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1. O01mme cBeneHns

1. | Kadenpa I'opHoro aena, Hayk 0 3eMJyie ¥ MPUPOT000YCTPOICTBA
2. | CnenuaiabHOCTh 21.05.04 T'opnoe geno
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5. | ®opma oOyueHUs 3a04Hast

6. | 'oq nabopa 2020

2. [lepeyeHb KOMNETEHIHIT

— TOTOBHOCTBIO C €CTECTBEHHOHAYYHBIX IIO3HMIIMI OIEHWBATH CTPOCHUE, XUMHUUYECKHH U
MUHEPATBHBIA COCTaB 3€MHOU KOPBI, MOP(HOIOTHYECKHE OCOOCHHOCTH M TE€HETHYECKHE THUIIBI
MECTOPOXKACHUN TBEPJBIX MOJE3HBIX MCKOIMAEMBIX IMPH PEHICHUH 3a/1ad 0 paluOHAIBHOMY H
KOMIUIEKCHOMY OCBOEHHIO TreopecypcHoro norenimana neap (OIK-4).




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

Irtan GpopMUPOBAHUA KOMIIETCHIMHA

®opmupyemast

KpnTepml H NMOKa3aTeJIu OCHUBAHUSA KOMHeTeHHl/Iﬁ

q)Ole)l KOHTPOJIAA

ceTer

Onpenensitb
SHEPreTUYeCcKUe noTepu
TIPH JIBWXKCHHUU PEaTbHBIX
JKHJKOCTEN B
THUAPABINYECKUX CUCTEMAX

THIIOBBIX MCTOJHK.

copmMupoBaHHOCTH
(pasnensbl, TeMbl JUCHHILIAHDI) KOMIIeTeHI Ul 3HaTh: YMmersn: Baapers: .
KOMIIeTeHI Ui
IToHATH MOCTAaBIEHHYIO
» OCHOBHBIE CBOMCTBA KHUIKOTO U | 3amady, coOpaTh
1. Bsenmenme. CBoiicTBa U MapaMeTpHI
OIIK-4 ra3000pa3HOTrO COCTOSHHUS HEOOXOTUMYIO
COCTOSIHHUS JKUIKOCTH OKcnpecc-onpoc 1Mo
BEIIECTBA nHpopmanuio s ee
pemeHms OCHOBHBIMH 3aKOHAMHU OCBOCHHBIM JOMa
PaBHOBECHSI BA3KHX CaMOCTOSTEIHHO
YMeTs pemats 3a1auu .
. . KHUIKOCTEH U Ta30B TEepMHHAM U TTOHATHAM
OCHOBHBIE CBOMCTBA )KHAKOTO U | B3aMMOJECHCTBHS
. Peunrenue 3anau
2. T'mapocratuka OIIK-4 ra3o00pa3HoOro COCTOSHUS MOKOSIIIEHCS KUIKOCTU CO
BelIeCTBa CTeHKaMHU COoCyJa, B
KOTOPOM OHa HaXOJUTCS
OCHOBHBIE CBOMCTBA KHUJKOTO U Metoaukoii pacuera
3. KunemaTnka NOTEHIMAIBHBIX U ITpumensaTs Mozenu
OIIK-4 ra3zo00pa3HoOro COCTOSHUS TpyOOIpPOBOAOB AT
BUXPEBBIX TIOTOKOB TEYEHUS KUAKOCTH U Traza
BeIIeCTBa JKHJIKOCTH U raza
VY¢10BUs UCIIOJIB30BaHUS IIpuMeHsITH OCHOBHOE VYeTHbll onpoc
4. OcHOBHBIC 3aKOHBI U YPaBHEHUS .
THIPABIMYECKOTO ypaBHEHHE TUIPOCTATHKN U | MeToauKoi pacueTra
CTaTUKU M TUHAMUKHU HJICATbHBIX U
N OIIK-4 TOPHO00BIBAIOIIET0 ypaBHeHHE bepHymn TpyOOTIPOBOIOB IS
peanbHBIX XKuAKocTel. ['napomexanuka
o o 000py10BaHMS IPUMEHHUTENBHO | JUTS PEIICHHUS IPaKTHIECKUX | *KUAKOCTH M Tra3a
YIIPYTOi HEBA3KOH XKHUIKOCTH
K KOHKPETHBIM 337a4aM 3amaq
Okcnpecc-onpoc 1o
Hagbikamu orieHKn
OCBOEHHBIM J0Ma
Mertonp! pemeHns: 6a30BbIX PeaTbHOCTH MOTYyYaeMbIX HIIH
. Pemars npsmyro u CaMOCTOSITEIILHO
5. JIBWKeHHE HANOPHBIX MTOTOKOB BSI3KOH 3a71a4 THAPOCTaTUKH U HCCIIeTyeMbIX
OIIK-4 o0OpartHyo 3a7a9u TEPMHUHAM U NOHATHUSAM,
KUJIKOCTH THIPOAMHAMUKH PeaIbHBIX THIPOMEXaHIMYECKUX
. THIPaBINKH pelnieHue 3a1ad,
KHUJIKOCTEN apaMeTPOB B UX YHUCIOBOM
BBITTOJTHEHHE U 3aIUTa
BBIPAKEHUHT .
71a60paTOpHON pabOTHI
IIpumensaTs OCHOBHBIE
3aKOHBI MEXaHUKU KHUIKHAX
M Ta3000pa3HBIX Cpeln Tpu
. aboTe Ha TOPHOPYIHBIX
MeToasl pacuéTa IpOCThIX U p PHOPYA .
HOPEANpULTHAX Pacueramu Ha ocHOBaHMH VYceTHslii onpoc
6. TuppaBnuyueckue CONPOTUBIECHUS OIIK-4 CJIOKHBIX THAPABINYECKUX




KpnTepml H NMOKa3aTeJIu OCHUBAHUSA KOMIIeTeHIIl/Iﬁ

®opMBbI KOHTPOJIA

MOACJIMPOBaHUEC

MOACIN TCUCHUSA X KUAKOCTH
nrasa

OCHOB MOJCINPOBAHUA
TUAPOMEXAHUYCCKUX SIBIICHUM

Irtan GpopMUPOBAHUA KOMIIETCHIMHA ®opmupyemasn
copMupoBaHHOCTH
(pasaensbl, TeMbl JUCHHILIAHDI) KOMIIeTeHI Ul 3HaTh: YMmersn: Baapers: .
KOMIIeTeHI Ui
Pemennem mpoGiem mpu
pa3BelIKe MECTOPOKICHUM
TIOJIE3HBIX NCKOMAEMBIX U
.. PaccuntsiBaTh
. MeTonbl pacuéTra NpOCThIX 1 OTIPEAEICHUN
7. BsaumopneicTBHeE TE C IOTOKOM XapaKTEepUCTUKHU IpoLecca
OIIK-4 CJIOXKHBIX THIPABINIECKUX M TIPeABaAPUTEIBHBIX TPAHHMI]
KHUJKOCTH . WCTEUEHHMS )KUAKOCTEH 13
cerer N TOPHBIX OTBOJIOB JUIA
OTBEPCTHH M HACAI0K
CTPOUTENBCTBA U
SKCIUTyaTaI[ii TOPHBIX
IpENIPUITHH
3HaHUeM 3aKOHOMEpHOCTEH
Hcnonb30BaTh METOBI
HIOBEJICHUS U YIIPaBJICHUS
BBITTOJIHEHUS .
. CBOWCTBaMM F'OPHBIX TIOPOA U
MeToab! pacuéTa IpOCThIX U THPaBIMYECKUX
COCTOSIHUEM MacCHBa B
CJIO’KHBIX THIPABINYECKUX 9KCIEPUMEHTOB, UMEIOIIUX
. A nporeccax JOOBIYH U
8. OcHOBHI TeopuH QUIBTPALIHN OIIK-4 ceTell 1 OCHOBBI pacuéra MECTO B TEXHOJOTMUECKHUX
. nepepaboTKu TBEPIABIX
(UITBTPALMOHHBIX 3a/1ad, mporeccax HoA3EMHOM
TIOJIE3HBIX NCKOMIAEMBIX, &
BCTPEUAIONINXCSI B TOPHOM Jieie | pa3pabOTKH MOJIE3HBIX
TaK)Ke IPH CTPOUTEIILCTBE
HCKOITaeMBIX, 0000111aTh
9KCIITyaTall1 TTOA3EMHbIX
TIOJTyYCHHBIE PE3YIIbTaThI .
COOpY)KEHHH
YcrHslit onpoc.
IIpuMeHsTh OCHOBHBIE
3HaTh TEOPHUIO TOA0OUS 3aKOHBI MEXaHUKH KUIKUX
9. MonenupoBaHue TUAPABINUECKUX MoenupoBath 6€30IacHbIC
OIIK-4 TUAPOMEXaHUYECKUX 1 Ta3000pa3HBIX Cpe.l U
MPOIIECCOB MPOHU3BOJCTBEHHBIE IIPOLIECCHI
HPOIIECCOB MOJIEJIN TeUCHHUS )KUIKOCTH
W rasa
ITpuMeHATH OCHOBHEIE Meroamu Teopun Moo0us U
3aKOHBI MEXaHUKH XKHUJKUX | pa3sMEpHOCTEH B mpoleccax
N [pubnmxenHnoe nogodue U
10. DneMeHTHI TEOPUH pa3MEpPHOCTEN OIIK-4 M ra3000pa3HbIX cpesl U JBUKCHMS )KUIKOCTH U Ta3a U




