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21.05.05 ®dusnyeckne npouecchbl TOPHOro WK HeTerazoBoro NPpou3BoOACTBA
cnennanuzanus Nel «@u3nyecKue Npouecchl TOPHOro NPOU3BOACTBA»
®opma 00yUyeHUs — OUHAS

I'ox naGopa - 2020

OIIEHOYHBIE CPEJICTBA JJIsSI MPOBEJEHUS IPOMEXYTOYHOM
ATTECTAIMU OBYYAIOIIUXCA ITO JUCHUIIVIMHE (MOAYJIIO

1. O01mme cBegeHus

1. | Kadenpa I'opHoro nena, Hayk 0 3emMiie U MpUPoa000yCTpoiicTBa
21.05.05 dusnueckue MNPOIECCH TOPHOTO WM HedTerazoBoro
2. | CrenuaibHOCTE
MIPOU3BOJICTBA
3. | Crnenunanuzanus Nol «Duznueckue nmpoueccbl TOPHOTO MPOU3BOACTBA»
4. | JucuuniauHa (MOIyJIb) I'mppomexanuka
5. | ®opma oOydeHHS ouHas
6. | 'on Habopa 2020

2. [lepedyeHnb KoMneTeHIMH

— TOTOBHOCTBIO C €CTECTBEHHOHAYYHBIX IIO3HMIIMI OIEHWBATH CTPOCHUE, XUMHUUYECKHH U
MUHEPATBHBIA COCTaB 3€MHOW KOpBI, MOP(HOIOrHYecKre OCOOCHHOCTH U TEHETUYECKHE THIIbI
MECTOPOXKACHUN TBEPJBIX MOJE3HBIX MCKOIMAEMBIX IMPH PEHICHUH 3a/1ad 0 palMOHATBHOMY H
KOMIUIEKCHOMY OCBOCHHIO TeopecypcHoro norenimana neap (OIMK-4).




3. Kputepuu u noka3areyi olleHUBAHUS KOMIIETeHIUIA HA PA3JIMYHBIX 3Tanax ux GopMupoBaHUS

Irtan GpopMUPOBAHUA KOMIIETCHIMHA

®opmupyemast

KpnTepml H TMMOKa3aTeJIu OCHUBAHUSA KOMHeTeHHI/lﬁ

(DOI)MI)I KOHTPOJIA

3HaTh: YMmern: Baaners: copmupoBaHHOCTH
(pa3neJibl, TeMbl TUCHUILINHBI) KOMIIeTEeHIUsI .
KOMIIeTeH i
[ToHsTH MOCTaBIEHHYIO
. OCHOBHBIE CBOMCTBA KHKOTO U | 3a7ady, coOpaTh
1. Bsenmenme. CBoiicTBa U MapaMeTpHI
OIIK-4 ra3000pa3HOTr0 COCTOSHHUS HEOOXOTUMYIO
COCTOSIHUS JKUAKOCTH
BeIIecTBa HHPOPMALINIO T ee
OCHOBHBIMH 3aKOHAMHU N
pemeHus YcTHBIH ompoc.
paBHOBECHS BSI3KUX
YMeTh pemaTs 3a1a9n . Pemenne 3amau
. . KUIKOCTEH 1 Ta30B
OCHOBHBIE CBOHCTBA KHUIKOTO U | B3aUMOJICHCTBUSA
2. T'mppocratuka OIIK-4 ra3000pa3HOTr0 COCTOSHHUS MOKOSIIEHNCS KUIKOCTH CO
BelIeCTBa CTeHKaMHU CcOoCyJa, B
KOTOPOM OHa HaXOJUTCS
OcCHOBHBIE CBOMCTBA KUAKOTO U Meronukoii pacuera
3. Kunemarvka NOTEHUIUATIbHBIX U [TpumensITH MOJEIH
OIIK-4 ra3o00pa3HoOro COCTOSHUS TpyOOIpPOBOAOB AT
BUXPEBBIX MOTOKOB TEUYEHUsI )KUIKOCTH U Ta3a N
BEIlECTBA JKUJKOCTH M ra3a YerHblii onpoc
VY cnoBHs UCTIOIB30BAHUS [IprMeHsI T OCHOBHOE Pemenue 3agay,
4. OcHOBHBIC 3aKOHBI U YPaBHEHUS .
THIPABINYECKOTO ypaBHEHHE THIIPOCTATUKU U | MeToauKon pacueTa BBHITIOJTHEHHE U 3al[UTa
CTaTHKHU ¥ TUHAMUKHU UACATbHBIX U N
. OIIK-4 TOPHOJ00BIBAIOIIETO ypaBHeHHe bepHyu TpyOOIIPOBOAOB AT nabopaTopHOH PabOTHI
peanbHBIX KuaKocTel. ['mapomexannka
. o 000pyIOBaHUS MPUMEHUTEIFHO | JJIS pEIICHUS MPAKTHYSCKUX | KHUIKOCTU U ra3a
YIPYToW HEBSI3KOH KHUIKOCTH
K KOHKPETHBIM 3a/1a4aM 3a1a4
HaBrikamu orieHKH
MeTonp! pemreHust 6a30BBIX Pelliats IbsMVIO 1 PeaTEHOCTH MOTyYaeMbIX WIIM | Y CTHBIX OIPOC, peIIcHHE
5. JIBmkeHWe HAMOPHBIX IOTOKOB BS3KOH OITK-4 3a/1a4 TUAPOCTATHKH U 0ODATH Kf)ga;;‘m HCCIICYEMBIX 3a/1a4, BBIOJTHCHUE U
KUIKOCTH THIPOAMHAMUKH PEeaibHBIX FI/IE aBJ}IIHKH THIIPOMEXaHIMYECKUX 3amuTa J1abopaTopHOn
KHUJIKOCTEH P apaMeTPOB B UX YHCIOBOM paboThI
BBIPOKEHUHN
IIpumensaTs OCHOBHBIE
3aKOHBl MEXaHWKH IKUIKUX
1 Ta3000pa3HbBIX Cpea Ipu
.. a0oTe Ha TOPHOPYAHBIX YcTHbll onpoc, pelieHue
Mertonbl pacuéra IpOCThIX U p PHOPYA poc, p
MPEMPUSITHIX Pacueramu Ha OCHOBaHWHU 3a/1a4, BBHITIOJIHEHUE H
6. T'mmpaBnuyeckue COMPOTHUBICHUS OIIK-4 CJIOKHBIX THJPABINYECKUX .
cereii OnpenensTb TUIIOBBIX METOJMK. 3ammTa J1abopaTopHoOn
SHEPreTUYeCcKUe noTepu padoTsI
MIPU JIBUKEHUH PeaJIbHBIX
JKHIKOCTEN B
TUAPABIMYECKHUX CHCTEMax
7. BzaumopeicTBuUE TEN C TOTOKOM OIIK-4 Mertozsl pacyéTa NpoOCTHIX U PaccuutsiBaTh Pemenunem nmpobiem npu Brinonnenue u 3amura




