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YPHBHeHI/Ie BepHy.mm AJI THAPABJIUYECCKH NJJIHHHBIX prﬁOl’[pOBO}IOB

[Io nHamopHoMy TpyOOIpPOBOAY MOCTOSHHOTO
JMaMeTpa B HampaBJIeHUHU OT Kojiojana A K konoany B
newkercs  Boma  (p=1000  kr/ M3), npudIEM
IIbE30METPUUYECKHI YKIIOH ITOTOKA paBeH | p. Komouer
pacroyioskeHbl Ha pacctosiHuu | qpyr ot apyra, B HEX
YCTaHOBJIEHbI MaHOMETpel My u Mp, u3mepsroume
JIaBJIEHUE MOTOKA BOJbI B TpyO€ Ha OTMETKaX Zp W Zp
COOTBETCTBEHHO.

N3BectHO, uTO Zp=115 M, pa=416 Mlla, ¢ =15
KM, 1,=0,002. OnpenenuTs noka3aHue MaHOMETPA Py, €CIH Z,=120M.

PeweHune

[Tbe30MeTpryecKuil Haop MOToKa B CEYEHUH A

3
Hﬂa=zA+p—A=115+&’qgl=157.4 M

pg 10°x9.
[Ibe30MeTpuyecKuii Halop NOToKa B ceueHuu B

H,, =H,,—il=157.4-0.002x1500 =154.4 m

ITokazanue maHomerpa B ceueHuu B
p,=(H,, —25)pg = (154.4 —120)x10° x 9.81 = 337.5kI]a.

Bapuanthe 3anmgaumu

1. U3BectHO, uTO ZA=80 M, pa=0,42 MIla, 1=2 kM, i1,=0,0018. Onpenenuts, Ha Kakoi
OTMETKE Zg TIOKa3aHue MaHoMmeTpa p,=386 klla.

2. U3BectHO, 4TO Z5=95 M, p;=0,320 MIIa, 1=1,6 kM, i,=0,0019. Onpenennts noxasaxnue
MaHOMETpa Pa, €CIU Zao=93 M.



FHI[paBJII/I‘leCKHe COIIPOTHUBJICHUSA

3agaua 1

JInst BOMOMPOBOJHOM TPyObl BHYTPEHHHM jauameTpoM O M IIEPOXOBATOCThIO A,

MIOCTPOMTH IO IMSTH TOYKAM I'padHK 3aBUCUMOCTH KO3 (HUIIMEHTa THAPABINYCCKOIO TPCHHUS A
ot yucia Peiinonsaca Re.

H3BectHO, yto d = 100 MM, A, = 0,2MM, HHTEpPBaJI BO3MOXXHOI'O M3MEHEHHS  pacxoja
Boael (Vv=0,011 Ct) ot Qmin=0,5 1/c 10 Qmax =40 n/c.

PeweHune

XapakrtepHsble uncia PeliHonbaca:

-“rmankoe” Re.,=10 Ai =10x 100 =5000;

e} s

-“kBagparuyHoe” Re,, =500 Ai =500x% 100 =250000.

ic) 5

UYucno Pelinonbaca motoka (s Q B 11/c)

vVd_ 4 4x10°
Re=——= xO=
v wdv 3,14x10%0,011

xQ=11580 Q.

[Tpumem msath 3HaueHuit pacxoga Q = 0,5; 10; 20; 30; 40 11/c 1 BBIYMCIUM JUIS KaXI0TO U3
HUX KO3()(PUIIMEHT THAPABINYECKOTO TPEHUS A:

1) Q=0,5n/c; Re=11580-0,5=4632.

Cpasuum uucno PeitHonbaca Re ¢ xapakrepHbimu 3HaueHusiMu:  Re=4632<Re  =5000.

CrieioBaTesIbHO, 30Ha COMPOTHUBIICHHS — “THApaBIHUYecKu riajakue Tpyosr” u A = f(Re).
Jnia onpenenenus koaxpdunuenta A Bocnosb3yeMcs popmyioit biasuyca

0,316 0,316
" Re™®  46320%

=0,038.