4. Kputepuu ¥ mKaJjabl OLeHUBAHUSA

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

4.2. Pemienue 3a1a4

4 Oamma — CTYOEHT peIIMI BCE PEKOMEHJOBAaHHBIC 3aJaud, MPAaBUIBHO H3JIOKWI BCE
BapHUaHThl UX PEIICHUS, apryMEHTHUPOBAB MX, C 00S3aTENbHOW CCBUIKOW HA COOTBETCTBYIOIINE
HOPMATHUBBI (€CIIN 110 COAEPKAHUIO 3TO HEOOXOAUMO).

3 Gamna — cTyAeHT pemui He MeHee 85% peKOMEeHI0OBaHHBIX 3a]1ay, IPABUIILHO HU3JIOKUI BCE
BapUaHTBl PELICHHS, APTyMEHTHPOBAB MX, C O0S3aTENbHOW CCBUIKOW HA COOTBETCTBYIOIIUE
HOPMATHBBI (€CJIU TI0 COACPIKAHUIO 3TO HEOOXOAMMO).

2 Gania — CTYJCHT pelmi He MeHee 65% peKoOMEeHI0BaHHBIX 3a]1a4, MPaBUIIHLHO U3JIOKUI BCE
BapHUaHThl UX PEIICHUS, apryMEHTHPOBAB HMX, C 00S3aTEIbHON CCHUIKOW HAa COOTBETCTBYIOIIUE
HOPMATHUBBI (€CIIN 110 COAEPIKAHUIO 3TO HEOOXOAUMO).

1 Gamn — crynmeHT BeIMONHUI MeHee 50% 3amaHus, W/WIM HEBEPHO YyKa3zajdl BapUaHTHI
peteHws.

4.3. BoinosiHeHue U 3a1UTA J1a0OPATOPHOI 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 02J1710B 5

a. 4.4. Dxcnpecc-onpoc Mo 0CBOCHHBbIM I0Ma CAMOCTOAATEIbHO TEPMHUHAM M MOHATHUAM
IIponeHT npaBUIBHBIX OTBETOB o 60 60-80 81-100
KommuectBo 0anoB 2 3 4

4.5. Kourpoabnas padora

30 GayuIOB BBICTABIISETCS, €CIU CTYACHT PEIIUI BCE PEKOMEHIOBAHHBIC 3a7a4H, TTPABUIHHO
U3NIOKUJ BCE BApUAHThl WX pEIICHUS, apryMEHTHPOBAB WX, C O0S3aTENbHON CCHUIKOW Ha
COOTBETCTBYIOIINE HOPMATHUBBI (€CJIH MO COJIEPKAHUIO I3TO HEOOXOIUMO).

20 GamIoB BBICTABISIETCS, €CIM CTYACHT pelna He MeHee 85% peKkoMeHJOBaHHBIX 3ajad,
MPABWJIEHO M3JIOKHJI BCE BApUAHTHI PEIICHUS, apTYMEHTHPOBAB MX, C 00s3aTSIILHOM CCHUTKON Ha
COOTBETCTBYIOIIME HOPMATHUBHI (€CJIH MO COACPKAHUIO 3TO HEOOXOAUMO).

10 GamsioB BBICTABISECTCS, €CIU CTYACHT pelrwi He MeHee 65% peKkoMeHJOBaHHBIX 3ajad,
MPABUJIHO M3JI0KUI BCE BAPUAHTHI UX PEIICHHsI, apTyMEHTHPOBAB WX, C 005S3aTeNbHON CCHUIKOU
Ha COOTBETCTBYIOIINE HOPMATHUBHI (€CIIH TT0 COJIEPKAHUIO ATO HEOOXOIUMO).

0 GayyoB — eciu CTyIEHT BBIMONHUI MeHee 50% 3agaHusi, U/Uin HEBEPHO YKas3all BapHAHTHI
peIIeHUS.

5. TunoBble KOHTPOJbHBbIE 3aJaHUSI W MeTOAHYECKHE MATEePHAJbl, ONpeaesIoNme
Npoueaypbl OLEHMBAHMS 3HAHUI, YMeHMii, HABBIKOB M (MJIM) OMNbITA /AesITeJILHOCTH,
XapaKTepu3ywIIuX JTanbl (GOpMUPOBAHMS KOMIIETEHIMI B Mmpomecce OCBOEHMS
o0pa3oBaTeIbHON NPOrPaMMBbI



5.1 TunoBsbie BONPOCHI K YCTHOMY OIIPOCY
1. KanejbHble U ynpyrue KMJaKOCTH
Omeem: B Teopuu THUAPOMEXAaHUKU TIOJ TEPMHUHOM <CKUIKOCTH» MOAPAa3yMEBAIOTCA
KareJbHbIC U YIPYTHE )KUAKOCTH (Ta3bl U Maphl) Oyiarogaps ux oomeMy Gpu3n4ecKoMy CBOMCTBY —
TekydecTu. [loaTomy, npexae BCEro, B TUIPABIMKE U THAPOMEXaHUUECKUX MPOLIECCaX KUJIKOCTH
paccMaTpUBaIOTCS KaK TEKy4YHe Cpenbl (BEIIECTBAa), CIIOCOOHBIC CaMOIPOM3BOJIBHO 3aHUMAaTh U
NpUHUMATE GopMy Bcero oObeMa cocyla, B KOTOPOM OHH 3aKitoueHbl. Kpome TOro, >KUIKOCTH
MPEJCTaBIISIIOTCS KaK CIUIOUIHBIE CPe/ibl C HEMPEPBHIBHO PACIPEICICHHON IOTHOCTHIO. [loa aTum
MOHATHEM MMEETCS B BHUJY CpPEHa, YaCTULBI KOTOPOW PAaBHOMEPHO PACIIPEEIICHBI 10 BCEMY €€
00beMy 0€3 « pa3pbhIBOBY, T.€. B JIIOOOH TOUKE 00beMa CYIIECTBYIOT YaCTHUIIbI CPeIbl U 00Iagat0T
OIIPEEICHHOM INIOTHOCTBIO.
PaznuuaroT ciemyromme BUIbl KUJIKOCTEH:
—  WneanbHas )XUIKOCTH — 001a/1a€T aOCOMIOTHON TEKY4eCThIO, aDCOIFOTHO HEC)KMMaeMa U B
HEW MOJIHOCThIO OTCYTCTBYIOT CHJIbI CLICTUICHUS MEXKY YaCTUIIAMHU.
—  PeanpHas xuukoctb — oOJaZaeT BCEMHM YKa3aHHBIMHM BBIIIE CBONCTBaMHU. [ aBHBIE U
OCHOBHBIE CBOMCTBA KUJIKOCTH — TEKYYECTh U BA3KOCTbD.

