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l'uopasnuxoii Hazvieaemcs 06aAcMb MEXHUUECKOU QUIUKU, U3)-
yarouell 3aKOHOMEPHOCMU NOBeOeHUs HCUOKOCMeEl 8 PA3IUYHBIX MeXHU-
YeCKUX YCmpoucmeax, CUCMemMax U COOPYHCeHUsix.

L]envro uzyuenus Kypca sensaemcs 03HaKoMlIeHue 0yoywe2o cneyua-
JIUCMA C OCHOBHBIMU NOHAMUAMU, MEPMUHAMU, 3AKOHOMEPHOCIAMU, d
makoice ¢ Memooamu peulerus 3a0ay no 2uOpocmamuxe u 2uopoouHa-
Muke. Omu 3HaAHUs HeobxoouMbl 0l OdllbHelue20 U3y4eHusi Kypco8 60-
00CHAOXMCEHUSL U B0000MBEOEHUsl, 20POOCKO20 CMPOUMENbCMBA U XO-
3UCMBA, NPOMBIUICHHO20 U 2PANCOAHCKO20 CMPOUMENbCmEd, A8mo-
MOOUNLHBIX Q0pOo2 U m.O.

lIpuseoennvle 6 nocobuu obdyuarowue mMooyiu U KOHMPOIbHbIE 3a-
OAHUSL CIMUMYTIUPYIOM CMYOEHMA K CAMOCMOSMENbHLIM 3AHAMUAM NO
VUeOHUKAM U COOPHUKAM 3A0aY.

MooynbHblll npuHyUn NOCMPOEHUsE daem 803MONCHOCHb CHYOEHY
nOCe008aMeNbHO, 08UASCH OM NPOCMO20 K CIONCHOMY, NpUuobpecmu
3HAHUS O PUUUECKUX CBOUCMBAX HCUOKOCMU, OABNeHUU, CULAX, OelC-
BYIOUUX 8 HENOOBUINCHOU HCUOKOCMU, U 3AKOHOMEPHOCHIAX OBUINCEHUS]
JHCUOKOCmel.

Cmenenb yc60eHUs Mamepuala CmyoeHm MOMCem Nposepums ca-
MOCMOSIMENbHO, OMBEMUE HA KOHMPOJIbHbIE BONPOCHI U PEUlu8 KOH-
MpOoNbHbIE 3a0aYU.

Hasznauenue nocobus — cmamov onopHviM 6CNOMO2amenbHbIM Md-
mepuanom Oisl U3yueHus Kypcd, 8bINOJHEHUS. PACYEeMHO-ePaApuiecKux
pabom u no02omoeKuU K coaue dK3aMeHd Uil 3a4emad.

1. OPTAHMU3BAIUA N3YUEHUSA INCIIUITJIMHBI

[Iporpammon Kypca nmpeayCMOTPEHO YTECHHUE JICKLIHH, MPOBEACHUE
MPAKTUYECKUX M Ja0OPATOPHBIX 3aHSATHUM, a TaKKE CaMOCTOSITEIbHas
paboTa cTyJneHTa HaJ] YIeOHBIM MaTepuajoM (TEOpPETUYECKHUE OCHOBHI,
JOMAITHKE 3a/1a4M, pacueTHO-rparUeCKre U KOHTPOJIbHbIC PaOOTHI).



OOBeM JICKIIUH, TMPAKTHUUYECKUX 3aHSATHH, JaOOpaTOPHOrO IMpaKTH-
KyMa, pacyeTHO-TpapUUECKUX padOT sl CTYJCHTOB OYHOWU (POPMBI
OOyYEeHUsI WU KOHTPOJBHBIX padOT AJid CTyACHTOB-3a0YHUKOB OIpe/e-
JSIeTCS MPOrpaMMOM JTUCIMIUIMHBI TI0 COOTBETCTBYIOIIUM HaIlpaBJICHHU-
M OOyUYECHUS.

[lepen vcmosnb30BaHUEM JTAHHOTO MTOCOOMST HEOOXOAMMO TpeaBapH-
TEJIHHO U3YYHUTh TCOPETUUCCKUM MaTepuall 1o JEKINH U yaeOHuKy. [la-
Jiee ciienyeT OTBETUTh Ha BOMPOCHI M CAMOCTOSITEILHO PEITUTh 3aa4H.

2. OBYUYAIOIIME MOAYJIN
N KOHTPOJIBHBIE 3ATAHUSA

Moayas 1
OcHoBHBbIE (pu3HUYECKHE CBOMCTBA JKUIKOCTEH

Cooepocanue mooynsn
[IJIOTHOCTh M YHAENBHBIA BEC XKUAKOCTU. CHKUMAEMOCTH, YNPYTrOCTh H
TEMIIEPATYPHOE PACIIUPECHUE KUJIKOCTEN. BA3KOCTD.

KonTpoJsbHbIe 3a1aHKs
Bonpocs! 1J1 caMonpoBepKH

1. JlaTe ompeneneHue IMJIOTHOCTU W YAEIBHOIO Beca >KUAKOCTH, MpU-
BECTU UX PA3MEPHOCTD.

2. KakuM k03P (HUIIMEHTOM XapaKTepHU3yEeTCs CHUMAEMOCTh JKUJIKOCTH,
pUBeCTH €ro hopmyITy?

3. Kako#t koadduimeHT xapakTepuzyeT TeMIepaTypHOE pPacCIIMpEeHHE
JKHUJIKOT'O Teia?

4. Yrto Takoe BSI3KOCTh KUIKOCTU. KakoBa CBA3b MEXKIy NTUHAMHYECKON
U KHHEMaTU4YECKON BA3KOCTHIO?

5. B 4em cocTouT CylIHOCTh 3aKOHA BA3KOTo TpeHus: HpioroHa?

3amauum 1uisl caMOnpoOBepPKH

1. Macca 5 am° GuTyMa JKHUIKOTO JOpOsKHO-ciaHmeBoro mpu 20 °C co-
CTaBJISIET 9,9 Kr. OnpeaenuTh MIOTHOCTh, YACIbHBIN BEC U OTHOCUTEIIb-
HBI BEC YKA3aHHOM KUIKOCTH.

