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Jlekuus 1. BBEJJEHUE. IIPEJJMET I'H/IPABJIMKN U KPATKASI NHCTOPUSA EE
PA3BUTHUA

Pemenne pa3nuvHbIX TEXHUYECKHUX MPOOJIEM, CBA3aHHBIX C BOIIPOCAMH JIBIKCHUS )KHJIKOCTEH B
OTKPBITHIX W 3aKPBITHIX PyCliaX, a TakKe C BOMPOCAMU CHJIOBOTO BO3JCUCTBHSI JKUIKOCTH HA
CTEHKH COCYJIOB MU 0OTEKaeMbIe KHUIKOCTHbIO TBEPJbIC TeJIa MPUBEIIO K CO3IaHHUI0 OOIMMPHON
HAayKd Ha3bIBaeMON THAPOMEXaHMKOH, KOTOpas MJEJIUTCS Ha JBa paslena: TeXHUYecKas
TUAPOMEXAHHUKA U TEOPETHUECKass MEXaHUKA KUJIKOCTH U raza (puc.l.1).

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

Puc. 1.1. Paznensl ruipomexaHuku

Tuopasnuka (TexHu4yeckas MEXaHUKA KUJIKOCTH) - MPUKIIATHAS YaCTh THIPOMEXAHUKH, KOTOPas
UCIIOJIB3YyeT T€ WM WHBIE JOMYLICHUS MJs PEelIeHMs] MpakThyeckux 3agady. OHa obmanmaer
CPAaBHUTEIBHO NPOCTHIMMU METOJMKAMH pACUeTa IO CPABHEHUIO C TEOPETUUYECKOM MEXAHUKOU
KUJIKOCTH, T/I€ MPUMEHSETCA CIOXKHBIM MareMaTHdeckuil anmapar. OIHAKO THIpaBiIvKa JaeT
JOCTAaTOYHYO JIJIsl TEXHUYECKUX MPUIIOKEHUN XAPAKTEPUCTUKY PACCMATPUBAEMBIX SIBJICHUM.

1.1. KpaTkasi ucropusi pa3BUTHA THAPABIUKH

Hcropuyecku TuapaBivKa ABISIETCS OJHOM U3 CaMbIX IPEBHUX HAYK B MUpE. APXEOJOTHUYECKHE
WCCIIEIOBAHUS TOKa3bIBatOT, 4To enle 3a 5000 ner mo Hamieut >pel B Kurae, a 3atem B Apyrux
CTpaHax JpEBHETO MHpa HAWAEHbl OMNUCAHUS YCTPOWCTBA PA3JIMYHBIX TUAPABINYECKUAX
COOpYKEHUM, TPEJCTAaBICHHbBIC B BUJIC PUCYHKOB (TIEpBbIX uepTexkeil). EcrecTBeHHO, 4YTO
HUKAKUX PacyeTOB ATHUX COOPYKCHHH HE MPOU3BOAWIOCH, U BCE OHHM OBUIM TOCTPOCHBI Ha
OCHOBAHUU MPAKTUYECKUX HABBIKOB U MTPABUII.

[lepBble yKazaHusi O HAYYHOM MOAXOJE K PELICHUIO TMAPABIMYECKHX 3aJad OTHOcATCS K 250
rogy 10 H.3., Korja ApXuMeaoM ObUT OTKPBIT 3aKOH O PaBHOBECHHM Teja, MOTPYKEHHOTO B
XKuAKocTh. [lorom Ha mpoTskeHuu 1500 jmeT 0coOBIX M3MEHEHHWM THIpaBIMKA HE TOJydYasa.
Hayxka B To Bpems MOUYTH COBCEM HE pa3BUBAIACh, 00pa30Bayics CBOEro pojia 3acTor. M Tompko B
XVI-XVII Bekax Hamen 3psl B 110Xy BO3pokaeHus, Win Kak TOBOPAT UCTOpukn Peneccanca,
nosiBUWINCh pabotbl ['amunes, Jleonapgo na Bunum, [lackans,
HproToHa, KOTOpbIE TMOJOXWIA  CEPhE3HOE  OCHOBAaHHME  JUIS
JAJTbHEUIIIETO0 COBEPIICHCTBOBAHUS THIPABIMKHN KaK HAYKH.

OpHako  TOJABKO  OCHOBOINOJArampmue  padoThl  aKaJeMHUKOB
[lerepOyprckoii akagemun Hayk J[lanumna bepuymnu u Jleonapaa
Oiinepa xuBmux B XVII Beke, co3manu npouyHbldi (yHIaMEHT, Ha
KOTOPOM OCHOBBIBaeTcs coBpeMeHHas rugpasinuka. B XIX-XX Bekax




CYIIECTBEHHBIN BKJIaJ B TMAPOJMHAMUKY BHec "oten pycckoil aBuanuu' Hukomain Eroposuu
KyxoBckuil.

Ponp ruapaBnMKM B COBPEMEHHOM MAIIMHOCTPOSCHHWW TPYIHO TMEpPEOIeHUTh. JIroOoi
aBTOMOOWJIb, JIETAaTENbHBIM ammapar, MOPCKOe CYIHO He obxoautcsa Oe3 NpUMEHEHHs
rHJIpaBInyeckux cucreM. J[00aBUM croa CTPOUTENBCTBO IUIOTHH, Jam0, TpyOOIpOBOOB,
KaHaJoB, BOJOCTUBOB. Ha mpou3BoicTBe MpOCTO HE OOOUTUCH 0e3 THApPaBIMYECKUX MPECCOB,
CIOCOOHBIX pa3BUBaTh KOJIOCCAJIbHBIE YCHIUSA. A BOT UHTEpecHbId (aKT U3 HCTOPUHU
cTpouTenbcTBa DideneBoii OamrHu. Ilepen TeM Kak OKOHYATEIbHO YCTAHOBUTH MHOTOTOHHYIO
METaJUIOKOHCTPYKIIMIO OalllH Ha OETOHHBIE OCHOBAHUS, €M MPHUAAIU CTPOrO€ BEPTUKAIBHOE
MOJIOKEHUE C TOMOIIBI YETHIPEX T'MAPABINYECKUX IMPECCOB, YCTAHOBJIEHHBIX MOJ KaXKIYIO
Oropy.

['unpaBnuka mpecieayeT yenoBeka MOBCIOAY: Ha paboTe, AoMa, Ha gade, B TpaHcmnopte. Cama
MpHUpoa MoJICKa3ana YeJI0BeKy YCTPOMCTBO ruipaBiudeckux cucteM. Cepile - Hacoc, IEYeHb -
GUIBTp, TOYKU - TMPEJOXpaHHUTENbHBIE KJamaHbl, KPOBEHOCHBIC COCYIBI - TPYOOTPOBOJIMI,
oOmasi JMHa KOTOPHIX B deloBeueckoMm opranm3Me okono 100 000 kM. Hame cepmarie
nepeKkaynBaeT 3a CyTKu 60 TOHH KpOBH (9TO IIeas )KEIe3HO0POKHAS IUCTEpHA!).

1.2. ZKuakocThb M CHJIbI 1€ CTBYIOIIE HA Hee

Kuoxocmuio B TUAPABIUKE HA3bIBAIOT (PU3MUECKOE TENO CIOCOOHOE M3MEHSTHh CBOIO (QopMy
IpU BO3JCHCTBUM HAa HEE CKOJIb YrOAHO ManbiX cui. Pa3nuyaroT 1Ba BHUIA >KUIKOCTEH:
KHUJIKOCTU KallelbHbIE M JKUIKOCTH ra3zoo0pasHbie (puc.l.2). KamenbHble KHIKOCTH
MPEACTABIIAIOT COOOM KUIAKOCTH B OOBIYHOM, OOIICTIPUHSATOM IMOHUMAaHUHU ATOTO CJIOBa (BOAA,
He(Th, KEPOCHH, Macio H.T.A.). ['a3000pa3Hble >KHIKOCTH - Ta3bl, B OOBIYHBIX YCIOBUAX
MPENICTaBISIIOT cOO00M ra3000pa3Hbie BeulecTBa (BO3yX, KUCIOPO, a30T, MPOIaH  T.1.).

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

Puc. 1.2. Buap! )xuakocreit

OCHOBHOW OTIMYUTENHHOM OCOOEHHOCTHIO KaleIbHBIX M Ta3000pa3HBIX KUIKOCTEH SBISETCS
CHOCOOHOCTh CKHUMAaTbCs (M3MEHATh O0BEM) MOJ BO3JACHCTBHMEM BHEIIHUX cwuil. KamenbHbie
KUAKOCTH (B JalbHEHIIEM MPOCTO KUAKOCTH) TPYIHO MOIAAIOTCS CHKATHUIO, a ra3000pa3HbIe
KUAKOCTH (Ta3bl) CXKUMAIOTCS JTOBOJIBHO JIETKO, T.€. MPH BO3JACUCTBUH HEOONBINNX YCHIUN
CIOCOOHBI U3MEHUTDH CBOM 00BEM B HECKOJIBKO pa3 (puc.1.3).
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Puc. 1.3. CxxaTtue XUIKOCTEN U Ta30B

B ruapaBnuke paccMaTpuBAIOTCS peaibHas N UOealbHas XUIKOCTH. VeanpHast >KUIKOCTh B
OTJIMYKE OT peajbHOM >KUIKOCTH HE OO0JaJaeT BHYTPEHHHUM TpPEHHUEM, a TaKkKe TPEHHEM O
CTEHKH COCYJOB U TPYOOIPOBOJIOB, IO KOTOPHIM OHA ABIDKETCS. MmeanbHas KHUIKOCTh TaKkKe
oOnamaer  aOCONIOTHOM  HEC)KUMAEMOCThIO.  Takas  KUAKOCTH HE  CYLIECTBYeT B
JIeMCTBUTENBHOCTH, U ObUIAa MpHIyMaHa i OOJEeTrdeHHs W YIPOUICHHs psiAa TEOPETHUECKUX
BBIBOJIOB U MCCIIEIOBAHUN.

Ha KHUAKOCTHh IMMOCTOAHHO BOSI[GI\/'ICTBYIOT BHCIIHUEC CHJIbI, KOTOPLIC pa3aCiIAOT Ha MAaCCOBLIC U
IMOBCPXHOCTHBIC.

Maccosvie: cunbl TsKeCTH W HHEepuuH. CHila TSKECTH B 3€MHBIX YCIOBHSIX JIEUCTBYET Ha
KHUJIKOCTB MOCTOSIHHO, & CHJIa MHEPIIUU TOJIKO MPHU COOOIMIEHUN 00bEMY KUAKOCTH YCKOPEHUH
(TOJIOKUTENBHBIX WIH OTPULATENbHBIX ).

Ilosepxnocmuvie: 0O0yCIOBICHBI BO3JCUCTBHEM COCEIHHUX OOBEMOB KHUIAKOCTH Ha JaHHBIA
00BEM WM BO3JCHCTBHEM APYTHUX TEIL.

Fone PaccmoTpuM cocy, HAMOJTHEHHBIN KUAKOCTHIO. ECIIN BBIIECINTH B HEM
Ty OECKOHEYHO MaJIblii 00BEM KHIKOCTH, TO Ha 3TOT 00beM OyayT
— 1] JIeWCTBOBATH CUJIbI CO CTOPOHBI COCETHUX TAKUX YK€ OECKOHEUHO MaJIbIX

— — — — —i| o0bemoB (puc.1.4). Kpome 3TOr0 Ha CBOOOIHYIO MOBEPXHOCTD KUIKOCTH

— — —{ JIelcTBYeT cuia aTMOc(hepHOTo NaBlIeHUS P,y ¥ CHITBI CO CTOPOHBI CTEHOK
— — — — cocyna.

Puc. 1.4. [ToBepXHOCTHBIE CHIIBI

Ecnu Ha )kuaKocTh AEMCTBYET KaKasi-TO BHEIIHSSL CHIIA, TO TOBOPSAT, YTO )KUJAKOCTh HAXOAUTCA
nof naBieHueM. OOBIYHO 711 ONPEICIICHUS] TaBICHUS KUIKOCTH, BHI3BAHHOTO BO3ICHCTBHEM
Ha HEee TIOBEPXHOCTHBIX CHJI, MPUMEHSIETCS opMyIia

F
FP=—, (H/M™) um (ITa),
=
rae F- cua, JNEUCTBYIOIIAS Ha KHJIKOCTb, H (HBIOTOHBI);

S - momaak, Ha KOTOPYIO IEUCTBYET 3Ta cuja, M (KB.METPHI).



Ecnu  naBnmenue P OTCUMTHIBAIOT OT aOCOJIIOTHOTO HYJISA, TO €ro Ha3bIBAIOT aOCOIIOMHbIM
oasnenuem P,5..  Ecnim  naBmeHWe  OTCUMTHIBAIOT  OT  aTMocdepHOro, TO  OHO
Ha3bIBaeTCs Uzobimounvim P,,;. ATMochepHoe naBienue noctosaHo 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
=2 ATMTCEemNGE FatacHue § = 11Ia =
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Py s 1m
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Puc. 1.5. CxeMa k onpeiejICHUIO JaBJICHUN

3a enuHully AaBieHus B MexayHapoaHoi cucteme eaunul (CH) npuHAT nackaib - JaBJICHUE
BbI3bIBaeMoe cwioi 1 H, paBHOMEpHO pacnpenesieHHOW M0 HOPMAJIBHOW K HEUW MOBEPXHOCTH

mwiomaaso 1 M2
1 Tla=1H/m>= 10 xITa = 10° MITa.
PasmepHocTh naBnenust o6oszHayaetrcs kak "[la" (mackamp), "k[la" (kumomackane), "MIIa"

(meramackanb). B TexHuke B HacTosiiee BpeMsl MPOAOKAIOT MPUMEHSATh CHUCTEMY €IMHMIL
MKT'CC, B koTOpOi#1 32 €AMHUILY AABJICHUS MPUHUMAETCs 1 Kre/m2,

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

1.3. Mexann4yeckue XapaKTepUCTHKH U OCHOBHbIEC CBOMCTBA KUIKOCTEHN

OcHo6Hble MexXaHUuYecKue xapakmepucmuKku

OI[HOﬁ nu3 OCHOBHBIX MEXAaHNUYCCKUX XapaKTCPUCTHK KUOKOCTHU SABJIACTCSA (Mv
IUIOTHOCTD. [110mHOCmbio )KUIKOCTH HAa3bIBAIOT MACCy JKHUIKOCTH 3aKIIOUCHHYIO B CIMHHIIEC
obbema.

m

p=— (Kr/m).

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

By = - Ldv (m*H),
VodP

C yBenMueHHeM TeMIIEpaTypbl YACIbHBIA BEC )KUAKOCTH YMEHBIIACTCS.

Ocnoenvie puzuueckue ceolicmea



1. Corcumaemocms - CBOMCTBO KHIKOCTA W3MEHATH CBOM OOBEM MO JIEWCTBUEM JIABJICHUS.
CKMMaeMOCTh JKHMJIKOCTH XapaKTepusyeTcss KOd(PQPUIIMEHTOM OOBEMHOTO CHKaTHs, KOTOPBIN
ompenensieTcs no Gopmyie

&
v=— (H/ a).
-
rIe V- MepBOHAYAILHBIN 00BeEM JKHIKOCTH,

dV - u3aMeHeHue 3Toro oobeMa, Mpy yBEIMUECHUU JaBieHUs Ha Benuuuny dP.

Bennuuna oOpatHas BV Ha3biBaeTCs MOyJIeM 0ObEMHON YIPYTOCTH KUJIKOCTH:

K= é (H/m?).

Moayns 00BEMHOM YIMPYTrOCTH HE MOCTOSIHEH M 3aBUCUT OT JIaBlieHUs W TemmepaTypsl. [Ipu
TUIPABIMYECKUX pacueTax CHKUMAeMOCTBIO >KHAKOCTH OOBIYHO NpPEHEOpEeraroT M CUYUTAIOT
KUJAKOCTH TPAKTUYECKH HEC)KUMaeMbIMU. (C)kaTHe KHUAKOCTEM B OCHOBHOM OOYCJIOBIJICHO
CXKaTHEM PACTBOPEHHOI'O B HUX rasa.

CXMMaeMOCTh MOHMKAET KECTKOCTh ruapomnpuBoJa, T.K., Ha CKATHUC 3aTpadyrBaACTCA OHCPIUA.
C:XKMMaeMOCTh MOXKET SBHUTHCS HpH‘IHHOfI BO3HMKHOBEHHUS aBTOKOJcOaHUM B TuaAPOCUCTEMC,
CO31ac€T 3a11a3JbIBaHUC B Cpa6aTBIBaHI/II/I ruapoarmapaTtypbl 1 HCIIOJTHUTCIbHBIX MCXaHU3MaX.

NHorma cXMMaeMOCTb KUIAKOCTEHM TMOJIE3HA - €€ MCIOJB3YIT B  TUAPABIMYECKUX
aMOPTHU3ATOPaxX U IPYKUHAX.

2. Temnepamypnoe pacuwiupenue - OTHOCUTEIBHOE W3MEHEHHE O00beMa JKHIKOCTU IMpHU
yBenndeHnn Temmepatypel Ha 1°C mpu P = const. Xapaktepusyercss Kod(hQUIIUEHTOM
TEMIIEPATYypPHOTO PACILIUPEHUS

1dp
=27 (1o
By - (1/C®)

[TockonbKy mJisi KamelbHBIX JKUAKOCTEH KOA(P(OUIMEHT TEeMIEepaTypHOTO pPACIIUPEHUS
HAYTOKHO MaJl, TO IIPU MPAKTUYECKUX PACYETAX €TO HE YUUTHIBAIOT.

3. Conpomusnenue pacmsicenuro. OcoObIMH (PU3NYECKUMH OIBITAMH OBUIO IMOKa3aHO, YTO
MOKOSIIAsICS JKUIKOCTh (B YaCTHOCTH BOJA, PTYTh) MHOT/A CIIOCOOHA COMPOTHBIISITHCS OYECHB
OOJBIIINM pACTATUBAIOMIMM ycHIUAM. HO B OOBIYHBIX YCIOBHSX TaKOTO HE MPOUCXOIUT, U
MO3TOMY CUMUTAIOT, YTO KUIAKOCTh HE CIIOCOOHA COMPOTUBISATHCSA PACTATUBAIOLIUM YCUITUSIM.

e
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Puc. 1.6. Cuibl MOBEpXHOCTHOTO HATSKEHUS



4. Cunvl no8epXHOCMHO20 HAMAMNCEHUs - TU CUIIBI CTpEeMATCs MpuAath chepuyeckyio Ghopmy
KUAKocTU. CHIIbI MOBEPXHOCTHOTO HATSHKEHUS OOYCIIOBJIEHBI MOBEPXHOCTHBIMHM CHJIAMHU U
HampaBlieHbl BCErja BHYTPh paccMaTpuBaeMoro ooObemMa MEepHeHIUKYISIPHO CBOOOIHOM
MOBEPXHOCTH KUAKOCTH. PaccMoTpuMm OecKOHEUHO Malblii 00beM KHAKOCTH Ha CBOOOJHOM
noBepxHoctd. Ha Hero OyayT mdeilcTBOBaTh CHIJIBI CO CTOPOHBI COCEAHHUX OO0BeMOB. B
pe3ylibTaTe, €Ciau CIOKUTh BEKTOpa BCEX CHII JEHCTBYIONIMX HAa paccMaTpUBaeMblii 00beM, TO
CyMMapHasli  COCTaBjsiiollas cujga OyJeT  HampapiieHa  NEPHeHAUKYJISIPHO  BHYTPh
paccMaTpuBaemMoro oobema.

5. Baskocmb drcu0Kkocmu - CBOMCTBO AKUAKOCTU COITPOTUBIIATHCS CKOJIBKEHUIO WIH CABUTY €€
cinoeB. CyTh €€ 3aKJII04aeTCs B BOSHUKHOBEHNN BHYTPEHHEU CUJIbI TPEHUS MEXKIY
JIBUKYIIUMHUCS CIIOSIMU JKUJIKOCTH, KOTOpas onpenensercs no gopmyne HeroToHa

du
T:.’J‘S‘d_ (H):
V

FI[CS- miomaab CJIOCB KHIAKOCTHU HJIM CTCHKH, coan/IKaca}omeﬁCﬂ C KHIKOCTBIO, M2,

W-  AMHAMHYECKHH  KOA(p(GUIMEHT  BSI3KOCTH, WM CWIa  BSI3KOCTHOIO  TPEHUS,
d /dy - TpaAM€HT CKOPOCTH, MEPICHANKYISPHBIA K TOBEPXHOCTH CIIBUTA.

OTCIOI[a JAMHAMHWYCCKas BA3KOCTh paBHaA

o
=" &y (H-c/m?),
du
TJI€ T - KacaTeJIbHbIE HANPSHKEHUS )KUAKOCTH, T = 17/8S.

[Ipu TeueHun BS3KOM KUIAKOCTH BAOJL TBEPJION CTEHKH MPOUCXOAUT TOPMOXKEHHUE IOTOKA,
oOycinoBineHHOe Bs3KocThio (puc.l.7). CKOpoCTh yMEHBIIAeTCSI MO MEpe YMEHbIICHUS
paccTostHusl 'y OT cTeHKHU. [Ipu 3tom npu y = 0, CKOPOCTh Majaer 10 HyJsl, a MEXAY CIOSMU
MPOUCXOJUT  TMPOCKAIh3bIBAHWE, COMPOBOXKAAIONICECS]  BO3HMKHOBEHHEM  KacaTeIbHBIX
HaIpSKEHUH T.

T 7T AP d A st f o d S

Puc. 1.7. IIpodunb ckopocTeii Mpy TeYEHUU BSI3KOM KUIKOCTH BI0JIb CTCHKH

Bennuuna obpatHas nuHamMuueckoMmy Ko3ppuiueHTy Ba3kocTu (1/p1) Ha3bIBaeTCs mexkyuecmuio
HCUOKOCTU.



OTHOIIICHHE TUHAMHYECKOTO KO3(PPUIMEHTa BS3KOCTH K TUIOTHOCTH JKHIKOCTH HAa3bIBACTCS
KHHEMaTHYEeCKUM KO3 (HUIIUEHTOM BS3KOCTH:

v=H (M2/C).
P

Bemnunna v (mpousnocutcs "Hr") paBHas 1cm?/c HaspiBaeTcs ctokcoM (Ct), a 0,01 Cr - 1
cantucTokcoMm (cCr).

[Ipouecc ompeneneHusi BI3KOCTU Ha3bIBAETCS BHCKO3MMETpHEH, a MpuOOpbI, KOTOPHIMU OHA
ornpezensieTcss BUCKO3UMeTpaMu. [IoMUMO OIIEHKH BSI3KOCTH C MOMOUIbIO JTWHAMUYECKOTO U
KMHEMaTHIECKOTO KO3(P(UIIMEHTOB TMOIB3YIOTCS YCIOBHOM BSI3KOCTHIO - Tpaxychkl DHriepa ( E).
Bsi3koCTbIO, BBIpaKEHHOW B rpajycax DHIrJepa, Ha3blBaeTCs OTHOLICHHE BPEMEHHM HCTEUEHUS
200 cM? ucpITyeMOM KUAKOCTU Yepe3 Kammuisap d = 2,8 MM K BPEMEHU UCTEUYEHUSI TAKOTO Ke
obbema Boapl ipu t =20 C

1°E=i—, Iae t

godut

ooy = 31,6 CeEK.

Takoil mpuOOp Ha3BIBAETCS BHCKO3UMETpPOM OHTIepa. sl mepecuera TpaaycoB ODHriepa B
CTOKCHI JIJISl MUHEPAIILHBIX Maces MpUMeHsieTcst popmyia

v=0,073°E - 0,003 .

[#]

Takum 00pa3oM, A7 OLUEHKH BA3KOCTU >KHIKOCTH MOXXHO HCHOJB30BaTh TPH BEITUYMHBI,
KOTOPBIE CBSI3aHBI MEXY COO0OM

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. Crioco0ObI OIIEHKH BA3KOCTH KUIKOCTHA

Bs13K0CTh )XKMIKOCTH 3aBHCHT OT TEMIIEpaTyphl U OT JaBiieHUs. [Ipy MOBBIMICHUH TEMIIEPATyPhI
BSI3KOCTh KUJKOCTH YMEHBIIAETCS M HA00OpOT. Y Tra3oB HaAONMIOAaeTCs OOpaTHOE SIBJICHHE: C
MOBBIIICHUEM TEMIIEPATypPhl BSA3KOCTh YBEIMYMBACTCS, C IOHMKCHHUEM TEMIIEpaTyphl -
YMEHBIIIACTC.

6. Ilenoobpazosanue. Bplaenenne Bo3Ayxa W3 paboyeil KUAKOCTH MPH MAACHUM JaBICHUS
MOXXET BbI3BaTh MEHOOOpa3oBaHue. Ha MHTEHCUBHOCTH MEHOOOPA30BaHUs OKA3bIBACT BIUSHUE
coJiepkaiascs B paboyell KUIKOCTU BOJA: JAaK€ IMPU HUYTOKHOM KOJIMYECTBE BOJBI (MEHEe
0,1% no macce paboueil KUJIKOCTH) BO3HHMKAET ycToluuBas neHa. OOpa3oBaHHe U CTOMKOCTh
MEHBI 3aBUCAT OT THUIMA paboueill KUAKOCTHU, OT €€ TEeMIIepaTyphl M Pa3MepoOB IMy3bIPHKOB, OT
MaTepualioB M TOKPBITUM ruapoannaparypbl. OcoOEHHO MEHOO0Opa30BaHHE MPOUCXOIUT



MHTEHCUBHO B 3arpsA3HEHHBIX >KUJIKOCTAX M OBIBIIMX B JKcIUTyatauuu. [lpu Temmeparype
xuakocty cebiiie 70 C mpoucxoauT ObICTPBIN Crajl IeHBbI.

7. Xumuueckas u mexaHuueckas CMOUKOCMb. XapaKTePU3YeT CIIOCOOHOCTh KHJKOCTU
COXPAaHATH CBOM MepBOHAaYaNIbHbIE (pU3MUecKHe CBOMCTBA MPH IKCIUTyaTallul U XpPaHEHUH.

OxkucreHne JKUIKOCTU COIMPOBOXKIAETCS BBINMAJEHUEM M3 HEE CMOJ M ILUIAKOB, KOTOPBIE
OTKJIaIBIBAIOTC HA MOBEPXHOCTU DJIEMEHTOB THUAPOINPUBOAA B BHUIAE TBEPAOIO HAJIETA.
CHmKaeTcss BSI3KOCTh M M3MEHSETCS UBET >KUAKOCTU. [IpOAYKTHI OKHCIICHHS BBI3BIBAIOT
KOPPO3UIO0 METAIJIOB U YMEHbILAIOT HAAEKHOCTh paboThl THapoanmnapatypsl. Hajet BbI3bIBaeT
3aKJIMHUBAHUE TIOJBWXHBIX COCIUHEHUM, IUTYHXEPHBIX IIap, APOCCEIUPYIOIIUX OTBEPCTHUH,
paspylIeHre YITIOTHEHUN U Pa3repMETU3ALNI0 THAPOCUCTEMBI.

8. Cosmecmumocms.  COBMECTUMOCTh ~ pabO4YMX  KHAKOCTEH C  KOHCTPYKIMOHHBIMU
MaTepuaiaMi M OCOOEHHO C MaTepHallaMu YIUIOTHEHUH UMEEeT O4YeHb OOJbIIOe 3HAuYeHHE.
Paboune xxuaxkocTy Ha HEPTAHON OCHOBE COBMECTUMBI CO BCEMHU METaJJIaMU, IPUMEHSIEMBIMU B
TUAPOMAIIMHOCTPOCHUH, U ITUIOXO COBMECTUMBI C YIUIOTHEHHSIMH, H3TOTOBICHHBIMH W3
CUHTETHUUYECKOU pe3uHbI U U3 KOXHU. CUHTETHUECKHE pabodme )KUIKOCTH IIJI0X0 COBMEILAIOTCS C
HEKOTOPHIMU KOHCTPYKIIMOHHBIMH MaTe€pHaJlaMd W HE COBMECTUMBI C YIUIOTHEHHUSIMHU W3
MAacCJIOCTOMKOW PE3VHBI.

9. Ucnapsiemocms orcuokocmu. VcmapseMoCTh CBOWCTBEHHA BCEM KameIbHBIM SKHIKOCTSIM,
OJHAKO HMHTEHCHBHOCTh HCHAPEHHS HEOJWHAKOBA Y PA3JIMYHBIX XKHUJIKOCTEWM W 3aBUCUT OT
YCJIOBUM B KOTOPBIX OHA HAXOJUTCS: OT TEMIIEPATYPHI, OT IUIOMIAA UCIIAPEHHUS, OT JaBJICHUA, U
OT CKOPOCTH ABWXXEHHS Ta3000pa3HOi cpelbl HajJ CBOOOAHOW MOBEPXHOCTHIO KHAKOCTU (OT
BETpa).

10. Pacmgopumocms 2a306 6 dHcUOKOCHAX XapaKTepuszyeTcsi 00beMOM PacTBOPEHHOIO ra3a B
eIMHUIE 00bEeMa KUAKOCTU U ONPEIENIeTCs 0 3aKoHy [ eHpu:

F
Vo= Ve —
S

[

rnie  Vy- o00beM pacTBOpeHHOTo Ta3a; V- 00beM  JKHIKOCTH; k - KO3 hUIIHCHT
pacTBopuMocTH; P - naBnenue; P, - atMocepHOE JaBJICHHE.

Koaddumment k mmeer cnemyronue 3Hauenus npu 20 C: ana Boxasr 0,016, kepocuna 0,13,
MmuHepanbHbix Macen 0,08, xuakoctu AMI'-10 - 0,1. Ilpyu noHUXEeHUM JTaBJICHUS BbIICIACTCS
PacTBOPUMBIN B KHUAKOCTH Ta3. JTO SBICHHEC MOXKET OTPHIATEIHFHO CKa3bIBAThHCS Ha padoTe
TUJPOCUCTEM.



Tecthl Kk Jexuuu Nel

1.1. Yto Takoe ruapoMexaHuka’?

a) HayKa O ABM>KCHHH KUJKOCTH;

0) HayKa O paBHOBECHH KHUIKOCTEH;

B) HayKa O B3aUMOJICUCTBUM >KUIKOCTEH;

') HayKa O paBHOBECHUH U JBUKEHUU KUJIKOCTEH.

1.2. Ha xakue pa3ziensl 1eIuTcs TuapoMexaHukKa?

a) TUAPOTEXHHUKA U TUIPOTEOJIOTHS;

0) TexHUYecKass MeXaHUKa U TeOpeTUYeCKasi MEXaHUKa;
B) THJIpaBJIMKa U THIPOJIOTHSI;

') MEXaHUKA XUAKUX TEJ U MEXaHUKa ra3000pa3HbIX TeEll.

1.3. Uto Takoe JKUAKOCTH?

a) puzmueckoe BEmecTBO, CIOCOOHOE 3aMOIHATH ITyCTOTHI,

0) ¢buznyeckoe BEIecTBO, CHIOCOOHOE U3MEHITH (POPMY O] ACHCTBUEM CUIL
B) (pu3nuecKoe BEIIECTBO, CIOCOOHOE U3MEHSATH CBOM 00BEM;

r) (hu3nyeckoe BemecTBO, CIOCOOHOE TEUb.

1.4. Kakas u3 3TUX KUOKOCTENA HE ABIAETCH KAIlEJIbHOU?

a) pTyTh;

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

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

a) )KUJIKWH a30T;
0) pryTs;

B) BOJIOPO/T;

') KUCJIOPOJI;

1.6. PeanbHO# )KMIKOCTHIO HA3BIBAETCS KUJIKOCTh
a) HE CYIIECTBYIOIIAs B IPUPOJIC;

0) HaxoAIAsACA MIPU PEaTbHBIX YCIOBUSX;

B) B KOTOPOW NMPUCYTCTBYET BHYTPCHHEE TPEHUE;
I') ciocoOHast OBICTPO UCTIAPATHCS.

1.7. UneanbHON KUOKOCTHIO HA3LIBAETCA

a) )KUJKOCTh, B KOTOPOM OTCYTCTBYET BHYTPEHHEE TPEHHUE;
0) )KUJIKOCTb, MOJIXOISINAS 1JIs1 IPUMECHEHUS;



B) )KUIKOCTb, CIIOCOOHAsI CKUMATHCS;
T') )KUJKOCTh, CYIIECTBYIOIIAs TOJBKO B OTIPEICTICHHBIX YCIOBUSX.

1.8. Ha xakue BUIbI pa3eistoT IEUCTBYIONIUE HA KUJKOCTh BHEITHUE CUIIbI?

a) CWJIbl MHEPLUU U IOBEPXHOCTHOT'O HATSKEHUS;
0) BHyTpEeHHHE U TOBEPXHOCTHBIE;

B) MacCOBBIE€ U MIOBEPXHOCTHBIE;

T') CUJIBI TSKECTH U JIaBJICHUS.

1.9. Kakue cwiibl Ha3bIBAIOTCA MACCOBBIMU?

a) cuJia TSKECTH U CUJIa MHEPLINH;

0) cua MOJISKYJISIpHASL ¥ CHJIA TSHKECTH;
B) CHJIa MHEPIIMU U CUJIa TPABUTALIMOHHAS,
I') CHJia TaBJICHUS M CUJIa IOBEPXHOCTHASL.

1.10. Kakue cuiibl Ha3bIBAIOTCS MOBEPXHOCTHBIMU?

a) BbI3BaHHBIE BO3ACHCTBHEM O0BEMOB, JICHKAIINX HA TOBEPXHOCTH >KUIKOCTH;

0) BbI3BaHHBIC BO3JICHCTBHEM COCETHUX 0OBEMOB JKUIAKOCTH U BO3ACHCTBUEM APYTUX TEN,;
B) BbI3BaHHbBIC BO3/ICHCTBUEM JIaBJICHUSI OOKOBBIX CTEHOK COCY/a;

T') BRI3BAaHHBIC BO3JICHCTBHEM aTMOC(EPHOTO JIaBIICHHS.

1.11. YKuakocTs HaxoauTcs MO AaBiaeHrueM. UTo 310 o3Hadaer?

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

B) Ha )KHJIKOCTb JICHCTBYET CHIIA;

T') )KHJIKOCTh U3MEHSET (hopMmy.

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

a) B TTaCKaJIsiXx;
0) B IDKOYJISIX;
B) B Oapax;

') B CTOKCax.

1.13. Ecnu naBieHyne OTCUYUTHIBAIOT OT a0COIIOTHOTO HYJIS, TO €r0 Ha3bIBAIOT:
a) aBJieHUE BaKyyMa;

0) atMochepHbIM;

B) U30BITOYHBIM;

') a0COTIOTHBIM.

1.14. Eciu naBieHNE OTCYUTHIBAIOT OT OTHOCUTEIBLHOTO HYJIS, TO €r0 HAa3bIBAIOT:

a) aOCOJIIOTHBIM;
0) atMochepHbIM;



B) U30BITOYHBIM;
T') IaBJICHUE BaKyyMa.

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

a) aOCOJIIOTHBIM;

0) aTMOChepHBIM;

B) U30BITOYHBIM;

T') IaBJICHUE BaKyyMa.

1.16. Kakoe naBieHne 0ObIYHO MTOKA3bIBACT MAHOMETP?

a) abCOJIOTHOE;

0) M30BITOYHOC;

B) aTMOc(epHoE;

T') IaBJICHUE BaKyyMa.

