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1 BBEAEHUE

BaxHylo dacTh TeopeTHYeckod U MPO(EeCCHOHATBPHOW MPAKTUYECKOH IMOATOTOBKH
00y4aroIuXCcsl COCTABIIAIOT MPAKTUYECKUE U TaOOpaTOpHbIE 3aHATHS.

CocraB u cofepxaHue NPAKTUYECKUX U JaOOPATOPHBIX 3aHATHI HallpaBJIEHbI HA peayIn3aliio
@denepalibHOTO TOCYJAPCTBEHHOTO 00pa30BaTENbHOTO CTaHIApTa CpeaHEro mpodecCHOoHaTbLHOTO
oOpa3oBaHwUs.

Benymeit aunakTuyeckoil 1eNbl0  MPAKTUYECKUX 3aHATHH  sBisiercs  (QopMmupoBaHUE
npoEeCCUOHATBHBIX MPAKTUYECKUX YMEHHMH (YMEHMH BBINOJHATH ONpEACTICHHbIE eHCTBUS,
orepaiu, HeoOXOJUMbIE B MOCIEAYIONIEM B MPOPECCUOHANBHOMN JIEATENbHOCTH ), HEOOXOAUMBIX B
nocJyenyrouen yaeOHou AesiTeNbHOCTH.

Benymeit nunaktuyeckoil 1Lenbio J1a00paTOPHBIX 3aHATUN SIBISETCS JKCIEPUMEHTAIbHOE
IIOATBEP)KJIEHUE M  IIPOBEPKAa  CYLIECTBEHHBIX TEOPETUYECKMX  IIOJIOKEHUH  (3aKOHOB,
3aBUCUMOCTEH).

B coortBerctBUM ¢ paboueil mnporpamMMmoil y4eOHOM gucHUIIMHBL «[ HApOMEXaHUKa»
MPEeIyCMOTPEHO  MPOBEACHHE TMPAKTHUECKUX U  JIabopaTOpHBIX 3aHsATHH. B pamkax
PaKTHYECKOTro/1a00paTOPHOrO 3aHATUSI O0YYAOIIMECS] MOTYT BBINOJHITH ONHY WJIM HECKOJIBKO
MPaKTHUYECKHUX/1a00paTOPHBIX padoT.

B pesynbpTaTe UX BBINOIHEHUS, O0y4YaIOUIUIICS TOJIKEH:
ymemp:
V¥ 1.1.09 - onpenensTh mapamMeTpbl COCTOSHUS PA00OUUX JKUTKOCTEH;
VY 1.3.08- mpuMeHSATh OCHOBHBIE 3aKOHBI THAPOCTATHKH U TUIAPOINHAMUKH IS PELICHUS
aKTyaJbHbBIX WH)KEHEPHBIX 3a/1a4
VY 1.6.14 mpou3BoOANTH pacyeT I'MJIPaBINUECKUX OTEPh YHEPTUH;

VY0 01.01 - pacio3HaBaTh 3a/1a4y W/UIH IpodsieMy B MPOHECCHOHATBHOM H/HITU COLIMATIbHOM
KOHTEKCTE;

Yo 01.03- pazmensith KOMIUICKCHBIE 33aJja4d HA TOJ33Ja4d; OTCJICKUBATH IMPOIECC HCIOHECHUS
3ajJ]ay, ¢ MOMOILBIO IU(PPOBBIX UHCTPYMEHTOB;

VYo 01.04 - BoisiBisITE M 3((HEKTUBHO UCKATh MHPOPMAIINIO, HEOOXOIUMYIO UIS PEIICHUs 3a1a4u
u/Unn npoOseMsl;

VYo 01.10 - oueHuBaTh pe3yabTaT U MOCIEACTBUS CBOMX JAECHCTBHH (CAMOCTOSTENHHO WU C
MTOMOLIbIO0 HACTABHUKA);

VYo 03.04- npuMeHsTh COBPEMEHHYIO HayUHYIO TPO(ECCHOHATBHYIO0 TEPMUHOJIOTHIO;

Y0 07.01 - cobmoaaTe HOPMBI KOJIOTUYECKON 0€30I1aCHOCTH;

CopepxaHue NPaKTUYECKUX U JAOOPATOPHBIX 3aHATHI OPUEHTHUPOBAHO Ha IOJTOTOBKY
00yJaroIMXCcsi K OCBOCHUIO MPOPECCHOHATBHOTO MOAYIS MPOTrPaMMBbl MOATOTOBKU CIHEIIMATHUCTOB
CPEIHEro 3B€Ha 110 CIIEHUATBHOCTH U OBJIAZICHUIO HPOhecCUOHAIbHBIMI KOMIEMEeHUUAMU:

IIK 1.1. Opranu3oBbIBaTb U BBINOJHATH MOHT&X THUIPABINYECKUX M ITHEBMAaTUYECKUX

YCTPOMCTB U CUCTEM.
IIK 1.3. Opranu3oBbiBaThb U MPOBOJWUTH HCIIBITAHUS THAPABINYECKMX W ITHEBMATHYECKHX
YCTPOWCTB M CHCTEM.



A Taxxe HOPMUPOBAHUIO 0OULUX KOMNEMEHUUIL.

OK 01 BsiOupats cnocoObl pemieHuss 3amad  MpodhecCHOHATBLHON  JIeITEIbHOCTH
MIPUMEHUTEIBHO K PA3JIMYHBIM KOHTEKCTAM.

OK 02 MHcnonb3oBaTh COBpPEMEHHBIE CpEACTBA IOKWCKA, aHalM3a W HWHTEpIpETalu
nH(popManuy U THPOPMAITMOHHBIC TEXHOJOTUH JIJIS BBIMOJHEHUS 3a/1a4 MPOPEeCCHOHATBHON
NeSITeNIbHOCTH.

BeinonHnenue o0yyaromuxcs IpakTUYECKUX U JJAOOPaTOPHBIX padoT MO y4eOHOW AUCHUILINHE
«['unpomexanuka» HalpaBIIEHO HA:

- 00o0IeHne, CUCTEeMaTH3alUIo, YIIyOJIeHHe, 3aKpeIUICHHe, pa3BUTHE U JETaIN3aIHIO
MOJTyYCHHBIX TEOPETUUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOM TUCIUIUINHEI,

- (opMHpOBaHHE YMEHUH MNPUMEHATh IOJIYYEHHBbIE 3HAHUSA Ha IpPaKTUKE, pealu3aliio
€IMHCTBA UHTEIJIEKTYaJIbHOM U IPAKTUUECKOM EATEIbHOCTH;

- (opMupoBanue U pa3BUTHE YMEHMH: HaOlOgaTh, CpPaBHUBATh, COIOCTAaBIIATS,
aHAJIM3UPOBaTh, J€JaTb BBIBOJbl U OO0OOIIEHMS, CAMOCTOSATENbHO BECTU HCCIEIOBaHUS,
[I0JIb30BaThCs PA3IMUYHBIMU NPUEMaMU MU3MEpPEHHH, 0hOPMIIATh Pe3ysbTaThl B BUJE TaOJIMII, CXEM,
rpauKoB;

- IpUOOpETEeHNE HABBIKOB Pa0OTHI € PA3IMUHBIMU NPUOOpaMHU, anIapaTypoi, ycTaHOBKaAMU U
JOPYTMMHU TEXHUYECKUMU CPEJCTBAMHU JIJIsl IPOBEACHUSI OIIBITOB;

- pa3BUTHE MHTEIUIEKTYaJIbHBIX YMEHUHN y OyAYIIMX CHELHUATUCTOB: aHATUTUYECKUX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U Jp.;

- BbIPAOOTKY IIPU PELICHUH MOCTaBJIEHHBIX 3a/1a4 IPO(EeCCHOHATIBHO 3HAYMMBbIX KayecCTB,
TaKMX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAsI NHULIMATUBA.

IIpakTnueckue 1 abopaToOpHBIE 3aHATUS IPOBOJATCA I1OCIIE COOTBETCTBYIOLIEH TEMBI, KOTOpast
obecrnieunBaeT HAJTMUME 3HAHUH, HEOOXOANMBIX IS €€ BBITOJIHEHMSL.



2METOJUYECKHUE YKA3ZAHUA

Tema 1.1 ®dusnueckue cBOMCTBA KUAKOCTEH U ra3oB

IpakTHyeckoe 3ansaTue Ne 1
Bucko3zumerp Tuna BITXK-2

Henab: ®dopMupoBaHWe YMEHUW TIOIB30BATHCS MPUOOPOM JUISI H3MEPEHUS BI3KOCTH
sxunkoctd BIDK-2

Boinosinus padory, Bel Oyaere:
YMETh:
- OIPEIENSITh TApaMETPhI COCTOSTHUS pa0OUUX KUAKOCTEH;
- IMPUMEHATh OCHOBHbBIE 3aKOHBI TUAPOCTATUKHA U TUAPOAUHAMUKH JUISl PEIICHUS aKTyaJIbHbIX
MH)KCHEPHBIX 3a7a4

MarepuanbHoe ofecrnieyeHue:
O6opynoBanue, THCTPYMEHTHI, MaTEPHUAIIbl, TAOIUIIbI, CXEMBbI, CIIPABOYHUKH, U JP.
[Tpubop st onpenenenus BI3KOCTH Macia — Buckozumetp tumna BIDK — 2 TOCT 10028-67,
Meroandeckue yKazaHus MO BBITTOJIHEHUIO TPAKTUYECKUX U JTA0OPaTOPHBIX paboT

3ananne:
Nzyuenne Buckozmmerpa tuma BIDK-2 mist nuamMepenus BI3KOCTH KHUIKOCTH
BrimonHeHne KOHCTIeKTa ¢ n300pakeHueM Mpuoopa, ero KOHCTPYKIKUEH M MPUHIIUIIOM pabOTHI

Kparkue TeopeTrnyeckue cBeeHUsI:

Bs3kocTh urpaer CylIeCTBEHHYIO pOJb IpU NEpeKayMBaHUU KHUJIKOCTH IO Tpydam, Hpu
paboTe pa3TMYHBIX MAIINH U MEXaHH3MOB.

Bs3kocTe  KMAKOCTEW ~— M3MEpAOT  NpU  MOMOLIM  BUCKo3uMeTpoB.  Haubomnee
pacnpoCTpaHEHHBIM SIBIISIETCS BUCKO3UMETP OHIJIEpPA, KOTOPBIM MpEACTaBisIeT coOOW cocyn
auametpoM 106 MM, ¢ KOpOTKOW TpyOkod auamerpom 2,8 MM, BCTpOEHHOW B 1HO. Bpewms t
ucredeHus: 200 cM3 HCTIBITYEMOU KUAKOCTH U3 BUCKO3UMETpPA Yepe3 3Ty TPyOKy MoJ JeHCTBHEM
CHJIBI TSKECTH, JIEIEHHOE Ha BpeMs tBOJ UCTEUEHHsI TOT0 K€ 00beMa TUCTUIUIMPOBAHHON BOJIBI IIPU
20 °C, BbIpaXkaeT BA3KOCTh B YCIOBHBIX €IUHUIIAX — B Ipagycax DHriepa (puc. 1.).

Pucynox 1 - Cxema Bucko3uMeTpa JHIIepa
1- Cocyn ¢ ucnbITyeMoOM KUIKOCTBIO; 2 — BOJsIHAsA OaHsl; 3 — HarpeBaTeNbHbIN pubop; 4 —
KaarOpOoBaHHOE OTBEPCTHE; 5 — 3amopHast uria; 6,7 — TepMOMETPHI.



Buckosumerp BIDK-2 mpencrasmser V-o0pa3Hyro TpyOKy, B KojieHO 1 KOTOpOW BIasH
Kamuisip 7. Ilpu m3MepeHuH BSI3KOCTH KUAKOCTh U3 pe3epByapa 4 TedeT MO Kamuuisipy 7 B
pacmmpenue 6.

Bucko3umerp 3amonHSAIOT CIEAYIOIMM O0O0pa3oM: Ha OTBOJHYIO TpYOKy 3 HaJeBaioT
pe3uHOBBINM HuTaHr. Jlanee, 3a)kaB MajblleM KOJEHO 2 U TOBEPHYB BHCKO3UMETP, OTIIYCKAIOT
KOJIEHO | B cocyl ¢ *KHMJIKOCTBIO U 3acachIBalOT €€ ( ¢ MOMOLIbI0 TpPYILH, BOJAOCTPYHHOIO Hacoca
WIM HMHBIM criocoboMm) 10 oTMeTKH M2, ciens 3a TeM, 4TOObI B KMJIKOCTH HE 00pa3oBajuCh
My3BIPBKH BO3TyXa.

B TOT MOMEHT, KOrJ]a ypOBEHb >KUJIKOCTH JOCTUTHET OTMETKH M2, BUCKO3UMETpP BHIHUMAIOT
U3 cocyJa 1 ObICTPO MEPEeBOPAYUBAIOT B HOPMaJbHOE MOI0KeHne. CHUMAIOT ¢ BHEITHEH CTOPOHBI
KOHIIa KoJieHa 1 n30BITOK )KUIKOCTH U HAJEeBAIOT HAa HETO PE3UHOBYIO TPYOKY.

Bucko3umeTp ycTaHaBIMBAIOT B TEPMOCTAT TaK, YTOOBI pacHIMpeHue 5 ObLIO HHMKE YPOBHS
KHUJKOCTH B TEPMOCTATe HE MEeHee 15 MUHYT MpH 3aJJaHHOU TeMIIepaType 3acachblBaloT KUIKOCTh B
KOJICHO 1, MpUMEpHO 10 OAHOU TpEeTH BBICOTHI pacmupenus 5. CoobmaroT koeHo 1 ¢ armocdepoit
U OTIPEETISIOT BPEMsl OITyCKaHHsI MEHHCKA KUAKOCTU OT OTMETKH M1 1o otmeTkn M2.

KunemaTrueckyro BS3KOCTH (V), H3MEPAEMYIO C MOMOIIbIO BUCKO3UMETPA, ONMPEACISIOT 110

g

o —=,
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dbopmyne: v=

rae % — mocTosiHHast BUCKO3UMeETpa, M3/c3 (mpuBeieHa B macmnopre npudopa);
0 — YCKOpPEeHHE CBOOOHOTO MaCHMS, M/C3;
T — Bpemd, C.

Enununeii namepenus ko3dunmenra qTHHaMUYECKO# BI3KOCTHU P, SIBIISIETCS MaCKalIb-
cexynna [[la c]. Ucnonb3yercs Takke enununa usmepenus myas [I1] cucremsr equann CI'C1: 1 11
=0,11IIac.

Enunnneii kosppuumenTa KHHEMaTUYECKOM BA3KOCTHU V CITYKUT M2/C; IPUMEHSIOT TaKXKe
enununly CI'C croxke [Ct]: 1 Ct =1 cm2/c = ICH m2/c.

Cortas nons cTokca Ha3bIBaeTcs caHTUCTOKCOM (cCT).

BsI3KOCTB 3aBUCHUT OT TeMIEpaTyphl, IPUUEM XapaKTep 3TOM 3aBUCUMOCTHU JJISl )KUJKOCTEN U
ra3oB pPa3jM4YeH: BS3KOCTb JKUJKOCTEW C YBEIIMUEHHEM TEMIIepaTypbl YMEHBIAETCS, TOTJa Kak
BSI3KOCTh Ta30B, HA0OOPOT, yBeTU4InBaeTcs (puc. 2).

PucyHok 2 - 3aBUCHMOCTD KHHEMATHYECKOH BSI3KOCTH OT TEMITEPATYPHI
OTO 00BACHAETCS pPa3IMYMEM MPUPOJBI BSI3KOCTH B JKHUIKOCTAX M Ta3ax. B ixuakocTsx
MOJIEKYJIbl PacIOiIOXKEeHbl ropazfo ONMke IpYyr K JIpYyry, 4eM B ra3zax, M BS3KOCTb BBI3BIBAETCS
CHJIaMU MOJIEKYJIIPHOTO CLEIUIEHUS. DTU CUJIBI C YBEJIMYEHUEM TEMIIEpaTypbl YMEHBIIAKOTCS,

1 Cucmema eounuy CI'C (cammumemp-cpamm-cexynoa, CGA) sensiemcs cucmemoi MexaHU4ecKux Geaudin.
OCHOBHBIMU eOUHUYAMU DMOU CUCTNEMbL SGNSIOMCS: CAHMUMEMpP — eOUHUYA OAUHBL, SPAMM — eOUHUYA MAcchl,
CeKyHOa — eOuHuya 8pemeHu.



MIO3TOMY BSI3KOCTh MajaeT. B razax xe BA3KOCTh 00YCIIOBIICHA, TIIAaBHBIM 00pa3oM, OecTiops109HbBIM
TEIUIOBBIM JBIDKEHHEM MOJIEKYJl, MHTEHCHUBHOCTh KOTOPOTO YBEIHUYMBACTCS C IOBBIIICHUEM
TEMIIEPaTypBbI.

BSI3KOCTB KHIIKOCTEH 3aBHCUT TAaKXKe U OT JABJICHHS, OJJHAKO 3TA 3aBUCHMOCTH CYIIIECTBEHHO
HPOSIBIISICTCS JIMIIb IPU OTHOCUTEIBHO OOJIBIIMX M3MEHEHMSAX JaBJICHUS (B HECKOJBKO JIECATKOB
Mmeranackaineit). C yBeanueHHueM JaBlIeHHs BSI3KOCTh OOJBIIMHCTBA KUAKOCTEH BO3pacTaeT.

Bucko3umerp crexisiaabii kKamuusipabiid Tuna BIDK-2 (Puc .3)

,_H-zf
= 7 1
{ 4 r{

|

G

[N

O,

290
O,
s
350

L =1
Pucynok 3 — Bucko3uMeTp CTEKISITHHBIA KanwuisipHelid Tamna BIDK-2

Buckozumertp crexisiHHbIN KanmwuisipHblid Tuna BIDK-2 (cMm. pucynok 3) mpencrasisier coboit
U-o6pasuyto TpyOKy, B KosieHo (1) koTopoii BriasiH karuyuisip (4).

N3mepenne BSI3KOCTU MpU MOMOUIY KaWUIIPHOTO BUCKO3UMETPAa OCHOBAHO Ha OIpPEAEIICHUN
BPEMEHM HCTEUYEHUs Yepe3 KalWULIp OINPEAEICHHOro 00beMa JKUIKOCTH U3 H3MEPHUTENIbHOTO
pesepByapa.

[lonroroBka k pabote. Ilepen ompenesneHneM BS3KOCTU >KMJIKOCTH BHUCKO3UMETP JOJIKEH
OBITh THIATENFHO MPOMBIT U BBICYIIEH. Bucko3uMeTp BHadaae HEOOXOIMMO MPOMBITH HECKOJIBKO
pa3 OeH3MHOM, 3aTeM HeTposielHbIM 3gupoM. Ilocae pacTBopuTenss TPOMBITh BOJION U 3aJIUTh HE
MeHee HeM Ha S5 — 6 4YacoB XpoMoOBOM cmechio. [locie 3TOro BHMCKO3UMETpP NPOMBIBAOT
TUCTUJUIMPOBAHHON BoJoM M cywmaT. [l Oosiee ObICTPOM CYHIKM BHCKO3UMETP MOYKHO HPOMBITH
CIUPTOM-PEKTU(UKATOM IIJTU ALLETOHOM.

XpoMmoBasi cMeCb — CMECh paBHBIX OOBEMOB HACBIIIEHHOTO PacTBOpa JUXpoMaTa Kalus M
KOHIEHTPUPOBAHHON CEpHOM KHUCIIOTHI, CHIIbHBIM OKHMCIUTEINb; MPUMEHSETCS JUIsl MbIThSl CHIIBHO
3arpsI3HEHHON XMMHUYECKOHN MOCYIbI.

[Topsimox paGoTel. Jljis u3MepeHus: BpEMEHU MCTEUEHUS KUAKOCTH Ha OTBOJHYIO TPYOKY (6)
Ha/IeBAlOT PE3MHOBBIM nutaHr. [lanee, 3aaB maiblieM KoJeHO (5) M NepeBEepHYB BUCKO3UMETD,
omyckaroT KojieHO (1) B cocyl ¢ IKHIKOCTBIO W 3acachlBalOT €€ (C TOMOINBI0  TPYIIH,
BOJIOCTPYHHOI'O HAacoca UM MHBIM CIIOCOOOM) 70 OTMETKH M2 pe3epByapa, cielisl 3a TeM, YTOObI B
KHUJIKOCTU HE 00pa30BhIBAIOCH MMY3bIPHKOB BO3AYXa.

B TOT MOMEHT, Koriga ypOBEHb JKHJIKOCTH JOCTHTHET oTMeTkn M2 pesepByapa (5),
BHUCKO3MMETP BBIHMMAIOT W3 COCyJa M OBICTPO IEpPEeBOpPAUYMBAIOT B HOPMAJIbHOE IOJIOXKEHHE.
CHUMaIOT C BHEIIHEH CTOpPOHBI KOHIA KoiieHa (1) M30BITOK JKUIKOCTH M HAJCBAIOT Ha HErO
PE3MHOBYIO TPYOKY.

Bucko3umerp ycTaHaBIMBAIOT B TEpMOCTAT TaK, YTOOBI pe3epByap (2) ObLI HMKE YpPOBHS
KUIKOCTH B TepMoctaTe. [locie BbIIEpKKM B TepMoOcTare HE MeHee |5 MUHYT Npu 3aJaHHOU
TEMIIEPATYPE 3aCaChIBAIOT KUJIKOCTh B KOJIEHO (1) MpUMeEpHO 10 OJHON TPETH BBICOTHI pe3epByapa
(2). Coobmarot xoseHo (1) c armocdepoit U onpeneNsitoT BpeMsl OIyCKaHUs MEHUCKA KUJKOCTH OT
ormeTku M1 1o ormetku M2.

Bs3K0CTh BBIYMCIAIOT 110 hopMyIIe:
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0 cpeiHeMY (U3 HECKOJIBKUX U3MEPEHHIT) BpEMEHHN UCTEUCHHUSI KUIAKOCTH.

Iopsinok BbINOJIHEHHUSI PA0OTHI:
1. V3yuuTh MeTOAMYECKHUE YKA3aHUs IO BBITIOJHEHHUIO paOOTHI.
2. V3y4uTh KOHCTPYKIUIO BUCKO3UMETPA.
3. 3ammcath B TeTpa/ib Ha3BaHHUE U HA3HAUYCHUE KAXKIOTO dJIEMEHTA.
4, 3amucarh NPUHIUI PaOOTHI ¢ TPHUOOPOM
5. BeIMOJHUTE OTYET

Xon padoTsri:
BBIMONMHUTE KOHCHEKT ¢ U300paXkeHreM npudopa
3alUTUTh PAKTHUECKYIO padoTy

dopma npeacTaBIeHUs pe3yabTaTa:
BbimosHuTh paboTy B MIUCHMEHHOM BHJIE B TETPAIH IS MPAKTUIECKUX
pabor.
OTueT 0 npojenaHHON pabOTe BHIMOIHIETCS B COOTBETCTBUEM C 33]JaHHEM.
3adeT BBICTABIISCTCS TOCIIE YCTHOTO COOCCEIOBAHUS C MPETOIaBaTeieM

Kpurepun ouneHku:
3a KaXIblii MPaBUILHBIN OTBET — 1 Oas.
3a HemnpaBWIbHBIN 0TBeT — 0 OaoB.

aueCTBEHHAs OI[EHKA WHINBHyaTbHBIX
IIpouent K 4
po 00pa3oBaTeNbHBIX TOCTHKCHUH
pe3yIbTaTUBHOCTH 5
ann .
(TpaBUJILHBIX OTBETOB) BepOANbHBIN aHAIOT
(oT™meTKa)
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
70 =79 3 YZIOBJIETBOPUTEIILHO
menee 70 2 HE YJIOBJIETBOPUTEIHLHO

IIpakTnuyeckoe 3ansitue Ne 2
MaHoMeTpHYeCKHe TePMOMETPbI

Heab: ®opMupoBaHUE YMEHU MOJIB30BATHCS MAHOMETPUIECKUM TEPMOMETPOM

Boinosinus padory, Bel Oynere:

YMETb:
- OTIPE/IETIATh TEMIIEPATypy PaboUuuX KHUJIKOCTEH;

MarepuanbHoe o0ecnieyeHmne:
Ob6opynoBaHue, MHCTPYMEHTBI, MaTepUaiIbl, TAOIHUIIBI, CXEMBbI, CIPAaBOYHHUKH, U JIP.
[Tpubop 11 onpenenenus: TemrnepaTypsl paboueit KHUIKOCTH — MAHOMETPUYECKHI TEPMOMETD



MCTO,I[I/I‘{CCKI/IG YKa3aHus 110 BBIIIOJHCHHIO IIPAKTHYCCKUX U J'Ia60paTOpHBIX pa60T

3aganme:
W3yuenne KOHCTPYKIUH, TPUHIUIA PBOOTH MAHOMETPHYECKOTO TEPMOMETPa

Brinmonnenue KoHCIeKTa ¢ U300paskeHueM npudopa, ero KOHCTPYKIUEH 1 MPUHIIUIIOM pabOThI

KpaTkue TeopeTuyeckue cBeleHus:
MaHoMeTpUYecKre TEPMOMETPHI TI0 MPHUHIIUITY JEHCTBUS MOTYT OBITh pa3/elieHbl Ha JIBa
TUMa: 1) ra3oBbI€ U KUIKOCTHBIEC U 2) MAPOBEHIE.

g

Pucynok 1 - Cxema ycTpoiicTBa MAHOMETPUUYECKOTO TEPMOMETpa:
1 - repmoMeTpuueckuii 6ayoH; 2 — KanwuIsipHas TpyOka; 3 — 1oJiasi MaHOMETpUUECKast
npyxuHa; 4 — Tsra; 5 — 3y0uaTslif ceKTop; 6— CTpenka; /[—IuKana.

MaHoMeTprYeCcKrue TEPMOMETPBI IPEJHA3HAYEHB! I JUCTAHIMOHHOIO M3MEpEHUs U
pErucTpanyy TEMIIEPATypPhI a30B, APOB U KUIKOCTEN.

B HEKOTOpPBIX ciydasx MaHOMETPUYECKUE TEPMOMETPBI M3TrOTABIMBAKOTCA CO
CHEeIHATbHBIMU yCTPONCTBAMH, MPEOOpPa3yIOIMMU CUTHAJ B 3JIEKTPUYECKUI U MO3BOJIAIOMIMMU
IIPOU3BOJUTH PETYIUPOBAHNUE TEMIIEPATYPHI.

B ocHOBy neicTBHS MaHOMETPUYECKUX TEPMOMETPOB IOJIOKEHA 3aBUCHMOCTH JIABJICHUS
paGouero BelecTBa B 3aMKHYTOM OOBEME OT TemIeparypbl. B 3aBUCMMOCTH OT COCTOSIHUS
paOouero BellecTBa pa3IMYAIOT Ta30Bble, KHUJIKOCTHbIE W KOHICHCAI[MOHHBIE TEPMOMETPHI.
KOHCTPYKTUBHO OHM NPEACTABISIOT COOOM TePMETUYHYIO CHCTEMY, COCTOSIIYI0 M3 OajljioHa,
COEIMHEHHOI0 KalMJUIApOM ¢ MaHOMeTpoM. TepMoOayioH morpy:kaercst B 0ObEKT MU3MEpPEeHUs U
IIpY U3MEHEHUH TeMIIepaTypbl padodero BeuecTBa MPOUCXOJUT U3MEHEHHE TaBJICHHS B 3aMKHYTOM
CUCTEME, KOTOpO€ yepe3 KanWUISIpHYI0 TpyOKy mepeaaercs Ha MaHoMeTp. B 3aBucumoctu ot
Ha3HAYEHUs] MaHOMETPUYECKHE TEPMOMETpPhl OBbIBAIOT CAMOMUIIYLIMMH, I1OKa3bIBAIOIIUMU,
OeclIKaIbHBIMU CO BCTPOEHHBIMU ITPE0Opa3oBaTEIsIMU ISl JUCTAHIIMOHHOW Tiepejaun U3MEPEHHH.

JIOCTOMHCTBO JAHHBIX TEPMOMETPOB SBISETCA BO3MOXKHOCTH HX INPUMECHEHHUS Ha
B3PBIBOOIIACHBIX 0OBEKTAX.
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K Hegocrarkam OTHOCHUTCS HEBBICOKMM KJIacC TOYHOCTH U3MepeHus Temmeparypsi (1,5,
2,5), HEOOXOIMMOCTh YaCcTOM TMEPHOIUYCCKON MOBEPKH, CIO0KHOCTh PEMOHTA, OOJBIIHNE pa3Mepbl
TepMOOaJIIIOHA.

TepMoMETpUYECKUM BELIECTBOM JUIsl TA30BbIX MAHOMETPUYECKUX TEPMOMETPOB CIIYKUT
a30T Wi renuil. OCOOEHHOCThIO TAKMX TEPMOMETPOB SBIISCTCS JOCTATOYHO OOJBLION pa3Mep
TepMOOAIIJIOHA U, KaK CJIe/ICTBUE, 3HAUUTEIbHAs HHEPIUOHHOCTh U3MepeHui. J(nana3on uaMepeHus
TeMriepatyp cocrasisieT oT -50 1o +600°C, mKaasl TEPMOMETPOB PaBHOMEPHHBI.

J1s KUAKOCTHBIX MaHOMETPUYECKHUX TEPMOMETPOB TEPMOIIEKTPUUYECKUM BEUIECTBOM
SBIIAETCS PTYTh, TOJIyOJ, HMPONWIOBBIM cOUPT U T.1. biaromaps OGONBIION TEMIONPOBOAHOCTH
XKHUJIKOCTHU, TAKUE TEPMOMETPbI MEHEE MHEPLIMOHHBI 110 CPABHEHUIO C T'a30BbIMH, HO NPU CHIIbHBIX
KOJICOaHUAX TEMIepaTyp OKpPY)KaloLIel Cpelbl MOrPEIIHOCTh NPUOOPOB BHIIIE, BCIEACTBUE YETrO
IIpY 3HAUUTEJIBHOM JUIMHE Kanuuisgpa IS JKUAKOCTHBIX MAaHOMETPUYECKHX TEPMOMETPOB
IIPUMEHSIIOT KOMIIEHCAllMOHHBIE ycTpoiicTBa. JlMama3zoH u3MepeHus Temueparyp (Ipu pPTYTHOM
3anonHeHun) coctaniset oT -30 1o +600°C, mkansl TEPMOMETPOB PABHOMEPHBI.

B koHAeHCAllMOHHBIX MaHOMETPUYECKHX TEPMOMETpaX MPUMEHSIOTCS JErKOKHUIISIINE
KHUJKOCTU TPOIaH, dTUIOBBIA 3(Up, alleTOH U T.[. 3aloJIHeHHWE TEepMOOaIOHa MPOUCXOTUT Ha
70%, ocTaBIIyIOCS YaCTh 3aHMMAET Iap TEPMOAIICKTPHUECKOTO BEIIECTBA.

[IpuHumn paboThl KOHIEHCALIMOHHBIX TEPMOMETPOB OCHOBAaH HA 3aBUCUMOCTH JaBJICHUS
HACBILIEHHOTO Tapa HU3KOKUISIIEH >XUIKOCTH OT TEMIIepaTypbl, YTO HCKIIIOYAeT BIUSHUE
M3MEHEHHUS TEeMIIepaTyphl OKPYXKAlollel Cpelbl Ha TOKa3aHUS TEpMOMETpoB. TepmMoOaIoHbI
JAHHBIX TEPMOMETPOB JIOCTATOYHO MaJIbl, KaK CJIE/ICTBUE, 3TH TEPMOMETPHI HAUMEHEE NHEPIIMOHHBI
u3 BCEX MaHOMETPHUYECKHUX TEPMOMETPOB. Taxxe KOHJICHCAIIUOHHBIE
MaHOMETPUYECKHE TEPMOMETPHI 00Ja/al0T BBICOKOM YYBCTBUTEIBHOCTHIO, CBSI3M C HEIMHEWHOMN
3aBHCHMOCTBIO JIaBJIEHUS] HACBIILIEHHOTO Mapa OT TeMIepaTyphl. J{nana3oH usmMepeHus: TeMieparyp
cocrasisieT oT -50 no +350°C, mKkanbl TEpMOMETPOB HE PABHOMEPHBI.

MaHomMmeTpuiecKre TEpMOMETPBI COCTOSIT U3 TepMOOalIoOHa U U3MEPUTENILHOTO Iprubopa
JaBiieHs (MaHOMETpa), COeAMHEHHBIX MEX]ly COO0M KalmIIspoM, JJIMHA KOTOpPOro gocturaet 60
M. TepmoOanioH pa3meniaercs B cpeie, riae u3Mepsercs TeMmieparypa. Temmneparypa cpeabl
BO3/IEHUCTBYET Ha (PU3MUYECKOE COCTOSIHUE BELIECTBA BHYTPH OallIOHa, YTO MPUBOJUT K H3MEHEHHIO
JaBJIEHHsI, KOTOpOE uepe3 KaMWUIIPHYIO TPYOKY MepeaaeTcsl Ha pacCTOssHUE U (PUKCUpyeTcs
MaHOMETPOM. B KauecTBe 4yBCTBUTENBHBIX BEIECTB UCIOIb3YIOT Ia3bl, JKUIKOCTb U
ra30kUAKOCTHYIO cMech. J{nama3on uzmepsieMbix temmeparyp ot — 50°C no 600°C. Onu
MCIOJIb3YIOTCS JJIsl AMCTaHLIMOHHOTO (10 60M) u3mMepenus Temnepatyp. Kiace TounHoctu mpumMepHo
1,5. K ux noyoxuTenbHbIM Ka4eCTBaM OTHOCSATCS: POCTOTA KOHCTPYKIIUU M OOCITYKUBAHUS,
BO3MO>XHOCTb IUCTAHIIMOHHOTO U3MEPEHUS U aBTOMATUYECKOM 3aliCH MMOKa3aHUI; K UX
HE/I0CTaTKaM - HeOoJIbIIast TOYHOCTh U3MEPEHHH, 3HAUNTeNbHasi HHEPLIMOHHOCTh, CPAaBHUTEIBHO
HeOOoJIbIII0e OTKIOHEHHE AUCTAaHIIMOHHOM Nepeadn MoKa3aHu.

