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Jlekuus 1. BBEJJEHUE. IIPEJJMET I'M/IPABJIMKU U KPATKASI HCTOPUSA EE
PA3BUTHUA

Pemenne pa3nuvHbIX TEXHUYECKHUX MPOOJIEM, CBA3aHHBIX C BOIIPOCAMH JIBMXKCHUS )KHJIKOCTEH B
OTKPBITHIX U 3aKPBITHIX PyClIaX, a TakKe C BOIMPOCAMU CHJIOBOTO BO3JCUCTBHSI JKUIKOCTH HA
CTEHKH COCYJIOB MM O0TEKaeMbIe KUIKOCTHIO TBEPJbIC TEJIa MPUBEIIO K CO3MaHHUIO0 OOIMPHON
HAayKd Ha3bIBAaEMON THAPOMEXaHUKOH, KOTOpas MJEJIUTCS Ha JBa paslena: TeXHUYecKas
TUAPOMEXAHHUKA U TEOPETHUECKass MEXaHUKA KUJKOCTH U raza (puc.l.1).

I'uapomexanika
¥ ¥
TEXHHY eCKas TeopeTHY eCKast
THAPOMEXaHHKA MEXaHHKA SKHIKOCTH
(THApaBRIHEA) H rasa

Puc. 1.1. Paznensl rugpomMexaHuku

Tuopasnuka (TexHu4yecKkass MEXaHUKA KUJKOCTH) - MPUKIIATHAS YaCTh THIAPOMEXAHUKH, KOTOPAs
UCIIOJIB3YyeT T€ WM WHBbIE JOMYyLICHUS MJs PEelIeHMs] MpakThyeckux 3anady. OHa obmanaer
CPAaBHUTEIBHO NPOCTHIMU METOJMKAMM PACYETa IO CPABHEHUIO C TEOPETUYECKOM MEXAHUKOU
KUJIKOCTH, T/I€ NMPUMEHSETCA CIOXHBIM MareMaTH4yecKuil anmapar. OIHAKO TUIpaBiIvKa JaeT
JOCTaTOYHYO JIJIl TEXHUYECKUX MPUIIOKEHUN XAPAKTEPUCTUKY PACCMATPUBAEMBIX SIBJICHUM.

1.1. KpaTkasi ucropusi pa3BUTHA THAPABIUKH

Hcropuyecku THapaBivdKa SABISIETCS OJHOM U3 CaMbIX IPEBHUX HAyK B MUpE. APXEOJOTHUYECKUE
WCCIIEIOBAHUS TTOKa3bIBatOT, 4To emnle 3a 5000 ner mo Hamieit >pel B Kurae, a 3atem B Apyrux
CTpaHax JpPEBHETO MHpa HAWJAEHbl OMNUCAHUS YCTPOWCTBA PA3JIMYHBIX TUAPABIMYECKUAX
COOpYKEHUM, TPEJCTaBICHHbIC B BUJIE PUCYHKOB (TIEpBbIX uepTexkeil). EcrecTBeHHO, 4YTO
HUKAKUX PacyeTOB ATHUX COOPYKCHHH HE MPOM3BOJWIOCH, U BCE OHHM OBUIM TOCTPOCHBI Ha
OCHOBAHUU MPAKTUYECKUX HABBIKOB U MTPABUII.

[lepBbie yKazaHusi O HAYYHOM MOAXOJE K PELICHUIO THAPABIMYECKHX 3aJad OTHOcATCS K 250
rogy 10 H.3., Korja ApXUMeaoM ObUT OTKPBIT 3aKOH O PaBHOBECHHU Teja, MOTPYKEHHOTO B
XKuAKocTh. [lorom Ha mpoTskeHnn 1500 meT ocoOBIX M3MEHEHHWH THIpaBIMKa HE IMOJIydJala.
Hayxka B To Bpemsi MOUYTH COBCEM HE pa3BUBAIACh, 00pa30Baics CBOETo pojia 3acTor. M Tompko B
XVI-XVII Bekax Hamiei 3pbl B 310Xy Bo3poxaeHus, Wi Kak TOBOPSIT UCTOpUKU PeHeccanca,
nosiBWINCh pabotel ['amunes, Jleonapgo na Bunum, [lackans,
HproToHa, KOTOpBIE MOJOXWIM  CEPbE3HOE  OCHOBAaHWE s
JAJTbHEUIIIET0 COBEPIICHCTBOBAHUS THIPABIMKHN KaK HAYKH.

OnHako  TOJABKO  OCHOBOINOJAralpIiMe  pabdoThl  aKaJEeMHUKOB
[TerepOyprckoii akagemun Hayk J[lanumna bepuymnu u Jleonapaa
Oiinepa xuBmux B XVII Beke, co3manu npouyHbld (yHIAMEHT, Ha
KOTOPOM OCHOBBIBaeTcs coBpeMeHHas rumapasinuka. B XIX-XX Bekax




CYILIECTBEHHBIN BKJIAJ B TMAPOJMHAMUKY BHec "oten pycckoil aBuanumu' Hukomai Eroposuu
KyxoBckuil.

Ponp ruapaBIMKM B COBPEMEHHOM MAIIMHOCTPOSCHWW TPYIHO TMEpEoIeHUTh. JIroOoi
aBTOMOOWJIb, JIETATENbHBIM ammapar, MOPCKOE CYIHO He obxoaurcsa O0e3 NpuMEeHEHHs
rujpaBiInyeckux cucreM. J[00aBUM croa CTPOUTENBCTBO IUIOTHH, Jam0, TpyOOIpOBOOB,
KaHaJIoB, BOJOCIMBOB. Ha mpou3BoAcTBE MpOCTO HE OOOMTHCH 0€3 THAPaBIMYECKUX MPECCOB,
CIOCOOHBIX pa3BUBaTh KOJIOCCAJIbHBIE YCHIUS. A BOT UHTEpecHbId (aKT W3 HCTOPUU
cTpouTenbcTBa DideneBoii OamrHu. lepen TeM Kak OKOHYATENbHO YCTAHOBUTH MHOTOTOHHYIO
METaJUIOKOHCTPYKIIMIO OallHu Ha OETOHHBIE OCHOBAHUS, € MPHUAAIU CTPOrO€ BEPTUKAIBHOE
MOJIO)KEHUE C IMOMOILBIO YETHIPEX THUIPABIMUYECKUX IPECCOB, YCTAHOBJIEHHBIX IOJ KaXAYIO
Oropy.

['unpaBnuka npecieayeT 4yeloBeka MOBCIOAY: Ha paboTe, AoMa, HA Jade, B Tpancmnopre. Cama
MpHUpOo/a MoJICKa3aia YeJI0BEKy YCTPOMCTBO ruipaBindeckux cuctem. Cepaiie - Hacoc, IE4YEHb -
GUIBTp, TMOYKU - MPEJOXpaHHUTENbHBIE KJamaHbl, KPOBEHOCHBIC COCYIbI - TPYOOTpPOBOJIbI,
oOmasi JyiMHA KOTOPBIX B deloBeueckoMm opranm3Me okono 100 000 kM. Hame cepmaie
nepeKavynBaeT 3a CyTKu 60 TOHH KpOBH (9TO IIeas KEIe3HO0POKHAS IUCTEpHA!).

1.2. ZKuakocThb M CHJIbI 1efiCTBYIOIIE HA Hee

Kuoxocmuio B TUAPABIUKE HA3bIBAIOT (PU3MUECKOE TENO CIHOCOOHOE M3MEHSTHh CBOIO (PopMy
IpU BO3JCHCTBUM HAa HEE CKOJIb YrOAHO ManbiX cui. Pa3nuyaroT 1Ba BHUIA >KUIKOCTEH:
KHUJIKOCTH KallelbHbIE M JKUIKOCTH ra3zoo0pasHbie (puc.l.2). KamenbHble XKHIKOCTH
MPEJCTABIIAIOT COOOM KUIAKOCTH B OOBIYHOM, OOIICTIPUHSATOM IMOHUMAaHWHU ATOTO CJIOBa (BOAA,
He(dTh, KEPOCHH, Macio H.T.A.). ['a3000pa3Hble >KHIKOCTH - Ta3bl, B OOBIYHBIX YCIOBUAX
MPEJICTABISIIOT cOO00M ra3000pa3Hbie BeulecTBa (BO3yX, KUCIOPO/, a30T, POIaH U T.1.).

AHAKOCTH
¥ Y
KanemkHe1e T"az000paszHLIe
(Pojga, HedTh, (BO3TYX, KHCIIOPO/,
KePOCHH, Maco... ) a30T, TPOTIAH. . . )

Puc. 1.2. Buas! )xuakocreit

OCHOBHOW OTIMYUTENHHOM OCOOEHHOCTHIO KaleIbHBIX M Ta3000pa3HBIX KUIKOCTEH SBISETCS
CIOCOOHOCTh CKHMMAaThCs (M3MEHATh O0BEM) MOJ BO3JACHCTBMEM BHEIIHUX cwuil. KamenbHbie
KUAKOCTH (B JalbHEHIIEM MPOCTO XKUAKOCTH) TPYIHO MOJAAIOTCS CHKATHUIO, a ra3000pa3HbIe
KUAKOCTH (Ta3bl) CXKUMAIOTCS JTOBOJIBHO JIETKO, T.€. MPH BO3JACUCTBUH HEOONBINHNX YCHIUN
CIOCOOHBI U3MEHUTH CBOM 00BEM B HECKOJIBKO pa3 (puc.1.3).
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Puc. 1.3. Cxxatue XUIKOCTEN U Ta30B

B ruapaBnuke paccMaTpuBAIOTCS peaibHAs N UOealbHas XUIKOCTH. VieanbHast >KHIKOCTh B
OTJIMYKE OT peajbHOM >KUIKOCTH HE OO0JaJaeT BHYTPEHHHUM TpPEHHUEM, a TaKkKe TPEHHEM O
CTCHKH COCYJIOB U TPYOOIIPOBOJIOB, IO KOTOPHIM OHA JABIDKETCS. MjeanmbHas KHUIKOCTh TaKkKe
oOnamaer  aOCONIOTHOM  HEC)KUMAEMOCThIO.  Takas  KUAKOCTH HE  CYLIECTBYeT B
JIeMCTBUTENBHOCTH, U ObUIA MpHIyMaHa IJisi OOJEeTrdeHHs] U YNPOUICHHs psiAa TEOPETHYECKUX
BBIBOJIOB U MCCJIEIOBAHUN.

Ha KHUAKOCTHh IMMOCTOAHHO BOSI[GI\/'ICTBYIOT BHCIIHHUC CHJIbI, KOTOPLIC pasacCiIsAlOT Ha MAaCCOBLIC U
IMOBCPXHOCTHBIC.

Maccosvie: cunbl TsKeCTH W HHEepuMH. CHila TSXKECTH B 3€MHBIX YCIOBHSIX JIEUCTBYET Ha
HUJIKOCTh MOCTOSIHHO, & CHJIa MHEPIIUU TOJIKO MPU COOOIIEHUN 00bEeMY KUAKOCTH YCKOPEHUH
(IOJIOKUTENBHBIX WM OTPULATENIbHBIX ).

Ilosepxnocmuvie: 00yCIOBICHBI BO3JCUCTBHEM COCEIHHUX OOBEMOB MKUIAKOCTH Ha JaHHBIA
00BEM WM BO3JCHCTBHEM APYTHUX TEIL.

Fone PaccmoTpuMm cocy, HAMOJTHEHHBIN KUAKOCTHIO. ECIIN BBIIECIUTH B HEM
Ty OECKOHEYHO MaJIblii 00BEM KHIKOCTH, TO Ha 3TOT 00beM OyayT
— — 1] JIeWCTBOBATh CHUJIbI CO CTOPOHBI COCETHUX TAKHX YK€ OECKOHEUHO MaJIbIX

— — — — —i| o0ObpemoB (puc.1.4). Kpome 3TOr0 Ha CBOOOIHYIO MOBEPXHOCTD KUIKOCTH

— — —{ JelcTBYeT cuia aTMOC(hepHOTO NaBIICHUS P,y M CHITBI CO CTOPOHBI CTEHOK
— — — — cocyna.

Puc. 1.4. [ToBepXHOCTHBIE CHIIBI

Ecnu Ha )kuaKocTh AENCTBYET KaKasi-TO BHEIIHSSL CHIIA, TO TOBOPSAT, YTO KUJKOCTh HAXOAUTCA
o naBieHueM. OOBIYHO 711 ONPEICIICHUSI TaBICHUS KUIKOCTU, BHI3BAHHOTO BO3ICHCTBHEM
Ha HEee TIOBEPXHOCTHBIX CHUJI, PUMEHSIETCS opMyIia

F
P=—, (H/™M um (Ia),
oy
rae F - cua, JNEUCTBYIOIIAS Ha KUIKOCTD, H (HBIOTOHBI);

S - momaak, Ha KOTOPYIO IEHCTBYET 3Ta CUiIa, M? (KB.METPHI).



Ecnu  naBnmenue P OTCUMTHIBAIOT OT aOCOJIFOTHOTO HYJISA, TO €r0 Ha3bIBAIOT aOCOIIOMHbIM
oaesnenuem Pg,. Ecnim  nmaBneHme  OTCUMTBHIBAIOT  OT  aTMOCEpHOro,  TO OHO
Ha3bIBaeTCs U3O6imounviM P,,;. ATMochepHoe gaBienue noctossaHo P, = 103 klla (puc.1.5).

o §

1 vadumgae fafiaese

q-l -
_ [ | P uas 2 Pﬂlﬁc‘:Pu36+Pa>
DI HTEAL S HE %
51 1 1H
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Puc. 1.5. Cxema k onpeiejICeHUIO JaBJICHUN

3a enuHully AaBieHus B MexayHapoaHoi cucteme eaunul (CH) npuHSAT nackaib - JAaBlICHUE
BbI3bIBacMoe cwioi 1 H, paBHOMEpHO pacnpenesieHHOW M0 HOPMAJIBHOW K HEUMl MOBEPXHOCTH

momanaeo 1 m2:

1 Ma=1H/™*= 107 xITa = 10" MITa.
PasmepHocTh naBnenust o6osznauaercs kak "[la" (mackamp), "k[la" (kwumomackanp), "MIIa"

(meramackanp). B TexHuke B HacTosiiiee BpeMsl MPOAOKAIOT MPUMEHSATh CHUCTEMY €IMHMIL
MKTI'CC, B koTOpOi#1 32 €AMHUILY AABJICHUS MPUHUMAETCA | Kre/m2,

1 ITa= 0,102 xrc/m? uium 1 kre/m? = 9,81 Ila.

1.3. Mexann4yeckue XapaKTepUCTUKH U OCHOBHbIC CBOMCTBA KUAKOCTEH

OcHoBHble MexXaHUuYecKue xapakmepucmuKku

OI[HOﬁ nu3 OCHOBHBIX MEXAaHNUYCCKUX XapaKTECPUCTHUK KUOKOCTHU SABJIACTCS (Mv
IUIOTHOCTD. [110mHOCmblo )KUIKOCTH HAa3bIBAlOT MACCy JKHUIKOCTH 3aKIIOUCHHYIO B CIMHHIIEC
obbema.

m

p=— (Kr/m).

=
Yoenvuvim 6ecom Ha3bIBAIOT BEC CAMHHIIBI 00BbEMa JKHUIAKOCTH, KOTOPBIM OMpPEACIACTCS IO
dhopmye:

By = - Ldv (m*H),
VodP

C yBenMueHHeM TeMIIEpaTypbl yACIbHBIA BEC )KUAKOCTH YMEHBIIACTCS.

Ocnoenvie puzuueckue ceolicmea



1. Corcumaemocmsb - CBOUCTBO XKUIAKOCTH H3MEHSITH CBOM 00BEM II0J AEHCTBUEM IaBJICHUA.
CKMMaeMOCTh JKHMJIKOCTH XapaKTepusyeTcss KOd(PQPUIIMEHTOM OOBEMHOTO CXKaTHs, KOTOPBIN
ompenensieTcs no Gopmyie

&
_ 3
¥=— (Hf m').
V
e V- HIePBOHAYATBHBIN 00BbeM KUIKOCTH,

dV - uameHenue 3Toro 00beMa, Py YBEIMYCHUH JIaBICHUs Ha BeanuuHy dP.

Benuuuna oOpatHas BV Ha3biBaeTCst MOyJIeM 0ObEMHON YIPYTOCTH KUJIKOCTH:

K= é (H/m?).

Moayns 00BEMHOM YIPYTrOCTH HE MOCTOSIHEH M 3aBUCUT OT JaBlieHUs W TemmepaTypsl. [Ipu
TUIPABIMYECKUX pacueTax CHKUMAeMOCTbIO >KMAKOCTH OOBIYHO NIpPEHEOperaroT M CUYUTAIOT
KUJAKOCTH TPAKTUYECKH HEC)KUMaeMbIMU. (C)KaTHe KHUAKOCTEM B OCHOBHOM OOYCJIOBIJICHO
CXKaTHEM PACTBOPEHHOI'O B HUX rasa.

CXMMaeMOCTh MOHMKAET JKECTKOCTh ruapomnpuBoJa, T.K., Ha CKATHUC 3aTpadyrBaACTCA OHCPIUA.
C:XKMMaeMOCTh MOXKET SIBUTHCS HpH‘IHHOfI BO3HMKHOBEHHUS aBTOKOJIcOAHUM B TuaApoOCUCTEMC,
CO31ac€T 3a11a3JbIBaHUC B Cpa6aTLIBaHI/II/I ruapoamnmapaTtypbl 1 HCIIOJHUTCIbHBIX MCXaHU3MaX.

NHorma cXMMaeMOCTb KUIAKOCTEM TOJIE3HA - €€ MCIOJB3YIT B TUAPABIMYECKUX
aMOPTH3ATOPax U MPYKUHAX.

2. TemnepamypHnoe pacuiupenue - OTHOCUTEIIbHOE M3MEHEHHEe o0beMa JKUIKOCTH IpH
yBenndeHnn TemmepaTypel Ha 1°C mpu P = const. XapaktepusyeTcss Kod(hQUIIUEHTOM
TEMIIEPATYPHOTO PACIIUPEHUS

1dp
=27 (1o
By - (1/C®)

[TockonbKy mJisi KamelbHBIX JKUAKOCTEH KOA(GOUIMEHT TeMIEepaTypHOTO pPACIIUPEHUS
HAYTOKHO MaJl, TO IIPU MPAKTUYECKUX PACYETAX €TO HE YUUTHIBAIOT.

3. Conpomusnenue pacmsicenuro. OcoObIMH (PU3NISCKUMH OIBITAMH OBUIO IMOKa3aHO, YTO
MOKOSIIAsICS KUIKOCTh (B YaCTHOCTH BOJA, PTYTh) MHOT/IA CIIOCOOHA COMPOTHBISITHCS OYECHB
OOJBIINM pACTATUBAIOIIMM ycHIUAM. HO B OOBIYHBIX YCIOBHSX TaKOrO HE MPOUCXOIUT, U
MO3TOMY CUMUTAIOT, YTO KUIAKOCTh HE CIIOCOOHA COMPOTUBIISATHCSA PACTATUBAIOLIUM YCUITUSIM.

e
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Puc. 1.6. Cuibl MOBEpXHOCTHOTO HATSKEHUS



4. Cunbl NOBEPXHOCMHO20 HAMAJICEHUS - ITU CUIIBI CTPEMSTCS NMPUAATh cPepudeckyro (hopmy
KUAKocTU. CHIIBI MOBEPXHOCTHOTO HATSHKEHUS OOYCIIOBJIEHBI MOBEPXHOCTHBIMH CHJIAMU U
HamnpaBlieHbl BCerja BHYTPh paccMaTpuBaeMoro oObemMa MepHeHIUuKYISIPHO CBOOOAHOM
MOBEPXHOCTH KUIAKOCTH. PaccMoTpum OecKOHEUHO Malblii 00beM KHAKOCTH Ha CBOOOJHOM
noBepxHoctd. Ha Hero OyayT nJeilcTBOBaTh CHIJIBI CO CTOPOHBI COCEAHHUX OO0BeMOB. B
pe3yJibTaTe, €Ciau CIIOKUTh BEKTOpa BCEX CHJI JEHCTBYIOIIMX HAa paccMaTpUBaeMblil 00beM, TO
CyMMapHasli  COCTaBjsifollas cujga OyJeT  HampapiieHa  NEPHeHAMKYJISIPHO  BHYTPh
paccMaTrpuBaemMoro oobema.

5. Baskocms drcuokocmu - CBOMCTBO AKUAKOCTU COITPOTUBIISITHCS CKOJIBKEHUIO WIH CABUTY €€
cinoeB. CyTb €€ 3aKJII04aeTCs B BOSHUKHOBEHUN BHYTPEHHEUN CUJIbI TPEHUS MEXKIY
JIBUKYIIUMHUCS CIIOSIMH JKUJIKOCTH, KOTOpas onpenensercs no gopmyne HeroToHa

du
T:.’J‘S‘d_ (H):
V

rac S - miomajab CJIOCB KHIAKOCTH HJIM CTCHKH, coan/IKaca}omeﬁCﬂ C KHNIKOCTBIO, M2,

W-  JUHAMHYCCKMHA  KOO(D(HUIMEHT  BA3KOCTH, WIM  CHJIa  BA3KOCTHOTO  TPEHHS,
d /dy - rpagueHT CKOPOCTH, IEPIICHANKYJIIPHBIN K MOBEPXHOCTH CIIBUTA.

OTCIOI[a JAMHAMHWYCCKas BA3KOCTh paBHaA

o
=" &y (H-c/m?),
du
e T - KacaTelbHbIe HAIPSHLKEHUS KHIKOCTH, T = T/S.

[Ipu TeueHun BS3KOM KUIAKOCTH BAOJIL TBEPJON CTEHKH MPOUCXOAUT TOPMOXKEHHUE IMOTOKA,
oOycnoBineHHoe Bs3KocThio (puc.l.7). CkKOpocTh yMEHBIIAETCSI N[O MEpEe YMEHbIIECHUS
paccTostHusl 'y OT cTeHKU. [Ipu 3toMm npu y = 0, CKOpOCTh Mafaer 10 HyJsl, a MEXIY CIOSMU
MPOUCXOJUT  TMPOCKAIh3bIBAHWE, COMPOBOXKAAIONICECS]  BO3HMKHOBEHHEM  KacaTelIbHBIX
HaIpSKEHUH T.

T 7T AP d A st f o d S

Puc. 1.7. IIpodunb ckopocTeii npy TeYEHUU BSI3KOM KUIKOCTH BI0JIb CTCHKU

Bennuuna obpatHas nuHaMuueckoMmy Ko3QpuuueHTy Ba3kocTu (1/p1) Ha3bIBaeTCs mexkyuecmuio
HCUOKOCMU.



OTHOIICHHE JUHAMHYECKOTO KO3(PPUIMEHTa BS3KOCTH K TUIOTHOCTH JKHIKOCTH HAa3bIBACTCS
KHHEMaTHYeCKUM KO3 (HUIIMEHTOM BS3KOCTH:

v=H (M2/C).
P

Benmnunnaa v (mpomsnocutcs "Hr") paBHas 1cm?/c HaswiBaetcs crokcoMm (Ct), a 0,01 Cr - 1
cantucTtokcom (cCr).

[Ipouecc omnpeneneHusi BI3KOCTU Ha3bIBAETCSl BHCKO3UMETPHUEH, a MpuOOpbI, KOTOPHIMU OHA
ornpezaensieTcs: BUCKO3UMeTpaMu. [IoMUMO OIIEHKH BSI3KOCTH C MOMOUIbIO JTWHAMUYECKOTO U
KMHEMaTHIECKOTO KO3(P(UIIMEHTORB MOIB3YIOTCS YCIOBHOM BSI3KOCTHIO - Tpamychl DHriepa ( E).
Bsi3koCcTb0, BBIpaKEHHOU B rpajycax DHrjepa, Ha3blBaeTCs OTHOLICHHE BPEMEHHM UCTEUEHUS
200 cM® UCIBITYEMOM KUAKOCTH Yepe3 Kanmwuisip d = 2,8 MM K BpeMEHH MCTEYCHHS TaKOTO JKe
o6bema Boapl ipu t =20 C

1°E=i—, Iae t

godut

ooy = 31,6 CeEK.

Takoi mpuOOp Ha3BIBAETCS BHCKO3UMETpPOM OHTIepa. sl mepecuera rpaaycoB ODHIepa B
CTOKCHI JIJISl MUHEPAJILHBIX Maces MpUMeHsieTcst popmyia

v=0,073°E - 0,003 .

[#]

Takum 00pa3oM, A7 OUEHKH BA3KOCTU >KHIKOCTH MOXXHO HCHOJB30BaThb TPH BEITUYHHBI,
KOTOPBIE CBSI3aHBI MEXKY COOOM

O1eHKa BASKOCTH

Y

JTHHA MY e CKHE KrHeMaTHY eCKHH I'pagycel DHLnepa
KO3 pHIHeHT KO3 pHIHeHT °F,
1, H-¢/nm v =u/p, M

Puc. 1.8. CriocoObI OIIEHKH BA3KOCTH KUIKOCTHA

Bs13K0CTh XKMIKOCTH 3aBHCHT OT TEMIIEpaTyphl U OT JIaBiieHUs. [Ipy MOBBIMICHUH TEMIIEPATyPhI
BSI3KOCTh KUJKOCTH YMEHBIIAETCS M HA00OpOT. Y Ta3oB HaOMIOAaeTcs OOpaTHOE SIBJICHHE: C
MOBBIIICHUEM TEMIIEPATypPhl BSA3KOCTh YBEIMYMBACTCS, C IOHMKCHHUEM TEMIIEpaTyphl -
yMEHBIIIACTC.

6. Ilenoobpazosanue. Brinenenne Bo3mayxa w3 pabodeld >KUAKOCTH TMPU TMAACHUU JTABICHHUS
MOXXET BbI3BaTh MEHOOOpa3oBaHue. Ha MHTEHCUBHOCTH MEHOOOPA30BaHUs OKA3bIBACT BIUSHUE
coJiepkaiascs B padoyell KUIKOCTH BOJa: JaKe IMPU HUYTOKHOM KOJIMYECTBE BOJBI (MEHEe
0,1% no macce paboueil JKUJIKOCTH) BO3HHMKAET ycToWuuBas neHa. OOpa3oBaHHe U CTOMKOCTh
MIEHBI 3aBUCAT OT THUMA paboueill KUAKOCTHU, OT €€ TEeMIIepaTyphl M Pa3MepoOB IMy3bIPHKOB, OT
MaTepualioB M TOKPBITUN ruapoannaparypbsl. OcoOEHHO MEHO0Opa30BaHUE MPOUCXOIUT



MHTEHCUBHO B 3arpsA3HEHHBIX >KMJKOCTAX M OBIBIIMX B 3KCIUTyatauuu. llpu Temmeparype
xuakocty cebiiie 70 C mpoucxoauT ObICTPBIN Crajl eHBbI.

7. Xumuyeckas u Mmexamuueckas cmouKkocmy. XapaKTepu3yeT CHOCOOHOCTh HKHJKOCTH
COXPAaHATH CBOM MEpBOHAYANIbHbIE (PU3MUECKHe CBOMCTBA MPH IKCIUTyaTallul U XpPaHEHUH.

OxkuciieHne JKUIKOCTU COIPOBOXKIAETCS BBINAJEHUEM M3 HEE CMOJI M LUIAKOB, KOTOPbIE
OTKJIaIBIBAIOTC. HA MOBEPXHOCTU DJIEMEHTOB THAPOINPUBOAA B BHUIAE TBEPAOIO HAJIETA.
CHmKaeTcss BSI3KOCTh M M3MEHSETCS UBET KUAKOCTU. [IpOAYKTHI OKHCIIEHHS BBI3BIBAIOT
KOPPO3UI0 METAJIOB U YMEHBIIAIOT HAJAEKHOCTh pabOThI TuapoanmnapaTypsl. Haner BbI3bIBaeT
3aKJIMHUBAHUE IIOJBWXHBIX COCOUHEHUM, IUTYHXEPHBIX IIap, APOCCEIUPYIOIIUX OTBEPCTHUH,
paspylIeHUe YITIOTHEHUN U Pa3repMETU3aLNI0 TUAPOCUCTEMBIL.

8. Cosmecmumocms. ~ COBMECTUMOCTb ~ pabOuMX  KHUIKOCTEM €  KOHCTPYKUMOHHBIMHU
MaTepualaMd U OCOOEHHO C MaTephajlaMu YIJIOTHEHUH UMEEeT OYeHb OOJbIIOe 3HAuYeHUE.
Paboune xxuaxocTy Ha HEPTAHON OCHOBE COBMECTUMBI CO BCEMHU METaJJIaMU, IPUMEHSIEMBbIMU B
TUAPOMAIIMHOCTPOEHUU, W IIOXO COBMECTUMBI C VYIUIOTHEHUSIMH, H3TOTOBJICHHBIMH U3
CUHTETUUECKOU pe3uHbl U U3 KOXHU. CUHTETHUECKHE PaboUme )KUIKOCTH MIJI0X0 COBMEILAIOTCS C
HEKOTOPBIMU KOHCTPYKLIMOHHBIMH MAaT€puallaMH W HE COBMECTHMbI C YIUIOTHEHUSIMHU U3
MAacCJIOCTOMKOW PE3VHBL.

9. Ucnapsiemocms orcuokocmu. VcmapseMoCcTh CBOWCTBEHHA BCEM KameIbHBIM SKHIKOCTSIM,
OJHAKO HMHTEHCHBHOCTh HCIAPEHHUS HEOJMHAKOBA Yy PA3JIMYHBIX JKUIKOCTEM M 3aBUCUT OT
YCJIOBUM B KOTOPBIX OHA HAXOJUTCS: OT TEMIIEPATYPHI, OT IUIOLIAA UCIIAPEHHUS, OT JaBJICHUA, U
OT CKOPOCTH ABMXXEHHS Ta3000pa3HOi cpelbl HajJ CBOOOAHOW MOBEPXHOCTHIO XKHAKOCTU (OT
BETpa).

10. Pacmeopumocmo 2a306 6 HuOKocmsax XapakTepu3yercs 00beMOM PACTBOPEHHOTO Tras3a B
eIMHUIE 00bEeMa KUAKOCTU U ONPEIENIeTCs 0 3aKoHy [ eHpu:

F
Vo= Ve —
S

[

rne  Vp- o0beM pacTBOpeHHOro rasa; Vy - o0beM kuakoct; K- ko3dduimeHt
pactBopumocTy; P - naBnenue; P, - atMmocepHoe naBieHue.

Koadpdumment k mmeer cnemyronue 3Hauenus npu 20 C: ans Boxasr 0,016, kepocuna 0,13,
MuHEepaTbHBIX Macen 0,08, sxuakoctu AMI™-10 - 0,1. Ilpn mOHMXCHUN JTaBIICHHUS BBIACISCTCS
PacTBOPUMBIN B KHUAKOCTH Ta3. JTO SBICHUEC MOXKET OTPHIATEIHFHO CKa3bIBATHCS Ha padoTe
TUIPOCUCTEM.



Tectbl Kk Jexuuu Nel

1.1. Yo Takoe ruapoMexaHuKa’?

a) HayKa O ABM)KCHUH KUJKOCTH;

0) HayKa O paBHOBECHH KHUIKOCTEH;

B) HayKa O B3aUMOJICUCTBUM >KUKOCTEH;

') HayKa O paBHOBECHUU U JBUKEHUU KUJIKOCTEH.

1.2. Ha kakue pa3aensl 1eTuTcs THIAPOMEXaHuKa?

a) TUAPOTEXHUKA U THUIPOTEOJIOTHS;

0) TexHUYecKass MEXaHUKa U TEOpPETUYECKasi MEXaHUKa;
B) THJIPaBIMKA U THIPOJIOTHSI;

') MEXaHUKA XUAKUX TEJ U MEXaHUKa ra3000pa3HbIX TeEll.

1.3. Yto Takoe KUaKOCTh?

a) (puznueckoe BEmecTBo, CIOCOOHOE 3aMOIHATH ITyCTOTHI,

0) ¢u3nueckoe BEeIecTBO, CIOCOOHOE H3MEHITh (POPMY O] ACHCTBUEM CUIL,
B) (pu3nuecKoe BEMIECTBO, CIOCOOHOE U3MEHSATH CBOM 00BEM;

r) (hu3nUecKoe BeIecTBO, CIOCOOHOE TEUb.

1.4. Kakas u3 3TUX KUOKOCTENA HE ABIAETCH KAIEJIbHOU?

a) pTyTh;

0) KepocuH;
B) HE(TB;
T) a30T.

1.5. Kakas u3 3TuX )KHUIKOCTEH HE SIBISETCS ra3000pa3HOn?

a) )KUJIKUN a30T;
0) pryTs;

B) BOJIOPOJT;

') KUCJIOPOJI;

1.6. PeanibHOM KUAKOCTHIO HA3BIBAETCS KHUIKOCTH
a) HE CYIIECTBYIOIIAs B PUPOJIC;

0) HaxOoIAIAsACA MIPU PEaTbHBIX YCIOBUSX;

B) B KOTOpOM MPUCYTCTBYET BHYTPEHHEE TPECHHUE;
I') criocoOHast ObICTPO UCTIAPATHCS.

1.7. UneanbHON )KUIKOCTHIO Ha3bIBAETCS

a) )KUJKOCTh, B KOTOPOM OTCYTCTBYET BHYTPEHHEE TPEHHUE;
0) )KUJIKOCTb, MOJIXOSIIAS 1JIs MPUMECHEHUS;



B) )KUIKOCTb, CIIOCOOHAsT CKUMATHCS;
T') )KUIKOCTh, CYIIECTBYIOIIAs TOJBKO B OTIPEICTICHHBIX YCIOBUSX.

1.8. Ha kakue BUbI pa3aenstoT ACHCTBYIOIINE HA KUAKOCTh BHEIITHUE CHUIIBI?

a) CWJIbl MHEPLUU U IOBEPXHOCTHOI'O HATSYKEHUS;
0) BHyTpEHHHUE U TOBEPXHOCTHBIE;

B) MacCOBBIE€ U IOBEPXHOCTHBIE;

T') CUJIBI TSKECTHU U J1aBJICHUS.

1.9. Kakue cwiibl HA3bIBAKOTCA MACCOBBIMU?

a) cuJia TSKECTH U CUJIa MHEPLINH;

0) cua MOJISKYJISIpHASI ¥ CHJIA TSKECTH;
B) CHJIa MHEPIIUU U CUJIa TPABUTALIMOHHAS,
I) CHJia TaBJICHUS M CHJIa IOBEPXHOCTHASL.

1.10. Kakue cuipl Ha3bIBalOTCS TTOBEPXHOCTHBIMHU?

a) BbI3BaHHBIE BO3JACHCTBHEM OOBEMOB, JIEXKAIINX HA TOBEPXHOCTH >KUIKOCTH;

0) BbI3BaHHBIC BO3JICHICTBHEM COCETHUX 0OBEMOB JKUIAKOCTH U BO3ACUCTBUEM APYTUX TE,
B) BBI3BaHHBIC BO3/ICHCTBUEM JIABJICHUSI OOKOBBIX CTEHOK COCY/a;

T') BRI3BAaHHBIC BO3JICHCTBHEM aTMOC(HEPHOTO JIaBIICHHS.

1.11. Y)KuakocTs HaxoauTCA MO AaBiaeHrueM. UTo 310 o3Hadaer?

a) JKUJKOCTh HAXOJUTCS B COCTOSIHUU ITOKOSI;
0) KUAKOCTh TCUET;

B) Ha )KHJIKOCTb JICHCTBYET CHIIA;

T') )XHJIKOCTh U3MEHSET (hopMmy.

1.12. B kakux enuHUIIaX U3MepseTcs AaBieHue B cucteme usmepenns CHU?

a) B TTaCKaJIsX;
0) B IDKOYJIISIX;
B) B Oapax;

') B CTOKCax.

1.13. Ecnu naBiaeHNe OTCYUTHIBAIOT OT a0COTIOTHOTO HYJISA, TO €T0 Ha3bIBAIOT:
a) laBJIeHUE BaKyyMa;

0) atMochepHbIM;

B) U30BITOYHBIM;

') a0COTIOTHBIM.

1.14. Ecnu naBiaeHNE OTCYUTHIBAIOT OT OTHOCUTEIILHOTO HYJIS, TO €r0 Ha3bIBAIOT:

a) aOCOJIIOTHBIM;
0) atMochepHbIM;



B) U30BITOYHBIM;
T') IaBJICHUE BaKyyMa.

1.15. Ecnu naBneHrue HUKE OTHOCUTEIBLHOTO HYJIS, TO €r0 Ha3bIBAIOT:

a) aOCOJIIOTHBIM;

0) atMOoCchepHBIM;

B) U30BITOYHBIM;

T') IaBJICHUE BaKyyMa.

1.16. Kakoe naBieHne 0OBIYHO MTOKA3bIBAET MAHOMETP?

a) abCOJIIOTHOE;

0) M30BITOYHOC;

B) atMoc(depHoe;

T') IaBJICHUE BaKyyMa.

1.17. Yemy paBHO aTMOChepHOE JaBICHUE MPU HOPMATBHBIX yCIOBUAX ?

a) 100 MlIla;
6) 100 xIIa;
B) 10 I'Tla;
r) 1000 ITa.

1.18. /laBrienne onpeaensercs

a) OTHOIIIEHWEM CHJIBI, ICHCTBYIOIIECH Ha )KUIKOCTh K IIOIIA N BO3ICHCTBHS;

0) Mpom3BEICHUEM CHIIBI, ICUCTBYIOIIEH Ha )KUIKOCTh Ha IJIOMIA b BO3ICHCTBUS;

B) OTHOIIIEHUEM ILJIOIIAIA BO3JACHCTBUSI K 3HAUEHUIO CUJIbI, IEUCTBYIOIIEH HA KUJIKOCTD;
I') OTHOUIEHUEM PA3HOCTH JIEUCTBYIOIINUX YCHIIMH K TJIOIIAIA BO3AECHCTBHS.

