11.34 K 3agaue 11.3§

3anaua 11.34. ununapuyeckuit 6ax miomaasio F = 0,5 M* cBo-
6oaHO CKOMB3NT G€3 TPEHHUA MO HAKMOHHOM TNOCKOCTH, PACTONOXKEH-
Ho#t 1o yrioM o = 30° Kk ropu3oHTy. B HavanbHbI# MOMEHT Gak co-
aepxut Vo= 0,6 M xuaxocty, KOTOpas BBITEKAET NMpH ABHXKEHUH Ba-
Ka yepe3 JIOHHOE OTBEPCTHE ILIOWAALIO f = 5 cM” (K03 dHIHEHT pac-
xoaa u = 0,6).

Kakoit 06bem BhlIbeTCH U3 Gaka 3a Bpems ¢ = 60 ¢?
Omgem. V=80 n.

3anaua 11.35. Hunuunprraeckuit cocya, AMaMeTp kotoporo D =1 M
¥ BbICOTa B = 0,4 M, BpalllaeTCs BOKPYI FOPH3OHTANLHOM OCH C 4acTo-
To#t n = 1000 06/mMuH. B cocyne conepxurcs V = 0,25 M> RUAKOCTH.
Onpenenuts BpeMs OMNOPOXKHEHHMA COCyfa Yepe3 YETHIpe OTBEPCTHS
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nuaMetrpoM d = 10 MM, pacronoxeHHble Ha GOKOBOH MOBEPXHOCTH

cocysia. Koadduument pacxona oTeepcTiit npuHATh U = 0,65. Biusauu-
€M T0JIA CHJIBI TAXECTH IpeHeOpeyb.
Omeem. T=525¢.

3anaua 11.36. U3 cocyna nnamerpom D = 0,6 M, KOTOpBIH Bpaiua-
€TCA BOKPYT BEPTHKaJBHOH OCH C YrJIoBO#H ckopocTblo @ =10 pan/c u
3aKPBIT CBEPXY MOpIUHEM Maccoil 282 Kr, BBITEKAET BOJA YEpE3 YETHI-
pe 6okoBbIx oTBepcTHs (d = 10 MM, U= 0,6).

OnpenenuTh, B TEYEHHE KAKOro BpeMeHHM OYAET MpoAoIKaTbCA
HUCTECUYCHUE, €C/IH B HauaJbHbI MOMEHT OTBEPCTHA pacroJIOKEHbl Ha
rny6unc b = 0,3 M noa nopuiHeM. TpeHHeM NOPLIHA MOXHO NMpeHed-
peub.

Omeem.

Fo
T=—"__(Jb+Aa-Ja)=90 ¢,
2u/'J2g( ) ¢

22 2

rae

A= G +(u D : F:nD : _/‘=£d—2-.
Fpg 16g 4 4
| . -
t
Y/
F
.——‘_ o Somap el Ml
et st
=
fin
x R -l
w (P LH
K 3anaue 11.36 K 3anauam 11.37 n 11.38

3agaua 11.37. HemoasuxHBIH Tpru3MaTHueckuil 6ak mnomansio
F= 0,1 M’, 3an0HEeHHBI} XHAKOCTBIO 10 ypoBHH Hy = 1 M, omopox-
HAeTcA uepe3 TpyOKy ceueHHeM f= 1 cM>, BBIXOJHOE OTBEPCTHE KOTO-
pO# yAaleHO OT OCH BpalleHHA Ha paccTosHHe R = 20 cM 1 pacnono-
XeHo Huxe nHa Oaka Ha H = 0,5 M.

Haittu Bpems T omnopoxHeHns 6aka NpH HEMOABMXKHON TpyOke.
OnpefenuTs YacTOTY # BpalleHUs TpyOKH, MpH KOTOpOH BpeMs OIOo-
POXHEHHs YMEHBIIMTCS B ABa pasza. KoapdHuMeHT pacxoaa TpyOku

l'lpHHHMaTb HE3aBUCALLUHMM OT 4aCTOThI €€ BpalliICHUA H PaBHBIM H. = 0,4
Omeem. T= 5,5 muH; n= 305 06/MHH.
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MABA 12. HEYCTAHOBUWBILILUEECH
HANMOPHOE OABUXEHMUE
XKXUOKOCTH

BBEOEHUE

I. JIBrKeHHE XMAKOCTH HA3bIBACTCS HEYCTAHOBMBLIMMCSH, EC/H
JIaBICHHC ¥ CKOPOCTb B Ka)JO# TOYKE I10TOKA 3aBHCAT 1iC TOJNLKO OT
KOOPAMHAT, HO M OT BPEMEHH. [l 0OAHOMEPHOTO IBHKCHMS, ClcA0Ba-
TENBHO, UV =V (s, 1) U p = p(s.1).

z Anddepenunansioe  ypasHe-

HHE HCYCTAHOBHBLICTOCA JIBHIKC-
HHUS [0JIy4YHM, MPHUMCHAS 3aKOH
Hblotona (cuna pasna macce, ym-
HOXXCHHOM Ha YCKOPCHME) K 3e-
MCHTY MacChl XHAKOCTH C pa3Me-
pamu dFF X ds (puc. 12.1).
[TpockTHpys cunbl naBicHHA M
CHITY TSXECTH Ha HampaslicHHC
Puc. 12.1 KACaTC/NBHOM K JIMHHM TOKA M CYM-
Tas XXHAKOCTh HCBA3KOH, NOTY4HM

v Anockocms cpalnenus

pdF —( p+ —qus)dF +gpdF dscosa = dFdsp-@-
os dt
HITH
—?£+pg cosQ = pﬂ.
os dt

dv  ov ov
TaK KaK cosg=—-— Y — = — 4 V—, e z - BCpTHKa.ﬂbHaﬂ
os dt ot oS

KOOpAHHATA, TO

—d—p—+pg2€+ 9 pz + o _
os os pds 2 P ot
YMHOXasi Ha ds M WHTETPHPYs BAONb JTHHHH TOKA B HEKOTOPBIH

(HKCHPOBAHHbIHf MOMCHT BpEMEHH, NONy4yaeM (CuuTas P = const)

p« z v 2 K

0
—J'—d + f zds+f—d- L ds+f93ds=o,
os ogs| 2 ot
Uy 5

HIH
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1 vi-ul  Fov
—(py—p))+8(zy—z)+——++ | —=ds=0.
p 2 ot
i
PasjennB BCe 4neHBl ypaBHEHHS Ha § M NPOM3BENs TIEPErPyIIH-
POBKY WJIEHOB, OyeM HMETh

2 2 s
v; 1 fov
p‘+z,+ =Py, =+ — f——-ds. (12.1)
Pg 2g  pg 28 g, ot
HOJI)"-ICHHOC ypaBHEHHE SBISETCS 0606111€HHbIM ypaBHEHHEM
BepHynnu ans HeycTaHOBHMBLUETOCS OJHOMEPHOTO JABMXKEHHS HEBS3-
KO HeC)KMMaeMoit xuaxocTH. B ypaBHeHnu (12.1) BeipaxkeHue

I __f oV (12.2)
0t

npeacTaBnseT cobol M3MEHeHHE B cnmmuy BPEMEHH KHHETHYECKOH

JHEPIHH XKHIKOCTH B 00beMe MCKAY (GHKCUPOBAHHBIMK CeYeHUAMH [

M 2, OTHECCHHOE K MTHOBCHHOMY BECOBOMY PacxXoy; 3TO BbIpaXK€HHE

Ha3bIBAETCH HHEPLIMOHHBIM HAMOPOM.

Ipu HeycTaHOBHBLUEMCSA OBHXEHHH PEallbHOM (BA3KOMN) KHAKOCTH
ypaBHeHHE bepHynnu BKIOYAET elle YICH, YYHTHIBAOLIKH NOTEPH
Haropa Ha pacCMaTpHBACMOM Y4YacTKe MoToka. TakuM obpasoM, s
peanbHOro noToka (npeHebperas HEPaBHOMCPHOCTBIO CKOPOCTEH MO
ccucHHIO) OynemM UMEThb

2
p‘+z,+ =P, +3—+h S th, (12.3)
Pg 2 pg 28
rae h, — MFHOBEHHOE 3HAaYeHHE MOTEPAHHOrO HAIOopa, KOTOpoe O6bIU-
HO MOJCYMTHIBAETCA NPHOAHKEHHO NO COOTHOLICHHUSAM, TMONY4EHHbIM
Il YCTAHOBHBLIETOCS ABMXKEHHS; U — MIHOBEHHAs CpPEOHsAS CKO-
POCTB MOTOKA. - o

MHepuHOHHBIH Hanop peanbHOro MOTOKA ONpEeNeNseTcs U3 ypas-
HeHusa (12.2), B KOTOpoe MOACTABIAIOT MPHUONIHINTENLHBIE JHAUCHHA
JIOKaJbHBIX YCKOPEHHH, MOACYHTAHHbBIC N0 U3MEHEHHIO CpeaHel CKo-
POCTH NOTOKA V.

ITpu 3TOM mpeanonararoT, 4TO HA y4acTKe /-2 ABHXXEHHE SABISET-
€A IJIABHO M3MEHSIOLIMMCS, H NPH nojacueTe A,, MOXKHO BO BCEX ce-
YCHHAX HAa ITOM Y4YacTKe TpeHeOperaTb HEPaBHOMEPHOCTBIO pacripe-
JeJIEHHs CKOPOCTEH.

Jlns HEyCTaHOBHMBLIErOCS ABHXEHHS KHIKOCTH B TPYOe MOCTOSH-
HOTO CEYEeHHs JIOKAJIBHOE YCKOpeHHe dV/dt =dv/dl = j B kaxablil
paccMaTpHBaeMbli MOMEHT BPEMEHH OAMHAKOBO AJIS BCEX CEYEHHH Mo
JUTHHE 1OTOKA, H TI03TOMY HHEPLUHMOHHBIH Harop
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S . .
h,, =§i—‘; ds =é(s2 —s,)=-:;l, (12.4)
¥
rae [ = s;~s) — anuna Tpy6e Mexay ceueHuamu I u 2. PaccMoTpum
crneaylownH npumep (puc. 12.2).

[lopwenb, NPHBOAUMBIA B NBMXKEHHE C MOCTOAHHBIM TIOJIONKH-
TCIbHBIM YCKOPEHHEM j, MEPCMEWAET XUAKOCTh B TPYOE AMAMETPOM
d, MOAKIIIOYCHHOM K pe3epByapy, TAe YPOBEHb XHAKOCTH paBeH Hy.

OnpeacnnM AaBiCHHC Y MOPUIHA B TOT MOMEHT, KOT4a OH, HaXo-
AACL Ha PacCTOSHMHK [ OT pe3epByapa, ABHXKETCA CO CKOPOCTBIO V.
Jlns 3a/@HHOTO MOMCHTR BpEMeHH COCTaBMM ypaBHCHHe BepHymmm
AJ1s IOTOKA OT ceyeHus / (yposeib B 6ake) 0 ceuenus 2 (y nopns).

YuuTsisas, 4TO V; =0, uMeeM

2 ] B2 .
Dy H,= Py 03 202 )
pg pg 28 d2g g
Tak kak p; = p,,, TO BaKyyM y nopiuns
v =M=(1+xi 22—+ll—H0,
P8 d)2g g
rae V=1, — CKOpPOCTb MOPIIHS.

~
N
s,
& Noesomempuvecxas
T 2 /Illﬂllfl
<& V§ N~ /
= Ty o] [IIEPFIE=E
“ — —_— -
o
? ‘\\ﬁ‘\&\ 2
“ .
Sl vt y
- - 1\
\
Sy [ Moesomempuseckan J
AURUS
a
Puc. 12.2

[Ise30MeTpHYeCKas JMHHMA AN JaHHOTO MOMEHTA BPEMEHH MO-
CTpoeHa Ha pHcC. 12.2, a. B paccCMOTpeHHOM ciyyac MHeplHMA cTonba
KMAKOCTH TPHBOAMT K MOHMXEHUIO JaBIEHHA (YBEJIMYCHHIO BaKyy-
Ma) y nopuns. Ecnu yckopenue nopuiHs GyAeT Halpas/ieHo B NPOTH-
BOIOJIOXKHYIO CTOPOHY, T.€. K OaKky (OTpHLATelbHOE YCKOPEHHE), TO
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HHEpUHUA CTON0a KHAKOCTH TNPUBEAET K YBEIHYECHHIO NaBICHUS.
MrHoBeHHas TbE30METPHUECKas JIMHHUA JUIS TAKOTO Cydas ABHXEHHS
nokaszaHa Ha puc. 12.2, 6. Cny4an, KOTAa NMOPIIEHb HATHETAET XH-
KOCTBb B 02K, ABUTaACH C IOJOXKHTENILHBIM HIIH OTPHIATEIBHBIM YCKO-
peHHeEM (T.e. YCKOPEHHO MITH 3aMEUICHHO), TI0Ka3aHsbl Ha puc. 12.3.

2. PacnpocTpaHeHHBIM TIPMMEPOM HEYCTAHOBHBILETOCA TEYEHHA
ABNACTCA KoJiebaTenbHOE MABHIKEHHE MHMAKOCTH. PaccMoTtpum cre-
AYIOILYHO 33Ja4y.

JBa pesepsyapa nepeMenHbIX ceueHui F) u F, (puc. 12.4) coenn-
HEHBI Mexy cob0oH TpyOonpoBoAoM. YPOBHH XHAKOCTH B pe3epBya-
pax BbIBEAEHBI H3 MOJOXKEHUA PAaBHOBECHA TaK, YTO YPOBCHL B JICBOM
pescpByape HaXOAHTCA HAa PAaCCTOSHHH Z; OT MOJIOKCHHUS PaBHOBCCHS,
a B MPaBOM — Ha PaCCTOSTHHH Z;.

{ &
N“l"‘
19 2
%&Py J S
2, A v
“ x .
3 3
= nopd =
7 funud H 7
Nbeaomempusecras\ F~—1— "N|gp .
AR — —([— )
= Msesomempuyeckaa\ | <
FUHIA
J 1 g/ J l
1 v 1\ !y
a ]
Puc. 12.3
penocTraBnenHas caMoit Tonomenue pobuobecus

cebe KHAKOCTb COBEPIIAECT CBO-
6oaHble konebanus. Tpebyercs
COCTaBUTh AHbdepeHIHaIbLHOE
ypaBHEHHE KoneOaHui.
ITpuMenum ypaBHenmne bep-
Hyun (12.3) mna HekoToporo
MOMEHTa BPEMEHH ¢ K TIOTOKY
MEXIY YPOBHSAMH B pe3epBya- Pnc. 124
pax. CunTas pacnpenenecHue
CKOpOCTeH paBHOMEPHBIM I10 CEUCHHIO, IMEEM

329



(12.5)

HH*

e V; — CKOpOCTb ABMXKCHHS JICBOIO YPOBHA; VU, — CKOPOCTb ABHXKE-

HMs OpaBOro YPOBHSA; h, — NMOTEpH HAropa MexJy cedeHuamu / u 2;
Ry, — MHEPLIMOHHBIN HaMOp:

01)
HH = d' »
ot
3ech L, — CKOPOCTh JXHAKOCTH B CEYEHHH TPYOBbl, HaXOALEMCS Ha pac-
CTOSIHHH § OT MOJIOKEHHs YPOBHEH B COCTOSHHHM pasHoBecHs. Tak Kak
Q+=2 ’

(12] + d22 _ dZ
dt  dt 1
a I[1o ypaBHCHH}O NMOCTOAHCTBA pacxona

[}

Fv, = F,u,, v Fj— 4y Fz—d—zl,
dt
TOJIYYUM
dy_ K &
d  F+Fdt’
@ k&
di  F+Fdt
IMoatoMy ypasuenue (12.5) npunnumaet dpopmy
2
_h-h 1 (dz) vz=h +1[Dugs (12.6)
F+F 2g\ dt 8y ot

CKOpOCTh V¢ B pacCMaTpPHBaEMOM CE4eHUH Tpybonposoaa MOXHO
TaKXe¢ BRIPa3UTh uepe3 dz/dt. [1o ypaBHEHHIO pacxoia HMeEEM
Vfi=04F

WM, TaK Kak v, = —dz,/dt,

__Fdy____KH d

T fsdt fs(R+F)dt

CrnenoBaTenbHO, B paccmanMBaeMblﬁ MOMEHT Bpeme}m !

8 1t at f
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[Toncrasnsas MNOJTYYCHHOC BBIPaXKE€HHE HHEPUIHUOHHOIO HaNopa B

ypaBHenue (12.6), nonyyaeM auddepeHUMAIbHOE YpaBHEHHE KOJE-
6aHuM B BHIC

d’z FF, f[é d Y R-F,
d* F+F3 fs 2 dr Fl F,

Hnﬂ HHTCIPHUPOBAHHS J3TOr0 YpaBHEHHA He0OX0aMMO IIpEXIAEC BCC-
o 3HaTb 3aBHCHMOCTD IUIOLIAAH NMONEPEYHOTO CEYCHHA Tp)'GOHPOBO-

na f; OT BEAHYHHBEL .

——=+gz=gh,.

Ecnu B 4acTHOM ciyuae pesepByaphl COEAMHEHBI TPyOONPOBOIOM
TIOCTOSIHHOTO CEYEHHMA f M JUIMHOM [, TO MHTErpall, pacrpoCTpaHEeHHBIM
N0 BCEMY 3aHATOMY XHIKOCTBIO MPOCTPAaHCTBY, MOXKHO TOJIOXKHTh
PaBHBIM

tds 1
1 —f.\' f
H Toraa JHddepeHUHalbHOE YPaBHEHHE YIIPOILAETCsl, TPUHUMas Clie-
OYIOLHUH BUI:
FF, 1d*z F-F 1(dz
F+F f di* F+F 2| dt
ITnowanu F, u F, pe3epByapoB H0JkHBI OBITh 33JJaHBl KaK QYHK-
uvd z. OgHako and ciyvas koieGaHUH ¢ Maso aMIIMTYIoH mJolna-
am Fy n F; MOXHO nmonaraTsb NMOCTOSHHBIMH.
WuTterpupoBanyve  ypaBHEHHA —

2
) gz=gh,. (12.7)

(12.7) nns HEKOTOPBIX YaCTHBIX il
clydaeB KoJICOaHWH TIpHBENEHO B - .
3afayax 3TOH Ij1aBBbl. =

3. Ewe oxHMM npHMepoM He- I E ?
YCTaHOBHMBIIErOCA ABHXKEHHS SB- v :
JSETCS PpasroH KHUIAKOCTH Tocie
OTKDBITHSA 33aTBOPa HAa KOHUE Tpy-
6orpoBoja.

PaccmoTpum crnenylomylo 3a-
nagy.

Ilycte 3aman  Tpybomposon Puc. 12.5
(puc. 12.5) nnuHo#t [ n nuamerpom
d, NOAK/IIOUEHHBIH K pe3epByapy H NpeIBapHUTENbHO 3aKPHITBIA Tak,
YTO B €r0 KOHEYHOM CEYEHHH Hallop paBeH Hanopy B pesepByape H,.
ITycTs, 3aTem, TpyOOIIPOBOL MITHOBEHHO OTKPBIBAETCA.

Up

4
U=Up t/727a

L L L
h ZTbeo”a ¢
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vem Kosnebanns pacxona. IIpu skenaHHH YTOYHHTL X0 KPHBOH, MOryT
ObITh HAHIEHBI TPOMEXYTOYHBIE TOYKH.

- { -
Q Un ’I
: t
S
4 8"
" oh
A Ay

Puc. 12.10

ITpumep 3. Onpenenurs rpadHIECKUM METOAOM MaKCHMAILHOE H
MHHHMMAJBHOE yIapHLIE NaBJICHHS Y 3aTBOpa MPH €ro MrHOBEHHOM
3aKpBITHH.

Ha anarpamme Ah(g) HaHOCHM TOUKH Ao K By.;, H306paxatomue
pexuMsl B cedennsx A u B (puc. 12.11). Tomsuxubiit nabmonarens,
oTOBIBAIOIMA OT CeueHHA B no noroky B MoMeHT O, npubeiBaeT K
3aKpBITOMY 3aTBOPY B MOMEHT [, MO3TOMY TOYKa A; JIEXKHT Ha OCH
opnuHar (g = 0).

Bo3Bpalllaschk K pe3epByapy B MOMEHT 2, MOABHXHBIH Habniona-
Tens HaXOAMT TaM MOCTOAHHBIA HaNop hy M OTPHLATENLHBIH Pacxo[
(Touka B;). B 3TOT MOMEHT XHAKOCTH BEUTHBAeTCs U3 TPYObI B pesep-
Byap. PeXHM B Ce4eHHH A B MOMEHT 3 OmpeaenAeTcs TOUKOH A3 H T.4.
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A
2y
By i
_qﬂ
S ohy
\/A
Puc. 12.11 K 3anaue 12.1

Takum o6pasom, AaBneHHe y 3aTBopa Konebnercs oT +Ah, o
- Ah,. Haitnem Bennuuny Ah,. U3 puc. 12.11 sacho, yto
a__va
& 8
4TO U HomkHo 661Th no gopmyne H.E. XKykosckoro (12.16) s nps-
MOTO0 FHIpaBINYECKOro yaapa.

Ah, = gytgo =gy ——

b

3A0AUYU

3anaua 12.1. B HaknoHHo# Tpy6e (0t = 45°), nHamerp KOTOpOH
d = 60 MM, IBIKETCH, yBJIeKas 3a cOO0H BOIY M3 OTKPHITOH €MKOCTH,
NOPLIEHb C MIOCTOSHHLIM yckoperHeM j = 0,5 m/c’. JUHHa norpyxeH-
HOM 4acTH Tpy6bi lp= 2 M. '

OmnpenenuTs, Ha KaKO# BBICOTE Zmax Hal YPOBHEM MPOH30HIET OT-
pbIB BOAB! OT NOPILUHSA, €CTH B HayaJbHBIA MOMEHT ABH)XEHHs (IIpH
t=0u z = 0) ckopocTs nopuiHs V=0 H ecnH HauboIbLIAA AONMYCTH-

Mas NpH 3aJaHHON TeMIlepaType BOIbl BaKyyMMETpHYECKas BBICOTa
BCachIBaHMSA paBHA 8 M.

Koapduunent conpotusnenns Bxona B Tpyby (= 1; koadou-

UHEHT CONPOTHBIICHHA TPEHHA B Tpy6e A = 0,03. ‘
Omsem. 2mux = 4,1 M.

3agaua 12.2. [Topuens, apurasch B Tpybe BIpaBO OT CEUCHHA A,
yBJIEKAeT 32 COOOM XKHAKOCTb C TOCTOSHHBIM YCKOpeHHeM j =1,5M/ ¢t

B HavanbHOM 10710%eHHH NpH x = 0 ckopocTh nopiuHg V=0.
OnpenenuTs MECTO OTPBIBA Xy KHIKOCTH OT MOPLIHSA, €CITH OTHOCH-
TeNbHast IUIOTHOCTH JXUAKOCTH O = 0,8, yIpyrocTh €€ HachILEHHBIX Na-
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ATMOCQEpPHOE NaBlCHHE Hal BOJOH B HAaNOPHOM 6ake CUMTATh
paBHbIM 0,1 MITa,

Omeem. Pa3pblB CHUIOWHOCTH ABHKEHUS BObI 6yner MMeTb MecTo B CEUEHUH Ha
paccTosiinn 10 M oT KOHIA Tpy6b!.

3anauva 12.6. Josupyrowee ycTpoiictBo NIPAaKTHYE€CKH MTHOBEHHO
OTKpbIBaeT TpyOy (/ = 50 M, d = 60 MM) 1 4epe3 HEKOTOPBIit npome-
XKYTOK BPEMEHH CHOBa MIHOBEHHO €€ 3aKpHIBAET.

Onpenenuts M3BBITOUHOE HaBIEHHE p, KOTOPOE AOKHO OBITh
CO31aHO B pe3epByape, YToObI 3a BpeMs T = 2 ¢, B TeYCHHE KOTOPOTO
TpYDa OCTAETCA OTKPBITOM, BbITEKIIEE KOTHIECTBO KHAKOCTH COCTAB-
nano W= 12 1. Yposeus xuakocts (p = 1000 kr/m’) B pesepByape
Hy=1 m. Tpy6onpoBoa H )HAKOCTb CUUTATH HEYNPYTUMH.

Koaddpuument conporusicuus tpenns B tpybe npuHATH A = 0,03,
NoTCpe BXoAa npeHebpeys.

Omeem. p=0,14 Mlla.

K 3anave 12,6 K 3apaue 12.7

3agaua 12.7. Bensunonposon ammHOM [ = 50 M u INaMeTpom
d = 60 MM, CHAaGXCHHbIA KOHHYECKMM HACAZKOM BBIXOAHBIM IHAMET-
pom dy = 45 MM, OTKpBIBAeTCA NPH MOMOLIM OricTpoaeicTBYIOLICTO
3aTBOpa.

