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BBEJAEHHUE

«MexaHuKa XKUJIKOCTU U Ta3a» — OJIMH U3 (PyHJaMEHTaJbHBIX OOIETEXHUYECKUX
KypcoB B cucteMe noarotoBku OakanaBpoB HampasiieHust 08.03.01 «CtpoutenbcTBoy.
[IpeameToM M3ydeHHs] Kypca SBISIOTCS OCHOBHBIC 3aKOHBI PABHOBECHS W JIBUKCHUS
KHUIKOCTH.

[Tpn u3ydyeHUH AUCIUTUIMHBI CTYICHT JOJHKCH BBIMOJTHUTH KOHTPOJBHYIO PadoTy.
KoHnTtponbHas paboTa oXBaThIBaCT HanboJiee BaXKHBIC Pa3Ieibl JUCITUTUIMHBI M CYIIIECT-
BEHHO 00JIerdaeT ee CUCTEMAaTHIECKOE N3YUCHHE.

[lepen pemenueM 3amad CTYyICHT JOJDKEH MPOPadOTaTh COOTBETCTBYIOMIUNA pa3aes
0 yueOHHKaM, PUBEACHHBIM B OnOrorpaduueckom crucke [1-2].

HcxonHble naHHbIe )1 pelIeHus 3a/1ad CTyACHT MoJlydaeT Ha Kadeape.

[Ipy BBITIOJIHEHUH KOHTPOJBHOM pPabOThl HEOOXOIUMO PYKOBOJCTBOBATHCS Clie-
IOYIOLUM:

1. Paboty ciemyeT opopMIsSTh pYyKOITUCHO MJIM Ha KOMITBIOTEPE Ha OJHOM CTOPOHE
JaUCcTa. DTO HEOOXOIUMO ISl PELeH3UPOBaHUS U HcHpaBiieHuid. CTpaHUIIbI JTOTKHBI
OBITH IPOHYMEPOBAHBI.

2. 3anuchIBaTh YCIOBHE 3314l C MCXOJHBIMU JAHHBIMH W YETKO BBIMOJTHECHHBIMH
YepTeKaMH K 3a7a9aM.

3. Pemenne 3a1au BeCTH MO3TAITHO, C TIOSCHEHUSMH KaXK0TO X012 PEIICHUS.

4. Ilepen BBIYMCIICHHEM HCKOMBIX BEIIMUWH CIICTyeT BHAYajie HAMUCATh PACUCTHYIO
dbopmyny B OyKBEHHOM BBIPOKCHHH, 3aT€M IIOJCTaBUTh YHCIICHHBIC 3HAYEHUS BCEX
BXOJISIIIIAX B HEE TTaPaMETPOB U IPUBECTH OKOHYATEITHHBIN OTBET.

5. ¥V Bcex pazMepHBIX BETUYHH JIOJDKHA OBITH MPOCTaBJIeHA pa3MEpPHOCTh. Paszmep-
HOCTb BEJIMYMH BhIpaxkaetcsi B MexayHapoaHou cucreme egunun CH.

6. 3HaueHus Bcex KOA(PIUIMEHTOB cieayeT 0O0OOCHOBAaTh CCHUIKOW Ha TaOJHIIHI,
MIPUBEJICHHBIE B TEKCTE WM B MPUIIOKCHUSIX.

7. IIpu mocTpoeHUn pacueTHhIX rpauKOB HEOOXOAMMO YKa3bIBAaTh BETUYHHBI, OT-
KJIaJIbIBAEMBIC 110 OCSIM Tpaduka, ¢ 0003HAUCHHEM HX Pa3MEPHOCTEH.

8. Bce oTMeueHHbIE OMMOKHM JOJDKHBI OBITH MCIIPABJICHBI, a CACIAHHBIC YKa3aHUs
BBITIOJTHEHBI. VICNIpaBlisITh OMIMOKK CIEAYyEeT OTACIBHO MO KaXIOM 3ajlaue Ha YUCTOU
CTOPOHE JINCTA.

KoHTposbHYI0 pa®oTy, BBHINOJHEHHYIO C BBIINICYKa3aHHBIMH TPEOOBAHHSIMU, CTY-
JICHT JIOJDKEH CJIaTh Ha Kaeapy M1 perucTpariii ¥ MPOBEPKH.

PabGoTa MoeT OBITh 3a4TE€HA TOJIBKO B TOM Cllydae, €CJIM OHAa HE COJCPIKUT MPHUH-
LUIHAATBHBIX U TPYObIX apu(PMETHUECKUX OITUOOK.

K 3adery mo nucuuIiiHe CTYJIEHT JOIYCKAeTCs TOJBKO IMOCJE 3alUThl UM KOH-
TPOJILHOM pabOTHI.



1. ®UBNYECKHUE CBOHUCTBA )KUJKOCTH

XKunkocTtbio Has3bIBaeTCs (PU3MUECKOE TeNo, o0ajarollee TEKy4ecTbl0 U BeChbMa
MaJION U3MEHSAEMOCTBIO CBOEr0 00beMa.

Kuakoctb, Kak (QPU3UUIECKOE TENO, XapaKTepusyeTcss (PU3NYECKUMHU CBOWCTBAMHU,
BAKHENIIMMU U3 KOTOPBIX SABIIIOTCS:

3
IInomnocms P —3TO Macca eAUHUIIBI 00BEMa KUIKOCTH, KI/M

p= — (1.1)

e M — macca xunkoctd, kr; W — o6bem, M°.

[ITOTHOCTH KUJIKOCTENW YMEHBILIACTCS C YBEJIMUYECHUEM TemIeparypsl. MckiatoueHue
MPEJICTABIISAECT BOJA B Auana3one temmeparyp ot 0 °C 10 4 °C, xorza ee mIOTHOCTH yBe-
JINYMBACTCS, IOCTHIas, HAHOOJBIIEro 3HaueHus mpu Ttemmeparype 4 °C p =1000

KO/,

ConpoTHBIEHNE )KUIKOCTEN N3MEHEHHIO CBOETO 00beMa MoJ| JCHCTBUEM JaBICHUS
U TEMIIepaTypbl XapakTepusyercs KodpdUIHeHTaMu OOBEMHOTO CXKaTus U TeMIepa-
TYPHOT'O PacIIMpPEHU.

Kooppuyuenm obvemnozo cocamus By — 3T0 OTHOCHTENBHOE H3MEHEHHE 0OBeMa
-1.
KUJAKOCTH TP U3MEHEHUH JaBJICHUS Ha eauHMIY, [1a™:

AW

Bw = Wap' (1.2)

rne AW — usmenenne o6wema, W', coorsercTByromue nsMeHeHHI0 1aBieHus Ha Be-
munny Ap, M,
Kosggpuyuenm memnepamyprnozo pacuwupenusi 3; — 9T0 OTHOCHTENBHOE U3MEHe-
HHE 00beMa KUIKOCTH TIPH M3MEHEHHUH TEMIIepaTyphl Ha OHH rpaxyc, C
B, = AW
“wat’

rie AW — usmenenue o6vema W', cooTsercTBylomee u3MeHeHHIO TeMneparyphbl Ha
Bemmanny At, m°.

Jlist Boapl KOO(GGHUUMEHT TeMIepaTypHOro pacimpeHus [3; ¢ BO3pacTaHHEM TeM-

(1.3)

nepaTypbl U JaBJICHUSI yBEIMUYUBACTCS.
Bsazkocms — CBOMCTBO AKUAKOCTH OKa3bIBaTh CONPOTUBIICHNE MEPEMEILICHUIO OJHON
YaCTH KUJIKOCTH OTHOCUTENIBHO APYroil. BA3KOCTh NpOSBIISIETCS TOABKO NPU JBHKEHUN

KUIKOCTH U CKa3bIBACTCSI HA PACIIPEACIICHUNA CKOPOCTH IO JKMBOMY CEUCHHIO MOTOKA
(puc. 1.1.).



Cormacuo rumote3e Herorona cuita Y
BHYTPEHHETO TpeHHs 1 B KHIKOCTAX IPO- j
MOPLUOHANLHA TPAAMEHTy HM3MEHEHHS CKO- 7
) -
du 3 .
pPOCTH —— , IIOINAJM CJIOEB S , 3aBUCHT OT —s/ b
dy T _
poa JKUIKOCTH: 1‘ N NN d
> ol e GU
du a
dy -

rre b — xko3p@UuueHT AMHAMUYECKO Bs3- Prc. 1.1, Dimiopa cKopocts

kocTty, Ila-c.
Ecnu cuny tperus 1 OTHECTH K €AMHMIE IUIOIIAAM CONPUKACAIOIIUXCS CIIOEB, TO
2
MOJIYYUTCS BETMIMHA KacaTeIbHOTO HanpspkeHus, H/m

du
B HpaKTI/IKC JJIs1 XapaKTepI/ICTI/IKI/I BA3KOCTU XUIKOCTHU HpI/IMeH}IIOT KOB(l)(i)I/IIII/IeHT

KHHEMaTH4eCKON BSI3KOCTU V. Koaghduyuenm xkunemamuueckoi 6s13Kk0cmu paBeH OT-
. 2/ ..
HOIIEHUIO KOA(PUIIMEeHTa TMHAMUYECKON BSI3KOCTH K IJIOTHOCTH KUIAKOCTH, M*/C:

T= (1.5)

v="= (1.6)
p

Bs13K0CTb KHIKOCTH 3aBUCHUT OT POja KUJAKOCTH U OT TeMriepaTyphl. C MOBBIIIEHU-
€M TeMIIEPaTypPhl BA3KOCTh KUIKOCTH YMEHBIIAETCS. 3aBUCUMOCTh Kod(duimenTa Ku-
HEMaTUYECKOW BSA3KOCTH BOJBI OT TEMIEPaTypbl MOXET OMPEASIAThCA IO
[MPUJIOXEHUE 1 wiu no smnupudeckoit hopmyiie:

~ 1,78-107°
1+0,0337¢+0,000221 ¢2

v (1.7)

3AJTAYA 1

VYyacTok TpyOOIpoBO/Ia 3aM0THEH BOJIOM TIpu atMochepHoM naBieHuu. Tpebyercs
ONpEeNNTh TOBLIIIEHHE IaBIECHNs B TPyOOIpoBojae npu HarpeBe Boasl Ha Al u 3a-
KPBITBIX 33JIBI)KKaX Ha KOHIIAX Yy4acTKa.