["a30BbIE MAHOMETPUUYECKHUE TEPMOMETPHI OCHOBAHBI Ha MCIIOJIb30BAHUH 3aBUCUMOCTH
JaBJIEHUs] HHEPTHOTO Ta3a (a30Ta), KOTOPbII HAXOAUTCS B TEPMETHYHO 3aMKHYTOH TepMOCHCTEME,
OT TemrepaTypsl. TepMOMETpHI, 3aII0THEHHbIE a30TOM, 00ECIIEUNBAIOT U3MEPEHUE TEMIIEPATYPHI 10
+600°C. BennunHa U3MEHEHUS J1aBJICHUS 3aBUCUT OT TEMIEPATYpPhI CIEAYIOIIMM 00pa3oM:
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AP=P —-P,=P,-B-(t-t,)
1)
P
27316
rae - TepMudeckuil koduuument pacumpenus, 1/°C;
t - koHeuHas Temneparypa, °C;
to - HavanbHag Temnepatypa, °C;
P - naBnenue pabouero BemectBa mpu temieparype t0 (20°C), I1a.

B ’KHIIKOCTHBIX MAHOMETPHUYECKUX TEPMOMETPAX BCS CHCTEMA 3aIOTHICTCS KUIAKOCTHIO IO
HEKOTOPBIM HAYaJIbHBIM JIaBJIcHHEM. J1JIs 3aM0THeHNs OOBIYHO MPUMEHSETCS PTYTh (AJIs
temrepatypsl -30...+600°C) u kcunon (s Temneparypsl - 40...+200°C). JlaBieHue KuIKOCTH B
3aBHCUMOCTH OT TEMIIEpaTypbl MOXKHO MPEIICTABUTh YPaBHCHUEM

AP =(Blp)-Ar

rac "iP - [IpUpAICHUC JAaBJICHUS B 3aBUCUMOCTHU OT TEMIICPATYPHhI, H/Mz,

i
- K03 GUIHEHT 0OBEMHOTO PACIIMPEHHS KUIKOCTH, 1/Tpa;

‘- k03 urmeHT CoxUMaeMoCcTH Kuakoctu, M2 / H;

At - IpupalieHye remneparypsl, °C.

N3 ypaBuennii (1) u (2) BUAHO, YTO U3MEHEHUE AABJICHHS KUIKOCTH WM Ta3a IPU HarpeBaHUU
ABJISICTCA JIMHEHHON QYHKIMEH TemnepaTypsl, 1 TO3TOMY MaHOMETPUYECKHE TEPMOMETPBI UMEIOT
PaBHOMEPHYIO ILIKAIY.

Ilopsinok BbINOJHEHHS PadOTHI:
N3y4unTh METOIUYECKHE YKA3aHUS 110 BHIITOJIHEHUIO PaOOTHI.
N3y4nTh KOHCTPYKIIUIO MAHOMETPHUUECKOIO TEPMOMETPA.
3anucath B TETpa/b Ha3BaHWE U HA3HAUYEHUE KAXKJIO0T0 DJIEMEHTA.
3anucarh OPUHLKI PabOTHI ¢ IPUOOPOM, C pacyeTaMu
BrinmosHuTh OTUET

g~ wNE

Xox padoThI:
BrImoTHUTE KOHCTIEKT ¢ n300pakeHrueM npubdopa
3amuTUTh MPAKTUYECKYIO paboTy

dopma npeacTaBiIeHus pe3yJabTaTa:
BremoaHNUTE pa60Ty B MIMCBMCHHOM BUJIC B TCTPAAN JJIA IMIPAKTUICCKUX
pa0or.
Or4eT 0 mpoJIeTaHHOM padoTe BHITOJIHSACTCS B COOTBETCTBUEM C 3a/IaHHEM.
3adeT BBICTABIISICTCS TIOCIIE YCTHOTO COOECEIOBAHUS C TIPENoiaBaTeIeM
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Kpurepun onenkmn:
3a Kax[IbIid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA OTBET — () 6AIIIOB.

Ipotent KauecTBennas oreHnka WHJIABHTYaTTbHBIX
00pa3oBaTeNbHbIX JOCTHKEHUN
Pe3yAbTaTUBHOCTH Samn -
(MpaBUJIbHBIX OTBETOB) (oTMeTKa) BepOATBHBIN aHATIOT
90 + 100 5 OTIIUYHO
80+~ 89 4 XOPOIIIO
70 =79 3 YIOBJICTBOPUTEIILHO
menee 70 2 HE YJIOBJICTBOPUTEIHLHO
IIpakTuyeckoe 3ansitue Ne 3
IpyxuHHBI MaHOMETP
Heab: - wu3yueHue MNPYKUHHBIX MaHoMmeTpoB Tuna OBM  (ycTpoiicTBO, NpPHUHIHII

NercTBUS, paboTa).
- opMHUpOBaHKE YMEHHIA TIOJIb30BATHCS TPHUOOPOM

Borinosinus padory, Bel Oynere:
YMETh:
- TI0JIb30BAThCSl IPYKUHHBIMU MaHoMeTpamu Tuna ObM;

- OIIpCACIIATh AABJICHUEC B CUCTEME JIA PCUHICHUSA aKTyaJIbHBIX 3aaa4

MarepunanbHoe obecneyeHue:
O6opynoBaHue, MHCTPYMEHTBI, MaTe€pHaibl, TAOIUIIbI, CXEMBI, CIIPABOYHUKH, U JIP.
[Tpubop st onpenenenus qaBieHNus — NPYKUHHbIN MaHomeTp Tuna ObM
Metoanyeckue ykazaHHs IO BBIIOJHEHHUIO TPAKTUYECKUX U Ja00paTOPHBIX paboT

3aganue:
N3ydyenue npyxuHHbIX MaHOMETpOB Tuna ObM;

BrinonHeHue KoHcIeKkTa ¢ u300pakeHrneM nprudopa, ero KOHCTPYKIUEH U MPUHIMIIOM pabOThI

Kpartkue Teopernueckue cBeeHHs:
[TpyxunnbIN ManoMeTp Tunna ObM

ManoMmeTp (0T rpeuecKkoro manos - peIKuid, HETUIOTHBINA U metreo-u3mMepso) - mpudop s
W3MEPEHU W30BITOYHOTO JaBJICHHWs] (JaBICHHS BbIIE aTMOC(EpPHOTO) TMapoB, Ta30B WU
KHUJKOCTEH, 3aKIIOYEHHBIX B 3aMKHYTOM IPOCTPAHCTBE.

Pa3HOBHIHOCTHIO MaHOMETpA SIBJISIETCS BAKyyMMETp - IpUOOp AJsi U3MEPEHUM TaBJiIeHMUS,
OJIM3KOTO0 K HYJI0 M MaHOBaKyyMMeETp HpuOOp s HU3MEpEeHUN pas3psuKeHHsT U M30BITOYHOTO
JaBJICHHUS.

CaMpIMU TIONYJISIPHBIMHM Y TOTpeOUTENeH SBISIOTCS MaHOMETpbl ¢ TpyOkoil Bypmona
(puc.2) i nedopMaimoOHHBIE MAHOMETPBI, KOHCTPYKIIMIO KOTOPBIX puaymain 3. Bypaon B 1849r.
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TpyOka Bypnona - rmaBHBI KOHCTPYKTUBHBIM 3JIEMEHT MaHOMETPA, €r0 YyBCTBUTEIIbHBIN
AJIEMEHT, SBJISIOIIUICS IEPBUYHBIM IIpeoOpa3zoBaTeeM AaBICHHS.

TpyOka Bypaona BbeIlloTHEHA OOBIYHO M3 JaTyHU WU (ochOpUCTON OpOH3BI, UMEET Ha
HU3KHE JaBiieHUs (opMy IOJIYKpyra, Ha CpeAHHE U BBICOKHE JaBiieHUs ¢opMy BUTKA. OZHUM
KOHIIOM TpyOKa COeAMHEHAa C BXOJHBIM IITYIIEPOM MAaHOMETpa, KOTOPBIM  SIBISETCS
MPUCOCTUHUTEIBHBIM 3JIEMEHTOM K HM3MEpSeMOM Cpelie a BTOPOi KOHEIl 3amasH M PacroiOkKeH
KoHCONbHO. [lyrem mpumeHenus TpyOok Oojee CiiokHON (OpMBI (CHHPATBbHON, BUHTOOOPA3HOI)
MO>KHO TIOJTy4aTh IPUOOPHI ¢ OOJIBIIEH YyBCTBUTEIHHOCTHIO, HO MEHBILIUM IIPEIEIIOM U3MEPEHUSI.

[punuun neiictBus nedopMaioOHHBIX MAHOMETPOB.

[Ton naBneHuemM cpelbl KOHCOJNBHO —paclOJIOKEHHBIM KoOHel TpyOku byprona
nepememiaeTcs - TpyOkKa cTapaercsi pacupsAMHUTbCA. BenuumHa 3TOr0  MepeMenieHHs
MPONOPIMOHATILHA BETMYNHE JaBIICHHS.

Hecnoxxnas peraakno-3y0uaTast nepegada IpUBOJUT B IBUKECHUE CTPEIIKY, YKA3bIBAIOIIYIO
Ha IIKajge npulopa BEJMYMHY JaBiieHUs. Takoe yCTpOWCTBO MMEIOT OOJIBIIMHCTBO MaHOMETPOB
oredyecTBEHHBIX Mapok MII, MTII, IM TM, M 3/1, OBM, MTU, MIITU, MO, Hemeukue
manometper Wika 111.10, 111.12, 213.53, RCh, RChg, RChgG wu wmaHOMeTpbl Apyrux
IIPOU3BOUTENEH.

OO61uii Buj npyxuHHoro Maomerpa tuna ObM noka3an Ha pucyHke 1.

1-tpy6ka Bypnona, 2-Tsira nepeiaToyHOro MexaHu3Ma, 3-3y04atslii ceKkTop, 4-cTpernka,
14



S-1ITYLEep
Pucynok 2 - Cxema ycTpoiicTBa MaHOMETpa ¢ TpyOKoit bypaona

B kadecTBe YyBCTBUTENBHBIX JJIEMEHTOB y MAaHOMETPOB HCIOJB3YIOTCS TpyOdaThie
npyxuHbl. Kak BHIHO Ha PUCYHKEH 3, OJIMH KOHEIl TPYyO4YaTol MPYXUHBI 3 MEPEXOANUT B MTYIEP 7
JUIS  BOCHpUSATHS u3MepsieMoro naBieHus. [lox neiicTBueM [aBiIeHHS CBOOOIHBIM KOHEI]
MaHOMETPUYECKON TpyOkHu 5 Oymer aedopMUpOBaThCs (M3ruOaThCs), MPUYEM BEIUYUHA YIIPYroi
neopManuu  MPONOPIMOHATIFHA HW3MEPSIEMOMY JaBJIICHUIO. B Cmily 3TOro COOTHONICHUS
W3MEpUTENbHAs CTpesika 1 3a cueT mepeMeIeHus KHHEMaTH4ecKoro ysina (Tpubka 2 - cektop 4 -
MOBOJMOK 6) MMOKa3bIBaCT OTHOCHTENILHO IIKAJIbI MPUOOpa HCTUHHOEC 3HAYCHHE H3MEPSIEMOro
JaBIICHHSL.

1-ctpenxa, 2- TpubKa, 3 — npyxuHa, 4-3y04atbiii CEKTOp, 5S-AaTYNK AaBICHUS
(MaHOMeTpUUecKas TpyOKa), 6-lOBOAOK, 7/-IITYLEP
Pucynok 3 — KunemaTtuueckasi cxema MaHoMeTpa ¢ TpyOkoit bypaona

[TpykMHHBIE ITOKA3bIBAIOIIME W CAMOINMIIYIIUE MAaHOMETPhl PEMOHTHPYIOTCS CHJIAMHU
PEMOHTHBIX CIIy’)kK0 METpPOJIOTMYECKOTo mojapaszjaeiaeHus. lis 3Toro Ha crnenuagbHOM Y4YacTKe
paboune Mmecra JOIDKHBI OBITH OOOPYAOBaHBl PE3EPBHBIMU CTEKJIAMU CTaHJApTHOTO psija
muamerpom 60, 100, 160 u 250 MM, cTaHIAPTHBIMU IIKaJaMH, CIELUAIbHBIMU ChEMHUKAMH JJIS
JEMOHTaXKa M3MEPUTENIBHBIX CTPEIOK ¢ ocel MpuOOpOB; CTPyOLMHAMH JJIs Kperexa jaeraiei
MaHOMETpPOB, HAOOPOM JIEPOK [y BOCCTAHOBIEHHs 3a0WUTHIX pe3bd mTynepoB M 20X1,4,
MPUCTIOCOOTIEHUSIMH /ISl BbIUEPUMBAHUS 1LIKajl, HaOOopaMu MHUHIIETOB M YaCOBBIX JyI, Habopamu
ra30BbIX TOPEIOK MAJIOH BETMYMHBI JIJIS TAKW IYBCTBUTENBHBIX 3JIEMEHTOB (TIPYKHH).

Haubonee TpygoeMKHUMH omnepanusMy SIBISETCS 3aMeHa YyBCTBUTEIBHOIO 3JIEMEHTa
(TpyOKM) MaHOMETpa M PETYIMPOBKA KHHEMATUYECKOTO 3BEHA «CEKTOp - TPyOKa» (cM. puc. 3).

3aMeHy 4yBCTBHUTEIBHOIO 3JIEMEHTa MpHUOOopa MPOU3BOIAT MOCIE €r0 MCIOJIb30BaHUs IS
3aMepa J1aBJieHUs, MPEBBIIAIONIEr0 MakcuMainbHoe. B pesynbTare 3Toro TpyOka pacTaruBaercs,

15



BO3HUKAET OCTaTO4YHas AedopMmalus, He MOAJeKamas peMoHTy. Jlns peMoHTa Takoro mpudopa
MIPOU3BOJIAT €T0 MOJHYIO Pa30opKy, TYLEp 7 3aKPEIUISIOT B TUCKU U C TOMOIIBIO Ta30BOM TOPENIKH
JEMOHTUPYIOT TpYOKY 5 u3 mnatsl. [locie ornaBieHus MpUNoOs HEUCIPABHYIO TPYOKY M3BJIEKAIOT
raccaTWKaMy, a Ha €€ MECTO I0CJI€ 3a4YMCTKUM IIOBEPXHOCTH YCTAaHABIMBAKOT AHAIOTHMYHYIO
MaHOMETPUYECKYIO TPYXUHY (Ha 3aJaHHbIA MOpelnea Hu3MepeHus AaBieHus). Mecro maiku
00pabaTbhIBaOT pacTBOPUTENIEM — KaHU(DOJIBIO C allETOHOM (CIIUPTOM) HIIU COJITHOM KHCIOTOM.

ITopsinok BhINOJIHEHHA PA0OTHI:
1. M3yuuTh METOIMYECKHUE YKA3aHHUS 1O BBIOIHEHHUIO PAaOOTHI.
2. VI3yuuTh KOHCTPYKLIMIO MAHOMETPA.
3. 3anmcark B TeTpajb Ha3BaHUE U HA3HAYCHHME KaXI0T0 JIEMEHTA.
4. 3amucarb NPUHIMI PabOTHI C TPHOOPOM
5. BbinoaHuTth OTYET

Xoa paGoTsI:
BEIMOTHATE KOHCHEKT ¢ U300pakeHrneM nprudopa
3alUTUTh PAKTHUECKYIO0 paboTy

®opma npeacTaBiIeHus pe3ybTaTa:
BeImomHUTE paboTy B MUCEMEHHOM BHJIC B TETPAIH IS MPAKTUYSCKUX
pador.
OTuer o npoaenaHHoi paboTe BHIMOIHACTCS B COOTBETCTBHUEM C 33JaHHEM.
3aueT BBICTABISIETCS MIOCIIE YCTHOTO cOOeceI0BaHus C MpernojaBaTesieM

Kputepun onenkmn:
3a Kax bl MPaBUILHBIN OTBET — 1 Oas.
3a HenpaBWIbHBIN 0TBET — 0 6ALIOB.

MpomeHT KavecTBeHHast OlleHKa MHIUBUAYaTIbHBIX
pon 00pa30BaTENbHBIX TOCTHKEHUI
pe3yJIbTaTUBHOCTH 5
i .
(MpaBUJIBHBIX OTBETOB) BepOaJIbHBIN aHaJIoT
(oT™meTKa)
90 + 100 5 OTIINYHO
80 + &9 4 XOpOIIIOo
70 =79 3 YZIOBJIETBOPUTEIIBHO
menee 70 2 HE yJIOBJIETBOPUTEIHLHO

Tema 1.2 Paboume »KMIKOCTH THAPONIPHUBOI0OB

IIpakTyeckoe 3ansaTue Ne 4
Bbi10op padoueii :kuakocTu

Heap padorei: M3yunTs anroputm BeiOopa padboyeil )KuaKocTu

Beinosinus padory, Bel Oyaere:

YMETh:
- OTIPEENIATh apaMeTPbl COCTOSTHUS padOUYUX KUAKOCTEH;
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MarepuanbHoe obecneyeHue:
Ob6opynoBanue, HHCTPYMEHTBI, MaT€pPHaJIbl, TAOIUIIBI, CXEMBI, CIIPABOYHUKH, U JIP.
Meroanueckue yka3aHHs 10 BBITOJIHEHHUIO IPAKTHYECKUX U Ta00pPaTOPHBIX paboT

3aganmue:
3HAKOMCTBO C OCHOBHBIMHU (haKTOpPaMH, BIHUAIONIMMHU Ha BEIOOP paboyei KUAKOCTH
Beryuuts anroputm BeIOOpa pabodeit KUIKOCTH

IMopsiaok BbINOJIHEHUS PA0OTHI:

1. MBy4yuTh METOAMYECKUE YKA3aHUS 1O BHIMOJTHEHUIO PAOOTHI.

2. TlonyuuTs y npernojaBatess HCXOAHbIE TAHHBIE Ui BBITIOJHEHHS paOOThl B COOTBETCTBHE
C BapUaHTOM.

3. CocraButh TpeOOBaHUS K paboyeil )KUAKOCTH IO MOTYUEHHBIM JaHHBIM.

4. 3amucaTh B TeTpalb

Xoa padoTsI:
BrInosiHUTE 3a1aHKE TPENOAaBaTENIA.
3alUTUTh IPAKTUYECKYIO paboTy

®opma npeacTaBJeHNs pe3yabTaTa:

Otuer o npoJesaHHoi paboTe TOJKEH COJIEpKaTh Ha3BaHUE U LeNb PabOThI, ONMCAHUE X0a
paboThl, PUCYHOK MPUOOpA.

BBIBOIBI TPEIOCTaBUTE B MUCBMEHHOH (opMe.

Kpurepun ouneHku:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HenpaBWIbHBIN 0TBET — 0 6AILIOB.

MpoLert KavecTBeHHast OlleHKa MHIUBUAYaTIbHBIX
po 00pa3oBaTeNbHBIX TOCTHKCHUI
pe3yIbTaTUBHOCTH 5
I o
(TpaBUJILHBIX OTBETOB) BepOANbHBIN aHAIOT
(oT™meTKa)
90+ 100 5 OTJIMYHO
80 + 89 4 XOpOo1LIO
70 =79 3 YIOBJIETBOPUTEIIBHO
menee 70 2 HE YJIOBIIETBOPUTEIHHO

Tema 1.3 IlapameTpbl COCTOSAHMA padOYNX KHAKOCTEH

IIpakTnyeckoe 3ansiTue Ne 5
H3y4yeHue cBOMCTB CMa304YHBIX MATEPHAJIOB

Hean padorsl: (opmupoBaHue yMeHUMH BBIOOpAa CMa30YHBIX MAaTE€pPUATIOB TIPH
00CITy>)KUBAaHUH 000PYIOBaHHUS.

Beinosinus padory, Bel Oyaere:
YMETh: BBIOMpATh HKCILUTYaTallHOHHO-CMa30YHbIE MaTEPUAIIbI
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MarepuanbHoe obecneyeHue:
Meroanueckue yka3aHHs 1O BBITTOJIHEHHUIO IPAKTHYECKUX U Ta00OpPaTOPHBIX paboT

3aganmue:
N3yunTh CBOMCTBA CMA304YHBIX MAaTEPUAJIOB

Kparkue Teoperudeckue cBeleHUs:

WupyctpuansHble Macia, TUCTUIUIATHBIE HE(TSIHBIE Maciia Maloi u cpenHeit Baskoctu (5-50
mm2/c¢) ipu 50°C), nucnosbp3yeMble B KaueCTBE CMa30UHBIX MATEPUAIOB, IPEUMYIIECTBEHHO B y3J1aX
TPEHUsI CTAHKOB, BEHTWISTOPOB, HACOCOB, TEKCTWJIBHBIX MAIIMH, a TaKXXe KaK OCHOBa IIpu
U3TOTOBJICHUM TMAPABIMYECKUX KUIKOCTEH, IJIACTUYHBIX U TEXHOJIOTHYECKUX CMa30K.

B o1y rpymnmy BXomAT Macia, NMpHUMEHSEMbIE s CMa3bIBaHUS BCEX BHUAOB 3yOYaThIX,
YEepBAYHBIX U BUHTOBBIX Ie€pe/lad pa3IMyHOr0 MPOMBIIUIEHHOIO 000pYI0BaHUS: METAIIIOPEKYILIUX
U JepeBooOpadaThIBAIONINX CTAaHKOB, MOJIOTOB, IPECCOB, JUTEHHBIX M (POPMOBOUHBIX MAIIWH,
ne0efoK, IpPOKAaTHBIX CTAHOB, MOCTOBBIX KpaHOB, KOHBeHEpoB, JU(TOB, IOJIBEMHUKOB,
BpAIlAlOIIMXCSl LIEMEHTHBIX Ie4el, KaJdaHApoB, OyMarojenareibHbIX MallluH, YTOJbHBIX
KOMOAi{HOB, TEKCTHJIbHBIX M MPSAWIbHBIX MallMH M Jp. YCIOBHS paboThl 3y04aThIX mepeaay
HACTOJIBKO pa3HOOOpa3Hbl, YTO JJIs MX CMa3blBaHUs TpeOyeTcs BecbMa IIMPOKHM acCCOPTHUMEHT
CMa304YHbIX MaTEPUAJIOB.

B 3aBucuMoctu OT TpeOoOBaHMIA K IKCIUTyaTallHOHHBIM CBOMCTBaM MPHUMEHSIOT Macia 0e3
IPUCANOK WIM C DPUCATKAMH, YIYYIIAOIIMMU I[POTUBO33AUPHBIE, IPOTUBOU3HOCHBIE,
AHTUOKHUCIIUTENIbHbIE, aHTUKOPPO3UOHHBIE, NENPECCOPHbIE U JE3MYJbIUpyromue cBoiicrBa. g
y3JI0B TPEHHUS HPOMBIIICHHOTO O000pYIOBaHMs MPUMEHSIOT MNPEUMYILECTBEHHO Macia 0e3
npucanok Ba3kocThio oT 12 (50°C) mo 52 mm2/c (100°C).

B 3aBucumoctu OT 00JIaCTH NMPUMEHEHUS MHIyCTpUaJbHbIE Macia, IpeJHa3HauYCHHbIE JUIS
CMa3bIBaHUs PA3JIMYHOTO IPOMBIIUIEHHOTO 000PYAOBAaHUS, MOXKHO MOAPA3AEIUTh HA JIBE TPYIIIHI -
00I1Iero M CHenMaIbHOTO Ha3HAUYeHUs. 3a MOocjeIHUE IOkl B CBA3M C pa3pabOTKOI JerupoBaHHbBIX
UHIYCTPUAJIbHBIX Macell 00beM NPOU3BOJACTBA M ACCOPTUMEHT MHAYCTPHAIbHBIX Maces
cymiecTBeHHO Bo3pociu. Celyac M3 Tpynmbl Macesl OOLIEro Ha3HaueHHs BBIJCISAIOT Takue, Kak
Macia s BBICOKOCKOPOCTHBIX MEXaHU3MOB, THMJIPaBIMYECKHX CHUCTEM M 3yOuaThIX Iepenay
IIPOMBIIIJICHHOTO 000PY/10BaHMsI, HAPABIISIOUINX CKOJIBKEHUS CTAHOYHOTO 000PYA0BaHMUS.

B mapkax Bcex MHAYCTpHUAJbHBIX Macesl LHU@pa IMOKa3blBaeT 3HAYEHHE KHHEMAaTH4YEeCKOU
BA3KocTH 11pu 50°C.

WNuaycrpuanpHple Macia oOIIEero Ha3HA4YeHMs CIyXaT JJIs cMa3blBaHMs HauboJiee IIHPOKO
pacrpoCTpaHEHHBIX Y3J0B U MEXaHU3MOB 000pYIOBaHMS PA3IMUYHBIX OTpaciel MPOMBIIUIEHHOCTH.
[IpencraBiastoT coOOl OUYMIIECHHBbIE JAUCTUIUIATHBIE W OCTATOYHBIE WJIM CMECh AMCTUJUIATHBIX WU
OCTaTOYHbIX Macen 0Oe3 mpucanok. Macna M-5A, N-8A wucnonbs3yloT B MaJIOHArpyKEHHBIX
BBICOKOCKOPOCTHBIX MEXaHU3MaX, KOHTPOJIbHO-U3MEPUTEIbHBIX MPUOOPAX, a TAKKE HA Pa3INIHbIX
TEXHOJIOTUYECKUX JIMHUAX (M3TOTOBJICHHUA KPEMOB, >XUPOBaHMA KOX M T.1.). Haubombree
pacnpoctpaHeHne umeer macio M-12A: y3nbl TpeHHsI TEKCTWIBHBIX MAIllMH, METAJLUIOPEKYIINX
CTaHKOB, paboTaroIux ¢ yacToToi BpameHus 10 5000 MuH"1, MOAMIMITHUKY 3JIEKTPOABUraTeNeH,
o0beMHbIE TUApONPUBOALI U T.1. Macma U-20A, U-30A, U-40A,11-50A HaxoasT mpuMeHEHHE B
THJIpOCHCTEMAaX PA3IMYHOTO CTAHOYHOI'O OOOPYAOBaHUS, MAl0O- M CpeIHEHArPY>KEHHBIX 3y0UaThIX
nepenay, THUAPOCUCTEMAaX MPOMBIIUIEHHOTO OOOPYAOBAaHMS, CTPOUTEIbHO-JOPOKHBIX M APYTUX
MalIMH.

Macna a5 BBICOKOCKOPOCTHBIX MEXAaHU3MOB (TEKCTUJIBHBIX MalllMH, METaIOPeXyIIUX

CTaHKOB, CemapatopoB W ap.). s H>TuX 1eneld HCHoiab3yloT MajioBsizkue wacna M-5A, U-
8A o0mero HasHaueHus, a raxxe mMacia UI'TI-2 UT'TI-4, UT'TI-6, UT'T1-8, UT'TI-14,
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SKCILTyaTal[MOHHbBIE CBOWCTBA KOTOPBIX YIYYIIEHBI aHTHOKUCIUTENbHOM, POTUBOM3HOCHOM,
AHTUKOPPO3MOHHOM MpUCAIKAMH.

Macna A TUIpaBIMYECKUX CHCTEM MPOMBILUIEHHOTO OOOpynoBaHuUs. [ uapaBiudeckuii
IIPUBOJI HCIOJB3YETCSI B IPOMBIIIJIEHHOCTH YPE3BbIYAHO IIMPOKO. B MajoHarpyXeHHbIX
CUCTEMax, HE MPEAbSABISAIONIMX BBICOKMX TpPeOOBaHMI K KauecTBY Macell, HCIOJb3YIOT Macia
o0miero HazHauyeHusi TpeOyeMOW BS3KOCTH. 3HAUUTENIBHO BBIIIE SKCIUTyaTallMOHHBIE CBOMCTBa
macen cepun WUI'TI 3a cueT aHTHOKUCTUTENbHOM, MPOTUBOU3HOCHOM, aHTUPKABEHHOMN MTPUCATIOK.

Macna UI'TI-18, UT'TI-30, UT'TI-38, UT'TI-49 obecnieunBaroT HaIe)KHYIO pabOTy THIPOCUCTEM
CTaHKOB, aBTOMATUYECKUX JIMHHM, MPECCOB, PA3IMYHOrO THUIA PEIyKTOpPOB, BapHaTtopoB. boiee
Bsi3kue macia UI'TI-72, UT'TI-91, UT'TI-114ucnonb3yoT B THAPOCUCTEMAX TSXKEIOTO MPECCOBOTO
00OpyIOBaHUS, TKENBIX 3yOUaThIX M YEPBAYHBIX peaykTopax. JlJis THIPOCHUCTEM CTaHKOB H
aBTOMATHYECKUX JIMHUIA MOTYT OBITH Taike mcroib3oBanbl Macia BHUW HIT-403 uBHUUM HII-
406 (ananoru macen UI'TI-30 u WUI'TI-49).

Macna s 3yOouaThIX nepeaad v YepBSIYHBIX MEXaHHU3MOB. YCIOBHS paOOTHI MEpeaaB OueHb
pa3HOOOpa3Hbl, MOATOMY HEOOXOJUM IIUPOKUNA AaCCOPTUMEHT Maced. 37eCh MOTyT ObITh
IIPUMEHEHBl PA3JIU4YHON BSI3KOCTHM MHJyCTpHAJIbHbIE Macja oOmiero HazHauyeHus, cepuu UITL
Kpome Toro, cymectByroT crienuanuznupoBansbie Macia UPn-40, UPn-75, MPn-150 ¢ npucagkamu,
YIyYHIAIONMMH TPOTUBO3aIUPHBIE, TPOTHBOU3HOCHBIC, AHTHOKUCIUTENbHBIE U aHTU()PUKIIOHHBIC
cBoiicTBa. X HCMONB3YIOT B 3yOUaThIX mepeaadax, paboTaromKX MpHU BHICOKUX Harpy3kax, B TOM
qlCclie YAApHBIX, a TAKXKE B LUPKYJIALHUOHHBIX cucTeMax. [[oBbIIIEHHON cMa304HOM CIIOCOOHOCTBIO
obmamaror macna cepun MCIT (UCII-25, UCII-40, UCII-65, MCII-110). X npuMeHSOT B
KOpOOKax CKOpOoCTel U Mojay, pelyKTopax, MOTOPPEAYKTOPAaX U JPYTUX MEXaHU3Max CTaHOUHOTO
0o0Opy/nOBaHUST W ABTOMATHYECKUX JIMHUWA. AHAJIOTMYHO Ha3HaueHue Tspkensix Macen MITI-
152, UT'TI-182.

JUis cma3bIBaHUs TSKEJIOHATPYKEHHBIX 3y04aThIX M UEPBSYHBIX PEIYKTOPOB, KOPOOOK
CKOPOCTEH, MNOJAUIMIIHUKOB Y3JI0B, paOOTarolMX IpU BBICOKMX Harpy3kax M TeMmIeparype,
UCIIONIB3YIOT  Bsiskne Macna  cepum  WTIT  (MTII-200,MTII-300) ¢  mpoTHBO3aAMpPHOM,
AHTU(PPUKIIMOHHON U aHTHOKHUCIUTENIbHOM NMpUCaJIKaMH.

Jns  ManoHarpykeHHbIX 3yOuaThIX Hepeaay, BKIOYas OTKPBIThIE, MPOMBIIIIEHHOIO
00opynoBaHus, MOBEMHO-TPAHCIIOPTHBIX MAIlIMH UCIIOJIB3YIOT Macli0 TPAHCMUCCUOHHOE (HUTPOJT)
JIeTHEe U 3MMHee ¢ MUHUMAaJIbHOM paboueil Temnepatypoii cootBeTcTBeHHO -10°C 1 -20°C.

Macna s HampaBiSIOIIUX CKOJBXKEHHS HCIOJB3YIOT TaMm, TJ€ HYXHO TIOJIY4YHUTh
paBHOMepHBIEe (0€3 CKayKOB) MEAJICHHbIE U TOYHBbIE YCTAHOBOYHBIE MEPEMEIICHHs CONPSATaeMbIX
MIOBEPXHOCTEH CYNIOPTOB, CTOJOB M JAPYTHX Y3J0B CTaHKOB. Macia I HampaBJSIOMINUX
ckonbxkeHuss cepurn MHCn B cBoem cocraBe coiepkaT HPOTUBOCKAYKOBYIO, aAT€3HOHHYIO,
MPOTHBO3AIUPHYI0, coiroommmupyonyto mnpucaaka. Macmo HWHCn-40 wucnons3yror —ams
TOPU3OHTAIBHBIX ~ HampaBisgommx  crankoB, HWMHCn-65 - 18 TsbkenoHarpyKeHHBIX
TOPU30HTAIBHBIX, BEPTHKAIBHBIX HAMPABISIONMX Mpu o0mei cucteme cmasku, MHCn-110 - ms
BEPTUKAIbHBIX W TOPU3OHTAJIBHBIX HANpaBIAIOIMX, B TOM YHCIE TOPU3OHTAIBHBIX C
BEPTUKAIbHBIMU TPAHSIMU OOJBILION MITOMIAIN.

Jljig TUApOCHCTEM M HANPAaBISIOIIUX CKOJBXKEHHUS METaUIOPEXKYIIUX CTaHKOB IMpPH IMojade
Macia u3 obiero pesepByapa npeanaznadensl macina UTTHCn-20, UTTHCn-40. J{ns HanpaBasSonux
CKOJILKEHUS 1 BEICOKOCKOPOCTHBIX MPSIMIIBHBIX MAIIWH MCTIONb3yroT Maciio BHUI HIT-401.

Macna UHIyCTpHAJIbHBIE CIENUATIBHOTO Ha3HAYEHUs NMpEAHA3HAUYEHbI AJI UCIIOJIb30BAHUS B
Y3KHX WIH crienu(pUyecKux o00IacTsx.

Huxe mnpuBeneHbl OCHOBHBIE HOPMHUPYEMBIE [UIsl MHIYCTPHUAIBHBIX Maced IOoKa3aTeln
KayecTBna.

[I10THOCTH HENOCPEACTBEHHO CBSI3aHA C TAaKMMU Ba)KHBIMHU CBOWCTBAMH, KaK BA3KOCTb U
CkMMaeMocTh. OHa CYIIECTBEHHO BIIMSET Ha IepelaBaeMylo THJpolieperadeil MOIIHOCTh U
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OompelenseT 3amac SHEPrMM B Maclie Ipu ero Lupkymiuuu. [IpuMeHeHne macesl BBICOKOU
IJIOTHOCTH MO3BOJIAET CYHUIECTBEHHO YMEHBIIUTh Pa3Mephl TUIPOTNIepeauu IPH TOU K€ MOITHOCTH.
[Ipu noBeILIEHNH JABIEHUS JIOTHOCTh Maces BO3PACTAET BCIIEICTBUE UX CKUMAEMOCTH:

BSI3KOCTB - OJJHO M3 Ba)KHBIX CBOWCTB, UMEIOIIMX AKCIUTyaTal[MOHHOE 3HAauYeHue, olliee s
0O0JIBIIMHCTBA Macel..

