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{OLHjd 1. [Mmdse’ cdH©Os dzd €

5j®O 1. rduStmisd d R thdsed j WdLdujmSdj f

v BO 2. 1 d Hite@®dNdBOds P Y dHSBMIsd d HJj2Mlsekzs h
HOodzjdzd] dJijcet Mot2Mlsea . [ dWWgu]dgdgdothted) ki
YdHSC sMisd ) f tsdzj LjRBdesets Isweslsj dedvw. 1 s jt
CdHtesMisOlsd ¢ d . 1dbBBibtedui MSsy d Ldzgjtecjlsdud
cdHtesMisOIsd ¢ d. lijdzdyddz0 cedHtetsMisOlsdyd ME sEts ¢+
dge ' Istsydzts j HOo dzj dzd v . l OC k. Cfster GdHtetsMlis
NdHEBMIsd dz20 f dzsMS k¥ i so jtorndesfils! . A jdzlste HOo d
ftso jtorndetsmisd. 1 OCBdz oternddBj HO. vMdzseadw ff dzOe Od

LdHESH]ZOBIC 0. 1 tdvisdujd Eodessjwdidddds o dHE

ud BO 3. [Mdsedz § §dWisdyddgdHicsdx fde@dsy ¢ df:dHC
sjujddv ydquCsMisd. [ dddw kSO, IkttkBSO IBSCG
LliBBjedujmMSd) "OwOClkjtwdmisdSd §sbsSO dHS S
COMABHO. JdH' Hodyjddw YdHSCEMsER HrOFBsmy 2
yqHCMisd d lsojHses Isj 0. [Mdseds j keOs daj dad

RO 4. 1 dqWWjtejdzydOdz dz" §| EtOo dzj dzd tzls j & 66 f o tzef €
WittjdydOde dF B bktOodaj dzd?2 S$2dzj €O Hdzw fdzkzy
iMmisd.djvtciOptempazdzd . RrRdzsjteftejsOydy k0o dzj dzd
1 dzj 3 dels Otcdets?2 Mistez2¢d owL CB2 YdHECtMIsT.
Wi Cs?) YJHSBMIsd . LicOo dzj dzd | dzj 6t OL tor 9 datsfr
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SOMOlsjd d § Oftewy jdedw o IktBlzdj dsdsd I
skt lzdzj dzZlsdetsdz Isj ud dzd d .
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NdHSMIsd . 1 slsjted dOfsttO® dz2O0 o Misdzr = M esls
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10dgWIsdj 1(2 y.) uvjiBO cuots2MmMlsoa® yduHEtsMmMisj2e )

3anava 1. Beprukaabublii HJINHAPUYCCKHIT pe3epByap 3amo-

Hen HedThio mpu Temneparype ¢, = 32°C 10 BBICOTHI Ay = 2 M.

Onpepennre BoicoTy YPoBHS HeTH Ay IPH HOHMIKEHHH TeMIIepaTypbl

10 t, = 5°C. Pacmmpenne pesepsyapa He yuutbiBatbh. Koaddpuunenr

TeMiiepaTypHoro pacumpenusi Heprn pasen 3, =0,0072 1/rpaa.
3anaya 2. B oronureabnoii cucreme (Kotes, paanatopsl, TpyOo-

MPOBOJIBI) HEOOMBINOTO loMa Tipy Temmepartype ¢, = 20°C copepxuTcs

V= 1m3 Boabl. OnpeiesinTe, Ha CKOJILKO YBEJIHYUTCSE 0OBEM BOJIBI TIPH

ee HarpeBaHum j1o £, = 95°C.



3anayva 3. /lassieHue Bo/bl B 3aKPbITOM CTAJIBLHOM TPYOOIIPOBO/IE /IHa-
merpom d = 0,5 M 1 umnoit [ = 2 - 103 m cocrasaser p = 2 - 10° [1a nupn
ce TeMmneparype ¢, = 10°C. Onpeaeanre yBeJaHYCHUE AaBICHUS BOAbI
B BOJIONIPOBOJIC TIPH NMOBBINICHHN e¢ TeMrepartypsl jo £, = 20°C.

3anava 4. EMkocTs, 3anonnennas ned)Tbio, HAXOAUTCS TMOJ J1aB-
aennem p = 6-10° ITa. ITocae Boinycka AV = 0,01 m? HedTn nasienne
B €eMKOCTH YMeHbIIHI0CH /10 py = 2 - 100 [Ta. Onpenennre oobem nedru
B €MKOCTH, ecii Koaddpuimment oobeMHoro pacimmpenus nedTH cocTan-
asier B,=7,4- 100 JTa .

3anava 5. B oronurenbHblit KoTea nocrynaer Boja B KoJauvecTse
Q = 15m3 /4 nupn remueparype ¢, = 60°C. Oupeaennre, Ha CKOJIBKO yBe-
JMYUTCS PAcX0/l BBITCKAIOULCIT M3 KOTJIAa BO/IbI, €CJIM OHA 1IPOrpeBaeTcs
B HEeM 10 Temnepatypsl £, = 100°C.

3anava 6. Onpenenure KoappuimenT oObEMHOTO CKATHSA KIIKO-
cti B, ecan npu ee nogave B Tpydonposo auamerpom d = 1M u juim-
Hoii [ = 250 M, cosiepkaiem aTy xe KHAKOCTb B Koandectse V= 196 m3
pu armocheprom aasiaeiun P =107 [Ta nponcxoauT Bo3pactaHue Jas-
aenus po Py =5-10° Ila.

3anava 7. Onpeaeaure KoapPUIHEHT TeMIIEPaTYPHOTro pacuimpe-
Hust xkuakoctTn B, B koammuecrse Q = 1000 T, naxojsimeiicst B MJAHH-
JIPHYECKOIT eMKOCTH inaMeTpoM d = 3M 1 NMeloleil TpH TeMnepaTtype
T = 273K naorvocts p = 800 kr/mM?, ecaim npu 1noBoillieHHN TeMiepa-
Typbl KuakocTH Ha AT = 20K ee o6beM yseamuusaeres Ha AV = 5um3.

LEOL CRdzdaj"  Sdzdzj ded® L OH Oded & .

[ dzvw tejh jdedw LOHOY dgzy des o tsMf sdzr L 5o Olst fMw  dzj €

ftecdojHjdzdzr &3 © dMlstsydzd ¢y 1 dHELOO dzd ¢ ©: Ekyd Bded €

BOCOdzOoatcdOISO / 1. ¢. skuddetse, C. [ . 285iBBISON

rdzw fsdshd Mlskznjdaislz dedyj ftedosHwIsw foddj ter
IIpumep 1. Onpegennm nameHenne oobeMa Bojibl B pe3epByape 1pH

narpese ee ot 20 n0 40°C. ITepsoHauayibHblil 00beM Boabl V = 100 m3.

Koadduumenr remneparypHoro paciiupetus B MHTEpBaJie TeMiiepaTyp
20—40°C upu aasaenuu 10° I1a B, = ¢.00029 1/K.

Pewenue

Koadduuuent remeparypHoro paciumpeHus KaleJabHbiX KHAKO-
cTeil, onpeAeasionil OTHOCHTEAbHOE H3MeHeHe 00beMa JKHIKOCTH
MPH YBEJIHYCHUH TEMITepaTyphbl Ha OJIMH IPAYC, HAXOANTCS 110 hopMmyie

1AV

PE= AT

rie V — nepBoHavasibHblii 00beM kujakoctH; AV — uamenenune obbema
JKHJKOCTH 1IPH YBEJIHYCHUM €€ TeMIIepaTypbl Ha BeanuuHy AT
W3 dopmyab s 3, nmeem

AV =B,VAT =0,00029-100-20 = 0,58 m>.

IIpumep 2. Onpeaesium II0THOCTb BO/ABL IIPH YBEJAUYCHUH €€ TCM-
neparypst ot 20 go 40°C.



Pewernue
I[T0THOCTB MOKHO HAITH 110 CJICAYIOULCH NPUOAMIKeHHOI (hopmyne:

Py
1+B,(T -Ty)
rite p, =998 kr/m? — noTHocTL Npu Temieparype 20°C; B, = 0,00029 —

KO PHUUMEHT TeMIIepaTypPHOIo PaclllupPeHMs.
Orcoaa

p=

_ 998
1+0,00029-(313 —-293)

P =992,25 kr/Mm3.

IIpumep 3. Onpenesnm KHHEMATHYECKYIO W JIMHAMHYECKYIO BA3KO-
cTH Bo/bI ipu Temriepatype 50°C (nasaenne p = 100000 ITa).

Pewenue
JList onpenenenns KHHeMaTHyecKoi BA3KOCTH HCTTOJIb3yeM (hbopMyTy
ve 0,01775 _
1+0,0337 +0,000221¢2

_ 0,01775
1+0,0337-50+0,000221-50

Mopmyna st ONPEACACHUS AMHAMHYCCKOH BA3KOCTH BO/AbI HMECT

BHJ{
~ 0,0179 - 0,0179 ~
1+0,0368¢ +0,000221¢%  1+0,0368-50 +0,000221- 502
=0,0053 113 = 0,00053 ITa - c.

CaenaeM npoBepky, onpee/inB KHHeMaTHYeCKYIO BA3KOCTD 110 ¢op-
MyJie

=0,0054CT =0,54-10"5 m2 /c.

u

vt
P
riae p =988 kr/m? — miotHoOCTh BOjABI NpH TeMnepatype 50°C:
v= L 0,54-10-6 m2 /c.
988

IIpumep 4. Onpesesinm KHHEMATHYECKYIO M JIMHAMHYECKYIO BA3KO-
ctu Hedpru npu remneparype 20°C. BaskocTb, onpejiejieHHas 110 BUCKO-
3UMeTpY JHIJIepa, cocTapiseT 8,9°9.

Pewenue
sgotHocTb HedTn npu remuieparype 20°C cocrasisier p = 900 kr/m3.
KuneMaTn4yeckyio BA3KOCTh HaiiieM 1o hopmyse Yoemnnoue:

v=0,0731-°2-0,0631 /°9=0,0731-8,9-0,0631 /8,9 =
=0,64350011 ct =0,0643-10"% M2 /c.

JlnHamuueckas BsA3KoCTb Oyaer
w=vp=0,643-10-*-900=0,0578 Ila-c = 0,578 ns.

Ipumep 5. Onpejesinm uaMeHenne IOTHOCTH HedTH TPH CKATHN
eeor p; =1-10° no p, =1-10°% Ila, ecom koadppuimeHT 0OGBEMHOTO CKa-
s Heptn B, =7,4-1071° ITa"".

Pewenue
Koaddumment obbemuoro cxarusi onpesesiercs 11o popmye

1 AY

b=y 2



rie V — obbem KIJIKOCTH NpH aBiaenun py; AV — namenenne odbema

Vv
=B,Ap.
PaznocTs JaBacnuii naxoautes 1no opmy.ie
Ap=p,-p,=1-10°-1-105 =-0,9-106 ITa.

[1roTHOCTD l!(.‘(l)'l'l'l onpeaessieTcs H3 COOTHOICHHS

AMIKOCTH TIPpH ¢¢ CKATHH. Orciona

rjie M — macca nedpru. Tak kak macca nedpri B npoitecce cxatust ocra-
eTCsl HEM3MEHHOH, TO

P, _ Vi
AV
rae V,=V,+AV = 1+7- Vs
1

C yuertom dopmyst st koadpuimmenta 06beMHOTo CKaTHS TIOY-
yaem

V2 =(1+B\'Ap)vl'
[TojcTaBsist 37O BHIpaKEHUE B MPONOPIMIO, MOJTyYaeM
Py 1+BAp 1-7,4:10710.0,90-10-6

Orcoaa ciaeayer, 4To IWIOTHOCTb He)TH IPH YBEJIHYCHNH /1aBJICHMS
ot 107 510 108 ITa MeHSIETCH HE3HAYNTEIBHO.