Ipumeuanue. KonhHuimeHTs TeMIIEpaTypHOTO PACIIUPEHUS U OOBEMHOTO CHKATHS

npuHATH 4 =107 oc®; Bw = 5.1070 112



Ykazanus k pewenuro 3adavu 1
[Tpu pemeHun 3ama4u HEOOXOIUMO BOCTIOIB30BATHCS (POpMyJaMH ISl OTIpesIeIie-
HUS KO3PPHUITMECHTOB 00BEMHOTO CKATHS i TEMIIEPATYPHOTO PACITUPEHUS

AW AW
Bw =

“Wap PCTwoar

rne AW — usmenenne HagaapbHOro 00beMa, COOTBETCTBYIOIIEE H3MEHEHHUIO JaBIICHUS
Ha BenuunHy Ap, Ia, win remneparypst Ha Benunanny At, °C; Wy — nayanbHslit 065-

o 3. o

€M, 3aHHMaeMBIN JKHIKOCTBIO, 10 ee HarpeBa, M"; W — HadasibHBI 00BEM, 3aHHMae-
. 3
MBIH JKUJIKOCTBIO MpU aTMOC(HEPHOM JIaBJICHUU TOCJIE €€ HAarpeBa, M.

U3 31X GopMys HAXOIUTCS HCKOMasi BelM4nHa AP NpU U3MEHEHUH TEMIIEPaTyphl

Ha 3aJIaHHyIo Bennunay At.

2. OIIPEJAEJEHUE CUJI TUAPOCTATHYECKOI'O JABJIEHUSA
2.1. I'mapocrarudeckoe gaBjieHne

T'uopocmamuueckum Oasnenuem HA3BIBACTCA CKUMAIOIIEE HANpPSUKEHUE, BO3HU-
KAlOIEe B JKUIKOCTH HAXOISIIENCS COCTOSTHUU MTOKOS.

Ecnu Ha ®UAKOCTH NEUCTBYET TOJIBKO CHJIA TSHKECTH, TO aO0CONIOTHOE TMAPOCTATHU-
yeckoe JIaBleHHe B TOUKe Ha IyouHe N onpenensercs no gopmyie, Ila

p=po+pgh, (2.1)

rje Pg — AAaBIEHHE Ha CBOOOIHOM MOBepXHOCTH kuuKocTH, I1a; pgh — BecoBoe nas-

neHwue, Ia.

Pa3nocTh abCOMIOTHOTO U aTMOC(EPHOTO JTaBICHUS HA3BIBACTCS U3OLIMOYHBLIM WIIN
Manomempuyeckum NaBICHUEM.

HemocraTtok abCOIIOTHOTO MaBICHUS 10 aTMOC(HEPHOTO HA3BIBACTCS 8AKYYMMEMpPU-
yecKuUM JTABICHUEM UTU 8AKYYMOM.

2.2. AHAJUTHYECKHH CIIO0CO0 onpe/ieieHUsl CUJIbI JABJICHUS U LIEHTPa

JdaBJIeHUSA
lpo A /

3agavya CBOJUTCA K ONPEIEICHUIO BEJIMYHUHbI
CHUJIBI JIaBJICHUS U TOUKHU €€ MPUII0KEHUSI.
Ha puc 2.1 mokazana miockas cteHka AB,

HAKJIOHEHHAas MOJ yrioM O K ropu3oHTy. Ciesa
OT CTEHKH HAXOIUTCS KUAKOCTb. LIeHTp TskecTH
MIOBEPXHOCTU pacHojiokeH B Touke C, Touka
IIPWIOKEHNUS CUJIBI AaBiieHus B D, paccTosiHuE OT
Puc. 2.1 ATUX TOYEK J0 CBOOOAHON MOBEPXHOCTH IO BEP-




Tukam — uepes hc u hp.
Cuna u3bbImouH020 2UOPOCMAMUYECKO20 OA6eHUs HA NIAOCKYIO NOBEPXHOCHb Gbi-
padicaemcsi npousgedeHuem 2UOPOCMAMUYEecKo20 OA6NeHUs 6 YeHmpe MAlNCecmi no-

sepxHocmu P Ha ee niowads ©, H
P=pcowm P=pghco. (2.2)

Hanpasiiena cuiia o HopMaiM K IJIOCKOCTU TOBEPXHOCTH.
['myOuHa norpy>XeHus LEeHTpa JaBJICHUs ONpeaenseTcs mo Gopmynie, M

hp =he +—C sin%q, 2.3)
hC ()]

rac IC — MOMCHT HMHCPIHNH CMOYECHHOM momaan CTCHKH OTHOCHUTCIIbHO I'OPHU30HTAJIb-

HOM OCH, IPOXOJSIIEN Yepe3 UEHTP TAKECTU ITOM IUIOIIA N, e

YpaBuenue (2.3) moKa3bIBaeT, YTO IEHTP AaBiieHUss D Bceraa JIeXKUT HUXKE LEHTpa
TsKeCTH C, TOJIBKO IPU TOPU30HTAIBHOM ITOJIOKEHHUM IIJIOCKOM IMOBEPXHOCTH LEHTP
TSPKECTH M LIEHTP AABJIEHUS COBNAAALOT.

3AJTAYA 2

Onpenenuts KOAIQPUIMEHT YCTONYHBOCTH, ~t—>
OTHOCUTEHHO pedpa O, MOAMOPHON CTEHKH, CBO- AN
00JTHO TIOKOSIIEICS Ha HEMPOHUIIAEMOM OCHOBa-
HUU puc. 2.4. Pacuer BBINOIHUTD 1711 1 TOrOHHOTO

merpa (. M.) cTeHKW. IInoTHOCTH CcTeHKH P,

H

motrocts Bomel P, =1000 kr/m®; yckopenue

cBobororo magenuns g = 9,81 M/,

TpeOyeTcs onpenenuTh:

1. Cunpl HM30BITOYHOTO THIPOCTATHYCCKOTO
JaBJICHHUS Ha | MOTOHHBIN METpP JJIMHBI CTCHKH.

2. [TonoxeHue 1eHTPOB JIaBJICHUS.

3. 3amac ycroitunBocTH K MOANOPHON CTEHKH
Ha OMPOKH]IbIBAHUE.

Vkazanus k pewenuro 3adauu 2
Cuitbl U30BITOYHOTO THAPOCTATHYCCKOTO JABJCHUS HA TUIOCKYIO CTCHKY BBIYHMCIIS-

P=pco P=pghco
I0TCS 110 Pc® ynm Pghc o, (2.2).
['myOuHa morpyKeHus IIEHTPOB JIaBJICHUS OMPENEIISICTCS MO BBIIIIC.
s TIOCKOM MPSMOYTOJIBHOM (PUTYyphl MOMEHT HWHEPIIMHM CMOYECHHOM IIJIOCKOM

IUIOLIAAKKA OTHOCUTEIHHO TOPU30HTAIBHOW OCH, MPOXOJAIIEH Yepe3 LEHTP TSKECTH,
4
onpenensiercs no Gpopmyine, M

8



3
Ii = bll .
12

rac b — HIMPpHUHA OPAMOYTOJIbHHKA paBHAA I 1. M., Z — BBICOTA PAMOYI'OJIbHHUKA, M.

OHpC,ZIeJII/IB CHJIBI M30BITOYHOTO TuAPOCTATHYCCKOTO JAaBJICHUA .l'-)l, P 2 W TOYKH HX

IMPHUIIOKCHUA th n hDZ MO>KHO HaWTHU OIMPOKHUJABIBAIOIINEC MOMCHTEBI, CO31aBACMBIC
CrjIaMH1 TUAPOCTATHYCCKOIO JaBJICHUA OTHOCHUTCIIBHO TOYKH O, H-m:

Monplzplal; Monp2:P2xa2x_P2ya2y'
IIneun OIIPOKUABIBAOIINX MOMCHTOB PABHBI, M:

y =t+—22—.
tga
VY nepxuBarone MOMEHTBI CO3/1aBA€MbIE CUJIAMU TSKECTH OTHOCUTENIBHO TOYKU O
paBHbI, H-M:

ag=H-hpy;  apy=H-hpy; a,

M5 =G ¢,

rne G — Bec 2IEMEHTOB MOANOPHOM cTeHKU, H; C — mieun yuepKUBaromux MOMEH-
TOB, M.
CHIIBI TSKECTH PJIEMEHTOB MOJNOPHON CTEHKH paBHbI, H

Gi =pcgvvi’

rae W — 06beM s1eMeHTa IOAMOPHO CTEHKH, M .
[T1e4n yaepKUBAIOIUX MOMEHTOB BEIYUCISIOTCS 10 (hOPMyJIam, M:

t, t+;(t2 —t)?

C1= , C2=

t
2 tr+t
rae {— oCHOBaHMS TpAIICLHiA, M.

3amac YCTOI\/’IIII/IBOCTI/I Ha OIMPOKHUABIBAHUEC PABCH OTHOIICHUIO YACPKUBAIOLICTO MO-
MEHTa OTHOCUTEIBbHO TOUKH O K OIIPOKHUABIBAIOIICMY MOMCHTY !

_ ZMyO

k= :
ZMonp



2.3. I'padoananurudecknii cnocod onpeaeaeHnsi CUJIbI 1aBJIeHUS U
LEHTPa J1aBJICHUA

Cuna cudpocmamuyecko2o 0AGNeHUsi HA NPAMOY20IbHYI0 Quypy Modxcem Oblmb
8bIPADICEHA NPOU3EEOCHUEM NAOWAOU INIOPbL 2UOpocmamuyeckozo oaenenus F na wu-

puny ¢ueypor b.

Bekrop cuibl gaBiiennst P IpoXoauT depes MEHTP TSHKECTH SIIOPHI THApPOCTaTHye-
ckoro nasneHus. [lepeceueHne BEKTOpa CUIIBI IaBJICHUS C MIOBEPXHOCTHIO, B MIpeeax
KOTOPOH JEMCTBYET aBlI€HUE, ONPEEISIET MT0JIOKEHNE LIEHTpa AaBiieHus D.

[leHTp TsDKECTH TPEYToJIbHOM SIIOPHI IaBIEHUS PACIOJIOKEH B TOUKE NEPECECUEHMSI
MEJIMaH TPEYTroJbHUKA.

