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[TEPEYHEHb MATEPHUAJIOB B KOMIUIEKCE

DNEeKTPOHHBIA YU4EOHO-METOAUUYECKUN KOMIUJIEKC COJICPHKUT:

1 TEOPETUYECKNI PA3JIEJT
1.1 KoHcnekT neKiui no JUCcIMIUInEE « MexaHuKa )KUIKOCTH U ra3ay

2 [IPAKTUYECKUA PA3JIET
2.1 Meroauueckue yKa3aHUs K BBIMOJHEHHIO JIa0OpaTOpHBIX paboT Mo
IUCIHIUTHHE « MeXaHnuKa KUIAKOCTH U Ta3ay

3 PA3JIET KOHTPOJIS 3SHAHUN
3.1 Bompock! k 3a4eTy 1o JucHUIuiHe «MexaHuKa >KUAKOCTH U Ta3a

4 BCOOMOTATEJIbHBIN PA3JIET
4.1 YueOHas nporpamma JUCHUILUIMHBI « MeXaHHUKa KUJKOCTH U Ta3a

[HOACHUTEJIbHA A 3AIINCKA

Hean 9YMK

- oBbIIIeHHE YPHEKTUBHOCTH 00pPa30BaTEIHLHOTO MPOIlecca CIEUATbHOCTEN

1-70 01 01 «IIpom3BOACTBO CTPOUTEIBHBIX M3AEIUNA M KOHCTpYyKIuiy, 1-70 02 01
«IIpoMBIIITIEHHOE U TPAXJAHCKOE CTPOUTEIHCTBO» MO AUCHUIUIMHE «MexaHuka
KUJIKOCTH U razan;

- BHE/IpEHUE TIEPCIIEKTUBHBIX TEXHOJIOTUI XpaHEHUs U Tiepeaadn nHdopmaIu

B AJIEKTPOHHOM BHJIE.

- o0ecrieueHrne OTKPHITOCTH U JOCTYITHOCTH 00pa30BaTENIbHBIX PECYPCOB MyTEM
pasmenienus DY MK B nokanbHOW CETH YHUBEPCUTETA.

Crpykrypa QYMK

COHEPKUT TEOPETUUECKUN, TPAKTUYECKUN, BCIOMOTATEIbHBIA Pa3/iesl U pa3aei Mo
KOHTPOJIIO 3HAaHUU CTYACHTOB.

Pexomenaanuu no opranusanum padorsl ¢ JYMK:
Heob6xoaum IBM PC-coBmectumsiii [IK cranmnapTHoil koHpUTrypanuu.



1 Teopernueckui pasaen
#CrpykTypadYMK

Koncnekr JEeKIUH 0 AuCHMILINHe «MexaHnKa ;KHJIKOCTH U ra3a»

Tema 1 Bseoenue

Tema 2 ['uopocmamuka HcuoOKocmu

Tema 3 ['uopoounamuxa HcuoKocmu

Tema 4 Buowl conpomuéneHus

Tema 5 Xapakmepucmuku JAAMUHRAPHO2CO O0BUNCEHUSL HCUOKOCTNU

Tema 6 [lomepu nanopa Ha mpenue no OauHe NOMoKa

Tema 1T Ucmeuenue scuokocmu us omeepcmuﬁ, yepes HACAOKU U 800OCIUBDL

Tema 8 Pacuem mpyb6onposo0os

Tema 9 ﬂeuz)fceHue AHCUOKOCMIU 6 oOmKpbvlimvlX pyciax

Tema 10 Qurbmpayuoruoe 0sudicerue 2pYyHmoebix 600




Tema 1 BBenenue
Ilpeomem MPKul'. Ilpumepol cuopomexanuuecxkux saoay. Kpamkue ceedenus us
ucmopuu 2uopasIuKu u 06 ee 0CHOBONOI0HCHUKAX. Ilnomuocms scuoxocmu.
IInomunocms 8030yxa. Bazkocmu scuoxkocmu. Henviomono8ckue scuokocmu.
#TeopernueckuitPazgen

['mapaBnuka — 3TO HayKa, U3y4yarolas 3aKOHbl PABHOBECHUS U JIBHXKEHUS KUAKOCTEN
U paspalaThIBaloOllasi METOAbl MX NPUMEHEHUs I PEUICHMs MPAKTHUYECKUX 3aj]ad.
Ha3zBanue «ruapaBinka» MpOUCXOAUT OT COYETAHUS IPEUECKUX CIOB «XIO0p» — BOJa, U
«aynoc» — Tpy0Oa. [lepBoHauanbHO aHHAs HayKa M3ydana JIBUKEHUE BOJbI 110 TpyOam. B
HACTOSILlEE BpeMs Ha 3aKOHAX THAPABIMKM OCHOBaH pacyeT TpyOOIpPOBOJAOB MAJIs
Pa3IMYHBIX XUAKOCTEH, TMJIPOTEXHUYECKUX COOPYKEHHUH, I'MIpaBINYECKHX MAIlUH U
Pa3IUYHBIX TUAPABINYECKUX YCTPOUCTB.

AspoauHaMuKa — 3TO HayKa, M3y4arolas ABM)KEHHE Ta3000pa3HbIX Tell, a TAKXKE UX
B3aMMOJIEUCTBUE C TBEPIbIMM TeJaMH M TMOBepXHOCTAMU. Ha3BaHue «a’ponnHaMuKa»
MIPOUCXOJUT OT COYETAHHUsSI TPEUECKUX CIIOB «a’p» — BO3AYX U «JIMHAMOC» — CHJIA.
[lepBoHAaUaILHO OHO O3HAYAJTO YYEHHE O CHIIOBOM B3aMMOJEHCTBUU BO3YIIHOMN Cpe/bl U
IBWKYLIErocs B Hel Tena. B Hacrosimiee Bpemsi Ha OCHOBE 3aKOHOB a’pOAMHAMHUKHU
PacCUUTHIBAIOTCS U KOHCTPYUPYIOTCS JIeTaTelIbHBbIE ammapaTthl, TPyOOHpPOBOIBI IS
TPAHCIIOPTUPOBAHUSL PA3IUYHBIX Ta30B, Ta30Bbl€ MAIlIUHbI, KOTEJIbHbIE arperathl,
CYLIMJIbHBIE U Ta3004HCTUTEIbHBIE YCTAHOBKHU.

HecmoTtps Ha paznuune (GU3NYECKUX CBOMCTB KHUAKOCTEH M Ia30B, MHOT'HE 3aKOHBI
UX JBW)KEHUS U paBHOBECUS IIPU OIpPENEICHHBIX YCIOBHUAX MOXHO CUUTATh
OJIMHAKOBBIMHM, TI03TOMY THAPABIUMKY U a’pOJAMHAMHKY B HAcTOsILIEe BpeMs
paccMaTpUBalOT B KAUYECTBE €AMHON HAyKU — MEXaHHUKH KHJIKOCTH, KOTOpasi OMHUPascCh Ha
OCHOBHBIE 3aKOHBl (U3UKM U TEOPETUYECKOW MEXaHUKU MIMPOKO HCHOJIb3YET
MaTeMaTUYeCKU ammapaTr Mg peleHUs pa3jiudHbIX THJIPOMEXaHUYECKUX 3ajad,
OCHOBHBIMU U3 KOTOPBIX SIBJISIOTCS:

e JIBIDKEHUE KUIKOCTHU U rasza 1o TpyoaMm u BHYTPH pa3IMYHbIX MAIINH,

® BO3JEHCTBHE KUAKOCTH U ra3a Ha IBWKYIIHUECS B HUX TEJIA;

® paBHOBECUE JKMJKOCTEH M TeJl, IUIABAIOUIMX BHYTPHM U HA IOBEPXHOCTH
KUJKOCTH WJIH Ta3a;
BOJIHOBOE JIBUJKEHUE;
HEYCTaHOBUBILIEECS ABMKEHHUE ra30B C XMMUYECKUMHU NIPEBPALICHUSIMU;
TypOyYJIEHTHOE JABM)KEHUE Ta30B U KUAKOCTEH;

® JIBIYKEHUE OYEHb CHJIBHO CHKATBIX KUIAKOCTEH U ra3os.

TexHuyeckas THAPOMEXaHUKAa B CBOEM HCTOPUYECKOM pa3BUTHHM MpOIILIa
JUTMHHBIN 1yTh. HekoTopble MPUHIUIIBI TUAPOCTATUKHU (TEOpUs PABHOBECHS KUIKOCTEH)
ObUIM yCTaHOBJEHHI emie Apxumenom B TpakTare «O ruraBaromux Tenax» (250 net 1o H.
3.), a 3aTeM BO3POXKJICHBI U pa3BUTHI [anuieem (1564—1642) u ITackanem (1623-1662).

B cepemune XV B. Jleonapmo ga Buwum (1452-1519) mnonoxun Hauamo
AKCIIEPUMEHTAILHON TUAPABIUKE, UCCIEAOBAB B JIAOOPATOPHBIX YCIOBHUSIX HEKOTOpPbHIE
BOIIPOCHI IBUKEHHUS BOJBI B KaHAJIAX, Yepe3 OTBEPCTUS U BoxocauBbl. Topuuemin (1608—
1647) mpemynoxxun U3BECTHYIO (OpPMYNy AJIsi CKOPOCTH KHJIKOCTH, BBITEKAIOLICH U3
orBepctusi, a Hptoton (1642—1724) BbicKka3all OCHOBHBIEC MOJIOKEHUS O BHYTPEHHEM
TpeHuu B ABWXKymmxcs xkuakocTsax. B XVIII B. Jauumn bepaynau (1700-1782) u
Jleonapn Diinep (1707-1783) paspaboranu oOIIHMe ypaBHEHHS [ABMKEHHS Tak
Ha3bIBAEMOM HICAIBHOW XUIAKOCTH M TEM CaMbIM IIOJIOKWIM HA4dajJ0 TEOPETUYECKON
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ruapoMexanuke.  OpHaKoO  MPUMEHEHHE  3THUX  YpPaBHEHHM  OPUBOAWIO K
yIIOBJIETBOPUTEIBHBIM PE3yJIbTaTaM JIUIIh B HEMHOTHX CiTy4asix. B cBs3M ¢ 3TUM ¢ KOHIIa
XVIII B. mHOTOUMCIIeHHBIC yueHble U uHkeHeps! (I1le3u, [lapcu, basen, Belicbax u mp.)
HayaJlu OMBITHBIM MYTE€M H3y4aTh JIBWXKEHHE BOJABI U TOJYYMIIA 3HAYUTEIHHOE YHCIIO
smnupuyeckux ¢opmyi. Co3naBmiasicsi TAKUM MYyTEM UYKUCTO MPAKTUYECKasl THAPABIMKA
Bce OoJiee oTnaisuiach OT TEOpETUYEeCKOM ruppoauHamMuku. COMMKEHUE MEXAY HUMHU
HaMETWIOCh Julb K KoHIy XIX B., koraa chopMUpOBAIMCH HOBBIE B3IJISAJbI Ha
JBIDKEHHUE JKUJKOCTH, OCHOBaHHBIE HA HCCIEIOBAHUM CTPYKTYpbl MOTOKa. ToOHKHE
AKCIIEPUMEHTAIbHBIE MCCIIEIOBAHUSI 3aKOHOB BHYTPEHHErO TPEHHUSI B JKUJIKOCTIX MpHU
naMuHapHoM JBmkeHun (B paborax H. II. Ilerpoma, 1836-1920) um mepexoma oOT
JAMMHApPHOTO JBW)KEHHS K TypOyiaeHTHOMY (B pabortax Peiinonbaca, 1848-1912)
MO3BOJIUIIM  TJIyO)K€ TPOHUKHYTH B (PU3UYECKYIO0 TPHUPOAY THUIAPABIUYECKUX
conportusiiennid. Heckonbko nozsxe padotsl H. E. XKykoBckoro (1847—1921) u [Ipanarns
(1875-1953) mpoaBuHYIH BIIepeT U3YYCHUE BaXKHCHIIIHX.

KuakocTeio Ha3bIBAIOT (DU3MYECKOE TENO, KOTOPOE U3MEHSET CBOI (opMy MO
JCHCTBUEM CaMBIX HE3HAUUTENbHBIX CWI. OHO 00JaaeT CBOMCTBOM TEKY4YeCTH, T.C.
OOJBIION TMOJBMKHOCTBIO CBOMX YaCcTHUIl, M TMOATOMY IMPUHHUMAET (PopMy cocyna, B
KOTOpOM Haxonutcsa. JKHAKOCTH pa3fensioT Ha JBa Kiacca: MaloCKUMaeMble
(kanenbHBIE) M CKUMaemble (ra3o00pas3Hbie). KamenbHble JKHIKOCTH B MallbIX
KOJMYECTBAX MPUHUMAIOT chepruyeckyto ¢hopmy, a B OOIBIIUX — 00pa3yloT CBOOOIHYIO
MMOBEPXHOCTh. ['a3pl B OTJIMUME OT KameIbHBIX JKHAKOCTEH CIOCOOHBI K 3HAYUTEIHLHOMY
YMEHBIICHUIO CBOEro oObeMa TMOJ| JEHCTBUEM JMJaBJICHHUS W K HEOTPAaHHUYECHHOMY
PaCHIMPEHUIO TIPH €TO OTCYTCTBHH.

Baxneimmmu gu3nuecKuMy CBONCTBAMH JKUJIKOCTEH U Ta30B SIBJSIOTCS yIETbHBIN
BEC, MJIOTHOCTh, CYKUMAEMOCTh, BA3KOCTb.

Yoenvuwiii gec srcuokocmu (y) mpeacTaBisieT co0o0il Bec eUHUIIBI ee o0beMa:

o — G 3
Yy = v H/m
rae G — Bec xxuakoctu, H;
V — 00beM KHIKOCTH, M,
VYienbHBI BeC — BEIMYMHA BEKTOPHAs, €r0 3HAUYEHUE 3aBUCUT OT YCKOPEHUS
CBOGOJHOTO MAJICHHs B TOUKe onpenencans (06brauo g = 9,81 m/c?). st Boxst mpu +4°C

y=9810 H/™M.
IInomnocmo srcuokocmu (p) pencTapiseT coboit Maccy eMHUIIBI €€ o0bema:

_m 3
p — Vo KI/M
rae M — Macca JXKHUJIKOCTH, KT
V — 00bEeM KUJIKOCTH, M2,
g Boaw! ipu +4°C p = 1000 KI/M.
Mexny yAenbHbIM BECOM M IUIOTHOCTBIO CYIIECTBYET CBSI3b YEpe3 YCKOPEHHE
CBOOO/IHOTO TTaJICHUS:

m G ¥

p = — - —— —
VgV
Corcumaemocms HcuOKocmu — 3TO €€ CBONCTBO U3MEHSITh 00bEM MPU U3MEHCHHUU
TABJICHUS, XapaKTepu3yeTcs xodgduyuenmom obvemnozo cocamusi (By), BhIpaxaromem
OTHOCUTEIIbHOE YMEHBIIICHHE O0BheMa IKUIKOCTH TPHU YBEIWYCHUW JaBJICHHS Ha
CIUHUILY:



B _ Vl - Vz
vV~ 5
(P2—P1)V1
rae Vi 1 V, — COOTBETCTBEHHO HAYAIBHBINA U KOHEUHBIH 00BbEMBI 5KUIKOCTH,
P1 ¥ p2 — COOTBETCTBEHHO HAYaJIbHOE U KOHEUHOE JaBJICHUSI.
Benmuunna, obpatHas ko3pGUIMEHTY 00bEMHOTO CXKAaTHs, Ha3bIBACTCS MOIYyJEM
YOPYTOCTH JKUAKOCTH M 0003HadaeTcs Eg:

Eg =1/By,Ma
B cpegnem st Bonbl BV =0,5- 10°atu Ey=2- 10° Ia.
BBuny wmanoro 3HadeHus koddduimeHta O0OBEMHOr0 CKaTUs KaleJIbHBIX

)KPII[KOCTeﬁ B OOJILIIMHCTBE pacuCeToOB KHUAKOCTH PaACCMATPUBAIOT KAK HCECKHUMACMOC
TECJII0.

Ma*

B ornuume oT KamedpHBIX JKHUIKOCTEH Ta3bl XapaKTepU3YIOTCS 3HAYUTEIbHOU
C)KMMAaeMOCThIO ¥ BBICOKMMH  3HayeHUsIMA  Kod(pUIMEeHTa  TeMmmepaTypHOTO
pacumupeHusi. 3aBHCHUMOCTh IUIOTHOCTH Ta30B OT JaBJICHUS U TEMIEPaTyphl
yCTaHaBJIMBAETCSl ypaBHEHHEM cocTosiHusA. Haunbonee mpocTeiMU CBOMCTBaMU 00J1aaeT
ra3, pa3pexeHHbI HACTOJILKO, YTO B3aUMOJCHCTBUE MEX]Y €r0 MOJEKYJIaMU MOXKET He
YUUTBHIBAThCS — TaK Ha3bIBAEMbI COBEPIIEHHBIN (MealbHbIi) ra3. s coBepIIeHHBIX
ra3oB clipaBe[JinBO ypaBHeHue KialinepoHa, mo3BoJsioliee onpeaesisaTh IIOTHOCTh ra3a
MIPU U3BECTHBIX 3HAYCHUSX JABJICHUS U TEMIIEPATYPHI:

p=p/RT

rae P — abcomoTHOE NaBieHWe; R — ynenpHas ra3oBasi MOCTOSIHHAS, pa3ivuHas AJis
pa3HBIX Ta30B, HO HE 3aBUCAIIAs OT TEeMIEparypbl W AaBieHusi; 1 — abcomtoTHas
temriepatypa. [loBeneHrne peanbHBIX Ta30B HE3HAYUTEIHHO OTJIMYAETCS OT TMOBEICHUS
COBEPIICHHBIX Ta30B W JUIsi HUX B IIHPOKUX Tpeaesiax MOXKHO TIOJb30BaThCs
YPaBHEHUSAMH COCTOSIHUS COBEPIICHHBIX ra30B. OTKJIOHEHMS JI€NAl0TCS 3aMETHBIMU
TOJIBKO TIPU CWJIBHOM CXKaTHUH Ta3a M B OCOOEHHOCTHM TOTJIa, KOTJla TeMIepaTrypa rasa
HACTOJIbKO TMOHIKEHA, YTO HAYMHACTCSA CKUKEHUE. YKa3aHHBIC OTKIOHEHUS MOJIPOOHO
M3y4yalTcs B TEPMOJMHAMHUKE. B TeXHMYECKHX pacueTax IUIOTHOCTh Ta3a OOBIYHO
MPUBOJAT K HOpMaibHBIM (u3ndeckuM ycioBusMm (I = 0°C, p = 101 325 Ila) umm x
crangaptHsiM yenoBusM (t = 20°C, p = 101 325 Ila). IIpu npyrux ycinoBUsX TUIOTHOCTh
BO3/lyXa ornpezensercs 1no Gopmye:

p=po(PTo/poT)

Bsszxocme  oicuOxocmu  — ITO €€ CBOMCTBO  OKa3bIBaTh COIIPOTHUBJICHUC
OTHOCUTCIIBHOMY ABWKCHUIO (C)IBI/IFy) qacTul XHUIKOCTH. Cuitel BHYTPCHHCTO TPCHUS,
BO3HUKAOIMMUEC B pPE3YJIbTATC CKOJBXCHHA CIIOCB YaCTHUL  KUAKOCTH, TMIPAMO
MNPONMOPHUHUOHAIIBHBI CKOPOCTH OTHOCHUTCIIBHOT'O ABHXXCHHA W IUIOIIAAW IMOBCPXHOCTH
COIIpHUKACAIOIUXCs CIIOCB!:

du
T=xuS—=15§
dy
rae [ — KO3(PPUIMEHT MNpPONMOPIUOHATLHOCTH, HA3bIBAETCS JMHAMMYECKOM WU

a0COJIFOTHOM BA3KOCTHIO, [1a - c;

2.
S — mromane IMMOBEPXHOCTHU COIMPUKACAIOIINXCS CIIOEB, M,
du

-1.
E — I'paIUCHT CKOPOCTHU MEPCMEIICHUA CIIOCB, C

T -- KacaTeJIbHOE HaIpsiXKEHUE, I1a.



Tosichenue nonsamus 8513K0Cmu HCUOKOCMuU

[lycThb CKOpOCTH IBUXKEHHS KAaKOro-HHMOyAb cios A paBHa U, a CKOpOCTb
JIBUKEHUS COCEIHEro cios B Gonbiie Ha Benmuuuny dU. Benuuuna dU BeipaskaeT co6oit
abCcoMOTHEIN capur cnos B mo cnoro A 3a emunuily Bpemenu. OtHomenune dil K
PacCTOSHMIO MeXKTy claosmMu A u B, xotopoe paBHO (Y Ha3BIBAe€TCA OTHOCHUTENHHBIM
caipuroM. Cuima TpeHMs, TMPUXOAAIIAsCS Ha EAMHUYHYIO IUIOIAAb, IPSMO

HpOHOpHI/IOHaJ'H)Ha OTHOCI/ITGHBHOMY CI[BI/IFy:

du

T=[U—

dy
W3 npenpiaymiei GopmMyibl BUIHO, YTO:
dy

I =—T . Ila-c
! L

0 -3
Jns Boaw! ipu 20°C nuHamuyeckas B3KOCTh cocTaBiisgeT okosio 107~ Ila - c.

Kunemamuueckorui BA3KOCMbIO cUOKoCcmu Ha3bIBAaeTCs OTHOIIICHUE
MUHAMHAYECKON BA3KOCTH JAHHOM XUIKOCTH K €€ IUIOTHOCTH
o 5
vV =—-,M/

Kunematnueckas BA3KOCTb BOJbI IPH 20°C NpUOIU3UTEIBHO paBHA 10 m%/c.

Bs3kocTh KamedapHBIX JKUAKOCTEH C POCTOM TeMIepaTypbl yMEHbIIAeTCs, a
BSA3KOCTb I'a30B — HA00OPOT YBEIMYUBACTCS.

Kungkoctn, y KOTOpBIX JOUHAMHUYECKas BSI3KOCTh HE 3aBUCUT OT CKOPOCTH
JIBUKEHHUS, a 3aBUCUT B OCHOBHOM OT TEMIEpAaTypbl M COBCEM HE3HAYUTEIBHO OT
JABJICHMUSI HA3bIBAlOT HBIOTOHOBCKUMHM WJIM HOPMAaJbHBIMU JKHJIKOCTAMHU. Takxke
CYLIECTBYIOT HEHBIOTOHOBCKHE KHUJIKOCTH, ISl KOTOPBIX 3aKOH BHYTPEHHETO TpEHUs
BBIPA)KAETCs B BUJIE:

du
T = Tg ip,d—,
y

Tac TH -- KaCaTCJIbHBIC HAIIPSKCHUS B HOKOSIHIGﬁCH KUAKOCTH, ITOCJIC TIPCOAOJICHUA
KOTOPBIX OHA IPUXOJUT B IBHIKCHHUC.

K HEeHBIOTOHOBCKHM KHUAKOCTAM OTHOCATCA HG(l)TCHpOZ[YKTBI, CMa304YHBIC Macjia,
KOJUJIOMIHBIC paCTBOPLI, paCTBOPLI IMOJIUMEPOB, KPACKHU, CYCIICH3UH U OMYJILCUU.



Tema 2 I'uapocTaTuka JKUAKOCTH
T'uopocmamuueckoe dasnenue u e2o ceoticmsa. C60000HASA NOBEPXHOCMb.
OcHoeHoe ypasueHue cuopocmamuku. Abconomnoe u MaHomempuyeckoe
oaenenue. [lvezomempuueckasn evicoma. Bakyym. /lasnenue sxcuoxocmu na
niaockue nosepxnocmu. Llenmp oasnenus. Snwopa dasneHus.
#TeopernueckuitPazgen
Tuopocmamuxoil Ha3pIBACTCS pa3/ieNl TUIAPABIUKH, WU3YYAIONINH 3aKOHBI PaBHOBECHS
ITOKOSIIIEHCS KUIKOCTH.

Buemane cunpl, ASHCTBYIONMIME HA HEKOTOPBIM OOBEM IMOKOSIICHUCS >KHIKOCTH
JENIATCS Ha JIBE KaTETOPUHU: MAaCCOBBIC U TIOBEPXHOCTHEIE.

Maccoevle cwiibl TPONOPITMOHAIBHBI Macce BBIACICHHOTO 00beMa JKUIKOCTH U
JEHCTBYIOT Ha BCE YaCTHIIBI 3TOT0 00beMa (CHIIa TSHKECTH, CHJIa HMHEPIIUHN).

Tlosepxnocmuuvle CWIBI TIPONOPIIMOHANBHBI TUIOMIAJM BHEIIHEH ITOBEPXHOCTH
BBIICICHHOTO 00heMa JKUJIKOCTH M JICUCTBYIOT B KaKJOW TOYKE BHEITHEH MOBEPXHOCTH
aToro obObema (arMocdepHOe [aBJICHHWE Ha CBOOOJHYIO TIOBEPXHOCTh JKHUIKOCTH,
JaBJIEHWE CTEHOK COCy/a Ha KHIKOCTh).

Ilox meiicTBMEM BHEMIHHUX CUJI B KaXKJIOM TOYKE O0OBEMa ITOKOSILEHNCS >KUIKOCTH
BO3HUKAIOT BHYTPEHHHE CHJIBI, OOYCIaBIWBAIOIIME €€ HANpPsHKEHHOE COCTOSHHE
(maBneHuUE), HaA3bIBAEMOE THAPOCTATUUECKIM.

B ruapaBivke CymiecTBYeT MOHSATHE CPEIHEr0 THAPOCTATHYECKOTO JABICHUS U
THIPOCTATUYECKOTO JTABJICHHSI B TOUKE.

CpenmHee  THAPOCTATHYECKOE  JaBJIEHHWE  ONpPEAENsIeTcsl 1O  OTHOIICHHIO
MMOBEPXHOCTHOW CHJIBI, JICHUCTBYIOIIEH HAa HEKOTOPYIO MOBEPXHOCTh paccCMaTPHUBAEMOTO
o0BeMa JKUJIKOCTH, K TUTOIIAIA ATOW MOBEPXHOCTH:

P 2
pcp ZE:H/M

rie P — cymmapHas cuia THAPOCTATHYECKOTO JaBJICHUS, IPEACTABISAIONIAS COOOM
PaBHOJCHCTBYIOUIYIO BCEX CHJI, MPWIOKEHHBIX K Pa3JIUYHBIM TOYKAaM BbIJICICHHON
noBepxHoctu, H;

(1) — IO Ib BBIICICHHON TOBEPXHOCTH, M.

['unpocratnyeckoe naBieHHE B TOYKE OIpEAENseTcs Kak Mpeles OTHOLIECHUs
CYMMAapHOM CWJIBI THAPOCTATUYECKOrO [aBJEHUs K IUIONIA[M, Ha KOTOPYIO OHa
JNEUCTBYET, IPU CTPEMIICHUH ATOM IUIOIIAAN K HYJIIO:

p = lim (P/ w)
w—0

B cucreme CH 3a enununy npasieHus npuHar nackanb (Ila) -- paBHOMepHO
pacnpeielieHHOE AaBJIeHHeE, TP KOTOPOM Ha Iutoniaas 1 Mm° neiictyet cuia 1 H.

['unpocratuyeckoe JaBieHHME MOXXHO OTCUUTBIBATH OT HYJNsA (a0CONOTHOE
JaBJI€HHUE), WJIM OT aTMoc(epHOro naBieHUs (M30BITOUHOE WIM MaHOMETPHUYECKOe
JaBJICHUE):

Pasec = Pa +Pn36-

I'unpocratuyeckoe naBieHue o01a1aeT AByMs CBOMCTBaAMMU:

1. Ha moBepXHOCTH JKUIAKOCTH THIPOCTATUYECKOE MAABICHHWE BCETJA HAIPABJICHO I10
HOpMaJIM BHYTPh PacCMaTpUBAEMOro 00beMa, T.e. MPEICTABISAET COOOW HaNpsKEHHE
CKaTHSL.

2. B mo0oif Touke BHYTPH KUAKOCTH THUAPOCTATUYECKOE [AaBJIEHHWE IO BCEM
HalpaBJICHUSM OJMHAKOBO, T.€. OHO HE 3aBUCHUT OT YyIJIa HAKJIOHA IUIOLIAJKH, Ha
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KOTOPYIO OHO JEUCTBYET B JAHHOM TOYKE.

YpaBHEHHs paBHOBECHS O€CKOHEUHO Majoro MpsSMOYTOJIBHOTO Mapalijieienune/ia

B MOKOSIIECHUCS )KUAKOCTH MO OCSM KOOPAUHAT UMEIOT CIICYIOIINUM OOl BU/I;
X2 g x 1. %x g x 1.%x_
p Oy p Oy p Oy

OTU ypaBHEHUS BBIPAXKAIOT 3aKOH paclpeieieHUsl THAPOCTATUYECKOTO JIaBJICHHUS.
[Tocne ux mpeoOpa3oBaHUs, CIOKEHUS W MHTETpUpoBaHus (IIpu p = CONSt) ypaBHEHHE
paBHOBECHS TOKOSIIEHCS KUKOCTUA MPUHUMAET BUJL:
p=pU+C,
rae C — mocTrosiHHasi MHTETPUPOBAHUS,

U — QyHKIusa, oTpaxkaromias MOTEHIIMAT CHJI, HCOOXOMMMBIM IJIsi COXpaHEHUs
paBHoBecus xuakoctu: U = f (X, Yy, z). JlaHHBIMH CHJIaMU SIBJITIOTCS CHJIA TSKECTH M
CUJIa UHEPIIUU.

Ecau u3BecTHBI 1aBlIeHUE po U TTOTeHITManbHas QyHKIUS Uy 71 TOYKH KUIKOCTH,
TO ypaBHEHUE TPUHUMAET BU/I;

Po = pUp+ C,umn C = py — pU,

C y4eToM 3TOro OKOHYaTeJIbHO MOTYIUM:

p=po+pU—Usp)

C nomo1ibIo 3TOT0 YpaBHEHUSI MOKHO OINPEEIUTh THAPOCTATHYECKOE 1aBICHUE B
000 TOYKE KUJIKOCTH, €CIIU JIJIsl 9TON TOYKU MU3BECTHBI MOTPAaHUYHBIC YCIOBUA po U Uy

v 3Hauenns Gynxmun U.

Ilosepxnocmvlo  pasrnoco OasiieHusi WU TIOBEPXHOCTHIO YPOBHS HAa3bIBAIOT
MOBEPXHOCTH, BO BCEX TOYKAX KOTOPOW TUIPOCTATUYECKOE JABJICHUE UMEET OJIMHAKOBOE
3HAUYCHUE.

C80600H01 NOBepXHOCMbIO HA3BIBAIOT TOBEPXHOCTh PABHOTO JaBJICHUS Ha
TpaHuIle pa3zelia KUAKOCTH C Ta30M.

Bo3MoXxHBI Tpu TOJI0OXKEHUS CBOOOIHOM MOBEPXHOCTHU KUIKOCTHU, HAXOMSIICHCS
MOJT ICHCTBUEM CHUIIBI TSDKECTH U CHITBI MHEPIIHH.

1. Ecniu mokosimasicst >KUJIKOCTh HaXOJIUTCS TOJIBKO MO AeHCTBUEM cUJibl Tsbkectu G, ee
MpOoeKIHK Ha ocu KoopauHaT Oynyt: X= 0, Y= 0, Z= ¢. luddepenunansnoe ypaBHeHUE
paBHOBecusi umeetr Buia: §0z=0. [locne wmHTerpupoBanusi mojydaem: Z = const. Dto
03HAYaeT, 4YTO CBOOOHAS TTOBEPXHOCTD KUIAKOCTH, HAXOISAIEIHCS TOIBKO MO/ ACHCTBHEM
CHWJIBI TSDKECTU €CTh TOPU30HTANIbHAS TIIIOCKOCTb.

2. Ecnmm XuAKOCTh 3aKioueHa B IMCTEPHE, KOTOpas JBMXKETCS MPSIMOJHUHEHHO C
MOCTOSIHHBIM YCKOPEHHEM «, TO Ha Hee OyAyT JIeHCTBOBaTh CHJIA TSHKECTH U CHJIA
WHEpIHMH, a WX TMPOeKIWH Ha och KoopauHat Oyayr: X=-a, Y= 0, Z= g.
JuddepennuansHoe ypaBHEeHHE paBHOBECHS TPUHUMAET BUA: —adx + §0z=0, oTkyxa:
z=(alg)-x+C

JlaHHO€ ypaBHEHHE SIBIISIETCS ypaBHEHWEM HAKJIOHHOW TUIOCKOCTH, a CBOOOJHAsS
MOBEPXHOCTH KUIKOCTH B JAHHOM ciydyae OyJeT HaKIIOHEeHa K TOPU30HTY IO YTIIOM O,
TAHTCHC KOTOPOTO PaBCH:

tg o = a/g.
3. Ecam KMIKOCTh 3aKJII0YEHA B COCYJIE, KOTOPBII BpalllaeTcs BOKPYT BEPTUKAIBLHOM OcH
C TIOCTOSIHHOM yTIJIOBOW CKOPOCThIO (®, TO Ha HEe JEHCTBYIOT CHJIA TSIKECTH C
npoekiusaMu Ha ocu koopauHaT X= 0, Y= 0, Z= ¢ u ueHTpoOexHasi CHiia WHEPIUU C
MPOEKUUSIMU: X= w’X, Y= o)zy u Z= 0. Ha cB0OOAHOI MOBEPXHOCTH B JIAHHBIX YCIOBUSIX
YpaBHEHHE PAaBHOBECHUS ITPUMET BUI:



w-r
zZ=— ,
2g
rne r = ,/x?—y? — pagdyc TOYeK CBOOOJHOM MOBEPXHOCTH JKUIKOCTH BO

BpaIaIOIIEeMCs COCY/Ie, UMEIOIIEeH BU ] mapadosion/ia BpallleHusi BOKPYT OCH Z.

OcHOBHOE ypaBHEHME THApocTaTUKN. 3akoH [lackais

[lycTp Ha KUAKOCTH, HAXOJAIIYIOCS B COCYJ€ B aOCOJIIOTHOM TOKOE JEUCTBYET
TONBKO cujia TsokecTH. CBOOOAHAS MOBEPXHOCTH KUIKOCTH B JAHHOM CJydae SIBJSETCS
TOPU3OHTAIBHONW TIJIOCKOCTHIO. JlaBjeHHWEe Ha CBOOOJHOM MOBEPXHOCTH MPUHHMAETCS
paBHBIM po. s ompeaelieHHs] THUAPOCTATUUECKOTO JIaBJICHUST B TOYKe A,
pacIoNOXKEeHHOW Ha TiyOnHe h OT CBOOOJHON MOBEPXHOCTH BBLICIHM BOKPYT TOYKHA A
TOPU30HTAJIBHYI0 KPYTOBYIO IUIONIQAKY IUIOIIAJbI0O ® M TOCTPOUM Haja HeH
BEPTHUKAJBHBIA UINHAPUICCKHA 00BEM BBICOTOH h.

Bwv1600 ocroeno20 ypasuenus euopocmamuxu

Ha munmuanpuyecknii 00beM IEHCTBYIOT CBEPXY BHHU3 CHJIA IaBJICHHS, paBHAS Py U
BEC JKHJIKOCTH B yKa3aHHOM oObeMe, paBHBIM phw. CHU3y BBEpX JCUCTBYET CHIIA
TUAPOCTATUYECKOTO JABJICHUS Ha HIDKHIOIO TUIOMIAJKY IIJIMHApA, paBHas Pw. Tak Kak
JTAHHBIA 00bEM KUAKOCTH HAXOIUTCS B PAaBHOBECHH, TO CyMMa IMPOEKIUA BCEX CHUJ Ha
BEPTUKAJIBHYIO OCh paBHA HYIIIO:

Pow + yhw — pw =0

Cunbl naBneHusi, JEHCTBYIONINE Ha OOKOBYIO MOBEPXHOCTH IIVIMHAPA, B YPaBHECHHE
HE BXOJIAT, TaK KaK MX MPOEKIIUs HAa BEPTUKAJIBHYIO OCh PaBHA HYIIIO.

ITocne cokpatiieHust Ha @ ¥ NEPErpyNIUPOBKH MOTydaeM:

P=Po+yh

JlaHHOE€ ypaBHEHHE HAa3bIBAETCSI OCHOBHBIM ypaBHEHUEM TuipocTaTUKU. OHO
IMOKA3bIBAE€T, UTO aOCOJIOTHOE JABJICHUE B JIIO0OM TOYKE IMOKOSIICHCS >KUIKOCTH Ha
rnyounHe h criaraercs W3 JaBlICHUS Ha CBOOOJHOW TOBEPXHOCTH Py U JABIICHHS,
CO3JIaHHOT'O BECOM CTOJI0a XKHUAKOCTH h.
Ecimu B nanHOM ypaBHeHMH BMecTo h nodcmasums 7 — Zg , pa3lelnuTh BCE WICHBI
paBEHCTBA Ha 3aMCHUTD Y U IIEPETPYNIIMPOBATH UX, TO MOJIYUHUM:
Z + ply = zg + poly = const

3to BTOpas hopmMa 3armrcu OCHOBHOTO YPaBHEHUS THIPOCTATUKH.

3axon [llackans BBITEKAET U3 OCHOBHOTO YpaBHCHUA THUAPOCTATUKU U
dbopmynupyeTcss  CIeayronmM o0pa3oM: JaBJieHUE, MPUIOKEHHOE K BHENIHEH
MOBCPXHOCTHU JKHUAKOCTH, TMCPCHAACTCA BCCM TOYKaAM ITOU KUAKOCTH MU II0 BCEM
HaIpaBJICHUSAM OAWHAKOBO. N3 Hero CJICOYCT, YTO CWJIa NABJICHUA Ha IUIOIIAJIKY BHYTPH

KUJIKOCTH TPONOPIIMOHATIBHA IUIOMIAINA STOW IUIOIIAJIKK:
P, F

P, F’
rae Py u P, — cunbl maBienus Ha mtomanku F; u Fy.

Ha wucnonp3oBannn 3akoHa [lackaisi OCHOBAaHO YCTPOMCTBO pa3IMYHBIX
TUAPABINYECKUX MAIIUH: THAPABINYECKUX MPECCOB, TOMKPATOB, MOABEMHUKOB U T.]I.

AOCOIIOTHOE U MaHOMETpPHUUYECKOE AaBjicHue. [Ibe3oMeTprudeckas BoicoTa. Bakyym
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Abconomnoe THUAPOCTATHYECKOE JABIIEHUE B JIIOOOW TOYKE IKHUIKOCTH
ONIPEACNSAETCS OCHOBHBIM YpPaBHEHUEM THMIPOCTATUKH, KaK CyMMa BHEIIHEIrO JIaBJICHUS
Ha CBOOOJIHYIO TOBEPXHOCTh KHUIAKOCTU U M30BITOYHOTO JIABJICHUSI, CO3/IaBAEMOTO CIIOEM
BOJIBI HAJ paccMaTpuBaeMoi Toukoi (yh).

[IpocTeitmm  mpubOpoM  JUIsl U3MEPEHHUsS JaBICHUS O KHAKOCTH  SIBIISACTCS
nbe3oMeTp. OH IpeACcTaBIsgeT COO0M OTKPBITYIO CBEPXY CTEKISHHYIO TPYOKY JUAMETPOM
5 — 12 MM, COeIMHEHHYIO HIXKHUM KOHIIOM C TOM 00JIaCThIO XKUIKOCTH, T/ie TpeOyeTcs
U3MEpUTh JaBieHHe. Ha TpyOKy HaHOCATCS JACNCHHMs WIM 3a Hee IOMEIaeTcs
U3MEpUTEbHAs IIKaJa.

Yemanoeka nvezomempa
B otkpeiToM cocyae Ha CBOOOJHYIO TIOBEPXHOCTb JKHMJIKOCTH JICHCTBYET
atMocdepHoe (OapomeTpuueckoe) naaBieHHE. I[lpm 3TOM OCHOBHOE ypaBHEHHE
TUAPOCTATUKH JJI1 TOYKA A MPUHUMAET BU/I;
Pace = Pa + Yh
B 3akpbITOM cocyjie MaHHOE€ ypaBHEHHE ISl TOUYKM A MOXXHO 3amucaTh B JBYX
BUAX:
Pasec = Pa + th A Pase = Po + Yh
W3 5TuX ypaBHEHMI MOKHO BBIPA3UTh BETMUYMHY h,:
h, =2Pa 4 p o
¥
Bennuuna h, HasbBaeTcs nvesomempuueckoi evicomoti. OHa TIOKa3bIBaeT
U30BITOYHOE JIABJIEHHE B TOUKE NPUCOEANHEHHs Tbe3omeTpa (A). B oTkpbiToM cocyze h,
= h tak Kak pg = p, , T.€. Ib€30METPHYUECKas BbICOTA PaBHA IIIyOHMHE MOTPYKEHHS TOUKH
A B JKUIKOCTb.
ITvesomempuueckum nanopom H, Ha3bIBaeTCA BBIC
OoTa TOJHATHS BOJBI B NMHE30METPE C YUYETOM PACCTOSHHS OT BBHIOPAHHOW IIJIOCKOCTH
OTCUEeTA!

