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IpakTnueckoe 3ausaTue Nel

IIpubopsl U MeTOABI H3MEpPEeHHsl 1aBJICHUS

1. T'uapocraTHyeckoe AaBJ/IeHHE H ero CBOHCTBA
I'unpocTaTHyeckoe JaBlieHHE p B JAHHON TOUKe -

rae: AP-cuna, nefictBylomas Ha riomanky AS.
Ceoiicmea:
I. Tunpocratiyeckoe naBienne BCEra HANpPaBIEHO N0 BHYTPEHHEH HOpMAIH
K paccMaTpHBaeMoit romaaxe.
2. BenuuuHa ruipoCTaTMHECKOro AaBeHHs B JaHHOMN TOYKE HE 3aBUCHT OT

OPHEHTALMH TOH IUIOWAMKH, 0 KOTOPO# OHO JeHCTBYeT.
U3 Broporo cBoiicTBa BbITeKaeT 3axon [lackans:

“JlaBnenue Ha MOBEPXHOCTH JKHIKOCTH, IPOM3BENEHHOE BHELIHHMHU CHJIAMH, Tie-
penaeTcs )KUAKOCTBIO OZIMHAKOBO BO BCEX HalpaBlIeHHsX".
OueBUnHO, 4TO AaBNEHUE p ecTh GYHKIHMA TONBKO KOOPAMHAT U B OBILEM ciydae
BpeMenit: p = f(x,y,z2,t)
OcHoBHo# ennHMLEH H3Mepenns naBienns B cucteme CU ssnsercs H/m? . Kpome
TOTO, HCIIOJIB3YIOTCS IPOU3BO/IHBIE €IMHUIIBI U3MEPEHUS H HEKOTOpBIE
BCIIOMOraTesIbHble, TAKHE KaK:
IMa=1H/™ ; 1kITa= 10’ H/™M*; IMIa= 10" H/™*;
16ap= 10° H/m* = 100kITa = 10" MTTa;
ImMM pr.cT. = 133,332 H/iv = 0,0013333 6ap;
IMM Boa.cT. = 9,8 H/M® = 0,00009816ap
Pasmryator nasnenus: aGeontotHoe, aTMOC(hepHOe, H3GBITOUHOE H BAKYYM.
AbcomoTHOE () — 3TO JIaBEeHHE, KOTOPOE U3MEPSIOT HAYHUHAS OT a6COMOTHOrO
HYJIst;
ArtmochepHoe(p,) — 3T0 aGCOMIOTHOE AaBIeHHe B OKPYKAIOLIEH cpeje B JaHHOM

TOYKE MPOCTPAHCTBA B IAHHbIH MOMEHT BPEMEHH;
Ws6pitounoe (p,) — 3T0 BeMUHHA IPEBLIIEHNs aGCONIOTHOTO TaBICHMS Hal

aTMoc(epHBIM;
BakyyM (paac) — 3TO HEOCTATOK aBCOMOTHOTO AaBNEHHUS 110 aTMOC(epHOTO.

2. IlpuGops! Aas U3MeEPeHNUs AABICHHUS
2.1. Knaccudukauus npuGopos s U3MEPEHUS 1aBIIEHUS.
2.1.1. To xapaxrepy u3MepsieMoi BeTMUUHbL NPUOOPEI AETATCS Ha CIEYIOIIHe
IpyMIIbL:
a) aTMOcepHOE TaBIIeHHE H3MEPSIIOT Gapomerpamu, B CBSI3U ¢ uem
aTMocdepHOe NaBJIEHHE EIIle HA3bIBAIOT OapoMeTpUYEeCcKHM;
0) U36BITOYHOE JaBICHE H3MEPSIOT MAaHOMETPAMH, ITOITOMY H30BITOYHOE
ABJICHUE CIle HA3bIBAKOT MAHOMETPHYECKHUM; MAHOMETPAMHK U3MEPSIOT HAuUHas
OT IaBJICHHS B OKPYIKAOLIEH CPeie B CTOPOHY YBeNTHYEHH S,




B) BAKYyM H3MEPSIIOT BaKyyMMETPaMH, MOMOILIBIO KOTOPBIX U3MEPSIOT
HA9MHAs OT ABJIEHHUS B OKPYXKalolLleil cpeie B CTOPOHy YMEHBUICHHS;
r) abCONIOTHOE JaBICHHE MOYKHO M3MEPHUTD NPU OMOLIH IBYX IIPUGOPOB:
- 0apOMETPOB M MAaHOMETPOB (KOT/ia NaBJIeHUe 3aBEZIOMO BBILIE aTMOC(EPHOTO), ¢
TMOCJIEAYIOUM CYMMUPOBAHHEM PE3y/IbTAaTOB 3aMEpOB p=pa + pu;

- 6apOMETPOB 1 BaKyyMMETpOB (KOr/Ia 1aBjieHue 3aB€/IOMO MEHbIIIE aTMOC(HEPHOT0), C

TOCNIEAYIOLNM BbIYHTAHHEM PE3YJIbTATOB 3aMEPOB P=pa - psax;
) Pa3HOCTb OTHOMMEHHBIX JaBJICHH (nnH aGCOIOTHBIX, HITH U30BITOYHBIX,

HJTH BaKyyMOB )H3MEPAIOT T hePeHIMATBHBIMU MAHOMETDAMH.

2.1.2. o npunmMny meicTus NPUOOPbI AETATCS HA KHUIKOCTHBIE, Py >KUHHBIE,
T'PY3OIOPIIHEBBIE, 3JIEKTPUIECKHE, KOMOUHUPOBAHHBIE,

")« K XUIKOCTHBIM OTHOCSTCS NpHOOPbI, OCHOBAHHbIE HA TMIPOCTATHYECKOM
NpUHIUINE ACHCTBHS, 3aKIFOYAIOIIEMCS B TOM, YTO U3MEpSIEMOe JIaBJIeHHE
YPAaBHOBCIIMBACTCA NABICHUEM CTONIOA JKUIKOCTH, BHICOTA KOTOPOTO CIIYXKHT
MEpPOH J1aBJIeHHMS.

6). B mpyxXuHHBIX npubopax NeHCTBHIO M3MEpSeMOro  JaBlieHus
TONBEPraeTCs yIpyrui snemMeHT (Tpy6ka, Mem6pana, cunbdon). [ox neitcrBuem
AAGBJICHUS BOSHUKAET Je(OpMAIUs YIIPYToro aeMeNTa, BeTHIuHA KOTOpO#
CILy’)KHT MEPOH J1aBJICHUSI.

B). B rpyzonopinesbix nprdOpax u3MepPsieMOe 1aBIIeHHE, JEACTBYIOINEE Ha
[IOpIICHb, YPABHOBELIMBAETCS MPHIIOKEHHOM K MIOPLIHIO BHEITHEH CUIOi
(06b14HO rpy3om) KoTopas CILy>KHT MEpO¥i JIaBJIeHHUs.

r). AHCTBUE dIeKTPHYECKHX NPHOOPOB OCHOBAHO HA M3MEHEHHH T10]] JIABIIe-
HHEM SNIEKTPHYECKUX CBOMCTB HEKOTOPBIX MATEPHAIIOB (Hampumep, oMHYecKoro
CONPOTHUBJIECHHS).

n). K xoMGuumpoBanHsim MpHOOpaM OTHOCATCS MPUGOPEI, TIPUHIIMTT
AEHCTBUS KOTOPBIX HOCHT CMEIIAHHbII Xapakrep

(HanpuMep, si1eKTpOMexaHuYEeCKHe npubopsr).
2.1.3. Ilo TouHOCTH M3MepeHnit IpUOOpPBI AeNTes Ha 0GpasLoBkie U pabouue.
Knace Tounoctu npu6opa ONPENECIIACTCS BENMMYMHON MaKCUMAITBHOM IOy CTHMOIH

TNOTPeIHOCTH ATAx, BBIPaXKEHHOMH B MPOLIEHTAX NIPEACTBbHOTrO 3HAYEHHS LIKAJThI
npubopa

K '*“;Va"‘ 100%

B Hactosiee BpeMs yCTaHOBJIEHBI CIEAYIOIIHE KJIACChl TOUYHOCTU MpUGOpOB
Ans usmepenus masnenus: 0,005; 0,02; 0,1; 0,2; - obpasuoskie u 0,35; 0,5; 1; 2;
2,5; 4,0; 6,0; - paGouwue.

OGpasnossie NpuGOPE! MPUMEHSIOTCS NPH M3MEPEHMSX, TPEOYIOIMX TOBbI-
IIEHHOM TOYHOCTH M AJIs MPOBEPKH pabounx mpuGopos.



OG6pasuossie NpHGOPE! MPUMEHSIOTCS NPH M3MEPEHHSX, TPeGYIOIMX TOBbI-
IIEHHOM TOYHOCTH M JJIs MPOBEPKH pabounx mpuGopos.

2.2, XukocTHBIE IPUOOPE! I U3MEPEHUS AaBIeHMA

2.2.1. lIee3omeTp, puc 1, npumensercs qis
‘Pa » M3MepeHHs U30BITOYHOTO NaBJICHMA U

NpeACTaBNseT COO0H CTEKISIHHYIO,
YCTaHOBJICHHYIO CTPOIr'0 BEPTUKAIBHO TPYOKY 1
C OTKPBITBIM B aTMOCHEpY BEPXHHM KOHLIOM.
Huwkuuit Konel TpyGKH COEUHACTCA ¢ MECTOM
U3MepeHHUs AasieHus. [Ins oTkimodyenus
npubopa 1 yJaNeHus U3 COeAUHUTENBHON
TpYOKM BO3yXa yCTaHaBIMBAaETCS
TPeXXoJ0Boi kpaH 2. Ilon neiicTBreM
AABJICHHs )KUIKOCTH B TPYOKe MOHUMAETCS Ha
BBICOTY /1 , U3MepsAeMyo No mKaie 3.

Puc. 1 ITvesomemp u mpexxo0060ti kpan.
Bennunna nasnenus P, B mo6oi ToYke A XHUAKOCTH:
p.=pg(hth),

rze: P-INIOTHOCTH XXHUAKOCTH;
“h - MOKa3aHUs NHE30METPa;

hy- TTyGMHa TIOTPYXEHUA TOYKH A T0J] yPOBHEM HyJIs MKaJIbl mpubopa.
Hanenne B MeTpax cTon6a )UAKOCTH (Ibe30METPHYECKas BHICOTA) B TOUKe A:

X By
g =hEh

Benmuuny A1 (MOCTOSIHHYIO 151 JaHHON TOYKH) Ha3bIBAIOT [TOTIPABKOM Ha
NoJIoXXeHne Npubopa. 3HaK MONPaBKH 3aBUCUT OT B3aMMHOTO (BepTHKATBHOTO)

PAcToNoXeHUs TOUKM A U Hy1s mpubopa (eciu Touka A HUKe Hyis pubopa,
TIONPABKa IOJIOXKUTEIBHA).

Ecin tpy6xa npubopa yMeer maibii Amamerp, B NMOKa3aHWs BHOCHTCS ITO-

30
[IpaBKa Ha KaUUIAPHOCTE, paBHAS IS BOJ(bI Ah=-? MM



2.2.2. U-00Opa3Hplii MAHOBAKYYMMETD, pUC. 2, IPEACTaBIsAET COOOR
U-06pa3Hyto CTeKIISIHHYIO TPYOKy 1,
3aMOJTHEHHYIO 710 HEKOTOPOro YPOBHs paboueit
KUJIKOCTBIO, O0Jiee TSKEIIOHN, YEM JKHUIKOCTD,
JIaBIeHUE KOTOpOoi u3mepsiercst. OAHO U3 KOJIEH
TPYOKH COECMHSIETCS] C MECTOM HU3MEPEHHUS,
Ipyroe - OTKpbITO B aTMochepy. st
OTKJIFOYEHUs prbopa Ha COCTUHUTENILHON
TpyOKe yCTaHaBIUBAETCS TPEXXOA0BOH KpaH 2.
Ecnu nasnenue -p Ha ypoBHe paboueit
KUIKOCTH B JIEBOM KoJieHe Ooubiie
aTMOC(EpPHOTro, TO IO/ €ro JelcTBHEM
KUIKOCTH B JIEBOM KOJIEHE OILyCTHUTCSI, a B
paBOM MOTHUMETCSI.

Puc. 2. U-obpa3znbiii maHosakyymmemp
Ecmu naBnenue - p MeHble arMoc(hEepHOro, TO JKUAKOCTD B JIEBOM KOJIEHE N1O/IHH-
METCsl, @ IPaBOM OIYCTHTCS.

Benvunna n30BITOYHOrO aBieHus Pu Ha ypOBHE pabodel :KUIKOCTH B JIEBOM
KOJIeHE:

p,=*p,gh

rae: p,, -IUIOTHOCTH pabouei )XUAKOCTH, 3AIUTOM B TpyOKy mpubopa.
3HaK IWIoc B (JOpMyIie COOTBETCTBYET U30OBITOUHOMY aBJIEHHIO, 3HAK MUHYC -
BaKyyMy

N30piTOuHOE 1aBiieHue P, B IPOU3BOJIbHON TOUKE A JKUIKOCTH paBHO:

p,=*p,gh+pgh
rAe; p- ITNIOTHOCTD XXUIAKOCTH, AaBJIEHUE B KOTOpOﬁ HU3MEPSICTCA,

h4- pazHOCTH ypOBHEH TOUKH A 1 pabouei IUIKOCTH B JIEBOM KOJICHE.
[Tre30MeTpHUUecKas BEICOTA B TOUKE A:

Py i hth,
P P
Henocratkom nprbopa sBisieTCs IEPEMEHHOCTh MONPaBKHU /11,3aBUCSINEH NPU 1aHHOMK

yCTaHOBKE NPHOOpa OT BEJIMUMHBI U3MEPSIEMOT0 NaBJICHUS, U HEOOXOIUMOCTh HaOIIONCHUS
3a JIByMsl YPOBHAMHM.
2.2.3 PryTHBIM GapoMeTp, puc. 3, COCTOUT U3 OTKPBITOH B aTMOCchepy yauiku 1,
3al10JIHEHHON PTYTHIO, U U3 CTEKIISIHHOM TpyOKH 2, BEpXHHit KOHEl KOTOpOi
3amnasH, a HIKHHUH OIyIIeH MO/ YPOBEHb PTYTH.




Bosnayx us tpyOxu ynanen, B cuny uero TpyOKa
3aTOJHACTCS HACBILIEHHBIM T1APOM PTYTH, [JaBICHUE
PH.n. KOTOPOro YpessblyaitHO Mayo. ATMochepHoe

I\ 2 AABIICHUE Py, NIEHCTBYS HA MOBEPXHOCTH PTYTH B
i Hatlke, OMHUMAET PTYTh B TPY6Ke Ha BbICOTY h, ipn
N KOTOPOi CyMMa [aBieHu# cToN6uKa PTYTH ¥ IApOB
<] ] 3 PTYTH ypaBHOBELIMBACTCS aTMOCHEPHBIM JABICHUEM.
- J1st oTCueTa 5Toit BBICOTHI (rnokasanus npubopa)
¥ CIIY>XXUT NTUHelHas wkana 3,
ST
g1 F_MT
| .
. 2
e O .

Puc. 3. Pmymnyisi 6apomemp

Pacuernoe COOTHOINEHUE IS 6apomeTpa UMEEeT BUMI:

Pa=Pun +8Ppr (h+ah +ah),

B 10
rie: Ay - MOMpaBKa Ha KaNMIAPHOCTS, 0GBIYHO paBHas —mu,

dZ
Ah, - nonpaska Ha OmycKaHHe PTYTH B yalke, papHast hﬂ npu

NOOBEME PTYTH B TPYOKe Ha /1 1 Inamerpax vauku D u TpyOKu d.
OBpruro mKamsr 6apomerpon TPafyupOBaHbl HE B IMHEHHBIX €IMHULIAX, 4 B

CAMHHALIAX AABJICHHUSA C YUETOM NONpaBok Ak, u Ah,.

1.2.4. Muxpomanomerp ¢
HaKJIOHHOW TPyOKoH, puc. 4.
OcHOBHBIMU NIpenMyIIeCcTBAMY
J Pom  FKUIKOCTHBIX NMPUOOPOB 110
CPaBHEHHUI) C APYTHMHU
SIBIIAFOTCS MPOCTOTA
YCTPOWCTBA U BBICOKAS
TOYHOCTE uaMepeHuit. [Tpuyem
OTHOCHTEITbHas TOTPEIIHOCTD
ﬁ,,?_lj TEeM MEHbLIE, yeM Gosblie
13MepsemMoe nasnenue. Jng
Puc. 4. Muxpomarnostemp ¢ naxronno mpybroii YBCIIMIEHUA TOYHOCTH

NPHOOPOB NpH M3MeEpeHNH
MaJbIX aBJICHUH HCITONIB3YIOT ONITHYECKHe NPUCIIOCOBNEHM S, TO3BONAIOIHE

OTMEYaTh NOIOXKEHME MEHHCKA C TOYHOCTHIO 00 0.05 mm.