— T'oMoreHHass XKHUIKOCTh — JKHUIKOCTh, COCTOSINAs M3 OJHOTO WM HECKOJbKHX
KOMITOHEHTOB, HE UMEIOIIUX IPAHUILY pa3/iesia Mexay co0oi (MICTHHHbBIE PACTBOPHI).
—  TereporeHHas XHAKOCTb — KHUIKOCTh, COCTOSINAs €3 OJHOTO WJIM HECKOJbKHX

KOMIIOHEHTOB, KOTOPbIE UMEIOT TPaHUIly pa3fiena MexAy co0oil — AByX Wiu Tpex(dasHble CUCTEMbI
(cycrieH3uu, AbIMBI, BTN, TYMaHbI U SMYJIbCUH).
2. Cuasbl, JefiCTBYIOIIHME B PeaJbHOM KUAKOCTH

Omeem: Xunkoctu, HaXOIdIIMECd B IIOKOS WJIM ABMOKCHHM ITOCTOSHHO HAXOASATCS IIOJ
BO3JICIICTBHEM pa3IMUHBIX cuil. Bce aeiicTByrolue Cuibl MOAPA3ESAIOTCS HAa OOBEMHBIE U
MMOBEPXHOCTHBIE CHJIBI.

ObvemHble cunbl. JTa KAaTEropusi CUJI OTHOCHUTCS K MAaCCOBBIM CHJIaM, IMOCKOJBKY HX
BEJIMYMHA 3aBUCUT OT MACChl KUJKOCTH, U JCHCTBYIOT OHM Ha KKIYIO YaCTUIlY JaHHOTO 0Obema
KUIKOCTH. K 3THM CHIaM OTHOCSATCS CHUIBI TSDKECTH W CHUJIBI MHEPIHMH, B T.4. IIEHTPOOCIKHBIC
CHUIEL.

XapakTepuCTUKOM HMHTEHCHUBHOCTH CHIIbI TskeCcTH (G, ACUCTBYIOIIEH Ha KOHKPETHBIN
o0beM V, sBnsieTcs yIeNIbHbIN BEC ) )KUJIKOCTH:

y=1lim G/V = lim (mg/V) =p g H/™’ .

Ilogepxnocmuvble cunbi. ITA CHIBI IEUCTBYIO HAa MOBEPXHOCTU, OTPAHUYUBAIOIINE JTAHHBIN
o0vemM. K TakuM cumaMm OTHOCATCS CUJIBI JAaBJICHUS U MOBEPXHOCTHOTO HATsKeHUsT OOBIYHO B
TEOPUHU ONEPUPYIOT MOHITUEM HANPSHKEHUS, T.€. OTHOUIEHUEM CUJIbI K BEJIMYMHE MOBEPXHOCTH, HA
KOTOPYIO OHU JeicTByIOT. [Ipu 3TOM HE0OXOIUMO MOMHUTH, UTO Jt00as JeHCTBYIOIAs CUJIa Ha
MOBEPXHOCTh, KAK BEKTOPHAsI BEJIMYNHA, MOXKET OBITh Pa3JIoKeHa HA HOPMAJIBHYIO U KacaTelIbHYIO
cocTaBlsifolMe (HOpPMalbHOE M KacaTelbHOe HampsbkeHue). HopmampHas —cocTaBistomias
HalpapjieHa NEPHEHIUKYJIIPHO MOBEPXHOCTH W PE3YJIbTATOM €€ JCHCTBHUS SBIAECTCS CHKaThe
(pacTspKeHHe), a KacaTellbHas HaIlpaBlIeHa MO KacaTeIbHOW K MOBEPXHOCTH, T.€. BIOJbL HEe, U
pe3yJIbTaTOM €€ JEUCTBUS SIBIISETCS CIBUT CJIOEB. B TpeXMEpHBIX JEKAPTOBBIX KOOPAMHATAX
paccMaTpUBAKOTCS IPOEKIMHA BEKTOPOB CUJI HA COOTBETCTBYIOLINE KOOPAUHATHBIE TIIIOCKOCTH.

3. Bsa3kocTb JKHAKOCTH
Omeem: (CBOHUCTBO JKHMJIKOCTH OKa3blBaTh COINPOTHUBIICHHE YCWJIMSM, BbI3bIBAIOIIUM
OTHOCHUTEIIFHOE TEpEMEIICHUE €€ CI0E€B. BI3KOCTh ompenensieTcs B COOTBETCTBHUU C 3aKOHOM

BHyTpeHHero Tpenust HproToHa:
. T _ (aw)
s # onJyo0

r7e {4 — IMHaMAYecKui K03 puieHT BsiskoctH, [1a-c.
Koapduument nuHamMuyecKod  BS3KOCTH  OMNpPEIENseTCsl  SKCIEPUMEHTAJbHO B
COOTBETCTBUM CO CTaHAapTaMM U JUIsl OOJNBIIMHCTBA >KUJIKOCTEH SBISETCS CHPaBOYHOU



BCHHqHHOﬁ. HpI/I OTcyTCTBI/II/I CHpaBO‘IHBIX JAHHBIX BS3KOCTb MOXET 6BITB paCCqHTaHa 10
MOJYDMITHPUIECKAM YPAaBHEHHUSM.

Kpome ko3dduieHTa IHMHAMHYECKON BS3KOCTH HA MPAKTHKE MIMPOKO HCIOIB3YeTCs
OKa3aTellb KUHEMATUYECKOU BA3KOCTH, paBHBIﬁ OTHOLIICHUIO ﬂHHaMquCKOﬁ BA3KOCTHU K
IIJIOTHOCTH KUAKOCTU.

po [um?
v==, [—
p’ Lecl

4. 3axkon HpioTOHA 17151 BHYTPEHHET0 TPEHUS B JKHIKOCTH

Omeem: KacatenpHas cwia 7, KOTOPYIO HEOOXOAMMO INPHIOKHUTH K BEPXHEMY CIIOIO
KHUAKOCTU TJIs1 €Tr0 PaBHOMCPHOI'O CABHUI'da OTHOCHUTCIIBHO HUIKHETO CJI0A (I/IJII/I IMPOTHUBOIIOJIOXKHO
HalpaBJIeHHas: cwiia TpeHus 7, ¢ KOTOPOW HIDKHHUI CJOH CONPOTHUBISETCS IEPEMELICHHIO
BEPXHEro), TeM Oouiblie, 4eM Oouiblie YeM OOJIbIle TPaJueHT CKOPOCTH.

CornacHo TakoMy OIPE/IeIICHUIO HAIIPSDKEHHE BHYTPEHHETO TPEHHSI, BO3HUKAIOIIEE MEXIY
CJIOAMMU KUAKOCTH IMPU €€ TCUCHHUU, IPAMO IIPOMOPHHUOHAIIBHO I'PaIUCHTY CKOPOCTU:

r=—n(5)

3HaK MUHYC B IIPaBOM 4acCTHU ypaBHEHUS YKa3blBa€T Ha TO, YTO KACATEJIbHOE HAIPSIKECHHE
TOPMO3UT CJIOH, IBUKYIIEICS C OTHOCUTENIBHO OOJbIIEH CKOPOCTHIO Ha BETUYUHY Aw.

