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YOK 532.(075.8)
BEBK K 123
A 391

PeueH3eHTbI:

Kadenpa «'mgpasnuka, BogocHabxeHne n kaHanmsaums»
TuxookeaHCKOro rocygapCTBEHHOrO yHMBepcuTeTa
(3aBepnyowmin kadpeapon JOKTOP TEXHUYECKUX HaYK,

npodgreccop M.H. Lllesyos)

HOupektop OO0 «[lanbHeBOCTOYHOE NpeanpusTne "PocsBogokaHan"»
KaHOMAaT TEXHUYECKUX HayK, AOUEHT
A.L. JlepHep

Aknmos, O.B.
A 391 'mopaenuka : y4eb. nocobue / O.B. Akumos, J1.B. Kosak, KO.M. Aku-
moBa. — Xabaposck : N3a-so [ABIYIC, 2008. — 94 c. : vn.

YuebHoe nocobue cootBetctByeT [OC BINO HanpaBneHmn 190100 «Hazewm-
Hble TpaHcnopTHble cpenctea», 190200 «TpaHCNOPTHblIE MaLUMHBbI U TPaHC-
NOPTHO-TEXHOSOrMYeckne komnsiekcobl», 190300 «lloaBMXHOM COCTaB KeNe3HbIX
popor», 270100 «CtpoutenbctBo», 280100 «be3onacHOCTb XU3HeaeATenbHO-
CTU».

[MpuBeneHbl KpaTkMe TeopeTudeckue CBedeHUs, U3roXeHa MeToauKka npo-
BeAeHus nabopartopHbix paboT no Kypcy «l mapaBnuka.

lMpegHasHadYeHo Ons CTyaeHToB 2-ro 1 3-ro KypcoB Bcex hopm obydeHus,
n3yyarowmx aucumnnuiy «lfmapasnuka.

YOK 532.(075.8)
BBK X 123

© OY BI1O «[danbHeBOCTOYHbIN roCyAapCTBEHHbIN

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

yHuBepcuTeT nyten cooblieHns» (OBIYrcC), 2008
BBEOAEHMUE

OucunnnuHa «lmgpaenuka» — oguvH M3 yHOAMeHTanbHbIX 0bLeTexHuYe-
CKMX KypCOB B CUCTEME MOArOTOBKUM WHXEHepoB Mo creuunansbHocTam 190205
«[logbeMHO-TPaHCMNOPTHbIE, CTPOUTENbHbIE, AOPOXHbIE MalLMHbI 1 06opyaoBa-
Hue», 190302 «BaroHbl», 270102 «[MpoMbILLneHHOE U rpaxgaHcKkoe CTpouTerb-
cTBO», 270112 «BogocHabxeHue n BogootBegeHme», 270115 «Okcneptunsa u
yrnpaBsneHve HeaBMXUMOCTbIO», 270201 «MoCTbl U TPaHCMOPTHbIE TYHHENU»,
270204 «CTpoMTENbLCTBO Xene3HblX JOpOor, NyTb U NyTeBoe Xo03ancTeo», 280101
«besonacHoCTb XusHeaedaTenbHOCTU B TexHocdepe». [NpeaMmeToM un3yvyeHus
Kypca SBISIOTCH OCHOBHbIE 3aKOHbl PaBHOBECUS XUOKOCTU N B3aMOAENCTBUSA
MOKOALLLENCH U OBWXKYLLENCA XUOKOCTU C €CTECTBEHHbIMU U UCKYCCTBEHHbLIMU
pycrnamu, ¢ aneMeHTamMu KOHCTPYKLMIA LOPOXHO-MOCTOBbIX, BOAOOONHbIX N ApY-
X TMOPOTEXHNUYECKUX COOPYKEHUMN.

Llenb n3ydeHusa kypca 3saknioyaeTtcs B (pOpMUPOBaHUU Yy CTYOEHTOB TaKoWm
CTeneHn OCBOEHUS U MOHUMaHUA OCHOBHbIX 3aKOHOB, KOTOpasd NO3BOMUT cCamMo-
CTOATENIbHO BbINOSHATE MApaBnuyeckMe pacyeTbl BOAOMNPOBOAHO-KaHaNM3a-
LMOHHbIX, OOPOXHO-MOCTOBbLIX U TMAPOTEXHUYECKUX COOPYKEHUW. JTOMY Cro-
cobcTByeT npefyCMOTPEHHOE y4ebHbIMU NfiaHaMn 1 NPOrpaMMon 3akpenneHune
NEeKUMOHHOro Matepmana Kypca nabdopatopHbiMu 3aHATMAMU. CuctemaTudeckmnin
KOHTPOMb PErynsapHocTn paboTbl CTYLEHTOB Ha KypCOM OCYLLEeCTBMSieTCH 3a-
LLUINTON Kaxkaon nabopaTopHon paboThl.
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JNlaboparopHasa pa6ora Ne 1
MOBEPKA NMPY)KMHHOIo MAHOMETPA

1.1. Uenb pabotbl

OnpenennTb COOTBETCTBME NOBEPSIEMOr0 MaHOMeTpa Knaccy TOYHOCTM!.

1.2. TeopeTnueckme ceegeHus

1.2.1. TpeboBaHuA K npubopam Ans namepeHns AaBrneHus
M UX Knaccudumkauma

CoBpemMeHHas Hayka U TexHuKa NpeabsBAOT camble pasHoobpasHble Tpe-
6oBaHua K npubopam Ans namepeHuss gasneHuns. Npexae Bcero aTo CBA3aHO C
LUMPOKMM AnanasoHOM W3MEpPSIEMbIX BENMYMMH AaBfieHus, OT MUKponackasns
(mkla) po ruranackans (I'Ma). Bo3pacrtatoT TpeboBaHUsA K TOMHOCTU N3MEPEHUN,
YCIOXHSATCA 00beKkTbl UCCNeaoBaHWA, KOTOPbIE HaknaabiBalT AONOSHUTENMb-
Hble YCNOBUS Ha KOHCTPYKTUBHOE odopmrieHne npnbopos. Tak, Hanpumep, npu-
6opbl, Ucnonb3yemble ANd U3MEPEHNS YCTAHOBMBLLMXCSA AABIEHUA, OKa3blBatoOT-
CS HENPUIOAHBIMWU NPU U3MEPEHNAX MyNbCaLMi AaBMEHUS, NPpUYeM B pearnbHbIX
npoueccax BcTpeyatoTca YacToTbl o merarepy (MIw).

MHoroobpasune TpeboBaHu nopoauno 6onbwoe Konu4yecTBo npubopos,
Pas3fiMyHbIX NO NPUHLUUNY OEWCTBUA, TOYHOCTU M3MEPEHUSA N KOHCTPYKTUBHOMY
0P OpPMIIEHUIO.

YcnoBHO Bce npubopbl A9 M3MeEpeHUs AaBfEeHUs MOXHO Knaccuduumpo-
BaTb MO CnegyloLwmnmM npmsHakam:

a) No poay u3mMepaemMon BeNUYUnHbI;

6) NpuHUMNY OENCTBUS;

B) Knaccy TOYHOCTN.

Knaccudpukayusi no pody usmepsieMoll eesiuvuHbl. B 3aBUCMMOCTU OT
BMAa namMepsemoro gasrieHusi (M30bITOYHOMO P,;; MNKU aBCONKTHOIO Puse) CyLLE-
CTBYET HECKOJSIbKO TUMOB NpMbOopOB:

a) MaHoMeTpbl — NpMbopbl AN U3MEPEHNSA MOMOXUTENBHOMO NU30bITOYHOMO
AaBrieHuns;

6) BakyymMeTpbl — Npnbopbl A5t UIAMEPEHNSA OTpULATENBHOIO N30bITOYHOMO
AaBrieHuns;

B) MaHOBaKyymMMeTpbl — Npubopbl, NO3BOMSOWME U3MEPSTb KakK MOMOXK-
TenbHoe n3bbITOYHOE AaBneHne, Tak u oTpuLaTenbHOE;

) amdpdepeHumnansbHble MaHOMETPbl — NpUBOpbI AN U3MeEpPEeHUss pa3HOCTU
AaBIIEHMIN B BYX TOYKaX;

Aa) 6apomeTpbl — NpMbopbl Ans N3MepeHns abCcontoTHOro AaBreHUs1, paBHOro
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aTmoccepHomy. [Ina namepeHus abconoTHOro gaBneHnsa Gonblie atmocdep-
HOro MCNonb3yT ABa Npubopa — GapoMeTp N MaHOMETP; MeHbLUe aTmocdep-
HOro — 6apomMeTp 1 BakyymMeTp.

Knaccudgukayusi no npuHyuny delucmeusi. [1pnbopbl ANA M3MepeHus
AaBrieHna nogpasgensatTca Ha cneaylLwme Buabi:

a) XXMOKOCTHble — OCHOBaHHblE Ha rMApPOCTaTMYECKOM MpuHUMNe OeACTBUS,
T. €. U3MepssiemMoe AaBrneHne ypaBHOBELLIMBAETCS AaBfieHMeEM CTonba XUAKOCTH,
BbICOTa KOTOPOro ornpeaensaeTcs HenocpeAcTBEHHO Unn nytTemMm pacyerta.

BrnepBble naea namepeHns gasneHusa no BennymHe crtonba xuakoctu boina
BblCKa3aHa UTanbsHCKMM y4deHbiM 3. Toppuyennu B 1640 r., a ocywecTBrieHa
NTanbsgHCKUM MexaHukoMm BuBmaHu B 1642 r. u dppaHuUy3ckum ydeHbiM b. ac-
kanem B 1646 r. )KngkocTHble Npubopbl HEe yTpaTunu CBOEro 3Ha4YeHns OO Ha-
cTosLero BpeMeHn. 3T0 OOBbACHAETCS TEM, YTO NMPUHLMN OENCTBUSA ITUX NpU-
6opoB o4eHb NPOCT. OHM HE CMOXHbI B U3rOTOBMEHUN, TOYHbI U HAAEXHbI;

6) MexaHnyeckme — NPUHLMN OENCTBMSA KOTOPbIX 3aKro4aeTcs B TOM, YTO Noj
AenCcTBMEM AaBreHUs NpoucxoanT gedpopMaums HEKOTOPOro Yrpyroro aremeHTa,
N BENTMYMHA 3TOW JedhopMaLmMn CRYXUT MEPON N3MEePAEMOro JaBNEHNs;

B) rpy30mnopLIHEBbIE — MAHOMETPbI, B KOTOPbIX U3MeEpPAEeMOe AasrieHne, aeu-
CTBYA Ha OOHY CTOPOHY MOPLUHA, YPaBHOBELUMBAETCA BHELUHEW CUMOW, Npurio-
XXEHHOM C NPOTMBOIMOSIOXHOW CTOPOHbI NOpLUHSA. B kayecTBe ypaBHOBeLUMBalO-
LLen cunbl UCNosb3yT rpysbl. Bec rpysa, AeneHHbIn Ha nnowanb NopLUHS, Orl-
peaensieT BeNnYnHy N3MepsemMoro AaBfeHns;

) aneKkTpudeckme — NPUHUMN OENCTBUS OCHOBaH Ha U3MEHEHUWN JneKkTpuye-
CKMX CBOMCTB HEKOTOPbIX MaTepuarioB UN U3MEHEHUN KaKNX-NMBO aneKkTpuye-
CKMX NapamMeTpoB Mo AeNCTBMEM AaBIEHUS;

A) KOMOMHUPOBAHHbBIE — MPUHLMN AENCTBUS KOTOPbIX HOCUT CMELLAHHbIN Xa-
pakTep.

Knaccugpukayus no knaccy moyHocmu. ['1o TOMHOCTM NOKa3aHW BCe BbIMNycC-
Kaemble CepunHO Npubopbl AenaTca Ha Knaccbl. Knaccom TouHOCTM npubopa Ha-
3blBaeTCs OCHOBHasA HanbonbLlas gonyctTumas npuBegeHHas norpeLlHoCTb.

YcTaHOBMEHHbIE KnacCbl TOYHOCTM AN NPpUOOPOB AaBfieHNsI COOTBETCTBYIOT
cnegywowemy psay: 0,005; 0,02; 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0.

MexaHn4yeckne npnbopbl Noapa3aensioT Takke Ha TexHnveckne n obpasuo-
Bbole. OBpasuoBbie UCMONb3YT AN Lenen NOBEPKM, Tak Kak OHW CBEpPSIOTCA C
3TanoHHbIMKU Npubopamn. TexHnyeckme NPUMEHSAT HENOCPEACTBEHHO ANS M3-
MepeHns SaBreHus.

1.2.2. MexaHun4yeckue npmbopbl ANs uaMepeHnsa AaBneHus

MexaHunyeckne npubopbl Nonydnnu Hanbornbluee pacnpocTpaHeHne, Tak Kak
OHW XapaKTepuayloTcs crnegyrLmMmn npenmyllectBaMn: NPOCTOTON YCTPOMCTBa
M UCMNONb30BaHNs, NOPTATMBHOCTbLIO, YHUBEPCANbHOCTLIO, NMPaKTUYECKM Heorpa-
HUYEHHbIM OMana3oHOM W3MEPEHUs!, HauMHash OT HECKOSbKMX Kuronackanemn u
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[0 COTeH Meranackanem.
Mo TNy ynpyrmx aNeMeHToB, NMPUMEHSAEMbIX ANA U3MEPEHUA AaBNEHUs, Me-
XaHun4yeckme npubopbl NogpasfenstoTcs Ha NpYyXuWHHble, MembpaHHble U CuMb-
JOOHHbIE.
1 . 2 MaHomeTpbl ¢ OAHOBUTKOBOMU MNMPYXUHOM.
1 [MpyXMHHbIE NPMOOPbI MNOSIBUNUCL HA [OBECTU
; neT nosgHee XUAKOCTHbIX (1846—-1848). OcHos.-
8 0 : 3 Hoit geTanbio NPYXWHHLIX MAaHOMETPOB SBNSAET-
g ; cs nonasi Tpybka C nonepeYHbiM CeYeHneM B
R r : BuOe osana unu anmunca. Mo umeHn aBTopa
o p, ' OLHOr0 U3 MNepPBbIX MaHOMETPOB Takad Tpybka
0 \ oy A 4 HasblBaeTcsa ewle Tpybkonm bypaoHa (puc. 1.1).
| OpavH KoHeL, TPyOKM  3akaH4YMBaeTCs HuNMnenem
1 5 C pe3bbor Ans NoakmntoYvYeHns K cocyay, B KOTO-
7 . pOM M3MepsieTca AaBfieHne, a BTOPOM 3anasiH.
T —6 CB0ObBOHbIN 3anasHHbIN KOHeL, TpybyaTon npy-
b XWHbI NPX NOMOLLM TAMM LWAPHUPHO COEeaUHAET-
Csl C 3ybyaTbiM CEKTOPOM, Haxoaswumcs B 3a-
Puc. 1.1. MaHoMeTp C 0QHOBMTKOBOM  LIENMEHUN C MareHbKOW LuecTepeHkon (Tpub-
TpybuaTon npyxuHoit: 1 — Tpybua- ko). Ha ocb TPMBKM HacaxeHa CTpernka, KoTo-
Tas NPYXMHa; 2 — CTPenka; 3 —3y0-  haq yvasaTenbHBIM KOHLIOM MOAXOAMT K LUKarne,
yaTbl CekTop; 4 — Tdra; 5 — Kopnyc HaHeceHHOM Ha uudepbnaTe.
MaHomeTpa; 6 — Hunnenb; 7 — oc-
HOBaHME MaHOMETpa: 8 — TPNBKa Ecnn maHomeTp npucoeauHuTb K NosiocTu
C U30bITOYHbIM JaBrieHMeMm, TO Cuibl gaBre-
HUSA B TPYOKe HECKOSbKO pacnpaMnaT ee, cBOOOAHLIN KOHEL, TPyOKn npu aTOM
nepemeLlaeTcs, Tsara noBopaymBaeT 3y0yaTbil CEKTOP U HaXO4sLYCA C HAM B
3auenneHnn Tpudbky. o NOMOXEHUIO CTPESKK Ha LKane CyasT O BennyMHe u3-
MepPSeMOro AaBrieHus.

TpyOuaTble BakyymMmeTp U MaHOBaKyymmeTp. Tpybuatas npy>xmHa MoxeT
ObITb MCNoONb30BaHa N B BakyyMMeETpe, T. €. Npnubope Ana namepeHus paspexe-
HUSA (OTpULATENbHOrO N36bITOMHOrO AABMNEHUS).

Ecnun npyxmnHy coeguHuTb C NPOCTPaHCTBOM, B KOTOPOM MMEET MEeCTO pas-
pexxeHne, TO Nog AENCTBMEM BHELLHEro atMoctepHoro gaeneHuss oHa byaet
aedopmmpoBatbea. MNpnyem cBobOAHbIN KOHeL, ByaeT nepemeLlaTbCcs He BBEPX,
Kak y MaHoMmeTpa, a BHU3. COOTBETCTBEHHO U CTpesika OyaeT noBopavMBaThbCs B
NPOTUBOMOSOXHYKO CTOPOHY.

LLikana BakyymmeTpa MOXeT pa3MmevatbCa B MUANMMETpax pTyTHOro ctonba.
lNMpepenbHoe 3HayeHune wkanbl (760 MM PT. CT.) HAHOCUTCS YCMNOBHO, TaK Kak
MNOSMHbIN BaKyyM NPakTU4ECKN HE JOCTMKUM.

Ecnun B ogHOM 1 TOM Xe MecTe no ycnosusam padoTbl yCTAHOBKN BO3MOXHO U
N30bITOYHOE AaBneHne, 1 BakyymMm, TO UCMONb3yeTca KOMOUHMPOBAHHbLIN Npubop,
Ha3blBaeMblll MaHOBaKyyMMeTpOM. [1peaenbHoe 3Ha4YeHne LWKanbl MaHOMETpU-
4YecKoro AaBfieHMst MOXeT BbITb MbbIM M 3aBUCUT MWL OT UCMNOSIb30BAaHHON B
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AAaHHOM MaHoMeTpe TpyOku. 3Had, Ha Kakoe n3bbITOYHOE AaBneHne paccynTaHa
Tpybka MaHOBaKyymMMeTpa, MOXHO HanWTW COOTHOLLUEHNE MEeXAy ANMHaMU MaHo-
MeTPUYECKON N BakyyMMeTpuyeckon Lwkan. Tak, ecnu maHoMeTpuyeckas Likana
paccumtaHa Ha 1,0 Mrlla, Bakyywm-

MeTpuyeckas LwWkana OygeT 3aHMMaTb %O

OT WkKanbl AaBnenus, ecnn Ha 2,0 Mla, 1o
%O M T. A., 4em bornblue M3bbITOYHOE AaB-

NeHne, Ha KOTOpOoe paccyuTaH MaHOBaKyyM-
METp, TEM MeHblLEe pa3Mep BaKyyMMeTpuye-
CKOW LIKamnbl N HUWXe TOYHOCTb U3MEPEHUS
BaKyyma.

MaHomMeTpbl C MHOrOBUTKOBOM Tpybu4a-

TOU NpYXuUHoW. MaHOMeTpbl C MHOrOBUTKO-
BOW Tpyb4yaTon MNpPYXWHOW SBAKTCHA, Kak
NpaBuo, PerncTpupyroLiMm MaHoMeTpamu
(puc. 1.2). YyBcTBUTENBbHBIM 3SIEMEHTOM B
HUX ABNAETCA MHOrOBUTKOBAas MPYXWHA, KO-
Topas npeacraBnaetr cobowm nonyw TPyoKy
OBarbHOro cevyeHna ¢ 5-9 BuTkamu, pacro-
NOXEHHbIMWU MO BMHTOBOM IMHUW. [uameTp
NPYXWHbl 30 MM. MHO[OBVITKOBaFl Npy>XuHa BpaHa: 3 — hraHLb: 4 — CTepKEHb:
ANVWHHEe OJHOBUTKOBOW, NO3TOMY €€ CBO- 5 _1gra: 6 — cekTop; 7 — TpUGKA; 8 —
BoAHbIN KOHEL, NPU TOM e [aBneHuu nepe- crpernka; 9 — wkana
MeLlaeTcsa 3HaunTenbHo Gonbuwe. MNpn mak-
CMMarnbHOM [aBfeHun no wkane npubopa npyXuMHa packpyyMBaeTCsa Ha yron
50°. K HenoaBMXHOMY KOHLIY MPYXWHbI NpunaneaeTca KkanunnsapHasa Tpybka, co-
e[IMHEeHHas C Hunnesriem, ANS NOAKMIOYEHUs K cocydy, B KOTOPOM MU3MepSieTcs
AasrieHne. CBoboaHbIN KOHeL TpybuaTon MpyXMHbl NpunanBaeTcs K rmbkon B
paguvanbHOM  HanpaBfieHUn  CoeauHu-
TenbHOM CcKobe, CcBA3bIBAKOLEN T[MOKYHO
MNPY>XMHY C OCblo. Ha ocb kpenuTtcsa pblyar
C KapeTKoW, KoTopas vyepes TAry u pblyar
BO3ENCTBYET Ha MOCTUK C YKpensreHHON
Ha HEM CTPESIKON.

MaHomeTp MeMOpaHHbIN. B kavecTBe
YyNpyrux 9reMeHToB B MaHOMETpax 4acTo
NPUMEHAT MeMbpaHbl UNn MembpaHHble
kopobkn (puc. 1.3). Ha HwkHem donaHue
MaHOMeTpa WMeeTCs Hunnenb Ans noj-
KINYeHUs K cocyay, B KOTOPOM U3MepPSETCH
naesneHne. BepxHun donaHey, cocTtasnsieT

Puc. 1.2. MaHOMeTp € nnactMH4YaTomn
mMeMmbpaHoi: 1 — Hunnenb; 2 — Mem-

Puc. 1.3. MaHOMeTp MHOrOBUTKOBbLIA C
TpybyaTon npyxmHomn: 1 — kanunnspHas
Tpybka; 2 — npyxuHa; 3 — BTyfnka; 4 —
OCb; 5 — pblyar; 6 — KapeTka; 7 — T4ra;
8 — noeBogok; 9 — mocTuk; 10 — gepxa-

. . . Tenb nepa; 11, 12 — KoHubl NPYXWHBbI
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OHO Lenoe ¢ KopnycoM MaHomeTpa. Mexay cdnaHuamm HaxoguTcs roppuposaH-
Hast MembpaHa. PraHubl NNOTHO CTAHYTLI 6GonTamn. B LeHTpe membpaHbl 3akpen-
fieHa CTOWKa, LWapHUPHO CoeanHEHHasa ¢ 3yG4aTbiM CEKTOPOM nepefaTtovyHoro me-
xaHu3ma. Mo BenununHe gecopmaumm membpaHbl cyadar o gasneHun. MembpaHbl
AN U3MEepPeHUs pasnnYHbIX OaBMEHUA OTNNMYaKTCA TOSIWUHOW, OUaMeTpoM, BU-
Aom matepuana. Npegensl namepsiemMbix AaBrneHun Ansg MemOpaHHbIX MaHOMeT-
poOB orpaHunyeHsbl n coctaensaoT oT 20 klMa go 30 MlMa. MembpaHHbIe MaHOMETPbI
MCNONL3YIT NPU U3MEPEHUN AaBMNEHNN B BbICOKOBSA3KNX cpedax, Tak Kak NpAMon v
LUMPOKUIA KaHan B Hunnene obecneuvvBaeT 6onee cBOOOAHbLIN NPOXOL XUAKOCTH,
4yem B TpybG4aToM MaHomeTpe. [1ns nsMepeHuin B XMMUYECKM arpeccuBHbIX cpeaax
HVXKHIOK CTOPOHY MeMOBpaHbl NOKPbIBAKOT TOHKOW NIIEHKOW 3aLLMTHOrO MaTepuana.
MpyHUKMN gencTeus meMbpaHHOro MaHoMeTpa NO3BONSAET UCMONb30BaTb €ro
N Onst uaMepeHnsa paspexenunsa. Ecnn membpaHHbIn MAHOMETP MPUCOEONHUTL K
NONOCTU C paspexeHnem, To meMmbpaHa, UcnbiTbiBag aTMocdepHoe AaBrieHne
CHapyxu, 6ygeTt npornbaTbCa BHYTPb, YTO Bbi3blBA€T NOBOPOT CTPESIKU B CTOPO-
Hy, 06paTHYI0 MO CPaBHEHWNIO C MAHOMETPOM.
CunbdoHHbIN MaHoMeTp. CunbdoHHbIE
npnbopbl ANa N3MepeHns aBrieHus ABMAATCS
ewe OOHOM pPa3HOBUOHOCTLIO MeXaHUYeCKuX
npnbopoB. B kadecTBe ynpyroro anemMeHTa B
HUX WCMNONb3yeTCA CUNbMOH, KOTOpPbIA npea-
ctaBnseT cobor rodpmpoBaHHYD KOPOOKY, Bbl-
MONMHEHHYIO B BUAe LUUMHApa C paBHOMEPHbIMU
cknagkamun (rocppamun) (puc. 1.4). Ecnu Takon
cnNb®OH NOABEPrHYTb AENCTBUIO N3ObITOYHOMO
AaBIIEHNA CHapYyXW WNn W3HYTpU, TO OH CO-
XMeTCH WNU pacTaHeTCs MO BbICOTE Tak, 4To
ero ropusoHTarnbHble NOBepxXHOCTU OyayT ne-
pemellaTbCs napannensHo camum cebe. Benun-
YMHa nepemeLleHNd nponopuMoHasibHa Benu-
YnHe usmepdemoro pasneHus. CunbdoHHbIe
y MaHOMETpPbl NPUMEHSAKTCA AN  U3MepPeHUs
wyumnm MaHOMETP C pPblYaXXHbIM o
eDAATONHBIM MOXHUIMOM: 1 — pasneHun ot 40 klMa po 0,5 MlMa. N3ameHeHne
NOBOZOK: 2 — BTyFKa: 3 — cTep- TNPEAENOB W3MEpeHus [oCTWUraeTca 3a cueT
XeHb; 4 — cunbdoH; 5 — npyxunHa;  TOJILLNHbI MeM6paHb|, OnameTpa U pas3Mepa
6 — KoXyx cunbdoHa; 7 — WTy- rop, a TakKe XXECTKOCTbIO BUHTOBOW MPYXXUHbI,

uep; 8 — rHesno; 9 — OHO CUNb-  pasMeLleHHOM BHYTPU NOMOCTU CUibdoHa.
doHa; 10 — ocHoBaHMe cunbgoHa

N OO0 N WwN

Puc. 1.4. CvnbgOHHbLIN camonu-

1.2.3. dneKkTpnyeckme npubopbl ANA N3MepeHus AaBreHns

CywecTByeT OOCTAaTOYHO OONbLLIOE KONMMYECTBO CrnocoboB npeobpaszoBaHus
OABMEHUs1 B 3IIEKTPUYECKUI CUrHarn, OAHAKO Hambornbllee pacnpocTpaHeHue
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nony4Ynnu nNpubopbl, OCHOBaHHbIE HA €MKOCTHOM, MarHUTHOM W TEH30MeTpu-
4YeCKUX NpUHLMNax.

EmKocTHble npeobGpa3soBartenu paasne- > 1 3
HUA. OQHOW N3 OCHOBHbIX KOHCTPYKLMA €MKO-
CTHOro npeobpasoBaTtens gaBneHns aBnseTca
OfHOCTaToOpHasA, B KOTOPOM YyBCTBUTESIbHbIN
anemeHT (MembpaHa) obpasyeT ogHy nnacTu-
Hy KOHAEHcaTopa W nepeMellaeTcsi OTHOCK-
TeNbHO €ero ApyroM HenonBWXXHOW MNSaCTUHbI
(puc. 1.5).

MarHuTtHble npeoGpa3oBaTtenu pfaBne-
HUA. OCHOBHbIM 3NIEMEHTOM MarHUTHbIX Mpe-

obpasoBartenen (puc. 1.6) aBnaetca gndde- y

P . (P ) AP . Puc. 1.5. EmMkoCTHbIN npeobpa3so-
peHunanbHbI TpaHcopmaTop, N3MepPsoLWmi BaTeNnb AABNeHUs: 1 — HENOABYX-
nepemellieHne MexaHW4eckoro 4yBCTBUTEINb- aq nnacTuHa KoHpeHcaTopa: 2 —

Horo anemeHTta. B kadectBe YYBCTBUTEJIbHbIX  membpaHa; 3 — nsonatop
3MeMEeHTOB MOryT, Hanpumep, UCMonbL3oBaThb-
csl cunboH unu Tpybka bypaoHa.

LAY

KaTywkn
o depeHUmansHOro I R = @
TpaHcopmaTopa § — I
Cep,ﬂ,eHHMK\\\
LLTok
MembpaHa

Puc. 1.6. MarHutHbI npeobpa3oBaTens AaBNeHUs

TeH30pe3ncTopHblie npeobpasoBaTtenu p[aBrieHUA. TeH30pPEe3UCTOPHbIE
YyBCTBUTESbHbIE 3MIEMEHTbI NPeaCTaBNAT cobon MeTannuyeckyto nunm) au-
ANEKTPUYECKYHD U3MepUTENbHYI0O MeMbpaHy, Ha KOTOPOW pa3MeLLalTCa TeH30-
pe3ncTopbl (Yawe BCero B BMAE YPaBHOBELUEHHONO M3MEPUTENbHOro MocTa) C
KOHTaKTHbIMW MfowagkaMmv Ans NOgKMYEeHUss K BHYTPEHHEN UMW BHELUHEN
anekTponsmeputenbHon cxeme. [edopmauna memOpaHbl Nog BO3AENCTBUEM
BHELLHEro AaBrieHns NPUBOAUT K JSloKalibHbIM AedopMaumnsM TEH30PE3NUCTOPHO-
ro mocta n ero pasbanaHcy, KOTOpbI/ U3MePSETCA 3NEKTPOHHbIM 6nokom (puc.
1.7). TockonbKy 4yBCTBUTENbHOCTb MOMNYNPOBOAHMKOBBIX TEH30PE3NCTOPOB B
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D

t

Puc. 1.7. TeH30pe3ancTopHbI npeobpasoBa-
Tenb gaeneHus: 1 — membpana; 2 — namepu-
TenbHas cxema; 3 — TEH30METPUYECKUIA MOCT;

4 — NCTOYHUK NUTaHUA

OECATKU pa3 Bbllle, YeM Yy MeTannu-
YecKux, U, KpoMe TOro, MHTerparnbHas
TEXHONOornsi No3BonseT B OOHOM Kpu-
cTanne KpemHusi  dopMmpoBaTtb
OOHOBPEMEHHO KaK TEH30PE3NCTOpHI,
Tak U MUKPOIMEKTPOHHbLIN 6nok 06-
paboTkM, TO B MocrnegHue rogbl no-
NyYnnun npeMMmyLlecTBeHHOe pa3Bu-
TUe WHTerpanbHble MOoNynpoOBOAHK-
KOBble TEH30pPE3UCTOPHbIE YYBCTBU-
TenbHble anemMeHTbl. OCOOEeHHO Ln-
pPOKOEe MPUMEHEHME B M3rOTOBIIEHUN
TEH30pPEe3NCTOPHLIX npeobpasoBaTe-

nen B CUITy CBOUX BbICOKMX MEeXaHW4eCKUX, U3ONUPYIOLNX U TEMNOYCTOMYMBbIX
Ka4yeCcTB Nnoslydunna TEXHOMNOIMMSA «KPEMHUIM Ha candoupes.

1.3. NNabopaTopHasa ycTaHOBKa

JTabopaTtopHas yctaHoBka (puc. 1.8) npeactaBnseT cobor rpy3onopLIHEBOM
MaHomeTp Tvna MTU. MaHOMeTp COCTOUT U3 U3MEPUTESNIbHOW CUCTEMbI, BKITHO-
yawLien niyHxep 1, rpy3oByto nnatgopmy 2, rpy3bl 3, KOHTPOMbHYIO CTOWKY 4,
MacrnsiHoro Hacoca 5, macnsiHoro 6aka 6, MaHOMeTpUYecknx rHesg 7 u 8 onsa
NoAKNIYEeHUs nosepsaeMbix MaHoMmeTpoB 9 1 10 1 3anopHbIX knanaHos 11-14.

‘)

11

%7

12

2 10

1 13 14

Puc. 1.8. Cxema nabopaTopHOW yCTaHOBKM: 1 — nnyHxep; 2 —
rpysoBasi nnatgopma; 3 — rpysbl; 4 — KOHTPOSibHaA CTonka; 5 —
MacnsiHbI Hacoc; 6 — MacnsHbiM 6ak; 7, 8 — MaHoMmeTpudeckune
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rHesga; 9, 10, — noBepsiemble MaHOMeTpbl; 11-14 — 3anopHble
KnanaHsbl

1.4. MNopapok BbINONMHEeHUA paborbl

1. 3akpenuTb Ha HUMNene NoOBepPSeMoro MaHoMeTpa YNiIoTHUTENBHOE KOSbLIO.

2. YCTaHOBUTb MNOBEPSEMbI MAHOMETP B MaHOMETpU4ecKoe rHesao.

3. OTKpbITb Ha 1,5+2 ob6opoTa 3anopHble Knanaubl 11 n 14.

4.YCTaHOBUTb CTPENKy MaHoMmeTpa Ha «0» npu NOMOLUWN peryrmpoBOYHOro
BMHTA Ha TblISIbHOW CTOPOHE MaHoOMeTpa.

5. 3akpbITb 3anopHble knanaHbl 11 n 14,

6. OTKpbITb Ha 1,5+2 obopoTa 3anopHbIn KnanaH 12 1, Bpawias LWTOK NOpLUHSA
MNPOTMB YaCOBOW CTPESIKK, 3arOfHUTb LUIMHAP NOPLLUHEBOrO Hacoca MacrioMm.

7. 3aKpbITb 3aMnoOpHbIM KnanaH 12 1 OTKpbITb 3anopHble KnanaHsl 11 un 13.

8.MepemelLasa nopuweHb Hacoca B 06paTHOM HanpaBneHUn n Bpallasa rpy-
30BYy0 Nnatdopmy, 40OMTLCA COBMELLLEHUS BenbiX PUCOK Ha nnatgopme 1 KOH-
TPONbHOMN CTOMKE.

9. 3anucaTtb NokasaHne maHoMeTpa (N — KONIMYECTBO AeNeHu No wkane).