’




Bonbuioe pacipocTpaneHye NOMyYHIn MUKPOMAHOMETPEL, B KOTOPHIX YBEIUUEHYE
TOYHOCTH NPU U3MEPEHUH JABIIEHUs JOCTUIaeTCs IPUMEHEHHEM KOHCTPYKIUH ¢
HAKJIOHHBIMH TpyOKaMHu.

VYBenuieHne IyBCTBUTENBHOCTH W TOYHOCTH OTCYETA JOCTUTAETCS TEM, UTO
BEpTHKANBHBIH cTONG )uaKkocTH H, coOTBETCTBYIOMMI H3MepseMOoli pasHOCTH

( ) Pa) » 3aMEHSAETCS HAKJIOHHEIM CTONOOM 1, mpuyeM /= . O6p1yHO Sina

smao
Ha3BIBAIOT MACIITAOOM MHKpOMaHOMeTpa U 0603Ha4al0T 6yKBOi m. Yron o,
JOIDKEH OBITh TEM MEHBIIIE, YeM MEHbIIE Pa3HOCTh JaBICHHUH, MO/ IeXAaIas
ONpefeNIeHHIO.
3aBHCHMOCTh MEXIy OTCYETOM Ha TPyOKe MHKPOMAHOMETpa M H3MepseMbIM

JiaBlIeHMeM BBIpaxkaeTcs popmyioit: p-p, = pg(l-a)m
THe: 0 - HaYaJTbHEIA OTCYeT Ha TpyOKe, KOTna p=p, :

P - INIOTHOCTH XXHUIOKOCTU B MHKPOMaHOMETPE.

2.3. lpyxunHble IPU6OPE! IV U3MEPEHHUS NaBIICHHUS.

2.3.1. MaHomeTps! ¢ Tpy6yaToil IpyxuHOM, puc. 5. OcHOBHO# eTabio npubopa
ABJISIETCSl COTHyTass IO Ayre OKpPYXHOCTH
nonas TpyOka 1, HMeromas B CEYEHUH
oBanbHy!0 Gopmy. OnMH U3 KOHLOB TPYOKH

- 3amasH, a U3MepseMoe JaBlIeHHe nepegaercs
BHYTph TPYOKH 4epe3 ee OTKpHITBIA KOHeIl.
ITox JeHcTBUEM JIaBJICHUS TpybKa
nehopmupyercs (packpyduBaercs), a
cTpenka mnpubopa 8, cBs3aHHas ~ CcoO
cBOOOJHEIM  KOHIIOM  TpyOKH  dvepes
nepeflaTovHpIi. Mexanmsm 4, 5 u 2,
NOBOpPaYMBAETCS Ha yroi,
IPONIOPIUOHATIEHBIN U3MeEpsieMoOMy
NABJIEHHIO, BETMYHHA KOTOPOr0 CUHUTHIBAETCS
1o mkaie 9.

OTKpeITEIl  KOHEL Tpy6YaTod mnpyxuHsl 1
BCTaBJICH B JiepXaTellb 6, KOTOPBIH yKperuieH
Puc. 5. Ipyosrcurnerii manomemp B kopryce 3 maHomerpa. Ilrymep 7 ¢
pe3b60i 1711 NOAKITIOYEeHHs PHOopa K MECTY

M3MEPEHHUsA BBIOJHEH KaK OXHO LEJNOoe C aepxkaresneM. BHyTpu mrtyunepa u

AEpIKaTeNIA HMMEETCs KaHaJl, KOTOPBI COOOLIAeTCS C BHYTPEHHEH IOJOCTHIO

TpyOKn: 1.

2.3.2. MeMm6paHHBIe MAaHOMETPEL, PHC. 6. YIIPYTHM 3JI€eMEHTOM MeMOpaHHOTo Ma-

HOMeTpa AB/AETCA MeMOpaHa 2, npe/icTaBsomas co6oii rodbpupoBaHHyIo MeTal-

JIMECKYIO ITACTHHKY, 3aKPEIUICHHYIO MeX Ty (IIaHIlaMi HUXKHEH U BepXHel

JacTu xoprmyca npu6opa. Ha mem6pany uepes kaunan mrynepa 1 nepenaercs

RaBleHue, Mo IeHCTBUEM KOTOporo MemOpana nporubaercs. Yepes noBooK 3 U

3y6uaThIi CeKTOp 4 MPOruG MepeaeTcs Ha CTPEINKY nprubopa, CKONB3AMIYIO 110

10



mwKane. MemObpanHble NpuGOPBI MPUMEHSIOTCS JUIA
U3MEPEHHs BaKyyMa 1 U30bITOUHOTO JIaBJIE€HHUS, HE
npeBbiarIero 256ap. OCHOBHBIM HEJIOCTATKOM
TPY>KUHHBIX TIPUOOPOB SABIIAETCS HEMOCTOSHCTBO UX
MOKa3aHui (TpY OJHOM U TOM XKe BEIUYMHE U3Me-
PAEMOTO JIaBJIEHNUS) BEI3BIBAEMOTrO IOCTEIIEHHBIM
M3MEHEHUEM YIPYTUX CBOUCTB JIehopMUpPYeEMOro
snementa. [losTomy npysxunubie mpubopsl
NEePHOIMYCCKH JIOJIKHBI IIPOBEPATHCA.

Puc.6. Membpannoiii manomemp — 2.3.3.Ccunvghonnvie
bapomempei (anepouder) Auepoun (OT rpeu. a -
OTpHIaTe/IbHask YaCTHUIIa, NErys- BOJA T.€. ACUCTBYOIIas
0e3 MOMOLLM KUIAKOCTH), GapoMeTp-aHepOu, IPHOOp wIs
U3MEpERUs  ammocepnozo dasnenus. TIpuéMHON yacTeio (puc.7) CIyKuUT

Kpyrilas MeTalmdeckas Kopooka A ¢ roppupOBaHHBIME OCHOBAHUSMH, BHYTPH

KOTOpOH CO3/1aHO CHIIbHOE paspexenue. [Tpu
TIOBBILIICHWY aTMOC()EPHOTO AaBlIeHUs KOpoOKa
CIKMMAECTCS ¥ TIHET NPUKPETUIEHHYIO K Hell
NPYXXUHY; PK MOHMKEHUN JaBIeHUs NPYKUHA
pasrudacTcs M BepXHee OCHOBaHHE KOPOOKH
noannMaceres. [lepemerenne konna

NpYXUHBI 1IepeaéTcs cTpenke B,
nepemenarotneiics no mkane C. (B nocneguux
KOHCTPYKILUSIX BMECTO MPYKUHBI

NPUMEHSIOT O0JIee yNpyTrHe KOPOOKH.)
K mixane npuxpernnen 1yroo6pasHsiii Puc. 7. Anepouo

TEPMOMETP, KOTOPBIH CIyXKUT JUISI BHECEHUS TOIPABKU B [IOKA3aHUs aHEPOMIA Ha
TeMnepatypy. [lis monyueHns: HCTHHHOTO 3HAYCHHs AABJICHUS TIOKA3aHHs aHEPOHA
HYIKIAFOTCS B TIONIPABKAX, KOTOPHIC OTPEME/IAIOTCA CPABHEHUEM C PTYTHBIM
bapomempom. TTonpaBok Tpu: Ha WKaTY - 3aBHCHT OT TOTO, YTO aHepou.l
HCONHAKOBO pearupyeT Ha UI3MEHEHHE NaBJIEHMS B Pa3IHUHBIX YYACTKAX LIKAJIbL;
Ha TEMUEpaTypy -  00yCIIOBICHA 3aBUCHMOCTBIO YIIPYTUX CBOMCTB aHEPOHIHOM
KOPOOKH ¥ IIPY)KHHBI OT TEMIIEPATYPHI; 106aBOUHAS,
00yCIIOB/ICHHAs U3MEHEHUEM YIIPYTUX CBOHCTB KOPOOKH

U I YXKUHBI cO BpemeHeM. ITorpemHocts

M3MepeHuii cocrasnseT 1-2 mbap. Beneacteue

CBOCH NOPTATHBHOCTH AHEPOU/IbI LIMPOKO HPUMEHSIOTCS B
SKCIEULIUAX, & TAK)KE KaK BEICOTOMEPHI. B nocieanem

clly4ae HIKaly aHepOH/Ia IPagyHpyIoT B M. : &
2.4. I'pysonopiHeBbie MaHOMETPBI, pHC. 8. .
1. TTopiiens. g @
- T A
2. I'pys, ypaBHOBELIHBAIOIMI CHITy JaB/ICHUS. Puc. 8. Ipysonoputensoii
Maromemp
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IIpubopsl U MeTOABI H3MEPEHUsI CKOPOCTH M PACX0Aa KUIKOCTH.

IHPAKTUYECKOE 3AHATHUE Ne2

1. IIpubopot u memoodwr usmepenus pacxooa 3cuoKocmu
Pacxodom Ha3bIBaeTCs KOJIMYECTBO JKUJIKOCTH, IPOTEKAIOLIEE Yepe3 CHCTEMY
3a eIUHUILY BPEMEHH.
Pasznuyaror:
epacxozt o6bemublil Q,,0°  (M'/c, /e, M /u T.J1.)
® pacxoj mMaccoBblii Q,,M” (Kr./c, Kr./u, T/4 U T.11.)
[pucrynas x onucanuio HEKOTOPBIX MPHGOPOB, 3aMETHM, YTO JIe/IeHHE NPUOOPOB Ha
NpeaHasHaYeHHbIC U1l ONIPE/IC/ICHHUs PacXo/1a U JUIsl OTpe/eJIieHUsi CKOPOCTH BeCchMa
YCJIOBHO, T.K. YaCTO PacXo/i ONpPEAENSEeTCs C LebI0 BBIUHCICHHs CpeJHeld CKOPOCTH B
MOTOKe, a JIF00ble U3MEPUTETH MECTHOM OCPEIHEHHON CKOPOCTH MOTYT
MCIIOJIb30BATLCS U KaK U3MepUTen pacxoia. CBA3b MEXK/Y pacXxoJ0M U CKOPOCTBIO
onpejesieHa ypaBHeHHeM pacxona Qo=Sv umm Q=pSy
rae: S-1yomaab HOpMaIbHOTO CEYEHHs 10TOKa,
V-CKOPOCTb ITOTOKA B 3TOM CEUEHHH,
P-TIIIOTHOCTD KUIAKOCTH.

1.1. Hsmepenue pacxoda mepuvimu 6akamu

MepHbie Gaku BBINONHAIOTCS  OJHOKAMEPHBIMH HIIM JIBYXKAMEPHBIMU U
Mpe/IHa3HaYaroTCs ISl U3MEPEHHsl KOJIMYECTBA KHKOCTH (06bema HITH Macchl).

* OnHOKaMepHBIH MepHBIH Gak MMeeT OAMH OTCEK, CHaGKEHHBIH yCTPOHCTBOM
AJIs. M3MEPEHHsE YPOBHS JKUJIKOCTH B OaKke WMJIM B3BELUMBAIOIIMM YCTPOWCTBOM JIis
M3MEPEHHs MACcChl )KHAKOCTH B Oake. MakcHMaibHOE KOJMYECTBO KUIKOCTH, KOTOPOE

MOHO M3MEPHTD C MOMOLIBIO OJIHOKaMepHOro 6aka, paBHO 00beMy Gaka.
* JIByXKamMepHbIi MEpHBI 6aK, 0/1Ha U3 BO3MOXKHBIX KOHCTPYKIIHH KOTOPOTO

u300pakeHa Ha puc |, mpeacrasisier coGoi pesepByap ¢ ABYMS OTCEKAMH, KaXKIbIi U3
KOTOPBIX HMEET CIIMBHOE OTBEPCTHE, 3aKPhIBAEMOE KJIAIIAHOM | ¢ OBLIMM PhIYaKHBIM
ynpasienueM 4. Kaxipiit 03 0TCEKoB CHaGKEH BOJIOMEPHBIM CTEKIIOM 3 €O LIKANIOl 2,
rpaydpOBaHHON B OOBEMHBIX enuHMU@ax. Hax MepHbIM 6akoM CMOHTHPOBaHO
MEPEKUIHOE YCTPOUCTBO 5, KOTOPHIM MOXHO HAINPAaBUTb XKMAKOCTH B MPaBBIH MM

nesblil otcek. [IByxxamepHblii 6aK aetT BOSMOKHOCTH M3MEPHTH JIFOGOE KOJIHYECTBO
YKUIKOCTH,
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Puc. 1. Mepnuuii 6ax

IUISL YETO HYXKHO MOTOK NEPUOIUYECKH
HANPABJIATH U3 OJHOTO OTCEKA MEPHOro baka
B JIPyTO#i, IPX 3TOM COOTBETCTBEHHO
TepeKyIIoYaTh CIUBHbIE KIanaHsl 1, 4yT0OBI BO
BpeMsl 3aTIOJIHEHHsI OJTHOTO OTCeKa ApYroi
OTIOPOXKHSAJICS.

B 3aBUCHMOCTH OT THIIA YCTPOUCTBA,
M3MEPSIOIIEro KOJIMYECTBO IKUJIKOCTH,

vV 5
BBIYHCISETCS: O, =— - 0OBEMHBIA Pacxos
t

(V- o6beM KHUIKOCTH, - BpeMs WU3MEpPEHHS ),

m o
g,.= y -MacCOBBIi pacxon (m- Macca

JKHAKOCTH, ¢ - BpeMsl H3MEPEHHs).

OiHAaKO, ONMUCAHHBIN C1I0CO0 HEBO3MOXKHO NPUMEHSATh:
W eCIIM OTCYTCTBYET CBOOO/IHBIH BBIXO JKUAKOCTH U3 CHCTCMbI B atMocdepy;
m Ul H3MepEeHusi MTHOBEHHBIX PACXOZI0B HEYCTaHOBHMBILETOCH MOTOKA.
HenocTaTKoM SIBJISETCS TAKKe TO 0OCTOATENBCTBO, YTO BBIMOIHEHHE 3amMepa
TpebyeT JUIMTEIBHBIX TIPOMEXYTKOB BPEMEHH 1 NPH GOJBIIUX pacxoax -
3HAYNTENBHBIX 00HEMOB MEPHBIX 0aKOB.
B yHMBepcanbHON 1a60paTOpHOH yCTAHOBKE OIMCAHHBIN CrIOco0
npejicTaBieH MepHbIM Oakom 13, puc.17.

1.2. H3mepenue pacxo0a MexanudeCKumu cuemiukamu

MexaHUUeCcKre CUeTUNKM paselisioT Ha 00bemMHble U CKOpOCmHble
(Taxomerpuueckue). [IpuOOpBI XapaKkTepu3y0TCs KaauopoM (AxaMeTpoM
BXOJIHOTO OTBEPCTHS ), UyBCTBUTEJIBHOCTBIO (HAUMEHBIINM PACXOIOM, TIPH
KOTOpPOM CYETYMK HaYMHAET [aBaTh TOKa3aHus ), AMara3oHOM U3MePSAEMON
BeJIMYMHBI, KJIACCOM TOYHOCTH. [Ipy oMoy MexaHu4eCKuX CHeTINKOB
u3MepsieTcs: 00beM MPOTEKAroLIel Yepe3 HUX XKHUAKOCTH, a 00BEMHBIHN pacxo

BoIuMcisgeTcs Kak B 1.1.:

QO:K

t

1.2.1. O6vemHublii c4emuuK COCTOUT Yallle BCeTO U3 ABYX OJIMHAKOBBIX
M3MepHUTENbHBIX Kamep ONpeJIeNIeHHoro o0bema, cHaOXeHHBIX MOJIBHXKHBIMU
BEITECHUTENIMU. JKUIKOCTH TOOUEPEHO 3aMOJIHACT KaMepkl, NPH1CM IIpH
3aIONHEHMH OIHOM - {pyrasi OTIOPOXKHAETCs. BrITeCHUTEb, COBEPLIA LIMKIIbI
ePHOIMYECKHX ABIKECHHH, MPUBOJKT B AeHCTBHE CUeTHBIN MexaHu3M. B
3aBUCUMOCTH OT XapaKTepa JBMXEHHUs U KOHCTPYKIHHN BbITeCHHTEJIEH 0O BEMHBIE
CUETUHKH Pa3/IENAIOT Ha NOpUIHesbie , PUC.2, OUCKOBbLE, puc.3 ¥ pomayuoHHbie,

puc. 4.

m [IpenMyIIeCTBOM OOBEMHBIX CUETYHKOB ABJIAETCS BHICOKasA TOUHOCTL
(HexoTOpble UMeroT Kiace TounoctH 0,2-0,5).

13



m HenocTaTkoM — KOHCTPYKTHBHAA CJIIOXKHOCTD U I'pOMO3IOKOCTD.