Kospduurent nponopuuoHaIbHOCTH 4 B YPaBHEHUM HA3bIBA€TCA JUHAMUYECKHM
KOO(QPHUIHEHTOM BA3KOCTH. YacTo BSA3KOCTh JKHIKOCTEH XapaKTEpU3yeTCs KHHEMaTHUYECKUM
KO3(QQUIUEHTOM BA3KOCTH Vv, KOTOPBIH OIpeNesseTcss OTHOLICHUEM JHUHAMHUYECKOIO

KO3 (UIMEHTA K TUIOTHOCTH JKUIKOCTH:

v=E=H
p Y

S. YpaBnenue bepHyiiau s ugeanbHOM KUAKOCTH
2

P w
—+ z4+ — = H = const
Omeem: pg 2g

@u3NYeCcKuil CMBICI ypaBHEHMS bEpHyIIM COCTOMT B TOM, YTO OHO BBIPAXAaeT 3aKOH
COXPAaHEHHMs SHEPIUM JBMKYLIEHCS KUAKOCTU: CyMMa NOTEHLIUAIbHON U KMHETUYECKOW SHEPruil
€CTh BEJMYMHA T[OCTOAHHAsA. IlepBbIi uineH ypaBHeHuMss P/pg — CTaTHUECKWH, WM

nve3omempuuecKkuii Hanop, pPaBHBIM JaBICHUIO CTOJI0A JKUIKOCTH HAJ paccMaTpUBAEMbIM
YPOBHEM, OTHOCHTEJIbHO TOYKH OTCYETA, BBIPAKAET YNIEIbHYIO YHEPTUIO JABJIEHUS B 3TOU TOUKE;
BTOpPOIl 7z — Hueenupuasa evicoma, UIU 2€0MeMPUYECKUIl HANOpP, KOTOPBHIH paBeH
T€OMETPUUYECKONM BBICOTE JTAHHOM TOYKM M KOTOPBIM BBIPAXKAET YACIbHYIO MOTEHUUATIbHYIO
SHEPTUI0 TMOJ0KEeHUs Touku. CyMMa J[Ba MEPBBIX YJICHOB YPaBHEHUS — IOJIHAS MOTEHIMAIbHAs
DHEPrusl KUAKOCTU B JIaHHOM TOYKE €CTh BEITUYMHA TOCTOSIHHAS (3aKOH COXPAaHEHHUs SHEPTruu —

OCHOBHOM 3aKOH THAPOCTaTHUKH). TpeThe ciiaraemoe w2/2g — CKOpOCMHOU (OUHAMUYECKUIL)

Hanop, KOTOPBIN BBIPAXKAET YACIbHYIO KHHETHUYECKYIO SHEPTUIO B JAHHOW TOYKE.
5.2. lIpumepsl 3a1a4
1. Ompenenutb 00BEM BOJBI, KOTOPHIA HEOOXOIMMO JOTOJHUTEIBHO TOJAaTh B BOJOBOJ

nuametrpoMm d =500 MM U JiuHON [ = 1 KM J71 NOBBILIEHUS TABIEHUS 0 Ap = 5-10°ITa.

BomoBox moarotoBneH K TUAPABIMYECKHM HCIBITAHUSIM W 3alOJHEH BOJOW MpH
atMochepHoMm paBieHuu. Jledopmarmeit TpyOompoBoga MOXKHO TpeHeOpedb. 3HAYCHHS
k03 dunrenTa 06LEMHOTO cKaTHs Boabl 3, =5-107"° m>/H.
Pemenue: BMmectumMocTh BOJ10BOIA
2
V.= m’%l =196.2 .

O0veM BOnmbl AV, HEOOXOIMMBIM JJId MOJAY¥ B BOJOBOJ IS IOBBIINICHHUS JABJICHHUS,
HaliZieM U3 COOTHOIICHUA A1 Kod(hdumeHTa 00beMHOT0 CKaTHS:



5 oAV _ AV
"TvAP  (V,+AV)AP’

Torna AV = Vo-BAP _ 0.492Mm° .
1- B, AP

OtBet: AV = 0.492m°.

2. T'pynToBBIE BOJIBI, (POPMUPYIONIUE CUCTEMY C HEPTSIHBIM IJIACTOM, BBIXOMAT HA MOBEPXHOCTh
(puc.). KakoBa nomxHa ObITh MIIOTHOCTh MIMHUCTOTO PACTBOPA, MPUMEHSEMOTr0 MPH OypeHHH
(P, )> UTOOBI He ObLIO (OHTAHUPOBAHUSA HEMTU IIPU BCKPBITUU ILTacTa? I'1yOMHA CKBaXKUHBI
h=2500 m; paccTosHME MEXAYy YPOBHEM BBIXO/JA MOJ3EMHBIX BOJl Ha IOBEPXHOCTb M
rpanutieit Boga—HedTh h; = 3200 M; paccTossHUE MEXy YPOBHEM BBIXOJa TPYHTOBBIX BOJ Ha
IIOBEPXHOCTb U YCTbEeM CKBaXUHBI /1; = 600 M; IUIOTHOCTH MOA3EMHBIX BOX o5 = 1100 KT/M° ;

Pewenne: COCTaBUM ypaBHEHHE PABHOBECHS CHCTEMBI IPYHTOBBIE BOIbI — HE(Th:
Pe8N = pringhtp,g(h —h, —h).

Torna

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

- gh B 10-2500

Ortser: p,,;,,= 1374 KF/M3 .

Pin =1374 xr/m .

5.3. Tunosoii npuMep J1adopaTopHOiil padoThI
JlabopaTopnasi paGora
I'uapaBanYecKkuii pacuyeT HAMOPHBIX TPYOONPOBOI0OB
3aganue

Ha pucynke uzobpaxeHa cucrtema, coctosmias M3 rujapobaka (pesepByapa) U TpyObl
MNEPEMCHHOT O (HOCTO?[HHOFO) CEUCHUH. I[BI/I)KGHI/IG JKUIAKOCTHU IUIOTHOCTBKO O MPOUCXOAUT MO
JIeWCTBHEM JIaBJICHHS, CO3aBaeMoro 6axom. CoriracHO BapHaHTY ONPEAEIHTh!

1. CkopocTh MCTEUEHUS KUAKOCTH, PACXO U MOTEPH HANopa BAOJb TPYObl, Mpeanoaras
TypOyJIE€HTHOE ABM)KEHUE.

2. YTOUHUTH PEKUM JBIKEHUS KHUJIKOCTH B TpyOe, ecii KUHEeMaTHYecKui Koa(duumeHt
BSI3KOCTH ¥ (M°/C).

3. ITocTpouTh IMHUIO MOJHBIX HAOPOB M MEE30METPUUYECKYIO JIMHUIO (B MaciiTabe).

VcxonHble naHHBIE Ui BBINOJHEHHWS CTYIEHTaMH J1labOpaTOpHOHW pabOThl BBIIAET
Iperno/IaBaTeb.

PﬁmM

H: con+
e

® KP
o, S— e e e Y R A _.% ___IEamM

//10 l:d [/1Q
Pucynok 1.1 — Cxema cucTemsl, COCTOSIIEH U3 THIPoOaKa U TPyObl MOCTOSHHOTO CEUEHUSI.
KP — xpan; @ — dpunbtp

1||.(_




IIpumep BbINOJHEHUSA PAOOTHI
PaccMoTpum METOMKY BBITTOJIHEHHUS TIOCTABIICHHON 334 TSI HUKCTIPUBEICHHON
TpyOOIIPOBOIHOM cUcTeMBI (pHcC.1.4).

| PO=PMaH

A X
Pucynok 1.2 — Cxema TpyOOnIpOBOAHON CHCTEMBI

Ha cxeme wu3o0paxeHa cucrema, cocToslIas W3 ruapoOaka (pesepByapa) u TpyOBI
NEPEMEHHOTO CcedeHUus. JIBIKEHHE >KHUIKOCTH IUIOTHOCTBIO p MPOUCXOAUT TMOX JeHCTBHEM
JIaBJICHUS, CO3/1aBacMOI0 0aKoM.

