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2. llepeyeHb KOMIETEHIIUIA

—_ TOTOBHOCTBIO C €CTCCTBCHHOHAYYHBIX HOSI/IHI/Iﬁ OLICHUBATL CTPOCHUC, XUMHAYECKUU
¥ MHUHEpAIbHBI COCTaB 36MHOW KOpbI, MOP(}OIOrHuecKkrue 0COOCHHOCTH U T€HETUYECKHE THUIIBI
MECTOPOXKIACHUM TBEPIBIX IMOJIE3HBIX HMCKOMAEMBIX MPHU PEIICHUU 3a/ad MO PaldOHAILHOMY U
KOMILIEKCHOMY OCBOEHHIO reopecypcHoro noreniuana neap (OITK-4).




3. Kpurepuu u nokasareji OlleHUBAHHMS KOMIIETEHIMI HA Pa3JIMYHBIX ITAaNax uX GopMUpPOBaAHUSA

Irtan GpopMUPOBAHUA KOMIIETECHIMHA

®opmupyemast

KpnTepml H TMMOKa3aTeJIu OCHUBAHUA KOMHeTeHHI/lﬁ

(DOI)MI)I KOHTPOJIA

ceTer

9HEPreTUYeCKUe NoTepu
MIPU JIBUKEHUH PeaJIbHBIX
JKHIKOCTEN B
TUAPABINYECKUX CUCTEMAX

3HaTh: YmMmers: Baapers: c¢(hopMHPOBAHHOCTH
(pa3nensbl, TeMbl JUCHHILIAHDI) KOMIIeTeHI Ul .
KOMIIeTeHI Ui
IToHATH MOCTAaBIEHHYIO
. OCHOBHBIE CBOMCTBA KHIKOTO U | 3a/1a4y, coOpaTh
1. Bgenmenme. CBoiicTBa U MapaMeTpHI
OIIK-4 ra3000pa3HOTrO COCTOSHHUS HEOOXOTUMYIO
COCTOSIHHUS JKUIKOCTH Okcnpecc-onpoc 1o
BEIIECTBA nHpopManuio 1 ee
OCBOCHHBIM JI0Ma
peneHust
CaMOCTOSTEIHHO
YMeTs pemats 3a1auu
. . TEepMHHAM U TTOHATHAM
OCHOBHBIE CBOMCTBA )KHUAKOTO U | B3aMMOJCHCTBHS OCHOBHBIMH 3aKOHAMH
. Pemenue 3amau
2. T'mppocraTtmka OIIK-4 ra3000pa3HOTo COCTOSHUS MOKOSIIIIEHCST KUIKOCTH CO PaBHOBECHSI BA3KHX
BelIecTBa CTeHKaMHU COCyJa, B JKHUJIKOCTEH U ra3oB
KOTOPOM OHa HaXOJUTCS
OCHOBHBIE CBOMCTBA )KHUJIKOTO U Metoaukoii pacuera
3. KunemaTnka noTeHIMAIBHBIX U ITpumensaTs MoenU
OIIK-4 ra3000pa3HoOro COCTOSHUS TpyOOIpPOBOAOB AT
BUXPEBBIX TIOTOKOB TEYEHUS KUAKOCTH U Traza
BelIeCcTBa JKUJIKOCTH U rasa
VYc¢10BUs UCIIOJIB30BaHUS IIpuMeHsTH OCHOBHOE VYerHbll onpoc
4. OcHOBHBIC 3aKOHBI U YPaBHEHUS o
THIIPABINYECKOTO ypaBHEHHE THUJPOCTATHKU U | MeToauKoi pacueTra
CTaTUKU M JTUHAMUKHU HJICATbHBIX U
o OIIK-4 TOPHOJ00BIBAIOIIETO ypaBHeHue bepHyiuu TpyOOTIIPOBOAOB TS
peanbHBIX XKuAKocTel. ['napomexannka
o o 000py10BaHMS IPUMEHHUTENBHO | JUTS PEIICHHUS IPAaKTHIECKUX | *KUAKOCTU M Tra3a
YIPYTO# HEBA3KOH XKHUIKOCTH
K KOHKPETHBIM 337a4aM 3agaq
Okcnpecc-onpoc 1Mo
Hagbikamu orieHkn
OCBOEHHBIM J0Ma
Mertonp! perieHns: 6a30BbIX PeaTbHOCTH MOTYyYaeMbIX HIIH
. PemmaTs npsimyto u CaMOCTOSITEIILHO
5. JIBWKeHHE HAMOPHBIX TOTOKOB BSI3KOH 3a7a4 THAPOCTaTUKH 1 HCCIIeyeMbIX
OIIK-4 o0OpartHyo 3a7a9u TEPMHUHAM U MOHSTHSIM,
KHUJKOCTH THIAPOJMHAMHUKH PeaTbHbIX THJPOMEXaHUIECKUX
. THPABINKA pemeHue 3azad,
KHUJIKOCTEN apaMeTPOB B UX YHUCIOBOM
BBINOJIHEHHE U 3aIUTa
BBIpa)KEHIH .
nmabopaTopHOl pabOThI
IIpumensaTs OCHOBHBIE
3aKOHBI MEXaHUKH KHUIKUX
M Ta3000pa3HBIX Cpen Tpu
. ab0Te Ha TOPHOPYAHBIX
Mertonbl pacuéra IpOCThIX U p PHOPYA .
TPEATIPUATHIX Pacueramu Ha ocHOBaHUH VYceTHslii onpoc
6. I'mppaBmuyeckne cOnpoOTHBICHUS OIIK-4 CJIOKHBIX THAPABINYECKUX
OnpenensaTs TUIOBBIX METOJUK.




KpnTepml H TMMOKa3aTeJIu ONCHUBAHUA KOMHeTeHHI/lﬁ

®opMBbI KOHTPOJIA

Jtan GpopMUPOBaAHUSI KOMIETEHIIUN dopmupyemast
(bopmup pMupy 3HaTh: YMmern: Baaners: copmupoBaHHOCTH
(pa3neJibl, TeMbl JUCHUILINHBI) KOMIIeTEeH U 9
KOMIIeTeH i
Pemennem npobiiem mpu
pa3BenKe MECTOPOXKICHUN
TTOJIC3HBIX NCKOTIAeMBIX U
.. PaccuutsiBaTh
. MeTonp! pacuéTa mpOCTHIX U OTIpeIeIICHIH
7. BzaumozeicTBHE TEI C TOTOKOM XapaKTepUCTHKH IpoIiecca
OIIK-4 CIIO’KHBIX THIPABINUECKUX N MIpeIBapUTENBHBIX TPAHHI
KUIKOCTH . HCTEUCHHUS KUIKOCTEH 13
cereit . TOPHBIX OTBOJIOB IS
OTBEPCTUH U HACAIIOK
CTPOHTEILCTBA H
SKCILTyaTaI[i TOPHBIX
IpEIIPUITHH
3HaHUEeM 3aKOHOMEpHOCTEH
Hcnonbs3oBaTh METO B
TIOBE/ICHUS U YTIPaBJICHUS
BBITIOJTHEHUSI N
.. CBOMCTBaMH TOPHBIX TIOPOJT U
MeTtobl pacuéra IpOCTHIX U THJIPaBIMYECKUX
COCTOSIHUEM MacCHBa B
CJIOHBIX THAPABINYECKUX 9KCIIEPUMEHTOB, UMEIOIIHNX
N R npoIlieccax J00bUd U
8. OcHOBBI TeOpUH (PUIBTPALINU OIIK-4 ceTeil 1 OCHOBBI pacyéTa MECTO B TEXHOJIOTHUECKUX
. repepabOTKA TBEPABIX
(UIBTPaMOHHBIX 33124, mporieccax Mmoa3eMHOH
TTOJIC3HBIX UCKOIIAEMBIX, a
BCTPEYAIOIIUXCS B TOPHOM Jiejie | pa3padOTKH IMOJIE3HBIX
TaKXkKe MPU CTPOUTEIBCTBE U
HCKOIIaeMBIX, 0000111aTh
AKCIUTyaTaI[uH ITOI3EMHBIX
MOJTy9YCHHBIC PE3YIIbTAThI .
COOPYKEHHH
YerHblii onpoc.
IIpuMeHsTh OCHOBHBIE
3HaTh TEOPHUIO OA0OUS 3aKOHBI MEXaHUKH KUIKUX
9. MoaeaupoBaHUe TUIPABIHUCCKUX MopaenupoBarth Oe30macHbIe
OIIK-4 TUAPOMEXaHUYECKUX 1 Ta3000pa3HBIX Cpe. U
MPOIIECCOB MIPOU3BOJICTBEHHBIE TIPOIIECCHI
HPOIIECCOB MOJIETTH TeUEHUS KUKOCTH
urasa
[IpuMeHsI T OCHOBHBIE MeTtonamu Teopuu moo0us u
3aKOHBI MEXaHUKHU KHUJIKUX | pa3zMepHOCTEH B mpoleccax
N [pubnmxenHoe nogodue u
10. DneMeHTBI TEOpHH pa3MEepPHOCTEH OIIK-4 W Ta3000pa3HBIX Cpell U JIBUKEHUSI )KUJKOCTH U Ta3a U

