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1. O01mme cBegeHus

1. | Kadenpa I'opHoro aena, Hayk 0 3eMJyie ¥ IPUPOAO0O0YCTPOICTBA
2. | CnenuaibHOCTh 21.05.04 T'opnoe geno

3. | Cnenmanm3anus No3 «OTKpbITBIE TOPHBIE PAOOTHI»

4. | NucuunnuHa (MOIyJIb) I'mppomexanuka

5. | ®opma oOyueHUs 3a04Has

6. | l'oxg Habopa 2016

2. llepeyeHb KOMIETEHIIUIA

— I'OTOBHOCTHIO C C€CTCCTBCHHOHAYYHBIX HOSI/IIII/Iﬁ OlICHUBATh CTPOCHHUC, XUMHYECKUU U
MI/IHepaJII)HI)If/'I COCTaB 3E€MHOM KOPHI, MOp(l)OJIOFI/I‘-ICCKI/Ie 0COOEHHOCTH M TE€HETHYECKHUE THIIBI
MECTOPOXKACHUM TBEPIBIX IMOJIE3HBIX HCKOMAEMBIX MPU PEIICHUU 3a/ad MO PaldOHAILHOMY U
KOMILIEKCHOMY OCBOEHHIO reopecypcHoro norenimana 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

JHEPreTUYECKUE MOTEPU
TIPH JABMKCHHUU PEaTbHBIX
JKHJKOCTEN B
TUJIPaBIMYECKUX CHCTEMaxX

3HaTh: YmMmers: Buaners: c¢(hopMHPOBAHHOCTH
(pa3nensbl, TeMbl JUCHHILIAHDI) KOMIIeTeHI Ul .
KOMIIeTeHI Ui
IToHATE MOCTaBIEHHYIO
. OCHOBHBIE CBOMCTBA KHIKOTO U | 3aja4y, coopath
1. Bgenmenme. CBoiicTBa U MapaMeTpHI
OIIK-4 ra3000pa3HOTrO COCTOSHHUS HEOOXOTUMYIO
COCTOSIHHUS JKUIKOCTH Okcnpecc-onpoc 1o
BEIIECTBA nHpopmanuio s ee
OCBOCHHBIM JI0Ma
peneHust
CaMOCTOSTEIHHO
YMeTs pemats 3a1auu
. . TEepMHHAM U TTOHATHAM
OCHOBHBIE CBOMCTBA )KHAKOTO U | B3aMMOJCHCTBHSA OCHOBHBIMH 3aKOHAMH
~ Pemenue 3amau
2. T'mppocraTtmka OIIK-4 ra3000pa3HOTo COCTOSHUS TOKOSIIIIEHCST KUIKOCTH CO PaBHOBECHSI BA3KHX
BelIecTBa CTeHKaMHU COCyJa, B JKHUJIKOCTEH U ra3oB
KOTOPOM OHa HaXOJUTCS
OCHOBHBIE CBOMCTBA )KHUJIKOTO U Metoaukoii pacuera
3. KunemaTnka noTeHIMAIBHBIX U ITpumensTH MOENH
OIIK-4 ra3000pa3HoOro COCTOSHUS TpyOOIpPOBOAOB AT
BUXPEBBIX TIOTOKOB TEYEHUS KUAKOCTH U raza
BelIeCcTBa JKUJIKOCTH U rasa
VYc¢10BUs UCIIOJIB30BaHUS IIpumeHsTH OCHOBHOE VYerHbll onpoc
4. OcHOBHBIC 3aKOHBI U YPaBHEHUS o
THIIPABINYECKOTO ypaBHEHHME THIPOCTATHKU U | MeToauKoi pacueTra
CTaTUKU M JTUHAMUKHU HJICATbHBIX U
o OIIK-4 TOPHOJ00BIBAIOIIETO ypaBHeHue bepHyinu TpyOOTIIPOBOAOB TS
peanbHBIX XKuAKocTel. ['napomexannka
o o 000py10BaHMS IPUMEHHUTENBHO | JUTS PEIICHHUS IPaKTHIECKUX | *KUAKOCTH M Tra3a
YIPYTO# HEBA3KOH XKHUIKOCTH
K KOHKPETHBIM 337a4aM 3amaq
Okcnpecc-onpoc 1Mo
Hagbikamu orieHkn
OCBOEHHBIM J0Ma
Mertonp! perieHns: 6a30BbIX PeaTbHOCTH MOTYYaeMbIX HIIH
. Pemats npsimyto u CaMOCTOSITEIILHO
5. JIBWKeHHE HAMOPHBIX TOTOKOB BSI3KOH 3a7a4 THAPOCTaTUKH 1 HCCIIeyeMbIX
OIIK-4 o0OpaTtHyIo 3a7a9u TEPMHUHAM U MOHSTHSIM,
KHUJKOCTH THIAPOJMHAMHUKH PeaTbHbIX THJPOMEXaHUIECKUX
. THIPaBIUKH pemeHue 3azad,
KHUJIKOCTEN apaMeTPOB B UX YHUCIOBOM
BBINOJIHEHHE U 3aIUTa
BBIpa)KEHIH .
nmabopaTopHOl pabOThI
IIpumensaTs OCHOBHBIE
3aKOHBI MEXAaHUKH KHUIKHX
M Ta3000pa3HBIX Ccpen Tpu
. ab0Te Ha TOPHOPYAHBIX
Mertonbl pacuéra IpOCThIX U p PHOPYAL .
TPEATIPUATHIX Pacueramu Ha ocHOBaHUH VYceTHslii onpoc
6. I'mppaBmuyeckne cOnpoOTHBICHUS OIIK-4 CJIOKHBIX THAPABINYECKUX
OnpenensTs TUIOBBIX METOJUK.