OtseT: p=1100 Kr/M®, v =10790 H/ivm®, §=11.



2. Cuctema emkocthio W noBepraercs rufipaBIn4eCcKOMY HCIIBITAHUIO
Ha TePMETUYHOCTh. [leper HauaIoM HCIBITAHUS OHA IOJHOCTBIO 3aI0JI-
HsieTcs Bogod mpu atmocdepHoM nasienun (P, =0). Kosddunument

00BbEMHOTO CXKaTHUsl BOJIBI [3 »= 54 1071 1/17a. J1J1s1 mOBBIILICHUS JaBJIe-

HUSI B CUCTEME JI0 MAHOMETpUYEeCKoro P, He0OX0oAMMO MoaTh B CUCTE-

K

My JOMOJHUTEIbHBIN 00beM Boabl AW . M3BecTtHo uto W =8 M°. Om-
penenuTs, kakoi oobeM Boabl AW T0KEeH OBITh MOJaH B CUCTEMY YTO-

Obl MAHOMETPUYECKOE JIABJIICHUE B HEW TOCTUIJIO 3HayeHus P, = 5.10°
I1a.
OtBeT: AW =21,6 1.

3. Omnpenenuts KO3GPUITUEHT TEMIIEPATyPHOTO PACITUPEHUS BOIbI, €C-
v nipu yBennueHuu temmepaTtypbl Ha At =10 °C oO0beM BojbI paBHBIN

W =5 m° yBenuuwiicss Ha AW =7,5 1. Kakoii UCXOHOU TeMIieparype
t, COOTBETCTBYET IOJYYEHHOE 3HAYEHHUE KO3(PPUIMEeHTa TeMIepaTryp-
HOro pacmupenus [3; npu nasinenuu P =10 ar.

Orser: B, =150-107° 1/°C, t, =10 °C.
4. BS3KOCTh CTOYHOW KUJKOCTH IUIOTHOCTBIO P MOXKET XapaKTEpHU30-
BaTbCA JUHAMUYECKOHN BSI3KOCTHIO |l WJIM KMHEMATHYECKUM KO3 UIn-
€HTOM BA3KOCTH V.

M3BectHO, uTo p =1040 xr/m°. Omnpenennts JUHAMHYCCKYIO BSI3-
KOCTh XHUAKOCTH [, €CIM €€ KHHEMAaTHUYeCKHH KO3(P(ULIHUEHT BSI3KOCTU

v=0,011Cr (1 Cr =1 cm?/c).
Orser: n=11,44-10" Ma-c.

5. Ilonp3ysick ypaBHEHHEM 3aKOHa BSI3KOro TpeHus HproToHa, ompene-
JIUTh Pa3MEPHOCTh JUHAMUAYECKOUN BA3KOCTH W B cucteme CH.

Otser: Ila-c.

Moayas 2

JlaBiaenue

Cooepicanue mooynsa
Onpenenenune napiieHusa. CBOMCTBA JaBieHUS. EIUHUIBI M3MEpEHUS

JdaBJICHUS. Cucremsl HU3MCPCHUA JaBJICHUS.




KonTpoJsbHbIe 3a1aHKs
Bomnpocs! 11 caMOnpoBepKH

1. Yto Ha3bIBaeTCsA TUAPOCTATHUYECKUM JABJICHUEM M KaKOBBI €TI0 OC-
HOBHBIE CBOMCTBA?

2. B kakux emunumax usmepsiercs nasiaeHue B cuctemax CH, CI'C,
MKI'CC?

3. HazoBuTte BHECHCTEMHBIC €IMHUIIBI H3MEPECHUS JaBJICHUS U UX BEIIH-
yuny B [la.

4. Yto mpuHUMaETCA 3a HyJIb OTCUETa JaBJICHUS B CUCTEMaX U3MEPEHUSI
a0COJIFOTHOTO Y U30BITOYHOI'O TaBJICHUS?

5. Uto Ha3zwpiBaeTcs BakyymMoMm? KakoBa BelWYrMHA MaKCHUMAaJIbHOTO Ba-
KYyMMETpHUYecKoro faapjieHus B [1a?

3agavu 11 cCaMONPOBEPKH

1. Tlo xakOMy HaIpaBJICHUIO JIEVCTBYET CHUJIA JABJICHUS *UJKOCTH Ha
IAJMHIPUYECKYIO TTOBEPXHOCTh — MO 00pa3yrolieil, Mo KacaTeJlbHOM
uiu 1o paauycy? OO60CHyHTE OTBET.

OTtBeT: 1o paguycy.
2. Ilycts naBnenue B HekoTOpoi Touke paBHO 50 klla. Beipasuts 3Ty
BenmmuuHy B cucteme MKI'CC.

Otset: 5096,8 krc/m?.
3. JlaBnenue B Touke paBHO 80 kIla. Beipa3zuTh 3Ty BennyuHy B aTMO-
chepax TEXHUUECKHUX, Oapax, MeTpax BOJSHOIO CTOJ0a, MUJLTUMETpax
PTYTHOTO CTOJI0A.