=1,0006.

10dzvIsdj 2 (2 y.) uvj®BO cHots2Mlsoa® ydqHECEMIsj 2 e

3anava 1. OnpesennTe, BO CKOJbKO pa3 cuia Fy 6oabie cuabl F

JUISE NCXOJIHBIX IAaHHBIX pumepa 2 (eMm. puc. 3.28).
3anava 2. Onpejennre japjieHue Bo3jlyxa p, B €MKOCTH € 11OMO-

upto U-obpassoro pryrHoro Manomerpa (puc. 3.31) npu caeayoumx

MCXO/HBIX JaHHbIX: oy = 0,2 M; By = 0,3 M; v, =1,2krc / M* =11,8 H / Mm%

Ypr =13 600 kre/M? =133 333 H/m?%; p, =1xrc/cm? =98 067 Ila, rac v,

H Yy — YACTBHBIC BECa BO3/LyXa W pTYTH; p, — aT™Mocdeproe aaBieHme.



|-

Puc. 3.31. K 3apnaue 2

3anauva 3. /Ise BepTuKaibibie TPYOBI EHTPATBHOTO OTOTJIEHHS COe-
JIMHEHBI TOPH3OHTATBLHBIM VYACTKOM, Ha KOTOPOM MMeEeTCs 3a/IBHKKa
anamerpom d =50 mm (puc. 3.32). Temneparypa Bojibl B 11paBoii Tpyde
typ = 90°C, a B aesoii ¢, = 25°C. Yposenb Boabl B 0beux Tpybax Haxo-
JMTCH Ha BoicoTe A = 1,5 M Hajl YPOBHEM B ropM3OHTaJIbHOI TpyOe.
Haiiaure pe3yabTHPYIOULYIO CHIIY AaBiacHus Ha 3aaBuxky P, H.

Lip

1 XFE—==:

Puc. 3.32. K 3ajaue 3

3agaua 4. l'opusontanbnas Tpybda guamerpom D = 0,4 M coetnnena
¢ BepTHKaabioit Tpydoii ramerpoMm d = 0,05 M. Boicora cronba BojibI




B BepTHKaAbHOIH TpyOe £ = 0,8 M. B Tpybax pacrmosioKensl mopiimm.
Kakoe ycnane Py HYKHO TIPHJIOKNTD K IOPIIHAM A u B, 4To0bI cHeTema
HAXO0/IMJ1aCh B PAaBHOBECHH, ecjin Ha nopienb C aeiicreyer cuia Py?

Py
%/ C

h

P

P,

>N p

& \\\V

Puc. 3.33. K 3anaue 4

3aaxava 5. Oupejgeanre cuiay AaBJCHUSA P, BOJAbI Ha JIHO cOCYy/la
1 Ha KakKIVIO M3 YCTBIPEX OMOP Pyi = P2 = Pu3 = Pus TP CIACAYIONHX
MCXOHBIX JauubIX: iy = 100 M; Ay = 2,5 M; a = 0,1 M; b =3 m (puc. 3.34).

b

—

—

hy

| l
b
a

hy
|

Puc. 3.34. K 3anaue 10

3anaua 6. Oupepcaure cuay F nopunsa auamerpom d = 1 M
fa BOJLY, €CJIN M30BITOYHOE THIPOCTATHYECKOE JIABJICHHUE TTOJ TTOPIITHEM
p1 =10 Ila, a gaBaenve wa rayoune uannapaz =2 M py = 1,2 - 105 Ila.

3anava 7. Onpeaenure guamerp d Majioro MopuiHs rujipasiin-
yecKoro npecca (cm. puc. 3.28) nupn ciaeayionmMx HCXo/HbIX JIaHHbIX:

F,=30000H; FF,=20H; D=03m; a=01m b=1M.

LEOLOdd] €& or fsdzdzgj dzgd® L OH Odzd ¥ .

[ dzw tej " J dzd W LOHOY dzgzy des oM sdz L tso C
BOIjtedOdzsd3, ftedojHJjdedzr &3 8 dMmlssyded &4 |
OCOHjBIJYUI ME et BOLCOZzOosted OIsO  / J o .
stso Odzj dzgS s, R. I 72 s kzp dr¥zts $uis clgtisiship dﬁq’ﬁﬂlz,; i to
ftodd3d tef toj N jdzdw L OHOVY.



[Ipumep 1. [Tapogoii npsaMoeicTBYIONIHIT HACOC MOJACT KHAKOCTD
K na seicory H (puc. 3.27). Haiinem paboyee jpapienne napa mnpu
caeayionmx uexoanwuix ganubix: H =300 »m; D =300 mM; d =150 mm.

Kunakoers — Bona (p =1000 kr/m3). HaiijieM TakkKe Wb, A€HCTBYIO-
e Ha Masiblit 1 6OJBIION NOPIIHM.

p, e i H

_1

T T — g , y, §
Puc. 3.27. Cxema npsimo/1efiCTBYIOIILEro 1napoBoro Hacoca

TTap

Pewenue
Haiiziem aBaenne p, Ha MajioM 1OpIIHE:

Py =pgH =1000-9,8-300 =3 000 0001Ta.
Cuna F,, neiicTByionas Ha MaJblif OpIieHb, Oyaer

2, . 2.2.10)6
F2=P252=1td py _314-0152-3-10

= 52987 H.
4 4
ITa Ke cuiia aeiicTByeT Ha 60O NOPUICHD, T.€. PS5, = puS| .
Orciona
# nd?

p252 2 4 (12 3 0,152 - .
= = = =3-108 =0,75-106 [Ta.
'\ =", T apz  P2p2 0302 "7 .

4

IIpumep 2. Onpenenum cuiay npeccopanusa Fy, paspuBaemyio
FMAPABJAHYCCKHM IIPECCOM, Y KOTOPOro auamerp 060boro nopuins D,

a MaJIoro — d, npy CAeAyOINX NCXOAHbIX JaHHbIX (puc. 3.28): F =25 H;
D =300MM; d=30nmy; a=100nn; H=1000 v,

LSS A LL F
b
7
> <
F, j/ - Poruar
d
D P2 | F,
Kuakocrn |

Puc. 3.28. Cxema ruipaBJIH4€CKOro npecca
Pewenue

Haiitem cuay Fy, eiicTBYIONYIO Ha Maablil nopmenb. s aToro
COCTAaBUM YCJOBHE paBHOBecHs pbiuara npecca: Fa=Fb. Orciona



F=2F
a

; K 9

JlaBsienne KUAKOCTH 1O/l MAJIBIM HOPIIHEeM py = —, e S, = nd? / 4.
1 -

JlaBaenne KUAKOCTH MO OOJBIINM TOPIIHEM p2=S—2, rje

52 = nDz / 4. 2
[lo 3akony Ilackasus pasaenue B KHAKOCTH NepejlaeTcest 1Mo BCem
nanpasaennsam 6e3 uamenenmus. Otcioga p, = py, WIH
F_F
S 52'
Orciona
_SF (nD? / 4)- F, —D—ZF N D?%b B 0,32-1,0
5 rd? /4 d2' d’a  0,032-01
Ipumep 3. Onpepennm tary AP yepes AbIMOBYIO TPyOy BbICOTOI

H = 50 M, ecJivt TIOTHOCTD JIBIMOBBIX TazoB p, = 0,6 kr / M3, a Temmnepa-
Typa HapykHoro Bosyxa t, = 10°C. Ilnornocts Bosayxa p, = 1,23 kr / M2,

F, +25=25000 H.

Pewenue
Armocdephoe pasiaeHue Ha Boicore = 50 m Oyaer

P = pngll = 1a23 '9,81 ’50 = 603.3 na,

rjae g=981m/c? — ycKopeHue CHJIbl TSXKeCTH.
Jlassienue rasos Ha Boicote H = 50 M cocrasisier

p.=p,8H =0,6-9,81-50 = 294,311a.
Vckomas sesmunna taru Oyaer

Ap = p,. - p, =603,3 - 294,3 = 30911a.

Ipumep 4. AGcomnoTnoe gasjaenne p B Touke A eMKOCTH ¢ BOAOI
cocrapiaser 2,5krc/em? =2,5-10°[1a. /laBaenue mo MaHOMETpY, ycTa-
HOBJICHHOMY B Touke B, p, =1,6krc/cm? =1,6-10°I1a. Haiizem sesn-
yuny armocdepnoro pasaenust p, > p, (riae py — AapjaeHne BHYTPH
emkocti) (puc. 3.29).

Pewenue
Beanuuna armocdepHoro jasiaenus onpejensiercs 1no gopmye

Pa=P-Py=25-16=0,9 krc/cm? =9-10% I1a.

Ilpumep 5. AbGcomoTHoe aBaenne p B Touke A eMKOCTH ¢ BOJOIT
coctaBasier 0,5 krc/em?=5-1011Ta. Atrmochepnoe anasaenme
p, =1xkrc/em? =10°11a (p, > py). Haiinem nasaenune p, B Touke B
1 BaKYYMMETPHUYECKYIO BBICOTY /. ¥ IebHbII BeC BOJBI TIPUMEM paB-
neiM ¥, =1000 kre / M3 = 0,1 kre/em?2 =9804 H / M3 (puc. 3.30).



Pa

Puc. 3.29. K npumepy 4

l 2

{ Po
e ——.A—_———_ Pn_
- = =P ==o b} |4

Puc. 3.30. K npumepy 35

Pewenue
Bakyymmerpuueckoe gasiicHue p, B Touke B Haxoaures 10 popmyJie

py=p,— p=1-0,5=0,5 krc/cm2 =50 0001Ta.

Baxyysu\-tc’rpuqccxaﬂ BBICOTA B JIalTHOM CJay4ac ()y}lCT

hzzpo_pzl—o's

» o1 =5 MM BoiL. cT. = 49 Ia.

10dz"Isdj 3 (2 yY.) uvjdBO ¢ dHESH]dOB]S Oe



3anaua 1. [Ipenedperas norepsMu Haropa, HAMMTE CKOPOCTH TeYe-
HUSA KHAKOCTH B IEHTPe TPyOOIPOBOAa pajuyca » IpH CACAYIONNX
MCXO/IHBIX IanubIX: iy = 1,2 m; by = 1,85 M. JlaBsiene B ¢cBoGOIHOI yacTH
TpyOKH pasHo py (puc. 4.39).