BapuaHTbl onpenenenus EeHTpa TSHKECTH S0P JABJICHUS TpaneueuganbHou (op-
MbI rpa)yeCKUMH METOJAaMU NIOKa3aHbl Ha puc. 2.2.

HCHTp TAXKECTHU IIIOPHI JaBACHUA

— ‘ — a/
— = a
A f = Cl / 1
| /
““ ~—~—
/A b 2'
31

Pemute 3amady 2 MCHonb3ys IS HAXOXKICHUS CHIT THIPOCTATUYECKOTO TABIICHUS H
TIJIeY ONMPOKUABIBAIOIIUX MOMEHTOB rpaduuecKuid crocoo.

Vkazanusa k pewenuro 3a0avu 3

[To dopmyne (2.1) ompenensitorcsi U30BITOUHBIE TUIPOCTATUYECKHUE JIABJICHUS Ha
rny6usax N u H . BruepumBaercs crenka (puc. 2.4) B macmrabe 1:50. Ctpostcs
SMIOPHI THIPOCTATUYECKOTO JTaBJICHUs. BemTudnHbl H30BITOYHBIX JaBJICHUN Ha DITIOpax
MOHO OTKJa1pIBaTh B Macitade 1:10 000.

Boeraucnsitores mnommanu smrop. Cuiibl TUAPOCTATUYECKOTO JIaBIICHUSI PaBHBI COOT-
BETCTBYIOIIUM ILUIONIAJISIM DITIOP.

OnpenensroTcs: MEHTPHI TsHDKECTH dMop. LIeHTp TsokecTH SMIophl UMEIOIICH BUJ
Tpamnenuu HaxXOIUTCS OJHMM M3 CIIOCOOOB, MPUBEAEHHBIX Ha pHC. 2.2. Uepes3 HEHTPHI
TSDKECTH DITIOP TIPOBOJATCS HOPMAJIBHO K CTCHKE JIMHUM JIEHCTBUS CHJI THAPOCTATHYC-
ckoro napneHus. M3 Toukn O Ha JIMHUU JEWCTBUS CHJI OMYCKAIOTCS MEPICHIUKYISPHI.
[TommydeHHBIE OTPE3KH SIBISIFOTCS IUICYaMH OTIPOKUIBIBAIOIINX MOMEHTOB.
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2.4, Omnpenesienne CHJI THAPOCTATHYECKOTO JABJICHUS HA KPUBOJIMHEHbIE
MOBEPXHOCTH

B o0uiem ciywae juist onpeienieHus: CUilbl TUAPOCTATUYECKOTO JaBJICHUS MO BEIHU-
YUHE W HAIMPAaBJICHUIO JOCTATOYHO BBIUYMCIUTH €€ MPOEKIIMU HA B3aUMHO IMEPICHIUKY-
JISIPHBIC HAMNpAaBJICHUS, HAIPUMEP HAa OCH KOOpAWHAT. B 3TOM ciydae BeIMYMHA CHUJIBI
THIPOCTATUYECKOTO JaBiIeHUs onpesensercs mo gopmyne, H

P=,|P;+P;. (2.4)

Hanpasrienue cuiibl 1aBieHUS ONPEAENSETCS YIJIOM, 00pa3yeMbIM BEKTOPOM CHIIBI
Y TOPU30HTAIBHOM TUIOCKOCTBIO

tgh=—". (2.5)

[l'opuzonmanvuas cocmasnaowas cuivl 2UOPOCMAMUYECKO20 0A6IeHUsl HA KPUBO-
JIUHELHYI0 NOBEPXHOCMb PABHA CUle 0ABAEHUs HA 8EPMUKAILHYIO NPOEKYUI0 KPUBOIU-
HeUHOU NOBEPXHOCMU U NPOXOOUM 4epe3 YeHmp 0ae1eHusi 6epMmuKaiIbHOlU NPOEeKyUU

P, =pghco,. (2.6)

Bepmuxanvhas cocmasnsaowas cuivl euopocmamuye-
CKO20 0aBIeHUsl HA KPUBOUHEHYIO NOBEPXHOCbL PABHA Ge-
cy arcuoxocmu 8 ooveme meia 0as1eHUs.

Py =pgW. (2.7)

O6bem W nassiBaercst TeoM JaBieHHs M TPEICTABIIA-
eT cobol 00BeM, OrpaHUYEHHBIN KPUBOJUHEHHOMN MOBEPX-
HocThi0 AB, mpoekiuei ee Ha MIOCKOCTh CBOOOJHON TO-
BepxHocTH AO U MpoeKkuel Ha BEPTUKAIbHYIO TIIOCKOCTh

Puc. 2.3 BO (cm. puc. 2.3.)

HanpasieHnne BepTHKaIbHON cocraBisiionieil Py (BBepX WIIM BHH3) ONPEICISETCS
B3aMMHBIM PACIOJIOKEHHEM KHUAKOCTH W MOBEepXHOCTU. Ecnu Teno maBneHus obpaso-
BAHO >KUAKOCTHIO (ITOJIOKUTEIIBHOE TEJIO JABJIEHUS), TO BEPTUKAJIbHAS COCTaBIISIIOLIAS
HalpaBJieHa BHU3, €CIIA K€ TEJIO JABJICHUS HAXOAUTCA BHE KUAKOCTU (OTPULIATEIBHOE

TeJo naBieHus ), To Py Hanpasiena BBepX. BepTukanbHas COCTaBIIAIONIAs CUIIBI JIaBiie-
HUSI KUJKOCTU HA KPUBOJIMHEHHYIO TOBEPXHOCTh MPOXOIUT Yepe3 LEHTP THKECTH Tella
JTaBJICHUS.
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3AAYA 4

3aMEHUTh B YCJIOBUHU 33Ja4¥ 2 HAKJIOHHYIO CTEHKY IIUJIMHIPUYECKOW CTEHKOW pa-
nuycom H —h (cm. puc. 2.4). HaiiTu MOMEHT, co3aBaeMblii CHIION THAPOCTATHYECKO-
ro JIaBJICHUS JEHUCTBYIOIIEH HA KPUBOJIUHENHYIO IIOBEPXHOCTb.

Vkazanus k pewenuro 3a0auu 4:

[To dhopmyne (2.6) HaxoIUTCS TOPU3OHTATBHAS
COCTaBIISIIOIIAsT CHJIBI THIPOCTATUYECKOTO JaBIie-
HUS JEHCTBYIOIIEH HA IMIMHIPUYECKYIO TTOBEPX- NN\
HOCTh. [ myOuHa morpyKeHus eHTpa TSHKECTH 1IH-

h

JMHAPHYECKOW MOBEPXHOCTH, HCIOIb3yeMas B & Teno nasnenms| |
H-h H+h
hC = h + = .
2 2

Brluncnsercss BepTUKaldbHas COCTaBIISOIIAS
CUJIbl THUAPOCTATUYECKOIO JABIICHHS JIEHCTBYIO-
el Ha HWIMHAPUYECKYI0 OBEPXHOCTH IO BHIIIIE.
OObem Tena JaBieHUs PABEH IUIOLIAAM Tela JaB-
neHus (puc. 2.4) ymHOoxkeHHOHM Ha 1 1. M.

[To BhIlIe ompenenseTcsi BEIMYMHA CHJIBI THIPOCTATUYECKOTO IaBJICHUS JEHUCT-
BYIOIICH HA MUJIUHIPUYECKYIO TOBEPXHOCTb.

[To BhIIIE pacCUUTHIBACTCS YTOJ MEXAY HAMPaBJICHUEM JIEUCTBUS CUJIbI U TOPU30H-
TaJIbHOW TIJIOCKOCTHIO. JIMHMST NEMCTBUSI CUIIBI TIPOXOAUT uYepe3 LIEHTP KPUBU3HBI IU-
JIMHIPUYECKOU TOBEPXHOCTH.

N3 reomerpuyeckux cooOpaxeHUN HaXOAUTCS BETUYHMHA TIJIeda (. MOMEHTA CO3/la-
BAEMOTO CUJION THIPOCTATUYECKOTO AABJICHUS, M

(t+H-h)P,—(H-h)P,
P
Broruncisiercs BernynHa MOMEHTA CcO31aBacMoOro CHJION THAPOCTATHICCKOI'O JaBJIC-
Hus, H'Mm

Puc.2.4.

M, =Pa.

3. OCHOBBI TMIPOJUHAMMUKH
3.1. I'mapaBjnuyeckue 3j1eMeHThI MOTOKA

OCHOBHBIMH THUAPABINYECKHUMU DJIEMEHTAMU MOTOKA SIBISIOTCS: IJIONIA/Ib dKUBOTO
CEUYCHMS, CMOUYCHHBIN NIEPUMETP U TUAPABINYECKUN PaguycC.
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Kuevim ceuenuem MOTOKA HA3BIBAETCS MONEPEYHOE CEUECHUE MTOTOKA, MPOBEAEHHOE
HOPMAJILHO HAIIPaBJICHUIO IBWXKECHUS KUAKOCTH. [1nomans suBoro ceuenus 0003Hauda-
erca .

Cmouennvim nepumempom %y, M, Ha3bIBa€TCS AJIMHA YaCTU MEPUMETPA KHUBOTO Ce-
YEeHUs1, HA KOTOPOU MOTOK COMPUKACAETCS C TBEPABIMU CTEHKAMH.

l'uopasnuueckum paduycom Ha3bIBAETCS OTHOILICHUE TUIOUIAJM KUBOTO CEUYEHHUS K
CMOYEHHOMY MEPUMETPY, M

R=-. (3.1)

Pacxooom srcuokocmu Q Ha3bIBACTCA KOJIMYCCTBO KUJAKOCTH, ITPOTCKAOIICC YCPEC3

JAaHHOE CEYeHWEe MOTOKa B CJIMHMIYY BpeMeHH. Pacxoa paBeH MPOW3BEICHUIO TUIOIIA N
KUBOT'O CEUCHUS HA CPEHIOI CKOPOCTh, M™/C

O=ov. (3.2)
3.2. YpaBHenue bepny/uin

E 1 OcHOBHOM 3ama4yell THApPOaU-
3 # HaMHUKHU SIBJISICTCS M3YYCHHUE 3aKO0-

~e < i HOB JBWXKCHMUS XUIAKOCTH. [[BH-
=, S E KEHHE KUIKOCTH XapaKTEepU3yeT-
S >
N

Cs CKOPOCTAMU IABHKXCHHA YaCTHUIL
U JaBJICHHUEM B OTACJIBHBIX TOY-

\A\ Kax II0TOKa.
1 QX

BzanmocBsizp Mexay TUIAPO-
JVHAMUYECKUM  JIaBJICHUEM W
CKOPOCTBIO JBHMXKYILIEHCSA KUJKO-
CTU U TEOMETPUYECKON BBICOTOM B
Pa3JIMYHBIX CEYEHUAX IOTOKA YC-
Ta”HaBIMBaeT ypasHeHue /l. bep-
HyJ/uM (cM. puc. 3.1).