Otger: 0,815 ar, 0,8 06ap, 8,15 m Boa. cT., 599,4 MM pT. CT.
4. AOGcontoTHOe naBiieHue B Touke paBHO 48,1 klla. Beipazuth 310 naB-
JeHUEe B CHCTeMaX H30BITOYHOTO W BAKyyMMETPUUYECKOTO JIaBJICHUS.

AtmocdepHoe naBienre npuHsaTh paBHbIM 98,1 klla.
Otser: P, =-50 kIIa, P,,, =50 klIa.

6dK
5. Bakyymmerpuueckoe JaBlieHME Ha BXOJ€ B HAcOC pPaBHO
7,5 M BoJ. cT. Bripa3uth 310 naBineHue B klla B cucreme u30ObITOYHOTO

JaBJICHUS.
Otser: P, =—73,58 klla.



Moayas 3

OcHOBHOE YpaBHeHHE THAPOCTATUKH

Cooepircanue mooyns
OCHOBHOE ypaBHEHHWE THJIPOCTATUKU. [[OHATHE MOBEPXHOCTH PABHOTO
naByieHUs (MOBEPXHOCTH YPOBHS). DIMIOPHI THAPOCTATHUECKOTO JaBlIe-

Hus. 3axkoH Ilackajs.

KonTpoJsbHbIe 3a1aHKs
Bonpocs! 1J1 caMOnpoBepKHU

1. 3 kakuxX JBYX COCTaBJISIONIUMX CKJIAJbIBACTCS JIaBJICHUE B JIFOOOM
TOYKE TTOKOAIICHUCS KUIKOCTHU?

2. JlaTh ompenencHUE MOBEPXHOCTH PABHOTO JaBiicHUsS (ITOBEPXHOCTH
YPOBHSI).

3. Uto mpexncraBiseTr coOON MOBEPXHOCTh YPOBHS B HEMOJBHKHOMU
AKUJIKOCTU HaXOJSIIEHCS B TIOJIE CHII TSXKECTH C TEOMETPUUECKON TOUKHU
3pEeHUS?

4. Kakyto hopMy uMeeT 3mropa U30bITOYHOTO JIaBJICHUS HA BEPTUKAIb-
HYIO CTEHKY COCYJla €CJIM Ha MOBEPXHOCTH KUIAKOCTH JABIICHUE PAaBHO
aTMochepHOMY?

5. ChopmynupoBars 3akoH ITackas.

33}18‘11/[ AJIs1 CAMOIIPOBEPKH

P, 1. M30bITOUHOE NaBiieHUE B Touke A cocyja, Ha-
RER! MOJITHEHHOTO BOJIOM, COCTABJISIET P,.c =150

— k[1a. Ha kako# rimyOune h HaxoauTcs Touka A eciu

HA TOBEPXHOCTH JKMIKOCTH HMEETCS BaKyyM
| _A—— P, =50 xIla.
8dK

Otset: h=20,39 m.
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2. Onpenenuth uU30BITOYHOE (BaKyyMMETpHUEC-
Koe) maBineHue B Toukax 1, 2, 3, 4, 5 u 6 3amoi-
HEHHOW BOJIOM €MKOCTHM M ONYIICHHBIX B HEE 3a-
KPBITBIX CBEPXY TE€PMETUYHBIX BEPTUKAIbHBIX
TpyOKax, eciau m3BecTHO 4To hy =3 M, h, =2 M,

Orser: B, . =294 xlla, P, . =19,62 klla, P; . =-78,48 «xlla,
Pyos = 49,05 «Ila, Ps,.c = 0, Pouss = 0 kIla.

3. Omnpenenuth U30BITOYHOE W BaKyyMMETpPH-
4eCKOe JaBJICHHE Ha TOBEPXHOCTH YKHUIKOCTH B
cocyae B, m naBneHue B TO4uke A4, €CiIM BBICOTA

cronbuka Boxel hy =3 M, a BbIcOTa CTONOMKA
prytu h, =367,5 mm.

Ortger: By, = —78,46 klla, Poear = 78,46 klla,
P, .. =—4903 klla.

uzb

MERRE

4. OnpenenuTh mapaMeTphl SIIOP JaBJICHUS Ha
CTEHKH U JTHO cocyja ¢ BoaoH, ecnu Py =50 klla

nuh=5wm.

Otser: a =50 kIla, b=99,05 I1a, ¢ =99,05 xIla.



< ~ 5. C kako# cunoil F mopieHb guamer-

pom D =1 M aeiicTByeT Ha rpy3, €CJIH U3-
@ obrTouHoe nasieHue Py =50 klla.

Otser: F =39,25 xH.

Monyas 4
Cuuibl 1aBJIeHHS JKMAKOCTH HA MJIOCKUE U KPUBOJIMHENHbIE T0-

BEPXHOCTH

Cooepirrcarnue mooyns
Cuna nmaBjaeHMsl >KHUJKOCTH Ha IIOCKYI0 HAaKJIOHHYHO CTEHKY. LleHTp
napneHus. KoopauHatel 1eHTpa jaaBiaeHus. Cuiia JTaBICHUS KUAKOCTH
Ha KpUBOJMHEHHbBIC TOBEPXHOCTH, TOPU3OHTAIbLHAS U BEPTUKAIbHAS CO-

CTaBJIAIOIINE DTONU CUJIBI.