Puc. 4. Pomayuoxublil cCHemuuK

1.2.2. OCHOBHO# HETANbI0 CKOPOCMHO20 CHeMmYUKA SBISETCS JIONACTHOE
KOJIECO, KOTOPOE MpH MPOTEKaHUH depe3 Npubop KUAKOCTH BpallaeTcs ¢ 4acTo-
TOH, TPOTIOPLHOHAIBLHON pacXoy KuAKocTH. [l onpenenenus yucia 000poTOB
KoJieca prOOp CHA0XKEeH CyMMUPYIOLIUM CUETHBIM MEXaHU3MOM C MeXaHU4YEeCKOH
WM 3JEKTPHYECKOl nepesaueil mmmyssca. PasnyaroT CKOPOCTHBIE CHETIHKH C
BEPTHKAJIbHOM KpBLIbYATKOM (KpbLTbYATbIE), PUC.5, H C BUHTOBBIMH BEPTYLIKAMH
(TypOWHHEIE), PHUC.0.

CKOpOCTHBIE CYETYMKH IPOILE 10 YCTPOHCTBY, YeM 00BEMHbIE, HO TOYHOCTH
1IX HECKOJIbKO MeHbIIIE (KJ1ace TOYHOCTH 2-3).

HenocTaTkoM MPUGOpPOB SBIsIETCs GBICTPOE H3HALIMBAHUE TPYILUXCS JieTanen.

Puc 5. Cuemuuk ¢ 6epmuKanbHoil Kpblb4amKon
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Puc 6. Cuemuuk ¢ 6UHMOBOT 6epMYULIKOU

B yHHBEpCAbHOM CTEH/IE OIIUCAHHbIH CII0CO0 M3MepeHHs pacxoa
TIpeJCTaBjIeH CKOPOCTHBIM CueTYrKoM 8, puc.17.

1.3. Pacxooomepbl 0OmeKkanusa
[TpenctaBisitoT co60# MpUGOPBL, COCTOSALINE U3 Tela (moruaBKa, JAMCKa,

TOPIIHS MJIM KPBLIa), KOTOPOE BOCTIPHHMMAET TUHAMUIECKOE IaB/ICHHE
06TEKAOIIErO ero OTOKA M NEPEMEIAeTCsl B 3aBUCHMOCTH OT BEJIHYHHBI pacxo/ia.

Ha IeMOHCTPAlMOHHOM CTeH/Ie B JIaGopaTopiy NPe/ICTaB/IeH Hauboee
yHOTpeOUTeNbHbII 13 IPUOOPOB ITOTO KIacca - pomamemp, puc.7.

OH COCTOUT M3 CTEKJSIHHOH KOHMIECKOM TpyOKH 3, BHyTPH KOTOPO#
nepemeraercs nomasok 2. lllkana porameTpa MporpagyupoBaHa B eMHAIIAX
00BEMHOr0 pacxo/a.

YcraHaBiIMBaeTCsl pOTaMeTp Ha BEPTUKATBHOM
yuactke Tpybonposoja. [Iporekarolas 4epe3 Hero
JWIKOCTb BO3JEHCTBYET Ha MOIIaBOK HEKOTOPOH
cuioit. Ecny 3Ta cua npeBbllIaeT BeC MOMjaBKa, TO
MOILIABOK BCIUILIBAET, yBEIMYNBAS IUIOMIAb 1IETH
IS IPOTEeKaHUsl )KUJAKOCTH; IPH 3TOM CHIIa,
IelcTByIoIas Ha MOMIaBOK CO CTOPOHBI XKUAKOCTH, 4
YMEHbLIAEeTCs.

Korza rupoiHaMu4ecKas Cujla CTaHOBUTCS
PaBHOI BeCy TOIIABKa, €ro BCIJIbIBAHME
NpeKpalaeTcs.

m J[OCTOMHCTBA: BO3MOXKHOCTD IPHMEHEHUS st J -

O NN

o S LG S I o
st 8 Bogs
R A

Bl b

B e e e —

]

SRV S04 A TR

S e Wb

W3MEpEHHs PACXO/IOB B LUMPOKOM JManasoHe, HauuHas | ix i
¢ OYeHb MaJIbIX; JOCTATOYHO PaBHOMEpHas WIKanau . | B | .
ap. £ e ?"‘“ ~ * . T
m HepocraTku: HEIOCTaTOYHAS TOYHOCTD — 3 " ;‘-_V, ;
W3MepeHHii, 3ABUCAMOCTD HX TOKa3aHWH oT du- ; gﬁ\ § f 1y

3UYECKUX CBOMCTB XXUJIKOCTH, HCO6XOIII/IMOCTB TOYHOH
YCTaHOBKH B BEPTUKAJILHOM I10JIOXKCHUH, i
OTHOCHTEIbHO OOJBIIOE BpeMsl YCIIOKOCHHUS [10I1J1aBKa.

Puc. 7. Pomamemp
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1.4. Hsmepenue pacxooa no hepenady cmamuueckux Hanopos

PaccmatpuBaemelii crioco6 ocHopan Ha HCKYCCTBEHHO CO371aBaeMOM Iepenajie
CTaTHIECKUX HANIOPOB, BOHUKAIOWIEM B Pe3y/IbTaTe CY)KEHHs IIPOXOJTHOTO CEYEHHSI
TpybompoBoga. B wmecre cyxenus CKOpOCTh TeueHHs Oyzmer Gonbine, a
CTAaTHYECKUH HAIlOp B COOTBETCTBHM C YpaBHEHHEM Bepuysnnu - menswe. Mexy
TOMyICHHBIMM TaKUM ITyTeM IIepenajaMu CTaTHYECKHX HaTnopoB M pacxomaMu
KHIKOCTH HMEETCs ONpesieNleHHas GpyHKIHOHAbHAs 3aBHCHMOCTB, KOTOPast MOKET

OBITH HCTIONB30BaHA IJIS1 BBIYUC/ICHUS pacxona o H3MEPEHHOMY nepenany.
Jrta 3aBHCHMOCTE UMEET BH/I;

Q=uS;\J2gaH wnu Q=CJaH

rae: C= pSoJ2—§
H- KO3 HIHEHT pacxona cyxaromrero YCTPOHCTBa;
§,,0” - IIOWANE IPOXOHOTO CEYEHHS CYIKALOIIEro YCTpo¥icTBa,;
AH - pa3sHOCTB cTaTHYecKuX HaNopOB, paBHasi Pa3sHOCTH BBICOT YPOBHEH K-
KOCTH B IIb€30MeTpax.

B kadectse yerpoticts, cnyxamux mis H3MEPEHHUsl pacXoza B TpyGonpoBozax,
NPAMEHAIOT Auadparmel, puc.8, comna, puc.9, v Tpy6s1 Bentypn, puc. 10.

Pasmepsr  cysxaromux YCTPOHCTB  MOXHO  pacCUMTHIBATH, TI0JIb3YSICh
CHCIHANEHEIM CTaHnapToM [3]. 3Havenus kosduumenta pacxofna omnpezensrores
10 SKCTIEPUMEHTANBHEIM IPadHKaM, IPHBEICHHBIM B TOM e crangapre. Oanako,
4TO0Bl NONB30BATECA ITHMH rpaduKaMi  HEOGXOIMMO He TONBKO TOYHO
USTOTOBHTH MPHOOPEI, HO M MNpPABUNBHO HMX YCTAHOBHTD Ha TpyGomnpogoze, B
HaCTHOCTH, BBIZEPXATh COOCHOCTh TPYGH M IIPOXOIHOrO OTBEPCTHs IpHGOpa,
TCPIEHUKYIAPHOCTE  OTBEPCTHS TLIOCKOCTH TpHGOpa, NEePIEeHANKYIAPHOCTE
[LTOCKOCTH OTBEPCTHS M OCH TPYGbL. JOKHO GBITH HCKITIOUEHO HCKAKEHHE OTOKA
B IPHOOpE BCNIENICTBHE GIM3KO PACTIONOKEHHBIX HCTOTHUKOR

"a_ﬂ__!
o

¥y &-\»~__—f’v - -—-':-'n- 3
i R .
‘_/—s\s\
<

r
7

Puc. 8. Conno Puc. 9. Juagppazma Puc. 10. Tpy6a Benmypu

BOSMYINEHHH, U1 4eTo HeoGXOAMMAsT MUHHMANBHAS THHA IPAMOIMHEHHOrO
YHaCTKa 10 pacXoAoMepa B 3aBHCHMOCTH OT THIIA CYXaIOLIEro yCTpOHCTBa U
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MCTOYHMKA BO3MYILEHHUs BHIOMpaeTcs B Iipeenax ot 4 1o S0 quaMeTpos TpyOs!, a
JUIMHA TIPSIMOJIMHEHHOTO y4acTKa 3a CyXKalolMM YCTPOHCTBOM - paBHOM 5
JuameTpam TpyOsl.

[IpuGopbl, pasMepbl KOTOPBIX HIIM CIIOCO0 YCTaHOBKH HE yOBIETBOPSIOT CTaH-
JapTaM, Tiepejl MCTIoNb30BaHIeM HeobxouMo Tapuposarhb. B pesysbrare
TApUPOBAHMS MOJYYAIOT 3HAYeHHs KoapduLrenTa 1.

Pe3y1sTaThl OMBITOB YAOGHO MPEJCTABIATh B BU/IE IPadyKa 3aBHCHMOCTH
pacxo/a OT PasHOCTH CTATHUYECKHX HamopoB O = f(aH) . Vizobpaxenue 31o#

3aBHCHMOCTH B JIOTapH(MHUECKUX KOOP/MHATAX JaeT TapUPOBOUHbIH rpaduk
pacxozoMepa.

B yHMBEpCAIBHOM CTEHJE 3TOT COco0 H3MEPEeHHUs PacXo/ia NpeCTaBiIeH
MepHoit maiiboii 4, puc.17.
1.5. Ynempaszeykoesie pacxodomepol
| 2 Vaempaszeykoeoti MeToJ W3MEpEeHHUs pacxona

I\ l OCHOBAH Ha 3aBUCHMOCTH CKOPOCTHU PaclpOCTpaHEHHUS
yJIBTpa3ByKa OTHOCHUTEIBHO TPYOBl OT CKOPOCTH MOTOKA.

. e A i OCHOBHBIMHM 3JIEMEHTAaMH YJIbTPa3BYKOBBIX
gt T R PacXoOMepOB SBIISIOTCS W3TyYaTeln i TPUEeMHUKH
f - ]
7uJ

yJIBTPa3sByKOBBIX KOJNeOaHUM.

4 Y 15Tpa3ByKOBBIE PACX0J0OMEPhI MOXKHO pa3/eauTh Ha
| 5 J[BE PYIIIBL:

W C U3JIyuYeHUEM, IePIEeHINKYISIPHBIM ITOTOKY;

W C U3JIyYCHUEM I10 MTOTOKY.

J

Puc 11. Yaempaseykoeoi B

pacxodomep ¢ usnyuenuem, pacxozoMepe nepBova rpynmsi, puc. 11,
nepnenouKynApHLIM nomoxy. TPE30IEMEHT 1, Bo30yX/1aeMbIii TeHEepaTOpoM 2, CO371aeT
yJbTPa3ByKOBbIC KosieGanus, HarpaBlIeHHEIE

nepreHAUKyJIIpHO ocu TpyObl. Ilo Mepe yBenuueHUs cpelqHedl CKOpOCTH MOTOKa
Vep YIBTPA3BYKOBOH Jyd Bee G0IbIIEe OTKIOHAETCS MO HANPABICHUIO CKOPOCTH.
VroJ OTKJIOHEHH: Jiy4a 0 OyneT onpeessThCs BEIPAKECHUEM:

v, v
0 =arcsin| L |~ 2L
¢ c

IJIe: ¢ - CKOPOCTb YJIbTPa3ByKa B HETMIOABUKHO#M cpejie.
JInHeliHOe OTKJIOHEHHE JTyda Y IPHEMHBIX bE303]IEMEHTOB 3 U 4:

V.
5=ﬂlg0zﬂi
C

C yBeNHYeHHEeM V,, KOJIMYECTBO SHEPTHH, MOCTyMarole! Ha IPUEMHHK 3,
yMeHbIIaeTcsi, a Ha 4 - yBenudusaercs. Takum 00pa3zoM, pa3sHOCTHBIM CHUrHal,
MOCTYNAIOIIMIA Ha BXOJ YCHJIMTENA 5, yBEIMYMBACTCS. PacxomoMepbl ¢ Takou
CXEMOH IPOCTEI
110 YCTPOKCTBY, HO 00JIaNalOT OrPaHMYEHHON TOYHOCTEIO (£ 1-2%).

PacxomoMepbl BTOPOW IpyMIlbl MOTYT BBIIOJHATBCA IO OJIHOKAHAJIBHOW HMJIH
JIByXKaHaJIbHOM CXeMme.
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Puc. 12. Oonokananotuiii Puc. 13. /leyxxkanansnolii
JIbMpa3eyKoeoil pacxodomep ¢ YIbmMPpazeyKoeoil pacxooomep ¢
usiydeHuem no HOMoKy U3y4eHuem no HOMoKy

B onHOKaHAIbHOM cXeme, pHuc. 12, Kaxabli I[bE303JIeMEeHT, paboTtaer
TMIONIEpEMEHHO B PEXMMe H3Jydyarelsi H B PEeXAME TNpHEMHHKA, HTO
o0ecrieyrBaeTCs CUCTEMOM MepeKIoYaTeie.

B 1ByXKaHAJIBHOH cXeme, PUC.13, Kbl MbE303JEMEHT paboTaeT TOIBKO B
oflHOM pexuMe. J[ByXKaHalbHbIE CXeMbl NPOLIE OAHOKAHAIBHBIX (HEeT CIOXKHBIX
CXeM TepeKITIoUeHHs ), HO TOYHOCTh HX ellle MeHbIue (+ 2-4 %).

T[TpyHUMN W3MEpeHHs PAcXO0MEPAaMHU C H3Iy4eHHEM 10 MOTOKY 3aKiIH04acTCs
B MCIIOJIG30BAHMH Pa3HHIBI BPEMEHH MPOXOXKACHUS YIBTPa3BYyKOBBIX UMITYJIBCOB
AT MO MOTOKY M IPOTHUB HEro:
cosa 2L

C2 " C2
rae L- paccTosHHe MeXIy U3llyyareaeM U IPUEMHUKOM,
¢ - CKOpOCTb YJIbTpa3ByKa B HETIOABIKHOM cpene,
V - CKOpPOCTb MOTOKA,
0. - YToJI MeXXly BEKTOPaMH [T0TOKa U yJIbTPa3ByKa.
Otkyna, 00beMHBIN PacXOX:

Rrz=2L

atc’S
2L

Q=vS=

rze: S- monepeyHoe cedeHune TpyOosL.
3BeCTHO HECKOIBKO MeTol0B u3Mepenns At. Haubosnbiee pacnpocTpaHeHHe

MOJIY4HII METOJl U3MEPEHHs 110 Pa3HOCTH (as0BBIX C/IBUIOB yJIBTPA3BYKOBBIX
KoJsieGaHui, HanpaB/seMbIX N0 MOTOKY ¥ NIPOTHB HETO, C OMOLIBIO ¢dazomerpa.

1.6. T'udpodunamuyueckue mpyoxu

VI3MepeHHe CKOPOCTH MOTOKA KHIAKOCTH THAPOAMHAMHUYECKOU TpyOKO#H
OCHOBAHO Ha CleyolleM npuHuune, puc.14. Eciiv B HOTOK MOMECTUTH
M30THYTYIO TIOJ1 yIJIOM TPYOKY, HanpaBHB OJIUH U3 €€ KOHIIOB HaBCTpedy IOTOKY 1
DACIIONOKHB BXOJHOE OTBEPCTHE B 331aHHON MEPHOH TOUKE A, a Ipyroi KoHeIl
OTKpHITh B aTMOcdepy, TO B TaKo# TpyOke (TpyOKe nmonHoro Haropa) )XUAKOCTh
TIO/{HUMETCS [0 BBICOTHI /1y, TaK, 4TO JaBJIEHUE pgh,, CO31aBacMOC crondoom

KHUAKOCTH B TpyOKe, yPaBHOBECHT TOJIHOE JAaBICHHE B TOYKE TOPMOKEHUS IOTOKA
niepe]] TPyOKOH.
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D, =D 5

TZe: p - INIOTHOCTB JKH/KOCTH,

V - CKOPOCTb II0TOKa B MEPHOM TOUKE,

p1 - cTaTH4ecKoe AaBleHue (H305ITOYHOE B MEPHOI TOUKE).

JaBnenue p; MOXXHO U3MEPHUTH C MMOMOLIBIO TPYOKH

& : CTaTHYECKOro Haropa (mbe30MeTpU4IecKoil TPYOKH).

R ¥ Wsmepus, pasHocTs ah = h, —h ypoBHEl XUIKOCTH B
- TpyOKax, MOXXHO BBIYUCIIHTH CKOPOCTH IOTOKA B MECTE
a4 < YCTaHOBKH TPyGOK.

