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TpeOoBaHus K BHINOJHEHHIO U 0(POPMIICHUIO

KOHTPOJIbHOU Pa0d0ThI

B cootBerctBUM ¢ mnporpammoit kypca «['mapaBnuka» chymiatenu
cneruanbHOocTH 280104.65 — «IloxkapHas 0€30maCHOCTBY» CaMOCTOSITEIHHO
(BHEAyIUTOPHO) BBIMOJIHSIIOT MUCHbMEHHYIO KOHTPOJIBHYIO PabOTy, COCTOSIIYIO
u3 10 3aanuii, OXBaTHIBAIOIIMX BCE OCHOBHBIE pa3/ieiibl JUCHUILINHBL. Kaxnoe
3aJlaHie BKJIIOYAeT B ce0s JBa TEOPETUYECKHX BOIpoca W 3agady. McxonHble
JaHHbIE K 3aJladyaM BbIOMpalOTCAd MO TabnMllaM B 3aBUCHUMOCTH OT JABYX
NOCJIETHUX [P HOMEPA 3a4ETHON KHUKKH CITyIIATENs.

Pemienne 3amau mpoBomutcs B eauHou cucreme eaunun CH. Bcee
PUCYHKH M CXEMbI PEKOMEHJYETCsl BBIIOJHATh KapaHaamoMm. B koHue paboTbl
HEOOXOJAMMO TMPEACTaBUTh MEPEYEHb HCIOJIb30BAHHOM  JIUTEPATYPBl C
yKazaHueM (GaMuiInk W HHUIIMAJIOB aBTOpPA, MOJHOTO Ha3BaHUS HCTOYHHUKA,
MecCTa M3/1aHus, U3JaTeNIbCTBA U T0/1a U3/IaHusl.

Ha o06soxke paboThl cleayeT yka3aTb HaWMMEHOBAHHME H3y4yaeMou
JUCHMIUIMHBI, HOMEp 3a4eTHOM KHUWXKKH, 3BaHUE, (aMHINI0, UMS, OTYECTBO,
JIOMAIIIHUN aJIpec, MECTO CIYXObI U JOJKHOCTD CITyIIaTEIsl.

KonTponbHast paboTa cumTaeTcsl 3a4T€HHOM, €CIM pellleHrue Bcex 3aiay
IPUHLUIINATBHO IPABUIBHO U OTBEYAET MEPEUNCICHHBIM TPEOOBAHUSM.

PaboTa, BbIMOJIHEHHass HE MO CBOEMY BAapUaHTy, HENpPaBWIbHO, 0Oe€3
COOJIO/IEHUSI TPEIBIBISIEMbIX TpeOOBaHWM, HE 3acCUHMTHIBaeTCa. Takas padborta
JOJKHA OBbITh BBINIOJHEHAa MOBTOPHO C YYETOM 3aMe4aHHuil peneHseHTta. Bcee
UCIIpaBJICHUs] HEOOXOIUMO BBHINOJHATh B TOW JK€ TETpaau IOCJe peleH3Uuu
npenoaasarens. VcnpaBieHHbIH BapraHT paOOTHI CIIyIIaTeNb JTOJKEH BBICIAThH
BMECTE C MIEPBOHAYATBHBIM 33JaHHEM JIsl IOBTOPHOM MTPOBEPKHU.

[Ipu pemiennn 3a1ady PEeKOMEHAYETCS UCIOJIb30BATh HUKEIIPUBEICHHYIO

JAUTEpaTypy:



1. I'mapasnuka. / Tlox pea. Adbpocumoa IO.I'. — M.: AT'TIC MUC Poccuu,
2005r.— 312 c.
2. 3aJavyHUK IO THUJPaABIMKE W MPOTHBOMOXKApHOMY BoaocHaOxkeHuto. / Ilox

pen. Kauanosa A.A. Yacts |. ['mapaBiauka B moxxapHom aene. — M.: BUTITII
MBJI CCCP, 1989 . — 116 c.



3aganmue 1

OTBeTHUTH HA TEOpPeTHYECKHE BOIIPOCHI:

1. OcHoBHble (u3uUecKre CBOICTBa >XuAkocTed. Mx pasmepHocTH B
cucrteme CH.

2. B uém oTiume XuaKocTel OT TBEPABIX TEJI U T'a30B.

Pemiurs 3a1auy:

B BepTukanpHoM cTanibHOM pe3epByape (PBC), 3anmoHeHHOM HaIOJIOBUHY,

xpanutcs HedTh (puc.l). IlmoTHOCTh HedTH, NMPU HaYaIBHOM TEMIEpaType,

paBHa 855 ’<7 ;. Onpenenuts Maccy Xpassuiedcs HedT U konebaHus eé
M

YPOBHSI B pe3epByape, €Clid TeMIepaTypa B TEUCHUE Toja IPUHIMACT 3HAYCHHS
ot -30°C (3mma) 10 +35°C (11eT0). Koo dHImeHT TeMmepaTypHOTo paciIupeHHs
HeTH U BUJ pe3epByapa MPUHITH COTIIACHO UCXOIHBIM JaHHBIM.

