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BBEJAEHHUE

«'mapaBnukay — oauH U3 QPyHIAMEHTAIBHBIX OOIIETEXHUYECKUX KYpPCOB B CHC-
TeMe MOAroTOBKM OakanaBpoB 1o HampaBieHusiM 08.03.01 «CtpoutenbcTBoy,
21.03.01 «HedrerazoBoe npemo» u wumwkeHepoB mo creruanbHocTsiM 08.05.01
«CTpOUTENBCTBO YHUKAIBHBIX 3/1aHUN U coopykeHui» u 23.05.06 «CTpouTenbeTBO
KEJIE3HBIX JIOPOI’, MOCTOB M TPAHCIIOPTHBIX TOHHENEW». [IpeameTom n3ydeHnus Kypca
ABJISIFOTCS. OCHOBHBIE 3aKOHBI PABHOBECHS KUJAKOCTH U B3aMMOJICHCTBHSI TTOKOSIIIIEHCS
U JABWXKYILIEHCA KUIKOCTH C €CTECTBEHHBIMH M HCKYCCTBEHHBIMH PYCIIAMH, C 3Jie-
MEHTaMU KOHCTPYKLHI JOPOKHO—MOCTOBBIX, BOJOOOMHBIX U JAPYTUX THIPOTEXHUYE-
CKHUX COOPY>KEHUH.

[enps n3yyeHus Kypca 3akiitodaercsa B GOPMUPOBAHUM Y CTYJEHTOB TaKOW CTere-
HU OCBOCHMS M TIOHUMAHMSI OCHOBHBIX 3aKOHOB, YTOOBI OOECIIEUUTh HABBIKU U yMe-
HUE CaMOCTOSTENIbHO BBINOJHATh TUIAPABIMYECKHE PACUEThl BOJOMPOBOJIHO—
KaHAJN3alUOHHBIX, TOPO)KHO—MOCTOBBIX, THIPOTEXHUYECKUX COOPYKEHUIH HEPTE U
ra3onpoBOJOB. DTOMY CHOCOOCTBYET MPEAYCMOTPEHHOE YYEOHBIMH IUIaHAMU U pa-
004YMMH IIpOrpaMMaMi 3aKpeIUIeHHEe JIEKIIMOHHOTO MaTepuaja JUCLUIUIMH Jiabopa-
TOPHBIMU 3aHATHSAMU. CUCTEMATUYECKUN KOHTPOJb PETYISIPHOCTH padOTHI CTYIECH-
TOB HaJl TUCHMUIUIMHON OCYIIECTBIISIETCS 3aIlIMTON KaX0i J1abopaTOpHON pabOTHI.



1 TABOPATOPHAS PABOTA Nel. IOBEPKA MAHOMETPA
1.1 esanb paéoThI

Omnpenenutb COOTBETCTBUE MOBEPSIEMOTO MAaHOMETpPA KJIacCcy TOYHOCTH.
1.2 Teoperuueckue cBeieHUsA

1.2.1. OO0mue cBegeHus

Jlagnenue — puzuueckas eenuuuHna, XapaKmepusyouwias UHMEHCUBHOCHLb
cui, OelcCmeyIouux no HOpMAaiIu K HOGEPXHOCMU Mela U OMHECEHHBIX K eOUHUYe
naowWaA0U IMON NOGEPXHOCHIU.

Paznmuuaror crneayromme BUIBI TaBICHHN:

e OapomeTpuueckoe (aTMochepHoe) Pa;

e a0COJIIOTHOE PA;

¢ U30BITOYHOE (MAHOMETPUUECKOE) P;

® BAKYyMMETPHUYCCKOC Pea.

Ammocghepnoe naBneHve — ruIpOCTaTUYECKOE JABJIECHUE, NEUCTBYIOUIEE B TOY-
KaX MOBEPXHOCTH 3€MJIU CO CTOPOHBI CJIOSI aTMOCHEPHI.

Abconrwmnoe — naBieHUE, OTCUUTHIBAEMOE OT a0COJIIOTHOrO HyJs. Bennunna
a0COJIIOTHOTO JIaBJICHUSI MOKET OBITh MpEJICTaBICHA B BUJIE

Pa=p,tDP. (1.1)

[TpeBrbilicHUE NaBICHUS HaJ aTMOCHEPHBIM JIaBIICHUEM HAa3bIBACTCS U3ObIMOY-
HbIM JTABJICHUCM.
HenocraTok maBieHus 10 aTMoc(epHOro NaBICHUS HA3bIBACTCS 8AKYYMMEMPU-
YecKuMm JTaBIICHUCM WU 6AKYYMOM.
JIJist u3MepeHust TaBIICHUS] IPUMCHSIOTCS Pa3IMIHbIC STUHUIIBL:
[Tackans (I1a);
dbusznyeckas atmocepa (aTm);
TexHMIecKas arMocdepa (Kre/cM?);
MUJUTUMETP PTYTHOTO CTOJIOA (MM PT. CT.);
METp BOJSHOIO CTOJI0A (M BOJ. CT.);
oap.

CootHomieHus MCXKAY CAMHUIaMU N3MCPCHHA AABJICHUS IIPUBCACHBI B IIPUJIL. 1.

1.2.2 Knaccuduxanus npudopoB i U3MepPeHus 1aBJIeHUsA

Jlis u3MepeHust AaBlICHUs] UCTIONB3YIOTCSI U3MEPUTENIbHbIE TPUOOPHI U U3MEPHU-
TeJIbHbIE MPEe0Opa3oOBaTEeIH.

YcnoBHO Bce mpuOOpPHI M U3MEPHUTENBHBIC MPE0oOpa30BaTEeN IS H3MEPEHUS J1aB-
JICHUS] MOXHO KJIACCHU(PHUITMPOBATH MO CICAYIOIIUM MTPU3HAKAM:

® [10 POAY U3MEPSEMOMN BEIIMUYUHBI;
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® [10 IPUHLHUITY JEHUCTBUS;

® [0 KJIACCY TOYHOCTH.

IIo pooy usmepaemoii genuyumvl

B 3aBucumocTu OT BuJa U3MEPSAEMOro JaBieHUs (M30BITOYHOTO Puse UM adco-
JIOTHOTO Pabe) CYLIECTBYET HECKOIBKO BUIOB IPUOOPOB U NpeoOdpa3oBarTeneil:

® MaHOMETpPBI — MPUOOPHI AJII U3MEPEHUS MOJIOKUTEILHOTO U30BITOYHOTO JaB-
JICHUS,

® MaHOMETpPHI A0COIIOTHOTO AABJICHUS — IPUOOPHI JIJIsl U3MEPEHUS a0COIIOTHOTO
JaBJICHUS,

® BaKyyMMETpPbI — NPUOOPHI 11 U3MEPEHUS OTPUIIATEILHOTO U30BITOYHOTO JaB-
JeHus (Bakyyma);

® MaHOBaKyyMMETpPhI — IPUOOPHI, MO3BOJISIIOIINE U3MEPSITH KaK MOJOKUTEIbHOE
M30BITOYHOE JIaBJICHUE, TaK U OTPULIATETILHOE N30BITOYHOE JIABIICHUE;

o nuddepeHranbHble MAHOMETPBI — MPUOOPHI, JJISI U3MEPEHHS PA3HOCTH J1aB-
JIEHUW B IBYX TOYKAX;

e OapoMeTpsl — NPUOOPHI ISl U3MEPEHUs a0COIIOTHOTO JIABJICHHS], PABHOIO aT-
Moc(hepHOMY JaBJICHUIO.

® HANoOpOMEPHI, TITOMEPHI, HATOPOTATOMEPHI — MPEAHA3HAYECHBI ISl U3MEPEHUS
JaBJICHUSI MaJIbIX Benu4uH. HamopoMepsl MO3BOJISIOT U3MEPATh M30BITOYHOE MeXa-
HU4YecKoe HanpspkeHue B auanaszone ot 0 mo 0,4—100,0 xI1a. Taromeps! onpeaensroT
BaKyymmerpuueckoe aasieHue or mMuHyc 100,0-munyc 0,4 no 0 xIla. Taronamopo-
MeEpHhI UCTIONB3YIOTCS 11 U3MEPEHUSI BAKYYMMETPHUUECKOTO U U30BITOUHOTO MEXaHHU-
gyeckoro HanpspkeHus ot munayc 50,0-0-50,0 kI1a.

Ilo npunyuny oeiicmeus

[Ipubopsl 1 mpeoOpazoBaTeNN sl U3MEPEHUS JABJIEHUS MOJPAa3JEsAIOTCS Ha
CJIEIYIOLIUE BUIBI:

® JKUJKOCTHbIE — OCHOBAHHBIE Ha THJIPOCTATUYECKOM MPHUHIUIIE TEUCTBUSA, TO
€CTh U3MEpPSIeMOe JaBJICHUE YPAaBHOBEIIMBACTCS JIaBICHUEM CTOJI0A MKUIKOCTH, BbI-
COTa KOTOPOT'O ONPENEISAETCS HEMOCPEACTBEHHO UM IIyTEM pacyeTa.

® MEXAaHMYECKHUE — MPUHLHI JEHUCTBUS, KOTOPBIX 3aKJIIOYAETCS B TOM, YTO IO
JNEHUCTBUEM JIaBJICHUS MPOUCXOIUT AedopMalsi HEKOTOPOTO YIPYIroro 3JIEMEHTA, U
BEJIMYMHA 3TON Ae(OPMALIMH CITY>KUT MEPOH U3MEPSEMOI0O JaBJICHUS;

® I'PY30MOPIIHEBBIE — MAHOMETPHI, B KOTOPBIX U3MEPSIEMOE JIaBJICHUE, ICUCTBYS
Ha OJHY CTOPOHY NOPIIHS, YPABHOBEIIMBAECTCS BHELIHEW CWIIOW, IMPUIIOKEHHOU C
MIPOTHUBOIIOJIOKHOW CTOPOHBI NMOPIIHA. B KauecTBe ypaBHOBEIIMBAIOLIECH CUJIBI MC-
MOJIB3YIOT TPy3bl. Bec rpy3a, AeIeHHbIN Ha TJI0MIA/b MOPUIHS, ONPEAEIISIET BEIUUNHY
MU3MEPSIEMOIO JIaBJICHUS;

® DJICKTPUYECKUE — MPUHIIUI JIEUCTBUS OCHOBAH HAa U3MEHEHUHU AJIEKTPUUECKUX
CBOMCTB HEKOTOPBIX MaTepUaliOB WM M3MEHEHUU KaKUX—JIMOO DJICKTPUYECKUX Tia-
paMeTpOB MO/ ICUCTBUEM JABJICHHUS.

N3mepurenbHble mpeoOpa3oBaTeid B 3aBUCHUMOCTH OT MCIIOJIb30BaHUs (husuye-
ckoro 3¢gdexra MOTyT OBITh BOJIOKOHHO-ONTUYECKHE, ONTOXJIEKTPOHHBIC, MarHUT-
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HbIE, UHAYKIMOHHbIE, MbE303JICKTPUUECKUE, PE30HAHCHBIE, NOHU3ALMOHHbBIE U JIp.
tunoB. OAHAKO B HACTOsIIEe BpeMs HanboJjiee MUPOKOe MPUMEHEHUE HAXOSIT Mpe-
oOpazoBaTesnu CASAYIOIIUX THUIIOB:

® TEH30pPE3UCTOPHBIC — MPUHIIMI JACHCTBHUS OCHOBAH Ha SBJICHUU TeH303(deKTa
— U3MEHEHUHN aKTUBHOTO 3JICKTPUUYECKOTO COMPOTUBIIEHUS MTPOBOJIHUKOB U MOJIYIIPO-
BOJHUKOB TIpH JepopMaIiiy Mo 1eHCTBUEM MEXaHUIECKUX YCHITUN;

® CMKOCTHBIE — MIPUHIUI JEUCTBUS OCHOBAH HA U3MEHEHUU €MKOCTH KOHJEHCA-
TOpa NpU U3MEHEHUHU PACCTOSHUSI MEXIY OOKIIaJIKaMu;

Ilo knaccy mounocmu

[To ToYHOCTH TTOKa3aHMI BCE BBINTyCKaeMbIe CEpUMHO MPUOOPHI U IpeoOpaszoBa-
TENW JNEHATCS Ha Kiacchbl. KitaccoM TOYHOCTHM HAa3bIBAaeTCS OCHOBHAS HaMOOJIbIIas
JONyCTUMAas MPUBEICHHAS MOTPEIIHOCT.

Y cTaHOBIEHHBIE KJIACCHI TOYHOCTH JIJIs1 MPUOOPOB U IIpeoOpa3oBaTesieil TaBICHUS
COOTBETCTBYIOT cieaytomemy psaay: 0,005; 0,02; 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0.

Mexanuueckue MpuOOpHI MOAPA3ASIAIOT TaK)Ke Ha TEXHHYECKHE M 00pa3IOBBIC.
OO6pa31oBbie UCTIONB3YIOT IS 1IeJIe TOBEPKH, TaK KaK OHH CBEPSIIOTCS C ATAJIOHHbI-
MU Tipubopamu. TeXxHUUeCcKrue UCIOIb3YIOT HEMOCPEICTBEHHO I U3MEPEHUs JaB-
JICHUS.

a § B r

o
o

=
|!O'|'|'|'

h
ARRNiiNny

Puc. 1.1. XKuakoctHble npuOOpHI sl U3MEPEHUs AaBJICHUS: a — YalleUHbIi MAaHOMETD;
6 — U — oOpa3Hblif MaHOMETp; B — OapoMeTp; T — MUKPOMaHOMETpP € HAKJIOHHOW TpyO-
KOU

1.2.3 KuakocTHble NpuOOPHI sl U3MepPeHUs 1aBJIeHUsA

BriepBoie uaes usmepeHus AaBieHUS MO BETUYHHE CTOJ0A KUIKOCTH Oblia BbI-
CKa3aHa WUTAIBSIHCKUM y4eHbIM Toppuuennu B 1640 r., a ocymiecTBieHa UTaIbiH-
CKMUM MexaHukoM BuBuanu B 1642 r. u ¢paniy3ckum ydyenbiM [lackanem B 1646 1.
XKunakoctHble mpuOOPHI HE YTPATUIIM CBOETO 3HAYEHHUS 10 HACTOSIETO BPEMEHH. DTO
OOBSICHSIETCSI TEM, UTO MPUHIMUI JEUCTBUS 3TUX NPUOOPOB o4yeHb mpocT (puc. 1.1).
OHHU HE CIIOXKHBI B U3TOTOBJIEHUU, TOYHBI U HAJIC)KHBI;



1.24  MexaHnuyeckue NnpudOpbI 1J1s1 U3MEPEHUsI TaBJICHUSs

Mexanudeckue mpuOOphl MOMYUYMWIM HauOOJbIIEe pPaclpOCTpPAHEHUE, TaK, Kak
OHM XapaKTEepU3YIOTCA CIEAYIOIMIMMU NPEUMYIIECTBAMHU: MIPOCTOTA YCTPOUCTBA U UC-
MOJIb30BaHUs, MOPTATUBHOCTh, YHHUBEPCAIBHOCTH, MPAKTHUYECKH HEOTPAaHUUYEHHBIN
IYara3oH U3MEpPEHUs, HaunuHas oT HecKoJibkux Klla u no coren MlIa.

[Io Tunmy ynpyrux 3JIEMEHTOB, NPUMEHSEMBIX JJISI U3MEPEHUs JABJICHHS, MeXa-
HUYECKUE MPUOOPHI pa3JIEesiOTCs Ha MPYKUHHbIE, MEMOpPAaHHbIE U CUIIb(OHHBIE.

[IpyxuHHBIE NPUOOPHI MOSIBUIMCH HA JBECTH JIET MO3JAHEE >KUJIKOCTHBIX
(1846-1848 rr.). OCHOBHOH JETaNbIO0 MPYXKHHHBIX MaHOMETPOB SIBJISICTCS IOJIAs
TpyOKa, C MONEepEeYHbIM CEUYEHUEM B BUJIE OBaja Wiu 3iuurnca. [lo umenu aBropa o-
HOTO W3 TMEPBBIX MaHOMETPOB Takas TpyOKa Has3wiBaeTcs TpyoOkor bypmona. Onun
KoHell TpyOku (puc. 1.2) 3akaHYMBAETCS HUMIEIEM C Pe3b0OH IS TOAKITIOYCHHS K
COCYIy, B KOTOPOM H3MEPSIETCs TaBJICHHE, a BTOpOil 3amastH. CBOOOIHBIN 3armassHHBINA
KOHEIl TpyOUaToil Mpy>KUHBI MIPU MTOMOIIHU TITU IIAPHUPHO COECUHAETCS C 3y0UaThiM
CEKTOPOM, HAXOJSIIKUMCS B 3alCIVICHUH C MaJEHbKOU IiecTepeHkoi (Tpubkoii). Ha
OCh TPUOKHU Haca)Ke€Ha CTpEJIKa, KOTopasi yKa3aTeJIbHBIM KOHIIOM MOJXOJMT K IIIKaJe,
HaHeCceHHOU Ha 1udepoOare.

Ecnu MaHoMeTp mpUCOEIMHUTD K MOJOCTH ¢ U30BITOUYHBIM JaBICHUEM, TO CHUJIbI
JaBJCHUSI B TpYyOKEe HECKOJBKO PaCHpsSMIISIOT €€, CBOOOJHBIA KOHEI TPYOKH MpH
ATOM TIEPEMEIAETCS, TSAra MOBOPAYUBAET 3yOUaThIil CEKTOP U HAXOJIAIIYIOCS C HUM B
3arereHud TpuoOKy. [1o MONOKEHUIO CTPENIKM Ha IIKajle CYISAT O BEJIMYUHE H3MeE-
PSAEMOro TaBJICHUS.

Tpyb6uarbie BakyyMMeTp M MaHOBakyymMmeTp. TpyOuaras mpy>KMHA MOXKET
OBITH UCIIOJIB30BaHA U B BaKYYMMETPE, TO €CTh IPUOOPE NJI1 UBMEPEHHUS Pa3pEKEHUS
(oTpULIATENHHOTO
U30BITOYHOIO aB-
JICHUS).

Ecnu npyxuny
COEIMHUTH C MpOo-
CTPaHCTBOM, B KO-
TOPOM HUMEET Me-
CTO pa3peKeHue,
TO TIOJ JAEHUCTBUEM
BHEIIIHETO  aTMO-
chepHoro mamie-
HUA oOHa Oyxer
nehopMHUPOBATHCS.
[Ipuuem cBoOOA-
HBI KOHel[ OyaeT
MepeMeIaTbCcsi He
BBEpPX, Kak y Ma- Puc. 1.2. MaHOMETp C OTHOBUTKOBOU TPyOUaTOM MPYHKUHOM:
HOMETpa, a BHMU3. 1 — tpyGuaras npyxuHa; 2 — cTpenka; 3 — 3youaTslii cekTop; 4 — Tsra;

5 — xopyc MaHOMeTpa; 6 — HUMIIENb; 7 — OCHOBaHHE MaHOMETPA,
8 — Tpubka

COOTBETCTBEHHO U
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CTpeska OyAeT MOBOPAaYMBATHCS B MPOTUBOIOJIOKHYIO CTOPOHY.

[IpenenbHOE 3HaUEHKE MIKABI 1 AT HAHOCUTCS YCJIOBHO (TaK KakK MOJHBIA BaKyyM
MPAKTUYECKHU HE TOCTHIKUM.

Ecnu B 0IHOM U TOM e MECTE IO YCIOBUSM pabOThl YCTAHOBKU BO3MOKHO U U3-
OBITOYHOE JJaBJICHUE, M BAKYyM, TO UCIOJIB3YETCs KOMOMHUPOBAHHBIN IpUOOp, HAa3bI-
BaeMbIii MaHOBaKyyMMmeTp. [IpenenbHoe 3HaueHHE MIKaibl MAaHOMETPUYECKOTO J1aB-
JICHUSI MOXET OBITh JIIOOBIM M 3aBUCHUT JIHIIb OT MCIOJIb30BAaHHOW B JAHHOM MaHO-
MeTpe TpyOku. 3Hasi, Ha Kakoe M30BITOYHOE JAaBJICHHWE paccuMTaHa TpyOka MaHOBa-
KYYMMETpPa, MOKHO HaWTH COOTHOIIECHHWE MEXIY JIMHAMH MaHOMETPUUYECKOW U Ba-
KYYMMETPHUYECKOM MIKal. Tak, €CIM MaHOMETpHUYecKas IIKajla pacCUhTaHa Ha
1,0 MIla, BakyymmeTpudeckasi mikaiga Oyaer 3aHumarh 1/10 OT mkajasl JaBiIeHUS,
ecim Ha 2,0 MIla, To 1/20 u Tak gajee, yeM 0O0JbIlIe H30BLITOYHOE JAaBICHHUE, HA KO-
TOPOE€ pacCYUTaH MAHOBAKYYMMETP, TEM MEHBLIE pa3Mep BaKyyMMETPHUECKOW IIIKa-
JIbl U HUYKE TOYHOCTh U3MEPEHUS BaKyyMa.

ManomeTp MemOpaHHbIii. B kauecTBe yrpyrux 3J1eMEHTOB B MAHOMETPaxX 4acTo
MIPUMEHSIOT MEMOpaHbl WM MeMOpaHHble KopoOku. Ha HibkHeM ¢uiaHiie MaHOMeETpa
(puc. 1.3) umeeTcss HUMMEINb, I MOAKIIOYEHUSI K COCYIY, B KOTOPOM H3MeEpsieTCs
nasieHue. BepxHuil ¢aHeln cocTaBiIseT OHO LEN0E ¢ KOPIycoM MaHomeTpa. Mex-
ny dnannamMu Haxomutcs rodpupoBaHHass memOpaHa. DiaHIBI TUIOTHO CTSHYTHI
6ontamu. B nienTpe MemMOpaHbl 3aKperieHa CTONKa, MApHUPHO COEUHEHHAas ¢ 3y0-
YaTbhIM CEKTOPOM MEPEIaATOYHOI0 MEXaHU3MA.

[To BenmuuunHe AedopMaii MEMOPAHBI CYAST O AaBiIeHUH. MemMOpaHbl Uil U3Me-
peHus pasnuy-
HBIX JaBJICHUU

OTJINYAIOTCSA

TOJIIIIUHOM,

TUaMETPOM,
BUJIOM  MaTe-
puana. Ilpene-
Jbl  U3Mepsie-
MBIX JaBJICHUU
I MeMOpaH-
HBIX MaHOMET-
pOB oOrpaHuye-
HbI U COCTaB-

JISIFOT oT
20 xI1a bi o)
30 MIla. Mewm-

OpaHHbIE  Ma-
HOMETpBl  HC-

Puc. 1.3. ManomeTp c¢ ruracTuH4aTON MeMOpaHoii: | — Hunmens; 2 — MemOpana; IIOJB3YIOT IIPHU
3 — dbman1el; 4 — cTepxkeHb; 5 — Tara; 6 — cekTop; 7 — TpudOKa; 8§ — cTpenka; 9 — U3MEPCHUU
IKaja
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JABJICHUM B BBICOKOBSI3KMX Cpellax, TaK Kak IPsMOM M IIMPOKHWM KaHal B HUIIIIEIE
obecrnieunBaeT 0osiee CBOOOHBIN MPOXOJ KUIKOCTH, UeM B TpyOUaTOM MaHOMETpE.
JIist u3MepeHnil B XUMHUYECKH arpeCCUBHBIX CpelaxX HUKHIOI CTOPOHY MEMOpaHbI
MOKPBIBAIOT TOHKOM MJIEHKOM 3aIllIMTHOTO MaTepuara.

[TpuHun aeiicTBUS MEMOpPaHHOTO MAaHOMETpa IMO3BOJSET UCIOJIb30BaTh €ro U
JUIsL U3MepeHus paspexeHus. Eciu mMeMOpaHHBIE MaHOMETpP MPUCOCAUHHUTH K
MOJIOCTH C pa3pekeHueM, TO MeMOpaHa, HCHbIThIBas aTMOChEpHOE JaBJICHHE
CHapyku, OyJeT MporudaTbcs BHYTPb, UTO BBI3BIBAECT IMOBOPOT CTPEIKU B CTOPOHY,
00paTHYIO MO CPAaBHEHHUIO C MAHOMETPOM.

Cuiab¢ponnblii MaHoMmeTp. B kaudecTBe ymnpyroro
JJIEeMEHTa B CUJIB(GOHHBIX MaHOMETpPAX HCHOIB3YETCs
ciib(POH, KOTOPBIN MpeacTaBiser coboil rodppupoBaH-
HYI0 KOpOOKY, BBHITIOJHEHHYIO B BUJE IIMJIMHIpPA C PaB-
HOMEpHbIMU ckiaakamMu (rodppamu) (puc. 1.4). Ecnu
TaKOH CWJIb(OH MOJBEPrHYTh ACUCTBHIO M30BITOUHOTO
JIABJICHUSI CHAPYXKU WIA U3HYTPHU, TO OH COXKMETCS WU
pacTsHEeTCa MO BBICOTE TaK, YTO €ro FOPU30HTAIbHbIE
MOBEPXHOCTU OynyT NEpeMElaThCsl MapajljIesIbHO ca-
MuM cebe. BenuunHa nepemeneHus: NponopruoHaibHa
BEJIMUMHE H3MepseMoro nasieHus. Cuiab(oHHBIE Ma-
HOMETPHBI IPUMEHSIOTCS I u3mepenus nasienni ot 40 klla go 0,5 Mlla. U3mene-
HUE TPEACTIOB M3MEPEHUs AOCTUTAETCSA 3a CUET TOJIIMHBI MEMOpaHbI, TUaMeTpa |
pa3Mepa rodp, a Tak ke KECTKOCThIO BUHTOBOM MPY>KUHBI, Pa3MEIICHHON BHYTPH
MOJIOCTH CHIIb(OHA.

I'py3onopmneBoii MaHoMeTp (puc. 1.5) COCTOUT U3 U3MEPUTETBHOMN CUCTEMBI 1,
BKIIOHaronien mynxkep 1.1, rpy3oByto miardopmy 1.2, rpy3sl 1.3, KOHTpOJIBHYIO
cToiiky 1.4; macnsHOTrO Hacoca 2; MaciIstHOTO 0aka 3; MaHOMETPHUYECKUX THe31 4 U 8
JUTSL TIOIKJTIOUCHHMSI TIOBEPSAEMBIX MaHOMETPOB 5 u 10, 3amOopHBIX KjamnaHoB 6—9.

[ToBepka MaHOMETpa C UCHOJIB30BAHUEM I'PY30IMOPIIHEBOTO MAHOMETPA COCTOUT
U3 CIEeNYIONINX [I1aroB:

1. 3akpenuth Ha 5
HHIIIENE  OBEPSEMOrO 14
MaHOMETpa S YIJIOTHH-

TEJIBHOE KOJIBIIO. 4 3

2. YCTaHOBI/ITB MoBe- 6 Y 7
psieMbIii MaHOMETP B Ma-

HOMETPUYECKOE  THE3-
1o 4.

3. OtkpbITh Ha 1,5+2
o0opoTa 3amopHBIC Kila- 2
nanbl 6 1 9.

Puc. 1.4. Cunbdon

Puc. 1.5. CxemMa rpy301MopuiHeBOro MaHOMETpa
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4. YOenuThCs, UYTO CTpelika Ma-
HOMETpPA HAXOJIUTCA Ha HYJEBOM Jie-
neHuu. B mpoTuBHOM cilyyae ycTaHo-
BUTh CTPEJIKY Ha HYJIEBOE JIeJICHUE C
MOMOIIbIO YCTAHOBOYHOT'O BUHTA.

5. 3aKphITh 3aMoOpHbIC KJamaHbl 6
no.

6. OtkpeiTh Ha 1,5-2 obopoTta 3a-
IIOPHBIM KJanaH 7 W, Bpamas IITOK
MOPIIHA NPOTUB YacOBOM CTPEIIKH,
3alOJIHATh LWJIUHAP MOPIIHEBOTO
HAcoca 2 MacJoM.

7. 3aKphITh 3alIOPHBIN KilanaH 7 u
OTKpPBITh Ha 1,5-2 06opoTa 3amopHbIe
KJIaraHbl 6 U 8.

Puc. 1.6. I'py30nopuiHeBoii MAHOMETP 8. Ilepemeriiasi mopuIcHs Hacoca 2

B 00OpaTHOM HampaBlICHWHU, U Bpallas

rpy3oByto minathopmy 1.2, 1oOUThCS COBMEIIEHUS O€IbIX PUCOK Ha matdopme u
KOHTPOJILHOM cTolike 1.4.

9. 3anucarh Noka3zaHue MOBEPSEMOr0 MAaHOMETPA.

10. JoGaBnsis sTanonHsie rpy3sl 1.3 Ha mnatdopmy 1.2, mOBTOPUTH onpeaeneHus
no myHKTy 8. [laBieHue, co3gaBaeMoe STAJIOHHBIM, TPy30M HE JIOJDKHO MPEBHIIIATH
MpeeIbHOro 3HaYEHHS], Ha KOTOPOE PacCUMTaH MOBEPSEMbI MAaHOMETP.

Bremrnuil BUA rpy30MOpIIHEBOr0 MaHOMETpa MokKa3aH Ha puc. 1.6.

1.2.5 MH3mepuTeibHbIE NPeodpa3oBaTeIn 1aBJICHUS

Ten3ope3ucropubie npeodpasoBarean gaBjaenusi. OqHUMHU U3 Haubosiee pac-
MPOCTPAHEHHBIX W3MEPUTENbHBIX MpeoOpa3oBareseil NaBIeHUs JAaHHOTO TUIA SBJIS-
1oTcs pubopsl cepun «Candup». B HUX NpUMEHSIOTCS EepBUYHBIE TEH30METpUYe-
ckue mpeoOpa3oBaTenu B BHJIE IUIACTUHBI W3 MOHOKPHUCTAJUIMYECKOro camndupa,
MPOYHO COETUHEHHON ¢ MeTajumueckoil memOpanoil. Ha candupoBoit memOpane
pa3MelleHbl KpeMHHUeBbIe MieHouHble TeH3ope3uctopsl (KHC — ctpykrypa). Hedop-
Malus MeMOpaHbl TOJT BO3IEMCTBUEM BHELIHErO JABJIEHUS MPUBOAUT K JOKAIbHBIM
nedopmalsaM TEH30PE3UCTOPHOIO MOCTAa U €ro pazdaliaHcy, KOTOPBIM HU3MeEpSIeTCs
AIIEKTPOHHBIM OJIOKOM.

[IpeobpazoBarenb, MoKa3aHHBIM Ha puc. 1.7. a, MOXET MCIOIL30BATHCS JJISI U3-
MepeHHst a0COIIOTHOT0, MAHOMETPHUYECKOIO0 U MAHOBAaKYyMMETPUUECKOTO JIaBJICHUI.
MeMOpanHbIii TeH3o0mpeoOpazoBaresib 3 pa3MelleH B BHYTpU OCHOBaHUs 9. BHyT-
PEHHSISI TIOJIOCTh TeH30IMpeoOpa3oBaTess 4 3aModHeHa KPEMHUHOPTraHUYEeCKON K /I-
KOCTBIO M OTJ/IEJICHA OT U3MEPSIeMOU cpeabl MeTauIMuecKod roGpupoBaHHON MeM-
OpaHoii 5, mpUBapeHHOI MO0 HapyKHOMY KOHTYpPY K ocHOBaHuIo 9. M3mepsiemoe naB-
JIeHHe MojaaeTcs B kaMmepy 6 ¢uianua 7.
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Mexny oOcHoO-
BaHueM 9 u Quan-
neM 7 yCTaHOBIIE-
Ha Tmpokiagka 8.
Ecau mpeobpazo-
BaTelnb  IpeliHa-
3HAUEH HJisi U3Me-
peHuss  u30BITOY-
HOTO JIaBJICHUS, TO
noiocts 10  co-
SAMHSETCS C aT-
mochepoit.  [lpu
u3MepeHun abco-
JIOTHOTO  JIaBJie-
HUS 1oiocTh 10
repMeTU3UPYeTCH,

Puc. 1.7. IIpeo6pazoBarens Canpup—22M—/11: a — cxema; 0 — BHEIIHUN

51 U3MEPEHHBIN gy

CHUTHAJI II0JacCTCA B

AJIIEKTPOHHBIN OJIOK Yepe3 TePMOBBO/T, 2.

Buemnwit Bua npeobpasonarens Candup—22M—/IU npeacrasnen Ha puc 1.7. 0.

