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BBEJAEHHUE

JanHas aucuuiuivHa BKIoYeHa B pasnen «bl. B.04 JlucuumniauHbel (MOIYIIN)»
OCHOBHOM mpodeccronanbHoi obpazoBatenbHoi mporpammbl 21.03.01 «Hedrerazosoe
neno (Pa3paboTka MecTOpOXKIEHUM YTIEeBOJAOPOAOB)» W OTHOCUTCS K BapHaTHUBHOM
YaCTH.

[leapt0 OCBOEHHS JUCUMIUIMHBI  SIBIsieTCS  (QopMUpOBaHUE HEOOXOAUMOU
HavyaJbHOU 0a3bl 3HAHUIN O 3aKOHAX PABHOBECHUS U JBUKEHUS JKUJKOCTEH, MPUOOpETEHNE
CTYICHTAaMH HaBBIKOB pacueTa CuJjl, [JEHCTBYIOIIMX Ha CTEHKH pPE3EpBYyapoB,
THJIPaBIMYECKOT0 pacyeTa TpyOOIpOBOAOB Pa3IMYHOrO HAa3HAYEHUS JJISl CTallMOHAPHBIX
¥ HECTallMOHAPHBIX PEKUMOB TECUCHMS KHUAKOCTEH, 3a7a4 OOpbOBI C OCIOKHEHHUSIMH H
aBapusIMU, KOTOPbIE MOTYT BOSHUKHYTh B THJIPOJIMHAMUYECKUX CHCTEMAX.

3ajmayaMyd  W3Y4YEHUs JUCHUIUIMHBI SABIAIOTCS (OPMUPOBAHHE Y CTYJIEHTOB
KOMIUIEKCa 3HAHUM, HEOOXOIUMBIX I PEIICHUs MPOU3BOJCTBEHHO-TEXHOJIOTHYECKUX,
AKCIUTyaTAIlMOHHBIX 3a7]a4 OTPAC/IM, OIEHKH MapaMeTpOB TEUYCHHS B TEXHOJOTUYECKHUX
npoiieccax He(TerazoBoro Npou3BOACTBA.

Kypc «l'mapaBnuka ¥ ruapoMexaHuka HeTU W razay Oa3upyercs Ha Kypcax
MaTeMaTUYeCKNUX ¥ EeCTECTBCHHOHAYUYHBIX. 3HAHHWS W HABBIKH, I[IOJy4aeMbIe MPHU
M3YYCHHUU Kypca, UCTIONB3YIOTCS B CHICIIMATBHBIX TUCIUTIINHAX.

Cornacao tpeboBanusim ®I'OC BIIO «TpebGoBanus k pe3yibraramM OCBOCHHS
OCHOBHBIX 00pa30BaTeJIbHBIX IMporpamMM OakajaBpuaTa» B pPE3yJbTaTe OCBOCHHUS
aucIMIUIUHBl « MapaBIuka W TUAPOMEXaHWKa He(DTH W Ta3ay» BBITYCKHUK OJKCH
o0janaTh CIEIYIOIUMU MPOo(ecCHOHATbHBIMU KOMIIETEHIIUSIMU: CITIOCOOEH Yy4acTBOBATh

B pa3paboTKe U peasin3alui MEPOIIPUITHI B 00JIaCTH YBEJIMUCHUS He(pTeoTIaun.



I'naa 1 THIPOCTATUKA
1.1.®dusnyecKune CBOMCTBA KUIAKOCTEH

I.[e.m; NPAKTHYECKOr0 3aHATHUA. OIIPCACIICHUC OCHOBHBIX (bHSI/II-IeCKI/IX CBOMCTB

HCCKNMACMBIX N COKMMAaCMBIX }KI/I,Z[KOCTeﬁ.

OI[HOﬁ N3 OCHOBHBLIX MCXAHHUYCCKUX XAPAKTCPUCTHUK KHUIAKOCTU ABILICTCA CC

IIOTHOCTh. [Inomuocmuio KUIKOCTH HA3bIBAIOT MACCY JKHAKOCTH 3aK/IIIOYCHHYIO B

p= n (KT/ME).
eIMHUIE 00BeEMA. 4

Yoenvnvim 6ecom Ha3BIBAIOT BeEC CIMHHNIIBI o0beMa KNIKOCTHU, KOTOpBIﬁ

7
v=— (H/ ).
onpezensercs Mo hopMyie: 4

C yBenrMueHHEeM TEMIIEPATYPhI YAEIbHBIN BEC )KUJIKOCTH YMEHBIIAETCS.
OcHoenble husuueckue ceolicmaa

1. Corcumaemocms - CBOUCTBO KUIKOCTH U3MEHITEH CBOIl 00BEM IO
necTereM naBieHus. CKUMAaeMOCTh KHUIKOCTH XapaKTEePU3YEeTCs

KO2(pPUIIMEHTOM 0OBEMHOTO CKATHSI, KOTOPBIHA OIpeeseTcs mo Gopmye

1 d¥
= - 1".'[2 .
br=—5gp OH

rjae V -nmepBoHAYAIBHBIA 00BEM KUJIKOCTH,

dV - u3meHeHue 3Toro o0beMa, pu YBEIUICHUH JaBlicHHs Ha Bennuuny dP.

Bennuuna oOpaTtHas fy Ha3bIBae€TCS MOAYJIEM OOBEMHOMN YIIPYTOCTH KUIKOCTH:

K= % (H/n).



MOI[YJ'IB 00BEeMHOU YOpYyroctu HE IIOCTOAHCH MW 3aBUCHUT OT [HABJICHHA H
TCMIICPATYPHI. HpI/I I'HAPAaBIMYCCKUX pacdCTax CHKUMACMOCTBIO KXHUIAKOCTH 0OBIYHO
npeHe6pera10T N CYUTAIOT JKUAKOCTHU IMMPAKTHUYICCKHN HCCKUMACMbBIMU. Cxarue )I(HI[KOCTeﬁ
B OCHOBHOM O6YCHOBHCHO CKAaTHCM PACTBOPCHHOI'O B HUX I'da3a.

CXMMaeMOCTh  ITOHMJKAET KECTKOCTH ruaporpuBoaa, T.K., Ha CXKaATHUC
3aTpauuBacTCA OSHCPIHUA. CXMMaEeMOCTh MOXET SBUTHCS HpH‘IHHOi’I BO3HHUKHOBCHMU
aBTOKOJICOaHMI B TUAPOCUCTEMC, co34acT 3alra3JIbIBAaHUuC B Cpa6aTBIBaHI/II/I
ruapoamniiapatrypbsl U HCIIOJHUTCIBbHBIX MCXaHU3MaX.

HHor, Ja CKHNMaCMOCTb )KI/II[KOCTeﬁ IIOJIC3HA - €€ HUCIIOJIBb3YIOT B T'HAPABINYCCKHX

aMOPTHU3aTOPax U NPYKUHAX.

2. Temnepamypnoe pacuiupenue - OTHOCUTEIBHOE U3MEHEHHE 00BbeMa KHUJIKOCTH
mpyu  yBeqndeHuu Temmeparypel Ha 1°C  mpu P =const. Xapakrepusyercs

KO3 PHUIIMEHTOM TEMIIEPAaTypPHOIO PaCIIUPEHNUS

1dV
= —— (1/C®).
b= — (WCE9)
[lockonbKy nfisi KamelbHbIX JKUAKOCTEH KOA(DPUIMEHT TeMmepaTypHOro

paCcIupCHUA HUYTOKHO MaJl, TO IIPH IIPAKTHICCKUX PACUCTAX €TI0 HC YUUTBIBAIOT.

3. Conpomusnenue pacmsicenuro. OCOOBIMU (PU3NYECKUMH ONBITAMH  OBLIO
MOKa3aHO, YTO TOKOSIIAsCA KUAKOCTh (B YAaCTHOCTH BOJa, PTYTh) MHOTJA CIOCOOHA
CONPOTUBJIATHCS OUEHb OOJBITUM PACTATUBAIOIIUM yCHIHsAIM. HO B OOBIYHBIX YCITOBHUSIX
TakOro HE TNPOUCXOIUT, U TMOITOMY CUHUTAIOT, YTO JKUJKOCTh HE CIIOCOOHA

COIIPOTUBJIIATHCA paCTATUBAIOIIUM YCHUIIHAM.

e
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Puc. 1.1. Cunbl TOBEpXHOCTHOTO HATSKEHUS



4. Cunbl  noGEPXHOCMHO20 HAMANCEHUsl - OSTU CWIbl CTPEMATCA IPUAATH
cpepuueckyto (opmy xuakoctd. Cuilbl MOBEPXHOCTHOIO HATSKEHUS OOYCIIOBJIECHBI
MOBEPXHOCTHBIMHM CHJIAMH M HAIpPaBJIEHBl BCETJAa BHYTPb paccMaTpMBaeMOro o0bema
HEPIEHIUKYJIAPHO CBOOOJHON MOBEPXHOCTU JKUAKOCTH. PaccMoTpuM O€CKOHEYHO
MaJblii 00BEM JKUIKOCTH Ha CBOOOHOM nmoBepxHOCTU. Ha Hero OymyT neiicTBOBATh CUJIIBI
CO CTOPOHBI COCETHUX 00BEMOB. B pesynbTare, €cinm CIOXKUTh BEKTOpa BCEX CHII
JEHCTBYIOIMX HAa pacCMaTpUBAaeMblii 00bEM, TO CyMMapHasi COCTaBJISIONIas cuiia OyaeT

HaIpaBJieHa NEePIEeHIUKYISIPHO BHYTPh pacCMaTpUBAEMOTO 00bEMA.

5. Bsazkocmbw srcuoxocmiu - CBOUCTBO KNAKOCTHU COITPOTUBIIATHCA CKOJIBKCHHUIO WU
CABHUTY €C CJIOCB. CYTB €€ 3aK/II049acTCA B BOSBHMKHOBCHHUIN BHYTpCHHCfI CUJIbI TPCHUA

MEXKy ABMKYIIIUMUCS CIIOSIMH JKHJIKOCTH, KOTOpasi onpenensercs no gopmyie HproToHa
au
T= .'JS N (H)>
dy

rac S - Iomanab CJIOCB XUAKOCTH HJIM CTCHKH, conpmcacaromeﬁc;{ C XMIAKOCTEIO,

(- DUHAMUYECKUN KOA((HUIMEHT BI3KOCTH, WM CHJIAa BS3KOCTHOTO TPEHUS,
dv /dy - TpamueHT CKOpOCTH, TMEpPHEHAMKYIAPHBIA K TMOBepXHocTu casura. Otcrona

AWMHAMHWYCCKas BA3KOCTh paBHA:

pL= il (H-c/n),
du

IJie T - KacaTeJIbHbIC HANIPSHKCHUS KUAKOCTH, T = T/S.

I[Ipy TeyeHMM BI3KOW JKUIAKOCTA BAOJb TBEPAOM CTEHKH MPOUCXOIUT
TOPMOKEHHE TTOTOKa, 00YCIOBIECHHOE BS3KOCTHIO (puc.1.2). CKOpOCTh YMEHBINIACTCS 110
Mepe YMEHBIIICHUS PacCTOSIHUSA Yy OT CTeHKU. [Ipu aTom mpu y = 0, CKOPOCTh MagaeT /10
HYJs, a MEXAy CJIOSIMH TPOUCXOAUT TMPOCKAIb3bIBAHUE, COMPOBOXKIAIOIICECS

BO3HHKHOBCHHUEM KaCaTCIIbHbBIX HaHpﬂ}KGHI/Iﬁ T.
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Puc. 1.2. [Ipoduns ckopocTeii mpu TEYCHUH BSI3KOH KUIKOCTH BJIOJIb CTEHKU

Benmnmunna oOpatHas auHamuueckomy  Koadduimenty  Bszkoctu  (1/p)

HAa3bIBACTCA meKy4ecmavio AHCUOKOCUL.

OtHomieHue ANMHAMHU4YCCKOI'O KOB(I)(i)I/IIII/IeHTa BA3KOCTH K IINIOTHOCTH XHAKOCTHU

Ha3bIBACTCA KMHCMATHYCCKUM KOI)(l)(bI/II_[I/IGHTOM BA3KOCTH:

v=H (M)
P

Bs3KOCTB )XMAKOCTH 3aBUCUT OT TEMIIEPATypPhl U OT AaBiieHus. [lpu noBeienun
TEeMIIepaTyphbl BSI3KOCTh >KUJIKOCTH YMEHbBINAETCS U HA000pOT. Y ra3oB HaOmromaeTCs
oOpaTHOE SIBJICHHME: C TIOBBIIIEHUEM TEMIIEPATyphl BSI3KOCTh YBEJIMYUBACTCS, C

ITOHKEHUEM TEMIIEPATYPBI - YMEHBIIIAETCS.

6. [lenoobpazosanue. Briaenenne Bo3ayxa U3 pabodeill >KUIKOCTU TPH TaJeHUU
JABJICHUST MOXET BBI3BaTh TMEHOOOpa3oBaHWEe. Ha WHTEHCHBHOCTH IMEHOOOpa3OBaHUS
OKa3bIBAET BIIMSHUE COJEpKaIiascs B pabodeil KUAKOCTH BOJA: JAaKe MPU HUYTOKHOM
konuuecTBe Boabl (MeHee 0,1% mo macce pabodeil KUIKOCTH) BO3HUKACT YCTOWYMBAS
neHa. OcoOeHHO meHOOOpa3oBaHHWE TIPOUCXOJUT HHTEHCUBHO B  3arpsi3HEHHBIX
JKUJIKOCTSAX ¥ OBIBIIMX B OKCIUTyaramuu. Ilpu Temmeparype skuakoct csbime 70 °C

MIPOUCXOIUT OBICTPHIN CITaJT IICHBHI.

7. Xumuueckass u MexaHuueckass CMOUKOCMb. XapaKTEepU3yeT CHOCOOHOCTh
’KHUJIKOCTU COXPAHATH CBOM MEpPBOHAYATIbHbIE (DU3HUECKHE CBOMCTBA MPU IKCIUTyaTalluu U
xpaHeHHH. OKUCIEHUE KUAKOCTH COMPOBOXKAAETCS BBINAJICHUEM U3 HEE CMOJ U LIUIAKOB,
KOTOPBIE OTKJIAABIBAIOTCS HA IOBEPXHOCTHU 3JIEMEHTOB I'MAPOIIPUBOJA B BUJIE TBEPAOIO

Hanetra. CHIKaAETCSd BSI3KOCTh M H3MEHSCTCS OBET XKHMAKOCTH. HpOI[YKTBI OKHCJICHUA
38



BBI3BIBAIOT KOPPO3UIO METAJUIOB U YMEHBIIAIOT HAJEKHOCTh PabOThI TUIpOANAPaATyPHI.
Haner BbI3bIBaeT 3aKIMHUBAHUE TOJBMKHBIX COCAMHEHHH, IUIYHXKEPHBIX Tap,
IPOCCETUPYIOIIMX  OTBEPCTUHM, pa3pylIeHHE VYIUIOTHEHUH M Pa3repMETU3ALMIO

T'HAPOCHUCTCMBI.

8. Cosmecmumocms. COBMECTUMOCTb PabOUYMX KUIKOCTEH C KOHCTPYKIIMOHHBIMU
MaTepuajaMl M OCOOCHHO C MaTepHaliaMd YIJIOTHEHUH HMMEET O4YEHb OOJbIIoe
3HaueHue. Paboune XUIKOCTH HA HEPTIHON OCHOBE COBMECTHMBI CO BCEMH METaJIJIaMH,
IIPUMEHSAEMBIMU B THUJIPOMAIINHOCTPOEHUHU, U IUIOXO COBMECTHMBI C YIUIOTHEHUSIMH,
M3rOTOBJICHHBIMA W3 CHHTETHUYECKOW PE3WHbl M M3 KOkHU. CUHTETHYecKue padouue
KUJKOCTH IIJIOXO COBMEIIAIOTCS ¢ HEKOTOPBIMU KOHCTPYKIIMOHHBIMM MaTepuajgaMu U He

COBMCCTHUMBI C YVINIOTHCHHAMHA HU3 MacCJIOCTOMKOM PC3UHBI.

9. Ucnapsemocmov  sncuokocmu. VIcmapseMOCTh CBOMCTBEHHAa BCEM KallelIbHBIM
KUJIKOCTSIM, OJTHAKO MHTEHCUBHOCTh UCHAPEHUS HEOJUHAKOBA Y PA3JIMYHBIX KUIKOCTEU
M 3aBHCUT OT YCIIOBHil, B KOTOPBIX OHA HAXOAMUTCS: OT TEMIEPaTypbl, OT IUIOIIAAH
WCIIAPEHMUS, OT JIaBJICHUS, U OT CKOPOCTH JIBUKEHUS ra3000pa3HO cpe/ibl HaJ CBOOOIHOM

MTOBEPXHOCTHIO JKUJIKOCTH (OT BETPA).

10. Pacmesopumocmu 2az08 8 HcudKoCcmsx XapakTepu3yeTcs 00beMoM

PaCTBOPCHHOI'O Ira3da B CAMHUILIC oO0BeMa KUAKOCTHU U OMPCACIIACTCA IO 3aKOHY rerI/II

V= Vyr PE;

[

rae V- o0beM pacTBOpeHHOro rasa; Vi - o0bem sxkuakoctu; K - xodadduimeHt

pactBopumocty; P - naBienue; P, - atmochepHoe 1aBlieHuUE.

Koadhdumment k umeer cnenyromme 3nadenuss mpu 20 C: mna Boxsl 0,016,
kepocuna 0,13, munepansubix Macen 0,08, sxuakoctu AMI'-10 - 0,1. Tlpu noHmxeHun
JABJICHUSI BBIJCISICTCS PACTBOPUMBIN B  KUJAKOCTH Ta3. OTO SBIEHHUE MOXKET

OTPHUIIATEITLHO CKA3hIBATHCS HA PA0OTE THAPOCUCTEM.



IIpumep
B oronutenbHON cucteMe (KOTeN, paaidaTtopbl U TPyOOIPOBOJIbI) HEOOJBIIOTO
noma comepxutcs Boga oobemoM V=0,4 m>. CKOJBKO BOABI TOTOJHUTEIHLHO BOHAET B

pacumpurtenbHbiil cocya AV npu HarpeBanuu ee ot 20 g0 90°C?

Pewenue. TInotnocts Bonbl npu Temmeparype 20°C (cMm. Tabn.) paBHa 998 kr/m?,
Macca Boasl Mm=0,4-998<399 xr.
[TnotHOCTH BOABI mpu Temmeparype 90°C (cm. Tabin.) paBHa 965 kr/M?; oObewm,
3aHUMaeMbIi BOJ0M uMetoleit temnepatypy 90°C,
V'=m/p90 =399:965 = 0,414 m>.
JlomOTHUTENBHEBIA 00BeM
AV=V" -V =0,414-0,4=0,014 v>.
OtBet: AV==0,014 m°.
3agaum 11 CAaMOCTOSITEILHOTO pPellieHust
3apava 1. OnpenenuTs MIOTHOCTh OeH3uHa, eciau 24 200 KT ero 3aHUMarT 00beM
33,5 M3

OtBet: 722 Kr/M°.

3agaua 2. 23500 xr 6en3una npu temmneparype 276° K 3annmaror o6wem - 33,25

Kaxkoii 00bemM OyneT 3aHUMAaTh 3TO KOJIMYECTBO OCH3MHA MpH Temiieparype 290°
K, eciu maBneHue He U3MEHUTCS ?

Koaddumment remneparyproro pacimpenns 6ensuna g,= 0,00065 1/°K

Otser: 33,546 m°.

3agaua 3. 23 500 kr 6ensuna npu temmneparype 15° C 3anumarot odovem 33,5
M.
Kaxoit 00bem OyaeT 3aHUMaTh 3TO K€ KOJTMYECTBO OEH3MHA Mpu Temiiepatype 6° C?

Koadpunment temmneparypHoro pacimpenus: 6enzuna g,== 0,00065 1/°C

Otset: 33,31 M3,

Bamaua4. B pesepsyap 3anmuto 15 M° Hedtu mnotHOCTBIO 800 KI/M°,

10



CKOIBKO HEOOXOAUMO JIOJNUTh HEPTH IIOTHOCTEIO 824 KI/M3, 4TOOHI IIOTHOCTH CMECH
crana paBHOit 814 xr/m>?

Oteer: 21 M.

3agaua 5. B pesepsyap 3amuro 20 M HedTr m1oTHOCTEIO 850 Kr/M® 1 25 M3
He(TH IOTHOCTEIO 840 Kr/Mm3.
OnpenenuTs MI0THOCTH cMecu. 1/°C

Otset: 844,4 xr/m°.

3amaya 6. 50000 kr HeTH 3aHUMAIOT 00BeM 62 M3.OnpenenuTs yaeIbHbIH
o0beM HeTH.

Otset: 0,00124 m*®/xr.

3amaya 7. [lnotnocTts aBTona npu temmeparype 20° C paBHa 883 kr/m°.
VYcnoBHas BA3KOCTh aBToiia npu temmneparype 50° C paBna 7° BY.
Omnpenenuts AUHAMHYECKUN KO3 GUIIMeHT Bsi3kocTu aBTona mpu t=50° C.

Otsert: 0,0444 H-cex/Mm?.

3agaua 8. Cocyn, 06beM KoToporo 2 M3, 3anonnen Bogoii. Ha ckonbko
YMEHBLIUTCSA U 4€MY CTAaHET PAaBHBIM 0OBEM BOJBI IIPU yBEJIMUEHUH JaBieHus Ha 2-107
[Ta?

VcTUHHBIN MOTYJTh COKaTHsI BOAbI paBeH 1962-10° I1a.
Otset: 0,0204 M°; 1,9796 M°.

3anaua 9. Ilpu nasnennu 1-10° I1a ormepen 1 M3 Bozbl.
Ha ckoibpko cokpaTtutcst 00beM BOJbI IPH yBEIU4YEeHUH aBiieHus B 50 pa3? OtBeT
JaTh B MIPOIICHTAaX.
OtBer: 0,25%.
KoHTpoJsibHBIE BONIPOCHI
1. YUro Ha3pIBaeTCS JKUJIKOCTHIO?
2. Kak HaiiTi 00beM XKHAKOCTH, TIJIOTHOCTh M Macca KOTOPOIl M3BECTHBI?
3. Kak onpenensercst I0THOCTh OJTHOPOJHON KUIKOCTH?

4. KakoBa cBsI3b M€Ky IJIOTHOCTBIO, YACIbHBIM BECOM U YACIbHBIM 00beMOM?
11



5. KakoB ¢usudeckuii cMbici K03 duiieHTa 00beMHOTO CKATHUS KUJIKOCTH?
6. KakoB (husuuecknii cMbICT KOIPPUITMECHTa 00BEMHOTO PACIIUPECHHUS KUIKO-
ctu?

7. Kakumu cuiiaMu O6YCJIOBJI€HO IMOBCPXHOCTHOC HATSKCHUC )KI/II[KOCTH?

1.2. JlaBjeHue B NOKOAIIEHCH KMIKOCTH

Lenb npakTH4ecKOro 3aHATHS: ONPEICIUTh H30BITOYHOE, a0COJIIOTHOE H
BAKYYMMETPUYECKOE [ABJICHWs; HAWTU Pa3HOCTU TUAPOCTATUYECKUX JABICHUNU B
cocynax.

B rmokosmencs XUAKOCTH BCerga IPUCYTCTBYET CUila JAaBICHHs, KOTOpas
Ha3bIBACTCs cuopocmamuyeckum  oagnenuem.  KHUIKOCTb  OKa3bIBa€T  CHIJIOBOE
BO3JICMCTBHE HA JTHO U CTEHKH COCya. YacTUIIbI KUIKOCTH, PACIIOIO0KEHHBIE B BEPXHUX
CIOSIX BOJOEMA, HCIBITBIBAIOT MEHBIIME CHUJIBl CHXKATUA, YE€M YaCTULBI KUIAKOCTH,

HaxXOOAIMUCCA Yy JHA.

Ecmm paccmarpuBath pe3epByap C IUIOCKUMH BEPTUKAIBHBIMH CTEHKAMH,
HAITOJTHCHHBI JKHUJKOCTHIO, TO HAa JHO pe3epByapa IeHCTByeT cuia P paBHas Becy
HanmuTor xuakoctu G = y V, t.e. P = G. Ecim sty cuny P pa3aenuTs Ha 110manp

THA Sapcd, TO MBI TIOYYUM cpedHee cuopocmamuyeckoe oasiienue, TEUCTBYIOIIee Ha THO

pe3epByapa. Sawd |
['uapocraTuueckoe AaBiaeHUEe 00J1a1aeT PsIOM CBOUCTB.

CaoiictBo 1. B noboiti mouxe dcuokocmu 2euopocmamudeckoe O0deleHue
NepneHOUKYISAPHO NIOWAOKE KACAMENbHOU K 8bl0€IeHHOM) 00beM) U Oeticmayen GHYmpb
paccmampusaemozo 06vema HCUOKOCu.