KpnTepml H TMMOKa3aTeJIu OCHUBAHUA 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 MpoIiecca
OIIK-4 CIIO’KHBIX THIPABINUECKUX N MIpeIBapUTENBHBIX TPAHHI
KUIKOCTH . HCTEUYCHHUS )KUIKOCTEH 13
cereit . TOPHBIX OTBOJIOB IS
OTBEPCTUH M HACAIIOK
CTPOHTEILCTBA H
SKCILTyaTaI[i TOPHBIX
IpEIIPUITHH
3HaHUEeM 3aKOHOMEpHOCTEH
Hcnonbs3oBaTh METOIBI
TIOBE/ICHUS U YTIPaBJICHUS
BBITIOJTHEHUSI N
.. CBOMCTBaMH TOPHBIX TIOPOJT U
MeTtobl pacuéra IpOCTHIX U THIPaBIMYECKUX
COCTOSIHUEM MacCHBa B
CJIOHBIX THAPABINYECKUX JKCIIEPUMEHTOB, UMEIOIINX
N R npoIlieccax J00bUd U
8. OcHOBBI TeOpUH (PUIBTPALINU OIIK-4 ceTeil 1 OCHOBBI pacyéTa MECTO B TEXHOJIOTHUECKUX
. repepabOTKA TBEPABIX
(UIBTPaMOHHBIX 33124, mporieccax Mmoa3eMHON
TTOJIC3HBIX UCKOIIAEMBIX, a
BCTPEYAIOIIUXCS B TOPHOM Jiejie | pa3paOOTKH IOJIE3HBIX
TaKXkKe MPU CTPOUTEIBCTBE U
HCKOIMaeMbIX, 0000111aTh
AKCIUTyaTaI[uH ITOI3EMHBIX
MTOJyYCHHBIC PE3YIIbTAThI .
COOPYKEHHH
YerHblii onpoc.
IIpuMeHsTh OCHOBHBIE
3HaTh TEOPHUIO OA0OUS 3aKOHBI MEXaHUKHU KHUJIKHX
9. MoaeaupoBaHUe TUIPABIHUCCKUX MopaenupoBarth Oe30macHbIe
OIIK-4 TUAPOMEXaHUYECKUX 1 Ta3000pa3HBIX CpPe. U
MPOIIECCOB MIPOU3BOJICTBEHHBIE TIPOIIECCHI
HPOIIECCOB MOJIETTH TeUEHUS KUKOCTH
u rasa
[IpuMeHsITH OCHOBHBIE MeTtonamu Teopuu moo0us u
3aKOHBI MEXaHUKHU KHUJIKUX | pa3MepHOCTEH B mpoleccax
N [pubnmxenHoe nogodue u
10. DneMeHTBI TEOpHH pa3MEepPHOCTEH OIIK-4 Y Ta3000pa3HBIX Cpell U JIBUKEHUSI )KUJKOCTH U Ta3a U

MOACIMPOBaHUEC

MOACIN TCUCHUS XKUAKOCTH
urasa

OCHOB MOJCINPOBAHUA
TUAPOMEXaHUYCCKUX SIBJICHHI




4. KpuTepnu U MIKaJIbI OCHUBAHUS

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

4.2. Pemienue 3a1a4

4 Gamna — CTYIGHT peIni BCE PEKOMEHJOBAaHHBIC 3aJjaud, NPAaBUIBHO H3JIOKHI BCE
BapHUaHThl UX PEIICHUs, apryMEHTHPOBAB HMX, C 00S3aTENIbHOW CCBUIKOW HA COOTBETCTBYIOIIHUEC
HOPMATHUBBI (€CIIN IO COAEPIKAHUIO 3TO HEOOXOANMO).

3 Oayia — CTYJeHT pern He MeHee 85% peKOMEeHI0OBaHHBIX 3a/1ay, IPABHUIIBHO U3JI0KUI BCE
BapUaHTBl PELICHHS, APTyMEHTHPOBAB HX, C 00s3aTEIbHOM CCBHUIKOH Ha COOTBETCTBYIOIIHUE
HOPMATHBBI (€CJIH TI0 COACPIKAHUIO 3TO HEOOXOAMMO).

2 Oaia — CTYJCHT perm He MeHee 65% pPeKOMEHIOBAaHHBIX 3a]1a4, TPABIIIBHO U3JIOKUIT BCE
BapHUaHThl UX PEIICHHs, apryMEHTHPOBAB HMX, C 00s3aTEIHbHON CCBUIKOH Ha COOTBETCTBYIOIIHE
HOPMATHUBBI (€CIIH MO COAEPIKAHUIO 3TO HEOOXOAUMO).

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

4.3. BolnosiHeHHE U 3a1IUTA Ja00paTOPHOIi 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

MaxkcuMajbHO€E KOJIHYECTBO 0aJ1JI0B

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

4.5. KourpoabHas padora

30 GayuTOB BBHICTABIISICTCS, €CJIM CTYACHT PEIIMJI BCe PEKOMEH/IOBAHHBIC 3a/a4H, MPABHILHO
U3NIOKWJ BCE BapUaHThl UX pEIICHUS, apryMEHTHPOBAB HX, C O0S3aTENbHOW CCHUIKOW Ha
COOTBETCTBYIOIINE HOPMATHUBHI (€CJIH 1O COJIEPKAHUIO I3TO HEOOXOAUMO).