[IpeoOpasoBarens, Moka3zaHHBIM Ha puc. 1.8. a, B OCHOBHOM TpeIHA3HAYCH IS
M3MEpPEHHUs] PAa3HOCTH JABJICHUN, HO MOXET HCIOJIb30BAThCS A M3MEpPEHUs He-
0O0JBIIMX BETMYHUH a0COIIOTHOTO, MAHOMETPHUYECKOTO, BAKYYMMETPUUECKOTO U Ma-
HOBAKYYMMETPUYECKOr0 JaBiicHUM. [Ipn m3mepeHMn MaHOMETPUYECKUX JABJICHHUU
JIeBBIN (hIIaHen OCTABIAIOT OTKPHITHIM. [Ipu M3MepeHnn abCOMOTHOTO aBICHUS Jie-
BB (praHer] repMeTu3upyroT. TeH30nmpeodpazoBaTenb MEHOPaHHO-PHIYAKHOTO THIIA

3, pa3MelieH BHYTpHU
OCHOBaHUA 9 B 3aMK-
HYTOH mojoctH 4, 3a-
MOJIHEHHOM Kpem-
HUMOPTraHUYECKON

KUJKOCTBIO M OTHE-
JE€H OT U3MepsIeMoi
cpeabl  MeTajuInye-
CKUMH TO(pUpOBaH-
HbIMU MeMOpaHamu 5.
Mewmbpansl 5 mpuBa-
PEHHBIE IO HApY>KHO-
My KOHTYpPY K OCHO-
BaHHIO 9 W coelnuHe-
HBI MEXIy coboit
LHEHTPAJIbHBIM  IITO-
kom 11. Irok 11

A W
7 s

iy

s,

7 7 7
i, Vo
i, Vi

Puc. 1.8. IIpeo6pazoBarens Canpup—22M—]J1/1: a — cxema;
0 — BHEIIIHUI BU/I.
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CBsI3aH C TEH30MpeoOpazoBaTeneM 3 mocpeAcTBOM Tsaru 12. BosnelicTBrue pasHocTH
JTABJICHUM BBI3BIBAET MPOTHO MeMOpaH 5, u3rud MeMOpaHbl TEH30IIpeoOpa3oBaTes U
M3MEHEHUE COMNPOTUBIICHUS TEH30pPE3UCTOPOB. BHemHui Bua mnpeodOpazoBaTesis
npejcTaBiieH Ha puc 1.8. 0.

BcenenctBue HEOAHOPOMHOCTH KOHCTPYKIIMM M SKECTKOM CBSI3bIO MeMOpaHbI ¢
KOHCTPYKTHUBHBIMU 3JIeMeHTaMu ipeoOpazoBareis ctpykTypbl KHC umerot Bpemen-
HYI0 HECTAOWJIBHOCTh I'PAJlyUPOBOYHOM XapaKTEPUCTUKU U CYIIECTBEHHBIE THCTEpe-
3ucHbIC d(PPEKTH OT JAaBIEHUS W Temmeparypsl. [lo 3Tol mpuYMHE MOTPENTHOCTH
npeoOpa3oBaresei, Kak MpaBWiIo, OrpaHndeHa BenundnHou + 0,25 %.

[Tpeobpa3oBarenu, BBHIMOJHEHHBIE C WCIOJIB30BAHUEM CTPYKTYpPhl KPEeMHHI Ha
kpemHuu (KHK) umeror Ha nopsiok OOJIbIIYI0O BPEMEHHYIO U TEMIIEpATypPHYIO CTa-
OWJIBHOCTH 10 CpaBHEHMIO ¢ npeodpazoBatesiMu Ha ocHoBe KHC ctpyktyp. [1peos-
pazoBatens naBienus KHK npencraBnser coboit MmeMOpaHy U3 KpeMHUS C TJICHOY-
HBIMHU TE€H30PE3UCTOPAMHU, BKIIFOUEHHBIMU B MOCT YHMHCTOHA. [laBneHue uepes pasje-
JUTENbHYI0 MEMOpaHy U Pa3feIUTENbHYIO KUAKOCTh MepeaacTcsl Ha YyBCTBUTEIb-
HBIN 3JIEMEHT TeH30Mo Iy (puc. 1.9 a).

DNeKTpUYECKU CUTHAN, 00pa3yIoMIMICS TpU pa3zdasaHce MOCTOBOM CXEMBbl, U3-
a ¢ _ MepsIeTCA

>  DIIEKTPOHHBII 610K AIIT u no-
dacTCA B
YUyBCTBUTEIBHBIN 3JIEMEHT 3JICKTPOH-
TEH30MO/LYJIsI (IUIACTHHA U3 HBII TPeod-
KpEMHU: C IIJICHOYHBIMU paSOBaTeHB’
TEH30PE3UCTOPAMH) KOTOpbIH
npeobpazy-
PasnenuresnbHas sKHIKOCT €T J3TO u3-
MEHEHUE B
BBIXOJIHOU
PaznenurensHas meHOpaHHa
curHai. B
HaCTOALICC
BpeMs B
T DJICKTPOH-
. HBIX OJIOKax
Puc. 1.9. TIpeoGpa3zoBarens gainenus Metpan 150 TG: a — cxema; 6 — BHEITHHIA
- npeobpazo-
I[ ~
BaTeJIEnu

[IUPOKO MCHOJB3YIOTCSI MHUKPOKOHTPOJUIEPHI. DTO TO3BOJSET BO BPEMsI M3TOTOBIIE-
HUsl npeoOpazoBatens 3amucath B [I3Y MHUKpOKOHTpoJiepa TpaaydpoOBOUYHBIE Ta0-
JMIBI, COJEpIKaIIe MOMPAaBKH B IIMPOKOM JWANa3oOHE TeMIepaTyp M JIaBIICHUI.
JlaHHBIE TIOMPABKU MCTOIB3YIOTCS MUKPOKOHTPOJIEPOM B Tpoliecce 00paboTKU MH-
dbopMaruu Bo BpeMsi U3MEPEHHUSL.

EmxocTHbIe mpeoOpa3oBarenu aaBjeHus. EMkocTHbIe peoOpa3oBarenu aaB-
JeHHs 00ecTeunBaoT MOBBIIICHHYIO TOUHOCTD ITpeodpa3oBanus. OqHoMN U3 Haubosee
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W3BECTHBIX KOHCTPYKIHN CEHCOPOB SIBJISIETCS JI€JIbTA-I4E€UKA, PUHIWIINATIbHAS CXE-
Ma KoTopoi mokaszaHa Ha puc. 1.10 a. MI3aMeputenbHblil O0JI0K TaTYUKOB COCTOUT M3
KOpIlyCa U €MKOCTHOM HM3MEPUTEIBLHOU SYeWKU. EMKOCTHas siueiika M30JIMpOBaHa
MEXaHUYECKH, IJIEKTPUUECKH U TEPMHUYECKH OT M3MEPSIEMOM M OKpYKarolleh cpes.
N3mepsiemoe naBieHue TepeaeTcs depes pa3iciauTeIbHbIle MEMOpaHbl U pa3ieiiu-
TEJbHYIO KHUJIKOCTh K U3MEPUTEIHLHON MeMOpaHe, PacioIOKEHHOW B IIEHTPE €MKO-
CTHOU siueiiku. Bo3aelcTBrE NaBiICHUS BBI3BIBACT U3MEHEHUE MOJIOKECHUS HW3MEpH-
TEJIbHOW MEMOpaHbI, UYTO IPUBOJUT K MOSIBIICHUIO Pa3HOCTU €MKOCTEH MEXKIy H3Me-
pUTEIBHOW MEeMOpaHOW W TUIACTMHAMH KOHJICHCATOPA, PACIOJIOKEHHBIM 1O 00eHM
CTOpOHAM OT M3MEpUTEIbHOW MeMOpaHbl. PasHocTh emrocteit m3mepsiercs: ALl u
npeoOpasyeTcs NEKTPOHHBIM MpeoOpa3oBaTesieM B BRIXOIHOM CUTHAIL.
a S

i

Kopnyc
EmKocTHas n3MepuTenpHas

sYerKa

Paznenurensuas memOpaHna

PaznenurenpHas >KUIKOCTh

OO0xaika KOHAeHCaTopa

N3meputenbHas memOpaHa

Puc. 1.10. ITpeodpazosarens nasinenus Metrpan 150 CD: a — cxema; 6 — BHEITHUI BHUJT
1.3 JlaGopaTopHasi ycTaHOBKa

KoMmnbroTepHas Mozenb JadopaTopHol yctaHoBKH (puc. 1.11) coctout u3 usme-
pUTENBHON CHUCTEMBI, BKJIIOUarolien miyHxep 1.1, rpy3oByto minatdopmy 1.2, rpy3sl
1.3, KOHTpOJBHYIO CTOMKY 1.4; MaxOBHKa MAaclsiHOIO Hacoca 2; MacisHOro Oaka 3;
MAaHOMETPUYECKUX THE3 4 I NOAKIIOYEHUS IMOBEPSIEMBIX MAHOMETPOB 5 U 3amop-
HBIX KJIAIIAaHOB 6.
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& MosepKa NpyX»HRHOMO MakomMeTpa 2.03 !E m

KonuuyecTso rpysoe Ej

Puc. 1.11. KomnbprotepHast MoJelb J1abOpaTOpHON YCTAHOBKU
14 IHopsinok BeIMOJIHEHHE PadOThI

1. 3anucaTe nacnoOpTHHIE TaHHBIE TOBEPSIEMOTO MAaHOMETPA.

2. [lepemernas mopIIeHb Hacoca PEryjasTOpoM 7 JOOUTHCS COBMEIICHHS OEIbIX
PHUCOK Ha TiaTopme U KOHTPOIHHON CTOHKE.

3. 3anucarh MOKa3aHHe NOBEPSEMOT0 MPYKUHHOTO MAaHOMETPA.

2
4. JloGaBnsisi ¢ marom 1 Kr/cM® sTalioHHBIE TPy3bl Ha TUIATGOPMY, MOBTOPUTH
. 1..3.

1.5 OO0paboTka pe3yJIbTaTOB

2
1. Onpenenuts HOPMUPYEMOE AABICHUE Prop, KIC/CM®, IJIs1 MOBEPSEMOTO MaHO-
MeTpa

pHop = DPx = Pu» (1-2)

2
II€ Px — KOHEYHOE JIABJICHHE, KITC/CM~, TO €CTh MpEe] U3MEPEHHS JaHHBIM MaHO-
2
METPOM; P — HAYAILHOE JaBJIEHUE, KIC/CM”.
2
2. Onpenemuts neny aenenus L. 0., kr/cm

14



I1.0.= Prop /N’ (1.3)

rae [N — oOliee KoJIMYeCTBO AeIEHHi 110 IKajle MaHOMETpa, paBHoe 250.
2
3. Onpenenutsb (pakTUUECKOE TABICHUE Pch, KI/CM”, IS KAKIOI0 U3MEPEHUS

Py =Lo.n, (1.4)

r7e N — KOJIUYECTBO JEICHHUI, COOTBETCTBYIONIEE KaXKIOMY U3MEPEHHUIO.
2
4. Onpenenuth aOCOMOTHYIO TOTpeInHOCTh AP, Kre/cm

AP = DPom — Py (1.5)

2
IJle Psm— STANOHHOE JIaBJIE€HUE, COOTBETCTBYIOIIEE ATAJIOHHBIM I'py3aM, KIc/cM”.
5. Onpeaenutb OTHOCUTENbHYIO MOTPEITHOCTh A, %

a=-2P 100%, (1.6)
DPsm
6. OnpenenuTh IPUBEAECHHYIO IOTPEIHOCTL D, %
b="P 100%. 1.7)
Prop

7. DKcriepuMeHTalbHbIE JAHHBIE U PE3YNIbTaThl 00padOTKH 3aHecTu B Tadu. 1.1.

Tabnuya 1.1
IoBepka maHoMeTpa
No pgm, n1 pd?; Ap, Cl, b,
- Kr/cMm2 hi ({50501 Kr/cMm2 Kr/cMm2 % %
1
2
7

8. CaenaTh BBIBOJ O COOTBETCTBUH MOBEPSIEMOr0 MaHOMETPa KIacCcy TOUHOCTH.
1.6 KounTposibHbIe BONPOCHI

1. Yto Ttakoe naBieHue?

2. AOCOJIIOTHBIM JIaBJICHUEM Ha3bIBA€TCS?

3. MI30BITOYHEIM JaBlIEHHEM Ha3bIBACTCA?

4. MaHOMETpPUYECKUM JJaBJICHUEM HA3bIBACTCS?

5. Bakyywm 310?

6. Kakue enuHuUIIBI M13MEPEHUS JaBICHUS UCTIOJIB3YIOTCS?
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7. Kax knaccupuuupyrorcs npubOpsl sl U3MEPEHHs JaBJICHUS 10 POy U3Me-
pAEMOI BEJIMYMHBI?

8. Kax kimaccupuuupyrorcst mpuOopsl U3MEpPEHUs AaBJICHUS 110 IPUHLINITY AEHCT-
BUA?

9. Kax xnaccuduuupyrorcss npuOOopsl isl U3MEPEHUs JABICHUS 110 KIJIAcCy TOY-
HOCTH?

10. Kakue ynpyrue saeMEHTBl HCIOJIB3YIOTCS B MEXAaHMYECKHX MPUOOpax JUisd
U3MEPEHHUs 1aBJICHUA?

11. C nomo1pto, KaKuX TprUOOPOB MOKHO U3MEPUTH U30BITOYHOE JaBJIeHUE?

12. B xakux ciydasix HCIOIb3yeTCs MAHOMETP C IJIOCKOW MEeMOpaHoii?

13. Uto Takoe HOpMUPOBAHHOE 3HAUCHUE JABJICHUS?

14. Kak ycTpoeH MaHOMETp C OHOBUTKOBOM TpyOUaToi NpyKUHO?

15. KakoBa nociie1oBaTeIbHOCTD BBIMOJIHEHUS ONEPALMI IPH OBEPKE MaHOMET-
pa?

16. Kak ycTpoeHbl TeH30MeTpUUECKUEe IPeoOpa3oBaTeIy JaBIeHUs?

17. Kak ycTpo€Hbl eMKOCTHBIE ITPe0Opa30BaTEIH 1aBICHUS?

2 JIABOPATOPHAS PABOTA Ne2. PACXOJIOMEPBI
2.1 Hesan padoThl

HByLII/ITI) YCTpOfICTBO, IMPUHIOUII pa6OTI>I CKOPOCTHBIX CUCTYHUKOB KHUIAKOCTHU, BbI-
SABUTDb XaApaKTCP HM3MCHCHHA IIOIPCIMHOCTH H3MCPCHHA B 3aBUCHMOCTH OT pacxoa
KHNIKOCTH. O3HaKOMMTHCS C YCTpOﬁCTBOM " IIPUHIUIIOM pa6OTLI pPacxoaoMcCpoOB IIC-
PEMCHHOI'O M ITIOCTOAHHOI'O IICPCIIaa AABJICHUA U ITIOCTPOUTDH TAPHPOBOYHEIC rpa(bn-
KH.

2.2 Teopernueckne cBe1eHUs

2.21  OOwmme cBegeHus

PacxonoM Ha3bIBaeTCsl KOJMYECTBO JKUIKOCTH WJIM rasa, MpoTeKarollee depes
JaHHOE CEeUYEHUE B €IMHUILY BPEMEHHU.

Pa3nuuaroT 06BEMHBIH PacXoj, H3MEpSeMbIi B M°/C, M>/4, J1/C, T/MHH U T.I. H
MacCOBBII pacxo/i, U3MepAEeMbId B T/4, KI/4 U T.A.

Jlyis u3MepeHus: MTHOBEHHOTO pacxoja MPUMEHSIIOTCST pacxofgoMepsl. J{s u3me-
pEHHS KOJMYECTBA BEIIECTBA 3a OMPEACNICHHBI WHTEPBAl BPEMEHHU HCIIONB3YIOTCS
pacxoJ0Mephl C UHTErPaTOPaMU HIIA CUETUHKH.

Jlyis mu3MepeHus pacxoAa KHUAKOCTH WM Tra3a MPUMEHSIOTCS: 00beMHbIC CUETUH-
KM, CKOPOCTHBIE CUYETUMKH, PaCXOJJOMEPHI IEPEMEHHOTO TMepernaia AaBIeHus, pacxo-
JOMEpBl TIOCTOSTHHOTO TIepernajia AaBIICHUs, dJICKTPOMArHUTHBIC, YIbTPa3BYKOBBIE,
BUXPEBbIE, TEIJIOBbIE, KOPUOJIMCOBBIE U PAJl APYTUX TUIIOB PACXOJOMEPOB.
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2.2.2  CKOpOCTHbBIE CYETYUKH

Jljig yueta KOJMYECTBA KHUAKOCTH, paCXOAYEMOUN OTAEIbHBIMU HEOOJBIINMU I10-
TpeOuTensiMu (KUiible U OOLIECTBEHHbIE 3/JaHUs, HEOOJBIINE MIPEAPUATHS, OTAEIb-
HbIE 1I€Xa), HauOoJbllee PaCHpPOCTPAHEHUE MOJYyUUIHM MEXAHUYECKUE CKOPOCTHBIE
CUETYUKH BOJIBI.

[To KOHCTPYKTUBHOMY HCIOJHEHHIO CKOPOCTHBIE (TaXOMETPUUYECKUE) CUETUUKU
KUJIKOCTU TOAPA3JEISIIOT Ha JIBE OCHOBHBIE TPYIIIBI: KPbUIbYAThIE, OCh BPAICHMUS,
KpPBUIBYAaTKH KOTOPBIX NEPIEHAUKYJSPHA HANpPABICHUIO JBW)XECHHUS KHJIKOCTU
(puc. 2.1. a), u TypOuHHBIE, Y KOTOPHIX OCh BpalleHUs TypOWHKH MapajieiabHa Ha-
MPaBJICHUIO  JIBU-
KEHUS  KUIKOCTH
(puc. 2.1. 6).

[IpuHomn nen-
CTBUSI CKOPOCTHBIX
CUYETUMKOB KUIKO-
CTHU OCHOBAaH Ha
U3MEPEHUH 4ucia
000pOTOB  KPbLIb-
YaTKu WIH  Typ-
OWHKH, TPUBOJIU-
MBIX B JBHKCHHE
OTOKOM npoTe- Puc. 2.1. CkopoCTHBIE CUETUHKH: A — KPbLUIbYAThIE; O - TypOUHHbIE
KAloIIeil 4Yepe3 CYETUYHMK JKUIKOCTU. UHMCIIo 000OpOTOB KPBUIBYATKH WM TYpOUHKU
MPOMOPIIMOHAIBHO KOJIMYECTBY MPOTEKAIOIIEH Yepe3 CYETUYHUK KUAKOCTU. Ochb
KpPBUIbYATKU WM TYpPOMHKH C IMOMOIIbIO NMEPEAATOYHOTO MEXaHHW3Ma COEIMHEHA CO
CUETHBIM MEXaHU3MOM, KOTOPBIM, YUUTHIBAsI YUCIO 0OOPOTOB, MOKA3bIBAET KOJUYE-
CTBO MPOTEKAIOIIEH YEPe3 CUETUHK JKUIKOCTH.

MeTposIorHYyecKMMHU TapaMeTPaMH CYETYMKOB BOJIBI SIBJISIFOTCS IIPENEIbI JTOITyC-
KaeMOW NOTPENIHOCTH B PA3JIMYHBIX JUaNa3oHaxX H3MEPSEMBIX PacXoll0B M Kiacc
cueTynka. MeTposornueckue Kiacchl cueTuukoB 1o kinaccupukanun MCO npusene-
HBI B TIPUJL. 2.

BaxxHelmyMHu XapakTepUCTUKAMHM CUETYMKOB, C IOMOIIBIO KOTOPBIX MOXHO
OOBEKTUBHO OLIEHUTh UX METPOJIOTUYECKUE MTapaMETPhl, SBIISAIOTCA CleaAyroume Quk-
CUPYEMBbIE 3HaYEHUSI U3MEPSIEMBIX PACXOJIOB:

Qumaxc — MAKCUMAJIBHBIA PAacXojl, IPU KOTOPOM CUETYMK MOKET paboTaTh Kpart-
KOBPEMEHHO, He 00Jiee OHOTO Yaca B CyTKU;

Quom — HOMUHAIBHBINA PACXO, IIPU KOTOPOM CUETUMK MOKET PabOTATh IIMTENb-
HOE BpeMs;

Q5 — SKCIUTyaTanMOHHBIA Pacxoi, IPHU KOTOPOM CYETYMK MOXKET paboTaTh He-
MIPEPBHIBHO B TEYEHUE BCETO CPOKA IKCIUTYaTALINH;

Qn — MIEPEXOJIHBIN pacxo/l, pa3aestonuii pabouuil 1Mana3oH Ha JiBa MojIuara-
30Ha C Pa3JIMYHBIMU MPEICIaMU JOITYCKAEMOW OTHOCUTEIBLHOM MOTPEIIHOCTH;
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Qumusu — HAaMMEHBIIUH PACXO, UL KOTOPOTO HOPMUPYETCS Ipeael JOMyCKaeMO
OTHOCUTEJIBHOM MOTPELIHOCTH;

Q.. — TOPOr YyBCTBUTENBHOCTH, TAKOW HAUMEHBIIMI PAcXoj, MPH KOTOPOM
HAaYMHAETCSl yCTOMYMBOE BpallleHHE pab0Yero opraHa CueT4MKa.

5, %4
+5]— -

+2|-—---
/‘X o Q, M3y

QM[/IH | Qr[ \Qa/z Qmaxc
1

5l-—

Puc. 2.2. 'paduk u3smeHeHUsI MOTPEIIHOCTH CKOPOCTHBIX CUETYMKOB!
1 — ¢pakTHUecKas NOrPEIIHOCTD; 2 — IOMyCKaeMble TOTPELIHOCTH

MeTpoaornyeckue KauyecTBa CY€TYMKOB MOKHO OLEHUTh, UCIIONb3Ys rpaduk mo-
IPELIHOCTH 3TUX IPHOOPOB (pucC. 2.2).

KpbuibuaTeie C4ETYMKU BOJIBI

KpbuibuaTeie CHETUMKHA BOJIBI BBIOJHSIIOT OJJHOCTPYMHBIMU U MHOTOCTPYHHBIMM.
B xpputbuaTOM OHOCTPYHHOM cueTdnke (puc. 2.3. a) Boja MOIBOIUTCS K KPhLUIbYaT-
K€ OJHOM CTpyEW, HAIIPABJICHHOM I10 KAacAaTEJIbHOU K OKPYKHOCTH, ITPOXOMSIIEH Ye-
pe3 LIEHTPHI JIOMATOK KPpbUTbYaTKU. B MHOTOCTpYIHBIX cueTunkax (puc. 2.3. 6) Boja ¢
IIOMOILIBIO HAIIPABJISAIOUIEr0 anmnapara IMOABOAUTCS K KPbUIbYATKE HECKOJIbKUMU
CTpyHKaMH, paBHOMEPHO PACIPEAEIEHHBIMU 110 €€ OKPYKHOCTH.

OnHOCTpYWHBIE CUETUHUKH MPOIIE IO KOHCTPYKIIMHU, Y4€EM MHOTOCTPYHHBIE, UMEIOT
MEHbIIIE JIeTajell, MEHbIIIue rabapuTHBIE pa3Mephl U Maccy, MeHee TpeOOBaTeIbHBI K
Ka4eCTBY JKUJIKOCTH,
NPOXOJALIEH Yepe3 HUX.
OCHOBHBIM  HEJOCTAT-
KOM OTHOCTPYHMHBIX
CYETYMKOB SIBJISIETCS OJI-
HOCTOPOHHEE [IaBJIICHUE
Ha OCb KpBUIBYATKU H
OINOPHBIE TOALIUITHUKH,
YTO TPUBOAUT K Oojee
ObICTpOMY  M3HAIKBA-
HUIO 3TUX JETAJICH.

Hanuune  nampas-
JAIOIIETO — ammapara ¢
HEOOJIBIITUMU OTBEP-

Puc. 2.3. Cxema ABUXKEHUS IIOTOKA B ||
KPBUTLYATHIX CYCTUNKAX BOJIBI:

a — B OJJHOCTPYHHBIX; O — B MHOTO-
CTPYMHBIX



CTUSMH Y MHOTOCTPYHHBIX CYETYMKOB MPUBOAUT K TOMY, YTO IIPU 3aCOPEHUU OJTHOTO
WJIM HECKOJIBKUX OTBEPCTHH pacnpe/eseHre CTPyeK U UX BO3JEHCTBUE HAa KPbLIbYaT-
Ky MEHSIIOTCS, YTO BEAET K MOTrpeurHocTsIM u3MepeHus. CrenoBareabHO, MHOTO-
CTpyHHBIE CUETUMKU OoJiee TpeOoBaTEIbHbI K KAUeCTBY YKHIKOCTH, MTPOXOSIIEH Ye-
pe3 HUX.

Puc. 2.4. BHemHui BUII KPBUIBYATHIX CUETUYMKOB BOBI: & - OJHOCTPYHHBIN; O - MHOTOCTpYi-
HBIN

Jlns mepenaun BpamaTeabHOTO ABMKEHUS OT KIIBIJIBYATKH K CHETHOMY MEXAHU3-
MY UCTIOJIb3yeTcsl MarHUTHast Mydra (puc. 2.5).

[To momycTUMON MakCHMalbHON TEMIEPATYpPE BOMABI PA3IMYAOT CUETUYUKH XO-
JOAHOU U ropsiueit BoAbl. CYETUYMKH XOJIOIHOM BOJIbI IPEAHA3HAUECHBI JJIS1 U3MEPEHUS
BOIBI ¢ Temmepatypoii 10 40 °C. Cuerdrku ropseil BOIBL, MPUMEHSIIOTCS IS H3Me-
PEHHsE BOJIBI ¢ TeMieparypoii 10 90 °C.

Kpbuibuateie cuetunkn BCKM (puc. 2.6) KOHCTpYKTUBHO COCTOAT U3 TPEX. OC-
HOBHBIX OJIOKOB: KopIiyca ¢ (prIbTpoM, U3MEPUTEIHHOM KaMephl U CYETHOTO MeXa-
HHU3Ma

B kopnyce, U3roToBJI€HHOM M3 YyT'yHa, HAXOJIUTCS ==
BUHT [JI1 PETYJUPOBAHUS MOTPEIIHOCTH 3a CYET MPO- 3
MyCKa 4aCTH MOTOKA BOJIbI B 00X0JT U3MEPUTEIILHOM Ka-
Mepbl. OUIBTP MOXKET ObITh CHST JJII OYUCTKHU O€3 Je-
MOHTaXa CYETUYMKA C MECTA YCTAHOBKH.

[ToTox Boabl mociie (UIBTpPa MOIXOTUT K HUKHEH
YacTH M3MEPUTENIbHOM KaMmepbl. llogHumasce BBepx
MEX]Iy pyOaIikord U KaMepom, OTOK Yepe3 KOChIC TaH-
TEHUIUAJIBHO  HAMNPABJIEHHBIE OTBEPCTUA  MHPOXOAUT
BHYTPb KaMephbl, U MPUBOJIUT BO BPALICHUE KPbLUIbUATKY
C 3aKPEIUVICHHOW Ha HEW BEAyLIEH MOJIOBUHOW MAarHUT-
HOM My(Thl. OnOpbI KPbUTHYATKH HU3TOTOBJICHBI U3 KO-
pyHAa, 4TO OOECIEeUrMBAET UX BBICOKYIO M3HOCOYCTOM-
yuBOCTh. [l0 BUHTOBOI TPAeKTOPUA BOJA NMONANACT B pu. 55 Verpoiicrso marHuT-
BEPXHIOK0 4aCTh U3MEPHTEIBHOH KaMepbl U 4€Pe3 BbI- yoji mydThl KPBUTBUATHIX CHET-
XOJIHbI€ TAHTCHIIMAIbHBIE OTBEPCTUSI OTBOJUTCS B BbI- 4ukoB BOABI: | — MarHut, 2 —
XOJIHOU TAaTpyOOK cueTurka. Yepe3 HMKHIOK CTEHKY Benaymas mydra, 3 — Bemomas

MydTa
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3 pa3neNuTEeNIbHOTO — CTa-
7 ; 4B KaHa, W3rOTOBJIEHHOTO
- Y3 HEMarHUuTHOIO Mare-
] puana (JaTyHb), Bpallie-
| HHUE BeAylled 4acTu
0 ()T ' MarHuTHOM My(QTHI Tie-
0 ' 0 penaeTcs u €€ BEAOMOMU
YaCTH, PaCIOJI0KEHHOU

B CUETHOM MEXaHU3ME.

g 3 PeyKTOp CYETHOTO Me-

Puc. 2.6. Paspes kpbutbyatoro cuerunka Bogsl BCKM: 1 —kopnye; ~ XaHH3Ma M OTCHCTHOC
2 — pa3feNuUTENbHbIN JUCK; 3 — CUeTHBIN MexaHu3M; 4, 5 — BeoMblii  YCTPOUCTBO C POJIMKa-
¥ BEIyIIMA MarHuThl; 6 — KpbUIbYaTKa; 7 — GUIbTp—CceTKa; 8 — pabo- MM, CTpPEIKaMH W CHT-
4asi kamepa; 9 — pybarika HaJILHOU 3BE3I0YKOHN
IIOMCIICHEI B FepMeTH3HpOBaHHBIﬁ CTaKaH, 3aKpBITbII>1 CTCKJIOM.

OtcueTHOE YCTpOﬁCTBO HMCCT IIATh POJIMKOB AJIAA N3MCPCHHA obbeMa BOJLBI B KY-
6OMCTan N CTPCIIOYHBIC YKA3aTCJIU, UCIIOJIB3YCMBIC TOJIBKO IIPpHU ITIOBCPKC. Curnanb-
Had 3BC3J0YKa IIPCAHA3HAYCHA IJIA 6I>ICTp0FO OIIpCACICHUA pa6OTOCHOCO6HOCTI/I
CUCTUHMKA U ITPH ITOBCPKE BMCCTC C OIITOIJICKTPOHHBIM Y3JIOM ChbCMd CUI'HAJIA.

2.2.3 TypOuHHBIEe CHETYHMKH BOJbI

OCHOBHOM 9aCThIO TYPOMHHBIX CUCTIYMKOB BOJIBI SBJISICTCSI M3MEPHUTEIbHAS KaMe-
pa, o0ecrieunBaromiasi npeodpazoBaHuE CKOPOCTH MOTOKA BO BpAallaTelIbHOE JBUXKE-
HUE TypOUHKH.

TypOuHHBIE CUETYMKHU MCIIOIB3YIOT ISl U3MEPEHHUS PACXOJIOB XOJOJHON BObI
temneparypoi 1o 40 °C. st U3MEPEHUST PACXOJ0B BOJBI TemmepaTypor a0 90 °Cc
MPUMEHSIOTCS CUYETYMKHA B KOHCTPYKIIMH, KOTOPBIX HCIOJIB3YIOTCS CHEIUaIbHbIC
TEPMOCTOMKHE NIIACTMACCHI.

Typ6unnsie cuetunku CTB (puc. 2.7) KOHCTPYKTHBHO COCTOAT M3 CIICTYIOIIUX
OCHOBHBIX YaCTEH: KOpITyca, M3MEPUTEIHLHOU KaMephl, CYSTHOTO OJIOKA U PETYIISITO-
pa.

Kopnyc cueTdrka BBITIOJIHEH U3 CEPOTO YyT'yHA W MPEACTaBIISICT COOON ITUITHH/I-
PUYECKYIO OTIIUBKY ¢ (pIIaHIIaMul JIJIs1 IPUCOSTUHEHHUS K TPyOOIIPOBOTY.