KpnTepml H TMMOKa3aTeJIu OCHUBAHUA KOMHeTeHHI/lﬁ

(DOI)MI)I KOHTPOJIAA

MOACJIMPOBaHUEC

MOACIN TCUCHUSA X KUAKOCTH
u rasa

OCHOB MOJCINPOBAHUA
TUAPOMEXaHUYCCKUX SIBJICHHI

Irtan GpopMUPOBAHUA KOMIIETCHIMHA ®opmupyemasi
(hopmup pMUPY 3HaTh: YMmersn: Buanern: c(hopMHPOBAHHOCTH
(pa3nenbl, TeMbl IHCHUILIHHBI) KOMIIeTeHIUsI .
KOMIIeTeHI Ui
KHUJKOCTH CJIO’KHBIX THIPABINUECKUX XapaKTepUCTUKU Ipoliecca | pa3BeiKe MECTOPOXKICHUN J1abopaTopHOU paboThI
cereit UCTEUYEHHUS XKUJIKOCTEH U3 MOJIE3HBIX UCKOMAEMBIX U
OTBEPCTHUH U HACAIOK OTIpeICIICHIH
MIpeIBapUTENBHBIX TPAHHII
TOPHBIX OTBOJIOB IS
CTPOHTEIECTBA H
SKCILTyaTaI[id TOPHBIX
NIPEANPUSATHI
3HaHUeM 3aKOHOMEpHOCTEH
Hcnonb30BaTh METOBI
TIOBEJICHUS U YIIPaBJICHUSA
BBITIOJTHEHHS .
.. CBOWMCTBaMH FOPHBIX OPOA U
MeToab! pacuéTa IpOCThIX U TUPaBIMYECKUX
COCTOSIHUEM MacCHBa B OKcmpecc-0mpoc 1o
CJIO’KHBIX THIPABINYECKUX 9KCIEPUMEHTOB, UMEIOIINX
. R npolueccax J00bIYH 1 OCBOCHHBIM JI0OMa
8. OcHOBBI TeopuH HUIBTPALUU OIIK-4 ceTell 1 OCHOBBI pacyéTa MECTO B TEXHOJIOTHUECKUX
N nepepabOTKU TBEPABIX CaMOCTOSATENIFHO
(GUIBTPALMOHHBIX 3a/1ad, mporieccax Moa3eMHOM
MTOJIC3HBIX UCKOIIAEMBIX, a TEPMUHAM U TIOHSITHSIM
BCTPEYAIOIIUXCS B TOPHOM Jiejie | pa3padOTKH IMOJIE3HBIX
TaKXkKe MPH CTPOUTEIBCTBE U
HCKOITaeMBIX, 0000111aTh
AKCIUTyaTaI[uH ITOI3EMHBIX
MOJTyYCHHBIC PE3YIIbTATHI .
COOPY>KEHHH
[IpuMeHATH OCHOBHEIE
DKcrpecc-onpoc Mo
3HaTh TEOPHUIO OA0OUS 3aKOHbI MEXaHUKH JKHJIKUX
9. MopaenupoBaHue I'UIPABINUECKUX MonenupoBatb Oe30I1acHbIE OCBOCHHBIM JIOMa
OIIK-4 TUAPOMEXaHUYECKUX M Ta3000pa3HBIX Cpe. U
MPOIIECCOB MPOHU3BOJICTBEHHBIE IIPOLIECCH | CAMOCTOSTENBHO
HPOIIECCOB MOJIENIN TeUCHHUS )KUIKOCTH
TEpMHHAM U MOHATHIM
U rasa
[TpuMeHsTH OCHOBHBIE MeroamMu Teopun Moo0us U
. OKkcIpecc-0mpoc mno
3aKOHBI MEXaHHUKH XKHUJKUX | pa3MEpHOCTEH B mpoleccax
. [MpubmmxenHoe nmogobue u OCBOEHHBIM J0Ma
10. DneMeHTHI TEOPUH pa3MepHOCTEN OIIK-4 M ra3000pa3HbIX cpesl U JBUKCHMS )KUJKOCTH U Ta3a U

CaMOCTOATCIIBHO
TCPMHUHAM U NOHATUAM




4. Kputepuu ¥ mKaJjabl OLeHUBAHUSA

4.1. YcTHBII onpoc
ITpoLieHT NpaBUIBLHBIX OTBETOB o 60 60-80 81-100
KonnuecTtBo 6anos 1 2 3

4.2. Pemienue 3a1a4

4 Oamma — CTYOEHT peIMI BCE PEKOMEHJOBAaHHBIE 3aJaud, MPAaBUIBHO H3JIOKHI BCE
BapHUaHThl UX PEIICHUs, apryMEHTHPOBAB HMX, C O0s3aTEIbHON CCBUIKOH Ha COOTBETCTBYIOIIHUEC
HOPMATHUBBI (€CIIN 110 COAEPKAHUIO 3TO HEOOXOAUMO).

3 Gamna — cTyAeHT pemui He MeHee 85% peKOMeHI0BaHHBIX 3aj1ay, IPABHIIBHO U3JI0KUIT BCE
BapUaHTBl PELICHHS, APTyMEHTHPOBAB HX, C O00s3aTEIbHOM CCBHUIKOH Ha COOTBETCTBYIOIIHUE
HOPMATHBBI (€CJIU TI0 COACPIKAHUIO 3TO HEOOXOAMMO).

2 Gania — CTYJCHT permi He MeHee 65% peKOMEHIOBaHHBIX 33]1a4, TPABUIHHO U3IIOKHI BCE
BapHUaHThl UX PEIICHUs, apryMEHTHPOBAB HMX, C O0s3aTEIbHON CCBUIKOH Ha COOTBETCTBYIOIIUEC
HOPMATHUBBI (€CIIN 110 COAEPIKAHUIO 3TO HEOOXOAUMO).

1 Gamn — cryneHT BeimonHUI MeHee 50% 3amaHus, W/WIM HEBEPHO YKazajdl BapUaHTHI
pereHws.

4.3. BoinosiHeHue U 3a1UTA J1a0OPATOPHOIl padoThI

CTpyKTypa JJ1a00pATOPHOH PAadOTHI Makeumaibhoe
PYKTYp parop p KOJIMYECTBO 0AJLJIOB
Conepxanue

BrlimotHeHHE pabOThl B OTYETE U3JIOKEHO MOJTHO, YETKO U IPABUIHHO 2
Wnmoctpanuu ycrunBarT 3()(EKT BOCIIPHUITHS TEKCTOBOW YacTH 1
nHpopmanuu
CrenaHbl BEIBOJIBI 2

MaxkcuMaJibHOE KOJINYECTBO 021710B 5

4.4. Jxcnpecc-0npoc M0 0CBOEHHBIM JIOMA CAMOCTOSATEJIbHO TEPMUHAM M NOHATUSAM
IIponeHT npaBUIBHBIX OTBETOB Jo 60 60-80 81-100
KommuectBo 0annoB 2 3 4

S. TumnoBble KOHTPOJbHBIE 3aJaHHUS M MeTOAWYECKHEe MaTepuaibl, OIpeAesIolue
npoueaypbl OUEHUBAHUS 3HAHUI, YMEHMii, HABBIKOB M (MJIM) OMNBITA /1eSITeJHLHOCTH,
XapakTepusylmmx JTanbl (GOpMHPOBAHUSI KOMIIETEHUMII B Mpouecce OCBOEHUs
o0pa3oBaTe/IbHON NPOrPaMMBblI

5.1 TunoBblie BONPOCHI K YCTHOMY OIIPOCY

1. KamneJbHble 1 ynpyrue ;KMIKOCTH

Omeem: B Teopunm THUIPOMEXAHMKH TI0J TEPMUHOM (KHJAKOCTb» IOAPa3yMEBaIOTCA
KarleJIbHbIe U YIPYTHUe KUKOCTH (ra3bl U mapsl) Onarogaps ux o0meMy Gpu3nueckoMy CBOHCTBY —
tekydectu. [loaToMy, npexae Bcero, B TUAPaBIUKe U THIPOMEXaHHUECKUX MpoLeccax KUJIKOCTH
paccMaTpUBAIOTCS KaK TEKy4due Cpefbl (BellecTBa), COCOOHBIE CaMONPOM3BOJIBHO 3aHUMATh U
IpUHUMATh GopMy Bcero o0beMa cocyjia, B KOTOPOM OHHM 3akitoueHbl. Kpome Toro, >KuaKocTH
MIPEJICTABIISIFOTCS KaK CIIOLIHBIE CPE/bl C HEMPEPBIBHO paclpeieIeHHON MI0THOCThIO. [loa aTum
MOHSTUEM MMEETCS B BUIY CPEla, YacCTHUIbI KOTOPOM PAaBHOMEPHO pacHpeesIeHbl 110 BCEMY €€
00BbeMy 6e3 « pa3pbIBOBY, T.€. B JII000H TOUke 00beMa CYIIECTBYIOT YaCTHUIIBI CPellbl U 00JIaaioT
OIPEAEIEHHON MJIOTHOCTHIO.