Hcexoonvie oannvie k 3a0aue

Tabauya No 1
[Ipennocnennss [Tocnemuss mudpa
udpa HoMepa o 1 HOMepa 3aueTHou | Bwua pesepByapa
3a4ETHOM KHIKKHU ™" apao KHUKKH

1 0,05 1 PBC-50
2 0,06 2 PBC-100
3 0,04 3 PBC-200
4 0,035 4 PBC-300
5 0,055 5 PBC-400
6 0,05 6 PBC-1000
7 0,07 7 PBC-2000
8 0,08 8 PBC-3000
9 0,09 9 PBC-5000
0 0,065 0 PBC-10000




Tabauua Ne 2
Boimucka w3 cnpaBounmka PTII (MBamnukoB B.I1., Kmwoc ILIL

CnpaBoYHHK PYKOBOAMTENS TylleHUs nmoxkapos. — M.: Crpoumsaar, 1987.
- 288 ¢.)

Bun pesepByapa Obmem p l\ed%ep Byapa, Huametp, M Bricota, M

PBC-50 50 4,01 4,16
PBC-100 100 4,74 5,91
PBC-200 200 6,63 5,92
PBC-300 300 7,59 7,37
PBC-400 400 8,53 7,39

PBC-1000 1000 11,38 9,7

PBC-2000 2000 14,62 11,92

PBC-3000 3000 17,9 11,92

PBC-5000 5000 22,8 11,92

PBC-10000 10000 34,2 11,92

V4 D I

Puc. 1. K 3amaauro Ne 1.



Memoouueckue ykazanus

['eomeTpuuecku  pesepByap  HOpeAcTaBisieT  co00oll  HMIMHAP.
CrnenoBaTenbHO, 00bEM 3TOM (DPUTYPBI PACCUUTHIBACTCS TaK:
m-D?
4

w=H- [M°] (1.1

rae H - BeicoTa pesepByapa, M;
D — nauameTp pesepByapa, M.
[170THOCTB KUAKOCTH OpeAesercs no GopmyJe:

p=" [ (12)
Wl M3 '
riae M — macca KHIKOCTH, KT;
W — 00BbeM KHIKOCTH, M,
TemmeparypHoe paclIupeHHe KUIKOCTH MOKa3bIBaeT M3MEHEHHE 00bheMa
YKUIKOCTH TIPU U3MEHEHUHU TEMIIEPATYPhI U HAXOIUTCS 10 (opMyJIe:
Aw 1

ar = =m0

rne Aw = (Wy — wg) — U3MEHEHHE 00beMa KUIKOCTH W3-3a YBEIMYCHHS WU
3.
YMEHBIIICHUS €€ TEMIIEPaTyPhl, M,
. 3.
W, — 00bEeM JKHIKOCTH TIPH HAYaJILHON TeMIEpaType, M

AT = (Ty — Tx) — U3MeHeHHe TeMrepaTypsl, “C.



3apanme 2

OTBeTUTH HA TEOPEeTUYECKHE BOIPOCHI:

1. OOBsicHUTE TTOHATHS aO0COTIOTHOTO U U30BITOYHOTO JaBJEHUS, BaKyyMa.
Kakumu nipubopamu u3MepsieTcss JaBjieHUE, BaKyyM. Y CTPOHMCTBO M NMPHUHIIMII
paboThI 3TUX TPUOOPOB.

2. BBIBOJT OCHOBHOTO YPaBHEHUS TUJIPOCTATUKH U €T0 (PU3UISCKUM CMBIC].
Yro Takoe MOBEPXHOCTh PABHOTO [MAaBIICHUS W KAaKUM YypaBHEHUEM OHa
onuckiBaeTca? UTo ABIsSETCS MOBEPXHOCTHIO PABHOTO JABJICHUS VISl KUIKOCTH
B I10JIE CHJI TSDKECTH?

Pemursh 3a1auy:

Ha pgHe mokapHoro BojoeMa YCTAHOBIICH KiamaH, dYepe3 KOTOPBIM
MIPOUCXOAUT 3a00p BOABI JUISI CHCTEMBI aBTOMATHYECKOTO ITOXAPOTYIICHHS.

2
[InotHocts Bomsl 1000 KT 3 Tomans knanana 0,1 m°. Beicota cronGa

KHUJIKOCTH B TOXapHOM Bojoeme h. Ompenenuth, Kakyr0 CHIY HCIBITHIBACT

KJ1anaH (puc. 2), €CJIM K KUIKOCTU MPUII0KEHO J1aBieHue Po.

HUcxoonwvie oannvie K 3aoaue
Taonuua Ne 3

[Ipennocnennss [Tocnemuss mudpa
udpa HoMepa h, m HOMEpAa 3a4€THOU Po
3a4E€THOM KHWKKH KHWKKH

1

1 arm.

10 m. Bog. CT.

10 000 ITa

1,2 atm.

20 M. BOJ. CT.

9-10*Ia

3 atMm.

OO N OB WwWwIN

1,5-10°IIa

=
o

2,5 M. BOJI. CT.