W3mepurtenbHas KaMepa yCTaHABIMBACTCS U KPETUTCS B PACTOUKE MepeHel Jac-
TH KOPITyca U COCTOUT M3 CTPYEBBIIPSIMUTEINSI, KaMepbl M TYpOUHKH ¢ oCchio. CTpye-
BBITIPSIMUTENH BBITIOJIHSICTCS W3 MOJMMEPHOTO MaTepuajia W MpeIHa3HA4YCH IS BbI-
MpSIMJICHUST TIOTOKA, MOCTYIAIOIIET0 Ha JomacTh TypOWMHKUA. OCHOBHBIMU YacCTSIMU
CTPYEBBITIPSIMUTEINS SABJSIOTCS O0TEKaTeNnb U TUIOCKHe pebpa. B crymuiie crpyeBsin-
pSAMUTETISL pacroliokeHa nepBasi onopa Typounku. Kamepa npeacrasisieT co0oif mia-
CTMACCOBBIN IMJIMHJIPUYIECKUN MAaTpyOOK, Ha TOPIIE KOTOPOTO PACIOIOKEHA BTOpas
oropa TypOWHKH, CBSI3aHHAS C MUJIUHAPUYECKOIO YaCThIO MATpyOKa YeThIPbMS paau-
ATHHBIMHA pEOpaMH.
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AKcuanbHas MJIacTMacco-
Basg TypOMHKA C BUHTOBBIMHU
JIOMACTSIMU UMEET CTaJbHYIO
OCb, Bpallaloulyrcss B TMO/I-
IMIUITHUKAX CKOJBXKEHUS U3
rpaduTOBOIO Marepuaia, 00-
JTaJIAIOIIEro B [ape CO CTAlbI0 5
HU3KUM kodhpurreHTOM
TPEHHUSI U BBICOKOW H3HOCO-
yCTONHUMBOCTBIO.  Topuesas <2
ornopa TYpOMHKH MpeacTaBIsi-
eT co0oil crHenuanbHBIA KO-
PYHIOBBI HAKOHEYHHK, KO- |
TOpPBIN Mpu paboTe ynupaeTcs
B OMOpPYy, Tak¥Ke BBIMOJIHEH-

HYI0O M3 KOPYHIa U BCTPOCH- Puc. 2.7. Pa3pe3 TypOMHHOTO cYeTynKa BOABL: 1 — KOpITYyC;

HYIO B KPCCTOBHHY CYUCTHOI'O
O0noka. biok cueTtHOro mexa-

2 — u3MepuTeNbHas Kamepa; 3 — CTPYeBBIIPAMUTENb;4 — pe-
IyJIATOp; 5 — GJIOK CUETHOTO MEXaHU3Ma; 6 — TypOMHKa;

7 —4ama; § — 3arnymika; 9 — marauTHas mydra

HHU3Ma, KpOMC KPCCTOBHUHBI,

BKJIIOUYAET Yallly U 3ariyuky. B kpecroBuHe pazMeniaercs KOHMUecKas 3youaTas me-
peaayda U MarHutHas My@Ta, a B 4alle pacrnojoXeH 3y0uaThlii KOHUYECKUI PELYKTOP
1 oTrcyeTHOe yCcTporcTBO. Cuetunku CTB MMEIT CTpEea0YHO—POJIMKOBBINA CUETHBIN
MEXaHU3M U CHA0XEHbl CUTHAIBHOW 3BE3JI0UKON, ABISIONICICS MHAMKATOPOM Bpa-

HIEHUSI TYPOUHKH.

Perynsarop npeaHazHayeH AJis NPHUBEACHUS 4yuciaa 00OpOTOB TypOMHKH B COOT-

BETCTBHE C MOKAa3aHUSIMU OTCUETHOTO YCTPOMCT-
Ba B IIpeJeiiax JONyCTUMOW MOTPEIIHOCTH CYET-
yuka. Perymsatop mpencrtaBisieT co0oil 1utacTH-
HYy, KOTOpasi 3aHUMaeT MeCTO pedpa CTpyeBbIII-
pamurens. [IoBOpOT IJIaCTUHBI peryssiTopa OT-
KJIFOYaeT 4acTh IOTOKA, MOJABa€MOI0 Ha Typ-
OMHKY B Ty WU JAPYTYIO CTOPOHY, 3aMEJIsIs WU
YCKOPsisl BpallleHue TYpOUHKH.

BuemHuii BUag TYpOMHHOTO CUETYMKA BOJbI
nokasaH Ha puc. 2.8.

2.24  Pacxogomepbl NepeMeHHOI0

nepemnaja AaBJIeHUsI

[TpuHuMn u3MepeHus pacxoja pacxoaoMme-
pPOM TMEpEMEHHOr0 TNepenaaa JaBIeHUs] OCHOBAaH
Ha TOM, YTO B 3aBUCUMOCTHU OT Pacxojia BellecT-
Ba HM3MEHSETCS Iepernaj AaBJICHUS Ha HEMoJI-
BIDKHOM CY)KAlOIIEeM YCTPONCTBE, YCTAHOBJICH-
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HOM B TpYOOINPOBO/IE WK 3JIEMEHTE TPyOOnpoBoaa (KOJIEHO).

Pacxonomepsl mepeMeHHOro nepemnajaa JaBiI€HUs COCTOST U3 TPEX DJIEMEHTOB:
CYXAIOUIEro YCTpOHCTBA, AudpepeHnanbHOro MaHOMeTpa sl U3MEPEHUs neperna-
Ja JaBJICHUS U COCIUHUTENIbHBIX JIMHUI € 3allOPHON U IPEJOXPAHUTEIBHON apMaTy-
POH.

[TpuMmeHsItOTCS cenyroue CTaHAapTHBIE CY’KaoLUe YCTPOMCTBA: auadparmsl,
coruia, coruia Bentypu u tpyOs1 Bentypu.

Teopernueckne 0CHOBBI H3MEPEHHS PACX0/1A € MOMOIIBIO CYKAKIIMNX yCT-
poiicTB
| YcTaHoBIEHHOE B TPYyOONPOBOJAE CyKarolee
yCTpOMCTBO (puc. 2.9) mMpUBOIUT K YBEIUYCHUIO
‘ CKOPOCTH B CYKEHOM ceueHuu. B pesynbrare
4acTh MOTEHIUATBHOW SHEPrUMU NaBJICHUS TEpe-
0Q I 0 XOIWT B KMHETUYECKYIO0 HHEPIHI0, MO3TOMY CTa-
o = "~ TUYECKOE JABJICHUE B CYKEHOM CEYEHHMH CTaHO-
1121 BUTCSI MCHBIIIE CTAaTUYCCKOTO JaBJICHUS TEPe.
Puc. 2.9. Cxema u3mepenus pacxoga ~ CYXKalOIIUM  yCTpoucTBOM. Ilepeman naBieHuit
3aBUCHT OT CKOPOCTH [BWXEHUSA >XUIAKOCTH, a
CJ€A0BATENBHO, U OT PAcXo/a.

s BBIBOJIa OCHOBHOT'O YPAaBHEHHSI Pacxojla >KUJIKOCTH, IMPOTEKAIOIIETO Yepe3
Cy>Kalolue yCTPOMUCTBO, UCIIONB3yeTCa ypaBHeHue Jl. bepHyu, cocTaBieHHOe s
ceueHuid 1-1 u 2-2. Ceuenne 1-1 BbIOMpaeTcs mepes Cy X arolluM YCTPOMCTBOM, a
ceyeHue 2—2 B CKaToM cedeHuu. [1m1ocKkocTh cpaBHEHUSI TPOBOAUTCS IO OCH TPYOO-
npoBoja. [lorepu Hanopa Mex 1y CEYEHUSIMHU HE YUUTHIBACTCS.

B stom ciydae ypaBHeHue bepHyiun 3anuiiercs cieayromuM o0pa3om:

2 2
oV Oy U
P bt _ P2 %2Us 2.1)

Pg 29 pg 29
[IpuauMas BO BHUMaHHE Ol = Ol = 1, HUCIIOJIb3Yysl YpaBHCHHUE HEPa3pbIBHOCTHU
b P
Pg PY

U]_O)l :UZ O)Z N YYUTbIBas1, 4YTO = h, pemacTCsa ypaBHCHHUC OTHOCH-

TEJIBHO V1.

vy = V29 Jh. (2.2)

(O
V)

Teopernueckuii pacxoJ B TpyOOIPOBOJIE OMpeaeseTcs 1o hopmyie
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(2.3)

2
(
Bripaxxenue g A2 g / —1 —1 3aBucuUT TONBKO OT ICOMETPHUYCCKHUX pPa3-
J\ 02

MCPOB JAHHOT'O pacxXoaoMcEpa U ABJIACTCSA MOCTOSIHHOM BEJIMUMHOM:

(2.4)

Tornma ypaBHeHHE pacxoja IPUMET BUJ

Qr =Cyh, (2.5)

rne C— nocrosHHas pacxomoMepa.

[Ipu BBIBOAE 3aBUCHUMOCTH (2.5) HE YYUTHIBATUCH MOTEPU DHEPTUHU, TMOITOMY
(akTHUecKuil pacxoj OyleT MEHbIIE TEOPETUYECKOT0. ITO HECOOTBETCTBUE PACXO-
JIOB XapakTepusyercs KodhPuiueHTom pacxoaa

_Q
Qr

OxoHuatenbHast (Gopmyna aJisi ONMPENETICHHs] pacxoja MPUHUMAET CIIEIYIONTUN
BU]I

M (2.6)

O =uC+h = A+, (2.7)
rae A — koo dunment pacxoaa pacxoaoMepa,
A=uC. (2.8)
KoHCTpYKTHBHBIEC 0CO0CHHOCTH CYKAIOIIUX YCTPOUCTB

Juagparmsl
[Ipu u3mMepeHnn pacxoja KUJIKOCTU MHPOKOE pacpOCTPaHEHNE NOJYyUYUIIU AHa-

¢dparmbl, Onarojgapsi MPOCTOTE€ KOHCTPYKIMHU, YAOOCTBY MOHTa)ka M JE€MOHTaXa.
Cranpaptasie auadparmel (puc. 2.10), npeacrapisitoniyre coOoi AUCK C OTBEPCTHUEM,
MOTYT OBITH C YTJIOBBIM MK (hJIaHIIEBBIM criocobaMu 0TOOpa mepenaza TaBIeHHs.

KoHcTpykTuBHO AuadparMpl BHITIOJHSIOTCS KaMEPHBIMUA WM OeckamepHbIMU. B
O0eckaMepHbIX nuadparmax oTOOp mepernaja JaBlIeHUs OCYIIECTBISIETCS 4Yepe3 OT-
BEpCTHUs B TPyOOIPOBOIE WK (priaHIax.
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KonbrieBbie kamepbl MpeaHa3zHava-
IOTCS 11 OCPEHCHHSI U BHIPABHUBAHHSI
JaBJICHUS TI0 TIEPUMETPY ceueHus. B
pe3ylbTaTe S3TOTO TMOBBIMIACTCS TOY-
HOCTh U3MepeHus. Kamepbl BBIMOTHSIOT
B 000/Jax uiu obOoimax auadparmsl.
Hnsa tpy6 amamerpom OGonee 400 mm
KaMepbl BBHITIOJHSAIOTCS B BUJE KOJbIlE-
BOM TpyOKH, OXBaThIBarolleld TpyOo-
IPOBO/I.

ToyHOCTP W3MEpeHUM pacxoda C
MOMOIIBIO JradparM CyIIECTBEHHO 3a-
BHUCHUT OT KayeCTBa MX YCTAaHOBKHU U Ha-
JWYMs TIepe HUMH YYacTKOB TpyO pac-
YETHOTO JuamMerpa 0e3 JOMOJHUTEINb-

Puc. 2.10. CxeMbl cTaHIapTHBIX auadparm: HBIX MCTOYHMKOB BO3MYIUEHUH (3a-
a — ¢ YIJIOBBIM criocoOoM oTOopa nepenaza jasiie- YCEHI[bI, CBAPHBIE WIBbI, KOJEHA, TPOi-

HUs; 0 — ¢ (IaHIEBBIM CIOCOOOM OTOOpa Tepemna-
HUKH, 3alI0pHAs apMaTypa).

11a IaBJICHUSA

OCHOBHBIM HeJOCTaTKOM auadpar-
MBI SIBJISIETCS TO, UTO OHa 00JIaJjaeT OOJBIITUM THAPABINYECKUM COMPOTUBIICHUEM U
BBI3BIBACT 3HAUYUTEIBHBIC IIOTEPH HATIOPa.

77
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PacxonomepHble comia

OcHoBHOE ypaBHEeHHE pacxoja (2.3) cnpaBeiuBo | I corel. PacxomoMmepHoe
comto (puc. 2.11) mpencraBisier co00K yCTPONCTBO ¢ KPYTJIBIM OTBEPCTHEM, UMEIO-
[IUM IJIABHO CYXAIOIIYIOCS YacTh Ha BXOJIE U IIUJIMHIPUYECKYIO YaCTh Ha BBIXO/IE.

To4HOCTh U3MEPEHUS PacXojia COMJIaMU HECKOJIbKO BBIIIE TOYHOCTH U3MEPEHUS
nuadparmMamu 6y1aroapsi OTCYTCTBHUIO JTOTIOJHUTEIHLHOM MOTPEIIHOCTH HA HEOCTa-
TOYHYIO OCTPOTY BXOJHOU KPOMKH.
Coria B Ka4eCTBE CY>KarOUIUX yCT-
POMCTB JUIsl pacX0JOMEPOB PacIpo-
CTpPaHECHHSI HE TOJYYWIH, TaK Kak
MOTEPU HAMopa B HUX HEMHOTUM
MEHbIIIe, YeM B auadparmax, a us3-
TOTOBJICHUE WX 3HAYUTENIHLHO CJIOXK-
Hee.

Cyxarmmm yCcTpoHUCTBOM, 00-
JAJAIOIMIMM  BBICOKOH TOYHOCTHIO
U3MEpPEeHUsI pacxofa U He CO3Jaro-
UM OOJIBIIUX TOTEPh HAIopa, SiB-
aseTcs corio Bentypu.

Comiom BeHTypu Ha3bIBaeTcs
CyXXarllee yCTPOMCTBO, BXOAHAsA
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Puc. 2.11. CxemblI cTaHIApPTHBIX COMEN
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4acThb KOTOPOTO BBHIMOJHEHa MO (opme

CTAHJAPTHOIO COIUIA, & B YCTbE MMEETCS

KOHYC, CIY>KalllMi I YMEHBIIEHUS I10- | 8

Tepb HAIopa. : s
B 3aBucuMOCTM OT [UIMHBI U 1LIEH- ﬁy\ é

TPaJbHOIO yIjla KOHYyca pPa3jIn4aroT

JUIMHHBIE U YKOpPOYEHHBIE comia Benry- 0]

pu. B cucremax BomocHaOXeHUS U BOJIO- f S

OTBEJICHUs 4Yallle HCIIOJB3YIOTCA YKOPO-

yeHHble coruia Bentypu. Conna Bentypu ol 4

W3rOTaBJIMBAIOT ABYX TUTIOB (puc. 2.12). ————
[lepBblil THN TpeHa3HA4YEH s TPYO =

yCIOBHBIM TIpoxoaoM oT 50 go 200 mwm, T |

BBIIIOJIHAIOT C COIUUIOM M3 IBETHBIX Me- !

TAJZIOB U YYT'YHHBIM KOpItycoM. Bropoii

TUI TpeAHa3HA4YeH A1 TpyO YCIOBHBIM

mpoxoaom OT 250 no 1400 mMm. Puc. 2.12. Cxema conen Bentypu: a — nepBoro
IIpn ycraHoBke comia BeHTypu He- Tuma; 6 — BTOpOro Tuma

00X0UMO cOOII0AaTh COOCHOCTh TPYOB! U coruia. BOau3u comna BenTypu 10/ KHBI

OTCYTCTBOBATh UCTOYHUKH, IPUBOALIME K UCKAKEHUIO ITIOTOKA.

TpyOs1 Benrypu

TpyObl BeHTypu ObLIM MpEeAJIOKEHBI paHee IPYTUX CyKaroUIUX YCTpoicTB. B 3a-
BHCHMOCTH OT pa3MepoB auddysopa Tpyosl BeHTypu' GbIBAIOT KOPOTKMMH M [UTHH-
HbIMU. PaznuyaroT Tpu KOHCTPYKTUBHBIX UCIIOJHEHUA TpyO Bentypu:

A — cTanbHBIe CBapHBIe W3 IHCTOBOrO Marepuaia Ha Dy =200-1400 mm, py 10
16 MIla;
b — ¢ auThiMu HEOOpaOOTAaHHBIMU BXOJHBIMU YaCTSIMHU, 00paO0OTaHHOUW TOpPJIOBU-

Hoit Ha Dy = 100-800 mm, py 10 25 MITa;
B — ¢ 00paboTaHHBIMH BXOJHBIM MAaTPyOKOM, KOHYCOM M TOPJIOBUHOM Ha

Dy =50--50 mm, py 0 4 MITa.

HawnGomee mpocThIMU U yIOOHBIMH B M3TOTOBJICHHH SIBJISTFOTCSI CBAPHBIC TPYOBI
Bentypu.

Cranmaptaeie TpyObl Bentypu (puc. 2.13) cocToaT U3 CIeayromnuX OCHOBHBIX
gacTel: BXOJHOIO ITMJIMHIpPA, CYXKAIOIIEro KOHYCa, TOPJIOBUHBI, PACIIMPSIONIECTOCS
KOHYCa M BBIXOJHOTO HMuiIuHApa. Bee yactu cobuparorcs myrem cBapku. OT6op n1aB-
JICHUSI OCYIICCTBIIACTCS M3 YCPEAHSIOIMIMX KOJBIEBBIX Kamep. B HIKHeHW yactu
KOJIBIIEBBIX KaMep yCTaHABIMBAIOTCS MPOOKOBBIC KPaHBI JIJIS CITYyCKa >KUIKOCTH.

' Benmypu Jiowcosannu Bammucma (1746 - 1822) — wuranssirckuii yuénenii. C 1773 mpodeccop
yHuBepcutera B Mojene, 3atem B IlaBuii. Hanbonee n3BectHsl pabotsl Bentypu. B o0iacTu rui-
paBiuku. B 1797 ony6nukoBan Ha (GpaHITy3CKOM sI3BIKE MCCIIEIOBaHHE 00 UCTEUEHUU BOJBI Yepe3
KOPOTKHE IWIMHAPUYECKUE U pacxojsiiuecs Hacaaku (Hacaaku Bentypm). BenTypu 3anumancs
TaK)Xe TeOpUel 1[BeTa U HEKOTOPHIMU BOITPOCAMH OINTHUKH.
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TpyObr  Bentypu mnpHCOEAMHSIIOT K

2
- 1[ %ML‘ 5 . ° CTaJbHLIM TPYOOIPOBOAAaM CBapkoil. B He-
Di I~ =2 - KOTOPBIX CIy4asX IOIYCKAETCS IPUCOEIH-
'T-F T ws}t\ﬂ HEeHHeE Ha (pIaHmax.
ST 2 OCOoOEHHOCTRIO CTaHAAPTHHIX TpyO BeH-

Typu ABJEHCTCA HX Mallad MCETAJJIOCMKOCTD.
. HeoOxomumple mIMHBI MPSIMBIX yYaCTKOB
kas TpyoOa; |l — nmuanas tpyOa; 1 — BxoaHOU
naTpyooK; 2 — KOJIbLIEBbIE KaMEPBI; nmepex  TpyOamu BeHTYpH  CIIECTBEHHO
3 — BXOJHOH KOHyC; 4 — ropinoBuHa; 5 — ppl- MCEHBIIC, 9CM IICPEN auadparMaMu ¥ CoILIa-
XOJIHOM KOHYC; 6 — BEIXOAHOM MaTpyooK Mmu. [IpeumyriecTBoM TpyO SBISIOTCS MaJible
MOTEPU HAIOpPa, BO3MOXKHOCTb H3MEPEHUS
pacxojia 3arpsA3HCHHOMN KHUJIKOCTH, JOJITOBEYHOCTh. EIMHCTBEHHBIM CYIIECTBEHHBIM
HEOCTAaTKOM SIBJISIETCSI TPOMO3IKOCTb.

Puc. 2.13. Cxema tpy0 Benrypu: | — xopor-

2.2.5 PacxoaoMepsbl NOCTOSIHHOIO NMepenaaa AaBJeHUus

Pacxomomepsl TOCTOSTHHOTO TIepenaja JaBJICHUsT OTHOCATCS K TPyIIe pacxoio-
MepOB 00TEKaHHMsI, TO €CTh K pacxojoMepaM, OCHOBaHHBIM Ha 3aBHCUMOCTH IIepeMe-
IIICHUS TEJIa, BOCIPUHUMAIOIIETO TUHAMUYECKOE JTaBJICHHE OOTEKAOIIETO €ro MOTOo-
Ka, OT pacxojia U3MEPSIEMOU CPEIbl.

W3mepuTenbHbIil OpraH 3THUX PAacXOJAOMEpOB, IMEepeMeNasch BEPTUKAILHO, B 3a-
BHCHMOCTH OT Pacxojia, U3MEHSET IJIOMaab KOJIBIIEBOTO 3a30pa TaKUM 00pa3oM, UTO
nepena JIaBJIeHUs 10 00€ €ro CTOPOHBI OCTAETCS TOCTOSTHHBIM.

HawnGoiee pacpocTpaHECHHBIMHA PACX0I0OMEPAMH ITOCTOSTHHOTO TIepernaa gaBie-
HUSI SBIISIOTCS poTamMeTphbl. OCHOBHON M3MEPUTEIBLHON YaCThIO POTAMETPOB SIBISCTCS
poTaMeTpHuuecKas mapa. Pa3nnyaroT Tpu Ta porameTpuueckux map (puc. 2.14).

PorameTrpuueckas mapa nepBoro THUIa COCTOMT U3 U3MEPUTEILHOIO KOHYyCa U MO-
mIaBka (poTopa). OTa KOHCTPYKIIUS MPUMEHSICTCS B CTCKISHHBIX U METaJUTMYSCKUX
poTtamerpax. [lapa BToporo Tuma cocTouT u3 auadparmel 1 MOIJIaBKa U IPUMEHSIETCS
B METAJUIMUYECKUX poTaMmeTpax. PorameTpuueckas mapa TpeTbero BHJIa COCTOUT W3
KOJIBIIEBOTO IOIIJIaBKa, Pa3MEIICHHOTO B 3a30p€ MEXK/Ty BHEIIHUM M BHYTPEHHHUM KO-
Hycamu. Takue mapbl MPUMEHSIOTCS B METALTMYSCKUX POTAMETPax ISl U3MEPCHUS
OOJIBIIIUX PACXOJIOB KUJIKOCTH.

a

Puc. 2.14. CxeMbl poTaMeTpUUYECKHUX Map: a — mapa MepBOro THIA B CTEKISIHHBIX poTaMeTpax; 0 —
TO K€ B METAJUIMUECKUX; B — [lapa BTOPOI0 TUIMA; I — [apa TPEThero TUIla
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Teopernyeckue 0CHOBbI H3MEPEHHS Pacxoaa

- 2 P 1 2
PM IOMOIIY POTAMETPOB — —

PaccMoTpuM poTameTpuuecKkylo mnapy MepBOTo FT T P
tumna. [lomiaBok B MOTOKe OOTEKaroleH ero Kuji-
KOCTH HaXOJIHUTCS TOJ ICHCTBHEM CHCTEMbl cmia 1__ 1
(puc. 2.15). Ha normiaBok AEHCTBYIOT: P,

a) cuiia TSKECTH MOIIaBKa Py

G=Wg (pn B p)’ (2.9) Puc. 2.15. PacueTHas cxema

rne W — o0beM nomnaBka; g — ycKkopeHue cBOOOHOT0 MaJeHus; P, Pn — INIOTHOCTh
KHUIAKOCTH ¥ IUNIOTHOCTh MaTepuaia, u3 KOTOPOTO U3rOTOBJIEH MOIIIABOK;
0) cuiia JaBJICHHS HA BEPXHIOIO YacTh MOIJIaBKa

P2 = Po Oy, (210)

IZie P2 — AABJICHUE )KUJKOCTH HAJl IIOIIJIaBKOM; () — IUIOLIA/(b IIOIIABKA,
B) CHJIa IaBJICHHS Ha HIDKHIOIO YacTh ITOIIJIaBKa

rac pl — JAaBJICHHUC KNIKOCTH I10J ITIOIIJIaBKOM,
F) CuJia TPCHHUA IIOTOKA O ITOIINIABOK

F:KUK Qs (212)

rac K- KOB(l)(l)HHI/IeHT COIIPOTHUBJICHUS NOIIaBKA; UK — CKOPOCTb ABHMXKCHUS KHUIKO-

CTH B KOJIBIIEBOM KaHajie MEX]y MOIUIaBKOM M CTEHKOW; ; — IJIONaab OOKOBOM
YacTH IIOILIAaBKA.
1) cujia IMHAMHAYECKOTO JaBJIECHUS

v
_mn’
2

rae (¢ — ko3 PUIUeHT conpoTuBiIeHUs (00TeKaH!s) MOIJIaBKa; P — IIOTHOCTD KU /I-

Pr=¢p (2.13)

KOCTH; U1 — CKOPOCTh JABMKEHUS KUAKOCTH B ceueHun 1—-1 (puc. 14).
[lepenan naBiieHHs HA MOTUIABOK OMPEAEIUTCS U3 YCIOBUS paBHOBECHSI MOILIABKA

P,+G=R+Pg+F, (2.14)
2
v
p2®n+Wg(pn_p):plwn—"(Pp?l@n_"KvK(DO'; (2.15)
U2
plmn_pZ(Dn:Wg(pn_p)_(Pp?L@n_Kvaé'; (2.16)
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. 2
=Wg(pn p)—(ppv?l—Kva—6. (2.17)
®

n

b= P

n

J71s BBIBOZA OCHOBHOT'O YPaBHEHHsI pacxo/ia )KUIKOCTH, MPOTEKAIOIIeH uepe3 po-
TaMeTp, COCTaBUM ypaBHeHue bepuysumm misa cedennii 1-1 u 2-2 (puc. 2.15):

2 2 2
Zl+ﬂ+—alvl =zz+p2+a2v2+(;v2 (2.18)
Y 29 Y 29 2g

Pemrast comectHo ypaBHeHus (2.17) u (2.18), moqydum 3aBUCUMOCTD JIJIsL OTIpe-
JICIIEHUS] CKOPOCTH JIBUKEHHUSI )KUKOCTH B KOJIBIICBOM KaHaJIe

v =k |29W(Pn—p)

: (2.19)
P On
TOTJa pacxod OIIPCACIINTCA KaK
2qgW -
O=opky |29 (Pn—P) 220
P®,

rae K1 — koadGuImenT pacxoaa poTamMeTpa; ®, — IIIONaab KOJIbLEBOIO 3a30pa Me-
KTy TIOTIJIABKOM M CTEHKOIA.

KoadduumeHT pacxona poramerpa 3aBUCUT OT yria KOHYCHOCTH, (JOpPMBI U Beca
MOIJIaBKA, IJIOTHOCTH U BA3KOCTU KUAKOCTH, U YCTAHOBUTH €ro, JaXe JJIsl KaKUX—
100 ATATIOHHBIX YCJIOBUH, MPAKTUYECKH HEBO3MOXKHO. [103TOMY ITpU M3roTOBJICHUU
pOTaMETPOB MPUOETAIOT K UX IKCIIEPUMEHTAIBHOU TPayupOBKE.

KoncTpykuuu poramerpoB

[To KOHCTPYKTUBHOMY UCTIOJIHEHUIO POTaMETPhI MOAPA3EIAIOT HA CTEKIISTHHBIE C
MecTHbIM oTtcueToM (PM) u meramnuueckue ¢ anektpudeckum (PD) wnu nueBmaTu-
yeckuM (PIT) BBIXOJHBIM CHTHATIOM.

Potamerpsl Tuna PM co crexnsaHoi TpyOko# (puc. 2.16) 3ameHsitoT paHee BbI-
nyckaBmuecs tuna PC.

[TorutaBok y porameTpoB thuna PM B 3aBUCHMOCTH OT NPENENOB U3MEPEHUS U3r0-
TaBJIMBAIOT U3 CTajM, aHOJUPOBAHHOTO MIOPATIOMHUHUS, 200HUTA WK TUTaHa. PoTa-
METpPBI ATOTO THIIA MOTYT paboTaTh MPHU TEMIIEpAType U3MEPSeMON Cpelbl B Mpese-
jax oT 5 mo 50 °C. Onm HaXOJAT IIMPOKOE MPUMEHEHNUE B HAYYHBIX HCCIEAOBAHUSX,
a TaK)Ke B MPOMBIIIJICHHOCTH JJI1 U3MEPEHUST HEOOJIBIINX PACXOI0B KUIAKOCTH U Tra-
30B (Hanpumep, B xjoparopax JJIOHUMCTO). OcHoBHas HauOosbIIas IpUBEICHHAS
MOTPEIIHOCTh cocTaBisieT + 2,5 %.

PorameTpbl Tuna PO ¢ nucCTaHUMOHHON 3JEKTPUYECKON Tepeaadeil mokasaHui
COCTOAT W3 JBYX OCHOBHBIX YaCT€ — PpOTAMETPUYECKOM U JJIEKTPUUYECKOU
(puc. 2.17). PotameTpuueckasi 4acTh MPEJCTABISCT OJIHY U3 TPEX TUIIOB POTAMETPH-
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YECKUX IMap, pa3MELIEHHbIX B
MetammyeckoMm  kopmyce. [lo-
IJIaBOK  KECTKO  CBSi3aH €
NOJABMKHON OCBIO, MEPEMENIAL0-
miefica BHYTPU Kopryca. OJeK-
TpUYECKask 4aCTb COCTOUT U3 UH-
OYKOIHMOHHOW KaTyIIKhd H Cep-
JE€YHHKA, 3aKPEIUIEHHOTO Ha OCH
norutaBka. Karyika BkitoueHa B
audepeHnnaITbHO—
TpaHCPOPMATOPHYIO CXEMY BTO-
pPUYHOro Mpuodopa. DIEeKTpHUUe-
CKasl 4acTh 3alllMIIEHAa OT Ioma-
JAHWs U3MEPSEMON Cpelibl U3Me-
PUTEIBHOU TPYOKOH, a CHapyx u
KOXyXoM. Portamerpsl mocras-
JAIOTCS. B KOMIUIEKTE C BTOPHY-
HbIM npubopoM. HwxHuit npe-
JIeJ1 U3MEPEHUS POTAMETPOB TH-
na PO nHe 6onee 0,2 oT BepxHero,
KJIacC TOYHOCTH 2,5.

PotameTrpsl, 0COOEHHO €O
CTEKJIIHHOM TpyOKOW, TpeOyroT
TOYHOM YCTAHOBKH IO BEPTHKA-
mu. OTKIIOHEHHE OCU POTaMeTpa
OT BepTUKaiu Ha 1..3 0 IIPUBOJUT
K CYLIECTBEHHBIM JIOIIOJIHUTEIb-
HBIM TOTPEIIHOCTSM H3MEPEHUS
pacxona.

K nocronHcTBamM poTamMeTpoB
CJIElye€T OTHECTH CPaBHUTEIBHO
HeOoJpIlIue  TOTEpU  Haropa
(Ah <1 wm), xoTopsle Mano 3a-

BUCIT OT pacxojia: Hampumep,
IIPYU U3MEHEHUH pacxona B 5 pa3

g
|

Puc. 2.16. PorameTrpbl CcO CTEKJISIHHOM H3MEPUTEIbHOU
TpyOKOii: a — poTameTp ¢ (praHIEBBIMU COCTUHEHUSMU;

0 — poTraMeTp C 3auUTHON TpPyOKOil; B — poTameTp co
WITyLIepaMu JUIsl IIIJIAHTOB; T — poTtamerp PC-3A
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Puc. 2.17. Metannuueckue porameTpsl PO: a — 1s Mmanbix
pacxo/0B; 0, B — I OOJBIINX U CPETHUX PACXOJIOB

MOTEpH Haropa yBeJanunBaroTcs B 1,52 paza.

2.2.6  DJIeKTPOMATHUTHBbIE PACX0A0MeEPBHI.

N3mepeHre ¢ MOMOIIBIO AJEKTPOMAarHUTHBIX PAacXOJOMEPOB OCHOBAaHO HA HC-
MOJIb30BAaHUHU 3aKOHA 3JIEKTPOMArHUTHOW WHAYKIIMH, B COOTBETCTBHUU C KOTOPHIM B
AJIEKTPONPOBOHOM KUIKOCTHU, TEpEeceKaroleid MarHUTHOE TMoJie, WUHAYIHUPYETCS
DJ1C, nponopuroHaIbHAS CKOPOCTH JIBUKEHUS HKUJKOCTH
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OneKTpobl

Puc. 2.18 DnekTpoMarHuTHBIN pacxoaoMep

E=kBDuv, (2.21)
rie K — xoapdu-

[UEHT  IPOIOP-
{UOHAJILHOCTH;
B—-  maraurnas
WHAYKIIWA, T,
D - paccrosinue

M cTOoYHMK IEPEMEHHOTO TOKa
MEXIAY  DIIEKTPO-

aaMu, M; U — CKO-
pPOCTh  JIBUKEHUS
JKUIKOCTH, M/C.
Pacxonomep
(puc. 2.18) cocro-
UT W3 KopIryca,
M3TOTOBJIEHHOTO
U3 HEMarHuTHOTO
Marepuaiia,  Mo-

Bropuunsrii mpudop

KPBITOTO M3HYTPU DJCKTPUUYECKON H30JsiIMelt (PpToporuiact, MoinypeTat, SMallb U
ap.). B cpenneM cedeHun TpyObl pacIioyoKEHbI J1Ba JUAMETPAIBHO MPOTHBOIIOJIOXK-
HBIX JPYT APYTY 3JEKTPoAd. DIEKTPOIbl U30JUPOBAHBI OT CTEHKH TpyObl. B 3aBHCH-
MOCTH OT arpeCcCUBHOCTHU KUIKOCTH 3JIEKTPOJIbl M3TOTOBJISIOTCA W3 HEpKABEIOIIEH

* &S TEH KM-5

Puc. 2.19. DnexrpoMarHUTHBIN
pacxoxomep

cTaju, TUTaHa, TaHTanma. OOMOTKa BO30YXXICHUS CO-
CTOWT W3 JIBYX OJWHAKOBBIX KATYIIIEK, Pa3MEIICHHBIX
no obe cTopoHsl TpyObl. TpyOa ¢ 3yeKTpogaMu U C
AIIEKTPOMArHUTOM HA3bIBAETCS TIEPBUYHBIM ITpeoOpa-
3oBareniemM pacxona. Hasogumas D/]C usmepsiercst ¢
MOMOIIbI0 BTOPUYHOTO MPUOOpa, KOTOPBIA MOMKET
OBITH pa3MellleH Ha TpeoOpa3oBaTesie pacxoja WM
pacroyiaraTeCsi OTACNBbHO. B Hacrosiiee Bpemsi BTO-
puYHBIC TPUOOPHI MPEACTABISAIOT CO00M, KaKk MpaBu-
JI0, MUKPOTIPOLIECCOPHBIEC YCTpOMCTBA. BHEIIHMIT BH]T
AJIEKTPOMATHUTHOTO  pacxojoMepa TIOKa3aH Ha
puc. 2.19.