2) Q=10n/c; Re=11580 - 10 = 115800;

Re_=5000<Re=115800<Re,_ =250000.



CrnenoBaTenbHO, 30Ha COMPOTUBIICHUS — “TiepexoaHas’” u A=f (Re,A/d) . ns onpenenenus

kod(duimenta A Bocmosb3yeMcst GopMyIon AJTBTITYJIS

025 025
K=0,11X(%+§j :0,11X(O’2+ 08 j =0,0248

Re 100 115800
3) Q=20uxn/c; Re=11580 - 20 = 231600;

Re;; = 5000 < Re = 231600 < Rey; ; (cM. mpeapI Ay cirydail)

02, 68
100 231600

0,25
A=0,1 1><£ j =0,0241.

4) Q=30un/c; Re=11580 - 30 = 347400 > Re,,= 250000.

CnenoBarenbHO, 30HA CONPOTHUBIIEHUS — ‘“THAPABIMYECKU IIEPOXOBAThIE TPYObI” U
A=f (A,/d).
s onpenenenus kodddunuenta A Bocnonbzyemcs hopmynoit Hludbpuncona:

0,25 025
kZO,llX(éJ =O,ll>{ O’2j =0,0232
d 100

5) Q = 40 n/c; Re = 11580 - 40 = 63200; Re;, = 463200 < Re, = 250000 (cwm.
MPeIbIAYIIUN CITyqaii);

0,25
2=0,1 IX(EJ =0,0232
100 A
0,05
Crtpoum rpauk no nATH TOUKaM.
0,04
0,03

0,02 N
\\

——

0 100 200 300 400 500
Re -10°
Bapuwanate 3amaum 1

[Toctpouth MO MATH TOYKaM TpauK 3aBHCUMOCTH KOI(DPHUIMEHTa THIPABIMYECKOTO
Tpenus A ot uucia PelinHonbaca Re mpu caeayrommx UCXOMHBIX TIaHHBIX.

1. d=150mm, A,=0,2 MM, v=0,013 Ct, Qmin=0,3 11/c, Qmax = 50 11/c.

2. d=200 MM, A,=0,3 mm, v=0,014 Cr, Qmin =0,2 J'I/C, Qmax =60 n/c.



3agaua 2

Onpenenuts KOAPGUIMEHT THUAPABIMYECKOTO TPEHUsT A s CIEAYIONUX HAMOPHBIX
TpyO:

a) HEHOBOM CTaJILHOW BOZOra3onpoBogHON TpyOs! iuamerpoM dy = 100 MM npu cKopocTn
V =0,8 M/c;

0) HOBOH YyryHHOMH HaropHoit TpyOs! (kiacc JIA) muamerpom dy = 150 MM npu ckopocTn
V = 0,6 M/c;

B) acOecroneMenTHOU TpyOs! (kinacc BT-9, tun 1) anamerpom dy =200 MM mipu ckopocTH
V =0,7 M/c;

PeweHune

JInsi cTabHOM BOJOTa3onpoBOAHOM TpyObl muamerpom Oy = 100 MM kodduimeHT
THIPABINYECKOT0 TPEHHS A = 0,041 1 A/ A= 1,46.

[MonpaBouHbIit KO3 UIMEHT I HEHOBO# cTanbHO# TpyOsl pu V = 0,8 M/c < 1,2 m/c, K
=1,06.

OxoHuarenpHO A=A K=0,041-1,06 =0,043.

JUts  uyryHHoil HamopHoi TpyOnl guamerpom dy = 150 MM ko3 duimeHT
THIPABINYECKOTO TPEHUS Ay = 0,036 U A/ Ag = 1,09.

[MonpaBouHblil KOG GUIMEHT JUIS HOBOW uyryHHO# TpyOsl ipu V = 0,6 M/c k3 = 1,115.

OxonuarensHo A=Ak, = OlLO396 x1,115=0,037 .

s acGecronemeHTHOH TpyOb! (kimacc BT-9, tum I) mmamerpom  dy = 200 mm
KOd(pPUIMEHT ruapasauueckoro Tpenus Aq=0,02.