OO NO TR IWIN
Ol NoOORWNEF

=
N

100 000 ITa




I/ f;’yﬁ’ /AN

KnanaH

Puc. 2. K 3amanuro Ne 2.
Memoouueckue ykazanus

Cuna, pelcTByrOIIass Ha KIalaH, OMNPEIENSIeTCd KAaK OTHOIICHUE

a0COJIIOTHOTO AAaBJICHUS K INIOITAAN ITOBEPXHOCTH, T.C.:

F=5% g (21

"
rae P — abcomorHoe maBienue, [la (cnpaBoyno: 1 atm = 10° ITa = 10 m. Box.
CT.);
@ — TUIOMIA/, K KOTOPOH MPUIOKEHO AaBICHHUE, M.

AGcomoTHOE (ITOJIHOE) THAPOCTATUYCCKOE JIABJICHHE HAXOIUTCSA Kak
CyMMa JaBJICHUS, TPUIOKEHHOTO K MOBEPXHOCTH kuakoctu (Po), U maBieHus
crosiba KuAKOCTH (P,s5) BBICOTO#, paBHOH ITyOWHE MOTPY)KEHHSI KJIanaHa.

Pa6c == PO + PI/I36 == PO + ]/h, Ha (22)
rac PO— JdaBJICHUC, HpHJIO)KeHHOC K HOBerHOCTI/I KHNIOKOCTH, Ha,

H
Y - YAEIbHBIN BEC )KUAKOCTH, —%;
M

h — BeIcOTa cTOIOA JKUAKOCTH, M.

10



3ananue 3

OTBeTHTH HA TEOPETHYECKHE BOIMPOCHI:

1. Ilepeuncaure npocTerIIve THAPABINYECKAE MEXAHU3MbI, HCIOJIb3yEMBIE B
MOKapHOM JIEJIE.
2. O0BsicCHUTE, HA YeM OCHOBAH MPUHITUT UX JICHCTBHSI.

Pemnts 3a1auy:

Ha pucynke 3 wuzoOpaxeHa mnpocTeiinas TUApaBIMYECKas MalluHa —
TUIPABINYECKUNA MObeMHUK. OnpenenuTh, KaKylo CHIIy HEOOXOAMMO CO3AaTh
Ha MepBOM MopiiHe F;, 9ToObl BTOpOW MOpIIEHb MOAHsUT Teyno Becom P. Bo
CKOJIBKO pPa3 THUAPABIMYECKHM TOJBEMHHMK YyBenuuuBaer cuiay? IlopiieHs

MpcaAcCTaBJICT coOoi MAJIXNHIP. Cxaruem KHNIKOCTHU HpGHG6pG‘IB.

Hcexoonwie oannwie k 3a0aue

Taonuua Ne 3
[Ipennocnenusis d, [Tocneansia uudpa
uudpa Homepa — HOMEpA 3a4E€THON Bec Tena, P
3a4ETHOM KHHKKH d; KHIKKH H
1 10 1 100
2 12 2 150
3 11 3 200
4 14 4 300
5 15 5 400
6 16 6 110
7 20 7 120
8 14 8 160
9 17 9 170
0 18 0 180

11




F1
nopLleHb
/" Nef TEno
7
- o =g
o P nopLUeHb
. — —d " | Ne2
——
d4 d>

Puc. 3. K 3amauuro Ne 3.

Memoouueckue ykazanus

3akon Ilackajs: n1aBIEeHUE B MOKOSIIEHCS KUJKOCTU MEPEAAETCA BO BCE

TOYKH C OJJMHAKOBOM CUJION O€3 N3MEHEHUIA.

12



3ananue 4

OTBeTUTH HA TEOPEeTHUYECKHE BONPOCHI:

1. T'mopocratndeckoe naBjieHUWEe W €ro cpoiicTBa. UTo Takoe “srropa
napieHus’’? IlpuHUMO MOCTpOEHMST 3MI0p AaBieHus. VCnoiab30BaHUE SMIOP
JTaBJICHUS JJIS1 OMPEACIICHUS BETUYMHBI THAPOCTATUYECKOTO JABJICHUS U LIEHTPa
JIaBJICHUS.

2. Meronvka ompeAesieHUsT CUJIbl M ILIEHTpAa JaBJICHUS KUIKOCTA Ha
UWJINHIPUYECKHUE TTOBEPXHOCTH.

Pemurts 3a1auy:

Onpenenute TUAPOCTATUYECKOE JABJICHUE BOJBI, JICHCTBYIOIIEE Ha
MPSIMOYTOJIBHYK) CTEHKY, W IIOCTPOUTH BIIOpY JaBieHUU. [LIOTHOCTH BOJIBI

npuHAThH paBHoi 996 KT 3 PA3MEpBI CTCHKH BBIOPATS 10 Ta0muue.

l "

Puc. 4. K 3amanuro Ne 4.

Memoouueckue ykazanus
Omopa — rpaduueckoe U300paKeHHE paclpeesIeHUs THAPOCTATUIECKOTO

JaBJI€HUs B IUIOCKOCTH Qurypbl. Tak Kak THUIPOCTATHUECKOE JaBJICHUE
BO3pACTaET MPSMO MPOMOPIUOHAIIBHO ITyOHMHE MOTPYKEHUS, a BEPXHsA TOUYKa
CTEHKH HaxOJIUTCA Ha ypOBHE paziena cpel (KUAKOCTb - BO3/yX), TO 3IIOpa

JABJIEHUS] IPUHUMAET BUJ IPSIMOYTOJIBHOTO TPEYTrOJbHUKA (puUC.S).