Jnd moTtoka peasbHOM KUJI-
[ Koctu ypaBHeHue . bepHymim
MMEET BUJ

Puc. 3.1

+h,,, (3.3)
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rac Zl n Zz — I'COMCTPHUUICCKUC BbICOTHI (YI[GJII)HBIG, T.C. OTHCCCHHBIC K €AMHUIIC BCCa

KHUAKOCTHU, IIOTCHIUAJIBHBIC BHGPFI/H/I HOHO)KGHI/IH), M, ﬂ nu & — yﬂeHBHBIe IIOTCH-
Pg pPg
2
o1 U12 05)) U2
IMHUAJIBHBIC 3HepFI/II/I JaBJICHUA, M, 2 51 2 — CKOpOCTHBIe HaHOpr (y,[[eHBHBIe
g g

KMHETHYECKHE Heprun), M; h,,, — norepu Hamopa (yaelbHas SHEPrusi, 3aTpadnBacMast
Ha TIPEOJOJICHUE CONPOTHMBICHUS IBWXKCHHIO), M; [); M P9 — T'MAPOJUHAMUYECKHUEC
nasyenus, Ila; U1 m Uy — cpeanue CKOpPOCTH JIBMXKEHHUS XUIKOCTH B paccMaTpUBae-

MBIX CE€UYEHHAX, M/C; Ol U Olp — KOO()(OUIMEHTHI KHHETUIECKON SHEPTUH, BEJIMYNHA KO-
TOPBIX 3aBHCHUT OT CTENEHW HEPABHOMEPHOCTH PaCIpEaesIeHUs CKOPOCTEN MO KUBOMY

CEUYECHHUIO MOTOKA (IIpU TYpOYJIEHTHOM PEXHUME JBHXKEHHSI Ol MPUHUMAETCS PaBHBIM

1,05-1,1).
3.3. /IBa pe:kuMa ABUKEHUS JKHIKOCTH

CyliecTBYIOT JIBa OCHOBHBIX PEXHMa JBUKEHUS KUIKOCTH: JTJAMUHAPHBIA U TypOy-
neHTtHwI. [Ipu ramunaprom NBUKEHUU KUIKOCTh JBWXKETCS CTPYWKaAMHU WM CIOSIMU
06e3 mepememuBanus. Ilpu mypbyrenmuom IBUKEHUU «CTPYWUYATOCTHY JIBUKCHUS
KUJKOCTH HapyIIaeTCs: HapsIy C TVIABHBIM JBM)KCHHUEM BJOJb MOTOKA YAaCTHUIIBI CO-
BEPILAIOT CI0KHOE JBUKCHHUE B TIONIEPEYHOM HaIPaBJICHUH.

[ns onpeneneHus pexuMa JBUKECHUS KUJIKOCTA WCIONB3YETCs Kpumepuu Peii-
HObOCA

Re =YD (3.4)
A%
rjae U — CpeiHss CKOPOCTh ABMKEHHUS XKUIKOCTH, M/c; D — nquametp TpyOomnpoBoa, M;
V — KO3(pUIIMEHT KUHEMaTUYECKOU BSI3KOCTH, Me/c.

Hucno PeliHosbaca, mpu KOTOPOM IMPOUCXOAUT CMEHA PEXMMA JIBUKEHHS KUIKO-
CTH, Ha3bIBaeTcsa kputuueckuMm. Kputudeckoe uucno Peitnonbaca paBuo 2320. Ecnu
Re <2320, to nabmogaercs NaMUHApHBIA peXXUM, B IPOTHBHOM Ciydae — TypOy-
JICHTHBIN.

3.4. T'uapaBinyecKkne CONPOTUBJIEHUSA

[Torepu Hamopa aensarcs Ha JBa BUA:

1. motepu Hamopa no JuiHe Aj, TPONOPUUOHAIBHBIE IJIMHE MTOTOKA M 00yCIOBJIEH-
HBIE CHJIAMH TPEHUSI MEXAY KMJIKOCTBIO U CTEHKaMH TpyOONnpoBo/Ia;
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2. MeCTHBIE TTOTEPU HAanopa Ma, — MOTEPH COCPENOTOYEHHBIE Ha KOPOTKUX Y4aCTKaxX
NIOTOKa W OOYCIIOBJICHHBIC PE3KUMHU Je(hOpMalUsIMHA TIOTOKA, U3MEHEHHEM CKOPOCTHU
TIOTOKA 10 BEJTMYMHE U HAIPABIICHHUIO.

Ilomepu nanopa no onune onpeaenstorcs no Gopmyie Jlapcu, m

2
=t (3.5)
D2g

rae A — Kod3(pdHUIMEHT IUIPABINIEcKOro TpeHus B Tpybax, | — ammuHa TpyGompoBosa,
M; D — pacyeTHbIN BHYTPEHHHIA THaMETpP TPYOOIIPOBOIA, M.

Koaddunuent ruapaBinueckoro TpeHUs] MOXKET ObITh HaljeH 1o dopmyie
. A. Anpriryns

0,25
A=011 % +% , (3.6)
e

rac AS — OKBUBAJICHTHAA HICPOXOBATOCTD, M.

IKeusaneHmuas uiepoxoeamocnitb — 3TO HCKYCCTBCHHAs PaBHOMCpHAasA 3CPHUCTAA
MEPpoOXOBATOCTh C TAKUM AUAMCTPOM 3CpPCH, IIPHU KOTOPOM B oOnacTn KBaaAPaTHU4YIHOI'O
COIMPOTHUBJICHUA 3HAYCHUC KOB(l)(bI/IHHeHTa TuApPaBIMYICCKOIroO TPCHUA PaBHO €TI0 3HAYC-
HHUIO IIpH €CTECTBEHHOU MCpOXOBATOCTH.

Bennuuna paBHasA OTHOLICHHUIO ITIOTCPb HAIlOpa IO MJJIMHC K AJIMHC IIOTOKA Ha3bIBa-
CTCA eu()paeﬂuqecmm YVKIIOHOM

h
==L (3.7)
[
Mecmmubie nomepu Hanopa onpenenstorces o popmyse Belicbaxa, m
2
v
h, =€, (3.8)
2g

riae C — ko3 PUIMEHT MECTHOTO COIPOTHUBIICHHUS.

Ecin Dy < D, (1.e. uMeeT MecTo Clydaii BHE3AITHOTO PaCIIMPEHHs TOTOKa) Kodd-
(MIMEAT MECTHOTO CONPOTHUBIICHHS ONpeEIeTcs 0 GopMyIIe

2
(6
L=|—2-1]. (3.9)
W1
Eciu D) > D, (1.e. BHe3amHOe CKaTHE MOTOKA)
(6V)
£=05/1-—2|. (3.10)

01
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B ciydae Brixoga u3 TpyObl B pe3epByap OONBIIMX pa3MepOB KOIPPHUIIMEHT MECT-
HOT'O COIIPOTHBIICHUS paBeH 1, a B ciryyae Bxoja B TpyOy 0,5.

MecTHbIe TIOTEpU HAmopa B cliyyae BHE3AIMHOTO PACHIMPEHHS MOTOKA MOTYT TaKkKe
orpenensaTbes o popmyse bopaa, m

2
[Z %
hep = M (3.11)
29
[ToTepu Hamopa B TpyOOIPOBOAaX TAKKE MOTYT ONPEIEIATHCS IO (GOpMyJIe
2
h,=K,AKlQ", (3.12)

rie K ,, — xoadpuuneHT yduThIBarOIUil MECTHbIE CONPOTUBICHUS; A — yIeNbHOE

COMPOTHUBJICHUE TPyObl, paboTaroiieil B KBaAPaTUYHON O0JaCTH COMPOTUBIICHHUS, IS
HEHOBBIX CTaJbHBIX U YYT'YHHBIX TpyO 3HaueHue npunumaetcs no [TPUJIOXKEHUE 2,

2, 6. < o
c/m ) Kl — IIOIIPAaBOYHBIN KOI)(i)(bI/II_[I/IeHT, YYUTBIBAIOIINH HCKBAAPATHUYHOCTb 3aBUCH-

MOCTH MOTEPH HAoOpa OT CPEAHEN CKOPOCTH JIBUKEHUS BOJIbI B TpyOe.
J171s1 He HOBBIX CTAJIbHBIX U YYTYHHBIX TPYO:

ecmu ckopoctb U > 1,2 m/c, o Ky =1;

ecmu ckopocts U <12 wm/c, To 3mauenme Kj onpenensercss MHTEpHoONSIUEN
[MPUJIOXEHMUE 3. unu o hopmyiie

(3.13)

0,3
K, =0,852 (1+ 0’867) .
v

3AJIAYA 5

1 2 b Onpenenuth NaBlIeHUE P2, €CIU PacXol, MpOTe-
2
0 Dy o © Karoumii mo TpyoomnpoBoxy Q, muamerpsl Tpy6 D1 u

Do w nasnenne B nHauyane tpybompoBoma pi1. Cxema

TpyOOINpoBOIa MPUBEICHA Ha puUC. 3.2.

Puc. 3.2.
Vkazanue k pewenuro 3a0avu 3.