Bsi3kocTh Maciia B 3HAUMTENBHOW CTENEHW 3aBUCUT OT JaBJICHHS. JTO HMEET 0co0oe
3HAYEHHUE MPU CMAa3bIBAHUHM MEXaHH3MOB, pabOTarOMMX C OOJIIIMMH YAENbHBIMH Harpy3kamu U
BBICOKMM JIaBJICHHEM B y3JIaX TPEHUS, YTO JOJDKHO YYHUTHIBATHCSA IPU KOHCTPYUPOBAHUU U
pacyerax MEXaHHU3MOB

WNHnekc BA3KOCTH XapaKTepUu3yeT BI3KOCTHO-TEMIIEpaTypHbIe CBOMCTBA Mace. it mepeBoia
OJIHMX €IMHHUI] BA3KOCTU B JPYTrHUE, JUIsl pacyeTa BSI3KOCTH CMECH CMAa30YHBIX Macel U JJIA pacuera
W3MEHEHUs BS3KOCTH OT TEMIIEpaTypbl WM OINPESICHUS HHJEKCa BS3KOCTH Maced CIEIyeT
0JIb30BAaThCS COOTBETCTBYIOIIUMHU (popMyrnamu, HoMorpaMmMmamu, Tabaunamu u rpagukamu (I'OCT
25371-82 ycranaBiamMBaeT JABa MeToJa pacueTa uHAekca Bsskoctu (MB) cma3ouHbIx Macen 1o
kuHemarudeckoil Bsizkoctu npu 40°C u 100°C, tam >xe npuBeneHbl (GOpMYNbI U TaOIULBI A
onpenenenus: B.).

WNHnekc BA3koCTH 85 M BbILIE YKAa3bIBAET HA XOPOILIUE BA3KOCTHO-TEMIIEPATYpPHBIE CBOWCTBA.
JIist TUApaBIMYECKUX CHUCTEM COBPEMEHHOTO0 O0OpYyIOBaHUS HEOOXOIUMBI Macja C HHICKCOM
Bs3kocTH Oosiee 100 u 3arymieHHble Macia ¢ uHiIekcoM Bsaskoctu 110 - 200. Dror mokaszarens
OCOOCHHO B&KCH JUIsI Macel, NPUMCHSICMBIX B YCIOBHUSX, KOIJIa TPH HM3MECHEHHH pPabodmx
TEMIIEpaTyp HEIONYyCTUMO Jake HE3HAYUTEIbHOE W3MEHEHUE BS3KOCTH (Hampumep, A
TUAPABIMYECKUX  CHUCTEM, BBICOKOCKOPOCTHBIX  MEXaHU3MOB, JUIA  THUIPOJIWHAMHYECKHX
HAMPAaBIAIONIINX CKOJIbXKEHUS U Ap.). Kak mpaBuio, nHIyCTpUaIbHbIe Macia IKCIUTYaTUPYIOTCS TIPH
cpaBHHTEIBHO HU3KUX Temneparypax (50°C - 60°C), mostomy B coorBerctBuu ¢ ['OCT 4.24-
84 HopMupoBaHUE UHJIEKCa BA3KOCTH HE 0043aTENbHO.

TemmepaTypa 3acThiBaHMsI ONpENEseTCS B CTaTUYECKUX YCIOBUSAX (B MpoOUpKe) M HE
XapakTEepU3yeT HaAECKHO TMOJABMKHOCTh Maclia I[pUd HU3KOM TeMIlepaType B  YCIOBHUSAX
JKCIUTyaTaluu. XapaKTePUCTUKON TOJABMIKHOCTH Macell TMPU HHU3KOM TeMIepaType CIIYXKHUT
BSI3KOCTh MPHU COOTBETCTBYIOIIEW TeMIEpaType, BEpXHUU MpeAesl KOTOPOl 3aBUCUT OT YCIOBHM
JKCIUTyaTalldd W KOHCTPYKIIMM MEXaHW3MOB. [IpuMeHeHue mpHucajoK TO3BOJISIET CHHU3UTH
TEeMIIEpaTypy 3acThIBaHUS Macen. [laHHBIe MO TeMIepaType 3acThIBaHUS Macel HEOOXOAMMBI MPH
MPOBEACHUHN HEPTECKIACKUX ONepaIiil (CIUB, HAJTUB, XPaHEHUE).

TemmepaTypa BCOBIIIKH - 5TO TeMIIepaTypa, Mpu KOTOPOM Mapsl Maciaa o0pa3yroT ¢ BO3AYXOM
CMECh, BOCIUIAMEHSIONIYIOCS TPH TMOJHECEHWH K HEH IMIaMeHH. XapaKTepu3yeT OrHEeONacHOCTh
Maclia M YKa3blBaeT Ha HajJuM4We B HEM HHM3KOKUIAMX (ppakuuii. Ee ompenensior B mpubopax
OTKPBITOTO M 3aKPBHITOro TUMa. B OTKpbITOM MIpubOpe Temmeparypa BCHBIIIKH HEPTSIHBIX Macel Ha
20°C - 25°C Bbl11I€, YEM B 3aKPBITOM.

30JIbHOCTh - KOJUYECTBO HEOPTaHUYECKUX MPHUMECEH, OCTAIOIIMXCS OT CXKUTAHUS HAaBECKU
Macia, BBIpOKEHHOE B MPOILEHTaX K Macce Macia. Bpicokas 301bHOCTh Macen 0e3 Mpucagok
YKa3bIBa€T Ha HEIOCTATOYHYI0 HMX OYHCTKY, T. €. Ha HajJu4yhe B HHUX pa3JIMYHBIX COJEH U
HECTOpAaEeMbIX MEXaHMUYECKHX IpUMEced, M COJEp’KaHHUE 30JbHBIX MPUCAZAOK B JIETUPOBAHHBIX
Maciax. OObI9HO 3016HOCTH Macen coctasiisger 0,002- 0.4 % (macc.).

ConepxaHne MEXaHUYECKUX IPUMECEH, BOJIbI, CEJIEKTUBHBIX PACTBOPUTENEH U
BOJIOPACTBOPUMBIX KHUCJIOT U IIETOYEH.

[To »TuM mOKa3aTenssM KOHTPOIUPYIOT Ka4eCTBO Macelsl MPHU WX MPOU3BOJCTBE, a TaKKe MpHU
OTIpEICTICHUU UX CpPOKa CIYKOBI JIJISl OLIEHKH MPUTOJHOCTU €ro JUIsl JajdbHEHIIero MmpuMeHEHUS
(oTcyTCTBHME WM ONpeAelieHHas HOpMa B Macliax 3arpsi3HCHUM W BEIIECTB, arpeCCUBHBIX I10
OTHOILIEHHUIO K METAJNIMYECKUM MOBEPXHOCTSIM).
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IIBeT - moka3arenb CTENEHM OYMCTKH M INPOUCXOXKIEHHA He(dTsAHbIX Macen. Hekoropsle
NPUCAAKH, BBOJUMBIC B Macia, YXYALIAIOT MX LBET. VI3MeHeHue I[BeTa Macell B Ipolecce
HKCIUTyaTallMl KOCBEHHO XapaKTepPU3yeT CTENIeHb X OKUCIICHUS UM 3arps3HEHUs.

KucnoTHoe 4ucio Takxke XapakTepu3yeT CTEleHb OUUCTKH He(QTSIHBIX Macen (06e3 mpucaaok)
U OTYACTH UX CTaOWJIBHOCTH B IPOIECCe SKCIUTyaTallMM M XpaHeHWsd. B mpucyrcTBuuM mpucamok
YBEIIMYMBAETCSI KHCJIOTHOE YHCIO M B TO JK€ BpEMs IOBBIIIAETCS CTAOMJIBHOCTh Macell TpU
JUIUTENIHON SKCIUTyaTallui U XpaHEHUHU.

CopnepxaHue cepbl 3aBUCHT OT NPUPOAbI HE(PTH, U3 KOTOPOW BBIPAOOTAHO MAacjo, a TaKXke
ri1yOuHBI €ro ouucTKH. [Ipy npuMeHeHnn MpoLeccoB TuAPOo0dIaropaXxMBaHus COAEpPKaHNE Cephl B
Maciie yKa3blBaeT Ha IIIyOMHY Tpolecca THAPUPOBAaHUSA. B OUMINEHHBIX MaciiaXx M3 CEPHHUCTBIX
HedTel cepa COIEPXKUTCA B BUAE OPraHUMYECKUX COEAMHEHHH, HE BBI3BIBAIOILUX B OOBIYHBIX
YCIIOBUSIX KOPPO3UHM YEPHBIX U LIBETHBIX METAJIOB. ATPECCUBHOE JIEHCTBUE CEPbI BO3MOKHO IIPU
BBICOKUX TeMIlepaTypax, HalpuMmep, MpU HUCIOJIb30BAHUM Maced B KayecTBE 3aKaJIOYHOM Cpejbl,
KOHTaKTUPYIOLIEH C pacKaJeHHOW IOBEPXHOCThIO MeTayula. Macia ¢ mpucagkaMu, B COCTaB
KOTOPBIX BXOJUT cepa, coaepxar 0oJiblie cepbl, 4ueM O0a3oBble Macia. Cepycoaepkaliie npucaiku
BBOJISIT B MAcCJIO JUIsl YJIYYILIEHHUS €r0 CMa3bIBalOIIUX CBOMCTB.

AHTHOKUCIHTENBbHAS CTAOMIBHOCTh MHIYCTPUAIBHBIX Macell B Ipolecce SKCIUTyaTalud U
XpaHeHHsT - OJHA W3 BAXKHBIX XAPAaKTEPUCTHK HMX OKCIUIyaTallMOHHBIX cBoWcTB. [lo
AHTUOKHUCIIUTEIbHON MM XUMHUYECKOW CTaOMILHOCTH OIPENEIIA0T CTOMKOCTh Maciia K OKMCIICHUIO
KHCIIOpOJIOM Bo3ayxa. Bce HedrsHble Macia, coONpUKacasCh C BO3AYXOM IIpU  BBICOKOM
TeMmrepaTrype,  B3aUMOJEHCTBYIOT C  KHCIOpPOAOM M OkucistoTces.  Hemocrtarounas
AHTUOKHUCIUTENIbHAs  CTaOWJIBHOCTh  Macel MPUBOAUT K  OBICTPOMY HX  OKHUCJIEHHIO,
COIIPOBOKAAIONIEMYCSI 00pa30BaHUEM pPACTBOPUMBIX M HEPACTBOPUMBIX MPOAYKTOB OKHCICHHS
(opraHMYecKMX KHCIOT, CMOJI, achaibTeHOB H 1Ip.). IIpn 3TOM B Macie MosSBISIOTCS OCaJIKUA B BUJIE
[lamMa, Hapyllarolue LUPKY/ISALMMIO Macia B CHCTeMe M 00pa3yrolllue arpecCUBHbIE MPOIYKTHI,
KOTOpBIE BBI3BIBAIOT KOpPpO3MI0 JeTased MamuH. Cpok ciayxObl Macia OpU  OKHCICHUH
3HAYUTENbHO COKPAIAeTCs, TOBBIIIAETCS €ro KOPPO3MOHHOCTh, YXY/IIAETCSl CIIOCOOHOCTD
OTIENSATh BOJAY W pacTBOpeHHBbIH Bo3ayxX. Ha okxucieHue macia BIMSIOT MHOTHE (PaKTOpPHI:
TeMmIeparypa, IeHOOOpa3oBaHHE, COJEp)KaHUE BOJbI, OPraHMYECKUX KHUCIOT, METAUIMYECKUX
MIPOYKTOB M3HAIIMBAHUS M IPYTUX 3arps3HEHUN.

XuMH4ecku cTaOWiIbHBIE Maciia, pabOoTOCHOCOOHbIE MPU BBICOKOW TeMIEpaType, JOJKHBI
co3/1aBaTbcs Ha 0a3e MIyOOKOOUMIIEHHBIX 0a30BBIX Macesl C aHTUOKHUCIUTEIbHBIMU MPHUCAIKAMH.
CoBpeMeHHbIE JIETUPOBAHHBIE HMHIYCTpUANbHbIE Macia s YIy4IICHHs aHTHOKHUCIMTEIbHOM
CTaOMJIBHOCTU COJEpKaT cheuuaigbHble npucagkd. OcCOOEHHO BaKHbl aHTHOKHUCIUTENbHBIE
CBOMCTBA JJIs Macesl, paboTaroIuX B y3JlaX TPEHUS U MEXaHU3Max IpU MOBBIIIEHHON TeMIepaType
Y TIPY MHTEHCUBHOM IUPKYIISALNU U IEPEMEIINBAHNH.

3anuTHble (KOHCEPBALlMOHHbIE) CBOWCTBA OMPEEIISIOT CIIOCOOHOCTh MHYCTPUAIBHBIX Mace
MIPeI0TBPALATh ArPECCUBHOE IEWCTBHE HA JI€TAIN MAIIUH OPTaHUYECKUX KUCIIOT, COJIEPKALXCS B
Maciax U oOpa3yIoIIMXCs B pe3yJbTaTe OKUCIEHHs MPH HAJMYUH BJIArd, MoMajarolleil B Macia B
IpolLecce KCIUTyaTauy (KOHAeHcaus U3 BO3yXa, OXJIaKJaroliast Boja U Jp.), a TaKXkKe BEIIeCTB,
arpecCMBHBIX IO OTHOLIEHHMIO K HEKOTOpble MeTauiaM. Koppo3usi 4epHbIX METaJlJIOB BO3HUKAET
IIpY TIOTIaJJaHUH B MACJIO BOJIbI, @ KOPPO3MS LIBETHBIX METAJJIOB U CIJIABOB BBI3BIBAETCS JAEHCTBHEM
OpPraHUYECKUX KHUCIOT, OOpa3yIOMIMXCs MPH OKUCICHUM Maciia U HEKOTOpBIX IMpHcazok. Bona, a
TaK)X€ YaCTULbI MPOTYKTOB KOPPO3UH CTUMYIUPYIOT KOPPO3ZUOHHYIO arpeCCUBHOCTh OPTaHUYECKUX
kuciotT. Kpome Toro, momagas B 30Hy TPEHHs, YaCTHUKU MPOAYKTOB KOPPO3UU AECHUCTBYIOT Kak
aOpa3uB ¥ MOBBIIAIOT MHTCHCUBHOCTh M3HAMMBaHUS. KOppO3Ws IIBETHBIX METANIOB YCHIIUBACTCS C
MOBBIIIEHUEM TEeMIlepaTypbl. 3allUTHBIE CBOMCTBA YIYYINAIOTCS IPH BBEICHUH B MAaclo
MacJIOpacTBOPUMBIX ~ MHTHOUTOPOB  KOPPO3HM, AHTHUKOPPO3MOHHBIX  MPHUCANOK, KOTOpPbIE
IPEMATCTBYIOT KOHTAKTy MeTajljla C BJIaro 1 OpraHMueCKUMH KHCIOTaMH.
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CwMasbiBaromue CBOMCTBA  XapakTepU3YIOT CHOCOOHOCTh Mmaces yJIy4IllaTh
paboTOCIOCOOHOCTh TOBEPXHOCTEH TPEHHS IyTEM MaKCUMAJIbHOTO YMEHBILICHHS H3HOCA U TPEHHSL.
OHM OLIEHMBAIOTCS MTOKa3aTeIeM U3HOCA, aHTU(PPUKLIMOHHBIMU U IPOTUBO33AUPHBIMU CBONCTBAMHU.
CmasbIBaromye CBOICTBAa Macel MO3BOJIAIOT CYAMTh 00 MX CIIOCOOHOCTH IPENOTBpalIaTh JTHOOO0H
BUJ YyJAJEHUS MaTepuaja C KOHTAKTUPYIOIIMX IOBEPXHOCTEH (yMEpeHHbI H3HOC, 3aaup,
BBIKpAIlIMBaHNE, KOPPO3MOHHO-MEXaHWYeCKud, abpasuBHbd u ap.). Ilpu pabore y310B U
MEXaHU3MOB B YCIIOBHMSIX T'MIPOJAMHAMHUYECKOrO peKUMa TPEHHs TPeOOBaHUS MO CMa3bIBAIOIIUM
CBOWCTBaM OOECTIEUMBAIOTCS HEPTSIHBIMH MaclaMH COOTBETCTBYIOLIEH BS3KOCTH 0€3 MPHCAIOK.
ITpu paboTe y3/10B U MEXaHU3MOB B YCIOBUSAX I'PaHMYHON CMa3KH CMa3blBaIOLINE CBOWCTBA Macell
HE 00ecleYnBalOTCs €CTECTBEHHBIM COCTAaBOM HE(MTSAHBIX Maceld. YUMThIBas, 4TO IpuU padore
MallliH M MEXaHU3MOB HMMEET MECTO Kak TIpaHM4yHass (Ipu IyCKe, OCTaHOBKE), TaK M
ruipoJuHamMuyueckas (B pabouyMx YCIOBHSAX, HalpUMeEp, I'MAPABIMYECKONM CHUCTEMBI) CMa3Ka, K
OOJIBIIMHCTBY MHAYCTPHAIIBHBIX Macell IPeAbsABIAIOT 0oJiee KEeCTKUE TPeOOBaHMs 110 MOKAa3aTeIto
U3HOCA, 4YeM K MaciaMm Oe3 mpucajok. s nmpeqoTBpalieHus U3HOca U 3ae/laHus B MAcjo BBOIST
COOTBETCTBYIOLIHE MTPUCAIKU, KOTOPbIE HA MOBEPXHOCTU TPEHUS NPH ONPEAETICHHBIX TeMIIepaTypax
CO3/Ia0T 3AIIUTHBIE TUICHKH.

B HEKOTOpBIX KOHCTPYKIHMSAX JIOMACTHBIX HAaCOCOB MpPH BBICOKMX YacCTOTaX BpallleHUS,
Harpy3Kax M JIOKQIBHBIX TEMIIEpaTypax CO3JAar0TCS YCIOBHS, MPH KOTOPBIX MacisHas IJICHKa
paspyiaercs ¢ 00pa3oBaHMEM KOHTAKTa METAJLT - METaJLJI; HACTYIAeT KaTacTpopHUUeCKuil H3HOC.

[Ipu wcronp30BaHUM THAPABIMYECKAX Macel ¢ MPOTHBOM3HOCHBIMU IPHCAIKAMH CIIEAYeT
UMETh B BUJY, YTO HEKOTOpPbIE U3 HHUX. HAIpUMEpP, THAIKUIAUTHO(OCPATHI IUHKA, CHOCOOCTBYIOT
MOBBIIIEHHOMY KOPPO3MOHHOMY HW3HOCY JeTaleld M3 MEIHBIX CIUIaBOB. JTO HEOOXOIUMO
YUUTBIBATh IPU MOI00PE Macesl JUIsl HACOCOB U JIPYTUX MEXAHU3MOB, IETAIH KOTOPBIX BBIMOIHEHBI
U3 OIpENIeNICHHBIX MapOK OpOH3BI JJIsi 00ecIeYeHns] MUHUMAJIBHOTO TPEHUS MpH 3amycke. B aTom
cllyyae CcleAyeT MPUMEHATh Maclla C AaHTUOKUCIUTEIbHBIMU M aHTUKOPPO3MOHHBIMHU WM
MPOTHBOM3HOCHBIMU NIPUCAIKAMHU, HEUTPAIHHBIMHE IO OTHOIIEHHIO K CIUIABaM M3 MEJIH.

AHTHQPUKITMOHHBIE CBOWCTBA MHAYCTPHAIBHBIX Macel HE HOPMHPYIOT, HO OHH KOCBEHHO
XapaKTEPU3YIOT CMa3bIBAIOIIYIO CIIOCOOHOCTD.

AHTHIIEHHBIE CBOMCTBA OILIEHUBAIOT CIIOCOOHOCTH MAacell BBIJCNATh BO3AYX HIIM JIPYTHe Ta3bl
0e3 mosiBiieHUs meHbl. OOpa3oBaHME TEHBI TPUBOIUT K MOTEPSIM Maciia, YBEIWYCHHIO €ro
C)KUMAEMOCTH, YXYALICHHIO CMa3blBAIOLIEH M OXJIaXAarolled CIoCOOHOCTEH, BbI3bIBaeT OoJee
MHTEHCHUBHOE OKHciIeHHe Macia. CriocOOHOCTh MPOTHBOCTOSITH BCIIEHUBAHUIO OCOOCHHO BaXKHA /IS
Macesl, MCIOJb3YeMbIX B THAPABIWYECKMX CHCTEMaxX W IS CMa3blBaHUS BBICOKOCKOPOCTHBIX
MEXaHU3MOB, TaK KaK MPU MX KOHTAKTE€ C aTMOC(epoil Ipu OOBIYHONW TeMIlepaType COJepKaHHe
pacTBOpeHHOro Bo3ayxa jgocturaer 8 - 9% (006.). BonbIIMHCTBO COBpPEMEHHBIX JETUPOBaHHBIX
MaceJl Coep)KaT aHTUIIEHHBIE MPHUCATKH, KOTOPhIE CIIOCOOCTBYIOT Pa3pylICHHUIO My3BIPHKOB MEHBI
Ha MOBEPXHOCTH U MPEAOTBPAIIal0T IEHOOOpa30BaHHeE.

JleaMynbrupyromume CBOWCTBA CBUAETENBCTBYIOT O CIIOCOOHOCTH Macia oOecrednBaTh
ObICTpBI OTCTON BOJABL. Macna ¢ MJIOXUMH JE3MYJIbIUPYIOUIMMHA CBOMCTBaMHU MpPU OOBOJHEHUU
00pa3yloT CTOHWKHE BOJOMACISIHBIE OSMYJIbCHHU. [Ipm 3TOM yMeHbIIaeTcsi BS3KOCTh Macia,
YXYIIIAIOTCS  YCJIOBUS TPEHHs, METAUIMYECKHe MOBEPXHOCTH IIO/IBEPraloTCsi KOPpPO3UH,
TIOBBINIAETCS TEMIepaTypa 3acThIBAHUS W T. J. JTH CBOWCTBA HE(PTSHBIX Maces YIy4IIaroTCs
BBEJICHUEM B HUX JI€IMYJIBIraTOPOB.

ConeprxaHue akTHUBHBIX 3JeMeHTOB. Ompenenss coaep)kaHue 1uHKa, ¢pocdopa, cephl, Xiaopa
U JIPYTUX aKTUBHBIX AJIEMEHTOB, KOHTPOJIMPYIOT KOJIMYECTBO BBOIWMMEIX B JISTUPOBAHHBIE Maciia
MIPUCATO0K TIPU TPOU3BOJICTBE.

Jlist MHIYCTPUAIBHBIX Macell CIIeHATFHOTO Ha3HAYCHHS JOTIOJTHUTEIBEHO HOPMHUPYIOT TaKHe
MoKa3aTeau KauecTBa, KakK JIMIKOCTb, CMBIBAEMOCTb, 3MYJIbIHPYEMOCTh, CTAOMIBHOCTh BSI3KOCTU
3aryIIeHHBIX Macell. CTeNeHb YACTOTHI U Jp. B cBs3M ¢ y)kecToUeHHeM TpeOOBaHU K
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AKCIUTyaTaIlMOHHBIM CBOMCTBAM WHIYCTPHAIBHBIX Macell HOPMHUPYEMBbIC MOKa3aTeIM WX KadyecTBa
OyayT, O4EBUIHO, TOTIOTHSATHCS HOBBIMHU.

OCHOBHBIM BHJIOM 3arpsi3HCHUM WHIYCTPUAIBHBIX Macell SBISIOTCS MEXaHUYECKHUE ITPUMECH,
MOCTYMAIOIINE OT TPYIIMXCS CMa3bIBAEMbIX Pa00YMX MOBEPXHOCTEH, a TaKKe CKOHICHCUPOBAHHAS
Binara. Kpome Toro, mo mepe 3KCILTyaTallid B MacliaX HAKaIUTMBAIOTCS MPOIYKTHI OKHCICHUS
YIJIEBOJOPOIHOM OCHOBBI, HAaXOJAIIMECS B MacjaX B PAaCTBOPEHHOM U KOJJIOMJIHOM COCTOSIHUH,
VYianenue MNpoayKTOB

KOTOPBIE TaKXE HM3MCHAIOT (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IC CBOMCTBa MacJja.

3arpsiI3HEHUI U3 HMHAYCTPUAIBHOIO Macijla CIOCOOCTBYET
Macel, TaK ¥ CMa3bIBaeMbIX MU JIeTalIell MEXaHU3MOB.
CBolicTBa UHAYCTPUAJIBHBIX Macell

IPOAJICHUIO CPOKa CIYXKOBI Kak CaMux

Bsskocts, HNupexe Kucnornoe Temmep. Temnep. | IlnotHOCTH
Pabouas Mw? /c, BSI3KOCTHU YK CIJI0,MK BCIIBILIKH 3aCThIB. Kr/M?
KUJIKOCTh Mpy TeMrepar. KOH na Ir B
Hwxe | +50C Mmacia OTKPBIT.
HYJIA TUTJIE
WUunycrp. - 10-14 - 0,14 165 -30 876-891
12
WUunycrp. - 17-23 - 0,2 170 -20 881-910
20
Wunycrp. - 27-33 - 0,35 180 -15 886-916
30
Wunycrp. - 38-52 - 0,15 190 -10 888-920
45
Nunycrp. - 42-58 - 0,02 200 -20 890-930
50

IHopsaok BbINOJHEHUS PA0OTHI:
1. U3yunTh METOANYECKHE YKA3aHUS MO BHIIOTHEHUIO PAOOTHI.
2. [TomyuuTs y mpemnogaBatens HCXOAHbIE JaHHBIE 7S BBIMOIHEHUS PabOThI
3. 3y4nThb CBOMCTBA YKCILTyaTAITMOHHBIX MaCe
3anonHuTh Tabnuily CBOWCTBAa MHIYCTPHATIBHOTO Macia

4.

HaI/IMeHOBaHI/Ie, Mapka Macjia

Bszkocts kunemaruueckas npu 40 0C, mm2/c

TemnepaTypa BCObIIIKU B OTKpbITOM THTIE, 0C

Temmneparypa 3actbeiBanus, 0C

Kucnornoe uucino, mr KOH/r

3o0mbpHOCTH, %

[Tnotaocts, pu 20 0C, r/cm3

O6nacTe NpUMEHEeHus

5. OTBeTHTE HA BOTIPOCHI:

KaxoBbl 0cHOBHBIE QYHKIIUM CMAa30YHBIX MaTepuanioB?
Kakumu Qpu3nKo-XMMHUYECKUMU MTapaMeTpaMu XapaKTepU3yIOTCsl MUHEpalbHbIe Macia?
6. BBImoHUTE oTUeT

Xon paborsr:
1. BoInomHUTH 337jaHue MPEToaaBaTes.
2. 3alUTUTh PAKTUYECKYIO PabOTy
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®opma npeacTaBIeHUs pe3yJbTaTa:

BbimonHuTh paboTy B TUCBMEHHOM BUE B TETPAIH JUISl IPAKTUYECKUX PadOT.
Otuer 0 npojeaHHOM paboTe BBIIIOJIHAETCS B COOTBETCTBUEM C 3aJJaHUEM.
3ayeT BbICTABIISIETCS 110CIIE YCTHOTO cOOECe10BaHMsI C IPENOAABATENIEM.

Kpurepun ouenkmn:
3a Kax[Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA OTBET — () 6AJIIOB.

KauecTBeHHast OIleHKA HHIUBHIyaTbHBIX
[IpoueHt Y
pott 00pa3oBaTeNbHbIX JOCTHKEHUN
PE3yJIbTaTUBHOCTH 5
At .
(MpaBUJIbHBIX OTBETOB) BepOabHBIA aHATIOT
(oTmeTKa)
90 + 100 5 OTJIMIHO
80 + 89 4 XOPOIIIO
70 =79 3 YIIOBJICTBOPUTEIILHO
meHee 70 2 HE YI0BJIETBOPUTEIBHO

Tema 1.4 OcHOBHbIE 3aKOHBI THAPOCTATUKH

IpakTnyeckoe 3ansitue Ne 6
HN3yuyenue npuGOpoOB 11 M3MEpPEHUs 1aBJIEHUS

Heanb padoTei: popMUpOBaHNE YMEHUN TPOU3BOIUTH U3MEPEHUE JIABJICHUS B CUCTEME.

Boinoinus padory, Bel Oynere:

YMETB:

- TMOJH30BATHCS MPHOOpPaMH, MO3BOJISIIOIIMMU OMPEENSITh OCHOBHBIE (PH3MYECKHE CBOWCTBA
KUOAKOCTU

MarepuanbHoe obecnieyeHue:

O6opynoBaHue, HHCTPYMEHTBI, MaTEPHAIIBI, TAOTHUIIBI, CXEMBI,

Kunkoctusiit npudop u3 cepun «KAIIEJIBKA» nns usmepeHus AaBiieHUs, METOAMYECKHE
yKa3aHus

MeTtoaudeckue yKa3aHus [0 BHIIIOJHEHUIO IPAKTUYECKUX U Ja00paTOpHBIX paboT

3apanue: M3yuuts npubopsl A5 U3MEPEHUS JaBICHUS

KpaTkue Teoperuyeckue cBeleHUs:

[TpuGops! 17151 U3MEpEHUs AaBIICHUS

Jns u3MepeHusi JaBlieHHs] B JKMIKOCTU CIIY)KaT MpHOOpBl pa3indyHoil KoHcTpyKuuu. Ilo
MPUHLMITY JIEUCTBUS WX JIEAT HA KUAKOCTHbIE U MexaHuueckue. OHU U3MEPSIOT HEe a0COIIOTHOE
JaBlieHHe, a Pa3HOCTh JABIEHHWH, TaKk Kak SBISIOTCA TuddepeHuanbHbIMu pubopamu. Tak,
MaHOMETPBI U3MEPSAIOT PAa3HOCTh MOJHOTO M aTMOC(HEPHOro JaBJICHHH; BaKyyMMETPbl — Pa3HOCTb
aTMOC(epHOr0 U TMOJHOTO AABICHMN; MudQepeHraIbHble MAaHOMETPbl — Pa3HOCTh JAaBICHUNA B
JIBYX IIPOU3BOJIBHBIX TOUYKAX.

XKunkoctHble mpuOOpHI
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a) [Ibe30MeTp — ABISIETCS MPOCTEHIITMM H3MepuTeNeM AaBieHuss. OH MpeacTaBiIseT cCO00M TOHKYIO
npo3pauHylo TpyOKy ¢ BHyTpeHHUM nuamerpoM 10-15 MM, npHcOeaMHEHHYI0 K COCyAy C
KHUJKOCTBIO, TJIe U3MEPSETCS NaBJICHHE, U OTKPBITYIO ¢ Jipyroro koHna. [IsezomeTpom nsmepsercs
MaHOMETPUYECKOE JaBJICHHUE, BBICOTA KOTOPOTO OMPEACNISICTCS MMbE30METPUYECKON BbICOTOM h.
VY noOHbIi 11 u3MepeHus Heboapux napieHui (10 0,5 at™.) (puc. 4).

P,,mll
5 P
P> Pan hza
HLNNLJ
T AT
1 -1
L

Puc. 6
Pucynok 4 - IIpubopoB 17151 U3MEpeHUs JaBICHUS

0) PTyTHBIE MAaHOMETpPHI [TOKA3bIBAIOT PA3HOCTh MEX/Y JIaBICHUEM B COCYJI€ U aTMOC(HEPHBIM
cXeMa YCTaHOBKHM IOKa3aHa Ha puc. 5. JKuakocTtHbeie puOOpH! 00J1aAat0T OONBIIEH TOYHOCTHIO U
qyBCTBUTEIBHOCTHIO. HO MprMeHeHe X orpaHn4eHo 001acThio HEOONIBIINX aBIeHUH (0 3 aTM.)
[IpyXMHHBIE MAHOMETPBI UCHOJIB3YIOT /ISl U3MEPEHUsl OONBIINX JAABICHUN; OHU MOTYT OBITh
pa3NUYHBIX TUIIOB. pa3zdepeM NPHUHLIMIT padOThl MPYKUHHOIO MaHOMETpa, CXeMa KOTOpPOTro
[0Ka3zaHa Ha puc. 6. MaHomeTp cBOOOAHBIM KOHIIOM TPYOKHU MPUCOEIUHSAETCS K KHUIKOCTH B TOUKE,
rae u3Mepsiercs: aBienue. [Ipu yBenudeHun naBieHusi TpyOka (3) cTpeMHTCS pa3orHyThCs WIIN
CKaThCs TPH yMEHbIICHUU NaBiieHus. C MOMOIIBIO MepelaTOuHOro Mexanusma (5) mpuBoauTCs B
aBmxkeHue crpenka (4), kotopas Ha ikane (2) MOKa3plBacT ONMPEACICHHYIO BEIUYMHY JABICHUS.
[[Ixana mpenBapUTENbHO I0JKHA ObITh MPOTAapUPOBaHA. 3AMETHUM, YTO NPY>KMHHBIM MaHOMETPOM
U3MepsIeTCs IaBJIeHue, MPeBbIIIatoliee aTMOCHEPHOE TO €CTh MAHOMETPUUECKOE JJaBIICHUE.

ITopsinok BbINOJIHEHUs padoOThI:
1. M3yuuts mpuOOPHI I H3MEPEHHSI THIIPOCTATUIECCKOTO JTABIICHUS
2. BBIOTHUTH pacyeT Ha BBISBICHUE MTOTPEITHOCTH
3. Odopmuts oTueT

Xon paborsr:
1. BInomHUTH 337jaHue MPEToAaBaTes.
2. 3alUTUTh IPAKTUYECKYIO PabOTy

dopMa npeacraBieHUs pe3y/ibTara:
OTuer o npojieTaHHON paboTe JOJIKEH COJIep)KaTh Ha3BaHUE U 1IeJb padOThl, OMHCAHME X0/
paboThI, PUCYHOK MPUOOpA.
BrIBOIBI TpEI0CTaBUTH B TUCEMEHHOU (hOpMeE.
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Kpurtepun onenkmn:
3a KaxIblid MPaBUIILHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBeT — 0 OaoB.