1.19. Maccy *uAKOCTH 3aKIIIOYEHHYIO B €JMHHIIE 00beMa Ha3bIBAIOT

a) BECOM;

0) yIlenbHBIM BECOM;

B) YJIE€IBHOI MIIOTHOCTHIO;
T') INIOTHOCTBIO.

1.20. Bec )XkuaKoCcTH B €AUHALIE 00OBEMA HA3BIBAIOT

a) TUIOTHOCTHIO;

0) yeIbHBIM BECOM;

B) yENBHOU MIIOTHOCTHIO;
') BECOM.

1.21. Tlpu yBenu4eHUHU TeMIIepaTyphbl yI€IbHbIN BeC KUAKOCTU

a) YMEHbIIAETCS,
0) yBeTMYMBaETCS;



') CHavaJIa yBEJIMYMBACTCS, @ 3aTEM YMEHBIIIACTCS;
B) HE U3MEHSIETCS.

1.22. C:xuMaeMOCTh 3TO CBOMCTBO KHUIKOCTHA

a) U3MEHATDH CBOIO (OpMY MO JeCTBUEM JaBJICHUS;

0) U3MEHSATH CBOM 00BEM MO/ IEHCTBUEM JIaBIICHHS,;

B) COTMIPOTHUBJISATHCS BO3JICHCTBHUIO JIABJICHUS, HE U3MEHSSI CBOIO (pOpMY;
') U3MEHSTH CBOIM 00BbeM 0€3 BO3EHCTBUS JaBICHUS.

1.23. C:xuMaeMOoCThb KUJIKOCTH XapaKTEPU3yEeTCs
a) koapurmentom ['enpu;

0) koa(pureHTOM TeMIepaTypHOTO CHKATHS;

B) KO3 (PULIMEHTOM TMOIKATHUS;

r) K03(pPuImeHTOM 0O0HEMHOTO CXKATHSI.

1.24. KospdunumeHT 00beMHOTO CHKaTHS OTPEIeIIsIeTcs o GopMyIie

De LV &g . 14V
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1.29. BA3KOCTB )XHUIKOCTH 3TO

a) CIOCOOHOCTB COMPOTHBIIATHCS CKONBKCHUIO W CABUTY CIIOCB JKHIKOCTH;

0) crtOCOOHOCTH MPEOA0JIEBAThH BHYTPEHHEE TPEHHE KUIKOCTH;

B) CIIOCOOHOCTD MPEO0JIeBaTh CUITY TPEHUS )KUIKOCTH MEXKIY TBEPIbIMHU CTCHKAMU;
T') CHIOCOOHOCTH MEPETEKATh 110 TIOBEPXHOCTH 33 MUHUMAJIBHOE BPEMHI.

1.30. Teky4ecTbIO )KUAKOCTH HA3bIBACTCS

a) BEJIMYMHA TIPSIMO MPOTOPIIMOHANIbHAS TUHAMUYIECKOMY KOI(DPHUITUEHTY BSI3KOCTH;

0) BenmnunHa oOpaTHasi TMHAMUYECKOMY KO (UIIMEHTY BS3KOCTH;

B) BEJIMYMHA 0OpATHO MPOTMOPIIMOHATIbHAS KHHEMATUIECKOMY KO3(DPHUIIMEHTY BSI3KOCTH;
I') BeJIMYMHA NPONOPIMOHAIbHAS TpagycaM DHIJIepa.

1.31. BS3KOCTB *KHAKOCTU HE XapaKTepU3yeTcs

a) KHHEMaTUYECKUM KOA((PHUIIMEHTOM BSI3KOCTH;
0) AMHaMUYECKUM KO3(PPHUIIMEHTOM BSI3KOCTH;
B) IpajlycamMu DHIIIEpa;

I') CTaTUYECKUM KOI(PPHUIIMEHTOM BSI3KOCTH.

1.32. Kunemaruueckuit ko3 puimeHT BI3KocTH 0003HAYACTCS TPEUecKoi OyKBOM

a)v;
0) u;



B)M;
r)T.

1.33. Jluramuaeckuit K03 GUIIMEHT BA3KOCTH 0003HAYACTCS TPEUYeCKO OyKBOM

a)v;
0) u;

B) 1;
)T

1.34. B Bucko3umeTrpe DHriiepa 00beM UCIBITYEMOU KUIKOCTH, UCTEKAIOLIEr0 Yepe3 Kanuuisip
paBeH

a) 300 cm3;
6) 200 cm3;
B) 200 m3;

r) 200 Mmm3.

1.35. Bs3KOCTB )KMIKOCTH MIPH YBEIHMUEHUHU TEMIIEPATyPhbl

a) YBEIIMIMBACTCS;

0) yMEHBIIIaeTCS;

B) OCTaeTCsSI HEM3MECHHOM,

I') CHayaja YMEHBIIAETCs, a 3aTeM OCTaeTCs MTOCTOSHHOM.

1.36. BsizkocTh ra3a npu yBeJIHMUEeHUN TeMIIepaTyphbl

a) YBEIIMYUBACTCS;

0) yMeHBbIIIaeTCs;

B) OCTaeTCSI HEM3MCHHOM;

I') CHavaja YMEHbBIIIACTCS, a 3aTeM OCTACTCs IIOCTOSTHHOM.

1.37. Boigenenue Bo3ayxa U3 pabodeii KHUIKOCTH Ha3bIBACTCS

a) mapooOpa3oBaHUEM;
0) razooOpa3zoBaHUEeM;
B) IMIEHOOOPA30BaHKEM;
T') Ta30BBIJICJICHUE.

1.38. [Ipu oxuCICHUM KUAKOCTEH HE TPOUCXOTUT
a) BbINAJCHUE CMOJT;

0) yBeJIMUCHHE BSI3KOCTH;

B) U3MCHCHHMS I[BETA KUIKOCTH,

T') BBINAJACHUE IIAKOB.

1.39. UHTEeHCUBHOCTH UCTIAPEHUS )KUJIKOCTH HE 3aBUCUT OT

a) OT JaBJICHUS;
0) oT BeTpa;



B) OT TEMIIEpPaTyphl;
') OT 00beMa KUIKOCTH.

1.40. 3axon ['enpu, xapakTepu3yOIINi 00HEM paCTBOPEHHOTO ra3a B KUIKOCTH 3aMMCHIBAETCS
B BUJIE

dp -1 gLl
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Jleknus 2. OCHOBBI THIPOCTATUKHA

['uapaBnvka AenuTCsl Ha JBa paszjenia: THAPOCTATUKA M THApoIWHAMHKa. [ uapomuHamuika
ABJISIETCS O0JIee OOMMPHBIM pa3iesIoM U OYJIET pacCMOTpPEHa B MOCIAEAYIOMNX JEKIUAX. B aToit
JeKIMK OyeT pacCMOTpPEHa TUAPOCTATHKA.

T'uopocmamuxkou Ha3pIBaeTCsl pa3ed TUIPABIUKHU, B KOTOPOM pPAacCMaTPUBAIOTCS 3aKOHBI
PaBHOBECHUS KUIKOCTH U UX MPAKTUUECKOE MPUMEHEHUE.

2.1. 'mapocraTnyeckoe JaBJeHUE

B HOKOHHI@ﬁCSI KUIAKOCTH BCCTrAa IIPUCYTCTBYCT Ccuia JaBJICHUA, KOTOpana
Ha3bIBACTCA 2u0pocmamuttecmm oasnenuem. }KI/II[KOCTB OKa3bIBACT CUJIOBOE BO3JCHCTBHUE Ha
AHO MW CTCHKH COCyla. I‘IaCTI/IIlbI KHUAKOCTH, PACIIOJOXKCHHBIC B BCPXHHUX CJIOAX BOJ0EMA,
HCIIBITBIBAIOT MCHBIINE CHUJIbI CXKATHUS, YCM YaCTHIIBI ) KUJIKOCTH, HAXOIAIIHUCCA Yy JTHA.

PaccmoTpum pesepByap C IDIOCKUMH BEPTHKAIBHBIMH CTCHKAMH, HAIOJIHCHHBIA >KHIKOCTHIO
(puc.2.1, a). Ha mHo pe3epByapa aciicTByeT cuia P paBHas BeCy HAIUTOW KUIKOCTH G =y V,
T.e. P=0G.

Eciu a1y cuny P pazgenute Ha  miuomanb  IHA Sgpeg, TO MBI MOJYYUM cpedHee
euopocmamuyeckoe oasiieHue, IEUCTBYIOIIEe Ha JHO pe3epByapa.

['unpocrarnueckoe gaBieHne 00J1aJaeT CBOMCTBAMHU.

Ceoiicmeo 1. B nioboii mouke dcuokocmu cuopocmamudeckoe 0agienue nepneHoOUuKyIspHo
naowaoKe KacameubHOU K B8blOeIeHHOMY 00beMy U Oelicmgyem GHYMpb DPACCMAMPUBAEMO20
obvema dHcuokocmu.

Jlist moka3aTenbCTBa 3TOTO YTBEPKACHUS BepHeMcs K puc.2.1, a. Beiienum Ha O0KOBOM CTEHKE
pe3epByapa IUIOIMAIKY Sg,, (3AIITPUXOBAHO). ['mapocTaTnyeckoe MaBiIeHUE NCHCTBYET Ha ATY
IUIOIIAJKY B  BHJIE€ PpACHPENEICHHONW CHJIbI, KOTOPYH MOXHO 3aMEHHUTh  OJIHOM
paBHOJIEHCTBYIOIIEH, KOTOpyto o00o3HauuM P. Ilpennonoxkum, YTo paBHOAEHCTBYIOIIAS
TUAPOCTAaTUUECKOro AaBieHus P, aeiicTByromias Ha 3Ty IUIOMIAAKY, IPWIOXKEHA B TOYKe A U
HarpasjeHa K Heil moj yriaoM ¢ (Ha puc. 2.1 o003HaueHa TPUXOBBIM OTPE3KOM CO CTPEIIKOM).
Torma cuia peakuuu CTEHKH R Ha JKHUAKOCTh OyJeT MMETh Ty JK€ caMyl0 BEITUYHHY, HO
MPOTHUBOIIOJIOKHOE  HAaNpaBieHHE (CIUIOIIHOM  OTPE30K CO  CTPENKOM).  YKa3aHHBIN
BEKTOp R MOXHO Pa3JIOKUTh Ha 1Ba COCTABJISFOIINX BEKTOpA:
HOpMaJIbHBIN R, (MEpIEeHIUKYISApHBIA K 3alITPUXOBAHHOW TIUIONMIAJKE) W KacaTelmbHBINR, K
CTEHKE.



Puc. 2.1. Cxema, WUTIOCTpUPYIOLLAsl CBOMCTBA THIPOCTATUYECKOIO JABJIEHUS a - IEPBOE
CBOICTBO; O - BTOpOE CBOMCTBO

Cwia HOpPMaJbHOTO JaBJIeHUS R, BBI3BIBAET B IKUJIKOCTH HAINPSHKEHUS CXKATUSA. OTUM
HaIPsDKCHUSAM JKHUIKOCTh JIETKO TpoTuBocTonT. Cumia R, AeicTByromas Ha KUIKOCTh BIOJIb
CTCHKH, JOJhKHA Oblla OBl BBI3BATh B KUJAKOCTH KacaTeJIbHBIC HAIPSHKCHHUS BIOJb CTEHKH W
YaCTUIBl JOJDKHBI ObUIM OBl Tmepememiatbest BHM3. HO Tak Kak KUIKOCTh B pe3epByape
HaxOJUTCS B COCTOSHHUHU TOKOS, TO cocTaBisromias R, orcyrcrByer. OTCroma MOXKHO CHACNAThH
BBIBOJ] IEPBOT'O CBOKMCTBA TUAPOCTATUYECKOIO IABJICHUS.

Ceoiicmeo 2. ' uopocmamuueckoe oasieHue HeusMeHHO 80 8CeX HANPAGIeHUSIX.

B xuakocTH, 3amoiHSIONEH KaKOW-TO pe3epByap, BBIICIUM dSJIEMEHTapHBIH KyOMK C O4Y€Hb
MajaeiMu cTopoHamu AX, Ay, Az (puc.2.1, 6). Ha kaxmyio n3 OGOKOBBIX MOBEPXHOCTEH OyIeT
JTABUTh CHJA THAPOCTATHYECKOTO [ABJICHHS, pPaBHAs IIPOM3BEICHHUIO COOTBETCTBYIOIIETO
nasienus Py, Py, P, Ha  amementapubie  mimomand. (OO0o3HauMM ~ BEKTOpa  JIaBIICHUH,
NEUCTBYIOIIME B TOJIOKUTEIBHOM HampaBieHUU (COTJIACHO YKa3aHHBIM KOOPIUHATAM)
kak P'y, P'y, P';, a BekTopa paBneHuil, JeicTByrolmMe B  OOpaTHOM  HaIpaBJIEHUU
cooTtBeTcTBeHHO P"y, P",, P",. [lockoyibKy KyOMK HaXOAUTCS B PABHOBECHU, TO MOKHO 3aIUCaTh
paBEHCTBA

P'«\AyAz=P"AyAz
P'yAXAz = P",AXAz
P',AXAyY + yAX, Ay, Az = P",AXAy

rae Y - yACIbHBIN BEC JKHAJIKOCTH;
AX, Ay, Az - 00beM KyOHKa.

CoKpaTuB NOJIyYEHHBIE PAaBEHCTBA, HAUAEM, YTO
PIX —_ PIIX; Ply —_ Plly; PIZ + "YAZ - PllZ

UneHoM TpeThero ypaBHEeHHs YAZ, Kak OECKOHEUHO MajbiM MO cpaBHeHuto ¢ P';u P";, mMoxHO
npeHeOpeyb U TOr/1a OKOHYATEIBHO

P, =P"; P\, =P"; P',=P",



BcenenctBue Toro, uto Kyowk He aepopMupyercs (He BBITATHMBAETCS BIOJIb OJHOW U3 Oceid),
HAJI0 T0JIaraTh, YTO JABJICHUS MO PA3IUYHBIM OCSIM OJUHAKOBBI, T.€.

P\ =P" =P, =P", =P =P",
910 JOKa3bIBA€T BTOpOI71 CBOMCTBO rHApOCTAaTUYCCKOIO AaBJICHUSA.

Ceoiicmeo 3. [uopocmamuueckoe Oanenue 6 MOUKe 3A8UCUM OM ee KOOpOUHam 8
npocmpancmae.

ODTO TMOJIO)KEHUE HE Tpe6yeT CIICOHUAJIBHOI'O JO0Ka3aTCJIbCTBA, TaK KaK JACHO, YTO II0O MCPC
YBCIMYCHMA IOIPYKCHUA TOYKH JAaBJICHHC B HEH 6YI[GT BO3pacTaTtb, a MO0 MCPC YMCHBIICHUA

MOTPYKEHUSI YMEHBIAThCA. TpeThe CBOMCTBO THUIAPOCTATHYECKOTO JABICHUS MOXET OBITh
3aIMCaHo B BUAE

P=f(x, y, 2)
2.2. OcHOBHOE YpaBHEHHE TMIPOCTATHKH

PaCCMOTpI/IM paCHpOCTpaHeHHBIﬁ cnyqaﬁ PaBHOBECHUA KUIAKOCTH, KOI'Ia Ha HCC ﬂCﬁCTByeT
TOJIBKO OaHa MacCCOBasa CHJIAa - CHJIa TAXKCCTH, U IMOJYYUM YPABHCHHUC, ITO3BOJIEAIOIICC HAXOAUTDH
T'HAPOCTAaTHYCCKOC MNOABJICHUC B 000 TOYKE paccMaTpuBacMoro o0beMa KHUIKOCTH. 2710
YPaBHCHHUEC HA3BIBACTCA OCHOBHbIM YypABHEHUEM eudpocmamuku.

[TycTh )XUAKOCTH CONEPXKUTCS B cocye (puc.2.2) u Ha €€ CBOOOJHYIO MTOBEPXHOCTh IEUCTBYET
nasienue Py. Haiimem rugpocratnyeckoe naBieHue P B mpoM3BONBHO B3ATOM TOYKe M,
pacroyio’)keHHON Ha riryouHe h. Beimenum okoino TOYKH M 3IeMEHTapHYI0 TOPH30HTAIBHYIO
wiomaaky dS ¥ ToCTpoMM Ha HeW BEPTHKAIBHBIA NWIMHAPUYECKAH OOBEM IKHUIKOCTH
BbICOTOM N. PaccMOTpUM ycClIOBHE paBHOBECHS YKa3aHHOTO 00beMa JKUKOCTH, BBIJCJICHHOTO U3
o011ei Macchl KUIKOCTH. J{aBIeHne )KUIKOCTH Ha HIDKHEE OCHOBAaHUE IWJIMHIpPA Tereph OyaeT
BHEIIIHUM U HAIPaBJICHO N0 HOPMAJIM BHYTPh 00BEMA, T.€. BBEPX.
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Puc. 2.2. Cxema 11 BBIBOJa OCHOBHOTO YPaBHEHUS TUAPOCTATUKU

3anuiieM CyMmMMy CHJI, JEHCTBYIOIIMX Ha paccMaTpUBaeMbli 00beM B TPOEKUUU Ha
BEPTHUKAIBHYIO OCh:

PdS - Py dS - pghdS = 0



[Tocneqnuit 4imeH ypaBHEHHS TMPEACTABISIET COOOHM BeC IKUIKOCTH, 3aKIIOUYCHHBIA B
paccMaTpUBaEcMOM BepTHKaabHOM ItwinHApe oObemom hdS. Cuibl maBiaeHHs MO OOKOBOM
MOBEPXHOCTH IIWJIMHApPAa B YypaBHEHHWE HE BXOJAT, T.K. OHM MEPHEHAUKYJSPHBI K 3TON
MOBEPXHOCTH M MX MPOEKUHWHU Ha BEPTUKAIBbHYIO OCh paBHbI HyJ0. COKpAaTUB BBIPAXKEHUE
Ha S u meperpynmnupoBaB 4WieHbI, HalieM

P:P0+pgh:P0+h’Y

HOHy‘IGHHO@ YPaBHCHUC HA3BIBAIOT OCHOBHBIM YPAaBHCHHUCM T'MAPOCTATHKH. IIo HEMY MOXKHO
IocuuTaTrh AAaBJIICHUEC B JIF000H TOYKE HOKOHmeﬁCH KNIKOCTH. 910 JaBJICHHUC, KaK BUJIHO M3
YPaBHCHUA, CKIAAbIBACTCS U3 IBYX BCJIWYHH: JaBJICHHA PO Ha BHEILIHEH MMOBCPXHOCTHU KUAKOCTH
1 JaBJICHHA, O6YCJIOBJ'I€HHOFO BCCOM BBIIICICKAIINX CIIOCB XUIKOCTH.

N3 ocHOBHOTO ypaBHEHUS! THJIPOCTATUKHU BUIHO, YTO KaKyk Obl TOUKY B 00BEME BCEro cocyaa
MBIl HE B3sJM, Ha Hee Bcerma OyAeT AeMCTBOBaTh JaBJICHHE, NPWIOKCHHOE K BHEIIHEH
noBepxHocTH Py. [Ipyrumu crnoBamu naBjieHHE, NPWIOKEHHOE K BHEIIHEH IOBEPXHOCTH
KUJKOCTH, MIEPEJAETCI BCEM TOYKAM 3TOM JKUJKOCTH 10 BCEM HANPABJIEHUSM OJUHAKOBO. DTO
ITOJIO’KEHHME U3BECTHO I10J] Ha3BaHueM 3akoHa [lackas.

[ToBepxHOCTh, BO BCEX TOYKaX KOTOPOW AABIECHHE OJWHAKOBO, HA3bIBAECTCS MOBEPXHOCTBHIO
ypoBHS (IMOAPOOHO paccMOTpuUM B T1.2.6). B OOBIYHBIX YCIOBHUSAX TOBEPXHOCTH YPOBHS
MPEACTABIAIOT COOOM TOPU30HTATIBHBIE TNTIOCKOCTH.

2.3. JlaBjieHUE )KUIKOCTH HA MJIOCKYI0 HAKJIOHHYIO CTEHKY

IIycte MBI MMeeM pe3epByap C HAKJIOHHOW ITPABOM CTEHKOW, 3alOJIHEHHBIA KUIAKOCTBIO C
yAenbHbIM BecoM Y. lllupuHa CTeHKH B HalpaBlIEHUH, IEPIEHINKYISIPHOM INIOCKOCTH YepTexkKa
(ot uwrarens), paBHa b (puc.2.3). CTeHKa YCJIOBHO IIOKa3aHa pPa3BEPHYTOH OTHOCHTEILHO
ocu ABwu 3amTpuxoBaHa Ha pucynke. Iloctpoum rpaduk U3MEHEHHS HU30BITOYHOTO
TUIPOCTATUYECKOrO JABJICHUS Ha CTEHKY AB.

Tax xak H30BITOYHOE THIPOCTATHUECKOE JaBIICHIE U3MEHSETCS 110 JIMHEHHOMY 3akoH P=ygh, To
IUIsL TIOCTPOEHHsI TpaduKa, HA3bIBAEMOTO SIIOPON NIABJICHHS, TOCTATOUHO HAWTHU NIaBICHHE B
JIBYyX TOYKax, Harpumep 4 u B.

Touka, B KOTOPYI NPUNOREHS
PaBHOACHCTRYIOWAR MMAPOCTATHYECHONO
AEBNEHHA

Puc. 2.3. Cxema K onpeeseHuto paBHOIEUCTBYIOIIEH THAPOCTATUIECKOTO IABJIICHHS Ha
IJIOCKYI0 OBEPXHOCTh



M36BITOYHOE THAPOCTATUYECKOE IaBJICHUE B TOUKE A OyIeT paBHO
Pr=vh=v-0=0
COOTBETCTBEHHO JaBJIEHUE B TOUKE B:
Pg=vyh=vyH
rae H - rimyOuna sxuaKocTH B pe3epByape.

CorylacHO 1epBOMY CBOMCTBY TMIPOCTATUYECKOIO JABJIEHUS, OHO BCETJA HAIPABJICHO IIO
HOpPMAJIM K OrpakJarolend MnoBepxHocTu. CrenoBarenbHO, THAPOCTATUYECKOE AaBJICHHUE B
TOYKE B, BeIM4MHA KOTOpOro paBHa YH, Hamo HampaBisiTh NEPHEHIUKYISPHO K CTEHKE AB.
CoenunuB TOYKy 4 ¢ KOHUOM oOTpe3ka YH, mosydmM TpeyroiapHyrO SIIOPY paclpeneicHus
nasienust ABC ¢ npsambiM yriioMm B Touke B. CpeaHee 3HaUeHHE JTaBIEeHUs OyIeT paBHO

vH+0 A
2 2

Ecmn omaib HAKJIOHHON CTEHKH S:bL, TO paBHOﬂCﬁCTBYIOHIaH ruapoCTaTUICCKOIrO
JAaBJICHUS paBHA

F:% = ¥,

rae hc = H/2 - rnmyOuHa MOTPYKEHHsI IIEHTPa TKECTU IJIOCKOW MOBEPXHOCTU TOJl YPOBEHb
AKUJKOCTH.

OpnHako TOYKa MPUIIOKEHUS PABHOJIECHUCTBYIOLIEH THAPOCTaTUYECKOTO JIaBJICHUs 11./1. HE BCEraa
OyZIeT coBHajaTh C IEHTPOM TSKECTH TUIOCKOM TMOBEPXHOCTH. JTa TOUYKAa HAXOAMUTCS Ha
paccrosiHuu | OT TeHTpa TsSHXKECTM ¥ paBHA OTHONICHHIO MOMEHTa WHEPIUHU ILUIOMIAIKA
OTHOCHUTENBHO LIEHTPAIBHON OCH K CTATUHYECKOMY MOMEHTY 3TOM e TUIOLIaJKH.

rac \]Ax - MOMCHT MHCPIMHU ITLIOITaIN S OTHOCHUTEIILHO HeHTpaHBHOﬁ ocCH, HapaﬂHCHBHOﬁ Ax.

B wacTHOM ciyuae, Korjia cTeHKa uMmeeT (hopMy MpsSMOYrojibHKUKa pa3Mepamu DL u ogHa u3 ero
CTOPOH JIGKUT Ha CBOOOJHOM MOBEPXHOCTH C aTMOC(HEPHBIM JIaBJICHUEM, IICHTP JaBICHUS II.1.
HAXOIUTCS HA pacCTOSHUU D/3 0T HUKHEH CTOPOHEI.

2.4. JlaBjeHue JKMAKOCTH HA HMJIMHAPHUYECKYIO TOBEPXHOCTH

[lycTh XUAKOCTH 3aMONHSET pe3epByap, IpaBas CTEHKAa KOTOPOIrO MpEACTaBiIseT coO0M
UWJTUHIPUYECKYIO  KPUBOJIMHEWHYIO  MOBEpXHOCTh ABC (puc.2.4), MNpOCTUpAIOLIYIOCS B
HampaBJICHUW 4YuTaTesis Ha mwmpuHy b. BoccranoBum wu3 Toukm A mepreHaukyisip A0
CBOOOJTHOW TMOBEPXHOCTH KUAKOCTH. OOBeM kuakoctu B orcekeAOCB HaxonuTcs B
paBHOBECHUHU. DTO 3HAYUT, YTO CHJIBI, JEHCTBYIONIME HA TOBEPXHOCTH BBIIEJICHHOTO o0BbeMa V, u
CWJIbI BECA B3aUMHO YPaBHOBEIINBAOTCS.



TP TIPS

Puc. 2.4. CxeMa Kk onpeieJIeHUI0 PaBHOACHCTBYIOIIEH THAPOCTATUYECKOTO JABJICHUS HA
IIWIHHIPUIECKYIO TTOBEPXHOCTh

[IpeacraBum, 4TO BhIAEICHHBIN 00beM V MpeACTaBIAET COOOM TBEPAOE TEIO TOTO K€ YACIBHOTO
Beca, YTO U KHUIKOCTh (3TOT 00BbeM Ha puc.2.4 3amrTpuxoBaH). JleBas MOBEPXHOCTb 3TOTO
oObema (Ha yeprexe BepTHKambHas cTeHKa AQ) mmeer miomans SX = bH, seisromyrocs
npoekuen KpuBoiuHeiHo nosepxuoctu ABC Ha mnockocThyOzZ.

Cuia ruApOCTaTHIECKOrO JaBJICHUS Ha IUIomaas Sy paBHa Fy =y S,h..

C mpaBoil CTOPOHBI Ha OTCEK OyAeT NEHCTBOBATH PEaKIus R MUIMHIPUYECKON MOBEPXHOCTH.
IlycTh TOYKa NPUIOKEHUS W HANpPaBIEHUE STOM peakuuu OyqyT TAaKOBbI, KaK MOKA3aHO Ha

puc.2.4. Peakumro R pa3noxxum Ha naBe cocTaBistomue Ry u R,.

N3 neicTByIOMMX MOBEPXHOCTHBIX CHJI OCTaJIOCh YYE€CTh TOJBKO JaBJIECHHUE HA CBOOOJHOMN
noBepxHocTH Py. Ecnmu pesepByap OTKpPBIT, TO €CTECTBEHHO, YTO AaBJICHHE Py OMHAKOBO CO
BCEX CTOPOH M MOATOMY B3aMMHO YPaBHOBEILIUBAETCS.

Ha orcex ABCO 6yger aeiictBoBaTh cuiia coOcTBeHHOro Beca G = YV, HanpaBlieHHAas! BHU3.
Crnpoenupyem Bce cuiibl Ha ocbh Ox:
Fy - Ry =0 otkyna Fy = Ry = yS¢h,
Teneps cripoerupyem Bce Cuilbl Ha och Oz:
Ry- G =0orkyna Ry =G =V

CocraBusiromasi CHJIBI  THApOCTaTHUecKoro mgaeieHus 1o ocu Oy oOpamraercss B HYyIIb,
3Haunt Ry = F, = 0.

Takum 00pazoM, peakiusi HUIMHAPUIECKON MOBEPXHOCTH B O0IIIEM ClTyyae paBHa

R= RI+RI+R]

a TIOCKOJBKY peakius UWINHIPUYECKOW IIOBEPXHOCTM pPaBHA  PaBHOJACUCTBYIOLIEH
TUApOCTaTUYECKOTo AaBieHUsIR=F, To nemaem BrIBO, YTO

F=[Fl+F+F)

2.5. 3akoH ApxuMeJa U ero NpuJIoKeHHe



Teno, morpykeHHO€ (MOJHOCTBbIO WM YaCTUYHO) B JKHMJIKOCTb, HCIIBITBIBAET CO CTOPOHBI
KUJKOCTH CYMMAapHO€ JIaBJICHUE, HANpPABICHHOE CHU3Y BBEPX M PAaBHOE BECY KHUAKOCTH B
o0beMe MOTpy>KEHHON YacTu Tena.

Peblm = po:cgvnoep
I[JIH OJHOPOAHOTO TECJIa IJIaBAOIICTO HAa ITOBEPXHOCTH CIIPABCIIIMBO COOTHOIICHUC

mep:p_m

[ [

rae: V - 00BeM IUIABAIOILETO Tena;
Pm - INIOTHOCTb TeJA.

CymiecTByroIias T€Opus TUIABAIOIIETO Teja JIOBOJBHO OOIIMPHA, TTOITOMY MBI OTPAHHYHUMCS
PACCMOTPEHUEM JIWIb TUAPABINYECKON CYIITHOCTH 3TOM TEOPUHU.

CrocoOHOCTh  IIABAOIIETO0 TEJa, BBIBCJACHHOIO M3 COCTOSHHS PaBHOBECHS, BHOBB
BO3BPAIATHCS B 3TO COCTOSIHUE HA3BIBACTCS ycmouyueocmoio. Bec )XuIKoCTH, B3ITONH B 00beMe
MOTPY)KEHHOM  YacTH  CyJIHAa  Ha3bIBAIOTEOOOU3MeujeHuemM, a  TOUKY  TPHUIOKEHUS
paBHOJICHCTBYIOIIEH HaBieHUs (T.€. IEHTP MHaBJICHUS) - yewmpom eodousmeujerusi. llpu
HOPMAaJIbHOM IOJIOXKEHHU CYAHA UEHTP TsokecTH C M UEHTP Bogomu3MeIneHus d aekar Ha OJHOM
BepTuKanbHOU mpsmoii O'-O", mpencraBisionield 0cb CHMMETPUU CYJTHA M Ha3bIBAEMOU OCBIO
maBaaus (puc.2.5).

[Iycte monm BIuMsSHMEM BHEIIHUX CHJI CYJHO HAaKJIOHWJIOCH HAa HEKOTOPBIM YTrOJI O, YacTh
cynaa KLM Beimia w3 xuakoctu, a dacth K'L'M', Haobopot, morpysunocs B Hee. [Ipu sTom
MOJIyYMJIM HOBOE IOJIOKEHUH IeHTpa BojousmenieHus d'. ITpumoxum k Touke d' MOIbeMHYIO
cuwiy Ru nuHUI0O ee ACWCTBUS TPOAOKMM JI0 TepecedeHuss ¢ ocbto cummerpuu O'-O".
[Tonyuyennas TOYKa M HA3bIBACTCS MEeMAayeHmpom, a otpe3ok mMC =
h HaspIBacTCIMemayenmpuueckoi  evicomoti. bynem  cuuTarh N MOJIOKHUTEIBHBIM,  €CIH
TOYKa M JISKUT BbIlIe TOYKH C, ¥ OTPUIIATEIHHBIM - B IPOTHBHOM CITy4ae.

=y .""., 'f ﬁ a-

Puc. 2.5. Tlonepeunsiit mpoduiis cyana

Tenepb paccMOTpUM yCIIOBUSI pABHOBECHS CyHA:



1) ecomh> 0, TO CymgHO  BO3BpaliaeTcss B  MEPBOHAYAILHOE  TOJIOXKCHUC;
2) eciu h = 0, TO 3TO ciryvai 0e3pa3TuIHOTO paBHOBECHS,
3) ecam h<0, TO 3TO ciy4yail HEOCTOWYHMBOIO PABHOBECHS, IPH KOTOPOM IPOJIOKACTCS
JaybHeIIee ONPOKUIbIBAHUE CYIHA.

CHCI{OB&TGHBHO, 4YCM HMIKC PACIIOJO0KCH HCHTP TAKCCTHU M, YCM OoubIIIe MCTALICHTPUYCCKAs
BBICOTA, TEM OoJIbIIIE 6y,Z[CT OCTOMYHBOCTD CyaHa.

2.6. IloBepXxHOCTH PABHOIO JAaBJIEHHS

Kak yxxe oTmedanoch BbIIIE, TOBEPXHOCTh, BO BCEX TOYKAX KOTOPOW JABJICHUE OJUHAKOBO,
Ha3bIBACTCANOBEPXHOCBIO YVPOGHS WA NOBEPXHOCMBIO PABHO20 0aseHus.. [Ipn
HEPAaBHOMEPHOM WJIA HENPSAMOJIMHEMHOM JBWKCHUM HA YaCTULBl JKUAKOCTH KPOME CHJIbI
TSDKECTH JACUCTBYIOT €11€ U CHJIBl MHEPLUUU, IPUYEM €CIM OHM IIOCTOSHHBI 10 BPEMEHH, TO
KUJAKOCTh IPUHMMAET HOBOE IIOJIOKEHHWE pPaBHOBECHS. Takoe paBHOBECHE KUIAKOCTH
HAa3bIBACTCSA OMHOCUMENIbHBIM NOKOEM.

PaccmoTpum Ba mpumepa Takoro OTHOCHUTEIBLHOTO TTOKOS.

B nepBoM npumepe onpeaeumM MOBEPXHOCTH YPOBHS B JKUIKOCTH, HAXOSIIEHCS B IUCTEPHE, B
TO BpeMsl Kak IMCTEPHA JBIDKETCS TI0 TOPU3OHTAIBHOMY IIyTH C TIOCTOSHHBIM
yckopeHnueM a (puc.2.6).

SIS .

Puc. 2.6. JIBm>keHuE HUCTEPHBI C YCKOPEHUEM

K Ka)K,HOﬁ JacTHULEC KUJAKOCTHU MAacCChl M JOJKHBI OBITH B ATOM ClIydac IIPpUJIOKCHBI €C BCC G =

2
Mg u cuna wHeprMuP,, paBHas Mo BemWuMHE Ma. PaBHoAelcTBYROmasn &= (g +(mal yrux
CHJI HampaBJieHa K BEPTUKAJIH MO/ YIJIOM 0, TAHT€HC KOTOPOT'0 paBeH

P
fgdi=—
£

Tak kak cBOOOJHAsE IMOBEPXHOCTb, KaK IOBEPXHOCTb PABHOIO JABJIEHUS, JOJKHA OBITH
HOpMaJibHA K YKa3aHHOW PaBHOJICHCTBYIOIIEH, TO OHA B IAaHHOM CJIy4ae MPeACTaBUT CO0O0M yxe
HE TOPU30HTAIBHYIO IIJIOCKOCTh, @ HAKIOHHYIO, COCTABJISIOLIYI0 YIOJI O C TOPHU30HTOM.
Y4uTsIBasi, 4YTO BEIMYMHA 3TOrO YIJIA 3aBUCHUT TOJIBKO OT YCKOPEHUH, IPUXOAUM K BBIBOLY, YTO
MOJIO’KEHHE CBOOOJIHOM MOBEPXHOCTU He OyAeT 3aBUCETh OT POJAa HaxXOJsIIelcs B LUCTEpHE
xunkoctu. Jlrobas apyras NOBEpXHOCTb YPOBHS B JKUAKOCTU Takke OyAeT IUIOCKOCTbIO,



HAKJIOHEHHOW K TOPWU30HTY IMOA yriaoMm o. Ecmu Obl JABMKEHHE IUCTEPHBI OBLIO HE
PaBHOYCKOPEHHBIM, a pPaBHO3aME/IJICHHBIM, HAlpaBlIEHUE YCKOPEHUS W3MEHHJIOCh OBl Ha
oOpaTHOe, U HaKJIOH CBOOOJHON MOBEPXHOCTH OOpaTUiICs OBl B JPYTYIO CTOPOHY (CM. pHC.2.6,
MyHKTHUD).

B kadectBe BTOpPOro mpumMepa pacCMOTPUM YAaCTO BCTPEUYAIOLIMKCS B IPAKTUKE CIlydau
OTHOCUTENBHOTO MOKOS ’KMJIKOCTH BO BPAaLIAIOLIUXCS cOocyJax (Hampumep, B cemaparopax H
HueHTpudyrax, NpUMEHsIeMbIX U pa3z/ieenus Kuakoctei). B atom cinyuae (puc.2.7) Ha mo0yio
YaCTULy JKUAKOCTH NPU €€ OTHOCUTEIHHOM PABHOBECUU JCHUCTBYIOT MACCOBBIC CHIIbL: CHJIA
Tsokect G = MQ ¥ ueHTpobekHas cuna Py = mw?r, raer - paccTOSHHWE YaCTUIBI OT OCH
BpALLEHNUs, a (O - YIJIOBAsI CKOPOCTh BPALIEHUA COCYIA.

Z )

Y

N
Puc. 2.7. Bpamenue cocyia ¢ XKUIKOCTBIO

[ToBepXHOCTh KMIKOCTH TakKe JIOJDKHA OBITh HOpMajdbHa B  KaXAOW TOYKE K
paBHOACHUCTBYIOIIEH 3TUX cwi R u mpenctaButr coboii mapabonoun BpamieHus. M3 yeprexa
HaXx0JIUM

F,  ma'r
fg=—=
O mg
C npyro# CTOpOHBI:
fg o= d
g dr

71 Z - KOOpJIMHATa pacCMaTpUBaeMon TOUKH. TakuM 00pa3oMm, Moxyyaem:

& _ds
g dr



OTKyJia
dz = e For

WJIH TIOCJIE UHTETPUPOBAHUS

B Touke nepeceuenus kpuoii AOB ¢ ockro Bpamienus I =0, z = h = C, mo3roMy OKOHYATEIHHO
OyzeM UMeTh

1.1
oy

2g

z=h+

T.e. kpuBas AOB siBnsieTcss mapalosioi, a cBoOOAHAS MOBEPXHOCTh KUIAKOCTH MapabOIOUIOM.
Taxyro ke hopMy UMEIOT U IPYTUE TOBEPXHOCTH YPOBHSI.