OnpesenuTsb, Kakoe KOMMYECTBO OEH3MHA BBITEeT M3 Gaka 3a
Bpems 7= 4 ¢.C MOMEHTA OTKPBITHA 3aTBOPA, ECITH YPOBEHb GCH3NHA B
6axe H = 1,5 M, a 136BLITOYHOE DaBrEHME B Hake p = 0,05 MITa. ITnot-
HOCTb GeH3nHa P = 765 kr/m’. Tpy6onpoBox M XHAKOCTH CHYMTATh
HEYNpYrHMH. '

Koadguument conpoTusnenus tpenns npunats A = 0,03. Compo-
THBJICHHEM KOHHYECKOTO HacaJka MpeHeopeys.

Omeem. W=2fUOTolnch£. rae Ty = Lol L;

Ty 2gH, F
X0Ja M3 Hacazxka, F - nowanb prﬁb]; UO — CKOPOCTb YCTAHOBHMBIUETOCSK HCTCUYCHHS,
W=172n.

Hy=H +2 ; - nnowanp Bbi-
Pg
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3anaya 12.8. BeprukansHas Tpy6a -ré
anametpoM d = 50 MM, anuHOM [ = 10 M ¢ a
OTKPBITBIM BEPXHHUM KOHIIOM MOJIHOCTBIO T Ej
3amoyiHeHa BoAoH. Ilocne OTKPBITHA HMX-
HEro e¢ KOHLIa BOJa HAYHHACT BHITCKATh B
atMocoepy. - 8 momenm

Onpeaenuts BpeMs MOJHOTO OMOPOX- bpemenu ¢
HEHHA TPYObl, IPHHHUMAs, YTO B TEUCHHE
BCEro rnpouecca Ko3Q@HUUUEHT COMPOTHB- N
neHus tpeHus A = 0,025. ’

Pewenne. TlomecTHB Hauyano KOOpAMHAT y
HHXKHEr0 KOHL@ TpyObl H HanpaBHB OCb I BBEpX, / \\

COCT4BHM A1 NPOM3BOJNLHOIO MOMEHT@ BpEMEHH
ypaBHeHHE Bepryiuii ¢ KHEPLUHOHHBIM YJIEHOM:

AN

2 2 2 . K 3agaue 12.8
&+U—+z=—p—"+—u—+ku—+zi.
pg 2 pg 28 2% g
OTKyza
2
z =A£L+ Z"L
d2g g
WITH
LI
8§ 2¢d
Tak kax
_dv
T
TO
dv A 2
=g
dr 2d
0O6o3Hayas
—A—_—.k H —:az,
2d k
nony4yaeM
AV~ kar
a‘-v

HHTerpan 3toro ypasHeHHs ¢ y4eTOM Ha4yaabHOrO yciiosus (npy 1 =0,0 =0)

Llna+u=kr
2a a-v

HIHK

veg eZak/ -1
e2akl + l‘
Tak kax

TO
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Peuwenne. Bocnonsdyemcs ypasHeHHeM (12.7). Tlonaras F) = F, = f (rae f - nno-

wags Tpy6kH), HMeeM
[d’z toz=gh
2t 8z =gy,
rae h, — noTepsa Hanopa.
Jins naMHHapHOTO NOTOKA B TpybKe
h, =32viv/(gd?),
rze CKOpocThb
dry_ ld
P
(z) — KOOpAMHATA, OTCHUTHIBAEMAs N0 BEPTHKAIH OT NOJOXEHHS PaBHOBECHA, @ Z = 2z,

- BEPTHKaIbHOE PAcCTOAHHE MexXay ypoBHAMH). [TorTomy anddepennmnanshoe ypas-
HEHHE 110J1y4aeT BHJ

2
i—iz— + 32-—\% dz,28
dr dedr |
BaeneM 0603HaucHUA
—3-22! =24 1 28 =82
d /

Torsa nonyyaeM nuxeiHoe 0AHOPOAHOE AH(dEpEHLHANLHOE yPABHEHHE C NOCTO-

AHHLIMH K0P HIIHCHTAMA
,

P
dt
XapaKTepHCTHHECKOE YPaBHEHHE HMEET BHJL

r?+24r+B8% =0,

Z 4% p 0
dr

N

4 €ro KOpHH
Ry =—-Atv A" - B
BuiyuciInM 3HaueHHR K0dQdHUHEHTOB A 1 B:
=i\i=l 6l/c; B= 2 =571 /.
dt !
B paccMaTpHBaeMOM cnyuae
A<Bu A*-B%<0.
O603HaynM A8 KPaTKOCTH
B -4 =C.
Torzaa petuenne nony4eHHoro bitue AnddepeHunansHoro ypasHenus 6yaet nMetb B

2=z [ cosCt + %sin Ct),

1.€. Konebanns 6yayT 3aTyXalOLUIMMH C NEPHOAOM
2n_ 2n
C B - 42
. - At
AMmHTyAa xoneGaHUi M3-3a MHOXHTENS e

KOHLE MepBoro nepuoaa npu = T aMnautyaa

C TeyeHHeM BpemeHH ybeipact. B

-AT
2’ =ze™ T
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[ToacTaBnss YMCIOBbIE 3HAUEHUS, nonyqaem: C=551/c; T=1,15¢; e AT =0,155

nz'=0,15z, T.e. konebanus GyayT HHTEHCHBHO 3aTyXaTh.

" 3agaua 12.12. )KuaxocTs, 3aNONHAIOMAS Ba COEAMHEHHDIX MEX-
Ry cOBOM OTKpHITBIX pe3epByapa, GydyuH BbiBEZeHa M3 TOIOKCHUS
PaBHOBECHSA, HAUHHACT COBEPLIATH CBOOOAHBIE KONEOAHHA OKOJIO 3TO-
IO TOJIOXKEHHS.

IIpenebperas conpoTuBNeHHAMH, ONPENETHTD NEepHOA KoJebanui
KUIKOCTH, CCITH pE3CPBYapbl HMEIOT NONEpeyHble cedenus Fj u F, u

COCAMHEHB! TPYOOH, UTMHA KOTOPOI [, a MIIOLaAb MONEPEeYHOro ceve-

HHS f BO MHOTO pa3 MEHbLIE TIIOIANH KaXI0ro U3 pe3epByapos.
Yka3zanue. BocuonszoBatscs ypasuenueM (12.7) u npenebpeus unenoM, coaep-
KAUIUM (rlz/rll)z.

Omeem. T =21 ———IF'Fz .
gf (Fi+F)

Monoxenue

Havansroe
NOAOKEHUE

K 3agaue 12.12 K 3agaue 12.13

3axaua 12.13. K napoBoMy KoTiy ¢ miomansio 3epkana F, nox-
KJIIOYEHO BOJOMEPHOE CTEKJIO ¢ IUIOLIAABIO NOMEPEYHOTrO CCYECHHS
F,. CoenunnurensHas Tpybka MIHHOM [ MMeeT miowans NIONIEPEYHOro
ceyeHus f.

JK¥KOCTh B NapoBOM KOTJIE BBIBEJEHA M3 COCTOSHHS MOKOS H ee
3epKaiio cosepiuaeT cBoboanble konebanus. IlpeHebperas conporus-
JICHUEM H CUMTas aMIUTHTYAy KoseGaHHuH ManoH, onpesenuTs nepuon
KoJIeOaHHH KHAKOCTH B BOJIOMEPHOM cTekste, eciu A = 0,1 M, f=1cMm>
Fy=2cMul=025m.

Ykasaume. Bocnons3osathea ypasuenueM (12.7), npeHebpeds YNeHOM, coaepxa-

2 .
umM (dz/dt)’, a Takxe, yuuTEIBasd, uTO Fy > F, v amnuutyna koneGanuii Mana,

2
npeHebpeys B MHTErpasie Ids/f BEIMYHHOH 7z, MO CPaBHEHHIO C A.
1

i8]



Omegem. T =21 ,ﬁ_]_’;l/_f =155¢
8

3apnaua 12.14. IlpenoxpaHHTENLHBIN
KJIanaH, MponycKas TNMOCTOSHHBIA pacxon
KHUIKOCTH, HAXOIUTCA B NOTOKE XHIKOCTH
B PaBHOBECHH Ha PACCTOSHHH ¥y = 5 MM OT
ceqna. Macca knanada m = 0,5 kr.
ITpenebperas CXMMaeMOCTBIO KHUAKO-
CTH, COCTaBUTh auddepcHUHaANIbHOE ypaB-
HEeHHe konebaHHM BLIBCAEHHOrO U3 MOJo-
EHHs paBHOBECHSA KJIaNaHa U ONpeae/HTh
K 3apave 12.14 4acToTy 0ro koncOaHHH, cUMTas, 4YTO CHIIa
TpeHUs R, HEHCTByloulas Ha KJana, jiv-
HEIHO 3aBHCHUT OT CTr0 CKOPOCTH:! '
R=0u(t),

rae 8 — koabduument gemnouposanns, 8 = 2,5 H-c/cMm; u(f) — nepe-
MEHHas BO BpeMEHH CKOpOCTb Kosebmollerocs Kianana.
Xectxocts npyxuHsl ¢ = 20 H/cM; HayanbHOE NOKATHE MPYXKHHBI

TIpH 33KpbITOM KianaHe y, = S0 MM. Maccoit npyx#Hb! MpeHebpeds.
Peutenne. ﬂycrb OTK/IOHCHHC KNanaHa oOT [10JIOECHHA PaBHOBECHA B MOMCHT Bpe-
MCHH ! PABHO Z, TaK 4TO NOALECM KNanaHa BMeCTO y CTaJl y — 2, Toraa IPOXOAHOE Cetie-

HHE KNananHoR WenH naMeHnTes oT f =xdy 1o f, =nd(y-z).

Monaras x0’bGHUMEHT CKATHA CTPYH NPH HCTEUCHHH HI-NIOA KNAIAHA HEH3IMEH-
HLIM, DIOJIYYHM, YTO [PH HEH3IMEHHOM PACXOAC CKOPOCTh HCTEYEHHH YBENHHHIACh B

2
y/(y—2) pas, a daBiieHue N0 KNANAHOM BOIPOCNO B [y/(y - z)] pa3. Takum obpa-

30M, €C/IH JaBJIEHHE MO KNANEaHOM B MOJOXCHHH €ro paBHOBECHA Obin0 P, TO NpH
OTKJIOHCHHH Ha BEJIKYHHY Z OT ITOrO NOJIOKECHHA AABJICHHE CTAJIO0

2
pl=p(—y'_] .
y=

MoxHo NpUBAHKEHHO CYHTATH, YTO YBEIHYEHHE YCHIIHA HA KJANaH CO CTOPOHbI
MUIAKOCTH Bbipaxaercs Gopmynoin

- YMeHblIeHHe YCH/AKR Ha KJIanaH CO CTOPOHbI TMPYXHHb! [PH YMCHLLWIECHHH €ro
NoaAbLEMA Ha Z

AP pw =

BoccraHasnuBaloias cHia, KOTOpas BO3HHMKACT Ha KjanaHE NpH OTKJIOHEHHH OT
NOJIOKECHUA PABHOBECHA,

cZ.

2
nd?® y
AP=AP,.+APnpyx=P'—4— (_y-—z] -1{+cz
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B TIOJIOXECHHH paBHOBCle KJ1lanaHa
nd’
p e (Yot ¥)

CIIEN0BAaTENbHO,
2
AP=c(y,+y) (—-—Z——] =I|+cz=cz (y0+y)2y——zz+l .
y-z (y-2)
Tax kak amMnauTyna konebanui z Maja no CPaBHEHHIO C NOABEMOM KJlanaua y, To
MOXKHO NPUBIHAKEHHO NPUHATL 2y —2=2y H (y-2z)’ = y?, Torna

2
AP zcz['“‘"‘““—(yo 15) Y I]=cyoz[z+ }—]

Yy Y
HuddepeHunansHoe ypaBHEHHE IBHXKe- 8
HHA KJlanaHa, Macca KOTOPOTro m, HMEET BUA
d?
m=E=-R-AP;
dr LF
42
m——Tz+6£+ yoz[—2-+-——]=0. ~ <
dr Y Yo Nopoxenue |
WK paduolecus ’ /
dz d & m 5
SLi24%8+8%=0, - L
dt dt N

X B momewm

rac ais KpaTKOCTH BBCACHDbI 0603Ha"|CHKﬁ 0 ﬂeﬂﬂﬂl
9 c 2 3
A=— u B2=20 2,2} K jamaue 12.15
2m miy Yy

Buiuncnas, nonyuaeM A = 250 l/c; B*=92000 1/c’ u nepnon xonebanmii

T =2n/yB? - A? =0,0365 c.

3ana4ya 12.15. Cucrema, cocrosiuas H3 NpYXHHbI, NOPIIHA H
cronba XHAKOCTH JJIMHON L, BhIBEJEHA H3 COCTOSHHMA TOKOS M CO-
Bepuiaet cBoOOAHbIE KONEOaHHs.

OnpenenuTs nepHoa KoneGaHHM, eCny Macca MOPUIHA m M IJIO-
1aab NonepeyHoro cedeHus TpyOku F. PewuM TeYeHHA HAKOCTH B
TpyOK€ CUHMTaTL JAMHHApHBIM: IUIOTHOCTP M KHHEMAaTHYECKas BS3-
KOCTB KHAKOCTH P H V. Maccoi npyxHHbI npeHeOpeyb.

CpaBHHTh HalJCHHBIH NEPHOA C MEPHOAOM KoneGaHui, BBIYHC-
JICHHBIM B NIPEATIONOXEHHH OTCYTCTBHSA TPEHHS.

Pewenue. [IycTs B HEKOTOPbIH MOMEHT BPEMEHH ! BHIBEACHHbIH M3 MONOKEHUS
PaBHOBECHA NOPUICHb, MAaCCa KOTOPOTO /m, ABKrasiCh BIIPAaBO, HAXOAKUTCA HA PACCTOSHHUH
X OT NOJIOXXCHUS PABHOBECHSA, HIOMITOUHOE JaBJICHHE XHUAKOCTH Ha MOpPLIECHb B 3TOT
MOMEHT paBHO p. Toraa auddepeHuHanbHOe ypaBHEHHE ABHXEHHS NOPILHS HMEET BUA

m‘—i-ZTx =~cx - pF,
dr

HITH
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2
x
m—s+ pF +cx=0, 1

A€ ¢ — KEeCTKOCTL NPYXHHbDI.

MaBnenne p Ha nopieHb Haiinem, npumenss ypaBHenue (12.3) ana ceyenus y
NOPLIHSA ¥ ¢BOGOAHOH NOBEPXHOCTH B TpybKe:

P _
5—;— Hy+x+h +h,,
rjie i1, - oTepA Hanopa B 1py6ke;

nvL dx 2
VIR IAMUHAPHOL'O TeeHus A, =8———, h_ - HHEPUMOHHBIH Hanop, h,, =££—
gF di g dr?
[ToscTaBiss BLIPAKEHHS 11OTEPL K HHEPLHOHHOTO Hanopa B ypasHehHe bepuynnu,
1oy4aeM

2
’—)=H(,+x+8~—7WLE+Ld £

—_—— 2
pg gF di g dr? @)

O6benuuns ypasuenus (2) u (1), Haxogum AnddepCHUHANLHOE ypaBHEHHE J{BHXKE-
HHSA CHCTCMBI

d*x nul dx
m+pLF )—+8———+(c+pgF)x+pgFH,=0.
(n+pLE)=+8==—+ (c + pgF ) x + pgFH,
Pasuenus sce unens ypasHenus va m+pLF, 6ynem umetnb
12 '
5_;+8 L dx [ c+pgF 4 PeFHy 3)
dr (m+pLF)YF dt | m+pLF m+pLF
Y 10610 BBECTH HOBYH) NEPEMCHHYIO
.x=x+—~LngH’.
c+pgF

Torua ypanuenue (3) npeBpallaeTcs B 0AHOPOAHOE THHERHOC nHbOepesitHanbHoe
YpaBHEHHE

2
45 on® s pr=n,
dt dr
e A=4—TBL . gz ctPgF
(m+pLF)F' m+pLF’

Eenn B > A%, 1o nepuoa konebanui (cm. 3anaqy 12.11)
2n

c+pgF _[ 4nul ]2

T =

m+pLF | (m+pLF)F
Tlpu OTCYTCTBMHM CONPOTHBIEHHA NEpHOA KONEGaHHIT _
m+pLF
T() = 21! _—9‘——.
c+pgF
Boipaxenne T MOXHO HaHTH KOpOUE, HCMOB3YA AHANOTHIO C 3anaueit MeXaHHKH

0 Kostebauusx rpy3a Maccoi M), NOABEILEHHOTO Na NPYKHHE KECTKOCTHIO ¢y Tlepu-

011 cOOCTBEHHBIX KONEGAHNH IPy3a IPU OTCYTCTBHUHM CONPOTHBNEHHUI, Kak H3BECTHO,
To=2mnJMylc, .
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B nannom crnyyae mMaccol rpysa M|, sBiseTcs macca MOpILHS m IUIIOC Macca BO-
asHoro ctonba pLF (Maccoit npyxuHbl npeneGperaem). XKecTKoCTb ¢y paBHa KECTKO-
CTH NMPYXHHbI ¢ [UTIOC OTHECEHHOE K EAHHHLIE NEPEMEIIEHHA BOASHOrO CTOJI0a H3MEHE-
HHE YCHJIHA Ha MOPLICHb BCJICACTBHE H3MEHEHHs Hanopa H ) npu kosnebaHusx:

xFj
cy=c+ *TPg =c+pgF.
X
CnenosaTenbHo,
1+ pLF
T(' =27 n__p_._‘
c+pgF
3anauya 12.16. Xuakocts B Tpy- £l
B¢, NoaKMOYEHHOH K BO3AYLIHOMY 7 S
KOJINaKy MOPIIHEBOTO Hacoca, BbIBE- § §
JEHAa M3 TMOJOXKEHHUS pPaBHOBECHS. 318
>
[IpeneGperas conpoTHBICHHEM, OI- ~§ %
PCACINTb YacTOTY COBCTBEHHBIX KO- 3%
nebaHui  KHMAKOCTH, €CAH JIHHA S8
vy S
TpyOBl, 3aM0JIHEHHOH KHUAKOCTHIO, L, S ‘g\
IIOLIAAb €C MOMEPEYHOTO CEYEHHS f, /
TUIOLAb CEYEHHs Konmnaka F 1 o0b-
€M BO3JyXa B KOJMAKe NpH paBHO-
BECHOM MOJIOXKEHHH ypoBHCH W,,.
BeicoTa cron0a XHIKOCTH, COOT- K 3anaue 12.16

BCTCTBYIOLIAst JABJICHHIO B KOJIMAKe
B TIOJIOXEHHH paBHOBeCHS, ). MHepuuei ®uaKocTH B KONakKe npe-

He6pe%, CHHTasA IUIOWAAb MNONCPEHHOI0 CCYCHHA KOJMAaKa 3Ha4yu-

TCJIbHO GosblLEH, YCM MIOIA/L TONEPEYHOTO CeUeHHs TPyObl.

Peuterde. [IpeacraBHB HaXOAAIMICA B KONMAKe BO3AYX KaK NPYXHHY, BHIYHCIHM
KECTKOCTb €y TAKOH «ITHEBMATHYECKOH NPYKHHbBI».

B nonoxenuu papHosecHs o0bem Bo3ayxa B Koanake W, v abconoTHoe pasnenue
Po. [lyCTb NpH OTKIOHEHHH YPOBHA BO/bI BBEPX Ba BENMYHHY Y OT MONOKEHHUS PABHO-
Becus 06beM Bozayxa craHeT W u naBnenue p.

Torna, npHHHMas IPOLECC CXKATHSA ra3a HIOTEPMHUYECKHM, MOXEM 3alIHCaTD

pW = poW,,
OTKya
p o, M L. Ll
P=Poy = Po Wo-Fy ”"1-Fy/w0 Po[1+ W, y]-

CnenoBaTenbHo, yBEeHYEHHE NABIEHHA p — po = Fpyy/W,.

Io3TOMy XECTKOCTb «ITHEBMAaTH4YECKOHN NPYXKHHLI», IEPECYUTAHHAS HA MepeMeLLe-
HHeE 5 BOAbI B Tpybe,

_(p=py)Fy _pgH, .2
o 3 _Wo re
rae s=yF/f.
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Macca xonebmowerocs Ha 3ToH «npyxHue» rpyla
My =Lfp,
FIO3TOMY YaCTOTa COOCTBEHHBIX KONnebaHNit UAKOCTH

nz_l_ G 1 ofg
m\M, 2\ WL~

|0
'H
(o}
; e
D i .
<

K 3aaave 12.17

3anaua 12.17. Kpyrneiit auck (D = 150 MM), k KOTOpoMy B €ro
TJIOCKOCTH NMPHJIOKEHA M BHE3aMHO yJaJieHa Mapa CHJI, COBEpLIACT
KpYTHJIbHBIC KOJIeGaHHs oTHocHTenbHO ocH O — O. 3aryxanue Kone-
GaHui NPOHCXOMHT GIAaroAaps TPEHHIO B BA3KOM CJIO€ XHUAKOCTH 10
TOpLY AHCKa.

IIpenebperas Maccoit CTepXHs, ONPEAENHTE YAaCTOTY KPYTHIBHBIX
koneGaHuH, ecnu Macca AuMcka m = | Kr, JMHAMHYecKas BA3KOCTb
xuakoctu U= 1 I1 u TonumHa xugkoro cnos b = 0,5 MM. XectkocTb
npyxuHusi ¢ = 0,1 H-M/pan,.

TeueHune B BA3KOM CIIO€ CUUTATDH JAMHHAPHBIM.

Ykazanue. luddepeHunansroe ypabuenue konebaHuii umeer Bug

d dae
d 7
rae J - MOMEHT HHEPUHMH HCKA OTHOCHTENbHO OCH O ~ O; @ ~ yront 3aKpyuMBaHus

4

Aucka; § ~ dpaxtop aemnduposanns: 9 = %u%; € — ECTKOCTh MPYKMHBI.

92
Omeem. Yacrora xonebanuit n = — 7 - 412

3anaua 12.18. 3atsop, yCTaHOBneHHblifl Ha KOHLE TpybGompososa
(L =100 m; D = 100 MM), paboTatowiero noa Hanopom Boas! Ho= 10 M,
YMEHbLUAeT pacxod OT €ro HayanbHOro 3HadeHus Qy = 10 1/c 10 Hyin
3aBpema I,=1c.

+6-——+ap 0,

=0,78 I'u.
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IiprHHMas 3aKOH 3aKPBITHA 3aTBOPA JIMHEHHEIM M CUMTast TPyGo-

NPOBOJ H XHAKOCTb HEYNPYTHMH, ONPEAETHTh MAKCHMAILHOE MOBBI-
IIEHHE JaBJICHUA B TPyOONMPOBOAE B POLECCE 3aKPHITHA.

HoTepsamu Hanopa B Tpy6onpoBoae npeHeGpeds.
Omeem. Ap,, =0,24 Mlla.

£
T LD
K 3agave 12.18 K 3agaue 12.19

3agaya 12.19. 3atBoOp, yCTaHOBJIEHHBIH B KoHUE Tpy6onporosa,
COCTOSLIETO U3 ABYX y4yacTkoB (L; = 50 M; D; = 100 MM 1 L, = 50 Mm;
D, = 120 mMM), 3aKpbIBasCh MO JIMHEHHOMY 3aKOHY, YMEHBIIAET PacXo
BOIBI OT Oy = 15 n/c mo Q) = 5 n/c B Teuenne T, = 1 ¢. Pacnonarae-
MbI# Hanop Hy = 40 M.

Ornpenenuth MakCHManbHOE MOBBILICHHE AABJIEHHA B TPy6OMpo-
BOJC B MPOLECCE 3aKPHITHA, CUNTAS €0 CTEHKH M XHIKOCTb HEYmpy-
THMH Y NpeHebperas NoTepAMH Hamopa.

Omegem. Ap,, =0,15 MIla,

3apaua 12.20. Tpy6onposon, uMerowui obutyio amHay [ =20 M U
BHYTPCHHHH quameTp d = 50 MM M TOAKIIOYEHHBIH K 6aKy ¢ BOAOH
noA HanopoM Hy= 4 M, MTHOBEHHO 3aKPhIBAETCS.

Onpenenants CKOPOCTh a PAacCIpPOCTPAHEHHS YNAPHOM BONHBI H
YAapHOE MOBBIEHHE NaBNCHHA Apy,, €CIIH TONIUKWHA CTEHOK TPYGHI

d=6 MM u matepuan ee - cranp (E =2- 105 MIla). Mozynb ynpyro-
cti Bogsl K =2-10° MITa.

Kak u3MenuTcsa ynapeoe naBneHHe, eCllM CraabHas Tpyba Gyaer
3aMeHeHa uyryaHoi (E =0,9-10° MITa) tex xe pasmepoB? Koaddu-

LIMEHT COMPOTHBIIEHHUS TPEHHs NPHHATH A = 0,03.
Omeem. JIna cranbHOM Tpy6bl a = 1365 M/c u Apy, =3,5 MIla.