CBoiicTBO 2. [ uopocmamuueckoe 0agieHue HeusMeHHO 80 8Cex HAnPAasleHUsIX.

CBoiicTBO 3. [ uopocmamuueckoe oasieHue 6 moyke 3a8UCUm Om ee KOOPOUHAm 6

npocmpancmse.
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[Mpocreitmm mpuOOPOM JUIsi U3MEPEHUSI ABJICHUS B COCYIE C KUIKOCTBHIO
SIBJISIETCS.  TIbE30METp, TPEICTABISIOMNI CO00M BEPTHKAIBHYIO, OTKPBITYIO CBEPXY
CTCKJITHHYIO TpPYOKy, NPHUCOCTUHIEMYIO0 K cocymy. [Ibe3oMeTp um3MepsieT U30BITOYHOE
JaBIICHUE HA MOBEPXHOCTH JKUAKOCTH B COCYJIC. ITve3omempuyeckoil IOBEPXHOCTHIO
Ha3bIBACTCSl TTOBEPXHOCTh, IPOXOIAIIAs UePe3 YPOBEHB KHUIKOCTH B IMbE30METPE WIIH, YTO
TO K€, IIOBEPXHOCTh, HA KOTOPOH JaBJICHHE PaBHO aTMOC(EepHOMY.

JIns wW3MepeHus JaBJICHUS TPHMEHSIOT CIEAYIOMUe TPUOOPBL:  OapoMeTphl
U3MEPSIOT aTMOc(hepHOe aBICHHUE; MAaHOMETPHI - U30BITOYHOE; BAKYYMMETPHI — BaKyyM;
IUIE U3MEPEHUsl PA3HOCTH JABJICHUS B ABYX TOYKAaX HPUMEHSIOTCS TudepeHaabHbe
MaHOMETPHI.

Ipumep
Haiitu wu30bplTOyHOE [aBieHHE B COCyIAe C BOJOW MO MOKa3aHHUSIM
MHOT'OCTYIIEHYaTOr0 pTyTHOTO Manometpa: h1=82 cm, h2=39 cm, h3=54 cm, hd4=41 cm,

hS =100 cm, p=10° xr/ M3, p,=1,36 -10* kr/ M°.

Pewenue. Tak xak )XKUAKOCTh HAXOJUTCS B pABHOBECHH, TO JABJICHHUE B TOUKax 1 u 2
paBHBI KaK JIaBJICHUSI B TOYKAX OJIHOIO M TOTO e& 00ObeMa OJHOPOAHON MOKOSIIEHCS
JKMIKOCTH, PACHOJIOKEHHBIX HA OAHOW ropu3oHTtanu, T.e. P1=P,. Ha Tom ke ocHOBaHuu

P3=P4 u P5=P6. B 10 e BpeMst u30bITOUHOE JaBJICHUE
R=pah-h); PR=P-pglh-h);
R=P+p9-h); P=R-pglh-h,).
HckntounB U3 3TUX COOTHOLIEHUM ITPOMEXKYTOUYHbIE naBiieHUs P, Pa, Ps, momyunm:
P, = p,gl(h —h,)+(h, —h,)]- p,gl(h; —h, )+ (hs —h, )] =

1,36-10* -9.8(0,43+0,13)—10° -9,8(0,15+0,59) =
=67,411a
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OtBer: P, =67,411a

3ajaum AJ151 CAMOCTOSITEJILHOTO PelIeHUust
3amaua 1. M30pITOuHOE 1aBieHUE B HEPTIHOM I1acte coctapiseT 4,9 Mlla.

MOXHO 71 TIpeOTBPaTUTh BEIOpOoC HehTH TIOTHOCTRIO p=1200 kr/m°. ['myOuHa

ckBaxxuHel H=460 Mm.

3agauya 2. B pesepByape HaxomsTCsl CIOW BOABI BBICOTOW 1,5 M u cioit HedrtH,
BBICOTOM 2 M, IIIOTHOCTH KOTOpoi 900 kr/m°,
Omnpenenutps BeIMYMHY W30BITOYHOTO JIABJICHUS KUAKOCTH Ha YPOBHE JIHA
pe3epByapa.
Otsert: 52 000 IIa.

3apaua 3. OnpenenuTs BEIUYUHY W30BITOUYHOTO JABJICHUS Ha MOBEPXHOCTh
KUJKOCTH, HAXOSAIIEHCS B COCY/IE B COCTOSIHUM TIOKOSI, €CJIU B TPYOKe Ibe3oMeTpa
BOJIa MOAHsIach Ha BeICOTY h=1,8 M. CBOOOIHBIN KOHEI[ TPYOKH OTKPBIT U

coobmmaercs ¢ atmocepoi (cM. puc.).

OtBet: 17 658 I1a.

K 3a7a4e 3 K 3ajauaM 4, 6 K 3ajadaM 5, 7

3apauya 4. Onpenenuth pa3HOCTh JABJICHUS B TOYKAX, HAXOSAIIUXCS HA OCIX

LWIMHAPOB A u B, 3anoJHEHHBIX BOJOM, €CIM Pa3HOCTb YPOBHEW PTYyTH B
14



auddepennnaabHoM MaHomeTpe Ah =23 cwm.
J10 ypOBHSI pTyTH TPYyOKH 3aII0JTHEHBI BOAOH.
Pa3Hocth ypoBHeil oceld uunuHApoB H = 1 M (cm. puc.)

Ortser: 0,185 xrc/cm?.

3agaua 5. B ceuenHusx 2 u 1 rOpU3OHTAIBHOTO Ta30MPOBOJIA MPUCOEIUHEHBI
TpyOKu nuddepeHnnanrbHOro MaHoMeTpa (CM. puc.).
OnpenenuTh pa3HOCTh JABJICHUS B 3TUX CEUYCHMSX, €CIIM PA3HOCTh YPOBHEH B KOJIEHAX
Ah BogsHOTO MuddepeHmanisHoro MaHomerpa paBHa 24 cM. ILIOTHOCTH Ta3a paBHa
0,84 xr/m>.
Otser: 2 350 Ila.

3amaya 6. OnpenenuTh JaBlIeHHE B cocyae B (cM. puc.), eciau H30BITOYHOE
naBileHue B cocyle A paBHO 2 aT, pa3HOCTh ypoBHeW prytu B U-00paszHoii
TpyOke, coemuHstomed cocyne, Ah = 1,6 M. B neBom komeHe TtpyOku
HaxOJHUTCS BOJA.

Otger: 0,98 krc/cm?.

3agaua 7. Onpenenuts pa3HOCTh ypoBHeH Boabl Ah B koueHe
nudepeHIInaIbHOTO MaHOMeTpa, (CM. pHC.), €CJIM JaBjeHHEe ra3a B ceueHun 1-1
pasHO P1=16 kxrc/cm?, a B ceuenun 2-2 P, = 15,1 krc/cm?.

[1I0THOCTE rasa B yCJIOBHUSX Ta30IpoBoja paBHa 1,8 kr/m>,

OtseT: 9,01 M.
3agaya 8. JlaBneHume B Tra3ompoBOJE ONpPENEIAETCS NpPH  MOMOLIU
3
MHUKPOMaHOMETpa, 3aMOJIHEHHOTO crmupToM. [lnotHocTs crmprta 780 wkr/m®. TpyOka
MHUKpPOMaHOMETPA HAKJIOHEHa K TOPU30HTY Mo yrioMm o=15°. YeMy paBHO JaBiieHuE
B T'a30MPOBO/IC, €CJIU MEHHCK MepeMecTHICA Ha =62 Mm?
3amaya 9. OmnpenenuTh pa3HOCTh [JaBJIEHUHM B ceueHHsIXx 1 u 2
TOPU30HTAIBLHOTO BOJIOTIPOBO/IA 1O PA3HOCTH BBICOT KUAKOCTH B TPyOKax

prytHOro nuddepennuanpaoro manomerpa h=150 mm.

OtBert: Ap=18,5 klIa.
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KoHTpoJibHBbIE BOIPOCHI

1. [lepeuncnuth CBOWCTBA, KOTOPHIMU 00JIAJIAET TUPOCTATUYECKOE AABJICHHE.

2. Kakue Bunbl gaBieHust Bel 3HaeTe, 1 KaKUMU IPUOOPAMU OHU U3MEPSIIOTCS?

3. KakoBO 4YHMCIEHHOE COOTHOILICHHE MEXAY E€OUHUILIAMHU JABJICHUS «IacKaliby) U
«TexHu4eckas arMmochepar?

4. Kakoe COCTOSHME )KUIKOCTU ONUCHIBAIOT YpaBHEHU Jujepa?

5. Kakoe cBOMCTBO THIPOCTATUYECKOTO IABJICHUS OTPAXKarOT YpaBHEHHS Dilsiepa?

6. [1o xakoli (hopmyJsie BEIUUCIIAIOT THIPOCTATUYECKOE JaBICHUE B TOUKE?

7. I'me pacnonokeHa IMbE30METPUYECKas MOBEPXHOCTh JUISI OTKPBITOIO cocyaa C
KHUJIKOCTHIO?

OTHOCHTE/IbHBI MNOKOM KuAKOCTH. [Lleabp mNpakTH4YecKOro 3aHATHA:
paccuuTarh CUJIYy JHAaBJICHUS JKUJIKOCTU MPU €€ OTHOCUTEIBHOM IIOKOE€; OIPEICIUTH
npo¢uib CBOOOTHOM MOBEPXHOCTHU KUAKOCTU B JBIKYIEMCS cocyae. [loBepXxHOCTh, BO
BCEX TOYKAX KOTOPOM  JaBJIEHUE  OJUHAKOBO, HA3bIBAETCA  MOBEPXHOCHILIO
VPOBHs VI NOBEPXHOCMbIO  pagHo20  Oasénenus. llpu  HEepaBHOMEPHOM  WJIHU
HENPSIMOJIMHETHOM JBH>KEHUM HA YACTHUILIBI XKUJIKOCTH KPOME CHUJIBI TSKECTH AEHCTBYIOT
€le W CWJIbl WHEPLMHU, MPUYEM €CJIM OHM IIOCTOSIHHBI 10 BPEMEHH, TO KUIKOCTb
NPUHUMAET HOBOE TOJIOKEHUE  paBHOBECHs. Takoe paBHOBECHE  KHAKOCTH
HA3bIBAETCA OMHOCUMENbHbIM nokoem. OTHOCUTEIbHBIM MTOKOEM >KUIKOCTH HA3bIBAETCA
TAK)K€ COCTOSIHUE, IPU KOTOPOM OHA HEIOJIBMYKHA OTHOCUTEJIBHO CTEHOK 3aKJIFOYAIOIIEr0
€€ W JBWKYILErocs C MOCTOSHHBIM YCKOPEHHEM cocyla. B ciiydyae OTHOCHUTEIBHOTO
MOKOST Ha YaCTHIIBI KUJAKOCTH Maccoi dM aefiCTBYIOT 1Be MAaCCOBBIE CHITBI: CHJIA TSXKECTH

" CHJIa MHCPUHUH IICPCHOCHOTO ABUKCHU.

[Ipy paBHOMEPHOM NPSMOJUHENHOM JABWXKEHUHU  COCyJda  CHJIBI HHEPUUU
MIEPEHOCHOTO JBW)KEHUSI OTCYTCTBYIOT, M YCIOBUS OTHOCHUTEIBLHOIO PpPaBHOBECHUSA
COBHAJAIOT C YCIOBUAMU PABHOBECUS KUJIKOCTU B HEMTOJABUKHOM COCY/IE.

[Ipu aBMMXKEHHM cOCyAa BAOJb HAKIOHHOW IJIOCKOCTHU (TIOJ YTIIOM K TOPU30HTY) C
MIOCTOSIHHBIM YCKOPEHHEM BEKTOp HANPSHKEHUS MACCOBBIX CHJI OJUHAKOB ISl BCEX TOYEK
KUAKOCTH. M300apudeckue MOBEPXHOCTH (MMOBEPXHOCTH YPOBHS) — TapaJlieibHBIC

IIJIOCKOCTH, HAKJIOHCHHLIC K TOPHU30HTAIW I104 YIJIOM O, I'IC tg (x=—a/g.
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B ciywae  paBHOMEpHOro BpalleHUs  LMJIMHIPUYECKOTO COCyJa  BOKPYT
BEPTUKAJILHON OCH C TIOCTOSIHHOM YTJIOBOM CKOpPOCTBIO M300apUyYeCKHe MOBEPXHOCTU —
napaloJION bl BpaIlleHUs, OCh KOTOPBIX COBIAJTAECT C BEPTUKAIBHON OChi0 OZ, a BEPIIHHBI
CMEIIeHBl BIOJb 3TOM ocu. PopMa H300apUUYECKUX TOBEPXHOCTEH  HE 3aBUCUT OT
TUIOTHOCTH KUJIKOCTH.

Ipumep 1. [ucrepHa ¢ HEPTHIO ABUKETCS IO TOPU3OHTAIBLHOMY MYTH CO
CKOpOCThIO paBHOM 60 kM/4. Pasmepsl muctepubl, M: d=3, 1=8, h=0,3. IlnotHOCTH HEDTH
p=850 kr/m>. B HEKOTOpPHII MOMEHT BPEMEHU O3]l HAUUHAET TOPMO3UTH U, TPOUIS MYyTh
mmHor L=100 M, ocTaHaBIMBaeTCA.

CunTast JABWKEHHE MPSIMOJUHEHHBIM pPaBHOMEPHO-3aMEJICHHBIM, OIPEACIUTh
cuny P maBnenws HedTH Ha mepeaHee AHUINE MUCTEPHBI MPU ABHKCHUU U B COCTOSHUU
IIOKOSI.

Pewenue. 1lpu paBHOMEPHO-3aMENJIEHHOM JIBUKEHUU YCKOPEHUE

2 32
a:—lgo ——(60 10 J L =—-1,39m/ .

2L | 3600 ) 2-100
YCKOpeHME LUCTEPHBl HANPABJIEHO BIEBO, a HANPSHKEHUE CUJIbl WHEPLHH
NEPEHOCHOTO JIBMKEHHUS — BIpaBo. Mcnonb3ysa dopmyny tge= -a/g, onpeneaum yroia ¢
HAKJIOHA CBOOOJIHON MOBEPXHOCTH KUAKOCTH K TOPU30HTY. Tak Kak IUCTEpHA JBUKETCS
TOPU30HTAJIBHO, TO:
tge =-a/g =1,39/ 9,8 = 0,142, cnenoBarensHo ¢=8,07°.
BrruuciauMm BbICOTY, HA KOTOPOU YCTAHOBUTCS Yy NEPEIHEN CTEHKU IIPOAOJIKEHUE

IIJIOCKOCTH CBOOOTHOM MOBEPXHOCTH JKHJIKOCTH:

Ah = 'Etggp = 20,142 = 0,568

Cuna naBicHUS )KHIKOCTH Ha TIEPEIHIOI0 CTEHKY ITUCTEPHBI:
P = p-g-hm-S , rne hm — rinyOuHa NOrpyKEeHUS IEHTPaA TSHKECTH CTEHKH T10]] YPOBEHb
CBOOOHOM MOBEPXHOCTH; S — IJIOIIA/Ib CTCHKH.
Tax xak hm = Ah+ h +d/2, To

2 2
P= pg(Ah the %}”‘% —850-9,8(0,568 + 0,3 +1,5)¥ — 140kH

B coctosiHuu mokost WM paBHOMEPHOTO MPSMOJIMHEHHOTO JBUKEHHsI CBOOOIHAs
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MNOBCPXHOCTL KHUAKOCTU TI'OPpHU30HTAJIbHA, W CHJIA, ,HefICTBYIOIHaH Ha TOpPHCBYIO CTCHKY,
2 2
paBHa: P= m(m%}’% :850-9,8(0,3+1,5)3’14 3 _106xH .

Ipumep 2. BeprukanbHbiil mumunHApUUeckuid cocya D=40 cm u BoicoToit H=100

CM HAaITOJIHCH OO ITOJIOBHMHBI BOI[Oﬁ.

Zo\\\
~

Onpenenutp, ¢ KAKUM NPEIeTbHBIM YHCIOM 000POTOB MOYHO BPAILIATh 3TOT COCY]L
OKOJIO €r0 TEOMETPUUECKON BEPTUKAIBHOM OCH, UYTOOBI U3 HETO HE BBIJIMBAJIACH BOJA.

Pewenue. U3 pucynka BuaHo, yro H=z ,+h. B cooTBeTcTBHU € 001MIME (hOpMyTaMu

0)2R2 a)ZRZ a)ZRZ
Z,=h — : h= . T H=z,+h=h,+
0 b 49 20 oraa 0 0 4q

C npyroii CTOpOHBI, HAYaJILHBIN YPOBEHB B pe3epByape h, Mo ycloBuiO paBeH H/2

H ZRZ 2 H . )
Y, CIIeNOBAaTeIbHO, H =—+ @ , OTKYJIa w= V29 N ¥2-98-1

=221c™
2 4g R 0,2

[IpenensHOE YMCIO0 0OOPOTOB B MUHYTY:

n=30% = 211 06/MuH.
T

3ajaum AJ151 CAMOCTOSITEJILHOTO PellleHUus
3apaya 1. Iloctpouts npodusib CBOOOJAHOM MOBEPXHOCTH >KUJIKOCTH B COCY]E,
JBHKYIIEMCS] TOPU3OHTAIILHO CIIEBA HAPABO:
1) C MOJIOKUTENLHBIM yCKOpPEeHUEM o=1,8 m/c’;
2) ¢ oTpHIIaTEeIbHBIM yCKOpeHueM o= -0,6 m/c’;
3) paBHOMEPHO.
JlnuHa cocynaa l=4m, HauanpHOe HanoaHeHue cocyaa H=1,2 m.

OtBet: u=10°22 ; 0,=3°30; a3 =0.
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3agaya 2. OTKPBITEIA BEPTUKAJIBHBIN TUIMHAPUYECKUM cocya paauycoM R= 0,5 m,
HaIlOJHEHHBIN 110 BbICOTHI H=1,5 M %UIKOCTHIO, IPUBEAEH B PABHOMEPHOE BpAIlaTEIbHOE
JBUKCHHE BOKPYT BEPTUKAJIBHOW OocH Z; CKOpOCTh BpamieHus cocyna n=100 o6/muH.
Bbruuciute riyouHy BOpoHKHM h m BeicoTy HI1, Ha KOTOpOH JKHIKOCTH OYAET CTOAThH Y
KpaeB coCy/la MPHU €ro BpallieHUH.

Otset: h=1,39 m; H=2,195 m.

3agaua 3. Cocyn, umernomuii ¢GopMy yCEUEeHHOrO0 KOHYCa, HAMOJHEH BOJOW 110
MOJIOBUHBI BBICOTHI U MMPUBOJIUTCS BO BpaIlleHUE BOKPYT CBOEH BEPTUKAJIBLHOM OCH.

Onpenenuts HauOOJBIIEE YHUCIO OOOPOTOB, MpPH KOTOPOM BojJa He Oyner
BBUIMBAThCS M3 cocyaa, eciu h=a=0,8 M u yron 0=45°.

OtseT: N Max=26,4 o6/muu=0,44 o0/c.

KoHTpoabHbIE BONPOCHI

1. Kakue cuibl I€MCTBYIOT HA )KUAKOCTh ITPU €€ OTHOCUTEIBHOM MOKOE?

2. KakoB 3aKOH paclpeleieHus JaBJICHUS B KUAKOCTA IO BEPTUKAIM IPU €€
OTHOCHUTEJIBHOM TIOKOE?

3. KakoBbl hopma n300apruecKoil MOBEPXHOCTH B JKUIAKOCTH U OMHUCHIBAIOIIME UX
YPaBHEHHUS IIPU BPAILLIEHUU COCYJA C MOCTOSHHOM YIJIOBOM CKOPOCTBIO U BEPTUKAIBHOU
OCBIO BpallleHUsA?

4. KakoBsl (hopMa n300apuyeCKOil TOBEPXHOCTH B KUJKOCTH U ONUCHIBAIOIINE UX

YpaBHEHHUS TIPU NPSIMOJIMHENHOM JBUKEHUH COCY/Ia C MOCTOSIHHBIM YCKOPEHUEM?

1.3. 3axon Ilackaas

IHeap NpPaKTHYECKOro 3aHATHA: [PUMEHEHHE OCHOBHOIO  yPaBHEHUS
TUAPOCTATUKU IIPU ONPEACIICHUN THIAPOCTATUYECKOr0 JaBICHU.

Paccmotpum pacnipocTpaHEHHBIN Cilydall paBHOBECHS KUIKOCTH, KOrJa Ha Hee
JNEUCTBYET TOJIBKO OJHA MaccoBas CWJIA - CUJa TSKECTH, M IIOJYy4YHM YpPAaBHEHME,
MO3BOJIAIOIIEE  HAXOAUTh  TUAPOCTATHUECKOE  JaBJ€HHE B JII0OOOM  TOuke
paccMaTpuBaeMoro 00beMa JKUAKOCTH. OTO ypaBHEHHE HAa3bIBAECTCA OCHOBHLIM
YypasHeHuem 2uopoCcmamuKy.
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ITyctp xuakocTh coxpepxkurca B cocyne (puc.4.l.)) m Ha ee cCcBOOOAHYIO
IOBEPXHOCTh JIeHCTBYeT naBieHue Po. Halinem rungpocratuueckoe nasieHue P B
MIPOU3BOJILHO B3SITOM TOUKE M, pacriojOKEeHHOU Ha TayouHe h.

Bbimenum  0Kkoo TOYKHM M 3IIEMEHTapHYI0 TOPH3OHTAIBHYIO IUIOIAAKY dS n

MIOCTPOHMM Ha HEH BEPTUKAILHBINA IIMIMHIPUISCKAN 00BEM JKUIKOCTH BBICOTOH h.

L

N
|

ta

R
i

1

-
T
\ !

e e e e i i b
PI/IC. 13 CXGMa JJIs1 BBIBOJId OCHOBHOI'O ypaBHeHI/IH FI/II[pOCTaTHKH

PaccMoTpuM yci0BHE paBHOBECHS YKAa3aHHOTO OOBbEMa >KMJKOCTH, BbIJECIEHHOIO
u3 oluiel Macchl XKMIKOCTH. JlaBieHue >KUIKOCTH Ha HUKHEE OCHOBAHME IMJIMHJpa
Ternepb OyAeT BHEIIHMM M HaIpaBieHO IO HOPMald BHYTPb O0bEMa, T.€. BBEPX.
3anuiieM cymMMmy CWJ, JEHCTBYIOLIMX Ha pacCMAaTpUBAEMbli OOBEM B MPOECKIMH Ha
BepTUKaIbHYIO och: PdS - Py dS - pghdS =0

[Tocnenuuii uieH ypaBHEHUS MPEJICTABISIET COOOM BEC )KUAKOCTH, 3aKJIFOUEHHBIN
B paccMaTpUBacMOM BEpTUKAIbHOM IWiauHApe oO0bemoMm hdS. Cuibl naBiieHHs 1O
OOKOBOI MOBEPXHOCTH LWJIMHIPA B YPABHEHHE HE BXOMST, T.K. OHU MEePIEHIUKYISIPHBI K
ATOM MOBEPXHOCTHM M HUX NPOEKIMH HA BEPTUKAIBbHYIO OCh paBHbI HYI0. COKpaTHB
BhIpakeHHe Ha dS U, meperpyniupoBaB YICHbI, HAlIeM

P=Po+pgh=Po+hY

[TonyueHHOe ypaBHEHHE Ha3bIBAIOT OCHOBHbIM ypagHeHuem cuopocmamuxu. 11o
HEMY MOJKHO MOCYUTaTh [aBJICHHE B JIO00N TOYKE MOKOSIIECHCS >KUIKOCTH. ITO
JaBJI€HUE, KaK BUAHO U3 YPAaBHEHMsI, CKJIAbIBACTCS U3 JBYX BENWYMH: JaBieHus Po Ha
BHEIIHEH MOBEPXHOCTH >KUJIKOCTH (TIOBEPXHOCTHBIM) U JABJICHHS, OOYCIOBIEHHOTO

BCCOM BBIIICIICKAIIIHUX CJIOCB X XUIKOCTH (BGCOBBIM I[aBJ'ICHI/ICM).
ZU



N3 0CHOBHOTO ypaBHEHUSI TMIPOCTATUKHU BUIHO, YTO KaKyl0 Obl TOUKY B 0ObeMe
BCEro COCYyJla MbI HE B3sUJIM, HA HEe Bceraa OyneT JeHCTBOBATh JaBJeHUE, MPUII0KEHHOE K
BHEIIHEW MOBEpXHOCTU Po. [pyrumu cnoBamu Oaénenue, npunodxcennoe K 6HeuiHell
NOBEPXHOCMU HCUOKOCMU, Nepeodaemcss 8ceM MOUYKAM IMOU HCUOKOCMU NO 8ceM

Hanpaesjierusim 00UHAKO0B0. DMO NONOIHCEHUE U3BECMHO NOO Ha3éaHuem 3aKoHa Ilackans.