MOACIMPOBaHUEC

MOACIIN TCUCHUSA X KUAKOCTH
urasa

OCHOB MOJCINPOBAHUA
TUAPOMEXaHUYCCKUX SIBJICHHI




4. KpuTepnu U IKAJIbI OLCHUBAHHUSA

4.1. YcTHBII onpoc
ITporieHT NpaBUIIBHBIX OTBETOB Jo 60 60-80 81-100
KonnuectBo 6amnos 1 2 3

4.2. Pemienue 3a1a4

4 Qamnma — CTYIEHT pelIil BCE PEKOMEHIIOBAaHHBIC 3a7aud, MPABUIBHO W3JIOXKWI BCE
BapHUaHThl UX PEIICHUs, apryMEHTHPOBAB HMX, C 00S3aTENIbHOW CCBUIKOW HA COOTBETCTBYIOIIHUEC
HOPMATHBBI (€CJIU 10 COACP>KAHUIO 3TO HEOOXOAUMO).

3 Oaia — CTyJeHT pemin He MeHee 85% peKoMeHI0BaHHBIX 3a/1a4, MPaBUILHO U3JI0XKUI BCE
BapHAHTHl PCIICHUS, APTyMEHTUPOBAB WX, C O0S3aTENbHON CCBUTKOH Ha COOTBETCTBYIOIIHE
HOPMATHBBI (€CJIH TI0 COACPIKAHUIO 3TO HEOOXOAMMO).

2 Gaia — CTYISHT pelm He MeHee 65% peKoMeHT0BaHHBIX 3314, MPaBUIHLHO U3JI0KUI BCE
BapHUaHThl UX PEIICHUs, apryMEHTHPOBAB HMX, C 00s3aTEIbHOM CCBUIKOH Ha COOTBETCTBYIOIIHUEC
HOPMATHBBI (€CJIU 10 COACP>KAHUIO 3TO HEOOXOAUMO).

1 Gamn — crynent BoimonHui MeHee 50% 3amaHus, W/WIM HEBEPHO yKa3al BapUAHTHI
pelIcHHUS.

4.3. BolnosiHeHHE U 3a1IUTA Ja00pPATOPHOI padoThI

MakcuMaJIbHOe

CTpyKTYypa J1a00pATOPHOM PAdOTHI
PYKTYP parop p KOJIMYECTBO 0AJLJIOB

Conepxanue

BeinosnHeHne paboThbl B OTYETE U3I0XKEHO MOJIHO, YETKO U IPABUIILHO
Wnnroctpanuu ycuinuBaroT 3GGEKT BOCHPUATHS TEKCTOBOM YacTh
nHpopmanuu

Crienanbl BbIBOJbI

a1l N PN

MakcumajibHOe KOJIHYeCTBO 0AJIJI0B

4.4. Jxcnpecc-onpoc Mo 0CBOEHHBIM 10MA CAMOCTOSTEILHO TEPMUHAM U MOHATHIAM
[Ipo1ieHT NpaBUIIbHBIX OTBETOB Jlo 60 60-80 81-100
KomnnuectBo 6annos 2 3 4

4.5. KourpoabHas padora

30 GaymIoB BBHICTABISIETCS, €CITU CTYACHT PEUINJI BCE PEKOMEHJIOBAHHBIEC 3a/1a4d, MPABHIBHO
U3NIOKWJ BCE BapUaHThl UX pEIICHUS, apryMEHTHPOBAB HX, C O0S3aTENbHOW CCHUIKOW Ha
COOTBETCTBYIOIINE HOPMATHUBHI (€CIIU 110 COJIEPKAHUIO 3TO HEOOXOIUMO).

20 6aminoB BBICTABIAETCSA, €CIU CTYAEHT pelns He MeHee 85% peKOMeHIOBaHHBIX 3a/ad,
NPaBUIHHO M3JIOKWJI BCE BAPHAHTHI PEIICHUS, apTyMEHTHPOBAB UX, C 0053aTeNbHOIN CCHUIKOW Ha
COOTBETCTBYIOIIME HOPMATHUBHI (€CIIU TIO COAEPIKAHUIO 3TO HEOOXOIUMO).

10 GaytoB BBICTABISICTCS, €CIIU CTYIACHT pelmmi He MeHee 65% peKkoMeHIOBAaHHBIX 3ajad,
MPAaBUJIBHO M3JI0KUIT BCE BAPHAHTHI UX PEIICHUS], apTyMEHTHPOBAB UX, C 00s13aTENBHON CCHUIKON
Ha COOTBETCTBYIOIINE HOPMATHUBHI (€CITH IO COEPIKAHHUIO 3TO HEOOXOANMO).

0 GayyoB — eciu CTyIEHT BBIMOMHUT MeHee 50% 3amanusi, U/Wian HEBEPHO yKa3all BapHaHTHI
peIeHHs.

5. TunoBble KOHTPOJIbHBIE 3aJaHUs M MeTOAMYECKHE MaTepuabl, OMNpeae/sIoNue
Nnpoueaypbl OLEHMBAHMS 3HAHUI, YMeHMii, HABHIKOB M (MJIM) OMNbBITA /AesITeJbHOCTH,
XapaKTepu3ywIIUX JTanbl (GOpPMUPOBAHMS KOMIIETEHIMA B mpomecce OCBOCHUA
o0pa3oBaTeIbHON NPOrPaMMBbI



5.1 TunoBsbie BONPOCHI K YCTHOMY OIPOCY
1. KanejbHble H ynpyrue KMJIKOCTH
Omeem: B Teopuu THAPOMEXAHUKU TI0J] TEPMHHOM <OKHUIKOCTH» MOApPa3yMEBaIOTCA
KareJbHbIC U YIPYTHE )KUJIKOCTH (Ta3bl ¥ mapbl) Ojarogaps ux odmemMy pu3ndeckoMy CBOHCTBY —
TekydecTu. [loaTomy, npexae BCEro, B rUIPABIMKE U THIPOMEXAHUUECKUX MPOLECCaX KUIKOCTH
paccMaTpUBAIOTCS KaK TEKy4YHe Cpelbl (BEIIeCTBa), CIIOCOOHBIC CaMOIPOM3BOJIBHO 3aHUMAaTh U
npuHUMATh GopMy Bcero oObeMa cocyla, B KOTOPOM OHH 3aKitoueHbl. Kpome Toro, >KUIKOCTH
MPEJCTABIISIIOTCS KaK CIUIOUIHBIE CPE/ibl C HEMPEPBHIBHO PACIPEICTICHHON MIIOTHOCTHIO. [loa aTuM
MOHATHEM MMEETCS B BHUJY CPEAa, YaCTULbl KOTOPOW PABHOMEPHO PACIIPENICICHbI 110 BCEMY €€
00beMy 0e3 « pa3phIBOBY, T.€. B JIIOOOH TOUKE 00BEMa CYIIECTBYIOT YaCTHIIBI CPEIbI U 00JIa1al0T
OIIPEEICHHOM INIOTHOCTBIO.
PaznuuaroT ciemyromme BUIbl KUJIKOCTEH:
— WneanbHas )XUIKOCTH — 00Ia1aeT aOCONMFOTHON TEKY4eCThI0, a0COIFOTHO HEC)KMMaeMa U B
HEW MOJIHOCThIO OTCYTCTBYIOT CHJIbI CLICTUICHUS MEXK1Y YaCTUIIAMHU.
— PeanpHas XuIKOCTh — OOJAZaeT BCEMHM YKAa3aHHBIMHU BBIIIE CBOMCTBaMU. [J1aBHbIE U
OCHOBHBIE€ CBOMCTBA KUJIKOCTH — TEKYYECTh U BA3KOCTb.