3amaya 12.21. IleHTpoGeXKHBI HACOC MOJAET BOAY Ha RBLICOTY
H, =16 M no Tpy6onposoxy, HMeloLieMy obutyro amuuy [ = 105 M i
BHYTPEHHHH aHameTp ¥ = 75 MM,
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paaMyc 7 ¥ BBIXOAHO# yroi {3) MpH MOCTOAHHOM CTaTHYECKOM Hamope
HcTedenus H (cerneposo kojeco, puc. 13.10).

Puc. 13.9 Puc. 13.10

Mo ¢popmyrne (13.15), yunTeiBas, 4TO Ha4aIbHBIA MOMEHT KOJIHYeE-
CTBA JBHIXKCHHsA TOTOKA B Gake paBeH HYIO, MOJYYHM (BEITHYHHBI B
BBIXOJHOM cedcHHH 2 TpyOku 0603HaueHsl 6¢3 nHaekca)

M =-pQrv,.

Ecnn v, <0, peakTHBHbIA MOMEHT SABJACTCA ABHXKYIUMM (Ha-
[paBJiCH B CTOPOHY Bpaulelus Tpy6kn). Tak kak 3 I1aHa CKOpPOCTEH
v, =u—wcosf,

TO

M =pQr(wcosP-u),
rae pacxox B Tpybke Q =wf (f - mmowmaar ceuenus TpyOkn). Ilo
¢opmyae (13.16) umeem
2 2
we(1+8)-u
(9
2g

w=oy2gH +12, (13.17)

roe @=1/J1+§ - xoaqﬁmuuem CKOPOCTH TpYOKH.

Jins uaeansroro npouecca (§=0) MoMeHT aelcTBHA MOTOKA Ha

Tpy6KY
M, = pfr[(2gH +u2)cosB—u\/2gH +u? }
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O6o3naunB Vo =+/2gH u Qy=v,f (v, U Q, — CKOPOCTb H
pacxon npu u = (), NoIy4HM
2 2
M. =pQyu,r 1+u—2 cosB——u— 1+£2— .
Yo Yo Yo

(13.18)

MoMeHT Ha 3aTOpMOXKEHHO# TpyOke
M o =pQyvereosf. (13.19)
IlonesHas MexaHMueckas MOILHOCTb, Pa3BMBaeMas MOTOKOM Ha
Bpawatoueiics Tpybke, N, = M_m u teopetnueckuit KIJ[ npouecca

2
T=M=2i cosB ]+u—2——u— . (]320)
QpgH v, Vo VYo

Hccrnenosanve MosiyyeHHOTO BBIPQXKEHHS TOKA3BIBAET, YTO TEOPE-
Traeckuit KITJ[ nocturaer MakcuManbHOTo 3HauYCHHUsA: 1), =1-sinf

TIPH COOTHOLLEHHH CKOPOCTEi

u _ [I-sinf
Yy 2sinf

MOXHO BHMACTb, YTO JBMXYIIMIH PEaKTHBHBIH MOMEHT Ha Tpybke
(kOTOpOMY OTBEHAIOT TYPOMHHBIE PEXMMBI — IOJYYEHHE TOJIE3HOM
paboThI 32 CHET YMEHBIICHHS SHEPTHH NOTOKA) BO3HHKAET TOJBKO TPH
yraax Beixoaa 8 < 90°. 3nauenusm B 2 90° COOTBETCTBYIOT HACOCHBIE
PEXKHMBI — PEAKTHBHBIH MOMEHT MOTOKA HAMpaBJ/ieH MPOTHBOIMOJIOXKHO
YII0BOH ckopocTH TpyGku (M < 0) ¥ U1 ee BpalueHus 3aTpayMBaeTcs
BHCLUHsS paboTa, MAyILas Ha YBCIHYEHHE SHEPTHH XKHMIKOCTH.

3A0A4YHK

3anava 13.1. U3 nuddysopa, BXOAHON M BHIXOAHOH AHAMETPHI
kotoporo — D; =250 MM u D, =500 MM, Boga noctynaer B 6ak c

TOCTOSHHBIM YPOBHeM h = 4 M B konuyecte Q = 0,4 m’/c.

1. Onpenenuts ocesyro cuny R, aeicTByouyio Ha auddy3op (ko-
s¢duumenT noteps B anddysope @, =0,25).

2. llpn kakoM BakyyMe p, Hal ypOBHeM BOABI B bake MCKOMas

cuna 6yaeT paBHa HYJ0?
Omeem. R = 4,61 xH; p, = 31,4 xIla.

3anaua 13.2. luamerp Tpy6onposoaa Ha y4acTKe 3aJeJIKH B OII0-
py mamensiercs ot Dy =15 mpo D, =1 m.
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OnpenenuTs 0CEBYIO CHITY, BOCTIPHHUMAEMYIO OIIOPOH Ha repexol-
HOM y4acTKe IpH U30BITOYHOM jAaBjieHHH Nepea onopoi p = 0,4 MIla u
3
pacxoze Boasl Q = 1,8 M'/c.

IToTepsiMH B KOHYCe NpeHeOpeyb.
Omeem. R = 392 kH.

I

7/ //

K sanaue 13.1 K 3anave 13.2

3agaya 13.3. OnpeaenuTs OCCBYIO CUIy, TIPHIIOXKEHHYIO K Tpy6o-
NpoBOAY Ha yyacTke AB BHC3anmHoro cyxenus ot D, =300Mm 10

D, = 200 mm. [Tokazanuc maHoMerpa nepen cyxennem M = 0,15 Mlla,

pacxox soasl Q = 0,28 m’/c. CONnpOTHBIEHHE y4acTKa ONPEAETHTH MO

dopmyne (7.5), cMm. . 7.
Omsem. R = 5870 H.

@M
W —_—
R —iiizégziéa_%gg L ~E§%E§if§§giéi

-—’4& r s __%:/

A

K 3anaue 13.3 K 3anave 13.4

3agaua 13.4. Ha nopuwens ruapouwiusapa anamerpoM D = 60 MM
nevictByer cuina P = 3000 H, Bei3piBaromias HCTCYCHHE Maciaa M3 LH-
JMH/pA Yepe3 TOPLOBOE OTBEPCTHE C OCTPOH KPOMKOH, JHaMeTp KOTO-
poro d = 20 mM. [peHeOperas TpeHHEM MOPIUHA, ONPEACTHTL CHITY,
JEACTBYIOUIYIO Ha WHITHHAD.

Ko3¢bdhHuUHMeHTbl HCTEYEHHs [UIs OTBEPCTHS NMPHHATS @ = 0,97 n p =

=(,63; OTHOCHTENIbHAA MIOTHOCTH Macna & = 0,9.

Omeem. R = 2620 H. )

3anaya 13.5. Pacxona Bozs! B oTcacsiBarowedl Tpybe ruapoTypOHHbl,
TIPEACTABIIAOMEH BEPTUKAIBHBIA TOHKOCTEHHBIH KOHHYECKHH 1uddy30p
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¢ nuameTpamu d = 1000 Mm u D = 2000 MM 1 aymsoi L = 4000 MM, pa-
BeH O =5,5 ‘™M’/c. BXoaHOe Ceuene TPyOB! PaCTONIOKEHO BhILIE YPOBHS

Ha H = 3 M. Koapdunment noteps B auddysope @ a2 =0,25.

OnpenenuTs THAPABIHYECKYIO OCEBYIO CHJIY, NEHCTBYIOLIYHO Ha
TpyOy.

YKSSBHHC. HPHHXTL, YTO OABJIEHHE B BbIXOJAHOM CEYECHHH pr6l:l PaBHO CTaTH4Ye-
CKOMY RaBJACHHIO B oxpy)xalomeﬁ HETMIOABHXKHOMN XXHIRKOCTH M YTO H4 BHEWIHEH NOBEpX-~

HOCTH TPYObl, NOTPYXKEHHOH NOR yPOBEHD, AABNCHHE PACTIPEAENEHO MO CTATHYECKOMY
3aKOHY.

Omeaem. R=pQ(v;-v,)- p,F+G, rae p, - pakyyM Ha Bxoze B Tpyby; G - Bec
BoJbl B TpY6e Haa cBoG0AHOI NoBepxHOCTLIO. R = 35 kH.

3agaya 13.6. OnpencnuTe THIPAaBIHYECKHE HATPY3KH GONTOBBIX
rpynn BO ¢GJIaHUEBBIX COEAMHEHHSX A W B NpH MCTEYEHHH BOABI M3
Oaka yepe3s OTBOA M NPHCOCAMHEHHBIH K HEMy HacaJoK. BrIxomHoil
IHameTp Hacanka d = 50 MM, auamerp otBoga D = 100 MM M ero paau-
yc KpuBH3HEI r = 400 MM. M3GsiTouHOE naBneHue B Gake M = | MI]a.
['MpaBIMYECKMMH COTNIPOTHBIIEHHAMHM H BECOM XHIKOCTH B OTBOJIE
npeHeOpeys.

Kak n3mennTcs Harpyska Gontos B, eci yaaauTh Hacagok?

Omaem. Coennnenne A: otphiaiowas cuta P, =4450 H. Coenunenne B: otpbi-
Barowas cpna Py =8350 H; cpesarowmas cuna Tp = 3930 H; uarubaromuii MoMeHT
My=1570 Hm.

Tlpu ynaneunu Hacaaka Py = Ty = 15 700 H; M, = 6280 H-m.

% Padovee
2\\\ 7 X0neco

-

i
¢ A
Y/
l =
Y RS N
D
K 3anave 13.5 K 3anaue 13.6

3apaua 13.7. Tpy6onposox '3C, umerowmii auamerp D = 1,2 M,
Pa3BETBIAETCA B TOPH3OHTAIBHON IUIOCKOCTH HA [BE JMHHUH JHAMET-
pom d = 0,85 M, noasoasmHe BOAY K ABYXKONECHOM THAPOTYpOHHE.

OnpenenuTs rOpU3OHTANBHYIO CHITY, BOCIIPHHHMAEMYKO TPOHHM-
KOM, eciti 60KoBas BeTBb 06pa3yer ¢ ocklo TpybonpoBoaa yroa o = 45°,
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u30BITOUHOE JaBiieHHe repell TpoitHukoM p = 5 MIla u cymMMapHbIi
pacxoa Q = 6 M’/C IETHTCA TIOPOBHY MEXIY OTXONSUIMMH BETBAMH.
I'nnpaBnuyeCKHMH CONPOTHBIICHHAMH B TPOHHHKE NpeHeOpeys.

Kak u3MeHHTCA 3Ta CHIa, €ClIM MpH BBIKIIOYEHHH TYpOHHBI pacxon

CTaHEeT PaBHBIM HYJIIO, & JaBJIEHHE B TPOMHHUKE BoapaCTer 1o p=7Milla?
Omseem. R = 2180 u 3020 xH.

3agaua 13.8. Onpenenuts ycuiue, niepeaarouieecs Ha Tpydornpo-
Boa I'OC B mpenenax aHKEPHOH ONOpPBI, PacNOJIOKEHHOH nepea Ma-
LIMHHBIM 31aHHeM. Tuametp tpybonposoaa D= 3 M, a natpy6koB, noa-
BOAAIMX BOAY K TypOuHaM, d = 2M; yroj natpyOkoB ¢ oCbio Tpy6o-
nposoaa 0. = 60°. M36piTouHOE faBiieHHE nepen onopoit p = 295 xlla
u pucxoa Q = 35 M¥/c (aenuTcs Mexay narpybkamu noposhy). [Tore-
PAMH Hamopa B Mpejenax onopbl NpeHedpeys.

Omeem. R =2150 kH.

t

AHKEPHOR 0ngpa

X3 1 NﬂllltlHHﬂNy
Jdanuw I
K 3agaue 13.7 K 3anave 13.8

3amaua 13.9. [To oTBOLY THNA KYTKM», AMAMETP KoToporo d= 200 MM
¥ panuyc 3akpyrienus r = 600 MM, TeueT Boja B konnaecte O =125 n/c.
M36brmounoe aasnenne B otBoae p = 200 klla.

[Ipenebperas moTtepeil Hamopa M CHIOH TAXKECTH BOIbI, onpene-
JIKTh MOMEHT M CHJ AEHCTBHA NOTOKA, BOCIPHHHMAEMBIH OTBOJOM.

ITpy KaKoM BakyyMe p, 3TOT MOMEHT OKaX€TCA PaBHBIM HyJ10?
Omgem. M =8140 H-m; p,= 15,9 k[la.

z
-~
Y Mz A
"'-:
—-——— - -
Yy Yy \”1
Y >
e —
Iy 5 - T
x
~N I g~ =
K 3azaue 13.9 K 3apaue 13.10
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3apaua 13.10. OnpeneuTs pesyIbTHPYIOUYIO CHITy R 1 MOMEHTHI
OTHOCHTENIBHO OCEH X, ¥ M z, pa3BUBacMble IIOTOKOM BOABI Ha KOJIEH-
4aTo# TpyOe, pasMepel KOTOpOH ykasaHbl Ha PUCYHKe (IHaMeTp Tpy-
Ob1 d = 400 mm). Cpeauss ckopocTb BoAbl V= 3 M/c, H3OBITOYHOE
AaByieHHe npu Bxoae B Tpyby p; = 0,2 MIla. Koadduumnenr comnpo-
THBJIEHHA TpeHus A = 0,02, koahGHUMEHT CONPOTHBIEHHS KaKAOTrO
xonena { = 1,3. Yuursiars Bec XHAKOCTH B Tpy6e.

Omeem. R =93 kH; M, =16 xH M M, =800 kH-M;M.=13 xH-m.

3apaua 13.11. Ilo npaMomy AHHHOMY TpYGONpPOBOLY AHAMETPOM
D =200 mm Bosa BEITEKaeT B aTMOChepy noa Hanopom H = 16 M.

OnpenenuTs THAPABIHYECKYIO OCEBYKO CHIY, BOCTIPHHHMAEMYIO
Tpy6onpoBoaoM.

Yka3zanue. mes B Buay, 4T0 TpYGONpPOBOA ABNSETCHA ANMHHBIM, NpPEHEOPEUs CO-
MPOTHBICHHEM BXOAA H CKOPOCTHBIM HanoOPOM BbIXO/A, IPHHUMAs, YTO MOTEPs HAanopa
Ha TPEHHE No [tHHe Tpybonposoaa paBHa Hanopy H.

2
Omeem. R = pg—4—H =4930 H He3aBHCHMO OT Hak/IoHa (WHHb! L) TpySGonposoaa.

J

K 3agawve 13.11 K 3apave 13.12

3anaua 13.12. U3 Gaka, B KOTOPOM MNOAKEPKHBAETCSA 3aNaHHbIH
YPOBEHb, KHMAKOCTb BBITEKAET B aTMOCQEDY MO BEPTHKATBHOH TpyOe
A¥aMeTpoM d ¥ AJIMHO# /.

HaiTH 3aBHCHMOCTb THAPABIHYECKOH OCEBOH CHIBI, HEHCTBYIO-
wen Ha TpyOy, OT YpoBHs h. YKa3aTh, IpH KaKOM 3HaYEHHH / 3Ta CH-
na OyneT paBHa CHIIE TAXKECTH KHAKOCTH B TpyOe.

ConpoTupienneM Bxona B TpyOy npeHeGpedsb, K03QOHIIMEHT co-
TIPOTHBJICHHUS TPEHHUS A CYHUTATb NOCTOSHHBIM.

A
Omesem. R = f+G,raef=nd/4u G = pdfl.

1+AL
d

OceBas cuna R paBHa cuae TaxecTH G XHAKOCTH B TpyGe npu A=d /A.
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3agaua 13.13. M3 nHacagka, BBIXOJHOH AuaMmerp Kotoporo d =
= 150 MM, B rOpH30HTAJILHOM HAaNpaBICHHH BBLITEKAECT CTPYHA BOJBI
nox HanopoM H = 125 M.

OnpenenuTs MOLHOCTL CTPYH M CHITY €€ yAapa O IUIOCKYIO CTEHKY,
PACIIOJIOAEHHYIO NEPIEHANKYIIAPHO K OCH CTPYH H TOA yIioM O, = 60°.

Kos¢dumment conpotusnenus Hacaaka { = 0,04; cxarye Ha BbI-

XO0[l€ OTCYTCTBYET. '
Omeem. N = 1000 kBT; R=41,5u 35,9 kH.

AxKepHan
ongpa

K 3apave 13.14

3agaua 13.14. OnpeaenuTs rHAPaBIHYECKYIO CHITY, BOCIIpHHHMAC-
MYIO aHKepHO# omopoii, B koTopo#t yuactox AC tpybonposoma 'OC
MCXAY ABYMS PacUIMPHTENBHBIMH My()TaMH MEHSET HampaBJIeHHE C
HAKJIOHHOTO (QL-= 45°) Ha rOpHU3OHTANBLHOE NIPH MOCTOSHHOM JIHaMETpE
d = 2,5 M. Pacxon Bognl Q = 15 M’/c, H3GBITOUHOE JaBIIEHHE B Hauale
yvactka p = 0,5 MIla. I'napaBiauyeckue noTepH HE yUHTHIBATS.

ViMes B BuIy, 4TO Ha JuiMHe L = 260 M Mexay CeuyeHHAMH A u B
YCTQHOBJICH PAJ TNPOMEXYTOYHBIX OMNOP, BOCINPHHHMAIOLINX HOP-
MasbHbIE K OCH Tpy6omnpoBoaa CHilbl, B HCKOMYIO Harpy3Ky aHKEpHOH
OMOpbI BKJIIOYATh Ha 3TOH JIHHE TOJBLKO OCEBYIO COCTAaBJIAIOLLYIO Be-
ca Boasl. Ha yuactke BC (I = 20 M) B Harpy3Ky ONOpbl BEC BOABI

BKNAKOYATH IICJITHKOM.
Omeem. TOPH3OHTANIbHAK M BEPTHKANbHAA COCTABJIAIOLINE CHIIBL:

sin20
R.op = (pQU + piF)coso— (pQU+ p,F) + Gy > :

" Ryepr =(PQU+ pyF)sino+Gpp sin2a+GBC,
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TAC py ¥ py — H3GHITOYHBIE AaBNCHHS B CeueHHAX A H C; U — CKOPOCTb BOIHI B Tpybe; F

— muowmans ceveHust Tpybn;; Gag M Ggc — Beca Boanl Ha yuactkax AB u BC.
Riop = 4000 kH, Ryepr = 10 000 xH.

TTonuas cuna R = 10 800 kH neiicTByeT Bupaso BHH3 0K YrioM 68° K rOPH3OHTY.

3apaya 13.15. JladeTHbIi NOXapHBLA CTBON aHameTpoMm D = 75 MM,
CHabXEHHBIA CTIPBLICKOM (HAaCaZKOM) BBIXOJHBIM MaMeTpoM d = 38 MM,
paboTaeT noa u3bbITOYHBIM AaBneHHEM Boabl p= 0,8 MIIa. Omnpene-
JIMTb CHITY, BOCIIPHHUMAEMYIO 1ahEeTOM, W DPa3sphIBAIOLIME HArPY3KH
COEIMHEHHs CIIPBICKA CO CTBOJIOM [
M COCIMHEHHs CTBOJIA C HOKHM py-
kaBoM 2. BecoM xuakoctu B nadere
npeHebpeub, KOIPOHLHMEHTHI HCTe-
YeHHUst s crpeicka € = 1, { = 0,06.

Ykasauue. Cuia, JeiicTByrowas Ha
CIIPLICK W BOCIIPHHHMAEMas COCIMHEHHEM /,

P =pQ(v, -v,) + pF,

rae Ul H 1)2 — CKOPOCTH B CTBOJIC K HA Bbi-
X0/J€ U3 CrIpLICKa, F- njaomanb CTBOJA,

Cuna, BOCNpHHHMaEMas COeAUHCHHEM 2, K 3anaue 13.15
OLIPEACIACTCA KaK PCaKUMA NOTOKA HA KOHel
rubKOro pykasa, IPUMbIKIOLIMH K CTBOJY:

P =pQu, + pF.
Ha nager nepenaerca cuna
P=P~F=pQu,,
paBHas IHUHAMHY€CKOH peaKklHH CTPpYH, BblTeKalOmeﬁ H3 CNphICKA.

Omeem. Ycunue Ha nadete P = 1820 H; P; = 2180 H; P, = 4000 H.

3anaua 13.16. 'apoMOHHTOP C BXOAHBIM AxaMeTpoM D = 260 MM H
HacankoM (d = 100 MM) paboTaeT NMpH rOPH3OHTATILHOM PACIOIOKEHHH
CTBOJIa N0 M36BITOYHBIM JaBleHHeM p = 1,2 MITa, _

Onpenenuts ycHIus, BOCIPHHUMAEMblE TOPH3OHTAIBHBIM LIAPHH-
poMm I, coelMHEHHEM 2 CTBONIA C KOJIEHOM W COEAMHEHHEM 3 CTBONA C
HacaakoM.

Bxoxano# nuametp nacaaka D, = 150 MM, munel: L; = 3000 MM u
L, = 2300 MM, panuyc KpMBHU3HBI KoJieHa r = 400 MM.

BecosbiMu Harpyskamu npeHebpeyb, y4HTHIBATh NOTEPH B Hacal-
ke, s kotoporo { = 0,1 (cxxaTHe Ha BBIXOAE OTCYTCTBYET).

Yxasanue. [OpH30HTATbHbIH IAPHAP BOCIPHHUMAET BEPTHKAILHYIO OTPbIBAIOLLYIO
cuny P =pQu, + pF, cpesatomyto cuny Ty =pQu,; © uarubaiowmii Moment M, = Tyr
(V; M V3 ~ CKOPOCTH B KOJIEHE H Ha BRIXOJIE M3 Haca/ka, F — niollaas KOeHa).

COCﬂMHCHHC CTBOJIA C KOJICHOM BOCNPHHHMAET OTPBIBAKOLUYIO CHITY

' Py =pQ(v; -v3) + pF.

Omesem. OtpeiBaiowas cuna Py, = 61,7 kH; cpesarowas cuna T, = 17,5 kH; usru-

6atownit MoMeHT M = 7 kH -M ; oTpbiBatowas cuna P, = 44,3 kH u P; = 8,1 kH.
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3apava 13.17. ns rugpoMoHuTOpa Mo ycioBHio 3anagx (13.16)
OIpeEeIUTh Harpy3Ky rOPH30HTANBHOrO 1apHUpa / U COeIUHEHHUS 2
CTBOJIa C KOJICHOM IpH HauGOJNIbLIMX OTKIOHEHHSX CTBOJA OT TOpH-
30HTAJIH, OCYLIECCTBIACMBIX €ro BPALICHHCM BOKPYI' BEPTHKAJIBHOIO
wapHupa (BBEpX M BHU3 Ha yron 30°).

Omeem. TIpu OTKIOHEHHH BBEpX: OTpbiBarowas cuaa Py = 53 kH; cpesarowas cuna
T, = 15,1 kH; uarnbatowwnii Moment M, = 0; P, = 46,5 kH; T, = 8,7 xH; M,=2,6 xH M.

TpH otkionednn Buu3: Py =70,5 kH; T; = 15,1 xH; M, = 122 kH -m; P, = 46,5 kH;
T,=-8,7kH; M, =-2,6 xH M.

Boduno

W

B~
[ 0pu3oHmanshoi ﬂ )

wapkup,

7
Bepmurarnshbiu
wapnup

)

K 3anauam 13.16, 13.17, 13.18

3anaua 13.18. /Ins runpoMoHuTOpa Mo ycioBHIO 3apadd (13.16)
OMpPEACTHTL BHELIHUI MOMEHT, HEOOXOOUMBIA A/ BpPALLECHHA CTBOJIA
(BMECTC C BEPXHHM KOJICHOM) BOKPYT BEPTHKaJILHOM OCH X, €CIIH OK-
pyXHas CKOPOCTb BBIXOZHOrO Ce4eHHA Hacanka pasHa u = 0,1 m/c.
MexaHHYECKHC COTIPOTHBIICHHS HE YUHTBIBATh.

Omaem. M =110 H-m.

3anaua 13.19. Boma nomaercs Ha KOJECO 8KTHBHON KOBIIOBOH
rMApOTYpOHHBI U3 IBYX COTUI C BBIXOXHBIMH OTBEPCTHAMH IHAMETPOM
dy = 120 MM, TIPHCOENHMHEHHBIX NpPH TNOMOLIH KOJEH OHaMETPOM
D, =275 MM k TpoiiHKKy. BxogHo# nnametp Tpoiinuka D = 400 MMm.

OnpenenuTs rHApaBIMYECKHE CHIIBI, AEHCTBYIOIHE Ha TPOHHHK,
BEpPXHEe M HHXKHEE KOJIEHAa C COMJIaMH NpH H30BITOYHOM NaBIEHHH
nepen TpoiHukoM p = 5 MIla. Macco#t %HAKOCTH B TPOHHHKE H THI-
PaBIHYECKHMH COMPOTHUBIECHHAMH npeHebpeub, Ko3GGHUMEHT Cixa-
THA CTPYH Ha BBIXOJE M3 Kaxgoro corna € = 0,8.

Omeem. Cuna, neWcreyiowias Ha tpoiiuuk, R = 180 xH, Ha BepxHee xoneHo
R =323 kH; Ha unxuee xoneHo R = 300 xH.