Jlis ompeneneHusl 3aKOHAa W3MEHEHHS JaBJICHHUS BO BpPAINAMOIICHCS >KUAKOCTH B (YHKIIUN
paznyca 1 BBICOTHI BBIIETUM BEPTUKAIBHBIN IMIMHAPUIECKUNA 00BbEM KHIKOCTU C OCHOBAHHUEM
B BHJIC 3JIEMEHTAPHOM ropu3oHTaIbHOM momanaxu dS (Touka M) Ha IpOU3BOIBHOM paguyce I u
BBICOTE Z U 3alMIIEM YCJIOBHUE €ro PaBHOBECHS B BEPTUKAIbHOM HampapieHuu. C ydeToMm
ypaBHeHus (2.11) 6ynem umetsb

2.2
P.::’S—{Ez—z+mr }pgdﬂ’—ﬁg[ as ]coscﬁ:[]
2g Cos oL
L —
EBET L

ITocne cokpamieHui oy4YuM

a2
P=PD+|:E2—2+ wr } og
2g
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TecTbl K Jexkuu Ne2

2.1. Kak Ha3pIBaIOTCS pa3aeibl, Ha KOTOPBIC JEIUTCS THAPABINKA?

a) TUAPOCTATUKA U THIPOMEXAHUKA,;
0) rugpoMexaHuKa U TUAPOINHAMUKA,
B) TUAPOCTATHKA U THAPOINHAMHUKA;
T') TUAPOJIOTHS U THAPOMEXaHUKA.

2.2. Pa3):[eﬂ TUAPABIUKH, B KOTOPOM pACCMATPUBAIOTCA 3aKOHBI pABHOBCCHSA ) KXUJAKOCTH
Ha3bIBACTCs

a) TUIPOCTATUKA;

0) THAPOAMHAMHUKA;

B) TMJIPOMEXAHUKA;

I') TUAPABINYECKAs TEOPUs PABHOBECHSI.

2.3. 'mapocTaTudeckoe JaBiIeHUE - 9TO JIaBJICHUE MTPUCYTCTBYIOIIEE

a) B IBIDKYIICHCS )KHIKOCTH;

0) B TIOKOSTIEHCS KUIKOCTH,

B) B KHUJAKOCTH, HAXOIAIIEHCS 1101 U30BITOUHBIM JIaBJIICHUEM;
I') B )KHUJIKOCTH, TIOMEIIIEHHOM B pe3epByap.

2.4. Kakue 4aCTulkbl )XUJKOCTH HUCIIBITBIBAIOT HauOOJIbIIIee HAIIPsSZKCHUC CKATUSA OT HeﬁCTBHH
r'umapoCTaTHICCKOro I[aBJ'IeHI/IH?

a) HAXOAIINECs Ha JTHE Pe3epByapa;

0) HaxoAIIMecss Ha CBOOOTHOM MTOBEPXHOCTH;

B) HaxoAsIuecs y O0KOBBIX CTEHOK pe3epByapa;

T') HAaXOJISIIIHECS B IICHTPE TSHKECTH PACCMaTPUBAEMOTO 00beMa KHUIKOCTH.

2.5. CpenHee THIPOCTATHUSCKOE TaBIICHHE, JCHCTBYIOIIEE HA JHO Pe3epByapa paBHO

a) MPOU3BEICHUIO TITyOUHBI pe3epByapa Ha IUIOIIA b €ro IHA U IJIOTHOCTb;
0) MpOM3BEICHUIO BECa KUAKOCTH HA TITyOUHY pe3epByapa;

B) OTHOUIEHUIO 00bEMa KUAKOCTH K €€ MIIOCKOCTH;

I') OTHOILIEHHUIO Beca KUJIKOCTH K IUIOLIAIH IHA Pe3epByapa.

2.6. [1epBoe CBOMCTBO TUAPOCTATUYECKOTO JIABICHUS TJIACUT

a) B JIt0OOM TOYKE KUAKOCTH TUAPOCTATUUECKOE JIaBJICHUE NIEPIEHIUKYJIISIPHO IJIOILAIKE
KacaTeJlIbHOM K BBIJIEJICHHOMY 00BEMY U ICUCTBYET OT paccMaTpUBaeMoro oobemMa;

0) B m000i1 TOUKE KUAKOCTH TUAPOCTATUUECKOE JIABJICHUE NEPIICHIUKYJIISIPHO IJIOIIAKE
KacaTeJIbHOM K BbIICIECHHOMY 00bEMY U JAEHCTBYET BHYTPh pacCMaTpuBaeMOro o0bema;

B) B KOXK/IOM TOYKE KUJAKOCTH TUAPOCTATUIECKOE JIaBJICHUE ACUCTBYET MapalieIbHO TIIOMIAIKE
KacaTeJIbHOM K BbIACIECHHOMY 00bEMY U HAIIPaBJIEHO MPOU3BOJILHO;



I') THAPOCTATUUECKOE JaBJICHUE HEM3MEHHO BO BCEX HAIMPABIEHUSX U BCET]Ia NEPICHIUKYJIISPHO
B TOUYKE €ro NPUJIOKEHHSI K BBIICIIEHHOMY 00BbEMY.

2.7. BTopoe CBOMCTBO THAPOCTATHUECKOTO JIABJICHUS TJIACUT

a) TUAPOCTATUYECKOE JABJIEHUE IIOCTOSHHO U BCETJa NEPIICHIUKYJIISIPHO K CTEHKaM pe3epByapa;
0) ruapOCTaTHUECKOE JIaBJICHUE U3MEHSAETCS IPU M3MEHEHUU MECTOIOIOKEHUS TOUKHY;

B) THJIPOCTATUYECKOE AABJICHUE HEU3MEHHO B TOPU30HTAILHOM MIIOCKOCTH;

') THAPOCTATUUECKOE JJAaBJICHUE HEM3MEHHO BO BCEX HAMNPABIICHUSX.

2.8. TpeTbe CBOMCTBO TMAPOCTATHUECKOTO JTABJICHUS TJIACUT

a) TUAPOCTATUUECKOE JJABJICHUE B JIFOOOW TOUKE HE 3aBUCUT OT €€ KOOPJMHAT B IPOCTPAHCTBE;
0) TUAPOCTATHYECKOE JaBJICHUE B TOYKE 3aBUCUT OT €€ KOOPJIUHAT B MPOCTPAHCTBE;

B) THAPOCTATHYECKOE JTABJICHUE 3aBUCUT OT TUIOTHOCTH YKUJIKOCTH;

I') THAPOCTATUUECKOE JABJICHUE BCET/Ia MPEBBIIIAET JaBICHHUE, IEHCTBYIOIIEE HA CBOOOIHYIO
MMOBEPXHOCTh KHUJIKOCTH.

2.9. YpaBHeHHeE, TT03BOJISIONIEE HANTH THAPOCTATUIECKOE IaBJICHUE B JTFOOOM TOYKE
paccMaTpuBaeMoro o0bemMa Ha3bIBaeTCs

a) OCHOBHBIM YPaBHCHHUEM THIIPOCTATHKHY;

0) OCHOBHBIM YPaBHEHUEM THIPOIMHAMUKH;

B) OCHOBHBIM YPaBHEHUEM TUAPOMEXAHUKH;

I') OCHOBHBIM YPaBHEHUEM THIPOJMHAMUYECKON TEOpHUH.

2.10. OcHOBHOE ypaBHEHUE TUIPOCTATUKH TTO3BOJISIET

a) OIpeICIIATh JaBJICHHE, IEHCTBYIOIIEE Ha CBOOOIHYIO MTOBEPXHOCTH;

0) ompeaensaTh JaBJICHNE HA JTHE PE3epByapa;

B) OTIPEJIEIIATH IaBJICHHUE B JTIOOOM TOYKE paccMaTpUBaeMOro o0bemMa;

T') OIPEICTIATh JaBJICHHE, TEHCTBYIOIIEE Ha MOTPYKEHHOE B JKUIKOCTH TEIO.

2.11. Cpennee ruapoCTaTHICCKOE IaBJICHHE, JCHCTBYIOIIECE HAa THO pe3epByapa OnpeaeisaeTcs
o gopmyiie
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2.12. OcHOBHOE ypaBHEHHUE THIPOCTATUYECKOTO JABJICHUS 3alUCHIBACTCS B BUJIC

a) P=P__ +pgh; 0) P= R —pgh;
B) P= R +pgh; r) P= R +pyh.

2.13. OcHOBHOE ypaBHEHHUE TUAPOCTATUKH ONPEeNsIeTCs

a) MPOU3BEICHUEM JIaBJICHUS raza HaJ CBOOOTHOW MOBEPXHOCTHIO K IUIOIIAIM CBOOOIHOM
MTOBEPXHOCTH;

0) pa3HOCTBIO JaBJICHUS Ha BHEIIHEHW MOBEPXHOCTU U HA JIHE COCY/Ia;

B) CYMMOI1 1aBJIeHHsI Ha BHEIIHEW MOBEPXHOCTH JKUIKOCTH U JaBJIeHUs, 00YCIOBIEHHOIO BECOM



BBIIIEJICKAIINX CIOEB;
') OTHOIIEHUEM PacCMaTPUBAEMOT0 00beMa KHUAKOCTH K TUIOTHOCTH U [NIyOUHE OTPYKEHHUS
TOYKHU.

2.14. Yemy paBHO THIPOCTATHYECKOE JABJICHHUE NIPU INTyOUHE OTPYKEHHUS TOUKH, PABHON HYJIIO

a) TABJICHUIO HAJl CBOOOTHON MOBEPXHOCThIO;

0) mpou3BeACHNIO 00BEMA KUJIKOCTH Ha €€ TUIOTHOCTB;

B) Pa3HOCTH JIaBJICHHIA HA JIHE Pe3epByapa U Ha €ro MOBEPXHOCTH;
I') IPOU3BEICHUIO TUIOTHOCTH JKUIKOCTH Ha €€ YCIbHBIN BeC.

2.15. "JlaBneHue, NPUIIOKEHHOE K BHEIIHEH MOBEPXHOCTH KUAKOCTH, IIEPEIAETCS BCEM TOUKAM
ATOM )KUIKOCTHU IO BCEM HANPABJICHUSAM OJUHAKOBO"

a) 910 - 3aKoH HpioToHa;

0) aTO - 3akoH [lackans;

B) 9TO - 3akoH Hukypansze;
T') 3TO - 3aK0H JKyKOBCKOTO.

2.16. 3axkoH ITackans rimacur

a) aBlieHUE, MPUII0KEHHOE K BHEIIHEW MOBEPXHOCTH JKUIKOCTH, TIEPEIAETCS BCEM TOYKaM 3TOU
KUJKOCTH 110 BCEM HAIpaBJICHUSIM OJIMHAKOBO;

0) naBieHue, MPUIOKEHHOE K BHEIIHEH TTOBEPXHOCTH KUAKOCTH, MIEPEAAETCS BCEM TOUKAM 3TOM
MUJKOCTH 110 BCEM HAIIPaBJIEHUSAM COIJIaCHO OCHOBHOMY YPaBHEHMIO THPOCTATUKY;

B) JaBJICHHE, IPUIOKEHHOE K BHEIITHEH MOBEPXHOCTHU KUAKOCTH, YBEIMUUBACTCS 110 MEPE
ylajgeHus OT CBOOOJHON MOBEPXHOCTH;

I') JaBJIEHUE, MPUIOKEHHOE K BHELIHEN OBEPXHOCTH KUIAKOCTH PAaBHO CYMME JIaBJICHUH,
MPWIOKEHHBIX C IPYTUX CTOPOH PACCMATPUBAEMOTO 00BEMA KUIKOCTH.

2.17. TIoBepXHOCTb YPOBHS - 3TO

a) IOBEPXHOCTh, BO BCEX TOUYKAX KOTOPOU JaBICHUE U3MEHSAETCS 10 OJIMHAKOBOMY 3aKOHY;

0) MOBEpXHOCTh, BO BCEX TOUKAX KOTOPOH JaBlIeHHE OJMHAKOBO;

B) IOBEPXHOCTh, BO BCEX TOYKAX KOTOPOH JABJICHHUE YBEIUUUBAECTCS MPSIMO MPOMOPIIMOHATIBHO
yAAJEHUIO OT CBOOOIHOM MOBEPXHOCTH;

) cBOOOHASI MOBEPXHOCTh, 00pa3yIoLIascs Ha FPaHULIE pa3/iea BO3IYIIHON U KHUIKON cpel
IIPX OTHOCUTEJIBHOM MOKO€ JKUJIKOCTH.

2.18. Uemy paBHO THIPOCTATUYECKOE TABICHHUE B TOUKE A ?
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a) 19,62 klla;



0) 31,43 klla;
B) 21,62 klla;
r) 103 kl1a.

2.19. Kak mpuioxeHa paBHOJAEHCTBYOIIAS THAPOCTATUIECKOTO AABJICHUS OTHOCUTEILHO
IIEHTpa TSHKECTH MPSMOYTOJIbHOW OOKOBOM CTEHKH pe3epByapa’?

a) HIDKE;

0) BbIIIIE;

B) COBIQ/IACT C IIEHTPOM TSIKECTH;
') CMEIICHAa B CTOPOHY.

2.20. PaBHOIEHUCTBYIOIAS THAPOCTATUUECKOTO JaBJICHUS B pe3epByapax ¢ INIOCKOW HaKJIOHHOU
CTEHKOM paBHa

a) F=wpd;

0) anfrhjcosm;
2

B) F =pSh,;

r) F:ﬁ :
2

2.21. Touka NpUIIOKEHUS PABHOACHCTBYIOIIECH THAPOCTATUIECKOTO TABICHUS JICKHUT HIKE
LEHTpa TSHKECTHU TUIOCKOM OOKOBOM TTOBEPXHOCTH pe3epByapa Ha PacCTOSTHUH

£
a) g _Jax ; 0) p=7, M3
£ymn o
B) g 5 D) £= 5T 00y
"'rAx'Eu.m.

2.22. Cuna ruipoCcTaTU4eCKOro JaBJICHUS Ha UJIMHIPUUECKYI0 OOKOBYIO TOBEPXHOCTH 110 OCH
Ox paBHa

f T
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a) FZZI;
¥

0) Fo=v;

B) F, =vVH ;

l“) F;. = T'Szhc '



2.23. Cwta THAPOCTAaTHYECKOTO JIABJICHUS Ha IMUIHHIPUIECKYIO0 OOKOBYIO IIOBEPXHOCTH 10 OCH
Oz paBHa

1

0 x

TS

a) F_ -1

¥
o) £, =vV;
B) F. =vYVH;
l“) E:‘: = T‘Szhc'

2.24. PaBHOICUCTBYIOIIAS THAPOCTATHYECKOTO JABJICHUS HA MIIMHAPUIECKYI0 OOKOBYIO
MMOBEPXHOCThH PaBHA

a) F=[F}+F}+ F} s 6) F=|F - F -F}

_ a3 o3 3. =3
8) F=3[F2+ F 4+ F D F=3F,+F +F [
2.25. Cuna, aeicTBYIONMIAs CO CTOPOHBI KUIKOCTH Ha MOTPYKEHHOE B HEE TEJIO pPaBHA

) From = Prugnal Vraaa
0) P = P

B) Bom = PocSPosy
) Buon = PaeVrozp'

2.26. CrtocoOHOCTH TUTABAIOIIIETO TENa, BRIBEACHHOTO U3 COCTOSIHHS PAaBHOBECHSI, BHOBb
BO3BPAIIATHCS B 3TO COCTOSTHUE HA3bIBACTCS

a) YyCTOMYMBOCTBIO;

0) OCTONYNBOCTHIO;

B) IJIABYYECTHIO;

') HENOTOIUIIEMOCTHIO.

2.27. YKaXHTe Ha PUCYHKE MECTOIOJIOKEHHUE IIEHTPA BOJAOU3MEIICHUS



a) 1;
0) 2;
B) 3;
r) 4.

2.28. YKaXHTe Ha pUCYHKE METAIICHTPUYECKYIO BBICOTY

a) 1;
0) 2;
B) 3;
r) 4.

2.29. JI11s1 0qHOPOHOTO TeJja, TUTABAIOIIECTO Ha TTIOBEPXHOCTH CIPABEIIMBO COOTHOIIICHUE

a) Vrow _ P ;
Vo Pa
0) Voozp _ %
Pax  Pnm
8) “m _ Pm;
Vioep  Pae
o) Vmoar _ P
Vim  Pm

2.30. Bec »XuaKOCTH, B3SITOH B 00BEME MOTPYKEHHON YaCcTH CyTHA HA3bIBACTCS

a) MOrpyKEHHBIM 00bEMOM;
0) BOJIOM3MEIIICHUEM;



B) BBITECHEHHBIM 00bEMOM,;
') BOJOTOTJIONICHHUEM.

2.31. Bogousmerenue - 310

a) 00bEeM JKHUJKOCTH, BRITECHSIEMBIN CYTHOM IIPH MOJTHOM MOTPYKCHHH,

0) BeC KUIKOCTH, B3ATON B 00bEeMe Cy/IHA;

B) MaKCHMaJIbHBIH 00BEM KHIKOCTH, BRITCCHAEMBIH IIABAFOIIMM CYTHOM;
T') BEC )KUIKOCTH, B3SATON B 00beME MOTPYKEHHOM YaCTH CyJIHA.

2.32. YKaxxuTe Ha pUCYHKE MECTOIOJIOKEHHE METALICHTPa

a) 1;
0) 2;
B) 3;
r) 4.

2.33. Ecii cyiHO BO3BpaIiaeTcsi B MCXOIHOE TOJIOKEHHE TTOCTIe ACHCTBHSI OMPOKHIBIBAFOIIEH
CHWJIBI, METAIICHTPHUYECKasi BBICOTA

a) UMeeT MOJIOXKHUTEIFHOE 3HAUCHHE,

0) UMeeT OTpHUlIaTeILHOE 3HAUCHHE;

B) paBHa HYJIIO;

T') YBEJIMYUBAETCS B IIPOLIECCE BO3BPALIEHUS CYHA B UCXOIHOE TIOJIOKEHHE.

2.34. Eciu CYIHO II0CJIC BO3I[€fICTBPI$I OHPOKI/II[BIBaIOH_Ieﬁ CHJIbI ITPOJOJIKACT IIa.HBHeﬁI.Hee
OIIPOKHUABIBAHUC, TO MCTAIICHTPHUYICCKAA BBICOTA

a) UMeeT MOJI0KHUTEIFHOE 3HAUCHHE,

0) UMeeT OTpHUlIaTEeIbHOE 3HAUCHHE;

B) paBHa HYJIIO;

') YMEHBIIIAETCS B MPOIIECCE BO3BPAILICHUS CYTHA B HCXOTHOE MTOJIOKEHUE.

2.35. Ecnu cyiHO TIociie BO3ICHCTBUS ONIPOKHIBIBAIOIICH CHITBI HE BO3BPAIIACTCS B UCXOIHOE
MOJIO’KEHHUE U HE MPOJOJKAET ONMPOKUIBIBATHCS, TO METALICHTPUYECKAs BbICOTA

a) UMeeT MOJI0KUTEIbHOE 3HaYEHHE,

0) UMeeT OTpULIaTEIbHOE 3HAUCHHUE;

B) paBHa HYJIIO;

I') YMEHbILIAETCS B MPOLIecce BO3BPAILEHUS CyJHA B HCXOJHOE TOJIOKEHHE.



2.36. ITo kakoMy KpUTEPHIO OMIPEIEISIETCS CIOCOOHOCTh IUIABAIOIIETO Tela U3MEHITh CBOE
JalibHEeHIIIee MOJI0KEHUE MOCIe OMPOKUIBIBAIOIIETO BO3ACUCTBUS

a) M0 METalEHTPUYECKOH BHICOTE;
0) 0 BOAOM3MELICHHIO;

B) 110 OCTOMYMBOCTH;

T') 110 OCH IJIaBaHUSI.

2.37. IIpoBenenHas uepe3 00beM KUAKOCTH MOBEPXHOCTh, BO BCEX TOUKaX KOTOPOM JaBICHHE
OJIMHAKOBO, HA3bIBAETCS

a) CBOOOHON OBEPXHOCTHIO;
0) MOBEPXHOCTHIO YPOBHS,

B) MIOBEPXHOCTHIO MOKOS;

I') CTAaTHYECKOM MOBEPXHOCTHIO.

2.38. OTHOCUTEIBLHBIM IIOKOEM KHUIAKOCTHU HA3bIBACTCA

a) paBHOBECHE KUJKOCTH IPU NOCTOSHHOM 3HAYEHUU JACHCTBYIOIIMX HA HEE CHUJI TAKECTH U
WHEpLHUH;

0) paBHOBECHE KUAKOCTU MTPU MEPEMEHHOM 3HAYCHUU ACUCTBYIOIIMX HA HEE CHJI TSKECTH U
VHEpLUY;

B) PAaBHOBECHE >KMJIKOCTU ITPU HEU3MEHHOM CHUJIE TSKECTU U U3MEHSIOIIEHCS CUIIe MHEPLIVY;
') paBHOBECHE KUJAKOCTH TOJILKO MPU HEU3MEHHOU CUJIE TSKECTH.

2.39. Kak u3MeHHUTCS yTrojl HaKJIOHAa CBOOOTHOM IMTOBEPXHOCTH B IIUCTEPHE, TBUTAOIICHCS C
MOCTOSIHHBIM YCKOPEHUEM

a) cBOOOIHAsI IOBEPXHOCTD MPHUMET (HopMy mapadoib;
0) OyieT U3MEHSIThCS;

B) CBOOO/IHASI TOBEPXHOCTH OYJET TOPU30HTAIbHA;

') HE U3MEHUTCHI.

2.40. Bo BpamaromeMcst IIIHHAPUIECKOM COCYe CBOOOHAs IIOBEPXHOCTh UMEET Popmy

a) mapadoJbl;

0) runepOoIbI;

B) KOHYCa;

') CBOOOIHAS IOBEPXHOCTh TOPU3OHTANIbHA.



Jleknus 3. OCHOBBI T'NIPOIMHAMMUKHN

I u()poduHamuKa - pa3acia ruApaBlIMKHA, B KOTOPOM H3Yy4YarOTCA 3aKOHBI JIBHXKCHHUA JKUAKOCTHU U
€€ B3aUMOJICHCTBHE C HEMMOABWXXHBIMHA W ITOABWIKHBIMU ITOBEPXHOCTAMMU.

Ecmn OTACJIBbHBIC YaCTHUIIbI a0COJIFOTHO TBEPAOTO TCJIa JKECTKO CBsA3aHbI MCXKIY CO6OI>1, TO B

HBH)KymeﬁCH JKUJIKOM cpe€ac TakKuc CBA3HM OTCYTCTBYIOT. I[BI/I)KGHI/IG KNIKOCTH COCTOUT M3
IIpGBBI:.I‘ﬂIEl.I‘/’IHO CJIOKHOTO ICPEMCIICHMA OTACIIbHBIX MOJICKYJI.

3.1. OcHOBHbBIC MOHATHSA O IBMKCHUHU KUIKOCTH

Kuebim  ceuenuem ® (M?)  HA3bIBalOT  IUIONIAQJb  IONEPEYHOTO  CEUEHMsI  IOTOKA,
MEePICHIMKYJIIPHYIO K HalpaBiCHUIO TeueHHs. Hampumep, >XKMBOoe€ CeUeHHE TPYyOBI - KpyT

(puc.3.1, 0); >kMBOE CEYCHME KJIallaHa - KOJIBLIO C W3MEHSIOUIMMCS BHYTPCHHHM JIHAMETPOM
(puc.3.1, 6).

E:
i
£
£

e -, Hubue € eueHue

Puc. 3.1. )KuBbie ceuenus: a - TpyOsbI, O - Ki1armana

Cmouennwiii nepumemp 7y, ("xu'") - 9acTh IEpUMETpa KUBOTO CEUCHUS, OTPAHUNIECHHOE TBEPIBIMU
cTeHKaMH (puc.3.2, BbIACIICH YTOJIIIECHHON JTUHUEM).

i ?#""'q
<

Jlist kpyrioi TpyObl

CCJIK YI'OJI B paaraHax, Uin

¥= HD% ECIH YTool §f B IPalyCax

Pacxon moroka Q - o0beM kuakoCTH V, TIpoTeKarolel 3a eIWHUIly BpeMeHH t uepe3 KuBoe
CEUYCHHE .

Q=§, (vfc, MHTP/MHE).



Cpez[Hsm CKOPOCTBb IMOTOKA U - CKOPOCTb ABMKCHUA KUAKOCTH, OIIPCACIIAIOIIAACA OTHOMICHHCM
pacxoga )KI/II[KOCTI/IQ K IT10IMaau ) KUBOI'O CEUYCHUA (O

e

Vg ==, ()

ITockonbKy CKOpPOCTh ABMKEHHUS PA3IMYHBIX YACTUILl KUAKOCTU OTIMYAETCS APYr OT Jpyra,
MO3TOMY CKOPOCTh JIBWXKEHUSI U ycpeaHsercs. B kpyrioit TpyOe, Hanpumep, CKOPOCTh Ha OCH
TpyObl MaKCUMaJbHa, TOTAA KaK Y CTEHOK TPyObl OHa paBHA HYJIIO.

T'uopasnuueckuti paouyc nomoka R - OTHOUIEHHE KUBOTO CEYEHHSI K CMOYEHHOMY MEPUMETPY

R=2 ()
1

Teuenue KHNIKOCTH MOXECT OBITH YCTaHOBUBIIMNMCA )51
HCYCTAaHOBHBUIUMCA. Yemanosuswumcs JABMKCHUEM HA3BIBACTCA TaKOC ABHMXCHUE XHUIAKOCTH,
IIpu KOTOPOM B ,HaHHOﬁ TOYKE pycia 1aBJICHHUC U CKOPOCTb HC U3MCHAIOTCSI BO BDCMCHU

v="1(x,V, 2)

P=¢f(x,y,2)

I[BI/DKGHI/IG, npu KOTOPOM CKOPOCTb MW MJaBJICHHUC HN3MCHAIOTCA HC TOJBKO OT KOOpAWHAT
MMpOCTPaHCTBA, HO U OT BPCMCHH, HA3BIBACTCSI HCYCTAHOBHUBIINMCS UJIM HECTAINMOHAPHBIM

v="Fi(x,y,2z1)

P=o¢fi(xy, z1)

Jlunus moka (MpUMEHSETCS] TIPU HEYCTAaHOBUBIIIEMCS JBUKEHUHN) 3TO KPUBas, B KAXKJIOW TOUKE
KOTOpPOW BEKTOP CKOPOCTH B JIAHHBII MOMEHT BPEMEHU HAMPABIICHBI 110 KACATEIIbHOM.

Tpyoxa moka - TpyO4aTasi MOBEPXHOCThb, OoOpa3zyeMasi JIMHUSIMU TOKa C OCCKOHEYHO MajlbiM
MOTMEpEeYHbIM  ceueHueM. YacTh  MOTOKa,  3akilOYeHHas  BHYTpU  TpPyOKM  TOKa
HAa3bIBACTCS 271eMEHMAPHOU CIMPYUKOU.

i ¥

Puc. 3.3. JIunus TOKa U CTpy¥iKa

TedeHue )KUIKOCTU MOXKET OBITh HATIOPHBIM U O€3HANOPHBIM. HanopHoe TeueHne Habo1aeTcs
B 3aKpBITBIX pyciax 0e3 cBoOonHONW moBepxHOcTU. HamopHoe TeueHwe HalOmogaeTcsl B
TpyOONIpOBOZaX C TOBBIIICHHBIM (TIOHKEHHBIM JaBJICHUEM). besHanopHoe - TEUEHUE CO
CBOOOJHOM TMOBEPXHOCTHIO, KOTOpOE HAOJIOAeTCd B OTKPBITBIX pyciiax (PeKH, OTKPBITHIE
KaHaJIbl, IOTKHU U T.I.). B JaHHOM Kypce OyJeT paccMaTpuBaThCs TOJIBKO HAIOPHOE TEUCHHE.



£y =L =ronst ¢

Puc. 3.4. Tpy06a ¢ nepeMeHHBIM TUaMETPOM IIPU IIOCTOSIHHOM PACX0JIe

N3 3akoHa COXpaHEHMs] BELIECTBA U  IOCTOSIHCTBA  PACXOJla  BBITEKAET ypasHeHue
Hepaspvienocmu TedeHuil. I[lpeacraBum TpyOy ¢ MepeMEHHBIM KHUBBIM ceueHueMm (puc.3.4).
Pacxon xuakocTu uyepe3 TpyOy B JIFOOOM €€ CeueHUHU NMOCTOsAHEH, T.e. Q1=Q,= const, oTkyaa

®1V1 = WLL2

Takum 00pa3om, eciau TedeHrne B TPyOe SIBISETCS CIUIOIIHBIM M HEPa3phIBHBIM, TO ypaBHEHHUE
HEPa3pbIBHOCTU NMPUMET BUJ;
v, W
172 const
Wy Oy
3.2. YpaBHeHue bepHy/un 1Jis1 naeanbHOM KUIKOCTH

VYpaBaenne J[lanmmna bepnymiu, momydennoe B 1738 r., sBmsgercs ¢yHIaMEHTaIbHBIM
ypaBHEHUEM THApoAuHAMUKK. OHO J1aeT CBSI3b MEXKIy JaBlieHHeM P, cpenHeil CKOpoCThIO L U
MbE30METPUYECKON BBICOTOM Z B PA3JIMYHBIX CEYEHUSIX MOTOKA U BBIPAXKAET 3aKOH COXPAHCHUS
SHEPIUM JBWXKYIIEHCS XUAKOCTH. C MOMOIIBIO ATOTO YpPaBHEHHUS pPEIIacTCs OOJBIION KPyT
3ajad.

Paccmotpum TpyOOIIpoOBOA MEpEeMEHHOTO IUaMETpa, PACIOJIOXKEHHBIH B MPOCTPAHCTBE IO
yraom B (puc.3.5).



Lnnfionh RATHE FHOSSUY H

Flrecnemd Cpaikesus

| L/
RIS

Puc.3.5. Cxema k BbIBOAY ypaBHEHUS bepHYJUIM 17151 MA€abHOM )KUIKOCTU

Bri6epem npou3BOJIbHO HAa pacCMaTpPUBAEMOM y4acTKe TpyOOIpoBO/a /1Ba CEUEHUs: ceueHue 1-
1u ceuenue 2-2. BBepx mo TpyOOmpoBOAY OT MEPBOTO CEUEHHUS KO BTOPOMY JIBHXKETCS
KHUIKOCTH, PACX0J] KOTOpoil paBeH Q.

I[J'IH HU3MCPCHUA NAaBJICHHA XKHUIAKOCTH IIPHUMCHAIOT nvbe3omenipsvl - TOHKOCTCHHBIC CTCKIIAHHBIC
F

Tp}’6KI/I, B KOTOPLIX KUAKOCTH IMOAHUMACTCS Ha BBICOTY rg. B KaXXIOM CCUCHUH YCTAHOBJICHBI
MbE30METPHLI, B KOTOPBLIX YPOBCHD KUAKOCTH NNOAHUMACTCS HA PA3HBIC BBICOTHI.

Kpome mbe3omerpoB B KaxaoMm cedueHud 1-1 u 2-2 ycraHoBieHa TpyOKa, 3arHyThI KOHEIl
KOTOpOM HalpaBjeH HABCTpPedy IMOTOKY >KHMIKOCTH, KOTOpas HasbIiBaeTcs mpyoka Ilumo.
XKunkocts B TpyOkax [Iuto Takke mogHMMAEeTCs HA pa3HbIE YPOBHH, €CIIM OTCUMTHIBATH HUX
OT nbe30MempuUyecKou TUHUU.

[Ibe30MeTpHUYECKYI0 JIMHHUIO MOXHO IIOCTPOUTH CleAyromuM obOpa3zoMm. Ecam  wmexmy
ceueHreM 1-1 u 2-2 mocTaBUTh HECKOJIBKO TaKUX K€ MHE30METPOB M Yepe3 MOKa3aHusl YPOBHEH
KUJKOCTHU B HUX NMPOBECTU KPUBYIO, TO MBI MOJYYUM JIOMaHYIO JIMHUIO (puC.3.5).

Onnako BbICOTa ypoBHEH B TpyOkax IIWTO OTHOCHTENHHO MPOU3BOJBHOW TOPU3OHTAIHHOM
npsimoii 0-0, Ha3bIBaeMOI niockocmuvio cpasHenus, OyIeT OJMHAKOBA.

Ecnu yepe3 nmokazanusi ypoBHEH XKUIKOCTH B TpyOkax [luto mpoBecTH nuHMIO, TO OHa OyIeT
TOpPU30HTaJIbHA, U OYAET OTPaXKaTh YPOBEHb NOIHOLU dHEPLUU MPYOONPO6oOd.

JUis  1ByX Mpou3BOJBHBIX cedeHud 1-1 u 2-2 moTtoka wuaeanbHOW JKUAKOCTH ypaBHEHHE
bepHyim umeer cinenyromun BUI:



B v B
n+t+ L=z, +22+ 2 = H=const
pg  Z2g rPg  2g

Tax xak ceuenus 1-1 u 2-2 B3sThI IPOU3BOJILHO, TO MOJIYYEHHOE YPABHEHHE MOXKHO IIEpEnucaTh
WHaYye:

UE

z+£+—:H: const
pg  Zg

U MPOYMTATHh TaK: CyMMa TpPEeX WICHOB ypaBHEHUs bepHymium s 1r000ro cedeHus: MoToka
UJICATbHOM KUJAKOCTH €CTh BEJIMYMHA IIOCTOSHHAS.

C oHepreTMdyeckoil TOYKM 3pEHUS KaXKIbl 4JleH ypaBHEHUS MpEACTaBIsieT CcoOoM
OTIPE/ICTICHHBIE BUJIbI SHEPTUU:

zl m z2 - yjACIbHBIE PHEPTUHU TOJOXKCHHS, XapaKTCPHU3YIOIIKE IMOTCHIIMAIBHYIO SHEPIHIO B
ceuenusax 1-1 u 2-2;

4,5
Fg Pg - YACIBbHBIC OJHEPIUM HABJICHUA, XAPAKTCPUIYIOMIUE IMOTCHHOUAJIIBHYIO JHCPIUIO
JaBJICHUA B TEX KC CCUCHUAX,
2 2
L] 1
1 u 2

2g  2g - yaenbHble KUHETUYECKUE DHEPTUH B TEX JKE CEUCHMSIX.

CnenoBaTenbHO, COTJIACHO ypaBHEHHIO bepHymnu, noinas yodenvnas sHepeusi udeanbHOU
HCUOKOCMU 8 THI0OOM CedeHUU NOCMOAHHA.

VYpaBHenue bepHyJIM MOKHO UCTOJIKOBAaTh U YUCTO T€OMETPUYECKHU. J[€J10 B TOM, YTO KaXKAbIi
YIEH YpaBHEHUS UMEET JIMHEWHYIO pa3MepHOCTh. ['nsig Ha puc.3.5, MOXKHO 3aMETUTh, 4TO z1 U
R 5
—_— H —_—
Z2 - reoMeTpuuYecKHe BBICOTHI ceueHui 1-1 u 2-2 Han TMIIOCKOCTRIO CpaBHEHUs; FE P2 -
2 2
L U
b

MNbE30MCTPHUUYCCKHUC BLICOTHI; 2g 2g - CKOPOCTHBIC BBICOTHI B YKA3aHHBIX CCUCHUAX.

B stoM cnyuae ypaBHeHME bepHymnum MOXHO TPOUYUTATh TaK: CYMMA 2e0MempuyecKkol,
NbE30MEempUYEecKolti. U CKOPOCMHOU BblCOMbL 0 UOEANbHOU IHCUOKOCMU eCMb  GeUYUHA
NOCMOSAHHAA.

3.3. YpaBHeHue bepHyiiin Ajis1 peajbHOM KUIAKOCTH
YpaBHeHue bepHyuM U1 TOTOKA PEATBHOM )KUIKOCTH HECKOJIBKO OTINYAETCS OT YPaBHEHUS

B B v
n+ 2+ L=z + 2+ 2 = H=const
Pg  2g Pg  2g

Jleno B TOM, 4TO NpU JBHKEHUU PEATBHOM BSI3KOM KUAKOCTH BO3HUKAKOT CHJIBI TPEHUS, Ha
MPEOJI0JICHHE KOTOPBIX KHUAKOCTh 3aTpadyuMBaeT JHEpPruto. B pesynbrare monHas yaeiabHas
SHEPrusl KUAKOCTU B ceueHnu 1-1 Oyner Goiblie MOTHON YIEIbHON YHEPTUH B CEUeHUM 2-2 Ha
BEJIMUMHY MOTEPSAHHON 3HEpruu (puc.3.6).
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Puc.3.6. Cxema k BbIBOAY ypaBHEHUs bepHYJuM 1Sl peaibHOM KUJIKOCTH

o 1-2 o
[ToTepsiHHAst DHEPTHS WM TIOTEPSHHBIA HAMOP 0003HAYAIOTCS “hom U UMEIOT TAKKE JIMHEHHYIO
Pa3sMEPHOCTb.