— T'oMoreHHass XKHUAKOCTh — JKHUIKOCTh, COCTOSINAs M3 OJHOTO WM HECKOJbKHX
KOMITOHEHTOB, HE UMEIOIIUX IPAHUILY pa3/iesia Mexay co0oi (MICTHHHBIE PACTBOPHI).
— T'ereporeHHass >KHAKOCTb — KHUAKOCTh, COCTOAIIAs €3 OJHOTO WJIM HECKOJIbKUX

KOMIIOHEHTOB, KOTOpPbIE UMEIOT IPaHUILy pa3/iena Mexay co0oil — IByX WiIN TpexQasHble CUCTEMbI
(cycnieH3uu, IbIMbI, IIbLIN, TYMAaHbl U SMYJIbCUN).
2. Cuabl, AelicTByIOLHE B PeaTbHOI KUAKOCTH

Omeem: XuakocTu, HaXOJAIIMECS B MOKOE WM JBUKEHUM IOCTOSHHO HAXOMAATCA 0]
BO3JCUCTBUEM pa3INuYHBIX Cwil. Bcee neiicTByromme cuibl MOAPA3AEsIOTCS HA OObEMHBIE U
MIOBEPXHOCTHBIE CUJIBI.

Obvemmnvie cunbl. JTa KaTEropHs CUJI OTHOCHTCS K MAacCOBBIM CHJIaM, IOCKOJIBKY HX
BEJIMYMHA 3aBHCUT OT MACCHI KUJKOCTH, U JICHCTBYIOT OHM Ha KaXIYIO YaCTHUILy JaHHOTO 00bemMa
KUAKOCTH. K 3THM cuiaM OTHOCATCS CHJIBI TSKECTH M CHUJIbl MHEPLMH, B T.Y. LIEHTPOOEKHbBIE
CUJIBI.

XapakTepUCTUKON MHTEHCUBHOCTH CUibl TshkecTu G, AelCTByroLed Ha KOHKPETHBIH
o0BeM V, sBnseTcs yIelbHbIN BEC ) )KUJIKOCTH:

y=lim G/V = lim (mg/V) = pg H/M® .

Ilosepxnocmuvie cunbl. ITU CUIIbI IEHCTBYIO Ha MMOBEPXHOCTH, OTPAaHUYMBAIOIINE JTaHHBIN
o0beM. K TakuMm cuiaM OTHOCSTCS CHIIBI JJaBJIEHUS M MOBEPXHOCTHOTO HaTshkeHUss OOBbIUHO B
TEOPUU OTIEPUPYIOT MOHATHUEM HANPSKEHUS, T.€. OTHOLIEHUEM CUJIbI K BEIMUMHE TOBEPXHOCTHU, Ha
KOTOPYIO OHHU AeWcTBYIOT. [Ipn 3TOM HEOOXOIMMO MOMHHUTH, YTO Jr00ast ASUCTBYIOIIAs CUila Ha
MOBEPXHOCTh, KaK BEKTOPHAs BEJIMYMHA, MOXKET OBITh pa3jioKeHa Ha HOPMaJIbHYIO U KacaTelbHYIO
coCTaByIsAlOLIMe (HOpPMajdbHOE M KacaTelbHOe HampspbkeHue). HopmanbHas —cocraBistomas
HaIpaBlieHa MEPHEHAUKYJISIPHO IMOBEPXHOCTH M PE3yJbTAaTOM €€ JCHCTBHS SBISETCS CXKaTHe
(pacTshkeHMe), a KacaTelbHas HaIllpaBJieHa IO KacaTelIbHOW K MOBEPXHOCTH, T.€. BAOJb HEe, U
pe3ysbTaToM €€ JEHCTBHUS SBJISETCS CIOBUT CIIOEB. B TpexMepHBIX IeKapTOBBIX KOOpAMHATAX
paccMaTpUBAIOTCS NIPOEKIIMHA BEKTOPOB CUJI HA COOTBETCTBYIOIINE KOOPAMHATHBIE INIOCKOCTH.

3. Bs3KoCTb KUAKOCTH
Omeem: (CBOWCTBO JKUJIKOCTH OKa3blBaTh CONPOTHBIICEHUE YCHIHSAM, BBI3BIBAIOIIUM
OTHOCHUTEIIbHOE MEepeMeIleHUe €€ CJIoeB. BA3KocTh omnpenensieTcss B COOTBETCTBUU C 3aKOHOM

BHyTpeHHero Tpenust HproToHa:
T = T _ (aw)
s 1 onJyo0

rze (4 — IMHaMu4eckuii ko3 duuument Bsa3kocty, [la-c.
Kosddunment aguHamMuyueckoil  BA3KOCTH  ONpeneisieTcss  SKCHEPUMEHTAlIbHO B
COOTBETCTBUM CO CTaHAapTaMd U JuId OOJBIIMHCTBA >KUIKOCTEH SBISIETCS CHpPaBOYHOU



BCHHqHHOﬁ. HpI/I OTcyTCTBI/II/I CHpaBOqHLIX JAHHBIX BS3KOCTH MOKCET 6LITB paCCLII/ITaHa 10
MOJYDIMITHPUIECKAM YPAaBHEHUSAM.

Kpome ko3dduieHTa IMHAMHYECKON BS3KOCTH HA MPAKTHKE MIMPOKO HCIOIB3YeTCs
OKa3aTellb KUHEMAaTUYECKOU BA3KOCTH, paBHBIﬁ OTHOIIICHUIO HHHaMquCKOﬁ BA3KOCTU K
IIJIOTHOCTH KUAKOCTHU:

uo [um?
v==-, [—
p’ Lecl

4. 3akon Hbl0TOHA /151 BHYTPEHHEIr0 TPEHHUs B :KUIKOCTH

Omeem: KacarenpHas cwia 7, KOTOPYIO HEOOXOIMMO HPHIOKHTH K BEPXHEMY CIIOO
KUAKOCTU HJIs1 €T0 PAaBHOMCPHOI'O CABHUI'da OTHOCHUTCIIBHO HHIKHETO CJI0A (I/IJ'II/I IMPOTHUBOIIOJIOKHO
HampasJeHHas cuiaa TpeHus I, ¢ KOTOPOH HIKHHUH CIIOW CONPOTHBISETCS MNEPeMELICHUIO
BEPXHEr0), TEM 00JblIIe, YeM 00JIbLIE YeM OO0JIbILIE TPAAUEHT CKOPOCTH.

CoriacHO TaKOMY OTIPEJENICHHIO HANIPSDKCHUE BHYTPEHHETO TPEHHS, BOSHUKAIOIIEE MEKIY
CIIOSAAMU XXKHUIKOCTH IIPU €€ TEYECHUH, IIPAMO IIPOIIOPLIHUOHAIBLHO IPaIUEHTy CKOPOCTH:

r=—u(G)

3HaK MHUHYC B [IpPaBOM 4acTH ypaBHEHHS YKa3bIBAET Ha TO, YTO KAacCAaTEIbHOE HAIPSKEHUE
TOPMO3UT CJIOH, IBUKYIIEHCS ¢ OTHOCUTEIIBHO OOJIbIIEH CKOPOCTHIO Ha BETUYUHY AW.

