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1. BBEAEHHUE B I'NIPABJIUKY

[Ipu pernieHUN pa3IUYHBIX TEXHUYECKUX 3a/1a4 YacTO MPHUXO-
JIUTCS BCTPEYATHCS C BOMPOCAMH, KACAIOIIUMHUCS JIBYXKCHHS pa3-
JUYHBIX KUIKOCTEH, a TaK’Ke CHUIIOBOrO (TEXHUYECKOTO) BO3CH-
CTBHUS )KMJIKOCTH Ha T€ WJIM UHBIC TIOBEPXHOCTH U Ha OOTEKaeMbIe
€10 TBepable Tena. MccnenmoBanue 3TUX MPoOJIieM MPHUBENIO K CO-
3IaHUI0 OOIIMPHON HAYKH - TUAPOMEXaHUKH, U3YYArOIIeH 3aKo-
HbI TOKOSI M JBWXEHHS >kujnkoctd. ([lepBblil rumpaBandeckuit
3aK0H ObLT chopmupoBaH Apxumenom 3a 250 jeT A0 Hamen
3pBbI).

['unpaBnuka — HayKa HU3ydarolas 3aKOHbI paBHOBECHS (TIOKOS)
Y JIBIDKCHHS KUIKOCTH, U MIPUMEHSIIOIIAs 9TU 3aKOHBI JIJIsl pere-
HUS KOHKPETHBIX MHKCHEPHBIX 3a71a4.

JanHoe mocoOue MoAroToBIEHO HA OCHOBE MPOTPaMMBbI Kypca
«I'mapaBnuka» s crygeHToB HanpasieHuid: 08.03.01 «Crpou-
tenbcTBO» MCO, 15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTHIECKOE
obOecrieueHHe MaNTMHOCTPOUTENBHBIX — MPOU3BOJACTBY MO,
13.03.03 Dueprurmueckoe MammHocTpoeHue WMJI6, 21.03.01
«Hedrerazosoe nemo» NHO6, 23.03.03 «Oxcrutyatanus TpaHc-
MOPTHO-TEXHOJIOTUYECKUX MAIIMH ©  KoMIiuiekcoBy X0,
21.05.02 «IIpuknannas reonorusi» UI'6, 21.05.04 «I"'opHoe aeno
(Maxkweiinepus)» MPc u npenHazHaueHa s O3HAKOMJIEHMS C
OCHOBHBIMM 3aKOHAMH M 3aBUCUMOCTSIMH ABIKCHUS KUIKOCTEH.

Pexomenayercs K MCHOJMB30BAaHUIO BCEMHU CTYIAEHTAMU, U3Y-
YalOUMMU KypC KJIACCMUECKOW THAPABIMKHU JJs1 3aKpEIUICHUS
OCHOBHBIX TMOHSATHH, (HOPMYITHUPOBOK, (HOPMYJ, XapaKTEPUCTHUK
JBUKEHHS JKUJKOCTH B HAllOPHBIX TPYOOMPOBOAAX, OTKPHITHIX H
TPYHTOBBIX IMOTOKaX.



2. OCHOBHBIE IIOHATHS U OITPEJAEJIEHUS,
INPUMEHSEMBIE B I'N/IPABJIMKE

Enunuubl gpusnyecknx BeJUYUH

UroObl CyauTh O 3HAUYEHUH 10001 (PU3MUECKON BETHUU-
HBI (pa3Mepax, CKOPOCTH, CHJIE U T.J.), HEOOXOAUMO OIpENeIIUTh
€€ Pa3MEepHOCTb.

be3pa3mepHbie BeINYHMHBI HE TOBOPAT HUYETO O 3HAYCHUU
¢du3nveckoil BennuuHbL. Bee ynopsgounBaeTcsi BBEJICHHEM CTPO-
TO ONPENEeNICHHON CUCTEMBI €MHUL] (PU3UUECKUX BEIUYMH (TalI.
1), npu4eM JOCTATOYHO MPHHATH CIUHUIBI OCHOBHBIX BEIMYMH.
EnuHMIBI BceX OCTaNbHBIX BEJIMYMH SIBISIOTCS HPOU3BOJHBIMH,
MOJyYEHHBIMU U3 OCHOBHBIX.

Tabnuya 1
Cucmema eounuy
(dusuyeckas TeXHHYECKAst MesKIYHAPOIHAS
CHUCTEMA CHUCTEMA CUCTEMA
Ccrc MKI'CC CU
CM; I'paMM; CEKYHIa MCTP; KUJIOTPAMM CHIJIbI; MCTpP; KWJIOTPpAaMM Mac-
CCKYyHJa Chbl; CCKYHa

B Hacrosiee Bpemsi npumensietcs MexayHapoaHas cH-
cTemMa eauHUI (U3nYecKux BeauduH — cokpaieHHo CU (Cucre-
Ma MHTepHalMoHanbHas1), KOTOpask COCTOUT M3 CEMHU OCHOBHBIX
€UHUIl U JBYX JOINOJHHUTENBbHBIX (Tal0d. 2) W MPOU3BOIHBIX
(Tabm. 2, 3) COCTaBACHHBIX 0 YPABHEHHUSIM CBSI3H MEXY OCHOB-
HBIMH BEJTHYHHAMM.

Tabnuya 2
OcnosHule u dononnumenvuvle eounuysvlt cucmemor CHU
Ennnuna u3mMepeHus
HaumenoBanue
Duzuyeckas Texnunueckas MesxayHapoaHas
uznuecknx Be- Cucrema
JIUYMH Cucrema CI'C Cucrema CH
MKI'CC
ITmomans - ® cm? m? m?
O0wem - V cm?® M3 M3
CKOpoCTh - U cMm/ceK M/Ccex M/ceK
Yckopenue - g cMm/cek? M/cex? M/cek?




Macca - M 2 K[ -cex’/m Ke
2'cM/CeK? = K2 M/CeK* =
Cumna - P wm F k[
= JJTMHA = HptoTOH (H)
o 2/em?-cex? =
OOBeMHBIH BeC - ¥ — nm/em? k[/v? Ke/m* cex® = H/m?
IInotHOCTS - P elem® kT-cex?/m Ke/m?
JHasienue - p 2/cMm-cex? k[ /em? Kke/M-cex? = H/m?
JvHamMuueckuit /oM CeK =
K03 dunneHT — vas K[ - cex/m? Ke/M-ceK
BSI3KOCTH - [ Y
Kunematnueckuit )
cM?/cex = ) )
K03 punreHT CTOKC M?/cex M?/cex
BSI3KOCTH - V
Tabauya 3
Baowcnetiwue npoussoonvie eounuyvr CH
Bennunnbr Ennuauner
HaumenoBaHus Pazmep- HaumenoBanus 0O0603HaUCHUS
HOCTh
IImomane L? KBaJpaTHBIA METP M-
O0BbeM, BMECTUMOCTD L® KyOnueckuii me M
, Y
T
CkopocTb LT METp Ha CEKyHIY M/ceK
§ METp Ha CEKYH
Yckopenue LT? p YHIY M/cex’
Ha KBajpare
YacTtoTa nepuoauye- T repit I
CKOTO Tpoliecca
: CEKyH/Ia B MUHYC )
YacToTa BpallieHust Tt YHR Y cex’t
MEPBOil CTETIICHU
T
YriaoBas CKOPOCTh T palvaH Ha CEeKyHY pan/cex
IT1oTHOCTH L3 M KITOTPAMM Ha Ky= Ke/M®
Omyeckuii MeTp
MoMeHT uHepLUuH L4 METp B YETBEPTOI o
IUTOIIAIN CCUCHUS CTETICHH
KomuaectBo nBmke- LMT KHJIOTpaMM-METP /
Ke - M/ cex
HUS (MMITYJIBC) Ha CeKYHIY
MOMeHT KoHJdecTBa
IBIDKEHUS (MOMEHT KHJIOTpaMM-METp B
HMITYJIbCa) LM T KBaJ[paTe Ha ce- Kk - M/ cex
KyHIY




[Tponomkenue Tabnupl 3

Cuuia, Bec, cuna Ts- 5
2 Ke - M/ cex? =
KECTHU, IPy30NOIb- LMT HBIOTOH -
eMHasl CHJia
. g - HBIOTOH Ha KyOH-
VY nenapHbIH Bec L2MT?2 N y H/wm
YECKHUI METP
MoMeHT cuiibl, MO-
MEHT Hapsl CUI, Kpy- LM T ? HBIOTOH-METP H-w™m
TAIAH MOMEHT
JlaBnenue
Hanpsoxenne Lt MT? TacKab Ia
Monyns ynpyroctu
OHeprus, padoTta LM T JOKOYITh JIx
MomHoCTE L’MT3 BaTT Br
MHAMUYeCKas BS3- - .

A L*MT™? | mackans B CeKyHJa ITa - cex
KOCTh
Kunemarnueckas . KBaJpaTHBIA MET

L2t AP p M / cex
BSI3KOCTh Ha CeKyHIY

Ces3p enunun usmepenuss CHU ¢ apyrumum cucremamu
IPUBOJUTCS B MIPHIIOKEHHH.

OcHoBHBIE pU3NYECKHE CBOICTBA KUIKOCTH

B npupozae pasnu4yaroT 4eThIpe arperaTHbIX COCTOSHUS
BellecTBa: TBEPAOE, JKUIKOE, ra3000pa3Hoe U MIa3MEHHOE.

OCHOBHOG OTJINYHC )KI/I}IKOCTGﬁ OT TBEPABIX TECJI 3aKJIr04a-
€TCsl B TOM, YTO OHH 00J1a/Ial0T TeKY4YeCThIO, T.€. MaJIbIM CIIETLIe-
HUCM YaCTUL, OTCYTCTBUEM TPCHHUA MCKAY YaCTULAMH B COCTOA-
HUU TOKOSI, B CJIE/ICTBUE YETr0 KHUIKOCTh JIETKO MPUHUMAET Gop-
My COCy/a, B KOTOpOW OHa IMOMeIeHa, U 00pa3yeT CBOOOIHYIO
MOBEPXHOCTb.

I'a3 oOmamaeT cBOMCTBAMH >KHIKOCTEH, HO B OTIHYHE OT
HUX OH C’)KMMaeM U He 00pa3yeT cBOOOTHOM MOBEPXHOCTH, 3aHH-
Masi BeCb 00beM cocyaa. TeKydecTh YacTHIl JKHIKOCTH W Ta3a
00bEeAUHSACT WX IOJ OOIIUM HAWNMCHOBAHHMEM JKHMAKOCTH B IIIH-
POKOM CMBEICIIC, TIPH 3TOM JKHJIKOCTH — KANeabHble HCUOKOCMU,
rasbl — 2a3000pa3Hble HCUOKOCMU.



I'a3000pa3Hble KHAKOCTH XapaKTEPU3YIOTCS OONBIION
C)KMMAEeMOCTBIO U OTCYTCTBHEM COIPOTHUBIICHUS PACTATMBAIOIIUM
Y KacaTelbHbIM YCUIIHSM.

KaneabHble KUAKOCTH — MaJOCKHMaeMbl U 00IaJar0T
MaJIbIM CONPOTUBIIEHUEM DPACTATMBAIOLIMM M KacaTelbHbIM YCH-
JUSIM.

OOBeKTOM HM3y4eHUs B I'MJIPABIUKE SBISIIOTCS KaneabHble
aHcuokocmu.

Kuzakoctu pa3nenstor Ha OJHOPOJHBIE U HEOJHOPOIHBIE.
OOBEKT U3YUECHUS - 0OHOPOOHBIE HCUOKOCHIU.

[Ipu n3ydeHuu >xuaKocTeil 4acTo MpuOerarT K ympolie-
HUIO 33J71a4d, U >KUJKOCTb IPEJICTABISETCS B BUAC UOEATIbHOI
cpeodbl, A0COTIOTHO HECKMMAEMOW U JIMIIEHHOW CHJI BHYTPEHHe-
ro tpeHus. Takyr XUAKOCTb HA3bIBAIOT UdeanbHou. PeanbHble
AKHUJIKOCTH MaJIOCKMMAEMBbl M TI0 3TUM CBOWCTBaM OHHU MPHOIH-
KAIOTCS K MJICATbHBIM XKUAKOCTIM, HO 00Ja/laloT CUJIaMH BHYT-
PEHHETO TPEHMsI, IPOSABIAIOLIMMUCS MPU JBUKECHUH. JTUM OHU
CYILIECTBEHHO OTJIMYAIOTCS OT U1€aIbHON KHUIKOCTH.

IInoTHOCTB — OTHOIIEHHE Macchl Tena M k o0bemy V:

p=M/V

Y BBIPAJKAETCS B Kke/M®,
[InoTHOCTH KHMIAKOCTEH ONpENeNseTcs KaK HENocpen-
CTBEHHBIM B3BEIIMBAHUEM €€, TaK U C HCIOJIb30BaHUEM 3aKOHa
Apxumena, uid 4ero npuMmeHsercsa apeomerp. [lnmoTHocTs xua-
KOCTH 3aBUCHUT OT TEMIIEPATYpBHI.
YaenbHbIH BeC dKUAKOCTH — OTHOLIEHUE BECA JKUJKOCTH
K €e 00beMy:

y=G/V

Y BBIpaXkaeTcs B H/.

VY enbHel BEC KUIKOCTH ) HE SABIISIETCS XapaKTEPHUCTH-
KOW KUJKOCTH, 4 €CThb BEKTOPHAs BEJIMYMHA W 3aBUCHUT OT YCKO-
peHus cBoOogHOro majeHus. CBs3b yJIeNbHOrO Beca U IJIOTHO-
CTH:

G=0M



M=p -V
G_gM_gpV

Y“v_ v v
Yy =p g

TemnepaTypHoe pacuIMpeHHe XapaKTepU3YeTcs KoIgh-
duyuenmom memnepamypHno2o pacliupeHus, KOTOPbIA 3aBUCUT
KaK OT TEMIIEpaTyphl, TaK U OT JABJICHMS U MOKa3bIBAET U3MEHE-
HUEe 00beMa KUAKOCTH MIPH YBEIMYEHUH Temiiepatypsl Ha 1°C:

_1dv
P V dt

rae V — nepBoHavYaIbHBIA 00bEM KUIKOCTH.

CaxumaeMocTh xapakTepusyercs kodhuireHToMm o6b-
E€MHOTO CXaTHsI — OTHOCHTEIFHOE N3MEHEHHE 00bheMa, TIPUXO/IsI-
nieecs Ha eIMHUILY JaBJICHHUS.

5o L0V
Y Vv .dpP
OOpaTtHoe 3HaueHuE E :i — MOJlyJIb HOPMaJIbHOH yIIpy-
0
Py

TOCTH KUJIKOCTH.
Jl11s BoAbI B OOBIUHBIX ycnoBusix Eg = 2.1 - 10° Ma.
BsA3KoCTbh ABIAETCS 4YpPE3BBIYAMHO Ba)XKHBIM CBOMCTBOM

peabHOM KUAKOCTH, MPOSBIAIOIIMMCS MpU ee ABMWKeHuu. [lpu

JBYKCHUH JKHJIKOCTH MEXIy €€ CJIOSMH BO3HHKAIOT KacaTeib-

HBIE CUJIBI TPEHHUS, 32 CUET KOTOPHIX B JBUKEHHUE OyJIET BOBJIEUE-

HBI BCE CIIOU XUAKOCTU. Ce0lcmeo HcuoKoCmuU OKA3bléamy Co-

npomuenenue KacameabHblM CUIAM, CIMPEMAUUMCA COGUHYNb

O00HU Yacmuybl N0 OMHOUWIEHUIO K OPY2UM, U HA3bIGACMCA A3~

Kocmbio.

JunaMuyeckasi BA3KOCTb A - CHJIa TPEHHUSI, IPUXOIAIIIA-
sCS Ha €IUHUITY TUTOIIATU CONPHUKACAFOIIUXCS CIIOCB KHIKOCTH

MIPU TPATUEHTE CKOPOCTH, PABHOU €TUHUIIE.



DOrta BenanuuHa B cucreme CU Breipaxkaercs B (ITa - cek)
i B nyazax (I) u 1 IT=0,1 I1a - cek.

W. Hp0TOH BBIABUHYJ TUIIOTE3Y O CHIJIE TPEHUSI MEXKAY
OTJICIbHBIMU  CJIOSMH  KUJKOCTH, KOTOPYIO MaTeMaTH4YeCKU
o0ocHoBan H. II. IleTpoB — OCHOBOIIOJIO)KHUK T'MJIpOJUHAMHYE-
CKO# Teopuu cMasku. Mim nana gopmyna i onpeneneHus Kaca-

du
TCIBHOI'O HaprDKCHI/I}II T= /l—

dh

du
Y BBIpa)KaeTcs H/M?, dan z2paduenm ckopocmu, T.. IpUpaile-

HHUC CKOPOCTHU Ha I'paHuIax CJ0id )KUIAKOCTH I10 FJ'IY6I/IH6.
B THAPABINYCCKUX pacuCTax IHUPOKO HCIIOJIB3YCTCA I10-
HATHE KHHEMaTHYECKOU BI3KOCTH:

v=u/p

¥ BBIPAKACTCS B M°/CEK.

Panee sToT mapamerp usMepsiics B cTokcax (CT):
ler=1cm/e.

Bazxkocmbw scuokocmu 3asucum om euoa yicuokocmu u
memnepamypuol, @ HPU bICOKOM OA6NEHUU - OM OAGIeHUA U
RPOABGNAEMCA MOJILKO RPU OGUIHCCHUU HCUOKOCHIU.

Kunemartnueckas BS3KOCTb (MZ/CGK) BOJIBI TIPU aTMOC(EPHOM
naBieHuu omnpenensercs no Gopmyne [lyaszeiina:
V= 00178 10~ m?/cex.
1+0,0337t +0,00022162

CBo0OoHAs TTOBEPXHOCTh, T.€. TPaHHUIA pa3fesia KHUIKO-
CTH ¥ Ta3000pa3HOM Cpeibl, HAXOAUTCA B COCTOSIHUU PaBHOMEP-
HOTO TOBEPXHOCTHOT0 HATSIKEHUSI G, PaBHOTO [UIsl BOIBI
c =0,0726 /M ipu t = 20'C. BiusiHuem MTOBEPXHOCTHOTO HATSI-
JKEHUS MOKHO MpeHedpeub, HO B TpPyOKax mMayioro auamerpa (Io-
pax rpyHTa) ¢ HUIM HEOOXOAMMO CUHTATHCA, TaK KaK ITHUM OObsIC-
HSETCS KaUJUIIPHOE OIYCKAHWE WIIN TTOAHATHE KUIKOCTH.

10



BbicoTa moabema KUIAKOCTH B Y3KHX COCYAaX OMpenesis-
eTcs o popMmyIe:

h=2c/(pgr) (w),
rae I — paauyc Kanuuispa.

CMma3spiBaomiasi CnocoOHOCTh — CBOMCTBO KHIKOCTH 00-
Pa30BBIBAThH IUICHKH OINPEACICHHONW TOJIIHUHBI MEXITY KOHTAKTH-
PYIOIIUMHU TBEPJBIMUA TTOBEPXHOCTSAMH, YTO BEACT K PE3KOMY I10-
HKeHuto Tpenus. Tak, mienku tonmunor 0,0007 m u 60ee mo-
HIDKAIOT TPEHHE MEXKIY TBEPIBIMH TOBEPXHOCTSIMH B JCCSITKH
pas.

BcenenuBaeMocTb — CIIOCOOHOCTBH KHUJKOCTH OOpPa30BBI-
BaTh MEHY MPHU OOJBIINX CKOPOCTAX BHXKEHHS, YTO BPEIHO CKa-
3bIBAETCS Ha paboTe ruapocucTeM. DTOT MapaMmerp 3aBUCUT OT
BSI3KOCTH, TIOBEPXHOCTHOT'O HATSDKEHHUS, a TaKKe OT BPEMCHH
SKCIUTyaTalliu, OKUCIICHUS U 3arPsI3HEHUS KUIKOCTH.

IOMYJIBIHPYEMOCTb — 3TO CIIOCOOHOCTH JKUJIKOCTH 00pa-
30BBIBaTh C KamelbKaMUd BOJIbI MEJIKOAUCIEPCHYIO CHCTEMY,
YXYALIAIOUIYI0 CMa304YHbIE CBOMCTBA JKUKOCTH U BBI3BIBAIOILYIO
KOPPO3HIO.

CT0lKOCTh K BOCIUIAMEHEHHMI0 XapaKTepU3YETCS TeM-
nepaTypoi BCIBIIIKHA CMECH TTAPOB C OKPYKAIOIITUM BO3TYXOM.

KOHmpOJleble eonpocol:

[lepeuncnure ocHOBHBIE (PU3MUECKHE CBOMCTBA KUJKOCTEH.
B ueM cocTouT OTIMYKE KUIKOCTEN OT TBEPBIX TEN U ra30B?
YT0 MOHUMAIOT IO UACATbHOM KUIKOCTHIO?

Kakasi cBsi3b CymIeCTBYeT MEXIY IUIOTHOCTBHIO U YAEIbHBIM
BECOM KHIKOCTEH?

5. B kakux eauHMIIAX U3MEPSIOT YAETbHBIN Bec B cucteme CH?
6. Uto Takoe BSI3KOCTH KUJIKOCTH?

7. Kakas cBsi3b CyIIEeCTBYeT MEXAYy NWHAMUYECKOW W KHHEMa-
THYECKOH BSI3KOCTBHIO?

NS
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3. OCHOBbBI THAPOCTATUKH

Craruka )KUJIKOCTH WK THAPOCTATHKA — pa3ies THApaB-
JUKU M3YYalOUIMi 3aKOHBI paBHOBECHUS (TOKOS) KUJIKOCTH H
MPUMEHSIONIMA X IS PEIICHUS KOHKPETHBIX WH)KCHEPHBIX 3a-
aq.

CuJibl 1eiicTBYOIIHE HA JKHIKOCTh, HAXOASIIIYIOCH B NOKOE:

1. Oovemnvie unu maccogvie cuivt

BenuunHa gaHHBIX CHIJI MMPOTOPIMOHAIBHA MacCe KHJIKO-
CTH, a JUISl OJJHOPOJHBIX KHUJIKOCTEH ee 00beMy - COOCTBEHHbIi
BeC JKMAKOCTH. TakKe CUIbl MHEPIIMHM M CHJIBI 3JIEKTPOMAarHUT-
HOT'O TIPOUCXOXICHUS, ICHCTBYIOIINE HA TOKOIIPOBOISIINE JKHI-
KOCTH.

2. Ilogepxnocmuwie cuivt

Cunbl, AeliCTBYIONIME HA TTOBEPXHOCTh JKUIKOCTH APYroit
COIPUKACAIOMIEHCS C HEH KUIKOCTHIO MIIM TBEPJIBIM TEJIOM, — 3TO
CHJIBI TPEHUS UJIM CUJIBI 1aBJI€HHS.

3. Buympennue cuivl

Cunpl B3aMMOJEHCTBUS MEXKIY YaCTHIIAMHU JAHHOTO 00b-
eMa JKUJIKOCTH (OHHM B3aMMHO yPaBHOBEIIMBAIOTCS M HX CymMMa
paBHa () — 5TO CHJIbI TPEHHUS WM JABJ€HUS BHYTPHU JAHHOTO
00beMa KHIKOCTH.

4. Buewnue cuibl

BHemHMME crilaMHM Ha3BIBAIOTCS CHJIBI B3aUMOJEHCTBUS
MEXy KUIKOCTBIO B 3aJJaHHOM 00BbEME M JPYTHMMH BEIeCTBEH-
HBIMH TEJIaMH W (HU3HYECKUMU TTOJIIMHA — 3TO MOBEPXHOCTHBIE
HJIH 00heMHBbIEe CHJIBI.

Ilpumeuanue: P U3YICHUH TUAPOCTATUKH TIPEIIoara-
€TCsl OTCYTCTBHE MepEeMEIICHHE YaCTHUI] KUAKOCTH OTHOCUTEIBHO
JIPYT ApyTra ¥ OTHOCHUTEIBHO TBEPIBIX IMOBEPXHOCTEH, OTPAaHUYH-
BAIOIIUX JAHHBIH 00BEM KUIKOCTH.

12



OCHOBHOE TNOHSAITHE THIPOCTATHKH
OCHOBHBIM IIOHATHUECM FHI[pOCTaTI/IKI/I ABJACTCA IIOHATUC
THIPOCTATHYCCKOTO JIaBICHHS.
BOSLMCM OGT:CM KHUIKOCTHU U BBIACIMM B HEM Onpeﬂe-
JIEHHBIH O0BEM M IOJEIMM €ro Ha 2 OTCEKa, 3aMEHHUM JECHCTBHUE
otceka 1 Ha orcek 2 cuiioi P.

Cuna P, pelictByromas Ha
paccMaTpuBaeMylo  IUIOHIAAb O,
HA3bIBACTCSI CYMMapHOW CHIJION TUJI-
pOCTaTHYECKOTO JABJICHUS, U €CIIU
pa3neNuTh ee Ha paccMaTpUBaEMYIO
IJIOIIA/Ib, TIOJIYYHM CpPEJIHEE THUIPO-
CTaTUYECKOE JIaBJIICHHE:

P_
40 pc”

Bbiienum y Touku A Kakyro-To Oec-
KOHEYHO Mallyl0 IUIOIAIKy A®, Ha
KOTOPYIO OyZIeT JaBUTh OCCKOHEUHO
Manas cuia AP, 0003HaUYMM JIUMUT
cuiel AP K OecKOHEUHO MaJion
WIOMAAKH A® TIpH CTPEeMICHUU
A®w—0. 3anumiem:

lim AP /Aw)
Aw—0

1 Ha30BEM JAaHHOE€ BBIPAXKCHUE TNIPOCTATHICCKHM TaBJICHHEM,

0003HAaYuB:

lim

Aw—>0

AP |_
Aw p

FI/I}IPOCTaTI/I‘leCKOC AABJICHUEC p — I9TO0 JdAaBJICHHE B TOYKE

JKHIKOCTH.
PaszmepHOCTS:!
— CU [H/m?; T1a]

— MKT'CC - Texanueckas [kr/m?; kr/cm?]. 1 kr/cm? = | TexH.aTM.

13



CBoiicTBa THAPOCTATUYECKOTO JABJICHUS

1. T'mapocTaTUdeckoe JaBiICHUE BCErlla HANpPaBICHO IO
HOPMAJIM K IUIOMIaAKe (T.e. MEPHEHIUKYJISIPHO), HA KOTOPYIO
OHO JICHCTBYET, U SIBIISICTCS CKMMAIOIITM.

Ecnu 6b1 TuapocTaTHUecKoe aBjieHrne ObUIO HAlpaBlIEHO HE IO
HOpMaJTi, ObUT OBl CABHT HIKOCTH, a PACCMATPUBACTCS PaBHO-
BecHe, T.€. TIOKOM JKHUTKOCTH.