13



ya
Puc. 5. Dnropa naBiaeHuit 1151 CTEHKH.
C y4eToM IUPUHBI CTCHKH D 31MI0pa MpUMeT BUJI TPU3MbBI ¢ OCHOBAaHHEM

MMpAMOYT'OJIBHOI'O TPCYI'OJIbHHUKA.

Ya
Puc. 6. 3H}0pa IIaBJICHI/II;'I HJIsL CTCHKH € YU4CTOM €C HIMPHUHBI.

I'mapocratuueckoe maBieHUE €CTh 00BeM HMopbl. OO0BEM MPU3MBI

HaXOAUTCA TaK:

a2

z”b, Ma (41)

W=P=a-ay-=-b=

riae: b — mmpuHa cTeHkH, M;
a — JUIMHA CTEHKH, M;

N =

o H
Y — YACIBHBIN BEC XKHUIKOCTH, -
M

HUcxoonwvie oannvie K 3a0aue
Tabnuua Ne 4

[Ipennocnennsis [Tocnenuss uudpa
nudpa Homepa HOMEpa 3a4eTHOU b, m
3a4€THON KHIKKH KHUKKHU

[
S

1 12

10

14

15

16

20

15

OO |N[O|PlWwN >

16

=
o

11

OO N0 BA~WIN
OO NP WIN|EF

(o]

13

14




3ananme 5

OTBeTUTH HA TEOPETHYECKHE BOIPOCHI:

1. Kak omnpenensiercsi CpeliHsisi CKOPOCTh B JKMBOM ce€deHHH moTtoka? YUto
TaKo€ TUAPABIMYECKUI PauyC U THAPABINYECKUA TUAMETP U 3a4€M BBEJICHBI
ATU MOHATUA? YeM oTiinyaeTcsi paBHOMEPHOE JIBUKEHHUE OT HEPAaBHOMEPHOIO?
IlonaTue uaeanbHON JKUIKOCTH.

2. llpuBenute BBIBOJ YypaBHEHUS HEPA3pPHIBHOCTU [JIsl 3JIEMEHTApHOMU
CTPYHKH U JJIsl TOTOKA KUJKOCTU U OOBSICHUTE €ro (PU3NIECKUN CMBICIL.

Pemurts 3a1auy:

Onpenenuth, Kakoe HEOOXOAUMO CO3/aTh JaBJICHUE C MOMOIILIO HAcoca,
4yTOOBI JIaeTHBIA CTBON obecmeunBasl pacxoj paBHblil Q. [loTepsimu Hamopa
MECTHBIMM W TO JJIMHE TMpeHeOpeyb. J[uameTp BBIXOJHOTO OTBEPCTHUS
nJadeTHoro crBosia d MpuHATH 1O Tadymie. Cxema MOoJICOeTMHEHUS JTaQeTHOTO

CTBOJIA IIOKa3aHa Ha pucyHke 7. Ilnortaocts Boasr 1000 KT M3

a7 I
ag77

77

77

Puc. 7. PucyHok k 3agaue Ne 5.

15
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Hcxoonwvie oannwvie K 3a0aue

Taonuua Ne 6
[Ipennocnennss [Tocneansis uudpa
nudpa Homepa d, mm HOMEpa 3a4eTHOU Q, n/c
3a4CTHOM KHIDKKU KHIDKKU
1 25 1 20
2 28 2 25
3 32 3 30
4 38 4 35
5 25 5 26
6 28 6 29
7 32 7 32
8 38 8 30
9 25 9 23
0 28 0 28

Memoouueckue ykazanus
Tak kak noTepb Haopa B IAHHOM CJIy4ae HET, CIEJ0BATEIbHO, 1aBJICHUE
Ha BXO/JI€ B Ja()E€THBII CTBOJI PABHO JIABJIEHUIO HA HACOCE.
CocTraBuM cxeMaTUYHBIA PUCYHOK JIa)eTHOTO CTBOJIA U BBIOEpEM

CCUCHUA.

Puc. 8. CxemaTH4HbBIN pUCYHOK JIaQ)€THOTO CTBOJIA C BLIOOPOM CEUCHUIA.

Boma mocrymaer uepe3 nBa pykaBa d = 77 MM H, co3maBas CTpYIO,
BBIXOJIUT Y€pe3 OTBEPCTHE.

CocraBnsiercs  ypaBHeHue bepnymmm gns  ceyenwit 1-1 u 2-2.

HpOI/IBBO,III/ITCSI aHaJIn3 CJ1aracMbIX YPaBHCHUA:

16




a-
2

av?

29

2
e e Ry LI CE

Z1= Z, — TEOMETPUYECKHUE BBICOTHI CEUCHUH, B JAHHOM CJIy4ae OHU PaBHBI,
T.K. pacIioJIO’KE€HbI Ha OTHOM YPOBHE.

JlaBiieHre Ha BBIXOJIE U3 CTBOJIA paBHO atMocdepHomy, T.e. P, = 0.

P, - maBnenue, co3gaBaeMoe Ha Hacoce (Tak Kak pacuer BeneM 0e3 ydera
I0TEPh);

a =a, =1.