IMpumep
B 3akpeiToM pesepByape ¢ HepThi0 p=880 KI/M?, BaKyyMMETp, YCTAHOBIICHHBIN Ha
ero Kpbllike, mokassiBaeT P6=1,18-10¢ Ila. OnpenenuTh Moka3zaHHe MaHOMeTpa P,
IPUCOECIMHEHHOTO K pe3epByapy Ha riiyOmHe H=6 M OT MOBEPXHOCTU KUAKOCTH U
IIOJIO’KEHUE bE30METPUUECKOM TIOCKOCTH.

Pewenue. 1lpoBenem IIOCKOCTh Ha YpOBHE IPUCOCIWHEHHMS MaHoMeTpa. B aron
IJIOCKOCTH ~ a0COJIIOTHOE  JIaBJIECHWE B COOTBETCTBUM C OCHOBHBIM  ypaBHEHUEM
TUAPOCTATUKH PABHO:

P1-1=P0+ pgH,
rae PO — aGconroTHOE TaBJIeHHE HA MIOBEPXHOCTH, paBHOE Pa — Ps .
Torna Pl-1= Pa— Ps + pgH.
C apyroii CTOpOHBI, TaK KaK MaHOMETpP M3MepseT M30bITOUHOE naBieHue (Pu =
Pu), 0 Pl-1= Pa— Pm.
[TpupaBHsB nBa Beipaxkenus anst Pl-1, Haitnem Pu:
Pu=-Ps + pgH =-1,18 - 10* +880-9,8:6=3,99 - 10* Ila.
Tak kak Ha TOBEPXHOCTH >KHUIKOCTH JABJICHHWE MEHbIIE aTMOCHEpPHOro, TO
MIbE30METPUYECKAS BBICOTA OTPULIATENIBHA

4
—Ap_ Ps 118100 5
9 rg  880-98
U MbhE30METPUUECKas TJIOCKOCTh PACIOJIOKEHA HUKE MOBEPXHOCTH >KUJIKOCTH Ha
paccrosiuuu 1,37 M.

Banaqn JIA CAMOCTOATEC/ILHOIO PCIICHUSA

3agaual.
B nBa munamHApUYECKUX COOOIIAIONIMXCS COCYJla HAJIMBAKOT PTyTh. Ilnomanb
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CeueHHs OJHOTO M3 COCYIOB BJIBOE OONbBIIE IUIOIIAAM CEYEHHs JPYroro.
IlepBOHAYATEHEIA yPOBEHb PTYyTH HAXOAUTCA HA paccTosHMU L oT BepxHero kpas
cocynos. ITnotrocts prytn — 13600kr/M3; Bogsl — 1000kr/M®. Ha kakyro BeicOTy A
MOJHUMETCA YpPOBEHb PTYTH, €CIM B JAPYroil cocyn g0 kpaes HamuTh? Kak

M3MEHUTHCS ITOT YPOBEHb, €CIIM HAIUBATh BOJY B OOJBIINI WJIM MEHBIIUN COCYT?

[~—N
SN
SN I

N L

3anauva 2.

OTrpagyupyiTe THIPaBIMYECKAN aKCEIePOMETp, PeACTaBISIoNmA coboir U —
oOpasHy0 TpyOKy, YacTHYHO 3allOJHCHHYIO JKHUIAKOCTBIO. Eciaum  ycTponcTBO
nepeMeniaTh B TOPU30OHTAILHOW TUIOCKOCTH C YCKOPEHHEM d , YPOBHH B KOJIEHAX
TpyOKH CMEIIAOTCS MO0 BEpTUKaaM Ha BeauunHy Ah. OnpeneiauTbh COOTHOIICHHE
MEXIy Pa3HOCTBIO ypOBHeH B TpyOkax Ah, pacmnosioxeHHBIX Ha paccTosHud | u

YCKOPEHUEM d.

OtBer: Ah=—"1

a
g

3agaual.
OrnpenenuTh, Ha KaKOW yroa IMOBEPHETCS KOJBIEBOM MaHOMETP, HWMEIOLIUN
auametrp TpyOku d=20MM u cpeaHuii aumamerp Kojblla D=200MM, eciau naBjeHHe
rasa, noJBogumMoro Kk BetBam, p1=90 klla u p,=80xIIla, macca rpy3a m=0,535kr (Bec
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G=5,25 H) u ero mie4o oTHOCUTEIBLHO OCH BpaleHus a=120MmM.

OTtBet: a=30°

[udkue mpyoky
N
P .
\

3apaua 4. OnpenenuTs BEJIMYMHY ITOBEPXHOCTHOTO JaBieHUs Po B 3akpbITOM
COCYJ€, €CJIM TOPU30HT BOJIBI B OTKPBITOM IbE30METPE, MPUKIIOYEHHOM K COCYAY,
BO3BBIIIAETCS HaJ TOPU30HTOM BOJBI B cocyae Ha 300 cM.

Ortset: Py=1,3 x['/cm?.

3agaua 5. Onpexnenuth 3ariy0neHue h TOUKM Mo ypOBHEM BOBI B BOJOEME,
€CIIM M30BITOYHOE MHAPOCTATUYECKOE JIABJIEHUE B 3TOM ToUKe paBHO 1 K[/cm?,

Oteet: h=1000cMm.

3anaua 6. M30b1TOuHOE NaBieHne B HePTIHOM Tutacte coctasisier 4,9 Mlla.

MOXHO 71U TperoTBpPaTUTh BBIOPOC HEPTH U3 CKBAXKUHBI, 3aI0JIHUB €€
TJIMHUCTBIM PaCcTBOPOM IIOTHOCTHIO paBHOH 1200 kr/m3. I'my6una ckaxunbl H=460
M.

OTtBet: MoxHO (000CHOBATB).
KoHTpoJibHBIE BONIPOCHI

1. OcHOBHOE ypaBHEHUE TUAPOCTATHKH.

2. U3 dero ckimagpIBaeTcsl MOaBJIIEHHE B JFO00W TOUKe OOBEMa MMOKOSIIEHCS
JKUIKOCTH?

3. B uem cocrtout 3akoH Ilackansa?

4. Yo Takoe BeCOBOE JaBacHHUE?
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5. UTo Takoe MOBEPXHOCTHOE JaBJICHUE?
6. CoBIamalOT U TOHATHS BECOBOTO W H30OBITOYHOTO JABJICHHS B Clydae:

OTKPBITOTO COCY/A, 3aKPBITOTO cocyaa?
1.4. 3akon ApxuMe[a U ero NpuJio:KeHue

Leab NpakTH4YeCKOro 3aHAATUSI: HAWTU TIIYOMHY TOTPYXKEHHOTO B YKHJIKOCTH

TCJa, OIIPCACIUTD MCTALICHTPHUYCCKYIO BBICOTY.

Teno, morpyxeHHoe (IOJHOCThIO WM YAaCTHUYHO) B JKMAKOCTb, UCIBITHIBAET CO
CTOPOHBI >KHJIKOCTH CyMMapHO€ JIaBJICHUE, HAMPABICHHOE CHU3Y BBEPX U PaBHOE BeCy

KHUJIKOCTU B 00BEME NMOTPYKEHHON YacTh Teha.  Pgum = PoucQViozp .

I[JBI OIHOPOAHOIo  TCJIa, IJ1aBaromicro Ha  IIOBCPXHOCTH CIIpaBCaAJINBO

COOTHOIIIEHUE
Voow _ P
s [

rae: V -o0beM maBaroIiero Teja;

Pm - IJIOTHOCTH TeJa.

CrocoOHOCTh TIIABAIOIIETO Teja, BBIBEICHHOTO U3 COCTOSIHHS pPaBHOBECHHS,
BHOBb BO3BpAlllaThCid B 3TO COCTOSTHUE HA3BIBACTCS OCmouuugocmvio. Bec KUIKOCTH,
B3ATOM B O0OBbEME MOTPYKEHHOW YacTHU CyJHA HA3bIBAIOT 6000U3MeWjeHUeM, a TOUKY
MPUJIOKEHUSI PABHOJICUCTBYIOUIEH J1aBieHusi (T.e. LEHTP [aBJICHUS) - YEeHmMpPOM
sooouzmeujerus. llpu HOPMAJIBHOM TIOJIOKEHUM CyJIHA IEHTp TsoKkecTh C U LEHTP
BoZou3MeIeHus d JeKaT Ha OXHOM BepTHKaIbHOM npsamoii O'-0", mpeacraBisiomeii och
CUMMETPHH CY/HA U Ha3bIBaEMOM OChIO MIaBaHus (puc.5.1).

[lycTh o BIMSIHUEM BHEIIHUX CHJI CYJTHO HAKJIOHUJIOCh Ha HEKOTOPBIN Yo o,
gacTh cyaHa KLM Beimuia u3 xxuakocty, a gacte K'L'M', Ha060poT, morpy3miocs B Hee.
[Mpu >TOM TONYYHMIM HOBOE MOJOXEHHM IieHTpa BojousmenicHus d'. Tlpunoxum K

touke d' mogbeMHYI0 crity R U TMHUIO ee AeCTBUS MPOAOIDKUM JI0 TIEPECEUEHUs C OChIO
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cummeTpun O'-0O". [Tonyuennas TOYKa M HA3BIBACTCS MemayeHmpoM, a
orpe3ok mMC=h Ha3bIBACTCS MemayeHmpuyecKou 8bICOMOL. bynem
CUHTATh N IMOJIOKHUTETBHBIM, €CIIH TOYKA M JICXKHUT BbIlIe ToUku C, M OTPHUIIATCIHHBIM - B

IMPOTUBHOM CJIy4ac.

Puc. 1.4. Tlonepeunslii npoduiis cyaHa
Teneps pacCMOTPHUM YCIIOBUSL PABHOBECHUS CY/IHA:

1) ecmh> 0, To cymHO BO3Bpam@aeTcs B IEPBOHAYAIBHOE TIOJOKCHUC,
2) eciu h = 0, TO 3TO ciyvai 0e3pa3IMIHOTO PaBHOBECHS;
3) ecim h<0, To 3TO Cilyyaii HEOCTOWYMBOTO PABHOBECHUS, IPU KOTOPOM MPOJIOIHKACTCS
JalbHEenIIee OMPOKUIbIBAHUE Cy THA.
CrnenoBaTenbHO, 4Y€M HHXKE PACIOJIOKEH LIEHTP TSDKECTH U, 4YeM OoJiblie
MeTaIlleHTPUYECKasi BLICOTA, TEM OOJIbIe Oy/1eT OCTOMYUBOCTh CY/IHA.
IMpumep
Onpenenuts TIyOMHY MOTPYKEHUS U OCTOWYHBOCTH K€JI€300€TOHHOTO MOHTOHA,
umMerolero ¢popmy napasienenunena Beicotoi h=1,8 M, mmpunoit b=2,5 m, mmHou |1=6
M. TommuHa cTeHOK O MmoHTOoHa paBHa 0,1 M.
Pewenue. Bec nontona G= p5-g-V=p6-g[2lbs + 2b(h—25)5 + 2(1 — 25 h —25)5],
rae pb = 2500 xr/ m® - muotHOCTH OeToHA; V — 00BEM KeJIe300€TOHHBIX CTEHOK
MIOHTOHA.

HOI[CTaBI/IB YHUCJICHHBIC 3HAYCHU A, IIOJTYYHM.

G =2500-9,812-6-2,5-01+2-2,5(1,8-2-01)01+2(6-2-0,1)1,8-2-0,1)0,1] =
=138713,4H ~139«H

Cuny BeITeCHEHHS (MMOABEMHYIO CHITY) HAXOAUM 10 hopmyie:
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Peoim = p-Q-Vnoep = p-g-bl'hl , rme hl — rnyObuna morpykeHust moHTOHa (3HAK
MHHYC OTCYTCTBYET, IIOCKOJIbKY OCh Z HallpaBjieHa BBEPX).
Cua BeITECHEHHUS MPH IUTaBaHUHM IIOHTOHA B BOJIE paBHa €ro Becy, T.e. G= PBHIT,
nostomy G= p-g-b-l-h , oTkyna

G = 139:10°
pgbl - 1000-9,81-2,5-6

0,95 M

Llentp naBaeHus (BOJOU3MEIICHHMS) HAXOIUTCS Hal JHOM IIOHTOHA HA PACCTOSIHUU
he=hl/2=0,95:2=0,475 m.

OnpenenuM METalEHTPUUYECKYIO BBICOTY IO (popMyIIe:

bI® 2
h, =i_a=_4_(h_hgj=l__(n_hgj=
Y blh, (2 2h, |2

2
__6 _(@—0,475 ~ 18,5
2.005 | 2

[Mockonbky hM=18,5>0, 3HaUNUT IOHTOH OCTOWYHB.
3amavu 1JI CaMOCTOSITEILHOTO pelleHust
3amaua 1. [TnockomoHHas Metaumueckas 6apska JiiuHoi 36 M mupuHoi 10
M ¢ Ipy30M miecka umena ocaaky 1 M. [locne BeIrpy3kH mecka ocajaka Oapxu
cTaja paBHOH 25 cM.
OnpenenuTh Maccy BBITPYKEHHOTO INECKa, eCIM 00beMHBIH Bec ero paseH 2-10°

TUH/CMS,

OtBer: 56,5-10% kT.

3agaua 2. OnpenenuTh TIyOMHY MOTPYXEHUS B BOJY JEPEBSIHHOTO MpU3Ma-
THYECKOro 6pyca, Iomaas ocHoBaHus kotoporo pasHa 400 x 1000 mm? u BeicoTa 300

MM, €CJIM TUIOTHOCTB JiepeBa 716 Kr/Mm°.

Otgert: 214 mm.
3apaua 3. [11OTHOCTB )KUAKOCTH OIPENEIISIOT MIOIPYKEHUEM B HEe NoIuIaBka. Bec
norutaBka B Bo3ayxe 721 H. Bec nomnaBka, morpy>k€HHOro B UCIIBITYEMYIO

KUJKOCTh, 537,9 H, Bec nmomnaBka, morpy>keHHOro B Boay, 561,7 H.

OHpCI[CJ'II/ITB IIJIOTHOCTD I/ICHBITyeMOI;'I KHUOAKOCTH.
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Otsert: 870 kr/m>,
3agauya 4. Kakoil 00beM O€H3MHA MOXKHO 3aJIUTh B JKEJIE3HOAOPOKHYIO LIUCTEPHY
BHYTpeHHUM 00beMoM 50 M m Maccoii 23 T, 4ToObl OHA €lIe COXPaHsIIA IUIaBYYeCTh B
npecHoi Boae? byaeT nu npu rmiaBaHUM LUCTEPHA yCTONYMUBA?
KoHnTposibHbIE BOPOCHI
1. Chopmynupyiite 3aKk0oH Apxumesa.
2. Ecnu Teno ToHeT, To KyJa Oy/ieT HanpasiieHa ApxuMmenoBa cuiia?
3. UT0 Takoe OCTOMYMBOCTH IUIABAIOLIETO TENa?

4. Kakoii 3aKkoH T'nAPOCTATUKH JICKHUT B OCHOBC pa6OTI>I THAPOCTATHICCKUX MaIuH?

1.5. Cuaa craTu4eckoro AABJCHHUS )KUAKOCTH HA IVIOCKYIO CTECHKY

HeJI]) NMPAKTHYICCKOIo 3aHATHUA: OIIPCACINUTD paBHOHCﬁCTBYIOHIYIO CHJI JaBJICHUA

Ha IINTOCKYIO HAKIIOHHYIO CTCHKY, HaWUTU LOCHTP AABJICHUA KUIAKOCTHU Ha CTCHKY.

Ecnu Ha mII0CKy10 CTEHKY, HAKJIOHEHHYIO T10J] HEKOTOPBIM YIJIOM K FOPU30HTY, C
OJIHOM CTOPOHBI IEUCTBYET KHUAKOCTh, a C IPYTroi - arMochepHOe JIaBJICHHUE, TO CKaJsipHas
BEJIMYMHA PABHOACHCTBYIOIIEH CHJI JABJICHWSA, BOCIPUHUMAaeMas CTEHKOH, paBHA
MPOU3BEICHUIO BEJIMYMHBI CMOYEHHOM TUIOMIAJN CTEHKH HA THMAPOCTATUUYECKOE JIABJICHUE
€€ LIEHTPE TSIKECTH:
P=P1-S
rae Pt — abcomoTHOE JaBlICHHE B IICHTPE TSHKECTH CMOYCHHOM YacTH CTEHKH; S —
ILUIOIAAb CMOYEHHON YaCTHU CTCHKH.
Touka mepeceyeHus JUHUNA JEUCTBUA CWIbl P C IMJIOCKOCTBIO CTEHKM HA3bIBAETCS
yuenmpom oasnenus. IlooxeHne 1eHTpa JaBJICHUS OTHOCHTEIIBHO IMhE30METpHYeC—

KOM MJIOCKOCTH OIIPpCACIIACTCS BBIPAKCHHUCM!

rac ID )41 |-|- - COOTBETCTBCHHO PACCTOAHUA 10 LHCHTPA AABJIICHUA W LCHTPA TAXKCECTH,

OTCUHUTBIBACMBIC  BAOJIb INNIOCKOCTH CTCHKHM OT JIMHMM TIICPECCUCHUSA  €C C

HBC3OMCTpH‘-I€CKOI>i IIITIOCKOCTBIO, J — momeHt HHCPpIHH IIIOIIAAN CMOYEHHOM YacTu
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CTEHKU OTHOCUTEIBHO TOPU30HTAIILHOW OCH, TPOXOASAIIEN YEPE3 €€ LEHTP TKECTH.
PaccrosiHne Mexay HEHTPOM JaBJICHUS U LIEHTPOM TSKECTH paBHO: Al =1, —1. .

B ciyuae, korga cTeHKa pacnoJiokeHa FOPU30HTaIbHO, T.€. IPEICTaBIAET cOO0M He
OOKOBYIO CTEHKY, a TOPHU30HTAJIbHOE JHO COCYJa, BEIUYMHA CYMMapHOTrO JIaBJICHHUS
ompenensieTcs no teM ke dopmyinam u cocrasiser: P=y-H-S. CnenpoBarenbHo, naBieHue
Ha JHO HE 3aBHCUT OT GOPMBI U 00bEMA COCY/Ia, @ 3aBUCUT TOJBKO OT BEJIMYUHBI IJIOMIAAN
JTHA U TITyOUHBI KUJKOCTU. DTO CBOMCTBO KUJAKOCTH HOCUT Ha3BAHUE 2UOPOCMAMUYECKUL
napaooxc.

Ipumep
OTKpBITHIN BEPTUKAJIBHBIN PE3epBYyap KBAJIPaTHOTO CEUYECHHSI CO CTOPOHON a=10m
HaIoJHEH BOJIOM 10 BbIcOTHI H=2M. Omnpenenutb MoJIHOE JaBJieHHE BOALI HA OOKOBYIO
creuky Pl wm Ha pHO pesepByapa P2, a Takke HaWTH TOYKY NPUIOKECHUS
PaBHOJICVCTBYIOILIEH CHUJIBI ABJICHUS HA CTCHKY.

Pewenue. Tlonnoe nasnenue Bonbl P1 Ha OOKOBYIO CTEHKY pe3epByapa HaXOIAUTCS
no dopmyne P=P1S, rae Pr=yht (ht —rayOwHa mnOrpyXeHHs IEHTpa TIKECTH
CMOYECHHOW YacTH CTEHKH), S—IUIOmaab CTeHKH. B paccMarpuBaeMoM ciaydae S =
a-H=10-2=20 m?, htr = H/2=1 m. [Tostomy P=1000-1-20=20 T.

[Tonnoe naBnenue P2 Ha nHo onpexensercs mo Toit ke popmyne. Tak kak ansa qHa
S=a?=100 m?, a ht =H=2 ™, To P=1000-2-100=200 T.
Touka TPUIOKEHUSI PABHOJECUCTBYIONICH CHUJIbI JAaBJICHHUS Ha OOKOBYIO CTEHKY
(IeHTp JaBJIeHMs) BBUY CHMMETPUYHOCTH CTEHKU OYJIET JIeKAaTh Ha BEPTHUKAJIBLHOW OCH,
POXOSILEH Yepe3 LEHTP TAKECTHU CTEHKH.
['myOuHa mOTpYy)XeHHS IIEHTpa  JaBJICHUS TOJ CBOOOJHOW TOBEPXHOCTHIO
BbIOMpaeTcs u3 Tadbymipl ho=2/3 H=2/3 -2 =1,33 m.

33[[2[‘{1/[ AJId CAMOCTOATC/JIBHOTIO PCHICHUA

3agaya 1. BepTukanbHBIM I[IUT, COCTOSIIUM M3 TMATH JOCOK OJWHAKOBOM
mupuHbl a = 20 cM, caepKUBaeT cToy0 BoIbI BeiIcOTOM H = 1 M.

OnpenenuTts CUIy JaBJCHUS BOJbI HA IIMT M HA KaXIyl JOCKY IIUTa B
OTIIENBLHOCTH.

Otet: P =7848 H; P1 =314 H; P, =942 H; P; = 1574 H; P, = 2210 H; Ps =2808
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3agaya 2. OmnpenenuTs CWIy JaBI€HUS BOJAbI HAa IUWT, IEPEKPBIBAIOIINN
TPEYTOJIbHBINA BOJAOCIUB, €CJIU YPOBEHB BOAbI [H{=1,2 M, a yroa npu BepiuHe paBeH 90°.

OtBet: 5 650 H.

3amauya 3. BepTukanbHblid IUT A, NEPEKPHIBAIOIINN BOJOCIUB INIOTHHBI, MOXKET
cBOOO/IHO IBUraThCs B Ma3ax b BBEPX U BHU3 U B Cllydae HEOOXOUMOCTHU CIIyCKa BOJbI
MOJHUMATHCS TIPU MoMoIK KaHaToB. Pa3zmeps! muta 2600 x 2000 x 200 mm. [1m10THOCTH
MaTepuana muTa p = 1200 kr/m.

Onpenenuts ycuiime, KOTopoe He0OXOAMMO MPUIIOKUTD JUIsl IOAHITHS IUTA, €CIU
KO3((ULIMEHT TPEHHS MEXKTY IIMTOM H MMOBEPXHOCTHIO Ma30B paBeH 0,3.

OtseT: 22 160 H.

3agaua 4. [llutok ¢ pa3mepamu a X b MoxxeT Bpamatbcsi Ha TOPH30HTAIBHOM OCH,
IIEPIICHIUKYJISIPHON K BEPTUKAIBHOMN TIIOCKOCTH.

HeoOxonumo ompenenuth Bec rpy3a G Ha KoHie peiyara qmHou | = 60 cwm,
KECTKO TMPUKPEIUVIEHHOTO K LIUTKY, YTOOBbI IIWTOK aBTOMATHMYECKH OTKPBIBAJICSA IpPU
YpPOBHE BOABI B pe3epByape H = 1,4 m.

Pasmepsl mutka: a = 300 mm, b =400 mm.

OtBeT: 382 H.

3agaua 5. Haiitu ycwime P, JIelcTByoIee Ha TMOANOPHYIO BEPTUKAIBHYIO
CTEHKY, U MOMEHT M, ONpPOKHIBIBAIOIINIA CTEHKY, €CJIM JJINHA CTEHKH 3 M, YPOBEHb
BOJIbI Iepea cTeHkou 11 = 2,3 M, ypoBeHb BOAbI 3a cTeHkoil Hy = 0,4 M.

OtBer: P=75488 H, M =178 095 H-m.

3agaya 6. BepTukaibHbli JEpPEBSHHBIM I[IAT IEPErOPAKUBACT  KaHAI
TparnenenIanbHOro ceueHus . [ myOnHa Bojabl B kanaine H = 1,4 m, mupuHa o aay, b=1,6

M, IIIUPUHA TT0 CBOOOTHOM MOBEPXHOCTH KUAKOCTH B=3,5 M.

OHpC,IIGJII/ITB IMOJHYIO CHUJIYy OAaBJCHHA KHUIAKOCTH HAa IIUT WM TOYKY IIPHUIOKCHHA

MOJHOM CHUJIBI JaBJICHUA.
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Otset: P=21 460 H; hx=0,867 m.
KoHTpoJbHBbIE BOIPOCHI
1. Kak onpenensercss paBHOJICMCTBYIOIIAsA CHJI JABJICHUSI HA TBEPAYIO ITOBEPXHOCTH
M YTO MOHUMAETCS 10JI CHMBOJIOM PT1?
2. MoXkeT 11 paBHOJCHWCTBYIOIIAs CHJI JIABJICHUS IEMCTBOBATH C BHEUIHEW CTOPOHBI
TBEPAON MOBEPXHOCTH, I'JI€ )KUIAKOCTH HET?
3. YTto Takoe UEHTp JaBJICHUS?
4. MoXeT nu UEHTP JaBJIEHUS PACHOJAraThCA BBIIIE HEHTPA TSHKECTH CMOYEHHOU
YaCTH IJIOCKOW MOBEPXHOCTU?
5. YUto HaA3BIBACTCS «TEIOM JABJICHUS)?