2. Bemnuuna (nudpoBoe 3HAYCHHE) THAPOCTATHYECKOTO
JIABJICHUS] B JAHHOW TOYKE He 3aBUCHUT OT OPHUEHTHUPOBKU ILIO-
IaJIKU B IPOCTPAHCTBE KUIKOCTH, T.C. YIila HAKJIOHA IUIOMIA]IKH,
Ha KOTOPOW HAXOJUTCS TOUKA €€ MPUII0KCHHUS.
'mapocraTuyeckoe NaBICHUE B HUCCISAYEMOH TOYKE 3aBUCHT

JIMIIBb OT HOJOXCHUA €€ B IIPOCTPAHCTBE, T.C. JABJICHUC p JUIA

3aJIaHHON JKUJKOCTU ABJIAETCS (PyHKIMeHl KOOPAMHAT 3TOHN
TOYKH:

p=flxyz)-

NuddepenunanbHoe ypaBHeHUe Jidjiepa IS :KUAKOCTH
HaxoJsilelcsi B paBHOBecHH (I10KOe)

JlaHHBIE ypaBHEHUs yCTAHABIMBAIOT 3aBUCUMOCTD THIPO-
CTaTUYECKOTO JABJIIEHUS OT XapakTepa JCUCTBYIOUIUMX B KHAKO-
CTU MacCCOBBIX CHIL

1. _
Fx o ox 0
1 Op
F = . _

p oy 0
10
Fz o oz 0

14



FX, Fy, Fz — npoexunn MaccoBoOil CHIIBI, OTHECEHHOM K €lIU-
HUIIE MacChl )KUJKOCTH, HA KOOPAUHATHBIE OCH;

Op Op Op

_ qaCcTHasi HpOPI?;BOI[HaSI, KOTOpaH Ha3bIBACTCA
OX 0y 0z

zpaduenmwn FPI,[[pOCTaTI/ILIeCKOFO JaBJICHUA.

OcHoOBHOe ypaBHeHHE THAPOCTATUKH

Pemenne muddepeHnmanbHbIX ypaBHEHUI Diepa 1aeT OCHOB-
HOE€ ypaBHEHHUE TUAPOCTATHKH B TU(PepeHIIHaTBHON Gopme:
dp = p-(Fx-dx+Fy-dy+Fz-dz)

rae dp — nonHel AudGepeHIInan ruipocTaTHYECKOTo JaBICHNUS;
FX, Fy, FZ — mpoekiiuu o0beMHOM CHUJTbI, OTHECCHHOM K €IUHUIIC
Macchl JKUIKOCTH, HAa KOOPJMHATHBIE OCH X, Y, Z.

W3 muddepeHnmanbHbIX ypaBHEHUH Jiyiepa Uil OJHO-
POIHOIM HecKMMaeMoi xuakoctd (p = const), HaxopsIeics
TOJIBKO B TI0JIE CHJI TSDKECTH

Fx =0
Fy =0 °
Fz =-—0

nocie npeoOpa3oBaHusl ypaBHEHUS! TUAPOCTATUKHA B nuddepeH-
IMagIbHOM (opMe MmoTydaem

1
-dz +=dp =0
g 0 p=0

HHTCTPUPOBAHUC KOTOPOI'O JACT:

zZ+ =const

A9

DTO ypaBHEHHE SIBJISIETCS OOIIMM 3aKOHOM TI'MAPOCTATH-
KM — TIOJIHBIH 3amac yJelbHON MOTeHIIMATbHON YHEPTHH B JIFO00I

15



TOYKE MOKOSIICHCS KUAKOCTH €CTh BEIMYMHA ITOCTOSTHHAS (4acT-
HOE BBIPQKEHHE OOIEro 3aKOHAa COXPAHEHHSI SHEPTHH).

W3 3aKkoHa THIPOCTATUKHU MOJy9aeM BBIpaKCHUE, KOTOPOE
00BIYHO HA3bIBAIOT OCHOBHBIM YPaBHEHHEM I'MAPOCTATUKH U
0ojiee TOYHO — YypaBHEHHEM H3MeHEHHUsI THAPOCTATHYECKOTr0
JaBJICHHUS TIOKOSIIIEICSA JKHIKOCTH 110 TJIyOnHe:

pa6C:pO+p.g.h !

e p - abcooTHOE (TT0JIHOE) J1aBIICHUE;
aoc

p, —BHemHee U30BITOYHOE aBJICHHUE;
pgh — U30BITOYHOE JABJICHUE IO TIIyOMHE (MaHOMeTpHYe-

CKO€ ,Z[aBJ'IeHI/Ie), 06y0J’IOBJ’I€HHO€ BECOM XHIKOCTH, T.C. BECOBOE€
AAaBJICHHUC.

BHemHee u30bITOYHOE TaBICHUE po MOYXET OBITH OOJIb-

11e aTMOC()EpPHOTO MM PaBHO aTMOC(EPHOMY JABJICHUIO M TOTAA
BbIpa)K€HUE IPUHUMAET BUJI:

pa6c_paTM+p g h '
BBIBOI[LI N3 OCHOBHOI'O YPaBHCHUA THAPOCTATUKH:
1. Ha ckoyibko yBEIMYMBAeTCS BHEIIHEE IOBEPXHOCTHOE

JaBJICHHUC po, Ha CTOJIBKO K€ BO3pPaCTCT a0COJIIOTHOE

JaBJICHHUC p 6 —3akoH Ilackams.
aoc

2. C yBenuueHHEM TNTyOHHBI JaBJICHHUE BO3PACTAET IO JIl-
netinomy 3axkony P =T (h) — ruapocrarnyeckuii 3aKon
pacnpeejieHUsi 1aBJIEHUsI 110 TIyOnHe.

3. TloBepXHOCTH PABHOIO T'HAPOCTATHYECKOrO JABJICHHS
HAXOJMTCS TOJBKO B MOJI€ CHJ TSHKECTH M TPEICTABIISET,
€000 TOPU3OHTAIBHYIO TIOBEPXHOCTH, HA KOTOPOM B JIIO-
0oif TOUKe JaBiacHUE OyAeT OAMHAKOBBIM.
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Yacrto AaBJICHUEC U3MEPICTCA B TCXHUYCCKUX aTMOC(l)ean:
- a6COJ'IIOTHOC JaBJICHUC p —ama,
abc

- aTMOC(bepHOG JaBJICHHUC p —amm AUlu am,
aT™

- MAaHOMETPHUYECKOE (M30BITOYHOE JIaBJICHNUE) D, ~am.
u3
1 Texumnueckas armocepa = 1 kr/cm? = 10 000 kr/m? = 0,98 Hap.

B cj1ydaec, Korga a0COJIFOTHOE THAPOCTATHUYCCKOC OaBJic-
HHUC Ha IMOBCPXHOCTH KHUAKOCTU B PE3CPByap€ MCHLIIC aTMO-

chepHOro JaBJICHUS Do (p._, TO HMEET MECTO pa3psKCHHE
aoc aT™

WIN BaKyyM, KOTOPBIU MPEICTABISET COOOW pa3HOCTh MEXIy aT-
MOC(hEpHBIM U a0COJIIOTHBIM JIaBJICHUEM:

pBaK:paTM_pa(SC.

Bakyym — HeZ0CTaTOK AaBJIeHUS 10 aTMOchepHOro.

Bakyym Mo)keT ObITh BBIpa)KEH BBICOTOW CTOJIOA KHUIKO-
CTHU _ paTM_paﬁc,
BakK m

MakcumanbpHasi BEJIMYMHA Bakyyma Mpu abCOIIOTHOM

a6c:0

P..=D..=1amu -98100 %/ Jl/l2 WJIA BbIpa)kasi BBICOTOM BO-
JISTHOTO cTo/I0Aa:

h :paTM:paTM:]-OOOO KF/MZ
BaK m )/ 1000 KI—,/M3

B unxeHepHOM 000pyJOBaHMM BbICOTa BaKyyMa HE MPEBBIIIAET
5 + 8 M BOASAHOIO CTOJIOA.

TUAPOCTATUYCCKOM JJaBJICHUU PaBHOM HYJIIO p

=10m BOJ, CT.
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3axkon Ilackauas

B 3amkHyTOM cocyne BHelIHee JaBiIeHUE, JIEHCTBYIOIIEe
Ha TIOTPaAaHUYHYIO MMOBEPXHOCTh JKUJIKOCTH, HAXOJSIIYIOCS B paB-
HOBECHH, TepefaeTcs BHYTPb KHUAKOCTU OJAMHAKOBO BO BCE €€
TOYKH.
PaccmoTpuM rugpaBinyecKkui mpecce.

b .
g . F

IJIe O — IUIOIA b TIOBEPXHOCTH MAJICHBKOTO TIOPIIIHS;
Q) — nomaab MOBEPXHOCTH OOJBIIOTO MOPIITHS;

F — cwta, melicTByromiasi Ha MOBEPXHOCTh MAJICHHKOTO ITOPIITHS;
R — cuna, geiicTByroias Ha MOBEPXHOCTh OOJBIIOTO MOPIITHS;
P — cuna maBneHus rpys3a Ha pblyar.

P_b
F a

[IpuMeHnsiem ypaBHEHHsSI MOMEHTOB M PABHOBECHSI pblyara:

F=P ~ah FP
d

=F-w =P , IOJIy4aeM, 4To
p bw
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«—

_p.a
R_P b a)

BriBogb! n3 3akonHa Ilackams:

1. Cuna R Oyner Oonbiuie cuibl P Bo cTonbko ke pas, BO
CKOJIBKO ILIONIaabL € OOJIbIlE IUIOMIAAA ® U OTHOIIECHHUS
JUIMH pblyara a K b;

2. B ornauume OT TBEPIBIX TN KUAKOCTH IEPEIaeT HE CUITY,
a JIaBJICHHE.

IMocTpoenue 3M0OP THAPOCTATHYECKOTO IABJIECHHUS
HA IUI0CKHE MOBEPXHOCTH

[Ipu pemieHun KOHKPETHBIX MH)KEHEPHBIX 3aj/1a4, CBSA3aH-
HBIX C pacyeTaMM KOHCTPYKLHUM, HAXOIALIMXCS 0] BO3IECHCTBU-
€M JKHMJIKOCTel, HE0OX0AMMO YUUTBIBATh JIaBJICHUE HA COOpYKe-
HHUE B 1IeJIOM MM Ha ero 4actb. [Ipu pacuerax oOBIYHO YyUUTHI-
BalOT N30BITOYHOE THAPOCTATUUECKOE JTABJICHHE 10 TITyOHHe.

Oco06bIit BUI rpaduka, MOKa3bIBAIOIIMKA pacnpeaeieHue
BEJIMYMHBI TUAPOCTATUYECKOTO JIaBJICHUS KUJIKOCTH IO TIyOuHe
Ha CTCHKY, HA3bl6AemcsA INIOPOU 2uOPOCMAmuiecKko2o 0aeje-
Hus.

P..=P,+tp9h.

HpI/I YaCTHOM Cliydyac pO = p YPaBHCHHUE UMCCT BUA:

at™

paﬁc:paTM+p.g.h '
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Iniopa adconrwmmuozo 0asieHus

E’T P..

n

ogh

Ilocmpoenue 3niop uzobimouno20 2udpoCcmMamuyecKozo
oagneHusn
B touke A u3bwiTouHOE naBneHue paBHo 0. B touke b
= n-0-h ¥ coenunsem otnoxxeHHOE 3HAYEHUE C TOY-
pn36 IO g h A mh

KoM A mpsiMoil IuHuei.
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HpI/I Ka4€CTBECHHOM aHaJIM3€ BO3I[€I>1CTBPI$I HU30BITOYHOIO
TUAPOCTATUYCCKOrO AAaBJICHUA Ha IJNIOCKYHO CTCHKY, CCJIIM BOJa

09 -h = 7/-h =1t /M2 , TO YroJI 0. IPUHUMAETCS paBHbIM 45°.

A
L
Vasks 15
ogh

Ecnu ynenpHBIN Bec XKHUAKOCTU OOJbILIE yIEIHHOIO Beca

BOJIbI 7/»() Y10 ¢ (450
1 A
h
P
| AT i
ogh

[

Ecmu y,ZLeJ'ILHLII\/'I BE€C KUJIKOCTU MCHbBIIC YJCJIBbHOI'O BECa

BOJIBI ¥/ (7/8, TO () )450 A
g
: 45
ogh




Ilocmpoenue cymmaproit Inopovt 2uUOpoCmMamu4ecKo2o
oaenenusn

PaccmotpumMm BepTHkanbHyto cteHKY ABC, orpaHuueHHyo ciieBa
ABC Bopoii u cipaBa bC Toe BOJIOM.

¥ P..

A

hl B + PaTM

4 h2
z
Z

1 3T 3

ogh, - pgh,
pah, (pgh-pgh)

HBa TPEYroJIbHUKA CJIEBAa M CIIpaBa B3aMMHO YHHUYTOXa-
HOTCs, TaK KaK H.(0). OJWHAKOBBEI.
’ p-g-h, on

[

B Touke C 3Hauenme CYMMApHOro ruapoCcraTu4eCckoro
aBJIEHUS OyIET paBHO - .
: yAeT pasHo. pgh, = pgh,

Onpeneneﬂne CyMMapHOﬁ CHJIBI THAPOCTATUHIECCKOI'O JaBJIC-
HHUA HA IJIOCKHUE MMOBEPXHOCTH M ICHTPA 1aBJCHHUS

[Ipu pacuere coopyKeHHUH HEOOXOIUMO YUUTHIBATh HE
TOJIBKO PacHpeesIEeHNe AABJICHUS, HO U CYMMAapHYIO CHUILY THIPO-
CTaTUYECKOI'O JABJICHUS HA CTEHKY.

Touka NpUIOKeHUs1 CyMMapHOW CHJIBI TMAPOCTaTH4YE-
ckoro nasieHus P k CTEHKe Ha3bIBACTCS HEHTPOM JaBJICHUA

(IL1).
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CYMMapHaﬂ CHJIa THAPOCTATUYCCKOI'0 AaBJICHUA P ectp
paBHOJIeﬁCTBymlHaﬂ IMIOPbI THAPOCTATUYCCKOI'O JaBJICHUA.

CyMMapHass cujia THUIPOCTATUYECKOrO JIABJICHHUS Ha
IUIOCKUE CTEHKU M LIEHTP JaBJICHUS OMpeensercs 2 MeTogaMu

(crocobamm):
1. rpaduueckum MeTooM (rpadOaHATUTHUYECKUM METO-
Jiom);

2. aHAJIUTHYECKUM MCTOJOM.

I'paduyecknii MmeToa onpeneieHUuss CyMMapHO# CHJIbI THAPO-
cratu4yeckoro nasjaenus (P) u nenrpa nasiaenus (L)

ITopsinok pacyera:
1. crpoutcs smropa THAPOCTaTUYECKOrO JABJIEHUS Ha IUIOC-
KYyIO CT€HKY;
2. naxoautcs ueHtp Tskectu (LUT) smropel ruppocraruue-
CKOI'O JIaBJICHUS;
3. ompezaenseTcs CyMMapHas cujia THAPOCTaTUYECKOIo JaB-
neHus 1o ¢popmyse:

P =S,-b .rae
S, — TUTONIaIb SMIOPHI THAPOCTATHYECKOTO IABIEHHS;

b — mmpuHa cTenku.

CyMMapHasi CHJa THAPOCTATHYECKOr0 IABJIEHHS YHCJIEHO

paBHA 00beMY JMIOPBI.

4. BEKTOp CyMMapHOH CHMJIbI T'MJIPOCTaTUYECKOTO JaBJICHUS
npoBoautcs uepe3 ueHTp Tsxectu (L[T) smropsl mo HoOp-
MaJli K CTEHKE, ¥ TOYKa MPHIIOKEHHsI €€ Ha CTeHKe U 0y-
net ueHTpom aasJenus (LII).
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Ipumep 1.

[TpoBoasTCs MeauaHsl IMyTEM JelNeHHs CTOpoH nomnonaM. Ilepe-
ceyenue meaual naer neHrtp tsoxecty LT snropsr:

P=S.b :%pghzb , TAK KaK

I N R
Sm—nghh ngh.
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Ipumep 2.

OcHoBaHMsI Tpaneuuu AeATCs MONoJaM, COSANHSIOTCS JTMHHUEH,
MIPUKIIAJIbIBAETCS BEPXHEE OCHOBAHUE I[)gh1 K HIDKHEMY C JIIO-
00 CTOpPOHBI, @ HU)KHEE OCHOBAaHHE pgh2 CBEpXYy C IPOTUBO-

IIOJIO’KHOM CTOPOHBI M CHOBA COCIUHSAIOTCA. TOYKa repecedyeHus
1 OyJeT IIEHTPOM TSDKECTU TpareIuu:

(h,+h,)
P :San'b - pg '(hz_h1)'b » TAK Kak

2
:pghlerth. 9 '(h1+h2)
2

2

S, (h,-hy)= (h,-h,)
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AHAJIMTHYECKUI MeTO/l onpeae/ieHUusl CYMMAapPHOM CHJIbI
ruapocraruyeckoro aasjeHus (P) u uenrpa nasaenus (LI/1)

{P... A

CBO60,I[H35[ IMOBCPXHOCTDb

= . QI (&

P=pgh, -

hLIT_ rIyOuHa [0 LEHTPA TSKECTH CTEHKH, KOTOPBIM HaXOIUTCS
HIocepeIMHE MIIOIAIH CTEHKH,

Q) — miomagb CTCHKH.

KOOp)II/IHaTI)I LHCHTpA JAaBJICHUSA:

gLUZl =€m+—, rae

Wi
gm — paccTosiHue OT CBOOOAHOMN MOBEPXHOCTH JI0 LIEHTPA TSKe-
ctu crenku HT.

gLUI — PpacCTOAHUC OT CBO60,[[HOI>'I MMOBCPXHOCTHU OO LICHTpPaA HaB-

nenuns L.

J — MOMCHT MHCpPHHUU CTCHKHU OTHOCUTCIILHO OCH, HpOXOI[SIH_[I/Iﬁ

4Uepe3 €€ UCHTP TSAKECTH, MapauICIIbHO JIMHUU YpEe3a )KUAKOCTHU.
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MoMmeHTbI uHepIUH 17151 PUryp:

[IpssmoyronbHast miomaaka TpeyronpHas momanka

Ilenmp oOaenenus ecezoa pacnonodxcen Hudice yeHmpa
msaxycecmu paccMaTpruBaeMoil CTEHKH, a PACCTOSTHUE MEXTy IIeH-
TPOM TSDKECTH CTEHKH M LIEHTPOM JIaBIIEHUS Ha3bIBA€TCA IKC-
UeHMpPUCUmenom.

Hckmrouennem SBISIFOTCS Ba ciay4asi, KOrJa HEHTP TH-
JKeCTH COBNAAAET € HEHTPOM /JaBJIEHHA:

1. crTeHKa KOHEYHBIX pa3MEpOB MOTPYXKeHa Ha OECKOHEYHO
0OMBITYyIO TITyOUHY;
2. CTEHKa pacrojo)KeHa TOPU30HTATBHO.
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Ecnun crenka paciojioK€Ha BEPTUKAJIbHO, TO gL[Tz h

fuz[ = huzx , TOT/1a:

J
= +
hLUI hm a)'huT
IIpumep 3.
A
hor
hia
h
I.T.
p— ..
b
P=pgh, @

ha=h/2
B L
P=pg., hb =5 pghb
@ =hDb
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Onpenesienne CyMMapHOH CWIbI THAPOCTATHYECKOI0 JaBJie-
HHS U LIEHTPA 1aBJIeHUs HA HMJIMHAPUYECKHe
NOBEPXHOCTH

P =\P;+P;

I'opu3oHTanpHasg COCTaBIIAOLIAs CYMMAapHOM CHIIbI T'M-
pocTaTudecKkoro nasjieHus Pr mpuioxkeHa K LEHTPY AaBJICHHUsA
BEPTUKAIBHON ITPOECKIMN KPUBOJIUHENHON IOBEPXHOCTH

PI‘:Sm'b L szmhu’ra) '
BepTI/IKaJILHaH COCTaBJIAOIIIasA CyMMapHOﬁ CWJIbI THAPO-
CTAaTUYCCKOI'0 IaBJICHUSA HpOXOIII/IT I-Iepe3 HeHTp TAXKECCTH TeEJIa
JAaBJICHUSA (TH), MMPUKIAAbIBACTCA K KpHBOHHHeﬁHOﬁ IIOBCPXHO-

CTH U paBHA BeCy XHUAKOCTU B o0beMe Tena aasneHus (puc. 4 A u
b):

PB - m .VTI[ - y'vm '
st cniydast Ha pucyHke 4 B u ', kak TakoBoe Tejo JaB-

JeHUs] OTCYTCTBYeT, mo3tomy mnpunumaeM ¢ukrusHoe (DTH)
uiau MHUMOe Teno aasieHus (MT/I):

PB - m .VIDTJJ - 7/.V<I>TII )

Hampasnenne cymMMapHO# CHJIBI THPOCTaTUYECKOTO J1aB-
nenust P onpenensierca yrioM ee HakJOHa K TOPU3OHTY, T.€. yI-
JIOM 0., KOTOPBIH MOXET ObITh YCTAHOBJIEH U3 COOTHOIICHHIA:

Z&I/IHI/I I :&
Cosa P Sina P

98 = o
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Puc. 4.

Conocrasnss pucynku 4 A, b u B, I', MoXHO paznuuuth
BO3/ICIICTBUE KUJKOCTH Ha IIMJINHIPUYECKYIO TOBEPXHOCTD.

Ha pucynkax 4 A u b KHMJIKOCTb TaBUT CBEpXY BHU3, a Ha
B u I BoITanKMBaeT IMIMHAPUYECKYIO TOBEPXHOCTH BBEPX.
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I'mapocrarnyeckuii mapaaokc

BossmeM cocynel pazHOro oObema, HO C OJMHAKOBOM
IUIOINAABIO THA (® U TITYOMHOM KUAKOCTH B HUX h.

| /

\ G1 G2 G3 G4
h
P P P P
' # % {
 —
(O] (O] (O] ®

I'unpocraTuueckoe AaBlieHUE Ha THO OyIeT OJMHAKOBOE:

p =pgh

CyMMapHas cujia TUAPOCTAaTUYECKOTO JAaBJICHUS HA JHO
OyZIeT ToXKe OIMHAKOBAs:

P=pw-=pho.

a Bec OyZIeT pa3HbIM:

G=p9-V,

Takum 00pa3oM, BenWYMHA TUAPOCTATUYECKOIO JIaBIie-
HUS ¥ CyMMapHas CWia THAPOCTATUYECKOTO JaBJICHHUS Ha JTHO
CcOCyJia 3aBUCAT OT pOJAA KUIAKOCTH, IUIOLIAAM JIHA cOocylna o,
rIyOuHbl h B cocyzie, HO HE 3aBUCIT OT (OPMBI cocyra, T.€. OT

o0BeMa JKMJKOCTH B HEM VK.
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OTHOCHTEILHBIH MOKOH (PABHOBECHE) KUAKOCTH
Cnyuaii Nel.

Ecnu OoTKpBITBHIN LUIUHIpUYE-
CKMM COCyl paguycoM T
HANOJIHUTh  JKUJKOCTBIO U
BpauaTh €ro 10 BEpTUKAIbHOU
OCH C IIOCTOSIHHOM YIJIOBOM
CKOPOCTBIO ®, TO Oyarojaps
CUJIaM TPEHHUS KHUIKOCTh B CO-
CyJle TO’)KE HAUMHAET BpalllaThb-
Csl C TaKOM K€ YIIIOBOM CKOpO-
CTBIO @, T.€. )KUJKOCTb HAXO-
JUTCS B PaBHOBECUU OTHOCH-
TEJNbHO COCYy/a.

W3 MexaHWKU H3BECTHO, 4TO
YpPaBHEHHE  OTHOCHUTEJIBLHOTO
MOKOSI WJIM PAaBHOBECHUSI MOXKET
ObITh MOJY4YEHO W3 O0OIIero
YpaBHEHHUS PaBHOBECHS], €CIH K JCHCTBYIOIIUM CHJIaM JOOABUTh
CUJIBI MHEPLIMU [IEPEHOCHOTO JIBM)KEHUS, U Pelliasi 3TH ypaBHEHUS
HOJIyYUM:

o PO g p @
P =P+ 50 =Pt I 2 55

JlaBjienue 1Mo paguycy BpalleHHs M3MEHSIeTCH IO 3a-
KOHY KBaJJpATHYHOM Mapado.ibl.

JlaHHOE ypaBHEHHE I03BOJIAECT MOJYYUTh BEJIUYUHY THJI-
POCTaTUYECKOI0 JABICHMUS B JHOOOH TOUKE >KUAKOCTH, HaXOMs-
Hielicsd B OTHOCUTEIBHOM IIOKO€ IIPH BPAIIEHUU COCYJa C IOCTO-
SHHOWU YIJIOBOM CKOPOCTBIO (.

B pesynbrare neicTBUS LIEHTPOOESKHBIX CUJI YBeJIUYeHHe

2 2 2 2
AABJECHMS, BBIPAXKEHHOE CJaraéMbIM ya-r|_ w-rl,

29 P2
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OBICTPO PACTET 110 MEPE yBEIMUEHUS CKOPOCTH BPAILIEHHUS COCYIA
110 CPABHEHHUIO C YBEJIMYEHUEM THIAPOCTATUYECKOTO JABJIEHHUS T10
riryoune Yh.

JIaHHBI 3aKOH NPUMEHSETCA B CTUPAIBHBIX MAIlMHAX,
MHKCEPaX, TAXOMETPAXx, CENapaTopax u T.JI.
Cnyuaii N2,

X

Ecnu pesepByap C JKUIKOCTHIO ABMXKETCS MPSIMOJIUHEHHO
PaBHOYCKOPEHHO, TO XHJIKOCTb TaK)K€ HaXOIUTCS B OTHOCUTEIIb-
HOM IIOKOE€.

B nanHOM cilyyae Ha JKHIKOCTh B pe3epByape KpoMme CHII
TSKECTH JeMCTBYeT cuila MHepuu F = ma u equHu4Hasi Macco-
Bas CWJIa MHEPLUH, YUCIECHHO PaBHas YCKOPEHWIO JBM)KEHUS a,
pe3epByapa KUIKOCTH, M HalpaBiieHa B CTOPOHY OOpaTHYIO /BU-
KEHUIO.

Pemas nuddepennmanbubie ypaBHeHUs Diliiepa pU yCIOBUSIX:

Fx =-a
Fy =0 -
Fz =—(0
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ImoJiyda€M KOOPpANHATEI CBO60,Z[HOI>'I IIOBCPXHOCTH.

Zi=Zo™ g X
rae Zi — TeKyas KoOpAMHaTa [I0OBEPXHOCTH.

[MonyyeHHOE ypaBHEHHUE IOKA3BIBAET, YTO CBOOOIHAS IIO-
BEPXHOCTh B pe3epByape IPEACTABISET COOOM IJIOCKOCTb,
HaKJIOHHyIO K FOpI/I30HTy 1o erIOM o.

d

OTHollleHNE YCKOPEHUH & U § paBHO tg o =——.