1.17. Yemy paBHO aTMOchepHOE TaBICHUE TPU HOPMAJIBHBIX YCIOBHIX?

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

1.18. JlaBnenue onpenensiercs

a) OTHOIIIEHWEM CHJIBI, ICHCTBYIOMIECH HA )KUIKOCTh K IJIOIIA N BO3CHCTBHS;

0) MpoM3BEICHUEM CHIIBI, ICUCTBYIOIIEH Ha )KUIKOCTh Ha IJIOMIA b BO3ICHCTBUS;

B) OTHOIICHUEM ILJIOIIAIA BO3JACHCTBUSI K 3HAUEHUIO CUJIbI, IEUCTBYIOIIEH HA KUJIKOCTb;
I') OTHOUIEHUEM PA3HOCTH JIEUCTBYIONINUX YCHIIMM K TJIOMIAIA BO3ACHCTBHS.

1.19. Maccy *KuIKOCTH 3aKJIFOUEHHYIO B €UHUIE 00heMa Ha3bIBAIOT

a) BECOM;

0) yIlelbHBIM BECOM;

B) YEIBHOI MIIOTHOCTHIO;
T') INIOTHOCTBIO.

1.20. Bec kuakoct B eIMHALIE 00bEMA HA3BIBAIOT

a) TUIOTHOCTHIO;

0) yJeIbHBIM BECOM;

B) YEIbHOI MIIOTHOCTHIO;
') BECOM.

1.21. IIpu yBenuueHuu TeMiepaTyphbl yIeIbHbIN BeC KUAKOCTU

a) YMEHbIIAETCS,
0) yBeITMYMBaETCS;



') CHavaJIa yBEJIMUMBACTCS, a 3aTEM YMEHBIIIACTCS;
B) HE U3MEHSIETCS.

1.22. CxuMaeMOCTb 3TO CBOMCTBO KUIKOCTH

a) U3MEHATDH CBOIO (OpMYy MO JeCTBUEM JaBJICHUS;

0) U3MEHSATH CBOM 00BEM MO IeHCTBUEM JIaBIICHHS;

B) COTNIPOTHUBJIATHCS BO3JCHCTBUIO TABJICHUS, HE U3MEHSSI CBOIO (pOpMY;
I') U3MEHSATH CBOM 00BbeM 0€3 BO3JEHCTBUS JaBICHUS.

1.23. C:xuMaeMOoCTh KUJIKOCTU XapaKTEePU3yeTCsl
a) koahdurmentom ['enpu;

0) koa(pureHTOM TeMIepaTypHOTO CHKATHS,

B) KO3 (PUIIMEHTOM TOIKATHUS;

) KO3(pPUIMEHTOM 0OBEMHOTO CXKATHSI.

1.24. KospdummenT 00beMHOT0 CHKaTHs OTpeaesaeTcs mo GopMyIie

De LV &g . 14V
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1.29. BA3K0CTB )XHUIKOCTH 3TO

a) CHOCOOHOCTB COTIPOTHBIIATHCS CKOIBKCHUIO W CABUTY CIIOCB JKHIKOCTH;

0) crOCOOHOCTH MPEOI0JIeBATh BHYTPEHHEE TPEHHE KUIKOCTH;

B) CIIOCOOHOCTD MPEO0IeBaTh CUITY TPEHUS )KUIKOCTH MEXKIY TBEPIBIMU CTEHKAMU;
T') CHOCOOHOCTH MEPETEKATh 110 TIOBEPXHOCTH 33 MUHUMAJIBHOE BPEMHI.

1.30. Texy4ecThrO )KHIKOCTUA HA3BIBACTCS

a) BEJIMYMHA TIPSIMO MPOTOPIIHOHANIbHAS TUHAMUYECKOMY KOI(DPHUITUEHTY BSI3KOCTH;

0) BenmnunHa OOpaTHAsi TMHAMUYECKOMY KO UIIMEHTY BS3KOCTH;

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

1.31. BS3KOCTB *KHAKOCTU HE XapaKTepU3yeTcs

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

I') CTaTUYECKUM KOI(DPHUIIMEHTOM BSI3KOCTH.

1.32. Kunematuueckuit Ko3PuIUEHT BA3KOCTH 0003HAYaeTCs rpeueckoil OyKBO

a)v;
0) w;



B)M;
r)T.

1.33. Jlunamuaeckuit K03 HUIUEHT BA3KOCTH 0003HAYAETCS TPEYECKOM OyKBOM

a) v,
0) u;

B) M;
)T

1.34. B Bucko3umMeTpe DHTIIepa 00beM UCIIBITYEMOM KUIKOCTH, HCTEKAIOIIETO Yepe3 KamuuIsap
paBeH

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

r) 200 MM3.

1.35. BS3KOCTb KUAKOCTH MIPU YBEJIIUYEHUU TEMIIEPATYPhI

a) YBEITMIMBACTCS;

0) yMEHBIIIaeTCS;

B) OCTaeTCsI HEM3MECHHOM;

') CHayaja YMEHBIIAETCs, a 3aTeM O0CTaeTCs TOCTOSHHOM.

1.36. Bs3kocTh ra3a npu yBEJIMUYEHUH TEMIIEPATYPhI

a) YBEIIMYUBACTCS;

0) yMeHBbITIaeTC;

B) OCTaeTCsI HEM3MCHHOM,

I') CHavaja YMEHbBIIIAETCs, a 3aTeM OCTACTCs TIOCTOSTHHOM.

1.37. Beigenenue Bo3tyxa U3 paboueit xKUAKOCTH Ha3bIBAETCS

a) mapooOpa3oBaHUEM;
0) razooOpa3zoBaHuEeM;
B) IMIEHOOOPA30BaHKEM;
T') Ta30BBIJICJICHUE.

1.38. [Ipu oxuCICHUM KUAKOCTEH HE TPOUCXOIUT
a) BbINAJIEHUE CMOJT;

0) yBEeJIMUCHHE BSI3KOCTH;

B) U3MCHCHHMS I[BETA KUIKOCTH,

T') BBINAJACHUE IIAKOB.

1.39. UHTEeHCUBHOCTD UCTIAPEHUS )KUJIKOCTH HE 3aBUCUT OT

a) OT JaBJICHUS;
0) oT BeTpa;



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

1.40. 3axon ['enpu, xapakTepu3yONINi 00HEM paCTBOPEHHOTO ra3a B KUIKOCTH 3aMMCHIBAETCS

B BUJIE
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Jlekuus 2. OCHOBBI THIPOCTATUKHA

['uapaBnvuka AenuTCs Ha JBa paszjenia: THAPOCTATUKA M THApoIWHAMHKa. [ uapomuHamuka
ABJISIETCS O0JIee OOMMPHBIM pa3iesoM U OYJIET pacCMOTpPEHa B MOCIAEAYIOMUX JEKIUAX. B 3Toit
JIEKIMH OyAeT pacCMOTpPEHa TUAPOCTATHKA.

T'uopocmamuxkou Ha3pIBaeTCsl pa3ed TUAPABIUKHU, B KOTOPOM pPAcCMaTPUBAIOTCS 3aKOHBI
paBHOBECHUS KUIKOCTH U UX MPAKTUUIECKOE MPUMEHEHUE.

2.1. 'uapocraTnyeckoe JaBJeHUE

B HOKOHIH@I;'ICH KUIKOCTH BCCTAa IMPUCYTCTBYCT cuiia JaBJICHUA, KOTOpaAa
Ha3bIBACTCA 2u0pocmamuttecmm oasnenuem. }KI/II[KOCTB OKa3bIBACT CUJIOBOE BO3JCHCTBHUEC Ha
AHO MW CTCHKH COCyIa. qaCTI/IHLI KHUOKOCTH, PACIIOJOXCHHBIC B BCPXHHUX CJIOAX BOJ0CEMA,
HUCIBITBIBAIOT MCHBIINE CHUJIbI CXKATUS, YCM YACTHUIBI ) KUJIKOCTH, HAXOJAINIUCCA Y THA.

PaccmoTpum pesepByap C IDIOCKUMH BEPTHKAIBHBIMH CTCHKAMH, HAIOJTHCHHBIA >KHIKOCTHIO
(puc.2.1, a). Ha mHO pe3epByapa AcicTByeT cuia P paBHas BeCy HAIMTOU XHUIAKOCTH G = y V,
T.e. P =G.

Eciu a1ty cuny P paznenutb Ha  IUIOW@Ab  JHA Sgpegs, TO MBI TOJIIYUYHM CpeOHee
euopocmamuyeckoe oasiieHue, IEUCTBYIOIIEe Ha JHO pe3epByapa.

I'unpocratuueckoe AaBieHHe 00J1aaeT CBOMCTBAMHU.

Ceoiicmeo 1. B nioboii mouke dscuoxkocmu cudpocmamudeckoe 0dagieHue nepneHOUKyIsPHO
naouwaoke KacameubHoOUu K BblOeIeHHOMY 00beMy U Oelicmgyem GHYMpb pPACCMAMPUBAEMO20
obvema dHcuokocmu.

Jlist mokazaTenbCTBa 3TOTO YTBEPKACHUS BepHeMcs K puc.2.1, a. Beiienum Ha O0KOBOM CTEHKE
pe3epByapa IUIOMIANKY Sg,, (3aITpUXOBaHO). ['MapocTatnyeckoe AaBi€HUE ACHCTBYET HA 3Ty
IUIOIIAJKY B  BHJE  PACHPENEICHHOM CHJIbI, KOTOPYH MOXKHO 3aMEHHUTh  OJHOWU
pPaBHOACHUCTBYIOIICH, KOTOpyro oOo3HaunMm P. Ilpenmonoxum, dYTO paBHOACHUCTBYIOIIAS
TUAPOCTATUUECKOrO AaBieHMs P, AeicTByIoIIas Ha 3Ty IUIOMIAAKY, IPWIOXKEHA B TOUYKe A U
HarpaBjieHa K Heil moj yriaoM ¢ (Ha puc. 2.1 o003HaueHa MTPUXOBBIM OTPE3KOM CO CTPEIIKOM).
Torma cwia peakumu CTEHKH R Ha KHUAKOCTh OyIeT MMETh Ty JK€ caMyl0 BEITUYHHY, HO
MPOTHUBOIIOJIOKHOE  HAamlpaBieHHE (CIUIOIIHOM  OTPE30K CO  CTPENKOM).  YKa3aHHBIN
BEKTOP R MOHO Pa3JIOKUTh Ha JBa COCTABJISFOIINX BEKTOpA:
HOPMAaJIbHBIN R, (MEPIEHINKYSPHBIA K 3alITPUXOBAHHOW TIUIOMIAJKE) W KacaTeIbHBINR, K
CTEHKE.



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

Cuia HOpPMaJbHOTO JaBJCHUS R, BBI3BIBAET B IKUJIKOCTH HAINPSHKEHUS CXKATUSA. OTUM
HaNpsDKEHUSAM JKUAKOCTh JIEFKO MNPOTHBOCTOMT. Cuiia R, necTByIOIIasi Ha >KUAKOCTh BJIOJb
CTCHKH, JOJKHA Oblla OBl BBI3BATh B KUJAKOCTH KacaTeJIbHBIC HAIMPSHKCHHUS BIOJb CTEHKH H
YaCTUIIBl JOJDKHBI ObUTM OBl TiepeMemiatbesi BHM3. Ho Tak Kak KUIKOCTh B pe3epByape
HAaXOJUTCS B COCTOSIHUM MOKOS, TO COCTaBisitomias R, orcyrcTByeT. OTCr01a MOXKHO CHEIaTh
BBIBOJ] IEPBOT'O CBOMCTBA TUAPOCTATUYECKOTO TABJICHUS.

Ceoiicmeo 2. ' uopocmamuueckoe 0asieHue HeusMeHHO 80 8CeX HANPAGIeHUSIX.

B xuakocTH, 3amoiHsSIONEH KaKOW-TO pe3epByap, BBIICIUM SJIEMEHTapHbIM KyOMK C OUY€Hb
ManaeiMu cTopoHamu Ax, Ay, Az (puc.2.1, 6). Ha kaxmyio n3 OGOKOBBIX IMOBEPXHOCTEH OyIeT
JNABUTh CUJA THUIPOCTATHYECKOTO JABJIECHUSA, pPaBHAsA NPOU3BEACHUIO COOTBETCTBYIOLIETO
nasienus P,, P,, P,Ha  srneMeHTapHble  1iomand. (OO0o3HauMM  BEKTOpa  JIaBJICHUH,
NEUCTBYIOIIME B TOJIOKUTEIBHOM HampaBiCHUU (COTJIACHO YKa3aHHBIM KOOPJUHATAM)
kak P, P',, P',, a BekTopa JaBlieHWH, JeicTByrolMe B OOpaTHOM  HaIpaBJIEHUU
cooTBeTcTBeHHO P, P"',, P",. IlocKkoJIbKY KyOMK HAaXOAUTCS B PABHOBECHU, TO MOKHO 3aIUCaTh
paBEHCTBA

P \AyAz=P",AyAz
P'yAxAz = P",AxAz
P, AxAy + yAx, Ay, Az = P",AxAy

rae Y - yAEIbHBIN BEC JKUIKOCTH;
Ax, Ay, Az - o0beM KyOHKa.

CoKpaTHuB NOJIyYEHHBIE PAaBEHCTBA, HAUAEM, 4TO
P’x — P”x; P’y — P”y; P'Z—i_yAZ:P”Z

UneHoM TpeThero ypaBHEeHHs YAz, Kak OECKOHEUYHO MajbIM MO CpaBHEHUIO ¢ P, u P',, MOXHO
npeHeopeyb U TOr/1a OKOHYATEIHHO

"o "o, "o "o, " __pr
P'.=P";P,=P";,P.=P"



BcenenctBue Toro, uto Kyowk He aegopMupyercs (He BBITATHMBAETCS BIOJIb OJHOW U3 Oceld),
HaJI0 ToJIarath, YTO JABJICHUS MO PA3IUYHBIM OCSIM OJUHAKOBBI, T.€.

o o __ o o __ r 1A
P,=P" =P\,=P' =P =P
910 JOKa3bIBacT BTOpOﬁ CBOMCTBO rHAPOCTATUYCCKOTIO AaBJICHUAA.

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

OTO TMOJIO)KEHHE HE Tpe6yeT CIICOHUAJIBHOI'O JO0Ka3aTCJIbCTBA, TAK KaK JACHO, YTO IIO MCPC
YBCIMUCHUA IOIPYKCHUA TOYKH JAaBJICHHUC B HEH 6YI[CT BO3pacTaTthb, a 1Mo MCPC YMCHBIICHUA

MOTPYKEHUSI YMEHBIIAThCA. TpeThe CBOMCTBO THUAPOCTATHYECKOTO JABJICHUS MOXET OBITh
3aIlMCaHo B BUAE

P=fix, y, z)
2.2. OcCHOBHOE YpaBHEHHE TMIPOCTATUKH

PaCCMOTpI/IM paCHpOCTpaHeHHBIf/i cnyqaﬁ PaBHOBCCHUA KUIAKOCTH, KOI'Ia Ha HCC ﬂeﬁCTByeT
TOJIBKO OaHa MAacCCOBasa CHJIA - CHJIa TAXKCCTH, U IMOJYYUM YPAaBHCHHUC, ITO3BOJIAIOIICC HAXOANUTDH
T'HAPOCTAaTHYCCKOC MOABJICHUC B 000 TOYKeE paccMaTpuBacMoro o0beMa KHUIKOCTH. 2710
YPaBHCHHUEC HA3BIBACTCA OCHOBHbLIM YypPABHEHUEM eudpocmamuku.

[1ycTh XHUIKOCTH CONEPXKUTCS B cocylie (puc.2.2) u Ha €€ CBOOOJHYIO MTOBEPXHOCTh JIEUCTBYET
nasinenne Py. Hahpmem rumpocratnueckoe naBieHue P B  TMPOU3BOIBHO B3STOW TOUYkKe M,
pacmnojoXeHHOH Ha TiyOuHe h. Bolgenum okoio ToYKH M 3eMEHTapHYI0 TOPH3OHTAIbHYIO
IUIOMIAJIKY dS M TIOCTPOMM Ha HEH BEPTUKAIbHBIA NUIUHAPUYECKH OO0BEM KUIAKOCTU
BBICOTOM h. PaccMOTpuM ycCii0BHE paBHOBECHS YKAa3aHHOTO 00beMa JKUIKOCTHU, BBIJICIICHHOTO U3
o011ei Macchl KUIKOCTH. J{aBlIeHne )KUIKOCTH Ha HIDKHEE OCHOBAaHUE IWJIMHIpPA Tereph OyaeT
BHEIIIHUM U HAIPaBJIEHO N0 HOPMAJIU BHYTpPh 00BbEMA, T.€. BBEPX.
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Puc. 2.2. Cxema 11t BBIBOJ@ OCHOBHOTO YPaBHEHUS TUAPOCTATUKU

3anuuieM CcymMMy CHJI, JEHCTBYIOIIMX Ha paccMaTpuBaeMbli 00beM B TPOEKUUU Ha
BEPTHUKAIBHYIO OCh:

PdS - Py dS - pghdS =0



[Tocneqnuit 4ieH ypaBHEHHS TMPEACTABISIET COOOM BeC IKUIKOCTH, 3aKIIOUYCHHBIA B
paccMaTpuBaEMOM BEPTUKAIBHOM IIMIMHApPE 00beMoM hdS. Cuibl naBieHuss 1mo OOKOBOU
MOBEPXHOCTU ULWIMHJpPAa B YpPaBHEHUE HE BXOJAT, T.K. OHHU IEPHEHIAUKYJSIPHBI K 3TOH
MMOBEPXHOCTH M HX MPOEKIHH HAa BEPTHUKAIBHYIO OCh paBHbI HYJIO. COKpaTHB BBIpa)KEHUE
Ha dS ¥ neperpyninupoBaB WICHbI, Hal1eM

P=P0+pgh=P()+h’Y

HonyquHoe YPaBHCHUC HA3BIBAIOT OCHOBHBIM YPAaBHCHHCM THAPOCTATHKH. IIo HEMY MOXKHO
IocuuTaTrh AAaBJICHUEC B JF000H TOYKE HOKOHmeﬁCH KNIKOCTH. 910 JaBJICHHUC, KaK BUJIHO M3
YPaBHCHHUA, CKIAAbIBACTCA U3 IBYX BCIIWYHH: JaBJICHHA P o Ha BHEIIHEH MMOBCPXHOCTH KUAKOCTH
1 JaBJICHHA, O6YCJIOBJ'I€HHOFO BCCOM BBIIICICKAIIINX CIIOCB XUIKOCTH.

N3 ocHOBHOTO ypaBHEHHS THAPOCTATUKH BUIHO, YTO KaKyr OBl TOUKY B 00BEME BCETO COCy/Ia
MBI HE B3sJM, Ha Hee Bcerma OyAeT AecTBOBaTh JaBJICHHE, NPWIOKEHHOE K BHEIIHEH
MOBEPXHOCTH Py. JIpyrumMu CJlOBaMu JABJIICHUE, MPUIOKEHHOEC K BHEIIHEH IMOBEPXHOCTHU
YKUJIKOCTH, TIEPEIaeTCs BCEM TOYKAM ATOM KUIKOCTH MO BCEM HAIIPABJIICHUSAM OJMHAKOBO. JTO
TMOJIOKEHNE U3BECTHO T0J] Ha3BaHUEM 3akoHa [lackas.

[ToBepxHOCTh, BO BCEX TOYKaX KOTOPOW AABICHHE OJWHAKOBO, HA3BIBAECTCS MOBEPXHOCTHIO
ypoBHS (MOAPOOHO paccMOTpuM B T1.2.6). B OOBIYHBIX YCIOBHUSX TOBEPXHOCTH YPOBHS
MPEACTABIIAIOT COOOM TOPU30HTATIBHBIE TNTIOCKOCTH.

2.3. JlaBjieHHE )KUIKOCTH HA MJIOCKYI0 HAKJIOHHYIO CTEHKY

IIycte MBI MMeEM pe3epByap C HAKJIOHHOW ITPABOM CTEHKOW, 3alOJIHEHHBIA KUIKOCTBIO C
yAeIbHbIM BecoM Y. lllupuHa CTeHKH B HamlpaBlIEHWH, IEPIEHINKYISIPHOM INIOCKOCTH YepTexkKa
(ot uwmrtatens), paBHa b (puc.2.3). CTeHKa YCIOBHO IOKa3aHa pPa3BEPHYTOM OTHOCUTEIHLHO
ocu ABwu 3amTpuxoBaHa Ha pucynke. Iloctpoum rpaduk uU3MEHEHHS HU30BITOYHOTO
TUIPOCTATUUECKOrO JABJICHUS Ha CTEHKY AB.

Tax xak H30BITOYHOE THIPOCTATHUECKOE JaBIICHIE U3MEHSETCS 110 JIMHEHHOMY 3akoH P=ygh, To
IUIsL TIOCTPOEHHsI TpaduKa, HA3bIBAEMOTO SIIOPON NIABJICHHS, OCTATOYHO HAWTHU NaBICHHE B
JBYX TOUKax, Hanpumep 4 u B.

Touka, B KOTOPYI NPUNOREHS
PaBHOACHCTRYIOWAR MMAPOCTATHYECHONO
AEBNEHHA

Puc. 2.3. Cxema K onpeeseHuto paBHOICUCTBYIOIIEH THAPOCTATUIECKOTO JIABJIICHHS Ha
IJIOCKYI0 TOBEPXHOCTh



N36BITOYHOE TUAPOCTATUYECKOE IaBICHUE B TOUKe A OyeT paBHO
Py=vh=v0=0
CoOTBETCTBEHHO AaBJIeHHE B TOUKe B:
Pg=vh=vH
rie H - rimyOuHa )KuaKOCTH B pe3epByape.

CorylacHO TEpBOMY CBOMCTBY TMIPOCTATUYECKOIO JABJIEHUS, OHO BCETJA HAIPABJICHO IIO
HOpPMAJIM K OrpakJaroleld MnoBepXHOcTH. CrenoBaresbHO, THIPOCTATUYECKOE ABJICHHUE B
TOYKE B, BeIM4YMHA KOTOpOro paBHa YH, Hamo HampaBisATh NEPIEHIUKYISIPHO K CTEHKE AB.
CoenunuB TOYKy 4 ¢ KOHUOM oOTpe3ka YH, mosydmM TpeyroiapHyr SIIOPY paclpeneieHus
nasieHust ABC ¢ npsambiM yriioMm B Touke B. CpeaHee 3HaUeHHE JTaBlIeHUs OYIeT paBHO

vH+0 A
2 2

Ecnu iomaib HAKJIOHHON CTEHKH S=bL, TO paBHOI[Ci/JICTBYIOHIaSI r'uapoCTaTUICCKOTO
JAaBJICHUS paBHa

F:% = ¥,

rae hc = H/2 - rmyOuHa MOTPYKEHMsI IIEHTpa TKECTU IJIOCKOM MOBEPXHOCTU TOJl YPOBEHb
KUJIKOCTH.

OpnHako TOYKa MPUIIOKEHUST PABHOJEHUCTBYIOIIEH THAPOCTATUYECKOTO AaBJIECHUs 11./1. HE BCETAa
OyZIeT coBHajaTh C IEHTPOM TSKECTH TUIOCKOM MOBEPXHOCTH. JTa TOUYKAa HAXOAMUTCS Ha
paccTOsIHUM [ OT UEHTpa TSHKECTW W paBHA OTHOILIEHHWIO MOMEHTAa WHEPUUU IUIOLIAIKU
OTHOCHUTENBHO LIEHTPAIBHON OCH K CTATUHYECKOMY MOMEHTY 3TOM e TUIOLIaJAKH.

rac JAx - MOMCHT MHCPIHWH IUIOIIAaaN S OTHOCHUTEIIBHO HeHTpaHBHOﬁ oCHu, HapaHHCHBHOﬁ Ax.

B wactHOM ciydae, korja creHka uMeeT (popmy IpsIMOYyTOJIbHUKA pazMepaMu bL v 0JlHA U3 €ro
CTOPOH JIC)KHUT Ha CBOOOJHON TOBEPXHOCTH ¢ aTMOC(HEPHBIM JTaBICHUEM, IICHTP AABJICHHS II.1.
HaXOJIUTCS HA PACCTOSIHUU b/3 OT HUKHEN CTOPOHBI.

2.4. JlaBjeHue JKUAKOCTH HA HMJIMHAPHUYECKYIO TOBEPXHOCTH

IlycTh XKHMOKOCTH 3amlOJHSET pe3epByap, IpaBas CTEHKA KOTOPOIrO IPEJCTaBIsSIET COOOM
HWIMHAPUYECKYIO  KPHUBOJUMHEHHYI0 MOBEpPXHOCTh ABC (puc.2.4), NpOCTUPAIOIIYIOCS B
HalpaBJIeHUM uuTaTedss Ha wmMpuHy b. BoccranoBuM u3 touku A nepneHAukyisp AO k
CBOOOJHOW TMOBEPXHOCTH KUAKOCTH. OOBeM kuakoctu B orcekeAOCB HaxonuTcs B
paBHOBECHU. DTO 3HAUUT, YTO CHJIBI, JEHCTBYIOIIME HA TOBEPXHOCTH BbIAeNIEHHOT0 o0beMa V, u
CWJIBI BE€CA B3aUMHO YPaBHOBEIIMBAIOTCS.



Puc. 2.4. CxeMa Kk onpeieJIEHUI0 PaBHOACHCTBYIOIIECH THAPOCTATUYECKOTO JABJICHUS HA
IIWIHHIPUIECKYIO TTOBEPXHOCTh

[IpeacraBum, 4TO BhIICICHHBIN 00beM V MIpeAcTaBiIIeT cOOOM TBEPAOE TEIO TOTO K€ YACIbHOTO
Beca, YTO U XKHUAKOCTh (ITOT 00beM Ha puc.2.4 3amTpuxoBaH). JleBas MOBEPXHOCTH ATOTO
obbema (Ha uepTexe BepTHKalbHas creHka AQO) mMmeer 1wiomanb Sx = bH, SBISIONTYIOCS
MPOEKIIMEN KPUBOJIUHENHON MTOBEpXHOCTH ABC Ha mI0cKoCcThyOZ.

Cuna ruApoCTaTUYECKOTO JIaBJICHU Ha TUIommans S, paBHa F, =y S,h,.
C mpaBoil CTOPOHBI Ha OTCEK OyAeT NEHCTBOBATH peakius R MWIMHIPUIECKON MOBEPXHOCTH.
IlycTh TOYKa NPUIOKEHUS U HANpPaBICHUE STOM peakuuu OyqyT TAaKOBbI, KaK MOKA3aHO Ha

puc.2.4. Peakuuto R pa3noxuM Ha aBe coctapistonue R, u R,.

N3 neicTByrOMMX MOBEPXHOCTHBIX CHJI OCTaJIOCh YYE€CTh TOJBKO JaBJIEHHUE HA CBOOOJHOMN
noBepxHOCTH Py. Ecnmu pesepByap OTKpPBIT, TO €CTECTBEHHO, YTO JAaBJI€HHE Py OIMHAKOBO CO
BCEX CTOPOH M MOATOMY B3aMMHO yPaBHOBEIIUBAETCS.

Ha orcex ABCO 6yger aeiictBoBaTh cuiia coOcTBeHHOro Beca G = YV, HanpaBlieHHAas! BHU3.
CrnpoenupyeM Bce cuiibl Ha och Ox:
F.-R.,=0otkyna F, = R, =vyS,h,
Teneps cripoenupyem Bce CHitbl Ha och Oz:
R.-G=0orkyna R, = G=vyV

Cocrapnsomas CHJIbl THIPOCTATMYECKOTO JaBieHus 1o ocu O, o0pamaercs B HYyJb,
3Ha4uT R, = F, = 0.

Takum 00pazoM, peakius HUIMHAPUIECKON MOBEPXHOCTH B OOIIIEM ClTyyae paBHA

R= RI+RI+R]

a TIOCKOJBKY peakius UWIMHIPUYECKOW IIOBEPXHOCTM pPaBHA  PaBHOJACUCTBYIOLIEH
TUJIPOCTATUYECKOTO IaBJICHUAR=F, TO Jie]1aéM BBIBO/I, YTO

F=[Fl+F+F)

2.5. 3akoH ApxuMeJa U ero NpuJIoKeHHe



Teno, morpykeHHOE (MOJHOCTBbIO WM YaCTUYHO) B JKHMJIKOCTb, HCIBITBIBAET CO CTOPOHBI
KUJKOCTH CYMMAapHO€ JIaBJICHHE, HANPABJICHHOE CHU3Y BBEPX M PAaBHOE BECY KHUAKOCTH B
o0beMe MOTpy>KeHHON YacTu Tena.

Poom = Pc&Vnoap
I[JISI O,Z[HOpOI[HOFO TEJa IJIaBAKOIICTO Ha HOBerHOCTI/I CHpaBGI[J'II/IBO COOTHOILICHUC

mep:p_m

[ [

rae: V- 00BeEM IUIABAIOILETO Tena;
Py - INIOTHOCTbH TeNA.

CymiecTByroIias TeOpus TUIABAIOIIETO Tela JOBOJBHO OOIIMPHA, TIOITOMY MBI OTPAHHYHUMCS
PACCMOTPEHUEM JIWIIb TUAPABINYECKON CYIITHOCTH 3TOM TEOPUHU.

CrnocoOHOCTh  MJIABAIOIIETO Teja, BBIBEJACHHOTO M3 COCTOSIHUSI PAaBHOBECHS, BHOBB
BO3BpAIAThCS B 3TO COCTOSIHUE HA3BIBAETCS ycmotuugocmyio. Bec )KuakocTu, B3sTOl B 00beMe
MOTPY’)KEHHOM  4acTHM  CyJHa  Ha3blBAIOTEOOOU3MeujeHueM, a  TOUKY  IPUIOKEHUs
paBHOJICHCTBYIOIEH JaBieHus (T.e. LEHTP MJaBJICHUs) - yewmpom eodousmewenus. llpu
HOPMAaJbHOM MOJIOKEHUU CYJIHA UEHTP TshKecTH C U UEHTP BOJAOU3MENIEHUA d JeXaT Ha OJHOU
BEPTUKAIBLHON IpsiMoil O'-O", IPEACTABIAIOIMIEN OCh CUMMETPUU CyJIHA U HAa3bIBAEMOW OCBIO
maBaHus (puc.2.5).

[lycTs moOx BIAMSHMEM BHEIIHUX CHJI CYJHO HAKJIOHUJIOCH Ha HEKOTOPBIA yTod o, YacTb
cynHa KLM BpInia w3 KUAKOCTH, a 4acTh K'L'M', HaoObopoT, morpy3uiock B Hee. [Ipu stom
MOJIyYWJIA HOBOE€ MOJIOKEHUU LEHTpa BojgousMmenieHus d'. IlpunoxuM K Touke d’ HOIBEMHYIO
CWIy RYM JUHUIO €€ NEUCTBUA MPOAOJDKMM [0 IEpecedeHuss ¢ Oochlo cummerpuu O'-0".
[Tomyuyennas TOYKA M HA3bIBACTCS MeMAayeHmpom, a orpe3ok mC =
h Ha3bIBaeTCIMemayeHmpuyeckou  evlcomoti. byneM  cuuTarh h MOJIOKUTENbHBIM,  €CIIU
TOYKA M JISKUT BbIlIe TOUKU C, U OTPULATENBHBIM - B IPOTUBHOM CITy4ae.

=y .""., 'f ﬁ a-

Puc. 2.5. Tlonepeunsiit mpoduiis cyana

Tenepb paccMOTpUM yCIIOBUSI pABHOBECHS CyHA:



1) ecmmh> 0, TO cCcyaHO  BO3BpallaeTcss B  [EPBOHAYAIHOE  IOJIOKEHUE;
2) eciou h = 0, TO 3TO ciyvaun 0e3pa3TuIHOTO paBHOBECHS,
3) eciu h<O, TO 3TO ciy4yail HEOCTOMYMBOIO PABHOBECHS, MPHU KOTOPOM MPOAOHKAETCS
JaynbHeIIee ONpOKUIbIBAHUE CY/IHA.

CJICI[OB&TGJIBHO, 4YCM HMIKC PACIIOJOKCH HCHTP TAKCCTHU M, YCM OoubIIIe MCTALICHTPUYCCKAs
BbICOTA, TEM OoJIbIIIE 6y,Z[eT OCTOMYHBOCTD CyaHa.

2.6. IloBepXxHOCTH PABHOIO JAaBJIEHHSI

Kak yxe oTmedanoch BbIlI€, TOBEPXHOCTh, BO BCEX TOYKAX KOTOPOW JABJICHUE OJUHAKOBO,
Ha3bIBACTCANOBEPXHOCBIO YVPOGHS WA NOBEPXHOCMbIO PABHO20 0aseHus.. [Ipn
HEPABHOMEPHOM WJIA HEINPSMOJMHEMHOM [BWKCHUM HA YaCTULBl JKUIKOCTH KPOME CHIIbI
TSDKECTH JACUCTBYIOT €11€ U CHUJIBl MHEPLHU, IPUYEM €CIM OHM IIOCTOSHHBI [0 BPEMEHH, TO
KUIKOCTh IPUHUMAET HOBOE IIOJIOKEHHWE pPaBHOBECUS. Takoe paBHOBECHE KUIAKOCTH
HAa3bIBACTCA OMHOCUMENbHBIM NOKOEM.

PaccmoTpumM Ba mpumepa Takoro OTHOCHUTEIBLHOTO MTOKOS.

B niepBoM npumepe onpeaeumM MOBEPXHOCTH YPOBHS B JKUIAKOCTH, HAXOSIIEHCS B IUCTEPHE, B
TO BpeMsl Kak IIMCTEPHA JBIDKETCS TI0 TOPU3OHTAIBHOMY IIyTH C TIOCTOSHHBIM
yckopeHueM a (puc.2.6).

SIS .

Puc. 2.6. JIBm>keHuE HUCTEPHBI C YCKOPEHUEM

K Ka)I(,HOﬁ HJaCTuuC XKNUJIAKOCTH MACChI 11 JOJI?’KHBI OBITH B ATOM ClIy4dac IIPUIIOKCHBI €C BCC G =

2
mg v cuja uHepuuuP,, paBHas Mo BeIUMYMHE ma. PaBHOIEHCTBYOIIAs R=Jlmg) + [ma)z ATUX
CWJI HallpaBJieHa K BEPTUKAJH TI0JT yTIIOM O, TAHT€HC KOTOPOTO PaBeH

P
fgdi=—
£

Tak kak cBOOOAHAsE IMOBEPXHOCTb, KaK IOBEPXHOCTb PABHOIO JABJIEHUS, JOJKHA OBITH
HOpMaJslbHA K YKa3aHHOW PaBHOJICHCTBYIOIIEH, TO OHA B IaHHOM CJIy4ae MPeACTaBUT CO0O0M yxe
HE TOPU30HTAIBHYIO IIJIOCKOCTh, @ HAKIOHHYIO, COCTAaBJISIOLIYI0 YIOJI O C TOPHU30HTOM.
Y4uTsIBast, 4TO BEIMYMHA 3TOrO YIJIA 3aBUCHUT TOJIBKO OT YCKOPEHUH, IPUXOAUM K BBIBOLY, 4TO
MOJIO’KEHHE CBOOOJIHOM MOBEPXHOCTU He OyAeT 3aBUCETh OT POAa HAxOJslIelcs B LUCTEpHE
xunkoctu. Jlrobas apyras NOBEpXHOCTb YPOBHS B JKUAKOCTU Takke OyAeT IUIOCKOCTbIO,



HAKJIOHGHHOW K TOPU30HTY TMOA yriaoMm o. Ecmu Obl ABMKEHHWE IUCTEPHBI OBLJIO HE
PaBHOYCKOPEHHBIM, a pPaBHO3aME/IJICHHBIM, HAlpaBJIEHUE YCKOPEHUS W3MEHHJIOCH OBl Ha
oOpaTHOe, U HAKJIOH CBOOOJHON MOBEPXHOCTH OOpaTUiICS OBl B JPYTYIO CTOPOHY (CM. pHC.2.6,
MyHKTHUD).