20 6amnoB BHICTABISAETCS, €CIIM CTYAEHT pelui He MeHee 85% peKOMEeHIOBAaHHBIX 3ajad,
MPABIJIEHO M3JIOKHJI BCE BAPUAHTHI PEUICHUS, apTYMEHTHPOBAB X, C 00s3aTeILHON CCHITKON Ha
COOTBETCTBYIOIINE HOPMATHUBHI (€CIIU TIO COACPIKAHUIO 3TO HEOOXOIUMO).

10 OGayuToB BBICTABIISETCS, €CIIM CTYJICHT permi He MeHee 65% peKoMeHIOBAaHHBIX 3ajad,
MPABUJIHO M3JI0KUIT BCE BAPHAHTHI UX PEIICHHS, apTyMEHTUPOBAB UX, C 00s13aTENBHON CCHUIKON
Ha COOTBETCTBYIOIINE HOPMATHUBHI (€CIIH IO COJIEPIKAHUIO ITO HEOOXOIUMO).

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

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 U yIpyrue ;KuaKoCTH
Omeem: B Teopuum TUIPOMEXaHUKU TIOJ TEPMUHOM <(OKMJKOCTb» IOpPa3yMEBalOTCA

KareJbHbIE U YIPYrUe KUIKOCTH (ra3sl U nmapbl) O1aroaaps ux ooduemy Gu3n4eckoMy CBOUCTBY —
TCKY4YCCTHU. HOE)TOMy, IpCKAC BCCTO, B TUAPABIUKC U TUAPOMEXAHNUYCCKUX MPOHCCCaX KUIKOCTU
paccMaTpUBAIOTCS KaK TEKy4due Cpelbl (BEUIeCTBa), CIIOCOOHBIE CaMOINPOU3BOJIBHO 3aHUMATh U
npuHUMaTh GopMy Bcero oObeMa cocyna, B KOTOPOM OHM 3aKiIroueHbl. Kpome Toro, *HIKOCTH
MIPEJICTABIISIFOTCS KaK CIUIOLIHBIE CPE/bl C HEMPEPBIBHO paclpeieIeHHON MI0THOCThIO. [loa aTum
IOHSTUEM MMEETCS B BUIY Cpela, YacTHULbl KOTOPOH paBHOMEPHO paclpeiesieHbl IO BCEMY €€
00BemMy 0€3 « pa3pbIBOBY, T.€. B JIF000I1 TOUuke 00beMa CYHIECTBYIOT YaCTHUIIbI Cpebl U 001a/1at0T
OIIPEEICHHOM INIOTHOCTBIO.

PaznuyaroT cnegyromme BUABI )KUIKOCTEH:

—  WpeanpHas )UIKOCTh — 001aaeT aOCOTIOTHON TEKYYECThIO, a0COIIOTHO HEC)KUMAeMa U B
HEH MOJIHOCTHIO OTCYTCTBYIOT CHJIBI CICTIIICHHUS MEXKTy YaCTUIIAMH.

— Peanphas KUIKOCTh — 06J1az{aeT BCEMH YKa3aHHBIMH BBIIIC cBoiicTBaMH. I'naBHBIE M
OCHOBHBIE CBOMCTBA KHUAKOCTH — TCKYYCCTh U BA3KOCTb.

— T'omoreHHass JXHMJIKOCTb — JKUJIKOCTb, COCTOALIAs U3 OJHOIO WM HECKOJbKUX
KOMIIOHEHTOB, HE HMEIOILIUX IPAHULLY pa3/iesia Mex a1y co00l (MICTUHHbBIE paCTBOPHI).

— T'ereporeHHas JKHIOKOCTb — JKHUAKOCTb, COCTOSALIAsi W3 OJHOTO WIH HECKOJBbKHUX
KOMITOHEHTOB, KOTOpPBIE UMEIOT TPAaHUILy pa3/iena MEeXIy co00il — IByX WM TpexQa3Hble CHCTEMBI
(cycrieH3uu, IbIMbI, IIBIIH, TYMaHbl U SMYJIbCHH).

2. Cuibl, AeiicTBYIOLIUE B PeaabHOI JKHIKOCTH

Omeem: XuAKOCTH, HAXOJAIIMECA B IOKOE WM IBMKCHUM IIOCTOSHHO HAXONATCA IOJ
BO3/JICIICTBUEM pa3IMuUHBIX cuUjl. Bcee nelcTByroIIMe CHIIBI MOAPA3JENSIIOTCS Ha OObEMHBIE U
IIOBEPXHOCTHBIE CUJIBI.

Obvemmubie cunbl. ITa KATETOPHsl CHUJ OTHOCHTCS K MAacCOBBIM CHJIaM, TOCKOJIBKY HX
BEJIMYMHA 3aBHCUT OT MACChI KUIKOCTH, U JIEHCTBYIOT OHU Ha KaX/1yl0 YaCTHUIly JAHHOTO 00bema
xuakocTd. K 3TuM cumaM OTHOCATCS CHIIBI TSKECTH U CUJIbl MHEPLMH, B T.4. LIEHTPOOESKHBIE
CHJIBI.

XapaKkTepUCTUKOW WHTEHCUBHOCTH CWIIBI TshkecTd G, AEWCTBYIOMEH Ha KOHKPETHBIH
o0beM V, sBsieTcs yaeNbHBINA BeC y )KUAKOCTH:

y=1lim G/V = lim (mg/V) = p g H/M® .