Iloeepxnocmu pasnozo oaenenus 6 yicuokocmu 0yoym
npeocmaenamey NJA0CKOCMU, RNAPALNENbHble C80000HOU NO-
6EPXHOCMU U HAX00AWUECA HA PAGHBIX 2YOUHAX NOpYIHCce-
Hus.

3akon Apxumena

Ilozpysicennan ¢ nokoawyrnca HcuoKocms meno HAxo-
oumcsa noo oelicmeuem 6epmuKaIbHOU NOOLEMHOU CUTbL, PAB-
HOIl 8ecy HCUOKOCMU, 6bIMECHEHHOU IMUM MENoM, WU NOO0b-
EeMHAsA CUNA PAGHA 6ECY HCUOKOCHU 6 00beme IMo20 mena:

Pnghw:ng’

rae P — noaxnemuas cuia (ApxmmenoBa cuiia), HaNpaBJieH-
Hasl BcerJa BBepX M NPHJIOKEHA B LEHTPe THKeCTH BbITEC-
HEHHOI0 00beMa KHAKOCTH, KOTOpBI Ha3bIBAETCS HEHTPOM
BOJOU3MEILCHUS;

V — 00beM paccMaTpuBaEMoro Tena.
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IInaBanue Tea

TpI/I cjiydas 1rjiaBaHUs TBEPAOIO TCa:

1. Ecnu nompemuas cuia 6oxablie Beca tena P > G, torma P —
G =R, rae R — paBHOEHCTBYIOMIAS.

Teno BCIUTBIBAET BBEPX, MOKA MOIBEMHAS CHJIA HE CPABHSIETCS C
BecoM Tenna P = G, a R = 0 — HagBOoIHOE MIaBaHUE TEN.

2. Ecam mompemuast cmiia menbine Beca Tena P < G, torma R
Oy/ieT HaIlpaBJICHO CBEPXY BHHU3 — TEJO OYJAET MOrpyx,aTbcs, TO-

HYTb.
3. Ecnu noawsemuas cuna paBHa Becy Tena P = G, R = 0, Teno

OyJeT miaBaTh B MOTPYKEHHOM COCTOSTHUU — TOJIBOJIHOE TLIaBa-
HHUE TEJL.

B cBoro odepenp MoaBOAHOE IUIABAHUE TN TaK)KE MUMEET
TPH CiTydast:
a) mentp TsoKecTr Tenna C paciosiokeH HUKE LEHTPa BOIOM3-
MmeitteHus D;

Teno, BeIBeIeHHOE U3 PAaBHOBECHUS, CTPEMHUTCS K TPEKHE-
MY COCTOSIHHUIO, T.€. TEJIO HAaXOAUTCS B YCTOMYMBOM COCTOSIHHH
paBHOBeCHSI.
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0) uentp TsokecTH Tehna C pacrooKeH BBIIIE IICHTPa BO-
nousMelenus D;

TCJIO, BBIBCACHHOC M3 pPAaBHOBECHUA, HC MOXKCET BO3Bpa-
TUTBCA K HadaJbHOMY IIOJIOKCHHIO — TECJIO HAXOAUTCA B HE-
yCTOﬁqHBOM COCTOAAHUH PAaBHOBECHS.

B) neHTp Tsokectd C U 1eHTp BomousmelneHust D coBna-
JatoT.

Teno, nnaBaroiiee Ha FJIY6I/IH6, MOKCT COXpPAaHATh m000e
IMMOJIOKCHHUE B KOTOPOC OHO MPUBCIACHO HeﬁCTBHGM BHCIIHUX CUJI
— TCJI0 HaXOAUTCA B 6e3pa3quH0M COCTOSIHUM PABHOBECHM.
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Konmponvuwvie éonpocwi:
1. Hanumure ypaBHEHHE OCHOBHOI'O 3aKOHa ruapoctatuku. Ilo-
SCHUTE YHEPreTUYECKUI CMBICI YJIEHOB YPaBHEHUS.
2. Hanmumure hopMyiny THAPOCTaTHUECKOTO JaBICHUS B TOUKE U
ero pazmepHoctb B cuctemax MKI'CC u CH.
3. Kakumu npubopamu u3mepsiercs gaBieHue?
4. TlocTpouTh 3MIOPHI TUAPOCTATUYECKOTO JABJICHUS HA CTEHKH,
[IPEJICTaBICHHbBIE HUKE

[
h [ A2 /

|
H

5. JlaTb onpezesieHne THAPOCTaTUYECKOTO 1ABJICHUS.

6. Kakoe cBOMCTBO I'MIpOCTaTHUECKOIO JaBJIECHUS BaM U3BECTHO?
7. Uto Ha3bIBaeTCs AOCOIIOTHBIM U U30BITOUYHBIM JaBICHUEM?

8. UTo Ha3bIBaeTCsi BAKyyMOM, BaKyyMMETPUUECKON BBICOTOM U
BaKyyMMETPUYECKUM JIaBICHUEM?

9. Uro Ha3bIBaeTCs NbE30OMETPUUYECKMM U THAPOCTATUYECKUM
Hanopom?

10. YUTo Ha3bIBAIOT HOBEPXHOCTHIO PABHOIO JaBJICHUS?
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4. OCHOBBI T'HJPOAUHAMUKHU

Tuopoounamuka v3y4aet 3aKOHBI IBHOKCHHS )KUIKOCTH U
WX HCIOJB30BAHUE JJIS PEIICHUS KOHKPETHBIX WHXXEHEPHBIX 3a-
auq.

Pa3,I[CJ'IOM TUAPOAUHAMUKH ABJICTCA KUHEMamuKa.

Kunemamuka — pasnen TUAPOAMHAMUKH, H3y4YaOUIUi
pacnpenelieHne CKOpocTel B TOTOKe 0e3 pacCMOTPEHUS CHJI, BHI-
3BIBAIOIIUX ITO PACIIPEICICHHE.

3ajayamMu TUAPOAUHAMUKHY SIBIISIFOTCSL:
1. omnpeneneHue nNpormyckHOM clioCOOHOCTH BOJIOTOKOB;
2. monbop (BBIOOP) THIPOMAIIINH JIJIsI TOIaYH KHIKOCTH.

OcHoBHbBIE XaAPaKTEPUCTUKHU ITOTOKA

1. Oovem (V) — KOMMYECTBO MKHMIKOCTH, TPOTEKAIOIIEH depes
YKUBOE CeYeHHE TPYOBI 32 KAaKOM-TO MEeprOJl BPEMEHH.

2. Obvemustit pacxoo (Q) — KOJIMYECTBO KUIKOCTH TPOTEKAIO-
mieit uepes JKUBOE ceueHue TpyObl B €JMHUILY BPEMEHHU.

3. Hanop (H unu h) — sHepreTryeckoe BBHIpAKECHUE TABICHUS B
JUHEHHBIX eTUHUIIAX.

4. Cpeonsasn ckopocms nomoka (D) — CKOPOCTb JBUKECHUS HKH/I-
KOCTH, OIpeaeNstonascs OTHOIEHHEM pacxoa *KuakocTu Q k
IUIOINAM KUBOTO CEUEHHS ().

5. Mecmnas ckopocms (U) — CKOPOCTh B JTAHHOM MeCTe (TOYKE)
MOTOKA JKUJKOCTH.

6. /Kuesoe ceuenue () — ceucHue, KOTOPOE 3aHUMAET KUIKOCTh
B BOJIOTOKE (TpyOe, KaHaie, pexe).

llpumeuanue:

6ecoeoii pacxoo (G) 0OBIMHO MCIIONB3YETCs ISl THAPABIMIECKO-
ro pacuera HeTH U HEPTEIPOAYKTOB.
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5. METOAbI U3YUYEHUSA BN KEHUSA KUJKOCTHU

Memod Iiirepa

B moToke nBmKyIIEHCS XHIKOCTH OepeM Kakyr-TO 00-
JaCTh, HAMEYAEM HEIOABUKHBIE TOUKH U CJIEIUM 32 CKOPOCTSIMH
YaCTULL KUJIKOCTU MPOXOISIIMMHU YEpPE3 3TU HEMOJABUKHBIE TOY-
k. KaxxnqoMy MOMEHTY BpEMEHHM COOTBETCTBYET CBOSI KapTHHA
CKOpPOCTEH.

Junus moxka — 3mo JAUHUA 8 KAXHCOOU mouke, Komopoﬁ
6EKmMOp CKopocmu Kacamelén K Hell.

O notoke B LIEJIOM CyIHUM IO CKOPOCTSIM B OTAEIBHBIX
HEIOABUKHBIX TOYKaX IMPOCTPAHCTBA.

JIuHMs TOKA OTHOCHUTCS K ONPENEIEHHON COBOKYIIHOCTHU
Pa3JIMYHBIX YaCTHUL, paCCMaTPUBAEMBIX B JAHHBIM MOMEHT BpeE-
MEHH.

Memoo Jlazpanica

B noToke ®uaKocTH BHIOMpaeM KaKyr-TO 00JacTh, HAMe-
yaem psij ABWXKYIIUXCSA YACTHIl U CIEAUM 3a uxX ABuxeHueM. Co-
€IIMHSIEM CJIeJIbI, OCTABJICHHBIC YACTUIIAMHU, U TIOJIy4aeM TPAeKTO-
PUIO IBUIKEHHUSI YACTHULL KUIAKOCTH.

Tpaekmopusa osuixcenus — cned, 0CMAGIEHHBLIL Yacmu-
ueil HcuoOKocmu.

O moTOKe CyIuM IO COBOKYITHOMY PAacCMOTPEHHUIO JBU-
KEHUS YacTHUI] )KUJKOCTH, HEMIPEPHIBHO MEHSIOUIMX CBOU TpPaeK-
TOPUH.

TpaekTopHst OTHOCUTCS K OJTHOW ONpEeNICHHON YacTulle, u3yJa-
€MOH B TEUECHHUE OIPEIEIEHHOTO OTPE3Ka BPEMEHH.

Ilpu ycmanosuguiemcsa 06UICCHUN JTUHUU MOKA 1L Mpa-
eKmopuu_cognaoaiom.
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YpaBHeHuUe HePa3PHIBHOCTH WM CIJIOIIHOCTH [JISl IOTOKA
peaibHOI dKUIKOCTH B IPAKTHYECKOM BH/I€

Q :1910)12192@2:!930)3

Jw =const

ypaBHeHI/Ie HCPA3PbIBHOCTH HJIM CINIOHNIHOCTHU IIOTOKA KUIAKOCTH
B IIPAKTUYCCKOM BUIC.

G _w
3

Knaccuduxamus 1BuKeHUs JKHIKOCTH
I. BUJbI ABUXKXEHUSA )KNJIKOCTHU

1. Ycmanoeusweecsa osusicenue sncudxkocmu — Takoe IBIDKCHUE,
IpA KOTOPOM CKOPOCTh ¥ JIABJICHHE YACTHUIL KHJIKOCTH 3aBUCHT
OT KOOPJWHAT U HE 3aBUCAT OT BPEMEHH:

u="f(xy,2);

P=f(x,Y, 2).
a) Ycmanosuguwieecsa pagHomepnoe — CpeHsisi CKOPOCTh TTOTOKA
MOCTOSTHHA TI0 BCEH €ro JIMHE MPHU MOCTOSHHOM KHUBOM CEUCHUU
(d = const s TpyOGOITPOBOJIOB).

5) Yemanoesuesuwieeca HepasHoOMepHoe — CpCIHUC CKOPOCTHU IO
CCUCHUIO MCHAKOTCA, HO B JAHHOM CCYCHHH BCErja IIOCTOSAHHBEI.
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di, o1 d2, o2 d3, o3

¥
F'//
/-—‘
vl V2 03
_ﬁ_*ﬁh_ﬁ_
¢
2. Heycmanosusuieeca oOeuiceHue HOmMOKa — CKOPOCTH U

JIaBJICHUS YaCTHUI] XKMJIKOCTH B IOTOKE 3aBUCAT M OT KOOPAHMHAT, U
OT BPEMEHHU:

u=~f(x,y,zt);

P=f(x,Vy,z1).
3. Hanopnoe osujicenue nomoka — Npu JIBUKECHUH XHUIKOCTb
3aHMMAET BCE CEYCHHE TPYOBI.

4. Ee3nanopuoe OGUIICCHUE NOMOKA — XUJIKOCThL 3aHHMaeT

4acCTb CCUCHUA.
HpI/I 6C3HaH0pHOM JABMOKCHHUHN JXKHAKOCTH TCUYCT 3a CUCT

TPaBUTAIMOHHBIX CUJT (COOCTBEHHBIM BEC KHUIKOCTH) M YKJIOHA
MOBEPXHOCTH BOJOTOKA (TPYOBI, KaHaa, peKH).

N3ydyaercs B OCHOBHOM yCHIAHOGUGUICECA HANOPHOE
OsuIICEH e NOMOKA HCUOKOCHIU.
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Il. PEKUMBbI IBUKEHUS

Cyl1ecTBYIOT /1Ba peXUMa JBUKEHUS KUIKOCTH:
— JIAMUHAPHBLI PEXUM JBUKCHUSA;
— mypoyaeHmHblil PeXUM IBUKEHUS.

PexxuMbl BUXKEHHS JKUAKOCTH OIPEIENAIOTCS IO YHUCITYy
Pelinonbnca Re u  cpaBHuBaKOTCS € uuciaoM PeifHombiaca
KpUTHYECKHM Rexp:

- |IRe, = 2320 |- ans nanopsoro noroxka;

- |IRe, =580 |- ans 6e3nanoproro noroxa.

Ecnu Re < Rexp — TaMuHapHBIN peXUM JIBUKEHUSI.
* JepHH.IA

AKHIRKOCTBb

L&
[

AKHIKOCTH

Jamunapuoiii  pexicum  BUXKEHUS  XapaKTEPU3YeTCs
napaieIbHOCTPYHUaThIM IBUKEHHEM TOTOKA.

Pacnipenenenue ckopocreil mo ceueHuro TpyObl npu na-
MUHAPHOM pedtcume O0GUIHCeHUsA XUAKOCTH MOJUUHSETCS napa-
001uuecKkomy 3aKomy.

u1
u2
Umax
us
u4
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OTO 00BACHSAETCS TEM, 4TO IPU JAMHUHAPHOM pEXHME
JIBUKEHUS BEKTOP CKOPOCTH Ka)IOW TOYKHM JABMKYULIEHCA KU-
KOCTH IIOCTOSSHEH BO BPEMEHHU II0 BEIMYMHE U HAIPABJICHHUIO.
AOCONIOTHOE 3HAYEHUE CKOPOCTH B JIAaHHOW TOYKE OIpPEeseTCs
TOJIBKO IIOJIO)KEHHEM TOYKH B IIPOCTpaHCTBE. MakcuMaibHas
CKOpOCTh HaOJrofaeTcst Ha ocu TPYOBI, @ y CTEHKH TpyObl OHa
paBHa HYIIO.

r 2
U=U_,|1- Il
0
rae U, - MakcuMallbHas CKOPOCTb;
I, - panuyc TpyOBbI;
I' - TeKyIas KoopauHaTa, U3MEHSIOIAsACs OT HyJIs Ha OCU TPYyObl
0 I, y CTCHKH.

dopmyIa MOKa3bIBAET, YTO SMIOPA MECTHOW CKOPOCTH 1O
JMaMeTpy TpyObl NMpHU JAMMHAPHOM pEXHUME odepueHa napabo-
noti. MakcumalpHasi CKOpOCTh TPH JIAMHHAPHOM PEXUME paBHA
YZIBOEHHOW CpeHEN CKOPOCTH.

U = 29 | a cpeansis ckopoets | @ =y, /2

Ecnu Re > Rexp — TypOy/IeHTHBIN peXUM JIBUKEHHUS.

‘ YepHHIA

AKHIARKOCTDb

L
=

AKHIKOCTD

Typoynenmmuoiit  pexicum JIBUKCHHUS XapaKTepPU3yeTCs
MyJbCalMel CKOPOCTEN M JaBICHUM YacTUIl KUAKOCTU B TIOTOKE
Y XaOTUYHBIM [I€PEMEIINBAHUEM HX.
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[Tynpcanus — pe3koe U3MEHEHHUE TapaMeTPOB.

Ilpu mypoynenmmuom pesricume 08urzceHus pacripenesne-
HHUE CKOPOCTEH 0 CEYEHUIO TPYObl MOTUUHSCTCS JAocapugdhmuye-
CKOMY 3AKOHY.

u1
1 U2
* Umax
us
u4

B 11060f1 MOMEHT BpeMEHU npoooNbHAs MECTHas CKO-
pocTh (B HanpaBjieHUU ocu X) MOKET ObITh 3alucaHa B BUJIE:

U, =U,+U.,

rae: Uy - ocpeqHeHHas MpoI0JIbHAS CKOPOCTh;

U x ~ HIyIbCalMOHHAsA CKOPOCTb.

3a 10CcTaTOYHO OOJIBLION NMPOMEKYTOK BPEMEHHU BEIUYM-
HAa OCpeIHeHHOW mpomoibHOUW ckopoctn Uy =const, a
> U,=0.
Ilonepeunvie MecTHBIE CKOPOCTH (B HampaBieHUU oce Y
U Z) 3aluChIBalOTCS AaHAJIOTUYHO:
U, =Uy =U,,
U, =Uz=xU,.
3a JOCTaTOYHO JJUTENbHBI TPOMEXYTOK BpEMEHH, IpH
YCTQHOBUBIIEMCSI TypOYJIEHTHOM JIBUKEHHUHU IONEPEYHbIE MECT-
Hele ckopocth U, m U, paBHBI HyIIIO.
Hanunuune TypOyneHTHOro nepemMeninBanus NPUBOJUT K CpaB-
HUTEJBHO 00Jiee PaBHOMEPHOMY paclpe/IeeHNI0 BETMYUH MECT-

HBIX CKOPOCTEH MO )KUBOMY cedeHHI0. Uem Oouiblie cpeHss CKo-
POCTh JABIIKYIIEHCS )KUKOCTH, TEM OOJbIIE TPOHUKHOBEHUE Ya-
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CTHIL )KMJKOCTU U3 OIHOIO CJOs B IpYroil, Tem Oojee BbIpaBHU-
BAeTCs JII0OPAa MECTHBIX CKOPOCTEH, MPHOIIKasCh B Mpeaese K

IPSIMOYTOJIbHUKY.

Pacripenenearne ckopocTeil B TypOYJICHTHOM ITOTOKE IO/I-
YUHSIETCS 102APUPMULECKOMY 3AKOHY:

U= U. Iny+C,
X
rac U* - JMHaAMHUYCCKasA CKOPOCTh:
U,=+gIR,

¥ - KOXPOUIMEHT MponopIroHaIbHOCTH (moctosiHHas Kapma-
HAa); U1 TypOyJIGHTHOTO ITOTOKa B TpyOax y = 0.40;

| - ruapaBIUYECKUMA YKIIOH;
R - runpaBianueckuii paanyc Tpyosi;
C - mocrosiHHasE MHTETPUPOBAHMUSI, OINpeaessieMasl IPU YCIOBUU
y=r,.
®opmyiibl uncia PeitHonbaca npu Hanopuom BUNE IBU-

KEHUS:
1. Tpyba Kpyriaoro ceyeHus:

gd-
Re St il
MU

rac 19 — CpE€aHAd CKOPOCTH ITOTOKA,

d — omamerp Tpy6sI;
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p — INIOTHOCTB XXUAKOCTH,

J7 JUHAMUAYECKUN K03(pPULIMEHT BA3KOCTH.

Ecnu 3ameHuTh OuHAMUYECKUH KOA(PQPUIIMEHT BS3KOCTU

KHMHEMAaTHYCCKHUM KOS(b(bI/II_[I/ICHTOM BA3KOCTH VvV =— .

e,

94

| 24

Re

2. Tpyba TPOW3BOJBHOTO CEYECHHUS (KBaJpPaTHOTO, MPSIMO-
YTOJIBHOTO):

®opmyiia ynciia PeliHonbaca ipyu HanopHom BUIE NBUKCHUS:

_34R

Re

rae R — rumpaBnnyeckuii paauyc;

() — TUIOIIAJ(b )KMUBOTO CEYEHHUS,

e CMOYCHHBIN [TEPUMETP.

®opmyna uncna PeliHonbaca Ipy fe3nanopuom BUJE IBUKEHUS:
| 24

Re

Du3zuueckuii cmovicn uucna Pennonvoca — 110Ka3areib
KUHETHYHOCTH ITOTOKA, T.€. YeM OoJblle unciao PefiHonbaca, TeM
OoJbIIeH KMHETHYECKOH SHepruet o0iagaer MOToK.
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Ilpumeuanue: B IpUpOJIC TAMHUHAPHBIN PEKUM JTBHIKCHUS
KUJKOCTH BCTPEUAETCs KpaliHe PEIIKO, 3TO:
- KpOBOOOpaIleHue;
- (punpTpanUs KUAKOCTH Yepe3 TPYHT;
- IepeKavYKa OYCHb BSA3KHX JKUKOCTEH MM HE(TEIIPOTYKTOB.

1. TMAPABJIUMYECKHUE CTPYHU

Bun aBwkeHMsl, P KOTOPOM IOTOK OrpaHHYEH Ta3000-
pa3Hoii cpeoit (BO3MyXOM).

KOHmpOJleble 80NpOCol.

1. MaiiTe 00ILIyIO XapaKTEPUCTUKY JJAMUHAPHOIO U TYpOYyJIEHTHO-
o0 peXHUMOB JIBW)KEHUS KUIAKOCTH (POpMBI IBUKEHHUS YacTHII,
SMIOPbI CKOPOCTEH, IyJIbCALMsI CKOPOCTEN M JaBJICHUH U T.I1.).

2. Hanmmmure popmyny uucina PeifHonbaca v MosICHUTE 3HAUCHHE
BXOJAIIUX B (hOPMYITy BEIUYHH.

3. Kak u3MeHsAI0TCS KacaTellbHbIC HAIPSDKEHUS IO JUaMETPy
TpyOb1? IlosicHUTE pa3nuyue B BEIMUMHE KacaTeNbHBIX HaIlpshKe-
HUN TIpYH JJAMUHApHOM U TYpOYJIEHTHOM pEXHUMax JBUKCHUS
AKHUJIKOCTH.

4. Kak 3aBHUCST OTEPU SHEPTUU OT CKOPOCTHU MIPU JJAMUHAPHOM U
TypOYJIEHTHOM peXUMaX JBUKEHUS )KUJKOCTHU?

5. [IpuBenuTe npuMepsl TypOYIEHTHOTO U JIAMUHAPHOI'O PEXKHU-
MOB JIBJKEHUS TIOTOKA JJIS )KMJIKOCTEN C Pa3IM4HOM BA3KOCTBIO.
6. BausiHue temneparypbl JKUIAKOCTH Ha PEKUM JIBUKEHUS HKU]I-
KOCTH?

7. CBsi3p MEXIY JUHAMHUYECKUM KO3(PPHUIMEHTOM BA3KOCTU L U
KHHEMaTU4YeCKH KOAQPHUIIMEHT BSI3KOCTU V ?
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JAunddepenunaibubie ypaBHeHUs Jiljiepa IBHKEHUS
H/1eAJIbHO KUIKOCTH
N3 muddepeHnmanbHpIX  ypaBHEHHH Oiiepa s KUIKOCTH
HaxoJsIIelcs B TIOKOE, BBOJI B 3TH YpaBHEHUsI, COIJIACHO MIPUH-
nuny JlanamOepa, cuily HHEPLHMH OTHECEHHYIO K €MHUIIE MACChI
YKUJIKOCTHU TIOJTY4YHM:

1 9P _du,
o ox dt
£ 1P _du
T p oy dt|

1 .9P _du,
p o0z dt

Fx

F.

rae J - cuiia MHepLHH,

Jx ,JY , \]z - MPOEKIMK CHUJI HHEPIIMH Ha KOOPIMHATHBIC OCH;

dux du, du,
dt * dt ' dt
:_dux __duy ,__du;
= dt’JY dt’JZ dt

«-» 3HaK MHUHYC 0603HaqaeT, 4TO CHJIa MHCPIUHK HAIIpaBJICHA B
IMPOTHUBOIIOJIOKHYIO CTOPOHY ABUIKCHUA.

Cucmema OanHbIX ypaenenuﬁ ycmanaeiueaem C6:3b
Meofcdy npoexkyuamnu 00beMHBIX CUN U cxopocmeﬁ, oaenenuem
U niomHocmbsio.

HpI/I TCUCHUU peaﬂBHOﬁ KHUAKOCTHU B IIOTOKC BO3HHUKAIOT
HAIPsSXKCHUA, KOTOPBIC paCKIaJAbIBAIOTCA HAa HOPMAJIbHBIC 1 Kaca-
TCJIbHbBIC COCTABJIAIOIINC:

- OPOCKOHHN YCKOPCHHUA Ha KOOPAWHATHBIC
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1. HOpMasbHOE HamNpsOKEHHE (JIaBJIICHHUE) ONPEACIIIEMOe B JIO-
0O TOYKE MOTOKA;
2. JOTIOJIHUTENIbHOE HAIpsDKEHUE, COCTOsIIee M3 3-X HOpMallb-
HBIX M 3-X KacaTeJIbHBIX COCTABJISIOIINX.

OTH CHUCTEMbI HAIPSHKEHUI 3aBUCAT B KaXJ0M TOYKE IO-
TOKa OT OPUCHTAIMH IUIOMIAJKH, Ha KOTOPOW BO3HUKAET Hamps-
JKEHUE.

Pemias coBMecTHO ypaBHeHHE DJilepa, C y4ETOM YCIO-
BUA TUHAMHUYECKOTO PABHOBECHS B TOYKE IMOTOKA IMPH TCUECHUU
pEaTbHOM XKUJKOCTH, U YpaBHCHUE HEPa3pbIBHOCTH B muddepen-
nuanbHON ¢dopMe, TOIYYHMM CHCTEMY YpaBHEHUH, KOTOpbIE
Ha3bIBaIOTCs ypaBHeHUssMU HaBbe-CTokca.

O, s, U, A 1P MU U, S
ot *ox Yoy oz p ox plox’ oy o
duy, duy, duy, ou,_ 1P  H[gu, u, du

E Ux ae Uy ay *U; az 7;@+Y +p aXz ayz 6Zz

a 2 2 2
Uy, U, QU QU 1P o MG, U, Ou,
ot 0z oy ‘oz poz plox oy oz
[[aHHLIe YpaBHCHHA MOI'YyT peliaTh 3aAavdu JABUKCHHA
KUJIKOCTHU B 06H1€M BHUJC, HO, K COXKAJICHUIO, B HACTOAIICC BPEMA
CHUCTCMaA ypaBHeHI/Iﬁ HHTCTpUPYETCA TOJIBKO IS HCKOTOPBIX

YaCTHBIX CIIy4acB.

YpaBuenune bepuy/umm 1 cTpyiKu HaeaIbHOM KUAKOCTH

VYpaBHenne bepHymin MOXKHO BBIBECTH Kak u3 audde-
PEHLUANIBHBIX YpaBHEHUW Diyiepa JABUKEHUS HEBI3KOU KHUIKO-
CTH, TaK U U3 YPAaBHEHUS KOJUYECTBEHHOTO ABUKEHUS.