Hy=h,+z="2 4+ htz.m
p p TZ y +h+2z

JlaBieHue Ha KUJIKOCTh HUXKE aTMOC(EpPHOr0 Ha3bIBAECTCS BAKYYMMETPUUYECKUM
JaBJIeHUEM, WK 8akyymom. OH MOKa3bIBaeT HEAOCTATOK JABJICHUS 10 aTMOC(HEPHOTO:
Prax = Pa — Pasc

Jlnst u3MepeHuss BaKkyyma HMCHOJB3YHOT BaKyyMMETp, HNPOCTEHUIINM W3 KOTOPBIX
MPEACTaBIsAET COOOW CTEKISIHHYIO TPYOKY C JIeNIEHUSIMH, OJHAa CTOPOHa KOTOpOH
IIPUCOCAMHEHA K COCYHLy, TI[€ H3MEpsAeTCs BakKyyMm, a Jpyras IOIpyKeHa II0J
ITOBEPXHOCTH BOJIBI B OTKPBITOM COCYZE.

Yemanoexka eaKyymmempa
B cBsi3u ¢ Tem, uTO Po< Pa » KUIAKOCTb IMOJHUMACTCA B TPY6K€ H3 cocyaa € BOJIOM
Ha BBICOTY heak MoJi JACUCTBUEM aTMOC(i)CpHOFO JaBJICHUA. HOBTOMy CIIpaBCIJINBO

YpaBHCHHUC:

Pa= Po + Yhsak , OTKyJa:
h _Pa—Po
BaK — _
4

HCHOJ’IBBYSI OCHOBHOC YpPaBHCHHC THUAPOCTATUKH, MOIKHO HaWUTH CHUIIy HaBJICHUA
KHUAKOCTH Ha OrpaHnduBarOmmue €€ TBCPABIC CTCHKH. DTta 3amaya HUMEET OO0JIbIIOE
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MPAKTUYECKOE 3HAYEHUE MIPHU pacueTax IMAPOTEXHUUECKUX COOPYKEHUHN U Pe3epBYapoB.

[Iycth uMeeTcss IUIOCKasl CTEHKA IUIOMIAAbIO, HAKIOHEHHAs K TOPHU30HTY IOJ]
HEKOTOPBIM YIJIOM 0, CAEPKHUBAIOIIAs J>KUJIKOCTh B MPSIMOYTOJIBHOM pe3epByape.
Paznuunble TOYKM paccMaTpUBaeMOW CTEHKH, HAXOJsACh HA pa3JIMYHBIX TIyOWHAX,
UCHBITHIBAIOT pa3iudHoe AaBieHune. Heo6xoammo onpenenuTs CUITy JaBICHUS KUIKOCTH
Ha 3Ty CTEHKY.

Onpeodenenue cunbl 0agnenus HCUOKOCMU HA NIOCKYIO CIEHKY

[Ipoexuunio JaHHON CTEHKH Ha IJIOCKOCTh YepTeka MpUMeEM 3a ocb KoopauHat Oy
¢ HadanoM B Touke O, Haxojsielcs Ha CBOOOIHON MOBEPXHOCTU KUAKOCTU. Toraa ock
koopauHaT OX, Takke uMewIlas Hadano B Touke O, OyAeT MNpoXOauTh MO JIUHUU
nepeceyeHus TNIOCKOCTH CTEHKH CO CBOOOTHOM MOBEPXHOCTHIO KHUIAKOCTH.

BrigenuM B JaHHOW CTEHKE IUIOCKYIO MPSMOYTONbHYI Gurypy AB minomanasio o.
[loBepuyB ¢urypy AB Bokpyr ocu Oy 110 COBMEIIEHHS C IUIOCKOCTBIO YEPTEXa,
BBIJICJIMM Ha IUIONIAIA (» TIOJIOCKY ¢ OCCKOHEYHO Mayioi mmpuHON dy. DTa mosocka,
UMEIoIIass OECKOHEYHO MaJylo TUIONIaas dw ¥ morpy:keHHas B )KHIKOCTh Ha IIyouHy h,
OyJeT HaXOIUThCS Ha PACCTOSIHUH ) OT ocu OX.

CornacHO OCHOBHOMY YPaBHEHUIO THIPOCTATUKH, THJIPOCTATHYECKOE JABJICHHE B
000 TOYKE OCH TOJIOCKU PABHO:

P =Po+yh
/i€ Po — JaBJIEHUE Ha CBOOOIHOM MOBEPXHOCTHU KHUIKOCTH.

Tak kak mUpUHA BBIJCICHHON MOJOCKM OECKOHEYHO Maja, THAPOCTAaTHYECKOe
JABJIEHWE BO BCEX €€ TOYKax SIBJIETCS OJMHAKOBBIM. Torga cuia rupocTaTH4eCcKOro
JABJICHUS HA TAHHYIO MOJIOCKY paBHA:

OP = p-0w = (py + yh)-0w

[Tockonbky TuIOmIaAb (GUTYPBl @ CKJIABIBAETCS W3 CYMMBI IUIOIIQ/eH
AJIEMEHTAPHBIX TMOJIOCOK, TO CHJIa THAPOCTATUYECKOTO JaBIICHUs HAa BCIO CTEHKY Oyner
paBHa CyMME€ 3JIEMEHTAPHBIX CHJI JABJICHUSI HA 3T MOJIOCKU:

P =20p =X (pg + yh)-0w = py 20w + yZhow

HNcexons U3 COOTHOUIEHUM MPSIMOYTOJIBHOTO TPEYroJIbHUKA M PacCMaTpPUBAEMOM
cxeMmsl h = y-sino. Toraa:

P =po 20w + ysinaXyow

2y0w — 3TO cTaTHYeCKHil MOMeHT tuiomaau ¢urypsl AB otHOCuTenbHO ocu OX,
KOTOPBIN paBeH MPOU3BEACHUIO TJIOMIAAN » Ha KOOPJIUHATY ). €€ LIEHTPa TAKECTH:
2y0w =y,
Tak xak 20w= w, a Y, sino. = h¢ , momyyaem:
P = po o + ysinah.w/sina. = pg o + yhew = (po + yhe)w
[To OCHOBHOMY ypaBHEHWIO THIAPOCTATUKH BEIWYMHA, CTOAINIAS B CKOOKax
MpeiCTaBIsieT coO0M THAPOCTATUYECKOE MJABJICHHE B IICHTPE TSHKECTH CTEHKU P, ,
IMO3TOMY OKOHYATEJIbHO MOJYYUM:
P=p.ow
To ecTb, cua MOIHOTO THAPOCTATHYECKOTO JIABIICHUS HA IUIOCKYIO (purypy paBHa
MIPOU3BEICHUIO THIPOCTATUYECKOTO IABJIEHHUS B LIEHTPE €€ TSKECTH Ha €€ IUIOIAb.
Ecan Ha cBOOOMHOW TOBEPXHOCTH JKHAKOCTH pg = p, , TO CHJIA TOJTHOTO
TUIPOCTAaTUYECKOTO JIaBJICHUs Ha IJIOCKYIO (QUTYypy paBHa MPOU3BEIECHUIO U30BITOYHOTO
TUAPOCTATUYECKOTO JABJIICHUS B LIEHTPE €€ TSHKECTH HA €€ TUIOMIab:
P =peuss © = yhew
12



U3 stoit hopmyssl BUAHO, YTO CHJIA JABJICHHS >KHJIKOCTH Ha JTHO COCY/a, €CIU OHO
TOPU30HTAIBHO, 3aBUCHT TOJILKO OT ILIOIIAJM JHA (@ W TIyOMHBI )KHUIKOCTH B cocyae h,
U HE 3aBUCUT OT (OpPMBI COCy/a, B KOTOPBIA OHA HAJIUTA. DTO CBONCTBO >KHIKOCTHU
HAa3bIBACTCS TUAPOCTATUYECKUM MMAPATOKCOM.

IlenTp maBaeHUs. DOIopa AaBICHUS

JIro0ast cuna XapakTepusyeTcsl BEIMYMHOM, HAlpaBICHUEM JEHCTBUS U TOUYKOM
npuioxenus. [loaromy, 4ToObl MMETh NOJIHOE NPEACTABIEHHE O CYMMAapHOM CHIIe
THIPOCTATHYECKOTO JaBIICHUS Ha (QUTypy, KpPOME €€ BeIMYUHBl M HalpaBICHUS
HEOOXOAMMO 3HATh TOYKY NUPHUJIOKEHHS STOW CHIIBI, KOTOpas HAa3bIBACTCS YEHMPOM
oasieHusl.

Ha cxeme k ompeaeneHHIo CHIbI JABICHHUS >KUAKOCTH Ha IUIOCKYIO CTEHKY
ryOMHa, Ha KOTOPOM pacIojioKeH IIeHTp aaBieHuss D, oOo3nauena kak hp , a
KOOp/AMHATA JaHHOW TOYKU — KakK Vp .

3HayeHre KOOPAMHATHI LIEHTPA AABJICHUS HAXOJAT U3 BBIPAXKECHUS:

Iy
Yp = Yc + {U—
[
rae V. — KoopAuHaTta ueHtpa tskectu (touku C);

fﬂ — IEHTPAJIbHBIA MOMEHT HWHEPIUU IUIOMAAu (PUTYpsl OTHOCHTEIHHO OCH,
MPOXOISIICH ee yepe3 IEHTP THKECTH U napajiieabHon ocu OX.
[lenTpasbHBII MOMEHT HHEPIMU IUIOIIAAA BCETJA IMOJOXKUTEIEH, MO3TOMY

¥Yp = Y., T.6. UEHTp JaBJECHMS BCErJa JIEKUT HMXKE LIEHTpa TSHKECTHU IUIOLIAAM, 3a

HNCKJIIFOUCHHUCM rOpHSOHTaHLHOﬁ CTCHKH, KOrjga paCCTOHHI/Ie Me)KI[y HUMU paBHO:
I
— 0
Vp = V.. CnaraeMoe —— ONpeJeNseT, HACKOJIbKO HHUKE IEHTPA TSHKECTH CMEIIEH
Wy¥e

LIEHTP JaBJICHUS.

Ompenenenne Apyro KOOPAMHATHI IEHTpA AaBICHUS Xp I Toukum D Kak
MIPABUIIO OCYIICCTBIIICTCS U3 YCIOBHS CHMMETPHH.

Jlns  rpadudeckoro wu300paXkeHHWs 3aKOHA M3MEHEHHS THAPOCTATHYECKOTO
JaBJICHUS TIO TIYOMHE CHIyXKaT aniopwl Oasienus. I1mommanb SMIOPH BBIPAKAET CHITY
JAaBJICHUS, a TIICHTP TSDKECTH OIIOPhl — OTO TOYKA, dYepe3 KOTOPYIO MPOXOJUT
PaBHOJICHCTBYIOMIAS CUJIA JIABJICHUSI.

[Ipyn mocTpoeHWM S0P YYUTHIBAIOT, YTO JABJIICHHE BCEI/Ia HAMPABICHO TIO
HOpPMAaJIi K CTEHKE, @ OCHOBHOE YpaBHEHHUE TUIPOCTATUKU
P = Po + yh siBIseTcs ypaBHEHHEM MHpPSIMOM, TJe MEPEeMEHHOW sBisieTcs riyomHa h ¢
YTIOBBIM KO3 (PULIMEHTOM Y, @ Pg — CBOOOTHBIM WIICHOM.

Onopbl  a0COMOTHOTO M M30BITOYHOTO THAPOCTATHYECKOTO JIABJIICHUS Ha
TOPU30HTAIBHOE JIHO pe3epByapa H300pakaroTCs MPSAMOYTOJbHUKAMH, TOCKOJIBKY
rnyouna h He MeHseTCs:

JUis TOCTPOEHMsI DJIIOp JABJICHUS HAa BEPTUKAIBHYK) IUIOCKYIO CTEHKY
OTKJIaJBIBAIOT B BBIOpAaHHOM MacmTabe CHJIbI THAPOCTATUYECKOrO JIABJICHUS M0
TOPU30OHTAIBHOMY HAIIPaBJICHUIO HAa IIOBEPXHOCTH KUIAKOCTU M Yy JHA, U 3aTeM
COCIMHSIOT KOHIIBI 3TUX OTPE3KOB IIPSIMOM JIMHUEH.

13



B nmanHOM ciywae omopa  aOCONIOTHOTO — THIPOCTATUYECKOTO — JIaBIICHUS
IPEACTaBISET COOOH TpameIuio, a AMopa H30BITOYHOTO JABICHUS — TPEYTOJbHHK.
Ecnu miockast creHka, Ha KOTOPYIO JIEMCTBYET KUAKOCTh, HAKIIOHEHA K TOPU30HTY
MOJ YTJIOM 0., TO OCHOBHOE YpaBHEHUE THAPOCTATUKH 10 OTHOIIEHHUIO K HEW MPUHUMAET
CIEYOIIMNA BUI:
P = Po + yLsina

91’[1-0pa a0COJIFOTHOTO THUAPOCTATUYUCCKOIO HaBJICHUA IIPH HAKJOHHOM CTEHKE

OpeACTaBIseT COOOM HAKIOHHYIO TpAaleLuio, a 3Iopa H30bITOYHOIO JaBIEHUS —
HAaKJIOHHBIN TPEYTOJIbHUK.
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Tema 3 I'mapoamHaMuKA KHUIKOCTH
Pasnomeprnoe u nepasnomeproe osudicenue. Hanopmwiii u 6e3nanopuulii nomox.
Ypasuenue nepaspwvisnocmu nomoxa. Ypaeuenue bepuynnu ons snemenmapHoti
CMPYUKU UOeaNbHOU dcuoKkocmu. Ypasnenue bepuyinu 0 nomoxa peaibHoll
arcuoxocmu. OCcHOBHOE YPaBHEHUE PABHOMEPHO20 OBUNCEHUS HCUOKOCTIU.
#TeopernueckuitPazgen

Tuopoounamuxa — 3TO paszies TUIPABIUKH, W3YYAIOMIMM 3aKOHBI JBHKCHUS
KUJKOCTH, a TaKXKE B3aUMOJCUCTBHSI MEXAY >KUJKOCTHIO M TBEPJBIMH TEJIaMU TPU UX
OTHOCUTEIIbHOM JBUKECHHHU.

[M'uapoaHaMUYeCKMMHU  XapaKTepUCTHUKAMU  TIOTOKA  KUIKOCTU  SIBISIOTCS
TUIPOIMHAMUYECKOE JIaBIIEHUE U CKOPOCTH JIBHXKECHHUS.

Tuopoounamuuecxkoe dasnerue — 3TO BHYTPEHHEE JaBJieHNE, pa3BUBAIOIIEECS TIPH
JIBUKCHUH JKATKOCTH.

Ckopocmb 08udicenus: HcuOKocmu 8 OAHHOU MouKe — 3TO CKOPOCTh MEPEeMEIICHUS
B IIPOCTPAHCTBE YACTHUIIbI )KUJKOCTH, HAXOISAIIEHCS B JAHHON TOUKE.

JIBUKEeHHE KUTKOCTH MOXKET ObITh YCTAHOBUBIIUMCS M HEYCTAHOBUBILIUMCSI.

Yemanosuswiumcs Ha3pIBaeTCS TaKoe JBHKEHUE, TPU KOTOPOM CKOPOCTh H
JaBJICHHE B JIO0OW TOYKE MPOCTPAHCTBA, 3AHITOTO KUAKOCTBIO, HE H3MEHSIOTCS C
TEYCHHEM BpPEMEHH, M 3aBUCAT TOJBKO OT KOoOpAMHAT ToukH. [Ipumepom
YCTAHOBUBIIIETOCSI JIBM)KCHHS SIBJISICTCSI MCTEUEHUE >KUIKOCTU M3 COCyAa, B KOTOPOM
MOICPKUBACTCS TTOCTOSIHHBIN YPOBEHB.

Heycmanosuswiumcs Ha3bIBaeTCs Takoe ABUKEHHE, MPU KOTOPOM CKOPOCTh U
JaBJIeHHE B JII000I TOYKE MPOCTPAHCTBA, 3aHATOTO KUIKOCTHIO, UBMEHSIIOTCS C TEUEHHUEM
BpeMeHH. [IprumepoM HEeyCTaHOBUBIIETOCS ABUKCHUS KUIKOCTHU SBIISIETCS OMOPOKHEHUE
cocyJia yepe3 OTBEPCTHE B JHE.

JI1st u3ydeHus: 3aKOHOB JIBH)KEHUS HKUJKOCTU UCIIOIB3YIOT MOHITUSL TPAEKTOPHH,
JIVHUM TOKA U 3JIEMEHTAPHOU CTPYHKHU.

Tpaexmopusi — 5TO JUHUA, OMKCHIBAIONIAs TIOCJIEIOBATEIHOE TIOJIOKEHUE
YaCTHUIbI )KUJIKOCTH B IPOCTPAHCTBE C TEUEHUEM BPEMEHHU.

Jlunus moka — 5TO Takas JHHHUS B JBIKYIICHCS XHUIKOCTH, KacaTelbHBbIE K
KOTOpOW B JIFOOOM TOYKE COBMAJAIOT C HAMPaBICHUEM BEKTOPOB CKOPOCTH YaCTHIIL,
PaCIONIOKEHHBIX HAa ATOM JIMHWUU B JIaHHBI MOMEHT BpeMeHH. JIMHHS TOKa CBS3BIBAET
MEXIy COOOM pazmuYHbIC JIeKAIe Ha HEeH YacTUIbl U XapaKTepU3yeT HAMPABICHUE HX
JIBUKCHUS B JIJAHHBIH MOMCHT BPEMCHU.

[Ipu ycraHOBHUBIIEMCS JABWKEHUW JIMHUS TOKAa COBMAJAeT C TPACKTOPHUEH
JIBMKCHUS JICKAIINX HA HEHM YacTHUIl M HE U3MEHSET CBOCH (DOPMBI C TEUCHHEM BPEMEHHU.

[Tpu HEyCcTaHOBUBIIEMCS IB)KEHUW JTMHUS TOKA U TPACKTOPUU JIBVXKCHHS YaCTHUII
HE COBIIAJIAIOT.

Jlunus moxa u mpaexmopust 08UMCEHUs YACUY HCUOKOCMU NPU HEYCMAHOBUBULEMCS
08UdHCEHUU

Ctpys )XUIAKOCTH, BBITEKAIOIIAsl Ye€pe3 OTBEPCTHE B CTEHKE COCYJa, HEMPEPHIBHO
MEHSIET CBOE MOJIOKEHUE C TEYEHHEM BpeMeHHU. /{151 Tpex MoMeHTOB BpeMeHH (iy; ty; t3) u
HanopoB (H;; Hy; Hjz) umerorcs Tpu pasnuusble JUHUM TOKa. OJHAKO, TpaeKTOpus
JBYDKCHMS yacTHIl A1; Ay; Az HE COBIIaJaeT HU C OJHOM U3 HUX.

Ecaim B aBuKylieicss KUAKOCTH BBIACIUTH OECKOHEYHO Malblii 3aMKHYTBIN
KOHTYp M 4Y€pe3 BCE €ro TOYKM IPOBECTH JMHHUHM TOKA, COOTBETCTBYIOLIME TaHHOMY
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MOMEHTY BpEMEHH, TO 00pa3yercs TpyOuaTasi MIOBEPXHOCTh, Ha3bIBaeMasi TpyOKOH TOKa.
OnemenmapHou cmpyuxKou HA3bIBAETCA Macca >KUAKOCTU, ABWXKYILIEHCA BHYTPH
TpyOKH TOKa.
Tpybkra moka u snemenmapHas cmpyuKa

DneMeHTapHas CTpyiiKa UMEET CIIEIYIOIINE CBOMCTBA!

® [IpM YCTAaHOBUBIIEMCS JBM)KEHHHM HE MEHSET cBOEH (OpPMBI M OpUEHTALMU B
MIPOCTPAHCTBE;

® HM OJHA YaCTULA XUIKOCTU HE MOXET IPOHUKHYTh BHYTPb CTPYWKHU WU BBINTH
HapyXy depe3 TpyOKy TOKa;

e BBHUAY OECKOHEYHO MAajoro MOMEpPEYHOro CEYEHMsI CTPYHWKH CKOPOCTH BO BCEX
TOYKAX 3TOr0 CEYEHUS] MOKHO CUUTATh OJJUHAKOBBIMHU.

[10TOK >KMAKOCTHU M €0 THAPABINYCCKHE DIEMEHThI. PABHOMEPHOE M HEPABHOMEPHOE
ABMOKCHUC

Ilomox scudxocmu — 3TO COBOKYITHOCTH JJIEMEHTAPHBIX CTPYEK, MPOXOISIIUX
Yyepe3 IUIONIafKy JOCTATOYHO OoNpImmx pa3mMepoB. CKOPOCTH ABIKEHHUS OTIEIBHBIX
AJIEMEHTAPHBIX CTPYEK MOTOKA MOTYT OBITh Pa3IMIHBIMU, TIOITOMY COCEIHUE CTPYHKH
KHUJIKOCTH B TIOTOKE MOTYT CKOJB3UTh OJHA IO JPYTOi, HE MEPEMEIIUBasCh IPYT C
JPYTOM.

[To xapakTepy ABMKCHUS KUIKOCTH TIOTOKU JEISITCS Ha:

® Hanopuvie — TOTHOCTHIO OTPAaHMYEHHBIE CO BCEX CTOPOH TBEPIBIMH CTEHKaMH,

JIBUKEHHUE KUJAKOCTH B HUX MPOUCXOAMT TOJ BIMSIHUEM JaBJICHHsI, COOOIIaeMOro

BHEITHUM HCTOYHUKOM;

® OesHanopHvle — JUNIb YAaCTUYHO OTPAHUYCHHBIC TBEPJBIMH CTCHKAMH, W

UMEIoIe CBOOOJHYIO MOBEPXHOCTH, JABHUKCHHUE JKUIKOCTH B HUX IMPOHUCXOJUT

TOJIBKO IO ISHCTBUEM CHJIBI TSKECTH,

® cmpyu — OTpaHUYEHHBIE CO BCEX CTOPOH JKMUIKOW WM Tra3000pa3HOil Cpemoi,

JBUKCHHUE JKUJIKOCTH B HUX MPOMCXOJMT 10 MHEPIUU IO/ BIUSHUEM Ha4YabHOU

CKOpPOCTH, CO3JTaHHOM JaBIICHUEM WJIH CHUIJION TSKECTH.

JlJis XapakTepUCTUKH pa3MepoB U (OPMBI TOMEPEYHOTO CEYEHHS TMOTOKA CIy>KaT
THIPABIMYECKHE DJIEMEHTHI TIOTOKA, TAKHE KaK JKUBOE CEYCHHE, CMOYCHHBINA MEePUMETD,
THIPABINYCCKUI paauyc, SKBHBAJICHTHBIN THaMETp.

Kueoe ceuenue (w) — 3TO ceueHHE TOTOKA, MPOBEICHHOE MEPIEHANKYIISIPHO JIUHUSM
Toka. OOBIYHO TOJ >KUBBIM CEYCHHEM TMOHHUMAIOT IUIOCKOCTh, TMEPICHIUKYISIPHYIO K
o0IIIeMy HAINpaBJICHUIO JIBI)KCHUS JKUJIKOCTH, HO B JCHCTBUTCIBHOCTH BO MHOTHX
ciyvasix (Harmpumep, B KOHHYECKUX TPyOax) KUBOC CCUCHUE SIBISICTCS KPUBOJMHECHHOMN
MTOBEPXHOCTHIO.

Cmouennwiii nepumemp (x) — 3TO 4YACTh IEPUMETpPA >KUBOTO CEUYCHHS IOTOKA, B
KOTOPO# JKUKOCTh COTPUKACACTCS C TBEPABIMU CTCHKAMHU.

T'uopasnuueckuti paduyc (R) — 3TO OTHOLICHUE TUIONIAIN KHUBOTO CEYCHHS MOTOKA K
€ro CMOYEHHOMY TIEPUMETPY:

R=%
X
Okeusanenmuviii ouamemp (d,) — 3T0 MpOW3BENCHUE TUAPABINYCCKOTO paauyca

Ha 4:
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4w
d,=4R=—
X
Jns  kpyribix TpyO amamerpoM 0, TMONHOCTBIO 3alOJHEHHBIX  BOJOH,

TUJPABINYECKUAN PAINyC PABEH:

w rd? d
R - - = - = —
x 4md 4
a DKBUBAJICHTHBIN JUAMETD:
d,=4R=d

Pasnomepnvim Ha3pIBAIOT YCTAHOBUBLIEECS JIBUKEHUE JKUIKOCTH, IMPU KOTOPOM
YKUBBIE CEYEHUS U CKOPOCTH B COOTBETCTBYIOIIMX TOYKAX ATUX CEUYECHHU MO BCEU JIMHE
MOTOKA OJIMHAKOBHI. [Ipumep — IBMKEeHME BO/IBI B TPYO€ MOCTOSTHHOTO JUaMETpa.

Hepasnomepnvim Ha3pIBalOT YCTAHOBUBILEECS IBUKEHUE )KUJIKOCTH, IPU KOTOPOM
JKUBBIC CEYEHHS WJIM COOTBETCTBYIOIIME CKOPOCTH B JAHHBIX CEUYCHUAX MU3MEHSIOTCS 110
uiHe notoka. [Ipumep — ABMKEHUE KUIKOCTU B KOHUYECKOH Tpyoe.

Ilnasnousmensaowumcss HA3bIBAIOT HEPABHOMEPHOE JBUMIKEHUE >KUJKOCTH, MPHU
KOTOPOM KpHBHU3HA JIMHUM TOKAa W YroJ PACXOXKACHUS MEXIYy HHUMHU OYE€Hb Mallbl,
MMOATOMY MX MOXHO HE Yy4YdThIBaTb. B pe3ynbTare KHUBbIE CEUYEHHS NpPHU
TJIABHOM3MEHSIOIMMCS IBUKEHUHN CUUTAIOT INIOCKUMH, PACTIOIOKEHHBIMA HOPMAJIBHO K
OCH MOTOKA, a TUAPOCTATUYECKOE ABJICHUE PACIIPEICISIETCS T10 KMBOMY CEUCHHUIO 10
OCHOBHOMY YPaBHEHUIO TUJIPOCTATUKHU.

YpaBHEHHE HEPA3PLIBHOCTU ITOTOKA

Pacxooom orcuokocmu HazpIBaeTcs €€ KOJIMYECTBO, MPOXOJAIICEe UYepe3 KUBOE
CCUCHHE IIOTOKAa B CJMHHIYY BpeMeHHW. Pacxom wu3MmepsieTcss B €IMHHIIAX O0ObeMa
(ob6o3nauaercs Q), Beca (obo3nawaercs G) winm maccwel (o6o3Hawaercs M). Mexnmy
00BEMHBIM, BECOBBIM M MAaCCOBBIM PACX0JIaMH CYIIIECTBYET 3aBUCHUMOCTb:

B rumpaBiuke B OCHOBHOM ONEPUPYIOT OOBEMHBIM PacXOJOM JKHJIKOCTH,
TJIABHBIMH €IMHUIIAMUA KOTOPOTO SIBIISIOTCSI: M3/C; M3/q; J1/C; JI/MUH.

Cpeoneil ckopocmvplo nOmoKka Ha3bIBa€TCS YaCTHOE OT JICJICHUS pacxojia IMOTOKa
Ha €ro IUIOIIAb )KMBOI'O CEUECHUS

V="
w

CpGHHHﬂ CKOPOCTb — O9TO TakKasa B006pa>KaeMa;1 OAMHAaKOBas JId BCE€X TOYCK
KHUBOI'0 CCYCHHA CKOpPOCTh, IIpHU KOTOpOﬁ gcpe3 OTO CCUYCHHE IIPOXOAUT TOT IKC
00BbEMHBIH pacxong, 94TO0 WU IIpH I[CﬁCTBHTCJ'H:HBIX CKOPOCTAX KHUIAKOCTU B PA3JINYIHBIX
TOYKax MOMECPECYHOTO CCUHCHUS ITOTOKA.

Onpedenenue cpednell CKOpocmu nOmMoKa
PaccMoTpuM ycTaHOBHBIIIEECS JBM)KCHHE HEC)KMMACMOW JKHJIKOCTH B JKECTKOM
pyciie IEPEeMEHHOTO CEYCHHMSI, B KOTOPOM BBIICJICHBI JIBA PA3IUYHBIX 110 TUIOIAIH KUBBIX

ceuenus |-l u ll-11, u paccmoTpum 3aKiIIOUE€HHBII MEXy HUMH Y4aCTOK [TOTOKA.

Bv1600 ypasHnenus nepaspvleHocmu 015 NOMOKA HCUOKOCHIU

17



Yepes ceuenue |-l 3a Bpems At Ha yyacTok NOTOKA MOTYNUT Macca )XUAKOCTA My, a
yepe3 cedenue |l-11 3a 3To Bpems BwiiimeT mMacca KuUAKOCTH My. [TOCKONBKY KHAKOCTD
HEC)KMMAaeMa, CTEHKH, OIPAHMYMBAIOIIMAE IIOTOK, JKECTKME, a CaM IOTOK CILUIOIIHOW,
Macca Mm; 1 Macca M, OyAyT paBHBI:

m; = m, = const
[Tockonbky M = p Q At, momydnum:
p1 Qq At = p; Q, At
Tak Kak B JaHHOM CJIy4dae p1= p,= p= const u At = const, nosyuum:
Q: = Q2 =Q = const

JlaHHO€ ypaBHEHHME HA3BIBACTCA VpAGHEHUeM HNOCMOAHCMEA pacxoda — TpH
YCTAaHOBMBIIIEMCS JIBUKEHUU HEC)KMMAEMOW KHUAKOCTH PAcXojJ B JIOOOM CEUEHUU €€
YKUBOT'O IMOTOKA MTOCTOSTHEH.

Tak xak Q = @V, MOKHO 3aMKCaTh:

w1 V1 = wyVy = @ Vv = const

JlaHHOE€ ypaBHEHHE HAa3bIBACTCS YPABHEHUEM Hepa3pbl6HOCMU NOMOKA — TpPHU
YCTAaHOBUBILIEMCSI IBMOKEHUU HEC)KUMAEMOM KUAKOCTH MPOU3BEICHUE ILJIOIIAINA HKUBOTO
CEUYEHHS Ha CPEHIOI0 CKOPOCTH MOTOKA SIBIISIETCSA MOCTOSTHHOM BEJIMYMHOM. 3 maHHOTO
YPAaBHEHHUsI TAKXKE CIEAyeT, YTO IPU YCTAaHOBMBLIEMCS ABWKEHHHM CPEOHHE CKOPOCTH

IIOTOKa O6paTHO HpOHOpHI/IOHaJIBHBI II0IIa 1M COOTBGTCTBYIOH_[I/IX JKHUBBIX CG‘-ICHHfI:
vy W

UV @y
YpaBHenue bepHYIIN A1 DIIEMEHTAPHON CTPYHKH NAeaIbHON YKUIKOCTHU

PaccmoTpuM ycTaHOBHUBIIEECS JIBUKEHUE HICAIBHOW JKUIAKOCTH, HAXOASALICUCS
MOJ BO3JACHMCTBUEM TOJBKO CHWIBI TSDKECTH. B IOTOKE NaHHOM JKHUJIKOCTH BBIJIEIAM
AJIEMEHTApPHYIO CTPYHKY U OMNPEACIUM MOJHYIO YACIbHYIO SHEPTUIO KUAKOCTH B JIBYX
MPOU3BOJIBHBIX CEUCHUSIX. YIeJIbHAsA DHEPrusi — HTO SHEPrus, OTHECEHHAas K €JIUHULIC
CHUJIBI TSKECTH JKUIKOCTH.

JIrobast yacTHIa >KHIKOCTH Maccod M, 3aHUMAIOIIAsi B AJIEMEHTAPHOU CTpyike
o0bem AV , obnanaer 3anacoM MOJHOM yAenbHOM 3Heprun E, KoTopas CKIaJbIBaeTCs U3
YAEIBHOM MTOTEHIIUAIBHON SHEPTUU £, U YIEeIbHOW KNHETUYECKOU dHEPTUH £,

E=E,+E,

3anac yaeJbHOM MOTEHUMAIbHOW SHEPrUM YACTUUBI JKUAKOCTH COCTOUT U3
YAEIbHBIX MOTEHUHAIBHBIX HEPTrUil NMoJIokeHus E,,, nu napieHus E,,,, KOTOpPbIE BXOAAT
B OCHOBHOE YPAaBHEHHUE THAPOCTATUKHU:

p
En:En0ﬂ+E()a3:Z+;

'€ Z — yAeJIbHas MOTCHIMAIbHASA SHEPT U MTOJIOKCHUSA,

p
— — yJelbHasA NOTEHIMAJIbHAS DHEPT U JaBICHHUS.
.4

3amnac yHCHBHOﬁ KUHETUYECKOM SHECPIUH YaCTUIBI KUJIKOCTU PABCH OTHOMICHHIO

MOJIHOM KMHETUUYECKOU OHECPTHUHN HaHHOﬁ HJaCTHUIIbI )KUAKOCTHU K CHJIC TSXKECTHU.:

2 2
E H.ITOJT mu u

E - = = —
' mg 2mg 2g

rjae U — CKOpOCTh YaCTHUIIbI,
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g — YCKOpEeHHE CBOOOTHOTO MaJICHUS.
[TosrHast SHEPTHUS YaCTHUIIBI KUIKOCTH OyIeT paBHa:

uE

P
E=E,+E,=z2+—+—
¥y 2g

Ilyctb B ceuenun |-l snemeHTapHON CTPYyWKHM CKOpPOCTbh JBHUKEHHUS >KUIKOCTH U,

TIABJICHHUE p;, @ BBICOTA PACIIOJIOKCHHSI IIEHTPA TSKECTH, OTCUUTAHHAS OT IMPOU3BOIIHLHON
TOPU3OHTAIBHON MJIOCKOCTH Z;, B ceueHuu |l-11 — cooTBeTcTBEHHO Uy, P>, Z).

Bv1600 ypasnenus bBepuynnu 0ns a1emeHmapHoi cmpyuxu

[lonHas ynenbHas 3Heprus sneMeHTapHou cTpyiku B ceueHusx |-1 u Il-11 Oyzer
paBHa:
p
P1 , ¥1
Ei=7+—+ —
4 zg
Pz , Y2

E,=7,+— +
4 2g
[Ipy ABWXXKEHUU WICATBHOM MKUJIKOCTH HE BO3HMKAeT CHJI CONPOTUBIICHUS
(TpeHus1), MOATOMY Ha OCHOBE 3aKOHA COXpaHEHUs Hepruu £y = Ey:

2 2
(251 Uy P2 Uz
n+—+ ==+ —=+ =
¥ 2g ¥ 2g
Ho Tax ceuenus I|-1 u Il-1l Obir B3ATHI TIPOM3BONBHO, BJOJL BCEH JITMHBI
AJIEMEHTAPHOM CTPYHKH UACAITBHON KUJIKOCTH CIIPABEIIINBO PABEHCTBO:
2
il

p
Z+—+_—=const
¥y 2g

JlaHHOE€ ypaBHEHHME Ha3bIBACTCs YypaBHEHUEM bepHyIUM Uil 3JIEeMEHTApHOU
CTPYWKH HA€aTbHONW KUAKOCTU. OHO TOKAa3bIBAET, YTO ISl DJIEMEHTApHOU CTpyWKHU
WJICAJIBHOM )KMAKOCTH MOJIHAS yIEJIbHAS SHEPTHS €CTh BEJIMYMHA MOCTOSHHAS.

UileHbl JTAHHOTO YpPaBHEHUS H3MEPSIOTCS B €IMHUILIAX [JIUHBI (M) U HUMEIOT

2
CJIEAYIOINE HAa3BaHUSI: Z -- TEOMETPUUYECKUN HATIOP, % — MbE30METPHUYECKAS BBICOTA, z—g —
ckopoctHo Hanop. [TosHas yaenbHast sHeprus £ Takke Ha3bIBA€TCS MOJHBIM HAIOPOM,
u o0o3Havaercs H:
p u?
H=7z+—"+—"—" ™
¥y 28

YpaBHenne bepHynIy 11l IOTOKA PeaAJILHOM YKUJIKOCTH

Ecau BMecTo macanbHON KUIAKOCTH pacCMAaTPUBATh PEATbHYIO KUJIKOCTh, TO TIO
JUIMHE CTPYWKHW TIOJNHAsl yneiabHash dHeprus OyneT yObIBaTh, TaK KaK 4YacTh JIaHHOU
9Hepruu OyneT 3aTpauyuBaThCsd HAa MPEOJOJICHUE COMPOTUBIICHUH  JIBIKEHUIO,
0OYCJIOBJICHHBIX BHYTPEHHUM TpPEHUEM Bs3KoW >kujkoctu. [losTomMy monHas yaenpHas
sHeprusi B ceueHuu |-l Oymer Bcerma Oosbliie, yeM TMOJHAs yJAelbHAas JHEPTUs B
CIIEIyIOIIMM 3a HMUM Ha HEKOTOpoM paccTosHuM cedeHuu |l-l11 Ha BennumHy noteph
dHEeprun, 0003HaYaeMbIX Kak h,.

Toscnenue ypasnenus bepHyinu 05 s1eMeHmapHol CMpYUKU peaibHOU HCUOKOCMU
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B coOTBeTCTBMM € 3aKOHOM COXpaHEHWsI SHEprud mpu ydere h, ypaBHeHHE
bepHymum s aneMeHTapHOM CTPYHKH peallbHOM KUAKOCTH IPUHUMAET BU!

z A

P Ly P2 us

n+—+—==p+—=+—=+h,
¥ 2g ¥ 2g

Benuuuna A, HasbiBaeTcs MOTEpAMHM HANOPa, M TAKKe U3MEPAETCS B eIMHULAX
JUTUHBI (METpax).

IIpn mepexone OT 3JIEMEHTAPHOM CTPYMKH K IOTOKY PEaJbHOM JKUIKOCTH KpOME
HOTEph Hamopa HEOOXOAMMO TaKXKe YYHUTHIBATb HEPABHOMEPHOCTh pACIpeleIeHUs
CKOPOCTEM MO CEYEHHUIO IIOTOKA.

Bri6epeM nBa ceyeHHs IOTOKA PeaIbHOM )KUJIKOCTH U PACCMOTPHUM B ATHX CEUEHHSIX
CPEIIHIOI0 YIEJIBbHYIO SHEPTHIO ITOTOKA.

Buv1600 ypasnenusa bBepnynnu 015 nomoka peanrbHOu HCUOKocmu

[lonnas cpenHsAs yaenpHas SHEPTHs NMOTOKA, KAK U IS DJIEMEHTAapHOW CTPYHMKH,
CKJIQJIPIBAETCS W3 CPEIHEH YIEJIbHOM IMOTEHIIMAJIbHOM SHEPTHUU U CPEOHEN YAEIbHOU
KMHETHYECKOW SHEPTUM MOTOKA:

Ec = Enom.cp + Ekun.cp

[Tpu YCTaHOBUBILIEMCS IUIAaBHOM3MEHSIONIEMCS JIBYDKCHUH JKUJIKOCTH
TUIPOCTATUYECKUN HAIMOp B Mpelesiax CEYEHUs] OJMHAKOB JJISI BCEX TOYEK JAHHOIO
CCUCHUS:

p
Z+ — =const
4

[TosToMy B paccmaTpuBaeMbIX YCIOBUSX YJelbHas MOTEHIMAIbHAS DHEPTUS BO
BCEX TOYKAX KMBOTO CEUEHUs TakKe OyJeT OJIMHAKOBA!

Kunernueckass SHepruss OTACNIBHBIX CTPYEK IIOTOKA pa3IM4HA, I1OCKOJIBKY
CKOPOCTH HUX JABWXKEHUA oTiauyarorcsa. llpu omnpeneneHun cpeaHen  yIAeabHOU
KUHETHUYECKOI SHepruy MOTOKA B KAU€CTBE PAacueTHONW OOBIYHO HCIOJB3YIOT CPEIHIO0
CKOPOCTh MOTOKa, a OLIMOKY, KOTOpas MpPH 3TOM BO3HHUKAET, YUYUTHIBAIOT BBEJCHUEM
koa¢dunmenTa a:

{1’].?2

2g
rae o — Kod(pPUIHMEHT KWHeTH4YecKo »Hepruu motoka (koddduuument Kopuomuca),
MPEICTABISIONINN COO0W OTHOIIICHUE JIEHCTBUTEIHHOW KHHETUYECKON YHEPTUH MTOTOKA K
KHHETUYECKON HHEPTruH, BBIYHCIECHHOW TO CpeaHell CKOpPOCTH. DTOT KOA(P(UIIMEHT
3aBUCUT OT CTENECHH HEPAaBHOMEPHOCTH PACIPENEICHUSI CKOPOCTE B IMONEPEUYHOM
CEUEHHUM TOTOKA, W U1 UJICAITbHOM J>XMAKOCTH paBeH eauHuiie. [Ipu paBHOMepHOM
JIBUKEHUH KHUAKOCTA B TpyOax a = 1,05 — 1,1, moaToMy mipu pacuere TpyOOmpOBOIOB
4acTo €ro He y4uThiBaloT. OJIHAKO B HEKOTOPBIX CIydasX 3HAYCHUS & MOTYT OBITh
HAMHOTO OOJIbIIIE €IUHUIIBL.
C yderoM cpeAHUX 3HAYEHUN YJEIbHONW TNOTEHUHAIbHOM U  yAEIbHOU

KMHETHUYECKOM SHEPTU MOTOKA MOJIHAsA CPEIHSS YASIbHAS YHEPT U PaBHA!