V' l JleHcTBUTENBHO:
[ A~ Ah:hz—h,=£2-—_—‘-n‘-=i,omyua v=.[2gah

rg 28
Puc. 14
Tudpodunamuneckue INupponuHamuyeckas Tpy6ka (Tpy6ka ITu-to-

mpy6Ku nonHozo u [Tpannrns), npencTapisiomas cod0it KOMOUHAIUIO JBYX
cmamuueckozo Hanopos YKa3aHHBIX TPyOOK B OZHOM mpHOOpe, UMeeT
cleayoniee yCTpoucTBo, puc. 15.

OCHOBHOM 4aCTHIO ABJIACTCS U3MEPUTENBHBIN WIMHAP 1, YKpETUIeHHBIH Ha
Aepxaske 2. Hocok munuHApa uMeeT nomychepuyeckyio Gopmy. [IpreMankom
TIOJTHOTO JABJICHUS P, SIBJISIETCS OCEBOM KaHaJl UMIMHAPA COOOImaronumiics yepes
TpyOKy NOJIHOTO Hariopa 4, IOMEIIEeHHYIO B IepXKaBKe, CO ITYLEepoM 5.

= k=]
3
5
M pv,

Puc 15. Tpy6xra ITumo-Ilpanomns

Jlst IpreMa CTaTHYEeCKOro AaBIeHus p; Ha GOKOBOM MOBEPXHOCTH
BBIITOJTHEHBI KaHABKH 6, 3aKpBIThIE KOXKyXoM 7 ¢ npopessimu 8. Uepes tpybKy
CTaTH4YECKOT0 JaBJIEHHs 9, NOMELIEHHYIO BHYTPH JEPXKABKH, KAHABKH
coobmarotcs co mryuepom 10. K mrynepam 5 u 10 npucoenunsercs
nuGdepeHInanbHbIH MAHOMETD I H3MEPEHHs! Pa3HOCTH MOJHOTO U
CTaTHYECKOro JaBJICHHI.

Tak xak nmpreMHBIe 0TBEPCTHS TPYOOK COBMECTUTH HEBO3MOXKHO, aBIEHHE
Pl u p> U3MEPSAIOTCS B Pa3sIMUHbIX TOYKAX MOTOKA. DTO OOGCTOSTETLCTBO SBISETCS
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OIHMM H3 HCTOYHHKOB CHCTEMATHYECKOH NOTPELTHOCTH H3MepEHHUit Takol TpyOKOH.

Hns yueta cucTeMaTHYECKHX OMUGOK B pacyeTHy0 GopMyITy BBOAWTCS
TNonpaBoyHbIi K03 duupenT K, BeTHYMHA KOTOPOTO ONpeneNseTcs npH
TapUPOBaHUU TPYOKH.

1.7. Ipunnvn nsmepenus CKOpPOCTH Mmepmo-
INEKMPUYECKUM GHEMOMEMPOM OCHOBAH HA U3MEPEHUN H
SNEKTPHIECKOTO COTIPOTHBIICHHS IPOBONOKH NIPH HIMEHEHUH V\
TEeMIEPaTyphl,
Tepmoanemomemp, puc. 16., NPEACTaBseT coboi
TNOMEIICHHYIO B NOTOK TOHKYIO MPOBONOKY, uepes
KOTOPYIO MPOMyCKaeTCs dNeKTPUYECKU TOK |
Wsmepenue ckopocTn BosMoikHo ABYMs criocobamu:

* IpH N€PBOM cr1ocobe Temnepatypa NpoBOJIOKH npu
TIOMOLIM PETYJTUPYEMOTO COTIPOTUBIEHUS NOANEPIKUBAETCA
MOCTOSAHHOW U U3MEepPSIeTC MOIIHOCTD Harpesarens,

- BOSMEIAIOIIETO MOTEPH TENNA;

* ITp BTOPOM Ccnoco6e BeTNYMHA MOLIHOCTH
HarpeBatens nonAep)KUBaeTcs MOCTOAHHON U usMepsercs
TEMIIEPaTypa NpOBOJIOKH,

Puc. 16.
3a1mqn‘chrb MEXIY 3aMEPEHHOM BEIMYMHOM M CKOPOCTHIO Tepwoanesomemp
TIOTOKA YCTaHABIMBACTCSA NPEABAPHTENBHEIM TapupOBaHHEM
npubopa.

Tepmoanemomerprt narot BosMoxkHOCTS U3MEPUTH MaJTble CKOPOCTH,
CKOPOCTH BOJIM3M TBEPABIX IPaHHL] H NIEPEMEHHBIE BO BPEMEHHN CKOPOCTH,

U3MEpEHHe KOTOPLIX MHIPOMETPHUECKON TPYOKOH CBA3AHO ¢ GONbIIMMHA
TIOTPEIHOCTAMH,
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IIpakTnueckoe 3auaTue No3 u Ne4

Pacuer cuabl JaBJIeHUS KHAKOCTH HA IJIOCKHE U KpHBOHHHeﬁHLIe MMOBEPXHOCTH

Cuna AABJICHUA ) XUAKOCTU HAa T'OPU3OHTAJIbHYIO ITJIOCKOCTDb

P = pS =(p, +pgh)S (1)
rae
Po - laBJieHHE HA CBOOOJIHYIO TOBEPXHOCTD KUJKOCTH;
h - ryOuHa morpykeHus TOpU30HTAILHON IIJIOCKOCTH 10, CBOOOIHYIO IIOBEPXHOCTH

KHUAKOCTH,
S- iomajab FOpHSOHT&J’IBHOﬁ IIJIOCKOCTH.

3aKoH pacnpe/iesieHus JaBJIeHUs Ha TUIOCKOCTh MOXKET OBITh IIPEJICTABIICH B BHUJIE
AMIOPBHI.

B ciyyae ropuzoHTanbHOM MIIOCKOCTH 3MIOPA JIaBjieHus Oy1eT IPeaCTaBIsTh COO0I0
PaBHOMEPHO pacIpeeICHHYIO HArpy3Ky - IPSIMOYTOJIbHUK C BHICOTOM paBHOM JIaBJICHHUIO P B
onpezaeneHHoM Maciitade. Touka mpuIoKeHus TIaBHOTO BEKTOPA CUJIbI JaBJICHUS COBIAIAET C
HEHTPOM TSHKECTH ILTOIIAIH.

Cuita naBieHuUs KUAKOCTH Ha TUIOCKYIO CTEHKY, HAKJIOHEHHYIO K TOPU30HTY oA Lo ,
paBHA TUAPOCTATUYECKOMY JIaBJICHUIO B IEHTPE TSHKECTU CMOYEHHOM MOBEPXHOCTH,
YMHO>XCHHOMY Ha TUTOIIAb CTEHKH

P=(p, +pgh. )S 2)

rae he - ryOMHa MOTPY)KEHHS IIEHTPAa TSDKECTH CMOYEHHOW IOBEPXHOCTH O]
CBOOOIHBIN YPOBEHb KUIKOCTH.

[Tockonbky ypaBHeHUE (2.) SIBASETCS YpaBHEHUEM MPSAMOU, TO ISl TTOCTPOCHUS SITIOPHI
JaBJICHUS HAa HAKJIOHHYIO IUIOCKOCTh JOCTAaTOYHO 3HATh [AaBJICHHS JUIIb B JBYX TOYKaXx,
MOCTPOUTH UX B BHIOPAHHOM MaciiTabe B BUJE HOPMaJICH K TUIOCKOCTH U COCTUHUTH TIPSIMOH.

Touka mpuIOXKEHUS TITaBHOTO BEKTOpa CHJI Ha3bIBaeTcs IHEHTPOM JaBieHHs. B obuiem
Cly4yae UEHTp JaBJIEHUs PACIOJOXKEH HIDKE IEHTpa TSKECTH CMOYCHOM NOBEpPXHOCTH. B
HauboJsiee MPOCTOM CiIydae, KOT/a IIockas MOBEPXHOCTh MPSIMOYTOJIbHA, TJIABHBIN BEKTOP CHUII
MIPOXO/UT YePe3 MEHTP TSHKECTHU SIIOPHI NEPICHAUKYIIIPHO K MOBEPXHOCTU. TOUKA MepeCceUCHHs
TJIABHOTO BEKTOPA CUJI C TIOCKOCTHIO OYJIET LIEHTPOM JaBJICHUS.

Jlnst ompenenieHUs TIOJOXKEHUs IEHTpa [aBJIEHHWS CHUMMETPUYHBIX CIIOXKHBIX (UTYp
MOJIB3YIOTCS (HhOpMyIIOit

I
Yo=Yc +LCS (3.)
Yoo

rne

Yo U Yc - OpJIMHATHI IIEHTPa JaBJIEHUS M LIEHTPa TSHKECTH CMOYEHOM Imiiomanu Gurypsl,
puc.2;

S - momanas GUrypsI;

| xc - MOMEHT HHEepLMH 3TOM MIIOMA 1 OTHOCUTEIHLHO TOPU3OHTAIBHOM OCH, TPOXOAIIeH
qyepes LEHTP TSHKECTH U NapajuleIbHONU OCH X.

Ochb X pacroyio’keHa Mo JIMHUU [epeceyeHusl TUIOCKON (PUTYpPBI € TIIOCKOCTHI0 CBOOOTHOM
noBepxHOcTU. Och Y - 0Cb cUMMETpUH (PUTypbl. MOMEHTBHI MHEPLMH, TUIOMIAd U KOOPJUHATHI
LEHTPOB TSHKECTU HEKOTOPBIX IIIOCKUX (puryp npuseneHsl B Tabmune 1.

MOHO TaK)Xe BOCIIOJIb30BaThCs TaOIMIIEH TUITMYHBIX CllyyaeB (CMOTpH TabmuiLy 2.)
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Ilpumep 1.
B pesepByape crenka ABCJ] HakinoHeHa mox yrioMm @ K ropu3oHTy (puc. 1.).

Onpenenuth, Mpu Kakoil riayonHe Boabl H pe3epByap OMPOKUHETCS BOKPYT OCH, MPOXOISINEH
yepes onopsl A u B eciu pasmepsl aaumia b u |? Becom 6aka npenedperaem.

Pemienue.

N300pa3um pe3epByap YCIOBHO B BHJE IUIOCKOM (UIypel W HaMETHUM CXEMY
PacIoJIOKEHUs CUJI, IEUCTBYIOIIMX HA CTEHKH, PUC. 2.

C
= A
a7 == =3
] — = _ - |
=T H =/ A« — = N )
——f = A & n
/// = B | /32 » \g
I (7 -
A l 0 L
s 7 42
Pe)
Puc. 1 & A
Puc. 2

VYcnoBueM paBHOBecHsl Oaka SIBJISIETCS PaBEHCTBO MOMEHTOB cuil P u P oTHOCHTEIBHO
OCH OMPOKUIBbIBaHUA. J[J1s1 BBIYMCIECHUS MOMEHTOB HEOOXOAMMO 3HATh BETHUYMHBI STUX CUJ U
TOYKH UX TPUITOKCHHUS.

W3 pucynka BugHO, 4YTO arMochepHOE MaBlIEHHE po MACUCTBYET Ha CBOOOAHYIO
MOBEPXHOCTh KUAKOCTH U HAa CTEHKU pe3epByapa CO BCEX CTOPOH oauMHaKoBo. [loaToMy Bech
pacueT OyaeM MPOBOJUTH MPHU YCIOBUU JEHUCTBHS TONIBKO U30BITOYHOTO JaBJICHUS.

Cornacno dhopmyns (1.) cuna geiicTByoIas Ha JHO pe3epByapa

Pl = plsaH = ngbl .

b
HpI/IJ'IO)KeHa cHhlia Pl B HCHTPEC TAXKECTHU MOHA, T.C. Ha PaCCTOIHHUU E OoT OCH

OTIPOKHUIBIBAHUS.
Ha nakyionnyto cTeHky coriacHo GopMyiisl (2.) JEHCTBYET Cria
P, = pgh.Se;,
raoe

H y
hC =— - FJIY6I/IH8. MOrpyKE€HUA LICHTPA TAXKCCTU HAKIIOHHON CTCHKU IOA YPOBCHb
2

CBOOOHOM TOBEPXHOCTH;

I-H o
cr = ——— - IUIOIA/Ib CMOYEHOM OBEPXHOCTH CTEHKH.
SN
OKOHYATEIBHO

H IH pgHl
Pz =9 = =4
2 sina 2sina
Cuna P, npunosxxena B nentpe aasnenus (L[.1.), KoopIuHATEI KOTOPOTO B O0IIEM cliydae
onpenenstorcs mo Gopmyne (3.) kak

_bh*
12

I
_ XC _
Yo=Yc t , e lxc =

YeS
(cm. Tabmuy 1)
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OpnHako, IS TUJIOCKMX CTEHOK MOXHO HCIIONIB30BaTh 0ojiee MPOCTOH  Crmocod
oTpeieNieHnsT KOOPAMHATHI IEHTpa JaBiacHus. 3BecTHO, 4TO cuiia P, HampaBjieHa 1o HopMalld K
CTCHKE M MPOXOIMUT dYepe3 ICHTP THKECTH JMIopbl. B JaHHOM cilyyae smopa JaBJiICHUMN
IpEACTaBIseT COOOH TPEYrONbHUK, ICHTP THKECTH KOTOPOrO HAXOMUTCS Ha IEPECEUCHHU

MCIMaH Ha paCCTOSIHHUU g BBICOTHI OT BCPIIWHBI.

2 . 1
OTCIO,I[a, CHJIa P2 IIPpUJI0KEHA HAa paCCTOSHUU § H ot CBO6OI[HOI/I IMOBEPXHOCTH, NI g

H ot ocHOBaHuA.
Cuny P2 MOXHO Pa3inoXuTh HA TOPU3OHTAIBHYI0 U BEPTUKAJIBbHYIO COCTABJISAIOLINE, U3
KOTOPBIX ONPOKHUBIBAIOLIEH SIBIISIETCA BEPTUKAIbHAs
2
P/¥"=P,cosa = Mcos o=
2sin o
I'opu3zoHTanpHas COCTABIAIONIAS PABHA 11O BEJIMYHMHE U IPOTUBOIIOIOXKHA 10 3HAKY CUIIE
JIaBJICHUS, IPUJIOKEHHOMN K IIPOTUBOIIOIOKHON CTEHKE.

2
Mctga

[Tnedo neiicTBus cuisr P,

c=—
3t
YcnoBue paBHOBECHS - paBEHCTBO MOMeHTOB cuil P1 u P,¥™ otHOCHTeNnsHO ocu AB

P =Py".c
12 2

[Toncrasnsem 3nauenus P1, P,?" u ¢ u pemaem otHocuTensHo H

2
H= bt =btga\/§
clga

Kpyriioe orBepctue Mexy
IBYMsI p€3€pByapaMu 3aKpbITO
IIJIOCKOM KPBILIKOW JUaMETPOM
D=600 mm. YpoBeHb BOJIBI HAJT
[IEHTPOM KpBIIIKHU cieBa H=2,2 m.,
cripaBa h=1,85 m.

Onpenenuts cuiy,
pacTIruBaroILyto 00NThl A U TOUKY
IIPUJIOKEHUS STOW CUJIBI.

Pewrenue.

[Tockonbky Ha cBOOOIHBIE
MOBEPXHOCTU B 000MX
pe3epByapax JEMCTBYET Pa, TO
1esecoo0pa3Ho pemaTh 3a/1a4y B
M30BITOYHBIX JJABJICHUSIX.

Puc. 3 Cuna, neicTByromIas Ha
KPBIIIKY CIieBa:
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Pl:ngT

Cuia, AeCTBYIOIIAs Ha KPBIIIKY CIIpaBa:
aD?
P, = pgh e

CymmapHas cuina, pactaruBaromias 0ontel A:

ﬂ_DZ
PR P, = ™ (1)

Jlnst onpeneneHuss TOYKHM IPUIIOKEHHST CYMMapHOW CHIIBI CIEAYET IOCTPOUTH SIIOPHI
naBieHusT Ha Kpbliky. CreBa B HMKHEH TOYKE KpBIIKM HW30BITOYHOE JaBJICHHE

p, = pg[H +%j , a copaBa p,= pg(h +%j Ha cBOOOIHBIX TOBEPXHOCTSX 000MX

pe3epByapoB U30BITOYHOE JaBJIEHUE PABHO HYJIIO. OMIOPHl AABICHUHA C JABYX CTOpPOH OyIyT
IPEJICTaBISITh COO0I0 TPEYTOJIBHUKU C OJIMHAKOBBIMHU yrilaMu y BepiinH. CymMmapHas 3mopa,
HOJy4YeHHas: MyTEéM HaJIOKEHUs TpeyrojabHUKoB — Tpaneuuss A;BKLA;. B npenenax pasmepos
Kpplluku omopa  gaBieHuit A1BCA2A; — 1OpSAMOYrojibHUK, LEHTP TSDKECTH KOTOPOTO
nocepenune. Takum oOpa3om, cuia P 1eficTByeT ciaeBa HalpaBO HOPMAJIBHO MJIOCKOCTH KPYIJIOH
KPBILIKH U IPUIIOKEHA B €€ FTEOMETPUUECKOM IIEHTpE.