Kospduunent nponopuuoHaIbHOCTH 4 B YpPaBHEHUM HA3bIBAE€TCS JIMHAMMYECKUM
Kod(ppuIreHTOM BS3KOCTH. YacTo BSI3KOCTh JKUAKOCTEH XapaKTepH3yeTcsl KWHEMAaTUYECKUM
KO3(QQUIHUEHTOM BSA3KOCTH Vv, KOTOPBIH OIpenesseTcss OTHOUIEHHEM JAMHAMUYECKOro

KOd((UIMEHTA K TUIOTHOCTH JKUIKOCTH:
H_ Hg
vV=—=—
P 4
5. YpaBHeHue bepHyJ/1H 1J151 H1€AIbHOM JKMIKOCTH
2

P w
—+ 724+ — = H = const
Omeem: rg 2g

@u3NYeCKUil CMBICI ypaBHEHMS bEpHyJIIM COCTOUT B TOM, YTO OHO BBIPAXKAET 3aKOH
COXPAaHEHMsI SHEPIUH JBUKYLIEHCS KUIAKOCTH: CyMMa NOTEHLIUAIbHOW U KMHETUYECKOW dHEPrui
eCTh BEJMYMHA TMOCTOsHHAs. IlepBblii unmeH ypaBHeHuss P/pg — cratmueckwii, wim

nve3omempuyecKuii Hanop, pPaBHBIM [aBICHHUIO cTO0A >KUJIKOCTH HaJ paccMaTpUBAEMbIM
YPOBHEM, OTHOCHTEJIbHO TOYKH OTCUETA, BBIPAKAET YAEIbHYIO SHEPTUIO JTaBJIEHUS B 3TOU TOUKE;
BTOpPOIl Z — Hueenupuasa evicoma, UAU 2€0MEMPUYECKUIl HANOP, KOTOPbIA paBeH
F€OMETPUUYECKONM BBICOTE€ JTAHHOM TOYKM WU KOTOPBIM BBIPAKAET YACIbHYIO MOTEHUUAIbHYIO
SHEPTUI0 TMOJ0KeHUs Touku. CyMMa JBa MEPBBIX YJICHOB YpPaBHEHUS — IOJIHAS MOTEHIMAIbHAsS
SHEPrUsl )KUAKOCTH B JIaHHOM TOYKE €CTh BEIMYMHA MOCTOSIHHAS (3aKOH COXPAHEHHUs DHEPTrUu —

OCHOBHOM 3aKOH THApPOCTaTHUKH). TpeThe ciiaraemoe W2/ 20 — cKopocmuoil (Ounamuueckuit)
Hanop, KOTOPBIN BRIPAXKAET yJEIbHYI0 KHHETHUYECKYIO SHEPTHIO B IAHHOW TOUKE.
5.2. Ilpumepsnl 32724
1. Onpenenuth 00BEM BOJBI, KOTOPBIH HEOOXOAUMO JOMOJHUTENHHO TIOJaTh B BOJOBOJ
muamerpoMm 0 =500 MM u qmuHO# | = 1 KM A7 TOBBIMIEHUST MaBieHUS 10 Ap = 5.10°I1a.

BomoBox moAroToBneH K TUAPABIMYECKHM HCIBITAHUSIM H  3alOJHEH BOAOH TIpu
atMochepHoMm pgaBieHuu. Jledopmarmeit TpyOompoBoga MOXKHO TpeHeOpedb. 3HauYeHUs

K03 PuIEeHTa 06HEMHOTO CKaTHs Boabl 3, =5-107"° MY/H.

Pemenune: BMmecTuMOCTEL BOJIOBOJA
2

V. =21=196.2 »°.
4

8

O0vem Bonmbpl AV, HEOOXOIMMBIM JJId MOJAY¥ B BOJOBOJ IS IOBBIINICHHUS JABJICHHUS,
HaliZieM U3 COOTHOIIECHU AJi Kod(puimeHTa 00beMHOT0O CKaTHS:



AV AV
VAP (V. +AV AP

A/ =
V, - B,AP
1-4,AP
Otser: AV = 0.492Mm°.

Torma AV = =0.492m° .

2. T'pyHTOBBIE BOJBI, (OPMUPYIOUINE CUCTEMY C HE(DTSIHBIM TIACTOM, BBIXOIAT HA MOBEPXHOCTH
(puc.). KakoBa nomxHa ObITh TNIOTHOCTh MIMHUCTOTO PacTBOPA, MIPUMEHSEMOTro MpH OypeHHH
( Pmin ) 9TOOBI HE OBLTO GOHTaHMPOBaHUS HE(TH MPH BCKpbITHH 1U1acta? [J1yOrMHa CKBaKUHBI
h=2500 m; paccrosiHMe MeXIy YpPOBHEM BBIXOJa IOJI3EMHBIX BOJ| Ha IOBEPXHOCTh H
rpanuiei Boga—uedTs hy = 3200 M; paccTossHEe MEXIy YPOBHEM BBIXOJa TPYHTOBBIX BOJ Ha
MOBEPXHOCTh U YCTheM CKBaKUHBI Ny = 600 M; IIOTHOCTH MOJA3EMHBIX B 0 = 1100 KF/M3;

Permenne: COCTABUM YPaBHEHHE PABHOBECHS CHCTEMBI IPYHTOBBIC BOBI — HO(Th:
P9 = prindh+p,9g(h —h, —h).
Torna
_ p,9h —p,g(h,—h,—h) 1100-10-3200-850-10-100
Pmin = gh - 10-2500
Otser: p,. = 1374xr/M° .

=1374xr/m°.

5.3. [Ipumep JadopaTopHOii paGoThI
JlabopaTopnasi padora
I'uapaBauyeckuii pacuyeT HAMOPHBIX TPYOONPOBOI0B
3aganue

Ha pucynke u3oOpaxeHa cuctema, cocrosimias U3 rujpobdaka (pesepByapa) U TpyObl
MEPEMCHHOTO (HOCTO?IHHOFO) CEUcCHUH. I[BI/I)KCHI/IG JKUIAKOCTHU IUIOTHOCTBIO O MPOHUCXOAUT IO
NIeiCTBUEM JIaBJICHUS, co3aBaeMoro 6akoM. CoriacHO BapHaHTY OINPEENINTh:

1. CkopocTh MCTEUEHUS KUAKOCTH, PACXO U MOTEPH HAIopa BAOJIb TPyOBl, Mpeanoaras
TypOyJIE€HTHOE ABM)KEHHUE.

2. YTOUHUTH PEKUM JBIKEHUS KHUJIKOCTH B TpyOe, eciau KMHeMaTHudecKuii koadduumeHt
BSI3KOCTHU V (MZ/C).

3. ITocTpouTh TMHUIO MOITHBIX HAOPOB M Mb€30METPUUYECKYIO JIMHUIO (B MaciiTabe).

HcxonHble naHHBIE Ui BBIOJHEHHUS CTYACHTAaMH J1IaOOpaTOpHOM pabOThl BBIJIAET
NIpero/IaBaTeb.

Panw

H: con+
el

® KP
N U _.&__ _IEamM

1/10 l:d [/1Q
Pucynok 1.1 — Cxema cuCTeMbl, COCTOSIIEH 13 THAPOOaKa U TPYObI MOCTOSHHOTO CEUSHUSI.
KP — xpan; @ — dpuibtp

I||(—




IIpumep BHINOJIHEHUSA PA0OTHI
PaCCMOTpI/IM MCTOJUKY BbIIIOJITHCHHUA IOCTaBJICHHOU 3alauu qJjid HI/I)KerI/IBeI[eHHOf/'I

TpyOOIIPOBOIHOM cUCTEMBI (pHC.1.4).
PU=PM3H

Pucynok 1.2 — Cxema TpyOOnIpOBOAHON CHCTEMBI

Ha cxeme wu3o0paxeHa cucrema, cocTosias U3 ruapodaka (pesepByapa) W TpyOBI
NEPEMEHHOTO CcedeHUs. JIBIKEHHE J>KUIKOCTH IUIOTHOCTBIO p TPOMCXOJUT TIOJA JACHCTBUEM
JIaBJICHUS, CO3/1aBacMOI0 0aKOM.

