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1 BBEJEHUE

Baxnyio 4acTh TEOpeTHMUECKOH M MNpPOPEecCHOHANbHONM MPAKTHUYECKOM IMOATOTOBKHU
00y4aroIuXcs COCTABIAIOT MPAKTUYECKHUE U JTAOOPAaTOPHBIE 3aHATHUS.

CocTaB u cofepxaHue MPaKTUYECKUX U TaOOPATOPHBIX 3aHATHI HAMPaBJICHBI HA pean3aliio
denepanbHOTO rOCyJapCTBEHHOTO 00pa30oBaTEIbHOIO CTAaHJApTa CpPEeTHEro MpodecCHOHATHLHOTO
oOpa3oBaHus.

Benymieidi AMIakTHYECKOM 1LENbI0 MPAKTHUYECKHX 3aHATHH  SBISETCS  (POPMHPOBAHUE
npodecCHOHANBHBIX MNPAKTUYECKUX YMEHUIl (yMEHUH BBINOJHATH OIpeAeTeHHbIe JeWCTBUSA,
orepanuy, He0OX0IMMbIE B TIOCIEAYIONIEM B MPO(ECCHOHANTBHOMN AEATEIbHOCTH), HEOOXOIUMBIX B
nocyenyromel yaeoHoi 1esITeIbHOCTH.

Benymieid aumakTUdeckoil 1enbio J1a00OpaTOPHBIX 3aHATUN SBISIETCS SKCIIEPUMEHTAIBHOE
MOATBEP)K/IEHUE U  TPOBEpPKAa  CYHIECTBEHHBIX  TEOPETUYECKUX  IOJIOKEHUH  (3aKOHOB,
3aBUCUMOCTEH).

B cootBerctBUM ¢ paboueit mnporpammoil y4yeOHOW IUCHUIUIMHBI «[ HapoMexaHuka
MPEAYCMOTPEHO  TMPOBEACHUE MPAKTHYECKUX M JIabopaTopHBIX 3aHATHA. B pamkax
MPAKTUYECKOro/1a00paTOPHOro 3aHATHS OOYYAIOIIUECS MOTYT BBINOJHATh OJIHY WM HECKOJIBKO
MIPAKTHYECKUX/IA00PATOPHBIX PadoT.

B pe3ynbrare ux BBIOJHEHUS, 00YYarOLIUics JOIKEH:
ymembp:
V¥ 1.1.09 - onpenensaTe napaMeTpbl COCTOSIHUS pab0YMX KHUJIKOCTEH;
VY 1.3.08- mpuMeHSATh OCHOBHBIE 3aKOHBI THAPOCTATHKHN U THAPOAUNHAMUKH JUIS PEIICHUS
aKTyaJbHBIX MH)KEHEPHBIX 33124
V¥ 1.6.14 npous3BoaUTh pacyeT rUAPaBIMUECKUX TIOTEPh SHEPTUN;

VY0 01.01 - pacio3HaBaTh 3a/1a4y W/UIH IPoOsieMy B IPOPECCUOHATBHOM H/UIIH COLIMATbHOM
KOHTEKCTE;

Yo 01.03- pa3nmenars KOMIUIEKCHBIE 3a/laud Ha IMOA3a/1auM; OTCIIEKHMBATH IMPOLECC HCIOTHEHUS
3aj1a4, C MOMOIIBIO ITU(PPOBBIX HHCTPYMEHTOB;

VYo 01.04 - BeisIBIATH U 3G(HEKTUBHO HCKaTh MHPOPMAIMIO, HEOOXOIUMYIO JJIsl PEIICHUs 3aJauu
W/UIM TTPOOJIEMBI,

Yo 01.10 - omeHuBaTh pe3yabTaT U TOCIEJACTBUS CBOUX JACHCTBUU (CAMOCTOSATENIBHO WIIH C
MIOMOIIBIO HACTAaBHUKA);

VYo 03.04- npuMeHATh COBPEMEHHYIO HAyYHYIO TPO(PECCHOHATBHYIO TEPMHHOJIOTHUIO;

Yo 07.01 - cobmo1aTh HOPMBI IKOJIOTHUECKOM 0€30MacHOCTH;

COI[Cp)KaHI/IC MPaKTUYCCKUX U J'Ia60paT0pHBIX 3aHSATUN OPUCHTHUPOBAHO Ha IMOATIOTOBKY
o6yqa}0mnxcsl K OCBOCHHIO HpOCbeCCI/IOHaJ'II)HOFO MOAYJIsA HpOrpaMMbl IOATOTOBKH CIICHUAIMCTOB
CPCAHEIO 3BCHA 110 CIICIIUAJIBHOCTHU U OBJIAICHUIO npod)eccuona.flbnbmu KomnemeHnuuamu.

K 1.1. Opl" AHU30BBIBATb W BBIIIOJHATE MOHTAX THUAPABIMYCCKUX U IMHCBMATUUYCCKHUX

YCTPOMCTB U CUCTEM.
[1K 1.3. Opranu30BbIBaTh ¥ MPOBOJIUTH HUCTBITAHUS THAPABINYCCKHX W ITHEBMATHUECKUX
YCTPOWCTB M CHCTEM.



I1K 1.6. Opranu30BbIBaTh U BBIIOJHATh PEMOHT I'MJIPABINYECKUX U THEBMATUUYECKUX CUCTEM.
[IK 2.1. YyacTBOBaTh B IIPOEKTUPOBAHUU TUAPaBINYECKUX u [THEBMAaTUYECKUX
MIPUBOIOB TI0 33JaHHBIM YCJIOBHUSM M pa3padaThIiBaTh MPUHLIUIHAIBHBIC CXEMBI.

A Taxxe QOpMUPOBAHUIO 0OUIUX KOMNEMEeHUULIL:

OK 01 BsiOupats cnocoObl pemieHHs 3a7ad  MpOoPECCHOHAIBHOW  ACATEIHHOCTH
IIPUMEHUTEIBHO K Pa3IMUHbIM KOHTEKCTaM.

OK 03 IlmanupoBaTh M peaqu30BBIBATH COOCTBEHHOE MPO(ECCHOHATBHOE M JIMYHOCTHOE
pa3BUTHE, NPEANPHHUMATEIBCKYIO IEATEILHOCTH B MPO(ECCHOHATBHON cdepe, NCIOIb30BaTh
3HAHUA 10 PUHAHCOBOI IPAMOTHOCTHU B PA3JIMYHBIX KU3HEHHBIX CUTYAIUSX.

OK 07 CogeiicTBOBaTh COXPAHEHUIO OKPYKAIOLICH Cpelibl, pecypcocOepeKeHHI0, IPUMEHSATh
3HaHHUA OO0 HW3MEHEHWHU KIMMaTa, MPUHLHUIBI OEpEeXIUBOTO MPOU3BOJCTBA, 3PPEKTUBHO
JICICTBOBAThH B UPE3BBIYaNHBIX CUTYyaLUsAX.

BrimonHeHne 00y4aronuxcst MPakTHYeCKUX U JIA00PATOPHBIX padOT MO YIeOHOUW TUCIUTUINHE
«'uapomexaHuKay HalpaBJICHO Ha:

- 00o00mieHne, cHUCTeMaTH3alMIo, YIIIyOJeHHe, 3aKpelyieHWe, pa3BUTHE W JCTAN3AIUI0
MOJTYYCHHBIX TCOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOW JUCIUTUINHBI,

- (dopMUpOBaHHE YMEHUH NPUMCHITh MOJYyYCHHBIC 3HAHHWS HA MPAKTHUKE, pPEaTH3aIHio
€IMHCTBA WHTEIUICKTYaJIbHOU M MPAKTHYECKON JICATEIIbHOCTH;

- (QopMmupoBaHHWE W pPa3BUTHE YMCHWIA: HAONIONaTh, CPABHHUBATH, COIOCTABIISTH,
aHAIM3UPOBaTh, JeJaTh BBIBOJBI M  OOOOINEHHS, CaMOCTOSATEIILHO BECTH HCCIICIOBaHMS,
MOJIb30BaThCS PA3IMYHBIMH MTPUEMaMU U3MEPSHHN, 0POPMIIATh Pe3yabTaThl B BUJC TAOJIHII, CXEM,
rpaduKoB;

- MPUOOpPETEHNE HABLIKOB PabOTHI C Pa3IMYHBIMU MIPUOOPAMH, almmapaTypor, YCTAHOBKAMH U
JOPYTUMU TEXHUYECKUMU CPEJICTBAMHU JIJISl POBEACHUS OTBITOB;

- pa3BUTHE WHTEIUICKTYyalbHBIX YMEHHUW y OyIyIIUX CICIHATUCTOB: aHAJTHTHYECKUX,
MPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIPA0OTKY TPH PEIICHWH TOCTaBICHHBIX 3a/a4 MPOo(ecCHOHAIBHO 3HAYMMBIX KAaudeCTB,
TaKHX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTb, TBOpUYECKAsI MHUIMATHUBA.

[pakTiueckie U J1a0OpaTOPHBIE 3AHSTHUS TIPOBOJSITCS MOCIE COOTBETCTBYIOIEH TEMBI, KOTOPast
obecrnieyrBaeT HAIMYME 3HAHUM, HEOOXOAMMBIX JUIS €€ BBITOTHEHHS.



2METOAUYECKHUE YKA3AHUSA

Tema 1.1 ®dusnuyeckue cBOHCTBA :KUIKOCTEH M ra3on

IpakTuyeckoe 3ansaTue Ne 1
Bucko3zumerp Tuna BIT/K-2

Heab: ®opmMupoBaHue YMEHUW TOJIB30BAThCS MPUOOPOM Ui H3MEPEHHS BSI3KOCTH
sxunkoctu BITK-2

BbinosinuB padory, Bel Oyjaere:
YMETh:
- OIPENENSITh MapaMeTPhl COCTOSHUS PAa00OUUX JKUKOCTEIH;
- NPUMEHSATH OCHOBHBIC 3aKOHBI THAPOCTATUKU M THUAPOAMHAMUKH U PELICHUS aKTyalbHBIX
MHXEHEPHBIX 3a]a4

MarepuanbHoe obecrneyeHue:
O6opynoBaHue, MHCTPYMEHTHI, MATEPHAIIBI, TAOJIHUIIBI, CXEMBI, CIIPABOYHUKH, U JIP.
[Tpubop s onpenenenus BI3KOCTH Macia — Buckozumetp tumna BIDK — 2 TOCT 10028-67,
MeToaudeckue yKa3aHus 110 BBITOJIHCHUIO MMPAKTUIECKHUX U JIA0OPATOPHBIX padboT

3ananmue:
Nzyuenne Bucko3umerpa tuna BITK-2 s u3mepeHus BSI3KOCTH KUKOCTH
BrimonHeHue KOHCIIEKTa ¢ H300paXeHneM Mpruodopa, ero KOHCTPYKIMEH ¥ MPHHIUIIOM PaOOTHI

Kparkue Teopernyeckue cBeieHUA:

Bs3kocTh urpaer CymecTBEHHYIO pOJib IpU NEpeKauMBAHUHU JKMJIKOCTU MO TpyOaM, Ipu
paboTe pa3IuYHbIX MAIIMH U MEXaHU3MOB.

Bs3kocTe  KMAKOCTEW ~— M3MEpSAOT  OpU  [OMOIIM  BHcKo3uMmeTpoB.  HambGonee
pacnpoCTpaHEHHBIM SIBJISIETCS BHCKO3UMETp OHIJIEpa, KOTOpBIM mpeacTaBiseT coboil cocyn
auamerpoM 106 MM, ¢ KOpoTKoW TpyOkol amamerpoMm 2,8 MM, BCTpOEHHOM B AHO. Bpems t
ucredeHus: 200 cM3 HCTIBITYEMOM KUIKOCTH U3 BUCKO3MMETPA Uepe3 3Ty TPYOKY MO JAeiiCTBHEM
CHJIBI TSDKECTH, JIeICHHOE Ha BpeMs tBOJI HCTEUSHHSI TOTo ke 00beMa JUCTUINIMPOBAHHOM BOJBI IIPU
20 °C, BbIpakaeT BSI3KOCTh B YCJIOBHBIX €UHUIIAX — B Ipajycax DHriepa (puc. 1.).

Pucynok 1 - Cxema Buckozumerpa DHriepa
1- Cocyx c ucnpiTyeMoi KUAKOCTHIO; 2 — BOJsiHas OaHsi; 3 — HarpeBaTeNlbHbIN npudop; 4 —
KaJauOpOBaHHOE OTBEPCTHE; 5 — 3anopHas uria; 6,7 — TepMOMETPBI.



Buckoszumerp BIDK-2 mpexacraBmser V-o0pasHyro TpyOKy, B KoJlieHO 1 KOTOpoW BHasiH
kanuuisip 7. Ilpu mM3MepeHuM BSI3KOCTU KUJKOCTh M3 pe3epByapa 4 TeyeT Mo Kamwuisipy 7 B
pacmmpenue 6.

Bucko3umerp 3amofiHSAIOT CIEAYIOIMM O0pa3oM: Ha OTBOAHYIO TpyOKy 3 HaaeBaroT
pe3nHOBBINM 1uIaHT. Jlanee, 3akaB HalbLieM KOJIEHO 2 U IIOBEPHYB BHUCKO3MMETpP, OTIIYCKalOT
KOJEeHO | B cocya C >KMIIKOCTBIO U 3acachIBalOT ee ( ¢ MOMOIIbIO IPYIIH, BOAOCTPYHHOr0 Hacoca
WIA UHBIM CIIOCOOOM) 1O OTMETKM M2, ciens 3a TeM, 4TOOBl B JKMIKOCTH HE 00pa3oBaIHCh
Iy3bIPbKU BO3/1yXa.

B ToT MOMEHT, KOT/1a YpOBEHb KUJIKOCTU AOCTUTHET OTMETKH M2, BUCKO3UMETP BHIHUMAIOT
U3 cocy/a U OBICTPO MEepPEeBOPAYMBAIOT B HOPMaJIbHOE MMOJIoKeHHe. CHUMAIOT ¢ BHEUIHEH CTOPOHBI
KOHIIA KoJieHa | U30BITOK KUJKOCTH U HAJIEBAIOT HA HETO PE3UHOBYIO TPYOKY.

Bucko3umeTp ycTaHaBIMBaIOT B TEPMOCTAT TaK, YTOOBI paciiupeHre 5 ObUIO HUXKE YPOBHS
KHUJKOCTU B TEPMOCTATE HE MEHee 15 MUHYT IIpU 33aHHOM TEMIIEpaType 3acachbIBAIOT KUAKOCTH B
KOJIEHO |, mMpuMepHO 70 OJHOM TpeTH BHICOTHI pacimupenus 5. CooOmaroT kojieHo 1 ¢ atMocdepoit
Y OTIPENIETISIIOT BPEMsI OITyCKaHUSI MEHUCKA XKUIKOCTH OT OTMETKH M1 10 otmMeTkn M2.

Kunematnyeckyo BSI3KOCTh (V), U3MEPSAEMYIO C MOMOIIbIO BUCKO3UMETPA, OMPEEISIOT 10

9

a——r,
9,807

dbopmyne: v=
rae ¢ — MOCTOSIHHAs BUCKO3MMETpa, M3/c3 (puBeIeHa B acmopTe mpuoopa);

g — yCKOpeHue CBOOOIHOrO MaaeHus:, M/c3;

T —Bpewmd, C.

Epununeld u3mepeHuss KodpuIUEHTa TUHAMUYECKOW BA3KOCTH P, SBISIETCS IacKallb-
cexkynza [[la c]. Ucnonb3yercs Takxe enunuiia usmepenus myas [I1] cucremsr enunun CI'C1: 1 I1
=0,1 Iac.

Enununedl koagduureHTa KHUHEMaTHYECKON BA3KOCTH V CIYKUT M2/C; MPUMEHSIOT TaKkKe
enuauny CI'C croke [Ct]: 1 Ct =1 ecm2/c = 1CH m2/c.

Coras no1s cTokca Ha3bpiBaeTcsi caHTUCTOKCOM (cCT).

Bs3K0CTh 3aBUCHUT OT TeMIeparyphbl, IPUUYEM XapaKTep ATOH 3aBUCUMOCTH Ul KUJKOCTEH U
ra30B pasiMuUeH: BS3KOCTh JKUAKOCTEH C YBEIMYEHHUEM TEeMIIEpAaTyphl YMEHBIIAETCs, TOTJa Kak
BSA3KOCTh Ta30B, HA00OPOT, yBeIn4YuBaeTcs (puc. 2).

Pucynok 2 - 3aBUCMMOCTbh KHHEMaTU4YECKON BA3KOCTH OT TEMIIEPATYpPhl
D10 O00BSACHSAETCS pa3aMudeM MPUPOJBI BA3KOCTU B KHUAKOCTAX U razax. B kuukocTsax
MOJIEKYJIbl PACIIONIOKEHBI Topa3io OJrke APYr K JIpyry, 4eM B Ta3ax, M BSI3KOCTb BBI3bIBACTCS
CHJIaMH MOJIEKYJISIPHOTO CLEIUICHUsl. ODTH CWIIBl C YBEIMYEHHEM TeMIIepaTypbl yYMEHBbIIAOTCH,

1 Cucmema eounuy CI'C (canmumemp-cpamm-cexynoa, CGA) sensemcs cucmemol MexaHUueckux GenuuuH.
OcHogHbIMU eOUHUYaMU IMOU CUCMEMbl AGISIOMCA: CAHMUMemp — eOUHUYa ONUHbL, 2PaAMM — eOUHUYd MACCh,
CeKyHOa — eOUHUYAa 8peMeHlL.

7



MIO3TOMY BSI3KOCTB aJlaeT. B ra3ax ke BA3KOCTh 00yCIIOBIIEHA, TTIABHBIM 00pa3oM, OeCIOpsIIOUYHBIM
TEIUIOBBIM JIBUJKEHHEM MOJIEKYJ, HMHTEHCHBHOCTh KOTOPOIO YBEIMYHMBAETCS C IOBBIIIEHUEM
TEMIIEPATYPHI.

Bs3K0CTh XKHUIKOCTEH 3aBUCUT TaK)Ke U OT JIaBJIECHHUS, OJTHAKO 3Ta 3aBUCUMOCTb CYLIECTBEHHO
MPOSIBJISIETCS. JIMILB MPU OTHOCHTEIBHO OOJBIINX M3MEHEHUSX HaBICHHS (B HECKOJBKO JECCATKOB
Mmeranackaieil). C yBearMueHHeM JaBJICHUS BSI3KOCTb OOJIBIIMHCTBA )KUIKOCTEH BO3pacTaer.

Bucko3umerp crexisiHabii KanuuisapHsiid Tuna BIDK-2 (Puc .3)

5
T
7 !
q | 2
é |
o |
| 8
R 3 4
L *’w = |

Pucynok 3 — Bucko3umeTp CTeKISTHHBIN KanmuyuisipHbli Tuna BITDK-2

Bucko3umerp crexisiHHbIN KanmwuisipHbid Tuna BIDK-2 (cm. pucynok 3) npencrasisier coooit
U-o6pa3znyro TpyOKy, B KoseHo (1) koTopoil BnasH kanwuisip (4).

N3mepenue BA3KOCTU MPU MOMOIIM KaIMJUIIPHOIO BUCKO3UMETPA OCHOBAHO Ha OINpeeIeHUU
BPEMEHH HCTEUYCHHUS 4Yepe3 KaluuiAp ONpPEIeJICHHOTO 00beMa >KUIKOCTH W3 H3MEPUTEIBHOTO
pe3epByapa.

[ToaroroBka k pabote. Ilepen ompeneneHreM BA3KOCTH KUAKOCTU BHUCKO3UMETP JIOJKEH
OBITh TIIATEIHHO MPOMBIT W BBICYIIEH. BHUCKO3UMeETp BHadane HEOOXOJMMO MPOMBITH HECKOIBKO
pa3 OeH3MHOM, 3aTeM neTpoieiHbIM 3dupom. Ilocie pacTBopuTenss NPOMBITH BOJIOW U 3aJUTh HE
MeHee HeM Ha 5 — 6 yacoB XpoMoBOW cMmechio. Ilociae 3TOro BHCKO3MMETP NPOMBIBAIOT
JUCTUUTMPOBAHHOM BoJIoM M cymaT. [[i1st Gosee OBICTPOMl CYIIKM BUCKO3UMETP MOXHO IPOMBITh
CHUPTOM-PEKTU(PUKATOM IUIH aLE€TOHOM.

XpoMmoBasi cMeCb — CMECh PaBHBIX OOBEMOB HACBHIIIEHHOI'O PAacTBOpa JAMXpomara Kaius U
KOHILEHTPUPOBAHHON CEPHOM KHUCIIOTHI, CHJIbHBIM OKHMCIUTEINb; MPUMEHSIETCS JUIsl MBIThSI CHIIBHO
3arpsI3HEHHON XMMHYECKOH MOCYIbI.

[Topsimok paGoTel. i u3MEpeHus BpEMEHU UCTEUCHUS KUIKOCTH Ha OTBOAHYIO TPYOKy (6)
Ha/IeBAIOT PE3MHOBBIA nulaHr. Jlanee, 3akaB manblieM KosieHO (5) M NepeBepHYB BHCKO3HUMETP,
omyckaroT koJieHo (1) B cocyn ¢ JKHIKOCTBIO W 3acachlBalOT €€ (C TOMOIIBI0 TPYIIH,
BOJIOCTPYHHOI'O HAacoca UM MHBIM CIIOCOOOM) 710 OTMETKH M2 pe3epByapa, cielis 3a TeM, YTOObI B
AKHUJIKOCTU HE 00pa30BbIBATIOCH TY3bIPHKOB BO3/yXa.

B TOT MOMEHT, KOrja ypoBEHb XHAKOCTH JOCTUTHET OTMETKM M2 pesepByapa (5),
BHUCKO3MMETpP BBIHUMAIOT U3 COCyla MU OBICTPO MNEPEBOPAUMBAIOT B HOPMAJIBHOE IOJIOKEHHUE.
CHuMarT Cc BHEUIHEW CTOPOHBI KOHLA KoseHa (1) M30BITOK JKUAKOCTH M HAJeBalOT Ha HEro
PE3HHOBYIO TPYOKY.

Bucko3zumerp ycTaHaBIMBAIOT B TEpMOCTAT TakK, YTOOBI pezepByap (2) ObLI HMXKE YPOBHS
XKUIKOCTH B TepMoctare. [locne BBIAEpKKM B TepMOCTaTe HE MEHee |5 MUHYT NpH 3aJaHHOU
TeMIIepaType 3acachlBalOT KUJKOCTh B KOJIeHO (1) mpuMepHO 710 OHOM TpeTH BBICOTHI pe3epByapa
(2). Coobmarot xoisieHo (1) c armocdepoit U onpeaensitoT BpeMsl OIyCKaHUSI MEHUCKA KUAKOCTH OT
ormeTku M1 1o ormetku M2.

Bsi3kocTh BRIUUCIAIOT 110 hopMyie:
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10 cpeaHeMy (13 HECKOJIBLKUX U3MEPEHHUIT) BPEMEHH HCTEUEHHS JKHUIKOCTH.

Ilopsinok BbIOJHEHHS padOThI:

. M3yunth MeTOAMUYECKUE YKa3aHUs 110 BHIIIOJIHEHUIO PAOOTHI.

. VI3y4nTh KOHCTPYKIMIO BUCKO3UMETPA.

. 3anucarh B TETPaJb Ha3BaHWE M Ha3HAYEHUE KaXKOTr0 3JIEMEHTA.
. 3anucarh NpUHIMI paboThI ¢ MPUOOPOM

Beimonuute oTyer

gagrwN P

Xox padoThI:
BEBIIOTHUTE KOHCTIEKT ¢ U300pakeHneM Ipruodopa
3amuTUTh MPAKTUYECKYIO paboTy

®dopma npeacTaBiaeHusl pe3yJbTarTa:
BeImomHUTE paboTy B MUCEMEHHOM BHJIC B TETPAIH IS MPAKTUYECKUX
pabor.
Otuer o nmpoaenaHHoi paboTe BHIMOIHACTCS B COOTBETCTBUEM C 33JaHHEM.
3aueT BBICTABISAETCS MOCJIE YCTHOTO COOECe0BAaHUS C TIPENoAaBaTeeM

Kpurepun oneHku:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HempaBWIbHBIN 0TBET — () 6asUIoB.

KadecTBeHHast OIICHKA WHIWBHYaTbHBIX
Iponent 00pa3oBaTeNbHBIX TOCTHKCHUIN
Pe3yabTaTUBHOCTH - :
(MIpaBHIILHBIX OTBETOB) (ormerKa) BepOAJIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOpOIIO
70 +79 3 yJIOBJICTBOPUTEIHHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO

IIpakTuyeckoe 3ansaTue Ne 2
MaHOMeTpl/l‘{eCKI/Ie TEPMOMETPLI

Heanb: ®opMupoBaHuE YMEHHI MOJIb30BATHCS MAHOMETPHUUSCKUM TEPMOMETPOM

Boinoanus padorty, Bul Oynere:
YMETh:
- OIIPEJICIIATh TEMIIEPATYPY padOUUX KUIKOCTEH;

MarepuanbHoe o0ecnieyeHme:
Ob6opynoBaHue, MHCTPYMEHTBI, MaT€pHabl, TAOIUIbI, CXEMBI, CIIPABOYHUKH, U .
[Tpubop 1 onpeeneHus: TeMIIepaTypsl padodei KUIKOCTH — MAHOMETPHIECKHI TEPMOMETP



Metoanyeckre yKa3zaHHs M0 BBIMOJIHEHUIO MPAKTHUECKUX U JIAOOPATOPHBIX padoT

3aganmue:
W3yuenne KOHCTPYKLUH, IPUHLIUIIA PBOOTHI MAaHOMETPHYECKOrO TEPMOMETpPA

Brinonnenue koHcnekTa ¢ n300pakeHneM npudopa, ero KOHCTPYKIMEH U MPUHIIUIIOM pabOThI

Kpatkue TeopeTruyeckue cBeleHUs:
MaHoMeTpu4ecKre TePMOMETPHI M0 MPUHITUIY JSHCTBHUS MOTYT OBITh pa3zelieHbl Ha JBa
TUMa: 1) ra3oBbie U KUJKOCTHBIC U 2) MapOBLIE.

Pucynok 1 - Cxema ycTpoiicTBa MAaHOMETPUUECKOTO TEPMOMETPA:
1 - TepMoMeTpHUUECKHiT OaJUIOH; 2 — KanuuIsIpHas TpyOka; 3 — mojasi MaHOMeTpHUYecKast
npyxuHa; 4 — 1sra; 5 — 3y0uaTslil ceKTop; 6— CTpenka; 7—IlKana.

MaHoMeTprYecKkHe TEpPMOMETPHI IPEAHA3HAYEHBl JUIsl JUCTAaHLMOHHOTO H3MEpPEHUs MU
pETUCTpaLMK TEMIIEPATYPHI Fa30B, APOB U KUIKOCTEH.

B HEKOTOpBIX cilydasx MaHOMETPUUECKHE TEPMOMETPHI U3rOTaBIMBAIOTCS CO
CHELUAIbHBIMUA YCTPOWCTBAMH, MPeoOpa3yIOIIMMU CUTHAT B DJIEKTPUYECKUH M TO3BOJISIOIIUMHU
MIPOU3BOJIUTH PErYIMPOBAHUE TEMIIEPATYPHI.

B ocHOBy aeicTBHSI MAaHOMETPUYECKUX TEPMOMETPOB IOJIOKEHA 3aBUCUMOCTD JIaBJICHUS
pabodero BemiecTBa B 3aMKHYTOM oOBeME€ OT TeMIepaTypbl. B 3aBUCHMOCTH OT COCTOSIHMS
pabodero BemIiecTBa pa3iWYarOT Ta30Bble, JKHUJIKOCTHBIE M KOHJEHCAIIMOHHBIE TEPMOMETPHI.
KOHCTpYKTUBHO OHM TNPEACTaBIAIOT COOON TepPMETHYHYIO CHUCTEMY, COCTOAILIYI0 M3 OaisoHa,
COEAMHEHHOIO KaMUIIPOM C MaHOMETpoM. TepMoOalloH Morpyxaercss B 0ObEeKT U3MEpEeHUs U
IIPU U3MEHEHUH TeMIIepaTyphl pabouero BEIecTBa NPOUCXOAUT U3MEHEHUE IaBJICHNUS B 3aMKHYTOH
cucTeMe, KOTOpOoe uepe3 KaWUILIPHYI0 TpyOKy mepemaercss Ha MaHoOMeTp. B 3aBucumoctd OT
Ha3HAYEHUs] MAaHOMETPUYECKHE TEPMOMETPhl OBIBAIOT CaMOMMIIYIIMMH, ITOKa3bIBAIOLIUMH,
OeclIKaIbHBIMU CO BCTPOCHHBIMH NPeo0pa3oBaTesiMu sl AMCTAaHLIMOHHOMN Mepeadyn U3MEpPEeHHI.

JIOCTOMHCTBO JIaHHBIX TEPMOMETPOB SBISETCS BO3MOXKHOCTh HX MPUMEHEHHS Ha
B3pPbIBOOIIACHBIX O0BEKTaX.
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K HemocraTkaM OTHOCHTCSI HEBBICOKHMH KJIacC TOYHOCTH HM3MepeHHsi Temmepatypsl (1,5,
2,5), He0OXOIMMOCTh YacCTON MEPHOAMYECKON MOBEPKHU, CIOKHOCTh PEMOHTA, OOJIBIINE Pa3Mephl
TepMOOaIOHA.

TepMoMETpUYECKUM BEUIECTBOM ISl TA30BbIX MaHOMETPUYECKHMX TEPMOMETPOB CIYKUT
a30T win renuif. OCOOEHHOCTBIO TaKMX TEPMOMETPOB SBIIAETCS JOCTATOYHO OONBIIONW paszmep
TepMOOaJIOHa U, KaK CJIEeICTBHE, 3HAUUTEJIbHAS MHEPLIMOHHOCTh 3MepeHui. /lnana3on usmMmepeHus
Temnepatyp coctabisieT oT -50 1o +600°C, mKaabl TEPMOMETPOB PABHOMEPHBI.

JI1g JKUAKOCTHBIX MaHOMETPHUYECKUX TEPMOMETPOB TEPMOINEKTPUUECKUM  BEILECTBOM
ABJISICTCA PTYTh, TOJYOJ, NPONWIOBBIA cHUPT U T.X. bnarogaps 6onbLIOH TEIIONPOBOAHOCTH
KHUJIKOCTHU, TAKUE TEPMOMETPbl MEHEE MHEPLIMOHHBI 110 CPAaBHEHUIO C Fa30BBIMM, HO IPH CUIIBHBIX
KoJICOaHUAX TEMIepaTyp OKpPY)KaloLlel Cpelbl MOrpeIHOCTh MPUOOPOB BHIIIE, BCIEACTBUE YETrO
IIpY 3HAYUTENIBHOM JUIMHE Kamuuigpa [UIsl KUAKOCTHBIX MaHOMETPUYECKUX TEPMOMETPOB
IPUMEHSIIOT KOMIIEHCALlMOHHbIE YCTpONcCTBa. JMama3oH u3MepeHusl TeMieparyp (Ipu pTYTHOM
3anojiHeHnn) coctapisieT oT -30 go +600°C, mkaabl TEpMOMETPOB PABHOMEPHBI.

B KOHIEHCAMOHHBIX MAHOMETPUYECKHX TEPMOMETpaxX NPUMEHSIOTCS JIETKOKMIIINE
KHMJIKOCTH IPONaH, 3TUIOBBIM 3¢up, aleroH U T.A. 3al0ojJHEHHE TepMOOaJIOHA MPOMCXOIUT Ha
70%, ocTaBUIYIOCS YaCTh 3aHUMAET I1ap TEPMOIJIEKTPUUECKOTO BEIIECTBA.

[IpuHumn pa®oThl KOHACHCALMOHHBIX TEPMOMETPOB OCHOBAH HA 3aBUCUMOCTHU JIaBJICHUS
HACBILEHHOTO Mapa HU3KOKUIIAIMIEH >XUAKOCTU OT TEMIEpaTypbl, YTO MCKIIOYAET BIIUSHUE
W3MEHEHHUs TEMIEpaTypbl OKpY)KaloIlled Cpeabl Ha IOKa3aHUs TepMOMETpoB. TepMoOamoHbl
JAHHBIX TEPMOMETPOB JIOCTATOUYHO MaJlbl, KaK CJIEJICTBUE, 3TH TEPMOMETPHI HAUMEHEE NHEPLIMOHHBI
u3 BCEX MaHOMETPUYECKHUX TEPMOMETPOB. Taxxe KOHJICHCALlHOHHbIE
MaHOMETPUYECKHE TEPMOMETPBI 001a1al0T BBICOKOM UYyBCTBUTENBHOCTBIO, CBA3M C HEIMHEHHOU
3aBMCHMOCTBIO JIaBJIEHUS HACBILICHHOI'O Iapa OT TeMIepaTypsl. /luanazoH u3MepeHus TemrnepaTryp
cocrasiseT oT -50 no +350°C, mKanel TEpMOMETPOB HE PABHOMEPHBI.

ManomeTpHruecKkue TepMOMETPBI COCTOAT U3 TEPMOOAJUIOHA U U3MEPUTENHLHOTI0 pudopa
NaBJIeHNs (MaHOMETpa), COETUHEHHBIX MEXKIYy CO00M KanmIIsipoM, IJIMHA KOTOPOro AocTuraer 60
M. TepmoOanion pa3mMeniaercs B cpenie, Tae u3Mepsiercs remneparypa. TemnepaTypa cpezsl
BO3JICHCTBYET HAa PU3NYECKOE COCTOSIHUE BEIIECTBA BHYTPU OallJIOHA, UTO MPUBOAUT K U3MEHEHHUIO
JIaBJICHUS, KOTOPOE Yepe3 KalWUIIPHYIO TPyOKyY MepeiaeTcsl Ha pacCTOsIHUE U PUKCUPYETCs
MaHOMETPOM. B KauecTBe 4yBCTBUTENBHBIX BEIIECTB UCIOIb3YIOT Ia3bl, JKUIKOCTb U
ra3oXuAKOCTHYIO cMech. J(nana3zoH uaMepsieMbix temneparyp ot — 50°C no 600°C. Onu
MCHOJIB3YIOTCS ISl JUCTaHLMOHHOTO (10 60M) u3mMepenus temneparyp. Kiacc TouHOCTH IpUMEpHO
1,5. K ux monoKUTeabHbIM KaueCTBaM OTHOCATCS: POCTOTa KOHCTPYKLUHU U 00CITYyKUBaHUS,
BO3MO>XHOCTh IUCTAHIIMOHHOTO U3MEPEHUS U aBTOMAaTHUECKOM 3aITUCH MMOKa3aHMI; K UX
HeZocTaTKaM - He0oJIbIIasi TOYHOCTh U3MEPEHUI, 3HaUUTEIbHAs! HHEPLIUOHHOCTh, CPABHUTEIILHO
HEOOJIBIIIOE OTKJIOHEHHUE JUCTAHITMOHHOW Mepeadn MOKa3aHu.