PaccmarpuBaeTca sneMeHTapHas CTpyHKa HaxXOIAIIasiCs
B YCTaHOBUBIIEMCS IIOTOKE >KUIAKOCTH. YMHOMKAIOTCA KaKIble
ypaBueHwus Ha dX, dy, dz u ckIaapIBarOTCS:
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F _L.@:de -dx
* p ox dt
1 P du
= T _UUvl g
1P _du,
F o 6z dt |4z
ITonmygaercst ypaBHEHHE:!
0 0 0
%lixdx +%l,:Ydy +%l,izdz =F.dx +F.dy +F.dz *% %dx +@pdy +£dz
F.dx +F, dy +F,dz =dU - MOJIHBIA AudPepeHInan CuaoBas
GyHKIMS.
op op op - MoJHBIN auddepeHman aBie-

&dx +@dy +a7d2 =dp

HH.

Tak xak JABVIKCHUC YCTAHOBHUBIICECA, TO JIMHUA TOKAa U TPACKTO-
pHH COBIAIAIOT, TOT/A:

dx, dy, dz — npoekuuu smemeHTapHOro mytu dS MPOXoaUMOro
JaCTHIIEH XKHUIKOCTH 3a BpeMs dt u mostydaem:

du,_,. .du,_, .du,_
dt Uogr  Ugr Ue

Otcrozna:

dx =u,dt
dy = UYdt
dz =u.dt

IToacraBiss maHHBIS BBIPpAKCHUS B JICBYIO YaCTh YPAaBHCHUS:
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duy

" Usdt + %‘f u.dt +

=§d Werui+ul)

2 2 2 2
U =UxtUv*"U;

%‘:Zu dt =uxdux+u,du,+u.du,=

1

1 (oL
d (u9)=dU pdp

[Tpeobpasys naHHOE ypaBHEHUE:

1

[Tocne uHTErprUpOBaAHUSL:

u_.P_
> U+p const

>dlu )dU+—dp -0

PaccmaTpuBaercs 4acTHBIN ciiydail, Korja BHEIIHEH 00b-
€MHOM CUJION, IEVCTBYIOIIEH Ha )KUIKOCTb, SIBJISIETCS TOJIBKO CH-
Ja TSDKECTH, T.€. CUJIoBasi PYHKIIHSI paBHa!

U--g

2

50 +%=const

Ortnecs JaHHOC YPaBHCHHUEC K CIMHUIIC BECCA ) KUAKOCTH,

T.C. pa3gCJIMM Ha

G:

2
7 +——+

,0929

=const
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Ypasuenue bepuynnu ona cmpyiiku udeanvHoii #cuoKko-
cmu, KOTOpas TI1acHT, YTO MOJIHAs yJeIbHask SHEPTUsl 10 JUIUHE
CTPYHKHU — MOCTOSIHHAS BEJTMYMHA.

YpaBHenne bepHyim 1Ji51 CTPYHKH peaibHON KMAKOCTH

L P ul=Z P, u,
,09 29 ~ 29

rac hC - IIOTCpHU YﬂeHLHOﬁ OHCEPIUur UJIN IIOTCPHU HAIlOpa MCIKAY

el

CEUYEHUSIMU I10 JIMHE CTPYMKH.
YpaBHenue bepHyJuin 17151 MOTOKA peabHOM JKUAKOCTH

YMHOKas Bce WieHbl ypaBHEHUs bepHyum uist 23J1eMEHTapHOM
CTPYHKH UACAIBHON KUIKOCTH Ha BECOBOM PACXOM: png

HOJIy‘-IaeTCﬂ .

png J(p poz)

png | (p,+p92,)dQ + [h. pgdQ

Hocne I/IHTerI/IpOBaHI/IH JTAHHOTO BBIPAXXEHUs BJOJIb Ce-
YEeHUs U JIeJIsl Ha BecoBOM pacxon pgQ:

p 061191_2 + 2 p2 a2192
M9 T

hw = h;:m"' hMC

Ypasuenue bepuynnu evipasicaem 3aKOH COXpaHEHUs
yIEIbHOW SHEPruu (MEXaHUUYECKOM dHEpruun) JUisl MOToKa pealib-
HOM >KMJIKOCTH U SIBJISIETCSI OCHOBHBIM YPaBHEHUEM THJIPABIUKH,
OTIPENIETISIONIUM CBSI3b MEK/Y JIaBIICHUEM M CKOPOCTBHIO B JIBH-
JKYIIEMCsI IOTOKE KUJKOCTH.

Zl hW

52



Yoenvnaa snepzua — >Heprus, OTHECEHHas K EOUHUIIC
BECa JKUJKOCTH.

ITnockocmy cpagnenusa — 310 1100as TOPU3OHTANIbHAS
IUIOCKOCTh, OTHOCHUTEIBHO KOTOPOIl MBI BeieM oTcueT. BriOupa-
€M CaMOCTOSITEIbHO, U3 IPAKTUYECKUX COOOPAKECHUH.

Cxema noToKa peaqbHOU KUJIKOCTH

—N —*\—‘.— B e e (TR S S S e
v} 12
| T E
g noa
N ]1»‘13
N
a,vi e, T l
29 Euo‘r u')j:,’
pily /—- \

T s S s i s i e 0

E mon. — nMHUS MOTHOM yIeTbHOM SHEPTUN WM JIUHHUS TIOJTHOTO
Haropa.

E not. — nuHus yaenbHON NOTEHIUAIBHON SHEPTUU WIIN JIMHUS
IbE30METPUYECKOI0 HAIOopa.

0-0 — mockocTh CpaBHEHUS

Kaxnpiii unen ypaBHenust bepHymnnu umeer 2 cMmblcia:
1. I'eomempuueckuii,

2. Duepzemuueckuii.
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I'eomeTpryeckuii CMBLICT YJIEHOB YpaBHeHus1 bepHvJiin

Z - zeomempuuecxuﬁ Hanop UJn éblcoma nojoricernus 10TOKa

KHUAKOCTU HAaA IJIOCKOCTBIO CPABHCHUS B CCUCHUH.

p - nbe3omempuqea<uﬁ Hanop WA esvlcoma oaeleHus 1o-

TOKa )XUAKOCTU B CCUCHHUU.

7 _,.L - nbe3omempultec1<uit Hanop B CCYCHHU.

A9

2
62¥—l9 - cxopocmnoﬁ Hanop NN CKopocmHas eébvlcoma 110TOKa

KNIKOCTH B CCUCHHUU.

2
+£+ﬂ = —HONHBLIL HANOP NOMOKA HCUOKOCHU
Z m 2g EI'IOIIH p

6 ceuyenuu.

JHepreTHYecKNi CMbICJ YieHOB YpaBHeHus bepHyJin

Z — YyAacibHad MNMOTCHUUAJIbHAA JOHCPIUA MOJ10)HC€HUA T10TOKA

KHUAKOCTHU B CCUCHUU.

p — YyACIbHasAd NOTCHOHAJIbHAsA OJHCPIrusa oaejlieHus TIOTOKa

KHUJIKOCTH B CECUCHUU.

7 +£ — YACJIbHAasA NOTCHUOUAJIbHAA SHCPIrusd nROmoKa XU.-

KOCTH B CCUCHHMU.
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2
0&9 - ydeﬂbuaﬂ KuHemuueckana IHepcuna 10TOKa XUJIAKOCTH B

CCUCHUU.

2
7 +_+ﬂ —E. — NOIHAA pOebHAA IHEPIUR NOMOKA
m 29 MOJTH
HCUOKOCMU 6 CeUeHUuU.

a — KOS(i)(l)HHI/IeHT KUHETUYECKOM OQHCPIur, IIOKAa3bIBACT BO

CKOJIBKO Da3 (akTHuecKass KHHETHYeCKash HHEprusi IOTOKa,
00JbIlIe KUHETUYECKOW SHEPruel MoToKa, MOJACYUTAHHOM 10 €ro
CpeIHEN CKOPOCTH:

" O, = 2 — VI TAMHHAPHOTO PEKNMA;

T Ops — 1,05—1,1 — Wi TypOYJICHTHOTO PEKUMA;

© Ol.s =1 — A1 1a0OPATOPHBIX YCIOBHHA.

h,, —nomepu yoenvnoi snepeuu v nomepu nanopa no

OJluHe TTIOTOKA MEX]1y CEUCHUSIMU.
h i — homepu yoenvnoii IHepzuu Ha mpenue VM nomepu
Hanopa Ha mpeHnue 1O JJIMHE TOTOKA MEX/1y CEUCHHUSIMHU.

Ny — nomepu yoenvnoii snepeuu na npeodonenue mecmmoix

conpomueﬂeuuﬁ uiu nomepu Hanopa Ha npeodoﬂenue mecm-
HblX conpomueﬂenuﬁ.

IHomepu nanopa na npeooonenue mpenus no Oaune
HOMOKA U MECHIHbIX CONPOMUBICHU NEePEX00Am 6 Mena06yio

IJHEP2UIo.
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Ilpumeuanue:
7 — BHEIIHWM ¢dakTop MOTOKA,

2
p . 0253  hws hm; N, — BHYTpeHHHE (haKTOPBI IOTOKA.
IIpumepsl ncnosib30BaHus ypaBHenusi bepuysuiu B
THAPABJIHYECKHX pacyerax

IIpu ucnonp3oBaHuM ypaBHEHUs bepHyiun Bceraa Hajgo MOM-
HUTb, YTO OHO OTPa)KaeT YCJIOBUS IUIABHOIO U3MEHEHHUs IOTOKA.
Jlis yyacTka ¢ KpyThIMHM U3rudam, IJie Yyroyl pacxXxoJAuMOCTH JIH-
HUM BENUK, ypaBHeHUe bepHyim HeneilcTBuTenbHO. [IBHkeHue
JIOJKHO OBITH YCTAaHOBUBIIIAMCSI.

ITpu oTcuere BBICOTHI IOJIOKEHHSI, KaK yKa3blBaJOCh BBIIIE,
BEPXHUH KOHEI OTpe3Ka Z MOXKET OTHOCUTBCS KaK K LIEHTPY Ts-
’KECTU CeUYCHHsI, TAK U JIF0OOI TOUKE ero, HO OTPe30K P/pg Beerna
JIOJDKEH OTKJIaJIbIBaThCS OT KOHIA OTpe3Ka Z.

Cnenyer 3aMeTHTh, YTO IpPHU COCTaBICHUM ypaBHeHus bep-
HYJUIM HaJ0 cTpeMuThcs BoiOMpath ceueHus I-1 u I1-11 u moc-
KOCTb OTCYETa (CpaBHEHMsI) TaK, YTOObl HEU3BECTHBIX B ypaBHE-
HUM OBLIO KaK MOXXHO MEHBbIIIE.

Ha 6a3ze ypaBHenus bepHymnu co3gan psn ycTpoicTts (mpubdo-
poB). K Hum oTtHOcsTCcst Bogomep Bentypu, TpyOka Iluto, Bogo-
CTpyHuaThlii Hacoc (PKEKTOp), MHXKEKTOp U T.J. Paccmorpum
TEOpeTUYEeCKHe OCHOBBI paboThl Bojomepa BeHTypu u TpyOku
[Turo.

Boaomep BeHnTypu mpenctaBisieT co00i KOPOTKMHA OTpe30K
TpyOBl C cykeHueM 1o cepenuHe. Ilepennsst yactb Bopomepa,
CyXaroIlasicsi MO0 TEYEHHUI0 MOTOKAa, Ha3blBaeTcsi KOH{(Y30-
pPOM, CpeiHss 4acTh y3Kasi —TOPJIOBUHOM U pacimiupsionias-
cs KoHLeBas — Au¢dy3opom. JlMamMeTp KOHILIOB MarpyoOka
paBeH nuaMeTpy TpyObl, Ha KOTOPOH IMperoaraeTcs yCcTaHOBKa
BOZloMEpa. B mMpOKOHl 4acTH M TOPJIOBUHE YCTaHABIMBAIOTCS
00 MbEe30METPHI, JIN00 nuddhepeHITnaTbHBIII MAHOMETD.
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a

3anuceiBaeTcs ypaBHeHue bepnymmm nns cedenuid |-l u 1l-11,

0e3 yuera 1oTepsb:

2 2
o, 8 a, 9
pJRTIN & EC L WP o B L

pg 29 ° pg  2g
[Tpunumaercs o1 = a» = a = 1. [IpeoOpasyercs ypaBHEHUE
clenyrmuM o0pa3om:

2 2
P, )= ad, _ ad
P9 29 29
CoryacHo TPEICTaBIEHHOMY BBIIIE PUCYHKY, PA3HOCTD JIEBOM
4acTu ypaBHeHus pasHa h:

(z,+ L)~ (2, +
Py

niIn

Wcnone3yst ypaBHEeHHE HepaspbiBHOCTH & /3, = @,/ @, :

2 2
SH_a. (%] _[a]
& a’z, (lglj (a)zJ

Torna:
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nJIn

| 2g
0603Haqa;1 BCJIIMYUHY a)l 0)2 m , KOTOPYIO HA3bIBAIOT I10-
1~ W

CTOSIHHOM Bojiomepa BenTypu, uepes A4:
Q=Ah.

Tak kak MoTepH Haropa He YYUTHIBAIIUCH, TO PACXO]I 3aBBIIICH
(Teoperuuecku). UTOOBI ONpEAENIUTh PEATbHBIA (IE€HCTBUTEINb-

HBII) pacxoa B popmyny Q = Avh BBomST MTONIPaBOYHBIN KO3 (-

(ULUEHT 4, MEHBIIUN E€AVHUIBI, HAa3bIBAEMBIH KO3 G G U I U -
€HTOM pacxoja BoJIoMmepa.
®opmyna OKOHYATENTFHO MPUHUMAET BU/T

Q=uAVh.

YKJIOHBI

1. T'eomerpuueckuil yKioH:

2. 2,
\]reOM = '
14

2.  IIpe3oMeTpuYecKuil YKIIOH:

P | [, P,
p) 1= g

Z;"

JHBC30M
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3. I'mapaBnuyeckuii yKIJIOH:

Poad| | P e
L% g 1" 2
= ; -

Z: "

B ciyuae pagHOMEPHO20 ycmaHoeuesuiecoca ogudICeHUA
6cCe YK/IOHbl DABHbL:

JFCOM - \]HLCSOM - JFI/IHp )

Konmponvnusie 6onpocwi:
1. KakoBbl 3a71auu THIpOJUHAMUKN?
2. Hanumure ypaBHeHue bepHymnu nis CTpyHKH HUI€aJbHON U
peanbHO xuakoctu. B ueM ux otnuuune?
3. KakoB ¢wusnueckuii cMbicin Kod(pduImeHTa KHHETHYCCKOU
SHEPTUU B ypaBHEHUU BepHyIn uisi MOTOKA KUJIKOCTH?
4. Yto Ha3bIBaETCS yJE€IbHON SHEPTUEH KUAKOCTH?
5. B kxaKyro SHEpruro nepexonsaT MOTEPH MMOJTHOU YAEIbHOU 3HEP-
run?
6. B xakux W3MEpHUTEIBHBIX MPHOOpPAX HUCIOIB3YIOTCS 3aKOHO-
MepHOCTH ypaBHeHus bepnymim?
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6. IOTEPU HATIOPA (YJIEJIbHOM YHEPI'MN)
IO JJIMHE IIOTOKA HA TPEHHUE

[Torepu Hamopa 1o JAJUHE HA TPEHUE Nun MPH IBUKEHUU TIO-
TOKa UMEIOT OTPOMHOE 3HAYEHHUE MPH pacueTe TPyOONIpOBOJIOB U
BOJIOTOKOB, U MTO3TOMY IIPaBHJIBHOE OTpeiesieHue ko3 duimenrta
MOTEeph Hamopa Ha TpeHHue Erp ABJISETCS BAKHOM COCTaBISIOLICH
pacuera.

[Totepu Hamopa 1o ATUHE Ha TPEHUE U KOOPPUIIUESHT TUApaB-
JUYECKOTO TPEHUSI A MOKHO OMPEACIUTh 3 MyTAMH (METOAaMHM):

1. pacueTHBIM IyTeM — MPOIECC IPOCKTHPOBAHMUS;

2. ONBITHBIM ITyTEM — B TIPOIECCE IKCILTyaTaIluH;

3. rpaduvecKUM IIyTeM — IPOIECC MPOSKTUPOBAHUSI.

Ilocnenuuii uneH ypasHeHus bepnyiuu:
hW = hﬂﬂ + hMC

[To aymuHe TpyOBI MECTHBIE CONPOTHUBIICHHUS OTCYTCTBYIOT, TOT/IA!

hW = h);[n

2

Jannyto popmyiy 4acTo Ha3bIBalOT NEePBOii BOAONPOBOIHOM.
A — K03QGUIHEHT ruApaBIMYecKOro TPEHUS MK KOIQPUIHEHT

hﬂﬂ:ﬂu

— ¢opmyna Jlapcu—Beiicbaxa

COMpPOTHUBIIEHUS WK KO3 duumeHT Japcu.

{ — nnvHa TpyOBl WM JJIMHA PACCMATPHBAEMOTO Y4acTKa Tpy-
OFI;

d — amamerp TpyOGsI;

G — cpemHsis CKOPOCTh HOTOKA.

A g = 5 — KO3 PUIMEHT TOTEph Ha TPEHHUE.
TP
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Jis TpyO NpsAMOYTOJILHOTO CEYEHHUsl NPH HAIOPHOM BHJIE
nBkeHus popmyna Jlapcu—BeiicOaxa nmeer Bua:

9
AT AR 29
rae: R - rugpaBnmuueckuii paauyc, onpeaenseMblid mo Gopmyiie:

w .
R=—, rie - miomane ceueHus: TpyObl; y - CMOYCHHBIN Tie-
X

pUMETP.
st Tpy® KpyIJIOro ceueHus THAPABINYECKUN paInyC paBeH:
r_7d”_d
4rd 4

®opmyna Jlapcu—BeiicOaxa cmpaBeanuBa Kak sl TypOy-
JICHTHOTO, TaK W JUIA JIAMHHAPHOTO PEXHUMOB, OJHAKO K03(du-
LIUEHT A MUMEET Pa3IMyHble 3HAYEHUSI.

1. PacuerHblii nyTh
B o6mem cinydae koddpdunmieHT A GyHKIIHMOHATBHO CBSI-

3aH ¢ ynciaoM PeiliHonpiaca Re W OTHOCHUTENIBHOW THAIKOCTBIO

Tpy6BI d/A:
A= f(Re; 9)
A

rae: A- abconroTHas IMIEPOXOBATOCTh CTEHOK (CpeqHssl BBICOTA
BBICTYIIA IIEpOXOBaTOCTH), d - THaMeTp TpyOBHI.

[ns onpenenenus ﬁ HeoOxoauMo 3HaTh |V 30HEI co-

IPOTUBJICHUA WU ABHKCHUS KUIKOCTH .

| 30Ha — 30HA JIAMUHAPHOTO ABW)KCHHUS UM CONIPOTHBIICHHUS.
[Tpenenst 30HbI: Re < Rexp.

B o510l 30HE KOX(pGUUMEHT TUIPABINYECKOTO TPEHUS €CTh
¢dynkuus Tonbko uucia Perinonbiaca A = f (Re), u koaddunuent

61



THIPABINYECKOTO TPEHUs ONpEIeNseTcs M0 OJHOW €IMHCTBEH-
HOU (opMyIte AJist BCeX KUIKOCTEH:
Re
Kak BugHO 13 hopMybl, EepOX0OBaTOCTh TPYOBI HE BIHSIET HA
BEJINYMHY KO PHUINEHTA THAPABIMYECKOTO TPEHHUSL.

[Torepu Hamopa Ha TpeHHE IO JJIMHE IOTOKa B IEPBOIl 30HE
COIIPOTHUBIIEHUH MPSMO MPONOPLUUOHAIBHBI IEPBON CTENEHU CKO-

poctu:
hy = (9
Crnenyronue 30HBI OTHOCATCS K TYpPOYJIE€HTHOMY PpPeRuMY
JIBUKCHUSI.
Il 30Ha — 30Ha TUAPABIUYECKH TJIATKUX TPYO Wi 30Ha bia-
3uyca.
IIpenens 30861 Rexp < Re < 10°.

B 370i1 30He KOI)OUIHEHT TMAPABINYECKOTO TPEHHS 3aBHCHT
TOXE TOJBKO OT TOJIbKO uncia Peiinonbaca A = f (Re).

Bce ¢opmynsl qst onpeneneHus Ko3QGUIMEHTa TUApPABINYE-
CKOTO TpeHHsI A B 3TOM U IMOCIEAYIOIUX 30HAX SMIMPUYECKHUE.
Cawmas pacnpoctpanernas s |l 3oub1 — hopmyna brnazuyca:

- 0,3164
Re 0,25

®opmyna ucronb3yercs B onbiTax npu Re < 100 000. Koad-
(GUIUEHT TUAPAaBINYECKOrO0 TPEHUS A HE 3aBUCUT OT LIEPOXOBa-
TOCTH CTEHOK TpPYOBI, TaK Kak TOJIIMHA JJAMUHAPHOIO MPUCTEH-
HOTO cJ10si OoJiblIe CpeaHEl BBICOTHI BHICTYIIOB IIEPOXOBATOCTH
A.

[Torepu Hamopa Ha TpeHUE MO JUIMHE MOTOKA B 30HE TMIpPaB-
JMYECKH IMIaJIKUX TPYO MPOMOPIHMOHAIBHBI CPEIHENH CKOPOCTH B
cremnenu 1,75:
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75
hy = F(97)
Taxxe u3BecTHa Gopmyrna KonsOpyka:
1
(1L8Re-1,52)
st ynoOcTBa MPaKTUYECKUX PAcYeTOB BEIMUYMHA KO-

¢durmenta A I THIPABIUYECKU TIAAKUX TPYO NMPUBOIUTCS B
CICIUAIBHBIX CITPABOYHHUKAX.

Il 30Ha — 30Ha cMeNIaHHOTO TPEeHUS (CONMPOTHUBIICHUS) WM TIe-
pexoJiHast 30Ha.

Ipenens 30861 10° < Re < Rexs.

B sT0ii 30HE KOAYQPHUINEHT TUAPABINIECKOTO TPEHUS A 3aBUCUT
Kak OT yMcia PeliHonb/ca, TaKk U OT OTHOCUTENIBHOW INIAJKOCTH

TpyOBI i: - f ;Q )
A A Re "y
rnue d _ orsocurenshas IJIaJIKOCTh TPYOBI.
A

OMnupudeckux (opMya Ans omnpenaeneHus KodpHuIMeHTa
TU/IPABIMYECKOr0 TPEHHUS A MHOTO, HO B HUX 00s3aTE€JIbHO IpU-
cyrctBytoT Rem d / A.

Koad¢uumenT rugpaBnudyeckoro TpeHusi A 3aBUCUT OT 4Mcia
PeiiHosib/Ica U OTHOCUTENBHOHN IIEPOXOBATOCTH CTEHOK TPYOBI

d
dbopmynoit H.3. ®penkens:

1 6,81\ A
— = 2.9l 222 40272,
N (Rej d

A
(— . Jns omnpenenenus kodhdUIMEHTa MOXHO TOJIH30BATHCS
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rae: d - guamerp TpyObl; A - CpeIHsisl BBICOTA BBICTYIIOB IIEPO-
XOBaTOCTH, ONpezelsieMas B 3aBHCUMOCTH OT MaTepuaia Tpyo,
MPOJOHKUTEITFHOCTH UX IKCIUTyaTalliy | T.J1.

s 111 30HBI 3aBUCUMOCTB TIOTEPh HAropa 1o JJIMHE Ha
TPEHHE OT CKOPOCTU UMEET BH/I;

hgﬂ —f (31,75—2,0).

1V 30Ha — 30Ha KBaApaTU4IHOI'O TPpCHUA UIIM COIIPOTHUBJICHUA.

[Ipenensl 30Hb1: Re > Rexs.
B sT0ii 30HE KO3()GUIUEHT TUAPABINYESCKOI0 TPSHHS A 3aBHCHUT

TOJIBKO oT OTHOCHTEJIBHOU I'1aAKOCTHU TPY6BI di

d
=f|=
A A
®opmyna U. U. Arpockuna:
1 1155R
—=2-lg—/———.

Ja A

[Tpu OTCYTCTBUM JaHHBIX O BEIUYHMHE A MOXHO OIpPEAESATh
koa(uruent conporusieHuit A yepes3 korhdumment Ilesu (C):
1=29

C 2
HOTepI/I Haropa 1o AJUHC Ha TPEHUEC B 30HC KBAAPATHYHOI'O
COTIPOTUBIICHUS 3aBUCAT OT CPEJIHEN CKOPOCTH B KBaApaTe:

hy, = (9).

®opmyna Ille3n oOBIYHO HUCMONB3YETCS MPU pacueTe Hpo-
CMbIX OTUHHBIX MPYOORPOE000E.

Onpenenenne ko3ppunuenrta Mlesn

1 _
C - H R % — 1o MaHHuUHTY.
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C - 1 R % — 1o @opxrenmepy.

n
N - KO3(pHUIHMEHT IEPOXOBATOCTH BHIOMPAETCS MO CIPaBOYHU-
KaM WJIA OIIPEIEIIICeTCS ONBITHBIM ITyTEM.

Tak, Hampumep, IS HOBBIX TPYyO, UMEIOIIUX TIJIAJIKYIO
noBepxHocTh N = 0,011; a1 BOAONIPOBOHBIX TPyO B HOpPMaIIh-
HBIX ycloBUsiX dkcruryatammu N = 0,012; ams BOIOMPOBOIHBIX
TpyO, ObIBIINX B 3kcrutyatauuu N = 0,013; nyist kaHaIoB, BBINOJ-
HeHHBIX 13 6erona N = 0,014;

Yy — MepeMeHHbIN MMOKa3aTeNb CTEIeHHU, ONpeaesIeMblil Mo QyHK-
[MUOHAJILHON 3aBUCUMOCTH:

)

C - l Ry - Q)opMyna 1o HaBHOBCKOMy, A€ 1nMokKasarciib CTCIIC-
n

HH Y =25 \/H—O,]_S -0,75 \/ﬁ(\/H_O,l)'

Ces3p Mexay koddpdurmentoM Illesn C u kodddunmeH-
TOM I'HJPABINYECKOrO TPEHHS A

89 89
= 7 ﬂ, - Cz

C

Rexs — uncno PeliHonbaca KBaapaTUyHOE, CIYKHUT AJS OIpene-
nenus |1 u 1V 30H conporuBieHus.

Ecnu yucno Pelinonbaca Re mensie yucna PeitHomnbaca kBagpa-
tuuHOTO Rexs: Re < Rexs - |11 30na conpoTuBjienust.