Onpenenuts:

1. CkopocTh HCTEUEHHs JXUAKOCTH U, pacxol ( W TNOTEpH Hamopa BIOJb TPYOBI,
npezrnonarasi TypOyJIeHTHOE JIBHKCHHE.

2. YTOYHUTH PEXKHUM JIBHIKCHHS JKUAKOCTH B TPYOE, €CIIM KMHEMATUYCCKHI KOI(PPHUIIUEHT
BSI3KOCTH ¥ (M7/C).

3. [TocTpouTh NTUHUIO MOJHBIX HATIOPOB U MbE30METPUUYECKYIO JTUHUIO (B MaciiTade).

Hano:
H=4m di = 32 u =1 b =120 y.10% 20,025 w¥e
MM M; M .
Py = Pyy = 005 MIla = &=20mm  27=2m £ _ = Ompenenuts: U, U,, Q, pexum
50000 ITa; > JIBIOKEHUS )kuakocTH (Re)
£ =800 kr/m’ A1 =003 L=8m
Po=Pyay

A
o}

Peienne.

1. OmpenensieM CKOPOCTH MCTEUEHHUs KHUAKOCTU U, pacxol ( M MOTEpU Hamopa BIOJb
TpYyOBI, peanonaras TypOyJIeHTHOE ABHKEHHE.
3anuiieM ypaBHeHHE bepHyIu oTHOCUTENbHO cedeHni A-A (Ha CBOOOHON MOBEPXHOCTHU

6aka) u B-B Ha BbIX0Jie ®KHUIKOCTH U3 TPYOBI B aTMOCHEpY.
2 2

zA+PA +aAﬁ=zB+£+aBi+Zh:j, (1)
Pg 2g Pg 2g
T.K. TIPEATIONIaraeTCs IBWKEHHUE KHUIKOCTH TypOyleHTHBIM, TO Kodhdummentsr Kopronnuca o ,=
o,=1.
B cBepnyrom Buze (1):
H =H,+Y i ",

v A-B
rae Hy, H p — nonsbiil Hanop B ceueHUsIX A-A u B-B cooTBETCTBEHHO; E h ~ — obmue norepu
nom

Haropa MeXTy HUMHU.
Hanops! onpenensieM 0THOCUTENHHO TUIOCKOCTH CPaBHEHHU S, MPOXOAsiei yepe3 tuHuto O-
0.
OmnpenensieM rpaHUYHBIC YCTIOBUS:
Za=zy TH; PA=PamutPuans v, =0 M/c (mpu H = const);



2B=IK; DPB=Pamw; Uy =V, — CKOPOCTb UCTEUEHUS U3 BTOPOH TPYOBl; o 4= p=1, T.K.
PEKUM JIBUKEHHUS TYpOyICHTHBIH.
IToncraBum B ypaBHeHue (1) rpaHUuYHBIE YCIOBUS:

K

P +P A-B
ZA +H + aTM MaH Z + ﬂTM + Zh
Prg
nocie mpeodpa3zoBaHU Moxydaem
P
7, + H 42w = +—+Zh . ()
A o, nom

T.xk. 3amaHHbIl TpyOOIPOBOX MPOCTOH, COCTOSIMMH M3 JABYX IOCIEI0BATEIBHO
COEJMHEHHBIX TPYyO, TO OOIIME MOTEPH CIeNyeT ONpPEeAeATh Kak apu(PMETHUECKYI0 CyMMY Bcex
noTepb: My, — MOTEpU Ha BXOA B TpyOy; h; M hjp — MOTEpH MO JUIMHE HAa COOTBETCTBYIOIIMX
y4yacTkax; hy . — IOTEpPU HA BHE3AIHOE CYXKEHHE IOTOKA B CEUEHUM NPU M3MEHEHUU AUaMETPOB
TpYOBI OT d| K d>; hy, — IOTEPU B KpaHe.

A-B
OOmme morepu Hamopa Zhnom CKJIQ/IbIBAIOTCS U3 IOTEPh MO JUIMHE /iy, M MECTHBIX

norepb hy. OCHOBHOH pacueTHON (popMysoii Uit onpeeneHus oTeph Hanopa 1o AJuHe (oTepb
Ha TPEHUE) B KPYTJIbIX pr6ax ABIISIETCS YHUBEpcanbHast popmyna Beiicbaxa-/lapcu:

d U*
h =1——), 3
o I 2g )
2
rae [, d — mMHa W auametp TpyOOIpoBOa; lz)— — CKOPOCTHO# Hamop; A — Kod(huIment
8

THJIPABIMYECKOTO COMPOTUBIICHUS TpeHus (koddduuumeHT [lapcu), KOTOPHIA 3aBUCUT OT PEKUMAa
JIBYDKEHUS M IEPOXOBATOCTH CTEHOK TPYOBI.

JIroOast MecTHast IoTeps HAaropa onpexensercs mo Gopmyse Beiicbaxa:
2

=¢ g “)

rae & — Ko3(pPUIMEHT MECTHOTO COIPOTUBIICHUS, KOTOPBIN OMPEACIISICTCS PEKUMOM JIBHIKCHUS

KUAKOCTU U BUAOM MECTHOT'O COIMPOTHUBIICHUA B CCHCHHUU (I/ISMCHCHI/IC CCUCHUA, pr(SOHpOBOI[HaSI

apMarypa u T. IL.).

2 2 2

v I v I, v L )
TakuMm oOpasom, umeeM: h =& L h =A-L—"L: h =A-2"2:h =& 2. h =& 2,
p BX §BX 2g 1 d 2g 1, d 2g B.C. §BAC 2g Kp §Kp 2g
CornacHo dhopmynam 3 u 4 onpeaensieM o0IIKe MOTEpU Haropa Zhj;j B ceueHuu B-B:
2 2 2
Sy ity =G DA O g B O e e U
nom oo e @ d2g d,2g "2g "%2g
2 2
_b [, ) l
Z + A1)+ 2 (12> + + . 5
2 (Gux ) ) 2g( 0, et So) )

N3 (2) MOXKHO OIpeneNuTh pacroyiaraeéMblii Hamop Hpan, KOTOPBI 3aTpayuBacTcs Ha
MIPEO0JICHIE BCEX COMPOTUBIEHUH U COOOIIEHNE CKOPOCTH U, Ha BBIXOJIE KUAKOCTH U3 TPYOBI.

P..
I~ g tH+—"=H
Prg

pacn.?

2
A-B U, .
rne H ., = Zhwm +Z — pacnojaraemslii Harop.

B (5) Heu3BecTHBI mapamMeTpbl: KOAP(GUIIMEHTH MECTHOTO COMPOTHBIIEHUS HA BHE3AITHOE
CyXXCHHE TIOTOKa S, W CKOPOCTH JKUJKOCTA U | U U ;. CKOPOCTH KHUIKOCTH BBIPA3UM Yepe3

B.C

00BeMHBIN pacxon (0, KOTOPbIN HE U3MEHSIETCS B/IOJIb [TOTOKA:



Q=v-S =v,-5,=const,

/1€ TUIOMIA/IN KUBBIX CEUeHUH S| U S MOXKHO OMpeAenuTh o hopmymnam:

2 2
s, = s, ="
4 4
CrnenoBarenbHo, U, :%, L, = Q2 . Torna c yuerom (5)
1 2
2 2
AB D v vy .1 v,
H = h 4_L==_l 1 + 2 /1 2 + + + 22 2
pen = 2Py 4 5 =g (BT A T (A G Gy
16Q b + 160" (& +/1[—2+§Kp+1). (6)

— /1_ =
zd 2 (§BX dl) ﬂzdjzg B.C d2

Jnia onpenenenust Ko3pGUIUESHTOB MECTHOTO CONMPOTHUBICHUA ¢ HEOOXOAMMO MOMHUTH

YTO B TPyO€ MOKET OBITh BHE3AIMHOE CY)KEHHE WM pacllupeHre TpyoonpoBoa
BuesanHoe pacmmpenue Tpyoonpososa. [lorepu Ha BHe3amHoe pacuIupeHue /A, , COrIacHoO

3aKOHY Bopﬂa HaxoJsT I10 Q)opMyne:
2
h = (Ul — 02)
B.p. 7 )
8

A€ U, — CKOPOCTh 0 paCIMPEHUA; U, — CKOPOCTH IMOTOKA IMOCJIC paCIIMPEHNA ITIOTOKA

s (bOpMy.TH:»I Bopﬂa CJIEAYCT, UYTO IMOTCPHU Harlopa IIpHU BHE3AITHOM PACHIMPCHHUU PABHBI
CKOPOCTHOMY HAIIOpy OT HOTCpHHHOﬁ CKOpPOCTH (U 1— U 2).