Jlia onpeneneHus NaBieHUs P2 HeoOXoaumo Uit cedeHuid 1-1 m 2-2 cocraBUTh
ypaBHenue /. bepuymnu. [lnockocts cpaBaennst 0—0 crieayer mpoBecTH o ocHu TpyoOo-
MpOBO/JIA
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TA€ Z1, Z2 — YACIbHbBIC YDHEPTUU MOJOKEHHUS, TaK KaK MJIOCKOCTh CPABHEHMS MIPOBEACHA
IO OCH TpyOONpoBOJa Z1 = Zp = 0, m; P1, P2 — JABIECHUE B LIEHTPAX TKECTH JKUBBIX
ceuenuid 1-1 u 2-2, m; U1, U2 — cpeiHUE CKOPOCTH JIBUXKEHUS KUIKOCTU B KUBBIX Ce-

yenusx 1-1 u 2-2, m/c; o1, 02 — KO3 PUITMEHTH KMHETUYECKOW SHEPTUH, MPUHATH

paBHbIMU 1; Mo — moTepw Hamopa npH BHE3AITHOM PACIIMPEHHUH, ONPEENIAEMBIE 110
BBIIIIE
CnenoBatenbHO, ypaBHeHHE /. bepHyIIM MOKHO 3aIucath:

2 2 2
v v v —v
P1+1:P2+2+(1 2)_

pPg 29 pg 29 29

W3 naHHOTrO ypaBHEHUS BBIPA3UTh P2.
Cpeanue cCKOpoCTH IOTOKA OMPEAEIISIOTCS U3 BhIIIE.

3AJTAYA 6

N3 oTkpeITOro pes3epByapa, B 0
KOTOPOM MOJJIEPKUBAETCSI MOCTO- ‘pam
SHHBI YpPOBEHb, IO CTAIBHOMY

TpyOOnpoBoay  (PKBHUBAJICHTHAA
mepoxoBatoctb A, =1 mm), co-

CTOSIIEMY W3 TPYO pPa3IM4HOIO T
nuamerpa D u pasnuunoi mimHbl
|, BeITexkaer B aTmocdepy Bona,
pacxox kotopoii Q u Temmepary-

pa t °C (puc. 3.3). Koapdpumuent O1
KUHETHUYECKOW DSHEPTrUu TPUHSTH
paBHbIM 1,1.

TpeOyercs:

1. OmpenenuTh CKOPOCTH IBU- Puc.3.3
KCHHUS BOJIBI M TIOTEpU Haropa (1o
JUTMHE W MECTHBIC) Ha KAXKJIOM Y4acTKe TPyOOmnpoBoa.

2. YcraHoBuTh BenmuuHy Harmopa [ B pesepByape.

3. [TocTpouTh HAMIOPHYIO M MTbE30METPUUCCKYFO JIMHHUH, C COOJTIOCHUEM MacIiTada.

Vkasanus k pewenuro 3a0auu 6:

OTa 3aJa4ya pemaeTcss Ha OCHOBE NMPUMEHEHU ypaBHeHUs 1. bepHyun.

Pemenue 3a1aum BBIMOIHAETCS B CIAEAYIOIIEM MOPSIKE:

1. CocraBnsiercsi ypaBHenue Jl. bepuymnu B o6mem, Buae s ceuenuit 0—0 (Ha
CBOOOTHOM MMOBEPXHOCTH KHUAKOCTH B pe3epByape) u ceueHus 3—3 (Ha BBIXOJE MOTOKA
u3 TpyOsl). Ilpu Hanucanuu ypasHenus . bepHyniu cienyetr moMHUTD, YTO UHACKCHI y
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BCEX YJICHOB YPaBHEHMS JOJDKHBI COOTBETCTBOBATH HOMEPAM PAcCMaTPUBAEMBIX ceue-
Huii. Hampumep, BenmnuuHbl, oTHOCsSmuecs Kk ceaennto 0—0, crmemyer o0o3HA4aTh Zo,

Po, 0o, Vo, a k cedenuto 3—3 — Z3, p3, 0.3, Us.

2 2
oLV oLgU
zg+ P00V _ P O83 g

pg 29 pg 29
2. HameuaeTcsi ropu3oHTalIbHAs TUIOCKOCTh CpaBHEeHMs. [Ipu ropu3oHTaIbHOM TpY-
OOIPOBOIEC TNIOCKOCTH CPABHEHHSI TIPOBOJUTCS 1O OCH TpyOompoBoxa. [locie atoro yc-
TaHaBJINBACTCA, ‘{eMy paBHO KaXXa0€ cllaracMoc, BXOJAIICEC B ypaBHeHI/Ie I[ EepHyJIJII/I,
IPUMEHHUTENBHO K YCIOBHMSIM pelraeMoit 3agaun. Hanpumep, Zg = H (ucxomas Benu-

4HHA Haropa B Pe3epByape); Po = Pgm (aTMOChepHOE NaBiecHUE); Vg = O (cxopocth
JIBWKEHUS BOJIbI B ceueHuun 0—0) u Tak pasnee.

3. Ilocie moacTaHOBKU BCEX HAWICHHBIX BEIWYUH B ypaBHeHHE [[. bepHymu u ero
peoOpa3oBaHmsl 3alKUCHIBACTCS PacUCTHOEC YpaBHEHHE B OYKBEHHOM BBIPAKCHHUH IS
onpeeeHys KCKOMOM BenuunHbl H.

4. OnpenensitoTcss CKOPOCTH IBFDKCHHSI BOJIBI HA KAXKIOM Y9aCTKE U3 BBIIIIE,

5. ITo ckopocTsSIM ABMIKEHUS BOJBI BRIUUCIISAIOTCS YKciia PeliHonbca, 1 yCTaHABIH-
BaCTCS PSXKHUM JBIDKEHUS Ha KaKJIOM ydacTKe. 3HaueHHE KHHEMaTH4eCKOro Koddhu-

nuenTa Bsizkoct V onpeaesstoT o [IPUJIOXEHWE 1unu no Belie B 3aBUCUMOCTH OT
TEMIIEpaTypHI.

6. Onpenensarorcs NOTEPU HANOpPa 10 JJIMHE KaKIOro y4acTKa (hll ’hlz ,hl3) U B

Ka’JIOM MECTHOM COIPOTHUBJIEHHM (BXOJ BOJBI U3 pe3epByapa MNex, BHE3AMHOE PACILIH-

penue Nep v BHE3anHOE cyxkenne Nec).

[Torepu Hamopa MO AJMHE OMNPENENAIOTCS IO Bbllle. 3HayeHUs Ko3()(UIIHEHTOB
T'MIPABINYECKOTO CONPOTUBIIEHUS BBIYUCIISIFOTCS IO BBILIE MTPEABAPUTEIIEHO BBIUYMCIUB
yucia PeliHombaca Bblle.

[Ipu BbIYKCIIEHUH TOTEPU HANOpa Ha BXOA B TpyOy KOA((PHUIIMEHT MECTHOTO COMpPO-

tusnenus Cg, pasen 0,5,

[ToTepn Hanopa Npu BHE3AITHOM CYKEHUM MOTOKA BBIYMCIIAIOT 10 BBILIE. 3JHAYEHUE
K03 (HIIHEHTa MECTHOTO COMIPOTHBIICHHUS TIPU BHE3AIHOM CY:KE€HUH TPyOonpoBosa Cg.
Oepercs B 3aBUCHUMOCTHU OT CTETEHU CY>KE€HUsI N (OTHOIICHHUS TUIOAAN TPYObl B Y3KOM
CEUYCHHH K TUTOoIaau TpyOs! B mupokoM cedeHun) mo [IPUJIOKEHUE 5.

HOTepI/I HaIltopa IIpxu BHC3aIITHOM PACHIMPCHHUHU ITIOTOKA OIIPCACIIAIOTCA 110 BBIIIC.
7. Ilocme OIIPCACIICHUA IIOTCPh HAIlOpa IO JJIMHEC M B MCCTHBIX COIIPOTHBIICHMUAX

BBIYHCIIAETCSA MCKOMas BenunHa — Harop H B pesepyape.
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8. CTpOI/ITCﬂ HartopHas JIMHUA. HanopHaﬁ JIMHHA ITIOKa3bIBACT, KaK U3MCHACTCA I10JI-

HBI Harop: (TMOJHAs yelbHAs SHEPrHs) 1Mo JUIMHE moToka. 3Hauenus H orkianbiBa-
IOTCSl BEPTUKAJIBHO BBEPX OT OCEBOM JIMHUU TPYOOIIpOBOAA.

[Tpyu mocTpoeHUM HAMOPHOM JMHUM HYXHO BEPTUKAISIMHU BBIIEIUTH PACUETHBIE
y4JacTKu. Takux y4yacTKOB B JaHHOM 3ajade Oyzaer Tpu. Jlajee B NpOM3BOJIBHO BHIOpAH-
HOM BEpTUKaJIHbHOM MaciITade OTKIJIabIBACTCS OT OCEBOM TMHUH BEIMYMHA HAWEHHOTO
YPOBHSI KHIKOCTH B pe3epByape H. IIpoBos 1Mo 3TOMY YPOBHIO TOPU3OHTAIBHYIO JIH-
HUIO, MTOJIy4aeM JIMHUIO UCXOAHOro (I€pBOHAYAIbHOr0) Hamopa. OT ypOBHS KUIKOCTH
B pe3epByape Mo BEPTUKAIN, OTBEUYAIOLIEH CEYEHUIO MPU BXOAE KUIKOCTH B TpyOOnpo-
BOJI, OTKJIaJpIBa€TCA B MacluTabe BHM3 OTPE30K, PAaBHBII MOTEpe Hamopa MpHU BXOJE
KMIKOCTH B TpyOy (IOTeps Hamopa B MeCTHOM conpoTusienuu N,). Ha yuactke [

MMEET MECTO IOTepsl Hamopa IO JJIMHE pr6onp0130;[ahll. Jnst mony4yeHus: TOYKH,

IpHHAJJIEeKAIEH HAIOPHOW JTMHUY B KOHIE Y4acTKa [1, HY’)KHO OT JIMHMM HOJIHOTO Ha-
1opa Mocje BXOJa KUIKOCTH B TPYOy OTJIOKHUThH IO BEPTHKAIM B KOHIIE ydacTka [
BHU3 B MacmTabe OTPe30K, COOTBETCTBYIOUIMI MOTEPE HAOpa Ha 3TOM y4acTKe hll-

3aTeM OT TOYKH MOJHOTO HANOpa B KOHIIE y4acTKa [] OTKIaapIBaeTcs B Macmrade oTpe-
30K, COOTBETCTBYIOIUN IOTEPE HANIOPA B MECTHOM COIIPOTMBIIEHWM, U TaK 10 KOHLA
TpyOomnpoBoga. CoequHss TOYKM MOJHOIO HAamopa B KaXJIOM CEYEHHUH, MOJIyYUM Ha-
ITOPHYIO JIMHUIO.