3anava 13.20. [InacTHHa, BBegeHHas B CBOOOMHYIO CTPYIO BOIBI
NEPIEHAHKYNAPHO €€ OCH, OTCEKAET 4acTh pacxoa CTpyH () H BbI3bI-
BaeT OTKJIOHEHHE OCTAIHLHOM YacTH-CTPYH Ha yron O. 3alJaHbl CKO-

380

pocTh cTpyH L = 30 M/c 1 nonubIi pacxon Q = 36 1/c, a Takxke pac-
XOJl, OTCEKaeMblH IUIaCTHHOH, Q; = 12 n/c. OnpenenuTs peakuMio
CTPYH Ha IUTaCTHHY M YTOJl OTKJIOHEHHA CTpyH. CHIION TAXECTH >KHI-

KOCTH H TPEHHEM CTPYH O IUIACTHHY TpeHEOpErarh.

Ykazanue. [IpUMEHHTh TEOPEMY KOJIHYECTBA [BUXEHHS B MPOCKLUMSX HA OCH
CTpyH W MepIeHAHKY/ISPHOE K Hell HanpasneHue.

Omsem. R =pQu I_Mz)_z

=456 H; a=arcsin(Q,/ =30°.
1+0,/Q, @re)

Pezynupyrouyad
uana

Konewo

Kobuoboe
K0nECO

5y

Tpoinux

K 3agave 13.19

/ap” X
=
av" —— -
v
————
- .
= 4
l e ———
N
anv 7 7 4
K 3aaave 13.20 K 3agawe 13.21

3anaua 13.21. ITnacTyHa, HaKIOHEHHAA K TOPH3OHTAIH MO YIJIOM
0. = 45°, rauccHpyeT BRONb CBOGOAHOM NOBEPXHOCTH HEMOABHXKHOM
BOZBI C MOCTYMATENbHON CKOPOCTBIO V= 36 kM/4, BbI3bIBas 3a coboit

NOHMXKcHHE VPOBHA Ha Ak = 10 MM (Ha pPHCYHKE MOKa3aHO OTHOCH-
TeJIbBHOE 00TEKaHKE MIACTHHEI).

Tpenebperas CONpOTHBICHHAMH H CHIIOH THXECTH KHUIAKOCTH H
paccMaTpHBas MOTOK Kak IUIOCKHH, ONPENENHTh B pacyeTe Ha €HMHH-
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1y WIMPHHBI NIaCTHHBI PEAKIMIO MOTOKA Ha MIIACTHHY M MOIIHOCTb,

HCOGXOIIHMy}O A1 €€ NIEPEMCUICHHA C 3a/laHHOM CKOpPOCTLHIO.
Yka3aHnue. PaccMaTpuBas MOTOK OTHOCHTENBHO NJACTHHBI, NPHMEHHTb TEOPEMY
KOJIM4€CTBA ABHXCHHSA B.NPOCKLIKHK HA TOPH3OHTANbHYO0 OCb.

2 1+ cosa

Omeaem. R =pu° ————Ah=2410H/M; N =Rvusina=17 kBT/M.

sinQ
3anauya 13.22. [To Tpybonposoay nuamerpoM D = 600 MM, B KOTO-
POM YCTAHOBJICH TUIOCKMH JHMCKOBBIH 3aTBOP MOA YoM K ocH o = 60°
(x03(dUIIMEHT COMPOTHBIIEHH 3aTBOpa NpH 3ToM { = 118), Teyer Boxa

B Konuyectsc Q = 140 n/c.

1. OnpeacnuTh THAPABIHYECKYIO CHIY, NEPEAaBACMYIO 3aTBOPOM
Ha TpybomnpoBon.

2. HaiiTH noNMHy10 cuy ACHCTBUSA MMOTOKA HA 3aTBOP.

Ykasauue. TIpy 3anauHoM 60IbLIOM YIJIE YCTAHOBKH 3aTBOPA CHJIa TPEHHS Ha 110~
BCPXHOCTH 3ATBOPA Maja MO CPAaBHCHHIO C CHJIOH, BOJHMKAIOLICH H3-3a NEpenaion
AaBjcHHs 10 06e ero croponbl. 1T09TOMY HONHYIO CHAY ACHCTBHA NOTOKA Ha 3aTBOP
MOXHO CUHTATh HOPMANLHOM K rIOCKOCTH 3aTBopa. [IpHMenss dopmyny (13.1) x yua-
criy TpYBni, JaKIOHAIOLWEMY 3aTBOP, H 1IpeHebperas cHiaMi TPEHus Ha NOBCPXHOCTH
Tpy6bl, 110JYUnM JUIS OCEBOH CHJIbL, IICPCAABACMON JATBOPOM Ha TPYSonpososL:

- 2
R, =apnD°/4,
1ie Ap - najienue jasienns 8 TpyBonposoae na yuacrke 3atBopa. [lonuas cuia, jiei-

CTBYIOILAS HA 3aTBOP, Ry = Rypys/ sindi.
Omeem. Ry, = 4070 H; Ry = 4700 H.

K 3anave 13.22 K 3anaue 13.23

3anaua 13.23. [IpenoxpaHuTenbHBIA KIaNaH ¢ CELIOM IHaMETPOM
d = 25 MM NiporTycKaeT fpH H3OBITOYHOM JaBneHuH B ceane p = 3,2 Mlla
pacxoa Macna (TWIoTHOCTh P = 920 kr/M*) Q = 10 1/c; nIpH 3TOM OTKpBI-
THE KJTaraHa s = 5 MM.

[Ipenebperas MOTepsAMH Harnopa B KJIalaHHON IIENH, onpenemm;
HarnpaBJIeHHE BBITEKaKOWEeH U3 HEro CTPyH (Yron Ql), €CM M3BECTHO,
YTO HayaJbHOE JaBIEHHE OTKPBITHA KiIanaHa py = 2,85 MIla, a xect-
KOCTB €ro npyxuHsl ¢ = 20 H/mm.
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Yxa3zanne. 1. HayanbHas cuna KeACTBHA NpyXKHHBI HA 3aKPbITHIA KilanaH
Py=pond*/4.
[IpH OTKpBITHY § CHiIa JEHCTBHA NPYXHHBL P = Py + ¢s.

2. Jins onpeaeneHHs yria O BOCTONbL30BaThCA ypaBHeHHeM (13.1), npeueﬁperax
BECOMOCTBIO XHAKOCTH H BBIPaXaA CKOPOCTb CTPYH Kak

v =\/2p/p+v .
rae L — CKOpOCTb NOTOKA B CEALIE.

Omegem. a.=T71°.

3apaya 13.24. IientpoOexHbIH HacOC CO BCAChIBAIOIHMM MaTpy6-
koM auametpom D; = 700 MM rpH BakyyMe Ha CTOPOHE BCaCbIBaHHs

= 20 xI1a nmomaer Q = 1300 n/c
BOIbI B HamopHyw TpyOy auvamer-
poM D, = 500 MM o M36bITOYHBIM
nasneHueM p, = 880 kIla. Yacrora
BpalleHHs Hacoca n = 960 06/MHH 1
notpebaseMas UM MOLIHOCTb N, =
= 1250 kBr. A

[Ipn yka3aHHBIX Ha cxeMe pas- K 3apave 13.24
Mepax ONMpCAETHTh CYMMapHYIO TH-

APaBIHYECKYIO CHIY, JEHCTBYIOIYIO Ha HAacoC, 1 MOMEHT BHELIHHX
CHJI OTHOCHTEJIBHO OCH €TI0 BpallEHHA.

Yka3aHue. Onpenenxu CHJly PCaKIIHH I0OTOKA HA HAaCcOC, YYHTbIBATb. YTO CHNA H3-
GbITOYHOrO AaBsieHHsa P; BO BXOXHOM CEYeHHH Hacoca (IA€ MMEETCA BaKyyM) Hampas-
JIcHa B CTOpPOHY pr60nposona. HPH BBIYHCJICHHH CYMMApHOro MOMEHTa NPHHAThH BO
BHHMaHHE, 4TO, KPOME MOMEHTA THAPABJIHYECKHX CHJI, K HAaCOCY NMPHJIOKEH MOMEHT

. ABHrartels

My =N/,
KOTOpbIH Hanpas/ieH B CTOPOHY BPalLEHKA BaJia.

Omeem. R = 185 kH; M = 126 xH M.

3agaua 13.25. Onpenenuts CyMMapHYIO THAPABIHYECKYIO CUILY H
MOMEHT BHELIHHX CHJI, KOTOpble NEHCTBYIOT Ha CNUPAIbHYIO KaMepy
BEPTUKANBHOM IMAPOTYPOHHBI B IUNIOCKOCTH, MEPIEHANKYISIPHOH OCH
BpallleHUsA Baja.

Inametp BXOXHOTO narpyOka cripaibHOH kaMepsl D = 6,5 M, ruie-
40 LEHTPA BXOJHOTO CEYECHHS OTHOCHTEIBHO OCH BpamieHusa L = 7,2 m.

I[Tpu u3GBITOYHOM JaBJIEHHH Ha BXoje B kamepy p = 0,3 MIla pac-
xoz Boxpel Q = 180 M>/c, TIoNIe3Has MOLHOCTh Ha Basly TypOHHBI Np =
= 50 000 kBT 1 yacToTa BpauleHus Bana n = 88,2 06/MHH.

ITOTOK BBIXOAHT U3 KaMepbl B OCEBOM HaIpaBJICHUH (OTCYTCTBYIOT
OKpY>XHbIE Clararoude CKOPOCTEH), TMO3ITOMYy MOMEHT KOJIHMYECTBA
JBHKEHHS NMOTOKA OTHOCHTEBHO OCH BpallieHHs TypOMHBI Ha BBIXOJE
M3 KaMepsbl PaBeH HYJI0.
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Ykasanne. K Bany TypOHHEI IPHIOKEH MOMEHT N0IE3HOTO CONPOTHRNEHHA M, = N/,
HaNpaBNeHHbIH NPOTHRONOIOXKHO BPALLEHHIO BANla H [IEPE/AIOILMIACS HA KAMEPY TypPOHHDI.
Omeem. R = 10950 xkH; M =73 300 xH M.

3anaua 13.26. Tpy6ka nuamerpoM d = 10 MM, 3anosHEHHas BOJION
H ONYIUCHHAA OIHMM KOHLOM MO YPOBEHB, BPAILAETCS BOKPYI CBOEH
BEPTHKAILHON OCH € NOCTOSHHOH YrIoBO#H ckopocTsio. Jpyroii koHer
Tpy6KkH HaxoaMTCA BbIlEe CBOGOAHOMN MOBEPXHOCTH BOABI HA h= 800 MM
M HMEET paauyc BpameHus r = 300 Mm.

1. Tlpn kaxoi yrnoBo# ckopocTH ® Boaa 6yaeT HAaXOAUTHCA B
TpyOKe B OTHOCHTEIBHOM MOKOe?

2. Kako#, pacxoa Q 6yner oTkauMBaThCs TPYOKOH NpH yrIoBoi
CKOPOCTH, BABOE OOobLIEH, YeM HaHJeHHas BhIllE, H KAKOB BHELIHMI
MOMEHT M,,, HeOOXOANWMBIH I NoANEpXKaHHUA 3TOH CKOPOCTH Bpa-
WeHHs?

Cymmaphbiit k03bdHUHEHT conpoTuBaeHus TpyOku { = 3.

Omeem. w = 13,2 pan/c; npu yasoenHo# yrnosoi ckopocti Q = 0,27 n/c u M,,=
=0,64H m.

n
—e
4p
- ponl I
—_——— % =
!
Py
— |
Q -
—y -~
K 3anaue 13.25 K 3anave 13.26

3anaua 13.27. Boaa BbiTekaeT M3 HEMOABHXKHOTO COCyAa 4Yepes
Bpallalouycs Tpybky ¢ Hacaakom auamerpom d = 20 MM moj cra-
THYECKMM HanopoM H = 1,2 M. Paanyc BpauieHHs BBHIXOAHOTO ceue-
HUA Hacazaka r = 500 mm.

Omnpenenuts pacxoa Q yepe3 TpyOKy M BHELIHHIt MOMEHT My, KO-
. TOPbI# J0JDKeH ObITb K HEH MPHIOKEH MPH YacTOTE BPAILUECHHA n =
= 200 06/mMuH. T'MApaBIHYECKHMH H MCXaHHYECKHMH COMPOTHBIIE-
HHUAMH NIpeHebpeyb.

Omeem. Q =3,6 n/c; M,, =18,8 H-m.
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3anava 13.28. B akTHBHOH KOBLIOBO# rHAPOTYPOHHE CTPYS BOAB,
Auametp kotopor d = 50 MM U ckopocTs L = 70 M/c, HaTekaeT Ha
KOBLL, BBIXOAHOH yron koToporo 3 = 10°. Koadduunent conporus-
JIEHHA KOBLIA, BBIPAXAOIUMHA MOTEPH Hanopa NpH MPOTEKAHHH BOJbI
IO KOBLIY Y€pe3 OTHOCHTENLHYIO CKOPOCTh BhiXoaa, { =0,2.

Onpenennts cuny NeHCTBHA CTPYHM Ha HEMOABMKHBIA KOBLI M Ha

KOBLI, MEPEMEILAIOMMACA MOCTYNATENBHO C MOCTOSHHON CKOPOCTBIO
u =35 m/c. '

Omesem. R =18 300 u 4560 H.

K 3anaue 13.27 K 3agaue 13.28

3agaua 13.29. B akTHBHOM HaKJIOHHOCTpYHHOM rHApOTYpGHHE
CTpys BOJABbI HATE€KaeT Ha JomacTH paboyero koneca MOA YIJIOM
o = 30° k HanpaBieHHIO UX ABMXKeHHs. CKopocTh cTpyr L = 50 Mm/c,
pacxon uepe3 comno Q = 250 n/c.

Hanpabnsroujee
&onag ¢ uenod

K 3anave 13.29

1. Onpenenuts nonesHyro, MomHoctb ¥ KIIJ koneca npu nocryia
TeNBLHOM CKOPOCTH JonacTeit ¥ = 30 M/c, €CIIM YTOJI CXO/1a BOJL ¢ 011
creit 8, = 20° 1 KO3QGHUUMEHT CONPOTHBIEHHS Kocca NPH Gy lapiom
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HaTekaHHH Ha Jomacti (= 0,25 (BepaxaeT MOTEPIO Hamopa B Kojece
4yepe3 OTHOCHTEIILHYIO CKOPOCTB BOJBI HA BBIXOJE H3 HETO).

2. KaxuM fomxeH OBITH Yron y; BXOAHOTO 3J€MEHTA JIOMACTeH,
4TOOBI MpH 3alaHHOM peXHMe HMeslo MecTo 0e3yaapHoe HaTeKaHHeE
CTpYH Ha yionacti?

Omeem. N =278 kB1; n = 89%,; v, = 62°.

3apaua 13.30. Pabouee koneco aKTHBHOM LEHTPOGEXKHONH TypOH-
HBl HMEET PaJNyChl BXOJHOH W BbIXOAHOH OKpY>KHOCTCH R = 1,25 M u
R, = 1,5 M. Crpys BoABI MOCTYNACT Ha KOJIECO CO CKOPOCTRIO U = 60 M/c
IO/l CPEIHMUM YTJIOM K BXOJIHOH OKPYXHOCTH O, = 25°; yacroTa Bpa-
eHus koneca n = 250 06/MuH.

1. OnpencnuTb BXOAHOI yrona jonacrei y,, NIpH KOTOPOM HaTcKa-
HHC CTPYH Ha jjonactH 6yzaet 6e3ynapHbIM,

2. Haiitu MoMeHT M, passuBacMblil NoTOKOM Ha pafoucM Kosicce,
€CJIM BBIXOAHOM yron nomacteit B, = 15° u pacxon Boas! Q = 160 n/c.

KosdpduuneHT conpoTHBICHHS Koneca, BbIpaXaloWMi MOTCpIO
HaIlopa Yepes OTHOCKHTENLHYHO CKOPOCTD BbIxoAa M3 koneca, £ =0,25.

Omeem. ¥, = 50° M =9700 H-m.

K 3agave 13.30 K 3anave 13.31

3anaua 13.31. CerHepoBo KOJNECO COCTOMT U3 ABYX paJHalbHBIX
TpyOOK, HIOTHYTHIX Ha KOHLAX MO OKPYXXHOCTH paaryca r = 400 MM 1
CHaGEHHBIX CXOAAMMMHUCA HACAAKaMH C BRIXOJHBIM IHAMETpoM d =
=20 MM.

Beitekatomas B atmMocdepy BoAa MocTynaeT B TPYOKH H3 HEMOA-
BH)KHOT'O 'COCYJa NMOJ CTaTHYECKUM HamopoM A = 2M Hall IIOCKOCTHIO
BpalleHHus TpyOok.

YCTaHOBHTH 32BHCHMOCTH MOMEHTa, pa3BHBAaEMOTO IMOTOKOM Ha
KOJIECE, OT €r0 YIJIOBOW CKOPOCTH, yYHTHIBas MMAPABIMYECKOE COMpO-
tHBnenue TpyGok (£ = 0,1), u onpenenuTs;
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a) MOMEHT M, Ha 3aTOPMOXKEHHOM KoJlece;

6) pasrOHHYIO YITIOBYIO CKOPOCTb (pay, MPH KOTOPOH MOMEHT Ha
KoJlece CTAHOBHUTCS PaBHBIM HYJIIO;

B) ONTHMAJILHYIO YIJIOBYH) CKOPOCTb (o, TMPH KOTOpOH THApaB-

nndeckuit KITJI koneca 1 noctHraer MakCHMyMa, M 3HAUEHHE Max.
Omeem. My=9H m;

1 /1
Oy =-;\j%,/2gH =49,7 paa/c;

wmrr:_l' —;—[1 I_ES"' }\/ZSH =16,9 paﬂ/C;
r

g
Mo = 1= T+C =0,7.
3apaua 13.32. B paGouee koneco oceBoi peakTUBHOH I'MApOTYD-
OMHBI MOTOK BOZABI NMOCTYMAET M3 HEMOABHXHOIO HANpaBiAIOLIEro
annapara ¢ abcomoTHoit ckopocthio V| = 30 M/c, koTopas obpasyer

yron o; = 20° ¢ HanpaBJIEHHEM ABHXKEHMS JloNacTel Koneca.

Hanpabnsrowui
NN\ Zmapam
NN )
Padoyee Jol ]
K018C0 /// Rupjul
Rz, J
~

K 3anave 13.32

OnpenenuTs (B pacueTe Ha OAMH kaHan pabodero kojaeca) OKpyx-
HOe ycunue R, W NepneHAHKYJSApHOE eMy OCeBOe YCHIHE R, pa3Bu-
BagMEIC MOTOKOM Ha paboueM Kosece, eciH MocieJHee ABHXKETCA CO
cpeaHeli Mo HIMPHHE KaHala OKPYXHOH cKopocThio u = 25 m/c. lllar

nonacTte#t pabouero koneca ¢ = 60 MM, IIMpHHA KaHala (B Halpanic
HMH, TIEPIEHAHKYISIPHOM Iary) MOCTOAHHA MO BBICOTC KOJCCA It [k
Ha b = 40 MM. Yron nomacteit Ha BeIXofe By = 25°. ko nlifiiuien
COTMpPOTHBJIEHHS KoJlieca (BHIPXKAIOLIMHA MOTEPIO B KA Hepet 01

HOCHTEJIBHYIO CKOpOCTh Bhixoaa) §=10,2.

RhY)



Ykazaune. 1. U3 dopmyasl (13.8) okpysnas cuna
R, =pQ(w, -w,),
TA€ MPOEKUHH OTHOCHTE/ILHBIX CKOPOCTEH HAa HampaBiE€HHE NMEPEHOCHOH CKOPOCTH u
PaBHBL W, = V,COS0L - U H W, =~ wycosP,, a pacxoa Q = L ;sino,bt.
OTHOCHTeNbHAs CKOPOCTb W, HAa BLIXOAE H3 Koneca ONpERENAETCA M3 YCNOBHA, YTO
OCEBas CKOPOCTh NOTOKA HMEET OHMHAKOBbIE 3HA4YEHHA HA BXOAE M BLIXOAE H3 KOJIECa:
v, sina, = w, sinf,.
2. lepenan paBneHuil MeXay BXOLHBIM H BEIXOAHbBIM CEYEHHAMH pabouero koneca

(onpenensownii ocepyio culy R:) BLIMMCIAETCA H3 ypaBHERHS BepHynnH ans oTHocH-
TENLHOrO ABHXKEHHS B KaHane.

Omgem. R, = 618 H; R, =706 H,

3apaua 13.33. B peakTnBHOI OCCBOIi rnapoTyp6une Ha paGouec
KOJICCO, CPCAHMHA pajiMyC BpaIUEHHA KoToporo R = 500 MM u mmpuHa
B = 100 MM, NocTynacT noToK BOAbl U3 HEMOIBHIKHONO HANpABIAIO-
lero annapara nof yriaom o, = 35° k OKPyXHOH CKOpOCTH u = ®R.
Boxa sbixoauT 13 koneca B aTMocdepy noa pacrnonaraeéMbiM cTaTHuC-
CKMM HanopoM H| = 12 M, uMes HanpaBleHHC OTHOCHTENBHOM CKOpO-
CTH, 3aAaHHOE BLIXOJHBIM YIJIOM Jonacreii B, = 25°,

K 3agave 13.33

1. Onpenenutsb, npeHebperas rUAPaBIHYECKHMH COMPOTHBICHHS-
MH HampasisOILEro annapaTa U pabodyero koneca, Kakyio MOJE3HYIO
MOINHOCTb OyAeT pa3BMBaTh IOTOK Ha KOJe€ce MPH PEXKHUME HOP-
MaNBHOTO BBIXOJa», KOTAa abCoNMOTHAA CKOPOCTh BBIXOAA M3 KOJEca
L, MepreHAHKYIIpHA NEPEHOCHOH CKOpocTH u. Kakyio yacToTry Bpa-

WEHHUA AOKHO IMPH 3TOM HMETH KoJneco?
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2. Kak U3MeHATCS pe3ynbTaThl, eclii TypOHHY CHaGIHTb OTCAChIBAIO-
mer TpyOOH, KOTOpas BBINONHEHa B BHAE Auddy3opa U omylieHa 1oj
YPOBEHB BOJIbl, PaCIIOIOKEHHBIH HIDKE BBIXOJA U3 Koneca Ha H, = 4 M?

[MoTtepeit Hanopa B oTcackIBalouied TpyOe U KMHETUHECKOH SHEp-

rveit Beixoja H3 TpyOsl npeHebpeus.
Yka3zanue. Ilone3zHas MOLHOCTb Ha KonEce
N =QpgH,
rae Q — pacxold KHAKOCTH; H — nonesHas paGoTa eAHHHMUB! BECa KHAKOCTH (Hanop),
CBA3aHHaA € pacnojaraéMbiM HANOPOM H] YPABHEHHEM DHEPreTHYECKOro 6anaHca

H=H, -v/2g).
an YCJIOBHH HOPMAJILHOIO BbiX0Aa Ha KOJIECA pacxon
Q =V,2nR8B,
rae v, =u/ctgp,.
M3 BbipaeHus s MOMeHTa, pa3BHBAaEMOro MOTOKOM Ha xonece, M =pQu, R,

NoJyyaem AIA MONEe3HOro Hanopa [pasHoro no onpeneneHuto H = Mo/(Qpg)]
H=v,ulg,

rae v, =Vclga;.

[Mpyx nomollk 3THX COOTHOILEHHH HAXOAHM Hen3BecTHble N H n. [IpH Hanu4uu oT-
CachiBAIOLLEH TPY6h! COOTHOLIEHHA COXPAHAIOTCS, 33 HCKJIIOUEHHEM YPABHEHMS dHEpre-
THUeckoro 6anaHca, AR YCIOBHH 3a1a4H MPHHAMAIOLIETO BHA

H=H +H,,
TaK KaK NPH OTCYTCTBHH NMOTEPb BCE MafleHHE cTaTHueckoro Hanopa (H, + H,) npespa-
1LAETCS B MOJIE3HYI0 MEXAHHYECKY10 paboTy.

Omeem. N = 184 kBt n n = 235 o6/MuH; npH Hanuunu oTcachiBaloweii Tpy6ul
N =353 kBt 1 n = 293 06/MuH.