10. [lo6aBnsis ¢ warom 1 kr/cM® aTanoHHble rpy3bl Ha MNaTdopMy, NOBTO-
puTb genctema n. 8. [laBneHue, co3gaBaemMoe dTaflOHHbIM FPy30M, He LOOJSIKHO
npeBbllWaTh NpefenbHOro 3HavyeHWs, Ha KOTopoe paccyuTaH noBepAemMblin Ma-
HOMETP.

1.5. O6paborka pe3ynbTaTtoB

1. OnpegennTb HOpMUPYEMOE [daBfieHME And MNOBEepsieMoro MaHoMeTpa,
2
Kr/cm<,

pH()p = pK - pH’ (ll)

roe Px — KOHeYHoe [JaBrieHue, kr/cm?, T. e. npegen naMepeHnsa AaHHbIM MaHo-
MeTpPOM; P, — HaYaribHOe JaBrieHune, Kr/CM?,
2. OnpegenuTb LeHy aeneHns, Kr/cm?,

00.= P,y N, (1.2)

roe N — obuiee KonmyecTBo AENeHM No WKane MmaHoMmeTpa, paBHoe 250.
3. Onpegenutb hakTnyeckoe AaBneHne ans Kaxaoro usMepeHuns, Kr/cm?,

pp =L 0.n, (1.3)

rae N — KonM4ecTBO AESIEHUN, COOTBETCTBYIOLLEE KaXOOMY N3MEPEHMUIO.
4. OnpegenuTtb abCoONOTHYIO MOrPELLHOCTb, Kr/cMm?,

Dp = Pom - qu’ (14)
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rae P, — 9TanoHHOE JaBIeHNe, COOTBETCTBYIOLLEE 3TANIOHHbLIM py3am, Kr/cM>.

5. OnpenennTb OTHOCUTENbBHYH NOrpeLLIHoCTb, %,

a=-1000%. (1.5)
pam
6. OnpenenuTb NpUBEAEHHYI0 NOrpeLwHocTb, %,
= Eloo %. (1.6)
pHop

8. JkcnepuMMeHTanbHble OaHHble W pe3ynbTaTbl 00paboTkM 3aHecTu B

Tabn. 1.1.
Tabnuya 1.1
NoBepka Npy>XMHHOro MaHomMmeTpa
Ne Pos n, Py Dp, a, b,
n/n Kkr/cm? nEeneHwii Kr/cm? Kkr/cm? % %
1
2
N

9. CnenaTb BbIBOA O COOTBETCTBUM NOBEPSIEMOr0 MaHOMeTpa Knaccy TOYHO-
CTW.

1.6. KOHTpoOsfnbHbIE BONPOCHI

1. YTo Ha3biBaeTCA rMApPOCTaTUYECKNM JaBfEHNEM B TOYKE?

2. B kakux eanHmuax namepsieTcs rmgpocratmyeckoe gasneHne?

3. Kak knaccugumumpytoTca npubopbl Ans UaMepeHnsa gaBneHus no poay ms-
MepsieMOn BENUYUHBI?

4. Kak knaccucuumpytoTcs npubopbl M3MepeHus OaBfieHus MO NpUHLMNY
nencTeua?

5. Kak knaccucumumpytotca npmbopbl Ans U3MepeHust OaBrieHnUss No Knaccy
TOYHOCTU?

6. Kakme ynpyrne anemMeHTbl UCMOMb3YOTCA B MexaHudyeckux npubopax ans
N3MepeHusa gaBreHua?

7. Kakoe gaBneHune HasbiBaeTcs abCONOTHLIM?

8. Kakoe paBneHne Ha3biBaeTcs U30ObITOYHBIM?

9. Kakoe gaBneHue HasbliBaeTCs MoSHbIM?

10. C nomoLLbto Kaknx NpubopoB MOXHO N3MEPUTb N30LITOYHOE AaBrieHne?

11. C nomoLLblo Kaknx NpubopoB MOXHO N3MepUTb abCcontoTHOE AaBrneHne?

12. B kakux cnydasix MCnonb3yeTcst MHOrOBUTKOBasi TpybyaTtas npyxmHa?

13. B kakux crnyyasx ucrnonb3yeTcss MaHOMETP C NSI0CKoM membpaHon?
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PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

14. Yem onpenensieTca BepxHUW npegen naMepeHusi CUiibOHHONo MaHo-
meTpa?

15. OT 4yero 3aBUCUT OTHOCUTENbHAs MOrPELUHOCTb NPU U3MEepeHun nasre-
HNA?

16. YT0 Takoe HOPMUPOBAHHOE 3HAYEHNE AaBMEeHUs?

17. Kak ycTpoeH MaHOMETp C O4HOBUTKOBOW TPyO4YaTOM NPY>XNHON?

18. Kak onpenenutb LeHy AeneHns maHomeTpa?

19. KakoBa nocnegoBaTenbHOCTb BbIMOSIHEHUS Onepauui nNpu rnoBepke ma-
HomeTpa?

20. Yemy paBHO n3bbITOYHOE AaBrieHNe B TOYKe, ecriv abcontoTHoe aasne-
Hue paBHO 120 kla?

21. Yemy paBHO BakyyMMeTpUYeCKOe AaBfieHMe B TOYke, ecrnv abCcontoTHoe
AasneHue paBHo 68 kla?

22. Yemy paBHO MUHMMaNbHOE 3Ha4YeHne abCcontoTHOro AaBneHUs Hag CBO-
BGoAHOM NOBEPXHOCTbLIO Npy paboTatolemM Bakyym-Hacoce, NOAKMHYEHHOM K Ha-
NMOPHOMY pe3epByapy, HaCTUYHO 3anOSTHEHHOMY XUOKOCTbIO?

JNlaboparopHasa pabora Ne 2
OTHOCMUTEJbHbIA MOKOU XXNOKOCTHU

2.1. lenb paborbl

Onpegenntb koopamHaTbl cBOOGOAHOM MOBEPXHOCTU XMOKOCTU BO BpaLlalo-
LLleMcs1 C NOCTOSIHHOW YrNOBOW CKOPOCTbIO cocyae. locTpontb cBo6OAHYHO MO-
BEPXHOCTb U 3MNtOpy N3ObITOMHOrO AaBMNEHUS.

2.2. TeopeTuueckue ceegeHusn

lNNeoHappom Jwnepom B 1755 r. Oblnv nonyyeHol aunddepeHumnanbHble
ypaBHEHUS PaBHOBECUS XXUOKOCTU

LX - 1Jp_q
i rqx
by 1.0 g, (2.1)
.I. r ﬂy
LZ- 1P,
| r 9z
rge %,%,% — rpagmneHTbl gaBneHna B HanpaBJ1iEHUN COOTBETCTBYHOLLMX KO-
X Ty 91z

opAvHaTHbIX ocen; X, Y, Z — npoekumn eanHNYHbIX MacCOoBbIX CUIT HA COOTBETCT-
BYIOLLIME OCU; I — NNTOTHOCTb.
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[Mocne He3HauMTEnNbHbIX NPeobpas3oBaHU OaHHYK CUCTEMY YpaBHEHUI
MO>HO NpeacTaBuUTb B BUAE YPaBHEHUS:

dp=r(Xdx+Ydy+Zdz). (2.2)

Mony4yeHHOEe ypaBHeHME (2.2) BblpaxaeT npupalleHne gasneHna dp npu ms-
MeHeHun koopamHat Ha dx, dy, dz B o6Lem crnyvyae paBHOBECUSA KUOKOCTMW.

[ToBEepXHOCTb XMOKOCTU, BO BCEX TOYKAX KOTOPOW AaBfieHNe OQUHAKOBO, Ha-

3blBaeTCs NOBEPXHOCTbI PaBHOrO AaBSiIEHUHA, UMW MOBEPXHOCTbLIO YpPoBHA. [ns

NOBEPXHOCTU paBHoro aaesnexHus dp=0, a c y4eTom, YTO P =const, ypaBHeHUE

(2.2) npumet Bug,
Xdx+Ydy+Zdz=0. (2.3)

YpaBHeHne (2.3) ycTaHaBnuBaeT CBA3b Mexdy KoopauvHaTtamn cBoOOgHOM
NOBEPXHOCTU U OENCTBYHOLLUMMWN HA XWOKOCTb MACCOBbIMU CUNaMu, eOUHUYHbIE
NPOEKLUUN KOTOPbIX paBHbI X, Y, Z

[MoBEPXHOCTM YPOBHSA XMAKOCTEW, ConpuKacarowmecs ¢ razoobpasHonm cpe-
aon (4Yawe atmocdepHomn), HasbiBatoTCA CBOOGOAHBIMM MOBEPXHOCTSAMM.

KombBurHauusa maccoBbixX Cun, OEACTBYHOLINX HA XUAOKOCTb, MOXET ObiTb pas-
HOM. Ecnu XngkocTb NOKOUTCA B cocyae, HENOOABMKHOM OTHOCUTENbHO 3eMnn
(T. e. BpaweHMeM Xnakoctn BMecTe ¢ 3emrnenn MOXHO npeHebpeub), TO Takoe
PaBHOBECHOE COCTOSAAHME XMOKOCTU MOXHO Ha3BaTb abCOMOTHLIM NokoeMm. [Mpu
abConTHOM MOKOE XMAOKOCTb HaxoauTcsa Nnoa AENCTBMEM NUWb OOQHOWM Macco-
BOW CUIbl — CUMbl TSXXECTMW.

Ecnun cocya ¢ XnakocTblo HAaxXoamUTCs B HEPABHOMEPHOM UM HEMPSMOSTUHER-
HOM ABWKEHUU, TO Ha XXUAOKOCTb KPOME CUI TEXKECTU AENCTBYIOT CUITbl MHEPLINN.

Cunbl MHepuumn MoryT ObiTb MOCTOSAHHbLI MO BPEMEHU, MO3TOMY paBHOBECUE
XMOKOCTU B 3TOM Crlydae HasblBaeTCA OTHOCUTESbHbIM NMOKOEM.

Mpn oTHOCMTENBHOM MNOKOe cBOOOAHasi MOBEPXHOCTb XXMAKOCTW, UM no-
BEPXHOCTb YPOBHS, NMpUHUMAaET gpyrne popMbl MO CPaBHEHUIO C hopMon npwu
abCoNTHOM MOKOE.

PaccmoTpmm ¢hopmMbl MOBEPXHOCTU pPaBHOrO AaBfieHUs U cBOOOAHbIE MO-
BEPXHOCTM XXNOKOCTU NPU pasHbIX KOMOMHALMNAX MACCOBLIX CUI.

Cnyyam 1. X)KngkocTb HaxoguTcsa nog gen-
Z,

D 1 CTBMEM TOJIbKO CUMbl THXECTH.
P I [Mpn ycnosuu, 4TO OCb z HarnpasreHa Bep-
- 2 TUKanbHO BBEPX, MPOEKUUN CUMbl TSXKECTU Ha
ocbXX=0;HaocbyY=0;HaocbzZ=—-g.
z AnddepeHumansHoe ypaBHeHne (2.3) B
ZO 3TOM cny4yae npuMmeT BUA
T - gdz=0, (2.4)
0 y » WM mnocne MHTEerpnpoBsaHms
Y, z=const. (2.5)

Puc. 2.1. CBo6oaHas NOBEPXHOCTb
N NOBEPXHOCTN YPOBHA npwu abco-
noTHOM nokoe: 1 — ceoboaHas no-
BEPXHOCTb; 2 — MOBEPXHOCTU YPOB-

HSA paBHOrO AaBneHns )
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YpaBHeHue (2.5) asnaetcs ypaBHEHNEM roOpU3OHTarIbHOM MISIOCKOCTU, POPMY
KOTOPOM WMMEIT BCE MOBEPXHOCTM PaBHOrO AaBneHus u cBobogHas noBepx-
HOCTb, KOrla Ha XWOKOCTb OEeNCTBYET TOSIbKO cuna Taxectu (puc. 2.1).

Cnyuyan 2. XXuMOKoCTb HaxoauTCH B cOcyde, KOTOpbIN OBWXETCA NpsAMOnu-
HEeMHO, PaBHOMEPHO YCKOPEHHO. Ha »XmOkoCTb B 3TOM cny4vyae AEWCTBYIOT He
TONbKO CUJTbl TSXKECTU, HO U CUSMbl MHEPLIMKN, KOTOPbIE XapaKTepusytTca yCKope-
HWeM a U HanpasSieHbl MPOTUBOMNONOXHO ABWXEHUI0. [TpoeKkunn aTux eguHNYHbIX
CWN Ha COOTBETCTBYIOLLME KOOPANHATHbIE OCU PaBHbI:

X=-a Y=0, Z=-9¢.
AnddepeHumansHoe ypasHeHue (2.3) npumeT Bug,
- adx- gdz=0, (2.6)

AZ
NN MOCIie NHTErpUpPOBaHNSA
ax+gz=const. (2.7) & 1
5| jva 'l a
YpaBHeHue (2.7) aBnaeTca ypaBHe- —

Y A
HMeM HaKJ-IOH HOM I-IJ-IOCKOCTM (pMC- 2-2)’ Y
Yron HakroHa KOTOPOW K FOpU3OHTY b

Puc. 2.2. CBoboaHass noBepxXHOCTb W no-
onpenensieTcst OTHOLLEHUEM A P

BEPXHOCTb YPOBHSA MpU  MPSAMOMUHENHOM
7 a PaBHOYCKOPEHHOM ABukeHun: 1 — ceoboaHasn
tgb = . =- a (2.8)  noBepxHOCTb; 2 — NOBEPXHOCTb YPOBHS

Cnyyam 3. J)KnakocTb HaxoguTCsl B COCyde, KOTOPbIN paBHOMEPHO BpallaeT-
CSl BOKPYr BEPTUKANbHOW OCK C MOCTOSAHHOM YrNOBOW CKOPOCTbLIO W (puc. 2.3).

B aTtom cny4ae Ha XnOKoCTb OEUACTBYOT MOMUMO CUJTbl TSXKECTU U LIEHTPO-
BGexHble cunbl. [MpoeKkLMn YCKOPEeHUst 3TUX CUIM Ha KOOPAUHATHbIE OCU COOTBET-
CTBEHHO paBHbl: X =W’ X, Y=W'y, Z=—q.

AnddepeHumansHoe ypaBHeHue (2.3) npumeTt éu) W
BUA
w? xdx+w? ydy- gdz=0, (2.9) C)
NN Nocne NHTeErpnpoBaHnA L~ T T T T
2 2 2 \,2
WX WY gz=const: (2.10) wAX grﬁ
2 2 iy
W (2 y2)- gz= S
X“+y°]- gz=cong. (2.11) | — ~J
2 X
C yyeTom TOro, 4to y
x?+y?=r?, (2.12)

Puc. 2.3. CBoboagHasa noBepx-
HOCTb XXMAKOCTM B cocyde
BpalLaloLencss BOKPYr ocu Z ¢
NMOCTOSAHHOM  YINOBOW  CKOPO-
CTblO
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OKOH4YaTesrbHO NOoNTy4Ynm

W2 r?

2
YpaBHeHue (2.13) saBnseTcs ypaBHeHneM napabonounga BpaleHusi, KOTOPbIN
B CEYEHMM BepTuKalibHbIMK NSIOCKOCTAMM AaeT napabornbl, a B rOpU3oHTaNnbHOM
MNOCKOCTU — OKPY>KHOCTM.
MonoxeHne nwbon TO4YkM CBOOOAHOM MOBEPXHOCTU, HaANpPUMeEp TOYKU B
(puc. 2.4), onpegenseTcd KOOpaMHATON

- gz=const. (2.13)

, (2.14)

roe rg — paguyc ToYku B.
Camom BbICOKOW TOYKOM CBOOOOHOM MNOBEPXHOCTU SABMAETCS TOYKA HA CTEHKe
pesepByapa D (puc. 2.4).
Ee koopauHaTta cooTBETCTBEHHO OyaeT paBHa
2 D2
2, =R (2.15)
29

roe R— paguyc pesepByapa.
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w2 R?
49

Cratnyecknn y
yposeHb AA

W' R?
49

A 4
T

Y Yy

Puc. 2.4. OnpegenexHne koopamMHat cBOOOLHOM MOBEPXHOCTU

OpnHOBPEMEHHO KoopanHaTa zp SIBMSIeTCS BbICOTON napabonovaa BpalleHus.
Mo oTHOWeEHMO KO AHY Touyka D kak camasi Bbicokasi Touka cBOOOAQHOW NMoBepX-
HOCTW HaxoOUTCS Ha PacCTOSIHUK

7o (2.16)

Camon HM3Kon ToYKoM Napabonouaa BpalleHus ABMSieTCa Todka O Ha ocu
umnuHapa (Hadano koopguHaTt). Todka O COOTBETCTBYET MakCMMarbHOMY MO-
HWKEHNIO cBOOOOHOM MOBEPXHOCTM MO OCK pe3epByapa OTHOCUTENbHO CTaTuye-
CKOro ypoBHs1 H. Ee paccTtosiHue oT gHa pe3epByapa

w? R?
4q

hO:H_

(2.17)

CnenoBaTenbHO, NPY BpaLLLEHUU XUAKOCTb MOAHMMAETCS Y CTEHKM U OMnycKa-
eTcs Mo OCU pe3epByapa MO OTHOLLUEHUIO K CTaTUYECKOMY YPOBHIO Ha OAHY U Ty
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2 R2
Xe BEeJIMYUNHY

. Mpun 6onbLlION YrnOBOW CKOPOCTU BpaLLeHUs BO3MOXXHO

orofneHne fHa, a Npu HegOCTaTOYHOM BbICOTE CTEHKN — NepennBaHmne XUaKoCcTu
yepes Hee.

3HaveHne n3dbITOYHOro AaBMEHNSA BHYTPU XMUAKOCTM NPU BpaLLeHuM cornac-
HO ypaBHeHMio (2.13) onpegenuTcs no gopmyne

v r2 0
=r L.z % 2.18
Pwm gg 5 Z‘b ( )

roe ri — paguyc paccMaTpuBaeMou i-M TOYKK; Z — pacCTOsiHME OT Havarna Koop-
AWHAaT OO paccmaTpuBaeMon i-n ToYku (puc. 2.4).

Camoe marnoe un3bbIToOuHOE [aBreHne Ha AHO OGyaeT no ocu BpalleHus B
LEeHTpe pe3epByapa:

w? R% 0
pMu=rgh)=rgaEf4- 1q = (2.19)
9 g
Camoe 6onbLuoe n3bbITo4YHOE AaBneHne Ha AHO BO3HUKAET Y CTEHKMW:
w? R? 0 w? R% 0
Pmer =T 9y + T=rggH+ = (2.20)
PRI g 5 9 g
Qntopa n3bbITOYHOro AaBMEHNS Ha OHO U CTEHKM pe3epByapa NpuBedeHa Ha
puc. 2.5.
18
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A A
w? R?
49
\ 4
A A
2
= W’ R
49
T \ 4
A
=~
vy 4

T

Puc. 2.5. Ontopbl gaBneHus

2.3. NlabopaTropHaa ycCTaHOBKa

— .

Puc. 2.6. Cxema nabopaTtopHou
YCTaHOBKKU: 1 — uunuHapude-
CKMM cocyd;, 2 — anekTpoasura-
Tenb; 3 — YactoTomep; 4 — Ka-
peTka; 5 — BepTMKanbHbIN LUTOK;
6 — MepHad urna; 7 — Hanpas-
naowas

JTabopaTtopHas yctaHoBKa (puc. 2.6) coctouT
M3 uUunMHOpu4Yeckoro cocygal AanamMeTpom

16 cm, BbICOTOM 16 CM, 3anMOfHEHHOro Ha 23

obbema TpaHcchopmaTopHbIM Macriom. Cocya
NpMBOOUTCA BO BpalleHWe JarekTponsurarte-
nem 2 ¢ N3MEHAeMON YacToTou BpaweHus. Ons
N3MepeHUs 4YacTOoTbl BpaLLEeHUs WUCMonb3yeTcH
yactotomep 3. MepHas urna 6 npukpenneHa K
BepTUKarbHOMY LUTOKY 5, nepemellatoliemMmycs B
kapeTke 4. o wkane, 3akpenneHHON Ha LITOKe,
onpenensanTcs BepTuKanbHble OTMETKM cBoboa-
HOM MOBEPXHOCTU. KapeTka B ropuU3OHTanbLHOM
MNMOCKOCTU NnepemMeLlaeTcs no HanpasnsawLlen 7.
Lkana, 3akpenneHHas Ha HanpasnswoLien, no-
3BOMSAET yCTaHaBNuBaTb MEPHYK WUrMy Ha pas-
NMNYHBIX paguycax BpaLleHus.
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2.4. Nopapok BbiNONHeHUA paboTbl

1. [lo BkNoYEHNSA yCTaHOBKM B paboTy npu NOMOLLN MEPHOW UMbl NU3MEPUTL
OTMETKM CBOBOAHOM MOBEPXHOCTU XMAKOCTU B abcomtoTHOM nokoe Ny Ha ocu
LUNMHAPa U OTMETKY AHa umnuHapa Ny

2. BknounTb ycTaHOBKY. 3afaTb 4acTOTy BpalleHus n.

3. MNocne crtabunusaumm NOBEPXHOCTU XUOKOCTU B OTHOCUTENBHOM MOKOE
N3MepuTb OTMETKy cBoboaHoM nosepxHocTn Ng Mo ocn umnuHapa.

4. YcTaHaBnMBas MEPHYH UMMy Ha pacCTOSHUAX I OT OCYM uunuHapa, 3aga-
BaeMbIX Npenogasarenem, U3MepuTb 0OTMETKM cBoBoaHoN nosepxHocTy Ni.

2.5. O6paboTtka pe3ynbTaroB

1. Onpegenutb YrnoByl CKOPOCTb BpaLleHus

w=PD (2.21)
30
2. OnpepenuTb pacCcTodHWE OT AHa A0 CTaTUYECKOro ypoBHSA
H=N,-N,. (2.22)

3. OnpenenuTb 3KCNepuMMeEHTanbHOE MOHMXKXEHNE YPOBHSI CBOGOAHOW mMo-
BEPXHOCTU MO OCU BpaLLeHMs

N, =N, - N,. (2.23)

4. Onpeaenntb TEOPETUYECKOE NMOHUKEHNE YPOBHSI CBOOOAHOM NOBEPXHOCTU
MO OCY BpaLLeHUs

2 D2
N, =WR (2.24)
49
roe R — paguyc unnuHapa, paBHbIA 8 ¢M; g — yckopeHue cBob6oaHOro nagexHus, g
= 980 cm/c”.
5. OnpenenuTb aKCrnepuMeHTarnbHbie opavHaThl z° Ans kaxaon otmeTkn Ni:
2’ =N; - N,. (2.25)
6. OnpegenuTb TeopeTYeckne opanHaThl z' Ans kaxaon otmeTku Ni:
2
=W (2.26)
29

7. OnpenennTb OTHOCUTENbHYH MOrPELLIHOCTb 3KCNEePUMEHTANbLHOro onpe-
AeneHns opavHaT

T_ 0
dz=24"%x00%. (2.27)
v
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8. Onpegenutb MaHOMETPUYECKOE AaBfIEHNE Ha OHO UMnuHapa ans sagax-
HbIX 3HAYEHWUMN T;:

W2 r2 0

29 5

roe r — NAOTHOCTb XuakocTu, r = 920 kr/mM® (TexHUYeckoe Macno).

9. MNMocTponTb anNpbl AaBMEHUN Ha OHO U CTEHKY uunuHapa (cMm. puc. 2.5).
PekomeHngyembii macwtad 5 mm — 0,1, 0,2 klMa.

OKcnepumeHTanbHble faHHble W pe3ynbTatbl 06paboTKM 3aHOCATCA B

Pr =1 ggh + (2.28)

Taobn. 2.1.
Tabnuuya 2.1
AKcnepuMeHTanbHble AaHHble U pe3yNbTaTbl 06pPaboTku
A s )
5183 I |flea B x.0.3 8o
= S o
< I o = x I — I
© 8le g © S |58 v&s $3S8csas| « |fR(GH
| @ >|C o =] 2 o >3599 Sl 3 580 © 592w
Ne| © I—E cho- 8 < OE m%g o O s EO% ('E qI:)I s T
- @ O log|l X¥XaXxX| oEFEo|8 4 x = Qo
|l sg|® o ¥ O L 3 E =
nnl 5 T s X |S¥X|Soa|0kr I|E o S S0l b
= O Q @© © | T 9 T O S o A T o o [®) I
2loQ|grcE 5 n EQ Sc5Ffa FZIES oFa a oE'gﬁ:)
& Z|Ex| £ | g |22%cg52 828 dse & |£¢g|?s
E|lo ® O E 1658 o E ormsFE Clo®
slEE £ | >|88 & g & °© 2=
051:[ D“_SO ™ o
N,ZZI NH: ~0| nl W| Hl N3| NT: r|l N“ Zi3| Z|T| le p,ZZ:
cM| cm | cm | 06/MuH |06 | cM |cm [cm | M cM |em|em| % | Na
112 3 4 5 6 7 8 9 10 11 12 | 13 14 15
1
9

2.6. KoHTpONnbHbIE BONPOCHI

1. Kak nameHsietcs gaBneHvme Boonb ocu X npu abcontoTHOM rnokoe?

2. Kak nsmeHsietTca gasrieHne BOOSMb OCU X, eCnn cocyq C XUOKOCTbIO OBU-
XeTca NPAMOSIMHENHO C NMOCTOAHHBLIM YCKOPEHMEM, COBMNagaolWwmM ¢ Hanpasre-
HMem ocu X?

3. Kak nsmeHsietca gasrneHue BOOMb OCU X, eCnu COCyh C XUAKOCTbKO OBU-
XeTca NPAMOSIMHENHO C NMOCTOSAHHBbIM YCKOPEHWEM, HarnpasSieHHbIM MPOTUBOMO-
NOXHO HanpasreHu ocu X?

4. Kak nsmeHsieTcs gasneHue BOOMb OCU X, eCnu COoCyL C XUAKOCTbKO OBU-
XeTcH B HanpaBIieHUN OCU X paBHOMEPHO U NPAMOSIMHENHO?

5. Y710 Ha3bIBaeTCA CBOOGOAHOM MOBEPXHOCTLIO U MOBEPXHOCTAMM YPOBHA?
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6. Kak nsmeHsetTcsa gasreHve BOOMb paguyca cocyda C XUOKOCTbH, Bpa-
LatoLwerocsi ¢ NOCTOSAHHOM 4acTOTOM BAOSMb BEPTUKANbHOWM OCK, MPOXOAsiLLENn
yepes ero cepeuHy?

7.4710 npeactasnsaeTt cobon cBoboAHAA NOBEPXHOCTb, €CAN COCYA C XUOKO-
CTbIO ABWXETCHA paBHOMEPHO U NPAMOSIMHENHO?

8.4T0 npeactaensieT cobon cBoboaHas NOBEPXHOCTb, €CNN COCYA C KUAKO-
CTbIO ABMXETCHA NPAMOSIMHENHO C MOCTOSAHHBIM YCKOpPeHUem?

9.4T0 npeactasnsaet cobon cBoboaHAA NOBEPXHOCTb, €CAN COCYA C XUOKO-
CTbIO BpaLlaeTcs BOKPYr BepTUKaribHOM OCU, NMPOoXoAsLuen Yyepes LIeHTp cocyaa?

10. Yt0o npegctasnseT cobon cBobogHass MOBEPXHOCTb, €CNN COCYA C Xua-
KOCTbIO paBHOMEPHO ABMXKETCS MO OKPYXXHOCTN?

11. Kak nameHsieTca yron mexagy cBob60gHOM NOBEPXHOCTbIO U FOPU3OHTarb-
HOW NJSTIOCKOCTBIO NPU NPAMOSIMHENHOM YCKOPEHHOM OBMXEHUM cocya C XUOKO-
CTblO, €CIIN YCKOpeHWe Bo3pacTaeT?

12. Kak nameHsieTca nosioxxeHne BepLUMHbl napabonouga npu yBenuveHuu
4acTOTbl BpaLleHNda cocyaa C XUOKOCTbIo?

13. Yto npeactaBnseT cobon anopa AaBNEHMs Ha AHO cocyda C XXWOKO-
CTbIO, BpallarwLerocss ¢ NOCTOAHHOM YaCTOTOM OTHOCUTESTbHO BEPTUKaNbHOW
OoCH, NpoxoasLen yepes LeHTp cocya?

14. Yt0 npencrasnseT cobon anopa gaBreHnss Ha AHO, eCrn cocyd C Xua-
KOCTbIO ABWXETCH PaBHOMEPHO U NPSMOSIMHENHO?

15. Yto npeacraensieT cobon anopa gaBreHnss Ha AHO, eCrn cocyd C Xua-
KOCTbIO ABWXETCS MPSMOSTMHENHO C NOCTOAHHBLIM YCKOPEHNEM?

16. Yto npencraensieT cobon anopa gaBreHnss Ha AHO, eCrn cocyd C Xua-
KOCTbIO ABMXETCA NO OKPY>KHOCTU C NOCTOSIHHOW CKOPOCTbLHO?

17. B kakon To4ke OHa cocyda C XUOKOCTbIO, BpallaroLerocs BOKpyr BepTu-
KanbHOW OCu, AaBneHne MUHUManbHO?

18. B kakon To4ke OHa cocyda C XUOKOCTbIO, BpallaroLerocs BOKpyr BepTu-
KanbHOW OCW, AaBneHne MakCumMasbHO?

19. Kak nnoTHOCTb XXMAKOCTM BNUsSieT Ha hopMy cBO6O4HOM NOBEPXHOCTU?

20. Kak BA3KOCTb XnaKocTu BAnaeT Ha hopmy cBOHOHOM NOBEPXHOCTU?

21. [pun Kakom YyacToTe BpallEeHNS BOKPYr BepTMKarbHOW OCK cocyaa, 3anors-
HeHHoro Ha 0,5 BbICOTbI XXWUAKOCTbIO, OrofINTCA AHO?

22. [1pn Kakom YyacToTe BpalleHUs BOKPYr BepTMKarbHOM OCU cocyaa, 3anors-
HEHHOro Ha 0,7 BbICOTbI XWOKOCTbO, NPOM3OMAET NepenNmB Yepes ero BOKOBYIO
NOBEPXHOCTbL?

23. Hemy paBHO gaBneHMe Ha BEPXHIOK KPbILWKY Y CTEHKW cocyda, 3anos-
HeHHoro Ha 0,75 BbICOTbI, BpallaloLLEerocss BOKpYr BepTUKarbHOM OCU C YacTo-
TOW, NPU KOTOPOW OronisieTcs AHO No OCY BpaLleHns?
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JNlaboparopHasa pabora Ne 3
PACXOOOMEPBDI

3.1. Uenb paboTtbi

N3yunTb yCTpOMCTBO, MpMHUMUMN PpaboTbl CKOPOCTHbLIX CHETYMKOB XXUOKOCTW,
BbIABUTb XapakTep W3MEHEeHUsl MNOrpeLHOCTU WM3MepeHuUss B 3aBUCUMMOCTU OT
pacxoga xungkoctu. O3HaAaKOMUTLCA C YCTPOMCTBOM WM MpUMHUMAOM paboTbl pac-
XOOQOMEepPOB MNepeMeHHOro U NOCTOSAHHOrO rnepenaga AaBfieHUa N NOCTPOUTbL Ta-
PUPOBOYHbIE rpacuKu.

3.2. TeopeTuueckKue ceefeHunA

3.2.1. O6beMHblIe pacxogomepsbl

[ns yyeta KonuyectBa XMAKOCTU, pacxooyemMon oTaeNbHbIMU HEGONbLLUMMM
notpedbutenaMmmn (kunble N obLWECTBEHHbIE 34aHus, HebonNbLINe NpeanpuaATUus,
OTAEeNbHble uUexa), Hanbonbllee pacnpoCTPaHEHME MONYYUNIN MexaHU4eckme
CKOPOCTHbIE CYETHYMKN BOAbI.

MO KOHCTPYKTMBHOMY MCIMOSMMHEHUIO CKOPOCTHbIE (TaXOMETPUYECKME) CYHETUM-
KM XXWOKOCTU NoApas3aensioT Ha ABE OCHOBHbIE PYNMbl: KpblfibyaTblie U TypOuH-
Hble. Y KpblflbYaTbiX CHETYMKOB OCb BpaLLEHUS KPblfibYaTKM pacnosioXXeHa nep-
NEHOMKYNAPHO HanpaBfEHUIO ABWKEHUS XUAOKOCTU, a y TYPOMHHbIX OCb Bpalle-
HUA TYPOUMHKN NnapannenbHa HanpaBlEHNIO ABUKEHNS XXUAOKOCTMW.

MpuHUMN OENCTBUS CKOPOCTHbIX CYETYMKOB XMOKOCTM OCHOBAH Ha namepe-
HUN Yncna obOpPOTOB KpbIfibYaTKM UM TYPOUHKN, NPUBOANMBIX B OBMXEHME MO-
TOKOM MpOTeKalLWen Yepesd CYEeTUMK XKUOKOCTU. Yncno obopoTOB KpbifibYaTKu
nnn TypOMHKM NPONOPUMOHANbHO KONMUYECTBY MNPOTEKAKLWEN 4Yepe3 CYeTYUK
xunagkoctn. OCb KpbinbYaTkM UM TyYpOMHKM C MOMOLLbLI NepeaaTtovyHoro mexa-
HMU3Ma CoeAMHEeHa CO CYETHbIM MEXaHM3MOM, KOTOPbIN, y4MTbiBasa Yncno obopo-
TOB, NOKa3blBaeT KOSINYECTBO NpOTEKaKLLEN Yepes CHETUMK XXNUOKOCTN.

MeTponornyeckumm napameTpamMm CHETHYMKOB BOAbI ABNAOTCA nNpeaensl 40
NyCKaeMoW MOrpeLlHOCTU B pasfnMyHbIX AnanasoHax U3MepaeMblX pacxodoB WU
Knacc cyetymka. MeTponornmyeckme Knaccbl CYETYMKOB Mo knaccudpukauum NCO
(ISO - International Organization for Standardization) npuBegeHsl B npusn. 1.