PaznuuaroT cnemyromme BUIbl KUJIKOCTEM:

—  WneanbHas XUIKOCTH — 00MaaeT abCONMIOTHON TEKY4eCThi0, a0COIFOTHO HEC)KMMaeMa U B
HEW MOJIHOCTBIO OTCYTCTBYIOT CHJIBI CLIETUIEHUS MEXKITY YaCTULIAMMU.

—  PeanpHas xuukoctb — oOJaZaeT BCEeMHM YKa3aHHBIMU BBIINIE CBOMCTBaMU. [ 7naBHBIE U
OCHOBHBIE CBOMCTBA KUJIKOCTU — TEKYYECTh U BA3KOCTb.

— T'omoreHHass >KHUIKOCTb — JKMIKOCTh, COCTOSIIAs W3 OJHOTO MM HECKOIBKHX
KOMITOHEHTOB, HE UMEIOIINUX TPaHUILY pa3zeiia MeK Iy co00i (MCTUHHBIC PACTBOPHI).

— T'ereporenHHas >KUIKOCTb — JKHJAKOCTb, COCTOAIIAS W3 OJHOIO WM HECKOJIbKUX
KOMITOHEHTOB, KOTOPbIE HMEIOT TPaHHUIly pas3fiena MEXay coO00M — NBYX WM TpeX(a3HbIE CUCTEMBI
(cycrieH3uu, AbIMBI, BTN, TYMAHbI U 3MYJIbCUH).

2. Cuabl, JeiicTBYIOIIME B PeajbHOM KUAKOCTH

Omeem: XUOKOCTH, HaXOIAIIUECS B IOKOC UM ABMXKCHHM ITOCTOSHHO HAXOASATCS IIOJ
BO3JICHICTBHEM pA3IMYHBIX CHJ. Bce MEWCTBYIONIME CHIIBI MOAPA3JEISIIOTCS Ha OOBEMHBIE U
MTOBEPXHOCTHBIC CUJIBI.

ObvemHble cunbl. JTa KATErOpHUs CHUII OTHOCHTCS K MAacCOBBIM CHJIaM, IMOCKOJBKY HX
BEJIMYMHA 3aBUCUT OT MACChI )KUJIKOCTH, ¥ JCHCTBYIOT OHU Ha KaKIYIO YaCTHUILYy JaHHOTO 00bema
KUIKOCTUH. K 3THM CHaM OTHOCSATCS CHUJIBI TSDKECTH W CHUJIBI MHEPIHH, B T.4. IIEHTPOOCIKHBIC
CHUIEL.

XapakTepuCTUKOM HMHTEHCUBHOCTH CHIBI TsKeCTH (G, ACUCTBYIOIIEHM Ha KOHKPETHBIN
00beM V, siBNsieTCs yACIbHBINA BEC ) )KUIKOCTH:

y=1im G/V =lim (mg/V)=pg H/nv® .

llogepxnocmmvble cunbl. ITH CUIIBI IEHCTBYIO Ha MOBEPXHOCTH, OTPAHUYUBAOIINE JAHHBIN
o0beM. K Takum cuiiaM OTHOCSITCS CHJIBI JIaBJICHHS M TOBEPXHOCTHOTO HaTshKeHHs OOBIYHO B
TEOPHUH ONEPUPYIOT MOHATUEM HANPSIKEHHUS], T.€. OTHOIIEHUEM CUJIbI K BEJINYMHE TOBEPXHOCTH, Ha
KOTOPYIO OHHU JeicTBytoT. [Ipr 3TOM HEOOXOIUMO MOMHUTH, YTO Jt00as AEMCTBYIOIIAs CHiIa Ha
MOBEPXHOCTh, KAK BEKTOPHAsI BEJIMYMNHA, MOXKET OBITh Pa3JIoKeHa HA HOPMAJIbHYIO U KacaTeIbHYIO
cocTaBisifonme (HOpMalbHOE U KacaTellbHOe HampsbkeHue). HopmanpHas —cocTaBistomas
HalpapjieHa MNEPHNEHIUKYJISIPHO MOBEPXHOCTH W PE3YJIbTATOM €€ JEHUCTBUS SIBJISIETCA CXKATHE
(pacTsbKeHHe), a KacaTelibHas HalpaBjieHa 1O KacaTeJIbHOM K MOBEPXHOCTH, T.€. BIOJIb HEE, U
pe3yJIbTaTOM €€ JIEUCTBUS SIBIISIETCS CIBHUI CIOEB. B TpeXMepHBIX IEKapTOBBIX KOOPAMHATAX
paccMaTpUBaAIOTCS MPOEKIIMU BEKTOPOB CHJI HA COOTBETCTBYIOIINE KOOPANHATHBIE TNIOCKOCTH.

3. BS3KOCTb KHIKOCTH

Omeem: CBOHCTBO JKHMJIKOCTH OKa3blBaThb CONPOTHUBICHHE YCHJIMSM, BBI3bIBAIOIIUM
OTHOCHUTEJIBHOE MEPEMEIICHUE €€ CI0EB. BA3KOCTh ompenensercs B COOTBETCTBUM C 3aKOHOM
BHYTpEHHETO TpeHus HproToHa:

_T__ (a_w)
B s H# on n-0,
rze (4 — IMHaMu4eckuit ko3 duuument Bazkocty, [1a-c.

KOE)(I)(I)I/II_II/IGHT HHHaMquCKOﬁ BA3KOCTHU OIIPCACIIACTCSA OKCIICPUMCHTAJILHO B
COOTBCTCTBUHU CO CTaHAAPTaMHU W JUIA OOJIBIITMHCTBA )KI/I,[[KOCTeﬁ ABJIACTCA cnpaBquoﬁ
BEJIMYNHOM. HpI/I OTCYTCTBHUU CIIPABOYHLIX JAHHBIX BA3KOCTb MOIKET OBITE paccunTaHa 1o
MOJYDMIIMPUYECKUM YPaBHEHHUSM.

Kpome xoaddumnmenta nuHaMuueckod BS3KOCTH Ha MPAKTHKE IIUPOKO HCIIOIB3YETCS
MOKa3arellb KUHEMAaTUYECKOW BSI3KOCTH, PAaBHBIM OTHOIICHUIO IHMHAMHUYECKON BSI3KOCTH K
MJIOTHOCTH KUJKOCTH:
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4. 3axon HbroTOHA /sl BHYyTPEHHEr0 TPEeHHs B )KUIKOCTH

Omeem: KacarenbHas cuna 7, KOTOPYHO HEOOXOAMMO NPWIOXKUTh K BEPXHEMY CIIOKO
KUAKOCTU JUIsl €r0 PAaBHOMEPHOI'O CABUIA OTHOCHUTENBHO HUKHETO CJIOS (WJIM MPOTHUBOIIOJIOKHO
HallpaBJI€HHasl Cwia TpeHus 1, ¢ KOTOPOM HMKHHMM CIIOM COINPOTHUBIISIETCS IEPEMELICHUIO
BEPXHEro), TeM Oouibliie, 4eM Ooublie YeM OOJIbIle TPaueHT CKOPOCTH.

CornacHo TakoMy ONPEEIICHUIO HAIIPSHKEHNE BHYTPEHHETO TPEHUS, BOSHUKAIOLIEE MEXKAY
CJIOSIMU JKMJIKOCTH IIPU €€ TEYEHHUH, IPSIMO MTPOIIOPLUOHAIBHO IPAJUEHTY CKOPOCTH:

r=—n(3)

3HaK MMHYC B IIPaBOM 4acTH ypaBHEHUS yKa3blBaecT Ha TO, YTO KacaTelbHOE HAIPSIKEHUE
TOPMO3HT CJIOH, ABMKYLIEHCS C OTHOCUTEIHHO OOJbIIEeH CKOPOCTHIO HA BETMUUHY Aw.