VYpaBuenue bepHyu 1is peanbHOM )KUIKOCTU OyIeT UMETh BUJL:

= 12 £ 12 _

Z+ Loy L=z 4+ e, 24 p = = const

1 ) 2 p _—
pg 2g Pg 2

N3 puc.3.6 BHOHO, 4YTO IO Mepe MBWKCHHUS KHAKOCTH OT cedeHus 1-1 mo ceuenus 2-
2 TIOTEePSHHBIA HATOp BCE BPEMs YBEIMYHMBACTCS (IMIOTCPSHHBIA HAIOP BBIJICIICH BEPTHKATHLHON
MTPUXOBKOHM). TakuM 00pa3oMm, ypoBEHb IE€PBOHAYAILHON DJHEPruu, KOTOpOM obJamaer
KUJIKOCTh B TEPBOM CEUEHUM, JUIsI BTOPOTO CE€UEHMs] OyJET CKJIaAbIBaThCA W3 YEThIPEX
COCTABJISIONIUX: TEOMETPUUYECKOU BBICOTHI, Tb€30METPUUECKON BBICOTHI, CKOPOCTHOU BBICOTHI U
MOTEPSTHHOT'O HAIrmopa Mex 1y ceueHusmu 1-1 u 2-2.

Kpome »TOro B ypaBHEHHWM TMOSBUINCH emle JBa KOXPOUIMEHTa 01 U 0p, KOTOPHIC
Ha3bIBAIOTCS K0IpPuyuenmamu Kopuonuca n 3aBUCAT OT peKuMa TEUEHUS KUAKOCTH ( o = 2
JUTSL TAaMUHAPHOTO peXuMa, o = 1 i TypOyJIEHTHOTO pEeKUMa ).

[ToTepsinHas BBICOTA B CKJIQJIBIBACTCSl W3 JIMHEHWHBIX TOTEPh, BBI3BAHHBIX CHJIOW TpPEHUS
MEX]Ty CJIOSIMHU >KUJIKOCTH, U TIOTEPh, BEI3BAHHBIX MECTHBIMU COTIPOTUBIICHUSIMU (U3MEHECHUSIMU
KOH(UTypalmu noToka)

1'5‘3’4 = h/mH + hMecm

C momoniso ypaBHeHUST bepHy M pemaercst O0IbITUHCTBO 33429 MPAKTHICCKON THAPABIIHKH.
J171s1 TOr0 BHIOMPAIOT JABA CEUCHUS I10 JTMHE IMOTOKA, TAKUM 00pa3oM, 4TOOBI JJIsl OJHOTO U3
HUX ObUTM U3BECTHBI BEIMYUHEI P, p, §, a 17151 APYyroro cedeHus 0/Ha WM BEIMYUHBI MOJICKATN



OIIPCACIICHUIO. HpI/I ABYX HCU3BCCTHLIX IAJISI BTOPOI'0 CCUCHUSA MCIIOJB3YIOT YPABHCHUC
MOCTOSTHCTBA PACX0/1a )KUIKOCTH V1 1 = Vo(;.
3.4. U3mepeHune CKOPOCTH MOTOKA M PACX0/A KUTIKOCTH

JIJ1si ©3MEepeHnst CKOPOCTH B TOUYKAX MOTOKA MIMPOKO MCTOIL3YETCsl padoTaroIias Ha MIPUHIIUIIC
ypaBHenus bepnynnu tpyOka Iluto (puc.3.7), 3arHyThlii KOHEIl KOTOPOW HAaIpaBieH HABCTPEUY
nmoToky. Ilycth TpeOyeTcst u3MEpPUTh CKOPOCTh KUAKOCTH B KaKOW-TO TOYKe MmoToka. [Tomectun
KOHEIl TPyOKHM B yKa3aHHYIO TOYKY M COCTaBUB YypaBHeHHe bepHymnm st ceuenus 1-1u
CEYEHUS, TPOXOAIICTO Ha YPOBHE KHUIAKOCTU B TpyOKe [1uTo momydnm

Btk 2 F
M—T+U—=H+}'ﬂ+ﬂ ung U= ./2gH
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Puc. 3.7. Tpy6xka IIuto u pacxonomep Benrypu

JUis u3MepeHus pacxoja JKUAKOCTH B TpPyOONpOBOJAX YACTO MCHONb3YIOT PacXoJoMeEp
Benrypu, neicTBUE€ KOTOPOTO OCHOBAaHO TaK >€ Ha MpUHUUIE YypaBHEHUs bepHymu.
Pacxomomep BeHTypr COCTOUT M3 IByX KOHMYECKMX HACAJKOB C LWIMHIAPUYECKOM BCTAaBKOU
Mexay Humu (puc.3.7). Eciu B ceuenusx |-l u ll-1l mocraButh nbe3omeTpsl, TO pa3HOCTH
ypOBHE# B HUX Oy/eT 3aBUCETh OT pacxo/a KUIKOCTH, IPOTEKAoIIeH 1mo Tpyoe.

IIpenebOperass moTepssMu Hamopa W cumrtas zl = z2 , HamuIeM ypaBHeHHWE bepHymm s
ceuenuii I-1 u lI-11;

i+£=£+u3
YooZ2g ¥ g

2
ki 2g

NN

Hcnonb3ys ypaBHEHHE HEPA3PHIBHOCTHU
Q =101 = V20
CZIEJTa€M 3aMEHY B ITOJIyYE€HO BBIPAKEHUU:

2 2
P Y
280 W,

2
szlmﬂqlg—gg"‘ﬁ
oy — gy

Pemast oTHOCHTENBHO QQ, IOTyYUM



Bripaxxenue, crosimee mnepen Jﬂ_z,, SIBIISIETCS TOCTOSIHHOM BEJIIMYMHOM, HOCSIINEH Ha3BaHHUE
MOCTOSIHHOM BoJioMepa BeHrtypu.

W3 momy4yeHHOro ypaBHEHHUs BHAHO, uTo h3aBucuT OT pacxoaa Q. Yacto 3Ty 3aBHCHMOCTD
CTPOST B BUJIC TAPUPOBOYHOM KpuBOii h 0T Q, KoTOpas uMeeT napadoIMUECKUI XapaKTep.



TecTbl K Jexkuuu Ne3

3.1. HJ'IOHI&,Z[I) IONECPECYHOI0 CCYCHUA IMOTOKA, ICPIICHAUKYJIAPHAA HAIIPABICHHUIO IBUKCHUA
Ha3bIBACTCA

a) OTKPBITHIM CEYCHUEM;
0) )KUBBIM CCUCHHUEM;

B) MOJIHBIM CEUEHUEM;
I) IUIOHIA/Ib PAcXo/ia.

3.2. Hactb IEpUMETPA ) XKUBOT'O CCUCHHA, OrpaHUYCHHAA TBEPAbIMU CTCHKAMHA HA3bIBACTCA

a) MOKpBIIl IEpUMETD;

0) mepuMeTp KOHTAKTa,

B) CMOYEHHBIN TIEpUMETD;

I') THIPABINYECKUHN TIEPUMETD.

3.3. O0beM KHNIKOCTHU, HpOTCKaIOIHI/Iﬁ 3a CIMHUIY BpEMCHH YCPC3 JKUBOC CCUCHUC HA3BIBACTCA

a) pacxoj MoTOKa;

0) 00BEMHBIN TTOTOK;
B) CKOPOCTbH MOTOKA;

') CKOPOCTb pacxoja.

3.4. OTHolIcHKE pacxoa JKUAKOCTH K INIOIIaIn JKUBOI'O CCYCHUA HA3bIBACTCA

a) CpeHUI pacxo] MOTOKA KUIKOCTH;
0) cpemHssl CKOPOCTh IMOTOKA;

B) MaKCHMaJIbHasi CKOPOCTh IIOTOKA;
I') MUHIMAJIBHBIN pacxoJ1 MOTOKA.

3.5. OTHoOIICHKE JKMBOI'O CCUCHHUS K CMOYCHHOMY IICPHUMCTPY HA3BIBACTCS

a) TUJIpaBInYECKas CKOPOCTh MOTOKA;

0) TUIPOTMHAMUYCCKHIM pacXo/ MOTOKa;
B) pacxoJI MOTOKa;

T') TUJPABINYECKUIN paInyC MOTOKA.

3.6. Eciv ipw IBIOKEHWH KUIKOCTH B IAHHOM TOYKE pyclia JaBJICHUE U CKOPOCTh HE
U3MEHSIOTCS, TO TAKOE ABMXKCHME HA3BIBACTCS

a) YCTaHOBUBIIEMCS;

0) HEyCTaHOBUBIIIEMCS;

B) TypOYJICHTHBIM YCTaHOBUBILIUMCS,
T') JaMHHAPHBIM HEYCTAaHOBHUBIIIEMCHI.

3.7. JIBuxenue, mpu KOTOPOM CKOPOCTh M JJABJICHHUE U3MEHSIOTCS HE TOJIBKO OT KOOPIUHAT
MPOCTPAHCTBA, HO U OT BPEMEHH Ha3bIBACTCS



a) JaMUHApHbBIM;

0) cTalMOHAPHBIM;

B) HEYCTaHOBUBIINMCS;
) TypOyJICHTHBIM.

3.8. Pacxon noroka o003HauaeTcst TATUHCKOM OyKBOM

a) Q;
o)V,
B) P;
r) H.

3.9. CpenHsist CKOPOCTh MOTOKA 0003HAYaETCsl OyKBOM

a) %3
o)V,
B) V;
) ©.

3.10. XXuBoe ceuenne o603HagaeTCsI OyKBOM

a) W,
o) n;
B) ®;
r) .

3.11. HpI/I HCYCTAHOBUBIICMCA IBUKCHHUU, KPUBAsA, B Ka)K,ZIOﬁ TOYKC KOTOpOfI BCKTOpa CKOPOCTH
B JJAHHBIA MOMEHT BpPCMCHHU HAIIPAaBJICHELI 110 KacaTeJIbHOM Ha3bIBACTCS

a) TPAeKTOPHS TOKA;
0) TpyOKa ToKa;

B) CTpylKa TOKa;

T) JINHHS TOKA.

3.12. TpyOuaTast IOBEpXHOCTh, 0OpazyeMas JUHUSAMHU TOKa ¢ 0ECKOHEYHO MaJIbIM TONIEPEYHBIM
CEUYCHHEM Ha3bIBACTCS

a) TpyOKa TOoKa;

0) TpyOKa 1moToka,

B) JIMHUSI TOKA;

I') 3JIEMEHTapHas CTpyHKa.

3.13. DnemenTapHas cTpyika - 3T0

a) TpyOKa MOTOKa, OKPY>KEHHas TUHUSIMH TOKa;

0) 4acTh MOTOKA, 3aKJIIOUEHHAsI BHYTPU TPYOKHU TOKa;
B) 00bEM MOTOKA, IBIKYIIHICS BAOJIb JIMHUU TOKA;

I') HEpa3pbIBHBIN ITOTOK C MPOU3BOJIBHON TPAEKTOPUEA.

3.14. TeyeHue KUIKOCTH CO CBOOOHOM TOBEPXHOCTHIO HA3bIBACTCS



a) YCTaHOBUBIIICECS;
0) HammopHoe;

B) O€3HAIIOPHOE;

r) CBOOOIHOE.

3.15. Teuenue xkuIKOCTU 6€3 CBOOOIHOM MOBEPXHOCTU B TPYOONPOBOAAX C MOBBIIIEHHBIM WU
MOHW)KEHHBIM JIaBJICHUEM Ha3bIBACTCS

a) 6e3HaIOPHOE;

0) HaImopHoe;

B) HEYCTAaHOBUBIIIEECS,

') HECBOOOTHOE (3aKPBITOE).

3.16. YpaBHeHHE HEPA3PHIBHOCTH TCUCHUN UMEET BUI
a) W1V,= M7V = CONSt;
0) ®1V; = ML, = CONSt;
B) M1y = V1V, = CONSt;

r) ®1 /v = ®y /vy = const.

3.17. Ypasuenne bepHymu 1ist uaeabHOM KHIKOCTH UMEET BHT

2 2
a); 2, +—+—1—z'2+i+E
g pg g pg
2
5)21+i+i—zg+—+—+2h:
pg 2z P 2g
E)zl+£+b;'—1: +£+U_2§|
% 2g o 2g
2 2
r)21+ﬂ+mlﬁ_zzz+ﬂ+%i-
pg 2g pg 2g

3.18. Ha xakom pucynke TpyOka [Iuto ycranoBieHa nmpaBUiIbHO

a) _EE_-! _____ 0) | _
e _H__E‘L__
E) r)

3.19. Ypasuenue bepuynnu s peaibHON KUAKOCTH UMEET BUT
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pg 2z pg 2g
2 2
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pg 2z P 2g
2 2
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3.20. YUnen ypaBuenus bepnynu, 0603Ha4aeMbIii OyKBOH Z, HA3bIBACTCS

a) TEOMETPUUECKOUN BBICOTOM;
0) MbE30METPUIECKON BHICOTOM;
B) CKOPOCTHO# BBICOTOM;

T') IOTEPSIHHOW BBICOTOM.

F

3.21. YUnen ypaBuenusi bepHyim, 0003HauaeMblii BEIpa)KEHUEM FE Ha3bIBACTCS

a) CKOPOCTHOM BBICOTOM;

0) reoMeTpHUIECKON BBICOTOM;
B) Mb€30METPUUYECKON BBHICOTOI;
T') IOTEPSITHHOW BBICOTOM.

2
]

=

o
3.22. Unen ypasHenns bepHym, 0603HauaeMblii BRIPOKEHHEM 2£ Ha3bIBAETCS

a) Tbe30METPUUCCKOMN BBICOTOM;
0) CKOPOCTHOM BBICOTOM;

B) TEOMETPUYECKOMN BBICOTOM;

') TAKOTO 4JIeHa HE CYIIECTBYET.

3.23. YpaBHenue bepHyiuu s AByX pa3IMUHBIX CEUEHUH MOTOKA J1aeT B3aUMOCBSI3b MEXKIY

a) TaBJICHUEM, PACXOJIOM U CKOPOCTHIO;

0) CKOpOCTHIO, AaBicHUEM U K03 dumueaTom Kopuonmca;
B) JIaBJICHUEM, CKOPOCThIO U TEOMETPUYECKOMN BBICOTO;

I') TEOMETPUYECKON BBICOTOM, CKOPOCTHIO, PACXOJIOM.

3.24. Koopdunment Kopronuca B ypaBHeHun bepHynu xapakrepusyeT
a) peXKUM TEUECHHUSI )KUKOCTH;
0) CTeTIeHb THIPaBIMYECKOTO COITPOTUBIICHUS TPYOOIIPOBO/IA;

B) U3BMEHEHHE CKOPOCTHOT'O HAIOpa;
T') CTENIEHb YMEHBIICHHS YPOBHS MOJIHOM SHEPTHUH.

3.25. Tlokazanue ypoBHs KHIKOCTH B TpyOke [Tuto oTpakaer



a) pa3HOCTh MEXK/Iy YPOBHEM IMOJHON U TbE30METPHUUECKON IHEPTUECH;
0) U3MEHEHHUE MMHE30METPUUECKON IHEPTUH;

B) CKOPOCTHYIO SHEPIHIO;

') YPOBEHb MMOJTHOW SHEPTHUU.

3.26. IloTepstHHAs BRICOTA XapaKTEPU3YET

a) CTETIeHb U3MEHEHUS 1aBJICHNUS,

0) cTerneHb CONPOTUBIICHUS TPYOOIIPOBOIA;

B) HalpaBJICHUE TEUEHUS )KUJIKOCTH B TPYOOIPOBOJIE;
I') CTENIEHb U3MEHEHUS CKOPOCTH YKHIKOCTH.

3.27. JIuneiiHble MOTEPU BHI3BAHBI

a) CUJION TPEHUS MEXIY CIOSIMH KHUIKOCTH;
0) MECTHBIMU COTIPOTHUBJICHUSAMH;

B) AJTUHOU TPpyOONPOBOA;

T') BSI3KOCTBIO JKUJKOCTH.

3.28. MecTHbIe OTEPHU SHEPTUH BBHI3BAHBI

a) HATMYMEM JIMHEUHBIX CONPOTUBIICHUM;
0) HaJTMYMEM MECTHBIX COMPOTUBIICHUN;
B) MAaCCOM JIBMKYILEHCS KUJIKOCTH;

') UHEpUUEN JABMXKYLIEICS )KUIKOCTH.

3.29. Ha yuactke TpyOOIIpOBOa MEXAY ABYMS €ro CEUEHUSIMU, JUIsl KOTOPBIX 3allMCaHO
ypaBHEHHE bepHYyIUTM MOXHO YCTAaHOBUTH CIEAYIOIIUE THAPOIIEMEHTHI

a) GuIbTp, 0OTBOJ, TUAPOMOTOP, TP dy30p;
0) kpaH, koH(DY30p, ApOCCceh, HACOC,

B) GuibTp, KpaH, 1uddy3op, KOIeHo;

') THAPOLMIIMHAP, IPOCCEIIb, KJalaH, COILIO.

3.30. YkaxuTte NpaBUIbHYIO 3aIKCh

a) hfluH = hnom + hMecm;
6) hMecm = hﬂuH + hnom;
B) hnom = h/’luH - hmecm;
l") h.auH = hnom - hMecm-

3.31. Jlns u3MepeHust CKOPOCTH MOTOKA UCHIOIB3YETCS

a) TpyOxka Iluro;

0) mbe30MeTp;

B) BUCKO3UMETD;

r) TpyOKa Bentypu.

3.32. Jlns u3MepeHus pacxo/ia )KUJIKOCTH UCIIOJIb3YEeTCs



a) TpyOka Iluto;

0) pacxogomep IluTto;

B) pacxonomep Benrypu;
T') IbE30METP.

3.33. Ykaxure, Ha KaKOM PUCYHKE U300paxkeH pacxoaomep Bentypu
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3.34. YcraHoBuBILIEECs ABUKEHUE XapaKTEPU3YETCsl YPABHEHUSIMHU

ayv="1xvy,z1);P=0Y,2)
o ="1(x,y,z,1t); P=0(xY,z1t)
B)v="1(X,y,2); P=0(X,Y, 2, 1)
ro =f(x,y,2); P=o(X,y, 2)

3.35. Pacxoa nmoToka nu3MepsieTcs B CleAyIOUNX eAMHULIAX

a) M%;

0) m*/c;
B) M* C;
r) M%/c.

3.36. s nByx ceueHuid TpyOOmpoBOAa U3BECTHBI BEIUYUHBI Py, v1, Z; 1 Z;. MoxHO 11
OTIPEJICITNTH JIaBlieHHue P,u CKOPOCTH MOTOKA V,?

a) MOYXHO;

0) MOXHO, €CJTH U3BECTHBI TuaMeTprl d; 1 dy;

B) MO>XHO, €CJIM U3BECTEH AUAMETp TpyOompoBoaa dy;
T') HETb3s1.

3.37. HeycraHnoBuBIIIEeECS ABIKEHUE JKUKOCTH XapaKTePU3yeTCs ypaBHEHUEM

a)v=1(x,y,2); P=o(x Y, 2)
o =1(x,y,2); P=0(x,Y,z1)
Bv="1(X,y,z,1); P=0(X, Y, Z,1)
r="1(xyY,z1t);P=0(Y,2)



3.38. 3nauenne kordpuuenta Kopuomuca s JaMHHAPHOTO PEKUMA JIBHKEHUS YKHIKOCTH
paBHO

a) 1,5;
0) 2;
B) 3;
r) 1.

3.39. 3nauenue kodpPuimenta Kopuomnuca st TypOyJIeHTHOTO peKUMa ABMKCHHUS KUIKOCTH
paBHO

a) 1,5;
0) 2;
B) 3;
r) 1.

3.40. ITo MCPC ABMIXCHHA KUIAKOCTH OT OJJHOI'O CCUCHUA K APYTOMY HOTepHHHBIﬁ Hariop

a) YBEIIMIMBACTCS;

0) yMCHBIIIaeTCS;

B) OCTaeTCs MOCTOSTHHBIM;

T') YBEJTUYMBACTCS TPHU HAJTMIUH MECTHBIX COIIPOTHUBIICHUH.



Jlekuus 4. THAPABJIMYECKUE COITPOTUBJIEHUA

[ToTepu sHepruu (yMEHbUIEHUE THIPABIMYECKOTO HAMOpa) MOXKHO HAOMIOAATh B ABUKYILEHUCS
KHUJIKOCTH HE TOJBKO HAa CPaBHUTEIBHO JUIMHHBIX Y4YacTKaxX, HO M Ha KOPOTKHUX. B omHmx
ClIy4asix MOTEPH Haropa pacnpenesstoTcs (MHOTJa PaBHOMEPHO) MO JUIMHE TPyOOIpoBoa - 3TO
JUHENHBIE TOTEPHU; B JAPYTUX - OHU COCPEJOTOYEHBI HA OYEHb KOPOTKUX ydacTKaX, JITHHOU
KOTOPBIX MOKHO TpeHeOpeyb, - Ha TaK HA3bIBAEMBIX MECTHBIX THIPABIUYECKHUX
COIPOTUBIICHUSIX: BEHTUJINU, BCEBO3MOXKHBIE 3aKPYTJICHUS, CYKEHHS, PACIIUPEHUS U T.1I., KOpoUue
BCIO/ly, TJIe IOTOK MpeTepneBaet Aedopmainio. ICTOUHUKOM MOTEph BO BCEX CIIy4asixX SBISETCS
BSI3KOCTB KHUJIKOCTH.

CJIGI[y@T 3aMCTUTb, 4YTO IIOTCPH HAIOpa W 110 JJIMHC W B MCCTHBIX THAPABINYCCKHUX
COIIPOTHUBJICHUAX CYIICCTBCHHBIM 06pa30M 3aBHCAT OT TaK HA3bIBACMOI'O PCKHUMaA IABYIKCHUS
KHUAKOCTH.

4.1. Pe;KkMMBI IBUKEHUSA KUIKOCTH

[Ipn HabOmrogeHMH 3a ABMKEHUEM JXUAKOCTH B TpyOax M KaHajgaX, MOXKHO 3aMETUThb, 4TO B
OJIHOM CITy4ae >KHIKOCTb COXPAHSAET OIpPEACIICHHBbIM CTPOM CBOMX YACTHUI, a B JAPYIUX -
nepeMemnatoTcss 6eccrucreMHo. OIHAKO HCYEPIBIBAIONIME OIBITHI MO 3TOMY BOMPOCY OBLIU
nposeaensl PeitHonbacom B 1883 1. Ha puc. 4.1 uzo0pakeHa ycTaHOBKa, aHAJIOTUYHAs TOM, Ha
KOTOpoU PerHOIbIC MPON3BOANII CBOU OMIBITHI.

Puc. 4.1. Cxema yctanoBku PeliHombca

VYcTraHOBKa COCTOUT M3 pe3epByapa 4 ¢ BOJOH, OT KOTOPOro OTXOAMT CTEKJIsHHas TpyOa B c
kpaHoMm C Ha KoHIe, u cocyna D ¢ BogHBIM pacTBOPOM Kpacku, KOTOpas MOXKET Mo TpyOke
BBOJMTHCS TOHKOW CTPYHKOM BHYTpb CTEKIISTHHON TpyOBbI B.

Ilepsviti  cnyuaii  Osuocenus owcuokocmu. Ecnu HEMHOTO TPUOTKPBITH KpaH CUM  AaTh
BO3MO>XKHOCTb BOJE MpOTEKaTb B TpyOe C HEOOJBIION CKOPOCTBIO, a 3aTéM C IIOMOILBIO
KpaHa £ BIyCTUTh KpacKy B IIOTOK BOJbI, TO YBUJIUM, YTO BBEACHHAs B TpyOy Kpacka He Oynaer
nepeMenBaThCcsl ¢ MOToKkoM Boabl. CTpylika Kpacku OyneT OTYETIMBO BUAMMON BAOJb BCeH
CTEKJISIHHOM TpYyOBI, YTO YKa3bIBAET HA CIOUCTBIN XapaKTep TEUEHUS KUAKOCTU U Ha OTCYTCTBUE
nepeMemuBanus. Eciau npu 3Tom, eciau K TpyOe MOJCOENNHUTh Mbe30MeTp win Tpyoky Iluto,
TO OHM NOKaXXyT HEM3MEHHOCTb JABJIEHHUS] U CKOPOCTH MO BPEMEHU. TakoW peuM JBHUKEHUS
Ha3bIBACTCS JIAMUHAPHDBIU.



Bmopou cnyuaii dsusicenusi scuokocmu. [Ipu MOCTETICHHOM YBEIMYEHUH CKOPOCTH TEUYCHUS
BOJIBI B TpyOe MyTeM OTKPBITHS KpaHa C KapTHHA TCUCHHs BHAYaJle HE MEHSETCS, HO 3aTeM IpHU
OTIPE/ICTICHHONW CKOPOCTH TEYCHHs HACTymaeT ObIicTpoe ee m3MeHeHue. CTpyiKa KpacKH IO
BBIXOJIC M3 TPYOKH HAYMHACT KOJIeOAThCs, 3aTEM Pa3MBIBACTCSA M IEPEMEIIUBACTCS C IIOTOKOM
BOJIbI, IPUYEM CTAHOBSTCS 3aMETHBIMH BHXPEOOpa30BaHWs M BpallaTeIbHOE JBIKCHUC
xuakocty. ITbe3omeTp u TpyOka [IuTo mpu 3TOM NMOKaXKyT HEHPEPHIBHBIC MyJIbCAIlMH JIaBJICHUS
1 CKOPOCTH B IOTOKE BOJIbI. Takoe TeueHne Ha3bIBaeTCs mypoyrenmusim (puc.4.1, BBEpXy).

Ecau YMCHBIIHUTL CKOPOCTH ITOTOKA, TO BOCCTAHOBUTCA JTAMHUHAPHOC TCUCHHUC.

Wtax, namunapnvim Ha3bIBA€TCSl CIOUCTOE TEUEHUE O€3 MepeMelIMBaHusl YacTUL] KUIKOCTH U
0e3 myJibcalud CKOPOCTU U JaBieHus. [Ipu naMuHapHOM TEYEHUM >KUJIKOCTU B MPSMOM TpyoOe
MOCTOSIHHOTO CEUYEHHUs] BCE JIMHUU TOKA HAIPaBJICHbl MapajuleIbHO OCHU TPYyObl, MpU 3TOM
OTCYTCTBYIOT IIOIIEPEYHBIE IEPEMEIICHUS YACTULL KUIKOCTH.

Typbynenmnolm Ha3bIBACTCS TEUEHHE, CONPOBOXKIAIOIIEECS MHTEHCUBHBIM I€pEMEIIMBAHUEM
KUIKOCTH C MyJbCALMSIMUA CKOPOCTeM M JdaBieHud. Hapsnay ¢ OCHOBHBIM MNPOAOJbHBIM
NepeMelIeHHeM JKUIKOCTH HaOII0Jal0TCa TOINEpeYHble TepeMelleHusT W BpallareibHble
IBUKEHUS OTIEIbHBIX O0BEMOB KUAKOCTH. [lepexon OT IlaMMHApHOTO pexuMma K
TypOyJICHTHOMY HaOIIOAAaeTCs TPH OMPENEICHHOW CKOPOCTH JBIDKEHHS >KHAKOCTH. ITa
CKOPOCTb Ha3bIBACTCS KPUMUUECKOU D 1.

3Ha4YE€HHUE ATOM CKOPOCTH MPSMO IMPOMOPLMOHATIBHO KMHEMAaTUYECKOW BS3KOCTH KUIKOCTU U
00paTHO MPONOPLIUOHAILHO AUAMETPY TPYOBI.

U, =—k

W
¥ d
T7I€ V - KHHEeMaTH4eCKas BI3KOCTb;

k - 6e3pasmepHbIi KOAPPUITUCHT;

d - BHyTpeHHHI TUAMETP TPYOBI.

Bxomsmuii B oty opmyny Ge3pazmepHbiii kodhduitueHt K, oauHaKkoB ISl BCEX JKUAKOCTEH U

ra3oB, a TaKXe U JIOOBIX TUaMETpOB TPYO. DTOT KOIPPHUIMEHT Ha3bIBACTCS KPUMUUECKUM
yucnom Peiinonvoca Re, n onpenensercs cueayomum o0pa3om:

Ui

Fe =2

¥ W

Kax noka3seIBaeT OmbIT, Ui TpyO Kpyriioro cedenus Re, nmpumepno pasno 2300.

Takum o0pazom, kputepuil momoOusi PeiiHonbAcCa TMO3BONAET CYAUTh O PEKHUME TECUCHUS
xunkoctu B TpyOe. [Ipu Re < Re,, Teuenue saBnsercs namMmuHapHbIM, a npu Re > Re,, TeueHne
ABJISIETCSl TYpOyJIEeHTHBIM. TOUHEE roBOps, BIOJIHE Pa3BUTOE TypOYJEHTHOE TEUEHHE B TpyOax
ycTaHaBiauBaercs juib npu Re npumepno pasro 4000, a mpu Re = 2300...4000 umeer mecTo
nepexo/iHasi, Kputuyeckasi 00JacTh.

Pexxum MBUKCHHS KUIKOCTH HANPSIMYIO BIIHSICT HAa CTETICHDb THJIPABIMYECKOTO COTIPOTHBIICHUS
TpyOOIPOBOIOB.

4.2. KaButanus



B HCKOTOPLBIX ClIy4dasaX IIpU ABHXCHHH XHAKOCTHU B 3aKPLITBIX PYClIaX IMPOUCXOIHT SABJICHHUC,
CBA3aHHOC C M3MCHCHHUECM arperaTtHoro COCTOAHUA KHUAKOCTH, T.C. MPECBPAIICHUC €€ B IIap C
BBIJICJICHUECM U3 )KUAKOCTU paCTBOPCHHBIX B HEH Tra3oB.

HarnsgHo 3To sSBJICHHE MOKHO MPOJIEMOHCTPUPOBATh HA MPOCTOM YCTPOWCTBE, COCTOSIIUM M3
TpyOBI, Ha OTJEIHLHOM y4acTKEe KOTOPOM yCTaHOBJIEHA Mpo3padHas TpyOka Bentypu (puc.4.2).
Bona mon naBnenneM ABmkeTcs OT ceueHus 1-1 yepes ceuenue 2-2 k ceuennro 3-3. Kak BugHO
U3 PHUCYHKA, CEYCHHE 2-2 MMeeT MCHbIIUK auameTp. CKOpOCTh TCUCHHUS JKUIKOCTH B TpyOe
MO>XHO U3MEHSTh, HAIPUMED, YCTAHOBJICHHBIM IOCII€ CEYEHUS 3-3 KPAaHOM.
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Puc. 4.2. Cxema TpyOKH IJIs IEMOHCTPAIIUHA KaBUTAIMH

[Ipr HEOOMBIION CKOPOCTH HHUKAKWX BHUANMBIX HW3MCHEHHWW B JBIJKCHHUH JKHJIKOCTH HE
npoucxoaut. [Ipu yBeIWYEHUM CKOPOCTH JABUKEHUS KUJIKOCTU B y3KOM CEUEHHH TPYOKHU
Benrtypu 2-2 nosiBiisieTcss OTYETIMBas 30Ha ¢ OOpa3oBaHUEM ITy3bIpbKOB Taza. OOpasyercs
00JaCTh MECTHOTO KUIICHHUS, T.€. 00pa30BaHME Mapa C BBIJICICHUEM PAaCTBOPEHHOTO B BOJIE Ta3a.
Jlasiee rpu moaxo/1e )KUIKOCTH K CEUSHHUI0 3-3 ATO SIBJICHHE HCUE3aeT.

DTO0 sBIEHHE OOYCIOBJIEHO CIICAyIOMNUM. 3BECTHO, YTO MNpHU ABWIKCHUHM IKUIKOW WIIH
ra3oo0pa3HoO# cpebl, JaBlieHHe B Hell magaeT. [Ipuyuem, 4em BhIIIe CKOPOCTh ABUKCHUS CPEJIbI,
TeM JaBJIcHHE B Hel Hmke. [loaTomy, mMpu TEYEeHWH KXKUIKOCTH Yepe3 MECTHOE Cy)KeHue 2-2,
COIJIACHO YPABHEHUIO HEPA3PBIBHOCTH TECUCHUH, YBEIUYHUBACTCA CKOPOCTh C OJHOBPEMEHHBIM
MaJICHUEM JaBJIeHUs B 3TOM MecTe. Eciii abCooTHOE AaBICHUE MPU TOM JIOCTUTAET 3HAUCHUS
PAaBHOTO JIaBJICHUIO HACBHIIICHHBIX IMAPOB KUAKOCTH INPH JTaHHOM TEMIIEpATYpE WIM 3HAYCHUS
PABHOTO JABJICHHUIO, IPU KOTOPOM HAYMHAETCS BBIJICJICHUE M3 HEE PACTBOPUMBIX ra30B, TO B
JTAHHOM MECTE TOTOKa HaOJI0JacTCsl HHTEHCUBHOE MapooOpa3oBaHue (KUTICHUE) U BbIICICHUE
ra3oB. Takoe SIBJICHHE HAa3bIBACTCS KABUTALIUCH.

[Ipu nanpHEiIeM ABMKCHUH KUAKOCTH K CEUCHHIO 3-3, My3bIPhKU MCUE3AI0T, T.€. MPOUCXOIUT
pe3Koe yMEHBIICHHE UX pa3MepoB. B To Bpems, Korja my3bIpeK HcYe3aeT (CXJIOMBIBACTCS), B
TOUKE €r0 CXJIOIBIBAHUS ITPOUCXOJUT PE3KOE YBEIUUYCHHUE IABJICHUS, KOTOPOE MEPENacTCs Ha
cocelHre 00bEMBI KUIKOCTH U Yepe3 HUX Ha CTCHKHU TpyOompoBoaa. Takum oOpa3oM, OT TaKUX
MHOTOYHCJICHHBIX MECTHBIX MOBBIIICHUN aBleHUH (TUIPOYAapOB), BOSHUKAECT BUOpAITHSI.

Taxum obpazom, kasumayus - 3T0O MECTHOE HapyIICHHUE CIUIOIIHOCTU TEYEHHs ¢ 00pa3oBaHUEM
MapoBbIX M Ta30BBIX Iy3bIpeil (KaBepH), OOYCIOBJICHHOE MECTHBIM MaJICHUEM JaBJICHHUS B
MIOTOKE.

KaBuTanuss B OOBIYHBIX CiIy4asiX SIBJISICTCS HEXKeNaTeIbHBIM SIBICHHEM, U €€ HE CJIEeOyeT
JIOTyCKaTh B TPyOONpOBOJaX M APYTHX AJIEMEHTaX TuapocucteM. KaBurtanus BO3HUKAET B
KpaHaX, BEHTWISIX, 3aJABMKKaX, )KUKJIEpAX U T.1.



KaBuranus MoxeT UMeTh MECTO B THApoMalliMHax (Hacocax U TUApOTypOMHAx), CHMXKas MpHU
3TOM HUX KO3()(PUIMEHT MOJE3HOro AEUCTBUS, a MPU JIUTEIBHOM BO3JACHCTBUM KaBUTALUU
MPOUCXOAMUT pa3pylleHHe [eTalied, MOJABEp>KeHHbIX BuOpauuu. Kpome s3TOro paspyumatorcs
CTEHKU TPYOONpPOBOIOB, YMEHBIIIAECTCA UX MPOIMYCKHAs CIOCOOHOCTh BCIEJCTBUE YMEHbIIICHUS
’KUBOTO CEYCHHUSI TPYOBI.

4.3. lloTepu Hamopa Npu JJAMUHAPHOM Te€YeHHUH KUAKOCTH

Kak moka3pIBalOT HCCIIEIOBAaHUSA, NPH JaMHHAPHOM TCUYCHHH >KHJIKOCTH B KPYyTIJoW TpyOe
MaKCHMaJjlbHasi CKOPOCTh HAXOJUTCS Ha OCH TPYObI. Y CTEHOK TpyObl CKOPOCTh PaBHA HYJIIO, T.K.
YaCTHIBI JKUJIKOCTH IIOKPBIBAIOT BHYTPCHHIOIO IOBEPXHOCTh TPyOONpOBOJa TOHKHUM
HENOJBMKHBIM clloeM. OT CTEHOK TpyObl K €€ OCH CKOPOCTHM HapacTaw IUIaBHO. [ pagux
pacnpeoeieHusi CKOpocmell Nno HONEPEeYHOMY CeHeHUuio NOomoKa npeocmasisem cooou
napabonoud epawjenus, a CEUYCHHE IMapadoonia OCEBOM IIIOCKOCTHIO - KBaJAPAaTUYHYIO
napabouy (puc.4.3).
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Puc. 4.3. Cxema 11 pacCMOTpPEHHUSI JJTaMUHAPHOTO MOTOKA

YpaBHEHHE, CBA3BIBAIOIICE IIEPEMEHHBIE U U I, UMEECT CIEAYIOIIUNA BUI:

Pl4_|_l_;% [:Rz _ rj)

rae P1 u P2 - naBieHnss COOTBETCTBEHHO B ceueHusx 1 u 2.

VY crenok TpyObl BemmumHa I = R, , 3HauMT cropocth Vv = 0, a mpu r = 0 (Ha OCH TOTOKA)
CKOPOCTb OyJIeT MaKCUMaJIbHOU

1 =ﬂ_ﬁ(ﬂﬁ_02):ﬂ_ﬁgﬂ

Tenepb ompenenum pacxoj KUIAKOCTH MPU JTaMUHAPHOM TEUYCHHHM B Kpyrjou TpyoOe. Tak kak
AMIOpa PACTIPENENICHUS CKOpPOCTEl B Kpymod TpyOe MMeeT BUJA Mapadojionaa BpalleHUs C
MaKCUMaJIbHBIM 3HAUYEHHWEM CKOPOCTH B IIEHTPE TPYOBI, TO PACXO] )KHIKOCTH YUCJICHHO PaBEH
00beMy aToro napadosouaa. Onpeneaum 3TOT 00BEM.