BaxHenwmnmn xapakrepmcTmkamm CYETYMKOB, C MOMOLLbI KOTOPbIX MOXHO
0OBEKTMBHO OLEHUTb NX METPONOrMYyeckne napameTpsbl, ABAATCA cneayoLlme
doMKCHMpyeMble 3Ha4YeHNa N3MepsieEMbIX PacxXoaoB:

Quaxe — MAKCMManbHbIA pacxod, NPy KOTOPOM CHETUYMK MOXET paboTaTb KpaT-
KOBPEMEHHO, He Boriee OAHOro Yaca B CyTKMU;

Quov — HOMUHATMbBHBIA pacxod, NPy KOTOPOM CHETYMK MOXET paboTtaTb Anu-
TenbHOEe BpeMS;

Q, — aKcnnyaTauMoOHHbIN pacxond, NP KOTOPOM CHETUMK MOXET paboTaTtb He-
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NpepbIBHO B TeYEHMNE BCErO CPOKa AKCrnyaTaumm;
Q. — NepexoaHbI pacxod, pasgensowmi pabounin gmanasoH Ha ABa nogama-
NasoHa C pasnuyHbIMU NpegenamMmm 4onyckaeMon OTHOCUTESTbHOW MOrPeLLHOCTH;
Quun — HAMMEHBbLIMI pacxod, ANA KOTOPOro HOpMUpyeTcs npeaen gonyckae-
MOW OTHOCUTENbHOM NOrPELLHOCTH;
Qu.q — NOPOr YyBCTBUTESIBHOCTU, T. €. TAKOW HAaUMEHbLLNA pacxon, Npu KoTo-
POM HauYMHaeTCcs yCTon4MBOE BpaLleHne paboyero opraHa cyeTymka.
MeTponoruyeckme kayectBa CHETYMKOB MOXHO OLIEHUTb, UCMNOSIb3Yys rpaduk
NorpeLHoCcTN aTnx npnbopos (puc. 3.1).

d, %A
+5 - -

+2 F—---
/(\ QHOM Q,Msll-l

QMm | QH \Qa/t 1 QM;C

5 -

Puc. 3.1. 'padpMKk M3MEHEHUs1 MNOrpeLlHOCTU CKOPOCTHbIX CYETYUKOB:
1 — pakTnyeckasa NorpeLlHoOCTb; 2 — OoNyCKaeMble NorpeLHOCT

KpbinbyaTtble cyeTyuku BoAabl. KpblribyaTble CYETYUKN BOLbl BbIMOMHAKOT
OAHOCTPYWUHLIMU U MHOFOCTPYWHbLIMW. B KpblfibMaTOM OLHOCTPYWMHOM CYETYMKE
(puc. 3.2,a) BoOga nNoaBOAUTCA K KpblNbYaTKe OAHOW CTpyen, HarnpaBfeHHOW Mo
KacaTesibHOM K OKPY)XHOCTU, NPOXoAsLen Yepes LEeHTPbl JIONaToK KpbliibyYaTKy.
B MHorocTpyrHbix cyetdmkax (puc. 3.2,6) Boga C NOMOLLbIO HanpasnsoLwero
annapara noaBoAUTCA K KpblfibY4aTKe HECKOSIbKUMW CTpyMKamu, paBHOMEPHO
pacnpegeneHHbIMU No ee OKPYXKHOCTH.

Puc. 3.2. Cxema ABwxeHUS BOObl B KpblfbyYaTbiX CHETYMKAX BOAObI: @ — B
OLHOCTPYMHOM; 6 — B MHOrOCTpPyMHOM; 1 — nogsogswmne KaHasnbl; 2 — oT-
BoAsLLME KaHanbl

OOHOCTPYMHBbIE CHETUYUKM NPOLLIE MO KOHCTPYKLMU, YEM MHOMOCTPYWHbIE, UMEKOT
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MeHblUe feTanen, MeHblume rabapuTHble pa3mepbl U Maccy, MeHee TpeboBaTtenb-
Hbl K KQYeCTBY XXWUIOKOCTU, NPOXOAALLEN Yepes
HUX. OCHOBHbIM HEJOCTaTKOM OAHOCTPYWMHbIX
CYETUMKOB SABMSIETCH OAHOCTOPOHHEEe aaBne-
HMEe Ha OCb KpbIfibYaTKM M OMOPHbIE MOALLUI-
HUKW, YTO NpmBOAMUT K 6onee GbICTpOMy U3-
HaLIMBaHUIO 3TUX JeTanemn.

Hanuune Hanpasnswowero annaparta cC
HebONbWNMM OTBEPCTUAMM Y MHOFOCTPYM-
HbIX CYETYMKOB MNPUBOAUT K TOMY, YTO MNpwu
3aCOpeHnn OJHOr0 WM HECKOSbKUX OTBEep-
CTUW pacrnpegeneHne CTpyek U ux Bo3neun-
CTBME Ha KpbIfbYaTKy MEHSATCS, YTO BedeT
K norpewHoctaMm wusmepeHund. Creposa-
TeNbHO, MHOrFOCTPYMHbIE CYEeTYMKM Oonee
TpeboBaTenbHbl K KA4eCTBY XWUOKOCTU, NPO-
Xo4siLen yepes Hux.

[Ana nepepayn BpawlaTtesibHOro ABuXe-
HUA OT KNblIbYaATKU K CYHETHOMY MeXaHU3My
Puc. 3.3. YCTpPOWNCTBO MarHWTHON MCnIglgbsj:i/oel:lr;;';ASLZMTA;I:?CZA):E;EH(SVTC'.r;\./l:ar?.e-
Myd)TbI Kpblib4aTblX CYETYUKOB BO-
obi: 1 — mariuT; 2 — seaylas Mycpta; PaType BOAbl pasnunyaloT CYETHMKW XOmnop-
3 — Begomast MydTa HOW N ropa4ven Boabl. B cyeTynkax XxonogHom

BOAObl, MpefHas3Ha4eHHbIX AN U3MEepeHUs
BOAbl C TeMnepaTtypoii Ao 40 °C, KpbinbyaTKka BbIMOMHAETCA U3 nnacTMacchl. B
cYeTYMKax ropsyen Boabl, NPUMEHSEMbIX 419 N3MEPEHUS BOAbI C TeMnepaTypon
00 90 °C, KpblnbyaTKa BbINOMHAETCA U3 NaTYHW.

KpbinbyaTble cyetymkn BCKM (puc. 3.4) KOHCTPYKTUBHO COCTOSAT U3 TPEX OC-
HOBHbIX BMOKOB: Kopnyca ¢ UbTPOM, U3MEPUTESNTbHON KaMepbl U CHETHOTO Me-
XaHu3ma.

T

AR R RN

£ — — ~{(3— — — Tl

Puc. 3.4. Paspe3 kpbinbyatoro cyetynka Boabl BCKM:
1 — Kopnyc; 2 — pa3genuTesibHbI OUCK; 3 — CYETHbIN Mexa-
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HU3M; 4, 5 — BeAOMbIN 1 BeayLWMin MarHuTbl; 6 — KpblnbyaTKa;
7 — punbTp-ceTKa; 8 — paboyasa kamepa; 9 — pybaluka

B kopnyce, U3roToBfIEHHOM M3 4YyryHa, HaxoguUTCA BUHT OS5 peryriMpoBaHus
MOrPEeLLHOCTN 3a CYeT Mporycka YacTu MoToKka BOAbl B 06X04 M3MepUTENbHON
kamepbl. PUNbTp MOXET OblTb CHAT ANs OYUCTKM 6e3 JeMOHTaxa cyeTuMka C
MecCTa YCTaHOBKMW.

MoTok BoAbl nNocne punbTpa NoAXOAUT K HXKHEN YacTu N3MEPUTESTbHON Ka-
mepbl. [NogHuMaschk BBepx mexay pyballkon n Kamepown, NOTOK Yepes Kocble
TaHreHuManbHO HanpaBSieHHble OTBEPCTUS NPOXOAUT BHYTPb KaMepbl U NpUBO-
AUT BO BpaLlleHWe KpbifibyaTKy C 3akpernsyieHHOW Ha Heu Beayuien nosioBUHOM
MarHMTHOM My Tbl. OnNopbl KpbliNbYaTKU U3roTOBIEHbI U3 KOpyHAA, YTO obecne-
YMBaET MX BbICOKYHD U3HOCOYCTOMYMBOCTb. [10 BUHTOBOW TpaekTtopuu BoAda Mo-
nafjaeT B BEPXHIOI YacTb U3MEPUTESTIbHOMN KaMepbl U Yepes3 BbIXOAHblE TaHreH-
LpnanbHble OTBEPCTUSA OTBOAMTCHA B BbIXO4HOW NaTpyboK cyeTyuka. Yepes Hux-
HIOKO CTEHKY pasgenuTeribHOro ctakaHa, U3roToBfIEHHOro U3 HEMarHUTHOro Mma-
Tepuana (flaTyHb), BpaweHue BeayLen Yyactu MarHUTHoOU My Thl nepegaeTtcs u
ee BeJOMOW YacTun, pacrnosnioXeHHON B CHETHOM MexaHu3me. Pegyktop cHeTHOro
MexaHu3Ma U OTCYETHOE YCTPOMCTBO C PONMKaMu, CTpenkamm U CUrHarbHOW
3BEe3J04KON NOMELLEHbl B repMeTU3NPOBaHHbIN CTakaH, 3aKpbITbI CTEKITOM.

OTCYeTHOE YCTPOMCTBO MMEET MNATb POSIMKOB Af1s1 U3MepeHns obbema BOAb!
B KybOMeTpax M CTperioyHble yKasaTenu, UCNosib3yeMble TOMbKO Mpu MOBEpPKE.
CurHanbHasa 3Be3foyka npedHasHadeHa onga GbicTporo onpegeneHus paboTo-
CNOCOBHOCTM cHEeTUYMKA NPU NOBEPKE BMECTE C OMTOINEKTPOHHbLIM Y3510M CheMa
curHana.

OcHoBHble NapaMeTpbl KpbifbyaTbix cyeTymkoB BCKM npuBeaeHs! B npun. 2.

TypOuHHbIEe cyeTuYnKkn Boabl. OCHOBHON YaCTblO TYPOMHHBLIX CHETYNKOB BO-
Abl SBNsieTcs uMaMeputenbHas kamepa, obecneumBawwias npeobpasoBaHue
CKOPOCTW NOTOKa BO BpalaTenbHOe ABMKEHNE TYpOMHKN.

TypOUHHbIE CHETYMKN UCMOMbB3YIT N9 U3MEPEHUST PacXo4oB XONOL4HOW BO-
abl TemnepaTypoit Ao 40 °C. [Ina usmepeHuss pacxonos BoAbl TeMnepaTtypoit 10
90 °C NpUMEHSIIOTCA CYETUMKM, B KOHCTPYKLIMM KOTOPbIX UCMOMb3YIOTCA Creuu-
anbHble TEPMOCTOMKMNE NyiacTMaccehl.

Typ6uHHble cyeTumkn CTB (puc. 3.5) KOHCTPYKTUBHO COCTOAT U3 CReayoLmnx
OCHOBHbIX YacTeln: Kopnyca, U3MepuUTESNIbHON KaMepbl, CHETHOro Broka u pery-
ndaropa.

Kopnyc cyeTuMka BbINOMHEH M3 CEeporo 4YyryHa u npeacrtasnseTt cobon uu-
NNHOPUYECKYIO OTIMBKY C (hnaHuamun gng npucoegmHeHns K TpydonpoBoay.

N3meputenbHaa kamepa ycTaHaBNMBAETCH M KPENUTCA B pacToudke nepen-
HEen YyacTu Kopryca M COCTOUT M3 CTPYeBbINPAMUTENS, Kamepbl U TYpOUHKN C
ocbtlo. CTpyeBbINPAMUTESTb BbIMOMHAETCA U3 NOSIMMEPHOro MaTepuana un npea-
Ha3Ha4yeH Ons BbINPSMIIEHMS MOTOKAa, NOCTYMNalLWero Ha nonactun TypOuHKK.
OCHOBHbIMX Y4acTaAMK CTPYeBbINPAMUTENS ABMAAOTCA obTekaTernb U NIockue
pebpa. B cTynuue ctpyeBbinpaAMUTENSA pacnofioxeHa nepsasi onopa TypOuHKN.
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Kamepa npeactaBnsieT cobon nnacTtMacCcoBbI LMANHOPUYECKUI nNaTpybok, Ha
TOpUEe KOTOPOro pacnoriokeHa BTopasa onopa TypOVHKW, CBA3aHHasi C UWNUHA-
pUYECKOM YacTbio NaTpybka YeTblpbMA pagmanbHbiMU pebpamu.

. o 3
{ [ [h

4 S5y
/ )
B /
3 nl b
2 .
1 6 9 8

Puc. 3.5. Paspe3 TypbuHHOro cuyetymka Boabl: 1 — KOpNyc;
2 — n3meputenbHaga kamepa; 3 — cTpyeBbInpaMUTENb; 4 — pe-
rynatop; 5 — 600K cH4ETHOro MexaHmama; 6 — TypbuHka; 7 — ya-
Wwa; 8 — 3armyLwka; 9 — MmarHuTHaa mydTta

AkcmnanbHasa nnactmaccoBasi TypbuHka C BMHTOBbIMW fonacTamMu umeet
cTalibHyl0 OCb, BpallaloLLyCs B MNOALUMMHUKAX CKOJIBXEHUA U3 rpacoutoBOro
martepuana, obnagarLlero B nape co Crtanbl HU3KUM KO3(PPULMEHTOM TPEHUSA
N BbICOKOM W3HOCOYCTOMYMBOCTbLIO. TopueBas onopa TypbuHKu npeacTtaBnser
cobow cneunanbHbIn KOPYHAOBBIM HAKOHEYHUK, KOTOPbIA Npu paboTe ynupaeTcs
B OMoOpYy, TakXke BbIMNOMMHEHHYIO U3 KOPYHOA U BCTPOEHHYI B KPECTOBUHY CHETHO-
ro 6rnoka. bnok c4eTHOro MexaHnama, KpoMe KpeCTOBMHbI, BKITOYAET Yally 1 3a-
rnywky. B KpecToBuHe pasmellaeTcsa KoHu4yeckast 3ybuatas nepefada u mar-
HUTHaa MydTa, a B Yalle pacrnonoXeHbl 3yb4aTbii KOHUYECKUA PEAYKTOp U OT-
cyeTHoe yctponctBo. Cuyetumkn CTB mMMeT CTPenoyHO-poSIMKOBbLIA CHETHbLIN
MEXaHMU3M N CHabXeHbl CUrHanbHOW 3BE3404YKON, ABNAKOLWENCS WHAUKATOPOM
BpaLLeHnsa TYPOUHKN.

Perynatop npegHasHayeH Ans npyBedeHus Yncrna obopoToB TypOUHKKU B CO-
OTBETCTBME C MNOKa3aHMUSIMM OTCYETHOro YCTpPOUCTBa B npegenax OornycTUMOW
NOrpeLHoCcTn cyeTumka. Perynatop npencrasnseTr cobown nnactuHy, KoTopas
3aHMMaeT mecto pebpa cTpyeBbinpsMmutens. MNMoBOpPOT NnacTuUHbl perynaropa
OTKSIl0YaeT YacTb NOTOKa, N0gaBaeMoro Ha TypOuHKY B Ty UK OPYryi0 CTOPOHY,
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3amMeanssi Unu yckopssa BpalleHme TyporHKN.
OcHoBHble NapameTpbl TYpOMHHbIX cyeTymkoB CTB npeacraeneHsbl B npun. 3.
3.2.2. PacxogomMepbl NnepeMeHHOro nepenaga aaBrieHUsA

[MpuHUMN n3MepeHna pacxoga pacxogoMepoM NepeMeHHoro nepenaga nas-
NeHnsi OCHOBAH Ha TOM, YTO B 3aBMCMMOCTW OT pacxoja BellecTBa U3MeEHAEeTCH
nepenasg OaBfeHUs Ha HENOOBWXHOM CyXalLleM YCTPONCTBE, YCTaHOBIIEHHOM
B TpybonpoBoae nnu anemeHte Tpybonposoaa (KOmneHo).

Pacxonomepbl nepeMeHHOro nepenaga gaBreHus COCTOAT U3 TpeX dJieMeH-
TOB: CyXalLllero ycTponcTea, AndpdepeHumanbHOro MaHoMeTpa ong nsmepe-
HUSA nepenaga gaBrieHnst U COeaVHUTENbHbIX MNUHUI C 3anOpHON N NpeoXpaHn-
TeNbHOW apMaTypon.

[MpumeHaTCA crnegyowune cTaHgapTHble CyXawuine YcTpoucTea: Auva-
dparmbl, conna, conna BeHTypu n Tpybbl BeHTypw.

TeopeTnyeckme OCHOBbLI U3MEPEHUSI pacxoda C MOMOLLLI CYXaroLWwmx
YCTPOMCTB. YCTaHOBIEHHOE B TpybonpoBoge cyxatollee ycTponcTteo (puc. 3.6)
NPUBOAUT K YBENUYEHUIO CKOPOCTU B CYXEHOM ceuveHun. B pesynbTate yactb
NOTEHUNaNbHON SHEPrUn SaBreHNsa Nepexo-

OUT B KMHETUYECKy, MO3TOMY CTaTuyeckoe 0

AaBrieHne B CY)X€HOM CeYeHUN CTaHOBUTCAHA

MeHbLLlEe CTaTM4YeCKOoro AasfieHnda nepeq cy-

Xawwmum yctponctesoMm. lNepenan pasneHuin |

3aBMCUT OT CKOPOCTU ABWXEHUs xuakoctn, a 0 Q = 0
cneposaTenbHO, U OT pacxoaa.

[ns BbIBOOa OCHOBHOMO ypaBHEHUS pac- 11 2]
xoja >KV|.D.KOCTV|,U npoTekalollen 4Yepe3 Cy-  Pyc. 3.6. Cxema uaMepeHusi pacxoaa
Xawwme ycTpoucTBa, WUCMONb3yeTcs ypas-
HeHue [. bepHynnun, coctaBneHHoe onsa cevyeHmn 1-1 n 2—2. CeyeHuve 1-1 BblI-
OupaeTcs nepea CyXarLnmM yCTPONCTBOM, a CEYEHNE 2—2 — B CXKAaTOM CEYEHUM.
IMNockoCTb CpaBHEHNS MPOBOAUTCSA MO ocu Tpybonposoga. NoTtepn Hanopa Me-
XAy CEYEHUSIMU HE YYNTbIBAKOTCS.

B aTom cnyyae ypaBHeHue bepHynnu nmeet Bua

11 21

2 2
Py +31V1 _ P2 _I_anz _ (3.1)

rg 2g rg 2g

MpyHMMas BO BHMUMaHWE a; = a, = 1, UCNONb3ys ypaBHEHUE HEPa3PbIBHOCTYU

Vi W) =V, Wy, U YYUTbIBadA, 4To &- & =h, pelwlaeTcqa ypaBHeHNE OTHOCUTEITbHO
rg rg

V1.
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L%JH (3.2)
97

eWo g

TeopeTuyeckuii pacxoa B TpyGonpoBoae onpeaensieTcs no opmyne

lezz_g Jh. (3.3)

&Nl

Qr=wv; =

—=x -1
eWz;a

BbipaxeHue w; /2 /‘/g— -1 3aBUCUT TONbKO OT reOMeTpUYEecKux pas-
eWs g

MepoB OaHHOro pacxogomepa n ABnAeTcA NOCTOSAHHOW BENNYNHON:

wiy29 (3.4)

2
L
eWo g

Toroa ypaBHeHWe pacxoaa NpumeT By,

Qr =C+/h, (3.5)

roe C — NOCTOAHHAas pacxogomMmepa.

Mpn BbIBOAE 3aBUCMMOCTU (3.5) HE yu4nTbIBANUCL NOTEPU IHEPTUN, NOITOMY
dakTuyecknn pacxoq OyaeT MeHblle TeopeTudecKkoro. OTO HEeCOOTBETCTBUE
pacxo4oB xapakrtepusyeTcsa KoadhdpunumeHToM pacxoda

-Q (3.6)
Qr
OkoH4aTenbHas popmyna gns onpegeneHnsa pacxoga npMHUMaeT cneayto-
LM BUA;:
Q=mcC+h = Ah, (3.7)
roe A — koadpdnumeHT pacxoga pacxogomepa,
A=nC. (3.8)

KOHCTPYKTMBHbIE OCOGEHHOCTU CyXakLlKUX yCTPOUCTB. [Mpn namepeHumn
pacxoga MeToAOoM MNepeMeHHOro nepenaja fasreHus UCNoNb3yTCs npasuna
N3MepPEeHUsa pacxona rasoB U XUOKOCTEN CTaHOAAPTHLIMU CyXaloLUMN YCTPOUCT-
Bamu P[150-213-80.
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CtaHgapTHble (HOpMarvM3oBaHHbIE) CyxalLllme YCTPOMCTBa OOSMKHbI OTBe-
YyaTb TpeboBaHMAM 3TUX MPaBUi U NPUMEHATLCA ANS U3MEPEeHUs pacxoda Be-
LecTBa 6e3 nx nHaMBuAyanbHOW rpagynpoBKN.

Ouvadparmbl. [Npu namepeHnn pacxoga XUAOKOCTU LUMPOKOE pacrnpocTpaHe-
HWe nonyyunu gmnadpparmel, 6na-
rogaps nNpocToTe KOHCTPYKUMU, g -
yaobCcTBY MOHTaXa M AeMOHTa-
xa. CTtaHpgapTHble Anadparmbl
(puc. 3.7), npeacraesnsawoLme co-
Oon AucK C OTBEpPCTMEM, MOryT
OblTb C yrnoBbIM unn cnaHue-
BbIM cnocobom oTbopa nepenaga
AaBrieHus.

KoHCTpykTMBHO  anadpparvbl
BbIMOMHATCA KaMepHbIMU  UInKn < ) e
B6eckamepHbiMU. B 6eckamepHbIX \
Anacgpparmax otbop nepenaga
AABIieHMS OCYLLIEeCcTBAAeTCca 4e-
pe3 oTBepcTus B Tpybonposoae
nnu cpnaHuax.

KonbueBble kamepbl npegHa-
3HayalTCa ANS OCpeaHEeHus U

N 6

N/

|

V.77
\ 77

dZO

jji G

D2o
1L

2
7

Puc. 3.7. Cxembl cTaHgapTHbIX anadparm: a — ¢
BbIPABHNBAHWA NABNEHNA MO Ne-  yrnopLiv cnoco6om oT6opa nepenaaa AaBeHUS;
pumMeTpy ceveHus. B pesynbTate 6 — ¢ gnaHueBbiM crocobom oT6opa nepenasa
9TOro NoBbIWAETCA TOYHOCTb U3- paBneHua | = 25,4 + 4, mm, raoe 4 3aBucut ot D n
MepeHns. Kamepbl BLINMOMHSIOT B MOZyNsi cyxatowero yctpoictea m= (d : D)?
obogax unn obonmax guadpar-

Mbl. [na Tpyd anametpom 6onee 400 MM KaMepbl BbIMOMAHATCA B BUAE KOSb-
LileBOW TPYyOKN, oxBaTbiBatoLlen TpybonpoBos.

TOYHOCTb M3MEpPEHUN pacxoda C MOMOLLbK Anadparm CylleCTBEHHO 3aBu-
CUT OT Ka4yecTBa UX YCTAHOBKN U Hanu4ynsa nepes HUMM y4acTkoB Tpyb pacyeTHo-
ro gnametpa 6e3 JONONHUTENbHbBIX NCTOYHUKOB BO3MYLLEHWI (3ayCeHLbl, CBap-
Hble LWBbI, KOJSIeHa, TPOMHUKK, 3anopHas apmaTtypa).

OCHOBHbIM HegocTaTKOM [aua-
dparmbl aBnseTca To, YTO OHa 06-
nagaet 60onblWMM rMAPaBANYECKAM
CONPOTUBIIEHMEM U Bbi3blBaAET 3Ha- X
YuTenbHbIE NOTEPU Hanopa.

77
7

PacxogomepHble conna. Oc-
HOBHOEe YypaBHeHue pacxoga (3.3) a a -
cnpaeBeanueo u ansa conen. Pacxo- ~ | T~ T~"—1N=r T ~~ ~—— _ 7
aomepHoe conno (puc. 3.8) npea- \
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cTaBnsieT cobon YyCTPOMCTBO C KPYrfbiIM OTBEPCTMEM, MMEKLMM MMABHO Cy-
XKarLyCcda YacTb Ha BXOAE M LMIMHOPUYECKYIO YacTb Ha BbIXOAe.

TOYHOCTb M3MEPEHUS pacxoda COomnnamMm HECKOSIbKO Bbllle TOYHOCTU U3Me-
peHus auadpparmamun 6narogapsi OTCYTCTBUIO AOMNOMHUTENbHOW MOrPEeLIHOCTH
Ha HEeAOCTaTO4YHYK OCTPOTY BXOLHOW KpoMkM. Conna B KadecTBe CyXatoLmx
YCTPOWCTB AN pacXO4OMEPOB pacnpoOCTPaHEeHUst HE MONy4Ynnu, Tak Kak notepu
Hanopa B HUX HEMHOIMM MeEHbLUE, YeM B Anadparmax, a N3roToBrneHne nx 3Ha-
YNTENbHO CrOXHEE.

Cyxarwowmm ycTtponctsom, obna-
AAOLWNM BbICOKOW TOYHOCTbI M3Me-
PEHUA pacxojga W He co3jarwum
oonblWKNX MNOTepb Hamopa, sBnAdeTcs
consio BeHTypw.

Connom BeHTypu HasblBaeTcsa Cy-
Xawlulee YCTPOWCTBO, BXOAHAast 4acTb
KOTOPOro BbINOSIHEHA NO (hopme CTaH-
AapTHOro conmna, a B yCTbe MMeeTcs
KOHYC, CcrnyXawui Anss YMeHblUeHUs

a ¥ 3ss =

O By
el D

5 = =t

] S

! Typn. B cuctemax BogocHabGxeHus u

BOOOOTBEAEHUS 4alle WCMOoSb3yHTCS

Puc. 3.9. Cxema conen BenTypu: a — nepso-  YKOPO4Y€HHble corna BenTypu. Conna

ro Tuna; 6 — BTOporo tuna BeHTpr n3rotTaBnmMBarOT OBYX TUMNOB
(puc. 3.9).

MepBbIM TN NpegHasHadyeH Ans Tpyd € ycnoBHbIM npoxogom ot 50 go
200 MM, BbIMOMHSAETCA C COMSIOM M3 UBETHbIX MEeTasifioB U YyryHHbIM KOPMyCOM.
BTopon TMn npegHasHayeH gna Tpyd ycnosHbIM npoxodom ot 250 go 1400 mm.

Mpwn ycTtaHoBKke conna BeHTypu HeobxoamMmo cobniogatb COOCHOCTb TPYObI U
conna. Bénuau conna BeHTypu LOMKHbI OTCYTCTBOBAaTb WUCTOYHMKW, NPUBOAS-
LLINE K UCKaXXEHUIO NOoToKa.

TpyOobl BeHTypu. Tpybol BeHTypn 6binu npennoxeHbl paHee OpYyrux Cy-
aloLLMX YCTPOICTB. B 3aBUCMMOCTM OT pa3mepoB Anddysopa Tpybbl BeHTypu'
ObIBaAOT KOPOTKMMU U ONUHHBIMW. PasnnyatoT Tpu KOHCTPYKTUBHBIX MCMOSHEHUS
Tpy6 BeHTypu:

| N : | noTepb Hamnopa.
| | ) j B 3aBMCMMOCTV OT AJIMHbI W LieH-
—— | TpambHOro yrma KoHyca pasnuyaloT
| i ~ A AJIVHHbIE M YKOpPOYEHHble comna Bex-

! [IxoeaHHu Bammucma BeHmypu (1746—1822) — utanbsaHckuin yueHsin. C 1773 r. npodec-
cop yHuBepcuteta B MogeHe, 3atem B [NaBuin. Hanbonee nssectHbl paboTtbl BeHTypu B 06-
nactu rmgpasnuku. B 1797 r. onybnunkosan Ha ¢opaHLy3CKOM A3blke uccregosaHmne ob ncre-
YeHUU BOAbl Yepes3 KOPOTKME LNUHOpUYeckne U pacxogswimecs Hacagkm (Hacagku BeHTy-
pu). BeHTypu 3aHUMancsa Takke Teopuen LBeTa 1 HEKOTOPbIMU BOMPOCamMu OMTUKM.
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A — cTtanbHble cBapHble M3 nMctosBoro matepuana Ha D, = 200, 1400 mwm,
P, 0o 16 Mrla;

b — ¢ nuTbiMn HeobpaboTaHHLIMM BXOL4HBIMU YacTsaMn, obpaboTaHHoOWM rop-
nosuHon Ha D, = 100, 800 mm, P, no 25 Mlla;

B — ¢ obpaboTtaHHbIMM BXOA- )

HbIM NaTpybKoOM, KOHYCOM U ropro- 1 [ 3

BuHoM Ha D, =50,250 wmm, v 7(

P, no 4 MMa. Qi I =
Hanbonee npocTbiMu 1 yao06- \Tr 1l

HbIMW B W3rOTOBNEHUUN HABNAKOTCA o

CBApHbIE TPYOb! BEHTYpU. Puc. 3.10. Cxema Tpy6 BeHTypu: | — KopoTkas
CranpapTHele Tpybbl BenTypu Tpyba; |l — aonnHHas Tpyba; 1 — BxogHOW naTpy-

(puc. 3.10) COCTO%T U3 CNEAYIOWMX 6ok 2 — konbleBble Kamepbl; 3 — BXOAHOW KO-
OCHOBHbIX 4YacTeu. BXOAHOIO UW-  yyc; 4 — roprnoBuHa; 5 — BbIXOAHOW KOHYC; 6 —
nMHApa, CyXatlLllero KOHyca, rop- BbixoaHoW naTpybok
NOBWHbI, pacLLUNPAOLLErocs KOHyca
n BbiIxogHoro uunuHgpa. Bece yactn cobupatotcsa nytem ceapku. Ot6op gaene-
HUA OCYLLEeCTBNAETCA U3 YCpPeAHSALWMX KOorbLeBbIX Kamep. B HukHen 4vactm
KOMbLIEBbIX KAMEP YCTaHaBNMBaOTCS NPOOKOBbIE KpaHbl AN CAyCcKa XUOKOCTMW.
TpyObl BeHTypu npucoeauHsoT K CTanbHbIM TpybonpoBogam CBapKOMW.
B HekoTOpbIX cnyyasx gonyckaeTcd npucoeguHeHne Ha donaHuax.
OcobeHHOCTbIO CTaHOapTHbIX TPYO BeHTypu aBndetca nx manas metansno-
eMKOCTb. Heobxoaumble AnvHbl NpSAMbIX y4acTKoB neped Tpybamu BeHTypu cy-
LLIeCTBEHHO MeHblle, YeM nepeq Anadparmamu u connamu. Npenmyectsom
TPy ABNAIOTCA Manble NoTepu Hanopa, BO3MOXHOCTb M3MEPEHUs pacxoaa 3a-
rPA3HEHHOW XUAOKOCTU, JONTOBEYHOCTb. EAMHCTBEHHbBIM CYLWECTBEHHbIM HeaocC-
TaTKOM SIBNAETCHA IPOMO3KOCTb.

3.2.3. Pacxoaomepbl NOCTOSAHHOIO Nepenaaa AaBrieHUs

Pacxogomepbl NOCTOSIHHOrO nepenaga AaBieHUss OTHOCATCS K rpynne pac-
xogomMmepoB obTekaHusi, T. e. K pacxogoMepaM, OCHOBaHHbIM Ha 3aBUCUMOCTU
nepemeLlleHms Tena, BOCNPUHMMALOLLEro AMHaMn4eckoe AaBneHne obrekatoule-
ro ero NoToka, oT pacxoa U3MepsieMoi cpeabi.

N3mepuTenbHbIN OpraH aTUX pacxogoMepoB, NnepemMellasch BepTUKanbHoO, B
3aBMCMMOCTU OT pacxoda M3MeHsieT nnowadb KonbLeBoro 3asopa Takmum obpa-
30M, 4YTO nepenag gaBreHus No obe ero CTOpoHbl OCTAETCH NOCTOSAHHbIM.

HaunbGonee pacnpocTpaHeHHbIMW pacxogomepamMn MOCTOSHHOrO nepenaga
AaBneHus sBnsaTca potameTpbl. OCHOBHasi U3MepUTenbHasi YacTb POTaMeTPOB
— poTameTpuyeckas napa. PasnuyatoT Tpu Tuna poTameTpuyeckux nap (pwc.
3.11).