6. B yem 3akmrouaercs packpbITHE THAPOCTATUYECKOTO Mapagokca?

1.6. I[aBJIeHI/Ie AKUAKOCTH HA KpHBOJII/IHei/‘IHLIe IMMOBEPXHOCTH

Heab NMpakTUYeCKOro 3aHATHS: HAWTH BEJIWYWHY CWJIBI JIABJICHUS HA CTEHKU

TpyO U pe3epByapoB.

[1ycTh KMIKOCTH 3alOJIHAET pe3epByap, MpaBasi CTEHKa KOTOPOro MPEeACTAaBISET
coboit UUJTMHIPUYECKYIO KPUBOJIMHENHYIO noBepxHocth ABC (puc.1.4.),
MPOCTHPAIONIYIOCS] B HANpPaBJICHUU 4HWTaTe)s Ha mmpuHy D. BoccTtaHoBuM n3 To4Yku A
nepneHAuKysap AO Kk cBOOOJHON MOBEPXHOCTH KUAKOCTU. OOBEM KHIKOCTH B OTCEKE
AOCB HaxonuTcsl B paBHOBECUU. JTO 3HAUUT, YTO CUJIbI, ICHCTBYIOIINE HA TOBEPXHOCTU

BBIACIICHHOI'O o0BeMa V, H CHJIBI BECAa B3AMMHO YPAaBHOBCIINBAKOTCA.

[IpencraBuMm, 4TO BBIJIENIEHHBIH 00BeM V mpeacTaBisieT coOOM TBEpAOE TEJO

TOTO K€ YIEIbHOTO BeCa, YTO U KUJKOCTh (3TOT 00beM Ha puc.7.1. 3alITpUXOBaH).
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Puc. 1.5. Cxema Kk onpeqieieHHI0 PaBHOJAEHCTBYIOMIEH THAPOCTATUYECKOTO

AaBJICHUSA Ha HUJIMHAPHUYICCKYIO ITOBECPXHOCTD

JleBasi MOBEpXHOCTh 3TOro oObeMa (Ha uepTeke BepTUKanbHas cTeHka AQO)
AMEeT  INIomAnb SX = bH,  sBusgromyrocss — mpoeKnHMeld  KpUBOJIMHEHHOM
noBepxHOoCcTH ABC Ha miockocte YOz, Cuna THUAPOCTATHYECKOTO JaBJICHHUS Ha
wiomanb Sy paBua Fy= vy S;he. C mpaBoii cropoHsl Ha oOTcek OyIeT ACHCTBOBATH
peaknus R MUIUHAPUYECKONW MOBEPXHOCTU. [IyCTh TOUKa MPHUIIOKEHHSI M HAIPABJICHHE

ATOM peakiuu OyayT TaKOBbI, Kak MoKa3aHo Ha puc.7.1.

Peakuuio R paznoxkum Ha 1Be coctaBisomue Ry u R, W3 neiicTByromux
MOBEPXHOCTHBIX CHJI OCTAJIOCh YU4€CTh TOJBKO JIaBJICHHE HAa CBOOOMHON MOBEPXHOCTH Py.
Ecnu pezepByap OTKpBIT, TO €CTECTBEHHO, UTO JaBjieHHE Py OJJMHAKOBO CO BCEX CTOPOH U
IMOATOMY B3aMMHO ypaBHOBemmBaercs. Ha orcek ABCO Oyner nelcTBOBaThH CHIla
cooctBeHHoro Beca G = YV, HampaBieHHas BHM3. CrpoernupyeM Bce CUJbl Ha och OX:

FX = RX = O OTKyI[a FX = Rx = '}’thc_ .

Tenepp cnpoerupyem Bce cuiibl Ha och Oz: Ry- G= 0 otkyma Ry = G = yV.
CocraBnsiomas CHJIbl THAPOCTATHYECKOTO AaBieHus 1mo ocu Oy oOpamaeTcss B HyJlb,

3Hayut Ry = Fy = 0.

Takum 006pa3om, peakiys HUJIMHIPUYECKOM MOBEPXHOCTH B O0ILIEM ClTy4yae paBHA

R= [R,+R +R]
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a TOCKOJIbKY peaklMsl [WIMHIPUYECKON MOBEPXHOCTH paBHA PaBHOAECUCTBYIOLIEH

2 2 2
TUAPOCTATHUECKOrO JaBiieHuss R=F, To genaem BBIBOJ, YTO F= B +8 +5

Ipumep
CexTopHbIil UT paguyca R u mmpuHoi B neperopaxxuBaeT KaHall ¢ dKUJIKOCTBIO.

OnpenenuTs CUTY JaBJICHUS KUIAKOCTH M HAMPABJICHUE €€ JCHCTBUS.

Pewenue. 1. BepTukanbHas COCTaBIISIONIAas CHUIBI JaBicHus Pz = pgVrta, rie
V1n=n R?B/ 4 (mbe3omMeTpudeckas IOBEPXHOCTh B ATOM 3ajiaue COBIIaIaeT CO CBOOOHOM
MOBEPXHOCTHIO JKUJIKOCTH B KaHaJe, TaK Kak Ha HeW aBjieHue atMochepHoe).

Cuna Pz mpunokeHa B LIEHTpE TSHKECTH OoObeMa Tejla JaBJICHHMS W HallpaBlICHA
BBEpX, TaK Kak Jr00as dJeMEHTapHas CHjia JaBicHHs Xuakoctu 0P B mo0oi Touke muTa

A4cCT IIPU Pa3JI0OKCHUN BCPTUKAIIBHYIO COCTABJIAIOIIYIO, HAITPABICHHYIO BBCPX.

2. lopu3oHTaNIbHASL COCTABIISIONIAS CHJIBI aBiieHUsT Pr=(p;-p.) SB = pg g RB

HarpaBJIcHa clieBa Harpaso (Bce dPT HampaBiIeHbI OT KUAKOCTH K CTEHKE).

3. PesynpTupyromas cuia JaBieHUus KUIAKOCTH:

P=/P? + P? = pgB- RZJ%T% ~0,93p9B - R
Hampasnena mo paanycy K OCH IIUTA; YToJI €€ HaKJIOHA K TOPU3OHTY OIpPEAeIIsIeTCS
W3 BBIPAKECHUS: COSa = % =1/(2-0,93)=0,538. CnenoBatenbHo, o =57°27
3agaum IS CAMOCTOSAITEILHOTO PelleHust

3agaua 1. Cdepuyeckuii pesepByap sl CKIKEHHOTO Ta3a IIOTHOCThI0 p=700

kr/M® umeet paguyc R=10m. M36b1T0ounoe nasienue p,=0,3 Mlla.

[ 4% A A
()
X¢ VX% 5
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Paccuurtath TFOPU30OHTAJIBHYIO W BCPTHUKAJIBbHYIO COCTABJIAIOIINC CHIIBI JABJICHHA
KUIKOCTH Ha IIosACa An B, HMCIOINC BBICOTY h=Im u PaCIIOJIOKCHHBIC CHMMCTPHUYIHO

TOPU30HTAJIBHOM OCH Ha PACCTOSIHUU a=3M.

3agaua 2. KenesnonopokHasi LUCTEpHA JBUKETCS PABHOYCKOPEHO C

yckopenueM a=2m/c?. Paguyc nucrepasl R=2.5m, mmna L=10M.

IS

0O

OnpenennuTs cuily AaBleHUs HePTH ¢ IIOTHOCTBIO p=850 kr/M® Ha JeBoe M IpaBoe
JHUIIE IUCTEPHBI, YTOJ YKJIOHA CBOOOJHOW moBepxHOCTH. llucTepHa 3amojiHeHa Ha

BbIcOTY H=1,7M, n30bITOUHOE JJaBlIeHHE B HEW PaBHO HYJIIO.

Otser: a=11,5% Pue;=146,9xH, Ppp0s=32,1xH.
Bagaua 3. [{wimHapudeckuii cocyn 3amojiHeH BOoM Ha BbicoTy h=0,60 M.
Huamerp cocyma D=40 cm, nmamerp ropimoBunsl 0=10 cMm. Ha cBoOOaHYIO
MMOBEPXHOCTh XKUJKOCTH IPU MOMOIIY MOPIIHS npuiioxkeHa cuia P=50 H.

Onpenenuts cuity P1 J1aBieHus BOABI HA JHO COCY/a.
Otser: 1540 H.

3amaua 4. Onpenenutb CHIy JaBICHUS KUJKOCTH HAa KPHUBOJHHEHHYIO
noBepxHocth AB, mnpencraBisionryro cob0OM YacTh KPYroBOM  IIMJIMHIPUYECKOM
MOBEPXHOCTH, ecii  H=6M, a=60°, mupuHa nmoBepxHoctu b=10m.

3amaua 5. OnpeaenuTs BEIMUUHY CYMMapHOTO JABJICHHS Ha CEKTOPHBIN 3aTBOD, Y

KoToporo paauyc r=H=2 M, qiuHa 3atBopa L=15 m.
KoHTpoJibHBIE BONIPOCHI

1. B yem cxoactBo u pasznuuue QopMyn i ONpelesieHUusT TOPU30HTAIbHOU
COCTaBIIIONIEH CHUJIbI JABJICHUS KUIKOCTU HAa KPUBOJUHEHHYIO MOBEPXHOCTb M CHUJIBI

JaBJICHUS Ha IIJIOCKYIO HOBerHOCTB?
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2. OT KaKux reoMeTpUYECKUX MMApaMETPOB COCYAa 3aBUCUT AABJIECHUE KUJKOCTH HA
ero JaHo?

3. Kak pgeiicTByeT (CHHM3y BBEpPX WJIM CBEPXY BHM3) BEpPTUKAJbHAsl COCTaBIISIOIIAS
JABJICHHUS, €CJIM TEJIO JABJICHUS MOJHOCTHIO WM YACTUYHO 3aNI0JIHEHO KHUJIKOCTBIO?

4. Kak pneiictByeT (CHHM3y BBEpPX WJIM CBEPXY BHM3) BEPTHUKAJIbHAS COCTABISIONIAS
JABJICHHMS, €CJIH TEJIO JABJICHUS ITyCTOE.

5. Uem BbIpakaeTcsl cuja CyMMapHOTO AAaBJIEHHUS JKUIKOCTH HA HUIMHIPUYECKYIO

ITOBEPXHOCTH?
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Inasa 2 THAPOJMHAMMKA

2.1. YpaBHenue bepHyJuiu 115 peajibHbIX KUAKOCTEH

I.[e.m; NMPAKTHYICCKOT0 3aHATHUA: IIPUMCHCHUC YPABHCHUA COXPAHCHHA SHCPIUH
IIpu pCHICHUU 3aad4d, BbIYHUCICHHC THIAPABINYCCKOIO paanyca H THUAPABINYCCKOIO
YKJIOHA, HaxXOoXXJICHHUC YHuCJIa Peﬁﬂonbnca L OIIPCACIICHUA PCIKUMOB JIBHIKCHUA

JKUJIKOCTH.

B rungpaBnuke CymiecTBYIOT TakuWe IIOHATHS KaK peajdbHas M HJiealIbHAs
JKHJIKOCTb.

Kunkocts, Ha3biBaeMmasi uoeaivbHoul - BooOpakaeMmas, OHa  aOCOJIOTHO
HEC)KUMaeMa, HECIIOCOOHA COMPOTHBIATHCA pa3pbiBy. Ee xapakTepHOW 0COOCHHOCTHIO
SIBJISIETCS OTCYTCTBHE BSA3KOCTU. TaKUX JKMJIKOCTEH B MPUPOJIC HE CYIIECTBYET.

Peanvnas  oicuoxocmv—  KUAKOCTH BSI3Kasl, CIIOCOOHAs  OKa3bIBaTh

COIIPOTUBJICHUC CABUT'aOIIUM YCHIINAM.

VYpaBuenue J[lanuwmna bepnymnu, mnonydenHoe B 1738 r., sBusercd
byHIaMEHTAIBHBIM YpaBHEHUEM TuapoauHaMuku. OHO J1aeT CBsI3b MEXy AaBieHUEM P,
CpeaHel CKOPOCTHIO V U MhE30METPUUYECKON BBICOTOM Z B pa3IMYHBIX CEUCHUSIX TTOTOKA U
BBIPAXAeT 3aKOH COXPAHEHUS PHEPTrUM ABWXKYIIEHCS XUAKOCTH. C MOMOIIBI 3TOr0
ypaBHEHUS pemraeTcs OONbIION KPyr 3amad. Ero MOKHO TpOYUTaTh TaK: cymMma mpex
yneHo8 ypaenenus bepnynnu ons 1106020 ceuenus nomoxa u0eanbHoOU HCUOKOCMU eCMb

eeluduUHa NOCMOAHHAAL.

n+—+—=z,+—=+—= =" =const
Pz 2g Pg  2g
C 2HEpPreTUYEeCKO TOUKH 3pEHUS KX YJICH YPAaBHEHUS MPEACTABISIET COOOM

OIIPCACIICHHBIC BUJIbI DHCPTUH:

z1 u 72 - yaenbHbIe SHEPTUU MTOJIOKEHUS, XapAKTEPU3YIOIIKE MOTEHIIUATBHYIO

SHEPTHUIO B ceueHmsx 1-1 u 2-2;
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i &
R H J—
P Fg - YACIBHBIC OHCPIUN JAaBJICHHA, XapaKTCPUIYIOIIHUEC ITIOTCHIIUAJIbHYIO SHCPIHUIO

JaBJICHUA B TCX KC CCUCHUAX,
o
2g ig - YACIBbHBIC KHHCTUYCCKUC DHCPIUN B TCX K€ CCUCHUAX.

CrnenoBaTenbHO, COTJIACHO YpaBHEHHIO bepHyinu, noiuas yoenvnas suepeus

UOCANbHOU HCUOKOCIU 8 IF0OOM CeYeHUU NOCMOAHHA.

YpaBHeHne bepHyIIM MOXHO HMCTOJKOBAaTh MU YUCTO TeoMeTpuudeckd. [lemo B

TOM, 4YTO KEDKI[BIﬁ YJICH YPaBHCHUS UMECT HI/IHCf/'IHYIO Pa3MEpHOCTH, I'IIC.

Z1 WM Zp - TEOMETpUYECKHE BBICOTHI cedeHui 1-1u 2-2 Hax TUIOCKOCTBIO

CPaBHCHMUA,

R B
P g - IbE30MCTPHUYCCKHEC BLICOTEI,

2g  Zg - CKOPOCTHBIE BBICOTHI B YKa3aHHBIX CEUCHUSIX.

B o3tom cinywyae ypaBHeHME bepHy/uIM MOXKHO NPOYUTATh TaK: CyMMA
2e0MempuU4ecKol, Nbe30Mempu4eckol U CKOPOCMHOU 8blcombl O UOEANbHOU
HCUOKOCMU ecmb GeUYUHA NOCMOsIHHAA. YpaBHEHUE BepHyuM Jis MOTOKa peaibHON
KUIKOCTH HECKOJIBKO OTJIMYAETCS OT YPAaBHEHUS Ui MACAIBHOM XKUIAKOCTH, T.K. IPH
IBWKCHUM PEATBHOW BA3KOW JKUIKOCTH BO3HUKAIOT CUJIbl TPEHHWs, Ha IPEOJOJIEHUE
KOTOPBIX JKHUJKOCTb 3aTpayMBAET DHEPrur0. B pesynbprare IonHas yAelbHas JHEPrus
KUAKOCTH B cedueHuu 1-1 Oynmet OoJbllie MOTHOW YACNIbHOW DHEPTrUU B CE€YCHUM 2-2 Ha
BEJIMYMHY MOTEPSIHHON 3HEepruu. YpaBHeHHe bepHyuM s pealibHOM KUAKOCTU OyIeT

HUMCTHh BU:

E H 5 U -
Lty L=z, + 2 o, —2"';3?1@; = H =const
Pg g Pg 2
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ITo Mepe nBWXEHUS >XUIKOCTH OT cedeHus 1-1 no ceuenus 2-2 moTepsHHBIN
Harop BCE BpeMsl yBeIMUuBaeTcs. Takum oOpa3oM, YpOBEHb MEPBOHAYAIBHON YHEPIHH,
KOTOpOW o00JaJaeT »KHUIAKOCTh B TIEPBOM CEUEHUH, IJIsI BTOPOTO CEYCHHS OyaeT
CKJIQJbIBATBCS ~ W3 YETBIpEX COCTaBJISIONIHX: TE€OMETPUYECKON  BBICOTHI,
MbE30METPUUYECKON BBICOTBI, CKOPOCTHOM BBICOTHI W TOTEPSHHOTO HAmopa MEXIy
ceuenusamu 1-1 u 2-2. Kpome 3TOro B ypaBHEHHUH MOSIBUIUCH e€Ile aBa Kod(duimeHTa
01 ¥ 02, KOTOpbIE Ha3bIBAIOTCA KOdgguyuenmamu Kopuonuca v 3aBUCAT OT peXHMA
TEUEHUS XUIKOCTH (00 = 2 JJIs JJAMHHAPHOTO pexuMma, o = 1 ms TypOysieHTHOTro
peskiMa). [TOTEpSHHAS BBICOTA “npm CKIIANBIBACTCS W3 JIMHEHHBIX [IOTEPb, BBI3BAHHBIX
CHUJIOW TPEHHWS MEXKAY CIOSIMH JKHIKOCTH, ¥ TIOT€Ph, BBI3BAHHBIX MECTHBIMU

CONPOTUBJIEHUSAMHU (M3MEHEHHUSIMU KOH(UTYpalluy TOTOKA)

-2 _
am = h.rluH + hMecm

C nmomompto ypaBHeHUs bepHyrun pemaercst OONbIIMHCTBO 3a/1a4 MPAKTUYECKON
TUAPABIMKH. J{7151 3TOr0 BRIOUPAIOT 1BA CEYEHUS M0 JJIMHE MTOTOKA, TAKUM 00pa3oM, 4TOObI
JUIsL OTHOTO M3 HUX ObUIM M3BECTHBI BEJIMYMHBI P, p, g, a s Ipyroro ceyeHus! OfHa WM
BEJIMYMHBI TOJJIEXKanu onpeneneHnio. [Ipu nByX HEM3BECTHBIX ISl BTOPOTIO CEYEHUS
VICIIOJIB3YIOT YPABHEHHME ITOCTOSHCTBA PACX0Ja JKUIKOCTH V1M 1 = V2(02=CONS. [Torepun
Haropa Ha €JUHUILY JJIMHBI TOTOKA HA3bIBAIOTCS 2UOPABIUYECKUM YKIOHOM.

Ipumep

Omnpenenutb, Ha Kakyl BBICOTY MOJHUMAeTCsl BojJa B TpPyOKe, OJUH KOHEIl
KOTOPOM MPUCOEAMHEH K CY’KEHHOMY CEYEHHIO TpyOOIpoBO/ia, a APYroi KOHEIl OMyIIEH B
Boay. Pacxon Bonbl B TpybonpoBoae Q=0,025 m?*/c, uzdbsirounoe nasienue pl=49-10° Ila,
auametp d1=100 mm, d2=50 mm.

Pewenue. Boibepem n1Ba cedeHMsI OTHOCUTENIBHO OCH TpyOorpoBona: 1-1 B TpyOke,
KOHEI] KOTOpOM NPHUCOEAMHEH K CY)KEHHOMY CEUeHHI0 TpyoOompoBoaa, 2-2 B TpyOke,
KOHEIl KOTOpoil omyiieH B Boay. Hamumem ypaBHeHue bepHymau  ayis BhIOpaHHBIX
cedeHull (MoTepsiMM Haropa npeHedperaem U cuuraem, 4to al = a2 = 1):

R Y _P &
P9 29 P9 29
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YuuthiBas, 4To

_4Q

9 = 02

noclie mpeoOpa3zoBaHus MOITYyIUM

9 pg 2g97%\df df) 1000-981 2.981-314?|01° 0,05

P, P 42Q2( 1 1} 49.10°  4%.0,025° ( 1 1
PR 4|~ +
d d;

J =-2,76m

Ilonydyennass oTpuuarenbHas BBICOTA — BaKyyMMeTpuueckas BblcoTa. Ha oty
BBICOTY U MTOJIHUMAETCS BOJIa B TPyOKe.

3ajgaum 4J11 CaMOCTOSITEIbHOIO peieHus

3amauya 1. B TpyOe BHYTpeHHUM JuaMeTpoM 62 MM TEUeT >KUJKOCTh CO CpeaHein

cKopocThIO 1,2 M/cek. OnpeaenuTs 00beMHBIN pacXo/1 >KUIKOCTH.
Ortsert: 0,00367 m%/cexk.

3apaua 2. Ilo tpyOGompoBoay BHyTpeHHUM nuamerpoMm 100,3 MM mnepekadu-
BaeTca He(Th mIoTHOCTEIO 860,0 Kr/M° co cpenneli ckopocTeio 1,1 M/cek. Onpenenurs

CYTOUHYIO MPOMYCKHYIO CIIOCOOHOCTh TPyOONpOBOAA.

OrtgerT: 6,45-10° kr.
3agaya 3. BbIUMCIUTH TUAPABINYECKUMN PAIUYC ITOTOKA BOJBI B OTKPBITOM
KaHaJie TpanereuaaibHoN (OopMBbI, pa3Mepbl KOTOPOTO: Y3KOM YacTu 2,5 M, ypoBEHb

BOJEI B KaHajie 1 M.
Otser: 0,657 M.

3amaya 4. BpuuciauTh THAPABIMYECKHN paaMyC IMOTOKA BOABI B OTKPBHITOM

KaHaJe TpeyroJibHOro ceuenus npu H = 0,8 m.

Otset: 0,1655 M.

3agaua 5. [lo BEHTWISLIMOHHOMY KaHAJIy MPSIMOYTOJBLHOIO CEYEHHS, pa3Mepbl
kotoporo 400 x 500 mMm, nBuxercs Bo3ayx. OnpenenuTs THAPABIUYECKUN PaAaAUYC

IIOTOKAa BO3ayXa.

Oteet: 111 MMm.

3amaya 6. {11 NOTOKAa >KMIKOCTH HPSIMOYTOJIBHOTO CEUYEHUS C IUIOLIA/IbIO
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KHMBOrO ceueHuss F=1,2 M° HaiiTh Takue pasmepbl motoka b u h, 4YToOBI

TUAPABINYECKUNA paaryC ObLT HAMMEHBIIUM.

OtBetr: h=0,774 M, b = 1,548 m.

3agaua 7. Hacoc nepekauuBaer 65 IMS/cex BOIBI W3 OTKPBITOrO OacceliHa B
pe3epByap, B KOTOPOM TMOJICP)KUBACTCS JaBJICHHE Ha 2,5 aT BbIe aTMOC(HEpHOTO.
HavanbHas Touka TpyOOIpoBo/ia Bblllle KOHEUHOM Ha 8 M. JliinHa TpyOomnpoBoaa 2650 M,
ruapaBindeckuil ykiaon 0,0095.

OnpenenuTs MOIHOCTh JIBUTATENsA, TPUBOIAIIETO B JIBUKEHHE HACOC, €CIU K. II.
1. Hacoca paseH 0,72, k. . . Iepeadn OT ABUTATeNs K Hacocy paseH 1,0.

OtBet: 37,8 kBT.

Bagaua 8. Ha kakyro BwIcOTY h Moker 3acocaThcsi Boja W3 pe3epByapa
no TpyOe, NPHUCOCIUHEHHONM K Y3KOMY CEUEHHUIO TpyOOmpoBoja, €clid TIO0
HEMy IIPOTEKaeT Boja ¢ pacxomom Q= 6,5 m%/cex.

Cpennsisi CKOPOCTh JBUKEHHUS BOJbl B IIMPOKOM CEYEHUU paBHa 1,2 M/Cek,
naBinenue B Hem paHo 12000 I[la. ITnomaas mmpokoro cedeHuss B 3 paza Ooiibliie
TJIONIAM Y3KOTO CEYEHHS.

[ToTepsimu Hamopa npeHedpeyb.

Otset: ~0,7 M.

3amaua 9. [To TpyOonpoBoy, UMEIOIIEMY CY>KEHHE, IepeKkaunBaeTcs Boga. Pacxon
Boael Q=22 nm®/cek. uamerp tpyGomposoga d;=200 MM, JaBjIeHHE B IIEPBOM CEYECHUH
P1= 12000 ITa.

KakuM momkeH OBITH nTuaMeTp y3KOW 4acTH TPyOOmpoBOjaa, 4TOOBI 0OECTICUHTH
BCachIBaHUE BOBI M3 pe3epByapa Ha BeicoTy h = 3,1 M? [loTepsimu Hamopa npeHeOpeyb.