Ilosepxnocmuvie cunbl. ITU CUIBI IEUCTBYIO Ha MOBEPXHOCTU, OTPAaHUYMBAOIINE JaHHBIN
o0veM. K TakuM cuiaM OTHOCATCS CWIIBI JABJIEHUS U MOBEPXHOCTHOTO HaTskeHUs: OOBIYHO B
TEOPUU ONIEPUPYIOT MOHATUEM HANPSIKEHUS, T.€. OTHOLIEHUEM CHUJIBI K BEJIMYMHE ITOBEPXHOCTH, HA
KOTOpYIO OHHU JeicTByIOT. [Ipy 3TOM HE0OXOIUMO MOMHUTH, UTO Jit00ask JeMCTBYIOIAs CUiIa Ha
MOBEPXHOCTh, KaK BEKTOPHAsl BEJIMUUHA, MOKET OBITh Pa3IoKeHa Ha HOPMAJIbHYIO U KacaTelbHYIO
cocTaBisifolMe (HOpPMaJbHOE W KacaTelbHOe HampsbkeHue). HopmanbHas —coctaBnsromas
HalpaBJieHA IEPHEHANUKYJISIPHO IMOBEPXHOCTH M PE3YJIbTATOM €€ ICHCTBUS SIBISETCS CXKATHE
(pacTspKeHUe), a KacaTellbHash HampaBlieHA MO KacaTelbHOW K TMOBEPXHOCTH, T.€. BAOJbL Hee, U
pe3yJIbTaTOM €€ ACUCTBHS SIBISIETCA CABUI CIOEB. B TpeXMepHBIX AEKapTOBBIX KOOpPAMHATAX
paccMaTpUBAIOTCS MPOEKIIMY BEKTOPOB CUJI HA COOTBETCTBYIOIINE KOOPAMHATHBIE MIIOCKOCTH.

3. Bs3KocTb KUAKOCTH

Omeem: (CBOHCTBO JKHMJIKOCTH OKa3blBaThb CONPOTHUBIICHHE YCWJIMSM, BBI3bIBAIOIINM
OTHOCHUTEIIBHOE IEPEMEILLEHUE €€ CIIOEB. BS3KOCTh ompenensercs B COOTBETCTBHUM C 3aKOHOM
BHYTpEeHHETo TpeHus HproToHa:

‘L'_T_ (aw)
s 'uan n—0

r/e {4 — IMHaMUYecKui K03 PuIueHT Bsi3kocTH, [a-c.



Koaddummenr auHaMHYECKOH  BS3KOCTH — ONPEACISIETCS  OKCIEPHUMEHTAIBHO B
COOTBCTCTBHUHU CO CTaHL[apTaMI/I n i 6OHBIHI/IHCTBa >KI/IL[KOCT€:I71 ABIISICTCA CnpaBOIIHOI?'I
BGJII/IHI/IHOI‘/’I. HpI/I OTcyTCTBI/H/I CHpaBOHHLIX JAHHBIX BS3KOCTH MOKCET 6BITB paCCqI/ITaHa 110
HOJYIMIIUPUYECKUM YPaBHEHHSIM.

Kpome kodGduimenta IUHAMHYECKON BS3KOCTH HA MPAKTHUKE IIMPOKO HCIONB3YETCS
I10Ka3aTcCJIb KI/IHeMaTI/IquKOﬁ BA3KOCTH, paBHBIP'I OTHOUICHUIO HHHaMquCKOﬁ BA3KOCTHU K
IIJIOTHOCTH KUAKOCTHU:

o m?
v=20 [

p c

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

Omeem: KacarenpHas cwia 7, KOTOPYIO HEOOXOIMMO HPWIOKHTH K BEPXHEMY CIIOO
KHUAKOCTU HJIs1 €T0 PAaBHOMCPHOI'O CABHUI'da OTHOCHUTCIIBHO HUIKHETO CJI0A (I/IJ'II/I IMPOTHUBOIIOJIOKHO
HanpasJeHHas cuia TpeHus I, ¢ KOTOPOM HIKHHUH CIIOW CONPOTHBISETCS HEPEeMELICHUIO
BEPXHEr0), TEM 00JIblIIe, YeM 00JIbLIE YeM OO0JIbILIE TPAAUEHT CKOPOCTH.

CoriacHO TaKOMY OTIPEJENICHHIO HANIPSDKCHNE BHYTPEHHETO TPEHHSI, BOSHUKAIOIIEE MEKITY
CIIOSAMU YXKUJIKOCTH IIPU €€ TEYECHUH, IIPAMO IIPOIIOPIHUOHAIBLHO IPaIUEeHTy CKOPOCTH:

= u(®)