[MonpaBouHblil K03 uIMeHT i acOecTonieMeHTHON TpyOsl pu V = 0,7 m/c  k; =
1,056.

OxonuarensHo A = A1 ks =0,02 - 1,056 =0,021.

Bapuante 3amauu 6.2

Onpenenutd K03()PUIHEHT TUAPABIMYECKOTO TPeHHS A UIS CIEAYIONIMX HAMOPHBIX
TpyoO:
Tpyb6a cranpHas snekTpocBapHas HoBad, dy =175 MM, V=1,3 m/c.
Tpy0a uyrynnas HanopHas HoBas knacca JIA, dy =250 mm, V =1,9 m/c.
Tpy6a cranbHas BogoraszonpoBogHas HeHoBasd, d,= 150mm, V =0,8 m/c.
Tpyba uyrynHas HamopHas HeHoBas kuacca JIA, d,=300 mm, V =1,0 m/c.
Tpy6a acoecronementras knacca BT-9 tum I, dy =200 mm, V = 1,6 m/c.

Nk W=



3amaua 3

["a3 abGCoMIOTHOM BSA3KOCTBIO 77 MEPEKAYUBAIOT 110 TPYOOIIPOBOAY BHYTPEHHUM JIHaMETPOM
d moj abCONMIOTHBIM JaBICHHEM [ U IpU TeMiieparype i, mpu 3TOM PEKUM TEUYCHHUS MOTOKA
MOJKET OBITh WIIA TypOYJICHTHBIM, WU JIAMUHAPHBIM.

N3BecTHO, uTO Ta3 — Kuciaopoa ( R:26021—)I;< , 1=20°C, d= 5cm, n =202 - 107
KIrX

ITa - ¢, p=305 xlla. Onpenenute KPUTHYECKYIO CKOPOCTh Vi, CMEHBI PEKUMOB TCUCHHUS.

PeweHune

CMeHa pe;KMMOB TE€UEHUsT IPOUCXOIUT mpu yKcie Pelinonbaca Reg, = 2320, T.e.

2320%v
d

V,_xd
2320=—"— ,otkyna V=
\

IInotHOCTH Ta3a OIIPCACIIUM U3 YPABHCHUS COCTOAHUA

3
PZL: 305x10 =40 Kr/MC.
RT 260><(273+20)

Kunemarnyeckuii KO3 PHUIUEHT BSI3KOCTH

Hckomas ckopocTs:

_ 2320x5,05%x10°

o =0,23 wm/c.
0,05

Bapuante 3anmauu 6.3
JIx
KkrxK
N=115-10"Tla-c. OmpeseTuTh PEKUM TeUeHHs pu ckopoctr V = 30 cm/c.

2. UsBectHo, uro ra3z —mpomnan (R=175 JLKK ), t=0°C, p=600 kIla, n =75 - 107 Ia

KI'X

- ¢, V =25 cm/c. Ormpenenuth MakKCUMaJbHBIN Tuamerp TpyObl d, IpuU KOTOPOM BO3MOXKEH
JTaMUHAPHBIN PEKUM TSUCHHSI ITPOITaHA.

1. U3zBectHo, uT0 Ta3 — meran ( R=492 ), t=40°C, d=40wmm, p=>500 klla,




A

!

S VA

3agaua 1

Q

z;

Y

TpYOBI.

C

Z3

IIpocras (TynukoBasi) ceTb

B pesepByap 4 mocrynaer Boga ( v = 0,01 Ct ), pacxon
koTopoit uzmensiercst or 0 1o Q. YpoBeHs BOJbI B pe3epByape He
JOJKEH OBITh HUKE OTMETKM Z; U BBIINIE OTMETKU Zp. Jlms
BBITIOJTHEHUSI 3TUX YCIOBUH pe3epByap A 00OpYyIOBaH CTaJlbHOM
JJIEKTPOCBAPHOM  YMEPEHHO  KOPPOJIMPOBAHHOM  IEPEIMBHOMN
TpyOoii T nmamerpom d,, mmuHO# |, mmeromiei o1uH NOBOPOT Ha
90° panuycom R. IlepenuBHas TpyOa mepemyckaeT U3IHIIKA BOIbI
B pe3epByap b, ypoBeHb B KOTOPOM HAaXOJUTCS HA OTMETKE Z3.