Mpouenr KauecTtBeHHas oneHka HH/IUBU Ty b HBIX
00pa3oBaTeNbHBIX TIOCTHKCHUI
PE3yIbTaTUBHOCTH . -
(MpaBWIBHBIX OTBETOB) (oTMeTKa) BepOAIbHBIN aHAJIOT
90+ 100 5 OTIIUYHO
80 + 89 4 XOpOIIO
70 +79 3 YAOBJIETBOPUTEIBLHO
menee 70 2 HE YJOBIIETBOPUTEIHHO

IpakTnyeckoe 3ansiTue Ne 7
Pemienue 3aga4 Ha BbIYMCJIEHNE 1aBJIeHN s, HA NTpuMeHeHne 3akoHoB [lackasisi u Apxumena

Hean padorbl: popMupoBaHre yMEHUI pelleHHs 3a7ad Ha BBIYMCICHUE JIABJIECHUS, Ha
IIpUMeHeHne 3aKoHOB [lackans u Apxumena

Borinoinus padory, Bel Oynere:
YMETb: pelaTh 3a/1a4i C UCIIOJIb30BAHUEM OCHOBHOTO YpaBHEHUS THAPOCTATUKH U 3aKOHOB,
OIHCHIBAIOUINX PABHOMEPHOE paclpeieiCHUE 1aBICHHUS.

MaTtepuajbHoe o0ecniedeHue:
MeTtoanueckue yka3zaHus 1O BBIOJIHEHHIO MPAKTHYECKUX U JTa00paTOPHBIX paboT

3aganme: Pemure 3agaun

1. Omnpenenute MIOTHOCTE MHUHEpaldbHOTO Macia mnpu Temmeparype 410°K, eciu mnpu
temmnieparype 302°K ona paBma 0,791 kr/m®. Temmeparypublii K03(QPUIEHT 00BEMHOTO
pacupenus macina 0,0068°K-1.

2. Onpexnenute KOXPPHUIUEHT THHAMHYECKON BS3KOCTH HE()TEMPOIYKTa, €CIIU €r0 BSI3KOCTh
OIIpeJIeNIAeTCs C MOMOILBIO BUCKO3UMETpa DHIJepa (yClIOBHAs BSI3KOCTh) paBHa 5°BY u miioTHOCTH
HepTenpoaykra 830 kr/m>.

3. Onpenenure u3MeHeHHe oObeMa Macia, MPU YBEIWYEHHUU JaBICHUS B IMIUHIpE Ha 16
MITa. Macno 3akiifo4eHO Npu aTMOc(hepHOM JaBJICHUU B IIWJIMHIP C BHYTPEHHUM auameTpoMm 30
MM U JuiMHOM 3 M. Jledopmanmell CTEHOK IMIMHApPA MOXHO INpeHeOpedb, MOAYIb O00BEMHOTO
cxxarusg maciaa 1,15-109 Ila.

4. Omnpenenurte NaBi€HHE BOJBI Ha TIyOMHE W CUJIy JaBJeHHs Ha ckadaHap Bojonasa.
Bopona3el nmpu nmojgbemMe 3aTOHYBIIMX CyI0B paboranu B Mope Ha riyoune 60 m. AtmocdepHoe
JaBlieHHe cieayeT cuutarh HopMmanbHbIM (1013 ITla). Ilnomans moBepxHOCTH —cKkadaHapa
BOJI0J1a3a paBHa 2,38 M.

5. Onpeznenute TOJIIMHY CTEHOK He(TENpoBOa /Ul MepeKayku HeTH Mo AaBieHueM 2,1
MIla. Buyrpennuit quamerp tpyost 500 MM, nomyckaemoe Hanpspkenue 145 Mlla, npunsars o =
3MM.

6. Ompenennure Ha KakoW BBICOTE YCTAaHOBHTCS YPOBEHb B OTKPBITOM COCYAE C KEPOCHHOM
(mmotHOCTH KepocuHa 760 Kr/M?), eciii B COOOIIAIONIEMCS C HUM OTKPBITOM COCYZI€ YPOBEHB BOJbI
BbIIIE JTUHUM pa3jena Ha 0,4 M.
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7. IlpsmoyrosbHas Oapika, AmuHOW 52 M, mmpuHod 10 M u BbicoTOM 4,0 M., HArpy>KCHHAs
MecKoM, IutaBaeT mo peke. bapika BMecte ¢ rpy3om BecuT 16 MH. Onpenenute ocanky 6apxu u
BOJIOM3MEILEHHUE NPU MpeAesbHOM ocaake y = 2,5 M.

8. Ompenenute, yemy paBHO JaBjieHue, u3mepeHHoe B [lackamsx. Eciam manomerp Ha
BOJIOMEpE MOKa3bIBaeT naBieHue 3,5 aT (kr/cm?). ATMocdepHoe JaBiIeHUE ClIeyeT MPUHTH 1,5 ar.

9. IopieHb THAPABIMIECKOro mpecca miomansiol 80cm® neiictyer curoii 18xH. Tlnomas
MaJIOTO MOPUIHS 4em?. C KaKoii crtoit JICUCTBYET MEHBIIINI MOPIIEHb HA MAcCJIo B pecce?

10. Ompenenuts naBienue PO Haj MOBEPXHOCTHIO BOABI B TEPMETUYHOM Oake ¢ TUaMETPOM
0aka D=1M u BbIcOTOI h=2M, ecnii Boa naBut Ha guuIie 6aka ¢ cunoid F=500xH (rmoTHOCTH BOBI
p = 1000 kr/m?).

11. MoxHo nu B pe3epByape oobeMoMm 20M3 xpanutb 10T HedTH ¢ MIOTHOCTBIO 850KT/M3 |,

ecimu temneparypa Hedtu m3menurcs ot 0 ° C mo 30 ° C, A =0,0072 1/ ° C. PesepByap momkeH ObITh
3aroJiHeH Ha 2/3 oObema.

12. Onpenenuth BBICOTY 0aka, B KOTOPOM JIOJDKHO XPaHUTHCS 3T HedTenpoaykra ¢ p = 950

KI/M? MPU YCIOBUHU, 4TO Oak MOKET OBITh 3allOJIHEH JHIIb Ha 2/3 obObeMa , a MIowWaAb JHUIIA
S=3m2.

KpaTRHe TECOPETUICCKHUE CBCACHUA

[Ipumepsl pemienus 3ana4
1. Ompenenute TMIOTHOCTH MHHEpalbHOro Macia mpu Temmeparype 400°K, ecnu npu
temneparype 320°K ona paBna 0,786 kr/m®. TemnepaTypublii Ko3((UIIMEHT 00BEMHOTO
pacmmpenus macia Br = 0,0076K-1.

Hano Pemienune

OmpenensemM MmI0THOCTb:

T1 =400°K AT =T1 - T =400-320 = 80°
o= m__m m :L;

T = 320°K v Vi+AV V,; i+ BTATE 1+ BrAT

p= 0.786 0,489/ M°

P1=0,786 xr/m 1+0,0076-80

B1=00076 K-1

pP=72

2. Omnpenenute KO3(QQUIHUEHT TUHAMUYECKOH BS3KOCTH HE(TENpOAyKTa, €CIU €ro BSI3KOCTb

oIpezeNnseTcss ¢ MOMOIIbI0 BUCKO3UMeTpa DHriiepa paBHa 7°BY u mioTHocTh HedTenpoaykTa
870 xr/m3

Hano Pemmenne
°BY =7°BY 1. Onpenensem k03pHULINEHT KHHETUYECKOH BSI3KOCTH.

v =(0,0731°BY — 0’0631) 1074
p =870 xr/m? °BY
uB =? He =V - p;

-7-Q‘M)-1o-4 =0,503-10* /¢
vV =(0,0731 7
2. OnpenensieM K03(pPUIMEHT JTUHAMUYECKOH BI3KOCTH:

bp = 0503107 -870=0,0438 1,.C.
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3. Omnpenenure u3MeHeHne 00beMa Maciia, P YBEIWUEHUH JaBieHus B uauHApe Ha 10 MITa.
Macio 3akiitoueHo mpu aTMOc(epHOM JaBJICHHUH B IIJIMHIDP C BHYTPEHHUM AWMAMETPOM 28 MM U
JUIAHOMN 4 M.

Mopynbs oobemHoro cxatus macia 1,22 - 109 Ila. Jlepopmanueir CTEHOK HMUJIMHIPA MOXKHO
peHeOpeYb.

Hano Pemenue
d=28 mm 1. Onpenensem 06beM Maciia B HUIJIUHIPE:
2

v | _314:0008 ;00005
l=4w™m 4 4 M3
Ap = 10MIla 2. OnpenensieM npupaiieHrne 00beMa Ha OCHOBAaHHH:
Ex =122 10°TIa Eore=—ApV AV
AV=? OTKy/a AV =—ApV/ Eoxc

~10-10°-0,0025
1,2210°

4. Bogonasbl pu MoAbEME 3aTOHYBIIMX CYI0B paboTanu B Mope Ha rimyouHe 50 m. Ompenenure
JIaBJICHUE BOJIBI HA 3TOM TITyOMHE W CHITY JaBJIeHHS Ha cKadaHAp BOJ0JIA3a, €CIH IUIOMIAAb €T
MOBEPXHOCTH paBHa 2,5 M2, atMoc(epHOe AaBlieHHe cuuTaTh HopManbHbM (1013 rlla).

AV = =-0.02-107% ¢

Hano Pemenue

pa=1013rlla = 1. OnpenernseM gaBiieHUE BOJIbI HA TITyOHUHE

1,013-10 "a Hcnonb3yeM OCHOBHOE ypaBHEHUE THAPOCTATUKU

H=50m P =Po+pgH

pB = 1000 kr/m? pgH =1000-9,8-:50 =4,9-105 I1a

F=2,5wm? pB =1,013-105+4,9*10 = 5,91-105 ITa = 0,6 mlla

P=? 2. OnpenensieM CUITY IaBIICHUS Ha cKadaHp.

Pe =2 P = pgH-F=4,9-105-2,5= 147 KH

S. Omnpeznenute TONIIMHY CTEHOK HedTenmpoBoja Ul Mepekauku HepTH Moj AaBlIeHHEM 2,5

MlIla. Bayrpennuii fuametp Tpyost 600 MM, gomyckaemMoe HanpsiKeHUe.
[op] = 137 MIIA. Ilpunsrs o = 4 mMm.

Jlano Pemenne
p=25MIla=2,5-106TIa | Ha mnpakThKe TMONB3YIOTCS  JUIS
d=600 mm = 0,6 M onpeleacHus JIeTICHUS
[op] =137 MIla = HEOOXOIMMOM  TOJIIMHBI ~ CTEHOK
137-106 I1a TpyOBI crieayromen hopMyIoii:
a=4vm=0,004 m r-d fo
5=? 5 = 2lor]
2,5-10°-0,6
& = 2:13710° +0,004 = 0,0095 m =
9,5 Mm.
6. Omnpenenute ocaaky OapKu B BOJOM3MEIICHHE TIPU TIPEICTBHON ocalke y=35m.
[IpsimoyronbHast Oapika I1aBaeT 1o peKke HarpyKeHHas neckoM. J{imuHa ee L = 60 M, mmpuna

b = 8 m u BeicoTa h = 4,5 M. Gaprka BMecTe ¢ rpy3om BecuT 14 MH.

Hano Pemenue
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L=60m 1. Onpenensiem TIyOUHY TTOTPY)KEHHS, U3 YCIOBUS
TIaBaHus Oapxu

b=28m
h=4,5wm G= Pr-gV,
G =14MH = 14-106H riae V — o0beM NorpyKeHHON 4acT OapKu
G 14100 298
5 aLDb i anens >
Pac = 1000 kr/m? 2. OnpenenseM 00bEM MOTPYKEHHOHN YacTH:
!
Ve =9 Vi = Lbyl, Ve =60 - 8 - 3.5 = 1680 M
M/=? 3. OnpenensieM MaCCOBOE BOJIOM3MEIIICHUE OapIKH.

M/ = P+ Vi = 1031680 = 16,8 MH.

IMopsinok BbINOJIHEHUSI PA0OTHI:
1. Pemmnth 3amauM, COrJIaCHO 3aaHHIO.

Xox paboThI:
Bemmonuuts 3ananne
3aluTUTh NPAKTUYECKYIO paboTy

®opma npeacTaBJeHNs pe3yabTaTa:
Otuer o npoJienaHHON paboTe JOJKEH COJIEpKaTh HA3BaHUE U 11€Jb pPa0OThI, OMHCAHHUE XOAa
paboThL, MIIOpY.
BEIBOIBI TPEIOCTaBUTE B MUCBMEHHOHN (opMe.

Kpurtepun onenkn:
3a Kak[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () GaoB.

aueCTBEHHAs OI[EHKA WHIMBHyaTbHBIX
IIpouent K Y
po 00pa3oBaTeNbHBIX TOCTHKCHUI
pe3yIbTaTUBHOCTH 5
T .
(TpaBUIILHBIX OTBETOB) BepOANbHBIN aHAIOT
(oT™meTKa)
90 +100 5 OTJINYHO
80 + 89 4 XOpOo1LIO
70 +79 3 YJIOBJICTBOPUTEIILHO
menee 70 2 HE YJIOBIIETBOPUTEIHHO

Tema 1.5 OcHOBHBIE 3aKOHBI THAPOANHAMHUKH

IIpakTnyeckoe 3ansaTue Ne 8
Pemenue 3a1a4 Ha onpeiesieHHe MAPaMeTPOB MOTOKA

Heans pabdorbi: GopMuUpoBaHWE YMEHHM DEIICHHs] 3a/la4y Ha ONpeJeeHUue mapaMeTpoB
MOTOKA

Beinosinus padory, Bel Oyaere:
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YMETh: pellaTh 3aJjadyu C HUCIIOJIb30BAHUEM OCHOBHOI'O YpPAaBHCHUA THAPOAWMHAMHUKU H
3aKOHOB, OIMMUCBIBAIOIHUX PCIKUMBI IBUKCHUA KUIAKOCTH.

MarepuanbHoe obecneyeHue:
MeTtoanyeckue yka3zaHHs 1O BBIIOJHEHHUIO MPAKTHYECKUX U Ja00paTOPHBIX paboT

3aganue: Pemute 3amaun

1.

2.

Ompenenure CpepHIO CKOPOCTh JBIDKCHUS JKUAKOCTH B TpyOe & 80 MM, 3amoiHEHHON
MIOJTHBIM CEYEHHEM TIPH MPOITycKe pacxoa Bofsl 1,2 ii/c.

Omnpenenute MaccoBbli pacxoi ropsyeil BoJAbl B TPyOONpOBOAE € BHYTPEHHUM
nuamerpoM 520 MM ecii H3BECTHO, YTO CKOPOCTH BOJBI 3,4 M/C M TNIOTHOCTH 922 Kr/m>.
Omnpenenure CpeaHIO CKOPOCTh M PacXo]l KUIKOCTH B CEUYCHMM OOJBLIEro Juamerpa
KoHnueckoi TpyOsl, ecimu dl = 400 MM, d2 = 200 MM U cpenHsisi CKOPOCTh B CEYCHUU
MeHbIIero quamerpa v2 = 1,0 m/c.

Omnpenenure pacxoj Boasl B Tpyoe D = 400 MM, ecinu 1uamMeTp HUIMHIPUYECKON BCTaBKU
Bojsomepa Bentypu d = 220 MM; pa3HOCTh HAIIOPOB B OOJIBIIIOM M MajiOM Cce4eHusx h =
0,3 m u koaddunuent & = 0,98.

Omnpenenute pexxuM ABIWKEHHS BoAbl B Tpyoe d=300 MM mpu ckopocTu aBmwxkeHHs V =
0,65 m/c. Kunemarnueckuii ko3¢ dunuent Bsizkoctu Boasl v=1,01 - 10-6 m?/c.
Ompenenure CKOPOCTh UCTEUEHHS U PAacXo]] BOABI U3 Oaka yepes kpyrioe oreeperue & 10
CM, €CJIM TPEBBIIICHHE YPOBHS BOJIBI HajJ HEHTpOM oTBepcTHs H = 5 M. koaddumment
pacxoja Hy=0,62.

CranpHol TpybompoBoa qmunHoit 1000 m 3akpsiBaeTcss B TeueHuu t = 1,8 ¢. CkopocTh
JBMKEHUS BOZBI B TpyOomnpoBose V =2,5 m/c. Onpenenure yBennueHHe TaBICHHUS.
Omnpenenure CKOPOCTh UCTEUEHUS] U PAacXo] BOJbI Yepe3 KPyrjioe OTBEpCTHE B TOHKOIA
CTEHKE pe3epByapa, eciiy Harop Haj neHTpoM otBepetus H = 10 m, auamerp otBepcrus d
=100 mm.

[TonGepute miomaab KUBOrO CEYEHUs KaHajia MPSIMOYTOJbHOTO CEYEHUs JUIsl IpoIycKa
Q =400 n/c npu cpeaneit ckopoctu v = 55 cMm/c. BecoBoii pacxoJ KHJIKOCTH B Hacoce
cocrapisier 800H/c, t = 10mun, g = 1000kr/m3 . OnpenenuTb OOBEM KUIKOCTH,
M3pacXo0JI0BAaHHOM 3a 3TO e BpeMsl.

Kparkue TeopeTrnyeckue cBe1eHUsI:

[Tpumeps! pemieHust 3a1a4

1. TlonOepute TIONIAb )KUBOTO CEUCHHS KaHasa MPSMOYTOJILHOTO CEYCHUs IS mporycka Q
= 486 n/c mpu cpenneit ckopoctu V = 72 cMm/c.

Hano: Pemenne
Qv =486 a/c = 4,86 m*/c | 1. OnpenensieM IUIOMATHL )KHBOTO CEYCHUS U3 (POPMYITBI
V =72 cm/c =0,72 vic 00BEMHOT0 pacxoja MoToKa:
w="7 Qv=V - -w
Q,_ 486 _

w=V 072 675Mm2

2. OmpenenuTe MacCoOBBIM Pacxo/l ropsYei BOJbI B TPYOOIIPOBOAE C BHYTPECHHUM JAUAMETPOM
d =412 mm, eciii U3BECTHO, YTO CKOPOCTh BOJIBI V = 3 M/C ¥ IJIIOTHOCTH pB = 917 kr/m>.

HaHo: Pemenue
d =412 mmM=0,412 m 1. OnpenensieM 00bEMHBIN PACXO:
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V=3 m/c
pB =917 xr/m?
Qm=7?

d? 3,14-0,4122

szv-w=v-“7:3 =0,45x%/ ¢

2. OnpenernsieM MacCOBBIM pacXxo:
Qm=Qv - pB=0,45 - 917=412,6 kr/c

3. Onpenenute pacxoa Boabl B Tpyde D = 200 mm, eciiv tuaMeTp IMIMHIPUYECKON BCTAaBKH
Bogomepa Bentypu d = 100 MM; pa3HOCTh HarmopoB B OOJIBIIOM U MaJIoM cedeHusx h = 0,5 M u

koapdunment & = 0,98.

Hano: Pemenue
D =200mm=0,2m 1. OnpepernsieM MOCTOSTHHYIO BOJAOMEpa.
d = 100mM=0,1Mm
h=0,5m
£=0,98
QB =7 2.9,81

=0,036 1% / ¢

(02 4

\01)

2. OmpenensieM pacxo BOJAbI B TpyoOe:
Qe = ¢ - kK¥h=098 - 0,036

15=0,025 m*/c

4. Onpenenute pexuM ABMKCHUS Boabl B Tpyde d = 100 MM mpu CKOPOCTH ABHIXKCHHUS UV =
0,51 m/c. Kunemarnueckuit koaddunment Bsskoct Boasl v = 1,01 - 10-4 m?/c.

Hano: Pemenue
d =100 mm = 0,1m 1. i onpenenenus pexuMa JIBUKEHUS BBIUUCIISIEM
V =0,51 m/c yucio PeliHonbaca:

v.d 05101

Re=v =10110"°

BriBoa: Re > Re xp, T.€. 51000 > 23000, pexum ABUKEHUS
TypOyIEeHTHBIM.

=51000
v=1,01 -10-6 M2/c
Re="?

5. OmpenenuTte pacxoj] BOJAbI, BBITEKAIOMIEH uepe3 BHEIIHUN WIMHAPUYECKUH HacaloK
muamerpom 10 cm, ecnu wHamop 2 m. Ilpu ycranoBuBmemcs asmxenun (H — const). Kak
U3MEHUTCS PacXoJl, €CJIM HACaJOK 3aMEHUTh MajblM OTBEPCTHEM TAKOI'O K€ IMaMETpa B

ToHKOM cTeHke? Koaddumuent pacxoma H qac=0,82, M ors = 0,62.

Hano Pemenue
da=10cm=0,1 ™ | 1. OnpenensieM pacxos yepe3 HacaoK:
M qac =0,82 Quac =M u - @ VM

1314-01° 3
H=2wm Quac=0,82 = 4 V2-981.2=0,0403u /c
Hore = 0,62 2. OnipeniensieM pacxo]] 4epes OTBEPCTHE:
Quac =? Qote= M ore - 0 V2 ;
QotB —?

1314.01° 3
AQ -9 QOTB - O 62 4 2-9,81-2 =0,0304 m /c

31



3. OmnpenensieM H3MEHEHHE Pacxo/a:
Hac — “’I[a(? — 1 :1 32

AQ =Qome  Homs 0,62
Breisoa: Pacxon uepe3 Hacanok B 1,32 pa3za Goubliie pacxoza yepe3 OTBEpPCTHE.

6. CranpHoii TpyoonpoBo mmuHOM 1200 M 3akpeiBaeTcs B TeueHue 2 ceKyHa. CKOPOCTh ABUKCHUS
BOJIbI B TpyOompoBoae V=3m/c. Onpenenure yBeanueHUE TaBICHHUS.

Hano Pemenue
L=1200 m 1. Haiinem ¢asy ruipaBiIn4ecKoro yuapa:
2L 2-1200
= =24
T=2c T=C = 1000 C.
C =1000 m/c
v=3Mm/c T.x. T <T, T0o yBenm4yeHue naBieHUS JOCTUTAET
MaKCHMaJIbHOTO 3HAUYCHHUSI.
Apmax = ?
2. OnpenensieM yBelIHUEHUE IaBIeHUS 110 popmyIe:
T "
p-Cu-_ =36
Ap= T =1000 - 1000 - 320 MIla.

HOpﬂ)IOK BbIINOJTHCHU A paﬁoTbI:
1. Pemnts 3aJa4yy, COIJIaCHO 3aJaHHusA

Xox paboThI:
BremoaauTE 331aH1E
3aluTUTh IPAKTUYECKYIO paboTy

dopma npeacTaBJeHNs pe3yabTaTa:
Otuer o npojieaHHON paboTe JOJKEH CoiepKaTh Ha3BaHUE U 11eJb padOThl, ONMCAaHUE X0/1a
paloThbI, FIIOPY.
BrIBOIBI TpEI0CTaBUTH B TUCEMEHHOU (hopMeE.

Kpurtepun onenkn:
3a KaxK[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN O0TBET — () OaoB.

aueCTBEHHAs OI[EHKA WHINBHyaTbHBIX
IIpouent K Y
po 00pa3oBaTENbHBIX TOCTIKCHHI
pe3yIbTaTUBHOCTH 5
It .
(TpaBUIILHBIX OTBETOB) BepOANBHBIN aHAIOT
(oT™meTKa)
90 + 100 5 OTJIMYHO
80 + 89 4 XOpOLIO
70 =79 3 YZIOBJIETBOPUTEIILHO
menee 70 2 HE yJIOBJIETBOPUTEIBHO

IIpakTnyeckoe 3ansaTHe Ne 9
Pemenue 3a1a4 Ha onpeesieHue JUHEHON CKOPOCTH U pacxoaa
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Heap padorbr: DopMUPOBAHUE YMEHUI 110 PEIIEHNIO KOHKPETHBIX MIPAKTUYECKUX 3a/1a4.

Beinosinus padory, Bel Oyaere:
YMETh:
- OIIPEIENISITh TapaMeTPhl COCTOSTHUS pabOUuX KUAKOCTEH;
- IPUMEHATh OCHOBHBIE 3aKOHBI THIPOJUHAMMKY JUUIs PEIICHHS aKTyaJIbHBIX MHKCHEPHBIX 3a7ady.

MarepuajibHoe o0ecrieyeHue:
MeTtoauyeckue yKa3aHusl K IPOBEICHUIO IPAKTHUECKOM paboThl, pa31aTOuHbIN MaTepHra

3aganme: Pemunre 3amaun.

1. Omnpenenuth YCIOBHBIM NPOXOJ HAMOPHOTO TPYOONPOBOAA, €CIU HU3BECTEH PAaCcXO]]
KUJKOCTH, MpOTeKarmmii depe3 Hero, Q=45 n/MuH m HOMUHaiIbHOE naBieHne PHomM=32MI]a.
CKOpOCTh TIOTOKA XKHUJIKOCTH 5 M/C.

2. Yepe3 TpyOy, BHYTPEHHHUI auMaMeTp KOTOpOHl OMM, pe3ko H30rHyTyio mox yriom 90
rpagycoB, Teuer xuakoctb AMI'-10. MaHoMeTpbl, IOCTaBiIE€HHBIE NEpPE] U3rMOOM M IOCIE HETo,
MOKa3bIBalOT COOTBETCTBEHHO P1=9,16 krc/cm? m P2=9,1 krc/cm?. OnpenenuTs pacxoj KUIKOCTH
gepes Tpyoy.

3. HeoOxomumo ompeaenuTs pacxoi XUAKOCTH M PEKUM JIBIKEHUS B THAPOCHCTEME
nu(oBaIbHOTO CTaHKA ¢ pabouelt KUAKOCThI0 M-45, ecnu U3BECTHO, YTO AWMAMETP TPyOOIpoBoaa
32 MM, CKOPOCTb MTOTOKA B TPYOOIIPOBO/I€ COCTABISAET 3M/C.

4. OmnpenenuTh CPEIHIO CKOPOCTb Macia, €clid Juamerp TpyOobl 150MM, KOJIMYECTBO

xuakoctr 15,5 T/u, wiotHocts 860kr/mM3 , N = 2,1Ha-C.

5. OmnpenenuTh CKOPOCTb JBMKEHUSI KUAKOCTU B TPyOONpPOBOJIE, JIeXKAILlEM Ha OTMETKE SM,
ecnu Hacoc pas3BuBaer pgaBieHue a0 100KIla, a monHelii Hamop B cucteMe 60M, IUIOTHOCTh
skuakoctd 1000xr/™M3 .

6. ITo Tpy6omnpoBony nuamerpom 0,3Mm, mpotekaer 100kr/4 macna ¢ ioTHOCTbI0 800Kr/M3 .
Onpenenuts CpeiHIO CKOPOCTh Macia.

7. ITo TpyOonpoBoay nuamerpoM 320MM MpOTEKaeT Boja co ckopocThio 10m/c. Ompenenuth
00BEMHBIN U MAaCCOBBIM PACXO/IbI.

8. OnpeaenuTb CKOPOCTh U PacXo] KHUJIKOCTH, BBITEKAIOLIEH depe3 3aTOIIEHHOE OTBEPCTHE

muamerpom 0, 1m, ecm H1 =8m, H2 =4m, H =0,62, ? =0,96. CxopocTHbIM HamopoM npeHe6peds
IMopsiiok BbINOJIHEHUS PA0OTHI:
1. 3amucaTh B 1aHO UCXOJHBIC TaHHBIE
2. TlepeBectu nannblie B cucteMy «CH»
3. TlpomsBectu pacueTs

Xox padoThI:
Pemnts 3amaun
3aluTUTh MPAKTUYECKYIO paboTy

dopma npeacTaBJICHUS pe3yabTaTa:
Otuer o npoaenaHHoON paboTe JOHKEH COAep KaTh Ha3BaHHE U Lieb paboThl, OMUCAHUE XOJa
paboThl. BbIBOIBI TpEIOCTaBUTH B MUCHbMEHHOMN (opMeE.

Kpurepun ouenku:
3a KaxK/blid TPaBWIBHBIN OTBET — 1 Ga.
3a HemnpaBWIbHBIN 0TBeT — () OaoB.
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MpouenT KauecTBeHHas orieHKa HIHBH Tyl IbHBIX
00pa30oBaTEeNbHBIX TOCTH)KEHUH
pe3yIbTaTUBHOCTH e
(MpaBUJIBHBIX OTBETOB) BepOabHBIA aHATIOT
(oTmeTKa)
90+ 100 5 OTIIUYHO
80 + 89 4 XOpOIIO
70 +79 3 YAOBJIETBOPUTEIBLHO
menee 70 2 HE YJIOBJICTBOPUTEIHLHO

Tema 1.7. Pe:xuMBbI IBUKEHHUA KUIKOCTH

IIpakTnueckoe 3ansaTue Ne 10
Pemrenne 3aga4 Ha onpeaesieHne pexKMMAa IBHKEHUS JKUIKOCTH

Leab padoThi: GOpMUPOBAHNE YMEHHUN OTIPEACIIATh PEKUM JBUKCHHUS KUIKOCTU

Borinoinus padory, Bel Oynere:
YMETb: OIPEIENATh TapaMeTPhl PEKUMA IBUKEHUS pabOUuuX KUAKOCTEH;

MarepuanbHoe obecnieyeHue:
MeTtoauueckue yKa3aHus [0 BBIITOJIHEHUIO IPAKTUYECKUX U Ja00PaTOPHBIX paboT

Kparkue Teoperudeckue cBeeHust

PexxuMbl nBykeHus xKUAKoCcTH. Ynciio Pertnonbaca

PaznuuaroT 1Ba OCHOBHBIX peXMMa JIBUKEHHUS )KUKOCTHU: JIAMUHAPHBIN U TYpOYIEHTHBIM.

JlaMMHAapHBIM Ha3bIBAIOT YIOPSJIOYEHHOE JBHUKEHHE, KOI/a OTIENbHBIE CIIOM KUAKOCTU
CKOJIB3SIT IPYT 110 IPYTY, HE NIEPEMELINBASCH.

TypOyneHTHbIM Ha3bIBAlOT PEXHUM, TNPU KOTOPOM YAaCTULBI JKUAKOCTU  JBUKYTCS
HEYIOPSI0YEHHO, XAOTUYHO U CJIOH JKUJKOCTH ITOCTOSTHHO NEPEMEILINBAIOTCA APYT € APYTOM.

Ha npaxTuke naMuUHapHBIA peXUM MPOMCXOAUT MPH JBHKEHUU BA3KUX JKUIKOCTEH (HedTb,
Macia), Ipu ABMKEHHHU >KUIKOCTH B KalMJUIAPHBIX TPyOKax, MU ABMIKEHUH BOJIbI B TPYHTAaX.

TypOyneHTHbIM pexxuM HaONtoaeTcsl yalle, a UMEHHO: NpU JABMXKEHHUU BOJBI B peKax u
KaHanax, B Tpy0ax u jp.

B xonue 19 Beka anriuiickum yueHsiM O. PeifHOIbACOM OBIJIO YCTAaHOBIIEHO, UTO KPUTEPUEM
peKuMa KUAKOCTH sIBIIsIeTCs 0e3pa3MepHBbIil KOMILIEKC, YUUTHIBAIOLINI OCHOBHBIE XapaKTEPUCTUKU
MOTOKA.

V.d-p V-d .
Re= M V. 1.k P

rae V — cpelHsis CKOPOCTh TOTOKa, M/C;
d — muamerp TpyOBI, M;
P — TUIOTHOCTB KHUAKOCTH, KT/ M>;
H-C
[l — IMHAMHYECKas BA3KOCTb, M |
V — KHHETHYECKasl BA3KOCTh, M?/C.
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Jlnst ompenieNieHusl pekMMa JBMKEHUS B KaHalax IPOU3BOJIBHOTO CeYeHUs B (HopMymy
d V-R
kputepus Pelinonbaca BBOIAT ruipaBinyeckuii paaguyc R =4, tornaRe=4 Vv
3navenue uncia Pefinonbaca Re=2300 Ha3pIBalOT KPUTHYECKUM. B KpyTIIbIX riIaakux Tpydax
npu Re<2300 pexxum AB>KeHUS TaMUHAPHBIA, ipyu Re>2300 — TypOyneHTHBII.

3aganue: Pemuth 3a7aun Ha ONpPENEIICHUE PEeXUMA IBUKEHUS KUJIKOCTH
1. Ompenenutb pexuM JABHXKEHHS paOouell >KUIKOCTH B T'MJIPOCHCTEME IIIM(POBAIBHOIO
CTaHKa C MPOU3BOAUTENBHOCTHIO (Q, J/MHH), auameTp ycinoBHoro npoxona (Dy, mm) u
pabouas )KUAKOCTh B TUAPOCUCTEME.

Hcxonnple jaHHbIE

Neap. | Q, n/mMmun | Dy, PXX BszkocTs,
MM MMm2/c
1 45 12 HC12 10
2 42 10 nC220 17
3 40 8 NC30 27
4 38 6 NC45 38
5 48 10 NC50 42
6 46 12 Wun.12 10
7 36 8 Nun.20 17
8 44 12 Wun.30 27
9 50 16 Nun.45 38
10 34 8 Nun.50 42
11 58 20 nC45 52
12 60 25 NC50 58
13 62 32 Wun.12 14
14 42 10 nC20 17
15 40 8 NC30 27

2. OmpenenuTh YCIOBHBIA MPOXOJ HAMOPHOTO TPYOOIIPOBOJA, €CIH W3BECTEH PAaCXO]]
KHUIKOCTH, MpoTeKaromuid depe3 Hero (Q, J/MHH) TpH HOMHHAILHOE JaBJIECHHE
Puom=32MIIa u ckopocts moToka xxuakoctu (V, m/c.).

HcxonHble JaHHBIE

Ne Q, n/mun | PXK BsskocTts, | V,
Bap. Mwm3/c m/c
1 58 HC12 10 5,8
2 60 HC20 17 2,8
3 62 HC30 27 4,8
4 42 HC45 38 5

5 40 HC50 42 5,2
6 45 Nun.12 10 3,6
7 42 Numx.20 17 4,2
8 40 Nun.30 27 3,8
9 38 Wnn.45 38 5
10 48 Nuan.50 42 5,2
11 46 HC45 52 3,6
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12 36 HC50 58 4,2
13 45 Wnn.12 14 3,8
14 42 Nun.50 42 5,2
15 40 HC45 52 3,6

3. XKuakocTts JaMuHApHO ABKXKETCA 1Mo TpybomnpoBoay auamerpom 0,2m (Re=2000). Omnpenenutsb

CKOPOCTb JBHKEHUS, €CITH v=15 10-4 m2 /c, a pacxon xxuakoct 1001/4.

