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BBEJIEHHUE

[enbto mpoBeAeHHs TaOOPATOPHBIX padOT MO TUAPOMEXAHUKE
SIBJISIETCS. YCBOGHHME U  3aKpEIUJICHHE TEOPETUUYECKUX 3HAHUH,
BBISIBIICHHE (PU3UYECKON CYIIHOCTU THAPOMEXaHUYECKUX SIBJICHUN U
OTIBITHOE MOJITBEPK/ICHUE UX 3aKOHOMEPHOCTEM, MPOBEpKa 3HAUYECHUIN
IMOUPUUYECKUX KOIP(PUIIMEHTOB B TEOPETUUECKUX 3aBUCUMOCTSAX, a
Tak)Ke MPUOOpPETEHE HABBIKOB MO0 CAMOCTOSATEIHLHOMY TPOBEICHHIO
1 00paboTKe Pe3yIbTaTOB THIPOMEXAHUYECKUX UCCIIEIOBAHUH.

JlaHHBIN MPaKTUKYM BKJIIOYAET OMHCAHHE CEMH JIaDOpaTOPHBIX
pabotr O KypcaM «MexaHMKa JKHIKOCTH M Traszay,
«I'mpporazonuHamuka» U «l'mapaBiaukay.

PABOTA 1. U3YYEHUE ®U3NYECKHNX CBOMCTB
KNIKOCTH

Llenv pabomwri. OcBOeHUE TEXHUKH HU3MEPEHUS IMIOTHOCTH,
K03 (HULIUEHTOB TEIII0OBOI0 pacmupenus, BSI3KOCTHU u
MMOBEPXHOCTHOTO HATSKEHUS YKHMJIKOCTEH.

1.1. O0mue cBegeHus

XKuznkocTeio Ha3bIBAIOT pabodee Teno,00aaato1iee OOJbIION
TEKy4eCThbl0, HE MMEIIee COOCTBEHHON (OPMBI M TPUHUMAIOIIEE
dbopmy cocyma, B KOoTOpoM HaxoauTcs. OCHOBHBIE (u3nyeckue
XapaKTEPUCTHKH JKUAKOCTH - TUIOTHOCTB, CKUMAEMOCTbh, TEIUIOBOE
pacupeHue, BI3KOCTh U TOBEPXHOCTHOE HATSKEHHE.

[110THOCTH OmpeenseTcss OTHOUIEHHEM MacChl M XKHJIKOCTH K
ee o0beMy:

. m
P W

CXuMaeMoCTh - CBOMCTBO JKUAKOCTH yMEHbBIIATh O0BEM IOJ
NeicTBUEM napnenus. OHa oueHuBaercs Ko3dduuueHTOM
CKUMaeMOCTH f3,, TOKa3bIBAIOIIMM OTHOCHTEILHOE YMEHBILICHUE
o0bema kuakocTH W TMpU TOBBIIIEHUH AaBieHus P Ha

CVHHULLY
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TennoBoe paciupeHue - CBOMCTBO KUAKOCTH U3MEHSATh 00beM
IpU HAarpeBaHUM - XapakTepusyeTrcs Kod(pPUIMEHTOM TEeIIoBOro
pacumpenus f},, YUCICHHO PaBHBIM OTHOCHUTEILHOMY IPHPAIICHHUIO
oobema W c moBbllIeHHMEM TeMIiepaTypsl T Ha OIWH Tpaayc Hpu
MOCTOSTHHOM JIaBJICHUH:

r3()

B, = 1 (AW (1.1)
T - — | - . .
W\ AT

Kak mpaBuio, mipu  HarpeBaHuM  OOBEM  KHUIAKOCTH
YBEJIIMYUBACTCS.

BsaskocTe - CBOUCTBO JKUIKOCTH COIPOTUBJIIATHCSA

OTHOCUTEJIbHOMY CKOJIbKEHUI0 ee cioeB. OHa OlLeHuBaeTcs
TUHAMHYECKUM KO3(PPHUIIMEHTOM BS3KOCTH [L, KOTOPBIA U3MEpseTCs
B mnackanb-cekyHaax (Ila:c) M 4YucieHHO paBeH KacaTeIbHOMY
HaIpPSDHKEHUI0 MEXY COCEIHHMH CIIOSIMH, €CITU UX OTHOCHTEJIbHAs
CKOpPOCTh TMEPEMENIECHUS] YHMCICHHO COBIIAJIA€T C TOJIIIMHOM ciosi. B
THAPABIMYECKUX pacyeTax TaKKe HCIONb3YI0OT KHHEMaTUYeCKU
KO3((QULIUEHT BS3KOCTH V, OIpenesieMblid u3 GopMysbl v =W /p U
M3MepsIeMblil KBaJIPAaTHBIMI METPaMH Ha CEKYHIy (M°/C) B CTOKCaMu
(1Ct=1cm*/c).

KoaddunmenTs BSI3KOCTHU KareJbHBIX KUJKOCTEN
MPAKTUYECKH HE 3aBUCAT OT AaBieHUs. OHU ONPEAeNSIIOTCS BUIOM
KUAKOCTH U TemrepaTypoil. C TOBBIIIEHHEM  TEMIEPaTypbl
BSI3KOCTb JKUJKOCTEH CYIIECTBEHHO yMeHbIaeTcs. Kunemarnyeckuit
KOA(DPUIIMEHT BS3KOCTH BOJABI B cM/e npu temreparype T (°C)
MOXET OBITh BBIYECIICH 110 hopMyJIe:

v=17,9/(1000 + 34T + 0,22 T ). (1.2)

3HaueHHs IIOTHOCTU p, KOIGGHULUUEHTOB CXKUMaeMoCcTH  f3,,
TEIUIOBOTO PACIIUPEHUS B, BSI3KOCTH V W TOBEPXHOCTHOTO
HATSHKEHUS O JUIsl HEKOTOPBIX XKuAKocTel mpu temneparype 20° C.



Tabmura 1.1

o | B10° | B+10° | v¥10° | on10°

Kuykocth kr/m® | MITa' | °C™' m>/c H/m
Bopa npecHas 998 0.49 0.15 1.01 73
CnupT STHUIIOBBIN 790 0.78 1.10 1.52 23
['nmunepun 1260 0.22 0.50|1180.00 65
bensun 680- 0.77 1.26 0.65 22
780

PryTh 13546 0.04 0.18 0.11 490
Macno:

WnnycrpuansHoe 20 900 0.72 0.73 110 25

WupaycrpuansHoe 50 910 0.68 0.70 340 25

Tpanchopmaropaoe 890 0.60 0.70 30 25
Typbunnoe 900 0.58 0.70 100 25
Beperennoe AY 890 0.60 0.70 49 25
AMI'-10 850 0.76 0.83 20 25
IToBepXHOCTHOE  HATS)KEHUE -  CBOMCTBO  KUIKOCTH

00pa30BBIBATh IMOBEPXHOCTHBIM CJIOH B3aWMHO MPHTATHBAOIIUXCS
Monekyd. IloBepXHOCTHOE HATSDKEHHWE CTPEMHTCS COKpPaTUTh
CBOOOJHYIO  TIOBEPXHOCTh  JKHJIKOCTH W  XapaKTepU3YeTCs
KOX(QPHUIIMEHTOM TTOBEPXHOCTHOT'O HATSDKEHHS G, YHUCICHHO PaBHBIM
CUJIEC HA €IMHUILIE JJIMHBI KOHTYpa CBOOOAHON TOBEPXHOCTH.

[ToBepXHOCTHOE  HATSIKCHHE OTIPE/ICNIACTCS  BHUJIOM
KHUJIKOCTH, Ta3a HaJl €€ CBOOOTHOW MOBEPXHOCTHIO, IPUMECSIMH U
TeMIepaTypoi.

OcHoBHBIE  (U3WYECKUE TMMapaMeTpbl IKUAKOCTEH Tpu
temmeparype 20 C ® aTMOC(GEpPHOM JABICHHH IPHBEICHBI B
tabm.1.1.

1.2. Onucanmue ycrpoiicrsa 1



B ycrpoiictee 1 npubopbl st u3MepeHHus (HU3HIECKHX
MapaMeTpoB JKUJKOCTEH BCTPOEHBI B OOILEM IPO3payHOM KOpITyce
(puc.1.1.), Ha KOTOpPOM YyKa3aHbl IapaMeTpbl  MPHUOOPOB,
HE00XO0AUMBIE JJ1s1 00pPaOOTKHU ONBITHBIX TaHHBIX.

TepmomeTp 1 mokas3bIBaeT TeMIEpaTrypy BCEX >KUIAKOCTEH,
3aJIUTHIX B IPUOOPBI U yCTPOMCTBA KOMIUIEKTA, a TAKXKE CITYKUT IS
W3Yy4YEeHMs TEIUIOBOTO PACHIMPEHUs HAXOMSILEHCS B HEW KUAKOCTH.
TepmoMeTp uMeeT  CTEKISIHHBIM  OQaJJIoOH ¢ KamWUISIPOM,
3aI0JIHEHHBIM TEPMOMETPUYECKON KUAKOCTBIO, U IKaily. [IpuHiun
€ro JEHUCTBHsS OCHOBAaH Ha TEIUIOBOM PpACIIUPEHUM KUAKOCTEM.
BapeupoBanne Temneparypbl OKpYyXKarolled cpeabl NPUBOIUT K
COOTBETCTBYIOILIEMY H3MEHEHHI0 00beMa TepMOMETPHUYECKON
KHUJIKOCTU H, CJIEIOBATENbHO, €€ ypOBHSA B KamWwUIsIpe. YpPOBEHb
yKa3bIBaeT Ha ILIKaJie 3HaU€HHUE TeMIepaTyphl.

ApeomeTp 2 CIyXXUT B HACTOSIICH paboTe Nyt u3MepeHus
IUIOTHOCTH (KOHLIEHTPAI[MK) BOJHOTO pacTBOpa TIJIHMIEPHHA WU
CIHPTa MOIUIABKOBBIM METOJIOM M HPECTABISET COOON IMyCTOTENbIN
LWIMHJP CO CTEp)KHEM B BepxHel yacTu. HuwxkHss gacTh uuiauHapa
3aMoJIHEeHa ApOObI0 Al 00eCledeHus] BEPTHKAJIBHOIO IOJIO0XKEHUs
apeoMeTpa B HccieayeMod kuakocTd. [nmyOumHa morpyxeHus
apeomeTpa sBIsSeTCS (QYHKIUEH TUIOTHOCTH (KOHIIEHTpPAIIUN),
CUMTHIBAEMOW CO IIIKaJIbl HA CTEP)KHE MO BEPXHEMY Kpar0 MEHHCKa
KHUJKOCTU BOKPYT CTEPIKHS.

/I 2 3 4 5/12
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Puc.1.1

Buckosumerp Crokca 3 MO3BOJSET OINPENETUTh BSI3KOCTh
AKHJIKOCTH IO CKOPOCTH NajieHus B Hel mapuka. [Ipubop copepxur
LHWINHAPUYECKYIO TOJIOCTh € HEHTPUPYIOIMMH KaHaJaMH Ha KOHIaX
u mapuk. LleHTpupyromme kaHaabl 00eCeunBalOT NaieHue MapuKa
nmo ocu mnonoctu. Ilomocte mnpubopa 3amojiHEHa  BOJHO-
[JIMLEPUHOBBIM PAaCTBOPOM.

[TnoTHOMEp-BUCKO3UMETP 4 KOHCTPYKIUH aBTOPA COAEPIKUT
JIBa BEPTUKAIBHBIX KaHala, COOOIIAIOIIMXCS MEXIY co00il CBepXy U
cHu3y. B oauH W3 KaHamoB ¢ MajbIM 3a30pOM IOMEIIEH IIapHK.
[TpuGop 3amonHeH MacioM, BUJA KOTOPOIO MOJUIEKHT ONPENEICHUI0
MyTeM M3MEPEHUs €ro IUIOTHOCTU U BSI3KOCTU IO BPEMEHU MajeHUs
LIapuKa 1 Nepenajgy ypoBHEH B KaHajax.

Bucko3zumerp OcTBanbia 5 BKIOYaeT HEOOJBIIYI0 EMKOCTD C
KamuisipoM. Bs3kocTe ompenensieTcss N0 BPEMEHUM HCTEUEHUs
XKHJIKOCTHU (B HacToOAIEeH paboTe BOJbI) U3 EMKOCTH Yepe3 Kanuuisp.

CranarmomeTp 6 CIIy>KUT JJIsl ONIPENEIEHHS TIOBEPXHOCTHOTO
HaTSKEHMsI J)KUJIKOCTH METOJOM OTpbIBa Kamenab. OH 00beIWHEH ¢
BU3KO3MMETPOM 5 OOIIMMHU HOJOCTMH M COJIEPKUT E€MKOCTh C
KaIlWJIJISIPOM, pacIIMPEHHBIM Ha KOHIIE JUIsl HAKOIUIEHUS )KUJKOCTHU B
Buje Kamii. Cuia MOBEPXHOCTHOI'O HATSDKEHHMsSI B MOMEHT OTpbIBA
Karejb paBHA UX BECY, KOTOPBIH JIETKO BBIYMCISETCS MO MIOTHOCTH
KHUJIKOCTH M YHUCIy Kalellb, IOJYyYEeHHOMY IIpH OIOPOKHEHUU
€MKOCTH CTaJarMoMeTpa 3aJaHHOro o0beMa.

ITpuGopsr 3, 4, 5 m 6 npuUBOAATCS B JEHCTBUE IIyTEM
MIOBOPOTA KOPITyca yCTPOMUCTBA B €r0 INIOCKOCTH.

1.3. Ilopsi10K BHINOJHEHUSI PA0OTHI

1.3.1. Onpenenenne ko3¢ HUIMEHTA TETIOBOTO PACIIIUPEHUS
TEPMOMETPHYECKOMN KUJIKOCTH

1. Tloacuurarh obmIee YnCIO TpaaycHbIX neneHuid AT B mkase
TepMoMeTpa 1 ¥ U3MepuTh paccTosHue | MeXIay KpailHuMH
MITPUXaMH IITKAJTBI.



2. Bepuucauts npupamenue oobema AW TepMoMeTpuuecKon
XKHUJKOCTH, COOTBETCTBYIOIIEE TIIOBBLIINICHUIO €€ YPOBHS B
KamuJUISIpe OT HUYKHETO JIO BEPXHETO IITPUXa IIKAJIbI

AW =g -r* -1
T7Ie T - paguyc Kanuwuisipa TEpMOMETPA.

3. C yuerom wHawameHoro (mpu 0C) obGbema
TEPMOMETPHUECKON XUAKOCTH W HaliTH 3HaveHHWe KoddduimeHTa
TemIoBOro pacimmpenus f; mo ¢gopmyne (1.1.) u cpaBHUTH €ro co
CIIPaBOYHBIM 3HaueHUEM [ (cM.Tabu.1.1.). 3HAaUEHUS UCTIONB3YyEMBIX
BEJIMYMH 3aHECTH B Ta0m.1.2.