OtBeT: 52,3 MMm.
KoHTpoJ/ibHBbIE BONIPOCHI
1. JlaTp onpenenenure uaeaibHOM U PeaTbHON )KUIKOCTH.
2. Otnuuue ypaBHeHU BepHyIM 171 MOTOKAa peanbHON XKUIKOCTH OT ypaBHEHUS
BepHymn 11t ueanbHOM )KUIKOCTH?
3. B dyem 3akmtouaercs ¢puzndeckuii cMbIc yucia PeliHonbaca?
4. Kaxoii (pu3nueckuii 3aK0H JIEKUT B OCHOBE BBIBOJA ypaBHeHUs bepHymmn?
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5. Kakue mnapamerppl NOTOKa MHUAKOCTU CBSI3bIBAET MEXIy COOOH ypaBHEHHE
bepnymm?

6. UTo Takoe rupaBIMdeCcKuil YKIOH?

7. UeM otnuyaercs ypaBHeHUE bepHymn g CTpyHKM TOKa OT YypaBHEHUS

bepnymiu nis noroka?

2.2. 'mapaBiauveckue cONPOTUBJIECHUSA

Leas npakTuyeckoro 3anHsatusi: npumeHenue dopmynsl Jlapcu-Beiicbaxa mns
HaxO0JICHUSl BEJIIMUMHBI MOTEPU HANOpa MPU JAMUHAPHOM U TypOYJIEHTHOM pEKHUMaXx;

OIIPpCACIICHUC AKBHUBAJICHTHOU MCPOXOBATOCTHU TPY6OHp0BOI[a.

[Totepu 3Heprun (yMEHbIIICHUE THIPABINYECKOTO HAOpa) MOKHO HaOII0AaTh B
IOBIDKYLIEHUCS KUIKOCTH HE TOJBKO HA CPAaBHUTEIBHO [JIMHHBIX Y4YacTKax, HO M Ha
KOPOTKMX. B 0IHMX cilydasx MOTEpH Hamopa pacupenestorcs (MHOTIa paBHOMEPHO) 1O
JUTMHE TPYOOIIPOBO/IA - ATO JIMHEHHBIE MOTEPH; B IPYTUX - OHU COCPEIOTOUYCHBI HA OUYCHD
KOPOTKUX YYacTKax, IJUHOM KOTOPBIX MOKHO MpeHeOpeuyb, - Ha TaK Ha3bIBAEMBIX
MECTHBIX THAPABIMYECKUX COMPOTUBJICHUSAX: BEHTUJIH, BCEBO3MOXKHBIE 3aKpYTJCHUS,
CY’>KEHHUsI, pacCIIMpEHUs U T.l., KOpOYe BCIOY, T/l MOTOK MpeTeprieBaeT aehopMaliuio.
Hctounrnkom moTeph BO BCEX CIIydasix SIBJISCTCS BSI3KOCTh KuAKocTU. [lpu HabmogeHun
3a ABWKEHHEM JKUJKOCTH B TpyOax M KaHajgaX, MOXHO 3aMETUTb, UTO B OJIHOM Cilyyae
KUJKOCTh COXPAHSET ONPEEIECHHBIN CTPOM CBOMX YACTHIL, 4 B IPYTUX - MEPEMENIAIOTCA
o6eccucremMHo. OHAKO HMCUEPIIBIBAIONIUE OMBITHI MO 3TOMY BOMPOCY OBUIM MPOBEACHBI
Peitnonpicom B 1883 T. Jlamunapuvim Ha3bIBa€TCSd CIOMCTOE TeueHUEe 0e3
MepeMEeIIUBaHUS YaCTHUI] KUIKOCTU M 0€3 IMyJbCcallMi CKOPOCTH U JnaBieHus. [lpu
JaMUHAPHOM TEUYCHHUH KUIKOCTU B MPSIMOI TpyOe MOCTOSIHHOTO CEYEHUSI BCE JIUHUU TOKa
HalpaBieHbl TapaUIEIbHO OCH TPyObl, MPU DTOM OTCYTCTBYIOT TIOTICPEUYHBIC
MEePEMEILICHUST  YacCTUIl  JKUJIKOCTH. TypoOynenmHoim Ha3bIBACTCSI  TEUYCHUE,
CONPOBOXK/JIAIOIIEECS HHTEHCUBHBIM IEPEMEIIMBAHUEM KUIAKOCTU C IMyJIbCalMUsIMU
CKOpOCTEN M AaBiicHH. Hapsny ¢ OCHOBHBIM NPOJOJIBHBIM IMEPEMELMICHUEM KUJIKOCTU
HAOJIIOIAIOTCSl MOINEpPeYHble TEPEMEIeHUs] U BpallaTelibHbIE JIBHXKEHUSI OTAEJIbHBIX
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00beMOB kuaKocTH. [lepexos OT TaMHUHAPHOTO peKuMa K TypOyJIEHTHOMY HaOJIroAaeTCs
npu orpeIeIeHHON CKOPOCTH  JIBIDKCHHMSI  KUIKOCTH. Ota  CKOpPOCTh
Ha3bIBACTCS KPUMUYECKOU V . ~ 3HAYEHHE ITOW CKOPOCTH IPAMO IPONOPLUOHAIBHO
KMHEMAaTHYECKOW BA3KOCTH >KUJIKOCTH M OOpaTHO MPONOPIUOHAIBHO AUAMETPY TPYOBI:
U = di-k

r7i€ V - KHHEeMaTU4ecKasl BA3KOCTbh;

k - 6e3pa3mepHbIit KO3 PHIIHEHT;

d - BHyTpeHHMIA TUAMETP TPYOBI.

Bxomsmuii B 3Ty hopmyiny 6e3pazmepHbiii ko3 duimueHT K, 0TMHAKOB JIIsl BCEX
KUJIKOCTEM M Ta30B, a TaKXke JJIs JIOOBIX JAuMaMeTpoB TpyO. IDTOT KO3DPUIIHEHT
Ha3bIBACTCH Kpumuueckum uuciom Peinonvoca Reg n  onpenensercs CleoyIMuM

_ Uy

Ee —_—
oOpa3zom: ¥ v . Kak nokasbiBaeT OIBIT, AJIA TPyO KpPYTJIOTO CEUEHUs

Re, npumepro paBHo 2300. Takum oOpa3oM, kputepuil noxodbus PeiiHonbiaca
MO3BOJIAET CYAUTh O PEXUME TeueHUs kuiIkoctd B TpyoOe. Ilpu Re < Re,, TeueHue
SBIISICTCS JJTaMMHApHbIM, a nipu Re > Re,, Teuenue sapnsercss TypOyneHTHbIM. TouHee
TOBOPSI, BIIOJIHE Pa3BUTOE TYPOYJIEHTHOE TE€UCHHE B TPYyOaxX yCTaHABIMBACTCS JIUIIb MPU
Re mpumepno paBHo 4000, a mpu Re = 2300...4000 umeer MecTo mepexomHas,
KpUTHYECKass 00acTb. PeknM IBIKEHUS KUIAKOCTH HAMPSIMYIO BIIMSET Ha CTENEHb
TUAPABINYECKOTO COMPOTUBIIEHUS TPYOOTPOBOIOB.
Ilomepu Hanopa npu 1amMuHapHOM medeHuy HCUOKoOCmu

Kak moka3pIBalOT HMCCIIENOBaHUS, TPHU JIAMHHAPHOM TEUECHHUU J>KHJIKOCTH B
KpyTiioil TpyOe MakCHUMallbHasi CKOPOCTh HAXOAMTCS HAa OCH TPYOBbI. Y CTEHOK TpPyOBbI
CKOPOCTh paBHA HYJIO, T.K. YACTHUIIBI KUJIKOCTH MOKPBIBAIOT BHYTPEHHIOK MOBEPXHOCTh
TpyOONpPOBOJa TOHKUM HEMOABMXKHBIM clloeM. OT CTEHOK TPYObl K €€ OCH CKOPOCTH
HapacTalw IUIaBHO. [ pagux pacnpedenenus ckopocmei NO NONEPEUHOMY CEUeHUIo
nomoxa npeocmaeisiem cooot napabooud epaujeHus, a CeUeHue mapadoonia 0ceBoi

IUIOCKOCTBIO - KBaJpaTU4HyIo napadoiy. [[nst onpenenenus morepp Hamopa B KpyIJioi

TpyOe npumensiercsa Gopmyna Jlapcu-Beiicbaxa - d 2g | rge xko>dduIHeHT
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6
A=
THJIPaBIMYECKOTO TPEHUS A OMpeNesieTcs Kak : Ee. OpnHako npu JaMHUHaApHOM

pexume I ompereneHus kospduuuenta ruapasinueckoro tperus T.M. Bbamra

75
="
pexomenayet npu Re <2300 npumeHsaTs popmyiry Re.
Yrcmo
Pesama TBHAE HHA Peftroms ca Onpeereme A
6 75
AMHHAPHEL] Fe < 2300 a2 mmig o Y
JI JHEDL g = =
i I & 3
[epexomHedi 2300 < Re < 4000 e
1-a P D’Eﬁf (-2 Bnazryca)
ofimacms | 4000 <Re< 10 2 Re
b, |4, = 1 (d-ma K osaxoea)
W oo, 1 oy
T fElgRe-15]
4-a 0,25
d d A, 68
TypGymesrsesi | 06macte | 1 —<Re<38l— 14, =011 (_J+EJ (T ATETIITYIL)
ﬂ_ 015
3-a AL=01122 { b-J13 ANETIITYILT)
d 4
obmacTe Fe =580 i
. L _ 5 1g[ 2 | (4-ma Hingpanee)
A 3714

Ilomepu nanopa npu mypoyienmnom meyeHuu HcuoKocmu
OcHoBHOI pacueTHOM (opmysIOl I TMOTEepPh Hamopa MNpU TYpOYyJIECHTHOM
TEUCHUH SKUJKOCTH B KPYIJIBIX TpyOax SBIAETCS YK€ MPUBOJUBINASICS BBIIIIC
smmupudeckas Qopmyna, HaspiBaeMmas (opmynoi Beiicbaxa-/lapcu u umeromas
(1 (10% 1010007073701
B = - i
d 2g
Paznuuue 3aximoyaeTcs UMb B 3HAYCHUSIX KOd(DPUITMEHTa THIPABINIECKOTO
TpeHus A. DTOT K03(h(HULIMEHT 3aBUCUT OT yucia PeitHonbaca Re u ot 6e3pa3smepHoro
rCOMETPUYECKOT0 (paKTopa - OTHOCHTENIbHOM mepoxoBaTocT A/d (v A/ro, TIE 1) -
paauyc TpyOsl).
IHpumep
lopusonTanpHast TpyOoa aumamerpom d1=0,1 M BHe3amHO NepexoauT B TPYOy

nuamerpom d2=0,15 m. Pacxox Boael Q=0,03 m3/c. TpeOyercst ompeaenuTsb: a) MOTEPH

Haropa MpHU BHE3AITHOM pPAcCIIUPEHUU TPyObl; 0) pa3HOCTh AABICHUI MPHU MOCTEIEHHOM
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pacuMpeHun Tpyosl (CUUTas MOTEPH HAIoOpa MPEHEOPEKUMO MAJTBIMH ).
Pewenue. a) Haxoaum motepu Hamopa TpyOOIPOBO/ia MPH BHE3AITHOM PaCIINpPEHUN
TpyOompoBoja o ¢opmyie bopaa
(4-9%)
29

Q 4Q 0034
F, 2 314.107

2 2
4, = (ﬁ] 9 = (Ej -382=17 M/c;

h =

6p

=3,82 Mm/c;

d, 015
2
g _(382-17) _023m
P 2.981

0) Ecnu Ob1 ObL1 0O€cTieueH TIaBHbIN epeXxo/l OT TPYObl Y3KOT0 CEUeHUSI K TpyOe

HIMPOKOIO CEYEHUs1, TO PA3HOCTh JaBJICHUI ONpeAesuiach Obl 13 ypaBHEHUS

Po— P _ ‘912 _‘922 — (31822 _1172)

=0,596 M
9 29 2-981

P, — p, = 0,596-1000-9,81 = 5847 ITa.
3agaum IS CAaMOCTOSITEILHOTO PellieHusl

3anaua 1. Ha tpyOonpoBojae nuaMeTpoM 76 MM MMEETCsl BHE3AIMHOE CYKEHHUE JI0
auametpa 50 mm. Ilo TpyGonpoBoay nepexkauynBaeTcs BoJia CO CKOPOCThIO 6,5 J/cek.

OnpenenuTe MOTEPIO HAMopa BOJBI TPH TPOXOXKICHUH €€ 4Yepe3 CYKCHHUE
TpyOOIIpOBOIA.

Otset: 0,185 Mm.

3anaua 2. Ha tpy6omnpoBosie nruamerpoM S0 MM BMEETCsl BHE3AIMTHOE PACIIMPEHUE
1o nuametrpa 76 mm. 1o TpyOonpoBoIy epekadunBaeTcs BOJIa CO CKOPOCThIO 6,5 J1/Cek.

OnpenenuTh TIOTEPIO HAMopa TMPU MPOTEKAHWM BOABI Yepe3 MECTHOE
COTIPOTHUBJICHUE.

Otset: 0,0314 M.

3agaya 3. Boaa mno TpyOOmpoBoay C YCTAHOBJIEHHBIM HAa HEM TPOUHHKOM
nepexkaunBaeTcs B nBa pesepByapa. CKOpOCTh IBIKEHUS BOABI B TPyOOIMpOBOIE 3a
TpoitHukom pasHa 0,86 m/cexk.

OnpenenuTs NOTEPIO HAOPa BOJIbI IIPH MTPOXOKICHUH €€ YEPE3 TPOHHHUK.
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Otset: 0,0565 M.

3apaua 4. Ha BcackiBaromiem tpyoonpoojie auamerpom 200 MM u gmuHOW21 M
MMEETCS BCACBIBAIOIIMI KJIAMAaH C CETKOM M OTBOJ, M30THYTHIM MO KpuBOM paguyca 350
MM. CKOpPOCTh ABMKEHUS BOABI 110 TpyOe 0,9 m/cek.

OKBUBAJIEHTHAsl IIEpOX0OBATOCTh TpyO k2=0,14 MM. OmnpenenuTs pacyeTHYIO
JUTMHY BCAChIBAIOIIETO TPYyOOIIPOBO/IA.

OtBeT: 75,53 M.

3agaua 5. C penpio ONBITHOTO OIpeAesieHus Ko3(ppuuueHTa IIepoX0oBaTOCTH
CTaJIbHOTO TPYyOOIPOBOIa TUAMETPOM 76 MM ObliIa U3MEpPEeHa MOTEPS HAMIOpA Ha y4aCTKe
mmeoi 10,2 M. Ilpu mepekauke mo Hemy 163 M%/4 Bombl moTeps Hamopa oOKa3amach
paBHOM 1,6 M.

BbIYuciuTh 5KBUBAJIEHTHYIO IIEPOXOBATOCTh TPYO.

OtseT: 0,17 MMm.

3apayva 6. [lo Tpy6onpoBoay nuamerpom 100 MM u jymrHOM 2850 M
MepeKauYnuBaeTCs
He(Th MIOTHOCTHIO 845 kr/M3. BaskocTs Hedru pasHa 3 cCr, pacxoxn - 9,5 nm®/cek.

Ha TtpyOompoBose mMeeTcs dYeThIpe MOJHOCTHIO OTKPBITHIE 3aJBHXKKH, OIUH
oOpaTHBIN KJIaaH ¥ OJIHa [uadparma ¢ IMaMeTPOM OTBEPCTUS 56 MM.

DKBUBAJIEHTHASI MIEPOXOBATOCTh TPYO k, = 0,15 MM.

OnpenenuTh TMOTEPIO HAMopa B TPyOONPOBOJAEC U OSKBUBAJICHTHYIO JUIHHY
TpyOOmnpoBOA.

Otser: h1p,=49Mm; 1,=113,5m.

3apmaya 7. HaliTu SKBHBaJEHTHYIO JUIMHY M TOTEPI0 Hamopa B TPyOOINpPOBOJE,
cocrosimeM w3 Tpyosl gmamerpom 100 wmm, mgmuHOM 300 M, deThIpex
oTBOJI0B paauycamu 200 MM, IIIECTH OTKPHITHIX 3a][BUKEK U OJJHOTO OOPATHOTO KJIaraHa.

KoadduimenT ruapaBaInyeckoro conpoTuBieHUs NpUHATH paBHbIM A=0,024;
CPEIHIOI0 CKOPOCTh TEUEHUS )KUIKOCTH 9=1 Mm/cek.

Ortset: hip =4,12m; b xB=36,2 M.

3apaua 8. Ilo cransHOil TpyOe auamerpom 1000 MM TedeT Boga CO CKOPOCTHIO

4 m/cek. DKBUBaJIEHTHAs LIEPOXOBATOCTh TPYO®I k,=0,5 MMm. Onpenenutb 3aKOH
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COIPOTHUBJICHUI U THPABINYCCKUN YKIIOH .
Otget: kBagpatnunbii, | =0,0159.

3apaua 9. OnpenenuTs PeKUM JBUKCHHUS BOJIBI MO MPSMOYTOJBHOMY KaHAIYy.
Pacxon Boasl Q=240 m%/u, riy6una 3anonnenus kanana h=0,8 M, mupuna kaHana b=1,2
M.

OtBeT: TypOyJIEHTHBIN.

3agauya 10. OnpeaenuTh KPUTHUYECKUK PACXOd BOJABI MO MNPSAMOYTOJIBHOMY
kaHay mupuHoi 1200 MM, ecitu TIyOMHA 3anofHeHHs KaHaina h=42 cM.

Otser: 0,0018 m%/cexk.

3amauya 11. Onpenenutrh MOTEPIO Hamopa B HEPTENPOBOAEC MIUHOW 56 KM U
nuamerpoM 200 MM MpU CAEAYIOIIUX AAHHBIX; CPEIHSISI CKOPOCTh ABUKEeHUS HePTH 1,3
M/CeK, IIOTHOCTh HeTh 892 Kr/M3, KMHeMaTudecKuii Kod(QPUIMEHT BI3KocTd HedTH 3,5
clls.

Otget: 2340 M.

3agauya 12. Tlo TpyOompoBomy nuamerpom 150 MM mnepekauuBaeTcsi He(Th,
KMHEMATHIECKUH KOd(Q(QHIMEHT BsazkocTh Kotopoi 2,8-10° wm?/cex. Pacxon medtn
paseH 44 nv®/cek.

[IpuHSAB peXUM NBWKCHUS JIAMHHAPHBIM, OTPEACIUTh THAPABINYCCKHN YKIOH

MOTOKA HE(PTH.

Ortser: 0,00101.

KonTpoJsbHbIE BONIPOCHI

1. ITo xakuM (opMyIsiaM ONpeAeNAIOTCs MOTEpU Haropa B TpyOax 1o anuHe?

2. Ot kakux 6e3pa3MepHbIX BETMYMH MOKET 3aBUCETh KO DUIIMEHT
THJIPaBIMYECKOTO COMPOTUBIICHHS?

3.Hammcats popmyny lapcu-Beiicbaxa.

4.00bsicHUTh (PU3UUECKUN CMBICT KO3 UIIMEHTa MOTepb HA TPEHHUE IO JJIUHE
TPYOBL.

5. Ha3BaTh OCHOBHBIE 30HBI CONPOTHUBIECHUSA NpPHU TypOYJIEHTHOM TEUYEHHH Ha
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rpaduke WM.U. Hukypanze u 00bACHUTD UX (PU3MIECKUN CMBICIL.
6. Uro Ha3bIBaeTCsI OTHOCHUTEIBHON IIEPOXOBATOCTHIO M  OTHOCHUTEIHLHOMN
[JIaJIKOCTBhEO TIOBEPXHOCTH?

7. DKBUBaJICHTHAs MEPOXOBATOCTD.

2.3. Onpenesnenne CKOpoOcTeil 1 pacxo0B KMIKOCTH

Leab nmpakTHyecKoro 3aHATHS: HAWUTU PACXOJ >KUJIKOCTU B TPYOOIPOBOJE;

OIIPCACIINTG KHHCTHYCCKYIO DOHCPI'HIO pCaHBHOﬁ KHNIAKOCTH.

Jlji ©U3MEpeHns: CKOPOCTH B TOUKAX MOTOKA IIMPOKO MCIONIB3YeTCsl paboTaromas
Ha npuHLUIe ypaBHeHUs: beprymm tpyOka ITuto (puc.10.1.), 3arHyThIil KOHEL KOTOPOH
HaIlpaBJIeH HaBCTpeuy NoToKy. IlycTh TpedyeTcst u3MepUTh CKOPOCTh KUIKOCTH B KAKOM -
TO TOUKe NMoToKa. [loMecTuB KoHEl TpyOKH B yKa3aHHYIO TOUKY, U COCTaBUB YpPaBHEHHE
bepnynnu st ceuenus 1-1 u ceueHus, mpoXOJAIIET0O HA YPOBHE KUJIKOCTH B TPyOKe

IInuto, monyunm

P+l P E
m—?+—:H+k+ﬂ umE  L=./2gH
Y 2g ¥

rae H - cton6 xuakoctu B Tpyoke [Tuto.

Jnst u3MepeHus pacxoda KUJIKOCTH B TPyOONMpoBOAaX YacTO HCIHIOIb3YIOT

pacxoaomep BeHTypu, AeiCTBHE KOTOPOTO OCHOBAHO TaK >K€ Ha MPUHIUIIEC YpaBHCHUS

bepuymm.
i T
| ¥
0= . .|
B § ]
I 3 x
- I T & == r
Y EVEQ“*]_H { S ___r?i-i‘_ = Po¥z
Pl yh W] Wz
i
T ////} H

I

Puc. 2.1. TpyOxa Iluto u pacxogomep Bentypu
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Pacxomomep BenTypm coctouT U3 JABYX KOHHYECKHX HACaTKOB C
UJTUHApUYECKOW BcTaBkoM Mexnay Humu (puc.10.1.). Ecau B ceuenusx I-1 u ll-
Il mocTaBUTh MBE3OMETPBI, TO PA3HOCTh YPOBHEH B HUX OyJIeT 3aBUCETh OT pacxoaa
KHUJIKOCTH, MTpoTeKaromei mo tpyoe. [IpereOperas motepssmu Haropa u cuutast z1 = z2 |

HanumeM ypaBHeHue bepnyum s ceuennit |-1 u 11-11:

a 2
B v B U poAzhB B (2
—to o=t y 2g &
Y g Y g WIH L

I/ICHOHB?;yﬂ ypaBHeHI/IG Hepa?,pInIBHOCTI/I
Q =101 = V22
caciiacMm 3aMeHy B HOJ'Iy‘—IeHHOM BBIpa)KCHI/II/IZ

2
e £ —1+[ﬂ]

- 2ga} 0,

Pemrast otHOCHTENBHO QQ, TOTYYNM:

2
Q: Gy g g—gg,,".@
dml — iy

Bripaxxenue, crosiee nepenfﬁz,, ABJISICTCS MOCTOSIHHOW BEJIMYMHOM, HOCSIIEH
Ha3BaHUWE INIOCTOSHHOM BojxoMmepa Benrypu. 3 monydeHHOro ypaBHEHUsI BHJIHO,
yto h 3aBucur ot pacxoma Q. Yacto 3Ty 3aBHCHMOCTH CTPOST B BHAC TapHPOBOYHOU

kpuBoii h ot Q, KoTOpas UMeeT MapadOTUICSCKHI XapaKTep.
IIpumep

Onpenenuth, mpeHeOperass MOTEPSIMHU HAmopa, CKOPOCTh TEUCHHUsS] HEPTH Ha
paccTosiHUM I OT ocu TpyOorpoBoaa paauycoM R mpu nomoiu tpyoku [luto. YpoBeHb

XuakocTH B TpyOke A hi=1,2 M, B TpyOke B hy=1,35 m.

Pewenue: YautbiBasi, 4to hi, 1Mo ycloBHIO U3 ypaBHEHUSI bepHYIUTH 17151 CTPYHKH,

MIPOXO/ISIIIICH HAa PACCTOSIHUM I OT OCH TPYOBI, UMEEM:

P u’ P, U
Z+—t+ =7, +-2+2

pd 29 g 29
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} hy
h] i—:A - ...:B
T1 9 -
u b X
R ._l_.j:.:; ..... e
- o am o em s o 1 Iu-a2 ——————— I.r_>

C Y4€TOM TOI0, 4YTO J[JaBJICHUC B pr61<ax U JKHUBBIX CCUCHHAX IIOTOKaA

pacnpesesIeHo 10 THAPOCTATUYECKOMY 3aKOHY, MOIYYUM:

P, =P+ pg(h, +R—r) p, = po + pg(h, +R-r)

u L —h,-h,, oTkyna u, =+/2g9(h, —h,) = /2-9,8(1,35-1,20) =1,71m/c.