2.2.7 YabTpa3ByKoOBbI€ PacX010Mepbl

Pabora ynbTpa3ByKOBBIX PAacX0JOMEPOB OCHOBa-
Ha Ha OJHOM M3 JBYX (pU3MYECKHX NpuUHUUIOB. B
npuOopax MepBoro TUIa U3MEPSETCS BPEMsI IIPOXO0kK-
neHusi curHana. B mpubopax BTOpOro THma MCHOJb-
3yeTcsi U3MEHEHHUE (JIOTUIEPOBCKHUI CIIBHUI) YaCTOTHI
yJIbTPa3ByKOBOM BOJIHBI, MPU €€ PACCESHUU IBUXKY-
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miencs cpeou. B ynpTpa3ByKOBBIX M3MEPUTEISIX PACX0la UCIOIb3YIOTCS JJIEKTPO-
aKyCTMUYECKHE NpeoOpazoBaTeNM U3 NbE303JIEKTPUUYECKUX MaTepUalioB, HalpuMmep,
[IUPKOHATa-TUTaHaTa CBUHIA. DJIEKTPOaKyCTUYECKUE TPE0Opa3oBaTean MOI'YT OBITh
BPE3HBIMU U HAKJIQJHBIMH.

Bpemsi-uMIyJabCHbIE Pacxoa0Mephbl.

PaboTta BpeMs-UMITyIbCHBIX pacxoaoMepoB (puc. 2.20) ocHOBaHA Ha W3MEPEHUU
pPa3HOCTH BPEMEHH TPOXOXKIICHHUS YIhTPA3BYKOBBIX CHUTHAJIOB TIO0 HANpAaBICHHUIO U
MIPOTHUB HAMPABIICHUS MTOTOKA KUIKOCTH B TPyOOIIPOBO/IE

A 2nv£2tg(9)+%’

(2.22)

r7e N — KOJIIMYECTBO IIEPECEYECHHH YIBTPa3ByKOM CedeHHs TPyObl, Uit “V” — cXeMBbl
n=2 1“2’ - n=1; v- ckopocts aBIKenus xuakocty; D — nuamerp TpybO-
nposoza; 0 — yron pacrmpocTpaneHus yibTpa3ByKa; C — CKOPOCTh yJIbTPa3ByKa B He-
HOABMKHOM JKHUAKOCTH, T, — BPEMs 3aJE€PKKU PAcCIPOCTPAHEHUS YILTPa3ByKa B
CTEHKAaX TPYOOIPOBOJA, DIIEKTPOAKYCTHYECKUX MPEOOpA30BaTENIX M 3JIEKTPOHHOMN

cxeme npuodopa.
a

/"~ Bropuunsrii mpubop DIEKTPOAKYCTUYECKUE

npeoOpa3oBaTean

9J'IeKTpoaKyCTI/I‘{eCKI/Ie | |

npeoOpasoBaTesn Bropuunblii mpu6op

Puc. 2.20. BpeMs-umiynbcHbIe pacxogoMepsl: a — «V» -cxeMa; 0 — «Z» -cxeMma;

JloriepoBcKHE Pacxoa0Mephl.
B nmomnepoBckux pacxomoMepax UCHONb-

3yercst 2Q(HEKT MOHUKEHUSI YaCTOThI 3BYKa, -~ BropuuHblii mpubop
JNETEKTUPYEMOTO JABWKYIIUMCSA TPUEMHHU- =
KOM, YIQISIOIIUMCS OT HCMOABHUIXXHOIO MC- ’l_lk_lf H3quafeﬂb
TOYHMKA 3ByKa. ECiiM u3iydarenp U mpuem- N A
HUK HEMOJBW)XHBI, a JIBMIKETCS YacTUlla B U 9\\}“\ 0
KUJIKOCTH, OTpaXarollasi YJbTPa3BYKOBYIO —> —
BONHY (puc. 2.21), To 00yclnoBICHHBINA (- 7
(dhexTom Jlomiepa cABUT YaCTOT paBeH | // Y\

LV_I\ [Tpuemnuuk Hacriua

Puc. 2.21. JlonnepoBckuii pacxogomep
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_2fvcosH
C H

Af

rzie f— yacTora u3ydaeMoi yibTpa3sByKOBOM BOJIHBL
Buemrnuit Bua ynbTpa3ByKOBBIX Pacxo/IOMEpOB IpUBEICH Ha puc. 2.22.

(2.23)

0

Puc. 2.22. YnpTpa3ByKOBbIE PacxXxoJOMEpPHI: a — CTAIlMOHAPHBIN; O — C HAKIA/I-
HBIMU JIaTYUKAMU
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2.3 JlabopaTropHasi ycTaHOBKa

3 Pacxopomeps: 0.03 (=]
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Puc. 2.23. KomnbroTepHas Moieib 1a00paTOPHON yCTaHOBKU

KommbroTreprass mojenb J1abopatopHOil ycTaHOBKH (puc. 2.23) COCTOMUT U3
KpBUIbYATOTO CKOPOCTHOTO CUeTYhKa 1, poTameTpa 2 ¢ noruiaBkoM 3, auadparmsl 4
COEIMHEHHON C JKUIKOCTHBIM Au(depeHunanbHbiM MaHOMETpoM 5. Pacxomomepsl
YCTaHOBJICHBI Ha CTAJILHOM TpYyOoIpoBoje 6, /[ peryaupoBaHus pacxojaa BOJbI Ha
TpyOOInpoBoJie MMeeTcss BeHTWIb 7. KomnuecTBo mpolieaei yepe3 pacxoaoMephl
BOJIbI, OIIPEEIIAETCA C MOMOIIBI0 MEpHOTO 0aka 8. Bpemst HeoOXxoaumoe 11 HaXox-
JIEHUS pacxoja ONPEIEIsAeTCs CEKYHIOMEPOM 9.

2.4 Iopsiaok BeINOJIHEHUE PadOTHI

1. C moMonIst0 IPOBOJIHUKA WK JIFOOOTO Apyroro (pailioBoro MeHemKepa 3amyc-
KaeTcs Ha BeinosiHeHue (aiin Flowmeter.exe.

2. OTKpBIBaETCS OKHO TIPpOTpaMMel (puc2.23).

3. 3amucheIBaeTCs MoKa3aHue CKOPOCTHOTO cdyeTunka B rpady S tadm. 2.1.

4. Haxxumaetcst kHomka «Ctapt».

5. I[IporpamMma ycTaHaBiIMBaeT CIIy4ailHBINM pacxoj BoJbl B TpyborpoBoe 6. Ha-
YUHACT HAOJHATHCS MEpHBINA 0ak 8 (YBETWUMBAETCS YPOBEHBH BOJABI B BOJOMEPHOM
TpyOke Oaka). C Haxkatrem KHOTIKH «CTapTy» 3amycKaeTcs ceKyHaoMmep. B mpe3omer-
pax 5 yCTaHaBIMBAIOTCA YPOBHU BOJIbI COOTBETCTBYIOIIUE 3aIaHHOMY PAaCXOy BOJBI.
[TontaBok 3 B poramerpe 2 MOJHUMAETCA A0 OTMETKH COOTBETCTBYIOIIEH pacxomy
BOJIBI.
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6. 3amucath moka3anus, mbe3oMeTpoB S5 B rpadel 11 u 12 u poramerpa 2 B rpady
15 tabm. 2.1. [{ns yBenu4deHus] TOUHOCTH M3MEPECHUHN MOABECTH KypCOp «MBIIIN» K
IBE30METPY M HAXKATh MPABYIO KIABUIIY «MBIIIN, TTOSIBUTCS OKHO C YBEIWYCHHBIM

:_99
MacmTabom [H=e | J{nsg Toro, 4ToOBI 3aKpBITH OKHO HAXKaTh KJaBHUILy «ESC» Ha Kia-
BUAType WU JIEBYIO KIIABUIITY «MBIIII.

7. ITo mpowectBun 10 cekyHI moaada BOAbI MIPEKpaIIaeTcs. 3anrucaTbh 3HAYCHHUE
cKopocTHOTO cueTunka 1 B rpady 6, o0bema mMepHoro 6aka (rpada 2) u moxkazaHue
cexkyrnomepa (10 ¢) B rpady 3. [Ipu usmepenun od6bemMa MepHOTo Oaka TaKXKe MoJ-
BECTHU KypCOp «MBIIIN» K BOAOMEPHON TPpyOKe M Ha)KaTh MPABYIO KIABUIILY «MBIIII.

8. [loBTopuTts m.mm. 3—7 10 pas.

2.5 O0paboTka pe3yabTaToB

; 1. Onpenenuth pacxoi BOJAbI B TPyOONPOBOJE MO MOKa3aHUIO MEPHOro Oaka
(M™/)

2. OnpenenuTh 00BEM BOBI MPOIICAITUN Yepe3 CUCTUUK, M0 MOKa3aHUsIM CUET-
quka (J1)

W =1000(W; —W,). (2.25)
3. OHpCI[CJII/ITL pacxoa BOIBI, H3M€p€HHBIﬁ CKOPOCTHBIM CUCTYHNKOM
Qc=36W,/T. (2.26)

3. Onpenenutb OTHOCUTEIBHYIO MOTPEIIHOCTh U3MEPEHUSI PACX0/Ia CKOPOCTHBIM
CYETUYHKOM

5 = Qus = Qc 10004, (2.27)

MFB

4. OnpenenuTh MOTEPU Hamopa Ha Aunadparme
Ah =H1 —Hz. (228)

S. BBIUKCINTG NPOW3BENCHUE KBAAPATHOTO KOPHA M3 MOTEPh HAMOpa Ha pacxon

VAR Qys.

6. Onpeaenutsb 3HaUeHHE KOd(pPuimenTa pacxoaa auadparmbl
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10
'Z;[ Y Ahl QMBi
A=15 :

10

2. Ah;

i=1

7. HaiiTu 3HaueHus pacxo/ia AJisi HOCTPOCHUSI TApUPOBOYHOTO rpaduka

QT :A\/A_h

(2.29)

(2.30)

8. QKCHepHMeHTaHBHlﬂe JaHHBIC U IMOJYUYCHHBIC PC3YJIbTAThI O6pa6OTKI/I 3aHCCTHU

B Tab. 2.1.
Tabnuya 2.1
JKCNepUMEHTAIbHbIE JaHHbIE U Pe3yJIbTaThl 00pad0TKH
N MepHblii Oak CKOpPOCTHOM CYETYUK
] WME! a1 T" C QMB! M3/I—I W11 M3 W21 M3 WC1 1 QC! Mg/q 81 %
1 2 3 4 3) 6 7 8 8
1
10
Oxonuanue maon. 2.1
Huadparma Poramerp
Iy, cm IT,, cm Ah, cm | Qp M/ n
10 11 12 13 14

[To pamueiM Tabn. 2.1. mocTpouTh rpadMKM 3aBHCHMOCTEH O = fl(Q

MB)’

QT =5 (Ah) u QMB = f3(n) Ha rpaduk O = fl(QMB) HAHECTH I0JI JIOIYC-

THMBIX MOTPEITHOCTEH cM. puc. 2.1. u mpui. 3.

C)ICJ'I&TB BBIBOA O COOTBCTCTBHUH ITOBCPACMOI'O CKOPOCTHOI'O CYUHCTYHMKA KIIACCY

TOYHOCTH.

2.6

KoHTpoJibHBIE BONIPOCHI

1. K kakoMy THUITy pacX0JOMEpPOB OTHOCATCS KPbLIbYAThle CYETUUKU ?
2. UTo n3MepsieT KpbUIb4aThlii CYETUHK?
3. Kak onpenensiercs pacxo >KMJIKOCTH MTPU MOMOUIA CUETYUKA?

4. Kak moABOAUTCS KUJKOCTh K KPbUIbYATKE B OJTHOCTPYUHBIX CUETUMKAX?

5. Kak mogBoauTCs )KUIKOCTh K paboueil kKaMepe MHOTOCTPYHHBIX CUETIYMKOB?
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6. UTo Takoe mopor 4yBCTBUTEILHOCTH?

7. Kakoit pacxoj Ha3pIBa€TCs MUHUMAJIbHBIM?
8. Uto Takoe nepexoiHbIi pacxoa?

9. Uto Takoe HOMUHAJIBHBIN pacxon?

10.
11.
12.
Bepke?
13.
Bepke?
14.
15.
16.
17.
18.
19.

UTo Takoe 3KCIuTyaTallMOHHBIN pacxo?
UTo Takoe MakCUMaIbHbIA pacxo?
Kak npou3BogAT KOPPEKIUIO MOKAa3aHU KPbUIBYATOTO CUETYMKA IPU €ro I10-

Kak nmpou3BoAST KOpPPEKIHIO MOKa3aHUi TyYpOMHHOTO CUETYHKA MIPU €ro Mo-

K kakoMy METpOJIOrH4ecKOMY KJIacCy OTHOCUTCS ITOBEPSEMBI CUETUMK?
KakoBo ocHOBHOE Ha3HaueHUe cTpyeBbInpsaMurens? Kak o ycrpoen?

Jl1st uero npegHa3HayeH PEryyATOp B CKOPOCTHBIX CUETUHKAX?

Kak nepenaercs BpaiieHue TypOMHKA OTCYETHOMY YCTPOUCTBY?

Urto coboit mpencTapiisgeT MaruuTHas Mmygra?

Ha yeM OCHOBaH NMPHUHIMI U3MEPEHHUS PACXO/A PACXOJAOMEPOM IIEPEMEHHOTO

reperajia JaBJIeHUs ?

20.

Kakwne CTaHOAPTHBIC CYKAaOIINUC YCTpOﬁCTBa HCIIOJIB3YIOTCA B paCcXoaoMEpax

IICPCMCHHOTO IICpCIIaga I[aBJIeHI/IH?

21,
22,
23.
24,
25,

HUA?

26.
217,
28.
29.
30.
31.

32,

UYro yuutsiBaeT KodppuuueHT pacxoaa U?

Kak onpezensercss Koo puipeHt pacxoaa pacxogomepa A?

UTo Takoe MOAYJIb CYKAIOIIErO YCTPOKUCTBA?

Kak ocymiecTtBasiercst oT00p nepenaaa AaBiacHUs?

Jlyist gero mpeaHa3Ha4YeHBI KOJIBIIEBBIC KaMephl TIpU O0TOOpE meperaja JaaBie-

Kakoe u3 cyxaromux ycTpoicTB co3/1aeT HauOoJIbLINE TOTEpU Hanopa?
Kakoe u3 cyarmmx yCcTpOIUCTB CO34aET HAMMEHBIINE OTEPU Hanopa?
UYro npencrasisier co00il pacxoqoMepHOE COIIO?

Uto npencrapnser codoi coro Benrypu?

N3 xakux sneMeHTOB cocTouT Tpyda Bentypu?

B ueM oTiimume kopoTkoi TpyOsl BenTypu oT 1iIMHHON1?

Kak m3mensites nokasanus nbe3ometpos [ v I, mpu yBenmnuenun pacxoma

MpY MOMOIIM BeHTHs 117

33.

Kaxk usmensrcs nokasanus nsezomerpos 111 v 11, npu ymensmennn pacxona

IIPY TOMOIIM BEHTHIIA 117

34,

Kak m3mensitcs nokasanus nose3omerpos 11 v I, nmpu yeenmnuenun pacxona

IIPY TOMOIIM BEHTHIIA 127

35.

Kaxk u3menstes mokasanus neezometpos 111 v I, npu ymensmennu pacxoaa

MpY MOMOIIM BeHTHIs 127

36.
37.

K kakoii rpynne pacxo1oMepoB OTHOCSTCA POTaMETPHI?
M3 yero cocToUT poTaMeTpuueckas rnapa rnepBoro tumna’?
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38. U3 1ero cocTouT poTamMeTpuieckas mapa BTOporo tumna?

39. U3 yero cocTouT porameTpryuecKkas apa TpeTbero Thma?

40. Kakue cusbl IeHCTBYIOT Ha MOTIABOK?

41. Kak u3aMeHHTCs niepenas AaBlIeHHs, €CJId BEC MOIJIaBKa YBETUUUTH?

42. Kak u3MeHHTCS Tiepenas JaBIeHHsI, €CIIU BeC MOMJIaBKa YMEHBIIUTH?

43. Kax M3MEHHUTCS MOJIOXKEHHE TOIJIaBKa, €CJIM €T0 BEC YMEHBIIUTh, a PACXOJ
OCTaBUTH IMOCTOSHHBIM?

44, Kak u3MeHUTCA MOJIOKEHHUE MOIJIaBKa, €CIIM €ro BEC YBEINYUTh, a pacXoJ OC-
TaBUTh MOCTOSTHHBIM?

45. Kak yctpoen poramerp tuna PM?

46. B kakux eIUHHIIAX OTrPaaydpoOBaHa IIKaja CTeKITHHOTO poTamMeTpa?

3 JJABOPATOPHASI PABOTA Ne 3. WIJIIOCTPALIUSA YPABHEHWUSA
BEPHYJIU/IN

3.1 Hean padoTsl

VY CTaHOBUTH B3aUMOCBSI3b MEKJY NABJICHUEM U CPEOHEU CKOPOCTBIO B pa3iIvy-
HBIX CEYEHUAX NOTOKA. [IoCTpONTh HAIOPHYIO ¥ TBE30METPUUECKYIO JIMHHM.

3.2 Teopernueckue cBegeHus:

OCHOBHOM 3ajadeil THAPOJUHAMUKHU SIBIIAETCA HM3YYECHHE 3aKOHOB JABHXKCHUSA
KUJIKOCTHU. J[BHIKEHUE )KUIKOCTH XapaKTEPU3YETCA CKOPOCTSIMU ABUKECHUSA YaCTHUIL] U
JABJICHUEM B OTAEIBHBIX TOYKAX MOTOKA.

YT0OBI YCTAaHOBUTH B3aMMOCBSI3b MEXKJy OCHOBHBIMU MapaMeTpaMH JBHKCHUS, a
MMEHHO MEXIYy THMAPOJIMHAMHYECKUM JABICHUEM M CKOPOCTBIO JABMKYIICHCS KUM-
KOCTH, COCTAaBIISIIOTCSI YPABHEHUS IBMXKEHUS KUIAKOCTH. DTH YPaBHEHUS MOTYT OBIThH
noyty4eHsl u3 AuddepeHmanbHbIX YpaBHEHUH PaBHOBECUS JKUJIKOCTH, €CIU K JeH-
CTBYIOIIUM CHJIaM CorjlacHO npuHuuiy Jlamambepa mpucoeIMHUTh CUTbI MHEpLIMU. B
pe3yJIbTaTe MOJIy4aeTCsl CUCTEMA YPABHEHHUM:

-

10p du,
pox dt

9 —la—p:dﬁ, (3.1)
poy dt
1op du,
poz dt

[lociie yMHOKEHHUsI KaXKI0TO YPaBHEHHS COOTBETCTBEHHO Ha dX, Ay, dZ u mo-
4JIEHHOTO CYMMHPOBAaHUs YPaBHEHHE IPUMET BH]L
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de+Ydy+Zdz—1(a—pdx+apdy+apdzj

p\ Ox oy 0z
du
e P in z (32)
dt dt dt

Tak kak dx, dy, dz — s1o MPOCKIXHU JIECMEHTAPHOI'O IIyTH, IPOXOJAMMOI0 Yac-
THUILAMH JKUJKOCTH 3a BpeMsl dt, cnenoBarenbHO:

@—u dy _ dz
d “dt ydt

C yaerom (3.3) ypaBHenue (3.2) mpuMeT BH]T

=Uu,. (3.3)

de+Ydy+Zdz—1£apd +apdy+g dzj
Z

p\ Ox oy
= U, du, +uy, du, +u, du,. (3.4)
Xdx+Ydy+Zdz=dU - nonnbii audpdepeHnuan MOTEHIMATLHON

(bYHKHI/II/I, BLIan(a}omeﬁ MAaCCOBBIC CHJIBI, 1100 HGﬁCTBHCM KOTOPBIX OCYIICCTBILACTCA
ABMKXCHHNC )KMIKOCTH.

a—p dx+ a_p dy + @_p dz =dp — nonneii muddepeHuyan TaBIeHNs, TaK KaK
0x oy 0z

P YCTAaHOBUBLIEMCSl NBM)KCHHM THAPOJAMHAMHYECKOE HaBJICHUE HE 3aBHCHUT OT
BPEMEHU.

U, du, +u, duy +u, du, = %d(ui +ul + uﬁ) = %d(uz) — TOJHBIHA

Yy

muddepeHuran CKOPOCTH, BBIPAXKEHHOM 4Yepe3 €€ COCTABISIOIIME M0 COOTBETCT-
BYIOILLUM OCSIM KOOPJIMHAT.
C yueToM BhIIIECKa3aHHOTO ypaBHEHUE (3.4) IPUMET BH]L

dU—ldp—%d(u2)=o. (3.5)
p

B uwacTtHOM ciydae, koraa M3 BCEX MAacCOBBIX CHJI Ha JABHKYILYIOCS KUIKOCTb
JIEHCTBYIOT TOJIKO CHUJIBI TSDKECTH, TTOTEHITHANbHAS (yHKIUS Oy/IeT paBHA

dU =—-gdz. (3.6)
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ITocne MOACTaHOBKM 3HAa- £ ] | 1 E
YeHHsI CWJIOBOW (YHKIIMU B i 5 i
ypaBHenue (3.5) U uHTETpH- ) - Qit ) )
pPOBaHUS, TOJYYaeTCsS YpaB- 1| = g %
HEHHE IS paccMaTpUBacMO- } Y
ro CCUCHUS: P 2 Y A

p u2 1 3 P
gz+-—+——=const. ) P9 Py
P 2 g Pg
(37) | ;

Tak xak cymma Tpex ujie- /1_:_ — v “S:E_X
HOB B ypaBHeHuu (3.7) mo- 1 2 3 z,
CTOSIHHA JiIst JTi00oro ceuenust 0 % sz v 0

CTPYWKH, TO ISl JIBYX cede-
Hu 1-1 u 2-2 MoxHO 3anu-
caThb

Puc. 3.1. HaropHas 1 nmbe30MeTpUYECKUE JIMHUM JIJIS1 DJIEMEH-
TapHOU CTPYHUKH HJIeaTbHOU KUIKOCTU

P u12 VY. u_%
5

gzl+—+7=gzl+—+ (3.8)

ITocne nenenust neBoit U npaBoi 4acTeil ypaBHeHUs (3.8) Ha g, ypaBHEHUE IIpU-
MET OKOHYATCIILHBIN BHJT

2 2
g+ L My P2 Yo (3.9)
Pg 29 Pg 29

Ypasaenue (3.9) ycTaHaBIMBAET CBA3h MEKIY CKOPOCTHIO IBUKEHUS, TaBIICHUEM
U F€OMETPUYECKUM TOJI0KEHUEM YaCTULl KMJIKOCTH JUIsl IBYX CEUYEHUN CTPYMKH U
SIBIIIETCS YPAaBHEHUEM BepHymH/I1 JUIS DJIEMEHTAPHOU CTPYWKH HMJICATBHOU YKHUJIKO-
CTH.

Jlnis onpeneneHusl reOMETPUUECKOro cMbIciia ypaBHeHUsT bepHyin HeoOxoaumo
pPaccMOTPETh AJIEMEHTApHYIO CTPYUKY ABMXKYIIEHCS MKUAKOCTH OTHOCHUTEIBHO MPO-
M3BOJILHO BBIOpAHHOM TUIOCKOCTU cpaBHeHus (puc. 3.1). BeiOuparorcs Tpu ceueHus:
1-1; 2-2; 3-3; UeHTpPHI TKECTH, KOTOPHIX OTHOCUTEIHHO IIOCKOCTH cpaBHeHUs 0—0

PacmIoJI0KCHbI HA BBICOTAX Z1, Z2, Z3.

B meHtpax TsbKecTH BBIOpaHHBIX CEYEHHMM YCTAaHABIMBAIOTCS MbE30METPHI U
Tpy6ku ITuto. Tpy6ka IInto — 910 M3oruyTast mox yriaom 90° Tpybka, ycTaHaBIMBae-

' Tanuun Bepuynmu (1700-1782) — coin Woranna beprymm. C 1725 mo 1733 r.r. Bo3riass
kadenpy ¢uszmonorun B Poccuiickoit akagemun Hayk. CoBMecTHO ¢ JI. Ditmepom chopmynupoBan
OCHOBBI MEXaHHMKH >KUJIKOCTH.
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Masd OTBCPCTUCM HAKOHCYHHKA IIPOTHUB TCUCHUA. HOI[ I[CIZCTBHGM JaBJICHUA XKUO-

KOCTb B [Tb€30MeTpax IOJHUMAETCS Ha BBICOTY N p=__-
PY
B tpyOkax [luto, moza AeiicTBreM NaBIEHUS U CKOPOCTHU KHUAKOCTh MOJHUMAETCS
2

u
BBIIIIC YPOBHS B [Ib€30METpax Ha Bbicoty h,, = — (puc. 3.1).

Kak BuaHO, Bce ujieHbl B ypaBHeHUM bepHyIiu npeactapisitoT coO0l reoMeTpu-

YCCKHC BBICOTHI U UMCIOT Pa3MCPHOCTD IJIMHBI.

u2

Tak kak cymMma Tpex YI€HOB Z, —— U —— ISl UICAIbHOM KUIKOCTU MOCTOSH-
Pg PY

Ha BJOJb OCHU CTPYHKH, TO YPOBHHU KHAKOCTH B TpyOkax [IuTo, ycTaHOBIEHHBIX B
pa3IMyYHBIX CEUEHUsX OyIyT BCErjaa JeKaTh B OJHOW TOPU3OHTAJIBHOW IUIOCKOCTH,
Ha3bIBAEMOW HANOPHOMW MJIOCKOCTHIO, TO ecTh HanopHas nuHus E-E (puc. 3.1) ropu-
30HTAJIbHA. B 3TOM COCTOMT reOMeTpUYECKU CMBICI YpaBHEHUS bepHyum Ui nje-
AJIbHOM JKUIKOCTH.

Ecnu mraBHOW KpHUBOM COEOUHUTH YPOBHH KUAKOCTH B IBE30METPAX, TO IMOJY-
quTCcsa nbe3oMeTpuueckas Juaus P-P (puc. 3.1), koTopas MOXKET MOJHUMATHCS WUIU
ONyCKaThCsl, HO HUKOTIa HE IEPECEKAETCS C HATIOPHOM JIMHUEH.

CYMMa TPCX BBICOT HA3BIBACTCA ITOJIHBIM HAIIOPOM H o0o3HayaeTcs Hg, TO CCThb

NONHBIA  HAOp  IPEACTaBiIseT  cOOOM  CyMMy  IBE30METPUYECKOTO
p u®
H,=z+ hp = Z +—— u cKopocTHOro h,, = —— HaIopoB:
pg pg
p  u’
Hg=z+—+—. (3.10)
Pg 2g

C sHepreTu4eckor TOYKU 3pEHHS YpaBHEHUE bepHyIun BhIpa)kaeT 3aKOH COXpa-

Henus oHepruu. [lonueiii Hanop Hy — 510 monuas ynenpHas MexaHuuecKas SHEPIUs

KUJKOCTH B paccMaTpuBaeMoMm cedueHuu. CyMMma Tpex YIEHOB €CTh CyMMa Tpex

YAEIbHBIX JHEPrUM: YNEJIbHOM NOTECHLUHMAIBHOW JHEPIUU MOJIOKEHUSA Z, YIEIbHON
2

. . . u
MOTCHIOUAJIBHOW SHCPIruMv JaBJICHUA —— W YACJIbHOU KHMHCTHYCCKOU JHEPTUHU — .

PY P9

JUist uieanbHOM KUIKOCTH CyMMa TpeX YIENIbHbIX SHEpruil (NMOJIHBIA Hamop) Mo
JUIMHE CTPYWKHU €CTh BETUYMHA TOCTOSTHHAS.
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E . I PeanbHas XMAKOCTH, B OTIIMYME OT HIEAIb-
hw‘} HOM, oOnanaer Bsi3kocThiO. Ilpu nBMXKEHMM pe-

(w2 \ £ aJIbHOM KHUJIKOCTU €€ BSI3KOCTh O0OYCIIaBIMBAET

29 03 CONPOTHUBJICHUE JBHKCHUIO U BBI3BIBACT IOTEPIO

Pl 129 YacTH DHEPTUU, ITOATOMY IOJHBIA HAIOP YMEHb-
A 1y miaeTcss 1o JanuHe crpydku. CrienoBaTelbHO,

» T~ P YPOBHU XKHMJIKOCTH B TpyOkax Iluto Oynyt cHu-

p_é P N XKaThCs MO XoAy ABrkeHus (puc. 3.2). Hamopnas

Pg muHus E-E, npoBeneHHass o0 3TUM YPOBHAM IS

Iy I BSI3KOM KUJKOCTU, OyJET HAKJIOHHOM, HUCXOJS-

merd. Pa3HOCTh MEXIy TOPU3OHTAJIBHBIMH JIH-
Z1 22 Hussmu E—E npoBeieHHbIMU HAa YPOBHE KUJIKOCTH
B TpyOkax Iluto, B ceuenusx 1-1 u 2-2, npen-

- > cTaBiseT nomepu nanopa Ny, Ha ydacTke MexXIy

3THUMHU CCUCHUSIMU.
Puc. 3.2. HanopHas u npe3omeTpuye-

CKas JIMHHM U DJeMEHTApHOI Takum oOpa3zoM, ISl peanbHOM >KUAKOCTH
CTPYWKH pEaTbHOM JKUIKOCTH MOHO 3aIlliucaThb
Hl :H2 +hLU' (311)
WNnu B pa3BepHYTOM BUE IS SJIEMEHTAPHOM CTPYHUKHU PEATbHOM KUJKOCTH
P U P2 , Uz
Z+ L g 222 4 (3.12)
Pg 29 Pg 29

HOTCpI/I Haropa, OTHECCHHBIC K CAVMHUIC JJIMHBI, BBIPAXKAIOT BCIMYMHY, KOTOPAasd
Ha3bIBACTCA zudpaeﬂu YeCKUM YK/IIOHOM .

Ithw, (3.13)

rae |- paccrosnue mexay ceuenusamu 1-1 n 2-2,

BeuuHa MUpaBIMIecKoro YKIOHA BN CTPYHKH MOKET U3MEHATHCA, TaK KakK
3aBUCHT OT II0TEPh HATIOPA HA PA3IMYHBIX Y4AaCTKAX.

3MeHeHNEe Mbe30METPHYECKOT0 HAopa, OTHECEHHOE K €IVHHUIIE JJIMHBI, HA3bl-
BAETCH Nbe30MEmPUUECKUM YKIOHOM.

Z1+& —| 29 +&
_ Py Py
I,- : | (3.14)

[Ibe30MeTprUECKUil YKIOH MOXKET ObITh HAmlpaBi€H KaK B CTOPOHY JBH)KEHUS,
TAaK U B CTOPOHY, IPOTUBOIIOJIOKHYIO IBUKECHUIO.
JIns1 moTOKa peanbHOM )KUAKOCTU ypaBHEHUE bepHyium umeeT Bua
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Puc. 3.3. KomnbrotepHas Mozienp 1a00paTOPHOM YCTaHOBKH
P ogvt Dy QU5
1 1¥1 2 2Y2
Z1+—+ 5 =2Z,+ —+2 +h,,, (3.15)

rae Vi U U2 — CpeaHNUe CKOPOCTHU JBHKCHHUS KUJAKOCTH B paCCMAaTPUBACMBbIX CCUYCHH-

AX; Ol1 1 Oy — KOB(l)(l)I/IHI/IeHTLI KHUHETUYECKOMN OHCPIUH, BCIINYMHA KOTOPBIX 3aBUCHUT
OT CTCIICHN HCPABHOMCPHOCTH PACIIPCACIICHHA CKOpOCTeﬁ I10 )KUBOMY CCUYCHHIO II0-
TOKa.