Tabmmma 1.2.
Bun r W AT ) AW B B
KUIKOCTU
em | oM’ °C em | e | °Ct | !

[Ipumeuanue. Bug tepMoMETpUYECKON KUAKOCTH, T U W, yKa3aHbI
Ha Kopmyce ycTpoictBa. Oddext pacmupeHuss OamioHa U
KalWUIsipa BBUy MAJIOCTH HE YYUTBIBAETCS.

1.3.2. Onpenenenuie MIOTHOCTH U KOHIICHTPALIUU PACTBOPA

1. 3mMepuTh INIOTHOCTH BOAHO-TJIMIIEPUHOBOTO pacTBopa o
HaxOoJSIIIUMCS B HEM apeoOMETPOM 2.

2. Ilo mnotHOCTH pacTBOpa p, BOABl P, = 998 Kr/M® ©
raniepuHa o, = 1260 Kr/M° BBIMHCIATD 00BEMHYIO KOHIEHTPAITHIO
BOJIHOT'O pacTBOpa IIIHIEPHHA

C =100(0-p,)/ (P, —p,)-

Ilpumeuanue. Ecnu B ycTpoiictBe 1 BMecTOo apeomerpa
UCIIOJIb3YETCS CIIUPTOMETP M COOTBETCTBEHHO BOJHO-CIIMPTOBBIN
pacTBOp, TO CHayaja CIUPTOMETPOM OIpeaeseTcs oObeMHas
KOHLIEHTpalusi (KpemocTb) pacTBopa, a 3aTeM u3 Tabm.l1.3. - ero
IUIOTHOCTb.

Tabmuma 1.3.
\c\% \ o\ 10\ 20\ 30\ 40\ 50\ 60| 70\ 80‘ 90\100\




| p [ xrid® | 998 [ 985 [ 974 [ 962 | 948 | 930 | 909 | 885 | 859 | 829 | 789 |

1.3.3. Onpenenenuie BA3KOCTH BOJIHO-TIIMLIEPUHOBOTO PacTBOpa

1. TloBepHyTh KOpIyC yCTpoOHCTBa 1 B €ro MJIOCKOCTH Ha
180°C u U3MEPUTHh CEKYHIOMEPOM BPEMS t MPOXOXKACHUS APUKOM
3aJJaHHOTO PAacCTOSHUS [ MeXIy IBYMs MeTKaMu B ipudope 3. OmnbIT
BBINIOJIHUTH TPU pa3a, a 3aTeM ONpEeAeNuTh CpelHeapupMeTuIecKoe

3HA4YCHHUE BPEMCHU.
2. Brerauciauts OIIBITHOC 3HA4YCHUC JAUHaAMHUYCCKOI'O

Kod(pHIHeHTa BA3KOCTH pacTBOPa
u=gd*t(p, — p)/[18(+4320(d/D)]

re g - yCKOpeHHe cBoOogHoro nageHus, g= 9,81 m/c%;
d,D - nuameTpsl mapuKka ¥ LIUIMHIPUYECKOH EMKOCTH
BHUCKO3MMETPA;
P> Pu - TUIOTHOCTB PacTBOPA U BELIECTBA LIAPUKA,
¢ - paccTosHUE MEXIy IByMS METKaMu B mpudope 3.

3. CpaBHUTH OMBITHOE 3HAYCHHE KOAD(PUIIMEHTA BI3KOCTH LL C
Ta0IMYHBIM 3HaUeHHeM [ (Tabm.1.4).



Tabnuna 1.4.
3HaueHue JUHaAMUYECKOT0 K03 PUIEHTa BA3KOCTH
BOJIHO-TJIMIIEPUHOBOTO pactBopa npu 20 C

C, % 8 21 44 76 94 100

w10°Ma-c 1.3 2.1 60| 61.8] 543.5| 1490.0

1.3.4. Onpenenenue Buaa macia

1. MewieHHO MOBEpHYTh KOpIyC ycTpoiictBa Ha 180°C
MPOTHB YacCOBOW CTPENIKU W B Tpubope 4 3aduKCHpoBaTh INepemna
ypoBHel Macia h u Bpems t mpoX0KIEHUsS MIAPUKOM paccTOsSHUs /
MEXIy ABYMSI METKaMH.

2. BpluuciIuTh 3HAYEHWE TUIOTHOCTH P U KUHEMATHYECKOTO
Kod(QpHIMeHTa BI3KOCTH V 0 popMyIam

p=pm/(1+Ah), v = Bht
rac P - IJIOTHOCTb MaTCpHraJia apukKa,
A,B - mocrosiHHBIE TpUOOpa; WX 3HAYCHHS YKa3aHbl Ha

KOpIyce M MOTYT OBbITh OMNpeAeNeHbl MO Pe3yJbTaTaM ONBITOB C
KHUJKOCTBIO, IJIOTHOCTh U BA3KOCTh KOTOPOM 3apaHee U3BECTHHI.
3. Ilo wHalWaeHHBIM 3HAQYCHHSAM IUIOTHOCTH, BI3KOCTH U3
tabn.1.1. onpenenuts BuA Macia B npudope 4. Pesynbrarh
M3MEpEeHUil U pacueToB BHECTH B Ta0. 1.5.

Tabmnuma 1.5.
P A B h t p v Bun
Maciia
kr/m® w7 m/c? M C kr/m® | m2 /e

1.3.5. Onpenenenne BA3KOCTH U IOBEPXHOCTHOTO HATSKEHUS BOJIBI
1. TloBepHYTh YCTPOMCTBO B €ro IUIOCKOCTH IO 4YacOBOM

CTpeJKe Ha OJUH O0OpOT M ONPENENHUTh CEKYHJIOMEPOM Bpems t
UCTeUYeHUs oO0beMa BOJBI BBICOTOW S M3 €MKOCTH KAMHIISIPHOTO
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BUCKO3UMETpa S5 M TeMIeparypy T mno Ttepmomerpy 1
(cm. puc.1.1.). OnbIT NOBTOPUTH HE MEHEE TPEX Pa3 U BBHIYMCIUTH
cpenHeapumeTuyecKoe 3HaUeHNE BPEMEHH.

2. BBIUHCIUTH 3HAYEHME KUHEMATHYEeCKOro Kod(¢uimeHra
BSI3KOCTH BOJIBI U€pe3 MOCTOSHHYIO ipubopa M

v=M-t
U CPaBHHUTHb €ro CO 3HAYEHHEM V’, pacCUYUTaHHBIM MO (opmyie
(1.2)).

3. [loBepHYTH YCTPOMCTBO B €ro MJIOCKOCTH MPOTHUB YaCOBOU
CTPEJKU Ha MoJ000poTa U MOACYUTATh YHCIIO Kalelb, MOTYyYEHHBIX
B cTalarMmomeTpe 6 u3 o0beMa BOJbI BBICOTOM S. OTIBIT IOBTOPUTH HE
MEHee TpeX Pa3 W BBIYMUCIMTH CpeiHee apu(PMETHUYecKoe 3HaYeHHE
4yclla Karesb n.

4. HaiiTu ombITHOE 3HA4YeHHE KOIP(DUIIMEHTA MOBEPXHOCT-
HOT'O HaTSKEHUs BOJbI C YYETOM MOCTOSTHHOM cTaiarmomerpa K

c=K-p/n
U CPaBHHTH €r0 CO 3HAUEHHUEM G, pacCUMTaHHBIM IO (hopmyiie
(1.3)).
JlanHple cBecTH B Ta0J.1.6.
Tabmmma 1.6.
M t v T v’ K p n |o c’

s

2,2 2 2 2 2 2
M°/c c M/c C | wm/c | M/ | kr/m M/c | M7/c

PABOTA 2. UBMEPEHUE 'NIPOCTATHYECKOI'O
JABJIEHUSA

Ilens pabomwr. IlpuoOpeTeHHE HABBHIKOB IO H3MEPECHHIO
THIPOCTATUYECKOTO JaBICHUS KUAKOCTHBIMHU MPUOOPAMH.

2.1. O01mue cBeaeHus

I'mapocraTuyeckuM  AaBJIEHHWEM  HA3bIBAIOT HOPMAJIbHOE
CKMMAIOIIEE  HaNpsHKEHUE B HENMOABWIKHOW — KUAKOCTH. B

11



3aBUCUMOCTHU OT 63351 U HalpaBJICHUA OTCUHCTA pPa3IM4aroT
abCOoIIIOTHOE, MAHOMETPHUYECKOE U BAKYYMMETPHUUECKOE JABIICHHUSL.

AGcomoTHOe (TIOJIHOE) JaBieHWEe P oTcuuThIBaeTCS OT
a0COIOTHOTO BaKyyMa U OTpPEENsIeTcs B 000 TOUKe MOKOAIIEHCs
JKUIKOCTH II0 OCHOBHOMY YPaBHEHHUIO TUAPOCTATUKHA

P = Po+yH,
rie Py - abCONIOTHOE JaBJIEHHE Ha CBOOOJHON MOBEPXHOCTH
YKHUIKOCTH,
y - yIeIbHBIH BEC KUIKOCTH;
H - TiyOMHA TOTpYXEHHS TOYKH TOJ CBOOOIHOI
TIOBEPXHOCTBIO.

3a Hynb (Ha4aso) oOTcUeTa MOXET OBITh TMPHUHATO U
atMoc(epHOE JaBi€HHME, KOTOPOE CO3/aeTCi CHIOH TSKECTH
Bo3ayxa armochepsl. B 3TOM ciydyae wu30BITOK abCOMIOTHOIO
JaBIIEHUs] HAJ aTMOC(EpHBIM  Ha3bIBAIOT MAHOMETPUUYECKUM
(M30BITOUHBIM) JJaBIIEHUEM

P,=Py- P,
a ecau aTMochepHoe JaBlIeHHME MPEBHILAET a0CONIOTHOE B
MHTEPECYIOUIEH HacC TOUKeE, TO pa3HULIA MEXy HUMH (HEJOCTAaTOK J10
aTMoc(hepHOro) Ha3bIBAETCS BAKyyMETPUUYECKUM JIaBJICHUEM

P~="P, Py.

ATMoc(hepHOe, MaHOMETPUYECKOE U BaKyyMETpPHUYECKOe
JABIICHUS] W3MEPSIIOT MpUOOpaMM, Ha3bIBAEMBIMH COOTBETCTBEHHO
OapoMeTpaMu, MaHOMETpaMH U  BaKyymMMmeTpamu. Pa3zHOCTb
JMaBJIeHUH B JABYX TOuYKax wu3MepsaAoT audmanomerpamu. I[lo
NPUHIUIY JAEUCTBUS W TUIly pabouero »sjeMeHTa MpuOopsI
MOJIPA3JIENISAIOT Ha KUAKOCTHBIE, MEXaHUYECKHE U SJIEKTPHUUECKUE.

KunkocTHple TPUOOPHI MCTOPUYECKH CTAM TPUMEHSTHCS
nepBeIMU. VX NeficTBHE OCHOBAHO Ha MPHUHIIUIIE YPaBHOBEUIMBAHUS
u3MepsieMoro JamieHust P CHJION TSDKECTH CTO0a >KUAKOCTH
BeIcOTOM h B mpubope

P=yh,
IZie ¥ - yAEIbHBIN BeC KUAKOCTH B mpubope, H/m.

[TosToMy BenMuuMHa JaBlIEHUS MOXET ObITh BbIpaXKeHa
BBICOTOM CTOJI0a )KUIKOCTH h ¢ 3a7aHHBIM YJIeJIbHBIM BECOM Y (MM
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BOJ.CT., MM PT.CT.), a Taxxke B mackansx (ITa = H/mM ), TexHUYeCKHX
(at) u pusnyeckux (aT™M) atmMocdepax
1 ar= 1 kre/em® = 98,1 klla =10 m Boa.cT. = 735 MM pT.CT.

1 atm =1.033 kre/em” = 101 kIla = 760 MM pT.CT.
[TpenMymecTBOM KHIKOCTHBIX TPHOOPOB SIBIISIOTCS TPOCTOTA
KOHCTPYKIIMA M BBICOKAsi TOYHOCTb, OHU YAOOHBI NMPU HW3MEPEHUU
HEOOJBIINX JTaBICHUH.

B Mexanndeckux nmpudopax u3aMepseMoe JaBJICHIE BBI3HIBACT
nedopMaluio 4yBCTBUTEIBHOTO 3jeMeHTa (TpyOka, MeMOpaHa,
cuib(OH), KOTOpas C TIOMOIIBIO CIEIUATBHBIX MEXaHU3MOB
npeobpasyercs M TMepeAaeTcs Ha yKaszaTelb. Takue mMpuOOpbI
KOMITAaKTHBI ¥ UMEIOT OOJIBIIION THUANa3oH U3MEPSIeMbIX JTaBICHUIA.

B AIIEKTPHUYECKUX npudopax BOCTIPHHHMAaEMOe
YyBCTBUTEIBHBIM  3JIEMEHTOM  JaBjeHHe mpeoOpa3yercss B
aneKkTpudeckuit curHana. CUTHaI PETUCTPUPYETCS MOKA3BIBAIOIIUM
(BompTMET, aMIEpMETp) WIIn MUY UM (camomnucen,
ociuuiorpad) mpubopamu. B mocnmegHem  ciiydae  MOXKHO
(bUKCUPOBATH NABJICHHUE MPU OBICTPOTPOTEKAFOIINX MPOIIECCaX.

2.2. Onucanue ycTpoiicTea 2

YCTpoHCTBO 2  BBINOJHEHO MPO3pAauyHbIM M BKIIOYAET
pe3epByap 1, 4acTUYHO 3arOJIHEHHBIN XUAKOCTBHIO, U TOJOCTH 2,
cooOmraemyto yepe3 kianaH 3 ¢ armocdepoirt (puc.2.1,a). s
M3MEpEeHUs NIaBJIeHUs W YPOBHS KHUAKOCTU B pe3epByape 1 ciykar
KHUJIKOCTHbIEe Tpubopbl 4, 5 u 6. OHM NpeACTaBIAIOT coOOH
Mpo3payHble BEPTUKAIbHBIE KaHAIBI CO IIKaJaMH, pa3MEYCHHBIMU B
€IMHUIIAX JITHHEI.

[Tbe30meTp 4 coobIIaeTcst BEpXHUM KOHIIOM Yepe3 MOJ0CTh 2
u kiamaH 3 ¢ atMmocgepoil, a HIKHUM - ¢ pe3epByapoMm 1. Mm
oTpenieNsieTcsl MaHOMeTpuueckoe maasineHwe  P,= vh, Ha nHe
pesepByapa.

VYpoBHeMep 5 coequHEH 000MMH KOHIIAMHU C PE3epPBYapoM U
CITY>KUT JUJIsl UI3SMEPEHUS YPOBHS ®KHUIKOCTH H B HeMm.