B kaudectBe BTOpPOro mpuMepa pacCMOTPUM YAaCTO BCTPEUYANOLIMKCS B IPAKTUKE Clydau
OTHOCUTENBHOTO MOKOS ’KMJIKOCTH BO BPAaLIAIOLIUXCS COcyJax (Hampumep, B cemaparopax H
HeHTpudyrax, IpUMEHIEeMbIX U pa3fieenus Kuakoctei). B atom cinyyae (puc.2.7) Ha mo0yio
YaCTULy JKUAKOCTH NPU €€ OTHOCUTEILHOM PABHOBECUU IEHUCTBYIOT MACCOBBIC CHIIbL: CHJIA
TsokecTH G = mg WM IEHTpoOexHas cuia P, = mw’r, TIe r- PAacCTOSHHE YACTHIBI OT OCH
BpAILIEHHUs], a () - YIVIOBAask CKOPOCTh BpallEHUs COCYya.
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Puc. 2.7. Bpamenue cocyia ¢ XKUIKOCTbIO

[ToBepxXHOCTh JKMAKOCTH Tak)Ke JIOJDKHA OBITh HOpMajdbHa B  KaXIAOW TOYKE K
PaBHOACUCTBYIOIIEH 3TUX CWI R UM TpeacTtaBuUT coOoil mapabonoun BpamieHus. M3 geprexa
HaXOJIUM

£ c::L—P“—
ga=—=

C npyro# CTOpOHBI:

ga=%Z
g ar

7€ Z - KOOpJIMHATa pacCMaTpUBaeMOi TOUKH. TakuM 00pa3om, Moxyyaem:

& _ds
g dr



OTKyJia
dz = e For

WJIM TI0CJIE UHTETPUPOBAHUS

B touke nepeceuenust kpuoit AOB ¢ ocbkro Bpamenus r =0, z = h = C, 103TOMy OKOHYATEIBHO
OyzeM UMeTh

1.1
oy

2g

z=h+

T.e. kpuBas AOB siBnsieTcss mapalosioi, a cBOOOAHAS MOBEPXHOCTh KUIAKOCTH MapabOIOUIOM.
Taxyto xe hopMy UMEIOT U IpYTUE TIOBEPXHOCTH YPOBHSI.

Jlns ompenerneHus 3aKOHa W3MEHEHUsS JaBJICHHS BO BpaLIAIOMICNCs JKUIKOCTH B (PYHKIUU
pazryca 1 BBICOTHI BBIIETUM BEPTUKAIBHBIN IMIMHAPUIECKUNA 00bEM KHIKOCTU C OCHOBAHHUEM
B BHJIC DJIEMEHTApPHOU FOPU30HTAIBLHOM IUIOMAIKH dS (Touka M) Ha TPOU3BOJIILHOM pajuyce r U
BBICOTE Z M 3alMILEM YCIOBHUE €ro PaBHOBECUS B BEPTUKAIbHOM HampasieHuu. C yderom
ypaBHeHus (2.11) 6ynem umeTh

2.2
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DTO 3HA4YUT, UYTO JABJICHHE BO3PACTAECT MPOMOPIUOHAIBLHO PpagUuyCy ¥ U1 YMEHbILIAETCS
MPOTIOPIIMOHATIEHO BBICOTE Z.



TecTbl K Jexkuu Ne2

2.1. Kak Ha3bpIBalOTCS pa3ieibl, Ha KOTOPBIC NCIUTCS THApaBIuKa?

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

2.2. Pa3):[en TUAPABIUKH, B KOTOPOM paCCMATPUBAIOTCA 3dKOHBI pABHOBCCHA JKUJAKOCTH
Ha3bIBACTCA

a) TUIPOCTATUKA;

0) THAPOAMHAMHUKA;

B) TMIPOMEXAHUKA;

I') TUAPABINYECKas TEOPHUs PABHOBECHS.

2.3. FI/IIIpOCTaTI/I‘—ICCKOG HAaBJICHUC - OTO OABJICHUC ITPHUCYTCTBYIOIICC

a) B IBIDKYIICHCS )KHIKOCTH;

0) B OKOSIIEHCS KUIKOCTH,

B) B KHUJKOCTH, HAXOIAIIEHCS 110 U30BITOUHBIM JIaBJIICHUCM;
T') B )KUJIKOCTH, TIOMEIIIEHHOM B pe3epByap.

2.4. Kakue 4aCTUlkbl )XUJKOCTH HCIIBITBIBAIOT HauOOJIbIIIee HaIIPsSZKCHUC CKATUA OT HeﬁCTBHH
Ir'uapoCTaTHICCKOro I[aBJ'IeHI/IH?

a) HAXOAIIMECS Ha THE Pe3epByapa;

0) HaxoAIMecss Ha CBOOOTHOM MOBEPXHOCTH;

B) HaxosIuecs y O0KOBBIX CTEHOK pe3epByapa;

I') HAXOJSIIIHECS B IICHTPE TSHKECTH PaCCMaTPUBAEMOTO 00beMa KHUTKOCTH.

2.5. CpemHee rupoCTaTHIECCKOE JaBJICHUE, ICHCTBYIOIIEE HAa THO 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 IIOLIAIH JIHA Pe3epByapa.

2.6. IlepBoe cBOMCTBO THIPOCTATUYECKOTO JaBICHUS TJIACUT

a) B JIt0OOM TOUYKE KUAKOCTH TUAPOCTATUUECKOE JIaBJICHUE NIEPIEHIUKYJIISIPHO IJIOIAIKE
KacaTeJbHOM K BBIJICJICHHOMY 00BEMY U ICUCTBYET OT paccMaTpUBaeMoro oobemMa;

0) B 00011 TOUKE KUAKOCTH TUAPOCTATUUECKOE JIABJICHUE TIEPICHIUKYIISIPHO IJIOIIAIKE
KacaTeJIbHOM K BbLICICHHOMY 00bEMY U JAEMCTBYET BHYTPh pacCMaTpUBaeMOro o0bemMa;

B) B KOXK/IOM TOUYKE KUJAKOCTH TUAPOCTATHIECKOE JIaBJICHUE ICUCTBYET MapaylieIbHO TIIOMIAIKE
KacaTeJIbHOM K BbIACJIECHHOMY 00bEMY U HaIPaBJIEHO MPOU3BOJILHO;



I') THAPOCTATUUECKOE JABJICHUE HEM3MEHHO BO BCEX HAIMPABICHUSX U BCET]Ia NEPIICHIUKYJIISPHO
B TOUYKE €ro NPUJIOKEHHSI K BBIJICIIEHHOMY 00BEMY.

2.7. Bropoe cBOMCTBO rUAPOCTATHYECKOTO JABJICHUS IJ1aCUT

a) TUAPOCTATUYECKOE JABJICHUE TIOCTOSHHO U BCETJa EPIICHIUKYJIISIPHO K CTEHKaM pe3epByapa;
0) ruapOCTaTHUECKOE JIaBJICHUE U3MEHSETCS IPU U3MEHEHUU MECTOOJIOKEHUS TOUKY;

B) THIPOCTATUYECKOE AABJICHUE HEU3MEHHO B TOPU30HTAIILHOM MIIOCKOCTH;

I') THAPOCTATUUECKOE JJABJICHUE HEM3MEHHO BO BCEX HAMPABIICHUSX.

2.8. TpeTbe CBOMCTBO TUAPOCTATHYECKOTO JABJICHUS TJIaCUT

a) TUAPOCTATUUECKOE JABJICHUE B JIFOOOW TOUKE HE 3aBUCUT OT €€ KOOPJMHAT B IPOCTPAHCTBE;
0) TUAPOCTATHYECKOE JaBJICHUE B TOUKE 3aBUCUT OT €€ KOOPJUHAT B IIPOCTPAHCTBE;

B) THAPOCTATHYECKOE JTABICHUE 3aBUCUT OT TUIOTHOCTH YKUIKOCTH;

I') THAPOCTATUUECKOE JAaBJICHUE BCET/ia MPEBBIIIAET JaBICHHUE, IEHCTBYIOIIEE HA CBOOOIHYIO
MMOBEPXHOCTh KHUIKOCTH.

2.9. YpaBHeHHe, MO3BOJISAIONICE HAWTH THIPOCTATUYECKOE JTABJICHHUE B JIIO00M TOUKe
paccMaTpuBaeMoro oobemMa Ha3bIBaeTCs

a) OCHOBHBIM YPaBHCHHUEM THIIPOCTATHKHY;

0) OCHOBHBIM YPaBHEHUEM THIPOIMHAMUKH;

B) OCHOBHBIM ypaBHEHUEM TUIAPOMEXAHUKH;

I') OCHOBHBIM YPaBHEHUEM TUIPOJUHAMUYECKON TEOpHUH.

2.10. OcHOBHOE ypaBHEHHE TMAPOCTATUKU MO3BOJISIET

a) OTpeIeIIATh JaBJICHHE, IEHCTBYIOIIEE Ha CBOOOIHYIO MTOBEPXHOCTH;

0) omnpeaenATh JaBJICHUE HA JTHE Pe3epByapa;

B) OTIpEJIEIIATH IaBJICHHUE B JIIOOOM TOUKE paccMaTprUBaeMoOro o0bemMa;

I') OIpEIeTIATh JaBJICHHE, TEHCTBYIOIIEE Ha MOTPYKEHHOE B JKUIKOCTH TEIIO.

2.11. CpenHee ruApOCTaTHUECKOE JaBJICHUE, IEHCTBYIONIEE HAa IHO pe3epByapa ONMpeaesieTCs
o gopmyiie

. . V. F
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2.12. OCHOBHOE ypaBHEHHE THAPOCTATHUECKOTO IaBIICHUS 3alMCHIBACTCS B BUC

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

2.13. OcHOBHOE ypaBHEHHE TMAPOCTATUKN OMPEIEISAETCS

a) MPOU3BEICHUEM JIaBIICHUS raza HaJ CBOOOJHON MOBEPXHOCTHIO K IUIOMIA I CBOOOIHOM
MTOBEPXHOCTH;

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

B) CYMMOI1 1aBJIeHHsI Ha BHEIIHEW MOBEPXHOCTH JKUKOCTH U JaBJIEHUs, 00YyCIOBIEHHOIO BECOM



BBIIIIEJIEKAIINX CIOEB;
') OTHOIIIEHUEM PacCMaTPUBAEMOT0 00beMa KHUAKOCTH K TNIOTHOCTH U INIyOUHE OTPYKEHHUS
TOYKHU.

2.14. Yemy paBHO THIPOCTATUYECKOE IABJICHNE IIPU ITyOMHE NOTPYKEHUS TOUKH, PABHOW HYJIIO

a) TABJICHUIO HaJ CBOOOTHOM MTOBEPXHOCTHIO;

0) Mpou3BeAeHNIO 00BEMa KUJIKOCTH Ha €€ TUIOTHOCTB;

B) Pa3HOCTH JIaBJICHHIA HA JIHE Pe3epByapa U Ha €ro MOBEPXHOCTH;
T') IPOU3BEICHUIO TUIOTHOCTH JKUIKOCTH Ha €€ YCIbHBIN BeC.

2.15. "JlaBnenue, NpUIOKEHHOE K BHEITHEH TOBEPXHOCTH KUAKOCTH, MIEPEIACTCS BCEM TOUKAM
ATOM )KUIKOCTH IO BCEM HANPABJICHUSAM OAUHAKOBO"

a) 910 - 3aKoH HpioToHAa;

0) aTO - 3akoH [lackans;

B) 9TO - 3akoH Hukypansze;
T) 3TO - 3aK0H JKyKOBCKOTO.

2.16. 3axon ITackans rilacur

a) aBlieHUE, MPUII0KEHHOE K BHEIIIHEN MMOBEPXHOCTH JKUIKOCTH, IIEPEIAETCs BCEM TOYKaM 3TOU
KUJKOCTH 110 BCEM HaIpaBJICHUSIM OJIMHAKOBO;

0) naBieHue, MPUIOKEHHOE K BHEIIHEH TTOBEPXHOCTH KUAKOCTH, IIEPEAAETCS BCEM TOUKAM 3TOM
UJKOCTH 110 BCEM HAIPaBJICHUSAM COTJIaCHO OCHOBHOMY YPaBHEHMIO THPOCTATUKH;

B) JaBJICHHE, IPUIOKEHHOE K BHEITHEH MOBEPXHOCTH KUAKOCTH, YBEIUUUBACTCS 110 MEpe
ylajgeHus OT CBOOOJHON MOBEPXHOCTH;

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

2.17. TloBepXHOCTh YPOBHS - ATO

a) IOBEPXHOCTh, BO BCEX TOUYKAX KOTOPOU JaBICHUE U3MEHSAETCS M0 OJIMHAKOBOMY 3aKOHY;

0) MOBEpXHOCTh, BO BCEX TOUKAX KOTOPOH JaBlIeHHE OJMHAKOBO;

B) IOBEPXHOCTh, BO BCEX TOUKAX KOTOPOM JABJICHHUE YBEIUUUBAECTCS MPSIMO MPOMOPIIMOHATIBEHO
YAQJICHUIO OT CBOOOHOM MOBEPXHOCTH;

') CBOOO/IHAsI MIOBEPXHOCTh, 00pa3yoIIascs Ha TPaHUIIE pa3zeia BO3IYIIHON U )KUJIKOU CpeJl
IIPX OTHOCUTEJIBHOM MOKO€ JKUJIKOCTH.

2.18. Uemy paBHO TUIPOCTATUYECKOE IABIICHUE 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 npuioxeHa paBHOJIEHCTBYIONIAS THIPOCTATUUECKOTO JaBICHUS OTHOCUTEIHHO
IIEHTpa TSHKECTH MPSIMOYTOJIbHOW OOKOBOM CTEHKH pe3epByapa’?

a) HIDKE;

0) BbIIIIE;

B) COBIAJACT C IIEHTPOM TSIKECTH;
') CMEIIeHa B CTOPOHY.

2.20. PaBHOIEHMCTBYIOIIAS THAPOCTATHUECKOTO JABJICHUS B pe3epByapax ¢ INIOCKOW HaKJIOHHOU
CTEHKOM paBHa

a) F=wpd;

0) anfrhjcosm;
2

B) F =pSh,;

r) F:ﬁ :
2

2.21. Touka IpUIOKEHUS PaBHOACUCTBYIOMIECH THAPOCTATHUCCKOTO JABICHUS JICKUT HIKE
IIEHTpPA TSHKECTH TIIOCKOM OOKOBOM IMOBEPXHOCTH pe3epByapa Ha pacCTOSHUN

£
a)g:”r_fh; 0) p= ., —4m;
fu.mlff Y
B) g _ 0 0 f= 5T b ym-
"'rAx'Eu.m.

2.22. Cuna ruApOCTaTUYECKOTO JABJICHUS HA IIJIUHAPUIECKYIO OOKOBYIO MOBEPXHOCTH IO OCH
Ox paBHa
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a) FZZI;
¥

0) Fo=v;

B) F, =vVH ;

l“) F;. = T'Szhc '



2.23. Cwiia ruipoCTaTHUECKOTO JABJICHUS Ha MIIHHAPUYECKYI0 OOKOBYIO TOBEPXHOCTH 110 OCH
Oz paBHa

1

0 x

TS

a) F_ -1

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

2.24. PaBHOICHCTBYIOMIAS THAPOCTATHUECCKOTO JABJICHUS HA MIIHHAPUIECKYI0 OOKOBYIO
MTOBEPXHOCTh PaBHA

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

Y g e _3
8) F=3[F2 + F 4 F s D F=3F,+F +F [
2.25. Cuna, feiicTByrOIIasi CO CTOPOHBI KMKOCTH Ha TIOTPYKEHHOE B Hee TeJI0 paBHA

) From = Prugnal Vraaa
0) P = P

B) Bom = PocSPosy
) Buon = PaeVrozp'

2.26. CriocoOHOCTH TJIABAIOIIIETO TEJa, BBIBEICHHOTO U3 COCTOSIHHSI PABHOBECHSI, BHOBb
BO3BPAIIATHCS B 3TO COCTOSTHAE HA3BIBACTCS

a) YyCTOMYHBOCTBIO;

0) OCTONYNBOCTHIO;

B) IJIABYYECTHIO;

') HENOTOIUIIEMOCTHIO.

2.27. YkaxuTe Ha pUCYHKE MECTOIOJIOKEHUE LIEHTPA BOJIOM3MEIICHUS



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

2.28. YkaxuTe Ha pPUCYHKE METAIICHTPUUYECKYIO BBICOTY

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

2.29. Jl;1st oTHOPOIHOTO TeJia, TUTABAKOIIETO Ha TTOBEPXHOCTH CIIPABEITMBO COOTHOIIICHHE

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

2.30. Bec xxunkoctu, B35TOM B 00beMe MOTPYKEHHOM YaCTH CyTHA Ha3bIBAETCS

a) MOrpyKEeHHBIM 00bEMOM;
0) BOJIOM3MEIIICHUEM;



B) BBITECHEHHBIM 00bEMOM,;
') BOJOTOTJIONICHHUEM.

2.31. BogousmenieHue - 3To

a) 00bEeM JKHUIKOCTH, BRITECHSIEMBIN CyTHOM IIPH MOJTHOM TMOTPYKCHHH,

0) Bec KUIKOCTH, B3ATON B 00bEME CyIHA;

B) MaKCHMAaJIbHBIN 00BEM KHIKOCTH, BRITCCHIEMBIH IJIABAFOIIMM CYTHOM;
T') BEC )KUIKOCTH, B3ATON B 00beMe MOTPYKEHHOM YaCTH CyJIHA.

2.32. YkaXuTe Ha pUCYHKE MECTOIOJIOKEHUE METaIleHTpa

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

2.33. Ecim cy1HO BO3BpAIIaeTCsl B UCXOAHOE MOJ0KEHHUE TIOCIIC ISHCTBHUS OTIPOKHUIBIBAIOIICH
CHWJIBI, METAIlCHTPHUYECKasi BRICOTA

a) UMeeT MOJIOKHUTEIFHOE 3HAUCHHE,

0) UMeeT OTpHUlIaTEeIbHOE 3HAUCHHE;

B) paBHa HYJIIO;

T') YBEJIMYUBAETCS B IIPOIIECCE BO3BPALIEHHS CYHA B UCXOIHOE TIOJIOKEHHE.

2.34. Ecin CYIHO II0CJIC BO3I[€fICTBH$I OHpOKI/II[BIBaIOH_Ieﬁ CHJIBbI ITPOJOJIKACT IIa.HBHeﬁI.Hee
OIIPOKHUABIBAHUC, TO MCTALICHTPHUYICCKAA BBICOTA

a) UMeeT MOJIOXKHUTEIFHOE 3HAUCHHE,

0) UMeeT OTpHUlIaTEeIbHOE 3HAUCHHCE;

B) paBHa HYJIIO;

') YMEHBIIIAETCS B MPOIIECCE BO3BPAIICHUS CyTHA B HCXOTHOE MOJIOKEHUE.

2.35. Ecnu cyiHO mociie BO3ACHCTBUSL OMPOKUIBIBAIOIIEH CHUIIBI HE BO3BpAIIACTCs B UCXOAHOE
MOJIO’KEHHUE U HE MPOJOJKAET OMPOKUIBIBATHCS, TO METALICHTPUYECKAs BbICOTA

a) UMeeT MOJI0KUTEILHOE 3HaYEHHE;

0) UMeeT OTpULIaTEIbHOE 3HAUCHHUE;

B) paBHa HYJIIO;

I') YMEHbIIAETCS B IPOLIECCE BO3BPAILEHUS CyJHA B HCXOJHOE MOJIOKEHHE.



2.36. I1o kakoMy KPUTEPHIO OIIPEACIISIETCSI CTIOCOOHOCTD IJIABAIOIIETO TEJIa U3MEHSTh CBOE
JaJIbHEHIIIee TTOJI0KEHUE TTOCIIe OTIPOKUIBIBAIOIETO BO3ACHCTBHUS

a) M0 METalEHTPUYECKOM BBICOTE;
0) 0 BOAOM3MELICHHIO;

B) IO OCTOMYMBOCTH;

T') [0 OCH IJIaBaHUSI.

2.37. llpoBenenHas yepe3 00beM KUIKOCTH TOBEPXHOCTh, BO BCEX TOUKAX KOTOPOI 1aBlieHHE
OJINHAKOBO, Ha3bIBAETCS

a) CBOOOHOMN TOBEPXHOCTHIO;
0) MOBEPXHOCTHIO YPOBHS,

B) IOBEPXHOCTHIO MOKOS;

I') CTAaTHYECKOM MOBEPXHOCTHIO.

2.38. OTHOCUTEIIBLHBIM MOKOEM KUIKOCTHA HA3BIBAETCS

a) paBHOBECHE KUAKOCTH MPU MOCTOSHHOM 3HAYEHUU JACUCTBYIOIIMX HA HEE CHJI TAKECTH U
WHEPLHUH;

0) paBHOBECHE KUAKOCTU MTPU MEPEMEHHOM 3HaYCHUU JACUCTBYIOIIMX HA HEE CHJI TSKECTH U
VHEpLHUY;

B) PAaBHOBECHE >KMJIKOCTU ITPU HEU3MEHHOM CHUJIE TSKECTH U U3MEHSIOIIEHCS CUIIE MHEPLIVY;
I') paBHOBECHE KHUJAKOCTH TOJIBKO MPU HEU3MEHHOMU CHUJIE TSXKECTH.

2.39. Kak n3mMeHuTCs yroJl HaKJIOHa CBOOOHOM OBEPXHOCTH B MUCTEPHE, IBUTAFOIICHCS C
MTOCTOSTHHBIM yYCKOPEHHUEM

a) cBOOOIHASI IOBEPXHOCTD MPUMET (HopMy mapadoIib;
0) OyieT U3MEHSITHCS;

B) CBOOO/THASI TOBEPXHOCTH OYJET TOPU30HTAIbHA,;

') HE U3MEHUTCHI.

2.40. Bo BpamarorieMcs HAIMHIPUYECKOM COCY/JIe CBOOOIHASI TOBEPXHOCTh UMEET hopMy

a) mapadoJbl;

0) runepOoIbI;

B) KOHYCa;

') cBOOOIHASI IOBEPXHOCTh TOPU3OHTANIBbHA.



Jleknus 3. OCHOBbBI T'NMIPOIMHAMUKHN

I udpoduHaMuKa - pasaci TMApPaBIMKHA, B KOTOPOM HM3YYarOTCs 3aKOHbI ABMIKCHUS KUIAKOCTH H
€€ B3aUMOJICHCTBHE C HEMMOABWXXHBIMHA W ITIOABUKHBIMU ITOBEPXHOCTAMMU.

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

HBH)KymeﬁCH KUJIKOM cpeac TakKuc CBA3HM OTCYTCTBYIOT. I[BI/I)KGHI/IG KUAKOCTH COCTOUT U3
IIpGBBI:.I‘ﬂIEl.I‘/’IHO CJIOKHOTO ICPEMCHICHHA OTACIIbHBIX MOJICKYJI.

3.1. OcHOBHbBIC MOHATHSA O IBMKCHUHU KUIKOCTH

Kuebim  ceuenuem ®  (M?)  HA3bIBAIOT  IUIOIIAJb  IONEPEYHOTO  CEUEHHS]  IOTOKA,
MEPIICHIMKYJIIPHYIO K HamlpaBieHUIO TeueHHs. Hampumep, >KMBoe cedeHHE TPYyOBI - KpyT

(puc.3.1, 0); )kMBOE CEYCHHE KJIallaHa - KOJIBIIO C W3MEHSIONIMMCS BHYTPCHHHM JIHAMETPOM
(puc.3.1, 0).

E:
i
£
£

e -, Hubue € eueHue

Puc. 3.1. )KuBbie ceueHus: a - TpyOsbI, O - Kiarmana

Cmouennwiii nepumemp 7y, ("xu'") - 9acTh IEpUMeETpa KUBOTO CEUCHUS, OTPAHUIECHHOE TBEPIBIMU
cTeHKaMH (puc.3.2, BbIACIIECH YTOJIIIECHHON JTUHUEN).

e Lo,
<

Jlist kpyruioi TpyObl

CCJIK YyI'OJI B paaraHax, Uin

¥= HD% ECIH YTool §f B IPalyCax

Pacxon motoka Q - 00beM KHAKOCTH V, MpOTEKarolield 3a €IWHUIY BPEMEHHU f Uepe3 >KUBOE
CEUYCHUE O.

Q=§, (vfc, MHTP/MHE).



Cpez[Hsm CKOPOCTBb IMOTOKA UV - CKOPOCTb ABMKCHUA KUAKOCTH, OIIPCACIIAIOIIAACA OTHOMICHHCM
pacxoga )KI/II[KOCTI/IQ K ITI0Iaau JKMBOI'O CECUCHUA (O

e

Vg ==, ()

ITockONbKYy CKOpPOCTh ABMKEHHUS PA3IMYHBIX YACTUIl KUAKOCTU OTIMYAETCS APYr OT Jpyra,
MO3TOMY CKOPOCTb JIBWXKEHUS U ycpeansieTcs. B kpyrioit TpyOe, Hampumep, CKOPOCTh Ha OCU
TpyObl MaKCHMaJbHa, TOTAA KaK Y CTEHOK TPyObl OHa paBHA HYJIIO.

T'uopasnuueckuti paouyc nomoka R - OTHOIIEHHUE KUBOTO CEYCHHSI K CMOUEHHOMY MEPUMETPY

R=2 ()
1

Teuenue KNIKOCTH MOXECT OBITH YCTaHOBUBIIIMNMCA )51
HCYCTAaHOBHBUINMCA. Yemanosuswumcs JBMJKCHUEM HA3BIBACTCA TAaKOC AIBMXCHUE XHUIKOCTH,
IIpu KOTOPOM B ,HaHHOﬁ TOYKC pycCiia 1aBJICHHUC U CKOPOCTb HC U3MCHAIOTCS BO BDCMCHU

v =f(x, y, 2)

P=0¢fxy2)

I[BI/DKGHI/IG, npu KOTOPOM CKOPOCTb MW MJaBJICHHUC HN3MCHAIOTCA HC TOJBKO OT KOOpAWHAT
MMpOCTPAaHCTBA, HO U OT BPCMCHH, HA3BIBACTCSI HCYCTAHOBHUBIINMCS UJIN HECTATMOHAPHBIM

v=fi(x, 3,2 1)

P= (Pf](x, » 3 t)

Jlunusa moka (MpUMEHSETCS] TIPU HEYCTAHOBHUBIIIEMCS JBUKEHUHN) 3TO KPUBas, B KaXKIOW TOUKE
KOTOPOU BEKTOP CKOPOCTH B JAHHBIII MOMEHT BPEMEHH HAIIPaBJIEHBI 10 KACaTEIbHOM.

Tpyoxa moka - TpyO4aTasi MOBEPXHOCTh, oOpa3zyeMasi JMHUSIMU TOKa C OCCKOHEYHO MajlbIM
MOTIEpPEeYHbIM  ceueHueM. YacTh  MOTOKa,  3aklOYeHHas  BHYTpU  TPyOKH  TOKa
HAa3bIBACTCS 2IeMEHMAPHOU CMPYUKOU.

i ¥

Puc. 3.3. JIunus TOKa U CTpy¥iKa

TedeHue )KUIKOCTU MOXKET OBITh HATIOPHBIM U O€3HANOPHBIM. HanopHoe TeueHne Habo1aeTcs
B 3aKpBITBIX pyciax O0e3 cBoOonHOM mnoBepxHOcTU. HamopHoe TeueHuwe HaOmogaeTcsi B
TpyOONIpOBOZaX C TOBBIIICHHBIM (TIOHMKEHHBIM JIaBJICHUEM). besHanoproe - TEUEHUE CO
CBOOOJIHOM TMOBEPXHOCTHIO, KOTOpOE HAOJI0AeTCd B OTKPBITBIX pycliax (PeKH, OTKPBITHIE
KaHaJIbl, IOTKYU U T.I.). B 7aHHOM Kypce OyJeT paccMaTpuBaThCs TOJIBKO HAIOPHOE TEUEHHE.
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Puc. 3.4. Tpy0a ¢ nepeMeHHBIM TUaMETPOM IIPU OCTOSIHHOM PACX0JIe

N3 3akoHa COXpaHEHMs] BELIECTBA U IOCTOSIHCTBA  PACXOJa  BBITEKAET ypasHeHue
Hepaspvienocmu TedeHuil. [lpencraBum TpyOy C MEepeMEHHBIM XUBBbIM ceueHueM (puc.3.4).
Pacxon xxuakoctu yepes TpyOy B J1H000M €€ Ce4eHHH MOCTOsIHEH, T.€. O;=0>= const, OTKyAa

®;V; = ML,

Takum 00pa3om, eciau TeueHrue B TPyOe SIBISETCS CIUIOIIHBIM M HEPa3phIBHBIM, TO ypaBHEHHE
HEPa3pbIBHOCTU NMPUMET BUJ:
v, W
172 const
Wy Oy
3.2. YpaBHeHue bepHy/un 1J151 naeanbHOM KUIKOCTH

VYpaBuenue Jlanmmna bepnymiu, mnomydennoe B 1738 r., sBmsgercs ¢yHAaMEHTaIbHBIM
ypaBHEHUEM THApOoAMHAMUKK. OHO J1aeT CBSI3b MEXKIY JaBlieHUEeM P, CpelHell CKOpPOCThIO L U
MbE30METPUYECKON BBICOTOM Z B PA3JIMYHBIX CEYEHHSIX MOTOKA M BBIPAXKAET 3aKOH COXPAHCHUS
SHEPTUH JBWKYIIEHCS XUAKOCTH. C MOMOIIBIO ATOTO YpPaBHEHHUS pPEIIacTCs OOJBIION KPyT
3a7ad.

Paccmotpum TpyOOIIpOBOA MEpEeMEHHOTO IUaMETpPa, PACIOJIOXKEHHBIH B TMPOCTPAHCTBE IO
yraom B (puc.3.5).
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Puc.3.5. Cxema kx BbIBOAY ypaBHEHUS bepHYIUIM 17151 MACATbHOM )KUIKOCTH

Bri6epeM npon3BOJILHO HA pacCMaTPUBAEMOM yYacTKe TPyOOIpOBOIa /IBa CEUECHHUSI: CEUEHHE /-
I u ceuenue 2-2. Bepx mo TpyOOMpoBOLy OT MEPBOTO CEYECHHS] KO BTOPOMY JBIKETCS
XKHUIKOCTh, PacXoJl KOTOPOH paBeH Q.

I[J'IH HU3MCPCHUA OAaBJICHHA XKXUIAKOCTHU IIPHUMCHAIOT nvbe3omenipsvl - TOHKOCTCHHBIC CTCKIIAHHBIC
F

Tp}’6KI/I, B KOTOPLIX KUAKOCTH IMOAHUMACTCSA HAa BBICOTY rg. B KaXXIO0M CCUHCHUHN YCTAHOBJICHBI
NbE30MCETPEI, B KOTOPLIX YPOBCHD JXKUJAKOCTHU IMMOAHUMACTCA HA PA3HBIC BBICOTEI.

Kpome mnbe3oMeTpoB B KaxIOM ceuyeHuu /-/ u 2-2 ycraHoBieHa TpyOKa, 3arHyThlil KOHEIl
KOTOpOM HalpaBi€H HABCTpPEedy IMOTOKY >XKHIKOCTHU, KOTOpas HasbiBaeTca mpyoka I[lumo.
XKunkoctes B TpyOkax [Iuto Takke mogHMMAETCs Ha pa3HbIE YPOBHH, €CIIM OTCUMTHIBATH UX
OT NbEe30MempuU4ecKou JUHUU.

[Ipe30MeTpHUYECKYI0 JIMHHUIO MOXHO IIOCTPOUTH CleAyromuM obOpa3oMm. Ecam  wmexmy
ceyeHueM /-1 u 2-2 moCTaBUTh HECKOJBKO TAKMX € MbE30METPOB U Uepe3 MOKa3aHUs YPOBHEN
KHUJKOCTHU B HUX IMPOBECTU KPUBYIO, TO MBI MOJYYUM JIOMaHYIO JIMHUIO (puC.3.5).

Onnako BbICOTa ypoBHEH B TpyOkax IIMTO OTHOCHTENHHO MPOU3BOJIBLHONW TOPU3OHTAIHHOM
npsiMmoii 0-0, Ha3bIBAEMOM NJI0CKOCMbIO CPABHeHUs, Oy IeT OJMHAKOBA.

Ecnu yepe3 nmokazanusi ypoBHEH XKUIKOCTH B TpyOkax [luto mpoBecTH nuHMIO, TO OHa OyIeT
TOpPU30HTaJIbHA, U OYAET OTpaXkKaTh YPOBeHb NOIHOLL dHEP2UU MPYOONPo8oId.

JUis  AByX TNpPOM3BOJNBHBIX Ce€UeHUH /-1 ¥ 2-2 MIOTOKAa WJI€aTbHOM >KUJIKOCTH YpPaBHEHHE
bepHyim umeer cnenyomun BUI:



B v B
n+ L+l =z, + 2+ 2 =H =const
pg  2g rg  2g

Tak kak ceueHus /-1 u 2-2 B3sIThl NPOU3BOJIBHO, TO MOJYUYEHHOE YPABHEHUE MOKHO NEPENUCaTh
WHaye:

UE

z+£+—:H: const
pg  Zg

U MPOYMTATHh TaK: CyMMa TpPeX WICHOB ypaBHEHUS bepHymiu s i1r000ro cedeHus MOToKa
MJIeaJIbHOM KUJKOCTH €CTh BEJIMYMHA IIOCTOSTHHAS.

C oHepreTM4yeckoil TOYKM 3pEHUS KaXIbli UleH ypaBHEHHUS MpeACTaBlsieT coOoi
OTIpE/ICTICHHbIE BUJIbI SHEPTUU:

zl m z2 - yaenpHBIE DHEPTUU TIOJOKECHHS, XapaKTEPHU3YIOIMIUE IMOTCHIMAIBHYIO JHEPTHIO B
ceueHusx /-1 u 2-2;

4,48
FE FE - YACIBbHBIC OJHEPTUM HABJICHUA, XAPAKTCPUIYIOMIUC IMOTCHHOUAJIIBHYIO JHCPIUIO
JaBJICHUA B TEX XKC CCUCHUX,
2 2
L] 1
1 u 2

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

CnenoBaTenbHO, COTJIACHO ypaBHEHUIO bepHymnu, noinas yodenvhas sHepeusi uoeanbHOuU
HCUOKOCMU 8 NH0OOM CeHeHUU NOCOAHHA.

VYpaBHenue bepHyIJIM MOKHO UCTOJIKOBATh U YUCTO T€OMETPUYECKHU. J[€7T0 B TOM, YTO KaXKAbIi
YJIEH YpaBHEHUS UMEET JIMHEWHYIO pa3MepHOCTh. [ msg Ha puc.3.5, MOXKHO 3aMETUTh, 4TO z1 U
R B
—_— H —_—
z2 - TEeOMETPUYECKHE BBICOTHI CEUEHMU /-] M 2-2 HaJ IUIOCKOCTBKO CpaBHEHHUs; FZ  PE -
2 2
L U
b

IMbE30MCTPHUYCCKHUC BLICOTHI; 2g 2g - CKOPOCTHBIC BBICOTHI B YKA3aHHBIX CCUCHUAX.

B stoM cnyuae ypaBHeHHE bepHynum MOXHO TPOUMUTATh TaK: CYMMA 2e0MempuyecKkol,
NbE30MEempUYecKolti. U CKOPOCMHOU BblCOMbL O UOEANbHOU IHCUOKOCMU eCMb  GeUYUHA
NOCMOSIHHAS.