2. CWIA JTABJIEHUS XU KOCTU HA KPUBOJIMHEWMHBIE ITIOBEPXHOCTH.

Jlig HenocKoM (KpUBOJUMHEHHON) TOBEPXHOCTH 3JIEMEHTAPHBIE CUJIbI JaBJIEHUS, Oy1yun
NEPIECHIUKYJIAPHBIMA K COOTBETCTBYIOILIMM D3JIEMEHTapHBIM IUIOIIAJKaM, OKAa3bIBAIOTCS HE
napajuleJIbHBIMU MEXIy coboil. B oOmem ciydae oHu oOpa3ylOT CUCTEMY CUJ, KaK yroJIHO
pacroIOXKEHHBIX B IIPOCTPAHCTBE; PACUYET CBOAMTCA K OINPEAEICHHUIO INIABHOIO BEKTOpPA CHII
JIABJICHUSI U TJIABHOT'O MOMEHTA CHUCTEMBI 3TUX CHJL.

Ha nmnpakrtuke 4ame BCEro ONPENENSIIOT TOPU3OHTAIBHYID M BEPTHKAIBHYIO
COCTABJISIOIIUE TON CHIIBI.

I'opuzoHTanpHas CcOCTaBIAOLIAS CUJIBI JABJICHMS Ha KPUBOJIMHEHHYIO IOBEPXHOCTH
paBHa CHJIE AAaBJICHUS HA BEPTUKAJIBbHYIO POEKIUIO ATOW OBEPXHOCTH:

P = (po + pghe, )Sz (4)
rjae

Po - 6apoMeTpruecKoe JaBlieHHe Ha MOBEPXHOCTH KHUJIKOCTH;

Sz - mpoek1rs KPUBOIMHEHHOH MMOBEPXHOCTH HA BEPTHKAIBHYIO IJIOCKOCTB;

hcz — ryOuHa MOrpy»KEeHUs! IEHTPa TSHKECTH TUIOMIAAN IPOSKIUH Sy.

BeprukanbHas cocTaBisitomas CUibl TaBJICHNs HA KPUBOJIHMHEWHYIO IIOBEPXHOCTh PaBHA
CHJIE TSKECTH JKUAKOCTH B 00beMe "Terna JaBiieHus ", CI0KEHHOH ¢ CUJION BHEUIHErO JaBJICHUS
Ha IJIONIA (b TOPU3OHTAIBHOM MPOEKIINHN Sy KPUBOJIMHEWHOW TOBEPXHOCTH.

"Teno naBieHus" - 370 ¢urypa oOpa3oBaHHas AAHHOM CTEHKOM, e€ MpoeKiuel Ha
CBOOOJHYIO NMOBEPXHOCTh JKUJIKOCTH M BEPTUKAJIBLHBIMU MPOCKTHUPYIOIIUMHU MOBEPXHOCTIMH. B
3aBUCUMOCTH OT pPACIIOJIOKEHUS CTEHKM 110 OTHOLIEHUIO K JKUIKOCTH HallpaBIECHUE
BEPTUKAIBHON COCTABIISAIONIEH CHUIIBI MOXKET OBITh MOJIOXKHUTENIbHBIM (BHHU3) WK OTPULIATEIbHBIM
(BBepx). [ToaTomy B 001IeM ciiydae

I:)z = pon + gV 5.
rae
V - 00beM Teja JaBlIeHHS.
B ciayyae nunuHApUYECKO MOBEPXHOCTA CyMMAapHas CHJIa JIaBJICHUS

24



P=\P+P; (6)

Hanpasnenue cuiibl P onpeznensercs TaHreHcoM yria

P
tgp = P—Z 7)

X
[Ipumep 1. [quuine pesepByapa Ha ydyacTke AB BBINOJHEHO KPUBOJIMHEUHBIM MO JIyTre
paauycom I (puc.4). B Touke B ycraHoBiieH nbe3omerp. Llentp nyru AB pacnonoxeH HUXe
ypoBHs HehTH Ha h MeTpoB. OnpeneuTh AaBjIeHUE ApOB OCH3MHA B Pe3epByape €CIM BBICOTA
HedTu B nee3omerpe h, merpos. Haiitu BenmmuuHy U HampapieHHE IEHCTBHS CyMMapHOW CHIIBI

JaBJeHUs He()TH Ha KPUBOJIIMHEHHYIO 9aCTh JHHUILA, €CIIM JUIMHA pe3epByapa 1 metp.

Puc. 4
Pewienue.
U3 ypaenenns paBHoBecus P, +09h= pgh, onpenensem naenenue napos GeH3uHa Ha

CBOOOJHYIO TIOBEPXHOCTh JKHUJKOCTH BHYTPH pe3epByapa (Po 3/1€Ch paccMaTpuBaeTCs Kak
M30BITOYHOE JTABJICHHC)

Po :pg(hp _h)'

B ciryvdac KpHBOJ’IHHGfIHLIX MUJIMHAPUYICCKHUX CTCHOK BCJIMYHMHA CYMMapHOﬁ CHIJIBI

JTaBJICHUS
_ 2 2
P=\P2+P}?
I'opusoHTanbHas COCTaBIAOLIAs CUIIBI 1aBJICHUS
Py =pPc-S;,
rjae
Pe = Py + pg(h+%) - JIaBJICHUE B LEHTPE TSKECTU NPOCKIUU KPUBOJIMHEWMHOW 4acTH
JHUIIA HA BEPTUKAJIBHYIO OCb;
S, =rl - mwiomank NpoekMu Ha BEPTUKAIBHYIO INIOCKOCTH;

| — nuHa pesepByapa paBHa 1 M O YCIIOBHIO 3a/a4H.
OKOHYATEIBHO

Py =| Py + 9 h+£ rl

BepTukanbHas COCTABIISIONIAs CUIIBI JABJICHUS PaBHA
P, = pgvm. + PoS
e

ar?l

Vi = e +hrl - 06béM Tena naBeHus.

Sy =rl - momane MpoeKIUH Ha TOPU3OHTATBHYIO IIOCKOCTb.
OKOHYATEIBHO
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2
el
P, = pg| — +hrl |+ p,rl
4
CyMmMapHas cujia JaBJiCHUSI HAXOJIUTCA IMyTEM NOJACTaHOBKU 3HaueHud Px u Pz B

opmyy
P=.PZ+P;

Hampasnena cuna P 1o HOpManu K IOBEPXHOCTH, T. €. B Cllydae LMJIMHIPUYECKOMN

MOBEPXHOCTHU — I10 PAINYCy.
VYo HaKJII0Ha CyMMapHOM CHJIbI K TOPU30HTY

P
a =arctg—%
Px
Tabauma 1
MOMEHTHI MHEPIUH, IUIOMAAN U KOOPAMHATHI IIEHTPOB TSHKECTH HEKOTOPBIX, IIOCKUX
uryp
Ic yc S
1 1, .4 1 bh
a
« N L e 2y Lpn
) 36 3 2
a 2 2
c o 36 a+b 3 a+b 2
& 1
3 lﬂR4 R 7ZR2
4
97’ 64 1, 4R 1o
2 3z 2
lﬂ_(RA_rA) R ﬁ(RZ—rZ)
4
1 b a ab
4
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Tab6muna 2

Tunuunele caydan U GOpMyJIbl Ui ONPENEICHUs LIEHTpa NaBICHUs pa3IudHbIX (puryp,
MOTPYKEHHBIX B )KUKOCTh

['myOouna Cita JaBJieHHs ['my6una mo-
HaumeHoBauue Cxena [Tnomans | morpyxe- KITKOCTH Ha Ipy>KEHUs
Guryps Gurypsl  |Hus uentpa o LEHTpa
urypy
TSOKECTH JIaBJEHHS
- L2L43e
1. Ipsimo bL e+ _2£ 1oL (, +_2£) e+_s_z__i_'!'_§_e.
YTOJIbHUK
2. Tpsimo- bL _él_' % (b2 % L
YTOJIbHUK \
2 1, . 7 7v3
3. Ksagpar %5 & b Loys ‘—/2—11;' }2_ 5
- »
4. PaBHoOe1- 8 L g L 1 prs 1
— {BL L
PEHHBIN 2 3 ® 2
TPEYTrOJIbHUK
5. Tpaneuus L L2+ 8 L Lsb+5
pariet © g gUB+D) | 335 B 5 112+B) T3+ B
=£ L
b
6. Kpyr nrt etr et (r + e) e+r+'4_(7%e)
2r
- 2r 1 4 r 2 3
7. Tlomykpyr E@ 3wt 1L 2 3
8. Qe — —i nab ate mab(a + ¢) “+C+4‘(:—J:;)
El FA T
2
9. [Tapabomna 3ol =L 15 1aL? =L
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IpakTuueckue 3auaTusa NoS u No6

Pacuer npocroro TpyoonpoBoga
1. CucteMbl TPYOONIPOBOIOB M OCHOBHbIE THIIBI 32/1a4

Bcerpeuaronuecs B TeXHUKE TPYOOIIPOBO/BI MOYKHO YCJIOBHO pa3A€IuTh Ha JIBE TPYIIIbI:

— TpOCTble TPYyOOIPOBOBI, KOTOPbIE MPEJICTABIAIOT COOOK OIHY WM HECKOJIbKO
HIOCJIE/IOBATENIbHO COEIMHEHHBIX TPYO, HE MMEIOIIMX OOKOBBIX OTBETBIICHUIA;

— CJIOKHBIE TPYOOIIPOBO/IbI, 0Opa3yIoLIMecs B pe3y/bTare pa3BeTBICHUH, apallebHbIX
COEMHEHUH, OOKOBBIX OTBOJIOB MJIM 3aMBIKaHUH B KOJIbLA TPYO PA3JIMYHBIX AJIUH U JUAMETPOB.

W npocTtble U clI0XKHbIE TPYOOIPOBOABI MPU PAaCUYETe CUCTEM LIeIeco00pa3HO pas3liensiTh
Ha JUIMHHBIE U KOPOTKHUE.

JUIMHHBIMU ~ Ha3bIBalOT Takue TPyOONpPOBOIABI, B KOTOPbIX IIOTEPM HA MECTHBIX
CONPOTUBIIEHUAX He mpeBblatoT 10% obummx noreps Hamopa. IloaToMy npu pacueTax MECTHbIE
HOTEpPH WJIM YUYUTHIBAIOT B BHJIE HAJ0aBKH K MOTEPSM Ha TPEHUE, BEIMUMHY KOTOPOW HAa3HAYaroT
[0 IPOTOTHUITY WM UCXOIS M3 HAKOIUICHHOIO OIbITA NMPOEKTHUPOBAHMS MOAOOHBIX CHUCTEM, WU
0TOpachIBaIOT BOBCE 32 MAJIOCTbIO.

KopoTkuMu Ha3pIBaIOT Takue TPyOONPOBOABI, B KOTOPHIX IMOTEPH HANOpa HAa MECTHBIX
COINPOTHUBIICHUAX 3HAYUTEIbHBI (110 KpaiiHe mepe, npesbimaroT 10% o0ImKX CONpOTUBICHUN).
[Ipu pacdyerax TakuX CHCTEM IO BO3MOXKHOCTH 00Jiee TOUHO OI[CHMBAIOT M YYUTHIBAIOT 00a BUIA
MOTEPb.

B TexHuKe MpUMEHSIETCsI OTPOMHOE KOJTMYECTBO TPYOOIIPOBOJIOB PA3IMUHOr0 Ha3HaueHus. B
3aBUCUMOCTH OT KOHKPETHBIX YCIOBHH pPa3MEIICHUs] M Ha3HAYEHHUS TPAKTHYSCKUA KaXKIIbIid
TpyOOpoOBOA (WM CHUCTEMa TPYOONPOBOIOB) HMMEET WHIMBHIYAJIBHYIO KOH(PHIYPAIMIO, YTO
OIpe/eNseT 0OCOOGHHOCTH €ro pacyera.

WcxopHbIMHE 1T pacdeTa TpyOOIIPOBOIOB SIBIISTFOTCS:

— ypaBHeHHe OanaHca sHepruil (ypaBHeHue bepHymnm);

— ypaBHEHHE OajaHca pacxoloB B CHCTeME TpyOOIpPOBOIOB MM PAaBEHCTBA PACXOJOB B
OTAETBHBIX YaCTIX CUCTEMBI;

— (opMyIIBI, ONpeAeTAIONINe TIOTEPH HAIopa 10 JJIMHE OTACTBHBIX YJacTKOB TPyO W Ha
MECTHBIX CONPOTHBIICHHSX;

— ¢opmynbl W TaOIUUbBl Uil BBIYMCIEHUS KOA((UIMEHTOB TPEHUS U MECTHBIX
CONPOTHUBJICHU.

Ha ©0a3e »Tux 3aBUCHMOCTEH C Y4YEeTOM IPHUBEIEHHOM 31ech KiaccuuKaluu s
TPYOOIIPOBO/IOB (MJIM CUCTEM) Pa3IMYHONM KOHQUIYpallUM M Ha3HAuY€HUs, OOBEAMHSEMBIX B
TPYIIIBI IO KAKOMY-JTHOO MPHU3HAKY, COCTABIISIFOTCS PA3INYHBIE METOANKH PacyeTa.

Bo03MOXHBI TpH OCHOBHBIE TOCTAHOBKH 33/1a4W pacueTa TPyOoOonpoBo/a:

3agaua 1. Omnpenenuts HEOOXOMMMBIN Hamop H mpu 3amaHHOM pacxone B cetd Q (u
pacIpeesIeHuH ero Mo y4acTKaM B CIIy4dae CIOXHOIOo TpyOOIPOBOAA), a TaKkKe IMPU 3aJaHHbBIX

nuamerpe d u inHe 14 (um diu 7 ; Y4YaCTKOB CJIOKHOTO TpYOONpoBOa);
3agaua 2. OnpenenuTh MOMHBIA pacxoa Q, MOCTYMAINN B CETh M €T0 PacIpe/IeICHue
[0 OTJENbHBIM y4yacTKaM (B cCiIy4ae CJIOXHOro TpyOOmpoBoja) MpH 3aJaHHOM Hamope H,

nuamerpe d u amuHe 14 (wu dj 1 [ i YJaCTKOB CJIO)KHOTO TPyOOTpPOBOAA);
3amaua 3. Onpenenuts auametp d TpyOompoBoaa (MK AUaMETPhI OTACIBHBIX €0 yIaCTKOB
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d;), mo3BoJISIFOLIMIA TTPOITYCTHTE 3aIaHHbINA pacxon Q (C 3aJaHHBIM pacIpeieiCHHEM 110 y4acTKaM B

ciIydae CIIOKHOTO TPyOOIpoBO/Ia) IO TPyOe JTMHOKO [ (wmm cucteme TpyO ¢ JUIMHAMH Y4aCTKOB [ i)
IIPY 33JAHHOM Hariope .

2. Pacuer MPOCTOro KOPOTKOIro prﬁOl’lpOBOL[a MOCTOAHHOI'0O JnaMeTpa

Pasnuuaror 1Ba ciyvas:
ucTedeHue B armocdepy, puc.l; ucreueHue moj ypoBeHb, puc.2.

1 * Y 1

—_———— e —-—

L | — E

=

— - m
~
& |2 P,
(A J——— >
— : — ¥
+ l—,,,~<ﬂ' g
LA AR LSS
Puc.1
1 0 NI
L [— =
- =
o 3 . S 2| ¥p, | 2
s ¥ 3
® e
) »
) 1 @ Y
ELEL L LS LTSS OL LSS
Puc.2
Jlist 060mx cnyqaeB ypaBHEHHUE EepHynJm 3QIUIIETCS B BUJIE
P P
Z,+ a+—_z+ a+—+h+ h,, 1)
Yo 29 g 2y 2
OTKyna Z, —Z —ﬁ——+h +Zh ne h —/”tl—ﬁ- MOTepU Hamopa Mo uinHe (MOTepH
ya 1 2_29 2 Mo (I dzg p p pat p

2

\'
TpEeHUS); z h,= Z - E - CyMMa ITOTEPh HAIlOPa HA MECTHBIX COITPOTHBIICHUSIX.

Ecnu cunTark, 4YTO UCTEUEHUE YCTAaHOBUBILEECS, CKOPOCTh JABMKEHUS JKUAKOCTH B TpyOe
paBHa V M YpOBHHM BO BCEX E€MKOCTAX OCTAalOTCS HEM3MEHHBIMH, TO BEJMYMHA Z1 - Zp = H
ABJISIETCS IEUCTBYIOIIMM HAllOPOM.