Hcnonb3ys yHuBepcaibHyto Gpopmyny Beiicbaxa, monyuum
2 2

L,
th. :flizgzz_z
rne & u &, — KOOQPUIMEHTHI, OTHECEHHBIE K CKOPOCTHOMY HAIOpy 10 M MOCJE PACIIMPEHUs U
COOTBETCTBEHHO PAaBHBI
¢ —[l 4 ] ¢ —fdf j @
1= PE H = 72 .
2 2
T.x vi > v, cnenoBarensHo, & <¢&,.
BHesanHoe cykeHue TpyOomnpoBoja. [ NpakTUYECKUX PacyeTOB MOYKHO I0JIb30BaThCS

noyamnupudeckoit popmynont U.E. Unenbunka

1 d;
E.=[1-=[05=051--2|, (8)
' n d,
d’
rae n= il CTETIeHb CY)XeHUs; d;, d» — nuameTpsl TpyOONPOBOIOB /10 U nocie cyxenus. [loreps
2
Haropa /e OMpEENsIeTCs 0JeH CKOPOCTHOTO HAMOpa Mocye Cy>KeHuUs, T.e

2 2 2
ho=e Yos1-9 |
- " 2g dy,) 2g

Teneps onpenensieM 3HaYeHHE HEU3BECTHOTO KO3 PHUIIEHTa MECTHOTO COTIPOTHBIICHUS
JUTSL CJTydasi BHE3AITHOTO CYXEHHUs TpyOompoBoia coraacHo (8):

2 2
£ = o.5£1—%j 0. 5(1—%} 03,

1

£ =0.5.



PaccuuteiBaeM pacnosiaraemeiii Hamop H 00beMHBIH pacxog (¢ H CKOPOCTH

pacm. ?
KUIKOCTH V| M V. Bce nMHEHHbIE BETMYMHBI JOJDKHBI OBITH IOJICTABIECHBI B MeTpax (M),
YCKOpEHHe CBOGOIHOTO MajieHust mpuauMaeM g = 9.81 m/c”.
P 50000
H, =7,—-2, +tH+22=1-2+4+————=937m,
pacm.
o, d 800-9.81

2gH

pacr. T

0=
[ [
(gsx +X’C;J/dl4+(§a.c+ﬂ’dz+§l<p+l) d;
2

1

2-9.81-9/37 3.14

(0.5+0.03 83j (32-10%) +(0.3+0.03 - 12 3+2+1)/(2o-103) 4
3210 20-10

— 0.000897 M% —0.897 1/c ~ 0.9 1/c.

b = 40  4-0.000897
Yomd? 3.14(32-107°)
b, = 40  4-0.000897
* ] 3.14(20-107)
OmnpenensieM CKOPOCTHBIE HAITOPbI
2 2 2 2
vy 1.116 v, 2.857
L= =0.0635 m; 2=
2g 2-8091 2g  2-891
2. YTOUHUM PEXKUM JBIKEHUS 10 Oe3pa3MepHOMy KpuTepuio uuciy PeitHonbaca — Re.
Bo3MOXHBI J1Ba pa3IMYHBIX TI0 CBOEMY XapakTepy peKuUMa JBWKCHHS JKHUIKOCTH:
JaMUHAPHBIN U TypOYICHTHBIH.
[Ipy namMUHAPHOM pPEXUME JKUAKOCTh  JBIDKETCS  CIIOSIMH  0€3  IOIepedHOro
nepeMenInBaHus, MPUYEeM IMyJIbcallus CKOPOCTH U JaBICHUS OTCYTCTBYIOT.
I[Ipu  TypOyJaeHTHOM peXHME CJIOUCTOCTh HAPYIIAeTCs, JBHKCHHE IKUIKOCTH
COIIPOBO’KIAETCS MepeMEIIMBaHUEM U MyJIbCAlUSIMU CKOPOCTH U JaBJICHHSL.
Kputepuem s ompeneneHuss peXuma JBWKCHHUS SBIsIETCS Oe3pa3MEpHOE YHUCIIO
Peitnonbaca — Re.
st py6 kpyriioro ceuenus yucio PeitHombca onpeaensercs mo hopmyie:

=1.116 m/c;

=2.857 m/c.

=0.416 m.

Re = vdw,
JUTSI IOTOKOB MTPOU3BOJILHOTO MOMEPEYHOTO CEYCHHUS
v-R
Re, = L
.
v

I7Ie U — CpelHss CKOPOCTh KHUJKOCTH; d — JUaMeTp TpyObl; Rr — rMApaBIUYECKU paguyc; v —
KMHEMaTu4ecKas BA3KOCTb KHUJIKOCTH.

Pexxum Oyner namuHapHbiM, ecniu Re<Rey,, u TypOyneHtHbM, eciu Re>Re,. s
KPYIJIBIX TPYO 0ObIYHO MpUHUMAIOT Rey, =2300, u Rey, = 580 17151 HEKpyTIIbIX.

Omnpenensiem uncio PeitHonbaca 1uist mepBoit TpyOs!

-3
0.025-10
Pexxum TypOynentHsli, T.k. Re;>Re,= 2300.
Jlnist BTOpO# TpyObI
-3
e, = 2.857-20-10" _ 29856

0.025-107*
Re; > Reyp — pesxuM TypOyJIEHTHBIH.
3. Crpoum rpadux bepuymnu.



- - JluHusi HayanbHo20 Hanopa Hya,
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Hipacn.

>

(const)

lMnockocms CcpasHeHus
Pucynox 1.3 — I'paduk bepnymmm

S5.4. TunoBble BONPOCHI K JKCIpecc-ONPOCY IO OCBOEHHBIM J0MAa CaMOCTOATEIbHO
TePMUHAM H MOHATHAM

1. Yro Takoe puabTpanus? [IpuBecTn npumepsbl.

Omeem: ®dunbTpauuell Ha3bIBaeTCsl IBUKEHHUE (IPOCAuMBAHUE) KUAKOCTEH M Ta30B depes
HOPHUCTBIE Cpelibl MOJ ACUCTBUEM KaKuX-1100 (akTopoB. DUIBTpAMOHHBIE MPOLECCHI IIHUPOKO
pacmpocTpaHeHbl U BCTPEYAIOTCS KaK B IOBCEIHEBHOW JKU3HU (IBMKEHHE TabayHOTO AbIMa B
curapere, O4YMCcTKa BOJONPOBOJHON BOJABI B OBITOBOM (HIIBTPE, CMAauMBaHUE I'YOKHU Ul MBIThS
MIOCY/JIBI), TaK U B SIBIICHHSX, BIUSIONIMX HA OJArOCOCTOSHHUE LENbIX TOCYAApPCTB (IIepeIBHKCHHE
HEe(TH U MPHUPOJHOIO rasa B MOJ3EMHBIX IUIACTaX, MUIPALMS BJIard B IUIOJOPOJIHBIX MOYBAX,
paboTa TEXHOJIOTUYECKUX YCTPOMUCTB XUMUYECKUX MPEAIIPUATHI).