2
o

2g

EKMH.Cp =

r
E,=z1+-+
1
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[Tpu 5TOM ¢ ydeToMm MOTEpb PHEPTUU ypasHeHue bepuyinu 015 nomoka peaivbHou
Jrcuoxocmu OyIeT UMETh CIeAYIOIINA BU/:

P
P1 , ®a¥; P2
Ht—+——=2,+—+ +hn
¥ 2g ¥ 2g
UneHpl 3TOr0 ypaBHEHHUS HMEIOT TOT K€ TE€OMETPUUYECKUH M SHEPreTHYECKHI
CMBICJI, UTO WU YJIECHbl YpaBHECHUA bepHyJIM I 3JIEMEHTApHOW CTPYMKH peaabHOU
KUJKOCTU. YJIETbHYI0O KHUHETHYECKYI0 DSHEpPrui0 (CKOPOCTHYIO BBICOTY) B JIaHHOM

{TUE

{Tz U%

YpaBHCHUHU IIPEACTABIIACT CJIaracmMocC

Kak BugHO 13 rpaduyeckoro mpeicTaBieHusl JaHHOTO YpaBHEHUS, TOTEPU HAmopa BIOJIb
MOTOKA TMOCTOSHHO BO3pacTalOT, NPU O3TOM DSHEPrus, TepsAeMas KUJIKOCTHIO,
IpeBpalIaeTcs B TEILUIOBYIO (POPMY SHEPTHH.

I'paghuueckoe npeocmasnenue ypasnenuss bepnynnu ons nomoka peanvHou dxuokocmu

VYMeHbIIeHHE TTOTHOH yﬂeanoﬁ SHCPIUH JKXKHUIAKOCTH, IIPUXOIAIICCCA HA CAMHULLY
JJIMHBI ITOTOKA, HA3BIBACTCA Zu()paeflulleCKuM yKJZOHOM.‘
D @iV P2 | QU3
hy [(2'1 Tyt 2g )—(22 + ?*W)l
[ [
I/ISMCHGHI/IG yﬂeHBHOﬁ HOTCHHI/I&J‘IBHOﬁ BHGpFI/II/I KUOKOCTH, HpI/IXOI[HHJ;eeCH Ha
eI[I/IHI/II_Iy JJIMHBI IIOTOKA, HA3bIBACTCs nbeBOMempulleCKuM yK/ZOHOM.'

(2 +5) = (= +5)
[

[Ibe30MeTpUYECKU YKIIOH MOXET OBITh KaK IIOJIOKHUTEIbHBIM, TaK M
OTpUIATEIbHBIM, a TUAPABINYCCKUIN YKIIOH BCET/1a MOJIOKUTEIICH.

[Ipu paBHOMEpPHOM JBMXKEHHUH XUIKOCTH, KOTJIa CKOPOCTh MOTOKA MO JIMHE HE
MEHSIETCS, Tb€30METpUYECKass M  DHEpreThyeckas JIMHUU  [apajulesibHbI, a
MbE30METPUYECKHUI YKIIOH PAaBEH THAPABINYECKOMY YKIIOHY.

PaccmoTpuM mOTOK peanbHOM KUJIKOCTH C paBHOMEPHBIM JBMXKEHUEM (v = CONSt,

= const, o = const). Beigenum B manHoMm motoke aBa ceueHus |-1 u l1-1l, nenTpsr
TSDKECTH KOTOPBIX HAXOJSATCS HA PACCTOSIHUAX Z; U Zp, OT FOPU3OHTAIBHOM IJIOCKOCTH
orcuera O-0.
Bv1600 ocnoenoz0 ypasuenus pasHoMepHO20 0BUMNCEHUS HCUOKOCTNU

3anuiieM ypaBHeHHe bepHymu A moToka peanLHoﬁ JKUJIKOCTU:

2
P1 |, .V3 P2 “2“2
n+—+ =z,+—+—=+4+ h;
4 2g 4 2g
YuuteiBasg, 4TO INpPU PABHOMEPHOM [IBWXKEHUHU Vi = Vo, U 01 = O, JaHHOE

YPaBHCHHUC ITPUMCT BHU:
P1
Zl =+ ? 22 + o= _l_ h

[TockonbKky cpegHue CKOpPOCTH M HX pacnpez{eneHHe B 000HWX CEUeHHUAX
OJIMHAKOBBI, YAaCTULBI KUJKOCTH IIEpEeXOAs OT OJHOTO CEYEHUs K JPYyroMy, HeE
WCIIBITHIBAIOT yCKOopeHus. [10aToMy cymMMa mpoekIuii Bcex BHEITHUX CHIT Ha JTI00YIO OCh,
MPUJIOKEHHBIX K 00bEMY KUJKOCTU MEXKY CEUCHHUSIMU PaBHA HYIIO.

CocraBuM CyMMy NOpOEKIMH BCEX CHJI Ha OCbhb MOTOoKa X-X. Ha BblaeneHHBIN
CCUCHHUSMHU O0BEM KHMJIKOCTH JUTMHOW | NEHCTBYIOT ciiefyroliue BHEUIHHE CHJIbI: CHJIa
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TSKECTH, CHUJIBI THAPOJMHAMHYECKOTO JABJICHUS M CUJIA TPEHUSI.
Cuna TSDKECTH HaIlpaBJICHA 10 BEPTHKAIM BHHM3 U MPUIOKEHA B IIEHTPE THKECTH
BBIIEJIEHHOTO 00BEMa:

G=yowl
Cuibl THAPOAMHAMUYECKOTO JaBlieHUuss P; W P, HampaBleHbl MO0 HOPMAaJsIM K
ceuenussMm |- u IlI-1l uw gelicTByloT BO BCTpPEYHBIX HaIpaBICHUSIX, OHU PaBHBI

MPOU3BEICHUIO CPETHUX THAPOAMHAMUYCCKHUX JIABJICHUN B COOTBETCTBYIOIIUX CCUCHUSIX
Ha IJI0MIA/Ib KHBOT'O CEYCHUS TIOTOKA!
Pi=piow;P,=pw

Cua TpeHusl ACUCTBYET Ha TIOBEPXHOCTH COMPUKOCHOBEHUS MOTOKA CO CTCHKAMH

Y HalpaBJIeHa B CTOPOHY, TIPOTHBOIOJIOKHYIO JIBHIKCHHIO:
T=1yl
Kak oTmeuanocs BhbIle, CyMMa MPOCSKIIUH BCEX JaHHBIX OYIET CHII paBHA HYJIIO:
Pl_PZ + GSil’lﬁ—T: 0

Cuibl peakiii CTCHOK, OTPAaHMYUBAIONIMX BBIJACICHHBIH OO0BEM IKUIKOCTH,
KOTOpbIE JICHCTBYIOT Ha OOKOBYIO TIOBEPXHOCTHh JaHHOTO 00beMa, HaIpaBIICHBI
HOPMAJIBHO K OCH ITOTOKA, TO3TOMY MX IMPOCKIIUSA Ha OCh X-X paBHA HYJIIO.

[Tocrne moaCTaHOBKHU B TaHHOE YPAaBHEHHUE BHIPAKECHHUI OTACIBHBIX CHJI ITOJTYUHM:

prow— pro+ywlsinf—tyl=0

(z1—25)

[Tockonbky u3 TPSIMOYTOJBHOTO TpPEyrojbHUKA sinfi = 1

, Tocie

IIOJACTAHOBKHU 3TOI'0 3HAYCHUA YPABHCHUC ITPUMCT BHU!

.zl_zz]'

P — p2w+ya)|{ tx1=0

Paznenum Bce wieHbl JaHHOTO YPABHEHHUS HA )

Py P2 Txl
— -+ 17— =0
Y ¥ yw
aw
C yuetom paBeHcTBa K = — | OKOHYATENBHO HOIYUUM:
X
P1 Pz Tl
-+ - 2,- —— =
Y ¥ YR

CpaBHEHHE NAHHOTO YPaBHEHHMsI C ypaBHEHHWEM bepHylnu [y paBHOMEPHOIO
[IOTOKA pEeaJbHOM MXUIAKOCTU II0Ka3bIBAET HUX IIOJIHYIO aAHAJOTHI0, IIO3TOMY MOKHO
CEJIaTh BBIBOJ, YTO:

L
om— }r’R

[lonyyeHHoe ypaBHEHHE TMIpeACTaBisAeT co0oil oOliee BbIpaXEeHHE s

OnpeeeHus OTEPhb HAIlopa PU PAaBHOMEPHOM JBUKEHUH KUJIKOCTH.

hy
Tak kak COOTHOIIEHHE I_ OIIpeAeAeT IIOTEPI0 HAIlOpa HAa €AUHUILY JJIMHBI, WA
. . hy
TUIPABIMYECKUN YKIIOH: I = I_ , TO TIOCJIE TIOJICTAHOBKH IIPUXOJUM K PABEHCTBY:
T "
—=1R
Y

JlaHHOE ypaBHEHHE HA3BIBAETCS OCHOBHLIM YPAGHEHUEM PAGHOMEPHO20 OBUICEHUS
orcuokocmu. OHO MOKa3bIBAET, YTO HANPABIECHUE CUJIbI TPEHUS, OTHECEHHOE K €IMHHULIE
Beca MJKOCTH, PaBHO IPOU3BEICHUIO TMIPABIMUYECKOr0 paguyca Ha TMIPaBIMYECKUN
YKJIOH ITOTOKa.
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Tema 4 Buabl cCONpoOTUBJICHUS
Peoicumvr osudicenus sorcuoxocmu. Yucno Petinonvoca. Xapaxkmepucmuka
JIAMUHAPHO20 O8UICEHUS HCUOKOCMU. XapakmepucmuKka mypoyi1eHmHo20
osudicenus scuokocmu. Ilomepu nanopa na mpenue no onune nomoka. Ilomepu

Hanopa 6 Mecmmvlx CONpPOmMue6IeHUsX.
#TeopernueckuiiPaznen
Buasl ruapaBIndecKUX COIIPOTUBICHUN

HOCKOHBKy IMOTCpU  HAIlOpa BO3HHUKAKOT IIpH ABWXCHHH JKHAKOCTH, a
HHTCHCUBHOCTL JIBUJKCHHUSA XAPAKTCPU3IYCTCA Cro CKOPOCThIO, IIOTCpHW HAIOpa B
TUAPABJIMKC BBIPpAXKAKOT YCPC3 CKOpOCTHOfI HaIiop:

'!}2
hn — (5 ,

rne { — Oespasmepublii  KOO(Q(GUIMEHT TMPOMOPIUOHAIBHOCTH, HAa3bIBAEMBIN
KO3(DPUIIMEHTOM CONIPOTUBIICHHUS.

['unpaBnuueckre CONMPOTUBIEHUS, OIpEAESIONMe TOTepH Hamopa IOTOKa
KUJKOCTU, OBIBAIOT JIBYX BUJIOB: CONPOMUBIEHUs NO OlUHe U MeCHHble CONPOMUBLEHUSL.

ConpoTuBjcHUS MO JUIMHE MPHUBOAAT K TMOTEPSAM HAIoOpa IO JUIMHE ITO0TOKa
(o603HayaroTcst ), oHM 00YCIOBICHBI TPEHUEM BA3KOW JKHUIAKOCTH 00 OrpaHUYMBAIOIINC
ee TBepJble CTeHKH. [[aHHBIE MOTEpU HPHEPTUU B YHCTOM BHUJIE MOKHO paccCMaTpHUBATh
MIPY PaBHOMEPHOM JBIIKEHUU JKHJIKOCTH B MPSAMBIX TPyOaxX MOCTOSHHOTO CEUCHUS, OHU

MPSIMO MPOTOPLIMOHAIBHBI TTUHE TPYOBI.
Paccmotpum ydacTok Kpyrioi TpyOb! uirHOH | 1 muamerpowm d.

TlosacHenue nomeps nanopa no onrure mpyoonpoeooa

BoeigenuM Ha STOM ydYacTKe OTpPE30K JUIMHOW, paBHOW JuaMeTpy TpyObl, U

0003HaYMM KOA((GUIMEHT €ro COMPOTUBIICHUS uepe3 A, Torna uiss TpyOsl aiauHOM | u
1

arametpoM d Kod(GHUITUEHT CONPOTUBIICHHS OYICT B 2

pas3 Ooutble, yem i yuactka aiuuHou d. [ToaToMmy momydaem, 4ro:

¢ =4y
rie A — 6e3pa3MepHblil KOdQPHUIIMEHT THAPABIUIECKOTO TPEHUSI.

C y4eToM MOJIy4e€HHOTo BhIpaxkeHus it { (GopMmyna Ui ONpeaeaeHns OoTePh
Haropa 1o JyIMHe TpyOonpoBoia UMEET BU/I:

1 2
h.=i&£

v
Jannas ¢popmyna HazeiBaeTcs hopmynoul [apcu-Beticoaxa.

MecTHbIE COMPOTHBIICHUST 00YCIIOBICHBI M3MEHEHHSIMHI (POPMBI U pa3MEPOB JKUBOTO
CeUeHHs IMOTOKAa, TO €CTh, AehOopMaIMsIMH MOTOKA MPH MPOTEKAHWH Yepe3 MECTHHIe
OTHOCHUTEIIbHO KOPOTKHE ydacTKd. [IpumepamMu MECTHBIX COTPOTHUBIICHHUH SIBISIFOTCS
3aJIBUKKH, TUaQparmMbl, TOBOPOTHI, BEHTUJIN U JAPYTUE YCTPONCTBA, yCTaHABIMBACMBIE HA
TpyOOIpOBOJIaX.

MecTHbIE COPOTUBICHUS MPHUBOJAT K MECTHBIM MOTEPsIM Hamopa (0003HadaroTCs
h,). JlaHHBIE TOTEpH HE 3aBHCAT OT JJIUHBI TOTOKA W Ui KaXJIOTO OTIEIBHOTO
COIIPOTHUBIICHUS OTIPEACISIOTCS 110 hopMyIIe:
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2
15
h,=¢—
=S¢5,
e (' — KO3 PUIIMEHT MECTHOTO CONMPOTUBIICHUS.
JlanHas ¢opMyia Ha3wIBaeTCs hopmynou Beticoaxa, oHA OTIMYAETCS OT (POPMYJIBI

Jlapcu-Beticbaxa teM, uto kodhduuuent { B IaHHOM CIyyae HE BBIPAKAETC YEPE3
Ipyrue mapaMmeTpbl, a UMeeT (UKCUPOBAHHOE 3HAUEHHUE, XapaKTEpHOE Ul JAHHOIO
MECTHOTO CONPOTUBJICHUS.

KosdduimeHTsl MECTHBIX CONPOTHUBIICHUN OIpEAeNieHbl SKCIEPUMEHTAIBHO IS
pa3IMYHBIX CIy4yaeB M CBEJIEHbl B cHenuanbHble Tabmuuel. [Ipm HeoOxomumMocTH HX
OTIPEICIIAIOT OMBITHBIM ITyTeM. JIJisl 3TOTO UCIONB3YIOT ABA MbE30METPa, YCTAHOBJICHHbIE
JI0 M TIOCJIE MECTHOT'O COTPOTHUBIICHHUS HA PACCTOSIHUU OKOJIO 50, U ompenensor noTepu
Harnopa Ha JIaHHOM COIIPOTHBIICHUH.

Onpeoenenue nomepu HANOPA HA MECMHOM CONPOMUBLEHUU

[Tocne ompeneneHus: moTepu Hamopa Kod(DPHUIIMEHT MECTHOTO COMPOTHUBIICHUS
MOXHO oTpeAenuTs u3 popmyinsl Beiicbaxa:
¢ = 2gh,,
1?2
OO6mue moTepu Hamopa SBIAIOTCS CYMMOM MOTEph Hamopa Mo JIMHE W MECTHBIX
MOTephb Hamopa:
hn = h| + h,w
Eciu Ha TpyOompoBOJEe MMEETCs HECKOJIbKO MECTHBIX COMPOTHUBICHUN, TO OHH
CYMMHUPYIOTCSI:

h,= h +2h,
[MToce noacraHoBku BMecTo Ny 1 N, COOTBETCTBYIOIINX BhIPAKEHHH OTYIHUM:
1 pe
h,=(A—-—+2()—

Pexxumebl ABMXKXCHUA XKUIKOCTHU

Bo3moxHbI 1Ba BHJA JIBWKCHUS KUJKOCTEM W Ta30B: JIaMHUHApPHbBIN Hu
TypOyJIE€HTHBIM.

Jlamunaproe  O8udiceHue XapaKTEPU3YETCA YMOPSIOUYCHHBIM TMEpEeMEICHUEM
OTJICBHBIX YAaCTHUIl O€3 MepeMeITMBaHus U 0e3 MyJIbCcaluii CKOPOCTH U AaBiieHus. Eciou B
MPSIMON TPyOe MOCTOSTHHOTO CEYCHHMS JKUJKOCTh T€UET B JJAMHUHAPHOM PEKHME, TO BCE
JUHUU TOKa OyIyT mapauiebHbl OCHU TPYOBI, a MONEpeYHbIC TePEMEICHUS KUIKOCTU B
MPOLECCE TEYEHUS OTCYTCTBYIOT.

Typoynenmnoe Ogudicenue XapaKTEPU3yeTCs MHTCHCUBHBIM IEpEeMEIIMBAHUEM
YaCTHUIL XUIAKOCTU M IYJIbCALUAMHU CKOPOCTEH W JaBJICHHHU. TpaeKTOopuu OTAEIBHBIX
YaCTHULl KUJAKOCTU NPU JAHHOM JABUKECHUU MMEIOT BUJ HEIPEICKA3yeMBbIX KPUBBIX, UYTO
TOBOPUT O HAJIWYUM IIONEPEYHBIX M BpaAUIAaTEIbHBIX IEPEMEIICHHM, MPOUCXOISIINX
OJIHOBPEMEHHO C MPOJOJIBHBIM MepeMEIeHIEM BAOIb TPYOBDI.

CYIJ_[CCTBOBaHI/Ie ABYX PEKUMOB JABUXXCHUA OBLIO SKCIICPUMCHTAJIbHO
IMOATBCPIKACHO AHTJIMACKUM YUCHBIM Peitnonsacom. B PE3yJIbTaTC CBOUX OIIBITOB
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PCﬁHOHBﬂC TAKKC YCTAaHOBHJII, YTO CMCHA PCKMMaA NBUIKCHHUA HCC)IGI[yeMOfI KHUAKOCTHU B
JIAaHHOU TPY6C IMPOUCXOOUT IIpHU onpeneneHHoﬁ CKOPOCTH IIOTOKA, KOTOpasA HA3bIBACTCA

KpUumuueckou CKopocmwio, ONPEAEIIEMON Y€pe3 COOTHOIIEHUE:
Kv

O =3
I7I€ V — KHHEMaTH4ecKas BA3KOCTb KUIKOCTH;

d — auameTp TpyOHI;

K — 6e3pa3mepHblii KO3 (PUIMEHT TPONOPLHMOHATBHOCTH.

PeliHonbc ycTaHOBWUJI, 4YTO KOA(P(UUIMEHT NIponopuroHaibHOCTH K HMeeT
YHHUBEpPCAJIbHOE 3HAYCHHE, T.€. OJIMHAKOB JIJISl BCEX JKUIKOCTEH M Ta30B, a TaKkXKe IS
J0OBIX TMaMeTpoB TpyO. JlaHHBINA KOI(PPHUIIMESHT MOTYIHIT Ha3BAHUE KPUMULECKOE YUCTO
Petinonvoca, n 0603navaercs Re,,. 3HaYeHNEe KPUTHYIECKOTO Yucaa Pelinonbaca 3aBucur
OT MHOTUX (DaKTOpOB, IS KPYIJbIX TPYO MOCTOSIHHOIO AMAMETpPAa OHO MPUHUMAETCS
2300:

Re,, = 2300.

vd

Be3pa3MepHLH71 KOMILJICKC,  OIIp elICIACMBI  Kak -, SABJIKICTCA  BaXXHBIM
vV

mapaMeTpoM JIA XapPpAKTCPUCTHUKU PCIKUMA ABUKCHUS KUIAKOCTHU, U HA3BIBACTCA YHNCIOM

Pentnonppaca:

vd
Re =—
V

Ilpu Re < Re,, nBmKeHNE KUIKOCTH TPOMCXOAUT B JIAMHHAPHOM PEXHUME, a IIPU
Re > Re,, — B TypOyneHTHOM.

B tpyOompoBomax cuCTeM OTOIUIEHUS, BEHTUISIIIMK, BOJOCHAO0KEHHS JIBHKCHUE
SIBJISIETCS. B OCHOBHOM TYpOYJIEHTHBIM, TaK KaK JIBIDKYIIascs cpena (Boja, map, BO3AYX)
MMEET MaJIyI0 BSI3KOCTh. JIaMUHApHBIN pekuM HaOII01aeTCsl MpU IBHKEHUU TIO TpyOam
OUYE€HbB BSI3KHX KUAKOCTEH (Macio, HePTh), WU MIPH ABMKCHHUH KUJIKOCTH B OYCHD y3KUX
TpyOKax.
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Tema 5 XapakTepucTUKH JAMUHAPHOTO ABHKEHMSI JKUAKOCTH
#TeopernueckuitPazgen
CxemMaTHYeCKH JaMUHApHBIA IMOTOK MOXKHO TPEACTaBUTh B BHUAC OCCKOHECYHO
OOJBIIOTO  YWCIAa  KOHIEHTPUYHO  PACIOJOKCHHBIX  IWIMHIPHUYECKUX  CIIOEB,
napajuieNIbHbIX OCH TPYOONPOBO/IA U ABIKYIIUXCSA OJUH BHYTPHU JIPYroro ¢ pa3indyHbIMU
CKOPOCTSIMH, T.€. IPOUCXOIUT KaK Obl CKOJIBKEHHE OJTHOTO CJI0Si OTHOCUTEIBHO JAPYroTo.
OnHOBpEMEHHO Ha CMEXKHBIX MOBEPXHOCTSX TAHHBIX CJIOEB MPHU JBIKEHUU PEATbHOMN
KUJKOCTU JEHUCTBYIOT CHJIBl TPEHHs, HAMpaBICHHBIC MPOTUBOIOJIOKHO BEKTOpaM
CKOPOCTH OTJEJIbHBIX CIIOEB.
Pacnpeodenenue ckopocmeii u kacamenbHvIX HANPAACEHUL NO HCUBOMY CEUEHUIO NOMOKA
npU IAMUHAPHOM OBUNCEHUU HCUOKOCIU 8 mMPYyOOonposooe

Pacripenenenue HanpspKeHHWN CHUJT TPEHUS IO TIOTIEPEYHOMY CEUECHUIO TPYObI
MOHO HANTH U3 OCHOBHOT'O YPaBHEHHUSI PABHOMEPHOTO JIBMXKCHUS KUIKOCTH:

T=Y¥ILR

Tak kak TpH JBWKEHUU SKUJIKOCTH B TpyOEe THUAPABIMYECKUN paaUyC paBeH
nonosuHe paauyca Tpyosl (R = 1 /2), ypaBHenue npuHuMaeT BUL:

II'
T = I —
rts

JlaHHOE ypaBHEHHE IMOKA3bIBACT, YTO HAMPSHKECHHE CHJ TPEHUS IPU MOCTOSHHBIX
JUIS TAaHHOTO MOTOKA BEJIMYMHAX ) M | U3MEHSACTCS JUHEHHO B 3aBUCHMOCTH OT pajauyca
Tpyobl. Ha ocu TpyObI (mpu r = 0) 7 = 0, a y creHok (npu I = Iy ) KacaTelbHbIC
HANPSDKEHUS TOCTUTAI0T MAaKCUMAaJIbHOTO 3HAYCHHS:
. To
T — [ —

B croe kuaKocTH, HEMOCPEACTBEHHO COMPHUKACAIOMIEMCS CO CTEHKaMHU TPYOHI,
CKOpOCTHb OyIeT paBHa HYNIIO, a B CJIO€, JBIDKYIIEMCS 1O OCH TpPYOBI, JTOCTHUTAeT
MaKCUMaJIbHOTO 3HaueHus. OT CTEHOK TpyObl K €€ OCH CKOPOCTH YBEITUYHMBAIOTCS
TJIABHO, TIPU 3TOM TpaduK pacipeeneHus] CKOPOCTEH MO MONEPEeUHOMY CEUCHUIO0 TPYOBbI
MpeACTaBiIsieT co0oil mapa0oyion]] BpalllEHHS, a CEYeHHEe IMapadoyiousa OCEeBOMU
TUTOCKOCTBIO — KBAJPAaTUIHYIO TTapadoIry.

VYpaBHEeHHE, CBA3BIBAIOINIEE CKOPOCTh YACTHIIBI KUIKOCTH M Paguyc, Ha KOTOPOM
OHa PacroJio’KeHa, UMEeT BH/I:

yi
_ 2 L2
u=(C—)y —r°)
4p
rac H— JINHaAMHUYCCKas BA3KOCTb ) KUIKOCTH.

Kak nokassiBaeT qaHHOE ypaBHEHUE, Ipu I' = Iy (y cTeHOK TpyOs1) U =0, a Ha
ocu TpyOsI ipu I' = 0 HabIIOAAaETCS MaKCUMAaNIbHASI CKOPOCTB:

¥l
_ .2
umax - ( )I 0
4p
Tak kak omropa pachpefeieHus CKOPOCTe B Kpyrioil Tpydbe HMeeT BH]

napabojonsa ¢ MaKCUMaJIbHBIM 3HAYEHHEM CKOPOCTH B IEHTpPE TPYObl, OOBEMHBIH
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pacxo JKUJIKOCTH OyIeT YUCIIEHHO PaBeH 00bEeMY JAHHOTO IMapaboIona;

e=r=""

B nannom cnydae MakcumanibHasi CKOPOCTh Ia€T BBICOTY Napabosousa:
yi
h=u = (—)1{
max 0
4u
C ydyeToMm 3TOro pacxoj OyaeT paBeH:
_ nyt .4
Q= (5In
8u

CpenHsisi CKOPOCTh paBHA OTHOIIEHHUIO Pacxoja K IUIOIIAJU MONEPEYHOro CEYCHMS
TPYOBI:

| L
vP=—={[—)r
ry (8;.1) 0
JlaHHOEC ypaBHCHHE IIOKa3bIBACT, YTO CPEAHSSI CKOPOCTh IPH JIAMHHAPHOM
JBW)KCHUU B TPYOE B 2 pa3a MEHBIIIE MAaKCUMAIBHON CKOPOCTH:
V = 0,5Upax
Jnist BBIpasKeHUS TIOTEpU HAIopa 10 JINHE Yepe3 CPEIHIOI0 CKOPOCTh M pa3Mephl
TpyOBI UCTIONB3YIOT popmyny [ acena-Ilyazeiins:

N _321—41?
1= PEE

JlanHas opmMyIia moka3pIBaeT, 4YTO MPU JAMUHAPHOM JBMKEHUU B KPYTJION TpyOe
NOTEpH HAmopa MO JAJUHE NPONOPLHMOHAIBHBI CPEeIHEH CKOpPOCTH M HE 3aBHUCST OT
COCTOSIHUSI CTEHOK TPYOBI.

[locne ymHoxeHuss mnpaBod uactu Qopmynbsl [arena-Ilyazeiins Ha 2V u
MeperpyninupoBKA MHOXKHTENEH nonyuuM dhopmyny lapcu-Beiicbaxa:

2
h (6%)(%(” )
[t S | Gy |
vd " d “2g
vd
C yueTom Toro, uto — = R | okoHYaTeNbHO MOTY4NM:
v
=G E)
L Re’ “d’ ‘29
W3 nanHOTO BRIpAXKEHUS BUIHO, YTO:
. 654
Re

Takum oOpa3om, KOIPPHUIMEHT THUAPABIMYECKOTO TPEHUS TIPU JIAMUHAPHOM
PEeXHME IBIKEHHS KUIAKOCTH 00paTHO MPOMOpIMOHaieH yuciy Pelinonbaca.

Ha OCHOBAHHUHU 3aKOHa paCHpeHCJ'IeHI/IH CKOpOCTCﬁ U CBi3U CpeHHeﬁ CKOpOCTI/I C
HOTCprMI/I Hanopa 6[)1)]0 paCCIII/ITaHO 3HAUCHHUC KOB(l)(i)I/IHI/IeHTa KHHCTHqCCKOﬁ 3HCpFI/II/I [0/
JUTS CTa0MITM3UPOBAHHOTO JIAMHUHAPHOTO JIBV)KCHHUSI )KUJIKOCTH B KPYTJION TpyoOe:

a=2.
OHO 03HaqaeT, qTO HUCTUHHAA KHUHCTHUYCCKAad 3HCpFI/I${ HaMI/IHapHOFO IIOTOKA C

Hapa6OJ'II/I‘IeCKI/IM pacnpeaciicCHUEM CKOPOCTH B 2 pa3a MIpPCBbBIIACT KHHCTUYCCKYIO
OHCPIUI0 TOTO K€ IMOTOKA IIPpX PAaBHOMCPHOM PACIIPCACIICHNN CKOPOCTH.
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XaDaKTCDI/ICTI/IKI/I TVD6VJ'I€HTHOF O IBMXKXCHHUA KUAKOCTHU

[Ipu TypOyneHTHOM pexuMe JBI)KCHUS HAOMIoJaeTcss MepeMelInBaHue
KUJKOCTHU, MyJIbCallMU CKOpOocTed U naBienuil. [Ipuuunoil aToro siBisieTcsi oOpa3oBaHue
BO3MYIIICHUI B BUJIC€ BUXPEHl Ha TBEPJIbIX CTEHKAaX, OTPAaHUYMBAIONIUX MOTOK. JlaHHBIE
BUXPH TIOCJIC TOSBJICHHsI OTPHIBAIOTCSA OT CTEHOK M IIPOHM3BIBAIOT BECh 00BEM IMOTOKA,
HapyIas YInopsii04eHHOE JBUKEHHUE U BbI3bIBAs MHTEHCUBHOE TIEPEMEITNBAHUE.

Eciau B HeKoTOpOM cedeHuU MOTOKa 3aUKCUPOBATh HEMOABHKHYIO TOUKY A, TO
gepe3 3Ty TOYKY OyAyT MPOXOAWTh YaCTHUIBI KUAKOCTH Mi;, M, W ap., uUMeromue
pa3IMYHBIE CKOPOCTH 1O 3HAYEHUIO Y HAIPABJIEHUIO.

llosicuenue meHogenHou ckopocmu

HeﬁCTBHTCHBHa}I CKOpPOCTb ABHMIKCHHA YaCTHUIBLI XHUJIKOCTHU B JIAHHBIK MOMEHT
BpPCMCHHU B I[aHHOﬁ TOYKC IMPOCTPAHCTBA HA3BIBACTCA MEHOBEHHOU MeCmHOU CKopocmbio.
HaHHYI-O MIHOBCHHYKO MECTHYIO CKOpPOCTb U MOXKHO BCE€ria pas3jIoKUTh Ha TpHU
COCTaBJLIIOIINE:. MPOIAOJBHYIO Uy, HAIPABICHHYIO IIapalJICIbHO OCH IIOTOKAa, M [BEC
MOMECPCYHBIC, JICKAINNEC B INIOCKOCTHU KUBOI'0O CCUCHUA ITOTOKA — Uy " U,.

COCWZGGJZE)‘OWM@ MEHOBEHHOU CKopocmu 6 myp6y]l€Hn’IHOM nomoke

N3meHenne BO BpEMEHH 3HA4YeHHsS JIOO0OW M3 COCTaBISIOIMIUX MTHOBEHHOU
CKOPOCTH Ha3bIBAe€TCs IyJbcanuen ckopocTu. [lynpcanny cOCTaBIAONIMX MTHOBEHHOMN
CKOPOCTH TIpH TYpOYJIEHTHOM JBU)KEHUHU IMPOUCXOMAST OKOJIO HEKOTOPHIX MOCTOSHHBIX
3HAQUYEHUI KaK C TMOJOXXUTEJIbHBIM, TAK U C OTPULIATEIIBHBIM 3HAKOM, OJHAKO CymMMa
JaHHBIX MyJbCAallMi, HM3MEPEHHBIX 3a JOCTATOYHO OOJBIION MPOMEKYTOK BPEMEHH,
CTPEMUTCS K HYJIIO.

Iynvcayus meHO8eHHOU CKOpOCMU 8 MYPOYIeHMHOM NOMOKe

B kaxp1it MOMEHT BpeMeHHU JTr00ast COCTaBIISAIONIas MTHOBEHHON CKOPOCTH paBHa!
Uu=u-+u

rjie U — My/IbCaIlHOHHAS COCTABIIAIOMIAs CKOPOCTH;

Uj — OCpeIHEeHHas: CKOPOCTb.

Bunno, uyto 1151 00NIBIIOT0 IPOMEKYTKA BPEMEHHU:

Zu At =10

OcpedHenHotli ckOpocmbio HA3bIBACTCSI CPENHSAS] CKOPOCTh JIBUKEHHUS B JTAHHOM
TOUKe, ompeensemMas 3a JOCTaATOYHO NPOAOKUTENbHBIN MPOMEXYTOK BPEMEHHU.

[Iporiecc HEMpPepHIBHOTO MEPEMENINBAHKUS B TypOYJIEHTHOM NOTOKE MPUBOJIUT K
MOSIBJICHUIO JIOTIOJHUTENIBHOTO TPEHHS MEXIY OTACNbHBIMU YacTHIIAMH, KOTOPOE BO
MHOTO pa3 OoJbllle, YeM TpEHUEe MpHU JAMUHAPHOM pexuMe JBHKeHusa. Hanpsoxenus
CWIbl TPEHHsI B TypOYJEHTHOM IIOTOKE MPEACTABIAIOT B BHJIE CYMMBl KacaTEJIbHbBIX
HAIPsDKEHUH, BBI3BIBAEMBIX JICHCTBUEM CHII BS3KOCTH (7,) , M KaCATEILHBIX HAIIPSHKCHH,
00YCJIOBJICHHBIX TYpOYJICHTHBIM TIEPEMEITUBAHUEM (T,,):

Au, Au,
TZTB-I-TT:J[.‘,&—}'-I-ETE

Tac Ju, — AUnHaMHU4YeCKas BA3KOCTH KUJKOCTU,

£+ — TypOyneHTHas BA3KOCTh (KO3 (UIIUEHT TypOYIEHTHOTO MepEeMEeIInBaHus);
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T—; — TPagueHT OCPEAHCHHOW CKOPOCTH B CEUCHUHU, NEPICHIUKYJISIPHOM
HAIPABJICHUIO JIBYKCHHUS.

[Tpu TypOyIEeHTHOM peXHME ABMKCHUS JKUAKOCTH IMOTOK pa3JeiseTcs Ha JBE
obnactu. HemocpeCTBEHHO y CTEHKH TPyObl 00pa3yeTcsi O4eHb TOHKAsl 00JaCTh YKUCTO
BSA3KOTO JBM)KCHHUS, KOTOpas HA3BIBACTCS 6a3Kkuti noociou. OcraimbHas 4acTh IMOTOKa
IpEeJICTaBIsIET COOOM 00JIACTh, MPAKTUYCCKH HE 3aBUCSIIYIO OT BS3KOCTH, Ha3bIBACMYIO
mypOyIeHMHLIM S0POM HOMOKA.

Typbynenmubiii NOMOK HCUOKOCTU

B Bs3koM mojicimoe IWHAMHYECKas BS3KOCTh M 3HAYMTEIBHO  OOJIBIIE
TypOyJICHTHOU BSI3KOCTH €7, @ B TYpOYJIIGHTHOM SIJIpE IMMOTOKA — HANIPOTUB TYypOyJICHTHAS
BSI3KOCTh BO MHOT'O Pa3 IPEBBINIACT THHAMUYECKYIO.

TonmuHa BS3KOTO MOJCIOSN OYCHD MaJla, U JUISl KPYTJIoW TpyObl OMpEeseTcs 1o
dhopmye:

30d

§=——=

Revi

rae d — nuamerp TpyoOsI;

A — K03 PUIUEHT TUAPABINYECKOTO TPEHHUS;

Re — uncno Peiinomnbca.

JlanHasi (popMyJia OKa3bIBAET, YTO MPH YBEIMUYEHUH CKOPOCTU IMOTOKA TOJIIUHA
BSI3KOT'O MOJICTIOS] YMEHBIIAETCS], a MPU OOJIBIIMX 3HAYEHUSX CKOPOCTH BSI3KHI MOJCION
MpakTU4Yecku ucuezaeT. [Ipm 3TOM Ha I1IEpOXOBATOCTSIX CTEHOK TpPyObl HauyMHAETCA
nporecc BUXpeoOpa3oBaHMs, KOTOPHI BBI3BIBAET WHTEHCHBHOE I€pEeMEIINBAaHHUE
KHUJKOCTH, U KaK CIJIEJICTBUE, BBIDABHUBAHUE OCPEJHEHHBIX CKOpPOCTEHW B sAApe MOTOKA,
Kak BUAHO Ha cxeme. [loaromy pacnpeneneHue ckopocTeil npu TypOyJIE€HTHOM peKUME
paBHOMEpPHEE, a HApacTaHHWE CKOPOCTHM Yy CTEHKH Kpydye, 4YeM IpU JaMUHApHOM
JBUKEHHM.

[IpubnuxeHHo pacrpeesieHne CKOPOCTe B MOMEPEYHOM CEUYEHHUU TpyObl Mpu
TypOyJE€HTHOM JBUKEHUU ONHCHIBAETCS YPABHEHUEM:

U= U ()

7€ Uspqye — MAKCUMaIIbHASI CKOPOCTH HA OCH TPYOBI;

Y — pacCTOsIHME OT CTEHKH TPYOBI;

I'o — BHYTPEHHUI paanyc TpyOsl;

M — roka3aTesb CTEIECHH.

[Tokazarens cTemeHW M 3aBUCUT OT LIEPOXOBATOCTH CTEHOK TPYObI M 4McCIa
Pelinonbaca, ero 3HadueHue cocrasiser ot 0,25 (mns mepoxoBaTeix TpyO) no 0,1 (mns
TIAAKUX TPYO).

Bxopsmuit B ypaBHeHue bepHymuM  KO3POUUIUEHT o, YYUTHIBAIOIIUN
HEPaBHOMEPHOCTh pacIpe/iefieHUsl CKOPOCTEH MO CEYEHHIO TOTOKA, 3aBUCUT OT uncia Re,
U C €r0 pOCTOM YMEHBIIAETCS, MPUOIMKASICH K EAUHUILIE.

[TooToMy 4acTo B THAPABIMYECKHX pacyeTax MpH TYpOYJIEHTHOM JBUKEHUHU €ro
MIPUHUMAIOT PABHBIM €IUHULIE.

Tema 6 ITorepu Hanmopa HA TPpeHHeE MO JAJUHE MOTOKA
#TeopernueckuiiPaznen
I onpenenieHys nMoTepps Haropa Io JJIMHE MMOTOKA, KaK IPU JAMUHAPHOM, TaK U
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npu TypOyJIEHTHOM peXHMe ABIKEHUs mnpumenserca ¢opmyna Jlapcu-BelicOaxa, B
KOTOPOHM B 3aBUCHUMOCTHU OT BHJA JBUXEHHSI MEHSETCS KOAIPPUIMEHT I'MIPaBINYECKOTO
TpeHus A.

B pe3ynbrare 3IKCIEPUMEHTAIBHBIX  HCCIENOBAaHUW  yCTAaHOBJIEHO, 4YTO
K03(pPULIMEHT A pU JaMHUHAPHOM PEKUME 3aBUCUT TOJIBKO OT uMcia PeliHonbaca, a npu
TypOYJEHTHOM pexuMe Kpome uucia PeliHosbca Ha MOTEpU SHEPTUM TAKXKE BIUSET
COCTOSSHUE TOBEPXHOCTH TBEPIAbIX CTEHOK, OrPAaHMYMBAIOIIMX TOTOK — HX
IIEPOXOBATOCTb.

OCHOBHOM  XapaKTEepUCTUKOM  IIEPOXOBATOCTH  SIBISETCA  abOCONIOMHAS
wepoxosamocms K, IpecTaBIsiomas coooi CpeaHuil pa3Mep BBICTYIIOB M HEPOBHOCTEH,
M3MEPEHHBIN B €IMHULIAX JIJTUHBI.

llosicnenue nonamus abconomHoOU uepoxo8amocmu

Ecmu pasmep BBICTYNMOB OyaeT MeEHbIIE TONIMHBI mojacios (K<d), To 3tu
HEPOBHOCTHU OYJyT MOJHOCTHIO TOTPYKEHBI B HETO, U MIEPOXOBATOCTh CTEHKU HE OKaXKET
HUKAKOTO BIUSHUSA Ha KOA(D(PUIMEHT THApaBIMYecKoro TpeHus A. Sapo mortoka Oynmer
COTMPUKACATHCS HE C BBICTYyNaMHU IIEPOXOBATOCTH, a C BA3KUM TOJCIOEM KHUIKOCTH,
CKOJIB3sI TI0 TMOBEPXHOCTH Kak Mo Tyajakoi TpyOe. B sTom ciydae TpyOa HazbIBaeTcCs
2uopasiudecku 21a0kotl, 1 Ko3hPUIUEHT THAPABINIECCKOTO TPEHUS A 3aBUCUT TOJBKO OT
yucia Pelinomnbaca.