B ciydae ucreuenus B armocgepy, puc.l, vi = 0 u Vo = V. 3Hauur,
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)

N3 (2) BuaHO, YTO MpU MCTEUEHUU B aTMocdepy NEeUCTBYIONIUMH HAIOP PAacXoAyeTcs Ha
MIPEOJI0JICHUE TTOTEPh U CO3/IaHUE KMHETUUECKON YHEPTUHU Ha BBIXOJIE U3 TPYOHI.
B ciyuae ncreuenus noxa ypoBeHsb, puc.2, Vi = Vo = 0 U, cie10BaresibHo,

I v?
H:hI_'_th:(/la_'_zgij' (3)

N3 (3) BUOHO, 4YTO NpU MCTEUEHHUU IO/l YPOBEHb BECH HAIlOp pacxXoAyeTcsi Ha

IIPEO/I0JIEHNE NOTePhb. Eciu i 3T0ro citydas BBIAEIUTH OTIENBHO MOTEPIO Ha BBIXOJ U3 TPYObI
2

\'
B pesepByap b, mpexncraBus ee B Bume h, =, 29’ rie ¢, =1, To dopmyna (3) no dopme
g

CTaHeT uAeHTUIHOU popmyre (2)

H—ﬂlﬁ+25 V_Z_,_C: V_Z_(/ll+z§ +1 ﬁ (4)
d Zg M 2g 6bIx 29 d M zg :
Otmuue dopmyn (2) u (4) B TOM, YTO TPU UCTEUEHUH B arMocdepy eMHUIA B CKOOKax
YVUHUTBHIBAET MOTEPIO C YXOAAIIEH CKOPOCTBIO, a MPU MCTEUEHUH I0J] YPOBEHb — 3TO KOA(DPUIIEHT
MECTHBIX COTPOTUBIICHUH BBIXOJIA U3 TPYOBI B pe3epByap.

3anaua 1. Hanop H, TpeOyemblii Ui mporrycka 3aanHoro pacxona Q yepes TpydoonpoBosa
M3BECTHBIX pa3MepoB M KOH(pUrypauuu, BelyHciserca mo Qopmyne (4), B KOTOPOil CKOPOCTh
BBIpa)KaeTCs uepe3 pacxoll (M3 ypaBHEHHS CILUIOIIHOCTH),

8Q? I

H= L (;er;wu). (5)

Koapdummentsr moreps A 1 £ ONPEAEITSIOTCS 10 PEKOMEHIAIINSIM.
3agaua 2. [lpomyckHyi0 CcHOCOOHOCTH TpPyOONpPOBOJIA MOMKHO OINPENENINUTh, PEIIUB
ypaBHeHHe (5) oTHOCUTENbHO Q,

Qzﬂj ! J20H = 45./2gH , (6)

1Mé+2§w +1

1
e p= ; - Ko3puuueHT pacxona TpyOompoBosa, S - MIOLIAb HOMEPEYHOro
N +1
d ZCM

CEUeHHsI TPYOBI.

B obmem cnyuyae koapduuuentsr A u &, apusatorces GyHkiusamu yucina Re. TTockonbky
pacxon Q, a 3HAYUT U CKOPOCTh TEUEHHS V HEW3BECTHBI, U YNCIO Re BBHIUMCINTH HEBO3MOXHO,
3aJjaya pemraercs B IOCIIEJOBAaTENbHBIX NpHOMDKeHUsX. B mepBoM  npubamkeHun
MPEIoaraeTcs, YTo PeKUM TEUEHMsI COOTBETCTBYET KBaJpPAaTUYHOM 30HE CONPOTHUBIECHUS, I/
3T ko3pduimentsl or uucia Re wHe 3aBucar. Kak mpaswio, HazHawaror A = 0,03, a
K03((UIIMEHTHI MECTHBIX CONPOTUBICHUN &, MPUHUMAIOT IO CIIPABOYHBIM JaHHBIM [2, 6, 8].

BoruncnenHoe B mepBoM MPUOMIKEHWM 3HAY€HHE pacxofa JacT BO3MOXKHOCTH
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BBIYUCIIUTH CKOPOCTh TEUCHHS B TpyOe H 1o yucny Re yroyHuTh 3HaueHHe A C MOCIETYIOUM
YTOYHEHUEM 3HAYECHUS PACXO/a.

3apaua 3. Jlyns onpeneneHus auamerpa HeoOxoaumo ypaBHeHHE (5) wim (6) pemmuTh
OTHOCHUTEJBHO d.

3. PacyeT nmpocToro KOpOoTKOro TpyoonpoBoaa nepeMeHHoro JjuaMmerpa

B cmydae mpocToro KOpOTKOro TpyOONpOBONIA, COCTOSIIET0 W3 IOCIEA0BATEIBHO
COCJIMHEHHBIX YYaCTKOB TPYyO pa3iM4yHOro nuamerpa (puc.3) pacxol Ha BCeX ydacTKax Oymer
omuaakoB (Q1 = Q2 = ...= Q, = Q), a moreps Hamopa B TpyOEe paBHA CyMMeE IOTEPH HAIOpa 110

JUTMHE KaXJI0TO y4acTKa M Ha BCEX MECTHBIX CONMPOTHBICHHUIX (H =h,+h,+..+h, + 2( W]

- | =
= = ~
1
I
F {I {L ¥ n
I - B ) I
: ] ,Irl .:l F
1 : ]
fa— [}
N 1 1 1 t
1 s
=i i - —
: ] : ]
Puc.3

3agaya 1. YUroOwr ompenenuth HeoOXxomauMmbldi Hamop H mpu 3amanHOM pacxome Q,
HEOOX0IMMO 3amucarh ypaBHeHHe BepHmeH Juis cedeHuit 1-1 u N-n B Buze

P:
z+—+ zn+—+—+ h,+>h, ., @)
Jet 29 P9 29 le’ Z '

mm "

e Y hy=h+h,+..+h; D h =h +h,+.+h
1 1

L
d 29"

Koaddunmentsl conpoTuBieHuii A; B o0meM ciaydae 3aBUCSAT OT PEXHMa JIBHKCHHS

[ToTtepu Hamopa 1o JIMHE BBIYUCISIOTCS 1Mo dopmyrne h, =4,

KUOKOCTU U MOT'YT OBITh BBIYHCIICHBI IMpU U3BCCTHBIX 3HAYCHUAX YUCCII Rei N OTHOCHUTCIIbHBIX

HlepOXOBaTOCTeﬁ. OTHOCHUTENbHEIE MepoOxoBaTOCTU Ai MNPUHUMAIOTCA MO CHpaBOYHHUKaM JJI
3aJIaHHOTO COpTaMeHTa TPpyo.

HaHBHeﬁMHe BBIYUCIICHUS IIPOU3BOAATCA IO yUaCTKaM:

— IIEPBBIN y4aCTOK

4Q .

2 )
zd,

2
Re, =50 4= 1(Re, )i =220k

V, =
1
d,

— BTOPOH y4aCTOK
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2

4Q v,d — [, v
V,=—; Re,=—22; L =f(Re,,4); h,=1, 2 —2;
— N -HBIN y4acCTOK
4Q v.d - | v2
v=—; Re, =2, A =f(Re,,4); h =4 +-—".
" xd? "y ( 4) d, 29

3nech A = f(Re,, A)Bbluncisercs Ho oaHoi U3 GOpMyYII, PEKOMEHIOBAHHBIX B

2
i
Mj 29

Kospdunmentsr MeCTHBIX CONPOTHBIECHUH (; NPUHUMAIOTCS TI0 CIPABOYHHKY B

TloTepn Ha MECTHBIX CONMPOTUBJICHUSX BHIYMCIISIOTCS 110 popmyiie h, - =

3aBUCHMOCTH OT BHAA conpoTuBieHUs. CKOpPOCTb Vj, C KOTOPOH >KHIKOCTb OOTEKaeT «j»
CONPOTHBIICHHE, pPaBHA CKOPOCTH Vj TOr0 «i» ydYacTKa, Ha KOTOPOM 3TO CONPOTHBIICHHE
PacIoJIOKEHO.

[ToncTaBnsist BRIYMCIICHHBIE 3HAUEHUS MTOTEPh HAIOpa U CKOPOCTEH Vi U V, B YpaBHEHHE
bepuynnu (7) MOXHO PEUIUTh €r0 OTHOCHTEIBHO OJHOTO M3 MapaMeTpoB Zi, Z, P1, P2 WU

pl p2 H .

KOMIUIEKCOB 3THUX mapaMeTrpoB (Z1-Zp), (P1-P2), |Z,+—|—-|Z,+—|=
A9

A9

OcTanbHbIE

napamMeTpbl JOJIKHBI OBITE 3alaHbl WX NPUHATHI.

3agaua 2. [lyist onpenesieHns pacxoza 1o 3aJaHHOMY Haropy U TeOMETPHUH TPYOOITpOBO/Ia
11e51€c000pa3HO BOCIIOJIb30BATHCS MEMOOOM IKGUBATIEHMHO20 MPYyHOnposooa.

CyTp MeToja 3aKiIIOYaeTcss B pacueTe YCJIOBHOW (SKBUBAJICHTHOM) TPYOBI OIHOTO
JTMaMeTpa, paBHO3ZHAUYHOU 110 MOTEpe Haropa GpakTuyeckoil Tpyode.

Bo3M0oXxHBI 1Ba TOAX0/1a K PEIICHUIO 33/1a49H.

Ilepebuii: y 5xBUBaJICHTHOM TPYObI COXpaHseTCs JUIMHA (PaKTHUECKON TPYObl

(o=l + 0+ + 1, (8)
a COOTBCTCTByIOH_[I/Iﬁ el AUAMETP OMPCACIIACTCS, KaK
I
d9 = > ' (9)
s/ L1, I
T S S
d’ d; d,
Bmopoii: nuavetp TpyOs! O, 3a1aH, a IJIMHA SKBUBAJICHTHOTO TPYOOIPOBOIA HAXOIUTCS
KakK
5 5 5
d d d
=L =] +L| = +.+|=]. (10)
d, d, d,

B nanpHelimeM Xoa pereHuns: OuHAKOB, HE3aBUCUMO OT BEIOpaHHOTO T1o1x01a. CKOPOCTh
JIBIDKEHUS KUJIKOCTH B OKBHBAJICHTHOM TPYOOIIPOBO/IE COTIIACHO YPABHEHUIO HEPA3PHIBHOCTH

vV, = 4Q . (11)

2 2
7d;

Hartop B 3xBUBasIeHTHO# TpyO€E paBeH MOTEPSIHHOMY HAIOPY B (DAKTUUECKO TpyOe
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V2

I
H =H=—2| 12>+ +11, 12
2g d3 Z;u ( )
OTKyJa
Vv, = I ! 2gH . (13)
A=+ +1
d3 Zé/,w
[IpupaBuuBas mpasbie yacTu paBeHCTB (8.11) u (8.13) MOXHO BBIUMCIUTH 3HAYCHHUE
pacxozaa
2
Q:ﬂ23 | ! 2gH . (14)
A 2.6+t

[lockonbky B  OOJIBIIMHCTBE TEXHUYECKHUX TPYOOINPOBOAOB PEXKUM  JBUIKECHUS
COOTBETCTBYET KBAJIPAaTUYHOW 30HE COMPOTHBICHHSA, TO B IEPBOM NPUOMIKEHMH A H &,
CUMTAIOTCS HE 3aBUCAIIMMHU OT Re u nmpuHUMaroTcs, Kak B 1.2 ¢ MOCIEAYIOUIed NpoBEpKON U
YTOYHEHHEM PacXoa.

W3 ypaBHenus (14) npu u3BecTHoM pacxone Q MOXKHO onpeneNuTs Harop /. 3HauuT, MeTox
9KBHBAJIEHTHOT'O TPYOOIIPOBO/IA IPUTO/IEH U JUIs peLleHus 3a1a4u 1.

33113‘—[3 3. Ecim Hewm3BeCTHHI AUaMETpPbl BCCX YYACTKOB, TO I HX OIIPECACICHUA
H606XOI[I/IMO 3alaTb BCC OIHUAMCTPbLI KpPOME€ OIHOIO. ITocnennuit JAUAMCTp OIPCACIIACTCA U3
yCJioBUsA obecneyeHus 3a/IaHHOI'0 pacxoaa Q IIpH 3aJaHHOM HaI10p¢< H.

IIpumep 1. Omnpenenuth, Kakoe AaBleHUE p3 OyIeT B KOHIE TOPU3OHTAIBHOTO
cocTaBHOTrO TpyoompoBona (puc.4) ecnu B Hayane ero gaBienue p;=200 H/em?. TpyOsl HOBBIE,
cranbHble; auamerpsl: 0;=0,15 M, d,=0,125 M u d3=0,1 m; gmunser ;=20 M, 1,=15 M u 13=10 ™.
Pacxon nedtn Q=20 11/c. Paccuurarh v MOCTPOUTH MHE30METPHUUECKYIO JTHHHIO.

Ykazanusa: YdecTb MECTHBIE MNOTECpU B MECTAaX BHEC3AITHOI'O CYKCHHA Tp}/'6]':>I. Bs3kocth

2
cm
HedTH npuHATh v=0,09 — .
c
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2 Z 3

Puc.4

Pewenue. Ha Bcex ydacTkax pacxof] OyJeT OJJMHAKOB:
Q1=Q2=Qs=Q
ITockonbKy, HEOOXOJUMO OIPENEIUTbh P3, TO 3TO 3HAYUT, YTO ONPEAEICHUIO MOMJIEKUT
Harop (3azmada 1).
3anumieM ypaBHeHue bepuynnu qis ceuenuit 1-1 u 3-3.

z, +&+— =1, +&+—+Eh/I +2Zh;
PY 29 P39 29
[ToTrepu Hamopa 1o JJIMHE y4yacTKa BIUMCISIIOTCS 10 (hopmyre
0, V72
hy =4
'd, 29

Koa¢p¢umment A B oOuieM ciaydae 3aBUCUT OT peXHUMa JBMXKEHHs >KUIKOCTH. [ToaTomy
JaNbHEUINE BBIYUCIICHUS IOTEPh TPEHUS IPOU3BOIUM I10 Y4aCTKaM:

1)V, = 4Q2 _ 4.0,020 _ 0,08 :1’13ﬁ;
; 314-0152 0,07065 c
Re, = 1 _ 113015 ) ggq9
1% 0,09-10
[[TepoxoBaToCcTh HOBBIX CTalbHBIX TpyOd mpuHHUMaeM 1o [lpunoxkenuto 7:
A = 0,06 MM. OTHOCHTEIIHLHAS TIAAKOCTh ﬂ = ;ioc; = 2500.
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d
Pesxum aemxenus pu 4000 < Re = 18833 < 20 —1 = 50000 — m1aIkoCTEHHOE TEYEHHE.

A
PR — Y
18833 - 0,25
2 2
h, =42l 0,007 20 113 403y
1T, 2g 0,152-9,8
4 4.0,020 "
2) V2 = (32 = 2 =4 )
, 314.0125 c
Re, = V0, = L 63.0’1?45 = 22638 (I1agKOCTEHHOE TEYEHUE)
1% 0,09-10
0,316
=———"—_=0,026
? 22638°%%
2 2
h,=4,°2Y _0006 1> 503" _g 403
’ d, 29 0,125 2-9,8
9 =49 _ 40020
md; 314.01 c
Re, = Vs = 2’54'0’_%1 = 28222 (magKOCTEHHOE TEUECHHE)
v 0,09-10
0,316
=—"—" _=0,024
° 282220%
2 2
hy =252 Y3 2002410 254 _ 799
d, 2g 01298

[loTrepu Ha MECTHBIX COINPOTUBICHUSX: KO3((ULIHEHTH NOTEPh — MO CHPABOYHUKY -

¢, =015, ¢, =018

2 2 2 2
h =153 00977 m, b, —¢, V2 —01818
h 29 8 “ 29 2-98

[ToncraBnseM BbIUMCIIEHHBIE 3HAYEHMSI TOTEPh HANlOpa U CKOPOCTEH B ypaBHEHUE
bepHynnu ¢ yderoM TOPHU30OHTAJIBHOTO pAacMoNIOKeHUus: TpyOwl (Z1=23). IlnotHoCTh HedTH

=0,0244 m

npuHuMaeM p=800 K—Zs :

2 2
Ps _ P Vi _vs

= *h; —Zh,
A9 P9 29 2¢9

p; _ 2-10°  254°
pg  800-98 2-98

Ps _25336u; p, =1986342 [7a =198,63
e

—-0,234 - 0,423 — 0,790 — 0,00977 —0,0244 ;

H

2
CMm

Ipumep 2. Pemum 1y e 3a1auy (mpumep 1) METO0M SKBUBAJIEHTHOTO TPyOOIIPOBO/IA.
Bocnonb3yemcst nepBbIM MOAXOAOM K PELIEHHIO.