3HaK MHUHYC B [IPaBOM 4acTH ypaBHEHMS YKa3bIBAET Ha TO, YTO KACATEIbHOE HANPSIKEHUE
TOPMO3UT CJIOH, IBUKYIIEHCS C OTHOCUTEIIBHO OOJbILIEH CKOPOCTHIO Ha BETUYUHY AW.
KospduuneHt nponopuuoHaIbHOCTH 4 B YPaBHEHUM HA3bIBAE€TCS JIMHAMMYECKUM
K03 pureHTOM BS3KOCTH. YacTo BS3KOCTh JKUAKOCTEH XapaKTepH3yeTcsl KWHEMATUYECKUM
KO3(QQULUHUEHTOM BA3KOCTH Vv, KOTOPBIH OIpenesseTcss OTHOUIEHHEM JAMHAMUYECKOro
K0d(pPHIIMEHTA K TUIOTHOCTH YKUIKOCTH:
n_ g

p 14
5. YpaBHeHue BepHyJ‘lJ‘II/I2L[J1ﬂ H1eATbHOM KUIKOCTH

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

@u3NYECKUl CMBICI ypaBHEHHUS bBEpHYyIIM COCTOUT B TOM, YTO OHO BBIPAXKAET 3aKOH
COXPAHEHHUs DHEPTUH JBUKYILEUCS KUJIKOCTU: CyMMa MOTEHLIMAIBHON U KHHETUYECKON DHEPruil
€CTh BENMYMHA MOCTOAHHAs. IlepBblii wieH ypaBHenus P/pg — crartwueckuit, wim

nve3omempuyecKuii Hanop, PaBHBIM [aBICHUIO CTOJ0A >KUJIKOCTH HaJ paccMaTpUBAEMbIM
YPOBHEM, OTHOCHTEJIbHO TOYKH OTCUETA, BBIPAYKAET YAEIbHYIO SHEPTUIO JTaBJIEHUS B 3TOU TOUKE;
BTOpPOIl Z — Hueenupuasa evicoma, UAU 2€0MEeMPUYECKUIl HANOP, KOTOPbIA paBeH
T€OMETPUUYECKONM BBICOTE JTAHHOM TOYKM WU KOTOPBIM BBIPAKAET YACIbHYIO MOTEHUUATIbHYIO
SHEPTUIO TMOJ0KeHUs Touku. CyMMa JiBa MEPBHIX YICHOB YpaBHEHUS — TOJIHAS MOTEHIMAIbHAs
DHEPrusl KUAKOCTU B JIaHHOW TOYKE €CTh BEITMYMHA MOCTOSHHAs (3aKOH COXPAHEHUS YHEPTUH —

OCHOBHOI 3aKOH TuApocTaTuku). TpeTbe ciaraemoe W2/2g — CKOpOCmHOU (OuHamuyvecKuit)
Hanop, KOTOPBIN BbIpaXaeT yeIbHYI0 KHHETHUECKYIO SHEPTHIO B JAHHOUN TOYKE.
5.2. Ilpumepsnl 32124

1. Ompenenuts 00BEM BOABI, KOTOPBIH HEOOXOAMMO JOIMOJHUTENBHO IMOJaTh B BOJIOBOJ
nuamerpoM d =500 MM u ummHOM | = 1 kKM Ul TOBBINICHUS TaBJICHUS 10 Ap = 5.10°TTa.
BonoBony moAroToBieH K - TUAPAaBIMYECKMM MCHBITAHWSM M 3al0JHEH BOAOM IIpU
atMochepHoMm paBieHuu. Jledopmarmeit TpyOompoBoga MOXKHO TpeHeOpedhb. 3HAUYCHUsS
k03 dunrenTa 065eMHOro cKxatus Boasl 3, =5-107% MY/H.

Pemenune: BMmecTuMOCTEL BOJIOBOIA
2

V. =21=196.2 »°.
4

6

O6beM Bonbl AV, HEOOXOAMMBINA [JIsl MOJAYU B BOJOBOJ JJISl TOBBIIIEHUS JaBJIEHUS,
HaliZieM U3 COOTHOIIECHUS AJis1 Kod(hduimeHTa 00beMHOT0 CKaTHS:



AV AV
VAP (V, +AV)AP

B =

V, - B,AP

Torma AV = 5 =0.492m°.

Otser: AV = 0.492Mm°.

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? [J1yOMHa 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 M YCTheM CKBaKHHBI Ny = 600 M; IUIOTHOCTH MOA3EMHBIX BOI 0 5 = 1100 KF/M3;

Pemenwne: CoctaBUM ypaBHEHHE PaBHOBECHUS CHCTEMBI rpyHTéiaLIe BOJBI — HEPTH:
P9 = pindh+p,9(h, —h, —h).
Torna
_ p,9h,—p,g(h,—h,—h) 1100-10-3200-850-10-100
Pmin = gh - 10-2500
Ortget: p, . = 1374 xr/m° .

=1374 xr/m° .

5.3. Ipumep JadopaTopHoii paGoThI
JlabopaTopnasi padora
I'uapaBauyeckuii pacuyeT HAMOPHBIX TPYOONPOBOI0B
3aganue
Ha pucynke un3oOpaxeHa cuctema, cocrosimias U3 rujpobdaka (pesepByapa) U TpyObl
MEePEMEHHOTO (TIOCTOSIHHOTO) CeUeHHs. [[BIKEHHME KUIKOCTH TUIOTHOCTBIO O TMPOUCXOIUT O]

NIeiCTBUEM JIaBJICHUS, co3aBaeMoro 6akoM. CoriacHO BapHaHTY OINPEENINTh:

1. CkopocTh UCTEUEHUS KUIKOCTH, PACXOJl M MOTEPU HAIOpa BAOIL TPYOBI, Ipeanoaras
TypOyJICHTHOE ABMKCHHE.

2. YTOYHUTH PEXUM ABWKEHUS KHUJIKOCTH B TPYOe, €Clii KHHEMaTH4YeCKHi Kod(hhUIueHT
BSI3KOCTHU V (MZ/C).

3. [TocTpouTh TUHHIO MOJTHBIX HAIOPOB U MHE30METPUUECKYIO JTMHHIO (B MaciiTabe).