Cy1iecTByeT HECKOJBKO pa3iuuHbIX (GOpMYI Uil onpeaeneHus: kodgduireHTa A
THIPABIMYECKH TIAJKUX TpyO, Hambojee 4acTo M3 KOTOPBIX HCHOIB3YIOT (HOpMYIy
bnasuyca:

2 0,3164
VRe

Jlannas QopMyna IOKa3bIBaeT, YTO ¢ yBenudeHueMm uucna Re kosddumment A
YMEHBIIAeTCs, HO 3TO YMEHbIIICHHE MEHEe 3HAUUTEIbHOE, YEM IPHU JJAMUHAPHOM PEXKHUME
JBYDKCHUS )KUIKOCTH.

Ecnu pa3mep BBICTYNOB TIPEBBINIAECT TOJIIMHY Bsizkoro moxacios (k>d), 1o
HEPOBHOCTH IOBEPXHOCTH CTEHOK OyAyT BBICTYNaTh B TYpOYJIEHTHOE SIPO IOTOKa,
YBEIUYMBAsL €ro OecropsI0YHOCTh, U COOTBETCTBEHHO, MOTEPU IHEpruu. Takue TpyOs
Ha3bIBAIOTCS 2UOPABNUUECKU ULEPOXOBATNBIMU.

JUis TUPABIMYECKH MIEPOXOBATHIX TPYO KOA(h( UIIMEHT A 3aBUCHUT KaK OT 4HCIIa

Re, Tax u oT mepoxoBaTOCTH BHYTPEHHEH IMOBEPXHOCTH TPYOBL Ilpu 3TOM BakHa HeE
a0COJIOTHAsI IEPOXOBATOCTH K, a OTHOIICHHE ATOTO pa3Mmepa K paauycy Tpyost (K/rg) mmu
auametpy TpyOs (k/d), koTopoe Ha3bIBAIOT omHocumenvHou uepoxosamocmoto. OnHA U
Ta e abCONIIOTHAs IMIEPOXOBATOCTH MOXKET COBEPIICHHO HE BIUSATH HA CONPOTUBIICHHE
TpyOBI OOJBIIOTO AMAMETPA, HO 3HAYUTEIHHO YBEIMUUTH COMPOTUBICHHE TPYObl MaJIOTO
IaMeTpa.

Bnusaue uwncna Pelinombiaca W OTHOCHTENBbHOM miepoxoBatoctu (K/rg) Ha
kodpdunuent 4 noapodbno Opum u3yuensl M.UM. Hukypanze, B pesynprare UM OblLia
noiryyeHa rpaduyeckasi 3aBUCMMOCTb, MoyTyduBIias Ha3Banue rpadux M.U. Huxypanze.

I'pagux U.U. Hukypaoze

HaxsonHbie psiMble HA JAHHOM TpadHKe MOIYYEHBI 110 PopMyIaMm:

64 00,3164
i—a(l)ﬂi—ﬁﬁ)
30



U3 paccmoTpenust JaHHOTO Tpadrka MOKHO ClIeTaTh CIEAYIOIINE BHIBOIBI.

1. B obmactu namunapuoro pexuma npmwkenus (Re << 2300, gemy coorserctByer Ig
Re < 3,36) Bce sKCliepUMEHTANIbHBIE 3HAUEHHUS COBIAJAIOT ¢ C OpsiMoi 1, TO ecTh B
JTaHHOM 00sacTu KO3(P(UIIMEHT A 3aBUCUT TOJBKO OT yucia PeliHonb/ca U He 3aBUCHUT OT
IEPOXOBATOCTH OBEPXHOCTH.

2. B o6mactu typOynentHoro pexuma asmwkenns (Re = 2300, uemy cootserctyer Ig
Re > 3,48) npu HeOOdbIIMX 3HAUYCHUAX RE sKCreprMeHTalbHbIE TOYKH MPAKTHYECKU
COBIAJAIOT C MIPSIMOM 2, TO €CTh 37€Ch TaKke KOIP(UIIMEHT A 3aBUCHUT TOJBKO OT YKCIIa
PeliHonbica M He 3aBUCUT OT wepoxoBarocTd. Ho mpu yBennuenun 3HaueHus Re
BJIMSHUE [IEPOXOBATOCTH HAYMHAET CKa3bIBaTbCsl W OKCIEPUMEHTAIbHBIE TOYKHU
HAYMHAIOT OTKIOHATCS OT NPSIMOM 2, COOTBETCTBYIOLIEH 3aKOHY CONPOTHBIICHUS
TUIPABIMYECKH IaKUX TPYO.
3. Ilpu OGospmux 3HaYeHUAX uyncia Re koadduimeHT A mepecTaeT OT HEro 3aBHUCETh U
CTAHOBHUTCS TOCTOSHHBIM JJIi JAHHOW OTHOCHUTEIbHOM IIepOXOBATOCTH, TO €CTh
AKCIIEpUMEHTAJIbHBIE TOUKU paclojiaraiTcs napauieabHo ocu abcuucc.

Takum o00pa3oM, B yCIOBUSX TYypOYJEHTHOTO pEKHMMa JBHKEHUS >KHUAKOCTU
MO>KHO BBIICTTUTH TPU 00JACTH TUAPABINYECKOTO CONPOTUBIICHUS

e 001acTh THAPABINYECKH IAAKUX TPYO, rae 4 = f (Re);

e J0KBajpaTH4Has obaacTh, rae A = f (Re;k/ry);

e KBagpatudHas o0aacth, rae A = T (K/ry).

B kBagpatuuHoil o0nacTv MOTEpH HAoOpa MO AJUHE NPOMOPLUUOHANBHBI KBaJApaTy
CKOpPOCTH.

TpyObl, mpuMeHsiemble Ha MpakTuke, B oTinuue ot Tpyo W.M. Hukypamze c
UCKYCCTBEHHOM  paBHOMEpPHOM  IIEpOXOBATOCTbIO, HMMEIOT  HEOJHOPOAHYIO U
HEPaBHOMEPHYIO IIEPOXOBATOCTb, MO3TOMY JJIsl XapaKTEPUCTUKH LIEPOXOBATOCTH
MPOMBIIUIEHHBIX TPYO HCIOJNB3YIOT TMOHSTHE JKBUBALEHMHOU  UEPOX08aAmMOCHU.
3HaueHusl SKBUBAJIEHTHOM IIEPOXOBATOCTH OMPEEISIIOT HA OCHOBAHUHU T'UJIPaBIMYECKUX
UCHBITAaHUM TPYOONPOBOJIOB M MepecueTa MX pPe3ylbTaTOB Ha 3HAUYEHUs aOCOIIOTHOU
IIEPOXOBATOCTH TAaKOrO pa3Mepa, KOTOpble MaloT Npu pacuéTaX OJMHAKOBBIE C
JNEUCTBUTEIIBHOW IIEPOXOBATOCTBIO IOTEPUM  HAMOpa. 3HAYEHUs OSKBUBAJICHTHOMU
LIEPOXOBATOCTH 3aBUCAT OT MaTepHuasa TpyObl U €€ COCTOSTHUSI.

3Hauenus 9K8UBANIEHMHOL WEPOX08AMOCmU MPYd U3 PA3IUYHBIX MAMEPUANO8

[Ipy  BHIMOJTHEHMHM pacyeTOB  TPYOONPOBOJOB CHCTEM  BOJOCHAOXKEHUS,
ra3oCHa0XeHUs,, BEHTWIIIHMHA KOI(PQPHUIMEHT A U1l BCEX O0JIacTel TUApaBIMYECKUX
COIIPOTHUBIICHUH TYpOYJIEHTHOTO PEXXUMa PEKOMEHIyeTCs ONpenessiTh no ¢opmyne A.JL.
AnpTaryns:

k 68
A=0,11(=2 +Zyz
' (d +_Re)
Jannas ¢opmyna B 00JIaCTH THAPABIMYECKH TJIAAKUX TpPyO NpPaKTUYECKU
coBmajaer ¢ ¢popmynoi brnasuyca:
0,3164

"~ Re0.25
B kBagparuyHoii obmactu ona npuBoautcs K Gpopmyne Hludpucona:

1=011(2)

31



[loTepu Hamopa B MECTHBIX COMPOTHUBICHUSIX

[Tpocreiimne MeCTHBIC THAPABIMYECKUE COMPOTHUBIICHHUS OBIBAIOT TPEX BHUJIOB:
BHE3AITHOE PACIIMPEHHUE [TOTOKA, BHE3AIMHOE CY)KEHHE MOTOKa M MOBOPOT MOTOKA. boiee
CIIO’KHBIE CIIy4ad MECTHBIX COIPOTHBIICHUIN MPEACTABIAIOT COO0H KOMOMHAIIMK JaHHBIX
IIPOCTEUIINX CONIPOTUBIICHUMN.

B cayyae BHe3amHOTO pacIIMpPeHHsS TPYOOIPOBOA PE3KO PACIIMPSACTCS OT
auamerpa d; 1o quamerpa do.

Breszannoe pacuupenue nomoxa

[ToTok >XMIKOCTH, BBITEKAIOIIMNH U3 Yy3KOM TpyObl, HE cpa3y 3aloJIHAET BCE
CeueHHe ILIUPOKON TpyOBl, a OTpPHIBAETCS OT CTEHOK M Jaiblle JBIKETCS B BHUJE
pacmmpsitonierica ctpyd. [Ipm 3TOM B KOJBIEBOM NPOCTPAHCTBE MEXAY CTpyed H
CTEHKOH TpyObl 00pa3yloTCsi 3aBUXPEHMs, B pe3yjbTaTe 4YEero MeXaHH4ecKas >HEprus
MIEPEXONT B TEIUIOBYIO, YTO U SIBJISAETCSA NIPUUMUHOM IMOTEPH HATIOPA.

Jlns ompeneneHus MOTEph HAlopa B ClIydae BHE3AMHOIO PACIIMPEHHs] MOTOKA
npumensercs popmyna bopaa:

2
(Ul — Uz)

2g
CornacHo gaHHO#M Qopmylie MOTepy HAopa MPHU BHE3AIMHOM PACIIMPEHUN MTOTOKA

paBHBI CKOPOCTHOMY Haropy OT HOTEPSIHHON CKOPOCTH.
[Tocne nmpusenenust opmyisl bopaa k Buny Gopmynsl Beiicbaxa momyunm:

2
Vo 11 4t
o= (1= 22 2= g
VT 29 2g

h, =

rjae
Vs
_ F242
G=01-—)
51
YuuteiBas, 4TO COIVIAaCHO YPAaBHEHHMIO HEPA3PBIBHOCTU 0107 = U007 MOXKHO
3aImcaTh;

Wy df
=(1——) =(1-——2)?
(l ( ﬂ]z) ( d%)

Ecmu ko3 puIHeHT MeCTHOrO COMPOTHUBIEHHUS OTHOCAT K CKOpocTH 175, TOornma
(dbopmyna npuMeT BUI:

e = 22
M (2 2g
rae
W5 d:
=(——1)% = — 1)?
(2 ({Ul ) (df )

B cnydae BHe3amHOTO CyXEHHS TOTOKA KUIKOCTh HE OOTEKAaeT BXOJHOW yrod, a

CPBIBAETCs C HErO U CYXkKAETCs 10 IUIOLIAAH IOMEPEYHOT0 CEYEHUS (U5, IPU 3TOM BOKPYT
CYXEHHOH yacTh oOpa3yeTcs BUXpeBas KOJIbLIEBasl 30Ha.

Buesannoe cyscenue nomoka
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[ToTepu Hamopa mpu BHE3AMMHOM CY)KEHHHM MPOUCXOJSAT B OCHOBHOM Ha Y4acTKe
PACIIUPEHHUS OT (W JI0 ()5, TOITOMY K0P (UIHEHT { MOKHO ONPENETHUTD 110 POPMYIIE:

W3
— 2
G=C—-1
{UC
JI71st IpakTUYECKUX pacdyeToB Takxke moyb3ytores Gpopmysnoit U.E. Unenpunka:
5,
(2 — {]=5 (1 T _)
Wy

W3 nanHOW (opMynbl cieayer, 4To KOrja IUIOIIAaAb (Jq HAMHOro OoJblie

I1omaan {.UQ 5 KOB(i)(l)I/ILII/ICHT COHpOTI/IBHeHI/Iﬂ (2 — {],5, a HOTepI/I Hal'IOpa Ha Cy>KeHI/Ie
2
Uz
h, =05
2g

CpaBHeHue QopMyn g ONpeAesieHus NOoTeph Hamopa Ipud BHE3AIHOM
pacIIMpeHUd W BHE3alIHOM CYKEHUU I[IOKa3bIBA€T, UTO BHE3AHOE CY)KEHUE
TpyOOIIpOBO/a BCEerja MPUBOJUT K MEHBIIMM HOTEPSIM HAamopa, 4eM BHE3aIlHOe
paciIupeHue ¢ TaKuM e COOTHOLIEHUEM IUIOIIAAeH.

[Ipn m3MeHeHMM HaNpaBJIEHHWS NOTOKAa Ha BOTHYTOM CTOpOHE TPYOBl JaBlIEHUE
Oyner Oojbllle, YeM Ha BBINYKJIOH, YTO BBI3BIBAET OTPHIB IIOTOKAa OT CTEHOK U
BHUXpeoOpa3oBaHUE B HEM.

[Ipn pe3xoM MOBOpPOTE MOTOKA BO3HUKAIOT HaWOOJIbLIME MOTEPH HAmopa, Npu
3TOM KO3()(PUIMEHT CONMPOTUBJIEHHS BO3PACTAET C YBEJIMYEHHEM YIJIa MOBOPOTA d.

Pe3sxuii nosopom nomoka

[ToTepu Hanopa B JaHHOM ciiy4yae HaxoadTcs no ¢popmyne Beiicbaxa:
&
h‘]’*‘l — (HDB 2 '
g

rne koddpuument (;,; HAXOAUTCA IO CIeNuanbHOMy rpaduky. Ilpm 0=60°

—_ —ano _ o
Croe — 0,5, anpu a=90" (. = 1, T0 ecTh Bech cKOpOCTHOI Hamop TepsieTcs.

Eciu  mOBOPOT TMOTOKA IUIABHBINA, BUXPEOOPA3OBAaHUE yMEHBIIAETCA, U
KOO (HUIMEHT COMPOTUBIIEHUS MEHBIIE, Y€M MPU PE3KOM MOBOPOTE. DTO YMEHBIICHUE

TEM BBIIIIE, YeM OO0JIbIIIe OTHOCUTENBHBIN PAINyC KPUBU3HBI ITOBOPOTA rE

IInasnulii nogopom nomoxka
—0n°
Jns moBopoTta kpyrioro cedeHuss npu a=90" ko3 UIMEHT CONMpPOTHBICHUSI

OTPEJIENISAIOT 10 (hopmyIie:
Coo =[ 0,2 + 0,001 (1001)%](d/R)"2, a Ha m06oii yrom: {, =g a, e a=sin a.

33



Tema 7 UcTeyeHne sKMIKOCTH U3 OTBEPCTHI, Yepe3 HACAJAKHA U BOAOCIMBbI
Hcmeuenue xcuokocmu u3 omeepcmuil npu HOCMOAHHOM Hanope. Buovl Hacaoxos.
Hcmeuenue scuokocmu uepes nacaoku. Knaccugpuxayus 6ooocnueos. Hecmeuenue

AHCUOKOCINU uepes HenooOmonJIeHHbIl 6000CIUE C MOHKOU CMEHKO.
#TeopernueckuitPazgen
HcTeueHne )XUIKOCTH U3 OTBEPCTUH IIPU ITIOCTOSHHOM Hamope

PaccMoTpuM ucTedeHUE KUIKOCTH 4Yepe3 KPYrioe Majoe OTBEPCTUE B TOHKOMU
BEPTUKAJIBHOW CTEHKE, MPOUCXOadIIee pH nocTossHHOM Hanope H. IIpu aTtoM oTBepcTne
CUMTAETCS MajbIM, e€ciu ero pazmep He npesbimaer 0,1 H, a cTeHka cunuTaeTcss TOHKOM,
€CIM €€ TOJIIMHA He BIWseT Ha ¢GOopMy W YCIOBUS TEUEHHUsA CTpyH. B sToM ciydae
MPOUCXOAAT TOJBKO MECTHBIE MOTEPU HAIOPA, AHAIOTUYHBIC MOTEPSAM MPU BHE3AIMMHOM
pacIIMpEHUH OTOKA.

C60000HO€e UcmeueHue HCUOKOCMU U3 MAL020 OMEEPCMuUsl 8 MOHKOU CIMEeHKe npu
NOCMOSHHOM HANope

Ha nonxone *UAKOCTH K OTBEPCTHIO TPACKTOPUU ABMXKYUIUXCS YaCTUL UMEIOT
KPUBOJUHEHHYIO0 (opMy. DTO NMPUBOIUT K BO3HMKHOBEHHIO LEHTPOOEKHBIX CHII, O]
NEHCTBUEM KOTODPBIX CTpYsl, BBITEKAIOIIas W3 OTBEPCTHs, cyxkaeTcs. MakcumallbHOe
CKaTHE CTPYH JJIsl KPYTJIOro OTBEpCTHs HaOIogaercs Ha paccrosHun okoio 0,5 dy ot
IUIOCKOCTH OTBEPCTHs. B cxxaToM ceueHnu Bce JTMHUU TOKA CTAHOBATCS MapauIeIbHBIMU.

OTHoOlIeHHE IUIOUIad CXKATOrO0 CEYeHHs K IUIOMIAJUd OTBEPCTHS Ha3bIBAIOT
Koaghhuyuenmom cocamusi:

£ = ﬁ — E)Z
Wo dg

Koad¢uuueHT & 3aBUCUT OT XapakTepa CKaTHs, KOTOpoe ObIBAET COBEPIICHHBIM U
HECOBEPIIEHHBIM, a TAK)XKe IMOJHBIM M HemoNHbIM. CxkaTthe OyIeT cogepuienHbiM, €Cllv
OTBEPCTHE PACIOJIOKEHO HA PACCTOSIHUU 00Jiee TPEX €ro AUaMeTpOB OT OOKOBBIX CTEHOK
U JHa pe3epByapa, NPHU 3TOM OHHM HE OKAa3bplBalOT BIUSAHUSA Ha CXKaTue CTpyu. B
MIPOTUBHOM Cllydae cxaTue OyAeT HecosepuieHHbiM. AHAJOTUYHO, CKAaTHE Ha3bIBAETCS
NOJHBLIM, €CIH CTPYys IOJY4YaeT C)KaThe IO BCEMY IEPUMETPY OTBEPCTUSA, TO €CTh
OTBEPCTHE HE MPHUMBIKAaeT K OOKOBOW CTEHKE WJIM JIHY pe3epByapa. B nmportuBHOM ciydae
c)KaThe Ha3bIBAIOT HenonHwuiM. 1Ipu McTeueHun BOABI U3 OOJBIIOIO pe3epByapa yepes
Majoe OTBEpCTHE HAOJI0AaeTCs MOJIHOE COBEPIIEHHOE CKATHE.

Onpenenum CKOPOCTh MCTEUEHUS KMJIKOCTH M €€ pacxoh. s 3Toro cocraBuM
ypaBHenue bepnymim st ceuenuit |-1 m II-1l Ha cxeme, cuurasd, yto naBneHuss Ha
CBOOOJHOW TMOBEPXHOCTU KHUJIKOCTH M B ILEHTPE TSHKECTU CHKATOTO CEUEHUS PaBHBI
aTMoc(epHOMY, a IJIOCKOCTh cpaBHeHUS O-O MPOXOAUT 4Yepe3 LEHTP OTBEPCTUS U
CKaTOro CEYEHHUsI CTPYH:

H+&+{r1_h‘%:&+{r2_!?%+ hl‘l
4 2g 4 2g
Cuuras pacnpeneneHre CKOPOCTH B CEUEHHWU CTPYH PaBHOMEPHBIM (a3=a,=1), a

CKOPOCTb 01 BBUJY IIOCTOSIHCTBA HAIIOPa PaBHOW HYIIIO, ITOCIIE YIPOIICHUS MOJIYYUM:

U%
H=—=+ h,
2g
[Torepu Hamopa mexay cedeHusMua |-1 u |-l B ganHOM ciydae BBI3BIBAIOTCS

MECTHBIM COITPOTUBIICHUEM BXOJIa B OTBEPCTHE U OIpeaeIstoTes mo ¢popmyrne Beiicbaxa:
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V2
ha=0 —
29
C yuderom 3T10TO:
2 2
va Va
= + g’
2g 2g

BrIpa3um u3 31010 BBIpaXKEHUS CKOPOCTH V7!

ﬁJZgH = @ ZQH

UEZ

1

T ire

Kosdpdutnuent ¢ wnaswiBaetcs xoagppuyuenmom cxopocmu. OH TOKa3bIBAET
OTHOIIIEHHUE JCHCTBUTEIBHON CKOPOCTH UCTCUCHUS K TEOPETHUECKON CKOPOCTH, KOTOpast
OBl HAOJTI0/1aTach MPU UCTCUYCHUN B JAHHBIX YCIOBUSAX HJICATHHON KUIAKOCTH:

Uz
UT
e V. = ./2gH

OOBEeMHBIN pacxoj] XKUAKOCTH Yepe3 Majoe OTBEPCTHEC B TOHKOW CTCHKE TpH

MIOCTOSTHHOM HaIlope orpeaensercs mo Gopmyie:

Q = wcv, = epwy./29H

[IpousBeaenne KOdPPUIUMEHTOB CKaTUg &£ U CKOPOCTU (P  HA3BIBAIOT
Koa¢hhuyuenmom pacxooa.
H=E&p
B cootBercTtBUM ¢ 3TUM, (QopMylna A ONpeAesieHUs] pacxojia >KUJIKOCTH Yepe3 Mayloe
OTBEPCTHE B TOHKON CTEHKE NPUHUMAET BU/I;

Q = pwoy/2gH

Kosddunuent pacxoma — OTO OTHOIICHHE JEUCTBUTEIBLHOTO pacxoaa K
TEOPETUYECKOMY IIPU OTCYTCTBUU CXKATHsI CTPYH U CONPOTHUBIICHUS OTBEPCTHS. [[aHHBII
KO2(p(UIIMEHT BCeT/1a MEHbIIIE €TUHUIIBI.

Koadduuuentsr €, @ u [ 3aBucAT ot popmbl oTBepcTusi U uucia PeitHombica.
IIpn ucTedyeHnn KUAKOCTH U3 KPYIJIOrO OTBEPCTHA ¢ OONbIIMMHU yuciaamu PeliHonbaca
(Re>105) OCPEIHCHHBIC 3HAYEHUs JIaHHBIX KOA(DPUIIMEHTOB UMEIOT CIICAYIOIINe

smauenns: € = 0,62 +~0,63; ¢ =097 +098;, u=0,6 -0,61.

Hcteuenue KHUAKOCTH 4YCPE3 HACAAKH

Hacaoxom Ha3piBaeTcsi KOpoTKasi TpyOa, NpUcOeMHEHHAas! K OTBEPCTHUIO B TOHKOM
cTeHke. JlinHa Hacajaka cocTasiseT 3...5 nuaMmeTpoB oTBepcTHs. Hacanku npuUMeHSIOT
JUIsl YBEIIMYEHUS UM YMEHBILIECHHs PACX0Ja U CKOPOCTU CTPYH KUAKOCTH 110 CPABHEHUIO
C OTBEPCTHUEM.

[Io ¢opme Hacanku mnoApaszleNAOTCS Ha WIMHAPUYECKHUE, KOHHUYECKHE,
KOHOM/IaJIbHbIE€ U KOMOMHUPOBAHHBIE.
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Tunwvi nacaoxkoé

[Ipn ucTeuyeHUH XUAKOCTH YEPE3 GHEUWHUU YUTUHOPUUECKUll HACATOK €€ CTpys
Py BXOJIE B HACAQJOK BHAyaje CXKUMAETCS, a 3aTeM pACLIUMPSETCS U 3aloJIHSIET BCE
cedeHue Hacaaka. J[aHHbBIN peKUM UCTEUECHUS Ha3bIBACTCSI O€30TPHIBHBIM.
bezompuisnuiii peosrcum ucmeuenus

Tak kak Ha BBIXOJIe M3 HAacajJKa JUAMETpP CTPYH paBeH TUAMETPY OTBEPCTHS, TO
KOd(hPUITMEHT C)KaTHUsl JAHHOTO Hacaaka € = 1, mo3ToMy Ko3(hHUIIMEHT pacxoaa paBeH
KO3((ULIUEHTY CKOPOCTH:

uw=ep =9

3HayeHue kod3(pdUIMeHTa pacxoja BHEIIHETO MMJIMHIPUYECKOTO Hacaaka IpH
Oonpmux umciax PeiHonmpaca coctaBiser 0,82, uro B 1,32 pasa BeImie, yeM IS
orBepctus (0,62). YBenuueHue pacxojla MpU HCIHOJIb30BAHMM HACAJKa NMPOMCXOAMUT B
pe3yiabTaTe 00pa30BaHMS KOJIBIIEBOW BHXPEBOW 30HBI BHYTPH HacaaKa BOKPYT CKATOTO
CEUYCHUS, B KOTOPOW JaBlIeHHE HUXE aTMocpepHOro — BakyyM. B mecTe HamboibIero
CKaTUsl BAKYYMMETPHUECKasl BBICOTA ompeiensieTcs mno Gopmyiie:

Neae = 0,75 H
20e H — ruapocTaTHYecKuil Harmop HaJl OChIO HacaJIKa.
brnaromapss BakyyMy BHYTpHM Hacajka >KHJIKOCTBH ITOJCACHIBACTCS JOMOJHUTEILHO,
MOATOMY Pacxo]l HacajKa Mo CPAaBHEHHIO C PACX0JIOM OTBEPCTHUS YBEITUINBACTCS.
[Ipu yBenmuueHun Hamopa H BakyyM TakKe YBEIHMYHMBACTCSA, W IPH HEKOTOPOM
KPUTHYECKOM Hamope /1, abCOII0THOE JaBJIeHUE BHYTPH HAcaJKa CTaHOBHUTCS PaBHBIM
JTABJICHUIO HACBIIICHHBIX TTAPOB KUJIKOCTH:

_Pa_
0,75y

ITpn ucreyenun Boawl B atmocdepy H,, = 14 M. /lanpHelnee yBenudeHne HAopa
IIPUBOJUT K BO3HUKHOBEHUIO OTPBIBHOI'O PEXUMA UCTEYEHUsS, KOTOPBIA OTINYAECTCSA OT
0€30TPBHIBHOTO TEM, 4YTO CTPysS TIIOCJIE€ CXKaTUsl HE pacHIUpsieTcs, a COXpaHseT
HWIMHAPUYECKYI0 (opMy M IepemeliaeTcsi BHYTpH Hacajka, HE COINpPHUKAcasiCh C €ro
CTEHKAMH.

Hxp =

Ompwi6Hblll pedxcum ucmedenus

[Tpu OTpBIBHOM pe’KMME UCTEUEHHUE MPOUCXOIUT AaHATOTMYHO UCTEUEHHUIO U3 MAJIOr0
OTBEPCTHSA B TOHKOH CTEHKE C TEMH K€ 3HauUeHUSIMHU Kod(PUuneHToB &, ¢ u y. JlaHHBIHA
PEKUM UCTCUCHHMSI TaK)Ke HAOJIFOIaeTCs MpU HeocTaTouHo ainHe Hacanka (| < 2dg).

HcTedyeHne KUAKOCTU Yepe3 GHYMPeHHUl YUIUHOpUYecKuli HACaJ0K aHAJIOTHYHO
MCTEYEHUIO Yepe3 BHEIIHUHN LWIMHIPUYECKHUI HACAJIOK, OJIHAKO CTPYs Ha BXOJIE B HErO
UCTIBITBIBAET Ooublliee CXKaTHE, MOITOMY KO3()(UIIMEHTH CKOPOCTH M pacxoaa uis
JAHHOTO HacaJka MeHbIle, 4yeM g BHewmHero (@=u=0,71). JlaHHblii TN Hacajka
UCIOJIb3YIOT, KOTJa BHEUIHWH IMIIMHIPUYECKHM HacaloK MO0 KAaKUM-IHOO0 MpHUYMHAM
MPUMEHUTH HEJIb34.

HcTeyeHne >XKMIKOCTU YE€pe3 KOHUYeCKull cxoosawjuticsi HacaJOK MPOMCXOAUT NpHU
MEHBIIEM CKaTHH CTPYH Ha BXOJIE B HACAJIOK U 3HAYUTEIBHOM CKATUU CTPYH Ha BBIXOJIE
U3 HacaJKa.

Hcmeuenue uepes koHuuecku cxo0Auuicsi Hacadox
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[Torepu Hamopa B JaHHOM HacaJIKe MEHBIIIE, 2 CKOPOCTh UCTEUEHUsT OOJIbIIe, YeM B
IWIMHAPUIECKOM, TIPU OTOM KOX(PQUIIMEHT pacxojJa HacajJka 3aBUCUT OT yIJia
KoHycHOCTH 6. C yBemMYEeHHUEM YIJIa KOHYCHOCTH BHauaje Ko3()PUIUMEHT pacxoja
pacTer, a Toclie HEKOTOPOro 3HAYCHHsS HAYMHAET YMEHBIIAThCSA. MakcUMalIbHOE
3Hauenue koodduurenTa pacxona u = 0,94 HabrORaeTCs NpH yrie konycHocrn 0 =13°.

Ctpys, BBIXOIAIIAs U3 KOHUYECKOTO CXOJSINErocss Hacaaka 00JaJaeT BBICOKOM
KHHETUYECKON SHEPTHUEH, M Ha OOJBIIIOM PACCTOSIHUH COXPAHSIET CBOIO (HOPMY, MMOATOMY
JaHHBI TUN HacaJka MPUMCHSIOT B THIPOTYpOHMHAX, TMOXKapHBIX OpaHJICIIONTaX,
THJIPOMOHHUTOPAX.

HcTeueHne >XKUIKOCTH YEPe3 KOHUYECKUll pacxolaujulicsa HacagoK, B OTIUYHE OT
CXOSIIETOCS], HA00OPOT TPOUCXOAWT TP 3HAUMUTEIHHOM CKATHH CTPYH HA BXOJE U
pacIIupeHn Ha BBIXOJIC C 3aIIOJTHCHHEM BCErO CCUCHUS HacaIKa.

Hcmeuenue uepes Konuueckuul pacxo0sauuiicss HaAcaooKk

3Ha4yeHHs COOTBETCTBYIOIUX KOA(PPHUIMEHTOB &, ¢ W i A TaHHOTO TUIA Hacajaka
TaKKe 3aBHCHT OT yria KonycHoctd 6. Ilpu yBemmuennu yrma 6 mo 8° mpomcxomut
yBeIMYeHHE KOA(P(ULMEHTAa pacxoja, OJHAKO TMpH JajbHEHIIeM YyBeIM4YeHUu 0
MIPOUCXOJUT OTPBIB CTPYH OT CTEHOK, U PEXKUM UCTEUEHHUS CTAHOBUTCA OTPHIBHBIM, Kak
M3 OTBEPCTHS B TOHKOH cTeHKe. ONTHMATBHOMY yIIy KOHYCHOCTH 8° COOTBETCTBYET
3HaueHue ¢ =1/, a p=u= 0,45. JlanHoe 3HaueHne KorpPUIMEHTa pacxoja OTHOCUTCS K
BBIXOJJHOMY CEUYEHHUIO Haca/Ka, a M0 OTHOIICHHWIO K BXOJHOMY CEYEHHIO €ro 3HaueHUue
MOJKET JOCTHUraTh 2...3. 3T0 00BsACHAETCS TEM, YTO B MECTE CXKATUsl CTPYU HabIomaercs
BBICOKUI BaKyyM, MOSTOMY BCacChIBAaHHE YKUJKOCTH MPOUCXOAUT WHTEHCHBHEE, YEM B
UWIMHIPUYECKOM HacaJIKe.

Konunueckue pacxopsiuecs Hacagkd TMO3BOJSIOT MpPH  MallbIX  CKOPOCTSIX
MPONYCKATh OOJIBIINE PACXOJIBI )KUAKOCTH, IIOITOMY NPUMEHSIIOTCS B TEX CIIydasix, KOrjaa
HEOO0XOMMO CHU3UTH CKOPOCTh UCTEUEHHUS, HAIPUMEDP, B KAYECTBE BXOJHBIX MATPyOKOB
HAcCOCOB, BOJIOBBIITYCKOB OPOCUTENbHBIX CUCTEM U T.I.

Konouoanvuoui wnacagok wumeer (OpMy e€CTECTBEHHO CXKUMAIOIIEHCS CTpPYH,
BBITEKAIOILEN U3 OTBEPCTHS, UTO YCTPAHAET CXKATHE CTPYH, U CHUIKAET JO MUHUMYMa BCE
notepu sHeprun. KosduumeHtsr ckopocTu U pacxoja KOHOMJIAJIBLHOTO Hacaaka OYeHb
BbIcOKHE: @=u= 0,98. IlpuMeHeHne NAHHOTO THUIA HACAJAKOB OTPAaHUYMBACTCS H3-3a
TPYAHOCTH UX U3rOTOBJICHUS.

Kombunuposannwiii nacaoox (mpyba Benmypu) nipenctaBisieT co00i KOMOMHAIIUIO
KOHOMJIAaJbHOTO Hacanka u nud@ysopa. JlaHHbI THI Hacajgka MpU TOM XKe JUAMETpe
Y3KOTO CEUEHHUsI UMeeT B 2,5 pa3a O0NbIIyI0 TPOMYCKHYIO CHOCOOHOCTH IO CPABHEHUIO C
KOHOMJIaJbHBIM HacaJkoM. OJHaKo NpUMEHEHHE KOMOWHHMPOBAHHOIO HacaJka THIIA
TpyObl BeHTypu orpanuueHo HeOoNbIIMMU Hamopamu (mopsnaka 1...4 M) Mo mpuyuHe
BO3HUKHOBEHHMSI SIBJICHHS KABUTAIIMU B Y3KOM CEUEHUHU MPH OOJIBIINX HAMopax.

Hcteuenue KHUAKOCTH 4EPE3 BOAOCIIMBbBI

Booocnuseom Ha3bpIBaeTCA COOPYXKEHHUE, uepe3 KOTOpOE MPOUCXOJUT MEpEeIuB
KUJAKOCTU. BOJTOCIUB JETUT meperopakuBacMblii TOTOK Ha JIBE YACTH: BEPXHUN Obed —
BBIIIE M0 TEUCHUIO OT COOPYXKEHHUS, U HWKHUMA Obed) — HUKE MO TEUCHUIO OT JAHHOTO
COOPYKEHHUS.

BomocnuBbl kiaccupuIupyoTcs:

1. ITo mpodwmo (C TOHKOM CTEHKOMH, C IUPOKUM ITOPOTOM, TPAKTHYECKOTO MPOoduIs);
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2. [To Tumy conpspKeHUs CTPYHU C HIDKHUM Obe(oM (He3aTOIICHHBIE, 3aTOIIICHHBIC);
3. [lo ycnoBusM moaxoja MOTOKa K COOpYyxeHHUio (6e3 OOKOBOTO CxkaTus, ¢ OOKOBBIM
CKATUEM);
4. Tlo pacmoyioKEHUIO BOJIOCIMBHOIO MOpOra B IUIAaHE OTHOCUTENBHO HaIpaBlICHUS
noToka (TpsiMble, KOChble, OOKOBbBIE, KPUBOJIMHEHUHEIE);
5. Tlo ¢opme BbIpe3a B BOJOCIMBHON CTEHKE (MPSIMOYTOJbHBIE, TpareleuaibHbIe,
TPEYroJibHbIE, KPUBOJIUHEIHBIE).

PaccMoTpuM ucTedeHue uepe3 MpSIMON HPSIMOYTOJbHBIM BOJOCIWB C TOHKOMU
CTEHKOM 0e3 OOKOBOTO CHKATHS.

B cnydae, eciu ncTedeHre MPOUCXOAUT yepe3 Hezamonaenuviti Bogocius (Ny<P),
B IMPOCTPAHCTBO MEXKJY CTEHKOW BOJIOCIMBA U TMEpPENMBAIOIIEHCS Yepe3 HEro CTpyeu
CBOOOZHO TMOMNaAaeT BO3AYX, U JaBJIeHHUE MOJ cTpyel paBHO armochepHomy. [Ipu sTOoM
CTpYS >KHJIKOCTH C OTPBIBOM OT TBEPJOW MOBEPXHOCTH HA3BIBACTCS CBOOOOHOU, a caM
BOJOCIIUB — COBEPULCHHBIM.

Hcmeuenue uepes cosepuiernHblil 6000CIUE

JUis COBEpIIEHHOIO BOJOCIMBAa MeTOAOM JuddepeHIupoBaHnus TMOTOKAa Ha
OTJEbHBIE OTBEPCTUS U MOCIEAYIOIIET0 WHTErPUPOBAHUS 3JIEMEHTApPHBIX PAaCX0J]I0B
BbIBe/IeHa (popMyJia JUIsl ONPEesICHUs pacxoa:

Q = mb,/2gH®

rae M — Oe3pa3MepHbIil KOI(GOHUIMCHT pacxoja BOJOCIHBA, ONPEACSICTCS OMBITHBIM
MyTEeM, 3aBUCHUT OT THHA M Pa3MEpPOB BOJIOCIIHMBA, & TAKXKE OT BEJIMYMHBI HATIOPA;

b — mmpuHa BogocimBa;

H — mamop Ha mopore BojioCIuBa.

Taxoke ucnonbp3yeTcst ynpouieHHas popmya:

Q = MbH'®

e M= m,/ 2 g , na3eiBaeTcs BTOPbIM KO3(QPUIMEHTOM PACX0/Ia;

15'2

0 .
Hy=H +2— — IIOJIHBIM HAIOp Ha BOJOCIMBE C YYETOM CKOPOCTH ITOAX0/1a BOABI.
g
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Tema 8 Pacuer TpyOonpoBo10B
Hasnauenue u knaccugpuxayus mpyoonpoeo0os u ocHosubvle Gopmyibl O UX
eudpasnuieckozo pacyema. Pacuem npocmuix mpy6onpo6odos. Pacuem

Oe3HanopHvIX Mmpyoonpoeo00s.
#TeopernueckuitPazgen
Hasnauenne m xiraccu@uianis TpyooIpoBOJIOB M OCHOBHBIC (DOPMYJIBI IS X
THJIPABIMYECKOTO pacueTa

TpyOonpoBoabl MNPUMEHSAIOT JJII TPAHCHOPTUPOBAHMS KMJKOCTEH, TIa30B,
CYCIICH3UM, a’pO030JI€H, Ta30BbIX JUCIEpPCHH. J[BMKEHHE KHAKOCTH WM Ta3za II0
TpyOOnpoBOAYy OOecreunBaeTcsi pa3HOCTHIO PHEPTHMl JBUKYILETocs Tela B Hadale W B
KOHIIE TpyOompoBoja. JlaHHBIN TpaJueHT SHEPTrUil MOXKET CO3/1aBaThCAd Pa3TUUYHBIMU
crocobamMu: HACOCOM, Pa3HOCTBIO YPOBHEW KUAKOCTH, BAKYYMUPOBAHUEM H T.J.

Tpy6orpoBo Il KIIaCCU(PUIIMPYIOTCS IO CIEAYIOIIUM IPU3HAKAM:

1. [To Hamopy — ObIBaIOT HANIOPHBIE U OE3HAIOPHEIE;

2. [1o COOTHOIIEHUIO MECTHBIX MOTEpPh HAOpa U MOTEPh HANoOpa IO JUIMHE — ObIBAIOT
KOpPOTKHE (MECTHbIE NOTEpU Hamopa cocTaBisitoT Oosiee 10% mnorepp mo anuHE) U
JUTMHHBIE (MECTHBIE MMOTEPH Haropa B HUX MeHee 10% moTteps no JuinHe);

3. Ilo u3MeHeHuIo pacxojia Mo MyTH ABUKEHUS — ObIBAIOT MPOCThIE (B HUX PacXo]l Mo
MyTU ABUKEHUSI HE MEHSIETCS) U CIIOKHBIE (MMEIOT OTBETBJICHHUS, U3-3a KOTOPBIX PACX0]
10 IIyTH JIBU>)KEHUSI MEHSIETCS);

4. Tlo matepuany HW3TOTOBIIEHHsI — OBIBAIOT MeTaJUIMYeCKue (CTaJIbHBIE, UYyTYHHbBIE,
MEIHBIC, A JIOMUHHUCBEIC U T.J.) U HEMETa/UTMIECKHE (JKeIIe300€TOHHBIC, TIaCTMAaCCOBEIE,
KepaMU4ecKue u T.11.);

5. Ilo Buay mepexkaunBaeMoro MpojyKTra — ObIBalOT BOJAO-, HE(Te-, ra3o-, Uiao-, mapo-,
JBIMOIIPOBO/BI U T.JI.

Llenpto ruUapaBIMYECKOrO pacyeTa TPYOONpPOBOIOB MOXKET OBbITh pEIICHHE
CJIEIYIOLIMX 3a]1ay:

1. Onpenenenne HEoOXOIUMOTO Hamopa s oOecredeHHsl 3alaHHOTO pacxoja TMpu
3aIaHHOM JTUaMeTpe Tpyo;

2. OnpeneneHue MpoOIyCKHOM CIOCOOHOCTH TpyOONpoBoAa MpH 3aJlaHHOM JIMaMeTpe U
M3BECTHBIX MOTEPSIX HAIIOPA;

3. Ompenenenue HeEoOXOIMMOTO AMaMeTpa TPyOONpoBOAa MPHU 33aJaHHOM pacxoje U
MoTepsX Haropa.

OOume motepu Hamopa B TPyOONPOBOJE ONPEAETSIOTCS MOTEPSMHU HaIopa Io
JUIMHE Y IOTEPSIMU B MECTHBIX CONPOTHUBIICHHUSIX:

h,= h +2h,
[Totepu Hanopa no anune onpeaenstores no hopmyne dapcu-Beiicbaxa:
1 v? I »
=i =1 — —
d 2g 4R 2g

rae A — Ko3QUIHMEHT TUIPABINYECKOTO TPEHUS TI0 JUTMHE TPYOONIpPOBO/Ia;
d — BHYTpEHHHUIA TraMeTp TPyOOIpoBoIa;
R — runpaBnuyeckuil paguyc;
U — CPEHSISI CKOPOCTh JIBUYKEHUS MTOTOKA.
Ecnu ckopocTh MOTOKa BBIPa3uTh Yepe3 pacxol, To (opmyna Ajis onpeneacHus
MOTEph HANopa Mo JUIMHE MPUMET BUJ:
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_ 8A1Q?