[Ipe30MeTpryEecKas JIMHUSA MOKA3bIBAET, KAK U3MEHSIETCS NTbE30METPUUYECKUN HAIIOP
(ynenbHasi MoOTEHUUANbHAs SHEPIHsi), MO JJIMHE TOTOKA. YJenbHas MOTEHIUalbHas
DHEPrusl MEHBIIE NOJHOW YAEIbHOM DHEPTHM HA BEIIMYMHY YACIbHOU KHUHETHYECKOU

OLU2
DHEPrUun . IToaTomy, 4TOOBI OCTPOUTH ME3OMETPUUYECKYIO JIMHUIO, HY>KHO BBbI-
2
av
YUCJIUTh Ha KaXJIOM y4aCTKE BEIIMUUHY 5 B HayaJe U B KOHLE KAKJIOIO y4yacTKa 1

COEJIMHSIS MTOTYYEHHbBIE TOUYKH, CTPOUM IMHE30METPUUECKYIO JIMHUIO.
['padviku HAMOpHOW M MHE30METPUUECKOU JIMHUKN OYyIyT MOCTPOSHBI MPABUILHO B
TOM CJIy4ae, €ClId MPU UX MOCTPOCHUU OBUIUA BBIJEPIKAHBI IPUHITHIC BEPTUKAIBHBIA U
TOPU3OHTAJBHBIA MacITaObl, a TAaK’K€ BEPHO BBIYMCIICHBI BCE MOTEPH HAIOpa W BCE
OLU2
29
Jl1st TOro 9TOOBI MPOBEPUTH MPABMIHBHOCTD IMMOCTPOCHUSI HATIOPHOM M TTHE30METPHU-
YECKOU JIMHUM, HEOOXOAMMO MMOMHUTH CJIEAYIOIIEe:
Hamopnast miuHMsI BHU3 1O TEUEHHUIO Bcernaa yobiBaeT. Hurme u HUKOTIa HaropHas
JIMHUS HE MOKET BHU3 O TEUECHHUIO BO3PACTATh.
[TocKOJIbBKY TOTEpPS] PHEPrUM IMOTOKA Ha TPEHUE 3aBUCUT OT CKOPOCTH JBHUIKECHHS
KUJAKOCTH, UHTEHCUBHOCTh MOTEPHU Haropa (moTeps Haropa Ha €AUHUILY JJIUHBI WU

CKOPOCTHBIC HAITOPHBI
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THJIpaBIMYECKUN YKJIOH) OyAeT OoJbllle Ha TOM y4dacTkKe, rie ckopocTh Oombiie. Cre-
JIOBATEJIbHO, Ha YYaCTKaX C MEHBIIUMU TUaMETpaMu U OOJIBIIMMHU CKOPOCTSIMU HaKIJIOH
HAMOPHOM M MbE30METPUUECKOM TUHUU OyIeT OOJIbIIIE.

B otnuumne oT HanmopHOM NMbe3oMeTpUuecKas JUHUS MOXET BHHU3 10 TEUEHHUIO Kak
yObIBaTh, TaK U BO3pacTaTh (IIPU MEPEX0/Ie C MEHBIIEro CeYeHUs Ha OOJIbIIee).

B npenenax KaxkJ10ro yyacTka mbe30MeTpuuecKasi JIMHUS AOJKHA ObITh Mapaieib-

OLU2
29

Ha tex ywacTkax, rjae cKOpoCTh OOJibllle, pacCTOSIHUE MEXY HAMOPHOM U MbE30-
METPUYECKOM JINHUAMH OOJIbIIIE.

Kak Opl HM W3MEHsIach MhE30METPUYECKas JUHHS MO JJUHE MOTOKA MPHU BBIXOEC
ero B arMocepy (CBOOOTHOE UCTEUEHHUE), OHA HEM30EKHO JOJIKHA TPUXOJIUTh B LICHTP
TSOKECTH BBIXOJTHOTO CEUEHUS. ITO MPOUCXOAUT MOTOMY, YTO NMbE30METPHUECKAsT TUNHUS
MOKA3bIBAET M3MEHEHNE M30BITOYHOTO JABICHUS IO JJIMHE TPyOONpoBOAa, KOTOPOE B
BBIXOJIHOM CEUYEHHU PaBHO HYIIIO, MOCKOJBKY B BBIXOJTHOM CEUEHUH aOCONIOTHOE JaB-
JIEHHE PAaBHO aTMOC(HEPHOMY.

[Tocne mocTpoeHus: HAOPHON U MbE30METPUUYECKON JTMHUM Ha rpaduke MoKa3bIBa-
I0T BCE MOTEPU HAINOpPa M BCE CKOPOCTHBIE HAIIOPHI C YKa3aHUEM UX YHUCICHHBIX 3Haye-
Huit. [Ipumepnbiit Bua rpaduka npuseaeH Ha puc. 3.4.

Ha HaHOpHOﬁ, IMTOCKOJIBKY B IIPCACIAX KAXKIO0I'0 Y4aCTKa IIOCTOAHHA BCIIMIHNHA
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Puc. 3.4.
3AJIAYA 7

Hasnauuth quamerp Tpydonposoga D u onpenenuts HEOOXOAUMYIO BHICOTY BOIO-
HaropHoi 6amnn Hg B Touke A (puc. 3.5) mis obecriedeHus pacyeTHOH TOAauH BOIbI

¢ pacxomom Q moTpeburtemo B Touke B mo TpydompoBoay amuHOM [, mpu pasHOCTH
OTMETOK 3eMJi B Toukax A u B, paBHOW Z ¥ MUHMMAaJIbHOM CBOOOJIHOM HAIlope B TOY-
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ke B pasnom H_,. Onpenenurs Be-

JTUYMHY CBOOOJHOTO HAamopa Mpu yBe-
= auyeHuu pacxona Ha 20 %.
Ilpumeuanue. TpyObl YyTYHHBIC,
MOTEPU HANOpPa B MECTHBIX CONPOTHUB-
JeHusX npuHATh paBHbiMH 10 % ot
MOTEPH HAIOPA MO JIJIUHE.

CB

Vkazanus k pewenuro 3adavu 1

1. lnametp TpyOOompoBOJa HazHa-
JaeTcs M0 TMpeAeNbHBIM PacxodaM,
npeactasieHubM B [IPUJIOXKEHUE 4
Puc. 3.5. 2. OmpenensieTcss CKOPOCTb [JBH-
’KCHHS BOJIbI U3 BBIIIIC.

3. BEIYHCISIOTCS 110 BBIMIEMIOTEPH HAIIOpa Ha ydacTke TpyOompoBoaa A, 0T Touku

i« H ———»a—h ——»

———p«—— ] ——>

A 1o Touxu B.
4. HeoOxoamMas BBICOTA BOJIOHANOPHOM OAIlIHU B COOTBETCTBUU C pUC 3.5 paBHA, M

H6 :hw+HCB —Z.

5. Bennunna cBOOOHOTO Haropa B KOHEYHOM TOYKE CETH MPU U3MEHEHUH pacxoja
ompenensiercs no Gopmyne, M

HCG :H6 +Z_h, y

! !
rae h,, — norepu Hanopa B cetr pu pacxoge Q' =1,2Q, onpenensembie mo Bbiwe,
M.

4. HCTEYEHHUE XKUJAKOCTHU YEPE3 MAJIBIE OTBEPCTHUSA "
HACAJIKHA

4.1. UcTeyeHue :KUAKOCTH Yepe3 MaJible 0TBEPCTHS B TOHKOHM CTEHKe

Manvim omeepcmuem CUUTACTCS TAKOE OTBEPCTUE B BEPXHEN U HUKHEHM TOUKaX, KO-
TOPOrO JaBJICHHsS HE OTIMYaroTcs Oojiee yeMm Ha 5 % ot
JIABJICHUS B IICHTPE OTBEPCTUSI. DTO YCIOBHE BBITIOIHACTCS,
KOTJ]a BEpTUKAJIbHBIN pa3Mep oTBepcTHs He npesbimaet 0,1
BEJIMYUHBI TIYOWHBI MOTPY)KCHHUS IIEHTPAa OTBEPCTHS IO
YPOBEHb JKHJIKOCTH.

Tonkoti Ha3bIBAETCS Takas CTEHKA, TOJIIIMHA KOTOPOU
HE OKa3bIBaCT BJIMSHUS Ha XapaKTep MUCTCUYCHHS U3 OTBEP-
CTHSL.

[Ipu ncreyeHU KUIKOCTH Yepe3 OTBEPCTUE JTUHUU TO-
Ka MepeJl OTBEPCTUEM U B IUIOCKOCTH OTBEPCTHUS HE mapal-
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nenbHbl (puc. 4.1). Hanbonpuiyro KpuBU3HY UMEIOT JIMHUU TOKA HA KpasX OTBEPCTHS.
W3-3a nelicTBUS CUI MHEPLIMY, BOZHUKAIOIINUX [IPU U3MEHEHUU HAIPABJICHUS JBUKCHMUS
YaCTHULl KUAKOCTU, IPOUCXOANUT cxaThe cTpyu. KpuBH3HA JIMHUI TOKa 3a OTBEPCTHEM
yMmeHblaeTcs. Ha paccTrosstHuM mpuMEpHO IMOJIOBUHE AMAMETpa OT OTBEPCTHS JIMHUU
TOKa CTAHOBSTCSI IIPAKTUYECKU NapasuiesbHbl. CeueHne CTpyH pacllojOKEHHOE B JIaH-
HOM MECTE Ha3bIBaeTcs cxaTbiM. CTENEHb CHKAaTUsl CTPYH XapaKTepu3yercs Kodppuiu-
€HTOM CKaTus CTPYH

g =% (4.1)

2.
TIE O, — IJIOIIALL JXKUBOIO CEYEHHS CTPYH B CKATOM CEUEHHHU, M*; (O — IIOIAAbL OT-
2
BEPCTHS, M".
CKOpOCTh MCTEUEHHUS KUAKOCTH YEPE3 MAOe OTBEPCTHE B TOHKOM CTEHKE OIpee-

nsieTcs o popmyIe, M/c
v=02gH, (4.2)

rae ¢ — kodbdumuent ckopoctu; H — Hanop mepes OTBEPCTUEM, M.