Kospduurent nponopuuoHaIbHOCTM 4 B YPAaBHEHUM HA3bIBAETCS JUHAMHYECKHM
K03 puLHEeHTOM BA3KOCTH. YacTo BA3KOCTb JKUAKOCTEH XapaKTepu3yeTcsi KUHEMAaTUYEeCKUM
KO3(QQUIHUEHTOM BSA3KOCTH Vv, KOTOPBIH OIpenesseTcss OTHOUIEHHEM JAMHAMUYECKOro

KOS(l)(bHI_II/ICHTa K IINIOTHOCTH KHUJIKOCTH:

v=E=-H
Py

S. YpaBnenue bepHyniau s uaeanbHOM KUAKOCTH
2

P w
—+4+ z4+ — = H = const
Omeem: prg 2g

@dusnueckuil cMbIca ypaBHEHMsT BepHyIIM COCTOMT B TOM, YTO OHO BBIPAKaeT 3aKOH
COXPaHEHMsI PHEPTUHU JBHKYILEHCS KHUJIKOCTH: CyMMa MOTEHLIUAIbHOW U KHHETUYECKON 3Hepruit
€CTh BEJMYMHA [OCTOAHHAs. IlepBbIii uiueH ypaBHeHus P/pg — craTHYecKui, WM

nve3oMempuuecKkuil HaAnop, pPaBHBIA JABICHHUIO CTOJ0A JKUAKOCTH HAJ pacCMaTpUBACMBIM
YPOBHEM, OTHOCUTENIBHO TOUYKU OTCUETA, BHIPAYKAET YACNbHYIO SHEPTHUIO JaBJICHUS B 9TOH TOUKE;
BTOPOH 7 — HUGENUPHAA GblcOmaA, WU 2e0MEempUYEcKull Hanop, KOTOpbI paBeH
TEOMETPUUYECKON BBICOTE MAHHOW TOYKH M KOTOPBIA BBIpAXKAeT YACNbHYIO MOTCHIIMAIBHYIO
DHEPruio monoxeHus: Toukd. CyMMa JiBa TIEPBBIX WICHOB YPaBHEHUS — TOJHAS MOTEHIIMATbHAS
DHEPrusl KUAKOCTU B JIaHHOW TOYKE €CTh BEITMYMHA MOCTOSIHHASA (3aKOH COXpPaHEHUsS SHEPTUU —
OCHOBHOI 3aKOH THUIPOCTaTHKH). TpeThe ciaraemoe w2/2g — CKOpoCmHOUl (OunamuyecKkuii)

Hanop, KOTOpBIfI BBIPAXKACT YACIbHYIO KHHECTUYCCKYIO SHEPTHUIO B JTaHHOM TOYKE.

5.2. Tunossle 3aga4u
1. Ompenenutb 00BEM BOJBI, KOTOPHIA HEOOXOIMMO JOTOJHUTEIBHO TOJAaTh B BOJOBOJ
nuametrpoMm d =500 MM U JuHOM [ = 1 KM J71 NOBBILIEHUS ABIEHUS 0 Ap = 5-10°I1a.
BonoBon TOATOTOBIEH K TUAPABIMYECKHMM HCHBITAHUSAM U 3aloJHEH BOJOH TIpuU
atMochepHom naBneHuu. Jledhopmanuelr TpyOompoBoga MOKHO TpeHeOpedb. 3HaYCHHS
k03 dunrenTa 06LEMHOTO cKaTHs Boabl 3, =5-107"° m>/H.

Pemenune: BMmecTuMoCTEL BOJIOBOIA

7ZZZ2

V [=196.2 m.

6

O0veM Bonmpl AV, HEOOXOIMMBIM JJIg MOJAY¥ B BOJOBOJ IS IOBBLIINICHHUS JABJICHHUS,
HaliZIeM U3 COOTHOINICHUS AJis Kod(h(HUllmeHTa 00bEMHOTO CHKATHS:



5 oAV _ AV
"TvAP  (V,+AV)AP’

Torma AV = Vo-BAP _ 0.492m° .
1- B,AP

Otset: AV = 0.492m°.

2. TI'pyHTOoBBIE BOABI, (POPMUPYIOIIUE CUCTEMY C HE(TAHBIM IJIACTOM, BBIXOST HAa MOBEPXHOCTD
(puc.). KakoBa nomxHa ObITh TNIOTHOCTh MIMHUCTOTO PacTBOPA, IPUMEHSEMOTr0 MpH OypeHHH

(P, )> UTOOBI HE ObLIO (OHTAHUPOBAHUS HETU IPU BCKPHITUY I1acTa? ['TyOMHA CKBaXKMHBI

h=2500 m; paccTosHME MEXAy YPOBHEM BbBIXOJIa IMOJ3EMHBIX BOJ| Ha IOBEPXHOCTb H
rpanunieit Boga—aedts s = 3200 M; paccTosiHUE MEXAY YPOBHEM BBIXOJla TPYHTOBBIX BOJ Ha
IIOBEPXHOCTb U YCTbEM CKBAXKUHBI /1; = 600 M; IUIOTHOCTh MOA3EMHBIX BOX o5 = 1100 KT/M° ;

IUIOTHOCTb HEPTH P 4 = 850 KI/M.

Pemenue: CocraBum YpaBHCHHEC PABHOBCCHUA CUCTCMBI 'PYHTOBBIC BOABI — He(1)Tb:
P.8N = prin&h+tp,g(h —h,—h).

Torna

 p.8h—p,g(h—hy—h) 1100-10-3200 —850-10-100

- gh B 10-2500

Otser: p,, = 1374 xr/M° .

Prin =1374 xr/m’ .

5.3. IIpumep J1aGopaTopHOii padoThI
Jlaboparopnasi padora
I'mapaBiauyeckuii pacyeT HaMOPHLIX TPYOONIPOBOAOB
3aganue
Ha pucynke m3oOpakeHa cucTema, cOoCTosIIas M3 Trujapobaka (pesepByapa) U TpyOsI
HNEPEMEHHOT0 (IIOCTOSIHHOTO) CeYeHMs. J[BHKEeHHE >KUAKOCTH IUIOTHOCTBIO L MPOMCXOIUT MOJ

JeiicTBUEM JlaBieHus, co3aaBaeMoro 6akoM. CoryiacHO BapuaHTy OINPEeNIUTh:

1. CkopocTh UCTEUEHUS KUJIKOCTH, PACXO0J U MOTEPU HAIopa BAOIL TPYObl, Ipeanoaras
TypOyJIeHTHOE JIBUKEHHUE.

2. YTOYHUTH PEXUM ABWKEHHUS )KUJIKOCTH B TPYO€, €Clii KHHEMaTH4YeCKU KOA(p(hULueHT
BSI3KOCTH ¥ (M/C).

3. I[locTpouTh JTMHUIO MOJTHBIX HAIIOPOB U MHE30METPUUECKYIO JIHMHHIO (B MacuITale).

HcxonHble JaHHBIE AJIs BBIIOJHEHUS CTYACHTaMH Ja00paTOpPHO BhIAAET MPENojaBaTeib.



lpamm
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Pucynok 1.1 — Cxema cucTemsl, COCTOSIICH 13 THApoOaKa U TPyObl TOCTOSTHHOTO CEUCHUS.
KP — kpan; @ — Gmistp

IIpumep BbINOJHEHUSA PA0OThHI
PaccMoTpuM METOAMKY BBITTOJIHEHHUS TTOCTABIICHHON 334 TS HUKCTIPUBEICHHON
TpyOOIIPOBOIHOM cUCTEMBI (pHcC.1.4).

| U=PMaH

O ZII
X

Pucynok 1.2 — Cxema TpyOOIIpOBOAHON CHCTEMBI

Ha cxeme wuzoOpaxeHa cucrema, cocrosiias u3 Tujapobaka (pesepByapa) U TpyObl
MEPEeMEHHOT0 cedyeHus. JIBM)KeHHE >KMIKOCTH IUJIOTHOCTBIO p TPOMCXOIUT TMOA JCHCTBHEM
JaBJIEHUSI, CO31aBaAEMOro 0aAKOM.