2. ITapameTpbl, oNMCHIBAaIOLHE HAKOIIEHUE U NIEPEHOC KUAKOCTH B IIOPUCTOH cpee

Omeem: Ilopucroctb. BakHO! XapaKTepUCTUKOW IMOPHUCTON Cpelbl SBISETCS MOPUCTOCTD
(MM TIOPO3HOCTB) M, paBHAas OTHOCHUTENBHOM OOBEMHON J0Jie MOPOBOIO IPOCTPAHCTBA B
Mmatepuaie. [lopuctocTs ompesenser KOJIUYECTBO KHUJIKOCTH, KOTOPOE MOXKET COJIEp)KaTbCsi B
HEKOTOpOM 00BbEeMe MOPUCTON cpeabl (€CIu >KUAKOCTh LIEIMKOM 3alloJIHAeT BHYTPHIIOPOBOE
npoctpancTBo). Ecnu 1 oOpas3ua olHOpOAHOIO MOPUCTOro Marepuaia oobeMoM V o0beM mop
coctaBnsieT Vy, TO MOPUCTOCTH ATOro obpasua m = V,/V.

[IpoceetHoCTh. Ecnu caenath MbICIEHHBIN MTONEpeYHbIN pa3pe3 00pasiia MOPUCTOM Cpeibl, TO
B 00pa3oBaBIIeMcs cedeHUH (0003HAYMM €ro IJIoLIab S) YacTh Imiomanu S, OyneT NpuxoauThes
Ha MOpBI, a OCTaBIIasics 4acTh (S - Sy;) — Ha TBEpJOE BEIIECTBO MOPUCTOM cpebl. OTHOLIEHHE 1
IUIOIAAM TOp B CEUeHMM K OOmed TIJIomagd CeYEeHUs Ha3bIBAaeTCsd MPOCBETHOCTHIO
(TTOBEpXHOCTHOM MOPUCTOCTBIO): 1 = Sy/S.

Ckopoctb ¢uabTpanuu. [y XapakTepUCTUKH MaccolepeHoca Nnpu (GuiabTpanuu XKHUJIKOCTH
(unu Ta3a) BBOAUTCS BEKTOPHAs BEJIMYMHA, Ha3bIBa€Masi CKOPOCThIO (DUIIbTPAIIIH.

5.5. Bonpocsl k 3k3aMeHy
OmnpezneneHne HAyKu «THIPOMEXaHUKa.

—

2. PeanpHble 1 UIeATBHBIC JKUIKOCTH.

3. Enununsl uamepeHus (U3MUYECKUX BEIUYHH, MPUMEHSIEMBIX B THIpoMexaHuke. OCHOBHBIC
(UBUKO-MEXaHUYECKUE CBOMCTBA YKUIKOCTH.

4. Cwunbl, AEUCTBYIOIINE B )KUIKOCTH BS3KOCTb.

5. 3axoH HproTOHA 111 BHYTPEHHETO TPEHUS B KUIKOCTH.

6. 3aBUCUMOCTBH BSA3KOCTH OT TEMIIEpATyphl U 1aBlIeHHs. Bucko3umeTpsl.

7. T'mppocTtaTUyeckoe aBJICHUE.

8. HMuddepeHnnansHbie ypaBHEHUS PABHOBECUS KUIKOCTH.

9. HWwuterpan ypaBHeHHI Disepa 11l HEC)KUMAEMOM KUIKOCTH.



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

50.
51.
52.
53.
54.

55.
56.

YpaBHEHHUE MOBEPXHOCTH PABHOTO JaBieHUS. MeTOIbI M IPUOOPHI ISt U3MEPEHUS JaBIICHHS.
AOconoTHOE 1 M30BITOYHOE JaBieHuE. Bakyym.

'uppocTaTM4ecKUi HAmoOp M JHEPreTUYECKUN 3aKOH JUIA KMAKOCTH, HAaxXOMsILEHCS B
paBHOBecuH. OCHOBHOE YPaBHEHUE THIPOCTATUKHU.

Cuna naBneHus )KMJIKOCTH Ha IIJIOCKYIO CTEHKY.

Cwita naBneHus KUIKOCTH HA KPUBOJIMHEMHBIE CTEHKH.

[TpsimonuHEITHOE PAaBHOYCKOPEHHOE JBUKEHHUE COCYAA C AKHUAKOCTBIO.

PaBHOMeEpHOE BpallleHHe cocya C )KUIKOCTBIO.

IIpocTble TuApaBINYECKUE MAILNHEL. [ HIpaBIM4YeCKui pecc.

I'mapaBauyeckuii akKyMysisiTop. 3aKoH Apxumena.

OcCHOBHbBIE KHUHEMATHUYECKHE MTOHATHS U OPECIICHUS.

JIBa MeToza ucciieNoBaHUs IBUKEHUS )KUJIKOCTH.

TpaekTopuu 4acTHIl ¥ JIMHUU TOKA. Y CTAaHOBUBIIEECS ABH)KECHHUE.

Crpyituarast MOJieb ABMKCHUS KUAKOCTH. TpyOKa TOKa.

Pacxon xunkoctu. CpeHssi CKOpPOCTb.

Huddepenunansuple ypaBHEHUS TUHUHA TOKA.

[Tnockoe nBukenue. yHKIUU TOKA.

BuxpeBoe u 6e3BuXpeBoe MOTEHIIMATEHOE TEYCHHUE KUIKOCTH.

YpaBHEeHHE HEPA3PHIBHOCTH B IEPEMEHHBIX Dilliepa B AEKapTOBOM CUCTEME KOOPAMHAT.
Huddepenunansuple ypaBHEHUs ABWKCHUS HUACANBHOM (HEBSA3KOM) >KMIKOCTH (ypaBHEHUS
Hasbe-Croxkca).

VYpaBHeHnue bepHymn Ui 31eMEHTapHOM CTPYIKH U1€aIbHOM )KUIKOCTH.

YpaBHeHue bepHyum 1 2JIEMEHTApHOM CTPYHKH peabHOM KUJIKOCTH.

['padmyeckas wTrOCTpanus ypaBHeHUs: bepHysun Ui moToka peaibHOM KUIKOCTH.
IIpakTHueckoe MpuMEHeHNe ypaBHeHU bepHyiun.

Tpyo6ka [Ipanarnsa. TpyOka Bentypu, comno, nuadparma.

YcranoBuBLieecs JBHKeHUE. be3BUXpeBoe ABUKEHUE.

YcTanoBuBIIeecs O€3BUXPEBOE IBUKEHHE.

Orpanuuenusi, Hanaraemble Ha ckopocTb. @opmyna Toppuyenu.

Buxpesble ABMXKEHUS NACANBHON )XUIKOCTU: TeopeMma ToMcoHa, TeopemMa Jlarpanixka, TeopeMbl
I'enbmrosnsia

. YpaBuenust Hasbe - CTokca.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

Pu3n4ecKuil ¥ TeOMETPUUECKUI CMBICI ypaBHeHUs bepHyiu. Hanop xuakocru.

WuTerpan beprymum i BSI3KON )KUIKOCTH IIPU yCTaHOBUBILEMCS JBUKCHUU.

Koadppunment Kopuomnuca.

OO11e cBeIeHUsI O MECTHBIX COIIPOTUBIICHUSX.

[ToBopoT pycna. MecTHbIE CONPOTUBIICHUS MPU TAMUHAPHOM TE€YEHUU.

Kunemarndeckue ycioBus B C1ydae OAHOIO Tea.

Koadunment npucoequaeHHoN Macchl. BeipaxeHnue 11t THAPOANHAMUYECKUX CHUII.

Tpu NOCTOSHHBIX HANpPaBICHUS IBUKEHUS; YCTONUNBOCTD.

JIBrkeHue Tena BpalleHus. Y CTOWYUBOCTD ABUKECHUS, TAPAIJIEIIBHOTO OCH CUMMETPHU.
Bnusinue Bpamenus. [[pyrue ciaydan yCTaHOBHUBILETOCS ABUKCHHUS.