CKOpocTh JBMKCHHMS BOJBI B CEUCHHUSX OIpenesercss u3 (OpMYyIIbl
OINPEIEIICHUS Pacxo/a:

Q=w-V M c, (52
MOJTyYEHHOM U3 YPaBHEHHsSI HEPa3pPBIBHOCTH MOTOKA:
Q=w;"V, =w, 'V, =const, (5.3)

T-d?

rge W = - I1omaab IMOIICPCYHOI'0 CCUCHH:A ITIOTOKA.

17



3ananue 6

OTBeTUTH HA TEOPETHYECKHE BOIPOCHI:

1. IlpuBenuTe ypaBHEHUS! JBHKECHUS MICATBbHOM U PEalbHOM KUJKOCTH U
MOSICHUTE, YTO XAPAKTEPU3YIOT OT/ICIbHBIC UX YJICHBI.

2. Hanumwmre ypaBHeHHEe bepHymIM g 3JIE€MEHTApHOM CTPYyHKH
UJeaNbHONU >KUAKOCTH W I TOTOKA peaibHOM >KUIKOCTU. OOBSICHUTE €ro
(bU3MYECKUI CMBICT U JATEe T€OMETPUUECKYIO HHTEPIIPETAITHIO.

Pemurts 3a1auy:

Paccuurarh, Kakoe MHHHMaJIbHOE JaBJICHHUE HEOOXOJIMMO CO37aTh Ha
Hacoce aBTOLUCTEPHBI, 4TOObl moaarh ctBoj PC-70 (ctBONM A) B OKHO 3-TO
sTaxka ¢ pacxonoM Q. PykaBHast TuHUS TIpoJioKeHa U3 3-X PYKaBOB JTUAMETPOM
77 MM u omHoro paszBeTBiieHUsA. KonhdUIIMEHT MECTHBIX TOTEePb §crpoma =

0,343, &passn = 0,5. IlnoTHOCTH Boasl 1000 KT 3

Tl

1l
I

Puc. 9. PucyHok k 3amaue Ne 6.
Cxema nmogauu ctBosa PC-70.

18



Hcxoonwvie oannwvie K 3a0aue

Tabauuya No 7
[Ipennocnenuss [Tocnenuss uudpa | IInoTHOCTH BOABI
udpa HoMepa Q, n/c HOMEpa 3a4eTHOU Kr
3a4E€THOM KHIDKKHU KHIDKKHI P M3
1 7 1 990
2 7,4 2 980
3 7,2 3 1000
4 7,6 4 970
5 6,5 5 1100
6 7,3 6 950
7 1,7 7 960
8 7,1 8 1200
9 7 9 870
0 7,2 0 880

Memoouueckue ykazanus

3amaua pemiaeTcs npu noMomu ypaBHeHus bepnymnu. BwiOuparor nBa
CEUYEHUS: MIEPBOE — HA BBIXOJE U3 HACOCA, BTOPOE - HA BBIXOJIE U3 CTBOJA!

2
:E 3 331
2

=
o

Puc. 10. Boi6op cedenuii nist cocraBienus ypaBHeHus bepHyu.
CocrasnsieM ypaBHeHUs: bepHymm:

a-v? avz

P P
i+ —=+—"=z+=+
P 29 P9 29

+ h,. (6.1)

[IpyuHumaeM mepBoe cedeHWe Ha ypoBHE Touku oTcyeta Z; = 0 M.
Ceuenne Z, HaxoAWTCS Ha 3-€M STa)xe, B pacyeTax MNPUHUMAETCS BBICOTA
OJIHOTO ATa)ka, paBHAs 3 METpam.

CKOpOCTH V4 U V, ONPENETAIOTCS U3 YPABHEHUS HEPA3PbIBHOCTH MOTOKA.
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Puc.11. CtBon PC-70.

JlaBieHre Ha BBIXOJIE U3 CTBOJIA paBHO atMocdepHomy, T.e. P, = 0.

CyMmMapHbie oTepH h, IpeCTaBIsAIOT CO00M COBOKYITHOCTh MOTEPH B

pYKaBHOﬁ JIMHUH, B CTBOJIC 1 HA pa3BCTBJICHUU.

[ToTepu Hanopa pyKaBHOW JIMHUH, COCTABIICHHOW U3 MTOCIEN0BATENBHO

COCANHCHHBIX ONMHAKOBLIX PYKABOB, OIIPCACIIAIOTCA I10 (bOpMYJIGZ

h=nSpQ% m. (6.2)

3HaYeHUs CONPOTUBJIECHNS HATIOPHBIX MOKAPHBIX PYKABOB
(Abpocumos FO.I'. T'unpaBnuka. Yueonuk. - M.: Akagemus I'TIC MUC
Poccun, 2005. — 312 ¢.)