Ecnu uncno PeitHonpaca Re Gonbie yncna PeitHonbaca kBagpa-

tuuHOTO Rexs: Re > Rexs - |V 30Ha conpoTuBJ/ieHus.
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Ecnu TonmuHa TaMUHapHOHN TJIEHKH OOJIbIIE BHICOTHI BHICTYIIOB

IEPOXOBATOCTH Oma > A, TPyObl HA3BIBAKTCH I'MApaBIHYe-
cku raaakumu Tpyoamu (I u 11 30H51).

1 d
ReKB=191°\/Z'A Wi Re,.=21,6-C-

s

all & & 4 &6 & 4 & 5 He

Ecnu TonmuHa JaMUHapHOM IJIEHKM MEHBIIE BBICOTHI BHICTYIIOB
HIEpOXOBaTOCTH Oma < A , TpyObl Ha3bIBAKOTCH THAPABIHYE-
cku mepoxoBarbiMu Tpyoamu (111 u 1V 30HbI).

] NN O N TN T o

2. OnbITHBIA NYTh

1 2
Enon
> h,Z[.]'I
P, <
PY K
, P,
gt
Q /OPMl PMZO\
o Tt T i
L di
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3anuiieM ypaBHeHue bepHyinu s 2-X CEUeHUM:

Z

+&+%:Zz

A9

2
+ p2+a2192+h .
U1

29

Taxk kax mpybda 20pu3onmanvHas, NPUHUMAEM NJIOCKOCHb
CPasHeHUus no ocu NOMOKa, COBNAMIAIONIEH C OCbIO TPYOBI, Z1 =

Z2=0.

!911/1 92 OIWHAKOBbBI U CKOPOCTHBIC HAIIOpbl B YPaBHCHHEC CO-

KpalaroTCs.

he, B A

el

Ilomepsa_nanopa no O0nuHe HA4 _MpeHuUe PABHA_DA3HUUE

HOKA3AHUIL NbE30MEeMPO8 8 CCUCHUSX.

Ecan B ceyeHusix BMECTO MbE30METPOB YCTAaHOBUTH Ma-
HOMETpPBI, TO Pa3HUILIA MOKA3aHUI MAaHOMETPOB JACT MOTEPI0
JAaBJIeHUS 1O JJMHE HA TPeHHe:

pm = PMl - PMZ

Torma MOTEepA HAIlopa MO JJIMHE HA TPCHUC

N

= pﬂf[:
P9

p

U1

3Hasi HOTepIo Harnopa, HaXoAUM KO3 (UIIMEHT IUIPaBINYECKOTO

TpeHus A:

h;[n'd 29
A= /g
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3. I'paduyecknii nyTh
st ompeneneHuss A rpagUyuecKUM IMyTEM HCIIONb3YyeTCs
rpaduk Hukypanse.

Lg (1002)
ol X7
14
4
4,9
~ o I
0aF a2 an%oﬂnéz‘ﬂ\l?ﬂ:l:%&ﬂs% B0 " 6 %00, Po P asuan g
i) N1
' ° ,,aog.?oﬁﬂi}‘;a\:hmp St daa
i L]
v o au:%-h\ﬂesu%w&s R o]
ﬂ,s' o ,gg,eqoa‘],ﬂq%tb'“‘ N .
T, P i
6.4 i Rt el
B3 TR BTN e
J o IR o
8,2

2f 38 3 12 3F 36 38 4 42 4% 4F 48 5 42 4% 35 58 lyRe

Omnpenensiem umcio PeitHonbaca Re, nmanee norapudm
yucia PeiiHonbaca IgRe, otHocuTenbHy0 riiaakocts Tpyosr d /
A, mo rpaduky Hukypanse ompenenseM 3HadeHHE Jorapudma
Ig(1001), Beruucsiem antuiaorapudm u, aeias Ha 100, momydaem
3HaueHue KO3(PPUIMEHT I'HAPaBINYECKOr0 TPEHUS A.
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7. IOTEPU HATIOPA (YAEJBbHOM SHEPTHUN) HA
MPEOJOJIEHUE MECTHBIX COITPOTUBJIEHUAM

®opwmyna Beiicbaxa:

hMc=§Mc-%

Koaddunment moreps Harmopa Ha MECTHBIC CONPOTHUBIIC-
HUS Emc 3aBUCHUT OT 6UOA MECHIHO20 CONPOMUEIeHUs, A TIPU Ma-
JeIx guciax Peiinonpiaca Re m ot yucia PeiiHombaca.

Mecmmnole conpomueienua — CONPOTUBIICHUE B JaHHOM
CeueHHH TPYOBI: KPaHBI, 3aJBUXKKH, KOJIEHO, nuadparmel, pac-
HIUPEHUS, CYKEHUS U T.J. — JII00bIe IPerpabl, MPensaTCTBYIOLINE
JBUKEHHUIO MTOTOKA XKUAKOCTU B TpyOe MPSIMOJIMHEIHO U paBHO-
MEPHO.

Koaddunment norepp Hamopa Ha MECTHBIE COIPOTHUBIIE-
HUA Emc TSI BCEX BUJIOB MECTHBIX COMPOTUBIICHUHN OMPENeNsaeTcs
MOIbKO ONBIMHBIM HymeM, 32 UCKIIOUYEHUEM OJHOTO YacTHOTO
BUJIa, KOTOPBII HA3bIBAETCS 6HE3ANHOE pacuiupenue mpyovl.

Inst enezannozo pacwiupenus TpyOobl KOADDHUITUEHTHI

MNOTECPh Ha IMPCOAOJICHUC BHE3AIIHOI'O pACIHUPCHUA H IOTCPHU
MOKHO ONIPEACTIUTE PACUCTHBIM U OINBITHBIM ITYTCM.
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Pacuérnblii nyTh

1 2
i
)
Q di vl 02 d2
i o
¥
¥
2 2
' [} " (0
5 BP a)z 5 BP a)l
oy 10 9 8 7 6 5 4 3 2 1
Cup. 81 | 64 |49 |36 |25 |16 | 9| 4] 1|0

Jns ogHOrO BMJA MECTHOTO COIPOTUBIICHHS MMEEM JBa Koaq)-
(I)I/II_[I/IGHTa INOTEpb HaAIopa, TaK KaK OHH OTHOCATCA K PA3HBIM
CKOPOCTHBIM HaItopaM B CCUYCHHUAX, U IIOTCPU HAIlOpa Ha IIPCOJ0-
JICHUC BHC3AITHOTO PACHIUPCHUA ONIPCACIAOTCA:

2 2
h :é:' .izg” i
BP BP Zg BP 2g

[loTepu Hamopa Ha Mpeo/I0JIEHNE BHE3AITHOTO PACHIMPEHUs TaK-
e MOKHO oInpeennTs no ¢popmyie bopaa:

hBP _ (lgl — 192)2

29
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Pa3HOCTB CKOpOCTEi (91—32)=9 U HOCHUT Ha3BaHHE

NOTEPSHHOM CKOPOCTM HA Y4YacTKe IOTOKAa IPH BHE3AIHOM
pacIIipeHHH.

OnbITHBIH MY TH

3anuieM ypaBHeHue bepHyinu uis 2-X cedeHui:

p1 augl p 052:92 " th

=7t
Tak kak TpyOa ropu3OHTalbHAs, MPHUHUMAEM ILJIOCKOCTh

27—~
Py 29 Py 29
CpaBHEHHSI 110 OCH TIOTOKa, Z1 = Z2 = 0.

VYcraHaBIMBaeM pacyETHBIM pacxol, CKOPOCTHM U CKO-
POCTHBIE HANOPBI OEPYTCs 110 PacyeTy, U ONpeAesieM 110 IoKa3a-

pl p2

HUAM HpI/I60pOB u , JdajIec OIpCACIIEIEM IIOTCPU

Hanopa Ha HpeOI[OJ'IeHI/IC BHEC3AITIHOI'O paCI_HI/IpeHI/IHZ
L [Pop, (g-9)
M | 29
(UIMEHTHI TOTEPh HATIOPA HAa BHE3AIMHOE PACIIMPEHHUE:
oo h',-29 e h, 29
g g

Jl1s BHe3aIHOI0 CysKeHHMsl TpyObl K03(duuneHT norepb
Haropa Ha BHE3AIMHOE CY)KEHHE MOXKHO OTPENETHUThH IO MOIyIM-
nUpUYecKoit popmyre:

é:Bc:O’S ’ 1 _@

1

, HOCJIE Y€TrOo OIpPCAcCisiCM KOB(I)-
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an oy 0.01 0.1 0.2 0.4 0.6 0.8 1

o 05 | 045 | 04 | 03 | 02 | o1 0

[Torepu »Hepruu Ha BHE3aIHOE CY)KEHUE TPYObl pacCUMThIBA-
I0TCsI 10 BTOPOU CKOPOCTH V3!

2
rae 2—2 - CKOPOCTHOM Harop BO BTOPOM (MaJIOM) CEYEHUH TPYOBI.

JAnsi onmpenesiennsi morepb Hamopa m Kod(dpdunuenra
NOTEpPb HAMOPa HA Te BHAbI MECTHBIX CONPOTUBJIEHHH, ¥ KO-
TOPBIX JMAMETP 10 H MOCJIe MECTHOI0 CONPOTHBJICHUI He Me-
HfAeTcd (3aBHKKA, KOJIEHO, pacxoaomep, iuadparmMa u T.1.),
HE00XO0IMM TOJbKO JKCIHECPHUMEHTANbHBIA NyTh (NMpHUMEp -
auagparma).

3anuiieM ypaBHeHue bepHynnu ans 2-x ceueHuit:

2
P.  a19 Py L a28
L Aol _, 4 P2 &2

/29 /g 29 N

rae hﬂ — MOTepH Haropa Ha auagdparme.

1t

Tak kak Tpyba ropusoOHTaNbHAs, TPUHUMAEM IJIOCKOCTh
CpaBHEHHSI 110 OCH TIOTOKa, Z1 = Z2 = 0.

191H 82 OANHAKOBEI U CKOPOCTHBIC HAIIOPBI B YPABHCHUC

COKpallaroTCH.

72



2

1o pasHuLe MOKa3aHU NE30METPOB OINPENENSIEM IOTEPU

Hamopa Ha Auadparmy h _ P, P, a nanee xoadpdurment
g A
NoTeph Hamopa Ha Auadparmy £ = h, 229 . Koappumuent co-
a

9

IPOTHUBIIEHUSI JradparMel MpUBEIEH B TaOJIHIIE:

wleo | 0051 01]02|03|]04|05(06|07]|08] 09|10

& 1070 | 245 | 510 | 184 | 82 | 40 | 20 | 097 | 041 | 0126 | -

3nauenusn kosghuyuenm conpomuenenuss 011 Opoccelb-
HO20 3ameopa, NEePEeKPHIBAIOIIET0 KPYTIOLUMINHIPUYECKYIO TPY-
Oy 3aBUCAT OT yryia HoBopoTa @ 1ucka K OCcH TPYObl M ONpesens-
AI0TCA 1O TOH ke (opmyre, uro u anst guadparmel. Koapdumm-
€HT CONPOTHUBIICHUH NPHUBEJIEH B TaOIHIIE:

1) 5 10 20 30 40 50 60 70 75

Sup. - 052 | 154 | 45 | 1120 | 29.0 | 108 | 625 -
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8. IOHATHUE O KOO®PUIUEHTE NIOTEPH HAIIOPA
CUCTEMbI

Ecnmu pmamerp TpyOOmpoBOJa MOCTOSHEH MO JJIUHE U
MMEETCs] HECKOJIbKO MECTHBIX CONPOTUBIIEHUH (KpaHbI, KOJEHO,
3aIBUKKH), TO'

hW = hlln+ hMC d 2g 51@ 2g 51(0}1 29 gﬂ 2g

/ Keg
=lA— +& + +& | 2.
d é:KP §KOH 611 Zg

3HaeM, 410 | 4 d— = gTP

O603Han/IM (fTP + gKP + gKOJ’[ + gﬂ,)z §CMCTEMJ)I ) KOS(I)(I)I/I‘

IIUEHT MOTepb HAllopa CUCTEMBbl. 3HaYCHUs KO3()(PUIUEHTOB IO-
Tepb HaIopa I0 JUIMHE U Ha MECTHbIE COIPOTUBIICHUS B CUCTEME
CYMMHUPYIOTCSI.

2
- é:CMCTEMbI'%

[Tonygyaem

PacyeTrnl KOPOTKHX TPYOOIPOBOI0B

TpyGa HazbIBaeTCss KOPOTKOM, €cIM MMEeT HEe3HAYUTENb-
HYIO JUIMHY M NOTepU Haropa Ha MECTHbIE COIPOTUBIIEHUS CO-
craBistoT 6osiee 10% moreps Hamopa 1o JUIMHE, T.€.:

h..20,1h,,

Pacuetnas ¢popmyna:

Q=uw2-gH,
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e (| - K03 (HUIIHEHT pacxo/a;
H - meiictByrommii nanop.

IIpu ncreyennu B armocepy:

1 1

ﬂ = =
1 +Z§ +Z§MC \/1 + §CI/ICTEM1>1

IIpu ucreyeHun nox ypoBeHs:

g
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11
/
ld +Z§MC \/gCHCTEMbI

lLl:

Tpu 3agaum pacuera KOPOTKOro TpyoonpoBoaa

1-aa 3a0aua:
W3sectno — H, 1, d.
Omnpenemsiem Q—?

Q-pawy2-g-H

2-aa 3a0aua:
Uzsectro — Q, 1, d.
Onpenensiem H-?

H -Q'/luw [ -2g

3-a 3aoaua:
Uzsectro — Q, H, I.
Omnpenensiem d—?

3-51 3a/1a4a pacuera KOpOTKOro TpyOOIpoBoJia: onpeaee-
HUE JauameTrpa TpyOBl pemaeTrcs WIH METOJIOM I0a00pa, WU
rpau4ecKy.

[locne ompenenenus auaMeTpa TPyObl 3a pacUETHBIN
JUaMeTp MPUHUMAIOT OJMKalIIuil B OOJIBIIYI0 CTOPOHY JHaMETP
TpyObl 1O HOMEHKJATypHOMY psy TpPyO, BBIIYCKaeMbIX IpO-
MBIIIIEHHOCTBIO.
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Konmponwsnwie eonpocowt:

1. JIns kKakoro BHUJA MECTHBIX COMPOTHBICHUN K0d(DPHUIMEHT co-
MPOTUBJICHUS] MOXKET OBITh PAaCCUMTaH MO TEOPETHUYECKON 3aBH-
CUMOCTH?

2. Hanumure o0uryto ¢popMyiy HoTeph SHEPrUM Ha MECTHBIE CO-
NPOTHUBIICHUS U TIOSCHUTE €€ (PU3HMUECKUIT CMBICI.

3. OT KaKkuxX XapaKkTEepPUCTUK 3aBUCUT KOA(D(UIIMEHT CONPOTUBIIE-
HUS IIPY BHE3AIHOM CYXXEHHUH TPYyOb1?

4. Kak u3MeHsTCs MOTepH Harmopa B Auadparme, eciid yBEIHUNUTh
pacxoj1 BOJbI?

5. KakoBa ¢opmyna 1ist onpesesieHnss MECTHBIX MOTeph Hamopa?
[To kaxoit popmyne onpenensiercss KodhGUIMESHT COTPOTUBIICHUS
[IPU BHE3AITHOM PACHIUPEHUN TOTOKA?

6. [IpuBenuTe MpUMEpHl MECTHBIX TUAPABIMYECKUX COMPOTHBIIE-
HUU.

7. Uto o3Havaet k03¢ punmeHT MecTHOTO conpoTuBiIeHus C?

8. Kak ompenenutb cyMMapHble MMOTEpU HAMOpPA MPU JBUKCHUH
YKUJIKOCTH TI0 TPyOOIIpoBOay?
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9. OCHOBHOE YPABHEHHUE
YCTAHOBUBHIEI'OCA PABHOMEPHOI'O
ABU/KEHUSA

OHpeI[eJ'IHeTCH 3aBUCUMOCTB IIOTEPh HAIlOpa 110 AJIWHE Ha
TPCHUC OT BCIIMYHUHBI CUJI TPCHUS B JKUJAKOCTH.

HpI/I YCTaHOBUBIIEMCS PaBHOMCPHOM PECKHUME JABUKCHHUU
KUAKOCTU CPECAHASA CKOPOCTh TCUCHU A, )KUBBIC CCUCHUA, FHy6HHLI
IO MJJIMHEC IIOTOKa OCTAaroTCiA IIOCTOAHHBIMH, a4 BHCIIHHC CHIJIBI
(CI/IJII)I TAXKECTHU, CUJIBI TUAPOAUHAMUYCCKOTO IIaBJIeHI/Iﬂ) IIpHUBO-
JAIUC ) KUAKOCTD B JIBUKCHHEC PABHBI CUJIaM COITPOTHBIICHUS.

Bo3bMeM MOTOK JKMIKOCTM W HPEACTaBUM €ro Kak Obl
OTBEPJAEBIIMM. B 3TOM ciydae Bce BHYTPEHHME CUIIBI TPEHUS Kak
Obl OyAyT HaXOAUTHCS TOJBKO HA IMOBEPXHOCTU CONPOTHBIICHUS
IIOTOKa CO CTEHKaMH TPYObl, KaHajga U T.XA., T.€. OyayT TOJIBKO
IIOBEPXHOCTHBIE CUJIBI TPEHHUSL.

3
P, —
Jo | |
¥ = A _I 1 i pZ
i |”* p— |82 ,09
| ) 4'*‘ ~-
Z: | ) |
| I 0)1 ZZ
|
0 ¥ | IJTOCKOCTh CPaBHEHHS | ] 0
1 2
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Ypasaenne bepuymmm st 1Byx ceuenumii 1-1 u 2-2:
2
+ & + al—‘gl —
Py 29

C yueroMm, 4TO ‘91 - ‘92 :

21+E=22+E+hnn ’

p1 - 7,+ pz zhm’

A~ A~
| D D h e

HOTepI/I o MIMHE Ha TPCHHUEC — CCTh pasHULa YACJIbHBIX
INOTCHIHUAJIBHBIX BHCPFI/Iﬁ WM pa3Hula THAPOANMHAMHUYCCKHX

IABJIECHUN.
3anuinem paboTy MOBEPXHOCTHBIX CUJI TPEHHUS 1O JJIHUHE:

A=T 7.
rae A — nosHas paboTa MOBEPXHOCTHBIX CUJI TPEHMUS,
T — cuna TpeHus, NIpUXOAAIIAsACS HA €AMHULLY IJIMHBI CMOYEHHOMN
ITOBEPXHOCTH MTOTOKA,;
{ — IMHA TOTOKA, TOBEPXHOCTH MEK/Y CEUEHUSAMH.

[Ipn aBMXEHUU peaIbHON KUAKOCTH KPOME MOBEPXHOCT-
HBIX CWJI TPEHUS B MOTOKE MPOSBIISIIOTCS BHYTPEHHHUE CUIIBI TpE-
HUS, KOTOpblE OOYCJIOBJIEHBl HaJIMYHUEM BS3KOCTH U XAOTHYHOM
JBUKEHUEM YaCTHULl KMJKOCTH, HO B IIPUHATOM MOJEIU MOApa-
3yMeBaeTcsl TaKk Ha3blBaeMasi SKBHUBAJIEHTHas paboTa MOBEpX-
HOCTHBIX CHJI TPEHHUSI U BHYTPEHHUX CHJI TPEHUsI, KOTOpast Kak Obl
COCpPENOTOYEHA HA TBEPABIX CTEHKAX.

Z,

P, a.%
Zy -+ =Y 2+h,uﬂ'

P 29

2t

79



CornacHo 3aKOHY COXPaHEHHUS PHEPruu paboTra CUil Tpe-
HUS JOJDKHA OBITH paBHA 3aTPayeHHOW SHEPTUHU MOTOKA Ha pac-
cMaTpuBaeMoM ydacTtke (.

OtHeceM pabOTy OBEPXHOCTHBIX CHJI TPEHUS K CIUHULIC
Beca JKUAKOCTU M MPHUPABHSAEM €€ K MOTepsM Hamopa o AJUHE

noroka. Bec 3amannoro orceka moroka(5 = pga)ﬁ , To-
ITOMY:
T¢ T4 n - T
G _pga)f B ””_p.g.a) .
O0603HauuM uepe3 T YIEJIbHYIO CHIIy TPEHMsI, Iepexois-

IIyIOCS HA CIWHMILy BHYTPEHHEH MOBEPXHOCTH OTceka (Kaca-
TeJIbHOE HanpshKeHue). Toria mojIHas cuiia TpeHUs

T =78, me

S = Z-E — IJiomaab MOBEPXHOCTU COIMPUKOCHOBCHUA C TBCP-

ILIMH CTEHKAMH;
Vo CMOYEHHBII IEPUMETD;
f — JUIAHA

ITonyyaem:

T=rS=ty/
h. TX

( pgo

3HaeM, 4TO:

pivig

l

= Jmﬂp = | — I'MAPaBJINYCCKUU YKIIOH.
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o R

B wutore nojiyda€M OCHOBHOC YPaBHCHUC YCTAHOBHUBIIC-
ToCs PaBHOMEPHOTI'O JBHIKCHUA:

T T
p-9-R P9

Bv1600: compoTHBIeHNE BO3HUKAIOIIEE MPU PABHOMEPHOM JIBU-
JKEHUH BS3KOM KUAKOCTU MPSAMONPONOPUHUOHAIIBHA JJIMHE MOTO-
Ka, CMOYCHHOMY IIEPUMETPY, HANPSLDKEHUIO CUJI TPEHUS HA CTEH-
KaX U OOpaTHO MPOMOPIMOHAIBHO ILJIOMIAIU KUBOTO CEUCHUS
IIOTOKA.

J-R
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10. PACYET INPOCTBIX JJIMHHBIX U CJIOKHbBIX
TPYBOIIPOBOAOB

Jnunnvimu mpybéonpogodamu Ha3pIBalOTCS TPyOOIpoO-
BOJIbl, KOTOpbIE MMEIOT OOJBLIYI0 JUIMHY U B KOTOPBIX MOTEPH
Haropa 1o JUIMHE 3Ha4UTEIIbHO OOJbIIIe TOTEPh HAIopa Ha MeCT-
HbI€ COIIPOTHUBIIEHUS, BEJIMYMHA KOTOPBIX cocTaBiseT — 5-10% ot
[OTEph Haropa 10 JJIUHE Ha TPEHHUE.

[Ipu pacuere mpeamnonaraeM, 4To pexXUM JABHKEHHS TYp-
OyneHntHbiii, |V 30Ha CONpPOTUBIEHMS, TOTEPU Ha MPEOJOJICHUE
MECTHBIX COIPOTHBIICHUH HE YUUTHIBAEM.

B ocHoBe pacuera N€XHUT ypaBHEHHE PABHOMEPHOIO IBHXKE-
HUS:

=RJ

z
P9

®opmy.a lle3u:

9=C-RJ
Q-9 -=-wC RJ
Q-wC-|RJ

Ko dumment 1llesn pasmepusrii: C = [1/m>°].
3anuiem:

w-C /R = K — pacxoaHas XapaxTepucTiKa HIM MOJYJIb

pacxona.
K —umeer pasmepHocTs pacxona [M*/c, em®/c, ni/c].

J :hmlf um J =H /¢ ,rae H— nanop.

3Had, u4To

ITommygaercs
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Q=K+J
Q=K+/H/7

Qv
KZ

[Tocnennioro Qopmyay Ha3blBalOT BTOPOH BOAOIPOBOIHOI
dbopmyrioit, mpeodpa3ysi KOTOPYIO MOJTYyYUM €I€ OJUH BUJ BTO-
pOii BOAOIIPOBOAHON (hOPMYIIBI:

Qv

d 5

H

H-a

64

re\a =z 2
z C

B mpakTtuke pacdera IIHHHBIX TPYOOIPOBOIOB MPUXOAUTCS
pemath TpU 3aauu:

1-as 3amava: onpejencHre Harmopa H Mpu 3aJaHHBIX PACcXoe
Q, nnuue € u quametpe d.

2-as1 3a/1a4a;: onpejeneHue pacxoaa Q mpu 3aJaHHBIX HAope
H, nnune ¢, nuametpe d.

3-1 3aj1a4a: ompeaeieHUe pacueTHoro auamerpa d mpu 3a-
naHHBIX pacxoxae Q, Hanope H, mmHe £.

I[Mpu pemiennu 3-it 3a1aur OOBIYHO 3aaI0TCs Auamerpamu di,
dy, d3 ¥ paccCUUTHIBAIOT PacXOJHbIC XapPaKTEPUCTUKU 1O ITHUM
namerpaM Ki, K>, K3 ipu U3BeCTHOM MaTepualie TpyOornpoBoia.

Crpoutrcs tpapuk K = f (d) m mo wu3BecTHOMY 3HAYCHHIO

K= Q orpezesnsercss [uamMmeTp. 3a pacueTHbI JuaMeTp Mpu-
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HUMAaeM JuaMeTp TPyObl 10 HOMEHKJIATypHOMY pSIIy BBIITyCKae-
MBIX TPYO, O1uxcanuiuil, 6 601bULYI0 CHLOPOHY.

PacuerHble ¢opMyIibl A TUIOBBIX CXEM COCIUHEHHUH MJIMH-
HBIX TPYOOIIPOBOJIOB:
1. Ilocneoosamenvnoe coeounenue mpyoonpo6ooos, UMeruux
N yuacmkog paznoii onunsl u ouamempamu npu Q=const:

/gl; dl’ Hl

62; dZ’ H2

|f3’ d3’ H3
Q.

—

H :H1+H2+H3+...+Hi=QI<1§1+QK€2+QK§3+...+
szi:QZ' gl +€2 + €3 + +£

2

K: Ki Ki K,

2. Ilapannenvnoe coeounenue mpyoonpoeooosé npu i napai-

_ _ _ _ _ Q21 Zl _ sz 62 _ Q23 gs _ in Ei
H=H=H.=H.=H K K K K2
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¢ d.

Ql
Q e _/:.Qz €2 dz _...Q

A B

\93

3. Pacuem mpybonpoeooa npu nenpepuvlénoll pazoauu no nymu

Q e =0:99Q,+Q, |

/s d,

Q pacu Qmp

Q — pvaeTHLIﬁ pacxoa, BCIMYUHA KOTOPOr'o OIPCACIIACT
pacu

THJIPABIUYECKUAN PacyeT paccMaTPUBAEMOr0 ydacTKa TpyOOIpo-
BOJIA;
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Q — MYTEBOW pacxoj WM pacxo]l pa3jaud, OTOMpaemblii U3
n

TpyOOIIPOBO/Ia HEMPEPHIBHO M PABHOMEPHO I10 JJIMHE TPYOHI;
Q — TpaH3UTHBIA pPAacXoj YacTh pPacXoja, CHAOKAIOIIHIA
mp

KUAKOCTBIO MOCJIENYIOIINE YYACTKU CETH.

bonee cnoxHbIe cXeMbl BOJOIPOBOIHBIX cemell (mynu-
KogGble cemu, KOonbyesble Cemu U m.n.) pacCMaTpUBAIOTCS B CIIe-
[IMAJILHOM KYpPC€ BOJIOCHAOKEHHUSI.