ManoBakyymmerp 6 mpexacraBisier coboit U - oOpasHbiit
KaHajl, YacTUYHO 3alOJHEHHBIH KUAKOCThIO. JIeBbIM KoOJIeHOM
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MOJIKITIIOUEH K pe3epByapy, a MPaBbIM - K MOJIOCTU 2 U MPEIHA3HAYECH
JUIsL ompeneneHus MaHnometpuueckoro P,=vh, (puc.2.l,a) wumm
BakyymmMmeTrpuyeckoro P,=yh, (puc.2.1,B) naBnenuii Hag cBoOOIHON
MOBEPXHOCTHIO JKUJIKOCTH B pesepByape 1. JlaBnenue B pesepByape
MOYXHO M3MEHSTh IyTeM HaKJIOHA YCTPOHCTBA.

3
P 12 \,I_

P,<P

8) 2)
Puc 2.1.
[Ipu moBopoTe ycTpoiicTBa B ero miockoctd Ha 180°C
(puc.2.1,r) kaHam 5  ocTaeTcsi  ypOBHEMEPOM,  KOJIEHO
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MaHOBaKyyMMeTpa 6 mpeoOpa3yeTcsi B Mbe30MeTp 7, a mbe3oMeTp 4 -
B OOpaTHBII mbe3oMeTp 8, ciayKalluil AJisd OompeneseHus BaKkyyMma
P.,=y-h, Han cBOOOAHON MOBEPXHOCTHIO XKHUIKOCTH B pe3epByape 1.

2.3. llopsaaok BbINOJTHEHHS Pa0OTHI

1. B pe3epByape 1 Hax KUIKOCTBHIO CO3/1AaTh JABJICHUE BBIIIE
atmocepunoro  (Py>P,), 0 ueM CBHUIETENbCTBYIOT MPEBBIIICHUE
YPOBHS KUJKOCTU B Ibe30MeTpe 4 HaJ ypOBHEM B pe3epByape U
MpsIMOM Tiepernaj; ypoBHEH B MaHOBakyymmeTpe 6 (cm. puc.2.1,a).
Jlmst  3TOrO  yCTPOWCTBO TIOCTaBUTh HAa TMPaByld OOKOBYIO
MOBEPXHOCTh, 4 3aT€M IOBOPOTOM €ro IMPOTHUB YacOBOM CTPENIKU
OTJIUTh YacTh >KUJIKOCTH W3 JIEBOI'O KOJIEHA MaHOBaKyyMMeTpa 6 B
pesepByap 1.

2. KpaTkoBpeMEHHO OTKpBITh KJIallaH 3 W CHATh MOKa3aHUs
MbE30METPA, YPOBHEMEPA U MAHOBAKYYMMETDA.

3. BpruncnuTte abconOTHOE JaBlIEHHE Ha JIHE pe3epByapa
yepe3 TMOKa3aHusd The30MeTpa, a 3aTeM - 4Yepe3 BEJIMYUHBI,
W3MEpEeHHbIE MAaHOBAaKYyMMETPOM U YpoBHeMepoM. Jlsi OoleHKH
COMOCTaBUMOCTH PE3YJIbTATOB ONpeAeNIeHUsI aOCOTIOTHOTO JTaBICHUS
Ha JIHE pe3epByapa JABYMS MYTAMH HAWTH OTHOCHUTEIIbHYIO
MOTPENTHOCTH OP.

4. Han »unkocThio B pe3epByape 1 ycTaHOBUTH aTMOc(hepHoe
nasnenue (Py=P,), nns yero mnonyyuTh COBHAJCHHE YPOBHEHN
KUJKOCTH B MAaHOBAaKyyMMETpPE MEPETUBOM B HETO YACTHU KUIKOCTH
W3 pe3epByapa IMyTeM HaKJIOHA YCTpoOMCTBa BIpaBo (cMm. puc.2.1,0).
3aTeM BBINOJIHUTH ONEPAMU 110 T.10. 2 U 3.

5. Han cB000HOM MOBEPXHOCTHIO JKUAKOCTH B pezepByape 1
co3nath Bakyym (Py<P,), korma ypoBeHb KHUIKOCTH B Ibe30oMeTpe 4
CTAHOBUTCS HUXKE, YEM B pE3epByape, a Ha MaHOBaKyyMMeTpe 6
nosiBisiercss  oOpaTtHbld  mepenan  (cM. puc.2.1,B). g 3toro
MOCTaBUTh YCTPOMCTBO HAa JIEBYI0 OOKOBYIO MOBEPXHOCThH, a 3aT€M
HAaKJIOHOM BIIPaBO OTIUTh 4YacTh JKUIKOCTH U3 pe3epByapa B
MaHOBaKyyMMeTp. Jlanee BHITOTHUTH ONEpaluy 1o I.1. 2 U 3.

6. IloBepHYTh YCTPOICTBO B €ro IUIOCKOCTH IO 4YacOBOU
crpenke Ha 180  (cM.prc.2.1,B) M OIpENEINTh MAHOMETPHYECKOE
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WU BaKyyMMETPUUYECKOE JaBJICHHWE B 3aJIaHHOM MpernojaBaTeieM
touke C yepe3 moKa3aHus MbE30METpa 7, a 3aTEM C LIEJIbIO TPOBEPKHU
HaWTH €To Yepe3 MoKa3aHus 00paTHOrO Mbe30MeTpa 8 U ypoBHEMEpa
5.

B  mpouecce  mpoBeneHHs ~— ONBITOB M 00pabOTKH
AKCTIEPUMEHTAIBHBIX TAHHBIX 3aMOJIHUTH Tabmuiry 2.1.

Tabmnuua 2.1.
HaumenoBanune | O0o3HauyeHuUs, YcaoBus onbiTa
BeJIMYUH (hopmysibi
Py>P, Po=P, Po<P,
1.IIse30MeTpH-yeckas h,
BBICOTA,M
2.YpoBeHb KUAKOCTH H
B pe3epByape, M
3.MaHoMeTpUYeCKast h,,
BHICOTA, M
4.Bakyymerpu- he
yecKasi BbICOTa, M
S5.Manomerpuyeckoe P,=y-h,

JaBJICHHE HA JHE
pe3epByapa, klla

6.A0cos0THOE P=P +P
a M

JaBJIeHHe Ha IHe
pe3epByapa, klla

7.MaHomeTpHYeCKOe P,=7" hM
AaBJIeHUE B

pe3epByape HaJ

Jkuakoctbio, klla

8.Bakyymerpuyeckoe P,=y- h(;
JAaBJICHHE B
pe3epByape HajJ
JKHAKoCcCThIO, KIla

9.A0co/110THOE P,=P +P,
JaBJIEeHUE B
pe3epByape Haj R) = Pa - Pgo
KHAKOCTBIO, kKIla

10.Abco10THOE P'=P +y-H
JaBJieHHe Ha IHe
pe3epByapa, klla
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11.0THOCHTEIbHAS IOO(P - P')

NOTPelHoCTh 8P = P
pe3yJbTATOB
onpeeaeHust

JABJICHUS HA THE

pe3epByapa,%

Ilpumeuanue. N3meputsb aTMochepHoe JaBJICHUE
O6apomerpom winu nipuHATe P, = 98.1 klla, a yaenbHbI BeC BOMIBI
v =9.81 kH/a’.

PABOTA 3. U3YYEHME PEXXKUMOB JIBUKEHUS
"KUJKOCTH

Ienv pabomw. HabnroneHue TOTOKOB — KUIKOCTH  C
pa3IUYHON  CTPYKTYpOH W  TPHOOpPETEHHWE  HABBIKOB IO
YCTaHOBJICHUIO PEXUMa TEUCHMUSI.

3.1. O0mue cBeaeHus

Pa3nuuaroT 1Ba OCHOBHBIX pEXHUMa TEUCHUS KUIKOCTH:
JaMUHApPHBIA (CIOUCTHIN) U TypOyJieHTHBIN (Oecniopsinounsiii). [Ipu
JAMMHAPDHOM  PEXKHMME  YaCTULBl  KUAKOCTH  JBMXKYTCS IO
napajieIbHbIM TpaekTopusM Oe3 mepememnBaHus. TypOysieHTHOe
TEYCHUE XAPAKTEPU3YETCS IIyJIbCALMEN MaBJICHHUS M CKOpPOCTEHN
YacTHIl, YTO BBI3bIBAET MHTEHCHUBHOE MEpPEMEIINBAHUE KHUJIKOCTU B
MOTOKE. Y CTaHOBJIEHUE PEXKUMA SIBJISICTCS MEPBOOUEPETHON 3aaadeil
IIPY NIPOBEICHUH THIPABINYECKUX PACUETOB.

KputepueMm pexxnma TedeHus sBiseTcs uncio PeliHonbaca

Re =Vd/v,
rne V - CpelHssl CKOPOCTh ITOTOKA;
d - BHyTpEHHUI AuaMeTp TpyOsI (KaHaa);
% - KHUHEMaTH4eCKUH K03 PUIIMEHT BSI3KOCTH JKUKOC-
TH.
JU1s IOTOKOB HEKPYTJIOTO MOMEPEYHOro ceueHust B BoipaxeHnuu (3.1.)
BMECTO  T€OMETPHYECKOro  Juamerpa d UCTIONIB3YIOT

FI/II[paBJ'II/IIIeCKI/Iﬁ ANaMeETp
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d=4w/y,
rme o - IUIOIIAJb )KUBOTO CECUEHUS ITOTOKA;

X - CMOYEHHBIN NIEPUMETP.

B uHXEHEpPHOW MNpPAKTHUKE PEKUM OINpEHEIsieTCs IyTeM
cpaBHeHusA uncia PeiiHonbaca Re ¢ ero KpuTMdecKuMm 3HAYEHUEM
Reyx , KOTOpOE COOTBETCTBYET CMEHE PEXHMMOB U JUIsl pABHOMEPHBIX
MOTOKOB KUJKOCTU B TpyOax (KaHallax) KpPYIJIOTO CEUYEHHs] PaBHO
2300, mupsmoyrosbHOro cedeHust - 2000. Pexum  cumraercs
JaMUHaApHBIM, ecii Re<Rey n TypOynenTHbIM nipu  Re >Rey.

B cnenuanbHBIX  YCIOBHSX, HWCKYCCTBEHHO YMEHbILAs
BO3MYIIEHHOCTh MTOTOKA (HAIpUMeEp, IyTEM MOJIUPOBKU BHYTPEHHUX
CTEHOK, BBINOJIHEHMs IUIaBHOI'O BXOJa B TpyOy M MCKIIOYEHUs
COTPSICEHHMI) MO’KHO MOJYYUTh JJaMUHApHOE TeueHue npu Re>Re,.
Opnako TakoW JaMMHapHBIA pEXUM BeCbMa HEYCTOMUYUB, IpHU
MaJiefilieM BO3MYILIEHUH MTHOBEHHO NEPEXOJUT B TypOyJIEHTHBIN U
MI03TOMY B OOBIUHBIX YCIIOBHUSIX HE BCTPEUACTCH.

N3 Beipaxenus (3.1.) cnenyert, uyto yuciaa PeiiHoapaca Masbsl
U, CJIEOBAaTENbHO, JJAMUHAPHBIM pexuM HaubOoyiee BEpOSITEH INpHU
MajbIX CKOPOCTSAX TEYEHHA B KaHAJIaX  HE3HAYUTEIBHOTO
MIOTIEPEYHOr0 CeueHus (B Mopax TIpyHTa, KamWwulspax) WIM HpU
JMBUKCHUH KUJIKOCTEH ¢ OoJbliel BsS3KOCThIO (HEPTh, Macio,
outyMm). TypOyJE€HTHBIN pEeKUM BCTPEUACTCS 4Yallle B PeKax, pydbsix,
OTKPBITBIX KaHaJjaX, CUCTEMaxX BOJOCHAO0XEHHs U BOJOOTBEIEHUS, a
TaKXkKe IpH TEYeHUH OEH3WHa, KepOoCHHAa M JPYTHX MaJOBA3KUX
KHUJIKOCTEH B TpyOax.

3.2. Onucanue ycrpoiictBa 3

VYerpoicTBo 3 1Sl U3yUEHUS! PeKUMOB JBUKEHUS KUAKOCTU
MMeeT Tpo3pauHbiii kopiyc (puc.3.1, a) u BkiIodaet O6aku 1 u 2 ¢
YCIIOKOUTENBHON CTEHKOW 3 JUIsl rallleHHs BO3MYILEHUN >KHJIKOCTH
OT MaJeHusl CTPYH M BCIUIBIBAHUS Iy3blpell Bo3nyxa. baku 1 u 2
COCIMHEHBI TapaylielbHbIMH KaHamamMu 4 u 5. Jlns ymnoOctBa
BU3YaJIbHBIX HAOJIIO€HUI OHU UMEIOT MPSMOYTOJIbHBIE NTONEPEUHbIE
CeueHUs OJMHAKOBBIX pa3mepoB. Kownerny kanaia 4 cHaGxeH

18



MIEPETOPOAKON CO IIENBI0 6, a IPOTUBOMNOJIOXKHBIA KOHEI] KaHamna 5 -
pelieTkoi (meperopoKkoil ¢ MHOXKECTBOM OTBEPCTHH ) 7.

a) 0)
1 . :
% , | ¢
. 2] .
® B ~ s
B \\Q/f\g}
71 b a >§§/j
c T I
8 L)
i T \ UrrlY.
i A
21
7 A
/|t
B) r)
1 2 2 | 1
|
] s
T
~
It
A
(H/Lf \Z} / \\\ i /_QL)
SR R
N 2T o — = —
= e ST -
Puc.3.1
YerpoiicTBo 3aI10JIHEHO BOJIOH, cozepxKauiein

MHUKPOCKOTIMYECKHE YaCTUIBl AIOMUHHMA I BU3YyaJIH3alud
TE€YeHUs. YPOBEHb BOJABI B Oake 2 ompenensercs o mkKaie 8, a ee
TEeMIIEpaTypa CUMTBHIBACTCS C TEPMOMETpPA, HAXOAALIETOCS B
ycTporctse 1.

YcerpoiicTBO paboTaer clieayromuM oopa3oM. B monoxeHusx
yCTpoiicTBa, n300pakeHHbIX Ha puc.3.1, a, 6, mocrynaromas yepes
NpaBelii KaHal B HWKHUM Oak BoJa BBITECHSAET BO3IyX B BHJE
nmy3bslpeil B BepxHuil O6ak. [laBieHus Ha BXoJie B KaHan (Ha JAHE
BEpXHEro 0aka) M HaJl )KUJAKOCThIO B HIDKHEM Oake YpaBHHMBAIOTCS U
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MO3TOMY HCTCUYCHHUC MTPOUCXOAHUT TI0H HCﬁCTBHeM IIOCTOSSTHHOT'O
Hanopa H, co3maBaemoro cTtonboM *HUAKOCTH B ITpaBoM KaHaie. Tax
oOecrieunBaeTcsi yCTaHOBUBIIEECS (C MOCTOSHHBIM BO BpEMEHU
pacxoigoM) nBWKeHHMe okuakoctd. [lpuuem B kaHaie 4
YCTaHABJIMBAETCS  JAMHUHAPHBIM  peXuM  Onarojapst  HU3KUM
CKOPOCTSIM TE€YEHHsl H3-3a OOJBIIOTO CONMPOTHBIEHUS Iienu 6. B
CBOIO OY€pellb Majloe TUIPABINYECKOE CONMPOTHUBICHHUE PEIIEeTKU 7
obecrieunBaeT MOJIy4YeHUE TYypOYJIEHTHOTO TEUEHUS B KaHaie 5 3a
cuer O6ompImux ckopocter (cm.puc.3.1, 6). Pacxox MOKHO H3MEHSTH
HaKJIOHOM yCTPOMCTBA C TIOMOIIBIO TOJCTAaBKU (CM.OMHCaHUE
ycTporicTBa 5). B ciyuasx, ykazanHeix Ha puc.3.1, B, T, B KaHanax 4
U 5 BO3HUKaeT HEyCTaHOBUBIIEeCS (IIPU TMEPEMEHHOM Hamope |
pacxojie) JBIXKEHHE IKUIKOCTH 3a CYET HEMOCPEACTBEHHOTO
COCIMHEHHUS BO3MAYIIHBIX TIOJOCTEH OakoB. ITO TMO3BOJISIET
MPOCEeIUTh 33 H3MEHEHHEM CTPYKTYphl IOTOKOB B IIpoOLecce
YMEHBIIEHUS UX CKOPOCTHU A0 HYIIS.