3agaqa 13.34. B ueHTpOCTpEMHTENBHOH PeakTHBHON TypOHHE yron
OTKPBITHSA JIONATOK HAMpaB/IAIOLLErO anmnapara (OnpeAensioumit Hanpas-
nenve abCoOMOTHOH CKOPOCTH TMOTOKa V), meped Koyiecom) o, = 12°
BxoaHOH H BLIXOZHOH AMameTpsl pabouero koneca D) = 1000 MM u
D, = 500 ‘MM, mMpHHa koneca Ha Bxoae B, = 60 MM M Ha BBIXOJE
By= 120 MM,

OnpenenuTe NpH 49acToTe BpalieHHs koneca n = 1000 o6/MuH u
pacxoze Boxbl uepes Hero Q = 2 M/c:

1) BxoaHo# B, u BeIXOAHO# B, yris! nonactedt paGodero koneca,
NpH KOTOpBIX HaTekaHHe Ha nonactH Oyner Ge3yaapHbIM H abconioT-
Has CKOPOCTb NMOTOKA Ha BBIXOJE M3 Koneca OyAeT neprneHaAHKyIApHa
OKpYXXHOHM CKOpOCTH (4TO obecrnedyHT MHHHMANBHYH) KHHETHYECKYIO
9HEPTHI0 Ha BBIXOJE U3 KoJieca);

2) MOMEHT, pa3BHBaeMblil MOTOKOM MPH 3THX YCIOBHAX Ha pabo-
yeM KoJece.

Omeem. B, =75,5° 1 3, =22°, M=50000 H-m.
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3agaua 13.35. Pabouee koneco LeHTPOGEXHOro Hacoca HUMeEET
BXOJHOM M BBIXOAHOH paguycsl R = 100 MM, R, = 200 Mm, HIHPHHY
Ha Bxoze b; = 100 MM U Ha Brixoze b, = 50 MM U BBIXOJHOMN yron Jio-
nacreit 3, = 20°.

Hcxons u3 cxeMmbl 6GeCKOHEYHOro 4Mcia JomacTeit OIpeNCIINTD
MOMEHT M NeHCTBHSA MOTOKA Ha KoJieco u Hanop H (aHepruio, co0b-
UAEMYI0 €MHHLE BeCa NMOTOKA XHAKOCTH B KOJIeCE) MpPH 4acToTe
BpauleHHd n = 2135 o6/MuH U pacxoae Boam Q = 240 n/c.

Kak usMenstca M u H npu yMeHblIeHHH pacxona B 1Ba pasa? 3a-
BHUCAT JIU M 1 H OT NJIOTHOCTH XHAKOCTH?

Ilepen BXonom Ha Koseco BpallleHHE [I0TOKA OTCYTCTBYET.
Yxa3zaune. Mo dopmyae (13.15)

M= —pQu“I R,.
W3 TpeyronbHUKa CKOpPOCTEH Ha BbIXole
Ly, =iy~ L, clghy,
I'A¢ paananbHas CocTanifionan abcomoTHON CKOPOCTH Ha BBLIXOJIC
v, = Q/(2nRyb, ).
Yensuasn oneprus, coobiuaemas 110ToKy B Konece,
H=-MwlQpg) .
Omeem. M =-1640H-M wu H = 155 m; npH yMeHblucHMu pacxoa B ABa pasa
M=-947TH-m n H=180m.

K 3apnave 13.34 K 3anaue 13.35

3anava 13.36. OnpenenuTs peakLyIo H MOJIE3HYI0 MEXAHHUECKYIO
MOILHOCTb, Pa3BMBAEMYIO YIOTOKOM BOJIBI Ha IOJABHXXHOM COCYJE, KO-
TOPBIH MEpeMeIaeTcs ¢ MOCTOAHHOH MOCTYMaTeNnbHOH CKOPOCTBIO
u = 15 M/C K U3 KOTOPOTO XHIKOCTb BBITEKAET Yepe3 TpyOKy mioma-
AbI0 f = 25 CM® IO NIOCTOSHHBIM HanmopoM H = 2 M. T'unpasnuyecku-

MH COMpPOTHBAECHHAMH NpeHeOpeUb.
Omeem. R = 98,1 H; N = 1,47 xBr.
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3agaua 13.37. BonoMeTHbIH# PEaKTUBHBIH ABHMHTENb CYAHA CO3-
JlaeT TATOBYIO CHNY 3a CYeT CTPYH BOJBI, 3a0UpaeMoil LeHTPOOEKHBIM
HACOCOM CIIepelH CynHa U BbIOpachiBaeMOH M3 KOPMBI C OTHOCHTEIb-
HOH CKOpOCTBIO W.

1. OnpenenuTs TATOBYIO PEAKTHBHYIO CHITY, CO3AaBaEMYIO JABHMH-
TENEM, ¥ Pa3BUBAEMYIO HM I0OJIE3HYH MOUIHOCTb.

2. Hairu KIIJ{ nBwxuTens, MpeacTaBasiOmIMH OTHOLIEHHE €ro
M0J1€3HON MOLIHOCTH K I'MApPaBIH4YeCKOH MOUIHOCTH, KOTOpPY1O C000-
AT HAcOC nepekayrBaeMoi UM Boae. I'uapaBiIMYECKUMH CONPOTHB-
JICHHSIMH B IIPUEMHO# K BBIKWAHOHN TpybGax Hacoca mpeHeOpeus.

N3BecTHBI OTHOCHTENbHas CKOPOCTh BHIOpAacBIBaEMOW CTpyH
w = 7,5 M/c, nogaua Hacoca Q = 750 n/c 1 ckopocTb cyaHa u = 4,5 M/c.

Yka3laHue. PECCManMBaﬂ JABHXKEHHE BOAL! OTHOCUTENBLHO CYAHa € HaYIbHOMN
CKOPOCTK) Wy =u , IIONY4HM [UIS peakTHBHOM cuabl R =pQ(w-—w,) n nanopa, co-
obulaemMoro HaCOCOM NepeKayHBAEMOii HM BOJIE,

%

H

MouHocTb Hacoca
N, =0QpgH.
Omeem. R =2250 Hu N =10 kBT; n = 75%.

y 4
= = {_
E-I,‘_—-_y Yenmpodexnsiii

a Hacoe

K 3axaye 13.36 . K 3ajpave 13.37

3anaua 13.38. [lna ObicTpOro TOPMOMEHHA TENEXKKH OMBITHOTO
CTEHIa B KaHAJI C BOAOH, pacIoIOXEHHBIH MO/ TENEKKOM, onyckaeTcs
UIWHIPHYECKHH KOBII, KOTOpBIH OTOpacsiBaeT CTPYIO BOJBI B CTO-
POHY JBIKEHHUS TENeXKH oA yriaoM o = 30° k ropH3oHTY (Ha cxeme
n300paXkeHO OTHOCHTENBHOE O0TEKaHHE KOBILIA).

1. OnpenenuTs TOMUHMHY h CTPYH, KOTOPYIO AOJIXKEH 3aXBaTHThb
KOBII, YTOOBI TeNexke Macco m = 1 T, uMerollel HayanbHYIO CKO-
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pocTs U, =200 M/c, cOOBIIMTL HavyaNbHOE 3aMeieHHe a = — 20g.
IupuHa koBia B = 20 cM.

2. HaiiTn 3aKOH JBHKEHHMS TENEKKH, YKa3aB, 3a KaKoe BpeMs H Ha
KaKOM IIyTH €€ CKOPOCTbh YMEHBLIUTCH 10 U = 10 M/C.

ConpoTHBNEHHS B XOJ0BOH 4acTH TENEKKH He yuuThIBaTh. CHNoi
TAKECTH CTPYH M MOTEPSIMH HAmopa NnpH O6TEKaHHH el0 KOBLIA Mpe-
Hebpeub.

YKa3zauue, ﬂHHaMH‘IeCKle pPeakUHIO CTPYH Ha KOBLIU 18 KaXXAOI0 MOMEHTA BpeE-
MEHH ONpEeAE)INTL NO ypasHeHuo (13.10).

Omaem. h = 13 mm.

3ana4a 13.39. Topuwens, anametp xotoporo Dy = 100 MM, aBH-
XKETCA MOA ACHCTBHEM NOCTOAHHON cuibl Py = 100 H co CKOPOCTBIO
Vg = 2 M/C, BRITECHAS ®HAKOCTD (P = 1000 kr/m”) 4yepe3 OOKOBBIE OT-
BEPCTHA B LIMJIHHAPE,

Onpenenm'b, npeHe6peraﬂ CONMPOTHBJICHUAMH, YroJl HakKJIOHa Q.
€TPYeK, BBITEKAIOILHX YEPe3 OTBEPCTHS.

Yxasauue. {Ipeanonaras, 4to OTBEPCTHA PACHONOKEHBI AOCTATOUHO JANEKO OT
ANMIE LMAKIADPE, IIPHHATL 3BJICHHC BO BCEX €IO TOMKAX MOCTOAHHBIM W DABHLIM
NABICHUIO TOPMOXKEHHA NOTOKA B UMIHHIIPE.

Omeem. o = 81°.

K 3apave 13.38 K 3agave 13.39

3apaua 13.40. [Ins perynupoBaHMs pacxoja XHIKOCTH, NoCTy-
najowe B THAPOUMIMHAD, MPUMEHSAETCS 30NI0THHKOBOE YIIPABIAID-
1iee yCTPOHCTRO.

lpn cMelieHMH 30M0THHKA OT HEHTPANTBHOrO MONOXKEHHS OTKpbIBa-
IOTCA 30JI0THHKOBBIE OKHA, COOOLIAKOIIHE MONOCTH TMAPOLIUTHHAPA C
HANOPHOH U CIIMBHOM JIMHMSMH, ¥ B THIPOLWMHAP NOCTyTaeT pacxoz Q.

OripenenuTs OCEeBYIO peakLHIiO MOTOKA R Ha 30/I0THHK M ee Hanpas-
JICHHE, €CTIH YTON OTKJIOHEHHs MOTOKA B 30JI0THHKOBOM OKHe O = 69°, a
nepenall nasnenus B HeM Ap = 3,5 MIla npu mponycke pacxoxa
Q = 0,6 wc. KoahHumeHT cONpOTHBNEHHA KPOMKH OKHa NPHHATH
PaBHBIM HYIIIO, CYHTAA MPOLECC MCTEUEHHA HaeanbHbIM. Hanpasnenue
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TIOTOKa, BTEKAIOIETO BO BHYTPEHHIOKO TOJIOCTh 30JOTHHKOBOTO YCT-

POWCTBA, a TAKKE BBITEKAIOIETO B CIMBHYIO JIMHHIO, TIPUHSATH HOP-
3

MaJIBHBIM K OCH 3010THHKA. [InoTHOCTL %HaKoCcTH P = 900 KI/M”°.

Omeem. R=20p ‘-2—% coso=34,1 H nHanpaBneHa B CTOPOHY 3aKPbITHA OKOH,
P

Cnub Numanue

{
3 a

1

T ¢ Coub

LI

[udpoyunundp

K 3anave 13.40

rMABA 14. PABOTA HACOCOB HA CETb

BBEAEHWUE

B npemnaraeMbix Huke 3a4avyax HAacOChl PACCMATPHBAIOTCHA Kak
3NIEMEHTBl THIPOCHCTEM, COOOILAIOLINE KUAKOCTH 3HEPTHIO, HO HE
ABJIAIOIUHECS CaMOCTOATENbHBIMH 00BhekTaMH M3yudeHHs. PaGouwmii
IpoLEecc HacOCOB B 3a7auax He pacCMaTpHBaeTcs.

1. McxonHbIM COOTHOLIIEHHEM NPH peLlIeHHH 3a1ay 0 paboTe Haco-
COB Ha ceTb AB/IfeTCA OajaHc HamopoB [OTOKa B TpyGompoBojie ¢
BKJIFOYEHHBIM B HEro HacocoM. IIpH yCTaHOBMBLIEMCS ABHXEHUU
*KHIKOCTH B TpyOOIPOBOJE 3TO COOTHOLIEHHE HMeeT BHA (pHC. 14.1)

Hy+H,=H,+ Y h, (14.1)

rae Hy 1 H, — nonHble Halopb! MOTOKA B HA4YalnbHOM / M KOHE1HOM 2
ceyeHHsX Tpybornposoaa:
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Puc. 14.1
2
v
Hy=z+840,-L;
pg 28
2
v
H2 =73 +_p_2.+(x2_.2_;
Pg "2
H, — nanop Hacoca, T.c. IHCPrus, coobiaeMas HaCOCOM CAHHHLE Beca
ncpcKayuBacMoll UM JKHIIKOCTH; Eh,, ~ CymMMa noTepb Hamopa B
Tpyb6onpoBoae Mex iy ccucHuaMH [ 1 2.
Otcrona
P, Y3 P, 0
Hy=| 55+ 240,=2 |- g+ 40— [+ Y,  (142)
pg "2 Pg 28

T.€. Hanmop Hacoca 3aTpauMBacTCA Ha yBENHYEHHE Haropa NMOTOKA U
NpeOJONEHHE FHAPABIHYECKMX CONPOTHBIICHHH B TpyOonpoBoe.

2. Cetb, Ha KOTOpYIO paboTaeT HacOC, MOXET NPEACTaBAAThL [PO-
CTOH WM cI0XIbii (pa3BeTBIEHHbIH) TPYOONpPOBOA, @ TaKXKe BKJIO-
4aTb B psfie CIy4aeB MAPOABHIaTeNH, npeobpasyloHe ruapaBinye-
CKYIO 3HEPrHI0, cOOOLICHHYIO OTOKY HACOCOM, B MOJIE3HYIO MEXaHH-
4ecKkyt pabory.

Cxema HacoCHOH yCTaHOBKH NnpH paboTe Hacoca Ha NMPOCTOH TpY-
GonpoBoa nmoxasaHa Ha puc. 14.2. Hacoc nepekaunBaer *HAKOCTh U3
NPHEMHOTO pe3epByapa A B HamopHbIH pesepsyap B nmo Tpybonposo-
Ay, COCTOSAIIEMY H3 BCAachIBAIOWIEH H HarHeTaTeabHOH TpyO6.

CTaTH4YEeCKHM HANMOPOM YCTaHOBKH Ha3bIBalOT Pa3sHOCTh FHAPOCTa-
THYECKHX HamopoB XHAKOCTH B HATIOPHOM H NPHEMHOM pe€3€pBYyapax:
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H, = z2+&]— g+ (14.3)

Pg Pg
RS Hanap 30 wacocom
[ 3
| <
'$ L {fen
§‘ | } / = —— 8=
S |
3| P
x ! 83
§
S oy g
i =
v o
N
(/] 2
Pam >/ PN
= sl
= Hanap neped wacocom

flomepu 80 Bcacsibaroused
uny

Puc. 14.2

Jlna ycrtaHoBKH, u3oOpaxeHHOH Ha pHc. 14.2, rie JaBleHHe Ha
cBOBOAHBIX MOBEPXHOCTAX MKHIAKOCTH B pe3cpByapax DaBHO aTMO-
chepHOMY, CTATHYECKHH Hanop NMpeAcTaBaseT cOOOH pasHOCTb YPOB-
HeH JKHMIKOCTH B pe3epByapax:

HCT =47,
T.€. BBICOTY NOJbEMa XHIKOCTH B YCTAHOBKE.

Ha puc. 14.3 nokaszaHo B BHIAE npuMepa onpexeneHue H . i
CNyuas, KOTAa B IPHEMHOM PE3€pBYape HMEETCS BAKYyyM H B HallOPHOM
pe3sepByape — H30bITOuHOE AaBneHHe. CTaTHUECKHH HAmoOp YCTaAHOBKH
paBeH pa3sHOCTH MbE3OMETPHYECKHX YPOBHEH B pe3epByapax.

IToTpe6HBIM HANOPOM YCTaHOBKH H. o, Ha3bIBAIOT HEPrHIO, KO-
TOPYIO HEOGX0AHMO COOOLIMTL €IHHHLE BECA XUAKOCTH A/ €¢ nepe-
MELIEHHS W3 NPHEMHOrO pe3epByapa B HaNOpHEIH 1o TpyGomnposoay
YCTAaHOBKH TIpH 3afaHHOM pacxofe. [IpeHebperas ManbiMu CKOpPOCT-
HBIMH Hanopamy B pe3epByapax, HMeeM

Hoorp = Hex + 2 1 (14.4)
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rae Zhn — CyMMa noTephb Hamopa Bo Bcackisatomei (h,, ) u B Ha-

MOPHOM NHHHAX, BKIIOYAs MOTEPIO NPU BLIXOJE M3 HEE B HAIIOPHBIN
pe3chyap (hﬂ.H ) : Zhll = hll.BC + hﬂ.H'
Tpy BbITCKAHMM HIAKOCTH H3 HAaNOPHOH TPY6LI B aTMOCdEpy TO-
Tpe6HbIH Hanop
V2
Hp=H.+Yh, +E§’ , (14.5)

2 . .
rac v°/(2g) — CKOPOCTHOM HANOp Ha BBIXOJE H3 HaropHOMH JTHHHH (B

NPEANOIOKEHHH TYpOyIEHTHOrO pexnMa, 1J1s KOTOporo o = 1).

Ipn pabote nacoca Ha ATHR-
N HbIA TPy6ONMpPOBOA CKOPOCTHBIM
Qla HArmopoM Ha BbIXOJC (MM moTe-

" peil Ha BBIXOAE) MOXHO npcHe6-
————= peus (cm. . 9). Mpu pabote Ha-

8 coca Ha TpybonpoBoJ, cHabKeH-
HBIH  KOHLEBBIM  CXOAALIMMCH
HacagkoM (puc. 14.4), ckopocrt-
HO#H HAaIop Ha BBIXOJE M3 Hacagka
CPaBHHM C MOTEPAMH B TpyOax H
e AOIDKEN YYHTBIBATLCA B ypaBHe-
HuH (14.5).

Ilpu ycranoBuBiueMcs pexu-
M¢ paboThl YCTaHOBKH, KOria
pacxon B cucTeMe TpyOomnposo-

Puc. 14.3 JOB HE H3MEHACTCH CO BPEMEHEM,
pa3BHBaeMblfi HACOCOM Hamop pa-

BCH MOTPeOHOMY Hanopy yCTaHOBKH:
H,=H,y,. (14.6)

3. PexuM paboThl Hacoca B YCTAaHOBKE MPH aHHOH YacTOTe Bpaille-
HHUs XapaKTepusyercs nonauedt (06beMOM KHIKOCTH, NepeMeNIaeMbiM
HACOCOM B eAMHHLY BpemenH) O, (M’/c), HaropoMm H, (Ix/H = M) u
norpebsieMoii HacOCOM MOILHOCTBIO ABHraTens N 1w (BT).

Z2;—2;
Hem

Py
P9
b -

I
|
I

KITJ Hacoca npeactaBisieT OTHOLIEHHE MONE3HON MOLIHOCTH Ha-
coca N, (3nepruu, coobuaeMolt B €HHHULY BPEMEHH MOTOKY KHIKO-
CTH) K MOIL[HOCTH, OTpeGnsgemoit HacocoM, N o

Ny _Q.pgH,
N N~

A AB

n= (14.7)
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Puc. 14.4

Hanop Hacoca IMnpH H3BECTHOM ero nojaadye MoXxer ObITh H3MCEPCH C
NOMOLIbI0O MAHOMETPOB, YCTAHOBJICHHBIX B €I'0 BBIXOAHOM H BXOJHOM
ceucHux. Ilo OMNPEACIICHHUIO HAalmop paBE€H pa3HOCTH NMOJIHBIX HAIIOPOB
INOTOKA Ha BBIXOAEC U3 HACOCA H HA BXOJEC B HETO!

2 2
H,=|7,+20 420 | g 4 Poe y Dee | (14.8)
pg 2g pg 2

O603HauMM z,, — Zgc = hy U BBIPA3HM IbE3OMETPHYECKHE HAMOPBI
Pul(Pg) ¥ pu/(Pg) Yepes mokazaHus MaHOMETpoB M, u M, (B BeicOTax
cToyiba ®HMAKOCTH), OTHECCHHBIE K LIEHTpaM CEYE€HHH BBIXOAHOrO M

BXoJAHOro natpybkos Hacoca. Toraa nony4um
V2 -vl
HH=MH—MBc+hO+#. (14.9)
TIpH pacnonoxeHHH Hacoca HaJ NPHUEMHBIM YPOBHEM, OTKPBITHIM
B aTMOC(epy, BO BXOXHOM CEYECHHH Hacoca BO3HHKAET BaKyyM (H306bI-
TOYHOE JaBICHHUE Py, < 0). B a3TOM Ccrryyae
2 _ .2
H, =M +V +hy+—u e (14.10)
2g :
rae M u V — nokasaHds MaHOMETpa H BaKyyMMETpa, YCTaHOBJIEHHBIX
B BHIXOJHOM H BXOJHOM CEYEHHX Hacoca (cM. puc. 14.2).
Bennunna BakyyMa V Ha BXOAE B HacoC, BhIpa)X€HHas BBICOTOH
cTonba KUAKOCTH, paBHA MO ypaBHEHHIO bepHymIH Iis ycTaHOBMB-
IIerocs ABHXKEHHSA KHAKOCTH BO BCACHIBAIOIIEH THHHH (JaBJICHHE Haf

AKHUIKOCTBIO B TIPUEMHOM pe3epByape — aTMochepHoe)
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.02
V=z,c+2‘;°+hn_u. (14.11)

Kaxnomy pexuMy paGoTel Hacoca B JaHHOH YCTAHOBKE COOTBETCT-
BYCT HEKOTOpast JomyckaeMas BeqM4uMHa Bakyyma H,,, ... (Tak Hasbl-

BacMas nomnyckacmas BaKyyMMETpHUCCKass BbICOTa BC&CBIBaHHﬂ), KOTO-
pas obccneynsaer OTCYTCTBHC KaBUTALMOHHBIX ABJCHHUH B HaCOCCl. an

JKCIUTyaTaUMH HAcoCa OOMKHO BBIMNOJHATLCA yCI0BHE V< Hnak.uou , C

NOMOLLIBI0 KOTOpOro u3 ¢opmyasl (14.11) onpenensiercs momyckaeman
FCOMCTPHYECKAA BLICOTA BCACHLIBAHMA HAcOCa (TPH Z,.,0n < 0 Hacoc HEOH-
XOZMMO pacroarath HHe YPOBHs B IPHEMHOM pe3epByape).

4. Pexnm paGoTsl Hacoca B ycTaHoBKe onpesenserca ero paGoueii
XapaKTEPUCTHKOM.

Huist nonacTIibIx 1ac0coB paGoUyI0 XapaKTEPHCTHKY CTPOAT B BUAC
3aBHCHMOCTH Hanopa Hacoca, MOLUHOCTH, moTpebnscmoit um, u KITJQ
OT NOJJa4H HACOCA MPH NOCTOARHON YaCTOTE BPalLLECHHUS.

Pabovas xapakTepucTHKa UEHTPOGEKHOTO HACOCA UMEET BHA, MO-
Ka3aHHbIA Ha puc. 14.5. C H3MCHEHHEM 4YacTOTHI BpalICHHA Hacoca
Cro XapaKTEpUCTHKA H3MEHSETCA.

Hy Hy X Hyy npu g
] w1 const Nlapadonsi nodadueix
A pexumol
7 |
»
L=
- 7
1 <
Y
Qy Quz Ay Qy
Puc. 14.5 Puc. 14.6

ITepecyer xapakrepucTik nomacTHoro Hacoca (puc. 14.6) NpoH3-
BOAMTCA C MOMOULbIO 3aKOHOB MPOIOPUHMOHANLHOCTH, BBIPAXarOUINX
CBOHCTBa MOJOOHBIX PeXHMOB paboOThl HaHHOTO HACOCA MPH PA3HBIX
YacTOTax BPALIEHHA:

' Bennunna H o jon  33BHCHT NPH NaHHOM pexume paGoThl HAacoca oT YIpyrocTu
Napos XHAKOCTH H aTMOCGEPHOro JaBneHus.

? Npeanonaraercs, 4to CPaBHXBAEMbIe NOAOGHBIE PEXHMBI HAXOLATCA B 30HE Typ-
GynenTHOH aBTOMORENLHOCTH, Il H3MEHEHHE YuCaa PeitHonbaca He BAMSeT Ha pac-
Tpenenene CKOPOCTEH B KaHanax Hacoca H Ha HX K03 GHLMEHTb! CONPOTHBICHHA.
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Qn/Q,=n/lny; (14.12)
H,/H,=(n/n)%, (14.13)
Nost! Ny = (n,/my)>. (14.14)

B tdopmysne (14.14) npeanonaraercs, 4To As MOAOOHBIX PEXUMOB
3HayeHusa KIIJI Hacoca MoxHO mpubanKEHHO NMPHHUMATH OXHHAKO-
BBIMH (T]; = 1)) ¥ 4TO Hacoc paboTaeT Ha OIHON W TOH XKe KHIKOCTH
(P1=p2).

TodkH Kakgoro ceMencTBa MOAOOHBIX PEXHUMOB JIEXKAT B KOOPIH-
Harax Q, — H, Ha KBagpaTHuHOH napaboJic, BeplIMHA KOTOPOH HaXo-
JUTCA B HauaJyie koopauHaT (mapabona nogoOHBIX PEXHMOB),

5. 3agaun o paboTe HaCOCOB Ha CETh MOXXHO Pa3Je/IUTh Ha IBE OC-
HOBHBIE TPYTIIBE:

1. [Tonbop Hacoca o5 AaHHOM ycTaHOBKM mpu TpeOyeMoH nogade
Q.. Pewenne Takux -3aja4 OCHOBaHO Ha BBLIYHCIEHHH MOTpeGHOro
Haropa yCTaHOBKH Horp M, CIEN0BATENBHO, HAanopa Hacoca H,,. Benu-
YUHBI Q, M H) ABNAIOTCA MCXOAHBIMH 115 noa60opa COOTBETCTBYHOLLC-
ro Hacoca W ero JABUTaTess.