KoutpoJbHbIe 3a1aHus
Bompocs! 1J11 caMonpoBepKH

1. Kak HaxoagTcst CHUJIBbI JaBJIEHUS HA INIOCKUE HAKJIOHHBIE CTEHKHU?

2. Uto Ha3zwIBaeTcs 1EHTPOM JaBieHus? Kak onpenenuts HEHTp JaBiie-
HUS a) JJIS CUIbl IMOBEPXHOCTHOI'O JABJICHUSA, 0) I CHIIBI BECOBOIO
JABJICHMS, B) U1l PEe3YJIbTUPYIOIICH CHIIbI 1aBIICHHUS?

3. Kak HaxoasTcs ropu3oHTajdbHas U BEPTUKATIbHAS COCTABJISIONINE CH-
761 TaBJCHUS Ha KPUBOJIMHECHHYIO MOBEPXHOCTH? Kak HalTH pe3ynbTH-
PYIOIIYIO CHUJTY M YTOJI HAaKJIOHA €€ K TOPU30HTY?

4. Uto HazbIBaeTCsl TeiaoM JaBieHus? Kakue pa3HOBUIHOCTH Tel JlaB-
JIEHWU OBIBAIOT?

5. Chopmynupyiite 3akoH Apxumena.

10



3agavu 11 caMONIPOBEPKH
m 1. Haiitu cuily AaBiI€HUSI Ha IUIOCKYIO KPBIIIKY B
RR cocyJie ¢ BOJIOH, eClIM H30BITOYHOE JIaBJIeHHE Ha T0-
R E— BepxHocTH Py =160 «kIla, a ok pacrnosiokeH Ha

riyoude h =4 m. JIlnamerp moka d =2 m.

2. Kanai mpsMOyrojibHOro Ce4eHusi M-
puHON b =2,4 M mepexprIBaeTCs IIOCKUM
muToM. OnpeaenTb CUILy JaBJICHUS BOJAbI
Ha nuT F, ¥ KOOpAMHATY TOYKH €€ IpH-

noxeHus: Yp. I'myOumHa BOAbl B KaHaje

h =2 m, yroa HakjioHa mura o = 45°,
Otset: F =66,6 kH, yp =189 m.

3. Kananm npsiMOyroipbHOro cedeHus IIu-
puHOM b =4 M mepekphIBaeTCs CEKTOPHBIM
3aTBOpPOM, paauyc Kotoporo =18 wm.
I'myOuna BOJbI B KaHaje h=18 m. On-
penemuts yewnusas F, nu F, B mapHupax O

3aTBOpa OT T'HMAPOCTATUYCC-KOT'O JaBJICHUA,

WX PaBHOJICHCTBYIONIYIO F ¥ yrom HakjgoHa €€ K TOPHU30HTY.
Otser: F, =63,57 xH, F, =99,8 kH, ¢ =57,5°.

4. Kak oTangaroTcs TFOPU30HTAJIBHBIC 1 BCPTHKAJIBLHBIC COCTABJIAIOLINC

CHUJI AaBJieHUs Ha KpuBoauHeHbIe moBepxHocTH I, |1 u 111.
P

a

[N
"[
|

] |||l=
|
|

| ||][
|

\ |

I I 11
Orser: F, =F, =F | F,, <F, <F

X| X X! Al "
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5. Hunuuapuueckoe Tenao aauHo L=4 M u
auamerpoMm d =2 M 1uraBaer B Bojne. LleHTp oc-
HOBaHUS MUWIMHIAPA ToYka O HAXOAUTCS HA OJI-
HOM YPOBHE CO CBOOOJIHOM MOBEPXHOCTHIO. Om-
penenuTh cuily ApxXumena, IEUMCTBYIOUIYHO Ha
TEJIO.

Otser: 61,1 xH

Moayab 5

I'mapoaunamuka. OCHOBHbBIE IOHATHSI.

Cooepircanue mooyns
Jlvann Toka. ['mapaBinuueckre 3meMEHTh OTOKa. CpeaHsis CKOPOCTb,

pacxoji )KUJIKOCTHU. Y paBHEHUE HEMIPEPHIBHOCTH MOTOKA.

KonTpoJsbHbIe 3a1aHKs
Bomnpocs! 11 caMOnpoBepKHU

1. Yrto Ha3bpIBaeTCA JUHUEH TOKA, TPYOKON TOKA, JIEMEHTapHOU CTPYM-
KOM?

2. Kak ompeaenstorcs >KMBOE CEYEHHE MOTOKAa, CMOYEHHBIM NEepuMeETp,
TUAPABINYECKUN pajinycC, SKBUBAJICHTHBIM guaMeTp? YKazaTh UX pas-
MEpPHOCTb.

3. Uto Ha3wIBaeTcs pacxoJoM >XUAKOCTH? Kakue OBIBAIOT pPacxoibl?
Kak cBs3aHbl O0BEMHBIN Pacxo/1 )KUAKOCTH C CPEHEH CKOPOCTHIO MOTO-
Ka 1 €T0 )KUBBIM CEYCHUEM?

4. 3anucarbh ypaBHEHUE HEMPEPHIBHOCTH IMOTOKA JUIsl JIBYX CEUYCHUH
KpYyTJION TpYOBI.

5. Kakoil ¢pyHmameHTanbHbIN 3aKOH (PU3UKHU BBIpAKACT ypaBHEHUE He-
MPEPHIBHOCTH IMOTOKA?

12



3agavu 11 caMONIPOBEPKH

< > 1. TpaneuenaanbHbld KaHal 3aMo0JIHEH
BOAOM Tak, 4ro a=6 M, b=4 M,
R h=1,73 m. Onpenenurs XKUBOE CCUCHUE
n IOTOKAa (0, CMOUCHHBIA ICPUMETP Y, TH]I-

paBJIMYeCKUil paguyc R ¥ SKBUBaJICHTHBIN
b nuametp d. ..