4. Ompenenuts peXUM ABIKEHHS Macia B Tpyoe nuamerpoM 200MM, €CiiM MIIOTHOCTh COCTAaBIISET
985kr/m3..

5. Onpenenute peKUM JIBHKCHHS KepocrHa B Tpyoonporojie & 300 MM mpu CKOPOCTH IBHIKECHUS L
= 2,8 m/c. Kunemarnueckas Bsi3kocts v =0.15 - 10 -4m2/c.

Xox padoThI:
1. BeImosHUTE 3a/1aHKE TIPETIOIaBaTels.
2. 3alIUTUTh IPAKTUYECKYIO PabOTy

®opma npeacTaB/ieHus pe3yabTaTa:
Otuer o npoJieaHHON paboTe JOJKEH COJIEp)KaTh HA3BaHUE U L1eJb padOThI, OMMCAHUE XOAa
paboThI, pemenue 3a1a4d. BeIBOAbI MPejOCTaBUTh B TUCEMEHHOW (opMe.

Kpurepum ouneHku:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HempaBWIbHBIN 0TBeT — () OaoB.

porte KadecTBeHHast O1IeHKa HHIUBUAYATbHBIX
HT o
pon 00pa3oBaTeNbHBIX TOCTHKCHUI
pe3yabTaTUBHOCTH 5
anmn .
(MpaBUJIBHBIX OTBETOB) BepOaJIbHBIN aHaJIOT
(oT™meTKa)
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
70 =79 3 YZIOBJIETBOPUTEIILHO
menee 70 2 HE YJIOBJIETBOPUTEIHLHO

Tema 1.8 IloTepu Hanopa

IIpakTnuyeckoe 3ansiTue Ne 11
Peurenue 3a1a4 Ha onpejesieHre NOTeph HANOPa

Heanb padotbi: hopMUpoBaHHE YMEHU pellIeHUs 3a/1a4 Ha ONpeiesieHne NoTeph Haropa

Beinosinus padory, Bel Oyaere:
YMETh: peIIaTh 33a7a4y Ha ONpe/elICHHE ITOTeph Haropa

MarepuanbHoe o0ecnieyeHune:
MeTtoauyeckue yKa3aHus [0 BHIIIOJHEHUIO IPAKTUYECKUX U Ja00paTOpHBIX paboT

HUcxoonvle oannwie:
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I'mapaBaumyeckas cxema ruaponpuBoaa
Juametp TpyOBbI, TaBICHHUE, PACXOT

3aganmue:
1. Ompenenure JMHEHHbIE U MECTHBIE TIOTEPU HANOpa MPH JIBWKEHUU PEalTbHON paboueit
KHJIKOCTHU B TpyOe.

No Q, PXK Huamerp | V, | Bszkocts, | laBnenue,

Bap. | JI/MUH TpyOBI, | M/C | MM2/C MITA
MM

1 58 nci2 |10 58 |10 5

2 60 nca2o |17 2,8 | 17 8

3 62 NC30 |27 4.8 | 27 10

4 42 nc4s | 38 5 38 12

5 40 NUC50 |42 52 |42 14

6 45 HUnun.12 | 10 3,6 |10 16

7 42 Wun.20 | 17 4,2 | 17 5

8 40 Wun.30 | 27 38 |27 8

9 38 WNun.45 | 38 5 38 10

10 |48 Nun.50 | 42 52 |42 12

11 | 46 NC45 | 52 3,6 |52 14

12 | 36 NC50 | 58 4,2 |58 16

13 |45 Wun.12 | 14 38 |14 18

14 | 42 WNun.50 | 42 52 |17 14

15 |40 NC45 | 52 3,6 |27 10

HOpﬂ}IOK BbIITOJTHCHU A paﬁoTu:
1. Pemmntn 3aga4u, COrjJaCHO 3aJaHHuA

Xoa padoThI:
BrinosHuTsh 3a1aH1e
3aluTUTh PAKTUYECKYIO paboTy

®opma npeacTaB/ieHus pe3yabTaTa:
OTuer o npoJieTaHHON paboTe JOJKEH COJIep)KaTh Ha3BaHUE U 11eJb padOThI, OMHCAHHUE XOAa
paboTsl, smtopy. BbIBOIBI IPEJOCTABUTh B MUCBMEHHON (hopMe.

Kpurepun onenkn:
3a Kax/blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HemnpaBWIbHBIN 0TBeT — () OaoB.

Mpole KadecTBeHHast O1leHKa HHIUBUAYATBHBIX
HT o
pon 00pa30BaTENbHBIX TOCTHKEHUH
pe3yIbTaTUBHOCTH 5
At .
(TpaBUIIBHBIX OTBETOB) BepOaIbHbIH aHAJIOT
(oT™meTKa)
90+ 100 5 OTIIMYHO
80 + 89 4 XOPOIIO
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70 =179 3 YIOBIIETBOPUTEITHHO
menee 70 2 HE YJOBIIETBOPUTEIHHO

IIpakTuyeckoe 3ansitue Ne 12
Onpenesienue k03¢ PUIIHEHTA CONPOTUBJIEHHS TPEHUIO MPHU IBHKEHUH KUTKOCTH B KPYIJIoH Tpyoe

Hean padoTbI:
1. DkcrepuMEHTAIBFHO ONPENENIUTh OTEPU HAIOpa Ha MECTHOM CONPOTHUBICHUU MPU PA3TUUYHBIX
3HAYEHHSX Pacxoia BOJBI.
2. YCTaHOBUTH 3aBUCUMOCTb KO3(P(PHIIMEHTa MECTHOTO CONPOTUBIEeHUs & oT uncia Penonbaca Re.
3. ConocTaBUTh OMBITHBIC 3HAYECHUS & C TEOPETUIECKUMH HIIU CIIPABOYHBIMH.

Beinosinus padory, Bel Oyaere:
YMCTb: OINPCACIUTH IOTCPHU HAIlOPpa HA MECTHOM COINPOTUBJICHHUH IIPH PA3JIMYHBIX 3HAYCHUAX
pacxoza BOZBI.

MatepuanbHoe o0ecnieyeHue:
MeTtoauueckue yKa3aHus [0 BHIIIOJHEHUIO IPAKTUYECKUX U J1a00paTOpHbIX paboT

Kparkue Teoperuyeckue cBeleHUs:

VYyactku TpyOOnpoBoja, ri€ MPOUCXOJUT PE3KOE UBMEHEHNE CKOPOCTH 10 BEIUYMHE WU 110
HaIIPABJICHUIO, HA3BIBAIOTCS MECTHBIMU CONPOTUBICHUAMHU. MECTHBIMU CONPOTHUBIICHUSMH MOTYT
SBIISITHCSI BXOJ] B TPYOY, BEHTHIIN, H3MEHEHUS THaMeTpa TpyOOIpoBoa KIIamaHkl U APyTrHe.

IToTOK ’KMIKOCTH B MECTHBIX COIPOTHUBIICHUSIX Je(POpPMUPYETCS, YTO NPUBOIUT K U3MEHEHHUIO
pacnpesiesieHuss CKOpPOCTel IO CEYEHHMIO IOTOKAa M BO3HUKHOBEHHMIO IUPKYJSIPHBIX 30H C
MHTEHCUBHBIM BUXPEOOpa30BaHUEM.

Jlepopmarius moToka, co3iaBaeMasi MECTHBIM COMPOTHBIIEHUEM, MOKET PacIpOCTPAHSITHCS Ha
3HAYUTENbHBIM  y4yacTOK MPUMBIKAIOLIETO TpyOONpoBOAa, TJ€ MPOUCXOAUT IOCTENEHHOE
BbIpaBHMBAaHME MOJS cKopocTed. OaHaKo MOTEpPH PHEPrUM IO JUIMHE YYacTKOB HMPHUMBIKAIOIINX
TpyOONpOBOJOB € AehOPMUPOBAHHBIM IOJIEM CKOPOCTEH OYE€Hb Mallbl IO CPABHEHUIO C MOTEPSMU
HENOCPEJACTBEHHO B MECTHOM COIIPOTHUBIICHUH.

ITorepu sHepruM B MECTHOM COIpPOTHBIEHMH hm BbruMcistoTcs mo ¢opmyne Beiic6axa,
BBIpaXKarolIeH MoTepu B AOJISIX CKOPOCTHOTO HAIOpa

2

Vv
— Eue
h.-n =6
29
Koadpdunuent & HazpiBaercs k03¢ HUIMEHTOM MECTHOTO COITPOTUBIICHHUS. B kxauectBe v

B ¢opmyne Beiicbaxa MOKHO NPUHATH CKOPOCTD JINOO 10 MECTHOTO COMPOTUBIICHHUS, TUOO MOCIe,
OT 3TOro OyZAET 3aBUCETh TOJIBKO YHCIEHHOE 3HAUeHUE & ; HE0OXOAUMO CIEIHAIbHO OrOBOPUTH, IO
OTHOIIEHMIO K KaKOM CKOpOCTH 3TOT Ko3(duimeHT BbuucieH. B obmewm ciyuae ko duiuent &
3aBUCUT OT 4umcia PeiiHombaca W reoMeTpuueckod (GOpMBI MECTHOTO COMPOTHUBIICHHUS.
MHOro4MCIeHHbIE 3KCIIEPUMEHTAIbHBIE HCCIEI0BAaHUS MOKa3aJd, YTO NpHU OONBIIMX YHCIAX
Peiinonmpaca ( Re > 2*104+4*104) ko3 HUIMEHT MECTHOTO CONPOTHBICHHS CTAaHOBHUTCS
MOCTOSIHHBIM. B cripaBouHuKax 3HaueHHs & OOBIYHO JAOTCS A7 3TOM obnactu yncen Re. Beuny
OOJIBIIION CIIOKHOCTH CTPYKTYPHI TIOTOKA B MECTHBIX CONMPOTHBIICHHSX 3HAUCHUS & , KaK MPaBHIIO,
MOTYT OBITh ONPEAEICHBITOIBKO ONMBITHBIM MyTeM. TeopeTuyecku, NMpu HEKOTOPBIX JAOMYIICHUSX,
MO>KHO TMOJIY4UTh (GOpMYITy AJIs OTEPh HAmopa MpH BHE3AIHOM paciiupeHuH Tpydomposoaa. Tak,
npu Re > 3000 norepu Hamopa npy BHE3AITHOM PACIIUPEHUHN COCTABAT
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ap
rae vl uv2 — cpegHre CKOPOCTH B TPYOax Majoro v 0OJbIIOro JUaMeTpa COOTBETCTBEHHO.
Heckonbko MECTHBIX CONPOTUBIIEHUH, YCTAaHOBJIEHHBIX Ha TpPyOONpOBOAE, HE OKa3bIBAIOT
BIIMSIHUSA APYT HA JIpYyra, €ClId PacCTOSHUE MEXly HUMH He MeHee 20+50 nuameTpoB TpyOBbI.
B npoTuBHOM cilyyae BO3MOXHO B3aMHOE BIMSIHUE MECTHBIX COIIPOTHBIICHUH IPYTr Ha Jpyra,
U uX KO3(p(UIMEHTH CONMPOTUBICHUNA OyayT OTIMYaThCs OT TabmuuHbix. Torma HeoOXoaumo
[OTEPU HAIOpPa ONPENENATh IKCIEPUMEHTAIIBHO.

OmnwucaHue OMBITHOTO Y4acTKa

Hccnemyemplii BUA MECTHOTO CONPOTHBIICHHUS YCTAHABIMBACTCS HA ONBITHOM Y4YacTKe
TpyOOmnpoBoja 5, mpuMbIKatonieM K kKpany 12. [lomaya BOJIBI MOXKET OCYIIECTBISITHCS Kak W3
HAMOPHOM €MKOCTH 1, TaK U HEMOCPEACTBEHHO OT HAacoca 3 M3MEHEHHEM IOJIOXKEHHS KpaHa 4 (puc.
1).

Pa3HOCTP HAmopoB Ha MECTHOM CONPOTHBICHHM BMECT€ C JIMHCHHBIMH YYacTKaMH
TpyOONpOBOJOB (10 U TOCIE MECTHOrO compoTuBieHus) auamerpamu dl,d2, mounoit 11,12 u
OT/IETbHO Ha KaXJIOM M3 TaKHX >K€ YYacTKOB (puc..l) u3MepsieTcss ¢ MOMOIIbIO OJokKa
mudepeHInaTbHBIX THE30METPOB 1.

Pacxon, kak u B npeablAyux padoTax, u3MepsieTcss 00beMHBIM CIIOCOOOM.
B

» H
f;:
S
1 ;_‘ -
B i
| | L
AT

Pucynoxk -.1. I3mepenue pa3HOCTH HallOPOB HA MECTHOM COIPOTHUBIIEHHUH. 1-0110K
nuddepennpanbHbIX mbe3oMeTpos; 1 [, 1 [I-nmuast yuactkos I u 111; 11,12 —gyunsr yuactka 11
HETMOCPE/ICTBEHHO Tepe U mocie BHe3anHoro pacumpenus; h I, h I1, h 111, - motepu Hamopos Ha
yuactkax |, 11, 111

Ilopsinok BeINOJHEHHS PadOTHI:

1. OtkpsiBaeM KkpaH 4, yka3aTellb KpaHa CTaBUM B MO3UIMIO «a». Bkitoyaem Hacoc, 3an0HSs
€MKOCTb 1 BOJIOH.

2. C momomplo KpaHa 4 yCTaHAaBIMBAaeM YPOBEHb KHIKOCTH B Ju(depeHIInaIbHBIX
IIbE30METPAX MaKCUMaJIbHBIM. MI3MepsieM pacxon >KMIKOCTH, HAPaBJIsAsA MOTOK KUJKOCTH B
MEpPHYIO €EMKOCTb 10.

3. CaumaeM nokasanus nudGepeHIHaTbHBIX THe30MeTPOB (pHc..1).

4. V3MeHss BEMUUMHY pacxojia ¢ IOMOIIBIO KpaHa 4, HECKOJIBKO Pa3 MOBTOPSIEM U3MEPEHHUSL.

[TonydyeHHble TaHHBIE 3aHOCUM B Ta0JIUILY.

Memoouka pacuema
[Totepu Hamopa Ha y4yactke |l ¢ MECTHBIM COMTPOTUBICHHEM PaBHBI
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hII=hl11+h12+hm (1)
rze: hl — morepu o /uIMHE Ha y4acTKax TPyOOIPOBOIOB JI0 U TIOCJIE MECTHOTO COTIPOTUBIICHUS; hMm
— [IOTEpU HAaIlOpa B MECTHOM COTIPOTHUBIICHHU.
Vpasuenue bepnymu s yaactka |l umeer Bua

Py, agvi Pz , azVi
(2o + 22+ 2222) (7, 4+ 22 4 22%)

vy 2g pg 2g (2
W3 ypasuennii (1) u (2) cieayer, uro
h,=(z, —z,)4+0aP2 L GaviGy:_,
M 1 2 g 29 11 12 3)

Jlns cxembl M3MEpEHHH, npeicraBieHHOW Ha puc. 15.1, morepu nHa Tpenue hll u hl2
MPEJCTABISAIOT COOOW MOTEPH Ha ydacTKax TpyOoompoBojoB ainuHOH 11 u 12. DTH moTepn MOXHO
OTIpEICTUTh Yepe3 TUapaBIndeckue yKIOHbI il u 12 kotopsie onpenenstores kak hl/ 11 u h ITI/1 11
JIJiss TOpU30OHTANBHBIX Y4acTKoB z1 = z2. Pa3HOCTh mbe3oMeTpuueckux HarmopoB (pl — p2)/(p g)
usMmepsercs auddepeHIHATHLHBIM TEE30METPOM U paBHa ero mokazanusm h 1.

C Y4YC€TOM BBILIC U3JIOKCHHOI'O, YPABHCHUC (3) MOZKHO IICPCIIUCATh B CICAYIOILIECM BUC

Iy [ ﬂi”E_GZV%
hmzhxx_hx*j_hxxx*r -
I 1 2g 4)

Takum 06pa3zom, It ONMpPEIEIEHUs TIOTEPh HA MECTHOM CONPOTHBICHUU HEOOXOJUMO 3HATH
Pacxo1 KUIKOCTH JUIS BEIYMCIEHUS CPETHUX CKopocTeit vl 1 v2 u nokasanus quddepeHranbHbIX
nsezomerpos hl, hil, hill.

5. Ilopsanox BeIYMCIIEHUHN
OmnpenensieM 00BEMHBIN pacxo/1 BOJBI IS KQKJ0T0 U3MEPEHUS
Q=Vhi

Beruucrnsiem cpeiHue CKOpOCTH T€UEHUS

v, =4Q/m di v, = 4Q/md;
BrrauciisieM moTepu Ha MECTHOM COTITPOTHBIIEHUH 110 (hopMyITe
JIisi MECTHOTO CONpPOTHBIICHHSI «BHE3aITHOE pACIIMPEHHE» IOJCYUTHIBAEM TEOPETUIECKOE
3HaueHue hm o popmyne

(v, -v,)’
29

Omnpenensem 3Ha4eHHE KO3(PHHUIIMEHTa MECTHOTO COTIPOTUBIICHUS &.
CpaBHMBaeM NOJYYEHHOE 3HAUYEHHE CO CIIPABOYHBIMH JIAHHBIMU JJISl IAaHHOTO BUJIa MECTHOT'O
CONPOTHUBIICHUS (TIPUIIOKEHHUE 4).
Pe3ynpTarhl pacueToB 3aHOCHM B TabnuIy .1.

ap

Tabmuma 1

No ‘ Benuuuns 3HaueHus

N3mepeno

Bun MecTHOTrO COnpoTHUBIEHUS BHesamHoe pacimpenue

1
2 | JImametp yuacTka dil= | d2=
3 | Jaunen = ‘ 11 ‘ 12= ] I
4 | O6BEM MEpHOI EMKOCTH V=
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5 | Bpewms anekTpoHHOTO
CeKyHaOMepa T

[Noxazanust quddepeHaIbHbIX

IIbE30METPOB;
6 | | yuacrtka, hl
7 | Il ygactka, hll
8 | Il yuactka, hlll

Brruncneno

9 | O6BemHBIH pacxon, Q

10 | [Torepu  Hamopa
COIPOTHBIICHUH hm

B MECTHOM

11 | CxopocTHOI Hamop 3a MECTHBIM
CONPOTHUBIICHUEM, V2/2(

12 | Yucmo Peitnonbnca, Rel

13 | Yucmo Peitnonsnca, Re2

Xoa paGoTsI:
Bemonuuts 3amanne
3alUTUT IPAKTUYECKYIO paboTy

®opma npeacTaBiIeHus pe3ybTaTa:
OTueT o mpojiesiaHHON PaboTe JOJDKEH COACPIKATh Ha3BaHHE M LIeJIb pabOThI, ONMMCAHHUE XOJa

paboThI, AMIOPY.

BrIBo/IbI IpeOCTaBUTH B MUCBMEHHOH opMe.

Kpurtepun onenkn:

3a Kaxk[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBeT — () OaoB.

porte KauecTBeHHasI OI[eHKA HHIUBHTyaTbHBIX
HT o
po 00pa3oBaTeNbHbIX JOCTHKEHUN
Pe3yJIbTaTUBHOCTH 5
T .
(paBUIIBHBIX OTBETOB) BepOaIbHBINA aHAJIOT
(oT™meTKa)
90 + 100 5 OTJINYHO
80 + 89 4 XOpOIIO
70 =79 3 YZIOBJIETBOPUTEIIBHO
menee 70 2 HE YJIOBJIETBOPUTEIHLHO

IIpakTuyeckoe 3ansaTue Ne 13

I'mppaBauyveckuii pacyer Tpydonposoaa

Heas paborbl: dopMUPOBAHME YMEHHU

TpyOompoBoa

Boinosinus padory, Bel 6ynere:

YMETh: BBITIOJIHATH TUIPABINYECKUN pacueT TpyOOoIpoBoIa

41
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MarepuanbHoe obecnieyeHue:
Meroandeckue ykazaHusl K POBEICHUIO MPAKTHUECKON PabOThI, pa3IaTOUYHBIN MaTepHall

3aganue: Paccuutarh TpyOONpPOBOJ IO NOJYUYEHHBIM JaHHBIM

HUcxoonwvie oannuvie:

I'mapaBnuueckas cxema ruporpuBoa
JHuametp TpyOBbl, TaBICHHUE, PACXO]T

Kparkue TeopeTrnyeckue cBe1eHUsI:

TpyOonpoBoabl — OTAENbHBIE WIH COEAMHEHHBIE MEXIY COO0H TpYyObl, 10 KOTOPHIM

TPaHCIIOPTUPYETCS KUAKOCTH U Tasbl.
Pacuer mpocroro Tpy6onpoBoa
PaccMoTpuM OCHOBHBIE TUIIBI 3a/1a4 IIPU PacyYETE MIPOCTOro TPyOOIpoBOIa.

Onpez[enI/ITe IIOTCPHU HAIopa 1o JJIMHE IIPH 3aJaHHOM pacxoac KUIKOCTH.

Onpenenure pacxol )KUIKOCTH IPH 3aJaHHBIX MOTEPSX HAMOPA.
Omnpepenute ONTUMAIBLHOE CEYCHHE TPYOOIPOBOA, T.€. THAMETP.
3anano: V — pacxo/ BOJIBI,
| — nuHa TpyOOIPOBOIA;

d — nuametp TpyboOMpOBOAA.
MoskHO onpenenuTs nmoTepu Haropa (hi):
hi = V2L/K?>=A-V2.L,
rne K — pacxoyHas xapakrepucruka, M*/c;

1
__ =4
KZ

— yZIebHOE COTPOTUBIICHUE TPYOOIPOBOIA.
3HaueHue yAETbHBIX COMPOTUBICHUN (A) Uil CTaTbHBIX M YYT'YHHBIX TPYO B 3aBUCHMOCTH OT
JaMeTpa HaxoIsT mo Tadi. 1 u 2.

Tabnuia 1- 3HaueHue yaenbHbIX COMPOTUBIEHUH (A) IS CTaTbHBIX TPYO

= p= =
e g i“ A (g Q, | A (usa Q, o, % i A (ana o, g i“ A (mns Q,
5 £ |, 3 5 £ 50Q 5 .o
S22 M?/ceK) T1/cex) S = §M3/CGK) S a9 M>/ceK)
S B O g = g g = O
=8 =&N: = 9 &
9 225500 000 | 225,5 125 | 106,2 400 0,2062
10 32950000 | 32,95 150 | 44,95 450 0,1089
15 8 809 000 8,809 175 | 18,96 500 0,06222
20 1643 000 1,643 200 | 9,273 600 0,02384
25 436 700 0,4367 225 | 4822 700 0,01150
32 93 860 0,09386 250 | 2,583 750 0,007975
40 44 530 0,04453 275 |1,535 800 0,005665
50 11 080 0,01108 300 | 0,9392 850 0,004110
70 2 893 0,002893 325 | 0,6088 900 0,003034
80 1168 0,001168 350 | 0,4078 950 0,002278
100 267,4 0,002674 400 | 0,2062 1000 | 0,001736
125 86,23 0,00008623 | - - 1100 | 0,001048
150 33,95 0,00003395 | - - 1200 | 0,0006605

Tabmuna 2 - 3navueHue yAeabHBIX COMPOTUBICHUH A st ayryHHBIX Tpyo mo [OCT 5525-61
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BryTpenHmi A (mna Q | Buyrpenuuit A (ma Q,
iI;aMeTp ’ M3/ceK) TUaMeTp, MM M3/ceK)
50 15190 400 0,2232
75 1709 450 0,1195
100 365,3 500 0,06839
125 110,8 600 0,02602
150 41,85 700 0,01150
200 9,029 750 0,007975
250 2,752 800 0,005665
300 1,025 900 0,003034
350 0,4529 1000 0,001736

Ecnu ckopocts >1,2 m/c, To hin = A-V2.L. [Ipu MEHBIIMX CKOPOCTAX BBOJAT MONPABOYHBIN
KO3 (QUIIUEHT 0, KOTOPBIA HAXOASAT 10 Ta0. 3, 1
hn=a-A-V2.L.

Tabnuma 3 - 3nayenus kodduiMenTa o Ui CTANbHBIX U YYT'YHHBIX TPYO
B 3aBUCUMOCTH OT CKOPOCTH (V)

Vv, 0,2 0,25/030 (03504 (045 |05 |0,55
M/ceK
o 141 (133|128 |124|1,20(1,175|1,15|1,13
Vv, 0,6 0,65|0,7 0,75/08 (085 |09 |10 |11
M/ceK
o 1,115(1,10| 1,085 |1,07| 1,06 | 1,05 | 1,04 |1,03]| 1,015

ITosTOoMy cHauana mNpoBepsItOT CKOPOCTb.
2) Bamano: d — tuameTp TpyOOIPOBOAA;
L — nimmHa TpyOOompoBoa;

hi = morepu no aAnuHe.

MosxHo HaiiTu pacxon V.

J

Vpasuenue hi = A-V2-L moxHo 3anucats TakuM obpazom:J = A-V2(J = ha/L), torma V = \E.
[To »To¥i ¢opmyne npuHuUMas, Mo TabnWIaM 3HaueHWE A, HaXOAMM pacxoiA. 3Has pPacxom,
npoBepsieM ckopocTh. Ecimu ckopocts V 21,2 M/c, To 3anaua perena. Eciu V < 1,2 M/c, To BBOAAT

J
MOMPaBOYHBIN KOA(QDHUIHEHT o ¥ OMPEAENAIOT PacXo/] BO BTOpoM mpubimkenun V = WA o
3) 3amano: V — pacxon;
L — nnmunHa TpybonpoBoa;
hyt = morepu no MHE.
MOoHO orpeaenuTh Juametp Tpyodompososa (d).
A=—l
U3 ypasrenus hin = A-V2-L, Haxoaum 3Hauenne A: V'L
[Tonp3ysick Tabn. 1 u 2 B 3aBUCUMOCTH OT MaTepuaia TpyO 1Mo 3HauUeHUIO A HaXOJuM 3HavyeHue d.
[Tpuaumaem Omvkaimmii Oonbioii. [IpoBepsieM ckopocTs: ecnu V < 1,2 M/c, To 3aaya peuieHa.
Ecnmu V < 1,2 M/c, TO BBOJAT NMONPAaBOYHBIA KOAPPHUIIMEHT 0 BEIUUCIAIOT A MO0 YpaBHEHUIO

o

aVZ.L,
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[TopsiioK BBITOTHEHHS PAOOTHI:
Cornacuo pexomenaanusm crannapra COB PC 3644- 72 npu BeiOOpe CKOPOCTH B HAIlOPHOM
TpyOOIIPOBO/IC YUUTHIBAIOT pabouee nasieHue /4.c.391/:

Ppa6, MIla 25 6,3 (16 (32 63 |100
Unarm, M/c 2 32 4 B 6,3 |10

Jlst cnuBHBIX MarucTpaned Ucn = 1,5-2,5 m/c.

Jlnst BcacwiBaronux Usc < 1,6 m/c.

BuyTtpennuii tuaMerp BCachIBAIOIINUX, HATOPHBIX U CIIMBHBIX TPYOOIIPOBOIOB MPEIEISAETCS 110
_ %

y =
dopmyie: W M

rae: U- ckopocTh MoOTOKa paboued >KUIKOCTU B HANOPHOM, CIMBHOM WM BCAachIBAIOIICH
arucTpaisix.

JlnameTp BcachblBaIOIIEro TPYyOONMpOBOAa OOBIYHO NPUHUMAIOT PABHBIM JUAMETPY CIHUBHOTO.
Hailinennsle quameTpbl HEOOXOJUMO CPaBHUTH cO cTaHAapTHbIMU 3HaueHusMu 1no ['OCT 16516-
80:1;1,6;2;25;3;4,5;6; 8; 10; 12; 16; 20; 25; 32; 40; 50; 63; 80; 100; 125; 160. /4, c.7/.

5§ =2 K6
Z[oEep]

MuHUMaJIbHO 10IyCTUMAs TOJIIMHA CTEHKH TPYOOIIpOBOJIOB: , MM

riae P- pabouee naBnenue, Mlla;

Ko6-ko3ddunment 6e3onacHoctu, Ko6= 4-8;

[oBp] - BpeMeHHOE CONPOTHUBIIEHUE PACTHKEHUIO MaTepuana Tpyosl, MIla: > [oBp]| BOupaercs
u3 Tadi. 8.26 /4, ¢.30§/ st BRIOpaHHOIM MapKH CTaJIH.

Tabnuma 4 - MexaHn4eckue CBOWCTBA CTaJlel, IPUMEHSIEMBIX JUIS THAPABIMYECKIX
TpyOOIIPOBOJIOB

Mexanudeckne CBOHCTBA 10 20 35 45 [101]15X20XA0XBOXT [15X

BpeMeHnHoe

COTIPOTHBIICHUE 343412510589 422412 43116181491 431
[Tpenen Texydectn 206 [245(294 323 [245 226
OTHOCUTENBHOE 24 21 17 (14 22 19 (17 |14 |18 21

Tsepaocts no bpunemmo 137|156 (187 207197 (179179212 229

Hanophnast maructpans npoBepsieTcs Ha NMPOYHOCTH IPHU TMAPABIMYECKOM YyJape, BO3HUKAIOLIUM
IIpH NepeKIoYeHny pacnpeaenutens, no gopmyne H.E. XKykosckoro:

APya=pvH-a

rJie p - INIOTHOCTH paboueit xunkoctu, kt/mj;

VH - CKOPOCTbh [TIOTOKA B HAIIOPHOI MarucTpasim, M/c;

a - CKOPOCTb paclpoCTpaHeHUs yAapHOU BOJIHBI, M/C; Al MUHepallbHBIX Macen a= 1200- 1400 m/c.
[Tocne ompenenenust APya HaxoguTcsi MakCHUMallbHOE JaBJI€HHE B TUIPOCUCTEME, MPOBOAUTCS
CpaBHEHHME C [GBp] U /I€7aeTCsl BBIBOJI O IPOUHOCTHU TPYOBI.

ITpu pacuere rUAPOCUCTEM OINpPENEISIIOTCS MOTEPU AABICHHUS HA BCEX ydacTKax ; MyOompoBoja-
HAIMlOPHOM, CJIMBHOM U BCaChIBAIOILIEM.

A) Onpenenenue NoTepy JaBICHUS B JIMHUHN BCAChIBAaHUSI:

APB= AP}B + APnB + APMB
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rne AP¢dB- morepu naBieHus Ha BcachiBaromeM GuiIbTpe (IpH YCIOBHH, €CITH OH €CTh);
APIB - TuHENHBIC IOTEPU B IMHUU BCACHIBAHUS,

APMB - MeCTHBIE TTOTEPH.
b) Onpenensem norepu 1aBaeHUs B TUHUU HATHETAHUS:

APH =) APan+ APnH + APMH

riae Y APan - motepu naBieHus B anmnapaType, yCTaHOBJICHHOW Ha JIMHUU HarHETaHUs,

APHH - TuHEHbIE IOTEPU JaBJIEHUS B IMHUN HarHETaHUS;

APMH - MeCTHBIE TOTEPH B JINHUW HAaTHETAHUS.

B) Ilotepu naBineHus B JIMHUU CIIMBA

APcn =) APan + APncn + APmen

rae » APan - morepu naBieHus B anmapaTrype, YCTAaHOBJIIEHHOW B JMHMU ciuBa; APi, APM -
JIMHEWHBIE U MECTHBIC ITIOTEPU IABJICHUS B JINHUU CIIUBA.

[Torepu naBneHHs B anmaparype onpeaenstoTes mno Gopmyie:

- Q
MNPan = /N\Pan(—)
QO MTTa
rne AP°an - moTepu qaBieHus B anmapare Npu HOMHHaIBHOM pacxone, Mlla;
Q- pacueTHBIN pacxon;
Q HOM - HOMHHAJIBHBIN PacXo..

JluHelHbIe NOTEPH JABJIECHUS B MATUCTPANIAX ONPEIENAIOTCA 10 GopMmye
Apl

APn="p*
2Dy

rae 4. THJIPABINIECKUN KO(D(DUITUESHT TpeHUS;

P _ nnoraocts BBIOpaHHOU paboyvei )KUIKOCTH, KI/M-5;

v CKOPOCTb MOTOKA, M/C;

| - TMHA COOTBETCTBYIONIECH MAarkCTPaId, MM
I'mapaBnnueckuil koapuiuent Tpenust X (koappunment lapcu) onpenensercs 3aBUCUMOCTH OT
peXUMa JBM)KEHMSI IOTOKAa palOouel >KMJIKOCTH B HAlOPHOM, CIMBHOW WJI BCachIBarolIeH

MarucTpajiax:
&4

Jl71s TaMUHApHOTO PeKUMa! e
A B4
A= 04(= 4 Zyoes

Jl11s TypOYIEHTHOTO pexuma: Dy R

rre A - abCcosoTHAs IIEepPOX0BATOCTb; I CTalbHBIX TpYO A = 0,1- 0,3 Mm.
MecTHbIe TOTEpH HANIOpa OMPEAEIIOTCS 1o hopmyre:

2
APm = 021-25¢
Dy™™" MIla
riae: Q- pacxon, n/MuH;

Dy- nuametp TpyOBI, MM;

xS CYMMapHbIi K03()(HUIIMEHT MECTHBIX CONPOTUBIeHMH, cM. Tad. 10.3. ¢.390 /

IHopsAoK BHINOJIHEHHS PA0OTHI
1. . V3yunTh METOAMYECKUE YKA3aHHs IO BHIMOJIHEHUIO pabOTHI.
2. PaccumraTh TpyOOIPOBO/I IO MOTYYSHHBIM JAHHBIM
3. OcHOBHBIE BBIBOJIBI IO paboTe

Xon paborsr:
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1. ITpousBectu pacuer TpyoOMpoOBOAA.
2. IlomydeHHbIe TaHHBIE CBECTH B TaOJIHILY.
3. 3aIUTUTh MPAKTUIECKYIO paboTy

dopma npeacTaBJieHus pe3yJbTaTa:
Otyer 0 Npo/IeIaHHOM PaboOTe JOJHKEH COAEPKAaTh Ha3BaHUE U LIEJIb PabOThI, OMHCAHHE XOJa
paboThI, TAOIUITY C TAaHHBIMU pacyeTa.
BbIBOIBI TIPEIOCTABUTD B MUCHbMEHHOH (hopMe.

Kpurepun ouenkmn:
3a Kax[Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA OTBET — () 6AJIIOB.