Koadduiment o BbpakaeT OTHOIIEHUE JEUCTBUTEIHHOW KHHETHUYECKOU SHEp-
run Ko, onpeeneHHOM 110 KCTHHHBIM CKOPOCTSIM JBHIKEHHS KUIAKOCTH, K YCIIOBHOM
KUHETHYECKO# dHeprun Ky, onpeaeaeHHol 1Mo cpeiHell CKOPOCTH MOTOKa V.

jquoa
Kd _®

Ky UZQ '

o= (3.16)

[Tpu TypOyneHTHOM peKUME IBIKCHHS OL MpuHHMaeTcs paBHbIM 1,05—1,1. Ilpwu
JTaMUHAPHOM pEXUME OL = 2.
3.3 JlaGopaTopHasi ycTaHOBKA

KommnwrotepHas mojesnb 1abopatopHOil ycTaHOBKU (pHC. 3.3) COCTOUT U3 HaIop-
HOTO pe3epByapa 1, craibHOTO TpyOompoBoaa 2, 3, mepHoro Oaka 4. [{ns onpenene-
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HUSI TOTEPh HAIOpa MCIOJB3YIOTCS Mbe30METphl 5. Temrneparypa BOJIbl U3MEPSETCS
PTYTHBIM TEPMOMETPOM 6, BpeMs (PUKCHUPYETCS 1O CEKYHI0MeEpY 7.

3.4 Ilopsinok BhINOJIHEHHE PadOTHI

1. C moMoI1psto MPOBOHHUKA WJIH JIFOOOTO APYroro (haitioBoro MeHemKepa 3aIryc-
KaeTcs Ha BeiosHeHue (aiin Hydrolab.exe.

2. OTKpBIBaeTCsl OKHO mporpammsl (puc. 3.3). 3amucaTh NOKa3aHUE TEPMOMET-
pa 6.

3. Haxumaercs kHomnka «Crap.

4. IlporpaMmma yCTaHaBIIMBAET CIIydalHbI pacxoia BoAbl B TpyOompoBoze 2, 3.
Haunnaer HamosHATbCS MepHBIA Oak 4 (YBEIMYMBAETCS YPOBEHb BOJbI B BOJAOMEp-
HOU TpyOke Oaka). C HaxarueMm KHonku «CTtapT» 3amyckaercs cekyHaoMmep. B mbe-
30MeTpax 5 yCTaHABIUBAIOTCSA YPOBHU BOJIbI COOTBETCTBYIOIINE 3aJaHHOMY PaCXOIy
BOJIBI.

5. 3anmcarp mokazaHus Bcex 5 mbe3omeTpoB B Tabm. 3.1. J{ns yBenudeHus TodY-
HOCTH W3MEpPEHUI MOJBECTH KYpPCOp «MBIIIM» K MbE30METPY M HaXKaTh KIIABHUIILY
«MBIIINY», TIOSBUTCA OKHO C yBEJIMYCHHBIM MaciiTabom. Jljis TOro 4ToObl 3aKpBITh
OKHO C YBEJIMYCHHBIM MacimTaboM HaXaTh B JJAHHOM OKHE KIIABUIIY «MBIIINY) WIN
HakaTh Ki1aBuiny «ESC» Ha knmaBuatype.

6. [lo npomectBuu 10 cekyHJ mojayda BOAbI MpEKpallaeTcs. 3anucaTb 3HaU€HNE
o0bema MepHoro Oaka u nokaszanue cekyngomepa (10 c). I[Ipu nsmepenun odobema
MEpHOro 0aka TakXe MOJBECTH Kypcop «MBIIIM» K BOJOMEPHON MaciuTaba TpyOke U
Ha)XKaTh KJIABUIIY «MBILLIN.

Tabnuya 3.1
HcxoaHble JaHHBIE
Neir1 7, em|{I 1o, em|I T3, em|T14, em|ITs, ecm| T, c| W, n
1
10
7. OnbIThl BRIMOJHUTH 10 pa3 (MOBTOPUTS IL.II. 3..6).
3.5 OO0paboTka pe3yJIbTATOB
1. OmpenenuTs pacxox BOABI B TpyOompoBoze (cm>/c)
Q=1000W/T. (3.17)

2. To naiinennomy pacxony Q u miomanu ceuenns tpyost @ = 0,785 d? ompe-

JEIUTh CpeHUEe CKOPOCTH U (cM/C) Ha yyacTkax 2 u 3
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Q

v =—< (3.18)
0,785dy
Uy = LZ . (319)
0,785d5
3. BBIYMCITHT 3HAYEHHS CKOPOCTHBIX HAIOPOB Ha yyactkax, g = 980 cm/c?
2
hy =L, (3.20)
29
2
h,, = Y2 (3.21)
29

4. 3aHecTH SKCIIEPUMEHTAIbHBIC JaHHBIE U PE3yNIbTaThl 00paboTKu B Ta0I. 3.2.

5. IlocTpouTh MbE30OMETPUUECKYIO JTUHUIO. [[JIs1 TOCTPOEHUS MbE30METPHUUECKON
JUHUU B MacmTade 1Mo rOpu30HTAIU OTJIOKHUTH JJIMHBI YYaCTKOB MEXIY MbE30MET-
paMu, a MO BEPTUKAIM MOKa3aHWs Nbe30MeTpoB. [loayyeHHbIE TOYKH COEAHHUTH
MPSAMBIMU JIMHUSIMU.

7. TlocTpOoUTh HAIOPHYIO JUMHUIO. {11 MOCTPOEHUs HAIIOPHOM JIMHUM K IOKa3a-
HUSIM TIb€30METPOB CIIEAyeT MPUOaBUTh BEIUYMHBI CKOPOCTHBIX HamopoB. Bepru-

KaJbHBIA MacIuTab BHIOMPAETCsA TaKUM, 9TOOBI 3HaYeHne Ny2 6b1I10 He MeHee 1 M.

Tabnuya 3.2
IKCNepUMEeHTAIbHbIE TaHHbIE U Pe3yJIbTaThbl 00PadoTKHI

IT;, [z, |, |14, IIs, |T, |W, |Q, v, |v2, |hu, |hue,

cM cM cM cM cM c |n cemlc lem/c lem/c em cM

10

3.6 KoHTpoJibHbIE BOPOCHI

1. Yto Ha3pIBAIOT MOJHON YACIBHOW AHEPTrHeil MOTOKAa B MPOU3BOJBHOM CeYe-
HUU?

2. 3anumuTe ypaBHeHHWE bepHymim A dJIeMEHTapHOW CTPYWKH HAeaTbHOU
JKUIKOCTH?

3. 3anummTe ypaBHeHue bepHymin [uist 3eMEeHTapHOU CTPYUKH pealbHOM SKH-
KOCTH?

4. 3anummTe ypaBHeHUe bepHyIu uisi TOTOKa peanbHOM )KUAKOCTH?

5. B ueM cocTouT reoMeTpuuecKuii cMbICl ypaBHEeHUs! bepHym?
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6. B uem cocrout sHEpreTHUEcKuil CMbICT ypaBHeHUs1 bepHyn?

7. YTo Takoe Mbe30MeTPUUIECKUI YKIOH?

8. Uto Takoe ruApaBINYeCcKUi YKIOH?

9. Yem oTiinyaeTcs Mbe30METPUUECKUN YKIIOH OT THIPABINYECKOTO YKIIOHA?

10. [Touemy HanopHasi IMHUS BCEr1a HUCXOAAIas?

11. Ilouemy nbe30MeTpUYECKas JINHUS OBIBAET HUCXOMASILEH U BOCXOAIICH?

12. Ha xakoM paccTOsSSHUM APYT OT Apyra pacnoJiararoTcsl HalopHasi U MbE30MET-
pudeckas JTUHUU?

13. MoryT 1 HanmopHasi ¥ Mbe30MeTpUUIECKast TMHUU MePeceKaThCs?

14. B kakoM ciayyae Mbe30METPUUYECKAs! JIMHHUSI MOYKET MPOXOAUTh HUXKE OCH TPY-
6ompoBoa?

15. Kak M3MEHUTCS pacCTOSTHUE MEKJY HAllOPHOW M MbE30METPUUYECKUMH JIH-
HUSIMH [IPY YBEJIMYEHUHU PAcXofa >KUJIKOCTH B TpyOoIpoBoie?

16. Kak u3MeHsieTcs miom@aab KUBOTO CEYEHUs BJIOJIb MIOTOKA, €CIIM PACCTOSTHUE
MEXy HAllOPHOM M NbE30METPUUYECKUMH JIMHUSIMHU BJIIOJIb MIOTOKA MPU NMPOTEKAHUU
10 TPYOOINPOBOLY KUAKOCTHU C IOCTOSIHHBIM PAacX0JI0M YBEIUUYUTCS?

17. Kak u3MeHUTCs 1aBlieHUE NPU YBEJINYECHHUH IJIOIAAN CEYEHUSI TOTOKa?

4 JIABOPATOPHASI PABOTA Ne 4. JIBA PEXXHAMA JBW)KEHUSA
KUJIKOCTH

4.1 Hesan padoThl

[Io SKCHEepUMEHTAIBHBIM JIaHHBIM OIPEACIIUTh KPUTUUYECKYIO CKOPOCTh Uxp H
COOTBETCTBYIOIIEE €l KPUTHUYECKOE YrCIIo PeiiHonbaca Reyp.

4.2 Teopernueckne cBeeHUA

TeueHne pealbHOM KUAKOCTH XapaKTEPU3YETCSA Pa3IMUHBIMU PEKUMAMHU €€
JIBUKEHUSI, KOTOPBIE MOTYT MEPEXOUTh OJWH B APYTrOM MPHU ONPEICICHHBIX YCIOBU-
AX.

CyliecTBOBaHUE JIBYX NPUHIUIIMAIBHO PA3HBIX PEKHUMOB ABWKECHUSA KUIKOCTH
os110 oTMeueHo I'. Xarenom B 1839 m 1854 rr. B 1880 r. /.M. MeHuenceB Takxke
BBICKA3aJl CYKJECHHUE O CYIIECTBOBAHUU JIBYX PEKUMOB JBUKECHUS KUIKOCTH BCIIE-
CTBHEC PA3HUUs 3aKOHOB CONPOTHBIIEHUS ABMXKeHUI0. [lo3xke aHrmmiickuii (uszmk
O. Peiinonsac’, a 3atem mpodeccop ITeTepOypreKoro TeXHOIOTHISCKOTO HHCTHTYTA
H. I1. ITeTpoB 3kCrIEpUMEHTANBHO MTOATBEPAWIN HAJIUYUE IBYX PEKUMOB.

L Peiinonvoc, Ocopn (1842-1912) - aurmmitckuii umkerep u pusux. C 1868 mo 1905 — mpo-
dbeccop kadeapsl CTPOUTETHHON MeXaHUKH MaH4YecTepCKOro yHuBepcureTa. Pabotsl PeitHonmbaca
MOCBSIIEHB MEXaHHUKE, THAPOANHAMUKE, TEILIOTE, SJIEKTPUUECTBY, MarHETH3MY. PeifHOIBIC onpe-
JeTTAI MEXaHUYECKHUI SKBHBAJIEHT TEIUIOTHI.
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[Ipy u3ydyeHun TE4EHUS BCEBO3MOXKHBIX KaIl€JIBHBIX JKMIKOCTEH C Pa3IMYHBIMU
($u3MYeCKUMHU CBOWCTBAMU. PEelHOIIB/IC YCTAHOBUII, UTO ABUKEHUE OBbIBACT JJAMHUHAD-
HBIM U TYpOYJICHTHBIM.

TepMuH «JIAaMHHAPHBIH» MPOMCXOIUT OT JATHHCKOTro cioBa lamina — cioii. Jla-
MUHAPHBIM Ha3bIBAETCS TAKOW PEKHUM, KOTJa MOTOK KUJIKOCTH JBHIKETCS OTIECIbHBI-
MU CTpYHKaMH WIH CJIOSIMU M TPACKTOPUU OTIEIBHBIX YaCTHI] MEXy cOO0O0#l He Ie-
pecekaroTcs. B nmpakTuke JIaMUHApPHBIN PEXKUM UMEET MECTO IPU JABUKEHUU KUIKO-
cTeit ¢ 00MBIION BA3KOCTHIO (He(pTh, CMa304YHBIC Maca), MPU JABMKCHUH BOJBI Yepe3
TOHKHE TPYOKH, IIPU MaJBIX CKOPOCTAX MOTOKA.

TepmuH «TypOyJdeHTHBII» MPOUCXOANUT OT JATHHCKOTO ciioBa turbulentus — Gec-
nopsiio4YHbIA. TypOyJIeHTHBIM Ha3bIBAETCS TAKOW PEKHUM, KOTJIa CTPYHYaTOCTh MOTO-
Ka HapylIAeTCsl, BCE CTPYUKH NEPEMEIINBAIOTCSA, U TPAEKTOPUHN JIBUKYIIMXCS YACTHULL
MpHOOPETAIOT CIOXKHYIO (hopMy, Iepecekasch Mexay co0oil. B mpakTuke yaiie Bcero
UMEET MECTO TYpOYJICHTHBINA PEKUM JIBHXKEHUS KUKOCTH.

B 1883 r. PeliHonbac B pe3ynbpTaTe 3KCIEPUMEHTAIBHBIX UCCIEA0BAHUN YCTaHO-
BUJI, UYTO KPUTEPHUEM PEKUMA JIBUKEHUS KUIAKOCTHU SIBISIETCS Oe3pa3MepHas BEIUYU-

Ha, IPEJCTABIIAIOIIAs COOOM OTHOIIEHHUE NTPOU3BEACHUS CPEAHEN CKOPOCTHU MTOTOKA U
¥ XapaKTEPHOTO JUI PACCMATPUBAEMOTO Cllydasi JIMHEMHOTo pasMepa | Kk kunemarw-
YECKOU BA3KOCTH KUIAKOCTH V: vl/ V. DTOT KpUTEpUN HA3bIBAECTCS 4YUCIOM Peri-

HoOJIb/Ica U 0003Hauaerca Re. Takum obpazom, unciio PeliHonbIca UMEET BU/T
vl

Re : (4.1)
A%

[Ipyn HamopHOM JBMKEHUHU KUIKOCTU B KPYTJIBIX TpyOax 3a XapaKTepHBIM JIu-
HeiHbIi pasmep [ 06bIMHO IPUHUMAIOT BHYTPEHHUI quaMetp Tpyosl d u Toraa
vd

Re , (4.2)
A%

a B OCTalILHBIX CIIyYasX — TUApaBIMYecKuii paquyc R

VR
Re=—. (4.3)
A%
dusznyecknid CMbIC yncia PeliHonbIca COCTOMT B TOM, YTO OHO BBIPAXaeT OT-

HOIICHUEC CHUJI MHEPIHUHU K CUJIaAM BA3KOCTU:

Re: FLLH, .
F '

8513
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2 Aght D
F._ =ma= l3v—= lzvz; /
UH p L P C
du o U
F._.=uS—=pvl*==pvliv;
aas — M dy P L p E
B
5 A
_plfv _wvl
Re - pVZU a A% (44) U.xp Vs.xp lgg

Puc. 4.1. Ilepexon mamu-
[Ipu npeoOnagaHuM CUJ BSI3KOCTU — PEKUM JIAMHUHAP- HADHOTO POKHMA JBHIKC-

HBIA, NIPU TPEOOIaaHUU CUJI MHEPLUHU — PEXUM TYPOY- muga swumkoctn B TypOy-

JICHTHBIU. JICHTHBIN
MHOTOYHCIICHHBIE SKCTICPUMEHTAIBHBIE UCCIEAOBAHUS TUAPABIMIECKUX COIPO-

THUBJICHUH MTOKA3bIBAIOT, YTO MEKY HUIMHU U CKOPOCTHIO ABUKEHUS KUIKOCTH UMEECT-

cs 3aBucuMocts e = f(V).

Ecnu onbITHBIE JaHHBIE HAHECTH Ha rpauK B JOrapupMUUECKUX KOOpAUHATAX
(puc. 4.1), To MOXKHO BBISIBUTH TpH 00sacTu: JamuHapHyto (muHus AB), TypOyneHT-
Hyto (muHust CD) U HeyCTOMUYMBYIO, pacroioxkeHHnyto Mexy Toukamu B u C. Touku
B u C Ha3bIBalOTCS COOTBETCTBEHHO HW)XHEH M BEPXHEH KPUTHYECKHMH, TO €CTh
TOYKaMH, B KOTOPBIX IPOUCXOIUT HM3MEHEHUEe pexnma. CKOpPOCTH, COOTBETCTBYIO-
IIME 3TUM TOYKAM, HA3BIBAIOTCS KPUTHYECKUMU cKopocTsamu. g touek B n C xa-

PaKTEPHO TO, UTO MPU CKOPOCTSIX MEHbIIE Un.x, BCErJa HaOII0aeTCs JaMUHAPHBIN

PEKUM, a TIPU CKOPOCTAX OONBIINX Us.x. — TypOyJIEHTHBIN pexxuM. IIpu usmeHenun
CKOpPOCTEH OT MajblX K OOJIbIIUMM JIAMUHAPHBIN PEXHUM MOXET YAEpPKUBATHCS 0
touku E. [Ipn u3MeHeHnu ckopocteid OT OOJIBIIMX K MaJIbIM, TYpOYyJIEHTHBIA PEXUM
MOXET yAEPKUBATHCA 10 TOUKHU B.

3HavyeHue uncina PeitHonbaca, COOTBETCTBYIONIEE HUKHEN KPUTHUECKON TOUKe B,
HAa3bIBACTCA HWKHUM KPUTHYECKUM 4YuCIoM PeliHonbzaca. st HanopHOTO ABUKEHUS
B LWJIMHAPUYECKUX TpyOax HUXKHEe KPUTHUUYECKOE YUCIIO paBHO 956, TO ecTh Jamu-
HapHBIA pexuM ycToituus, ecin Re < 956.

B pesynbprare M3ydeHUs NBUKEHHUs JKUIKOCTH, IPOBEICHHOIO MHOTHMM HCCIIE-
JOBATEJISIMHU, B KPYIJIBIX THAPABIMYECKH “TVIAIKUX~ TpyOax Ha ydacTkax, JOCTaTOY-
HO YJAJEHHBIX OT BXOJ1a, IPU OTCYTCTBUM PA3JIMYHBIX HCTOYHUKOB BO3MYILEHUS YyC-

TAHOBJEHO ~KpuTHueckoe umcio Peiinombaca  Re, =2000—-2320. TIIpu

Re <Re sp IMEET MECTO JIAMMHAPHBII pexuM ABwkenus. [lpn Re > Rer — Typ-

OyJICHTHBIMN.
[ToTepu Hamopa 1o JUTMHE CBS3aHBI CO CKOPOCTHIO 3aBUCHUMOCTBIO, KOTOpas BHI-
paxkaeTcsl ypaBHCHHEM

h;=av™, (4.5)
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rae a — xodhduimeHt
MPONOPLUHUOHAIIBHOCTH, U

ST T

— CpeaHsisi CKOpPOCTh TO-
TOKA,

=

|

—| &‘J

v

m — mokasareib CTere-
HU.

[Iponorapudmuponan
JaHHOE ypaBHEHUE,
MOYKHO TIOJIyYUTh JIMHEHU-
HYIO 3aBUCHMOCTD

Puc. 4.3. Cxema ycTaHOBKM Ul IEMOHCTPALMM PEXUMOB JIBHIKE- |g hl = Iga + mlgv
HUSL KHUKOCTH
(4.6)
OTKYyJ1a
lgh; —lga
m=21"8% 4.7)
lgv

Ecau TOYKH, COOTBCTCTBYIOIINC 3HAYCHHAM ].ghf,

Puc. 4.4. Bun oxpameHHbIX
CTpyeK TMpH JIAMHUHAPHOM JBU-
JKEHUH

lgv, HAaHCCTH Ha rpa(bm(, TO 3HA4YCHHUC IIOKa3aTCJIA

CTENeHH M ompeaenuTcs kKak tgol yria HakioHa mps-
MBIX B JJAMUHAPHOU U TYypOYJIEHTHOUN 00JacTsIX K ropu-
30HTAIBHOM ocH (puc. 4.2).

PexuMbl IBHIKEHHSI AKUAKOCTH MOYKHO HaOIIOJaTh
BU3YyaJbHO, Ha ycTaHoBKe (puc.4.3), cocrosuieil u3
pe3epByapa ¢ BOJOH, CTEKIISTHHON TpyOBI ¢ KpaHOM Ha
KOHIIE, U COCYy/la C BOJHBIM PACTBOPOM KPAaCHUTEIIS, KO-
TOPBI BBOJMUTCS TOHKOM CTPYUKOW BHYTPbH CTEKJISH-

HOU TpyOBI IPH OTKPBHITHUH KpaHa.

Ecnu B TpyOe co3nmath HEOOJBIITYI0 CKOPOCTh JIBU-
KEHHUSI BOAbl U B MOTOK BBECTH KPACHUTENb, TO MOXKHO
YBUJETh, YTO KPACUTENb HE OyAET MEepeMEIINBATHCS C
MOTOKOM BoJibl. CTpylika KpacuTenst OyAeT OTYETIMBO
BHJIHA BJOJIb BCE CTEKJIIHHOW TPYOBI, YTO yKa3bIBACT
Ha CJIOMCTBIA XapakTep ABMXKEHUS KUAKOCTH, TO €CTh
naMuHapHbId pexxum (puc. 4.3 a). Ecnu ycTaHOBUTH
HECKOJIBKO TPYOOK C KpacurTeneM, TO MOoydaTcsl OK-
palllEHHbIE CTPYHMKHM HE MEPECEKAIIUECT MEXIY CO-
oot (puc. 4.4).

[Ipy mocTeneHHOM YBEIUYEHUH CKOPOCTH JBHKE-
HUS BOJABI B TpyOe KapTHHA JBIKCHUS B Hadaje HE
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MEHSIETCSI, HO 3aTeM IMPHU ONPECICHHON CKOPOCTH JBMKEHHS HACTYMaeT ObICTpoOE ee
n3MmeHenue. CTpyiika KpacuTelNsl MO BbIXOJIe U3 TPYOKU HauMHAET KoyieOaTbes, B HeH
NOSIBJSIOTCS pa3phiBbl (puc. 4.3 0). 3areM OHa pa3MbIBACTCS U MEPEMEIIMBACTCS C
MOTOKOM BOJbI, MPUYEM CTAHOBSTCS 3aMETHBIMU BUXpPEOOpa30BaHUSI M BpallaTelb-
HOE JIBI)KEHUE KUIKOCTH. J|BH>KeHHE CTaHOBUTCS TypOylIeHTHbIM (puc.4.3 B).

4.3 JlaGopaTopHasi ycTaHOBKA

Onucanue 1a00paTOpHOM YCTAaHOBKH MPUBENICHO B mojpas. 3.3.

4.4 Ilopsinok BhINOJIHEHHE PAadOTHI

MeTonuka BEITIOTHEHUS Ta00paTOPHOI pabOTHI omKcaHa B ojapas. 3.4.

4.5 Oo6paboTka pe3yibTaToB

1. ITo u3mMepeHHO# TemmepaType Bojbl ¢ ONpeneuTh KHHEMAaTHIeCKUi K03 du-

2
LIUEHT BS3KOCTH, CM“/C

A%

0,0178

3. OmpesenTh PacXox BOIBI B TpyOe, cM /¢

4. Tlo maiinennomy pacxony Q u miomanu ceyenus tpyosr @ = 0,785 d® cum

ONpCACIINTL CPCAHIOIO CKOPOCTDb

Q =1000W/T.

v_

__Q
0,785d°

5. Onpenenuth NOTEPU HAMOPA O AJIUHE (CM)

h; =11, -1,

6. Berancnuts 3Hagenus Ig h fo lgv.

1+ 0,0337 ¢ +0,000221¢%

(4.8)

(4.9)

2

(4.10)

(4.11)

7. DKCIIepUMEHTAJIbHBIE TaHHBIE U PE3YNIbTAThl 00OPAOOTKU OMBITOB 3aHOCATCS B

tabdu. 4.1.
Tabnuya 4.1
JKCIePUMEHTAIbHbIE JaHHbIC U Pe3yJIbTaThl 00pa00TKH ONBITOB
Ne Iy, |IIz, |T, W, Q, v, hy, lghy lgv
cM cM c )| emlc |em/c cM

49



10
8. Iloctpouts rpaduk Ig h F= f(gv) (cwm. puc. 4.2).

9. Onpenenuts 1o rpaguKy Ma, Mm, Ukp, R€xp.
4.6 KonTpoabHbIe BONPOCHI

1. Kak onpenenuTs pexuM ABUKEHUS KUIKOCTH?

2. B uem cocrout pusmueckuii cMpica uncna PeitHonbaca?

3. oka3aTp, uTo yucio PeitHombACa peICcTaBIseT COOTHOIICHUE CUIJT UHEPIUH U
CHJI BA3KOCTH.

4. J1ns penieHus, Kakux 3aJa4 He0OX0IMMO 3HaTh PEXKUM JBUKECHUS KUKOCTH?

5. Bo ckonbko pa3 uzMeHuTcs uncio PeliHonbca, eciiu AMaMeTp U3MEHUTH B 2
pasa, a pacxoj U TeMIIepaTypa He MEHSIOTCS ?

6. Kak uamenutcs uncno PeiiHonb/ca, eciiu Temneparypa *KHUIKOCTH yBETUUHUT-
ca?

7. Bo3morkeH 11 nepexo]i TypOyJEHTHOIO pexuMa B JaAMUHAPHBIN IIPpU MOBBIIIIE-
HUU TEMIIEpaTyphl )KUJIKOCTU?

8. Bo3MmorkeH 1 mepexo JaMHHAPHOTO PEeKMMa B TypOYJICHTHBIN MPHU MOHIKE-
HHUH TEMIIEPATYPbI?

9. Kak u3MeHHUTCSI CKOPOCTh TEUCHUS KUIKOCTH, €CIIH JIAMUHAPHBIN PEXXUM JIBH-
KEHUS KUIKOCTU NEpeiieT B TypOYyJEHTHBIN, a TeMneparypa >KHJIKOCTH OCTaHETCS
ITOCTOSTHHOM ?

10. Kak u3MeHMTCA pacxXol >KMJKOCTH, €CIM TypOYJIEHTHBIH PEXUM JIBUKCHUS
KUJKOCTH MEPEHIET B JAMUHAPHBIN, a TEMIEPATYypa )KUAKOCTH OCTAHETCS MOCTOSIH-
HOM?

5 JIABOPATOPHAS PABOTA Ne5. IOTEPU HAITOPA 11O JJIMHE
5.1 Hean padoThl

DKCNepUMEHTAIbHOE U3YYEHUE 3aBHUCUMOCTH KO3 (GUIIMEHTA TUAPABIMYECKOTO
TPEHHS A OT PEXHUMA JIBHXKEHUS KHIKOCTH.

5.2 Teopernueckue cBeeHUA

[Ipy nBMKEHNUH PEANBHOMN KUJIKOCTH MPOUCXOJUT TOPMOKEHUE TTOTOKA BCIEACT-
BHE BIIUSHMS BA3KOCTH M ACHCTBUS CUJI MOJIEKYJISIPHOTO CLIEIUICHUS MEXKIY KUIKO-
CTBIO U CTEHKOW. HermocpeacTBeHHO Ha CTEHKE CKOPOCTh paBHa Hymro. Ho Tak kak
pacxon KUIAKOCTH OCTAETCSA OJHHUM U TEM K€, TO 3aMEUICHUE IBUKEHUS CIIOEB, pac-
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MTOJIOKEHHBIX OJIMKe K , , T

/ ] [ —
CTCHKaM BBI3BIBACT ; , «T 7
Wi T
YBCIMYCHUC CKOPOCTH Vi e ////////////////////ﬂ#// i -//////////////////
CIIOEB. PACTIONOKEHHBIX ,7/4f4;;44447/4f4;;444”/////;7/%7;;47%ﬂ/%fmm
W=
OnmMXKe K LEHTPY Tpy- =
6I)I, JOoCTUurass MaKCH-
MaJIbBHOI'O 3HAYCHUA Ha
€€ OCH.
HepaBnomepnoe
pacrpeeseHue CKOPOCTEN BBI3bIBAET CKOJIBXKEHUE (CABUT) OJHUX CIIOEB KUIKOCTH
M0 APYIruM, 4TO IPUBOANT K BOSHUKHOBCHHUIO KaCATCIIbHBIX HaHpH)KCHI/Iﬁ (HaprDKe-
HUH TpeHHs). [IBHOKCHHE COITPOBOXKIACTCS TAaK)KE BpPAIICHHEM YacTHII, BUXpeoOpa3o-
BaHHEM U TiepeMeninBaHueM. Bce 310 TpebyeT 3aTpaThl SHEPruu, MOATOMY SHEPIHS
I[BI’I)KYHICﬁCH BSI3KOH KHUIAKOCTHU HE OCTACTCA HOCTOHHHOﬁ, a IIOCTCIICHHO pacxXoAycCT-
Cs Ha IIPCOOOJICHUC COHpOTI/IBJ'IeHI/Iﬁ ", CJICAOBATC/IbHO, YMCHBIIACTCA BAOJIb IIOTOKA.
HepBOHpI/I‘lHHOﬁ IIOTCPb SHCPTHUHU (Hanopa) ABJISIETCA BA3KOCTh, HO BEJIMUYKMHA I10-
TCPb OIIPCACILICTCA HC TOJIBKO BA3KOCTBIO, HO M CKOPOCTBIO ABHIKCHUA, Pa3MCpPaMHr
II0TOKAa U €1ro Typ6y.]'IeHTHOCTBIO.

V/ /
‘///////// / TV

Puc. 5.1. Pacnipeenenne kacareabHbIX HAMPSKEHUN U CKOPOCTEH 1O
KUBOMY CEUEHHUIO IMOTOKA

[ToTepu Hanopa 1o WIMHE N — 3TO MOTEPH YHEPTUH, KOTOPHIE IIPOMOPIUOHAIIBHEI
JUTMHE MOTOKA, CYIIECTBEHHO 3aBUCAT OT PEKUMA JBUKEHUS U PAaBHOMEPHO pacmpe-
JEIAI0TCS BIOJIb ITOTOKA.

5.3 IHoTepu Hanopa no JJIMHE NPH JAMHUHAPHOM pesKMMe IBHKCHUS

PaccMOTpHUM YCTaHOBHUBIIIEECS JIAMUHAPHOE JBIDKCHHE JKUIKOCTH B IIMIMHIPH-
4yeckoi TpyOe paauycom 1o (puc. 5.1).

CosmecTuM och X ¢ 0CBIO TPYOBL, @ OCh Z HAIPaBUM M0 paauycy Tpyosl. Torma:
U — CKOPOCTb JIBUKEHUS CIIOS )KUAKOCTU Y Ha pacCTOSHUU T OT OCH TPYOBI; Umax —
MaKCHUMallbHasi CKOPOCTh JBHMIKEHHSI II0 OCH TPYOBI; U — CPEIHSSI CKOPOCTh IMOTOKA,

T — KacaTelbHbIE HANPSKEHUS 10 paguycy !; To — KacaTeJIbHbIE HAIpPSKEHUs Ha
CTEHKE TPYOBI.