["a30BbIE MAaHOMETPUYECKHUE TEPMOMETPHI OCHOBAHbI Ha MCIIOIb30BAHUH 3aBUCUMOCTHU
JIaBJICHUs] HHEPTHOTO Ta3a (a30Ta), KOTOPbIl HAXOAUTCS B TEPMETHYHO 3aMKHYTOH TepMOCHCTEME,
OT TemIieparypsl. TepMOMETpHI, 3a1I0JTHEHHBIE a30TOM, 00ECTIIEYMBAIOT U3MEPEHNE TEMIIEPATYPHI 10
+600°C. BennunHa U3MEHEHUS AaBJICHUS 3aBUCUT OT TEMIIEPATYPhI CIETYIOIUM 00pa3oM:
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AP =P P, =P,-B-(t-1,)
1)
B 1
27316
rae - TepMudeckuil Koadduuuent pacmmpenus, 1/°C;
t - koHeuHas Temneparypa, °C;
to - HavanbHas Temmneparypa, °C;
P - maBnenme pabouero Bemecta npu temreparype t0 (20°C), Ila.

B KUAKOCTHBIX MAHOMETPUUCCKHUX TCPMOMCETpPAX BCA CUCTEMA 3AINOJIHACTCA KUAKOCTBIO 110/
HEKOTOPBIM HAYaJIbHBIM JIaBJIcHHEM. J1JIs 3aM0THeHNsT OOBIYHO PUMEHSETCS PTYTh (AJIs
temrepatypsl -30...+600°C) u kcunon (s temmneparypsl - 40...+200°C). JlaBieHue KuJIKOCTH B
3aBHCUMOCTH OT TEMIIEpaTypbl MOKHO MPEJICTABUTh YPaBHCHUEM

()
rac ﬂP - IpUpaeHue JaBJICHUA B 3aBUCUMOCTH OT TCMIICPATYPHI, H/M2,

i
- K03 duUIUeHT 00bEMHOTO PACITUPEHHS KUIAKOCTH, 1/Tpa;

* - k03 urmeHT CrxUMaeMOoCTH KuakocTu, M2 / H;

At - IpupaleHre reMneparypsl, °C.

N3 ypaBuenuii (1) u (2) BUAHO, YTO U3MEHEHUE JAABJICHHS )KUIKOCTH WITK Ta3a MIPU HarpeBaHUU
SBJIETCS JIMHEWHON QyHKIMENH TeMIepaTyphl, U IO3TOMY MaHOMETPUUECKUE TEPMOMETPHI UMEIOT
PaBHOMEPHYIO IIKAIy.

IMopsiiok BbINOJIHEHUS PA0OTHI:
1. U3yunTh MeTOAMYECKUE YKA3aHUSI IO BBHITTOJIHEHUIO PAOOTHI.
2. V3y4uTb KOHCTPYKLHIO MAHOMETPUYECKOTO TEPMOMETPA.
3. 3amucaTh B TeTpaJab Ha3BaHWE W HA3HAYCHHUE KAKIOTO DJIEMEHTA.
4. 3anmcarh NpUHIMI PabOTHI ¢ MPUOOPOM, C pacyeTaMu
5. BbIMOAHATE OTYET

Xox padoThI:
BBINONMHUTE KOHCHEKT ¢ 300paskeHueM mpudopa
3aluTUTh NPAKTUYECKYIO paboTy

®opma npeacTaBiaeHus pe3yibTaTa:
BeImonHuTE paboTy B MHUCEMEHHOM BHJIE B TETPAIH IS MPAKTUYECKUX
pabor.
OT4er o MpoJenaHHo# paboTe BBIMOIHIETCS B COOTBETCTBUEM C 3a/IaHUEM.
3a4eTr BHICTABIISIETCS TIOCIIE YCTHOTO COOECEIOBAHUS C MPETIOIaBaTEIIeM
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Kpurepun oneHku:
3a Kax[Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBIN OTBET — 0 6aIIOB.

KauecTBeHHast O1leHKa WHANBUTYAIbHBIX
Hpouent 00pa3oBaTeNbHbIX JOCTH)KEHUN
pE3yJIbTaTUBHOCTH o :
(TpaBWIIBHBIX OTBETOB) (oT™eTKa) BepOaTbHBIN aHATIOT
90 + 100 5) OTJINYHO
80 +~ 89 4 XOpOIIO
70 +79 3 YAOBJIETBOPUTEIBLHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO
IIpakTnueckoe 3ansaTne Ne 3
IIpyxuHHBIA MaHOMETP
Henab: - wu3ydeHue MNpPYKUHHBIX MaHoMeTpoB Tuna OBM (ycTpoiicTBO, MPHUHIIMIT

nencTBus, paboTa).
- (hopmupoBaHUE YMEHU MOIB30BATHCS MPUOOPOM

Boinosinus padorty, Bel Oynere:
YMETh:
- IOJIb30BAThCs MPYKUHHBIMU MaHOoMeTpaMu Tuna ObM,;

- OIIpCACIIATh AaBJICHUC B CUCTEMC IJId PCIICHUA aKTYaJIbHBIX 3a/1a4

MarepuanbHoe o0ecnieyeHue:
Oo6opynoBaHue, MHCTPYMEHTBI, MaT€pHabl, TAOJIUIbI, CXEMBI, CIIPABOYHHKH, U JIP.
[Tpubop st onpenenenus qaBieHUs — NPYKUHHBIN MaHomeTp Tuna ObM
Metoanyeckue ykazaHHs IO BBIMOJIHEHUIO MPAKTHUECKUX U JIAOOPaTOPHBIX padoT

3aganue:
N3ydyenne npyXMHHbIX MaHOMETpOB TUIa ObBM;

BrinonHenue KoHCNeKTa ¢ n300pakeHneM Mpruodopa, ero KOHCTPYKIUEN U MPUHIIUIIOM padOThI

Kparkue Teoperudyeckne cBeleHUs:
IIpyxxnnHbIIT MaHOMeTp THIAa OBM

ManomeTp (0T rpedecKoro manos - peAKHii, HeIIOTHBIN U metreo-u3Mepsito) - Mpudop st
U3MEpEeHUN WU30BITOYHOrO JaBJIEHUsS (JIaBJIE€HUS BbIIIE aTMOC(HEPHOT0) TMapoB, TIa30B MU
KUJKOCTEH, 3aKIIFOYEHHBIX B 3aMKHYTOM IIPOCTPAHCTBE.

Pa3HOBUIHOCTBIO MaHOMETpA SBJISIETCS BAKyyMMETp - MpHOOp A U3MEPEHUH J1aBiIeHus,
OJIM3KOTO0 K HYJIIO W MaHOBAKyyMMETp MpHOOp Al HU3MEpeHUi pa3pspKeHHs M U30BITOYHOTO
JaBJICHHUS.

CaMbIMH TIOMYJSIPHBIMH Yy TOTpeOUTENeN SBIAIOTCS MAHOMETPHI ¢ TpyOkoi bypmona
(puc.2) nu nepopMaioOHHbIE MAHOMETPBI, KOHCTPYKIIMIO KOTOPBIX Ipuaymai J. bypaon B 1849r.
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TpyOka BypaoHa - raBHBI KOHCTPYKTHBHBIN 3JIEMEHT MAaHOMETPA, €r0 YyBCTBUTEIIbHBIN
AJIEMEHT, SIBJISIFOIIHICS IEPBUYHBIM MpeoOpa3oBaTesieM JTaBIICHUS.

TpyOka bypaoHa BbIoJHEHa OOBIMHO M3 JIATYHU HIH (ocdopucToil OpoH3BI, UMEET Ha
HU3KHUE JaBJIeHUs (QOpMy MOIYKpyra, Ha CpPeIHHE W BBICOKHE NaBicHHs (opMy BuUTKA. OIHUM
KOHIIOM TpyOKa COCIMHEHAa C BXOJHBIM INTYIIEPOM MaHOMETPA, KOTOPBIA  SBISETCS
MPUCOCANHUTEIBHBIM 3JIEMEHTOM K HM3MEpsieMON cpelie a BTOPOM KOHEIl 3amasiH M PacloJiOKeH
KOHCOIbHO. [lyTemM mpuMeHneHus TpyOok Ooiiee CI0KHON (OpMBI (CHPaTbLHON, BUHTOOOPA3HOM)
MO3KHO MOJIy4aTh NPUOOPHI C OOJIBIIECH YyBCTBUTEIbHOCTHIO, HO MEHBIIIUM IPEEIOM U3MEPEHHUS.

[Tpunuun neiictBus neopMaliOHHBIX MAHOMETPOB.

I[Tox naBiaeHweM cpeabl KOHCOJIBHO PACIONOXKEHHBIM KOHEl TpyOku bBypmona
nepememiaeTcs - TpyOka crapaercsi pacupsMHUTbCA. BenuunmHa 3TOr0  MepeMenieHus
MPOIMOPIIMOHANIbHA BEIMYUHE JIABIICHHUS.

Hecnoxnas peraaxHo-3y0daras epeaava MpuBOIUT B ABIKCHUE CTPEIIKY, YKA3BIBAIONTYIO
Ha MIKane Mpudopa BENWYHHY AABJICHUA. TaKkoe YCTPOHCTBO MMEIOT OOJIBIIMHCTBO MAaHOMETPOB
oteuecTBeHHBIX Mapok MII, MTII, IM TM, M 3/1, ObM, MTU, MIITHU, MO, nHemenkue
manometrpel Wika 111.10, 111.12, 213.53, RCh, RChg, RChgG u wmaHOMETpBHl Jpyrux
MIPOU3BOIUTENCH.

OO61muii Bug npykxuHHoro manomerpa tuna ObM nokasan Ha pucyHke 1.

1-tpybxa BypaoHa, 2-Tsra nepenaTouHoOro MexaHu3ma, 3-3youaTslii cekTop, 4-cTpernka,
14



S-mTytnep
Pucynok 2 - Cxema ycTpoiicTBa MaHOMETpa ¢ TpyOKoit bypnona

B kadecTBe YyBCTBHTENBHBIX JJIEMEHTOB Y MAaHOMETPOB HCTIOJB3YIOTCS TpyOuaThie
npyxuHbl. Kak BUAHO HA PHUCYHKEH 3, OJIMH KOHEI] TpyOuaTol MPYXUHBI 3 IEPEXOIUT B IITYIEDP 7
UL BOCHPHUATUS M3MepsieMoro nasieHus. Ilog neiicTBueM JaBiieHUST CBOOOJHBIA  KOHEI
MaHOMETPUYECKON TpyOku 5 Oymer medopMupoBaThes (M3ruOaThCs), MPUYEM BEIUYMHA YIPYTOM
neopManuy  MPOMOPIMOHATPHA HM3MEPSEMOMY JIaBICHHIO. B  Cuily 3TOro COOTHOLICHHS
M3MEpUTENbHAs CTpeNiKa 1 3a cyeT mepeMeleHus KHHEMaTH4ecKoro ysia (Tpubka 2 - cektop 4 -
MOBOJIOK 6) TOKa3bIBa€T OTHOCUTEIILHO INKadbl NpUOOpa WCTHHHOE 3HAUCHUE H3MEPSIEMOTO
JaBIICHHSL.

1-ctpenka, 2- TpuOKa, 3 — npyxuHa, 4-3y0uaTblii CEKTOp, S-AaTUUK JaBIECHUS
(MaHoMeTpuyeckas TpyOka), 6-OBOAOK, 7-IITYyLEp
Pucynok 3 — Kunemarndeckas cxema MaHoMeTpa ¢ TpyOkoit byprona

[Ipy>kvHHBIE TOKA3bIBAIOIINE M CAMOMUIIYIIHE MaHOMETPhl PEMOHTHUPYIOTCS CHUJIAMU
PEMOHTHBIX CIIYX0O METpPOJIOTHYECKOTO TojpasneieHus. i1 3Toro Ha CHenuaTbHOM Yy4YacTKe
paboune MecTta JODKHBI OBITh OOOpPYHOBAaHBI PE3EPBHBIMH CTEKJIAMH CTAHJAPTHOTO psiaa
muamerpom 60, 100, 160 u 250 MM, cTaHZAPTHBIMU IIKaJaMH, CIIELHAIbHBIMU CHEMHUKAMH IS
JIEMOHTaka HM3MEPHUTEIbHBIX CTPENOK C Oceil mpuOOpoB; CTpyOLMHAMHU ISl Kpemexka neTaneit
MaHOMETpPOB, HAa0OpOM JIEPOK JJisi BOCCTAHOBIEHHS 3a0MTHIX pe3b0d mTyrepoB M 20X1,4,
MPUCTIOCOOTICHHUSIMH ISl BBIYEPUYUBAHUS KA, HAOOpaMH MHUHIIETOB W YaCOBBIX JIYI, Habopamu
ra30BbIX TOPEIIOK MaJIOW BEIMYMHBI IS TAWKH 9yBCTBUTEIBHBIX JIEMEHTOB (TIPY>KUH).

Haunbonee TpymoeMKUMH oOIepanusMi SBJISETCS 3aM€Ha YYBCTBUTEIBHOTO DJJIEMEHTA
(TpyOKM) MaHOMETpa U PETYJIIMPOBKA KHHEMAaTHYECKOTO 3BE€HA «CEKTOp - TpyOKa» (cM. puc. 3).

3amMeHy 4yBCTBUTEIHHOTO JJIEMEHTA MPUOOpa MTPOU3ZBOIST MOCIE €r0 MUCTOIB30BAHUS IS
3aMepa JaBlieHUs, MPEBBIIIAIOIIET0 MaKCUMallbHOe. B pe3ysnbpTare sTOro TpyOKa pacTsruBaercs,
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BO3HUKAET OCTaTo4Has Aedopmaliusi, He mojiekamias peMoHTy. [lns peMoHTa Takoro mpubdopa
MIPOU3BOIAT €TO MOJTHYIO Pa300pKy, MTYILEp / 3aKPEIUISIOT B TUCKHU M C TIOMOIIIBIO Ta30BOM TOPEIKH
JEMOHTUPYIOT TpYOKy 5 n3 muatel. [locie ormaBieHus: MPUMOsS HEUCIIPABHYIO TPYOKY H3BJICKAIOT
rmaccaTmkaMd, a Ha €€ MECTO IOCJe 3aYUCTKHA IOBEPXHOCTH YCTAaHABIMBAIOT AHATOTHYHYIO
MaHOMETPUYECKYIO TNPYXUHY (Ha 3aJaHHBIM Mpeaesn HU3MEepeHus naaBiieHus). MecTo mnalku
00pabaThIBaIOT pacTBOpUTENIEM — KaHU(DOJIBIO C allETOHOM (CITUPTOM) UJTH COJITHON KHCIIOTOM.

IHopsinok BbINOJIHEHHUS PA0OTHI:
1. M3y4uTh METOIUYECKHUE YKA3aHUS 110 BHIMIOJHEHUIO PAOOTHI.
2. W3y4uTb KOHCTPYKLIHIO MAaHOMETpA.
3. 3ammcarh B TETpaJh HA3BAHUE M Ha3HAUCHUE KAXKIOTO dIIEMEHTA.
4., 3amnucarh NPUHIUI PAOOTHI C MPUOOPOM
5. BbimonnuTs otuer

Xoa padoThI:
BeImomHUTE KOHCTIEKT ¢ n300pakeHueM npudopa
3alUTUTh NPAKTUYECKYIO paboTy

®dopma nmpeacTaBJieHusi pe3yJibTara:
BbimosHuTs paboTy B IMCbMEHHOM BHJIE B TETPAIH IS MPAKTHYECKUX
pabor.
OTueT 0 npojenaHHON pabOTe BHIMOIHIETCS B COOTBETCTBUEM C 33JaHHEM.
3aveT BBICTABIISCTCS MOCIIE YCTHOTO COOECEIOBAHUS C TIPEroiaBaTeieM

Kpurtepun ounenku:
3a Kax[blid TPaBUIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OaJUIOB.

KauecTBeHHasI OlleHKa WHINBUTYaIbHBIX
Hpouent 00pa3oBaTeNbHBIX JOCTH)KEHUN
pe3yNbTaTUBHOCTH o -
(paBHJIBHBIX OTBETOB) (oT™eTKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 +~ 89 4 XOPOIIO
70 =79 3 YJIOBJIETBOPUTEIBHO
menee 70 2 HE YJIOBJICTBOPUTEIHHO

Tema 1.2 Paboume »KMIKOCTH THAPONIPHUBOI0OB

IIpakTuyeckoe 3ansaTue Ne 4
Br100p paboueii xuaKOCTH

Leas padoThl: M3yunts anroputM BeiOopa pabouei sKuaKoCTH

Boinosinus padorty, Bel Oynere:

YMETB:
- OTIpPEETATh MapaMeTPhl COCTOSIHUSA PA0OUYHNX KUIKOCTEH;
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MarepuajibHoe o0ecnieyeHue:
Ob6opynoBanue, HHCTPYMEHTBI, MaT€pPHaJIbl, TAOIUIIBI, CXEMBI, CIIPABOYHUKH, U JIP.
MeTtoauyeckue yKa3aHus 110 BBIIOJIHEHUIO MPAKTUYECKHUX U JIAOOpaTOPHBIX paboT

3aganue:
3HAKOMCTBO C OCHOBHBIMHU (haKTOpPaMH, BIHUAIONIMMHU Ha BEIOOP paboyeH KUAKOCTH
Beryuuts anroputm BeiOOpa paboueif KHUIKOCTH

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. MByuyuth MEeTOAMYECKUE YKA3aHUS IO BBITIOJHEHHUIO Pa0OTHI.

2. Tlonyuutsb y mpenoaaBaTesisi UCXOHbIC JaHHbIC JJIsl BHITOJHEHHS pabOThl B COOTBETCTBHE
C BapUaHTOM.

3. CocrtaButh TpeOOBaHUS K paboueil >KUIKOCTH 110 MOJTYyYECHHBIM JaHHBIM.

4. 3anucaTh B TETpajb

Xoa padoThI:
BeimonHuTh 3a1aHKE TIperoiaBaTets.
3alUTUTh NPAKTUYECKYIO paboTy

(I)opMa NpeacraBjJacHusd pedyjabTara:
Otuer o nponenaHHoﬁ pa60Te JOJDKCH COACPIKATHL HA3BAHUC U LCJIb pa60TbI, OIMKMCaHuC XO0aa

paboThI, PUCYHOK IPUOOpA.

BrIBo/IBI IpeoCTaBUTH B TUCBMEHHOHU (hopMe.

Kpurepun oneHku:

3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HenpaBUWIIbHBIN 0TBET — () GayIoB.

KauecTBeHHast OlleHKA WHANBUIYaTbHBIX
Hpouenr 00pa30BaTENbHBIX TOCTHKEHUHN
pe3yIBTaTUBHOCTH o :
(IpaBHIILHBIX OTBETOB) (oT™eTKa) BepOAJIbHBIN aHAJIOT
90 + 100 3) OTJINYHO
80 + 89 4 XOpOIIO
70 =79 3 YJIOBJIETBOPUTEIBHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO

Tema 1.3 IlapameTpbl COCTOAHUA PadOUMX KHIKOCTEH

IIpakTnyeckoe 3ansaTHe Ne 5
N3yuyeHue cBOMCTB CMa304HBIX MaTEPHAJIOB

Hean padorsl: QopmupoBaHue yMEHUH BBIOOpAa CMAa30YHBIX MAaTEPHAIOB TIPH

o0CITy>KUBaHUH 000PYyIOBAHUSI.

Beinosinus padory, Bl Oynere:
YMETh! BI)I6I/IpaTI) OKCILTYyaTallHOHHO-CMAa304YHbIC MaTCPpHAJIbI
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MarepunanbHoe obecnieyeHue:
Meroanueckue yka3aHusl 10 BBIITOJTHEHHUIO MPAKTUYECKUX M J1a00PaTOPHBIX padoT

3aganue:
N3yunTh CBOMCTBA CMAa30YHBIX MATEPUAIIOB

Kpartkne TeopeTtudeckne cBeieHUsA:

WnpyctpuansHble Macia, TUCTIIUIATHBIE He(TsIHbIE Macia Mayoi u cpefaHeit Baskoctu (5-50
mm2/c) ipu 50°C), nucnosap3yeMble B Ka4eCTBE CMa30YHBIX MAaTEPUAIIOB, TPEUMYIIIECTBEHHO B y3J1ax
TPEHUsI CTAaHKOB, BEHTWISATOPOB, HACOCOB, TEKCTUJIBHBIX MAalIMH, a TAaKXE KaK OCHOBAa IPHU
M3TOTOBJICHUU TUIPABINYECKUX JKUJIKOCTEH, MIIACTUYHBIX U TEXHOJIOTHYECKUX CMa30K.

B oty rpymnmy BXoAsST Macia, HpUMEHsSEMbIe IJIs CMa3bIBaHHUS BCEX BHJIOB 3YyOuaThIX,
YepPBSYHBIX U BUHTOBBIX MEPEAay Pa3IMIHOTO MTPOMBIIIICHHOTO 000PYI0BAHUS: METAILIOPEKYIITIX
U JepeBooOpabaThIBAIONINX CTAHKOB, MOJIOTOB, MPECCOB, JIMTEHHBIX U (POPMOBOYHBIX MAIIHH,
nebeI0OK, TPOKATHBIX CTAHOB, MOCTOBBIX KpPaHOB, KOHBEHEpOB, JH(PTOB, IOIbEMHUKOB,
BpAIAIONIMXCSl [IEMEHTHBIX Teued, KalaHapoB, OymarojenaTelbHBIX MAaIllUH, YrOJbHBIX
KOMOAQIHOB, TEKCTWJIBHBIX W MPSIMIBHBIX MallMH W JIp. YCIOBHS pa0OThl 3y0YaThIX Iepemaad
HACTOJBKO Pa3HOOOpa3Hbl, YTO AJS MX CMa3blBaHUA TpeOyeTcs BechbMa IIMPOKUNA aCCOPTUMEHT
CMa30YHBIX MAaTEPHAJIOB.

B 3aBucuMoctu OT TpeOOBaHUM K JKCIUIyaTallMOHHBIM CBOMCTBaM MPUMEHSIOT Macia 0e3
MPUCAZIOK WM C TPUCAIKaAMH, YIYYIIAIOMIUMH TPOTUBO3AUPHBIC, TMPOTUBOU3HOCHEIE,
AHTUOKUCIIUTENbHBIE, aHTUKOPPO3UOHHBIE, ACIPECCOPHBIE U AEAIMYJIbIrUpyolMe cBoiicTBa. Jlus
y37I0B TPEHHUS MPOMBIIUICHHOTO OOOpYIOBAaHMS NPUMEHSIOT MPEUMYIIECTBEHHO Maciia 0e3
npucaaok Bsa3kocTbio oT 12 (50°C) no 52 mm2/c (100°C).

B 3aBucumoctu OT 00J1acTH NMPUMEHEHHS WHAYCTPUAIbHBIE Macliia, NMpeaHa3HAuYeHHbIE IS
CMa3bIBaHMs PA3JIMYHOTO MPOMBIIIEHHOTO 000PYA0BaHUS, MOKHO TOJIPA3ACTUTh Ha ABE TPYIIIHI -
00IIIero M CHerualbHOr0 Ha3HAYEHUs. 3a MOCJIEIHUE TO/Ibl B CBSI3H C Pa3pabOTKOM JErMpOBAHHBIX
WHIYCTPUATbHBIX Macel oOO0BEM TMPOM3BOACTBA W AaCCOPTHUMEHT WHAYCTPUAIBHBIX Macel
CyIIecTBEeHHO Bo3pociu. Celyac W3 Tpymnmbl Macea OOIIEero Ha3HAUYCHMs BBIJCISIOT TaKue, Kak
Macia s BBICOKOCKOPOCTHBIX MEXaHH3MOB, THUIPABIMYECKUX CHCTEM M 3y04aThiX Tmepenad
MIPOMBIIIIJICHHOTO 000pYA0BaHUS, HAITPABJISIONINX CKOJIBKEHHSI CTAHOYHOTO 000PYI0BaHUSI.

B mapkax Bcex WHAYCTpHUATbHBIX Macel Lu]pa MOKa3bIBAeT 3HAYCHHE KUHEMATHUYECKON
Bsi3koctu mipu S0°C.

NupyctpuansHbie Macia oOIIero Ha3HAYeHWs CIyXKaT JUIs CMa3bIBaHMsI HanOoliee IIMPOKO
pacpoCTpaHEHHBIX y3JIOB U MEXaHU3MOB 000PYI0BAHMS PA3TUYHBIX OTpAciell MPOMBIIIIEHHOCTH.
[IpencraBiastoT coOOW OYHUIIEHHBIE TUCTWIUISATHBIE M OCTATOYHBIE WU CMECh AMCTUIUISTHBIX U
OCTaTOYHBIX Macen ©0e3 mpucagok. Macna U-5A, U-8A ucnons3yloT B MaJlOHarpy>K€HHBIX
BBICOKOCKOPOCTHBIX MEXaHH3MaX, KOHTPOJIbHO-U3MEPUTEIbHBIX TPUOOpax, a TaKkKe Ha Pa3IHUHbIX
TEXHOJIOTHYECKUX JIMHUAX (WM3TOTOBIIGHUS KPEMOB, JKHPOBaHUS KOX U T.1.). Haumbombinee
pacnpocTpaHeHue uMeer Macio M-12A: y3ibl TpeHUsi TEKCTWIBHBIX MAIlIMH, METaUIOPEXYIIUX
CTaHKOB, paboTarmux ¢ 4yacToTor BpamieHus 10 5000 Mun"1, MOAIMIMITHUKH JIEKTPOABUTATEIICH,
oOBemMHBIe TUAponpuBoAsl u T.a. Macna M-20A, U-30A, U-40A,11-50A HaxoasaT MpUMEHEHHE B
THAPOCUCTEMAX PA3TMYHOTO CTAHOYHOTO OOOPYAOBAaHMS, MAJIO- U CPEAHEHATPYKEHHBIX 3yOUaThIX
nepenay, TUAPOCUCTEMAX MPOMBIIUIEHHOTO O0OpYAOBaHUS, CTPOUTEIHHO-TOPOKHBIX H APYTUX
MaIITiH.

Macna nmsi BBICOKOCKOPOCTHBIX MEXaHW3MOB (TE€KCTHJIBHBIX MAIIUH, METAUIOPEKYIITHX

CTaHKOB, cemapatopoB W 1ap.). s »TuX memeld HCHoONb3yloT ManoBsizkue wacna U-5A, U-
8A obmero HasHauenus, a Taxokxe maciaa UT'TI-2,T'TI-4, UT'TI-6, UT'TI-8, UT'T1-14,
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9KCILTyaTallMOHHBIE CBOWCTBA KOTOPBIX YIYYIIEHbl aHTHOKUCIUTEIbHOM, TPOTUBOM3HOCHOM,
AHTUKOPPO3UOHHOM MTPUCAJIKAMU.

Macna Ui TUAPABIMYECKHX CHCTEM MPOMBIIUICHHOTO 000pynoBaHus. | uapaBindeckuid
IIPUBOJ, HCIIOJB3YETCS B IPOMBIIIJICHHOCTH 4YpPE3BbIYAlHO MIMPOKO. B ManoHarpyeHHbIX
cucTeMax, HE NPEIbABISIONIMX BBICOKMX TpPEOOBaHMH K KadeCTBY Maceld, MCIOIB3YIOT Macia
o0miero Ha3HaueHUs TpeOyeMOoUl BSI3KOCTH. 3HAUMTENbHO BBINIE JKCIUTyaTallUOHHBIE CBOMCTBa
Macen cepur MI'TI 3a cuer aHTHOKHUCIIUTEIbHOM, IPOTUBOU3HOCHOM, AHTUPKABEWHON ITPUCAIOK.

Macna UI'TI-18, UT'TI-30, UT'TI-38, UI'TI-49 oGecnieunBaroT HaEKHYIO pabOTy THIPOCHCTEM
CTaHKOB, aBTOMATUYECKUX JIMHMH, MPECCOB, PA3IMYHOIO THUIA PEIyKTOPOB, BapuaropoB. boiee
Bsi3kue macia UI'TI-72, UT'TI-91, UT'TI-114ucnonb3yroT B THAPOCUCTEMAX TSHKEIIOTO IPECCOBOTO
000pYyIOBaHUs, TSDKENBIX 3yOUaThIX W YEpPBAYHBIX peayKTopax. JJii THAPOCHUCTEM CTAaHKOB M
ABTOMATHUYECKUX JIMHUN MOTYT OBITh Takke ucrosb3oBanbl macia BHMM HIT-403 uBHUM HII-
406 (ananoru macen UI'TI-30 u UI'TI-49).

Macna ans 3yOouaThix mepead U 4epBSYHBIX MEXaHU3MOB. Y CJIOBHs pabOThl NepeaB OYeHb
pa3HOOOpPa3HBI, TMOATOMY HEOOXOJWM IIMPOKUH AaCCOPTUMEHT Maceld. 3Jech MOTyT OBITh
MPUMEHEHBI DPA3JIMYHOW BSI3KOCTH HHAYCTpUAIbHBIE Macia oOmiero HasHaueHus, cepuu UITI.
Kpowme Toro, cymecTByroT crieruanmn3nupoBanabsie Macina MPn-40, UPn-75, MPn-150 ¢ npucankamw,
yIAYUYLIAIOIIMMH POTUBO33IUPHBIE, TPOTHBOU3HOCHBIC, aHTHOKUCIUTENbHbBIE U aHTU(PUKINOHHbBIE
cBoiicTBa. VX MCnonb3yloT B 3y04aThiX nepepayax, paboTarolMX IpU BBICOKMX Harpys3kax, B TOM
YHCclie YAAPHBIX, a TAK)KE B HUPKYIAIUOHHBIX cucTeMax. [[oBbIlIeHHOM CMa304HO# CITOCOOHOCTHIO
obmamaror wmacna cepuu UCIT (MCII-25, UCII-40, CII-65, CII-110). Hx mnpumeHSIOT B
KOpOOKax CKOpOCTel U Mmojad, peayKTopax, MOTOPPEIYKTOpax U APYrUX MEXaHU3MaX CTAHOYHOTO
00Opy/NOBaHUSI W AaBTOMATHYCCKHX JIUHUH. AHAJIOTWYHO Ha3Ha4YeHWe Tsokenbix wmacen UITI-
152, UI'TI-182.

JUia cmas3bpIBaHMsI TSKEJIOHArpyKEHHBIX 3yOuaThIX M YEpPBAYHBIX PEAYKTOPOB, KOPOOOK
CKOPOCTEH, MOJIINITHUKOB Y3JI0B, pa0OTalomMX TMPH BBICOKUX HArpy3kax M TeMIeparype,
ucnonp3yloT  Bsskue  macna  cepuu UTIT (UTII-200,UTII-300) ¢ mpoTUBO3aAMPHO,
AHTU(PPUKIIMOHHON U aHTHOKUCITUTENBHOM MPUCAIKaAMH.

JUia  ManoHarpy>KeHHbIX 3yO0daTbIX Iepelad, BKIIOYas OTKPBITbIE, IPOMBIIUIEHHOTO
000py0BaHUs, IOJbEMHO-TPAHCIIOPTHBIX MAIIWH UCHOJB3YIOT MACIO TPAHCMUCCHOHHOE (HUTPOJI)
JIeTHEE U 3UMHEE ¢ MUHUMAaJIbHOU paboueit TemmepaTtypoit coorBercTBeHHO -10°C 1 -20°C.

Macna sl HanmpaBJSIOIIMX CKOJBXEHUS HCIOJB3YIOT TaM, TJ€ HYXHO TOJYYHUTh
paBHOMEpHBIE (0€3 CKAaYKOB) MEJJICHHbIE M TOYHBIE YCTAaHOBOYHBIE MEPEMELIEHHUS COIPSATaeMbIX
MIOBEPXHOCTEH CYNIOPTOB, CTOJIOB M JPYrUX Y3JI0B CTaHKOB. Macna A HanpasJIsIIOLIUX
ckonbxkeHuss cepun MHCn B cBoeM cocTtaBe cojepaT MPOTHUBOCKAYKOBYIO, aJIr€3UOHHYIO,
IPOTUBO3AJUPHYIO, comoOmnn3upytonyto mnpucanku. Macno HWHCno-40 wucnones3yror — aiis
TOPU30HTAJIBHBIX HaIPAaBIISIOMINX crankoB, MHCn-65 - IE TSKEIIOHATPYKEHHBIX
TOPU30HTANIBHBIX, BEPTUKAJIBHBIX HAMpaBISAIOMMX Mpu obmiei cucteme cmasku, MHCn-110 - s
BEPTUKAIbHBIX W TOPU3OHTAJIBHBIX HANpPaBJSIIOMIMX, B TOM YHCIE€ TOPU3OHTAJIBHBIX C
BEPTUKATHHBIMU TPAHSMU OOJBIION MIOMIAIH.

Jlig ruapocucTeM M HANpaBIISIOUIUMX CKOJIBKEHHS METAIOPEKYUIMX CTAaHKOB IpU Iojaaye
Macia u3 o01ero pesepByapa npeanazHauensl Mmacina MT'HCn-20, UTTHCn-40. s HanpaBIiIsitoLux
CKOJIBKEHUS ¥ BRICOKOCKOPOCTHBIX MPSITMIIBHBIX MAITHH UCTIOIB3ytoT Maciio BHUUN HIT-401.

Macna HHIyCTpHAJIbHBIE CIENMAIBHOTO Ha3HAYEHMs MPEJHA3HAYEHbI JJI1 UCIIOJIb30BAHMS B
Y3KUX HIIN CTIENU(PUIECKUX 00IacTsIX.