Po

Puc. 4.39. K 3anaue 1

3anaua 2. Onpegennre pacxoa Q, M?/c¢, 1 MAKCUMAJILHYIO CKOPOCTD
TEYCHHUS BOJbI L, M/C, IIPH KOTOPbIX PEKHUM TedeHus Oyer B Tpybe ana-
mMeTpoM d = 0,1 M ocTaBaTbesa JaMHHApHBIM. BA3KOCTD BOBI PHHATDH
pashoit i =103 TIla - c.
3anava 3. Haitaure Gopmyny auneitnbiXx norepb Hamnopa
h; B TpyOe pumnbl [, ecan uszBectHo, 4to KOAMGUIMEHT TpeHus
A =64 /Re=64v /(vd),ackopoctb TeyeHuns KuAKoCcTH L =4Q /(nd?),
e Vv — KHHeMaTH4YeCcKas BA3KOCTb; d — jauaMeTp Tpyobl.
3anava 4. Onpexennre HEOOXOAMMBII HAMOP JJISA MOJaYH BOJbI
co ckopocTbio v = 1,2 M/c yepes TpyOy aaunoii [ = 40 M n auame-
tpoMm d = 0,02 M. KnuneMaTnueckyio BI3KOCTh BOJIbI TPHUHATH PaBHOI
v=1306-10"5m%/c.
3anxava 5. Oupejennre JuHeiinble 10TEpH Halopa HPH ABUKe-
HUHM BOABL B TPYOE 1PH CACAYVIOUIMX HCXOAHBIX JaHHbIX: PACX0/l BO/bI
Q = 0,6 M3/c; omma Tpy6wt [ = 250 Mm; auamerp d = 0,5 M; KuHeMaTHye-
ckast Ba3kocth V=107 m2/c; sxBuBanenTHas mepoxoBaTocTh (CM. apa-
rpad 6.13) A, = 0,15 mwm.
3anayva 6. Haiizinre opmyay s onpenenenns koagpduimenra tpe-
HUS A, €CJIM U3BECTHBI AJinHa TPYObI [, M, aAnamerp d, M, pacxXoi KHAKO-
cru Q, m?/c, amueiinbie norepu Hanopa h,, M; yckoperue ¢Bo60HOT0O
nazenus g = 9,81 m/c%; nuomanb ceyenust Tpyost S, M2,
3anava 7. Onpenenure anametp Tpyokn Bentypu dy, M, ecan
CKOPOCTH TE€YEHUS B €€ cevyenun vy = 4,3 M/c nmpu pacxojie BOJIbI
Q = 0,04 m3/c. Inamerp tpybonposoaa d; = 0,2 M, CKOPOCTbH TEUEHMSI
B HeM Uy = 1,27 m/c. KoahpuumeHT MecTHbIX 110TEepPh HPHHATHL PABHBIM
€ = 0,1. Paznoctb nokazauuii nbesomerpos dh =1 m.
VEOLOded] € orf ftsdzdzj dzds L OH Odzd ¥ .
rdzw tejh jdzedw LOHOY dzzy dzs oM sdz' L ts9 Olss Mw
ftedojHjdeder 53 & dMlssydzed$j | JHLOs dzd S O: EZydr
BOCOZzOoatedOIO / 1. ¢. skHddetse, ¢. [ . sOtls!
sBBo Qdzj deS 5, R. 1123 EzH(dzpldfzsHigtplelsfiz7 8dzd x4 f ted o
fteddsd tef toj M jdzdw L OHOY.



IIpumep 1. IIpu JaMmuBapHoOM pesKuMe ABHIKCHUSA JKHAKOCTH 110 TOPH-
30HTAJLHOMY TPYOOIIPOBOAY AnaMETPOM d Pacxoj KUAKOCTH paseH Q
(puc. 4.37). Hagenue nbe30MeTpHYCCKOI BBICOTHI Ha YYACTKE JTNHOIL
[ coctaBasier h. OnpejesnM KMHEMATHYECKYIO V M JIMHAMHYECKYIO [
BA3SKOCTH KuaKkocTh. Mexoanpie nannbie sagaun: d = 0,5 m; /= 1000 »;
h=1wm Q=0,1m3/c; p=1000 kr/m3.

- — - - _d T o T

Puc. 4.37. Cxema n3amMepeHns IaBJCHHI ¢ NOMOUIBIO NbEe30MeTpa
Pewenue
anuimem chaejiyromme COOTHOIEeHNA.
vdi Q. md? 4Q 4Qd  4Q
\ S 4 nd? nd*v  mdv
rae Re — yncno Peitoabaca (eMm. 1. 5).
3anuenm ypasuenue bepuysum st ceyennit 1 u 2 tpyOni:

2 2
z,+ﬂ+v—'=zg+£l+&+2h.
Y 28 Y 28

Tak kak 2z, =2z, U V; =V,, ypaBuenue bepuyaan npumer i

&=1)—2+2h,
[ v? R

rane Yh=h, =AZZ. [Toayyaem %—&=hﬂ, riae h, — anneiinble

norepu Hanopa (M. ri. 6)
Yuurpisas, uro h, = h, noayyaem

2
ot B
' d 2g5?

Orcione
TCIO/1a - 2h(1g52
1Q* -

Ussectho, uto A = 64/Re — dpopmyaa [lyazeitng. Orciona Re = 64/A.
llozcTaBsisi noceHee COOTHOLIEHNE B 110JIYYEHHOE BbIIIE COOTHO-
menue juisi Re, Haxomm



Orcioja
_ 4QA  8QhdgS®  hgS?
64nd 64ndIQ? 8miQ
nd? 3,14-0,5?

YuursiBas, uro S = n = y =0,1963 M2, nosyuaem

~1:10-0,1963
8-3,14-0,1-1000

=15,3-10-° M2 /c.

Takkak v=pn /p, 10 u=vp=153-102-1000=15,3-10"2 kr /(m-c).

IIpumep 2. OnpenesnM KpUTHYECKHE CKOPOCTH Mepexo/ia OT JaMH-
HAPHOI'O PeXUMa TeUYeHUs K TYPOYJIEHTHOMY [IPH TEYEHUN BO3/lyXa,
BOAbI U HeYTH B KPYI/10il LMIAMHAPHYCCKOIT TPyDe, cunTas, 4To KpH-
THYecKoe yncao Peiinoabaca Rey, = 2320, npu caeayommx HCXoHbIX
panmbix: vy =0,15em2 /¢; v, =0,1 ('.M?/c; vy =0,8cm? /c;d =10 e, Taie
Vi, Vo, V3 — KHHEMaTHYeCKHe BA3KOCTH BO3jlyXa, BOJAbI U HedTH COoOT-
BETCTBEHHO; d — jmameTp TpyObl.

Pewenue. vd

Ilo popmyse Re=-— naxoaum KpUTHYECKHE CKOPOCTH BO3JyXa,
BO/IbI 1 HedTH: v
KpHUTHYECKasi CKOPOCTb BO3/lyXa

_Reg, vy 2320-0,15
Kkpl (1 10

KpHTHYCCKadA CKOPOCTb BOJIbI

Re, v :
V2 = (:; 2= 232(1)00'“ =25,52 cM/c;

KpHTHYCCKaA CKOPOCTh llC(le[

~Re Cip V3 _ 2320-0,8
kp3 d 10

Ipumep 3. Onpenennm obbemublit Q, 1 BecoBoit Q , pacXo/Ibl BOJIBI
B KpyrJoii TpyOe anameTpom d = 0,5 M, ecim MakcHMaabHasi CKOPOCTD
TeueHus, Haboamasics B eHTpe Tpyobl, cocrasiasier v, . =2 M/cC.
[LroTHOCTD BOAB! IpuMeM pasHoii p = 1000 kr/m?,

v = 34,8 cm/c;

v

=185,6 cMm/c.

max

Pewenue
Haxomm cpestioro ckopoctb Teuenns: v, = 0,50, =1m/c.
O()'bC\lelH pacxoji HaXOANTC:A 110 ())()p\iyrlc
nd? 3,14-0,5 .
Q, =V, =" =1. =0,196 M3 /c,

el 4

rae o =nd?*/4 — niomajib cedenns Tpyobl.
Becosoit pacxoja Oyaer



.0.52
Q, =pY, 0= 1000-1-@ =196 kr/c.

Ipumep 4. Haiigem ckopocts TeueHust Ly B cedeHnn Tpyokn Benrypu
1 oObeMubIiT pacxoj Q, BOABI, ABMKYIICHCS B TpyOOIpoBoae aname-
TpoMm d; = 0,3 M co ckopocTbio vy =2Mm/c. Koapdpumment MmecTipix
norepb MPUHATH paBibiM & = 0,1. /Tnamerp Tpyoxku Bentypu dy = 0,1 M.
PaszHocTtb 1nbe3oMeTpuueckux Hanopos B Tpybonposoje u Tpyoke
Benrypu Ah=0,5 m.

Pewenue
Ckopocrb B ceuenun Tpyokn Benrypu nHaxoaures 1o gopmylie

i ngIZ _ 2-9,81-0,5 3003w/,
0,12 .0.32
1_(0»2) S 1_(3,14 012  314-0,3 ) +01
(O} 4 4

rae o, =nd¢ /4, w,=nd3 /4 — niomaau ceyeruii Tpybonpososa
1 TpyOKH Bentypu cooTBeTCTBEHHO.
OO6vemMubliT pacxox BojbI Oyer

. 2
Q() — 1)20)2 — 3’003 . M

=0,0236 M3 /c.

Ipumep 5. Mcteuenne Bojbl 13 6aka MpOMCXONT 110 TpyOaM nepe-
Mennoro cedenns (puc. 4.38). Ipenebperas norepsamu Hanopa, Haiiem
CKOPOCTDH HCTEUEH NS U, U pacXojl Q,, a TaKKe CKOPOCTH TeUeHHs B KakK-
JI0# 13 TPYO NEPEMEHHOI0 CEUCHUs Vy, Vg, V3, Vg, €CJH H3BECTHBI PACIo-
naraemblit Hatop H u aunamerpst Tpybonposonos dy, dy, ds, dy. icxoanbie
nanuble 3ajaun: H =20 m; dy = 0,05 m; dy = 0,2 Mm; dy = 0,15 m; dy = 0,04 m.

H

Puc. 41.38. K npumepy 5

Pewenue
CKopocTb MCTeYeHUs L, = Vs HaxXoiuTces 1o hopmylie
" 4 A



v, =V, =+/2gH =/20-9,81-20 =19,8 m/c.
Pacxot Bojibl B Kak/I0M cevennu OyieT 0JIMHAaKOBbIiT M paBHbIii

nd? 3,14-0,042

Q, =404 ==~ =198 =0,025 M3 /c,

rae o, =nd} /4 — naomaab cedenns Tpyoonposoaa ¢ [HaMeTpoM dy.

CkopocTh B TPyOONPOBOJIE ¢ ANAMETPOM d3 HaXOAUTCS M3 ypaB-
HEHHSI HEPA3PBIBHOCTH V404 = V304, Tl 03 =71d3 /4. Ortcioaa na-
XO/IMM

12  nd? .
=19,8-(0,04 /0,15)2 =1,4m/c.

U3 - U.‘(J)" / 0.)3 - U4

CkopocTh B TPYOOTIPOBOJIE € AMAMETPOM dy HAXOMTCSA aHATOTHYHO
13 COOTHOIIEHUST Ly, = V304, OTCI0/12

Ly = V34 / Wy = U';((I'; / (12)2 =14 (0,15 / 0.2)2 =0,79 .\l/c.
CK()])OCTB B Tp_\’GOnp()BOHC C JIHAMCTPOM (1] 6yﬂCT

Uy =000, / 0 = Vy(dy / dy)? =0,79-(0,2 / 0,05)% = 12,64 m /c.

10dwIsdy 4 (2 Y. ) uvigdBO ¢ [ Mmdztsor s stedd
[ Olsj ©3OIsdyJ ME sy BBH|  ZJteso Odzdj e | OH Odzd J
3anava 1. Onpeaeante CKOpocTh KHUAKOCTH Vy B CCHCHHH 2—2 TPY-

Gonposoja jumnHoi =300 M n namerpom d = 0,2 M, IPUCOEMHEHHOTO

K €MKOCTH, HPH CJAeIYIONIHX HCXO/HBIX JaHHBIX (puc. 5.29): pazHOCTD

OTMETOK BbICOT ceyeHuil 1—1 n 2—2 2z, -2, =8 m. Il1oTHOCTL M KHHe-

MaTHYecKas BA3KOCTD AKHIKOCTH COOTBETCTBEHHO pasHbl p = 900 kr/m?;

v=10"5 M2 /c. Cymmy K0a(HUIHEHTOB MECTHBIX CONIPOTHBJICHMI TTPH-

HaTh paBHoit Y & = 4,6; skBuBajenTHasi mepoxoBatocth A, = 0,5 MM,

2 2 o—

W — —

Puc. 5.29. K 3anaue 1

3anava 2. Haiijiure teopernieckyio popmysry pacuera CKOPOCTH V4
B ceuyeHnn 1—1 tpyboipoBoja, MEIONIEro I1aBHOe cyKeHue, rie d,
u dy — AnaMeTpsl 110 u nocJe cyxenus: h=h —h, — pasHocTb nokasa-
Huil nnbesomerpos (puc. 5.30).