Hcxonueie naHHBIE Ui BBIIONHEHHUS CTYACHTaMH JabopaTopHOW paboThl BBIIAET
Nperno/IaBaTeb.

[r..

H con{t o KP

'F,’amM

1/10 I.d £/1Q
Pucynok 1.1 — Cxema cuCTeMbl, COCTOSIIEH 13 THAPOOaKa U TPYObI MOCTOSHHOTO CEUSHUSI.
KP — xpan; @ — puibtp




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

TpyOOIIPOBOIHOM cUCTEMBI (pHC.1.4).
P0=P aH

A

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 HCTEUEHHs JXUAKOCTH U, pacxoq Q M moTrepu Hamopa BIOJb TPYOBI,
npezrnonaras TypOyJIeHTHOE JIBHKCHHE.

2. YTOYHUTH PEXKHUM JIBHIKCHHS JKUJKOCTU B TPYOE, €CIIM KMHEMATUYCCKU KOI(PPHUIIUEHT
BSI3KOCTH V (MZ/C).

3. [TocTpouTh NTUHUIO MOJHBIX HATIOPOB U MbE30METPUUECKYIO JTUHUIO (B MaciiTade).

Hano:
H=4w; d = 32 7z =1 L =12 ,,.10* —0.025 w¥c
MM M; M
Py = Py = 0.05 MIla = d,=20mm  2,=2m & = = Ompenenute: Uy,  U,, Q, pexum
50000 ITa; JBIKeHHS KuIKocTH (Re)
£ =800 kr/m® 1 =003 hL=8wm
Po=Pyan

Peienne.

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 +aAU—A=zB+i+aBi+Zh:;nB, (1)
A9 29 A 29

T.K. TIPEAINOJIAraeTcsl ABUKEHHUE XKHUJIKOCTH TypOyJIeHTHbIM, TO K03(dunuentsr Kopuonuca o =
o,=1.
B cBepnyTom Buze (1):
A-B
H,=H,+>h "
v A-B
rae Ha, H p — monubiit Hanop B ceueHusix A-A u B-B cooTBeTcTBEeHHO; Zh — ob1re norepu
nom

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



1p=1k; PB=Pamy; Uz =V, — CKOPOCTb UCTEUECHUS U3 BTOPOU TPYOBI; & A=« p=1, T.K.
PEKUM JIBUKCHUS TYPOYICHTHBIM.
[ToncraBuMm B ypaBHeHue (1) rpaHrUHbIE YCIIOBUS:

P +P P v? A-B
7 +H+ atm MaH _ 7 4 v 2 _'_Zh
’ P9 © A 2g o
nocie mpeodpa3zoBaHUl MoTydaem

P A-B
Z, +H 4 z+—+ h 2
pg dh 2)

T.x. 3amaHHBId TpYOOIIPOBOX IPOCTOH, COCTOSIIIMHA W3 JBYX IIOCIEIOBATEIHHO
COCIMHEHHBIX TPYO, TO OOIIMe MOTEePH CIeIyeT ONPEACIATh KaK apu(pMETHYSCKYI0 CYMMY BCEX
noreps: hsx — morepu Ha Bxon B TpyOy; hip u hj — morepu mo mmHE Ha COOTBETCTBYIOLIMX
ydacTkax; Ny — MOoTepH Ha BHE3aIlHOE CYXKEHHE MOTOKA B CEUYCHUU NP U3MEHEHUH JHaMETPOB
TpyOsI OT d; K d2; hy, — HOTEpH B KpaHe.

A-B
OO0mue norepu Haropa Zhnom CKJIQJIBIBAIOTCS. U3 TOTEPh MO JIMHE 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:

d v?
h,=4-——, 3
129" 3)

v .
rae |, d — mmHa u guamerp TpyOOIPOBOAA; >q CKOpOCTHOW Hamop; A — ko3 duiueHt
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, :5'5—9’ )

rae & — Ko3(QPUIUEHT MECTHOTO COIPOTUBIIECHUS, KOTOPHIN ONpPEAESeTCS PEXKUMOM JBUKECHUS

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

2 2 2
Taxum o6pasom, umeem: h = Bxu—l; h =11 Loy = b h,. :§BCU—2; =&, L
29 d2g’ " d,2g" "¢ 29" * P29
CornacHo popmynam 3 1 4 onpesensiem o0lIMe IOTEPH HATIOPA Y h:;f B ceueHnn B-B:
2 2 2 2 2
ZhAB—h +h +h +h +h =& U—+/1|—10—1+/1|—20—2+§CU_2+§ Y _
"29 d;2g d,2g 29 “*2g
2 2
b + ﬂl—l + Y2 ﬁl—z + + 5
Gt A U a v E) @

N3 (2) MoXkHO ompenenuTs pacnosaraeMbelid Hamop Hpacn, KOTOPBI 3arpaunBaeTcss Ha
IIPEOJI0JICHHE BCEX CONPOTUBIIEHUI U COOOLIEHUE CKOPOCTH U, HA BBIXOJE KHJIKOCTH U3 TPYOBI.

zA—zK+H+%=H
A

pacm. !