Huxe mnpuBeneHsl OCHOBHBIE HOPMHUpPYEMBIE Ul HMHIYCTPUAIBHBIX Macesl I0Ka3aTelu
KayecTBna.

[110THOCTH HEMOCPEACTBEHHO CBsA3aHa C TaKMMH Ba)KHBIMM CBOWCTBAaMH, KaK BSI3KOCTb U
cknuMaeMocTb. OHa CYIIECTBEHHO BIIMAET Ha IMepelaBaeMylo Tuipornepenadyeil MOLIHOCTh U
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OmpeNeNsieT 3amac JHEeprud B Maclie Mpu ero uupkyiasuuu. [IpuMeHeHune wmacell BBICOKOM
IJIOTHOCTH MO3BOJISIET CYIIECTBEHHO YMEHBUIUTH pa3Mephl THAPONEpeaun MPU TOU K€ MOIHOCTH.
[Ipu noBeIlIEHUH JTaBJIEHUS IIJIOTHOCTh Maces BO3PacTaeT BCIEACTBUE UX CKUMAEMOCTH:

BS13KOCTB - OHO U3 BaXKHBIX CBOMCTB, UMEIOIIMX JKCIUTyaTallMOHHOE 3HaueHue, olliee s
OOJIBIITMHCTBA MACEIL..

BsiskocTh Macina B 3HAYUTENbHON CTENEHM 3aBUCUT OT JaBleHUS. OJTO HMeEeT o0coboe
3HAQUYE€HHE MPU CMA3BIBAHUM MEXAHU3MOB, PAOOTAIOUX C OOJNBIIMMH YACIbHBIMH HArpy3kam U
BBICOKMM JIaBJIECHUEM B y3J1aX TPEHUs, YTO JIOJDKHO YUMTHIBATHCS MIPHU KOHCTPYMPOBAHUU U
pacyeTax MEXaHHU3MOB

Wupaekc BA3KOCTU XapaKTepU3yeT BSI3KOCTHO-TEMIIEpaTypHble cBOMCTBa Mace. [l nepeBoja
OJIHMX €IMHMII BA3KOCTU B JPYTHE, /ISl pacueTa BSI3KOCTH CMECH CMa30UYHbBIX Macesl U I pacuera
M3MEHEHHUS BSI3KOCTH OT TeMIepaTyphl WM OIpeAeTeHUs] HHJAEKCAa BSI3KOCTH Macel ClieqyeT
MOJIB30BAThCSI COOTBETCTBYIOIUMHU (hopMyiamu, HoMOrpaMMamu, Tabiumamu u rpadukamu (I'OCT
25371-82 ycranaBiauBaeT nBa Meroaa pacuera mHaekca BsskoctH (MB) cma3ounblx Macen 1o
kuHemaTudeckoi Bsizkoctu npu 40°C u 100°C, Tam ke npuBeneHbl GOpMyIbl U TaOIUIBI IS
onpenencHus B.).

WNHunekc Bs3kocTH 85 U BBINIE YKAa3bIBAET HA XOPOIINE BA3KOCTHO-TEMIIEPATYPHBIE CBOMCTBA.
Jlis TUApaBIMYECKUX CHCTEM COBPEMEHHOI0 O0OpyIoBaHHS HEOOXOIWMBI Maciia ¢ HHIEKCOM
Bsi3koctu Oosiee 100 m 3arymenHble Macia ¢ uHAekcoMm Bszkoctu 110 - 200. Dtor mokaszarenb
O0COOCHHO BaXXEH MJI1 Macell, NMPUMEHSEMBIX B YCJIOBHUAX, KOTJa MPH HU3MEHEHHH pPabouux
TeMIIEpaTyp HEAOMYCTUMO JaX€ HE3HAYUTEIbHOE W3MEHEHUE BS3KOCTH (HAmpumep, IS
THIPABIMYECKUX  CHCTEM, BBICOKOCKOPOCTHBIX  MEXAaHM3MOB, Ui  THUAPOJAMHAMUYECKUX
HaIPaBJSIOMIUX CKOJIbXKEHUS U JIp.). Kak mpaBuiio, MHIyCTpUaIbHbBIE Macja YKCILUTYaTUPYIOTCS TPH
cpaBHHUTENIbHO HU3KHX TemmepaTtypax (50°C - 60°C), mostomy B cootBercTtBUu ¢ ['OCT 4.24-
84 HopMupOBaHHE WHAEKCA BA3KOCTH HE 0053aTENBHO.

TemmepaTypa 3acTbIBaHUS ONpEAENSAETCS B CTAaTHYECKUX YCIOBUSAX (B MPOOMpKE) M HE
XapakTEepPU3yeT HAJASKHO TMOJBHKHOCTh Macja TMPH HHU3KOW TeMIeparype B  YCIOBUSX
JKCIUTyaTalluu. XapaKTePUCTUKOM TMOABM)KHOCTH Macel NpPU HU3KOW TEMIIepaType CIyKUT
BSI3KOCTh MPHU COOTBETCTBYIOLIECH TEMIEpaType, BEPXHUU NpPeAes KOTOPOM 3aBUCUT OT YCJIOBUU
JKCIUTyaTalldd W KOHCTPYKIIMM MeEXaHU3MOB. [IpuMeHeHune mpucagok MO3BOISET CHU3UTH
TeMIIepaTypy 3acThiBaHUsI Macell. JlaHHbIe IO TemIepaType 3acThIBaHHUS Macel HEOOXOIUMBI TIPH
MPOBEICHUHN HE(PTECKIACKUX Onepanuii (CIMB, HAIUB, XPAaHEHUE).

TemnepaTypa BCHBILIKU - 3TO TEMIEPATYpa, IPU KOTOPOH Mapbl Maciia 00pa3yroT ¢ BO3IyXOM
CMECh, BOCIUIAMEHSIOLIYIOCS TP MOAHECEHUMH K HEW IiamMeHu. XapaKTepus3yeT OTHEONaCHOCTh
Macja YW yKa3plBaeT HAa HaJMYUE B HEM HU3KOKUmsmux (pakmuit. Ee ompenenstor B mpubopax
OTKPBITOTO M 3aKPHITOrO THIMA. B OTKpBITOM mpubope TeMiieparypa BCHBIIIKA HEPTIHBIX Macel Ha
20°C - 25°C Bbl11I€, YEM B 3aKPBITOM.

30JIbHOCTD - KOJUYECTBO HEOPTaHWYECKUX IMPUMECEH, OCTAIOLIUXCS OT C)KUTaHUS HABECKU
Macla, BBIpaKEHHOE B MpPOIEHTaX K Macce macia. Bpicokas 301bHOCTH Macenl 0e3 IMpHucaaok
yKa3blBa€T Ha HEJOCTATOYHYI0 HX OYMCTKY, T. €. Ha HaJIUYM€ B HUX PAa3JIUYHbIX COJIEH H
HECTOpaeMbIX MEXaHWYECKHX MPHUMECE, W COJAEpKaHWE 30JIbHBIX MPHUCATOK B JIETUPOBAHHBIX
Maciax. OObI4HO 301pHOCTH Macen coctapister 0,002- 0.4 % (macc.).

ConepxaHne  MEXaHUYECKUX  IIPUMECEH, BOJbl, CEJIEKTUBHBIX PACTBOPUTENEH H
BOJIOPACTBOPUMBIX KHUCJIOT H IIETOYEH.

[To >TuM mOKa3aTensiM KOHTPOJMPYIOT KaueCTBO Macesl MPH UX MPOU3BOICTBE, a TAKKE MPH
OTIpEICTICHUU MX CpPOKa CIY>KOBI JUIsl OLEHKH MPUTOAHOCTH €ro s JalbHEUIIero MpUMEHEHUS
(oTcyTCTBHME WM ONpeIeJeHHAs HOpMa B MacjiaxX 3arps3HEHWH W BEIIECTB, arpeCCHUBHBIX 10
OTHOILIEHUIO K METAJNIMYECKUM ITOBEPXHOCTSIM).
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L[BeT - mokazaresib CTENEHH OYUCTKH U TPOUCXOXKIEHHS HePTsIHbIX Macen. Hekoropsie
NPUCAAKH, BBOJMMBIE B Macja, yXyALIalOT MX IBeT. VI3MeHeHue IBeTa Macea B IIpolecce
AKCILTyaTali KOCBEHHO XapaKTEPU3yeT CTENEHb UX OKUCIEHUS WU 3arpsA3HEHMUS.

KucnoTHoe uuciio Takxke XapakTepu3yeT CTEIeHb OUYMCTKH HePTIHbIX Macel (0e3 mpucaaok)
M OTYACTH UX CTAaOMJIBHOCTH B MPOIECCE SKCIUTyaTallMd M XpaHEHHsA. B MpUCYTCTBHM MPHUCATOK
YBEJIMYMBAETCSI KHUCIOTHOE YHUCIO U B TO € BPEMs IIOBBIMIACTCS CTAOWJIBHOCTb Macel Ipu
JUINTEIbHON AKCIUTyaTallui U XpaHEHUH.

ConepxaHue cepbl 3aBUCUT OT MPHPOJbI HEPTH, U3 KOTOPOH BbIPAOOTAHO MAcilo, a TAKKe
rITyOUHBI ero o4ucTKH. [Ipy mpuMeHeHUH POoLEecCOB THAPOOOIATOpAKUBAHUS COJIEPKAHIE CEPHI B
Maciie yKa3blBaeT Ha INIyOMHY Ipolecca TMAPUPOBaHMs. B OuMIEHHBIX Macjaax W3 CEpHHUCTBIX
HedTel cepa COACPKUTCS B BHUJAE OPraHMYECKHX COCIMHEHHWH, HE BBI3BIBAIOIIMX B OOBIYHBIX
YCIOBMSIX KOPPO3MU YEPHBIX U LIBETHBIX METAJJIOB. ATpEeCCUBHOE AECHCTBUE CEPbl BO3MOXKHO IPU
BBICOKMX TEMIIEpaTypax, HallpuMep, IpU UCIOIb30BAaHUU MAceld B KAaue€CTBE 3aKAJIOYHOM CpEIbl,
KOHTAKTUPYIOLIEH C pacKaJleHHOW IIOBEPXHOCThIO MeTaiia. Macina ¢ InpucajgkamMHu, B COCTaB
KOTOPBIX BXOJIUT cepa, CoAepKaT 0oJblie cephl, ueM 0azoBble Macia. Cepycoaepskaliie Ipucagku
BBOJIAT B MAcJ0 AJIs YITYUIIEHHsI €0 CMa3bIBAIOIIUX CBOMCTB.

AHTHOKHUCIIUTENbHAST CTAOMJIBHOCTh UHYCTPUAJIBHBIX Macell B IPOLECCEe SKCILTyaTalluud M
XpaHeHHUs - OJHAa M3 BAXKHBIX XapPaKTEPUCTHK HUX HKCIUIyaTallMOHHBIX cBoiictB. Ilo
AHTUOKHUCIUTEIIBHON MM XUMUYECKON CTaOUIBHOCTU ONPENEINIAIOT CTOMKOCTh Macia K OKUCICHHUIO
KHUCIOpOoAOM Bo3ayxa. Bce HedTsHble Macna, compukacascb C BO3AYXOM IIpU BBICOKOH
TEMIIEpaType,  B3aUMOJEHCTBYIOT C  KHCIOpoAOM U  okucisorca.  Hemocrarounas
AHTUOKHUCIIUTENbHAsE  CTAaOMJIBHOCTh Macel IMPUBOJUT K  OBICTPOMY HX  OKHUCIIEHHUIO,
COIIPOBOXAAIOIIEMYCSI 00pa30BaHUEM pACTBOPUMBIX M HEPACTBOPUMBIX IPOAYKTOB OKHCICHHS
(opraHMyYecKMX KHCJIOT, CMOJI, achabTeHOB U Jp.). IIpu 3TOM B Maciie MOSIBIIAIOTCS OCAJKU B BUJIE
nuiamMa, Hapymalolfe OUPKYISIHI0O Macia B CHCTEME W 00pa3ylolie arpecCHBHBIC MPOMYKTHI,
KOTOpbIE BBI3BIBAIOT KOppo3uio jetaneid MammH. Cpok cCiyxObl Macia IpH  OKHCICHHUU
3HAYUTENIPHO COKpAIaeTCs, IOBBIIIAETCS €ro KOPPO3MOHHOCTh, YXYJAIIA€TCs CHOCOOHOCTh
OTAENATh BOJY M pacTBOpEHHBIH Bo3AyX. Ha okucieHwe Macia BIUSIOT MHOTHE (DaKTOpBI:
TeMIeparypa, LE€HOOOpa3oBaHUE, COAEpKAHHE BOJbl, OPraHUYECKUX KHUCJIOT, METaNINYECKUX
MPOAYKTOB M3HAIIMBAHUS U JPYTUX 3arps3HEHUH.

XUMUYEeCKH CTaOWIIbHBIE Maciia, paboTOCIOCOOHbIE MPHU BBICOKOM TeMmIiepaTrype, AOKHbI
co3ziaBaTbcsa Ha 0a3e rIyOOKOOYMIIEHHBIX 0a30BBIX Macesl ¢ aHTUOKHCIUTENbHBIMU MPUCAJIKAMU.
CoBpeMeHHbIE JIETUPOBAaHHbIE WHAYCTpUaJbHBIE Macia JUIsl YIYYIIEHHUS aHTHOKHCIUTEIbHON
CTa0MJIBHOCTH CcOJlepXKaT creuuanbHble npucagkd. OcoOeHHO BaKHBl AHTUOKHCIUTEIbHbIE
CBOMCTBa /1711 Macell, paboTalOUINX B y3JIaX TPEHUS U MEXaHU3Max IpHU MOBBIIIEHHON TemIrepaType
Y TIPY MHTEHCUBHOM LIUPKYIALUU U TEPEMEIINBAHUH.

3ammuTHbIC (KOHCEPBAIMOHHBIE) CBOMCTBA OMPEACIISIIOT CIOCOOHOCTh HHAYCTPHATBHBIX Maces
IIPEIOTBPALATh ArPECCUBHOE IEHCTBUE HA I€TAIM MAalllMH OPraHUYECKUX KHUCIIOT, COAEPIKAIINXCS B
Maciax ¥ o0pa3yroluxcs B pe3ysbTaTe OKHMCICHUS MpU HAJIMYUU BJard, Momnajaroniei B Macia B
nporiecce HKCIuTyaTaluy (KOHASHCAIU U3 BO3/IyXa, OXJIaKIaroIas Bojia U Jp.), a TaK)Ke BEIIECTB,
arpeccUBHBIX MO OTHOLIEHHIO K HEKOTOpble MeTaiiaM. Koppo3usi 4epHBIX METaJlJIOB BO3HUKAET
IIpY TIONIaJJaHUH B MAcCJO BOJBI, @ KOPPO3HsI IBETHBIX METAJNIOB U CIIJIABOB BBI3BIBACTCA IEHCTBUEM
OpPraHMYECKUX KHUCIIOT, 00pa3yroIIMXcsl MpU OKHCIEHUU Macjia U HEeKOTOpBIX mpucaaok. Boxa, a
TaK)K€ YaCTULBI IPOYKTOB KOPPO3HH CTUMYIUPYIOT KOPPO3UOHHYIO arpECCUBHOCTh OPraHUYECKHUX
kucnot. Kpome toro, momajgasi B 30Hy TpPeHUs, YACTUYKU MPOJAYKTOB KOPPO3UU JEHCTBYIOT Kak
aOpa3uB M MOBBIIIAIOT THTEHCUBHOCTh U3HAIIMBaHUA. KOppo3us IIBETHBIX METAJIOB YCUIIMBAETCS C
MOBBIIEHUEM TEMIIEpaTypbl. 3alllUTHBIE CBOMCTBA yIy4YIIAIOTCS TMpPU BBEJCHUM B MAacio
MaclOpaCTBOPUMBIX ~ WHTHOMTOPOB  KOPPO3UH, AHTUKOPPO3HOHHBIX  NPHUCAJOK, KOTOpHIE
MPEMSITCTBYIOT KOHTAKTy METaJljla C BJIaroi ¥ OPraHUYeCKUMU KHUCIOTaMHU.
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CwmasbiBaromue CBOICTBA XapaKTEPU3YIOT CIOCOOHOCTh Macell yJy4uiaTh
paboTOCIOCOOHOCTh MOBEPXHOCTEH TPEHMSI IyTEM MAaKCUMAJIbHOTO YMEHBIICHHUS U3HOCA U TPEHHUS.
OHHM OIIeHMBAIOTCS TIOKA3aTeIeM U3HOCA, AaHTH(PPUKIIMOHHBIMU U TIPOTUBO3aIUPHBIMH CBOMCTBAMHU.
CMaspIBarolue CBOWCTBA Macell MO3BOJIAIOT CYAUTh 00 MX CIIOCOOHOCTH NperoTBpaIlaTh 000
BUJ YJAJEHUs MaTepuana C KOHTAKTHPYIOIIMX IOBEPXHOCTEM (YMEpPEHHBIH H3HOC, 3a1up,
BBIKpAlIMBAHUE, KOPPO3MOHHO-MEXAaHWYECKUH, alOpasuBHbIE u 1p.). Ilpm pabore y310B M
MEXaHU3MOB B YCIOBHSX THIPOJAWHAMHUYECKOTO PEXHMa TPEHUS TPEOOBaHHS IO CMAa3bIBAIOIIUM
CBOHCTBaM 0OO€CleunBarOTCsl HEPTSIHBIMM MacjlaMHU COOTBETCTBYIOLIEH BS3KOCTH 0€3 IpPUCAIOK.
[Tpu paboTe y3710B U MEXaHU3MOB B YCIOBHSX TPAHMYHON CMa3KH CMa3bIBAIOLINE CBOWCTBA Macell
He 00ecCreunBarOTCs €CTECTBEHHBIM COCTaBOM HE(QTSHBIX Macesd. YUHUTbhIBas, 4TO Npu pabdore
MallMH W MEXaHU3MOB HMMEET MECTO KaK TrpaHMyHas (IIpd IYyCKE, OCTAaHOBKE), TaK U
ruapoArHaMuuecKas (B pabouMX YCIOBMSIX, HalpuMep, T'MIPaBIMYECKOM CHCTEMbl) CMa3Ka, K
OOJIBIIMHCTBY MHAYCTPHAIBHBIX Macell MPEABIBISIOT 0ojiee )KecTKue TpeOOBaHMS MO TOKA3aTeto
M3HOCA, 4eM K MaciiaMm 0e3 npucafok. s npeaoTBpalleHnss U3HOCa U 3ae/laHusl B MAcjao BBOJAT
COOTBETCTBYIOLIME IPUCATKU, KOTOPbIE HA IOBEPXHOCTU TPEHUS IIPH OTIPEIETICHHBIX TEMIIEpaTypax
CO3JIAI0T 3aILUTHBIC MJICHKH.

B HEKOTOpBIX KOHCTPYKLUMSIX JIOMACTHBIX HAcCOCOB IIPU BBICOKMX YacTOTaxX BpalleHUS,
Harpy3kax M JIOKQJIbHBIX TeMIlepaTypax CO34al0TCsA YCJOBHSA, IPU KOTOPBIX MacisHas IUIEHKa
pazpyuiaercs ¢ 00pa30BaHUEM KOHTAKTa METaJL - METaJLI; HACTYIaeT KaTacTpopUUIECKUil U3HOC.

IIpu ucnonb30BaHUM THIPABIMYECKUX Maced C MPOTHBOM3HOCHBIMU IPUCAJKAMU CIEIyeT
UMETh B BUJIY, YTO HEKOTOPHIC U3 HHUX. HAIPUMEp, TUATKWIIUTHO(OC]ATHI IIMHKA, CIIOCOOCTBYIOT
MOBBIIIEHHOMY KOPPO3MOHHOMY M3HOCY JeTajeil M3 MeIHBIX CIUIaBOB. OTO HE00X0IUMO
YUUTBIBaTh IPU MOJO0PE Maces JUisl HACOCOB U IPYIMX MEXaHU3MOB, JE€TAJIU KOTOPBIX BBIIIOJHEHBI
U3 OIpEeNIeIeHHBIX MapoK OpOH3BI s 0OecreueHUs] MUHUMAJIbHOTO TPEHUs NpH 3amycke. B aTom
cillydyae cieayeT NpPHUMEHATh Macjia C aHTHOKUCIUTENIBbHBIMM M aHTUKOPPO3MOHHBIMH WIIN
IIPOTUBOM3HOCHBIMU IIPUCA/IKAMU, HEUTPAIbHBIMU IO OTHOILIEHHIO K CIIaBaM U3 MEJIH.

AHTU(QPUKIMOHHBIE CBOICTBA MHYCTPUAIBHBIX Macell HE HOPMHUPYIOT, HO OHU KOCBEHHO
XapaKTepU3yI0T CMa3bIBAIOLIYI0 CIOCOOHOCTb.

AHTUIICHHBIE CBOMCTBA OLIEHUBAIOT CIIOCOOHOCTh MAaces BBIAENATH BO3AYX WJIM JPYrHe rasbl
6e3 mosBieHus meHbl. OOpa3oBaHME MEHbI MPUBOAMT K IOTEPSAM Macia, YBEJIWYEHUIO €ro
C)KUMAEMOCTH, YXYAIICHUIO CMa3bIBAIOIIEH W OXJIaXKIAIOIIeH CIOCOOHOCTEH, BBI3BIBAET Ooliee
MHTEHCUBHOE OKHcIeHHe Maciia. ClocOOHOCTh MPOTUBOCTOSTh BCIIEHUBAHUIO OCOOCHHO Ba)KHA IS
Macell, MCHOJb3YEeMbIX B THAPABIMYECKMX CHUCTEMAaX W JUI1 CMa3blBaHUS BBICOKOCKOPOCTHBIX
MEXaHU3MOB, TaK KaK IPU UX KOHTAaKTe ¢ aTMoc(epoill mpu oOBIYHON TemmepaType CoAep)KaHue
pacTBOpeHHOro Bo3ayxa gocturaetT 8 - 9% (00.). BONBIIMHCTBO COBPEMEHHBIX JIETUPOBAHHBIX
Macesl COAep)KaT aHTUIIEHHbIE NMPHUCATKU, KOTOPBIE CIIOCOOCTBYIOT Pa3pyLICHUIO My3bIPHKOB MEHBI
Ha TIOBEPXHOCTH U MPENOTBPALLAIOT IEHOOOpa30BaHUeE.

JleaMynbrupyronye CBOWCTBA CBUJECTEIbCTBYIOT O CHOCOOHOCTM Macia oOecreyrBaTh
OBICTPBII OTCTOM BOABL. Macia ¢ IUIOXUMH J1€IMYJIbIHPYIOIMIMMH CBOWCTBAMU NPU OOBOJHEHUU
0o0pa3yloT CTOiiKMe BOJOMACHsHble SMynabcHH. [Ipu 5TOM yMeHbIaeTcs BA3KOCTh Maca,
YXYALIAIOTCA  YCIOBUS TPEHHUS, METAUIMYEeCKHE [OBEPXHOCTH IMOJBEPTaloTCs KOPPO3UH,
MOBBIIIAETCS TEeMIepaTypa 3acThiBaHUS W T. . DTH CBOMCTBa HE(TSIHBIX Maceql YyIydIIaloTcs
BBEJICHUEM B HUX J€3MYJIbIaTOPOB.

ConeprxaHue akTUBHBIX ay1eMeHTOB. Ompenenss coaepxkaHue IMHKa, ¢pochopa, cepbl, Xjiopa
U JIPYyrUX aKTUBHBIX 3JIEMEHTOB, KOHTPOJIMPYIOT KOJIMYECTBO BBOJUMBIX B JIETUPOBAHHbIE Macia
IIPUCAIOK IIPH ITPOU3BOJICTBE.

Jlig MHAYCTpUAIbHBIX Maces CHeUaIbHOI0 Ha3HAUEHUs TOMOJHUTEIbHO HOPMUPYIOT TaKue
MoKa3aTeau KayecTBa, KaK JMIKOCTb, CMBIBAEMOCTh, dMYJIbIUPYEMOCTh, CTAOMIBHOCTD BS3KOCTH
3arymeHHbIX Macejl. CTeleHb YHMCTOThI U Jp. B cBs3u ¢ yxecroueHuem TpeOoBaHUN K
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9KCILTyaTallMOHHBIM CBOMCTBaM MHAYCTPUAJIbHBIX MAcel HOPMHUPYEMBbIE IOKAa3aTeNIM MX KauyecTBa
OyZayT, OUEBUIHO, JOMOJHATHCS HOBBIMH.

OCHOBHBIM BHJIOM 3arpsi3HEHUI MHAYCTPUAIbHBIX MacCell SIBJISIIOTCS MEXaHUUECKUE TPUMECH,
MOCTYMAIOLIME OT TPYILIMXCS CMa3bIBAEMbIX pab0o4MX MMOBEPXHOCTEH, a TAKXKE CKOH/IEHCHUPOBAHHAs
Binara. Kpome Toro, mo mepe skClulyaTallMd B MacjaX HAaKaIUIMBAIOTCSI MPOAYKThl OKHUCICHHS
YIJI€BOAOPOAHON OCHOBBI, HaXOASIIMECS B MacjlaXx B PAaCTBOPEHHOM U KOJJIOMIAHOM COCTOSTHHM,
VYnanenue MHpOLYKTOB

KOTOPLIC TAaKXKC HU3MCHIAIOT

($U3UKO-XMMHUYECKHE CBOICTBa Maca.

3arpsi3HEHU U3 HMHIAYCTPUAIBLHOTO Macjia CIIOCOOCTBYET
MaceJ, TaK ¥ CMa3blBAEMbIX UMU J€TAJIE MEXaHU3MOB.
CBolicTBa MHAYCTPUAIBHBIX Mace

IIPOAJICHUIO CPOKa CJ'Iy}K6BI KaK CaMHuXx

Bsskocts, HNupexe Kucnornoe Temmep. Temnep. | IlnotHOCTH
Pabouas Mw? /c, BSI3KOCTHU YU CIJI0,MK BCIIBILIKH 3aCThIB. Kr/M?
KUIKOCTh IIPU TEMIEpar. KOH Ha Ir B
Hwxke | +50C Mmacia OTKPBIT.
HYJs TUTJIE
WNunycrp. - 10-14 - 0,14 165 -30 876-891
12
WNunycrp. - 17-23 - 0,2 170 -20 881-910
20
WNunycrp. - 27-33 - 0,35 180 -15 886-916
30
WNunycrp. - 38-52 - 0,15 190 -10 888-920
45
WNunycrp. - 42-58 - 0,02 200 -20 890-930
50

ITopsinok BbINOJHEHHS PadOTHI:
1. U3yunth MeToinyecKue yKa3aHus 110 BbIMOJIHEHUIO paOOTHI.
2. [TonyuuTs y mpemnoiaBaTesnss HCXOJHbIE JaHHBIE [T BBIMOJIHEHUS paboThI
3. 3yuuThb CBOICTBA 3KCILTyaTallUOHHBIX Maces
3anonHuTh Tabauiy CBoicTBa MHIyCTPUAIBHOTO MacCia

4.

HaunmenoBanue, Mmapka macna

Bsiskocts kuHemaruueckas npu 40 0C, mm2/c

TemnepaTypa BCObIIIKU B OTKpbITOM THTIE, 0C

Temmnepatypa 3actsiBanus, 0C

Kucnornoe uncino, mr KOH/r

307bHOCTE, %

[TnotHocts, ipu 20 0C, r/cm3

O61acTh NpUMEHEeHUus

5. OTBeThTE HAa BOIIPOCHL:

KaxoBbl 0CHOBHBIE (DYHKIIMM CMa30YHbIX MaTepHUaIoB?
Kakumu ¢pu3nko-xMMUYeCKMMHU TapaMeTpaMH XapaKTepu3yIoTcsd MUHepaJIbHbIe Macia?
6. BbIOTHUTE OTUET

Xox padoThI:
1. BBInosHUTG 3a/1aHe MIPeroiaBaTes.
2. 3alIUTUTh TPAKTUYECKYIO paboTy
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®opma npeacTaBiaeHus pe3yabTara:

BeimonHuTh paboTy B MUCbMEHHOM BHJIE B TETPAIH I IPAKTUYECKUX PadOT.
OTuer o npoaenaHHoi paboTe BHIMOIHACTCS B COOTBETCTBUEM C 33JaHHEM.
3aueT BBICTABISIETCS IIOCJIE YCTHOIO COOECEJOBAHNUS C MIPETOAABATEIIEM.

Kpurepun oneHku:
3a Kax/Iblid TPaBUWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA OTBET — O 6aIIOB.

KauecTBeHHast OlleHKa WHANBUIYAIbHBIX
Hpouent 00pa3oBaTeNbHbIX JOCTH)KEHUN
Pe3yJIbTaTUBHOCTH o
(paBUJIBHBIX OTBETOB) BepOAJIbHBINA aHAJIOT
(oTMeTKa)
90 + 100 5) OTJINYHO
80 +~ 89 4 XOpOIIO
70 +79 3 YIOBJIETBOPUTEIIHHO
menee 70 2 HE YJIOBJICTBOPUTEIHHO

Tema 1.4 OcHOBHBIE 3aKOHBI THAPOCTATHKHU

IIpakTnyeckoe 3ansaTue Ne 6
N3yuyenne npudOpPoOB AJs U3MEpPEeHHs TaBJIeHUS

Heab padoThl: GopMHUPOBAHKUE YMEHHH MPOU3BOIUTH U3MEPCHUEC JIABJICHHS B CHCTEME.

Boinosinus padorty, Bl Oynere:

YMETh:

- TIOJIb30BAThCS MPUOOpPaMH, MO3BOJISIOMIMME OMPEEIATh OCHOBHBIE (PU3MUECKHE CBOWCTBA
KUIKOCTU

MarepunanbHoe obecniedeHue:

O6opynoBaHe, MHCTPYMEHTBI, MaT€pUaIbl, TAOJIHIIBI, CXEMBI,

Kunxoctasiit mpubop u3 cepun «KAIIEJIBKA» nns usmepenus naBieHHs, METOAUYECKUE
yKa3aHUs

Metoanyeckre ykazaHHs [0 BBIMOJIHEHUIO MPAKTHUECKUX U JIAOOPATOPHBIX padoT

3apanue: V3yunTh npuOOpHI U1 U3MEPEHUS 1aBICHUS

Kparkue Teopernyeckue cBeieHUA:

[Tpubops! a5 U3MepeHust TaBICHUs

Jlis u3MepeHus: AaBICHHUS B JKUAKOCTH CIyXaT NPUOOpHI pa3iauyHONW KOHCTpykuuu. Ilo
MIPUHILIMITY JIEUCTBUS UX JENST Ha )KUJIKOCTHBIE U MexaHnyeckue. OHU U3MEpsSIOT He abCONIIOTHOE
JaBlieHHe, a Pa3HOCTh JaBJICHUH, Tak Kak sBIsOTCS AuddepeHunansupiMu npubopamu. Tak,
MaHOMETPBI U3MEPSIOT PA3HOCTh MOJHOTO M aTMOC(HEPHOTO JaBJICHMI; BAKyyMMETPbl — Pa3HOCTb
aTMOC(EepHOr0 M TOJHOTO JaBieHUi; AuddepeHnnanbHble MAaHOMETPbl — Pa3HOCTh JIaBJICHUN B
JIBYX MPOU3BOJIbHBIX TOUKAX.

XKunkoctHble TpUOOPHI
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a) [Ibe30MeTp — ABISETCS MPOCTEHIINM U3MepHUTeIeM aBieHus. OH MpenCcTaBiseT coO00N TOHKYIO
MpO3pavHyl0 TPyOKy ¢ BHYTpeHHUM amamerpoM 10-15 MM, NpucOeAMHEHHYIO K COCYIy C
KUIKOCTBIO, IJIe U3MEPAETCs JaBICHUE, U OTKPBITYIO C Ipyroro koHuna. [IsezomerpoM usmepsercs
MaHOMETPUYECKOE JIaBJICHHE, BBICOTa KOTOPOTO OIpPEAENsieTCs] MbEe30METPUUYECKOl BhICOTOM h.
Y n00HbIN 11 u3MepeHus Hebonbmux nasienui (1o 0,5 at™.) (puc. 4).

Parri
n

P > Pam h:_

/
VI

Puc A
Pucynoxk 4 - [Ipu6GopoB a1t M3MEpEHUs TaBICHUS

0) PTyTHBIE MAHOMETPHI MIOKA3BIBAIOT PA3HOCTh MEX/TY JIABJICHUEM B COCYAE U aTMOC(EpPHBIM
cXeMa YCTaHOBKHU IOKa3aHa Ha puc. 5. XKunkoctHbele npuOopsl 001a1al0T O0IbLIeH TOUHOCTBIO U
YyBCTBUTEIbHOCTHIO0. HO MpuMeHeHue ux orpaHn4eHo o01acThio HEOOIBIINX AaBJIEHUH (10 3 aTM.)
[Tpy>XxnuHHBIE MAHOMETPbI MCIOJIB3YIOT A W3MEPEHUs OOJbIIUX JaBIECHUH; OHU MOTYT OBITh
pa3IMYHBIX THUIIOB. pa3OepeM NpUHLUN pPadOThl MPYKUHHONO MAaHOMETpPA, CXEMa KOTOpPOro
noka3aHa Ha puc. 6. MaHoMeTp cBOOOIHBIM KOHIIOM TPYOKH MPUCOEAMHSAETCS K )KUAKOCTH B TOUKE,
rae uzMepsiercst nasienue. [lpu yBennueHuu naBiaeHust TpyOka (3) cTpeMHUTCsSl pa3oTHYTbCS WU
CXKaThCsl TIPU yYMEHbLIeHUH AaBieHHus. C MOMOIIBIO NepeAaToOyHOro MexaHu3ma (5) IpuBOIUTCS B
IBUKEHME cTpenka (4), koTopas Ha mKajie (2) Moka3bplBa€T OINpPENEICHHYIO BEIMUMHY JaBJICHUS.
[Ikana npenBapUTENbHO JOJKHA OBITH MPOTAPHPOBAHA. 3aMETUM, YTO NMPYXKUHHBIM MaHOMETPOM
U3MEpSIeTCs IaBIeHUE, IPEBBIIIAONIEE aTMOCHEPHOE TO €CTh MAHOMETPUYECKOE JIaBICHHUE.