KOHmpOJleble eonpocol:

1. Ot yero 3aBuCHUT KOA((GUIMEHT TUAPABIMYECKOTO TPEHUS A
JUTSL KaXKJI0M 30HBI COMPOTUBIICHUMN?

2. KakoBbI moKa3aTenu CTENeHU MPHU CpelHed CKopocTu B ¢op-
MyJie 7Sl OlIpe/ieIeHHsI IOTeph HAmopa o JJIUHE [P JaMuHap-
HOM JIBIDKEHUU U B PA3JIMYHBIX OOJACTSIX COMPOTHBICHUS MPU
TypOYJIIEHTHOM JIBH)KCHHUHN?

3. Hamummte dopmyny [lapcu—Belic6axa. OOBsICHUTE CMBICT
BCEX BEJIMYMH, BXOISIIUX B (OPMYITY.

4. Hanumre popmynsl e3u muist cpenHelt CKOPOCTH U pacxoia
IIPH PAaBHOMEPHOM JIBUKCHHH.
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11. HOHATHUE O T'NAPABJIMYECKOM YJIAPE
B TPYBAX

I'mppaBinueckuii ynap — sSpKuil pUMep HEYCTaHOBHBILIC-
rocsi IBUKEHHUS >KUIKOCTH, HAOIOAAETCs MPHU OBICTPOM 3aKphl-
THUH 3alI0PHOW apMaTypbl, BHE3AIIHONW OCTaHOBKE HACOCHBIX arpe-
raToB U T.II. Pa3nn4aroT NOJIOKUTENbHBIA THIPABINYECKUN yaap
— IPOMCXOAUT YBEIWYECHUE NABJICHUS BCIECACTBUE YMEHBIICHUS
CKOPOCTH NIOTOKa. OTpHULIaTEIbHBIN TMAPABINYECKHUE yaap — JaB-
JICHHME MTaJacT BCIEACTBUE YBEIUUEHUSA CKOPOCTH.

————————— ]
|
P, .
H=—2%: |
/2 R
P-pgH
|
|
19 |
- !

®opmyna JKyKoBCKOro:

Pyd - ,OCLQO

PnOJz =Pot Py‘) ’
rae @, — nepBoHaUaTbHAS CKOPOCTH B TPYOE;

P,— nepsonauansHoe nasnenue B TpyOE;

C — cxopocTh pacnpocTpaHeHHUs yapHOii BOTHEL
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rae £, — Moysib HOPMAIBHON YIPYTOCTH KHIKOCTH,

/0 — IWIOTHOCTb JKHIKOCTH;

d — mmamerp TpyOsr;

E,, — Monyns HOpMabHO! yHpyrocTn Matepuana Tpyos;

O — TOIIIMHA CTEHOK TPYOBI.

O603HaunM:
E.
j%

B JKMJIKOCTH UJI CKOPOCTh PacIpOCTPAHEHHUs 3BYKa B HEOTPaHU-
YEHHOM 00BEME KUIKOCTH:

wissoms C,=1425x/ ¢ -
1425

= (C, — CKOpOCTb pacnpoCTpaHeHHs yNpyrux aeopmannii

®opmyna amst BOJBIL: C = m/c.

Bpems nod0eranusi yiapHoi BOJHbBI

t=20/C

T — BpeMmst 3aKpbITUS 33]IBUKKH;
t — Bpemst joOeranust yaapHOi BOJIHBI.
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T<t =2/ /C — 3aJBIDKKa 3aKPBIBAETCS PpaHbBIIE IPHUXOJa

OTpa>X€HHOM BOJIHBI — IPSIMOM TUAPABINYECKUI yap.

T>t =2¢/C — 3amBmxka 3aKkpeIBacTCS MEUICHHO U OTpa-

JK€HHas BOJIHA YCIIEBAET JIOCTUTHYTH 3aJBUKKU JI0 €€ 3aKPBITUS
(ymap cmsryaeTcsl) — HENPSMOM WM CTJIaKEHHBIM T'HApaBiIHue-

CKUH yaap.

Ji HempsIMOTO THIPABIMYECKOTO yJaapa HCHOIb3yeM (OpMYITy
Mopo3zosa:

2
P~y o POH

rae ¢ — 6e3pasmepHbli KO3 PUIHEHT.

1,
© TgHT

PYt 13
Zp, " C|

Yro06bI He OBLIO THAPABINYECKOrO yaapa | |
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12. IOHATHUE O KABUTALIUU

KaBuranuei Ha3pIBaIOT SIBICHHUE «XOJIOAHOTO 3aKUIIAHUS)
JKUJKOCTH, TPUYUHONM KOTOPOrO CIY)KHUT IaJICHHE J1aBJICHUS B
MIOTOKE YKUJKOCTU 10 3HAYEHUW, MEHBIIUX JAaBJICHUS HACHIIICH-
HBIX MapoOB JKUJIKOCTU IpU AaHHOM Temreparype. Ilpu stom u3
KUJKOCTU BBIACISAIOTCA MY3bIPhKH BO3AyXa (mapa) u, momajaas B
00J1aCTh MOBBIIIICHHOTO JaBJICHUS, OHM CHOBA KOHJECHCUPYIOTCS B
JKUJKOCTb, T.€. IPOUCXOJUT SIBJICHUE «CXJIOMBIBAHUSA» IY3bIPb-
KOB, U Ha MMOBEPXHOCTH TPyO, pabounx Kojec HACOCOB BO3HHKA-
10T YAaphbl, MPUBOASAIINE K MOBBIILIEHHONW 3pO3UH, BUOpaluu 060-
PYAOBaHHUS U JATbHEUILIEMY €0 pa3pyLICHUIO.

[ToBpexxaenus, HaHocumbie 3 (HEKTOM KaBUTALMU (4acTh
Hacoca) MpeCTaBICHbI HIKE.

A Taxke IOKa3aHbl KaBUTAIMOHHBIC ITOBPCIKIACHUA rpe6-
HOI'O BUHTA.
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13. ACTEYEHHME KUJIKOCTH U3 OTBEPCTHUM
N HACAJKOB

Hcreuenne )XKUIKOCTH U3 OTBEPCTUM U HACAIKOB IPEICTABIIS-
€T 3HAYUTEIIbHBIA MHTEPEC JI1 MHKEHEPHOU pakTUku. O01acTh
MCIIOJIb30BAaHMS YPE3BbIYAHHO IIMPOKA.

HcTevyenne :xKUAKOCTH U3 MAJIOTO KPYIJIOT0 OTBEPCTHS
€ TOHKOH CTeHKOH B atMmochepy

OTBepcTHE Ha3bIBaeTCs MaybiM, eciii ero auamerp d <
0,1H, rne H — Hammop HaJ OChIO OTBEPCTHS.
CreHka Ha3bIBaeTCs TOHKOW, €CIM €€ TOJIIMHA He BIUSET Ha
dbopmy nagaromen CTpyu.

[Ipu ucTedeHUM Ha BBIXOJE U3 OTBEPCTHUS CTPYS CIKUMa-
eTcsi, 00pasys C:KaTroe CeYCHHE, KOTOPOE HAXOIAUTCS PACCTOSTHUU
0,5d ot cTeHkH.

T

H — nelicrByromuii Hanop;
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y — BBICOTA MAJCHUSI CTPYH;
X — JaJIbHOCTH T10JIETA CTPYH;
VC — cpeiHss CKOPOCTh B CKATOM CEUCHMH;

C-C — cxaroe ce4eHHe CTpYH.
PaznuyaroT ciieyromye THIIbI CKATUS CTPYH:
»  TOJHOE C)KaTHE — CKATHUE 110 BCEMY IIEPUMETPY CTPYH;
»  HEIOJIHOE C)KAaTHE — CKATHE T10 YaCTH IMePUMETPa CTPYH;
»  coBeplleHHOe cxkathe — koraa £ > 3d;
»  HecoBeplIeHHOe cxxkatue — Korga { < 3d.
!

— pacCTOAHUEC OT CTCHOK COCYyJa 10 OTBEPCTHA.

¢ >3d 1 ¢ >3d

/<(3d
¢ >3d

¥

2

D

Y

1- MOJIHOE, COBEPIICHHOC CKATUE,
2— IMMOJIHOC, HECOBCPIICHHOC CXKATHE;
3- HCIIOJIHOC, HECCOBCPIICHHOC CIKATHUC.

IIpu pacuerax, B 3aBUCUMOCTH OT THIIA CKaTUH, MEHSIOT-
csl KOOQPUIUEHTBI CXKAaTUSI, CKOPOCTH, PACX0/1a.

OtHomeHue mJIomaard CXaroro CEYCHHs CTpyH ¢ K
Iomaar OTBEPCTUs (D HAa3bIBAIOT KOB(I)(I)I/II_II/ICHTOM CXXatus €.
Qe
0
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Koaddurment ckopoctu ncreueHus:

1

Jave. ”

rae fTC - k03¢ pULIMEeHT NoTepH Hallopa OTBEPCTHSI.

Koaddunment pacxona:

£Q =

B Tabimme npuBencHbl 3HaYCHUS KOI(P(GUIIMEHTOB CKa-
THSI, CKOPOCTH M PacXo/ia MPH UCTEUCHUH U3 MAJIBIX OTBEPCTHUH.

Tun orBepcTust KospmumenTer
3 U )2
MaJtoe He3aTOIUICHHOE OTBEPCTHE 0.64 0.97 0.62
Masioe 3aTOIIeHHOE OTBEPCTHE 1.0 0.62 0.62

Koaddurmentsr pacxona npu MCTEYECHUU KHUIKOCTH Ue-
pe3 OomblIe OTBEpCTHsA, MO JaHHBIM akaaeMuka [laBmoBckoro

H.H., npuBenens! Huxe.

MH IOJX0JaMU

Tun oTBepcTHs u

OtBepcTHE CpPEeHMX Pa3MEpOB CO CXKATHEM CTPYH CO BCEX 065
CTOPOH

Bonbmioe oTBepcTHE ¢ HECOBEPIICHHBIM CKATHEM 0.70
Bosbiioe oTBEpCTHE C MOJITHBIM, COBEPIICHHBIM CKATHEM 0.80
JloHHOE OTBEpcTHE 0e3 CKaTus 10 AHY CO 3HAYNUTEIbHBIM 0.65 - 0.70
BIMSIHHEM OOKOBOTO CXKATHS ' '
JHonHoe oTBepcTHE O€3 CHKaTHs MO JHY C IUIaBHBIMHA OOKOBBI- 0.80_0.85
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Hcreuenne :KUAKOCTH U3 MAJIOT0 KPYIJIOr0 OTBEPCTHS
10/l YPOBEHb

Q =29 H.+H.).
JelicTByromuid Hamop:

AH = Hl_HZ’

Q - o 2GAH

Tabnuunbie 3HaueHus g :0,64  Q =0’97 U =O,62 .

Y, e ]

H1 y

//‘/ H2

Va

Hacankun

Hacankom Ha3biBaeTcsi KOpoTkas Tpyda miuHOM £ =
(3+4)d.

Ecmu muna Hacagka € > (3+4)d., TO MPOUCXOANUT CPBIB
BaKyyMa, U pacyeT BelleM, Kak JUIsl KOpOTKOTo TpyOoIpoBoa.
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Ecmu mmmna Hacagka € < (3+4)d., TO MpOMCXOAMT CPHIB
BaKyyMa, U pacueT BeJleM, KakK ISl KPYIJIOro OTBEPCTHSI.

HcTevyenne U3 HMIMHAPUYECKOT0 HACAIKA
B aTmocdepy

[Ton geiicTBHEM CUJI MHEPLMH CTPYS CKUMAETCS BHYTPH IMJIMH-
JPUYECKOTO Haca/Ka, Ha BbIXOJE U3 HAcaJKa CXKaTHs HET, II03TO-

My g =7 (xoopduument cxxatus), a 3HAUUT Q=U= 0’82 .

B Hacagke oOpasyercst BakyyMHasl 30HA, T.€. IaBICHHE MEHbIIE
aTMoc(epHOro, U 3a CUYET BaKyyMHOW 30HBI PacXo/ B IIMIMHAPU-
yeckoM Hacazke Ha 30-33% Oosbie, 4eM pacxol B KPYIJIOM OT-
BEPCTHH MPH BCEX MPOYMX PABHBIX YCIOBHUSX (OJMHAKOBBIC
Haropsl H u nnamerpsr d).

. .
¥
H

| AR S,
f

Yy //" \\\

e X oy

H — neiictByrommii Hanop;
y — BBICOTA MaJICHUS CTPYH;
X — IaIbHOCTB MOJIETA CTPYH.
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B Tabnuue mnpUBOAATCS OCHOBHBIC XapaKTEPUCTUKU
HanboJsee paclpoCTPaHEHHbIX THIIOB HACAIKOB.

HaumenoBaHnue HacaakoB Koo puumento:
M Q@ £
Kpyrmnoe otBepctre 0.62 0.97 0.64
Hunmuaapraeckuit 0.82 0.82 1.0
KoHanuecknii cxomgmuuiics 0.94 0.96 0.98
KononpaneHeIi 0.98 0.98 1.0
Konnuecknii pacxomsmuiics 0.47 0.47 1.0
Knaccupukanus HacaakoB
A) Buewinue:
1 2
€ = (3+4)d

1. [unuaapuyeckast HacaIOK.
2. Konunueckuit cxoasmuics: Haca10K.
3. Konwmdeckuii pacxoasmiuiicss HacaoK.
4. KonounaneHbIN HacaioK.

b) Buympennue:
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KOHmpOJleble eonpocol:

1. CpaBHuTE ruApaBIMYECKHE XaPAKTEPUCTUKU OTBEPCTUH H
HacagkoB. Kakoll M3 HacaJKoB XapakTepusyeTcs HaumOoJbLIeH
KHMHETUYECKOM HEepruel BhITeKarolen crpyu?

2. Ectb nu paznuuue B pacyere ko3 uLUEHTa pacxoia cUcTe-
MBI TPYO P UCTEUCHUH Yepe3 HEe3aTOIJICHHOE WM Yepes3 3aToll-
JIEHHOE BBIXOJIHOE OTBEpcTHE?

3. Kak onpenenuts KodQPHUIUEHTHI C)KATUS, CKOPOCTH M PACXO0-
J1a SKCIIEPUMEHTATIBHBIM ITyTeM?

4. Yrto Takoe uHBepcus crpyn? KakoBbl ee OTIMYUTEIbHBIC
0COOEHHOCTH?

5. Kakumu mnapamerpamu OTJIHMYArOTCS Majble OTBEPCTUS OT
00bIINX?

6. Kakumu kodpduumeHTaMn XapakTepu3yeTcsi HCTCUCHHE
KHUJIKOCTH U3 oTBepcTHii? Hamummre Gopmyity, CBA3BIBAIOILYIO
9TH KOAPPHUIIUEHTHI.

7. OtBepcTHE pacHoOJOKEHO OJIM3KO K CTeHke cocyna. Kak
Ha3bIBACTCS TAKOW BUJ| CKATHUSA?

8. B kakux ciy4asx pEeKOMEHIYeTcCsl NMPUMEHATh KOHUYECKHH
CXOJIAIIMNCA U KOHUYECKHUH pacXOIsIIIMIAC HacaaKu?
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14. OCHOBbI PABOTBI HEHTPOBEKHBIX HACOCOB
Cxema paGoThl HEeHTPOOEKHOT0 HACOCA U €r0 XapaKTepPHCTHKHA

I'mppaBnuyeckne MaIuHbL, MPpeoOpa3yroIine 3HEPTUI0 TTOTOKa
JKUJIKOCTH B MEXaHUYECKYI0, Ha3bIBAIOTCS TypOMHAMHU.

I'uapaBiauyeckue MAIIUHBI, npeodpasyionue
MEXaHMYeCKYI0 JHEpPrui0 MNepBHYHOI0 [BHIaTe/si B JHEPruio
NMOTOKA KUIKOCTH, HA3bIBAKOTCSI HACOCAMH.

I'uapaBnuyeckue MamMHbl KIACCU(QUIMPYIOTCS Ha JONACTHBIE
1 00ObEMHEIE.

K nomacTHeIM Hacocam OTHOCSITCS: HEHTPOOEKHBIE HACOCHI,
0CeBbI€ HACOCHI, TYPOWHBI H T.1I.

K o0beMHBIM HacocaM OTHOCATCS: IIOPIIHEBHIE, POTOpPHBIC,
HIecTepeHyaTble W Jpyrue HacoChl, JEHCTBYIONIME IO NPHHLUILY
BBITECHEHUS KUIKOCTH.

LenTpobexHbie HACOCHI SIBIISTFOTCS Hanboiee
pacrpocTpaHeHHBIMH JIOMMACTHBIMHA THAPOMAIIMHAMU IS TIOABEMa U
nepeMenieHus Kuakoctd. OHU 0071a1al0T BBICOKUM KO3 (GHUITUSHTOM
HOJIE3HOTO JEWCTBHUS, MIMPOKHM THANa30HOM IPOHM3BOIUTEIFHOCTH H
HAIopa, MPOCTHI B AKCILTyaTallHu.

OCHOBHBIM 3JIEMEHTOM IEHTPOOEKHOTO Hacoca SBISAETCS
pabouee koseco (1), Haca)xeHHOE Ha BaJl M IOMELIEHHOE B CIIUPAIBHBII
kopryc (2), pabodyee KOJIECO COCTOMT W3 JBYX THCKOB (3), MEXIy
KOTOPBIMH  TIOMEIEHbl ~ HM30THYTBIE  JIOMAcTH,  oOpasyromiue
MEJKJIOTIACTHBIE KaHAJIbI.

K naBym marpyOokam kopmyca (1)  mpucOeaMHSIOTCS
BcaceiBaomui (4) U HarHeraresbHbid (5) TpyOompoBossl. Pabouee
KOJIECO Hacoca TOJydaeT BpallleHHe OT JiIeKTpoasurarens. llox
JeCTBUEM IIEHTPOOEKHBIX CHJI KHJKOCTh B HACOCE MEPEMEIAETCs OT
HEHTpa KoJieca K ero nepudepun, mpruodperas SHEPruio, a 3aTeM Mo
CIIMPaIBHOMY KOpIYCy Hacoca (2) - B HarHeTaTelbHBIH TPyOOIpOBOA
(5). 3a cuet BakyyMma, KOTOPBIH CO3/1aeTCs HA BXOJIe B pabouee Koyeco,
JKUJIKOCTh M3 THUTAMOIIEr0 pe3epByapa IOCTyMaeT B HAcoC II0
BcackIBaroIei Tpyoe (4).
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3

4

[Ipon3BoauTETLHOCTHIO (TOnaYeil) Hacoca Q HasbIBaeTCs
00BEMHOE KOJMYECTBO >KUAKOCTH, TOJaBacMON HACOCOM B CIUHHILY
BpEeMEHH. Pa3sMepHOCTB MPON3BOAUTEIBHOCTH M/c, 11/c, CM /CeK.

Hanopom Hacoca // Ha3bIBaeTCs NPUPALICHUE MEXAHUUYECKON
SHEpPIuM, coo0IIaeMOe HACOCOM EIMHHUIE Beca JKWUAKOCTH. Hamop
0OBIYHO U3MEPSETCA B METpax CTojI0a NepeKaunBaeMoil JKUAKOCTH HIIH
BEJTHYMHOMN KI/CM?:

=2

ety
rae P — nmaBneHune B mepu(epHiftHON OOIACTH CIUPATFHOW KaMephl
Hacoca;
0 — IVIOTHOCTh TE€pPEKauYNBaEMON )KUIKOCTH;

0 — yCKOpeHHE CBOOOIHOTO MaICHUsI.

OcHogHoe ypaenernue uenmpoﬁe.ucnblx Hacocoes
I[J'If[ HNOACHCHHUA JOBHXXCHHA KHUIKOCTH B pa60qu KOJIECE
IMPUMEM CJICAYIOIHNE 0003HaYEHHUS:

91 u '92 — a0COJIFOTHEIE CKOpPOCTHU IOBWKCHUA KUIAKOCTU

COOTBETCTBEHHO IPH BXOJie B pabouee KOJIEeCO U MPH BBIXOJE U3
HETO;
U, ¥ U, — OKDPYXHbIC (IIEPCHOCHBIC) CKOPOCTH BpAICHHS

COOTBETCTBEHHO BHYTPEHHEH M BHEIIHEH OKPY)KHOCTH pabodero
KOJIECE OTHOCUTEIBHO HETOABUKHON OCH HACOCA;
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. u a, ~ OTHOCHUTCIIBHBIC CKOPOCTHU IABHIKXCHUSA KUIAKOCTU

BJIOJIb JIOTIACTEH pabodvero Koyeca COOTBETCTBEHHO y UX Havasla U
KOHIIA;
(p — YIVIOBasi CKOPOCTb BPAICHHsI pabouero komeca;

R, ¥ R, — Paauychl COOTBETCTBCHHO BHYTPCHHEH U BHEIIHEH

OKpYXHOCTEH pabouero koseca;
o, U ¢, — YIBl MEXIY HAIpaBICHUSMH COOTBETCTBYHOLIHX

abCOJIFOTHBIX M OKPYXKHBIX CKOpOCTeil @,y ¥ ,:U,;

ﬂ u IB — YIJIbl MEXAY KacaTelbHBIMU K IIOBEPXHOCTH JIOIIACTH
1 2

¥ HaIpaBICHUSIMU COOTBETCTBYIOIIUX OKPYKHBIX CKOPOCTEH
BpaleHus paboyero Koieca.

_U.%Cosa.~u.$Cosa..
9

OOBIlYHO TIpU pacyeTe HACcOCOB HampaBlieHHE aOCOJIIOTHOMN
CKOpPOCTH 91 MNPUHUMACTCA NCPHCHAUKYIAPHBIM HAIIPaBJICHHUIO

H,;

OKDYXKHOH ~ ckopocTH ), T.€. Yron o ~QQ’, Torna
MNpeaACTaBJICHHOC BhIIIC YPABHCHUE IPUBOAUTCA K BUAY:
H.- uzszgosaz ,
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HOJ'IyLICHHOC BBIPAXKCHUC ABJISICTCS OCHOG6HBLIM YpA6HEHUEM
uenmpoﬁe.)fcnoeo Hacoca.

BricoTa BcachbiBaHUS, HATHETAHUS, MOIIHOCTb U
K03((PUUMEHT MO0JIE3HOI0 JeiiCTBUS LIEHTPOOEKHOT0 HACOCA

Hanop, pazBuBaembliii HaCOCOM:

2 2
g=b=t +(Zz_zl)+—"92 9 ,
~ 29

rae P, u P, — nmaBieHue Ha BXoje (BCachIBAOIINUN TPyOOIIPOBOMI) U HA
BBIX0JIC U3 Hacoca (HarHeTaTeJIbHbIA TPyOOIIPOBOI);

1911/1192— CKOpOCTHU nepeKaqHBaeMoﬁ JKHIKOCTH Ha BXOJ€ B HACOC U Ha

BBIXOJIE M3 HACOCA;
Z, u Z, — BBICOTa LIEHTPA TSHDKECTHU CEUeHHUS Ha BXOJE B HACOC W HA
BBIXOJI€ M3 Hacoca

Pl =Pani = Poax’
Pz = PMAH - PATM !

riae p, .. — aTMocdepHoe 1aBieHuE;

P.. ¥ P, — MOKa3aHMs MaHOMETpPa H BaKyyMMETpa.
2 2

n 192 ~ 191 ,
29

rae h n h — MaHOMECTPHUUYCCKasA BbBICOTAa HArH€TaHud U
MAH BAK

H :hMAH+hBAK+Z

BaKyyMMCETPHUYCCKasd BbBICOTA BCACbhbIBaHHWA, BBIpAXCHHAA B METpax
croiba nepeKan/IBaeMoﬁ KHUIKOCTH;

PMAH 158 PBAK
hMAH = hBAK = ’
9 9

yA pacCTodHnuEC MEXKAY OCBIO MAHOMETpa W MOAKIIIOYCHUCM

BAKyyMMETpa.
CkopocTH  BO  BCachlBalOIleM M HAarHETAaTEIILHOM
TpyOOIpOBOIaX PaBHEIL:

101



4 4
'91 = ﬂdQZ '92 = ﬂdQZ '
1 2
rae Q — mpou3BOAMTEIHHOCTH (II0/1a4a) Hacoca,
d m d, — JOwmaMeTpsl BCACHIBAIOIIETO W  HArHETATEIBHOTO
TpyOONIpPOBOAOB.
h I'IOT.HFI’ P arm
}
H Har
Ho
H
M
: ?
=
s
K BC IP aT™m
hI'IOT.BC

B cnywae paBeHcTBa OMaMETPOB  BCACHIBAIOILETO U
HarHeTaTeJIbHOTro TPyOOIPOBOIOB IOJIHBII HAIIOp HACOCA PaBEH:

H= HM:hMAH+hBAK+Z :

B 1ueHTpoOexHBIX HacocaxX MpU HEKOTOPBIX YCIOBHSIX HX
pabOTBl BO3MOXXHO BO3HHUKHOBEHHE KaBUTALUM, MPUBOASALIEH K
pa3pylIeHHuIO JOMAcTe M KOpIyca, a TakkKe K PE3KOMY CHIKEHHIO
HaIropa 1 MPOU3BOJUTEINBHOCTH HAcoca.

Kaxnprii Hacoc xapakTepu3yercs JOIYyCTUMOM BBICOTOU
BcachiBaHMs Nec, KOTOpasi yKa3bIBaeTCs B €ro macropre. MakcuMaibHO
JIOITyCTHMasi BBICOTA BCACBIBAHUS NBc €CTh MAKCUMAIBHO 0ORYCHMUMAs
6bICOMA MOHMAINCA HACOCA HAO YPOBHEM CEOOOOHOI NOGEPXHOCHU
60001, TI0 YCIIOBHSIM KaBUTAITUH MOXKET OBITH OmpeesieHa mo hopmyie
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Pw—P )
hBC i hﬂOT.BC - OH
Jes v

e p - aTMOCc(epHOE TaBJICHHC;
P, — AABJICHHE HACBICHHBIX TTAPOB JKHAKOCTH;

Ny s — HOTEPH HAIIOPa BO BCACHIBAIONIEM TpyOOIPOBO/IE;

Q- koabduimenr 3amaca ¢= 1,2 + 1,4;
g — Hanop, pa3sBUBAEMBIN HACOCOM;

o~ KOO (HIMEHT KaBHUTAIMU, OINPEACNIIEMBI O SMIHPHUYECKON

dbopmyme:
560

rae s — ko3 puImenT GBICTPOXOTHOCTH HACOCA, BEIPAKAET CKOPOCTh
BpameHusi (00/MHH) Takoro pabodero Koyieca MOJAEITHHOTO Hacoca,
KOTOpOC, HMEiA OI[I/IHaKOBI)II\/'I K.I.4. € JaHHbBIM TI'C€OMCTPUUYCCKHU
NOJ0OHBIM €My HaTypHBIM HacoCOM, pa3BHBaeT Hamop H = [/ m npu
3arpate MomrHOcTH B 1 m.c. m momaue Q = 75 n/c. Koaddumnment
OBICTPOXOJAHOCTH, CIYXHT, Ui CPaBHCHHS IIEHTPOOEKHBIX HACOCOB
IPU Pa3HOW MPOU3BOAMTENHHOCTH Q 1 HaropoB H.

nS XapaKTCpU3yeT CECPpUIO HOI[O6HBIX HaCoOCOB, IIOJACYHUTBLIBACTCA IIO0

dhopmyne
Q
oo
rie N, Q m H — CcoOTBETCTBEHHO CKOPOCTh BpaieHus (00/MUH),

MMPpOU3BOAUTCIIBHOCTD U HaIop paccMaTpuBacMOTO Hacoca B
OIITUMAJIBHOM PEKHUME.