JlnuHa S5KBUBAJICHTHOTO TPYOOIPOBOAA:
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0, =0 +0,+0,=20+15+10=45m
DKBUBAJICHTHBIA THAMETP:

‘ 45
d = > - ~012 m.
*Te, 4, ¢, s 20 15 10 M

+—=+—= + +
d’> d; d} 015° 0125° 015°
CKopoCTh B 9KBUBAJICHTHOU TpyOe:

V3 _ 4Q _ 40,02 :1769ﬁ
ad?  314.-0122 T ¢

Brruucnenune k03 punineHToB cConpoTuBICHUI
~vd, 1759-0,12

Re, = -
1% 0,09-10

= 23586 (TeueHune NIaIKOCTEHHOE)

0316 _ .
T W = 0’0255 ’ é,gcl = 0’15 ’ 4,6(,‘2 = 0'18
2 2
=Y byse 1] =2 (o005 % 40154018 41]=1730
29" d, 7 2.98 012

P _ Py _ 2-10°

H, =H=u, OTKyJa = -1 L= —1,739 = 253,36 M.
~9 ~ 800 -9,8

H
ps =1986342 Ila =198,63—
cm
4. PacueT nmpocTOro JJIMHHOIO TPYOONPOBOJA MOCTOSIHHOIO JUAMeTpa

IIpu pacuere ANMHHBIX MPOCTHIX TPYOONPOBOMOB MOTEPSIMH HAa  MECTHBIX
CONPOTHBICHUSIX M TOTEPSAMH C YXOJdlled ckopocThio npeHeOperator. dopmyna (5)
npruoOpeTaeT BUJ

84 7y

H= W (15)
Benmuuna Py A - ynenpHOE COMPOTHBIICHNE TPYOOIIPOBO/A.
Ecnu 0603HaunThH %: gz;d ; =k?, To popmyna (15) 3anumercs:

H= Ql (16)

=z

I
Orcroma k=Q a HMEET Pa3MEPHOCTh PACXO/la U HA3BIBACTCS MOOYIeM pacxooa v

y g H N
pacxodnoit xapakmepucmukoil. Tak Kak BEJIMYMHA IO KOPHEM T | - runppaBnuyeckuit

/ I
YKJIOH, TO YACJICHHOC 3HAYCHUC k= Q ﬁ = % PaBHO pacxony IIpu YKIJIIOHE, paBHOM CIUHUIIC.

3HadyeHHe pacxoja noyydaercs u3 ypasHenus (16), kak
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Q=k $=k\/|_. (17)

s kBajgparuyHOW 00JacTU COMPOTUBIEHHUS A 3aBUCUT TOJBKO OT OTHOCHTEIBHOM
HIEPOXOBATOCTH M HE 3aBUcUT OT uucina Re. [lostomy mms 3T0oil obOnacté 3HaYCHUs
ko3 duienta K BBIYUCICHBI Ui KaXKIOTO 3HAYCHUs jauamerpa O, MpeaycMOTPEHHOTO
CTaH/JIapTOM Ha TPYOBI, ¥ MPEACTABICHBI B BUIe Tabnui, Hanpumep, [Ipunoxenue 10.

3agaua 1. Hamop H, HeoOxomumblii [uis obecriedueHHs 3aJaHHOro pacxoma Q mo
TpyOOIPOBOIY 3aJaHHBIX AraMeTpa d U JITHHBI [ , Haxoautcs 1o ¢popmynam (15) wm (16).

3agaya 2. IlpomyckHast cmocoOHOCTh TpybompoBoma Q mnpu 3amamseix d, /7, H
ompexensercs o Gopmyne (17).

3apaua 3. Jlig ompeneneHus HEOOXOAMMOTro AWameTpa npw 3amaHHbiXx Q, / u H wu3
dopmya (16) wnu (17) Beraucisiercs 3HadeHue K, mo KOTopomy U3 TaOIKIl HAXOAUTCS 3HAYCHUE

d.

5. Pacuer MpPpOCTOro IJIMHHOIO prﬁonponona MNEPEMEHHOI0 JTUaMETpa

[TockonbKy y AIMHHOTO TPYyOONpoBOma, pHUC. 5, MOTEPH HA MECTHBIX COIMPOTHBICHHSIX
HE3HAYUTEILHBI 1 UIMU MOKHO MPEHEOPEUb, pacueT YIpOIIaeTCsl.

Cnmoco6 1. Jlngs pacduera MOXHO BOCHOJB30BAaThCA METOJOM HSKBHUBAJIEHTHOTO
TpyOoIpoBona. BHauane TpyOONpOBO MEPEMEHHOTO CEUCHHUS TMPUBOIUTCS K SKBUBAJICHTHOMY
o popmynam (8) u (9), wim (10).

Harmop B 5xBUBaJICHTHOM JJIMHHOU TPYyOe

2
H3=z;—3;’3 . (18)

d 1
d:
d,

I A“T

:

I 1, Iy

=i [
| -

rF i
L]
rF i
i

Puc.5

[ToncranoBka B (18) 3Ha4eHUs SKBHMBAJEHTHON CKOPOCTH V, =

2 IMO3BOJIACT MMOJYUYUTH

3
(bopMyiy 5KBUBaJIEHTHOTO Haropa
2
8Q°1. 4

H,=H = .
’ 7*d’g

(19)
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Cnocod 2. JInsg xaxaoro ydactka ¢ IMOCTOSHHBIM JIMAaMETPOM MoTepu, corinacHo (16)

2
h, = (Ez I, . [lorepu my1s Bcero TpyGonpoBoOIa
H=>h=0Q LL +|—” (20)
=it )

VYpasuenus (19) u (20) no3BosisitoT pemats 3a1aun 1 u 2. 3amava 3 pemraercs Kak B 11.3.

6. Pacuer My4yKa mapaJJjieJbH0 COCAUHECHHDbIX NJIMHHBIX prﬁ

[Tycth kuaxKocTh, noCTynaromas B y3eia A 1mo ogHon
Tpyoe (puc.6), pa3BeTBISICTCS HAa «N» TOTOKOB B
COOTBETCTBUM C KojaudecTBoM Tpy0. B y3me b stu «n»
Pa3BETBICHUI CHOBA CXOAATCSA U BCE MOTOKH COEIUHSIOTCS
B OJIUH.

Jmunet (1, [,.0, u muamerper di, dy..dn

napajuieIbHbIX TPYO MPEIIoNaraloTcsi H3BECTHBIMU.
ITockonpKy BCE MOTOKM BBIXOJAT M3 OIHOW TOYKU U Puc.6

CHOBA COEJIUHSIOTCS B IPYTOM TOUYKE, TO Mepenaabl HallOpoOB

MEXTy Ha9aJIOM U KOHIIOM KaXKJIOW IMapaJijIeIbHON TPyObl OIMHAKOBHI:

h,=h,=..=h,=H. (21)
MecTHBIMU INOTCPpSAMHU B JJIMHHBIX pr6ax MOZKHO npeHe6peqL. HOBTOMy repenaabl

HATopoB B TpyOax OyAyT paBHBI TOTEPSIM HAOpa Ha TPEHUE U B COOTBETCTBUU ¢ (opmyroi (16)
MOTYT OBITH MTPE/ICTABICHBI KaK

h =9
H=hy =5 (22)

OTKyZla Pacxo/ B Ka)KJ10 BETBU

(23)

VYpaBHeHME pacXoA0B Ul Y3JI0BbIX TOUEK C y4eToM (23)
Nk
Q:Q1+Q2+---+Qn:ZQi:VHZTia (24)
1 i

OTKyZa
2

Ho
n ki
2N

VYpaaenust (24) u (25) cBA3BIBAIOT MEXIy co0O Bce mMapaMeTpbl, OMpPECIISIOIINe

(25)

TEUEHHE HMJKOCTH Ha y4YacTKe pa3BETBICHUS TpPyO0 M MO3BOJAIOT peliars 3aaadd 1 u 2
THJIPABINYECKOrO pacyeTa Mydka MapajuieIbHO COEAMHEHHBIX TPYO, JJIi KOTOPBIX MOTEpH IO
y4acTKaM paBHBI, paCXO/bl paclpeseNaoTcs IPONOPIMOHAIBFHO UX MPOMYCKHOM CIIOCOOHOCTH,
CYMMapHBIN pacxoJl PaBEH CyMME PacXo0B BETBEH.
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IIpakTnyeckoe 3ausatue No/

Pacuer cji0:kHOTO0 TpyOONIpOBOAA

CyTb MeToJa 3aKJlo4aeTcs B 3aMEHE YYacTKOB TPYOOIPOBO/A MOCTOSHHOTO JUaMeTpa
SKBUBAJICHTHBIMU OTBEPCTHUSMHU C MOCIEIYIOIIUM CYMMUPOBAHUEM UX IIJIOLIA/ICH.

JKeueanenmnoe omeepcmue — 3TO TAaKOE OTBEPCTHE, pacxoa KUAKOCTH Qp dyepes
KOTOpOe paBeH pacxony Qi B gaHHO#M TpyOe, a Harmop ho , MOJ KOTOPHIM JKUIKOCTh BBITEKACT M3
OTBEPCTHS, PaBEH MOTEPSHHOMY Hamopy B TpyoOe. [Lmomazas SKBUBaJEHTHOTO OTBEPCTUS JUIS
JTaHHOU TpyObI BeIUHUCIIAETCA 1O popmyre

: (26)

e / , d, A, &, - nnuHa, tuameTp, K03POUIHEHT COMPOTUBICHHUS TPEHHS U KOI(P(HUIIMEHTHI MECTHBIX
CONPOTHBIICHHUH TPYOBI; 4 - KO3 HUITEHT pacxosia yepe3 OTBEpPCTHE.

[ToTrepst Ha BBIXOJ UMEET MECTO TOJBKO Y KOHIIEBOM TPYObI, IOITOMY IPHU BBIYUCICHUU
Ioaied IKBUBAJIECHTHBIX OTBEPCTUH MJIsi MPOMEKYTOUHBIX TPYO €IUHHIIA MO KOPHEM
otOpachIBaeTCsl.

[Ipyn mnapamiensHOM COEIUHEHHH TpyO TIUIOMAAN 3aMEHSIOIMIMX WX 3KBUBAJCHTHBIX
OTBEPCTHI CyMMHPYIOTCS 110 (hopMyIie

S10=51+5,, (27)

IIpH MOCJICA0BATCIIbHOM COCAMHCHUHU —

1 1 1

1 1.1 28
s, 5 'S @9

Hanpumep,  nocnenoBaTenpHOCTh — pacyeTa  pPa3BETBIEHHOIO  TpyOOmpoBona,
IIPEICTABICHHOTO Ha PUC.7, caenyonas:

&

A
@
E
@

Puc. 7

1) Ucnonesys ¢opmyny (26), Bce y4yacTKM CHUCTEMBI 3aMEHSIOT SKBHBAJICHTHBIMHU
OTBEPCTHSMH C TUIOMIAAIMHU: S12, S23, S5, S34, Sz6.
IIpu »oTOM mTpeAmoyaraioT, YTO PEXHUM JBIXKEHUS OSKUIKOCTH COOTBETCTBYET
KBaJ[paTUYHOMY 3aKOHY CONPOTHUBIICHUS U IPUHUMAIOT:
— ko3 duuueHT pacxona orsepcrus u = 0,62;
— ko3 dunmeHT conporusienus Tpeans A = 0,03;
— KO3 (PUIIMEHTHI MECTHBIX COITPOTUBIICHUI OEpyT IO CIIPaBOYHOMN JIUTEpaType.

2) Bech pa3BCTBJICHHBII71 pr6OHpOBOI[ 3aMCHAKOT CAUHBIM 3KBHBAJICHTHBIM OTBCPCTUEM
nyTeM CyYMMUPOBAHUA IioIaaei OTBCpCTPIﬁ, 3aMCHAKOINUX YYaCTKHU pr6OHpOBOI[a, o
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dopmynam (27) u (28) , HaUMHAsE ¢ CAMOTO YAAJICHHOTO:

1 1 1 1 1 1
=t Se=StSs =St
Sy Sa S S¢ S¢S

ac Sd — IUIoaab S5KBUBAJICHTHOI'O OTBEPCTUA, 3aMEHAIOIIETO BECH pr6OHpOBOI[.

Sa = Sz4 + Szg;

3) U3 popmynsr Q; = ,uSd,/Zng onpenensatoT pacxon Qi wim Harmop Hp B Touke 1, B

3aBUCUMOCTHU OT TOI'O, YTO 3a/IaHO U KaKad 3aJaqa pCuIacTCd — 3aga4a 1 unn 3ajga4da 2.

4) BBIYHCIISIOT PacXo/bl U MMOTEPHU HAMOPa MO Y4acTKaM TPYOOIPOBO/A.

4Q
Cropocth TedeHus Ha yuactke 1-2 v, = —==, e Q12 = Q1.
12

2
Vo

l
[ToTepsHHBIA HAMOp Ha ydacTke 1-2 hyp = (/112 d‘—2 +¢, +2¢ MJ

12 29
Hanop B ceuenuu 2 H, = Hi-hyo.
Pacxon Ha yuactke 2-3 Q23 =S, 4/2gH, .
4
CkopocTb Ha yyacTke 2-3 Vys = Lf‘
ﬂd 23
Pacxon Ha ydactke 2-5 Qs = 15,:+/20H, .
IIposepka Q12= Qa3+ Qzs.
l 2
[Toreps Hamopa Ha ydacTke 2-3 h,; = [223 = 4 Zg“ MJE .
dps 29
Hamop B Touke 3 Hz=H;- hos.
Pacxon Ha yuactke 3-4 Qs = 15;,4/20H, .
4
CkopocTb Ha yuacTtke 3-4 Vo, = QZ"’ .
s,
Pacxon Ha ydacTke 3-6 Qg6 = 1556+/20H, .
I[Tposepka Q23 = Qa4+ Qss.
l 2
[MoTeps Harnopa Ha yyactke 3-4 h,, = (2,3 3 +1]@ :
d, 29
[TpoBepka H = hqy + hoz + haa.

IIpumep.

Ot 0Gaka c MOCTOSHHBIM YPOBHEM >KUIKOCTU MPOXOIUT B TOPU3OHTAJIBHOW IMIOCKOCTH
TpyOompoBox (puc.8), B 6ake HAXOIUTCSA BOJA, YPOBEHb KOTOPOW OTCTOMT OT LIEHTpa BBIBOJA
TpyobonpoBona Ha H M. Ompenenuts pacxoqa BoOabl B TPYyOOIIPOBOJE M Pacxod B €ro JBYX
oTBeTBIEHUAX A U B, eciiu ntuametp TpydorpoBosa paseH 6 cm, ynHa — 10 M, a Ha KOHIIE nepes
Pa3BETBIICHUAMHU YCTAHOBJIEH KpaH; JUaMeTp pa3BeTBICHHUs A paBeH 5 cM, b — 4 cm, npuuem
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pa3BETBICHHS HANPABICHBI NEPICHAMKYIIPHO TPyOOIpoBOaY, UMEIOT JuMHY 10 M 1 5 M 1 B
KOHIIE KaXJ0r0 Pa3BETBIICHUs IIOCTABJICH KPAH.

Hano:
dx=6cm; Il =10M; dpe=5cm; L =10 M; dpe =4 om; lie = SM; H=4 ™M
Onpeoenrums: Q.y; Qac; Qse.

Al
L.
il c
t. {.
Puc.8

B |
[Tpumewm:
- k03¢ durment pacxona p = 0,62;
- KO3 puueHT conpoTtusieHus Tpeuus A = 0,03;
- K03()(ULUEHT COMPOTUBIECHUS KpaHa & «p = 3,0;
- K03()(OULMEHT COMPOTUBIIEHUS TPOHHUKA & rp = 1,1;
- K03()(PUIIUEHT COMPOTUBICHUS BBIXOAA ¢ px = 1;
- K03()(HUIIUEHT CONPOTUBICHUS BX0/1a B TPYOYy & s« = 0,5.
3aMeHUM yJacTKH TPyOOIpOBOA TUIOMIASIMHA SKBUBAJICHTHBIX OTBEPCTHI:

2 2
S, = - 7ic = 314 2605 = 0,00095.1/2
Au A 2+Cp+Cp+ 0y 4-0,62 0,03 +3+11+1
dc 0,05
g 14.0,042
Sec = = = 51400 =0,00068°

/ 5
4/“1\/18(3 d£ + gKP + é/TP + ngIX 4 ’ 0’62\/0’03004 + gKP + é/TP + é/BbIX

BC

7d 2 ) 2
Sey = - < = 314 2(306 =0,00156 1’
4;1\//%ZZ dﬂ%}p +C 4-0,62\/0,03006+3,0+0,5
ca !

[Tnomaap SKBUBAJIGHTHOTO OTBEPCTHSL, 3ameHsitomiero Tpyost AC u BC
S5 =S, 0+ S, =0,00095 +0,00068 = 0,00163 m?