IMopsiniok BbINoOJIHEHUS PadOTHI:
1. M3yuuts npubOpHI ISl U3MEPEHUS THAPOCTATHUECKOTO AABICHHS
2. BBIOTHUTH pacyeT Ha BBISIBICHUE ITOTPEITHOCTH
3. Odopmuts otuer

Xon paborhr:
1. BeIMOTHUTE 3a7aHre MPEnoaBaTesl.
2. 3aIMTUTh PAKTHYECKYI0 padoTy

dopma npeacTaBJieHus pe3yabTaTa:
Otder o mpojeNaHHOW padoTe JOJDKEH CoAepkaTh Ha3BaHWE W IIeNIb PabOTHI, ONMHUCAHHWE XOJ]a

paboThI, pUCYHOK IpUOOpA.
BrIBOIBI Tpe10CTaBUTE B MUCHBMEHHOU (popMe.
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Kpurtepun onenkmn:
3a KaIblii MPaBUILHBIN OTBET — 1 Oas.
3a HemnpaBWIbHBIN O0TBET — () OasUIOB.

Tponert KauecTtBeHHas orneHka HHAUBUYaIIbHBIX
00pa3oBaTeNbHbIX JTOCTHKECHUHN
pPe3yJIbTaTUBHOCTH S -
(MpaBUJIBHBIX OTBETOB) (oTMeTKa) BepOAIbHBINA aHAJIOT
90 +~ 100 5 OTJINYHO
80 +~ 89 4 XOPOIIO
70 +79 3 yJIOBJICTBOPUTEIHHO
menee 70 2 HE YJOBJIETBOPUTEIHLHO

IIpakTuyeckoe 3anaTue Ne 7
Pemienue 3agqa4 Ha BbIYMC/IEHUE JaBJICHUs, HA MPUMeHeHHe 3ak0HOB [lackans u Apxumena

Heanb padorsl: (opMUpoBaHHE YMEHHMH peIleHHs 3ajad Ha BBIYMCICHUE MAABJICHMS, Ha
IIpuMeHeHne 3akoHOB llackansa u Apxumena

Boinosinus padorty, Bl Oynere:
YMETb: pellaTh 33/1a4d C UCMOJIb30BAaHUEM OCHOBHOTO YpPaBHEHHMsI THAPOCTATUKH U 3aKOHOB,
OIHCHIBAIOLINX PABHOMEPHOE PACIIPEIEICHUE JIaBICHUS.

MaTepnaﬂbnoe odecmeyeHue:
Metoauueckue YKa3aHHs 110 BBIITOJIHCHUIO ITPAKTUYCCKUX U J'Ia60paTOpHBIX pa60T

3aganue: Pemmre 3agaun

1. Onpenenute IMIOTHOCTH MHUHEpAIbHOTO Macia npu Temreparype 410°K, ecnu npwu
temneparype 302°K ona pasHa 0,791 xr/m®. TemneparypHblii Ko3(pPHUIHEHT O0OBEMHOTO
pacmmpenns macia 0,0068°K-1.

2. Onpenenure KO3PPUIUEHT TUHAMUYECKON BS3KOCTH HE(TENPOIYyKTa, €CIH €ro BA3KOCTh
OTIpEeIEISAETCSl C TTOMOIIBIO BUCKO3UMETpa DHTIIepa (ycloBHAs BA3KOCTh) paBHa S°BY u mioTHOCTH
HedTenpoaykTa 830 kr/m>.

3. Ompenenure M3MeHEHHE oObeMa Macliia, NMPH YBEIMYCHUHU NABJICHUS B HWIMHApE Ha 16
MIla. Macno 3akjit0o4eHO Ipu aTMOC(HEpHOM JaBJIEHUH B LUJIMHIP C BHYTPEHHUM auamerpoM 30
MM U anuHoM 3 M. Jledopmarmeit CTEHOK HUIUHApA MOXHO TMpeHeOpeyb, MOIYJb 0OBEMHOTO
cxkarusa maciaa 1,15-109 Ila.

4. Omnpenenurte NaBlI€HHE BOJBI Ha TIyOMHE M CWIY JaBiieHHd Ha ckadaHAp BOJOJa3a.
Bononassl npu nmogabeme 3aTOHYBIIMX CYAOB paboTanu B Mope Ha riryoune 60 m. AtmochepHoe
naBiueHue cueayer cumtarh HopMmanbHBIM (1013 T'Tla). Ilmomane mnoBepxHOCTH ckadaHIpa
BOJI0J1a3a paBHa 2,38 M2,

5. OnpenenuTe TOJMIMMHY CTEHOK He(TENpoBOaa s Mepekauku HedTH moj gaBieHueM 2,1
MlIla. Baytpennuii nuamerp tpyosr 500 mm, nomyckaemoe Hampsbkenue 145 Mlla, npuHaTts o =
3Mm.

6. Ompenennure Ha KakoW BBICOTE YCTAaHOBHMTCS YPOBEHb B OTKPBITOM COCYZAE C KEPOCHHOM
(mmoTHOCTH KepocuHa 760 Kr/m?), eciii B COOOIIAIOMIEMCSl C HUM OTKPBITOM COCY/I€ YPOBEHb BOJIbI
BbIIIIE JIMHUM pa3zena Ha 0,4 m.
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7. IlpsimoyronbHast Oapika, AMuHON 52 M, mmpuHOM 10 M 1 BbicoTON 4,0 M., HarpyXxeHHas
MeCKOM, TIaBaeT Mo peke. bapka Bmecte ¢ rpy3oM BecuT 16 MH. Onpenenure ocaaky OGapku u
BOJIOM3MEIIEHUE TIPH MPEEIbHON ocaake y = 2,5 M.

8. Ompenenurte, yemy paBHO HAaBieHue, u3MepenHoe B Ilackamsx. Eciu manomerp Ha
BOJIOMEpE MOKa3bIBaeT AaBieHue 3,5 aT (kr/cm?). ATMochepHoe JaBlieHue caeayeT NpuHATh 1,5 ar.

9. IopuieHb rUAPABIMIECKOTO Mpecca l'IJ'IOI_IlaI[BIO180CM2 neiictByet cwioit 18xH. ITnomans
MaJjIoro MOpUIHs 4em?. C KaKoi CHITON JIeIICTBYET MEHBIINN OPIIEHb HAa MacJIO B Ipecce?

10. Ompenenuth naBnenue PO Hax MOBEPXHOCTHIO BOJBI B TEPMETHYHOM OaKe C TMaMETPOM
6aka D=1wm u BeIcOTOI h=2M, ecnu Boja naBut Ha aHuIe O6aka ¢ cwioi F=500kH (ruioTHOCTH BOMBI
p = 1000 kr/m?).

11. MoxHo nu B pezepByape o0bemoM 20M3 xpanuth 10T HedTH ¢ ioTHOCTBIO 850KT/M3 |,
eciu Temnepatypa Hedtu m3menures ot 0 C 1o 30 C, A=0,0072 1/°C. PeszepByap nomxeH ObITH
3aroJiHeH Ha 2/3 obobema.

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

KI/M® TIpH YCIIOBHH, YTO OaK MOJKET OBITh 3allOJIHEH JIMIIb Ha 2/3 o0bema , a IUIOmAAb THUINA
S=3m2 .

Kparkue TeopeTnueckue cBeeHHA:

[Tpumeps! pereHus 3amaq
1. Ompenenute IUIOTHOCT, MUHEpalpHOro Macia mpu Temneparype 400°K, ecnu mpu
temneparype 320°K ona paBna 0,786 kr/m®. Temmeparypubiii KO3(QOHUIHUEHT 0OBEMHOTO
pacumupenus macia Bt = 0,0076K-1.

Hano Pemenue

OHpCHGJ’IHeM IIJIOTHOCTD:

T1 =400°K AT=T1-T =400-320 = 80°K
_m__m _ m _ ph

T = 320°K PEV TV AAV V(1 BrAT) 14 BrAT

p= __ 0786 0,489k2/ m°

p1= 0,786 Kr/M3 1+0,0076-80

B1+=0,0076 K-1

P,P=7

2. OHpeI[eJ'II/ITC KOBCI)(I)I/ILII/ICHT JUHAMHAYECKOH BS3KOCTH He(i)TerOI[YKTa, CCJIIn €ro BA3KOCTb

oIpezeNnseTcss ¢ MOMOIIbI0 BUCKO3UMETpa DHruiepa paBHa 7°BY u minoTHocTh HepTenpoaykTa
870 xr/m3

Hano Pemenue
°BY =7°BY 1. OnpenensieM K03(pPUIMEHT KUHETUYECKOU BA3KOCTH.

v=(00731° By - 20631 44,
p = 870 xr/m? BY
B =2 My =N - p,

7. 2083 104 _ 050310/
V'=(0,0731 7
2. OnpenensieM KOd)PHUITUEHT TUHAMUYIECKON BA3KOCTH:

Mg = (503107 -870=0,0438 [1,.C.
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3. Ompenenure n3MeHEeHUE 00bEMa Maciia, IPH YBEIMUEHUU JaBlieHus B mumHApe Ha 10 MITa.
Macno 3aKkJIf04eHO Mpu aTMOC(hEepHOM JaBICHUU B IUIUHAP C BHYTPEHHHUM AHAMETPOM 28 MM H
JUIHHOM 4 M.

Mopyns oO0bemHoOro cxartuss macia 1,22 - 109 Ila. Jedopmamnueit CTEHOK IHUIMHAPA MOXHO
npeHedpeys.

Hano Pemenue
d=28 Mm 1. Onpenensiem o0beM Macia B IUIHHIPE:
2 2

vt 340028 60005
l=4wm 4 4 M3
Ap = 10MIIa 2. OnpenensieM npupaiieHue 00beMa Ha OCHOBAaHUH
Ex=122-10"Ta Exe=—-Apv/av
AV=? orkyma AV =—APV/Ex

~10-10°-0,0025
122-10°

4. Boponassl IpHu MOJbEME 3aTOHYBIIUX CYJ0B paboTayiid B Mope Ha riryoune 50 m. Onpenenure
JTaBJIEHUE BOJIbl HAa 3TOH IIyOMHE U CHIy JIaBJIE€HUs Ha cKadaHIp BoJ0Ja3a, €CIH IJIOLIalb ero
MOBEPXHOCTH paBHa 2,5 M?, arMoc(epHoe naBieHne cuutatb HopMainbHbM (1013 rlla).

AV = =-0.02-10" 8

Hano Pemienue

pa=1013rlla= 1. Onpenensiem naBjieHHE BOAbI HA TI1yOHHE

1,013-10 "a Hcnonp3yeM 0OCHOBHOE ypaBHEHUE THIPOCTATUKU

H=50m P =Po+pgH

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

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

P=7? 2. OnpenensieM culy JaBJIeHUs Ha cKadaHap.

Ps =7 P=pgHF=4,9-105-2,5~= 147 KH

S. Ornpenenure TONIIMHY CTEHOK HedTErmpoBoja i MepeKadyku HePTH Mo JAaBiIeHUEM 2,5

MIla. Buyrpennuit nuamerp Tpy6st 600 MM, 1omyckaeMoe HanpsiKeHue.
[op] = 137 MIIA. Ilpunsre o = 4 MM.

Hano Pemenue
p=25MIla=2,5-106I1a | Ha npakThuke MONB3YyHOTCS I
d=600MMm=0,6 M onpeeeHus JETIECHUS
[op] = 137 MIla = HEOOXOUMOW  TOJIIMHBI  CTEHOK
137-106 ITa TpyOHI crienyromieit Gopmysoi:
o =4 mm= 0,004 m p-d
25-10°-06
§ = 2-137-10° 40,004 = 0,0095 M =
9,5 MMm.
6. Onpenenure ocaaky O0apKu ¥ BOJOWU3MEIICHHUE TPU MPEACIHHON OCaIKe y=35M.
[TpsmoyronbHas Oapka miaaBaeT IO peKe HarpykeHHas neckom. /[nuHa ee L = 60 M, mmpuna

b =8 m u BeicoTa h = 4,5 M. 6apxa BmMecTe ¢ rpy3om Becut 14 MH.

Hano Pemenue
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L=60m 1. OnpenensieM ryOuHY HOTPY>KEHUS, U3 YCIOBHUS
TJIaBaHUs OapiKu

b=8m
h=45m G = Pr-gV,
G =14MH = 14-106H rae V — o0beM NorpyXeHHOH yacTu 6apxu
G _ 1410
y/=3,5M y=Pac Q-L-b 10°.98-60-8
P = 1000 kr/m? 2. OnpenensieM 00bEM MOTPYKEHHOM YaCTH:
Ve = Ve = Lbyl, Ve =60 - 8 - 3.5 = 1680 m*
M/=7? 3. OmnpepernsieM MacCOBO€ BOJIOM3MEIIICHUE OapIKH.

M/ = P Vi =10-1680 = 16,8 MH.

IMopsinok BbINOJIHEHHSI PA0OTHI:
1. Pemmute 3a7a49m, COTJIACHO 3aJIaHHUIO.

Xoa padoThI:
Bemmonuuts 3ananue
3alUTUTh NPAKTUYECKYIO paboTy

®dopma nmpeacTaBJieHusi pe3yJbTara:
OTtuer 0 mpojAeNaHHO paboTe MOJKEH COJepKaTh Ha3BaHHE M LENb PadOThI, OMUCAHUE XOJa
paboThI, AMIOPY.
BbIBOIBI IPEIOCTABUTD B IUCBMEHHOMN QopMe.

Kputepun onenkn:
3a Kax bl MPaBUILHBIN OTBET — 1 Oas.
3a HenpaBUIIbHBIN 0TBET — () GayIoB.

KavecTBeHHast OIICHKA WHIMBHTYaTbHBIX
Iponent 00pa3oBaTeNbHBIX TOCTHKEHUH
PE3YJIbTATUBHOCTH - :
(IpaBHIILHBIX OTBETOB) (oT™eTKa) BepOAJIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOpOLIO
70 +79 3 yJIOBJICTBOPUTEIHHO
Menee 70 2 HE yJIOBJIETBOPUTEIIHHO

Tema 1.5 OcHOBHBIE 3aKOHBI THAPOAMHAMHUKH

IIpakTnyeckoe 3ansaTue Ne 8
PemeHue 3a1a4 Ha onpeesieHHe NapaMeTPOB NMOTOKA

Heans padorhbi: dopMHpOBAaHWE YMEHHI pEIICHUS 3aad Ha OMNpEJCICHHE IapaMeTpOB
MOTOKA

Boinosinus padorty, Bl Oynere:
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YMCTh: pCllaTh 3aJadud C MHCIIOJIB30BAHUECM OCHOBHOI'O YPAaBHCHHUA THUAPOAUHAMUKH U
3aKOHOB, OIMUCBIBAIOIINX PEKUMBI IBUKCHHUA XKUIKOCTH.

MarepuajibHoe o0ecnieyeHue:
Metoanyeckue yKa3zaHHs 10 BBITOJIHEHUIO MPAKTHUECKUX U JIAOOPATOPHBIX padoT

33}1afme: Pemmte 3amaun

1.

2.

Omnpenenute CPEIHIO CKOPOCTh JBIKCHUS XKHUAKOCTH B Tpyde & 80 MM, 3armoHeHHOMH
MIOJTHBIM CEYEHHEM IIPH MPOITyCKe pacxoaa Boasl 1,2 ii/c.

Onpenenure MaccoBbIf pacxoj ropsdyel Boabl B TpPyOONpoBOAE€ C BHYTPEHHUM
auaMeTpoM 520 MM eclii H3BECTHO, YTO CKOPOCTh BOABI 3,4 M/C U TUIOTHOCTH 922 Kr/m>.
Onpenenure CpelHIO CKOPOCTb M PACXOf >KUIKOCTH B CEUEHUHU OOJBILEro Juamerpa
KoHHueckoi TpyOsl, ecimu d1 = 400 MM, d2 = 200 MM U cpeaHssl CKOPOCTh B CEUECHUH
MeHbIIero nuamerpa v2 = 1,0 m/c.

Ompenenure pacxo Bojasl B Tpyoe D = 400 mm, eciii 1ruaMeTp HUITUHAPUUECKONU BCTABKU
BogoMepa Bentypu d = 220 mMm; pa3HOCTh HAOPOB B OOJBIIOM U MaJIOM ceueHHusX h =
0,3 M 1 ko3 purment & = 0,98.

Omnpenenure pexxuM ABMKEHUS BOJbl B Tpyde d=300 MM mpu CKOpOCTH ABMXKEHHS V =
0,65 M/c. Kunematnaecknii kodddunueHt Bsizkocty Boabl v=1,01 - 10-6 m?/c.
Omnpenenute CKOPOCTh UCTEYCHHUS U PACXOJT BOJIBI U3 Oaka uepe3 Kpyrioe orBepctue & 10
CM, €CJIM TPEBBIIICHHE YPOBHS BOJIbI HaJa IeHTpoM oTBepcTuss H = 5 M. koaddunueHt
pacxona Hy= 0,62.

CranbHolt TpyOonpoBoa juHoii 1000 m 3akpbiBaercss B TeueHuu t = 1,8 c. CkopocTh
JIBUKEHHSI BOJBI B TpyOorpoBoze V =2,5 m/c. Onpenenure yBenu4eHUe JaBICHUS.
Ornpenenure CKOPOCTh MCTEUEHUS U PAcXo]] BOJABI Yepe3 KPYIJIOe OTBEPCTHE B TOHKOM
CTEHKE pe3epByapa, €CiIu Harop Haj 1eHTpoM otBepctus H = 10 m, nuametp otBepctus d
=100 mMm.

[TonGepute muomaab >KUBOTO CEYSHHs KaHaa MPSMOYTOJbLHOTO CEUeHUs IS MPOITycKa
Q =400 n/c ipu cpenHelr ckopoctu v = 55 cm/c. BecoBoil pacxoa KHAKOCTH B HAcOCE
cocraBisier 800H/c, t = 10mun, g = 1000kr/M3 . Omnpenenutb 00beM KUAKOCTH,
M3pacXOJ0BAHHOM 3a 3TO K€ BPEMs.

KpaTkue Teopernueckue cBeieHUA:

ITpumeps! pereHus 3a1aq

1. IlonGepuTe miaowaab )KUBOrO CEYEHHs KaHaja MPsIMOYTOJIBHOTO CeYeHUs I Ipomycka Q
= 486 n/c npu cpeaneit ckopoctu V =72 cm/c.

Hano: Pemienue
Qv =486 n/c = 4,86 m*/c| 1. OnpenensieM MmIomaab >KUBOTO CEUEHUS U3 POPMYIIbI
V =72 cm/c =0,72 v/c | 06beMHOr0 pacxo/a MOTOKa:

w=7? Q=V - -w

Q, 486

w=V 072 675\

2. OmpeienTuTe MacCOBBIN Pacxo]1 TOpsYCH BOJIBI B TPYOOIIPOBOJIE C BHYTPEHHUM JTHAMETPOM
d =412 mm, eciu U3BECTHO, YTO CKOPOCTH BOABI V = 3 M/C M IIIOTHOCTH PB = 917 kr/M>.

HaHo: Pemenue
d=412 Mmm=0,412 M 1. OnpenensieM 0ObEMHBIN PacXo/I;:
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d? _, 314-0,412°

Q =V-w=V.-—=3 =0,45:°%/ ¢
V=3 m/c 4 4
pB =917 xr/m> 2. OnpenensieM MacCOBBIM pacxo:
Qm=7? Qm=Qv - pB=0,45 - 917=412,6 xr/c

3. Onpenenure pacxoa Boasl B Tpydoe D = 200 MM, ecimu 1uaMeTp HMMIMHIPUICCKON BCTaBKH
BogoMepa Bentypu d = 100 MM; pa3HOCTH HarmopoB B OOJIBIIOM M MaJioM ceueHusx h = 0,5 m u
koadurment & = 0,98.

Hano: Pemenne
D =200mm=0,2m 1. OnpenensieM NOCTOSIHHYIO BOJIOMEPA:
d =100Mm=0,1Mm
h=0,5m
=098
Q=7

=0,036 1% /¢

2. OmpenensieM pacxo] BOJbl B TpyOe:

Qs = ¢ - kK¥=098 - 0,036
5=0,025 m3/c

4. Onpenenute pexuM IBUKeHHs BoJbl B TpyOe d = 100 MM mpu CKOPOCTH JIBHXKEHHUS L =
0,51 m/c. KunemaTtudeckuii koddduiimeHT Bsizkoctd Boabl v = 1,01 - 10-4 m?/c.

Hano: Pemienune
d=100 mm = 0,1m 1. JIns onpeneneHus pexuma JIBUKEHUS BRIYUCIISIEM
V=0,51 m/c yucio PeliHonsaca:
v.d 05101 o0
v=1,01 -10-6 M2/c Re= v =101107°
Re=7? BriBoa: Re > Re kp, T.e. 51000 > 23000, pexxum JBUKEHUS
TypOyJIE€HTHBIM.

5. Ompenenure pacxoi BOABI, BbITEKAOLIEH uYepe3 BHEIIHUN UWIMHIPUYECKUNH HacaJoK
muamerpoMm 10 cm, ecnu Hamop 2 M. Ilpm ycranoBuBmemcs nswxenun (H — const). Kak
U3MEHUTCS Pacxof, €ClId HacaJoK 3aMEHUTh MallbIM OTBEPCTHEM TaKOIro K€ JuaMeTpa B

ToHKoi#i crenke? Kosddurment pacxoma “ nac = 0,82, # ots = 0,62.

Hano Pemenue
da=10cm=0,1 ™ 1. Onpenensiem pacxon yepe3 HacaaoK:
H yac = 0,82 Quac=#1"- o 20H ;

314-012 [29812 3

——/2-9,81-2 =0,0403%"° /¢
H=2wm Quac = 0,82 4
H o1 =0,62 2. OnpenensieM pacxoj 4epe3 OTBEPCTHE:
Quac =? Qote= H otB - V29 ;
QotB —?
2
AQ =2 Q 0 62'3’144.10’1 J2-981-2 =0,0304 1/ ¢
=1 otB =0,

31



3. OnpenensieM U3MEHEHHUE Pacxoia:
QH{IC — #Hac — 0’82 :1’32
AQ = Q()}ﬂﬁ /IOWIK 0’62

BreiBoa: Pacxon yepes Hacamok B 1,32 pasa Gombliie pacxoa 4yepe3 OTBEpCTHE.

6. CtanbHoit TpyOornpoBoa niuuHoi 1200 M 3akpbiBaeTcs B TeueHue 2 cekyHa. CKOpoCTh ABUKEHUS
BOJIbI B TpyOompoBoae V=3wm/c. OnpenennTte yBeIHUCHUE TaBICHHUS.

Hano Pemenne
L=1200m 1. Haiinem a3y rumpaBirdeckoro yaapa:

2L 2-1200

= =24
T=2c T= C = 1000 C.
C=1000 m/c
v=3wm/C T.x. 1 <T, To yBenuueHue naBIeHUS TOCTUTAET

MaKCHMaJIbHOTO 3HAYCHUSI.
Apmax = ?
2. OnpenensieM yBeIUYECHHUE JIaBJICHUS 110 (hopmyIie:

ﬁzgye

.Cu-~—
Ap="""" T =1000- 1000320 MITa.

IHopsinok BbINOJHEHHUS PA0OTHI:
1. Pemmute 3a7a9m, COTIacHO 3aJaHUS

Xoa padoThI:
Bemmonuuts 3ananue
3aluTUTh NPAKTUYECKYIO paboTy

®opma npeacTaBiaeHus pe3yJbTara:
Otder o mpoaenaHHoW paboTe MOMKEH COAepKaTh Ha3BaHWE W IIeNb PabOThI, OMHCAHUE XOja
paboTHI, MIOPY.
BrIBo/IBI TpeoCcTaBUTH B MUCEMEHHOU (hopMme.

Kputepun onenkmn:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HenpaBUWIIbHBIN 0TBET — () GayIoB.

KadecTBeHHast OIICHKA WHIMBHYaTbHBIX
Iponent 00pa3oBaTeNbHBIX TOCTHKEHUN
pe3yIbTaTUBHOCTH S
(MIpaBHIILHBIX OTBETOB) BepOaJIbHBIN aHAJIOT
(oTMeTKa)
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
70 +79 3 YJIOBJICTBOPUTEIHHO
Mmenee 70 2 HE YJIOBJICTBOPHUTEIHHO

IIpakTuyeckoe 3ansitue Ne 9
Pemenne 3a5a4 Ha onpeaesieHue JMHEHHOW CKOPOCTH M pacxoaa
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eab padoTbi: DopMupOBaHUE YMEHUN I10 PEIICHUIO KOHKPETHBIX MPAKTUYECKUX 3a]1a4.

BoinosinuB padory, Bel Oyjaere:
YMETh:
- OIPEIENSTh MapaMeTPhl COCTOSHUS Pa00OUUX JKUIKOCTEIH;
- IPUMCHATH OCHOBHBIC 3aKOHBI TUAPOANHAMUKHA OJId PCUICHUA aKTYAJIbHBIX HMHXKCHCPHBIX 3a/1a4.

MarepunanbHoe obecrnieyeHue:
Meroanueckue ykazaHus K IPOBEICHHUIO MIPAKTUYECKONW pabOThI, pa3qaTOuHbII MaTepHal

3aganue: Penmute 3agadn.

1. Ompenenuth YCIOBHBIM MPOXOJA HAMOPHOTO TPYOONMPOBOJA, €CIH HM3BECTEH PaCXo]]
XKHUJKOCTH, MPOTEKAIMMK yepe3 Hero, Q=45 n/MuH u HOMHMHaNIbHOE aaBieHue PHom=32MIlIa.
CKOpOCTh TIOTOKA KHAKOCTH 5 M/C.

2. Uepes TpyOy, BHYTPEHHUH TUAMETpP KOTOpPOM OMM, pe3KO H30THYTYIO moja yriom 90
rpajaycoB, TeueT kuakoctb AMI-10. MaHOMETpBI, MOCTABICHHBIE MEepe]] U3rHOOM U IMOCIE HETOo,
MOKa3bIBAIOT COOTBETCTBEHHO P1=9,16 krc/cm? m P2=9,1 krc/cm?. OnpenenuTs pacxoj KUIAKOCTH
gepes Tpyoy.

3. HeoOxomumo ompeAenuTh pacxoj]] >KUIAKOCTH UM PEKHUM IBUKEHHUS B THIPOCHUCTEME
nu(oBaIbHOTO CTaHKA ¢ paboveit )KUIKOCThI0 M-45, ecim M3BeCTHO, YTO TUaMeTp TPyOOormpoBoia
32 MM, CKOpPOCTh TOTOKA B TPYOOIIPOBOJIE COCTABIISIET 3M/C.

4. OmnpenenuTh CPEIHIOI CKOPOCTh Macjia, e€ciau auaMmerp Tpyobl 150mm, KoamdecTBO

suakoctd 15,5 T/a, wiorHocts 860kr/™M3 , 7= 21la- C.

5. Ompenenutb CKOPOCTh JBMXKECHUS KUIKOCTH B TPYOOIIPOBOJIE, JICKAILIEM HA OTMETKE SM,
ecnu Hacoc pasBuBaer pgaieHue 1o 100KIla, a monneiid Hamop B cucteme 60M, MIIOTHOCTH
skuakoctd 1000xkr/™M3 .

6. ITo Tpy6ompoBoay auamerpom 0,3Mm, nmporekaetr 100kr/a mMacna ¢ mnoTHOCThI0 800KT/M3 .
OrnpenenuTth CPpeaHIO CKOPOCTh Maca.

7. ITo Tpy6ompoBoay nuamerpom 320MM IpoTEKaeT BoAa co ckopocThio 10m/c. Ompenenutsb
00BEMHBIN U MacCOBBII pacXobl.

8. Omnpenenutb CKOPOCTh U PacXo]l KUIAKOCTH, BBITEKAIOLIEH Yepe3 3aTOIJIEHHOE OTBEPCTHE

nuametrpom 0,1m, ecnmu H1 =8wm, H2 =4mM, H=0,62, ¥=0,96. CKOpOCTHBIM HaNoOpoM MpeHedpeyb
IMopsinok BBINOJTHEHHS PA0OTHI:
1. 3ammcaTh B TaHO UCXOIHBIC JaHHEIC
2. TlepeBectu manubie B cuctemy «CH»
3. ITIpousBectu pacueTsl

Xon paborhr:
Pemmuts 3agaun
3amuTUTh MPAKTUYECKYIO paboTy

dopma npeacTaBJieHus pe3yabTaTa:
Otder o TmpojelaHHOW padoTe TOKEH COJAepKaTh Ha3BaHHWE W IIeNIb Pa0OTHI, ONMUCAHUE XO0J]Ia
paboThl. BBIBOIBI IPEIOCTaBUTH B MUCHMEHHOUN (opMe.

Kpurepun onenkmn:
3a KaXkJplii MpaBMWIbHBIN OTBET — 1 Oa.
3a HenpaBMIIbHBIN 0TBET — () GayIoB.
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Tponert KauecTBeHHas oreHka HHAMBUAYaIbHBIX
00pa30oBaTeNbHBIX JOCTHKCHHIA
pPe3yJIbTaTUBHOCTH S
(paBUJIBHBIX OTBETOB) BepOaIbHBIN aHAIOT
(oTmeTKa)
90 +~ 100 5 OTJINYHO
80 +~ 89 4 XOPOIIO
70 +79 3 yJIOBJICTBOPUTEIHHO
menee 70 2 HE YJOBJIETBOPUTEIHLHO

Tema 1.7. Pe:xumbl IBUKeHUS KUAKOCTH

IIpakTuyeckoe 3ansaTue Ne 10
Penienne 3aa4 Ha onpe/iesieHNe PeKUMA TBUKEHUS KUTKOCTH

Heanb padoThl: GOpMHUPOBAHKE YMEHHHN ONIPEICIATh PEKUM JIBHKCHUS )KHJIKOCTH

Boinoinus padorty, Bl Oynere:
YMETb: ONPEENSITh MapaMeTphl PeKUMa ABMKCHUS pab0UHX KHUAKOCTEH;

MarepunanbHoe obecrniedeHue:
MeTtoanyeckre yKa3zaHus 110 BBITTOJIHEHUIO TPAKTHUECKUX U JJa0OPaTOPHBIX paboT

Kparkue Teopernueckue cBeeHUs

Pexxumebl aBmkeHus :KuakocTu. Yucno Pelfnomnbaca

PaznuyaroT 1Ba OCHOBHBIX peXUMa ABUKEHUS KUJAKOCTH: JIJAMHUHAPHBIN U TYpOYyJIECHTHBIM.

JlaMrHapHBIM Ha3BIBAIOT YIOPAAOYEHHOE JBUKECHHE, KOTJa OTHACIIbHBIE CIIOU KUIKOCTH
CKOJIB3AT JIPYT IO APYTY, HE MEPEMEIINBASCH.

TypOyneHTHBIM Ha3bIBAlOT PEXKUM, TMPU KOTOPOM YACTHUIBI KHUJIKOCTH JIBHXKYTCS
HEYIOPSAJOYEHHO, XaOTHYHO U CIIOU KUJIKOCTH MOCTOSHHO MEPEMENINBAIOTCS APYT C APYTOM.

Ha npakTuke naMUHApHBINA PEXUM MPOUCXOAUT MPH JBUKEHUU BS3KUX KUIKOCTEH (HE(TH,
Macia), py JBWKEHUHU KUIKOCTH B KAMWUIPHBIX TPYOKax, MpU JBUKEHUU BOJIbI B TPYHTAX.

TypOyneHTHbI pexkum HaOMIOJAeTCsl yalle, a UMEHHO: MPHU JBIKEHUU BOJBI B peKax M
KaHaJax, B TpyOax u Jip.

B xonme 19 Beka anrauiickum yueHsiM O. PeifHOIBACOM OBLIIO YCTAaHOBIEHO, UTO KPUTEPUEM
pexUMa KUIAKOCTH SBISIETCS O0e3pa3MEpHBIA KOMIUIEKC, YYUTHIBAIOITUN OCHOBHBIE XapaKTEPUCTUKH
IMOTOKa.

V-d-p V-d
- 1

H2_y
Re= H Vi 1.k P

rae V — cpeHsisi CKOpOCTh MOTOKa, M/C;
d — nuamerp TpyOBI, M;
p — IUIOTHOCTh KHUKOCTH, KT/ M,
H-C
|l — IMHAMHYECKas BA3KOCTb, M |
V — KHHETHYECKas BSI3KOCTh, M?/C.
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Jlis ompeneneHus peXMMa ABMKCHHUS B KaHAlaX IPOU3BOJIBHOTO CEUCHHUS B (OpMyITy
d V-R
kputepus PeitHonbaca BBOJAT rujipaBinueckuii paguyc R =4 torqga Re=4 v
3nayenue yncia Pelinonbaca Re=2300 Ha3bpIBalOT KPUTUYECKUM. B KPYTIIBIX TIaKuX Tpydax
pu Re<2300 pexxum ABMKEHUS TaMUHAPHBIN, Tpr Re>2300 — TypOyIeHTHBIH.

3aganme: Perute 3amaun Ha OmpeieCHUE PEXKUMA IBHKCHUS KHUIKOCTH
1. Onpenenuth pexuM ABMKECHUS padOYeil KUIKOCTH B THUAPOCUCTEME NUIU(OBAIBHOTO
CTaHKa C MPOM3BOJIUTEIBHOCTHIO (Q, JI/MUH), nuameTp yciaoBHOro npoxoaa (Dy, MMm) u
paboyast )KUAKOCTh B THAPOCUCTEME.

HMcxonnbple faHHbIe

Neap. | Q, n/mun | Dy, PX Bs3kocTh,
MM MM2/c
1 45 12 HC12 10
2 42 10 NC20 17
3 40 8 HC30 27
4 38 6 NC45 38
5 48 10 HC50 42
6 46 12 Wnn.12 10
7 36 8 Wun.20 17
8 44 12 WNun.30 27
9 50 16 Wnn.45 38
10 34 8 Hnn.50 42
11 58 20 NC45 52
12 60 25 HC50 58
13 62 32 Wnn.12 14
14 42 10 NC20 17
15 40 8 HC30 27

2. Ompenenuth YCIOBHBIM TPOXOJ HANOPHOTO TPyOONpPOBOMA, €CIIM W3BECTEH PaCXO]l
KHUJIKOCTH, IpoTeKaromuii dvepe3 Hero (Q, JI/MMH) 0OpU HOMHMHAIbHOE JaBJICHHE
Puom=32MIla u ckopocTh motoka xujakoctu (V, m/c.).