M3BectHo, uto Q =201/c, z1=10mM, Z,=11M, Z3=2 M,
R=d, | = 12 M. Onpenennts TpeGyemslit tuamerp d, mepenuBHOM

PeweHune

N3 cripaBounuka [ 3 ] mpuHHMaeM i CTAIBHONH YMEPEHHO KOPPOIMPOBAHHON TPYOBI:
- HKBHMBAJIEHTHYIO IIEpoXoBaTtocTh (c.41): A,=0,2 MMm;

- K03(GUIIHEHTHI MECTHBIX conpoTuBiieHud (§ 3.4):

G1 - BXOJ B TPYOY IIpH 3aJIeJIKe €€ TOpIa 3armoIiIo co cteHkor (m.4): ¢ = 0,5;
noBopoT Tpyosl (1. 10):

G2~

d
Guen = 0,2+0,001(100)° | /R—xf (o),

rie f(a=90°=1,
G3— BBIXOJ U3 TpyOs! (1. 2): cz=a =1,1.
N3 dpopmynsl pacxona camoteuHoi TpyOsl ([ 2 ], c. 12;[ 4], c. 206) Haxonum

I

torza ¢, = 0,2+ 0,001 - (100 1)%;

d? Q 4

Q
Ho= U = X —
N

O603HaunM JieBy10 yacTh ypaBHeHus uepe3 C. Torna

d2

0,02 4

X =0,0191

\/1,8+O,001><(1OOX)8+12d

L \J2x9.81x(112) 3,14



JlanbHeiiiee onpeaeieHue BHYTPEHHETO JUaMeTpa MepeaIuBHON TPYObl BO3MOKHO TOJIBKO
NpUOIMHKEHHBIMU METOIaMU, HallpUMep METOI0M Moa00pa CTaHAapTHOTO 3HaUYeHUs
JMaMeTpa CTaJIbHOH 3JIEKTPOCBAPHOI TPYOBI

1. Tpuuumaem dy®™ =100 mm. [l mee d =114 mm.

Torz[a CKOPOCTb ITOTOKA

_4Q _ 4x0,02
nd®  3,14x0,114

=2,55 m/c.

Yucno PeliHonsaca moToka

Re=4 - 295414 _pq4749,
0,01

XapakTepHble uncia PeitHonbica:

- “kBagpatuunoe” Re =500 Ai =500x % =285000;

) >

B cpaBaenun Re = 290700 > Re,, = 285000.
CnenoBatenbHO, 30Ha compoTuBieHUss — kBagpatuuHass u A=f(A/d). Koaddumment
TUAPABIMYECKOr0 TpeHus HaleM 1o ¢popmysne ludpuncona:

0,25

2=0,11(A/d)™* =0,11%(0,2/114)"* =0,023.

[Tpunsitoe 3Hauenne d = 114 MM u nonydeHHoe 3HaueHue A = 0,023 moacraBnsieM B
bopmyny nns C.

2
i 01i4 ~0,00432

1,8+O,001><(100><0,023)8 +12x 0,023
0,114

Tak xax C? = 0,00432 > C = 0,00191, T0 B MIEPBOM TIPHUOIMKEHUN THAMETP TIePETHBHON
TPYOBI IPUHST 3aBBINICHHBIM.
2. Ilpunumaem dy(z) =50 mM. [Ins Hee d = 64 mm.
Torna

4x0,02 10,19 w/e: Re:1019><6,4

= =509500;
3,14%0,064 0,01



0,25
Re, , :5OOX%2160000; Re > Re; XZO,ID{%) =0,028

2
Cc?= 0,064 =0,00071.

1,8+O,001><(1OO><0,028)8 +12x 0,028
0,064

Tak xak C¥ = 0,00071 < C = 0,00191, To BTOpOE€ NPHOIMKEHNUE 3HAYCHUS JHaMeTpa
TPYOBI dy(z) =50 MM SIBJISIETCSI HEIOCTATOYHBIM.
3. Hpurumaem d,® =75 mm. Jins mee d = 83 M.