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 JBUKEHUU PEATBHOM BSI3KOM >KUAKOCTHM BO3HUKAKOT CHJIBI TPEHUS, Ha
MPEOAOJEHNE KOTOPBIX XKHUIAKOCTh 3aTpadydBaceT 3HEpruro. B pe3ynbTaTe moJiHas yaenbHas
SHEPrus KUAKOCTH B ceueHuu /-1 Oyner Oobllie NOJHOM yAENbHON SHEPTUH B CEUEHUH 2-2 Ha
BEJIMUMHY MOTEPSAHHOM 3HEpruu (puc.3.6).
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Puc.3.6. Cxema k BbIBOAY ypaBHEHUs bepHYIuM 151 peaibHOM )KUJIKOCTH

o 1-2 o
[ToTepsiHHAst SHEPTHS WM TIOTEPSHHBIA HAMOP 0003HAYAIOTCS “hom U UMEIOT TAKKE JIMHEHHYIO
Pa3sMEpPHOCTb.

VYpasuenue bepHyu 175 peanbHOM )KUIKOCTH 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 BuaHO, 4YTO O MEpE MABWKEHHUS KHUJIKOCTH OT ceudeHus /-1 1o cedeHusd 2-
2 TIOTEPSTHHBIM HAIOp BCE BpEeMS yBEIWYMBACTCS (NOTEPSTHHBIM HAIOP BBIACICH BEPTHUKAIBHOM
MTPUXOBKOHM). TakuM 00pa3oMm, ypoBEHb IE€PBOHAYAILHON DSHEPruu, KOTOpOM oOJamaer
KUJIKOCTh B TEPBOM CEUEHUM, JUIsI BTOPOTO CE€UEHMs] OyJEeT CKJIaAbIBaThCA W3 YEThIPEX
COCTABJISIIONIUX: TEOMETPUUYECKOU BBICOTHI, Tb€30METPUUECKON BBICOTHI, CKOPOCTHOU BBICOTHI U
MIOTEPSHHOTO HAIOpa MEXAy ceueHUsIMU /-1 u 2-2.

Kpome »TOro B ypaBHEHUM TMOSBUINCH eImie JBa KOXPQUIMEHTa o U 0, KOTOpHIC
Ha3bIBAIOTCS KOIPPuyuenmamu Kopuonuca n 3aBUCAT OT peKuMa TEUEHUS KUAKOCTH ( o = 2
JUTSL TAaMAHAPHOTO peXuMa, o = 1 i TypOyJIeHTHOTO pEeKUMa ).

1-2 . .
[ToTepsHHAS BBICOTA “nome CKIIAABIBACTCS W3 JIMHEHHBIX MOTEPb, BBI3BAHHBIX CHIIONM TPEHUS
MEXIY CJIOSIMU KUAKOCTH, U TIOTEPh, BHI3BAHHBIX MECTHBIMHU CONPOTUBJICHUSAMU (M3MEHEHUSIMU
KOH(UTrypaimu noToka)

'33?1'5‘?2” = h]luH + hMecm
C momomnisto ypaBHeHUST bepHy M pemraercst O0IbITHHCTBO 33429 MPAKTHICCKON THAPABITHKH.
J171s1 3TOro BBIOMPAIOT JBA CEYEHUS I10 JUTMHE TTOTOKA, TAKUM 00pa3oM, YTOOBI JJIsl OJTHOTO U3
HUX ObUTM U3BECTHBI BEIMYUHEI P, p, g, a 17151 APYyroro cedeHus o/iHa WM BEIMYUHBI MOJICKATH



OIIPCACIICHUIO. HpI/I ABYX HCU3BCCTHLIX IAJISA BTOPOI0 CCUCHUS UCIIOJIB3YIOT YPABHCHUC
MOCTOSTHCTBA PACX0/1a )KUJIKOCTH V1M | = Vo(s.
3.4. U3mepeHune CKOPOCTH NMOTOKA M PACX0A KUTKOCTH

JIJist i3MepeHnst CKOPOCTH B TOUKAX MOTOKA IIMPOKO MCTIOIL3YETCsl paboTaroIiasi Ha MPUHIIHUIIS
ypaBHenus bepnynnu tpyoka Iluto (puc.3.7), 3arHyThli KOHEIl KOTOpOW HaIpaBieH HaBCTPEUY
noToky. IlycTh TpeOyeTcst u3MEpPUTh CKOPOCTh KUAKOCTH B KaKOW-TO TOYKe MmoToka. [TomecTun
KOHEIl TPyOKHM B YKa3aHHYIO TOYKY M COCTaBUB YypaBHeHHE bepHymam st ceueHus /-1 u
CEYECHUS, IPOXOIAIISTO Ha YPOBHE KUIAKOCTU 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 JKUAKOCTU B TPyOONpPOBOJAX YACTO MCIONb3YIOT PacXxoJoMep
Bentypu, nedcTtBMe KOTOPOrO OCHOBAHO Tak € Ha NPUHUMUIIE ypaBHEHHs bepHyun.
Pacxonomep BeHTypr COCTOUT M3 IByX KOHMYECKMX HACAJKOB C LWIMHAPUYECKOM BCTAaBKOU
Mexay Humu (puc.3.7). Eciu B cedenusx [-I u [I-I] nocTaBUTh NHE30METPHI, TO Pa3HOCTh
ypoBHE# B HUX Oy/IeT 3aBUCETh OT pacxoja KUIKOCTH, IPOTEKAIoIIeH 1mo Tpyoe.

IIpenebOperass moTepssMu Hamopa M cumrtas zl = z2 , HamuIeM ypaBHeHHWE bepHymm s
ceuenmii I-1 u I1-11;

i+£=£+u3
YooZ2g ¥ g

4

nJIn

ki 2g
Hcnonb3ys ypaBHEHHE HEPA3PHIBHOCTHU

Q=vm; = V0,
CJIEJIa€M 3aMEHY B II0JIyYE€HO BBIPAKECHUU:

2 2
P Y
280 W,

2
szlmﬂqlg—gg"‘ﬁ
oy — gy

Pemast oTHOCHTENBHO QQ, OTyYUM



Bripaxxenue, crosimee mnepen a.frr*_z,, SIBJISIETCA IIOCTOSSHHOM BEJIMYMHOM, HOCSINCH Ha3BaHHUE
MOCTOSIHHOM BoJioMepa BeHTtypu.

N3 mosiydeHHOTrO ypaBHEHHUsS BUIHO, YTO & 3aBUCUT OT pacxoaa (. Hacto 3Ty 3aBUCUMOCTD
CTpPOSIT B BUJIE TAPUPOBOUYHOM KPUBOH 4 OT O, KOTOpasi UMEET MapabOIUYeCKU XapaKTep.



TecTbl K Jexkuuu Ne3

3.1. HJ'IOHI&I[I) IMONECPCYHOI0 CCUYCHUA IMOTOKA, ICPIICHAUKYIIAPHAA HAIIPABICHHUIO JIBUKCHUA
Ha3bIBACTCA

a) OTKPBITHIM CEYEHUEM;
0) )KUBBIM CECUCHHUEM;

B) MIOJIHBIM CEUYCHHUEM;
r) IUIOHIA/Ib Pacxo/ia.

3.2. Yactb IEpUMETPA JXKUBOT'O CCUCHHA, OrpaHUYCHHAA TBEPAbBIMU CTCHKAMHA HAa3bIBACTCA

a) MOKpBIIl IEPUMETD;

0) mepuMeTp KOHTAKTa,

B) CMOYEHHBIN TIEpUMETD;

I') THIPABINYECKUN TIEPUMET.

3.3. O6bem KHUIKOCTH, HpOTCKaIOIHI/Iﬁ 3a CIMHUIY BpEMCHH YCPC3 ) KUBOC CCUCHUC HA3BIBACTCA

a) pacxoj MoTOKa;

0) 00BEMHBIN TTOTOK;
B) CKOPOCTbH MOTOKA;

') CKOPOCTh pacxoja.

3.4. OtHomICHHUE pacxoda KUAKOCTH K INIOIIaan JKUBOI'O CCYCHUA HA3bIBACTCA

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

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

3.5. OTHOIICHHE KUBOT'O CCUCHUS K CMOYCHHOMY IICPHUMCTPY HA3BIBACTCS

a) TUJIpaBInYeCcKas CKOPOCTh MOTOKA;

0) TUIPOTMHAMUYCCKHM pacXo/] MOTOKa;
B) pacxoJI MOTOKa;

T') TUPABINYECKUIN paInyC MOTOKA.

3.6. Eciiu nipu IBM)KEHUU KUAKOCTH B IaHHOM TOYKE pyclia JaBJI€HUE U CKOPOCTh HE
W3MEHSIOTCS, TO TAKOE IBMYKEHUE HA3bIBACTCS

a) YCTaHOBUBIIEMCS;

0) HEeyCTaHOBUBIIIEMCS;

B) TypOYyJICHTHBIM YCTaHOBUBILIUMCS,
T') JaMHUHAPHBIM HEYCTAaHOBHUBIIIEMCHI.

3.7. HBI/DKGHI/IG, IIpU KOTOPOM CKOPOCTH U AABJICHUC U3MCHAKOTCA HC TOJIBKO OT KOOPpJAHWHAT
IMPOCTPAHCTBA, HO U OT BPCMCHU HA3bIBACTCA



a) JaMUHApHbBIM;

0) cTalMOHAPHBIM;

B) HEYCTaHOBUBILINMCS;
) TypOyJICHTHBIM.

3.8. Pacxon nmotoka 0603HavaeTcs JaTUHCKON OyKBOM

a) 0;
0)V;
B) P;
r) H.

3.9. Cpennsisi CKOPOCTh TOTOKA 0003HaYaeTCsl OYKBOM

a) %
0)V;
B) V;
) ©.

3.10. )KuBoe ceuenue o003HayaeTCsi OyKBOM

a) W;
) n;
B) ®;
r) .

3.11. HpI/I HCYCTAHOBUBIICMCA IBUKCHHUU, KpUBAs, B Ka)KHOﬁ TOYKC KOTOpOf/i BCKTOpa CKOPOCTH
B JJAHHBIA MOMEHT BPCMCHHU HAIIPAaBJICHBI 110 KacaTeJIbHON Ha3bIBACTCS

a) TPAeKTOPHS TOKa,
0) TpyOKka ToKa;

B) CTpylKa TOKa;

T) JINHHS TOKA.

3.12. TpyOuaTast mOBEpXHOCTh, 0OpasyemMasi TUHUSMU TOKa ¢ OECKOHEUHO MaJIbIM MOTIEPEYHBIM
CEUCHHEM Ha3bIBACTCS

a) TpyOKa ToKa;

0) TpyOKa 1moToka,

B) JIMHUSI TOKA,

I') 3JIEMEHTapHas CTpyHKa.

3.13. DnemeHTapHas CTpyuka - 3TO

a) TpyOKa MOTOKa, OKPY>KEHHAas! IMHUSMU TOKa;

0) 4acTh MOTOKA, 3aKJIIOUEHHAsI BHYTPU TPYOKHU TOKa;
B) 00BbEM MOTOKA, ABMKYIIMNACS BIOJb JINHUU TOKA;

I') HEpa3pbIBHBIN ITOTOK C MPOU3BOJIBHOMN TPAEKTOPUEIA.

3.14. TeueHue >KUIKOCTH CO CBOOOTHON MOBEPXHOCTHIO HA3bIBACTCS



a) YCTaHOBUBIILICECS;
0) HamopHoe;

B) O€3HAIIOPHOE;

') CBOOOIHOE.

3.15. Teuenue xunKocTu 6€3 CBOOOIHOM MOBEPXHOCTU B TPYOONPOBOAAX C MOBBIIIEHHBIM WU
TIOHM)KCHHBIM JaBJICHHEM Ha3bIBACTCSI

a) 6e3HaIoOPHOE;

0) HaTmopHoe;

B) HEYCTAaHOBUBIIIEECS,

') HECBOOOTHOE (3aKPBITOE).

3.16. YpaBHeHHE HEPA3PHIBHOCTH TCUCHUN UMEET BU]T
a) ®1V,= WV = const;

0) ®;V; = MLV, = const;

B) M) =V VL, = CONst;

r) ®; /v = ®, /vy = const.

3.17. YpaBuenue bepuymmm mis uacanbHON )KUAKOCTA UMEET BUJ]

2 2
a); 2, +—+—1—z'2+i+E
g pg g pg
2
5)21+i+i—zg+—+—+2h:
pg 2g pe 2z
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22 2z g 2g
2 2
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3.18. Ha xakom pucyHnke TpyOka [Iuto ycTtaHoBieHa mpaBuiIbHO

a) _EE_-! _____ 0) | _
i
E) r)

3.19. YpaBHenue bepHyiuin s peanbHOM )KUIKOCTH UMEET BU]L
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3.20. Ynen ypaBuenust bepHymim, 06003HauaeMbIii OYKBOU Z, Ha3bIBACTCS

a) TEOMETPUUECKOMN BBICOTOM;
0) MbE30METPUUIECKOMN BHICOTOM;
B) CKOPOCTHOM BBICOTOWM;

T') IOTEPSITHHOW BBHICOTOM.

F

3.21. YUnen ypaBuenust beprymim, 0003HauaeMbIii BRIpaXKEHUEM FE Ha3bIBACTCS

a) CKOPOCTHOM BBICOTOM;

0) reoMeTpUIECKON BBICOTOM;
B) MbE30METPUUYECKON BBHICOTOI;
T') IOTEPSITHHOW BBHICOTOM.

2
]

=

o
3.22. UneH ypaBHenus bepHym, 0603Ha4aeMblil BRIpKCHAEM £ Ha3bIBAETCA

a) Tbe30METPUUCCKOMN BBICOTOM;
0) CKOPOCTHOM BBICOTOM;

B) TEOMETPUYECKOMN BBHICOTOM;

') TAKOTO 4JI€Ha HE CYIIECTBYET.

3.23. YPaBHeHI/Ie BepHynJ’II/I I IBYX pa3JIMYHBbIX CEUCHMI MOTOKA AaCT B3aUMOCBAA3b MCKIY

a) TaBJICHUEM, PACXOJIOM U CKOPOCTHIO;

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

') FEOMETPUUYECKON BBICOTOM, CKOPOCTHIO, PACXOJIOM.

3.24. Koappunuent Kopuonuca B ypaBHeHuu bepHyiu xapakrepusyer
a) PeXKUM TEUECHHUSI )KUKOCTH;

0) cTeneHb TUAPABIUYECKOTO COMPOTUBICHUS TPYyOOTIPOBO/IA;

B) U3BMEHEHHE CKOPOCTHOTO HAIOpa;

I') CTENIEHb YMEHBIICHHS YPOBHS MOJIHOM SHEPTUH.

3.25. Tloka3aHue ypoBHs KUAKOCTH B TpyOke I1uto oTpaxkaer



a) pa3HOCTh MEXK/Iy YPOBHEM IMOJHON U MTbE30METPHUUECKOMN IHEPTUECH;
0) U3MEHEHHUE MTHE30METPUUECKON IHEPTUH;

B) CKOPOCTHYIO 3HEPTHIO;

') YPOBEHb MMOJTHOU SHEPTHUU.

3.26. IloTepsiHHas BHICOTA XapaKTEPU3yET

a) CTETICHb U3MEHEHUS 1aBJICHNUS,

0) cTeneHb CONPOTUBIICHUS TPYOOIIPOBOIA;

B) HampaBJIeHHE TEUCHUS KHUIKOCTU B TPyOOIPOBO/IE;
I') CTENEHb U3MEHEHUS CKOPOCTH YKHIKOCTH.

3.27. Jlunelinplie MOTEPH BHI3BAHBI

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

B) AJTUHOU TpyOOIPOBOA;

T') BSI3KOCTBIO JKUJKOCTH.

3.28. MecTHbIe TOTEPU PHEPTUH BHI3BAHBI

a) HAJTMYMEM JIMHEWHBIX COMPOTUBIICHUM;
0) HaJTMYMEM MECTHBIX COMPOTUBIICHUN;
B) MAacCOM JIBIKYILEUCS KUJIKOCTH;

') UHEpUUEN JABMKYLIEHCS )KUIKOCTH.

3.29. Ha yyacTke TpyOOnpoBo1a MEXIy ABYMS €r0 CEUEHUSAMHU, 7151 KOTOPBIX 3alHCaHO
ypaBHEHHE bepHyIUTM MOXHO YCTAaHOBUTH CIEAYIOIIUE THAPOIIEMEHTHI

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

B) GuiIbTp, KpaH, 1uddy3op, KOIEeHO;

') THAPOLMIMHAP, IPOCCEIIb, KJalaH, COILIO.

3.30. YkaxuTte MpaBUIbHYIO 3aIIUCh

a) h’fluH = hnom + hmecm;
6) h/wecm = h/luH + hnom;
B) hnom = h/luH - hmecm;
l") h’ﬂuH = hnom - hMecm-

3.31. [Ins u3MepeHusi CKOPOCTH TTOTOKA UCTIOIB3YETCS

a) TpyOka Iluro;

0) mbe30MeTp;

B) BUCKO3UMETD;

r) TpyOka Bentypu.

3.32. JIns u3MepeHus pacxoaa >KUIKOCTH UCTIONb3YeTCs



a) TpyOka Iluto;

0) pacxogomep IluTto;

B) pacxozomep Benrypu;
T') IbE30METP.

3.33. Ykaxure, Ha KaKOM pUCyHKe N300paxkeH pacxoaomep Bentypu
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3.34. YcraHoBuBIII€eCs TBUKEHUE XapaKTEPU3YyeTCs ypaBHEHUSIMU

A)v=flx,y,z 1);P=09(x,y, z)
o =fix,y,z 1);P=0(x,y 2 t)
BV=f(x, ¥, 2); P=0(x,y, 2 1)
v =f{x, y, 2); P=0(x, y, 2)

3.35. Pacxop nmoToka u3MepsieTcs B CAEAYIOUUX eAUHNULIAX

a) M%;

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

3.36. [lns iByx cedeHuit TpyOOnpOBOIa N3BECTHBI BEIHMUUHEI Py, V1, 71 ¥ 2. MOXHO 11
OTIPEJICTATH JIaBlieHue P,u CKOPOCTH IMOTOKA Vy?

a) MOYXHO;

0) MOXHO, €CJTH U3BECTHBI TuaMeTpsl d; u dy;

B) MOKHO, €CJIM U3BECTEH AUaMeTp TpyOomposoaa d;;
T') HETb3s1.

3.37. HeycranoBuBIIeecs: ABUKEHHUE KUJIKOCTU XapaKTePU3yeTCs ypaBHEHUEM

a)v=Afix,y,z2); P=0(x,y 2)
o =fix,y,2; P=0(x,y, 21
B)=flx,y,z 1);P=0(x,y,z 1)
v =flx,y z t); P=0xy 2)



3.38. 3nauenue korduimenta Kopromnuca 1yist JaMUHAPHOTO PEXUMa ABUKESHUSI )KUIKOCTH
paBHO

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

3.39. 3nauenue kodpdunuenta Kopronuca anst TypOyJIEHTHOTO peKUMa JBUKEHUS KUIKOCTH
paBHO

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

3.40. ITo Mepe IBMKEHUS KUIKOCTH OT OJHOTO CEYEHUS K APYTOMY MOTEPSHHBIN HAIIOP

a) YBEITMIMBACTCS;

0) yMEHBIIIaeTCS;

B) OCTaeTCs MOCTOSHHBIM;

T') YBEJTUYMBACTCS TIPHU HAJTMIUH MECTHBIX COITPOTHBIICHUH.



Jlekuus 4. THAPABJIMYECKUE COITPOTUBJIEHUSA

[ToTepu sHeprun (yMEHbUIEHUE THIPABIMYECKOTO HAMOpa) MOKHO HAOMIOAATh B ABUXKYILEHCS
KHUJIKOCTH HE TOJBKO HAa CPaBHUTEIHHO JUIMHHBIX Y4yacTKaxX, HO M Ha KOPOTKHUX. B omHmx
ClIlydasix MOTEepPH Haropa pacnpenesstoTcst (MHOTja paBHOMEPHO) 1O JUIMHE TPyOOIpoBoa - 3TO
JUHENHBIE TOTEPHU; B JAPYTUX - OHU COCPEJOTOYEHBI HA OYEHb KOPOTKUX ydacTKaX, JIMHOU
KOTOPBIX MOJKHO TpeHeOpeyb, - Ha TaK HA3bIBAEMBIX MECTHBIX THIPABIUYECKHUX
COIPOTUBIICHUSIX: BEHTUJIU, BCEBO3MOKHBIE 3aKPYTJICHUS, CYKEHHUS, PACIIUPEHUS U T.1I., KOpoUue
BCIO/ly, TJIe TOTOK MpeTepneBaet AedopMainio. ICTOUHUKOM MOTEph BO BCEX CIIydasix SBISETCS
BSI3KOCTB KUJIKOCTH.

CJIGI[y@T 3aMCTUTb, YTO IIOTCPH HaAIOpa W 110 JJIMHC W B MCCTHBIX THIAPABINYCCKHUX
COIIPOTHUBJICHUAX CYIICCTBCHHBIM 06pa30M 3aBHCAT OT TaK HA3bIBACMOI'O PCKHWMa IABIKCHUS
KHUAKOCTH.

4.1. Pe;kMMBI IBUKEHUA KUTKOCTH

[Ipu HabOmrogeHUH 3a ABMKEHHUEM JXUAKOCTH B TpyOax M KaHajgaX, MOXKHO 3aMETUTh, YTO B
OJIHOM CIIy4ae >KHJIKOCTb COXPAHSAET OIpPEACIICHHBbIM CTPOM CBOMX YACTHUI, & B JAPYIUX -
nepememnatorcss 6eccrucreMHo. OIHAKO HCYEPIBIBAIONIME OIBITHI MO 3TOMY BOMPOCY OBLIU
nposeaeHsl PeitHonbacom B 1883 1. Ha puc. 4.1 uzo0pakeHa ycTaHOBKa, aHAaJIOTUYHAs TOM, Ha
KOTOpoU PerHOIbIC MPOX3BOANI CBOU OIIBITHI.

Puc. 4.1. Cxema ycrtanoBku PeliHombca

VYcTraHOBKa COCTOUT M3 pe3epByapa 4 ¢ BOJOH, OT KOTOPOrO OTXOAMT CTEKJIsHHas TpyOa B c
kpaHoM C Ha KOHIE, U cocyla D ¢ BOAHBIM PacTBOPOM KpAacKd, KOTOpas MOXKET Mo TpyOke
BBOJMTHCSI TOHKOW CTPYHKOI BHYTpPb CTEKJISTHHOU TPyObI B.

Ilepsviti  cnyuaii  Osuowcenus 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 YBHJIUM, YTO BBEJCHHAs B TpyOy Kpacka He Oynaer
nepeMennBaThCcsl ¢ MOTOKoM Boabl. CTpylika Kpacku OyneT OTYETIMBO BUAMMOMN BJOJb BCeH
CTEKJISIHHOM TPYyOBI, YTO yKa3bIBAET HA CIIOUCTBIN XapaKTep TEUEHUS KUAKOCTU U HA OTCYTCTBUE
nepeMemnBanus. Eciau npu 3ToM, eciau K TpyOe MOJACOENNHUTh Mbe30METp win Tpyoky Iluto,
TO OHM NOKaXXyT HEM3MEHHOCTb JABJICHHUS] U CKOPOCTU MO BPEMEHU. TaKoW pexuM JBUKEHUS
Ha3bIBACTCS JIAMUHAPHDILL.



Bmopou cnyuaii dsusicenusi orcuokocmu. [Ipu MOCTETICHHOM YBEIMYEHUH CKOPOCTH TEUYCHUS
BOJIBI B TpyOe MmyTeM OTKPBITHS KpaHa C KapTHHA TCUCHHs BHAYaJle HE MEHSETCS, HO 3aTeM IpHU
OTIPE/ICTICHHONW CKOPOCTH TEYCHHUs HACTylaeT ObIcTpoe ee m3MeHeHue. CTpyiika KpacKH IO
BBIXOJIC M3 TPYOKH HAaYyMHACET KOJeOaThCs, 3aTEM Pa3MBIBACTCS M IEPEMEIIUBACTCS C ITOTOKOM
BOJBI, IPHUYEM CTAHOBATCSA 3aMETHBIMH BHXPEOOpa30BaHHMS U BpallaTeIbHOE IBMKCHUE
xunkocty. [Tbe3omeTp u TpyOKka [IuTo mpH 3TOM MOKaXKyT HENPEPBIBHBIC MY IbCAIIMH JTaBICHUS
¥ CKOPOCTH B MOTOKE BOJIbI. Takoe TeueHue Ha3bIBaeTCs mypoyrenmusim (puc.4.1, BBEpXy).

Ecau YMCHBIIUTL CKOPOCTH ITOTOKA, TO BOCCTAHOBUTCA JTAMHUHAPHOC TCUCHHUC.

Wtax, namunapnvim Ha3bIBA€TCSl CIOUCTOE TEUEHUE O€3 MepeMelIMBaHUs YacTUl] KUIKOCTH U
0e3 myJbcallud CKOPOCTU U JaBieHus. [Ipu naMuHapHOM TEYEHUM >KUJIKOCTU B MPSIMOM TpyoOe
MOCTOSIHHOTO CEYEHHUsl BCE JIMHUM TOKa HAMpaBieHbl MapalljieIbHO OCH TPyObl, MpPH 3TOM
OTCYTCTBYIOT IIOIIEPEYHBIE IEPEMEILIEHUS YACTHULL KUIKOCTH.

Typbynenmnolym Ha3bIBACTCS TEUEHHE, CONPOBOXKIAIOIIEECS HHTEHCUBHBIM IEpEMEIIMBAHUEM
KUIKOCTH C MyJbCALMSIMHA CKOPOCTeM W JdaBieHud. Hapsnay ¢ OCHOBHBIM MpPOAOJbHBIM
NepeMenIeHHeM JKUIKOCTH HaOMI0Aal0TCa TOMNEpeyHble TepeMelleHusT W BpallaTeibHble
IBWKEHUS OTHEIBHBIX O0BEMOB KUAKOCTH. [lepexon OT JlaMMHApHOTO pexumMa K
TypOyJICHTHOMY HaOIIOAaeTCs TpPH OMPENEICHHOW CKOPOCTH JBIKEHHS SKHAKOCTH. ITa
CKOPOCTb Ha3bIBACTCS KPUMUHECKOU V 1.

3Ha4YE€HHUE 3TOM CKOPOCTH MPSMO MPOMOPLMOHATIBHO KMHEMAaTUYECKOW BS3KOCTH >KMIKOCTU U
00paTHO MPONOPIUOHATILHO AUAMETPY TPYOBI.

U, =—k

Y
¥ d
IJIe V - KHHEMaTH4eCKasl BI3KOCTh;,

k - 6e3pa3mepHbIit KO3 UITUEHT;

d - BHYTpEHHHI TUaMeTp TpyOBbI.

Bxopsmmii B 3Ty hopmyny Oe3pazmepHbiii KOADPHUIUESHT k, OJMHAKOB sl BCEX JKUIKOCTEH U
ra3oB, a TaKXke U JIOOBIX TUaMETpOB TPYO. DTOT KOIPPHUIMEHT HA3bIBACTCS KPUMULECKUM
yucnom Peiinonvoca Re, 1 onpenensercs cueayomum 00pa3om:

Ui

¥ W

Kaxk noka3seIBaeT OIbIT, Ui TpyO Kpyriioro cedenus Re, nmpumepno pasno 2300.

Takum o0pazom, kputepuil momoOusi PeiiHonbAcCa TMO3BONAET CYAUTh O PEKHUME TEUCHUS
xunkoctu B TpyOe. Ilpu Re < Re,, Teuenue saBnsercs naMuHapHbIM, a npu Re > Re,, TeueHne
ABJISIETCSI TYpOyJEeHTHBIM. TOUHEE rOBOps, BIOJIHE Pa3BUTOE TypOYJEHTHOE TEUEHHE B TpyOax
ycTaHaBiauBaeTcs juib npu Re npumepno pasro 4000, a mpu Re = 2300...4000 umeer mecto
nepexo/iHasi, Kputuyeckasi 00J1acTh.

Pexxum MBUKCHHS )KHUJIKOCTH HAMIPSIMYIO BIIMSICT HAa CTETICHDb THJIPABIMYECKOTO COTPOTHBIICHUS
TpyOOIIPOBOOB.

4.2. KaButanus



B HCKOTOPLBIX ClIydasaX IIpHU ABHXXCHHH XHAKOCTHU B 3aKPLITBIX PYyClIaX IMPOUCXOIHT SABJICHHUC,
CBA3aHHOC C M3MCHCHHECM arperaTHoro COCTOSAHUA KHUAKOCTHU, T.C. INPCBPAIICHUC €C B Iap C
BBIJICJICHUECM U3 )KUAKOCTU paCTBOPCHHBIX B HEH Tra3oB.

HarmsimHo 3T0 siBIeHHE MOKHO MPOJAEMOHCTPUPOBATH HA MPOCTOM YCTPOMCTBE, COCTOSIIIIUM U3
TpyOBI, Ha OTJEIHLHOM y4acTKe KOTOPOM yCTaHOBJIEHA Mpo3padHas TpyOka Bentypu (puc.4.2).
Bona o naBieHrem ABUXKETCS OT ceueHus /-1 yepe3 ceueHue 2-2 k ceuenuro 3-3. Kak BUIHO
U3 PUCYHKa, cedeHue 2-2 uMeeT MeHbIni nuamerp. CKOpPOCTh TEUECHHS KUIAKOCTH B TpyOe
MOYHO U3MEHSTh, HAIIPUMEP, YCTAHOBJIEHHBIM MOCJIE CEYEHHUS 3-3 KPAHOM.
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Puc. 4.2. Cxema TpyOKH IJIs1 IEMOHCTPAIIUHA KaBUTAITH

[Ipr HEOOMBIION CKOPOCTH HHUKAKWX BHUANUMBIX HW3MCHEHHWW B JBIKCHUH JKHUJIKOCTH HE
npoucxoaut. [Ipu yBeIWYEHUM CKOPOCTH MABUKEHUS XKUJIKOCTHU B y3KOM CEUEHHH TPYOKHU
Benrtypu 2-2 mosiBiisieTcss OTYETIMBas 30Ha ¢ OOpa3oBaHUEM ITy3bIpbKOB Taza. OOpasyercs
00J1aCTh MECTHOTO KUIICHHUS, T.€. 00pa30BaHME Mapa C BBIJIEICHIUEM PaCTBOPEHHOTO B BOJIE Ta3a.
Jlanee npu MOJIX0/1€ KUJIKOCTH K CEYEHHUIO 3-3 ATO SIBJICHUE UCUYE3ACT.

DTO0 sBIEHHE OOYCIOBJIEHO CIICAyIOMNUM. M3BECTHO, YTO MNpU ABWIKCHUHM KUIKOW WIH
ra3oo0pa3HoO# cpebl, JaBlieHHe B Hell magaeT. [Ipuyuem, 4em BhIIIe CKOPOCTh ABUKCHUS CPEJIbI,
TeM JaBlicHME B Hel Hmke. [loaTomy, mpu TE€YEeHUM >KUAKOCTH YE€pe3 MECTHOE CYXKEHHE 2-2,
COIJIACHO YPABHEHUIO HEPA3PBIBHOCTH TECUCHUM, YBEIUYHUBACTCA CKOPOCTh C OJHOBPEMEHHBIM
MaJICHUeM JaBJIeHUs B 3TOM MecTe. Eciii abCoII0oTHOE AaBIE€HUE MPU 3TOM JIOCTUTAET 3HAUCHUS
PABHOTO JABJICHUIO HACBHIIICHHBIX MAPOB KUJIKOCTH MPU JTAHHOW TEMIIEPAType WM 3HAYCHUS
PABHOTO JABJICHHUIO, TPU KOTOPOM HAYMHAETCS BBIJICJICHUE M3 HEE PACTBOPUMBIX ra30B, TO B
JTAaHHOM MECTE TOTOKa HaOJI0JaeTCsl HHTEHCUBHOE MapooOpa3oBaHue (KUTICHUE) U BbIICICHUE
ra3oB. Takoe SIBJICHHE HAa3bIBACTCS KABUTALIUCH.

[Ipu nanpHeieM IBHMKEHUU KUJIKOCTH K CEUYECHHIO 3-3, My3bIPbKHA UCYE3AIOT, T.€. MPOUCXOAUT
pe3Koe yMEHBIICHHE UX pa3MepoB. B To Bpems, korja my3bIpeK HcYe3aeT (CXJIOMBIBAETCS), B
TOUKE €r0 CXJIOIBIBAHUS IMPOUCXOAUT PE3KOE YBEIUUYCHHUE JABJICHUS, KOTOPOE MEpPElacTCs Ha
cocelHHe 00bEMBI KUIKOCTH U Yepe3 HUX Ha CTEHKHU TpyOompoBoaa. Takum oOpa3oM, OT TaKUX
MHOTOYHCJICHHBIX MECTHBIX MOBBIIICHUN aBleHUH (TUIPOYAapOB), BOSHUKAECT BUOpAITHSI.

Taxum obpazom, kasumayus - 3T0O MECTHOE HapyIICHHUE CIUIOIIHOCTU TEYEHHs ¢ 00pa30BaHUEM
MapoBbIX M Ta30BBIX Iy3bIpeil (KaBepH), OOYCIOBJIEHHOE MECTHBIM MaJICHUEM JaBJICHUS B
MIOTOKE.

KaButanuss B OOBIYHBIX CiIy4asiX SIBJISICTCS HEXKENATelIbHBIM SIBICHHEM, U €€ He CIEOyeT
JOMyCKaTh B TPyOONpOBOJax M APYTHX AJIEMEHTaX TruapocucteM. KaBurtaius BO3HUKAET B
KpaHaX, BEHTWISIX, 3aABUKKaX, )KUKJIEpaxX U T.1.



KaButanus MOXkeT UMETh MECTO B THApOMallMHax (Hacocax U TUApOTypOMHAx), CHMXKAas MpHU
3TOM HUX KO3()(QUIMEHT MOJE3HOro AEUCTBUS, a MPU JIUTEIBHOM BO3JACHCTBUU KaBUTALUU
MPOUCXOAMUT pa3pylIeHHe [eTalied, MOJABEep>KeHHbIX BuOpauuu. Kpome sToro paspyumatorcs
CTEHKU TPyOONpPOBOIOB, YMEHBIIIAECTCA UX MPOIMYCKHAsI CIOCOOHOCTh BCIEJACTBUE YMEHbBIIICHUS
KUBOTO CEYCHHUSI TPYOBI.

4.3. llorepu Hamopa Npu JJAMUHAPHOM Te€YeHHUH KHUAKOCTH

Kak moka3pIBalOT HCCIIEIOBAaHUSA, NPH JaMHHAPHOM TCUYCHHH >KHIKOCTH B KPYyTJoW TpyOe
MaKCHMaJjbHasi CKOPOCTh HAXOJUTCS Ha OCH TPYOBI. Y CTEHOK TpyObl CKOPOCTh PaBHA HYIIIO, T.K.
YaCTHUIBI JKUIKOCTH IIOKPBIBAIOT BHYTPECHHIOID ITOBEPXHOCTh TPyOONpOBOJa TOHKHUM
HENOJBMKHBIM clloeM. OT CTEHOK TpyObl K €€ OCH CKOPOCTH HapacTaw IUIaBHO. [ pagux
pacnpeoeieHusi CKOpocmetl Nno HONEPEeUHOMY CeHeHUuio NOomoKa npeocmasisem cooou
napabonoud epawjenus, a CEUYCHHE IMapadoonia OCEBOM IIJIOCKOCTHIO - KBaJAPAaTUYHYIO
napaboiry (puc.4.3).
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Puc. 4.3. Cxema 11 pacCMOTPEHHUS JTaMUHAPHOTO MOTOKA
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YpaBHEHHE, CBA3BIBAIOIICE IIEPEMEHHBIE U U 1, UMEECT CIECAYIOIIUN BUI:

Pl4_|_l_;% [:Rz _ rj)

rae P1 u P2 - naBjieHUsI COOTBETCTBEHHO B ceUeHUAX [ U 2.