Kosppuyuenm cxopocmu yduThIBAE€T COMPOTUBIECHUE MPH UCTECUCHHUH >KUJIKOCTU
4yepe3 OTBEPCTHE

1
o=—— (43

)
Jo+C
KoagduumeHT ckopocTr 3aBUCHT OT PeXHMMa IBHKCHHS, BSI3KOCTH YKUIKOCTH U

pa3MepoB U GOPMBI OTBEPCTHUSI.
Pacxo1 )KUIKOCTH PaBeH, M°/C

Q=0 V=00 |2g H =0n/2gH, (4.4)

rae U — ko3QpuIueHT pacxoaa, 3aBUCALIMM OT BUA CKaTHs, pa3MepOB (POPMBI OTBEP-
CTHS ¥ Haropa.

4.2. UcTeueHHe )KUIAKOCTH Yepe3 HACAIKH

Hacaokom HazbIBaeTCsi KOPOTKUM TPyOOIPOBOJ, pabOTAIONIMKA HA BBIXOJE MOJHBIM
CCUYCHHEM, MTPUCOCTUHICMBIA K OTBEPCTHIO B TOHKOW CTEHKE, JJIST U3MCHCHHS XapaKTe-
PUCTUK MCTCUCHHUS TI0 CPAaBHCHHIO C HCTEUCHHUEM 4Yepe3 oTBepcTre. PaboTa moHbIM ce-
YEeHUEM Ha BBIXOJE 00ECIIeYNBACTCS TIPH JITMHE TPyOb! OoJee 3,5—4 nuamMeTpos.

[Ipu BXOMEe B HAacagOK MPOUCXOAUT UCKPHUBJICHHUE JIMHUMA TOKA, 00pa3yeTcs CKaToe
CEYCHMS, 3aTeM IMOTOK PACHIMPSIETCS U 3alOJHSIET BCE MOMEPEYHOE CEUCHHE HacajKa.
Ha yuacTke cxkaTus CTpyu MOTOK MOXKHO Pa3JeIUTh Ha TPAH3UTHYIO CTPYIO U BOJIOBO-
pOTHYIO 00JacTh. B c’kaTom ceueHnn CKOpOCTh OOJBINIE YeM Ha BBIXOJE M3 Hacaaka. B
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BBIXOJIHOM CEYCHHH JIaBJIEHUE PAaBHO aTMOC(HEPHOMY, TOATOMY B CKATOM CEUEHUU CO3-
JaeTcsi BaKyyM.

[Ipu paBHBIX IUIOIIAASMX U HAMIOpPaX MPOMYCKHAs CHOCOOHOCTh HacaaKka OKa3bIBAeTCs
BBIIIIE, YEM OTBEPCTHS.

[Ipu yBenmu4eHUU AJTMHBI HacaJKa BO3PACTAIOT MOTEPH SHEPTUH, YMEHBIIACTCS Be-
JMYMHA BaKkyyMma, MOITOMY IIPOIyCKHas CHOCOOHOCTh Hacajaka yMmeHbmaeTcs. [lpu
IJIMHEe Hacanka Oonbiue 45-55 nuameTpoB AaBlieHHE B C)KaTOM CEUEHUHM CTaHOBUTCS
paBHBIM WJIM HECKOJIBKO OO0JIbIlIe aTMOC(EPHOTO, CIEI0BATENBHO, IPOMYCKHAs CIIOCO0-
HOCTh TPYOOIIPOBOIa paBHA WJIM MEHBIIIE MPOITYCKHOM CIIOCOOHOCTH OTBEPCTHSI.

Hacangku mo ¢opme paszmenstoTcss Ha: MWIMHApHYecKue (BHemHue puc.4.2a u
BHyTpeHHUE puc. 4.2 6), KoHuueckue (pacxozsmmecs puc.4.2B U CXOAAIIUECS
puc. 4.2 T) u KOHOUJANbHBIE puc. 4.2 1.

a) 6) B)
a _\c B c |B a
| |
AT === D

|
|
¥H
|\In|
ﬂ.
I
/
4

|
|
I
!

1
\
i
Il
|
|

Mol

Y

o
o
o
o

Puc. 4.2

DopMyIIbl J1s ONIPEICTICHUSI CKOPOCTH UCTEUEHHS U pacxoja UMEIOT TaKo# Ke BU/I,
KaK TMPU HUCTCUCHHHM W3 OTBEPCTHUS OTIMYAIOTCS TOJBKO BEIUYUHBI KOA(DPHUIIMCHTOB
CKOPOCTH M pacxojia. 3HaueHHUsI KO3(PPUIIMEHTOB CXKATHS CTPYH, CKOPOCTH M pacxojia
JUIs1 pa3HbIX BUI0B HacaikoB npuseaeHsl B [IPUJIOKXEHUE 6.

[Imomane BBIXOJHOTO CEUEHHS Y KOHMUECKHX PACXOJSAIIMXCS HACAJKOB OOJIBIIE
YeM y HWIMHAPUYECKUX, MOITOMY BEJIMYMHA BaKyyma B C)KaTOM CEYCHUHU y KOHUYE-
CKMX PacXOJsIIUXcs HacaakoB Oojbine. CremoBaTelbHO, MPOIYCKHAs CHOCOOHOCTH
KOHMYECKUX PACXOJIAIIUXCS HACAJKOB BBIIIE, YEM MPOMYCKHAs CIIOCOOHOCTh BHEITHUX
UJIMHIPUYECKUX. BennunHa BakyyMa YBEJIMYMBACTCS C YBEJIWYEHUEM yria KOHYCHO-
ctu. OIHAKO CYIIECTBYET MPeAe/IbHOE 3HAaUCHUE YIJila KOHYCHOCTH MIPEBBIIIIEHUE, KOTO-
pOTO MPUBOJUT K CPHIBY Bakyyma. ONnTuUMaibHOE 3HAYEHUE yIJIa KOHYCHOCTH COCTaB-

0 —_
asietr 5—7°. CTpys Ha BBIXOJE M3 HACAIKa HE UMEET CIKATHS, IOITOMY & = 1 1, cJIeqoBa-

temso, M =P

YV KOHMYECKHX CXOIAIIMXCS HACAJKOB MOCIIE CKATOTO CEYEHHUSI CTPYSI pacIIUpsieTcs,
JOCTUTAET CTEHOK HAcaJKa U IPU BBIXOJE U3 HacaJKa HeCKOJIbKO cxkumaercs. Koaddu-
LIUEHTBI CKOPOCTU U PacX0/Ja JOCTUTal0T MAKCUMAJIBHOTO 3HAYECHHUS IPU YIJIe€ KOHYCHO-
cri 13°14° npy 5TOM IIOIIAb BEIXOXHOTO CEUEHHS PABHA IIOMIAMN CKATOTO CEUCHHUS.
Bakyym B KOHHYECKMX CXOMSIIMXCS Hacaakax He Bo3HHMKaeT. O0JacTb MpUMEHEHUs
JaHHBIX HACaJKOB — 0OJIbIIAasl KUHETUYECKAsl JHEPT s CTPYH Ha BBIXOJIE€ U3 HACaJIKa.
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KoHonanbHbIe HACAIKN UMEIOT OYEPTAHUE CTPYH UCTEKAOIIUX U3 OTBEPCTHM.

3AJIAYUA 8

OHpC,ZIeJII/ITI) CKOpPOCTDb U pacCxod U3 KPYIJI0I0 OTBCPCTHA TUAMCTPOM d H YyCTaHO-
BHUTb, KaK OHU U3MCHATCA, CCJIN K OTBCPCTHUIO IPUCOCTUHUTD L[I/IJ'II/IHI[pI/I‘-ICCKI/Iﬁ HacaaokK

mmHoik 4 d , koHuYecKuil pacXoJAIIuiicss HACAJOK C YIIIOM KOHYCHOCTH 6° M KOHUYE-

CKMI CXOAIIUICSA HACATOK C yriioM KoHycHocTH 13°14°. Hamop B meHTpe TSKeCTH OT-
sepctust H . JlaBinenne Ha cBOOOIHOM MOBEPXHOCTH XKHUIAKOCTH PABHO aTMOC(HEPHOMY.

Vkazanus k pewenuro 3a0auu 8

1. CxopocCTh UCTEUEHHUS U PACXO JUIsl KPYTIIOTO OTBEPCTHUS ONPEACIISIETCS] COOTBET-
CTBEHHO I10 BBIIIE U BbllIE. 3HAYCHUS KOI(PPUIIMEHTOB CKOPOCTH U pacxoja MpuHUMA-
torcs o [TIPMJIOXKEHUE 6.

2. Onpenensercss TuaMeTp BBIXOJAHOTO OTBEPCTHS JJIi KOHUYECKOTO PacXosIiero-

cs Hacaaka D =d + 21 tg30. Haxonurtcst miomniaab BEIXOJAHOTO OTBEPCTHUS I KOHU-

YECKOr0 pacXOILIErocs HacaJaKa.
3. Tlo Bblllien BBINIE BBIYUCISIOTCS COOTBETCTBEHHO CKOPOCTH U PACXOJbI JUIS
BHEIIHETO LWJIMHIPUYECKOTO, KOHUYECKOTO PACXOAIIETOCS U KOHUYECKOTO CXOAsIIe-
rocsi HacaJKoB. 3HaYeHUs! KO3(P(PUIMEHTOB CKOPOCTH U PacXo0/ia HACAIKOB OIpEIeIIs-
totcs o [TIPMJIOXXEHUE 6.
4. TIpoBoUTCSI CpaBHEHUE PE3YJIbTATOB PACUETOB.