Onpenenuts:

1. CkopocTh HCTEUCHHS MXHAKOCTH U, pacxoq Q W morepu Hamopa BIOJb TPYOBI,
npezrnonaras TypOyJIeHTHOE JIBHKCHHE.

2. YTOUYHUTH PEXKUM JBIKCHHUS JKUIKOCTH B TPYOE, €CIIM KMHEMATUYCCKHI KOI(PPHUIIUEHT
Bs13KoCTH V (M/C).

3. [TocTpoHTh TUHHIO TIOTHBIX HAIIOPOB U MHE30METPUIECKYIO JTMHHIO (B MacmTabe).

Hano:
H=4m d = 32 2 =1 L =12 10" = 0.025 w¥%c
MM M; M .
Po = Py = 005 MIla = d;=20mm  2,=2m £ = = Onmpenemuts: U, Uy, Q, pexum
50000 ITa; JBIKeHHS KuIKocTH (Re)
=800 xr/m® 1=003 hL=8wm
Po=Pyan

A
0

Pemenne.

1. OnpenensieM CKOpPOCTH MCTEYCHHUS KUIKOCTH U, pacxol Q W moTepu Harmopa BIOJb
TpyOBI, Ipenoiaras TypOyJIeHTHOE ABH)KEHHE.
3anumiem ypaBHeHne bepHymum oTHOCUTENBHO ceueHui A-A (Ha CBOOOIHOM TOBEPXHOCTH
6aka) u B-B Ha BbIx0oJie )UAKOCTH U3 TPYOBI B aTMOC(heEpy.
2 2
zA+PA+aAﬁ:zB+PB+a8ﬁ+2h:;j, (1)
A 29 A 29

T.K. IIPETIONIATaeTCsl ABMKEHUE JKUJIKOCTH TypOyJIeHTHBIM, TO Koapdunuentsl Kopnonnca o, =

o,=1.
B cBepuytom Buze (1):
A-B
H,=H,+>h ~
v A-B
rae Ha, H p — monubiit Hanop B ceueHusix A-A u B-B cooTBeTcTBEeHHO; z h - obmue norepn

Hanopa Me>1<)1y HUMUN.
Hanopm OMpeaciIICM OTHOCUTECIIBHO IJIIOCKOCTH CPABHCHUA, HpOXO,Z[}IIJleﬁ 4Cpe3 JIUNHUIO O-
0.
OHpe,Z[CJ'ISICM T'pPaHUYHBIC YCIIOBUA:
=1y +H: P4=PamutPuan; v, =0 M/c (mpu H = const);



215=1IK. PB=Pamu; Uy =V, — CKOPOCTb UCTEUEHUS U3 BTOPOH TPYObl; o o= =1, T.K.
PEKUM JIBUKEHUS TYpOyICHTHBIH.
[ToxacraBum B ypaBHenue (1) rpaHHUYHBIE YCIOBU:

2
z, +H +—P“-“ * P _ z, +£+U—2+ZhA_B
pg pg 2g nom

IIOCIJIC HpeOGpaBOBaHI/Iﬁ noJjrygyacm
2
zA+H+@:zK+U—2+ZhA_B. (2)
pg Zg nom

T.x. 3agaHHBIl TpYOOIPOBOJ IPOCTOH, COCTOSIIMM M3 JBYX IOCJIEIOBATEIBHO
COCIMHEHHBIX TPYO, TO OOIIMe MOTEePH CIeIyeT ONPEACIATh KaK apu(pMETHYSCKYI0 CYMMY BCEX
noreps. hsx — morepu Ha Bxon B TpyOy; hip u hj — morepu mo mimMHE Ha COOTBETCTBYIOLIMX
ydacTkax; Ny — MoTepH Ha BHE3aITHOE CYKEHHE MOTOKA B CEUYCHUH NP U3MEHEHUH JHaMETPOB
TpyOsI OT d; K d2; hy, — HOTEpH B KpaHe.

A-B
OOmme morepu Hamopa thm CKJIQIBIBAIOTCS. U3 TOTEPh MO JHHE Ny M MECTHBIX

notepb hy. OCHOBHOI pacueTHON (HOPMYIIOii Ui ONpeesieHUs TOTeph HAaopa Mo AauHe (M0Tepb
Ha TPEHHE) B KPYIJIBIX TpyOax siBJsieTcsl yHuBepcanbHas ¢popmyna Belicbaxa-/lapcu:

2
h, = ,19”_, 3)
I 29
UZ
rae |, d — wmHa w auamerp TpyGOIPOBOAA; oq CKOpPOCTHO# Hamop; A — kodduieHt
g

THJIPABIMYECKOTO COMPOTUBICHUS TpeHus (koddduument [lapcu), KOTOPBIA 3aBUCUT OT PEeKUMaA
JIBYDKEHUS M IEPOXOBATOCTH CTEHOK TPYOBI.

JIroOast MecTHast IoTeps Harmopa onpeensercs mo Gopmyse Beiicbaxa:
2

h,w=§-2”—g, @)

rae & — KO3 PUIMEHT MECTHOTO COMPOTHBIICHHUS, KOTOPBINA OINPENENIETCS PEXKUMOM JBH)KCHUS

KUJKOCTH U BUJOM MECTHOTO CONPOTHUBIICHUS B CEUEHUHU (M3MEHEHHE CeUeHUs], TpyOOIpOBOAHAS
apmarypa u T. IL.).

2 2 2 2 2
Takum obpasom, umeem: h, = BXU—l; h =/1|—10—1; h, = I—‘ZU—Z; h,. =§BCU—2; h, =& L2
29 d,2g *~ d,2g *% ™29 * "™2g
CornacHo ¢opmynam 3 u 4 onpenensieM oOIIUE NOTEPU HAIOPA Z h:{j B ceueHuu B-B:
2 2 2 2 2
zhAiB:hBX +h|1 +h|2 +hB.c.+th:§BxU_l+ﬂ“l_lv_l+/1l_ZU_2+§B.CU_2+§KpU_2:
" 29 d29 dy29 "T29 T2
2 2
:U_l + ﬂl_l + Y2 ﬂ,l—z + + 5
g G A R U hr ) O

N3 (2) MOXKHO OmIpenesuTh pacrosiaraeéMbelii Hamop Hpacn, KOTOPBIA 3aTpaunBaeTcss Ha
IIPEOI0JICHUE BCEX COMPOTUBIIEHUHN U COOOIIEHNE CKOPOCTH U, Ha BBIXOJIE KUAKOCTU U3 TPYOBI.

zA—zK+H+%:H
o)

pacm. !

2
AB U, o
rne H .. = Zh + —“— — pacrosaraeMblii Harfop.
paci. nom Zg
B (5) HensBecTHBI mapameTphl: KO3(GGHUIUESHTH MECTHOTO CONIPOTUBIICHUS HA BHE3AITHOE
CYy)XeHHe MoToKas, W CKOPOCTH KUAKOCTH U1 U U 2. CKOPOCTH XUIKOCTU BBIPA3UM depes3

B.C?

00BeMHBIH pacxoy Q, KOTOPEI HE H3MEHSETCS BIIOJIb TIOTOKA:



Q=u,-S =u,-S,=const,
/1€ TUIOMIA/IN KUBBIX CEUCHUHN S1 M Sy MOXKHO OmpeaenuTh o hopmymnam:

2 2
s, = s, =Mz
4 4
4Q 4Q
CrnenoBarensHo, U, = 72‘7121 v, = ﬂ‘TZZ Torna ¢ yuerom (5)
T 3 N L B
pacm. nom Zg Zg BX dl 29 d2 B.C Kp 2g

2 2
= 10Q° (o gk, 16Q0 b ey,
z°d, 29 d,” =°d,2g d,
6)

Jnst omnpenenennss KO3(QGUIMEHTOB MECTHOTO COMPOTUBICHUS £ HEOOXOIUMO MOMHHTH,
4TO B TPYO€E MOXKET OBITH BHE3AITHOE CY)KCHUE WM PACIIUpEHEe TPYOOIIPOBO/Ia.