2
A-B U, .
rne H,., = E h +_29 — pacrioyiaraeMslil Harop.

B (5) HCHU3BCCTHBI ITapaMCTPhI: KOB(l)(I)I/IL[I/IeHTBI MCCTHOI'O COIIPOTHUBJICHHUA HA BHC3AITHOC
CY>KCHHE IMOTOKa é:Ex u CKOPOCTH KXKUIAKOCTH U1 U V2. CKOpOCTI/I KHUJIKOCTHU BBIPpA3UM UYCPE3

B.C Y

00BeMHBIH pacxoy Q, KOTOPEI HE H3MEHSETCS BIIOJIb TIOTOKA:



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

2 2
S = ﬂdl ) Sz = ﬂdz :
4 4
4Q 4Q
CrnenoBarensHo, U, = Ef’ v, = ﬂ‘Tzz . Torna c yuetom (5)
H —ZhA_B+U_22::U_12(§ +/1|_1)+U_22(/1|_2+é: +§ )+U_22_
pacm. nom 2 g 2g BX dl 2g d , B.C Kp zg
16Q° I 16Q° |
=< (£, + A D) +——— (&, A2+ E +D).
ﬂ2d14zg (§BX dl) ﬂ'zdgzg (gs,c d2 gl(p )

(6)

Jnst onpenenennss KO3(GGUIMEHTOB MECTHOTO COMPOTUBICHUS & HEOOXOIUMO MOMHHTH,

YTO B TPyO€ MOXET ObITh BHE3AITHOE CY)KEHUE WJIU PaCIIUpPEHUE TPyOOIpoOBOaa.
BuesanHoe pacuipenue tpybonpososa. [lotepu Ha BHe3anHoe pacuiupenue h,, corimacHo
3akoHy bopaa Haxondar no popmye:
2
_-v)

=
TAC U, — CKOPOCTh N0 paCclIMPCHUs; U, — CKOPOCTb ITOTOKA ITOCJIC PACIIUPCHUS ITIOTOKA.

W3 dopmynsr Bopaa ciiemyer, 94To MOTEpU HAMoOpa MPHU BHE3AITHOM PACHIMPCHUHM PAaBHBI
CKOPOCTHOMY HAIopy OT HOTEPSHHOM CKOPOCTH (V1 — U 2).

Ucnons3ys yauBepcaibHyto ¢popmyny Beiicbaxa, momyunm
2 2

h =g g%
B.p. §1zg 5229

rae & u &, — KOdpPUIUCHTHI, OTHECEHHBIE K CKOPOCTHOMY HAIOPY JI0 U MOCJE PACIIUPEHHS U
COOTBETCTBEHHO PaBHBI

51:[1_%J §2 :[%_ j . (7)

T.x vi >V, cnenoBarensHo, & <&, .

BuesanHoe cyxeHue TpybomnpoBoja. Iy MpakTUYECKUX PACUETOB MOXKHO MOJIb30BATHCS
noaysmnupuydeckoit popmynoit U.E. Mnenpunka

£ = (1—%}-0.5:0.5[1—3—22} (8)

1

2
rae N=—= — creneHs cyxenus; di, dy — quamMeTps! TPYOOIPOBOLOB [0 U HOCHE CyxeHus. [loteps
2

Haropa hy, orpezesnsieTcst Joiael CKOpOCTHOTO Hanopa Moclie CY:KeHHUs, T.€.
V3 ( dfj v
h.=&.—~=051-—= 1. =,
29 d, ) 29
Teneps onpezaenseM 3HaueHHE HEU3BECTHOTO KOAPPUIIMEHTa MECTHOTO COITPOTUBIICHHS
JUIS CJlydasi BHE3AITHOTO CY)KEHUs TpyOOIpoBoia coriacHo (8):

2 2

E = 0.5(1— %} = 0.5(1—%j =03,
1
£ =05.



PaccunteiBaem pacrnonaraemeiii Hamop H o0veMHBII pacxon Q U ckopocTu

paci. ?

KUIKOCTH Vi W Vo. Bce nMHEiHbIE BETMYMHBI JOJDKHBI OBITH TOJCTABICHBI B MeTpax (M),
2
YCKOpEHHE CBOOOIHOTO MaieHust npuHuMaeM g = 9.81 m/c”.

H . =2,-z,+H +%=1—2+4+w=9-37M,
pacn. 9 800-9.81
o Zngam T
|1 4 Iz 4
§BX+X'7 dl +(§Bc+/17+§xp+1) 2
d, cod,
2.9.81-9/37 314

12

(05+003 8 ]/(3210)+(03+003 4
3210 20-10°

+2+1)/(20 107%)

— 0.000897 M% —0.897 11/c ~ 0.9 1/c.
4Q  4-0.000897

v=—3= —— =1.116 m/c;
. 3.14(32-107)
v, = 4Q2 = 4'0'0008?372 =2.857 m/c.
md, 3.14(20-107°)
OmnpenensieM CKOPOCTHBIE HAIIOPbI
2 2 2 2
o LU 4 0635 u; Ve 2857 416,
29 2-891 29 2-891

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
NepeMENINBaHuUs, TPUUYEM MMYJIbCAllUsl CKOPOCTH U JIaBJIEHUS OTCYTCTBYIOT.

[Ipu TypOyJE€HTHOM pEXHUME CIOUCTOCTh HApPYIIAETCS, JIBIJKCHHE >KUJIKOCTH
COMNPOBOXAAETCS MEPEMEIINBAHUEM U MYJIbCALUSIMHU CKOPOCTU U JaBJICHUSI.