[Ipy maMuHapHOM pEKHMME CIIOU KUIAKOCTU JABUKYTCS IApajuIesIbHO APYT APYTY.
Crenku TpyO, BJI0JIb KOTOPBIX MPOUCXOAUT JBUKEHHE, 3a CUET CUII MEX MOJIEKYJISIp-
HOTO CHEIUICHHUS, OyAyT MOKPBIBATHCA MPUIUMNIIMMUA K HUM YacCTULAMHU JKUIKOCTH.
[lepBbIil MPUCTEHHBIN BIKYIICHCS CION KUIKOCTU OYJIET CKOJIB3UTh M0 YacTHIlaM,
MPUIMIIIIMM K CTEHKe. Tak Kak TeopHs JaMHUHAPHOTO JIBH)KEHHUS OCHOBBIBAETCSA Ha
runore3e Hpr0TOHAa O TpEHUM BHYTPH JKUJIKOCTH M TPEHUE MEXKIY CIIOSAMH JIBHXKY-
HIENCS KUAKOCTU SIBISIETCS €AUHCTBEHHBIM MCTOYHUKOM NOTEPH SHEPIUH, TO BEIH-
YUHY KacaTeJIbHBIX HANPSLDKEHUM MOXKHO orpenesuts no 3asucumoctu H. I1. Ilerpo-
BA.
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du
p— —_— y 5.1

du

riae L — Ko3pPUIUEeHT THHAMHUYECKON BA3KOCTH; d_ — I'PAaIMEHT CKOPOCTH.
r

3HaK MHHYC INPHUHAT NOTOMY, 4TO U yMEHbLIAeTCs ¢ yBenuueHuem 1. C apyroit
CTOPOHBI BEJMYHMHY KAacaTeJIbHbIX HANPSLDKEHUM MOYKHO OIPENEIUTh U3 OCHOBHOIO
YPaBHEHUS PAaBHOMEPHOI'O JIBUKEHUS

t=pglR, (5.2)

rae P — IWIOTHOCTh JKUAKOCTH; | — ruapaBauyeckuii ykioH; K — ruapaBindecKuii

paanyc; g — yCKopeHHe CBOOOAHOTO MaIeHHs.
[TpupaBHsieM mpaBbie yactu ypaBHenui (5.1) u (5.2)

d
pgIR=—p"". (5.3)
dr

r
[upaBIMdecKuil paguyc Ul UIMHAPAYECKOi TpyOsl paBen R = E, MOJICTa-

BuM ero B ypasHenue (5.3) u Beipazum du

du=-L9rar (54)
2p
MOCJIe UHTErPUPOBaHUs ypaBHeHUs (5.4) morydyum
u:ManLC. (5.5)
4p

[Tocrostnnas unterpupoBanus C onpenensercs U3 YCIOBHsS PaBEHCTBA HYIIIO
CKOPOCTH U y CTEHOK TPYOBI IIpU " = 1

C="2pf (5.6)

OxonuarenbHo, nogacrasus 3Hauenne C B ypaBHenue (5.6) moy4uM ypaBHEHHE,
BBIPAXKAIOLIEE 3aKOH PACIPEEIICHUS CKOPOCTEN ITPH JJAMUHAPHOM PEXKUME

u =

ng(roz_rZ)ng(rOZ_rz)

5.7
4u 4v 6.7

rjae V — Kod(pPUIUeHT KHHEeMaTHYECKON BSI3KOCTH.
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1
VYpasuenne (5.7), uzBectHoe kak popmyina CTokca’, MpeACTaBIsSET ypaBHEHUE
napabosibl, uMeromeld MakcumMyM 1pu r =0, To ecTb 10 ocH TPyOBI

L _pgl 2_pgl »_gld® 69
XA 16 16v

3Has 3aKOH pacnpcaciicHuss CKOpOCTU I10 JKUBOMY CCUCHUIO TPY6I>I, IMOJIy4YuM 3a-
BHUCUMOCTD IJIAA OIIPCACICHUA pacxoda

0= Judo=[PI1 (2 -r?)do=
® o A1

I npgl
:I_pg (roz—rz)andrz—pg r04. (5.9)
4 8
o TH [

3aBucuMocCTh (9.9), onpenenstonias pacxoJ HOCUT HazBaHue dhopmynsl [lyaszeii-
2
o

Tak kak U = —, noiy4aem

Q)

4 2

8p7tr02 8u 2

TO €CTh CPENHAA CKOPOCTh B TpyOe MpH JaMHHAPHOM PEKMUME paBHA MOJOBUHE MaK-
CHUMaJIbHON CKOPOCTH, HaboaeMoit Ha ocu. [Ipeobpasyem 3aBucumocTs (5.10)

,_pglrs _pgld® _gld® _ghd’

, (5.11)
8u 32pv 32v 32vL
OTKyJa
hl = 32\/—1)211, (512)
gd

rae h;— norepu Hanopa 10 JUIMHE.

Y Cmoke JIocopooc Tabpuens (1819-1903) — aHrmmiickuii MaTeMaTnk U (GU3UK UPIAHICKOTO
npoucxoxaenus. Padoras B KeMOpuKCKOM YHUBEPCUTETE BHEC 3HAYUTENBHBIN BKIIAJ] B TUIPO- U
ra3o- AuHamuKy (ypaBHeHnue HaBre — CTokca), onTuKy U MaTeMaTHKy (Teopema CTokca).

2 yasenw Kan Jlyu Mapu (1799 — 1869) — dpaHIy3ckuii Bpad, HCCIeLOBABIINIT B KoHIE 30
royioB XIX cToyeTusi TUApaBINIECKUE COTPOTUBICHUS KAMWUIAPHBIX TPYOOK MPH U3YYECHUHU KPO-
BOOOpAIIeHusl.

53



3aBucuMocTs (5.12) onpenenstomnias BEIMUMHY TOTEPh HANOpa MpH JJAMUHAPHOM
peXUME JBUKEHUS, MMOKA3bIBAET, YTO HOMEPU HANOPA NPU JIAMUHAPDHOM Pedcume
NPONOPUUOHAIbHBL NEPBEOIL CIMEeNneHU CPEeOHell CKOPOCmU, 3A8UCAN OM POOA HCUO-
Kocmu, 00pamuo nPOnOPUUOHAIbHBL NIOWAOU CedeHUus mpyosvl U He 3aeucam om
uiepoxoeamocmu cmeHoK mpyoovl.

[Ipeobpasyem 3aBUCUMOCTD (5.12), yMHOKUB YMCIIUTENDL U 3HAMEHATENL HA 2V U

MEPErPyIIHUPOBAB COMHOKHUTEIN

_32vLv2v 64vLv?

hy=————= =
d dg2v wvdd?2g
64
YuuteiBas, 4to —— = R€ u 0603HauNB R_e = A, OKOHYATEIBHO MOTyYHUM
\%
2
L (5.13)

d2g

rae A — Ko3(GPUIHMEHT TUAPABIMYECKOTO TPEHUS.

3aBucumocTs (5.13) HassBaetcs hopmyinoii Japen'—BeiicGaxa®. Kooddumuent A
IpH JTAMMHAPHOM PEXHMME SBJISETCS (YHKIMEHR ToJIbKOo urcia Re u ¢ yBenmnuenuem
Re xospdunuent A ymensimaercs. Eciu B torapuMudecKux KOOpAMHATAX 110 BEP-
THKAJILHON OCH OTKJIaJbIBaTh KOY(P(UIMEHT IHAPABINYECKOTO TPEHUS A, @ 110 TOPH-
30HTaIBHOM ocu — uncia Re, To 3asucumocts A = f(Re) Bripasurcs B Bume nps-
MOM HHACIIAJAIOLIEH JIMHUU.

5.4 IHoTrepu Hamopa mo JJiuHe NPH TYPOYJEHTHOM peKUME IBHKEHUSA
BO/IbI

st TypOyeHTHOTO peXxuMa XapaKTepHO HE TOJIBKO MPOOJIbHOE MEPEeMEIICHUE
YacCTUIl KUAKOCTU B HAMIPABJICHUH OCHOBHOI'O T€UEHUS, HO U MONEPEUHOE JBUKECHHE
B HANpaBJICHWH, HOPMAJILHOM OCHOBHOMY TeueHHut0. [loaTomMy B TypOyJIE€HTHOM TO-

Y Mapcu Anpu @unubep Tacnap (1803-1858)) — dpaHIy3cKuii HHKEHEP-THAPABIHK, 000CHO-
BaBIwmii 3akoH Jlapcu (1856), cBsi3pIBarONIHi CKOPOCTh (DUIBTPAIIMN KHUIKOCTH B TIOPUCTOM Cpee ¢
rpagueHToM nasieHus: «[lo-BuaumoMy, AJs mecka OJHOTO KadyecTBa, MPOIMYCKAaeMbI UM Pacxojl
NpSIMO TIPOTIOPIIMOHANICH HAIOpy W OOpaTHO MPOIMOPIMOHAIEH TONIHHE (QUIBTPYIOMIETO CIIOS
(rpyHTa)».

2 Beiicbax FOnuyc JTiodsue (1806—1871) — CakCOHCKHiI MAaTeMaTHK M MEXaHHK-THIAPABIIHK.
Pe3ynbTarthl CBOMX THAPABIMYECKUX HCCICNOBAHUN OMyOIUKOBAT B CIEAYIOIIUX COYMHEHUSX:
«Versuche iiber den Austluss des Wassers durch Schieber, Hdhne, Klappen und Ventile» (JIeiim,.,
1842); «Versuche iiber die unvollkomende Kontraction des Wassers beim Ausfluss desselben aus
Rohren und Gelassen» (Jlewn., 1843); «Experimental hydravlik» (®peii6., 1856).

54


https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%8B
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D0%94%D0%B0%D1%80%D1%81%D0%B8
https://ru.wikipedia.org/wiki/1856

Ua Bszxuit oacion
[lepexonnas 30Ha
TypOynentHoe sapo
u
p
T Puc. 5.3 Tlonepednoe cedenue TypOYICHTHOTO
MIOTOKA B TPYOOIIPOBOIE
Puc. 5.2. [lynbcanus ckopoctu TOKE UMEET MECTO HENPEPBIBHBIMA IMPOLECC

MMepEMCIINBaAHMA. CKOpOCTB TCUCHUA B OT-
ACJIBbHBIX TOYKaX U3MCHACTCA IIPU 3TOM KaK IIO BCIIMYMHE, TAK U 110 HAIIPpABJICHUIO,
COXpaHsigsd 3a JOCTATOYHO ,ZIOJII‘I/Iﬁ IMPOMCIKYTOK BPCMCHHU IIOCTOSAHHYIO BCIIMYHNHY U
HaIIpaBJICHUC. DOTO SIBIICHHE Ha3bIBaCTCS HYJ]LcaHHCﬁ CKOpPOCTH. Ecau B (bHKCI/IpO-
BaHHOM TOYKE IOTOKA HU3MCPHUTDb U 3allMCaTh IIyJibCalliK CKOPOCTH BO BPCMCHH, TO
MOKHO YBHUACTB, YTO CKOPOCTH XaOTHUYHO KOJICOJICTCS OKOJIO HCKOTOPOI'0 OCPCIAHCH-
HOT'O I10 BpCMCHH 3HAYCHM .

PazHocTh Mexly (aKTHUEeCKOM MTHOBEHHON CKOPOCTBIO U M OCPETHEHHOM CKO-

o ’ o
POCTBIO Ucp B TAHHOU TOYKE U =u-— u,c HAa3bIBACTCA ITYJIbCAIUCH CKOPOCTH, BC-

P
JMYMHA KOTOPOW M3MEHSAETCS BO BPEMEHHU OT MaKCMMaJIbHOI'O OTPHULATENLHOIO 3Ha-
YCHUS 10 MAKCUMAJIbHOTO TIOJIOKHUTENBHOTO (puc. 5.2).

[Tporiecc HeMpepbIBHOTO NMEPEMENIMBAHUS B TYypOYJIEHTHOM IIOTOKE BBI3BIBACT
JOTIOJIHUTEIBHOE TPEHUE MEXKIY OTIEIbHBIMU YaCTUI[AMH, KOTOPOE OKa3bIBAETCS BO
MHOT0 pa3 0oJIbllle, YeM TPEHHE MPH JJAMUHAPHOM PEXKUME JIBUKEHUS KUJIKOCTH.

[Tpu uccnenoBanuu TypOyJIEHTHOTO PEXUMa OBLJIO YCTAHOBJIEHO:

® CKOpPOCTH Ha TMOBEPXHOCTH CTEHKW PABHBI HYJIIO BCIEACTBUE MPUIUTIAHMS Yac-
THI[ K CTCHKE;

® Ha BeChMa MaJlOM PACCTOSHUU OT MOBEPXHOCTH CTEHKH (B Mpeaenax morpa-
HUYHOTO CJIOS1) HAOII0AAeTCs PE3KOE YBEIMUEHUE CKOPOCTH;

® 110 Mepe NpUOIMKEHUSI K OCH TPyOONpoBOJia CKOPOCTh HapacTaeT MEJJICHHEE,
MOIYMHSSCH PA3IMYHBIM 3aKOHAM PACTpPECNICHUs] B 3aBUCUMOCTH OT TYpOYJIEHTHO-
CTH TOTOKA.

Ha ocHOBaHUM pe3ynbTaTOB IKCIEPUMEHTATBHBIX HMCCIEIOBAHUN M TEOpeTHYe-
CKHMX IPEATOJIOKEHUN HpaHz[Tnsll, KapMaHaZ, HHKypa):[3e3 OBLJIO YCTAHOBJIEHO, YTO

! Ipanomne Jloosue (1875-1953) - Hemenkuii Mexanuk U Gusuk. Co3man Teoputo TypOyIeHT-
HOCTH | TIPEIOKUI TEOPHIO TIOTPAHUYHOTO CIIOS.

2 Kapman, Teooop on (1881-1963) - aMepuKaHCKHil HEKEHED W (HU3HK BEHIEPCKOTO IIPOHIC-
XOXKJICHHSI, CTICIIHAMCT B 00JIACTH BO3TyXOTUIABAHMS.

3 Huxypaose Hean Hivuy (1894-1979) oxonumn TOUTHCCKHIT YHHBEPCHTET U B COCTABE TPYTI-
bl POCCUHCKUX CTyNIEeHTOB Obl1 HampaBieH B 1919 r. B 'erunrenckuit ynusepcurer. B 1933 1.
npoBén B nabopatopun JL.IIpanatis GnecTsiiee 3KCIepUMEHTAIbHOE MCCIIE0BAaHUE THApaBInYe-
CKUX TOTEPh HA TPEHHE MO UTMHE TPYO, MOJTYUYHBIIEE BCEMUPHYIO H3BECTHOCTh U TPU3HAHHE KaK
«omnbIThl ¥ rpaduku Hukypamze».
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npu TypOyJIEHTHOM peXUMe OOJIbIIIasi 4aCcTh MOTOKA 3aHATA “TYpOYJIEHTHBIM sIIPOM”,
a'y CTEHOK TpYyObl UMEETCsl TOHKHM, TaK Ha3bIBa€MBbIH, “TIOTPaHUYHBINA" CITIOM.

B yactu 3TOr0 Cliosi HEMOCPEICTBEHHO Y CTEHKH, HA3bIBAEMBIM BSI3KUM TOJICIIO-
€M, UMEET MECTO PEKUM JBUKEHUS OJM3KUMA K JJaMUHApHOMY. MexXay BS3KUM IO/
CI0eM U TypOYJIEHTHBIM SJIPOM PpACIONIaraeTcs TOHKUM CIION KUAKOCTH, KOTOPBINA
Ha3bIBACTCs Mmepexoanas 30Ha (puc. 5.3).

B morpaHuyHOM cj10€ BO3HUKAIOT BUXPHU, KOTOPbIE MPOHUKAIOT B TYpOYJIECHTHOE
AP0, YBEIMUYMBAsE WHTCHCUBHOCTh MEPEMEIIMBAHUS OTIEIBHBIX YACTHII KHJIKOCTH,
BBI3bIBASI [TONIEPEYHBbIE TOKH (CM. puc. 5.4). ['amenne sHepruu, 3aKIFOYEHHON B BUX-
psiX, BBI3bIBACT 00pa30BaHUE JOMOJHUTENBHBIX MOoTeph Hamopa. [Ipu TypOyneHTHOM
peXHUME NIBIDKEHUS B OTJIMYME OT JIAMUHAPHOTO KpOMe HAMPSDKEHUS CHIT TpeHI/IH
00yCIIOBIIEHHBIX (PU3NYECKHUMH CBONCTBAMU KHU/I-
KOCTH, BO3HUKAIOT €IIe JOMOJHUTEIbHBIC Hapsi-
KEeHUs1, 00yclIaBIMBaeMble TypOYJIEHTHOCTBIO T0-
Toka. OJIHAaKO cleayeT OTMETUTb, YTO JJs TypOy-
JIEHTHOTO pPE&XHMa HE CYIIECTBYET JOCTATOYHO
CTPOTOI ¥ TOYHOM TEOPUU BBUAY CIOKHOCTU Typ-
OyJIEHTHOTO TE€UEHUS U TPYAHOCTEH €ro aHAJIUTHU-
YECKOT'O UCCIIEI0OBAHHUS.

CornacHo teopuu [lpanarns cymmapHoe Ha-
NpsDKEHUE TPEHUS B TypOYJICHTHOM TMOTOKE OIpe-
nensiercs no popmye

Puc. 5.4 OGpa3oBanue BUXpeii

2
du du
T=T +Ty = el 22 (5.14)
dh dh
2 du
rae Ty = pl % — TypOyJIeHTHBIE KacaTelbHble HanpskeHus; | — mmuHa myTu
MnepEMCIINBaHHA.

[Ipu TypOylneHTHOM pexuMe T2 OKa3bIBA€TCS MHOTO OOJbINe T1, MOITOMY Ipe-
MMYIIIECTBEHHOE 3HAYCHHE MMEIOT MOTepU HAIopa, BOZHHUKAIOIINE B PE3ysbTaTe Ie-
pEMEITMBaHUS.

[IpanATab TPEeANnoaOXKU, YTO JJIMHA MYTH MEepPEeMENIMBaHUs MPOMOPIIMOHAIbHA
PacCTOSHUIO OT CTeHKH, TO ecTh [ =P h. Torma kacareiabHOe MyJbCAlMOHHOE Ha-

IIPsKCHUE T2 IPHHUMACT BH/I:

r—pB dh : (5.15)

N3 ypaBHenus (5.15) Beipazum
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1 Edh

du== |-—. 5.16
u > h (5.16)

I[J'I)I 00JaCTH MOTOKA OKOJO CTEHKH IICPEMCHHOEC KacaTCiIbHOC HAIIPSHKCHHUE T

T
MOJKHO 3aMCHUTH ITOCTOSIHHBIM HAIIPsOKCHUCM TPCHHUA HAa CTCHKE T. Bennuuna -0 )

p
HMCIOIIAsA PasMCPHOCTb CKOPOCTHU, HA3BIBACTCA OUHAMUYUECKOIL CKopocmbio 1 000-

3Hayaerca U* C yueToM BBIIECKAa3aHHOTO ypaBHeHUE (5.16) mpumet Buj
u, dh
du=-—">"-. (5.17)
B h
[Tocne unTerpupoBanus ypaBHeHus (5.17) u onpeaeneHus MOCTOSHHOW MHTETPH-
POBaHUs U3 YCIIOBHS, UTO IPH N =7 U = Uy, IMEEM

U, T
U=Upgy ——In—. (5.18)
h
[punss 3= 0,4 u nepeiins K AecATHYHBIM JIoraprdhmMam
r
U=Uny —2, 75U, g P (5.19)

OcHOBHOM pacyeTHOU (HOPMYJION ISl MOTEPh HAMOpa IO JJIMHE TIPU TypOyJICHT-
HOM pexkuMe sBigetcst popmyna lapcu—Bericoaxa.

2
h, =xiv—, (5.20)
d2g

rae A — K03 PUIHMEHT rHAPABINYECKOrO TPEHHS IIPH TYPOYIEHTHOM PEXHUME, YCTa-
HOBJICHHE 3HAUYEHUSI KOTOPOIO, COCTABIISIET OJHY M3 CIOKHEUIINX MpoOIeM MeXaHu-
KM KUJKOCTH, HE MMEIOIIYIO JI0 HACTOSIIErO BPEMEHU MOJHOTO TEOPETHYECKOTO pe-
HICHMUS.

CoryacHO 3aKOHy THIpOJMHAMUYe- a v
ckoro monoous, kodpduuueHT rHUIpaB- Wmmr
JUYECKOTO TPEHUA NpU TypOyJIEHTHOM 00000007 F A
peXHUMe, TaK e Kak U MpU JaMUHAPHOM
ABNAETCA (YHKLIMEH OCHOBHOTO KpUTE- %\//%MWL
pusi MoA00UsT HAMOPHBIX MOTOKOB — YHC- 2
na Pennonsnaca. Ho, kak moka3anu, 3KC- A
MepUMEHTaIbHbIE HCCIAEAOBaHUS Ha TIO-
TEPU HAIoOpa CYIIECTBEHHOE BIIMSHUE

S ]
OKa3bIBAa€T IIEPOXOBATOCTh IMOBEPXHO- i

R7
Puc. 5.5. Tumsl mepoxoBaToCcTU: a — HEPABHO-

MepHas: O — DaBHOMEDHAA: B — BOJHHUCTAsA



CTH, KOTOpasi OLIEHUBAETCS] BHICOTOM BBICTYIIOB M Ha3bIBACTCS aOCOIIOTHOW IIEPOXO-

BatocThio A (cM. puc. 5.5).
OpnHako JaTbHEUINE UCCIISIOBAHMSI TIOKA3aJIi, YTO Ha BEJTMYUHY COTIPOTUBIICHUS
CYIIECTBEHHO BJIMSET XapaKTep PacoJIOKeHHs BBICTYNOB u ux (opma. [losTomy

BBCJIH IIOHATUC O THAPABIINYCCKH SKBUBAJICHTHOU MEPOXOBATOCTHU As

rae @ — kod3((PUIMEHT, 3aBUCALIMI OT XapakTepa pacloJIOKEHUsI BBICTYIIOB U HMX

bopMBI.
B nanpHeimeM cTanu KMCHOJIb30BaTh MOHSATHE OTHOCUTEIBHOM IIEPOXOBATOCTH

AZ—)

d
Korna mepoxoBatocth TpyObl HE BIMSET Ha €€ COMPOTHBIEHUE, TO €CTh KOTJa
TOJIIIMHA BS3KOTO TMOJACIOA y CTEHKU OO0Jibllie aOCOJIIOTHOM IIEpOX0BATOCTH, TPYOy
Ha3bIBAIOT 2UOPAGAUYECKU 271a0Kou W A sBisercs (QyHKIMEH Wb uucna Peid-
nonpaca A = f(Re). OtHocurensHas 1mepoxoBaTocTh CKa3bIBAETCS JHIIL HA Pa3-
Mepax 00J1acTu, B Mpejiesiax KOTOPO TpyOa CUMTAETCs THAPABINYECKU TIaTKOM.
Cy1iecTByeT psiJi SMIUPUUECKUX U MOIYIMIUPUIECKUX (POPMYJI, BBIPAKAIOLIUX
3Ty QYHKIUIO Ui TypOYJIEHTHOTO peKrMMa B 00JIaCTU IMIPaBINYECKU TTIAAKUX TPYO.

1

Oto popmyna Konakosa A = : (5.22)
(1,8lg Re—1,5)?

®opmyna [panaris % =2Ig(Re VA)-0.8. (5.23)

®dopmyna Brnasuyca A = % (5.24)

C yBenuueHueM uucia RE BA3KuiA MOACION CTAHOBUTCH TOHBIIE, HEPOBHOCTH
HAYMHAIOT «OOHAXaThCsA», TPyOa CTAHOBUTCA 2uOpasaIuvecku uiepoxoeamoii. B

3TOM cilydae A siBisiercs (QyHKIMEN He TONBKO uuciaa Re, Ho u OTHOCUTENbHOM mIe-

A
poxosaroctu A = f Re,gg

JInst mepoxoBaThiX TPyO KO3(PPUUMEHT THAPABINYECKOTO COMPOTUBICHUS OIpe-
TEIAeTCA:

68 A,
o ¢popmyne Anprmryns A = 0,11 Re + FS ; (5.25)
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25 1 A,
Re VA 37d

popmyre Konsopyka % =-2lg (5.26)

U, HakoHel, mpu OOMbIIMX yMciIax RE, ToimmHa JaMUHAPHOW IJIEHKH OYEHb
MaJia, BBICTYIIBI HIEPOXOBATOCTU OOTEKAIOTCS TypOYJIECHTHBIM IMMOTOKOM C BUXpeoOpa-
30BaHUEM 3a KaXIbIM BBICTYNOM. Koa(pdUIMEHT rHapaBInuecKoro TpEeHUs B 3TOM
Clly4ae He 3aBHCHUT OT uucia PeiHombica, a onpenensercs TOIbKO OTHOCUTEIIBHOU
AKBUBAJICHTHOW IIEPOXOBATOCTHIO. [loTepn Hamopa nmponopuuoHaabHbl CKOPOCTH BO
BTOPOM CTEICHH.

JIig 3THX ycinoBUi KO3 PUIMEHT IMIPaBINYECKOTO TPEHUS ONPEAEIAETC:

1 r
o dopmyie Hukypame — =210 — +1,74 : 5.27
hopmy. yp 7 g A, (5.27)
0,25
A=011 ﬁ
dopmyie [ndpuncona’ d (5.28)
U IPYTHM.

Hawu0Oomee moaHble HCCICAOBAHMA 110 OIIPCACICHUIO 3aBUCUMOCTH KOZ)(i)(i)I/II_[I/IGHTa

A oT umcia PeitHombaca ¥ OT OTHOCHTEIHHOI IIEPOXOBATOCTU OBLIU BBIMOJTHEHBI
Huxkypan3e.

Hukypanze ucnbitan psaa Tpyd ¢ HCKYCCTBEHHO CO3/JIaHHOM IIEPOXOBATOCTHIO HA
WX BHyTpeHHeW noBepxHocTH. lllepoxoBaTocTh ObLIa IMOJTyYEHA IMYTEM MNPUKICHKH
TECYMHOK OIPEICICHHOTO pa3Mepa, MOJy4eHHOro MPOCEMBaHUEM udepe3 cuta. Tem
caMbIM OblLjla MOJIydeHAa PaBHOMEPHO pacHpeicsiCHHas 3€pHUCTAs IIEPOXOBATOCTb.
UcnbiTanust ObUIH MIPOBEJIEHBI MPY MIUPOKOM JUAINa30HE OTHOCUTEIBHBIX IIEPOXOBa-

A, 101

TocTel | — = —— + — |, a Takxke uncen Peitnonsaca Re =500 ~10°,.

d 500 15

Y [HIugpuncon Bopuc Jlveosuu (1902 —1949), crienuanuct B 061acTH TEILIOGUKALMA U Tell-
nocHabxenus. JI-p TexH. Hayk. [locne okonuanus B 1925 MBTY Bosrnasisin temioceTs MocaHep-
ro. B 1930 opranuzoBan u Bo3riaBui kadeapy remiopuramnuu B MOU. OcH. Hayd. Tp. CBSI3aHBI C
CO3JIaHMEM TEOPHH U METOJIOB pacueTa TeII0(PHUKAIIMOHHBIX CHCTEM.
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Hannblie onslToB Hukypansze nzo0pasui Ha rpaduke, rie o ocu abcuucce oTkiIa-

nbiBanKch Jorapudmel BeanunH Re, a mo ocu opaunar — norapudmsl 100 A npu
Pa3IMYHBIX 3HAYCHUSX OTHOCUTEIBHBIX IIepoxoBaTocTel (puc. 5.6).
1g100 2

1,1 \
1,0 X
0,9 \‘Q’\
08 B e e
\o\ Mw N ] )
0,7 C\\ AN
&\ ﬁ 4 W&LMM s K-l Cu P "3 _ﬂ
0,6 ) 8 o oa \
9° 9\0 oo LB SRS,
0,5 ! \;%Q 5 . o™ N\
] \ M%W
0,4 %ﬁ Mﬁﬂ\w
3 N A
03 \ w1\ h o ntal
\ o]
0,2

,2,6 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 6,01gRe

Puc. 5.6 I'padpux Huxypanze
Ipu Re <2320 (lg Re <3,37) npsmas 1, uMeeT MeCTO TaMUHAPHBII PEXKUM U

)\ 3aBHCHT TOJILKO OT YKcJia PeifHONb/Ica U He 3aBUCHT OT IEPOXOBATOCTH CTEHOK.
Ipu Re >2320+4000 (lg Re =3,37 +3,6) yuacrox 2, nabmonaercs mepe-
X0/l OT JIAMHHAPHOTO PeKUMa K TypOynenTHoMy. Jlajee HauMHaeTcs mpsamas 3, Xa-

paKTEPU3YIOLIas 3aBUCUMOCTE A OT 4mcia PeliHOmbAca MUl TUIPABIMYECKU «IJIajl-
KHX» TpyO, Y KOTOPBIX BEJIWYMHA BBICTYIOB IIEPOXOBATOCTEH MEHBINE TOJIIUHBI

BA3KOro mozcnod. Jlanee kpusble 3aBUCUMOCTH A oT RE pacxonsarcs. Yuactku kpu-
BBIX 4 XapaKTEepPU3YIOT COOOU MEepeXo/l OT THAPABINICCKU «TIIAIKUX» TPYO K THIAPAB-
JUYECKU «IIEPOXOBATBIM» TpyOaM 5, TO ecTh B 30HE 4—5 KOI(PDUIIUESHT TUpaBIHye-

CKOTO TPEHUS A 3aBHCHT Kak OT LIEPOXOBATOCTH, Tak U ot Re.

[Tocnenusis obnacte 5 mpezcTaBieHa JUHHUSAMM MapajjelbHbIMU OCH alcIuce,
YTO CBUACTEIBCTBYET O TOM, YTO 37eCh KOIDPHUIIMEHT THIPABIMUECKOTO TPEHUS 3a-
BHUCHUT TOJIBKO OT LIEPOXOBATOCTH. DTy 00JaCTh OOBIUHO HA3BIBAIOT 00JIACTHIO KBA/I-
pPaTUYHOTO CONPOTHUBIICHUS, TaK Kak MOTEPU HAMOpPA MO JUIMHE IMPONOPLUOHATIBHBI
KBaJIpaTy CKOPOCTH.
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Puc. 5.7. I'padpux Mypuna

Re

Jlnst Tpy® ¢ ecTecTBEeHHOU
IIIEPOXOBATOCTHIO 3aKOH H3Me-

Hennss A or Re momyuaercs
HECKOJIBKO MHBIM, 0€3 IoIbeMa
KPHUBBIX TIOCJIE OTKJIOHECHHS WX
OT JIMHUU TIaakux TpyO. Pas-
audue OOBSICHSACTCS TEM, YTO B
TpyOax ¢ €CTECTBEHHOM IIepo-
XOBATOCTBIO BBICTYIIBI IIIEPO-
XOBAaTOCTH HMEIOT Pa3IMYHYIO
BBICOTY M TIpH YBEJIWYEHUU
yuciaa PelHonbACa HAYMHAKOT
BBICTYIIATh 3a MPEACNbl BI3KO-
ro CJ0sl HE OJHOBPEMEHHO, a
npu pasueix Re. Iosromy me-
pexoa OT JIMHUMU «TJIAJKHX)»
TpyO, K TOPU30HTAIBHBIM MpS-

MBIM, COOTBETCTBYIOIIUM KBaJPaTUYHOMY 3aKOHY, IMPOUCXOJIUT OoJiee IIaBHO, 0e3
poBajia KPUBBIX, YTO HATJIAIHO TpeAcTaBicHo Ha rpaduke . A. Mypuna (puc. 5.7).

5.5

JlaGopaTopHasi ycTaHOBKa

Onucanue 1a00paTOpHOM YCTAaHOBKH MPUBENICHO B Tojpas. 3.3.

5.6

Iopsinok BeINMOJIHEHUsI padOTHI

MeToauka BEIMOIHEHUS 1a00paTOpHOI pabOThI MPUBEACHA B MMoApasf. 3.4.

5.7

Oo6paboTka pe3yabTaToB

1. ITo u3MepeHHO# TeMIiepaType BOJbI ONPEAEIUTh KOAPDUIIMEHT KHHEMATHY e-
. 2
CKO#1 BsizkocTH (cM7/c)

V= 00178 5 (5.29)
1+0,0337t+0,000221¢
2. OmpeenTh pacxo BOABI B TpyOe (cm™/c)
Q=1000W/T. (5.30)

3. Io naiizennomy pacxomy Q u ruromanu ceuenus Tpyosr ® = 0,785 d? omnpe-

JEIUTh CPEAHIOI CKOPOCTH (CM/C)
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Q

V=——"—5. (5.31)
0,785 d*
4. OnpenenuTs NOTEPU HANIOPa IO JJIMHE (CM)
hl :Hl_HZ' (532)

5. OnpenenuTh SKCIIEPUMEHTANFHOE 3HaUeHHE KOA((UIIMEHTa THAPABINYECKOTO
TpPEeHHUS

h,d?2
lv
6. Onpenenuts yncio PeitHonbaca
vd
Re =—. (5.34)
A%

1. OpI/ICHTI/Ip}UICB Ha 3HA4YCHHC YHUCJIa PGﬁHOHBﬂC& BBIYUCIIUTE TCOPCTHUUCCKHC
3Ha4YCHUA KOB(i)(i)I/IHI/IeHTa THAPABIMYCCKOI'O TPCHUA

64
Re < 2300 Ap = —; 5.35
T = e (5.35)
2300 < Re < 4000 A =147-10Re; (5.36)
0,25
Re > 4000 Ap = o,11(§ + ﬂj . (5.37)
€

8. DKcIepuMeHTaIbHbIC JaHHBIC W PE3yJbTaThl 00paOOTKHA OMBITOB 3aHECTH B
Tabn. 5.1.

Tabnuya 5.1.
JKCNePUMEHTAIbHbIC JaHHbIC U Pe3yJIbTaThl 00padoTKH

Ne | TIi,em | Ila,em | hyem | T,c W, n O, em3/c U, cMm/c
1 2 3 4 5 6 7 8

1

10

Oxonuanue mabn. 5.1.

hi, cm Re | 1gRe | A5 1g(100A5) AT 1g(100AT)
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9. Mocrpouts rpaduxu Ig(100A5) = f(Ig Re) u Ig(100A+) = f(Ig Re)

5.8 KounTposbHbIe BOPOCHI

1. Oka3pIBaeT JM BIUSHHUE PEKUM JIBOKEHHUS JKUJKOCTH Ha MOTEPU HAropa IIo
JIHE?

2. ITo xakoMy 3aKOHY U3MEHSIOTCS CKOPOCTH B CEYEHUU MPHU JJAMUHAPHOM PEIKH-
M€ JIB>KEHUS B TPYO€ KPYTIIOTO CEUCHUS?

3. Ilo xakoMy 3aKOHY M3MEHSIOTCSI KacaTelbHbIE HAMPSHKEHUS B TPyOE KPYIJIOTO
ceueHus’?

4. Kak cBsi3aHbl CpefHSIE U MaKCUMaJibHasi CKOPOCTH B IOIMEPEYHOM CEUYEHUU
KpYIJIOH TPYOBI MIPH JTJAMHUHAPHOM PEKUME JIBHKCHUS?