Onpenenuts:

1. CxopocTh HCTEYEHHS >KUIKOCTH U, pacxoq () W TOTEepH Hamopa BAOIb TPYOBI,
npeznonarast TypOyJIeHTHOE IBHKCHHE.

2. YTOYHUTH PEXUM ABWKEHUS )KHUJIKOCTH B TPyOe, €Clii KHHEMaTH4eCcKuil Koa(hhuuueHT
BSI3KOCTH ¥ (M°/C).

3. ITocTpoUTh JIMHUIO MOJTHBIX HAMOPOB M Mb€30METPUUYECKYIO JIMHUIO (B MaclITade).

Hano:

H=4wm; d = 32 z1 =1

MM M;

=12 5,.10* =0.025 M¥c

b
M .

Py = Py = 005 MIla = d,=20MM 2z,=2M Ep = Ompenenuts: Uy, Uy, Q, pexum
2

50000 ITa;
£ =800 kr/m’ A1 =003 L=8m

Po=Pysn

JIBIDKEHUS KUIKOCTH (Re)

Pewenmue.
1. OnpenensieM CKOPOCTH HMCTEUEHHUS JKUJIKOCTU U, pacxod () U MOTEpH HAmopa BIOJb
TpyOBI, ipeanonaras TypOyJIeHTHOE JBUKCHHE.
3anumiem ypaBHeHne bepHymum oTHOCUTENBHO ceueHui A-A (Ha CBOOOIHOM TTOBEPXHOCTH
Oaka) u B-B Ha BbIX0/1€ ®KUAKOCTH U3 TPYOBI B aTMOChepy.
2 2
zA+PA+aAﬁ:zB+PB+a3i+2h,j;f, 0))
Prg 2g Prg 2g

T.K. IIPEJIoIaraeTcsl ABMKEHUE KUIKOCTU TypOyJIEeHTHBIM, TO kKodhduuuentsl Kopuonuca o ,=
o,=1.

B cBepnyrom Buze (1):



A-B
H,=Hy+Y> h
o A-B
rne Hy, H p — nonHblil Hanop B ceueHusix A-A u B-B cooTBeTCTBEHHO; Zh — o0mue norepu
nom

Haropa MCKAy HUMH.
HaHOpH OIpeaAcCIIEM OTHOCHUTEIIBHO ITJIIOCKOCTH CPABHCHUA, npoxoz[;nueﬁ 4epe3 TUHUIO O-

0.
OnpenensieM rpaHUYHbIE YCIOBHS:
ZA=ZH +H, PA=PammtPuans Uy =0 m/c (HpH H= const);
B=2K; PB=Pamy; Uy = U, — CKOPOCTb UCTEUEHHUS U3 BTOPOI TPYObL; ¢ s=a p=1, T.K.

PEKUM JIBUKEHUS TYpOyJIECHTHBIH.
[ToncraBuMm B ypaBHeHue (1) rpaHuuHbIE yCIOBUS:

2
ZA+H+R‘TM+PMaH :ZK+$+U_2+ZhAfB
pg pg 2g nhom

1mocJie nmpeodpa3oBaHUi MoJydaeM
P v A-B
Z,+H+2 =7 +—2+Eh . ()

T.x. 3agaHHBIi  TPYOONPOBOJ NPOCTOM, COCTOSIIMM M3 JBYX MOCIEIOBATEIHHO
COCIMHEHHBIX TPYO, TO OOIIME TOTEPH CIEAYET OMPEICNATh KaK apu(PMETHISCKYI0 CYMMY BCEX
NOTePh: hyx — MOTEPH HAa BXOJ B TpyOy; hj u hjp — moTepw MO JIJIMHE Ha COOTBETCTBYIOLIUX
y4acTkax; hy. — MOTEPU HA BHE3AIMHOE CYXEHHUE MOTOKAa B CEYCHUU IMPU M3MEHEHUU TUAMETPOB
TpYOBbI OT d| K da; hy, — IOTEPU B KpaHe.

A-B
O6H_II/IG IOTCpU HaAIlopa Zhnom CKJIaJAbIBAOTCA W3 IIOTCPb 110 JJIIMHEC I’l;m U MCCTHBIX

noreps hy,. OCHOBHOM pacdyeTHOH (HOpMYIION I OnpeieICHHsI TIOTEPh HArmopa 1o JIHHE (MI0Teph
Ha TPEHUE) B KPYTJIbIX TpyOax siBisgeTcs yHUBepcanbHas popmyna Beiicbaxa-Japcu:
d v’
h,=1——, 3)
[ 2g
2
v .
rae [, d — nnuHa W AuaMeTp TpyOOINpoBOJa; 5 CKOpOCTHOW Hamop; A — Ko3¢pduuueHT
8

THJIPABIMYECKOT0 CONMPOTUBIEHUs TpeHHs (koadduuueHT [lapcu), KOTOpPBIA 3aBUCUT OT peKUMa
JBUKEHUS U IIEPOXOBATOCTU CTEHOK TPYOBI.
JIrobast MecTHas moTeps Haropa onpenensercs mno gopmyne Beiicbaxa:

h,=¢&- “4)

v

2g°

rae ¢ — Kod(pPUIUEHT MECTHOTO CONPOTHBIIEHHS, KOTOPBINA OINpeNeNseTcsl peXKUMOM JIBHXKEHUS
KHUJIKOCTH M BUIOM MECTHOTO COIPOTHUBIICHHS B CEUECHHM (M3MEHEHHE CEYeHMs, TPYOOIpOBOIHAS

apmarypa u T. IL.).
2

Gin =2

sz_’ 1

2 2

1)
=5 h fopi-

l_lU_12 _,11_2”22 L
2¢ ¢

Taxum oOpasom, umeem: h, = s, =
d, 2g

2.p =
d2 2g B.C. gB.C

Cormacno popmynam 3 u 4 onpenensieM o01IKe MOTEPH HAopa Zh:: B ceueHuu B-B:
i P=hy bt th th,. ()

N3 (2) MOXHO OmIpenesnnuTh pacrnonaraeéMblii Hamop Hpaen, KOTOPBIM 3aTpaynBaeTcss Ha
IPEOJI0JICHHE BCEX COMPOTHUBIIEHUI U COOOIIEHNE CKOPOCTH U, HA BBIXOI€ MKHUJIKOCTH U3 TPYOBI.

P
Iy~ tH+—=H
Prg

pacm.?



A-B UZ o~
rne H . = Zh + —*— — pacrnoJsiaraeMblii Hamop.
pacn. nom 2g

B (5) neusBectHbl mapameTpbl: K03(G(GHUIUEHTH MECTHOTO COIPOTHUBIICHUS HAa BHE3AIHOE

CY)XCHHUC ITOTOKA fsx u CKOPOCTH KUAKOCTH U1 U V). CKOpOCTI/I KHUIAKOCTU BBIPpA3HUM 4YCPEC3

B.C?
00BeMHBIN pacxon (, KOTOPbIN HE U3MEHSIETCSI BI0JIb [TOTOKA:

Q=v-S =v,-5,=const,
/1€ TUIONIA/INA KUBBIX CEUCHUH S| U S MOXKHO OMpeAeuTh 1o (hopmynam:

2 2
s = s, ="
4 4
40 40
CrnenoBarensHo, U, = glz, L, = Ef . Torna c yuerom (5)

nom

2

A-B .
H, . =>Yh +—2*. 6
e = 2, o (6)

s onpenencHusi KOAPPUIUESHTOB MECTHOTO COMPOTHBICHUS ¢ HEOOXOIWMO NMOMHHTB,

YTO B TPyO€ MOXET ObITh BHE3AITHOE CY)KEHUE MJIN paCIIupEHUE TPyOOIpoBoaa.
BuesanHoe pacimpenue Tpybonpososa. [lorepu Ha BHe3anHOe paclIMpeHue /A, ,, COrIacHO
3akoHy bopaa Haxondar o popmyne:

2
h = (Ul — UZ)
B.p.
2g
A€ v, — CKOPOCTh 0 paCIMPEHUA; U, — CKOPOCTD IIOTOKA IMOCJIE paCIIMPEHU ITOTOKA.