VY crenok TpyObl BenuumHa ¥ = R, , 3HA4UT CKOpocTh V = 0, a mpu r= 0 (HAa OCH TOTOKA)
CKOPOCTb OyJIeT MaKCUMaJIbHOU

1 =ﬂ_ﬁ(ﬂﬁ_02):ﬂ_ﬁgﬂ

Teneps ompenenum pacxoj KUIAKOCTH MPU JaMHUHAPHOM TEUYCHHM B Kpyrjou TpyoOe. Tak kak
AMIOpa PACIPENENICHUS CKOPOCTe B Kpyrod TpyOe umeeT BUJA Mapadojionaa BpalleHUs C
MaKCUMaJIbHBIM 3HAUYEHHWEM CKOPOCTH B IIEHTPE TPYOBI, TO PACXO] )KHIKOCTU YUCJICHHO PaBEH
00beMy aToro napadosounaa. OnpeneaTum 3TOT 00BEM.

MakcumainbHasi CKOPOCTh 1a€T BBICOTY napaboioua

_PI_PE Rﬂ

Kaxk u3BecTHO 13 reomeTpuu, 00beM mapadosiona BEICOTOH / 1 TIOMIABI0 pR2 paBeH
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Ecnu BMecTo R mojactaBuTh 1uaMetp Tpyosl d, To popmyina (4.4) nmpuodbpereT BU
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Pacxon B TpyOe MO>KHO BBIPA3UTh Y€pe3 CPEIHIOI0 CKOPOCTD:
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Jlist ompeneneHus MOTEph Hamopa IMPHU JIAMHHAPHOM TEUCHHUU KUAKOCTH B KPYIJIOW TpyOe
PacCMOTPUM yYaCTOK TPYOBI JJIMHOM [, IO KOTOPOMY MOTOK TE€UET B YCIOBHSAX JIAMHHAPHOTO
pexuma (puc.4.3).

[ToTepst naBnenus: B TpyOonpoBojae Oyner paBHa

Ecnm B dpopmyne nuHamudeckuii Ko3G(UIMEHT BSI3KOCTH L 3aMEHHUTh Yepe3 KHHEMaTHICCKUH
KO3(UIMEHT BSA3KOCTH L M TUIOTHOCTB p ( L = L p ) ¥ pa3AeiuTh 00€ YaCTH PaBEHCTBA Ha
00BEMHBIN BEC KHUIKOCTH Y = P g, TO TOJTYUUM:

R B _32vpd

2 74
YooY ped
Tak kak meBasg dYacThb TMOJYYEHHOTO pABEHCTBA paBHA TMOTEpsSM Hamopa h,,, B TpyOe

IMOCTOAHHOTO JUAMCTpPA, TO OKOHYATCIBbHO 9TO PaBCHCTBO IIPHUMCT BU:
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VYpaBHeHue MoxeT ObITh MpeoOpa3oBaHO B yHHUBEpcaibHylo QopMmyiny Beiicbaxa-/lapcu,
KOTOpast OKOHYATEJIbHO 3alUChIBACTCS TaK:

By = A

R

Bel| o
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2g

rae A - KO3(p(GUUIHUEHT THUIPABIMYECKOTO TPEHUs, KOTOPBIM JUIsi JAMHUHApPHOTO IOTOKA
BBIYHCIIACTCS 110 BBIPAKEHUIO:
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OpnHako mpu JaMUHApPHOM pexuMe JUIs onpeeneHus KodhPUimeHTa 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 TypOyJE€HTHOTO TEUEHHUS XapaKTEpHO IepeMelInBaHue
KUJKOCTH, IMyJbCAlMM CKOpoCcTeW W gaBneHuil. Ecniu ¢ momorpio 0co00 4yBCTBUTEIHHOTO
npudopa-caMoInuclia U3MEpATh  MyJbCAllUM, HAmpuUMep, CKOPOCTH IO BpPEMEHH B
(UKCHPOBAHHOI TOYKE MOTOKAa, TO MOJIY4YHUM KapTHUHY, MOJOOHYIO MOKa3zaHHOW Ha puc.4.4.
CkopocTh OecnopsiIoYHO KOJIEOIETCs] OKOJIO HEKOTOPOTO OCPEAHEHHOTO MO0 BPEMEHH 3HAYCHHUS
U ocp, KOTOPOE TAHHOM CIIy4ae OCTAETCS MOCTOSIHHBIM.

XapakTep JWHUA TOKa B TpyOe B JaHHBII MOMEHT BpPEMEHH OTIWYAeTCS OOJIBIINM
pasHnooOpasuem (puc.4.5).
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Puc. 4.4. Tlynbcamusi ckopocTu B TypOysieHTHOM moToke. Puc. 4.5. Xapakrtep JUHHUIA TOKa B
TypOyJIEHTHOM HOTOKE

[Ipu TypOyneHTHOM peXruMe ABMKCHHS KUIKOCTH B TPyOax dIopa pacrpeaesieHus CKOpOoCTei
MMeeT BUJI, TOKa3aHHbIN Ha puc. 4.6. B TOHKOM MPUCTEHHOM CJI0€ TOJIIHUHOMN & KUAKOCTH TEUET
B JIAaMUHAapHOM pEXHUME, a OCTaJIbHbIE CJIOU TEKYT B TYpOYyJICHTHOM pexXuUMe, U
HA3BIBAIOTCS mMypOyieHmHbIM  0pom. TakuM o00pa3oM, CTpOTO TOBOPS, TypOYJIEHTHOTO
JIBUKEHUSI B UACTOM BUJIE HE cyliecTByeT. OHO CONMPOBOXKJIAETCS JaMUHAPHBIM JIBUKEHUEM Y
CTEHOK, XOTs CJIOM O C JJAMUHApPHBIM PEXHUMOM BE€ChbMa Majl IO CPABHEHUIO C TYpOYJEHTHBIM
STIPOM.
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NamsHapHei cnon \ Typlynedvos Appo
Puc. 4.6. Monens TypOyJI€HTHOTO peXKuMa ABMKCHHS JKUIKOCTH

OcHOBHOM pacueTHO# (HOPMYJION JJI OTEPh HAIlOpa NPH TYPOYJICHTHOM TCUYCHHUH JKHJIKOCTH B
KPYIJIbIX TpyOax sIBISETCS YK€ MPUBOJMBILIASCS BBIIIC IMIHpUIecKas (opMyiia, Ha3pIBaeMas
dhopmynoii Beiicbaxa-J/lapcu u uMmeromas cieyoniuid BII:
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Paznmuune 3akimrouaeTcs JUIIL B 3HAYCHHUSAX KOA(G(UIIMEHTA THAPABIMYECKOTO TPEHUS A. DTOT
Ko3(pdunmeHT 3aBUCUT OT umcia PeiiHompaca Re m oT Ge3pa3MepHOTO TE€OMETPHYECKOTO
(dakTopa - oTHOcHTeNbHOU mepoxoBaTocT A/d (wm A/ry, T1IE 1) - paanyc TpyObl).

BriepBeie Hanbomnee ucuepmnbiBaromieil padboTsl mo onpeneiaenuto Obun gansl .M. Hukypanse,
KOTOPBIN Ha OCHOBE ONBITHBIX JAaHHBIX TocTpom rpaduk 3aBucuMoctH [g(10001) ot /g Re mns
psana 3HaueHut A/r . OmbeiTel Hukypansze Obuid mpoBefeHBI Ha TpPyOax € HCKYCCTBEHHO
3aJJaHHOM IIEPOXOBATOCTHIO, TIOJYYEHHOM IIyTEM NPHUKIEUKH IECYUHOK OIPEIEICHHOTO
pa3Mepa Ha BHYTPEHHHE CTEHKH TpyOompoBoaa. Pe3ympTathl 3THX HCCIeIOBaHUMN
MpeCTaBIIeHBI Ha puc. 4.7, T/ie TocTpoeHbl KpuBbie 3aBucuMoctu [g (10001) ot Ig Re mns psima
3Ha4YeHuU A/1y.

[Tpsimast I COOTBETCTBYET JIAMUHAPHOMY PEKUMY TBHXKCHUS JKUAKOCTH.
Jlanee Ha rpadpuke MOYKHO pacCMaTpUBaTh TPU OOJIACTH.

[lepBas oOnacth - oOmacth Mambix Re u Alrg, rae kosdduimeHt A HE 3aBUCUT OT
[IEpOXOBATOCTH, a OIpeaessieTcsl Julib ynucioM Re (otmedena Ha puc.4.7 mpsmoii I1). D10
o0nacTh TUApaBIUYecKU rnaakux Tpyo. Ecmu uucno PeitHonmpaca nexutr B aumamazone 4000 <
Re <10(d/ A ,) xoadduiireHTt A onpeaensercs mo moaysMnupudeckoit popmyie biazuyca

03164
Ay = —n
Ee'#
Jlns onpenenenus cymecTByeT Takxke amnupudeckas popmyina [1.K. KonakoBa, kotopas
MpUMEHUMA JIJIs THAPABINYCCKHU TTIAJKUX TPYO
1
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Puc. 4.7. I'paduk Huxypanze

Bo BTopoil o00nacTu, pacnoyiO)KEHHOW MEXy JUHUH /I 1 TyHKTUPHOM JIMHUEH CIIpaBa,
KO3 PUIIMEHT A 3aBUCUT OJHOBPEMEHHO OT JBYX MMapaMeTpoB - uuciia Re u oTHOCHUTENbHOU
epoxoBaTocTu A/ry, KOTOPYIO MOKHO 3aMEHHUTH Ha A,. [[nsg onpenenenus ko3¢ dumueHta A B
ATON 001aCTU MOKET CIY>KUTh YHUBepcalibHasi hopmyna A.J[. AnbTiryss:

0,25
Ay =01 1(% +E]

=
rae A, - 5KBUBaJIeHTHAs a0COTIOTHAS IIEPOXOBATOCTb.

XapaktepHble 3HaUCHUS A, (B MM) 17151 TpyO U3 Pa3IMUHbIX MAaTEPUAJIOB IPUBEICHBI HIKE:

Crexno 0

TpyOsl, TAHYTBIE U3 JTATYHU, CBUHIIA, MEIU 0...0,002
BricokokauecTBEeHHbIE OECIIOBHbIE CTAIbHBIE TPYOBI 0,06...0,2
CranbHbie TPYyObI 0,1...0,5
UyryHHble achalbTUPOBAHHbBIE TPYObI 0,1...0,2
YyryHHbIE TPYObI 0,2...1,0

TpeTrst 06macTh - obmacTe 60apmuX Re n A/ry, Tae koadgdunmeHT A He 3aBUCUT OT uncia Re, a
OTIpeeNsIeTCSl JIMIIb OTHOCHUTEIBHOW IIEPOXOBATOCTHIO (00JIACTH PACIONIOKEHA CIpaBa OT
MYHKTUPHOW JIMHUK). DTO 001acmb wepoxosamuvlx mpy6, B KOTOPOU BCE JTMHUU C PATHIHBIMU
IIEPOXOBATOCTSAMU MapajuIeIbHBI  MEXIy Cco0oil. DTy 001acTe Ha3bIBAlOT O00JaCThIO
aBTOMOJEIFHOCTH WM PEXUMOM KBaJPATHUYHOTO COMPOTUBICHHUS, T.K. 3/1€Ch THAPABIMYECKUE
MOTEPH MPOMOPIIHOHATIEHBI KBAIPaTy CKOPOCTH.

Omnpenenenue A 15t 3Tol 00JIaCTH MPOU3BOJAT 1O YIIPOIIEHHON (opMyie AJIBTIIYJIS:
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Wrak, notepu Hanopa, onpezensemsie 1o ¢popmyie BeiicOaxa-Jlapcu, MOKHO ONpeIeanTb, 3HAs
KO3 (GUIUEHT TUAPABINYECKOrO COMPOTUBIICHHS, KOTOPBIM ONpenesseTcss B 3aBUCUMOCTH OT
gyucna PeitHonbaca Re u oT sxBUBasieHTHOH abcomroTHOM miepoxoBaToct A,. It yaoOcTa
CBOJIHBIC JaHHBIE IO OMPEACIICHUIO A MpeCTaBIeHbI B Tabue 4.1.

[Tons3oBaThCs NpuBeNeHHBIME B Ta0u. 4.1 dopmymnamu st onpeneneHus: kodpdunmuerra A He
Bcerna yao6Ho. /s obnerdenus pacueToB MO>KHO BOCIIOJIb30BaThCsl HoMorpammoit Konbpyxka-
VYaiira (puc.4.8), mpu NOMOIIH KOTOPOH 1o U3BeCTHBIM Re u A,/ d BecbMa npocTo onpenensercs

A.
Tabmuma 4.1
Tabmuma mis onpeaeneHus: KodphuimeHTa ruapaBIndecKoro TPeHMs
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Puc. 4.8. Homorpamma Konbpyka-VYaiira qist onpezaenenus Kodp@uirenTa rupaBinyecKoro
TpPEHUS



4.5. MecTHBbIE THAPaBJIMYECKHE CONPOTUBJIEHHS

Bce ruppaBnuyeckue MOTEpU SHEPTUM JAENATCA HAa JIBa TUMA: MOTEPU HA TPEHHE MO JIMHE
TpyOomnpoBosoB (paccmorpensl B 1.4.3 u 4.4) W MeCTHbIE TOTEPH, BHI3BAHHBIC TAKUMU
AIIEeMEHTaMU TPyOOIPOBOIOB, B KOTOPBIX BCIEACTBHE U3MEHEHUS Pa3MEpPOB UM KOHPUTypaluu
pyciia TPOUCXOJUT HM3MEHEHHE CKOPOCTHM TOTOKA, OTPHIB IMOTOKAa OT CTEHOK pycla Hu
BO3HHUKHOBEHHUE BUXPEOOpa30BaHUsl.

[Ipocrenmme MecTHbIE THUAPABINYECKHE CONMPOTUBIICHUS MOKHO Pa3/elINTh HAa PACLIUPEHUS,
CY>KEHUS U MOBOPOTHI pycia, KaXkI0€ U3 KOTOPBIX MOXET ObITh BHE3AIMHBIM WJIM MOCTEHEHHBIM.
bonee cnoxHble ciayyal MECTHOTO COINPOTUBIIEHMS MPEACTABISAIOT COOOM COEIMHEHMsS WU
KOMOUWHAIIMU TIEPEUNCICHHBIX TPOCTEUIITNX COIPOTUBICHUH.

Paccmotpum mpocTeiiiine MeCTHbIE CONPOTHBIICHUS NMPHU TYpOYJICHTHOM PEKUME TECUCHHS B
TpyOe.

1. Bresannoe pacwupenue pycia. Iloteps Hamopa (3HEpPruM) MPU BHE3AMMHOM pPACIIUPEHUU
pyclia pacxoayeTcss Ha BHXpeoOpa3oBaHHE, CBA3aHHOE C OTPHIBOM ITOTOKAa OT CTEHOK, T.C. Ha
MO ICP KaHMe BpaIlaTelIbHOIO HEMPEPBIBHOIO ABMKCHHUS JKUIKAX MAacC C ITOCTOSHHBIM HX
OOHOBJICHUEM.
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Puc. 4.9. Bue3zanHoe pacmupenue Tpyosbl

[Ipu BHE3amHOM pacimpenuu pycia (Tpyosl) (puc.4.9) MOTOK CphIBAETCS € yIJa U PaCIIUPSETCs
HE BHE3aITHO, KaK PyCIIO, a IOCTENEHHO, IPUYEM B KOJIBLIEBOM MPOCTPAHCTBE MEKIY ITOTOKOM U
CTEHKOW TpyObl 00pa3yloTcs BUXpH, KOTOPHIE M SBIAIOTCA NPUYMHONM IOTEPh DSHEPTUM.
Paccmotpum nBa ceueHust moToka: /-1 - B IIIOCKOCTU paclIMpeHust TpyOsl U 2-2 - B TOM MeCTe,
r7ie MOTOK, PacIIMPUBILINCH, 3al0OJIHUI BCE CEUYEHHE IMPOKOM TpyObl. Tak Kak MOTOK Mexay
paccMaTpUBaEMbIMU CEUEHUSIMU PACUIMPSETCS, TO CKOPOCTb €r0 YMEHBIIAETCS, a JAaBJICHUE
Bo3pactaeT. [loaToMy BTOpO# Mbe30METp MOKa3bIBa€T BHICOTY Ha AH OONBINYIO0, YeM TIEPBBIN;
HO eciM Obl MOTEeph HAMopa B JAHHOM MeCTe€ He ObUIO, TO BTOPOM MbE30METP MOKa3zal Obl
BBICOTY OOJIBLIYIO €ILIE HA Ay, ITA BBICOTA U €CTh MECTHAs MOTEPS HAIopa Ha pacllUpeHHE,
KOTOpas ompeneisiercs no gpopmysie:



rae S1, S2 - mioaap nonepevyHbix ceueHut /-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
2g
Bripaxenue ( 1 - S1/S, )* 0603HauaeTcs rpedeckoii 6ykBoii { (13€Ta) ¥ Ha3bIBaeTCA
KO3 PUIIMEHTOM MOTEPh, TAKUM 00pa3oM

pacw

2

1
B = [
P gzg

2. ITlocmenennoe pacwupenue pyciaa. TloCTeNeHHO pacHmpsIonascs TpyOa Ha3bpIBaeTCs
muddyzopom (puc.4.10). Teuenne ckopoctr B 1udpdhy30pe COMPOBOKIACTCS €€ YMEHBIIICHUEM 1
YBEIMUCHUEM JIaBJICHUS, a CJIeIOBaTeNIbHO, TNpeoOpa3oBaHMEM KUHETHUYECKON JHEPIHH
KUJAKOCTH B SHEPrHIo jaaBiieHus. B muddysope, Tak ke KaK M IPU BHE3AITHOM PACIIAPECHUHU
pyciia, IPOUCXOUT OTPHIB OCHOBHOT'O IMIOTOKA OT CTCHKH M BHXpeoOpa3oBaHusi. IHTEHCUBHOCTh
ATHUX SBJICHUH BO3pACTaeT C YBEIIMUEHUEM yTia pacmuperus nuddysopa o.

Puc. 4.10. [TocTenenHoe pacumpenue TpyOsbl

Kpome Toro, B muddy3ope UMErOTCs ¥ OObIYHBIE MOTEPU Ha TEPHHE, MOJOOHBIE TeM, KOTOPbhIe
BO3HHMKAIOT B TpyOax mocCTOssHHOTO cedeHus. [lomHyro motepro Hamopa B auddysope
paccMaTpHUBAIOT KaK CYMMY JBYX CJIaraeMbIX:

';gau-i:- = kmp +";gpacw
rie hy, 1 hy,e, - TOTEPU HAIIOpA HA TPEHHUE U pacUIMpeHUe (BUXpEoOpa3oBaHUE).
- l_r[l_i o
"oogen(ef2)\ Xt 2g
rae n = S)/S, = ( r/r; ) ? - cTenens pacmmpenus auddysopa. IToteps Hanopa Ha

pacimpesue f,,.,, AMEET Ty ke caMyl0 IIPUPOJLY, UTO U MPU BHE3AMHOM PaCIIMPEHUN pycia
2 2
PO PR Ry
o R 2g

riae k - ko3puuueHT cmsardenus, npu o= 5...20°, k = sina.

YyuTeIBas 3T0O IMOJIHYIO ITOTCPIO HAIlOpa MOXKHO IICPCIIUCATh B BUAC!
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oTKya KoadduimeHT conpotuieHus qupdy3opa MOKHO BeIpa3UTh (popmyioit
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Puc. 4.11. 3aBucuMOCTb (g OT yIUIA

Oynkius ( = flo)uMeeT MUHUMYM TIPY HEKOTOPOM HAWBBITOJAHEHIIIEM ONTUMAILHOM 3HAYCHHUH
yIJIa (., ONITUMAJILHOE 3HAYEHUE KOTOPOI'O ONPEAEIIUTCS CICIYIOIIUM BbIPAKECHUEM

2+1 Ap
n-1 4

. = Brcsin

[

[Tpu nmoacranoBke B 3Ty Gopmyny Ar=0,015...0,025 u n = 2...4 nomy4um d,,,, = 6 (puc.4.11).

3. Bresannoe cyxcenue pycina. B 3ToM cilydae moteps Hamopa oOyClIOBJI€HA TPEHUEM IOTOKA
npu BXoje B Ooliee y3Kyro TpyOy M MOTEpsIMH 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)OpMyJIe .
2
P Vs

m:gwg

rae Ko3(pQUIUEHT CONMPOTUBIICHUS CYKEHUS OIpEAeNsseTcs MO MOJyIMIupuueckon (opmye
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B KOTOpPOH 1 = §;/S, - CTENIEHb CY)KEHHUSI.

[Ipu BbIXOJE TPYOBI U3 pe3epByapa OOJBIIMX Pa3MEPOB, KOTJa MOKHO CUUTATh, 4TO S»/S; =0, a
TaK)Ke MPU OTCYTCTBUU 3aKPYTJICHHUS BXOJHOTO YIua, KO3(PQPHUIMEHT CONPOTUBICHUS (e =
0,5.

4. Ilocmenennoe cyocenue pycna. JlJaHHOE MECTHOE COINPOTUBIICHUE MPEIACTABIAECT COOOM
KOHHYECKYIO CXOIAIIYIOCA TpyOy, KoTopass HaszbIBaeTcs xkoHgyzopom (puc.4.13). Tedenwme
KUAKOCTH B KOH(Y30p€ COIMPOBOXKIACTCS YBEIMYEHUEM CKOPOCTU W TAaJeHUEM AaBieHus. B
KOH(y30pe UMEIOTCS JIHIIb MOTEPH HA TPEHHE

. [ _ L]ﬁ
g an (o2l 20 )2g
rae KodPUIMEHT compoTUBIICHUs KOH(]Y30pa onpeaensercs no Gopmyie

o =5 a1 7)

B KOTOpOUl n = §,/S, - CTeNEeHb Cy>KEHUS.

HeGonpmoe BuxpeoOpa3oBaHHWE M OTPHIB MOTOKAa OT CTEHKH C OJHOBPEMEHHBIM C)KaTHEM
IMOTOKAa BO3HHUKAET JIMIIb HA BBIXOZC M3 KOH(Y30pa B MECTE COCIUHEHUS KOHUICCKON TPYOBI C
MWIMHAPUICCKON. 3aKpyTJIeHHEM BXOJHOTO yTria MOXKHO 3HAYUTEIIBHO YMEHBIIHWTH IMOTEPIO
Hamopa mpu Bxone B TpyOy. KoHdy30p ¢ MIaBHO CONPSHKEHHBIMHU IMUIMHAPHUYECKUMHU U
KOHHYECKMMHM YacTsIMU Ha3bIBaeTcCs coniom (puc.4.14).
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Puc. 4.14. Comno

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

2
N
"ngm = gm -
2g
rac CKO-V - KOB(i)(bI/IHI/IeHT COIIPOTHUBJICHUA KOJICHA KPYTJIOrO CCYCHMA, KOTOpBIf;I OmpeaAcICTCA 110

rpaduky B 3aBUCUMOCTH OT yTJia KojieHa o (puc.4.16).



05— , /
51 53 y ' 4 8\
i — 85 i ~
2 20 a0 é¢ 40 O
Puc. 4.15. Puc. 4.16. 3aBucumoctu y,, OT yria o Puc. 4.17. OtBOx

6. [locmenennviti nogopom mpyowi (3aKpyaieHHoe KojeHo uau omeoo). IlmaBHOCTH moBopoTa
3HAUWUTEIBHO YMEHbBIIAET MHTEHCUBHOCTh BHUXpEOOpa3oBaHMs, a CIEIOBaTelIbHO, U
COIPOTUBIICHHE OTBOJIA TI0 CPABHEHUIO C KOJIEHOM. DTO YMEHBIICHHE TeM OOJIbIle, YeM OOJIbIIe
OTHOCUTENBHBIA paanyc KpuBu3Hbl 0TBoAa R / dpuc.4.17). Koadduiment compoTuieHus
otBofa (,me 3aBUCUT OT OTHOUIeHHSI R / d, yrma O, a Takke (OpMBI MOMEPEYHOTO CEUCHUS
TpYOBI.

Jl111 0TBOAOB KpyTJioro ceueHus ¢ yriaoM 6= 90 u R/d = 1 npu TypOyJIeHTHOM TE€UEHUU MOKHO
BOCITOJIb30BAThCS AMITMPUIECKON (POPMYJIOit:
o =0,051+ %
Jliist yrioB 6 < 70° koahHUIUEHT COMPOTUBIICHUS
gms = [:I’Q QLMS Sm 5
anpu 6 = 100°

3
=lo7+—035]|c",
(074 2059

[ToTepst Hamopa B KOJICHE OTMPEICITUTCS KaK

Bce BhIlIe M37105KEHHOE OTHOCUTCS K Typ6}/J'IGHTHOMy JABMKCHUIO KHMJKOCTH. HpI/I JJaMHUHAapHOM
ABWKCHUM MCCTHBIC COIIPOTHUBIICHUA HUIPAOT MAJIYIO pPOJIb IPHU OIPCACICHUA O6H.I€FO
COIIPOTUBJICHUA pr60np0130z[a. KpOMC OTOr'0 3aKOH COIIPOTUBJICHUA IIPH JIAMUHAPHOM PCIKUMC
SIBJIIETCST OOJIEC CI0KHBIM U HCCJICIOBAH B MECHBIIICH CTCIICHH.



TecTnl Kk Jexuuu Ne4

4.1. 'uapaBaruecKoe CONPOTUBICHUE ITO

a) COMPOTHUBIICHUE KUJAKOCTH K U3MEHEHUIO (POPMBI CBOETO PYyCIIa;

0) conpoTUBIIEHHE, IPETATCTBYIOIIEE CBOOOAHOMY MPOXOTY KUAKOCTH;

B) COMPOTHUBJICHUE TPYOOIIPOBO/Ia, KOTOPOE COMPOBOKIAACTCS MOTEPSMU IHEPTUU )KUJIKOCTH;
') CONPOTUBIIEHUE, TP KOTOPOM MAJAeT CKOPOCTh JABMKEHUSI )KUJKOCTH IO TPYOOTIPOBOAY.
4.2. Yto sBISIETCSI HCTOYHUKOM NOTEPh SHEPTUU JABMXKYLIEHCS KUAKOCTH?

a) IJIOTHOCTD;

0) BSI3KOCTB;

B) pacxo KUJIKOCTH;

I') U3MEHEHUE HAIPABIICHUS IBUKEHUS.

4.3. Ha xakuie BUbI ACTATCA THAPABINYECKUAE COMPOTUBICHUS?

a) IMHENHBIE U KBAJPATUYHBIC,

0) MecTHbIE 1 HEJIMHEHHBIE,

B) HEJIMHEWHBIC U JINHEUHBIE;

I') MECTHBIE U JINHEWHBIE.

4.4. Bnusiet 1 pexXUM JIBHKEHUS )KUJKOCTH Ha TUAPABINYECKOE COMPOTUBIICHHUE

a) BIIUSICT;

0) HE BIIHSET;

B) BIIUSIET TOJBKO IIPU OMPEAEIECHHBIX YCIOBUSX;

T') IPU HAIUYUU MECTHBIX THIPABINYECKUX COMTPOTUBIICHUH.

4.5. JlaMuHApHBIN PEXXUM ABIKCHUS )KHIKOCTH 3TO

a) peXuM, IPU KOTOPOM YaCTHIIBI )KUAKOCTH MEPEMENIAIOTCS OECCUCTEMHO TOJIBKO Y CTEHOK
TpyOOIpoBOa;

0) pexXuM, MPU KOTOPOM YACTHUIIBI )KUJIKOCTH B TPYOOTIPOBOJIE MEepEeMEIaloTcs OECCUCTEMHO;
B) PEXKUM, [TPH KOTOPOM KUJKOCTh COXPAHSET ONMPEACIICHHbII CTPOIl CBOMX YaCTHII,

T') PEXKHUM, IPYA KOTOPOM YACTHUIIBI )KUIKOCTU JBUTAIOTCS TTOCIONHO TOJBKO Y CTEHOK
TpyOoOIpoBoa.

4.6. TypOyneHTHBIN PEKUM JABUKEHUS KUJIKOCTH 3TO

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

0) pexuM, MPU KOTOPOM YaCTHUIIBI KHUIKOCTH IMEPEMEIIAIOTCS B TPYOOIIPOBOAE OECCHCTEMHO;
B) PEXKUM, IIPH KOTOPOM YACTHIIBI )KUIKOCTH IBUTAIOTCS KaK MOCIOWHO TaK U OECCHCTEMHO;
T') PEXKHUM, IPYA KOTOPOM YACTHUIIBI )KUJIKOCTU JBUTAIOTCS TTOCIONHO TOJBKO B IICHTPE
TpyOOmnpoBoAa.

4.7. ITpu KakoM peXUME JBUKEHUS KUAKOCTH B TPYOOIIPOBO/IE MyJIbCallUs CKOPOCTEN U
JABJICHUW HE MPOUCXOIUT?

a) pU OTCYTCTBUU JBUKEHUS KUIKOCTH;

0) Mpu CIOKOWHOM;

B) IpU TYpOYJIEHTHOM,;

') IPU JAMUHAPHOM.

4.8. [Ipu kakoM pekUMe JBUKEHUS KUAKOCTH B TPYOOIIPOBOIe HAOIIOJAETCs MyJIbCALIUS
CKOPOCTEH U JaBJICHUI B TPyOOIIpoBoIe?

a) MpY JJAMUHAPHOM;

0) Mpu CKOPOCTHOM;



B) IIpH TypOYJIEHTHOM;

T') IPU OTCYTCTBUM JIBUKEHHUS )KUIKOCTH.

4.9. IIpu naMuHapHOM JIBKEHHUH KUAKOCTH B TPYOOIPOBO/IE HAOIIOJAIOTCS CIEAYIOLINE
SIBJICHUS

a) MyJibcalusi CKOPOCTEH U JaBICHUMN;

0) oTCyTCTBHE MYyJIbCAIIMN CKOPOCTEH U TaBICHUI;

B) MyJIbCAIIMSI CKOPOCTEHM U OTCYTCTBHE IMyJIbCAIIMH JIaBJICHUN;

T') MyJbCalis AaBJICHUNA U OTCYTCTBUE MyJIbCAIIIN CKOPOCTEH.

4.10. [Tpu TypOyJIECHTHOM ABHKEHUU JKUIKOCTH B TPYOOIIPOBOE HAOIIOJAIOTCS CIIEAYIOIINE
SIBJICHUS

a) MyJIbcaIusl CKOPOCTEH U JaBJICHUM;

0) OTCyTCTBHE MYyJIbCAIIMN CKOPOCTEH U TaBICHUI;

B) MyJIbCALIMSI CKOPOCTEHM U OTCYTCTBHE IMyJIbCAIIUH JIaBJICHUN;

T') MyJbCallis AaBJICHUN U OTCYTCTBUE MyJIbCAILIMH CKOPOCTEH.

4.11. I'te ckopoCTh IBMKEHUS KUAKOCTU MaKCUMaJbHA IPU TypOYJIEHTHOM pexume?
a) Y CTEHOK TpyOONpoOBO/Ia;

0) B IIeHTpe TpyOOTPOBOIA;

B) MOXET ObITh MaKCUMaJibHa B IIOOOM MECTE;

I') BCE YAaCTUILbI IBUXKYTCS C OJUHAKOBON CKOPOCTHIO.

4.12. I' e cKOpoCTh IBIKCHUS KUAKOCTH MaKCUMAaJTbHA TPH JJAMHHAPHOM pPeXUMe?
a) y CTEHOK TpyOOIIpOBOJIa;

0) B LIeHTpe TpyOOIIPOBO/IA;

B) MOXKET OBITh MaKCUMaJbHa B JIIOOOM MECTE;

I') B Hayaje TpyoonpoBoja.

4.13. PexxuM IBMXKEHUS KUJKOCTH B TPYOOTIPOBO/IE ATO MPOILIECC

a) 00paTUMBIi;

0) HEOOpaTUMBIif;

B) 00paTUM IpH MOCTOSTHHOM JaBJICHUY;

') HeOOpaTUM TIPU U3MEHSIOIICHCS] CKOPOCTH.

4.14. Kputnueckasi CKOpOCTh, PU KOTOPOH HAOII0IaeTCs IEPEXO OT JJAMHUHAPHOTO PEKUMA K
TypOyJIEHTHOMY ompezensieTcs no hopmyiie
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4.15. Yucno Peitnonbaca onpenensercs o Gopmyie
2) Re = % 6) Re = V%

n 3
B) Re = *%; r) Re= 2.
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4.16. Ot kakux mapaMeTpoB 3aBUCUT 3HaUeHuUeE uncia PeiiHonbaca?

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

0) OT pacxojia )KUAKOCTH, OT TEMIIEPATYyPhl )KUJIKOCTH, OT JUIMHBI TPyOOIIPOBOIA;

B) OT IMHAMUYECKOMN BA3KOCTH, OT INIOTHOCTHU U OT CKOPOCTH JIBU>KEHHUS KUJKOCTH;

') OT CKOPOCTH JABM)KCHUS KUJKOCTH, OT IIEPOXOBATOCTH CTEHOK TPyOOTIPOBOa, OT BA3ZKOCTH
KHUIKOCTH.

4.17. Kputnueckoe 3HaueHue uncia PeliHonbaca paBHO



a) 2300;

0) 3200;

B) 4000;

r) 4600.

4.18. ITpu Re > 4000 pexxuM IBHKEHUS KUIKOCTH

a) JIJaMUHAPHBIH;

0) MepexoaHbIH;

B) TypOyJICHTHBIN;

T') KaBUTAITMOHHBIM.

4.19. ITpu Re <2300 pexxuM IBIKEHUS KUIKOCTH

a) KaBUTAIlMOHHBIH;

0) TypOyJICHTHBIH;

B) MEPEXOTHBIN;

I') TaMUHAPHBIN.

4.20. ITpu 2300 < Re <4000 pexxuM IBHKEHUS KUIKOCTU

a) JJaMUHApHBIH;

0) TypOyJIEeHTHBI;

B) MEPEXOIHBINH;

I') KaBUTAITMOHHBIM.

4.21. KaBuTanus 310

a) BO3JICHCTBHUE JaBICHUS KUAKOCTU Ha CTEHKU TPyOOIIPOBOA;

0) ABMKEHHUE )KUIKOCTH B OTKPBITBIX PyCliaX, CBA3aHHOE C UHTEHCHUBHBIM MEPEMIITUBAHUEM;
B) MECTHOE U3MEHEHHUE TUIPABINYECKOTO COITPOTUBIICHNUS,

') I3MEHEHHUE arperaTHOro COCTOSTHUS JKUAKOCTU MIPU JBMXKEHUHU B 3aKPBITHIX pyciax,
CBSI3aHHOE C MECTHBIM MaJICHUEM JIaBJICHHUS.

4.22. Kakoit 6ykBoii rpeueckoro angaBura 0003Ha4yaeTcs KOdQPUIIMEHT TUAPABINYECKOTO
TpeHUs?

a)v;

0) C;

B) A;

r) L.

4.23. Tlo kaxoit popmyie onpeaensieTcss KOIPPUIUEHT THAPABINUESCKOTO TPEHUS IS
JTAMHHAPHOTO pekumMa?
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4.24. Ha ckonbko 00sacTeil 1eIuTCsl TYpOYJIEHTHBIN PEXUM ABMKEHUSI IPU ONPEICTICHUH
Kod(UITUEHTA THIPABINYECKOTO TPEHHUS?

a) Ha JIBE;

0) Ha Tpu;

B) Ha YETHIPE;

T') Ha MSTh.