3.3. Ilopsiiok BbINOJHEHUsI Pa00OThI

1. Co3pgarp B KaHasie 4 JaMUHApPHBIM DPEXUM JIBUKEHUS
KUIKOCTH. {711 3TOro mpu 3amoTHEHHOM BOJIOM Oake 1 mocTaBUTH
ycTpoicTBO 6akoM 2 Ha ctoi (cM.puc.3,1, a).

2. U3meputh BpeMs t mepeMeleHus: ypoBHs BOJBI B Oake 2
Ha HEKOTOpOe paccTosiHue S U ee tremmneparypy T.

3. Cnenatb 3apUCOBKY CTPYKTYpbl IMOTOKa W TOJCYUTATH
ymcno PeitHombaca mo mopsiiky, ykazanHomy B Ta6im.3.1.

4. TloBepHYTh YCTpOHCTBO B ero miockoctd Ha 180°C
(cm.puc.3.1, 6). Habmonats TypOyJieHTHBIN pexuM B KaHaie 5. [lpu
3TOM BBINOJHUTH ONEPAINH 1O T.11. 2.3.

5. Ilpu 3amonHeHHOM BOJOW Oake 2 MOCTaBUTh YCTPOWCTBO
TaK, YTOOBl KaHaJl 5 3aHAJ] HW)KHEE TOPU3OHTAIBHOE IIOJIOKEHUE
(cm.puc.3.1, B). HaOmromate B KaHalle MpOIECC TMepexoja OT
TypOyJIEHTHOTO peXHMa JBIKEHUS K JamMuHapHOMY. OOpaTuTh
BHHUMAaHUE, YTO PeIIeTKa MPUBOIUT K TYpOyIH3aI[MH MOTOKA 32 HEH.

6. Ilpu 3amonHeHHON BOMOI Oake 2 MOCTAaBUTH YCTPOMCTBO
Tak, YTOOBbl KaHall 4 3aHAJ] HW)KHEE TOPU3OHTAIBHOE IIOJIOKEHUE
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(em.puc.3.1, r). Habmogath 3a cTpyKTypoil MOTOKa NMpU BHE3AITHOM
Cy’KeHuHu B Oake 2, BHE3aIIHOM pacIIMpPEHUH B KaHAJE 3a LIENbI0 U
IIpU BBIXOJE NMOTOKAa M3 KaHana B Oak 1. OOpaTuTh BHUMaHHE Ha
LHUPKYJISIIMOHHBIE (BalbLlOBbIE) 30HBL. ClenaTh 3apUCOBKY KapTHUHBI

TCUCHMUA.

Tabmuma 3.1.
HanmMeHoBaHuA O6o03Hau., Pe:xxuM aBu:KkeHHUs
BEJMYMH dopmyansr | Jlamunap- | TypOysaent
HbI HbI
1.13meHeHue ypoBHs S
BOJBI B 0aKe, M
2. Bpems nabmoieHus t
3a YPOBHEM, C
3.Temneparypa BOJHI, T
C
4. KunemaTuueckui v=17.9/(10
K03(DDUIMEHT BA3KOCTH | ())4-34T+().2
BOJIBI, CM/C 277
S.IInomane nomnepevyHo w=ab
TO CeUCHHMs KaHAIA, CM
6.CMOueHHBII y=2(a+b)
NepUMETP, CM
7. T'napaBinyecKuii d.=4a/y
JUaMeTp KaHaia, CM
8.00beM BObI, w=ABS
MOCTYNHBIINH B OaK 3a
Bpems t, oM’
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9. Pacxox BOIBL, CM’ /c O=Wwrt

10. CpenHsig cKOpOCTh V=0Q/w
TeYEHHUs B KaHaJle, CM/C

11. Yucino Petinonbaca Re=Vd./v

IIpumeuanue. Pazmepsl monepedyHoro ceueHus kanana (a,B) u 0aka
(A.B) yka3aHbl Ha KOpPITyCE YCTpPOICTBA.

PABOTA 4. HJUIIOCTPAIIUA YPABHEHUSA BEPHYJIVIN

Ilens pabomei. OnbITHOE TOATBEPKICHUE YpaBHEHUS
J.bepHymmm UIs yCTaHOBHMBIIETOCS IMOTOKAa JKUAKOCTH B KaHalle
MIEPEMEHHOI0 CEYeHHs: HaONI0/leHUe MOHMKEHUS MEXaHUYeCKOU
SHEPIMH MO TEYEHHUI0 M Iepexoja IMOTCHLUUAIbHOW SHEepruu B
KMHETUYECKYI0 U 00paTHO.

4.1. O0mue cBegeHus
VYpaBaenue Jl.bepHymim myisi yCTaHOBHMBIIETOCS IOTOKA

peaHBHOﬁ HEC)KMMAEeMOH KHUJIKOCTH BBIPAKACT 3aKOH COXPAaHCHUS
OHCPIrUr U UMCCT BUI!
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Z ild =Zz+—2+—a2 ~+h,,

A
F—F
2g y 2 J
ITorepu Hanopa ‘

yAenbHas

SHEPrus

IOJIOKCHHUS

yAelbHas

SHEPTrHs

JaBIeHHUA IMonuslit Hanop H,
yZenbHas (yZnenbHas MEXaHUYECKast
KMHETHYECKas DHEprus B cedeHuu 2-2)
SHEPTHs

ITonubiit Hanop H,
(ynenbHast MeXaHUYeCcKast
PHeprus B ceueHnd 1-1)

rie  Z - pacCTOsIHHE OT MPOU3BOJBHO BBIOPAHHON TOPHU30HTAJIb-
HOM Iwiockocth orcuera 0-0 1o 1r000H TOYKH
paccMaTpUBaeMoro ceueHus noroka (puc.4.1.);

P - naBneHue B BEIOpaHHOW TOYKE CEUCHUS,

Y - YACIbHBIN BEC KUIKOCTH;

o - KOdPPHUIHMEHT KUHETHYECKOW dHepruu (KodpQuuueHT
Kopuonuca); nis taMuHapHOTO T€YEHUS O = 2, s
TypOyJI€HTHOrO OOBIYHO pUHUMaOT o = 1,1;

V - cpenHssi CKOPOCTh MOTOKA

g - yCKOpeHHUe CBOOOIHOTO MaJIEHUsI;

h, - cymmapHble T©OTepH Hamopa Ha MPEOJOJICHHE

THIPaBIMYECKUX CHJI TPEHUS MEKIYy ceueHusiMu 1-1 u
2-2.

Nunpexcor "1" u "2" yka3pIBalOT HOMEp CEUEHHS, K KOTOPOMY
OTHOCUTCS  BennuuHa. (CedeHus, CBA3BIBAEMBIE YPaBHEHUEM,
BBIOMPAIOTCS HAa ydYacTKaxX C IUIAaBHOM3MEHSIONIMMCS JIBHKCHHEM
KHUJKOCTH, XOTS MEXKIYy HHUMH JABI)KEHHE MOXKET ObITb U
PE3KOU3MEHSFOIIIMCSL.

Jlerko ycTaHOBUTH, 4TO ciaraemble ypaBHeHus (4.1.)
m3mepsitores B enuuunax Jbx/ H  —  sHeprus/cuia u mostomy
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BBIPAKAIOT TOT WIM WHOW BUJA YJEIbHOW (OTHECEHHOM K BeCy
XKUAKocTH) 3Heprun. Ha3zpaHus sHepruil yka3aHsl 110Jl ypaBHEHHEM.
MexaHH4YEeCKyI0 DHEPruI0 €IUHUIBI BECa JKUIKOCTH B T'MIPAaBIMKE

P a-V?
NPHHATO HA3bIBATh HANIOPOM: Z +— - MBbE30OMETPUYECKHM, v

g
CKOPOCTHBIM,

P oV
Z+—+ﬂ

y oo2g

W3 ypaBHeHusi cnedayer, 4YTO B Clly4ae OTCYTCTBUS
TEMI000MEHa MOTOKA ¢ BHEIIHEH cpeoi MoyHas yaeabHast SHepIus
(BKJIIOUAsl TEIJIOBYI0) HEU3MEHHA BJIOJIb MOTOKA U TO3TOMY
M3MEHEHHE OJHOTO BHUJA PHEPTHH MPUBOAUT K HMPOTHUBOIMOIOKHOMY
M0 3HAKy H3MEHEHHIO Jpyroro. TakoB »HEPreTHUECKU CMBICI
ypaBHenus bepuyim.

Cnenyer 3HaTh, uTO ypaBHeHHe bepnyman B ¢opme (4.1.)
SIBJISETCSA HanboJiee HarJISIIHBIM U YJJOOHBIM JUIsl PELIEHUsI IIUPOKOT0
KpyTra 3aj7ia4, UMeeT NMPUKIAJHOE 3HAUCHUE B MPAKTHKE W3MEpPEHUM
Ha 3emie, T.K. KaXKIO€ €ro ciaaraéMoe JIETKO OIpeaeseTcs
npocredmmMu ipubopamu. OHAKO B YCIOBUSIX OTCYTCTBUS WU
MIEPEMEHHOI0 TPaBUTAIIMIOHHOIO YCKOPEHHUS TepsieT cMbIca. B Takux
ciydasx OoJjiee CTpOroi siBisercs (GopMa 3amucyd ypaBHEHUsS, B
KOTOPOM SHEpruM OTHECEHBbI K Macce, a He K Becy (CHJIe TSKECTH)
KHUIKOCTU. J{J1s1 MoTy4eHus 3Toil pOpMBI TOCTaTOYHO BCE CllaraeMble
ypaBHeHus (4.1.) IEPEeMHOXKUTH HA YCKOPEHHUE CHIIBI TSHKECTH L.

['eomerpuueckuii cMbicn ypaBHeHHs (4.1.) 3akimtouaercs B
TOM, YTO €ro cjaraeMbleé MOTYT ObITb HM3MEpEeHbl B JIMHEHHBIX

= H - 0OJHBIM.

equunax  (egmaumax Hamopa) (Ix/H = HwMH = wm)
. P
FEOMETPUUYECKUI  Hamop  Z, TMbE30METPUUECKU HAaIop —,
Y
2
. a-V .
CKOPOCTHOW Harop 2— u motepsHHbIM Hamop h. U3mepenue

yKa3aHHBIX BBICOT MPOCTEHIIMMHU MpubOopamu (MEpHOM JIHMHEHKOIA,
nee3oMeTpoM, TpyOkoit Iluto) m rTpaduyeckas WLTIOCTpAIUS
ypaBHeHUs bepHynu nokasaHsl Ha puc. 4.1.
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Jlunus, coenuHsONIas YPOBHU JKHUJKOCTU B ThE30METpax,
Ha3bIBaeTCsl Mbe3oMeTpuueckoid. OHa WIUTIOCTpUPYET H3MEHEHUE
MOTEHIIUAJIBLHOW SHEPruM (MbE30METPUUECKOro Hamopa) Mo JJIUHE
MOTOKA, TaK KaK pacmojio)keHa HaJ IUIOCKOCThIO OTCYeTa Ha

P
paccrossHun  Z + —. JIMHMS, IPOBEIEHHAs Yepe3 YPOBHHU KUJIKOCTU
v

B TpyOkax Iluto, oTpakaeT pacmpenesieHHe IOJTHOW YIeTbHON
MEXaHHYeCKOH »HHepruu (MOJHOTO HAmopa) BIOJb IMOTOKa U

MMEHYETCS  HaIllOpHOM. [Tanenue momHOro Hamopa  h,
NpUXOJAIIEecs Ha E€IUHULY JUIMHBI IIOTOKA, Ha3bIBACTCS
TUIPABIMYECKUM YKIOHOM
] _ hmp
1

Jlunuu ynenbHOM sHEpruu (HamopHas W MbE30METPUYECKast)
JTAIOT HAIJISIAHOE MIPEACTABICHHE O MEPEX0JI€ OJHOTO BHUIa SHEPTHUH B
JIPYTOil 1O JUIMHE MOTOKA U MO3BOJISIIOT MPU PEUIEHUU MHOTHX 3a]a4
WHXXEHEPHOW MPAKTUKH YCTAHOBUTH 3HAYEHUS, IPUUUHBI U CTECTICHb
M3MEHSEMOCTH OCHOBHBIX MapaMeTPOB JIBIKCHHS KUAKOCTH. JIMHIN
YIEIbHBIX SHEPTUI CTPOSATCA B COOTBETCTBUU C HUKEIPUBEICHHBIMHU
MpaBUIaMU, BBITEKAIOIIMMU U3 ypaBHeHUs! bepHyu.

2
1. Hanopuas nuuusa (monHeld Hamop H =7 +—+ﬂ
y o2

MIOCTOSIHHO TMOHMXKAETCS M0 TeUeHHIO (€clM Ha paccMaTpUBAaeMOM

y4acTKE HET Hacoca) BBHAY HEOOpaTHMMOTO IpeoOpa3oBaHuUs

MEXaHUYECKOH SHEPrHH B TEIUIOBYIO NPU TPEOJIOJICHHH MOTOKOM

CHJI TuApaBiauuyeckoro TpeHus. [Ipuuem ykIoH suHUM (HOTEpU

Haropa  h,, ) Tem Ooilbllle, 4eM MEHBIIE CEYEHHE Yy4acTKa IOTOKa
(cm. puc.4.1.).

2. Ilpe3omerpuueckass JHHUSA (MBE30OMETPUUYECKHI Hamop

P y
Z+ —) B OTJIMYUC OT HAIIOPHOH, MOKET HC TOJIbKO IMOHUKATLCA, HO
4

U TOBBIIATHCS MO TEYEHHIO. DTO MPOMCXOAUT IPHU PaCHIMPEHUU
notoka (cMm.puc.4.1) u OOBSCHSETCd YMEHBLUICHHEM CKOPOCTH U
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2
. a-V N
KHHETHYECKOHN SHEPTHH EEy 4acTh KOTOPOM B CHIJIY COXpaHCHUS
g

P
0anaHca MEepexoJUT B MOTCHUHUAIBHYIO dHepruio Z +—. Jpyrumu

CJIOBaMH, IOHMKEHHE CKOPOCTU MOTOKa V. MIPUBOJIUT K
BO3paCTaHMIO IaBieHUs P 1o TeueHuto.