PoTtameTpuyeckasi napa nepBoro Tuna cocTouUT U3 U3MEPUTENBHOMO KOHyca U
nonnaeka (poTopa). ATa KOHCTPYKUUS MPUMEHSIETCA B CTEKMSIHHLIX U MeTanmnu-
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4yeckux potameTpax. [Mapa BTOporo tuna cocTouT 13 aAnadparmbl U nonnaeka u
NPUMEHsIeTCsl B MeTannmM4yeckux potameTpax. PoTameTpuyeckasl napa TpeTbero
BMOA COCTOUT M3 KONMbLEBOro nomnsnaeka, pa3MeLLeHHOro B 3a3ope Mexay BHeLu-
HUM W BHYTPEHHUM KOHycamu. Takue napbl MPUMEHSIIOTCS B MeTanIn4yeckmx po-
TameTpax Ans UsMepeHns 6onbLUMX PAacXod0B XKUAKOCTH.

a

Puc. 3.11. CxeMbl poTamMeTpUYECKMX Nap: a — napa NepBoro Tuna B CTEKMAHHbLIX poTaMeT-
pax; 6 — To )Xe B MeTanfM4yeckmx; 8 — napa BTOPOro Tuna; & — napa TpeTbero Tuna

TeopeTnyeckme OCHOBbI U3MEpPEHUs1 pacxoda Npu MOMOLLU POTaMeTpPoB.
PaccmoTpum poTameTpuyeckyto napy nepsoro tuna. [lonnaBok B notoke obTe-
KaloLLEeN ero XXnakocTn HaxoauTcsa nog gencramem cuctemol cun (puc. 3.12). Ha

NonsiaBoK OENCTBYIOT:
2 P 2 a) cuna TSHKecTu nonnaeka
=Waglr,-r 3.
FT TF G g( n )’ ( 9)
1 , e W — o6bem nonnaeka; g — ycKopeHne cBo60aHOro
- - nageHus; r, r, — MIOTHOCTb XXMAKOCTU U MIOTHOCTb
P2 mMaTepuana, n3 KOTOporo U3roToBSiEH MNOMNJSIABOK;
Py 6) cuna gaBreHus Ha BEPXHIOK YacTb Nonnaeka
Puc. 3.12. PacyeTHasi cxema P, =p,w,, (3.10)

rae p, — AaBneHune XnakocTu Ha NonnaBskoMm; W, — NNowaab nonnaeka;
B) CMIa AaBMEeHUs Ha HWXKHIOW YacTb nonnaska

R =pw,, (3.11)
roe p1 — AaBfieHUe XUAKOCTU No nonmnaBKoM;
) cuna TpeHusi NoToKa O NOonSIaBokK
F=Kvw;, (3.12)
roe K — koadpuuMeHT conpoTUBMEHNA MNOMNMaBka; Vk — CKOPOCTb OBWMXEHUA
XWOKOCTU B KONbLEBOM KaHane Mexay nonnaBkoM 1 CTEHKOW; W, — nnowaab 60o-

KOBOW YacTu nonsiaBka.
A) cuna guHaMmM4eckoro gaBrieHUs

33

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

2

Py =i 12w, (3.13)

roe | — ko3adduuneHT conpoTuBneHus (o6TekaHus) nonnaeka; r — MAOTHOCTb
XWOKOCTU; Vi — CKOPOCTb OBWXEHUS XUOKOCTU B cedeHnn 1-1 (cm. puc. 3.12).
[Mepenan gaBreHWa Ha NOMNNaBOK ONPeaesiuTCa 13 ycrnoBus paBHOBECUSA Mo-

nnaBeka:
P+G=R+P, +F; (3.14)
2
pZWn+Wg(rn'r):p1Wn+j rV?an'l'KVKWﬁ; (315)
Y _

PLW, - PoW, =W g(r,-1)-j W - K Vi W, ; (3.16)

waglr,-r) . V¢ W,
P, - pZ:L-J r—=- Kvg —2. (3.17)

W, 2 W,

[ns BbIBOJa OCHOBHOIO ypaBHEHUS pacxoda XWOKOoCTH, NpoTeKarLlen yepes
poTamMeTp, COCTaBuMM ypaBHeHue bepHynnu gns cedeHun 1-1 mn 2-2 (cwm.
puc. 3.12):

2 2 2
aV a,V V.
Zl+p1+11222+p2+22+22 (3.18)

g 29 g 29 29

Pewasa coBmecTHO ypaBHeHua (3.17) u (3.18), nonyyMm 3aBUCUMOCTb ONS
ornpenesnieHns CKOpoCTU ABMXKEHNS XKUOKOCTU B KOSMbLLEBOM KaHane

Vk = kl\/—2 gW(r n” T ) , (3.19)
rw,
Torga pacxon onpeaenuTcs Kak
Q:meJEQNQLLQ, (3.20)
rw,

roe ki — KoapduumeHT pacxoga potameTpa; W, — nrowanb KonbueBoro 3asopa
MeXay NOonaBkoM U CTEHKOWN.

KoadbpurumeHT pacxoga potameTpa 3aBUCUT OT yria KOHYCHOCTWU, dOpMbl U
Beca nonnaska, NIIOTHOCTU U BA3KOCTU XWOKOCTU; YCTAHOBUTbL €ro, Jaxe Ans
Kakux-rmbo aTanoHHbIX YCHOBUIA, NMPaKTUYECKN HEBO3MOXHO. [10aTOMY Npu n3ro-
TOBMEHUN poTaMeTpPOoB npuberatoT K NX 3KCNepUMeHTanbHON rpagynpoBKe.

KoHcTpykuumn potameTpoB. [10 KOHCTPYKTUBHOMY UCMOSNMHEHUIO POTaMETpPbI
noapasfensatT Ha CTeKrsiHHble C MeCTHbIM oTcdeToM (PM) n metannuyeckue ¢
anektpudeckum (P3J) nnu nHesmatmnyeckum (PI1) BbIXO4HBbIM CUTHANOM.

PoTtameTpbl Tvna PM co cTteknsHHOM Tpybkon (puc. 3.13) 3amMeHsoT paHee
BbinyckaBwmecs Tuna PC.
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[MonnaBok y potameTpoB Tuna PM B 3aBUCMMOCTM OT NpeaesioB U3sMepeHns
N3roTaBnNuBalT M3 CTanu, aHOLMPOBAHHOIO AOPanNtOMUHKNA, 300HMUTa UK TUTa-
Ha. PoTtameTpbl aTtoro Tuna moryt pabotaTtb nNpu TemnepaType M3Mepsaemomn
cpenbl B npegenax ot 5 4o 50 °C. OHW HaxoOAaT WMPOKOE NMPUMEHEHUE B Hayu-
HbIX UCCNeaoBaHMUsAX, a Takke B NPOMbILLSIEHHOCTU ANS U3MepeHns HebOonbLINX
pacxodoB XMOKOCTU K rasoB (Hanpumep, B xnopatopax JIOHNNACTO). OcHos-
Has HanbonbLlias anBe,ueH%aﬂ NOrpeLwHocTb coctaBndet + 2,5 %.

ey T rl
p—— ek 3

T

wE S A LA T S A L T

3 S
o) b Ml

Puc. 3.13. PoTameTpbl CO CTEKNAHHOW U3MEPUTENBHOW TPYOKONA:
a — ¢ (pbnaHueBbIMM COEAMHEHMAMMK; 6 — C 3aLUTHOW TpyOKoN;
8 — CO WTyuepamu ansa wnaxdros; 2 — PC-3A

PotameTpbl TMna P3O ¢ AUCTaAHUMOHHON 3SIEKTPUYECKON Nepedaden nokasa-
HUW COCTOSAT M3 [ABYX OCHOBHbIX YacTeW — pOTaMETPUYECKOMN U INEKTPUYECKON
(puc. 3.14). PoTtameTpuyeckas 4yacTb npeacraBndeT ogHy 13 Tpex TUMNoB poTa-
MeTpUYEeCKUX nap, pasMeLLeHHbIX B MeTanmyeckom kopnyce. [onnaBok XeCTKo
CBsi3aH C MOABWXHOM OCblO, NepemeLlarlencs BHYTPpU Kopryca. JIeKkTpuye-
CKasl 4aCTb COCTOUT U3 MHAOYKUMOHHOW KaTyLWKN U cepheyHuKa, 3aKpernneHHOoro
Ha ocu nonnasBka. KaTywka BkMYeHa B AuddepeHumnanbHo-TpaHcdop-
MaTOPHYI0 CXeMy BTOPUYHOro npubopa. dnekTpuyeckass 4YacTb 3almuieHa oT
nonagaHnsa n3mMepsieMon cpedbl U3MepUTENbHOM TPYOKOW, a CHapyXm — KOXY-
XOM. PoTameTpbl NOCTaBASATCA B KOMMSIEKTE C BTOPUYHBLIM NPUBOpoM, Kak npa-
Buno, cepun KCL. HwkHUA npegen namepeHus potameTtposB Tuna PO He 6onee
0,2 oT BEpPXHEro, Kfiacc To4HOCTH 2,5.

PoTameTpbl C NPOLEHTHOM WKaron U YHUPULUNPOBAHHBIM NMHEBMATUYECKUM
BbIxoAHbIM curHanom (0,02, 0,1 Mrlla) sbinyckatoT Tpex Tunos: PI1 ¢ koprnycom

35

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

n3 Hepxasewwen ctanu, PIN® ¢ kopnycom, apMnpoBaHHbIM dTOPONNIacToMm, n
PO c napoBbim ob6orpesom kopnyca. CBA3b nonnaeka ¢ NHEBMATUYECKOW CUC-
Temon B potameTpax Tuna PI1 ocywecTBnsaeTca 3a c4eT CABOEHHOrO MarHmTa,
YCTAQHOBJIEHHOIO Ha MOABWXHOM LUAPHMPE nonnaBka, KOTOPbIA Yepes3 CTEHKY
Koprnyca ynpasfisieT NOSIOKEHNEM Creasdawero MmarHuta u cBsi3aHHOW C HUM 3a-
CINOHKN. OTu Npubopbl NpeaHasHayeHbl Ans NMPUMEHEHNS BO B3PbIBOOMACHbLIX
Npon3BOACTBAX.

Puc. 3.14. Metannun4yeckue potameTpbl PO: a — ana manbix
pacxofos; 6, 8 — Ansa 60nbLUNX N CPEQHUX PACXOA0B

PoTameTpbl, 0COBEHHO CO CTEKNMSAHHOW TPYOKOM, TPEDBYOT TOYHOW YCTAHOBKM
no BepTukanu. OTKNOHEeHNe ocu poTameTpa OT BepTukanu Ha 1, 3° npuBoauT K
CYLLECTBEHHbLIM AONOSHUTESIbHBIM NOrPELLUHOCTAM N3MEPEHUS pacxoa.

K poctomHcTBam poTaMeTpoB crieqyeT OTHEeCTU CPaBHUTENbHO Hebonblune
notepu Hanopa (Dh £ 1 M), KOTOpble Mano 3aBUCAT OT pacxoda (Hanpumep, rnpm
N3MeHeHUN pacxoaa B 5 pas notepu Hanopa yeenuymearTcsa B 1,5, 2 pasa).

3.2.4. 9neKkTpoMarHMTHble pacxoaoMepbl

N3mepeHne ¢ NOMOLLLIO 3MEKTPOMArHUTHbIX PacXO4OMEPOB OCHOBAHO Ha
MCMONb30BaHUN 3aKOHA 3NEKTPOMAarHUTHOM MHAOYKUMK, B COOTBETCTBMM C KOTO-
PbIM B 3/1EKTPOMNPOBOAHON XWOKOCTW, Nepecekatoen MarHuTHoe none, vHAy-
LuMpyeTcs 34c, NPonopLMoHanibHas CKOPOCTU ABMXKEHUS XKUAKOCTH,

E=kBDv, (3.21)

roe k — koadppuumneHT NponopunoHanbHOCTU; B — marHuTHaa nHaykuus, Tn; D —

pacCTOSHNE MeXAY AreKTpoaamMu, M; V — CKOPOCTb OBWKEHUSA XUOKOCTH, M/C.
Pacxogomep (puc. 3.15) cocTouT 13 kopryca, N3roToBfIEHHOIro U3 HEMarHUTHOro

Martepuana, NoKpbITOro U3HYTPU SNEKTpPUYECKon mnsonsaumen (dproponnact, nosuv-
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ypeTaH, amarnb 1 ap). B cpegHeM cedeHunn TpyObl pacnonoXeHbl ABa AnameTpanb-
HO NMPOTMBOMOSIOXHbLIX APYr APYrY 3NeKTpoaa. ANeKTpPoabl N30NMPOBaHbl OT CTEHKU
TpYObl. B 3aBMCUMOCTI OT arpeCcCMBHOCTM XXMOKOCTW SMeKTPoadbl N3roTOBNSIOTCS 13
Hep)XaBeloLLen cTanu, TuTaHa, TaHtana. ObMoTka BO30Y»KOEHMS COCTOUT U3 OBYX
OOVHaKOBbIX KaTylleK, pasMeLLeHHbIX No 0b6e CTOpoHbl TpyObl. Tpyba c anekTpo-
AaMKU U C 3MeKTPOMarHUTOM HasblBaeTCcs NepBUYHbIM NpeobpasoBaTenemM pacxo-
Aa. HaBogumas agc mamepsieTcsl ¢ NOMOLLbH BTOPUYHOIrO Npubopa, KOTopbIn Mo-
XeT OblTb pasMelleH Ha npeobpasoBaTtenie pacxoda Wnu pacrnornaratbCsi OTAesNb-
HO. B HacTosiLLiee BpeMsi BTOpUYHble Npubopbl NpeacTaBnsoT coboi, kak npaBuno,
MWKPOMNPOLIECCOPHbIE YCTPOUCTRA.

KaTywiwm —
y AN BnekTpomarHuT

e TOMHEK
nepeMeHHOIS ToKa

— BTOPHHHLIF
— Kopnyc npuGop
JnexkTpogb!

|':

Puc. 3.15. OnekrpomMarHuTHbIN pacxogomep

3.2.5. YnbTpa3ByKkoBble pacxoaomMmephbl

PaboTa ynbTpa3ByKoBbIX pacCXo4OMEpPOB OCHOBAHa Ha O4HOM M3 OBYX hnau-
YeCcKux NpMHUMnoB. B npnbopax nepBoro Tuna namMepsieTca Bpems NpoXoXaeHus
curHana. B npmbopax BTOpOro tvmna ucnonb3yetcs M3MeHeHue (4onrepoBCKuit
COBUI) 4acTOTbl YyNbTPa3BYKOBOM BOSIHbI MPU €e pacCesHun OBUXKYLLencs cpe-
Aon. B ynbTpasByKOBbIX U3MEPUTESSX pacxoda MPUMEHSIOTCH 3NeKTpoaKkyCcTu-
Jyeckne npeobpasoBaTenn U3 Mbe303NEKTPUYECKNX MaTepuanos (Hanpumep,
LMPKOHaTa-TUTaHaTta CBUHLA). OnekTpoakycTuieckne npeobpasoBaTenu mMoryT
ObITb BPE3HbIMUW 1 HAKMaaHbIMU.

BpemaunmnynbcHble pacxoaomepbl. Pabota BpeManMNyrbCHbIX pacxodo-
mMepoB (puc. 3.16) ocHoBaHa Ha M3MEPEHUN Pa3HOCTU BPEMEHWN MPOXOXOEHUA
yNbTPa3BYKOBbIX CUrHASIOB MO HarnpasSfieHUIO M MPOTUB HarpasfeHus MnoToKa
XunakocTtu B Tpybonposoae
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Dt = 2

_2nvDtg(q)

+t

3

(3.22)

roe N — KOMMYECTBO MepecevyeHnn ynbTpasByKOM ceyeHud Tpybbl, Ans
«\V/»-CXxeMbl N = 2, Anga «Z»-CcXeMbl N = 1; V — CKOPOCTb ABWXEHUS Xnakoctu; D —
AnameTp Tpybonposoaa; 0 — yron pacnpocTpaHeHus ynbTpasByKa; C — CKOPOCTb

ynbTpa3ByKa B HEMOABWXHOW XXUAKOCTY; t,

— BpeMs 3a1ep>KK/1 pacnpoCcTpaHeHns

ynbTpa3Byka B CTeHKax TpybonpoBoaa, 3MeKTpoaKkycTUYeckux npeobpasoBaTe-

NSX N 9NEKTPOHHOM cxeme npubopa.

|~ BTOopuuHbI npubop

a
T
N -
2
C
v (@]
/
\ s S T f///:\
\
“\ \L
q QnekTpoakycTuyeckme
npeobpasoBaTtenu
6

OnekTpoakycTmyeckme
npeobpasoBaTtenu

N

. \\

/

BTopuuHbii npubop

Puc. 3.16. BpemanmnynbCHble pacxogomepsbl: a —
«V»-cxema; 6 — «Z»-cxema

donnepoBckue pacxogomepbl. B go-
NNEPOBCKNX pacxogomMepax MCnonbL3yeTcs
3P eKT NOHMXKEHUST YAaCTOTbl 3BYKA, OETEK-

38

—— BTopuyHbIN npnubop

|—'_|ﬁ WanyyaTenb

)

cisl )

[

|
()

LHL YacTtuua

PDF created with pdfFactory Pro trial version www.pdffactory.com -

MpremHuk


http://www.pdffactory.com
http://www.pdffactory.com

TUPYEMOrO OABWXKYLLMMCS MPUEMHMKOM, YOANAOLWMUMCSA OT HENOABUXHOIO UCTOY-

HuKa 3Byka (puc. 3.17). Ecnn nany4yartenb U NpUMeMHUK HEMOOBWXHbI, @ ABMXKETCA

YyacTuua B XMOKOCTU, OTpaxkaroLlasi yNbTpa3ByKOBYO BOSTHY, TO OOYCrNOBMEHHbIN

adppekTom [donnepa caBur 4acToT

_2fvcosq
C )

DFf (3.23)

roe f — yacToTta nsny4yaemon ynbTpa3ByKOBOW BOJTHbI.
3.3. JllabopaTropHasa ycCTaHOBKa

JNNTabopaTtopHasa yctaHoBKka (puc. 3.18) COCTOUT M3 KPbINbYaTOro cyeTymnka 1,
potameTpa PC-3 ¢ yTskeneHHbIM nonnaeskoM 2, Tpyokn BeHTypu 3, coeanHeH-
HOW C XXMUAOKOCTHbIM AndpmaHomeTpom 4. Pacxogomepsbl yCTaHOBIIEHbI Ha cTarlb-
Hon Tpybe 7, KoTopasd npucoeamHeHa K nuTtaTtento Boabl 6. Ha Tpybe umetotcs
BeHTUNN 8-12 onsa perynupoBaHus pacxofda BoAbl. KonmvyecTBo npolleaLlen
Yyepes3 pacxofgoMepbl BOAbI onpenensderca ¢ nomoLlbio mepHoro 6aka 5. Bpewms,
Heobxoanmoe ONA HaxXoXAEeHUsA pacxoda, onpeaensieTca CeKkyH4OMEpPOM.

F

o 91\%_'%%/

2
N ﬂ-

)

=
=

I
M.

(@)

Puc. 3.18. Cxema nabopaTOpHOWN YCTAHOBKU: 1 — KpbINbY4aTbI CHETYMK; 2 — PO-
TameTp PC-3 ¢ yTaxeneHHbIM nonnaskoM; 3 — Tpybka BeHTypu; 4 — XnakocT-
HbI AMcpMaHoMeTp; 5 — MepHbIn 6ak; 6 — nuTaTenb BoAbl; 7 — cTanbHasa Tpyb6a;
8-12 BeHTUNK

3.4. NMopapok BbINONHEeHUA paboTbl

1. OTKpbITb BEHTUIM 8, 9 U C NOMOLLbID BeHTunen 11, 12 yctaHOBUTbL pac-
X04, Mpu KOTOpOM HabniogaeTcs MenneHHoe, HenpepbiBHOE BpalleHue 3Bes-
AOYKM KpblfibdaToro cyetynka 1 n obecneumBaetTca MUHUManNbHbIA (O 2 MM)
nepenag ypoBHEN B Nbe30METPaXx XNOKOCTHOro AndomaHomeTpa 4.

2. Onpegenutb 06bem Boabl W5, NOCTYNMBLLEN B MePHbIN 6ak 5 3a Bpems
onbiTa 7. Bpemsa npoBeeHns onbiTa — He MeHee OAHON MUHYTHI.
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3. Onpegenutb 06bem Boabl We, NpolleLllen Yepes CHYEeTYMK 3a BpeMS Npo-
BedeHusa onbita T.

4. Onpenenntb NokasaHus Nbe3oMeTpoB 11 U I1,.

5. o BepxHen KpoOMKe rnonnaska onpeaenuTb cpeaHee nokazaHne potameT-
pa 2 3a BpemM4d npoBeaeHns onbiTa.

6. C nomoublo BeHTUNen 11 n 12 nameHuTb pacxoq BoAbl N NOBTOPUTb U3-
MepEHUS.

3.5. O6paborka pe3ynbTaros

1. OnpegenuTb pacxod Boabl B TpybonpoBoge no nokasaHmtio MepHoro 6aka
Qus =W, :T. (3.24)

2. OnpepenuTb pacxod BOAbl, NPOXOAALLEN Yepe3 CYHETYUK, MO MOKa3aHUIo

cyeT4YnKa
Qc =We:T. (3.25)

3. OnpenenuTb OTHOCUTENBHYHO MOTPELLIHOCTb U3MEPEHUS pacxoa CKOPOCT-
HbIM CYETYMKOM

d=u = Qcq00 04 (3.26)

Mb

4. Onpegenutb NOTEPU Hanopa Ha Tpybke BeHTypun

Dh:Pl'Pz. (327)
5. Bbluncnntb 3HavyeHne koaddurumneHTa pacxoga A onsa Kkaxaoro pacxoga:
QME
A= : 3.28
Jon (3.28)
6. OnpegenuTb cpeagHee 3HavyeHne koadduumneHTa pacxoga
i=N
aA
, =45, 3.29
A, N (3.29)
7. HanTtu 3HayeHna pacxoga anga noCTPOEeHUst TapupoBOYHOro rpaduka
Qr =A,vDh. (3.30)

8. JkcnepuMeHTanbHble AaHHbIE U NONy4YeHHble pe3ynbTaTbl 06paboTkM 3a-
HecTu B Tadn. 3.1.
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Tabnuya 3.1
dKcnepuMeHTanbHble AaHHbIe U pe3ynbTaTbl 00paboTKn

No MepHbI 6ak | CKOPOCTHOM CHETYUK Tpy6ka BeHTypu PoTtameTp
I_I/_n WME: T: QME: WC: T: QC: d, Pl, PZ, Dh, A AL QT: n

n c |n/lc| n c |nlc| % |cm|cm | cm 7| nlc
1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 15
1
N

3.6. KOHTpOnbHbLIE BONPOCHI

K kakomMy TUny pacxogoMepoB OTHOCATCH KpblfibYaTble CHETYUKN?
UTO namepsieT KpbifibYaTbi CHETUNK?
Kak onpepensercsa pacxos »XUAKOCTU Npu NOMOLLKW cHeTYmKa?
Kak nogBoguTCa XXUOKOCTb K KpblfibYaTKe B OAHOCTPYMHbIX CHETYMKAX?
Kak nogBogmTca XnakocTtb K paboden kKamepe MHOFOCTPYMHbIX CHETYMKOB?
UTto Takoe nopor 4yBCTBUTENBHOCTU?
Kakon pacxog HasblBaeTCcsd MUHUMabHbIM?
UTo Takoe nepexodHbin pacxoq?
. YUTO Takoe HoOMWHarnbHbIN pacxon?

10. YTto Takoe akcnnyaTtaumMoHHbIN pacxon?

11. YTo Takoe MakcumarsbHbIM pacxon?

12. Kak npon3BoaAT KOPPEKUMIO MOKa3aHUM KpbIfb4aToro cHeTYmMKa npu ero
rnosepke?

13. Kak npon3BoaaT KOppeKuuto nokasaHuin TypOMHHOrO cyeTyMka npu ero
rnosepke?

14. K kakoMy MeTpOosiorm4ecKkomMy Knaccy OTHOCUTCSH NOBEPAEMbIA CHETUNK?

15. KakoBO OCHOBHOE Ha3Ha4yeHue cTpyeBbinpammtTena? Kak oH ycTpoeH?

16. [Ins yero npegHa3Ha4yeH perynatop B CKOPOCTHbIX CHETYMKAX?

17. Kak nepepaeTtcs BpalwieHne TypOMHKM OTCHETHOMY YCTPONCTBY?

18. YTto cobon npeacraBnseT MarHuTHas mydTa?

19. Ha yem ocHOBaH MPUHLMIMN U3MEpPEHNd pacxoda pacxodoMepoM nepe-
MEHHOro nepenaga AaBJfieHna?

20. Kakne ctaHOapTHble CyXalowune YCTPOMUCTBa UCMNOMb3YTCA B pacxono-
Mepax nepeMeHHOro rnepenaga gasrneHua?

21. Yto yuntbiBaeT koadppuUneHT pacxoga nf?

22. Kak onpegenseTcs koadpduumneHT pacxoga pacxogomepa 4?

23. YTo Takoe moaynb CcyxarLlero yctponcrea?

24. Kak ocywectBnsieTcst oTbop nepenaga gaBneHus?

25. [ina 4yero npegHasHayeHbl KOmnbLEBble Kamepbl npu otbope nepenaga
JaBreHns?

©CoNoORWDNE
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26. Kakoe 13 cyxxaroLmnx ycTponcTs co3gaeT Hambonblme notepu Hanopa?

27. Kakoe 13 cyxarLmnx ycTpomcTs co3fgaeT HaMMeHbLune notepu Hanopa?

28. YTto npeacraensaeTt cobon pacxogoMepHoe consio?

29. YTto npencraendaet cobon conno BeHTypn?

30. N3 kaknx aneMeHToB cocTounT Tpyba BeHTypun?

31. B yem otnunume kopoTkon Tpydbl BeHTYpu OT ANUHHON?

32. Kak nsmeHATCcA nokasaHus nbe3oMeTpoB /13 u I1, Nnpu yBeNuUYeHuu pac-
xoda npu nomMmoLm BeHTung 117?

33. Kak nsmeHaTcs nokasaHus nbe3omMeTpoB [1; U 11, Npu yMeHbLLUEHUN pac-
xoda npuv nomMmoLm BeHTung 117?

34. Kak nsmeHATca nokasaHus nbe3oMeTpoB /13 u I1, Nnpu yBeNnuyeHun pac-
xoda npuv nomMmoLm BeHTung 127?

35. Kak nameHATcs nokasaHus nbe3oMeTpoB [1; v 1, Npy yMeHbLUeHUN pac-
xoda npuv nomMmoLm BeHTung 127?

36. K kakou rpynne pacxogoMepoB OTHOCATCS poTaMeTpbl?

37. N3 yero cocTonT poTtameTpuyeckasa napa nepsoro tuna?

38. 3 yero cocTonT potameTpuyeckasa napa BTOporo tuna?

39. /3 yero cocTonT poTtameTpuieckad napa TpeTbero Tmna?

40. Kakne cunbl 4ENCTBYIHOT Ha NOMNIaBOK?

41. Kak nameHuTcs nepenaj gaBfeHusi, eCnuv BeC nomnsaska yBennyinTb?

42. Kak nameHuTcs nepenag gaBfeHus, eCnu BeC nonnaska yMEHbLWUTb?

43. Kak nameHuTCcHa nonoxeHue rnormnaska, ecrnn ero BeC yMeHbLUTb, a pac-
X0[ OCTaBUTb MOCTOAHHbLIM?

44. Kak n3MeHUTCAa nonoXxeHue rnonnaska, ecrin ero Bec yBennynTb, a pac-
X0 OCTaBUTb MOCTOAHHbLIM?

45. Yem 06bsCHAETCS ropu3oHTasbHbIN Y4acTOK Ha TAapMPOBOYHOM rpadhmke?

46. Kak M3MEHUTCHA ropuU3OHTarbHbIN Yy4acTOK Ha TapuMpOBOYHOM rpaduke,
€eCnn yBenuyunTb BEC nonsiaBka?

47. Kak n"3aMeHUTCS yron Mexay TapupoBOYHbIM rpacPukom 1 ropu3oHTanb-
HOW NMMHWEN Npu yBeNMYeHUM Beca noriyiaBka?

48. Kak ycTpoeH potameTtp Tuna PM?

49. B Kaknx egnHuLax oTrpagyvpoBaHa LWkKana CTeksiHHOro potamerpa?

JNTaboparopHasa pabora Ne 4
UNNIOCTPALIA YPABHEHUA BEPHYIIITU

4.1. Uenb paborbl

YCcTaHOBUTb B3aUMOCBSI3b MEXAY AaBreHUMEM U cpedHel CKOPOCTbio B pas-
NUYHbIX CeYeHMsIX NoToka. MoCcTponTb HAaNoOPHYHO U NbE30METPUYECKYHO FTUHUN.
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4.2. TeopeTnuecKkue ceegeHus

OcHoBHOW 3aadelt rmapoanNHaMuKN SBNSIETCS U3YYEeHNE 3aKOHOB OBWKEHMS
XUAOKOCTU. [BMKEHWNE XMOKOCTU XapaKTepu3yeTCs CKOPOCTSMU ABUXEHUS Yac-
TUL, 1 AaBfeHNEM B OTAENbHbIX TOYKaX NOTOoKa.

YUT06bl YCTAHOBUTH B3aUMOCBS3b MEXAY OCHOBHbIMW NapameTpamun OBuxKe-
HUS, @ UMEHHO MeXay r’MapoANHaMUYEcKMM OaBfEHUMEM U CKOPOCTbI ABMXKY-
LLLeCsa KNOKOCTU, COCTaBUM YPaBHEHUSI OBWXKEHUS XUAKOCTU. OTU ypaBHEHMS
MOryT ObITb MonydeHbl U3 auddepeHumnanbHbiX YpaBHEHUA paBHOBECUS XUAKO-
CTMW, €Cnv K OeNCTBYOLMM cunam cornacHo npuHumny g'’Anambepa npucoeam-
HWUTb CUNbl MHepUMK. Mony4ynum cucTemy ypaBHEHUN

ly.19p_dy
i r qx dt
%Y-EE:%’ (4_1)
i rfy dt
i, 11p_du,
1 r 9z dt

Mpeobpasyem MonyyYyeHHble ypaBHEHUS MPUMEHUTENbHO K 3NeMeHTapHOWm
CTpYVKe unaeanbHOW XWOKOCTWU, HaxoddAwencss B YCTaHOBUBLUEMCHA [OBWKEHUM,
YMHOXMB Ka)kgoe ypaBHEHME COOTBETCTBEHHO Ha dX, dy, dz. lNocne no4neHHoro
CYMMMPOBAHUSA Mosfy4vyaem

de+Ydy+Zdz-—g—dx+ dy+ﬂpdz =
Ty 1z 4
d du du
= Xd +—Ydy+—2dz 4.2
at at Y (4.2)

Tak kak dx, dy, dz — 9T0 NpoeKkuMn INeMeHTapHOro nNyTu, NPOXoANMOro Yac-
TULAMU XUAOKOCTU 3a BpeMs dt, cnegoBaTenbHO:

%:ux; ﬂ:uy; E:uz. (4.3)
dt dt dt

C yyetom (4.3) ypaBHeHue (4.2) npumeT B4

de+Ydy+Zdz-—aa“odx+ﬂpdy+ﬂpdz =
r &9x Ty 1z 4

= U, du, +u, du, +u, du,. (4.4)

Xdx+Ydy+Zdz=dF — nonHbin guddepeHuman cunoBon yHKUUKU, Bbl-
paxkaroLen MaccoBble CUSbl, MOA AENCTBMEM KOTOPbIX OCYLLLECTBISETCA OBUXKE-
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HUNe XNOKOCTU.

%dx+%dy+%dz =dp — nonHbI guddepeHLman gaBneHns, Tak Kak npu
X y z

YCTaHOBMBLLEMCS OBWKEHUN TMOPOAUHAMUYECKOE OaBreHWe He 3aBUCUT OT
BPEMEHM.

uy du, +u, du, +u, du, :%d(uﬁ +ug + uf): %d(uz) — MOSMHbIA AnddepeHuman

CKOPOCTU, Bblpa)KEHHOW Yepe3 ee COCTaBMSLME MO COOTBETCTBYIOLUM OCSAM
KoopAuHaT.

C yyeTOM BbllWecKazaHHOro ypaBHeHue (4.5) npumeT Bug
dF - %dp=%d(u2). (4.5)
Nnu okoHyaTenbHo
1 1./,
r—dp+§d(u )- dF =o0. (4.6)

B yacTtHOM cny4yae, Korga n3 BCex MacCOBbIX CUIT HA OBUXYLLYHOCS XUOKOCTb
AENCTBYIOT TOJTbKO CUJTbl TAXKECTU, cunoBast PyHKUUS
dF =-gdz. 4.7)
[MoaocTtaBuB 3HayeHMe cMNoBOW PYHKUMKW B ypaBHeHue (4.6) 1 NpounHTerpu-
poBaB, NOSTy4nM ypaBHEHUE AS19 paccMaTpMBaeMoro cevyeHus

2

P i gz=cons. (4.8)
r 2
Tak Kak cymma Tpex 4reHoB B ypaBHeHun (4.8) z \2
NOCTOSIHHA Ans Noboro ceyYyeHnsa CTpPymku, To Ans 1A U Uy
AByx ceyeHun 1-1 n 2-2 (puc. 4.1) MOXHO 3anu- }4 \2
CcaTtb \1
V)
2 2
z
r&+u?1+gzlzﬁ+u?2+gzz. (4.9) :
r .
/yl > y2 y
Pasgenve neBytlo u npaByld 4acTb YpaBHEHUS X
(4.9) Ha g, OKOHYaTENbHO NOSTYYUM X5 x

2 U2 Puc. 4.1. [1Ba ce4deHus ane-
Pr , Ui _ P2 2 N 9
—+—+z=—+—=+7z7,. (4.10) wmeHTapHOW CTPYiKM
rg 2g rg 2g
YpaBHeHue (4.10) ycTaHaBnMBaeT CBA3b MEXAY CKOPOCTbLIO OBWXEHUs, OaB-
NEeHNEM N reoMeTPUYECKUM MONOXEHNEM YacTul, XUAKOCTU ONA OABYX CeYeHUin

44

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

CTPYIKM U SIBNAeTCcA ypaBHeHMeM BepHynnu' ans anemeHTapHON CTpYiku uae-
arnbHOM XXUOKOCTW.

[nsa onpegeneHns reoMeTpuYeckoro cmbicrnia ypaBHeHua bepHynnu pac-
CMOTPUM 3SIEMEHTAPHYIO CTPYNKY OBUXYLLENCA XNOKOCTU OTHOCUTENBHO NPOU3-
BONbHO BblOpaHHON MNOCKOCTU cpaBHeHus (puc. 4.2). Boibepem Tpu ceyeHus:
1-1; 2-2; 3—3, UeHTpbl TAXECTU, KOTOPbIX OTHOCUTESILHO MIOCKOCTU CpaBHEHUA
0—-0 pacnonoxeHbl Ha BbICOTaX Z;; Z2; Zs.

E . 1 E
A u22¢ A
| oug? 29 =
29 29 v
L /V A
P A 0
P P
rg
P, Ps
Tg 9
2 3
S
1 | | L9 - < -_C_
/1' = 2 3 %
0 2y 2y Z3 0
\ \ \

Puc. 4.2. HanopHasa n nbe3omeTpuyeckasi MMHUN O51s1 dNeMeH-
TapHOW CTPYWKN naearnbHON XUOKOCTU

B LEeHTpbl TSXKECTN BbIOPaHHbLIX CEYEHUN YCTAaHOBUM Mbe30METPbl U TPYOKM
Muto. Tpybka Muto — aTo M3orHyTasa nog yrnom 90° Tpybka, ycTaHaBnvMBaemas
OTBEPCTMEM HaKOHEeYHMKa NpoTuB TeyeHus. [log gencteBmem aaBrieHUa Xua-
KOCTb B Mbe30MeTpax nogHuMaeTcs Ha seicoty hy = p:(r g).