5. Kak m3meHuTcss KOA)PUIMEHT THAPABIMYCCKOTO TPEHHUS IPH YBEIMYCHUHU
TeMIIepaTypbl TPAHCHOPTUPYEMOMN C MOCTOSTHHBIM PACXOJIOM >KUIKOCTH IPU JIaMU-
HApHOM PEKUME JBUKECHUSA?

6. Kak usmenurcs KodhQUIMEHT A B KBaApaTUYHOM 0OJACTU COMPOTUBIECHUS
MIPU YBEJIUYEHUU TEMIEPATYPhI?

7. Kak cka3biBaeTcsi BIMSHUE OTHOCHUTEIBHOM IIEPOXOBATOCTH B OOJACTH TH-
PABIUYECKHU «TIAAKUX» TPYO?

8. Kak n3MeHUTCS KOYPPUIMEHT A ¢ YBEIUUEHUEM CKOPOCTH B IIEPEXOIHOM 00-
Jactu?

9. Bo ckoipKO pa3 U3MEHSATCS MOTEPH HAIopa MpH JIAMHHAPHOM PEXUME, €CITU
pacxo yBenuuurcs B 2 pasza’?

10. Bo ckosbko pa3 U3MEHATCS MOTEPH HArmopa B O0JACTH KBaJIPaTUYHOTO CO-
MIPOTUBJICHHUSI, €CITU PACXO0J] YMEHBIITUTH B JIBa pa3a’

11. Bo CKOJIBKO pa3 M3MeHATCS KOd(POHULUEHT A B KBaApPaTHYHOU OOJIACTH CO-
MIPOTHUBJICHUS TIPY YBEIMYCHUH Pacxoja B ABa pas3a?
12. Yo Takoe SKBUBAJICHTHAS IIIEPOXOBATOCTH?

13. Tlouemy 3HayeHUE A, HOJNYYEHHOE B ONbITaXx MypuHa, OTIMYAETCA OT 3HaUe-
Huii A B onbiTax Hukypanse?

14. Kax u3MeHnTCs KOOPOULUEHT A TIpH yBEIUUEHUH aOCOIIOTHOM IEPOXOBATO-
ctu A, eciv peXXuM JBMIKCHHUS JIAMHHAPHBIHN?

15. Kak u3menutcs KodpQUIUEHT A B 001aCTH THAPABINYECKH «ILEPOXOBATHIX»
TpyO NpHU yBETUYEHUH OTHOCUTEIBHOM IEPOXOBATOCTH?
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6 JIABOPATOPHASA PABOTA Ne 6. UCCIIEAJOBAHUSA MECTHbBIX
ITOTEPH HAITIOPA

6.1 eanb paéoThI
OKCcepuMEHTANIEHOE OMpeieieHne KOAPPUITMEHTOB MECTHBIX COMTPOTUBICHU.
6.2 Teopernueckue cBegeHus:

Mecmmusie nomepu nanopa — smo nomepu, 00yci06/1eHHble MECHHBIMU 2UO-
pasnuuecKumu CONPOMUGIeHUAMU, MO eCIb MAKUMU ITEMEHMaMUu mpyoonpoeo-
006, 6 KOMOPBIX 6CleOCHmEUe UIMEHEHUSA NONEPEUHBIX PA3MEPO8 UIU KOHuzypa-
yuu npoucxooum oegpopmayusn nomoka.

Bcesikas mepecTpoiika CTpYKTYphl MTOTOKa CBsi3aHA C MOSBICHUEM JOMOJHUTENb-
HBIX KacaTeJIbHbIX HAMPSXKEHUM, TPUUYUHON KOTOPBIX SBJISIIOTCS BO3HUKAIOIIUE B TO-
TOKE JIOTIOJTHUTENIbHBIE BUXPEOOPa30BaHU.

MecTHbIe TOTEPU YHEPTUU UMEIOT TY K€ PU3UUYECKYIO IPUPOJTY, UTO U MIOTEPH 11O
JUIMHE — 3TO PE3YJIbTAaT MPeoOpa30BaHUs YaCTH MEXaHUYECKOM SHEPTUH B TEIUIOBYIO
3a CYeT MPEOJI0JICHUS KacaTeIbHbIX HAMPSHXKEHUN TPEHUS.

OcHOBHBIE BUIbI MECTHBIX MOTEPH HATIOPA MOXHO YCIOBHO MOJPA3IEIUTh Ha Pl
TPYIII, COOTBETCTBYIOIINX OTMPECICHHBIM BUIaM MECTHBIX CONTPOTHUBIICHUN:

® TIOTEpH, CBSI3aHHBIC C U3MEHECHHUEM ITOTIEPEUYHOTO CEUCHHS TOTOKA (BHE3AITHOE
WJIM TUTABHOE PaCIIMPEHUE U CY)KCHHE);

® TIOTEpHU, BHI3BAHHBIC M3MCHCHHEM HAIIpaBJICHUS MOTOKA (KOJICHA, YTOJIHHUKH,
OTBOJIBI);

® TIOTEpHU, CBSI3aHHBIE C MPOTEKAHUEM KHUIKOCTH 4Yepe3 apMarypy paziIudHOro
ThTa (KpaHbl, BEHTWIN, 33]IBIKKH, 3aCJIOHKH, IPUEMHBIE U 0OpaTHBIC KJIallaHbl, CET-
KW, QUIBTPHI);

® TIOTEpH, CBA3AHHBIC C PA3JCICHUEM U CIUSHUEM MOTOKOB (TPOMHHMKH, KPECTO-
BHHBI).

OOmmM 117151 BCeX BUIOB MECTHBIX COTPOTUBIICHUH SIBISETCS:

® VCKPHUBJICHHUE JIUHUHN TOKA;

® U3MEHEHHE TUIONIAH )KUBOTO CEUCHUS;

® OTPBHIB OCHOBHOM CTPYH OT CTECHOK C 00pa30BaHWEM BOJOBOPOTHBIX 30H;

® TIOBBIIICHUE MTYJIBCAIIMN CKOPOCTH U JTABJICHHUSI.

MecTHbIe OTEpH Haropa onpeaestores mo popmye Beiicbaxa

U2

h, =¢—, 6.1
M ng (6.1)

r7ie G — K03 GUIUEHT MECTHOTO COTIPOTUBIICHUS.
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KoaddurmenT MecTHOr0 COMpOTHUBIICHUS 3aBUCUT B OCHOBHOM OT (POPMBI MECT-
HOTO COTIPOTHBJICHUS U €70 T€OMETPUIECKIX Pa3MEPOB.

TeopeTrueckn JOCTaTOYHO TOYHO KOAPPHUIIMEHT MECTHOTO COMPOTUBIICHUS TIPH
TypOYJICHTHOM PEKHUME ABMKCHUS MOXKHO OIPENSIUTh ISl BHE3AITHOTO pacIlvpe-

HUs, Korja Tpyba auametpoM di MepexoauT B TpyOy ¢ GoNbIIMM auameTpoM o
(d, > d;). Crpys, BeIXOASIIAS U3 MEPBOM TPYOBI, HA HEKOTOPOi IUTMHE PACIIMPSET-
Csl M B CEUCHUM 2—2 3aIOJHSACT BCE MOMEPEUHOE CEUCHUE BTOPOH TpyOsI (puc. 6.1).

1! 2! 21
I ®2 I :

R NN
o _ )
U1 hary

> o
¥
R

1

Puc. 6.1. BHe3amHoe pacuimpeHue moToKa

PacmupeHune CTpyu CONpOBOXKIACTCS OTPHIBOM €€ OT CTEHOK M OOpa3oBaHHUEM
BOJIOBOPOTHOW 30HBI, UMEIOIICH KOJIBIEBYIO (popmy. B BoIOBOpOTHOH 30HE 00pa3y-
I0TCSI BUXPH, IIPOUCXOJUT HEIPEPHIBHBIM OOMEH YacCTHIIAMHU JKUIKOCTH, MEKIY OC-
HOBHBIM ITIOTOKOM M 3aBHXPEHHOM €ro 4acThio. OCHOBHOW BHUXPb IMOPOKIACT APYTHE,
0oJice MEJIKUE BUXPH, YTO U SABJISCTCS MPHUMHOM MOTEPh SHEPTUHU, TO €CTh MECTHBIX

noteps Hanopa Nep. O603HAUMM JaBlIEHHE, CKOPOCTh U ILUIOMIAAb OTOKA B CEUECHUN
1-1 uepe3 p1, U1, ®1, a B ceueHuu 2—2 — uepe3 P2, U2, M2 (puc. 6.1). byaem cuu-
TaTh, YTO paCIpeeIEHUe CKOpoCcTeil B ceueHusix 1—1 u 2—2 paBHOMEpHOE, TO €CTh
0y = 0Ly =1, KacarenpHOE HATIPSHKEHHE HA CTEHKE TPYObI MEXK/y CEUCHUSIMU PABHO
HYJIIO, TaBJICHUE P1 B ceueHuu 1—1 neiicTByeT o BCe IO M2.

3anumeM s JJaHHBIX CEUYEHUW YypaBHEHUE bepHyinu, ¢ yd4yeTtom, dTO
Z1=29 = 0

2 2
PL Y _P2,Y% \p (6.2)
Pg <9 PYg <9
Torna
2 2
ho, < 2 V2| [PL_P2) 63

29 2g9) \pg prg

CornacHo 3aKOHY, U3MEHEHHE KOJHUYECTBA JBMKCHHS OTCEKa YKUJIKOCTH MEXIY

65



ceueHusIMU 1—1 u 2—2 paBHO UMIYJIbCY CHJI IEMCTBYIOIIMX Ha 3TOT oTceK. [Ipoekuus
Ha 0cb X M3MEHEHMs KOJIMYECTBA JIBUKEHMUS ONPEENAETCs 110 hopMylie

ACKD), =pQ vy —uy)dit. (6.4)

I/ICXOI[H N3 PaHCC IIPHUHATOI'O AOITYIICHUA, HA paCCManI/IBaeMBIﬁ OTCCK KXUAKOCTH
ﬂeﬁCTBy}OT TOJBKO CHJIBI THAPOAUHAMHWYCCKOI'O JaBJICHUA, IIPOCKTUPYCMBIC HAa OCbh X

(HC), = (0, p—, p)dt. (6.5)
[TpupaBuuBas BeipaxkeHus (6.4) u (6.5) moxydaem
(P1—Dp2) 02 =pQ (v —11). (6.6)

Paszenum 1eByro U NpaByro 4acTh ypaBHeHHs (6.6) HA P g Wy U yYUTHIBAA, YTO

Q/ Wy =V, , mpeobpasyeMm ero
PPy (v -vy) _
Pg PY g

YMHOXHB W pa3eluB MPaByl0 YacTh ypaBHeHHs (6.7) Ha 2, TOJICTaBHM €€ B
ypaBHeHue (6.3)

(6.7)

2 2
v v 20, (U, — U
T 2g 2g 2g
[Tocne npeoOpa3oBaHus OKOHYATEIBHO UMEEM
2
Uor —U
g p. _ W —vy)” (6.9)
2g

dopmyna (6.9) HasbiBaeTcs popmytoii Bopaa®. CormacHo eif moTepH Hamopa mpH
BHE3AITHOM DPACIIUPEHUN PaBHBI CKOPOCTHOMY HAmoOpy MOTEPSHHOW CKOPOCTH, TaK
KaK pasHocTh (V) — 1)) Ha3BIBAIOT MOTEPSHHO CKOPOCTBIO.
Breipakenue (6.9) MOXHO NMpUBECTH K APYroMy BUAY. BwIpasum mepByrO CKoO-
pPOCTb Uepe3 BTOPYIO, UCTIOJIb3YSl yPABHEHHUE pacxo/ia
V1M =0Vy 032; V) = U2 ©2 . (610)
W1

Y Bopoa JKan Llapns (1733 — 1799) — dpanmysckuii pusuk u reogesuct. Unen [apmkckoii
akajzeMuu HayK. Ciryxuin opuuepom B apmuH, 3ateM Ha ¢iore. [Ipeanoxun (1766) ocodyro Hacaa-
Ky, Ha3BaHYIO €r0 NMEHEM, ISl YBEIMYCHHUS PAacXo0/ia KUAKOCTH, BBITEKAIOIIEH U3 cOCy/a, TPy 3a-
JTAHHOM CEYEHMH BBIXOJAHOTO OTBepcTHs. JlOKa3aa HOCAILIYI0 €ro MUMs TeOpEMY B THUIpABIHMKE 00
yJape CTpyH KMJIKOCTH WU Ta3a.
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Torma

2 U2
()
Rep =| —=-1| 2= (6.11)
1 29
O003Ha4YuB
2
Q)]
—2 1| =¢gp., (6.12)
7

TIE Ggp — KOOPOHUIMEHT IUIPABIMIECKOTO CONPOTHUBIECHHUS IIPH BHE3AITHOM PACIIH-
PEHUU TIOTOKA.
OKOHYATENBHO MOITYYUM

V3

he.p. = Ge.p. g

(6.13)

dopmymna (6.9) MmoxeT OBITH MpeoOpa3oBaHa B OTIHUHYIO OT (6.11) 3aBUCUMOCTB,
€CJIA BBIPA3UTh BTOPYIO CKOPOCTH Yepe3 MEPBYIO

2U2
€V
he, =|1-—| L. (6.14)
wy ) 29
O0603Ha4YMB
2
1 ,
-—| =Gep., (6.15)
02
OKOHYATENBHO MOJTYYUM
2
v
h, =c. L. (6.16)
8.p. ge.p.zg

PaccMOTpUM BHE3AIHOE CYKEHHE, TO €CTh Mepexo TpyOsl auametpoM di B Tpy-
Oy Menbmiero auamerpa dz  (cM.
puc. 6.2).
[Ipu mepexome u3 TpyObl OOJBIIETO
! JaMeTpa MPOUCXOINUT CXKATHE IMMOTOKA JI0

\ o

v (cok, @ 3aTEM HACTYIACT €r0 PaCUIMPEHUE

o0 M2. MHOTr04YHCJICHHBIC HCCICOA0OBaHUA
IIOKa3aJii, IIOTCpHU HaAIlOpa Ha Y4YaCTKC

(I

cxaTus (0T W1 10 Mcx) TPEHEOPEIKUMO
Puc. 6.2. BHe3amHoe cxarue NoToKa
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MaJlbl TI0 CPAaBHEHUIO C TIOTEPSIMU HAIIOpa Ha YYacTKe pacmupeHus (0T Mex A0 M2).
[ToaTOMY mOTEpH Hamopa MNpu BXOJHOM CY>KEHHH MOTYT OBbITh HailieHbl 110 Gopmyiie
bopna

2
v —U
. . 2 g
N3 ypaBHEHUs HEPA3PBIBHOCTU MOTOKA OMPEACIIUM
Q)
Uge = —2Uy. (6.18)
Wg.c.

Hcnone3ys nonarue ko3GppuipenTta cxaTisa CTPyH € = Wg / >, , Mpeodpasyem
BeIpaxkeHue (6.17)

2 2
1 v
hee =l ——1 2. (6.19)
€ 29
O0o03HaunB
1 2
e
OKOHYATEIIBHO MOJTYIUM
2
v
he.c. = Gg.c. 2_2’ (6.21)
g

rae Ce.c. — KO3(G(ULUUMEHT MECTHOIO CONPOTUBIICHUS NPU BHE3AIHOM pPacCIIUPEHUU
MOTOKA.

Kosdbdumment cxatuss crpyd € 3aBUCUT OT CTENEHH CXKATUS TOTOKa
n=ow,/o.

3HavyeHue G AJIS Pa3IMYHBIX BHJIOB MECTHBIX CONPOTUBIICHUN HAXOIAT SKCHEPH-
MEHTAJLHO ¥ BBIPAKAIOT B BHUJIE dMIHUPUUYECKUX (POopMyll, TpaduKOB WiK B TabIMU-
HOUl opme. [Ipuuem 3T 3HAUCHUS TPUBOMASTCS, KaK MPaBHUIIO, JJIsI CKOPOCTH 3a Me-
CTHBIM COIIPOTHUBJICHUEM.

Kak mokazanu sKcriepuMeHTaIbHbIC UCCIeNOBaHUS KOA(POUIIMEHT MECTHOTO CO-
MIPOTHUBJICHHS, 3aBUCUT HE TOJHKO OT BHJA CaMOTO MECTHOTO COINPOTHBIICHUS, HO U
OT peXXUMa JIBMKEHUS JKUIAKOCTH, TO €CTh OT yucia PeitHonbaca. Haubonbime n3-

MeHeHHs1 Kod(huipenT C oT uncia Re mpereprieBaer B 00JaCTH JAMMHAPHOIO pe-

xkuma. IIpu ManbIx 3Ha4eHusX RE KuaKocTh MpoTeKaeT Yepe3 MECTHOE CONPOTUBIIE-
HUEe 03 OTphIBA, MOTEPU HAMOpPa O00YCIOBICHBI HETIOCPEACTBEHHBIM JICHCTBHEM CHII
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BA3KOTO TPEHHS U MPOMOPLUOHAIBHBI CKOPOCTH B mepBoil crenenu. Koadduiment
MECTHOI'O COIPOTUBIIEHUS ONPEAEIIACTCA 110 3aBUCUMOCTHU

A
g==", (6.22)
Re
rac A — KOS(i)(bI/IHI/IeHT, SaBHCSIHII/Iﬁ OT BHIa MCCTHOI'O COIIPOTHUBJICHUSA W CTCIICHU
CTCCHCHUA ITIOTOKA.

[Ipu TypOYJIEHTHOM PEKMME 3aBHCUMOCTh G OT RE HacTosibKo He3HaYMTENbHA,

4TO €l MO’KHO MpeHeOpeub U CUUTATh G 3aBHCUMBIM TOJIBKO OT XapakTepa U KOHCT-
PYKTUBHOTO 0(OPMIICHUS MECTHOTO COTIPOTUBIICHUSI.
[ToTepu Hamopa 3aBUCAT OT KBajpaTa CKOPOCTH, a KOIPHUIIMEHT MECTHOTO CO-

MPOTUBJICHUS] TPUHUMAET 3HAYCHUE Cg.c, KOIPPHUIIMEHTa COOTBETCTBYIOIIETO KBaI-
paTU4YHOM 00JIaCTH.

Jnst o6nactu MexAy JaMUHAPHBIM PEXUMOM U TypOYJIEHTHBIM PEKUMOM, 3Ha-
yeHus K03 HUIIMEeHTa MECTHOTO COMPOTUBIICHUSI MOKHO ONPEEIATh 1Mo (hopmyie

A
C= 5 TCke- (6.23)
Re
c [Ipu Onu3koMm pacmoso-
KEHUU MECTHBIX COIPOTHB-
nennii (menee 20 + 40 nwma-
METPOB)  UX HEOO0XOIUMO
paccMaTpuBaTh Kak €IUHOE
CJIO’KHOE COIPOTHUBIICHHE.
3aBucUMOCTH KO3 dunu-
€HTOB MECTHOTO CONpPOTHUB-
JIEHUS BHE3aITHOTO pacuiupe-
HUS W BHE3AITHOTO CXKATHSI OT
yucia PeliHonbica npeacTas-
JIeHBI Ha puc. 6.3.

BHC3aITHOC paCIIUPCHUEC—

BHE3AIIHOE CIKAaTHE ,

I Re

10 100 1000 10 000

Puc. 6.3. 3aBucumoctu k03(pHUIIMEHTOB MECTHOTO CONPOTHB-
JIeHUs OT umncia PeliHoabACa

6.3 JlaGopaTopHasi ycTaHOBKA
Omnucanue 1ab0paTOpHON YCTAaHOBKH MPUBEICHO B Toapasm. 3.3.
6.4 IHopsinok BeINMOJIHEHHE PadOThI

MeTonuka BbIIOJHEHUS Ja00paTOPHOI paboTHI pUBEAEHA B opas. 3.4.
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6.5 O0paboTka pe3yJibTaTOB

1. ITo u3MepeHHO# TemrmepaType BOJBI ONPeneTuTh K03(PPUIMEHT KHHeMaTHYe-
N 2
CKOM BSI3KOCTH (CM“/C)

0,0178
V= 5 (6.24)
1+0,0337t+0,000221¢
3. OmpeeInTh Pacxox Bobl B Tpyoe (cm/c)
Q =1000W/T. (6.25)

4. Tlo naiinennomy pacxoxy Q u mmomanu ceuenus tpyosr o = 0,785 d? omnpe-

nemuTh cpennior ckopocts s nepsoro (d =10 mm) u Broporo (d = 22,4 mm)
y4acTKOB TpyOoImpoBoja (cm/c)

Q

V=——"7-—-. (6.26)
0,785d°
5. Onpenenuts yncio PeiiHonbaca
vd
Re=—. (6.27)
1%

6. OnpenenuTh MECTHBIE TIOTepH Ha BHe3anmHoe pactmpenne, g = 980 cm/c2

l)2 Uz
g p. =| T+ || g+ (6.28)
29 29
7. Onpenenutb KOA()PHUITUEHT CONPOTUBIICHHUS 111 BHE3AITHOTO PACITUPEHUS
h,,2g
Ce.p. = —p2 : (6.29)
U1
8. OnpeennuTh MECTHBIE TIOTEPU HA BHE3AIMHOE CYKCHHE
2 2
v U
R, =| Mg+ % |=| s+ L |. (6.30)
29 29
9. Onpenenuth KOIPPUITUEHT COMPOTUBIICHUS 1T BHE3AMTHOTO CY>KCHUS
h,.2g
Cop = —6'0'2 : (6.31)
U2
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10. DxcnepuMeHTaNbHbIE JaHHBIE U PE3YIbTaThl 00PAOOTKU OIBITOB 3aHOCATCS B
Tabi. 6.1.

Tabnuya 6.1
JKCIePUMEHTAIbHBIC JaHHbIC U Pe3yJbTAaThl 00pPa00TKH ONBITOB

Ne 1o, cMm 13, cm 14, cM I1s, cm h, cm T, c W, n
1 2 3 4 5 6 7 8
1
10
Oxonyanue maon. 6.1.
Qv v].v v21 hGp ) hG.C-,
cm3/c cMm/c cMm/c Re; lgRel CM Ge.p Re2 lgReQ cM Ge.c.
9 10 11 12 13 14 15 | 16 17 18 19

11. Tlocrponts rpaduxn Gg , = f(Ig Re1); cg = f(IgRey).
6.6 KoHTpoJibHbIE BOPOCHI

1. Yto Ha3bIBa€TCd MECTHBIM CONPOTUBICHUEM?

2. [lepeuncianTe OCHOBHBIE BUIBI MECTHBIX MTOTEPH HAMOPA.

3. KakoBa ¢u3udeckas mpupojia MECTHBIX IOTEPh DHEPTUN?

4. Kak 3aBHCAT MECTHBIC TOTEPH HAMOPA OT CKOPOCTH MPU JTAMHHAPHOM peKkruMe?

5. Kak 3aBucCST MecTHBIE MOTEPU HAMOPa OT CKOPOCTHU MPH TypOYICHTHOM PEXH-
M€ B KBaJpaTUYHON 00JaCTH CONPOTUBIICHUS?

6. Kak uzmensiercst KoohPUITMEHT MECTHOTO CONTPOTUBIICHUSI G JIJISI MJIBIX YHCEI
Re npu yBenuuenun ckopoctu?

7. Kak u3zmensieTcst ko3 (PHUIIMEHT MECTHOTO CONPOTUBIICHUS G B KBaJIpaTUYHOU
00JIaCTH CONMPOTHUBJICHUS PHU YBETUUEHUH CKOPOCTH?

8. Kak m3mensiercst K03pPHUIIMEHT MECTHOTO CONPOTUBICHUS G IJII MAJIBIX YHCEN
Re nipu ymeHb1I€HUH CKOPOCTH?

9. Kak u3mensiercst ko3 (PHUIIMEHT MECTHOTO CONPOTUBIICHUS G B KBaJIpaTUYHOU
00JacTH COMPOTHUBIICHUS TIPU YMEHBIIIEHUN CKOPOCTH?

10. Ot 4vero 3aBUCUT KO3(POUIIUEHT MECTHOTO COMPOTUBJICHUS G MPU JaAMUHAP-
HOM pexume?

11. Ot vero 3aBUCUT KOA(DPHUITUEHT MECTHOTO COTIPOTUBIICHUS G B KBAPATHUHOMN
00J1aCTH COMPOTUBIICHUS?

12. Oka3bIBaeT U BIMSHUE MECTHOE COTMPOTHUBIICHUE HA PEXXUM JTBUKCHHUS?
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13. Kak ompenenuts K03()PHUIMEHT MECTHOTO COMPOTHBICHUS IBYX KOJIEH pac-
TI0JI0KEHHBIX Ha paccTosuu 5A oxHO OT Apyroro?

7 JABOPATOPHASI PABOTA Ne7. UCTEYEHHUE JKUAKOCTH U3
MAJIBIX OTBEPCTHUMU B TOHKOM CTEHKE W BHEIIHUX
OUINHAPUYECKHUX HACAJIKOB

7.1 esan padoTsI
OKcIepuMeHTaIbHOE olpeaesieHne Ko3(UIIMEHTOB CKOPOCTH U pacxo/a.
7.2 Teopernyeckue cBeeHUs1

7.2.1 HcreueHue KMIAKOCTH Yepe3 Majioe KPYrJjioe OTBepPcTHEe B TOHKOI

CTeHKe NMPHU MOCTOSIHHOM Harmope.
a 6 Omeepcmue Hazvleaemca ma-
JIbIM, eC/IU €20 6ePMUKAIbHbLI Pa3-
mep He npeevtuaem 0,1 2nyounsi
noZpyHCceHUus omeepcmus noo ypo-
6€Hb COCYOa, U3 KOMopo2o0 NPouUcxo-
oum ucmeueHue HcuoKocmu.

Cmenka cuumaemcsa mMOHKOIL,
eciu 6blmeKarnuas Cmpysa COnpuKa-
Puc. 7.1. VcTeueHne U3 Maoro oTBEpCTHs B TOHKOH CACMCA UL ¢ 6HYMPEHHEeU KPOM-
CTEHKE KOll CMEeHKU U He Kacaemcs 00K068oll
nOBEPXHOCMU OMEEPCMUL.

Ecnu B GOKOBOM CTEHKE COCYAa C KMAKOCTBIO, Ha rnyoune H mox yposaem

¥IMeeTCsl KPYIJIOe OTBEPCTHE AUAMETPOM d ¥ IIOMAAbI0 (), TO BHITEKAIOIAS CTPYS
npetepreBaeT cxkarue (puc. 7.1 a, 6).
JIBr>KeHHUE CTPYH B CKATOM CEUEHUHM OJIM3KO K IMapajuienbHO—CTpylHOMY. Ha He-

KOTOPOM PACCTOSIHMM OT OTBEPCTHUSA, OJIM3KOM K d/ 2 BBITEKArOUask CTPys MOJy4aeT
CKaTHE TOIEPEYHOr0 CEYEHUs, XAPAKTEPU3YEMOE YMEHBIIEHUEM JUAMETPA U ceve-
HUS CTPYM JI0 BENIMYUHBL . = €M, 1€ M, - IUIOIIA/b CCUCHNUs CTPYH B CKATOM

ceuenuu (puc. 7.1 6).
OTHoIllIEHHE TUIOIAAN CTPYH B CKATOM CEYEHUHU K IUIOLIAAN OTBEPCTHUSI Ha3bIBa-
eTcst KO3 (PUIIMEHTOM CKATHUsl CTPYU:

g = _CX (7.1)
®

3HaueHne Kod(puueHTa ckaTus 3aBUCUT OT Xapakrepa aeopManuy MOTOKa.
Ecnu cTpys uMmeeT paBHOE C)KaThe MO BCEMY NEPUMETPY, TO CKaTHE Ha3bIBAETCA

72



MOJIHBIM, B MPOTUBHOM CJIy4ae CKaTUE HA3bIBACTCS HEMOJHBIM. C)KaTUE TaKXKE MO-
KET OBbITh COBEPILECHHBIM U HECOBEpIIECHHbIM. CosepuienHbimM cocamuem HA3bI6A-
emcs, makoe, npu Komopom HU CE0000HAA NOGEPXHOCHMb, HU O u3nexcaujue
CMEHKU He 6IUAIm Ha cxcamue cmpyu. ITo OyJeT B TOM Clydae, eclid pa3Mmep OT-
BEpCTHUS B 3 pa3a MEHbIIIE PACCTOSIHUS 10 OJvkKaillieil CTEeHKH pe3epByapa Ui CBO-
00/THOM TOBEPXHOCTH.

st ompezienieHrs CKOPOCTH MCTEUEHUSI M PAacXojia BBITEKAIOLIEH depe3 OTBep-
CTHE )XKUIKOCTU BbIOEpeM aBa ceueHusd (puc. 7.1 a): 1-1 — Ha ypoBHE CBOOOAHOM MO-
BEPXHOCTH B COCYyJie 1 2—2 — B C)KATOM CEYCHHH CTPYH, IIe JBUKEHUE BHOBbH CTAHO-
BUTCS TIJIABHO U3MEHSIIOIIUMCS, U IPUMEHUM K HUM ypaBHenue J[. bepHymiu nis mo-
TOKa, TIPOBEISl OCh CpaBHEHUS yepe3 1eHTp oTBepcTus 0-0.

2 2 2
o U o,V v
P 2 LR & By L R (7.2)
pPg 2g pg 2g 29
2
rae C;—z — MOTepsi HAMOPa IPU UCTCYCHUH U3 OTBEPCTHS; ( — KOI(PGULHCHT cO-
g

IIPOTUBJICHUA OTBCPCTHUA, pl — JaBJICHHC Ha CBO6OI[HOﬁ IIOBCPXHOCTHU, pQ — JaBJIC-

HUE Cpelibl, B KOTOPYIO BBITEKAET CTPYs; U1 U2 — CKOPOCTH JBHXKECHHS BOJBI B CEUe-
HUgX 1—-1 1 2-2 COOTBETCTBEHHO.

a 1)2 —
OGo3HaunM BenuuuHy Ff 4 -1 4 P~ P uepe3 Ho. D1a BennumHa Hasbl-
29 pg
BaeTcs HanopoM ncreyeHust. CKOpOCTh )KUJIKOCTH B IIOBEPXHOCTHOM CJIO€ OYEHb Ma-
(04 U2
Na, TOJTOMY UIEHOM —L-1 MOXHO TpeHeOpedh M TOTJA MOKHO IIPHHSATH
29g
HO — H+ b1~ P )
PY
OxkonuarenbHO U3 ypaBHeHus /. bepHymm nomyyum:
U2
Hy="2(a+Q). (7.3)
29

OTKYyaa Uz, TO €CTb CKOPOCTb UCTCUCHUS
1
v, == [2gH,. (7.4)
2 /r n C 0

BemmunHa ——— = (p, Ha3bIBACTCSI KOIPHUIMEHTOM CKOPOCTH:
o+C
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U:(qungo- (75)

I[J'ISI MaJIOT'O KPYIJIOro OTBCPCTUSA IJIAA BOJBI KOB(b(l)I/IHI/ICHT CKOpPOCTH COCTABJLICT
©=0,97-0,98.

I[J'IH OIIPCACIICHHUA paCX0/d, BBITCKAIOIICTO Y€PE3 OTBCPCTHUC, YMHOXKUM CKOPOCTbH
HNCTCUCHHN HA IIJIOIIAAb CKATOI'O CCUCHMA:

Q=v0., =cpw,|2gHj - (7.6)

O0o03HauuB € - uepes W, rae U — Koa(pPUIUEHT pacXxoaa, OKOHYATEIbHO IOJIY-

Q=pw2gH,- (7.7)

3Hauenue kod(dduureHTa pacxoga |l 3aBUCUT OT CTENEHU ckaTus crpyu. llpu
BCCCTOPOHHEM COBEpILICHHOM CXathi g ~ 0,64, u ~ 0,62

YUuM.

YBennuenue pPasMCpoOB OTBCPCTHUA U HAIIOPA, IIPH KOTOPOM IIPOUCXOIUT HCTCUC-

HUE, IPUBOJIUT K YMEHbILIEHUIO Koa(uimenTa pacxoaa . MI3meHeHue temmepary-
PBI MaJIo BAMSET HAa KOA(PGUIUEHT pacxoaa JUisl BOJBI.