IIpe30MeTpHuecKas JUHUSA MPOXOAUT Yepe3 LEHTP TSHKECTU
BBIXOJTHOTO CE€YeHHUs KaHana (TpyOOmpoBoja) MpHU HUCTEYCHHUU
XKHUJKOCTU B aTMocdepy, U HUXKE OCH KaHalla, €CIIU JIaBJICHHE B HEM
MeHee aTMOoCc(hepHOTO.

3. PaccrosHue Mexny Ibe30METPUYECKON U HAIOpHON
JVMHUSIMH YUCJIEHHO PaBHO KHHETHUYECKON YHEPTUH

aV? a-Q 8a-Q°

2

2g 2gw gr’d’

Y TI09TOMY 00paTHO MPOIOPIIHOHAIBEHO TUAMETPY CEYCHHUS MTOTOKA B
4eTBepTON cTeneHu. [ ydacTKOB IMOTOKA MOCTOSHHOI'O CEYEHHUs
CpeHHE CKOPOCTH OJMHAKOBBI MO MYTH, MO3TOMY JIMHUM yAEIbHBIX
SHEpPrui, Kak IMpaBHIIO, TMapajUIeNbHbl MEXAy coboil (cm.puc.4.1).
OTH JTUHUY [Tl TIOTOKOB B KOH(PY30PHBIX (KOHUYECKH CXOISIINXCS)
narpybkax  pacxomsarcsa, a B 1au(pdy30pHBIX  (KOHHYECKH
pacxonsmuxcs) - cxoaarcs. B 6akax u BogoeMax, rie *HJIKOCTb He
neukercs V. = 0, JUHUHM JHEPTH COBMATAIOT CO CBOOOJHOMN
MOBEPXHOCTHIO, €CITH OHA HAXOAMUTCS IO aTMOC(HEPHBIM JTaBICHUEM.

4.2. Onucanue ycrpoiicrea 4

YcTpolcTBO 4 U1 ONBITHOTO TOATBEPKICHUS YPaBHEHUS
BepHymu mmeer mpo3payHbIl KOpPIYC M COAEpXUT Oaku 1 u 2,
OTJIEJICHHbIE JPYT OT JApyra Npo3padyHoil 00beMHON Meperopoakoi 3
(puc.4.2, a). B meperopojike BBITIOJHEHBI OMBITHBIE KaHAIBI 4 U 5
MIEPEMEHHOT0 U MOCTOSHHOIO ceueHus. KaHanel coeAMHEHbI MEXITy
co00ifl paBHOMEPHO paCHOJIOKEHHBIMH TMbe3oMeTrpamu 1 - 7,
CIyXalllUMU JIJI U3MEpPEHUs MbE30METPUUYECKHX HAlopoB B
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XapaKTePHBIX CEYEHHUSX. YCTpoCTBO 4YacTUYHO — 3aII0JIHEHO

MOAKpAIIeHHOW BOMOM. 111 M3MEpeHus: ypOBHs BOJBI B OJHOM H3

0aKoB MpeayCMOTpEHA IIKaia 6 ¢ MUJUTMMETPOBOM IIEHOM JIeTICHUH.
B nonoxenusix ycrpoiicta, n300pakeHHbIX Ha puc.4.2, a, 0,

Osarojapsi MOCTOSHCTBY Hamopa HCTEYEHUs H, Bo Bpemenu

o0ecrieuynBaeTcs yCTaHOBHBILEECS JBIKEHHE BOJBl B HUKHEM
KaHaje. BepxHuMiI KaHalm B 3TO BpeMs IPOMYCKaeT BO3AYX,
BBITECHSAEMBIN JKUIKOCTHIO M3 HIDKHEro 0aka B BepxHui. Cremyer
OTMETHTh, YTO HANOp MCTEYEHHUS HCHBITHIBAET KoJeOaHMs,
BBI3bIBAEMBIE  CHJAMH  IIOBEPXHOCTHOIO  HATSDKEHUS  IIpU
o0pa30oBaHMM U OTPBIBE Iy3bIpEl Ha BBIXOJHOM KOHIIE BEPXHETO
kaHana. OJHAKo BBHJY MaJlOCTH Takue HW3MEHEHMs Hamopa B
pacuerax He yuuTbIBalOTca. Pacxom B KaHalax  MOXET
BapbUPOBATHCSl HAKJIOHOM YCTPONCTBA (CM.ONMCaHUE YCTPOMCTBA 5).

4.3. Ilopsiiok BbINOJTHEHUsI pa00ThI

1. U3meputh cToponsl A, B monepeunoro ceuenus 6aka 1 u
TIOJIHBIA HaIop Ha BXOJI€ B KaHaJl, PaBHbII MEXOCEBOMY
PacCTOSIHUIO KaHAJIOB.

2. Ilpu 3amomHeHHOM BOJON Oake | MOCTaBUTH YCTPOMCTBO
Ha ctos 6akoM 2 (cm.puc.4.2, a).

P
3. CHATh NOKa3aHUS MbE30METPOB — IO HUXKHUM YacTsIM

/4

MCHHUCKOB BO/JIbI.
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4. CexyHIOMEPOM ONPEEIUTh BpeMs t HU3MEHEHUS ypOBHS
B Oake | Ha BenmuuuHy S. 3Ha4YeHUsT 3aMEPEHHBIX BEIUYUH U
IJIOMIA M (O CEYeHUM MoToka (yKa3aHbl Ha KOPIyCE YCTpOMCTBA)
BHecTH B Ta0n.4.1. [lmomane moToka B CEUeHMHM 3 OIpEACsieTCs
CEYECHHEM TPAH3UTHOM CTPYH M TIOITOMY IPUHHUMAETCS PaBHOM

miomaan B CCUCHUU 2.

28



5. TlopcuuTaTh 3HAYEHUS TOJHBIX HAMOPOB B CEUEHUSX
KaHama 4 1o TopAnKy, ykazanHomy B Tabm.4.l. Koaddumument
KHMHETUYECKON SHEPTUU MPUHATH PABHBIM a =1.1.

6. Ha muimmeTpoBoii Oymare BEIYEPTUTH B MACIITa0e cXeMy
kaHana 4 ¢ neezoMmerpamu. [lnockocts oTcuera 0-0 mpoBecTu depes
OChb KaHajia, YTO MO3BOJISIET UCKIIOUUTh U3 PaCCMOTPEHUSI OPAMHATY
Z. Ilo mnoka3aHusM TIb€30METPOB HAHECTH IMbE30METPUUYECKYIO
JUHUIO, 3aKaHYMBAIONIYIOCS B LIEHTPE TSAKECTH BBIXOJHOTO CEUCHHS
kaHana 4. Jlyisi mocTpoeHUsI HAOPHOW JTMHUU OTJIOXKUTH B KaXKJIOM
CEYEHUHU OT TUIOCKOCTH OTCYETA IMOJIHbIE HANIOPHI B BUJIE OTPE3KOB U
COCMHUTh HMX KOHIBL Jlnsg xkuakocth B Oake 1 HamopHas u
MbE30METPUUECKasi JTUHUU TOPU3OHTAIIBHBI U MPOXOISAT HAa YPOBHE
OoCH KaHaia 3.

7. OOBACHUTH XOJ JHHUH yAEITbHBIX DHEPrUd C
WCIONIb30BaHUEM TIPaBUII pazzena 4.1. u mpoaHaIU3UPOBAThH MEPEX0]]
OJIHOT'O BHJIa SHEPTHH B IPYTOH.

Tabmuma 4.1.
HawnmenoBanue O06o3Hauenus, Ceuenune MoTOKa
BEJIMYHMH bopmyITbI 213145617

1.Ilnomanp ceueHus ®

2
MOTOKA, CM
2.CpenHsisi CKOPOCTh Vo Q
B CEUYEHHH, CM/C o
3.11pe30MeTprYECKU P
i Hanop (MoKa3aHus ¥
IIbE30METPOB), CM
4.CxopocTHOM a-V?
Harop, cM 2g
S5.IlonHseli Hatop, cM| P o .V?

y 2g
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6.Pa3zmepsl ctopoH A B A=21; B=4
MOTICPEIHOTO
ceuenus Oaka, cM

7.1lepemenienue S
YpPOBHsI BOJBI B 0ake,
cM

8.Bpems t
HaONIOIEHUS 3a
H3MEHEHUEM
YPOBHS, C

9.Pacxon, oM’ /e _ ABS

10.ITonHbIi HanIOp Hy 10
Ha BXOJ¢ B KaHaJl,
cM

PABOTA 5. OIIPEJEJEHUE MOTEPH HAIMIOPA T10
IJIUHE

Ilenv  pabomwi:  OCBOCHHE  DKCIEPUMEHTAJIBHOIO U
pPacdeTHOro CrocoOOB OMpeeNeHHs MOTeph HAmopa Mo UIMHE MpU
HAIIOPHOM PaBHOMEPHOM TEYECHUH KUIKOCTH.

5.1. O0mme cBeageHus

Haxoxnenne  motepp  Hamopa  (©moTepb  yAEJIbHOU
MEXaHUYECKON HHEepruM) MpHU ABMXKEHHUU KUAKOCTEH COCTaBIsET
OJAHY M3 OCHOBHBIX 3aJa4 NPaKTUYECKOW TUIApaBIUKU. B
3aBUCUMOCTU OT MOTEPh HANoOpa B THAPOCHCTEMAX HA3HAYAKOTCS
TuaMeTpsl TPyOOIPOBOIOB, BBICOTA PACIIONOKEHUSI 0aKOB, HAMOP M
MOITHOCTh HACOCOB.

[Tonuele motepu Hamopa  hy, Ha TPEOJOJICHUE CHUI

THAPABINYCCKOro TpC€HUA IIPHU TCUCHUHN KUJAKOCTH CKIIAAbIBAOTCA U3
NOTEPb HAIlOpa IO AJINHE h() " MCCTHBIX MOTCPH HAIIOPa hMZ
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hmp = h() + h,w

HOTCpI/I Haropa 1o JJIMHE BbI3BAHbBI TOPMO3AIIUM I[@ﬁCTBHGM
CTEHOK, NPUBOJAALIMM K BS3KOCTHOMY TPEHHUIO YacTUI[ U CTPyeK
XKHJIKOCTH JIpYT OT JpyTra BIOJbL TpyOOmnpoBoaoB. Takue notepu npu
PAaBHOMCPHOM TCYCHHUU IIPOMOPUHUOHAIBHBI JJIMHC IIOTOKAa W JJIA
Kpyraelx TpyO (kaHasioB) omnpenensitorcss mno ¢opmyne [lapcu-
Beiibaxa

2
h, _A L (5.1)
d-2g
rne A - KO3(pQUUUMEHT TUAPABIMYECKOTO0 TPEHHs  WIH

koapuuuent Japcu;

[, d - COOTBETCTBEHHO JUIMHA U BHYTPEHHUI TUaMETp TPyObl
(kanama);

V - cpenHss CKOPOCTh MOTOKA.

Ha puc.5.1 B morapudMuveckux KOopaAuHaTaX MpeICTaBICHBI
pe3yJIbTaThl OIIBITOB K.Konsbpyxka 1o HCCJIEIOBAHUIO
T'MJIPABINYECKOT0 CONPOTUBJICHUS TeXHUUYECKUX TpyO. M3 pucynka
BUJIHO, YTO KOX(PUIMEHT TpeHUs: A B OOIIEM clyyae 3aBUCUT OT
yucna PeliHonbaca Re M OTHOCUTENBHOW IIEPOXOBATOCTH CTEHOK
Tpyosl A/d (rme A - cpeaHss BbICOTa BBICTYIIOB IIEPOXOBATOCTU
CTCHOK WUJIH a0COIIFOTHAS IIEPOXOBATOCTB ).

[Tpu mamunapaoMm pexume (mpu Re < 2300) xosddunuent
TPEHUs BeIUMCIAETCs 10 TeopeTrueckoil popmyine XK.Ilyaszeitns, no
KOTOpOH Ha rpaduKe TNOCTPOCHA JHHUS JIAMHHAPHOTO pEXHMa

64

A=—-.
Re
[ToncraBnsss 310 BBIpakeHue Uit A B Qopmyny (5.1) u
. vd
pacmuceiBass uucino PeiiHompaca — Re = —, momydaem, 4To B
v

JaMUHAPHOM TOTOKE MOTEPH HAropa I0 JUIMHE MPOMOPIHOHATBHBI
cpenHeil ckopocTH B mepBoit cremnern (h~V'),

[Tpu TypOyJeHTHOM pexXHuMe TeueHHs pa3lIudaroT 001acTh
THJIPABIUYECKH TIaIKUX U MIEPOXOBATHIX TPYO (CTEHOK).

TpyOy mnu CTEHKY CUMTAIOT T'MAPaBIMYECKH TIAAKOM, eciu
cobmro1aeTcs yciaoBue
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2300 < Re < 10%.