B Tpybkax NuTo nog Aencrtemem OaBfieHUst U CKOPOCTW XMAKOCTb NogHMMa-
eTcs BbllLE YPOBHS B Nbe3aoMeTpax Ha BbicoTy h, =u?:(r g) (puc. 4.2).

Kak ouyeBngHO, BCe 4neHbl B ypaBHeHUM BepHynnun npencrtaBnsioT cobon
reoMeTpuyeckme BbiCOTbl U UMEKT PasMepPHOCTb ANUHbI.

Tak kak cymma Tpex 4SfieHOB p: (r g), zZun u? :(r g) AN ngearibHOM XUOKOCTH
MOCTOSIHHA BOOMb OCU CTPYWMKW, TO YPOBHM XUAKOCTU B Tpybkax NMnto, ycTtaHoB-

MEHHbIX B pasfnnyHbIX cedeHusx, ByayT Bcerga nexaTb B OAHOM ropu3OHTanbHON
MMOCKOCTU, Ha3blBAEMOW HaMOPHOM MJIOCKOCTbIO, T. €. HanopHas nuuusa E-E

Y fanuun BepHynnu (1700-1782) — cbiH MoraHHa BepHynnu. C 1725 no 1733 rr. Bo3rnas-
nan kadeapy gusnonornm B Poccuinckon akagemmn Hayk. CoBmMecTHO ¢ J1. Qnnepom cgop-
MYNMPOBaI OCHOBbI MEXaHWUKN XUOKOCTW.
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(c™m. puc. 4.2) ropusoHTanbHa. B aTomM COCTOUT reoMeTpuyecKnin CMbICIT ypaBHe-
HUS BepHynnu ans ngeanbHOW XNOKOCTW.

Ecnu nnaBHOM KpnBOW COEANHUM YPOBHW XWOKOCTU B Nbe3omMeTpax, To Mo-
Ny4YynM Mbe3oMeTpUudeckyrto nuHui P—P (cMm. puc. 4.2), koTopas MOXeT MOAHMU-
MaTbCS UM ONYCKaTbCHA, HO HUKOrAa He rnepecekaeTcs C HarnopHOM NUHUEN.

CymMMa Tpex BbICOT Ha3biBaeTCs MOSMHbIM HaNopoMm n obosHavaeTcs Hy, T. e.
NOMHbIA Hanop npeacTasnaeT cobon cymMmy nbe3omeTtpuyeckoro H, =h, +z=

= p:(r g)+z n ckopocTHoro h, =u?: (r g) Hanopos:
2
Hy=z+- P>+ (4.11)
rg 2g
C 3HepreTM4YecKon TOYKN 3PEHUs ypaBHEHME BepHynnn BolpaXkaeT 3aKkoH COo-
XpaHeHus aHeprun. MNonHbIn Hanop Hy — 9TO NOMHaa yaenbHas MexaHu4yeckas
3HEeprna Xunakoctn B paccmatpmBaeMom cedeHun. Cymma Tpex YneHoB ecTb
CyMMa TpeX yaenbHbIX 3HEPrUn: yaernbHOW NOTeHUWanbHOW 3HepruM gaBneHus
p: (r g), yOesibHOM NOoTEeHUWansHON 3HEPTrUKn NOSTIOXKEHUS Z, yOeNbHON KNHeTuYe-

ckon asHeprum u?:(2g). [Ans wmpeanbHoil

XUOKOCTU CymMMa Tpex YyAenbHbIX 3Heprumn E 7 M
(MOMHbIN HAMoOP) MO ANUHE CTPYIKW eCTb Be- ———— 02 L
nnyrHa NOCToAHHaA. 11l —=5 i
PearibHast XMOKOCTb B OT/IMYME OT mae- o | 29 uf | E
P <
anbHon obnagaeTt BA3KOCTbI. [Mpu aoBuxe- \\ i!
HUN peanbHON XUOKOCTU ee BA3KOCTb 00y- TS
CNOBMIMBaET COMNPOTMBIIEHNE [OBWKEHUIO U \\
BbI3bIBAET MOTEPIO YACTU IHEPrUU, NOITOMY D P
MNOMHbLIN Hanop YMeHbLUaeTCcs No AfIUHe % P ]
cTpyikn. CrnegoBaTenbHO, YPOBHU KUOKOCTU rg
B Tpybkax lMnto ByayT cHwxaTbCa No xoay 1| | 5
asuxeHna (puc. 4.3). HanopHasa nuHusa E—E, ;A:Y:—le
NpoBeAEeHHas MO 3TUM YPOBHAM A9 BA3KON — — —
XNOKOCTU, OyaeT HaKNOHHOW, HUCXOOSALLEN. 1 z, 2 z,
PasHOCTb Mexay ropu3oHTanbHbIMU FINHUS- 0 \J \J 0
mu E-E, npoBegeHHbIMU Ha YpPOBHE XWUOKO- L

cTn B Tpybkax MNuto B ceyeHmsx 1-1 n 2-2,

npeacraesnsaet cobor notepu Hanopa h, Ha Puc. 4.3. HanopHas u nbesometpu-

y4acTke MexXay 3TUMN CEYEHUSAMM. Heckas JHn - Ansi  SneMeHTapHou
Takum 06pa3omM, Ans peanbHON xuako-  CTPYVKM PeanbHON XIaKocTh

cTn

H,=H, +h,. (4.12)
v B pasBepHyTOM BUae
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P uf P,
Zz+——+—2+ =7 +—+—+ 4.13
1 rg 29 2 rg 29 hw ( )

I'I0Tep|/| Hanopa, oTHECEHHbIE K eAunHULUEe ANWHbI, BblpaXXakT BEJIMYNHY, KO-
TOpadA Ha3blBaeTCd rmgpaBiin4€CKkMM yKITOHOM

= (4.14)

roe L — pacctosaHue mexay cedeHmamm 1-1 n 2-2.

BennunHa rmpgpaBnuyeckoro ykrnoHa BOONb CTPYWKN MOXET U3MEHATLCS, Tak
Kak 3aBMCUT OT MNOTEepb Hanopa Ha pasnuyHbIX y4acTKax.

M3meHeHne nbe3omMeTpuyeckoro Hamnopa, OTHECEeHHOe K efuHuue AJSIHbI,
Ha3blBaeTCA Nbe3OMETPUYECKUM YKITOHOM

f 9 fa r 9 fa
L
[Mbe30MeTpUYECKNA YKNOH MOXET ObITb HanpaBfeH Kak B CTOPOHY ABMXEHNS,

TaK U B CTOPOHY, NPOTMBOMOSOXHYIO ABMKEHUIO.
[ns noToka pearnbHOM XUAOKOCTU ypaBHeHMe bepHynnu nmeet Bug,

(4.15)

2
z+ P &, P8 2V2+hN (4.16)
rg 2g rg 29

roe vi n vp — cpegHne CKopoCTU OBWMXKEHUS XXUOKOCTU B paccMaTpuBaEMbIX ce-
YeHusX; a1 N az — KO3IPMUUMEHTbI KNHETUYECKON SHEPrnn, BeNnYnHa KOTOpPbIX
3aBUCUT OT CTENeHU HepaBHOMEPHOCTU pacnpenesieHna CKOpOoCTeN MO XKMUBOMY

CEeYEeHUI0 NMoTOoKa.
KoadhdpuumeHT a BblpakaeT OTHOLIEHWEe [OeNCTBUTESTIbHOW KUHEeTUYECKON
aHeprum K,, onpegeneHHom no UCTUHHBbIM CKOPOCTSM ABWMKEHUS KUAOKOCTHU, K yC-
NOBHOW KMHEeTn4eckon aHeprin K, onpeaeneHHon no cpegHen CKopocTy NoToka

V.
guidw
a=Ro_w (4.17)
=Do-w .
K, veQ

Mpn TypOYynEeHTHOM pexume OBWXKEHMS a NpuHUMaeTcs paBHbiM 1,05, 1,1.
[Mpn nammMHapHOM pexume a = 2.

4.3. JlabopaTopHasa yCTaHOBKa

JNabopaTtopHasa yctaHoBka (puc. 4.4) COCTOMT M3 HaMNoOpHOro pesepsyapa 1,
cTanbHOro Tpybonposoga 2, MepHoro 6aka 3 ¢ nnowagbo NonepevHoro ceye-
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HUs 476 cM?, cbopHoro pesepsyapa 4 n LeHTpobexHOro Hacoca 5, nogatoLiero
BOA4Y B HanopHbIn pesepsyap 1. Manuwek Boabl No nepenuBHon Tpybe 6 cbpa-
cbiBaeTcsa B cOOpHbIV pe3epByap 4. Pacxoq Bogbl B TpybonpoBoae ycTaHaBnu-
BaeTcsa npu nomoLum kpaHa 8. I3 mepHoro 6aka 3 Boga B COOpHbIN pesepByap 4
cbpacbiBaeTcss npu nomown kpaHa 9. [ina onpefeneHus notepb Hanopa uc-
NOJSIb3YOTCA Mbe30OMeTpPbl, YCTAHOBMNEHHbIE Ha Mbe3omMeTpuyeckon naHenu 10.
TemnepaTypa BOAbl N3MePHAETCH PTYTHbIM TEPMOMETPOM, BpeMsi pukcmpyeTcs
MO CeKyHOoMepy.

Tpybonposoga (puc. 4.5) coctouT 13 yyactka 11 gunameTtpom 10 MM 1 ydacTka
12 pnameTtpom 21,5 mM. Homepa MecT NoaKIIto4eHns COOTBETCTBYIOT HOMepam

NbE30METPOB Ha Nbe30METPUYECKON NaHenu.
1 23456 78910

1
N

Puc. 4.4. Cxema nabopaTopHOW yCTaHOBKM: 1 — HaAMOpHLIN pe3ep-
Byap; 2 — TpybonpoBos; 3 — MepHbIn 6ak; 4 — cOOpHbIN pe3epBy-
ap; 5 — Hacoc; 6 — nepenueHoun Tpybonposoa; 7, 8, 9 — npobko-
Bble KpaHbl; 10 — nbe3omeTpudeckas naHesb
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Puc. 4.5. Cxema Tpy6onpoBoaa: 1-10 — mecTa noaknoyeHns noesomeTpos; 11 — Tpybonpo-
Boa anameTtpom 10 mm; 12 — TpybonpoBog anameTpom 21,5 mm

4.4. NMNopapoK BbINONMHEHUA paboTbl

1.C nomoLublo KpaHa 8 yCTaHOBUTb MPOM3BOSIbHLINM pacxon BOAbl B Tpybo-
npoBoAe.

2.MoBepHyTb Ha 90° kpaH 9. OnpenenuTb N3MeHeHe YPOBHSA BOAbl B Mep-
Hom Bake h, cm, 3a Bpems T, ¢, BpeMs OOMMKHO ObITb HE MEHEE MUHYTHI.

3. 3anucaTb NOKasaHus BCEX JECHATU NMbe30METPOB.

4.T1oBepHYTb KpaH 9 B UICXOAHOE MOSIOXKEHME U ONOPOXHUTE MEPHbIN Hak 4.

5.C nomoulblo KpaHa 8 u3aMeHuUTb pacxoq BoAbl B TpybonpoBoge u MOBTO-
pUTb N3MEepeHUsl, NPOBECTM 5, 7 ONbITOB NS KaX40W Nogrpynnbl.

4.5. O6bpaboTtka pe3ynbTaTtoB

1. Onpeaenutb 06beM Bofbl B MepHOM Gake 3a Bpemsi onbiTa, cM>,

W =476h. (4.18)
2. OnpepenuTb pacxop Boasl B Tpy6onposoae, cm’/c,

Q=W:T. (4.19)

3. Mo HailigeHHoMy pacxoay Q v nnowaan ceveHnst Tpybbl w = 0,785 d? on-
pefnenuTb cpegHue CKOpoCTU V, CM/C, Ha y4acTKax

y=— (4.20)
0,785d?
Q
V=% 4.21
> 0785d2 (4.21)
4. BbluMCnNUTb 3HAaYEHNsT CKOPOCTHBLIX HAaNMoOpoOB Ha y4acTKax
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=1 4.22
V2 4.23

roe g =980 cm/c’.

5. 3aHecTn aKcnepumeHTanbHble [aHHble W pe3ynbTaTbl 0b6paboTkn B
Tabn. 4.1.

6. MNocTpouTb Nbe3oMeTPUYECKy0 NMHUIO. [Na NOCTPOEeHNa nbe3omeTpuye-
CKOM NUHMM B MacwTabe no ropmsoHTanu OTNOXUTb ANMUHbI Y4aCTKOB MeEXAy
Nbe3omMeTpamMu, a No BepTUKanu — nokasaHna nbe3oMeTpoB. [Mofy4eHHble TOYKN
coeVHNTb NPAMbIMU FIMHUAMWN.

7. TloCcTpouTb HAMOPHYK NUHWUIO. [N NOCTPOEHUS HaNOPHOM NIMHUWM K MoKasa-
HUSIM NbE30METPOB criefyeT NpMbaBuTb BENMYMHBLI CKOPOCTHLIX HanopoB. Ocoboe
BHMMaHue obpaTuTb Ha y4aCTOK MeXAy NATbIM U CeAbMbIM NMbe30METPaAMM.

Tabnuya 4.1
dKkcnepuMeHTanbHble AaHHbIe U pe3yfnbTaTbl 00paboTKM

NQ Hl: HZ: H3: H4: H51 HG: H?: HS: H91 HlO, h: T: W: Q: Vl: V21 hul, hu2,

nm|icm|cm|cm|cm|cm|cm|cm|cm|em | cm |em| ¢ |em®|em®/clemic | cmic| cm | cm

8. BeptukanbHbin MacwTtab BbiOpaTb Takmm, 4YTOObI 3Ha4YeHue hy, 6bIno He
MeHee 1 MMm.

4.6. KOHTpOonbHbIE BONPOCHI

1. Y10 Takoe ycTaHOBMBLUEECS U HEYCTAHOBUBLLEECH OBMKEHNE?

2. Kakoe gBmxeHue XnaKocTu HasblBaloT paBHOMEPHbLIM U HEPaBHOMEPHbLIM?

3. Kakoe aBwmxeHue XXnaKoCTu Ha3blBaloT HanopHbIM 1 6e3HanoOpHbIM?

4. YTO HasblBalOT 3SIEMEHTAPHOM CTPYWUKOW, N KakKMMM CBOMCTBaMM OHa Xa-
pakTepusyetca?

5. UTo Ha3bIBalOT MOTOKOM XUOKOCTU?

6. Kakoe yctaHoBMBLUeECS OBWXEHME Ha3blBalOT MiaBHO U3MEHSOWNMCS, U
KakMMu CBOMCTBaAMM OHO XapakTepusyetcsa?

7. YTO Takoe XuBoe cevyeHne noToka, CMOYEHHbIN NepuMeTp 1 ruapasrvye-
CKu paguyc?

8. UTo HasbIBalOT pacxogoM 1 cpegHEN CKOPOCTbIO NOTOKA XXUOKOCTU?

9. Chopmynupynte M 3anuuinTe ypaBHEHWE HepaspbiBHOCTU AN MNOTOKa
XWOKOCTW.
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10. YTo Has3bIBaAOT NOSTHOW yAENbHOMN 3HEPrnen NoToka B NPOU3BOSIbHOM Ce-
YyeHun?

11. 3annwunte ypaBHeHWe bepHynnu ona anemeHTapHOW CTPYWKU uaearnb-
HOW XXMOKOCTMW.

12. 3anvwunte ypasHeHne bepHynnu Ans anemeHTapHoOW CTPYWKU pearibHOm
XWOKOCTW.

13. 3anuwunTte ypaBHeHne bepHynnn ona notoka peanbHOW XUOKOCTW.

14. B 4em coCcTOUT reoMeTpuyeckmin CMbiCn ypaBHeHUa bepHynnn?

15. B 4yem cocTouT aHepreTudeckm cMmblcn ypaBHeHuUs bepHynnu?

16. YTo Takoe Nbe3oMeTpruYeCKmUm YKIOH?

17. YTo Takoe rmapaBnIMYECKNn YKITOH?

18. Yem oTnnyaeTcs Nb€30METPUYECKUIN YKITOH OT rMapaBrinyeckoro?

19. MNoyemy HanopHasa NNHUSA Bcerga HUCxXoasaLwas?

20. MNouyemy nbe3omeTpudeckas NUHUA GbiBaeT HUCXOASALWEN U BOCXOAALLEN?

21. Ha kakom pacctosHuu gpyr OT fpyra pacrnonaraloTcs HamnopHas u nbe-
3omMmeTpuyeckada NIMHUN?

22. MoryTt nn HanopHaga n Nbe3oMeTpudeckast MIMHUK nepecekaTbca?

23. B kakom crniyyae nbesomeTpuyeckas JIMHUA MOXET MPOXoauUTb HUXKE OCU
Tpybonposoaa?

24. Kak M3MEHUTCHA pacCTodHuEe MexXay HarnopHOW U Nbe30MeTPUYECKUMU
AVHUAMU NPU YBESTMMEHUN pacxoa XMAOKOCTM B Tpybonposoae?

25. Kak nameHsieTcs nnowaib XXMBOro CeYeHUst BOOSb NOTOKa, eCriv paccTos-
HUe MeXay HaNoOpPHOW U Nbe30OMETPUYECKUMU NIMHUSMWN BOOSb NOTOKA Npwu npoTe-
KaHUM No TpybonpoBoay XNOKOCTU C NOCTOSIHHBIM PacXOA0M YBENUYUTCA?

JNlaboparopHasa pabora Ne 5
ABA PEXXMMA OABUXEHUA XXUOKOCTH

5.1. Uenb paboTtbi

Mo aKcnepumeHTanbHbIM AaHHLIM ONPEAEnnUTb KPUTUYECKYID CKOPOCTb V,, U
COOTBETCTBYIOLLIEE el KpuTuieckoe vncno PeitHonbaca Re,,.

5.2. TeopeTuueckue ceepgeHun

TeueHve pearnbHOW XUAKOCTU XapakTepuayeTcs pasfMyHbIMU peXxnMmamn ee
ABWXEHUs, KOTOpble MOrYT NepexoauTb OAMH B APYrov Npu onpeaeneHHbIX yc-
NOBUSIX. DKCNEPUMEHTarNbHbIE UCCNEAOBaHUS TMAPaBINYECKUX CONPOTUBIEHWIA
nokasblBaloT, YTO NOTepu Hanopa (NoTepun 3Heprum) 3aBUCAT OT CYLLLECTBYOLLETO
B NMOTOKE peXxvMmMa ABUKEHUS.

CyliecTBoBaHWe OBYX MPUHUMNMANBLHO PasHbIX PEXUMOB OBWKEHUS XUOKO-
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cTn 6bIno otmeyeHo . XareHom B 1839 n 1854 rr. B 1880 r. .. MeHnaenees
Takke BbICKa3an CyXAeHuWe O CyLLeCTBOBaHUN ABYX PEXUMOB OBMXEHUS XNOKO-
CTW BCreaCcTBUE pasnnynga 3aKkOHOB COMPOTUBIEHUS OBMXEHUIO. [103Xe aHrmnumn-
cknn punsuk O. PeitHonbac!, a 3aTem npodpeccop lNMeTepbyprckoro TexHonornye-
ckoro nHctutyta H. I1. NeTpoB akcnepuMeHTaneHO NOATBEPAUNN HaNN4ne AByX
PEXMMOB.

[Mpn n3ydeHnn TeyeHnsa BCEBO3MOXHbIX KanesbHbIX XXUOKOCTEN C PasfiMyHbI-
MU omamyeckumn csoncteammn O. PelHoNbAC YCTaHOBWIT, YTO ABWXEHue bbiBa-
eT NamMuHapHbIM N TYpPOYNEeHTHbIM.

TepMUH «JlaMMHapHbIN» NPOUCXOAUT OT NaTUHCKOro criosa lamina — crnow.
JTamvHapHbIM Ha3biBaeTCA TakoW PeXuM, Korga noTok XUOKOCTU OBUXETCH OT-
AernbHbIMU CTPYMKaMK, UM CrosiMn, N TPaekTopun OTAENbHbIX YacTuy, Mexay
cobor He nepecekarTcsa. B npaktuke namMmMHapHbLIM PEXUM MMEET MEeCTO npwu
ABVKEHUWN Xnakocten ¢ 60onbLIon BA3KOCTbIO (HEeTb, CMa3oyHble Macna), npu
ABWKEHUN BOAObI Yepe3 TOHKne Tpybku, B TpybonpoBogax npy MasnbiX CKOPOCTAX
noToKa.

TepMuH «TypOyneHTHbIN» NPOUCXOANT OT NaTUHCKOro crioea turbulentus —
B6ecnopsgoyHbin. TypbyneHTHbIM Ha3blBaeTCA TaKOW PEeXuM, Korga crpynda-
TOCTb MOTOKAa HapyLlaeTCcs, BCe CTPYWKU NepemMeLlnBaloTCs, U TpaekTopun OBu-
XKYLMXCA YacTumu npruobpeTatoT CroXHy opMmy, nepecekasacb mexay cobon. B
NpaKTMKe Yalle BCero UMeeT MeCTO TYPOYNEHTHbIN PEXUM OBUKEHUS XXUOKOCTMU.

B 1883 r. O. PenHonbac B pesynbraTte 3KCnepuMeHTarnbHbIX UccrnegoBaHni
YCTaHOBWJST, YTO KPUTEPUEM pEXMMA OABWKEHUS XKNOKOCTU aBnsaeTcs 6e3pasmep-
Has BenuuMHa, npeacraeBnswowas cobor OTHOWEHWE NMPOU3BEOEHUA CPedHEN
CKOPOCTM MOTOKa V U XapaKTepHOro Asis paccMatpuBaemMoro crnyyasi JIMHENHOro

- vL -
pa3mepa L K KnHeMaTn4eCcKkon BA3KOCTM XNOKOCTU N: — . DTOT KPUTEPUIN Ha3bl-
n

BaeTcs uicnom PernHonbaca n obo3Havaetca Re. Takum obpasom, umcno Pen-
HOfMbACca UMeeT BUA,

_vL
L

Re (5.1)
Mpy HaNOPHOM ABWXEHUM XUOKOCTU B KPYribiX Tpybax 3a XxapakTepHbIn nu-

HeNHbIN pa3mep L 06bl4HO NpUHMMAatOT BHYTPEHHUIN guameTp Tpybel D, 1 Toraa

_vD

Re : (5.2)
V

a B OCTalbHbIX Cny4yasix — rugpasnuyecknii paguyc R, u Torga

! OcbopH PetiHonboc (1842—-1912) — aHrmMUCKNn nHxeHep u ¢omsmk. C 1868 no 1905 r. —
npodeccop Kadenpbl CTPOUTENBbHON MexaHukn MaHdecTepckoro yHuBepcuteTa. PaboThbl
PenHonbaca nocBsiLEeHbl MexaHuke, rmapogvHamuke, TennoTe, 3NeKTpu4ecTBy, MarHeTmus-
My. PernHonbac onpegennn MexaHn4YeCckun aKBMBaneHT TeNSoThl.
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Re = %Q (5.3)

dunsnyecknn cmblicn Yucna PenHonbaca cCOCTOUT B TOM, YTO OHO BblpaxaeT
OTHOLLEHNE CUIT NHEPLUM K CUNaM BA3KOCTMU:

F

643

2

F,=ma=r LSVT:r L2 v?;

F

643

Re=

:mS%:ranxzr nLv:
dy L
2
_rbv vk (5.4)
rnLv n

Mpu npeobnagaHun cun BA3KOCTU — PEXMM NaMUHapHbIA, Npu npeobnana-
HUW CUIT MHEPLIMM — PEXUM TYpPOYNEeHTHbIN.

MHoro4YncneHHble aKcnepuMmeHTanbHble UCCneaoBaHus rMapaBliMyYeckmux co-
NPOTUBMNEHUI NOKa3bIBAKOT, YTO MEXAY HAMU U CKOPOCTbIO OBWKEHMUS XXUAKOCTU

nmeeTtcs 3aBnucumocTb hy = f (V).

VH.Kp VK.Kp ! gl

Puc. 5.1. llepexoq namMuvHapHOro
pexuma [OBWKEHUS >KUOKOCTU B
TYpOyneHTHbIN

Ecnu onbiTHble [faHHble HaHecTM Ha
rpacpyk B norapudMmnyYeckux KoopauHatax
(puc. 5.1), TO MOXHO BbISIBUTbL TpW OBRacTu:
namvHapHyto (MuHua AB), TypOyneHTHyto (niu-
HMa CD) M HeyCcTOMYMBYIO, PaCrOfOXEHHYH
mexay Todkamm B n C. Toukn B n C HasbiBa-
IOTCH KPUTUYECKUMMU, T. €. TOYKaMU, B KOTOPbIX
NPOUCXOOUT U3MEHeHVe pexnma. Todka B Ha-
3blBAeTCA HWKHEW KpuTudeckom Toudkon. Cko-
pOCTU, COOTBETCTBYIOLLME 3TUM TOYKaM, Hasbl-
BaAKOTCH KPUTUYECKUMN CKopocTamMu. [ns Touek
B n C xapaktepHO TO, 4YTO MNpu CKOPOCTSX
MeHbLle V,, Bcerga Habniogaetca namuHap-
Hblh pEeXMM, a nMpu CKOpPOCTSX BonbLunx
Vsx — TYPOYNeHTHbI pexum. Mpu nameHeHum
CKOpPOCTEN OT MarnbiX K 60MbLWNM NaMUHapPHbI
peXnuM MOXeT yaepXxuBatbcs 00 Touku E. Mpn
N3MEHEHUN CKOPOCTEN OT BONbLUMX K MaribiM,

TYpOYNEHTHbLIN PEXUM MOXET yaepPKMBaTbCA A0 TOYKM B.
3HadeHune ymcna PenHornbaca, COOTBETCTBYHOLLEE HUMKHEN KPUTUYECKOU TOY-
ke B, HasblBaeTCa HMXKHUM KPUTUYECKUM Yncnom PenHonbaca
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\"/

H.K

n

Re, = Vur D (5.5)

Yncno PenHonbaca, COOTBETCTBYOLLIEE BEPXHEN KpUTUYECKon Tovke C, Ha-
3blBaeTCs BEPXHUM KPUTUYECKUM HYUCIIOM

\Y/

8 .K

n

Re, =Vex D (5.6)

[na HanopHOro ABWXEHUS B LUWNUHOPUYECKMX TpYDax HMWXKHEE KpUTuyYeckoe
4Ynucno paBHO 956, T. €. NaMUHAPHBIN PeXUM yCTon4muB, ecrin Re £ 956.

B pesynbTate nsydeHuss ABWXKEHUSA XUAOKOCTU, NPOBELEHHOr0O MHOMMMWU UC-
cnefoBaTtensMun, B KPYribIX FMAPABAUMYECKN «rhagknx» Tpybax Ha ydacTkax,
AOCTaTOMHO YyAarieHHbIX OT BXo4a, Mpu OTCYTCTBUM pPasfNYHbIX WUCTOYHWUKOB
BO3MYLLIEHNs YCTaHOBNEHO Kputuyeckoe yucno PenHonbaca Re,, = 2000, 2320.
MNpn Re < Re,, MeeT MeCTo namMuHapHbIn pexum asmxkeHus. Npu Re> Re,, —
TYPOYNEeHTHbIN.

[MoTepu Hanopa nNo AfMHe CBA3aHbl CO CKOPOCTbIO 3aBUCMMOCTLIO, KOTOpas
Bblpa)kaeTcsl ypaBHEHNEM

h =av™, (5.7)

roe a — KoaddULMEHT MPOMOPLIMOHANBHOCTU; V — CPEedHSs CKOPOCTb MOTOKA;
M — nokasaTterb CTEMNEHMU.

lMponorapudmupoBaB [aHHOE ypaB- Ighya
HEeHMe, MOXHO MOSTYYUTb JNIMHEWHYIO 3aBU-
CUMOCTb
lgh, =1lga+ mligv,
(5.8) ar
oTKyaa
_lgh - Iga >
m—T- 4 |ga; a, lgv,, Igv
5.9) 9P
Ecnn Toudkn, cooTBeTCTBYyWOLME 3HA- Y

yeHuam Ighy, lgv, HaHecTn Ha rpaduk, TO
3HayeHWe rokasartens CTerneHWn m ornpe- Pyc. 5.2. Mpadvk 3aBUCUMOCTU AMS ON-
AEenUTCS Kak tga yrna HakrnoHa npsiMbiX B Pedenexus koaddpuumerTa m
namuHapHon n TypbyneHTHOM obrnacTax K
ropusoHTanbHom ocu (puc. 5.2).

Pexnmbl OBWKEHUST XXUOKOCTU MOXHO -
HabnogaTb BM3yanbHO, Ha YCTaHOBKe
(puc. 5.3), coctosien nM3 pesepByapa C
BOAOW, CTEKMNAHHOW TpyObl C KpaHOM Ha
KOHUEe W cocyga C BOAHbIM pPacTBOPOM

\
—
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KpacuTens, KOTOpbIi BBOAUTCSA TOHKOW CTPYNKOW BHYTPb CTEKNSAHHON Tpybbl npu
OTKPbITUN KpaHa.

Ecnn B TpyGe co3gatb HeBOMbLUYD CKOPOCTb OBWXEHMS BOAbl M B MOTOK
BBECTU KpacuTenb, TO MOXHO YBMOETb, YTO Kpacutenb He ByaeT nepemelun-
BaTbCA C NOTOKOM BoAbl. CTpynka Kpacutens Oyaet oT4YETNMBO BMAHA BOOSb
BCEN CTEKNSAHHOW TpyObl, YTO yKasbiBaeT Ha CIIOMCTbIN XapakTep OBWKEHMUS
XUOKOCTHU, T. €. NaMUHApPHbIN pexnm (puc. 5.3,a).

Mpn NoCTENEeHHOM YyBENIMYEHUN CKOPOCTU OBWXKEHMS BOAbl B Tpybe KapTuHa
ABWXEHWSI B Havarne He MEHSIETCS, HO 3aTeM Mpu orpeaeneHHon CKOPOCTU ABMKe-
HMS HacTynaeT BbicTpoe ee nameHeHne. CTpyika Kpacutens no BbiIxoge 13 Tpyoku
HauMHaeT konebaTbes, B HEWN NosIBNAOTCA paspbiBbl (puc. 5.3,6). 3atem oHa pas-
MbIBAeTCA N NepemMeLLMBaeTCcs C NOTOKOM BOAbl, MPUYEM CTaHOBATCSH 3aMEeTHbIMU
BMXpeobpasoBaHMs 1 BpalLaTenibHOe ABWKEHNE XNOKOCTU. [BUKEHe CTaHOBUTCA
TypbyneHTHbIM (puc. 5.3,8).

5.3. llabopaTropHaa ycTaHOBKa

Cxema u onucaHme nabopaTtopHOM yCTaHOBKM NpuBeaeHbl B nogpasa. 4.3.

5.4. Nopapok BbiNnosiIHeHua paboTbl

1. C nomoLLblo KpaHa 8 yCTaHOBUTb Manyto CKOPOCTb ABWKEHWUS BOAb! B Tpybe.

2. NamepuTb Temnepatypy Boabl t, °C.

3. MoBepHyTb Ha 90° kpaH 9. OnpeaenuTb N3SMEeHeHe YPOBHA BOAbl B Mep-
Hom Bake h, cm, 3a Bpems T, ¢, BpeMs AOMKHO BbiTb HE MEeHee 1 MUHYTHI.

4. 3anucaTb nokasaHus noesomeTpos I1; n I,.

5. NoBepHYTb KpaH 9 B MCXOL4HOE MOMOXEHNE U ONOPOXHUTE MEPHbIN Bak 4.

6. C NOMOLLbIO KpaHa 8 yCTaHOBWUTb HECKOMNbKO GOSbLUYI0 CKOPOCTb ABMXE-
HUS BOAbI B Tpybe 1 NoBTOpUTb namepeHus. MNMpoeectn 5+7 onbITOB A5 KaX4on
nogrpynnei.

5.5. O6paborTka pe3ynbTaroB

1. o 3amepeHHON TemnepaType BoAbl t onpenenuTb KUHEMaTUYEeCKUM KO-
3 DULMEHT BS3KOCTH, CM?/C,

ARET 0,0333;0+1 g%oozzltz' (5.10)

2. Onpenenutb 06bem Boabl B MepHOM 6ake 3a BpeMs onbITa, cM®,
W =476h. (5.11)
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3. OnpeaenuTb pacxon Boabl B Tpybe, cm/c,
Q=W:T. (5.12)

4. Mo HanaeHHoMy pacxody Q v nnowaamn ceyeHus Tpybsl w=0,785d2, cm?,

onpeaefnintb CpeaHw CKOPOCTb

Q
Ve ——— 5.13
0,785d? ( )
5. Onpegenutb NOTEpPW Hanopa no AsnHe, CMm,
h :P]_' P2_ (514)

6. Bbluncnnte 3HayveHus Ighy, Igv.
7. QKcnepuMeHTanbHble AaHHble N pe3ynbTaTbl 06paboTkN OMbITOB 3aHECTH

B Tabn. 5.1.
Tabnuya 5.1
JKcnepyMMeHTanbHble AaHHbIE U pe3ynbTaTbl 06paboTkM ONbITOB
NQ Hl, Hz, h, T, W’ Q, V, hl,
nn| cm cM cM c cv® | cM’c | cm/ic | com lgh, lgv
1
N

8. MocTpouTs rpacouk Igh, = f(Igv). Onpegenuts m,, m,, v,,, Re,,.

5.6. KOHTpONbHbIE BONPOCHI

1. Kak onpenenutb pexunm OBMKEHNSA XXNOKOCTN?

2. B yem coctouT pusndeckmin cmbicn Yncna PenHonbaca?

3. JokasaTb, 4TO u4ucno PewnHonbaca npeactaBndeT COOTHOLWEHWE Cun
NHEPLUMM N CUIT BASKOCTH.

4. [Ina peweHns Kaknx 3agad HeobxoauMO 3HaTb PEXMM ABWKEHUS KUAOKO-
cTn?