Tabauuya No 8
pyKaBa HpOpe3I/IHeHHble pyKaBa HerOpe3I/IHeHHl)Ie
D, mm S, (c/m? - m S, (c/m? -
51 0,13 0,24
66 0,034 0,077
77 0,015 0,03
89 0,007 §
110 0,0022 :
150 0,0004 i
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3amanue 7

OTBeTHTH HA TEOPETHYECKHE BOIMPOCHI:

1. OObsicHUTE TIPUYMHBI CXKATHUS CTPYU NPHU UCTCUEHUU KUAKOCTH Uepe3
orBepctus. Kakue ObiBatoT BuIbl cxkatuga? UTo Takoe WMHBEpCUsS CTPYyH U B
KAKUX CIIy4asiX HaOIIOAAeTCs 3TO sIBJIEHUE?

2. Kak ornpeaenstoTcsi CKOpOCTh M pacXo/i )KUJKOCTH MPU UCTEUCHUH Yepe3
orBepctre? CBsi3b MEXIy KOdh(UIMEHTaMH CKOPOCTH, pacxoja W CTENeHU
CoKaTHSL.

Pemurts 3agauy:

B 0ak, pa3neneHHBbI MEperopojkod Ha JBa OTCEKA, MOCTYIMAET PacXoj
Bozbl Q (puc. 12). B meperopoake nMeercst oTBepcTre q1uaMeTpom d; = 75 MM.
M3 BrOporo orceka BOJa BBITEKAET B aTMocepy uepe3 BHEIIHUIA
MUJIMHAPUYECKUA HacalloK quaMeTpoM d,. OmnpeaenuTtb, Ha KaKuxX YpPOBHSX hy
1 h, yCTaHOBHUTCS BOJa B OTCEKaX IMPH JOCTIKEHUW CTAIIMOHAPHOTO PEKHMMA.

[TnotHOCTH Bombl 1000 KT M3 HcxonHble MaHHBIE JJISI pacyeTa NMPUBEACHBI B

TaOJINILIE.

il

“-—

—

Puc.12. Pucynoxk k 3agaue Ne 5.
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Hcxoonwvie oannwvie K 3a0aue

Taonuua Ne 9
IIpennocnennss [Tocneanss uudpa
udpa HOMEpa d, HOMEpA 3a4eTHOU Q, /c
3a4E€THOM KHIDKKU KHIDKKH
1 75 1 28
2 50 2 25
3 60 3 23
4 70 4 20
5 55 5 30
6 65 6 24
7 80 7 35
8 85 8 32
9 55 9 26
0 70 0 27

Memoouueckue ykazanus

Pacxon sxunkocty yepes oTBepCcTHE (HACa0K) onpenesnseTcs no popmyre:

Q=po 2gH, M . (11

rae | - kK03 PuIumeHT pacxoa oTBepcTus (Hacaaka);
2.

W — TIONIaAbk OTBEPCTHS (Hacaaka), M,

H — namop nepen otBepcTreM (HACAIKOM), M.

3HavyeHus K03 PUIHEHTA PACX0/1a JKUAKOCTH

Taonuua Ne 10

OTBEPCTHE (THUI HACAIKA)

n

MaJjoe OTBEpCTHE

0,61
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BHEIIHUN

. 0,82
VTAHIPAYCCKUHI
KOH(DY30p 0,94
mddysop 0,45
KOHOMJAJTbHBIN 0,98
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3ananme 8

OTBeTUTH HA TEOPEeTHUYECKHE BONPOCHI:

1. KakoBbl mNpuYMHBI BO3HUKHOBEHUA TrujpaBiaudeckoro yaapa? Kak
MU3MEHSAETCS BO BPEMEHU JABIICHHE Y 3aJIBMKKH MPU THMAPABIMYECKOM yaape?
YTto Takoe mpsiMOi U HEMPSIMOW TUAPaBINYECKUI yap?

2. Kak paccuntarh BEIUYMHY MOBBIIICHUS JABICHUS B TPyOOIPOBOAE MPH
OpsIMOM W HENpSAMOM THIpaBiIMdeckoM ynape? OTdero 3aBUCUT CKOPOCTb
yaapHoi BoJaHbI? IIpuBenure npuMepbl BO3HUKHOBEHHSI THUIPABINYECKOTO
yaapa NpU 3KCIUTyaTallud MOXKapHOW TeXHUKU. Kak MOKHO YMEHBLIUTH WU
MPEIOTBPATUTH YAAPHOE MOBBILICHUE TABICHUS ?

Pemurts 3agauy:

CraibHOM BOJIOBOJI OT HACOCHOM CTaHIIMU JO BOJOHAMOPHOM OaliHu
nMeetr umHy 800 M, auamerp 100 mm, TommmHy creHOK SMM. Hamop Boasl
nepe BoJloHanopHoi 6amHel paseH H, pacxon Boast Q. Temmnepatypa Bojst 20
°C.

Onpenenuths BpeMsi 3aKpblBaHUSI 3aJBHKKM M HAIpPSKEHHE B CTEHKAX
TpyOOTNpOBOJa, YTOOBI MaKCMMalIbHOE  JaBJICHHWE HE TMPEBBIMANO0 4 aTM.
Hcxonnbie 1aHHbIC TPUBEACHBI B TAOJIHIIE.