MakcumainbHasi CKOPOCTh 1a€T BBHICOTY napaboioua

_PI_PE Rﬂ

Kak M3BECTHO U3 TeoMeTpHH, 00beM napabonomaa BeIcoToit h u miomasio pR? papen
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Ecmu BMecto R mojacraButh quametp tpyost d, To hopmyna (4.4) npuoOpereT Bu
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Pacxon B TpyOe MOXHO BBIPa3HTh Yepe3 CPETHIOI CKOPOCTh:
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Jlis ompejeneHUsT MOTEPh Hamopa MpU JIAMHHAPHOM TEUYCHHM JKUAKOCTH B KPYIJIOH TpyOe
PacCMOTPHM YYacCTOK TPYOBI IJIHHOM |, M0 KOTOpOMY IOTOK TE€YET B YCIOBHSIX JIAMHHAPHOIO
pexxkuMma (puc.4.3).

[ToTtepst naBnenust B TpyOonpoBojae Oyner paBHa

Eciu B popmyne nuHammueckuil Kod(hGUIIMEHT BSI3KOCTH [ 3aMEHHUTH Yepe3 KMHEeMAaTUYeCKUi
KO3 PHUIIMEHT BSI3KOCTU L M IWIOTHOCTh p ( L =V p ) W pa3aenuTh 00€ 4acTH PaBEHCTBA Ha
00BEMHBIN BEC )KUJIKOCTU Y = p ¢, TO MOIYUHM:

R B _32vpd
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Tak kak JieBas dYacTh IIOJYYCHHOTO paBEHCTBA paBHA morepsM Hamopa h,,, B TpyOe

IMOCTOAHHOTO JUAMCTpPa, TO OKOHYATCIbHO 3TO PaBCHCTBO IIPHUMCT BU:
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VYpaBHeHue MoxkeT ObITh MpeoOpa3oBaHO B yHHUBepcalibHylo QopMyiny Beiicbaxa-/lapcu,
KOTOpast OKOHYATEJIbHO 3alUCHIBACTCS TaK:

By = A
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rae A - KO3(p(UUHUEHT THUIPABIMYECKOTO TPEHHUS, KOTOPBIM JUIsi JAMHUHApPHOTO IOTOKA
BBIYHCIIACTCS 110 BBIPAKEHUIO:
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OpnHako mpu JaMUHAPHOM pexuMe JUIs onpeeneHus: KodQPUimeHTa ruipaBInueckoro TpeHus
A T.M. bamra pekomenayet npu Re < 2300 npuMeHsITh GopMyITy
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4.4. Ilorepu Hanopa npu TypOyJI€eHTHOM TeYEeHUH KUTKOCTH

Kak Obuto ykazano B m.4.1, mist TypOyJEHTHOTO TEUEHHUS XapaKTEpHO IepeMelInBaHue
KUAKOCTH, MyJbCAlMM CKOpOCTeW W AaBneHuil. Ecnu ¢ momornpio 0co00 4yBCTBUTEIHHOTO
npubopa-camMonuclia U3MEpATh  MyJIbCAllUM, HAmpUMeEp, CKOPOCTH IO BpPEMEHH B
(UKCHPOBAHHOI TOYKE MOTOKA, TO MOJY4YUM KapTHUHY, MOJOOHYIO0 MOKa3zaHHOW Ha puc.4.4.
CkopocTh OecrnopsiIoYHO KOJIEOJIETCsl 0KOJIO HEKOTOPOTO OCPEAHEHHOTO MO0 BPEMEHH 3HAYCHHUS
U ocp, KOTOPOE TAHHOM CIIy4ae OCTAETCS MOCTOSIHHBIM.

XapakTep JWHHA TOKa B TpyOe B JaHHBII MOMEHT BpPEMEHH OTJIWYACTCS OOJIBIINM
pasHooOpasuem (puc.4.5).

v

——— Uy ——]

1r

te

Puc. 4.4. Tlynbcamusi ckopocTu B TypOysieHTHOM moToke. Puc. 4.5. Xapakrtep JUHMI TOKa B
TypOyJIEHTHOM HOTOKE

[Ipu TypOyIeHTHOM peKruMe JABMXXKCHHS KUIKOCTH B TPyOax dIiopa pacrpeaesieHus CKOpoCTein
MMeeT BUJI, TOKa3aHHbIN Ha puc. 4.6. B TOHKOM MPUCTEHHOM CJI0€ TOJILIHUHOMN & KUAKOCTh TEUET
B JIAaMUHAapHOM pEXHUME, a OCTAJIbHbIE CJIOU TEKYT B TYpOYyJCHTHOM peXuUMe, U
HA3BIBAIOTCS mMypOyieHmHblM  0pom. TakuM o00pa3oM, CTpOrO TOBOpS, TypOYJIEHTHOTO
JIBUKEHUSI B UACTOM BUJE HE cyliecTByeT. OHO CONMPOBOXKIAETCS JAMUHAPHBIM JIBUKEHUEM Y
CTEHOK, XOTs CJIOM O C JJAMUHApPHBIM PEXHUMOM BE€ChbMa Majl MO0 CPABHEHUIO C TYpOYJEHTHBIM
STIPOM.



o

R f_,j:_;--"..:.:._;::.:_: — _._____._.---"'_

NamsHapHei cnon \ Typlynedvos Appo
Puc. 4.6. Monens TypOyJI€HTHOTO peXuMa ABMKCHHS )KUIKOCTH

OcHOBHOM pacueTHO# (HOpMYJIOH IS MOTEPh HAIlOpa MPH TYPOYJICHTHOM TEUCHUH JKUIKOCTH B
KPYIJbIX TpyOax sIBISETCS y)K€ MPUBOJMBILIASCS BBIIIC IMIHUpUUecKas (opMyiia, Ha3bIBaeMas
dhopmynont Beilicbaxa-J/lapcn n nMmerommas cieyonuid BII:
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Paznmuuue 3akirouaeTcst JUIIb B 3HAYCHHUAX KOA(D(OUIIMEHTA THAPABIMYECKOTO TPEHUS A. DTOT
ko3 dunmeHT 3aBUCHUT OT umcia PeliHompaca Re m oT Ge3pa3MepHOTO TE€OMETPHUYECKOTO
dakTopa - oTHOocHTeNbHOU mepoxoBaTocT A/d (wmm A/rg, T1IE 19 - paauyc TpyObl).

BrniepBrie Hanbomnee ucuepmnbiBaromieil paboTsl o onpeneienuto Obun gansl .M. Hukypanse,
KOTOPBI Ha OCHOBE OIBITHBIX JaHHBIX mocTpount rpaduk 3aBucumoctu Ig(10001) ot Ig Re ms
psana 3HaueHuit A/ro. Ombeitel Hukypansze Obuid mpoBeAeHBI Ha TpPyOax € HCKYCCTBEHHO
3aJJaHHOM IIEPOXOBATOCTHIO, TOJYYEHHOM IIyTEM NPUKIEUKH IECYUHOK OIPEIEICHHOTO
pa3Mepa Ha BHYTPEHHHE CTEHKH TpyOompoBoaa. Pe3ympTaThl 3THX HCCIeIOBaHUMN
IpeaCTaBIeHbl Ha puc. 4.7, Tae mocTpoensl Kpusbie 3aBucumocta Ig (1000A) ot Ig Re ms psna
3HauYeHUuH A/Ty.

[Tpsimast | COOTBETCTBYET JIAMUHAPHOMY PEKUMY JTBHIKCHUS JKUAIKOCTH.
Jlanee Ha rpaduke MOYKHO pacCMaTpUBaTh TPU OOJIACTH.

[lepBas oOnacth - oOmactb Mambix Re u Aflrg, rae kosdduimeHt A HE 3aBUCUT OT
IIEPOXOBATOCTH, a OMpenaesaeTcs auib unucioM Re (otmeuena Ha puc.4.7 mpsmoit Il ). Oto
o0nacTh TUApaBIuYecKky rnaakux Tpyo. Ecmu uucno PeitHonmpaca nexutr B aumamazone 4000 <
Re < 10(d/ A ,) xoadduinireHTt A onpeaensercs mo moays Mnupuieckoit popmyie biazuyca
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Jlns onpenenenus cymecTByeT Takxke amnupudeckas popmyina [1.K. Konakosa, kotopas
MpUMEHUMA JIJIs THAPABINYCCKHU TJIAJTKUX TPYO
1

b, =
T (18lg Re—1,57




Tk
iR ~
S
l?:ﬁ r %D&un%aﬂq§ﬂﬁii%343% nnngﬂonﬁo%nﬂ Ea Ql.'-l ETPTTEY
I P
7 2
; o f“o‘ﬂ?}w?f%“qw”miﬁﬁ%ﬂ{“
I % Toed i e a8, uﬁﬂﬂg o
08 . Ao '3 £e ¢u;\€g.<¢sﬁwm el a
5o g 83e8rac ™
f : N *
oo BODCS % 252570 B
04 5 98 %ﬂwms "o
P o
’ %:g,,g',n .
0,3 B Rale, " _ :h m
fz

1;.5 3'8 3 %'2 1'* 36 1'3 4 ‘r‘.lﬂ 4% *‘%5 féS 5 52 :f.# 5’5 58 lg ke
Puc. 4.7. I'paduk Huxypanze

Bo BTopoil o0nactu, pacnojio)KEHHOW Mexay JuHuM |l 1 myHKTHUpHON JuHUEN crpasa,
KO3 PUIMEHT A 3aBUCUT OJHOBPEMEHHO OT JBYX MapaMeTpoB - uuciia Re m OoTHOCHTENbHOU
epoxoBaTocTu A/rg, KOTOPYIO MOKHO 3aMEHHTH Ha A,. [[ns1 onpenenenus ko3¢ dumueHTta A B
ATOM 00aCTU MOKET CIY>KUTh YHUBepcalibHasi hopmyna A.J[. AnbTiryss:
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=
rae A, - 5KBUBaJeHTHAs a0COTIOTHAS IIEPOXOBATOCTb.

XapaktepHble 3HaUCHHS A, (B MM) 17151 TpyO U3 Pa3IMUHBIX MATEPUAIOB MIPUBECHBI HIXKE:

Crexno 0

TpyOsl, TAHYTBIE U3 JTATYHH, CBUHIIA, MEIU 0...0,002
BricokokauecTBEeHHbIE OECIIOBHbIE CTAIbHBIE TPYOBI 0,06...0,2
CranbHble TPYyObI 0,1...0,5
UyryHHble achaibTUPOBAHHbBIE TPYObI 0,1...0,2
YyryHHbIE TPYObI 0,2...1,0

TpeTsst 06macTh - obmacTe 60apmuX Re 1 A/rg, Tae koagdunmeHT A He 3aBUCUT OT uncia Re, a
OTIpe/IeTISIeTCsl JIMIIb OTHOCUTEIBHON IIEPOXOBATOCThIO (0OJIACTH PACIIONIOKEHA CIpaBa OT
MYHKTUPHOW JIMHUH). DTO 001acmb wepoxosamuvlx mpyo, B KOTOPOU BCE JTMHUU C PATHIHBIMU
IIEPOXOBATOCTAMU MapajuIeIbHBI  MEXIy Cco0oil. Ty 001acTh Ha3bIBAlOT O00JaCThIO
aBTOMOJIECIIFHOCTU WJIM PEXUMOM KBAJPATHUYHOTO COMPOTUBIECHHUS, T.K. 3/1€Ch THAPABIMYECKUE
MOTEPH MPOTOPIIMOHAIEHBI KBAIPaTy CKOPOCTH.

Omnpenenenue A 115t 3ToN 00J1aCTH MPOU3BOJAT 1O YIIPOIIEHHON (popMyie AJIBTIIYJIS:
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Wrak, notepu Hanopa, onpezaensemsie 1o ¢popmyie Beiicbaxa-Jlapcu, MOKHO ONpeIeanTb, 3Has
KO3 (UIUEHT TUAPABINYECKOrO COMPOTUBIICHHS, KOTOPBIM ONpenensercs B 3aBUCUMOCTH OT
gyucna PeitHonbaca Re u oT 3xBuUBasieHTHOH abcomoTHOM miepoxoBaToct A,. s yaoOcTa
CBOJIHBIC JAHHBIE MO OIMPEACIICHHUIO A MpeCTaBIeHbI B Tabule 4.1.

[Tons3oBaThCs puBeneHHBIME B Ta0I. 4.1 dopmymnamu mist onpeneneHus: kodpdunuerra A He
Bcerna yao6Ho. s obnerdeHus pacueToB MOXKHO BOCIIOJIb30BaThCsl HOMorpammoit Konbpyka-
VYaiita (puc.4.8), npu momMoIy KOTopoi 1o u3BecTHbIM Re u A,/ d BecbMa mpocTo onpeaesercs

A.
Tabmuma 4.1
Tabnmma ms onpeaeneHus: KodpbuimenTa ruapaBIndecKoro TpeHMsI
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Puc. 4.8. Homorpamma Konbpyka-VYaiira qist onpezaenenus KodQPuimeHTa rujpaBindecKkoro
TpPEHUS



4.5. MecTHBbIE THAPaBJIMYECKHE CONPOTUBJIEHHS

Bce ruppaBnuyeckue moTepu SHEPTUM JACNATCA Ha JIBa TUMA: MOTEPU HAa TPEHHE MO JJIMHE
TpyOomnpoBoaoB (paccmorpeHsl B 1.4.3 u 4.4) W MeCTHbIE TOTEPH, BHI3BAHHBIC TAKUMU
AIIEMEHTaMU TPyOOIpPOBOIOB, B KOTOPBIX BCIEACTBHE U3MEHEHUS Pa3MEPOB UM KOHPUTypaluu
pyciia TpPOUCXOJUT H3MEHEHHE CKOPOCTHM TOTOKA, OTPHIB IMOTOKA OT CTEHOK pycla Hu
BO3HUKHOBEHHE BUXPEOOpa30BaHusl.

IIpocrenmme MecTHbIE THUAPABIMYECKHME CONMPOTUBIICHUS MOKHO Pa3/Ee/INTh HA PACIIUPEHMSA,
CY>KEHUS U MOBOPOTHI pycia, KakI0€ U3 KOTOPBIX MOXET ObITh BHE3AIMHBIM WJIM MOCTEICHHBIM.
bonee cnoxHble ciayyaul MECTHOTO COIPOTUBIIEHMS MPEACTABISAIOT COOOM COEIMHEHMS WU
KOMOWHAIIMU TIEPEUMCICHHBIX TPOCTEUIITNX COIPOTUBICHUH.

Paccmotpum mpocTeiiiiie MeCTHbIC CONPOTHBIICHUS MPU TYpOYJICHTHOM PEXUME TECUCHHS B
TpyOe.

1. Buezannoe pacwupernue pycaa. Ilotepss Hamopa (SHEpPTHM) NMPH BHE3AITHOM PACHIUPECHHH
pyclia pacxojayeTcs Ha BHXpeoOpa3oBaHHE, CBA3aHHOE C OTPHIBOM ITOTOKA OT CTEHOK, T.C. Ha
MO ISP KaHME BpaIaTelIbHOIO HEMPEPHIBHOIO ABMIKCHHUS JKUIKAX MAacC C ITOCTOSHHBIM HX
OOHOBJICHUEM.
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Puc. 4.9. Bue3zanHoe pacmmpenue TpyOosbl

[Ipu BHE3amHOM pacimpenun pycia (Tpyosi) (puc.4.9) MOTOK CphIBaeTCA € yIiia U paciIupsercs
HE BHE3AITHO, KaK PYCIIO, a IOCTENEHHO, IPUYEM B KOJIBLIEBOM MPOCTPAHCTBE MEKIY TOTOKOM U
CTEHKOW TpyObl 00pa3yloTcs BUXpPHU, KOTOPHIE M SBISAIOTCA NPUYMHONW IOTEPh DSHEPTUMU.
Paccmotpum nBa ceueHust moroka: 1-1 - B miockocTu pacmivpeHust TpyOsl U 2-2 - B TOM MeCTe,
r7ie MOTOK, PacIIMPUBILUCH, 3alOJHUI BCE CEYEHHE IMPOKOM TpyObl. Tak Kak MOTOK Mexay
paccMaTpUBAaEMbIMU CEUYEHUSIMU PACUIMPSETCS, TO CKOPOCTb €r0 YMEHBIIAETCS, a JaBJICHUE
Bo3pactaeT. [loaToMy BTOpO# mbe30METp MOKa3bIBaeT BHICOTY Ha AH GOmbIyr0, 4YeM MepBbIi;
HO eciu Obl MOTEeph HAMopa B JTAHHOM MeCT€ He ObUIO, TO BTOPOM MbE30METp MOKa3al Obl
BBICOTY OObIIyIO emie Ha N,,q,. DTa BBICOTAa M €CTh MECTHas OTEpsl HAaIopa Ha paclIMpeHue,
KOTOpas ompeneisiercs rno gpopmysie:



rae S1, S2 - monaap nmonepeyHsix ceuenuit 1-1 u 2-2.

DTO BBIpAKEHUE SBISIETCS CIIEJICTBUEM meopembl bopoda, koTopas Tliacut, 4TO MOTEpsl Haropa
IIPY BHE3AITHOM PAaCUIMPEHHUH PYClla paBHA CKOPOCTHOMY HANOPY, ONPENEIEHHOMY 110 Pa3HOCTH
CKOpoCTen

h = (L - v, )2
Fan zg
Bripaxenue (1 - S1/S; )? 0603Hauaercs rpedeckoii 6ykBoii { (13eTa) U Ha3bIBaETCA
KO3 PUIIMEHTOM MOTEPh, TAKUM 00pa3oM
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2. Ilocmenennoe pacwupenue pyciaa. TlocTeneHHO pacHmpsonascs TpyOa Ha3bIBaeTCs
muddyzopom (puc.4.10). Teuenne ckopoctr B 1uddhy30pe COMPOBOKIACTCS €€ YMEHBIIICHUEM U
YBEJIIMYCHUEM JIaBJICHHS, a CJIeJIOBATeIbHO, MPEOOpa3OBaHUEM KHHETHYCCKOW SHEPruu
KUJAKOCTH B SHEPrHio jaaBiieHus. B muddysope, Tak ke KaK M IPU BHE3AIMHOM PACIIAPECHUHU
pyciia, IPOUCXOIUT OTPHIB OCHOBHOTO IMOTOKA OT CTCHKH M BHXpeoOpa3oBaHus. IHTEHCUBHOCTh
ATHUX SBJICHUH BO3PACTaET C YBEJIIMYEHUEM yria pacuupenus auddysopa o.

Puc. 4.10. [TocrenenHoe pacumpenue TpyOsbl

Kpome Toro, B muddy3ope UMEIOTCS ¥ OOBIYHBIE MOTEPU Ha TEPHHE, MOJIOOHBIE TeM, KOTOPbhIe
BO3HHMKAIOT B TpyOax moCTOsSHHOTO cedeHus. [lomHyro motepro Hamopa B auddysope
paccMaTpHUBAIOT KaK CYMMY JBYX CIIaraeMbIX:

';gau-i:- = kmp +";gpacw
rae N, u hy,., - MoTepy Hamopa Ha TpeHUe U paciupeHne (BUXpeoOpa3oBaHue).
b = l—r[l_i o
"oogen(ef2)\ Xt 2g
rae n = S,/S; = (ra/r1) ? - crenens pacmmpenus guddysopa. [Toteps Hamopa Ha

pactmpenue ., IMeeT Ty ke CaMyro PUPOJLY, YTO ¥ MIPU BHE3AITHOM PaCUIMPSHUH pyclia
2 2
PO PR Ry
o R 2g

rie K - ko dunuent cmsryenus, mpu o= 5...20°, k = sina.

YyuteIBas 3T0O IMOJIHYIO ITOTCPIO HAIlOpa MOXKHO IICPCIIUCATh B BUAC!
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oTKya KoadduireHT conporuieHus qupdy3opa MOKHO BbIpa3UTh (popmyioit
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Puc. 4.11. 3aBucuMocTsh (g OT yIUIA

®Oyukius { = f(a)umeer MUHUMYM TIPU HEKOTOPOM HAMBBITOJAHEHIIIEM ONTHMAIbHOM 3HAYCHUU
yIJIa (L, ONITUMAJIbHOE 3HAYEHUE KOTOPOI'O ONPEACIIUTCSA CICAYIOIIUM BbIPAKECHUEM:

2+1 Ap
n-1 4

. = Brcsin

[

[Tpu noacranoBke B 3Ty Gopmyny Ar=0,015...0,025 u n = 2...4 nony4um a,,, = 6 (puc.4.11).

3. Bueszannoe cysicenue pycra. B aToM cinydae motepsi Harnopa o0ycJOBlIeHAa TPEHHEM MOTOKa
npu BXxoje B Ooliee y3Kyto TpyOy W MOTEpsIMU Ha BUXPEOOpa3oBaHUE, KOTOpbIE 00pa3yroTcs B
KOJIBIIEBOM MIPOCTPAHCTBE BOKPYT CY>KEHOU yacTu motoka (puc.4.12).
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Puc. 4.12. BHe3anHoe cyxeHHue TpyObl 4.13. Koudgyszop

HOHH&H HOTepﬂ HaHOpa OHpeI[eHI/ITCﬂ I10 Q)OpMyHe )
2
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rae Ko3(pQUIUEHT CONMPOTUBJICHUS CYKEHUS OIpEAesieTcsa MO MOJyIMIUpHuecKon (opmyie
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B KOTOPOi#t N = S1/S; - cTeneHb CyKEHUS.

[Tpu BbIXOME TPYOBI M3 pe3epByapa OOJBIINX Pa3MEPOB, KOTJa MOXKHO CUUTATh, 4TO Sy/S; =0, a
TaK)Ke MPU OTCYTCTBUU 3aKPYTJICHHUSI BXOJHOTO YIJa, KO3()PUIHUEHT COMPOTUBICHUS (e =
0,5.

4, I[locmenennoe cyoicenue pycna. JlJaHHOE MECTHOE COINPOTUBIICHUE MPEIACTABIAECT COOOM
KOHHYECKYIO CXOMIAIIYIOCA TpyOy, KoTopasi HaszwbIBaeTcs xoHgyzopom (puc.4.13). Tedenme
KUAKOCTH B KOH(Y30p€ COIMPOBOXKIACTCS YBEIMYEHUEM CKOPOCTU W TAJCHUEM AaBieHus. B
KOH(]y30pe UMEIOTCS JIIIb MOTEPH HA TPEHHE

h M [1 1 ] 1
g an (o2l 20 )2g
rae KodPUIMEHT conmpoTUBIIeHNs KOH(DY30pa onpezaensercs mno Gopmyiie

o =5 a1 7)

B KOTOpOii N = S/S; - cTeneHb CyKeHHUS.

HeGomnbioe BuxpeoOpa3oBaHWE M OTPBIB MOTOKAa OT CTEHKHM C OJHOBPEMEHHBIM C)KaTHEM
IIOTOKAa BO3HHUKACT JIMIIB HA BHIXOJC M3 KOH(Y30pa B MECTE COCIMHEHUS KOHUYSCKON TPYOBI C
MWIMHAPUICCKON. 3aKpyrJIeHHEM BXOJHOIO yTia MOXKHO 3HAYUTEIIbHO YMEHBIIHUTH IOTEPIO
Hamopa mpu Bxone B TpyOy. KoHdy30op ¢ MIaBHO CONPSHKEHHBIMHU IMUIMHAPUYECKUMHU U
KOHMYECKMMHM YacCTsIMU Ha3bIBaeTCs conom (puc.4.14).
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Puc. 4.14. Comno

5. Bresanuwiti nogopom mpyowl (konieno). JlaHHBIM BUA MECTHOTO cOmpoTuBieHus (puc.4.15)
BBI3bIBACT 3HAYUTENbHBIE MOTEPH DHEPruu, T.K. B HEM IMPOUCXOJAT OTPHIB IMOTOKA U
BUXpeoOpa3oBaHus, MpUUeM MOTepu TeM Oosbine, dem Oonbine yroa oO. [lorepro Hamopa
PaCCUUTHIBAIOT 1O (popMyJie

2
N
"ngm = gm -
2g
rac CKO.H - KOB(i)(bI/IHI/IeHT COIPOTHUBJICHUA KOJICHA KPYTJIOrO CCYCHMA, KOTOpLIﬁ OIpeaAcACTCA 110

rpaduky B 3aBUCUMOCTH OT yTJia KojieHa o (puc.4.16).
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Puc. 4.15. Puc. 4.16. 3aBucumoctu y,, OT yria o Puc. 4.17. OtBOx

6. Ilocmenennsiti nosgopom mpyowl (3aKkpyeieHHoe KojaeHo uiu omeod). IlmaBHOCTh TTOBOPOTA
3HAYUTENILHO YMEHBIIAET WHTEHCHUBHOCTh BHUXpEeOOpa3oBaHMs, a CIEJOBaTeIbHO, U
COIPOTUBIICHHE OTBOJIA TI0 CPABHEHUIO C KOJIEHOM. DTO YMEHBIICHHE TeM OOJIbIle, YeM OOJIbIIIe
OTHOCHTENIbHBIN pamuyc KpuBu3Hbl oTBoja R / dpwuc.4.17). KoadduimeHt conpoTuBieHus
orBoza (,,, 3aBUCUT OT oTHomieHus R / d, yrma J, a takke (GOpMBbI TONEPEYHOTO CEUYCHUS
TpYOBI.

Jlnst 0TBOJIOB KpyTriioro ceueHus ¢ yriaoM 6= 90 u R/d = 1 mpu TypOyJIeHTHOM TEUESHHH MOMXHO
BOCITOJIb30BAThCS AMITMPUIECKON (OPMYJIOit:
o =0,051+ %
Jliist yraoB 6 < 70° koadHUIUEHT COMPOTUBIICHUS
gms = [:I’Q QLMS Sm 5
anpu 6 = 100°

3
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[ToTepst Hamopa B KOJICHE OTMPEICITUTCS KaK

Bce BhIllIe U3]I0KEHHOE OTHOCUTCS K Typ6}/J'ICHTHOMy JABMKCHUIO KHMJKOCTH. HpI/I JJaMHUHAapHOM
ABWKCHUM MCCTHBIC COIIPOTHUBIICHUA HUIPAOT MAJIYIO pPOJIb IPHU OHNPCACICHUA O6H.I€FO
COIIPOTUBJICHUA pr60np0130z[a. KpOMC OTOr'0 3aKOH COIIPOTUBJICHUA IIPH JIAMUHAPHOM PCIKUMC
SIBJIIETCST OOJIee CI0KHBIM U HCCJICIOBAH B MECHBIIIECH CTCIICHH.



TecTnl K Jexuuu Ne4

4.1. I'ugpaBanuecKoe COMPOTUBICHUE 3TO

a) COMPOTHUBIICHUE KUJAKOCTH K U3MEHEHUIO (POPMBI CBOETO PYyCIIa;

0) conpoTUBIIEHHE, PENATCTBYIOIIEE CBOOOAHOMY MPOXOJTY KUAKOCTH;

B) COMPOTHUBJICHUE TPYOOIIPOBO/Ia, KOTOPOE COMPOBOKAACTCS MOTEPSIMU IHEPTUU KUJIKOCTH;
') CONPOTHUBIICHUE, TP KOTOPOM MAJAeT CKOPOCTh ABMKEHUSI )KUJKOCTH IO TPYOOTIPOBOAY.
4.2. Uto sBAsIeTCS HICTOYHUKOM MOTEPh SHEPTHH JBUKYLICHCS KUAKOCTU?

a) IJIOTHOCTB;

0) BSI3KOCTB;

B) pacxo/l KUAKOCTH;

I') U3MEHEHUE HAIPABIICHUS IBUKEHUSI.

4.3. Ha xakue BUbI ACTATCA TUAPABINYSCKUAE COMPOTUBICHUS?

a) JIMHENHBIE U KBAJPATUYHBIC,

0) MecTHbBIE 1 HEJIMHEWHBIE,

B) HEJIMHEWHbBIC U JINHEUHBIE;

I') MECTHBIE U JINHEWHBIE.

4.4. BnusieT 1 peXUM JIBUXKEHUS )KUJKOCTH Ha TUAPABINYECKOE COMPOTUBIICHHUE

a) BIIUSICT;

0) HE BIHSET;

B) BJIUSIET TOJBKO IIPU OMPEAEIECHHBIX YCIOBUSX;

T') IPU HAIUYUU MECTHBIX THIPABIMYECKUX COMTPOTUBIICHUH.

4.5. JlTaMMHApHBIN PEeXUM ABUKCHUS KUIIKOCTH 3TO

a) peXuM, IPU KOTOPOM HaCTHILIbI )KUAKOCTH MEPEMENIAIOTCS OECCUCTEMHO TOJIBKO Y CTEHOK
TpyOOIpoOBOa;

0) peXuM, MPU KOTOPOM YACTHUIIBI )KUJIKOCTH B TPYOOTIPOBO/E MEpEMEIAlOTCs OECCUCTEMHO;
B) PEXKUM, [TPU KOTOPOM >KUJKOCTh COXPAHSET ONPEACIICHHbII CTPOIl CBOMX YaCTHII,

T') pEXKUM, IPYU KOTOPOM YACTHUIIBI )KUIKOCTU JBUTAIOTCS TTOCIONHO TOJIBKO Y CTEHOK
TpyOompoBoa.

4.6. TypOyneHTHBIN PeXKUM JIBUKEHHUSI )KUIKOCTH ITO

a) peXuM, IPU KOTOPOM HaCTHILIbI KUAKOCTH COXPAHSAIOT OMPEAEICHHBIN CTPOMl (IBUKYTCS
MTOCJIOMHO);

0) peXuM, PU KOTOPOM YACTHUIIBI KHUIKOCTH IMEPEMEIIAIOTCS B TPYOOIIPOBOE OECCHCTEMHO;
B) PEXKUM, IIPH KOTOPOM YACTHIIBI )KUIKOCTH TBUTAIOTCS KaK MOCIOWHO TaK U OECCHCTEMHO;
T') PEXKHUM, IPYU KOTOPOM YACTHUIIBI )KUIKOCTU JBUTAIOTCS TTOCIONHO TOJBKO B IICHTPE
TpyOOmnpoBoOAa.

4.7. Ilpu KakOM peXUME JBUKEHUS KUAKOCTH B TPyOOIIPOBOJIE MyJIbCallUs CKOPOCTEN U
JABJICHUW HE MPOUCXOIUT?

a) IpY OTCYTCTBUU JBUKEHUS KUIKOCTH;

0) MpU CIOKOWHOM;

B) IIpU TYpOYJIEHTHOM,;

') IPU JAMUHAPHOM.

4.8. TIpu xakoM pexuMe TBUKCHHS KUAKOCTH B TPyOONPOBOIe HAOIIOAaeTCs My IbCaIUs
CKOPOCTEH U JaBJICHUI B TpyOOIpoBoIe?

a) MpY JJAMUHAPHOM;

0) Mpu CKOPOCTHOM;



B) IIpH TypOYJIEHTHOM;

T') IPU OTCYTCTBUM JIBUKEHHUS )KUIKOCTH.

4.9. Ilpu naMUHApHOM JIBHYKEHUH KUJIKOCTH B TPYyOOIPOBOIe HAOIIOAIOTCS CIAEAYIOIINE
SIBIICHUS

a) MyJibcalusi CKOPOCTEHN U AaBJICHUM;

0) OTCyTCTBHE MyJIbCAIIMN CKOPOCTEN U TaBICHUIA;

B) MyJIbCAILIUSI CKOPOCTEM U OTCYTCTBHE IyJIbCAIIUH JIaBJICHU;

T') MyJbCals JaBJICHUN U OTCYTCTBUE MyJIbCAIIMN CKOPOCTEH.

4.10. ITpu TypOyJIEHTHOM ABHKEHUU JKUIKOCTH B TPYOOIIPOBOE HAOIIOJAIOTCS CIIEAYIOIINE
SIBIICHUS

a) MyJIbcaIusl CKOPOCTEH U JaBICHUM;

0) OTCyTCTBHE MyJIbCAIIMN CKOPOCTEH U TaBICHUIA;

B) MyJIbCAILIUSI CKOPOCTEHM U OTCYTCTBHE IyJIbCAIIUH JIaBJICHU;

T') MyJbCallisl JABJICHUN U OTCYTCTBUE MyJIbCALIMH CKOPOCTE.

4.11. I'ne cKopOCTh JBMKEHUS KUIAKOCTA MAKCUMAJIbHA MPU TYPOYJIEHTHOM pexume?
a) y CTEHOK TpyOOmpOBO/Ia;

0) B IICHTpE TPpyOOTIPOBOIA;

B) MOXET ObITh MaKCUMaJbHa B IIOOOM MECTE;

I') BCE YAaCTUILbI IBUXKYTCS C OJUHAKOBOM CKOPOCTHIO.

4.12. I'ne cKOpOCTh IBIKCHUS KUIKOCTH MaKCUMAaJTbHA TPH JJAMHHAPHOM pPeXnUMe?
a) y CTEHOK TpyOOIIpOBOJIa;

0) B IeHTpe TpyOOIPOBO/IA;

B) MOXXET OBITh MaKCUMaJbHa B JIIOOOM MECTE;

I') B Hayaje TpyoonpoBoja.

4.13. PexxuM IBHOKEHUS KUIKOCTH B TPYOOIIPOBOJIE ATO MPOIIECC

a) 00paTUMBIi;

0) HeOOpaTUMBIii;

B) 00paTUM IpU MOCTOSTHHOM JaBJICHUY;

') HeOOpaTUM TIPU U3MEHSIOIICHCS CKOPOCTH.

4.14. Kputnueckasi CKOpOCTh, PU KOTOPOH HAOIIOIAETCs IEPEXO/ OT JJAMHUHAPHOTO PEKUMA K
TypOyJIEHTHOMY ompeaensieTcs no hopmyiie
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4.15. Yucno Peitnonbca onpenensercs o Gopmye
2) Re = % 6) Re = U7 ;

n Y
B) Re = *%; r) Re= 2.
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4.16. OT KakuX MapamMeTpoB 3aBUCUT 3HaUeHUe uncia Pelinonsaca?

a) OT AMaMeTpa TpyOOoNnpoBOAa, KHHEMATHUECKOU BSI3KOCTHU KUAKOCTH U CKOPOCTH JIBUKEHUS
KUJIKOCTH,

0) OT pacxojia )KUAKOCTH, OT TEMIIEPATYyPhl )KUJIKOCTH, OT JUIMHBI TPyOOIIPOBO/IA;

B) OT IMHAMUYECKON BA3KOCTH, OT INIOTHOCTHU U OT CKOPOCTH JIBH>KEHHUS KUJKOCTH;

') OT CKOPOCTH JBM)KCHUS KUJKOCTH, OT IIIEPOXOBATOCTH CTEHOK TPyOOTIPOBOa, OT BA3KOCTH
KUIKOCTH.

4.17. Kputnueckoe 3HaueHue uncia PeliHonbaca paBHO



a) 2300;

6) 3200;

B) 4000;

r) 4600.

4.18. TIpu Re > 4000 pexxuM IBUKEHUS KUIKOCTH

a) JIJaMUHaAPHbIH;

0) MepexoaHbIH;

B) TypOyJICHTHBI;

I') KaBUTAIMOHHBIM.

4.19. Ilpu Re <2300 pexxuM IBUKEHUS KUIAKOCTH

a) KaBUTAIMOHHBIH;

0) TypOyJICHTHBIN;

B) MEPEXOHBIN;

I') TaMUHAPHBIN.

4.20. TTpu 2300 < Re <4000 pexxum IBYKEHUS KUTKOCTH

a) JJaMUHAPHBIH;

0) TypOyJIEHTHBI;

B) MEPEXO/IHBINH;

I') KaBUTAIMOHHBIM.

4.21. KaBurtanus 310

a) BO3JICHCTBHUE JABICHUS KUJAKOCTU Ha CTEHKU TPyOOIIPOBOA;

0) ABM>KEHHUE )KUKOCTH B OTKPBITBIX PyCliaX, CBA3aHHOE C HHTEHCUBHBIM MEPEMIITUBAHUEM;
B) MECTHOE U3MEHEHHUE THIPABINYECKOTO COITPOTUBIICHNUS,

') U3MEHEHUE arperaTHOro COCTOSIHUS KUJIKOCTH IIPU IBUKEHUU B 3aKPBITHIX pyciiax,
CBSA3aHHOE C MECTHBIM I1a/ICHUEM JaBJICHUS.

4.22. Kakoit 6ykBoii rpedeckoro angaBura 0603Ha4aeTcs KOdQPUIIMEHT TUAPABINYECKOTO
TpeHUs?

a)v;

0) C;

B) A;

r) L.

4.23. Tlo xaxoit popmyiie onpeaensieTcss KOdPPUIUEHT THAPABINUESCKOTO TPEHUS IS
JTAMHHAPHOTO pekumMa?
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4.24. Ha cxonpKo o0nacTeit nenurcs TypOyJICHTHBIN PEXXKUM TBUKCHUS MTPHU ONPEICIICHUN
KodUITUEHTA THIPABINYECKOTO TPEHHUS?

a) Ha JIBE;

0) Ha Tpu;

B) Ha YETHIPE;

T') Ha MSTh.

4.25. Ot uero 3aBUCUT KOIPPUIMESHT THIPABINISCKOTO TPSHUS B TIEPBOU 001acTH
TypOyJIEHTHOTO pexxuma?

a) TOJIbKO OT yucia Re;

0) oT uncna Re u mepoxoBaToCTH CTEHOK TPyOONPOBOIa;



B) TOJIBKO OT IIEPOXOBATOCTU CTEHOK TPYOOIIPOBO/IA;

r) OoT unucia Re, oT JIMHBI ¥ IEPOXOBATOCTH CTEHOK TPyOOIPOBO/A.

4.26. Ot yero 3aBUCUT KOIPPUITMEHT THIPABINYECKOTO TPEHUS BO BTOPOI 00JIacTH
TypOyJIEHTHOTO pexuma’?

a) TOJIBKO OT ymcia Re;

0) oT uncna Re u mepoxoBaTocTH CTEHOK TpyOONpoBOIa;

B) TOJIBKO OT IIEPOXOBATOCTH CTEHOK TPYOOIIPOBO/IA;

r) oT yncia Re, OT ATMHBI U MIEPOXOBATOCTH CTEHOK TPYOOMPOBO/IA.