5. Bo ckonbko pas usmeHutcsa yncno PenHonbaca, ecnv guameTp N3MeHUTb
B 2 pasa, a pacxoq 1 Temnepartypa He MeHsTCcAa?

6. Kak namenutca ymcrno PenHonbAca, ecnu temneparypa XuakocTn yBenu-
ymnTtca?
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7. BoamoxeH nu nepexoa TypOYneHTHOro pexuma B NamMuUHapHbIM Npu no-
BblLLEHNN TeMnepaTypbl XXNOKOCTN?

8. BoamoxeH N nepexoa NamMuHapHOro pexmma B TypOyneHTHbIA npu no-
HWXEHUN TemnepaTypbl?

9. Kak M3MEHUTCSA CKOPOCTb TEYEHUSA XUOKOCTU, €CIN NaMUHAPHbIA PEXUM
ABWXEHNS XMUOKOCTN nepengeT B TypOyneHTHbIA, a TemnepaTypa XuUakocTu oc-
TaHeTCHa NOCTOSAHHON?

10. Kak n3ameHnTCcs pacxoq XXUOKOCTW, ecrnv TypOYNeHTHbIN pPexum OBUXe-
HUS XKXMOKOCTU NepenaeT B NaMUHApPHbLIWM, a TeMnepartypa XUOKOCTU OCTaHeTCA
NOCTOSIHHOWN?

JNlaboparopHasa pabora Ne 6
NMOTEPU HAMOPA NO ANUHE

6.1. lenb paboTtbi

OKCNepuMeHTanbHO onpeaesiTb KOdMUUMEHT rmapaBnnyeckoro TpeHns | .

6.2. TeopeTuueckue ceefeHunA

6.2.1. NMpupoaa noTepb Hanopa

Mpn ABwXeHMn pearbHOW >XUOKOCTU MNPOUCXOOUT TOPMOXEHME MOTOoKa
BCNeaACTBUE BIIMAHUS BA3KOCTUM U OEUCTBUA CUIT MOSIEKYNAPHOro cuenneHuns
MEXOY XMOKOCTbI M CTeHKOW. HenocpeacTBEHHO Ha CTEHKE CKOPOCTb paBHa
Hynto. HO Tak Kak pacxof *XMOKOCTU OCTaeTca OgHUM U TEM Xe, TO 3amearieHne
ABWXEHNSA CIIOEB, PaCMONIOXEHHbIX OnMKe K CTEeHKaMm, Bbl3blBaeT yBENMYEHME
CKOPOCTU CNOEB, PaCMOSfIOXKEHHbIX Onmxe K LUEeHTpy TpyObl, AOCTUrasi Makcu-
MaribHOro 3Ha4YeHusi Ha ee Ocu. AnKpa CKOPOCTeN NpeacTaBrieHa Ha puc. 6.1.

A7/
N «
= -
.
E d
—> > >
> >
s | |

Puc. 6.1. Sntopa ckopocTen B ce4eHNn noToka

HepaBHOMepHOe pacnpenesieHne CKOpoCcTeN Bbi3blBAET CKOSIbXeHue (CaBur)
OLHWX CII0EB XMUAOKOCTW NO APYrUM, YTO NPUBOAUT K BO3HUKHOBEHUIO KacaTenb-
HbIX HanpsbKeHWn (HanpsbkeHun TpeHud). [BmKeHue COMNpoBOXOAeTCA Takke
BpaLleHMeM YacTul, BuxpeobpasoBaHueM u nepemelunsaHnem. Bece ato Tpeby-
€T 3aTpaTtbl IHEPTUN, MOITOMY SHEPrUS OBUXKYLLENCA BA3KOW XUOKOCTU HE OCTa-
€TCS MNOCTOSAHHOM, @ NOCTENEHHO pacxoayeTcs Ha NpeoaosieHne ConpoTUBIEHUN
n, cnegoBaTeribHO, YMeHbLUAeTCs BAOSb NOTOKA.

[MepBOnNpuYnHOM BCEX MNOTEpPb 3Heprun (Hanopa wunuv ruapaBfIMYEeCcKnx Mo-
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Tepb) ABNSAETCHA BA3KOCTb, HO BENMNYMHA r’MAPaBANYECKUX NOTEPb onpeaenseTcsa
He TOSTIbKO BA3KOCTbLIO, HO U (hOPMOWN, CKOPOCTbIO ABMXKEHUSA, pasmepamm notoka
n ero TypbyneHTHOCTbIO.

MoTepn Hanopa no gnuHe hy — 3TO NOTEpPU 3HEPruKn, KOTOpbiE MPOMOpPLUMO-
HanbHbl AnNMHe notoka. OHWM CyLWEeCTBEHHO 3aBUCAT OT peXxuma OBWXEHUS n
paBHOMEPHO pacnpeaenstoTcsa BAOMb NOTOKA.

6.2.2. MNoTepu Hanopa no AsINHE NPU FTaMUHAPHOM peXuMe ABUKEHUSA

PaccmoTprm ycTaHOBUMBLLUEECS NAaMUHAPHOE ABWMXKEHUE XNOKOCTU B LUNNHA-
puyeckon Tpybe paguycom rg (puc. 6.2).

CoBmecTnM oCb X C OCblO TPYObI, @ OCb Z HanpasuMm no paguycy Tpybbl. To-
r4a U — CKOpOCTb OABWXKEHMUS CMNOs XUOKOCTU dr Ha pacCTOSHUKU I OT OCuK TPYObl;
Unax — MaKCMMaribHasi CKOPOCTb ABWXKEHMUS MO OCU TPYObl; V — CpeaHAsA CKOPOCTb
NOTOKAa; t — KacaTerbHble HanpsXXeHus No paguycy r; to — KacatenbHble Hanps-
XEHUs Ha CTeHKe TpyObl.

Gl Usiae |

Puc. 6.2. PacnpegeneHune KacaTernbHbIX HAaNPsKEHUN 1 CKOPOCTEN

Mpy namMHapHOM peXxume Crou XUOKOCTU OBWXKYTCS NapannenbHO apyr
apyry. CteHku Tpyb, BOOMb KOTOPbIX NPOMCXOAUT ABWXKEHME, 3a CHET CUI MEX-
MONEKYNSAPHOro cuenneHnst ByayT NOKpbIBATLCA MPUNUMNLIMMWN K HUM YacTuuamm
XunakocTu. epBbii NPUCTEHHbBIN OBWXYLLNMNCA CIOWN XUAOKOCTM OyAeT CKOMNb3nTb
No YacTuuam, NPUIUMWKNM K CTEHKE. Tak Kak Teopusd namuHapHOro OBuXKeHUN
OCHOBbIBaEeTCS Ha 3aKOHe HbloTOHA O TPEHUM BHYTPU XNOKOCTU U TPEHUE MeXay
CIOAMM OBUXKYLLENCA XUAOKOCTU ABNAETCA €OUHCTBEHHbIM UCTOYHUKOM MOTEpb
3HEPrun, To BENUYMHY KacaTemnbHbIX HanpshkeHUn MOXHO onpeaenuTb No 3aBu-
cumocTu H. I1. MNeTposa

du

t=-m—, 6.1
ar (6.1)

. du
roe m— koaduUMeHT ANHaAMNYECKON BA3KOCTMU; Pl rpagneHT CKOPOCTMW.
r

3HaK MUHYC NPUHAT NOTOMY, YTO U YMEHbLLAETCs C yBennyeHnem r. BmecTte ¢
TeM BeNIMYMHY KacaTellbHblX HanpskKeHWA MOXHO onpeaenuTb U3 OCHOBHOMO
ypaBHEHUS paBHOMEPHOTO ABUKEHWS
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t=rglR, (6.2)

roe r — NIIOTHOCTb XWAKOCTU; | — rmgpaBnuyeckuin YKnoH; R — rugpasnivyeckuni
pagunyc; g — yckopeHne cBob6oHOro nageHus.
[MpupaBHaeM npasble YacTn ypaBHeHU (6.1) n (6.2):

rgIR:-mg—u. (6.3)
r
'MapaBnuyecknin paguyc Ans uunuHapudeckon Tpybbl paBeH R:% = PY
noacTasriss ero B ypaBHeHue (6.3), nonyy4nm
r du
rg—-I =-m—. 6.4
95 ar (6.4)
3 ypaBHeHus (6.4) Bbipasnm
du:-ﬂrdr, (6.5)
2m
nocrie MHTerpnpoBaHus ypasHeHus (6.5) nonydum
u="9 20 (6.6)

4m

[MocTosiHHaA uHTerpmpoBaHusa C onpenenseTcsa U3 yCrioBMs paBeHCTBa HyIto
CKOPOCTW Uy CTEHOK TPYObI NpU I = rg:

rgl
c="9"2 (6.7)
4m
OkoHyaTernbHo, noacTtasme 3HadyeHne C B ypaBHeHue (6.6), nony4ymum ypaBHe-
HVe, BblpaXkatoLLlee 3aKOH pacnpenesrieHns CKOpOCTeN rnpu JlaMUHAPHOM peXxnve,

2 _ .2
u:%(roz- rz):—gl(;‘r)n ' ) (6.8)

roe N — KOAPPULNEHT KUHEMATNYECKON BA3KOCTW.
YpaBHeHve (6.8), n3BecTHoe kak opmyna CTokca’, npeacTaBnsieT coboi
ypaBHeHue napabonsl, umetowlein makcumym npu I =0, T. e. no ocu Tpy6bI

2
_rg|r02:rg|d2:g|d (69)

~ 4m 16m 16n

umax

Y Ixopdx Mabpuens Cmokc (1819-1903) — aHIMMIACKMIA MaTeMaTuK 1 (UMK MPRaHACKOro
npoucxoxaeHusi. Pabotasa B KemMbpuaKCKkOM yHMBEpCUTETE, BHEC 3HAYMTENbHbIM BKMag B
rMapo- u razoanHamuky (ypasHeHue HaBbe — CTokca), onTuky n MaTemaTuky (teopema CTokca).
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3Has 3aKkoH pacnpeneneHnsa CKOpOCTU MO XXMBOMY CEYEHUIO TPYObI, MONy4nMm
3aBMCUMOCTb 4S8 onpeaeneHunsa pacxoaa

Q:(‘)udw:(‘)ﬂ(roz- rz)dw: (‘)ﬂ(roz- r2)2prdr _prol r,. (6.10)
By 4m 4m 8m

w w

3aBucumocTb (6.10), onpegenswwas pacxon, HOCUT HasBaHue OpPMYyIbl
Myasetins’.

Q

Tak kak v=—, nony4yaem
w

4 2
V_prgIrO:rgIrO_umax (6.11)

~ 8mpr? 8m 2

T. €. CPedHsIs1 CKOPOCTb B TpyGe npu flaMMHapHOM peXuMMe paBHa NoSIOBMHE Mak-
CYMarnbHOM CKOPOCTN, Habnogaemon Ha ocu. Mpeobpasyem 3aBucUMocCTb (6.11)

2 2 2 2
V:rglro _rgld® _gld® _ghd | (6.12)
8m 32r n 32n 32nL
oTKyaa h = SZQHT\Z/L (6.13)

roe hy — notepu Hanopa no gnuHe.

3aBucumocTb (6.13), onpegenstowas BennyYnMHy noTepb Hamnopa npu namm-
HapHOM peXxnmMe OBWKEHUS, NoKa3blBaeT, YTO NOTEPU Hanopa nNpu NaMmmHapHOM
pexnmMme nponopumnoHanbHbl NEPBOM CTEMNEHU CpPeaHEN CKOPOCTU, 3aBUCAT OT
poda XunagkocTtn, obpaTHO NponopuUMOHanbHbl NNowaan cedenunst Tpyobl n He 3a-
BUCAT OT LLEPOXOBATOCTN CTEHOK TPYOHbI.

Mpeobpasyem 3aBMCUMOCTbL (6.13), YMHOXWUB YNCNUTENb N 3HAMEHaTeNb Ha
2V U neperpynnnpoBaB COMHOXUTENMN:

_32nLv2v_64nL Vv?

d dg2v vd d2g

vd 64
YuutbiBas, YTo — = Re, 1 0603Ha4nB Re =| , OKOHYaTenbHO NONy4YNM
n €
h =I Lv (6.14)
d2g| '

roe | — ko3 pUUMEHT rmapaBnnyYeckoro TpeHus.
3aBucumocTb (6.14) HasbiBaeTca dopmynon Oapcu — Beincbaxa. Koadhdu-

Y Xan Jlyu IMyaseiine Mapu (1799-1869) — cbpaHLly3ckuit Bpay, NCCNEA0oBaBLUNA B KOHLIE
30-x rogoB XIX ctoneTtus rmgpasnuyeckMe ConpoTUBMEHUS KanummnsapHbIX TPYOOK npu nay-
YeHUN KpoBOoOOpaLLEHNS.
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UWEeHT | npu fammHapHOM pexume ABnseTca (OyHKUMEn TONbKO yucra Re u ¢
yBenuyeHnem Re | ymeHblaeTca. Ecnu B norapngpmmyeckux koopamHaTtax no
BepTUKarIbHOM OCWU OTKIagblBaTb KO3(PUUMEHT rugpasnuyeckoro TpeHus |, a
MO rOpM3OHTarbHOM ocu — vucro Re, To 3asucumocTb | = f(Re) Bhipasutcs B

Buae NpsiMon HACNagarWwen NTNHUN.

6.2.3. NoTepu Hanopa nNo AfinHe Npu TypoyNneHTHOM pexume
ABMXeHus1 BoAabl

Ana TypbyneHTHOro pexuma xapakTepHO He TONbKO MpoAoSfibHOE nepeme-
LLIeHNe YacCTuL XNOKOCTU B HanpaBfieHNN OCHOBHOIO TeYEHUs!, HO 1 nornepeYvyHoe
ABWXeHWe B HanpasfeHu, HopMarbHOM OCHOBHOMY TedeHuto. [1oaTomy B Typ-
OyneHTHOM MOTOKE WMeEeT MECTO HernpepbiBHbIN MNPOLECC nepemMeLllnBaHnS.
CKOpOCTb TeYeHUs B OTAENbHbIX TOYKaX U3MEHSETCS NMpu 3TOM Kak no Besfimyu-
He, Tak 1 MO HanpaBfieHND, COXPaHSAs 3a AOCTAaTOYHO OOMIMMN NPOMEXYTOK Bpe-
MEHWN MOCTOAHHYK BENIMYMHY U HanpaBreHne. JTO SBMEeHUe HasbliBaeTCcsa nyrib-
caumen ckopocTtu. Ecnn B pukcMpoBaHHOM TOYKEe MOTOKa U3MEPUTL M 3anucaTtb

nyfbcaunum CKOPOCTU BO BPEMEHU, TO MOXHO
uy YyBUAETb, YTO CKOPOCTb XaOTMYHO Konebnetcs
OKOS0 HEKOTOPOro OCPEAHEHHOro no BpemMeHu

3Ha4YeHu4.
Ue, PasHocTb mMmexay (akTuyeckom MrHOBEH-
HOW CKOPOCTbIO U U OCPEeOHEHHOW CKOPOCTbIO
Uy, B OaHHOM Toyke u(=u- U, HasbiBaeTcs

t nynbcaunoHHon [obaBKOW, WM CKOPOCTbHO
Puc. 6.3. lNynbcaunsa ckopocTn nynbCauunn, BeJindnHa KOTOpOVI n3MeHdeTCd BO
BPEMEHN OT MaKCUMasnbHOro oTpuuUaTesibHOro

A0 MaKkCuMaribHOro NosIOXKUTENbHOro 3HayeHus (puc. 6.3).

[Mpouecc HenpepbIBHOrO nNepemeluBaHns B TypOyrneHTHOM NOTOKE Bbl3blBa-
€T JOMOSIHUTENbHOE TPEHME MexXay OTAEeNbHbIMW YacTuuamu, KOTOPOE OKa3sbl-
BaeTcs BO MHOro pas 6onblle, YeM TpeHue Npu NaMmmMHaApHOM peXume OBUXKe-
HUS XKNOKOCTW.

Mpn nccnepgosaHnn TypOYNEHTHOrO pexnmMa 6b1r10 yCTaHOBIEHO:

1) ckOpoCTU Ha MNOBEPXHOCTU CTEHKU paBHbl HYIO
BCNeacTBMe NpUIMnaHus YacTul, K CTEHKE;

2) Ha BeCbMa MasrioM pacCcTosiHUM OT MOBEPXHOCTU
CTEHKM (B npeagenax norpaHM4YHOro cnosi) Habnwogaetcs
pes3koe yBernim4eHme CKOpoCTy;

3) no mepe npubnumxeHus K ocn TpybonpoBoga CKo-

2 POCTb HapacTaeT MeaSieHHee, MOAYMHAACH Pa3fnUYHbIM
3aKoHaM pacnpeerneHnsi B 3aBMCUMOCTM OT TypOyneHT-
HOCTW NOTOKA.

1

3

Puc. 6.4. lNMonepevHoe
ceyeHve TypbOyneHTHo-
ro notoka B Tpybe: 1 —
namMuHapHasi nneHka;
2 — nepexogHas 30Ha;
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Ha ocHoBaHuM pe3yrnbTaToB 3KCNepuUMeHTarnbHbIX UCCNeaoBaHuUnM U Teope-
TU4eckux npeanonoxenuii MpaHatna', Kapmana, Hukypaase 6bino yctaHoBne-
HO, YTO Npu TypOyNeHTHOM pexnme Bonbluas YacTb NOTOKA 3aHATa TypOyneHT-
HbIM SAPOM, @ Y CTEHOK TPYObl UMEEeTCS TOHKUN, Tak Ha3biBaeMbll MOrpaHNYHbIN,
cnou (puc. 6.4).

B yactn aTtoro cnos HenocpeacTBEHHO Y CTEHKN MMEET MeCTO JlTaMUHaPHbIN
PEXUM OBWXKEHUS, NO3TOMY 3Ty YacTb NOrPaHMYHOrO CIl0s Ha3blBaOT NaMUHap-
HOM NneHkon. HenocpeaCTBEHHO 3a flaMMHAPHOW MNIEHKOM pacnosiaraeTcst TOH-
KU CNOWN XMAKOCTWU, KOTOPbIA NpeacTaBnseT cobon nepexoHyo 30Hy OT flaMu-
HapHOro pexunma K TypobyneHTHomy. Takmm obpasom, NOrpaHnUYHbIN CNOM — 3TO
COBOKYMHOCTb fTaMWUHAPHOW MIIEHKN U NePEXOAHON 30HbI.

B norpaHnMyHOM crioe BO3HUKAIOT BUXPU, KOTOPblE NMPOHMKAKOT B TYpOyneHT-
HOoe fA4pOo, yBenuumBas MHTEHCUBHOCTb MepeMellnBaHus OTAENbHbIX YacTuy
XXWOKOCTU, BbI3blBas NnonepeyHble ToKW. [aleHne aHeprumn, 3akniYeHHOW B BUX-
psiX, Bbl3blBaeT obOpasoBaHvMe [OMNOSNHUTENbHbIX NoTepb Hanopa. [pu Typby-
NEHTHOM peXuMe OBWXEHUS B OTNNYMe OT JlaMUHaPHOro, KpOMe HanpsKeHUs
cun TpeHus, 0BycrnoBMAeHHbIX PU3NYECKUMM CBONCTBAMU XULOKOCTWU, BO3HUKAIOT
eLle OONOoSTHUTENbHbIE HAaNPsSXKeHUs, onpeaensemMble TypOyneHTHOCTbIO NOTOKa.
OpHako Heobxo4MMO OTMETUTD, YTO ANs TYpOYneHTHOro pexuma He CyLlecTBy-
eT AOCTaTOYHO CTPOror M TOYHOW Teopuwn BBUAY CHOXHOCTU TypOyneHTHoro Te-
YeHUs U TPYQHOCTEN ero aHarmMTUYecKoro nccriegoBaHus.

CornacHo Teopuu MNMpanaTnsa, CyMMapHoOe HanpsikeHue TpeHusa B TypOyneHT-
HOM MOTOKe onpeaenseTca no gopmyrne

du Iza:lu(j

t=t,+t, =m—+r —< 6.15

171l dh gdhg ( )
a@lu .2

roe t, =r Izg%g — TypOyneHTHbIE KacaTenbHble HanpskeHus; | — anuHa nyTtu
edll g

nepeMeLLnBaHus.
Mpn TypbyneHTHOM pexume t, okasbiBaeTcss MHOro Gonbuie ti, NosaTomy
NpeMMyLLLECTBEHHOE 3HAYEHNE UMEKDT NOTEPU HaMNopa, BO3HUKAOLWME B pPe3yrb-
Tarte nepemMeLlnBaHus.
1. MpaHaTnb NpeanonoXun, YTo ANUHa NyTUM NepemMeLllnBaHus NPonopLmo-
HanbHa PacCTosHUIO OT CTeHKW, T.e. | =bh. Toraa kacatenbHOe nynbcauMoH-

HOe HanpsaXxeHue t, npuHMMaeT BUA;:

L2
t=r bzrozgiug : (6.16)
edhg

Y J1. MpaHomnb (1875-1953) — HemeLkuin yyeHbiil. Co3gan Teopuilo TypBYyNeHTHOCTU W
npeanoXxunst TeoOputo NOrpaHNYHOro Cnos.
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3 ypaBHeHus (6.16) Bbipasum

du:& l@

6.17
b\'r h ( )

ans obnacTn NOTOKa OKOMO CTEHKU nepeMeHHoe KacaTenbHoe HanpsxeHue t
MOXHO 3aMEHUTb MNOCTOAHHbLIM HaNpsaXeHWeM TPEeHUA Ha CTeHkKe to. BennunnHa

t .
|- nmetowwas pasMepHOCTb CKOPOCTU, Ha3blBAaeTCs QUHaMu4yecKoli CKopo-
r

CMbHO, NN CKOPOCTbLIO cpesa, U 06o3HayaeTca u.. C y4eToM BbilleCcKa3aHHOro
ypaBHeHue (6.17) npumeT Bug,

_u.-dh
b h

[Mocne uHTerpupoBaHusa ypaBHeHus (6.18) n onpeneneHns NOCTOSAHHOW WH-
TEerpupoBaHus 13 yCrioBuA, 4To Nnpu h=r u=u,,, IMeem

du (6.18)

U, T
- —In—. 6.19
b h ( )

Ecnu npuHate b = 0,4 n nepenTtn K AeCATUYHbIM norapudgmam, To

U = Uy

U=l - 5,75u*lg%. (6.20)

OcHOBHOWM pacyeTHOW hopMyrion Ans NoTepb Hanopa no AnuHe npu Typoy-
NeHTHOM pexunme ansaetcsa oopmyna dapcu — Bencbaxa
2
h=t LV (6.21)
d2g
roe | — koaddUUMEHT rMapaBnNYECKOro TPEHUA Npu TypOyrneHTHOM pexume,
YCTaHOBMNEHNE 3HAYEHMSI KOTOPOro COCTaBMSIET OAHY M3 CIIOXHENLWNX npobrem
MEXaHWUKWN XUOKOCTU, HE NMEIOLLYIO 0 HACTOSLWEro BpeMeHu nosiHoro TeopeTu-
4YeCKOro peLleHus.

CornacHo 3akoHy rmapoguHamMuyecKkoro no-
[obusi, KOapPMUMEHT TMAPaBNNYECKOrO TPEHUS
npy TypOYNEHTHOM pexmme, Tak XXe Kak U npu
NaMUHapHOM, SABNAETCA (PYHKLMEN OCHOBHOIO
KpuTepusa nogobus HanopHbIX MNOTOKOB — yucna
PenHonbaca. Ho, kak nokasanu akcnepumeH-
TanbHble WUCCreaoBaHUs, Ha MNOTepu Haropa
CyLLLeCTBEHHOE BNUAHNE OKa3blBaeT LLUEepPOXOBa-
TOCTb MOBEPXHOCTU, KOTOpasi OLEHNBAETCH Bbl-
COTOM BLICTYNOB W Ha3blBaeTca abConoTHOM
LwepoxoBaTocTblo D (puc. 6.5).

Puc. 6.5. Tunbl WwepoxoBaTocTu: a —
HepaBHOMepHas; 6 — paBHOMepHas;
8 — BOJHUcTas 63
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OpHako ganbHenlwmne uccrenoBaHnst BbiiIBUMK, YTO Ha BENUYMHY COMPOTUB-
NEeHNs1 CyLeCTBEHHO BIMSIET XapakTep pacrnofioXeHus1 BbICTYNOB M X cdopma.
MoaTomy GbINO BBEAEHO MOHATUE O MMAPABINYECKN SKBUBANEHTHOWM LLEPOXOBa-

TOCTH

D, =j D, (6.22)
roe j — KoahUUUEHT, 3aBUCALLNA OT XapakTepa pacnosiIoXXeHNs BbICTYNOB N UX
dopmbl.

B HacTosilLiee BpeMsi UCMOMb3YHT NOHATUE OTHOCUTENBHOW LLEPOXOBATOCTU
D

r
Koraa TOSLWMHA NaMUHAPHOW NNEHKN Yy CTeHKn 6onblue abcontoTHOM LWepoxoBa-
TOCTU, TPYOy Ha3blBalOT 2udpaesiudecku «anadkol», n | asnaetca pyHKumen
mwb yncna PeiHonbaca | = f(Re). OTHocuTenbHas WepoxoBaToCTb CKaablBa-

eTcs TONbKO Ha pa3Mmepax obnactu, B npegenax Kotopon tTpyba cumtaercs rma-
paBrNYecKn «rnagakom.

CywecTByeT psag aMIMPUYECKUX U MONYaIMNNpUYeckux opmys, Bbipaxaro-
WX 3Ty pyHKuMo gna TypbyneHTHOro pexuma B obrnactu rmgpaBriMyecku
«rnagknx» Tpyo.

9

7

> Korga LwepoxoBaTocTb TPYObl HE BMUSIET HA ee CONPOTUBIIEHUE, T. €.

1
910 cbopmyna KoHakoBa | = : (6.23)
(18lgRe- 15)°
dopmyna lMNpaHaTna % = 2Ig(Re\/I_)- 08. (6.24)
dopmyna bnasuyca | = OR:Z% (6.25)

C yBenunyeHnem 4dncna Re namuHapHas nneHka CTaHOBUTCSH TOHbLUE, HEPOB-
HOCTM HauyMHalT «ObHaxaTbCs», Tpyba CTaHOBUTCS rMApPaBlIMYECKU «LLepo-
xoBaTomn». B aTtom cnyyae | aBnaeTca yHKUMEN He TOSbKO yMcna Re, HO 1 OT-

€ dg
[Ons «wepoxoBaTtbix» TPYO KOIMPUUNEHT rMapaBINYECKOro CoOnpoTUBIEHNS
onpeagensieTcs:
no popmyne AnbTLUyns 0,118@8 D, 9 ; (6.26)
éRe d g
1 aa25 1 D, 0
opmyne KonbOpyka : 6.27
chopmy. py gRe\/— 37d] (6.27)

N, HakoHeu, npu 6onbluMX Yncnax Re TonwmHa naMmMHapHONM NNEHKM OYeHb
Mana, BbICTYrMbl LUEPOXOBATOCTN 00TeKalTCs TypOyneHTHbIM NOTOKOM C BUXpe-

64
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obpa3oBaHMeM 3a KaxablM BbICTynoM. KoadbnumneHT rmgpaBnmyeckoro TpeHus
B 3TOM CIliy4yae He 3aBUCUT OT vncna PenHonbaca, a onpeaensercs TofbKo OT-
HOCUTENbHOM 3KBMBASIEHTHOM LIEPOXOBATOCTLIO. [MoTepn Hanopa nponopumo-
HaslbHbl CKOPOCTN BO BTOPOW CTEMEHN.

Ansa aTux ycnosumn KOIPOULUNEHT rMapaBin4eckoro TpeHUs onpeaenseTcs:

1 r
no dpopmyrne Hukypanse —— =24qg— +1,74; 6.28
opmy. ypan N g D, (6.28)
0,25
dopmyne WndgppuHcoHa | 20,11%9 (6.29)
(4]
U APYTUM.

Hanbonee nonHble nccnegoBaHnst No onpeaesieHnto 3aBMCUMOCTU Koadhdu-
unmeHta | oT umcna PenHonbaca U OT OTHOCUTENbHOW LLEPOXOBATOCTM Gbinn
BbinonHeHbl . Hukypaase.

. Hukypaase ucnbitan psg Tpyd C MCKYCCTBEHHO CO34aHHOW LlepoxoBaTo-
CTblO Ha MX BHYTPEHHen noBepxHOCTU. LLlepoxoBaTocTb Obinia nonydeHa nytem
MNPUKNENKN NECYMHOK onpeaesieHHOro pa3mMepa, noslydeHHbIX NpocenBaHNEM Ye-
pe3 cuta. Takas LWepoxoBaTOCTb Ha3blBAETCH paBHOMEPHO 3epHuUcTon. Mcnbl-
TaHus 6blnn NpoBefeHbl NPU LWMPOKOM Anana3oHe OTHOCUTESNbHbIX LLepoXoBa-

TOCTel 8@3 =L 10 4 rapke uncen Peionsaca (Re=500, 10°).

ed 500 15g
HaHHble onbiToB W. HUKypaase nsobpasun Ha rpadwvke, rae no ocm abecumce oT-
KnagblBanucb norapndmel BennyumH Re, a no ocn opamHart — riorapudpmel 100 1 npu
Pa3SINYHbIX 3HAYEHUAX OTHOCUTENbBHBIX LLepoxoBaTocTen (puc. 6.6).

le 100 2
mi\‘ |
ol .
81 D
.
1 i ‘Hﬂ
ar ...... 1 | .
| | g PO iy
5| : i -
dl n.ﬂﬂ!-mﬂ:ﬁ
3% P

.!E'\_ R
Puc. 6.6. Npadmk Hukypaase
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Mpn Re < 2300 (IgRe < 3,36) — npsimMas 1 — umMeeT MeCTO JTaMUHAPHBIA PEXUM U
| 3aBUCUT TOMBKO OT Yncna PenHornbaca 1 He 3aBUCUT OT LLEPOXOBATOCTU CTEHOK.
Mpn Re3 2300, 4000 (lgRe=336, 3,6) — yuyacTok 2 — HabrnopaeTcs BbICT-

pbl nepexoq OT NlaMUHAPHOro pexunma K TypbyneHTHomy. [lanee HaumHaeTcs
npamMas 3, xapakrepusyowlas 3aBucuMocTb | oT uncna PenHonbaca ansg rmg-
paBNUYECKN «IMagknx» Tpyb, y KOTOPbIX BEMMYMHA BbICTYMOB LLEPOXOBATOCTEN
MEHbLUE TONWMHbI NaMUHAPHOM NPUCTEHHOM NneHku. [lanee KpuBble 3aBUCUMO-
cTn | oT Re pacxoasaTtcs. Y4YacTKu KpUBbIX 4 XxapakTepusyroT cobon nepexoq oT
rMOpaBfiMYeckn «rnagknx» Tpyd K ruapaBfiMyeckn «uepoxoBaTbiM» Tpybam 5,
T. €. B 30He 4-5 KO3 PULUNEHT rMapaBnn4eckoro TpeHnsa | 3aBUCUT Kak OT Lwe-
pOXOBaTOCTU, TaK N OT Re.

MocneaHasa obnactb 5 npeacTaBneHa NMHMAMK, napannenbHbiMuM ocn abce-
LUCC, YTO CBMAOETENbCTBYET O TOM, YTO 34eCb KOI(PPULMEHT ruapaBrinyecKkoro
TPEHUSI 3aBUCUT TOSbKO OT LLUEpPOXOBATOCTU. ATy obnacTb 06bIYHO Ha3biBaOT
o6nacTbio KBagpaTU4YHOIrO COMPOTUBMEHUS, TaK Kak MoTepu Hanopa no AnvHe
NponopLMOHarnbHbl KBagpaTy CKOPOCTMW.

[nsa Tpyb ¢ eCTeCTBEHHOW LWEpPOXOBATOCTbIO 3aKOH n3meHeHus | ot Re nony-
YaeTCcs HeCKOSbKO MHbIM, 6e3 nogbema KpuBbIX MNOCIE OTKIOHEHUSA UX OT FINHUN
rmagkux Tpy6. Pasnnumne obbAcCHAETCA TeM, YTO B Tpybax C eCTECTBEHHON Lue-
POXOBaTOCTbLIO BbICTYIMbI LUEPOXOBATOCTU UMEKOT Pa3fIMYHYO BbICOTY U NpU yBe-
nuyeHun Yucna PenHonbaca HayvHaT BbICTyNaTh 3a npefernbl naMuHapHOro
CIosi He OOHOBPEMEHHO, a Npu pasHblix Re. [oaTomMy nepexoa OT NUHUK «rnag-
Knx» TPy K ropu3oHTanbHbIM NPAMbIM, COOTBETCTBYIOLLNM KBagpaTUYHOMY 3a-
KOHy, npoucxoauTt 6onee nnasHO, 6e3 npoBana KpuBbIX, YTO HArnAsgHO npega-
cTaBrieHo Ha rpacuke . A. MypuHa (puc. 6.7).

y
0,045 \
d
0,040 ‘;,:'-..H__‘ e
] 100
0,035 \\\x": 120
. 140
x 5 180
0,030 ATt 200
::::" e 250
-2 —_ 300
0025 S (7) 400
' o] 500
h~
=N 700
0,020 = 1000
“
\ 1500
e 2000
(0,015 | . Eggg
| bt 3000
0010 ! PR 1G000

4 100 2 345 §10° 2 345 B10F 2 3 45 B0 Re
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Puc. 6.7. Npadmk MypuHa

6.3. JllabopaTropHaa ycTaHOBKa

Cxema 1 onmcaHne nabopaTtopHOW yCTaHOBKM NpuBeaeHbl B noapasg. 4.3.

6.4. NMopanok BbINONHeHUA paboTbl

1. C nomoLbo KpaHa 8 yCTaHOBUTb MPOM3BOSIbHbINM pacxod BoAbl B Tpybo-
npoBoje.

2. NoBepHyTb Ha 90° kpaH 9. OnpeenuTb M3MEHEHNE YPOBHSA BOAbl B Mep-
Hom Bake h, cm, 3a Bpems T, C, BpeMs JOKHO BbiTb HE MeHee 1 MUHYTHI.

3. 3anncaTtb nokasaHus NepBbIX ABYX Nbe3oMeTpoB P n P .