Koadduuuent 6pictpoxomnoctu MNs 11 0QHOCTYIIEHYATHIX
LEHTPOOEKHBIX HACOCOB MPEJCTABIIEH B TAOIUIE HIKE.
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XapakTepucTrka R. n
Hacoca ﬁz s, 00/mun
TuX0XO0IHbBIHI 3 50 - 100
HopmanbHoii 2 100 - 200
OBICTPOXOHOCTH
bricTpoxomHbIit 18-14 200 - 350

Komeca ¢ maneiM nS MOTYT Pa3BUBATHb OoubIINE HaIlOpbI

IpY Majoil NPOM3BOJAMTENLHOCTH, a Kojeca ¢ Oonpmmm MNs —
OOJIBIITYIO TTPOU3BOAUTEIILHOCTD MTPU HE3HAYUTEIHHBIX HAMIOPAX.

C - ko3 dunueHT, XxapakTepu3yOUIHNi KOHCTPYKIIUIO HACOCa,
0 OTIBITHBIM JIAHHBIM TPHUHUMAETCS PABHBIM:

C=500+600

[Ipu pacuerax vamie Bcero npuHuMarot C = 560.
JlaBneHre HACBICHHBIX MMAPOB BOJIbI, B 3aBUCUMOCTH OT TEMIICPATYPHI,
MOYKHO OTPEAETUTh U3 TaOIHIIbI.

Temmnepatypa t'C 5 10 20 30 40
JlaBieHne HACHIIIEHHBIX
IapoB BOJIBI 0,09 | 0,12 | 0,24 | 043 | 0,75
P, MeTpoB BoJ. cTon0a
Temnepatypa t'C 60 | 70 | 80 | 90 | 100
JlaBieHne HACHIIIEHHBIX
I1apoOB BOJBI 2,00 | 3,17 | 480 | 7,10 | 10,33
P, MeTpoB BoJI. cTonba

MoiHoCTBI0 _Hacoca  Ha3blBaeTcs  NOTpediseMas UM
MOIIIHOCTh (Ha Bajly), 4acTb KOTOpPOW 3aTpayMBaeTCd Ha CO3JaHHUE
MOJIE3HOM (THAPaBIMYECKONW) MOIIHOCTH, a JIpyras 4acTh TepsieTcs B
npoliecce Mpeodpa3oBaHUs MEXaHUYECKON SHEPTHH:

N :pg_QH [KBm] ww N= /QH [ﬂ.c.],
102, 751

rae 102 u 75 — ko3¢ UIMEHTHI TIepeBOAa MOITHOCTH B KHJIOBATTHI
(xBt) 1 momanunelie cuibl (J1/c).

[Ipu 3TOM TI0JIE3HAST MOIITHOCTH Hacoca OyaeT paBHa Nnoa:
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N, . = PH [KBm] ww N, = /QH [JZ.C‘.],
102 75
rae y = pg — yAeJIbHbIN BeC IEPEKAUNMBAEMOM KUIKOCTH;
p — IJIOTHOCTD KHUJIKOCTH;
H — mamop (m);
7 — K03 (DHUIMEHT ITOJIE3HOTO IEHCTBUS HACOCA;
Q — MPOM3BOUTEIHLHOCT Hacoca (M°/c).

KoxddpuumeHT 110J1€3HOr0 AeiCTBUSI HACOCA PACCUUTHIBACTCS
o popmyiie

Nna
———.10%¢0
N %,

n=
N=Mr Mos Mu s

rue Ny — THAPABIMYECKUH K.II.J. HACOCA, YYUTHIBAIOIIMKA TOTEPH

SHEPTMM HAa TMPEOJOJICHUE THUIPABINUYCCKUX COMPOTHUBICHUNA TIpU

JIBIKCHUH TTOTOKA JKUKOCTH BHYTPH HACOCA;

Nos — OOBEMHBIH K.II.JI. HAcOCa, YYUTHIBAIOIINN IOTEPH >KUIAKOCTH

gyepe3 3a30pbl MEXKAY BpaIIaOIIUMCS pa0dO4YMM KOJIECOM Hacoca |

COTIPSKEHHBIMH C HUM HETIOJIBIKHBIMHU TETAISIMH U T.11.;

Ny — MEXaHWYECKWH K.IL.J., YYUTHIBAIOIIUN TOTEpPH MOIIHOCTH Ha

MPEOJIOJICHUE TPEHHUS TIOBEPXHOCTH Kojeca C OIKHAKOCThIO U

MEXaHUYeCKOe TPEHHUE B MOAMIUITHIKAX U CATbHUKAX.

XapakTepHCTHKH HeHTPOOEKHBIX HAcocoB (11.0.H.)

[{eHTpOOEIKHBIE HACOCHI HMEIOT JIBa BH/IA XapaKTECPUCTHK:
— pabouue UiH TI1aBHEIE,
— YHHBEpCaJbHBbIE.

PaGoune wiu _riaBHbIE XapPAKTEePUCTHKH CIyXaT Jis
noa0opa Hacoca Ha JaHHYIO TPyOOIPOBOIHYIO CE€Th MPU N=CONSL.

YHHBepCA/IbHbIE XAPAKTEPUCTHKH — Ul BbIOOpA pexuma
paboTHI 11.0.H. TP PA3IMYHBIX 3HAYCHHUSX N.

Pagouumu WM LJIABHBIMH XapaKTePUCTHKAMM
[IEHTPOOEIKHBIX HACOCOB HA3bIBAKOTCS 3aBUCHMOCTH:

— Haropa oT npousBoauTeNbHOCTH (ogaun) H = f(Q);

— MotHOCTH OT TpousBoauTenbroctd N = f(Q);
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— k03 puIreHTa MOJIC3HOTO JIEHACTBUS oT
npousBourensHocT 7 = f(Q).

JlaHHBIC  3aBHCHUMOCTH  OTOOPaXarOTCI  OOBEIUHEHHBIM
rpapuxom H=1(Q); N=1(Q); 7 = f(Q).

PaGoune xapakTepucTHKM JUIS KaXIOro THIa Hacoca
NPUBOJISATCS B CIICIIHATBHBIX KATAIOTax.

Paba4an soHa
H, m N, kBTt
a
3 25
\ 20
3 =4 g’ .
n,% 2 15
80 2 ’-s—..__\ 10 Ah, ., m
60 15 " 7 5 6
40 p 10 e 0 45
=X {|
20F 5 B0 4
0 DV 3
20 40 60 80 100

0,8Qy Qu=70 1,2Q,

Awnanus kpusbix H= f(Q); N= f(Q) u # = f(Q) npu nmocrossHHOM
yrcie 060opotoB (N = CONSt) MO3BOISET YCTAHOBUTH ONTHMAJIBHBIH
pexuM paboThl Hacoca, MPU KOTOPOM K.IL.J. OYAeT MaKCHMalbHbIM.
Kaxoii KOHCTPYKIIMM Hacoca COOTBETCTBYeT CBOsi pabouas
XapaKTepHCTHKA.

['maBHO# XapakTeprCTHKOW Hacoca siBisercs: kpuBas H= f(Q).
Kpusas H= f(Q) MoxeT uMeTh pa3iiu4HbIi XapakTep B 3aBUCUMOCTH OT
KOHCTPYKTHBHBIX ~OCOOGHHOCTEeH Hacoca. Hacocel ¢ kpymwimu
XapakTepUCTUKaMH (KpuBasi 1) HCIONB3YIOTCS NpPH 3HAYUTEIbHBIX
KoJieOaHusIX Harmopa 0e3 CylIeCTBEHHOro M3MeHeHus pacxoja. Hacocsr
C nono2oil XapaKTepUCTHKOW (KpuBas 2) HCIOJB3YIOTCS, €CIU
HEoOX0AMMO  O0ecrevnTh 3HAYMTENbHBIE  KOJNeOaHWs — pacxoja
KHUJKOCTH 0€3 3aMETHOTO M3MEHEHHsI Haropa.
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e

Jns mombopa Hacoca Ha rpaduke pabodyMx XapaKTePUCTUK
BBIICIAIOT padouviw _30Hy ot 08 nmo 12 Q, tme Q -
NPOU3BOUTEIILHOCTh HACOCA PU MAKCUMAIIBHOM K.ILA. (17 = Max).

Pabdouasi 30Ha — 30Ha HAWBBLICIIUX K.II.J., 30Ha SKOHOMHYHOMN
paboTsI Hacoca.

s BbIOOpa ONTUMANBHOTO peXMMa pPabOThI  Hacoca
UCTIONB3YIOTCS ~ YHHBePCAJTbHbIE  XapAKTEPUCTHKH,  KOTOPBIC
NPECTaBISIOT c000# coBokymHOCTh KpuBbiXx H = f(Q); N = f(Q) u
n = f(Q), MOCTPOCHHBIX MPH Pa3HBIX CKOPOCTSAX BpAIICHUS pabouero
koseca. Hwke Ha  pUCYHKe Tpe/CTaBieHAa  YHHBepcalbHAs
XapaKTepUCTHKA JUIS IICHTPOOSKHOTO HAcoca, CKOPOCTh BpallCHHUS
KOTOPOTO U3MEHsIach OT Ny = 2925 muH 10 Ny = 1230 06/MuH.
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e
[lepecueT OCHOBHBIX XapaKTEPUCTHUK IEHTPOOEKHOrO Hacoca

HpI/I N3MCHCHUU CKOpOCTI/I BpaHleHI/IH, HO HpI/I COXpaHCHI/II/I pexcha

paboTHI IPOU3BOAUTCS IO GOPMYIIaM THAPOTHNHAMUYECKOTO ITOA00HS.

TCOpI/IH HOI[O6I/I$[ JIONACTHBIX THUAPOMAIIWH YCTaHaBJIMBACT
CIIE/TyIOIINE 3aKOHBI TOT00MS:
1. momaya mponmopHMOHAJbHA MMEPBOW CTENEHH YHciia 000pPOTOB
U KyOy JTMHEWHOT0 pa3Mepa:

Q_n(Db)
Q n(D,)"

2. Hamop NPONOPLHOHANEH KBajaparTy 4Hcia OOOpOTOB H
KBaJIpaTy JIMHEHHOTO pa3sMepa:

2
H, _ (ﬁ &J
HZ n2 D2
3. MOIIHOCTb, MMOTpedIIsieMasl HACOCOM, MTPOTIOPIIMOHANBHA KyOy

yuciaa OOOPOTOB, ISTOM CTENeHW JMHEWHOro pasMmepa U
yIIEIbHOMY BECY KUIKOCTH:
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3 5
N _[(n|(D) n

N, n, D,) 7

B nepBoM npulinkeHUN MOKHO MPUHSATH [T TOTOOHBIX

pexxuMoB paboThl Hacoca 3HaueHnus K.I1.JI. onuHakoBbIMU:
m=ne.

3aKOHBI, YCTaHABJIMBAMOIIME 3aBUCUMOCTh IMOJAyH, Hamopa M
MOIIHOCTH OJIHOTO M TOTO JK€ Hacoca OT yucia O0OpPOTOB MHPHU €ro
paboTe Ha OJHOW W TOW K€ KHUAKOCTH, HA3bIBAIOTCA 3aKOHAMHU
nponoproHanbHocTy. [Ipu Dy = D, u p1g = pog WM p; = 7, 3aKOHBI
[M0100Ms UMEIOT BUIL:

Q_n. H (). N _fn

Q n H, n, N, n,

Ocobennocmu IKCnayamayuu YeHMpPooeHcHbIX HACOCO8
(u.0.1.):

1. Tlyck W ocTaHOBKA IIEHTPOOEKHBIX HACOCOB OCYILECTBIISIOTCS
TOJIBKO IPHU 3aKPBITOM 3aABIXKKE HA HALIOPHOU JIMHUH.

2. YBenuueHue yuciia 000poToB pabouero koJeca 11.0.H. He Ooee
yem Ha 20%.

3. VYMmeHblieHune uuciaa 000poTOB pabouero kojeca 1I.0.H. He
Oosee geM B 2 pasa.

4. Cpe3ka auamerpa pabouero koneca 1.0.H. He Oomee 12%
JHaMeTpa.

Pacuer HanmopHoOro Tpy6onposojaa
Harmop, pa3sBUBaeMbli  HacocoM,  pacxXodyercs  Ha
TPaHCHOPTUPOBAHKUE >KUIKOCTH [0 HAlOpHOMY TpyOompoBomy H
co3J1aHre HEOOXOAMMOro AaBJICHNS B KOHIIE 3TOr0 TpyOonpoBoja:

H=H,+h,, (9.20)

rne H - reoMeTpuyecKas WM TeoAe3uvecKass BbICOTa JO
«IUKTYOIIEH» TOUKH, BKIIIOYAs «CBOOOIHBIMY HAIIOP.
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«/lukTymas» To4Ka — HauOoJee KO M BHICOKOPACIIONOKEHHAS
TOYKA Pa300pa KUIAKOCTH.

«CBoOoaHbIi» Hamop hee — Hamop, MpH KOTOPOM KHIKOCTH
U3ITUBACTCS U3 «IUKTYIOIICH» TOYKH, OOBIYHO MPUHUMACTCS HE MEHEE
2 M BOJI. CTOJI0A.

hy — motepu Hamopa B TPyOONPOBOE, YUUTHIBAIOIINE TOTEPU HAIMOPa
Mo JUIMHE Ha TPEHUE W TOTEPU HAmopa Ha MPEOJOJICHHE MECTHBIX
COTPOTHUBIICHUH, OTIpeiesieMble TI0 (GopMyJIe:

h,=2h,+>h,.

rae Z h,, — cyMMa noteps Hamopa Ha TPEHHE I10 JUIMHE BCEX y4acTKOB
TpyOOIPOBOIOB JAHHOW CUCTEMBI;
Z h,— cymMvma morepp Hamopa Ha MPEOJOJCHHE BCEX  MECTHBIX

COHpOTI/IBJ’ICHI/II\/'I, BbI3bIBACMBIX HAJIWYUEM B CHUCTEMEC HAIIOPHOI'O
TpyOOIpOBO/Ia PA3IMYHBIX (PACOHHBIX YaCTeH W apMaTypbl, CY)KEHHH U
pacIIMpeHnil, HOBOPOTOB TPYO M T.IN.
HOTCpI/I Haropa 1o MIWMHEC Ha TPEHUC PACCUHUTBIBAIOTCA I10
dopmyne Jlapcu—BeticOaxa:
2
h()J = ﬂ‘ é 29_9 !
rae A — KO3(pQUIMEHT THIPABINIECKOTO TPEHHS, OMpEAeseMbId B
o01ieM ciy4ae B 3aBUCMMOCTH OT PEKUMa JBHXEHHS, pa3MepoB TpyoO,
IIEPOXOBATOCTH M T.1.;
| 1 d — COOTBETCTBEHHO JIMHA U THAMETp TPYOBI;
¥ — CPeIHSI CKOPOCTh JIBUIKEHHSI )KHUIKOCTH B TpyOe.
[Torepn Hamopa Ha TNPEOJOJEHHE MECTHBIX CONPOTHBICHUS
paccuuthiBaroTcs 1o hopmyne Beiicbaxa:
h —e
MC mc 2 g 1

rae &, — k03 (UIMEHT NOTeph HAIIOPA Ha MECTHBIE CONMPOTHBIICHUS.
PaGora neHTpo0e:xHOro0 Hacoca Ha TPyOONPOBO.

Bri6op Hacoca MPOU3BOJIUTCS o 3aJJaHHBIM
MPOU3BOACTBEHHBIM YCJIOBUSM, JJIi KOTOPBIX W3BECTHBI MOTPEOHBII
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pacxon xunkoctd Q u Hamop H. Ilpu nmombope Hacoca MPOU3BOIUTCS
coBMellleHre paboueii xapaktepuctukun Hacoca H = f(Q) ¢
xapakTepuctukoi Tpybomnposoaa h,, = f(Q) - pabora Hacoca Ha ceTb.
XapakTepucTuka TpPyOONpOBOJa MpEICTaBiIseT CO00il rpaduuecKyro
3aBUCHMOCTb MEXIy PacXoJOM M MOTEPSIMH HAIopa, BKIIOYAromas B
cebsl TeoMEeTpHUYEeCKyl0 BBICOTYy NoabeMa >kuakoctn H; Hamop,
pacxolyeMblil Ha MPEOoI0JICHHE COMPOTHBICHHIA (110 JUTHHE ¥ MECTHBIX )
B HallopHOM TpyOompoBoze hy,.

Tak kak 17 3aJaHHBIX YCJOBHH PaOOTHI M3BECTHBI JUTHHBI
YYaCTKOB HAamoOpHOTO TPYOONpPOBOAA, MX JUAMETPHI, KOA(P(GUIIMEHTHI
conportuBieHuil A U {, TO Xxapakrepuctuka Tpyodomposoaa h, = f(Q)
MOXeT OBITh paccuMTaHa Uil Pa3IMYHBIX PacxonoB BoAbl. Kpusas
hy = f(Q) ctpourcs Ha omHOM rpaduke ¢ paboueil XapaKTepUCTUKOM
Hacoca.

Hcxonst w3 pacdyera TpyOompoBoma, Ui HETrO CTPOST
xapakrepuctuky h,, = f(Q) (3aBUCHMOCTD TIOTEPBH HAIIOPa OT Pacxo/a).

[locme mongbopa Hacoca s TAHHOTO TPYOONPOBOIA CTPOST

coBMecTHyI0 xapakrepuctuky 1.0.H. H = f(Q) u tpybomposoaa
hy = f(Q).

IMepeceuenne xapakrepuctuk 11.0.H. H = f(Q) u Tpy6omnposoaa
hy = f(Q) maer pado4yw TOYKY, KOTOpas ITOKa3bIBacT, KaKO

MaKCHMAaJbHBII pacxo] MOKHO IMOJATh JaHHBIM HAaCOCOM IO JTAaHHOMY
TpyOOIIPOBOAY U C KAKMM HAIIOPOM.
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B mpaktuke BcTpedaroTcs ClenylImue ciydad (PUCYHOK
BBIIIE):

1. Pabouas Touka B moOJIO)KeHMH | — 1O TPyOOIPOBOAY
MONaeTCs MEHBIIUKA pacxox ¢ OONBIINM HANOPOM — MEHSETCS
XapakTepucTika Tpyoomnposoaa hy, = f(Q) myrem NpuKpHITHS 3aABUKKH
Ha HAlOPHOM JIMHUHU Hacoca 10 HY’KHOM Mo1ayu.

2. PabGodas Touka B TONOXKEHHH 2 — MO TPyOOIpPOBOIY
HEOOXOUMO TMO0/IaTh OOJBIIMKA Pacxoa ¢ OONBIIUM HAMOpPOM —
MEHSETCS XapaKTepHCTHKa HAacoca MyTeM:

a) yBEIIMYECHUS YrCiIa 000pOTOB N pabodero xoieca, €CIu eCTh
BO3MOKHOCTb;

0) 3aMeHbI Hacoca Ha 0o0Jiee MOIIIHBIH.

3. PabGouas Touka B TMONOXKEHWH 3 — MO TPyOOIPOBOAY
HEOOXOAMMO TMOAAaTh MEHBIIUI pacxXoll C MEHBIIUM HallopoM —
MEHSETCS XapaKTepUCTHKa HAacoca IMyTeM:

a) YMEHbIIIEHUs YrciIa 000pOTOB N paboyero Koeca, eciu ecTh
BO3MOKHOCTb;

0) yMEHBIIICHUS TuaMeTpa pabouero KoJieca (cpe3ka JuaMerpa)
paccunTsiBaeTcs He 6osee 12%;

B) 3aMEHBI HACOCa HAa MEHEE MOIIIHEII.

4. Pabouwas Touka B monoxeHuH 4 (TpUMEHSETCS IS
MarucTpajbHBIX TPYOONPOBOAOB) — MO TpyOOmpoBoLy HEOOXOAMMO
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nogatb OONBIIMH pacxog C MEHBIIUM HAMoOpOM — MEHSETCS
xapaktepuctuka Tpyoonposona h,, = f(Q) myrem:

a) BPE3KH JyIIHHTA JUTHHOM L .

JlynuHr — TapajulebHO TPOJNIOKEHHas Tpyba Takoro xe
JMaMeTpa; JUIMHY JynuHra L MoxxHo pa3ouTh Ha ydacTku

L= |1+ |2+ |3+ In,
JUMHA JynuHra L mim ygactkoB | paccyuThIBaeTCsl MO CEUaIbHBIM
dopmynam st HEOOXOJUMOTO PacX0Aa;
Q Q___ d Q
=E

-

Q, d
—
L

0) Bpe3KH BCTAaBKH OOJIBIIIEr0O AUaMeTpa Ha JUIHHY L.
Juamerp D m mmHa L BCTaBKM pacCUMTHIBAIOTCS MO CIIEHATBHBIM
dopMmynam i HEOOXOJUMOTO pacxoa.

Q d D _

*

L

CoequHeHHUsI HACOCOB

CoBpeMeHHasi TIPOMBIIUIEHHOCTh BBIMTYCKAaeT Pa3sHOOOpa3HbIe
TUNBI IIEHTPOOEKHBIX HACOCOB, oOecrieunBasi TPeOOBaHUS MPAKTHKH
JUISL Pa3IMYHBIX YCIOBUI SKCIUTyaTanui. MHOTOCTYIIEHYAThIe HACOCHI
TIPH CPABHUTEIHHO HEOOMBIIOH mpomsBoauTensHocTH (30 — 300 M/1)
MOTYT pa3BuBath Ooibimme Hamopwl (700 — 1000 M), mpomnesmiepHbIe
HACOCHI TPU MaJIBIX Haropax (4 — 6 M) obecnieunBaroT pacxonsl 10 — 25
M/c u Gonee. B MPOM3BOACTBEHHBIX YCIOBHSX MPH HEOOXOTMMOCTH
co3/laHust OOJNBIIOrO HAaropa WM YBEIHYCHHUsS TPOU3BOJUTENHLHOCTH
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HCIIONIB3YIOTCS M OOBIYHBIC OAHOCTYIEHYATRIE IEHTPOOEIKHBIC HACOCHI.
s 3TOro mpuOeraroT K MOCIEI0BATEILHOMY WM MapauIeIbHOMY
COCIMHEHHIO JBYX M 00Jice HACOCOB.

IMocaenoBaTeibHOE COEMHEHHE HACOCOB XapaKTEPU3YETCS
TE€M, YTO OJHO M TO e KonudecTBo »kuakoct (Q = idem),
MOCTYMAKoIee MO BCACHIBAOIIEMY TPYOOMPOBOIY IEPBOTO Hacoca,
MOJIaeTCsA BO BTOPOM HAcOC M Jajiee B HANOPHYIO JHHHWIO. B ciyudae,
KOTJIa 10 YCJIOBHUSM O3KCIUIyaTalldd HEIb3sS YCTAHOBUTH OJMH HACOC,
Pa3BUBAOINIMI OOJBIION HAmop, MPHOETAlOT K IMOCIIEI0BATCIBHOMY
COCIUHEHHUIO HECKOJIBKMX HACOCOB MeEHbIIeH MOIHOCTA. OOBIYHO
HAcOChl, PabOTaIOIINE ITOCIE0OBATEILHO, KOHICHTPHPYIOT B OJHOM
MeCTe, CO3/1aBasi HACOCHYIO CTAHIIHIO.

2 |}

1

B sToM ciydae Hacochl, yCTaHOBJIEHHBIE MOCIEIHIMH B IIETIH,
UCIIBITHIBAIOT ~ 3HAUUTENBHOE JIaBIICHHWE, TpeOys COOTBETCTBEHHO
00JBIION MPOYHOCTH KOpIyca M XOpOIIeld TepMETHYHOCTH B MeEcTax
BXOJa M BbIXona. Eciau 00beIMHUTH HACOCHI B OJHY CTAHIIMIO HEIb3s,
TO MX PAcCIoJIararoT Ha pa3sHbIX OTMETKAaX IT0 BBICOTE MJIM Ha OOJBIIMX
PacCTOSIHUSAX APYT OT Apyra. [Ipu 3TOM Harpy3ka Ha KOHIIEBBIC HACOCHI
yMmeHbmaercs. OOMmMA Hamop TP TOCIEI0BAaTEIBHOM COCAWHEHUH
ompeaenseTcs Kak CyMMa HarmopoB OOOMX HAacOCOB, MONy4YeHHAs
CIIOKEHUEM opJuHaT padounx xapakrepuctuk H; = f(Q) u H, = f(Q):

H, C =H, 1 + Hz.

ITepeceuenne cymmaproit xapakrepuctukn He = f(Q) ¢
xXapakTepucTHKoi Tpydomnposoaa h, = f(Q) maer pabouyio Touky Ac.
Yewm kpyue xapaktepuctrka tpybomposoga Hy = f(Q), Tem Gosbiimit
Harop o0ecreunBaeTcst IpH MOCIIE0BATEILHOM COSTMHEHHN HACOCOB.
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IIpu MOJIOT oM XapaKTEepUCTUKE TpyOOIpoBOaa
M0CJIE0BATENFHOE COeTUHEHHE HACOCOB Masio3((HEKTHBHO.

[MapannesbHOe coeIMHEHHE HACOCOB XapaKTEPHU3YETCS TEM,
YTO KaXAblii M3 HACOCOB MMEET CaMOCTOSATENBHYIO BCACHIBAIOILYIO
JUHUIO, HO BCE HACOCHl MOJAIOT JKUAKOCTh B OOLIMH HANOPHBII
TpybonpoBoa. [lonbop HacocoB ans mapamiedbHOH pabOThl TOJDKEH
OCYILIECTBISTBCS C YUETOM OCOOCHHOCTEH MX Pa0OYHMX XapaKTEPUCTHK,
MECT PACCTAHOBKM B CETH M XapPAaKTEPUCTHUKH OOLIETO HAIOPHOIO
TpybonpoBosa. MoXKeT CIIyduThbCsl Tak, YTO HACOC, HMEIOMINN MaTyro
MPOU3BOJMUTENBHOCTS TIPH TMapajuleIbHOM COEJAMHEHHH C HacOCOM
0OJBIION TPOU3BOAUTENILHOCTH, COBEPIICHHO HE YBEJIMYUT OOLIeH
NPOU3BOJAUTENBHOCTH. [loaToMy sl mapaisienbHOrO COCAMHEHUS
NOJOUPAIOTCS HACOCHI OJHOTO THMA WM C JOCTaTOYHO OJM3KUMH
XapaKTePUCTUKAMH.
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CymMapHasi XapaKTepUCTHKa MPH MapauIeIbHOM COCIHHCHUH
HacocoB He = f(Q) momyuaercs ciokeHHEM MpPOM3BOAUTEILHOCTEH
IEepBOr0 W BTOPOrO HACOCOB, JUIS YEr0 CYMMHPYIOTCS aOCIUCCHI
kpuBbix H; = f(Q) u H, = f(Q). Hanop, pa3BuBaemMsblii HacocamMu TpH
HapajielibHOM COCMHEHHIH, IPAaKTHUSCKU He u3Mensiercs (H=idem).