4.25. Ot yero 3aBUCUT KO3(PPUIIUEHT TUIPABINYECKOTO TPEHUS B IEPBOIl 00acTu
TypOyJIEHTHOTO pexuma’?

a) TOJILKO OT uucia Re;

0) oT uncna Re u mepoxoBaToCTH CTEHOK TPyOOTPOBOIA;



B) TOJIBKO OT IIEPOXOBATOCTU CTEHOK TPYOOIIPOBO/IA;

r) oT yucna Re, OT ATMHBI ¥ IEPOXOBATOCTH CTEHOK TPYOONpPOBOIA.

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

a) TOJIbKO OT yncia Re;

0) ot yncna Re 1 mepoxoBaTocTy CTEHOK TPyOOIIPOBOAA;

B) TOJIBKO OT IMIEPOXOBATOCTU CTEHOK TPYOOIIPOBO/IA;

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

4.27. Ot uero 3aBUCUT KO3PPUIIMEHT THIPABINYECKOTO TPEHHSI B TPEThel 00IacTu
TypOyJIECHTHOTO pexXxumMa? a) TOJIbKO OT uncia Re;

0) oT uncna Re u mepoxoBaTocT CTEHOK TPyOOTPOBOIA;

B) TOJIBKO OT IIEPOXOBATOCTU CTEHOK TPYOOIIPOBOA;

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

4.28. Kakue TpyObl IMEIOT HAMMEHBIITYIO A0COIIOTHYIO IIEPOXOBATOCThH?

a) YyT'yHHBIE;

0) CTEKJISIHHBIE;

B) CTaJIbHBIE;

') MEIHBIE.

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

0) cTeKio, Meb, CTallb, YyTYH;

B) CTEKJIO, CTallb, Me/lb, YYT'YH;

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

4.30. Ha xakom pucyHke u3o0paxeH KOH(PY30p
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4.32. Yto Takoe comio?

a) nuddy30p ¢ TIaBHO CONMPSIKEHHBIMU IMIHHIPUICCKUMU U KOHUIECKUMU YacTIMU;

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

B) KOH(Y30p C MJIaBHO CONMPSHKEHHBIMU IIMJIMHAPHUYECKUMHU 1 KOHMUYECKUMU YaCTIMH,

') KOH(QY30p C MIaBHO COMPSHKEHHBIMU IIWIMHIPUYECKUMU U Tapa00IMYECKUMH YaCTAMHU.
4.33. UTto sABIII€TCS OCHOBHOM MPUYMHON MOTEPU HAIIOPA B MECTHBIX TUPABINYECKUX
COTPOTHUBJICHUSX



a) HAIM4YMe BUXPeoOpa3oBaHUM B MeCTaX U3MEHEHHsI KOH(PUTYpauu OTOKA;
0) TpeHue >KUIKOCTH O BHYTPEHHUE OCTPbIe KPOMKH TPyOONpOBO/Ia;

B) U3MEHEHHE HAIIPABIICHUS U CKOPOCTHU JABMKEHUS )KUJIKOCTH;

T') IEPOXOBATOCTh CTEHOK TPYyOOINPOBO/Ia U BA3KOCTh KHIKOCTH.

4.34. JIns gero cimyxut Homorpamma Konbpyka-Yaiita?

a) JUIS OIpEJeNICHUs] PeKUMa IBUKEHUS JKUKOCTH;

0) st onpeaesieHus KodPuIMeHTa MoTepb B MECTHBIX COMTPOTHBIICHUSX
B) JUIA OIIpe/IeNICHUs] OTEpU HANopa MpH U3BECTHOM uucie PeitHonbaca;
r) Ui onpezeneHus Ko3pPuirenTa rupaBIuueckoro TPeHuU .

4.35. C NOMOIIBIO YETO OMPEIEIISIETCS PEKUM JABMKCHUSI JKUKOCTHU?

a) no rpaduxy Hukypanze;

0) mo HomMorpamme Konbpyka-VYaiira;

B) no uuciy PeitHomnbaca;

r) no ¢popmyie Beiicbaxa-/lapcu.

4.36. J1;1s1 onipenieneHus MOTeph HAMopa CIIyKUT

a) uuciuo PeitHonbaca;

0) popmyna Beiicbaxa-/lapcu;

B) HoMorpamma KonOpyka-VYaiira;

r) rpaduk Hukypamze.

4.37. 1t gero ciyxut hopmyna Beticoaxa-Jlapcu?

a) 15 onpeenenus uyncia PeitHonbaca;

0) st onpeaeneHus ko3puiMeHTa rupaBIuIecKOro TPEHUS;

B) JUIA OTIpe/IeNICHUs TOTEPh HAIOPA;

r) Ui onpezeneHus: Ko3ppuirenTa noTepb MECTHOTO COMPOTHBIICHUSI.
4.38. YkaxuTte nmpaBuibHYIO 3antuch GpopmyJsl Belicbaxa-Ilapcu

2
a)hnom:fg'u >
2g
2
6) hnom:’ﬁ”ﬂ'd ’
v 2z
2
B)hnom:’ﬁ“i'u g
4 2z
2
0 = £
4

4.39. Teopema bopaa rmacut

a) MoTepsl Haropa MpHu BHE3AITHOM CY>KEHUH pycila paBHAa CKOPOCTHOMY Hamopy,
ONPEJETICHHOMY TI0 CyMME CKOPOCTEN MEX Iy NEPBBIM U BTOPBHIM CEUEHHUEM;

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

B) OTEPs HAIMIOPA MPU BHE3AMHOM CY>KEHHH pyclla paBHA CKOPOCTHOMY HaIopy,
ONPEJICTICHHOMY 110 Pa3HOCTH CKOPOCTEMN MEXKTy MEPBbIM U BTOPHIM CEUECHHUEM;

I') OTeps HAIopa MpH BHE3AMTHOM PAaCUIMPEHUH pyclia paBHa CKOPOCTHOMY HAIopy,
ONPEJICTICHHOMY TI0 Pa3HOCTH CKOPOCTEHN MEX]Ty MEPBBIM U BTOPHIM CEUEHHEM.
4.40. KaBuranus He CIIy>KUT IPUUNHON YBETUUCHUS

a) BUOpauuu;

0) HarpeBa Tpyo0;

B) KIIJ] runpomariuy;

T') COPOTUBIIEHUS TPYOOIPOBOIA.



Jdexuus 5. ACTEYEHUE )KUJKOCTHU U3 OTBEPCTUI, HACAJIKOB U U3-TIOJ
3ATBOPOB

PaccmoTpum paznuuHble clyyaud MCTEUEHHUs JKUIKOCTH U3 pPe3epByapoB, 0AKOB, KOTJIOB uepe3
OTBEPCTHS M HacaJKu (KOPOTKH TPYOKH pazinuuHoil Gopmbl) B aTMOocdepy WIH MPOCTPAHCTBO,
3all0JIHEHHOE Ta30M WIM TOM JK€ JKUIKOCTb. B mpomecce Takoro HCTEYEHHs 3arac
MOTEHIUAIBHON SHEPruu, KOTOPBHIM O00JaJaeT >KUIKOCTb, HAXOMALIAsCS B pe3epByape,
IpeBpaniaeTcs B KHHETHYECKYI0 SHEPTUIO CBOOOIHOM CTPYyH.

OcHOo8HLIM 80NMPOCOM, KOTOPBIA HMHTEPECYET B JIaHHOM Cllydae, SIBISIETCSI ONpENEICHHE
CKOPOCTHU UCTEUYECHHMSI M PACX0/Ia )KUAKOCTHU JUISl pa3IMYHBIX ()OPM OTBEPCTUI M HACAIKOB.

5.1. UcTeyenne 4yepe3 MaJible OTBEPCTHS B TOHKOM CTeHKe NP MOCTOSTHHOM Hamope
Paccmotpum GonbIioi pesepByap ¢ )KHIKOCTBIO MO JaBlIeHUEM Py, UMEIOIINNA Malloe Kpyrioe

OTBEpCTHE B CTEHKE Ha JOCTAaTOYHO OoblnoN riyouHe HyoT CcBOOOAHON TMOBEPXHOCTH
(puc.5.1).

Puc. 5.1. UcTtedyenue u3 pesepByapa 4yepe3 Majaoe OTBEPCTUE
XKuakocTh BBITEKaeT B BO3IYIIHOE MTPOCTPAHCTBO ¢ naBieHueM P;. [Tyctb oTBepcTue nmeer
(dbopMy, TOKa3aHHYIO Ha PHC.5.2, a, T.€. BBITIOJHEHO B BUE CBEPJICHUS B TOHKON CTEHKE 0€3
00pabOTKH BXOAHOM KPOMKH UM UMeeT GopMy, TIOKa3aHHYIO Ha puc.5.2, O, T.€. BHIMOJIHEHO B
TOJICTOM CTEHKE, HO C 3a0CTPEHHUEM BXOJHON KPOMKH C BHEIIHEH CTOPOHBI. CTpysl, OTPHIBASICH
OT KPOMKH OTBEPCTHsI, HECKOJIBKO CxXUMaeTcs (puc.5.2, a). Takoe cxkaTtre 00yCIIOBICHO
JBYKCHUEM YKHJIKOCTH OT Pa3JIMYHBIX HAIIPABICHU, B TOM YUCJIC U OT PAIUAIBHOTO JIBHYKSHUS
10 CTEHKE, K OCEBOMY JABUXEHHIO B CTPYE.
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Puc. 5.2. VcTeuenue yepe3 Kpyriioe OTBEPCTHE

CremneHb cxaTusi OLICHUBAETCS KOAPOUIIMEHTOM CHKATHSL.

rae S.u S, - MIomaayM MONEepeYHOro CEYEHUs] CTPYM M OTBEPCTHUSI COOTBETCTBEHHO; d. U d,, -
JTUAMETPBI CTPYHU U OTBEPCTHSI COOTBETCTBEHHO.

CKOpOCTh UCTEUCHHUS KUAKOCTH YE€pPE3 OTBEPCTUE TAKOE OTBEPCTHE

L= 2gH

rac H - HaI1op ) XUAKOCTH, OIIPCACTIACTCA KaK

*EI'ZI_‘DI

H=H, +
pg

¢- K03 PUIIMEHT CKOPOCTH

= Tt

rae o - KO3 hUIHCHT Kopunomnmuca;
(- ko PUITMEHT CONTPOTUBIICHUS OTBEPCTHSI.

Pacxon sxuakocTu omnpesensercss Kak MPOU3BEICHUE JACHCTBUTEIBHON CKOPOCTH MCTEUCHUS Ha
(aKTHUECKYIO TUIONIA/lb CEYCHUSI:

g=5Suv=gx, ¢ f2gH
Era

i

[IpousBenenue € U @ NpuUHATO 0003HAYaTh OYKBOI M Ha3bIBaTh KOA(P(HUIIMEHTOM pacxoja, T.e. [
= £0.

B urore nonyyaem pacxon
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rae AP - pacdeTHast pa3HOCTb JABJICHUM, MO ICUCTBUEM KOTOPOH MPOUCXOIUT UCTECUEHUE.
ITpy moMomIM 3TOTr0 BBIPAKEHUS PEIIACTCS OCHOBHAS 3aJa4a - OIPEIEISAETCS PaCXOl.

3HadeHne korpduienTa cxxaTus €, CONPOTUBICHUS {, CKOPOCTH @ U pacxoja [ g KPyTiaoro
OTBEPCTHUS MOXHO ONPENEIUTh MO SMIIMPUYECKU MOCTPOCHHBIM 3aBuUcuUMoOcCTsIM. Ha puc.5.3
MOKa3aHbl 3aBUCUMOCTU KO3 duimeHToB €, { 1 | oT yucna PeifHonbaca, TOJCYUTAHHOTO JJISt
WJICAIBHON CKOPOCTH
d.f2gH
RE.’J e —g
Rt

r€ V - KUHEMaTUyecKas BA3KOCTb.
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Puc. 5.3. 3aBucumocts €, ¢ u ot uncna Re, Puc. 5.4. UuBepcus crpyii

[Ipu ucteyenun ctpyu B armocepy W3 Majaoro OTBEPCTHS B TOHKOM CTEHKE MPOUCXOIUT
u3MeHenue QopMbl CTpyHn TI0O ee JUIMHEe, Ha3blBaeMoe ungepcueti cmpyu (puc.5.4).
OOycnaBnuBaeTcs 3TO SBJICHUE B OCHOBHOM JIEHCTBHMEM CHJI MOBEPXHOCTHOTO HATSHKCHHS HA
BBITEKAIOIINE KPUBOJWHEHWHBIE CTPYHKH U PA3TUYHBIMU YCJIOBHUSIMU CHKATHs TIO TEPUMETPY
otrBepctus. HBepcus 0oJible BCEro MPOSIBISIETCS PYU UCTEYEHUH U3 HEKPYTJIIbIX OTBEPCTHUH.

5.2. UcTeyeHne Npu HECOBEPILIEHHOM CKATHH

H€COGQPW€HHO€ corcamue Ha6J'IIOJIaCTC$I B TOM CJIy4dac, KOTJda Ha UCTCUCHUC KXUIAKOCTHU 4YCPEC3
OTBCPCTUC M HaA (bOpMHpOBaHHC CTPpYH OKa3bIBACT BJIMAHUC O0IM30CTh OOKOBBIX CTCHOK

pesepByapa (puc.5.5).
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Puc. 5.5. Cxema HECOBEPIICHHOTO CHKATHUS CTPYH

Tak kak OOKOBBbIE CTEHKM YaCTHUYHO HAIMpaBISIOT JABMKEHHE KUAKOCTH TPHU TOJIXO0JE K
OTBEPCTUIO, TO CTPYyd MO BBIXOJIE W3 OTBEPCTUS CKHUMAETCA B MEHBIIEH CTENEHH, YEM W3
pe3epByapa HeorpaHHUEHHBIX pa3MepoB, Kak 3TO ObLIO OmUcaHo B 11.5.1.

IIpr wncTeuyeHMHM >KHUIKOCTEM W3 LMJIMHIPUYECKOIO pe3epByapa KpYIJIOro CEYEHUs 4Yepes
KpYyIJ0€ OTBEpCTHE, PACIOJIOKEHHOE B LIEHTPE TOPLIEBOM CTEHKH, IpH OosblIMX yuciax Re
KO3 PUIMEHT cxKATHUS IS UCATbHOM KUAKOCTH MOKHO HaMTH 10 (hopMyJie, IPeaCTaBICHHON
H.E. XKykoBckum:
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i€ 1 - OTHOILICHUE TUTOLIAAN OTBEPCTHS S, K IJIOIIAIU TIOTIEPEYHOr0 CEUEHHUs pe3epByapa S,

PaCXOI[ KHUIKOCTU HpH HeCOBepHIeHHOM CXKaTHun
Q = I-LIS.:' ", ng

/e Harop H Hy»XHO HaXOJIUTh C YYETOM CKOPOCTHOTO HAIopa B pe3epByape
p 11 HY yd p Haropa B pe3cpsyap
P 2g
5.3. UcTevyeHnue nojx ypoBeHb

YacTo npuXOaUTCs UMETh JCJIO C UCTEUCHUEM >KUAKOCTH HE B aTMocdepy, a B IPOCTPAHCTBO,
3aMOJHEHHOE ATOM K€ >KUIKOCTHIO (pHC.5.6). Takoil cioydail Ha3bIBACTCS ucmeuenuem noo
VPpOBeHb, NI UCTEUCHUEM Yepe3 3aTOIJIEHHOE OTBEPCTHE.



Puc. 5.6. VcTteuenue 1o ypoBeHb

B sToM ciyuyae Bcs KMHETHUECKasi SHEpPrusl CTpyH TepsieTcs Ha BuxpeoOpa3oBaHHE, KaK MpHU
BHE3AITHOM PACHIUPEHUU.

CKOpOCTh HCTEUYECHUS B CKATOM CEYEHUU CTPYH

L= f2gi

rae [0) - Kod(urreHt CKOpOCTH,;
H - pacueTHb1l Ha1IOD,

h-5
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Pacxon xxunkoctu paBeH

Takum 00pazoM, uMeeM Te K€ pacueTHbIe (POPMYJIbI, UTO M MPU HUCTECYCHUH B BO3AYX (Tras),
TOJIKO  pacyueTHhli Hamop H B  JaHHOM  cllydyae TMpPEACTaBIsSeT CcO0OM  pa3HOCTh
THAPOCTATHUECKUX HAMOPOB MO 00€ CTEHKH, T.€. CKOPOCTh U PAacXof >KUIKOCTH B JaHHOM
CJly4ae He 3aBUCSAT OT BBICOT PaCHOJIOKEHHS OTBEPCTHUS.

KoaddummeHTs! cxxaTus u pacxoaa mpy UCTEYCHUH T0]] yPOBEHb MOXKHO MPUHUMATH T€ XK€, UYTO
Y TIPU UCTEUYEHUHU B BO3YIIHYIO CpEy.

5.4. UcTeyeHue Yepe3 HACAJAKYU NP MOCTOSTHHOM Hamope

BHemHUM 1MIWHAPUYECKMM HACAJAKOM Ha3bIBaeTCid KOpOTKas TpyOka MAIWHOM, paBHOU
HECKOJIbKUM JMaMeTpaM Oe3 3aKpyrjieHusi BXOAHOW KpoMkH (puc. 5.7). Ha mpaktuke Takoi
HACaJI0K YacTO TMOJy4aeTCs B T€X CIydasx, KOTJa BBITIOJHSAIOT CBEPJCHUE B TOJICTOM CTCHKE U
He 00pabaThIBalOT BXOJIHYIO KpOMKY. McTeueHne yepes Takoil Hacal0K B ra30BYIO CPEy MOMKET
MIPOUCXOJIUTD B JIBYX PEKUMAX.

[lepBbIil pexxuM - 6ezompuignbiti pedcum. IIpu uctedeHuun cTpys, MOCie BXOAa B HAcaJoK
C)KMMAETCsl MPUMEPHO TaK K€, KaK M MPH UCTEYCHUH Yepe3 OTBEPCTHE B TOHKOM CTEHKE. 3aTeM
CTpysl TOCTENEHHO paclIupsieTcss IO pa3MEepoOB OTBEPCTHS U3 HAcaJKa BBIXOAUT MOJHBIM
ceyenueM (puc.5.7).



Puc. 5.7. UcTeuenne uepe3 Hacagok

Koaddumment pacxoma |, 3aBUCANIMN OT OTHOCHTEIBLHOW MJIMHBI Hacaaka !l / dw dYucia
PeitHonbica, onpeaensieTcs o aMIupudeckon popmyie:

1
b= ——r
123+25 £

£

Tak kak Ha BBIXOJI€ U3 HacaJKka TUAMETP CTPYH PaBEH JUAMETPY OTBEPCTHUA, TO KOIDPUIIHEHT
ckarus € = 1 U, ciaenoBaTensHO, L = @ , a KoadduiueHt conpotusienus = 0,5.

Ecnu cocraButh YPaBHCHHUC BepHynJ’II/I JJA CKATOIr0 CCUCHUA 1-1 u cedyeHus 3a HaCcaaKOM 2-2u
Hp606p330BaTB €r0, TO MOKHO ITOJIYYHUTD IMAACHNUC AABJICHUS BHYTPU HaCaJKa

P2-P] = O,75ng

[Ipu HEKOTOpPOM KpuUTHUYECKOM Hamope H,, abCOMIOTHOE NaBleHNe BHYTPU Hacajka (cedyeHue /-
1) ctanoBuTcs paBHbIM HYIO (P; = (), 1 mosTOMy

5
[ N —
¥ 075pg

CnenoBatenbHo, nipu H > H,, naBiaenue P; TOMKHO ObUIO Obl CTaTh OTPHUILATENbHBIM, HO TaK
Kak B JKHJKOCTSX OTPHUIATEIbHBIX JaBJICHUM HE OBIBACT, TO TMEPBBIM PEKUM JBIKCHUS
CTaHOBUTCS HEBO3MOXHbIM. [loatomy mpum H = Hkp npoucxomur u3MeHeHHE pexnma
WCTEYCHHUS, IEPEX0]I OT MEPBOTO PEKUMa KO BTopoMy (puc.5.8).
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Puc. 5.8. Bropoii pexuM ncteueHus yepes3 Hacagok

Btopoii pexxuM xapakTepu3yeTcss TeM, YTO CTpys IOCJIE CKAaTUS YK€ HE paciupsercs, a
COXpaHsieT UWIMHAPUYECKYIO0 POopMy U MepeMeniaeTcsi BHyTpU Hacalka, HE COMpPUKAcasCh C €ro
cTeHKaMU. VIcTeueHne CTaHOBUTCS TOYHO TaKUM K€, KaK U M3 OTBEPCTHsS B TOHKOW CTEHKE, C
TEMU K€ 3HaYeHUsIMHU KodpduirenToB. CrieaoBaTenbHO, IPH Mepexoie OT MEePBOT0 PeKUMa KO
BTOPOMY CKOPOCTBH BO3PACTaET, a pacXojl YMEHbIIAETCs 0J1aroaaps CKaTHIO CTPYH.

[Ipn ncreuennn vepe3 HAIMHAPUYECKUIM HACALOK I10JI YPOBEHb IEPBBIM PEKUM UCTECUEHUS HE
OyneT oTnuyaThCcsi OT omucanHoro Beime. Ho npu H > H,, mepexona KO BTOPOMY pEXUMY HE
MIPOUCXOIUT, @ HAYMHACTCA KABUTALMOHHBIN PEKUM.

Takum oOpa3oM, BHEIIHWHN IWIMHAPUUECKUN HACATOK MUMEET CYIECTBEHHBIE HEAOCTATKHU: Ha
MIEPBOM PEXHUME - OOJIBIIIOE CONMPOTUBIICHUE U HEJTOCTATOUYHO BBICOKUN KOA(P(GHUIIMEHT pacxo/ia,
a Ha BTOPOM - OYCHb HM3KHH KodpdummeHT pacxoma. HemocTtaTkoMm Takke SBISICTCS
BO3MO>KHOCTbh KaBUTALIUU [IPU UCTEUEHUU I10J] YPOBEHb.

BHemHui nmuamHApUYecKuii HacaJ0K MOXKET ObITh 3HAUYUTENIPHO YJIYUILIEH IyTeM 3aKpyTJICHUS
BXOJIHOM KPOMKH WJIM YCTPOMCTBAa KOHMYECKOro Bxoja. Ha puc.5.9 naHbl pa3nuyHble THUITBI
HACAJIKOB M YKa3aHbl 3HAYEHUSI COOTBETCTBYIONINX KOIPPHUIIUEHTOB.

Puc. 5.9. creuenue KUAKOCTH YCPEC3 HACAAKHU A - PACHIUPAIOIHNCCA KOHUYCCKHUC, 0 -
CYKaroIueCsa KOHUYCCKUC, B - KOHOUIAJIBHBIC, I' - BHYTPCHHUC MUIIUHAPHUICCKUC

Konnuecku cxopsmmecss M KOHOMAAJIbHBIE HACaJKU NPUMEHSIIOT TaM, TIe Heo0X0AUMO
MOJIYYUTh XOPOIIIYI0 KOMIIAKTHYIO CTPYIO CPaBHUTEIHHO OOJBIION JJIUHBI TIPU MAJIBIX TTOTEPSX
SHepruv (B HAMOPHBIX OpaHACIOWTaX, THAPOMOHHTOpax H T.1.). KoHWyecku cxomsiruecs
HACaJKH UCIIOIB3YIOT U1 YBEJIIMUYEHUS PAcX0/1a UCTEYEHHUS [IPU MaJIbIX BBIXOJHBIX CKOPOCTSX.

5.5. UcTevyeHnusi Yepe3 OTBEPCTHS U HACAKHU NPH NePeMEHHOM Hamnope (0ONmopoKHeHne
COCYy/10B)



PaccmoTpum  ciayuail OmOpoXKHEHHS OTKPBITOrO B atMocdepy cocyda IMpU IMOCTOSIHHO
YMEHBIIIAIOIIEMCS HArlope, TPU KOTOPOM T€UEHHUE SBISIETCA HeycTaHOBUBIIEMCs (puc.S.10).

OpnHako eciu Hamop, a CleI0BaTelIbHO, U CKOPOCTh MCTEUEHUS W3MEHSIIOTCS MEIJIEHHO, TO
JIBWKEHHE B KaXKIbli MOMEHT BPEMEHM MOKHO pacCMaTpUBaTh KaK YCTAaHOBHUBIIEECS, W IS
pelLIeHus 3a7a4u IIPUMEHUTD YpaBHEHNHE bepHyIu.

Puc. 5.10. Cxema onopoxHeHUs pe3epByapa

O0603Ha4YMM TEPEMEHHYIO BBICOTY YPOBHSA JKHIKOCTH B COCyAE 3a h, TUIONIA[b CEYCHUS
pe3epByapa Ha 3TOM YpOBHES, IUIOMIaJb OTBEPCTUA S,, U B3SIB OCCKOHEYHO MaJbld OTPE30K
BpEMEHH dt, MOYKHO 3amucaTh ClIeyollee ypaBHEeHHE 00BEMOB:

Sdh=-0dt
HIIH

Sdh=—us, . 2gh - dt
-

rae dh - "3MeHeHNne ypOBHsI JKUJKOCTH 3a BpeMs df.

OTCIOIIa BPCM: ITOJTHOT'O OIIOPOKHCHUA COCYda BeICOTON H

j’-‘” dh
s, «E

Ecnu Oyner wu3BecTeH 3aKOH HM3MEHEHHUS IUIOMIAAM S MO BBICOTE /i, TO HMHTETpal MOXKHO
noacuuTaTh. JJis mpusMatuueckoro cocyaa S = const (puc.5.11), ciepoBaTenbHO, BpeMsi €ro
MOJIHOTO OTIOPOKHEHUS

25H

f=—
Wi~ 2887

W3 3TOrO BBIpa)KEHMS CIIEIYET, YTO BpeMs MOJIHOIO OMOPOKHEHUS MPU3MATUYECKOTO COCy/a B
7Ba pa3a OoJIbLIIE BPEMEHM HCTEUEHHUS] TOTO kK€ 00beMa JKUAKOCTU INPHU MOCTOSHHOM Harope,
pPaBHOM IEPBOHAYAILHOMY.
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Puc. 5.12. OnopoxxHenue
HENPU3MaTHYECKOI 0 pe3epByapa

Puc. 5.11. OnopokHeHue MpU3MaTUYECKOTO pe3epByapa
Jns ompeneneHuss BPEMEHU HCTEUEHUS KHUAKOCTA W3 TOPHU30HTAIBHOTO LHWJIWHAPUYECKOTO
cocyna (ructepHsl) (puc. 5.12) BeIpa3uM 3aBUCHMOCTh TIEPEMEHHOM TIIomaan S oT A:

S= 20 A0 -k
riae [ - nuHa nucTepHbl; D - AuaMeTp IUCTEPHBI.

Torga Bpemsi OJHOTO OMOPOKHEHUS TaKOW LUCTEPHBI, T.€. BpeMsl U3MEHEHUs Haropa ot h; =
D 1o h; = 0, noy4uTcsi paBHbIM

,_ MDD

RETN =

5.6. UcTeyeHnue u3-noJ 3aTBOPAa B FOPU30HTAJIBLHOM JIOTKE

Bo mHorux BOHO3360pHHX N BOJOIIPOIMYCKHBIX THAPOTCXHHUYCCKHUX COOPYIKCHUAX PACXObI
BOJbI IIPOXOOAT 4YCPE3 OTBCPCTHUA, IMNCPCKPLIBACMBIC 3aTBOPAMHU. 3aTBOpBI INOAHHUMAIOT Ha
OIIPCACIICHHYIO BBICOTY HaA AHOM M IIPOITYCKAKOT 4YCPC3 OTBCPCTUS HCO6XOHHNHJC pacxoabl.
‘—Iame BCCTO HA THAPOMCIIMOPATUBHBIX COOPYKCHUAX YCTPAUBAIOT OTBCPCTUA MPAMOYTOJILHOT'O
CCUYCHU, NCTCUCHUC U3 KOTOPBIX U PpaCCMOTPHM.

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

Eciu orBepcTHe HE3aTOMIEHHOE, TO BBITEKAONIAsh HM3-TOJ 3aTBOpA CTPYSd HAXOAMTCS TOJ
atMochepHbIM naBienueM (puc. 5.13). [Ipu ucreueHnn uepes3 3aTomIeHHOE OTBEPCTUE CTPYS 3a
3aTBOPOM HAXOJMTCS MOJ HEKOTOPBIM CJI0EM BOJIBI (pucC. 5.14).



Puc. 5.13. Ucteuenue u3-mnoj 3aTBopa 4Yepe3 HE3aTOIUIEHHOE OTBEPCTHE

Korga 3aTBop mpumoaHAT HaJ THOM, BBITEKAIOIIAs W3-TIOJ HETO CTPYS UCTBITHIBACT CKAaTHE B
BEPTUKAJIBHON IIOCKOCTU. Ha paccrosiHuM, mMpUMEPHO PaBHOM BBICOTE€ OTBEPCTHS a (BBICOTE
MOJHATHS 3aTBOpa), HaOmogaeTcss Hambojee cCkaroe cedeHue. [ayOmHa B CXKaToMm
CEUYECHHH /1. CBSI3aHA C BBICOTOM OTBEPCTHUS @ CIAEAYIONIEH 3aBUCUMOCTBIO:

h.=¢€'a
rae €' - K03QPUIUEHT BEPTUKAIBLHOTO CXKAaTUS CTPYH.
Koaddumment BepTHUKaIbHOTO CXKaTUS € 3aBUCUT OT OTHOIIEHUS BBICOTHI OTBEPCTHS d K
Haropy (mIyOumHE BOJBI Tiepea 3aTtBopoM) H. [l OpUEHTHUPOBOYHBIX PACUYETOB MOXKHO

npuHumaTs €' = 0,64.

Eciu cocraButh ypaBHeHue bepHymnum [uisi cedeHuid, NMPOBENEHHBIX IEpea 3aTBOPOM U B
C)KaTOM CEUeHHH, TI0CIIe TIPe0Opa30BaHUM MOTYUNM:

L, =i f2glH, -k,

rae ¢ - KodhPUIMEeHT CKOPOCTH,

p= ——
CE'J + g{
rac HO - HaIlop € Yy4€TOM CKOPOCTH IMOAXO0J4,
2
1
Ho=H+o, —
2g

Torz[a pacxod Ipru UCTCUCHHWH U3-110/ 3aTBOPA P HE3ATOINICHHOM OTBCPCTHUH OIPCACIINTCA 110

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

rae S - mwiomaab orBepeTus, S = ab.
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Puc. 5.14. Mcredyenne u3-1oJ1 3aTBOPA NPH 3aTOTICHHOM OTBEPCTHH
[Ipu ncrteuennn yepes 3aToIICHHOE OTBepcTHE (puc. 5.14) pacxop onpenenuTcs 1o Gopmyiie:
Q=abll.f2g(H,— k)
r7e h, - TIyOMHa B TOM CEUEHUH, IIe HabII01aeTCsl MaKCUMAIbHOE CKATHE UCTEKAIOMIEH M3-T10
3aTBOpA CTPYH.

['my6una h, onpenensieTcst U3 3aBUCUMOCTH

B KOTOpOH

bl

~k
M=d4uta* 2 <
S

a h; - rmyOuHa B oTBOIAIIEM KaHale (ObIToBas rimyOnHa).
5.7. laBieHue CTPYM KHAKOCTH HA OTPaKAA0LIHE TOBEPXHOCTH

Ecnu BBITCKArOmiasAa M3 OTBCPCTHUA MJIM HACaJIKa CTPYA IOMaJacT Ha HCIIOABMIKHYIO CTCHKY, TO
OHa C ONpCACICHHBIM OAaBJICHUCM BOSHeﬁCTByeT Ha Hee. OCHOBHOE YpPaBHCHHUC, IO KOTOPOMY
BBIYUCIIACTCS JaBJICHHUC CTPYH HA INIOINAAKY, HMCCT BU

Ha puc. 5.15 mpuBenmensl HamOoee dYacTO BCTPEUAIOMIMECS B TPAKTHKE OTPAKIAIOIIHC
MOBEPXHOCTH (Mperpaabl) U YpPaBHEHHUS, MO KOTOPHIM BBIUMCIISICTCS JaBJICHUE CTPYH Ha
COOTBETCTBYIOIIYIO IOBEPXHOCTb.

Bennuuna paBieHusl CTpyHu, €CTECTBEHHO, 3aBUCUT OT PACCTOSIHUS Hacaaka 1o mperpaisl. C
YBEITMYCHUEM PACCTOSHUS CTPYS pPacCeMBAETCs W JaBieHHE yMeHbImaeTcs. COOTBETCTBYIOIINE
WCCJIEIOBAHUS TOKa3bIBAlOT, YTO B JIAaHHOM CIIy4ae CTPysS MOXET ObITh pa3duTra Ha TpHU
XapaKTEepHbIE YaCTU: KOMITAKTHYIO, pa3ipo0JeHHYIO0 U paclbuleHHYO (puc.5.16).

B npenenax KOMIakTHOM 4acTH COXpaHsETCs LWJIMHApU4YecKas Gopma cTpyu O€3 HapylleHUs
CIUTOITHOCTH JABWXEHUS. B mpenenax pa3apoOieHHON 4acTH CIUIONIHOCTh TOTOKA HapyIaeTcs,



MpUYEM CTPYs MOCTENEHHO pacmupserca. Hakonen, B mpenenax pacnbUICHHOW 4YacTH CTPYHU
IIPOUCXOINUT OKOHYATEIbHBIN pacnaj OTOKa Ha OTAEIbHbIC 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 HEMOABUKHON MOBEPXHOCTHIO

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



TecTnl K Jexkuuu NoS

5.1. Ilpu ucteyeHuu KUIKOCTU U3 OTBEPCTHI OCHOBHBIM BOIIPOCOM SIBJISIETCS

a) OTpeIeIeHue CKOPOCTH UCTEUCHHUS U PACX0/1a KUAKOCTH;
0) onpeniereHrne HEOOXOIUMOTO AUAMETPA OTBEPCTU;

B) OIpe/iesICHHEe 00beMa pe3epByapa;

T') OIpeIeIIeHNE THIPABINYECKOTO COTIPOTUBIICHUS OTBEPCTHSL.

5.2. Uem 00yCIIOBJICHO CXKaThE CTPYH KUAKOCTH, BHITEKAIOIIEH U3 pe3epByapa uepe3 OTBEpCTHe

a) BA3KOCTBIO KUJAKOCTH;

0) IBMKEHUEM KHUJAKOCTH K OTBEPCTHIO OT Pa3IMYHBIX HAIIPaBJICHHM;
B) JaBJICHHEM COCEHUX C OTBEPCTHEM CIIOEB KHJIKOCTH;

') CWJION TSKECTH M CHJIOW MHEPIIUH.

5.3. UTo Takoe COBEPIIEHHOE CKaTHE CTPyH?

a) HauOoJIbIlIee CKATUE CTPYH MIPU OTCYTCTBUH BIUSHUS OOKOBBIX CTEHOK pe3epByapa u
cBOOOIHOM MOBEPXHOCTH;

0) HaubobIIIee CXKATUE CTPYHU MPH BIUSIHUM OOKOBBIX CTEHOK pe3epByapa U CBOOOTHOM
MOBEPXHOCTH;

B) C)KaTue CTPYH, IPU KOTOPOM OHA HE U3MEHSET (OopMy MOMEPEUHOTO CEUCHUS;

') HAUMEHbIIIee BO3MOXKHOE C)KaTHe CTPYH B HEMOCPEICTBEHHOM OJIM30CTH OT OTBEPCTHSL.

5.4. KoaddunueHt cxaTusi CTpyu XapakTepusyeT

a) CTETIeHb U3MEHEHUE KPUBU3HBI UCTEKAIOIICH CTPYH;

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

') I3MEHEHUE TUIOLIAIM MTONEPEYHOr0 CEYEHUS CTPYH MO MEpEe yAalIeHUsl OT pe3epByapa.