3agaum IS CAMOCTOSATEIHLHOTO pPelleHust
3agmaya 1. Bo CKOJIBKO pa3 YBEJIMYMBAETCA yHEJbHas KUHETHYECKash SHEpPIrus
KUAKOCTH TMPHU €€ Mepexojie B TpyOy MEHBIIEro TUaMeTpa, €ClM OTHOIICHHE JUaMETPOB

TpyO 3:1? Pexxum TeueHus: He U3MEHsIeTCsl.

3apava 2. )KuakocTh T€UYeT M0 KOHHYECKOH TpyOe KpyroBoro ceueHus. [Ipu x=0
pazuyc Tpy6s1 R1=0,1m, a npu x=1m R=0,2m. Pacxox xuaxoctu Q=0,01 m%/c.
Omnpenenuts 3aBUCUMOCTh CPETHEH CKOPOCTH V OT X U TIOCTPOUTH JIMHUH TOKA U
KUBBIC CCUCHUS.
Otser: v=1/(n(1+x)?); TMHUM TOKa - PafUyChl C LIEHTPOM B TOUKE X=-1M, )KUBEIE
CEYCHMS - YIACTKHU Chephl, OTPAaHUICHHBIC KOHYCOM, U C IIEHTPOM B TOH e TOUKE.
Bagaya 3. Ilo TtpyOomnpoBoay muamerpom 0=0,15M mnepekaunBaeTcsi HE(Th
MI0THOCTBIO p=950 kr/M° B KonmmuecTse 1500 T/cyT.
Omnpenenutb 00beMHBIN pacxoa Q U CPEAHIOI0 CKOPOCTh TEUEHUS V.
Otser: Q=0,0183 m%/cex, v=1,03 m/c.

3agaya 4. OnpenenuTh KPUTHUECKUI pacxoJl BOAbI MO MPSIMOYTOJbHOMY
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KaHajy mmpuHoi 1200 MM, eciu TiTyOMHA 3ammoyHeHus KaHaaa h=42 cwM.

Otser: 0,0018 m%/cexk.

3agaua 5. Omnpenenuth MOTEPIO HAMopa B HEPTEHPOBOAE IMHONH 56 KM H
nuameTpoM 200 MM TIpH CIEAYIONIUX JaHHBIX; CPEIHSSA CKOPOCTh JABMXKeHUsA HepTH 1,3
M/CeK, IIIOTHOCTh He(Th 892 Kr/M3, KMHeMaTHUeCKHH KOOPOHUIMEHT BAZKOCTH HedTH 3,5
clIs.

Otset: 2340 M.

3agaua 6. Ilo TpyOGompoBomy nuamerpoMm 150 MM mnepekaunBaetcsi He]Th,
KMHEMATHUECKUi Kod(PQUIMEHT BsazkocTH kotopoi 2,8-10° wm?/cex. Pacxon medrtn
pasen 44 nv/cek.

[IpuHSAB peXuM NBWKCHUS JIAMHUHAPHBIM, OTPEICTUTh THAPABINYECKHN YKJIOH
MMOTOKa HE(TH.

Otsert: 0,00101.

KOHTpOJIbeIe BOIIPOCHI

1. Kakue npubopbl UCTIOIB3YIOTCS 17151 U3MEPEHUS CKOPOCTH YKUIKOCTH?

2. Kakue npubopsl HCTIONIB3YIOTCS 11 UBMEPEHHUS PAacX0/a )KUIKOCTH?

3. Ha yem ocHoBaH nipuHuuI paboTel pacxogomepa Bentypu?

4. Kak uzmepsieTcsi CKOpoCThb Mpu nomou Tpyoku [1uro?

5. Ilepeuncnuth CTaHIAPTHBIE CYKAIOIIUE YCTPOMCTRA.

6. C DOMOILIBI0 KAakKOro YpaBHEHHs YCTaHABIMBAETCS 3aBUCHMOCTb MEXKIY
Pacxo0M MOTOKA XKUAKOCTH U PA3HOCTHIO 1aBJIICHUI?

7. I'uipocTaTuyeckoe JaBjeHHUE B MPEAENiax CYKEHHOTO ceueHus OyneT 00iabIImum

HJIIN MCHBITUM OTHOCHUTCIIBHO JABJICHUS IICPC CYKAIOIIUM YCTpOﬁCTBOM?
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I'naBa 3 Pacuer TpyOonpoBoaoB

3.1. Pacuer npocThiX TPyOONPOBOI0B

Heab nmpakTHYeCKOTr0 3aHATHUA: ONPEACIUTh PACXOJ] KUIKOCTH B IPOCTOM
TpyOOIIPOBOJIE; ONPENETUTh THUAPABINYECKUE MOTEPU U THAPABIUYECKUNA YKIOH TPH

ABHIKCHUHU KUJIKOCTHU B IIPOCTOM Tp}I6OHpOBOIIC.

[Ipu pacyerax HamopHBIX TPYOOIPOBOJIOB OCHOBHOM 3ajauel sBIsieTCs JIMOO
omnpeseneHre MPOMyCKHOM crocoOHocTH (pacxoda), TUOO MOTEpH HAmopa Ha TOM WM
MHOM y4YacTKe, paBHO KaK M Ha BCEH JUIMHE, TU00 ITraMeTpa TpyOOompoBoa Ha 3aTlaHHBIX
pacxoge M moTepsAx  Hamopa. B mpakTthke — TpyOOINpOBOIBI  JIETSTCS
Ha Kopomxue 1 O1uHHble. K IEpBBIM OTHOCATCS BCE TPYOOTPOBOIBI, B KOTOPHIX MECTHBIC
noTepu Hamopa mnpesbimaiot 5...10% noreps Hamopa no giuHe. [Ipu pacdeTax Takux
TpyOOTIIPOBOJIOB 00S3aTENHHO YUUTHIBAIOT TTOTEPU HAIMOpa B MECTHBIX COMPOTHBIICHUSX.
K HUM OTHOCST, K IpEMEPY, MacIIONPOBOALI 00BEMHBIX Tepeaad. Ko BTOpbIM OTHOCSTCS
TpyOOTIIPOBOIBI, B KOTOPHIX MECTHBIEC MMOTEPH MeHbIIe S...10% moTeps Hamopa 1o JJIMHE.
Nx pacuer BemeTcs 0e3 ydeTa MECTHBIX MOTeph. K Takum TpyOOIpoBOIaM OTHOCSTCH,
HalpuMep, MarucTpaibHBIC BOJOBOJBI, HE(PTENPOBOMABI. YUHUTHIBASS THIPABIHYCCKYIO
CcXeMy padoOThl JJIMHHBIX TPYOOIIPOBOJIOB, UX MOKHO DPA3[eIUTh TAKXKE Ha npocmovle N
crnodctble. TIpoCTBIME HA3bIBAIOTCS TOCIIEIOBATENIbHO COEAMHEHHBIE TPYOOIIPOBOIBI
OJIHOTO WJIM DPA3JIMYHBIX CEUCHUH, HE MMEIONIUX HUKAKWUX OTBETBICHUU. K CIIOXKHBIM
TpyOOTIIPOBOJIaM OTHOCATCS CHUCTEMBI TPYO C OJTHUM WUJIM HECKOJIbKUMH OTBETBIICHUSMH,
napaieIbHBIMA BETBIMH H T.J. K CIOKHBIM OTHOCATCS M TaK Ha3bIBaeMbIE KOJIBIICBBIC

TPyOOTIPOBO/IBI.

IHpumep
Hacoc (puc. 3.1.) mogaer musensHoe Tommso (p = 840 kr/m3, v = 5,5-10° m?/c)
W3 HIDKHEro pesepByapa B BepxHuii ¢ pacxogmom Q = 16 am%c, naenenue Ha
MOBEPXHOCTAX KUJKOCTH B pe3epByapax oJMHaKoBoe. BricoTa moabema Tommmsa H = 20

M, H1 = 3 m. Ha BcaceiBaromieit muauu (I, = 10 M, d; = 125 MM) ycTaHOBIEHBI QHIBTp JUTS
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CBETJIBIX HE(TEIPOAYKTOB M 3aJBHXKa, Ha HarHetaTeabHou auaun (l,= 800 M, dy; = 100
MM) SKBUBAJICHTHAs JUIMHA MECTHBIX CONPOTUBIICHUH OlleHuBaeTca B 5% OT ee peabHOM
mHBL. Bee TpyObl HOBBIE CBapHBIE.

OnpenenuTs:

1) Hanop, co3aBaeMblil HACOCOM, U €T0 MOJIE3HYIO MOIIHOCTb;

2) tun npubdopa (MAHOMETP WJIM BaKyyMMETp), YCTAaHOBJICHHBINA MEpe/l HacCOCOM B

KOHIIC BC&CBIB&IOHIeﬁ JIMHHU.

ll 3||3

H i |
i a
1 1
o | T 2
— g— 2
sl ores i ¥
P 0 B 5 Vd y & G & &Y &5 £ & &
Puc. 3.1.

Pewenue 1. JIns ompeneneHusi co31aBaeMoOro HacocoM Hamopa Hy, 3amuiiem
ypaBHeHHE OajaHca HAmoOpoB I HadaiabHOTO 1 — 1 1 KoHeuHOTO 3 — 3 JKMBBIX CCUCHUU

IIOTOKaA.

av’ | % l,, v
H,—H-""0=h =) 4,24 R R 1
Hac 29 1-3 [ edg g@ng HdH zg ( )

IJIe MHJICKC «B» OTHOCHUTCS K BCACBIBAIOIIEH, a «H» — K HarHeTaTeJIbHOMW JIMHUU
COOTBETCTBEHHO.
2. Haiinem BXOJAIIKE B 3TO YPABHEHNE HEU3BECTHBIC BEIMUUHBI.

J11s1 BcachIBAKOIICH JTUHUM:

-3
L, 29 2—4 16-10 5 =13ml/c; Re = v.d, = 13 0’1%65
S 314-0125 v 55-10

6

=29,6-10°%;

Pexum TeueHus - TypOyieHTHbIN. HeoOX0MMMO YCTaHOBHUTH 30HY COMPOTUBIICHMSL.
[To Benuunne, B3sTON M3 TabMuIkl, mepoxoBatocth A = 0,05 mm. Torga

10d_é :10E - 25.103;500d—51 =125-10°%;
A 0,05 A

o1



109<Re<5009,
A A

T.C. 30HA COIIPOTUBJICHUA — THAPABINYCCKHU HICPOXOBATLIC TPY6LI.

68 A n 68  005)"
2, =01 A1 Zoa . — 0,0251.
Re, d 296-10° 125

a

Onpenenum 3HaYeHUS KOA(P(OUIMESHTOB MECTHBIX CONPOTHBJICHHM (110 Ta0JIHIIE).
Hnsa dunwtpa (g = 1,7, nus 3aaBmwkku ¢ = 0,15; Y, =1,85.

Jl1s1 HarHeTaTeAbHOM JIMHUU

-3
v, =Ql/s, :%:2,04114/0;
314-10
Re, = v.d, _ 204-01 =37-10%;
v 55.10°
a, =1 10d" _10@_20 103;
0,05

d, _500@_105; 109<Re<5009;
A 0,05 A A

68 A he
A=01 A1 —0=242
Re d

H

l,, =1, +0,05l, =800 +800-0,05=840.x.

3. U3 ypaBuenus (1) umeem:

2 I 2
HHac:H+ﬂ _+Z§ UH.
29 d 29’
2 2 2
i, =20+ 204 L 0005110 4 185) 3 00240820 204
19,62 0,125 19,62 01 19,62

20+ 0,21+ 0,33 + 43,09 = 63,6 1.

[TonyTHO, cpaBHHBAasI NOJyYECHHbIE 3HAYECHHSI BXOJSAIIUX B YPABHEHUS BEJIMYHH,
BUAMM, 4YTO cKopocTHOM Hamop (0,21 M) mo cpaBHeHuro ¢ H u hi; BenuuuHa
npeHedpexxnumo manast (0koio 0,3% oT ux cymmbl).

4. Onpeaenuim NMOJIE3HYI0 MOILITHOCTh HAcOca:
N =pgQH  =840-9,81-0,016-63,6 = 8,39%Bn.

5. OnpenenuM TUN TIpUOOpa, YCTAHOBJICHHBIA y Hacoca (B ceuennu 2 — 2). Jlns
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ATOTO cOCTaBUM ypaBHeHue bepnymnu mis ceyenuit 1 —1u 2 — 2.

_ 2 2
H + Poa= Py ulw h., :(/18 3 ‘*JU_&”
29

Joy 29
2
P.— P, { ( 4>, J azg }pg = (~3+0,33+0,09)-840-9,81 = —21,3«/7a.

OTKyJa

Ecnu p, — p» — BennMuuHa OoTpUIIATENIbHAS, TO P2 > p, U p2 - p, = +21,3 xlla —
naBieHue n30piTounoe. CieqoBaTeNbHO, B CEYCHUN 2 — 2 YCTAHOBJICH MAHOMETP.
3agauu 1 CAMOCTOSITEJILHOTO pellieHUsl
3amaua 1. Kepocun (p = 780 xr/m3, v =1,5-10"° M?/c) mocTynaer u3 pesepya—

pa (puc. 11.2.) B cTosiK /u1sl HAJIMBAa LUCTEPH. Pa3HOCTh HUBEIMPHBIX OTMETOK

o -

Pz
- ;h_";_-———--m—n‘a
Puc.3.2.

YPOBHSI )KHJIKOCTH B PE3E€pPBYape M CEUEHHUs BBIXOJA KUIKOCTH U3 CTOSIKA Z1 — Zp = 8 M,
TpyOs! (I =300 M, d = 205 MM) cTanbHBIC CBapHBIC YMEPEHHO 3apKaBJicHHbIC. MeCTHBIC
CONPOTHUBJIEHUS NTOKA3aHbl HA pUCYHKE. ONpeaenuTh pacxol KEPOCHHA.

Ortset: Q=644 nm%/c.

3agaua 2. Ilo npuBenenHomy Ha puc. 11.3. cudponnomy ciusy (I =50 M, d = 100

MM, A = 0,06 mm) mogaercs Tomuso (p = 840 kr/m3, v = 5,5-10° mM%/c) npu pasnoctn
OTMETOK ypOBHEU B pezepByapax Hi = 1,38 M. Ha cnuBe umerorcst puiibTp 1Sl CBETIIBIX
He(TEeNpOAYKTOB, JBa KOJIEHA U BeHTWIb; H; = 3 M, H3 = 2 M, /1aBlieHUE HACBHIIIICHHbBIX
IapoB IIPU TEMIEPAType IepeKadku p, = 2 klla, p, = 10° I1a.

OnpenenuTh pacxoj]] KUAKOCTH M TPOBEPUTH YCIOBHE HOPMalIbHOM pabOThI

cudoHa.

53



: H.E

r-?

|
l
|
H,

M

]

Puc.3.3.

Otset: Q=10 nm%/c; cudonublii ciup paboTath He OYIET.
3amaua 3. MunepansHoe Macio (IWIOTHOCTBIO p=810 kr/m3, BA3KocThIO v=3*10

M?/C) mepekaunBaeTCsa M3 OTKPBITOro pesepyapa (puc 11.4.) moTpeOuTeno ¢ pacxomoM
Q=7,55 nm®/c. BeicoTa BecachiBanus h=2M, MoKa3aHUs BaKyyMMETpa, YCTAHOBIECHHOIO B

KOHIIe BcachiBatomer tuaun (L=10m, d=80 MM, TpyOBI CBapHBIC, HOBBIC), Prcac=49,1 Klla.

1=

Puc.3.4.

Onpenenuth CyMMapHbIH  KOX(PQUIIMEHT MECTHBIX CONPOTHUBICHUN Ha

BC&CBIBaIOHleﬁ JJMHHUH, CUHUTAaA €ro HC 3aBUCAIIIUM OT YHCJIa Re.

Otger: ¢, =14,1.

KounTpoJsbHbIe BONIPOCHI

1. lns yero npeaHa3Hau€Hbl TPYOOTPOBOIBI?

2. Knaccuduxkarust TpyOOnpoBOIOB.
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3. B d4yem omimuue mpoctoro TpyOompoBoja OT TpyOompoBoaa C
MOCJIeIOBATEIbHBIM COSAMHEHUEM (CII0KHOT0)?

4. Kakue TpyOOnpoBO bl HA3bIBAKOTCS MPOCTHIMU?

5. Kakue TpyOonpoBoAbl HA3bIBAIOTCS CIIOAKHBIMU?

6. OCHOBHBIE 3aJ1auy pacyeTa MPoCTOro TpyoonmpoBoaa.

3.2. Pacuer cJI0’)KHBIX TPYOONIPOBOI0B

Lenab npakTHyecKoro 3aHATHS: TOCTPOCHHUE KPUBOM MOTPEeOHOTO Hamopa
CIOXHBIX  TPYyOOINPOBOJIOB; MOCTPOCHUE  THUAPABIMYECKOM  XapaKTEPUCTUKU

TpyOOIpOBOJA IJIsl HAXOXKIECHUS PacXxoa )KUJKOCTH.

CnoxxHbli TpyOOIPOBO B OOIIEM CIIy4ae COCTABIIEH U3 MPOCTBIX
TpyOOIIPOBOJIOB C MOCEAOBATEILHBIM U MapaJlJICIbHBIM UX coenuHenueM (puc. 12.1, a)

wim ¢ pa3BeTBiaeHusME (puc. 12.1. 6).

o 2
Puc. 3.5. CxeMbl CI0KHBIX TPYOOIIPOBOIOB
Pacder ciioxHbIX TPyOOIPOBOIOB YaCTO BBIMOJIHSIIOT rpadoaHaTUTHYECKUM
CIIoco0oMm, T.€. C MPUMEHEHHEM KPUBBIX MOTPEOHOTO HATIOpa U XapaKTEPUCTUK
TpyOonpoBo0B. KpuByto moTpeGHOro Hamopa AJist CI0KHOTO TPyOONnpoBoa CleayeT
CTPOUTH CICAYIOIUM 00pa3oM:
1) c0XHBIN TPYOOITPOBOI Pa30MBAIOT HA PSII MPOCTHIX;
2) CTpOSIT KpUBBIE MOTPEOHBIX HAMOPOB JJIsl KAXKJIOT0 U3 MPOCTHIX TPYyOOIPOBOIOB;
3) CKJIaBIBAIOT KPUBBIC TOTPEOHBIX HATTOPOB ISl BETBEH (M MapasiyIeIbHBIX JIMHUAN, €CITH
OHM MMEIOTCS) TIO MPABUITY CIIOKEHUS XapaKTEPUCTUK MapauieNIbHbIX TPyOOIIPOBOIOB;
4) NoMy4YEHHYIO KPUBYIO CKJIAJIBIBAIOT C XapaKTEPUCTUKOM MOCIIEI0BATENHHO

IPUCOETUHEHHOTO TPYOOIPOBO/IA [0 COOTBETCTBYIOIIEMY MTPaBUITY.

v



Takum 006pazom, Mpu pacuere UAYT OT KOHEUHBIX TOYEK TPyOONpoBOaa K

HavyajabHOM TOYKEC, T.C. IIPOTUB TCUHCHUA KUIAKOCTH.

IMpumep
Bona (t = 20°C) neperekaer u3 pesepByapa 4 B pe3epByap B, NaBlieHHUs Ha
MOBEPXHOCTH JKUJKOCTH B KOTOpPBHIX oJuHaKkoBbl (puc. 12.2.). CoeaumHUTENbHBIN
TpyOOIIPOBOJ] COCTOMT M3 JBYX IIOCJIEIOBATEIIbHO COCIUHEHHBIX YYaCTKOB HOBBIX
oecmoBHbIX TPYO (I3 =200 M, d; = 100 MM u |, = 150 M, d; = 80 MMm), 11 06eux TpyO
lee = 0,051, h =3 m.

Onpenenuts: Pacxon BoapI.

ot -~

Puc. 3.6.

Pewenue. Xots Boga - xkuakocTs Manossizkad (= 103 I1a- ¢), HO KBagpaTHuHas
30HA CONMPOTHBIICHNS COMHHUTEIbHA, TaK KaK Maja dKBHBAJICHTHAsI IIIEPOXOBATOCTH TPYO
(A = 0,014 mm). ITosTOMy pemiaem 3aauy rpadoaHaATUTHYSCKUM CITOCOOOM.

1. 3amamumcs psgaoM 3HauyeHUd Q ¥ BBIYMCIMM COOTBETCTBYIOIIME OSTHUM
3HAYEHUSAM Npop IS KAKIOTO M3 YYaCTKOB, ITOCIIE YEro CYMMHUPYEM UX I Kaxaoro Q.

[TonydeHHbIe pe3yIbTaThl IPUBEACHBI HIKE, I1€ Nogy = hit+hy.

Q103 M%c ........ 2 3 4 5 6 7 8
N, M. 0,18 036 060 089 123 162 2,06
Noy Moo, 038 0,79 131 19 2,72 359 4,56
I ¥ 056 115 191 28 395 521 6,63

2. Tlo BbIOpaHHBIM 3HaYeHUSIM Q W BBIYMCICHHBIM JJISI HHUX Nogy CTPOUM
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T'HIPABIMYECKYIO XapaKTEPUCTUKY BCETO TPyOONpOBOAA.
3. CocraBuB ypaBHeHHE bepHymnu Juisi >KMBBIX CEUCHUH, BBIOPAHHBIX 110

YPOBHSAM KUJKOCTH B Pe3epByapax, nojyuyuM: h=H =h .

4. OT70KUB HA OCH OPAMHAT BeNUUUHY H, = 3 M, HaX0IUM UCKOMBIN pacxon Q =
5,15 om° /c.
Ortser: Q=5,15 am¥/c.
Yo6eaumcs, 4To IpernoNokKeHUE O KBaIPaTUIHOM 3aKOHE COITPOTHUBIICHHS ObLIO

-3 3
Re, = 4P _ 4:55 10_2 10_3 _82.10°
md,n  314-8-107%-10

50092 = 500 20— 2g5.10°.
A 0,014

OBbI OIIIMOOYHBIM.

[TpoBepka Benach TobKO 1O dz, Tak Kak Re;>Re;. OTBETBICHUS OT OCHOBHOM

MarucTpaiu ObIThb  3aMKHYThIMH  (puc.12.3, a) u pasomkHyThiMH  (puc. 12.3, 6).

a Q )

— //C_(‘
B D F

QI
Q

Puc. 3.7. CxeMbI CIOXKHBIX TPyOOTIPOBO/IOB:
a — TpyOOIPOBOJ C 3aMKHYTBIM OTBETBJICHUEM (JYIMHTOM); O — TpyOOIIPOBOJI €

Pa3OMKHYTBIMH OTBCTBJICHUSAMUA

JInsl 3aMKHYTBIX OTBETBJIECHUM (JTyITUHTOB) CIIPaBEIJIUBbI COOTHOILICHUS

Qu =Q +Q,+..+Q,, 1)
hTéu] :hl:hzz“':hn' (2)
rie Qoomy M Nogyy — COOTBETCTBEHHO pacxoj M IOTEPH Hamopa Ha BCeM

pasBeTBieHHOM y4acTke. (CiemoBaTenbHO, pacxXojd, MPOXOIAIIMA Yepe3 BECh
Pa3BETBICHHBINA YyIaCTOK, PABEH CyMME PacXoJ0B B OTJIEIbHBIX BeTBSIX (1y1st puc. 12.3, a
Qo= Q1+ Q2), a moTepu Hamopa JyIsi BCEro pa3BeTBICHUS U B JIFOOOM €ro BETBU PaBHbI

MEXTy COOOH.
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[Ipy aHanMTUYECKOM CIMOCOOE peIIeHus 3a7adyd Ha OCHOBAaHWW aHaIu3a
UCXOMHBIX JIaHHBIX TIPEICKA3bIBACTCA PEXKUM JBUWKCHHS (s  TypOyJIEHTHOTO
JBYOKCHHSI TaKKe 30HA COINPOTHUBJICHHS). 3aTeM, MCHOJB3ys cooTHomeHue (1) u (2),
OTIPECIISIOT CKOPOCTh (MJIM PacXoid) B KOKIOW M3 BETBEH, IMOCIIE Yero HAXOAAT TOTEPH
Haropa B OJHOUW u3 HUX. [IpuHITOE MPEANON0KEHNE MOATBEPKIACTCS TTPOBEPOTHBIMU
pacderamu.

3agauu A1 CaMOCTOSITEILHOTO PellieHusl
3apaua 1. Ilo TpyGompoBoxay (cm. puc. 2.9, a) nepekaunBaetcs HePTH (p = 900
kr/M3, v =2-10* M?/c) ¢ pacxogom Q = 50 am¥/c.