A
\

OTtBeT: ® =8,65 M2, vr=8m, R=108m, d,, =432 wm.
2. B tpybe numamerpom d =4 cM TedeT KUIKOCTh CO CPEIAHEH CKOpPO-
cThi0 2 M/C. OnpeaenuTh 00bEMHBIN K MACCOBBIM PACXO/I KHUIKOCTH.
Oteer; Q=2,5 n/c=25-10" M /¢, G=2,5 xrlc.
I 12 13 3. Ilycts B ceuenue 1-1 TpyGonpososaa aua-
‘ MeTp cocTaBisieT d; =2 cM, a cpeaHssi CKo-
. -~ poctb Teuenus V; =8 m/C. Onpenenuts cpen-
HIOIO CKOPOCTh B cedeHusXx 2-2 m 3-3, eciu
I 12 13 d, =4 cm, a d3 =8 cm. Ompenenuts pacxon
B Ka)KJIOM CCUCHHH.

Otset: V, =2 m/c, V3 =0,5 M/c, Q; =Q, =Q3 =25 nlc.

ﬂ 4. U3 cocyna, nuamerpoM D =1 M BbITEKaeT
— Bojaa 1o Tpyoe nuamerpom d =10 cm ¢ pac-
xomoM Q =7,85 a/c. Onpenenuts BO CKOJIb-
— — — - KO pa3 CKOPOCTb TEUEHHUS BOJBI B TpPyOe
L — — ——— 2\ Gounbme CKOPOCTH OITyCKaHHUS BOJIBI B COCY-
7€, a TAaK)Ke 3HAYCHUS ITUX CKOPOCTEH.

Otser: Vy =1 m/c, Vp, = 0,01 m/c, Vg /Vp =100.
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5. Jlist 1ByX KaHAJIOB, OJMH M3 KOTOPBIX MOJYKPYTJIOTO a BTOPOM KBaJI-
PATHOT'O CEUCHHS OINPEICIIUTh KUBOE CCUCHHE U THAPABINICCKUN pajv-
yc. M3BectHO, uTo R=1M,a a=1,25 m.

— — 177

R / ——— a
4

Otser: ®, =1,57 M, Ry =05 M, ©, =1,56 M*, R, = 0,42 m.

MoayJas 6

YpaBHeHUe JHePIUM AJIsl HAeATbHON JKUIKOCTH

Cooepocanue mooyns
YpaBHEHUE SHEPTUM Uil CTPYWKHA HACATBHOU >KUIKOCTH, SHEPreTuye-
CKHI CMBICII €r0 YJICHOB. XapaKTE€pPHbIE HANIOPbl U JUHUH B T€OMETPHU-

YCCKOM HUCTOJIKOBAHHUHN YPABHCHUAI. I[Ba PCXKHUMaA TCUCHUA KUIAKOCTH

KoutpoJbHbIe 3a1aHus
Bonpocs! 111 caMonpoBepKH

1. JlaTh onpeaeacHue UieaibHOU KUIKOCTH.

2. 3anucaTh ypaBHeHUE BepHyuM st CTpYMKU UACanbHOM KUIKOCTH.
Kakyto 3Hepruto BeIpakaeT KaK/Iblil UJIeH 3TOr0 ypaBHEHUS ?

3. UTo Ha3bIBAE€TCS MOJHBIM HAMlOPOM, a YTO NMbE30METPUUECKUM HaIlo-
POM B CEUCHUU?

4. Kak mocTpouTh HAOPHYIO U MbE30METPUUECKYIO JIMHUMU. Kakue nBe
00JIaCTH M3MEHEHHUSI SDHEPTUHU PaA3/ICIAET Mbe30METPUUECKAsT JIMHUS ?

5. Onuiure aBa pexuMa TeueHus KUJIKocTh. Kak onpeaenuTs pexxum
TE€UYEHUS B KPYTJI0il TpyOe?

3agavu 11 caMONPOBEPKH

1. TTo TpyOe ¢ cyxeHHeM IpoTekaeT Boja ¢ pacxogoMm Q =4 n/c. [{ua-
meTpbl Tpyobl D =10 cm u d =5 cm. JlaBiienue B TpyOe niepet CyKeHu-

14



em coctaBiseT 40 xIla. OnpeneauTs BBICOTY MOIHATHS XKHAKOCTH h B
[IbE30METPE, NOAKIIOYEHHOM B CYKEHHOM YacTu noroka. [lorepssmu Ha-
nopa npeHeopeyb.
VYkazanue. /Insg orBeTa Ha BO-
Ipoc 3aJaud HEO0OXOIUMO Y3-
HATh JIABJICHUE B CYKEHHOM yac-
TU. BbiOupaeM MJIOCKOCTH CpaB-
o Henua 0-0 mo ocu TpyOsI, a
ceueHue 1-1 B pacmiupeHHoOH, a
2-2 — B CYXEHHOW 4acTH MOTOKA.
3anucblBaeM ypaBHeHuE bep-
HyJUI1 0€e3 yueTra MmoTephb Harmopa
Y pelIaeM ero OTHOCUTENIBHO JaBieHus P,

2 2
04+ L V1 _ O+&+V—2,
P9 29 P9 29
RV Vs
pg 20 29
Ckopoctu V; u V, Haxoaum U3 ypaBHEHHsI pacxoia
4Q 4Q
Vi=—5,V,=—.
Yap?' % nd?
N3 0CHOBHOT'O ypaBHEHHS THAPOCTATUKH, 3aITMCAHHOTO IS YKUIKO-
CTH B IIbE30METPE, ONPEICIUM BhICOTY h.
h="2,
PY

P, =pg

Otset: h=3,88 m.