TBEPCTHE B 3aBucumocT oT hopmMbl OTBEpCTHUS, YEpE3
KOTOpPOE€ NMPOUCXOIUT HCTeUeHue, Gopma morie-
PEUHOT0 CEYEHUsS! CTPYHU UMEET pa3HOOOpa3HbIN
Buj (puc. 7.2).

Tax, HannpuMep, NoNepevyHoe CEUeHUE CTPYH,
BBITEKAIONIEH dYepe3 KBaJpaTHOE OTBEPCTHE,
UMEeT BHUJ KpecTa C YeThIPhMsI TOHKUMH pedpa-
MU, Yepe3 KpyIJioe — JJUTMNTHYECKYIo (opmy.
DTO SIBJICHUE HA3BIBAETCS HHBEPCUEH CTPYH.

dopMa BBITEKAIONIEH CTPYyH B BEPTUKaJIbHOM miockocTu (puc. 7.1 0) onpenens-
eTCsl ypaBHCHHUSIMH

OIIEPEUYHOC CCUYCHUEC CTPYU

Puc. 7.2. UuBepcus crpyu

2
x=vt; yz%, (7.8)

rae t— Bpems; U— ckopocTh uctedeHus (7.5).

WckmrouuB t, mosyduM ypaBHCHHE OCH CTPYH x2 = 4(p2 HO Y, TO €CTb ypaB-

HEHUE TapadoJIbl.

7.2.2 HWcreyeHne KMIAKOCTH Yepe3 HACATKH
Hacaoxom naszvieaemca Kopomkas mpyoa, npucoeOuHeHHas K 0meepcmuro 6
MOHKOU CMEHKe.

74



Hacanku nensitcs Ha TpU OCHOBHBIX BUJAA: HUJIUHIPUYECKHE, KOHUYECKUE U KO-
HoujanbHble (puc. 7.3). ununapuyeckue Hacagku — 3TO IWIMHIPUYECKUE NaTpyo-

Puc. 7.3. Buapl HacaakoB: a — BHEIIHUN LUIMHAPUYECKH; O — BHYTPECHHUH IWJIMHAPHYECKUI
(bopna); B — KOHUYECKUN PACXOIAITUNACS; T — KOHMYECKHI CXOSAIINICS; 11 - KOHOUIATbHBIH

KM, JUIMHOW OoJiee TpexX — deTbipex auaMeTpoB. OHU JENsATCS HA BHEIIHUE U BHYT-
peHHne. Konnueckue pa3aensroTcss Ha pacXOIsIIMeECs B KOTOPBIX BIOJIb CTPYH yBe-
JUYUBAIOTCA pa3MeEphbl MOMEPEYHOTO ceueHus — AUuQQy30pbl U CXOAAIIUEcs, TIe
BJIOJIb CTPYH pa3Mephl MOMEPEUYHOTO CEUCHUSI YMEHBIIAIOTCS — KOH(PY30pHI.

B Hacagke IOTOK COCTOWUT M3 JIBYX CAMOCTOSTENBHBIX YacTEW: LEHTPAJIbHOU
CTpyHd, A€ YaCTHUIbI KUAKOCTHU IICPCMCINAIOTCSA TOJIBKO ITIOCTYIIATCIIbBHO, U OKpPY-
)KEII'OHIGﬁ cC BO,Z[OBOpOTHOﬁ 30HBI, I'AC 9aCTUILI KUJAKOCTH COBCPIIAIOT BPAlIATCIIb-
Hoe aBIKeHue (puc. 7.4).

B BOI[OBOpOTHOﬁ 30HC HaXOOHUTCA KUIKOCTb M BBIACIUMBIIHNCCA W3 HCC IIAPbI U
PaCTBOPCHHLIC I'da3bIl. BOI[OBOpOTHaH 30Ha 06pa3yeTc;1 B pPC3YyJbTATC 3ruda JIMHUH
TOKOB, BbI3BAHHOI'O YCJIIOBHAMM BXOJad JKUAKOCTH B OTBCPCTHUC. CTpYH 3aIIOJHACT BCC
CCUYCHHUC HacCaJKa HC Cpa3y, a JIMIIb Ha HCKOTOPOM PACCTOAHHUU OT BXOAHOI'O OTBCP-
CTHUA. 3aKaThli B BOJOBOPOTHOM 30HE BO3AYX JIOBOJBHO OBICTPO YBJIEKAETCS MOTO-
KOM U BO BXOJHOM YYaCTKEC HacCaaKa o6pa3yeTc;1 BAaKyyM, BCJIMYMHA KOTOPOIro 3aBH-
CUT OT CKOPOCTH IBHWKEHHUS KUJIKOCTU WJIM IO CYILIECTBY OT Hamopa. Bciencrteue
pa3pexeHusi (BaKkyyMa) >KUJIKOCTh MOJCAChIBAETCS U3 pe3epByapa: CKOPOCTb MPOTe-
KaHUs KUIKOCTU BO3pACTACT B BUAY YBEINUYCHUS
IMOJIHOT'O Haltopa, CJararomerocsa M3 Halopa Haxa
LECHTPOM TSDKECTH BXOOHOI'O OTBEPCTHUSI U BEIH-
YWHBI BaKyymMa B C)KaTOM ce4YeHHH. Bakyym B
CBOIO O4YCPCAb HCCKOJBKO pacupgACT CiKATOC
CEUCHHME. YBEJIMYECHHE CKOPOCTH IPOTEKAHUS A
JKUJKOCTHU 4€pe3 BXOJHOC OTBEPCTHUEC U yBEIMYEC- 30HZ
HUE IUIOIIAAHN CKATOI'O CEYCHHS BBI3BIBACT YyBE-
JJMYCHHUC pacxoJa 4€pe3 HACAAOK II0 CPABHCHHIO

BonoBopoTHas

Puc. 7.4. CxeMma OBMKEHUS IIOTOKA

C UcTeueHreM uepe3 oTBepctHe. IIpu Hacaakax mmmHoi 6onbie 40 — 50 d a¢gdexr
MTO/ICACHIBAHMSI HE KOMIICHCUPYET BO3PACTAOIINE THIPABINYCCKUE ITOTEPH 110 JJTUHE
HACaJKHA M PacXoj KUIKOCTH Yepe3 TaKOW HacaJOK OKa3bIBACTCS PaBHBIM WU MCHbB-
II€ pacxoja 4epe3 OTBEPCTHUE.

OCHOBHBIMHM TIapaMETPaMU MPU UCTCUCHUU KUIKOCTH Yepe3 HACAAKU SBIISIOTCS
CKOPOCTb U PACXO0J U OMPEICISIIOTCSA TI0 TeM ke (GopMysiaM, YTO U JJIsi OTBEPCTUI B
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1 1 TOHKOM CTEHKE, HO CO
. o CBOMMHU BEJIIMYMHAMHU KO-

S 3¢ (HULUEHTOB CKOPOCTH

U pacxoja W s Ka)aoro
THUIIA HACAKA.

BHemnune nmuinHapuye-
CKHe HACAKHU

Ha ocHoBanum ypas-
Henns JI. beprymim s
TIBYX CeUYeHUN (cm.
puc. 7.5): 1-1 no cBo6ox-
HOM TIOBEPXHOCTU B pe-
3epByape U 2—2 T1I0 BBI-
XOJIHOMY CEUYEHHUIO Hacal-
Ka OTHOCHUTEJIBHO ILIOCKO-
ctu cpaBuenuss 0-0 mpo-
XOIAIIEH Yepe3 OChb Ha-
caJiKa MOJIy4HM:

Hoa=0,75 H

o 2
HOZU—
29

(a+X0)

(7.9)

Puc. 7.5. BHeIIHUN TUIMHIPUYECKUN HACcaI0K

rae » C — cymma Bcex KO3 (HUIICHTOB CONPOTUBICHNUS, XapaKTePU3YIOLIUX TOTEPH

HaIopa MpHu MPOTEKAHUH KUIKOCTH Yepe3 HaCa oK.

OTH MOTEpH CKIIAJBIBAIOTCA U3 MOTEPh HAIlOpa Ha CY)KEHUE CTPYH JIO €€ CHKATOTro
CEYEHMS, TOTEPh Ha PACHIMPEHHUE CTPYH 3a CKAThIM CEYECHUEM U Ha TPEHUE MO0 JJINHE
Hacajgka. [ToaTomy cymmapHbiii KO3 GUIIMEHT COMTPOTUBIICHUS

[ [
=Cbx+h—=05+A—. (7.10)
2.6=¢ 7 7
[ToncTaBuB B ypaBHEHUE 3HAUYECHHUE, Zg HAMJIEM CKOPOCTh UCTCUECHUS
[
L5+xa

rae @ — Ko3QpPUIUEHT CKOPOCTU
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o= (7.12)

1,5+7»i
d

Tak kak Ha BbIXOJI€ HacaJ0K pabOTaeT MOJHBIM CeUeHHEM, KOADOUIIMEHT CKaTUA
CTpyH € OyIeT paBeH eMHULIC, a KOOPDUUICHT pacxoa L =g@ = Q-
Pacxon onpenensiercst mo popmyiie

Q=vo=cpw,2gH, =nmn,2gH, (7.13)

HaubonpmrMu 3HaueHUAMU KO3 PUIIMEHTOB pacxoda U CKOPOCTH BHELIHUH 1U-
NUHApUYECKHUi Hacagok obnanaer npu auuHe (3—4) d. B naHHOM cilyyae 5TU Belu-
yuHbl paBHbl 0,82. BHEIIHNMN TUIMHAPUYECKUM HACATOK TaKOW JJIMHBI HA3BIBACTCS
HacaakoM Bentypu. Bakyywm B Hacazike mocTuraeT HauOOJBbIIET0 3HAYEHUS B CKATOM
CEYEHHH, YTO MOKHO YCTaHOBHUTH OINBITOM M TeopeTuyecku. Eciam k 30He cxarus
CTPYHY IMPUCOEIMHUTD KUIAKOCTHBIA BAKYYMMETP, TO KUJIKOCTh B TPYOKE MOJHUMETCS

Ha BBICOTY h . ~0,75H (puc. 7.5).

st TeopeTHyecKoro OmpeiesieHUusT BEIMYMHBI BaKyymMa COCTaBUM YpaBHEHUE
J1. bepHyuu 111 C)KaToro CEYEHUsi C—C U BBIXOJHOTO 2—2 OTHOCHUTENBHO TMJIOCKOCTH
cpaBHeHus 0—0 mo ocu Hacajka:

2 2 2
Pe Ve _P2 Y2 yrV2 (7.14)

pg 29 pg 29 29

[Tocne Bcex nmpeodpa3zoBaHU MOTYUUM:

b2 " Pc n Pe _ h,,. = 2(P2 HO];S ~0,75Hy. (7.15)
€

Pg PY PY

rine Ho — nonubiii Harop npu ucredeHum.

OpHako, KaKk TIOKa3bIBAIOT OMBITHBIC TAHHBIE, PU Bakyyme Oosee 8,0 M. BOJ. CT.
Haunnaercs 3acaceiBaHuEe BO3[yXa B HACaJOK YEPE3 BBIXOJHOE CEYEHUE; IPOUCXO-
IUT CPbIB BAKyyMa 3a CUYET YACTUYHOTO WJIM IOJHOTO OTPbIBA CTPYH KUIAKOCTH OT
BHYTPEHHEN CTEHKM Hacaaka. J[eMCTBYIOIMI HANOp MTOHMKAETCS, YMEHBIIAETCS KO-

a¢¢punueHT pacxona |, a cIeAoBaTeIbHO, U NPOIycKkaeMblil pacxoa. Hacanok Hauu-
HaeT paboTaTh Kak mpocToe oTBepcTHe. Llummuapuueckue HacaaKu MUPOKO MpUMeE-
HAIOTCS Ha npakTuke. Kak HacaJku Takoro Tuna padoTaroT BBITYCKHU BOJbI B MIIOTH-
Hax, TpyObl MOJ1 HACHITISIMU U T.J.

Konnueckue pacxoasimuecsi HACaAKH

B koHMYEeCKHX pacXoJAIIuXcsl HacaJKaX, B 00JIACTH CKATOrO0 CEYEHHS CO3/1aeTcs
BaKyyM OOJIbII€ BETMYMHBI, HO BEITMYMHA BaKyyMa 3aBHCHUT OT yrja KOHYCHOCTH.
[Ipu GoybIIOM yTJIe KOHYCHOCTH BO3MOKEH OTPBIB CTPYU OT CTEHOK Hacajka, v cie-
J0BaTeIbHO, CPbIB Bakyyma. OINbITaMH YCTAHOBJIEHO, YTO ONTHUMAJIbHBIM Yroj Ko-
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HYCHOCTU COCTaBisieT 5—7 O, KOA(pUIIMEHT pacxoja L U CKOPOCTH () paBHBI
== 015

Konnuecku pacxoasiiuecs HaCaaKU 3a CUeT paclIupeHus MOTOKa OTIMYAITCS OT
BCEX JIPYTUX BHUIOB HACAJKOB 3HAYUTEIHLHO OOJIBIIMMH MOTEPSAMU HAIOpa, MaJIbIMU
cKopocTsiMH BbIxoja. CieoBaTelbHO, OTIWYUTEIBHBIMU OCOOCHHOCTSIMH MX SIBJISI-
I0TCSI: 3HAUUTEIBHBIN BaKyyM, OOJIbIIast MPOITYCKHAsI CIIOCOOHOCTH (OO0JIBIION Pacxo/

Q) npy OTHOCHTENBHO MANIbIX BHIXOAHBIX CKOPOCTSX. VICIONB3YIOT 5TH HACaJKd B
BOJIOCTPYWHBIX U MAPOCTPYUHBIX HACOCAX (KEKTOP M UHKEKTOP), TUAPOITIEBATOPaX
OTHETYIIUTEIAX U T.II.

Konunueckue cxoasimmecsi HACaAKH
Konnueckue cxopmsmuecs: Hacaaku UMEIOT (GOpMy KOHYca CXOISIIETOCs MO Ha-

IPABJICHUIO K BBIXOJHOMY ceueHHuto. i1 3TUX HacaaKoB KO3(PPUIMEHTHI L U (P HE
paBHBI MeXAy COOOH M 3aBUCAT OT yrila KOHYCHOCTH Hacanka. HamOonblee 3Haue-

Hue ko3 duumenrta pacxoaa | = 0,946 cooTBeTcTBYET yrily KOHycHOCTH O = 13%24 .

KoaddunuenT ckopocTtu (p o Mepe BO3pacTaHMsl yIrila KOHYCHOCTH HENIPEPHIBHO
Bo3pacraetr ot 0,829 no 0,984, Ilpu yrine konycHoctu 13-14 0 IIOTEpU HAmopa Ha
pacHIMpeHrue UCUE3al0T, TaK KaK CKAaToe ceueHue MPUOIMKAETCs MO0 BEIMYMHE K BbI-
X0JIHOMY. Bakyyma HeT, Tak Kak CKOPOCTh CTPYU B CXKATOM CEYEHUU HE OO0JIbIIE BbI-
XOIHOU CKOpoCcTH. OCHOBHOE Ha3HAUYEHUE ATHUX HACAJKOB — YBEJIUYUBATH CKOPOCTh
BBIXO/Ia KUJIKOCTH, TO €CTh CO3/1aBaTh CTPYIO, 00JIa1al0NIy 0 OOJIBIION yASIbHON Ku-
HeThueckoil sHepruei. CTpysi, BBIXOASMIAs U3 HACAAKa, OTINYAETCI KOMIIAKTHOCTHEO
U CIIOCOOHOCTBIO HA JUIMTEIIBHOM PACCTOSIHUM COXPaHATh CBOKO (pOpMy, HE pacmajia-
achb. [lo3TOMY MX TPUMEHSIOT B Ka4eCTBE COIEN THMAPOMOHUTOPOB, HAKOHEUYHUKOB
MOKapHBIX OpaHACIONTOB U T.II.

KonouaanbHbie HacaIKu
KonounpanbHblii Hacajok odepuuBaerca no (opme BeITeKaromed crtpyu. Ero
BXOJHOM YYaCTOK BBINOJHAETCS IO CII0KHOM IMOBEPXHOCTH JBOSAKON KPUBU3HBI, a

BBIXOJHOM — uMeeT uuiauHapudeckyro Gopmy. Koadduumentsr pacxona L u ckopo-

CTH () paBHBI MEXay c000il M HaXOJATCs B 3aBUCMMOCTH OT Hamopa U KadecTBa 00-
paboTKHM BHYTpEHHEW MOBEPXHOCTH Hacaaka B unrepsaie 0,97-0,99.

7.3 JlaGopaTopHasi ycTaHOBKA

DKcrnepuMeHTalIbHAsI YCTaHOBKA, TTOKa3aHHAs HA pUC. 7.6, COCTOUT U3 HAIIOPHOTO
Oaka 1 u MmepHoro pezepByapa 2. B 60k0BO# CTeHKE HAMOPHOTO OaKka UMEETCs] Majloe
otBepctue 3. Hamop ucrteueHus: uamepsierca no nbezoMerpy 4. KonnuectBo BOBL,
MOCTYTAKNIeH B 0ak, ompeaensercs mo BojgomepHou TpyOke 5. KoopaunaTel ocu
CcTpyu 6 U3MEPSIOTCA: MO TOPU3OHTAIM — C MOMOIIBIO MIKAJIBI 7; IO BEPTUKAIU — C
nmoMoIIsko mkanel 8. Bpemst pukcupyercs cekynaomepom 9. Temnepatypa BoAbI OII-
penenseTcs ¢ NOMOIIbI0 pTYTHOro Tepmometpa 10.
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Puc. 7.6. KommnberiorepHast MO€Ib Ta0OPATOPHOM YCTAHOBKH
7.4 IHopsinok BeINOJIHEHNUSI padOTHI

1. C moMo1Ist0 IPOBOJIHUKA WK JIFOOOTO Apyroro (paitioBoro MeHemKepa 3amyc-

KaeTcs Ha BeinosiHeHue (aiin outflow.exe.

2. B nosiBuBmIeMcst okue (puc. 7.6) HaxaTh KHONIKY «CTapTy.

3. [IporpamMma ycTaHaBIMBaeT CIyd4ailHYIO BETUYMHY HAINopa Mepes OTBEPCTHEM.
[TosiBnsiercs cTpyst 6, KOOPAMHATHI KOTOPOW 3aBUCAT OT HAIopa IMepes; OTBEPCTHEM.
Hauynnaer HamomHITHCS MEpHBIM O0ak 2 (YBEIUYMBAETCS YPOBEHb BOJIBI B BOJIOMEP-
HOU TpyOKe 6aka 5). C HaxkatueM KHONIKH «CTapTy» 3armyckaercs cexkynaomep 9.

4. I3mepuTh TeMIiepatrypy Bobl t o).
5. 3amnucaTth IoKa3zaHus neezomerpa 4, H (cm).

6. [IpousBecTn u3MepeHne KOOPAUHAT OCH CTPYH.
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7. Ilo mpommectBun 10 cexyHn 3anmucath 3HaUeHHE 00beMa MEPHOro O6aka 5 u mo-
Ka3aHHe ceKyHmomepa 9.

8. IIpoBecTH 5 OMBITOB TSI MAJIOTO KPYTJIOTO OTBEPCTHUS (TOBTOPHTH TL.II. 2—7).

9. IIpoBecT 5 OMBITOB JJIsI BHEIIHETO HWIMHAPHYECKOTO Hacaika (TIOBTOPUTH
.. 2-7).

7.5 O0paboTka pe3yabTaToB

3
1. OnpenenuTh pacxoa UCTCUCHUS KUIKOCTH, CM /C

1000 W
T )

rne W— 06beM Boasl B MepHOM pe3epByape, 11; 1 — BpeMsl IPOBEIEHHS OIIbITA, C.
2. Bprauciautbs KodPPUIIUEHT CKOPOCTH

Q= (7.16)

X

¢ = , (7.17)
2.\ HY
e X, Y — KOOpAUHATHI OcH CTpyH, cM; H — Harnop ucreuenus, cm.
3. HaiiTu miomaas oTBEpCTHS, CM
w=0,785d°?, (7.18)

rae d — quamMeTp Majoro OTBEpPCTHs MIIM BHEIIHETO UIMHAPHYECKOTO HACAIKA, CM.
4. Omnpenenuth 3HaueHUE K0dG UIIMEHTa pacxoa

__ 0 7.19
o9 H )

2
rie g - yCKopeHue cBoooaHoro nagenus, g = 980 cm/c”.
5. Haiitu 3Hauenue kodpduiimenta cxaTus

c= M. (7.20)
¢

6. [To u3mMepeHHO!N Temmeparype BOAbl ¢ ONpPEACINTh BEIUYUHY KOA(PPHUIIMEHTA
KHHEMATHIECKOH BI3KOCTH (CM/C)

" 0,01775
1+0,0337¢+0.000221¢2

7. OnpenenuTs 3HAYEHUE CKOPOCTH

(7.21)
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(7.22)

8. Bpruuciurte yucio Perinonbaca

Re = —=. (7.23)

9. DKkcniepuMeHTaIbHbIE JAaHHBIE U PE3yJbTaThl 00paOOTKHA ONBITOB 3aHECTH B
Tadmn. 7.1.

10. IToctpouts Tpaduku 3aBUCUMOCTH KOI(D(DHUIIMEHTOB CKOPOCTH, pacxoia H
CKaTHS OT JECITHYHOro Jiorapudma uncna PeilHombAca AJIT Malloro OTBEPCTHS B
TOHKOHM CTEHKE Y BHEITHETO MUJIUHAPUIECKOTO HAacaIKa.

Tabnuya 7.1
3KCIIepI/IMeHTaJILHLle AaHHBIC 1 PE3YJ/IbTATbI oﬁpaﬁoTKu OIIBITOB
Ne|Hyem | Won | T,c|x,em | y,em | Q,em’c | @ | 1| e| v, emlc | Re | IgRe
Manoe oTBepcTHe
1
5
BHemHni NWIMHIPUYECKNN HACaJ0K

1
S)

7.6 KonTpoabHbIE BONPOCHI

1. Yto Ha3bIBaeTCs MaJIbIM OTBEPCTHEM?

2. Kax n3mensiercst ko3pPuIMeHT pacxoa npu yBeandeHnn uyncia Pelinonbaca?

3. Kak 3aBucut k03 puimerT ckopoctu ot uncina PeitHonbaca?

4. Kak u3MeHseTcsl CKOPOCTh UCTEUEHHUSI IPU YBEITMUECHUN TEMIIEPATyphl BOIbI?

5. B uem coctout OTIIMYME MTOJIHOTO CKATUSL OT HEMOJIHOT0?

6. UTo Takoe COBEPIIIEHHOE U HECOBEPIIIEHHOE CoKaTHe?

7. [loueMy npu UCTEUEHUU U3 OTBEPCTHSI POUCXOUT CIKATUE CTPyH?

8. B xakoM ciyyae pacxon MCTeYeHHs OOJbllie NMPU COBEPIICHHOM CXKaTHUH WU
HECOBEPILICHHOM M IoYeMy?

9. Yro takoe nuBepcus ctpyu? [IpuunHa BOSHUKHOBEHHS SIBJICHHUS.

10. Kak m3mensercs kod(h(UIMEHT pacxoja B KBaJApaTHUYHON 00JacTH IpH yBe-
JTUYEHUH HAropa UCTCUECHUS?

11. Kak u3zMeHnsercst Ko3p(UIHUEeHT pacxoja B KBaJpaTUUYHON 00JACTH NP yBe-
JUYEHUH TeMIepaTypbl BOAbI?

12. Yemy paBHO npousBeneHre KodhPuimeHTa CKopocTy Ha KO3 UIIMEHT CxKa-
THS CTpyH?
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13. Yto na3zwiBaeTcs Hacaakom? Knaccudukarus HacaaKoB.

14. IloueMy HpPOUCXOAUT YBEIMUYEHUE MPOIMYCKHOW CIIOCOOHOCTH LMJIMHIpHUYE-
CKOTO HAacaJKa [0 CPAaBHEHUIO C OTBEPCTHEM TaKOTI'0 K€ JuameTpa’?

15. 3a cyer yero npomyckHas CrioCOOHOCTh KOHMYECKOI'O pacXOoAsIerocs Hacal-
Ka 00JIbIlIe HUIMHIPUYECKOTO?

16. [louemy MUHMMalIbHAS JJIMHA HAacaJlka orpaHuydeHa 3,5 nuamerpa?

17. Kak onpeaenuTs NpeAesibHyI0 BEJIMUYUHY BaKyyMa B C)KaTOM CEUEHUU?

18. [Touemy orpaHMYUBaETCs HAOP UCTEYCHUS Yepe3 HACAIKU?

19. Kak onpenenuTs npeAenbHyIO ATUHY HAacaaKa?

8 JJABOPATOPHASI PABOTA Ne§. UCTEYHEHUE XKUIAKOCTHU IIPU
INEPEMEHHOM HAIIOPE U3 ITIPUSMATHYECKUX PE3EPBYAPOB

8.1 ean padoThI

DKCHepUMEHTAIBHOE OIPEICIICHHEe BPEMEHU OIMOPOKHEHUsT 0aka IMpHu MepeMeH-
HOM Harope u 3aJlaHHOM K03 puImenTe pacxoaa.

8.2 Teopernueckue cBegeHus:

OObeM KUIKOCTH BBITEKIIHI U3 pe3epByapa
1 3a Bpems dt pasen

dW =Qdt. (8.1)

L B cnyuae ecnu miomaap onepeyHoro ceue-

|l | © Hus pe3epByapa () TOCTOSIHHA U NPUTOK KHI-

KOCTH B pe3epByap OTCyTcTByeT (cM. puc. 8.1),

T o YMEHBIIIEHUE 00beMa KUIAKOCTH OMNpenemsieTcs
A o popmyiie

IN dW =QdH. (8.2)

============= E’\ [IpupaBHMBas MpaBble YACTH BBIPAKCHUU

/f\\ (8.1) u (8.2) m moxacraBiss BMecto (Q BBIpakKe-
HUE JUI1 ONpPENEJECHUs Pacxoia, BBITEKAIOLIETO
U3 OTBEPCTHS, MOJTy4aeM

Puc. 8.1. UcreueHue XKUIKOCTU C

IIEPEMEHHBIM HAallopoM —QdH =o» u /2 ngt (8_3)

3HaK MUHYC B JaHHOM BBIPQXEHUU YKa3bIBAET HA TO, YTO HANOpP YMEHBIIACTCA.
Bripaxkenne (8.3) MOKHO 3anucaTh B BUIE

Q dH

dt =- .
ou./2g vVH
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Koadduuuent pacxona |1 3aBucut or uucia Peitnonpzaca. [loatomy npu n3me-

HEHUM HAropa MCTEUEHUs €ro BEJIMYMHA B OOIIEM Cilydae AODKHA M3MeHATbesa. On-
HAKO SKCIIEPUMEHTAIBFHO JI0Ka3aHO, YTO BEMWYHHY KOd((UIMEeHTa pacxoaa MOMXKHO
CUMTATh MIOCTOSTHHOM HAa BCEM MPOTSHKEHUU UcTedueHus. Cle10BaTeabHO

Hz
‘o 2Q) dH (8.5)

muﬁ

[Ipounterpuposas (8.5) HaX0auM BpeMsi ONMOPOKHEHUS pe3epByapa Mpu MOHU-

»xeHuu ypoBust ot Hy mo Ho:

H. H 8.6
wr(ﬂ JH3). (8.6)

B ciy4ae mosnHOTO OnoposkHeHust pesepsyapa (H 5 =0)

20VH _2QJHVH _ 2W
ou,/2g ow/2gH

Bpemsa nonnozo onoposcnenusa pesepgyapa 6 06éa paza 001vuie, 6pemenu, Ko-
mopoe Heob6xo0umo 011 ucmeuenus rxcuokocmu ¢ ooveme W npu nocmosannom
nanope H .

t= (8.7)

8.3 JlabopaTopHasi ycTaHOBKA

DKcrepuMeHTalbHAs YCTAaHOBKA, MOKa3aHHAs Ha pUC. 8.2, COCTOUT U3 HATIOPHOTO
Oaka 1. B O0OKOBOI cTeHKE HamopHOTro 0aKka UMEETCs Majoe OTBEPCTUE 2, U3 KOTOPO-
ro MPOUCXOAUT UcTeueHne cTpyu 3. Hamop ncredenus namepsiercs 1o npe3oMerpy 4.
Bpewms pukcupyercst cekyHIoMepoMm 5.
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8.4 IHopsok BeINOJTHEHUs1 padoThI

1. C momoIrp0 MPOBOJHUKA HJIH JIFOOOTO JAPYroro (aijoBoro MeHeIKepa 3a-
nyckaeTcs Ha BeinojiHeHue (aiiia outflow?2.exe.

2. 3amucarh nokaszaHus neesomerpa 4, Hi (cm), muamerp otepctus d (cM) u
2
IUIOLIA b TOPU30HTAILHOrO ceyenus O0aka (2 (cmF).

3. Haxatp xkHonky «Ctapt». [losiBisiercs cTpyst 3, KOOpAMHATHI KOTOPOIl U3Me-
HAIOTCS 10 Mepe ucteueHus. C HaxaTueM KHONKH «CTapT» 3aIyCKaeTcss CEKYHIOMED

S.
4. Ilo mpomectBun npumepHo 30 cexkyHa HaxaTb KHONKY «Crorm». 3amucarhb

nokaszanus neezomerpa 4, Ho (cm) u Bpems 1o cexynmomepy 3, t(c).

. HCTeyeHne MUQKOCTH C NepeEMeHHEIM Hanopom 0.06 [E =] EF
0| =150 cme Chpoc
%140 Cnpaeka
Z ;_130 0 nporpamMme
579 5120 7 N Bbixoa
4k =110 (1)
1t = // L
ar =100 - ;‘
bts| W= {/ \J D
2] Y]
INIE
il E d=3
][] §=°
r =20 e
Sl E ~ Q=1000
JL | W= (2 )
1 =10 =
uN|El é 0 / 10 20 30 40 50 &0 70 B0 90 100110 120 130 140 150 160 170 120 190 200
At _-"""'-. /'L\ #
4k 10 { 3 ) I
oo B il
20 ~
M il \‘
30 ~
e
g =il
J C1 %150
\—/ =100
=50

Puc. 8.2. KomnbiotepHast Moesnb 1a00paTOpHOM YCTaHOBKH
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8.5

OO0padoTka pe3yJabTaTOB

1. Beruucaute no dopmyie (8.5) Bpemsi onopokHeHUs 0aka MpU MOHMKEHUU

yposust ot Hy no H,.

2. CpaBHHUTb PaCCUMTAHHOE 3HAYEHUE BPEMEHU C BPEMEHEM M3MEPEHHBIM IO Ce-
KYHIIOMEPY.

3. Cuenatb BBEIBOJI.

CooTHOLIEHUS eIUHUIL JABJICHUS

INPUJIOKEHMUE 1

Enun. u3M. oap ITa Kre/em® aTM. MM PT.CT. M BOJ,.CT.
1 6ap 1 100000 1,019716 0,986923 750,062 10,19716
11I1a 0,00001 1 0,000010197 0,000009869 0,00750062 0,001019716
1 xIla 0,01 1000 0,01019716 0,00986923 7,50062 0,1019716
1 MIla 10 1000000 10,19716 9,86923 7500,62 101,9716
1 Kl“C/CM2 0,980665 98066,5 1 0,967841 735,559 10
1 at™m. 1,01325 101325 1,033227 1 760 10,33227
1 MM pr.cT. | 0,001333224 133,3224 0,00135951 0,001315789 1 0,01360
1 M BOA.CT. 0,0980665 9806,65 0,1 0,0967841 73,556 1
IMPUJIOXEHMUE 2

MeTtpoJiorudeckne KJaacchbl cueT4ukoB (mo kiaaccupuxkanuu MCO)

> 3
Knacc XapakTepucTrKa H:;?;;:‘EHHH pacgsgégdl/;
A Quu/ Quon 0,040 0,080
Qu/Quon 0,100 0,300
B Q! Quon 0,020 0,030
Qu/ Qo 0,080 0,200
C Qu! Quton 0,010 0,005
Qu/Qunon 0,015 0,015
MMPUJIO)KEHUE 3
Texnnyeckne XapakTepUCTHKUA CKOPOCTHOIO CYETYNKA
Homunanbnslit pacxox, On, M4 1,5
MaxcumanbHsiii pacxox, Qmax, M/ 3
Tepexoausiii pacxon, Qtrenn, M’/ 0,12
Musumanbusiii pacxom, Qmin, M/ 0,03
Jlonyctumas norpemsocts B auanazone Qmin — Qtrenn +5 %
Jlonyctumas norpemHocts B auanazone Qtrenn — Omax +2 %
[Topor 4yBCTBUTEIBHOCTH, JI/4 | B TOPU30HTATBHOM MOJIOKEHUHU 10-11
B BEPTUKAIHHOM TOJIOKEHUHN 20-22
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