4.27. Ot yero 3aBUCUT KOIPPUIIUEHT THAPABINIESCKOTO TPEHHUS B TPEThEel 00acTu
TypOyJICHTHOTO pexxuma? a) ToJbKO OT uncia Re;

0) oT yncna Re u mepoxoBaTocT CTEHOK TPyOOTPOBO/IA;

B) TOJILKO OT IIEPOXOBATOCTU CTEHOK TPYOOMpPOBOIa;

r) oT yncia Re, OT JTMHBI U MIEPOXOBATOCTH CTEHOK TPYOOIPOBO/IA.

4.28. Kakue TpyObl IMEIOT HAUMEHBIITYIO a0COIOTHYIO IIEPOXOBATOCTH?

a) YyT'yHHBbIE;

0) CTEKJISIHHBIE;

B) CTaJIbHBIE;

') MEIHBIE.

4.29. YxaxuTte B MOpsAIKE BO3pacTaHusi aOCONIOTHOM IIEPOXOBATOCTH MAaTEPHUAIIBI TPYO.
a) MeJb, CTajlb, 9yTYH, CTEKJIO;

0) cTexso, Melb, CTallb, YyTYH;

B) CTEKJIO, CTallb, M€/lb, YYT'YH;

T') CTallb, CTEKJIO, YyTYH, ME/Ib.

4.30. Ha xakom prcyHke u300pakeH KOH(Y30p
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4.32. Yo Takoe comio?

a) nuddy30p ¢ TIaBHO CONMPSIKEHHBIMU WIHHIPUICCKUMU U KOHUYECKUMU YacTsIMU;

0) MOCTENeHHOE Cy>XeHHE TPYObI, y KOTOPOTO BXOJIHOM IHaMeTp B /iBa pa3a OoJibliie
BBIXOJIHOTO;

B) KOH(Y30p C IJIaBHO CONMPSHKEHHBIMH IIMJIMHIPHUYECKUMHU 1 KOHMYECKUMU YaCTIMH,

') KOH(QY30p C MIaBHO COMPSHKEHHBIMU IIMIMHIPUYECKUMU U Tapa00IMYECKUMH YaCTAMHU.
4.33. Yto sBIIIeTCS OCHOBHOW MPUYUHON MTOTEPH HAIIOPa B MECTHBIX THIPABIMYECKUX
CONPOTUBJICHUSX



a) HAIM4YMe BUXPeoOpa3oBaHUM B MeCTaX U3MEHEHHs] KOH(PUTYpalluu OTOKA;
0) TpeHue >XKUIKOCTH O BHYTPEHHUE OCTPble KPOMKH TPyOONpOBO/Ia;

B) U3MEHEHHE HAIIPABIICHUS U CKOPOCTHU JABMKEHUS )KUJIKOCTH;

I') IEPOXOBATOCTh CTEHOK TPYOOINpPOBO/Ia U BA3ZKOCTh KUIKOCTH.

4.34. ]Ins gero cimyxut Homorpamma Konbpyka-Yaiita?

a) Ui OTpEeeNICHUS peKUMa JIBUKEHHUS )KUAKOCTH;

0) mst onpeaesieHus KodPuIMeHTa MmoTepb B MECTHBIX COMMPOTHBIICHUSX
B) JUIA OIIpe/IeNICHUs] OTEPU HANopa MpH U3BECTHOM uucie PeitHonbaca;
r) Ui onpezeneHus Ko3pPuirenTa rupaBIuueckoro TPeHuU .

4.35. C nOMOIUIBIO YETO OMPEIEIISICTCS PEKUM JIBMKCHUSI JKUKOCTHU?

a) no rpaduxy Hukypanze;

6) mo Homorpamme KonbOpyka-VYaiira;

B) no uuciy PeitHomnbaca;

r) no ¢popmyie Beiicbaxa-/lapcu.

4.36. lns1 onpeenieHust MOTEph HANoOpa CIYKUT

a) uucio PeitHonbaca;

0) popmyna Beiicbaxa-/lapcu;

B) HoMorpamma KonOpyka-VYaiira;

r) rpaduk Hukypamze.

4.37. lst wero ciyxut hopmyna Beticoaxa-Jlapcu?

a) 15 ornpejenenus uncia PeitHonbaca;

0) s onpeaeneHus Ko3pPuiMenTa rupaBIuIeCcKOro TPEHUS;

B) JUIA OTIpE/IeNICHUs TOTEPh HAIOPA;

r) Ui ompezeneHus: Ko3pPUirenTa noTepb MECTHOTO COMPOTHBIICHUSI.
4.38. YkaxuTte mpaBuIIbHYIO 3anuch Gpopmysl Belicoaxa-Jlapcu
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4.39. Teopema bopaa rmacut

a) MoTepsl Haropa MpHU BHE3AITHOM CY>KEHUH pyciia paBHAa CKOPOCTHOMY Hamopy,
ONPEJETICHHOMY TI0 CyMME CKOPOCTEN MEX Iy EPBBIM U BTOPBHIM CEUEHUEM;

0) moTeps Haropa NPy BHE3AIHOM paclIMPEHUH pyciia paBHAa CKOPOCTHOMY Hamopy,
OTIPEJICTICHHOMY TI0 CyMME CKOPOCTEH MEXK Iy TIEPBBIM U BTOPHIM CEUCHHUEM;

B) OTEPs HAIIOPA MPU BHE3AMHOM CY>KEHHH pyclla paBHA CKOPOCTHOMY Haropy,
ONPEJICTICHHOMY TI0 Pa3HOCTH CKOPOCTEHN MEXK/Ty MEPBbIM U BTOPHIM CEUECHHUEM;

I') OTeps HAIoOpa MPHU BHE3AMTHOM PAaCUIMPEHUH pyclia paBHa CKOPOCTHOMY HAIlopy,
ONPEJICTICHHOMY TI0 Pa3HOCTH CKOPOCTEHN MEX]Ty MEPBbIM U BTOPHIM CEUEHHUEM.
4.40. KaBuranusi He CIy>KUT MPUIMHON YBEITHUCHUS

a) BUOpauuu;

0) HarpeBa Tpyo0;

B) KIIJ] runpomarus;

T') CONPOTUBIIEHUS TPYOOIIPOBOIA.



Jdexuus 5. ACTEYEHUE )KUJKOCTHU U3 OTBEPCTUM, HACAJIKOB U U3-T1O/
3ATBOPOB

PaccmoTpum paznuyHble cliyyaud MCTEUEHHUs JKUIKOCTH M3 pe3epByapoB, 0AKOB, KOTJIOB uepe3
OTBEPCTHs M HAacaJKu (KOPOTKH TPYOKH pazinuuHoi (Gopmbl) B aTMocdepy WIH MPOCTPAHCTBO,
3all0JIHEHHOE Ta30M WIM TOM JK€ JKUIKOCTb. B mpomecce Takoro HCTEYEHHs 3arac
MOTEHUUAIbHON SHEPruM, KOTOPHIM O00JaJaeT >KUIKOCTb, HAXOMALIAsCS B pe3epByape,
MpeBpallaeTcs B KHHETHYECKYI0 SHEPTUIO CBOOOIHOM CTPYyH.

OcHOo8HLIM 80NMPOCOM, KOTOPBIA MHTEPECYET B JIaHHOM Cllydae, SIBIISIETCSI ONpENEICHHUE
CKOPOCTH UCTEUYECHHMSI M PACX0/Ia )KUAKOCTHU YISl pa3IMYHBIX ()OPM OTBEPCTUI U HACAIKOB.

5.1. UcTeyeHnne 4yepe3 MaJible OTBEPCTHUS B TOHKOM CTeHKe NP MOCTOTHHOM Hamope
Paccmotpum GonbIiioi pesepByap ¢ )KHIKOCTBIO MO JaBiieHUEM Py, UMEIOIIUNA Malloe Kpyrioe

OTBEpCTHE B CTEHKE Ha JOCTAaTOYHO OoyblnoN rinyouHe Hy OT CBOOOAHON TMOBEPXHOCTHU
(puc.5.1).

Puc. 5.1. UcTteuenue u3 pesepByapa 4yepe3 Majaoe OTBEPCTUE
XKuakocTh BBITEKaeT B BO3YIIIHOE MTPOCTPAHCTBO ¢ naBieHueM Pi. [Tyctb oTBepcTue nmeer
(dhopMy, TOKa3aHHYIO Ha PHC.5.2, a, T.€. BBITIOJHEHO B BUJE CBEPJICHUS B TOHKON CTEHKE 0€3
00paboTKH BXOJHOM KPOMKH UM UMeeT GopMy, TIOKa3aHHYIO Ha puc.5.2, O, T.€. BHIMOJIHEHO B
TOJICTOM CTEHKE, HO C 320CTPEHHUEM BXOJHON KPOMKH C BHEIIHEH CTOPOHBI. CTpysl, OTPHIBAsIChH
OT KPOMKH OTBEPCTHsI, HECKOJIBKO CxXUMaeTcs (puc.5.2, a). Takoe cxxkatre 00yCIIOBICHO
JBY)KCHUEM KHJIKOCTH OT Pa3JIMYHBIX HAIMIPABIICHU, B TOM YUCJIC U OT PAIUATBHOTO JIBIKECHUS
10 CTEHKE, K OCEBOMY JABUXEHUIO B CTPYE.
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Puc. 5.2. VcTeuenue yepe3 Kpyriioe OTBEPCTHE

CremneHb cxxaTusi OLICHUBAETCS KOAPOUIIMEHTOM CHKATHSL.

rae S.u S, - IUIOMIA M TMOMEPEYHOr0 CEYCHUS CTPYH UM OTBEPCTHS COOTBETCTBEHHO; d.m d, -
JTUAMETPBI CTPYHU U OTBEPCTHSI COOTBETCTBEHHO.

CKOpOCTh UCTEUCHHUS KUAKOCTH YE€PE3 OTBEPCTUE TAKOE OTBEPCTHE

L= 2gH

rac H - HaI1op ) XUAKOCTH, OIIPCACTIACTCA KaK

*EI'ZI_‘DI

H=H, +
pg

¢- K03 (PUIMEHT CKOPOCTH

= Tt

re o - KO3 bUIHCHT Kopunomnmuca;
{- ko PUITMEHT CONTPOTUBIICHUS OTBEPCTHSI.

Pacxon sxuakocTu omnpesensercss Kak Mpou3BeICHNE JACHCTBUTEIBHON CKOPOCTH MCTEUCHUS Ha
(aKTHUECKYIO TUIONIA/lb CEYCHUSI:

g=5Suv=gx, ¢ f2gH
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[IpousBenenue € U @ NpUHATO 0003HaYaTh OYKBOI M Ha3bIBaTh KOA(P(HUIIMEHTOM pacxofa, T.e. [
= £0.

B urore nonyuaem pacxon
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rae AP - pacdyeTHast pa3HOCTb JABJICHUM, O] ICMUCTBUEM KOTOPOH MPOUCXOJUT UCTECUEHUE.
ITpy noMouIM 3TOr0 BEIPAKEHUS PEIIACTCS OCHOBHAS 3aJa4a - ONPEIEISAETCS PaCXOl.

3HadeHue korpuiMenTa cxatus €, CONPOTUBIICHUS {, CKOPOCTU @ U pacxoja [ i KPyTaoro
OTBEPCTHUS MOXHO ONPENEIUTh IO 3MIIMPUYECKU MOCTPOCHHBbIM 3aBuUcuUMocTsIM. Ha puc.5.3
MOKa3aHbl 3aBUCUMOCTU KO3 duimeHToB €, { 1 | oT uucna PeitHonbaca, NOJCYUTAHHOTO JJISt
WJICAIIBHON CKOPOCTH
d.f2gH
RE.’J = —g
Rt

r€ V - KHUHEMaTu4yecKas BA3KOCTb.
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Puc. 5.3. 3aBucumocts €, ¢ u ot uncia Rey Puc. 5.4. UuBepcus crpyii

[Ipy ucTedeHMn CTpyW B atMocdepy W3 MaJloTO OTBEPCTHS B TOHKOW CTEHKE MPOUCXOIUT
W3MeHeHrue (GOopMBI  CTPyH IO e€¢ JUIMHE, Has3bIBaeMoe urgepcuei  cmpyu (puc.5.4).
OOycnaBimBaeTCsl 3TO SIBJICHUE B OCHOBHOM JICWCTBHEM CHJI TIOBEPXHOCTHOTO HATSDKCHUS Ha
BBITCKAIONINE KPUBOJIMHEHHBIC CTPYHKH W PA3IMIHBIMU YCIOBHSIMH CXATHs 0 TEPUMETPY
otrBepctus. UHBepcus 0oJIbIlie BCETO MPOSIBISICTCS PU UCTEYCHUH M3 HEKPYTIIBIX OTBEPCTHH.

5.2. UcTeyeHne Npu HECOBEPILIEHHOM CKATHH

H€COGQPW€HHO€ corcamue Ha6J'IIOJIaCTC$I B TOM CJIy4dac, KOTrJda Ha MUCTCUCHUC KXHUIAKOCTHU 4YCPEC3
OTBCPCTUC M HaA (bOpMHpOBaHI/IC CTPpYH OKa3bIBACT BJIMAHUC 0IM30CTh OOKOBBIX CTCHOK

pesepByapa (puc.5.5).
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Puc. 5.5. Cxema HECOBEpLIEHHOTO CKaTHSI CTPYHU

Tak kak OOKOBBbIE CTEHKM YaCTHUYHO HAIMpPaBISIOT JABMKEHHE KUAKOCTH TPHU TOJIXO0JE K
OTBEPCTUIO, TO CTPYyd MO BBIXOJIE W3 OTBEPCTUS CKMUMAETCA B MEHBUIEH CTENEHH, YeM W3
pe3epByapa HeorpaHHUEHHBIX pa3MepoB, Kak 3T0 ObLIO omucaHo B 11.5.1.

IIpr wncreuyeHMHM >KUIKOCTENM W3 LMIMHIPUYECKOIO pe3epByapa KpYIJOro CEYEHUs 4Yepes
KpYIj0oe OTBEpCTHE, PACIOJIOKEHHOE B LIEHTPE TOPLIEBOM CTEHKH, IpH OosblIMX yuciax Re
KOA(DPUIMEHT cxKATHUS ISl UCATBHOM KUAKOCTH MOKHO HAUTH 10 (hOpMyJie, IPEeACTaBICHHON
H.E. XKykoBckum:
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r7ie N - OTHOIIIEHKE TUTOLIAAN OTBEPCTHS S, K IJIOMIAIU TIOTIEPEYHOr0 CEUEHUs pe3epByapa Sq

PaCXOI[ KHUIAKOCTU HpI/I HeCOBepHIeHHOM CXKaTHun
Q = I-LIS.:' ", ng

r7ie Harop H Hy»XHO HaXOJUTh C YY€TOM CKOPOCTHOTO HAIopa B pe3epByape
p 11 HY yd p Haropa B pe3cpeyap
P 2g
5.3. UcTevyeHnue nojx ypoBeHb

YacTo npuXOIUTCS UMETh JCJIO C UCTEUCHUEM >KUAKOCTH HE B aTMocdepy, a B IPOCTPAHCTBO,
3aMOJTHEHHOE ATOM KE JKUIKOCTHIO (pHC.5.6). Takoil cioydail Ha3bIBACTCS ucmeuenuem noo
VPpOBeHb, U UCTEUCHUEM Yepe3 3aTOIJIEHHOE OTBEPCTHE.



Puc. 5.6. cTeuenue 1o ypoBeHb

B arom ciyuyae Bcs KMHETHUYECKas HEPrusi CTPyU TEPSIETCs Ha BUXPEOoOpa3oBaHHUE, KAk IMpHU
BHE3AITHOM PACHIUPEHUU.

CKOpOCTh HCTEUYECHUS B CKATOM CEYEHUHU CTPYH

L= f2gi

rae [0) - kod(urmeHt CKOpOCTHU,;
H - pacueTHbI1 Ha1OD,

h-5
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Pacxon xxunkoctu paBeH

Takum 00pazoM, uMeeM Te K€ pacueTHble (POPMYJBI, YTO M MPU HUCTECYCHUH B BO3AYX (Tras),
TOJIBKO  pacyeTHhli Hamop H B  JaHHOM  cllydyae TMpEeACTaBiIseT Cco0OM  pa3HOCTh
THAPOCTATHUECKUX HAMOPOB MO 00€ CTEHKH, T.€. CKOPOCTh U PAcXOf >KUIKOCTH B JaHHOM
CJIy4ae He 3aBUCSAT OT BBICOT PACIOJIOKEHHUS OTBEPCTHUS.

Koaddumments cxaTus u pacxoaa npy UCTEYCHUH T0]] yPOBEHb MOXKHO MPUHUMATH T€ XK€, U4TO
Y TIPU UCTEYEHUHU B BO3YIIHYIO CpEy.

5.4. UcTeyeHue Yepe3 HACAJAKYU NPH MOCTOSTHHOM Hamope

BHemHUM 1MIWHAPUYECKMM HACAJAKOM Ha3bIBaeTCid KOpOTKas TpyOka AIWHOM, paBHOU
HECKOJIbKUM JMaMeTpaM Oe3 3aKkpyrjieHusi BXOAHOW KpoMkH (puc. 5.7). Ha mpaktuke Takoi
HACaJI0K YacTO TMOJy4aeTcs B T€X CIyyasx, KOTJa BBITIOJHSAIOT CBEPJCHUE B TOJICTOM CTCHKE U
He 00pabaThIBalOT BXOJHYIO KpOMKY. McTeueHne yepes Takoil Hacal0K B ra30BYIO CPEy MOXKET
MIPOUCXOJIUTD B JIBYX PEKUMAX.

[lepBblil pexxuM - 6ezompuignbiti pedcum. IIpu ucTtedeHuun cTpys, Mocie BXOAa B HAcaJoK
C)KMMAETCs PUMEPHO TaK K€, KaK M MPU UCTEYCHUH Yepe3 OTBEPCTHE B TOHKOM CTEHKE. 3aTeM
CTpysl TOCTENEHHO paclIupsieTcss J0 pa3MEepoOB OTBEPCTHS U3 HACaJKa BBIXOAUT MOJHBIM
ceyenueM (puc.5.7).



Puc. 5.7. UcTeuenune uepe3 Hacagok

Koadduiuent pacxoma |, 3aBUCAIIMN OT OTHOCHTEIbHOW juiMHBI Hacaaka | / dwu yumcna
PeitHonbica, onpeaensieTcs Mo aMIupudIeckon popmysie:

1
b= ——r
123+25 £

£

Tak kak Ha BBIXOJI€ M3 HacaJKa TUAMETP CTPYH PaBEH JUAMETPY OTBEPCTHUA, TO KOIDPHUIIHECHT
cxkarus € = 1 U, ciaenoBaTensHo, L = @ , a KoaduueHt conpotusienus = 0,5.

Ecnu cocraButh YPaBHCHHUC BepHynJ’II/I T CKATOI'O CCUCHUA 1-1 1 ceueHus 3a HaCcaaKOM 2-2u
Hp606p330BaTb €Tr0, TO MOKHO ITOJIYYHUTD IMAJACHHUC AABJICHUS BHYTPU HAaCadKa

Py - Py = 0,75ng

[Ipu HEKOTOpPOM KpUTHUYECKOM Harope H,, aOCOIIOTHOE IaBJeHHe BHYTPU Hacajaka (ceuenue 1-
1) cranoButcs paBHbIM HYIO (P = 0), 1 mosTOMy

5
[ N —
¥ 075pg

CnenoBatenbHo, npu H > H,, naBiaenue Py 1omkHO Obulo ObI CTaTh OTPHUILIATENbHBIM, HO TaK
Kak B JKHJKOCTSX OTPHUIATEIbHBIX JaBJICHUM HE OBIBACT, TO TMEPBBIM PEKUM JBIKCHUS
CTaHOBUTCS HEBO3MOXHbIM. [loatomy mpu H = Hkp npoucxomur u3sMeHeHHE pexnma
MCTEYCHMS, IEPEX0]I OT MEPBOTO PEKUMa KO BTopoMy (puc.5.8).
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Puc. 5.8. Bropoii pexuM ncreueHus yepes3 Hacagok

Bropoii pexxuM xapakTepu3yeTcss TeM, YTO CTpys IOCJIE CXKATUS YK€ HE paciiupsercs, a
COXpaHsieT UWINHAPUYECKYI0 POopMy U MepeMeniaeTcsi BHyTpU Hacalka, HE COMPUKAcasCh C €ro
cTeHKaMu. VIcTeueHne CTaHOBUTCS TOYHO TAKUM K€, KaK U M3 OTBEPCTHS B TOHKOW CTEHKE, C
TEMU K€ 3HaYeHUsIMHU KodQduienToB. CrneaoBaTenbHO, P Mepexoie OT MEePBOT0 PeKUMa KO
BTOPOMY CKOPOCTBH BO3PACTaET, a PacX0j] YMEHbIIAETCs 0J1aroaaps CKaTHIO CTPYH.

[Ipy ncreuennu vepe3 HUIMHAPUYECKUM HACALOK I10JI YPOBEHb IIEPBBIM PEKUM UCTECYEHUS HE
OyIeT oTnnyaThCcsi OT omucaHHoro Beime. Ho npu H > H,, mepexona Ko BTOPOMY PEXKUMY HE
MIPOUCXOUT, @ HAYMHAETCA KABUTALMOHHBIN PEKUM.

Takum oOpa3oM, BHEIIHUHN MWIMHAPUYECKUN HACATOK MUMEET CYIECTBEHHBIE HEAOCTATKHU: Ha
MIEPBOM PEXHUME - OOJIBIIIOE CONMPOTUBIICHUE U HEJTOCTATOUYHO BBICOKHUN KOA(P(HUIIMEHT pacxo/ia,
a Ha BTOPOM - OYCHb HHM3KHH KodpdummeHT pacxoma. HemocTtaTkoM Takke SBISICTCS
BO3MO>KHOCTb KaBUTALIUU [IPU UCTEUYEHUU I10]] YPOBEHb.

BHemHui nmuImHApUYECKUl HacaJ 0K MOKET ObITh 3HAUYUTENIPHO YJIYUIIEH IyTeM 3aKpyTJICHUS
BXOJIHOM KPOMKH WJIM YCTPOMCTBA KOHMWYECKOTO Bxoma. Ha pmuc.5.9 naHel pa3nuyHble TUIBI
HACaJIKOB M YKa3aHbl 3HAYEHUSI COOTBETCTBYIOIINX KOIPPHUIIMEHTOB.

Puc. 5.9. Ucrteuenue KUAKOCTH 4YCPEC3 HACAAKHU A - PACHIUPAIOINCCA KOHUYCCKHUC, 0 -
CYKaroIueCsa KOHUYCCKUC, B - KOHOUAJIBHBIC, T' - BHYTPCHHUC MUITNHAPHUICCKUC

Konnuecku cxopsmmecss M KOHOMJAJIbHBIE HACaJKU NPUMEHSIOT TaM, TIe HeoOX0AUMO
MOJIYYUTh XOPOIIIYI0 KOMIIAKTHYIO CTPYIO CPaBHUTEIHHO OOJBIION JJIUHBI IPU MAJIbIX TTOTEPSX
SHepruu (B HAMOPHBIX OpaHACIOWTaX, THAPOMOHHTOpax W T.1.). KoHWYecku cxomsmruecs
HACaJKH UCIIOIB3YIOT U1 YBEJIIMUYEHUS pAcX0/1a UCTEYEHHUs IIPU MaJIbIX BBIXOJHBIX CKOPOCTSX.

5.5. UcTevyeHnusi yepe3 OTBEPCTHS U HACAKHU NPH NePeMEHHOM Hamnope (0NopoKHeHne
COCYy/10B)



PaccmoTpum  ciyuail OmMOpOXKHEHHS OTKPBITOrO B atMocdepy cocyda IMpU IMOCTOSHHO
YMEHBIIIAIOIIEMCS HArlope, TPU KOTOPOM T€UEHHUE SBIISIETCA HeyCcTaHOBUBIIEMCs (puc.S.10).

OpnHako eciu Hamop, a CleI0BaTelIbHO, U CKOPOCTh MCTEUEHHUS U3MEHSIIOTCS MEIJIEHHO, TO
JIBWKEHHE B KaXKIbli MOMEHT BPEMEHM MOKHO pacCMaTpUBaTh KaK YCTAaHOBHUBILIEECH, W IS
pelIeHus 3aa4u IPUMEHUTD YpaBHEHHE bepHyIu.

Puc. 5.10. Cxema onopoxHeHUs pe3epByapa

O003HaYUM TEPEMEHHYIO BBICOTY YPOBHS JKHIKOCTH B cocyae 3ah, momans ceueHus
pe3epByapa Ha 3TOM ypPOBHES, IUIOIMIAAbh OTBEPCTHUS S,, M B3SIB OSCKOHEYHO MAaJIblii OTPE30K
BpeMeHH dt, MOXHO 3amucaTh CleAyIolee ypaBHEHUE 00bEMOB:

Sdh=-0dt
HIIH

Sdh=—us, . 2gh - dt
-

rae dh - u3MeHeHue ypoBHsI )KUIKOCTH 3a Bpems dt.

OTCIOIIa BPCM: ITOJTHOT'O OIIOPOKHCHUA COCYda BeICOTON H

j’-‘” dh
s, «E

Ecmu OynmeT W3BEeCTEH 3aKOH M3MEHEHMs IUTOIIAAM S 1O BbICOTe N, TO WHTErpam MOXHO
nojcuutarh. Jns mpusmarudeckoro cocyna S = const (puc.5.11), cnempoBaTenbHO, BpeMsi €ro
MOJIHOTO OTIOPOKHEHUS

25H

f=—
Wi~ 2887

W3 3TOrO0 BBIpa)XKEHUS CIEIYET, YTO BpeMs MOJIHOIO OMOPOKHEHUS MPU3MATHUYECKOTO COCy/a B
7Ba pa3a OoJIbLIIE BPEMEHM HCTEUEHHUS TOTO k€ 00beMa JKUAKOCTU IPU MOCTOSHHOM HAarope,
PaBHOM IE€PBOHAYAILHOMY.
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Puc. 5.12. OnopoxxHenue
HENPU3MaTHYECKOI 0 pe3epByapa

Puc. 5.11. OnopokHeHue MprU3MaTUIECKOTO pe3epByapa
JIns ompeneneHuss BPEMEHU HCTEUEHUS JKUAKOCTA W3 TOPU3OHTAIBHOTO LWJIMHAPUYECKOTO
cocyna (rctepHsl) (puc. 5.12) BbIpa3uM 3aBUCHUMOCTD IIEPEMEHHOM muromaau S ot h:

S= 20 A0 -k
rae | - mHa nuctepHsr; D - tuaMeTp 1UCTEpHBI.

Torma Bpems MOJHOTO ONOPOXKHEHHUSI TAKOM LIUCTEPHBI, T.C. BpEMsl M3MEHEHUs Haropa oT hy =
D no h, = 0, momy4urtcst paBHbIM

,_ 2eDD

38,22

5.6. UcTeyeHnue u3-moJ 3aTBOPA B TOPU30HTAJIBLHOM JIOTKE

Bo mHorux BOHO336OPHHX N BOJOIIPOIMYCKHBIX THAPOTCXHHUYCCKHUX COOPYIKCHUAX PACXObI
BOJbI IIPOXOIAT 4YCPE3 OTBCPCTHUA, IMNCPCKPLIBACMBIC 3aTBOPAMHU. 3aTBOpBI INOAHHUMAIOT Ha
OIIPCACIICHHYIO BBICOTY HaA AHOM M IIPOITYCKArOT 4YCPC3 OTBCPCTUS HCO6XOHHNHJ€ pacxXoabl.
‘—Iame BCCTO HA THAPOMCIIMOPATUBHBIX COOPYKCHUAX YCTPAUBAIOT OTBCPCTHUA MPAMOYTOJIBHOTO
CCUCHUs, NCTCUCHUC U3 KOTOPLIX U PpaCCMOTPHM.

OTtBepcTusi MOTYT OBITh HE3aTOIUICHHBIMU (MCTEYEHUE CBOOOJHOE) M 3aTOIUICHHBIMH, KOTJa
YPOBEHb BOJIbI 32 3aTBOPOM BIIUSIET HA UCTEUCHUE.

Eciu orBepcTHe He3aTOIIEHHOE, TO BBITEKAONIAs H3-TIOJ 3aTBOpA CTPYSd HAXOAMUTCSA IO
atMochepHbIM naBienueM (puc. 5.13). [Ipu ucreueHnn uepes3 3aTomIeHHOE OTBEPCTUE CTPYS 3a
3aTBOPOM HAXOJMTCS MOJ] HEKOTOPBIM CII0OEM BOJIBI (pucC. 5.14).



Puc. 5.13. Ucreuenne u3-moj 3aTBOpa 4epe3 HE3ATOILNIEHHOE OTBEPCTUE

Korna 3aTBop mpunmoaHSAT HaJ JTHOM, BBITEKAOIIAS W3-TIOJ HETO CTPYS HCTBITHIBACT CKATHE B
BEPTUKAIBHON TI0OCKOCTU. Ha paccTosiHuu, MpUMEPHO PAaBHOM BBICOTE OTBEPCTHS @ (BBICOTE
MOJHATHS 3aTBOpa), HaOmogaeTcss Hambojee cCkaroe cedeHue. [yOmHa B CXKaToM
ceueHuH N, cBsi3aHa C BRICOTOW OTBEPCTHUS d CIIEAYIOIICH 3aBUCMOCTBIO:

rae €' - Ko3QPUIUEHT BEPTUKATHHOTO CXKATHUS CTPYH.

KosddurpeHT BepTHUKAIBLHOTO CXKATUSA € 3aBUCUT OT OTHOIICHHUS BBICOTBI OTBEPCTHSA d K
Hamopy (ryOMHE BOJBI Iiepea 3aTtBopoM) H. [l OpPUEHTHUPOBOYHBIX PACYETOB MOXKHO
npuHuMaTh €' = 0,64.

Eciu cocraButh ypaBHeHue bepHymnu [uisi cedeHMid, MPOBENEHHBIX IEpe] 3aTBOPOM U B
C)KaTOM CEUeHHH, TI0CIIe TIPe0Opa30BaHUMA MOy UM

L, =i f2glH, -k,

rae ¢ - Ko3hPHUIMEeHT CKOPOCTH,

p= ——
CE'J + g{
rac Ho - HaIlop € y4€TOM CKOPOCTH IMOAXO0J4,
2
1
Ho=H+o, —
2g

Torz[a pacxod Mpru UCTCUCHHWH U3-110/ 3aTBOPA IMPHU HE3ATOINICHHOM OTBEPCTHUH OIPCACIINTCA 110

dbopmye:
Q: Smsuﬂ =ab & cp"-.llngHD _"Egr:j

rae S - mwIomaas oTBepeTrs, S = ab.



h
,-")_. /"’f //HI{"{ s y
L
]

"

Puc. 5.14. Ucredyenne u3-1oJ1 3aTBOPa NPH 3aTOTNICHHOM OTBEPCTHH
[Ipu ncreuennn yepes 3aTorieHHOE OTBepcTHE (puc. 5.14) pacxon onpenenuTcs 1mo Gopmyiie:
Q=abll.f2g(H,— k)
rie h, - ryouHa B ToM ceueHuH, rie HaOIoaaeTes MaKCUMaabHOE CKaTHE UCTEKAIOIICH U3-T10]1
3aTBOpA CTPYH.

['ny6una h, onpenensercs u3 3aBUCUMOCTH

B KOTOpOH

bl

~k
M=d4uta* 2 <
S

4

a h; - ryOuHa B OTBOsIIIEM KaHasie (ObITOBas TIyOHHA).
5.7. laBieHue CTPYM KUAKOCTH HA OTPaKAAI0LIHE TOBEPXHOCTH

Ecimu BBITCKArOMmIaA M3 OTBCPCTHUA MJIM HACaJIKa CTPYA IOMaJacT HAa HCIIOABMIKHYIO CTCHKY, TO
OHa C ONMpCACICHHBIM OAaBJICHUCM BOSHeﬁCTByeT Ha Hee. OCHOBHOE YpPaBHCHHUC, IO KOTOPOMY
BBIYUCIIACTCS JaBJICHUC CTPYH HA INIOINAAKY, HMCCT BU

Ha puc. 5.15 mpuBenmenpl Hamboee dYacTO BCTPEUAIOMIMECS B TPAKTHKE OTPAKIAIOIIHC
MOBEPXHOCTH (Mperpaabl) W YpPaBHEHHUS, MO KOTOPHIM BBIUMCIISICTCS JaBJICHUE CTPYH Ha
COOTBETCTBYIOIIYIO TOBEPXHOCTb.

Bennuuna naBieHHsl CTpyHW, €CTECTBEHHO, 3aBUCUT OT PACCTOSIHUS Hacaaka 1o mperpaisl. C
YBEITMYCHUEM PACCTOSHUS CTPYS PacCeMBAETCs W JaBjieHHE yMeHbImaeTcs. COOTBETCTBYIOIINE
WCCJIEIOBAHUS TOKa3bIBalOT, YTO B JIAaHHOM CIIy4yae CTpys MOXET ObIThb pa30uTra Ha TpU
XapaKTEepHbIE YaCTU: KOMITAKTHYI0, pa3ipo0JeHHYIO U paclbuleHHYO (puc.5.16).

B npenenax KOMIAKTHOM 4YacTH COXpaHsETCs LWJIMHApUuYecKas Gopma cTpyu 0€3 HapylIeHUs
CIUIOIITHOCTH JBWXEHUS. B mpenenax pa3apoOieHHON YacTH CIUIONIHOCTh TTOTOKA HapyIaeTcs,



MPUYEM CTPYs MOCTENEHHO pacmupserca. HakoHen, B mpepenax pacnbUICHHOW YacTH CTPYH
IIPOUCXOINUT OKOHYATEIbHBIN pacnaj OTOKa Ha OTAEIbHbBIC KaIUIX.

6) P=2000- cos By
g
&) P=2000-cosp)
g
2 P=20u(1+c0sp)
g
v 2"}-’
———— =L
o) . ou
2 p=2 oy
£
) P=Tovsin o
g

Puc. 5.15. B3aumopelicTBue CTpyHU KUAKOCTU C HEMOABUKHOM MOBEPXHOCTHIO

Ipwa CB0BodmaR
HEIAMONAeHHAR ormpys
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Puc. 5.16. CoctaBHble YacTH CBOOOAHOM CTPyH



TecTnl K Jexkuuu NoS

5.1. Ilpu ncreyeHnu KUIKOCTU U3 OTBEPCTUI OCHOBHBIM BOIIPOCOM SIBJISIETCS

a) OTpeIeIeHue CKOPOCTH UCTEUCHHUS U PACX0/1a KUAKOCTH;
0) onpeniereHrne HEOOX0IMMOTO AMAMETPA OTBEPCTHUI;

B) OIpe/iesICHIe 00BbeMa pe3epByapa;

T') OIpeIeIIeHNE THIPABINYECKOTO COTPOTUBIICHUS OTBEPCTHSL.

5.2. YeM 00yCIIOBJIEHO C)KAaTUE CTPYHU KHUIKOCTH, BHITEKAIOLIEH U3 pe3epByapa uepe3 OTBEpPCTHE

a) BA3KOCTBIO KUIAKOCTH;

0) IBMKEHUEM KHUJAKOCTH K OTBEPCTHIO OT Pa3IMYHBIX HAIIPaBJICHHA;
B) JABJICHHEM COCETHUX C OTBEPCTHEM CIIOEB KHJIKOCTH;

') CWJION TSKECTH M CHJIOW MHEPLIUH.

5.3. Uro Takoe COBEpIIICHHOE C)KAaTUE CTPYU?

a) HauOoJIbIlIee CKATUE CTPYH MIPHU OTCYTCTBUH BIUSHUS OOKOBBIX CTEHOK pe3epByapa u
cBOOOHOM MOBEPXHOCTH;

0) HauboJbIIIee CXKATUE CTPYHU MPH BIMSIHUM OOKOBBIX CTEHOK pe3epByapa U CBOOOTHOM
MOBEPXHOCTH;

B) C)KaTue CTPYH, IPU KOTOPOM OHA HE U3MEHSET (OpMY MOMEPEYHOTO CEUCHUS;

') HAUMEHbIIIEe BO3MOXHOE C)KaThe CTPYH B HEMOCPEICTBEHHOM OJIM30CTH OT OTBEPCTHSL.

5.4. Koo puimeHT cxxaTusi CTpyU XapaKTepu3yeT

a) CTETICHb U3MEHEHUE KPUBU3HBI UCTEKAIOIICH CTPYH;

0) BIUsHUE JUaMETpa OTBEPCTHS, Uepe3 KOTOPOE MPOUCXOIUT UCTEUCHHE, HA CKATHE CTPYH,
B) CTENIEHb CHKAaTHsI CTPYH;

') ©I3MEHEHUE TUIOIIAIM MTONEPEYHOr0 CEYEHUS CTPYH MO MEpE yAalIeHUsl OT pe3epByapa.

5.5. KoadduimeHT cxxatusi CTpyu ornpeaensercs no hopmyse

2
Do=e:  §o-h m S polf
4, 3, 3, 53

5.6. CkopoCTb UCTEUEHUS )KHUIIKOCTH Yepe3 OTBEPCTHUE paBHA

a) u=g’,2¢H;
0) U=2@;
B) L=.[p2gH ;
r) U:.;p@.

5.7. Pacxop )KMIIKOCTH Yepe3 OTBEPCTHUE OTNPEACIIAETCA KaK



a) 0= 5, u; 6) 0= 5,u;
5) 0= que; D) g=ps, -

5.8. B dhopmyne nnst onpeneneHusi CKOpOCTH UCTEUCHUS KUAKOCTH Yepes

otBeperne © = P2€ Gykpoii ¢ 0603HauaeTCS

a) K03 (PUIMEHT CKOPOCTH;
0) ko3 duIMeHT pacxosa;
B) KO3 (UIIUEHT CKATHS;

) KOO PUIIMEHT UCTEUEHUSI.