2. Ilo TpyOonpoBoay BHYTPESHHUM AraMeTpoM d IBHIKETCS KUIKOCTh
IUIOTHOCTBIO P, MAaCCOBBIM pacxon ee paseH Q,,, a 1aBJIEHUE B CEUCHUU

a-a, PacIoJIOKEHHOM Ha BBICOTE Z, paBHO P. M3BecTHO, uTo d =100 MM,
p=900kr/m3, 2=2,5m, Q. =180 1/, P =015 MIla.

Onpenenute nbezomerpuueckuii H,, ckopoctHoit H, u mosHbIA

p ]
rUapoIMHaMUYecKkuii H Hamopsl B ceueHuu a-a (MpuHATh KO3 duimeHt
a=11).

15



VYxazanue. OnpenenuTb CPeIHIOI CKOPOCTh
MIOTOKA, MPEICTABUB Pa3MEPHOCTH BCEX Be-

1 muuuH B cucreme CU no dopmyiie
_ y_ 49,
z 5 -
pnd
Y PaccunraTth CKOPOCTHOM HAIOp
L 7 e s
aV 2
HV - y
29
IIbE30METPUUYECKUI HATIOP
P
Hy=2+—,
PY
TIOJIHBIN TUJIPOJIMHAMUAYECKUI HAIIOP
2
H=z+—+—
Pg 29

Otser: Hy, =281 M, H o =19,49 M, H =22,3 M.

3. Ha manopuom BogoBoe (p=1000 kr/ MB)HOCTOHHHOPO auamMeTpa B

BOJIONPOBOAHBIX KonoAuax 4 u B, Apyr OT Jpyra yCTaHOBJIEHBI MAaHO-
meTpsl M, m Mg Ha oT™MeTKax Z, M Zg COOTBETCTBEHHO. M3BECTHO,

uro Z, =62 m, P, =480 klla, z; =80 m, P; =0,25 MIla, | =2,1 xm.
Onpenenuth, B KAKOM HaIpaBJICHUU JIBUTAETCS BOJA U BEIUYUHY

IbE30METPUYECKOTO YKIIOHA | .

@ |m,

VYkazanue. CiienyeT pacCyuTaTh MOJHBIA TUAPOJUHAMUAYECKUN Ha-
1op B ceueHusix A u B



pg 29
2
pg 29

Jamee HeoOXOOUMO CpPaBHHUTb OTH HAIOpBl, YYWTHIBAs, 4YTO
aV?/2g ans mux Oymer ommHakosiM. Ecimm H A > Hg, TO Boja teuer
oT Kojoaua 4 x koionauy B, ecam Hg > H, — 1o Hao6oporT.

[Tre30METPUYECKUI YKIIOH MOXXHO HAWTH IOJEIUB PAa3HOCThH IIbE-
30METPUUECKUX HATIOPOB Ha JUTHHY TpyOorpoBoja .

OTBeT: ABMKEHUE BOABI MMPOUCXOAUT OT KojoAua A K konoauny B;
Ip =0,0026.
4. Bona BBITEKaeT U3 pe3epByapa MO FOPU30HTAIBHON TpyOe, cOCTOs-
mei u3 AByx y4actkoB: O, =75 mm, d, =50 mm. Bxox B TpyOy Huke
ypOBHSI BOABI B pe3epByape Ha h =15 M, Hax ypoBHEM H30BITOYHOE
nasienne Py =40 xIla. Pacxon Bonbl B TpyOe Q=205 n/c. Ilpe-

HeOperas: MoTepsMHU Haropa MOCTPOUTh HAMOPHYI0 U MbhE30METpUYe-

CKYI0 TMHUU. UeMy paBeH MOJIHBIM HANOp MOTOKA Ha BBIXO/IE U3 TPYOBHI.
H = const

{
/\‘# l' _

A

VYkazanue. Boiopats minockocts cpaBHeHusa 0-0 mo ocu TpyOsI, ce-
yeHus 1-1 mo moBepXHOCTH BOJBI B COCY/IE, a 2-2 Ha BBIXOJE U3 TPYOHI.
OnpenenuTh NOJHBIN Hamop B ceueHuu 1-1 mo popmyie

H :h+&.

PY
Cxopoctbio TeueHus B ceuenuu 1-1 B pesepByape nmpeHeOpeub BBU-
oy manocTu. [IpoBecTr HamoOpHYIO JIMHUIO MapajIeNIbHO TIockocTu O-
O, Tak Kak MOTepU HaMopa HE yuuThiBatoTcs 1 H =const B iro0oMm ce-
yeHuu. OnpenenuTh CPEeIHIOI0 CKOPOCTh Ha MEPBOM M BTOPOM y4acTKax
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TpyOBbI. [ToCTpOUTh MBE30METPUUECKYIO JIMHUIO MMAPATIIEIIbHO HATIOPHOM,

HO HIDKE e¢ Ha BEIMYHHY CKOPOCTHOTO Haropa V 2 /29 .
V.2
Otgert: V, =4,64 M/c, V, =10,45 m/c, Ha BBIXOJIE M3 TPYyOBI H = 2—2
g
5. ITo Tpy6onpoBoay nuamerpoMm d =100 MM aBrKeTCS HEDTH C KHHE-
MaTHdeckuM Kodhdurmentom Bssrocta v = 0,3 em’/c. Onpenenurts: a)
pexuM ABrkeHus Hetr npu ckopoctu V =0,5 mM/C;  0) ckopocTs, TipH
KOTOPOH TypOYJICHTHBIN PEXXUM JBHXKCHUS MEPEHICT B TaAMUHAPHBIH.
Otser: a) Re=1666, Rer =2320, Re< Rer, PSKHMM JIBYDKCHHSI

JJAMUHAPHBIN;

o) V =0,7 m/c.