2
h = = A;l
| g?‘:z 45 I Q
rme A 1 — YACIIBHOE COIPOTUBIIEHHE TPYOOIIPOBOIA:
ai
‘qi — 2.5
gm=d

[Torepu Hamopa Ha €IUHMILY JUIMHBI (THAPABIMYECKUI YKIIOH) ONpPEAEISIOTCS 10
dbopmye:
h I 11172
i=—=4,0>=——
[ 2gd
3Hauenus K0O3(QOUIMEHTOB TPEHHS A M YAEIBHBIX CONPOTHBIEHUH A; 11 TpyO u3
pa3IMYHBIX MaTePHUajOB, HOBBIX U HE HOBBIX, P CKOPOCTH JBUKEHMs BOJbI Ooiee 1,2
M/C TIpUBOJATCA B cIpaBouHbIX Tabnuuax. [Ipu ckopoctu nBukenus Menee 1,2 m/c B
(dbopMyly noTepp Hanopa o JUIMHE BBOJUTCS MOMPABOYHBINA KOA(P(DUILIUEHT:
h = K,4,103
rie:
0,867\%°
K, = 0,852 (1 + T)

[Torepy Hamopa B MECTHBIX COMPOTHBICHHUSIX ONpENENSIOTCS 1o QopMmyre

BeiticOaxa:

U2

Th,=2{ — = ZX(A, Q>
29
Pacxon sxxunkoctu B TpyOOMpPOBOIE MOKHO OMPEACIUTD MO (hopMyIie:
h,

Q= S,

re S — cOnpoTUBIIEHHE TI0 BCEH UTMHE TPyOONPOBO/IA:
S 1 — A 1 E
Juametp TpyOompoBoa ONPEaesatoT Mo Gpopmyrie:
40Q Q

d = = 1,13 |—
Al v

Pacuer npocTheIX TpyOOIPOBOIOB

[Ipocthie TpyOONPOBOIBI MO COOTHOILIECHUIO MOTEPh HANOpa MOJPa3JEAIOTCI Ha
KOPOTKHE U JUTMHHBIE.
[Ipu rHUOpaBIMYECKOM pacyere KOPOTKUX TPYyOONpPOBONOB HEOOXOIMMO
YUMUTHIBATh KaK MOTEPHU M0 JJIMHE, TAK U MECTHBIE TIOTEPH HAIIOPA.
Cxema Kk cudpasnuueckomy pacuemy KOpomrKo2o mpybonpoeooa
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3anumeM ypaBHeHue bepnymnu ans cedenuit |-l u l1-11 otHocuTensHo mtockocTn
orcuera O — O:

2 2
v v ol v
Hi+ 2+ 2 =H,++ -2+ hy
¥ 2g ¥ 2g

YuureiBas, uro V1=0, H; — H, = H, a V,= V, IOJTy4nM:

OO6mue notepu Haropa onpeaestoTcs no Gopmye:
L 1f2+2 1}2_ 1 ) v
hy=h+2h=27 =+ X oo =g + 24) -
C yderom 3toro Hanop H OyJeT onpenensiThes mo Gopmyie:
1 v
H—U+AE'FEGJ5§

ITocne BBIPAXKCHUA CKOPOCTH V U BBCACHUA 0003HaYCHUS ¢ IMOJIyYnM:

1

= ——,/2gH = 2gH
v JT:E g Py «d

1

V1 +Z,

rae: @ = — K02 duIEeHT cKOpocTH, a (. -- KOG HUIMEHT

| 1
JIH 5 2

COTPOTHUBIICHUS] CUCTEMBI.
Pacxon )xuIKOCTH B KOPOTKOM TPYOONPOBO/IE OMPECITUTCS 110 (hopMyJIe:

Q = pw,/2gH

rae I = ¢ — ko3¢ (UIMEHT pacxo/a;

(J — TUIOIAb CEYCHUS TPYOBI;

H — nercTByrOmui1 Hamop.

IIpn rugpaBIMUEcKOM pacyeTe JUIMHHBIX TPYOOIPOBOJOB MECTHBIMHM IOTEPSMHU
Hamopa npeHeOperatoT. PaccMOTpuM TpOCTON JUIMHHBIA TPYOOIPOBOA C MOCTOSHHBIM
JIAAMETPOM 110 BCEU JIJIUHE.

T'uopasnuueckutl pacuem OIUHHO20 MPyOONPOBOIA

VYpaBuenne bepaymnu nns ceuenuit |-1 u -1l otHOCHTENBEHO MIIOCKOCTH OTCUeTa O
— O, ¢ yuerom uto V;=0 u H; = H npumer Bux:
2
va
H=—=+ h,
g

[TockonbKy Uit ATMHHBIX TPyOOmpoBoaoB h, = h;, a CKOPOCTHBIM HAMOPOM Ha BBIXOJE
U3 JUIMHHOI'O TPYOOINpOBO/ia MOKHO IIpeHEOpeyUb, ypaBHEHHE IPUMET BUJ:
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1}2

I
H=nh 1 = A=
d 2g
B cootBeTcTBUM C JaHHbIM YpaBHCHHUCM BCChb HAIIOP H 6y,Z[eT pacxoaoBaTbCA Ha

MIPEOI0JICHUE COMPOTUBIICHHS IO JITTUHE TPYOOIpoBoIa.
[Ipu McHonb30BaHUM BMeCTO Kod(duimenta TpeHus A TOHATHS yIAEILHOTO
CONPOTHUBIIEHHS TpYGOnpoBoaa A; momyuum:
H= A,10% = il
[Ipu pacuere mpoctoro TpyOoOmpoBOja €ro AjJWHA, MaTepual U KOHUTyparus
0OBIYHO U3BECTHBI, @ HEM3BECTHOM SBIIACTCS OJHA U3 Tpex BennuuH — H, Q wiu d.

[Ipu HeoOxomumocTu ompexaencHus Hamopa H (3amansl d, | u Q) BHayame
OIIPEIEISiEM CKOPOCTh 110 (opMYyIIe:
4Q

- 1d?

Ecmm ckopoctp Oombmie 1,2 M/c, TO mo TabiumaM HaXOIUM YACIBHOE

v

conporusienne A; s 3amaHHOro jguaMerpa TPYObI M 3aT€M  PAaCCUMTHIBAEM
HEOOXOUMBII HAop:

H=A 1 EQ 2
Ecnu ckopocts MeHbIe 1,2 M/C, TO JOMOJHUTENBHO M0 (HopMysie WK Tabiuiam
onpenensem K, u ucnonssyem popmyiy:
H = K A4 EQE
[Tpu HeoOxomumocTu ompeaencHust pacxomaa Q (3amansr d, | U H) BHauane 1o
TaOJIMIAM ONpeeNseM 3HadeHne A, a 3aTeM HaxomuM pacxox:

hy

°= Jar

[Tocne onpenenenus pacxoaa mposepsieM ckopocTh. Eciu ona mensbie 1,2 m/c, To
HaXOJUM MONPaBOYHbIN Kod(GduimenT K 1 3aHOBO BHIUMCISEM PACXO 110 (POPMYIIE:

[Tpu He0OX0AUMOCTH OmpeneieHus guamerpa Tpyobonposoja d (3agansl |, H u Q)
BHayaJe onpeJieisieM yJelbHOe COMPOTUBICHHE TPYOOpoBoaa:

I IQZ
3aTeM 10 3HAYECHHUIO AI A3  TaOIHUIl ONPEACISIIOT 3HAYCHUE JUaMeTpa
tpybonposoaa d. Tlocie 3TOro ompenesistoT CKOPOCTh, M €ClIi OHa MeHee 1,2 m/c, TO

onpenensor K ¥ 3aHOBO PacCUMTHIBAIOT 3HaYeHHE A
H

K,1Q?
[Tocne sToro BTOpMYHO MO TabnMIAM TOAOWPAIOT OMVOKAWIINMK CTaHIAPTHBIN
JUaMeTp TpyOoIpoBoIa.

A,
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Pacuer 6e3HAnIOpHBIX TPYOOIIPOBOIOB

besnanopHoe ABM)KEHHE >KMJIKOCTU MPOMCXOAMUT MOJ JEHCTBUEM CHIIBI TSHKECTH.
[ToTok B Ge3HANOpHBIX TPyOax MMEET CBOOOJHYIO MOBEPXHOCTh, HA KOTOPOU J1aBlIEHUE
paBHO atMoc(epHOMYy. IIpu paBHOMEpPHOM ABM)KEHUU KUAKOCTH B O€3HAIIOPHBIX TpyOax
ee cBOOOJHAsI MOBEPXHOCTh NapajuleibHa JOTKY, IIyOMHAa HANOJHEHMs MOCTOSHHA I10
BCEW JUIMHE, a THJIPABIMYECKUA YKIIOH pPaBEH MbE30METPUUYECKOMY U T€OMETPHUECKOMY
YKJIOHAM:

i :j =y
CKOpOoCTh JBMKEHUS KUJIKOCTU B O€3HANIOPHBIX TPYOONPOBOJAX ONPEAEISAIOT MO

dbopmyne Illesu:
v = CVRI

rae C — koapounuent lesu, onpenensemslii no popmyne IlaBrnosckoro:

C=—RY
n
rie N — KodpUIMEHT NIEPOXOBATOCTH, 3aBUCSIIUN OT Marepuaia U COCTOSHUS

MMOBEPXHOCTH CTEHOK TPYO;
R — runpaBaudeckuii paauyc;
Y — TIOKa3aTelb CTEICHH, 3aBUCAIIHI oT R m N.
[TokazaTens cTeneHu onpeaesieTcs mo Gopmye:

y =2,5Vn—0,13 - 0,75VR(vn — 0,1)

B cooTBeTCTBHH C ypaBHEHHEM PACXOJa:

Q=vw = C wVRi
[Ipn Oe3HaNOpHOM MABMKEHHHM KUAKOCTH B TpyOax HamOOJbIIAs CKOPOCTh U
pacxoa HaOJMIOJAIOTCA MPU HEMOJHOM 3aMOJIHEHUU. DTO OOBSICHSAETCS TEM, 4TO MpU
HATOJHEHUU BEpXHEH 4acTH TPyObl THAPABIMYECKUI paNyC YMEHBIIAETCS, TOCKOIbKY
CMOYEHHBIN NMepUMETP pacTeT ObICTpee, YEM KUBOE CEUCHUE.
besnanopnwiiio nomok

B 1pybe kpyrioro cedeHuss HaubOosblas CKOPOCTh COOTBETCTBYET HAMOJIHEHHUIO
0,81, a pacxom — 0,95.

Jlns  oOnerdeHuss  pacyeToB  OC3HAMOPHBIX  TPYOONPOBOJOB  HCHOJB3YIOT
BcriomorarenbHbie Kodhdunnentsr A u B. Koadgdurmuent A — 3To oTHOmIEHHE pacxonaa
MIPY YaCTUYHOM HAIOJIHEHUHU TPYOBI K pacXoy MPH €€ IMOJTHOM HAIOJHCHUU:

a=%
0

Koaddurment B — 310 oTHOIIEHHE cpeiHEN CKOPOCTH MPU YACTUYHOM HAIIOJTHCHUHU

K CKOPOCTH ITpU MTOJIHOM HAIOJHEHNH
U‘-I
v
CKOpoOCTb U pacxo/ MPU YaCTUYHOM HAIOJIHEHUH ONPEENSIOT 1o popmynam:

v, = BWoiu Qu = AKyWi
rne Wy n Ky — cooTBETCTBEHHO CKOPOCTHAS M PACXO/(HAsE XapAKTEPUCTHKH MPH TTOJHOM

HaTIOJTHEHUU TPYOBI.
Koaddunuentsr A u B onpenensitor o cnenraibHOMY rpaduky.
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[Tpu runpaBnIudecKkoM pacyeTe Oe3HAOPHBIX TPYO OBIBAIOT YETHIPE 3aJa4u:
1. OnpenenuTs pacxon MpH 3aJaHHBIX TUAMETPe TPYObI, CTETIEHN HAMIOJIHEHHS U YKIIOHE.

Jliist ee pelieHus BHaYasIe 1Mo TabluiaM B COOTBETCTBUHM C AuaMeTpoM Haxonat Ky, a no
rpauky — K03pGuuueHT A, fanee onpenestoT pacxou:

Q. = AK,Vi

2. OnpenenuTsb YKIOH MPHU 3a/IaHHBIX TUaMeTpe TPYObl, CTETICHH HAOJHEHUS U PacXo/e.
Jlns ee pemieHWs BHAYalle TakkKe ONpenensioT kodpduimeHtel Ky U A, a 3areMm
BBIPAXKAIOT YKJIOH U3 MpeAbIAyIIei (OpMYIIbL:
. 9
A2 2

A2K?
3. OmpenenuTh AUMaMETp MPU  3aJaHHBIX CTENCHH HAMOJIHEHHs, PacXoje U YKIIOHE.
Haxoaum no rpaduky kodddunuent A, nanee onpenensieMm Ko:

Qs
Ky =—=
0 avi

3arem 1o tabiunam u 3Hauenuo Ky onpenensem quametp d.

4. OmnpenenuTh CTENEHb HAMOJIHEHHS MPU 3aJlaHHBIX AUaMeTpe, pacxojie U ykioHe. B
naHHOM cityvae Ky ompezernseM u3 Tadnuil, a A — o ¢popmyre:

A=

[

9

KoVi
3areM ¢ TOMOINBI0 TpaduKa MO 3HAYCHHIO A HAXOAWM CTETICHb HAIMOJHEHUS
TpYyOBI.
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Tema 9 /IBU:KeHHE KMAKOCTH B OTKPBITHIX PycJiax
Pasnomeproe osudicenue scuokocmu 6 omkpolmolx pyciax. /lonycmumvie
ckopocmu osudxcerus. 1 uopasiuueckuil pacuem Kauaios.
#TeopernueckuitPazgen
PaBHOMEpHOE ABM)KEHHE KMIKOCTH B OTKPBITHIX pyciiaXx. JIomyCTUMBIE CKOPOCTH
JBIDKCHUS IIOTOKA

[IpumepaMu OTKPBITBIX PYCEN SIBISIOTCS PEKU, KaHajbl, O€3HANOpHBIE TPYOBI,
IpEeHaXHbIE KaHABBI U T.1. [Ipy NBM)KEHNM KUIKOCTH B TaHHBIX pycClaxX €€ MOTOK UMEET
CBOOOJIHYIO IOBEPXHOCTb, BCE TOYKM KOTOPOM HAXoAdATcs TOJ aTrMoc(epHbIM
JIaBJICHUEM.

OCHOBHBIMU pacyeTHBIMU (POpMyJIaMU NIPU PAaBHOMEPHOM JBUKEHUH KHUIKOCTU B
OTKPBITBIX pyCllaX, TakXKe Kak M B O€3HAmOpHBIX TpyOax, SIBJSAIOTCS AaHAJOTHYHBIC
(bopMyIIBI I CKOPOCTH U pacxoja:

v =CVRi: Q = CwVRI

Koaddunuent Ille3u, Bxomsumii B qaHHbIE (OPMYIIBI, MOXET OMPEAEISITCS 1O
¢dbopmye [TaBnoBckoro:

1
C =—RY
n
uiu 1o 0osee mpoctoit hopmyne MaHHUHTA:

C — RD,IEE
n
HpI/I pacque KaHaJIOB MW JIOTKOB C TJIaAKUMMU CTCHKaMU JIdA OHpGI[CJ'ICHI/IH

koa¢pdunuenta [lle3n pekoMeHyeTcs UCIOIB30BATh POPMYITY AJIBTIIYIIS:

C =20 E‘g—{]{]{]-ﬂc
£+ =

VRi
rae R — rugpaBnuueckuil paanyc, Mum;
€ — IIPUBEJICHHAs JINHEWHAs 1IEPOXOBATOCTh, MM.
Pacuer xoapdunuenta [lle3n npu NpOEKTUPOBAHWK METHMOPATUBHBIX KaHAJIOB
BBINIOJIHAIOT C UCIOJIb30BaHHEM (QOpMYJibl ArpOoCKUHA:

1
C=-+17,721gR
mn
[Ipu pacuere KaHaJOB C TPYHTOBBIMH pYCIaMu OOJNBIIOE 3HAYCHHE HMEET

CKOpPOCTb JBWKEHUSI TOTOKAa. [IpM HHU3KHX CKOPOCTSX MPOUCXOJUT BBINAJACHUE
B3BCILICHHBIX YAaCTHIl, MEPEHOCUMBIX MOTOKOM, a TpH OOJBIIMX — pa3MbIB TPYHTa, B
KOTOPOM IPOJIOKEHO PYCIIO KaHama.

Hezaunstoniyo cKOpocTh MOTOKOB, B KOTOPBIX OCHOBHAsSI JIOJIsI HAHOCOB SIBJISIETCS
TBEPJBIMHU YacTHIIAaMU quameTpom 6osee 0,25 MM, onpenenstoT mo Gopmyie:

Vinin = H\'/E;
rae o — K03 PUIMEeHT, 3aBUCAIINN OT KPYITHOCTH MIEPEHOCUMON B3BECH, BAPbUPYETCS OT
0,37 (nnst menkux B3Becei) 1o 0,77 (1715 KPymHOTO TIecKa).
[Ipu TpaHcmOpTUPOBaHUM OBITOBBIX U JOXKIEBBIX BOJ HE3aWJISIOUIYI0 CKOPOCTh
MOXHO orpeAessaTs o popmyne denopona:
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Vmin = 1,57VR;
r7e N — mokasaresb CTeTeHH, ONpeesieMbli 1o GpopmyIe:
n=35+0,5R
R — ruapaBnuyeckuii paanyc.
B kaHanM3alMOHHBIX CETAX HE3AWISIONIYI0O CKOPOCTh OMpEeNessioT mo (opmyne
SxosneBa-KanuiyHna:

0,55uy C
Voin = ———
min —
Vg
rae Uy — THIpaBIMYecKas KPYHMHOCTh (CKOPOCTb OCENaHMs) B3BECH pPAaCYETHOTO

TuaMeTpa, M/c;

C — xoapdurment [lesn, m/c’.

3HaueHHUEe HEpa3MBIBAIOLICH CKOPOCTH OIPEACNIICTCS MaTepraioM, U3 KOTOPOTO
ciraraeTcsl JTHO M OOKOBBIE CTEHKH OTKPBITOTO pyciia, a Takke — TiTyOuHo# moroka. J{is
OCTOHHBIX KAHAJIOB B 3aBHUCHMOCTH OT TJIYOMHBI TIOTOKa MaKCHMalbHAas CKOPOCTh
TEUEHHUs COCTaBysieT 3 ... 15 M/c, s KaHAJIOB C TPYHTOBBIM OocHOBaHHeM — oT 0,5 m/c
(nnsa mecka) no 1,5 M/c (y1st TIUHB).

I'uapaBIMUecKUH pacyeT KaHaJIOB
[Ipu mpoeKTUpPOBaHUH KAaHAJIOB B OCHOBHOM BCTPEYAIOTCS CIECAYIOIINE TPU TUIA
3a1ad:
1. Ilo 3amaHHOMY YKIIOHY JHA KaHamia I, 3HaueHusM b, h u m, a taxke KOdPPHUIHUEHTY
IIEPOXOBATOCTH JIOKa pycia N onpenenuTh pacxos Q.
JIyis pelieHns JaHHOW 3a7a4d 10 BHAUYaJe ONpPEIeysieM )KUBOE CCUCHHE IMOTOKA U
CMOYCHHBIN MepUMETP 10 GopMyiaMm:

w=h®+mh); ¥ =b+ 2hV1+ m?,

3areM onpeensieM rupaBinyeckuid paanyc u kodpduiuent 1llesu:

w 1
R=—;, C=-+17,721gR
X n
Ilocne aToro OIIpeACIIsICM pacxo/ BOJbI B KaHAJIE:

Q = CoVRI
2. Ilo 3amanHoMy pacxomy Q u rabaputax skuBoro cedeHuss b, h u m, a Ttaxxe
KO3 PHUIMEHTY MIEPOXOBATOCTH N ONMPEACIUTh HEOOXOAMMBIN YKIIOH JHA KaHaja i.
[Ipn pemieHum NaHHOW 3a1add, KaKk M B NPEABIAYLIEH, IO COOTBETCTBYIOLIUM

dopmynam BHawane onpenenseM , ¥, K u C, a 3arem u3 GopMybl I ONpeaeIeHuUs
pacxoga BbeIpaKa€M YKJIOH:
QE

RC?w?
3. o 3amanHOMY pacxony Q, ykinoHy aHa I, KOOQQHUIUEHTY 3a70KEHUSI OTKOCOB M U
K03 PUIIMEHTY IEPOXOBATOCTH N ONPEACTUTh pa3Mephl )KHBOTO ceueHus KaHaia b u h,
MPUHUAMAS €T0 MPO(HIH HAMBBITOAHECUIITIM.
JlanHass 3agaya pemiaeTcss MeToaoM Tmonxdopa. Buawanme omnpenensercs
HaWBBITOJIHEHIIIEe COOTHOIIEHHE D 1 h B 3aBUCHMOCTH OT M IO ypaBHEHUIO:

B=%=2(w’1+m2 —m)

3aTeM, 3a/1aBasACh PAa3JIMYHBIMHU 3HAYCHUAMU FJ'IY6I/IHI>I h, HaxoJuM 3HA4YCHUA
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[IMPHUHBI KaHANA 0 THY D, KOTOpBIE COOTBETCTBYIOT THIPABINYECKH HAMBBITOTHEHIIIEMY
CEYCHUIO:

Jlanee ¢ wucmonb3oBaHWeM map D W N, COOTBETCTBYIOIIMX HAWBBHITOJHEHIIEMY

COOTHOIICHUIO, ITO COOTBCTCTBYIOIIIUM (1)0pMYJIaM pacCUUThIBACM 3HAYCHUA ), X, R 141 C,

¥ OKOHYaTebHO — pacxoa Q. Ilo mosnydeHHbIM 3HaYeHUsIM cTpouM Trpaduk Q = f (h), mo
KOTOPOMY M OTIpEACISIeTC HCKOMOE 3Ha4eHne N U coOTBETCTBYIOIEEe eMy 3HaueHue b,
MIpH KOTOPBIX 10 KaHay OyJaeT MpoTeKaTh 3aJaHHbIi pacxona Q.
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Tema 10 @uiabTpanuoHHOE IBUKEHUE TPYHTOBBIX BOJI
Buowi 0susicenus 600vl 6 epynmax. 3axon unempayuu. Ilpumok epynmoasix 600 K

Konooyam u ckeaxcunam. Ipumox 600vi K OPEHANCHBIM COOPYIHCEHUSIM.
#TeopernueckuitPazgen
DuabpTpallMOHHOE IBIDKEHNE I'PYHTOBBIX BOI

JIB>KeHHe BOABI B MOPUCTOM cpeje HasbiBaeTcs ¢uiabTparueit. [lopuctoiii crmoit
TPYHTa, 3alOJHEHHBIN BOJOM, Ha3bIBAETCA BOJAOHOCHBIM cioeM. Bona, Haxopnsmascs B
1opax TpyHTa, HA3bIBACTCS TPYHTOBOW BOJOW. [loj HENCTBHEM CHIIBI TSKECTH WIIA
TUAPOCTATUYECKOTO JABJIEHUsS TPYHTOBBIE BOABI MOTyT nepememarbes. [loTok
TPYHTOBBIX BOJI Ha3bIBaeTCs (PUIBTPAIIMOHHBIM TOTOKOM. BBIBalOT €CTECTBEHHBIE U
HCKYCCTBEHHBbIE (PUIBTPAIIMOHHBIE MOTOKU. EcTecTBeHHbIE (UIBTPAIMOHHBIE MOTOKU
BO3HUKAIOT NpU HHOUIBTpAlMM B TPYHT aTMocepHbIX ocaakoB. M cKyccTBeHHbIE
bUIbTpallMOHHBIC TIOTOKKM O00pa3yloTCs MPU PEHICHUH PAa3IMYHBIX TEXHUYECKUX 3ajad,
TaKMX KaK OCYIIIEHHUE 3eMEIbHBIX YYaCTKOB, OUYMCTKA BOJBI Ha (UIBTPAX C 3€PHUCTOMH
3arpy3koi, (puiIbTpanus BOAbl Yepe3 3eMIISTHbIC TNIOTUHBI U T.]T.

['pyHTOBBIE TIOTOKK OBIBAIOT HAMIOPHBIMU U OE3HANIOPHBIMU YCTAHOBUBIIUMUCS U
HEYCTaHOBUBIIMMHUCS, PABHOMEPHBIMU U HEPABHOMEPHBIMHU.

['pyHTOBBIN MOTOK HA3BIBAETCSl O€3HAMIOPHBIM, €CJIH €0 JBUKEHHUE MPOUCXOIUT C
o0Opa3oBaHuEeM CBOOOJIHOIM MOBEPXHOCTH, Ha KOTOPOH JaBJieHHE paBHO aTMochepHOMY.
310 HabII0aeTCs, KOT]a BOIOTIPOHUIIAEMBIH IJIACT TPYHTA 3aJleraeT Ha HEMTPOHUIIAEMOM
OCHOBAaHWM, U HE MEPEKPHIBACTCS CBEPXY HENPOHHUIAEMBIM cioeM. B ciywae, Koraa
MOTOK TPOTEKaeT MEXAY JBYMs BOJOHEIPOHHUIIAEMBIMHU CJIOAMH 0€3 o0pa3oBaHUs
CBOOOHOM TOBEPXHOCTH, OH HA3bIBACTCSI HATIOPHBIM.

Y CTaHOBUBIIMMCST HA3bIBAECTCS TPYHTOBBIA IIOTOK, €CIM €ro THUAPABIMYECKUE
XapaKTEPUCTUKH (CKOPOCTh, ITyOHMHA) HE 3aBUCAT OT BPEMEHH, U HA000POT, HA3bIBACTCS
HEYCTAHOBUBIIUMCS — €CJIM €TI0 XapaKTEPUCTUKN MEHSIOTCS C TEUEHUEM BPEMEHH.

PaBHOMEpHBIM Ha3bIBa€TCS TPYHTOBBIM IOTOK, €CJIM YKJIOH €ro CBOOOIHOMU
MOBEPXHOCTH J. pPaBEH YKJIOHY MOACTUJIAIOIIEr0 BOJAOHEIPOHHUIIAEMOIO ClIos g
HEPaBHOMEPHBIM — €CJIM OHH HE PABHBI.

besnanopuvie pasnomepnvle u nepagHomepHbvle 2pYHMO8ble NOMOKU

OwIbTpallMOHHBIE CBOWCTBA TPYHTA 3aBUCAT OT €ro TOPUCTOCTH, KOTOpas
ompezensercs no Gopmyie:

p=—-2

rae V, — 06bem nop;

V — 00BeM rpyHTa.

Pa3nuunbie rpyHThl HMerOT nopuctocth oT 0,1 1o 0,6, y necka — okoino 0,4. I'pyHT
Ha3bIBAC€TCS OJTHOPOJIHBIM, €CIIH €T0 MOPUCTOCTh OJIMHAKOBA 110 BCEMY 00BEMY.

OUIBTPAIMOHHBIM PACXOJIOM HAa3bIBACTCS KOJIMYECTBO BOJBI, IMPOTEKAIOIIEH
Yyepe3 MOoMepPeyHOe CEUCHNE TPYHTOBOTO TIOTOKA B €IUHUILY BPEMEHHU.

CkopocThio  (DUIBTPAIMOHHOTO  TIOTOKAa  HA3bIBAIOT  OTHOIIEHHE  €ro
(GUIBTPAIMOHHOTO PAacX0/a K IMOJIHOM MJION[aAN MOTIEPEYHOTO CEUCHHUS:

G
¢ (i)
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rae Qq) — (punbTpaMOHHBIN PacXoL;

() — TIOJTHAS TUIONIA/b IMOTIEPEYHOT0 CEYEHHS TPYHTOBOI'O ITOTOKA.

BononenpoHuaemslii  CJOM, pAaCHOJIOKEHHBIM MOJ BOJOHOCHBIM  CIIOEM,
HAa3bIBAECTCS BOJOYIIOPOM, A €TO YKIIOH — YKIIOHOM JTHA.

CBoOosHasi TOBEPXHOCTh TPYHTOBOTO IIOTOKA HA3bIBACTCS JACTPECCUOHHOM
KPHMBOM, a €€ YKJIOH J. MPaKTHYCCKU SBJISICTCS THAPABINYCCKUM YKIOHOM I, TIOCKOJIBKY
CKOPOCTh (pMIIBTPAIIMH, 1 COOTBETCTBEHHO, CKOPOCTHON HAIlOp OYEHb MAJIbI.

3aKkoH GrILTpaIii

3aKOHOM (PUIBTPALIMKA HA3BIBAETCA 3aBUCUMOCTh CKOPOCTH (PHIBTPALMOHHOIO
IIOTOKA OT €ro rMIPaBIMYECKOr0 YKJIOHA!

Udr" = kq)l
rne k $ — KodhduurenT GuabTpanuu, XapakTepUsyrOIUi GUILTPYIOILYIO CIOCOOHOCTS
IpyHTa;
| — THIPABIMYECKHIA YKIIOH MOTOKA.
Jlannas popmyna Obuta mojydeHa (gpanmy3ckuM ydeHbiM AHpu Jlapcu B 1856 T,
MO3TOMY JTAaHHBIN 3aKOH TaKKe Ha3bIBaeTCs 3akoHOM Jlapcu.

Pacxon (unbTpanOHHOrO IOTOKA ONPENENAeTCs KaK MPOU3BEACHHUE CKOPOCTH
(GuIbTpallMy HA MOJHYIO TUIOMIA/Ib TOTIEPEYHOr0 CEYEHUsI TPYHTOBOTO MOTOKA:

Qq) — vq)ﬂ.l — .If q)l (u¥]
rac {1 — 1rmoHaga I1omanab HOHepeI‘IHOFO CCUCHUA FPYHTOBOFO IIOTOKaA.
PaccMoTpuM ciydaii IBHKEHHST OE3HAITOPHOTO TPYHTOBOTO MIOTOKA CO CBOOOIHOM
IIOBCPXHOCTBHIO IIPU T'OPHU30HTAJIBHO-PACIIOTI0KCHHOM BOJOYIIOPHOM CJIOC.

Yemanosuswuiics 6e3nanoprwiii 2pyHmMossill HOMOK NPU HYJLEeB0M 2e0MeMmpPUUecKom
VKJIOHE

Ha ocnoBe 3akona J[lapcu nans nmaHHOTO ciydass ObUIO BBIBEJIGHO YpaBHEHHE,
Ha3bIBAEMOE KPUBOM JEIPECCUU:

2q  hi—h3
ke 1

e  — pacxoJl TPYHTOBOT'O MOTOKA, MPUXOISIINICS Ha €ANHUILY €TO IINPHHEI;

h; u h, — rmybuna rpyaroBoro nmotoka B cedenusix -1 u ll-11;

| — paccrosiaure mexay ceuerusmu -1 u 11-11.

JlaHHOE ypaBHEHHE IIO3BOJSICT PACCUUTHIBATH YPOBHU TPYHTOBBIX BOJ TIPH HX
OTKA4Ke WJIHA TIOTIOJTHCHUH.

HDI/ITOK I'PYHTOBBIX BOJ K KOJIOALIAM U CKBAXKXMHAM

[Ipu oTOGOpe BOJBI C MOCTOSIHHBIM PAcXOJ0M W3 IUIMHAPUUYECKOTO KOJIOAIA WU
CKBa)XMHBI YPOBEHb BOJBI B HEM CHU3HUTCS, U B BOJJOHOCHOM TUIACTE HAYHETCS JIBH)KCHHUE
MOTOKA TPYHTOBBIX BOJI B HampaBlIeHHH K KojoAaly. [lo mepe majaeHust ypoBHs BOJbI B
KOJIO/IIIE OTOMpaeMbIil pacxo]i CpaBHSETCS C MPUTOKOM, MPU ATOM TJIyOMHA BOJIbI B
KOJIOJIIIE CTaOUIU3UPYETCs, a TPYHTOBBIM MOTOK CTaHET ycTaHOBHBIIUMCA. [Ipu 3ToM,
€CJIM TPYHT OJTHOPOJIHBIN, 00pa3yeTcs CHMMETPUYHAS ICTIPECCHOHHAS BOPOHKA.
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IIpumok epynmosuix 600 Kk mpyo6uamomy Koiooyy

BriienuM B TpyHTE YCIOBHYIO LMJIMHIPUYECKYIO MOBEPXHOCTH C paguycom I.
[IpuTOK BOJBI K KOJOALY YEPE3 NaHHYIO TOBEPXHOCTH C BBICOTOM Z, PABHOM PACCTOSIHUIO
OT I'PaHULIbI BOJIOYTIOPHOIO CJI0S 10 OTMETKH KpPUBOH Jenpeccuu, OyJeT paBeH:

Q¢, = Uﬂr-,ﬂ.l = k@,l (1]

[TockonbKky npu (DUIABTPALIMOHHOM JIBUKEHUU BOJbI TMAPABIMYECKUN YKIOH U
MbE30METPUYUCCKUN  YKJIIOHBI TPAKTHYSCKH paBHBI (I=]), a Iwiom@ams OOKOBOM
MOBEPXHOCTH  IMIMHApA paBHa: @ = 27TrZ, ¢opMyaa s  ONpeaeIeHHs
(GUIBTPALIMOHHOTO TOTOKA MPUMET BU/I:

. dz
Qp = 2mrzkgj. = Zm'zkli,g,

. dz
rac — —— — I'PQIUCHT I'PYHTOBOI'O ITOTOKA B TOYKaX C BBICOTOM Z, HaxXoJAIIIUXCA Ha
€ ar

paCCTOHHI/II/I I OT ocu KoJoama.
[Ipeobpazyem naHHOE ypaBHEHHE K BUIY:

Qs dr

z0z = 22—

, 3aTE€M IPOUHTECTPUPOBAB, IIOJIYINM:
2 ?r.ifq:, ¥

Q
z? = —q)lnr+ C
T[R’@

[Ipu r=ry opauHaTa AENPECCHOHHON KpWUBOH Z=h, mo3aTomy mocie moacTaHOBKU
TAaHHBIX 3HAYCHUI ypaBHEHUE MPUMET BU/I:

h2 — Q—q)lnf]:,. + C
k
Ty

Haitnem pa3sHOCTh ABYX BBIPAKEHUUW ISl ONMPEACICHUS OpAMHAT JIEIPECCUOHHOU

KpHBOM:
2 42 % Q. - Qp T
z°—h"=—Inr———Inrp =—-In—
kg, kg Thky To

JlaHHO€E ypaBHEHUE SIBJISICTCS YPAaBHEHHEM BOPOHKHM Jenpeccuu. Eciam BMecTo I' B
HEro MOJCTaBUTh paauyc BAMSHUS Konoaua R (paccrosiHue oT ocu KoJo/la, Ha KOTOPOM
BIIMSHUE KOJIOAIIA HA YPOBEHb TPYHTOBBIX BOJ TMpEKpallaercs), U BMECTO Z —
COOTBETCTBYIONIYIO paauycy R TiryOMHY BOIOHOCHOTO ci0si H, BBIpa3WTh pacxon
MEPENTH K IeCATUUHBIM JorapudmMam, TO HOTYIHM:

1,36k, (H? — h?)
Qq: — R
lg r.:,

OTO BBIpaKEHUE HA3bIBACTCA YPaBHEHHEM JeOuTa COBEPLICHHOTO Kojoima. [Ipu
3aMEHEe B JIAHHOM BBIpa&)KEHUHM BequuuHbl h Ha H — S, e S — 3T0 rIyOMHA OTKauKu
(pa3HOCTP MEXIy TIYOMHOH BOJOHOCHOTO CJIOS M TJIyOMHOW BOJBI B KOJOZIE B
YCTaHOBUBILUMCS PEXHUME), IEPEHIeM K CIeAYIOLEMY YPaBHEHUIO:

2,?2k¢H3(1 —
Qd;' — R
lg—
I'g

5
25
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5
Benuuunna E S3HAYUTCIIbHO MCHBIIIC CAUMHUIIBI, [TIO3TOMY €€ MOKHO HC YUUTHLIBATD:

2,72k Hs
ch) — I R
95
JlanHoe BEIpQXECHUE  SABJIACTCSA OKOHYATEIbHBIM YpaBHEHUEM neoura
COBEPIICHHOI'0 KOJIOIIA.

Jliis onpeneneHus pajauyca BIHsSHUS KOJIOAa R MOKHO UCTIONIB30BATh pa3InyHbIe
(dbopmybl, Harbosee MPOCTOi U3 KOTOPHIX siBIsieTcs: popmyna 3uxapna:

R = 3000s |[kg

Bemnumubl K b H ry mw R onpenemsiorcs KOHCTPYKTHBHBIMH U

TUAPOJOTUYECKUMH YCIOBHUAMH, U JUIsI KOHKPETHOIO KOJIOAUA SIBJISIFOTCSA IPAKTUYECKH
MOCTOSIHHBIMH, TIO3TOMY MX OOBIYHO BBIPAXKAIOT YEpEe3 3HAUCHHE 4

2,72kyH
a=———p—
E R
95
Torma ypaBHeHWe aeOWTa MPUHUMAET MPOCTOM BUJ 3aBUCHUMOCTH pacxoia OT
TJIYOUHBI OTKAYKH:

Qp = as
[Ipu rny6une otkauku 1 metp:
Qp= a
Benuunna @ Ha3biBaeTcs yAEIbHBIM 1€0UTOM, WU A€OUTOM, NPUXOaiUMcs Ha 1

METp TJIyOMHBI OTKaykd. J[aHHOE COOTHOIICHHE UCIOJB3yeTCs MPU MPOSKTUPOBAHUH U
AKCIUTyaTallud KOJOJLIEB U CKBAXKUH.

HDI/ITOK BOJBI K APCHAKHBIM COOPYXKCHHUAM

[IpocTeitmm  ApeHaXXHBIM  COOPY>KEHHMEM  SIBIIAETCS JApCHakHas TpyOa (ApeHa),
PacroJio’KEeHHas B TOJIIIE BOJIOHOCHOTO TIacTa.
Cxema pabomsi OpeHvl, pAcnoOHCEHHOU 8 MOoauLe 000HOCHO20 NIACA

[TpuTOK BOJBI K IpEHE pACCUUTHIBACTCS IO PopMyIie:
Qo = 10,2kyh,
rIe hﬂ — r1yOuHa BOJIBI Ha/I TPYOOIA:
hy =2,78 1,
riae g — paauyc IpeHaXHOU TPYOBI.
KpuBas nenpeccun B TaHHOM Cllydae MOXHO MTOCTPOUTH 110 YPABHEHHUIO:

(El _ 5i1h0)
h, — hy = 7,45h,1
2 ° 81, + 5,1hy)

Tac El 151 Eg — PpacCCTOAHUA OT APCHBI, COOTBCTCTBYIOIIHUC OpAMHATAM KpHBOﬁ ACTpeCCUuun

hl I/Ihz.
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Bonee coBepiiieHHOM ABISIETCS APEHA, PACHOJIOKEHHAs HAa BOJAOHENPOHHUIIAEMOM
cJIoe B TpaHIlee, 3aChIMTaHHON 1Ie0HEM WM IPpaBUEeM — ApeHa ¢ GUIbTPYIOLIEH IIMOPOH.
/lpena, pacnonooicennasn na eoooynope ¢ purompyroujeti Wnopoi

[IpuToK TPYHTOBBIX BOJ K JAaHHOW JPEHAKHOW KOHCTPYKIIUU OIPEACIAETCS TI0
dhopmye:
2 2
04 = ko(H” — hy)
o =
Lo

3
Tac Qq) — pacxo BOAbI Ha 1M JJIMHBI TPpaHIICHU IIPpU ABYCTOPOHHEM IIPHUTOKC, M /C;

k & — KOOQQUIMEHT QuIIbTpalu rPyHTa, M/C;

H — MOIITHOCTE BOJJOHOCHOT'O IJ1acTa, M;

Ly — npenen neiicTBus 1pensl, M.