BHe3aHHOC PACIIHUPCHUC TDV6OHDOBOZ[3. HOTepI/I Ha BHE3aIIHOC paCHH/IpeHI/Ie hg_p COorjiaCHO
3akoHy bopaa HaxomsT mo opmyie:

2
h = (Ul - Uz)
B.D. 29
rlie U; — CKOPOCTb JI0 PACLIMPEHUS; U, — CKOPOCTb IIOTOKA I10CIIE PACIIMPEHUS IIOTOKA.
N3 dhopmynsr bopaa ciemyer, 4TO MOTEpH HAMOpPa MPU BHE3AMHOM PACIIMPEHUH PaBHBI
CKOPOCTHOMY HAIopy OT HOTEPSHHOM CKOPOCTH (U1 — U2).

Ucnons3ys yauBepcaibHyto ¢popmyny Beiicbaxa, momyunm
2 2

h =gl g%
B.p. glzg 5229

rae & u &, — ko3 (OULUEHTBI, OTHECEHHbIE K CKOPOCTHOMY HAIloOpy A0 U I10CJI€ PACHIUPEHUs U

COOTBETCTBCHHO PaBHBI

@{kj—ﬂ 3 =(j—z— j . )

T.x V1 >V, ciepoBarenbHo, & <&,.
BuesanHoe cyxeHue TpybomnpoBoja. Iy MpakTUYECKUX PACUETOB MOXKHO MOJIb30BATHCS
noaysmnupuydeckoit popmynoit U.E. Mnenpunka

£ =(1—%j.o.5: 0.5[1—3—22} ®)

1

2
rae N=— — creneHb cyxenus; di, d, — AHamMeTpsI TPyOONPOBOIOB 10 U MOCITE CyxeHus. [Toteps
2

Haropa th OIIPECACIIACTCA ,Z[OJ'IGIZ CKOPOCTHOI'O Haropa 1ocJ€ Cy>XCHUs, T.C.
v, dy | v
hB_c: E‘CZ :05 1—? 2 .
g 2) <9

Teneps onpezaenseM 3HaueHHE HEU3BECTHOTO KOAPPUIIMEHTa MECTHOTO COITPOTUBIICHHS
JUIS CJlydasi BHE3AITHOTO CY)KEHUs TpyOOIpoBoia coriacHo (8):

2 2

E = 0.5[1— %) = 0.5(1— %) =0.3,
1
é:Bx = 05 -



PaccunteiBaem pacrnonaraemeiii Hamop H o0weMHBII pacxon Q U ckopocTu

pac. ?
KHMIKOCTH Vi M Vp. Bce nMHeNHble BEIWYMHBI JOJKHBI OBITH TOACTaBIEHbI B MeTpax (M),
YCKOPEHHE CBOGOIHOTO MaeH st mpuanmMaem g = 9.81 m/c’,
P 50000
Hoen =2a—2Z¢ +H+ 2 =1-24+44+ ——=0.3"/m,
' 29 800-9.81

Q: 2ngacn. -E:
(fﬁxwﬂ/d;w(é&ﬁzk+§Kp+1)/;‘ *
2

1

2.9.81.9/37 314

(o.5+0.038_3j / (382-10°) +(0.3+0.03_ 2 1241 /(20-103) 4
32-10 20-10

=0.000897 M% =0.897 n/c = 0.9 1i/c.

4Q 4.0.000897
O =—5= 372
md; 3.14(32-107)

v, = 4QZ = 4'0'0008?37 > =2.857 m/c.
md?  3.14(20-10°°)

OmnpenensieM CKOPOCTHBIE HAIIOPbI
2 2 2 2
v 1.116 — 0.0635 u: Ly _ 2.857
2g 2-8091 2g 2-8091
2. YTOUHUM PEKUM JBIKEHUS 10 Oe3pa3MepHOMy KpuTepHio unciy Peiinonbaca — Re.
Bo3MoOXHBI [1Ba pPa3iIMYHBIX 110 CBOEMY XapakTepy peKMMa JBMKCHUS >KUJKOCTHU:
JAMUHAPHBIA U TypOYIeHTHBIH.
[Ipu nmamuHApHOM  pEXHMME JKUIKOCTH  JBHIKETCA CJIOAMH 0€3  IOINepeyHOro
nepeMenInBaHus, MPUYeM IMyJbcallus CKOPOCTH U JaBICHUS OTCYTCTBYIOT.
[Ipu TypOyJE€HTHOM pEXHUME CIOUCTOCTh HApPYIIACTCS, JIBIDKEHHE >KUJKOCTHU
COTMPOBOXKAAETCS MEPEMEIINBAHNEM U MYJIbCAIIUSIMHA CKOPOCTHU U JIaBIICHUSI.
Kpurepuem nnsi ompeneneHuss pexuma ABWKCHHUS SBISIETCS Oe€3pa3MEpHOE UHCIIO
Peiinonbaca — Re.
st py6 kpyriioro ceuenus yucio PeitHomnbca onpeaensercs mo hopmyie:

=1.116 m/c;

=0.416 m.

Re = vdlv,
JUTS TIOTOKOB MTPOU3BOJILHOTO TIONIEPEYHOTO CCUCHUS
v-R
Re; = L,
T
v

rIe U — CPeaHssi CKOPOCTh KHAKOCTH; d — auameTp TpyOsl; Rr — ruapaBnuueckuil paauyc; V —
KHHEMaTH4yecKast BA3KOCTb KUJKOCTH.

Pexxum Oynmer namunapHbiM, ecnu Re<Re,, n TypOynentHeiM, eciun Re>Rey,. [ns
KPYIJIBIX TPYO 00b14HO puHUMAIOT Rey, =2300, u Rey, = 580 ni1st HeKpyTIIbIX.

Omnpenensiem uncio PeitHonbaca 1uist mepBoit TpyOs!

-3
e, _1.116-32-107 13 =14285.
0.025-10
Pexxum TypOynenTHsIl, T.K. Re;>Re,= 2300.
Jlnist BTOpO# TpyObI
. . 73
_2857-20-107 _ 99856

e, = 1
0.025-10
Re, > Rep — pexxuM TypOyIeHTHBIH.
3. Ctpoum rpaduk beprymm.
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5.4. TunoBble BONPOCHI K JKCIpPecc-ONPOCY IO OCBOEHHBIM J0MAa CaMOCTOATEIbHO
TePMUHAM H MOHATHAM

1. Uro Takoe puabTpanus? [IpuBecTn npumepsbl.

Omeem: @OunbTpaiueil Ha3bIBACTCS JIBIXKCHHE (ITPOCAYMBAHME) KUAKOCTEH M Ta30B uepes
HOPHUCTBIE Cpelibl MOJ ACUCTBUEM KaKuX-1100 (akTopoB. PHIBTPAMOHHBIE MPOLECCHI IIHUPOKO
pacnpoCTpaHEHbl M BCTPEYAIOTCS KaK B MOBCEIHEBHON U3HU (IBM)KEHHE TabAayHOIO JbIMa B
curapere, O4YMcTKa BOJONPOBOAHOM BO/bI B OBITOBOM (PUIBTpE, CMauMBaHUE I'yOKH AJISI MBIThS
NOCY/bl), TAaK U B SIBJICHUSX, BIUSIOUIMX Ha OJarocoCTOSIHUE LIEIbIX TOCYIapcTB (IEpeIBUKEHHE
He(TH U MPHUPOJHOIO ra3a B MOJA3EMHBIX IJIaCTaX, MUTpALMs BJIArM B IJIOJOPOJHBIX I1OYBaX,
paboTa TEXHOJIOTUYECKUX YCTPOMCTB XUMUYECKUX MTPEIIIPUITUI).