HMcxonabpie faHHbIE

No Q, w/mun | PXK BsskocTs, | V,
Bap. Mwm3/c Mm/c
1 58 HnCi12 10 5,8
2 60 HNC20 17 2,8
3 62 HC30 27 4.8
4 42 HC45 38 5

5 40 HC50 42 5,2
6 45 HUnn.12 10 3,6
7 42 Nun.20 17 4,2
8 40 Hun.30 27 3,8
9 38 HUnn.45 38 5
10 48 Wun.50 42 5,2
11 46 HC45 52 3,6
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12 36 NCS50 58 4,2
13 45 Wup.12 14 3,8
14 42 Nup.50 42 5,2
15 40 NC45 52 3,6

3. XKunkocTs TaMUHApHO ABMXETCs o Tpybomnpooay auamerpom 0,2m (Re=2000). Omnpenenutsb

CKOPOCTb JIBHIKCHHSI, €CITH v=15, 10-4 M2 /c, a pacxon xuakocta 1001/4.

4. Omnpenenutb peXUM JIBUXKEHHUA Macia B Tpyde auamerpoMm 200MM, eciii MIIOTHOCTh COCTaBIIsET
985kr/m3..

5. Onpenenute pexuM IBUKEHUS KepocHHa B TpyOomposoze & 300 MM MpHu CKOPOCTH JBMXKEHUS V
= 2,8 m/c. Kunemaruueckas Bsg3koctb v=0.15 - 10 -4m2/c.

Xox padoThI:
1. BeIoHUTG 3aaHue MPENnoJaBaTes.
2. 3aMTUTh NPAKTHYECKYIO padoTy

®opma mpeacTaBJieHus pe3yJbTara:
Otuer o mpojenaHHOM paboTe NOJKEH COAep)KaTh Ha3BaHME W 1I€JIb PabOThI, OMHCAHME XOJa
paboThI, pemenne 3a1a4d. BeIBOBI IPeJOCTaBUTH B MUCBMEHHOM (hopMme.

Kpurepun oneHku:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HempaBWIbHBIN 0TBET — () 6aJUIOB.

KadecTBeHHast OIICHKA WHIMBHYaTbHBIX
Iponent 00pa3oBaTeNbHBIX TOCTHKCHUIN
PE3yJIbTaTUBHOCTH - :
(MIpaBHIILHBIX OTBETOB) (oT™eTKa) BepOAJIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOpOILIO
70 +79 3 yJIOBJICTBOPUTEIHHO
Menee 70 2 HE yJIOBJIETBOPUTEIIHHO

Tema 1.8 Ilorepn Hanopa

IIpakTnyeckoe 3ansitue Ne 11
Pemenue 3a1a4 Ha onpee/ieHne NOTEPb HANOPA

Heanb padoThl: hopMHUpOBaHHE YMEHHM pellIeHrs 3aJad Ha ONpeesieHHe MOTeEPh Haropa

Boinosinus padorty, Bl Oynere:
YMETh: pellaTh 33Jjaul Ha ONpeesieHHe MOTeph Haropa

MarepuanbHoe o0ecrieyeHme:
Metoanyeckue ykazaHHs MO BBIMOJIHEHUIO MPAKTHUECKUX U JJAOOPATOPHBIX padoT

HUcxoonwvle oannvie:
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I'mapaBnuueckas cxema rupornpuBoaa
Juametp TpyOBbl, TaBICHHUE, PACXO]T

3aganue:
1. Onpenenute JHMHEHHBIE W MECTHBIE IOTEPH Hamopa NPH JBWKCHUU peATbHOW paboueit
XKHUJKOCTH B TpYOe.

No Q, PXK Huamerp | V, | Bszkocts, | [laBieHue,

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

1 58 HnCi12 |10 58 |10 5

2 60 nc20 | 17 2,8 | 17 8

3 62 NC30 |27 4,8 | 27 10

4 42 nCc4s5 | 38 5 38 12

5 40 NC50 |42 52 |42 14

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

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

8 40 Wun.30 | 27 3,8 | 27 8

9 38 WNun.45 | 38 5 38 10

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

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

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

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

14 | 42 Wun.50 | 42 52 | 17 14

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

HOpﬂ}IOK BbIIIOJTHCHU A paﬁon:
1. Pemuth 3aaa4d, COIJIaCHO 3aJdaHUusA

Xonx padoTsI:
BrinoaHuTh 3a/1aHUE
3amuTUTh MPAKTUYECKYIO paboTy

®opma npeacTaBiaeHus pe3yabTara:
Otuer o mpojenaHHOM paboTe NOJKEH COoAep:KaTh Ha3BaHHME W IIeJIb PabOThI, OMHCAHHME XOJa
paboTsl, sntopy. BbIBOBI IpeOCTaBUTh B TUCbMEHHON (opMe.

Kpurtepun onenkmn:
3a KaXkJplii MpaBMWIbHBIN OTBET — 1 Oa.
3a HenpaBMIIbHBIN 0TBET — () GayIoB.

1 KadecTBeHHast OIICHKA WHIMBHTyaTbHBIX
OLICHT .
pol 00pa3oBaTeNbHBIX TOCTHKECHUN
PE3yJIbTaTUBHOCTH 5
QT .
(IpaBHIILHBIX OTBETOB) BepOaJIbHBIN aHAJIOT
(oT™meTKa)
90 + 100 5 OTJINYHO
80 + 89 4 XOpOIIIO
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70 + 79 3 YIOBJIETBOPUTEIIHHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO

IIpakTuyeckoe 3ansiTue Ne 12
Onpenesienue k03¢ puiHeHTa CONPOTUBIEHUS TPEHUIO MPH IBHKEHUH KUAKOCTH B KPYIJ0ii TpyOe

Iean padoThi:
1. DKcnepuMEHTaIbHO ONPEAEINUTH ITOTEPU HAllOpa Ha MECTHOM CONPOTHBIIECHUM IPU PA3IUUHBIX
3HA4YEHUSAX pacxojia BOJbI.
2. YCTaHOBHTD 3aBUCUMOCTH KOA((UIIMEHTAa MECTHOT'O CONTPOTUBIEHUS & oT uncia Penonbaca Re.
3. ConocTaBUTh ONBITHBIEC 3HAUYEHUS & C TEOPETUUECKUMH UITH CITPABOYHBIMU.

Boinosinus padorty, Bel Oynere:
YMCTb: OIPCACINUTL ITOTCPU HAIlOpa HAa MCCTHOM COIIPOTHUBJICHUU IIPU PA3JIMYHBIX 3HAYCHUAX
pacxoja BOJbI.

MarepunanbHoe obecrnieyeHue:
MeTtoanyeckre yKa3aHHs [0 BBITOJIHEHUIO MPAKTHUECKUX U JIAOOPATOPHBIX padoT

Kparkue Teopernyeckue cBeieHUSA:

VYdacTku TpyOOnpoBoja, riae NPOUCXOAUT Pe3KOe U3MEHEHNE CKOPOCTHU 10 BEJIMYMHE UIIH IO
HaIPaBJICHUIO, HA3bIBAIOTCSI MECTHBIMU CONPOTUBJICHUSAMHU. MECTHBIMU CONPOTUBICHUSIMH MOTYT
ABIISAITHCS BXOJI B TPYOY, BEHTWIM, U3MEHEHUS AMaMeTpa TpyOOoIpoBo/ia KilallaHbl U JPYyTHe.

[ToTOK KMIKOCTH B MECTHBIX CONPOTHBIICHUSIX Ae(POPMUPYETCS, YTO MPUBOIUT K U3MEHEHHUIO
pacripesieieHusi CKOpPOCTeH IO CEUeHHIO I0TOKAa M BO3HHUKHOBEHUIO LUPKYIAPHBIX 30H C
MHTEHCUBHBIM BUXPEOOpa30BaHUEM.

Hedopmarus moToka, cozjaBaeMasi MECTHBIM COTIPOTUBIIEHUEM, MOKET paclpOCTPAHATHCS Ha
3HAYUTENIbHBII  y4acTOK MPUMBIKAIOLIET0 TpyOONmpoBOJa, TA€ MPOUCXOIUT IOCTEIEHHOE
BBIPaBHMBAaHME NOJSA cKopocTed. OQHAaKo NOTEpH PHEPrHM IO UIMHE YYAaCTKOB IPHUMBIKAIOIINX
TpyOONpPOBOJOB C 1e(OPMUPOBAHHBIM TOJIEM CKOPOCTEN OUYEHb MaJbl IO CPABHEHUIO C MOTEPSIMU
HENOCPEACTBEHHO B MECTHOM COIIPOTHBIICHUH.

[loTepu sHeprum B MECTHOM COINpPOTHUBIEHHMU hMm Beuucisitoress no Gopmyne Belicbaxa,
BBIpAXKaIOLIEH OTEPU B AOJSAX CKOPOCTHOTO HAIopa

2

Vv
— Fx
hy =¢
29
Koadduuuent & HazpiBaeTcs Ko3UIMEHTOM MECTHOTO CONTPOTHBIICHHS. B xauectBe v

B opmyie Beiicbaxa MOXKXHO MPUHATH CKOPOCTH JTUOO IO MECTHOTO CONPOTHUBIICHUS, KOO0 TOCIe,
OT 3TOr0 OYZET 3aBUCETh TOJIBKO YHCICHHOE 3HauUeHHe & ; HEOOXO0MMO CIeUAIBHO OTOBOPUTH, 10
OTHOIICHUIO K KaKOH CKOPOCTH 3TOT KO3 @UIMEHT BbIUKcieH. B oluiem ciydae koaduuueHT &
3aBUCUT OT 4Mciaa PeifHonblca ©  reoMeTpuyeckod (GOpPMBI MECTHOIO CONPOTHBIICHHS.
MHOTOYHCIICHHBIE JKCIIEPUMEHTAFHBIE HWCCIIEAOBAHMS TI0Ka3alli, YTO TMPH OOJNBIIMX YHCIax
Peitnonbrca ( Re > 2*104+4%104) KO3(pPHUIIMEHT MECTHOTO COMPOTUBICHHUS CTAHOBHUTCS
MOCTOSTHHBIM. B cripaBouHMKax 3HaueHus & OOBIYHO AaroTcs Juisi 3TOM obnactu uncen Re. Beumy
OOJIBIIION CIIO’KHOCTH CTPYKTYPHI TIOTOKA B MECTHBIX CONPOTHUBICHHUAX 3HAYCHMA & , KaK MPaBUIIO,
MOTYT OBITh OIPENEIEHBITONEKO OMBITHBIM ITyTEM. TeopeTH4eckd, MpH HEKOTOPHIX JOMYIICHHUSIX,
MO>KHO TOJIY4uTh (hOpMyITy JUIs IOTEPh Haropa NMpU BHE3AITHOM paciiupeHuu Tpyodomnposoaa. Taxk,
pu Re > 3000 notepn Hamopa rnpy BHE3AITHOM PACIIUPEHUN COCTABSIT
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— (vl - vz)z
2g

rae vl 1 v2 — cpeiHUEe CKOPOCTH B TPyOax Majoro u OOJIBIIOTO JHaMeTpa COOTBETCTBEHHO.
Heckonbko MECTHBIX CONPOTHUBIICHUH, YCTAaHOBJIICHHBIX HAa TPYOONPOBOJAE, HE OKA3bIBAIOT
BJIMSIHUS JPYT HA JApyra, €CIIA PACCTOSTHUE MEX Iy HUMU He MeHee 20+50 nuameTpoB TpyOsl.
B npotuBHOM ciydae BO3MOXHO B3aUMHOE BIIMSIHUE MECTHBIX COIPOTUBIICHUM JIPYT HA JIpyTa,
U uX KO3 UIMEHTHI CONMPOTHBICHUH OyIyT OTIMYAThCS OT TaOJW4HBIX. Torma HeoOXoaumo
MOTEPH HAOpa ONPEALISITh SKCIIEPUMEHTAIBHO.

ap

OnucaHue ONBITHOTO y4acTKa

Hccnenyemblii BUJ MECTHOIO CONPOTUBJICHUS YCTAHABIMBAETCS HA OIBITHOM Y4acTKe
TpyOonpoBoga 5, mpumbikatomieM K kpany 12. [lomada BOJbI MOXKET OCYIIECTBIATHCS KaK U3
HaIOPHOM eMKOCTH 1, Tak M HEMOCPEICTBEHHO OT Hacoca 3 U3MEHEHUEM I0JIOKEHUs KpaHa 4 (puc.
1).

Pa3HOCTh HamopoB Ha MECTHOM CONPOTUBJICHWUM BMECTE€ C JMHEWHBIMU Yy4acTKaMHU
TpyOOIPOBOJOB (IO M TOCIE MECTHOTO compoTuBieHHs) nuamerpamu d1,d2, mmunHo# 11,12 un
OTAENbHO Ha KaXIOM M3 TaKMX >K€ YydacTkoB (puc..l) u3mMmepsiercs ¢ mnomouibio Oroka
Qg QepeHIratbHbIX THe30METPOB 1.

Pacxoz[, KaK U B IpCAbIAYHIUX pa60Tax, HU3MECPACTCA 00BEMHEBIM CIIOCOOOM.
|

by g
b T
' 8 - .
Mo m
. . T e I

Pucynok -.1. VI3mepeHue pa3HOCTH HallOPOB HA MECTHOM CONPOTUBIICHUHU. 1-6110k
muddepentmanbhbix mbe3ometpos; 1 1, | H-mmuner yaactkos I u 11 11,12 —puaen yaactka 11
HEMOCPEeACTBEHHO Nepe U nocie BHe3anHoro pacmupenus; h I, h 1L h I, - motepu HanopoB Ha
yuactkax [, II, III.

Ilopsinok BbINOJHEHHS PadOTHI:

1. OrtkpsiBaeM KpaH 4, yka3zarenb KpaHa CTaBUM B MO3UIHIO «a». BKitouaem Hacoc, 3amoiHss
éMKOCTb 1 BOIOM.

2. C nomomplo KpaHa 4 yCTaHaBIMBAaeM YpPOBEHb JKHUIKOCTH B JU(EepeHIIHaTbHBIX
MbE€30METPax MaKkCUMaJIbHbIM. M3MepsieM pacxos >KUJIKOCTH, HApaBysis MOTOK KUJIKOCTH B
MepHYI0 EMKOCTh 10.

3. Cuumaem nokazanus audepeHInaIbHbIX The30MeTpoB (puc..1).

4. H3MeHss BEIUUMHY pacxoja ¢ MOMOIIbIO KpaHa 4, HECKOJIBKO pa3 MOBTOPSEM H3MEPEHHS.

[TonydyeHHble TaHHBIE 3aHOCUM B Ta0JINILY.

Memoouka pacuema
[loTepu Hanopa Ha yyactke Il ¢ MECTHBIM COTPOTHUBIIEHUEM PABHbI
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hll=hl1+h12+hm (1)
rae: hl — moTepu mo jyirHE Ha y4acTKax TPYOOMPOBOIOB /10 M MOCJIE MECTHOTO COMPOTHUBIICHUS; hMm
— MOTEPH HAIMOpa B MECTHOM COIPOTHUBIICHUH.
VYpaBuenue bepnymnu ns yuactka Il umeer Buna
Z

vy ay UE Pz Gz lz

vg 2g vg 2g (2)
W3 ypaBuenuii (1) u (2) cneayer, 4To
h — {:Z —z ]+'P1_'p2 + aivi-azvi —h.. —h
M 1 2 vg 2g 11 12 3)

Jnis cxembl M3MepeHMH, mpeacraBieHHoW Ha puc. 15.1, morepum Ha Tpenme hll u hi2
MIPEJICTABISAIOT cO00M MoTepu Ha ydacTkax TpyOompoBoaoB jiuHOM 11 u 12. DT motepu MOXKHO
OTIPEICIUTh Yepe3 TUAPABINYCCKHE YKIOHHI 1l 1 12 koTopkie onpenenstorcs kak hl/ 11 u h III/1 111
Jlnis ropu3oHTanbHBIX y4yacTkoB z1 = z2. Pa3Hocth mbe3omeTpuueckux HamopoB (pl — p2)/(p g)
n3Mepsiercs nuddepeHmatbHBIM THE30METPOM U paBHA ero mokazanusiM h I1.

C yueToM BbIIIE U3JI0)KEHHOT0, YpaBHEHHE (3) MOKHO Nepenucarh B CIEAYIOIIEM BHUIE

_ [y [g '311’%_'321’%
hm—hu_hx*r_hm*z_ - .
I I 2g 4)

Takum 00pa3zoM, /I ONpeIeICHHs OTePh Ha MECTHOM COIPOTHUBICHUM HEOOXOIMMO 3HATh
pacxo JKUJIKOCTH ISl BBIYUCIICHUS CPETHUX CKOpOCcTer L1 1 v2 u mokazanus auddepeHmarbHbIX
nbe3omeTpoB hl, hll, hIIl.

5. Tlopsmox BeIYUCIECHUN
OmpenenseM 00bEMHBIN PACX0]T BOABI JUTSI KaXI0TO U3MEPEHUS
Q=Vit
BerancnsieM cpeHue CKOpOCTH TEUCHHUS
vy = 4Q/Hd§, v, = 4Q/md;
Beruncnsiem morepu Ha MECTHOM COIIPOTHBIICHUH TI0 (hOpMYyJIe
Jlis  MECTHOTO COMPOTHUBIICHUS «BHE3AIHOE pACHIMPEHUE» TOJCUUTHIBAEM TEOPETHUECKOE
3HaueHue hm o gpopmyie

_ (U] -0, )2
29
Ompenensem 3HaueHNE KOAGDHUITIEHTAa MECTHOTO COMTPOTHBIICHHUS &,
CpaBHUBaeM TMOJNyYE€HHOE 3HAYEHHE CO CIPABOYHBIMH JaHHBIMH JJIs JaHHOTO BHJa MECTHOTO

COIPOTHUBIIEHUS (TPUIIOKEHHE 4).
Pe3ynpTarhl pacueToB 3aHOCHM B TabnuIy . 1.

ap

Tab6mmma 1

Ne ‘ BennduHb 3Ha4YeHUs

H3mepeHo

Bua MecTHOro conpoTHBIIEHUS BuesanHoe pacumpenue

1
2 | Jlnamerp ydacTka dil= | d2=
3 | Jdnuusr = |n | 12= I
4 | O6bEM MepHOI EMKOCTH V=
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5 | Bpewms anekTpoHHOTO
CeKyHaoMepa T

[Tokazanus qudepeHnmnanTbHbIX
IbE30METPOB;

6 | I ygacrtka, hl

IT yaactka, hll

8 | III ygactka, hIIl

\l

Brruucieno

9 | O6pémusbIi pacxon, Q

10 | [Torepu  Hamopa B MECTHOM
COINPOTHUBIEHUHN hM

11 | CkopocTHOM Harop 3a MECTHBIM
COTNPOTHUBIICHUEM, V2/2¢g

12 | Yucmo Peiinonbaca, Rel

13 | Yucmo Peiinonbaca, Re2

Xoa padoThI:
Bemmonuuts 3ananne
3alUTUTh NPAKTUYECKYIO paboTy

®dopma nmpeacTaBJieHUs] pe3yJibTarTa:
OTtuer 0 mpojAeNIaHHO paboTe MOJKEH COJepKaTh Ha3BaHHE M LENb Pa0OThI, OMUCAHUE XOJa
paboThI, AMIOPY.
BbIBOIBI TIPEIOCTABUTH B IMCHMEHHON (opMe.

Kputepun onenkn:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HenpaBUIIbHBIN 0TBET — () GayIoB.

KauecTBeHHast o1ieHKa WHANBUAYAIbHBIX
Iponent 00pa3oBaTeNbHBIX TOCTHKEHUI
pe3yIBTaTUBHOCTH o :
(paBUIIBHBIX OTBETOB) (oT™eTKa) BepOaTbHBINA aHATIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOpOLIO
70 +79 3 yJIOBJICTBOPUTEIHHO
Menee 70 2 HE yJIOBJIETBOPUTEIILHO
IIpakTuyeckoe 3ansaTue Ne 13
I'mppaBianyeckuii pacyer Tpydonpososa
Heas paborbi: DopMHUpOBaHUE yMEHUH BBIMOJIHEHUS] THPABIMYECKOro pacyera

TpyOOmpoBoIa

Beinosinus padory, Bl Oynere:
YMETh: BBITIOHATH THIPABINYECKUN pacueT TpyOompoBoaa
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MarepunanbHoe obecrnieyeHue:
Meroandeckue ykazaHus K TPOBEICHHUIO TPAKTUIECKON pabOThI, pa3laTOUYHBIN MaTepHall

3apanue: PaccumTarh TPYOONIPOBOJ 1O MOTYYEHHBIM JTAHHBIM
Hcxoonvie dannvie:
I'mppaBnuueckas cxema ruIpoIpruBoIa
JuameTp TpyOBl, 1aBICHHUE, PACXO

KpaTkue TeopeTnyeckue cBeJIeHUS:

TpyOorpoBoabl — OTAEITBHBIC WU COCAWHEHHBIE MEXIy c000i TpyObl, MO KOTOPBIM
TPAHCIIOPTHPYETCS KUIAKOCTH U Ta3bl.

Pacder npocroro TpybomnpoBoaa
PaccMoTpuM OCHOBHBIE THITHI 33/1a4 MPU PACUYETE MMPOCTOTO TPYOOIIPOBOIA.
Omnpexpenute NOTEPU HAMOPA 110 JTMHE IPU 33JaHHOM PAacXOIe KUIKOCTH.
Onpenennure pacxol )XUIAKOCTH TPH 3aJaHHBIX IMOTEPSX HAMOPA.
Omnpenenute ONTUMAIBLHOE CEYCHHUE TPYOOIIPOBOA, T.€. TUAMETP.
3anano: V — pacxo/1 BOJIbI,
| — nmuHa Tpy6OIIPOBOIA;
d — nuametp TpyOOMIpOBOIA.
MoskHO onpenenuTs nmoTepu Haropa (hi):
hin = V2L/K*=A-V2.L,
rae K — pacxomHas xapakTepucTuka, M*/c;

1y

K*  _yhenpHOE COMPOTHBICHHE TPYOOIPOBO/IA.

3HaueHue YAEIbHBIX CONPOTUBICHUM (A) M CTalbHBIX U YYT'YHHBIX TPYO B 3aBUCHMOCTH OT
IraMeTpa HaxoAsT mo tadu. 1 u 2.

Tabnuua 1- 3HaueHue yeabHbIX COPOTUBICHUM (A) U1 CTalbHBIX TPYO

= 2 p=

= = p=
&g g|A (usa Q, | A (mma Q, Qg o A (ana Qg g A (s Q,
5 Z X, s £80Q 5 Z 5|,
S 22 M?/ceK) T1/cex) S 2 §M3/C€K) =29 M>/ceK)
258 £ 5 4 25 2
H > B = > & H > E
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 44530 0,04453 275 | 1,535 800 0,005665
50 11 080 0,01108 300 | 0,9392 850 0,004110
70 2893 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

Tabnuua 2 - 3HayeHue yJaenbHbIX CONpOoTUBIeHUH A uia uyryHHbIX TpyO o TOCT 5525-61
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Buyrpennui A (m1s Q| Buyrpennui A (ama Q,
f/II;I/IaMeTp ’ 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

Ecmu cxopocts >1,2 m/c, To hn = A-V2-L. Ilpu MEHBIINX CKOPOCTAX BBOJISAT IOMPABOYHBIN
KO3 (QUIIUEHT 0., KOTOPBIA HAXOMST 10 Ta0. 3, 1
hn=a-A-V2-L.

Tabnuua 3 - 3HaueHus ko3pPuureHTa o s CTAIBHBIX U YYyT'YHHBIX TPYO
B 3aBUCHMOCTH OT CKOPOCTH (V)

Vv, 0,2 025|030 (035|/04 |045 |05 |0,55
M/cex
o 141 1133(1,28 [1,24|1,20|1,175|1,15|1,13
Vv, 0,6 0,65 10,7 0,75/08 085 |09 |10 |11

o 1,115|1,10|1,085|1,07|1,06|1,05 |1,04)|1031,015

[ToaToMy cHavana mpoOBEPSIIOT CKOPOCTb.
2) 3agano: d — nuametp TpyOONpoOBOA;
L — nnmunHa TpybonpoBoa;

hn = notepu no nnuHe.

MoxHO HaiTi pacxon V.

J
VYpasuenue hi = A-V2-L moxno 3anucars Takum oopazom:J = A-V2(J = hi/L), Torna V = \/;.
[To »To¥i dopmyne mpuHHMAas, MO TaOIUIAM 3HAYeHHWE A, HAXOAWM pacxoja. 3Has Pacxom,
nposepsieM cKopocTh. Ecim ckopocts V 21,2 M/c, T0 3amaua pemena. Ecim V < 1,2 m/c, To BBOAAT

J
MOMPAaBOYHBIN KO3(PPUIMEHT o U OIPEENISIIOT pacXo] BO BTOPOM MPUOIIMKEHUH V = \/;.
3) 3amano: V — pacxon;
L — nnmunHa TpybonpoBoa;
hyt = morepu no wHE.

MoxHO omnpenenuTh quametp Tpydomnposoaa (d).
h

i

2
U3 ypaBHenus hin = A-V2-L, Haxogum 3Hauenne A: V'L
[Tonb3ysick Taba. 1 1 2 B 3aBUCUMOCTH OT MaTepuana Tpyd Mo 3HaYeHUI0 A HaXxoJIuM 3HaueHue d.
[Tpunumaem OGnuxaiimmii 6ombioid. ITpoBepsiem ckopocts: ecnu V < 1,2 m/c, To 3amada pemieHa.

Ecin V < 1,2 M/c, TO BBOASAT MOINpPaBOYHBIN KOI()PUIMEHT 0 BBIYUCISIIOT A 1O ypaBHEHUIO
hl
Vil
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[Topsimok BhIMOIHEHHS pabOTHI:
Cormacao pexomenparnusm ctangapra COB PC 3644- 72 npu BbIOOpE CKOPOCTH B HAllOPHOM
TpyOOIPOBOJIE YUUTHIBAIOT paboyee fnasineHue /4.c.391/:

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

s cnmuBHBIX Maructpaneit Uen = 1,5-2,5 m/c.
Jlns BcacwiBarommx Usc < 1,6 m/c.
BuyTpennuil nuaMeTp BCachIBAIOIIMX, HANOPHBIX M CIMBHBIX TPYOOIIPOBOJOB MpPEACISIETCS IO

_ [+
i

y_
dbopmyre: , M
rane: U- ckopocTh TOTOKa pabodveld KHIKOCTH B HAIOPHOM, CIMBHOM WIJIM BCaChIBAIOIICH
arucTpasx.
JluameTp BCAChIBAIOIIETO TPYOOIPOBOAa OOBIYHO MPHUHHUMAIOT PAaBHBIM JTHAMETPY CIMBHOTO.

Haiinennsle quaMeTpbl HEOOXOIUMO CPaBHHUTH €O CTaHAApTHBHIMH 3HaueHUsMH 1o [OC'T 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, ¢.7/.

§=-—2 K6
2[oep]

MuHUMaIbHO A0ITyCTHMAs TOJIIMHA CTCHKHU TPY6OHpOBOI[OBZ , MM

riae P- pabouee naBnenue, Mlla;

Ko6-xoadpdpumnuent 6ezonacaoctu, Ko= 4-8;

[oBp] - BpeMEHHOE COMPOTHUBIIEHUE PACTSHKEHHIO MaTtepuana Tpyosl, MIla: > [oBp] BOupaercs
u3 Tadir. 8.26 /4, ¢.30§/ st BBIOpaHHOM MapKH CTaJIH.

Tabnuna 4 - Mexannueckue CBOICTBa cTajiel, IPUMEHSIEMbIX ISl TUAPABINUYECKUX
TpyOOIIPOBOJIOB

Mexannueckue CBOHCTBA |10 0 35 45 [10I[15XR0XB0OXBOXT 15X

Bpemennoe

CONPOTUBIICHUE 3431412510589 4221412 431 618491 431
[Ipenen TekydecTn 206 245294 323 245 226
OTHOCHTEIIFHOE 24 21 (17 (14 22 19 (17 (14 18 21

TBEpnocTs mo bpunenmo 137156 (187 207 [197 (179 (179212 229

Hanophnast marucrpanp npoBepsieTcsl Ha MPOYHOCTh NPU THAPABIMYECKOM Yape, BO3HUKAIOIIUM
IIpU NEepeKIIoUYeHun pacnpenenurens, no popmyne H.E. XKykosckoro:

APyn=pvn-a

IZie p - IVIOTHOCTH paboueit xuakocTy, kt/mj;

VH - CKOPOCTh TIOTOKA B HAIIOPHOM MarucTpainu, M/c;

a - CKOPOCTh paclpoCTPaHEHUs YAapHOI BOJHBI, M/C; sl MUHEpaJbHBIX Macen a= 1200- 1400 m/c.
[Tocne ompenenenuss APyn HaXoauTcss MaKkCUMalbHOE JaBIIEHHE B THIPOCHCTEME, TPOBOIUTCS
CpaBHEHHME C [GBp] U JI€7aeTCs BBIBOJ O IPOUHOCTHU TPYOBI.

[Ipu pacdere THIPOCUCTEM ONPEIEISIOTCS MOTEPU JABJIEHHS HA BCEX ydyacTKax ; IMyOOIpoBOja-
HAIlOPHOM, CJIMBHOM U BCaChIBAIOIIIEM.

A) Onpenenenue MOTEPH IaBJICHUS B JIMHUH BCACHIBAHMUS:

APB= AP} + APnB + APmMB
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rne APdB- norepu gaBneHus Ha BcachlBaromeM GUIbTpe (MIPH YCIOBUH, €CIH OH €CTh);
A\P1B - MMHEHHBIC TOTEPH B JIMHUW BCACHIBAHHUS,

/APMB - MECTHBIC TOTEPH.

b) Onpenensem norepu AaBIeHUs B IMHUU HarHETAHUS:

APu =) APant+ APnu + APmu

rae Y APam - moTepu naBineHus B anmnaparype, yCTaHOBJICHHOM Ha JIMHUYM HAarHETAaHUS;
APIH - TUHEHHBIC IOTEPH JAaBJICHUS B JTMHUM HATHETAHHUS;

APMH - MECTHBIE TIOTE€PH B JINHUN HarHETaHUS.

B) Ilotepu naBneHus B JIMHUU CIIUBA

APcn =Y APan + APncn + APmen

rae » APan - morepu aBlieHUs B ammaparype, YCTaHOBJICHHOW B juHuM ciuBa, APn, APwm -
JIMHEIHBIEC M MECTHBIC ITOTEPU AABJICHUS B JIMHUU CIIMBA.

[Torepu maBneHus B anmapaType onpenessioTes no hopmyie:

APan = APan(——)
QHou . MIla

rne AP°an - moTepu qaBieHus B anmapare pu HOMHHaIBHOM pacxone, Mlla;

Q- pacu€rHsIii pacxox;

Q HOM - HOMUHAJIBHBIN PacXoI..

JIuneiHbie MOTCPHU AABJICHUSA B MAruCTpaIiax OIPCACIIAOTCA 110 (I)opMyne

Apl
APn=—v*
2Dy
riae Al THIPABINYECKUH KO (DUIIECHT TPEHHUS;

P nnornocts BBIOpaHHOH paboyeit )KUIKOCTH, KI/M-5;

v. CKOpPOCTbH MOTOKA, M/C;
| - IMHA COOTBETCTBYIOMICH MAaruCTPaId, MM
I'unpaBnmuueckuit koadpduimeHT TpeHus X (kodpdunuent Jlapcu) onpenensercs 3aBUCUMOCTH OT
pexuMa JABUKEHUS TIOTOKa palodeil >KUIKOCTH B HAMOPHOW, CIMBHOM WJI BCACHIBAIOIIEH

MarucTpajiax:
=23

Jlji JaMMHApHOTO peXUMA: Re
A=01(=+2)0s

JUiist TypOYJIEHTHOTO peXKUMA: Dy Re

rae A - abCOMIOTHAS MIEePOXOBATOCTh; IS CTATBHBIX Tpyo A = 0,1- 0,3 MM.

MecTHbIe IOTEpU HAMopa ONpeesIAoTcs o hopmyie:

2
APM = 0.21-25¢
Dy™™" MIla
rae: Q- pacxo, JI/MUH;
Dy- nuametp TpyOsl, MM;

X<

- CyMMapHbI KO3 PHUIMEHT MECTHBIX CONPOTUBIEHUH, cM. Taba. 10.3. ¢.390 /

Ilopsiiok BbINOJTHEHHS] PA0OTHI
1. . VBy4uTh METOAMYECKHE YKA3aHUS IO BBHITIOJHEHUIO PAOOTEHI.
2. PaccuutaTh TpyOOIPOBO/ MO MOTYYEHHBIM JIaHHBIM
3. OcHoOBHBIE BBIBOJIBI IO paboOTE

Xon paborsr:
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1. [TpousBectu pacueT TpyOOTIPOBOIA.
2. ITonyueHHbIE TaHHBIC CBECTH B TAOJHILY.
3. 3alMTUTh PAKTHUECKYIO padoTy

dopma npeacTaBieHusl pe3yJbTara:
Otyer 0O mpojenaHHON paboTe MOJKEH COJepXaTh Ha3BaHWE W II€Jb PabOThI, OMUCAHUE XO0J]a
paboThI, TAOIUITY C TAHHBIMH pacyera.
BbIBOIBI IPEIOCTABUTD B UCBMEHHOMN (opMeE.

Kpurepun oneHku:
3a Kax/Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINM O0TBET — 0 6aIIOB.

KauecTBeHHast OlleHKa WHANBUTYAIbHBIX
Hpouent 00pa3oBaTeNbHbIX JOCTH)KEHUN
PE3YJIbTaTUBHOCTH -
(paBUIIBHBIX OTBETOB) BepOaIbHBINA aHAJIOT
(oTMeTKa)
90 + 100 5) OTJINYHO
80 +~ 89 4 XOpOIIO
70 +79 3 YIOBJIETBOPUTEIBHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO

Tema 1.9. UcTedyenue ;kuaKocrTeil yepe3 0OTBEPCTUSI U HACATAKH

IIpakTuyeckas padora Nel4
Ornpe/iesieHHe CKOPOCTH M PACX0a HCTeYeH sl JKUIKOCTEl Yepe3 0TBEePCTHs

Heﬂb paﬁon,l: cDOpMI/IpOBElHI/IC yMeHI/Iﬁ ONPCACIIATh pacXod XUAKOCTU Y€PE3 OTBEPCTUA

Beinosnus padory, Bel Oyaere:
yMeTh: OOBSICHUTH HPUPOAY KO3(PPUIMEHTOB pacxoja >KUAKOCTH CKOPOCTH HMCTEUEHUS
KHUJIKOCTH Yepe3 OTBEPCTHS.