['myOuHa BOJBI B JPEHAXKHOW KOHCTPYKIIMHM OIpPEAENSeTCs MO MpUOIUKEHHON
dbopmye:

hy = [(Ly + H?) — L,

Ecmun hy < d, To B npemaxuoii TpyOe GyaeT Ge3HamopHOe IBHIKEHHE BOIBI C

o6pa3oBaHneM CBOGOIHOM TTOBEpXHOCTH, ec Ny = d, To ApeHaxkHas TpyOa paboTaeT
TIOJTHBIM CEYEHHEM.
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2 llpakTHYecKuUii pa3aen
#CrpykTypadYMK

MeToanyeckue yKa3aHusl K BbINOJHEHHUIO JIa00OPATOPHBIX padoT 10
aucuuIiinHe «MVMexaHuKa KUIKOCTH H ra3a

Jlabopatopnass pabora 1  OIIPEJEJIEHUE TUJPOCTATUYECKOI'O
JABJIEHUA

Jlabopatopnass pabora 2 UCCEJOBAHUE PEXWMOB JIBMOKEHUA
KNUAKOCTU B HAITOPHOM TPYEOITPOBOJE

Jlaboparopnas padora 3 UCCJIIEJJIOBAHUE YPABHEHWSA BEPHYJIJIN JUUIA
[IOTOKA BS3KOW XUJIKOCTU

JlaGoparopHas pabota 4 OITPEJAEJIEHUE KOSOPUITMEHTA
ITMAIPABJIMYECKOI'O TPEHUA CTAJIBHOI'O TPYBOITPOBOJIA
JlaGoparopunas pabora 5 DKCIIEPUMEHTAJIBHOE OITPEJEJIEHUE
KODOPUIIMEHTOB MECTHbBIX COITPOTHBJIEHUIA

Jlaboparopnas padora 6 UCCJIEJJOBAHUE MCTEYEHUA XUJIKOCTU M3
OTBEPCTHUI 1 HACAJIKOB ITPU ITOCTOSIHHOM HAIIOPE

Jlabopatopnass padora 7 UCCJIEJIOBAHUWE HEIOATOIUIEHHOI'O
BOJIOCJIMBA C TOHKOW CTEHKOU

CXxeMbl 3KCIEPUMEHTANbHBI YCTAHOBOK MPEJACTABICHbI B  HCTOYHHKE
auTeparypsl [5]
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JIABOPATOPHAS PABOTA Ne 1
OIIPEAEJIEHUE TUAPOCTATUYECKOI'O TABJIEHNMA

Lenn Da6OTI)I: OHpeI[eJICHHG IMOJIHOT'O THAPOCTATHUYCCKOT'O JaBJICHUA B TOYKC Mc
IMTOMOIIBIO IIBC30METPA U MAHOBAKYYMCTpPA.

1. Teopus Bompoca

OCHOBHBIM TOHSATHEM THIPOCTATHKHU SIBISIETCS MOHATHE THAPOCTATHYECKOTO
JABJICHHS B JJAHHOM TOYKE MOKOSAIIECHUCS CPEIBI.

AOCOJIIOTHOE 1aBJIEHHE B JIFOOOM TOUKE MOKOSILIENUCS CPEbl ONPEAEISIETCS MO0
OCHOBHOMY ypPaBHEHUIO THIPOCTATUKU:

P =P, + pgh (1.1)

rae P, — MOBEpXHOCTHOE JaBJEHUE, JIEUCTBYIOIEE HA CBOOOJHYIO MOBEPXHOCTH
KUJIKOCTH,
pgh — BecoBoe NaBiieHHe, O0YCIIOBIEHHOE BECOM CTOJI0A KUIAKOCTH
(h), pactionoxeHHO# Hajl paccMaTPUBAEMOW TOYKOI;
p — IUNIOTHOCTh KUJKOCTH;
0 - YCKOPEHHE CUJIbI TSKECTH.

Ecnu cocya oTKphIT, TO Po =P, (1.2)
rae P, —armocdepHoe naBieHue.

JlaBieHne B TOYKe, OTJIMYAKOIIEeCs OT aTMOoc(EepHOro, Ha3bIBaeTCH
n30bITOYHBIM. Eciin abCcoTI0THOE J1aBJICHUE B TOYKE IMPEBBIMIACT aTMOC(EpHOE,
TO €ro Ha3bIBAlOT MaHOMETPHUYECKHM, JaBJIICHUE MEHbBIIE aTMOC(epHOro
Ha3bIBAIOT BAKYYMMETPHUCCKHM.

2
B cucreme enunui CU naBnenue usmepsiercs B nackaisix: 1 [Ta= 1 u/m".
JlaBneHue MoeT OBITh U3MEPEHO B aTMOc(hepax, MeTpax.

Opna TexHuyeckas arMmocdepa paBHa:

1 ar = lkrc/em® = 9,8 - 10% w/m® = 0,1 MIla = 10 m. Bz, CT.

OpnHako He CIeayeT OTOXKISCTBIATh TEXHUYCCKYIO aTMochepy U aTMochepy
peaTbHO CYIIECTBYIOIIYIO, TO €CTh (PU3HUSCKYIO.

Jlnst mepexoja AaBICHWS OT OJHOH pa3sMEPHOCTH K JPYrod MOXKHO
BOCITOJIB30BaTHCS (DOPMYIIOi:

P
h= — 1.3
p-g (13)
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2. Cxema ¥ onvcaHue J1JadbopaTopHO YCTAHOBKU

OnebITHI IIPOBOJATCA HA Ha60paTOpHOM CTCHAC

B 1munuHapudeckuii CTEKJISIHHBIM cocya 1 momerneHa >KUIKOCTh, KOTOpas
co3llaeT JaaBieHHEe Ha ero creHku. C TOMOIBI0 Hacoca 2 Ha IOBEPXHOCTH
KUJIKOCTH MOYKHO CO3/1aBaTh KaK MaHOMETPHUYECKOE, TaK U BaKyyMMETPHUUYECKOE

JaBJICHUC.
Benuuunbel  ATHX JAaBJICHUC OINPCACIIOTCA C IMOMOHIBIO IPYKHMHHOI'O

MaHOBaKyyMMeTpa 3 U nbe3omerpa 4.

3. TIopsamok BBIMOJHEHUS PAOOTHI

1. Coenunuth THOKYIO TpyOKYy, HAYIIYIO OT COCyAa, C HarHeTaTeIbHbIM
LITYLEPOM Hacoca.

2. Bpamaﬂ MaxOBHK HAaCOCa, CO3aTb HCKOTOPYIO BCIINYUHY AABJICHUSA B COCYIC
(BGJ’II/ILII/IHa HaBJICHUA OT'PaHUYNBACTCA HIKAJI0M I[GJ]GHHIZ HBGSOMGTpa).

3. 3amucarh riyOuMHY BOIBI B cocynae N, MOKa3aHWs MaHOBaKyyMMeETpa W
IbE30METpA.

4. IloBTOpUTH OMBITHI MPH JIAHHOM TOJCOCAMHEHUH HarHeTaTeIbHOTO
ITyLepa.

5. CoeauHuTh THOKYIO0 TPYOKY CO IUTYLIEPOM «pa3p.» U MPOBECTU OIbITHI B
TaKOM € TOpSJIKE.

Pe3ynbpTaThl ONBITOB 3aHECTH B TAOJIHILY.

4. O6padoTKa IKCIIEPUMEHTAILHBIX JTAHHBIX

Tabnuma 1.1.
Pe3ynprarel u3amMepeHuii U pacueToB
NoNe ITokazarenu Ennanne: OnbITHI
n/m u3Mepenu | 1 2 3
i
1 2 3 4 5 6
1 cepusi Py, > P,
1. | Ormerka Touku M, V M
2. OTMeTKa MOBEPXHOCTH BOABI B cocyne, V o M
3. | OTrMmerKka ypoBHsI BOJIBI B be30MeTpe, V 1 M
4. | Ilokazanue MmaHoMeTpa Krc/em”
5. ['ny6una Boasl B cocyne hy= V- Vy, M
6. | ITbe3omerpuyeckas rnyouHa h, = Vi1- V, M
7. I'mapocratuyeckoe naBiieHUE B TOYKe M, U3MEpEHHOE ITa
nsezomerpoM Py, = P, + pghy
8. | 'mapocraTnueckoe AaBiIeHHE B TOUYKEe M, M3MEpeHHOE I1a
MaHOBakyymmeTpom P, = P, + pghy
1 2 3 4 3) 6
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2 cepus P, <P,

1. OTMeTKa OBEPXHOCTH BOJIBI B cocyne, V, M

2. OTMeTKa YpOBHS BOJIBI B ITbE30METPE, V 2 M

3. | Iloka3anue BakyymmeTpa Kr'c/cM”

4, I'ny6una Boasl B cocyne hy= V- Vy, M

5. | Bakyymmerpuyeckas riyouna hy = V- V, M

6. I'mapocratuyeckoe naBiieHUE B TOYKe M, U3MEpEHHOE ITa
nbezomerpoM Py, = P, - pgh,

7. I'mapocratuyeckoe naBiieHUE B TOYKe M, U3MEpEHHOE ITa
MaHoBakyymmerpom P, =P, + pgh,,

[ToBepxHOCTHOE JaBJIECHUE B EPBOIl CEPUU OIMBITOB OMPEACISACTCS:

P,=P,+P, (1.4)
rae P, — naBienue, kKoTopoe moka3piBaeT MaHoMmeTp, [1a.
Bo BTOpO# cepuu ONBITOB:

Po = Py - Pra (1.5)

5. Bonpocs! 11 caMonpoBEpKH

1. Kak BBITTIAIUT OCHOBHOE YPaBHEHHUE TUIPOCTATUKU?

2. YTo Ha3bIBaETCS BAKYYMMETPUUYECKUM U MAHOMETPUYECKUM JIaBICHUSIMU?
3. Hanummre COOTHOMIEHUE MEXY €AUHUIIAMA U3MEPEHUSI JaBIICHUS.

4. Kakoil BBICOTE CTOJI0a KUJKOCTU B MHE30METPE SKBUBAJICHTHO MOKA3aHUE
MaHOBaKyyMMeTpa?

5. Ilpu kako¥ Temneparype Boja UMeeT HAauOOJbITYIO MIIOTHOCTh?
6. Kakoit MUHMMAaIIbHBIHN TUaMeTp Mbe30MEeTPOB?
7. Kakumu npubopaMu u3mMepseTcsi TiApOCTaTUYECKOE TaBICHHE?
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JIABOPATOPHAS PABOTA Ne 2

NCCEAOBAHUE PEXXMMOB JIBMXXEHWA )KUJAKOCTU B
HAIIOPHOM TPYBOITPOBOJE

#lIpakTuyeckuiitPa3znen
[leab paboThl: YCTAHOBUTH XapakTep peXHMa JBHKEHUS >KUJIKOCTH B
CTEKJISTHHOM TpyOe MpH pa3inyHOM BEIMYHHE PacXo/a.

1. Teopust Bonpoca

HpI/I TCUCHHNU pC&J’ILHOﬁ KNIKOCTHU Ha6J'IIOI[aIOTCH Pa3iIuYHbIC PCKUMBI €C
ABMJKCHUA KW B OIPCACIICHHBIX YCIIOBHAX XaApaKTCP ABHMXKCHHUSA MOKCT
IMPpCTCPIICBATE HU3MCHCHHA: IIPOUCXOAUT IICPCXOAUT OT OAHOIO pCKHUMaA K

JIPYyTOMY.

Kpurepuem 11  OLIEHKM peXuMa JBHKEHUS O KUIKOCTH  SIBISETCA
0e3pazmepHoe uucio PeiiHonbaca Re. Yucno PeliHonbaca mpenctaBisieT Mepy
OTHOLIEHUS CWJ HMHEPUMU K CHJIaM TpPEHHs, JEUCTBYIOIIMM B JIBIKYLIEHCS
KUIKOCTH.

Jlnst TpyO Kpyriioro cedeHust yuciio PeliHoinbica onpenensiercs no popmyiie:

Re="d 2.1)

14
r7ie V — CpeaHsisi CKOPOCTh JBMKEHUS KUIKOCTH;
d — BHyTpeHHHMIA AHaMETpP TPYOBI;
V — KHHEMaTH4eCKU KOA((UIIMEHT BSI3KOCTH.

JInst Bcex KUAKOCTEN Mpu 3HAYeHUaX kputepus Re menbinx 2320 nBuxeHue
KUAKOCTH B TPyOONpOBOAE JTaMHUHApHOE, a ipu Oonbimx 2320 — TypOyJIeHTHOE.
[locTeneHHoe  (KOJMYECTBEHHOE) YBEJIMYEHUWE 4yuciaa Re mOpuBoguT K
KAaUEeCTBEHHOMY HW3MEHEHUIO XapakTepa ABWKEHUS: >KUIKOCTb U3 CJIOUCTOTO
YHOPSAOUYECHHOTO ABMKEHUSI TIEPEXOIUT K O€CTIOPAI0UYHOMY, XA0TUYECKOMY.

Heo0xonumMo OTMETUTD, UYTO CYIIECTBYIOT HUXKHEE M BEPXHEE KPUTHUUECKHUE
yucna PeiliHonbaca, To ecth 10 Rey,, = 2320 — ycroiumBoe IamMHMHApHOE
nBwxkeHue, a nocie Reg,, = 13800 — ycroiunBoe TypOynentHoe. Ilepexox ot
OJIHOTO PEXUMa K JPYroMy MPOUCXOJIUT B YKa3aHHOM NPOMEXYTKe yucen Re u
3aBUCUT OT BHENIHUX YcIoBUH (dopma cedeHHs, KauyeCTBO CTEHOK W T.1I.). B
WHXEHEPHBIX pacdyeTax i TpyO KPyTioro ceueHus OObIYHO MPUHUMAIOT HIDKHEE
3HaueHue  Re = 2320.

2. Cxema u onucanue 1abopaTopHOro CTeH 1A

HaOnronenne 3a pexxumMaMu — JBIDKCHHS  OKMJKOCTH — TPOBOJSTCS  Ha
71a00paTOPHOM CTEH/IC.

XKunkocte u3 pesepByapa 1 moctymaer u3 TpyoOorpoBona 3. IlocTosHHBIM
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YpPOBEHb B pe3epByape MOJJIECPKUBACTCS NPU TOMOIIM CTEHKH 2.
[ToakpamienHass *KUAKOCTh B CTEKISIHHYIO TpyOy IMocTymaer u3 cocyna 4.
JlnameTp crekiasHHONH TpyObl d = 32 mwm. Benumuwmna pacxoma xuukocta Q
pEryjupyeTcs BEHTHIEM 6 U ONpeAesieTcsi 00bEMHBIM CIIOCOOOM.

3. [opsigoK BEINOJHEHUS Da6OTBI

1. OTKpBITH BEHTWJIb HAa MOJIAIOIIEM TPYOOIIPOBOJIE.

2. YOenuBmuCh B TOM, YTO YPOBEHBb KUAKOCTU B pe3epByape HE M3MEHSETCH,
OTKPBITh BEHTUJIb 6.

3. [IpuOTKpHITh BEHTUIb 7 W TIOJATh MOAKPAIICHHYIO KUIKOCTh B CTCKIISTHHYIO
TpyOy.

4. Hcnosb3yss MEpPHBIM COCyl W CEKYHIOMEp, ONPEIACIUTh BEIUYNHY

ITIPOITYyCKacMOI'o pacxonaa.

5. 3meputhb TemMiiepatypy BOJBL.
6. Bectun Bu3yanbHbie HAOTIOIEHUS 32 XapaKTEPOM JABUKEHUS MOIKPAIIEHHON

KHNIKOCTHU Ha (bOHe OCHOBHOTI'O IIOTOKaA.

7. I3MEHHUTHh C MOMOIIBIO BEHTWIS 6 pacxoj BOJbI B TpyOe W MOBTOPHUTH

OTBITHI 2-3 pa3a.

PGSyanaTBI OIIBITOB 3aHCCTHU B Ta6J'H/II_Iy.

4. O0paboTKa YKCHEPUMEHTAIbHBIX JAHHBIX

Tabnuua 2.1.
Pe3ynbTaTel H3MEPEHNI U PACUETOB
Ne Temnep | Kunema | O6vem | Pacxon | Cpen Yucno Xapakre T, C
OIIbITa arypa TUYECKHA | BOABI B | BOABL, HsA Peitnon | p
BOAbl, t, | f mepHoM | Q, m/c ckopocT | nca, Re | pexuma
°C koohdu | cocyne, b, V, M/C JIBUKEH
IIUEHT W, M Hst
BSI3KOCT KHJIKOC
u, v, ™
M/c
1 2 3 4 5 6 7 8 9

Kunematnueckuii k0o3(GUIHMEHT BS3KOCTH MPUHUMAETCS

JUTCPATypC B 3aBUCHUMOCTH OT TEMIICPATYPLI BOALI.

Pacxonx BoabI:

Q:

w

s
T
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M/c

[0 CIPaBOYHOM

(2.2)




CpenHsisi CKOpOCTb:

4-Q

V:
n-d?

; m=3,14 ; d - B MeTpax. (2.3)
UYucno Peitnonbaca onpenensercs o ¢opmysie (2.1).

5. Bonpocks! 111 caMOIIPOBEPKH

1. Kakue pexuMbl ABMKEHUS  KUAKOCTH  CylIecTBYOT? YeM  oOHHM
XapaKTEpU3yIOTCs?

2. Otyero 3aBucut uncio Peitnonsaca?

3. Bnuser mu ¢dopma TpyOnl (KaHala) HA BEJIMYUHY KPUTUYECKOTO 4YHCIA
Peitnonbaca?

4. 3aBUCUT T KpUTHUECKOE unciio PeiHombca 0T 00BIYHO BCTpeUaroencs
IIIEPOXOBATOCTH CTCHOK TPYO?

5. YUTO Ha3bIBAIOT PACXOAOM KUAKOCTHU?
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JIABOPATOPHAS PABOTA Ne 3

WNCCJIEJIOBAHUE YPABHEHMS BEPHYJUTU JUTSI TIOTOKA BSI3KOU
KUJIKOCTHU

#lIpakTuyeckuiitPa3znen
Ileab pabotel: I[locTpoeHne NbE30METPUYECKOW M HANOPHOM JIMHHMMA IS
TpyOOIIPOBO/Ia TEPEMEHHOTO CEUCHHUS.

1. Teopust Bonmpoca

YpaBHenue bepHymIm Ui MOTOKAa BS3KOM JKHUJKOCTH, OJHO M3 OCHOBHBIX
YpaBHEHHM THJIPABIIUKH, UMEET CIICTYIOIIUA BU/I:

P V2 .2
zl+—1+a ! =zz+&+&+h : (3.1)

y 29 y 29 "

rne: Z; U Z, — PacCcTOSHUE OT IUIOCKOCTU CpaBHEHMs (TOPU3OHTAIBHOM
IUIOCKOCTH) 0 IEHTPa PACCMaTPUBAEMBIX CEUCHUM;
P1 u P, — ruaponuHamMuyeckue NaBiICHHUS B TEX XK€ CEUCHUSX, IS
KOTOPBIX OINPEAENAeTCA Z1 U Zy;

V1 U V, — CpEJIHUE CKOPOCTH B PACCMAaTPUBAEMBIX CEUEHUSX;

0 — KOI(PPUIMEHT KUHETHYECKOW OHHEpruM IMoToka (KorpduiIHreHT
Kopuosnuca), y4yuThIBaromMii HEPABHOMEPHOCTh paclpeeiaeHUs
CKOPOCTEH B dKUBOM CEUEHHH MOTOKA;

hy — CyMMapHbIe TOTepH Hamopa.

Nnnexcamu 1 1 2 0003Ha4YEHBI BEJIMYMHBI, OTHOCSIIUECS K CEUEHHUSIM ITOTOKA
COOTBETCTBEHHO BBIIIIE€ U HUKE I10 TEUCHUIO.

P
Cymmy z+— HA3bIBAIOT NHE30METPUUYECKUM HAIMOPOM. ITOT HAmop

IIOKa3bIBACT MbE30METP, YCTAHOBJICHHBIM B pPacCMaTpMBAaEMOM cCeueHuU. JIuHus,
COCJMHSIONIAs YPOBHH KUJKOCTH B IIb€30METPAX, HA3BIBAETCS [IbE30METPUYECKOM.
2
a-v

Bennunny Ha3bIBAlOT CKOPOCTHBIM HAmopoMm. EciM OT Nmbe30MeTpruyecKou

JIMHUU OTIIOKUTH B KAXKJIOM CEUYECHUU IIOTOKA OTPE3KHU, paBHBIC COOTBETCTBYIOLIIUM
CKOPOCTHBIM HAamopaMm, M KOHLBI 3TUX  OTPE3KOB COCAWHUTH, TO IIOJYYUM
HaIOPHYIO JUHHUIO.

PaccrossHME OT IIOCKOCTHM CpaBHEHUS [0 HANOPHOM JIMHUM Ha3bIBAIOT
TUAPOAMHAMUYECKUM HAIIOPOM.

Ecnu oT HamopHOM JIMHUKM TIEPBOrO CeYeHUsi TpyOOINpoBoJa MNPOBECTU
TOPU3OHTAIBHYIO MPSMYK), PACCTOSIHUE OT 3TOW MPSIMOW IO HAIIOPHOW JIMHUU
BTOPOI'O CEYEHUSI ONPEACIUT BEIIMUMHY, KOTOPYIO Ha3bIBAIOT OTEPEN HAIOPA.
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Bemnunny E; n E; XapakTepu3yloT MOJHYIO YIEIbHYIO 3HEPTHIO IOTOKA B
ceueHusx 1-1 um 2-2.

P
Benuuuna z, + -1 XapakTepusyeT MOTEHIMAIbHYIO SHEPTHIO B ceyeHuu 1-1, a

P. a-v! a-v:
Z,+—% - B CEUCHUH 2-2; L u 2
Y 29
SHEPTUU B TEX ke CEUeHUsX moToka. [loTepu moiaHOM yAenbHONW SHEPTUM MOTOKA

MeXay ceueHusmu 1-1 u 2-2 OynyT:

XapaKTEpU3yIOT BEJIMYMHY KUHETHYECKON

he=E; - E, (3.2)

[Ipumenenue ypaBHeHHs bepHymiMm OCHOBBIBaeTCSI Ha COONIOACHUHU JIBYX
OCHOBHBIX YCIIOBUW: 1) JBH)KEHHE S>KHJIKOCTH MEXIYy CEYEHUSIMH IIOTOKA
JOJKHO OBITh YCTAaHOBUBLIMMCS; 2) ABM)KEHUE KHUAKOCTU B PacCCMATPUBAEMBIX
CEUEHUSX JIOJKHO OBITh MapajuIeIbHO-CTPYNHBIM WU IJIABHO U3MEHSIOLIUMCS.

2. Cxema M OIMCAHNE Ha6ODaTODHOﬁ YCTAaHOBKH

OmbBITHI IPOBOATCS HA TPYOOIPOBOAC MmepeMeHHOro cedenus (d; = 16 MM u
dy =36 mMm).

Ha xapaktepHbIX y4acTkax TpyOOIpoBOAa 2 YCTAaHOBJIEHBI MbE30METPHI 3.
Bce nbe3omerphl BBIBEICHBI Ha CHEUUAIBHBIA IMUT 4, HYJb ILIKaJbl KOTOPOIO
COBIIQJIa€T C IUIOCKOCTBIO CpPaBHEHHUS, MPOXOJSIIYIH0 MO OCH TpyOompoBoja.
YpoBeHb BO/IbI B HAIOPHOM Oake MOAACP>KUBAETCS MOCTOSHHBIM. Pacxon BOIbI B
TPyOONIPOBOE ONpPEALNAETCS 00BEMHBIM CIIOCOOOM.

3. I1opsiioK BBITOJIHEHUS PAOOTHI

1. Jlo navana paGoThl yOeauThCA B OTCYTCTBUU BO3JyXa B Ibe3oMeTpax (Ipu
OTCYTCTBUM JIBIDKCHHS BOJBI B TPyOOMpOBOJE MbE30OMETPHI  JOJKHBI
MOKa3bIBaTh OJMHAKOBBIC BEJIMUYUHBI HATIOPOB).

2. OTKpBITH BEHTWIb | W TOAAaTh B TPYOONPOBOJ HEKOTOPYIO BEIHYUHY
pacxoja.

3. VYOemuBmuchr B TOM, UYTO PEKHM JBUXKEHUS JKUJIKOCTH B TpyoOe
YCTAHOBUBIIUHNCS (XapaKTepU3yeTcsl IMOCTOSHCTBOM YPOBHEHW B IbE30METpax),
CHATH MOKa3aHUs MbE30METPOB U 3aHECTH B TAOJUILY.

4. Ha ocHOBaHUU pe3yJIbTaTOB TaOIMILI | MOCTPOUTH MbE30OMETPUUECKYIO U
HaIOpPHBIC JIMHUHU.

5. C noMompi0 MEPHOTO0 COCyla U CEKyHIOMEpPAa YCTAaHOBUTH BEIHYUHY
pacxojia, oJlaBaéMoro B TpyOOIIPOBO/I.

4. O0pabOTKA YKCHEPUMEHTAIBHBIX JAHHBIX
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Taomuma 3.1.

Pe3ynbTaThl n3MepeHuit U pacueToB

NoNe Bennunna Pazmep- Howmepa ceuennii (mbe30MeTpoB)
/1 HOCTb 1(2|3(4|5/6|7|8|9]10
1 2 3 4156 |7(8]9]10]11|12 |13
1. IInomank KUBBIX CCUCHUM, W M°
2. | YaenbHas MOTEHLIMAIbHAs M
P
sHeprus, Z +—
/4
3. | CkopocTs, V M/C
4. | YaenpHas KUHETUYecKas M
a-v?
SHEprus,
5. | Ilonnas ynenbHas sHeprus, E M
6. | Ilorepu SHEPTruu MEXIY M
COCEIHMMHM CeUeHUIMH, Ny,
Pacxon sxuakoctu onpeaensiercs o hopmyie:
W
Q=", M (3.3)
T
. 3.
rae: W — 00beM KUJKOCTU B MEPHOM COCYJIE, M,
T — BpEM: HAITOJIHEHUA COCYya, C.
CpenHssi CKOPOCTh B CEUEHHUSX MOACYUTHIBACTCS 1Mo (hopMmyrie:
v=2 . m (3.4)
W
rae W — miomanb *KUBOro CEUYEHUs MOTOKa, M2,
IIpu ompeneneHnn ynenbHOM KMHETHYECKOM DHEPIrUM NOTOKA NPHUHATH O =
1,1.

[TonHas yaenbHas SHEPrus MOToKa onpeaenseTcs mo gopmyne 3.1.
[ToTepu sHepruum MeEXIy CeYeHUsMHU ompeaessitorcs no dopmyne 3.2. Ha

OCHOBaHMHM 2 u 5 TrTpad TaOAUIBI HAA CXEeMOW TpyOOmpoBOJa CTPOSTCS
MbE30METPUYECKAsI U HATIOPHAS JIMHUH.

5. Borpocsl Juis caMOOpOBEPKU

1. OOBsicHUTE TEOMETPUUECKUI U DHEPTETUUECKU CMBICI ypaBHEHUS bepHyn.
2. Kakue cymiecTByrOT OrpaHUYEHHS 111 IPUMEHEHUS] ypaBHEHUs bepHyu?
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3. Yrto yuutsiBaeT ko3puument Kopuonuca?

4. B xakoM ciy4yae COCEIHHE Ibe30METpPbI, YCTAaHOBJICHHBIE Ha TPyOONpoBOjE
MIEPEMEHHOTO CEYCHHUS, TTOKAXYT OJMHAKOBbIC 3HAYCHUS HATIOPOB?

5. Byayr nu oTaMyaThCs IMOKa3aHUS IEPBOIO U JIECATOrO IHE30METPOB IMpHU
OTKPBITOM BEHTHJIE Ha BXOJE U 3aKpbITOM OTBEPCTHMM Ha BBIXOJE U3
TpyOompoBoaa?
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JIABOPATOPHAS PABOTA Ne 4

OINPEAEJIEHUE KOOODUIIMEHTA I'M/IPABJIMYECKOI'O TPEHUA
CTAJIBHOI'O TPYBOIIPOBOJA

#lIpakTuyeckuiitPa3znen

Ilenb  paboTel:  OKCIEpUMEHTaJdbHBIE  OmpesesieHuss  KodduiueHTa

THJIPaBIMYECKOTO TPEHUS M CPaBHEHHE €r0 C pe3yJbTaTaMu,
BBIUHCJICHHBIMU TI0 (hOpMYyJIaM.

1. Teopust Bompoca

CyMmMapHBbIe IOTEPU HANoOpa, BXOAAIINE B ypaBHEHNE bepHyun, BKIIFOYAIOT B
ce0s MOTepU Haropa Mo AJUHE M MecTHble notepu. [loTepsMu Hamopa o AjuHe
Ha3bIBAIOT NOTEPH HAropa, 00yCcIOBICHHbIE paOOTON CUJI TPEHUS, BO3HUKAIOIIEH B
JBIKYILENCS peanbHOU (BA3KOW) KUAKOCTH. [Ipu NBUKEHNH peaibHOM JKHJIKOCTU
B HAIOPHOM IIWJIMHAPUYECKOM TpPyOONpOBOJEe MOTepH Hamopa h; mo mHe
onpenenstores no Gopmyne Jlapcu-BelicOaxa:

| -v?

29 (4.1)

h =4

rae: A — Ko3(QPUUuueHT ruIpaBaIndeckoro Tpenus win kospduuuent Japcu;
| - nnHA pacdeTHOTrO y4yacTka, M;
d — mmHA pacdyeTHOTO TPYOOTIPOBOA, M;
V — CpeaHsisi CKOPOCTh MOTOKA, M/C;
g — YCKOPEHHE CHITBI TSKECTH, M/C’.

Kosddumment A B o0mem ciydae 3aBUCUT OT IIEPOXOBATOCTH CTEHOK
TpyOompoBoa 1 uncia PeltHonb/ca, BIUSHUE KOTOPBIX MPOSIBISETCS O-PA3HOMY.

Jnst ompenenenus Kod(p@uimeHta A CyIMIECTBYET Psi OMIUPUYECKUX H
nosryamnupudeckux dopmyin. [lpu mamuHapaoMm pexume (T.e. mpu Re < 2320) A
onpenensetcs o ¢popmyie [lyaiizens.

a=2 (4.2)

[Ipu TypOynE€HTHOM peKUME CIAEAYET BbIACIUTH TPU 00JIACTH:
1) o0nacTh ruApaBIUYECKH TIIAJKUX TPYO MpH 3HAUYEHMIX vKciia PeliHonbaca

B nipeaenax 2320 < Re < 20%; Kod(puIMeHT A 11 3TOM 00JaCTH OMpPEIeAeTCs

2

no ¢opmyine [1.K.Konakosa:

1
A= 4.3
(1L8lgRe-15) (4:3)
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2) nepexoHasi 00JacTh IpH 3HAUEHMIX yucia PeitHonbaca B mpenenax

2004 <Re<s500 %
A A

Koaddummument A mms stoit obmactu onpenensercs mo dopmyne A.J[. ATbTITys:

A=011( + 22) (4.4)

3) oOnacTp TIUIPaBIMYECKH IIEPOXOBATBIX TPyO IMpU 3HAYEHUSX YHUCIA
Peiinonpzaca

Re>500 %
A

9

Koaddumment A qi1s1 3Toit odnactu onpeaensiercs o popmyine b.JLIIudpuncona:

A=0,1 1(Ai)°'25 (4.5)

B BbimenepeuucieHHsix QopMymnax A, — 5SKBUBAJICHTHas aOCOJIOTHAs
HIEPOXOBATOCTh CTEHKH TPYObI (IPUHUMAETCS U3 CIIPABOYHOM JIUTEPATYPHI).
Onpenenenue A 1O yKa3aHHBIM (opMmyjiaM oOOJerdaeTcss HCMOJIb30BaHUEM
CYILLECTBYIOIIMX HOMOTPaMM.

2. Cxema u onrcanue 1a00paToOpHON YCTAHOBKH

Cxema nmabopaTopHO# aHanmoruyHa jabopaTopHoit paboTel Ne 3. OnbITHBIN
y4acTOK TpyOompoBoaa IJIMHOW 5,5 M M JuaMeTpoM 16 MM TPUHAT MEXIY
ceuenusimu Ha VI u VIII npezomeTpax.

3. [Topsi1OK BBIOJIHEHUS PAOOTHI

1. Y6eauTscsi B OTCYTCTBUM BO3/1yXa B MbE30METpaXx.

2. OTKpbITh BEHTWIb | U yCTAaHOBUTH B ONBITHOM TPYOONPOBOJE HEKOTOPYIO
BEJIMYMHY pacxoja.

3. Ilocne crabwmmzauuu mnokaszanuii VII u VIII npezomerpoB 3anectu B
Ta0JIMILy BETUYUHY [Tb€30METPUUYECKUX HAMTOPOB.

4. C noMoIIbi0 MEPHOTO HMWJIMHAPA U CEKYHJIOMEpPa ONPEAEIUTh PACX0/l BOJIbI
B TpyOOIpOBOIE.

5. U3meputs TemniepaTypy BOAbI B HA4aJI€ U B KOHIIE OIIBITA.

6. OnbIThl TOBTOPSIIOTCS 4-5 pas.
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4. O0pabOTKA YKCHEPUMEHTAIBHBIX JAHHBIX

Taomuma 4.1.
Pe3ynbpTarhl U3BMEPEHUN U pacUETOB
NoNe | Cpenn | Kunemaruu | Ilsezomerpuueck | Ilorep | Cpenn | Uucno | Koaddummen
OIIBIT sl ECKHM H€ HAIOPBbI u s Peiinon T
a Temne | Koa(duiue Hamopa | CKOpoc | bjca, | THIpaBIAYEC
patypa HT o Tb, V Re KOI'0 TPEHUS
BOJBI, | BA3KOCTH, V, B B JIMHE, Omnbl | Beru
t, °C M/c CEYEHH | CEUCHHU hy THBIM | HCIe
u VIl u VIl HHBIH
1 2 3 4 5 6 7 8 9 10

Kunematnueckuii Ko3(P(PUUUEHT BSI3KOCTU OIpPEAENAeTCS IO CIPaBOYHON
JUTEPATYpE B 3aBUCUMOCTH OT CpeAHeil Temneparypsl Boasl. [loTepu Hanopa 1o
JUIMHE OTNPEAENSIIOTCA KaK pa3HOCTh Ibe3oMeTrpuueckux Hamopos B VI u VIII
CEUYCHUSX.

CpenHssI CKOPOCTh BOJBI B TPyOONpPOBOJE BBIYHCIIACTCSA IO HW3BECTHOM
dbopmyie:

V:_4'Q2 , M/C
n-d
(4.6)
rie: Q:Vl, M/c
T
v-d

Yucno PeliHonbaca Beuucasiercs no popmyne Re = U 10 €ro BEJIIMYMHE

OMpenensieTcsl PeXUM JABUKEHUS W 00JacThb CONPOTHUBICHHS BOJABI B
TpyOonpoBoe. ONbITHBIE 3HAYEHUS A TOTYy4aroT U3 Gopmyisl 4.1.

2g-d-h
L= 29 el 4.7)

l-v
B 3aBucumocti 0T 001acTM COMPOTHBIICHUS BBIYUCIISETCS BEITUYHHA
kodpdurmenta A mno dopmymam (4.2) — (4.5) u cpaBHHBaeTCS C

OKCIICPUMCHTAJIbHBIMHA 3HAYCHUAMMU.

5.Bonopockl 1Jig caMOIIPOBEPKHA
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1. JaiiTe onpeneneHue noTepsiM Haropa no JJIMHe.

2. Kak Beirnsimut opmyina Jlapcu-Beticoaxa?

3. Kakue o01acTu cOnmpoTUBIICHUS CYIIECTBYIOT MPU TYpOYJIECHTHOM JBHXKEHUU
KUIAKOCTH B TpyOOIpoBoe?

4. Ot yero B 00111eM ciiydae 3aBUCUT KOADOUIIMEHT TUAPABINYECKOTO TPEHUs?

5. IloueMy moTepu Harmopa 1o JUIMHE JUIsl TPYOOIpoBOa MOCTOSSHHOTO CEUCHUS
PaBHBI Pa3HOCTH MMbE30METPUUECKHUX HATTOPOB?
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JIABOPATOPHAS PABOTA Ne §

OKCIIEPUMEHTAJIBHOE OITPEAEJIEHUE KOOOOUITUEHTOB

MECTHBIX COITPOTUBJIEHUI

#llpakTuueckuiiPa3aen

Lenb paboTel: OnpeneneHne SKCIePUMEHTATBHBIX 3HaYeHIH K03 PHUIIMEHTOB
MECTHBIX COMPOTHBICHUNH B CIydyae PE3KOro pacIIupeHHs,
PE3KOro Cy>KEeHUus, IOBOPOTA TPYOOIIPOBOJIA U COIIOCTABIICHNE

HX CO CIIPAaBOYHBIMH JaHHBIMH.

1. Teopust Bompoca

Ha oraenpHBIX ydyacTkax TpyOOnpoBOja, € MUMEIOTCS MOBOPOTHI, U3MEHEHUS
CEUYEHUH M T.JI., BOSHUKAIOT MECTHBIE TNOTEpH, OO0YCIOBJIEHHbIE PAOOTOM CHUI
TpEHUsl. DTU CUJIbI TPEHUS B 30HAX PE3KO U3MEHSIOUIErOCs JBUKEHUS KUIKOCTH
pacupenesnsoTcs B MOTOKE BEChbMa HEPAaBHOMEPHO. B 3Tux MecTtax mpoucxoauT
M3MEHEHUE CKOPOCTEHd TOTOKA [0 BEJIMYMHE W HANpPaBJICHUIO, OTPHIB
TPAH3UTHOM CTPYH OT CTEHOK TPYObI ¢ 00pa3oBaHMEM BOJOBOPOTHBIX 00JACTEH.
Bosmynienne conpoTuBieHUsI CKas3blBaeTcsa Ha paccrosHuu 10-15 numamerpos

TpyOOIpoOBOJA.

MecTHyI0 MOTEPIO HAMoOpa MPUHSITO BEIYUCIIATH 1o dhopmysie Beiicbaxa B moJisax

CKOpPOCTHOI'O HAI1opa:

2
hM:CMV_ SM
29

rae: Cy — 6e3pasmMepHbIii KO3 GUITUEHT MECTHOTO COMIPOTUBIICHUS;

V — cpemHsis CKOPOCTh TIIOTOKAa 3a YYacTKOM C
COTIIPOTHUBIICHUEM, M/C.

N3  Beipakenust (5.1) ombiTHOE 3HaUeHHE KOAPGUIIMECHTA
COTIPOTUBIICHUSI:

2gh

M

2. Cxema U onMcaHue JIa6ODaTODHOﬁ YCTAaHOBKH
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CxeMma nabopaTopHOM yCTaHOBKH aHAJIOTMYHA JabopaTopHOil padoTe No 3.

Pe3koe pacmmpenue ucciaenyeTcst Ha yaacTke TpyOOonpoBoIa MEXKy CEUCHUSIMU
| u I, pe3koe cyxxkeHue — Mmexay ceueHusimu V u VI.

BrixonHo#t yuactok TpyOompoBoaa (Mexay ceuenusimu |X u X) mnpencraBieH
gyeTepbMs TIoBopoTaMu (o = 90°). Ha aToM ydacTKe ompejensercs BeIMdrHa

ITOTCPb HAIlOpa KaK Ha pE3KOM ITOBOPOTC.

3. IlopsimoK BBINOJHEHUS PAOOTHI

1. Yoenutncst B 0OTCyTCTBUM Bo3ayXa B mbe3ometpax I, I, V, VI, I1X, X.
2. OTKpBITh BeHTWIb | ¥ moj1aTh B TpyOONPOBOJI HEKOTOPYIO BEJIMUUHY Pacxoja
BOJIBI.

3. YOeauBIIKCh B TIOCTOSIHCTBE Pacxojia, U3MEPHUTh €TI0 BEIMYUHY (0OBEMHBIM
CIIOCOO0OM).

4. CHATH IOKa3aHUS MTHE30METPOB U 3aHECTH UX B Ta0nuiy S.1.

Tabnuma 5.1.
Pe3ynprarsl uamepeHuii
OTcueTsl 110 MbE30METpam O06beM BOIbI Bpewms
Bun conporuBienus | nlv Ll x| x | Beocyre, W, | HanmoiaHeHUs
1 cocyna, T, €
1 2 | 3|45 |6 |7 8 9
Pe3koe pacmmpenue + +
Peskoe cyxxeHue + | +
[ToBopoT TpyOBI + | +
4. O6paboTKa YKCIEPUMEHTATbHBIX TAHHBIX
Pacxon Boabl B TpyOOTIPOBO/IE MOJACYUTHIBACTCS MO (popMmyIie:
w
Q==—, (5.3)

T

CpeI[HHSI CKOPOCTb JABHIKCHHA TIOTOKA B COOTBCTCTBYIOIIUX CCUCHUAX
BBIYHNCIIACTCA:
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(5.4)

Ol'[peI[eJI}IeTCH IMOJHaA yACJIbHaA SHCPIuA IIOTOKAa 10 MCCTHOI'O COIIPOTHUBIICHUSA
H II0CJIC HCT'O.