5.5. KoaddunmeHt cxaTtusi CTpyu onpezensercs no hopmyse

2
) gofe; 8 g B gfe;  p) ot
d 5 52

a <

5.6. CKOpOCTb HCTEUEHUS KUAKOCTH YEPE3 OTBEPCTUE PaBHA

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

5.7. Pacxo[1 »KMIKOCTH Yepe3 OTBEPCTUE ONPEIEISIETCS KaK



a) 0= 5 v 6) 0= 5,u3
5) 0= que; 1) g=ps, -

5.8. B dbopmynie myis onpeneneHnst CKOPOCTH UCTCUCHHS KUIAKOCTH Yepes

otBepetne © = P2€ Gykpoii ¢ 0603HauaeTCS

a) K03 PUITMEHT CKOPOCTH;
0) koadduIMeHT pacxosa;
B) KO3 (pHUIMEHT CxKATHUS;

) KO3 PUIIMEHT UCTEUEHUSI.

5.9. Ilpu ucteueHuu XKUIKOCTU YEPE3 OTBEPCTUE POU3BEACHHE KO3 PUIIMEHTa CoKATHSI HA
K03 HUIIMEHT CKOPOCTH HA3bIBACTCS

a) K03 PUITMEHTOM UCTECUCHNS,

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

) K0O3(pPUIIUEHTOM UHBEPCUU CTPYH.

5.10. B dopmyre mis onpeneneHusi CKOpOCTH UCTEUEHUS KUIAKOCTH Uyepes

otBeperre © = P42EH Gykpoit Ho6o3HaYaOT

a) aJbHOCTh UCTEUEHUS CTPYH;
0) rmyOuHy OTBEpCTHUS;

B) BBICOTY pe3epByapa;

T') Harop >KUIKOCTH.

5.11. Yucno PeliHonpaCca TPU UCTEUCHUN CTPYH Y€pPEe3 OTBEPCTHE B pe3epByape ONMpeesaeTcs
o gpopmyiie

a) Re, = v 2dE :
&

6) Re, = V288,
)

B) Re, =dv 1 ;

J2gH
*) Re, = fogH “.
N

5.12. 3menenue popMbl TONEPEYHOTO CEYCHUS CTPYH MPU UCTCUCHHUH €€ B aTMOCchepy
Ha3bIBACTCS

a) KaBUTAIHCH;

0) KOpperupoBaHUEM;
B) UHBEPCUEN;

) noJuMophuei.

5.13. NuBepcus cTpyil, UCTEKAIOUINX U3 PE3EPBYapOB, BbI3BAHA



a) IeCTBHEM CHJI TIOBEPXHOCTHOT'O HATSHKCHUS,

0) IEeWCTBUEM CHJI TSKECTH;

B) JCHCTBUEM PA3TMYHO HAMPABICHHOTO ABMKCHHS )KHJIKOCTU K OTBEPCTHSM;
T') IeHCTBUEM Macc rasa.

5.14. Uto Takoe HECOBEPILIEHHOE CKaThe CTPyU?

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

I') CX)KaTUe C BOBHUKHOBEHHUEM WHBEPCHUHU.

5.15. Ucteuenue KUAKOCTH MO YPOBEHb 3TO

a) UCTEUEHUH KUJIKOCTU B aTMOc(epy;

0) “cTeYeHHE KUJKOCTU B IPOCTPAHCTBO, 3aMIOJTHEHHOE IPYTOM KUKOCTHIO;
B) UCTEUYECHHE KUJIKOCTH B IPOCTPAHCTBO, 3AMIOJTHEHHOE TOH K€ KUAKOCTBIO;
I') ICTEYEHUE KUJIKOCTU YePe3 YaCTUYHO 3aTOIJIEHHOE OTBEPCTHE.

5.16. CkopocTh UCTEUEHUS JKUIKOCTH Yepe3 3aTOIUICHHOE OTBEPCTUE OMPEACTISACTCSI 10
dhopmyne

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

5.17. Hanop »xwuakocty H, ucnosib3yeMblii Tpy HAXOXKJIEHUHU CKOPOCTH UCTEUCHUS )KUIKOCTH
Yyepe3 3aTOIIEHHOE OTBEPCTHUE, ONIpeAeaeTcs 1Mo GopMyie

H-F
a) H:ﬂﬁu;
PE
H-=-F
0) p—p, -0 %
PE
B+ F
B) H=p,+ L %
2g
l“) H:HD_ Eg .
B-FP,

5.18. BHEMIHUM TUIMHAPUYECKUM HACAJKOM MPU UCTEUEHUHU KUJKOCTH U3 Pe3epByapa
Ha3bIBACTCS

a) KOpOoTKas TpyOKa JUTMHOW, paBHOW HECKOJIBLKUM JUaMeTpaM 0e3 3aKpyTJIeHHs BXOTHON
KPOMKUY,;

0) KopoTKasi TpyOKa ¢ 3aKpyIjIeHUEM BXOJHON KPOMKH;

B) KOpOTKasi TpyOKa ¢ JJIMHOW, MEHbIIIEH, YeM AUAMETP C 3aKPYIJIEHHEM BXOJIHON KPOMKH;
') KOpOTKas TpyOKa ¢ JJIMHOM, paBHOU JuUaMeTpy 0e3 3aKpyIJIeHNs BXOJHON KPOMKHU.



5.19. Ilpu ucteyeHnH KUIKOCTU Yepe3 BHEIIHUNA HMIMHAPUYECKUNA HACAJIOK CTPYS U3 HacaIKa
BBIXOJUT C IONEPEYHBIM CEYEHUEM, PABHBIM NONEPEYHOMY CEUEHHIO camoro Hacanaka. Kak
Ha3bIBAETCS 3TOT PEKUM UCTEUCHUA?

a) Oe3HATOPHBIIA;
0) 6€30TPHIBHBIN;
B) CAMOTEYHBIN;
T') HATIOPHBIH.

5.20. Ykaxute cnocoObl U3BMEHEHUSI BHEIIIHETO MUJIMHIPUYECKOTO HacaiKa, He
CITOCOOCTBYIOIIHE YITYUIIICHUIO €T0 XapaKTEPUCTHUK.

a) 3aKpyTJeHUE BXOJHOW KPOMKH;

0) yCTpONCTBO KOHMYECKOTO BXOJa B BUJE KOH(DY30Da;
B) YCTPOMCTBO KOHHYECKOIO BX0/a B BUae AU dy3opa;
I') YCTPONUCTBO BHYTPEHHETO HUIMHAPUYECKOTO HACAIKA.

5.21. OnopoxHEHHE COCYI0B (Pe3epBYapOB) 3TO NCTCUCHHUE YePEe3 OTBEPCTHS M HACATKH

a) MpY OCTOSIHHOM Harmope;
0) Mpu MEPEMEHHOM HAIope;
B) IIPU IEPEMEHHOM PACXO/JIE;
I') IPU TIOCTOSIHHOM Pacxo/ie.

5.22. VI3 xakoro cocy/ia 3a eIMHUIly BPEMEHH BBITEKAET O7JIBIITNI 00BEM KHIKOCTH (COCYIbI
MMEIOT OJIMHAKOBBIC TEOMETPUYECCKHE XapaKTEPHUCTUKH)?

a) COCY/I C TTIOCTOSIHHBIM HAIlOpoOM;

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

T') COCY/I C YBEIIMIUBAIOIINMCS HATTOPOM.

5.23. CkopoCTh UCTEUEHUS KUIKOCTH U3-TI0J1 3aTBOPA B TOPU3OHTAIBHOM JIOTKE OTIPEAEISeTCS

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 XKHIKOCTH Ha OTPAXKIAOIIYIO IJIOMIAKY OMpeAeseTcs no GopmMyse

3)?:2@; 6) P=£QU;
g ¥

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

5.25. B xakoM ciyyae JaBJI€HHE CTPYH Ha IJIOMAIKY OyeT MaKCUMaTbHBIM



5.26. Ha ckonbKo mociieJoBaTeNNbHBIX YacTel pa30MBaeTcsi CBOOOIHAS HE3aTOIUICHHASI CTPYs?

a) HE pa30ouBaeTCs;
0) Ha JIBC;

B) Ha TpH;

T') Ha YeThIpe.

5.27. YkaxuTe BEpHYIO MOCIEI0BATEIHHOCTh COCTABHBIX YacTe CBOOOIHOM HE3aTOTIEHHOU
CTpyH

a) KOMIIaKTHAas, pa3ApoOIeHHas, pacTblICHHAS;
0) pa3apoOieHHas, KOMITAKTHAsI, PACTIbIIICHHAS;
B) KOMIIAKTHAs, pacTblJICHHAs, pa3Apo0IcHHAs;
T') pacmblJIeHHass, KOMIIaKTHAs, pa3apo0IcHHas.

5.28. C yBenuueHneM paccTOSHUS OT HacaJka J0 MPerpajibl JaBlIeHUE CTPYyH

a) YBEITMYHBACTCS,

0) yMeHbITIaeTC;

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

5.29. B xakoM ciydae CKOPOCTh UCTEUEHUS U3-T10/1 3aTBOpa OyeT O60bIie?

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

T') TaM, IJIe UCTEKAIoMIas CTPYsI CyKaTa MEHBIIIE.

5.30. KoadurueHT coxatusi cTpyu 0003HaAYaAETCS TPeUecKoit OyKBOM

a) g
0) W
B)
)&

5.31. Koadduruent pacxona 0603HauaeTCs TpeuecKoi OyKBOM

a) €;
0) u;
B)
r) &



5.32. Koadutuent ckopoctu o603HavaeTcs OyKBoit

a) g
0) u;
B) ¢;
r) &

5.33. Koaddurment ckopoctu onpeaensiercs mo dhopmyie

a) o= ; 8) o= <«

ﬁj
JTT

1
o+l
1 . r) =

) o=
’ ¥ Jou—E a—1

5.34. Hanop xuaxoctu H, rcrionb3yeMblil Ipu HAXOKICHUH CKOPOCTH UCTEUSHUS KUAKOCTU B
BO3JIyIIIHOE TIPOCTPAHCTBO OMpeAesieTcs mo Gopmyie

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. Pacxoz: KUAKOCTHU IIPpU UCTCUCHUH YCPEC3 OTBECPCTHUC PABCH

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

5.36. Bo CKOJIbKO pa3 OTIWYAETCS BPEMs TIOJIHOTO OMOPOKHEHUS TPU3MATHIECKOTO COCya C
MIEpEMEHHBIM HAIIOPOM I10 CPABHEHHIO C UCTEUYCHUEM TOTO K€ 00bheMa 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. Hanop H npu uctedeHnn >KuIKOCTH IPU HECOBEPIICHHOM CXKATHH CTPYH OINpPEACIIseTCs

a) Pa3HOCTHIO MbE30METPUUYECKOTO U CKOPOCTHOT'O HATIOPOB;
0) CyMMOI MMhe30METPUYECKOTO U CKOPOCTHOTO HANIOPOB;

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

5.38. Jluametp oTBepcTHs B pe3epByape paBeH 10 MM, a AuaMeTp UCTEKAOLIEH YEPe3 3TO
OTBEpCTUE CTPYHU paBeH 8 MM. Uemy paBeH KO3 (ULIUEHT CKATUsI CTPYHU?

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



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

5.39. B xakoMm ciydae AaBI€HHE CTPYH Ha MJIOMIAIKY OyJIeT MUHUMAIbHBIM

5.40. U3 pe3epByapa yepe3 OTBEPCTUE MPOUCXOIUT UCTEUCHHE KUAKOCTHU C TYpOYyJIEHTHBIM
pexumom. Hammop H = 38 cm, koaduruent conporusienus otsepctus & = 0,6. Uemy paBHa
CKOPOCTb UCTEUYEHUS KUJIKOCTU?

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

r) 0,34 m/c.



Jexuus 6. THAPABJIUYECKHWH PACUET MPOCTBLIX TPYEOIIPOBOIOB

[Ipu pacuerax HanopHBIX TPyOONPOBOIOB OCHOBHOM 3a7auel sBisieTcs IM00 OnpeieeHne
MPOIYCKHON CIOCOOHOCTH (pacxo/ia), 1100 MOoTepy HAropa Ha TOM MM HHOM YYacTKe, paBHO
KaK M Ha Bcell JuIMHe, 1100 JuameTpa TpyOonpoBoia Ha 3a/laHHBIX PAcXo/Ie U MOTEPsX HaIopa.

B mpaxTuke TpyOonpoBoibl JeNATCA HAa KopomKue U Oaunkble. K IepBbIM OTHOCATCS BCE
TpyOOIIPOBOIBI, B KOTOPHIX MECTHBIE TIOTEPU Hamopa mnpesbimaiot S...10% noreps Hamopa 1o
nnune. [Ipu pacyerax Takux TpyOOIPOBOAOB 00s3aTEIbHO YUUTHIBAIOT MOTEPHU HAMOPA B
MECTHBIX CONPOTUBIEHUSX. K HUM OTHOCST, K MpUMEpY, MacIONpOBOAbl 00bEMHBIX Mepeaay.

Ko BTOpBIM OTHOCATCSA TPYOONPOBOABI, B KOTOPHIX MECTHBIE MOTEPH MeHbIIE S...10% noTepsb
Haropa 1o anuHe. VX pacder Benercs 6e3 yuera MecTHbIX MmoTepb. K Takum Tpy6ornpoBoiam
OTHOCSITCSI, HAIPUMEP, MarucTpaibHbIe BOJOBOIbI, HEPTETIPOBO/IHI.

VYuuThIBas ruIpaBINYECKyI0 CXeMY pabOThl JUTMHHBIX TPYOOIPOBOAOB, MX MOYKHO Pa3JaeiIUTh
TAaKXK€ Ha npocmwie UcaodcHvle. IIpoCThIMU Ha3bIBAKOTCS TOCIEA0BATEIBHO COEAMHEHHbBIE
TpyOOIIPOBOBI OTHOTO MJIM PA3JIMYHBIX CEUCHUM, HE UMEIOIINX HUKAKUX OTBeTBIeHUH. K
CJIOHBIM TPyOOIIPOBOJAM OTHOCSITCSI CUCTEMBI TPYO € OTHUM WUJIU HECKOJIBKUMU
OTBETBJICHUSIMU, TAPAJUICTbHBIMHA BETBAMHU U T.JI. K CII0KHBIM OTHOCSITCSI M TAaK HA3bIBAEMBIE
KOJIBIIEBBIE TPYOOIIPOBO/IBI.

6.1. IIpocToii TPyOONPOBO/ MOCTOTHHOTO CEYEeHUS

XKunakocTs o TpyOOIPOBOLY ABUKETCS OJaroapsi TOMy, UTO €€ SHEPTHsl B Hadaje
TpyOomnpoBoAa OoJbllIe, YEM B KOHIIE. DTOT NIEpenal ypOBHEW SHEPTUN MOXKET CO3/1aBATHCS
HECKOJBKUMHU crIoco0aMu: paboTON HAacoca, pa3HOCThIO YPOBHEW KUAKOCTH, TABJICHUEM Ta3a.

PaccmoTpum npocToit TpyOOompoBo I MOCTOSTHHOTO CEUYEHUsI, KOTOPBIN PacioJIOKEH
MPOU3BOJILHO B MIPOCTpaHCTBE (puc. 6.1), uMeeT o01Iyt0 JUMHY [ U AUaMeTp d, a TaKxKe
COJICPYKHT PsIJT MECTHBIX CONPOTHBIICHUH (BEHTHIIb, GUIBTP U 0OpaTHBIN KianaH). B HadabHOM
cedueHuH TpyOomnpoBoa /-1 reoMmeTpuyueckasi BBICOTa paBHA Z; M M30BITOYHOE AaBJICHHE P, a B
KOHEYHOM CE€UE€HUU 2-2 - COOTBETCTBEHHO 7, U P,. CKOpOCTh MOTOKA B ATUX CEUECHUSIX
BCJICZICTBUE TIOCTOSTHCTBA JUaMETpa TPyObl OJTMHAKOBA U PaBHA V.



o
Puc. 6.1. Cxema npocToro TpyoompoBoa
3anumieM ypaBHeHue bepHymm mist cedenuii /-1 u 2-2. TIockoibKy CKOPOCTh B 000UX

CEUYCHMSIX OJIMHAKOBA U 0l = 0y, TO CKOPOCTHOM HAMOP MOKHO HE YUUTHIBaTh. [Ipu 3TOM
MOJTyYUM

zl+i:z2 i+Z:E3
PE PE

nim

Eit =z, -z +£ +Zﬂz
PE PE

IIpe30MeTpUYECKYIO BBICOTY, CTOSILYIO B JIEBOM YaCTU YPABHEHHUS, HA30BEM HOMPEOHbIM
nHanopom H,,,,. ECn 3xe 5Ta Nbe30MeTpUYECKas BbICOTA 3a/1aHa, TO €€

HAa3BIBAIOT pacnoaazaemvim Hanopom Hy,.,. Takol Hanop CKJIaJpIBacTCs U3 T€OMETPUIECKOM
BBICOTBI Hy,p, HA KOTOPYIO NOJHUMAETCS KUJIKOCTD, IbE30METPUYECKOM BBICOTHI B KOHILIE
TpyOONpOBOAAa U CYMMBI BCEX MOTEPH HANOpa B TPyOOIIPOBO/IE.

Hazosem CYMMY IICPBLIX ABYX CJIaraCMbIX cmamudecKum Hanopom, KOTOpBIﬁ MMpCACTaBUM KakK
HCKOTOPYIO 3KBUBAJICHTHYIO TCOMETPHUUICCKYTO BBICOTY

H =zt
Pg

a IIoCJICAHECC ClIaracMocC 2h - Kak CTCIICHHYIO (PYHKI_[I/IIO pacxoaa

Zh - KOm
TOTr a4
Hnomp =H., + KQm

rae K - BenuunHa, Ha3pIBaeMasi COpOTUBIIEHUEM TPYOOIPOBO/Ia;
Q - pacxon JXUAKOCTH;



m - IOKa3arcjib CTCIICHU, KOTOpBIﬁ HMCCT PA3HBIC 3HAYCHUSA B 3aBUCUMOCTHU OT PCIKUMaA
TCUCHU.

JU1s1 TaMUHApHOTO TEYEHUS ITPU 3aMEHE MECTHBIX CONPOTUBJIEHUI 3KBUBAJICHTHBIMU IJIMHAMU
COIIPOTUBIICHHE TPYOOIIPOBOAA PABHO

rae lpacu =1+ Ly

YucieHHbIe 3HAYSHUS YKBUBAJICHTHBIX JJINH la,(g AJIA pa3IndHbIX MCCTHBIX COl'[pOTI/IBJ'IeHI/Iﬁ
O0OBIYHO HaxXoJAT OIIBITHBIM ITYTEM.

Jlist TypOyneHTHOTO TedeHus, HCTIob3ys opmyny Beiicbaxa-/lapcu, u Belpakas B Hel
CKOPOCTB 4epe3 pacxoll, IoJydaeM

K:[ZQ+1T§]2€;}% n =2

[To aTuM popmyiiaM MOKHO TOCTPOUTH KPUBYIO MOTPEOHOT0 HATIOpa B 3aBUCUMOCTH OT
pacxoaa. Uem 6osbiie pacxon Q, KOTOPBI HEOOXOAUMO 00€CTIeYUTh B TPYOOIIPOBOIE, TEM
Oonbme TpeOyeTcs MOTPEOHBIN HANIOP . IIpH TaMUHAPHOM TEUEHMH 5Ta KPHUBAs
n300paxaercs npsiMoi JinHuel (puc.6.2, a), mpu TypOyJISHTHOM - apabolioil ¢ 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 NOTPEOHOTO HAMIOPa 3aBUCUT OT COMPOTUBIIEHUS TpyOorpoBoaa K u
BO3pACTaET C YBEIIMYCHUEM JTMHBI TPYOOMPOBO/Ia M YMEHBIIICHUEM JTUAMETPA, & TAK¥KE C
YBEIMUYEHUEM MECTHBIX TUAPABINYECKUX COTMPOTUBICHUIM.

Bennuuna cratnueckoro Hamnopa H,, MON0XKUTEIbHA B TOM CIIy4ae, KOTJa >KUIKOCTb IBUXKETCS
BBEPX WJIH B MOJOCTh C TOBBIIICHHBIM JIaBIICHUEM, U OTpULIATEIbHA MPU OMYyCKaHUU KUJIKOCTH
WJIM IBWDKEHUH B TOJIOCTh C TIOHMKEHHBIM JaBICHHEM. ToYKa epeceueHrs KpUBOr MOTPEeOHOTO
Haropa ¢ ocbo adcuucce (Touka A) onpeessieT pacxo/l Py IBUKEHUN KUJAKOCTH CAMOTEKOM.
[ToTpeOHBIil HaMOP B 3TOM CiIy4yae paBeH HYJIO.

WNHorna BMecTo KpUBBIX MOTPEOHOTO Haropa y/100HEee M0JIb30BaThCS XapaKTePUCTUKAMU
TpyOomnpoBoaa.Xapakmepucmuxou mpyoonpoeooa Ha3bIBaeTCs 3aBUCUMOCTb CyMMapHOM
MOTepHU Haropa (WK JaBJIeHUs) B TpyOOIIPOBOJIE OT pacxo/a:



D h=fa)

6.2. CoenuHeHnsi MPpOCTHIX TPYOONPOBOIOB

[IpocTtbie TpyOONPOBOIBI MOTYT COEAUHITHCS MEXKITY COOOM, MMPU ATOM UX COCTUHEHUE MOXKET
OBITbHOCIE008AMENbHBIM VI NAPALLETIbHBIM.

Ilocneoosamenwvnoe coeounenue. BosbMeM HECKOIBKO TPYO pa3IMUHOM UTMHBI, Pa3HOTO

JMaMeTpa M COJICPIKAIINX Pa3HbIe MECTHBIC CONIPOTURIICHHUS, M COSAMHAM UX MOCIICA0BATEIIHBHO
(puc. 6.3, a).

shy

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

g
Puc. 6.3. TlocnenoBatenbHOE coeTMHEHNE TPYOOTIPOBOIOB

[Ipu nogayve >KUAKOCTH MO TAKOMY COCTaBHOMY TPyOOINPOBOAY OT TOUKU M K Touke N pacxon
KUIKOCTH () BO BCEX MOCIICIOBATEIILHO COSAMHEHHBIX TpyOax /, 2 u 3 OyAeT OJMHAKOB, a
TMOJIHAsI OTEPS HAopa Mexay ToukaMu M u NpaBHa CyMMeE IOTEPH HAMOPA BO BCEX
MOCJIETIOBATENHHO COENMHEHHBIX TpyOax. Takum oOpa3om, sl OCIe0BATEIbHOTO COSTMHEHUS
MMEEM CJICIYIOIINE OCHOBHBIE YPAaBHEHHS:

01=0:=0;=0
ZhM—N = Zhl + ZhZ + 2h3

OTH ypaBHEHHSI ONIPEICIISIOT MIPaBUIa TOCTPOCHUS XapaKTEPUCTUK MOCIIEA0BATEIIHHOTO
coenunenus TpyO (puc. 6.3, 6). Eciiu n3BeCTHBI XapaKTEPUCTUKHU KaXI0To TpyOOmpoBoa, TO MO
HUM MOYXHO TTOCTPOUTH XapaKTEPUCTUKY BCETO MOCeI0BaTeNIbHOTO coeaunenust M-N. J{ns
3TOTO HY>KHO CJIOKUTH OPJMHATHI BCEX TPEX KPUBBIX.

Ilapannenvnoe coeounenue. Takoe coeJMHEHUE TTIOKa3aHO Ha puc. 6.4, a.
Tpy6omnpoBoas! /, 2 u 3 pacnonokeHbl TOPU30HTATIBHO.
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Puc. 6.4. IlapannenbHoe coelMHEHNE TPYOOPOBOIOB

O0603HauUM MOJTHBIE HATIOPHI B TOUKax M u N cootBeTcTBeHHO H); 1 Hy , pacXoJl B OCHOBHOM
MarucTpaiu (T.e. 0 Pa3BETBIICHUS U MOCIIE CIAUSHUSA) - uepe3 O, a B apaJuleIbHbIX
TpyOompoBoaax yepe3 Q;, O, u O3; CyMMapHbIe MIOTEPH B 3TUX TPYOOIPOBOIAX Uepe3 X , 2o U
2.

OueBHIHO, YTO PACXOJ KHUIKOCTH B OCHOBHOH MAarHCTPAIIH
0=0=0,=03

BrIpaszum moTepu Haropa B KaKJI0M U3 TPyOOTIPOBOIOB Yepe3 MOJHBIC HATOPHI B
Toukax M u N :

thH-H, h =H -H . Sh =H -H
1y N &d 2 Ty N &d 3y N

OrTcroma gemaeM BBIBOJI, UTO
DITED DI

T.€. IOTEPH Haropa B NapajIesIbHbIX TPyOOIPOBOAaX paBHbI MEXTy co00il. X MOXKHO
BBIPA3UTh B OOIIEM BHJIEC UEPE3 COOTBETCTBYIOLIUE PACXOIbI CIEAYIOIUM 00pa3oM

h =K m, h =K m, h =K m
2 =Ko 2 =K,0,m 2 =K 0,
rac K nunm- OHpeI[eHHIOTCH B 3aBUCUMOCTHU OT pe)KI/IMa TCUCHUA.

W3 1ByX MOCIEAHUX YPAaBHEHUM BBITEKACT CIEAYIOLIEE IPAaBUIIO: ISl IOCTPOCHHUS
XapaKTEPUCTUKH MapajuIeIbHOTO COEAMHEHUSI HECKOJIBKUX TPYyOOIPOBOJIOB CIEAYET CIOKUTh
abcuuccel (pacxo/pl) XapaKTEPUCTUK ATHX TPyOOIPOBOIOB MPU OJJMHAKOBBIX OopanHaTax ( X h).
[Ipumep Takoro nocTpoeHus JaH Ha puc. 6.3, 0.

Paszeemenennoe coeounenue. Pa3BeTBICHHBIM COEAMHEHNEM HA3bIBAETCSI COBOKYITHOCTh
HECKOJBKHUX MPOCTHIX TPYOOIPOBOIOB, UMEIOIINX OJTHO OOIIEe CEYECHUE - MECTO PA3BETBICHUS
(w1 cMbIKaHus) TPYO.



Puc. 6.5. PazBeTBieHHbIN TPyOOIPOBO]

[TycTb ocHOBHOM TpyOOIIPOBOA KMEET pPa3BEeTBICHUE B ceueHUn M-M, OT KOTOPOTO OTXOJST,
HaIrpuMep, TpH TpyObi/, 2 U 3 pa3HbIX JUAMETPOB, COACPIKAIINE PA3TUIHBIC MECTHBIC
conpotuyieHus (puc. 6.5, a). [‘eomeTprueckue BbICOTHI 7, Z; ¥ Z3 KOHEUHBIX CEUCHUN U
nasieHus P;, P, u P; B HUX OyayT TakXe pa3InyHbI.

Taxk e Kak u IS mapauiebHbIX TPYOOIPOBOAOB, OOIINNA PacXojl B OCHOBHOM TpyOOIIPOBO/IE
OyzleT paBeH CyMME PacXoJ0B B KaKJI0M TpyOoIpoBoe:

0=0,=0,=0;3

3anucaB ypaBHeHUe bepHyiu 1ist ceuenus: M-M v KOHEUYHOTO CEYEHUsI, HAaIpUMEP MEPBOTO
TpyOOINpoOBOa, NOJYYHM (TIpeHeOperas pa3HOCThI0 CKOPOCTHBIX BBICOT)

E
H :z+—1+Eﬁz
i 1 ng 1

O003HaunB CyMMY NEPBBIX JABYX WICHOB uepe3 H,,, 1 BbIpaxas TPeTHH wieH uepe3 pacxon (Kak
3TO Aenanock B 11.6.1), moinydaem

Hy =Hen i + KQ/™
AHAIIOTHYHO TSl IBYX IPYTUX TPYOOIIPOBOIOB MOXKHO 3aIHCaTh

Hy = Hep > + KQ)"

Hy = Hew s + KQ3"

Takum 006pazoM, moJTydaeM CUCTEMY YEThIPEX YPaBHEHHUH C YETHIPHMS
HEW3BECTHBIMU: Q;, 0> n Q3 u Hy,.

[TocTpoenune kpuBOi MOTPEOHOTO HAMOPA ISl Pa3BETBICHHOTO TPYOOIIPOBO/Ia BHITIOIHACTCS
CJIOKE€HUEM KPHUBBIX MOTPEOHBIX HAMIOPOB JUIsl BETBEH MO MPABUITY CIIOKEHUS XapaKTEPUCTUK
napajieIbHBIX TPyOOIIPOBOIOB (puc. 6.5, 0) - cnoxkeruneM abdcnuce (Q) Mpy 0TMHAKOBBIX
opaunatax (Hy,). Kpusbie noTpeOHBIX HaMopoB AJis BeTBel oTMedeHsl iudpamu 1,2 u 3, a
CyMMapHas KpuBas MoTpeOHOTo Hamopa Jijisi BCEro pa3BeTBJICHUs 0003HaueHa OykBamu ABCD.
N3 rpaduka BUAHO, UTO YCIOBUEM TOJIa4YH KUKOCTH BO BCE BETBU SIBIIACTCA

HEpaBeHCTBO Hy, > H.,;.

6.3. Ci10:kHBIC TPYOONIPOBOBI



CnoxHbli TpyOOIPOBO/I B 0011IEM CIy4Yae 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 pa3oMKHYTHIH CIIOXKHBIN TPyOOTpoBo (puC. 6.6, 6). MaruCTpadbHBIN TPYyOOIIPOBO/T
pasBeTBisieTcs B Toukax A u C. JKunkocts nogaercs K Toukam (ceueHusim) B, D u E ¢

pacxomamu Q g Op u Of .

[TycTh U3BECTHBI pa3Mepbl MarucTpajiei u Bcex BeTBel (IIPOCTHIX TPyOONPOBOIOB), 3a/JaHbI BCE
MECTHBIE COIPOTHUBIICHUS, 4 TAKKE T€OMETPUUECKUE BBICOTHI KOHEYHBIX TOUEK, OTCUYUTHIBAEMbIE
OT INTOCKOCTH M - N ¥ U30BITOYHEIC JIABJICHUS B KOHCUHBIX TOUKax Pg u Pp u Pg.

I[J'IH 9TOro Cliydas BO3MOZKHBI ABAa B4 3aaa4:

3aoaua 1. Jlan pacxon Q B ocHOBHOM maructpainu M,. Heobxoaumo onpenenutsb
pacxonabl Qg u Op u QF, a TaKKe MOTPEOHBIN HANOp B TOUke M.

Hopy = Hyp = 22
Pg

3aodaua 2. Jlan Hanop B Touke M. OnpenenuTs pacxoa B Maructpaiu Q U pacxoabl B KaKI0M
BETBH.

O06e 3a1aun penIaroT Ha OCHOBE OJTHOM M TOM K€ CUCTEMbI YPABHEHUM, YUCIIO KOTOPBIX Ha
EAMHUITY OOJIBIIIE YMCTia KOHEYHBIX BETBEH, 8 UMEHHO:

YpaBHECHHE PaCcXOH0B:
Q = QB = QD = QE
YpaBHEHHEC paBCHCTBA HOTpC6HBIX HaropoB s BeTBeilt CD u CE

m m
HcmD + KCDQD =Hepyg + KCEQE

ypaBHEHHUE PaBEHCTBA MOTPEOHBIX HAMIOPOB J1JIsl BETBU AB U ciioxHoro Tpydonposoga ACED

m m m
Heyp+ KagOp = Hewp + KepOp + Kac(Op + Ok)
BBIpAKEHHUE JIIs1 TOTPEOHOT0 Haropa B Touke M

b's
Pg

Hye = = Fopg0™ + H, 5 + K 0208



Pacuer ci10kHBIX TPyOOIIPOBOJIOB YACTO BBIMOJIHAIOT FPaPOaHATUTUHIECKUM CIIOCOOOM, T.€. C
NPUMEHEHHUEM KPHUBBIX MOTPEOHOr0 HANOpa U XapakTepUCTUK TpyOonpoBo1oB. KpuByto
MOTPeOHOTO Haropa /ISl CII0KHOTO TPYyOOIIPOBOIa CIEAYET CTPOUTH CIICTYIOIINM 00pa3oM:

1) cnoxxHBIN TPYOOIIPOBO pa30MBAIOT Ha Psi MPOCTHIX;

2) CTpOSIT KpUBbIE MOTPEOHBIX HAMIOPOB I KaXKIOTO U3 MPOCTHIX TPYOOIPOBOIOB;

3) cKiIanbIBaOT KpHUBbIE MOTPEOHBIX HAMIOPOB VI BeTBEH (UM MapayijieNbHbIX JIUHUHN, €CITH OHU
MMEIOTCSI) 110 MPABIITY CJIIOKEHUS XapaKTEPUCTUK MapajlieIbHBIX TPyOOIPOBOJIOB;

4) noy4eHHYI0 KPUBYIO CKIIAJBIBAIOT C XapaKTEPUCTUKOMN MOCIEA0BATENHLHO TPUCOSTUHEHHOTO
TpyOOTIIPOBOa MO0 COOTBETCTBYIOMIEMY TIPAaBIITY (CM. 11.6.2).

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

CrnoscHulil Kotbyesoil mpyoonpoeod. llpencrapiser codoi CUCTEMY CMEXHBIX 3aMKHYTHIX

KOHTYPOB, C OTOOPOM >KHMJIKOCTH B Y3JIOBBIX TOUKAX WJIH C HEMIPEPHIBHOM pa3aaueit KUAKOCTH
Ha OTAENbHBIX ydyacTKax (puc. 6.7).
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Puc. 6.7. Cxema clo>KHOTO KOJIBIIEBOTO TPYOOIIpOBOIa

3ajauu 41 TaKUX TPYOOIPOBOJIOB PEIIAIOT AHATIOTHYHBIM METOJIOM C PUMEHEHHUEM
anexTpoananoruit (3akoH Kupxroda). [Ipu 3Tom ocHOBBIBaIOTCA Ha ABYX 00s13aTEIBHBIX
ycnoBusix. [lepBoe ycnoBue - 6aiaHc pacxooB, T.€. PAaBEHCTBO MPUTOKA M OTTOKA KUIAKOCTH
JUTSL K&KJIOHM y3710BOM TOukH. BTopoe ycioBue - 6ajiaHc HanmopoB, T.€. paBEHCTBO HYJIIO
anreOpandecKol CyMMBI IIOTEPh HAMOpa JJIs KaXKJ0ro KoJiblla (KOHTYpa) MpH MOACYETe TI0
HaITPaBIICHHUIO JBKCHHS 9aCOBOM CTPEIIKH HITH MPOTUB HEeE.

Jliis pacueTa Takux TpyOONpPOBOIOB TUIIMYHOM SABJISIETCS cieayromias 3aaa4a. [lan
MaKCUMaJIbHbII HANlOp B HAYaJIbHOU TOUKE, T.€. B TOuke ), MUHMMAaJIbHBIN HAaNop B HauboJiee
yAaJIeHHOU TouKe E, pacXo/ibl BO BCEX IIECTH y3JIaX U JUIMHBI CEMHU y4acTKOB. TpeOyeTcs
OTIPEICTUTh TUaMEeTPhl TPYOOTIPOBOIOB HA BCEX YUACTKAX.