2. IlTapaMeTpbl, ONIMCHIBAIOLIME HAKOIUICHUE W NIePeHOC KUJAKOCTH B IIOPUCTOH cpee

Omeem: Ilopucroctb. BaxHOI XapaKTepUCTUKON IMOPUCTOM Cpeibl SBISETCS MOPUCTOCTH
(MM TOPO3HOCTB) M, paBHAasE OTHOCHUTENBHOM OOBEMHON J0Jie MOPOBOIO IMPOCTPAHCTBA B
Mmatepuaie. [lopuctocTs ompenenseT KOJUYECTBO KUJKOCTH, KOTOPOE MOXKET COJIEpP)KaTbCsi B
HEKOTOpPOM 00BbeMe MOPUCTONW cpeabl (€ClU JKUAKOCTh LEIMKOM 3arojHAET BHYTPUIIOPOBOE
npoctpancTBo). Ecnu 1151 oOpas3na oJHOPOIHOTO MOPUCTOro Marepuana oobemMoM V 00beM mop
cocraBisieT Vy, TO MOPUCTOCTB 3TOro odpasma m = Vy/V.

[poceerHocTb. Ecnu caenate MBICIEHHBIN NONepeuHblil pa3pe3 oOpa3sla MopucTou cpebl, TO
B 00pa3oBaBIIeMcs cedeHUH (0003HaYMM €ro IJIOLIa b S) YyacTh IJIomanu Sy OyaeT NPUXOAUTHCS
Ha TOPBI, a ocTaBIascs 4acth (S - S;) — Ha TBepJOe BEUIECTBO MOPUCTO# cpeabl. OTHOLICHHE N
IUIOIAAM TOp B CEUeHMM K OOIIed TIJIomagud CeYEeHUs Ha3bIBAaeTCd MPOCBETHOCTHIO
(MMOBEPXHOCTHOM MOPUCTOCTHIO): N = S/S.

Ckopoctb QuubTparuu. i XapakTepUCTUKM MaccolepeHoca Npu (GuibTpaluu XKHUJIKOCTH
(unu Ta3a) BBOAUTCS BEKTOPHAs BEJIMYMHA, HAa3bIBaeMasi CKOPOCThIO (PMIIbTPALIUH.

5.5. Bonpocs! k 3k3aMeHy

1. Onpenenenue HayKu «THIPOMEXAHUKA.

2. PeanbHBIC U HI€ATEHBIC )KUAKOCTH.

3. Eaunuiel usmepenus (U3NYECKUX BEIMYHMH, NMPUMEHSEMBIX B ruapoMexaHuke. OCHOBHBIE
(bu3NKO-MEXaHUYECKHE CBOMCTBA KHUIKOCTH.

4. Cunbl, 1eHCTBYIOIIME B )KUIKOCTU BA3KOCTb.

5. 3akoH HbroTOHa /U1 BHYTPEHHEIO TPEHUS B HKHUIKOCTH.

6. 3aBHCHMOCTB BSI3KOCTH OT TEMIIEpATyphl U AaBIeHHs. BUCKO3UMETpHI.

7. T'mumpocratmueckoe JaBieHHUE.

8. HuddepenunanbHble ypaBHEHHsI PABHOBECHS KUIAKOCTH.

9. Huterpan ypaBHeHMI Diiyiepa JUTsi HEC)KUMAEMOH JKUIKOCTH.



10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.

50.
51.
52.
53.
54.

55.
56.

YpaBHEHUE MOBEPXHOCTU PABHOTO JaBieHUS. MeTOIbI M IPUOOPHI A1t H3MEPEHUS JaBIICHHS.
AOcooTHOE B M30BITOYHOE JaBieHue. Bakyym.

I'uppocTaTM4ecKui HANoOp M JHEPreTUYECKUN 3aKOH JUIS JKMAKOCTH, HaxONAIIEHCS B
paBHOBecuH. OCHOBHOE YPaBHEHHUE THIPOCTATHUKHU.

Cuna naBneHus )KUJIKOCTH Ha IJIOCKYIO CTEHKY.

Cwita naBneHus KUIKOCTH HA KPUBOJIMHEMHBIE CTEHKH.

IIpssMonMHENHOE PAaBHOYCKOPEHHOE JBUKEHUE COCY/Ia C )KUIKOCTBIO.

PaBHOMEpHOE BpallleHHe cocyAa C )KUIKOCTBIO.

[IpocTble TMApAaBINYECKUE MAILUHEL. [ HApaBIMYEeCKUH IIpecc.

I'mapaBauyeckuii akKyMyJisiTop. 3aKoH ApXxumena.

OcHOBHbBIE KHUHEMATHUUECKHE MTOHATHS U ONPEEIICHUSI.

JIBa MeToza ucclieIOBaHUsl IBU>KEHUS )KUIKOCTH.

TpaekTopuu yacTHIl ¥ JIMHUU TOKA. Y CTAaHOBUBIIEECS ABH)KECHHUE.

Crpyituarast MOJIeb ABMKEHUS KUAKOCTH. TpyOKa TOKa.

Pacxon xunkoctu. CpeHsisi CKOpPOCTb.

Huddepenunansuple ypaBHEHUS TUHUM TOKA.

[Tnockoe nBuxenue. yHKIUU TOKA.

BuxpeBoe u 6e3BuxpeBoe MOTEHIHAIEHOE TEYCHUE KUIKOCTH.

YpaBHeHHE HEPA3PHIBHOCTH B IEPEMEHHBIX Dilliepa B AEKapTOBOM CUCTEME KOOPAMHAT.
Huddepenunansupie ypaBHEHUS JBIKEHUS HAEaIbHOW (HEBS3KOM) >KUIAKOCTH (ypaBHEHHS
Hasbe-Croxkca).

VYpaBHenue bepHysun 7151 3JIEMEHTApHON CTPYHKHU UACAIBHON KUAKOCTH.

VYpaBHeHue bepHyum 1 3JIEMEHTapHOM CTPYHKH peabHOM KUJIKOCTH.

['padmyeckas wTrOCTpaLus ypaBHeHUs bepHyum Uit MOTOKa peaibHOM JKUIKOCTH.
IIpakTHueckoe MpuMeHeHne ypaBHeHUs bepHyiun.

Tpyo6ka [Ipanarnsa. Tpybka Bentypu, comno, nuadparma.

VYcranoBuBIIEECs IBUKEHME. be3BUXpeBOE ABUKEHUE.

YcraHoBuBIIEeCs OE3BUXPEBOE JIBHKEHUE.

OrpanundeHus, Hanaraemble Ha ckopocTb. @opmyna Toppuueniu.

Buxpesblie 1BHKEHUS UACAIbHON KUIKOCTU: TeopeMma ToMcoHa, Teopema Jlarpanxka, Teopemsl
I'enbmrosnbia

VYpasuenus Hasbe - Crokca.

®u3nYecKuil ¥ TeOMETPUUECKUI CMBICI ypaBHeHUs bepHyiu. Hanop xkuakocru.

WuTerpan beprymm 1uist BA3KON KUIKOCTH IPU YCTAaHOBUBLIEMCS IBUKCHUH.
Koadppunment Kopuomnuca.

OO111e cBeIeHUsI O MECTHBIX COPOTUBIICHUSX.

IToBopoT pycna. MecTHbIE CONPOTUBIICHUS MPU TAMHUHAPHOM TEYEHHUH.

Kunemarndeckue ycioBus B c1ydae OAHOIO TeEJa.

Koadunment npucoenuaeHHoN Maccsl. BeipaxeHue 1uisi THAPOANHAMUYECKUX CHUIL.

Tpu NOCTOSHHBIX HANPaBICHUS IBUKEHUS; YCTONUNBOCTD.

JIBr>KeHue Tesa BpallleHus. Y CTOWYMBOCTh ABMKEHHUS, TAPAJUICTIBHOTO OCH CUMMETPHHU.
Bnusinue Bpamenus. [[pyrue ciydan yCTaHOBUBILETOCS ABUKCHHUS.

JIBukeHre BUHTOBOW MOBEepXHOCTH. KoaQpUIIMEHT mpu COEIUHEHHONM MaccChl JKHMJIKOCTH,
3aKJIFOYEHHOM B JBMIKYIIEHCS TBEpIOH 000I0UKeE.