B sTOM cnydae mnpuneraromuii K CTEHKE JIAMMHAPHBIA IOJCION
TypOyJIEHTHOTO IOTOKa IOKPBIBAET BBICTYNBI LIEPOXOBATOCTH U
IIOTOK HE MWCHOBITBIBAET  JOMNOJHMUTEIBHBIX  3aBUXPEHMH  OT
nrepoxoBatocT. [1oaToMy B 0051aCTH THAPABINYECKH TIIAJKUX TPYO,
Kak ¥ B JAMMHapHOM pEXHUME, A 3aBUCUT TOJIBKO OT YHCIA
PeiiHosb1ca M BBIUKCIIAETCS 110 SMIupudeckoit popmyse I'.brnasuyca
d= 0,316
ReO,ZS
[To »srToit dopmyne Ha puc.5.1 mocTpoeHa HAKIOHHAS HIDKHSISA
npsiMasi, OINHUCHIBAMOINIAasi O0JacTh TIaAKuX Tpyo A0 Re = 10°.
[oncraBmnsis BelpaskeHHe Ui A B popmyiy (5.1) nerko nokasars, 4To
B DTOI oOact hy~ Vi

1 ] T
__,‘._f_ ' mypayaeymusid p.?}fm,f:
k 68, a\0B
008 —% X =odl (84 5) —]
2\ Retd
005 £A = ~] / %

\Ex:"'f; B L L T L 9:95’

7
§%§

002 A .. S e
) : e g004
0015 L NS
U e sure [ -0316/Re* RS R o O gk
goi0 L i b AR

' 10° 107 10° 10°  Re

Puc.5.1

C yBenuyeHueMm uuciia PeiliHonbAca, HampuMep, 3a CUET
MOBBIIICHUS] CKOPOCTH TEYEHUSs, TOJIIHMHA JIAMUHAPHOIO TMOJCIIOS
TypOYJIEHTHOTO TIOTOKA YMEHBIIAETCS U MIPH

Re >10£
A
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BBICTYIIBI ILIEPOXOBATOCTH Orojsitorcss. OHM HAuYMHAIOT BHOCUTH
JIOTIOJIHUTENbHBIE BO3MYIIEHUS (BUXpU) B TYypOYJEHTHOE SApPO
MOTOKA, YTO TMPHUBOJUT K BO3PACTAaHUIO TOTEPh HAIoOpa; B 3TOM
cilydae TpyOa (CTeHKa) Ha3bIBAaeTCs T'MIPABIMYECKHU HIEPOXOBATOM.
Ob6nacTe mepoxoBaTeiX TpyO IpecTaBiIeHa Ha TpaduKe ceMelCTBOM
KpUBBIX, HaxXOJSIIMXCS TMpaBee JHMHUM TIAgKuX TpyO U
onuchiBaeMbIX hopmysion A.Jl. AbTiryist

68 AJOJS

izO,ll[—Jr—
Re d

dopMyra yka3plBaeT Ha yBelnueHHe Kod(puimenTa TpeHus

. A
A cC BO3PACTAHUECM OTHOCUTCIIBHOU MIEPOXOBATOCTU E CTCHOK. HpI/I

OCTATOYHO OOJBIIMX YHcIaX PelHoabaca Re > w0, xorma
MPaKTHYECKH OTCYTCTBYET JIAMUHAPHBIN TOJCION, KOIDPHUITUEHT A
He 3aBucur oT Re. OH omnpexaensercs aHIIb OTHOCUTEIBHOMN

A
HIEPOXOBAaTOCTBIO i CTEHOK U N03TOMY KpHBbI€ IpadrKa MepexoasT

B TOPH30HTAJBHBIC MPSMBIC, a MIOTEPU HAIOPA IO JJINHE CTAHOBSITCS
IIPOIIOPIIHOHAIBHBIME KBafpary cpenneil ckopocta (hy~V?). Dty
4acTh 00JIACTH MIEPOXOBATHIX TPYO HA3BIBAIOT 30HOM KBaJPATHUYHOTO
COTIPOTUBIICHUS.

Wrtak, s BBYHCICHWS TIOTEPh HAmopa IO JUIWHE
HEO0OXOIMMO TMpPEeIBAPUTENILHO BBIIBUTH O0JACTh COINPOTUBICHUS
(obmacTh MaMUHAPHOTO ABMXKEHHS, OONACTh TIAIKUX WM 00JAcTh
IIEPOXOBATBIX CTEHOK TYpOYJIEHTHOTO JBIJKEHHUS), a 3aTeM
onpenensiTe Kod(PQUIMEHT TPEHUs IO COOTBETCTBYIOIIUM 3TUM
obnmactssm ¢opmynam. Ilotepu Hamopa B TpyOax HEKpPYIJIOTO
CEUYEeHHUS MOXKHO OIpeNesaTh Mo QopMmylaM ais KPYIIbIX Tpyo,
MOJICTaBMsIi B HHUX BMECTO TEOMETPUYECKOTO THUIPABINYCCKUN
nuametp d = d..

BrimenpuBeeHabie GOpMyIibl MPUTOAHBI JIJISI BBIYMCIICHUS
kodpduleHTa TpEeHUsT TpU PABHOMEPHOM TEUEHUH, KOTOPOE
yCTaHABIMBAaETCs B TpyOe (KaHale) IOCTOSIHHOTO CEYEHHUs Ha
HEKOTOPOM pAaCCTOSIHUM OT BXOJA. YYacTOK, MPEAIIeCTBYOIINI
HACTYIUICHUIO PaBHOMEPHOTO JBIKEHHUS JKUAKOCTH, HA3BIBAETCS
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HadaJbHbIM (pa3roHHbIM). OH XapaKTepu3yeTcs IOBBIIIEHHBIMU
MOTEPSIMA HAIOpa, YTO OOBSCHICTCS HEPABHOMEPHOCTHIO TEUCHUS
W3-3a W3MEHEHHUS OSMIOPbl CKOPOCTEeH (HECMOTpPsI Ha MOCTOSIHCTBO
CpedHel CcKopocTH) Mo MmyTH. Tak, HampuMmep, Ha BXOJAE U3
pe3epByapa B TpyOy HYacTHIbI XHJIKOCTH HMEIOT OIMHAKOBYIO IO
CEYEHHIO CKOPOCTb, a TI0 MEpe yAaJleHUs OT BXOJa 3aMEUISIIOTCS y
CTEHOK U YCKOPSAIOTCS HA OCH MOTOKA.

[TepedopmupoBaHre SHIOPBI CKOPOCTEH  COMPOBOXKAAETCS
JIOTIOJTHUTEIBHBIM PAcXO/IOM DJHEPruM M 3aBeplIaeTcss B KOHIIE
HAYaJbHOTO ydyacTKa. J[IMHa HavanbHBIX yYaCTKOB M MIOTEPH HAIOpa
Ha HUX OMpPENENSIOTCS N0 CleNUalbHbIM (OpMysiaM, PUBEACHHBIM
B CIIPaBOYHOH JINTEpaType IO I'HJIPABIUKE.

B oOmem cnyyae moTepu Hamopa B XOJIe  OIBITOB
OTIPENIENIAIOTCS ~ PAa3HOCTBIO  TMOJHBIX ~ HAMoOpOB  HA  KOHIAX
paccMaTpuBaeMoro ydactka motoka. OJHako MpH pPaBHOMEPHOM
JIBIDKEHUHM KHHETUYECKUI Harop He U3MEHSIETCS 0 IyTH U MI03TOMY
MOTEpU HANoOpa pPaBHbI Pa3HOCTH TOJBKO IbE30METPHUECKUX
HATOpOB, TO €CTh HAXOMAATCS KaK pa3HOCTh IMOKa3aHUH MThE30METPOB,
YCTAaHOBJICHHBIX Ha KOHIIAX OIMBITHOTO yYacTKa KaHaja (TpyOsl).

5.2. llopsinoK BBINOJTHEHUs PadOTHI

1. IIpu 3anmoaHEeHHOM BOJIOM Oake 2 MOCTaBUTh YCTPOMCTBO 4
Ha cTtoia 6akom 1 (cm.puc.4.2, 6).

2. CHATp 1OKa3aHMS TbE30OMETpoB 1 - 7, uU3MepUTh
paccTosiHME MEXly HUMU U BpeMsi t U3MepeHus ypoBHs B Oake 1 Ha
IIPOU3BOJIBHO 3a/IaHHYI0 BEIMUUHY S.

3. CHATp TmNOKa3aHWs TEPMOMETpPA, HAaXOASALIErocs B
ycTpoiictBe 1, u3meputh cropoHsl A u B nonepeunoro ceuenus 6axa
1.

4. 3HayeHUs 3aMEpPEHHbIX BEJIMYMH BHECTH B TaOi.5.l1.
PazMepsl cTopoH a ©b  MONEpeyHOro ceYeHus KaHajla yKa3aHbl Ha
KOpITyCe YCTPOMCTBA.

5. Ha Oymare ¢ MWUIMMETPOBOM CETKOM H300pa3uTh B
Maciutabe KaHal 5 ¢ Mbe30METpaMU M MOCTPOUTH IO MOKA3aHUAM
MbE30METPOB NbE30METPUUYECKYIO JIMHUIO. Ha 3TOM JIMHUY BBIICIIUTH
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y4acTOK c MIOCTOSIHHBIM YKJIOHOM, COOTBETCTBYIOIINN
paBHOMepHOMY TeueHuto. Omnpeaenutb ero JMHY | W OmbBITHOE
3Ha4eHUe MOTeph hy pa3HOCTBIO MOKa3aHUH KpalHUX MbE30METPOB
Ha HeM (cm.puc.4.2, ).

6. Haiitu umcno PeliHonmpaca [uisi MCCIIETyeEMOrO pekuma
TEYEHHUs] M pacyeTHOE 3HAueHue NoTepb Hamopa h, Ha ydacTke
PaBHOMEPHOTI'O TEUEHUS BOJBI B KaHAJE 5 10 MOPSAIKY, YKa3aHHOMY B
Tabm.5.1.

7. HaWTH OTHOCUTENBHOE PACXOXKACHUE OIBITHOIO U
pacueTHOro 3HadeHW morepb  Hamopa. OOBACHUTH  ATO
pacxoXIeHHUE.

Tabnura 5.1.

HaumenoBanue BenuunH | O603HaueHus1, popmyibl | 3HaYeHUs

BEJIMYMH
1.Pa3meps! nonepeyHoro ab
CEYEHHUs KaHala, CM
2.Pa3mepsl onepevyHoro A, B
ceuenus O0aka, cM
3. Temneparypa Bonbl, C T
4. I3MmeHeHne ypoBHS BOJbI S
B 0ake, cM
5. Bpemst HabGmtoieHust 3a t

HN3MCHCHUCM YPOBHA, C

6.IToxazanus npe3oMer- P P,
POB, CM P 7
7. PaccrosHEE MEXK LY !

KpallHUMH MTb€30METPaMU
Ha y4acTKe paBHOMEPHO-
r'0 JIB)KEHUS, CM

8. OnbITHOE 3HAYEHUE I P, 2
NoTeph HATopa Mo JUINHE, A 7 a 7
cM
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9. Pacxox BOOEI, em/c 0= ABS
¢
10.I'ngpaBnnyeckuii 1ua J - 2ab
METp KaHala, CM ° a+b
11.Cpennsist ckopocTh B - o
KaHaje, cM/C " ab
12 . KuHeMaTn4eckuii Ko- 17.8

3¢ HUIUEHT BA3KOCTU BOJIHI,
2
cM” /c

VvV =
1000 + 347 +0.227*

13.Yucno Peitnonpaca Vd,
Re=—=
4
14.Koapdpumment TpeHwust A =64/Re

Re <2300
2300 <Re <10 d/A

npu

A=0316/Re™”

68 AT
A=0,1 1(— + —J

Re > 10 d/A Re d,
15.PacueTHOE 3HAUEHHE , 0 V?
MOTEPh HANOpPa MO JTHHE,CM hy = ld_g
16.0THOCUTENIBHOE PaC- 5 - (h, —h})
XO03KJICHHAE OMBITHOIO U h— h$

pacueTHOro 3HaAYeHU N
MOTEPh

Ilpumeuanue.

AOCOJNIIOTHYIO  IIEPOXOBATOCTh
npuHTH paBHOU A = 0,001 MMm.
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PABOTA 6. OIIPEJEJIEHUE MECTHBIX IIOTEPb
HAIIOPA

Ilenv padomer. OmnpenesneHUE OMNBITHBIM IYTEM IOTEPh
Haropa Ha IpeoJ0JICHUE MECTHBIX CONMPOTUBIECHUN U CPaBHEHUE UX
C paCCYMTAHHBIMU 110 UHXXEHEPHBIM (hopMyIam.

6.1. O0me cBegeHus

MecTHble MOTepU Hamopa (PHEPTUU KUIAKOCTH) BO3HHUKAIOT
Ha KOPOTKHX y4acTKax TpyOOIpoBoJia C MPEeNATCTBUAMM Ui OTOKa,
Ha3bIBAEMBIMM  MECTHBIMM  cOnpoTuBiIcHMsMH. K  MecTHbIM
THIPaBIMYECKUM  CONPOTHBIICHUAM  OTHOCATCS  BHE3AIHOE
pacliMpeHue U CyXeHue TpyO, BEHTWUIIM, 3aJBUKKH, KIIANaHbI,
KOJIEHA, pEIIeTKH, CeTKH M JApYrue 3JIEMEHThl TUIAPOCHUCTEM,
U3MEHSIOIINE KOH(UTYypalnio CTeHOK TpyObl WM KaHaia. MecTHble
CONPOTUBIICHUS  BBI3bIBAIOT M3MEHEHUE CKOPOCTH  JIBUKCHUS
KUJKOCTH 1O BEJIWYMHE M HAIPaBJICHHIO, YTO IIOYTH BCerja
IPUBOAUT K OTPBIBY IOTOKAa (TPAaH3UTHOW CTPyH) OT CTEHOK H
BO3BPaTHOMY TEYEHHMIO JKUAKOCTH OKOJIO HHX, TO €CThb K
00pa3oBaHMUIO LUPKYJIAIUOHHBIX 30H (puc.6.1, a). MexaHudeckas
SHEpPrusl IMOTOKAa, IOIJomaeMas LUPKYJISIMOHHBIMA 30HAMU JUIS
CO3JIaHUsI U MOJJEP)KaHUS BpallleHUs >KMIKOCTH, COCTaBIISIET, B
OCHOBHOM, MECTHBIE ITOTEPH Hanopa (MeXaHU4eCKOM SHeprun).

BenuunHa MECTHBIX IIOTEPh HAIlOpa H3KCIEPHUMEHTAIbHO
OTIpesIeNIAeTCSl Pa3HOCTHIO MOJHBIX HAMOPOB JKMJKOCTH JI0 U TOCTe
MECTHOT0 conpoTusieHus. Hanpumep, notepu Hamopa Ha BHE3aIllHOE
pacupeHie ropu30HTaIbHOTO MoToKa (cM.puc.6.1, a)

2 2
P - LI

y 28 y 28
Ecnu auamerpsl TpyOBl 1O M MOCJIE MECTHOTO CONPOTUBIICHUS

a, V12 anzz
OJIMHAKOBBI - CKOPOCTHBIE HAMOphl ——— =——=—_ [loaTOMY
2g 2g
MCECTHBIC HOTepI/I HaHOpa, KaxKk 1 B Cﬂy‘{ae HOTepL HaHOpa 10 OJIWUHC
TpyOOIIPOBOJA  MOCTOSHHOTO  CEYEHHS, H3MEPAIOTCS  TOJBKO
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pa3HOCTBIO TOKa3aHWM Mbe3oMeTpoB. Tak, moTepu Hamopa Ha
nuadparMe, YCTAaHOBJICHHOH B TpyO€ TIOCTOSIHHOTO CEUYCHHS
(cm.puc.6.1, 6)

_B_ P

vy
[Ipu sTom mepHble ceueHus 1-1 m 2-2 (cedeHHs AT YCTaHOBKH
MbE30METPOB) BBIOMPAIOT C TaKUM pPacyeToM, YTOOBI B HHX
CO6HIOI[EIJIHCB YCJIOBHA IUUIABHO HM3MCHAIOMICTOCA IOBWIKCHUA U
TPaH3UTHAS CTPYS TOJTHOCTHIO 3aIOJIHSIIA TPYOy.

Crnenyer 3aMeTuTh, 4TO AJi1 Oojiee TOYHOTO OIpeaeTeHUs
MECTHBIX TMOTEPh, U3 BBIIICYKA3aHHBIX BBIPAKEHUI HY>KHO BBIUECTh
NOTCPU MO MJIMHE HAa YHACTKE C MCCTHBIM COIIPOTUBJICHUCM. OI[HaKO
BBUAY MaJIOCTU pPaCCMATPpUBACMOI'0 ydacTKa H 3HAa4YCHUH MOTEPHb
Haropa 1o JUInHe, UMH OOBIYHO TIPeHeOperaror.