5.9. Ilpu ncreyeHnM KUIKOCTU Yepe3 OTBEPCTHE MPOU3BeIeHNE KOdDPUIIMEHTA C)KaTUsl Ha
K03 HUIIMEHT CKOPOCTH HA3bIBACTCS

a) K03 PUITMEHTOM UCTECUCHNS,

0) k03D PUITMEHTOM COTIPOTUBIICHUS;
B) KOO PUIIMEHTOM pacxoia;

) K0O3(pPUITUEHTOM UHBEPCUU CTPYH.

5.10. B ¢popmyne mist onpefiesieHus CKOPOCTH UCTEUEHUS )KUIKOCTH Yepe3

otBeperne © = P28 Gykpoii Ho6o3HauaroT

a) aJbHOCTh UCTCUEHUS CTPYH;
0) rmyOuHy OTBEpCTHUS;

B) BBICOTY pe3epByapa;

T') Harop >KUIKOCTH.

5.11. Yucno PeiiHonbACa IPU UCTEYCHUHU CTPYH Y€pe3 OTBEPCTHE B pe3epByape ONMpeIesaeTCs
o gopmyiie

a) Re, = v 2dE :
&

6) Re, = V288,
)

B) Re, =dv 1 ;

J2gH
*) Re, = fogH “.
N

5.12. U3menenue GopMbI TIOTIEPEIHOTO CEUSHUS CTPYH ITPH HCTEUEHUH €€ B aTMOoCchepy
Ha3bIBACTCS

a) KaBUTAIHCH;

0) KOpperupoBaHUEM;
B) UHBEPCUEN;

) noJuMophuei.

5.13. MnHBepcus cTpyH, UCTEKAIONIUX U3 PE3EPBYapOB, BHI3BaHA



a) IECTBHEM CHJI TIOBEPXHOCTHOT'O HATSHKCHUS,

0) IEeWCTBUEM CHJI TSKECTH;

B) JICHCTBUEM PA3TMYHO HAMPABICHHOTO ABMKCHUS KHIKOCTUA K OTBEPCTHSM;
T') IeHCTBUEM Macc rasa.

5.14. Yto Takoe HECOBEPIIEHHOE CKATHUE CTPYH?

a) cXKaTHe CTPYH, P KOTOPOM OHA U3MEHSET CBOIO (hOpMY;
0) cxxaTue CTpyH MPU BIUSHUU OOKOBBIX CTEHOK pe3epByapa;
B) HETIOJIHOE C)KaTUE CTPYH;

I') CX)KaTUE C BOBHUKHOBEHHUEM HHBEPCHUHU.

5.15. VcTeuenune KUIKOCTH MO YPOBEHB ITO

a) UCTEUEHUH XKUJIKOCTU B aTMOcepy;

0) “cTeYeHHE KUKOCTU B IPOCTPAHCTBO, 3aMIOJTHEHHOE JIPYTOM KUKOCTHIO;
B) UCTEUYECHHE KUJKOCTH B IPOCTPAHCTBO, 3AMIOJIHEHHOE TOH K€ KUAKOCTBIO;
I') ICTEYEHUE KUJIKOCTU Yepe3 YaCTUYHO 3aTOIJIEHHOE OTBEPCTHE.

5.16. CKopoCTh HCTEUCHHUS JKUIKOCTH Yepe3 3aTOIJICHHOE OTBEPCTUE OTPEACIIICTCS TI0
dhopmyne

D o= 177
0) U=2@;
B) U=m;
r) U:.;F.ng—H.

5.17. Hanop »xuaxoctu H, ncrionbs3yemslil mpy HaX0XKACHUH CKOPOCTH UCTEUEHUS KUAKOCTH
Yyepe3 3aTOTUIEHHOE OTBEPCTHUE, ONIpeAeIaeTcs 1Mo hopMyIie

B -PF
a) H:ﬂﬁu;
P&
B-PF
0) p—p, -0 %
PE
B+ F
2g
l“) H:HD_ Eg .
B-P,

5.18. BHemHNM MUIUHAPUYECKUM HACAIKOM MPU UCTCUCHUH KUIKOCTH U3 pe3epByapa
Ha3bIBACTCS

a) KOpOoTKas TpyOKa JUTMHOW, paBHOW HECKOJIBLKUM JUaMeTpaM 0e3 3aKpyTJIeHUs BXOAHOU
KPOMKUY,;

0) KopoTKasi TpyOKa ¢ 3aKpyIjieHUEM BXOJHON KPOMKH;

B) KOpOTKasi TpyOKa ¢ JJIMHOW, MEHbIIIEH, 4YeM AUAMETP C 3aKPYIJIEHHEM BXOJIHON KPOMKH;
') KOpOTKas TpyOKa ¢ JJIMHOM, paBHOU JUaMeTpy 0€3 3aKpyIJIeHHs BXOJAHON KPOMKHU.



5.19. Ilpu ucTedeHnn KUIKOCTU YepPe3 BHEITHUHN ITUIMHAPUIECKAN HACAIOK CTPYS U3 HacaaKa
BBIXOJIUT C MOIMEPEYHBIM CEYCHHEM, PABHBIM MOTIEPEYHOMY CEYCHHIO caMoro Hacaaka. Kak
HA3bIBACTCS ATOT PEKUM HUCTCUCHUS?

a) Oe3HATNOPHBIA;
0) 6€30TPHIBHBIN;
B) CAMOTEYHBIN;
I') HATIOPHBIH.

5.20. YkaxuTe crocoObl U3MEHEHHS BHEIITHETO ITUIMHAPUISCKOTO HacaaKa, He
CIOCOOCTBYIOIIUE YIYUYIIEHUIO €r0 XapaKTePUCTHUK.

a) 3aKpyTJCHUE BXOJHOW KPOMKH;

0) yCTpONCTBO KOHMYECKOTO BXOJa B BUJE KOH(DY30Da;
B) YCTPONCTBO KOHMYECKOI0 BXoJa B Buje auddysopa;
I') YCTPONUCTBO BHYTPEHHETO HMIMHAPUIECKOTO HACAIKA.

5.21. OnopoKHEHHE COCYI0B (pe3epByapoB) 3TO UCTEUCHNUE YePE3 OTBEPCTHS M HACATKH

a) MpY OCTOSIHHOM Harope;
0) Mpu MEPEeMEHHOM HAIope;
B) IIPU IEPEMEHHOM PACXO/JIE;
I') IPU IOCTOSIHHOM Pacxo/ie.

5.22. I3 xakoro cocyjia 3a eIUHUILy BPEMEHH BBITEKAET O?JIbIIHIA 00bEM KUIKOCTH (COCYIbI
MMEIOT OJIMHAKOBBIC TEOMETPUYECCKHEC XapaKTEPHUCTHUKH)?

a) COCY/I C TTIOCTOSIHHBIM HAIlOpOM;

0) coCy/l C YMEHBIIIAIOIIUMCS HATIOPOM;
B) pacxo/ HE 3aBUCHUT OT HAIopa,

T') COCY/I C YBEIMIUBAIOIIMMCS HATTOPOM.

5.23. CKOpOCTh UCTCUCHHUS JKUIKOCTH M3-TI0]] 3aTBOPA B TOPHU30HTATHLHOM JIOTKE OTIPEACIIICTCS

a)ucch 2z Hy —h, )5 G)UGZEP 2ol Hy+ 4, )5
E) Uczzg*\lcp[HD_hcj; 1“) Uczztp“n,lg[HD+hcj'

5.24. JlaBneHue CTPYH KUIKOCTH HA OTPaXKIAOIIYIO TUIOMIAIKY ONpeAenseTcs no Gopmyre

a) p= 2oy 8) p=£ v
g ¥

e) p=Y oy ) p=toe.
= .

5.25. B xakoM ciyuae 1aBlIeHHE CTPYH Ha TUIOMAAKY OyAeT MaKCUMaIbHBIM



5.26. Ha ckoapKoO mociaeoBaTeIbHBIX YacTel pa3onBaeTcs cBOOOHAS HE3aTOTUICHHAS CTPYSI?

a) HEe pa30oMBaeTCs;
0) Ha JIBC;

B) Ha TpPU;

T') Ha YeThIpe.

5.27. YKaXXuTe BEpHYIO MOCIIEI0BATEIbHOCTh COCTABHBIX YacTe CBOOOIHON HE3aTOTIEHHON
CTpyHu

a) KOMIIaKTHAas, pa3ApoOIeHHas, pacTblICHHAS;
0) pa3apoOieHHas, KOMITAKTHAsI, PacTIbIIICHHAS;
B) KOMIIAKTHAs, pacTblJICHHAs, pa3ApOo0IcHHAS;
T') pacmblJIeHHAass, KOMIIaKTHAS, pa3apo0IcHHas.

5.28. C yBenn4YeHUEM PACCTOSHUS OT HAcaIKa JI0 MPErpajibl 1aBlIeHUE CTPYH

a) YBEITMYMBACTCS,

0) yMeHbIIIaeTC;

B) CHaJaJla yMCHbBIIIACTCS, & 3aTEM YBEIUIHBACTCS;
T') OCTAeTCS TTOCTOSTHHBIM.

5.29. B xakoM ciryyae CKOpOCTh UCTEUYCHHSI U3-TI0]1 3aTBOpa OyaeT Oosibiiie?

a) IpY UCTEYCHUH Yepe3 He3aTOIICHHOE OTBEPCTHUE;
0) Ipu UCTEUCHUU Uepe3 3aTOIJICHHOE OTBEPCTHE;
B) CKOPOCTb Oy/IeT OJIMHAKOBOW;

I') TaM, IJIe UCTEKAIoMIas CTPYsI CyKaTa MEHBIIIE.

5.30. Koadurment cxxatus cTpyn 0603Ha4aeTCs TpeuecKor OyKBOM

a) g
0) W
B)
r) &

5.31. Koaddumuent pacxona o003HauaeTcsi rpeueckoit OyKBoi

a) €;
0) u;
B)
r) &



5.32. KoaddunmeHnt ckopoctr 0603HavaeTcst OyKBOM

a) g,

0) W;
B) ©;
r)¢&.

5.33. KoadhdurmeHnt ckopoctu onpeaesieTcs mo ¢hopmyie

) =

; 8) o= <«

ﬁj
JTT

1
dat+d
1 : r) P =

) o=
’ ¥ Jou—E a—1

5.34. Hanop xxuaxoctu H, ncnonb3yemslii py HAXOXKACHUN CKOPOCTH UCTEUYEHUS KHUJIKOCTH B
BO3JIyIITHOE TIPOCTPAHCTBO OMpPEAEseTcs o popMmyie

E+ F E+ F
3)H=HD+¥5 o) H=HD+M?

2pg Pg

2-F g-F
B)H:HD_¥; r) H=Hﬂ+¥-

PE PE

5.35. Pacxo )KUIKOCTH MPU UCTCYCHUH Yepe3 OTBEPCTHUE PaBEH

a) O=puS, . 22H; 0) O=uS,.22H;
B) 0= 2u5,./gH r) 0= g5, 2nH -

5.36. Bo ckoIbKO pa3 OTIaUYaeTCsl BpeMsl IIOJTHOTO OMOPOKHEHUS TPU3MATHIECKOTO CoCya ¢
MIEPEMECHHBIM HAIIOPOM I10 CPABHEHHIO C UCTEYCHUEM TOTO K€ 00heMa KHUIKOCTH MTPH
MOCTOSIHHOM Hamope?

a) B 4 paza OoJbIIe;
0) B 2 pa3a MeHbIIIE;
B) B 2 pa3a OoJbIIIe;
r) B 1,5 pa3a MeHbl1e.

5.37. Hamop H npu uctedeHnn »KUIKOCTH MPU HECOBEPIIICHHOM CKATHH CTPYH OINpEAeIsieTcCs

a) Pa3HOCTHIO MbE30METPUUYECKOTO U CKOPOCTHOTO HATIOPOB;
0) CyMMO# MMhe30METPUYECKOTO U CKOPOCTHOT'O HATIOPOB;

B) CYMMO# r€OMETPHUYECKOTO U IMbE30METPHUECKOTO HAIIOPOB;
I') IPOU3BEICHUEM I'EOMETPUIECKOTO U CKOPOCTHOTO HAITOPOB.

5.38. IuameTp oTBepcTHs B pe3epByape paBeH 10 MM, a TuaMeTp UCTEKAIOIIEH Yepe3 9TO
OTBEpCTUE CTPYHU paBeH 8 MM. Uemy paBeH KO3 (ULUEHT CxKaTUsI CTPYHU?

a)1,08;
0) 1,25;



8) 0,08;
r) 0,8.

5.39. B xakoM ciryuae naBlieHHe CTPYHU Ha TUIOMIAAKY OyAeT MUHUMAaJIbHBIM

5.40. U3 pesepByapa yepe3 OTBEpCTUE MPOUCXOIUT UCTEUCHHE KUAKOCTHU C TYpOYJIEHTHBIM
pexumom. Hammop H = 38 cm, koapduruent conporusnenus orsepctus § = 0,6. Uemy paBHa
CKOPOCTb MCTEUYEHUS KUJIKOCTU?

a) 4,62 m/c;
0) 1,69 m/c;
B) 4,4;

r) 0,34 m/c.



Jexuus 6. THAPABJINYECKHWH PACUET MPOCTBLIX TPYEOIIPOBOIOB

IIpu pacuerax HanopHBIX TPyOONPOBOIOB OCHOBHOM 3a7auel siBisieTcs JIM00 OnpeieeHrne
HPOIYCKHOM criocoOHOCTH (pacxofa), MO0 MOTepu HAmopa Ha TOM WJIM UHOM Y4acTKe, PaBHO
KaK 1 Ha Bcell JuIMHe, 1100 [uameTpa TpyOonpoBoia Ha 3a/laHHBIX PacXo/ie U MOTepsX Haropa.

B mpaxTuke TpyOonpoBoibl eNATCA HAa KopomKue U Oaunkble. K IepBbIM OTHOCATCS BCE
TpyOOIPOBOIBI, B KOTOPBIX MECTHBIE IOTEPH Hamopa mnpesbimaiot 5...10% noreps Hamopa 1o
nnune. [Ipu pacyerax Takux TpyOOIPOBOAOB 0053aTEIbHO YUUTHIBAIOT MOTEPHU HAMOPA B
MECTHBIX CONpOTUBIeHUsX. K HUM OTHOCST, K MpUMeEpy, MacIONpOBOAbl 00bEMHBIX Mepeaay.

Ko BTOpbIM OTHOCATCSA TPYOONPOBOABI, B KOTOPHIX MECTHBIE MOTEPHU MeHbIIE S...10% notepsb
Haropa 1o anuHe. VX pacuer Benercs 6e3 ydera MecTHbIX moTepb. K Takum TpybomnpoBoiam
OTHOCSITCSI, HAIPUMEP, MarucTpaibHbIe BOJOBOIbI, HEPTETIPOBO/IBI.

VYuuThIBas ruIpaBINYECKyI0 CXeMY pabOThl JUTMHHBIX TPYOOIPOBOAOB, MX MOXKHO Pa3JeiIUTh
TAKXK€ HA npocmoie UCao0dcHvle. IIpoCThIMU Ha3bIBAKOTCS OCIEA0BATEIBHO COCAMHECHHBIE
TpyOOIIPOBOIBI OTHOTO MJIM PA3JIMYHBIX CEUCHHM, HE UMEIOIINX HUKAKMX OTBETBIeHUM. K
CJI0’KHBIM TPYOOTPOBOJIaM OTHOCSTCS CUCTEMBI TPYO C OJTHUM WM HECKOJIBKUMHU
OTBETBJICHUSIMU, TAPAJUIETbHBIMHA BETBAMHU U T.JI. K CII0KHBIM OTHOCSITCSI M TAaK HA3bIBAEMBIE
KOJIBIIEBBIE TPYOOIIPOBO/IBI.

6.1. IIpocToii TPyOONPOBO/ MOCTOAHHOTO CEYEeHUS

XKunakocts o TpyOOIPOBOAY ABMKETCS OJaroapsi TOMy, UTO €€ SHEPTHsl B Hauase
TpyOomnpoBoAa OoJbllle, YeEM B KOHIIE. DTOT NIEpenal ypOBHEW SHEPTUN MOXKET CO3/1aBATHCS
HECKOJILKMMH CIIoco0amu: paboToi Hacoca, pa3HOCTHIO YPOBHEH KUAKOCTH, IaBJICHHEM ra3a.

PaccmoTpum npocToit TpyOOIpoBO I MOCTOSTHHOTO CEUEHMSI, KOTOPBIN PacoJIOKEH
IIPOM3BOJILHO B IpOCTpaHcTBe (pHc. 6.1), umeeT obmyro amuny | u qmamerp d, a Taxke
COJICPYKHT PsIJT MECTHBIX CONMPOTHBIICHUH (BEHTHIIb, GUIBTP U 0OpaTHBIN KianaH). B HadabHOM
ceueHnH TpyobomnpoBoaa 1-1 reomeTprudeckas BBICOTa paBHA Z; M M30BITOYHOE AaBJICHHE Py, a B
KOHEYHOM CEUCHHH 2-2 - COOTBETCTBEHHO Z 1 P,. CKOPOCTh TTOTOKA B ATUX CCUCHUAX
BCJICZICTBUE TIOCTOSTHCTBA JUaMeTpa TPyObl OJTMHAKOBA U paBHA V.



il
Puc. 6.1. Cxema npocToro TpyoompoBoa
3anumiem ypaBHenue bepuysuum ans cedenuit 1-1 u 2-2. ITockosbKy CKOpOCTh B 060UX

CEUYCHHSIX OJIMHAKOBA H 03 = 0Oz, TO CKOPOCTHOM HAMOP MOXKHO HE YUUTHIBATh. [Ipu aTOM
MOJTYYUM

zl+i::2:2 i+Z:Ez
PE PE

501040

Eit =z, -z +£ +Zﬂz
PE PE

IIbe30MeTPUYECKYIO BBICOTY, CTOSILYIO B JIEBOM YAaCTU YPABHEHUS, HA30BEM HOMPEOHbIM
nHanopom H,,,,. Ecn 3xe 5Ta Nbe30MeTpUYECKas BbICOTA 3a/1aHa, TO €€

HAa3bIBAIOT pacnonazaemoim Hanopom Hy,.,. Takol Hanop CKJIaJbIBacTCs N3 T€OMETPUYECKOM
BBICOTBI H,y,, HA KOTOPYIO NOJJHUMAETCS KUJIKOCTD, IbE30METPUUECKOM BBICOTHI B KOHILIE
TpyOOIIPOBOAAa U CYMMBI BCEX MOTEPH HANOpa B TPyOOIIPOBO/IE.

HazoBem CYMMY IICPBLIX ABYX CJIAaraCMbIX cmamudecKum Hanopom, KOTOpBIﬁ MMpCACTaBUM KaK
HCKOTOPYIO 3KBUBAJICHTHYIO TCOMETPHUICCKYTO BBICOTY

H =zt
Pg

a IIoCJICAHECC ClIaracMocC >h - xax CTCIICHHYIO (PYHKI_[I/IIO pacxoaa

Zh = KQm
TOTAa
Hnomp = Hcm + KQm

rre K - BennurHa, Ha3biBaeMasi CONPOTHBICHUEM TPYOOTIPOBO/IA;
Q - pacxoJ )KUIKOCTH;



M - TOKa3aTeyb CTCIICHU, KOTOpBIﬁ HMCCT PA3HBIC 3HAYCHUSA B 3aBUCHUMOCTHU OT PCIKUMaA
TCUCHUA.

JU1s1 TaMUHApHOTO TEYEHUS ITPU 3aMEHE MECTHBIX CONPOTUBJIEHUI 3KBUBAJIEHTHBIMU IJIMHAMU
COIIPOTHUBIICHHE TPYOOIIPOBOAA PABHO

rae Ipacu =1+ |3K6'

YucieHHbIC 3HAYSCHUS YKBUBAJICHTHBIX JJIINH Iam; AJIA pas3IndHbIX MCCTHBIX COl'[pOTI/IBJ'IeHI/Iﬁ
0OBIYHO HaxXoJAT OIIBITHBIM ITYTEM.

st TypOyneHTHOTO TedeHus, HCTob3ys Gopmyny Belicbaxa-/lapcu, u Beipakas B Hel
CKOPOCTB 4epe3 pacxoll, IOJydaeM

K:[ZQ+1T§]2€;}% n =2

[To aTuM popmynaMm MOKHO OCTPOUTH KPUBYIO MOTPEOHOr0 HANIOpa B 3aBUCUMOCTH OT
pacxoaa. Uem 6obiie pacxon Q, KOTOpHI HEOOXOAUMO 00€CTIeUnTh B TPYOOIPOBOIE, TEM
Oonbe TpeOyeTcs MOTPEeOHBIN HANIOP . [Py TaMUHAPHOM TE€UEHMH 5Ta KPHUBas
n3o00paxaercs npsiMoi JinHuel (puc.6.2, a), npu TypOyJIEHTHOM - apaboIioil ¢ moka3areneM
CTETNIEHU PaBHOM JIBYyM (puc.6.2, 0).

Homp § Hgamp §

Puc.6.2. 3aBucumocTr MoTpeOHBIX HATTOPOB OT PACX0/Ia KUAKOCTH B TPYOOTIPOBO/IE

KpyTuzHa kpuBbIX NOTPEOHOIO HAMIOPa 3aBUCUT OT COMPOTUBIIEHUS TpyOornposoaa K u
BO3pACTaET C YBEIIMYCHUEM JITMHBI TPYOOIIPOBO/Ia M YMEHBIIICHUEM JUAMETPA, & TAK¥Ke C
YBEJIMUYEHUEM MECTHBIX TUAPABINYECKUX COMPOTUBICHUM.

Bennuuna cratnueckoro Hanopa H,, MON0XKUTENbHA B TOM CIIy4ae, KOTJa >KUIKOCTb IBUKETCS
BBEPX WJIH B MOJOCTh C TOBBIIICHHBIM JIaBIICHUEM, U OTpULIATEIbHA MPU OMYCKaHUU KUJIKOCTU
WJIM IBWDKEHUH B TOJIOCTh C TIOHMKEHHBIM JaBJICHHEM. ToYKa epeceueHrs KpUBOr MOTPeOHOTO
Haropa ¢ ocbio adcuucce (Touka A) onpeessieT pacxo/l MNPy IBUKEHUN KUJAKOCTH CAMOTEKOM.
[ToTpeOHBbIil HAMOP B 3TOM CiIy4yae paBeH HYJIO.

WNHorna BMecTo KpUBBIX MOTPEOHOTO Haropa y/1I00HEe MOJIb30BaThCS XapaKTEePUCTUKAMU
TpyOomnpoBoaa.Xapakmepucmuxou mpyoonpoeooa Ha3blBaeTCs 3aBUCUMOCTb CyMMAapHOM
MOTepHU Haropa (WM aBJIeHus) B TpyOOIpoOBOI€ OT pacxo/a:



D h =)

6.2. CoenuHeHnsi MPOCTHIX TPYOONPOBOIOB

[IpocTthie TpyOONPOBOIBI MOTYT COEAUHSITHCS MEXKIAY COOOM, MPU ITOM UX COCTUHEHUE MOXKET
OBITbHOCIE008AMENLHBIM I NAPAILLETIbHBIM.

Ilocneoosamenwvnoe coeounenue. BosbMeM HECKOIBKO TPYO pa3IMuHOM IMHBI, Pa3HOTO

JMaMeTpa M COJICPIKAIUX Pa3HbIe MECTHBIC CONIPOTURIICHHUS, M COSAMHUM UX MOCIICI0BATEIIHBHO
(puc. 6.3, a).

shy

M7 [ !j Z $ 3 : N
i, 12,97 {3, gﬁ;
Shy

g
Puc. 6.3. TlocnenoBatenbHOE coeTMHEHNE TPYOOPOBOIOB

[Ipu nogayve >KUAKOCTH MO TAKOMY COCTaBHOMY TPyOOInpoBoay oT Touku M k Touke N pacxon
x)uakoctr Q BO BCEX MOCIIEIOBATEIILHO COSAMHEHHBIX TpyOax 1, 2 u 3 OyAeT OJMHAKOB, a
MoJTHasl OTeps Haropa Mexay ToukamMu M u NpaBHa cymme noTepb Hamopa Bo BCEX
MOCJIETIOBATENHHO COEIMHEHHBIX TpyOax. Takum oOpa3om, sl OCIE0BATEIbHOTO COSTMHEHUS
MMeeM CJIeAYIOIINe OCHOBHBIC YPaBHEHHUS:

Q:=Q:=0Q:=0Q
ZhM-N = Ehl + Ehz + Zh3

OTH ypaBHEHHSI ONIPEISIISIOT MPaBUIIa TOCTPOCHUS XapaKTEPUCTUK MOCIIEA0BATEIIHHOTO
coenuHeHus TpyO (puc. 6.3, 6). Eciiu n3BeCTHBI XapaKTEPUCTUKHU KaXI0To TpyOOmpoBoa, TO MO
HUM MOYKHO TTOCTPOUTH XapaKTEPUCTUKY BCETO mocienoBaTensHoro coeaunenust M-N. Jls
ATOTO HY>KHO CJIOKUTH OPJUHATHI BCEX TPEX KPUBBIX.

Ilapannenvnoe coeounenue. Takoe coeJMHEHUE TTIOKa3aHO Ha puc. 6.4, a.
Tpy6omnpoBoas! 1, 2 u 3 pacnonox)eHbl TOPU30HTATIBHO.



Zh
2 L .
|
|
J R_]' S I
% l I

i A
& 8 & (070005 Q
Puc. 6.4. IlapannensHoe coequHeHUE TPYOOIIPOBOIOB

O0603HaunM moJHbIe Hanopbl B Toukax M u N coorBercTBeHHO Hy 11 Hy , pacxoa B ocHOBHOM
MarucTpaiu (T.e. 10 pa3BeTBICHUS U MOCIIE CIUsAHUSA) - yepe3 Q, a B mapajijiesIbHbIX
TpyOomnpoBoaax yepe3 Qq, Q, u Q3; cyMMapHBbIe MOTEPH B 3TUX TPyOONPOBOIAX Yepes X; , Xp U
;.

OueBHIHO, YTO PACXO]T )KUIKOCTH B OCHOBHOW MarucTpain
Q=0:1=0Q.=0Q;

BripaszuM noTepu Haropa B KaKJI0M U3 TPyOOTPOBOIOB Yepe3 MOJHBIC HATOPHI B
Toukax M u N :

Zhl =H -H- th =H H Zh3 =H -H
OrTcroma gemaeM BBIBOJI, YTO
IRDIESI

T.€. IOTEPH Haropa B NapajljIesIbHbIX TPYOOIPOBOAaX paBHbI MEXTy co00il. X MOXKHO
BBIPA3UTh B OOLIEM BHJIE UEPE3 COOTBETCTBYIOLIUE PACXObI CIEAYIOIIUM 00pa3oM

h =K m. h =K m. h =K m
2 =KQuM 2 =K,0,M™ 2 =K,
rac K um- OHpeI[eJ'IHIOTCH B 3aBUCUMOCTHU OT pe)KI/IMa TCUCHUA.

W3 nByX nocnenHNX ypaBHEHHUH BBITEKAET CIEIYIOIIEE IPABUIIO: IS IOCTPOECHHUS
XapaKTEPUCTUKH MapajIeIbHOTO COEAMHEHUSI HECKOJIBKUX TPYyOOIPOBOJIOB CIEAYET CIOKUTh
a0cImcchl (PacXo/Ibl) XapaKTEPUCTUK ITUX TPYOOIPOBOJIOB MPU OJMHAKOBBIX opauHaTax ( X h).
[Ipumep Takoro nocTpoeHus JaH Ha puc. 6.3, 0.

Pa3zeemenennoe coeounenue. Pa3BeTBICHHBIM COEMHEHNEM HA3bIBAETCSI COBOKYITHOCTh
HECKOJIbKMX MPOCTBIX TPYOONPOBOOB, UMEIOIIMX OJHO O0IIee CEYeHHE - MECTO Pa3BETBICHUS
(w1 cMbIKaHus) TPYO.



Puc. 6.5. PazBeTBieHHbIN TPyOOIPOBOA

[Tyctb ocHOBHOM TpyOOIIPOBO MMEET Pa3BETBICHUE B ceueHUHn M-M, OT KOTOPOTO OTXOJST,
Harpumep, Tpu TpyObil, 2 u 3 pa3HbIX JUAMETPOB, COACPIKAIINE PA3TUIHBIC MECTHBIC
conpotuieHus (puc. 6.5, a). 'eomeTprueckue BbICOTHI Z1, Zy U Z3 KOHEUHBIX CEUCHUN U
nasieHus Py, P, u P3 B HUX OyayT Takxe pa3inyHbI.

Taxk e Kak u s mapauiedbHbIX TPYOOIPOBOAOB, OOIINNA PacXoj B OCHOBHOM TPyOOIPOBO/IE
OyzieT paBeH CyMME PacXoJ0B B KaKJI0M TpyOoIpoBoe:

Q=Q:=0Q=0Q3

3anucaB ypaBHeHUue bepHyiu qis ceuenus: M-M 1 KOHEUYHOTO CEYEHUsI, HAaIlpUMEP MEPBOIO
TpyOOIpoBOa, NOJYYUM (MpeHeOperas pa3HOCThIO CKOPOCTHBIX BBICOT)

E
H :z+—1+Eﬁz
i 1 ng 1

O0603HaunB CyMMY NEPBBIX JBYX WICHOB uepe3 H,,, 1 Bblpaxkas TpeTHil €wieH yepes pacxon (Kak
3TO Aenanock B 11.6.1), monydyaem

Hum = Hen s + KQ,"
AHaJOrMYHO [UIS ABYX APYTUX TPYOOIPOBOIOB MOKHO 3aIIMCaTh

Hum = Hen 2 + KQ,"

Hu = Hew 3 + KQ3"

Takum 006pazoM, moJlydaeM CUCTEMY YEThIPEX YPaBHEHHUH C YETHIPHMS
Hem3BeCTHBIMH: Qq, Qo 1 Q3 1 Hy.

[TocTpoenune kpuBOi MOTPEOHOTO HAMOPA VISl pa3BETBICHHOTO TPYOOIIPOBO/Ia BHITIOIHACTCS
CJIOKEHUEM KPHUBBIX MOTPEOHBIX HAMIOPOB JUIsl BETBEH MO MPABUITY CIIOKEHUS XapaKTEPUCTUK
napaieIbHBIX TPyOOIIPOBOIOB (puc. 6.5, 0) - cnoxkenunem abdcnuce (Q) mpy 0IMHAKOBBIX
opaunartax (Hy). Kpusbie noTpeOHBIX HanmopoB AJis BeTBel oTMedeHsl iudpamu 1,2 u 3, a
CyMMapHasi KpuBasi IOTpEOHOT0 HaImopa il BCETO pa3BeTBIICHUs o0o3HavyeHa OykBamu ABCD.
N3 rpaduka BUIHO, UTO YCIOBUEM TOIaYH KUKOCTH BO BCE BETBU SIBIIACTCA

HepaBeHcTBO Hy > H,,, ).

6.3. Ci10:kHBIC TPYOONIPOBOABI



CnoxHbIi TpyOOIPOBO/I B 00I1IEM CITy4Yae COCTABIIEH U3 MPOCTHIX TPYOOIPOBOIOB C
MOCJIEA0BATEIbHBIM U MApAJUIETbHBIM UX COeTMHEHUEM (puc. 6.6, a) WK ¢ pa3BETBICHUSIMU
(puc. 6.6, 0).

&) )
Puc. 6.6. CxemblI clokHBIX TPyOOTIPOBOJOB

PaccMoTpuM pa3oMKHYTHIN CIOXKHBIN TPYOOTpoBo (puC. 6.6, 6). MaruCTpadbHBIN TPYyOOIIPOBO/T
pasBetBisieTcs B Toukax A u C. JKunkocts nogaercs k Toukam (ceuenusim) B, Du E ¢

pacxogamu Qg u Qp 1 Qg .

[TycTh U3BECTHBI pa3Mepbl MarucTpajiei u Bcex BeTBel (IIPOCThIX TPyOONPOBOIOB), 3a/IaHbI BCE
MECTHBIC COITPOTHUBJICHHUS, & TAK)KE T€OMETPUIECKUE BHICOTHI KOHEUHBIX TOUCK, OTCUNTHIBACMBIC
oT m1ockocty M - N 1 u30BITOUHEIC JTaBJICHUS B KOHEYHBIX TOUKax Pg u Pp u PE.

I[J'IH 9TOro Cliydas BO3MOZKHbBI ABA B4 3aaa4:

3aoaua 1. Jlan pacxon Q B ocHoBHOM maructpainu Ma. Heobxoanmo onpenenutsb
pacxosl Qg 1 Qp 1 Qg, a Takke MOTPeOHBIN HAIIOP B TOUKE M.

Hoyy = Hag = 22

b h

3aoaua 2. Jlan nanop B Touke M. Onpeaenuts pacxoa B Maructpaiu Q u pacxofsl B Kaxa0u
BETBH.

O06e 3a1a4M penIaroT Ha OCHOBE OJTHOM M TOM )K€ CUCTEMbl YPAaBHEHUM, YUCIIO KOTOPHIX Ha
eAMHMILY OOJIBIIIE YMCTIa KOHEYHBIX BETBEH, 8 HIMEHHO:

YpaBHEHHE PacXOA0B:
Q=Qs=Qp=0Q&
ypaBHEHHUE paBeHCTBa MOTpeOHbIX HamopoB it BetBelr CD u CE
Hemp + KepQp” = Hem £ + KceQE”
ypaBHEHHUE PaBEHCTBA MOTPEOHBIX HAMIOPOB J1JIsl BETBU AB U ciioxHoro Tpydonposoga ACED
Hem s + KagQe"™ = Hem p + KepQp™ + Kac(Qp + Qg)”

BBIpaXKEHHE sl TIOTPEOHOr0 HAmopa B Touke M

b's
Pg

Hye = = Fopg0™ + H, 5 + K 0208



Pacuer ci1okHBIX TPyOOIIPOBOJIOB YACTO BBIMOJIHAIOT IPaPOaHATUTUHIECKUM CIIOCOOOM, T.€. C
NPUMEHEHUEM KPHUBBIX MOTPEOHOI0 HANopa U XapakTepUCTUK TpyOonpoBooB. Kpusyto
MOTPeOHOTO Haropa ISl CII0KHOTO TPYyOOIIPOBO/Ia CIEAYET CTPOUTH CIICTYIOIIMM 00pa3oMm:

1) cmoXxHBIN TPYOOIIPOBO pa30MBAIOT Ha Psi MPOCTHIX;

2) CTPOSIT KpUBbIE NOTPEOHBIX HAMIOPOB I KaXKIOTO U3 MPOCTHIX TPYOOIPOBOIOB;

3) cKJIaabIBAIOT KpHUBbIE TOTPEOHBIX HATIOPOB Ui BeTBEH (M MapaijieNbHbIX JIUHUHN, €CITU OHU
MMEIOTCSI) 110 MPABIITY CJIOKEHUS XapaKTEPUCTUK MapajlieIbHbIX TPyOOIPOBOJIOB;

4) noy4eHHYI0 KPUBYIO CKIIAJBIBAIOT C XapaKTEPUCTUKOMN MOCIEA0BATENHLHO TPUCOSTUHEHHOTO
TpyOOIIPOBOA MO COOTBETCTBYIOMIEMY TPaBMITY (CM. 11.6.2).

Taxum 06pa3om, npu pacyere UAYT OT KOHEUHBIX TOYEK TPYyOONpoBoIa K HauaIbHOU TOYKE, T.€.
MPOTUB TEUEHUS KUIKOCTH.

CnoscHulil Koibyesoil mpyoonpoeod. llpencrapiser cod0l CUCTEMY CMEXHBIX 3aMKHYTHIX

KOHTYPOB, C OTOOPOM >KHMJIKOCTH B Y3JIOBBIX TOUKAX WJIM C HEMIPEPHIBHOM pa3aaueil KUAKOCTH
Ha OTAEJbHBIX ydyacTKax (puc. 6.7).
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Puc. 6.7. Cxema cloKHOTO KOJIBIIEBOTO TPYOOIIpOBOIa

3ajaun A1 TaKUX TPYOOIPOBOIOB PEIIAIOT AHATIOTHYHBIM METOJIOM C MPUMEHEHHUEM
anexTpoananoruit (3akoH Kupxroda). [Ipu 3Tom 0cHOBBIBaIOTCA Ha ABYX 00s13aTEIBHBIX
ycnoBusix. [lepBoe ycnoBue - 6aiaHc pacxofoB, T.€. PABEHCTBO MPUTOKA M OTTOKA KUJAKOCTH
JUTSL K&KJIOM y3710BOM TOukH. BTopoe ycioBue - 6ajiaHc HanmopoB, T.€. paBEHCTBO HYJIIO
anreOpandecKol CyMMBI IIOTEPh HAMOpa JJIs KaXKJ0To KoJiblia (KOHTYpa) MpH MOACYETe 10
HaITPaBJICHHUIO JBMKCHHS 9aCOBOM CTPEIIKH WIIA IMPOTUB HEeE.

Jliis pacueTa Takux TpyOONpPOBOIOB TUITMYHOM SBJISIETCS cieayromias 3aaa4a. [lan
MaKCUMaJIbHbI{ HANlOp B HAYaJIbHOW TOUKE, T.€. B TOUke 0, MUHUMAaJIbHBIN HAaNop B HauboJiee
ylaJeHHOU Touke £, pacXo/pl BO BCEX IIECTH Y3JIaX U JUIMHBI CEMHU YYacTKOB. Tpedyercs
OTIPEICTUTh TUaMEeTPhl TPYOOTIPOBOIOB HA BCEX YUACTKAX.