Hcexoonwie oannwie k 3a0aue

Tabauya Ne 11
[Ipennocnenusis [Tocnenuss uudpa
nudpa Homepa H, m HOMEpa 3a4€THOU Q. /e
3a4E€THOM KHUKKHU KHIDKKHU ’
1 60 1 20
2 70 2 22
3 80 3 24
4 65 4 26
3) 75 S 30
6 85 6 28
7 90 7 25
8 100 8 27
9 95 9 32
0 95 0 31
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Memoouueckue ykazanus
BenuurHa MOBBINICHUS JAaBIAEHUA TPU  THAPABIMYECKOM  yAape
paccuuTtbsiBaetcs no ¢popmyine H.E. XKykosckoro:

AP =p-v,-c, lla (8.1)

IJi€ P - INIOTHOCTH X)uaKoctu, KT 3

Vo - I€pBOHAYATIbHAA CKOPOCTh IIOTOKA X KUAKOCTHU B

Tpy6onposoze, M (;

C - CKOPOCTh PacpOCTPaHEHUs yaapHoii Bonusl, M .

J1J1st BOJIbI CKOPOCTh PACHpOCTPAHEHHS YIAPHOU BOJIHBI OMPENEISIOT 110

dbopmyie:

c— 1435 62)
L aKk |
6 E

K — Monynb 00beMHOM yrIpyrocT Bobl, I1a.

Taonuua Ne 12
t, °C 0 5 10 15 20
K 1,86-10° | 1,91-10° | 1,93-10° | 1,96-10° | 1,98- 10°

E — Mogyne ynpyroctu Matepuaia CTeHKU Tpyobomnposoaa, [1a. Jls
craneHOro Tpybomnposoaa E = 21,2- 1010 ITa.
bezomnacHas mpo10mKUTENBHOCTD 3aKPhIBAHUSI 33]IBUXKKH OTIPEACIISICTCS
o popmyiie:
te = L , C  (8.3)
9(Hmax—Ho)

rac v, - n€pBoHadajldbHas CKOPOCTh IMOTOKA JKUJKOCTH B

tpy6omposome,M (;
| — nuHa TpyOoIpoBOAa, M;
H 45 - JONYCTUMBIA MaKCUMAJIBHBIA HATIOP, M;

H,- Ha4aJIbHBINA HATIOP, M.

25



3ananue 9

OTBeTUTH HA TEOPEeTHYECKHE BOIPOCHI:

1. Tlosicaute moHsATHUS ‘‘CBOOOMHAs CTpys’, ‘‘He3aTOIUICHHas CTpys
“3aTOIICHHas CTpys’, “‘cIuioniHas cTpys , “pasapobienHas crpys’. [Ipuannbl
pacmaja CIUIONIHBIX CTPYW W KaK OOCCHEYHTh IMOIydeHUE MaTbHOOOWHBIX
MOYKAPHBIX CTPYH.

2. Metonuka pacué€ra oru0aromux KpUBbIX KOMIIAKTHOW U pa3ipoOIeHHOM
gacTu cTpyd. Kak 3aBUCHMT MakCHMMallbHasi BBICOTA CTPYH OT JABJIECHUS IEpEN
HacaJkaMm U quamerpa Hacazika? CrocoObl MOTy4eHHs pacbUIEHHBIX CTPYH.

Pemursh 3a1auy:

Onpenenuth MaKCUMaJbHYIO JalbHOCTh 00 U PEaKIHIO CTPYH,
MoTy4aeMoil TpH oMo 1adeTHOro CcTBoia. Yrom HakiaoHa crBoma 30°,
nuaMeTp Hacanka d, Harmop BO/bI Ha BRIXO/Ie U3 Hacaaka H.

[Toctpoutrs B Macmrabe rpaduk HaKIOHHOW CTpyH C O0O3HauE€HUEM
KPUBBIX KOMIAKTHOM U pa3ApOoOII€HHON YacTH CTPYH.

Hcexoonwie oannwie k 3a0aue

Taonuua Ne 13
[Ipennocnennsis [Tocnenuss uudpa
uudpa Homepa H, m HOMEpA 3a4€THOU d. Mm
3a4€THOM KHUKKHU KHIDKKHU ’
1 30 1 25
2 40 2 25
3 45 3 28
4 50 4 32
5 35 5 32
6 55 6 38
7 60 7 38
8 65 8 50
9 70 9 50
0 50 0 28

Memoouueckue ykazanus

HanpHOCTB 6051 cTpyHn omnpeaensercs mo ¢hopmyse H.I1. I'oBeipuHa:

Lyay = 0.0415- 6 -dy-H% M (9.1)
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r71€ Ly qy - AATBHOCTD 005 CTPYH, M;

O - yroJ HaKJIOHa CTBOJIa, TPAyChl;

d, - TMaMeTp HacaaKa, MM;

H - namop Ha BbIXOJ€ U3 HaCaJKa, M.

Peaknueir cTtpyum Ha3plBaeTcs CWJIa, BO3HUKAKONIASA MPU HCTCUCHUH
KUJKOCTU W3 Hacajka. JTa cujia 00yClIaBIMBaeTCd M3MEHEHHEM KOJUYECTBa
JBWODKCHUSI JKUJIKOCTHM B HAacaJKe MNpH JABUKEHUHM OT OOJBIIEro CEYCHUs: K
MEHBIIEMY U OIpesensieTcs o popmyJe:

F=-2pw, H (9.2)
rae P — maBnenune Ha BBIXOJ€ M3 Hacajlka, I1a;

2
w - IJIoIaJgb HacajJgkKa, M .
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3aganue 10

OTBeTUTH HA TEOPEeTUYECKHE BOIPOCHI:

1. Pacuér kakux ammapaToB MOKapHOW TEXHHUKH OCHOBAaH Ha ypaBHEHUH
bepuymum? IlpuBectTrn mnpumep METOIWKH pacuéTa OJHOTO W3 YKa3aHHBIX
amnmapaToB.