B wumKeHepHBIX pacueTax s OMNpeJeNieHUs IOTeph
MeXaHUYeCKOU SHECPTUn Ha MECCTHBIX COIIPOTUBJICHUAX
ucnions3yercs (opmyna [O.BeiicOaxa, BbIpakaromias TIOTEPH B
JIOJISIX OT CKOPOCTHOTO Haropa

h

M

N
h, = J (6.1)
2g
rie & - K09(hPHUIMEHT MECTHOTO COTPOTHUBIICHUS;
A% - CcpemHAsS CKOPOCTh TIOTOKa 33  MECTHBIM

COINPOTUBIICHUEM.

B OonpmmHCTBE cilyyaeB MpH MOACYETE MECTHBIX IOTEPh
Hanopa 1o ¢opmyie (6.1) UCTIONB3yIOTCS B OCHOBHOM CIPaBOYHBIE
SMIUpPUYECKHE 3HaueHus &, KOTOpble 3aBUCAT OT TIE€OMETPUU
MECTHBIX compoTuBieHuN u uyucia Re. Teopernmueckue GhopmyIibl
JUIsL  ONIPENENEHUs IMOTEph HAmopa IOJY4YEHBI TOJIBKO  JUIS
MPOCTEUIINX BHUAOB MECTHBIX CONpOTHUBJICHMNU. Tak, IPUHATO
CUMTaTh, YTO NOTEPH HAmoOpa B ClIy4ae BHE3AMHOIO PaCIIUpPEHUS
TpybonpoBoga npu Re>3000 ¢ pocTaroyHbIM NPHOIMKEHHEM
BBIpXKAIOTCS TeopeTrueckoit popmynoit XK.bopaa

— (Vl _Vz)z

6.p.
? 2n

h (6.2)
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raie V, u V,- cpeaHue CKOPOCTH [BUKEHUS N0 U II0CIE
pacuupenus. M3 ¢opmynsl (6.2) ciemyer, 4TO HOTEpU Hamopa
BCJIEICTBME BHE3AITHOI'0 PACIIMPEHUST PaBHBI CKOPOCTHOMY HAaIlopy
MOTEPSIHHOM CKOpOCTH. JTa (opMmysia C TOMOIIBIO YpPaBHEHHS
HepaspelBHOCTH V@, =V,w, MoxeT ObITh MNpHUBEIEHAa K BUIY
dbopmyiel (6.1), oTKyaa clieyeT, 4To

2
0]

$op. = w—?— (6.3)
[Ipu BHe3amHOM cyxeHuWH KaHana (aumadparma B TpyoOe,
pe3Koe yMeHbIlIEHHE auaMerpa TpyObl) CTpys KHIKOCTH, MPOMJs
OTBEPCTUE IUIOUIA/IBI0 () CXKHMMAETCS U JOCTHraeT HaMMEHBIIEeH
miomanain . B cedennn C-C (cm.puc.6.1, 6, B). 3atem crTpys
MIOCTOSIHHO pPAacUIMpsieTcs, MOKa IUIOMIaJb €€ CEYEHUs HEe CTaHeT
paBHa IuIoIIa M cedyeHus TpyOnl . [Ipu TypOyJIeHTHOM ABMKEHUU
MECTHBIE TIOTEpU IMPHU ATOM pPaBHBI MOTEPSAM HAMOpa HAa Y4acTKe
pacuupenust ctpyd. Ilostomy ko3dduuumeHTs paccMaTpuBaeMbIX
MECTHBIX CONPOTHBIICHUN ompeneistorcs mo dopmyne (6.3), raoe
BMECTO (| MOJICTABIISIETCS 3HAYCHHUE M, ONpeensieMoe U3 GopMyIibl

A L. AnbpTiryns

0.043

1.1—”/
W,

[Tpu Bxonme B TpyOy U3 pe3epByapa, SIBISIONIMMCS YaCTHBIM
CllydaeéM BHE3allHOTO CY)KEHHUs, KOI(P(QUIMEHT CONPOTUBICHUS
BXOJa IPU OCTPHIX KpoMKaX &gy = 0.4 - 0.5, 4TO COOTBETCTBYET
3HAYEHUIO KOAPPUIIMEHTa, OTpeeieHHOro u3 Gopmy (6.4) u (6.3)
npu ©y/®—> @, / @, —> . Ilpn 3akpyrneHssx kpomkax &, =02 u

8x

®, =w, 0.57+ (6.4)

npu miaaBHoM Bxoge &, = 0.05. Oty 3HaueHHs KOIPPUIMEHTOB

yKazaHbl I TypOyJEHTHOTO peXHMa JBUKCHHS IKUIAKOCTH,
KOTOpLIfI NPpUCYTCTBYCT B MECTHBIX CONIPOTUBJICHUAX B
MOJIABIISAIONIEM  OOJNBIIMHCTBE CiiydaeB. llpm d3TOM 3Ha4YeHUS
KO(pPUITMEHTOB  MPUOOPETAIOT  TOCTOSIHHBIC  3HAYCHHUS, HE
3aBHCsIIKE OT yrcia Re.
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2
a,V,

2g

oV’
2g

adle

Puc.6.1
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6.2. Ilopsanok BbINOTHEHHS PA0OTHI

1. M3meputhb cTopoHs! A u B monepedynoro ceuenus 6aka 1 u
MexoceBoe paccTossHue H |, xaHanos 4 u 5 B ycTpoicTBe 4.

2. Tlpwu 3amonHeHHOM BOJI0# 6ake 1 MOCTaBUTH yCTPOUCTBO 4
Ha cToja 6akom 2 (cm.puc.4.2, a).

3. CHaTh mOKa3aHUA THE30METPOB 1, 2, 5-7 MO HUKHUM
Y4acTsIM MEHHUCKOB BOJIbI.

4. CexkyHAOMEpPOM ONPEIETUTh BpeMsl t U3MEHEHUsI YPOBHS B
Oake 1 HA MPOM3BOJIBHO 33JJAHHYIO BETUYHHY S .

5. U3mepenns no n.m.3 u 4 BBIMOJHUTH TpHU paza. CpenHee
apudmeTnyecKoe 3HaYE€HUE M3MEPEHHBIX BEJIMYMH M yKa3aHHBIE Ha
KOpIIyce yCTPOMCTBA IIIOIAAN MEPHBIX CEYEHHI BHECTH B Tabm.6.1.

6. I[loncunTarh 3HaUY€HUS Pacxo/a, MOJHBIX HAOPOB(MPU O
= 1.1), ONBITHBIX W PACUYETHHIX 3HAYCHUH MECTHBIX IMOTEPh HAmopa
Ha MHCCIEAYyEMBbIX THUIPABIMYECKUX COMNPOTUBIEHUSAX, a 3aTeM
OLICHUTh WX pacxoxacHue. OOBSICHUTh TPUUUHY PACXOXKICHUS
OTIBITHBIX U PACUETHBIX 3HAYEHUW MECTHBIX MOTEPh.

[Tpumeuanue. ITonnenii Hanop H, B Gake 1 mepesn Bxomom B

KaHan 4 omnpenenuts pasHocTeo H, =H,—Ah Hanopa Hy u

BEJIMYUHBI A, 3aTpayMBaeMOM Ha MPEOJI0JEHUE CHUJI TOBEPXHOCTHOTO
HaTsDKEHUs TpH 00pa30BaHUU My3bIpeil Ha KOHIIE KaHanua 5

Ah =29

dy
rae Kod(QQHUIUEHT MOBEPXHOCTHOTO HATSDKEHUS G JUIs BOJBI
npuHIMaercs paBasM 73 10 H/wm, yaensueii Bec v =9,8%10° H/m’
B dopmyne uepe3 d o0o03HaYeH THAPABIWYECKHA JAHAMETP
BBIXOJTHOTO CEUEHMsI KaHania 5.
3HavyeHne Kod(pUIMEHTa MECTHBIX MOTEPh HA BXOJ MIPUHATH
B COOTBETCTBUHU C 11.6.1.
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Taobnuua 6.1

HaunmenoBauu
€ BEJINUYUH

O06o3Ha-
YeHHE,

bopmybl

Bua conporuBienus

Bxon

Pacmm
peHue

CyxeHn
ue

1(0) | 2(1)

13) | 2(6)

16) | 2(7)

1.Ilmomanu

CEUCHMI,

2
CM

Q)

2 Iloka3zanus
MTbE30METPOB,
CM

3.Cpennue
CKOpPOCTH B
CCUCHUSIX,
cm/c

4.CkopocTHbIE
HaTopHI B
CCUCHUSAX, CM

5.11omHbBIE
HAIophbl B
CEUCHHUAX, CM

6.113meneHune
YPOBHS BOJIbI
B 0ake, CM

7.Bpemst
HaOJIIOAEeHUS
3a YPOBHEM, C

8.Pacxon
BOJII;I,CMS /c

9.0OnbITHBEIC
3HAYCHMS
MECTHBIX
MOTEPH, CM

10.ITnomann

®Oc
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CXKaToro
CCYCHHUS T10
dbopmyre
(6.4), cm

C€HTBI MECTHBIX
oTeph
|

11.Koappumm [ o,

12.PacueTHble V32
3HAYEHUS g
MECTHBIX

O0TEPb, CM

13.0TtHOCH-
TeIbHOE h,
pacxoxacHue
OIBITHBIX U
pacyeTHBIX
3HAYCHUH
OTePh

Ilpumeuanue. Pazmepsl onepevyHoOro ceueHus Oaka:

Me:xoceBoe pacCTOsTHHAE
Ho: ......CM..

PABOTA 7. UCCJIEJOBAHUE NCTEYEHUA
KUIKOCTH YEPE3 OTBEPCTHUSA U HACAIAKHU

[enb paboTHI. DKCIEpUMEHTATILHOE omnpeaeneHue
KO3((UIIMEHTOB MCTEUEHUS KHUAKOCTH dYepe3 Malloe Kpyriioe
OTBEPCTHUE B TOHKOW CTEHKE W BHEIUHUN LIWIIMHAPUYECKUN HACATOK.

7.1. O01me cBegeHUus
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B rumpaBnuke pa3nuuaioT Maible W OOJIBIIUE OTBEPCTHS.
MasibiM Ha3bIBaIOT OTBEPCTHE, BEPTHKAJIBHBIA pa3zMep KOTOPOro
cymectBeHHO (B 5 - 10 pa3) MeHblle Hamopa HCTeUeHUs. B 3ToMm
CIy4yae CKOPOCTb BBITEKAIOIIEW CTPyH IO CEYEHHUI0 OTBEpPCTUS
MOXHO CUMUTaTh OAMHAKOBOM. Eciu cTpyst kacaeTcsi TOJIbKO KPOMKH
OTBEPCTHs, TO CTEHKY, B KOTOPOW BBITIOJHEHO OTBEPCTHE, B
TUIPABIMYECKOM CMBICJIE Ha3bIBAlOT TOHKOW. Takoil ciydait
WCTEYEHUs HaONI0IaeTCsl IPU OCTPOIl KPOMKE OTBEPCTHs, JTUOO MPHU
TOJIILIMHE CTEHKU MEHEE MOJIOBUHBI IMAMETPA OTBEPCTHSL.

Ctpys Ha BBIXOJIE U3 OTBEPCTHUS B TOHKOM CTEHKE CKUMAETCS,
nocturas Ha HekoTopoMm (okomo 0,5 sgumamerpa OTBEPCTHS)
pacCTOSSHUM  HAMMEHBIIETO CEUEHHs, Ha3bIBAEMOI'O  CHKATHIM.
SIBnenne ckatua OOBSICHSIETCS CBOHCTBOM YACTHI[ KHUIKOCTH,
MOAXOISAIINX K OTBEPCTHUIO C Pa3HBIX CTOPOH, COXPAaHSITh CBOE
HalpaBJIEHUE JBWKEHHUS IOCIE MPOXO0XKJIeHUs oTBepcTus. CreneHb
C)KaTHA CTPYH OlLIeHHUBaeTCs KOA(PDUIIUEHTOM CHKATHS

“c
E=—
@
rie . - IUIOIaJb C)KAaTOrO CEUCHUs CTPYH;
® - IJIONab OTBEPCTHSL.

Hacankamu HazbpiBaloT nmarpyOku jaiuHON 3 - 4 namameTtpa,
IIPUCTABIIIEMbIE K OTBEPCTHIO U1 YBEJIWYEHMs] pacxola WU
MpUIAHUS CTPYe OCOOBIX CBOMCTB, HAIIPUMEP, JaTbHOOOWHOCTH.

IIpn BXOJe B UWIMHAPHWYECKHM HACAJOK CTpys CHadaja
Cy’aeTcs, OTPhIBasICh OT CTEHOK M 00pa3ysl LUPKYJSILHMOHHYIO 30HY
C TIOHI)KEHHBIM JaBlieHHMEM (HWXKe aTrMocepHOro B ciydae
UCTeUeHHs B aTrMocdepy), a 3aTeM IOCTENEHHO pacIIUpseTcs U
3aMoyHsIeT Bce ceueHue Hacaaka. CxaTusi CTpyW INpHU BBIXOJE W3
HacaJka HE IPOUCXOAMUT, MOITOMY KOIPPHUIMEHT CKaTus s
BBIXOJHOI'O CEYEHHUs Hacaaka € = I.

B nH)XEHEpHO! NPAKTUKE CKOPOCTh V M pacxoj KUIKOCTU
Q uepe3 OTBEpCTHA U HACAAKH ONPEACISAIOT 10 GopMyIaM
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V=¢-,2gH (7.1)
Q= u2gH

rjae ¢ - KO3(pPUIMEHT CKOPOCTH, YYHUTHIBAIOIINA CHUKCHHE
CKOpOCTH 3a CYET THIPABINYECKOTO COTPOTHUBIICHUS
OTBEPCTHS WJIM HacaJka M MPEICTaBISIONINMA
OTHOIIICHHUE JIEHCTBUTEIBHON CKOPOCTH UCTEUEHUS K
CKOpPOCTH MCTEUEHUS HJICAIbHON KHUIKOCTH;

H - Hamop ucreuenns;

® - IUIONIAJIb OTBEPCTHUS WM BBIXOJHOTO CEUYCHUS
HacaJka;
L - kod(pdumumeHT pacxoma, CBS3aHHBIM C JpPYTrUMU
Kod(hULMeHTaMI UCTEYEHHS] COOTHOIIIEHUEM
H=0®

OTKyJla BUJHO, 4YTO |l YYMTHIBAET CHWKEHUE PACX0]la, BBI3BIBAEMOE
TU/IPaBIMYECKUMHU CONPOTUBIICHUSIMU U CKaTUEM CTPYH.