P v
E=z+ 2 (5.5)
A9 29
P o
rae: Z + — - IBbE30METPUYECKHMH HAIOP B COOTBETCTBYIOLIEM CEUCHHU
A~

(0TCUeT Mo MbE30METPY).

Ecan HpeHe6peqL HOTGprI Hallopa 110 AJHMHC, TO MCCTHAA IIOTCPsA HaIloOpa Ha
Y4aCTKC COIIPOTHUBIICHU:A OIIPCACILACTCA KaK:

hM = E]_ - E2 (56)

rne: E; u E; — monnas ynenbHas sHeprusi IoTOKa COOTBETCTBEHHO JI0 U TIOCIIE
COIPOTHUBJICHUA.

C nmnomouiplo BbeIpakeHUs (5.2) TOJCUMTHIBAIOTCS OMNBITHBIE 3HAYEHUS
K03 ULIMEHTOB COMPOTUBJICHUHN, KOTOPHIE COMOCTABIISIOTCSA C BHIYUCICHHBIMU
WJIA CIPAaBOYHBIMH TAHHBIMU.

[Ipu onpenenenuu ko3(h@PUIMEHTA MECTHOTO CONPOTUBIIECHUS HA TOBOPOTE
TpyObl Mo (opmyne (5.2) BenmuumHy h,, Kak pa3sHOCTh IMOJHBIX YICIbHBIX
sHepruii B ceuenuu | X u X, cnegyer pazaenuTs Ha YEThIpE.

Tabmmma 5.2.
Pe3ynprarsl pacueToB
Bun CpenHsisi CKOPOCTb [TonHast ynenbHas MectHbIe Koaddunment
MECTHBIX B CEUEHUSX, V SHEPIHUs B CEUCHHUSX, noTepu MECTHBIX TIOTEPh
COIIPOTHUBJICH E Haropa hy,
4471 Jo 3a Ho 3a M U3 4]
COIIPOTH | COMPOTH | COMPOTHUB | COMPOTHB OIBITa | CIIPABOYH
BJICHMS, | BICHHEM | JICHUSA, M | JICHHEM, G’ uka ('
Mm/c , M/C M
1 2 3 4 5 6 7 8
Peskoe
pacumpeHue
Peskoe
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Cy)KEHUe

IToBOpOTEI
TpyOBI

5. Borpock! 11 cCaMOIIPOBEPKH

1. UeM BbI3BIBAIOTCS MECTHBIE MTOTEPU Hamopa?
2. Kak Boiryisinut popmyna A onpeaesieHus noTepb Haropa?

3. Kak ONBITHBIM IIyTEM OIIPCACIINTL BCIIMYHHY MECTHOM IIOTCPHU HAIIOpa Ha
COHpOTI/IBJIeHHe?

4. Ha xakoi JJIMHC IIOTOKA CKAa3bIBACTCS BO3MYIIICHHC COHpOTI/IBHGHI/IH?

5. OT Kakux MmapaMeTpoB 3aBUCUT KOIDPHUITUEHT MECTHOTO COITPOTUBIICHHUS?
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JlabopaTopHasi padora Ne 6

NCCJIENOBAHUE UCTEYEHU A XXUJIKOCTU U3 OTBEPCTUI 1
HACAZKOB ITPU IIOCTOAHHOM HAIIOPE

#lIpakTrnueckniiPazgen
[leap paboTel: DKCHIEpUMEHTAIBHOE ONpeaeieHne KodppuimeHToB pacxoma,
CKOpPOCTH, CXKaTud W COIPOTHUBJICHHA IIpU HCTCUCHUU
KUIAKOCTHU M3 OTBCPCTHA B TOHKOU CTEHKE U HaCaJOK IIpH
IIOCTOAHHOM HAIIOPC U CPABHCHHC ITOJIYUYCHHBIX 3HAUEHUU CO
CIIpaBOYHBIMH.

1. Teopust Bompoca

ManbiM Ha3bIBaeTCSI TAKOE OTBEPCTHE, MPH pacyeTe MCTEUYECHUS U3 KOTOPOTO
npeHeOperaT CKOPOCThI0 oaxoa. i 3Toro T0mKHO COOMI0AATHCS YCIOBHE:!

d<0,1 H (6.1)

rae: d — quaMeTp OTBepPCTHS;

H — Hanop Hag EHTPOM OTBEPCTHS.

CreHka cuMTaeTcs B TUPABIMYECKOM CMBICIIE TOHKOM, €CITU €€ TOoImuHa 0 < (2-
2,5)d. Ctpys KMIKOCTH Ha BBIXOJE M3 OTBEPCTHS PE3KO cyxkaercs. Takoe
ckKaTue 00YCJIOBJICHO MHEPIIMEH YaCTHI] KUJIKOCTH, IBIKYIIIUXCS TIPH MOAXOE
K OTBEPCTHUIO 10 KPUBOJUHEHHBIM TpaekTopusM. IIpu aTom Ha pacctosauu |, =
0,5d or BHYTpeHHEH MMOBEPXHOCTH CTEHKH (OPMHUPYETCS CKATOE CEUCHHE.
[Tnomaap 3TOro ceyeHus: ONpeAesieTCs 3aBUCHMOCTBIO:

W.=¢ W (6.2)

rjae: € — KO3(PQUUUEHT CXKATUsl CTPYH;

W — IUIOIIA/Ib OTBEPCTHUS.

Cpennsisi CKOpOCTh B C3)KaTOM CEYEHHH OIpeessaercs no Gopmyie:

V.=¢42gH , m/c (6.3.)
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rae ¢ — 6e3pa3MepHbIi KOAGOUITUEHT CKOPOCTH;

2
g — YCKOpEHHUE CUJIBI TSKECTH, M/C”.

Benuuuny ko3¢ duiinenta CKOpocT MOKHO ONIPEETUTh U3 (HOpMYIIbL:

¢ = m , (6.4)

rae: X u'y — abcuucca U OpAMHaTa TPAEKTOPUU CTPYU B CUCTEME KOOPAHMHAT C
HayaJioM, JIEJKaIEM B LEHTPE CHKATOIO CEYECHMUS.

Pacxon »KuaKoCTH NMPU UCTEUEHUH U3 OTBEPCTHUS OIpeieisercs no Gpopmye:
Q=p wWy2gH , (6.5)

rae: U — Ko3hdHUIIMEHT pacxo/a;

2
W — IJI011aJ1b OTBEPCTHUS, M.

N3 popmysl (6.5):

__Q
] (6.6)

Koaddumment pacxoga mpeacraBisieT OTHOUIEHUE JEHCTBUTEIBHOIO pacxoia
KUAKOCTH K PACXOAY UACANbHOU KUAKOCTH 0€3 yUeTa CoKaThsi CTpYyH.

KoadduimenT cxxarust ctpyu onpeaensercs 1no 3aBUCUMOCTH:
g=4 (6.7)
¢

Koaddunment conporupieHus: onpeaesieTcs mo hopmyie:
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(=41 (6.8)

2
Hacagkom Ha3bpiBaeTcs KOpOTKas HamopHas TpyOa mmaHor | = (3-4)d,
NPHUCOCAMHCHHAs K OTBepcTHio. [Ipy THApaBIMYEeCKOM pacueTe Hacajika
YYUTHIBAIOTCS TOJIBKO MECTHBIC IIOTEPH HAIIOPA.

Paznuyaror ciienyroiirie OCHOBHBIE TUITBI HACAJIKOB: BHEIITHUMN HUJIUHIPUYECKUN
HacaJloK (Hacanok BeHTypu), BHYTPEHHUI MWIMHAPUYECKUNA HACaIOK (HacagoK
bopna), koHuueckuii, KOHOWJAIbHBIM. Hacamku yBeIMYMBAIOT MPOMYCKHYIO
CITIOCOOHOCTH OTBEPCTHS.

PacdeTHbIe 3aBUCMMOCTH TIPU UCTEUEHUHU KUJKOCTH Yepe3 HACAJKH Te€ JKe, UTO U
Ipu HCTEYeHUH u3 oTBepctuil. Crnemyer 3aMeTuTh, 4uTo B (opmyrne (6.5)
BEJIMYMHA W — IIJIONIA/Ib HAaCaJIKa Ha BBIXOJIE.

[Ipu nBUXKEHUU KUIKOCTU B Hacajake BeHTypu obOpasyercs ckatoe cedeHue,
MOCJIE KOTOPOTO CTPYs PACIIUPSIETCA M BBITEKAET MOJHBIM ceueHneM. CxkaTyro

30Hy CTPYyM B HacaJIkeé OXBAaThIBAIOT BOJOBOPOTHBIC O0JIACTH, TJIC€ BO3HUKACT
BakyyM (Ny.c = 0,94H).

2. CxemMa 1 onrcaHue Ja00paToOpHOU YCTAHOBKH

Bonma B eMkoCTh 1, B CTEHKE KOTOPOM CHENIaH CIEUMAIBbHBIN KPYTJIbIM BBIPES,
nocrynaer mo TpyodomnpoBoay 2. Pacxom Boabl, MOCTymarouied B €MKOCTb,
perynupyercs BeHTwieM 8. /[ noanepx’aHusl NOCTOSHHOTO HAIopa, BeJIMYMHa
KOTOPOTO M3MEpSAETCS Mbe30MeTpoM 4, ciykuT TpyOa 3. OTBepcTHe B €MKOCTU
MOXET IEPEKPHIBATHCS KianaHoM 5. M3mepenue pacxona CTpyH NPOU3BOIUTHCS
C TIOMOIIBIO MEPHOIO coCcyna 6, YCTAaHOBJIEHHOTO Ha TeNexXKe. [ nu3mepeHus
KOOPAMHAT LIEHTPa IIPOU3BOJIBHOIO CEUEHUS CTPYH CIIYKUT KOOPAUHATHUK 7.

3. Ilopsimok nmpoBeaeHUsT padOTHI

1. OTKpBITH BEHTWIb HA MOJAIOIIEM TPYOOIIPOBOIE.
2. Ilocne ycTaHOBIECHMSI B €MKOCTH IIOCTOSHHOTO HAmopa, O YeM
CBHUETEIbCTBYET MHE30METP, OTKPBITH KJIallaH OTBEPCTHS.

3. [1o nbe30MeTpy U3MEPUTH HAMOP U C MOMOIIBIO KOOPJAUHATHUKA OTIPEAECIUTH
KOOPAMHATHI B TPEX MPOU3BOIBHBIX CEUCHUSIX CTPYH.

4. WsmepuTh 00bEeM BOABI B MEPHOW €MKOCTH, HAIOJTHUBIICHCS 3a
ONPEAECICHHBIN NEPUO] BPEMEHMU.

5. OTBepcTuE NEPEKPHITh U 3aKPENUTh Hacal0K BeHTypu.

6. ONBIT MOBTOPUTH C U3MEPEHUEM BaKyyma B HAaCaJKe.
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4, O6Da6OTKa OKCIICPUMCHTAJIBHBIX JaHHBIX

Tabmuma 6.1.

Pe3ynbpTaThl ©I3MEpEHUH U pacyeToB

Uccnenyemsrii | [Imoma | O6sem | Bpems | Pacxon | Hamop, | p [0} € C hyax,
00BEKT b BOJBI B | HAIIOJI , Q, H, m M
CEUYEHU | MEPHO | HEHHs, Mc
a1, W, M T,C
M2 cocyje
, W, M
1 2 3 4 5 6 7 8 9 10 11
OTtBepcTue
Hacagok
Bentypu
Tabmuma 6.2.
Koopaunatel ceuennii ctpyu
Uccnenyemblit 00BEKT Koopaunatsr Toukn
1 2 3
OTtBepcrue X, M
Y, M
Hacanok Bentypu X, M
Y, M

Pacxon Bogw! onpenensiercs no Gpopmysie:
W
Q=", (6.9)
T
Koaddummentsr pacxoma, CKOpPOCTH, CXKaTUS W CONPOTUBICHHS ISl Majoro

OoTBepcTHsI W Hacaaka BeHTypu moacumthiBatroTcs mo ¢opmynam (6.6), (6.4),
(6.7) 1 (6.8) 1 CpaBHUBAIOTCS CO CITIPABOYHBIMU JTAHHBIMHU.

6. Bonpochkl Juid caMOonpoOBEPKUA

1. Yto moapazymMeBaeTcs Mol MaJIbIM OTBEPCTUEM, TOHKOW CTEHKOM, HacaIKoM?

2. B uem 3akimrouaeTcst pU3n4ecKuil cMbICHI KO (UIIMEHTOB PacXoaa U CKOPOCTU?
3. Kakoe cooTHolIeHHE MEXIy KOIPPUIMEHTaMU pacxoAa U CKOPOCTH, MEXKIY
KO3 PUIUEHTAMH COIPOTUBIICHUS U CKOPOCTH?
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4. Uem OOBSACHUTH TO OOCTOSITENHCTBO, YTO PACXOJ >KHIKOCTH UYepe3 HACaIOK

Bentypu Oombiie pacxona XKUIKOCTH 4Yepe3 OTBEPCTUE NPHU IMPOYMX PaBHBIX
YCIOBUSIX?

5. BenencTBue yero B 00J1aCTH CKaTHs CTPYHM HacaJka BOZHUKAET BaKyym?
6. Kak BeIrnsigut dhopmMyna pacxoia yepe3 OTBEpCTUE U HACAIO0K?
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JIABOPATOPHAS PABOTA Ne 7
NCCIELOBAHHME HEIIOATOINVIEHHOI'O BOAOCJIMBA

C TOHKOM CTEHKOM

#lIpakTnyeckuiitPa3nen

Ilenb pabGoThl: DKCHepUMEHTANIbHOE OlpeneneHne KodpduireHta pacxoia

HEIMOATOIUIEHHOTO MNPSIMOYTOJIBHOTO BOJOCIMBA C TOHKOM

CTEHKONH 0e3 OOKOBOTrO CXaTWsi W CpPaBHEHHE €ro C
pe3ynbTaTamMu, BeIYHCIeHHBIMU 10 Gopmysie P.P.Uyraesa

1. Teopus Bonpoca

CoopyxeHue, uepe3 rpedeHb KOTOPOTO IPOMCXOJIUT IIEPEIUB IKUIKOCTH,
Ha3bIBAETCS BOJIOCIUBOM.

[To popme crenku (rmopora) pazauBarOT BOAOCIUBBHI: a) C TOHKON CTEHKOM; 0)
MPaKTUYECKOTO MPOQPUIIS; B) C IIMPOKUM OPOTOM.

K BomocimBaM ¢ TOHKOW CTEHKOW OTHOCSITCSI COOPYKEHUSI, IIPU NIEPETTUBE YEPE3
KOTOpBbIE€ CTPYysl TMOJHOCTBIO OTPHIBAETCS OT TpEOHS M TOJIIMHA CTEHKU HE
BIUsAET HA (OPMY CTPYU. DTO MPOUCXOJUT B TOM Cllydae, €CiIu rpeOeHb UMEET
3a0CTPEHHYI0 (OpPMY WJIH TOJIIMHA CTEHKH C IJIOCKUM TOPU30HTAIbHBIM
rpeOHEM OTHOCHUTENILHO MaJa:

§<0,67H (7.1)

rac: 0 — TOJIIIMHA CTCHKHM BOAOCJINBA,

H — reomeTrpuueckuii Harop Ha rpeOHE BOIOCITHBA.

ITo dopme BbIpe3a BOJOCIHMBBI ¢ TOHKOW CTEHKOHW IOJpa3leisIioTCs Ha: a)
IPsIMOYTOJIbHBIE; 0) TPEYToJIbHbIE; B) TpaelenAaIbHbIE; T) MapaboIndecKue.

[To ycnoBusiM mpoTekaHusi 4epe3 NpsIMOYTOJIbHbIE OTBEPCTUSI U B 3aBUCUMOCTH
OT COOTHOIICHHUsI pa3MepoB MHPHUHBI oTBepcThs (D) u moaBosIero kanana (B)
BOJIOCJIMBBI MOTYT OBITh: a) 0e3 00KOBOro cxatus, korjma b = B; 0) ¢ 60KOBbIM
ckatuem, korma b < B. [lo Tumbl compsiKeHUs TEpeIMBAOIICHCS CTPYH C
HWKHUM ~ Obe)OM  pa3ivyaroT BOJOCIMBBI: a) HEMOJATOIUIEHHbIE; 0)
MOJTOIJICHHBIE.

HpﬂMOYFOHBHBIﬁ BOOOCJIMB 6yz[eT HCTIOATOINICHHBIM, C€CJIN BBIITOJIHACTCA
COOTHOIIICHHUC:
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hs <P (7.2)

riae: hg — rmyOouHa Bojbl B HIOKHEM Obede (H.0.);

P — BrICOTA BOJOCIMBA CO CTOPOHBI H.0.

Pacxom JKUIKOCTHM Yepe3 HEMOJTOIUICHHBI MPSIMOYTOJIbHBIM BOJOCIHB C
TOHKOM CTEHKO# 0e3 OOKOBOI0 CxaTHsl onpeensieTcs no Gpopmyie:

2
Q = mOB\/E H3 , MB/C (73)

rae: My — KOB(b(l)HHHeHT pacxoda € y4€TOM CKOPOCTH IIOAXOOa IIOTOKa K
BOJOCIIUBY,

0 — YCKOpPEHHE CHUIIBI TSKECTH.

KoaddummenT pacxoga MokeT OBITH ONIPEneIieH M0 Pa3TuIHBIM SMITHPAYCCKIM
dbopmynam (bazena, Peboka u ap.). Haubonee panuoHanbHOM sBISIETCS
dbopmyna P.P.Yyraesa.

m, = 0,402 + 0,054% (7.4)

2. CxeMa " onucanue Jad0opaTopHON YCTAHOBKH

OnbITHI IIPOBOJATCA Ha MOACIIN BOJOCJIMBA, YCTAHOBJICHHOI'O B
I'uApaBIMICCKOM JIOTKC.

Pacxoa >KMAKOCTH, TMOJIaBaeMOM B THAPABIWYECKUM JIOTOK 4,0mpeessieTcs C
MIOMOIBI0 MEPHOTO BoJOocauBa 10, CMOHTUPOBAHHOTO B eMKOCTH 8. M3MepeHue
BBICOTHI BOJIOCJIMBA, HAmopa W TUIYOMH MOTOKAa MPOU3BOAMUTCS C TMOMOIIBIO
UT0JIbYAaTOro ypoBHeMepa 5. [l u3mepeHus TrIyOMHBI B H.0. MCHOJIB3YETCS
3aTBOP-KaJO3U /.

3. IlopsimoK BHIIOJHEHUS PAOOTHI

1. U3meputs mapamerpsl Bogocaua (P, b, 3).

2. OTKpBITH 3aABIKKY 2, HaxXOJSIIyIOCS Ha HamopHOM TpyoOorpoBoge | u
MOJIaTh B JIOTOK Y€pe3 EeMKOCTh 3 HEKOTOPYIO BEIMUMHY Pacxo/a.
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3. C moMoIipIo 3aTBOpa YCTAHOBUTH TpeOyeMyto TiyOnHy Bojibl B H.0. (hy < P).

4. N3meputh BeIMYMHY HAIlopa Ha rpedHe BOJOC/IMBA U TIIyOUHY B H.O. (Hamop
onpenensiercs Ha pacctosinud 3H ot BojocnuBa).

5. Omnpenenutb, HCHONIB3YSA MEpHBI  BOJOCIMB, BEIUYMHY pacxoa,
M10/IaBa€MOT0 B THJIPABINYECKUIN JOTOK.

6. Manumynupysi 3aJBHKKOW 2, U3MEHUTb BEIIMYMHY pacxojia U IMOBTOPUTH
OTBITHI 2-3 pa3a.

Pe3ynbTathl ONMBITOB 3aHOCSTCS B TAOJHILY.

4. O0paboTKa YKCIEPUMEHTAIBHBIX TAHHBIX

Pacxon xuakoctu onpeznensercs no popmyisie Tomcona:

5
2

Q=14H; (7.5)
rae: Q — pacxon B M/c;

H — Hanop Ha MepHOM BOJIOCIIMBE B M.

OmnbITHOE 3HaUYeHHE KOd((ULIMEHTa pacxona My, ONpenessercs u3 (GopMyIibl
(7.3), a TeOpeTHYECKYIO BETUIUHY M, ;. — U3 (popmMyutsl (7.4).

B pabote cienyer omnpenenuTb OTKIOHEHHWE ONBITHBIX M TEOPETUUECKUX
BEJTUYHMH KO3PPUIIMEHTOB pacxoaa U OTPa3UTh Pe3yJIbTaT B BHIBOJIE.

Tabnuma 7.1.
Pe3ynprarsl n3aMepeHnii U pacyeToB
No [TapameTpsl H, | hs, | Hy, PacueTHbIe BenTMUMHBI
OTIBIT MOJIeTTN M | M M
a BOJIOCJIMBA
P1 b1 89 5 P-h61 Ql m0,0l‘[ mO,T. m
M | M | M H | M M/ > —11100
m
%
1 2 3 4 5 6 7 8 9 10 11 12 13
1
2
3
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5. Borpocwl 11 CaMOIIPOBEPKU

1. UTto Ha3BIBaeTCsA BOJIOCINBOM?

2. Kak kimaccuuuupyroTcst BOJAOCIUBBI?

3. Kakue ycnoBus 3aTOIIeHUsI BOJOCINBOB C TOHKON CTEHKOM?
4. B xakoM CTBOpE U3MepseTCs HAIop Ha rpeOHe BOJOCIMBA?

5. Kak BBIVIAIUT OCHOBHAs pacueTHas ¢opMyna IS TPSAMOYTOJBHOTO
BogocauBa?
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3 Pa3nen KOHTPOJIsA 3HAHMH
#Crpykrypad YMK

IlepeyeHb BONPOCOB, BLIHOCUMbIX HA 3a4€T MO Y4eOHOMH TMCUUIIIIMHE
«MexaHHKA JKHIKOCTH UM ra3a»

. [Ipenmer MOKul'. [Ipumepsl ruipOMEXaHUYECKHX 3a4a4.

. Kpatkue cBeneHust U3 HCTOPUU TMIPABIMKH U 00 €€ OCHOBOITOJIOKHUKAX.
. OCHOBHBIE (PU3HYECKHE CBOMCTBA KUJIKOCTEN U Ta30B.

. HEHbIOTOHOBCKUE )KUIKOCTH.

. 'mapocratnueckoe JaBjIeHUE U €r0 CBOMCTBA.

. CB0oOOIHASI TOBEPXHOCTb.

. OCHOBHOE ypaBHEHHE IMAPOCTATHKU.

. AGCOIOTHOE U MAaHOMETPHUUECKOE J1aBJICHUE.

. IIpe3oMmeTpuyeckas BeicoTa. Bakyym.

10. JlaBneHnue )KUIKOCTH Ha IUIOCKHUE IIOBEPXHOCTH.

11. Lentp naBieHus. Jnropa 1aBICHUS.

12. PaBHOMEpHOE 1 HEPAaBHOMEPHOE JBUKEHHE.

13. HanopHbIii 1 0€3HANOPHBII MOTOK.

14. YpaBHEeHUE HEPA3PBIBHOCTH ITOTOKA.

15. YpaBuenune bepHyim Ui 3IEMEHTapHON CTPYHKH UACATBbHON JKUKOCTH.
16. YpaBuenue bepHyium 1Jisi TOTOKA peaIbHOM XKUJIKOCTH.

17. OcHOBHOE ypaBHEHUE PABHOMEPHOTO ABUKECHUS KUIKOCTH.
18. Pexxumbl nBukeHus xkuikoct. Yucno PeliHonbaca.

19. XapakTepucTuka JIJaMUHAPHOTO JBUKEHUS KUIKOCTH.

20. XapakTepucTuka TypOyJICHTHOTO JBUKEHUS KUIKOCTH.

21. Ilotrepu Hamopa Ha TPEHUE IO JJIMHE MOTOKA.

22. Ilotepu Hamopa B MECTHBIX COTPOTUBJICHUSX.

23. VcTeueHue KUIKOCTU U3 OTBEPCTUHN MTPU TOCTOSTHHOM HaIlope.
24. Buasl HacaKOB.

25. HcredeHune )KUIKOCTH Yepe3 HACAMIKU.

26. Knaccudukaiusi BOJOCIUBOB.

27. cTedueHune *KUJIKOCTH Yyepe3 BOJOCIUB C TOHKOW CTEHKOM.

28. Haznauenue u knaccudukarust TpyOOIpoBOIOB.

29. OcHoBHBIE (POPMYIIBI TSI THAPABIMUECKOTO pacyeTa TPyOOIpOBOIOB.
30. Pacuet npocThIX TPyOOIIPOBOIOB.

31. Pacuet O6e3HanopHbIX TPyOOTIPOBOIOB.

32. PaBHOMEpHOE ABUKEHUE KUJIKOCTH B OTKPBITHIX PyCIIaXx.

33. JonmycTUMbIE CKOPOCTH JABUKEHHUS TOTOKA.

34. I'ugpaBan4ecKuil pacyeT KaHAJIOB.

35. @ubTpalMOHHOE JIBUKEHNE TPYHTOBBIX BOJ.

O 0 IO N K~ LW —
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36. 3akoH GuIbTpaAIIH.
37. IIpuTOK TPYHTOBBIX BOJ K KOJIOJIIAM M CKBaYKUHAM.
38. [IpuTOK BOIBI K IPCHAKHBIM COOPYKCHUSIM.
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4 BecnomorareJibHbBIN pa3ie
#CrpykTypadYMK

Y4yeOHasi nporpaMmMa y4pesKIeHHUs BbICIIero 00pa3oBaHus Mo y4eOHoi
aucuunianHe «MexaHuKa KUAKOCTH U ra3ay JJsl CeHAJIbHOCTEN:

1-70 01 01 «IIponu3BOACTBO CTPOUTEILHBIX W3AeJIHH H KOHCTPVKIMID,

1-70 02 01 «IIpoMBINILJICHHOE U T'PAKIAHCKOE CTPOUTEILCTBOY
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1. HOACHUTEJIBHAA 3AITUNCKA

Jlucimmiza «MexaHHUKa KHUJIKOCTH U Ta3ay SIBISCTCS pa3ieiioM (GH3UKU, TIOATOMY
BXOJIUT B IIMKJI €CTECTBEHHO-HAY4YHBIX NTUCHUIUIUH. M3ydyeHue kypca «MexaHuka
KUJIKOCTU W Ta3zay MpelycCMaTPpUBAET YCBOCHHUE TECOPETUUYECKUX M MPAKTUYECKUX
CBEJICHUI OOIIMX 3aKOHOB PAaBHOBECHS M JIBUKEHHUS KUJKOCTEH M ra3oB, a TaKkKe
METOJIOB IPUMEHEHHUS 3TUX 3aKOHOB JIJIsI PEIICHUS] MHKCHEPHBIX 3a]1a4.
Llenv npenodasanusi QucyuniuHbl — U3y4eHUE 3aKOHOB PABHOBECHSI U JIBUYKEHUS
XKUJKOCTH U Ta30B, a TAKKE METOJIOB MPUMEHEHUSI 3TUX 3aKOHOB JIJIsi PEUICHUS
WHXEHEPHBIX 33]1a4, CIICIU(PUIHBIX JIJIS1 CTPOUTEIHLHON OTPACIIH.
3adauu u3zyuenusi OucyunauHvl — TIOCIEAOBATEIBLHOE PACKpPBITUE BCEX
3aKOHOMEPHOCTEH PABHOBECHS M JBIXKCHUS KMAKOCTEH, KaK B HAIIOPHOM, TaK U
OC3HAMIOPHOM pEXKHMMaX, a TaKke QUIBTPAIMOHHOTO JBUXKEHUS KUIKOCTH.
OBnajieHre JaHHBIMHA 3HAHUSIMH TIO3BOJIUT CTyACHTaM Oojiee IPaBHIIBHO
MOIXOJAUTH K M TPOECKTUPOBAHUIO U pacyeTaM CTPOUTEIbHBIX KOHCTPYKIIMHA.
B pesyavmame uzyuenus oucuuniunbl cmyoenm 00JAHCeH 3HAMmb.

HUCTOPHUIO PA3BUTHS HAYKHU THIPABIIMKY;

TUAPOCTATUKY KUIKOCTH;

TUIPOJIMHAMUKY KUJIKOCTH;

(buUIbTpallMOHHOE JBMKCHHE TPYHTOBBIX BOJI.
Cmyoenm 0oadicen ymemn.:

paccuuTaTh MOTEPHU JABICHHS B TEXHUUYECKUX TPYOOIPOBOIAX;

® BBINOJHATH TUIPABINYECKUE PACUEThI MPOCTHIX U CIOKHBIX PA3BETBICHHBIX
TpyOONPOBOJIOB;

® OIMpeesaTh PacX0/ibl BOJbI B TAKMX COOPYKEHUSIX, KAK CKBAXKUHBI, KOJIOIIHI,
JTPEHAKHBIE COOPYKECHMUSI.

[TepeyeHb TUCIUIUINH, 3HAHUE KOTOPHIX HEOOXOIUMO ISl M3YUEHHUS Kypca:

«Du3nKa» — CBOMCTBA )KUIKOCTEW U ra30B; OCHOBHBIC YPABHEHUS THAPOCTATUKA
Y a3POCTATUKH; CTAIIMOHAPHOE TEYCHUE JKUIKOCTH M Ta3a; ypaBHEHUE HENMPEPHIBHOCTH
JUIST HECO)KMMAeMOW JKMJIKOCTH; YypaBHeHUE bepHyu; BS3KOCTh KUIAKOCTH;
JAMUHAPHBINA U TYpOYICHTHBINA PEKUMBI TEUCHUS; IBUKCHUE TEJT B )KUJAKOCTH U Ta3ax.

«Bpicmiasi Mmatematuka» — nauddepeHalbHOe HUCUUCIECHUE; WUHTETPAbHOE
ucuuciienue; nuddepeHnranbHble YpaBHEHHUS.

JI71s1 3aKpenyieHus: TEOPETUYECKOro MaTepHraa o OCHOBHBIM pasjeiiamMm
PEAYyCMOTPEHBI Ja00OPaTOPHBIE WIIM MPAKTUYECKUE 3aHSATHUS.
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B cootBeTcTBUM C y‘-Ie6HBIMI/I IjraHaM, Ha U3YUCHHC yqe6H0171 JUCIHITIIMHBI
«MexaHuka KHUIKOCTHU U ra3a», OTBOIUTCA.
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2. COIEP)KAHUE YYEBHOU JUCITATIIVHBI

2.1. JIeKIIHOHHBbIE 3AHATHSI, MX COIEP:KAHME

2.1.1. Beenenue

Kpatkue cBegeHus: 13 HCTOPUU THAPABIMUKHU U 00 €€ OCHOBOTIOJIOKHUKAX.
[Ipumepsl ruapoMexaHnuecKkux 3aaad. [InoTHocTs xkuakocTu. [ImoTHOCTH
Bo3ayxa. KoadduimeHT moBepxHOCTHOTO HATsKEeHUS )KUaKocTU. Koaddunment
TEMIIEPATYPHOI'O PACIIUPEHHUS )KUAKOCTH. BA3KOCTh :KUAKOCTU. HEHBIOTOHOBCKHE
AKUJIKOCTH.

2.1.2. I'mapocraTrka )KUIKOCTH

I'mapocratnueckoe MaBIEHUME W €ro CBOWCTBA. YPABHEHHsS PAaBHOBECHUS
xuakocTu. [loBepxHocTh paBHOTO JaBieHus. CBoOoAHAS TOBEPXHOCTh. OCHOBHOE
ypaBHeHUE ruapoctaTuku. 3akoH [lackais. AOCOMIOTHOE M MaHOMETPHYECKOE
nasiyieHue. Ilbezomerpuyeckas Beicota. Bakyym. JlaBiieHue )KUIKOCTH Ha IUUIOCKUE
noBepxHocTH. LleHTp npaBneHus. Onropa naBieHMs. JlaBneHue >KHIKOCTH Ha
KPUBOJIMHEHHBIE MMOBEPXHOCTH. PacueT HEOOXOAMMOM TOJIIMHBI CTEHOK TPYOBI €
M30BITOUYHBIM TUAPOCTATUYECKUM JABICHUEM.

2.1.3. 'uapoariHaMUKa KUIKOCTH.

OCHOBHBIE TMOHATUA TUAPOJAMHAMUKA MW BUABl JBWKECHHUS KHIKOCTH.
Tpaexropusi, JMHMA TOKa, OJJEMEHTapHas CTpyilka. PaBHOmMepHOE U
HEpaBHOMEpHOE JABWkKeHue. HamopHbelii M Oe3HaNoOpHBIA MOTOK. YpaBHEHHE
HEpa3pbIBHOCTH IIOTOKA. YpPaBHEHWE DbepHyIIM I 3JIEMEHTAapHOW CTPYWUKH
WJCabHON JKUJIKOCTH. ['€OMETpUYECKN W DHEPTETHUYECKUM CMBICH YpPaBHEHUS
bepnymnu. YpaBHenune bepHyiun 175 OTOKa peanbHOM xuakoctu. [IpakTuueckoe
NpUMEHEHUE YypaBHeHUs1 bepHymum. OCHOBHOE ypaBHEHHE PaBHOMEPHOIO
JNBWKEHUS KUIKOCTH.

2.1.4. Buabl cOnpOTUBIIEHUS.

Bunabl rugpaBinyeckux CONMPOTUBICHUM. PeXMMBI NBHXKEHHS KUIKOCTH. YucIio
PentHonbaca. XapakTepucTrka JJAMUHAPHOT'O JBYDKECHUS KUIKOCTHU.
XapakTepucTuka TYpOyJIEHTHOrO JBMXKEHHUS >kuakoctu. llorepu Hamopa Ha
TpEeHue 10 JuHe NoToKa. [loTepu Hamopa B MECTHBIX COIIPOTUBJIEHUAX. YacTHbIE
BH/JIbl MECTHBIX COIPOTUBIICHUM.

2.1.5. Ucreuenue )KUIKOCTH U3 OTBEPCTUI, Uepe3 HACAAKU U BOJIOCIIUBBI.

Hcreyenne XKUOKOCTM U3 OTBEPCTUM IIPU MOCTOSIHHOM Hamope. Vcredyenune
KUJKOCTU U3 OTBEPCTUHU IIpU NEpeMEHHOM Harope. Buael Hacaakos. Mcreuenne
KUAKOCTH yepe3 Hacanku. Knaccudukanusa BomocianBoB. McreueHue >KUIKOCTH
Yyepe3 HEMOATOIUIEHHBIN U TTOATOTJIEHHBIN BOJIOCIUB C TOHKOM CTEHKOM.

2.1.6. Pacuet TpyOOIIpOBOIOB.

Hasznauenue u kiaccuduxaius TpyoOrnpoBOJOB U OCHOBHBIE (POPMYJIbI JJIs
UX TUApaBIndecKkoro pacyera. Pacuer mpocTsix TpyOonpoBoaoB. PacyeT cioxHbIX
TpyOompoBoa0B. Pacuer TpyOONpoBOAOB C MyTeBBIM pacxoAoM. [ uapaBiudeckuii
yaap B TpyOax. Pacuer Ge3HanopHBIX TpyOOTIPOBOIOB.

2.1.7. JIBukKeHHE )KUIKOCTU B OTKPBITHIX PyClIax.
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PaBHOMEpHOE ABMIKEHHE KUIKOCTH B OTKPBITHIX pyciax. opmyibl 1ist
onpeneneHus koddduimenta [lle3un. Pactipeaenenue ckopocTy 1o CEYSHUIO
noToka. JIomycTuMbIe CKOPOCTH IBMKEHUA. ['uapaBIndecky HAaMBBITOTHEHIIIECE
ceueHue kaHaja. ['uapaBinueckuil pacyeT KaHaJIOB.

2.1.8. ®uibTpallUOHHOE ABUKEHUE TPYHTOBBIX BOJI.

Buael aBwkeHus Boapl B TpyHTaxX. 3akoH ¢uiubTtpanuu. OrnpeneneHue
kod(punrenta ¢uabTparuu. [IpuToK rpyHTOBBIX BOJ K KOJOJIIAM M CKBOKHHAM.
[TpuTOK BOMBI K IPEHAKHBIM COOPYKEHHUSIM.

2.2. JlaGopaTopHbIe 3aHATHSA, UX CO/IEPKAHME

2.2.1. OnpeneneHue ruApOCTaTUUECKOTO JaBICHUS.

2.2.2. UccnenoBaHne peKUMOB JIBUKEHUS KAJIKOCTH B HAIIOPHOM
TpyOOIpoOBO/JIE.

2.2.3. UccnenoBanue ypaBHEHHs bepHYIUIH U1 IOTOKA BSI3KOW KUIKOCTH.

2.2.4. Onpenenenve kKo3ppuuueHTa ruipaBIMdecKoro TpPeHUs CTalbHOrO
TpyOompoBoa.

2.2.5. DkKcnepuMeHTaldbHOE ompeneiieHne KO3 UIIMEHTOB  MECTHBIX
COINPOTUBIICHUU.

2.2.6. UccnenoBanue UCTEUECHUSI )KUIKOCTH U3 OTBEPCTUH U HACAJKOB IIPH
IIOCTOSIHHOM Harope.

2.2.7. UccneqoBaHye HETTOATOINIEHHOT'O BOIOCINBA ¢ TOHKOM CTEHKOM.

2.3. Y4eOHO-MeToAuYeCKasi KapTa Y4eOHOi JHCIUIITHHBI

/nesnas popma nonyuenus obpazosanus

= KonndecTBo ayTMTOPHBIX
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Z o, 3 < < S
= = © =
1. | Benenue 2
2. | 'mmpocratuka >KUIKOCTH 4 2
3. | I'maponuHamMuka )KUJIKOCTH 8 6
4. | Buapl conpoTHUBIIEHUS 4 4
HcTeuenne )KUIKOCTH U3
5. | oTBepcTUH, Uepe3 HacaKu U 6 6
BOJIOCJIMBBI

6. | Pacuer TpyOonpoBo0B 4
7 JIBKEHHE )KUJIKOCTH B 2

" | OTKpBITBIX pyciax
8. | OuibTpanMoOHHOE ABUKCHHE 4
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I'PYHTOBBIX BOJI

HUTOI'O: 34 18 3aver
3aounas coxpawennas gopma nonyuerus 00pazo8anuUs
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1. | BBenenue 0,5
2. | 'mmpocrtatnka )KUJIKOCTH 0,5 2
3. | 'maponrHaMuKa KUJIKOCTH 0,5 4
4. | Buapl COMpOTHUBIICHHUS 0,5 2
HcTedyeHne )XUIKOCTH U3
5. | otBepctTHid, uepe3 Hacanku U | 0,5
BOJOCJINBEI
6. | Pacuer TpyOonpoBOOB 0,5
7 JIBIKEHME KUIKOCTH B 05
" | OTKpBITBIX pyciax ’
8 OuIbTpaIMOHHOE IBH)KCHUE 05
" | TpPYHTOBBIX BOJI ’
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1. | Benenue 1 0,5
2. | I'mmpocrtatuka »KUJIKOCTH 1 0,5
3. | F'ugponuHamMuka >KUJIKOCTH 1 0,5
4. | Bunpl COMpOTUBIICHUS 1 0,5
HcTedyenue >XUIKOCTH U3
5. | OTBepCTHiA, yepe3 HACAJIKH U 1 0,5
BOJIOCJIMBEI
6. | Pacuer TpyOomnpoBo0B 1 |05
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7 JIBKEHHE KUJIKOCTH B 1 05
" | OTKPBITHIX pyciiax ’
8. OuUIbTpaIOHHOE IBHKCHUE 1 0.5
TPYHTOBBIX BOJT
HUTOI'O: 8 4 3a4eT

3. AHOOPMAIMOHHO-METOANYECKASA YACTb

3.1. OcHoBHas JIUTEpPATYypa

3.1.1. Kaymunyn, B.W. I'mapasiauka, BogocHabxeHue, kaHanm3auus / B.I.
Kamunys, B.C. Kenpog, FO.M. JlackoB. — M.: Ctpoituznar, 2004. — 397 c.

3.1.2. Kaimunyn B.W. OcHoBbI rupaBiauku u aspoaunHamuku / B.W. KamuiyH,
E.B. Hpo3nos, A.C. Komapos, K.. Unxuk. — M.: Ctpoin3zaart, 2001. — 296 c.

3.1.3. Anbmryns, A.Jl. I'uapasnuka u asponunamuka / A.Jl. Anemryns, JI.C.
Kusotorckuii, JI.II. UBanos. — M.: Ctporuzaar, 1987. — 410 c.

3.1.4. Ilpumeps! pacyetoB o ruapasiuke / [lox pen. A.Jl. Anpruryna. — M.:
Crpoinznar, 1976.- 254 c.

3.1.4. T'yceB A.A. T'mapasnuka. Teopust u npaktuka. / A.A. I'yces. 2-e u3n.,
ucIp. u fon. YuebHuk i By30B M.: M3natensctBo FOpaiT, 2015. — 285 c.