Puc. 5.30. K 3anaue 2

3anaua 3. Beiseaute hopmyay g onpeenens CKOPoCTH L JKHT-
KocTH B TpyOe, ncrnonnays Tpyoky Iuto ¢ guddepenimmaibupiM pryT-
HBLIM MAHOMETPOM, €C/IH H3BecTHa BeJanunHa i (puc. 5.31).

Puc. 5.31. K 3anaye 3
3asaua 4. Onpeennre pacxoja Q Bojibl B TPYOOIPOBO/IE JIHAMETPOM
d=0,12 m u aaunoii [ = 1 kv npu norepsax nasienns Ap =2-10° Ila.
Koadhduumnent saxksuBaseHTHOI mepoxosatocTn Tpybonposoaa
A, =0,00005 M, koappuunent tpenns A =0,019.
3apava 5. Haiinure pemenne ypaBuenust ABMKCHHA IS CTallHO-

d?v

d,
‘f =n—
v dy?

rpaHuYHbIX yeaoBusax V=0 npu y==+b, rae dp / dx = const — nepenaj

HAPHOTO TEYEeHH:A B IVIOCKOM KaHaJ e lllllpllH()lul 2b BH/14

npu

JIQBJICHUS! B IIPOJIOJIBHOM HAIPABJICHHH; U — CKOPOCTD; X, ¥ — HPOJI0JIb-
Hasl U [101IepeyHasi KOOP/IMHATDLI; L — JIMHAMHYeCKast BA3KOCTb.

3anava 6. Haiijiure pelieHue ypapHeHUA 3aja4n 5 U4 cJyyas,
KOI/la O/iHa U3 11JIACTUH, OrPAHHYMBAIOIMX IVIOCKHH KaHall, ABHKETCA
B CBOCH IVIOCKOCTH OTHOCHTEIBHO APYTOi ITACTHHBI ¢ TOCTOSAHHOI CKO-
poctbio vy (Tevenne Kyarra [22]). ['pannunbie yeaosus s cayyast,
KOT/Ia PacCTOSIHHE MEJK/IY MJIACTHHAMH paBHO O, nMeloT B L = 0 npn
y=0 nv=v,upuy=h.

VLEOLOddj € or ftsdzdzj dagd® L OH Odzd ¥ .

[ dzw tej " J dzd W LOHOY dzgzy des oM sdz L tso C

BOljted Odkztsds, f§tdojH,jdder &3 o dMlstsydzedC j
OCOHj BdYj MS e/ BIOS OO todiHsialzs o |

C .

1
!



S5 Odzj gl 5, R . Il .7 $%bddetpalzy, ffip.dzgsM @9 Ml
ftedotsHwIlsmw ftoddjter tejhjdzedw L OHOY.
IIpumep 1. Onpegennm koadduimenT JUHEIHHBIX TOTeph Hamopa A
npu pacxojie Bojanl Q = 0,6 m3/c B Tpybe nuamerpom d = 0,5 m.
KuHemMaTHyeckyio BA3KOCTb M 9KBHBAJICHTHYIO 1IEPOXOBATOCTD HPH-
meMm pasipiMp v=10"%M2/¢; A, =0,15MM (1HOHSATHE HKBUBAJICHTHOI
lepoxosaTocTH cM. naparpag 6.13).
Pewenue
Cpe/tHsist CKOPOCTb TEYEHUS BO/Ibl COCTABUT
v=Q/w=4Q /(nd?)=4-0,6 /(3,14:0,52) = 3,06 m /c,
rae w=nd? /4 — njaomanb cedenus Tpyobl.
Haiiaem uncao Peitnosabca:
vd  3,06-0,5
Re=—=——
v 10-%

Koadduiment auneiinuix norepb nanopa A naxoaurtcs no gopmy.ie
Anprinyas (em. naparpad 6.14):

68 0,15-1073 68
— |=0,11 +
0,5 1,53-106

=1,53-106,

A=0,11(51+ ):0,015.
d Re

IIpumep 2. Onpepennm nanop H, cozpaBaeMblii HACOCOM, nepe-
KaynBaionmmm Oens3un u3 pesepsyapa A B pesepsyap B, npu cieayio-
HMX MCXO/HBIX JaHHBIX (prc. 5.27): pacxoa OGensuna Q = 10—3 M3 /c;
D=0,1m;d=0,05m; hy =1 M; hy =5 M; HOTEpH HaLIOpPa BO BCaChiBal0-
weit anHun — Ay | = 2 M, B HarHeTareJbHOi — fy 3= 5 M.

3, B 3

b1 ]

=
-

Puc. 5.27. K npumepy 2



Pewenue

[Toaubiit nanop, pazsuBaemblii HacocoMm, pased I = I, - I, rae Hj,
Hy — 110JHbie HANOPbI COOTBETCTBEHHO B ceyeHnsix 1—1 u 22,

s onpeapenennst nanopos Hy u Hy anuuiem ypasuenue bepuysum
s cedennit 1—1 u 2—2:

2o+ Po/(P8) + gV} /(28) = 2, + py / (PE) + 040} [(28) + hyy;
2y + P [(P8) + 003 /(28) = 23+ p3 / (P8) + 33 /(28) + hy_3,

rje 20=0; 2| =h1; 22=hl2; 23=h3.

[Ipunumas vy =v, =05 py = p3 = p,, rae p, — armochepuoe jpap.e-
HHUE, YPaBHCHUA VIS CCYCHUI PUBEICM K BHIY
Hy=2+p[(pg)+ a,U?/(Zg) =P/ (P8)—hy_y;

Hy=2,+ Pz/(Pg) 3 0120%/(28) =p. / (Pg) +hy_3.
Orcona

H=H2—H1=h2_3 +h0_|=5+2=7M.

IIpumep 3. B konite Tpybornposoa anamerposm d = 0,15 M, Tpancriop-
THPYIONIETO JKHKOCTD € TWIOTHOCTBIO P = 900 Kr /M3, nMeeTcs 3a/iBHIKKa,
KoahpuitneHT MectTHOro conporusienns koropoit € =0,31. Onpejennm
norepu Hanopa Ap Ha 3aasukke 1pu pacxoge Q =0,06 m? /c.

Pewenue

CkopocTb JABHKEHUS KHIKOCTH B TpyOe Oyner

v=Q /0=4Q/(nd*)=4-0,06 / (3,14-0,15%) = 3,39 m/c.

[Torepsa nanopa na 3azBHKKe HaXOAUTCA 110 (hopmyJie

Ap =Epuv? /2=0,31-900-2,272 / 2 =1603 Ila.

IIpumep 4. YunursiBas norepio nanopa h,, ToJI5KO B MECTHOM COTPO-
THBJIEHNH, OTIPE/IEJTNM CKOPOCTD JKHIKOCTH Vg B TPYOOIIPOBOJIE, MMETO-
leM BHesannoe pacimpenue ot dy = 0,05 M 10 dy = 0,1 M (puc. 5.28).
OTMETKH BBICOT B IILE3OMETPHYCCKUX TPYOKAX OTHOCHTEIBLHO ILIOCKO-
cri 0—0 pasubt 2+ p,/(pg)=0,7M 1 z,+ p,/(pg) =0,9m.



o TaocxkocTs
oTCHCTA

Puc. 5.28. K npumepy 4

Pewenue
3annmem ypasHenne bepuyian s cevennit 1—1 n 2—2:

21+ 1/(P8) + 07 /(28) = 20+ Py [ (P8) + 03 /(28) + Iy .

[Toap3ysich ypaBHEHHEM HEPa3pBIBHOCTH VM = VoM, = Q, TIC 0,

0y — TIIOIAIH CeYeHHiT COOTBETCTBYIONIHX YYaCTKOB TPYOOTPOBOJIOB,
HaXO0/IHM

Uy =00 /0, =v,(d, /dy)>.

ITorepu Hanopa Ha BHE3a1IHOE paciliipeHue olpeaeanm 1o hpopmy.ie
Bopaa (em. naparpag 6.15):

hy, = (0 —,)%/(28), nn hy =[v}/(2)][1-(d,/dy)?].

[oxcraBass 3navenys vy u by, B ypaBrenne Bepruysam, noayanm
YpaBHEHHE € OJITHUM HEU3BECTHBIM Vy:

2+ p,/(pg) + U'f/(28) =2+ P2/(Dg) + [uf/(2g)lll - (dl/d2)2]2'
Boipakast M3 MOCJAe/IHEro COOTHOMEHUSI CKOPOCTH Uy, MOJyYacM

W e =228 M/c.

V1= T0375



10dwIsdy 5 (2 Y. ) uvid@BO ¢ [ Mmdetsor sj stedd
[ Olsj B3OIsduyu MEtsy BSH] dJss Odzdj e 1 OHOdzd J

3anaua 1. Onpeaennre amamerp Tpyobl d, M, 4T0ObI PACX0/L JKNIAKOCTH
ObLa pasen Q =0,00088 M3 /¢ npu nepenazne gasienus AP = 0,04 MIla.
Tpyba umeer oo Mectioe conporusiacnue & =1,49. Iaornocts xuj-
koctn p =900 kr/m3.

3anauva 2. Onpejeanre anamertp tpybonposoaa d, M, JJIHHOI
[ =500 M, B KOTOPOM ABMKETCA XKUIAKOCTH CO CpeiHeill CKOPOCThIO
V., =04 Mm/c. Baskocrb xkuakocrn v=0,4-10-% m? /c. Jluneiinvie
IOTEPH HAIIOPA 10 jJtuHe pasubt h, = 2,56 M.

3agava 3. Onpexennre aauny Tpybonposoja [, M, anamMeTpom
d =0,02M, IO KOTOPOMY M3 pesepByapa Te4eT KHIKOCTh C BA3KO-
ctoio v=0,1-10"" M2 /c. BoicoTa kuakoct B pesepsyape H =24 M,
ee pacxox Q=0,3 kr/c.

3anava 4. Oupegennre pacxoa Q Kuakoctn B TpyOOIPOBO/E AIHHOI
[=1000 M 1 auamerpom d = 0,25 M, AMHEITHBIC IOTEPH HALIOPa B KOTO-
pom coctasasior h, = 5,6 m. TTaotnocTs kmakoctn p =800 kr/ M3, KHHe-
MaTnyeckasi Baskocth v =0,3 cm? /c.

3anauva 5. Onpejennre pacxoa Q Kkuakoctu B TpyOONpoBojie JUH-
Hoit [ =21y u qnamerpom d = 0,2 m 1ipu ckopocTi Tedenust v =19 m/c.
Koadduument tpenns npunsaTh pasubim A = 0,04,

3anava 6. Paznoctp nokasauuii nbe3oMeTpoB IIpH BHE3AIHOM
paciummpennn Tpybonposoja cocrapiasier k= 0,03 m (em. puc. 6.31).
Onpejesre CKOPOCTb TEUEHUs V,,, M/C, JKWIKOCTH B TPyOe MeHbIIero
anametpa d = 0,2 M 1 KoahPUIMEHT rIIPaBIHYecKuX COMPOTHBICHNIT
€, ecim D=0,5mv,=0,1 m/c.

3anava 7. Boiuncasasa koapduument rpeaus A 1o popmysnam
Auprrryast u HlundgpuHcoHa ¢ TOYHOCTBIO 10 TPETLEIO 3HAKa 110C/1¢
3alSTOM, ONpeAe/anTe YCJI0BHS, NPH KOTOPBIX GopMysa AJNbTIITy s
nepexoanT B hopmyay [Indpuncona.

VCOLOdd] § orf ftsczdej ded® L OH Odzd® .