JIBukeHre BUHTOBOW MOBEpXHOCTH. KoapuiuueHT mpu coeIuHEHHOW MacChl KUIKOCTH,
3aKJIFOYEHHOM B JBIIKYIIEHCS TBEpIOH 000I0UKeE.

VYpaBHenus Jlarpanxa B 00001I€HHBIX KOOPJMHATAX.

[Tpuauun "amunerona. IlpuMeHeHne B THIPOIMHAMUKE.

JBuxenue chepbl BOIM3U TBEPIOH CTEHKU.

OcHOBHBIE YpaBHEHUS TUHAMUKH ITOA3EMHBIX BOJ.

3akoHbl (unpTpanuu, Kod3(UIMEeHTH (UIbTpAalUU, BOJOHACBHIIIEHHOCT, MU BOJIOOT/Aua,
ypaBHeHue Jlapceu.

VYpaBHeHHE HEPa3pbIBHOCTH (PUIILTPALIMOHHOTO MTOTOKA.

Hanopnas u Ge3nanopHas puibTpanus.
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CramnuoHapHble 3a7a4i (PUIbTPALIIH.

[TpuToK BOABI K COBEPLUIEHHOMY KPYIJIOMY OJJMHOUYHOMY KOJIOALLY.

[TpuTOK BOJBI K COBEPIICHHOMY apTe3UaHCKOMY KOJIOALLY.

JuddepennnanbHoe ypaBHEHHE HECTALIMOHAPHON (PUIIBTpAIIHH.

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

ITpuTOK BOZBI K COBEPIIEHHOMY KOJIOJIIY, PAacllOIOKEHHOMY Ha BOAOYINOpE (HecTallnoOHapHas
3a/aya).

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

BononpuTok K COBEpLIEHHBIM M HECOBEPILIEHHBIM CKBA)KMHAM, JEIPECCHOHHBIE KpPUBBIE,
pasnyc BIHUSHUS CKBaKUHBI.

['mapaBiarueckuil pacueT TpyOOIIPOBOIOB: Ha3HAUEGHHUE U Kilaccudukanus TpyOonpoBOI0B;
pacyeT W MPOEKTHUpPOBAaHHWE TPYOONPOBOJOB; THUIAPABIMYECKHI pacdeT MpPOCTOTO
TpyOONpoBOAa; METOJ SKBHUBAJICHTHBIX IOTEpPb; THAPABIMYECKUH pacyeT CIOXKHBIX
TpyOOIIPOBOIOB; TUJpaBINYECKUE XapaKTEPUCTUKHU TpyOOIIPOBOIOB;
TUAPOIHEPreTUYecKuii OajlaHC HACOCHOW yCTAHOBKM; CHU(OHHBIE TpyOONpPOBOABL;
TUAPABINYCCKUAN yaap B TpyOax; KaBUTAIHS.

HcredeHune )KUIKOCTH Yyepe3 Majloe OTBEPCTUE B TOHKOM CTEHKE.

Hctedyenue xKUIKOCTU yepe3 O0JIbIIOE OTBEPCTHUE.

HcreueHne KUAKOCTU Yepe3 3aTOIIEHHOE OTBEPCTHE.

HcteyeHne )XUAKOCTU IIPU IEPEMEHHOM HaIope.

HcreueHne KUIKOCTH Yepe3 HACAKU.

I'mapaBiauyeckuil pacyeT OTKPBITHIX pyces. B3auMoaelncTBue NOTOKa U TBEPIOro Tena.
Knaccudukanus BogocianBoB. ['uapaBinyeckuii pacyeT BOJIOCIUBOB.

[Tomobue hu3MIecKux SBICHUM.

Ananu3s pazmepHocteit u [I-reopema.

Uucna rugporazoiMHaMU4ecKoro noaoous.

MozenupoBaHue ABMKEHUS KUAKOCTH U Ta3a.

[TpubnmxeHHoe noaooue U MOIETUPOBAHUE.



TEXHOJIOI'NMYECKASA KAPTA JUCHUIIVINHBI

OCHOBHASA OBPA3OBATEJIBHASA ITPOI'PAMMA

21.05.04 I'opHoe aeJ10
cnenuagusanmua Ne6 «Oooramenne moje3HbIX HCKONAeMbBIX»
(xox, HanpaByIeHHE, TPOQUIIH)

TEXHOJIOI'MYECKASA KAPTA

Hudp mucrummmas: o PYIL | b1.5.18

Jucuurnaa ‘ I'mapomexanunka

Kypc |34 |cemectp [9,B

Kadenpa | TOPHOTIO0 J1eJ1a, HAYK 0 3eMJie U MPUPOA000yCTPOiicTBa

®.1.0. nmpenogapares, 3BaHAE, JOIKHOCTD | bekeroBa Ejena bopucoBHa, K.T.H., IOII€HT
Kadeapbl TOPHOTO J1eJ1a, HAYK 0 3emMJie M MPUPOa000yCTPOICTBA
D6IL. TPYNOEMKOCTby,eser | 144/4 | Kom-Bo cemectpoB | 2 | CPCosumer comn. | 123/123

HK06HL/T€K' ceM. |8/8 II_IP/CMoﬁm./TeK. ceM. l2/2 IJ_[BO6IH./T6K. cem. 12/2 I @Popma KOHTposs | IK3aMeH

Komnerenuun odyuaiomerocsi, popmupyembie B pe3y/ibTaTe 0CBOEHUs! AUCHUILIMHBI:

— TOTOBHOCTBIO C CCTCCTBCHHOHAyYHBIX MO3HWIUH OICHWBATh CTPOCHUE, XUMHUCCKHH W MUHEpPANBHBIA COCTaB
3eMHOW KOpBI, MOP(OJIOTHYECKHEe OCOOCHHOCTH W TCHETHYECKHE THITBI MECTOPOKACHUH TBEPABIX ITOJIE3HBIX
WCKOTIAeMBbIX TPH PEUIeHUH 3aJa4d M0 PaIMOHAIHHOMY W KOMILJIEKCHOMY OCBOCHHMIO T€OPECYPCHOTO MOTEHIIMAaa
Hezap (OIIK-4).

Kon ¢popmupyemoii KoanuecrBo MaxkcumaJjbHoe Cpok
Copepxanue 3a1aHUs .
KOMIIeTeHIIMH MEpONpPUATHI | KOJIMYecTBO 0AJJI0B | TMpe1ocTaBJIeHHUS

Beoownwtii onok

He npenycMoTper | | | |

Ocnoenoil 010K

OIIK-4 'Y CTHBIN onpoc 3 9 B teuenue ceccun

OIIK-4 Permenue 3amaq 2 8 B Teuenne ceccun

BrImmoaaenne u 3almuTa

. 1 5 B teuenwme ceccun
mabopaTopHOl pabOThI

OIIK-4

DKCTIPECC-OMPOC MO0 OCBOCHHBIM
OIIK-4 I0Ma CaMOCTOATEIbHO TEPMUHAM 2 8 B teuenue ceccuun
M TOHSATHSAM

3a Mecsi11 10 Hayaja

OIIK-4 KonTtpoibHas padora 1 30
ceccuu
Bcero: 60
OIIK-4 DKk3aMeH I'sonpoc - 20 ITo pacnycaHuio
2 Bompoc - 20
Bcero: 40
HTroro: 100
OIIK-4 | IMoAroToBKa OMOPHOTO KOHCIIEKTA 10 Ilo cornacoBaHMIo ¢
Bcero 0a/1710B 110 10NOJHHTEILHOMY 0J10KY)| 10 IIpenoaaBaTeIeM

[llkaxa omeHWBaHUS B paMKax OauTbHO-peHTHHroBOHW cucteMbl MAILY: «2» - 60 OamioB m menee, «3» - 61-80
0annoB, «4» - 81-90 6amios, «5» - 91-100 Gamios, «3aureHo» - 61-100 6amioB