2

N3 dopmynsl bopna crnemyer, yTo mOTepH HAmopa MpU BHE3AMHOM PACHIMPEHUU PaBHBI
CKOPOCTHOMY HAIopy OT MOTEPSHHOM CKOPOCTH (U | — U 7).

Ucnons3ys yauBepcaibHyto ¢popmyny Beiicbaxa, momydnm
2 2

L, L.
/S et W e W
B.D. gl 2g 52 2g

e 51 n 52 - KOB(I)(l)I/II_II/IeHTBI, OTHCCCHHBIC K CKOPOCTHOMY HAIIOPpY OO U IIOCJIC paClIUPpCHUA U
COOTBETCTBCHHO PaBHbI

a\ a Y
— 1 _ 1

G =1-— =51 (7

d

2
T.x vi > v, cnenoBarensHo, & <¢,.
BHesanHoe cykeHue TpybonpoBoja. [ mpakTHYeCKUX PacdeTOB MOYKHO I0JIb30BAThCS

noyamnupudeckoit popmynont U.E. Unenbunka

1 d?
£, =(1——j.0.5=0.5 1—d—22 , (®)

n 1

2

rae n= — CTeNeHb CY)XeHUs; d;, d» — muaMeTpsl TpyOOTIpOBOIOB A0 U Tocie cyxeHust. [loteps

bt B
2
2
HaHOpa th OHpeHCHHeTCH ,Z[Oﬂeﬁ CKOpOCTHOFO HaHOpa I10CJIC CY)KCHI/IH, T.C.

v d’ | v

h,=¢&,.—==051-— | —*.
' 2 d; ) 2
8 2 8

Teneps onpenensieM 3HaYeHHE HEU3BECTHOTO KO3 PHUIIEHTa MECTHOTO COTIPOTHBIICHUS
JUTSL CJTydasi BHE3AITHOTO CYXKEHUs TpyOompoBoia coraacHo (8):
d; 20°
£.=051-—=1=051-—|=03,
d, 32

£ =05,



PaccuuteiBaeM pacnosaraemelii Hamop H 00BeMHBI pacxo @ U CKOPOCTH

pacm. ?

KUIKOCTH V| M V. Bce nMHEHHbIE BETMYMHBI JOJDKHBI OBITH TOJCTABICHBI B MeTpax (M),
2
YCKOpEHHE CBOOOAHOTO MaeHus puHuMaeM g = 9.81 m/c”.

H, . =z,—2 +H+@:1—2+4+M:9.37M,
Pt 08 800-9.81
01:4Q2: 4'0'0008?372:1.1161\4/@
md;  3.14(32-107)
v, =2 _ 00097 5 657 wre.
d;  3.14(20-107)
OmnpenensieM CKOPOCTHBIE HAITOPbI
U—f: L116" =0.0635 m; 0_22:&572:0.416 M.
2¢  2-891 ’ 2¢ 2-891

2. YTOYHUM PEKHUM JIBIKCHHSI 110 Oe3pa3MepHOMY KpUTepuro unciy PeitHonbaca — Re.

Bo3MokHBI J1Ba pPa3iaMYHBIX [0 CBOEMY XapakTepy peKuMMa JBMKCHUS >KUJKOCTHU:
JaMUHAPHBIN U TypOYICHTHBIH.

[Ipu namMuHApPHOM PEXHUME IKUIKOCTH  JBHXKETCS CIOSAMH 0€3  IMONEPEeuHOro
nepeMenInBaHus, MPUYEM IyJIbCcallus CKOPOCTH U JaBICHUS OTCYTCTBYIOT.

[Ipu TypOyJE€HTHOM pPEXKHUME CIOUCTOCTh HApPYIIACTCS, JIBJKCHHE >KUJKOCTHU
COIPOBOXKAAETCA MEPEMEIIMBAHNEM U MYJIbCAIIUSIMHI CKOPOCTHU U JIaBIICHUSI.

Kpurepuem nnsi ompepeneHuss peXuMa JABWKCHHUS SBISIETCS O€3pa3MEepHOE YHUCIIO
Peiinonnaca — Re.

Jliist TpyO KpyTiioro ceueHus uncio PeliHoibca onpenensiercs mo popmyie:

Re = vdw,
JUISl TTIOTOKOB IMPOU3BOJILHOTO TOTIEPEYHOTO CEUCHHMS
U'R
_ T
Rey =—,
14

I U — CpemHsisi CKOPOCTh KHUIKOCTH; d — AMaMeTp TPYObl; Rr — TMApaBINYeCcKUil paanyc; v —
KMHEMaTu4ecKas B3KOCTb KHUJIKOCTH.

Pexxum Oyner namuHapHbiM, ecnu Re<Re,, n TypOyneHTHbIM, eciun Re>Rey,. s
KPYIJIBIX TPYO 0ObIYHO MPUHUMAIOT Rey, =2300, u Rey, = 580 17151 HEKpyTIIbIX.

Omnpenensiem uncio PeitHonbaca 1uist mepBoit TpyOs!

_1.116-32-107°

e = —— =14285.
0.025-10
Pexum TypOynenTHsill, T.K. Re;>Re,=2300.
Jlnist BTOpO# TpyObl
-3
e, = 2.857-20-10" _ 29856

0.025-107*
Re; > Rey, — pesxuM TypOyIeHTHBIN.
3. Crpoum rpadux bepnymu.

H Jlunun HavansHo20 HaNoPa H,.,

H

lnockocme cpasrHeHus

Pucynok 1.3 — I'padux bepuynnu



S5.4. TumoBble BONPOCHI K 3JKCIPECC-0MPOCY IO OCBOCHHBIM [0Ma CaMOCTOSAITEJbHO
TePMHMHAM U MOHATUAM

1. Yto Takoe ¢puiabtpanus? IlpusecTn npumepsl.

Omeem: DunbTpauuell Ha3bIBaeTCS JBIKEHHE (IPOCAauMBAaHUE) JKUIKOCTEH U ra3oB uepes
HOPHUCTBIE CPeNbl MO ACUCTBUEM KaKuUX-THOO (akTopoB. PHIBTPAIMOHHBIEC MPOIECCHl IHUPOKO
pacrnpocTpaHeHbl U BCTPEYAIOTCS KaK B TMOBCEIHEBHOM KM3HM (ABM)KEHUE TabOauyHOro AbIMa B
cUrapere, OYMCTKa BOJOMPOBOAHON BOJABI B OBITOBOM (PHIBTPE, CMAauMBaHUE T'YOKH U MBIThS
MOCY/Ibl), TaK U B SIBJICHUSX, BIUSIONIMX Ha 0JarocOCTOSIHHE LEIbIX TOCYAapCcTB (MepeaABIKEHNE
HEe(TH M MPHUPOJHOTO ra3a B MOA3EMHBIX IIACTaX, MUTPAIMS BJIATM B IJIOJOPOJHBIX IOYBAX,
paboTa TEXHOJOTUYECKUX YCTPOUCTB XMMHUECKUX MPEIIPUITUI).

2. [IapameTpsl, ONMCHIBAKIINE HAKOIJICHHE U NIEPEHOC JKUAKOCTH B IOPUCTOM cpee

Omeem: llopucTocTh. BakHOW XapakTEpUCTHUKON MOPUCTOU Cpeabl SBIAECTCS MOPUCTOCTD
(MM TIOPO3HOCTB) M, paBHAsE OTHOCHUTENBHOM OOBEMHON J0JIeé TMOPOBOIO IPOCTPAHCTBA B
matepuaie. [lopuctocTs ompezenseT KOJIUYECTBO KHUAKOCTH, KOTOPOE MOXKET COAEpKaThbCs B
HEKOTOpPOM OO0BbEMe MOPHUCTON cpeabl (€CHu >KUAKOCTh LEIUKOM 3aloJIHAET BHYTPHIIOPOBOE
npoctpancTBo). Ecnu 1151 oOpasna oJHOPOIHOTO HOPUCTOro Marepuana o0beMoM V 00beM mop
cocraBisieT Vy, TO MOPUCTOCTH 3TOro odpasua m = V,/V.