Torna
= LOZZ :4,53 M/C, Re= M =339750 :
3,14x0,083 0,01
0,25
Re._ —500x-22 2187500 ‘Re > Re,,; A=0,11x 0.2 =0,025:
0,2 83
2
cl= 0,083 =0,0021>0,00191.

\/1,8+0,001><(100><0,028)8 +12x 0,028
0,083
Jnamerp nepenuBHOM TpyObl dy = 75 MM HECKOJIBKO OOJIBIIE, 4eM TPeOyeTCs MO yCIOBHIO
3a7aud, HO CIEIYIOUIMHA MEHBIIMH CTaHJapTHBIM Juamerp Tpyosl dy = 50 MM  sBisercs
HenocTaTouHbiM  (cM. Bbime). ITosTromy okonuatensHo mpuHuMmaeM dy = 75 mm. HukHioro
TOUKY BXOJHOTO CEUCHMs IMEpEeTUBHONW TPYObI CleAyeT pa3MecTHTh Ha oTMeTke 2z; = 10 M,
yTOOBI TpyOa BKJIIOYANTach B pabOTy TOJBKO TOTNA, KOTJa ypOBEHb BOJBI B pe3epByape A
IIPEBBICUT OTMETKY Z1.

Bapuante 3amgaun 1

1. UsBectHo, uTO 71 =6M, Z,=65M, zz=1m™m, | =54m, R =2d. Omnpenenuth
JIOMyCTUMBIN MaKCUMaJIbHBIN pacxon Q, ecnu nmepenuBHas Tpyoa umeer d =209 mMm, A, =0,2
MM.

2. HUsBectHo, uto z1 =7M,z3=1,5m, | =6m,d=155wmm A, =0,3 Mmm, R =d.
OrnpenenuTh OTMETKY MaKCUMaILHOTO YPOBHS BOJBI Zo TIpH pacxoae Q = 20 Ji/c.



3agauya 2

CKOpOCTB IIOTOKAa:

v=4Q_ 40005
nd” ~ 3,14x0,08

Yucno PeliHonbaca moToKa:

Re=—= 001 =80000.

[THeBMOycTaHOBKA CIYXHUT s nogaun Boxbl (p=1000
kr/v®, v=0,02 CT) B OTKpBITBIA pe3epByap Ha BbICOTY H moj
JNEHCTBHEM MaHOMETPHUYECKOTO JaBiieHus Po mo Tpyoe
BHYTpEeHHUM auamerpom d, mmuHoi |, mepoxoBarocthio A,.
Tpyba mmMeer nBa moBopoTa - OTBoAa moa yrioM 90° wu
000pyIoBaHa MPSIMOTOYHBIM BEHTHJIEM.

U3BectHO, uTo d=80 MM, A =0,2 MM, |=20 M, H=12 M.

OmnpenenuTs BEIMYMHY HEOOXOAMMOrO AaBieHUs P, 4ToOBI
pacxon coctapiisti Q=5 n/c.

PeweHwne

M/C.

XapaxrtepHble uncna PeliHonbaca:

d 80

- "kBagpatuyHoe": Re  =500—=500x— =200000;
A 0.2

d

b

80

- "rmagkoe": Re =10—=10x——-=40000.
A 0,2

b

Tak kak Re ,=40000<Re=80000<Re,;=200000, To 30Ha COMPOTUBICHUS - TIEPEXOHAS U

A=f(Re, % ).

Bocnonszyemcs popmynoit

AnpTHIyNS

0,25 0,25
x=o,11(%+§] =o,11x(0’2+ﬂ] =0.0264.

e

80 80000

KO3(I)(I)I/II_II/ICHTBI MECTHBIX COHpOTI/IBJICHI/Iﬁ HaxoauM 110 CIIPaBOYHHUKY:



C, - BXo1 B TpyOy mpHu 3ajeike odpesa TpyOs! 3anouuno co crerkoit {, =0,5;

£,=C, - otBox mox yriaom 90°, £,=C,=1,19;

C, - IPAMOTOYHBII BEHTUIb IIPHU MTOJIHOM OTKpBITHH, (;=0,58;
(s -BbIXO M3 TPYOBI, {=0=1,1.