0o Q.Q2 Q3 Q

Pabouast ToUka onpezenseT CyMMapHYIO MPOU3BOAUTEIbHOCTD
Qc 000uX HACOCOB MpH MapaUICIbHOM COCIMHEHHWH TpH paboTe Ha
TpybompoBoa.  Crienyer wMeThb B BHAY, UTO  CyMMapHas
POU3BOUTEILHOCTD Hacoca Oyner HECKOIBKO MEHbIIIE
apu(PMETHYECKOW CYMMbI TMPOU3BOAUTEIBHOCTEH MMEPBOTO W BTOPOTO
HACOCOB, pabOTAIOIIMX CAMOCTOATENHHO Ha TOT JK€ TPYOOIIPOBOI:

Qc< Q1+ Q2

ITo 3To# MpuYKHE MapasuieabHas paboTa PeKOMEHIYETCS B TEX
cllydasix, €Clid Xapaktepucthka Tpybomposoaa hy, = f(Q) mocraTouno
oJIorasi.
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IIPHIIOKEHHE 1
Tabnuya

IIprcTaBKM U MHOKUTEJH JJ51 00pa3oBaHMs
AEeCATUYHBIX KPATKHUX U JOJbHBIX €IHMHMIL

HaumenoBanue | O6o3nauenue | MHOKUTENb IIpumep
Mera M 10° MBT (MeraBarr)
KHJIO 10° KH (KHMJIOHBIOTOH)
TeKTO r 10° rlla (rexronackais)
b1 (007 I 10 M (aerumeTp)
CaHTH c 10° CM (CaHTUMETP)
MUJUTH M 10 MM (MUJUTEMETD)
MHUKPO MK 10° MKM (MHUKPOMETP)

IIPHIIOKEHHE 2
Tabnuya

CooTHOIIEHHE eTUHHII, TTOJIeKAINNX U3HLATHIO,
¢ exununamu CHU, a Takixke ¢ onyckaeMbIMU K IPUMEHEHH IO
equHUIIAaMH, He Bxoasmumu B CU

Ennnnnsi
HauMmenoBanmue CooTHolIeHHE ¢ eTHHH-
R HaumenoBa- | o0o03Ha- weii CH
HUE YCHUEC

Cuna, cwia Td- | rpaMM-CUiIa rc 1 rc=9,810°H~10 MH
KECTH
I'py3omomsem- | Kuimorpamm- KTC lkrc=9,8H~10H
Hasl cuIa, cuia,
BEC TOHHA-CHJIA TC 1 1¢ =9,8-10° H~10 xH
[laBnenue, KHJIOTPaMM- kre/em” |1 kre/em® = 9,8-10° IMa ~
HaIIpsDKEHHE, CHJIa Ha KBaJ- ~10° IMa= 0,1 Mrma
MOJYJb  YIpYy-|paTHBIH caH-
TOCTH TUMETP

METp BOAAHO-| M BOA.CT. || v Bom.cT. = 9,8 klla =

ro cronba ~ 10 xI1a

MUJUIAMETp | MM BOLLCT- | | iy gopr.ct. = 9,8 kIla

BOJISTHOT'O ~ 10 xIIa
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crtoiba
MUUTEMETP  |MM PT. cT. | 1 MM pT. cT. = 133,3 [1a
PTYTHOTO
crosnba
6ap 6ap 1 6ap =10°TIla
MoOMEHT CuJIB, | KHIOTpaMM- krc-M |l xrc - M=98 H - - M~
MOMEHT  Iaphl | CHIIa - METP ~10H ™M
CHIT;
KPYTSIUMA  MO-|TOHHa — cmial T1cM  |11c-M=9,8-10°H M~
MEHT “MEeTp ~ 10 kH-m
Oueprus, pabo-|kunorpaMm —| xrc-Mm |1 kr-m=9,8 JIx =10 Jx
Ta CHJIa - METP
TOHHA-CUJIa c-M |1 T1c-M=10xk/x
-METp
KUJIOIpaMM —
CHIa - METP B
Mongocrs CEKYHIY P kre-m/c |1 kre-m/c = 9,8 Br=10Bt
JoIaIUHAs
cuna
1. C. 1 1.¢c.=735,5Br
nays II I1IIm=0,11Ia-c
KHAJIOTpaMM-
Jlunammicckas cuna-cekynaa | xr-c/m® |1 xr - ¢/M? = 9,8 Tla-c ~
BSI3KOCTD :
Ha  KBajpar- ~ 10 Ta-c
HBIIl METP
Kunemaruie- CTOKC Cr 1Cr=10"m"/c
CKasi BSI3KOCTh
oboport B ce- 00/c 1o6/c=1c¢"
Yacrora Bpa- |KyHIY
IEeHHs oGopor B mu-| 00/MuH |1 ¢ = 60 06/MuH
HYTY
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IIPH/IOKEHHUE 3

Tabnuya

IIprcTaBKM M MHOKUTEJH JJA 00pa3oBaHMs
AEeCATUYHBIX KPATKHUX U JOJbHBIX €IHMHMIL

t,C Q, Kr/m° t,C Q, Kr/M°
0 0,99987 40 0,99235
3 0,99999 50 0,98820
4 1,00000 60 0,98338
5 0,99999 70 0,97794
10 0,99975 80 0,97194
20 0,99826 90 0,96556
30 0,99576 100 0.95865
IIPHIIO’KEHUE 4
Tabnuya
TemneparypHblii KOG PpuuuenT
00beMHOr0 paciiMpenus S; 1715 BOJbI
Hasie- B, npu remneparype, °C
lel—leap' 0-10 10-20 40-50 60-70 90-100
10° | 0,000014 | 0,000150 | 0,000422 | 0,000556 | 0,000719
10" | 0,000043 | 0,000165 | 0,000422 | 0,000548 | 0,000700
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IIPUIIOKEHHUE 5
Tabnuya

3aBuCcHMOCTHb KOI(PPUUMEHTA KHHEMATHYECKOI BA3KOCTH OT

TeMIlepaTyphbl

V; V; V;

t° C , t° C , t° C ,
cMm/c cMm/c cMm/c
1 0,0173 13 0,0121 23 0,0096
2 0,0167 14 0,0118 24 0,0092
5 0,0152 16 0,0112 28 0,0084
8 0,0139 18 0,0106 30 0,0081
10 0,0131 20 0,0101 40 0,0066
12 0,0124 22 0,0099 50 0,0056
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IIPH/IO/KEHHE 6

Cl'lpaBO'lele JAAHHbIEC

Hannbie 0 kodddummeHTax cCOnpoTUBICHUNH HanOoJee 4acTo
BCTPEUAIONINXCS BUIOB MECTHBIX COMPOTHBICHUN TPUBEICHBI B
TadJmMIax.

a) Bxox B TpyOy.

[Tpu octpeix KpoMKax Cux=
= 0,5, npu 3aKpyricHHBIX
KPOMKaxX M IUIaTHOM BXOJEC
Cex= 0,2, a mnpu BecbMma
rtaBHOM BxoJie Gy x = 0,05.

6) Konuueckuii nuddysop.

2

w
K |22 -1],
Cen. ﬂ( 1 J

rae: K, — Oe3pa3MepHBI KO-
s urmeHt, BBIpAKarO U1
JI0JII0 TIOTeph B qU(dy3ope oT
MoTeph TP BHE3AITHOM pac-

LIMPEHUH.
[Totepu B koHnueckoM nuddy-
30p€ PACCUUTHIBAIOTCS 1o
ckopoctH V.
Tabnuya 1
0 7,5 10 15 20 30
K, 0,14 0,16 0,27 0,43 0,81
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B) Boixog u3 TpyOsl B pe3epByap OONBIIMX Pa3MEpPOB, B PEKY U

T Goux. = 1,0.
x const
V‘.'D
..__..‘U“__..'., 3 o 3
r) Konngeckuit koHpy30p
8
d,
Tabruya 2
yroi 6
dy/d; 10 20 30 40
d,/d, =1,2 0,04 0,05 0,07 0,08
d,/d, =2,0 0,07 0,09 0,12 0,14
d,/d, =3,0 0,08 0,10 0,14 0,17

[ToTepu B KOHMYECKOM KOH(]Y30p€ pacCUUTHIBAIOTCA MO CKO-

poctu V.

1) Pe3kuii moBopoT TpyOb!

Tabnuya 3
& 30 40 50 60 70 90
oo 0,2 0,3 0,4 0,55 0,7 0,90 1,1
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3HAYCHUS Cyon MOJIYYCHBI HA OCHO-
BaHHH OIBITOB ¢ TpyOamu d< 50 mMm.
[lpy yBenuyeHUH quamerpa 3Haye-
HUS Cion. YMEHBIIAIOTCH.

e) Komeno ¢ 3akpyrieHuem (rmiaB-

HBI MOBOPOT) NIpU @ = 90°,
pu yraax o # 90° 3Haue- B '4 Hue ;. HyX-
HO YMHOYHUTbH Ha OTHOIIE- ‘ e o /90°,
Tabnuya 4
drR| 04 | 06 | 08| 10 | 12 | 14 | 16 | 18 | 20
S | 0141016 | 0,21 | 0,29 | 0,44 | 0,66 | 098 | 1,41 | 1,98
) Kpan (mpoOKoBBIit)
e »
Tabnuya 5
o 5 10 20 30 40 50 60
S 0,05 0,29 1,56 5,47 17,3 52,6 206
3) Huagparma
Tabnuya 6
wlw,|005/01]02[03|04/05/06]07[08| 09 |10
& 11070| 245(51,0(18,4| 8,2 {4,0|2,0(0,97|0,41/0,126| -
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n) 3aaBrkka Jlyio mpu noJHoOM OTKPBITUN
Cayn. = 0,11+ 0,12,

K) BeHTWJIb pU OJTHOM OTKPBITHH.
npamou wnunoens =3 +5,5

1) OOpaTHbIif KJ1anaH ¢ CeTKOM

4/06. M = 10

IpU OTCYTCTBHM OOpAaTHOTrO KJamaHa
Ceer. =5+ 6.
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IIPH/IO/KEHHUE 7

Tabauya 1

3Havyenusn KOZ)(l)(l)I/IIII/IeHTOB pacxoaa, CKOpoCTH, C:kaTudA 1JIs1
PA3HBIX TUIIOB HACA/IKOB

No HaunmenoBa- Koaddurmentor
0 /;1 HHUE Cxema Hacajgka
HAacagKoB Hif | P1Pu | 18
1 | Kpyrnoe or- 0,62 | 0,97 | 0,64
BEPCTHE
Hunuaapu-
2 | yecknit 082|082 1,0
HacaIoK
g | Konomrane- 0,98 | 0,98 | 1,0
HBII
g | Kommiecku 0,94 | 0,96 | 0,98
CXOIALIUICS
Konnuecku |
5 | pacxons- =—_ {)-— ‘| 047 | 047 | 10
uics
Tabnuya 2

3HaueHus paanyca BJIMAHHUA NJISl Pa3JIMYHBIX TPYHTOB

No Pamuyc nenpeccun R,
1/ I'pynT M

1. | METKO3epHHCTHIC TIECKU 50-100

2. | cpemHe3epHHUCTHIE TIECKU 100-200

3. | KpyIHO3EepHUCTHIC TIECKU 200-400

4. | O4YeHb KPYIHBIE MECKH 400-600
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OIIUCAHUE U ITPOI'PAMMA KYPCA
«'NAPABJIUKA»

1. Onucanue Kypca
Hucuunnuna — «I ' uapaBiuka.

Ileny Kypca — HayyuTh CTYLEHTOB OCHOBHBIM 3aKOHAM [IBU-
JKEHUS U PABHOBECUS JKUJIKOCTU U IIPUMEHEHHUIO 3THUX 3aKOHOB B
CBOEH NPAKTUYECKOM MAESATENBHOCTU JUIsl PELICHUS KOHKPETHBIX
WHXXEHEPHBIX 3a/1a4.

Jlns peanu3anuu OCTAaBIECHHON 1€ B IIPOLIECCE MTPETOJaBaAHUS
Kypca U n0020MO6KU 6bICOKOKEATUPUUUPOGAHHBIX CHEUUATIUCIOE 6
odnacmu undicenepuu 0OyUArOUUICA 00J1CEHN.

- NO3HATh: OCHOBHBIC IIOJIOKCHUSA AWHAMUKA U PaBHOBECHUS
JKUIAKOCTH;

- HAYYUTBHCH. UCIIOJIb30BATh [OIYYCHHBIC 3HAHUSA I MOJEIIU-
POBaHMSA T'MIPABIMYECKUX SBJICHUM C UCIIOJIb30BAHUEM OIlEpALU-
OHHBIX CHCTEM, BBIJCISATH KOHKPETHOE (PU3HUECKOE COICPKaHUE
B MIPUKJIAIHBIX 3a7auax MpoQeccuOHAIbHOMN 1eATeTbHOCTH;

- OBJIa/IeTh: HAaBHIKAMHU U OCHOBHBIMU METOJIAMHU PEIIEHUs 00-
IIEMH)KEHEPHBIX 3a/1a4, CBSI3aHHBIMU C TUJPABIMYECKUMHU pacye-
TaMU U pacueTaMy MaKCUMaJbHBIX PACXOA0B XapaKTEPHBIX BEPO-
ATHOCTEMN IPEBBILLICHHUS.

Jlucyunnunvl npenodaiomes bakanaspam OHesHOU Gopmvl 00y-
uenusi no Hanpasnenuam. 08.03.01 «Cmpoumenvcmeoy, 15.03.05
«Koncmpykmopcko-mexnonoeuueckoe obecneueHue MAuUHOCMPOU-
menvublx npouzeoocmsy, 13.03.03 Dnepeumuueckoe mawurocmpoe-
nHue, 21.03.01 «Hegmeeazosoe oenoy, 23.03.03 «Dxcnayamayus
MPAHCNOPMHO-MEXHONO2UYECKUX Mawun u Komniexcosy, 21.05.02
«lIpuxnaonas 2eonoeusny, 21.05.04 «l'oproe deno (Maxweiioepusi) .
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Kypc cocrout u3 nexkuuid, mpakTUYECKUX 3aHATHI, 1abopa-
TOPHBIX U1 KOHTPOJBHBIX PalbOT.

Hunosayuonnocms Kypca. JIEKUMOHHBIA KypC YATAETCA B
CHELHUATU3UPOBAHHON ayAUTOPUH C MYJIbTUMEAUHHBIM 000py10-
BAHUCM, AWM BO3MOXHOCTb HNPOCKTHUPOBAHUA PAZJINYHBIX
CXEM U 4YepTexell Ha JKpaH, a Takxke, TP HeOOXOJUMOCTH, UC-
IMOJIb30BaTb KOMIIBKOTCPHI. ITo JUCHUINIIMHAM IIOATI'OTOBJIICHBI U
BBIBELLICHBI Ha caiiTe kadenpe JIEKLMOHHbIE MaTepUabl B 3JEK-
TPpOHHOM Bujie. Pa3paboransl MaTepHalibl JJIsi IPOBEJICHUS pac-
YETHO-IKCIIEPUMEHTAIbHBIX PadOT MO ONpPE/IETICHNUI0 OCHOBHBIX
TUAPABINYCCKUX U TUAPOJIOTHUCCKUX XapPaKTCPHUCTHK.

Ceéeodenus 06 asmopax Kypca:

I'punyk Mnes WropeBud, KaHIMAAT TEXHUYECKUX HAYK,
JIOLEHT JICTIapTaMEHTa «APXUTEKTYPbl U CTPOUTEILCTBAY» MHxKe-
HEpPHOM aKaJeMUH;

Cunnuenko Esrenmii KoHCTaHTHMHOBHY, KaHIWAAT TEXHU-
YECKHUX HayK, JOLUEHT AenapTaMeHTa «APXUTEKTYpbl U CTpPOH-
TeJNbCTBa» VHKEHEPHOU aKaJIeMUu;

[Tonomapes Hukomnait Konctantunosuu, KaHIuaaT
TEXHUUYECKUX HayK, Ipodeccop AenapTaMeHTa « ApXUTEKTYpbl U
CTpOUTENBCTBA» MHXKEHEpHOU aKaIeMuH;

Kymepos JImutpuii EBreHbeBud, aCCUCTEHT JenapTaMeHTa
«APXUTEKTYpBI U CTpOUTENBCTBAY VHKEHEpHOU akageMuu.

2. CTpykTypa Kypca

No TemaTnka jJeKknui

FI/IHpaBJ'H/IKa KaK HayKa, €€ CBA3b C JPYTHMMU OUCHUILIIMHA-
1 | mu. Hcropuyeckuii 0030p. JKugkocte u ee ¢usndeckue
CBOMCTBA.

I'mapocratuka: n1aBieHUE U €ro CBOMCTBa, MU depeHuaib-
Hble YpaBHEHMsI paBHOBecus Dilniepa, 3akoH [lackans. AbGco-
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JIFOTHOE U U30LITOYHOE JaBJICHHC.

CyMmMapHasi cuja THAPOCTATHYECKOTO JIABJICHHS, LICHTP
JABJICHUS, OINpeAeNieHHe rpadHuueckuM U aHATUTHYECKUM
METOJaMH Ha MIOCKHE MOBEPXHOCTH.

OmpeneneHne CyMMapHOW CHIIbI TUAPOCTATHYECKOTO JaBJie-
HUS ¥ LIEHTpA JIaBJICHUS] HA KPUBOJIMHEHHBIC MOBEPXHOCTH.
OTHOCHUTENIBHBIN TOKOW KUJIKOCTU. 3aKOH ApXHUMea.

JluHaMHKa >KUJIKOCTH, TOHSTHS, ONpPEISICHHS, KIAacCHU(HU-
Kalusl ABUKEHUS MOTOKA JKUJIKOCTU. Y PaBHEHUE HEpa3pbIB-
HOCTH. YpaBHeHHE bepHyIuin.

Pexxumbl IBKEHUS: JaMUHAPHBIA U TypOYyJIeHTHbIN. Xapak-
TEPUCTUKH, OTIPEIICICHHUS.

Pacrnipenienenrie HanpsHKEHU CUII TPEHUS U CKOPOCTEW MpHU
JIAMAHAPHOM M TYpOYJICHTHOM PEKHUMAX JIBUKEHUSI.

Juddepennnanbabie ypaBHEHUs JBUKEHHS Diiliepa, OCHOB-
HOC ypaBHEHHE paBHOMepHoro nsuxkenwus. [loTepu Hamopa
o JuiiHe Ha TpeHue, ¢popmyna Jlapcu-Beiicbaxa, koaddu-
IUEHT TUAPABIUICCKOTO TPCHHUS.

MecTHble CONPOTUBIIEHUS, IOTEPU HAIOpa HA IIPEOAOIECHUE
MECTHBIX CONPOTUBJICHUH, KOO(PPHUINEHT MOTEPh METHBIX
conpoTuienii, hopmyna bopna.

10

Hcredyenne XKUAKOCTH W3 OTBEPCTHUH M HACAAKOB, PAacXo/l,
KOA((UIIMEHTHI CKATHsI, CKOPOCTH, PacXoja, BUIbI CXKATHS.
Pacyer kopoTkoro TpyborpoBoa.

11

YcTaHoBHUBIIIEECS JBH)KECHHE B HaIlOPpHBIX pr6ax. OcHoB-
HBIC pACYCTHBIC 3aBUCUMOCTH

12

Pacuer mpocThIX U CHOXKHBIX TpyOonpoBoaoB. CoeanHeHUs
TpybonpoBooB. HenpepbiBHast pa3gaua. ['miapasnnueckuit

yaap.

13

I'unpaBnuueckue mamuHbl. Knaccudukanus, odaacte mnpu-
MeHeHus. JlomacTHbIE THAPOMAIIHMHBI: OCEBbIE M IIEHTPO-
Oe>XHbIE HACOCHIL.

14

I1.6.H. — OCHOBHBIE pacueTHbIE 3aBUCHUMOCTH, padouue U
YHUBEpCaJIbHbIE XapaKTEPUCTHKHU, paboTa Hacoca Ha TpyOo-
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IIPOBOI.

PaBHOMEpHOE NBU)KEHUE B OTKPBITHIX pyciiax. OCHOBHBIE

15 | pacueTHble 3aBUCUMOCTH M 3alaud pacyera. Kpurndeckuii
YKJIOH.
JIBrxkenue TpyHTOBBIX BoJ. Koaddunuent duabTpammm.

16 | IuddepennnanpHoe ypaBHEHHUE HEPABHOMEPHOTO JBHXKe-
HUST QUIBTPAITMOHHOTO TIOTOK.
MaxkcumanbHbIe pacueTHBIE PAcXOJbl BOJIBL: ONPEICICHUE H

17 | npuMeHeHne B pacueTax COOPYKEHHI Ha BOJOTOKaX | HMX
NPUOPEKHBIX 30HAX.

No TemaTnka NpakTHYECKHUX 3aHATHH (CEMMHAPOB)
3amaun Ha (hu3HUYecKHe CBOWCTBA >kKuAKocTh. OmnpeneneHue

1 | cwJIBl THAPOCTATUYECKOTO JIABJICHHUS HA TUIOCKHE MOBEPXHO-
CTH.

5 Omnpenenenne CUiIbl THAPOCTATUYECKOTO JIABJICHUS HA KPH-
BOJIMHCIHBIC TOBEPXHOCTH.

3 | 3amaun Ha ypaBHeHHE bepHym.

4 3ajaun Ha UCTCUCHUE JKUKOCTU M3 OTBEPCTHI U HACAJIKOB.
Pacuet xopoTkoro TpydbornpoBoja.

5 Pacuet npocroro AmHHOrO TpyOOIIpOBOIA.
Pacuer coennHenmii TpyOOIpOBOIOB.

5 [lenTpobexubie Hacockl. [logbop Hacoca Ha TpyOOMPOBOI-
Hyt0 ceTh. Onpeenenrue paboue TOUKH.

7 EcrecTBennbie BooTOKU. [locTpoeHue rpadukoB yaeabHbBIX
SHEPIrUid CeUEHHsI ¥ TIOTOKA.

8 | 3agauum no pacuery kodddunmenTa GuIbTpaIUN.

9 Pacder mMakcHMMaibHBIX PacXOJ0B BOJIHBI MOJIOBOJAbS U Tia-
BOJIKA.

No Jucuunnmnna TemaTuka JadopaTopHbIX padoT

1. | Muapocramuka H3MepeHne OCHOBHBIX THIpPaBIINYEC-

CKHUX BCJINYHH.

130




2. | M'mppoamHamuka PexxuMbl ABMOKEHUS KUIKOCTH.

HccnenoBanue MIBMKEHHS TIOTOKA
KHUJIKOCTH B TpyOe IEpEeMEHHOTO

3. | M'maponunamuka
CCUYCHHs, COIIACHO ypaBHEeHHs bep-

HYJUTH
Omnpenenenne kKod(hduimeHTa ru-
4. | T'mapoaumHaMuKa PaBIMYECKOTO TPEHUS © IMOTEPh

Hallopa 1o AJIMHE Ha TPCHUC

Onpenenenne Kodp(uUIMEHTA T10-
TEph HAIOpPa HA MECTHBIC COMPOTHB-
JICHUSI ¥ TIOTepPh HAIopa Ha MpeoJIo-
JICHHWE MECTHBIX CONPOTHBJICHUH

5. | 'mapoaunamuka

Omnpenenenne kodd¢uimeHTa pac-
6. | F'uapoauHamuka X0la MEpHOH auadparMbl ¥ IPOC-
CEJIbHOTO 3aTBOpa

Hcreuenne xKUIKOCTU U3 OTBEPCTUH

7. | 'maponuHaMuka
Apoa U HACAIKOB

OnpeneneHue BpEMEHH ONOPOKHE-
8. | I'mopoannamuka HUS pe3epByapa MpH MOCTOSHHOM U
[IEPEMEHHOM Harope.

9 I[BI/I)KGHI/IG B OT- MOI[GJ'II/IpOBaHI/Ie ABHOKCHHUSA IIOTO-

KPBITBIX pyCiIax KOB B OTKPBITOM pycCII€.

10. OcHoBel ¢unbTpa- | Onpenenenue kodppurenta Guib-
005078 Tpaluu rpyHTa Ha yctaHoBke [lapcwu.

11. | I'mapomanIHbI HcnbiTaHne HEHTPOOESKHBIX HACOCOB

3. Opranu3anMoOHHO-MEeTOANYECKOe MOCTPOEHHE Kypca

JlanHoe mocoOue paccMaTpuBaeT HEOOXOIUMBIE pa3JIeNbl U3Y-
YaCMEBIX KYPCOB 3THUX HaHpaBJ'IeHI/II\/'I. TaK, IJi1 CTYACHTOB CTPOU-
TENBbHBIX CIEIUANIBHOCTEH OoJiee MoApOoOHO OCBEIICHBI MPOIIeCc-
CbI, KOTOPBIC UMCIOT MECTO IIPU CTPOUTCIBCTBE U SKCILTyaTallun
WHXEHEPHBIX COOPYXEHUU; JUIsl SHEPro- M MaIlMHOCTPOUTEIb-
HBIX CHGHI/IaJ'II)HOCTef/'I — T€ MPONHECChbI, C KOTOPbIMU OHU CTAJIKHU-
BAIOTCS MPU MPOECKTUPOBAHUM U IKCIUTyaTallMd MAIIUH; AJis TOp-
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HAKOB — DKCIUIyaTallMs TOPHBIX MAIIMH U TEOpUs IBUKEHUS
(MIBTPAIMOHHBIX BOJ.

4. YcaoBus u KPUTEPUH BLICTABJICHUA OLHCHOK

Y4eOHast paboTa CTY/ICHTOB OIICHUBACTCSI B COOTBETCTBUU C
TpeboBaHUsIMU crcTeMbl orieHok ECTS.

OneHkn

ECTS F FX E D C B A
OrneHkn

PO 2 2+ 3 3+ 4 5 5+
Bamsr 0-30 31-50 51-60 61-68 69-85 86-94 | 95-100
BPC OannoB | OaytoB | OayutoB | OGayutoB | GamwioB | GamioB | GamiaoB

Pe3y.]'IBTaTBI IMPOCTAaBJIAIOTCA B 3a4YCTHBIC BCAOMOCTH M 3a-

YCTHBIC KHUXKKH:

©3a4CThl — B AICHDb IIPOBCACHUA 3a4CTa,
® 5K3aMCHBI — B JICHb IIPOBCIACHHA OK3aMCHA IIPU HAJIUYHHU
mTaMIIOB JOITyCKa K CECCHUH.
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