OrnpenenuTs OTHOCUTEIBHOE N3MEHEHHE NIOTEPh HANIOPA HA yJacTke 4-B = 5 kM
(d; = 200 mMm), ecmu K HEMY TOJKIIOYUTH JYHNUHT TOW ke JauHbI (d2 = 260 mMm).
TpyOnl cBapHbIE HOBBIE, MECTHBIMU COTIPOTUBJICHUSIMU IIPEHEOPEYb.

Ortser: h/hsp=3,85.

3amaua 2. Ilo BpemenHoMy TpyGonposoxy (puc. 12.4) 6ensun (Q = 50 am¥/c, p =
740 xr/m3, v = 0,55 10° mM?/c) nomaercs B CTOSHKM 1 3a1uBa mucTepH. OT OCHOBHOM
mvuane (AB =1 =2 xm, dag = d = 200 Mm) B y371e B nmotok pazaensercs B tuaun BC (Izc
=13 =100 M, dgc = d1 = 125 Mmm) 1 BD (Igp = I = 150 M, dgp = d2 = 150 mm). Bee TpyOsI
CBapHBIC YMEPEHHO 3apyKaBJieHHBIE, MpeBbIieHre Touek C u D Ham ropu3oHTanbHOU

OChI0 TpYOBI AB: 2c = 10 M, Z5 =13 m.

~

—

N
=

G

A [, d l, d,
B

L
|

Puc.3.8.

Onpenenuts pacxonasl OeH3mHa Q¢ m Qp W M3OBITOYHOE MABICHHUE pPa,
pa3BHBacMOE HACOCOM. MECTHBIMH CONPOTHBJICHUSIMH W CKOPOCTHBIMH HAIlOPaMH,
npeHebpeys, KOHEYHOE JaBJeHHUE pc U Pp atMochepHoe.

OtseT: pa=111,5 kIla (u366ITOuHOE); Q.=26,6 1m%/c; Qp=23.4 mm°/c.

3agaua3l.
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MunepansHoe macio (p = 840 xr/m®, v = 10* m?%/c) mo ropH30HTAaIBLHOMY
TpyOonpoBoay (cM. puc. 2.9, 6) nogaetcs K paznatounbiM nyHkTam C, E u F.

Pacxoasl Macna B 5tux nyHkTax: Qc = 10,6 mv®/c; Qg = 6,8 nm’/c; Qr = 14
IM°/C; KOHIIEBBIE CBOOO/IHBIC Harnopel: He = 67 M, Hg = 0, Hr = 7 M; JJIMHBI Y9aCTKOB
TpyOorpoBoja lag = 3 M, Igc = 1 k™, lgp = 2 xMm; Ipe = 1,5 kMm, Ipr = 1,5 kM. Hacoc npu
3a/IaHHBIX PACXO0JaM B MMyHKTAX pa3/iadyu MOXKeT co3aaTh Hanop Ha = 100 M, B Hanu4uu
UMEIOTCS HOBBIC CBapHbIe TPyOs! nuameTpamu 80, 100, 125, 200, 250 mm.

[TogoOpaThk mUaMeTphl BCEX YIaCTKOB TPYyOOIPOBO/IA, CUMTAS TOTEPH HAIlopa B
MECTHBIX COMPOTUBIICHUAX TPEHEOPEKUMO MAIIBIMU. JIOITyCTUMOE PacXOXKAECHUE MEKITY
peanbHbIMH Haropamu Ha 1 pacdyeTHbIM — He Ooiiee 5%.

KoHTposibHbBIE BONPOCHI

1. Yro BKIIIOYAET B c€0s1 pacyeT CI0KHOT0 TpyOompoBoa?

2. Ha xakue coeuHEeHUs OIPa3ACIISIIOTCS CII0KHBIE TPYOOIIPOBOIbI?

3.Uto Takoe kpuBas moTpeOHOro Hamopa?

4. Kak TOCTPOUTHh KPUBYIO TIOTpeOHOTO Hamopa Juisi TpyOompoBoda ¢
MTOCJICTIOBATEILHBIM COSTUHEHUEM ?

5. Kak mnoctpouth KpuByIO MOTpEeOHOro Hamopa Juisi TpyOompoBoaa C
MapaJUICIbHBIM COEITUHEHUEM?

6. UTo Takoe XapakTepucTUYECKass KpuBas?

7. Kax onpenenuTs pacxo KUIAKOCTH MPHU MOCIIEI0BATEILHOM COSTUHEHUN TPYO?

8. Kak omnpezensieTcst Hanmop B CIOXHBIX TpyOonpoBoaax?

3.3. Pacuer TOIIUHBI CTEHOK HMJIMHAPUYECKHX IOBEPXHOCTE 1 TPYO
Leap NpaKTHYECKOro 3aHATHS: PACCUUTATh MUHUMAJIbHYIO TOJNIINHY CTEHKA B

CiIydae BO3HUKHOBEHHS THIPABINYECKOTO yapa B TpyOOIpPOBoO/IE.

B pacueTHOl TpakTUKE HCMOJB3YETCA HECKOJBKO Pa3IHMYHBIX (OpMYNT AJis
OTIPEJICIICHUS TOJIIUHBI CTEHKH MIJIMHAPUYECKUX PE3EPBYapoOB M TPYO, HAXOAIIUXCS
noj; JACHUCTBUEM BHYTpPEHHEro namieHus. Tak, cormacHo Hopmam [[KTU, tommuny

CTEHKH ¢ CJIeAYyeT ONPeaAesiTh Mo (hopmyrie
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5:p—D+C’

(23[o]-ple

rie p — BHyTpEeHHee JaBieHue B kI /cm?.;
D — BHyTpeHHHUI TUAMETP LWIMHAPA B MM,
[0'] — JIONYCKAEMO€ HaIpsHKEHUE Ha PacTSHKEHUE ISl pacCMaTpUBAEMOIo

MaTepuaia TpyObl Wiu pe3epByapa B kl /e’
¢ — KO3(POUIUEHT MPOYHOCTH;

C — npubaBKa K pac4eTHOM TOJIIUHE CTEHKU B MM.

D
I[JIH pacu€Ta TOHKOCTCHHBIX CUMMCTPHUYHBIX 000104eK (E >1, 6) I10

. D
0€3MOMEHTHOM TEOpUU HCHONb3yeTcs (opMyna 5=g—,rz[e G— HOpMaJbHOE
O

HaIpsHKEHUE, ICUCTBYIONIEE B OKPY>KHOM HarpaBieHuu. [IpakTudeckas ¢popmyia umeer

o pnD
CIEOYIOUMNA BUL: ) :m, rae N- Ko3(pPUUUMEHT HaaeKHOCTH MO Harpyske.
(o2

TOJIHII/IHy CTCHKH TOJICTOCTCHHOI'O OHHOCHOfIHOFO MUJINHAPA MOKHO BbBIYHUCIWUTL I10

dhopmyiie JIssme, KoTopasi B IPUHATHIX HAMU 0003HAYSHHUSX UMEET BH]]

522{\/:0-:+p —1}
2 o|-p

®opmyny JIsiMe IPpUMEHSAIOT B OCHOBHOM JJIsl pacyera [MUJIMHIPOB U3 XPYNKUX

MaTCpHUaaIoB. I[J'ISI pacduceTa TOJCTOCTCHHLIX HNUIHHAPOB M3 BA3KHX MAaTCPHAJIOB

CJeyeT MOJIb30BaThCs POPMYIIOi

5=9( lamsa _1]_

2\V [o]- plt+x)
rae u — koddurment Ilyaccona; mst cramu = 0,3.

J{nst cTanbHBIX MWIMHAPOB GopMyJsia MPUOOpETACT CICAYIOMIMN BU/I:

=Sl e )
o]

3agaum 11 CAaMOCTOSITEJILHOIO peIcHus

3anaua 1. OnpeaenuTts TONMUHY CTEHKHA He(DTEPOTYKTOIIPOBO 1A JUAMETPOM
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d=530m u qmuHoit L=160 kM 0€3 MpOMEKyTOYHBIX HACOCHBIX CTAHIINI, PACCYMTAHHOI'O
Ha padouee nasnenue P=6,4 Mlla. Temnepatypa HedTenepekaunBaeMoro npoIyKTa
T=282 K.
Ortgert: 6=0,00634 M.
KonTpoJsbHbie BONPOCHI

1. Mosxet nu gedopMUpOBATHCS CTEHKA TPYyOOIPOBO/ia B CIy4yae THAPABINYECKOTO
yaapa?

2. 3aBUCHUT JIM BBIOOP TOJIIIUHBI CTEHKU OT pabovero JaBjieHus B TpyOornpoBoje?

3. OT KaKuX NapamMeTpOB 3aBUCUT TOJIIIUHA CTCHKU?

4. Kakue cuiibl I€MCTBYIOT Ha MaTepuall CTEHKU TPYyObl KPYTJIOTO MOMEPEYHOro
ceueHus?

5. Kakue cuibl BOBHHKAIOT B MaTepuaie TpyObl IPH ABMKCHHUH KUKOCTH B

TpyOonpoBoEe?

3.4. T'uapaBianyeckuii yaap B Tpyoonposogax. ®opmy.ia KykoBckoro

Heap npakTu4eckoro 3aHATHA: ONpEICIICHHE TNepenajga JaBJICHHS B
TpyOonpoBoge mno (opmyne JKyKOBCKOTO; OIpEAENICHUE HANpSKEHUs B Marepuase

TpyOBI B Cilydae BHE3AIMHOM OCTAHOBKH KUIKOCTH.

T'uopasnuueckuit yoap B TpyOONpOBOAE — OTO SBJICHHE CKAYKOOOpPa3HOTO
U3MCHEHUS JABJICHUS B KUIAKOCTH, MPOUCXOSIICE BCICACTBHE PE3KOTO M3MECHCHHS €€
CKOpocTH ABWXeHUS. [ mapaBnuyeckuii yaap MOXKET IPOUCXOIUTh MPU PE3KOM OTKPHITUU
WIM 3aKPBITHHM 33JIBFOKKH B TPyOOIPOBOJIC, MPU OCTAHOBKE HAcoca WM TypOWHBI U B
npyrux ciydasx. [Ipu ObICTpOM 3aKpBITHH 33 IBUKKH TIPOUCXOIUT TOPMOKEHHE KUIKOCTU
y 3aIBWKKH W PE3Koe yBeaudeHUe pAaBicHUsA. (OO0NacTh TMOBBIMIICHHOTO JIaBJICHUS
pacmpocTpaHsieTcss 10 JKUJKOCTH B CTOPOHY, MPOTHUBOIOJIOXKHYIO HAYAIbHOMY
HampaBjIeHUIo ee ABMKeHUs. CKOPOCTh NBIKCHUSI TPAHUIIBI ATOW OOJACTH HA3bIBACTCS
CKOPOCMbIO PACNPOCMPAHEHUS BOIHbL 2UOPABTUYECKO20 YOapa C

U 1711 TOHKOCTEHHOT'O TPyOOIIpoBoa onpenensercs no gpopmyne H.E.JKykosckozo:
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Klp

1+K—d
ES

C:

rae K — Moaynb ynpyroctu >KMJIKOCTH;, p — €€ IUIOTHOCTb; O — TOJIIMHA CTEHOK
TpyOonpoBoga; d — BHyTpeHHUH auamerp; E — MOIyib ympyrocTd marepuajia CTCHOK
TpyOompoBoga.  Ecmu TpybompoBoa HemepopmMupyeMm, TO CKOPOCTh PacHpOCTPAHCHUS
BOJIHBI TH/IPABIIMYECKOTO yIapa CTAHOBUTCS paBHOM CKOPOCTH 3BYKa B JAHHOM KHIKOCTH:
c= |
Yo,
Das3oii euopasiuueckoeo yoapa T Ha3bIBaeTCs YABOCHHOE BpeMs Mpodera yaapHou
BOJIHBI OT MECTa BO3HUKHOBEHUS MIPaBIMUYECKOrO yaapa 10 00JIacTu MOTOKa, B KOTOPOil
JaBJICHUE MOXKHO CYMTaTh MOCTOSHHBIM (HampuMmep, pe3epByap C JKUIKOCTBIO, U3
KOTOPOTO HaYMHAETCA TPYyOOIIPOBOA, BO3YIIHBIN KOJIAaK HAacoca)
7=2‘1/ ¢, rme | — paccrosHue OT MecTa BOZHUKHOBEHHS THAPABIUYECKOTO yaapa Jo
o0JacT, T/Ie AaBJIEHUE TIOCTOSIHHO. [Ipsmbim HA3BIBAETCS TUAPABIMYECKUN yaap, Ipu
KOTOPOM  BpeMsi HU3MEHEHHUSI CKOPOCTH TEYEHMs] JKUAKOCTH MeHblle  (asbl
THIPaBIMYECKOTO yAapa. Ecium Bpems U3MEHEHHS CKOPOCTH JKHUIKOCTH Oombiie (asbi
THIPaBIMYECKOTO yJapa, TO THAPABIMYECKUN yIap Ha3bIBAC€TCS HEMPSIMBIM.
JUis mpsAMOro THUIPABIMYECKOTO yJapa IOBBIINIEHUE JABJICHHS OINpeAeseTcss Mo
dbopmyne H.E. )KykoBckoro Ap = pcAS,
rae A9 - I3MEHEHHE CKOPOCTH JIBIKEHUS TIOTOKA.
IMpumep

[To TpyOGompoBOay MJIUHOMN =20 m, muamerpom 0=0,05, TOIMUHON CTEHOK

Inpue
TpyOompoBoaa 6=3,5 MM, coeaAuHEHHOMY ¢ Oakom, moj HamopoMm H=2,5 M Teuer Bojaa
(Moayas ympyroctm K=2-10° Ila). B HeKOTOpbIii MOMEHT BpEMEHH IPOUCXOIMT
MT'HOBEHHOE NEPEKPHITHE TOTOKA B KOHIIE TPYOOIIPOBO/IA.

Haiitu ckopocTh pacmpocTpaHEHHUs BOJHBI THAPABIMYECKOrO yAapa, eciu Tpyoa
craipHas (E=2-10"1la). KospduuueHT ruapaBindeckoro COMPOTUBICHHS TMPHHSAThH
paBsbiM 0,03.

Pewenue. 3 ypaBuenus bepHyinu onpenenuM cKOpOCTh TEUEHUS BOJBI B TpyOe 10
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2 2
‘9 +2 Inpue 19_

3aKpBITH 3aBWKKU. CumTas, 4To o0 =1, MMeeM: H=" ,
29 d 2g
OTKyJa 4 = 2gH = 2'9’81'3'(? =194 wm/c.

|
_npus 1+0,03——
1+ A4 d 0.05

Haiinem ckopocTh pacnpocTpaHEeHHs BOIHBI THAPABINYECKOTO y1apa B CTAIBHON

K 2-10°
TpyOe c= = 5 — =132-10° m/c.
p(“de 1091, 2:10°-5-10
ES 2.10".35-10°°

3agaum IS CAMOCTOSATEIHLHOTO pPelleHust
3agaua 1.  Ilo cranmpHOMY TpyOOIPOBOY, HAPYKHBIN AUaMETpP KoToporo 88,9
MM U TOJILMHA CTEHKHU 6,5 MM, aBrKeTcss HedTh. Pacxox medru 32 M/, muotHOCTE HE(TH
875 xr/m®.

Onpenenuth MOBBILIEHUE JAaBJICHHS B HEPTENPOBOJE BCICACTBHE MPSMOTO
TUAPABIMYECKOrO yJapa, NMPUHAB UCTUHHBIA MOJYNb CXaTus He(TU paBHBIM
13500 xre/em?,

Otser: 20,4-10° Ila.

3agaua 2. Kak u3MeHHMTCS BeJIMUMHA MOBBIICHUS JABJIEHUS B HEPTENpoBoie (110
YCIIOBUIO 3aJa4M 1), eciauM BMECTO CTaJIbHbIX TPYO NPUMEHUTh UYTYHHBIEC, MOJIYJb
yIpyroct KoTopeix £ = 1,2 « 10 I1a?

OtBet: ymenbutcs Ha 2,7%.

3amaya 3. Ilo ycnoBuio 3amaunm | omnpenenuTh MOBBIIEHUE [IABICHUS MPHU
JIBUWKEHUU TIO TPYOONpPOBOAY BOJBL.

Otset: 26,1 -10° TIla.

3amaya 4. CpaBHUTH TNOBBIIIEHUE JABJICHHUS B PE3YyJbTaTe€ MPSIMOro THApA-
BJIMYECKOTO yaapa B TpeX CTalbHBIX TPyOONpoBOJaX C TOJIIMHOMW CTEHOK
5,5 MM u BHyTpeHHuMu auamerpamu 50, 100, 200 MM nOpu ABUKEHHH B  3THX
TpyOOIPOBOJAX BOJbI C OAMHAKOBBIMU CPETHUMU CKOPOCTSIMHU.

Pe3ynpTaTel BbIpa3uTh B NpoueHTax, npuHsAB 3a 100% noBbllIEHUWE NABIEHUS B
TpyOOIPOBOJIE, IUAMETP KOTOPOro paBeH 50 MM.

Otser: 100%, 95,5%, 90,2%.
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3amaya 5. CpaBHUTH TMOBBIILICHUE JABJICHUS B  peE3yJbTare  IPSIMOro
TUIPABIMYECKOTO yJiapa B TPEX CTAJIbHBIX TPyOONpoBoAaX BHYTpeHHUM Auamerpom 100
MM W CTE€HKaMH TOMMMHOW 6, 8§ m 10 MM mpu ABMKEHWHM B ITHX TPyOax BOJIBI C
OJIMHAKOBBIMH CPETHUMU CKOPOCTSIMH.

Pe3ynpTaTel BbIpa3uTh B NpoueHTax, npuHsAB 3a 100% noBbllIeHUWE TABIEHUS B
TpyOOIPOBO/IE C TOJIIMHON CTEHKH TPYO 6 MM.

Otget: 100%, 101,6 %, 102,5%.

3agaua 6. Ilo crampHOMY TpyOONpPOBOAY, HAPYKHBIA THAMETP KOTOPOrO PaBeH
101,6 MM 1 TONIIMHA CTEHKHU 6,5 MM, epekaunBaeTcs HedTh IIIOTHOCTBIO 860 Kr/Mm°.

OnpenenuTs, MOXKET JIA BO3HUKHYTh NPSIMOM THAPABIMYECKUN yAap, €CIln
MEPEKPBITh 3aBIXKKY 3a 25 CeK, HaXOJAUIYIOCS Ha PACCTOSIHUM 56 KM OT MOJAOLIEro
He(dTh Hacoca.

3agauya 7. Onpenenuth OaBleHHE B HEPTENpPOBOAE MpU OBICTPOM 3aKPHITUU
KpaHa (3a 1,2 cek), yCTaHOBIIEHHOTO Ha pacctosHuu 1420 M OT HAYaJIbHOM TOYKH
TpyOonposoza. JlaBnenue B HeTENPOBOIE IPH HOPMAIIbHOMI ero pabore pasHo 4-10°
I1a.

TpyOomnpoBoa CTanbHOW, HAPYKHBIA TUaMeTp TpyO 73 MM, TOJIIMHA CTEHKH 5,5
MmM. [InotHOCTE HedTH 855 KI/M3, CpeiHss CKOPOCTh €€ IBMKEeHUs 1,4 M/Cek.

Ortset: 18,3-10° I1a.

3anaua 8. OmnpenenuTh ynapHOE TOBBIIIEHUE aBJICHUS B CTaJbHOM TpPyOO-
npoBoje guamerpoMm d=100 mm u muHOM 1=4200 M npu ToJIIMHE CTCHKH 0=7 MM. Ilo
TPyOOIPOBOAY ABMKETCS HEPTH INIOTHOCTBIO p=856 Kr/M° cO cpeaHeii CKopocThio $=1,2
M/cek. BpeMs 3akpbiTus 3aaBuKKHU t34x=2,1 cek. UcTunHBIN Moaynb cxaTus Hegtu 135
000 H/cm?.

Otser: 1,47-10° Ila.

3agaua 9. TpeOyercss ompenenuTh HaNpsXKEHWE B Marepuane TpyObl mpH
MTHOBEHHOM OCTAHOBKE BOJIbI, JIBHTABIICHCS CO CpemHEH CKopocThio $=1,2 M/cek.
JlaBnenue P mepen 3aBMKKOM 10 ee 3akpbiTus paBHO 5-10° Ila. duamerp TpyOn! 205
MM, ToJiuHa cteHku 10,5 mm. TpyObl cTanbHBIE.

Otser: 298-10° Ila.
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KoHTpoJibHBbIE BOIPOCHI

1. OOBSICHUTD SBJICHUE THAPABINICCKOIO yaapa B TpyOax.

2. VYpapHoe TOBBILIEHWE [JaBJIEHUs OOJbIIE MpU MPSIMOM WIH HENPSIMOM
TUAPABINYECKOM yaape?

3. Uto OymeT MpoOWCXOAWTh C YAAPHBIM JAaBJICHUEM IPH YBEIHMYCHUH YIPYTOCTH
CTEHOK TpyOompoBojia?

4. Kak OyzeT u3MeHSThCS yJIapHOE JaBjCHUE NIPU YBEIMUYCHUHU JUaMeTpa TpyObl U
COXpPaHEHUS TOJIIIUHBI €€ CTCHKHU?

5. C 4eM CcBs3aHO SIBJICHHE KaBUTAIIUN?

6. Kakue HexxenareabHbIe ITOCIEACTBUS BJICUET 3a COO0I KaBUTAIUA?

7. Kak npe1oTBpaTuTh SIBJICHUE KABUTAIUN?

3.5. UcTeuenne KUIKOCTH Y€pPE3 OTBEPCTHUA U HACATKHN

Leab NpakTHYeCKOro 3aHATHUS: ONPEACIUTh KOdDPUIIMEHT pacxoja >KUIKOCTU

MPYA UCTEYEHHUH )KUIKOCTH; HAXOXKJICHUE BPEMEHH MOJHOTO ONIOPOKHEHUS pe3epByapa.

OcHoBHbIM  60NPOCOM, KOTOPBI HHTEPECYET B JAHHOM Cly4dae, SBJISETCS
OTIPE/ICJICHUE CKOPOCTU UCTEUCHUS U Pacxoa *KUIAKOCTHU JIJIsl Pa3IMUHbIX (DOPM OTBEPCTHI
¥ HacajgkoB. B mpoiiecce Takoro MCTEUEHHs 3amac MOTEHIUAIbHON HEPruu, KOTOPBIM
o0JlalaeT KUIKOCTh, HAXOJMSIIAsCd B pe3epByape, MNpeBpallacTcs B KUHETHYECKYIO
HHEPrUI0 CBOOOIHOI CTPYH.

Hacaoxamu Ha3pIBAIOTCS KOPOTKHE MATPYOKU PazIudHBIX (HOpM, depe3 KOTOpbIe
IPOUCXOAUT UCTeueHue kuakocth. OObuHO jumHa Hacagka |=(3....8)d. B HekoTOpbIX
ciaydasx (MpU MayiblX TEOMETPUYECKUX pa3Mepax OTBEPCTHI) B KAUECTBE HACAIKA MOXKET
BBICTYNaTh M TOJICTasi CTeHKA. Hacaaku MMEIOT pa3fiMyHble XapaKTEePUCTUKU MCTECUEHHUS.
KoaddummenTs uctedennst st Hacaa0K, TaK Ke Kak M JIsl OTBEPCTUH, 3aBUCAT OT YHCJIa
Re. PaznuuaroT ciepyromuye TUMNbl HACAJKOB: BHEIIHMM LUUIMHAPUYECKHM, BHYTPEHHHI
UWJINHIPUYECKUN, KOHUYECKUU CXOJISIIIUMCS, KOHUYECKUU pacxoasIumncs,
KOHOMJAJIBHBIN, HACAIOK JIJIsl 3a00pa KUIKOCTH U3 pe3epByapa u Jp.

IIpumep
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W3 oTBepcTus B ToHKOM cTeHke auameTpom d=0,005 M BbITEKaeT BoJa, MMEIOIIAs
temneparypy 20°C. Omnpenenutbs pacxoJ BOABI U CPaBHUTh C PACXOJIOM TIIIMIIEPUHA,
BBITEKAIOIIET0 B TEX K€ YCIOBUSIX. BbICOTa ypOBHS KUIKOCTH HaJ LEHTPOM OTBEPCTHS
H=0,05 M.