XapaxmepucmuKu
yemanabox

]
S
At

T ES
IEII?
Hou<0| | Hem>0
/,
i
1N\
=

Puc. 14.7

2. Ompenenexue pexHMa paboThl JAHHOTO HACOCA B YCTAHOBKE.

PelieHHe TakMxX 3ajay OCHOBaHO Ha COBMECTHOM pacCMOTpPEHHH
XapaKTEPUCTHK HAacoCa U YCTAHOBKH.

Ha puc. 14.7 nana cxeMa peireHus 3ajgayu o pabore JIOMACTHOrO
Hacoca Ha NpocToil Tpy6onpoBOd, pacCMOTPEHHAsA Ha MPUMEPE UEH-
TpoOexHOro Hacoca B TPeX Cly4dasx:

1)H:>0;2)H,=0;3) H,<0. .

Jna pemenus 3agayu B koopaHHaTax 0 — [ cTposAT B OAHHAKOBOM
Macirabe pabouylo xapakTepucTuky Hacoca H, = f (Q,) ¥ xapakre-
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PHCTHKY YCTaHOBKH H,.p = f (Q), NpeacTaBnsiomyl0 3aBHCHMOCTD
NOTPeGHOrO Hamopa yCTAHOBKHM OT pacxoja IpH 3aJaHHOM CTaTHYe-
CkoM Hanope H,,. XapakTepuCTHKa yCTAaHOBKH BBIPaXKaeTCs ypaBHe-
HueM (14.4), B xoTopoM Zhn = f(Q) - xapakTepuctHKa TpyGonpo-
BOJa (3aBHCHMOCTb CYMMAapHBIX TIOTEPh HAlopa B TPYyGOMpOBOAE OT
pacxona). [Ipu TypOynenTHoM pexume Zhn = sQ%. CormnpoTHBieHHe
pr60r1p03011f1 § PaBHO CYMM¢ CONPOTHBIIECHWH BCAaChIBAIOLIEH H Ha-
NOpHOH NTUHHUK:

$=8,.+58,,
KaX(/10C U3 KOTOPBIX BbipaxkaeTca obuie popMynoii (cm. ri. 9)

Sp =0, 08277&;1;—.

B ncpsoM npuGmmkenrun s = const M rpaduK XapaKTepPUCTHKH
TpybonpoBo/aa NpeacTaBIsCcT KBaAPATHYHYIO napaboiy.

Takum 00pasom, ans u306pakeHHUs XapaKTEPUCTHKH YCTAHOBKH
CNEAYeT MNOCTPOMTh XapaKTEPUCTHKY TpyOOMpoBOAa, CMELIEHHYIO
BILOJIb OCH HAMOPOB Ha BEJIMUHHY H;.

[Ipu craunonapuom pexumc paboTbl YCTAHOBKM IMojaya Hacoca
Q, ¥ passuBacMblii UM Hanop //, onpeaensiorcs Ha rpaguke TOUKO#H
MCpCcCeHCHHUS XapaKTCPUCTHK HACOCA M YCTaHOBKH, B KOTOPOH BBHITION-
HACTCA YCJIOBHE PABCHCTBA HAMOPOB HacOCa M YCTAHOBKH:

H,=H, +Yh,.

Hnsa HarnAauoCcTH LenecoobpazHo coBMeLIaTh rpaduk Co cXeMoi
HaCOCHOH YCTaHOBKH, pacrnosaras Hauyajlo koopauHatr O—H Ha mbe3o-
MCTPHUYCCKOM YPOBHE B MPHCMHOM pe3epByape, KOTOphIH BbIOHpaeTcs
33 Hayajlo oTcycTa Hamopos. [Ipu 3ToM Jns nonydyeHus xapakTepH-
CTHKH YCTaHOBKH CIIEAlyeT NOCTPOUTh XapaKTEPHCTHKY TpybompoBoaa
OT NbC30MCTPHYCCKOro YPOBHs B HAIIOPHOM pe3epByape.

Ecan H; = 0, TO XxapaKkTCpHCTHKa YCTAaHOBKH MPOXOAMT 4Yepe3 Ha-

4aJl0O KOOpPAHHAT XapaKTEPUCTHKH Hacoca U B pa6oqel“4 TOYKEC HMECT
MCCTO COOTHOILICHHE
Hy = Xhy,

T.C. HaMop Hacoca LICIMKOM 3aTpavyHBacTCs Ha NMpEoaOJIEHHE THApaB-
JIM4YE€CKOTr0o COIPOTHBIICHHUA CHCTEMBI.

K Taxomy THIy OTHOCATCS LMPKYIALMOHHBIC YCTAHOBKH, TJiE MpH-
€MHBIH M HalOPHLIH YPOBHH coBnajaioT (puc. 14.8).

Ilpn H_ <0 (HamopHEIH YpOBEHB HHXE MPHEMHOrO) XHMIAKOCTH
MOXET NepeTeKaTh B HIDKHUH pe3epByap caMOTeKOM (B KonudecTse Q)
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W MPHMEHEHHE HAcOC4 BHI3BIBAETCH HEOOXOAMMOCTBIO MOJYUYEHHs pac-
xo1a Qu, > Q. (cM. puc. 14.7).

Ecinn asuxenue B TpyGONpoBOJE ABNAETCA JIAMHHAPHBIM, Xapak-
TEPUCTHKY TPYOONpOBOAa BbIpaXaroT GOopMyJIOH Zhn = §Q, B KOTO-

poi conmpoTHBIIEHHE TpyOonpoBoaa
128vL
s= — .
Trgd4

B nauHHBIX Tpy0ax, rae npeoOnafaioT NOTEPH Ha TPEHHE MO UIH-
HE B IEPBOM MpHOMMKEHHH s = COnst. M XapaKTEPUCTHKA ABMACTCA
NPAMONIMHEHHOM.

6. Hogauy ueHTpoOEX)HOro (JIOMACTHOTO) HACOCA MOXKHO Peryiu-
pOBaTh METOJOM [POCCETHPOBAHMsA, YCTaHaBIHBas B TPyOONpOBOAE
ApOCCeNb ¢ H3MEHAEMBIM CONMPOTHBIEHHEM (33IBUXKKY, BEHTHIIb, KpaH
u ap.). [Ipn U3MeHEHHH OTKPBHITHA APOCCENd H3MCHAETCA XapaKTepH-
CTHMKa YCTaHOBKH (KpyTH3Ha mapabonsl motepb) M pabouas Touka me-
pememaeTcs Mo 3ajlaHHOM XapakTepHcTHKe Hacoca (puc. 14.9). Orot
cnoco6 peryJaHpoBaHMs MOAAYH CBA3aH C JOMOJHHTENbHBIMY NOTEPA-
MH 3HEPrUH B APOCCENE M MO3TOMY HE3KOHOMHUEH.,

I

Uy
Z

Xapaxmepucmuku
yemarobru

rd

Xapaxk mepucmuka
Hacoca

Puc. 14.8 Puc. 14.9

PerynupoBaHHe MoJa4d JIOMACTHBIX HACOCOB MOXHO TaKKe OCy-
ILECTBIATL M3MEHEHHEM 4acTOThl BpawieHHs. IIpy 3ToM H3MeHsieTcs
XapaKTepHCTHKa Hacoca, W paboyad TOuKa nepeMelaeTcs Mo 3aaaH-
HOM HEM3MEHHOMN XapaKTepUCTHKE ycTaHOBKH (pHc. 14.10).

Ha puc. 14.11 naHa cxeMa onpelcneHHs HOBOH 4acTOTHI Bparie-
HHSA UeHTpoOeXHOro Hacoca NpH TpeOyeMOM H3MEHECHHH €T0 NOJAUH.
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3ajaHbl XapaKTEPUCTHKA HAacoca MU n 06/MUH K xapaxrephcmxa
ycraHoBKH. Touka 4 ux nepeceueHus Apnsercs paboueii TOUKOM CHe-
TeMbl;, O, ¥ H, — noxaya u Hanop Hacoca.

Tpebyercs onpenenuTs HOBYIO 4acTOTY BpalleHHs HACOCA 1, MPH
KOTOPOH Nojaua yBCIMUHTCA (MM YMEHBIUMTCS) Ha m%.

[To 3ananHOMy M3MeHeHHUIO noAauu (Ha +m%) HAXOAMM Ha XapaK-
TEPUCTHUKC yCTaHOBKH MIpH () = (1 £ m/100) Q, Hosyto pabouyio Tou-
Ky / cHCTeMbl. HYepes »Ty TOUKy JO/DKHA NPOHTH XapakTEpUCTHKA Ha-
COcCa NpH HCKOMO#H 4acTOTe BpalleHHs n,. Ytobbl onpeaenunts 1, npo-
BOJIMM NPE/IBAPUTENBLHO Yepes TOUKY / napabosty mofoGHbIX pexHMOB
H HaxolMM TouKy I ncpeccueHus 3TOH KPUBO#H € 3aiaHHOM XapakTe-
PHMCTHKOW Hacoca.

IMpumcnisa x Toukam I u Il nojo6ubIx pexumon dopmynsl nepe-
cuera (14.12) unm (14.13), nonyuaem

) H,
ne=n— HWIH n =n |——
11 HI |
H
# Xapakmepucmuxa
n, yemanobxu » \%
[~ =~ s \/ -
Ny N 2 Xapakmepue \
| [ Cman K 3
—Q'\ ' \\ §§ N ! U1 A %. &
\ S ES Napado 3
i | \ ST *E nmg:hol/: "!i.o"é 83
| NI § pexumol - "za
£ AN \
S | |
x 1 | q
{ | ﬂu
| 1
& 0 Q, q I E—
Puc. 14.10 Puc. 14.11

I[Tonauy nonacTHeIX HAacOCOB MOXHO TakKkKe PerynHpoBaTh Nepe-
IlyCKOM XHAKOCTH M3 HanoOpHOH JIMHMM BO BCAChiBAIOWYIO (MM B
NpHEMHBIH pe3epByap) uepes 06BOAHYI0 TpyGy C peryanpyembiM
ApocccneM (PELICHHE TaKHX 3a1a4 CM. HHXE).

7. Ilpu peiliennu 3aj1a4m 0 paboTe Hacoca Ha CIIOKHBIH (pa3BETRICH-
HBIH) TPYGONPOBOA CNEMYET pasiHyaTh JBE THIIOBBIE CXEMbI: Tpy6onpo-
BOJ C napajIeibHBIMU BETBAMH H ¢ KOHLIEBO#T paspaueit (cM. ri. 10).

B nepsom ciy4ae 3anava pewaercs Tak e, kKak u npH pabore Ha
NPOCTOH TPYGONPOBOA, C TOMOIUBIO CyMMApHOH XapaKTepHCTHKH

CIOKHOrO TPY6GONpOBOAa, BKITIOYAIOILEH CONMPOTHBIEHHE €ro pas-
BETBJICHHOTO y4acTKa.
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B kauecTBe npuMepa BTOpOii cxeMbl Ha pHc. 14.12 paccMOTpeHO
onpeaeNeHUe pexiuMa paboTsl HeHTPo6exHOro Hacoca Ha IBa Harop-
HBIX pe3epByapa ¢ pa3HbIMH YPOBHAMH (THAPOCTATHYECKHMH Hanopa-
MH) KHAKOCTH. B 3aBHCHMOCTH OT COOTHOLUCHHH 3JIEMEHTOB yCTa-
HOBKH HacoC MOXET INepeKayuBaTh XKHIAKOCTb M3 NPHEMHOTO pe3ep-
Byapa A B 00a pe3epyapa C ¥ D WIH MOXET ITHTaTb BMECTE C BEPX-
HUM pcacpByapoM D HinkHHI pesepByap C.

Pelcire 3aAa4d OCHOBAHO Ha OMpPEACIEHHH MbE30METPUYCCKOIO
YpOBHSA B y3i€ B, npH KOTOPOM BBINONHACTCA ycnoBHe OanaHca pac-
X0J0B B TpyDax, NPUMBIKAIOWMX K Y31y (CM. aHaJIOTMYHOE pELEHHE
3a7a4u o Tpex pescpByapax B . 10). [lpexac Bcero cneayer nocTpo-
UTh rpadUK 3aBUCHMOCTH MbE3OMETPHUCCKOTO YPOBHA B y3jI€ OT IO-
JIAYY HAcOCca, BBIYMUTAs W3 OpAHIAT HAMOPIOH XapaKTePHCTHKH Hacoca
notrepu Hamopa B Tpybe AB (xpuBas Hp). Touka ncpeceucHus >ToH
KPHBOIi ¢ XapakTCPUCTHKON TpyObl BC, ITOCTPOCHHOH OT NMbC30METPH-
UECKOrQ YpoBts B pesepByapce C, onpeacscT HaNpAaBJICHHC JIBHIKEHUA
B TpyOc B, BcayuicH B BCpXHHH pe3cpByap.

H 8D BC  prigp
MTvesomempuyecas q
MUHUS et -
= Hy
dsc

=T y=E [
KXY~ E , N RS

B §‘ \ "Eﬁ/ ’”/ ~ §\
&3 =1 - ES

SNE |
H | e I

Puc. 14.12

Ecnu 3Ta TOuKa pacrojioKeHa Bbille YPOBHA B pesepByape D, To
Hacoc nuTacT oba HanopHbIX pesepByapa. B 3ToM ciyuae ¢Tponm 3a- -
BHCHMOCTH CyMMapHoro pacxona B Tpybax BC v BD oT nbe30MeTpH-
4YeCKOTo YpOBHs B y3sie B, Touka ee nepecedeHHs ¢ KpHBOH Hj onpe-
JeNnseT Mbe30MEeTPHYECKHil YpoBeHb B y3ie B, pacxoasl B TpyOax M
pexuM paboTsl Hacoca (pabouylo TouKy cucTeMsl). Ecau Touka nepe-
ceueHus KpuBbiX Hp u BC pacnonoxeHa HH)XKE YPOBHsL B pe3epByape
D, nocneqsuil nUTaeT COBMECTHO ¢ Hacocom pesepByap C. B sTom
cnyuae (IUITPUXOBBIE JIMHUM Ha PHC. 14.12) CTPOAT 3aBUCHMOCTb CyM-
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MapHoro pacxoza B Tpy6ax AB 1 DB oT NMbe30MeTPHYECKOTO YPOBHS B
y3ne B (myTem CyMMHpOBaHHS KpHBbIX Hp U DB 1o pacxoaaM); Touka
NepeceyeH s 3TOH KpUBOi ¢ xapakTepucTHKOH Tpy6el BC’ sBiseTcs
paboyeit TOYKOI CHCTEMBI.

Ha puc. 14.13 paHo pelwenue 3amaun o pabore UEHTPOGEXHOTO
Hacoca B yCTaHOBKe, CHabxkeHHOH obBoxHOMN Tpy6oii, Mo KoTOpO# Ans
perynupoBaHHs MOJaYM HACOCA KHAKOCTb MEPEenycKaeTcs U3 Hamop-
HOM JIMHUH BO BCACHIBAOIYIO.

8. Tlpu napannenpHOM HITH MOCTEA0BaTENLHON paboTe HECKOMBKUX
HacoCOB /I OTNPENENEHHS PEXHMa paboThl CHCTEMBI CledyeT Mpe-
BApHTENBHO MOCTPOUTh CYMMAapHYIO XapaKTEPHCTHKY HacoCOB, a 3a-
TEeM HaWTH pabo4yi0 TO4KY CHCTEMBI 0OBIYHBIM CIIOCOOOM, T.€. mepe-
CCYEHHEM XapaKTCPHCTHKH HACOCOB C XapaKTEPHCTHKOM YCTAaHOBKH.

Q

H

S
&

<z

& Ay
&y q
Puc. 14.13
H Cymmapnan
xapaxmepucmuna
Hacocod Kapaxmepucmuna
yemanolry
V/4
[ —
£
/4
Xapaxm:pucmLm Xapaxmepucmuna
wacocal wacoca Il
& 4y q
24y
Puc. 14.14

404

Jlnst MOCTpoeHns CyMMapHO# XapaKTEepPHCTHKH HACOCOB MpH Ma-
PaneNbHOM HX COCAMHEHHH HEOOXOOMMO CITOXHTH XapaKTEPHCTHKH
HacocoB 1o abcunccam (MofayaM), a MpH MOCIEAOBATENLHOM COEIH-
HEHMH — 10 OpAHHATaM (Hamopam).

Ha puc. 14.14 noxasana cxema napawienbno# paboTsl HeHTpo-
GexHBIX HACOCOB Ha MPOCTO# TPYGOMPOBOX M HaHO rpadHuecKoe pe-
IeHHe 3ToH 3ajau, a Ha puc. 14.15 paccmatpuBaeTcs nocienosa-
TeMbHas paboTa HacocOB Ha NMPOCTOi Tpy6GonpoBoz.

9. OcobennocTH paboThl Ha CETh HACOCOB OGBEMHOrO THIA omnpe-
AENAOTCA CBOACTBAMH HX paboO4YHX XapaKTEPHCTHK.

Anst 06beMHBIX HAacOCOB (MOPIMHEBBIX, POTOPHBIX M JIp.) MOJady
MOXHO B NIEPBOM NPHOIHKEHHH NPHHUMATD HE 3aBUCALIEH OT pa3BH-
BAacMOro HaCOCOM Hamopa H, W NpoMmOpLUHOHANBHOH YacToTe Bpalle-
nus Hacoca. [lojaya nopiuHeBoro Hacoca, HarmpuMep, onpeaenseTcs
no ¢hopmyne

FSnz
=—"MNy; 14.15
QH 60 nO ( )

rac F u S — mwiowans U X0/ NOPHIHS; /# — YHCIO ABOWHBIX XOIOB MOpII-
HA B MHHYTY (4acTOTa BpALIEHHA KOJCHYATOro Bania); z — YMCIO pabo-
4MX Kamep (UWIHHAPOB) Hacoca; My — Ko3hPHLMEHT moaayn Hacoca.

# Xapaxkmepucmuxa
yemanodry
| x
"\ [ 2R
= | X
b= | $8%
: b\ §388
P \&EE
| Y X =
Hy*Hg = 3Hy 1! § |
2 = [
ﬂl @ ﬂl = i
| *
{ .
Xapaxmepucrmuna
I /s wacoca
I 7 }Xapﬂxmepumum nacpea]
. 7 i
= 7 7
Puc. 14.15

B 6onee obmem Buae nogaua o6beMHBIX HACOCOB PA3THYHOTO TH-
I1a BhIpaXkaetcs Gopmynoit

Wn
QH=-6—O-nOf (14 10)
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rae W — pabounii 06neM Hacoca (noaaya ero 3a oguH o60poT Baja),
3aBHCALLMI OT THIIA U pa3MepOB Hacoca.

Ilpu yxazaHHOM nmpUOMMXKEHUH JMHUM Hanopa H, = f(Q,) Ha xa-
paKTepUCTHKaX OOBEMHBIX HACOCOB MOXHO NMOKAa3aTb B BHUJAE BEPTH-
KaJIbHBIX TpAMBIX Q) = const, Kauuas M3 KOTOPBIX COOTBETCTBYCT
olnpeefeHHOH YyacToTe BpaileHus Hacoca (puc. 14.16). B nefictBu-
TENBHOCTH Nojaya Jtoboro o0BEMHOro Hacoca NpH TaHHOH 4acToTe
BpaLLCHHUA HECKOJIBKO YMEHBIIIAETCA C POCTOM HAMopa Hacoca.

Onpenenennc pexuMa paboThl 06BEMHONO Hacoca B THAPOCHCTC-
Me TIPOM3BOAMTCS TaK ke, KaK M AJA JONAacTHOTO Hacoca, MyTeM Mo-
CTPOCHHUs 1A OAHOM rpaduke B KoopAHHaTax ()—H XapaKTEpHCTHK
Hacoca ¥ FHAPOCHCTCMBI M HaXOXACHHA TOYKM MX mepcceychHs (pa-
Oouas TOYKa CHCTEMBI).

[Mockonbky nogaya oOhCMHBIX HACOCOB NMOYTH HE 3aBHCHT OT Ha-
nopa, cnocod perynupoBaHus Noaavk ApOcCCIHpOBaHHEM K 0OBEM-
HbIM HACOCAM HCIPUMCHHUM (1OJIHOC 3aKPBITHE JIPOCCEIS 1A BbIXOAC
13 00LEMIIOro Hacoca MOXET noBieyb 3a coboil aBapHlo, cciik HE
[IPCAYCMOTPCTb CINCUHANBLHBIX MPEIOXPAHHUTENBHBIX YCTPOHCTB).

p PerynupoBaHuc mojadu B rHAPOCHC-
TEeMaX M YCTAHOBKaX C OOBbCMHBIMHM Ha-
COCAMH MOXCT OCYLICCTBJATLCH HM3MC-

Xapakmepucmuka Y - v
yemasoteu HCHUCM YACTOThLI BpalllCHHUs HAcoCua (cm.

n ng Ny
|

| | puc. 14.16) unM NpUMEHEHHUCM CIICIH-
- /< E WIbHLIX HACOCOB C TCPEMCHHOH T0/1a-
S Xapoxmepucmury U€H, B KOTOPBIX Ha XOAY H3MCHSACTCH
& '{ Hacoca pa6ounit 06beM W. OxHako B GONBUIMK-
L CTBE CJIyyacB peryJHpoOBaHHUC 110Ja4u B

Q G 4, q

TMApPOCHCTEMaX ¢ 0OLEMHBIMHM Hacoca-
Puc. 14.16 MM NIPOU3BOAHTCA MEHCC IKOHOMHUHBIM,
1o Haubosee npocTsiM crnocoboM nepe-
nycka Ho Haubosee NpoCcTbIM CMOCOOOM NepemycKa MKHIAKOCTH H3 Ha-
TIOPHOH JIMHHH BO BCACBIBAIOLLYIO.

Jns 9TOH Ueny NpUMEHSAIOTCA pas3iHYHbIE pEryInupyeMblc Ipocce-
JI1 W TepeSUBHbIE KIaNaHbl, a TaKkKe aBTOMAaThl Pasrpy3Kd W ApYrue
CHellHaIbHbIE YCTPOHCTBa.

Ha puc. 14.17 nokasaHa cxeMa HaCOCHOH YCTaHOBKH C OOBEMHBIM
HACOCOM U mepenyckHOH TpyOoi, cHabxeHHOH peryaHpyeMbIM ApocC-
CeneM.

s onpenaeneHus pexumMa paboTel Hacoca MPH 3aJaHHOM JaBiie-
HUH py B HarmopHOM 0ake M HEKOTOPOM OTKPBITHH IPOCCENsS MOXHO
BOCIIOJIL30BATLCA IPadHyYEecKHM TOCTPOCHHEM, MPUBEICHHBIM Ha
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puc. 14.13. Tlpu pemeHHn aHaTOrHYHON 3a]a4YM C JIOMACTHBIM HACo-
COM rmepemnyckHas Tpyba paccMaTpHBanach Kak OTBETBJICHHE Tpy6o-
MPOBOAA, Ha KOTOPHIA paboTaeT HACOC € 3aJaHHOM XapaKTEPHCTHKOH.

B pane ciayyaes Gonee ynoGubM ABseTcs Apyro# cnocob peme-
HUS HTOH 3a/1a4H, IPH KOTOPOM NEpeNnyckHas Tpyba paccMaTpuBaeTcs
KaK [IOMOJIHMTENBLHBIA 3JCMEHT CaMOro Hacoca, W3MEHSWHMit ero
pabouyto xapakrepucTuky. Hanecs Ha o6iuwmit rpaduk B koopanHaTax
Q-H XapaKTepHCTHKY Hacoca M XapaKTepHCTHKY NepemnycKHOH Tpy-
Obl, cnenyeT W3 MepBOi BBIYECTH BTOPYH MO pacxoaam. Jns 3Toro
HYXKHO TpH pa3jIMyHbIX 3HAUYCHHAX Hanopa H4acoca BLIYHUTATL U3 €ro
nojavu pacxojlbl B NMepenyckHoH Tpybe (MOCKONIbKY pacronaraeMalil
Harop nepenyckHoH Tpy6el paBeH Hanopy Hacoca).

H
by

R

W

[~
-

(d

Hy

Hem
nepenyexnod m

Xapaxmepucmuxt
Xapaxmepucmura nacocd

Puc. 14.17

Tlonyyennas B pesynbraTe kpHBas AB MPCACTaBNACT XapaKTepH-
CTHKY Hacoca BMeECTE ¢ nepenyckHoi TpyOoH. [lepeceuenune sToi
KPHUBOH C XapaKTEpHCTHKOH rMApPOCHCTEMbI (kpHBast LD) onpeaensier
pabouyo TOYKy cHCTeMBI (Touka B), T.e. pacxosl Q) B HanopHbIit 6ak
W g B nepenyckHod TpyGe, a Taike nomavy Q, W Hamop Hacoca H,
(pabouas Touka Hacoca C).