[ dzw tod h j dedw LOHOY dzydets oM sdz' L tso Ols! Mmw
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OCOHjBdYUjMSCsets BOCO&OoatedO®LO / 1. ¢. skHdc
stsoaOdzj dzgS s, R. li25fpkHdesoff sish d9Mlszr j dalslz  dzd Y
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Ipumep 1. Ilo Tpybouposoay (puc. 6.29) auamerpom d = 50 Mmm
1 uHoi [ = 10 M aBrokeTes KuakocTs (kepocut). Onpeneanm Haiop 1,
[IPH KOTOPOM IIPOUCXOANT CMCHA JIAMUHAPHOIO PEKUMA TeYeHns Ha Typ-
OyaeHTHBIT (MOTepN HAMmopa B MECTHBIX COMPOTHBICHUSAX HE YUHUTHI-
BaeMm). Knnemarnueckas ssiskoctb Kepocuna v=2,5-10"5 wm?/c.

H

d

Puc. 6.29. CxeMa K onpe/ieJIeHHIO CMEHbI PeKHMa JIBHKEHH S
KHIKOCTH

Pewenue
Cumras, 4TO B JAHHOM CJ1y4ac CMCHA JIAMHHAPHOIO PeKMMa Teye-
Husl Ha TYpOYJICHTHOE HPOUCXOAUT npy ynciae Peiinoabaca, pasHnom

vd .
Re = — = 2320, nuneitapie norepu Hanopa Oyiem onpeaensts 1o gpop-
Y

myJie Jlapen — BeiicHaxa
[ v?

h,=H=A——,
d2g

rje A — xoahduiment anneinsx norephb; g = 9,8 m/c? — yckopenne

CBOGOTHOTO MAJIEHHST; U — CKOPOCTD TEYEHHS KIJIKOCTH, KOTOpasi MOKeT

ObITh onpejiesieHa n3 uncaa Peitnoabca:
; .25.10-6
u=2320 v _2320-2,5-10 = 0,116 w /c.

d 0,05
Koagdymmment muneitnbix noreps Haxoantes no opmyae [yazeiins:
64 64

= — = — =(),0276.
Re 2320
Mcekombiii nanop H 3aTpaynBacTtcs JHIID Ha MPEOI0ICHHE JIHHEITHBIX
MoTeph HAMopa, MoaToMy OH MoXkeT ObITh Haiten o dopmyie Jdapen —
BeiicHaxa:
[ v? 10 0,1162 .
H=A——= 0,0276-—{_-'— =(),037 M.
d2g 0,05 2-9,8
Ipumep 2. Onpegennm auamerp d Tpybonposoja, 110 KOTOPOMY
nojaercs KuaKocTb JK ¢ pacxogom Q, M3 yCI0BH 110JIYYEHIS B HEM MaK-
CHMAJIbHO BO3MOJKHOI CKOPOCTH 1IPH COXPaHEHHH JIAMHHAPHOTO PeXKHMa



[PH CJACAYIONMX HCXOAHBIX AaHnbIX: V, =1-106 M2 /c; Q = 0,001 M3 /c.

Pewenue
Cxopoctb 1 ynesio PeitHosbica onpeaensiorces no hopmysiam
v,..d
Uq,:g‘; Re=—"—.
S v

MakcnManbHas CKOPOCTD, PH KOTOPOIT COXpaHAeTCs JaMUHAPHBII
pexunm Tedenns, Gyaer nabosatoea npm vucae PeitHosbjca, paBHoM
Re =2320. Toraa

9320207 _Qd__Q d_4Q

v Sv md?2/4v mdv

Orcioyia
d= 4Q 4-0,01
2320nv  2320-3,14-1-10°6

=0,549 wm.

IIpumep 3. 1o Tpybonposoay anamerpom d n jumnoit [ (puc. 6.30)
ABuKeTes Kuakoctb (Boaa, v=1-10"m2/c). Onpegeanm norepio
Haropa h, pu KOTOpoii IPOUCXOJANT CMEeHa JJaMHHAPHOTO PesKIMa Teve-
Hust Ha TypOyieHTHbIL Mexoaubie aannpie 3agaun: d = 0,01 m; /=50 m.

Pewenue
[Toreps nanopa onpenensiercs 1o ¢opmye Jlapeu — Beiicbaxa
2

h=A——.
d2g

| 4
ﬂ._ _E _dll’zj 22...
i

Puc. 6.30. Cxema K onpe/ieJIeHHI0 Hanopa, np1 KOTOpoM
NPOUCXOUT CMEHA PEKHMa TeYEHHs JKHIKOCTH

Koadpuument simueiinbix norepb Haxoaurcest 1o gopmye [lyaseitis

.
rre Re = 2320. Re
Torna .
64
A= ——— =0.0276.
2320

Cxopocth v Haiiiem u3 dopmyael g yncaa Peitnoanbaca:
vRe 1:1076.2320
V= =
d 0|01

=0,232 m/c.



o 50 0,2322
h=0,0276——="2.
0.01 2-10

Ipumep 4. I1pu Bresannom pacumpennn TpyooInpoBoia CKOpoCTh
JKMIAKOCTH B TPpyOe Doabiiero anaMeTpa pasia vy (puc. 6.31). Boabmoii
M MaJIblit inaMeTpbl TpyObl cooTBeTCTBEHHO paBibl D n d, npuuem
D/d = 2. Onpejesinm pazHocTb oKasaHuii nnbezometpos k. Mexoanbie
JlaHHble 3a/a41: V, =0,3 M/c.

=0,371 M.

p
h i
Pz:
Py Y:
: s
/R _ Ry H_1D
di— |
l |
2

Puc. 6.31. Cxema K onpejieJieHHIO NOTEPb Hanopa NnpH BHE3aIHOM
PACIIHPEHHH MOTOKA

Pewenue
Umeem S, =nd? /4 S, =nD? /4; tak kak D=2d, 10 Sy =nd*.
[Torepsi Hanopa 1pu BHE3AIHOM pacuinpeHnn TpydonpoBojia Haxo-

aures 10 gpopmy.ie
, 2
9 2
h=tl=|1- S| o
2g Sy) 28
N3 ypaBHEeHHsI HEPA3PbIBHOCTH IOTOKA HMeEeM
U‘Sl = U252.
Orcroa Haxoanm
0,8, 4uymd?

= = = 4v,.
Vs S nd? e
Torna
' 2 1602 28.(0.3)2
h=(1_ﬂ 16&{1_1) 8:03)° _ 1 0405
S, 2g 4) 10

Ipumep 5. I1o TpyGoIpoBO/LY HIEPEMEHHOIO ceyeHns IPOTeKaeT Bojia
B Koanvecrse Q, a/c. Oupesesnm pazHOCTb 1HOKa3aHUil [1bE30METPOB
h, M, ecan auameTpsl TpyOo1poBoga cooTseTcTBeHHO dy n dy. Uexoaubie
pannsie 3ajaun: Q =9 n/c; dy = 0,075 m; dy = 0,05 M (puc. 6.32).



Puc. 6.32. K npumepy 5

Pewenue
[Toreps Hanopa Ha MECTHOM CONPOTHBACHUN (BHE3AIIHOEC CYKCHUE

Tpybonposoia) onpeaeasiercs 1o gpopmy.ie
2
v
h = §2—I,
8 2
0}
re Vi — ckopocts B TpyGonposose ¢ anamerpom dy; & = k( - —'} —
@y,
KOI(DHUUHMEHT MECTHBIX 10TEPb; O =d} /4 wy=7d3 /4; k= 1.

ITo n3BecTHOMY pacxojy MOKHO HAHTH CKOPOCTb Vg2 V; =Q / ®.
[Moxcrasass vy u & B hopMyay /UIsi MOTEPH HAropa, HaXo/ M

2 02 4 5.0.0092
h=g1-21] 2 =(1_o,075) 16-0,009 ___ 0 06,
o, ) 2go? | 0,005) 2-9,81-3,142.0,0751

10dgvIsdj 6 (2 vy.) uvjdBO ¢ [Mdesoader jJ Isj ok
ttOBtsYyj et Isj &zOe

1OHOdzd . t(dNJjdedy L OHOY.
1.1. ManomeTpuyeckoe japienune B naposoM kotrie p, = 1 MIla npu 6apo-
METPHYECKOM JaBaenun p, = 735 MM pT. cT. Kak namenures Mmanomerpiieckoe

J@BJICHHE, CIM NoKasatue GapoMeTpa MOHU3NTCS 10 pg, = 450 MM pT. CT., a co-
CTOSIHHME T1apa B KOTJIE€ OCTAHETCS MPEeKHUM?

Omeem: p,. = 10,38-10° I1a.

1.2. [TneBMaTHueckuii npece, nopienb Kotoporo umeer auamerp d = 400 mm,
JIOKeH jieiictoBath ¢ cnaoil F= 50 kH. Kakoso oo Ouimh abcomoThoe pas-
JieHHe BO3/lyXa B IIMJIHHJPE MPH aTMOCHEPHOM JaBAeHn pg, = 750 MM pT. CT.?

Omeem: p .. = 1,4-10°1]a.

1.3. K abiMOX01y HApOBOro KOTJIa JJIsi U3MEPCHUS PaspesKeHns 1pucoeim-
Hen Taromep (CM. cxemy), yroa nakaona Tpyokn koroporo o = 30°. Jlnuna cros-
0a BOJbI, OTCYUTAHHAA 110 HAKJIOHHOIT iKaae, [ = 200 mMm.

MaH



[azoxon

()npene.’m’re abcomoTHoe JlaBJIene rasa, eCJif rnoxKasamnve pryTnoro 6ap0me-

Tpa P, = 745 MM PT. CT. 1pu Temneparype croada pryru £ = 25°C.
Omeem: p,. = 0,978-10° [la.

1.4. Bosayx maccoit M = 5 kr sanumaer oobem V = 27 M*. Oupeaeanre
VAEABHBIIT 00BEM U IJIOTHOCTD BO3/{yXa B 9TOM COCTOSIHHM.
Omeem: v = 0,54 m* /kr; p = 1,85 kr/m>.

1.5. Yruekucaptii raz maccoit M = 5,4 kr upu remueparype ¢ = 15°C u pasie-
i p = 1-10° Tla 3anmmaer oobem V = 3 M>. Onpenesnre yaeabnblii o0bem
M TIOTHOCTD YIVIEKHCJIOTO Ta3a MpH 3a/laHHbIX VCJIOBHSAX.

Omeem: v = 0,555 m*/kr; p = 1,8 kr/™°.

1.6. YcranopjaeHHblii Ha CMa304HOI CUCTEME aBTOMOOMJIBHOIO JABUIATE/Is
ManoMeTp ToKasbiBaeT fAasaenye p,. = 2,3-10° Tla. Onpenemte abeomoThoe
JIaBJIeHne CMa3KH IpH GapoOMeTpHYeCcKOM JlaBaennu p, = 720 MM pT. CT.

1.7. Oupepesnre, Kakoi 0dbeM 3anumalor 1,3 Kr Bo3jyxa npH JasjicHum p =
= 1-10° I1a u remniepatype T = 373 K, ecoim ipu p = 1-10° ITau T= 288 K n1ot-
HOCTb Bozayxa p = 1,19 kr/m°.

Omeem: V = 1,415 m®.

1.8. Kakoit o6bem 3annMaior 3 T Bo3yxa npu HopMasibHbIX (PU3HUCCKUX yC-
JOBUSIX?

Omeem: V = 2320 M°.