3.1.5. CopaBounuk no rujapasiuueckomy pacuety / [log pen. ILI. Kucenesa
[m op.] — M.: Oneprus, 1972. - 312 c.

3.2. JlonoJiHMTEIbHAS JIUTEPATYPA
3.2.1. Camycp O.P. BongocHaOxeHue © BOJOOTBEACHHUE C OCHOBAMH
ruapaBiauku: ydyebHoe mocodbue / O.P. Camych, B.M. Oscsaunukos, A.C.
KongpateeB — M.: [Iupekr-Menua, 2014 — 128 c.

3.2.2. Yyraes P.P. 'unpasnuka. / P.P. Uyraes. — JI.: Dueprus, 1975. — 599 c.

3.2.3. llleBeneB ®.A.. llleBeneBa A.®. Tabnuibl THAPABINYECKOTO pacyeTa
BOAOINPOBOHBIX Tpy0.M.: Crpoiipranar, 1984. — 112 c.

3.2.4. Abpamosuu I'.H. [Ipuknagnas razosas auHamuka. M.: Hayka, 1969. — 824 c.

3.2.5. IIpozopor MWN.B., Huxonagze I'.U., Mwunae A.B. I'mapasnuka,
BOJIOCHA0XXKEHUE U KaHaIu3aius ropoaos. M.: Beiciias mkona, 1975. — 420 c.

3.3. Harusiiabie moco0us, TeXHHYECKHE CPeICTBA 00y4YeHH s

3.3.1. JIaboparopHas ycTtaHoBKa «OnpeneneHue TuapOCTaTUIECKOTO JTaBICHHS.

3.3.2. JlabopatopHass ycranoBka «MccienoBanne  peXMMOB  JBYDKEHHS
KUJKOCTH B HAIIOPHOM TPYOOITPOBOAEY.

3.3.3. JlabopatopHast ycraHoBka «VccnenoBanue ypaBHeHuss bepuymmm s
MOTOKA BSI3KOM JKUKOCTH.

3.3.4. JlabopaTtopHas yCTaHOBKa «Onpenenenue kodhpunrerTa
THIPaBIMYECKOTO TPEHUS CTATLHOTO TPYOOTIPOBOIAY.

3.3.5. JJabopaTopHasi ~ yCTaHOBKa  «ODKCIEPUMEHTAILHOE  OMpE/CICHUE
KO3(PUIIMEHTOB MECTHBIX COTPOTUBIICHUI.

3.3.6. JIJabopaTopHas yctaHoBka «lcciemoBaHue HCTEUYEHUS >KHAKOCTU M3
OTBEPCTUI U HACAJKOB MIPU TIOCTOSIHHOM HAaIope».
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3.3.7. JTabopatopnas ycraHoBka «lccrnemoBanue HEMOATOIIICHHOTO BOOCITMBA
C TOHKOMN CTEHKOW».

3.3.8. [Iimakar «®Puznyeckre CBOMCTBA KUAKOCTEA U Ta30BY.

3.3.9. [Inakar «Cuna gaBiaeHus MOKOSIIEHCS KUIKOCTH Ha TUIOCKUE CTEHKMY.

3.3.10. Imakat «TpaekTopuu xKuUIKUX YacTull. JIMHUM TOKay.

3.3.11. Ilnakat «CxeMa K BBIBOAY YpaBHeHUsI bepHyimy.

3.3.12. Ilnakat «YpaBHeHue bepryinmy.

3.3.13. [Inakat «YpaBHenue bepHymin 11t MOTOKA KUIKOCTH.

3.3.14. [Tnakat «['unpaBanueckuii KOAGGUIUEHT TPEHUS CTATBHBIX TPYO».

3.3.15. Iimakat «MecTHbBIE TUAPABINYECKAE COTPOTUBIICHU.

3.3.16. [Inakat «Mcreuenne uepe3 Mamble oTBepctus. Koadduuments
CKOPOCTH, CXKATHSI U PacX0/iay.

3.3.17. ITnakat «CTpyKTypa IOTOKA B HACAAKaX Pa3HOTO THUIIAY.

3.3.18. ITnakar «VcTeuenue uepe3 BOAOCIUBBIY.
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IMTPOTOKOJI
COTJIacOBaHMs y4eOHOM MPOTrpaMMBbl YUPEKICHUS BHICIIETO 00pa30BaHUs
1o y4eOHOU AucIUIUIMHe « MexaHuKa dKUAKOCTH U ra3a
C IPYTUMH JTUCUUTIIIMHAMU

Pemienue,
HaumenoBanue [Ipennoxenus IIPUHATOE
yaeOHOM kadeapsr 00 Kadeapoi,
TUCITUTITAHBI, HasBanue U3MCHCHUSIX B | pa3paboTaBiieit
C KOTOPOM Kadeapbl coliepKaHUHU y4eOHYIO
TpedyeTcs y4eOHOM nporpammy (c
COrJacoBaHUE IPOTPAMMBI yKa3aHUEM JaThl
u Ne mpoTokouia)
duznka Kadenpa
Briciias Kadenpa Bricieit
MaTeMaTHuKa MaTEeMaTUKHU
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JOITIOJIHEHU A 1 UISMEHEHUS K VUYEBHOU [TIPOTPAMME YBO
1o yueOHOM JucCIUILIMHEe «MeXaHWKa KUJIKOCTH U ra3a
s cnenuanbHOCTH 1- 70 02 01 «IIpomblluieHHOE U TpaXJIaHCKOE
CTpouTeIbCTBO» (peructpanuoHHbid Ne V[ — 18-2-095/yu4.)

Ha 2022/2023 y4eOHbIl roj

No

i JlomoTHEHNSI ¥ U3MCHCHUS OcHoBaHue
Pemenue 3acenanus
Kadeapsl BOJoCHAOKEHHE,
Jononuutk pasnen 1 «IloscHuTenbHAs 3aMuCcKay» BOJIOOTBE/ICHHE H OXPAHa
uH(popmanmen n3 yueOHOro IIaHa JUCIUIUIMHBI C BOJIHBIX PECYDPCOB
W3MEHEHHUSAMH 1O KOJMYECTBY OTBOJAMMBIX YaCOB TIO npotokon NeS ot 25.01.2023
1 | Bumam 3aHaTHH, POpMON TEKyIEl aTTeCTANH JIJIs
COOTBETCTBYIOIIETO Kypca M ceMecTpa
(ITpunoxxenue 1)
Pemrenune 3aceqanus
Kadenpsl BOJOCHAOKEHHE,
Jomnomuutk pasnen 2 «Conepxanue yaeOHOH BOJOOTBEICHHE H OXPaHa
JTUCHUTLITAHBD), B MOAMYHKTE 2.3 «YueOHo- BOJHBIX PECYPCOB
MeTOANYeCKas KapTa yueOHON AUCIIUTUTHHBD) npotokon NeS ot
2 | iBMeHEHHON MH(POPMAIIMEH 110 KOJTUYECTBY

ayJIUTOPHBIX YaCOB, CAMOCTOSITENIbHBIE PA0OTHI 11O
paszzgenam, TeMaM JUIsl COOTBETCTBYIOIIEH (OpMBI
nostyaeHus oopazosanus (I[Ipunoxenue 2)

25.01.2023

VYyebHas mporpamma mnepecMOTpeHa W ojo0peHa Ha 3acenaHuu Kadeapsl

BOJIOCHA0XEHUE, BOJIOOTBEACHUE M OXpaHa BOJAHBIX pecypcoB (MpoTokoia Ne 5 ot
25.01.2023).

3aBemyromuii kKaheapon
BOJIOCHA0XKCHHUSI, BOJOOTBEICHUS H
OXpaHbI BOJHBIX PECYPCOB
C.B.Aunaperok

YTBEPX/IAIO

Jlexan (hakynbTeTa HHKEHEPHBIX
CUCTEM U DKOJIOTHH, KaH/.TE€XH.HAYK,
JIOLIEHT

O.I1.Memuk
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[MTPMJIOXKEHME 1

[1nan y4yeOHOM TUCHUTUIMHBL ISl CIEIIMAIbHOCTH
1-70 02 01 «ITpoMbIlIJIEHHOE U TPAKIAHCKOE CTPOUTEIIHCTBOY

Kypc | Ce- Obee AyJIUTOPHBIX YaCOB
MECT | KOJIM4YeCcTBO | JIek- [IpakTu- | JlabopatopHbie
p 4acoB IO | IUHU YeCcKue 3aHATHUS
miany (3.€.) 3aHATHS

CamocrosTebHas
pabora
dopma Tekyuien
aTTecTaluu

/nesnas gpopma nonyuenus oopazosanus

2 | 3 | 68(03e) | 18 | - | 16 | 34 | Bauér

[MTPMJIOXXEHUE 2
2.3. YueOHO-MeToInYecKas KapTa y4eOHON AUCIUILINHBI

/nesnas popma nonyuenus obpazosanus

KonaudecTBo ayAuTOPHBIX .
bl
< 4acoB S 3 2
5 < E o
= 2 ) 2 T E 4 B =
S 3 HasBanue pasgena = 2 2t 2 8 & ZE
8 s pasneia, = |0 =8 5| & = R R o 9K
() E |0 =l a =l = VO Y * s
% = TCMBI = E ; = ; e ; g g et 8 < E)
< Q
= s | EZIEZ| & = |58 2,
S S 585888 = = o
s 18 |8 S8 | 6
= Q=
1. | Beeneunue 2 4
2. | 'mppocTaTtrka )KUIKOCTH 2 2 4
3. | M'mpmponmaamuka xuakocta | 4 6 6
4. | Buasl CONpOTHBICHUS 2 4 4
HcTedyeHue )XuaKoCcTH U3
5. | OTBEpCTHl, Uepe3 HACATKU 2 4 4
U BOJOCJIMBEI
6. | Pacuer TpyOGomnpoBoI0B 2 4
v JIBYDKEHHE KUIKOCTH B 5 4
" | OTKPBITHIX pyCliax
8 OunbTpalMOHHOE 2 A
" | IBMDKEHHE TPYHTOBBIX BOJI
HUTOI'O 18 16 34 3a4éT

96




3.4. IlepeyeHb BONIPOCOB K 3a4eTy

3.4.1. IIpeamer MKul'. ITpumepsl THAPOMEXAHUYECKUX 3a/1a4.

3.4.2. Kparkue cBeicHUs U3 UCTOPUU TUAPABIUKH U 00 €€ OCHOBOITIOJIOKHUKAX.

3.4.3. OcHoBHbIE (DU3UUYECKHE CBOMCTBA KUIKOCTECH U ra30B.

3.4.4. I'mapocTaTUYeCKOE JJaBJIC€HNE U €T0 CBOMCTBA.

3.4.5. YpaBHeHHe paBHOBECHUS >KUIKOCTU. [[OBEpXHOCTh PaBHOTO JABICHUS.
CB0OO/1HAsI MOBEPXHOCTb.

3.4.6. OCHOBHOE ypaBHEHHE r'UIpOCTaTUKH. 3akoH [lackais.

3.4.7. AGcomoTHOe W MaHOMETpUYecKoe JaBieHue. lIbezomerpuueckas
BbICOTa. Bakyym.

3.4.8. JlaBneHue )XKUIKOCTH Ha MJIOCKUE TTOBEPXHOCTH.

3.4.9. llenTp naBieHus. DMOpa TABICHHUS.

3.4.10. /laBieHue KUAKOCTU Ha KPUBOJIMHENHBIE TOBEPXHOCTH.

3.4.11. Pacuer HEOOXOOUMOM TOJIIMHBI CTEHOK TPYObl € W30BITOUYHBIM
TUAPOCTATHYECKUM JIaBICHUEM.

3.4.12. OcHOBHbIC TIOHSTHUSA TUIPOAUHAMUKU M BUJbI JBUKEHUS >KUIKOCTH.
Tpaektopusi, TMHUA TOKa, JIEMEHTapHasi CTPyMKa.

3.4.13. TIOoTOK XKMAKOCTU U €r0 THAPABINYECKUE dJIEMEHThI. PaBHOMEpHOE U
HEPAaBHOMEPHOE JBUKECHHUE.

3.4.14. YpaBHeHHE HEPA3PBIBHOCTH MOTOKA.

3.4.15. YpaBHenue bepHyim 1l 3IIeMEHTAPHOU CTPYWKH WACATbHOM KHUIKOCTH.

3.4.16. 'eomeTprUeCKnil U SJHEPTETUYECKUN CMBICH YpaBHEHUSI bepHyIum.

3.4.17. YpaBHeHue bepHymm 115 MOTOKA peaabHOU KUIKOCTH.

3.4.18. [IpakTyeckoe MpUMEHEHNE YPABHEHUS bepHyIUIH.

3.4.19. OcHOBHOE ypaBHEHNE PABHOMEPHOTO JBHKEHUSI )KUIKOCTH.

3.4.20. Buasl rugpaBIndeCcKuX CONMMPOTUBICHUMN.

3.4.21. PexxuMbl ABMKEHUS KUJIKOCTH.

3.4.22. XapakTepucTrKa JaMUHAPHOTO JBH>KCHUS AKUJKOCTH.

3.4.23. XapakTepucThKa TypOyJIEHTHOTO ABUKECHUS KUIKOCTH.

3.4.24. Tlotepu Hamopa Ha TPEHHE IO JJIMHE MMOTOKA.

3.4.25. Tlotepu Hanopa B MECTHBIX COMTPOTUBIICHUSIX.

3.4.26. YacTHbIE BUJIbI MECTHBIX CONPOTHUBIICHUI.

3.4.27. VcTteueHune xKUIAKOCTUA U3 OTBEPCTUH MTPU OCTOSTHHOM HAIlope.

3.4.28. lcTteueHune KUAKOCTU U3 OTBEPCTUHN MTPU IEPEMEHHOM HATIOPE.

3.4.29. cTtedyeHue )KUIKOCTU Yepe3 HACAIKH.

3.4.30. McTedyeHue )KUAKOCTU Y€pe3 BOJOCTUBBI.

3.4.31. Ha3znauenne wu kinaccuukanus TpyOONPOBOJOB U OCHOBHBIE
dbopMyIIBI 1J1s1 UX TUIPABINYECKOTO pacyeTa.

3.4.32. Pacuet npocThIX TpyOONPOBOIOB.

3.4.33. Pacuer ciioxKHBIX TPyOONPOBOIOB.

3.4.34. PacueT TpyOOIIPOBOIOB C MYTEBBHIM PACXOIOM.

3.4.35. T'ugpaBnudeckuii yaap B Tpyoax.

3.4.36. PacueT O6e3HanopHBIX TPyOOTIPOBOIOB.
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3.437. PaBHOMEpHOE JABWXKEHUE IKHUAKOCTH B OTKPBITBIX pyciax.
JlommycTUMBIE CKOPOCTH ABUKEHUS MTOTOKA.

3.4.38. 'mapaBIMUE€CKU HAaUBBITOJHEUIIIEE CEUCHUE KaHaa.

3.4.39. 'mapaBIuUeCKUl pacyeT KaHaJIOB.

3.4.40. OUIbTPAIMOHHOE JIBUKECHUE TPYHTOBBIX BOJ.

3.4.41. 3akoH punbTpanuu.

3.4.42. Onpenenenue kodpduirieHTa GuIbTpaLUu.

3.4.43. TIpuTOoK TPyHTOBBIX BOJI K KOJO/IIAM U CKBaKUHAM.

3.4.44. ITpuTOK BOJIBI K APEHAKHBIM COOPYKEHUSAM.
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VYupexxnenue oOpazoBaHus
«bpeCcTCKUM TOCYAaPCTBEHHBIA TEXHUUYECKUNA YHUBEPCUTET

YTBEPXIAIO
IIepssiii mpopextop bpl TY

M.B. Hepona
« » 2021 r.
Perucrpaunonnsiit Ne V/I- /yd.

MexaHuKka >KHJIKOCTH U ra3a

VYyebHas nporpaMma yUpesKJIeHus BBICIIIEr0 00pa30BaHUs
M0 Y4eOHOU JUCIUTUIMHE JIJIsl CIIEIUATbHOCTH
1-70 01 01 «ITpou3BOACTBO CTPOUTENbHBIX U3/IJIUI U KOHCTPYKIHID)

#BcnomorarenpHbIiPa3nen

2021 r.



YdebHast mporpaMMa coCTaBlieHa Ha OCHOBE oOpaszoBaTenbHOro crangapra OCBO 1-70 01

012019, vrB. IloctanoBieHuem MuuucrtepctBa oodpasoBauus Pecnyoimku benapyce No

188 ot 24.12.2019 1 yyebHOr0 11aHa CueuaIbHOCTH_

1-70 01 01 «IIpom3BOACTBO CTPOUTENBHBIX H3JEIUNA W KOHCTPYKIHI», HAINpaBIICHUSI

CIICOHUAJIbHOCTH.

COCTABUTEJIb:
C.I'. benog, 3aBeayromnuii kageaport BoJOCHAOKEHUS, BOJOOTBEJACHUS U OXPaHbl BOJTHBIX

PECYpPCOB, KaHAUAAT TCXHUYCCKHUX HAYK, JOICHT.

PELIEH3EHTBI:

B.I'. HomocenbuieB, 3aBenyronuii Kadeapod TEMJIOra3oCHaOKEHHS ¢ BEHTHISAIUU
yUpexKIeHUS oOpa3oBaHUsl «bpecTCKuii rocynapCTBEHHBIH TEXHUYECKUN YHHUBEPCHTETY,
KaHAUIAaT TEXHUYECKUX HAYK, JIOIEHT.

C.A. HoBuk, TJaBHBIM CHEUATUCT OTAEIa KOMIUIEKCHOTO mpoektupoBanus No2 VII

«AHCTUTYT «BPECTCTPOUTIPOEKTY.

PEKOMEH/IOBAHA K YTBEPX/IEHUIO:

Kadenpoii BogocHabxeHUs, BOAOOTBEICHHS U OXPaHbl BOJIHBIX PECYPCOB
3aBenyromuii kKadenpoit K.T.H., goueHTt C.I'. benos, (mpotokos Ne 1 ot 31.08..2021 r.)

MeTtoan4eckoit KOMUCCHEH CTPOUTENHHOTO (aKyabTeTa

[Ipeacenarens MeETOOUYECKOW KOMHUCCHUU K.T.H., norenr B.M. HOcbhkoBuy,
(mpotokom Ne oT 2021 r.);
Hayuno-metonuueckum coperoM bpI'TY (mportokoi Ne oT 2020 r.)
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I[TOACHUTEJIbBHAA 3AIIMCKA

Kona komnerenmuu CK-9.

Juctmrmina «MexaHHKa KUIKOCTH U Ta3ay SBISIETCs pa3aeinoM (H3HUKH, TIOITOMY BXOIHUT B
IIUKJI €CTeCTBEHHO-HAYYHBIX TUCIUIUIMH. M3ydeHne kypca «MexaHHWKa XKUIKOCTH U Ta3a
IpelycCMaTpUBaeT YCBOCHHUE TEOPETHYECKUX U MPAKTUYECKUX CBEJACHHUI OOIIUX 3aKOHOB
paBHOBECHS U JABWKCHHS KUAKOCTEH U ra3oB, a TaK)Ke METOJIOB MPUMEHEHHUS 3TUX 3aKOHOB
JUTSL PEIICHUSI HH)KEHEPHBIX 3a71ad.

Llenv npenodasanus Qucyuniurbl — N3y4eHNE 3aKOHOB PABHOBECHS U JIBMXKEHUS JKUIKOCTH
U ra3oB, a TaK)Ke METOJOB MPUMEHEHHUS 3THX 3aKOHOB JUIsl PEIICHUS WHKEHEPHBIX 3ajad,
cneruUYHBIX JIJIs1 CTPOUTEIBHON OTPACIIH.

3adauu  uzyueHus  QucyuniuHbl ~ —  TIOCJIEJOBATEIIbHOE  PAaCKpbITUE  BCEX
3aKOHOMEPHOCTEH paBHOBECUS H JABWKCHHS KHUAKOCTEH, Kak B HAMOPHOM, TakK H
0e3HAOPHOM peXUMaxX, a TaKkKe (QUIBTPAIIMOHHOTO [BIKEHUS XuAKOCTH. OBIajeHue
JaHHBIMA ~ 3HAHUSAMHU  TIO3BOJINT  CTYJACHTaM OoJieeé  MPaBWIBHO  IMOAXOAHWTh K
MPOCKTHPOBAHUIO U pacueTaM, HEOOXOIUMBIM TIPU MTPOU3BOJICTBE CTPOUTEITHHBIX U3CITHIA U
KOHCTPYKIIHM.

B pesynbrare u3ydeHHs] TUCHUIUIMHBI CTYICHT JOJDKEH HAYYUTHCS PACCUUTHIBATH
MOTepU  JABJIICHUS B  HANOPHBIX M  OE3HAMOPHBIX TPyOONpPOBOAAX, BBIMOIHITH
THIPABIMYECKHE PACYEThl IPOCTHIX U CIOKHBIX TPYOOIIPOBOJIOB, OMPEAETSTH PACXOIbI BOJIBI
B TAKUX COOPYXKEHUSX, KaK KaHaJIbl, CKBAKUHBI, KOJIOIIBI, IPEHAKHBIE COOPYKEHHUS.

JJIs 3TOTO CTYACHT JTOJDKEH 3HATh 3aKOHBI THIPOCTATUKH, THAPOIMHAMHUKH,
0e3HATIOPHBIX MTOTOKOB, (DHIIBTPAIIMOHHOTO JABWKCHHS TPYHTOBBIX BOJI.

Llepeuensv oucyunium, 3Hanue KOMOPbIX HEOOX0OUMO 018 U3YUeHUs KYPCA:

«Dusuka» — CBOMCTBA >XKUJIKOCTEW W Ta30B; OCHOBHBIC YPABHEHUS THMIPOCTATUKH H
A3pPOCTATHKH; CTAIIMOHAPHOE TEYCHHUE JKUAKOCTH M Ta3a; BSI3KOCTh JKHJIKOCTH; JBIDKCHUE TCIT B
KHJIKOCTH 1 Ta3ax.

«BpIcmas MaTeMaTrka» — CpelICTBA BBIYUCICHUN, PyHKIMK U TpadUKH, IPOU3BOIHbIE,
muddepeHIpoBaHre, UHTETPUPOBAHKUE U €r0 MTPHIIOKCHHSL.

J171s1 3aKperuieHns TEOPETUUYECKOTo MaTepralia o OCHOBHBIM pa3jeiam
MPEYCMOTPEHBI Ta0OPATOPHBIC 3aAHSITHSL.

[Tnan yueOHOM MUCIUTUIMHEL [T JTHEBHON (OPMBI IOTyUYCHHUSI
BBICIIIETO 00pa30BaHUS

AyIUTOPHBIX YacOB SN
I
215 (B COOTBETCTBHH C 2 S
Q
= GE) y4e€OHBIM IJIAHOM | 2 §
D—i N
Kon HaumenoBanune . o E % = YBO) % £| dopuma
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CTPOUTENIBHBIX
U3JIeIUN 1
KOHCTPYKLHM»

101




1. COJEPXXAHWE YUYEBHOM JUCLIUIIJIINHBI

1.1. JIekumoHHbBIE 3aHATHS, UX COACPKAHUE

1.1.1. BBenenue

Kparkue cBenenust 3 MCTOPUM TUIPABIUKHU U 00 €€ OCHOBOIOJOKHUKAX. [Ipumepsl
ruipoMexaHnyeckux 3aaad. [InmotHocts xxunkoctu. [loTHOCTE BO3yxa. Bsa3kocTh
KUIKOCTU. HEeHbIOTOHOBCKHE KUIKOCTH.

1.1.2. T'unpocraTuka >XUJIKOCTH

I'mnpocratnyeckoe naBiieHue U €ro cBoiicTBa. CBoOOAHASI MOBEPXHOCTh. OCHOBHOE
ypaBHEHHE THAPOCTATUKU. AOCONIOTHOE U MaHOMETpuYecKkoe naBieHue. [IbezomeTpruueckas
BbIcOTa. BakyyMm. J[aBieHue )KUIKOCTH Ha IUIOCKHE MOBEPXHOCTH. LleHTp naBneHus. Dmnropa
JABJICHUS.

1.1.3. 'mppoarHaAMUKA KHJIKOCTH.

PaBHOMepHOE U HepaBHOMepHOe JBWkKeHHe. HarmopHbli u Oe3HaNoOpHBIA TOTOK.
YpaBHEHHE HEpA3pBIBHOCTH IOTOKA. YpaBHEHHE bBEpHyIIM I 3J€MEHTapHOM CTPYHMKH
WJICaTIbHOM KUAKOCTU. YpaBHEHHE bepHyuM 1 MOTOKAa peasibHON XKUIKOCTH. OCHOBHOE
ypaBHEHHE PAaBHOMEPHOTO JBUKEHHUSI )KUIKOCTH.

1.1.4. Buapl CONpOTHUBIICHHS.

Pexxumbl nBuxkeHus xkuakoctd. Yucio PeliHonbaca. XapakTepuUCTUKA JTaMHHAPHOTO
JBUKEHUS KUAKOCTU. XapaKTePUCTHUKA TYpOYJIEHTHOTO [BIKEHUS >KUAKOCTH. [lorepu
Haropa Ha TpPeHHeE 10 JyIMHe ToToka. [loTepu Hamopa B MECTHBIX CONPOTUBIIEHUSX.

1.1.5. Ucteuenue ;xUIKOCTU U3 OTBEPCTUM, Uepe3 HACAKU U BOJOCIHBBL.

Hctedyenne XKUAKOCTH M3 OTBEPCTUH MPH TOCTOSSHHOM Hamope. Buasl Hacaakos.
Hcreuenune xuakoctu yepe3 Hacaaku. Kinaccudukamms BogocanBoB. McTeueHne sKUIKOCTH
yepe3 HEMOATOIJICHHBINM BOJIOCIMB C TOHKOM CTEHKOM.

1.1.6. Pacuet TpyOOIpOBOIOB.

Hasnauenne u xmaccudukaius TpyOONPOBOIOB M OCHOBHBIE (DOPMYIBI Ui UX
THIpaBIMYECKOro pacdera. Pacder mnpocTeix TpyOompoBogoB. Pacuer Oe3HAmOpHBIX
TpYyOONPOBO/IOB.

1.1.7. JIBuxkeHue KUIKOCTU B OTKPBITHIX PycCliax.

PaBHOMEpHOE NBUIKEHHE )KUIKOCTH B OTKPBITHIX pyciax. [JomycTiumblie CKOpoCTH
NBUXKEHUA. [ MIpaBIUUYECKUN pacyeT KaHAJIOB.

1.1.8. ®unbTpallmoOHHOE IBI)KCHUE TPYHTOBBIX BOJI.

Bunber nBuxkeHus BoAabl B rpyHTax. 3akoH (unbTpanuu. [IpUTOK TpyHTOBBIX BOI K
KOJIO/ILIaM M CKBaXkMHaM. [TpUTOK BOJBI K IPEHAKHBIM COOPYKEHUSIM.

1.2. JJaGopaTopHbI€ 3aHATHUS, UX COJICP)KAHUE

1.2.1. Onpenenenue ruipoCTaTUYECKOTO JABICHUS.

1.2.2. UccnenoBanue pexKUMOB JBUKEHUS KUIKOCTH.

1.2.3. UccnenoBanue ypaBHeHUs] bepHysuM JUIsl MOTOKA BA3KOM KUIKOCTH.

1.2.4. Onpenenenue kodhPuimeHTa rUAPaBINYECKOTO TPEHUS CTATBHOTO
TpyOOIpOBOAA.

1.2.5.9kcnepuMeHTanbHOE onpesiesieHne KO3 PHUIIMEeHTOB MECTHBIX COIPOTUBIICHUH.

1.2.6. UccnenoBanue UCTeYEHUs KUIAKOCTH U3 OTBEPCTUM U HACAJAKOB IIPH
MIOCTOSIHHOM Harope.
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1.3. YueGHO-MeTOqMUeCKas KapTa y9eOHON TUCIUTUTHHEI

nesnas ghopma nonyyenus oopasoeanus

= KonnyecTBo ayTMTOPHBIX
M
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1. | Benenue 2
2. | 'mppocratrka >KUIKOCTH 2 2
3. | 'maponuHamMuKa KUJIKOCTH 4 6
4. | Buapl conpoTHBIECHHUS 2 4
HcTteyenne >XxUAKOCTH U3
5. | OTBepCTHA, Yepe3 HAcaIKu 1 2 5
BOJIOCJIUBBI
6. | Pacuer TpybonpoBoOB 2
7 JIBIKEHME JKUIKOCTH B 1
" | OTKPBITHIX pycrax
8 OWIbTpaIMOHHOE JIBYDKCHUE 9
" | TPYHTOBBIX BOJI

2. AHOOPMAIIMOHHO-METOJANYECKAA YACTb

2.1. OcHoBHas n1uTeparypa

2.1.1. Kamunyn, B.U. I'mapasnuka, BogocHaOxeHue, kananmuzanusa / B.U. Kamuiys,
B.C. Kenpos, F0.M. JlackoB. — M.: Ctpoiinzgat, 2004. — 397 c.

2.1.2. Kamunyn B.M. OcHoBbl ruapaBnuku u aspoauHamuku / B.M. Kamumyn, E.B.
Hpo3znos, A.C. Komapos, K.W. Umxuk. — M.: Crpoitnzaar, 2001. — 296 c.

2.1.3. Anpmyns, A.Jl. TwapaBnuka u aspoauHamuka / AJ[. Ansmyns, JI.C.
Kusorosckuii, JI.II. BanoB. — M.: Ctpoituznar, 1987. —410 c.

2.1.4. Ilpumepst pacuetoB mo rtuapasnuke / Ilox pexn. AJl. Amprmyns. — M.:
Crpoinzaar, 1976.- 254 c.

2.1.4. T'yceB A.A. T'unpasnuka. Teopus u npaktuka. / A.A. T'yceB. 2-e u3a., Ucnp. u
nom. YueOHuk ajs By3oB M.: UznarensctBo FOpaiit, 2015. — 285 c.

2.1.5. CopaBounuk no rugpaBiaudeckomy pacuety / [lox pen. I1.I'. Kucenera [u ap.] —
M.: Dueprus, 1972. - 312 c.

2.2. lononHUTEIbHAS JIUTEpPATYpa
2.2.1. Camycr O.P. BomocHabGxeHre W BOJOOTBEICHHE C OCHOBAaMHU THAPABIUKHU:
yaebnoe mocobue / O.P. Camycp, B.M. OscsiaaukoB, A.C. KongpateeB — M.: [lupekt-
Menua, 2014 — 128 c.
2.2.2. Yyraes P.P. 'mgpasnuka. / P.P. Uyraes. — JI.: Oueprus, 1975. — 599 c.
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2.2.3. Illesene ®.A.. IleBeneBa A.®. TaOmuubl TUAPABINYECKOTO pacyera
BOAOIPOBOJHBIX Tpy0.M.: Crpoiipraaat, 1984. — 112 c.

2.2.4. Abpamosuu [".H. [Tpuknannas razoBas muaamuka. M.: Hayka, 1969. — 824 c.

2.2.5. IIpozopoB U.B., Hukonanze I'.11., MunaeB A.B. ['mnpaBnuka, BoJocHaOKEeHHE U
KaHanu3auus ropoaos. M.: Beicias mkoita, 1975. — 420 c.

2.3. Harnsauble mocoOusi, TEXHUYECKUE CPEACTBA 00yUCHUS

3.3.1. JlaboparopHas ycTaHoBKa «OnpeeieHie THAPOCTATHYECKOTO JTaBICHUS.

3.3.2. JJaboparopnass ycrtaHoBka «lccienoBaHne pEXAMOB JBKCHUSI KHUIIKOCTH B
HAIOPHOM TPYOOIIPOBOJIEY.

3.3.3. JlabopatopHas yctanoBka «VccrnemoBanue ypaBHeHHs bepHymnu s moToka
BS3KOH KHUIKOCTH.

3.3.4. JJaboparopHas ycraHoBka «Ormpenenenue Kodh(dUIUEHTa TUAPABINYECKOTO
TPEHHS CTAILHOTO TPYOOIIPOBOIAY.

3.3.5. JJaboparopHass ycTaHOBKa «JKCIEPUMEHTAIBHOE OIpeesieHre Kol UITMSHTOB
MECTHBIX COMPOTHUBIICHUIY.

3.3.6. JITaboparopnas ycranoBka «lccienoBaHrue MCTEUEHHsI )KUJIKOCTU U3 OTBEPCTUH
Y HACaJIKOB MPHU MOCTOSIHHOM HAIrope».

3.3.7. JlabopaTopHas yctaHOBKa «lccienoBanre HEMOATOIICHHOTO BOJIOC/IMBA ¢ TOHKOH
CTEHKOM.

3.3.8. [Imakar «®u3znyeckre CBOMCTBA JKUIKOCTENA U Ta30B).

3.3.9. IIimakat «Cwiia 1aBiIeHHS MOKOSIIENCS KUAKOCTHA Ha INIOCKUE CTEHKNY.

3.3.10. [Tnakar «TpaekTOpuu KUAKUX YaCTHUI]. JIMHUHU TOKa.

3.3.11. Inakar «Cxema K BbIBOlY ypaBHEHUs1 bepHyImy.

3.3.12. [Inakar «YpaBHeHue bepHyminy.

3.3.13. [Inakar «YpaBHeHue bepHyn Uisi TOTOKA KUIKOCTH.

3.3.14. Inakar «I'uapaBnuueckuii KOdOPHUIUEHT TPEHUS CTATBHBIX TPYO».

3.3.15. [Inakat «MecTHbIE THAPABINYECKUE COTPOTUBIICHUS.

3.3.16. IInakar «Mcteuenue uepe3 manble otBepcTusi. Koadduumentsr ckopoctu,
CKaTHUS U PacXojan.

3.3.17. TInakar «CTpyKTypa MOTOKa B HACAJKaX PA3HOTO THUIIA.

3.3.18. [Inakar «lMcTedyeHue yepe3 BOJOCIUBBD.

2.4. llepeueHs cpeACTB JUATHOCTUKU PE3YyIbTATOB YIEOHOM NESITENbHOCTH

JI1st TeKyIero KOHTpOJIA ¥ CAaMOKOHTPOJISI 3HAHUM U YMEHUH CTYACHTOB I10 TaHHOU
JUCLUIIIIMHE UCIIONb3YETCA CIEAYIONIUN AMarHOCTUYECKUI HHCTPYMEHTApHIA:

- YCTHBIﬁ OIIpOC Ha Ha60paTOpHBIX 3aHATHUAX.

2.5. Meroaudeckue peKOMEH AU 10 OpTraHU3alUNA CAMOCTOSTEILHOW PaObOTHI
00yJaroIMMHUCS TI0 YIEOHOM TUCIIUIUIMHE

OcHOBHOM yueOHOM pPaboTOl cTyneHTa SBISETCS CaMOCTOATENbHas paboTa B
TEUYEHUE BCETr0 Cpoka oOydeHus. HaunmHaTh W3ydyeHHWE IUCHUIUIMHBI HEOOXOIUMO C
O3HAKOMJICHHS C HENsIMHU M 3aJadyaMi JUCHMIUIMHBL, a TaKke 3HAHUAMU M YMEHUSIMH,
npuoOpeTaeMbIMU B Tpoliecce n3ydeHus. Jlanee ciemyeT mpopaboTaTh peKOMEHIYyEMYIO
JUTEPaTypy, PacCMOTPEB TEMBI JICKIIMOHHBIX M JTAOOPAaTOPHBIX 3aHATHH. Bce HescHbie
BOTIPOCHI 10 AUCHUIUIMHE CTYACHT MOXKET PEIIUTh Ha KOHCYIbTAIHSIX.
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ITPOTOKOJI
COIJIacOBAaHMS Y4eOHOM IMPOrpaMMBbl YUPEKIEHHUS BbICILIETO0 00pa30BaHUs
1o yuyebHol nucuumuinHe « MexaHuka )KMJIKOCTH U Ta3a
C IpYTMMHU JUCUUIUTMHAMU

Pemenue,
HaumenoBanue [Ipennoxenus IPUHSITOE
yaeOHOMI kadeapsl 00 Kadeaponu,
JUCITUTUTAHEI, HazBanwue W3MCHCHHSIX B pa3paboTaBiieit
C KOTOpOH Kadenpsl CoJIep KaHUH y4eOHYIO0
TpedyeTcs ydaeOHOU nporpammy (c
COTJIACOBAHHE MIPOTPaMMBbI YKa3aHHUEM JIaThl U

No mpoTtokora)

duznka Kadenpa
Briciras Kadenpa Briciieit
MaTeMaTHKa MaTeMaTHKU

HGDC‘-IGHB BOIIPOCOB, BEIHOCHUMBIX HAa CAMOCTOATCIBHOC U3YUYCHHUC

1. KpaTkue cBeneHust U3 UCTOPUM TUAPABIMKU U 00 €€ OCHOBOIOJIOXKHHUKAX — 2 Jaca.
2. HeHbIOTOHOBCKHE KUJKOCTH - 2 "aca.

3. CBoOOHAS TOBEPXHOCTH - 2 Haca.

4. JlaBneHue *KUAKOCTH Ha TJIOCKKE TTOBEPXHOCTH — 4 vaca.

5. llentp naBnenus. Dmnropa gaBneHus — 44daca.

6. OcHOBHOE ypaBHEHHE PaBHOMEPHOT'O ABMKEHUS KUKOCTH — 4 Haca.
/. XapakTepucTUKa JaMUHAPHOIO JBUKEHUS KUIKOCTU — 4 Jaca.

8. XapakTrepucTuka TypOYyJIEeHTHOTO JBUKEHUS KUAKOCTH — 4 Jaca.

9. Buasl HacagkoB — 2 4Jaca.

10. Knaccuduxkarus BogocauBoB — 2 4aca.

11. Haznauenue u knaccudukaius TpyoompoBo 0B — 2 yaca.

12. PaBHOMepHOE IBM)KEHHE KUIKOCTH B OTKPBITHIX pyciiax — 4 yaca.
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18.
19.
20.
21.
22.
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30.
31.
32.
33.
34.
35.
36.
37.
38.

IlepeyeHp BOOPOCOB K 3a4YETY

. lIpenmer MOKul'. IIpumeps! ruapOMeXaHUUECKUX 3a1a4.

. KpaTkue cBenienus n3 MCTOpUU THUIPABIMKU U 00 € OCHOBOIOJIOKHHUKAX.
. OcHOBHBIE (PU3UUYECKUE CBONCTBA KUJIKOCTEH U ra30B.

. HeHpIOTOHOBCKHE KUAKOCTH.

. 'mapocTatuyeckoe AaBlieHUE U €ro CBOKWCTBA.

. CBoOOIHASI TOBEPXHOCTb.

. OCHOBHOE ypaBHEHUE T'UIPOCTATHKHU.

. AGCOIIOTHOE 1 MAHOMETPHUUYECKBIICHHUE.

. IIre3omeTpuueckas BoicoTa. Bakyym.

. JlaBleHHe KUAKOCTH Ha IJIOCKHE IOBEPXHOCTH.
. LlenTp gaBneHus. Dntopa 1aBIcHUS.
PaBHOMEpHOE U HEpaBHOMEPHOE JBUKEHHE.
Hamopnsriit 1 6e3HaIOPHBIN IMOTOK.

VYpaBHEHUE HEPA3PHIBHOCTH MTOTOKA.
VYpaBHeHue bepHyIuH 7151 27IEMEHTAPHOM CTPYMKU HIACATTBHOM KUAKOCTH.
VYpaBHenue bepHyiu uist IOTOKa peaabHON KUIKOCTH.

OCHOBHOE ypaBHEHHE PAaBHOMEPHOI'O ABUKEHUS KUJIKOCTH.

Pexxumel nBmkenns skunkoctu. Yucio PertHonpaca.

XapaKTepuCTHKa JAMUHAPHOTO JBUXKEHHUS KUIAKOCTH.
XapakTepucTuka TypOyJIeHTHOTO JBUKEHUS KUIKOCTH.

[ToTepu Hamopa Ha TpeHuUe Mo JTMHE MOTOKA.

[ToTepu Hamopa B MECTHBIX COMTPOTUBIICHUSIX.

Hcredyenue )KUIKOCTH U3 OTBEPCTUM ITPU ITIOCTOSSHHOM Harlope.

Bunae! Hacagkos.

HcreueHnne )KUIKOCTH Yepe3 HACcaIKH.

Kiraccudukarus BogoCIMBOB.

Hcredyenue )KUIKOCTH Yyepe3 BOJOCIUB ¢ TOHKOM CTEHKOM.
Hasnauenue u knaccudukaius TpyoonpoBOI0B.

OcHoBHbI€ (hOPMYJIBI ISl TUAPABIMYECKOTO pacyeTa TpyOOmpoOBOIOB.
Pacuet npocTsix TpyOOIIPOBOIOB.

Pacuet Oe3HanopHbIX TPyOOIIPOBOIOB.

PaBHOMEpHOE NBMKEHUE )KUAKOCTH B OTKPBITHIX pyciax.
JlonmycTUMbI€ CKOPOCTHU ABUKEHUS MMOTOKA.

I'mppaBinueckuil pacdyer KaHaJOB.

OuUIBTPAIIMOHHOE JIBI)KCHUE TPYHTOBBIX BO/I.

3aKoH QuUIbTpaIu.

[IpuTOK rPYHTOBBIX BOJ K KOJIOJLAM U CKBaKUHAM.

[TpuTOK BOJBI K APEHAKHBIM COOPYKEHUSM.
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