4. NoBepHYTb KpaH 9 B UCXOAHOE MOSIOXKEHME U ONOPOXHUTE MEPHbIN Hak 4.

5. C nomoulbto KpaHa 8 3MeHuTb pacxof BoAbl B TpybonpoBoge u MOBTO-
pUTb U3MepeHUs, MPOBECTU 5, 7 ONbITOB AN KaX40M NoArpynnol.

6. MamepuTb Temnepatypy Boabl t, °C.

6.5. O6paboTka pe3ynbTaroB

1. Mo namepeHHon TemnepaType BOAbl onpeaenuTb KOIPPUUNEHT KMHEMa-
TUYECKON BA3KOCTM, cM7/c,

0,017/8

n= : (6.30)
1+0,0337t+0,000221t?
2. OnpepennTb 06beM Bogbl B MEPHOM Gake 3a BpeMsi onbiTa, cM°,
W =476h. (6.31)
3. OnpenenuTb pacxoq Boabl B Tpy6e, cm’/c,
Q=W:T. (6.32)

4. Mo HanpeHHoMmy pacxody Q v nnowaau cedveHms Tpybsl w=0,785d? on-
penenuTb CpeaHI CKOPOCTb, CM/C,

Q
Ve ———. 6.33
0,785 d? ( )
5. OnpegenuTtb NOTEpPW Hanopa no AfnHe, CMm,
h:Pl- P2. (634)

6. OnpepennTb 3KCrnepyMeHTarbHoe 3HadeHue KoadpduuneHTa runapasnu-
4YeCKOro TpeHus

67

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

|, =hd2g (6.35)

| v
7. Onpegenutb yncno PenHonbaca
Re= % (6.36)

8. OpmeHTMpysacb Ha 3HadeHue 4Yucrna PenHonbaca, BblYUMCINTL TeopeTude-
CKune 3HadeHust KoadhpuuneHTa rmapaBinyeckoro TPeHus:

Re£2300, |, =2%. (6.37)
Re
2300 £ Re £ 4000, | ,=147%0°Re; (6.38)
.0,25
Re>4000, |, :0118@8+ D, ¢ (6.39)
éeRe dg
9. QKCnepuUMeHTarnbHble AaHHbIe U pesynbTaTbl 06paboTKN OMNbITOB 3aHECTU
B Tabn. 6.1.
Tabnuya 6.1
OKcnepuMeHTanbHbIe AaHHbIe U pe3yfnbTaTbl 06paboTKM ONbLITOB
Ne (ITy, |IIp, | h, | T, | W, | Vi, | h
n/n Cl\l/l CI\2/| cm | ¢ |em® CI\(/I%/C CIVT/C CIIVI Re 15| 17| lgRellg(1001 ) lg(1001 1)
1| 2]3]a4a]s5]6] 7] 8] 9 [10[11]12] 13 14 15
1
7

10. MocTpouTs rpadukm 1g(1001 ,)= f(lgRe) n 1g(1001 ;) = f(IgRe).

6.6. KOHTpONbHbLIE BOMNPOCHI

1. OkasblBaeT N BAUSHUE PEXUM OBWXKEHUA XUOKOCTM Ha NoTepu Harnopa
no AnuHe?

2.0 KakoMy 3aKOHYy WM3MEHSAITCA CKOPOCTU B CEYEeHUU Npu namMmmHapHOM
pexume OBWXKEHMUS B TpyOe Kpyrroro cedeHna?

3. 1o KakomMy 3aKOHYy U3MEHSIIOTCS KacaTesSlbHble HanpshKeHus B Tpybe Kpyr-
noro ce4vyeHnA?

4. Kak cBi3aHbl CpegHsas N MakcumaribHast CKOpOCTU B MOMNepevyHoOM ceyeHumn
Kpyrnown Tpyobl NpU TaMUHAPHOM peXume ABMKEHUA?

5. Kak nameHuTca KoauUUMEHT rmapaBnmyeckoro TpeHUs npu ysenndeHnm
Temnepartypbl TPAHCNOPTUPYEMON C NMOCTOAHHbLIM PACXO4OM XUAKOCTU Npu na-
MWHAPHOM peXnme OBUKEHNA?
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6. Kak namenutcs koacpcpuumnent | B KBagpatudHonm obnactu conpoTmene-
HUA NpU yBENUYEHUN TeMnepaTypbl?

7. Kak ckasbiBaeTCsa BNUSHWE OTHOCWUTESbHOW LepoxoBaToCTM B obnactu
rMOpaBiMyeCcKn «rragknx» Tpyo?

8. Kak namenutca koadpuumeHT | ¢ yBenmyeHmem cKoOpoCTU B NEpPEXOLHON
obnactn?

9. BOo CcKONbKO pa3 M3MEHATCA MNOTepu Hamnopa npu famMMHaApPHOM pexume,
ecrnv pacxof yeBenudntca B 2 pasa?

10. Bo ckonbKko pa3 M3MEHATCA noTepu Hanopa B obnacTu KBagpaTUYHOro
COMPOTUBIIEHNSA, €CNU pPacxo YMeHbLNTb B Ba pa3a?

11. Bo ckonbko pa3 naMeHATcs KoaddumumeHT | B KBagpaTudHon obnactu
COMPOTUBIIEHNA NPU YBENNYEHUN pacxoaa B Ba pasa?

12. YT0 Takoe aKBMBaNeHTHad LLepoxXoBaToCTb?

13. MNoyemy 3Ha4veHue | , nonydeHHoe B onbiTax [.A. MypuHa, oTnuyaeTcs oT
3HadyeHun | B onbiTax U. Hukypanse?

14. Kak nsmeHutca koapdpuumneHT | npu yBenmyeHnmn abcontoTHON LLIEepOXo-
BaTocTn D, ecnun pexunm ABMXEHUSA JTaMUHaPHbIN?

15. Kak nameHutcs koacpdumumeHT | B obnactu rugpaBnmyeckm «LepoxoBa-
ThiX» TPYyO Npu yBENUYEHNN OTHOCUTENBHOW LLIEPOXOBATOCTU?

Na6oparopHana pabora Ne 7
UCCNEAQOBAHUA MECTHbBIX NOTEPb HAMNOPA

7.1. lenb paborbl

JKcrnepMeHTanbLHO onpeaennTb KO3 MUUMEHTbI MECTHbIX COMPOTUBITEHUN.

7.2. TeopeTuueckme ceegeHun

MecTHble NOTepu Hanopa — 3TO NOTepWu, OOYCNOBMEHHbIE MECTHbIMU FUA-
PaBMMYECKUMU COMPOTUBIIEHUSAIMM, T. €. TAKUMWN dNeMeHTaMm TpybonpoBoaos, B
KOTOPbIX BCNEACTBME M3MEHEHMSI MOrnepeyvHbIX pasMepoB WUNU KoHGUrypauum
npoucxoauT gecdopmManms noToka.

Bcsikas nepecTpoiika CTPYKTYpbl MOTOKa CBsidaHa C MOSIBIIEHWEM OOMOSHK-
TenNbHbIX KacaTemnbHbIX HAMPSPKEHUN, NMPUYUHOM KOTOPbLIX SIBMSIOTCS BO3HMKAl0-
LLIe B NOTOKE AOMNONHUTENbHbIE BUXpeobpa3oBaHus.

MecTHble NOTepn SHEPTMN UMEIOT Ty XKe PU3NYECKYI0 NpMpoay, YTo U noTepu
No ANMHe, 3TO pe3ynbTaT NPeobpa3oBaHUSA YacTh MEeXaHU4YecKkom SHeprun B Te-
MMOBYIO 3a CYET NPEOAONEHNS KacaTeNbHbIX HAMPSPKEHUIN TPEHWS.

OCHOBHble BUAbl MECTHbIX MOTEPb Haropa MOXHO YCIOBHO MOApasaenuTb
Ha psg rpynn, COOTBETCTBYIOLLIMX OnpeaeneHHbIM BuaamM MECTHbIX CONpoTUBe-
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HUR:

- NOTEpPU, CBA3AHHbIE C UBMEHEHNEM MNOMEPEYHOro cedeHnsa noToka (BHe3arn-
HO€ UM NrIaBHOE pPacCLUNPEHNE N CYXKEHNE);

- NOTEepU, Bbl3BaHHbIE N3MEHEHMEM HarnpaBfieHNsa nNoToka (KoneHa, yronbHu-
KN, 0TBOAbI);

- NOTEpPU, CBA3AHHbIE C NPOTEKAHNEM XNOKOCTM Yepes apMaTypy pasfiMyHoro
Tvna (KpaHbl, BEHTUNW, 3aABWXKN, 3aCMOHKW, MPUEMHbIE N OBpaTHbIe KnanaHbl,
CeTKuU, PuUnbTpbl);

- NOTEpK, CBA3aHHbIE C pasfeneHnem 1 CrnSHNMEM MOTOKOB (TPOMHUKK, Kpe-
CTOBWHbI).

OOBwmm onga Bcex BUOOB MECTHbIX CONPOTUBIEHUIN SABISETCS:

- UCKPVBMEHWNE NIMHUI TOKA;

- UBMEHEeHWe NSIoLWaaN XXUBOMO CeYeHUs:;

- OTPbIB OCHOBHOW CTPYM OT CTEHOK C 06pa3oBaHMEM BOOBOPOTHbIX 30H;

- NMOBbILEHNE NyNbCaLMn CKOPOCTU M AaBMEHUS.

MecTHble noTepu Hanopa onpegenstTca no gopmyne Bencbaxa

2
h, =z~ | (7.1)
29

roe z — KoagPUUNEHT MECTHOIO CONPOTUBIEHUS.

KoadhdpunumneHT MecTHOro conpoTuBIiEHUA 3aBUCUT B OCHOBHOM OT (pOpMbl
MECTHOr0 COMPOTUBNEHUS U €r0 rTEOMETPUYECKNX Pa3MepPOB.

TeopeTuyeckn OOCTATOYHO TOYHO KOIPMUUNEHT MECTHOro COMpOTUBIIEHUS
npyn TypOYNEeHTHOM peXume ABWXKEHUS MOXHO onpenenuTb Afs BHE3arnHoro
paclumpeHusi, korga Tpyba anametpom d; nepexogut B Tpyby ¢ 6onbwnm amna-
meTpom d, (d, > dp). CTpys, Bbixogswas n3 nepson Tpybbl, HA HEKOTOPOW ANNHE
paclMpaeTcs N B CeYeHUn 2—2 3anosiHAeT Bce MnornepevyHoe cevYeHne BTOpPOW
Tpybbl (puc. 7.1).

g

z%ti

1

Puc. 7.1. BHe3anHoe paclumpeHune ctpym
PaclumpeHune cTpym ConpoBOXOaeTCca OTPbIBOM €e OT CTEHOK U 0bpasoBaHu-
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€M BOJOBOPOTHOW 30HbI, MMEIOLWEN KomnbueByo opmy. B BOAOBOPOTHON 30HE
oOpasylTca BUXPU, MPOUCXOOUT HENPEpbIBHbIN OOMEH YacTuuamu XUOKOCTU
MEXay OCHOBHbIM MOTOKOM W 3aBUXPEHHOM ero YyacTtbtlo. OCHOBHOW BUXPb MOpPO-
Xoaet gpyrve, 6onee Menkne BUXpU, YTO U ABMSIETCS NPUYMHON MOTEPb SHEpP-
rMu, T. €. MECTHbIX Nnotepb Hanopa h,,. O6o3Ha4ymMmM AaBreHvne, cKopocTb U Mo-
Laab NOTOKa B cedeHnn 1-1 4yepes Py, Vi, Wy, @ B CE€YEHUN 2—2 — Yepes Py, Vo, Ws
(puc. 7.1). byoem cuntaTb, YTO pacnpenesieHne CKOpoCTEN B ceveHusax 1-1 n 2—
2 paBHOMEpPHOE, T. €. a; = a, = 1, KacaTenbHOEe HanpshkeHne Ha CTEeHKe TPyObl
MEXay CeYEHNAMN PaBHO HyI0, AaBreHNe pP; B cedeHun 1-1 aencTByeT no BCen

nnowaaun wo.
3anuwemM gna gaHHbIX CeYeHUW ypaBHeHue BbepHynnu c y4yeTom, 4To z; =
=2 =0:
&_I_Vl p2+V2 +h,, (7.2)
rg 2g rg 2g¢
Torpa

v} ) v; 0 L &P p; O (7.3)
229 205 grg rgg

CornacHo 3aKkoHy, U3MEHeHMe KONn4yecTBa ABWKEHUS OTceka XXUAKOCTU Me-
Xay cedeHnsamu 1-1 n 2—2 paBHO UMNYIbCY CWM, AEWACTBYIOLNX HA 3TOT OTCEK.
Mpoekums Ha ocb X M3MEHEHUS KONMMYecTBa ABMXEHUs onpegensieTcsa no dop-
myne

D(KZ), =1 Q(v, - v)dt. (7.4)

Mcxooa ns paHee NpUHATOro JonyLeHnd, Ha paccMaTpuBaemMbl OTCEK XNa-
KOCTU OENCTBYIOT TONbKO CUSbl TMAPOAMHAMUYECKOrO AaBrieHUd, NpoeKkTupye-
Mbl€ Ha OCb X,

(7€), = (W, p1- W, py)dt. (7.5)
MpupaBHuBas BbipaxeHus (7.4) n (7.5), nonyyaem
(PL- p2)wz =1 Q(v2- v1). (7.6)

Pasgenum neByto M nNpaBylo YacTb ypaBHeHus (7.6) HA r gW, W, y4nTbiBag,
yTo Q: W, =V,, npeobpasyem ero:

P Pz _VaolVa-vi) .7

YMHOXMB 1 pasgenuB rnpaByko YacTb ypaBHeHUs (7.7) Ha 2, nogcTaBuM ee B
ypaBHeHue (7.3):
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_v_f_ﬁ+2v2(v2-v1)

- . 7.8
=29 29 29 (7.8)
Mocne npeobpa3oBaHMst OKOHYATENTbHO UMEEM
2
h,, = M_ (7.9)
29

dopmyna (7.9) HasbIiBaeTca oopmysion Eop,u,al. CornacHo en notepu Hamno-
pa npu BHE3anHoOM paclinMpeHUn paBHbl CKOPOCTHOMY Harnopy noTepsHHOWM CKO-
POCTU, Tak Kak pa3HoCTb (V1 — V2) Ha3blBalOT NOTEPSIHHON CKOPOCTLIO.
BbipaxeHue (7.9) MOXHO NpmuBeCTU K ApyroMmy Buay. Beipa3um nepsyo CKo-
pPOCTb Yepes3 BTOPYHO, UCMONb3ys YypaBHEHWe pacxoaa:
_ VoW,

ViW, =V, W, V) = w (7.10)
1
@, 0 V2
Torga h,, =¢—=2-1% —=. (7.11)
ew, g 29
av, O
O6o3HaumB g—z 1z =z,,, (7.12)
W g

rAe z,, — KOI(MMUMEHT rMOpaBNYECKOro COMPOTUBIIEHNS MPW BHE3aMHOM
pacLUMPEHMM NOTOKA, OKOHYATENBHO MOMYYUM

_, Y

h, , —zg_p_g. (7.13)

dopmyna (7.9) moxeT 6bITb NpeobpazoBaHa B OTNUYHYKO OT (7.11) 3aBUCK-
MOCTb, €CNU Bblpa3uTb BTOPYK CKOPOCTb Yepes NepByto:

2 5
h,=Cl- 2% (7.14)
e W.g 290
2
O603HauunB 8?[ Wi 9 =25, (7.15)
e Wag
V2
OKOHYaTEenbHO NOSy4nM h,,=2,, 2—2 : (7.16)
g

' XaH Lllapns Bopda (1733-1799) — cbpaHLy3CKuUil U3nK 1 reogesnct. Ynex Mapuckoil
akagemuun Hayk. Cnyxun opuuepom B apmuu, 3atem Ha dnote. NMpeanoxun (1766) ocobyto
HacagKy, Ha3BaHyl €ero MMeHeM, AN YBENMYEHU pacxona XUOKOCTW, BbITEKAOLWEN U3 COo-
cyaa, Nnpu 3ajaHHOM CEeYEHUN BbIXOAHOro OTBEepCTMS. [lokasan HOCSLLYK ero MMs TEOPEMyY B
rmgpasnuke o6 ygape CTpyu XXMAKOCTM UK rasa.
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PaccmoTpym BHe3anHoe CcyxeHue, T. €.
nepexoq Tpybbl anametpom d; B Tpyby
MeHbLlero gnameTpa d; (puc. 7.2).

Mpu nepexoge u3 Tpybbl 6omnbliero
AnameTpa nNpOUCXOAUT cXaTue noToka OO
W, @ 3aTEM HACTyMnaeT ero paclumpeHue o
W,. MHOrouyncneHHole mnccnegoBaHWs MoOKa-
3anu, YTo NOTEpPU Hamnopa Ha yyacTKke Cxa-
Puc. 7.2. BHe3anHoe cxaTue notoka  Tuda (OT Wy OO W,,.) NPEeHedpexxMmo Manbl no

CpaBHEHUIO C NOTEPSMU Hanopa Ha y4acTke
pacwmpeHuns (0T W, 40 W). [1o3aToMy noTepu Hanopa npu BXOLHOM CYXEHUU
MoryT ObITb HangeHbl No gopmyrne bopaa

b b

2
W w) (7.17)
29
3 ypaBHEHNA HEPA3PLIBHOCTU NOTOKA onpeaenmv
V. = &vz. (7.18)
W

6.C

Mcnonb3ya noHsaTne koaduumeHta cxatmsa CTpym e =w,, . wW,, npeobpasy-
eM BblpaxeHue (7.17):

2 2
A 0V,
h, . —8—- - == (7.19)
e g 29
ad .6
O603HauunB ~-1* =z, (7.20)
e 9
V2
OKOHYaTernbHO Mony4Ynum h.=z,. 2—2 (7.21)
g
roe z,. — KoOAPPUUNEHT MECTHOIo CONMPOTMBNEHUS NPU BHE3ANMHOM pacLUMpeHnn
noToka.
KoadhduumeHT cxaTuss CTpyM € 3aBUCUT OT CTEMNEeHW cxaTus noToka
N=W, :W;.

3HayeHne z Ons pasnuyHblX BUOOB MECTHbIX COMPOTUBMEHUA HAXOOAT 3KC-
NepuUMeHTaNbHO 1 BblpaxaloT B Buae aMnmpuyecknx popmyn, rpapukos nnm B
TabnuyHon cpopme. MNpuyem 3TN 3HAYEHNA NPUBOLATCH, KaK NpaBuno, Ans CKo-
POCTU 32 MECTHbLIM COMNPOTUBIIEHNEM.

Kak nokasanu akcnepuMeHTanbHble uccrnegoBaHns, Ko MUUMEHT MECTHOIO
COMNPOTUBIIEHUS 3aBUCUT HE TOSMbKO OT BMOA CaMOro MeCTHOro CONpOTUBIIEHUS,
HO M OT peXmnma OBMXKEHUS XXNOKOCTK, T. €. oT uncna PenHonbaca. Hanbonblune
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N3MeHeHns1 KO3 ULMEHT Z OT Yncna Re npeTtepnesaeT B o6nactv naMmmHapHo-
ro pexuma. lNpu manbeix 3Ha4YeHUaX Re XXMOKOCTb NpoTeKaeT Yyepes MecTHoe Co-
npoTuBneHne 6e3 OTpbiBa, NOTEPM Hanopa obycrnoBneHbl HENOCPECTBEHHbLIM
AEeNCTBUEM CUIT BA3KOIO TPEHUS U MPOonopunoHarnbHbl CKOPOCTU B NepBON CTe-
neHn. KoappuumeHT MecTHOro conpoTuBIEHNS
_A
Re’

roe A — KoapuuneHT, 3aBUCALLUIN OT BUAA MECTHOIO CONPOTUBIIEHUS U CTene-
HW CTECHEHUS NOTOKa.

Mpn TypbyneHTHOM pexmme 3aBUCMMOCTb Z OT Re HacTONbKO He3HauYuTernb-
Ha, YTO el MOXHO NpeHebpeyb N cunTaTh Z 3aBUCMMbIM TOSMBKO OT XapakTtepa u
KOHCTPYKTUBHOIO 00OPMIIEHUS MECTHOIO COMNPOTUBIIEHUS.

[MoTepu Hanopa 3aBUCAT OT KBagpara CKOPOCTU, a KOI(PPULUNEHT MECTHOIO
CONPOTUBMEHUS MPUHMMAET 3HaYeHne z,. koadpuumeHTa, COOTBETCTBYIOLLENO
KBagpaTu4Hon obnactw.

Ana obnactn mexay naMmMHapHbIM PEXMMOM U TYpOYNEeHTHbIM PEXMMOM 3Ha-
YeHUsa KO3 PMUMEHTA MECTHOIO CONPOTUBIIEHNSI MOXKHO ONpeaensaTb No goopmyrne

A

z=—+2z,. 7.23
Re (7.23)

z (7.22)

3HayeHna A n z,, npueeaeHbl B Npun. 5. 3T 3Ha4YeHNs OTHOCATCS K COMpo-
TUBIIEHUAM, HAXOOALWMMCA Ha 3Ha4YMTeNbHOM paccTtosiHun (oo 20, 40 gunamet-
poB) OA4HO OT Agpyroro. [pn GnNM3KoM pPacnonoXeHUM MECTHbIX COMPOTUBIIEHUI
nx HeobxoanMo paccMmaTpumBaTbh Kak eANHOE CITOXHOE CONPOTMBIIEHME.

7.3. NabopaTopHaa yCTaHOBKa

Cxema 1 onncaHue nabopaTopHOW yCTAaHOBKN NpuBeaeHbl B nogpasa. 4.3.

7.4. NopAapoK BbiNONIHEeHUA paboTbl

1. C nomMoLLbIO KpaHa 8 yCTaHOBUTbL Mariyto CKOPOCTb ABWXKEHUS BOAbl B TPY-
Ge.

2. UamepuTb TemnepaTypy Boabi t, °C.

3. MoBepHyTb Ha 90° kpaH 9. OnpeaennTb N3MEHEeHNe YPOBHSA BOAblI B Mep-
Hom Bake h, cm, 3a Bpems T, ¢, BpeMS AOMKHO ObITb HE MeHee 1 MUHYTLI.

4. 3anucaTb NoKasaHusi Nbe3oMeTpoB P4, P7, Pg, Po.

5. NoBepHYTb KpaH 9 B MCXOLHOE MOMOXEHNE U ONOPOXHUTL MEPHbIN Bak 4.

6. C NOMOLLbIO KpaHa 8 yCTaHOBUTL HECKOMNbKO BOSbLUYI0 CKOPOCTb [BIKE-
HUSA BOAbI B TPyOe 1 NOBTOPUTL M3MEpPEHUS. [poBecTn 5. 7 oNbITOB ANS KaXKaom
noarpynnoi.
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7.5. O6paboTka pe3ynbTaroB

1. No n3amepeHHon TemnepaTtype BOAbI onpeaesniutb KOIPPUUNEHT KMHEMa-
TUYECKON BA3KOCTM, cM7/c,

00178 : (7.24)
1+0 0337t+0000221t2
2. OnpepennTb 06beM Bogbl B MEPHOM Gake 3a BpeMsi ofbiTa, cM°,
W =476h. (7.25)
3. OnpenenuTb pacxoq Boabl B Tpy6e, cm’/c,
Q=W:T. (7.26)

4. Mo HapgeHHomy pacxoay Q v nnowaam ceveHns Tpybsl w=0,785d? onpe-

AENUTb cpefHio ckopocTb Ansa nepsoro (d =10 mm) mn BToporo (d =215 mm)
y4yacTkoB TpybonpoBoaa, cMm/c,

Q
=, 7.27
0,785 d? ( )
5. Onpegenutb uncno PenHonbaca
Re= %. (7.28)

6. OnpenenuTb MecTHbIe NMOTEepPU Ha BHe3arnHoe pacluvpeHne

:gb ;U2 g ; (7.29)

2 95
roe g =980 cm/c?
7. Onpegenntb KOIMUUNEHT CONPOTMBIIEHUS O1151 BHE3AMHOIO pacLUMpPeEHUs

_ hg.p.zg

ep = 7.30
P (7.30)
8. OnpenenuTb MeCTHble NOTEpPU Ha BHE3aANHOE CY>KEHNe
+ 2 2 (7.312)
g g 2 g5
9. OnpegennTb KO3 MUUMEHT CONPOTUBNEHNA NS BHE3ANHOIO CY>KEHUS
7, =fke20 (7.32)
%
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10. QkcnepumeHTanbHble AaHHble U pe3ynbTaThl 06paboTKM OMNbITOB 3aHECTU

B Tabn. 7.1.
Tabnuya 7.1
AKcnepyMMeHTanbHbIe AaHHbIE U pe3ynbTaTbl 06paboTkM ONbITOB
NQ P 4, P 7y P 8 P 9, h: T: W: Q: Vl: V21 he.P.: he.c:
nm|cv|cm|cm | om | em | ¢ | cm® lem®cemiclemic Rey | Re; oM | 27 | om | Zec
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15| 16 | 17
1
7
11. MocTpouTb B rorapudMUYecknx KoopanHatax rpadvka z, , = f(Re,);
z,. = f(Re).

7.6. KOHTpONbHbLIE BOMNPOCHI

1. Y10 Ha3bIBaeTCA MECTHbIM CONPOTUBIIEHNEM?

2. [Nepeuncnnte oCHOBHbIE BUAbI MECTHbIX NOTEPbL Haropa.

3. KakoBa gom3nyeckasn npmpoga MECTHbIX NOTEPb AHEPTrnnN?

4. Kak 3aBMCAT MeCTHble NoTepu Hanopa OT CKOPOCTU MpW JlaMUHapPHOM pe-
xmume?

5. Kak 3aBUCAT MeCTHble MOTEpM Hamnopa OT CKOPOCTU Npu TypbyrneHTHOM
pexxume B KBagpaTuyHon obnactu conpoTUBNEHnNA?

6. Kak nameHsietcs ko3adUUMEHT MECTHOrO CONPOTUBIIEHUS Z AN ManblX
yucen Re npu yBennyeHnUm CKoOpocTn?

7. Kak nsmeHsietcs KoadpuUuUMeHT MeCTHOro CoOnpoTUBIIEHNA Z B KBagpaTuy-
HOWM 06r1acTn CONPOTMBIEHNS NMPU YBENNYEHUMN CKOPOCTU?

8. Kak nsmeHsietcss koap@puUnMeHT MECTHOIO COMPOTUBAEHNSA Z ANA MarblxX
yucen Re Nnpu yMeHbLUIEHUN CKOPOCTN?

9. Kak nsmeHsietcs KoadpuUuUMeHT MeCTHOro CONnpoTUBIIEHNA Z B KBagpaTuy-
HOWM 06r1IacTN CONPOTMBAEHNS MPU YMEHbLLEHUM CKOPOCTU?

10. OT yero 3aBuUCUT KOIPPULNEHT MECTHOIO COMPOTUBNEHUS Z NPU NlamMu-
HapHOM pexume?

11. OT 4vero 3aBUCUT KOIPPULNEHT MECTHOIO CONPOTUBIIEHUS Z B KBajpa-
TMYHOW 06MacTM CONPOTUBNEHNA?

12. Oka3sbIBaeT i1 BIIUSIHUE MECTHOE CONPOTUBIIEHNE Ha PEXUM ABUXKEHNUS?

13. Kak onpegenntb KO3(MULUMEHT MECTHOro COMPOTUBNEHUS OBYX KOJEH,
pacrnonoXeHHbIX Ha paccTosiHum 5d ogHO OT gpyroro?
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JNlaboparopHasa pabora Ne 8
MCTEMEHME XXUOKOCTU U3 MAJNbIX OTBEPCTUM
U HACAOKOB

8.1. Ulenb paboTtbi

JKcrnepMeHTanbLHO onpeaennTb Ko3aMuUUMeHTbI CKOPOCTU U pacxoaa.

8.2. TeopeTuueckKue csefeHunA

8.2.1. UcTeuyeHMe XXMAKOCTU Yepe3 Manoe Kpyrroe otBepcTtme
C TOHKOUW CTEHKOM NpU NOCTOAHHOM Harnope

OTBepcTMe cuMTaeTcsa ManbiM, eCrfiv ero BepTUKarnbHbIN pasmMep He npeBbl-
waeTt 0,1 rnybuHbl NOrpyXeHns OoTBEpPCTUS Nof YpPOBEHb COCyaa, U3 KOTOPOro
NpoOUCXoaUT UCTeveHne XUOKoCcTU. CTeHKa cuMTaeTcs TOHKOW, eCrnv BblTeKalo-
Laa CTpysa cornpukacaeTcs JiMb C BHYTPEHHEN KPOMKOW CTEHKM U He KacaeTcs
BGOKOBOW NOBEPXHOCTU OTBEPCTUSA.

Ecnn B ©GokoBOM CTeHKe cocyda C
XMOKOCTbIO Ha rnybuHe H nog ypoBHEM
MMeeTCs Kpyrroe oTBepcTve OuamerT-
pom d 1 nnowaabio W, TO BblTekaroLas
CTpya nNpeTepneBaeT cxaTtue (puc. 8.1).

[iBXeHne CTpyM B CXaTOM ceveHumn
6nM3Ko K nmapannenbHo-CTpyrHoMy. Ha
Puc. 8.1. VicteyeHne u3 manoro oTBepcTus HEKOTOPOM pacCTosHNA OT OTBEPCTVA,
B TOHKOI CTEHKe 6rm3kom K d : 2, BbITeKkaroLas cTpys no-

fniyq4aeT cxatuve MnornepeyHoro ceyeHus,
Xapakrepusyemoe yMeHblUeHVeM [uaMeTpa U CeyvyeHusi CTpyu [[O BeSIMYUHbI
W, » eW, rae W, — nnoLiaab Ce4eHUsa CTpym B cxXaTom cedeHun (puc. 8.1).

OTHOLWEeHVe Nnowaan CTpyn B CKaTOM CeYeHUn K nriowiagm oTBepCTUsa Ha-
3blBaeTCs KOIPPUUNEHTOM CXKaTUA CTPyU
W,
sy (8.1)
w

om

3Ha4deHne koadppuumneHTa cxaTus 3aBUCUT OT Xapaktepa gedopmauum no-
TOKa. Ecnn cTpys nmeeTt paBHOe cXaTue no BCeMY NepuMeTpy, TO cxaTue Ha-
3blBaeTCA MOSIHbIM, B NPOTUBHOM Clyyae CXaTue HasblBaeTcs HenonHbiM. Cxa-
TMEe Takke MOXeT OblTb COBepLUEHHbIM W HecoBepLlleHHbIM. CoBepLUEeHHbIM
cKaTuem HasblBaeTCsl Takoe, NMpu KOTOPOM HM cBoBoAHas MOBEPXHOCTb, HMU
Gnunsnexawime CTEHKU He BNUSAIOT Ha cxatme cTpyn. OTo ByaeT B TOM crnydae,
€Cnun pasmMep OTBEpPCTUS B 3 pa3a MeHbLUe pacCTOAHUA A0 Gnvkanwen CTeHKU
pesepByapa unm ceobogHOM NOBEPXHOCTM.

e=
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[ns onpeneneHns CKOPOCTU UCTEYEHUS N pacxoda BbiTEKalolen yepes oT-
BepCTUe XMAKOCTUN Bbibepem aBa ceyeHus (puc. 8.1): 1-1 — Ha ypoBHe cBOGOA-
HOW MOBEPXHOCTU B cOCyde N 2—2 — B CXaTOM CeYeHUWN CTpyu, rae ABWXKeHue
BHOBb CTAHOBUTCH MMaBHO M3MEHSAOWMMCH, U MPUMEHUM K HUM YypaBHEHWE
. bepHynnu onsa noToka, npoBeAs 0Cb CpaBHEHUA Yepes LeHTp oTBepcTus 0-0,

2 2 2
&_I_H +<':11V1 _ P2 +32V2 +Zomv_2’ (8.2)
rg 29 rg 29 29

2

\

roe z,, 2—2 — noTepsa Harnopa npu uctevyeHun us oreepctus; ¢,,, — Koapdpuum-
g

€HT COMNpOTMBIIEHUS OTBEPCTUS; P; — AaBfieHne Ha CBOOGOAHOM MOBEPXHOCTU;

P2 — OaBreHne cpeabl, B KOTOPYHO BbITEKAET CTPYS; Vi — CKOPOCTb ABUXEHUSA BO-

Abl B cevyeHnn 1-1.

2
avp + PL- P2

O6o3Haunm BennunHy H + yepes Hy. OTa BennunHa HasblBaeT-

29 rg
CSl HanopoMm mcteyeHnsa. CKOpPOCTb XKUOKOCTM B NOBEPXHOCTHOM CIl0e OYeHb Marna,
a; Vi R-PB
MO3TOMY YSIEHOM MOXHO npeHebpeyb, n Torga Hy =H + :
rg
OkoHyaTenbHOo 13 ypaBHeHus [. bepHynnu nonyymm
2
_V2
H, —E(a+xom), (8.3)

OTKyZla CKOPOCTb UCTEYEHUS

1
Vv, :ﬁJZg Ho . (8.4)
BenuunHa _ =] HasblBaeTcs KO3(PPLNEHTOM CKOPOCTH

atz,,
v=j2gHg| (8.5)
[Ans manoro Kpyrnoro oTBepctua Ans BoAbl KO3(MOUUMEHT CKOPOCTU CO-
ctasnget | =097, 098. Ina naeanbHon xugkoctn j =1. B atom cny4ae gop-
myna (8.5) umeet Bug v=,/2gH,. 3Ta dbopmyna Ha3biBaeTcs popmynom Top-

puuennn.t
[ins onpefeneHns pacxoaa, BbITEKAIOLLEro Yepes oTBEPCTUE, YMHOXMM CKO-
POCTb UCTEUYEHUS Ha NMOLLAAb CXATOro CeYEHUS:

Q=vw,. =¢€ejw,+2gH, . (8.6)

' QeaHoxenucma Toppuyennu (1602-1647) — utanbsHckuii duamk. B 1643 r. nonyuun
dopmyny pacdeTa CKOPOCTU UCTEYEHMS XUOKOCTU U3 OTBEPCTMS B cOocyde NnoA AevCTBUEM

cUnbl TkeCTU v = ka/H .
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O603HauuB e 4epes m rae m— koadppuumeHT pacxoda, OKOHYaTENbHO Mo-

JIy4nm
Q:mom’\/ngO . (87)

3HayeHne koadhduumeHTa pacxoga M 3aBUCUT OT CTEMEHWU CXaTusl CTPYMW.
[Mpn BCECTOPOHHEM COBEPLUEHHOM CXaTuu
e»0,64, n»0,62.