1.9. Kakosa macca 42 J1 Kucsiopoja npu HOpMaJibHbIX (PU3HYCCKUX YCAOBUSAX?
Omeem: M = 0,06 xr.

1.10. Kakosa macca 100 71 raza, MMeIONIEro MJIOTHOCTD 25 Kr/m*?
Omeem: M = 255 Kr.

1.11. Onpejennre BakyyM B KOHJIEHCATOPE, €M abDCOMOTHOE IaBACHIe P, =
= 0,049 MIla, a bapomerpuueckoe aasienme pg, = 750 MM p. CT.
Omeem: p,. = 0,051 MIla.

1.12. /lasaenue B 6asnone p = 0,025 MITa npu bapomMeTpHueckoM JaBaeHun
Poap = 690 MM pr. c1. Kakoso Oyzer nokasanmne MaHoMeTpa, e armocdeproe

JIaBJICHHE TTOBBICHTCSI 10 P, = 775 MM PT. €T.?
Omeem: p_, = 0,0147 Mila.

1.13. Taromep, sanoanennpiii cnuprom (p = 0,8 r/em?), nokaseiBaet paspe-
xKenue B razoxozie p. = 50 MM cn. cr. Onpeaennre abeonoTnoe AaBaenme Jibl-
MOBBIX I'a30B, €CJIM MoKaszanue GapomeTpa, npusejentoe K remneparype t = 0°C,
COCTaBJISIET Py, = 757 MM PT. CT.

Omeem: p,. = 0,0955 MI]a.



1.14. Onpepennre cuiy, ACHCTBYIONYIO Ha HopieHb AnameTpoM d = 150 mMm,
ecam jasaenue B naniape p = 49-10° [la. Bapomerpuueckoe aasienne Poap =
=750 Mmm pr. CT.

Omeem: F=9 .

1.15. Paspexenne B ibIMOBOIT TpyOe Py = 30 MM BOAL. €T, armocdeproe AaB-
aenue p, = 763 mm pr. cr. nipu remneparype ¢ = 30°C. Onpeaennre abeomor-
HOE JIaBJIeHHE JIbIMOBBIX I'a30B.

Omeem: p,. = 0,101 MIla.

1.16. Manomerp nokaspisaet jasienme p, = 800 MM BojL. cT. npu HapomeTpH-
4eCKOM AaBaenun pg, = 780 My pr. 1. [lpu apyrom nadmosennn nokasanst npu-
Oopos okazanuch cootBercTsento p,. = 600 My Boa. €. 1 pg, = 795 MM pT. CT.
Kak namenuioch abcomornoe jiasiaenmne?

Omeem: nasnenne p. .. = 0,112 Mlla e namennaoch.

1.17. B mammnno-koreastom orenennn (MKO) cyana aasaenne no Bojs-
nHomy marnomerpy pM@ = 120 mm Boa. cr. Bapomerp na nasnybe nokaspiBaet
Pé, = 790 mm pr. cr. [1o nokasanusiM MaHoMeTpa Ha KoTiie pabouee jlasieHne
cocrasasier pl. = 3,0 Mlla. Paspeskenne B KOHICHCATOPE 110 BaKyyMMeETpy piiit =
=610 mm pr. cr. Onpejennte abcoMOTHBIC JABJCHNS B MALIMHHO-KOTE/IbHOM
OT/ICJICHUH, KOTJIE 1 KOH/leHcaTope.

Omeem: p}*© = 0,101 MIla; p%, = 3,08 MITa; p*2™ = 0,0196 MIla.

abe
1.18. Onpesennre abcomoTHoe JaBiaeHne B TpyoonpoBo/jie (M. cxemy), ecin
Pa3HOCTb YPOBHEIT PTYTH B MaHoMeTpe coctasisier i, = 515 MM, a BbicoTa CTOJ-
Ga Bojbl, HaMTOI noBepx pryTu, h, = 50 mm. /lasjenue okpyskaioueit cpebl
P, = 0,106 MIIa.

lB

Omeem: p = 1,75-10° I1a.

1.19. Cyano na Bosayumnoii nojayuike nmeet pasmepbt L = 20 M, B = 5 M, mac-
ca cyasa M = 4 1. Kakoe u3dbitouHoe jaBjieHne B MHWUIMMETPAX BOAHOIO CTOJI-
6a 10JKeH Co3/1laBaTh BEHTHJISITOP, YTOOBI OHO ONMHMPAIOCh HAa BO3AYIIHYIO TO-
JVIIKY?

Omesem: p, . = 40 MM BOJL. CT.

1.20. Onpesenure Maccy BO3/yXa, 3aK1I04CHHOT0 B Oassione eMkocTbio 400 1,
ecJIM IJIOTHOCTD BO3/LyXa IIPH HEKOTOPBIX laBJIeHnH U Temiiepartype p = 28,6 kr/m>.
Omeem: M = 11,44 xr.

1.21. Macca 1 »® MeTaHa npy onpejie/IeHHbIX yeaoBuax coctapiser 0,7 Kr.
OnpeaesanTe IWIOTHOCTh M YAC/AbHBIH 00bEM MeTaHa IIPH 9THX YCJIOBUAX.
Omeem: p = 0,7 xr/m* v = 1,429 M?/kr.



1.22. IlnoTHOCTb BO3/YXa IPH onpeaeieHubx yeaopusax p = 1,293 kr/m’.
Onpeaesnre yaeiabHblii 00beM BO3/yXa 1IPH 9THX YCIOBHAX.
Omeem: v = 0,773 M’ /kr.

1.23. B cocyne oobemom 0,9 M? naxoanres 1,5 kr okucn yraepoja. Onpeje-
JINTE YACTBbHBIH 00bEeM H IJTOTHOCTH OKHCH YTJICPo/Ia TPH YKa3aHHbIX VCJIOBHSX.
Omeem: v = 0,6 M*/kr; p = 1,67 kr/m>.

1.24. lasienne Bosjyxa 1o pryraomy dapomerpy pg,, = 770 MM pr. 1. 11pu
temueparype pryru ¢ = 0°C. Boipasure 210 jAaBjieHHe B acKaJsix.
Omeem: p;,, = 102 660 I1a = 102,7 kIla.

1.25. /laBaienne BO3yXa, U3MEPEHHOE PTYTHLIM HapOMETPOM, P, = 765 MM
pr. cr. nipu remneparype prytu ¢ = 20°C. Boipasure 970 JaBiaenmne B nackasisx.
Omesem: p;,, = 101 640 Ila = 101,6 xIla.

1.26. Oupeaesnnre abcomoTHoE AaBiaeHNe B COCyAe (CM. €Xemy), ec/in 1oKasa-
HHE HPHCOeIMHeHHOIO K HeMy PTyTHOro MmanoMerpap, = 66,7 kIla (500 mm pr. ct.),
a armocdepHoe aaBienne mo pryraomy GapoMeTpy Pepy = 100 kITa (750 mm pr. cT.).
Temneparypa Bosjyxa B Mecte ycraHosku npubopos £, . = 0°C.

lB

Omesem: p_,. = 0,1667 MI]a.

1.27. Onpesennre abcomoTHOE JIaBACHNE B TAPOBOM KOTJIC, €CJIH MAHOMETP
nokaswisaer p, = 0,245 MIla, a armocepHoe pasJieHne 110 pryTHomy 6apome-
Tpy coctapasier pg,. = 93 325 Ila (700 MM pr. €T.) TIpH TemrepaType pTyTH ¢ =
= 20°C.

Omeem: p,. = 0,338 MIla.

1.28. Kakas BbicoTa Bojsnoro crosba coorsercrsyer 10 ITa?
Omeem: h =1 mm.

1.29. Kakas Boicota prythoro cronba coorsercrsyer 100 klla?
Omeem: h = 750 mm.

1.30. Onpeaennre abcoMOTHOE AaBJCHHE B KOHACHCATOPE apoBoil TypOu-
HbI, €CJIN TI0Ka3aH1e NIPHCOEIMHEHHOTO K HeMY PTYTHOTO BaKyyMMeTpa p,.. =
=94 kIla (705 MM pT. €T.), @ MOKazaHue PTyTHOTO OAPOMETPA, TMPHUBEACHHOEC
Kk Temueparype ¢ = 0°C, cocrasasier pg, = 99,6 klla (747 mm pr. cr.). Temnepa-
TYpa BO3/lyXa B MecTe ycraHoBKu npudopos ¢, = 20°C.

Omeem: p... = 60 klla.
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Ipumep 1.1. Onpesesmre abcomoTHOE aBACHHE B KOHJCHCATOPE, €C/IH BaKYYM-
METP, YCTAHOBJIEHHbIH Ha HeM, NOKa3biBaeT paspexenue p = 660 mm pr. cT.
[lokasanue 6apomerpa pg,, = 744 Mm pr. Cr.

Pewenue. AbcomoThoe aBaenie HaxoauM 1o gopmy.ie

Pasc = Poap ~ Ppasp*
Takum oOpasom,
744 - 660
7,5024-10°°
Omeem: p_,. = 11 196 Ila.

Pae =11 196 (ITa).

IIpumep 1.2. Ckonbkum rpajgycam wkaibl Leavcus coorsercryer remiepa-
typa 100°F u ckoabkuM rpajycam mkaab Papenreiita cOOTBETCTBYET TeMMepa-
typa 5°C?

Pewenue. JIna nepecyera 3HaueHHil TeMIIEPATYP BOCIOJIb3YEMCH COOTHOIIIE-
HUSIMH, IPUBE/ICHHBIMU B Tab. 1.2:

t=(T;-32)/1,8 = (100 - 32)/1,8 = 37,8 (°C);
Te=18t+32=18-5 +32=41(°F).
Omeem: 100°F = 37,8°C; 5°C = 41°F.
Ipumep 1.3. Onpenpennre maccy Boszayxa B danone oobsemom V= 10 1, ec-

JIM €TO IVIOTHOCTD cocTaBisier p = 2,56 kr/m’.
Pewenue. Maccy Bo3jyxa HaxoAuMm 110 popmy.ie

M= Vp;
M=0,010-2,56 = 0,0256 Kr.
Omeem: M = 0,0256 xr.

Ipumep 1.4. Onpegennre nuamenenne yaeabHoro odobeMa KHeJaopo/ia, cojep-
)awerocs B 6annone oobemom V=50 11, nocie napacxoposanust AM = 10 kr, ec-
JIM 1epBoHavaibHas macca raza M, = 40 r.

Pewenue. Koneunas Macca Kucaopojia

M, =M, - AM = 40 - 10 = 30 kr.

HavanpHplii yaeabHblit o0beM KHCJIopo/ia

V0,050 ¥
v, = M, "0 0,00125 (m*/kr).
Koneunptit yaeabHblii 00bem
V0,050
v, = ﬁz ~30 0,001667 (m*/kr).

Hamenenne yieabnoro odbeMa
Av = v, — v, = 0,001667 — 0,00125 = 0,000417 (m*/xr).
Omeem: Av = 0,000417 m*/kr.
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2.1. Onpepennre oovem V, 3aHnMaeMblil VIVIEKHCIbIM ra3oM Maccoit M = 5 kr
upu remueparype £ = 17°C u pasaennun p = 0,147 Mlla.
Omeem: V = 1,86 m°.

2.2. Onpeaeante Maccy Bosayxa B danone emxoctsio V= 400 a1, ecan aas-
aenue no manomerpy p, = 1,5 Mlla, a remneparypa t = 27°C. Bapomerpuuec-
Koe pasjienne pg = 740 MM pr. CT.

Omeem: M = 7,3 Kr.

2.3. Onpenennre nasaenue B Gannone emkoctbio V=100 1 npu Temnepary-
pe t = 15°C, ecan B HeMm coaepxkutca V = 0,5 M* kucsiopojga npu HopMaJibHbIX
(bnanyecknx ycaonusx.

Omeem: p = 0,514 MIla.

2.4. Kakoii odbeM 3aHuMaeT Bo3yx Maccoit M = 2 kr npu pasiaennu p = 4,9 MIla
u remniepatype ¢t = 20°C?
Omeem: V = 0,0343 m”.