MarepuanbHoe o0ecniedeHue:
MeTtoauueckue yKa3aHus K MPOBEACHUIO MPAKTUYECKON padoThl, pa3laTOYHBIM MaTepua

3aganue: Pemmre 3amauu.
1. OmpegenuTs pacxoa BOABI U CKOPOCTh MCTEUCHUS Yepe3 KPYIJioe CEUCHHE TUAMETPOM =

0,35 m, H=3m, #=0,65, ¥ =0,96. CxopocThio Haropa npeHeopeys.

2. Bopa BeITeKaeT U3 3aKpBITOrO pe3epByapa B arMocdepy uepe3 orBepctre auamerpom d = 20
MM U K03 dunrentom pacxoaa pu = 0,62. I'mybuna norpyxenus neatpa orsepcrus h = 0,45
M, W30BITOYHOE JaBJICHUE Ha MOBEpXHOCTH kuakoctu pOu = 8,3 klla. Onpenenuts pacxon
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xuakoctu. Kak usmeHUTCs: n30bITOYHOE JTaBJIeHHE JJIs MPOIyCcKa TOTO K€ pacxofa, eclid K
OTBEPCTHUIO NIPUCOCTMHUTD BHEITHUI Haca1oK utuHOoM | = 0,1 M.

1P

h

of

3. U3 orBepcrus auamerpom d = 0,4 cM B TOHKOW CTEHKE pe3epByapa BBITEKAaeT BOJa,
umeromas temmeparypy t = 18°C;. OtBepcTre pacmonokeHo Ha Bbicore h= 8 M Hax
MOBEpXHOCThIO 3eMiH. [locTosiHHBIN Hamop Boabl B pesepByape H= 6 m. Omnpenenutsb

pacxoq U CKOPOCTb HCTCYUCHUS, a TAKIKE PACCTOAHUA X, Ha KOTOPOM CTPysSd KOCHCTCH
ITOBCPXHOCTHU 3CMIIU.

Woh N
'/.-‘."J}f/ff.ﬂ"}f/f."}) //ff.ﬂ"f///fff//j'.ﬂ‘z‘.
%

4. Ompenenuth pacxop xuinkocta (p= 800 I(F/Mg), BBITEKAIOIEH M3 Oaka depe3 OTBEpCTHE
IUIOIAABI0 Sg = 1 oM.

[Tokazanue pTyTHOTO MPUOOPa, U3MEPSIOIIETO JaBIeHHe Bo3ayxa, h = 268 mm, Beicota Hp =
2 M, ko3¢ durnmeHT pacxona oreepcrus L = 0,60.

|

5. Ompenenuthb pacxo. Bojbl uepe3 orBepctue auamerpom d = 0,08 M, koapduUIMeHT pacxoaa

kotoporo u= 0,65, ecnu mokazanue maHomeTpa pu3d = 150 klla, a BbIcOTa yCTaHOBKH
MaHOMETpa HaJl 0Cbo oTBepcTHs h = 1,5 M.
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Iopsiaok BbINOIHEHUS PA0OTHI:
1. Pemute 3a7a4m, COTJIAcHO 3aJaHUS

Xox padoThI:
BrinoaHuTh 3a1aHUE
3alMTHTh MPAKTHYECKYIO PaboTy

®opma npeacraBiaeHus pe3yabTara:
Otuer 0 mpojenaHHOW paboTe NOJKEH COAEp)KaTh Ha3BaHME W 1I€JIb PabOThI, OMHMCAHME XOJa
paboTHI, SMIOPY.
BrIBO/IBI Tpe0CTaBUTH B TUCBMEHHOU (hopMme.

Kpurtepun onenku:
3a KaXIblid MPaBWIbHBINA OTBET — 1 Oas.
3a HemnpaBWIbHBIN O0TBET — () OasUIOB.

Tponert KauecTtBeHHas oreHka HHAUBUYaIlbHBIX
00pa3oBaTeNbHBIX TOCTHKCHUI
pPe3yNbTaTUBHOCTH S
(MpaBUJIBHBIX OTBETOB) BepOaIbHBINA aHAJIOT
(oT™meTKa)
90 + 100 5 OTJIMYHO
80 +~ 89 4 XOPOIIIO
70 +79 3 yJIOBJICTBOPUTEIHHO
Mmenee 70 2 HE YJIOBJIETBOPUTEIHHO

Tema 1.10 B3aumoaeiicTBHe MOTOKA *KUAKOCTEN ¢ TBEpA0ii Mperpaaoi

IIpakTuyeckas padora NelS
Pac4yér cni1 B3auMoneicTBUs CTPYH KMIKOCTH HA NIPerpamxy

He.m; paﬁoTbI: HpI/IO6peCTI/I HAaBBIKH pAaCuCTa CHUJI JaBJICHUA HA THO U CTCHKHU COCYya.

Beimosnus patdory, Bel Oyaere:
YMETh: BBIIIOJIHATH PACYET CUJI IaBJIEHUS HA THO U CTEHKHU COCY/a.

MarepunanbHoe obecnedeHue:
MeTtoaudeckue yKka3aHusl K MPOBEACHUIO MPAKTUUECKON padOoThl, pa3laTOYHBIA MaTepua

3ananue: HCHOJ’IBSYSI HN3YUCHHBIC 3aKOHBI, PCIONHUTE CICAYIOINHUEC 3aaadyd, U OTBECTHTC Ha
KOHTPOJIbHBIC BOITPOCHI.

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

Howmep 3agaun 1,2,3 1,2,3,4 1,2,3,4,5

Kparkue TeopeTuueckue cBe1eHHA:
JaBnenue xunkoctu Ha riyoune h ompegensercs mo ¢opmyne (1) p = pgh (bopmyna
rupocTaTudeckoro nasienus). (1)
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['unpocraTnyeckoe naBieHUe Ha 000 TiTyOuHEe BHYTPH KHJIKOCTH HE 3aBUCUT OT (POPMBI
cocy/la, B KOTOPOM HAaXOJAWUTCSA MKHUAKOCTb, M PAaBHO IMPOU3BEIEHHUIO IUIOTHOCTU KHUJIKOCTH,
YCKOpEHHUsI CBOOOTHOTO Na/IeHUs U TITyOMHBI, Ha KOTOPO# paccMaTpUBaeTCs JaBlieHHE.

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

rae h — rryOuHa morpy)keHusi paccMaTpuBaeMol ToUkd. [IprBeIeHHBIC BBINIE BBIPAKECHUS
Ha3bIBACTCS OCHOBHBIM YPaBHEHHEM THIPOCTATUKH. BenmnumHa y-h mpepcramiser Bec CTONOMKA
HJIKOCTH BBICOTOH h C III011a/1b10 OCHOBAHUSI, PAaBHOM CIIMHHUIIC.

AOCOJIIOTHBIM JaBICHUEM Pysc HA3BIBACTCS JABJICHUE, OTCUUTHIBAEMOE OT IMOJHOTO BaKyyMa.
OnHuM #3 BHIOB aOCOJIFOTHOTO JABIICHHS SBISETCS aTMOC(HEPHOE AABICHHEP,r., KOTOPOE TAKXKe
Ha3bIBaeTCs bapomempuueckum. HopmansHoe armocdeproe naBnenue pasuo 98,1 klla.

OTHOCUTENBLHBIM JaBJICHUCM HA3bIBAIOT JAaBJICHUC 110 OTHOLICHUIO K JPYruM BHUAaM
JaBJICHUA (4allle BCero K aTMoc(hepHOMY Par). OTHOCUTENBHOE JaBICHUE MOXKET ObITh OOJbIIE WK
MeHbIIIe aTMOCc(hepHOTo.

JaBnenue Oojbliie aTMOC(HEPHOTO Ha3bIBACTCS M30BITOYHBIM (Pyis6)HIIH MAHOMETPUIECKUM
naBICHUEM (Pyar) ¥ OLIPENEIseTCs: cOoTHOLIeHHEM (3):

pn36: pmaﬁ = pa6c - paT (HPI/I pa6c paT)a (3)

JlaBneHue MeHblIe aTMOC(HEPHOIO HA3bIBAIOT Pa3peKEHUEM WM BaKYyMMETPUUECKUM
naBieHUEM (Ppax). 32 BEIMUYMHY BaKyyMa NPUHHMAIOT HEJIOCTATOK JIABJICHHS IO aTMOC(EpHOro,
dbopmyna (4):

Psax= Par = Pase (HPPI Pase paT)a (4)

3a eqununy aasnenus B cucteme CU mpunsaT mackans: 1 Ila = 1 H/m%; YKPYITHEHHBIMU
eTUHUIaMU ABIgroTCs: kKutonackainb 1 kIla = 1000 ITa u meranackans 1 MITA = 1000 xI1a.
B TexHMKE IPOA0IIKAIOT MPUMEHAITH M BHECHCTEMHBIC SMHHIIBI — TEXHUYECKYIO aTMochepy
u Gap: 1 ar = 1 kre/em® = 98,1-10° ITa = 98,1 xI1a;
1 6ap=1,02ar = 100-10° [Ta = 100 kITa.

1. B akBapuym™m BbicoToit (50 + BapuanT) cM, anuHo# (70 + BapuaHT) cM u mupuHoit (30 +
BapMaHT) CM HajJMTa BoJa. PaccunTaiite gaBineHue BO/bI HA THO aKBapruyMa M Ha €ro
CTEHKH, €CIIU BOJIa HE JIOXOJUT J10 BepXxHero ypoBHs Ha 10 cMm. Eciu Obl B 3a1aue
CIpAIINBAIOCh HE IaBJICHHE BOJIBL, @ IPOCTO «JaBJIEHUE HA JIHO COCY/a, TO YeM Obl
OTJIMYAJIOCh PEIIEHUE U OTBET?

3aoaua pewaemcs no ghopmyne (1) ona onpedenenus dasnenusi 600bl Ha OHO cocyoa. Jns
onpeodeienus 0asleHUs Ha CMeHKU ONpedensiemcs YeHmp 0asieHusl, KOMOPblil PACNOIO0NCEH

nocepeoute. Ilpeosapumenvro edunuyvl usmepenus nepegooamcs 6 cucmemy CH.

2. Omnpenenure ryOUHY MOTPYKEHUS BOAOJa3a, €CITU HA €0 WUTFOMHHATOP ACHCTBYET
nasnenue (200 + Bapuanr) klla.
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3aoaua pewaemces no ghopmyne (2), uz komopotii ciedyem vigecmu Gopmyny 0us
onpedenenus h. [lpedsapumenvro edunuysl usmeperus nepegooamecs 6 cucmemy CH.

3. Ompenenure MIOTHOCTH MOJIOKA HATUTOTO B OMIOH, €CIIM AaBJIeHHE Ha THO cocTasisieT (10
+ Bapuanr) klla, a BeicoTa OugoHa 1M.
3aoaua pewaemcs no ghopmyne (2), uz komopotii ciedyem vigecmu Gopmyny 0is
onpeoenenus h.

4. OrmpenenuTte ryOuHy NorpyxeHus 0aTuckada, eciiu Ha ero WUTFOMHHATOP ITUIOMIA/IBIO
(0,12 + 0,01 Bapuanr) M? JIABHT BOJIA C CHIIOH (2 + 0,1 Bapuant) MH.
3adaua pewaemcs no ghopmyne (1), uz komopoii ciedyem gvigecmu hopmyay 0s
onpedenenus h. [lpeosapumenvro edunuysl usmeperus nepesoosamecs 6 cucmemy CH. /lasnenue
onpeoensemcs Kaxk cuid, 0eleHHas Ha niouaob.

5. BbluncnuTe AaBlICHUE U CUITY JIaBJICHHUS KePOCUHA Ha JTHO Oaka romiaasto (0,5 + 0,01
BapHUAHT) M2, €CIIH BBICOTA CTOJI0A KepocuHa B Oake (40 + BapuaHT) cM.
Haesnenue onpedensemcs no ¢hopmyne (1), cuna oasnenuss onpeoensemcs Kaxk npousgedeHue
daenenusi Ha naowaosw. llpedsapumenvrno eounuysl uzmepenus nepesooamcs 6 cucmemy CH.

Ipumep pewenus 3aoayu:
Onpenenure TIyOUHY MOTPYyKEHUs OaTrcKada, eCii Ha ero WLTIOMUHATOP TuIomasio 0,12
M IaBUT Boda ¢ cuiioi 2MH.

Jlano cn Pemenue:
: IInotHOCTH BOABI IpHUMaeM p = 1 000 kr/m®,
S=0,12M* | 2000 000 H YckopeHnue cBOOOAHOTO NaieHus puHuMaeM g = 9,81 m/c?,
F =2MH Jl1st onipesiesieHust 1aBJIeHUsI BOJIbI BOCTIONb3yeMcst popmynon p = F/ S
p=F:S=2000000:0,12 = 16 666 667 I1a
h=? Jlnig onpenenenus riyOuHbI IOrpykeHus npeodpazyem dpopmyiy (1):
p=pgh, otkyna h=p/ pg=16 666 667/ 1000 *9,81 = 1699 m = 1,7 kxm

Otser: h=1,7 xm

IHopsinok BbINMOJIHEHHs PA0OTHI:
1. Pemmuths 3agaun, COIVIACHO 3aJaHUs
2. KoHTpOJIbHBIE BOMPOCHI:

1) ®opmyna ruapPOCTATUYECKOTO AABICHUS.

2) OCHOBHOE YpaBHEHHUE TUIPOCTATHKH.

3) Kakoe naBneHne Ha3pIBatOT aOCOTIOTHBIM JIaBICHHEM?

4) Kakoe aB/ieHHE HAa3bIBAIOT OTHOCHTEIBHBIM JIaBICHHEM?

5) Kakoe naBneHre Ha3bIBAlOT MAHOMETPHUYCCKUM JIaBICHHEM?
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6) Kakoe naBneHre Ha3bIBAIOT BAKYYMMETPHUCCKUM JIaBICHHEM?
2
7) Ckomnbko [1a copepxkurcs B 1 kre/cm

Xopn padoThl:
BeinonuuTs 3ananue
3aluTUTh NPAKTUYECKYIO padoTy

dopma npeacTaBiIeHus pe3yJbTarTa:
Otyer 0O mpojenaHHON paboTe MOJKEH COJepXaTh Ha3BaHWE W II€Jb PabOTHI, OMUCAHUE XO0J]a
paboThI, AMIOPY.
BbIBOIBI IPEIOCTABUTD B IIUCBMEHHOH opMeE.

Kpurepun oneHku:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HempaBWIbHBIN 0TBET — () 6aJUIOB.

KavecTBeHHast OIICHKA WHIMBHTYaTbHBIX
Iponent 00pa3oBaTeNbHBIX TOCTHKCHUI
PE3YJIbTATUBHOCTH .
(TpaBWIIBHBIX OTBETOB) BepOAIbHBINA aHAJIOT
(oT™meTKa)
90 + 100 5) OTJINYHO
80 +~ 89 4 XOPOIIIO
70 +79 3 yJIOBJICTBOPUTEIHHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO

Tema 1.12. I'mapaBiaudeckuii ynap B Tpydoonposoaax

IIpakTnueckoe 3ansaTue Ne 16
Pemenne 3a1a4 Ha onpejeeHue pacxoaa *KUAKOCTH Yepe3 OTBEPCTHS M HACAIKH H
TUAPaBJIUYEeCKHUil yaap

Heap padorei: dopMupoBaHHE YMEHHMI ONPEAEIATh PACXOJ )KUIKOCTH YEPE3 OTBEPCTHE
HaCaJIKH.

Beinosinus padory, Bel Oyaere:
yMeTh: OOBSCHUTH HPUPOAY KOI(PPHUIMEHTOB pacxoja >KUAKOCTH CKOPOCTH HCTEUYEHUS
KHUJKOCTU Yepe3 OTBEPCTUSl U HACAIKU.

MarepuaabHoe o0ecrieyenue:
MeTtoauueckue yKa3aHus K IPOBEACHUIO MPAKTUYECKON padoThl, pa3laTOYHBIN MaTepua

3aganue: Pemure 3agaun.
1. OmnpenenuTs pacxoa BOABI U CKOPOCTh UCTEUCHHUS Uepe3 KPYIJIoe CeueHue TUaMEeTpoOM =

0,2 M, H=4m, #=0,62, ?=0,97. CxopocThio Hariopa npeHe6peds.
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2. Hacoc, pazsuBas naBnenue 500klla, mepexaunBaer 10M3 /4 KUIKOCTH, YACIBHBIA 00BEM
1,14 103 m3 /xr, amamerp TpyOompoBoga 0,2M. Ompenenuts MPOU3OUIET U pa3pbiB
TpyOOIIpOBOZIa B pe3ysbTare TUAPOyAapa, eciu a=>5m/c, a TpyOompoBOa CIOCOOCH
BbIAepkaTh S50k ]a.

3. Ompenenuth MCHOBEHHOE IMOBBINICHUE NABICHHUS B TPYOOINPOBOJE MPHU THUAPOYIAPE, €CIIU
nuameTp Tpyoborporoaa 200mm, pacxon 200m3 /4, a=1300 m/c.

4. OmnpenenuTh yBEIWYEHHUE JaBICHUS B CTaIbHOM TpybOompoBome mmmHOW 120M 1pm
3aKPBITUH 33/IBFKKH B TedeHnu 2¢, ecinu V = 3m/c; p =900 xr/ m*; a= 1200 m/c.

KpaTrkue TeopeTnyeckue cBeieHUs:

HcreueHne XKHUIKOCTH uepe3 OTBEPCTHE MOXKET IPOUCXOAUTh IIPU IOCTOSTHHOM U
IepeMEHHOM Hanope. Eciu ucredeHne *HUAKOCTH Yepe3 OTBEPCTHE NPOUCXOAUT B aTMOchepy HIIu
JpPYTyI0 ra30ByI0 Cpely, TO TaKoe OTBEPCTHE Ha3bIBaeTCs He3aToIuleHHbIM. Ecin ke ucredeHue
UJET 10J] YpOBEHb, @ HE B aTMOC(epy — 3aTOIICHHBIM.

ITpu ncreuenuu cTpyu B aTMocepy U3 Majoro OTBEPCTUS B TOHKOM CTEHKE MPOUCXOIUT
u3MeHeHne (GOopMBbI CTpyW IO €€ JJMHE, HazblBaeMoe HHBepcHuel crpyu. OOycimaBimMBaeTcst 3TO
SBJICHUE B OCHOBHOM [JE€HCTBHEM CHUJI TIOBEPXHOCTHOTO HATSKEHHMsSI Ha BbITEKAIOIIHE
KPUBOJIMHENHBIE CTPYWKH U PA3IMYHBIMU YCIIOBUSIMU CXaTHsI IO IEpUMETpY oTBepcTus. HBepcus
OoJIbIIIe BCETO MPOSIBIISETCS MIPH UCTCUYCHUN U3 HEKPYTIIBIX OTBEPCTHUH.

PaccmMoTpuM ucTeueHHE >KUJIKOCTH 4Y€pe3 OTBEPCTHUE B TOHKOM CTEHKE IPU IOCTOSHHOM
Hanope. OTBepcTHE B TOHKOH CTEHKE — 3TO OTBEPCTHE, AMAMETP KOTOPOro MHUHMMYM B 3 pasa
OOJIbIIIE TONIIUHEI CTEHKH, T.€. do> 30.

IIpu ucTeuyeHnu KUIKOCTH, Yepe3 OTBEPCTUE B TOHKOM CTEHKE Ha HEKOTOPOM PAaCCTOSHUM OT
creaku (1 = do), nmpoucxonut cxarue crpyu. Ilmomans KUBOro ceyeHus: CTpyu OyleT MEHbIIIe
IUTOIAZM OTBEPCTUS. DTO OOBACHSETCS TEM, YTO YacTHUIbl JKUAKOCTH IpPU BXOJAE B OTBEpPCTHE
HUMEIOT CKOPOCTH Pa3IMYHbIX HaIlpaBJICHUH.

Crpys oOTpbIBaeTcs OT CTEHKM y KPOMKH OTBEPCTHUS M 3aT€M HECKOJBKO CXKUMAETCS.
Hunuaapuyeckyto Gpopmy cTpys IPpUHUMAET HAa PACCTOSIHUM, PABHOM IPUMEPHO OJHOMY TUaMETPy
orBepctus. CxxaTHe CTpyd OOYCIOBIEHO HEOOXOAMMOCTBIO IUIABHOTO MEpPeXoAa OT Pa3IHMYHBIX
HaIpaBJICHUN JBUKEHUS JKUJKOCTH B pe3epByape, B TOM 4YHCIE OT pPagUalbHOTO ABMXKEHHUS IO
CTEHKE, K OCEBOMY JBMKCHHIO CTPYH.

!

a— B atMoc(epy; 6 — o1 ypOBEHB )KUKOCTH
Pucynok | - Mcreuenne &uaKOCTH Yepe3 OTBEPCTUE B TOHKOM CTEHKE

Cxxarue CTpyH xapakTepusyeTcsi KOd(P(GUIIMEHTOM CXKAaTHs — OTHOIICHHWE IJIOMIAId CEUCHHUS
CTPYH B ME€CT€ HAaMOOJBIIEr0 CKATUS K CEYCHUIO OTBEPCTHSI.




rae Scxk- MIIOLAAb )KUBOIO CEUEHUS CTPYH; S - IJIOLAAb OTBEPCTHUS.
Koaddurment cxxatus e onpeaensieTcst OnmbITHBIM IyTeM U JUIsl KPYTJIBIX OTBEpCTH paBeH 0,64.
3ajadyeil pacuera MCTEUEHHUS >KUJKOCTEH SIBJIETCS OIpEAEIEHHUE CKOPOCTH M pacxoja Ipu
uctedeHnd. CKOPOCTh UCTEUEHHUS ONpeAeTuM 1o ypaBHeHuto bepuymmu. Jlns 3Toil nenu 3anuinem
ypaBHeHHE bepHyum Uil peaibHOM JKUIKOCTH JUIsl IBYX KUBBIX cedyeHui 1-1 u 2-2, mposens
IJIOCKOCTh CPABHEHUS Yepe3 OCh OTBEPCTHUSA:
< 4t
z, +ﬁ+ﬂ:22 +i+&+}zn
2g rg g re
B ceuennnu 1-1 reomerpuueckuii Harmop z1= H, a B ceuenun 2-2 z2= 0. Cocya OTKPBIT, UCTCUCHHE
4yepe3 OTBEPCTHE MPOUCXOTUT B MPOCTPAHCTBO C aTMOC(HEPHBIM JaBICHUEM, ClIeIoBaTeNbHO pl =
P2 = pa. CKOPOCTbIO B IIOIIEPEYHOM CEYEHHMM COCYJla 110 CPAaBHEHHUIO CO CKOPOCTBIO B OTBEPCTUU
MOXHO MpeHeOpeub, T.e. MpuHAThH W1 =0. CKOPOCTh B ceueHuH 2-2 W2 = WC.
CnenaB COOTBETCTBYIOIIME [TOACTAHOBKU U COKPAILEHHUSI, TOJIYUUM:

W

2g
B BhIpaxkeHu# motepu Hamopa hm Ha3bIBAIOTCS MECTHBIM COMPOTHBICHUEM U OMPEICIISIOTCS IO
dbopmyie:

j2

+h,

-

w
M 7
2g
rae { (3era) -k0d((HUIUEHT MECTHOTO CONPOTHUBICHUS (I BXoaa B TpyOy 0e3 3aKpyrieHHBIX

kpomok (= 0,5, a ¢ 3akpyrieHHbIME KpoMkamu (= 0,1).
Takum o6pazom:

St

o=

il

u

1

2
1 ¥

4 O
H=—t+h =(1+&}-=
Tk (1+& 2o
OTKY/1a OKOHYATEJIbHO MOTyYaeM:
i
W= 2gH
i+7
1
+

Bennunna ¥ HasbIBaeTcs Kod>(p(QUIUEHT CKOPOCTH U 0b03HadaeTcs uepes ¢. Kosdpuuuent

¢ TpencTaBisieT cOOOM OTHOIIEHUE JEWCTBUTEIBHONM CKOPOCTH HCTEUEHHS K TEOPETUYECKOM,
OIPEIEAETCS ONBITHBIM ITyTEM.
TakuM 00pa3oM CKOPOCTh UCTEUEHUS PEATbHOM KHUAKOCTH:

w=g,/2egH

3Hast CKOPOCTh UCTEUEHUS KUIKOCTH MOXKHO OTPEIETUTh PACcX0/ )KHIKOCTH Yepe3 OTBEPCTHE:

Q - Sf}k" "W

IloacraBnss 3HAYCHU, JJIS1 CKOPOCTU U I(OB(b(I)I/II_II/IeHTa CIKaTus MoJIydacM:

O=¢ - 5S-p-j2gH

rze € — KoaUIHUEHT CKaTus CTPYH,
S — mIomaab OTBEPCTHS,
¢ — K03 PUIMEHT CKOPOCTH,
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[TpousBenenne KodpduUIMEHTa CXKATHS CTPYH Ha KOIPPHUIMEHT CKOPOCTH HA3bIBAETCS
kod(durmenTom pacxoaa u obozHavaercs p. CienoBaTenbHO:

H=e-0
N ypaBHeHue pacxozaa yepe3 OTBEPCTHUE I10Jy4aeT OKOHYATEIIbHBIA BUJL:
O=u-5./2gH

B mpakTuke 4acTO MPUXOIUTCS MMETH N0 C MCTEUYEHUEM KHJIKOCTU HE B aTMocdepy U HE B
ra3oByl0 Cpelly, a B MPOCTPAHCTBO, 3aIOJHEHHOE 3TOM MKUIAKOCTBbIO. TakoW cilydall Ha3bIBAECTCS
HCTEYEHUEM I10/1 YPOBEHb WIIM UCTEUEHUEM YEPE3 3aTOINIEHHOE OTBEPCTHUE.

R
=

H

Pyl
7
l
!
o
\I\.‘i]\-\'\\
j;

-89 9 ,;u B sTOM ciydae BCsl KHHETHUYECKAst SHEPTUS CTPYH TEPSCTCS
‘v ¥ Ha BUXpeoOpa3oBaHue, KaK MPH BHE3AITHOM PACIINPEHUU.

Or)

mi’J'[;T

Pucynok 2 - Ucreuenue 1o ypoBeHb

[lpy wcTedeHUH TOJ YPOBEHb pacueTHbie (OPMYJbI JUIS CKOPOCTH W pacxoja OCTAIOTCS
NPEKHUMH, TOJIbKO H mpuHUMaeTcs Kak pa3sHOCTh ypoBHEW. IIpu nMCTeYeHUH depe3 OTBEpCTHE B
OOKOBOW CTEHKE HAIoOp HE OyAET OJUHAKOBBIM JUIS BCEX TOYEK IO CCUCHHUIO OTBEPCTHSI, B STOM
cllydae pacxo]l JKUIKOCTH MOXET OBITh ONPENIEICH MyTeM CYMMHUPOBaHUS, T.C. HHTETPUPOBAHUS
AIIEMEHTAPHBIX PACXOJIOB IO BCEMY CCUCHHUIO OTBEPCTHSI.

[Tpu ucTeYeHUH XHUIKOCTU Yepe3 KOPOTKUU IMIMHAPHUYECKUI MaTpyOOK (HACAIOK) MPOUCXOIUT
JOTIOJTHUTEIIbHAS TIOTEPST SHEPTHH, TJIABHBIM 00pa30M BCIICJACTBUU BHE3AIMHOTO PACIIMPEHUS CTPYH
B MaTpyoKe.

st e
—
™y

|
Yillls

I

Pucynok 3- Mcrteuenue uepes Hacagok

[TosTOMYy CKOPOCTH MCTEYEHMS KMIKOCTU 4epe3 MaTpyOOK MEHbIIE CKOPOCTU €€ MCTEUCHHS
yepe3 OTBEPCTHE B TOHKOW CTeHKe. Bmecte ¢ TeM, pacxoi KUIKOCTH, BBITEKAIOIIEH 4epe3
naTpyOok OoJjbllle, YeM MpHU UCTEUEHUHU uepe3 oTBepcTue. Tak Kak cTpys, IMoclie BX0Ja B HACal0K
C)KMMaeTCsl MPUMEPHO TaK K€, KaK U MPU UCTEUEHUU Yepe3 OTBEPCTUE B TOHKOW CTEHKE, a 3aTeM
CTpysl TOCTENEHHO pACIIUPSETCS 0 pPa3MEpPOB OTBEPCTHS M W3 HAcaJKka BBIXOIUT IOJIHBIM
ceueHueM. [loaromy kosduiment cxaTus CTpyd Ha BbIXOJ€ U3 HaTpyOka e=1, 4yTo MPUBOAUT K
MOBBIIIEHUIO 3HaUEHUs KOA((PUIIMEHTA pacXo/ia [l U COOTBETCTBEHHO pacxo/ia KUAKOCTH.
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BHemHuii nMaMHAPUYECKH HAacaZoK MOXET ObITh 3HAYMTENIbHO YIYUIIEH IYTeM 3aKpyTJICHUS
BXOJTHOM KPOMKH WJIM YCTPOMCTBA KOHUYECKOTO BXO/A.

— — = —
— 45__'__' C =37 ——
—~y = ¢5——H —_ f= =71 _PI‘I_ —
—g o]  ——f—— 7t b £ = 1 —
- o -

B = VY,

Pucynok 4- McTedeHue )KUIKOCTH Yepe3 HACAIKU
a - paCUIMPSIIOUIUECS KOHUYECKHE; O - Cy>KaloIIHecss KOHUYECKUE; B - KOHOUJAIbHBIC; T -
BHYTPEHHUE ITUIMHAPUYECKUE.

Konunyeckn cxonsuiyecss U KOHOWUJANbHBIE HACaIKW MPUMEHSIOT TaM, IIe HEe0OXO0IUMO
MOJIYYUTh XOPOILYI0 KOMIAKTHYIO CTPYIO CPaBHUTENBHO OOJBLION JUIMHBI IPU MaJIbIX MOTEPAX
SHEpPruu (B HAMOPHBIX OpaHICHONWTaX, THIPOMOHUTOpaxX U T.A.). KoHnYecku cxonsuiuecs: Hacaaku
HCHOJIB3YIOT JJIsl YBEJIMYEHUS pacxojia UCTEUEHMsI IPU MaJIbIX BBIXOJHBIX CKOPOCTSIX.

IMopsinok BbINoJIHEHUS PadOTHI:
1. Peminth 3amauu, COIVIACHO 3a/laHUs
2. OTBETUTH Ha KOHTPOJIbHBIE BOMPOCHI:
1. HazHaueHue ruipaBIMyecKoro HacaJka.
2. OTiim4uTeNbHbIE 0COOCHHOCTH BHEIIHETO IIMJIMHAPHYECKOTO W BHYTPEHHETO IMIMHAPHYECKOTO
HacaJKa.
3. Harmucats opmyiier: pacxoa, CKOpocTH, K03 (HUITHEHTA CTPYH.
4. ITpuMeHeHHne HaCcaKOB.
5. Kakoe otBepcTre Ha3bIBaeTCs MaIbIM?
6. Kakyro cTeHKy Ha3bIBalOT TOHKOM?
7. Kakoii Bug umeet popmMysia pacxo/ia *KHUIKOCTH Yepe3 MaJloe OTBEPCTUE B TOHKOM cTeHKe?
8. Ilouemy npu ycTaHOBKE Haca/Ka MPOUCXOAUT yBEIUYEHHE pacxoaa?

Xonx padoTsI:
BrinoaHuTh 32/1aHUE
3amuTUTh MPAKTUYECKYIO paboTy

®opma npeacTaBiaeHus pe3yJabTara:
Otuer o mpojenaHHOM paboTe MOJKEH CoAep:KaTh Ha3BaHHME W IIeJIb PabOThI, OMHCAHHME XOJa
paloThbI, FIIOPY.
BrIBOIBI TpE10CTaBUTH B TUCBMEHHOM (popMe.

Kpurepum ouenku:
3a Kax[blid TPaBUWIBHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () 6aJIOB.

I KadecTBeHHast OIICHKA WHIMBHYaTbHBIX
OLICHT .
pon 00pa3oBaTeNbHBIX TOCTHKECHUN
Pe3yabTaTUBHOCTH on
| .
(MIpaBHIILHBIX OTBETOB) BepOaJIbHBIN aHAJIOT
(oT™meTKa)

90 + 100 5 OTJINYHO

80 + 89 4 XOpOIIIO

70 +79 3 YJIOBJICTBOPUTEIHHO
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MeHee 70 | 2 | HE YJOBJIETBOPUTEIBHO

IIpakTnyeckoe 3ansaTue Ne 17
Pemenne 3ana4 Ha pacyeT TPyOONPOBOJAHBIX CHCTEM M HCIOJIb30BAHNE TEOPHUHU MOI00US
¥ MO/IeJTUPOBAHUSA TMAPOANHAMHUYECKHX NPOLECCOB

Leas padorbl: [IpnoOpecTy HaBBIKM pacueTa TPyOOIPOBOJHBIX CUCTEM

Boinosinus padorty, Bl Oynere:
YMETb: BBIIIOJIHATH pacueT TPyOOIPOBOAHBIX CUCTEM

MarepuajibHoe o0ecnieueHue:
Metoanyeckue yka3zaHHs K MIPOBEACHUIO IPAKTUIECKOH paboThl, pa3IaTOYHbIN MaTepua

3agaHue: BHINOJIHUTH pacyer.

Kparkue TeopeTuueckue cBeeHHA:

K oCHOBHBIM MapameTpaM, XapakTepU3yIOIUM pabOTy HACOCOB OTHOCATCS: I0Jla4ya, Harop,
9YacTOTa BPAIICHUS BaJla, MOIIIHOCTb, KO3()(PUIIMEHT TOJIE3HOTO ACHCTBHSL.