IIpu moBoM ApyroM OTKpBITHH Apoccens U3MEHSETCS ero Xapak-
TEPUCTHKA, a CJICJA0BATENLHO, M XapaKTEPHUCTHKA HAcoca BMECTE C
NepenyCcKHoH TpyOoH; mpH 3ToM paboyas TOYKa CHCTEMbI CMEILAETCH.

Ha puc. 14.18 cxemaTnueckd nokasaHa yCTaHOBKAa C OGBEMHbBIM
HacOCOM W MEPEIUBHBIM — NMPEJOXPAHHTENBLHBIM KAAMaHOM, MPYXHHA
KOTOpOTO OTPETYIMPOBaHa Ma 3aJaHHOE NaBJ€HHE H ey, ONMpPCCNSIO-
luee MOMEHT ero OTKpeiTHA. Ha rpaduke nokasano onpenencuuc pe-
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XKUMOB pa60TbI Hacoca, T.C. HAXOXICHHC pa6oqux TOYCK, NMPpH TpeEX
pa3M4YHBIX JABJICHHAX B HAIOPHOM Oake.

P Xapakmepuemuxa
Hacoea

a ka” tapaxmepuemuxa

0y=0+g TR Kkaanana
A W I/

! -
- ¢f
& Vi
§ 21 3 /
= S Vg F_;#
$ ¥) e |\
3=y
b2 = c
S5 ey &) ]
! =
Puc. 14.18

Jns onpeaencHys pexHMoB paboTel HAacoca CIIEAYET, Kak H B Mpe-
AbIAYLUEH CXeMe, H3 XapaKTEPHCTHKH HAacoCa BBIYECTh XapaKTEPHCTH-
KY MepeNvBHOTO KIIaNaHa, T.e. NOJYYHTh CYMMAapHYI0 XapaKTCPHCTH-
Ky Hacoca Bmecte ¢ knanaHoM (nHHMs ABC). ToukH nepecedeHHs
3TO# KPHBOI C XapaKTEPHCTHKAMH THAPOCHCTEMbI B TPEX YKa3aHHBIX
cnyyasx onpeaensior paboune Touku /, I, 11l nacoca.

Kak BuaHO Ha puc. 14.18, npu Hanopax Hacoca H, < Hyae, (cryuait
3) Bcs Tmof@ya Hacoca MAET B HamopHbli 6ak; npu H, > Hpae, (Cy4an
1 ¥ 2) yacTh NOAAYH HAacoca BO3BPAILACTCS HA CTOPOHY BCAChIBAHHA.

[TpuMeHsasa pa3obpalHble CIo-
cobwl peuwleHHs 3agad o pabore
1 00BbEMHBIX HAaCOCOB Ha CEThb, Clle-

AyeT UMEeTb B BHAY, YTO OINbITHbIE
. XapaKTEPUCTHKH OOBEMHBIX Haco-
7‘" T » coB OOLIYHO AAOTCA B BHIE 3aBH-
CHUMOCTEH nojiayu Hacoca Q, H €ro
KII mn, or aaBneHHs Hacoca py

Pu (puc. 14.19).
Puc. 14.19 JlaBneHye Hacoca NpeACTaBIAeT
IHEPrHI0, coolIIaeMyI0 HAcCOCOM

Gy 4, n=const

(=

I

.

eauHunne obbeMa nepekaqusaemoiix XXHAKOCTH, H CBA3aHO € HANoOpoMm
Hacoca COOTHOLICHHEM

p, =PgH,. (14.17)
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[NpakTHYeCKH BENHYUHA P, PAaBHA MOBBIIICHHIO JABJICHUA KHAKO-
CTH OT BCACBIBAIOILETO A0 HAMIOPHOro NMaTpyOKoB Hacoca.
[Mone3Has MOMIHOCTB HAacOCa BEIpaXkaeTcs GopMyJIon

N,=0,p,. (14.18)

3A0A4HU

3agaua 14.1. HeutpoOexHblil HacoC, PacNoON0XKEHHbIN HA YPOBHE
¢ oTMeTKO# VB = 4 M, nepekaunBaeT BoJly U3 OTKPBITOIO pe3epByapa

¢ ypoBHeM VA = 2 M B pesepByap ¢ ypoBHeM VC = 14 M ¥ u30BITOU-
HBIM JaBJleHHEeM Ha noBepxHoctH p = 120 kl]a.
OnpenenuTs mogayy, Harop ¥ MOILHOCTb HAcOCa, ECIH MaHOMETD,

YCTaHOBNICHHBIH Ha BBIXOAE U3 Hero, mokaseiBaet M = 250 klla. Bea-

CBLIBAIOIIMM K HanmopHslii TpyOONMpPOBOABI MMEIOT JUIMHEI [} = 6 M U
1,=60 M u nuametpsl d; = 100 MM 1 d, = 80 MM.

[lpu pacueraX NpHHATH KOIPGULHMEHTH COMPOTHBIECHHSA TPEHHUA
Tpy6onposonos A; = 0,025 u A, = 0,028. KoadduuueHT conpornpne-
HHsl BCachlBalolleH KOpoOKH ¢ 0OpaTHbIM KiianaHoM § = 7 ¥ YacTHYHO

3aKprTOFl 3a0BHKKH C] =8, COHpOTHBHCHHC OTBOJOB HC YYHTEIBATE.

HOCTpOHTb l'lbe30MCTpH'~lCCKyK) JIUHHKO AJ1A CUCTCMBI.
Omeem. O, =7,35 nfc; H,= 27,7 M; N,, =2 kBr.

Pacxodonep

P P2

2411
|
!
|
|

K 3apave 14.1 K 3anave 14.2

3amaua 14.2. Ilpu ucnbiTaHHM HEHTpOOEXKHOro Hacoca, BCachl-
BaIOILMH NaTpyOok KOTOporo uMeer auaMeTp d; = 80 MM, a HarmOPHBIA
d, = 60 MM, NoyueHBI CICAYIOILHE JAHHBIE:
[Mokazanne MaHOMETpa Ha BLIXOZE H3 Hacoca . — LD VAR ¢
IMokazaHue BAKyYMMETPA HA BXOE B HACOC ...cvvvevmireniririisisinsasersseesesinssersens p=30klla
BCPTHKEUIBHOC PacCTOAHHE MEXAY BXOAHBIM H BbIXOJHBIM CCYEHHAMH Hacoca. h=8cMm

26 3ax. 336 409









2. HaiiTi u36bITOUHOE JaBJICHHE B CEYCHHH K, pacrojIOXEHHOM Ha
orMeTke +20 M, ecnu JuIHHA Tpy6ONIpOBO/Ia 10 3TOTO CeYeHHs [| = 4 KM,

3. Jlo xakoro 3HaYeHHUsA MOXHO YMEHBIIHTH 11044y Hacoca, YTOObI
BakyyM B Touke K He npesocxonnn 40 klla?

KakoB 6ynet npu 3ToM Harop Hacoca?
Omsem. 1. H, =763 m; N,= 126 xBT. 2. p, = 108 kIla. 3. Q,=146 s/c; H, = 40 M.

‘ gZﬂM
1 I i, ' oim B
7
CrmaHyun
n0GKaYKU

K 3anave 14.11

3apaua 14.11. HacocHas cTaHUMA nepekayuBaeT BOLY B KOJNHYECT-
Be O, = 0,6 M/C 110 FOPHIOHTANBHOMY TPYGONPOBOLY MIMHOM [ = 5 kM
u nuametpoM d = 500 MM H3 6accefiHa A B pesepByap 5.

1. OnpenenyTs MOWHOCTH HACOCA, YCTAHOBJIEHHOrO Ha CTaHLMH,
yYuTHIBag B TpyOONpoBOAEe TOJIBKO NOTEPM TPEHHS NO JUIMHE
(A =0,015).

2. Yka3aTh, rle ¥ Kakoil MOIIHOCTH Hal0 YCTAaHOBMTb CTaHLMIO
NOAKAa4YKH, YTOOLI [0 TOMY e TpyOONPOBOAY YBENHYHTH [0/1ady 0
0,9 mM/c, obecrieunpas no Bceil JTMHE TPYOGOMPOBOAA MbE3OMETPHYC-
CKH Harnlop He McHee 5 M. CUuTaTh, YTO NPH TAKOM YBENHYCHHH pac-
X0/la Harlop HAcCOCHOH CTaHUMH B COOTBETCTBHH C XapaKTCPHCTHKOH
Hacoca yMeHbIUHUTCS Ha 15%.

B 06oux cinyuasx mocTpoHUTb MBE3OMETPUYECKUE JTHHUM JUIS CHC-

TEMHBI.
Omaem. 1. N, = 537 xBT; Ha paccroanuu 2,1 kM OT HacocHO#H crasunu. 2. Mout-
HOCTb HACOCa Ha CTaHuMK noaxauku N, = 900 kBr.

3apaua 14.12. U3 nyHkra 4 B nyHKT B Heo6X0AHMO NepexayuBaTh
Boay B konnuectse Q = 250 M*/u mo cransHoMy Tpy6onposoay Aua-
MerpoM d = 150 MM n guHo# [ = 14 kM (wwepoxosatocth A= 0,2 MM);
Npo¢HIbL TPACCHI TOKa3aH Ha PUCYHKE.

OnpenenuTb, CKOJBKO HACOCHBIX CTaHLUMI HEOOXOOMMO YCTaHO-
BUTb M B KaKHX MYHKTaX TPacChl OHH JOJDKHBI OBITH PacrioyIOKeHBI,

yT06BI H30BITOUHOE AaBieHHe B Tpybax Hurae He npessiuano 5 MIla.
Yxa3zaHHe. YHCNO HACOCHbLIX CTaHLHH onpenendacTca N€NCHUEM HOTPCGHOFO CYM-

MapHOro Hanopa Hacocos H,, HanpenenpHblH MO 3aJaHHIO HATIOP OOHOM CTAaHUMM,
H

MecTa pacnonoKEHHA CTaHLMA OMpenensiorTcs rpapu4ecKn NpH MOMOLIH MNO-
CTPOEHHA, NIOKA3aHHOrO HAa CXEME.
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K 3apaue 14.12 K pewenuo 3apaun 14.12

3agaua 14.13. OnpenennTs MOIHOCTD LIECTEPEHHOTO Hacoca, Hc-
noJL3yeMoro B 0GBEMHOM ruaponepenaie is NepeMEILEHHs NOpIUHS
THAPOLMIHHADA, CCY BHCUWIHSAS HArpy3ka MOPILUHS Npy pabodeM xoae
(cnipaBa naneso) P = 5000 H, ckopocts paGoyero xona v = 0,15 Mm/c,
auameTp nopuHs D = 50 MM, auametp wtoka Dy = 20 Mm.

Pabouas »MAKOCTD B CHCTEME — CIHPTO-TJIMIEPHHOBAsT CMeECh
IUIOTHOCTBIO P = 1235 kr/M” 1 KHHeMaTHYeCKOH BA3KOCTBIO V = 1,2 CT.

O6was navHa Tpy6onposona CHc-

) Pesepbyap
Tembi [ = |1 M, aMametp d = 10 MM. eummp o=
MectHble notepu B 0OpaTHOM Kila- Hacoe

naHe, KpaHe YNpaBlICHHA M GHIBTpPE .

p ynp bursTp ’ Jopamesiu
BBIDXAIOTCA Yepe3 OTHOCH TENbHBIC XnanaH
9KBHBAICHTHbIE JUIHHBI TPYD, paBHbIE } {[ Kpow smpubrenu
cooTBeTcTBeHHO [,/ d — 50, 40, 60. o ALY »

—gr= 7
KakoBa MolHocTb Hacoca npu 06- {ﬁ%
S

~
paTHOM XOA€ TMNOPIUHA, €CIH TpPEoao- S

JICBAEMOE€ MpH 3TOM YCHIHE pPaBHO K 3apaye 14.13
1000 H?

Yxaszanune. Hanop nacoca B laHHOR YCT4HOBKE PABEH CyMMC NEPENaa Nbe3oMer-
PHYECKHMX HANOPOB 110 06€ CTOPOHLI MOPLIHA 1 II0TCPL Hanopa B TPy6onpoRoAax:

H, = —2452—— +h
T‘(Dl -D; )pg
Omgem. N, = 1,22 n 0,625 xBr.
3apaua 14.14. IlenTpoGexHbli HACOC C 3aJaHHOW NpH =
= 1600 06/MHH XapaKTEPUCTHKOM MEepEKaunBaET BOLY M3 pe3epByapi

¢ oTMeTKOH V5M B pesepByap ¢ 0TMeTKo# V16 M no Tpy6onposo i
pasmepamu [, = 10 M, d, = 100 MM (D18, =2,4,=0,025) ul, 30w,

dy=75mM (Y4, =12, A, =0,027).

e






PasHocTh yposue# B Gakax a = 2 M, BepxHss Touka K cugoHa
PACII0IONKEHA Ha BBICOTE b = 8 M.

OnpenennTe HAMMEHBLIYIO HYaCTOTY BpAUIEHHS HAcoCa, NMpH KOTO-
poii B Touke K He Oyner Bakyyma. MecTHbIMM MOTepSMH Hanopa B

TpyOonposoae nperebpeys.
Omegem. 1, = 2500 06/MiH.

/‘/”,M
3 | n= 2900 odjmun
20 ™ N 0,8
< SN0
0 AT 04
02
14

2 4 6 & G

K janaue 14.17

3anaua 14.18. licnrpoGesxHeli Hacoc 0TkaunBaeT Boay M3 cGOpHO-
O KOJIOAL@ B pe3epBYap C MOCTOSHHBIM ypoBHEeM 1 = 12 M no Tpy6Go-
nposojaM pasmepamu /; =8 M, d; =100 MM u , = 16 M, &, =75 MM.
ey 1. Ha kakoii rnybuHe A ycraHo-

F— -7~  BHUTCA YpPOBECHb BOIBl B KOJIOALE,
bty ecau npurok B Hero Q = 8 n/c, a
4acTOTA BpallleHHs Hacoca n =
= = 1450 06/Muu?
¢ by, dy 2. Haiitin HanMenbwyio yacroty
BpaILEHHA Hacoca, KoTopas obecne-
—ﬁ)ﬂ‘ Vé/é/ > 7 UMT OTCYTCTBHE ncpenorJ:chm KO-
Z ; < J01ia MPH TOM XKe MPHTOKE.
==t [Ipn pacuerax npuHaTL K03G-
TCER Y bHUHENTB] CONPOTHBICHHA TPEHHUA
dI——+ Ay =003 u A = 0,035 u cymmap-
77777777 Hble KOI(Q(HUMEHTB! MECTHBIX CO-
K sanaue 14.18 INPOTHBJAGHHH B Tpybonposonax
C,=6ucg,=10.
XapakTepHcTHKa Hacoca nipu 7 = 1450 06/mun
Q.. /¢ 0 2 4 6 8 10 12 14 -1 16
Hy, M 22,0 | 224 | 22,6 | 224 | 21,5 1 200 | 18,0 | 150 | 110
n, % 0 37 58 71 75 74 68 56 37

Omeem. 1. h=6,1 Mm.2. n = 1260 06/Mun.
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3anaua 14.19. OTkauka rpyHTOBOH BOJABI W3 KONOJNA MPOH3BO-
JUTCS LEHTPOOCKHBIM HACOCOM (XapaKTEpHCTHKa KOTOPOTo 3aj1aHa)
no ru0kuM nwiauraM oOuie# MHOH [ = [} + [, = 7 M U auaMeTpoM
d = 100 MM. OnpencnuTe BpeMs NMOHMXKEHHS YPOBHS B KOJOALIC Ha
Hy =3 M, ecny momaae €ro NONEpeyYHOTo ceueHus 6,25 M2, a BRIXOM-
HOE OTBEPCTHE HAamOpPHOrO TPyOOHpPOBOAA pACIOJIOXKEHO BBIIIC KO-
HEUHOTO YPOBHS B KOJNOALE Ha H, = 4 M.

l,d by d
’l 2 //H,M
/v
’ N
N
4 \\
z
0 020 30 4984k

K 3anauve 14,19

Kosdduument conpotusicuus TpeHus wavros A = 0,04, cym-
MapHbIC K03 QHIIHEHTL! MCCTHBIX CONPOTHBIICHHH BO BCACBIBAIOLIEM
Tpyb6onpoeoae {; =6 u B HaropHom (, =4 .

Yka3zanue. BpeMs noHmxeHHs ypoBHA OIPEACIIMTL NO CPe/IHEH 3a BpeMs OTKAUKH

1ojave Hacoca.
Omeem. t = 12,4 MHH.

3agaya 14.20. Lieurpobex-
HBIl HacoC ¢ 3aJaHHOH IIpH
n = 900 06/MHH XapaKTEpUCTH-
Ko# 3abupact Bomy M3 6accei-
Ha C MOCTOSHHBIM YPOBHEM Ha
oTMmeTke VO H yepe3 NpoMexy-
TOYHBIH KofoAel MOJacT ¢¢ B
BOJIOHANOPHYIO OalHIo C OT-
METKOH, ypoBHs V20 M.

1. HaiiTh 4acToTy BpallieHHs

=

ll;dl lZ:dZ

Hacoca H MOUIHOCTE N, €ciu K sagaue 14.20
nogauya 8 OamHiwo Q, = 60 /c.
MpuseneHuasle LHHEL TPYO Iy =10 M, [ =10 M, I = 100 m; aiamie tpig
dy=0,2mMm,d; =0,2m,d,=0,15m(A=0,03~ g Bcex tpyor).

2. OnpencnuTh IpPH 3TOM pexHMe paboThl HACOCH THIHLONLHIYIO
JIOMYCTHMYIO BBICOTY Z PACMOJIOXKEHHS €LO OCH, ¢TI BIKYYARAC TP
yeckas BHICOTa Ha BXOJE B HACOC HE JOJIAKCHA HIPCBLITEILL O M.
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XapakTtepucTuka Hacoca npu n = 900 06/MuH

Q.. /e 0 10 20 30 40 50 60 70
Hy M 12,5 13,25 13,5 13,25 12,5 ] 9,5 75
M, % 0 45 67 77 82 82 75 60

Omeaem. 1. n = 1440 06/mMun; Ny = 23,5 kB1.2. 2= 5,25 m.

3apaua 14.21. UentpoOexHnIi HacoC MOJHUMAET BOLY HA BLICOTY
H.. = 6 M no Tpybam pa3mepamu [, =20m,d, =02 M (A=0,02)u /=
=100 m, d, =0,15 m (A, = 0,025).

1. Onpenenuts nogauy Q, Hacoca npu 1 = 900 06/MHH.

2. CpaBHHUTH MOLIHOCTb, TOTPCONAEMYIO HACOCOM, NIPH YMCHblIIE-
HHUHU €ro norauu Ha 25% apoccenupoBaHUeM 3aBUKKOH HIIH H3MEHC-
HUCM YacTOThI BPALLCHHSI.

MecTHblE COMPOTUBACHUA YUTEHBI SKBHBANCHTHBIMH JJTHHAMH,

BKJIKYCHHBLIMH B 3aJAHHBIC OJTHHbLI 'I'p)’6
Omeem. 1. Q=47 n/c. 2. Nyy= 5,6 1 3,9 xBr.

3apaua 14.22. Onpcacante nopauy J, ¥ MOLIHOCTb N, LICHTPO-
OcxHOro noxkapHoro Hacoca npu n = 3000 06/MuH, ecau Hacoc noja-
€T BOAY IO lIMaHTaM pasMcpaMu /) = 6 M, d; = 100 MM (A, = 0,025;
§,=4)unl, =40 M, d, =90 mm (A, = 0,035; {, = 10) uepes cxons-
uuics Hacanok auaMerpom d = 40 mm (L = 0,08, € = 1) Ha BhICOTY
H.= 16 m.
Xapakrepucruka nacoca npu n = 3000 06/Mmus

Q. Ve 0 5 10 15 20 25 30 35
H,, M 140 140 136 130 121 110 98 83
n, % 0 34 55 68 75 77 73 65

Omeem. (), = 32,2 n/c; Ny, ~ 40,6 kBT,
Hy ’/"4’ n= 90008/mun
AT
N,
12—
Hy X
7, %
17 90
NS 70
5 A
50
4
/
2if

0 20 4 Gy

K 3anaue 14.21 , K 3amaue 14.22
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3apaua 14.23. K comury nnamerpom d; = 175 MM 1eHTpoOEKHBIM
BEHTHAATOPOM TMOJAETCS BO3AYX 4Yepe3 MPOMEKYTOUHYIO Kamepy
6onnioro odseMa u TpyOy anuHOH [ = 2 M U nuametpoM dy = 200 MM.

Kosdduumenr conporvse-
HHUst TpeHust Tpy6st A = 0,02, ko-
s duimeHt COTMPOTHBNEHUS
coma {. = 0,06, cxatHe Ha

Lonno

Bosdywnon

BBIXOJIE M3 COIUIA OTCYTCTBYET.
Onpenenuts  HM30BITOYHOE
JaBJIeHHE p, B KAMEPE H nojady
BEHTHIIATOpA, €CJIH ero Xapak-
TCPHCTHKA, CBsA3biBaromas I10-

nauy @ co CTaTHYECKHUM Hamo- K 3anaue 14.23

poM B kamepe H.,, 3ajaHa:
Q,Ma/‘{ 0 500 1000 1500 2000 2500
Hpy M 50 47 42 35 26 18

CHKUMaeMOCThIO BO3ayXa npeHe6pe%, [IpUHHUMas €ro MIOTHOCTH
p=1.2 Kr/M.
Omeem. p, = 358 Tla; Q = 0,485 m'/c.

”)IIN
M
40+
./ M
| "aax.don iy
0 8T | Hear. dan N
N
2016

7 N
10 4 = =

g 4 8 7 16 Q,4/c
K 3anaue 14.24

3agaua 14.24. B HacocHOM yCcTaHOBKE BOJAA MOAACTCA HA BBICOTY
H., = 15 M UeHTpOOEKHBIM HAacOCOM C 33alaHHOM XapaKTEPHUCTHMKOH
TIpH BBICOTE BcachkiBaHHs h,, = 4 M. HanopHas u Bcaceisaiowwas TpyObt
UMEIOT AuaMeTpb! d,, = 80 MM U dy. = 100 Mm. ’

CyMMapHbIit K03((HLMEHT CONPOTHBICHHS HaMOPHOH TpYOrI (6e3
yueTa 3a[BHXXKH Ha BbIXOAe M3 Hacoca) (, = 22 M BcacmBarolleH

TpYObI § 5 = 6.
421



Onpenenute HanboBLUIYIO NOAAYY Hacoca, JONYCTHMYIO 110 YCIIo-
BHSIM BCACBIBAHHS HM KHIKOCTH.

Ilpu kakoM HavMeHblueM 3HaueHMH KO3DdHLHCHTA COTIPpOTHBIIE-
HU 3a1BMXKH (3 OyaeT nocTuruyTa sTa nogaya?

Kaky}o MOIITHOCTH 6yI[CT l'IOTpC6II$lTb HaCcoC Ha 3TOM TIpEICTIbHOM
pexume?

Ykazanue. Ha xapaxtepucruke npusenena Kpunas Hoy mon AONYCTHMOl BaKyyMMeT-
PHUECKHH BLICOTHI BCACHIBAHMS, NPH KOTOPOIl 0BECTIEYMBACTCH OTCYTCTBHE KABUTALHM B
nanoce. Touka nepeceuents 31oii KpHBOH C KpHBOH, BBLIPAKAIOUIEH BAKYYMCTPHUCCKYIO
BLICOTY V/ IICPEA HACOCOM B JIAHIIOH yCTaHOBKE 1IPH Patindeix Q,, olipenenser HCKOMY10
nanbobiyio nonasy. 3asucumocts V = f(Q,) onpenensercs BBLIPAXKEHHEM:

2
+&E
gv

V=h,+h

H.8¢

vae by o= Cncl)ﬁc /(2g) ~ cymma noteps nanopa Bo seachisalonieii TpyGe.

Omeem. Q. = 16 n/c, {, =4,6; N,,= 6,87 kBr.

//,,.H T
= —t—
R e B il S SRR A
LTS
2 TN p’,’a
4 7 26
W 4 - 41104
A n = 1000 od/mun L,
LTI '
7 0 I W08t

K 3apnave 14.25

3anaua 14.25. Jlpa nocnenoBaTensHO COEAMHEHHBIX OJMHAKOBbBIX
NEHTPOBEXKHBIX HACOCa NepeKavyHBaKOT BOAY NPH 1y = ny = 1000 06/MHH
M3 BOJIOXpaHUHiIA A ¢ oTMeTKOH ypoBHs VO B Hacceiin B ¢ oTMeTKoii
yposHst V20 no Tpy6onpoBoay, COCTOSLLEMY H3 ABYX OIMHAKOBBIX Y4a-
CTKOB JUIHHO# | = | kM 1 auameTpoM d = 250 mm kaxastii (A = 0,02).