2.5. ITpw kakoit remnepatype a3ot Maccoit M = 10 kr nmeet o6bem V =30 1, ec-
Ji ero jlasaenue p = 14,7-10° I1a? Bapomerpiyieckoe aBienme Peap = 7160 MM pT. CT.
Omeem: t = —123°C.

2.6. Kakyio reMniepatypy uMeeT Kucaopoj, cxkaroiii 1o p = 1,275 Mlla, ecaim
ero macca M = 30 kr sanumaer obvem V, = 0,5 m*?
Omeem: t = 85°C.

2.7. CKOJIbKO KHJIOIPAaMMOB BO3/1yXa H3PAacX0A0BaHO Ha 11YCK JBUTaTe/1s, eCJI
Jaszenye B bannone emkoctsio V=400 a1 cumsinock ¢ p, = 2,94 no p, = 2,45 MIla?
Omeem: M = 2,78 Kr.

2.8. Kak uamenurcst o0beM MpoJAVKTOB TOPeHHs TOTIJINBA, /N TeMIepaTypa
cuuzntes ¢ £, = 1500 o £, = 500°C npu Heu3MeHHOM jlaBjieHun?
Omeem: B 2,3 pa3sa.



2.9. O6bem raza npu remueparype ¢, = 15°C pasen V= 0,8 m*. Kakum Oyaer
00beM ITOro rasa, ecJin TeMiepaTypy nopbicuThb J10 £, = 30°C, ne uamensis jias-
JeHust?

Omeem: V = 0,84 m”.

2.10. Bosayx oobemom V = 100 m* nupu remueparype ¢, = 30°C narpesaior
B BO3jlyXonojorpesarese 10 temrepatypsl ¢, = 90°C npu nocroannom aase-
Huu. Kakoii oobem Oyaer 3anuMaTh HarpeTbiil BO3ayx?

Omeem: V = 120 m*.

2.11. Bo cKoJIbKO pa3 yMeHbLIHICSH 00beM ra3a 1pH NOCTOsSHHOI TeMIlepary-
pe, ecaim fasaenne yeeanuuaocs ¢ p, = 0,196 no p, = 0,49 MIla? Bapomerpnye-
CKOE JaBJeHue pg, . = 735,6 MM pT. CT.

Omeem: B 2 pa3sa.

2.12. I'az o6bemom V = 4 M? CKMMAIOT 1IPH HOCTOSIHHOI TEMIIEPaType OT p, =
=294-10° I1a o p, = 6,87-10° Ila. KakoB koneunslii o6bem raza? bapomerpu-
4ECKOE JaBICHHE Py, = 750 MM pT. CT.

Omeem: V = 2 wm°,

2.13. B pesepsyape eMkocTbio V = 2 M? HaXOANTCS BO3AYX MPH TEMIICPAType
t = -5°C. Bakyymmerp nokassisaer paspexkenue p, = 200 mm pr. c1. Bapomer-
puueckoe aasaeune pg = 740 mm pr. cr. Oupeaesanre maccy Bosjayxa.

Omeem: M = 1,94 xr.

2.14. Kakoe papiaenyie OyeT MoKas3biBaTh MaHOMETp, YCTaHOBJICHHBIT Ha
Oasione eMkocTbio V = 40 1, ecoin 6asision HaNOJHUTD a30ToM Maccoit M = 1,13 kr
npu Temneparype ¢t = 20°C? Bapomerpuieckoe aAaBjiaeHue p,, = 765 MM pT. CT.

Omeem: p = 0,231 Ml]a.

2.15. B pesepsyape emkoctbio V= 20 M* naxonrest cMech ra3oB, COCTOSIIAS
u3 N, = 0,6 moua yraekucsoro raza u N, =1,3 moss asora. /laBienue no maHo-
MeTpy p,,,, = 0,15 MIla. Bapomerpuyeckoe rasienie p,, = 745 MM pr. 1. Kako-
Ba TemiiepaTypa cMecn?

Omeem: t = 38°C.

2.16. /IBa GansoHa OAMHAKOBOMH €MKOCTBIO 3al10IHeHbl OJIMHAKOBOI Maccoil
Pa3JIMYHBIX TA30B: MeTaHa U KHcaopoja. Temneparypa 060nX ra3oB 0iMHAKOBA.
OaMHaKoBO Jin jlasierue B GaioHax?

Omeem: napnaenue B Oansone, cojep/kanieM MeTam, TpHOAN3UTEIBHO B 2 pa-
3a 60Jblue, yeM B HalI0He, coieprKaleM KHCI0POL.

2.17. Yemy pasen oObeMm azota npu Aasiacnnm p = 0,589 MIla n remnepary-
pe t = 40°C, ecan npn remneparype ¢ = 0°C u aasaennn p = 0,196 MlIla ou co-
crasisier V = 3 M>?

Omeem: V = 1,145 »*.

2.18. Kak u3MeHUTCS IIOTHOCTD BO3/yXa, €CJN ero abcoioTHOE JaBaeHue
Bo3pacter B 2 pa3a, a TeMieparypa nosoicuresi ¢ £, = 5°C no t, = 100°C?
Omeem: yseanuunres B 1,49 pasa.

Gap



2.19. B Hamnone naxoaures ra3 npu temieparype ¢, = —15°C u xapaenun
p, = 4,12 MIla. Kakum Oyaer aasienne B 6aioHe, €M €ro HepeHecyT B loMe-
LeHue, e Temiepatypa rasa nosbicures 1o t, = 30°C? bapomerpuyeckoe pas-
JleHHe TIPH HTOM He OCTAETCs IIOCTOAHHBIM U PABHO Pg, = 750 MM PT. CT.
Omeem: p = 4,86 Mlla.

2.20. ITo tpybouposoay nporekaer V. =4 M*/MuH Kucjaopoia npu AasieHuu
p = 1,47 -10° [1a n remueparype ¢ = 17°C. Kakas macca raza nporeuer B Te4eHue
T = 20 MuH?

Omeem: M = 156 Kr.

2.21. 3a xakoe BpeMsi KoMmupeccop, BcacbiBatomuii V. = 3 M*/mMun Bosayxa,
3aMoHUT pesepByap eMKkocToio V = 1,5 M* 10 nasaenus p = 3,92-10° [1a? Tem-
neparypa Bosjiyxa B pesepsyape nosbimaercs ¢ £, = 10°C o £, = 70°C. bapome-
TPUYECKOe JlaBaenue pg, = 765 MM pT. CT.

Omeem: t = 1,49 mun.

2.22. B 6annone emkoctbio V= 20 1 naxoaurcs azot Maccoit M = 2,62 kr npu
temneparype ¢, = 20°C. Kakast Macca raza Bpinyiiena u3 daiona, ecim jasie-
HHe TIOHU3NIIOCH B 2 pa3a, a TeMIepartypa ynaia ao t, = 5°C?

Omeem: M = 1,24 kr.

2.23. IlpousBoanTesibHOCTh KoMIIpeccopa npu jaasjaenun p = (0,0981 MIla
u Temmnepartype ¢, = 10°C paBna V_ = 250 M’ /4. 3a kakoe BpeMsi KOMIIpeccop Ha-
MOJIHUT BO3JIYXOM pe3epByap eMKocThio V = 25 M* npu nmoBwiimennn Jlapaenms
¢ p, = 0,049 1o p, = 0,49 MIla? Usmenennem temmepaTypbl Bo3jayXa npene-
Opeynb. Bapomerpuueckoe gasienue Py = 736 MM PT. CT.

Omeem: t = 27,2 MuH.

2.24. OtkpbiThiii cocyt (cooOIIEHHDbIIT ¢ aTMOC(EPHBIM BO3LYXOM IIPH JaB-
aennn p, = 0,1 MIla u temnepartype ¢, = 17°C) emxoctpio V = 2 M? HarpeBaioT
1o t, = 400°C, nocae yero pazobmaior ¢ armocdepoii n oxaaxkaior. Kakoe ko-
JIMYECTBO BO3/LyXa BBHITCKIO M3 cocyla npH narpesanun? Kakoe gasnenme ycra-
HOBHTCS B COCY/LE, KOI/la TeMIlepaTypa BO3/yXa B HEM CTaHeT paBHoil epBoHa-
YaJIbHOI?

Omeem: M = 1,37 kr; p, = 0,043 MlIIa.

2.25. Bannon, copepkaniuii KHCA0po/ nojt AasaenneM p, = 12,75 MITa, nve-
et Maccy M, = 35,1 kr. B pesyzbraTe BBIyCKa 4acTH Taza Macca Oaona craa
pasnoii M, = 33,2 kr, a asienue cHu3nIoch 10 p, = 7,36 MIla. Kakoe nasienme
VCTaHOBUTCH B Gasl/IOHe, eC/In N3 HEero BilycTuTh eie AM = 0,85 kr kucsaopo-

aa? Temneparypa raza Bo BceX YKasaHHbIX ¢J1y4asx ojnHakosa n papia ¢t = 15°C.
Omeem: p = 4,95 Mlla.

2.26. B umannape anamerpom d = 0,6 M copepxures V = 0,41 M Bosayxa
npu gasaernn p = 0,25 MIla u remneparype ¢ = 35°C. /lo kakoii TemMmnepaTypbl
JIOJKEH HarpeBaThCsA BO3AYX NMPH MOCTOAHHOM JABJICHHH, YTOOBI JIBUAKYIIIHITCSA
Oe3 TpeHus opLIeHb NnoAHs/Ics Ha b = 0,4 m?

Omeem: t, = 117,6°C.



2.27. B M HAPHUIECKOM cocy e, MMelolieM BHyTpeHHuit anamerp d = 0,6 M
M BBICOTY h = 2,4 M, HaXOJMTCs BO3YX npu Temnepatype ¢ = 18°C. lasnenne
Bo3jyxa coctapiser p = 0,765 MIla. bapomerpuyeckoe napiaenune (npusejier-
Hoe K Hy/10) p,. = 101 858 Il1a. Onpenenure maccy Bosjyxa B cocyjie.

Omeem: M = 7,04 kr.

2.28. Banion ¢ KHCaAopooM eMKoCTbIo V = 20 J1 HaxonTcest 1o/1 JlaBjiennem
p, = 10 MIIa npu remueparype ¢, = 15°C. Ilocse uapacxopoBanms 4acTu KHCJ10-
po/la saBjeHue oHu3unaoch 1o p, = 7,6 MIla, a remneparypa ynana 1o ¢, = 10°C.
Onpeaennte Maccy N3pacxo0BaHHOTO KHCJIOPOJIA.

Omesem: M = (0,606 kr.

2.29. B cocyne oobemom V = 0,5 M HaXoAnTCst BO3AYX 10/1 IaBJICHUEM p, =
= 0,2 MIIa npu remueparype ¢ = 20°C. CkoabKO BO3/yXa HalO BbIKaYaTh U3 CO-
cy/a, uToObl paspekenye B Hem coctaguio p,. = 56 klla npu ycaosum, 4to Tem-
mepaTypa B cocyjie ne uamenntea? Armocdeproe aBaenne mo pryraomy dapo-
Metpy p,.,, = 102,4 kIla npn remneparype pryru B Hem ¢, = 18°C; paspexenue
B COCY/le M3MEPEHO PTYTHBIM BAKYYMMETPOM IIPH TeMIiepatype pryTH £, .~
=20°C.

Omeem: M = 1,527 xr.

2.30. Pesepsyap oobemom V = 4 M? 3anosnen yraekucabim rasoM. Onpeje-
JINTE Maccy M CHJIY TaKecTH (Bec) rasa B pesepByape, eciii u30bITOYHOE jlaBJie-
nue rasa p, . = 40 kIla, temneparypa ero ¢ = 80°C, a 6apomerprnueckoe jaBJie-
uue sosayxa p, = 1024 klla.