Mopyas /
YpaBHenne bepuy/uiu nis Ba3kou ;kuakoctu. Pacuer tpydonposo-

JI0B.

Cooepircanue mooyns
VYpaBHenue bepHymum ¢ yueroM noreps Hanopa. OnpenesneHue noTepb.

PacdeT TpyOonpoBOI0B.

KonTpoJubHbIe 3a1aHKs
Bomnpocs! 1J1 caMOnpoBepKHU

1. 3amucate ypaBHeHHE bepHyuM ¢ yueToM moTephb Haropa.

2. Bujpl notepb Hamopa, Ux ONpesesieHHE.

3. 3aBucumocTtb Kod(pdunreHTa TpeHus A ot yucia PeiHonbaca u mie-
poxoBarocTu. luarpamma MypuHa.

4. Jlatb omnpenesieHne KOPOTKOro U JUIMHHOTO TpyOOIpoBo/a.

5. Tpwu Tuma 3a1a4 1Mo pacyeTy TpyOOMnpoBOIOB.

3agaum 1Sl cCaMONIPOBEPKH
1. Onpenenuth MOTEpU HAMoOpa MO JUIMHE B CTaJbHOM HE(TEIPOBOJE

mmHor | =1000 M ¢ mepoxoBaTocThio cTeHOK A = 0,3 MM IIpHu pacxoje
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Hedtu 180 M3/4, ecii KHHeMaTHUYECKHit KO3(PPULIMEHT BSA3KOCTU HEDTH

v=0,8 cm®/c, a quamerp TpyGompoBoa; a) 200 Mm; 6) 100MM.
VYkazanue. Paccunrarh CpenHIOI0 CKOPOCTh TE€YEHUS W 4ucio Pen-

HOJIbJICA, TiepeBes Bce BenuuuHbl B cucteMy CU. Ilo popmyne Anbt-

IIyJIg ONPEACTUTh KOO PUITUEHT THAPABINUECKOTO TPEHUS

0,25
A=01 é+@
d R,

ITo dopmyne Hapcu-BelicOaxa paccuuraTh OTEPH T10 JJIUHE.
Otsert: a) hy =26,16 m; 6) hy =744,5 m.
2. OnpenenuTh NMOTEPU HAMOpa Ha Y4YacTKE BCACHIBAIONIEH CTaJbHOM
TpyOBI Hacoca JummHOM | =5 M, B Hayaje KOTOPOro yCTaHOBJICH oOpart-
HBIN KJIallaH, a B KOHIIE UMeeTCs IIaBHBIM moBopoT Ha 90° ¢ pagnmycom
noBopora R, =2,5d, eciu pacxon Bogel Q =15 n/c, a nuameTp TpyOBI

d =100 wmm. KosddurmmeHTsl MECTHBIX CONPOTHUBICHUN: KjanaHa
€, =10; nnaBHoro nosopota Cgyo =0,42; mIEpOXOBATOCTH CTEHOK TPY-

061 A =0,1 MM, BI3KOCTBH BOIBI V :1,01-10_6 Mm2/c.

Otgert: h, =214 wm.
3. U3 cocyna 4 B cocyn B Boma meperekaer mo Tpyode amameTpom
d =50 mm. Pacxox npu atom coctaiasier Q =15 a/c. Ha Tpybe nmeer-
Cs BEHTWIb C KO3(pQUIMEHTOM MeCTHOro comporusiaeHus (, =4,6.
Tpy6a cocrout u3 nByx yuyactkoB l; =8 m u |, =5 wm. lllepoxoBatocTs
TpyObl A =01 MM, temneparypa Boabl 8 °C. Omnpenenutb pa3HUILY
ypOBHEH BOJIbI B cocyaax H.

VYkazanue. Beioupaem miaockocts cpaBHeHus: 0-0 mo ypoBHIO XKuI-

KOCTHU B cocyjie B, a Tak xe ceuenus 1-1 u 2-2. 3anuceiBaeM ypaBHEHUE

bepHyiu, mocie ero npeoodpa3oBaHus MOJIydacM
H=h

ITorepu B TpyOe JJ1s YCIOBUM 3a/1a4ll UMEIOT B/
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| V? V?
hy=A——+(C, +C, + —.
w d zg (CG‘X CG CGblx)Zg

M3 ypaBHEeHHMsS pacxoJa BBIUHCASEM CPEAHIOI  CKOPOCTh
V=4Q/nd 2 yucno Peitnonsaca Re=Vd /v, KO3 (DHUIIMEHT TPEHHMS I10

dbopmyie ATbTIyis
0,25
A= 0,11(é + @j :
d Re

W3 TaOGauIbl MECTHBIX THAPABIMYECKUX COMPOTUBICHUN HAaXOIUM
€, =1mu g, =1. Paccunraem norepu Hamnopa h,,.

OtBetr: H =0,4 M.
4. Boga BBITeKaeT B aTMocepy M3 OTKPBITOrO pe3epByapa o Tpyoe,
cocTosimeil 3 AByX ydacTkoB qmHou | =1, =2,5 M, Inuamerp TpyOsI
d =50 MM, mepoxoBaTtocTh cTeHOK TpyObrl A =0,1 MM, Temmeparypa
Bojbl t =10 °C. Ha tpyGe umeercs Bentmis C, = 4,6, Onpenenurs pac-

X0J1 BOJIbI B TpyOe, eciiu Hamop B pe3epByape coctabisieT H =55 m.