[IpencOperas MacTHeIMM MOTEPSAMH Hamopa, ONpPeNeTHTh MOAaYy
HacOCOB H NOTPE6IISEMYI0 KX ABIM U3 HUX MOLIHOCTb JBHTaTeNs,

Onpenennts, kak HEOGXOAMMO H3MEHHTH YaCTOTY BPALIEHHS Of-
HOTO M3 HACOCOB, YTOOB! YBEJHUMTH PacXOA B TpyGonposoae Ha 25%?
XapakTepHcTHKa HaCOCOB 3aJaHa.

Omeem. Q = 128 n/c, N, = 57 kBr. YBeluuurs uacrory BPALUCHHA [0
1’ =1390 06/MuHn.
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3anaua 14.26. [lopuHeBoit HacoC nepekaunBaeT BOAY M3 pesep-
Byapa A B pesepByapsl B u C. OTMETKH YpoBHe# B pe3epByapax cooT-
BETCTBEHHO PaBHbl +2 M; +6 M; —4 M (OTMETKa OCH Hacoca NMPHHATA
3a Hysb). [lonaya B BepxHHii pesepryap Qg = 2 1/c.

Tpy6onpoBon cOCTOMT K3 4YeThipeX Y4acTKOB TPYyO OIHHAKOBOIO
auameTpa d = 50 MM M oaMHaKoBOH muIbl [ = 50 M.

Ha pyGe, nnywe# x HmxHeMy pesepByapy, yCTaHOBIIEH KpaH, pH-
KPBITBIH HAaCTOJILKO, UTO ero ko3pdHuueHT conpoTubienns { = 120.

Onpenenuts nomauy @, Hanop H, u MowHocTs N, Hacoca, mpe-
HeOperas BCEMH MECTHBIMH COMPOTHBJICHHAMH, 33 UCKITIMCHHEM CO-
NPOTHBIICHUS KPaHa M NPHHAMas KO3 HIHEHT CONPOTHBICHHSA Tpe-
Hus B TpyOax A = 0,03.

TTOCTPOHTH NMbE30OMETPHUCCKYIO JIMHUIO AJIS CHCTEMBI.

Ilpn kakux 3Hauenusax kosdduumenta conporusnenns { kpana

noxaya B BEpXHHMH pesepByap OyneT paBHa: 1) Wymo; 2) nogaue B
HHXXHUH pe3epByap, T.e. NMOJOBHHE BCEM Moiayu Hacoca; 3) mosHoi
nojaave Hacoca?
KakoBbI B 3THX CJTy4asX Mbe30METPHYECKUE TMHHH CHCTCMBI?
Onmgem. Q=442 0/c; H, =212 M, N, =092 «kBr; '=8.8; ["=154; {"=co,

M
= Ll L
pUSASE | ——
Hacoe @y

K 3apaue 14.26

3apaua 14.27. U3 pcsepByapa 4 HEOOXOAMMO NojaBaTh MpH MO-
MOILM LEHTPOBEXHOrO Hacoca B pesepByapsl B u C, YpoBHH B KOTO-
PBIX PacloIoOKeHb! Ha BbIcOTaxX g = 20 M U Ay = 25 M, OIMHAKOBLIE
KOJIM4eCcTBa BoAB! O =4 ni/c.

Tpy6onposon AK (10 y3na K) uMeer npueeHHyto msy /, =100 M

u auameTp d, =75 mm; TpyOsl KC w KB omnnakossl; b= 13 = 50 M 1
d) =d; =50 Mmm. KoadHUMEHT COMPOTHBIICHHA TPEHHS BO BCEX TPY-

6ax A =0,025. :
1. OnpenenvTh NONONHHTENBHOE CONPOTHBIEHHE {, KOTOPOE He-

00xo0anMo BBeCcTH B TpYOy KB (nyTeM NMPHUKPBITHS 3aIBHXKH), YTOOHI
obecneunTh TpebyeMoe PaBEeHCTBO PacXo/ioB.
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2. Kako# 6ynet npu 3ToM MOLHOCTB Hacoca?
Omeem. {=23,6; N,=28kBr.

ﬂ f lZvdZ
N —
. = b, d 4
= by, 05 aq ——
llldl @ ':f
N
7 N
B &
g, d 8
K 3apaue 14.27 K 3zanaue 14.28

3apaua 14.28. llccTepeHuslit Hacoc nogaet Macno (MJIOTHOCT
P = 900 Kkr/M’; KMHCMaTHUCCKas BA3KOCTb v = 0,76 Cr) B KonnuecTee
0. = 0,8 n/c u3 MacnocGophuKa B myHKTs 4 U B.

HaBnenne Bo3ayxa Haja cBOGOAHOM MOBEPXHOCTHLIO Macia M Ha
BbIXOAC U3 TPYO — atMochepHoc.

JnHHBL M AMAMCTpP MacioNpOBOAHBIX TPYO, BLINOJIHEHHBIX U3 Ja-
Tyau: = 1M ;= 1,5m; [3=2,4 M, d =10 MM,

BepTrkaneHble paccTosHHs MYHKTOB A, B U y3na K oT cBo6oaHoit
NOBEPXHOCTH Z, = 0,2 M; 25 = 1,.3M; 2= 0,4 M. N

Onpeaennrs, npcHebperas MECTHBIMH MOTEPAMH H CKOPOCTHBIMH
Halopamu:

1) nogayy Macmna B Kaxabli U3 nyHKkToB A U B;

2) MOLLHOCTD HACOCa;

3) u3bbiTOuHOC AaBncHuKe B y3ne K,

Omeem. 1. Q,=048 n/c; Oy = 0,32 n/c; 2. N, = 0,34kBr; 3. px =206 kIa.

Ld A iL,d 3anaua 14.29. llentpobex-

Ve e HBI HacoC nepekayuBaeT BOAY

g  Ld no tpybonposoay (/ = 5 M, d; =

“ N 75 MM), KOTOpbIH B y3ie A pas-

BETBJIACTCS Ha JABE JIMHHHM JAHa-

——F— meTpoM d = 50 MM U JuHO# 2/

==g= % % Kaxasl,

~~~~~ 2 Pacxon B mpaBoit seren Q =
10n/c;h=1Muz=4m.

K saaae 14,29 OnpenenuTs MOLIHOCTb HACO-

ca N, npunuMas ko3dpduumeHt

o
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CONpOTHBNCHHS TpeHHd B Tpybax A = 0,03, cymmaphslit koadduuu-
€HT MECTHBIX CONpPOTHBIEHHH BCachiBaiowei MuHMK § ,c = 4 U mpe-

HeGperas MECTHBIMH NOTEPSIMH B HAIlIOPHBIX JIMHHUSIX.
VkasaTe ceuenne TpybompoBoia, B KOTOPOM HMEET MCCTO HaH-

MCHBIICC JABJICHHE.
Omeem. N, = 3,2 kBT.

Ha n=_800 05 /mur
A= L
A
¢ N
2 \

J 2 4 b6 Gy

K 3anae 14.30

3apaua 14.30. V3nel A 1 B TpyOonpoBosa COCIHHCHBI ABYMs OJIH-
HakoBbIMH Tpy6amu | u 2 winHoi [ = 20 M u anametpom d = 50 MM
KaXaas.

B Tpy6y I BKIOYEH LEHTPOOCKHBIH HACOC, XapaKTEPHCTHKA KO-
Toporo npu n = 800 06/MuH 3anaHa.

1. OnpeaenuTs pacxoibl B Tpy6ax I ¥ 2 ¥ Hanop Hacoca rpH CyM-
MapHOM pacxojie, NoABoAMMOM K y3ny A, Q = 12 n/c. Kak u3meHsaTcs
3TH BENHYHHBI IPH yMEHbIIEHHH pacxoda fo Q = 3 n/c?

2. HaifTi 4a¢ToTy BpaweHHs Hacoca, NpH KOTOPO# BECh CyMMap-
HbIi pacxon Q = 12 n/c Gyaer nocrynats .B Tpy6y I 1 pacxoa B Tpy6e
2 GyneT paBeH HyIIO.

B Tpyb6ax Mexay ysnaMH A H B y4uTBIBaTh TOJIbKO MNOTCPH Ha
Tpenue 1o anuse (A = 0,03).

Ykasauke. B ypasuenus xapakrepuctnky setsu / hy = f(Q)) nepenan nsesomer-
PHUECKHX yPOBHEH h) MEXIY y3naMH

h=h, -H
rae h, — moteps Hanopa B Tpybe /; H, — Hanop Hacoca.
Omeem. 1.TIpu Q =12 /c Oy =74 1 @ = 4,6 n/c; H, = 5,4 M. Tlpu Q = 3 n/c:
0, =59 1 Q; = 2,9 n/c (aBrxeHue ot y3na B k 4); H, = 7 m; 2. n= 1500 06/MuH.
3agaua 14.31. PoTopHblii Hacoc, nojaya Kotoporo @y = 1 n/c, Ha-
THETAET Macjio B BepXHHii 6ak U3 ABYX 6akoB C ONMMHAKOBBIMH YPOBHS-
Mu. BeaceiBaiomue Tpy6bl HMEIOT PaBHBIE AMAMETPBI d) = dp = 20 MM I

HY
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PaBHBIC NPHBEACHHBIE JUHHBL [y = [ = 4 M. JluameTp W npHBencHHas
JUTHHA HANOPHOM TpyObl dy =20 MM U 3 = 6 M.

Onpeaennts Hanop nacoca H, M MOLIHOCTb JBHraTes Ny mpu
BLICOTE moabeMa f, = 5 M, cCIM KMHEMaTHYecKas BA3KOCTb Macia
v=0,5 Cr, ero mornocts p = 900 kr/M* u KI1/] Hacoca n=40,7.

Kak wimenurces Harop Hacoca, €Cii ypoBeHb B JIEBOM bake byaer
HHKE, YCM B 1IpaBoM, Ha 7 = 2 M7

Yxaszanue. [lpu pauuie z yposuei s 6akax notepu Halopa B8 JieBOH M Npasoit
BeacLiBalolnx Tpy6ax ceszaubl ypasnenuem hy, + z= Ao peulas ero COBMECTHO ¢
ypasueHueM Qy + @ = Q. Haxoum pacxoanl @) U Q; BO BCACKIBAIOLLMX Tpybax. Qus

YCTAHOBJICHMA JABHCHMOCTH 1IOTCPL HANOPAa OT DPACXOA3, NPEABAPHTENLHO CAEiyeT
OLPCACIUTL PEXKHM IBHKEHHA B TpyBax,

Omeem. H,= 154 Mmu N, = 0,194 kBT: H,', =16,4 m.

K 3auave 14.31 K 3anaue 14.32

3apaua 14.32. Lentpo6GexHblii Hacoc BcachiBaeT BOLY H3 ABYX
6aKoB, paznocTh ypoBHEH B KOTOPLIX @ = | M, H HarHeTaeT ce B KOMH-
ueetBe )y = 10 s1/c B Gak ¢ ypoBHEM Ha BBICOTE b = 5 M N0 yKa3aH-
HbIM Ha cxeMe TpyGorposonaM (I =5 M, d; = 50 MM, d; = 75 MMm).

Onpenennts Hanop Hacoca H,, NpHHEMas KodQdHLHMEHT cOmpo-
THBJICHUA TPCHHUs BO Beex TpyGomposoaax A = 0,03 u npenebperas

MCCTHBIMHU l'lOTepﬂMH Hanopa.
Omeem. H,= 9,2 M.

3anaua 14.33. [llecrepenHblii Hacoc mogaer CIMPTOMTIMLEPHHOBYHO
cmech (v =1 Cr; p = 1245 kr/m’) B THAPOLWIMHAD (ZUAMETPHI IOPIUHSA
u wroka Dy = 200 MM 1 D; = 50 MM), HarpyeHHbIH BHEIHHM YCHIIH-
em P = 2000 H; npu 310M 4acTh nogayn Hacoca BO3BPAIIAETCS B [IpH-
eMHbIH 6ak 110 c6pocHol Tpy6e /), MHHYS THAPOLIIMHIP.
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1. OnpeaenuTh CKOPOCTh [IEPEMELLEHHs TIOPUIHA MHAPOUMIHHAPA
U, M Harop Hacoca H,, eciu ero noaada Q, = 6 11/C, AMaMeTPhbI BCEX

Tpy6 d = 50 MM, a UX npHBeaeHHble UHHBL [| = 10 M, [, = 70 M, I3 =5M
uils=10 M.
2. Kak usMensiercs v, u H,, ecin copocHas Tpyba OyaeT BbIKIIO-

yeHa?

3. Ipy KaKoi HaMMeHbIUCH MPUBCACHHOH AHHE COPOCHON TPYOb!
l2min, OTBEYAIOILEH HAHOOJIBLIEMY OTKPBITHIO 1POCCCIs, IEPEMEIICHHE
HOPILHS [IpeKpaTHTCA?

¥Ykasanue. Hacoc paboraer Ha Tpy0oNpoBol ¢ NapanieabHbiMH BETBAMH IPH CTa-
THHUCCKOM HANOPC YCTAaHOBKH paBHOM HYSTIO. l"Mupoumuump cjieayeTr pacCMaTpHBaTh
KAaK CONPOTHBIIEHHE, I1ajlICHHE HaMopd B KOTOPOM HC 3aBHCHT OT pacxona H paBHo (H3
YCHOBHS PABHOMEPHOTO JIBHXEHHS NOPUIHA)

P

I =?f————4
Z(’)f - D%)PS

(a1}

TTosIL3ysCh XAPAKTEPHCTHKAMHN HAPALIENBLHBIX BETBCH, MOXHO ONPCACAHTS BBICOTY
11bCIOMETPHHUCCKOLO YPOBHS H4 B y3ne 11pH 1ioaa4e Hacoca Q, (CM. rpadHK K peLCHHIO
3a/1a4H). 3

[py sbikiodeHrN cOPOCHON TPYOBLl BC3OMETPHUECKHIH YPOBEHL B y3/ie A NOBbI-
waercago H, .

Mopuieun Hoa narpyskoit ne 6yner NepeMeILATLCH B TOM Ciyvae, KOraa xapaKTS:—
pHcTHKa ¢OPOCHOH TPYGbl PACIIONOKHUTCH KAK YKA3aHO Ha IPadMKe WTPHXOBOR IMHHCH.

Omeem. L. v, =0,14m/c, H,=135m.2. v, = 0,2 m/c; H, = 15,5M. 3. lzpin = 14 M.

H Xagaxmepucmurd
nedoii fembu  rpadou Bembu

Qy 4
K zapnaue 14.33 K pewtennto 3agaun 14.33
3agaua 14.34. LenrpoGesxHblii Hacoc, pabotas upit - LI ovini,

nozaet Boay U3 6aka A B 6aku C 1 D. PaccTostiist MCagty ypusiiimu B
Gakax Hy,=25Mu H,= 15 m.
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z Cucrema TpyOONpOBOIOB COCTOMT
== U3 Tpy6sl AB nuametpoM d, = 100 MM
= C YCTAHOBJICHHOH Ha HEif 3aABHXKOH U
2 IBYX onMHaKkoBbIX BeTBelt BC u BD
FA avameTpamu d; = 60 MM C ycTaHOB-
= |- JIeHHBIMHM Ha HMX BEHTWISAMH.

= XapakTepucTHKa Hacoca H Xapak-
=7 TEPUCTHKH TPYO ¢ YHETOM BCEX MeCT-
HBIX CONPOTHBIECHUH TPH TOJHOCTLIO
OTKPBITBIX  3aMOPHBIX  YCTPOMCTBaX
(8, =0 u {, =4) nansl Huxe.

K 3anaue 14.34

XapakTepucrruka Hacoca npu »n = 1450 06/mun

Q. /e 0 4 8 12 16 20 24 28 32
H, M 52 54 55 54 52 49 44 38 30
n, % 0 30 50 63 71 75 75 70 58

XapaxrtepucrukHu Tpy6 AB, BC u BD

0, e S 10 15 20 25
Nag, M 0,25 1 2,25 4 6,25
hoe = hgp, m 1,25 5 11,25 20 31,25

1. Onpenenuts nopady Boast B 6aku C v D U MOIHOCT, notpe6-
JIACMYIO HaCOCOM TIPH TI0JTHOCTBIO OTKPHITBIX BEHTHIIAX H 3aJIBHIXKKE.

2. KakuM nomieH ObiTh KOIGQHUUHEHT CONPOTHBICHUA BEHTHISA
Ha TpyGe BD, uto6nl mogaya B 06a Gaka CTana OXMHAKOBOM; KaKOil
Oyner mpu 3TOM noaada Hacoca?

3. Ilpn xakoi HacToTe BpalLCHHA Hacoca (B CIy4ae MONHOCTBE
OTKPBITBIX BCHTHIICH M 3aJIBUXKH) nojayda B 6ak C npekparturca?

Omeem. | Q= 4,6 n/c; Qp = 18 n/c; Ny = l3,5 xBr. 2. {;, =276, Q=192 n/.
3. n'= 1340 06/MuH.

3apa4a 14.35. LentpoGexHslii Hacoc momaer Boxy M3 Gaka A mo
Tpybe pasmepamu [ =50 m u D = 70 mm x y3ny K, 0TKyna Boga 1o Tpy-
6aM onuHakoBOM MIHHE [ = 20 M M OAMHAKOBOIO anamertpa d = 50 MM
nocrynaet B 6aku B u C.

Ha 1pyGe, nnyweii B 6ax B, umeercs 3aaBuxKa, Ko3GOULHEHT co-
NPOTHB/ICHUSA KOTOPO# (MpH HernonHoM oTkpeitHr) = 30. Ypoees
8 Oake C Bblie ypoBHs B Gake 4 Ha h; = 16 M, a B Gake B HuxE TOro
)€ ypOBHA Ha h; = 10 M.

1. Onpenenuts nonauy Boasl B Gaku M noTpebnseMyto Hacocom
MOIUIHOCTh JBHTaTens npu n = 900 06/MuH.
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2. Kax HyHO M3MEHHTB 4acTOTY BPAILCHHS Hacoca, YTOBHI Moja-
4a B 6aKM cTana 0qMHAKOBOMH?

3. Ilpu kaxoif 4actoTe Bpaienus nogaya B 6ax C 6yner paBua Hyswo?

llpn pewlenuH 3ajad y4uTHIBATH CONMPOTHBIEHHE 3aJBHXKKH M
NIOTEPH Ha TperHe 1o anuHe Tpy6 (A = 0,025).

Omsem. 1. Oc = 4,2 n/c; Qg = 7.3 n/c; N, =4kB. 2. n,=115006/mun. 3. n; =
=710 06/MuH.

/'/”,H
n = 900 00/mun
< e i
J0 : A, .
=t 7 fo
— 20 a0
70
< V 0 n A 60
50
1/

2 6 W Qak

K 3apaue 14.35

3anaya 14.36. OnpenennTh TCOPETHYECKYIO BBICOTY M0JIETa CTpyH
Z JUTA KaXJ0T0 M3 BYX HaCaJKoOB AMaMeTpoM d,, = 30 MM, MMHTaeMbIX
UEHTPOOEKHBIM HACOCOM (n = 1450 06/MMH) M PACMONIOXKEHHBIX Ha
BbICOTaxX hy =S MU h, = 10 M Hag YPOBHEM BCaChIBAHHA.

Tpy6Gonposoa Hacoca 10 y3na uMeet oburyro uuny I, = 25 M ¢
AuameTp d; = 125 MM (ko3¢ dHLMEHT conpoTHBeHUs Tpenus A = 0,03,
CyMMapHBIH K03 QHUHEHT MECTHBIX conpoTuBnenuii { = 14).

TpyGonpoBoabl, Beayimme k Hacaa-
KaM, UMEIOT auaMeTpel d, = d, =80 MM

H el [, =10 M, [, =20M (A = 0,04).

KoadduumeHt conporuenenns Hacan-
koB {, =0,1 (cxarme Ha BeIXOmE OT-

2y
fl
1

CYTCTBYeT).

OnpenenuTs MOWHOCTB, NOTpPE6-
JIEMYH0 HaCOCOM.

Kak wmamensarcs z u z,, ecin

BEpXHUH Hacamok Oyaer OTCyTcTBO-
BaThb?

K 3apauve 14.36
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PaGouas xuaxocts — Macio (v = 80 cCr, p = 870 Kl"/M3). TIpuge-
neHHas QnuHa Tpybonposoaa [ = 7 M, ero anametp d = 10 Mm.

OnpenenuTts, Yepes CKOJNBKO
CeKYHJ TOCJe OTKPBITHA KpaHa
K xaxapli H3 MooyepeaHo cpa-
OaTbiBaeMbIX TOpIIHEH mepe-
MECTHTCSl B CBOE KpaWHee Mpa-
Boe mnoyoxkeHHe. IIpeaoxpaHH-
TeNbHBIN KianaH /7K 3akpeIT.

Bpemenem pasrosa nopu-
Heil mnpeHeOpeyb, cuuTas WX

V4 ABM)XCHHE PABHOMEPHLIM.
Omeem.1=27¢;1=92c.

3azaua 14.56. EmxocTh 061-
| emoM W, = 2001 c nomoubto
OJJHOTUTYHXEPHOrO Hacoca MoA-
Bepraercs ruaponpobe a0 aas-
neuua p. = 40 MIla. Tlo mepe
TMOBLILUEHHA JAaBJIEHUS B EMKO-
CTH rojaya Hacoca H3-3a ymnpy-
FOCTH XHAKOCTH YMEHbILAETCS.
7 1. HaiitH, kakoii IOMOJIHH-
TeNnbHbIA BpeaHblit 00beM W,
K pemennio 3ana4n 14.56 HY)XHO NOAKIIYHTD K UHJIHHA-
py Hacoca, YToOBI nocneAHHH B
uengx 6e30MacHOCTH HE MOT PasBHBaTh AaBieHne 6onbiue p,= 41 Mna.
2. Ipu HalineHHoM W,, onpenennTb BpeMA I, B TEUEHHE KOTOPOro
JaBJICHHE B MPEIBAPHTENLHO 3aMOJHEHHOW €MKOCTH MOAHUMETCH OT
HYNS A0 p,.
JinameTp rutyxepa Hacoca d = 20 MM; paHyc KpHBOLLIMIE 2 = 25 MM;
4acToTa BpaleHHs kpuBoluuna n = 200 06/MuH.
Cob6cTBenHbli BpeaHblii 06beM unnuHapa W, B 1,5 pasa 6onblue
. 2
ero paboyero obbema W, = —4—2r .

K 3anave 14.56

P

Pz

13

Monyne 06beMHOH YNpyrocTH BOAbl ABJAETCA QyHKUHEH nasie-
HuA p v pased K = 6,5 (320 + p), rae p n K — B MIla.

Bce 37eMEHThl YCTAHOBKH, 32 HCKIIOUEHHEM JKHIAKOCTH, TPHHH-
MaTb a0COMIOTHO XECTKMMH. YTeuKaMH, THAPAaBIHYECKHMH COMpO-
THBJICHHAMH M MHEPLUHMOHHBIMHM HarmopamH mnpeHeOpeys. JlaBieHue
BCAcChIBaHMs B [IWJIKHApPE Hacoca MPHHATD py = 0.
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Ykaszanue. |. [Ipu HanGonblleM NaBREHHH HACHETaHHWA p, NOJaYa HacoCa PaBHa
Hy/I10, TAK KaK BOJA MEPECTACT MOCTYNATh H3 HAcoca B HaNoOPHbIA Tpybonposos, ne-
PHOIHUECKH CKMMAACh M PaciIMpsich B Hacoce OT obbema Wy + W, (pu naBACHHH Py)
10 obnema W, (npu aaBnetnn pu); Wo = Wou+ Woy— CymMMapHbii BpeJHbIA 06BEM.

Vcnonp3ys BeIpaXeHHEe MOyl yNPYTOCTH BOJbL, FOMy4aeM 3aKOH OGBEMHOM ne-
¢dopmauuu:

aw I dp
W 65320+p

2. Jnddepenunansuoe ypaBHEHHE [IPOLECCA CKATHA JKMIKOCTH B eMkocth W.

(MMes B BHLY 60MbUIOE HHCIO LKKIOB K NPHHHMAZ, 4TO QYHKUNS p(t) nmeer uenpe-

(H

PbiBHYIO IPOH3BOAHYI0) MOXHO NPHO/IMKEHHO IPEACTABHTD B BHIE

B'i‘ﬂdt =W.dp, , 2)
un
TZi€ Pa — [UIOTHOCTH BOAbI B UHIIMH/IPE NPH JAaBICHHH BCACBIBAHHA P, We=Wo+ W, - W,
— ofbeM BOABI, NMOCTYNAIOWIEH B UHIMHAP 33 XOJ BCAChIBaHHA (YMEHBLIACTCA 1O Mepe
YBEHYCHUA NABJICHHS P B EMKOCTH — CM. PHCYHOK K DEIEHHIO 3aaaqu); P — TUIOTHOETH
BOJbI IPH JABIEHHH p; £, = 1/n — BpeMs OQHOTO 1HKIA.
HUcnosnb3ys ypashenue (1), Haxoanm

320+ p '
W, =W, —2 | . 3)
320+ p,
Hcnonbiys COOTHOLIEHHE
daw
dplp = ——,
pp W
13 ypaBHeHHS (1) MOXHO NONY4HTD
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