Ilomaueit Hacoca Ha3bIBAETCSI KOJIMYECTBO JKUAKOCTH, IOJAaBA€MOE HAcCOCOM B EIUHUILY
BpeMeHH. Ecim mojady u3MepsioT B €IMHUIAX 00beMa, TO €€ Ha3hIBalOT 00BEeMHOM 1 0003HAYAIOT:
Qv (MZ/C).

Cuctemoit CH BBemena maccoBas mojgada Qm (Kr/c) — macca KHIKOCTH, I10JaBaeMOU
MAaIlIMHOW B €IMHUILY BPEMEHHU:

Qm=p-Qv,

TJie p — IJIOTHOCTh CPeibl, KI/M>.

JlelicTBUTENbHAs MOjaya MO psAAy HNPUYMH BCErJa MEHbIIE TEOPEeTHUECKOM, Tak Kak H3-3a
HECBOEBPEMEHHOW TOCAJKH KIIAMAaHOB YacTh JKUIKOCTH YXOJUT O0OpaTHO, a TaKke  H3-3a
HECBOEBPEMEHHOIO TMObEMa BCACHIBAIOLIETO KJlallaHa, BCAChIBAHWE HAUMHAETCS HE B Haydase Xoja
MOPIITHS ¥ M3-3a HETUIOTHOCTEH B CANbHUKAX, ()IaHIAaX, MAHXKETaxX, KJalmaHaxX MPOUCXOMAT YTEUKU
KHUJIKOCTU. Bce dakTopsl, CHIKAIOIIME TEOPETUYECKYIO 110/1a4y HAacoCa, YUUTHIBAIOTCS 00BEMHBIM

ko3 duurenTom nonesnoro aeicreus: n° = 0,85-0,99.

Takum 006pa3om, elicTBUTENbHAS Moa4ya OyAeT paBHa:

Qa=Qr-n0

Hamopom Hacoca Ha3bIBaeTcsi MpUpaIIeHNue YHEPTUN SIUHHIIBI BECa KUKOCTH WM Pa3HOCTD
yIEJIbHBIX SHEPTUH, paCCMAaTPUBAEMBIX B CEUEHUSX MMOTOKA, PACIOJI0KEHHBIX Ha BBIXOJE U3 Hacoca
u nepen uum (H).

b b ]
H=H,+ faky +h,

P8
Hanop nacoca /' B nacocHoit yeranoske
JATPAUHBACTCHA HA TTOABEM KHIAKOCTH HA
FEOMETPHUCCKYIO BICOTY Hi, KOTOpas ssasercs
CYMMOIT BHICOTEI BCACHIBAHNA Nlac W BBICOTHI
HarneTanns i, obecneueHne pasHoOCTH HaNopos
(nasaennit) B cocynax: (p~p)/pg. npeooeHue
FHAPABIHUCCKOTO CONMPOTHRICHHA BO BCACKIBAIOIICM

H HANOPHOM TpYOOIpoBOAax /.
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JeiicTBuTenbHBINA Hamop OyneT 0oJbIlle TEOPETUUECKOT0, TaK KaK MPU BBIXOJE ypaBHEHUN
HE YYUTHIBAJIUCH THAPABINYECKHE KOI(PDHUIIUCHTHI TIOJIE3HOTO IeHcTBU, paBHbIA NT = 0,7-0,9:

nt=Hrt/Hn

MomtHocTh

Paznuuaror noTpebisieMyro U MOJIE3HYIO MOIHOCTb Hacoca.

[Tone3znast MomHOCTb NIIOI — 3TO SHEPrusi, NPHOOpPETEHHAs 3a EIMHUIY BPEMEHHU
HJIKOCTBIO, IpoIeAnii yepe3 Hacoc (BT):

Nmon=p-g-QH

IMonmnenii  KIIJ[ wacoca mpencraBisier coOOH OTHOIIGHHWE IIOJE3HOHM MOIIMHOCTH K
noTpeOIIeMOiA:

N =Nmoxn /N
[Tonnsnii KT/ MokeT OBITh BBIpaXKEH CICTYIOITUM 00pa3oM:
n =n0nT nmex,

rae nmex — mexanmdeckuit KITJ[, yduThiBaronuii motepu B MEXaHHMYECKUX Iepenadyax U
notepu Ha Tperue nmex = 0,95 — 0,98.

KoadduumeHnt mone3Horo neicTBUS COBPEMEHHBIX HACOCOB KoJleOJeTcs B mpeaenax
0,65+0,90.

Ilopsinok BbINOJIHEHHS PadOThHI:
N3yunTh MEeTOAMYECKUE YKa3aHUSI 110 BBHITTOJIHEHUIO PAOOTHI.
2. IlomyuuTs y mperoaaBaTensi UCXOIHbIC TaHHBIC JIJIS BBITOJIHEHHS pa0OThI B COOTBETCTBUE C
BApUAHTOM.
M3y4uTh TEXHUUYECKYIO XapaKTEPUCTUKY Hacoca
4. BBINOJHUTH pacyeT

=

w

Xoa pa6oThl:
BeinonuuTs 3a1anue
3aluTUTh NPAKTUYECKYIO paboTy

®opMma npeacTraBJIeHUd pe3yabTara:
Otuer 0 mpozaenaHHOl paboTe MOJDKEH cojepkaTh Ha3BaHHE U Lelb PadOThl, OMUCAHHE XO0Ja
paboThl, 3mropy. BeIBOABI Mpe10CTaBUTH B MHCbMEHHOM (popme.

Kpurtepun onenku:
3a Kaxk[blid TPaBUIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OaJUIOB.

KadecTBeHHast OIIEHKA WHAWBHYaTbHBIX
Hpouent 00pa30BaTENbHBIX TOCTHIKEHUI
pe3yIbTaTUBHOCTH o
(paBUJIBHBIX OTBETOB) BepOaIbHBINA aHAIOT
(oT™meTKa)
90 + 100 5 OTJIMYHO
80 +~ 89 4 XOPOIIIO
70 +~ 79 3 YJIOBJIETBOPUTEIBHO
Mmenee 70 2 HE YJIOBJIETBOPUTEIHHO
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Tema 1.1. ®uzuyeckue cCBOMCTBA JKUIKOCTEH U ra3on

JlabGoparopuas padora Nel
IToBepka Npy:;KMHHOI'0 MAHOMETpa

Leab nmoBepkm: onpezensercs Ha3HaUeHUueM npubdopa. Ecinu npubop TexHUYecKuu, To
IIpY MOBEPKE YCTAaHABIMBAIOT MPUHAMICKHOCTh MpUOOpa K MPUCBOEHHOMY €My Kjlaccy TOYHOCTH.
Knacc Tounoctu ynoctoBepsieTcss kiedMoMm Ha uudepbiare manomerpa. Ecim  mpubop
nabopaTopHbIii, TO  LEJIbI0  MOBEPKH  SIBISETCS  ONpeAeiieHHEe  BEIMYMH  IOMPABOK
Ap,KOMIIEHCUPYIOIINX OCHOBHYIO CHCTEMAaTUYECKYIO MOTPEIIHOCTh MPHU PA3IMUHbBIX MMOKA3aHUIX P
npubopa. B 3Tom ciydae pesynbrar moBepKd OQOPMIISIIOT B BHJE TIpaduka (TapupOBOYHOTO)
3apucumoct Ap =f (p).

Brinosinus padorty, Bl Oynere:
YMemb: BBIIOJIHATH MIOBEPKY NPYKUHHOI'O MAHOMETPA

MarepuanbHoe o0ecniedeHne:
Meroandeckue yka3aHusl MO BBHITTOJHEHHUIO TPAKTUYECKUX 3aHITHI U TAOOPATOPHBIX padOT

3aganue:

1. [TpoBepuTh Ha 0OPA3LIOBOM I'PY30TIOPIIHEBOM MAaHOMETPE MPYKUHHBI MAHOMET:

a) CHATh T[IOKa3aHHWs C T[OBEPSEMOr0 MAaHOMETpa U CpPaBHUTh HUX C [OKa3aHUSIMH
KOHTPOJIBHOT'O 00pa3oBOr0 MaHOMETPA;

0) BBIYUCIUTH MAaKCUMAIbHYIO a0CONIOTHYIO CHCTEMaTHYECKYI0 TOTPEIIHOCTh U JaTh
3aKJIFOUYEHHE O COOTBETCTBUHU MPUOOpa CBOEMY KJIacCy TOYHOCTH.

2. TlocTpouTh MOMPABOYHYIO KPUBYIO.

Kparkue Teoperudeckne cBeleHUs:

I[aBJ'ICHI/Ie, OTCYUTBIBACMOC OT HYJICBOI'O JABJICHHA, HA3bIBACTCA a0COJIIOTHBIM JaBJICHHUEM
Pabc. [laBnenue, mpeBblimaroniee aTMoc(hepHOe M OTCUHUTHIBAEMOE OT aTMOC(EpHOTO JaBJICHHS,
Ha3bIBaeTCs M30BITOUHBIM JaBleHWeM Puz0. JlaBneHue, KOTOpoe MEHBIIE aTMOC(PEPHOTO U
OTCUUTHIBAEMOE OT aTMOC(EepHOro AaBJICHHUs, HA3bIBACTCS BAaKyyMMETPUUECKUM JaBlieHHEeM PBax

(puc. 1.1).
Jinaus pamncan, Gonsime, Yem arMocheproe

1

Pes

P

JiEmEs aMochepHOTO MARNEREN Py

P

JIMHEN JARNCHHN, MEHBITE, SeM arMochepaoe

P
} JiHHER BYNCROIO farucHus p =0

Puc.1. - K noHATHIO H30BITOYHOTO JJaBJIEHUS U BaKyyMa.
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[Tpubopkl s W3MepeHus: JaBJICHHS BechbMa pa3sHooOpasHbl. OHM KIACCHDUIMPYIOTCS IO
Pa3UYHBIM NPU3HAKAM.

[To xapakTepy n3MepsieMoil BETHUMHBI IPUOOPHI pa3AesioT Ha TPYIIIBL:

1. ITpuGops! 171t U3MEpeHus aTMOC(HEPHOTO JaBIICHUS paT — OApOMETPHI.

2. Tlpubopsl mist U3MEpEeHUs Pa3HOCTH aOCOMIOTHOTO W aTMOC(HEPHOro MAaBJICHUH, T. €.
M30BITOYHOTO JaBICHHS pHUM Bakyyma pB. [IpuOopsl, u3Mepstone H30BITOYHOE JaBJICHHE,
Ha3bIBAIOT MaHOMETPaMH; TPUOOPBI, H3MEPSIONIMEe BaKyyM, — BakyymmeTpamu. I[IpuOopsr,
KOTOPBIMH MOKHO U3MEPSITh N30BITOYHOE JIaBJICHUE M BaKYyM, Ha3bIBalOT MAaHOBAKYYMMETPaMH.

3. Ipubopsl i w3MepeHHs aOCOJIIOTHOTO MJABICHHS P — MaHOMETPHI aOCOJIOTHOTO
nasiieHusi. AOCOTIOTHOE JTaBICHUE MOXKHO U3MEPATH TAKXKE C MOMOLIbI0 OapoMeTpa U MaHOMETPa,
eclii m3MepsieMoe JaBieHue Oosbiie atMocdepHoro (p = par + pu), a Takke Oapomerpa u
BaKyyMMeETpa, €CIH U3MepsieMoe J1aBjeHne MeHblle atMocdepHoro (p = patr — pB). MaHOMETpHI
a0COIIOTHOTO AaBJICHUS OOBIYHO IPUMEHSIOT [T U3MEPEHUS MaJIbIX a0CONMIOTHBIX JIaBJICHUN.

4. [TpuOopsI s U3MEPEHHS PA3HOCTH JaBJieHU — auddepeHimanbHble MAHOMETPBI.

5. TlpubGopbl sl W3MEPEHHUS MAJOr0 H30BITOYHOTO JABJICHUS M BakKyymMa —
MHUKPOMaHOMETPBHI.

[lo mpuHUIMIY JEHCTBUS PA3IUYalOT NPUOOPHI YKUIKOCTHBIC, TPYXUHHBIC, IOPIIHEBHIC,
AJIEKTPHUECKUE, KOMOWHUPOBAHHEIE:

e K JKHIKOCTHBIM OTHOCSTCS TPHOOPHI, OCHOBAaHHBIE HAa TUIAPOCTATHUYECKOM MPUHIUIIC
JEWCTBUS, 3aKIIOYAIONIMMCS B TOM, YTO H3MEpSIEMOE NaBJICHHE ypPaBHOBEIIMBACTCS JABIICHHEM,
CO3/IaBaEMBIM BECOM CTOJI0A KHIKOCTH, BBICOTAa KOTOPOTO CIY)KUT MEPOW JaBIICHHUSL.

e JlelicTBHE MNPYXHHHBIX MaHOMETPOB OCHOBaHO Ha NpuMeHeHHMH 3akoHa ['yka. Cuna
naBieHus 1epOpMUpPYET YHOPYTuil 3JIeMEHT Mpubopa — MPYXKHUHY, KOTOpasik MOXKET MPEACTaBIATh
coboit moiyto TpyOKy, MeMOpaHy, cuiabpoH u T. 1. [lepopmarius ynpyroro siaeMeHTa, BbI3BaHHAs
JaBJIEeHHEM, 110 3aKOHY [ yka MponopIiioHaibHa JJaBIECHUIO U CIYXKHUT €ro MEpOH.

® B OCHOBY M3MepeHusl AaBJICHMs IMOPIIHEBBIMU MPUOOpPaMM IMOJIOXKEH 3aKOH PaBHOBECHUS
TBEPJIOTO Tea, HAXOMAIIETOCs MOJ BO3ACHCTBHEM XHIKOCTH. CHia W3MEpsieMOro JaBJICHUS
KHUJIKOCTH, TIPHJIOKEHHAs K TMOPIIHIO MPHOOpa, ypaBHOBEIIMBAETCS BHEIIHEH CHIIOH, BEIWYHHA
KOTOPOW CIIY’KUT MEpPOH NaBlIeHHs. B TOM cilydae, KOrja BHEIIHEW CUIIOW SIBIIIETCS BEC I'PY30B,
HarpyXarImux MOpIIeHb, MPHOOPHI HA3BIBAIOTCS TPY30TIOPIITHEBBIMHU.

o JleiicTBUE 3IEKTPUUYECKUX MPUOOPOB OCHOBAHO HA HMCIOJIB30BAHUU MPOMOPLHUOHATIBLHOCTH
MEXy U3MEHEHHEM HEKOTOPBIX JEKTPUUECKUX CBOMCTB MaTepHajIoB U U3MEHEHUEM JIaBJICHUS.

Hanpumep, omuueckoe CONpoTHBIEHHE HEKOTOPBIX CIUIABOB MPOMOPLUOHAIBHO JIaBJICHUIO
OKpY>KaloIiel cpelibl; 3TO CBOMCTBO UCIONB3YETCs IPU U3MEPEHUHU BBICOKUX JaBlieHUH. Benuunna
AIIEKTPUUECKUX 3apsI/IOB, MOSIBITIONINXCS HA MOBEPXHOCTH KPHCTALTMYECKOTO TUDIIEKTPUKA TIPU
CKaTHUHM W PACTSDKEHHH KPHCTAIIa, MPOTOPIHOHATIbHA JCHCTBYIONIEMY JABJICHUIO; 3TO CBOWCTBO
WCTIOJB3YeTCsI IPH U3MEPEHNUHN OBICTPOTIEPEMEHHBIX TaBIICHHA.

e K KOMOMHHMpPOBaHHBIM OTHOCSTCS TPHOOPHI, WPUHIMIT JEHCTBHS KOTOPBIX HOCHT
CMEIIaHHBIN XapakTep (HarpuMep, IeKTPOMEXaHUIeCKue MPUOOpHI).

MaHoMeTpbl pazfeNsaioT Ha KIAcChl MO TOYHOCTH. YCTAHOBIIEHBI CIIEAYIOIIHME KIIACChl
TOYHOCTH MpubOpoB i usmepenus aasnenus: 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! kmaccoB TouHoct 0,5 - 6 UCHONB3YIOT Kak padoune, knaccoB 0,005 — 0,4 — kak
o0pas1oBbIe.
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OCHOBHBIMU  XapakTEepPUCTUKAMU MPUOOPOB, H3MEPAIOIINUX JIABJICHHE, SIBISIOTCA KJacc
TOYHOCTH, TUATa30H U3MEPSEMBIX JIaBIICHUH, UyBCTBUTEILHOCTD, THHEHHOCTh U OBICTPOJICHCTBHE.

A

N ‘ A-A
N nabépymo
5 SRy

27
7—

Puc. 2. - CxeMa npy>KMHHOTO MaHOMETpa

UyBCTBUTEIBHBIM 3JIEMEHTOM MaHOMeTpa (puc. 2) sBISETCS MU30THYTas JaTyHHas TpyOka
AIUTUNITUYECKOTO CeUeHHUsi 2, OJUH KOHEIl KOTOPOro COEIMHEH C MOJBOAAIIMM IITylepoMm 1, a
npyroit 3anasH. [lox neiicTBueM AaBiieHUs MIIUNTHYECKAs TPyOKa CTPEMHUTCS PACTIPSIMUTHCS, IPU
TOM 3amasHHBIA KOHEll TPYyOKH uepe3 TATY U CEKTOPHBIA MexaHu3M 4 [epeMeniaer
MOANPYXUHHYIO CTPENIKY 3 Ha HEKOTOPBIN yrol, MPOMOPIHOHATBHBINA U3MEPSIEMOMY JIaBJICHUIO.

OCHOBHBIM HEIOCTATKOM IPYXKHHHBIX MPHOOPOB SIBJISAETCS HECTAOMILHOCTh WX NOKAa3aHUH,
BbI3bIBa€Mas pPSJIOM IPUYMH: YOPYTMM  TOCJHeNeHCTBUEM  J1e(OPMUPYEMOTO  DIIEMEHTA;
MIOCTETIEHHBIM H3MEHEHHWEM YIPYIMX CBOWCTB 3TOrO 3JEMEHTA; BO3MOXKHBIM BO3HMKHOBEHHEM
OCTaTOYHBIX JAeQopMaliii B HEM; M3HOCOM IEPEeaTOYHOr0 MEXaHU3Ma. YKa3aHHBIM HEJ0CTaTOK
BBIHY)K/JJa€T TIEPUOUUECKU MOBEPATH NMPYKUHHbIE TPUOOPHI, YTOOBI MOATBEPAUTDH KIACC TOUHOCTH
WIIN OTIPEJIeNIUTh MONPAaBKH, KOMIIEHCUPYIOIME CUCTEMATHYECKHE TIOIPEIIHOCTH TPUOOPOB.

AOGCoIOTHAs MOTPELIHOCTh M3MEPEHHM — 3TO pPa3HOCTh MEX/Ay 3HAUEHUSMHU BEIMYHUHBI,
MIOJIYYEHHOM NPU U3MEPEHUHU, U €€ UCTUHHBIM 3HAaY€HHEM, BbIpakacMasl B €IMHULIAX U3MEPIEMON
BEJIMYUHBI.

OTHOcHTENbHAS MOTPEIIHOCTh U3MEPEHUSI — ATO OTHOIIEHHE Aa0COIIOTHOW MOTPEIIHOCTH K
VMCTUHHOMY 3HAU€HHUIO U3MEPSEMON BETUUHHBI.

[IpenenbHast MOrpelIHOCTD - JAMAINa30H MOTPEIIHOCTEH MU3MEPEHHUs, 3a KOTOPbIH HE JOJIKHBI
BBIXOJUTH 3HAUYEHUSI OTHOCUTEIBHOM MOTPEIIHOCTH.

IToBepka nNpy>KMHHOTO MAHOMETPA

IIpu mnoBepke mo0oro mnpuOopa CpaBHHBAIOT IIOKa3aHHUs IOBepseMOro mnpubopa ¢
MOKa3aHUsMU 00pa3I0BOroO.

[Ipu BrIOOpE 00pasmoBoro mpubopa Jis MOBEPKH YUUTHIBAIOT ClEeAylomue TpeOoBaHus: 1)
BEPXHUU Tmpenen o0pa3loBoro mnpubopa JOHKEH MpEBbINIATh BEPXHUU MpeAes MOBEpSIeMOro
npudopa; 2) MakcuMalibHasi a0COJIFOTHAsI TIOTPEITHOCTh 00pas3IoBOro Mpudopa OJDKHA OBITH, TIO
KpaliHell Mepe, B YeThIpe pa3a MEHbIIe MaKCHUMajbHOW abCOIIOTHON MOTPEIIHOCTH MOBEPSIEMOTO
npubdopa.
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PI/ICYHOK 3 - Cxema YCTAHOBKHU IJIS TIOBEPKHU NPYKUHHOTI'O MAaHOMETpPaA

YcTaHoBKa A7 IOBEPKH MPYKUHHOTO MaHoMeTpa (puc. 3) COCTOMT U3 IPy30MOPIIHEBOTO
MaHoMmetpa 12 ¢ rpyzamu 4 u Bentuisimu 6, 10, 11 npeccoBoro yctpoicTBa 2 ¢ MaxoBUKOM 1, ABYX
MPUCOCTUHUTENBHBIX THE3 3 U 7 Ui MOAKIIIOYCHHS TTOBEPSIEMOT0 M 00pa3loBOTO MaHOMETPOB,
6auka 9 u py4Horo Hacoca 8.

[Ipy BBIOJIHEHMHM TIOBEPKM MPYKUHHOTO MaHOMETpa IO IOKa3aHUSIM 00pa3loBOTrO
MPYKUHHOTO MaHOMETPA HEOOXOAUMO COONIOAATH CIIEIYIOIIEE:

1) ycTaHOBKa AOJKHA pacroiaraTbCs B MecTe, CBOOOJIHOM OT BUOpalnii;

2) Temneparypa B IOMEIIEHUU HE JOJKHA BBIXOJIUTH 3a npeaensl 17-23°C;

3) mepes NOBEPKOM MaHOMETPOB, MPeJHA3HAUCHHBIX JUIs M3MepeHus aasiaeHus p > 0,16MIla
(1,6 ar), U3 KUAKOCTH, 3aNOJIHSAIOIMIEH YCTAHOBKY, HEOOX0AUMO YIAIUTh BO3JlyX; MAHOMETPHI JUIs
U3MEpEHUs 1aBJICHUS

p <0,16 Mna (1,6 ar) cinexyeT moBepsITh HA YCTAHOBKE, 3aIIOJITHEHHOU BO3/IyXOM;

4) BKJIIOYATh W BBIKIKOYATH MPUOOPHI HEOOXOJMMO MYTEM MEJIEHHOIO OTKpPBIBAaHUS U
3aKpbIBaHUS KPaHOB;

5) orcuer mokazaHuil MPUOOPOB AOIKEH MPOU3BOJIUTHCS MOCHE JIETKOTO MOCTYKUBAHUS IO
npubopy nanableM;

6) mpu oTcyere Jy4y 3peHHs HaOIoAaTens AOJKEH ObITh NMEPHEHAMKYIApeH IudepoaaTy
npubopa U Ipu 3TOM MIPOXOAUTH Yepe3 yKa3zaTeIbHbI KOHEI CTPEIIKHU;

7) mpu MOBEpKe JIA0OPATOPHBIX W OOPA3IOBBIX MaHOMETPOB TOKA3aHHS MPHOOpa JOTKHBI
OTCYHUTHIBATELCS C TOUHOCTBIO 10 0,1 neeHns mkajbl.

IMopsinok BbINoJIHEHUs PadOTHI:

1. IToBepsiembIit 1 06pa31IOBbII MPUOOP MPUCOECTUHSIOT K YCTaHOBKE (CM. puC. 3).

2. Ilepen nauyasom paGoOTHl MOpPIIEHb 2 JOJKEH HAXOMUTHhCA B IOJIOKEHHH, OJIM3KOM K
KpailHeMy BBIABHHYTOMY, JJIi YE€ro OTKPBLIBAIOT KpaH 6 M BpallleHHeM MaxoBHKa | mopuieHb 2
yCTaHABJIMBAIOT B KpaiiHee JeBoe MmosiokeHue. L{wimHap mpeccoBoro ycTpoWcTBa ¢ MOMOIIBIO
pPYYHOTO Hacoca § 3amoOJHSIOT MacjioM, JI0 TOTO MOMEHTa, KOrja IUTYH)XXep S5 BCIUIBIBET U
PacCIIOJIOKUTCS Ha YPOBHE COBMEIICHUS PUCKH.
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3. HaznavaroT moBepsieMbie TOUKHU IIKaibl ipuoopa. [lociaeaHue nomKHbI OBITh PaBHOMEPHO
pacripeniesieHsl 1Mo Imkaje. YWcino MOoBepsieMbIX TOUYEK 3aBHCHUT OT Kjlacca TOYHOCTH Mpubopa.
ManomeTpsl ki1accoB 4 — 6 MOBEPSIIOT B TPEX TOYKAaX, KiaccoB 1 — 2,5 B msaTH, kiaccoB 0,5 u
BBIIIIE B JIECSITH TOUKAX.

4. I'py3, COOTBETCTBYIOIIMK JaBJIEHUIO B NEPBON TOYKE, HA3HAYEHHOM JUIsl NOBEPKH (BEC
rpy3a ONpeNeNsioT 10 MOBEPOYHOMY CBHJIETENBCTBY 00Pa3Il0BOrO rpy30MOPUIHEBOTO MAaHOMETPA),
MOMEIIAIOT Ha Tpy3omnpueMHyl0 Tapenky. [log muiyH:kepoM o00pa3lioBOro TIpy30MOPIIHEBOTO
MaHOMeETpa CO3/Ial0T Ja JICHUE, paBHOE JaBJICHUIO B IIEPBOIl TOUKE, HA3HAUYEHHOM J1s moBepKu. J{is
3TOr0 MOPIIEHb MPECCOBOrO YCTPOIMCTBA BBOAAT B LMIUHAP (32 CUET BpallleHUS MaxOBHKA) IO
II0JIOXKEHHUS, TP KOTOPOM ILTYHKEP BCIUIBIBET U TapejKa PaclloOkKHUTCS Ha YPOBHE COBMELICHUS
puck#u (cMm. puc. 1.3).

5. TNonkmovaroT 00pa3lOBBI MaHOMETp, JUIsI Yero OTKPHIBAIOT KpaH (BeHTW1b) 10.
@uUKCHPYIOT TOKa3aHUs 00Pa3IOBOTO MAaHOMETPA.

6. [Topuiens 2 ycTaHaBIMBAIOT B KpaiiHee JeBoe MoJioxkeHre U KpaH 10 3aKpbIBaloOT.

7. TlopiieHs MPEccOBOTO YCTPOMCTBA BBOAST B LWIMHJIP (32 CUET BpAlICHUS MaXOBHKA) IO
MOJIOXKEHHUS, TPU KOTOPOM ILTYH>KEP BCIUIBIBET U TapelKka PacloOkKHUTCS Ha YPOBHE COBMEIICHUS
PUCKH.

8. IlonkirouaroT MOBEPSEMbII MaHOMETpP, JUIsl 4ero OTKpbIBalOT kpaH 11. ®ukcupyror
[IOKa3aHUs [TOBEPSIEMOI0 MaHOMETPA

9. Omnepanuu ¢ 4 Mo 8 TMOBTOPSAIOT Il BCEro psifa IOCJIEAOBATEIBHO BO3pa TAIOIIMX
JaBJICHUH, COOTBETCTBYIOIIMX HAMEUEHHBIM JJIs1 HOBEPKH TOUKaM .

[lo mocTMKEHMM MaKCHUMAalbHOTO JaBJieHHs OOpa3LOBBIA U TOBEPSEMbIH MaHOMETPHI
BBIIEP)KMBAIOT IO JABJICHHUEM B TE€YEHHME 5 MHUH. 3aTEM IOBEPKY IPOU3BOLAT NPU TEX XK€, HO
IIOCJIEZI0BATEIBHO CHUKAIOIIUXCS 1aBJICHUSAX.

10. 3anmonustoT Tabdmn. 1.

ITokazanue ITokazanus
AbcontoTHas Bapuanus
Ne usmepenns 00pa31oBoro IIOBEPSAEMOI0 . .
. NOTPEIHOCTh Al NOKa3aHui o
MaHomeTpa p01 MaHoMmetpa, MIla
IIPYU TIOBBILLIEHUH IIpU IOHW>KEHUU IIpY NIOBBILIECHUN | IIPU IIOHUKEHUU
pr pH pm pH

®opma nmpeacTaBJieHus pe3yJbTara:
BeimonHuTs paboTy B MTUCBMEHHOM BHJIE B TETPAIH IS IIPAKTUYECKUX PadOT.
Otyer 0 mpojenaHHON paboTe BBHITIOIHSACTCS B COOTBETCTBHEM C 331aHUCM.
3adeT BBICTABIISICTCS [TOCIIE YCTHOTO COOECEJOBAHMS C TIPETIOIaBaTelIeM.

Kpurepum ounenku:
3a KaXkJplii MpaBWIbHBIN OTBET — 1 Oa.
3a HenpaBMIIbHBIN 0TBET — () GayIoB.

[IpouieHT KauecTBeHHast o1ieHKa WHANBUIYAIbHBIX
Pe3yJIbTaTUBHOCTH 00pa3oBaTeNbHBIX TOCTHKEHUN
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(MpaBUIIbHBIX OTBETOB) Oamn .
BepOAJIbHBIN aHAJIOT
(oT™eTKa)
90+ 100 5 OTJINYHO
80 +~ 89 4 XOPOIIIO
70 +79 3 yIIOBJICTBOPUTEIHHO
menee 70 2 HE YJIOBJIETBOPUTEIHHO

Tema 1.4 OcHOBHBIE 3aKOHBI THAPOCTATHKHU

Jladoparopnasi padora Ne 2
H3mepeHue rupocTaTHYECKOro AaBJIEHUs

Leap pa6otrhi: [IproOpeTeHHE HABBIKOB IO HM3MEPEHHUIO THAPOCTATUYCCKOTO JIABIICHHS
KHUJIKOCTHBIMH IPUOOPAMH.

Beinmosinus padorty, Bel Oynere:
YMETB!
- ONpEAEIATh apaMeTPhl COCTOSIHUSA PA0OUYMX KUIKOCTEH;
- HOPUMCHATHL OCHOBHBIC 3aKOHBbI THUAPOCTATUKH W TUAPOJUHAMHUKH I PCIICHHUSA AKTYAaJIbHBIX
MH)KEHEPHBIX 33/1a4;

MartepuaibHoe obecriedeHmne:
KunkoctHbiit mpubdop
MeTtoauyeckue yka3aHusl K MPOBEACHUIO MMPAKTUYECKON pabOoThl, pa3IaTOUHBIN MaTepHuan

3aganue:
O3HaKOMI/ITI>C$I C MCTOAUYCCKUMHU YKaSaHI/IﬂMI/I
[IpoBecTu n3MepeHust rTuAPOCTaTUYECKOTO JaBICHUS

ITopsinok BbINOJHEHHS PadOTHI:
1. B pesepByape | Hag XKHAKOCTBIO CO3/1aTh JAaBieHHe Bbime arMmocdepHoro (PO>Par), o uem
CBUJCTEILCTBYET NPEBBIIICHNUE YPOBHS JKUIKOCTH B IbE30METpE 4 HaJl YPOBHEM B pe3epByape U
nepernaj ypoBHe B MaHOBaKKyMMeTpe 6
2. YCTpOHCTBO MOCTaBUTh Ha JIEBYIO OOKOBYIO MOBEPXHOCTb, @ 3aT€M IMOBOPOTOM €ro 10 YacOBOi
CTpEJKe OTIUTH KUIKOCTH U3 MPaBOro KojeHa MaHOBaKKyMMeTpa 6 B pesepByap .
3. boicTpo OTKpBITH KiamaH 3 W CHATh IOKa3aHMA Mbe3oMmeTpa hn , ypoBHemepa H u
MaHOBaKKyMMeTpa hm .
4. Boruncnuth abCONIIOTHOE JaBJIEHUE HA JTHE pe3epByapa uyepe3 MOKa3aHHUs MbEe30MeTpa, a 3aTeM
Yyepes BeTUYUHbI

Xox padoThI:
BrImonHuTh 3a1aHKe TIpenoaaBaTers.
3ammTUTH 1a00PaTOPHYIO padoTy.

®opma npeacTaBiIeHus pe3yJibTaTa:
Otder o mpojenaHHOW paboTe MOMKEH COAepKaTh Ha3BaHHWE W IIeNb PaOOTHI, OMHCAHHE XOJa
paboTHI, pPUCYHOK TIpHOOpA.
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BrIBOIBI Tpe0CTaBUTH B TUCBMEHHOU (hopMe.

Kpurtepun onenku:
3a KaXIblii MPaBWILHBIN OTBET — 1 Oas.
3a HelnpaBWIbHbBIN O0TBET — () OasUIOB.

Tponert KauecTBeHHas orneHka HHAUBUYaIIbHBIX
00pa3oBaTeNbHbIX TOCTUKECHUIN
pPe3yJIbTaTUBHOCTH S
(paBUJIBHBIX OTBETOB) BepOaIbHBINA aHAIOT
(oTMeTKa)
90 +~ 100 5 OTJINYHO
80 +~ 89 4 XOPOIIO
70 +79 3 yJIOBJICTBOPUTEIHHO
Mmenee 70 2 HE YJIOBJIETBOPUTEIHHO

Tema 1., 6. YpaBHeHHe Hepa3pbIBHOCTH NPUHIMI U YPaBHeHus bepHyiin

JladbopaTopHas padora Ne 3
HNinrocrpanus ypasuenuus bepuyJsim

Lear paGoThl: ONBITHOE TOATBEpXKIcHHE ypaBHeHus J[.bepHymim, T.e. TOHWXKCHUS
MEXaHHYECKON PHEPrHH 10 TEYCHHIO M TIEpexoJia MOTCHIHUATHHOW SHEPTrUU U KHHETUYCCKYIO
00paTHO. (CBSI3U JaBJCHUS CO CKOPOCTHIO)

Beimosinus patdory, Bel Oyaere:
YMETb: IPUMEHATE OCHOBHOT'O YPAaBHCHUSA THUAPOJUHAMUKH.

MaTepI/laﬂbHOC o0ecneyenue:

MeTtoauueckue yKa3aHusl 110 BBIIOJHEHUIO MTPAKTUYECKHUX U IA0OPaTOPHBIX padboT
VYcranoBka «Kamnenbka»

KpaTkue Teopernueckue cBegeHHs

1. Onucanue ycrporcrsa [V

YerpoiictBo IV conepxut 6ak 1 u 2, coobiiaemble Yepe3 ONbITHBIE KaHAJIbI IEPEMEHHOTO 3 U
MOCTOSTHHOTO ceuenus 4. (puc. 1.)