IIpouent KauecTBeHHas orieHKa WHTUBH/TYaTbHBIX
00pa3oBaTeNbHBIX TIOCTHKCHUI
PE3yJIbTATUBHOCTH S -
(IpaBWIIBHBIX OTBETOB) (oT™eTKa) BepOAJIbHBIN aHAJIOT
90 + 100 5 OTJIMIHO
80 + 89 4 XOPOIIIO
70 =79 3 YIIOBJICTBOPUTEIIEHO
meHee 70 2 HE YI0BJIETBOPUTEIBHO

Tema 1.9. UcTeveHnne ;KuaKoCTE Yepe3 OTBEPCTUS M HACAAKHU

IIpakTnyeckas padora Nel4
OnpenesieHue CKOPOCTH U PAcX0a UCTeYeHH s KUAKOCTell yepe3 0OTBepcTUs

Hean padorbl: opMupoBaHUE YMEHUN OMPEACTATh PACXO/T )KUIKOCTH Ye€Pe3 OTBEPCTUS

Boinosinus padory, Bel 6yaere:
YMETbh: OOBSCHUTH MPUPOAY KOIPDHUIIUEHTOB pacXo/ia KUAKOCTH CKOPOCTH UCTEUECHUS
KUJKOCTH Y€pe3 OTBEPCTHSI.

MarepuaiabHoe obecnedyenne:
Meronuueckue yka3aHus K IPOBEACHUIO TPAKTUUECKON paboThI, pa3laTOUYHbIA MaTepral

3ananue: Peurure 3amaum.
1. Omnpenenuth pacxoj BOJBI U CKOPOCTh MCTEUCHUS Yepe3 KPYIJIOE CEUCHUE AUAMETPOM =

0,35 M, H=3m, M =0,65, ? =0,96. CKOpOCTBIO HaImopa mpeHeopeyb.

2. Boja BbITEKaeT U3 3aKPHITOTO pe3epByapa B aTMocepy uepes orBepcTe quamerpom d = 20
MM " ko3¢ ¢uientom pacxona p = 0,62. 'my6una norpyxenus nenrpa orsepcrus h = 0,45
M, U30BITOYHOE JaBJIeHHE Ha moBepXHOCTH xuakocTd pOu = 8,3 kIla. Onpenenuts pacxon
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xuakoctu. Kak m3mMeHuTCs N30BITOYHOE JaBICHUE TSl IPOITYCKa TOTO K€ pacxoja, €Clid K
OTBEPCTHUIO IPUCOCAMHUTEL BHEITHUI Haca{oK JutnHOM | = 0,1 M.

1 P9

—

h

d

A

3. U3 oreepctust muamerpom d = 0,4 cM B TOHKOH CTEHKE pe3epByapa BBITEKACT BOJA,
nMeromtas Temneparypy t = 18°C;. Otepcrtre pacnonokeHo Ha Bbicore h = 8 M Hap
MOBEpXHOCThIO 3emiu. [locTosHHBIN Hamop Bonabl B pesepByape H = 6 m. Onpenenutsb
pacxoll U CKOPOCTh HMCTEYCHHUS, a TaKXKe PACCTOSHHUS X, Ha KOTOPOM CTPYs KOCHETCS
MOBEPXHOCTHU 3EMIIH.

=

’I/////////}/I//// ///////////I//j//
X

4. Omnpenenuth pacxon xkuakoctu (p = 8§00 KF/MS), BBITEKAIOIIEe n3 Oaka yepe3 OTBEpCTHE
IUIOMIAAbI0 Sg = 1 cM?.
[Tokazanue pTyTHOTO TPUOOPA, U3MEPSIOIIETO IaBJIeHHE Bo3ayxa, h = 268 MM, Bbicota Hp =
2 M, ko3¢ ¢unment pacxona orsepcrus pu = 0,60.

5. Ompenenutsb pacxoj BoJbI yepe3 otBepcTre quamerpoM d = 0,08 M, koaddunmeHT pacxoaa
kotoporo p = 0,65, ecnm mokazanne mManomerpa puzd = 150 klla, a BbICOTa yCTaHOBKH
MaHOMeETpa HaJ] 0Chio oTBepcTus h = 1,5 m.
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ITopsinok BbINOJIHEHHA Pa0OTHI:
1. Pemuth 3amaum, COrJIacHO 3aJaHMs

Xopn padorsri:
BeinonuuTs 3aganue
3alUTUTB IPAKTHYECKYIO paboTy

dopma npeacTaBJIeHus pe3yJbTaTa:
Otyer 0 po/IeIaHHOM PaboOTe JOJHKEH COEPKAaTh Ha3BaHUE U LIEJIb PabOThI, OMHCAHHE XOJa
paboThI, MIOPY.
BbIBOIBI TIPEIOCTABUTD B MUCHbMEHHOH (opMe.

Kpurepun ouenkmn:
3a Kax[IbIid TPaBWIBHBIN OTBET — 1 Ga.
3a HempaBWIbHBIN O0TBeT — () OaoB.

3 o—— KauecTBeHHasI OI[eHKA HHINBHTyaTbHBIX
pol 00pa3oBaTeNbHBIX TIOCTHKCHUI
PE3yIbTaTUBHOCTH 5
a .
(MpaBUJIbHBIX OTBETOB) BepOaIbHBINA aHAJIOT
(oTMeTKa)
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
70 =79 3 YIIOBJICTBOPUTEIILHO
meHee 70 2 HE YI0BJIETBOPUTEIBHO

Tema 1.10 B3aumoaeiicTBue MOTOKA *KUAKOCTEH ¢ TBEP/A0ii perpaaoi

IIpakTnueckas padora NelS
Pac4er cui1 B3anMoAeHCTBUS CTPYH KHAKOCTH Ha perpaxy

He.m; paGOTLIZ HpI/IO6peCTI/I HAaBLIKU pAaCUCTa CHUJI JaBJICHUA HA IHO U CTCHKHU COCYyJa.

Boinosinus padory, Bel Oyaere:
YMETh: BBIIIOJIHATH PacyeT CUJI IaBJICHUS HA JHO U CTEHKHU COCY/a.

MaTepI/laﬂbHOC odecneyeHue:
Mertoauyeckue YKa3aHud K IIPOBCACHUIO HpaKTH‘ICCKOﬁ pa6OTLI, pa3I[aTqubn71 MaTrepual

33213][1/162 I/ICHOJ'II)?;YH HN3YUYCHHBIC 3aKOHBI, PCIIMUTEC CICAYIOIIUC 3aaa4yu, U OTBCTHTEC Ha
KOHTPOJIbHBIC BOITPOCHI.

Ha OLIEHKY «3» HAa OLIEHKY «4» Ha OLEHKY «5»

Howmep 3amaun 1,2,3 1,2,34 1,2,3,45

KpaTkue TeopeTnyeckue cBeIeHHsI:
JlaBneHue KUIAKOCTH Ha TayouHe h ompenensiercs mo popmyse (1) p = pgh (bopmyna
rugpocraruieckoro aasieHus). (1)
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['mapocraTuyeckoe AaBieHUE HA 000N ryOuHE BHYTPH KHUIKOCTH HE 3aBUCUT OT (POPMBI
cocyaa, B KOTOPOM HAaxOJHUTCS JKHAKOCTh, W PABHO IPOU3BEICHHUIO IUIOTHOCTH IKHIKOCTH,
YCKOpEHHsI CBOOOHOTO Ma/ICHHs U ITyOHHBI, Ha KOTOPOW paccMaTpHBAETCs AaBJICHUE.

P = poty-h =po+ pgh (2)

rae h — riayOuHa morpyeHusi paccMaTpuBaeMoii Touku. [IpuBeieHHbBIC BBIIIE BBIPAKCHHUS
Ha3bIBACTCS OCHOBHBIM ypaBHEHHEM TI'MIpOCTAaTHKU. BenuuuHa y-h mpeacraBiser Bec cTonOHKa
’KHUIKOCTH BBICOTOM h C M0N0 OCHOBaHMUS, PABHOW eIMHHMIIC.

AOGCOJIIOTHBIM JaBJICHUEM P HA3BIBACTCS JABJICHHUE, OTCYUTHIBAEMOE OT TOJHOT'O BaKyyMa.
OnmHuM U3 BHIOB aOCONIOTHOTO JIABJICHHS SIBISCTCS aTMOC(HEPHOE NIABICHHEP,r., KOTOPOE TAKKE
Ha3bIBaeTCs bapomempuueckum. Hopmansnoe armocdeproe nasienue pasao 98,1 klla.

OTHOCHUTEIBbHBIM JIaBJICHUEM HA3bIBAIOT JABJICHUE [0 OTHOIICHHIO K JPYTUM BHJaM
JaBIlIeHUs (4Yale BCero K arMochepHOMY Par). OTHOCUTENFHOE JABJICHUE MOXKET OBITh OOJIbINE WITH
MEHBIIIe aTMOC(HEPHOTO.

JaBienue Oouibiile aTMOC(HEPHOrO HA3BIBACTCSA U3OBITOYHBIM (Pys)AIHM MaHOMETPHUCCKHM
naBieHHEM (Pyan) U OTIPEIEIIIETCS COOTHOLIEHHEM (3):

pn36: pmaﬁ = pa6c - paT (HPH pa6c paT)a (3)

JlaBneHre MeHbIIE aTMOC(EpPHOTO HA3BIBAIOT PA3PEKEHUEM WM BaKyyMMETPUUYECKUM
naBieHUEM (Pga). 32 BEIMYMHY BaKyyMmMa NMPUHUMAIOT HEIOCTATOK JABJICHUS JI0 aTMOC(HEpPHOTO,
dbopmyna (4):

Peax= Par = Pace (HPPI Pacc paT)1 (4)

3a enunuiy nasienus B cucremMe CU mpuear mackans: 1 [la = 1 H/m; YKPYITHEHHBIMU
enuHUIAMU ABIsroTes: Kutonackains 1 k[la = 1000 ITa u meramackans 1 MITA = 1000 xI]a.
B TexHMKe MpOA0KAIOT IPUMEHATh U BHECUCTEMHBIE €IMHUIBI — TEXHUYECKYI0 aTMOc(epy
nbap: lar=1 Kre/em? = 98,1-103 ITa = 98,1 xlIla;
1 6ap=1,02ar = 100-10%ITa = 100 xI1a.

1. B axBapuym BbicoTO# (50 + Bapuant) cm, anuHo# (70 + BapuaHT) cM u mupuHoit (30 +
BapHaHT) CM HaJHMTa Boja. PaccunTaiite JaBneHne BOJbI HA THO akKBapryMa M Ha €T0
CTEHKH, €CJIU BOJIa HE IOXOAUT 10 BepxHero ypoBHs Ha 10 cMm. Eciiu Obl B 3a71aue
CTIpAIINBAIOCh HE JIaBIICHHUE BOJIBI, @ POCTO «IABJICHUE HA JTHO COCY/Ia, TO YeM ObI
OTJIMYAJIOCH PEIICHUE U OTBET?

3aoaua pewaemcs no gpopmyne (1) 0ns onpedenenus dasienus 00vl Ha OHo cocyoa. Jns
onpeoenenus OA6IeHUs HA CMEHKU ONPeOeislemcs YeHmp 0asieHus, KOMopblil pAcnOIO0NCEeH

nocepeoute. IlpeosapumenvHo eOunuyvl usmepenus nepeeooamcs  cucmemy CH.

2. Omnpenenure TiyOUHY OTPYKEHUS BOI0Ia3a, €CIHM HA €T0 WITIOMHUHATOP JCHCTBYET
nasnenne (200 + apuant) kl1a.
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3adaua pewaemcs no ghopmyne (2), uz komopoii ciedyem gvleecmu hopmyay 0/
onpeoenenus . [Ipedsapumenvro edunuyvl usmepenus nepegooamcs 6 cucmemy CH.

3. Ompexenure MIOTHOCTH MOJIOKA HAJTUTOTO B OM/IOH, €CITH JaBiicHHe Ha JHO cocTaniseT (10
+ Bapuanr) klla, a BeIcoTa OumoHa 1Mm.
3aoaua pewaemcs no ghopmyne (2), uz komopotii ciedyem 8vigecmu hopmyny 0s
onpeodenenus h.

4. Onpexnenute TIyOHHY MOTPYXXKECHUs OaTucKada, eClid Ha ero HUTFOMUHATOP TUIOIIAIbO
(0,12 + 0,01 BapuanT) M° 1aBHT Boxa ¢ cuuoii (2 + 0,1 Bapuant) MH.
3aoaua pewaemcs no ghopmyne (1), uz komopoii ciedyem gvigecmu Gopmyny 0us
onpeodenenus h. Ilpedsapumenvro edunuyvl uzmeperus nepesoosmcs ¢ cucmemy CHU. /lasnenue
onpeoensiemcs Kak cuid, OeleHHas Ha niowaob.

5. BslunciauTe AaBlICHUE U CUITY JaBJICHUS KepocuHa Ha aHO Oaka muromaabsio (0,5 + 0,01
BapHUAHT) M2, €CIIH BBICOTA CTOJIOA kepocuHa B 0ake (40 + BapuanT) cM.
Hasnenue onpeoensiemes no popmyne (1), cuna oasnenus onpeoensemcs Kak npouzsedeHue
daenenus Ha naowads. Ilpeosapumenvno eounuysl uzmepenus nepesooamcs 6 cucmemy CH.

Ilpumep pewenus 3a0auu:
Omnpenenure rnyOuHy MorpykeHus 6aruckada, eciu Ha ero WITFOMHHATOP Tuioma o 0,12
M TaBUT Boda ¢ cuiioit 2MH.

JHano CHu Pemenue:
: I110THOCTB Botbl IpiHEMaeM p = 1 000 kr/n’.
S=0,12m* | 2000 000 H Y cKopeHue CBOGOIHOTO mageH st npuHnMaeM g = 9,81 m/c?.
F=2MH Jliis onipeiesieH st JaBJICHUS BOIBI BOCIIOIb3yeMcst popmyitoit p = F/ S
p=F:S5=2000000:0,12 = 16 666 667 Ila
h=? Jlnst onpeienieHust rIyOUHBI TOrpyXeHus npeodpaszyem dpopmyay (1):

p = pgh, orkyna h = p/ pg =16 666 667/ 1000 *9,81 = 1699 m = 1,7 km

OtBer: h=1,7 km

IHopsiiok BHINOJHEHUS PadOThI:
1. Pemmuth 3amauu, COTJIaCHO 3aJaHMS
2. KOHTpOJIBHBIE BOTIPOCHI:

1) ®opmyrna ruAPOCTATUIECKOTO TABICHHS.

2) OCHOBHOE YpaBHEHHUE T'HPOCTATUKU.

3) Kakoe naBnenne Ha3bIBalOT aOCOTIOTHBIM JIaBICHUEM?

4) Kakoe naBneHre Ha3bIBAlOT OTHOCUTEIBHBIM JIaBICHUEM?

5) Kakoe faBneHne Ha3pIBAIOT MAHOMETPUIESCKUM JIaBIICHUEM?
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6) Kakoe naBieHue Ha3bIBAIOT BAKyyMMETPUYCCKUM JaBICHUCM?
7) Ckomnbko I1a conepxurcs B 1 Kre/cM?

Xox padoThI:
Brimonnuts 3amanue
3alMTUTh MPAKTHYECKYIO PaboTy

dopma npeacTaBJieHus pe3yabTaTa:
Otuet o mpojenaHHON paboTe JOJDKEH COAEp)KaTh Ha3BaHME M LIeb paboThl, OMUCAaHHE XO0Ja
paboTHI, SMIOPY.
BBIBOIBI TPEOCTaBUTE B MUCBMEHHOHN (opMe.

Kpurepun ouenkmn:
3a KaXbli MPaBUIILHBIN OTBET — 1 Oas.
3a HemnpaBWIbHBIN O0TBET — 0 OaIoB.

Ipouent KauecTBeHnHast orieHka HH/IUBU Ty B HBIX
00pa3oBaTeNbHBIX TOCTHKCHUI
PE3yJIbTATUBHOCTH . -
(IpaBWIIBHBIX OTBETOB) (oTmeTKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80+ 89 4 XOPOIIIO
70 =79 3 YAOBJIETBOPUTENBHO
meHee 70 2 HE YI0BJIETBOPUTEIBHO

Tema 1.12. 'mapaBauveckuii yaap B TpyoonpoBoaax

IIpakTnuyeckoe 3ansitue Ne 16
Pemtenne 3a1a4 Ha onpe/ieJieHle pacxoa ;KUAKOCTH Yepe3 OTBEPCTUSI K HACAKH H
TUAPaBJIAMYECKHi yaap

Ieap padorbr: PopMupOBaHNE YMEHUN ONPEAEIATH PACXO/ KHUIAKOCTH YEPE3 OTBEPCTHUE
HaCaJIKH.

Beinosinus padory, Bel Oyaere:
YMETh: 00BACHUTH MPUPOLY KOID(PUIIMEHTOB PACX0OAA KUAKOCTH CKOPOCTH UCTEUCHUS
KHUJIKOCTH Yepe3 OTBEPCTHUS W HACAIKH.

MartepuanbHoe o0ecrieyeHue:
MeTtoauueckue yKkazaHus K MPOBEICHUIO MPAKTUYECKOW paboThl, pa3laTOYHBIM MaTepua

3ananue: Peurmre 3amauu.
1. Omnpenenutb pacxoa BOJBI U CKOPOCTh HUCTEUCHHS Yepe3 KPYIIoe CEUCHHUE TUaMETPOM =

0,2 M, H=4m, M =0,62, ? =0,97. Cxopoctsio Hamopa npene6peds.
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2. Hacoc, pazuBas nasnenue 5S00kIla, mepekaunBaer 10M3 /4 KUAKOCTH, YAETbHBIH 00BEM
1,14 103 m3 /kr, mmametp TpyOompoBoga 0,2m. Ompenenuth MPOU3OHIET U pPa3phIB
TpyOompoBoja B pe3yibTare THApOyAapa, eciau a=5SM/c, a TpyOompoBOA CHOCOOEH
BbIZIepxkaTh S50k 1a.

3. OmpenenuTb MrHOBEHHOE MOBBIIICHHE AABICHHUS B TPYOONPOBOJIE MPH THIPOYyJape, eCiu
nuameTp TpyborpoBona 200mm, pacxon 200m3 /4, a=1300 m/c.

4. OmpenenuTh yBEJIWYEHHE JABJIEHUS B CTaJbHOM TpyOompoBoae anuHoM 120M mnpu
3aKpBITUH 33/IBHKKH B TedeHuu 2¢, eciu V = 3m/c; p = 900 xr/ m*; a = 1200 m/c.

Kpatkue TeopeTnyeckue CBeieHUs:

HcreueHne KHUAKOCTM YEpe3 OTBEPCTUE MOXKET MPOUCXOAUTH MPH IOCTOSHHOM H
IepEeMEHHOM Hanope. Eciu ucreueHue KuaKoCTH 4epe3 OTBEPCTHE MPOUCXOUT B aTMochepy WiIH
APYTyI0 ra30BYyI0 Cpely, TO TaKoe OTBEPCTHE Ha3bIBAaeTCs HE3aTOIUIEHHBIM. Ecim ke ucreueHue
UJET 10J] YpOBEHb, @ HE B aTMOC(Epy — 3aTOIIICHHBIM.

[Ipu ucreueHnn cTpyu B atMochepy U3 Majoro OTBEPCTHS B TOHKOW CTEHKE NMPOUCXOIMT
u3MeHeHne (GOopMBbI CTpyW IO ee JJIMHE, Ha3blBaeMoe HHBepcuei crpyu. OOyciaBiamBaeTcss 3TO
SBJICHUE B OCHOBHOM JICCTBMEM CHUJI IIOBEPXHOCTHOIO HATSKEHUS Ha BBITEKAIOLIUE
KPUBOJIMHENHBIE CTPYHKH U Pa3JIMYHBIMU YCIOBUSMU CXKATUA 110 IEpUMETPY oTBepcTud. MHBepcus
OoJIblIIe BCETO MPOSBIAETCS MIPU UCTEUEHUN U3 HEKPYTJIBIX OTBEPCTUH.

PaccmMoTpuM ucTeueHue KHUAKOCTU 4Yepe3 OTBEPCTUE B TOHKOM CTEHKE INpU MOCTOSHHOM
Hanope. OTBepcTHE B TOHKOW CTEHKE — 3TO OTBEPCTHE, AMAMETP KOTOPOro MHUHMMYM B 3 pasa
OOJIbIIIE TOMIIUHEI CTEHKH, T.€. do> 30.

IIpu ucTedyeHnn KUIKOCTH, Yepe3 OTBEPCTUE B TOHKON CTEHKE Ha HEKOTOPOM PACCTOSHUU OT
creaku (1 = do), mpoucxonut cxarue crpyu. Ilnomans *KUBOro ceueHus: CTpyu OyAeT MEHbIIe
IUIOINAZM OTBEPCTUSA. DTO OOBACHSETCA TEM, YTO YAaCTUIbl >KUJKOCTU IMPH BXOJIE B OTBEPCTHE
HUMEIOT CKOPOCTH Pa3IMYHbIX HaIlPABJICHUH.

Crpys oOTpbIBaeTCs OT CTEHKHM Yy KPOMKH OTBEPCTHSI M 3aT€M HECKOJBKO CXKUMAETCS.
Hunuaapuueckyto Gpopmy cTpysl NIPUHUMAET HAa PACCTOSHUU, PABHOM MIPUMEPHO OJJHOMY JAUAMETPY
orBepctus. Cxxatue cTpyd OOYCIOBIEHO HEOOXOJIMMOCTBHIO IUIABHOI'O MEpexoja OT PazIMYHBIX
HaIpaBJICHUN JBUKEHMS JKUJIKOCTH B pe3epByape, B TOM YHUCIE OT PaJHUajbHOTO JIBHXKEHUS IO
CTEHKE, K OCEBOMY JIBHIKEHHUIO CTPYH.

!

a— B atMocdepy; 6 — o]l ypOBEHb KUIKOCTH
Pucynoxk 1 - McreyeHune XuaKOCTH Yepe3 OTBEPCTHE B TOHKOW CTEHKE

Cxxatue CcTpyW XapakTepu3yeTrcsi Kod(PQPHUIIMEHTOM CKaThs — OTHOIIEHWE IUIONIAIA CEUCHHS
CTPYH B ME€CT€ HAaHOOJBIIIEro CKATUS K CEYCHHIO OTBEPCTHUS.




rze Sck- MIOLIA/lb )KUBOTO CEUYEHUS CTPYH; S - IOl OTBEPCTHUS.
KoadduuueHT cxarus e onpeaensieTcs ONbITHBIM ITyTeM H Ul KPYIJIbIX OTBepcTHil paseH 0,64.
3agauell pacuera MCTEUEHUS >KUIKOCTEH SIBJIAETCS ONpeAesieHHe CKOPOCTU M pacxoja NpHu
ucteyeHuu. CKOpOCTb UCTEUEHUS OIPENEINM 10 ypaBHEHUIO bepHymnnu. [l 3ToM Lenu 3anuimem
ypaBHeHHe bepHyim [uid peanbHOM XKUAKOCTH AJIA IBYX KMBbIX ceueHuil 1-1 m 2-2, mpoBens
IUIOCKOCTb CPABHEHMS YEPE3 OCh OTBepCTI/ISII

'si‘
Z, +— +ﬂ_22+_+}f-‘?g + I,

2g rg 2g pe
B ceuenun 1-1 reomerpuyeckuit Hanop z1= H, a B ceuenun 2-2 z2= 0. Cocya OTKpPBIT, UCTCUCHHUE
Yyepe3 OTBEPCTHE MPOMCXOIUT B MPOCTPAHCTBO C aTMOC(EpPHBIM AaBICHHEM, cliefoBaTenbHo Pl =
P2 = pa. CKOPOCTBIO B IOMEPEYHOM CEYEHHH COCY/Aa MO CPAaBHEHHIO CO CKOPOCTHIO B OTBEPCTHH
MO>KHO TIpeHeOpeub, T.e. mpuHATh W1 =0. CKOpOCTh B cedeHnu 2-2 W2 = wc.
CnenaB cOOTBETCTBYIOIIME [TOICTAHOBKU U COKpaH_[eHI/ISI, MOJIYYUM:

H= i + 1,
Zg
B BBIpa)KeHI/II/I HOTepI/I Hanopa hH HA3bIBAKOTCd MCCTHBIM COHpOTI/IBHeHI/IeM nu OHpe,I[eJIHIOTCSI I10

dbopmye:

-

uf
’g
rae o (3era) -kKod(pPUIMEHT MECTHOTrO COl'IpOTI/IBJ'IeHI/IH (nns Bxoma B TpyOy 0e3 3aKpyriieHHBIX

kpomok 6= 0,5, a ¢ 3akpyrineHHbIME Kpomkamu 6= 0,1).
Takum o6pazom:

h,=&

il

l.l T

"
"

i
H=_c =(
T o
b T
OTKYZla OKOHYATEIbHO MOIYYaeM:
i
W o= 2eH
1+¢

+
T

Benuunna Ha3bIBaeTCs KOAPGUIIMEHT CKOPOCTH M o0o3HauyaeTcst yepes3 v. Koaddurment
vV TpeacTaBinsgeT co0oil OTHOIIEHWE ACHCTBUTEIHHOW CKOPOCTH HCTEUEHUS K TEOPEeTUYECKOM,
ONpeaAcCIICTCA ONBITHBIM ITYTEM.

Taxum 06pa3oM CKOPOCTh UCTEUCHHSI PEATbHOM JKUKOCTH:

W=gn2lgH

3Has CKOPOCTH UCTCUYCHUSA KUAKOCTH MOKHO ONIPEACTIUTE paACXOd )KUAKOCTHU YEPE3 OTBEPCTUC!

Og=5,, -w

[Toacrasnsist 3HaYeHUs, A1 CKOPOCTH U KOA(DPHUITUEHTA CHKATHSI TTOTyIaeM:

O=e¢ 8- \J28H

rze € — K03 PUIMEeHT cKaTus CTPYyH,
S — uomaap OTBEpPCTHA,
v — K03 (HUIHEHT CKOPOCTH,
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[IpousBenenne kod(pduimenTta cxkatus CTPyH Ha KOIPPUIMEHT CKOPOCTH HaA3BIBACTCSA
KoapuureHToM pacxona u obo3zHavaercs L. CiieZjoBaTeNbHO:

a=e-0
U ypaBHeHHE pacxojia yepe3 OTBEPCTHUE MOJIYyYaeT OKOHYATEIbHBIA BU/L:
O=u-5-./2eH

B IMPAKTHUKEC 4YaCTO MPUXOAUTCA UMCTb ACJIO C HUCTCUCHUCM KHJIKOCTU HC B aTMocq)epy U HC B
ra3oByl0 Cpelly, a B MPOCTPAHCTBO, 3AIOJHEHHOE 3TOM MKUIAKOCTBbIO. TakoW cilydyall Ha3bIBAECTCS
HCTEYEHUEM T10J1 YPOBEHD WJIM UCTEUEHUEM YEPE3 3aTOIJIEHHOE OTBEPCTHE.

R
=

H

R
7
l
|
o
e
j;

-89 9 ,::' B 3TOM citydae Bcsi KHHETHYECKast SHEPTHsl CTPYH TepseTcs
‘v Y Ha BuxpeoOpa3oBaHHe, KaK PU BHE3AITHOM PaCIIUPEHUH.

Or)

T

Pucynok 2 - Mcteuenue o ypoBeHb

[lpu ucredyeHWH MOJA YPOBEHb pacUETHBIC (OPMYJBI Ui CKOPOCTH M pPacxoja OCTAIOTCS
HOPSKHUMH, TOJIbKO H mpuHMMaercst kak pasHOCTh ypoBHe#. [Ipu mcTeueHHH yepe3 OTBEpCTHE B
OOKOBOIl CTEHKE Harop He OyAeT OJAMHAKOBBIM JUIS BCEX TOYEK IO CEYCHHIO OTBEPCTHS, B 3TOM
cilydae pacxo]l JKUJKOCTH MOKET OBITH OIpEeeNieH MyTeM CYMMHpPOBAHUS, T.€. MHTETPHUPOBAHHS
HIIEMEHTapHBIX PACXO0/I0B 10 BCEMY CEUCHHUIO OTBEPCTHSI.

[Ipy ucTeyeHWM KUAKOCTH uYepe3 KOPOTKUH HMIMHAPUYECKHH MaTpyOoK (HacaaoK) MPOUCXOIUT
JOTIOJTHUTEIIbHAS TIOTEPSI SHEPTUH, TJIABHBIM 00pa30M BCJICJICTBUU BHE3AIHOTO PACHIMPEHUS CTPYH
B maTpyoxe.

e
—
™

Pucynok 3- Mcteuenue uepes Hacai0K

[TosTOMYy CKOPOCTH MCTEUEHMS KHUJKOCTH 4epe3 MaTpyOOK MEHbIIE CKOPOCTH €€ HUCTeUeHHs
yepe3 OTBEpCTHE B TOHKOW CTEHKEe. Bmecre ¢ Tem, pacxox KUIAKOCTH, BBITEKANOIIEH dYepe3
naTpyOok OoJjbllle, YeM MPHU UCTEUEHUHU uepe3 OTBepcTHe. Tak Kak CTpys, IMOCie BXO/a B HACaI0K
C)KMMaeTcsl MPUMEPHO TaK JKe, KaK U MPU UCTEUEHUU Yepe3 OTBEPCTHE B TOHKOW CTEHKE, a 3aTeM
CTpysl IOCTENEHHO pacliupsieTcsd A0 pa3MepoB OTBEPCTHS M M3 HAcaJka BBIXOAWT IIOJHBIM
ceueHueM. [loaromy koaduiment cxaTus CTpyu Ha BbIXoJe U3 maTpyOka e=1, 4yTo MPUBOAUT K
MOBBIIIEHUIO 3HAUEHUS KO (UIHEHTa pacXo/ia L U COOTBETCTBEHHO Pacxo/ia KUAKOCTH.
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BHemHui nUIMHIpUYECKU Haca 0K MOXKET ObITh 3HAUUTEIBHO YIYUIIECH ITyTEM 3aKpYyIJICHUS
BXOJHOU KPOMKH WJIA YCTPOMCTBA KOHUYECKOTO BXO/A.

[ amdns — [— C R =07 —— |
= .¢5——H - - =8 _fl'.l'- —
=g o] ———— . L & = —
= —d AT B

- = = /Y

Pucynok 4- Mcreduenne xKUAKOCTH Yepe3 HACAIKU
a - pacIIUpPSIIOIUECs] KOHUYECKHUE; O - cyKarolrecs KOHUUECKUE; B - KOHOMIAIbHBIE; I -
BHYTPCHHUC UIIMHAPHUICCKHUC.

Konudeckn cxonsimmecs W KOHOWJAJIbHBIC HACAIKH MPUMEHSIOT TaM, Tl HEOOXOAMMO
MOJIYYUTh XOPOIIYI0 KOMIIAKTHYIO CTPYIO CPaBHHUTEIHHO OOJIBIION NJIMHBI MPU MaibIX MOTEPsSX
SHepruu (B HANOPHBIX OpaHACMOWTAX, TMAPOMOHUTOPAX U T.1.). KoHMuecku cxopasimuecs HacaaKku
HCIIOJIb3YIOT JUUISl YBEJIMUECHUS PACX0/1a UCTEYEHUS [P MAJIBIX BBIXOJIHBIX CKOPOCTSX.

Ilopsinok BbINOJHEHHS PadOTHI:
1. Pemmuth 3azmauM, COrJacHO 3aJaHus
2. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI:
1. Ha3znaueHue rujpaBIndeckoro HacaaKa.
2. OTnuuuTeNbHble 0COOEHHOCTH BHELIHETO HMIMHAPUYECKOT0 U BHYTPEHHET O [IMJINHIPUYECKOTO
Hacajka.
3. Hanucatb popmyibl: pacxona, ckopocTd, KO3 PHUIIEeHTa CTPYH.
4. [IpumeHeHne Haca/lKoOB.
5. Kakoe oTBepcTre Ha3bIBaeTCs MajlbiM?
6. Kakyro cTeHKy Ha3bIBalOT TOHKO?
7. Kakoii Bug umeet ¢popmyiia pacxo/ia >KUJKOCTH Yepe3 MaJoe OTBEPCTHE B TOHKOM cTeHKe?
8. Ilouemy mpu ycTaHOBKE HacaJlka MPOUCXOIUT yBeJIUUYEeHUE pacxoaa?

Xoa padoThI:
BrimoaHUTE 3a1aH1€e
3aluTUTh MPAKTUYECKYIO paboTy

dopma npeacTaBJieHus pe3yabTaTa:
OTuer o mpoJIeTaHHOM paboTe JOJKEH COJIepKaTh Ha3BaHUE U IIeNb PadOThI, OMHCAHHE XOAa
paboTHI, MIOPY.
BrIBO/IBI TpeOCTaBUTH B MUCHMEHHOH (opMe.

Kpurepun ouenku:
3a KakJplii MpaBWIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBINH 0TBET — 0 6aLIOB.

Mpole KadecTBeHHast O1IeHKa HHIUBUAYATbHBIX
HT o
po 00pa3oBaTeNbHBIX TOCTHKCHUI
Pe3yJIbTaTUBHOCTH 5
I .
(TpaBUIILHBIX OTBETOB) BepOANbHBIN aHAIOT
(oT™meTKa)

90 + 100 5 OTJIMYHO

80 + 89 4 XOpOLIO

70 =79 3 YZIOBJIETBOPUTEIILHO
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menee 70 | 2 | e ymosnersopuTenbHO

IIpakTnueckoe 3ansaTue Ne 17
Pemenne 3aga4 Ha pacyeTr TPyOONPOBOJHBIX CHCTEM U HCIOJIb30BAHME TEOPHH OO0
U MOJeJMPOBAHHUS I'MIPOJMHAMUYECKHX MPOLECCOB

Heanb padorsi: [Iprodbpectu HaBbIKK pacueTa TPYOOIIPOBOIHBIX CUCTEM

BobinosinuB padory, Bl Oyaere:
YMETb: BBIMIOJHATH PacyeT TPYOOIIPOBOJHBIX CHCTEM

MarepuanbHoe obecrnieyeHue:
Metoanyeckue ykazaHHus K IPOBEICHUIO MPAKTHYECKON pabOThI, pa3aaTOuHbIA MaTepHua

3agaHue: BBIIIOJIHUTD PACYET.

Kparkue Teoperuyeckue cBeleHUs:

K ocHOBHBIM mapameTpaM, XapaKTepU3YIOLIUM pabOTy HACOCOB OTHOCATCS: IOjada, Hamop,
4acTOTa BPaLIECHUs BaJla, MOIIIHOCTb, KO3()(PULIMEHT M0JI€3HOr0 ACHCTBUS.