[1nomiaap SKBUBaJIGHTHOTO OTBEPCTHS, 3aMEHSIIOIIETO BECh TPYOOIPOBOI
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1 Ll e So=0,00113
s 2, S2, 000163° 0,00156

Pacxon Boasr B TpyOe CJ1
3
Quy = #S0+/2gH =0,62-0,00113/2-9.8-4 = 0,0062 *— = 6,2
C C

Ckopocth Teuenus B Tpyoe CJ

4Q 4.0,0062 M
Ver = fﬂ = 7 = 219—
g,  314-0,06 c

[Torepsuusrii Harop B Tpyoe CJI

/ V2 10 2192
h, =| A, —L 4+ + X —10,03— +3+05|=— =208
cq ( cq dcz;/ é/KP C;BXJ Zg 0,06 2-9,8 M

Hamnop B Touke C
H.=H-hy =4-2,08=192m

Pacxox B Touke A

3
Q, = 48 ,./2gH =0,62-0,00095/2-9,8-192 =0,00362 2= = 3,62~
C C

Pacxon B Touke B

3
Q, = 1S ;0/2gH, =0,62-0,00068/2-9,8-1,92 = 0,00258 - = 2,58~
C C

OOmwmit pacxoa B OTBETBIECHUSAX
Q=0Q,+Q, =362+258=622
C

Orta e BenmurHa ObU1a moydeHa [yt yaactka CJI, T.e. pacyer BBIOIHEH BEpHO.

IIpakTu4yeckoe 3augTue Ne§

Pacuer BcachiBawouieii Tpyobl Hacoca.

B of6mem cnyyae HacocHas ycTaHOBKa COCTOMT M3 BCachlBalolled TpyObl, Hacoca,
HarHeTareJIbHOM WM HallOPHOW JIMHUM U PACIIPENETIUTEIIBHON CETH.

BcacrwiBaromieit Tpy0oil Ha3bIBaeTCsl KOPOTKUN Yy4acTOK TPyOOMpoBOAa OT MecTa 3abopa
BOJIBI J1I0 Hacoca (puc.9).

Ilo cymectBy BcacbiBatomass Tpyba sBIsIeTcss OCOOBIM — CIydyaeM KOPOTKOTO
TPYOOIIPOBO/IA, TaK KaK KUAKOCTh ABMXKETCS B HEM I10/1 BAKYYMOM, CO37[aBa€MbIM HACOCOM.

HcxonHpIMM  TaHHBIME IS pacueTa SBIISIFOTCS PEKOMEHJAyeMasi CpefHss CKOpPOCTh

JIBMKCHHSI J)KUJIKOCTH BO BcachIBaromied tpyoe V. = 0,85 + 1,25 m/c m momyckaemasi BelTnInHA

odon
eax *

BaKyyMa, CO31aBacMoOro HaCocom h

W3 5THUX ycnoBHii JUaMeTp BCAChIBAIOIIECH TPYObI

d - fﬂ _ (29)
7Z-V6‘C

[Tony4yeHHBII pacueToM TUaMETp OKPYIISAIOT 0 ONMKAWIIero 3HaYCHHUs 110 COPTAMEHTY,
U TIEPECUHUTHIBAIOT Vy 11O TOH ke opmyrie (29).
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MecTHEBIC MMOTCPpU BO BCACBIBAIOMIUX JIMHUAX COCTABIIAIOT 3HAYUTCIIbHYIO JOJIIO B O6IJ_ICM
OaaHce MMOTCPhb, MO3TOMY IIPHU PaACUCTC HGOGXOIII/IMO YUYUTBHIBATH U MMOTCPH 1O AJIMHC U MCCTHBIC,
TaKMe KaK BCACHIBAIOLIME KIAMaHbl (CeTka ¢ oOpaTHBIM KJIAallaHOM Ha BXOAEe B TpyoOy),
3aKpyIJIeHUs TPyOOIIPOBO/a, 3alIOPHAsi apMaTypa Ha BCAChIBAHUU U JIp.

Jast BBIYHCIIEHUSA HanOOoJIbIIETO 3HAYECHUS BaKyymMma, JIOCTUIaeMoro
HEIOCPEICTBEHHO y Hacoca, COCTaBJISIOT ypaBHEHHE bepHyin OTHOCUTENbHO cedeHui 1-1
Ha ypOBHE CBOOOHOI MOBEPXHOCTH B BOJ03a00pHHUKE U 2-2 Ha BXoJe B Hacoc (puc.9),

P, W P,V
Z 44tz 4+ 12 4h4+>h . (30)
oy T2g 5 g oy N
1 Zjé-
g £
.f":, J_,/’ FY
g
1 ¥P, 1 2 =¥
¥ -

Puc.9

Ecau INPUHATHL IINIOCKOCTb CpPaBHCHHA 110 CCUCHUIO 1-1 m cumrare YPOBCHL B

BO/103a00pHUKE HEU3MEHHBIM, TO Z1 = 0, Z, = hH, v, =0, V2 = Vg 1 ypaBHeHue (30) mpumet BUJT
2

P. — P, h =h _I_Vm

w 8dK H 2g d2g

:hH +‘2’—§c(1+}\,é+zgwlj:hﬂ 216Q ( + A= +ZC j (31)

g gn
Bennuunna hBaK OTpaHUYUBACTCAd YCIOBUSAMU BO3HUKHOBCHUA KaBUTALIUHU, KOTOpas

M

MNPpUBOAUT K CHHIXCHHIO KHI[ H K 3pOo3uun jJonacteil Hacoca. Pa3nudHbple THIIBI HAacOCOB
JOIMYCKAKOT PAa3IMYHYO BCIIMYMHY BaKyyMa. Ho BennuuHa JOITYCKAEMOT'0 BaKyyMa 3aBUCHUT HC
TOJIBKO OT THUIIA HAaCOCa, HO U OT TEMIICPATYPhI U POJAa KUJAKOCTH. C YBCIIMYCHUEM TCMIICPATYPhI

J0I1
KIIKOCTH BETHYMHA JOIycKaeMoro Bakyyma N, crmkaercs. Tak, mpH TeMmIeparype BOJIBI

60°C JIONyCKAaeMblii BaKyyM CTAaHOBHUTCSI BEJIMYMHON OTPHUIATENBHOM, YTO CBUJETEIBCTBYET O
HEOOXOIMMOCTH CO3/1aBaTh MOIOP (IaBJICHHUE BhIIIEe aTMOC(HEPHOTO) Ha BXOJIE B HACOC.

Jom
YTo0BI OIIPCACIIUTD hBaK IJI1 KOHKPCTHOTO HACOCa MPOBOAAT CIICHUAJIBHBIC HCIIBITAHUA

NPH JIAHHBIX TIOCTOSIHHBIX 3HA4YeHHUSX pacxoma Q w Hamopa H W pa3jMYHBIX 3HAYCHHSIX
TEMIIEPATYPHI KUJIKOCTH BO BCACHIBAIONINX TPyOoIpoBoaax. [1o pe3yinpraraM NCIBITAHUNA CTPOST
KaBUTAIIMOHHBIC XaPAKTEPUCTUKN U TIPUBOIAT UX B JOKYMEHTAITUH K HACOCY.

3Hast IOIMyCKaeMbIii BAKYyM JUISl TAHHOTO HAcOCa M IMePEKadnBAEMOM UM KHJIKOCTH, MOKHO
no ¢opmyne (31) HalTH NpeaeTbHOE MaKCHMaJIbHOE BO3BBIMICHHE (WM 3arTyOieHHe IMpu
OTPHUIATETILHOM BaKyyMe) Hacoca OTHOCHTEIBHO CBOOOJHOH TIOBEPXHOCTH IKHJIKOCTH B
BO/103a00pHUKE
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o 16Q
h=h - d[ A +ch (32

[Ipu 3amaHHOW BBICOTE BCACBIBAHMS UM 3a/laHHBIX KOHCTPYKTHBHBIX 3JIE€MEHTAxX
BCACBIBAIOIIEH TPYObl MAaKCUMAJIbHBIN pacxo]]

7d? | 2g(h'—h,)
4 1+/1c'j+Z§M

Qurax = (33)

J011
Ecmu N HemsBecTeH, TO MOXHO PacCyKAaTh CIIEAYIOLIHM 0OPa3OM.

Y,I[GJ'IBHEU[ OHEPIrusl XKUIAKOCTH IIPpKM BXOAC IIOTOKA Ha pa6oqee KOJIECO HacocCa, paBHas1

V2
E:&'FL

/M 29

MPEONIOJICHAUE TIOTEPh HAIopa BO BCACHIBAIOIICH TpyOe, HO W OCTABIIMICS HANoOp JOJDKEH OBITh

, JIOJDKHA HE TOJNLKO OOECHeYnTh CO3JaHHE 3aaHHOM CKOpOCTH Bxoma Vi u

OoJbIe TOI'O, ITPHY KOTOPOM HAYUMHACTCA KaBUTAllMs, Ha BEJIMYUHY
2

Ah=E-Po P Vi P (34)
/9 pd 29 pg

I1e py — JaBJICHHUE MapooOpa3oBaHusl, 3HAUEHUS KOTOPOTO MPHU Pa3IMYHON TeMIIepaType MOKHO

OIPECINTh C TIOMOINBI TAOJNUI] HACBHIIIEHHOIO BOISHOrO mapa wid no h-S amarpamme

. 1%
cocTtosiHUs BoAsHOro mapa. Omnpenensis u3 (34) CKOpPOCTHOH Hamop 2—1 U IOJCTaBIISASL €ro

g

3Ha4YeHue B ypaBHeHue (31), momyunm

h =LePe_ 8? £1+/1 +2§M}—Ah+&—&= Pu= Py _ 8? - [1+,1 +3¢, j
pg  grid d P9 P9 pg 2z d
Benuumnaa Ah mMoxet ObITH OmpesiesieHa Kak J0Js MONHOrO Hamopa Hacoca H Ah=oH ,

rae o - k03(h(HUIUEHT KaBUTallUN
Koadduuuent xaBuTanum MOXKET OBITH OIpEeNeH C TOMOIIbI0 Ko3(dduirenra
ng \3 .
OBICTPOXOJITHOCTU O = R rae C =600 +1000 - xoaurmeHT, 3aBUCAIINIT OT KOHCTPYKIIUU
Hacoca M ero napameTpos.
Torma MakcuMalbHO JIOMyCTHMAasi T'€OMETPUYECKas BBICOTAa BCAChIBAaHUS (BBICOTA
YCTAHOBKHM HAcOCa HaJl YPOBHEM JKHJIKOCTH)
- 8Q° 0
h =L P _ ? 1+ A= +3¢. |- ot ,
4 M
A9 gz°d d
rae @ =1,2-+13 - xoadduireHT 3anaca.

Ipumep. OnpenenuTh AONYCTUMYIO BbICOTY BcachiBanus hy (puc.10) meHTpoOeHOro
Hacoca IMPpH 9acTOTe BpalleHust HacocHOoro koireca N = 1600 o6/muH. Hacoc pa3suBaet nogady Q

7
= 3,3 =, co3maBas Hamop H = 40 m. /lnamMeTp BCACHIBAIOIIETO CTAIbHOIrO Tpydomposoaa d; = 50
¢

MM, JUTHHA KB = 8 M. IlepekaunBaercs Boma mpu Temmeparype t = 32°C. Kood¢uumenr,
XapaKTepU3yIOLIHi KOHCTPYKIHIO Hacoca, mpuHaTs C = 1000.
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A 4

Pa /
l

Puc.10

Hano:

7
- mojgava Hacoca Q =3,3—;
c

- Hartop Hacoca H =40 m;

- TMaMeTp BcachIBaroliero Tpyoornposoaa d, = 50 mm;
- JUIMHA BcackiBarolero Tpyodomnposona !, = 8 M;

- KO3 puIMEeHT KOHCTPYKIUH Hacoca ¢ = 1000;

- Temmeparypa Bozsi t = 32°C;

- yacToTa BpaieHus Hacoca N = 1600 o6/MuH.

Pewenue. [11oTHOCTH BOJBI IPU TEMIIEPATYPE 320C
p=p,[1-BAt)=998,2301-2.10" 12)= 995,83%.

Armocdeproe nasnenue p, =10°7la.

JlaBileHNE HACBIIIEHHOTO BOASHOTO napa mpu t = 32°C. p, =496411a.

\/6 = 3,65-1600—“0’0033 =21

Koaddumument OsicTpoxoquoct Ng = 3,65Nn

) 0,75
4 4
Koadpumnment kaButanmu o = Ns 1P [Aja = 0,00586
B c 1000 | '
2
Kunemarudeckast BS3KOCTh BOJIBI pH t = 32°C v=6,5-10" M )
c
Yucno Pelinonpaca Re = 4Q 4-0,0033 =129348.

d,v 314.0,05-65-10"
lepoxoBarocTh cTanbHOM TpyOs! A = 0,1 MM.
Pexum JABYOKCHUS — 001acTh AOKBAaJAPATUYHOI'O COITPOTHUBIICHUA, T.K.
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20%=10000 < Re =129348 < 500%=250000

0,25 0,25
Koadpdunment tpenus A = O,lj[é + @j =01 ol + 68 j =0,025
d Re 50 129348

Koaddumuent mectabix conporusnenunit ¢, =0,3; &, =10
JlonycTrMas reoMeTpudecKas BbICOTa BCAChIBAHUS
- 8 |
h=Pa=Pn_ 8% 4 b o | ot =
H d 4 d Ko K1
ot gz-d, ¢

_10° — 4964 ~ 8.0,00332
095,83-98 9,8-3142-0,05*

1+0,025 % + 0,3+10) —-1,2-0,00586 -40 =7,25m

46



IMPMJIOXEHME 1

EI[I/IHI/II_[BI 0003HaYEeHHUS U PasMEPHOCTU OCHOBHBIX BCIIMYUH

Bennunnbl Ennnuna nsmepenus
0O603nauenue | HaumeHoBanue O6o3HaueHNE
Jnuna L METp M
Macca m KUJIOTpaMM KT
Bpewms t CEeKyHJ1a c
Cuna P.R,F HproTon H
Temmneparypa t rpanyc Lenbcus °C
[Ipou3BoiHbIEC BEIMUUHBI
IImomans S KBaJApaTHBIA METP M2
PaGota, sHeprus AE JIxoynb (Hetoton metp)lxx=H'M
O6bem V KyOU4eCKUU METp M3
Pacxon (0ObeMHBI}) Q KyOM4ecKuid MeTp Ha cex. M3/c
CxopocThb C METp Ha CeKyHIY M/C
Yckopenune CBOOOHOTO METp Ha CEK. B KBajjpaTte M/c2
naacHus g
KuneMaTtnueckas BSI3KOCTb v KBaJIpaTHBIN METp Ha CeK. M2/cC
[LnotHOCTH KWIOrpaMM Ha KyOWYEeCKHIl MeTp
p Kr/m3
[laBnenue [Tackans (HptoTOH Ha
p KBaJIpaTHBIN METP)

ITa=H/m2
KacarenpHoe HanpsbkeHUE T ITackainp Ila
JlnHamuyeckas BA3KOCTb i [Tackanb-cekyHa ITac
Y nenvHast SHEPTUA E Jxoynb Ha kujgorpamMm  Jk/kr
Hamnop H METp M
['myOuna h METp M
MomHOCTh N Barr  ([bxoynb  Ha  cek.)

Br=]lx/c

KpOMe OCHOBHBIX €IWHHUI] B THAPABIIMKE NPUMCHAIOT CJICAYIONIUE BHECUCTEMHBIC, KPDATHBIC U

JIOJIbHBIE €UHULIBL: 1muTp=1 21M3/ c; kunollackamp —xIla=1 0° ITa,meranackams-MIla=1 OGHa,

KHIoHBIOTOH- 1kH=10°H, MUJITUMETp pTyTHOTO cTosi6a=133,3 Ila,1meTp BoasiHOTO

cron6a=9,81 klla u npyrue.
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HPIGJIC‘HLI'E'E 2
TIROTHOCTS , KOSGIALAGHTY OCBEMHOTO paum:mem W oEATHE

H&mmumx rumeocrelt mpw p = I0I325 H/Mz (760 M 13'1:.
o) W T= 293"5 (" £=209%) |
| HamMeroBaime MINKOCTH Eﬂﬂwﬂﬁcﬁ Koapfuimant HGB@{MUIEHI
S TR afv-ID
o - |I/rpax M2/ E -
‘Bozria mpecras 998,2 | 0,20 0,48
STRoBNH cmapr 780 o | 1,10 0,78
PryTS 13545 .| 0,18 ' | 0,089
Tomteriy CI=80 ) 0,48 9,25
Kepocuy 820 - 0,96 S0, T
[MOTHOCTH HeKOTODHX T830B M M&DOB S
| Hamvenosazme - lmorsocts P %/ -"‘3:
| o =0 %1 P = o omonerm
= 768 MM pr.OT. ° X BDEJ];?JW
Azor 1,250 0,97
Avymar 0,771 0,60
ArfeTaneH Tl 0,91
BOSIyX. 1,293 I
Bozopor 0,08958 0,069
Temuit 0,1785 0,138
Knesiopox 1,429 I,II
JraetstcaoTa T,977 1,53
Xrop - 3,214 2,49
3Tmien - 0,98
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