B o6miem ciydae k03 dUIIUEHTH UCTEYSHUS L, O, € 3aBUCUT
ot uncna PeitHonbaca. Ha puc.7.1. npuBeneHsl Takue 3aBUCUMOCTH
JUIsL MAQJIOTO OTBEPCTHSI B TOHKON CTEHKE (CIUIOIIHBIE JIMHUM) U JUIS
BHEIIHET0 LMJIMHAPUYECKOro Hacaaka (IMyHKTUpHas juHug). U3
pUCYHKa CcIeAyeT, 4YTO MpH pPa3BUTOM TypOYyJIEHTHOM pEXHUMe
ucteuenus (nmpu Re>10’) umcieHHble 3HAYCHMs KO3(D(DHUIHEHTOB
CTaHOBATCA NNOCTOSSHHBIMU U PAaBHBIMU:

JUISL MaJIBIX KPYTJIBIX OTBEPCTHI B TOHKOM CTEHKE

¢=097; e=0,64; u =0,97%0,64 = 0,62;
JJIsI BHCIIHETO I_II/IHI/IHIIpI/IIICCKOFO Hacaaka
0x=082; & =1; Wy = @n =0,82.

CpaBHeHHE yKa3aHHBIX KOX(PQPUIMEHTOB AN OTBEPCTUS U
HacaJlka MOKa3bIBAET, YTO MPUCOEAMHEHUE K OTBEPCTHUIO BHEIIHETO
HAJTUHIPUYECKOTO  HacajJka  O0ecleyMBaeT TP Pa3BUTOM
TypOyJIEHTHOM PEKHUME UCTECUEHUS YBEIUYCHHUE pacxoaa
(va > p) mpumepro Ha 30%. IToT 3PdexT oObsicHseTCs OobIeit
IUIOIIAABI0 CCUCHHMS CTpyM Ha BBIXOJEC W3 Hacajka, 4eM 3a
OTBEpCTHEM B CXKAaTOM ce4eHuH (&; > €), U 0OoJee TMOIHBIM
HCMOJIb30BAHUEM MCXOJHOM SHEPIrUM HAIopa Ha ucTteueHue. Tak, Ha
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BBIXOJIC M3 OTBEPCTHUS CKOPOCTh BeNMUKa ((>¢y) U, CIEI0BATEILHO,
3HAYUTENIbHAs YacTh JHEPIHMM KHUJIKOCTU YHOCHUTCS CTpyed U He
UCTOJb3YETCsl Ha HCTeueHue. B Hacazike jke, BBIXOJHAs CKOPOCTb
Maja, Tak Kak 4YacTh Hamopa 3aTpayMBaeTCsi Ha IIOJCAChIBAaHHE
JIOTIOTHUTEIBHOTO ~ KOJIMYECTBA JKUIKOCTH W3 0Oaka B 30HY
MTOHM>KEHHOTO JIaBJICHUSI.

Cnenyer nomuuTb, uTo npu Re < 1000 npumeHnenue Hacaaka
HE TOJBKO HE YyBennuuBaeT kod(hduIMeHT pacxoma, HO Jdaxe
YMEHBIIAET €ro I0 CPAaBHEHUIO C HCTEUYEHHEM U3 OTBEPCTHUS
(cm.puc.7.1).

SIBneHue HMCTEYEHUs KUIKOCTU U3 OTBEPCTUH M HACAIKOB
IIMPOKO HCIIONIB3YeTCs B TeXHHUKeE. Tak, UCTeUeHHE KUAKOCTH Yepes
OTBEPCTHsI B TOHKOM CTEHKE - TPOLECC, XapaKTEpHbIA B
OOJIBIITMHCTBE CIIy4aeB Il OE3HANOPHBIX BOJOIPOITYCKHBIX TPYyO
I0Jl HAChIIbIO JOPOT, PACXOJOMEpPHBIX JuadparM, KiamnaHos,
pacrpeaenuTene, Apoccene U Ipyrux yCTPOUCTB TUAPOCUCTEM.

Pone mUIMHIPpUYECKUX HACAKOB BBITIOIHAIOT NATPYOKH /ISt
BBIITyCKa JKUJIKOCTH M3 PE3EPBYapoB M BOJOEMOB, a TaKkKe
BCEBO3MOXKHbIE KPaHBbl, JOPOXHbIE HarnopHble TpyObl. KoHnueckue
CXOMAUIMECS HAcaIKu TPHUMEHSIOTCS JUIS TOJY4YeHHsS OOJbIINX
CKOpOCTEH, CWJIBI W JalbHOCTH TIOJ€Ta CTPYH B TOKapPHBIX
OpanjcronTax, (OpPCYHKax I TMOJa4Yd TOIUIMBA, (DOHTAHHBIX
COIUIaX, TUAPOMOHHMTOpAx /s pa3MbiBa TpyHTa. KoHuueckue
pacxoJsIIMecs: Haca Ky CITy>KaT JJIsl 3aMeJUICHUS TeUSHHSI )KUIKOCTH
Y YBEIMYCHHUS pacxoja B TMEHHBIX OTHETYIIUTENSNX, CTPYHHBIX
HAcoCcax, OTCAChIBAIOIINX TPyOax ruApaBINUYECKUX TYpOUH.

7.2. Onucanue ycrpoiicrea S

VYeTpoiicTBO 5 ISl MCCIIEOBaHMsI HMCTEUEHUS KUAKOCTU
yepe3 OTBEPCTUS M HACaJKU UMEET €IMHBINA MPO3payHbld KOPILYyC U
colepkuT Oaku 1 M 2, OTAeNeHHBbIe APYT OT JApyra CTyNeHYaTon
neperopoakoit (puc.7.2, a). B meperopogke Ha OJZHOM YpOBHE
BBITNIOJIHEHO OTBEPCTHUE 3 ¢ OCTPBIMH KPOMKAMH, a HA APYTOM YPOBHE
YCTaHOBJIEH BHEIIHUM IWIMHApUYECKUH Hacalok 4. YcTpoicTBO
YAaCTHUYHO 3aIlOJHEHO [MOJKPAIIEHHON Bojgou. Jlnsg wu3MepeHus
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yYpOBHEW BOJbI B 0akaxX M NAJbHOCTU TOJETa CTPYH MPEIyCMOTpEeHA
mKajga 5 ¢ MWUIMMETPOBOM IIEHOM JeJeHHs. Y CTaHOBUBIIEECS
TE€YEeHHE BOJbI 00ECTIEYUBAETCS HEM3MEHHOCTHIO HAopa HCTEYEHUS
BO BPEMEHU.

B BepTHKaIbHOM TMOJIOKEHUHM YyCTpoicTBa (cM.puc.7.2, a,0)
MOXHO OIpeACIUTh KOIPPUIUEHTH pacxoda s OTBEPCTHS U
Hacanka. [Ipy HaKJIOHHOM TOJIOKEHHH yCTpoicTBa (cM.puc.7.2, B ,
IJie oKa3aH BUJ YCTpoiicTBa cOOKY) MPECTABISAETCS BOSMOXKHOCTD
no mnapamMeTpaM CTpyd OOMNOJHUTCIBHO OHNPCACIUTh YHUCICHHOC
3HaYeHue K03 PUIMEeHTa CKOPOCTH U3 HOPMYJIIbI

2
- z—’;f
C
_ - , 7.2
4 ALK? \/4Lhk (7-2)
c K

rae [ — JanbHOCTH MOJETa CTPYH;
h — paccTosIHME OT OCH OTBEPCTHUS JI0 3aHEH CTCHKU;
¢ — TOJIIIAHA CJIOA OCTABIIEHCA HAJl IEPETOPOAKON BOIBI;
L — paccTosiHue MeXAy YPOBHSIMU OTBEPCTHS U HACAJIKA.
Brlleyka3aHHO€ BBIpaXKEHHE MMOJIYUYEHO C HMCIOJIb30BAaHUEM
CUCTEMBbI YPAaBHECHMM:

x=Vt; (7.3)

y==—, (7.4)

I€ X, Y - KOOpAMHATBl TOYKU CONPUKOCHOBEHUS CTPYH C 3aJHEN
CTEHKON yCTPOMCTBA; 32 HA4aJI0 KOOPJAMHAT MPUHAT LEHTP THKECTH
CKATOr0 CeYeHMs; t - BpeMs [BW)KEHHMS YACTHI] JKUIKOCTU OT
C)KaTOro CEYEeHHsI J0 MeCTa CONMPUKOCHOBEHHSI CTPyH C OOKOBOM
CTEHKOHU yCTPOMCTBA.

BepasuB ¢ w3 ypaBHeHus (7.1) u mocTaBiisisi 3Hau€HUE CKOPOCTH
V u3 dopmyinsl (7.3), aBpems t - u3 (7.4), nomyyaem
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V X

¢: = b
\2¢gH \J4Hy

OTKY/JIa C Y4ETOM COOTHOILIEHUH

h
x=F0—a; a=h-tga; tga=—t;
C

h

cosa
OKOHYATEJIbHO HAXOJIUM PaCUYCTHYIO 3aBHCUMOCTH (7.2).

Pacxon B ycTpoiicTBE 5 uU3MEHsETCS MEPEeBOJOM €ro B
HAKJIOHHOE TOJIOKEHUE C HCIIOJIb30BaHHEM MOJCTaBKH (cM.puc.7.2,
B, TJle TIOKa3aH BHJ YCTPOHCTBa COOKY). AHAJIOTMYHO MOYKHO
BapbUpOBaTh pacxoa B ycTpoctBax 3 u 4. B srtom ciydae
CTaOUIM3MPOBAHHOE 3HAYEHUE HANOpa WCTEUYECHUS YMEHBIIAeTCs U
MOJKET OBITh OIPEENIEHO MO opMyIIe

H=1L sina; y=

H=L- sinc¢.

[Ipn »TOM yros HakjIoOHa YCTPOMCTBA BBIYMCIIIETCS IO OAHOW H3
3aBUCUMOCTEN

o =arctg —, o =arctg—.
c K

7.3. llopsaAiok BbINOJTHEHHS Pa0OTHI

1. MU3meputs napamerpsl A, B, L ycrpoiictBa 5 (cM. puc.7.2)
u 3adukcupoBaTh TOKa3aHWe T TepMoMeTpa, HaXOIIIErocs B
COCTaBe KOMIUIEKTa. 3HAU€HWs HTUX BEJIWYMH U JUAMETPOB
OTBEpCTUS U Hacaaka (yKa3aHbl HAa KOPIIyCe YCTpPOMCTBA) BHECTH B
npumeydanue Tabdmn.7.1.

2. Ilpu 3amomHeHHOM BOJAOM Oake | MOCTaBUTH YCTPOMCTBO
BEPTUKAJIHHO

48



(. =90") GakoM 2 Ha cTo (cM. prc.7.2, a) i HABII0AATh HCTCUCHHE
4yepe3 OTBEPCTHUE.

3. CekyHmomMepoM ONpeAeauTb Bpems t IepeMelleHus
YPOBHSI >KUJKOCTH BJIOJIb CTEHKH OJHOTO M3 OAaKOB Ha HEKOTOPYIO
BEJIMYMHY S. 3HaU€HHUS 3aMEPEHHBIX BEJIMYUH BHECTH B Ta0i.7.1.

4. IlocuuTaTh ONMBITHOE 3HAYEHUE KOAPPHUIHEHTa pacxoaa i
0 TOPSAIKY, YKa3aHHOMY B Ta0:1.7.1, a 3aTeM 1o HallIGHHOMY YHCITY
PeiiHonb/ica  ompenenuTh CIpaBOYHOE 3HAa4YeHHE Kod(duumeHTa
pacxoma | wu3rpacduka (cMm.puc.7.1).

5. HaiiTi OTHOCHTEIIBHOE PaCX0XkKACHHE &, MKy ONBITHBIM

/L ¥l CIPABOYHBIM 4/ 3HAYCHHUSIMH KO3 (HUIMEHTA pacxo/a.

6. TloctaButh ycTpoiicTBO BepTrKambHo ( oo = 90 ) Gakom 1
Ha ctoi (cM.puc.7.2, 6) u HaOIIOAATh MCTEYCHUE KUAKOCTH Yepes
Hacaaok. [Ipy 3TOM BBIOJHUTH ONEpavH MO I.10. 3, 4, 5 U CPaBHUTH
3HaueHUs KO3PPUIIMEHTOB pacxoa i OTBEPCTUS U HacaIKa.

7. YCTaHOBUTH yCTPOMCTBO 0aKOM 2 Ha CTOJ C HAKIOHOM C
HCIIONb30BaHUeM ToAcTaBku (0<90’, cM.puc.7.2, B) M HabIIONATh
UCTEUCHUE 4epe3 OTBepcTue. B Xoae mnpoBeAeHHs] ONBITOB U
00paboTKK pe3yNbTaTOB MOBTOPUTH ACUCTBHUS MO ILI. 3, 4, 5 u
JIOTIOJTHUTEIHFHO U3MEPUTH JAIIBHOCTH T0JIeTa CTpyu |, ypoBeHb ¢
OCTAaBIIIEHCS HAJ MEPETOPOAKON BOAbI miau mapametrpel k u K, a
3aTeM OMNpEeNeNuTh 3HAYCHUS KOI(PPUIMEHTOB CKOPOCTH ¢ U
cxkarug €. CBEpUTh UX CO CIPABOUYHBIMH 3HAUYEHUSAMHU U3 puc.7.1.

O6o3Hauenus: [lnamerp otBepctusi  d=..cM; OuUaMmeTp Hacajka
d, =...cM; pa3Mepbl TIOTIEPEYHOTO cedeHus Oaka: A=...cMm, B=...cm;

H

paccTosiHHE€ OT OCH OTBEpCTHA 1O  3agHed cTeHku h=...cM;
paccTosiHHE MEXIYy YpOBHSAMH OTBEPCTHA W Hacaiaka L=...cM;
temneparypa Bogsl T=... C.

0)

0000000000
000
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Puc.7.1

Puc.7.2
Tabnuna 7.1.
HanmenoBanme Oo6o3naue- | OrBepcrue | Haca-
BeJMYMH HMS, 0K
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dhopmyJibl

<90

o>90

=90

1.Ilepemerienne ypoBHs
BOJIBI B 0aKe, cM

S

2.Bpems HabmoieHus 3a
YPOBHEM BOJIbI, C

3./laJIbHOCTB IOJIETa CTPYH,
cM

4.YpoBeHb OCTaBILICHCS HAJl
IIEPErOPOIKOM BOABL, CM

5.¥Yrox HaknoHa
YCTpOMCTBA, rpa.

h
a =arctg —
c

6.Hanop ucreuenus, cm

H=L-sina

7.Pacxo BObI, em’/c

~ ABS

8.OmBITHOE 3HAUCHHE
Kod(dummeHTa pacxoaa

9.Koapdunment ckopoc-tu
o gopmyie (7.2.)

10.KoaddurmeHT cxxatus
CTpyH

11 Kunematnueckuii
K03 (DUIIUEHT BA3KOCTHU TIO
dopmye (1.2.), em*/c.

12.Yucao PeriHonbaca

13.CnpaBouHO€ 3HaYEHUE
KodddummenHTa pacxoa

51




(cm.puc.7.1.)

14.0tHOCHTENBHOE
pacxoxxaenue ko3hdu-
IIMEHTOB Pacxo/ia
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