Kpurepuem nnsi ompeneneHuss pexuma ABWKCHHUS SBISIETCS Oe€3pa3MEpHOE UHCIIO
Peiinonbaca — Re.

st py6 kpyriioro ceuenus yucio PeitHomnbca onpeaensercs mo hopmyie:

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

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

Pexxum Oynmer namunHapHbiM, ecnu Re<Re,, n TypOynentHelM, eciun Re>Rey,. [ns
KPYIJIBIX TPYO 00bI14HO MpUHUMAIOT Rey, =2300, u Rey, = 580 115t HEKpyTIIBIX.

Omnpenensiem uncio PeitHonbaca 1uist mepBoit TpyOs!

-3
81:—1'116 32 1_(4) =14285.
0.025-10

Pexxum TypOynenTHsIl, T.K. Re;>Re,= 2300.

Jlnist BTOpO# TpyObI
-3
Re, = 2.857-20 ]:9 =22856.
0.025-10

Re, > Rep — pexxuM TypOyIeHTHBIH.
3. Ctpoum rpaduk beprymm.



v JluHusi HayaneHo2o Hanopa Hi.,

o
Pl e e — — o
H,= 1
11,37 m
Pum 16,37 M ]
P H
s}
A A
H =4 wm |(const)
2z =]LM—
(% S —0

lMnockocmeb CpaeHeHus
Pucynok 1.3 — I'padux bepuynnu

5.4. TunoBblie BONPOCHI K JKCIPECC-ONPOCY MO OCBOCHHBIM /IOMAa CAMOCTOSITEIbHO
TePMUHAM H MOHATHAM

1. Yro Takoe puabTpanus? [IpuBecTn npumepsl.

Omeem: @OunbTpaiueil Ha3bIBACTCS JIBIXKCHHE (ITPOCAYMBAHME) KUAKOCTEH M Ta30B uepes
HOPHUCTBIE Cpelibl MOJ ACUCTBUEM KaKuX-1H00 (akTopoB. DHIBTPAMOHHBIE 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. [TapameTpbl, ONMCHIBAIOLHE HAKOIIEHUE U NIEPEHOC KUAKOCTH B IIOPUCTOH cpeje

Omeem: Ilopucroctb. BakHOI XapaKTepUCTUKOW MOPUCTOM cpeibl SBISETCS MOPUCTOCTH
(MM TOPO3HOCTB) M, paBHash OTHOCHUTENBHOM OOBEMHON J0Jie MOPOBOIO IPOCTPAHCTBA 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 oOpa3sia MopucTou cpebl, TO
B 00pa3oBaBIIeMcs cedeHUH (0003HaYMM €ro IJIOLIa b S) YyacTh IJIomanu Sy OyaeT NPUXOAUTHCS
Ha TOpHI, a ocTaBIasicss 4acTh (S - S;) — Ha TBEpJOE BEIIECTBO MOPHUCTOH cpepl. OTHOMmEHHE N
IUIOIAAM TOp B CEUeHMM K OOIIed TIJIomagud CeYEeHUs Ha3bIBAaeTCd MPOCBETHOCTHIO
(MMOBEPXHOCTHOM MOPUCTOCTHIO): N = S/S.

Ckopoctb QuabTparnuu. [y XapakTepUCTUKM MaccolepeHoca npu (GuibTpaluu XKHUJIKOCTH
(unu Ta3a) BBOAUTCS BEKTOPHAs BEJIMYMHA, HAa3bIBaeMasi CKOPOCThIO (PMIIbTPALIUH.

5.5. Bonpocs! k 3k3aMeHy

1. Omnpenenenue HayKu «THIPOMEXAHUKA.

2. PeanbHBIC U HI€ATEHBIC )KUAKOCTH.

3. Eaunuiel u3mepeHus (U3NYECKUX BEIWYHMH, NMPUMEHSEMBIX B TujapoMexaHuke. 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.

Juddepenunansupie ypaBHEHUS JTUHUMA 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.

Orpanunyenus, Hanaraemble Ha ckopocTb. @opmyna Toppuueniu.

BuxpeBble IBUKEHUS UACATBHOM )KUIKOCTH: TeopeMa ToMcoHa, Teopema JlarpaHxka, 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.
BnusiHne Bpamenus. Jlpyrue ciydan yCTaHOBHUBILETOCS JBUKEHUS.

JIBukeHre BUHTOBOW MOBepXHOCTH. KoaQ@UIMEHT mpu COEIUHEHHONM MacChl JKHJIKOCTH,
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 OamaHC HACOCHOM YyCTaHOBKHM; 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 MoIETUPOBaHNE.



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
DOIII. TPYAOEMKOCTbuyye/3ET | 180/5 | Kon-Bo cemectpoB | 2 | CPCou/rex. cemm, | 159/159

HKoﬁLu./Te}c. CEM. |8/8 Il—IP/CMOGIu./TEK. ceM. IZ/Z |J_IE06H1./T6K. CceM. |2/2 | qDOpMa 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

OIlK-4 Pemenne 3agay 2 8 B teuenne ceccun

BrIitoraenne u 3alimTa

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
Bcero: 40
Hroro: 100
OIIK-4 | [ToaroroBka ONOPHOr0 KOHCIEKTA 10 ITo cornacoBanmrio ¢
Bcero 6a/110B 110 TONOJHHUTEJIBHOMY 0JI0KY]| 10 IpenojiaBaTeneM

[Ikana oneHUBaHUS B pamKax OaJulbHO-peiiTuHroBoii cucrembl MAT'Y: «2» - 60 GamioB u menee, «3» - 61-80
6aioB, «4» - 81-90 6amnoBs, «5» - 91-100 6ai10B, «3auTeHo» - 61-100 GamioB