YBenuyeHne pasmepoB OTBEPCTUHA U Haro-
pa, rnpu KOTOPOM MPOUCXOAUT UCTeYeHue, npu-
BOOUT K YMeHbLUEHUIO KO3dhpuumeHTa pacxoga
m WM3meHeHne TemnepaTypbl Mano BNUSeT Ha
KO3(hdMUMEHT pacxoga Ans BoAbl.

B 3aBucumocTu oT (popMbl OTBEPCTUS, Ye-
pe3 KOTOpoe MpOWCXOAUT WUCTeyeHue, dopMa p,. go ®opMa  MONEPEUHOIO
MOMNepeqHoro CeyveHusi CTpym WMeeT CaMbll  ceyenus cTpym
pa3HoobpasHbIn Bug (puc. 8.2).

Tak, Hanpumep, nornepevyHoe cevyeHne CTpyu, BbiTEKaloLen Yyepes KBagpar-
HOe OTBEpCTUE, UMEET BUA KPecTa C YeTbIpbMS TOHKMMU pebpamu, yepes Kpyr-
noe — AaNNUNTUYECKYD PopMy. ITO ABNEHNE Ha3biBAaE€TCA UHBEPCUEN CTPYMW.

dopma BbITEKaOLWen CTpyn B BepTUKaNbHOM NMOCKOCTU (CM. puc. 8.1) onpe-
AenseTcsa ypaBHEHUSIMUA:

2
X=Vt; y:i, (8.7)
2
roe t — Bpemsi; vV — CKOpOCTb UCTeYeHuUs, onpeaensiemas no gopmyre (8.5).
WNckntouns t, monyumm ypasHeHue ocu cTpym x2 =4j >Hy y, T. €. ypaBHeHue

napabonsbl.

8.2.2. UcTeueHune KNAKOCTU Yepe3 Hacagku

Hacadkom Ha3bieaemcsi kopomkasi mpyba, npucoeOuHeHHasi K omeep-
CMuro 8 MOHKOU CMeHKe.

Hacapgku gensitca Ha Tpy OCHOBHbIX BuAa: UMNNHOPUYECKUE, KOHUYECKUE U
koHouganbHble (puc. 8.3). UununHgpuyeckne Hacagkm — 970 LMIIMHOPUYECKUNE
naTtpybku OAnuHOM nopsigka Tpex-deTblpex anametpoB. OHM OendaTcsa Ha BHeLU-
HWe 1 BHyTpeHHne. KoHn4yeckne Hacaaku pasfernsoTcs Ha pacxogsawmecs, B Ko-
TOPbIX BOOMb CTPYU YBENMYMBAKOTCA pa3Mepbl nonepeyHoro cevyeHunsa (ouddy-
30pbl), U CxoAsdLMeCs, B KOTOPbIX BOOMb CTPyU pa3Mepbl NONepeyYHoro cevyeHns
yMeHbLatTcs (KOHgY30pbl).
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Puc. 8.3. Buabl HacagkoB: a — BHELUHWUNA LMNUHOPUYECKUA; 6 — BHYTPEHHUA LUnMHApu4de-
CKUIN; 8 — KOHNYECKNI PaCXOOsLLMNCS; & — KOHNYECKMI cxoaaLmincst; 0 — KoHomaarnbHbIn

B Hacagke notok coctouT n3 AOBYX Ca-
MOCTOATENbHbIX YaCTEN. LEeHTpanbHOW, rae
YacTUUbl XXUOKOCTU NepeMeLLalnTCs TOSTbKO
nocTynaTesibHO, U OKpyXalwllen ee BOOO-
BOPOTHOM 30Hbl, rOe YacTuubl XUAOKOCTU

= COBepLUalOT BpallaTenbHoe ABWXeHue, a
BOHOBODOTH% BCA 30Ha NpeacTaBnseT coGoW 3aBUXPEH-

30Ha HOe nNpocTpaHCTBO (puc. 8.4).

B BOOOBOPOTHOM 30HE HaXOOATCA XUA-
KOCTb, BblAENUBLUMECH U3 Hee napbl U pac-
TBOPEHHbIE rasbl. 3aBUXpPeHHas 30Ha 0bpasyeTcs B pesynbtate usrmba nuHum To-
KOB, BbI3BAHHOrO YCroOBUSIMM BXO4a XUOKOCTU B oTBepcTme. CTpys 3anosfHAeT Bce
CeyeHne Hacagka He cpasy, a Mb Ha HEKOTOPOM PAacCCTOAHMM OT BXOOHOMO OT-
BepCTUA. 3axaTbll B 3aBUXPEHHOM 30HE BO34yX AOBONbHO BLICTPO yBNekaeTcd no-
TOKOM, 1 BO BXOLHOM y4acTKe Hacagka obpasyeTcsi Bakyym, BeriMdMHa KOTOPOro
3aBUCUT OT CKOPOCTU OBWXEHUSA XUOKOCTU UMK, No CywlecTsy, OT Harnopa. Bcnep-
CTBUE paspexeHus (Bakyyma) XMOAKOCTb MOAcackiBaeTCA U3 pesepsByapa: CKOPOCTb
NPOTEKaHNS XXMUOKOCTWU BO3pacTaeT BBUAY YBENUYEHUS MOSHOro Harmopa, crarato-
LLlerocs U3 Hamnopa Haf LIEHTPOM TSKEeCTU BXOLHOro OTBEPCTUS U BESTMYUHBI BaKy-
ymMa B CXXaToM cedeHun. Bakyym, B CBOKO oyepeb, HECKOJTbKO pacLUMpPSAET cxaToe
ceyeHue. NoBbllLeHMEe CKOPOCTU NMPOTEKaHUS XUOKOCTU Yepes BXOAHOe OTBepCTue
N yBeNMYeHne nnoLlagun cxxXaTtoro ce4eHns Bbl3blBalOT BO3pacTaHMe pacxoaa Yyepes
HacagoK Mo CpPaBHEHUIO C UCTeYeHneM 4epes oTeBepcTue. [pn Hacagkax OJSIMHOW
6onble 40, 50 d acpcbekT noacackiBaHMs He KOMMEHCUMpYeT Bo3pacTarowme rma-
paBnuyeckue notTepu rno ArnHe Hacadku, U pacxop XXUAOKOCTU Yepes Takon HacadoK
OKasblBaeTCs paBHbIM UMM MEHbLLE pacxoda Yepes OTBepCTHE.

OCHOBHbIMW MapameTpamMn Npu UCTEYEHUN XUAKOCTU Yepes Hacagku sBns-
IOTCA CKOPOCTb U pacxof, KOTopble onpenensatTcs no Tem xe oopmynam, 4To n
A5 OTBEPCTUMA B TOHKOW CTEHKEe, HO CO CBOMMM BeSfidyMHamum KoadpuuneHToB
CKOpPOCTU | M pacxofa mans Kaxaoro Tvna Hacagka.

Puc. 8.4. Cxema gBuxeHUsa NoToka
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BHewHMe uunuHapuyveckne Hacagku. Ha ocHoBaHum ypaBHeHusa [. bep-
Hynnn ans aByx cevenun (puc. 8.5): 1-1 no cBoboaHOM NOBEPXHOCTU B pe3epByape
N 2—2 No BXOOHOMY CEeYEeHUo Ha-
capka oTHocuTenbHo nnockoctn t—— 11
cpaBHeHus 0-0, npoxogsen ye- B
pes3 OCb Hacajka, Nosy4nm

v2 °
Hy = E(a +8z), (8.8)

roe 8 z — cymma Bcex Koapdu-
LMEHTOB COMPOTUBIEHUSA, Xapak-
TEPU3YIOLWNX NOoTEPU Hanopa npwu
NPOTEKAHMM XUOKOCTU Yepes3 Ha-
CafoK.

OTn noTepu cKknagbiBarTCA U3
noTepb Hamopa Ha CYyXeHue CTpymn c
[0 ee CKaToro ceyeHus, noTepb
Ha pacLimpeHue CTpyu 3a CxaTbiM
CEYEeHMEM U Ha TpeHue no AnvHe
Hacagka. [loaToMy CyMMapHbIn -
KO3(P(PNUMEHT CONPOTUBIEHNS

Hew= 0,75 H

<l

Puc. 8.5. BHelIHW umnmHagpuyecknin Hacagok
éZ:ZbA'I _U,\J'I . p \U-Jl
d d
MoactaBmB B ypaBHEHME 3HAYEHME é Z, Hanaem CKOpOCTb UCTEYEeHUs
1

—IJZg Ho =j y29Ho , (8.10)
15+ —
\ d

roe KoadmUNEHT CKOPOCTH

V=

1

=
15+ —
\ d

Tak kKak Ha BbIxO4e Hacagok paboTaeT MOSMHbIM CeYeHMEM, KOIPDULMNEHT
cxkaTtua cTpym e OyaeT paBeH eguHuLe, a KoaddULMEHT pacxoga =€) =] .
Pacxop onpegenseTca no oopmyrne

Q=vw=e] Wy/2gH, =mw,/2gH,.

Hanbonblmmmn 3Ha4eHnsIMN KO3 PULNEHTOB pacxoda U CKOPOCTU BHELLHWI
LUNMHOPUYECKNA Hacagok obnagaet npu anuHe (3, 4) d. B gaHHOM cny4dae aTn

(8.11)
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BeNMMYMHbLI paBHbl 0,82. BHELWHUN UMNMHOPUYECKNA HAcadoK Takou ONUHbI Ha-
3blBaeTCcs Hacagkom BeHTypu. Bakyym B Hacagke gocturaeT HambonbLUEero 3Ha-
YEHNHA B CXXATOM CEYEeHUN, YTO MOXHO YCTAHOBUTb OMbITHBIM NYyTEM N TEOPETU-
Yyeckn. Ecnu K 30He cxaTusa CTpyn NpUCOeauHNTb XUOKOCTHbIM BaKyyMMeETp, TO
XnaKocTb B TpyOke nogHMmeTcs Ha BbicoTy h, » 0,75H .

[na onpegeneHns BenuYMHbl Bakyyma TEOPETUYECKM COCTaBUM ypaBHEHUE
[. BepHynnu ons cxaTtoro ce4YeHns C—C 1 BbIXOLHOIo cevyeHnst 2—2 OTHOCUTENb-
HO NSI0CKOCTU cpaBHeHus 0—0 no ocm Hacagka:

2
P Vo _ P2y Vi g, V2 (8.12)
rg 2g rg 2g 29

Mocne Bcex npeobpasoBaHM NONYy4YUM

&_I_pc_'_p(;:h 1'e

rg rg rg 6AK

roe Ho — NoSiHbIA Hanop npu UCTEYEHUMW.

OpHako, Kak nokasblBaloT OMbITHbIE AaHHblEe, NPpU Bakyyme Gornee 8,0 M Bog. CT.
HayMHaeTCcsa 3acacbiBaHuMe BO3[yXa B HAacaJoK 4yepe3 BbIXOAHOE ceveHue; npouc-
XOOUT CPbIB Bakyyma 3a CYET YaCTUYHOrO UM MOJSTHOIO OTPbIBA CTPYWU XXMUAOKOCTU OT
BHYTPEHHEN CTeHKM Hacagka. [encTByoLWMA Harnop MNOHWXKAETCs, YMEHbLUaeTCs
KOa(ppnumMeHT pacxoga m a criegoBateribHO, M Nnponyckaembln pacxod. Hacagok
HaunHaeT paboTaTb Kak nNpocTtoe oTBepcTve. LinnnHapuyeckne Hacagku LUMPOKO
MPUMEHSAIOTCA Ha NpakTuKe. Tak, Hacagku AaHHOro TUna UCMOoSb3YTCSH B KayecTBe
BbINYCKOB BOAbI B NIIOTUHAX M BOAONPOBOAHLIX TPY6 noa HacbinamMu n T. 4.

KoHuuyecku pacxoasiumecss Hacagku. B koHMYeckn pacxogsaimnxca Hacag-
Kax B 0BMacTy CKaToro CeYeHUs CO3AaeTCs BaKyyM BOSbLUEN BENUYMHBI, HO BE-
nn4MHa Bakyyma 3aBUCUT OT yria KOHYCHOCTW. [Mpn 60MbLOM yrie KOHYCHOCTH
BO3MOXEH OTPbIB CTPYM OT CTEHOK Hacajka, W, crnegoBaTernibHO, CPbIB BakyyMa.
OnbITaMn YCTaHOBMNEHO, YTO ONTUMArbHBIA Yron KOHYCHOCTM cocTaBnseT 5+7°
KO3ppnUMeHT pacxoga mu CKOPOCTU | paBHbl: m=j =05.

KoHunyeckn pacxogsauwmecs Hacagku 3a cHeT pacluMpeHus noToka oTnn4atoT-
CS OT BCEX ApYrvX BUOOB HACcaAKOB 3HAYMTENbHO BOMNbLIMMM NOTEPSMMU HaNopa,
ManbiMU CKOpOCTAMM Bbixogda. CnefoBaTtenbHO, UX OTANYUTENbHBIMU OCOBEH-
HOCTAMU ABMAKOTCA: 3HAaYMTENbHbLIN BakyyM, 6onbLuas nponyckHas CnOoCOBHOCTb
(6onbwon pacxoag Q) Npu OTHOCUTENBHO MarbiX BbIXOAHbLIX CKOpocTaX. cnonb-
3yl0T 39TU Hacafku B BOAOCTPYMHbIX M MAPOCTPYMHbLIX Hacocax (KEeKTop U WH-
XEeKTop), rmapoanesaTopax u T. M.

KoHuyecku cxopsiumecss Hacagku. KoHMYeCkn cxogsaumecs Hacagkm nve-
0T POPMY KOHYCa, CXOOSALLErocs No HanpasfeHUo K BbIXOOQHOMY ceveHunto. [na
9TUX HacagKoB KO3 PULUMEHTBI MK | HE paBHbl MeXxay cobon n 3aBUCAT OT yrna

=2j%H, »0,/5H,, (8.13)
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KOHYCHOCTM Hacagka. Haubonbliee 3HauyeHune koadduumeHTa pacxoga m =
0,946 cOOTBETCTBYET Yrny KOHYCHOCTM q = 13°24',

KoahdpuumeHT cKopoCcTn | No Mepe BO3pacTaHUs yria KOHYCHOCTU HenpepbIB-
Ho Bo3pacTaeT oT 0,829 no 0,984. Mpwu yrne KoHycHocTn 13+14° noTepu Hanopa Ha
pacLUMpeHe UCYe3aloT, TaK Kak cxxaToe ceyveHune npubnmxkaeTcs No BenuymHe K
BbIXOQHOMY. Bakyyma HeT, MOCKOSIbKY CKOPOCTb CTPyM B CKATOM ceyveHun He 60ornb-
e BbIXOAHOM cKopocTU. OCHOBHOE Ha3HayeHWe 3TUX HacadKoB — YyBeNuM4MBaTb
CKOPOCTb BbIXOA4A >KWMOKOCTW, T.e. co3faBaTb CTpylo, obnagatoluyto 6onbLion
yOenbHOU KnHeTudeckon aHepruen. CTpys, BbIXOAswas u3 Hacagka, oTrimyaeTcs
KOMMAaKTHOCTbIO U CMOCOBHOCTBbIO Ha AMUTENIbHOM PacCTOAHMM COXPaHSATb CBOIO
dopmy, He pacnagascs. [10aToMy UX NPUMEHSIOT B Ka4yecTBe conen rmapoMOHUTO-
pOB, TMAPaBNNYECKNX TYPOUH, HAKOHEYHMKOB NOXapHbIX 6GpaHaCMNONTOB U T. M.

KoHonpanbHble Hacagku. KoHovpanbHbI HacagoOK o4vepymBaeTcs Mo
dopme BbiTeKarwwwen cTpyn. Ero BXxogHOM y4acTOK BbIMOSTHAETCSA MO CIOXHOW
NOBEPXHOCTU ABOSAKON KPUBWU3HbLI, @ BbIXOOAHOW UMeEET LUUNUHAPUYECKYD hopMmy.
KoadhpmumeHTsl pacxoga mum CKOpPOCTU | paBHbl MexXay cobon 1 NpuHMMaroTcs
B uHTepBane 0,97+0,99 B 3aBUCMMOCTM OT Hamnopa 1 KadyectBa o6paboTKM BHYT-
peHHen NoBEepXHOCTU HacazkKa.

8.3. JlabopartopHasa ycTaHOBKa

JKcnepuMeHTarnbHas ycTaHOBKa, NokasaHHas Ha puc. 8.6, COCTOUT U3 Ha-
nopHoro 6aka 2 n mepHoro pesepsyapa 3. B TopLeBo cTeHke HanopHoro aka,
nuTarLLerocs OT ropoacKoro sogonposoga 12, yctpoeHo rHe3go 1. Hesgo co-
CTOUT M3 KOPOTKOM TPYDObl C BHYTPEHHMM YNOPOM A9 CbeMHbIX Anadparm un Ha-
cagok. M3HyTpu HanopHoro 6aka rHe3go nepekpbiBaeTcs 3atBopom 8. Hanop
NCTEeYeHNsa yCTaHaBNMBaeTCs Mo Nbe3oMeTpy 5 U NnogaepKMBaeTcs Ha MNOCTOSH-
HOM YpOBHE C NoMoLlublo knanaHa 4. KonnyecTsBo BOAbI, NocTynatwowien B Oak,
onpegenseTca no noesomeTpy 6. KoopanHatbl ocu CTpyM 7 N3MeEPATCA MO ro-
PU3OHTanNn ¢ nomMmoLlbio Wwkansl 10; no BepTukanuM — ¢ NOMOLLbIO WKansl 11, 3a-
KpenneHHOoM Ha nonayHe 13.
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Puc. 8.6. Cxema nabopaTtopHOM yCTaHOBKW: 1 — rHe3go; 2 — HanopHbIn
6ak; 3 — MepHbIN pe3epByap; 4 — knanaH; 5, 6 — Nbe3oMeTpbl; 7 — CTPYS;
8 — 3atBop; 9 — BbINyckHoe oTBepcTue; 10, 11 — wkansl; 12 — Bogonpo-
BoA, 13 — nonsyH

8.4. Nopapok BbiNONHeHUA paboTbl

1. YcTtaHoBUTbL Uccnegyemyo guadgparmy ¢ oTBepctmemM unm Hacagok.

2. YCTaHOBUTb Hanop UCTeYeHnsa 1 nogaepxmeaTb €ro NOCTOAHHbLIM B Teye-
HWe onbiTa NpY NOMOLLUX KranaHa 4.

3. OTpbITb 3aTBOP 8, NOBOPOTOM Py4kM Ha 90° No YacoBoW CTpenke.

4. 3achmkcmpoBaTb NokasaHue nbe3omeTpa 6 1 BKNIYUTb CEKYHOOMED.

5. MNMpoussecTn nsmepeHne KOopaMHaAT OCU CTPYU B TPEX TOYKaX.

6. [10 OKOHYaHUM onbiTa NPOLOIMKUTESTBHOCTLIO HE MeHee 60 ¢ 3admKeupo-
BaTb NOKa3aHue nbe3omeTpa 6 N OCTaHOBUTL CEKYHOOMED.

7. N3MeHUTb Hanop uctevyeHus n noBTopuTb n. 3—6. BeINONHUTL He MeHee 9
OMbITOB.

8.5. O6paboTka pe3ynbTaroB
1. OnpenenuTtb pacxoq UCTEYEHUS XNOKocTH, n/c,
DW
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roe DW— ob6bem Boabl B MEPHOM pe3epByape, i; t — BpemMsi NpoBeAeHMs OnbITa, C.
2. Bblumncnutb KOa(ppULMEHTbI CKOPOCTHU
X

LI 8.15
2. HYy, ( )

ji=

roe X, Y — KoopamHaTbl OCU CTPYM i- TOYKK, CM; H — Hanop ucteveHus, cm.
3. Hantn cpeaHee 3HayeHmne KoaduLumMeHTa CKOpoCcTn

j, =it (8.16)

4. OnpegenuTb 3Ha4YeHne KoadmrumeHTa pacxoga
M= 1000Q
0,785d%.,2gH’

roe d — anameTp Manoro OTBEPCTUA UNN LNNUHAPUYECKOro Hacagka, cMm; g — yc-
KopeHue cBo6oAHOro naaeHust, g = 980 cm/c?.

5. Mo namepeHHoOM TemnepaType BoAbl t onpeaenntb KO3PMUUMEHT KUHEMA-
TUYECKON BA3KOCTM, cM7/c,

(8.17)

0,017/8

n= : (8.18)
1+0,0337t +0,000221t?

6. Bblumcnutb yncno PenHonbaca

Re=L. (8.19)
0,785dn
7. DKcnepuMeHTanbHble AaHHbIE U pe3ynbTaTbl 06paboTKn ONbITOB 3aHECTU
B Tabn. 8.1.

Tabnuya 8.1

AKcnepuMeHTanbHble AaHHble U pe3yfbTaTbl 06PaboTKM ONbITOB

Ne | H, | W, |t | X, | Y1, | Xoo | V2, | X3, | V3, | Q,
nm|{cm | cm® |clcem|cm | cm | cm | cm | em | nlc

Marnoe oTBepcTne

jlj2j3j0p m | Re

OkoH4yaHue mabirn. 8.1

Ne | H | W, |t | X, | Y, | X2, | V2, | X3, | V3, | Q,
nm{cm|cM |c|lcMm|cm|cM | cMm | cM | cMm | nlc

BHewHmn Hacapgok

ji|i2|is|iew| m|Re
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8. lMNMocTponTb rpadmkn 3aBUCUMOCTU KOI(PPULIMEHTOB CKOPOCTU U pacxoa
OT AecATUYHOro norapudma ymcna PenHonbaca.

8.6. KOHTpONbHbIE BONPOCHI

1. Y10 HasbiBaeTCa MasibiM OTBEPCTUEM?

2. Kak nameHsaetca koaddpuUMEeHT pacxoda npu yeBenudeHuu udmcna Pewn-
HonbAaca?

3. Kak 3aBucUT KO3(hPUUMEHT CKOPOCTU OT Yncna PenHonbaca?

4. Kak nsmeHsieTCca CKOpOCTb UCTEYEHUS NPU YBESNTMYEHUN TeMnepaTypbl BOAbI?

5. B 4yeM COCTOUT OTSIMYME MOSHOIO CXaTUA OT HEMOMHOro?

6. UTO Takoe coBepLleHHOEe U HECOBEPLLEHHOE CXaTue?

7. Tloyemy npu ncteyeHnn n3 oTBEPCTUS MPOUCXOOUT CxaTue cTpymn?

8. B kakom cnyvae pacxod ucrteydeHus 6onblie (Mpy COBEPLLUEHHOM CXaTum
NN HECOBEPLLUEHHOM) 1 rnoYyemy?

9. UYTto Takoe nHeepcus cTpyn? Kakosa npuymHa BO3HUKHOBEHUSA SABMEHUS?

10. Kak nameHseTca koahpuuneHT pacxoda B KBagpaTuU4HoOM obnactu npu
yBenuyeHun Harnopa uctedeHna?

11. Kak nameHseTca KoahpuuneHT pacxoda B KBagpaTuU4HoOM obnactu npu
yBenuyeHum temnepartypbl BOAbI?

12. Yemy paBHO npounssegeHne KoaddunumeHTa CKoOpoCTN Ha KO3 PULNEHT
cxatusa cTpymn?

13. Y10 HasbiBaeTcs Hacagkom? lNpueseguTte knaccudumkaumo Hacagkos.

14. NMoyeMy NPOUCXOAUT yBENUYEHNE MPOMYCKHOW CNOCOBHOCTM UMnnHAPK-
4YeCKOro Hacajka no CpaBHEHMUI0 C OTBEPCTUEM TaKOro e AnameTpa?

15. 3a c4yeT 4ero nponyckHas CNoCOBHOCTb KOHMYECKOro pacxoasLlerocs Ha-
cagka bonbLie UMnuHapu4eckoro?

16. MNo4yemy MMHMManNbHaA ONWHA Hacadka orpaHuyeHa 3,5 guametpa?

17. Kak onpegenntb npefenbHyo BeNUYNHY Bakyyma B CXaTOM CeYeHUn?

18. MNo4yemy orpaHn4nBaeTCcsl Hanop NCTeYEeHUs1 Yepes Hacagknu?

19. Kak onpegenuntb npefenbHyo ANNHY Hacagka?

20. HazoBuTe cyLeCcTBEHHbIVN HeOCTaTOK KOHONOANbLHOro Hacazka.

21. Kak onpegenutb SanbHOCTb NnorneTa CTpyM N3 ropusoHTanbHOro LUUImnHA-
pUYecKoro Hacagka?

3AKJNTIOYMEHME

MaTepwuan, N3noXxeHHbI B MOCOOUN, MOMOXET CTyAeHTaM nocrenoBaTenbHO
M3y4aTb OCHOBHblE 3aKOHbl PaBHOBECUSI M OBWXEHUS Xuakoctu. PaccMoTpeH
OGLUMPHBIA KPYr TEOPETUYECKMX M MPaKTUYECKMX BOMPOCOB, KOTOPbIE AOMXKHbI
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N3yYnUTb CTYOEHTbI ANS Ny4Yllero NoHMMaHus CYTU PasfIMYHbIX TMApPaBNNYECcKnX
SIBNIEHW U NPOLECCOB.

MeToanyeckoe nocTpoeHne ydyebHoro nocobus gaet BO3MOXHOCTb CTyAEH-
TaM M3y4aTb OCHOBHbIE 3aKOHbl B MX B3aUMHOM cBA3W. 1o kaxxgomMy pasgeny umas-
NOXEeHbl TeopeTn4eckne, NpakTUYeckMe 1 crnpaBoYHble MaTtepuansl, Heobxoau-
Mble 0511 CaMOCTOSTENbHOro rMapaBfMYEecKoro pacdeta BOAOMPOBOAHLIX, AO-
POXXHO-MOCTOBbIX U TMOPOTEXHNYECKNX COOPYKEHMI. PekoMmeHayem Takke O3Ha-
KOMUTCS C nuTepartypou [1-7].

ABTOpbLI BblpaXkatoT Hagexay, 4To y4edbHoe nocobme ByaeT nonesHo CTyaeH-
TaMm Npu U3y4eHUn He TONbKO AUCUUNNUHLI «[ napaBnmka», HO U OPYrMx cneuu-
anbHbIX OUCUUNIIMH, Taknx kak «BogocHabxeHne», «BogooTBeaeHue», «lmapo-
norus» u ap.
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NMPUNOXEHME 1

METPOJIOT'MYECKHUE KINTACCbl CHETYUKOB

(MO KNACCUDPUKALIUN UCO)

HoMUHanbHbIN pacxoa, M>/y
Knacc XapakTepucTtuka
MeHee 15 Bonee 15

A Quinl Quon 0,040 0,080
Qn/Qron 0,100 0,300

B Qusn/ Qon 0,020 0,030
Qu/Qron 0,080 0,200

Qun/ Qon 0,010 0,005

© Qn/Qron 0,015 0,015
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OCHOBHbIE NAPAMETPbI

KPbIJIbYATbIX CHETYUKOB BOAbl (BCKM)
MO rocT 6019-83

MPUNOXEHME 2

PDF created with pdfFactory Pro trial version www.pdffactory.com

HvameTp ycnosHoro npoxoaa D,, MM
MapameTp
15 20 25 32 40 50
MuHuManbHbIN 0,03 0,05 0,07 0,1 0,16 0,3
Pacxop | [1epexoaHbili 0,15 0,25 | 0,35 0,5 0,80 | 15
BOAbl, | QKCnyaTaunoHHbIN 1,20 2,00 2,80 4,0 6,40 | 12,0
3
MM | HomuHanbHbI 1,50 | 2,50 | 3,50 | 5,0 | 800 | 15,0
MakcrumanbHbIN 3,00 5,00 7,00 10,0 | 16,00 | 30,0
MakcumansHeiv 3a 3 | 50 | 70 | 100 | 155 | 290
obbem Boabl, CYTKM
nponyckaemom 3a
4Epe3 cHeTINK, M1 mecsiL 900 1500 | 2100 | 3000 | 4650 | 8700
Mopor uyBcTBUTENEHOCTH 0,015 | 0,025 | 0,035 | 0,05 | 0,08 | 0,15
He bonee, M°/Y
MakcumanbHbI 06BbeM BOAbI
(HapaboTKa), MSMEPEHHLINB | 405 | 57 | 378 | 54 | 837 |1566
TeYyeHne rapaHTUNHOro Cpoka
(18 mec.), Tbic. M°
To ke Ans CY4ETYMKOB,
aTTECTOBaHHbIX MO BbICLUEN 18,9 32,4 43,2 62,1 99,9 |186,3
KaTeropum kayecrBa
Pesbba Ha WTyuepax 34" | 34" | 1 114t | 1120 ] 2
(TpyOHO-UMNUHGPUYEcKas)
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MPUNOXEHME 3

OCHOBHbIE NAPAMETPbI
TYPBUHHbIX CHETYUKOB BO/bl (CTB)
MO rocCT 14167-83

HvawmeTp ycnosHoro npoxoaa D,, MM
MapameTp
65 80 100 150 200 250
MuHMManbHbIN 15 2 3 4 6 15
Pacxop | [1epexoaHbiii 6,0 8 12 20 50 80
BOAbl, | QKCNyaTauNOHHbIN 17,0 36 65 140 210 380
3
MM | HomuHanbHbIi 350 | 55 90 | 175 | 300 | 500
MakcnmanbHbIn 70,0 110 180 350 600 | 1000
Pacxopg npu notepe
pasneHust 0,01 MlMa 40 70 130 317 600 850
(0,1 krc/em?), M1y
MakcumanbHeli 3@ 1061 | 13 | 235 | 51 | 7.6 |137
obbem Boabl, CYTKM
nponyckaemomn 3a
4EPE3 CHETUNK, M MecsiL 12,25 | 26,0 | 47,00 | 100,0 | 150,0 | 275,0
Mopor ‘-IyBCTBBI/ITeJ'IbHOCTI/I 0.6 0.7 1.2 16 3 7
He bornee, M°/y
MakcumanbHbIi 06beM BOAbI
(HapaboTka), uIMEpeHHbIN B | ,oq | 468 | gag | 1800 | 2700 | 5050
Te4YeHne rapaHTUNHOro Cpoka
(18 mec.), Tbic. M°
CTpouTtenbHas anuHa, Mm 260 270 300 350 385 | 395
Macca He ©Gornee, kr 16 20 25 43 60 70
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MPUNOXEHME 4
LULEPOXOBATOCTb TPYb

XapakTepuctunka noBepxHOCTn Tpyo D, Mm
N3 natyHu 0,0015-0,01
#pﬂg;bHomHyTb'e HoBble cTanbHble 0,02-0,1
CTanbHble, Haxoadwmecs B aKcnyaTaumm 1,2-1,5
Il. LlenbHOCBapHble |HoBble 0,04-0,1
CTanbHble TPyOb! BbiBWKE B aKcnnyaTaumm 0,1-0,15
HoBeble 0,25-1,0
I Hyrynrete HoBble GUTYyMU3NpPOBaHHbIE 0,1-0,15
TpyObl
BbiBWKeE B aKkcnnyaTaumm 1,0-1,5
BeToHHble TPYObl NpU XOpOoLLEN NOBEPXHO- 03-08
CTW C 3aTUPKOK ’ ’
I\V. BEeTOHHbIE BeToHHbIe TPyObI C LLEPOXOBATOM NOBEPX- 3.0-90
n acbecToLemeHT- |HOCTbIO o
Hble TpyObl HoBble acbecToueMeHTHbIe TPYObl 0,05-0,1
AcbecToLeMeHTHble TpyObl, ObiBLUNE B 06
aKcnnyartaumu ’
V. CTeknsnHbie TpyObl U3 YNCTOrO CTEkNa 0,0015-0,01
TpyObl
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NMPUNOXEHME 5

3HAYEHUA KOQDODOULIMEHTOB A U zx;
ONA HEKOTOPbIX MECTHbIX CONPOTUBIIEHUN

MecTHOe conpoTuBneHmne A Zks
Mpo6o4HbIN KpaH 150 0,4
OOGbIKHOBEHHbIN 3000 6,0
BeHTunb «KocBa» 900 2,5
Yrnoson 400 0,8
LLlapoBou knanaH 5000 45,0
90° 400 1,4
YronbHUK 5
135 600 0,4
KoneHo 90° 130 0,2
TpOnHUK 150 0,3
[MonHoe oTKpbITHE 75 0,15
n=0,75 350 0,2
3aaBuKka
n=0,5 1300 2,0
n=0,25 3000 20,0
n=0,64 70 1,0
n=0,40 120 7,0
Anacpparma n=0,16 500 70,0
n=0,05 3200 800,0
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1982. — 672 c.
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pea. C.C. PygHeBa n J1.I". lNMogsusa. — 2-e nsg., nepepad. n gon. — M. : MawwuHo-
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YyebHoe nspgaHve

Axnmos Oner Bnagnmunposuy
Ko3sak Jlto6oBb BacunbeBHa
AknmoBa HOnna MuxannosHa

r’MAPABJTUKA

YyebHoe nocobue

Pepaktop T.M. SlkogeHko
TexHudeckui pegaktop U.A. Hunbmaep

lMnan 2008 r. Mos. 4.10.
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CpaHo B Habop 10.12.2007 r. MNoagnucaHo B neyatb 07.03.2008.
dopmaT 60x84'/16. FapruTypa Arial. Ycn. neu. n. 5,6.
3ak. 42. Tupax 200 3k3. LleHa 70 p.

Wspatenscteo OBIYIC
680021, r. Xabaposck, yn. Cepbilesa, 47.
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0.B. AKUMOB, J1.B. KO3AK, 10.M. AKUMOBA

TUJIPABJIUKA

YyebHoe nocobue

KA®EOPA «r'MOPABJIUKA 1 BOOOCHABXEHUE»

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

Xabaposck — 2008
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