[TpocBeTHOCTL. Ecnu caenaTh MBICIEHHBIN TONEPEUHBIi pa3pe3 oOpas3ia MOPUCTON Cpeibl, TO
B 00pa3oBaBmIeMcsl CeYeHHH (0003HAYUM €ro IUIOMaab S) 4acTh IUIOMIAU S; OYACeT MPUXOTUTHCS
Ha TOPBI, a OCTaBIIAsACS 4acTh (S - S;) — Ha TBEpJIO€ BELIECTBO MOPUCTOI cpeabl. OTHOIICHUE N
IUIOIIAAX TIOp B CEYEHHMH K OOIIeH TIUIOHmIagy CEYECHUs Ha3bIBACTCA IPOCBETHOCTHIO
(TIOBEPXHOCTHON MOPUCTOCTHIO): 1 = Sy/S.

Ckopocth QunbTparuu. i XapakTepUCTHKH MaccolepeHoca npu (GuibTpamuu KUIKOCTH
(unu Ta3a) BBOAUTCS BEKTOPHAs BEJIMYMHA, HAa3bIBa€Masi CKOPOCThIO (DUIIbTPAIIUY.

5.5. Bonpocel K 3K3aMeHy
1. OmpeneneHue HaAyKU «THAPOMEXAHUKAY.

2. PeasibHbIE U NJCAIBHBIE KUAKOCTH.

3. Enununsl m3mepeHus (U3MYECKUX BEJIWYHH, NMPUMEHSEMBIX B THapoMexaHuke. OCHOBHBIC
(U3UKO-MEXaHNYECKHUE CBOMCTBA KHUIKOCTH.

4. Cwubl, ACUCTBYIOIINE B )KUJIKOCTH BS3KOCTb.

5. 3akoH HproTOHa 111 BHYTPEHHETO TPEHUS B KHUIKOCTH.

6. 3aBUCUMOCTb BSI3KOCTH OT TEMIIEpAaTyphl U aBjIeHus. Bucko3umerpsl.

7. T'mapocratuyeckoe JaBieHUE.

8. MuddepenunanbHble ypaBHEHUS PaBHOBECHS KUAKOCTH.

9. HHrerpan ypaBHeHM Diliiepa JUisl HECKUMAEMON KUIKOCTH.

10. YpaBHeHuE NOBEPXHOCTH PABHOTO JaBlIeHUS. MeTobl ¥ IPUOOPHI Il U3MEPEHUSI JaBICHMUSL.

11. AGcomoTHOE 1 U30BITOYHOE AaBieHre. BakyyMm.

12. TunpocTaTHyecKuil HAMoOp M DHEPreTUYECKUU 3aKOH [UIS JKHIKOCTH, HAXONAIIEWCS B
paBHOBecHH. OCHOBHOE ypaBHEHUE THAPOCTATHKH.

13. Cuna naBieHUsl )KUAKOCTH Ha TIIOCKYIO CTEHKY.

14. Cuna naBneHus KUAKOCTA HA KPUBOJMHENHBIE CTEHKH.

15. IIpssMosMHEHOE PAaBHOYCKOPEHHOE JBUKEHUE COCY/A C )KUIKOCTBIO.

16. PaBHOMEpHOE BpallleHHE COCyAa C )KUIKOCTBIO.

17. IIpocThle THIpAaBINYECKAE MAIIWHEL. [ MapaBIMYecKuil mpecc.

18. I'mapaBauyeckuii akKyMyJsITop. 3aKkoH Apxumena.

19. OcHOBHBIE KHNHEMATHUYECKHUE TOHSTHS U ONIPEICIICHHUS.

20. JIBa MeTO/1a UCCIIEOBAHMSI IBUKEHUS KUIKOCTH.

21. TpaekTopuH 4acTHUIl ¥ JIMHUM TOKA. Y CTAHOBUBIIIEECS IBUIKCHHE.

22. Crpyityarast MOAEb IBUXKEHUS KUIKOCTU. TpyOKa ToKa.

23. Pacxon xxuaxoctu. CpeaHsisi CKOPOCTb.

24. lnddepennuanbHble ypaBHEHUS TUHUHA TOKA.



25.
26.
27.
28.

29.
30.
. I'padmueckas wmocTpanus ypaBHeHus bepHyuu 1t MOTOKa peaibHOM JKUIKOCTH.
32.
33.
34.
35.
36.
. BuxpeBble ABM>KEHHUS UeaIbHOM KUIKOCTH: TeopeMa ToMmcoHa, TeopeMa Jlarpanka, TeopeMbl

31

37

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
. Bnusinue Bpamenus. J{pyrue ciiyuyan yCTaHOBHUBILETOCS IBUKEHUS.
49.

48

50.
51.
52.
. OcHOBHBIE ypaBHEHUS JUHAMUKH ITOA3EMHBIX BOJ.
54.

53

55.
56.
57.

58

64.
65.

66.

[Inockoe nBuxenue. yHKINUH TOKA.

BuxpeBoe u 06e3BuXpeBoe MOTEHIIMATLHOE TEYCHHUE KUIKOCTH.

YpaBHEHME HEPa3PHIBHOCTH B IEPEMEHHBIX Jilliepa B AEKapTOBOM CUCTEME KOOPAUHAT.
Huddepennmanbaple ypaBHEHHS JBHKCHHUS HACATIbHON (HEBSA3KOHM) >KUAKOCTH (ypaBHEHUS
Hasbe-Ctoxkca).

VYpaBaenue bepHynu 115 37€eMEHTApHON CTPYHKH UCATbHON HKUJKOCTH.

YpaBHeHue bepHysum 1 3JIEMEHTApHOM CTPYHMKU peaIbHOM KUIKOCTH.

IIpakTHueckoe mpuMeHeHne ypaBHeHus bepHyuin.

TpyOxka [Ipanarnsa. Tpyoka Benrypu, coro, nuadparma.
YcranoBuBIIeeCs ABHKEHUE. bE3BUXPEBOE IBUKEHUE.
YcTtaHoBuBIIeecs: 0€3BUXPEBOE IBUKECHHE.

Orpannuenusi, Hajlaraemblie Ha ckopocThb. Dopmyina Toppuyeu.

I'enbMrosnsia

VYpaBuenusa Hasbe - CTokca.

Pu3n4ecKuil ¥ TeOMETPUUECKUI CMBICI ypaBHeHUs bepHyiuu. Hanop suakocru.
WuTerpan bepryum uist BA3KOW KUIKOCTH IPU YCTAHOBUBLIEMCS JBUKCHUH.
Koadduument Kopruonuca.

OO11e cBeIeHUsI O MECTHBIX COIPOTUBIICHUSX.

[ToBopoT pycna. MecTHbIE CONPOTUBIICHUS MPU JJTAMUHAPHOM TE€YEHUU.
Kunemarndeckue ycioBus B c1ydae OAHOIO TeJa.

Koadduuuent npucoernHeHHON Macchl. BripakeHue 11 THAPOIMHAMHYECKHIX CHIL.
Tpu NOCTOSHHBIX HANpPaBICHUS IBUKEHUS; YCTOMYUBOCTD.

JIBrkeHue Tena BpalleHus. Y CTOWYMBOCTD ABUKECHUS, TAPAIIEIIBHOTO OCH CUMMETPHU.

JIBikeHre BUHTOBOM MOBEpXHOCTH. Kod((UIMEHT mpu COeAMHEHHONW MAacChl KHIKOCTH,
3aKJIIOYEHHOW B ABIKYLIEHcs TBEpoi 000I0UKe.