5. PABHOMEPHOE BE3HAITIOPHOE YCTAHOBUBIIEECH
JABUKEHUE BO/JbI B KAHAJIAX

H' Pasnomepnvim Ha3bIBaeTCs Ta-
KO€ JIBUKEHHE, KOrja IUIONIab

| ~ 3 KUBOTO CEUYCHHsS (O, CPEIHSSI CKO-
pl 3 & = pOCTh U, a TakXe DIIopa pacrpe-

| | NEJICHUSI CKOPOCTU IO XKMBOMY Ce-

P |p UCHHIO HE MEHAIOTCS BAOJDL IOTO-
Ka.

| [Tpu sTOM ABWXXEHHMU TIyOMHA

IIOTOKA I10 €T0 JJIMHE HE MEHSETCS

I U HAa3bIBACTCS HOPMANLHOU 21yOU-

~ > nou hy.
Puc. 5.1.

IIpy paBHOMEPHOM JIBUKEHUU
HanopHas junust H-H, nuHus cB0O0IHON MOBEPXHOCTU OHA K€ MbE30METpUUEcKas JIu-
Hust P-P u nuHMsa nHa kaHanma napaienbHbl (puc. 5.1). CienoBaTtenbHO, THApaBIHUC-
CKHUIi YKIIOH PaBEH Ibe30METPHUECKOMY YKJIOHY U PaBEeH yKJIOHY JIHA KaHaua L.
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Tak kak BeTMYMHA YKIIOHA OOBIYHO HEBEJHMKA, CIUTAIOT, YTO MOMEPEUHBIC CCUCHUS
BEPTUKAJIBHBI.

Pacxon BoJpI Mpu pacyeTe paBHOMEPHOTO OE3HANIOPHOIO JIBUKEHUS BOJIbI B KaHa-
Jax omnpejaesnsercs rno popmyse

O=vo. (5.1)

Cpennsisi CKOpOCTb IBUXKEHHUS BOJIbI BhIUUcsieTcs 1o ¢popmyie [llezn

v=C./Ri, (5.2)

05/ .. .
rae C — koodouuuent le3u, m ~/c; R — ruapaBaudecKkuii paguyc, M.

[TonepeuHoe ceyeHne KaHAIOB MOXKET UMETh paziinyHbie GopMbl (puc. 5.2), 0AHAKO
HanOoJIbIIEE PacPOCTPAHEHNUE TOJYUYHIIM KaHAJbl TPaneleuaaIbHOIO CEYeHHUS. 31ECh:

b — mupuna kaHana no gHy, M; N — riyOHHA BOJBI, M; 1M — K0d() HUIMEHT 0TKOCA,
. . 2.
paBHbIi Clg (; B — mupuna moToka 1mo Bepxy, M; (0 — IUIOMIAIb )KUBOTO CEUCHHS, M*;

X, — CMOYECHHBIN IIEPUMETP, M.

B . B ]
//” ”l/i/ Ht ,///// A/ — **/'4’\
LN — ——— A" [y p— —
[\ (S| I T
':v N A LA/ I < 7[[37
- b | - b > A
Puc. 5.2.
dopmyIbl U1 ONpeaesieHus M U . .
TpaneuenanbHOE CEUYEHHUE:
o= (b+mh)h; (5.3)
x=b+2h\/m2 +1; (5.4)
B=b+2mh. (5.5)
[IpsmoyronsHoe ceuenue, M =0:
ow=bh; (5.6)
v=b+2h. (5.7)
Kpyrnoe ceuenue:
h
a=1-2—,; (5.8)
d
B = arccos(a); (5.9)
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2

=~ (B—asin p); (5.10)
1 =Bd (5.11)

['mapaBnuyecKknii pagnyc BBIYUCISAETCS MO BbILIE.
0,5
Koaddunuent 1lle3u Beruucnsercs no popmysne Mannunra, Mm/c

1
1 —
C=-RS. (5.12)
n
rac n — KOI)(b(I)I/IL[I/IeHT MEpOXOBATOCTHU CTCHOK pYyCia, HpI/IHI/IMaeMBIﬁ 110
[IPYJIOKEHUE 7.
3AJIAYA 9.

OrnpenenuTs HOPMAJIbHYIO TITYOUHY U CPEHIOI0 CKOPOCTh JBUKEHUS BOJIbI B KaHa-
JIe 3aJaHHOTO mornepe4Horo ceuenus (puc. 5.2) mis 3amaHHbIX pacxoga Boabl Q, reo-

MCTPHUYCCKHX PAa3MCPOB pyClia KaHalla, YKIIOHA JHA KaHaJla lI/I MaTcpualia CTCHOK KaHa-
JIa.

Vkazanus k pewenuro 3adauu 9

OCHOBHOW 3aBHUCHUMOCTBIO TMPU pacyeTe KaHAJIOB MPU PaAaBHOMEPHOM JIBIDKCHHH B
HUX BOJIbI SIBJIICTCS BhINIC. BenMWYuHbI TUIOMAAM KUBOTO CeUeHUs (), Kodduimenrta
[llesu C u ruapasamueckoro paamyca R BeIpakaroTcs TOCTATOYHO CIOKHBIMH 3aBH-
CUMOCTSIMHU OT TJIyOMHBI BOJIbI B KaHase. [loaromy HenmocpencTBenHo u3 dhopmysisl [le-
3M HAWTU TIyOMHY BOABI HEBO3MOXKHO. J[aHHYIO 3a7auy MOXHO PEHIUTh MOAOOPOM,
YUCJIEHHO Wiu rpaduuecku. B KOHTpoapHOM paboTe mpeayiaraercs rpaduyeckoe pele-
HUE.

1. Jlns noctpoenus kpusoii cesizu Q = f(R) HeoOxommumo 3a1aThest pAIOM MPOU3-
BOJIbHBIX 3HAYEHUM ITyOUH (HE MEHee 5) U B TaOIM4HOU PopMe ompeaeTuTh COOTBET-
CTBYIOIIHME UM pacxoibl (Tadi. 5.1).

Tabnuua 5.1.
hi| ha|...| hn

h,
o,
x>

X
I

x|8zzz
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1
1 _
C==R6 m*°c
n
v=C,/Ri,w/c
O=0ov,m

2. Io mannwM Tabn. 5.1 crourcs rpaduk puc. 5.3. ITo 3amannomMy pacxoxy Q mo

rpaduKy onpezensercsa riyouna ho.
h, m

A

/

Q
Puc. 5.3.

Q, Mlc

3. IloxcraBuB B Tabu. 5.1 HalIEHHYIO HOPMAJIbHYIO TIyOWHY BBIYUCISETCS COOT-

BETCTBYIOIASA €11 CpPE/IHSISI CKOPOCTh MOTOKA.
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HHPUJIO’KEHHUE 1

3HavYeHNs] KHHEMATH4Y€eCKOro Ko3(p(puuueHTa BA3KOCTH BOAbI NIPH PA3IMYHOM

TeMmeparype.

t,°C 0 10 20 30 40

v, em’/c 0,0178 0,0131 0,0101 0,0090 0,0066

t,°C 50 60 70 80 90

v, em’/c 0,0058 0,0048 0,0040 0,0036 0,0030
IMPUJIOKEHUE 2

YielbHbIe CONPOTHBIEHHS ¢/M° M PACXolHbIe XAPAKTEPHCTHKH, M /C, 1S
OBIBIINX B IKCILIyaTallMH BOAOIPOBOAHBIX TPY® npu ckopoctu U >1,2

JlnameTp yCiIoBHOIO TpyOni
poxoaa CrasbHbie UyryHHbIE

A A

100 173 312

125 76,4 96,7

150 30,65 37,1

175 20,8 —

200 6,96 8,09

250 2,19 2,53

300 0,85 0,95

350 0,373 0,437

400 0,191 0,219

MPUJIOKEHHUE 3

3HaueHne monpaBoyHoro kodpdunnenta K, B 3aBucumMocTa ot cpeaHeil cKo-

POCTH ABMKEHHUS NMOTOKA UV

v,vm/c| 0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60
K, 1,41 1,33 1,28 1,24 1,20 | 1,175 | 1,15 1,13 | 1,115
v,m/c| 0,65 0,70 0,75 0,80 0,85 0,90 1,00 1,10 1,20
K, 1,10 | 1,085 | 1,07 1,06 1,05 1,04 1,03 | 1,015 | 1,00
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IMPUJIOKEHHUE 4

Ipeneasubie pacxoasl Q, Ji/c U ckopocTH U, M/C B BOAOIPOBOAHBLIX TPyOax

Juametp TpyOb1
YCJIOBHOTO CrayibHbIC UyryHHbIe

poxoja @, v O %
100 11,7 1,15 9,4 1,15
125 16,6 1,19 15,0 1,18
150 21,8 1,12 25,3 1,40
175 29,2 1,30 — —
200 46,0 1,34 45,8 1,42
250 71,0 1,34 73,5 1,46
300 103 1,35 108 1,48
350 140 1,35 149 1,53
400 184 1,36 197 1,56

MMPUJIOKEHHUE 5

3navenne kodddunnenta C . Npu BHE3ANMHOM Cy:KeHHH TPyOOIpoBo/ia

()
n= ;2 0,01 01| 0,2 0,3 o4 [ 05| 06 | 07| 08 | 09

1
Ceac 0,41 04 038 | 036 | 034 | 03| 027|02] 016 | 0,1
MNPUJIIOKEHUE 6

3HayeHus1 KOIQ(PULHEHTOB CKATHHA CTPYH £, CKOpocTH ( M pacxoga U s

MaJIoro KpyrJjoro orBepCcrus B TOHKOM CTEHKE U PA3JIMYHBLIX BUI0B HACA/IKOB

Tum Hacagka € ¢ H

Kpyrnoe otBepctue 0,64 0,970 0,620
Buenmnuii nuinvHIpuyeckuil Haca0kK 1,00 0,820 0,820
BayTpeHHUN MUIUHIPUYECKUI HACa0K 1,00 0,707 0,707
Konnueckuit acXoAIUICS HacagoK IIpH

o PO ORI 100 | 0,500 0,500
0 =5—7" (I BEIXOJHOTO CEYEHUS)
KoHnnueckuii  cXOmsmuicss  HacagoK P 0.98 0.960 0.940
0=13%4' ! ! !
KononnaneHbIN Hacago0K 1,00 0,980 0,980
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MMPUJIOKEHHUE 7

KosgpuuueHT mepoxoBaTocTu pyceli

Matepuai cTeHOK pycia Koaddumument mepoxosaroctu N
cTajlb 0,012
YyTyH 0,013
OeToH 0,013
HECKaJIbHBIN TPYHT 0,025
CKaJIbHBIN TPYHT 0,040
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