VYpaBuenus Jlarpanka B 00001IeHHBIX KOOPIMHATAX.

[Tpuauun 'amuneToHa. IIpuMeHeHne B THAPOJMHAMUKE.

JIBuxenue chepbl BOIM3U TBEPOH CTEHKH.

OcHOBHBIE YypaBHEHUS TUHAMUKH [TOA3EMHBIX BO.

3akoHbl (uabTpanuu, Kod(PQGUIHUEHTH (QUIbTpallii, BOJOHACHIINIEHHOCTh W BOJIOOTAYa,
ypasBHeHnue Jlapcu.

VYpaBHeHHE HePa3pbIBHOCTH (PUIIBTPALIMOHHOTO MTOTOKA.

Hanopnas u 6e3HanopHast GpuiabTpanus.
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CranuoHapHsble 3a7a4i (PUIbTPALIIH.

OUIbTPaMOHHBIN PAacX0 Yepe3 NPSMOYTOJIbHYIO IEPEMBIUKY.

[TpuToK BOABI K COBEPLUIEHHOMY KPYTJIOMY OJUHOYHOMY KOJIOALLY.

ITpuTOK BOJBI K COBEPIICHHOMY apTe3UaHCKOMY KOJIOALLY.

Juddepennnanbaoe ypaBHEHHE HECTALIMOHAPHON (PUITbTpAIHH.

[TpuTok BoOABI K Tanepee, pacroIokKEeHHON Ha BOJOYNOpe (HecTallMOHapHas 3a/1a4a).

ITpuTOK BOZBI K COBEPIIEHHOMY KOJIOJIY, PACIOJI0)KEHHOMY Ha BOJOYIOpE (HEeCTallMOHapHast
3a/aya).

@wibTpalys B IJIACTE B HATOPHOM M O€3HAIIOPHOM CIly4ae.

BononpuTok K COBEpIIEHHBIM M HECOBEPILIEHHBIM CKBa)KMHAM, JEHPECCHOHHBIE KpPUBBIE,
paanyc BIHUSHUS CKBaKUHBI.

I'mapaBianueckuil pacuer TpyOONIPOBOIOB: Ha3HAaUEHHE U KilacCu(UKanus TpyOOoIpoBOIOB;
pacyeT W MPOEKTUPOBAaHHWE TPYOONPOBOJOB; THUIAPABIMYECKHI pacueT MpPOCTOTO
TpyOOIpoBOAa; METOJ SKBHUBAJEHTHBIX IOTEpPb; THUJIPABIMYECKUNH pacueT CIOXKHBIX
TpyOOIIPOBOIOB; TUJpaBINYECKUe XapaKTEPUCTUKHU TpyOOIIPOBOIOB;
TUAPOIHEPreTUYecKuii 0ajlaHC HAcCOCHOM YCTaHOBKHM; CHU(OHHBIE TPyOONpPOBOABL;
TUAPABINYCCKUAN yaap B TpyOax; KaBUTAIHS.

VcreueHune )KUJIKOCTH Yyepe3 Majioe OTBEPCTUE B TOHKOM CTEHKE.

HctedyeHnne xKUIKOCTU yepe3 O0JbIIOE OTBEPCTHUE.

HcreueHne KUIKOCTH Yepe3 3aTOIIEHHOE OTBEPCTHE.

Hcreyenue )KUAKOCTU PU IEPEMEHHOM HAIlope.

HcreueHne xKUAKOCTU Yepe3 HACAKU.

I'mapaBianueckuil pacyeT OTKPBITHIX pyces. B3auMmoaelcTBue NOTOKa U TBEPAOTO Tea.
Knaccudukanus BonocianBoB. ['uapaBinyeckuii pacyeT BOJIOCIHBOB.

[Tomobue hu3MIecKux SBICHUM.

Ananu3 pasmepHocteit u [I-reopema.

Yucna rugporazoiMHaMU4ecKoro noaoous.

MozenupoBaHue ABMKEHUS KUAKOCTH U Ta3a.

[TpubnmxeHHoe nogooue U MoAETUPOBaHUE.



TEXHOJIOT'NTYECKASA KAPTA JUCIHUIIVINHBI

OCHOBHASA OBPA3OBATEJIBHASA ITPOT'PAMMA
21.05.04 T'opHoe aem0
cneunaan3anus Ne3 «OTKpbIThIE FTOPHBIE pA00THDY
(xox, HanpaByIeHHUE, TPOQUIIH)

TEXHOJIOI'HYECKASA KAPTA

Mudp aucuumiauasl no PYII | b1.b.14

Jucuurinaa ‘ I'mapomexanunka

Kypc | 3,4 | ceMecTp | 6,7

Kadenpa | TOPHOIO0 J1eJ1a, HAYK 0 3eMJie U MPUPOA000yCTPOiicTBa

®.1.0. npenogasares, 3BaHue, JOIKHOCTD | bekeroBa Esnena bopucoBHa, K.T.H., 10II€HT
Kadeapbl TOPHOTO J1eJ1a, HAYK 0 3emMJie M MPUPOI000yCTPOICTBA
DOII. TPYAOEMKOCTbuyyc/35T | 180/5 | Komn-Bo cemecTpoB | 2 | CPC g /rex. comon. | 159/159

-HKoﬁLu./Te}c. CEM. |8/8 II_IP/CM()Gm./TeK. ceM. 12/2 |-]_[B(>6m./rel<. CceM. |2/2 | q)OPMa KOHTPOH’I
KOMHETQHI[I/II/I oﬁyllalomerocm (l)ole/IpyeMbIe B pe3y.]IbTaTe OCBOCHUA JUCHMIIJIMHBI:

IK3aMeH

— TOTOBHOCTBIO C €CTECTBEHHOHAYYHBIX TO3HMIIMH OIEHWBATh CTPOCHHE, XUMHYECKUU U
MUHEPAJIBHBIA COCTaB 3€MHOI KOpBI, MOP(OJIIOTHYECKHE OCOOEHHOCTH U T€HETHYECKHE THIIbI
MECTOPOXKACHUN TBEPABIX IMOJIE3HBIX MCKOMAEMBIX MPHU PEIICHUH 33]ad MO0 PAlMOHATIBLHOMY H
KOMIUIEKCHOMY OCBOEHHIO reopecypcHoro noteniuaia Heap (OI1K-4),

Kon ¢popmupyemoii KonuuecTrro MaxcumaJjibHOe Cpox
Conep:xanue 3a1aHusl .
KOMIeTEeHINHU MEpONpUATHI | KOJINYeCTBO 0AJIJIOB |  NpeaocTaBIeHUs

Beoonwtit 6ok

He npengycmoTpen I | I

Ocnoenou 610K

OIIK-4 'YcTHBIH onpoc 3 9 B Teuenue ceccun

OIIK-4 Pemenne 3agay 2 8 B teuenne ceccun

Brimmoraenne u 3aluTa

OIIK-4 o
mabopaTopHOH pabOTHI

1 5 B Teuenmne ceccun

JKCIIpecc-0Ipoc M0 OCBOCHHBIM
OIlK-4 ToMa CaMOCTOSATEIbHO TEPMUHAM 2 8 B Teuenue ceccun
W [IOHATHAM

3a MecsIL 10 Hayaga

OIIK-4 KontponsHas padora 1 30
ceccur
Bcero: 60
OIIK-4 DK3aMeH I sonpoc - 20 [o pacniucanuto
2 Borpoc - 20
Bceero: 40
Hroro: 100
OIIK-4 | IToaroroBka OOPHOTO KOHCIIEKTA 10 ITo coraacoBaHHUIO C
Bcero 6a/110B 10 10N0JHUTEIBHOMY 0JIOKY]| 10 penoiaBaTeaeM

[lkana oneHuBaHUS B pamKax OaJuibHO-peiiTnHroBoii cucrembl MAT'Y: «2» - 60 GamioB u menee, «3» - 61-80
6aioB, «4» - 81-90 6amnoBs, «5» - 91-100 6ai10B, «3auTeHo» - 61-100 GamioB