Gap

Omeem: M = 8,64 xr; G = 84,8 1.
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Ipumep 2.1. Kakoso jasienune B pesepsyape eMkoctbio V = 0.5 M, ecan

B HeMm conepxurces M = 0,945 kr Bogopoja npu remneparype ¢ = 25°C?
Pewenue. Jlagienne BoAOPOAa HAXOAUM M3 YPABHEHHS COCTOSHUSA

MRT _0,945-4124-298

P==y 0.5

rae R = 4124 JIx/(kr-K) — razoBas mocrosnnas BoJ0po/ia.
Omeem: p = 23,4-10° I1a.

= 23,4-10° (I1a),

Mpumep 2.2. Kakoit o6bem 3annmaer cmech, coctosmast n3 N, = 0,8 mozeit
oznnoro raza n N, = 0,4 Moast ipyroro raza npm jasiernun p = 2,94-10° ITa n Tem-
neparype t = 45°C?

Pewenue. Uncio Mmoneii emecu rasa

N=08+04 =12 mous.
U3 ypasHennsi coctosinmst juisi N Mosieit raza onpejieisieM 00beM CMecH:

_ 8314NT _ 8314-1,2-318

V -
p 294-10°

= 10,78 (m?).

Omeem: V = 10,78 m>.



Ipumep 2.3. Yemy paBna na0THOCTH WieaabHOTo ra3a npu p, = 11,76-10° [1a
nt, = 60°C, ecaim npu p, = 294-10°Ila n ¢, = 10°C ero naornocts cocrasisier
p, = 4 kr/M?

Pewenue. 3nas, uro v = 1/p, 3annimem ypaBHeHHe COCTOAHHSA JUIS IEPBOTO
W BTOPOTO COCTOSHUH:

=p,RT};
= PR,
[Tocaie nowiennoro gejaeHus NpasplX U JICBbIX 4ACTEI HOJAYYHM
p_pTy
p, P T,

OTKYV/a OlIPCAC/IHM INIOTHOCTD ra3da

B 1)_25__ 11,76 283 5
P, p'p,T2 4 291 333 13,6 (kr/m?).

Omeem: p, = 13,6 kr/m’".

IIpumep 2.4. Bauon ¢ BosayxoM 1ipu gasiaenuu p, = 12,26 MIla u Temnepa-
Type ¢, = 25°C umeer maccy M, = 36,12 kr. B peayibraTe BblIlyCKa yacTH BO3/lyXa
Macca crasa pasHoii M, = 35,21 kr. /lassienne Bozayxa cHu3n10c¢h 10 p, = 8,83 Mla,
a Temineparypa — o t, = 15°C. Kakuwm Gyer nassienne B 6aijione npm remiepa-
Type £, = 25°C, eciin u3 Hero BuIIYCTHTD ewe AM , = 0,5 kr Bo3yxa?

Pewenue. Macca 6annona M, n Bozayxa B Hem M| B HA4aJbHOM COCTOSHUM

M, =M+ M, = 36,12 (xr).
Macca Gasiona ¢ Bo3iyXoM 1ocJie BbIIyCKa MepBoil mopiuu Bosjiyxa
M,= M, + M, = 35,21 (xr).

Bopluutas M3 1nepBoro ypaBHeHHsi BTOPOe, OIPeJeJ MM MacCy BbIIYILEHHOI

NEPBOI NOPIHH BO3/1yXa:

AM, =M, — M, = 36,12 — 3521 = 0,91 (xr).

Ucnoanays ypaBHeHHe CoCTOAHMA, HaXOIMM BhIpakeHHe JUis paciera oObe-
Ma OaioHa

12,26 883) 10°
[ﬂ pz]y_( ] — V=091 (xr).

" p )R 1298 288 | 287

OTCK)I[H HaXO/IUHM €eMKOCTDH 63.-'”]0"8:
V=0,025 m* = 25 1.
Macca BO3JJ.)’Xa B 68. 1JIOHE 110c1e BblllV(.Ka yacrtu B().myxa
V. 883-10°-0,025

2~ RT, 287-288

Macca BO3JLyXxa 1ocJie JI0NOJIHHTE/IbHOTO BbIITYCKa 0,5 KI'
M, =M, -05=267-05=217 (kr).

= 2,67 (xr).



ﬂaB.‘ICIIHC BO3/lyXa B 9TOM cCJjiydace

 MRT, 2,17-287-298 T
=Ty " Toom.i0 - As1P(lla.

Omeem: p, = 7,43-10° Ila.
1 OdgvIsdy 8 (2 y.) uvjBO pO@pdd) dHi Plz] da

3.1. OnpenennTe MaCCOBBIIT COCTAB M MACCY Ta30BOI CMeCH B Daslsione eMKO-

croio V = 33 i1, ecain pasaenue emecu p ., = 1,2 Mlla, a remneparypa ¢ = 40°C.

Obvemublii cocTas cMecH: 1., = 15%; 1y, = 83%; 1, = 2%.
Omesem: m, = 0,216; my, = 0,763; m(, =0,021; M = 0,462 «r.

3.2. IIpunuMmas, 4To CyX0ii BO3/1yX cOCTOUT U3 21 00BbeMHOIT YacTH KHCJI0PO-
Jaa n 79 obbeMHbIX YacTeil a30Ta, Olpee/IMTe MacCOBbBIIT COCTaB BO3/yXa, €ro ra-
30BYIO IHOCTOAHHYIO, KQKYLLYIOCA MOJIEKYJIAPHYIO MAacCy M IUVIOTHOCTH [IPH HOP-
MaJIbHBIX YCJIOBUAX.

Omeem: m, = 0,232; my = 0,768; R, = 287 [Ux/(xr-K); p, = 29; p, =
= 1,293 Kkr/m3.

3.3. Cmech rasa coctout 3 Ny, = 4 Mouieii azota, N, = 2 Moseit YTTIEKHCITO-
ro raza u N, = 2 moueii Kn(‘flopond Onpeaennte 00bEMIBIH H MAaCCOBBII cocTa-
BBI CMCCH U €€ Ta30BYIO NMOCTOSHHYIO.

Omeem: ry, = 0,5; 1, = 0,25; r,,, = 0,25; my, = 0,425; m,, = 0,333; m,, = 0,242;
R. = 253 Jlk/(xr- K). ‘ “ ' '

3.4. [Ipu cropanum 1 Kr xxuakoro rommnsa odpasyercsi 20 Kr AbIMOBDBIX a308,
MMCIOLMX CAEAYIOUHIT 00beMHbII cocTas: 7, = 8%; 1, = 13%; ry, = 79%. On-
pejle/InTe Maccy KaskA0ro KOMIIOHEHTA JAbIMOBbLIX ra3oB npu cropanun 100 kr

TOILINUBA.
Omeem: M, = 12,8 xr; M, = 13,9 kr; My, = 74,3 xr.

3.5. B cocyne oovemom V =1 M* npu aasaennu p = 0,195 Mlla naxoamres
CMeCh a30Ta M YIVIEKNCJI0ro raza npu remneparype ¢ = 50°C. Macca azora B co-
cyne My = 1,5 kr. Onpegennre MaccoBbie 1 0OBEMHBIC JIOJIM H MACCY YIVICKHC-
JIOTO Tasa.

Omeem: ry, = 0,735; 1, = 0,265; my, = 0,638; m, = 0,362; M, = 0,85 kr.

3.6.B pcxcpuvapc obbemom V= 20 m* HaxoauTest cmech rasa, 00 beMHbLI CO-
CTaB KOTOPOil — 1o, = 13%, 1, = 7%, ry, = 80%. Cmech HaXoAMTCs 104 paspe-
KenuneMm p = 250 MM pT. CT. 1pH Te\mepd'rvpel = 20°C. BapomeTrpuueckoe 1aB-

aenne pg = 740 mm pr. c1. Onpesgesnre Maccy ¢MeCH ra3oB B pesepsyape.

Omeem: M = 16 kr.

3.7. Kakoii o6bem GytyT sannmats 10 Moseit razoBoit cmecn, nmeionieii oonem-
nbtii coctas 1y = 40%, 1oy = 35%, 1o, = 15%, ry, = 10% npu nasaenun p = 0,3 MIla
n temneparype ¢ = 90°C. Onpeesnre TakKe MacCOBBII COCTaB, Ta30BYIO TTOCTO-
SHHYIO M KQKYHIYIOCS MOJEKYISIPHYIO MACCY CMeCH.

Omeem: V = 100,5 »*; my, = 0,059; m,, = 0,418; m, = 0,314; my, = 0,209;
u., = 134; R, = 620 /Ix/(xr-K). ‘




3.8. Toprouuii ras, cocTosiMii U3 BOJIOPO/1a M MeTaHa, npu jiasiacHun p = 0,05 MTIla
1 Temueparype ¢ = 25°C naxoaurcs B cocyjie eMkoctbio V= 2,5 m*. Tazosas 110-
crosiHdas ropioyero raza R = 2000 Jlx/(kr- K). Onpeaeaunre maccoBbie, 00beM-

HbIC JIOJIM M MACCy ra3a B COCy/Le.
Omeem: my = 0,396; mcy; = 0,604; ry; = 0,165; ryy = 0,835, M = 0,64 xr.

3.9. B xotzie npy cropanny TOMMBa 00pa3yioTCs JIIMOBBIE Ta3bl CIe/yionie-
ro cocTaBa 1o 00beMy: 7eq, = 12%; 1o, = 1,5%; 1, = 7%; 1y, = 79,5%. Onpenenn-
TE MIOTHOCTh M YJIC/AbHbIH 00beM JILIMOBOTO rasa, ecJiM ero temieparypa t =
= 250°C, a aasienune p = 720 MM pr. CT.

Omeem: p_,, = 0,565 kr/m% v, = 1,77 M*/kr.

3.10. B 6asnone o6bemom V= 30 J1 HaX0ANTCA rOPIOYHNIT Ia3 CJEAVIOIIEro co-
cTaBa 1o 00beMy: ry, = 15%; rey = 20%; 1o = 5% ry, = 60%. JlaBaenue rasa no
manometpy p,. = 1,2 MIla, remneparypa ¢ = 5°C. Bapomerpnyeckoe jasjienue
Py = 745 MM pT. cT. HacoBoii pacxos ropiovero rasa na ropeaky M, = 0,30 kr/u.
Ounpezenure spemsi paboTbl ra30BOi FOPEJIKH.

Omeem: t = 11,2 u.

3.11. Kakosa obbeMHas 10151 a30Ta B YXO/SIUINX A3ax JABHIATE/ISE BHYTPEH-
HETo Cropanysi, ecam 00beM OCTATBHBIX COCTABJISIONIHX BBITTYCKHBIX Ia30B ce-
AYIOUWMIL: e, = 13,5%;5 1, = 6%; 1, = 1,0%. Onpesennre MaccoBble 1011 KOM-
MOHEHTOB CMECH, TA30BYIO MOCTOSAHHYIO W KOKYILYIOCS MOJCKYISAPHYIO Maccy
VXO/AIHNX ra30B.

Omeem: ry, = 0,8; my, = 0,749; m, = 0,009; m, = 0,189; m, = 0,063; p,, =
=30,32; R, = 275 JIx/(xr-K).

3.12. [pupoanbiii ras, umerounii oGbeMublii coctas 7.y = 93%, ry, = 5%, 110~
JaeTes mo TpyOONpPOBOLY B TasrobCPh, B KOTOPBIX OH COXPAHACTCA MOJL AaB-
sgernem 0,12 MITa npu temneparype ¢ = 25°C. Onpejiesiute Maccy rasa B ras-

TFOJIb/ICPAX U €TO TIOTHOCTD.
Omeem: M = 208 xr; p_,, = 0,830 kr/m".