Pewenue. Onpenensiem yucna PeliHONbACA, XapaKTepU3YIOIIUE UCTEYEHHSI BOABI U

riurepuna (npu 20°C ve=1,01-10"° m%c, vrin=1,19-10"° m?/c):

2gH A2 .
JUTSL BOJIBI Re, = 4= 2-981 (_)é05 5.107° = 4900 ;
o0 V., oom 101-10
JUIS TOUIEpUHAa  Re,, = —V2'9’81'0'055 107 =416

s 119107

Koaddumment pacxona npu ucredeHnu Boasl (Tabdin. gannsie) u=0,66. Toraa pacxon

2 -3
Boms: Q. = yﬂ%,/ZgH =0,66M\/2-9,81-5-102 ~128-10°°/ ¢

KoaddummenT pacxoa mpu HCTEUESHUN TIIUIEPHUHA

Re
U= Nomigun b _ 0,376
252+Rey, 25,2+4,16

Pacxon rmunepuna

-3
Q, = 0,376M\/2~9,81~5~10‘2 =7310°% /¢
enuyepuna 4

B cxomHBIX yCIOBUSIX pacxoj TUIIEpHUHA BCIEICTBUE CYIIECTBEHHO OOJIBIIICH €ro

BSI3KOCTU OKazajsicsi Ha 43% MeHbIIe pacxoa BOJIbI.
3aa4u 15 CAaMOCTOSITEILHOTO pellleHUus

3agaua 1. Onpenenuts KOd(hPUIMEHTH pacxoda, CKOPOCTH, CXKaTUS W
CONPOTHUBJIEHUS TPU  HCTEUCHMH BOABI B  armocdepy  uepe3  OTBEPCTHE
auamerpom 0d=80 MM Tmoxg HamopoM H=3 M, ecIM pacxoJ BOIbI paBeH
Q=23,6 nm%/cek, a KOOpPAMHATHI LIEHTPA OJHOTO M3 CEYeHUi cTpyn  x =334 M n y =
990 mmM.

Otser: pn=0,61; ¢=097;, €¢=0,63; {=0,08.
3amaua 2. TpeOyercs ompeAenuTh pacxo] OEH3WHAa uYepe3 KaauOpoBaHHOE

OTBEPCTHE a HEKOTOPOTO YCTPOUCTBA.
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[Inomans cedenus: oTBepctHsi F= 2 mMm2. Bricota 06pes3a orBepcTus b kxonmaxa
pe3epByapa H=2 cm.

Koaddumuent pacxona npussaTh paBHbIM L = 0,64.

Otser: 0,8 cm®/cek.

3agaya 3. Onpegenutb pacxod KUAKOCTH 4Yepe3 LWIMHIPUYECKUH HACATO0K
auamerpom d = 100 MM u gmHOM =400 MM. Hamop skuakocTu Haj IIEHTpOM Hacaaka H
=34mMm.

Otset: 0,0525 M%/cex ~52,5 mm>/cex.

3amava 4. 3 ropu3OHTAIBHOW HUCTEPHBI, AUAMETp KoTopot 2,21 M, a qiuHa

8,2 M, CIMBAIOT ropsyuil HedTenpoaykT. JluameTp CIMBHOrO OTBEPCTUS PaBEH
100,3 mm.

OnpenenuTh Bpemsi cliuBa HePTENpPOAYKTa.

Kak wu3MeHuTcs BpeMs ciuBa HEPTEOPOAYKTa, €CJIM Ha €ro IMOBEPXHOCTH
nojnepxkuBath gaBienne Ha 60 000 Ila Beime armocdepnoro. IlnoTHOCTH
nedrenpoxykra 898 Kr/me.

Kosddumment pacxona p npunsaTh paBHbM 0,62.

Otser: T1=70,33 mun, 7>=21,1 mun.

3apaua 5. [unuuapuueckuii pesepByap aunametpoM D=4 M u BbicoTOI H=6 M
uMeeT y qHa oTBepcTre quamerpom =100 mm.

OnpenenuTs BpeMsi TOJHOTO OMOPOKHEHHsI pe3epByapa, eciu Kod(hPHUIUEHT
pacxonga otBepctusi p=0,62.

Otset: 47 MuH 24 cex.

3apaya 6. OnpenenuThb, Kakoe KOJIMYECTBO BOABI BHITEKIIO U3 IUJIWHIPUUIECKOTO
BEepTUKaJIbLHOTO Oaka auamerpom D=1,2 M 3a 1 MHH Yepe3 OTBEpCTHE B JIHE JTUAMETPOM
d=100 Mm, eciti ypOBEHB BOJIbI B OaKe MOAACPIKUBAIICSA IMOCTOSIHHBIM, paBHBIM 1,3 M.

Otser: 1,48 M°.

KoHTpoJibHBbIE BONIPOCHI

1. Kakoe oTBepcTue B cTeHKE Oaka, 3 KOTOPOrO MPOUCXOIUT UCTEUEHHE,

2. Kak omnpenensitorcst kK03QQGUIMEHTH HCTEUEHHUS (CKATHS CTPYH, CKOpPOCTH,
pacxona)?
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3. Kakoe oTBepCcTHE HA3bIBAIOT 3aTOIJICHHBIM ?
4. KakoBbl 0COOCHHOCTH UCTCUCHHS KUIKOCTH Yepe3 OTBEPCTHUE B TOJICTOM CTCHKE?
5. Uro Takoe Hacamok?
6. IloyeMy mnpu HCTEUEHHHM >KUJIKOCTH 4Yepe3 HacaJoK pacxoayercs  OoJibliie
KUHETUYECKOU SHEPTUU, YEM MPU UCTEUECHUU KUJIKOCTHU Yepe3 OTBEPCTUE?

7. Kakoit Hanop *UAKOCTH HA3bIBAIOT NTEPEMEHHBIM?

3.6. ®uabTpanus xuakocTH. 3akon lapcu

Leab NpakTU4YeCcKOro 3aHATHA: ONPEAEIEHNE CKOPOCTU (DUIIBTPALUHU KUIKOCTH

B IIJIACTC.

Qunbmpayuerl Ha3bIBACTCS ABIKCHHE >KUIKOCTH WM Ta3a B IOPUCTON U
TpemuHoBaTol cpenax. OCHOBHOM 3ajauell NpU MPaKTUYECKUX pacuerax B oOnacTu
bunbTpauy SABISETCS OIpENElIeHHE pacxoja, T.€. KOJIMYeCTBAa (QUIbTPYIOLIEHCS
KHUIKOCTU U ckopocmu unvmpayuu (GUKTUBHAS CKOPOCTH), O] KOTOPOH MOHUMAIOT
pacxoa JKMIAKOCTH uepe3 E€IUHMIYy IUIOH[aJAM TONEPEeYHOrO0 CEUEHHUs BCEro
bunbpTpyromero ciuos (BKJIOUYas KaKk caM TPYHT, TaK M MOPBI MEXIY €r0 YacTHUIIaAMH).
llopucmocmuro (M KO3(PPUIIMEHTOM MOPUCTOCTH) HA3BIBAIOT OTHOUIEHUE 00beMa Iop,
T.. MYCTOT MEXIY OTACIbHbIMA 4YacTHIIAMM TPyHTa, KO BCEMY 00bEeMy TIpyHTa.
H.Jlapcu ObutM TIpOBEICHBI OMBITHI B YCIOBHSIX YCTaHOBUBIICHCS (QUIBTpAMA BOIBI
yepe3 mnecyaHbld TpyHT. B cBoux omnbitax Jlapcu yCcTaHOBWII OCHOBHOM 3aKOH
bunbTpanuy, KOTOPOMY MOMUYUHSIOTCS pPa3IMYHble HECKUMaeMble XUAKOCTU (BOAA,
He()Th) TIPU CBOEM JBMKCHHH UYepe3 TPYHT - CKOPOCHb GPuibmpayuu HCuoKocmu 8
nopucmoul cpeode npamo NpPONOPYUOHANbHA 2paoduenmy OasleHus U HAnpasieHa 6

CMOPOHY NA0eHUsl 0A6IeHUSL:

AH
—ks=,
Q L

rae x - KoohGUIHeHT GuIbTpalMU, XapaKTepU3YIOLUi BOJONPOHUIIAEMOCTh NECYaHOTO

IPYHTA,;
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S - mmomaak ceyeHus TpyOs! (TUIoaab PUIBTPAIUN);
AH- moTepu Hamopa, orpeesseMas Mo pa3HOCTH MOKa3aHUH Mbe30METPOB;
L - niuHa necuyanoro GpuibTpa.

KOHTpOJIBHLIe BOIIPOCHI

1. Kakoii onbiT ipoBoaui H. {apcu?

2. CymiecTByeT JU JIMHEWHAs] 3aBUCUMOCTh MEXIY (QUIBTPAIMOHHBIM PACXOJ0M B
TpyOe (C mecuaHbIMU IPYHTaMU) U TUPABINYECKUMU OTEPAMHU?

3. Uro Takoe GuiabTpaius XUaKkocTu?

4.0OcHoBHas 3a/1a4a GUIbTPALIMH.

5. YUto npencraBisieT co00i CKOPOCTh (PHIIbTpALIHH?

6. UTo Takoe nopucTOCTh?

3.7. 'panuubl NPpUMEeHMMOCTH 3aKoHa {apcu

[legbp NMpaKkTH4YeCKOro 3aHATHUSA: ONpeAcseHue yucia PelHonbplIca B MOPUCTBIX

cpenax.

3akoH Jlapcu dYacTo Ha3bIBAIOT 3aKOHOM JIaMUHApHOW (QuibTpanuu, T.K.
COrJIaCHO ATOMY 3aKOHY pacxoJl U CKOpPOCTh (PMIIbTpALMU JIMHEHMHO 3aBHUCST OT MOTEPb
HaIopa, 4YTO SIBJISETCS NEPBbIM MNPU3HAKOM JIAMUHAPHOTO pexuMa (IpH JIBHXKCHHUH
KHUIKOCTH B TpyOompoBojax). B OoNbIIMHCTBE cllydaeB IBUKEHHE MXUAKOCTU B
MMOPUCTBIX TENAX NEUCTBUTEIBHO MPOUCXOJUT C MAJbIMU CKOPOCTSAMHU. B OTIEnpHBIX
Cly4asx, KOrja IBWKECHHE XUIAKOCTH B TPYHTE XapaKTEPU3yEeTCsS 3HAYUTEIbHBIMU
CKOpOCTAMH  (Hampumep, B CKaJbHbIX TOpoAax), HaOmogaercs Nepexoa K
TypOyJIEHTHOMY peXuMy. 3akoH Jlapcu uMeeT BEpXHIOI0 W HWKHIO TPAHUIIBI
IIPUMEHUMOCTH.  BepxHsAs IrpaHuia NPUMEHUMOCTH OIPENENSAeTCS TPYIION NPUYHH,
CBSA3aHHBIX C MPOSIBJICHUEM MHEPIIMOHHBIX CHJI IPU BBICOKUX CKOPOCTAX GuibTpanuu. Ee
OOBIYHO CBSI3BIBAIOT C HEKOTOPHIMU KPUTHYECKHUM (IIpeeIbHbIM) 3HaUeHuEM uncia Re.
Jlnsa onpenenenus yncna Re npu punbTpanuu npenioxed psag popmyn, Hanpumep, H.H.
[TaBnosckoro, B.H. [llenkauyeBa, dhopmyna Kpacnononsckoro, CMmpekepa.
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HwxHsas rpaHuna npuMEHHMOCTH 3akoHa /[lapcu ompenenseTrcss mposIBICHUEM
HEHBIOTOHOBCKHUX PEOJIOTHUYECKUX CBOWCTB KUIKOCTH, €€ B3aMMOJECHCTBUEM C TBEPIbIM
CKEJIETOM MOPUCTON CPEJIbI MIPH TOCTATOUHO MAJIBIX CKOPOCTSIX (PUIBTPALIHU.

KoHTpoJibHBIE BONIPOCHI
1. Mo>xHO 1 Ha3BaTh 3aKOH Jlapcu 3aKOHOM JIaMUHAPHOUN (QUIBTPALUK U TTOUEMY?
2. YeM xapakTepu3yeTCsl JBUKECHUE )KUIKOCTHU?
3. UemM onpenensieTcss BEpXHss IPaHULla IPUMEHUMOCTH 3aKkoHa [lapcu?
4. Yem omnpenensiercs HUKHSA FPaHUla IPUMEHUMOCTH 3akoHa [lapcu?
5. Ilpumenuma nu opmyna no ompezaeneHuro yucia Re B TpyOompoBogax ais
ITIOPUCTBIX cpen?

3.8. OIlHOMepHI)Ie TeyeHud raza. Ckauku YIJIOTHCHHSA

LHeap npakTuyeckoro 3aHATHSA: HaXOXAeHUWE yuciaa Maxa B HEKOTOPBIX
CEYECHMSX M303HTPONMYECKOr0 IOTOKAa BO3/yXd; OIPEIECICHUE CKOPOCTH 3ByKa B
3aTOPMOKEHHOM Trase.

OonomepHbiMy HA3BIBAIOTCS TAaKHE TEUYEHMsI, XapakrepucTtuku kotopeix (T, p,v,
p) 3aBUCAT TOJIBKO OT OJJHOM KOOPJAMHATHI U BpeMeHU. [[pumMepoM 0JTHOMEPHOIO TE€UEHHUSI
ABJISIETCSl TEYEHHE Ta3a B TpPyOKe TOKa, €CIIM XapaKTePUCTUKHU PaCIpPEeICHbI
PAaBHOMEPHO 10 €€ CEUEHUIO.

CkopocTh 3ByKa MM CKOPOCTb PpAcCHPOCTPAHEHUSI OECKOHEeUHO MAJblX

603MyWeHull B Ta3e onpeaensercs no ¢hopmysie, oouien s BCero TepMoAMHAMUYECKOTO

d
nporecca: a = P s M309HTPOMMYECKOTO TPOIIecca PaclpOCTPAHECHUSI 3ByKa B

dp

COBCPIICHHOM Ia3c: a =

OTtHomeHue CKOPOCTH TCUCHHUS I'a3a U B HaHHOﬁ TOYKC IIOTOKA K CKOPOCTH 3BYKa

9 . U
a B ATOM K€ TOUKE Ha3bIBaeTCs yuciom Maxa. M =—.
a
Ecou v<a, To M<1 u pexuMm SBISIETCS 0038YK08bIM; €Cld V>da, TO M=1 u
PEXKUM C8epx38YK0B80U, eciu V=a, TO M=1 1 pe:KUM Ha3bIBACTCS KPUMUUECKUM.

Ecan rmiomanab IOIIEPCYHOTO CCUCHUS CTprIKPI ra3da M3MEHACTCA 110 AJIHUHE, TO
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Kkputudeckoe coctosiuue (M=1) MOXET yCTaHOBUTHCSI TOJILKO B CAMOM Y3KOM CEYEHHUH
CTPYHKHU. DTO CEUEHHUE HA3ZBIBACTCS KPUMMUYECKUM Sy,

OTHoOIIIEHHE CKOPOCTH TEYEHHUS Ta3a B JIAHHOW TOYKE MOTOKAa K KPUTHYECKOM
CKOPOCTH @y, HA3BIBACTCA KOIPPuyuenmom ckopocmu (A): A= v/ayy,.

3aBUCHUMOCTH TapamMeTpoB MOTOkOB ra3a (p,T, p) oT umcia Maxa (umum oT
Kod(ppuiMeHTa CKOpOCTH) M OT MapamMeTpoB TOpMOxkeHUs (po,To, Po) HA3BIBAIOTCS
2a300UHAMUYECKUMU DYHKYUIMU.

Jl7is ToJTydeHus CBEpX3BYKOBOW CKOPOCTH MCHOJIB3YIOT conio Jlasans, KOTopoe
COCTOUT U3 CY>KHBAIOIIECHUCS U PACIIUPSAIONICICS YacTeu.

[ToBepXHOCTh, TIPH TPOXOKIECHUU dYepe3 KOTOPYIO IaBJICHUE, IUIOTHOCTH
CKOPOCTh W TEMIIepaTypa Ta3a W3MEHSAIOTCS CKAadKOM, HA3bIBACTCS YOAPHOU BOIHOLL
VY napHast BoJlHa MOKET BO3HUKHYTh TOJIBKO TPU CBEPX3BYKOBON CKOPOCTH JIBHKCHUS
raza. OOpasyromuecss B MOTOKE yJAapHbIC BOJHBI B PA3JIMYHBIX CIydasx MOTYT OBIThH
MOJABMXKHBIMM M HEMOJBW)XHBIMU. HemojaBuKHas BOJIHA HA3BIBACTCS  CKAYKOM
VNIOMHEHUS.

IIpumep

Bosayx mpu HOpManbHbIX ycaoBusx (Ng=760 mm.pr.cr., t=15°C), umerommii
ckopocTh V1=136 M/c. Haiitu TemnepaTypy, AaBi€HUE U IJIOTHOCTh B KOHIIE COILIA, a
TaK)Xe TEeMIIEpaTypy M JTaBJICHUE TOPMOKEHUS, CIMTAS ABMKCHHSI U309HTPOITUYECKIM.

Pewenue. Onpenensem uncio Maxa B cedueHuu 1:

M, = 4 =v, \/KRT, =136,/1,4-287-288 = 0,4, 110 TabIMLaM ra3oJMHAMUYECKUX QYHKIMH,

a,
snast py 1 T1, p1= ppgho=1,36'10* 9,8 :0,76=1,013 '10°TIa u T:=288K, Haxoaum
mapaMeTpbl TOPMOKEHUS.
Po = P,/7(M,)=1,013-10° /0,895 = 1,13-10°IIa,
T, =T,/7(M,)=288/0,969 = 297K.

N3 ypaBHEHUS 3aKOHA COXPAHEHUSI SHEPTUU ONPEAEIISIEM TEMIIEPATYPY B CEUEHUN

T, =T, —v2/(2C, )= 297 — 280 / 2000 = 258K;

M yncno Maxa
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M, =v,/a, =V, //kRT, =280/,/14-287 - 258 = 280/322 = 0,870
[To TabnuiaM razouHaMUYecKuX (PYHKIIMNA HaXOAUM JaBJIEHUE B KOHIIE COILIa
p, =7(M,)p, = 7(0,870)-1,13-10° = 0,611-1,13-10° = 6,90-10 [Ta
N3 ypaBHenus Knaneitpona — MenaeneeBa mioTHOCTh
p, = p,/(RT,)=6,90-10* /(287 - 258) = 0,932xr/m >,
3anaqn I CAMOCTOATEJIBHOTO PCIICHUHA
3amaua 1. Qopmyny i ONpeaeaeHUus CKOPOCTH 3ByKa MOKHO
3anmcaTh B BUje a=C~/T , Te 7 — abcomoTHas TEMIICpaTypa.
Haiitu 3nauenne kouHctaHThl C I BO3AyXa U MCTaHa.
OtBer: C, , =20Mm /(c . epaayc]ﬂ) C = 26m /(c . 2pa0yc]/2)

6030 Meman

3amaya 2. B kaMepe *KUJIKOCTHOTO PEAKTHUBHOIO JIBUTATENS Ta3 C MOJIEKYJISIPHOM
Maccoii 24,2 kr/monb umeet temneparypy To=2800K.

OnpenenuTs CKOPOCTh 3BYKa B 3aTOPMOXKEHHOM Tra3e B KaMmepe JABUIaTelsl M
KPUTHYECKYIO CKOPOCTh 3ByKa (x=1,3).

OtBeT: a, =112-10°u/c; a, =104-10%u/c.

3agaua 3. /[ana temmneparypa Topmoxenus To=357 K u temneparypa 7 = 250K B
HEKOTOPOM CEYEHUHU U303HTPONUYECKOTO TOTOKA BO3AYyXa.

Haiitu ckopocTh 3Byka B 3aTOPMOKEHHOM Ta3€ dp, CKOpPOCTh 3ByKa 4,
K03 duULMeHT cKkopocTu A, uncio Maxa M U CKOpOCTb V B 3TOM CEUCHHUH.

OtBet: a, =378w/c;a =317m17M =1,34;M =1,46; v = 463m63

3agaya 4. B 1ByX ceueHUAX M30HTPOMUYECKOIO MOTOKA BO3AyXa KO3 (OULIUEHTHI
ckopoctu 41=1,50, 4, =2,20. Temneparypa Topmoxxenust 7o=303K.

Haittn ynciia Maxa 1 CKOpOCTH B 3TUX CEUCHUSIX.

OtBer: M, =173;M, =4,57;v, = 478w/c; v, = 701m/c.

KounTpoJsbHbIe BONIPOCHI

1.Kakoii peskuM Ha3bIBAETCSI KPUTUUECKUM?

2.0T KaKkux NapamMeTpOB 3aBUCUT KPUTUUECKOE J1aBJieHUE?

3. B KakoM ce4eHUu CTPYNKH MOKET YCTAaHOBUTHCSA KPUTHUYECKAN PEKUM?

4. Kakue ycnoBus [NOJDKHBI OBITH BBINIOJHEHBI, YTOOBI pPEXUM pPaOOTHI B
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pacumpsronieiics yactu coruia JlaBaasns Obl1 CBEpX3BYKOBBIM?
5. Uto Takoe OTHOMEPHOE TEUEHHUE rasa.
6. JlaTh onpeneneHre CKauka yrIOTHEHUS.
Bonpocel 111 CaMOKOHTPOJISA

1. DuU3NUECKUE CBOMCTBA KUJIKOCTEH.
2. T'mapocrtatuka. Cuiibl, 1EHCTBYIONINE B )KUKOCTH.
3. EnuHuibl u3BMepeHuil U pa3MepHOCTH JaBieHuid. CBOMCTBA THAPOCTATHYECKOTO
JABJICHHUS.
4.  Dnropbl THIPOCTATUYECKOTO JIABJICHUS.
5. JudbdepennuansHoe ypaBHEHHE paBHOBECHS (ITOKOS) >KUIAKOCTH. YpPaBHEHUS
Ditnepa.
6. 3akon [lackans. OCHOBHOE ypaBHEHHE THIPOCTATUKH.
7. TloBepxHOoCTH paBHOTO AaBiaeHUS. OTHOCUTENbHBII MOKOW KUIKOCTH.
8. OmpeneneHue THAPOCTATHUECKOTO JABJICHHUS TPU TMOMOIIM IHE30METPOB,
IbE30METPUUECKAS BBICOTA.
9. TlpuGophk! A1 U3MEPEHMSI TaBJICHHUS.
10. Cunbl naBicHUS HA IIIOCKYIO CTCHKY.
11. Cunbl naBiaeHus *KUJIKOCTH Ha THO cocyaa. [ uapocTaTHYecKuil mapaaokc.
12. Cwibl 1aBieHHS )KUIKOCTH HA ITUJIMHAPUIECKYIO CTEHKY.
13. Coobmaronuecst CoCyabl.
14. 3axon Apxumena. OCTONYMBOCTb, METALICHTP, LICHTP BOJIOM3MCILICHHUS.
15. Omnpenenenne TOMMUHBI CTEHOK TPYO.
16. WnpeanpHble 1 aHOMAJIBHBIE KUIKOCTH.
17. OcHoOBHbIE TTOHATHS KUHEMATUKU U AUHAMUKHU KUJIKOoCcTH. Meton Jlarpanxka u
MeTo1 Duepa.
18. DiaeMeHTHI MOTOKA KUIKOCTH.
19. VYpaBHeHue HEepa3pHIBHOCTH MOTOKA (YPAaBHEHUE COXPAHEHUS MACChI).
20. YpaBuenue bepHymin nns CTpyWKM HAEaTbHOW M PEATbHOM KUIKOCTH.
['eomeTpudeckuii 1 GU3MIECKUN CMBICI ypaBHEHHUS.
21. VYpasuenue bepHymim it MOTOKA peaibHOM KUIKOCTH.
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22,
23.
24,
25,
26.
217,
28.
29.
30.
31.
32,
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.

[Ibe30MeTprUUECKUI U TUAPABINYECKUN YKIIOHBI.

I'paduku ypaBHenuii bepaysiu.

IIpakTHyeckoe npuMeHeHNEe ypaBHEeHNs bepHyu.
Knaccudukanus ruipaBinyecKux moTepb.

Pexxumbl TeUEHUS KUIAKOCTH.

OmnriTel PeitHonpaca. Yucio Pelinonbaca.

O6muas popMyIa noTepu Haropa.

DMIOpBI CKOPOCTEN MpH JIAMUHAPHOM U TYPOYJIEHTHOM peXUMax.
Meron Hanoxxenust norepb. KoaphuiueHT conpoTuBIEHUSI CUCTEMBI.
[ToHsaTHE O KAaBUTAIIMU KUIKOCTH.

IMuapasanyeckuil yaap B TpyOonpoBoaax.

Kiaccuduxkanus TpyoomnpoBoI0B.

[TocTpoeHue TUAPABIMYECKUX XapPAKTEPUCTUK TPyOOTIPOBOIA.
Pacuer Tpy6onpoBoaoB. Bropas BogomnpoBoiHas popmyia.

Pacuer KOpOoTKMX U JUIMHHBIX TPYOOIIPOBOIOB.

OCHOBHBIE pacUETHBIE 3a/1a4H.

Omnpenenenre YJKOHOMUYECKH BBITOJHOTO IMaMeTpa TPyOOIpoBoIa.
OCHOBHBIE XapaKTEPUCTUKHN UCTCUECHUS KUJIKOCTH.

HNuBepcus ctpym.

@unbTpanus KUIKOCTH. 3aKoH Jlapcu.

CKayky yIJIOTHEHHS.
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