6.4. TpyOonpoBoAbI ¢ HACOCHOM MOAAYEH KUAKOCTEH

Kak yxe oTMedanoch BhbIllIe, TIEpernal ypoBHEH IHEPTUH, 3a CUET KOTOPOTO KUIKOCTh TEUET T10
TpyOOIPOBOAY, MOKET CO3/1aBaThCs pabOTOM Hacoca, UTO MHUPOKO MPUMEHSETCS B
MalIMHOCTpOeHUH. PaccMOTpuM COBMECTHYIO paboTy TpyOOINpoBoia ¢ HACOCOM U MPHUHIIMI
pacdeta TpyOOIpoOBOa ¢ HACOCHOM MOJauel KUIAKOCTH.

TpyOonpoBoa ¢ HacOCHOM Mo1auei KUAKOCTU MOKET ObITh PA30MKHYMbIM, T.€. IO KOTOPOMY
KUJKOCTH TIEPEKAuUBACTCS U3 OJTHOM €MKOCTH B JIpyryio (puc. 6.8, a),



WM 3aMKHYMbIM (KOJBIIEBBIM), B KOTOPOM IUPKYIHPYET OJTHO M TO K€ KOJIUIECTBO KUIKOCTH
(puc. 6.8, 0).
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Puc. 6.8. TpyObonpoBobl ¢ HACOCHOM MOJaveit

PaccMmoTpum TpyOOIIpOBO/I, MO KOTOPOMY MEPEKAUMBAIOT KUJIKOCTh U3 HIXKHETO pe3epByapa ¢
naBieHueM P B qpyroii pesepByap ¢ gaBieHuem P; (puc. 6.8, a). BeicoTa pacnonoxeHust ocu
Hacoca H; Ha3bIBaeTCsiceoMempuiecKkoli 8bICOMOLL 6CACLIBANUsL, 3 TPYOONPOBOI, IO KOTOPOMY
KHUJIKOCTB TIOCTYTIAET K HACOCY,8CACHIBAIOWUM MPYOONPOEOOOM WU IUHUEL 8CACLIBAHUSL.
BricoTa pacronioskeHus: KOHEUHOTO ceueHus TpyOonpoBoa H, Ha3bIBAETCS ceoMempuiecKoll
8bICOMOU HacHemaHus, a TpPyOOIPOBO/I, IO KOTOPOMY KHAKOCTb IBUXKETCS OT

Hacoca, HanoOpHbIM WIN JUHUEU HACHEMAHUSL.

CocTtaBuM ypaBHEHHEM bepHYIIIH 1715 TOTOKA paboyel )KHUIKOCTH BO BCACHIBAIOIIIEM
TpyOOIpoBoae, T.€. ;i cedenuit 0-0 u -1 (npunumas o = 1):
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210 YPaBHCHUC ABJIACTCA OCHOBHBIM AJIAA paCuCTa BCACBIBAIOIINX Tp}I6OHpOBOIIOB.

Teneps paccCMOTPUM HAMIOPHBIN TPYOONPOBO, JIJIsi KOTOPOTO 3aMuIlieM ypaBHeHue bepHyuu,
T.€. JUIA ceueHui 2-2u 3-3:

E
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JleBast yacTh 3TOrO YPaBHCHUS IIPCACTABIIACT coOoi OHCPI'HUI0 JXUJIKOCTHU Ha BBIXOJC U3 HACOCA.
A Ha BXOA€ HAaCcOCa DOHCPIUIO ) XUIKOCTHU MOXKHO 6yz[eT AHAJIOTUYHO BBIPA3UTh U3 YPABHCHUA!
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Takum 00pa3oM, MOKHO TIOJICUUTATh PHUPAIICHUE SHEPTHH KUIKOCTH, IPOXOIAIICH yepes
HAcoC. DTa 3HEPrus coo0IaeTcs KUIAKOCTH HACOCOM U MOATOMY 0003HaYaeTcsi 00bIYHO H, ..

Jns Haxoxaenus Hanopa H,,,. BBIYACINM ypaBHEHUE :



H:lﬂ:.' :ﬂz+ﬂ+f{gw,
FE

rae Az - moJiHasi reOMeTpUYecKasi BEICOTa MOIbeMa KUAKOCTH, Az = H ; + H>;
KQ™" - cymma rujipaBIIn4ecKuX MOTepPb,
P; u Py - naBneHue B BEpXHEW U HUKHEW €EMKOCTU COOTBETCTBEHHO.

Ecnu x geiicTBUTENbHON Pa3HOCTH YPOBHEN Az 100aBUTH Pa3HOCTD MbE30METPUUYECKUX BBICOT
(P3;-Py)(pg), TO MOKHO paccMaTpUBaTh YBEIMUEHHYIO PA3HOCTh YPOBHEM

5-5
FE

H =hz+

1 GOopMyITy MOKHO MepenucaTh Tak:
HHCIC’ = Hcm + KQm
N3 atoit hopMybl AeraeM BBIBO, YTO
HHCIC’ = Hnomp

OTcroaa BhITEKaeT cleayloliee MPaBuiio YCTOMYUBOM paboThl HAacoca: PU yCTaHOBUBIIIEMCS
TEUYEHUH KUJIKOCTU B TPYOOTIPOBOIE HACOC Pa3BUBAET HAIOP, PABHBIN MOTPEOHOMY .

Ha »ToM paBeHCTBE OCHOBBIBAETCSI METO/ pacyeTa TPyOOIPOBOIOB C HACOCHOH MOJ1aueid,
KOTOPBIH 3aKJIFOYAETCS B COBMECTHOM IOCTPOCHHUH B OJJHOM M TOM K€ MacIlITa0e U Ha OHOM
rpaduke AByX KpUBBIX: Hanopa H,,,,, = f;(Q)n xapakrepuctuku Hacoca H,,. = f>(Q) n B
HaxO0XXJICHUHU UX TOYKH mnepecedeHus (puc. 6.9).
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Puc. 6.9. I'padmueckoe HaxoxACHUE padoUeii TOUKH

XapaKkTepuCTHUKOM Hacoca Ha3bIBAETCs 3aBUCUMOCTh Haropa, Co3/aBaéMOro HaCOCOM, OT €ro
nojauu (pacxoja ®UAKOCTH) MPHU MOCTOSTHHOM YacToTe BpalleHus Bajga Hacoca. Ha puc. 6.9
JIaHO J1Ba BapuaHTa rpaduka: a - Ay TypOyJIEHTHOTO PEKUMA; 6 - sl IJAMUHAPHOTO peKuMa.
Touka nepecevuenns KpUBOil MOTPeGHOrO HATNIOpa ¢ XapaKTePUCTUKON Hacoca

Ha3bIBAETCA pabouelt moukou. UToObI OIYyIUTh APYTYIO pab0UuyIo TOUYKY, HEOOXOAMMO



M3MEHUTH OTKPBITHE PErYIUPOBOYHOTO KpaHa (M3MEHUTh XapaKTEPUCTUKY TPyOOIpOBOJIa) WK
VM3MEHUTH YaCTOTYy BPAIlCHUS Bajla HacOCa.

6.5. 'mapaBianyeckuii yaap

['mapaBnryecKkuM yapoM Ha3bIBAETCS PE3KOE MOBBIIICHNE JABJICHUS, BOZHUKAIOIIECE B
HANIOPHOM TPYOOIIPOBOIE MPHU BHE3AITHOM TOPMOXKEHHUH MOTOKA paboueit KUIKOCTH. DTOT
MPOLIECC ABJISETCS OYEHb OBICTPOTEYHBIM U XapaKTEPU3YETCs YePEIOBAHUEM PEIKHUX
MOBBIIICHUN U TOHM>KEHUN TABJICHUS, KOTOPOE CBSI3aHO C YNIPYTUMHU JehOpMAaIUsIMU KUJIKOCTH
U CTEHOK TpyOompoBoja. ['mapaBnudeckuii yaap yaiie BCero BO3HUKAET IPU PE3KOM OTKPBITUU
WJIY 3aKPBITUU KPaHa WU APYroro yCTpOMCTBA, YIIPABIIEMOTO IOTOKOM.

ITycThb B KOHIIE TPYOBI, IO KOTOPOH ABUKETCS JKHJIKOCTD CO CKOPOCTBIO V), POM3BEICHO
MTHOBEHHOE 3aKphITHE KpaHa (puc. 6.10, a).

A ~£.

.:Fl | — =
M=
o L
4 ﬂa'ﬂﬁhd l___

I ———e g _-'Fi____:

&) -l o h

i

4 ﬂafﬂﬂgﬁ __c_ =_'".- i":—__'
S T i By

,ﬁ} P _____Ui ________ 1 U'l - .'gﬂ

Pl 1 Fo

p ==

2} / V= " Zs
g -
N -
-

L= :
pro—p—— |

e

fig 'ﬁﬁyﬂ la
I

Uy Fa B

":::.I
S
T b9

Puc. 6.10. Ctaguu rugpaBInyecKoro yjaapa

[Ipu 3TOM CKOPOCTH YaCTHII, HATOJIKHYBIIINXCS Ha KpaH, OyJIeT MoramieHa, a ux KHHETHIeCKas
SHEprus nepeiaeT B paboty aegopmaiuu CTEHOK TPyObl U KUAKOCTU. [Ipu 3TOM cTEeHKU TPpYOBI
PaCTATHBAIOTCSA, a )KUIKOCTh CKUMAETCS B COOTBETCTBUU C YBEJIMUCHUEM JIaBJICHUS Ha
BenmnuuHy AP, KOTOpO€ Ha3bIBAEeTCs yaapHbIM. O0IacTh (CeueHue 7 - 1), B KOTOpOi
MIPOUCXOUT YBEINYEHUE JABICHNUS, HA3bIBACTCS YIapHOM BOJHOW. Y JapHas BOJIHA
pacnpocTpaHseTcsi BIPaBO CO CKOPOCTBIO €, HA3bIBAEMOM CKOPOCTHIO YAapHOU BOJIHBI.

Korpaa ynapHas BojHa epeMeCcTUTCS 10 pe3epByapa, )KUIKOCTh OKaXETCsI OCTAHOBJIEHHOW U
cKaToi BO Bcel TpyOe, a CTEHKH TPYOBI - pacCTAHYTHIMU. Y JapHOE MOBBILIEHUE 1aBJICHUS
pacnpocTpaHUTCs Ha BCIO JUIMHY TpyOs! (puc. 6.10, 0).



Hanee nox nefictereM nepenaja aapiaeHus APy, 9acTUIIBI )KUIKOCTH yCTPEMATCS U3 TpyOBbI B
pe3epByap, MpUUEM 3TO TCUCHUE HAYHETCS C CCUCHUS, HETIOCPEICTBEHHO TIPUJICTAIOIIETO K
pesepByapy. Teneps ceueHue n-nrepeMenacTcst 00paTHO K KpaHy ¢ TOH e CKOPOCTBIO ¢,
OCTaBJIsis 3a coOO0M BEIpOBHEHHOE AaBiieHue Py (puc. 6.10, B).

Kunkocts 1 cTeHKH TPYOBI MPEANONAratoTCcsl yIPyTUMH, TO3TOMY OHU BO3BPAILAIOTCS K
MPEKHEMY COCTOSTHUIO, COOTBETCTBYIOLIEMY AaBiieHuio Py. Pabota gedopmariyu moiHoCThIO
NEPEXOIUT B KHHETHUYECKYIO SHEPTHIO, U )KUJIKOCTh B TpyOe mpruoOpeTaeT nepBOHAYATIbHYIO
CKOPOCTb Vg, HO HAMPaBJIEHHYIO TENEPh B MPOTUBOMOJIOXKHYIO TE€IIEPh CTOPOHY.

C 3TOM CKOPOCTHIO BECh 00BEM JKUIKOCTH CTPEMUTCS OTOPBATHCS OT KpaHa, B pe3yJIbTaTe
BO3HMKAET OTPHLATENbHAS YAapHAas BOJIHA 1O JaBieHUueM Py - AP, KOTOpas HanpaBJsAeTCs OT
KpaHa K pe3epByapy cO CKOPOCTBIO ¢, OCTaBJIsis 3a COOOM CKaBIIKUECs CTEHKH TPYOBI U
PaCHIMPUBIIYIOCS KUAKOCTh, YTO 00YCIIOBICHO CHUKEHUEM JAaBienus (puc. 6.10, ).
Kunernueckas Heprus >kKMJIKOCTA BHOBb MEPEXOIUT B padOTy aedopMaliuii, HO
MIPOTUBOIIOIOKHOTO 3HAKA.

Coctosinue TpyObl B MOMEHT MPUXO0/a OTPUIIATENLHOM yAapHOU BOJIHBI K pe3epByapy MOKa3aHO
Ha puc. 6.10, e. Tak ke kKak u 11 ciydasi, n300pakeHHoro Ha puc. 6.10, 6, OHO He SABIAETCSA
paBHOBecHbIM. Ha puc. 6.10, 'k, moka3aH nporecc BbIpaBHUBAHUS JaBJICHUS B TPyOe U
pe3epByape, CONPOBOXKIAIOIIMNICSI BOSHUKHOBEHUEM JIBUKEHUS KUAKOCTH CO CKOPOCTHIO V.

OueBHIHO, YTO KaK TOJIBKO OTpaKEHHAs! OT pe3epByapa yJapHasi BOJIHA MO/ IaBIICHHUEM
AP 5 TOCTUTHET KPaHa, BOSHUKHET CUTYyalus, y>KE HIMEBIIAasi MECTO B MOMEHT 3aKPBITHS KpaHa.
Bech nHKIT rUIpaBInydeCcKOro y1apa MOBTOPUTCA.

[IpoTekanue ruapaBIMUECKOrO yAapa BO BpEMEHU WILTIOCTPUPYETCS AUarpaMMoi,
IpeacTaBlIeHHON Ha puc. 6.11, a u 0.

HITpUXOBBIMU JTUHUSMH OKA3aHO TEOPETUUECKOE U3MEHEHNE JABJICHNS Y KpaHa B TOUKE A, a
CIUIOLITHOM JIEMCTBUTEIbHBIN BUJI KAPTUHBI U3MEHEHHUS JaBJIEHUS 10 BpeMeHu (puc. 6.11, a).
[Ipu TOM 3aTyxaHue KojieOaHUI NaBICHUS MPOUCXOANT 32 CUET MOTEPh SHEPTUU KUAKOCTH Ha
MIPEOAOJIEHNE CHII TPEHUS U yXOJ1a YHEPTHU B PE3EPBYyap.

Ecim naBnenue Py nesenuko (Py < AP ,;), TO KapTHHA U3MEHECHUS aMILIUTY IbI JJABJICHUS
MOJIy4aeTCsl HECKOJIBKO MHas, IPUMEPHO Takas, Kak oKa3aHo Ha puc. 6.11, 6.
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Puc. 6.11. U3MeHeHue naBieHus IO BpEMEHH Y KpaHa

(Y

[ToBbIIeHNE aBIEHUS TIPYU THAPABINYECKOM yIape MOXKHO ONPEACIUTh 10 GopMyIie



AP, = pogc

JlanHoe BbIpakeHHe HOCUT Ha3zBaHue Gpopmyiibl JKykoBckoro. B HeM ckopocthb
pacnpocTpaHeHHsl YAAPHOU BOJIHBI C ONPEAETUTCS 10 popMyJie:

1

b2

K oF

rze r - paauyc TpyoonpoBoa;

E - Moynb yIpyTroCTH MaTepuana TpyOsl,

d - TOJIIIIMHA CTEHKH TPyOOIpPOBO/Ia;

K - 06beMHBII MOy b yIIpyrocTH (cM. 11.1.3)

Ecnu npennonoxuTk, 4To TpyOa uMeeT abCOIIOTHO KECTKUE CTEHKH, T.€. E = co , TO CKOPOCTb
YJQpHOU BOJIHBI OIIPEIEIIUTCS U3 BbIPAXKEHUS

Jliist BoZbI 3Ta cKOpocTh paBHa 1435 M/c, s 6ensuna 1116 m/c, nus macia 1200 - 1400 m/c.
6.6. I3MeHeHMe MPONMYCKHOM CMIOCOOHOCTH TPYOONPOBO/I0B B MPOLiECCe UX IKCIIYyaTAlUH

[Ipu npoexkTUpOBaHUYU HATIOPHBIX TPYOOMPOBOAOB CIAEAYET YUUTHIBATh, UYTO UX MPOITYCKHAS
CIIOCOOHOCTH B MEPUOJ SKCILTyaTallul CHUYKAeTcs (HalpuMep, UIsl BOJOIPOBOAHBIX TPYO 10
50% u gaxxe HuKe). BenencTBre Koppo3uu 1 00pa3oBaHuUs OTIOXKEHHM B TpyOax
(MHKpYyCTalKn), MEPOXOBATOCTh TPYO YBEIMUUBAETCS. DTO MOXKHO OLIEHUTH IO (hopmyre:

k;=k0+(ﬂ

rne ko - abCONIOTHAs MIEPOXOBATOCTh JIJIsl HOBBIX TPYO, (MM),
k; - 111epOXOBATOCTb UEPE3 f JIET IKCILTyaTalluH,
0. - KOO(DPUITMEHT XapaKTEepU3yIOUTUi OBICTPOTY BO3PACTAHMSI IIEPOXOBATOCTH (MM/TO).

Tao0muia 6.1



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

KoppozHokHoe

i — HXApaKTEPHCTHKA NPHPOIHELL BOJ L, MMTOT
Craf oMIHEPATIT: 0BAHHEIE HE KOPPOSHOHHELE EOJEL C 0.005-0.055
Cmafoe HESHASHTENEHED] COOekaHen 0T i eckIn U
EEIECTE M PacTEOpEHHOT O 3EETesa (cpeqmat 0,025)
Craf onOHEDATIT OBAHHELE KOpp 0SHOHHELE BOJEL 0.035-0.13
Y MEREHHOE COMEIEAIITHE OPTATHeCKIE BEIeCcTES H o III 0
PACTEOREHHOE 3 ENES 0 B KOJIHeCTEE 3 MI/IL (cpemat 0,07)
5 BecEmMa KOppOHOHHEIE BONELC COJEEAHHEM ¥ eTesa 0,15-0.40
HAHTETEHOE Gomee 30 pr/m, HO © MATELI CONEMEAHHEM IIOPHIOE. [ cpemad 0,20
Cogepassen ZI0PHT0E H cyiEdaroe fomeie S00- 0.40-0.60
CHIEHOE 700 nr/fm, a Tarcke HeobpaloTaHseie BOOE ¢ 0OJEIIDT : :
{cpemad 0,51

COOERCEAHHEEM 0PI aHHSECEIE BEATECTE.

Bopa co sHarmTemeH0d KaphoHaTHOR M MANoH
TIOCTOAHHOH 3 eCTKOCTE, © IIOTHED O CATFOM oT 06 mn 1w
Bomernre 2000 prfT, CHIEHO MEHEPATIE (BAHHELE B Bomee

KO O HHHELE.

CIgedE, CHIEHOE




TecThl K Jexkuuu Ne6

6.1. Uto Takoe KOpOTKHI TpyOOTIpoBO1?

a) TpyOOIIpOBOJI, B KOTOPOM JIMHEHHbIE MOTEpU HAlopa He MpeBbIIaoT 5. ..10% MecTHBIX
NOTEph HAIOPA;

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

B) TpyOOMpOBOI, JUTMHA KOTOPOTO HEe TpeBbImaeT 3Hauenus 100d;

') TpyOOIPOBO/ MOCTOSTHHOTO CEUEHHUs, HE UMEIOLIUN MECTHBIX COTIPOTUBIICHHM.

6.2. Uto Takoe IIMHHBIN TpyOOTIPOBOI?

a) TpyOOMmpoOBO/I, ATMHA KOTOpPOTro npesbliiiaeT 3HaueHue 100d;

0) TpyOOIpOBO, B KOTOPOM JIMHEWHBIE TOTEPHU HAMOPa He MpeBbImatoT S...10% MecTHhIX
NoTeph HAMopa;

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

T') TpyOOIIPOBO/ MOCTOSIHHOTO CEYEHUS C MECTHBIMHU COMPOTHBIICHUSIMU.

6.3. Ha xakuie BUIbI JeNsATCS ATUHHBIE TPYOOTIPOBOIBI?

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

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

6.4. Kakue TpyOOINIpoBOAbI HA3BIBAIOTCS TPOCTHIMU?

a) MOCJIeJI0BATEIbHO COCTUHEHHBIE TPYOOIPOBOIBI OJHOTO WIIH PA3IMYHBIX CEUeHUH 0e3
OTBETBJICHUM;

0) mapajuieIbHO COEAMHEHHBIE TPYOOTPOBOIBI OJTHOTO CCUCHHUS,;

B) TpyOOTIPOBO/IBI, HE COJEPKAIINE MECTHBIX COTIPOTUBIICHUI;

T') IOCJIE0BATEIFHO COSMHECHHBIC TPYOOIPOBOIBI COIEPIKAIIKE He 00JIee 0THOTO
OTBETBJICHUS.

6.5. Kakue TpyOOnpOBOIbI HA3BIBAIOTCS CIOKHBIMH?

a) rmocJieZioBaTeIbHbIe TPYOOIPOBO/IbI, B KOTOPHIX OCHOBHYIO JIOJIIO IOTEPh SHEPTUU
COCTaBJISIIOT MECTHBIE COIIPOTUBIICHHUS;

0) napajuie’abHO COEAMHEHHbIE TPYOOTPOBO/IBI PA3HBIX CEUCHMUI;

B) TpyOOIPOBO/IbI, UMEIOIINE MECTHBIE COTTPOTUBIICHHS;

r) TpyOOnpoBOAbI, 00pa3yrolirue CUCTEMY TPYO € OJTHUM UJIU HECKOJIBKUMU OTBETBICHUSIMHU.

6.6. Uto Takoe xapakTepucTuka TpyoorpoBoa?



a) 3aBUCUMOCTb JIaBJICHUs Ha KOHIE TpyOONpoBOa OT pacxoa JKUAKOCTH;
0) 3aBUCHMOCTb CyMMAapHOM MOTEpHU HAMOPa OT JaBJICHUS;

B) 3aBUCUMOCTb CYMMapHOM IOTEPH HAIOpa OT Pacxoia;

I') 3aBUCUMOCTh CONPOTUBJICHUS TPYyOOIIPOBO/Ia OT €ro JUIUHBI.

6.7. Cratuueckuii Hanop H; 3TO:

a) pa3HOCTh TEOMETPHUECKOM BBICOTHI Az U Tb€30METPUIECKOM BHICOTHI B KOHEYHOM CEUCHUH
TpyOOIpoBOa;

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

B) CyMMa IMhE30METPUIECKUX BBICOT B HAYAJIbHOM U KOHEYHOM CEUCHHH TPYyOOTPOBO/IA;

T') Pa3HOCTh CKOPOCTHBIX BBICOT MEKy KOHEUHBIM M Ha4aJIbHBIM CEUCHUSIMHU.

6.8. Eciiu uig mpocToro TpyOorpoBoa 3anucats ypaBHeHue bepHyIin, To nbe3oMeTpuyecKas
BBICOTA, CTOSIIIIAs B JICBOM YaCTH ypaBHEHUS HA3bIBACTCA

a) MOTPEOHBIM HATIOPOM;

0) pacrmosaracMbIM HaIlOPOM;
B) TIOJIHBIM HAIOPOM;

T') HaYaJIbHBIM HAIlOPOM.

6.9. KpuBas nmotpebHOro Hamopa oTpaxaet

a) 3aBUCUMOCTbD MTOTEPh IHEPTUU OT JAaBJICHUS B TPyOOMIPOBO/IE;

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

T') 3aBUCUMOCTh PEXUMa JBUKEHUS OT pacxoja.

6.10. [ToTpeOHbII1 HaOp 3TO

a) HaTop, MOJYYECHHbIA B KOHEYHOM CEYEHUH TPYOOIPOBOIa;

0) Harmmop, KOTOPBIN HY>KHO COOOIIUTH CUCTEME IS TOCTHKEHUSI HEOOXOMMOTO JIaBIICHUS U
pacxojia B KOHEYHOM CEUEHUHU;

B) HAIOp, 3aTpaurBaCMbIi Ha MTPEOJI0JICHUE MECTHBIX COTIPOTHUBIICHUHN TPyOOIIPOBO/Ia;

T') Harop, COOOIIAEMBI CUCTEME.

6.11. [Ipu moaye )KUAKOCTHU TIO TOCIIEAOBATEIHLHO COSAMHEHHBIM TpyOompoBoaam 1, 2, u 3
pacxo/1 )KUJIKOCTH B HUX

a) Q=0+ 0>+ 03
0) 0; > Q> > 03
B) O; < 0>< 03
1)Q0=0;=0,=0;s.

6.12. IIpu nojave *UAKOCTHU MO MOCIEA0BATEILHO COEAMHEHHBIM TpyOorpoBoaam 1, 2, u 3
oO1ast noTepsi Haropa B HUX

a) 2h =Z]’l] -th -Zh3;
6) Eh] > Zhg > Zhg,



B) 2h :Zh] +Zh2 +Zh3;
F) Zh] :Zhg :Zh3.

6.13. [Ipu moaye )KUIKOCTH 1O MapajuIeTbHO COSAMHEHHBIM TpyOompoBoaam 1, 2, u 3 pacxo
KHUJIKOCTH B HUX

a)0=0;,=0,=0;s
0) 0; > Q> > Qs
B) O; < 0>< 03;
1)Q0=0;+0>+ 03

6.14. [1pu nomaye >KUIKOCTH TIO MapauIeTbHO COSTMHEHHBIM TpyOompoBoaam 1, 2, u 3 obOmas
MOTeps HAIopa B HUX

a) Eh] :Zhg :Eh_g.

6) Zh[ >Eh2 >Zh3;

B) 2h ZZh] - 2/’[2 -2]’13;
F) 2h :Ehl +Zh2 +Zh3.

6.15. Pa3BeTBNEHHBIN TPyOOIIPOBOI 3TO

a) TpyOOIPOBO/I, pACXOISAIIUICS B pa3HbIe CTOPOHBI;

0) COBOKYITHOCTh HECKOJBKHUX MPOCTHIX TPYyOOIPOBOAOB, HMEIOIINX HECKOJIBKO OOITHUX CCUCHUI
- MECT Pa3BETBIICHHUIA;

B) COBOKYIHOCTb HECKOJIBKHUX IMPOCTHIX TPYOOIPOBOIOB, UMEIOLIUX OJHO 00I1Iee CEYEHHE -
MECTO pa3BETBIICHUS;

I') COBOKYITHOCTb MapaJuIeIbHBIX TPYOOIPOBOIOB, UMEIOLIUX OJIHO 00Ilee HA4aIo U KOHEII.

6.16. IIpu moave »KUAKOCTHU IO Pa3BETBICHHBIM TpyOompoBoaam 1, 2, u 3 pacxof KUAKOCTH

a)0=0;=0,=0s
0)0=0;+0>+ 03
B) 0; > 0> > 03
r) Q; < 0>< 0s.

6.17. IloTpeOHbIi Hamop onpeaenseTcs 1mo popmyie

.
a) Hnomp = Az + P; :
6) _ IESUEPECH :
nomp ﬂg{f4

B) Hppmp = KO™
1") Hnomp = Hp + KQm :

6.18. Eciiu cratnueckuii Harop H, < 0, 3HAYUT KUIKOCTh

a) ABHXKETCA B IIOJIOCTh C TIOHMXKXCHHBIM OJAaBJICHUCM,
6) JABHKETCA B IIOJIOCTH C ITOBBIILICHHBIM JaBJICHUCM,



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

6.19. Ctatrueckuii Harmop onpeaensercs no Gopmyse

a) H, =H, +KO™;

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

6.20. TpyOGomnpoBO/I, IO KOTOPOMY KHUAKOCTh MTEPEKAYMBACTCS U3 OJTHOU EMKOCTH B JPYTYIO
Ha3bIBACTCSI

a) 3aMKHYTBIM;

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

6.21. TpyGonpoBo1, MO KOTOPOMY JKUIKOCTb LUPKYIUPYET B TOM K€ 00BeMe Ha3bIBACTCS
a) KpyroBOW;

0) MUPKYISIIUOHHBIH;

B) 3aMKHYTBIH;

') CAaMOBCACHIBAIOIIUH.

6.22. YkaxuTe Ha pUCYHKE T'€OMETPHUUECKYIO BBICOTY BCACHIBAHUS

6.23. YkaxuTe Ha pUCYHKE T€OMETPUUECKYIO BHICOTY HarHETaHUS



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

6.25. Ykaxxute Ha pUCYHKE HAMIOPHBIN TpyOOTIPOBO




6.26. IIpaBuso ycroiunBor pabOTHl HACOCA TJIACUT

a) MPY YCTAaHOBUBIIIEMCS TCUYCHUH KUIKOCTU B TPYOOIIPOBO/IC HACOC PA3BUBAET HAIIOP, PABHBIIN
noTpeOHOMY;

0) IpH yCTAaHOBUBIIEMCS TSCUYCHUH KHJIKOCTH pa3BUBACMbIii HACOCOM HAIOP JOJKEH OBITh
OoJIbIIIe TIOTPEOHOTO;

B) IIPY YCTAHOBUBIIEMCS TEYCHHUH YKHJIKOCTH B TPYOOIPOBOIE paCXO KUAKOCTH OCTACTCS
MOCTOSTHHBIM;

T') IPH YCTAHOBUBIIIEMCSI TCUCHUH KUIKOCTH B TPyOOTIPOBOIE TaBIICHHUE KUAKOCTA OCTACTCS
MTOCTOSTHHBIM.

6.27. XapakTepuCTHKON HAcOCa HA3BIBACTCS

a) 3aBUCUMOCTbh U3MEHEHHUS JIaBJICHHS M pacXo/ia IPU U3MEHEHNH YaCTOThI BPAIIICHHS Baja;

0) ero reoMeTpuIECKUe XapaKTePUCTUKH;

B) €0 TEXHHUYECKHE XapaKTEPUCTUKN: HOMUHAJIBHOE JIABJICHHE, PACXO0 M YaCTOTa BpaIlEHUS
Bana, KII/I;

I') 3aBUCUMOCTh Halopa, co3aBaeMoro HacocoM H,,,. OT ero nojayu npu NOCTOSIHHOM YacToTe
BpalllCHUS Baja.

6.28. MeTox pacuera TpyOOIIPOBOIOB ¢ HACOCHOM MOAAYEH 3aKITFOYASTCS

a) B HAX0XKJICHUH MaKCUMaJIbHO BO3MOYKHOM BBICOTHI IMOAbEMA KUIKOCTH IIyTEM MTOCTPOSHUS
XapaKTePHUCTUKHU TPYOOIIPOBOIA;

0) B cocTaBJeHUH ypaBHEHUs bepHyuHM U1 HaYaIbHOM U KOHEYHOM TOYEK TPyOOIIpOBOIa;
B) B COBMECTHOM TIOCTPOCHHUH Ha OJTHOM TpadMKe KPUBBIX MOTPEOHOTO HAropa 1
XapaKTEPHUCTHUKH HACOCA C TIOCIEAYIOIIMM HaX0KICHHEM TOYKH MX IIEPECCUCHHS,

T') B ONIPEACIICHUH COMIPOTUBIICHHS TPYyOOIIPOBOIa ITyTEM 3aMEHbI MECTHBIX COITPOTHUBIICHUI
SKBUBAJICHTHBIMHU JUTHHAMH.

6.29. Touka nepecedeHus: KPUBOM MOTPEOHOTO HAMIOPA C XapaKTEPUCTUKON Hacoca Ha3bIBACTCS

a) TOYKOI ONTUMAaIIbHOM paboThI;
0) pabodeil TOUKOM;

B) TOUKOU 0/1a4u;

') TOYKOW Haropa.

6.30. Pe3koe noBbIllIEHUE AABJICHUSI, BOSHUKAIOIIEE B HATOPHOM TPYOONpPOBOE NMPU BHE3AMHOM
TOPMOXKEHUHU pabove KUIKOCTH HA3bIBACTCS

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

6.31. [loBbIlIeHNE 1aBJIECHUS NPU TUAPABINYECKOM yAape onpeensercs no Gopmye



a) AP, = 1'5:- 0) APy = pgh's
P
- : — ol
B) &P = puges r) &R = pupe

6.32. CxopocTh pacrpoCcTpaHEeHUs yAapPHOU BOJHBI IPH aOCOTIOTHO KECTKUX CTEHKAX
TpyOOIIpoBOAa

6.33. Unkpycramuus TpyO 31O

a) yBeITMYEHHUE IIEPOXOBATOCTH CTEHOK TPYOOTPOBOAA;

0) oTIeNeHre YacTHUI] BEIIEeCTBA OT CTEHOK TPYO;

B) 00pa30BaHue OTIOXKEHHM B TpyOax;

') YMCHBIIIEHUE MPOYHOCTHBIX XapaKTEPUCTUK TPYOOIIPOBOIA.

6.34. Y napnas BoJiHa IPU TUAPABIUYECKOM yIape 3TO

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

0) 005acTh, B KOTOPOI YaCTHUIIbI JKUJIKOCTH yAAPSAIOTCS IPYT O IPyTra;
B) BOJIHA B BHJIE CKATOTO 00bEMa KUAKOCTH;

T') 0071aCTh, B KOTOPOM KHJIKOCTh yIapseT O CTEHKH TPpyOOTIpoBOIa.

6.35. 3aTyxanue koneOaHul JaBICHUS MOCIE THIPABINYECKOTO yaapa MPOUCXOANT 3a CUET

a) TOTEPH SHEPTHUH KUIKOCTHU MPU PACIIPOCTPAHCHUH YAAPHOHN BOJIHBI Ha MPEOI0TICHHUE
COTPOTHUBJICHUS TPYyOOIIPOBOIA;

0) moTepu SHEPruu KUJKOCTH HA HarpeB TpyOONpoBoOIa;

B) IOTEPHU PHEPTUU Ha AePOopMaIlrio CTEHOK TPyOOTIpoBOIa;

T') IOTEPh SHEPTHH KUIKOCTH Ha MPEOJI0JICHUE CUJT TPSHUS U yXOJa SHEPTHUH B pe3epByap.

6.36. CxopocTh pactipoCTpaHEeHUs YAAPHOU BOJIHBI B BOJIC PaBHA

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

6.37. DHeprust Hacoca Ha BBIXOJIE MPU U3BECTHOM JIABJICHUH M CKOPOCTH KUJKOCTH
ONPEJIETUTCS KaK

PE 2

a 2
DRI S 1) pghs -
E

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




6.38. XapaktepucTuka rnocie/0BaTeIbHOr0 COeAMHEHUSI HECKOJIBKUX TPYyOOIPOBOIOB
OTIpeNIeNAeTCS

a) MmepeceyeHreM XapaKTepUCTUKU Hacoca ¢ KpUBOI MOTpeOHOro Hamopa;

0) cioxxeHneM abCLUCC XapaKTEPUCTUK KaKIOro TpyOOIpoOBOAa;

B) YMHOKE€HHUEM OpJIMHAT XapaKTEPUCTUK KaXKI0TO TPyOOIpoOBo1a Ha OOIIUI pacXxo/1 KUAKOCTH;
I') CIIOKEHHEM OpJMHAT XapaKTePUCTUK KaXK0T0 TpyOOIpoBoa.

6.39. Cuctema CMEXHBIX 3aMKHYTBIX KOHTYPOB C OTOOPOM >KHJIKOCTU B Y3JIOBBIX TOUKAX WM
HETIPEPHIBHOH pa3jaueii )KUIKOCTH Ha OTACTBHBIX YYaCTKaX Ha3bIBACTCS

a) CJI0KHBIM KOJIBLIEBBIM TPYOOTIPOBOIOM;

0) pa3BeTBIICHHBIM TPYOOIIPOBOIOM;

B) TOCJIE€10BATENIbHO-TIApAJIIEIbHBIM TPYOOIIPOBOIOM;
') KOMOMHUPOBAHHBIM TPYOOTIPOBOJIOM.

6.40. Eciiu cratudeckuii Hanop H..,, > 0, 3Ha4UT KUJTKOCTh

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

T') IBUTAaThCS HE OYJIET.