] ]

VYkazanue. BeiOupaem miocKoCTh CpaBHEHUS IO OCU TPYOBI, a ceue-
HUA NoToka 1-1 Mo mMoBEpXHOCTH KUAKOCTU U 2-2 Ha BBIXOJIE U3 TPYOBI.

3anmieM ypaBHeHue bepuynnu
2 2

Z, L Z, 2 Vo, h,,.
Pg 29 Pg 29
[IpeoOpa3yem ypaBHeHue bepHymu K yciaoBusM 3ajgaun Z; = H,
2220, P1:P2:P

am?

V, =0, T.K. CKOPOCTb TE€UEHHMS B pe3epByape npe-

HEeOpEeKMMO MaJjia TI0 CpaBHEHHIO CO CKOPOCThIO B TpyOe. [locme mpeoos-
pa30BaHUM
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O003HauuM cKopocTh Ha Bbixoae V, =V U 3anuiuem norepu Harmo-
pa

2 2 2
M=yt h o (G 4G,
29 d 29 29
BBIPA3UM CKOPOCTh T€YEHUSI B TPyOE
V = 2gH

1+k;+§6x +C,

€,y = 0,5 - K03(h(pHULIMEHT MECTHOTO CONPOTUBIICHUS Ha BXOJE B TPYOy.

KoaddumueHt ruipaBindeckoro TpeHus A omnpeaeauM mno Gopmy-
ne ludpuHcoHa, NpeanosokuB, YTO TEUCHHE MPOUCXOJUT B KBajJpa-
TUYHOU 00J1aCTU CONPOTUBIICHUS

0,25
2 = o,n(éj |
d

0,25
A= O,ll(%j =0,023,

V= 2'9é8'5’5 =358 wmlc.
1+0,023——+0,5+4,6
0,05
Pacxon xuakoctu
nd
-V
Q 4
2
Q= 3,58M =0,007 M3/c (7 alc).
Yrounum kordpuureHt Tpenust A. Paccuuraem uncio Re
vd
Re=—,
\%
npu 20 °C v =1,01-10"° m?/c [1]
re o 38B005_ 10
1,01-10

[To popmyne AnbTirys
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0,25
A= 0,11(0’1 + 08 j =0,024.
S50 177228

Otnauune A OT paHee MPUHSATOrO COCTaBJIsIET MeHee 5%, MosToMy
pacyeT CUMuTaeM 3aKOHYCHHBIM.

Otgert: 7 n/c.
5. Ilo pesynbraram pemieHds MPEabIAyIIeld 3ajadyd MOCTPOUTh HaIop-
HYIO U TTb€30METPUICCKUE JINHUM.

[Tonubiit Hanop B Hauane TpyObl coctaBisier H. Ha Bxome B TpyOy
TepsIeTCS YacTh IMMOTEPH HAIlOpa HA MECTHOM COTIPOTHUBIICHUHN

V2 3,582

h =¢ Y h =05 ~ 0,327 m.
6x 6x Zg 6x 2.981
I W “
_ — )
T __““"“*lV"ZE’-’g A
\
- T . h
\ @
_|E \
_ | o \\ Y
h,
[ g S L
- l, 1L / R

Ha npsimonuHeiiHOM y4actke TpyOb! |, nmuHeiiHbIe moTepu Hamopa
COCTaBSAT

2 2
VP g 25 3580
d 29 0,05 29,81
Hamopnas nuaust unet ¢ mageanem h, Ha amuse ;. ITotepu Hamopa
Ha BEHTUJIC

75 M.

2 2
A PE L
9 -9,

Ha yuactke |, nuHeiiHbIe moTepH Takue ke KaKk ¥ Ha ydacTke |, Tak
KaK JUTMHBI YYaCTKOB PaBHBI

1 2
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Ha koH1ie TpyObl MOJHBINA HANIOp PaBEH CKOPOCTHOMY HAaIopy
VZ2/2g.

IIbe30MeTpHrUeCcKast JIMHUS PAcIOIaraeTcs apaieIbHO HAIlOPHOU
Y OTCTOUT OT HEE Ha BEJIMYMHY CKOPOCTHOTro Haropa V 2] 29 .

OueHka 3HAHMH CTYJACHTOB
CTyneHT MOXET CaMOCTOSITENIbHO OLEHUTH CTENEHb CBOEW MOAro-
TOBKH, JJI1 3TOTO HEOOXOJUMO OTBETUTh Ha BOINPOCHI U PEUIUTH KOH-

TPOJIBHBIC 3a1a41 U3 MOJYJIA.

[IpuMepHas olleHKa 3HaHUI TTOKa3aHa B Ta0IuIe

KonuuecTBO mpaBUIBHBIX OTBETOB Ha
KonuuecTBo
KonTtponbsHbie OLICHKY
BOIIPOCOB U
3aJaHus «yJIOBIICTBOPH-
3aj1a4 KOTIUIHO» | «XOPOIIO»
TEJILHO»
OJIMH MOJYJIb 10 8...9 6...7 5
TPU MOy
234 30 24...27 18...23 15...17
TPU MOy 30 24..27 | 18...23 15...17
56,7
IIIECTh MOY-
aen 2, 3, 4, 5, 60 48...54 36...47 30...35
6, 7
moaynm 1...7 70 52...58 80...51 35...26
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