6.4. TpyOonpoBoAbI ¢ HACOCHOM MOAAYEH KUAKOCTEH

Kak yxe oTMedanoch BhIllIe, TIEpernal ypoBHEH IHEPTUH, 3a CUET KOTOPOTO KUIKOCTh TEUET T10
TpyOOIPOBOAY, MOKET CO3/1aBaThCs pabOTOM Hacoca, UTO MIMPOKO MPUMEHSETCS B
MalIMHOCTPOEHUH. PaccMOTpuM COBMECTHYIO paboTy TpyOOIpoBoia ¢ HACOCOM U IPHUHIIMII
pacdeta TpyOOIpoBOa ¢ HACOCHOM MOaue KUIKOCTH.

TpyOonpoBoa ¢ HacOCHOM Mo1avuei KUAKOCTU MOKET ObITh PA30MKHYMbIM, T.€. IO KOTOPOMY
KUJKOCTH TIEPEKAuUBACTCS U3 OJTHOM €MKOCTH B JIpyryio (puc. 6.8, a),



WM 3aMKHYMbIM (KOJBIIEBBIM), B KOTOPOM IUPKYJIHPYET OJTHO M TO K€ KOJIUIECTBO KHUIKOCTH
(puc. 6.8, 0).
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Puc. 6.8. TpybonpoBoabl ¢ HACOCHOM MoJaveit

PaccmoTpum TpyOOIIpOBO/I, MO KOTOPOMY MEPEKAUMBAIOT KUJIKOCTh U3 HUXKHETO pe3epByapa ¢
nasieHuem P ¢ B npyroii pezepByap ¢ gasieHuem P; (puc. 6.8, a). BeicoTa pacnonoxeHust ocu
Hacoca Hj Ha3bIBaeTCsiceomempuueckoli 8b1COMOLL 6CACLIBANUL, 3 TPYOOIPOBOI, IO KOTOPOMY
KHUJIKOCTB TIOCTYTIAET K HACOCY,8CACHIBAIOWUM MPYOONPOE8OOOM U TUHUEU 8CACHIBAHUA.
BricoTa pacronioskeHus: KOHEUHOTO ceueHus TpyOonpoBoaa H, HazbIBaeTCs ceomempuueckotl
8b1COMON HacHemaHusl, a TPyOOIPOBO/, 10 KOTOPOMY KHJIKOCTb IBUKETCS OT

Hacoca, HanOPHbIM WIN JUHUEU HACHEMAHUSL.

CocrtaBuM ypaBHEHHEM bepHYIIIN 1715 TOTOKA paboyelt )KMIKOCTH BO BCACHIBAIOIIIEM
TpyOomnpoBoae, T.e. mst ceueHuit 0-0 u 1-1 (mpuanmast o = 1):
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210 YPaBHCHUC ABJIACTCA OCHOBHBIM IAJIA paCuCTa BCACBIBAOIINX TPY6OHPOBO,HOB.

Tenepb paccMOTpUM HAIMTOPHBIN TPYOOIIPOBO/I, TSI KOTOPOTO 3aMHuIleM ypaBHeHHEe bepHyum,
T.€. JUIA ceueHui 2-2u 3-3:
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JleBast yacTh 3TOrO YPaBHCHUS ITIPCACTABIIACT coOoi OHCPI'UI0 ) XUJIKOCTHU Ha BBIXOJC U3 HACOCA.
A Ha BXOO€ HaCcoCa SOHCPIUIO ) XUIKOCTU MOXKHO 6yz[eT AHAJIOTUYHO BBIPA3UTh U3 YPABHCHUA!
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Takum 00pa3oM, MOXKHO TIOJICUUTATH MPUPAICHUE SHEPTUHN KUIKOCTH, TPOXOAIICH Yepes
HAcoC. DTa 3HEPrus CO00IaeTCs KUAKOCTH HACOCOM U MOATOMY 0003HadaeTcsi 00braHO H, 0.

Jlns HaxoskieHus Hamopa H,,,. BBIYUCINM ypaBHEHHE :
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rae Az - moJiHasi reOMETpUYEecKasi BbICOTa MOAbeMa KUAKOCTH, Az = H 1 + Hy;
KQ™ - cyMMa ruapaBiIudecKux IoTepsb,
P3; u Py - naBieHue B BEpXHEW U HUYKHEW €eMKOCTH COOTBETCTBEHHO.

Ecnu x neiicTBUTENbHON Pa3HOCTH YPOBHEW Az 100aBUTH Pa3HOCTD MbE30METPUUYECKUX BBICOT
(P3-Py) ( pg), TO MOKHO pacCMaTpUBaTh YBEIUUYCHHYIO Pa3HOCTh YPOBHEH

5-5
FE

H =hz+

1 GOpMyITy MOKHO MIepenucaTh Tak:
H,q = H., + KQ"
Hac cm
N3 atoit hopMybl AernaeM BBIBO, YTO
HHCIC’ = Hnomp

OTcroa BhITEKaeT cleayloliee MpaBuiIio YCTOMYUBOM paboThl HAacOca: MPU yCTaHOBUBIIEMCS
TEYEHUH KUJIKOCTU B TPYOOTIPOBOE HACOC Pa3BUBAET HAIOP, PABHBIN MOTPEOHOMY .

Ha 3ToM paBeHCTBE OCHOBBIBAETCSI METO/] pacueTa TpyOOIPOBOIOB C HACOCHOM Mo aueH,
KOTOPBIH 3aKJIF0YACTCSl B COBMECTHOM MTOCTPOCHHUU B OJTHOM M TOM K€ MacmTade v Ha OJJHOM
rpaduke AByx KpuBbIX: Hanopa H,,,, = f1(Q)n xapakrepuctuku Hacoca H,,. = f2(Q) n B
HaxO0XXJICHUHU UX TOYKH mnepecedeHus (puc. 6.9).

4 A
Moo
A A
| Huge Haomp. I Hyvae
I I
! ) !
3 ! 5 |
o | = |
I - { | -
o a g i

Puc. 6.9. I'padmueckoe HaxoxkACHUE padoUeii TOUKH

XapaKkTepuCTHUKOM Hacoca Ha3bIBAETCs 3aBUCMMOCTh HAropa, Co3aBaeéMOro HaCOCOM, OT €ro
nojauu (pacxoja ®KUAKOCTH) MIPHU MOCTOSTHHOM YacToTe BpallieHus Baja Hacoca. Ha puc. 6.9
JIaHO J1Ba BapuaHTa rpaduka: a - Ay TypOyJIEHTHOTO PEKUMA; 6 - JJIsl JAMUHAPHOTO peKuMa.
Touka nepecevyeHns KpuBOi MOTPeGHOrO HATNIOpa ¢ XapaKTePUCTUKON Hacoca

Ha3bIBaETCA pabouelt moukou. UToObI OIYIUTH APYTYIO pab0UuyIo TOUKY, HEOOXOIMMO



M3MEHUTH OTKPBITHE PErYJIUPOBOYHOTO KpaHa (M3MEHUTh XapaKTEPUCTUKY TPyOOIpOBOJIa) K
VM3MEHNTH YaCTOTYy BPAILlCHUS Bajla HACOCA.

6.5. I'mapaBianyeckuii yaap

['unpaBauvecKuM y1apoM Ha3bIBAETCS PE3KOE MOBBIIIICHUE 1aBJICHUS, BOSHUKAIOIIEE B
HANIOPHOM TPYOOIIPOBO/IE MPH BHE3AITHOM TOPMOXKEHHUH MOTOKA pabouei KUIKOCTH. DTOT
MPOLIECC ABJISETCS OYEHb OBICTPOTEYHBIM U XapAKTEPU3YETCS YePEIOBAHUEM PEIKHUX
MOBBIIICHUN U TOHM>KEHUN JABJICHUS, KOTOPOE CBSI3aHO C YNIPYTUMHU JehOpMAaIUsIMU KUJIKOCTH
U CTEHOK TpyOompoBoja. ['mapaBiudeckuii yaap yalie BCero BO3HUKAET IPU PE3KOM OTKPBITUU
WJIM 3aKPBITUH KPaHa WU IPYTOro yCTPOMCTBA, YIIPABISEMOT0 TOTOKOM.

ITycTh B KOHIIE TPYOBI, IO KOTOPOU ABUKETCS JKHJIKOCTH CO CKOPOCTBIO Vg, POU3BEICHO
MTHOBEHHOE 3aKphITHE KpaHa (puc. 6.10, a).
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Puc. 6.10. Ctaguu rugpaBInyecKoro yaapa

[Ipu 3TOM CKOPOCTH YaCTHII, HATOJIKHYBIIIMXCS Ha KpaH, OyJIeT MoraiieHa, a uXx KHHETHIeCKas
SHEprus nepeiaer B paboty aegopmMaiuu CTEHOK TpyObl U KUAKOCTU. [Ipu 3TOM cTeHKU TPpYOBI
PaCTATHBAIOTCSA, & )KUAKOCTh CKUMAETCSA B COOTBETCTBUU C YBEJIMUCHUEM JIaBJIICHUS Ha
BemmunHy AP, KoTopoe HaspiBaeTCs yaapHeIM. O01acTh (ceuenue N - N), B KOTOPOi
MIPOUCXOIUT YBEINYEHUE JaBICHNUS, HA3bIBACTCS YIapHOM BOJHOW. Y JapHas BOJIHA
pacnpocTpaHseTcst BIPaBO CO CKOPOCTHIO €, HA3bIBAEMOM CKOPOCTBIO YAapHOU BOJIHBI.

Korpaa ynapHas BojHa IepeMeCTUTCS 10 pe3epByapa, )KUIKOCTh OKaXXETCSI OCTAHOBJIEHHOW U
c)KaToi BO Bcel TpyOe, a CTEHKH TPYOBI - paCTAHYTHIMU. Y JapHOE MOBBILICHUE 1aBJICHUS
pacnpocTpaHUTCs Ha BCIO JUIMHY TpyOs! (puc. 6.10, 0).



Hanee nox neicTeueM nepenaja aasieHus AP,y 9acTHIBI JKUIKOCTH YCTPEMATCS U3 TPYObI B
pe3epByap, IPUUEM 3TO TEUEHUE HAYHETCS C CeUEHUs], HETIOCPEICTBEHHO MPUJIETAIOIIET0 K
pesepByapy. Teneps ceueHue N-NmepeMeniaeTcst 00paTHO K KpaHy ¢ TOM K€ CKOPOCTBIO C,
OCTaBJIsis 3a cOO0M BEIpOBHEHHOE AaBiieHue Py (puc. 6.10, B).

Kunkocts 1 cTeHKH TPYOBI MPEANONAratoTCsl yIPyTUMH, TO3TOMY OHHU BO3BPAILIAIOTCS K
MPEKHEMY COCTOSTHUIO, COOTBETCTBYIOLIEMY AaBiieHuto Py. PaGora gedopmariyiu nmoiHocTbo
NEPEXOIUT B KHHETHUYECKYIO SHEPTHIO, U )KUJIKOCTh B TpyOe npruoOpeTaeT nepBoHAYaIbHYIO
CKOPOCTb Vg, HO HAMPAaBJIEHHYIO TENEPh B MPOTUBOMOJIOXKHYIO TE€IIEPh CTOPOHY.

C 3TO#1 CKOPOCTHIO BECh 00BEM JKUIKOCTH CTPEMUTCS OTOPBATHCS OT KpaHa, B pe3yJjIbTaTe
BO3HMKAET OTPULATENIbHAS YAapHas BOJIHA 1O aaBiaeHueM Pg - AP,,, KoTOpas Hanpapisercs ot
KpaHa K pe3epByapy cO CKOPOCTBIO C, OCTaBJIsis 3a COOOM CKaBIIKUECS CTEHKH TPYOBI U
PaCHIMPUBIIYIOCS KUAKOCTh, YTO 00YCIIOBICHO CHUKEHUEM aaBienus (puc. 6.10, ).
Kunernueckas Heprus >KMJIKOCTA BHOBb MEPEXOIUT B padOTy aedopmMaliuii, HO
MIPOTUBOIIOIOKHOTO 3HAKA.

Coctosinue TpyObl B MOMEHT MPUXO0/a OTPUIIATENLHOM yAapHOU BOJIHBI K pe3epByapy MOKa3aHO
Ha puc. 6.10, e. Tak >xe Kak u 114 ciydasi, n300pakeHHoro Ha puc. 6.10, 6, 0oHO HEe ABISETCS
paBHoBecHbIM. Ha puc. 6.10, k, moka3aH nporecc BbIpaBHUBAHUS JaBICHUS B TPyOe U
pe3epByape, CONPOBOXKAAIOIIMNICI BOSHUKHOBEHUEM JIBUYKEHUS KUIAKOCTH CO CKOPOCTHIO Vy.

Ou4eBuaHO, YTO KaK TOJIBKO OTPaXKEHHAs OT pe3epByapa yAapHas BOJIHA MO/ 1aBJIEHUEM
AP,y TOCTUTHET KpaHa, BOSHUKHET CUTYyalus, y>KE NIMEBIIAsi MECTO B MOMEHT 3aKPBITHS KpaHa.
Becp nuki ruipaBiIndeckoro yaapa noBTOPUTCA.

[IpoTexanue ruapaBIMUECKOro yaapa BO BpEMEHU WLTIOCTPUPYETCS JUarpaMMOH,
IpeacTaBlieHHOMN Ha puc. 6.11, a u 0.

HITpUXOBBIMHU JTUHUSMH OKA3aHO TEOPETUUECKOE U3MEHEHNE JABJICHNS Y KpaHa B TOUKeE A, a
CIUIOLTHOM JIEMCTBUTEIBHBIN BUJI KAPTUHBI U3MEHEHHUS JaBJIeHUs 10 BpeMenu (puc. 6.11, a).
[Ipu aTOM 3aTtyxaHue KojeOaHUI NaBICHUS MPOUCXOANT 3a CUET MOTEPb SHEPTUU KUAKOCTH Ha
MPEOA0JICHNE CHJI TPEHUS U yXOJ1a DHEPTUU B PE3EpPBYyap.

Ecnu naBnenune Py neBenuko (Py < AP ), To KapTHHA U3MEHEHHS aMILIUTY bl 1aBICHUS
MOJTy4aeTcsl HECKOJIBKO MHasl, MPUMEPHO TakKasi, Kak Ioka3aHo Ha puc. 6.11, 6.
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Puc. 6.11. U3MeHeHue naBieHUs IO BpEMEHH Y KpaHa

(Y

[ToBbIlIeHNE aBICHUS TIPU THAPABINYECKOM yIape MOKHO ONPEACIUTh 10 GopMyIie



AP,y = pogC

JlanHoe BbIpakeHHe HOCUT Ha3zBaHue Gpopmyiibl JKykoBckoro. B HeM ckopocthb
pacnpocTpaHeHHs YAApHOU BOJIHBI ¢ ONPEAETUTCS 10 popMmyJie:

1

b2

K oF

rze I - paauyc TpyOonpoBoa;

E - Mogynp ynpyroctu matepuaia TpyOsI;

d - TOJIIIIMHA CTEHKH TPyOOIPOBO/Ia;

K - 00beMHBIH MOYJTb YIIpyrocTy (cM. 11.1.3)

Ecnu npennonoxute, 4To TpyOa uMeeT abCOIIOTHO KECTKUE CTEHKH, T.€. E = e , TO CKOpOCTH
YJQpHOU BOJIHBI OIPEIEIIUTCS U3 BbIPAKEHUS

Jliist BoZbI 3Ta cKOpocTh paBHa 1435 m/c, s 6ensuna 1116 m/c, nus macia 1200 - 1400 m/c.
6.6. I3MeHeHNe MPONMYCKHOM CMIOCOOHOCTH TPYOONPOBO/I0B B MPOLiEcce UX IKCIIyaTAlUH

[Ipu npoexkTupoBaHUU HATIOPHBIX TPYOOMPOBOAOB CIAEAYET YUUTHIBATh, UYTO UX MPOITYCKHAS
CIIOCOOHOCTb B MEPHOJ] SKCILTyaTalliu CHIXKAETCs (HalpuMep, ISl BOJOTIPOBOIHBIX TPYO 110
50% u gaxxe HKe). BenencTBue Koppo3uu v 00pa3oBaHuUs OTIOKEHHM B TpyOax
(MHKpYyCTalKK), EPOXOBATOCTh TPYO YBEIMUUBACTCS. DTO MOXKHO OIICHUTH 10 (popmyrie:

kt:ko‘l‘at

rie Ko - abCcotoTHas IEpPOXOBATOCTD /ISl HOBBIX TPYO, (MM),
K - mepoxoBaTocTh yepes t et FKCIuTyaTaum,
0o, - KOO PUITMEHT XapaKTEepU3yIOUTUi OBICTPOTY BO3PACTAHMSI IIEPOXOBATOCTH (MM/TO).

Tao0muma 6.1



SeadeHie ko3 dInenTa o B 2aEHCHMOCTH
0T D20 - EC KT CEOACTE TPAHCIIOPTHEVEMOH EQIEL

KoppossoHEHoe
i — XapaKkTepHCTHKA NPHPOTHELX BOJ o, MBLTO
Crafh 0nIHEPAIT I 0BAHHEIE HE KOPPOSHOHHELE EOMEL C 000520055
Crafoe HESHAMHTEIEHEL] COCEEAHHNEM 0T AHHTeCkITT T
EEIECTE M pacTE0pEHHOT 0 3 ETesa (cpeqpuat 0,025)
Crab onMIHEpAIT: 0BAHHEE KOPp 0SHOHHELE BOJEL 0.035.0.13
Y MepeHHOE CONEIEAIITHE OPTAHITHECKIE BEI[eCTES H il III 0
PACTEOREHHOE 3 ENE2 0 B KOJIHeCTEE 3 M/IL (cpemns 0.07)
2 BeckMa KoppOsHOHHEIE BOOEL C COTEEAHNEN ¥ elesa 0,15-0.40
HAHTETEHOE Gomee 30 pr/7, HO © MATELI CONEMEAHHEM IOPHI0E. (cpemmza 0,20
Cogepaasen ZI0PH0E H cyikdaroe fomeie S00- 0.40-0.60
CHIEHOE T00 pr/m, a Tarcyk e HeobpaloTaHrEIe BOOE ¢ DOJEITM ST
{cpemgead 0,515

COOEICEAHHEM 0PI aHHSECEIE BEATECTE.

Bopa co sHarmTemEH0R KaphosarHOR H Manod
TIOCTOAMHOH #ECTEOCTER , C ITOTHER O CATEOM oT 06 m 1w
Bomernre 2000 parfr, CHIEHO MEHEPATEE (BAHHELE H bomee

KO} O HHHELE.

CEHE CHIEHOE




TecThl K Jexkuu Ne6

6.1. Uto Takoe KOPOTKUM TPyOOTIpOBO?

a) TpyOOIpPOBOJI, B KOTOPOM JIMHEHHbIE MOTEpU HANopa He mpeBbIIatoT 5. ..10% MecTHBIX
NOTEph HAIOPA;

0) TpyOOmnpoOBOA, B KOTOPOM MECTHBIE MOTEPH Haropa npesbimaiot 5...10% noreps Hanopa no
IUINHE;

B) TpyOOIIPOBO/I, WTMHA KOTOPOTO HE mpeBbiaeT 3HadeHus 100d;

') TpyOOIPOBO/ MOCTOSTHHOTO CEUEHHUs, HE UMEIOIIUN MECTHBIX COTIPOTUBIICHHIM.

6.2. Uto Takoe MIMHHBIN TPyOOTIPOBOI?

a) TpyOOMnpoBO, IIMHA KOTOpPOro npeBbiiiaet 3Hauenue 100d;

0) TpyOOIpOBO/, B KOTOPOM JIMHEWHBIE TOTEPU HAMOPA He MpeBbImatoT S...10% MecTHhIX
NoTeph HAMOPa;

B) TpyOOMpOBO/I, B KOTOPOM MECTHBIE MMOTEPH Haropa MeHblie 5. ..10% moreps Hamopa no
IUTAHE;

') TPyOOIIPOBO/ MOCTOSIHHOTO CEYEHUSI C MECTHBIMU COMIPOTUBIICHUSMHU.

6.3. Ha xakue BUIBI IEIATCS AJIMHHBIE TPYOOIIPOBOIBI?

a) Ha MapajuieJIbHbIE U MTOCJIEIOBATEIbHbIE;
0) Ha IPOCTHIC U CIIOKHBIE;

B) Ha MPSIMOJIMHEHHBIE U KPUBOJIUHEHHBIE;
I') Ha Pa3BETBIICHHBIE U COCTABHBIE.

6.4. Kakue TpyOGonpoBoIbl HA3bIBAIOTCS MPOCTHIMU?

a) MOCJIeJI0BATEIbHO COCTUHEHHBIE TPYOOPOBOIBI OJTHOTO WM PA3IMYHBIX CEUeHU 0e3
OTBETBJICHUM;

0) mapayuieIbHO COSAMHEHHBIE TPYOOIPOBOIBI OJTHOTO CCUCHHS,;

B) TpyOOIIPOBOIBI, HE COJEPKAIINE MECTHBIX COMPOTUBIICHUI;

T') IOCJIEI0BATEIFHO COSMHECHHBIC TPYOOIPOBOIBI COIEPIKAIIKE HE 00JIee 0THOTO
OTBETBJICHUS.

6.5. Kakue TpyOompoBOAbI HA3BIBAIOTCS CIIOKHBIMH?

a) mocJieZIoBaTesIbHbIE TPYOOTPOBO/IbI, B KOTOPHIX OCHOBHYIO JIOJIIO IOTEPh SHEPTUU
COCTaBJISIIOT MECTHBIE COIIPOTUBIICHNUS;

0) mapajuie’IbHO COeAMHEHHbIE TPYOOTPOBOABI PA3HBIX CEUCHMUI;

B) TpyOOIPOBO/IbI, UMEIOIINE MECTHBIE COTTPOTUBIICHHS;

r) TpyOOnpoBObI, 00pa3yroliue CUCTEMY TPYO € OJTHUM UJIU HECKOJIBKUMU OTBETBICHUSIMHU.

6.6. Uto Takoe xapaktepucTuka TpyoomnpoBoaa?



a) 3aBUCUMOCTb JIaBJICHUs Ha KOHIE TpyOONpoBOIa OT pacxoja KUAKOCTH;
0) 3aBUCHMOCTbh CyMMAapHOM MOTEpHU HAMOPa OT JaBJICHUS;

B) 3aBUCUMOCTb CYMMapHO! IOTEPH HAIOpa OT Pacxoia;

I') 3aBUCUMOCTh CONPOTHUBIICHUS TPYyOOIPOBO/IA OT €ro JUIUHBI.

6.7. Crarnueckuii Harop H,, 3T0:

a) pa3HOCTh TEOMETPHUUECKOM BBICOTHI AZ 1 Tb€30METPUIECKON BHICOTHI B KOHEYHOM CEYCHUH
TpyOOIpoBOa;

0) cymMMa TeoMeTpUIeCKOM BHICOTHI AZ M Tb€30METPUUYECKON BBICOTHI B KOHEYHOM CEYCHHH
TpyOOIpoBOa;

B) CyMMa MhE30METPUIECKUX BBICOT B HAYAJIbHOM U KOHEYHOM CEUCHHH TPYyOOTPOBO/IA;

T') Pa3HOCTh CKOPOCTHBIX BBICOT MEKy KOHCUHBIM M HauaJIbHBIM CEUYCHUSIMHU.

6.8. Ecnu anst mpocToro Tpy6omnpoBoaa 3anucaTh ypaBHeHre bepHyium, To mbe3oMeTprudeckas
BBICOTA, CTOSIIIAs B JICBOM YaCTH YpaBHEHUS HA3bIBACTCSA

a) MOTPEOHBIM HATIOPOM;

0) pacrmoiaracMbIM HaIlOPOM;
B) TIOJIHBIM HATIOPOM;

T') HaYaJIbHBIM HAIlOPOM.

6.9. KpuBas norpebHoro Hamopa orpaxaer

a) 3aBUCUMOCTbD MTOTEPh IHEPTUU OT JAABJICHUS B TPyOONPOBO/IE;

0) 3aBUCUMOCTH COIIPOTUBIICHUS TPYOOIPOBOAA OT €r0 MPOITYCKHON CIIOCOOHOCTH;
B) 3aBUCHUMOCTb OTPEOHOTO HAIopa OT pacxo/a;

I') 3aBUCUMOCTh PEXUMa JBUKEHUS OT pacxoja.

6.10. IToTpeOHBIii HATIOP 3TO

a) HaTop, MOJYYCHHBIA B KOHEYHOM CEYEHUU TPYOOIPOBOIa;

0) Harop, KOTOPBIN HY>KHO COOOIIUTH CUCTEME IS TOCTHKEHHUSI HEOOXOMMOTO JIaBIICHUS U
pacxojia B KOHEYHOM CEUEHUH;

B) HAIOp, 3aTpaurBaCMbIi Ha MTPEOJI0JICHHE MECTHBIX COTIPOTHUBIICHUHN TPyOOIIPOBO/Ia;

T') Harop, COOOIIAEMBIi CUCTEME.

6.11. [1pu nogave >KUIKOCTH MO MOCIEIOBATEIHPHO COSTMHEHHBIM TpyOonpoBoaam 1, 2, u 3
pacxo/ )KUIKOCTH B HUX

a) Q=01+ Qo+ Qg;
0) Q1> Q2> Qg;
B) Q1 < Q< Qg;
N Q=0Q:=Q,=Qs.

6.12. [1pu mogave >KUIKOCTH TIO MOCIIEIOBATEIHHO COSAMHEHHBIM TpyOomnpoBoaam 1, 2, u 3
oO11ast noTepsi Haropa B HUX

a) Zh = Zhy - Shy - Sh;
6) 2hy > 2hy > 2hs;



B) Sh = Shy + Zhy + Shs;
F) Zhl = th = Zhg

6.13. [Ipu mogave >KUIKOCTH 10 MapajuieIbHO COSAMHEHHBIM TpyOompoBoaam 1, 2, u 3 pacxon
KHUJIKOCTH B HUX

a) Q=0Q;=Q,=Q3;
0) Q1> Q2> Qg;
B) Q1 < Q< Qg3;
r) Q=0Q;+ Q.+ Qg;

6.14. [1pu mogave >KUIKOCTH TIO MapajieIbHO COeAMHEHHBIM TpyOompoBoaam 1, 2, u 3 obOmas
MOTeps Haropa B HUX

a) Zhl = Zhg = Zhg

6) 2hy > 2hy > 2hs;

B) 2h=2hy-2h,- 2]’13,
l") 2h = Ehl + Zhg + Zh:g

6.15. Pa3zBeTBieHHBIN TPYOOIIPOBOI 3TO

a) TpyOONPOBO/I, PACXOISAIIUICS B Pa3HbIe CTOPOHBI;

0) COBOKYITHOCTh HECKOJBKHX MPOCTHIX TPYOOIPOBOIOB, MMEIOIINX HECKOJIBKO OOITHUX CEUCHUMN
- MECT Pa3BETBIICHMUIA;

B) COBOKYMHOCTb HECKOJIBKHUX MPOCTHIX TPYOOIPOBOIOB, UMEIOLIUX OJHO 00IlIee CEYEHHE -
MECTO pa3BETBJICHHUS;

I') COBOKYITHOCTb MapaJuieIbHBIX TPYOOIPOBOIOB, UMEIOLIUX OJIHO 00IIee HA4aI0 U KOHEI.

6.16. IIpu nogayde KUIKOCTH 1O pa3BETBICHHBIM TPyOOIpoBoaaMm 1, 2, u 3 pacxon KUIKOCTU

a) Q=Q:; =Q,=Qx3;
0) Q=0Q1+ Qx+ Q3;
B) Q1 > Q2 > Qg;
r) Q1 < Q2<Qs.

6.17. IloTpeOHsIif HanOp omnpenensiercs mo Gopmyse
E.

RE

6) _ 1284

acy -
p E

) g =iz

nomp

nomp

ngd
B) Hnamp = KQm;
1") Hnomp = Hp + KQm :

6.18. Eciim cratnueckuii Hamop H, < 0, 3HAYUT KUIKOCTH

a) ABHXKETCA B IIOJIOCTh C TIOHMXKXCHHBIM OJAaBJICHUECM,
6) JABHKETCA B IIOJIOCTH C ITOBBIINICHHBIM JaBJICHUCM,



B) JIBIDKETCSI CAMOTEKOM;
T') IBUTAThCS HE OYJIET.

6.19. Cratuueckwii Harop onpeaensercs mo Gopmyiie

a) H, =H, +KO™;

1284 .
6) Hcm = —di ]
g
B) H,,= K0
0 H =az+:;;-

6.20. TpyOonpoBo, O KOTOPOMY KHUAKOCTh IMEPEKAUUBACTCS U3 OJIHON €MKOCTH B IPYTYIO
Ha3bIBACTCS

a) 3aMKHYTBIM;

0) pa3OMKHYTBIM;
B) HAIpPaBJICHHBIM;
T') KOJIBIIEBBIM.

6.21. TpyOonpoBo, 10 KOTOPOMY KUAKOCTH IIUPKYIUPYET B TOM KE 00beMe HA3bIBACTCS
a) KpyroBOW;

0) TUPKYJISIUOHHBIH;

B) 3aMKHYTBIN;

') CAaMOBCACHIBAIOIIUH.

6.22. Ykaxxure Ha pUCYHKE F€OMETPUUYECKYIO BBICOTY BCAChIBAHUS

6.23. Ykaxxure Ha pUCYyHKE F€OMETPHUUECKYIO BBICOTY HarHETaHUS



a) 3+4;
0) 1;
B) 1+2;
r) 2.

6.25. YKkaxxuTe Ha PUCYHKE HAIOPHBINA TPyOOTPOBO




6.26. [IpaBuio ycTounBoil pabOThl HAcOCa IIIACUT

a) MPY YCTAaHOBUBIIIEMCS TCUCHUH KUJKOCTU B TPYOOIIPOBO/IC HACOC PA3BUBAET HAIIOP, PABHBII
noTpeOHOMY;

0) IpH yCTAaHOBUBIIEMCS TCYCHUU KHUJIKOCTH Pa3BUBACMbIii HACOCOM HAIOP JOJDKEH OBITh
OoJIbIIIe TOTPEOHOTO;

B) MPH YCTAHOBMBIIIEMCSI TCUCHUH JKUKOCTH B TPYOOIIPOBOIC PACXO/I HKHUIKOCTH OCTACTCS
HIOCTOSIHHBIM;

T') IPH YCTAHOBUBIIEMCSI TCUCHUH KHUIKOCTH B TPyOOTIPOBOIE TaBIICHUE KUAKOCTUA OCTACTCS
MTOCTOSTHHBIM.

6.27. XapakTepuCTHUKON Hacoca Ha3bIBACTCS

a) 3aBUCUMOCTb U3MEHEHHUS JIaBJICHUS M PacXo/ia MIPU U3MEHEHNN YaCTOThI BPAIIICHHS Baja;

0) ero reoMeTpUIECKUEC XapaKTePUCTUKH;

B) €0 TEXHUYECKHE XapaKTEPUCTUKN: HOMHUHAIIBHOE JIABJICHHE, PACXO/ M YaCTOTa BPaICHHUS
Bana, KII/JI;

I') 3aBUCUMOCTh Haropa, co3gaBaeMoro Hacocom H,,. oT ero nojgauu nmpu nNoCTOSIHHOM 4acToTe
BpalllCHUS Baja.

6.28. Meton pacuera TpyOOIpPOBOJIOB C HACOCHOM TMOIaueil 3aKIII0YaeTCA

a) B HAX0XKJICHUH MaKCUMaJIbHO BO3MOYKHOM BBICOTHI IMOAbEMA KUIKOCTH IIyTEM ITOCTPOSHUS
XapaKTePUCTUKHU TPYOOIIPOBOIA;

0) B cocTaBJeHUH yYpaBHEHUs bepHyuM U1 HaYaabHOM U KOHEYHOM TOYEK TPyOOIIPOBO/IA;
B) B COBMECTHOM TIOCTPOCHHUH Ha OJTHOM TpadrKe KPUBBIX MMOTPEOHOTO HAmopa 1
XapaKTEPHUCTHKH HACOCA C TIOCIEAYIOIIMM HaX0XKJICHHEM TOYKH MX IIEPECCUCHHUS,

T') B ONIPEICIICHUN COMPOTUBIICHUS TPYyOOIIPOBOIa ITyTEM 3aMEHbI MECTHBIX COITPOTHUBIICHUI
SKBUBAJICHTHBIMU JUTHHAMH.

6.29. Touka nmepeceueHus: KPUBOI MOTPEOHOTO HAMOPA C XapaKTEPUCTUKON HacOca Ha3bIBACTCS

a) TOYKOI ONTUMAIIbHOM pabOThI;
0) pabodeil TOUKOM;

B) TOUKOU M0/1a4u;

') TOYKOU Haropa.

6.30. Pe3koe moBbIIIICHUE TaBIICHHUS, BOSHUKAIOIIEE B HAIIOPHOM TPyOOIIPOBOIC TIPH BHE3AITHOM
TOPMOXKCHUHN paboUeh KUIKOCTH Ha3bIBACTCS

a) TUAPABIUYECKUM YIapOM;
0) TUAPABINYECKUM HATIOPOM;
B) TMJIPABIMYECKUM CKAYKOM;
T') TUAPABINYECKUNA TTPHIKOK.

6.31. [loBeImIeHNEe qaBICHUS TPU THAPABINICCKOM yIape OnpeaenseTcs no Gopmye



a) AP, = 1'5:. 0) AR, =pghs
P
- . — e
B) &P = puges r) AR = pupe

6.32. CKOpoCTbh pacpOCTpaHEHUS yIapHON BOJHBI MPU a0COTIOTHO KECTKUX CTEHKAX
TpyOOIIpoBOAa

6.33. UukpycTamus Tpyo 310

a) yBeITMYEHHUE IIEPOXOBATOCTH CTEHOK TPyOOTPOBOAA;

0) oTIeNeHre YacTHUI] BEIIECTBA OT CTEHOK TPYO;

B) 00pa3oBaHue OTIOXKEHHM B TpyOax;

') yMCHBIIIEHUE MPOYHOCTHBIX XaPaKTEPUCTUK TPYOOIIPOBOIA.

6.34. Y mapHasi BOJIHa IpU THAPABINICCKOM yAape 3TO

a) 00JacTh, B KOTOPO# MPOUCXOAUT YBEIMYCHHE TaBICHUS;

0) 065acTh, B KOTOPOI YaCTHUIIbI JKUJIKOCTH yAAPSAIOTCS IPYT O IPyTra;
B) BOJIHA B BUJIE CKATOTO 00bEMa KUAKOCTH;

') 0071aCTh, B KOTOPOM JKHJIKOCTh yIapsIeT O CTEHKH TPpyOOTIpoBOIa.

6.35. 3atyxanue xKoseOaHU AaBICHUS MOCIE THAPABINYECKOTO yAapa MPOUCXONT 3a CUET

a) OTEPH SHEPTHH KUJIKOCTHU MPU PACIIPOCTPAHCHUH YAAPHOUN BOJIHBI Ha MPEOI0TICHHUE
COTPOTHUBJICHUS TPYyOOIIPOBOIA;

0) moTepu SHEPrUU KUJIKOCTH HA HarpeB TpyOONpoBOIa;

B) IOTEPH PHEPTUU Ha AePOopMaIlnio CTEHOK TPYOOTpoOBOIa;

T') IOTEPh SHEPTHUH KUIKOCTH HA MPEOJI0JICHUE CUJT TPCHUS U yXOJa SHEPTHUH B pe3epByap.

6.36. CkopoCTh pacnipoCTpaHEHHUs yAApHOI BOJIHBI B BOJIC PaBHA

a) 1116 m/c;
6) 1230 m/c;
B) 1435 m/c;
r) 1534 m/c;

6.37. DHeprus Hacoca Ha BBIXOJIE TIPU U3BECTHOM JIABJICHUU M CKOPOCTH JKHJIKOCTU
ONPENIETUTCS KaK

Pz. 2

2 2
a) P+ur. 6) E_'_U . 1) pgh+:—
g

; ; B) 2
2pg pg 2g pg 2z




6.38. XapakrepucTuka rmociie0BaTeIbHOr0 COSTMHEHHSI HECKOJIBKUX TPYOOIPOBOIOB
OnpenensaeTcs

a) MmepeceyeHreM XapaKTepUCTUKU Hacoca ¢ KpUBOI MOTpeOHOro Hamopa;

0) cioxxeHneM abCcLUCC XapaKTEPUCTUK KaXKIOro TpyOOIpoOBOAa;

B) YMHOKEHHUEM OPJIMHAT XapaKTEPUCTUK KaXKI0TO TPyOOIpOBO1a HA OOLIUI pacXxo/1 KUAKOCTH;
I') CII0KEHHEM OpJMHAT XapaKTePUCTUK KaXXI0ro TpyOOonpoBoa.

6.39. Cuctema CMEKHBIX 3aMKHYTBIX KOHTYPOB C OTOOPOM >KHJIKOCTH B Y3JIOBBIX TOUKAX WM
HeNpepbIBHOM pa3zaaueil )KUIKOCTH Ha OTJIEIbHBIX yU4aCTKaxX Ha3bIBAETCs

a) CJI0KHBIM KOJIBLIEBBIM TPYOOTIPOBOIOM;

0) pa3BETBIICHHBIM TPYOOIIPOBOIOM;

B) HOCJIE€10BATENIbHO-TIapAJIIIENIbHBIM TPYOOIIPOBOIOM;
') KOMOMHUPOBAHHBIM TPYOOIPOBOJIOM.

6.40. Eciim cratnueckuii Hamop H,,, > 0, 3HAYHAT KUIKOCTH

a) IBIDKETCS B MOJIOCTh C TIOHM)KCHHBIM JIaBJICHUEM;
0) IBMKETCS B IIOJIOCTH C ITOBBIIICHHBIM JaBICHUEM;
B) IIBIDKETCSI CAMOTEKOM;

I') IBUTAaThCsl HE OYJIET.
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