YpasHenus Jlarpanxka B 0000IICHHBIX KOOPHMHATAX.

[Tpuauun 'amunerona. IlpuMeHeHne B THAPOAMHAMUKE.

JIBuxenue cheppl BOIM3U TBEPIOH CTEHKH.

3akoHbl (uiabTpanuu, Kod(PGUIHUEHTH (QUIBTpAlliy, BOJOHACHIIIEHHOCTh M BOJOOTIAYa,
ypaBHeHnue Jlapcu.

VYpaBHeHHNE HEPa3pbIBHOCTH (PUIIBTPALIMOHHOTO MTOTOKA.

Hanopnas u 6e3nanopHas GuibTpanus.

CraunoHapHble 3a/1a4¥ QUIbTPALUH.

. OUIBTPALIMOHHBIN pacXoj Yepe3 NPSMOYTOJIbHYIO IEPEMBIUKY.
59.
60.
61.
62.
63.

[TpuTOK BOIBI K COBEPIICHHOMY KPYTIIOMY OJIMHOYHOMY KOJIO/ILY.

[TpuTOK BOJBI K COBEPIICHHOMY apTe3UaHCKOMY KOJIOALLY.

HuddepennnanbHoe ypaBHEHNE HECTAIMOHAPHOM (PHIIbTpaLIUH.

[TpuTtok BOABI K Taepee, pacroaokKEeHHOM Ha BOJOYNope (HecTallMoOHapHas 3a/1a4a).

[TpuTOK BOJBI K COBEPIIEHHOMY KOJIOJITY, PACIIONIOKEHHOMY Ha BOAOYIOpe (HecTalioHapHas
3a/1a4a).

OunpTpaIys B IIacTe B HAMOPHOM M O€3HAIIOPHOM CITydJae.

BomonpuTok K COBEpIIEHHBIM U HECOBEPIIEHHBIM CKBa)KWHAM, JAETPECCUOHHBIE KPHBBIE,
panuyc BIHSHUS CKBAKHHBI.

['mapaBianueckuil pacueT TpyOOIIPOBOIOB: Ha3HAUEGHHE U KJIacCU(pUKaus TpPyOONnpoOBOIOB;
pacyeT W TPOEKTUPOBAHHE TPYOONPOBOJOB; THUIAPABIMYECKHI pacueT MPOCTOTO
TpyOOmpoBOAa; METOJ SKBHUBAJIEHTHBIX IOTEPh; THUIPABIUYECKUNA pacueT CIOXKHBIX
TpyOOTIPOBOIOB; TUAPABINYECKIE XapaKTEePUCTUKH TpyOOTIPOBOIOB;



67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

TUAPOdHEPreTHUYecKuii 0amaHc HACOCHOM YCTaHOBKH; CHU(OHHBIE TPYOOIPOBOJKL;
TUAPABINYECKUHN ynap B TpyOax; KaBUTALUS.

Hcredenne )KUJIKOCTH Yepe3 Majloe OTBEPCTUE B TOHKOHM CTEHKE.

HcTedyenne XUAKOCTH Yepe3 O0IbIIOE OTBEPCTHE.

HcreueHnne XUAKOCTH Yepe3 3aTOINIEHHOE OTBEPCTHE.

HcTeueHune XKUIKOCTH MPU MIEPEMEHHOM HaIope.

HcreueHne KUAKOCTH Yepe3 HACATKH.

['mnpaBnudeckuii pacyeT OTKPBITHIX pycei. BzammonelicTBre MOTOKa U TBEPAOTO Tea.
Knaccudukanus BonocanBoB. ['uapaBinyeckuii pacyeT BOJIOCIHBOB.

[TonoOue pu3nIecKux SABICHUMH.

AHanu3 pasmepHocreit u I1-teopema.

Yucna ruipora3oJMHaMHYECKOTO IOI00HSL.

MonenupoBaHue JBIKEHUS KUAKOCTH U Ta3a.

[TpubnmxenHoe mogo0ue U MOICINPOBAHUE.



TEXHOJIOI'NTYECKASA KAPTA JUCHUIIVIMHBI
OCHOBHASA OBPA3OBATEJIBHASA ITPOI'PAMMA

21.05.05 ®usuyeckue nMpouecchl rOpHOro WM HegTerazoBoro NpPoU3BoACTBA

conenuaguzanusg Nel «@uznyeckue nNpouecchbl rOpHOro NPou3BoACTBA»
(xop, HaTpaBIIeHUE, IPOQILIH)

TEXHOJIOI'MYECKASA KAPTA

Hudp mucrummmas! o PYIL | b1.5.18
JucuuninHa \anpOMexaHnRa
Kypc | 4 | ceMecTp | 7
Kadenpa | TOPHOTO0 J1eJ1a, HAYK 0 3eMJyie H MPHPOA000yCTPOiicTBa
®.1.0. nmpenogaBartens, 3BaHAE, JOIKHOCTD | bekeroBa Enena bopucoBHa, K.T.H., 1OIIEHT
Kadeapbl TOPHOIO Aesa, HayK 0 3eMJie M MPUPOI000YCTPOICTBA
:)6111 TPYAOCMKOCTbysc/3ET | 216/6 | Koi-Bo CEMECTPOB | 1 | CPCOGUL/TeK CeM.M. | 120/120
HK06HL/TCK. cem. |44/44 HP/CM06m./TeK. ceMm. B/S |~HBO6LH./TeK. ceMm. |8/8 | q)OPMa KOHTPOJIA
Komnerenuun o0yyaomerocsi, popmupyembie B pe3y/ibTaTe 0CBOCHUsS THUCUUIINHBI:

IK3aMeH

— TOTOBHOCTBIO C €CTECTBCHHOHAYUYHBIX TIIO3UIMIA OIICHUBATh CTPOCHUE, XHUMHYCCKHHA U
MUHEpAJIbHBIA COCTaB 3€MHOW KOpBI, MOp(dosornyeckue OCOOCHHOCTH M T'€HETHYECKHE THUIIBI
MECTOPOXKJCHUN TBEPJIBIX TOJIC3HBIX MCKOMAEMbBIX MPH PEIICHUM 3a/a4 10 PAlHOHAIBHOMY H
KOMILUIEKCHOMY OCBOCHHIO reopecypcHoro norennuana Heap (OI1K-4).

Kon ¢opmupyemoii KoanuecrBo MaxkcumaJjbHoe Cpok
Copepxanue 3a1aHus .
KOMIIeTeHIIMH MepONpHATHIi | KOJINYecTBO 0AJIJI0B |  NpeoCTaBIeHUs

Beoownwtii onok

He npenycMoTpeH | | | |

Ocnoeénoil 610K

OIIK-4 'Y CTHBIN onpoc 4 12 B teuenue cemectpa

OIIK-4 Permenue 3amaa 4 16 B teuenue cemectpa

BrImoyiHeHHE U 3amATa

OIIK-4 N
mabopaTopHOl pabOThI

4 20 B Teuenue cemectpa

DKCTPECC-OMPOC MO0 OCBOCHHBIM
OIIK-4 JI0Ma CaMOCTOSITENIbHO TEPMUHAM 3 12 B teuenue cemectpa
1 ITIOHATUAM

Bcero: 60
OIIK-4 DKk3aMeH I'sonpoc - 20 Io pacnucaHuio
2 Bompoc - 20
Bcero: 40
Hroro: 100
OIlK-4 | IToaroTOBKa OMOPHOTO KOHCIICKTA 10 ITo cormnacoBaHUIO ¢
Bcero 0a/1710B 110 I0NOJHUTEIBHOMY 0J10KY)| 10 IpernojaBaTeneM

[Ikana oneHUBaHUA B paMKaX OaTbHO-peiiTuHTOBOM cucTteMbl MAI'Y: «2» - 60 6amioB u MeHee, «3» - 61-
80 6aioB, «4» - 81-90 6amnoB, «5» - 91-100 GamioB.