[lomayeil Hacoca Ha3bpIBaeTCsd KOJMYECTBO >KHUJKOCTH, MOJAaBAaEMOE HAcCOCOM B EAMHHUILY
BpeMeHu. Eciu nopady n3MepsroT B elMHUIIAX 00beMa, TO €€ Ha3blBaloT 00BEMHOM M 0003HAYAIOT:
Qv (M%c).

Cuctemoit CH BBezeHa maccoBas mnojgada Qm (kr/c) — macca XHJIKOCTH, MOAaBaeMON
MalIMHON B €IMHUILY BpEMEHHU:

Qm=p-Qv,

I7ie p — INIOTHOCTH Cpefbl, KI/M>.

JlelicTBuTenpHAs Mojaya MO psAAy NPUYMH BCETAAa MEHBIIE TEOPETHMYECKOM, TaK KakK H3-3a
HECBOEBPEMEHHOM TOCaJKM KJIANaHOB YacTh JKMJIKOCTHM YyXOIUT oOOpaTHO, a Takxke H3-3a
HECBOEBPEMEHHOTO MOJbEMAa BCACBIBAIOIIETO KJIallaHA, BCACHIBAHME HAUMHAETCS HE B Haydaje XoJa
MOPUIHS U M3-3a HEIJIOTHOCTEW B CalbHMKAX, (hIaHIaX, MaH)KeTaX, KjanaHaX MPOUCXOAAT YTEUKH
XKHUIKOCTU. Bee pakTopbl, CHUXKarOIKE TEOPETUYECKYIO MOAayy Hacoca, YUUTHIBAIOTCS 00 bEMHBIM

Kod(duIreHToM mose3noro aevcteus: n° = 0,85-0,99.

Takum 006pazom, nercTBUTENbHAS MTOa4a OyIeT paBHa:

Qa=Qr-n0

HanopoMm Hacoca Ha3bIBaeTCs MpUpaIEeHHe SHEPTUN €UHHUIIBI BECA KUJIKOCTH WM Pa3HOCTh
YAENbHBIX SHEPTUM, pACCMAaTPUBAEMBIX B CEUEHUSIX MTOTOKA, PACTIOIO0KEHHBIX Ha BBIXOJIE U3 Hacoca
u nepen aum (H).

J J
H=H,+ il +h,

P8
Hanop nacoca // B nacocHoit ycranoske
JATPAUHBACTCA HA TOABEM KHAKOCTH HA
FEOMETPHUECKYIO BLICOTY M, KOTOpas ssasercs
CYMMOIT BBICOTHI BCACHIBAHNA flac W BRICOTHI
HarneTanus iy, 00eCneueHne pasHocTH HaNnoOpoOs
(AasacHuin) B cocynax: (p~p.)/pg. npeooieHue
FHAPABIHMYCCKOTO CONMPOTHBICHHUA BO BCACKIBAIOIIEM

H HAOPHOM TPYBONpoBOAax /.
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JevicTBuTenbHBIN Hamop OyAeT OOJbIIe TEOPETUIECKOTO, TaK KaK MPH BBIXOJE YpaBHEHUM

HE YYUTBIBAJIMCH THIPABINYECKUE KO3 (DUIIMEHTHI OJIE3HOTO AeicTBUs, paBHbIi NT = 0,7-0,9:

nt=Hrt/Hn

MountHocTh

Pa3znuyarot notpebiisieMyto U Mojae3HyI0 MOIIIHOCTh Hacoca.

[Tone3nast momHOCT, NIOJT — 3TO dHEPrusi, IPUOOpPETECHHAs 3a €IUHUILY BpEMEHU
XKUJKOCTBIO, TpoLIeIni uepe3 Hacoc (BT):

Nmon=p-g-QH

IMonmnenii  KIIJ[ wHacoca mpeactaBisieT co0OM OTHOIICHHWE IIOJIE3HOHW MOIIHOCTH K
noTpeOIIeMOiA:

N =Nnoxn/N
[Tonnsrii KITJI MoxkeT ObITh BBIpa)KEH CIIEAYIONUM 00pa3oM:
N =n0nT nmex,

rae nMmex — Mexanuwveckudd KIIJ[, yuuThIBarommii moTepd B MEXaHMYECKHX Iepefadax |
notepu Ha Tperue nmex = 0,95 — 0,98.

KoaddurmeHT mosie3HOro neicTBUS COBPEMEHHBIX HACOCOB KOJICOJIETCS B TIpeIenax
0,65+0,90.

IMopsiiok BbINOJIHEHUS PA0OTHI:
N3yuuTh MeTOIMYECKHUE YKa3aHUS 110 BBITIOJHEHUIO Pa0OTHI.
2. lTlonyuuTs y mpernoaaBatessi UCXOJHbIC JaHHBIC IJIs1 BHITOTHEHUS! pabOThl B COOTBETCTBUE C
BApUAHTOM.
W3y4uTh TEXHUYECKYIO XapaKTePUCTUKY HAcOca
4. BBINOTHUTH pacyeT

=

w

Xoa paéoThi:
BrimosauTs 3a1anme
3aluTUTh NPAKTUYECKYIO paboTy

®opma npeacTaB/ieHus pe3yabTaTa:
Otuer o npojieTaHHON paboTe JOJKEH COJIep)KaTh Ha3BaHUE U 11eJb padOThl, OMHCAHHUE XOAa
paboTsl, smtopy. BbIBOIBI IPEeJOCTaBUTH B MUCBMEHHON (hopMe.

Kpurepuu ouenkmn:
3a Kak[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBeT — () OaoB.

MpomeHT KauecTBeHHast O1leHKa HHIUBUTYaTbHBIX
pon 00pa30BaTENbHBIX TOCTHKEHUH
pe3yIbTaTUBHOCTH 5
LT .
(IpaBUIBHBIX OTBETOB) BepOaNBHBIN aHAIOT
(oT™meTKa)
90+ 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
70 =79 3 YZIOBJIETBOPUTEIILHO
menee 70 2 HE yJIOBJIETBOPUTEIBHO
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Tema 1.1. du3nyecKue CBOCTBA KUIAKOCTEH U ra3oB

JlaGoparopnas padora Nel

IMoBepka NpPy:KUHHOTO MAHOMETPA

Less moBepkM: ornpeenseTcs HazHaueHreM npuodopa. Eciu npubop TeXHU4ecKui, To
IIPU TIOBEPKE YCTAHABJIHMBAIOT MPUHAUICKHOCTh IPUOOPA K MPUCBOCHHOMY €MY KJIACCY TOYHOCTH.
Knacc TouHocTm ymocTtoBepsieTcsl KiedMoM Ha 1mdepOnare manomerpa. Ecmu  mpubop
7a00paTOPHBIA, TO LENBI0 MOBEPKH SIBISCTCS ONPEICICHUE BEIMYUH IMOMPABOK
Ap,KOMIICHCUPYIOIIUX OCHOBHYIO CUCTEMAaTUYECKYIO IOIPEIIHOCTh IPU Pa3IMYHBIX ITOKA3aHUAX P
npubopa. B 3Tom ciydae pesynbrar moBepkd OGOPMISIIOT B BHJE rpaduka (TapupoOBOYHOTO)
3apucumocta Ap =f (p).

Boinosinus pa6ory, Bel Oynere:
yMmemb: BBIIOIHATE IOBEPKY NPYKUHHOI'O MaHOMETPA

MaTepI/laﬂbHOC odecneyeHue:
MeTtoanueckue YKa3aHHs 11O BBIITOJIHCHUIO IIPAKTHICCKUX 3aHATHH U HaGOpaTOpHLIX pa60T

3aganue:

1. IIpoBeputh Ha 00Pa31I0BOM I'PY30HOPIIHEBOM MAaHOMETPE MPYKUHHBIA MaHOMETP:

a) CHATh I[IOKa3aHUS C I[IOBEPAEMOr0 MaHOMETpPa M CpPaBHUTb HUX C IOKa3aHUSIMU
KOHTPOJIbHOI'O 00pa31ioBOr0 MAHOMETPA;

0) BBIUMCIUTh MAKCUMAJIBHYIO a0COIOTHYIO CUCTEMATHUECKYIO TOTPEIIHOCTh U J1aTh
3aKJIIOYEHHE O COOTBETCTBUM NTPHOOpa CBOEMY KJIaCCy TOUHOCTH.

2. ITocTpouTh MONPAaBOUHYIO KPUBYIO.

Kparkne TeopeTuueckue cBe1eHHs:

I[aBJ'ICHI/Ie, OTCYUTBIBACMOC OT HYJICBOI'O OABJICHUA, HA3bIBACTCS a0COTIOTHBIM JaBJICHUEM
PaGc. JlaBnenue, mpessblimiaroiiee aTMochepHOE U OTCUUTHIBAEMOE OT aTMOC(EpPHOTO JaBJICHUS,
Ha3bIBaeTCs M30BITOYHBIM JaBineHneM Pus0. [laBieHue, KOTOpoe MeHbIIe aTMocepHOro u

OTCUUTHIBAEMOE OT aTMOC(EPHOTO JaBJCHHUS, Ha3bIBAETCS BAKyyMMETPHUUECKHM JaBIeHHEM PBak
(puc. 1.1).

T suancscns, Gomitue, et mrocdepaoe

3

Pe

JIRIHN SYMOCHEPHOTO ARREMHN Py

P

JIsmiin TARNCHHS, METIbT, CM ATMOCHEPHOE

P
JINiiRs EyRceoro seacEREp=0 _

Puc.1. - K nonaTuro n306ITOYHOTO TaBJICHUS U BaKyyMa.
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[TpuGops! 11 M3MepeHHsl AaBICHHUS BeCbMa pa3HooOpa3zHbl. OHU KiIacCU(DUUIUPYIOTCA IO
Pa3IUYHBIM MPU3HAKAM.

[To xapakTepy u3MepsieMoil BETUYUHBI PUOOPHI PA3AEISIOT Ha TPYIIIbL:

1. [TpuGops! 1151 U3MepeHus: aTMOCHEPHOTO IaBJICHHS paT — OapOMETPBI.

2. IlpuGopsl ans U3MEpEHHUs Pa3HOCTU aOCOJTIOTHOTO M aTMOC(EPHOTO MaBJICHHM, T. €.
M30BITOYHOTO JABICHHWS PHM BakyymMa pB. Ilpubopsl, u3Mmepsiomme H3OBITOYHOE J1aBJICHUE,
Ha3bIBAIOT MaHOMETPaMH; MPUOOPHI, H3MEPAIOLINE BaKyyM, — BaKyyMMeTpamu. IIpubGopsl,
KOTOPBIMH MOKHO U3MEPATH N30BITOYHOE JIaBICHUE U BaKyyM, Ha3bIBalOT MAaHOBAKYYMMETPaMH.

3. IlpubGopsl nns u3MepeHus: aOCOMIOTHOTO MABJICHHUS P — MaHOMETPHI abCONIOTHOIO
naBieHus. AOCOIIOTHOE IaBIEHUE MOXXHO U3MEPSTh TaKKe C MMOMOLIbI0 OapoMeTpa U MaHOMETpa,
ecnM u3MepsieMoe AaBieHue Oonblne atmMocdepHoro (p = par + pH), a Takke OapomeTpa U
BaKyyMMETpa, €ClIi U3MepseMOe JIaBlIeHUE MEHbIle aTMOC(PepHOro (p = paT — pB). MaHOMETpbI
abCOIIOTHOTO JaBJICHUs OOBIYHO MPUMEHSIOT AJISl H3MEPEHUS MajibIX a0COMIOTHBIX JaBICHUM.

4. [Tpubopsl 175 U3MEPEHUs Pa3HOCTHU AaBleHu — nuddepeHantbHbple MAaHOMETPBI.

5. IlpubGopsl [isi U3MEpeHHs Maloro U30BITOYHOTO JaBJIICHHWS M Bakyyma —
MUKPOMaHOMETPHI.

[To mpuHIUIY NEHCTBUS pa3IUYalOT MPUOOPHI KUIAKOCTHBIC, IMPYKUHHBIC, IOPITHEBBIC,
ANEKTpUYECKUE, KOMOMHUPOBAHHBIE:

e K JKHIKOCTHBIM OTHOCATCS NPHOOPHI, OCHOBAHHBIE HAa THAPOCTATUYECKOM IPUHIIHIIC
JEWCTBUS, 3aKIIOYAIONIMMCS B TOM, YTO H3MEpsieMOE JaBJICHHWE YPaBHOBEUIMBACTCS IABIICHHEM,
CO3JIaBaEMbIM BECOM CTOJI0a )KHIKOCTH, BBICOTA KOTOPOTO CITY>)KAT MEPOU JaBIICHHS.

e JleiicTBME NPYXMHHBIX MaHOMETPOB OCHOBAaHO Ha MpUMeHeHMH 3akoHa ['yka. Cuia
naBieHus neGopMHUpyeT YIPYrHil dIeMeHT mpubopa — MPYKUHY, KOTOpas MOXKET MPEICTaBISTh
coboit moiyto TpyOKy, MeMOpaHy, cuiab(GoH u T. 1. [lepopmarus ynpyroro 3jaeMeHTa, BbI3BaHHas
JaBJIeHHEM, TI0 3aKoHy [ 'yka mpornopiroHaibHa JaBICHUIO U CIYKHUT €ro MEpOH.

e B OCHOBY M3MepeHHUsl HAaBIICHHs MOPUIHEBBIMH NMPHOOpAMH TIOJIOKEH 3aKOH PaBHOBECHS
TBEPJIOTO Tea, HAXOMAUIETOCS IOJ BO3ACHCTBHEM JKUAKOCTH. CHila M3MEpSIEeMOro JaBJICHUS
KHUJIKOCTH, TPHJIOKEHHAs K TMOPIIHIO MPUOOpa, YpaBHOBEUIMBAETCS BHEUIHEW CUJIOH, BEITMYMHA
KOTOpPOHM CIY’KAT MEpOW JaBiieHHs. B TOM ciydae, KOrja BHEIIHEH CHJIOW ABISETCS BEC TPY30B,
HArpy>KaroluX MOPIIeHb, MPUOOPHI HA3BIBAIOTCS TPY30MOPIIHEBBIMH.

o JleiicTBUE IEKTPUYECKUX MPUOOPOB OCHOBAHO HA MCIOJIb30BaHUU MPOMOPLHUOHATIBHOCTH
MEXIy U3MEHEHHEM HEKOTOPBIX DJIEKTPHUYECKUX CBOWCTB MaTEpUaIOB U M3MEHEHUEM JIaBIICHUS.

Hanpumep, omuueckoe cOnpoTHBIEHHE HEKOTOPBIX CIIJIABOB MPOMOPLUOHAIBHO JIABICHUIO
OKpY>KaloIlel cpeJibl; 3TO CBOMCTBO UCIOJb3YEeTCs PU U3MEPEHUHU BBICOKUX JaBlieHHH. Bennunna
AIIEKTPHUYECKUX 3apsIJIOB, MOSIBISTIONINXCS HA MOBEPXHOCTH KPUCTAUTMYECKOTO IUAIIEKTPHUKA TIPH
CKaTHUHM W PACTSDKEHWH KpHCTalIa, MPOTOPIHUOHATIbHA JACHCTBYIONIEMY NaBJICHUIO; 3TO CBOHCTBO
MCTIOJB3YyeTCsI IPH U3MEPEHUHN OBICTPOIIEPEMEHHBIX TaBICHUH.

e K KOMOWHUPOBAHHBIM OTHOCSTCS TPHOOPHI, WPHHIMUI JIEHCTBUSA KOTOPBIX HOCHUT
CMEILIaHHBIN XapakTep (Harpumep, 3IeKTPOMEXaHUUYECKHE TPUOOPHI).

MaHoMeTpBl pa3leNaioT Ha KIJIAcChl MO TOYHOCTU. YCTAHOBJIEHBI CIIEAYIOLIHE KIIAcChl
TouHOCTH npubopoB s usmepenus nasnenus: 0,005; 0,02; 0,05; 0,1; 0,2; 0,4; 0,5; 1,0; 2,0; 2,5;
4,0; 6,0. [Tpubops! knacco Tounoctu 0,5 - 6 ucnonb3yrOT Kak pabouwne, kracco 0,005 — 0,4 — kax
00pasIoBbIE.
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OCHOBHBIMU  XapaKTEPUCTUKAMH MPHOOPOB, H3MEPSIOUINX JIABJICHUE, SIBISAIOTCS KJacce
TOYHOCTH, JIMAINA30H U3MEPSAEMBIX JIaBICHUH, YyBCTBUTEIbHOCTD, TMHEHHOCTH U OBICTPOACHCTBHE.

A
e A-4
\4 NOGEPHYMO
SO
27
bl

T

Puc. 2. - Cxema npy>XHHHOTO MaHOMETpa

YyBCTBUTEIBHBIM JJIEMEHTOM MaHOMETpa (puc. 2) sIBISICTCS M30THYTas JaTyHHas TpyOka
SIUTUNITUYECKOTO CEYEHHUsI 2, OJWH KOHEI[ KOTOPOTO COEIMHEH C TMOABOASAIIMM ImTylepoMm 1, a
npyroit 3anasH. [lox neiicTBueM naBieHUs SJUIMNTHYECKAs: TPYOKa CTPEMUTCS paCHpsIMUTBCS, MIPU
TOM 3amlasHHBIA KOHEI[ TPYyOKM uepe3 TArY U CEKTOpPHbIM MexaHu3sM 4  mepeMmelaer
MOJIIPYKUHHYIO CTPENIKY 3 Ha HEKOTOPBIHA yroJjl, MPONOPIHOHATFHBIN H3MEPSEMOMY JIaBICHHIO.

OCHOBHBIM HEJIOCTATKOM IMPYKUHHBIX MPUOOPOB SABIISAETCS HECTAOMIBHOCTh MX IOKAa3aHMH,
BbI3bIBaeMas psIOM TNPUYMH: YOPYIMM  TocleAeicTBUEM  J1e(OpMHpPYEMOro  3JIEMEHTa;
IIOCTETIEHHBIM H3MEHEHHEM YIPYIMX CBOMCTB 3TOrO 3JIEMEHTA; BO3MOXKHBIM BO3HHUKHOBEHHEM
OCTaTOYHBIX JAeopMaliii B HEM; WU3HOCOM IE€PEeaTOYHOr0 MEXaHU3Ma. YKa3aHHBIM HEIOCTATOK
BBIHYX/1a€T NEPUOJANYECKH TOBEPATH MPYKUHHBIE TPUOOPHI, YTOOBI OATBEPANUTH KJIacc TOUHOCTU
WIN OTIPEJIeNIUTh MONPABKU, KOMIIEHCUPYIOIUE CUCTEMAaTHUECKUE IOIPEIIHOCTH TPUOOPOB.

AOGCoIOTHAs MOTPEUIHOCTh U3MEPEHUHl — 3TO Pa3HOCTh MEXAY 3HAYCHUSMHU BEJIHYUHBI,
IIOJIYYEHHOM NpU U3MEPEHMH, U €€ UCTUHHBIM 3HAUYE€HUEM, BbIpakaeMas B €JUHUIIAX U3MEpsSeMOn
BEJIMYHHBI.

OTHOocHTeNbHAS TTOTPEIIHOCTh U3MEPEHHSI — 3TO OTHOLIEHHE aOCOJIOTHOM MOTPEHIHOCTH K
HMCTUHHOMY 3HAUEHUIO U3MEPSEMON BETUYHHBI.

[IpenenbHas MOrpemIHOCTD - JUAINA30H MOTPEIIHOCTEN U3MEPEHNUs, 32 KOTOPBIA HE JOJIKHBI
BBIXOJWUTH 3HAUYEHUSI OTHOCUTEIBHOM MOTPEIIHOCTH.

[ToBepka mpyKHHHOIO MaHOMETpa

IIpu mnoBepke m00oro mnpubopa CpaBHUBAIOT IIOKa3aHUS IOBEPSIEeMOro Mpuodopa c
MOKa3aHUsMHU 00pa3IOBOTO.

ITpu BBIOOpE 0Opa3moBOro mpubOpa sl MOBEPKH YUUTHIBAIOT cleayromue TpeboBaHus: 1)
BEPXHUU mpezaen o0pa3loBOro mpulopa JOJKEH NPEBBINIATh BEPXHUM Mpelen IOBEpsSeMOro
npudopa; 2) MakCHMaJIbHasi a0COJIFOTHAsI TIOTPENIHOCTh 00pa3IoBOro Mpudopa MOKHA OBITh, TIO
KpaiiHell Mepe, B YeThIpe pa3a MEHbIIE MaKCHUMaJbHOW aOCONIOTHOW MOTrpPEHIHOCTH MOBEPSEMOTO
npubdopa.
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PI/ICYHOK 3 - Cxema YCTAHOBKHU IS IOBEPKHU MPYKUHHOTO MAHOMETpPA

YcTaHoBKa A7 IOBEPKH MPY>KUHHOTO MaHOMeTpa (puc. 3) COCTOMT M3 TPY30MOPIIHEBOTO
MaHoMmetpa 12 ¢ rpy3amu 4 u Bentuisimu 6, 10, 11 npeccoBoro yctpoiictsa 2 ¢ MaXOBUKOM 1, IBYX
MPUCOEAVHUTENBHBIX THE3A 3 U 7 JUIsl MOJAKIIIOUEHHS MOBEPSIEMOro U 00pa3loBOro MaHOMETPOB,
6auka 9 u pygnoro Hacoca 8.

[Ipy BBIIOJIHEHWM TIOBEPKH MPYKUHHOTO MAaHOMETpa [0 IOKa3aHUsIM 0Opa30BOro
NPY>KHHHOTO MaHOMETpa He0OXOAMMO COOIIOAATH CIIEIYIOIIee:

1) yctaHOBKa IOJDKHA PACIIONAraThCsi B MECTE, CBOOOIHOM OT BUOPAIIHIA;

2) Temriepatypa B MIOMEIICHUH He T0/DKHA BBIXOAUTH 3a nipeaenbl 17-23°C;

3) nepea MOBEPKOil MAaHOMETPOB, MPEeTHA3HAUCHHBIX ISl K3MepeHus AaBieHus p > 0,16MIla
(1,6 at), U3 KUJIKOCTHU, 3AMOJHSIONICH YCTAaHOBKY, HEOOXOAMMO YAAJIUTh BO3AYX; MAaHOMETPHI JJIs
M3MEpEHUs 1aBIICHUS

p <0,16 Mna (1,6 ar) ciieyeT moBepsATh HA YCTAHOBKE, 3AIIOTHEHHOH BO3yXOM;

4) BKJIIOYATH W BBIKJIHOYATH MPUOOPHI HEOOXOIMMO IyTEM MEUICHHOTO OTKPBIBAHHS U
3aKphIBaHUS KPAHOB;

5) orcuer mokazaHuil TPHOOPOB JTOJDKEH MPOU3BOJUTHCS IMOCIE JIETKOTO MOCTYKHBAHHS T10
puoopy NnajbleM;

6) mpu oTcuerte Jiyd 3peHHs HAOIFOIATeNs JODKSH ObITh TIEPICHANKYIISpeH nudeponary
pu0opa U Mpu ITOM MPOXOAUTH Yepe3 YKa3aTeIbHbIH KOHEI] CTPEIIKH;

7) mpH MOBEpKe Ja0OPAaTOPHBIX M OOPa3OBBIX MaHOMETPOB MOKa3aHUs MPUOOpa JTOJHKHBI
OTCUYMUTBIBATHCS C TOYHOCTBIO 110 0,1 neneHus mkanel.

IHopsiaok BbINIOJIHEHHS PA0OTHI:

1. TToBepsieMblii 1 00Pa3IOBbIN MTPUOOP MPUCOCAUHSIIOT K YCTAHOBKE (CM. pHC. 3).

2. Tlepen mawamom pa®oOTHI TOPIIEHb 2 TOJDKEH HAXOMUTHCS B TIOJOKEHWH, OJHM3KOM K
KpallHEMY BBIJIBUHYTOMY, JJIsl Y€ro OTKPBIBAIOT KpaH 6 M BpallleHHWEM MaxoBUKa | mopuieHs 2
YCTAHABJIMBAIOT B KpailHee JeBOe MojiokeHue. [[unmHap mpeccoBOro ycTporcTBa € MOMOIIBIO
pYYHOTO Hacoca 8 3amoNHSIOT MacjoM, JO0 TOrO MOMEHTa, KOrja IUTYHXKep 5 BCIUTBIBET U
PACIIOJIOKUTCS HA YPOBHE COBMELIECHUS PUCKH.
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3. Ha3nauaroT moBepsieMble TOUKH HIKaJbl Tpubopa. Ilocnennue H0mKHBL ObITH paBHOMEPHO
pacripeniesieHbl 1Mo Ikaje. Yuciao moBepsieMbIX TOUYEK 3aBHCUT OT Kjlacca TOYHOCTH IMpHOopa.
ManomeTtpsl ki1accoB 4 — 6 MOBEPSIIOT B TpeX TOYKax, kjaaccoB 1 — 2,5 B msatu, kaaccoB 0,5 u
BBILLIE B IECSATH TOYKAX.

4. I'py3, COOTBETCTBYIOIIMI [aBJIEHUIO B IEPBOM TOYKE, HA3HAYEHHOM JUIsl MOBEPKHU (BeC
rpy3a ONpeNeNsioT 10 MOBEPOUYHOMY CBUAETENBCTBY 00PA3IOBOTO IPY30HOPIIHEBOTO MAaHOMETPA),
[IOMEIIAIOT Ha TIpy3onpueMHyr Tapenky. Ilog muryHxkepoMm o00pa3noBOro TIpy30HOPLIHEBOIO
MaHOMETpa CO3Jal0T Jia JIEHHE, PABHOE JaBJICHUIO B IIEPBOM TOUKE, HA3HAYEHHOW U1 oBepku. s
3TOr0 MOPIIEHb IPECCOBOI0 YCTPOICTBAa BBOJAT B IMUIMHAP (32 CUET BPALIEHHUS MaxOBHKA) 10
IIOJIOKEHMS], TIPU KOTOPOM IUIYH)KEP BCIUIBIBET M TapesKa pacroOoXHUTCS Ha YPOBHE COBMELICHHUS
pucku (cm. puc. 1.3).

5. ToakmoyaroT 00pa3LOBBIE MaHOMETp, A Yero OTKphIBAlOT KpaH (BeHTHian) 10.
OUKCUPYIOT IOKa3aHUsl 00pa3[0BOI0 MAaHOMETPA.

6. Ilopuiens 2 ycTaHaBIMBAIOT B KpaliHee JeBoe MoiokeHue u kpaH 10 3akppIBaroT.

7. IlopiieHb MpeccoBOro YCTPONCTBA BBOAAT B LIMIMHAP (32 CUET BpAlllEHUS MaxOBHKaA) /10
MIOJIOKEHMSI, TIPU KOTOPOM ILIYH)KEp BCILIBIBET M TapejiKa pacloIOKUTCS Ha YPOBHE COBMEIICHUS
PHUCKHU.

8. INomkmrodaroT TOBEpsieMbIi MaHOMETp, Ui 4ero OTKpbhiBalOT kpaH 11. ®uxcupyror
[IOKa3aHUs TOBEPSIEMOT0 MaHOMETpPa

9. Onepaunu ¢ 4 no 8 MOBTOPSIIOT AJIi BCEro psfa IOCIEIOBATEIBHO BO3pa TAIOIIUX
JaBJICHUH, COOTBETCTBYIOIIUX HAMEUEHHBIM IS IOBEPKU TOUKAM .

[lo nmocTwXeHMM MAaKCHUMalbHOTO JaBJIEHUS OOpas3lOBbII U MOBEpsAEMbIi MaHOMETPHI
BBIIEP’KMBAIOT TI0J JABJIECHUEM B TE€YEHHE 5 MMH. 3aTEM IOBEPKY NPOU3BOIAT IPU TEX XK€, HO
MOCJIEZI0BATEIBHO CHUKAIOIINXCS 1aBIICHUSX.

10. 3anonnstoT Tadm. 1.

IToxa3anue [TokazaHus
AGcomoTHas Bapuanus
Ne usmepenns 00pa31oBoro IIOBEPSAEMOTO . .
. MOTPEIHOCTH Al NoKa3aHui o
maHomerpa pO1 MaHoMetpa, MIla
IIPY TTOBBIILIEHUN P MIOHUKEHUU IIPY MOBBIIIEHUU = TPU MOHMKEHUU
pn pH p'm p'H

CDopMa NpeacraBjJaCHUus pe3dyjibTara:
BrinmonHuTh pa60Ty B MMCbMCHHOM BHUJIC B TCTPAAW I IMIPAKTUICCKUX pa60T.
Otuer 0 HpOI[CJ'IElHHOfI pa60Te BBIITIOJIHACTCA B COOTBETCTBUEM C 3aJaHUCM.
3adeT BBICTABIISACTCS IIOCIIE YCTHOI'O CO6€CC,I[0BaHI/I}I C IpCIOAaBaTCIICM.

Kpurepun ouenku:
3a KakJplii MpaBWIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBIN 0TBET — 0 6ALIOB.

HpOLIeHT KauecrBennas OIICHKAa NHAWBUAYAJIbHBIX

pPe3yJIbTaTUBHOCTH 00pa3oBaTeNbHBIX TOCTHKEHUN
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(IpaBUIIBHBIX OTBETOB) Oarmn N
BepOabHBIi aHATIOT
(oTmeTKa)
90+ 100 5 OTIIUYHO
80 + 89 4 XOpOLIO
70 =79 3 YIOBJIETBOPUTEIILHO
menee 70 2 HE YJOBIIETBOPUTEIHHO

Tema 1.4 OcHOBHBIE 32KOHBI THAPOCTATHKH

JlaGopaTopHas padora Ne 2
N3mepeHue ruApoCcTATHYECKOTO 1aBJICHUS

Heﬂb paﬁoTbI: HpH06peTeHHe HABBIKOB I10 U3MCPCHHUIO T'HAPOCTATHYCCKOI'O HAaBJICHUS

KUJIKOCTHBIMH MPUOOPAMH.

Boinoinus padory, Bel Oynere:
YMETb:

- OIPEACIIATH MApPaMETPhl COCTOSIHUS PAO0UNX KUIKOCTEH;
- IPUMEHATH OCHOBHBIC 3aKOHBI TUAPOCTATUKH M THIPOJUHAMUKY JUTSI PEIICHUS aKTYyaJIbHbBIX

HWHXXCHCPHBIX 3a1a4,

MarepuanbHoe o0ecrieyeHnne:
KunkoctHeiit mpubdop

MeTtoauueckue yKa3aHusl K IPOBEICHUIO IPAKTUUECKOM pabOThl, pa31aTOuHbIN MaTepran

3ananmue:

O3HaKOMUTHCS C MCTOAUYCCKUMU YKA3aHUSAMU

HpOBGCTI/I HN3MCPCHUA TUAPOCTATUICCKOTO JaBJICHUA

HOpﬂI{OK BbIITOJTHCHU A paﬁoTu:

1. B pesepByape 1 Haj *XKHMIKOCTBIO CO31aTh jAaBieHue Bblme atmMochepHoro (PO>Par), o uem
CBUJETEILCTBYET MPEBBIIICHNE YPOBHS JKUJIKOCTH B NbEe30METpe 4 HaJl YpOBHEM B pe3epByape U

nepenaj ypoBHel B MAaHOBaKKyMMeTpe 6

2. YCTpOWCTBO MOCTaBUTh HA JIEBYI0 OOKOBYIO IIOBEPXHOCTH, a 3aT€M MTOBOPOTOM €T0 IO YacOBOMH

CTpEeJIKE OTIMTh KHUJIKOCTH U3 MPABOro KOJIEHa MaHOBaKKyMMeTpa 6 B pezepByap |.
3. bbicTpo OTKpHITH KiIamiaH 3 ¥ CHATh TMOKa3aHWs Mbe3oMeTpa hn, yposHemepa H u

MaHOBaKKymMMmeTpa hm .

4. Bpruncnauth aOCOJIOTHOE JaBJICHUE HA JTHE pe3epByapa depes MOKa3aHus Mbe30MEeTpa, a 3aTeM

yepes3 BETUYUHBI
Xox pa0doTsI:
BrInosHUTE 3a1aHKE TpenogaBaTess.

3amuTUTh 1a00paToOpHy0 PadoTy.

®opma npeacTaBaeHus pe3ybTaTa:

Otuer o npojienaHHON paboTe JOKEH COAEp KaTh Ha3BaHUE M Lieb pabOThl, ONMUCAHHE XO0Ja

paboThI, pUCYHOK TIpUOOpA.
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BBIBOIBI TTPEAOCTaBUTH B MUCEMEHHOM (hopMme.

Kpurepum ouneHku:
3a KaXIblid MPaBWILHBIN OTBET — 1 Oas.
3a HemnpaBWIbHBIN 0TBeT — 0 OaIoB.

MpouenT KauecTtBeHHas oneHka MH/IUBU Ty b HBIX
00pa3oBaTeNbHBIX TIOCTHKEHUI
PE3yIbTaTUBHOCTH . -
(MpaBWJIBHBIX OTBETOB) (oTMeTKa) BepOAIbHBIN aHAJIOT
90+ 100 5 OTIIUYHO
80 + 89 4 XOpOIIO
70 +79 3 YAOBJIETBOPUTEIBLHO
menee 70 2 HE YIOBJICTBOPUTEIIHHO

Tema 1., 6. YpaBHeHHe HePa3PBIBHOCTH NIPUMHIMUI ¥ YpaBHeHus: beprysuin

JlaGopaTopnasi pa6ora Ne 3
HNimrocTpanus ypasuenuusi bepuyiim

Leas paGoThl: ONBITHOE MOATBEpXkAecHUE YypaBHeHUs JI.bepHyimin, T.e. TOHWKEHUS
MEXaHHYECKON DHEPrHH MO TEYCHHIO M TEPexojla MOTCHIMAIBHOW SHEPrUU W KHHETUYECKYIO U
00paTHO. (CBSI3M JaBJICHUS CO CKOPOCTHIO)

Beimosinus padory, Bel Oyaere:
YMCTh: IPUMCHATE OCHOBHOI'O YPaBHCHUA TMAPOANHAMUKH.

MarepuajabHoe ofecnedenne:

MeTtoauueckue yKa3aHus 10 BBIMOJHEHUIO MMPAKTUYECKHUX U JIA0OPATOPHBIX padboT
VYcranoska «Kanenbpkay»

Kparkue TeopeTrnueckue cBeeHust

1. Onucanue ycrpoiictsa IV

YerpoiictBo IV copepxut 6ak 1 u 2, cooO11aemble 4epe3 ONbITHbIE KaHAIbI IEPEMEHHOTO 3 U
MOCTOSTHHOTO ceueHus 4. (puc. 1.)