Kananel coennHeHbl Mexay co00il paBHOMEPHO PpAaCIIOJIOKEHHBIMH IHbhe3omeTrpamu 1-V,
CIy>)KalllUMU U1l U3MEPEHUS NIbE30METPUUYECKUX HAIIOPOB B XapaKTEPHBIX CEUEHUSAX. Y CTPOUCTBO
3aMOJIHEHO MOJAKPAIEHHON BOJIOH.

B omHoM wu3 0akoB mpenycMOTpeHa IIKajga S5 Ui HW3MEPEHUs YpPOBHS  BOJBI
[Ipu nepeBEpThIBaHMU yCTpoOCcTBa Oiarojapsi MOCTOSHCTBY Hamopa MCTEYEHHsS HO BO BPEMEHHU,
o0ecrieynBaeTcsl yCTaHOBHBILIEECS ABM)KEHHE BOJIBI B HIKHEM KaHase. J[pyroit kaHai B 3TO BpeMs
MPOITYCKAET BO3/1yX BBITECHIEMbIH )KUJIKOCTBIO U3 HUKHETO 0aka B BEpPXHUH.
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Pucynoxk 1 — Cxema ycrpoiicta IV
1,2 — 6akw; 3,4 — ONBITHBIC KAaHAJIBI IEPEMEHHOTO U TIOCTOSTHHOTO CEYCHHUS; 5 —
ypoBHeMepHas mkaia; | — V — mpe30oMeTphl.

Wnmoctpanus ypasHenust bepuyinu (puc.2)

Puc 4.2
1,2 — mbe30oMeTpHYECKAs M HATIOPHAS JIWHUK,
H),H, — nonueie manopsl ( MexaHuueckue JHEPTHH ) Ha BXOJAE M
BBIXO0JI€ U3 KaHA/a;
hre,hgi,hga,hge,hp,he — oTepu nanopa: CyMMapHbIe, 10 JUTHHe Ha 1om
¥ 20M y4acTKaX, HA BHE3aIHOE CYKEHHE, MIABHBIC pacuipenue u
Cy/KEHHE.

Pucynok 2 — Mnmoctpauust ypasHeHus bepryium

ITopsinok BbINOJIHEHHS PA0OTHI
1.Ilpu 3anonmHeHHoM Oake 2( cM. puc.4.1.) mepeBepHyTh YCTPOMCTBO AJisi MOJYyYEHHUS TEUEHHS B
KaHaJie IEpEMEHHOTO CEYEHHUSI 3.
2. CHaTb nOKa3aHus nbe3oMerpa P/(pg) mo HUKHUM YacTsIM MEHUCKOB BOJIbI.
3.M3meputh BpeMs t mepeMeIeHns: ypoBHs B 6ake Ha MPOU3BOJIBHO 3a/IaHHYIO BEIMYUHY S
4.Ilo pasmepam A u B mnomnepeuHoro cedeHus Oaka, MepeMEIICHUIO YpOBHS S M BpeMeHH t
onpeaenuTs pacxoa (Q BOJbI B KaHAJE, a 3aTEM U IIOJIHBIE HAOPBI B CEUEHUAX KaHaa 10 MOPAJIKY,

yKa3aHHOMY B Tabnuie 4.1.

Tabmmia 4.1.
/1 Hanmenosauune O06o3HaueHus Ceuenns xkaHaaa
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BEJINYNH , [
(bopmyIbI 1 I Il vV | V | VI
1. [Imomwane ceueHus 0}
KaHaya, CM
2. | Cpennsisi CKOPOCTb, V=Q/®»
cm/c
3 | IIpe3omerpuueckuii P/(pg)
HArop, CM
4 | CKOpOCTHO# Hamop, V2/(29)
cM
5 [ToHbIi HamOp, H=P/(pg)+V2
cM 1(29)

Bbrueptutes B Macmtabe kaHan ¢ mbe3omerpamu (puc.4.2.). CoequHHB YPOBHHM IKHJIKOCTH B
MbE30METPAaX C IIEHTPOM BBIXOJAHOTO ceueHus VI HomydyuTh NHE30METPUUYECKYI0 JUHUIO 1,
[TOKAa3bIBAIOLIYI0 UMEHEHHUE MTOTEHIIMAIbHON 3HEepruu ( JaBJIEHUs ) BIOJIb MOTOKA. [l moaydeHus
HANopHOM NUHUM 2 ( JIMHUU TMOJIHOM MEXaHWYEeCKOW SHEPrHH ) OTJIOKUTh OT OCH KaHaja MOJHbIE
Hanopsl H 1 coequHUTH N0oTy4eHHbIE TOUKH.

5. Ilpoananu3upoBaTh U3MEpeHHE TNOMHOW MexaHudeckod H, mnorenmmansHoit P/(pg) u
KMHETUYECKOM SHEpPruil >KUIKOCTU BJIOJIb IOTOKA; IPOBEPUTH COOTBETCTBUE 3THX H3MEPEHUMU
YpaBHEHUIO bepHyIuu.

Xoa paGoTsI:
1. BBIOHUTH 33/aHUE MTPENOIaBaTeIs.
2. 3aIUTUTH PAKTUIECKYIO0 paboTy

®opMma npeacTraBjIeHUd pe3yabTara:
Otuer 0 mpoaenaHHOl paboTe MOJKEH cojep)kaTh Ha3BaHME M LeNb PadOThl, OMHCAHHE XO0Ja
paboThl, peleHune 3a1a4. BeiBobI Ipe10cTaBUTh B MUCbMEHHOM (popme.

Kputepuu onenkmu:
3a Ka[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.

Tponert KavecTBeHHas o1eHKa HHAMBUYaIbHBIX
00pa3oBaTeNbHBIX TOCTHKCHUHN
pe3yabTaTUBHOCTH .
(MpaBUJIBHBIX OTBETOB) BepOaIbHBINA aHAJIOT
(oT™meTKa)
90 + 100 5 OTIUYHO
80 + 89 4 XOpOIIIO
70 +79 3 YJIOBJICTBOPUTEIHHO
MmeHee 70 2 HE Y/I0BJIETBOPUTEIHHO

JladopaTopnasi padora Ne 4
Tapuposka Bonomepa Bentypu

Heabr pa6orsi: PopMupoBaHHWE YMEHHH IOCTPOCHHUS ONBITHBIM ITyTEM TapHPOBOYHON
kpuBoit Q = f (Ah).

66



Beinosinus padory, Bl Oynere:
YMETh: ONPENEeNATh PacX0] MOTOKA.

MartepuanbHoe oOecrieueHue: ruipaBindeckas yCTaHOBKa, Tabaua, GopMybl.

3aganue:
O3HAaKOMUTKCS C METOAMYECKUMHU YKa3aHUSIMU
Omnpenenuth TeopeTrdeckuit pacxon (Qr), cm3/c

[TocTpouts TapupoBounyto kpuByio Q = f (Ah).

Kparkue TeopeTuyeckue cBeJeHHA:
I'mapaBirueckas yCTaHOBKA.
Cxema ycTaHOBKH IOKa3aHa Ha puc. 1.
N3 wHamopHoro Oaka (1) Bojma mocTymaeT B HaNOpHBIA TpyOonpoBoa (2), COCTOSIIMK U3
MIOCJIEIOBATEIBHO COCMHEHHBIX YYaCTKOB TPYO, MMEIOIIUX PACHIMPSIOMINECS, CYKHBAIOIIUECS U
MOCTOSIHHBIC TI0 JUIMHE cedeHus. Ha kaxIoMm ydacTke TpyOOIpoBO/ia YCTaHOBJICHBI ITbE30METPHI,
KOTOpBIE MMEIOT MOPSIKOBYIO HyMepauuio. M3 HamopHOro TpyOorpoBoaa Bojxa cOpachiBaeTcsi B

MOJ3E€MHBIN OacceiiH.
r'. s — 4 _I_

-

___-_.A._,,{_!

TAh' i SEnE
YpoBeHb BOJHI 1 ESE |
ale ;

|
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\
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Pucynok 1 - Cxema ycTaHOBKHU

OcHOBHEIE PacuCThL q)OpMYJ'II)I.
Pacxonx moroka Q onpenensercs o Gpopmyiie:
w

Q=1000t ,
rae W — 00beM BOJIbI B MEPHOM COCY/IE, JT;
t — BpeMs1 HaroJIHEHUs BOJAOW MEPHOTO COCYa, C;
1000 — nepeBoHOM KOADGUIIUEHT JIUTPOB B CM3.
Teopernueckuit pacxon QT, cM?/c onpenenstoT mo hopMmyIe:

QTZC‘/E,

rae Ah — mepuoj 1aBjieHus Ha BOJIOMEPE, CM.
C — nmoctosiHHAsI BoJIoMepa, oripezessiemas mo gopmyiie:

r7ie g€ — YCKOpEeHHe CUIIbl TshkecTu g = 9,81 cm/c?;
S2 — myoma e )KUBOTO CEUYEHUS MOTOKA B Y3KOM CEUEHHH BOJIOMEPa, CM 2;
S1 — myomaak )KUBOTO CEUYEHUs MOTOKA B IIMPOKOM CEYEHUHU BOJIOMEpPA, CM?.
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Tabnuia 3anuceit pe3yabTaToB U3MEPEHUN U BHIYUCIICHUI.

N3mepenune pacxona Tepenan
Bpewms Teoperun
Teopetnu . | JaBJIICHU
HaIoJIHEH o YeCKUi
Ne O0Bem eCKUH s Ha
OIbITa | BOJIBI 1 pacxon Pacxon BOJIOMEp
MEpPHOI0 (Qm),
(W), 1 cocyna. g\gq;)/,c cMm3/c ? Ah)
(t), C 9 CM
1
2
3
4
5

IMopsinok BbINoOJIHEHUs PadOTHI:
1. 3yuure paboTy ruIpaBIMueCcKOi yCTaHOBKH ITOTOKA >XuaKocTH (Q) 1 nepena.
2. YCTaHOBHMB MaKCHMAJIbHOE OTKPBITUE BEHTHJISI, K3MEPbTE pacxo/ nasieHus (Ah).
Pacxox motoka (Q) nzMepsiercsi 00bEMHBIM CIIOCOOOM: OTIPEAEISIETCS BPEMS 3aIOJIHEHHSI MEPHOTO
cocyna (t) B cekyHmax, oobem mepHoro cocyna (W) pasen 8 nutpam. Ilepeman nasnenus (Ah)
CHMMAeTCsI IO IOKa3aHWsIM Ib€30METPOB, YCTAHOBJICHHBIX B IIHPOKOM M Y3KOM CEUCHHSAX
BOJIOMeEpa.
3. IlocTerieHHO yMeHbIass OTKPHITHE BEHTWISI (3aKpBIBasi €r0), MIOBTOPUTE OIBIT MATH pa3, MpH
KaX/10M U3MEHEHUH MOJI0KEHUSI BEHTUIISI HE0OXO0JMMO IPOM3BECTH 3aMep pacxona (Q) u nepenana
(Ah).
4. BpraucnuTe pacxo/]l MOToKa mo (opMysam.
6. 3anonHuUTE TAa0NMIlY 3anKceil pe3yabTaToOB U3MEPEHUN U BHIYHUCIICHUH.
7. ITo maHHBIM OMIBITOB M pacyeTa mocTpoiite rpaduk 3apucumoctu Q = f (Ah).
8. CchopmynupyiiTe BBIBOA.

Xox padoThI:
BreimonHuTh 3a1aHme.
3ammTUTE JTA0OPATOPHYIO padoTy.

®opma npeacTaBiaeHus pe3yJabTara:
Otder o mpojenaHHOW paboTe MOMKEH COAepKaTh Ha3BaHHWE W IIeNb Pa0OTHI, OMHCAHHE XO0ja
paboTHI, pPUCYHOK TIpHOOpAa.
BrIBoIBI TpeI0CTaBUTH B TUCBMEHHOU (hopMe.

Kpurtepun onenkmn:
3a KaXkJplii MpaBMWIbHBIN OTBET — 1 Oa.
3a HenpaBUIIbHBIN 0TBET — () GayIoB.
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Tponert KauecTBeHHas oreHka HHAUBUAYaIbHBIX
00pa30BaTeNbHBIX JOCTHKCHHIA
pPe3yJIbTaTUBHOCTH S -
(MpaBUJIBHBIX OTBETOB) (oTMeTKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 +~ 89 4 XOPOIIO
70 +79 3 yJIOBJICTBOPUTEIHHO
menee 70 2 HE YAOBJIETBOPUTEIHLHO

Tema 1.7 PeskuMbl ABUKECHUSA KUTKOCTH

JlabopaTopnasi paGora Ne 5
Onpenesnenue peskuMa IBHKEHUS IOTOKA

Heabr padorbi:  DopMupoBaHHE YMEHUH OINpeNesTh  PEKUMBI JABIKCHUS TOTOKA
pacyeTHBIM METOIOM

Boinoinus padorty, Bl Oynere:
YMETb: OMPEIENATh PEKUMBI JBUKECHHS MIOTOKA PACUETHBIM METO/I0M

MarepuajbHoe obecnedenne:
[Tpubop «Kanenbkay,
Meroanueckue ykazaHus K IPOBEICHHUIO JIA00pAaTOpHON paboThI

3aganue:
O3HaKOMI/ITI>C$I C MCTOAUYCCKUMHU YKaSaHI/ISIMI/I
[IpoBecTu pacueTsl MO ONPENETECHUIO PEKUMOB ABUKEHUS KUIKOCTH

Ilopsinok BbINOJIHEHHS Pa0OTHI:
1.Co3naTh B kKaHaye 4 ABMKEHUE TIOTOKA MPH TPOU3BOJIBHOM HAKJIIOHE YCTPONCTBA OT ceOs.
2.M3meputh Bpems t, 32 KOTOpOE YPOBEHb B Oake 2 M3MEHUIICS Ha BETUYHHY S.
3.Iloacuntars uncno PeitHonbaca (Tadm. 2).
4.IlepeBepHyTh yCTpOHCTBO OakoM 1 Ha CTON U CO3/1aTh B KaHaje 5 MPOU3BOIbHOE TEYEHHE TOTOKA.
CusTb 3aMephI t 1 S.
5.Hoacuutars Re (Tabm. 2).

Tabnuua 2 — OnbITHBIE M pacyeTHbIE TapaMeTphl

Hasanue BenuuuH O06o3HaYCHUS OnbIThI
DopMyiibl 1 2

1.I3mMeHeHne ypoBHS BOJBI B | S

Oake, cM.

2.Bpems HaOmoaeHUS 32 t

YPOBHEM, C.

3.Temneparypa Bojbl, C, T 18 18

4 Kuremarnueckas
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e 17.3
BA3KOCTE, c v=(1000 +34T +0,22T%)
5.00beM BOJIHL,
MOCTYIHBIIIECH B OaK 3a
o V=ABS
Bpems t, M,
v
2 =z
6.Pacxon Bonpl, M /c. Q=t
<
W
7.CpenHsisi CKOpOCTb U=
TeUYeHHUs B KaHalle, CM/C.
Ud
8.Uwucio Pernonbaca Re=«

6.Crenath BBIBOJ O PEXKUME JIBIDKECHUS B 00OHX OITBITAX.

Xoa padoThI:
BeimonHuTE 3a1aHKE TIperoiaBaTets.
3aluTUTh NPAKTUYECKYIO paboTy

®dopma nmpeacTaBJieHUs] pe3yJibTarTa:
OTtuer 0 mpojAeNaHHO paboTe MOJKEH COJepKaTh Ha3BaHHE M LENb Pa0dOThI, OMUCAHUE XOJa
paboTHLI.
BbIBOIBI TIPEIOCTABUTH B IMCHMEHHOU (opMe.

Kpurepun oneHku:
3a Kax bl MPaBUILHBIN OTBET — 1 Oas.
3a HenpaBUWIbHBIN 0TBET — () GaJII0B.

KauecTBeHHasI OlleHKa WHANBUTYaTbHBIX
Hpouent 00pa3oBaTeNbHBIX JOCTH)KEHUN
pe3yNbTaTUBHOCTH Sann -
(paBHJIBHBIX OTBETOB) (oTmeTxa) BepOabHBIN aHATIOT
90 + 100 5 OTJINYHO
80 +~ 89 4 XOPOIIIO
70 =79 3 YJIOBJIETBOPUTEIBHO
menee 70 2 HE yJIOBJICTBOPUTEITHHO

JlabopaTopnasi padora Ne6
JKCIEePUMEHTAJIIbHOE onpeaeaeHne K03 puuueHTa MeCTHbIX CONNPOTHBJICHUI

Lleas padoThbl: ompeseneHne ONBITHBIM MyTeM Ko3(duimeHTa CONpOTHBIECHUS TPEHHUIO U
CpaBHEHHUE €r0 C BEIMYMHON PACCUMTAHHOM, 110 OJJHOM U3 SMIIUPUUECKUX POPMYII.

Boinosinus padorty, Bel Oynere:
YMETb: ONPEIENSITh ONBITHBIM ITyTeM KOA()(PUIIMEHT CONPOTUBIICHUS TPEHUIO

MarepunanbHoe obecrniedeHue:
MeToauyeckue yKa3aHus 110 BBIIMOJIHEHUIO MPAKTUUYECKUX U 1a00paTOPHBIX paboT
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Kpartkue Teoperuyeckne cBeleHUs:
[Torepu Hamopa 1o anuHe hl npu ABMKEHUU BA3KOU KHUIAKOCTH 110 HATIOPHOMY TPyOOTIpOBOIY
nuametrpom d ompenenstorces o Gpopmyne Japeu:

A
| :/\. e
d 2g
Koadduiment A sBisiercss 6e3pa3MepHOi BETUYMHOMN, 3aBUCSIICH OT psAaa XapaKTePUCTHK:

A
A= fiRe.,=
JMaMeTpa U IMIEPOXOBATOCTH TPYOKH, BA3BKOCTH U CKOPOCTH >KUIKOCTU. B 00mem Buze fC d],

rae 4 - aGcomoTHas mepoxoBaTocTh CTeHKH TPyObI, 4/¢ - oTHOCHTENBHAs MIEPOXOBATOCTH, d —
auaMeTp TpyOsl, | — gmuHa TpyOs! , V — cpeiHss CKOpOCTh MOTOKA.
BnusiHue 3THX XapakTEpUCTHK Ha BEIHMYUHY A MPOSBISETCS IO PA3HOMY IPH PA3IHYHBIX
V-d

YCIOBMSIX ABMKEHHMsS MO TpyOke. B omHOoM numanasoHe m3MeHeHus uucia PeifHonbaca Re=7 :
XapaKTepU3YIOIIEro PEeKUM JABHKEHMsI, Ha BEJIMUUHY A BIIMSET, B OOJbIIEH CTENEHU CKOPOCTh, B
ApyroM Jauamna3oHe Ipeolajaroniee BIUSHHE OKa3bIBAIOT TE€OMETPUYECKHE XapaKTePHCTUKU:
JMaMeTp U LIEPOXOBATOCTh (BHICOTA BHICTYIIOB LIEPOXOBATOCTH &) . B CBA3M ¢ 3TUM pa3IMyaroT
4eThlpe 00J1aCTH CONPOTHUBIIEHUS, B KOTOPBIX U3MEHEHUE A UMEET CBOIO 3aKOHOMEPHOCTb.

[lepBas o6sacth — 00J1aCTh JJAMUHAPHOTO MOTOKA, OrpaHUYeHHAas 3HaueHusiMu Re<2300, B
KOTOPO#i A 3aBMCUT OT Re M He 3aBMCHT OT BEJIMYMHBI BBICTYHOB IiepoxoaToctd 2. Ilpu

Re
JIaMHHAPHOM PEKHUMe A onpesensercs 1o Gopmyie : A~ &.

Bce octanbHble 0051aCTH HAXOAATCA B 30HE TypOYJIEHTHOTO PEKUMA JIBH)KEHUS C Pa3InYHON
CTEIEHbIO TYPOYJIEHTHOCTH.

Bropast obGmacte — ruzapaBiauuecku riagkue TpyObl. Ilotok B TpyOe mnpu  3TOM
TypOYJNEHTHBI , HO y CTEHOK TPYObl COXpaHseTcs Cloil, B Ipenenax KOTOPOro COXpaHseTcs
JAMUHAPHBIN pexuM JBMKeHUs. TpyObl HA3bIBAIOTCS TMIPABIMYECKUMU INIaJKUMHU, €CIU TOJIIMHA
NaMMHApHOTo 105 ¢ Gonbiue BBICOTH £ BHICTYIOB MIEpOXOBATOCTH. B 5TOM clydae JTaMHUHApPHBIH
CJION MOKPBIBAE€T HEPOBHOCTHU CTEHOK TPYOBI U IMOCJIEIHUE HE OKa3bIBalOT TOPMO3SILErO BIUSHUS

Ha OCHOBHOC TYE)6YJ'ICHTHOC AApPO IIOTOKA. TOJ'IIJ_II/IHa JIAMUHApPHOTO CJIOA ONpCHACIIACTCA 110
20-

dopmyne: = & U3 KOTOPOHM BHAHO, YTO C YBEIMYEHHUEM CKOPOCTH B TpyOe, TOJIIIMHA
JIAMMHApHOTO CJIOSl yMeHbIIaeTcsa. JIis TMApaBIMYEcKH TIAJKUX TpyO, T.e. MpH ycioBuu o>4,
K02 GUIEHT A, MOXKeT OBITh onpeaeneH mo gpopmyne: A=1/(1,8xIgRe-1.5)2 — koTopas nmpumeHnMa

B mmpokoM auanazoHe uucen Re: 2300 <Re<3x106. B sTux pexumax TEUEHHUS HOMYCTHUMO
o5

HICIIONIb30BaHUE SMITUPUYECKOM GopMynsl A=0,02+ 2
KoadduumeHT runpaBauuyeckoro TpeHUs A TIIAJKUX TpyO MOXHO OIpeaesuTh 10

dbopmyne bnazuyca:
02164

A =met 25

Tperbs o0nacTh — nepexoAHast OT 00JACTH TUAPABIMYECKU TTIAJAKUX TPYO K KBaJpaTUUHOU
obmactu. B orToif 007acTH TONIIMHA JAMHUHAPHOTO CJOS paBHA WM MEHBIIE BBICTYIIOB
MOBEPXHOCTH, KOTOpble B OTOM CIIydae BBICTYNAIOT, KaK TPENSTCTBHE, yBEIHMYMBAs
TypOYJNEHTHOCTb, a, CJENOBaTelIbHO, M CONPOTHBIEHHE B TmoToke. [lnga onpeneneHus A B
MIEPEXO0/IHOM 00JIaCTH CONMPOTUBIICHUSI MOXKET OBITh ornpezesieHa no Gopmyiie ANbTIIYIs:

A :0,11(6—8 )08

d

Re
YerBeprast 067acTh — 007aCTh THAPABIWYECKH IIEPOXOBATHIX TPYO, WM KBAAPATHUYHOTO
conpoTtuBieHus. [IpucTeHHOro TaMUHAPHOTO CIOS B ATOM obOnactu Her. OCHOBHOE BIUSHUE HA
COTPOTHUBIICHNE TTOTOKY OKa3bIBAET IIEPOXOBATOCTh CTEHOK TPYyOBl. B 3TOM 00/Mact A HE 3aBUCUT
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OT CKOPOCTH W TIOTEPH HAropa MpOMOPIIMOHATLHBI KBAJPaTy CKOPOCTH. BenmunHa A onpeaenseTcs
o ¢popmyse [lludpuncona:
A

L 2anas
2=0,11"&
['panunel  Kaxaod 30HBI TYpOYJEHTHOCTH TEUEHUS JKUIKOCTH B KPYIJIBIX TpyoOax
OpPHMEHTHPOBOYHO OIPE/ENIeTCs MyTeM cpaBHeHHs oTHomenus d/2 ¢ uncnom Re:
d

A) 30Ha rnajgkoro TpeHus Re<10z;
d

=

B)nepexonnas 30Ha 10 :<Re<500 1;

g
B) 30Ha rupaBIMYECKH IIEPOX0OBaThIX Tpyd Re>5001;

‘C‘O‘( BOAY

PI/ICYHOK 1- BI/IpTyaJ'IBHaH MOJCJIb SKCHCpHMCHTaHLHOﬁ YCTAaHOBKHU

ITopsinok BbINOJIHEeHUs padOThI
1. Ilopsaok BBIIOJIHEHUS! BUPTYaIbHON 4acTU pabOThI
VYcranoBka (puc. 1) coctout u3 cuctemsl TpyO. Iloreps Hamopa B riaakoi Tpyoe nuamerpom d=16
MM, JUIMHOH 1= 650 MM omnpenensieTcs Mo pa3HOCTH MOKa3aHUM nbe3oMeTpoB 6. Pacxon HaxonuTcs
00BEMHBIM CIIOCOOOM PACXOAOMEPY 5 U CEKYHIOMEDPY.

Jlns mpoBeneHus OmbITa 3allycKaeTcs Mojjadya BOJbl B HAMOPHBIN 0ak. 3aJaHHbIN pacxoll B
TpyOOnpoBoOJe, ycTaHaBiIMBaeTcs 3aaABMKKOM 2. Ilocrne ycraHoBIeHHMS HEOOXOIMMOTO pacxoja
U3MepsieTCsl JaBJIeHHE Ha BBIXOJIE B MCCIIEIYyEMbIH ydacTOK TpyObl M Ha BXone B Hero. PazHocTb
MOKa3aHUH THE30METPOB YyKa3blBaeT moTepro Hamopa h0 Ha wHcciaenyeMoM ydyacTke TpyObl B
MUJUTUMETPAX.

g
CkopocTb ABMKEHUS KUAKOCTU B TpyOe onpezensercs no gopmyne: V=s
I'me Q- pacxox Boasl B M3/c.;
S — momank ce4eHus Tpyosl B M;

V — cKopoCTb BOJIBI B M/C.
W
Pacxon BosibI HAXOIUTCST MEPHBIM CITOCOOOM TIO pacxoJ0MeEpy U CeKyHIoMepy: Q=+
I'me W — pacxon Bojiel B M3;
T - BpeMsI 3aroJHEHHUS 110 CEKYHIOMEpY, C.

Tak xak .
L d 2g
hl=X ¢ 29 ot cloma cnenyer, uto A=hl"1 " v?
[Tony4eHHOE OTBITHOE 3HAYEHUE A HAI0 CPABHMTH C PaCYETHBIM 1Mo (opmyie. s 5TOro ciemyer
ONpeNeNuTh YUCI0 PelfHONMbICA, BBICTYIBI MIEPOXOBATOCTH MOBEPXHOCTH TPYOBbl & M BBISCHHTH
00JIaCTh CONMPOTHBIICHHS, KOTOPYKO M BBIUMCIUTH IO COOTBETCTBYIOHIEH (opmyse. Tak Kak
HETOCPEICTBEHHOE H3MEPEHHE BBICTYNOB LIEPOXOBATOCTH B TPYOE 3aTPYAHUTENBHO, MOXKHO

BOCIIOJIB30BATbCs CHp&BO‘-IHOﬁ Ta6J'II/II_[eI‘/JI.
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Tab6muna 1

Bun tpyGonposoia 4 MM
CranbHble HOBBIE OLIMHKOBAHHBIE 0,1-0,2
CranbpHbIe CTapble, YyT'YHHBIC cTapble, kepamuueckue | 0,8-1,0
UyryHHbIE HOBBIE 0,3
beToHnpoBaHHbBIE KaHAJIBI 0,8-9,0
YucTpie TpyOBI U3 CTEKIIA 0,0015-0,01
Pe3uHoBBIN HUTAaHT 0,01-0,03

Crnemyer ompeneluTh A HECKOJIBKO pa3 B pa3jIM4YHBIX O0JACTSAX COMPOTHBIICHUS, MEHSISA
BEJIMYUHY pacxojia B TpyOOInpoBo/ie.

2. Tlopsiok BBIOJIHEHUS PeAIbHOM YacTu paboThI

Pucynok 2 — DxcniepuMeHTanbHasi yCTaHOBKa

VYcranoBka (puc.2) cocrout u3 cucremsl TpyO. Iloreps Hamopa B riagkoil Tpybe 1,
auaMeTpoM d ompenensercss o pa3HOCTH MokazaHuil manomerpoB 3.1 u 3.2. Pacxon HaxoaurTcs
00BEMHBIM CIOCOOOM MO PTYTHOMY AM(PPEpPEHIUATLHOMY MAaHOMETPY 2, MOJKIIOYEHHOMY K
muadparme 3. IlokazaTenu pTYTHOrO MaHOMETpa IO3BOJIAIOT HAaWTH MO HUMeroIeics Tabnuie
pacxox Bonabl B TpyOe 1./[BuxeHHe BoAbI B TPYyOONpOBOJE OCYIIECTBISETCS 3a CUET paboThI
LEHTPOOEKHOTO Hacoca 4, OCYIIECTBISIIOIIET0 [IMPKYJIALUIO BOJIBI B ccTeMe. 3a00p BOJbI HACOCOM
MIPOU3BOUTHCS U3 0aka 5, KOTopas BO3BpaIllaeTcs B TOT ke Oak.

Beinonnenne paboThl MPOM3BOIUTCA TaK Ke, KaK Ha BUPTyalnbHOH Monenu. Oriauuue
COCTOMT B TOM, YTO JJIsl ONpEJENIeHUs NOTepH Hamopa h HeoOXoIMMO MepeBecTH 3aMepeHHbIe
JIaBJICHUA Ha BXOJIC M BBIXO/IE TpYOBI B Tb€30METPHUUECKYIO BBICOTY B COOTBETCTBUHU C BBIPAKECHHEM

h=sg, rne # - motHOCTH Boabl. B padote npunsats #=1000 kr/m®
5 O6paboTka pe3yabTaTOB UCIBITAHUH.
Bce monyueHHble JaHHBIE CBOJSATCS B TaOIHUITY 2.

Tabmuma 2
No ni/mt | Tlokazarenu En. uzmep. | BupryansHeiii onbiT | PeanbH
13171
OTIBIT
Howmep onbliTa 1 |2 E 4
1. Marepuan TpyOsl Crexiio Cranb
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2. BryTtpennuii M 0,01 {0,016 | 0,01 | 0,025
nuametp,d 6 6
3. IDromane cedeHus, M°
S
4, BricoTa  BBICTYNOB | MM 0,05 | 0,05 0,05 10,3
mepoxopaTocT,
5. Jliuna tpyosr, 1 M 0,65 | 0,65 0,65 | 5,34
6. [Tokazanus ITa
MaHOMETPOB B
Hayvaje
6 a. B kon1ie TpyOsI Ila
7. [Totepu nHamopa 1o | V
miuHe, h0
8. O6beM  BOOBI B | M°
MEpHOM Oake,
(mokazanus
pacxonomepa) W
9. Bpemss HanomHeHus | ¢
( 3amepa pacxona), T
10. Pacxon Boabl, Q M/c
11. Cpennsisi  cKOpOCTb, | M/C
V
12. Koapdpumment Aom
U3 OIIbITa
13. Temmneparypa Bogsr | 0C 20
14, Kunemarnueckui M%/c 1,01°10-6
KOA(pUIIUEHT
BS3KOCTH, U
15. Yucno PennHonnca,
Re
1 Pexxum nBukeHus
16. 107 d/A
17. O6nactpb
CONIPOTHBIICHUS
18. Koadduuuent A mno
dbopmyre (¢.1...4)
19. I'mppaBnuueckuii
yki0H, 1=h0/1
20. Ommbka %

IHopsaoK BbINOJIHEHHUS PAa0OTHI
1. U3yuuThs MeToMYECKHE YKa3aHUs MO BHIMOJIHEHUIO paOOTHI.
2. 3apucoBaTh CXEMY YCTAHOBKHU
3. BrINONHUTE ONMCAaHKE IPOU3BEIEHHOIO OIbITA
4. TlpousBecTn 00pabOTKY PE3yJIbTATOB W 3aMOJHEHNE TAOIHIIHI
5. OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI
Kaxue BuabI conpoTuBiIeHHs] 00YCIaBIMBAIOT TOTEPU HANIOpa B TIOTOKE KUJIKOCTH?
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Kak 3ammceiBaeTcsi oOmiee ypaBHEHHE JIsi OINpPEACTCHHS MECTHBIX IMOTeph Hamopa Mo JJIUHE
notoka? OO0BACHUTE €Tro.

Kak crmegyer Hammcath BBIpaXeHHUE Ul onpenencHusi KodhPHUImenTa TupaBIndecKoro TPEHMs A
MIPH JITAMUHAPHOM PEKUME TBHKCHUS KUIKOCTH?

Kak 3anmceiBaeTcst o0riee ypaBHEHHUE ISl ONPEICICHHSI CKOPOCTEH B MOTICPEYHOM CEUCHHUH TPYObI
IpU TYpOYJEHTHOM PEKUME JTBHKCHUSI )KUJIKOCTH?

Uro Takoe ruApaBINYECKH TIIAJKHUE TPYObI?

6. OCHOBHBIE BBIBOJIBI IO pabOTE

Xox padoThI:
BrinoaHuTh 3a1aHUE
3alUTHTh MPAKTHYECKYIO PaboTy

®opma nmpeacTaBieHus pe3yJbTarTa:
Otuer o mpojenaHHOM paboTe NOJKEH COAep:KaTh Ha3BaHME W II€JIb PabOThI, OMHMCAHME XOJa
paboThI, TAOIHIlY C TAaHHBIMU pacyeTa. BBIBOBI IPEIOCTaBUTh B MUCBMEHHOM (hopMe.

Kpurepun oneHku:
3a Kax bl MPaBUIbHBIN OTBET — 1 Oas.
3a HempaBUWIbHBIN 0TBET — () 6aUIOB.

KauecTBeHHasI OlleHKa WHANBUTYAIbHBIX
Hpouent 00pa30BaTENbHBIX JIOCTHIKCHUHN
pe3yIbTaTUBHOCTH .
(IpaBWIIBHBIX OTBETOB) BepOAIbHBINA aHAJIOT
(oTMeTKa)
90 + 100 3) OTJINYHO
80 + 89 4 XOpOLIO
70 =79 3 YJIOBJIETBOPUTEIBHO
menee 70 2 HE YJIOBJIETBOPHUTEIHHO
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