2. CymHOCTh MeTOJa aHaiuM3a pa3MepHocTed. Bung dopmyn mis
OTIpe/Ie]ICHUs] JIMHEWHBIX W MECTHBIX MOTeph Hamopa. OT KakuxX BeTUYHH
3aBUCAT KOA(DPUIMeHTH! TMHEHHBIX (A) 1 MecTHBIX ({) moTeph Haropa.

Pemursb 3apavy:

Ha pucynke 13 mnoka3zaHa cxema COEOUHEHUS PYKaBOB Pa3IMYHOTO
TuaMeTpa uepe3 MEepexXOoAHYI0 TOJIOBKY (Tmepexoji OoibllIero auaMerpa Ha

MeEHbBIIHIA). Pacxoa pykaBHOW cUCTeMBI cocTaBisieT 12 a/c. OnpeaennTs, Kak u
v

BO CKOJIBKO pa3 HM3MEHUTCS CKOPOCTbH JIBUYKCHUS BOJBI - u u30BITOYHOE
vy

gaBleHHe = B cewemmsax 1-1, 2-2 Py JABWKEHUM BOABI MO pyKaBaM

D2

pasznuyHoro nuamertpa. [lorepsmu Hamopa npeHeOpeysb.

|1 ’ | 2

|

Puc. 13. PucyHnok k 3agaue Ne 10.
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Hcxoonwvie oannwvie K 3a0aue

Tabauya No 14
[Ipennocnenuss Ilocnemuss
nudpa HOMEpa Bun _ | Temmeparypa udpa JlaBnieHue B
3a4ETHOM MEePEeX0THOM somb, °C HOMepa ceyeHuu 1-1,
KHUKKH T'OJIOBKH 3a4ETHOM aTM.
KHIDKKU
1 77 x 51 0 1 2
2 77 X 66 10 2 3,2
3 66 x 51 20 3 4
4 77 x 51 30 4 2,3
5 77 X 66 0 5 3
6 66 x 51 10 6 2,5
7 77 x 51 20 7 2,7
8 77 X 66 30 8 3,1
9 66 x 51 0 9 4,2
0 77 x 51 10 0 3,8

Memoouueckue ykazanus
CxopoCTh JBMDKEHHUSI BOJIbI ONPEACTACTCS MPH TOMOIIM YpaBHEHMS

Hepa3pblBHOCTH U (opMysbl ompeneneHus pacxoja. Haxomutcs wux

v
COOTHOIIICHUE v—l .
2

Jlns onipenienieHus AaBJj€HUS BO BTOPOM CEYEHUU HEOOXOIUMO COCTABUTH
ypaBHeHue bepHymin s ceueHuid 1-1 u 2-2. IIpuHATH BO BHUMaHHE, YTO

INIOTHOCTD BOABI OIIPCACIIACTCA NCXOAA U3 TEMIICPATYPhI.

Taonuya Ne 15
3Haqune IIJIOTHOCTHU BOJAbI B 3AaBUCUMOCTH OT TeMnepaTypbl
t, °C 0 4 10 20 30
p X 3 999.87 1000 999.73 998.23 995,67

o p
Haxonurtcs COOTHOIIIEHUE AABICHUM B CEUCHHUSIX — .
p2

H36HIOI[3€TC$I 3dKOHOMCPHOCTD - IPU YBCIIMYCHUHN CKOPOCTU JIBUKCHUA

KHUJKOCTU B TPyOOIpoBoe (pyKaBax) yMEHbIIAETCA N30BITOYHOE IaBIICHUE.
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DT0 00BSACHAETCS 3aKOHOM COXPAHEHUSI MEXaHUYECKOU SHEPTUH,
COTJIACHO KOTOPOMY CyMMa KMHETHUYECKOW U MOTEHIIUAIIBHON SHEPTUH €CTh
BEJINYMHA MMOCTOSHHAS:

Evex = Exun + Enoreny = const. (10.2)

CKOpOCTh [IBIDKEHMSI KUIKOCTH TMPEJCTaBISET COOOM KHHETHUYECKYIO
COCTaBIISIONIYI0 SHEPTUHU, JABJICHUE — MOTeHIUalbHYI0. ClienoBaTelbHO, HJIS
TOTO 4YTOOBI BEIMYMHA  MEXAHUYECKOM SHEPruM OCTaBajlaCh IOCTOSHHOM,
HEOOXOJIMMO BBINOJHUTh YCJOBHE: MPU YBEIWYEHUH KUHETHUUYECKOW IHEPTUU
JIOJDKHO TPOUCXOJIUTh YMEHbIIIEHUE (yracaHue) MOTEHIMAIbHON HSHEPTUM U

Hao0OOPOT.
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