Kananbl coennHeHbl MeXIy COOOH pPaBHOMEPHO pACIHOJIOKEHHBIMH Ibe3omeTpamu 1-V,
CITy’KaIllUMU JIJIST U3MEPEHUS TThe30METPUIECKHAX HAMlOPOB B XapaKTEPHBIX CEUCHHSIX. Y CTPOHCTBO
3aI0JIHEHO MMOJKPALIEHHOW BOIOM.

B omHoM wu3 0akoB mpeaycMOTpeHa IIKaja S  Jas  HM3MEpeHHs YpOBHS  BOJBI.
[Tpu mepeBEpTHIBAaHUM YCTPOWCTBA Oarojapsi MOCTOSTHCTBY Haropa WCTEYEHHS HO BO BPEMEHH,
o0ecrieynBaeTcsl YCTaHOBUBILIEECS JIBM)KEHUE BOJBI B HIDKHEM KaHaine. J[pyroil kaHai B 3TO BpeMs
MIPOIYCKAET BO3yX BBITECHIEMBIN KHUIKOCTBIO U3 HIDKHETO 0aka B BEpXHUH.
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Pucynok 1 — Cxema ycrpoiictsa IV
1,2 — Gaku; 3,4 — ONBITHBIE KaHAJBI IEPEMEHHOTO U TIOCTOSTHHOTO CEYEeHHUS;, 5 —
ypoBHeMepHas mkana; | —V — nbe3omeTpsl.

Wnmoctpanus ypasHenus bepuymnu (puc.2)

i &
|
12g)!

vl

4

H,

Puc 4.2
1,2 — mbe30oMeTpHUECKas W HANOPHAS JIMHHK;
H),H, — nonneie Hanopsl ( Mexanuueckue JHEPTHH )} HA BXOJAE H
BBIXOQJIC U3 KaHaJia;
hre,hgi,hg2,hge,hp,he — norepu nanopa: CyMMapHsIe, Mo JUTHHE Ha 1om
¥ 20M Y4acTKax, HA BHE3AMHOE CYKEHHE, TIaBHBIE pacuupenue u
CyIKEHHE.

Pucynok 2 — Mmtroctpanus ypaBHeHus: bepHyum

ITopsinok BeINOJHEHHS PadOTHI
1.ITpu 3anonHeHHoM Oake 2( cM. puc.4.1.) mepeBepHYTbh YCTPOHCTBO JUIsl MOJyYEHHUs TEUEHHs B

KaHaJe NePEMEHHOr0 CeYeHus 3.

2. CHaTh moka3zaHusl mbe3omerpa P/(Pg) 1o HIKHUM 4acTsIM MEHUCKOB BOJIbI.

3.U3meputs Bpems t mepeMenieHust ypoBHs B 0ake Ha IPOU3BOIBHO 33/IaHHYIO BETHUUHY S

4.Tlo pasmepam A u B momepeunoro cedeHus Oaka, TEpEeMEIICHHIO YpPOBHA S W BpeMeHH {
ompenenuTh pacxo Q BoJbI B KaHaJle, a 3aTEM U MOJHBIC HAMIOPHI B CEYCHUSIX KaHaJa 1Mo MOPSAKY,

yka3zaHHOMY B Tabnuie 4.1.

Tabnuma 4.1.
/1 HaunmenoBauue O0o03HaueHUs CeueHnd Ka"ajga
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BEJINYHNH , |
hopmysI 1 I Il v | V [ VI
1. [lnomane ceuenus ®
KaHasia, CM
2. | Cpenssist CKOPOCTb, V=Q/®
cMm/c
3 | Tlpe3omerpuueckuii P/(pg)
HArop, cM
4 | CKOpOCTHOI# Harop, V2/(29)
cM
5 [TomubIi HarOP, H=P/(pg)+V2
cM 1(29)

Borueptute B Macmtabe kaHan ¢ nbe3oMmerpamu (puc.4.2.). CoeIuHUB ypOBHHM JKUJIKOCTH B
bE30METPax C LEHTPOM BBIXOAHOrO cedeHus VI THONyduTh NbE30OMETPHUYECKYIO JHMHUIO 1,
[TOKAa3bIBAIOLIYI0O UMEHEHUE MMOTEHIIMAIBbHON 3Hepruu ( JaBji€HMs ) BJIOJIb MOTOKA. [l momyyeHus
HarnopHO# JuHUM 2 ( JIMHUU TMOJHOM MEXaHWYEeCKON 3HEPruu ) OTIOXKHUTh OT OCH KaHaja IOJIHbIe
Hanopsl H U COETUHUTD MOJTy4EHHbIE TOUKH.

5. Ilpoananu3upoBarh H3MEpEHUE MOJHOW MexaHudeckod H, mnorteHumanbHoit P/(pg) wu
KMHETUYECKOW SHEpruil >KUIKOCTH BJOJb IMOTOKA; MPOBEPUTH COOTBETCTBHE 3TUX H3MEPEHHM
ypaBHeHUI0 bepHyu.

Xoa paGoTsI:
1. BeImosHUTE 3a/1aHKE TIPETIOIaBaTels.
2. 3alIUTUTh IPAKTUYECKYIO PabOTy

dopma npeacTaBiaeHHd pe3yJbTara:
Otuer 0 mpoaenaHHOl paboTe JOJKEH colepXaTh Ha3BaHUE U 1eJdb padoThl, ONHCAHHE XOAA
paboThl, peleHue 3aaa4. BeIBobI Mpe10CTaBUTh B MHCbMEHHOM (popme.

Kpurtepun onenkn:
3a Kaxk[blid TPaBUIbHBIN OTBET — 1 Ga.
3a HemnpaBWIbHBIN 0TBET — () OaoB.

MpoLert KavecTBeHHast OlleHKa MHIUBUAYATbHBIX
po 00pa3oBaTeNbHBIX TOCTHKCHUH
pe3yIbTaTUBHOCTH 5
I o
(TpaBUJILHBIX OTBETOB) BepOANbHBIN aHAIOT
(oT™meTKa)
90+ 100 5 OTIINYHO
80 + 89 4 XOPOIIIO
70 =79 3 YZIOBJIETBOPUTEILHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO

JladbopaTopnas padora Ne 4
Tapuposka Boaomepa Benrypu

Heab pa6orbi: DopmupoBaHHE YMEHUH MOCTPOCHUS ONBITHBIM ITYyTEM TapUPOBOYHOM
kpuBoit Q =T (Ah).
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Beinosinus padory, Bel Oyaere:
YMETh: OTPEENATh PACX0/1 OTOKA.

MarepuanbHoe obecrieueHue: TuIpaBInieckas yCTaHOBKa, Ta0uuna, (GOpMyIIbl.

3aganmue:
O3HAaKOMUTKCS C METOAMYECKUMHU YKA3aHUSIMU
Omnpenenuth TeopeTrdeckuit pacxon (Qr), cm3/c

[TocTpouth TapupoBouHyto KpuByto Q = f (Ah).

Kpartkue TeopeTnueckue cBeeHUs:
I'mppaBinueckast ycTaHOBKaA.
CxeMa yCTaHOBKH IOKa3aHa Ha puc. 1.
W3 wamopHoro 6Oaka (1) Boma mOCTymaeT B HAMOPHBIA TpyOompoBox (2), cocTosmui u3
MOCJIEIOBATEIFHO COCIUHEHHBIX YYaCTKOB TPYO, UMEIOIIUX PACIIUPSIONINECS, CY>KUBAIOITUECT U
MOCTOSIHHBIE TIO0 JJMHE cedeHus. Ha kakqoMm ydacTke TpyOOmpoBOAa yCTaHOBJIEHBI MbE30METPHI,
KOTOpBhIE MMEIOT TOPSIKOBYIO HyMeparnuio. V3 HamopHOro TpyOOIpoBoja Boja cOpachiBaeTcs B
MOJ3E€MHBINA OacceiH.

___..q_..._.%_H.’,__’___r. e

YpoBeHb BOAHI | ]

i)

PAINAL
T
L

b

1
oL LA

|
T

—

=

Pucynok 1 - Cxema ycTaHOBKHU

OcHOBHBIE pacueTsl POPMYIIBI.
Pacxon moroka Q onpenensiercs mo gpopmysie:
w
Q=1000t,
rae W — 00beM BOJIBI B MEPHOM COCY/IE, JI;
t — BpeMsl HaTOJIHEHHS BOJIOH MEPHOTO COCY/a, C;
1000 — nepeBoaHOM KOIPPUITUCHT JTUTPOB B CM3.
Teopetnueckuii pacxon Qt, cm?*/c onpeaenstor mo Gopmyne:

QT=cm,

rne Ah — mepro 1aBjieHUs] Ha BOIOMEPE, CM.
C — mocTosiHHas BoJioMepa, orpeaessemas 1o popmyie:

r7e § — YCKOpeHue CHIIbI TsbkecTu g = 9,81 cm/c?;
S2 — momank KUBOTO CEYCHHS MTOTOKA B Y3KOM CEUEHHH BOAOMEPA, CM %
S1 — Iomas JKUBOTO CEUSHHsSI TOTOKA B IMPOKOM CEYEHUH BOJIOMEpa, CM?.
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Tabnuua 3anuceit pe3yabTaToB U3MEPEHUN M BHIYMCIICHUH.

N3mepenue pacxona Mepena
Bpewms Teopern
Teopetnu qecxuy | ABBVICHA
No O6bem HAMOMHEH | o o penit s Ha
OTbITA | BOJIBI i pacxon PACXOA BOJIOMED
MEpPHOTO (Qm),
(W), n cocyna (Qn), cm3/c ©
(), ¢ cm3/c (Ah), cm
1
2
3
4
5

Iopsaaok BbINOTHEHUS PadOTHI:
1. V3yunTe paboTy rHIpaBIMYECcKOil YyCTAHOBKH MOTOKa s)xuakoctr (Q) u mepena.
2. YCTaHOBHMB MaKCHMAJIbHOE OTKPBITHE BEHTHJISI, H3MepbTe pacxon nasienus (Ah).
Pacxon nortoka (Q) uzMepsiercst 00b€MHBIM CIIOCOOOM: OIPEAEIAETCS] BpeMs 3alI0JHEHUSI MEPHOTO
cocyna (t) B cekyHaax, o0beM MepHoro cocyna (W) paeen 8 mutpam. Ilepeman masnenus (Ah)
CHMMAeTCsl IO TIOKa3aHUSIM I1b€30METPOB, YCTAHOBJIEHHBIX B IIHPOKOM M Y3KOM CEYEHUSX
BOJIOMEpA.
3. IlocTeneHHO yMeHbIIass OTKPbITHE BEHTWJIS (3aKpblBas €ro), MOBTOPHUTE OMBIT HATh pa3, MpH
Ka)KJIOM M3MEHEHUH TOJI0KEHUS BEHTUIISI HE0OX0MMO MPOU3BECTH 3aMep pacxoja (Q) u mepemnana
(Ah).
4. Bpruucnute pacxo/l MOToKa Mo GopMyIaM.
6. 3anonHUTE TAONHUITY 3aMTHCel Pe3yIbTaTOB N3MEPEHHUH U BBIYHCICHU.
7. ITo naHHBIM OMBITOB U pacueTa noctpoite rpaduk 3aBucumoctu Q = T (Ah).
8. CchopmynupyiiTe BEIBO/I.

Xox padorsI:
BrinogHUTE 3a1aHUE.
3amuTuTh 1a00paTOPHYIO padoTy.

dopma npeacTaBiaeHUs pe3yJbTarTa:
Otuer o npojieTaHHON paboTe JOJKEH CoiepKaTh Ha3BaHUE U 11eJb paboThl, ONMCaHUE X0/1a
paboThI, PUCYHOK MPUOOpA.
BrIBOIBI Tpe10CTaBUTE B MUCEMEHHOU (popme.

Kpurepun onenkmn:
3a Kax/blid TPaBUWIBHBIN OTBET — 1 Ga.
3a HempaBWIbHEIA 0TBET — 0 OayUIOB.
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TTpouenT KauecTBeHHas orieHKa HIHBH Tyl IbHBIX
00pa30BaTeNbHBIX JOCTHKEHUN
PE3yIIbTaTUBHOCTH o -
(MIpaBWIBHBIX OTBETOB) (oTMeTKa) BepOANBHBIN aHATIOT
90+ 100 5 OTIIUYHO
80 + 89 4 XOPOIIO
70 +79 3 YAOBJIETBOPUTEIBLHO
menee 70 2 HE YJIOBJICTBOPUTEIHLHO

Tema 1.7 Pe:xMMBI IBUKEHUS JKUAKOCTH

JlabopaTopnasi paGora Ne 5
Onpenesnenue pe;kuMa IBHKeHHUS NOTOKA

Heap padorbi:  DopMUpOBaHHE YMEHUN ONPENENsITh  PEKUMBI JBUKEHHS MOTOKA
pacyeTHBIM METOJOM

Borinoinus padory, Bel Oynere:
YMCTb: ONPCACIATh PCKUMbI ABHKCHUA ITOTOKA paCYCTHBIM MCTOAOM

MarepuajbHoe o6ecnedenne:
[Tpubop «Kanenbkay,
MeTtoauueckue yKka3aHus K IPOBEIECHUIO J1a00paTOpHOM paboThI

3ananmue:
O3HaKOMI/ITBC${ C MECTOOINYCCKUMHU y'KaSaHI/ISIMI/I
HpOBeCTI/I pvaeTBI 10 onpez[eneHmo pe)KI/IMOB OBUXXCHUA ) KUIKOCTU

IMopsiaok BbINOJIHEHUS PAOOTHI:
1.Co3naTh B KaHale 4 IBMKEHUE TTOTOKA MPU MTPOU3BOIFHOM HAKJIOHE YCTPOMCTBA OT ceOsl.
2.M3meputh Bpems t, 32 KOTOpOE YPOBEHD B OaKke 2 M3MEHUJICS Ha BETUYUHY S.
3.IToacuurars uncio PeitHonbaca (Tabdi. 2).
4. TlepeBepHYTh yCTpOKCTBO OakoM 1 Ha CTOJN U cO37aTh B KaHalle 5 MPOU3BOIBLHOE TEUCHHUE MOTOKA.
CHsTb 3aMephI t U S.
5.IToacuurath Re (Tabm. 2).

Tabnuna 2 — OnbITHBIE U pacUyeTHBIE TApaMETPhI

HazBanue Benmuuun O0o03HaueHNA OnbITEI
DopMyiibl 1 2

1.13meHeHne ypoBHS BOABI B | S

Oake, CM.

2.Bpems HaOmoAeHUS 32 t

YpOBHEM, C.

3.Temneparypa BOJbI, °C, T 18 18

4.Kunemaruueckas
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3 17.9
BSI3KOCTB, &4~ /c. - =
v=(1000+34T+0,22T%)
5.00neM BOAEI,
MOCTYyNUBIIIEH B Oak 3a
YIHBIL V=ABS
Bpems t, &M,
v
; L
6.Pacxox Boasl, &M /c. Q—E’
feo
7.Cpenssisi CKOPOCTb U=
TeYeHHs B KaHaJle, CM/C.
Ud
8.Yucno Peitnonsaca Re=~

6.C,[[6J'IaTB BbBIBO O PCIKUME ABHUIKCHUS B 000HX OIIBITAaX.

Xox pabdoThI:
BeimonHuTh 3a1aHKE TIperoiaBaTets.
3alUTUTh NPAKTUYECKYIO paboTy

dopma npeacTaBIeHUs pe3yJbTaTa:
OTueT 0 mpojiesiaHHON PaboTe JOJDKEH COACPIKATh Ha3BaHHE | LIEJIb pabOThI, ONMMCAHHWE XO0Ja
paboTHLI.
BbIBO/IBI IPEIOCTABUTD B MUCBMEHHOM (opMe.

Kpurepuu ouenku:
3a Kax bl MPaBUILHBIN OTBET — 1 Oas.
3a HenpaBWIbHBIN 0TBET — 0 6ayLIOB.

Tponert KadecTBeHHas onenka WHIHBH Ty IbHBIX
00pa3oBaTeNbHBIX TOCTHKCHUI
pe3yJIbTaTUBHOCTH - -
(TpaBUIILHBIX OTBETOB) (oTMeTKa) BepOANbHBIN aHaAIOT
90+ 100 5 OTJINYHO
80 + 89 4 XOpOo1LIO
70 =79 3 YIIOBJICTBOPUTEIHHO
Mmenee 70 2 HE YJIOBIIETBOPUTEITHHO

JlabopaTopnasi paGora Ne6
JKCNepUMeHTabHOE onpeaeeHue Kod¢gdpuuuenTa MeCTHbIX CONPOTHBJICHUI

Leas padoThI: onpeneneHre ONBITHBIM MyTeM K03(@uIMeHTa CONMPOTHBIEHUS TPEHUIO U
CpaBHEHHUE €T0 C BETUYMHON paCCUYMTAHHOM, 110 OAHON U3 IMIUPUUYECKUX (DOPMYIL.

Boinosinus padory, Bel Oynere:
YMETh: ONPEICISITh ONBITHBIM ITyTeM KO3 (UIIUEHT CONIPOTUBIICHHS TPCHHIO

MarepuanbHoe o0ecnieyeHmne:
MeTtoauueckue yKa3aHus MO BBHIIOJHEHUIO IPAKTUYECKUX U Ja00paTOpHBIX paboT
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Kparkue TeopeTuyeckue cBeieHus:
[Torepu Hamopa o anuHe hl npu IBMKEHUU BA3KOU KUAKOCTU IO HAIIOPHOMY TPYOOIIPOBOAY
nuametrpoMm d ompenensitores o popmyne Jdapeu:

A
I =N — —
d 2g
Koadduiment A sBisercs 0e3pa3MepHON BETUYUHON, 3aBUCAIICH OT psiaa XapaKTEPUCTHUK:

A
A= fiRe.,=
AnaMeETpa U MEepOXOBATOCTU TPY6KI/I, BA3KOCTH U CKOPOCTH KHUAKOCTHU. B 06I_HCM BHUJC ‘f{ li:l,

rae 4 - abcomoTHas MIEPOXOBATOCTh CTEHKH TPYOBI, 4/€ - OTHOCHTEIbHAS MIEPOXOBATOCTh, d —
auaMeTp TpyOsl, | — gmuHa TpyOs! , V — cpeiHss CKOpOCTh MOTOKA.
BiusiHie 3THX XapaKTEPHCTHK HA BEIUYHHY A MPOSIBISETCS MO Pa3HOMY HPH Pa3IHYHBIX
v-d

YCIIOBUSX JIBWKEHHS MO TpyOKke. B omHOM nuamazoHe w3MeHeHHs 4ucia PeitHombaca Re =7 ,
XapaKTEepPU3YIOIIETO PEKUM JIBHKEHUS, HA BEJIMYHUHY A BIUSET, B OOJbIIEH CTEIIEHU CKOPOCTh, B
IpyroM JauarazoHe mpeobiajaroliee BIMSHHE OKa3blBAIOT TI'E€OMETPHUYECKHUE XapaKTePUCTHUKH:
JMAMETP ¥ IIEPOXOBATOCTH (BBICOTA BHICTYIOB INEPOXOBATOCTH L) . B CBA3M ¢ 9THM pasiIvyaroT
4eThIpe 00JaCTH COMPOTHUBIICHUS, B KOTOPBIX U3MEHEHHE A UMEET CBOIO 3aKOHOMEPHOCTb.

[lepBast o6macTh — 00JIaCTh JAMHHAPHOTO MOTOKA, OrpaHUYeHHas 3HaueHusiMu Re<2300, B
KOTOpPOH A 3aBHCUT OT R€ M He 3aBUCHT OT BEJIMYMHBLI BBICTYNOB miepoxoBatoctul, Ilpu

Re
JIAMHHAPHOM PEXHME A ONPENENseTcs mo Gopmyie : A~ za.

Bce octanbHble 00611aCTH HAXOAATCS B 30HE TYPOYJIEHTHOTO PEXUMA JBMXKEHUS C PA3IUYHOM
CTENEHbIO TYpOYJIECHTHOCTH.

Bropas o6macte — ruapaBiuyecku riagkue TpyObsl. I[loTok B Tpybe mpu 3TOM
TypOYJNEHTHBI , HO y CTEHOK TpPyObl COXpaHSAETCs CIIOHM, B Ipenenax KOTOPOTro COXpaHseTcs
JAMHUHAPHBIN pexXuM JIBUKEeHUs. TpyObl Ha3bIBAIOTCS TMIPABIMYECKUMH IIAAKUMHU, €CIIM TOJILIMHA
JTaMHUHAPHOTO CJI0st Y00ITbIle BBICOTHI JABBICTYIIOB MIEPOXOBATOCTH. B 3TOM citydae naMHHApHbIH
CJIOM MOKPBIBAET HEPOBHOCTU CTEHOK TPYOBI U MOCJIEIHUE HE OKa3bIBAIOT TOPMO3SIIETO BIUSHUS

Ha OCHOBHOC Typ6y.HCHTHOC AApPO IMOTOKa. TonmuHa JJAaMUHApPHOT'O CJIOA OIPCACIACTCA 110
20-d

dopmyne: “ T 22 W3 KOTOPOH BHJIHO, YTO C YBEJIMYEHHUEM CKOPOCTH B TpyOe, TOJIIMHA
JAMHHAPHOTO CJIOSI yMeHbIIaeTcs. Jisi THUApaBIMYecKH TIagKux TPyO, T.e. MpU yCIoBUmS >4,
k03 dureHT A, MoxeT ObITh OnpezeneH mo gopmyse: A=1/(1,8x1gRe-1.5)2 — kotopas npuMeHrMa

B mmpokom jguamnazone gucen Re: 2300 <Re<3x106. B 3Ttux pekuMax TEUYCHHS IOMYCTHMO
o5

HCTIONIb30BAHUE SMITUPHIECKOH popmystbl A=0,02+ ¢
Koadduuuent runpaBiuyeckoro TpeHHs I TJIaJKUX TPYyO0 MOMKHO ONPEAEIUTh IO

¢dopmyne bnasumyca:
02164

A\ =ggo2s

Tpetrbsa o0nacTh — nepexoAHast OT 00JIACTH TUAPABINYECKH TIAJKUX TPYO K KBaJpaTHYHOU
obmactu. B »3Toil oOnacTh TONIIMHA JAMUHAPHOTO CJIOS paBHAa WM MEHbIIE BBICTYIOB
MOBEPXHOCTH, KOTOpbIE B 3TOM CJIy4dae BBICTYNAIOT, Kak MPENSITCTBUE, YBEIHYMBAs
TypOYJNEHTHOCTb, a, CIJIEJOBaTEeIbHO, W COINPOTHBIEHHE B moOToke. Jlns ompeneneHuss A B

MIEPEXO0/IHOM 00JIaCTH COPOTUBIICHUSI MOXKET OBIThH orpezesieHa 1no popmyie AIbTIIYIIs:
A =0, l(@ +A)"""'—‘
Re d
Yereprass o0nacTh — 00JIACTh THUAPABIMYECKH ILIEPOXOBATHIX TPYO, WM KBaAPAaTHYHOTO
conpotuieHus. [lpucreHHOro MaMuHapHOrO Ciosi B 3TOW ob6sacTu HeT. OCHOBHOE BIMSIHME Ha

COMMPOTHUBJICHUEC MMOTOKY OKA3bIBACT MICPOXOBATOCTh CTCHOK TPY6LI. B sT10ii 061actu A HE 3aBUCHUT
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OT CKOPOCTH M MOTEpPH HaIopa MpONOPLUHOHATBHBI KBAIpaTy CKOpOcTH. Bennumna A onpenensiercs
no opmyie ludpuncona:

A, pas
2=0,11" G
I'paHunpl KaXI0M 30HBI TYypOYJIEHTHOCTH TEYCHHS JKHAKOCTH B KpPYIUIBIX Tpybax
OPMEHTHPOBOYHO OIPEEIIAETCS yTeM CpaBHeHUs oTHOIeHus d/% unciom Re:
d

A) 30Ha rnaakoro Tpenus Re<10
i g
B)nepexonnas 3oHa 10" :<Re<500 ;2

B) 30Ha rupaBIMYecKy IIepOXoBaThX Tpyd Re>500 1;

‘ CToK BOAW

PI/ICYHOK 1- BI/IpTyaHBHaH MOACIb BKCHepHMeHTaJIBHOﬁ YCTaHOBKHU

ITopsinok BbINOJIHEHNs padOThI
1. TlopsoK BBINOJIHEHUS BUPTYaJIbHOW 4acTH paboThI
VYcranoBka (puc. 1) coctout u3 cuctemsl TpyO. Iloreps Hamopa B riaakoi Tpyoe nuamerpom d=16
MM, JUIMHOH 1= 650 MM omnpenensieTcs Mo pa3HOCTH MOKa3aHUN Mbe3oMeTpoB 6. Pacxon Haxoautes
00BEMHBIM CIIOCOOOM PacXoIOMepY 5 U CEKYHAOMEPY.

Jlnis mpoBezieHus OIbITa 3aIlycKaeTcs Mojaya BOJbl B HAMOPHBIM Oak. 3ajaHHBIM pacxol B
TpyOOIIPOBOJIE, YCTaHABIMBAETCs 3aiBIKKOW 2. [locnme ycTaHoBieHHS HEOOXOAMMOTO pacxoja
U3MepsieTCsl JaBlieHHe Ha BBIXOJE B MCCIEAYyeMblH yyacTOK TpyObl M Ha BXoJie B Hero. PazHocThb
MOKa3aHWi The30METPOB YKa3biBaeT moTepto Hamopa h0 Ha wuccieqyemMom ydactke TpyObl B
MUITUMETpPaXx.

CKOpOCTh IBMKEHUS KUIKOCTH B TpyOe ompeznensercs o gpopmyne: V=s
I'me Q- pacxox Boasl B M3/c.;
S — uromaap cedeHus Tpyosl B M;

V — cKOpoCTb BOJIBI B M/C.
W
Pacxop Bobl HAXOIUTCS MEPHBIM CIIOCOOOM IO PACXOJ0MEpPY U CeKyHIoMepy: Q=

I'me W — pacxon BojisI B M3;
T - BpeMsl 3aMOJTHEHUS 110 CEKyHIOMEPY, C.
Tak xak
L d g

hl=A ¢ 23 or croma cenyer, uto A = hl 1 " v=
[Tomy4yeHHOE OMBITHOE 3HAYECHHE A HAJO CPAaBHUTH C pacueTHHIM 1o (Gopmyie. s sToro ciemyet
OTPEAEINTh YHUCA0 PeWHONbACA, BBICTYIBI IIEPOXOBATOCTH MOBEPXHOCTH TPYOBf M BBISICHUTH
00JIaCTh CONPOTHUBJICHUS, KOTOPYIO M BBIYHCIHUTH 110 COOTBETCTBYyIOIIEH ¢opmyne. Tak kax
HEMOCPEJACTBEHHOE HM3MEPEHHE BBICTYIIOB MIEPOXOBATOCTH B Tpyde 3aTpyAHHUTENHHO, MOXKHO
BOCITOJT30BaThCSI CIIPABOYHOM TaOIHIIEH.
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Taomuma 1

Bun tpybonpoBoa 4 MM
CranbHble HOBBIE OLIMHKOBAHHEIE 0,1-0,2
CrasibHbIe CTapble, YyryHHBIE cTapble, kepamudeckue | 0,8-1,0
UyryHHbIC HOBBIC 0,3
beronnpoBaHHbIC KaHAIBI 0,8-9,0
Yucteie TpyOBI U3 CTEKIA 0,0015-0,01
Pe3uHoBBIN HUTaHT 0,01-0,03

CrnenyeT ompeneianTh A HECKOIBKO Pa3 B Pa3IUYHBIX OOJACTSIX COMPOTHUBIICHUS, MCHSS
BEJIMYMHY pacxo/a B TpPyOOIIpOBOJIE.

2. Tlopsnok BBINOJIHEHUS peaabHON YyacTu paboThl

PucyHnok 2 — DkciepuMeHTanbHas yCTAaHOBKA

VYcranoBka (puc.2) cocroutr u3 cucremsl TpyO. Iloteps Hamopa B rmagkoil Tpyoe 1,
nuamerpoMm d ompenensieTcs Mo pa3HOCTH Mokazanuii ManoMetpoB 3.1 u 3.2. Pacxon HaxoauTtcs
00BEMHBIM CHOCOOOM IO PTYTHOMY AupdepeHnnanbHOMy MaHOMETpY 2, MOAKIIOUEHHOMY K
mradparme 3. IlokazaTenn PTYTHOrO MaHOMETpa MO3BOJSIOT HAWTH MO MMEOIIEHcs Tadmuie
pacxon Bonabl B TpyOe 1./IBikeHue BOJbl B TPyOOIPOBOJE OCYIIECTBISETCS 3a C4YeT paboThI
LEHTPOOEKHOTO Hacoca 4, OCYIIECTBISIONIETO ITUPKYJIAINIO BOJBI B CUCTEME. 3a00p BOJIBI HACOCOM
IPOU3BOIUTHCS U3 Oaka 5, KOTOpas BO3BpalaeTcs B TOT ke Oax.

Breimonaenne pa®oThl MPOW3BOAMTCS Tak ke, KaKk Ha BUPTyalbHON Monenmu. Otimuume
COCTOUT B TOM, YTO JJIsi ONpEeAeNeHHs MOTepu Hamopa h HeoOX0oAMMO MepeBecTH 3aMepeHHbIE
JIaBJIEHUs Ha BXOJIE U BBIXOJIe TpYOBI B Ib€30METPUIECKYIO BBICOTY B COOTBETCTBHH C BBIPAXKEHUEM

h=:-g , re # moTHOCTH BOBI. B paboTe mpuaaTs =000 Kr/m°
5 O0OpaboTka pe3yaIbTaTOB UCTIBITAHUM.
Bce nonydeHHble 1aHHBIE CBOJATCA B TAaOIHILy 2.

Tabnwma 2
No ni/mt | Tlokazarenu En. uzmep. | BupryansHeiii onbiT | PeanbH
13171
OTIBIT
Howmep ombiTa 1 |2 |3 4
1. Martepuan TpyObl Crexkno Cranp
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2. BryTtpennuii M 0,01 {0,016 | 0,01 | 0,025
nuametp,d 6 6
3. [iomwaas ceveHus, | M
S
4, Bricota  BBICTYIIOB | MM 0,05 | 0,05 0,05 0,3
IEPOX0BATOCTH, A
5. JnmnHa TpyOs1,1 M 0,65 | 0,65 0,65 | 5,34
6. [Tokazanus Ila
MaHOMETPOB B
Havaye
6 a. B koH11ie TpyObI ITa
7. [ToTrepu Hamopa 1o |V
miuHe, h0
8. O6beM  BOOBI B | M
MEpPHOM Oake,
(moxazanus
pacxogomepa) W
9. Bpems HamomHeHus | ¢
( 3amepa pacxona), T
10. Pacxon Bojbl, Q M°/c
11. Cpenusis  CKOpPOCTB, | M/C
\%
12. Koo duuumenr Aom
U3 OTIBITA
13. Temneparypa Boasl | 0C 20
14, Kunematnueckuii M/c 1,01 10-6
KOd(pUIUEHT
BS3KOCTH, U
15. Yucno Peiinosnpica,
Re
1 Pexxum nBrkeHHs
16. 10- d/a
17. Ob6nacth
COTIPOTHBIICHUS
18. Koadpdunuent A no
dbopmyre (Pp.1...4)
19. ['unpaBnnyeckuit
ykiioH, i=h0/I
20. Ommmbka %

Ilopsinok BbINOJTHEHHS PAOOTHI
1. V3yuuTh METOAMYECKHE YKA3aHUS IO BBIMOJHEHHUIO paOOTHI.
2. 3apucoBaTh CXeMY YCTaHOBKHU
3. BbIMONIHUTE ONMCaHUE TPOU3BECHHOTO OMbITa
4. TlpousBecTtn 00pabOTKY pe3yabTATOB H 3AMOJIHEHHE TAOTHIIBI
5. OTBETUTH Ha KOHTPOJIbHBIE BOMTPOCHI
Kakne BHUJIbI COITPOTUBIICHUA O6y0J'IaBJ'H/IBaIOT IIOTCPU HAIlOpPa B IMOTOKE )KI/I)IKOCTI/I?
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Kak 3ammceiBaeTcs o0riee ypaBHEHUE TS OTIPEICIICHUST MECTHBIX MTOTEPh HAropa 1o JTHHE
notoka? OOBICHUTE ero.

Kak cienyer Hanmucath BeIpaKEHHE ISl ONpeeiieHusT KO3QQHUIIMEHTa THAPABIHYECKOTO TPEHUS A
MIPY JJAMUHAPHOM PEXKHME TBUKCHHUS KUKOCTH?

Kak 3anmceiBaetcs o01iee ypaBHEHHE ISl OTPEICIICHUsI CKOPOCTEH B MONEPEYHOM CEUCHHUH TPYObI
pu TYpOYJICHTHOM PEKUME ABMKCHUS KUIKOCTH?

Yrto Takoe THIPaBIMYECKH IIIaJKUE TPYObI?

6. OcHOBHBIE BBIBOIBI IO PaboTe

Xopn padorsri:
BeinonuuTs 3aganue
3aluTUTh IPAKTUYECKYIO padboTy

®opma npeacTaBieHus pe3ybTaTa:
Otuer o npoJieaHHON paboTe JOJKEH COJIEp)KaTh HA3BaHUE U 11eJb pPa0OThI, OMHCAHHUE XOAa
paboThI, TAOIMIlY C JAHHBIMH pacdeTa. BeIBO/IBI IPeIOCTaBUTh B MUCBMEHHOH (opme.

Kpurepun ouneHku:
3a KaXIblii MPaBUILHBIN OTBET — 1 Oas.
3a HemnpaBWIbHBIN 0TBeT — 0 OaoB.

Iponert KavecTBeHHas oreHka HHTUBH/IYaTTbHBIX
00pa3oBaTeNbHBIX TIOCTHKCHUI
pe3yIbTaTUBHOCTH S -
(IpaBWIIBHBIX OTBETOB) (oTveTKa) BepOAIbHBIN aHAJIOT
90 +100 5 OTJINYHO
80 + 89 4 XOpO1LIO
70 =79 3 YZIOBJIETBOPUTEIILHO
menee 70 2 HE YJIOBIIETBOPUTEIHHO
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