Koadduunent pacxona TpyOobl THEBMOYCTAaHOBKU

1 1

p= | = > =0,293.
\/ZCHLd \/O,5+2><1,19+O,58+1,1+0,0264X 0
BennunHy MCKOMOTO JTaBJICHHS OTYIUM
V=u1/2g(&- J :
pg
T.C.
V? 1

p,=|—=—+H |pg= > +12 1000x9.81=0.124 mIIa

U129 0.293°x2x9.81

Bapuante 3anmauu 2

1. U3BectHo, uto d=40MM, A,=0,2 MM, | =20M, Q=21/c. OnpenennuTs, Ha KaKywo BeicoTy H
BO3MO>KEH ITOJBEM BOJBI NIpU AaBieHUN P,=0,15 MI]a.

2. UssectHo, uto 0=80 M, A,=0,3mMm, | =18 M, H=16 M. Onpenenuts pacxom Boasl Q mpu
NaBJIeHUHU po,=0,2 MI]a.



3agaua 3

P

VYnaneHue 3arpsA3HEHHOTO BO3JIyXa IUIOTHOCTBIO s, C
K03()HUIIEHTOM BS3KOCTH V OCYLIECTBIIIETCS 1O TPYOE BBICOTOM H,
BHYTPEHHHMM JinamMeTpoM d U mepoXoBaTOCTHIO A,.

MaccoBblii pacxoa yAaIseMOro 3arps3HEHHOTO BO3AyXa M,
MaHOMETPUYECKOE JaBICHUE B 30HE 3arpsA3HEHHOrO BO3IyXa Osg,
IJIOTHOCTh Hapy>KHOT'O BO3AyXa  POye Jas MOBBIIIICHUS
MHTEHCHBHOCTH OTCOCAa BO3/1yXa BEpXHHI 00pe3 TpyOrl 000pynoBaH
nediekTopom, uMerouM Koddduument conporusienus &, =1,3 u

CO3/IAOIIUM IO/ IEHCTBUEM BETPa Pa3psKEHUE HA BBIXOJIE U3 TPYOBI
Prax- CKUMAEMOCTBIO BO3IyXa MPEHEOPEYb.
W3Bectno, uyro d=400 mMm, H=5m, A,=0,1mmMm, (;4x=0,5,

Crep=1,3, v = 0,15-10'4 MZ/C, Pus=1,25 KF/M3, P55=0,95 KF/M3, p;:=10 Ila. Onpenenutp, Kakoe
Pa3pSHKEHUE Ppax TOJDKEH 00ecTieunTh edekTop, 4Toosl MaccoBblil pacxoa M=3000 kr/u.

Hns ceuennit 1-1 u

PeweHune

2-2 cocraBuM ypaBHeHHe bepHynu B ¢dopme naBiieHWi, MPHUHSB 32

IUIOCKOCTh OTCYETa BXOJ B TPyOy (T10CKOCTh ceueHus 1-1)

p.V° H

g(pH.S_p3.6)H+pBaK+p3.6 :—(é’gx_’_/l d +§0aj)j

2

OTcroz1a ICKOMOE pa3pexeHne

V2

P@al(‘ = p3.6 ?(é/&x +ﬂl

H
E_Fé’be({)]_ g(pn.s _pa.e)H_ps.e

CKOpOCTB BOCXOJAIICTO ITIOTOKA

Mx4

3000x4

V= =
3600%p, d’m  3600%0,95x0,04°x3,14

=6,98 m/c.

Yucno PeltHonbaca noToka:

Vd _ 6,98x0,4
Re=—=—— "~
v 0,15x10™

=186133.

XapakrepHsble unciia Pelinonb/ca;

d 400

- "rmagkoe": Re =10 A_ =10x —1 =40000<Re;

) 2



- "kBagparuuHoe": Re,, :500% ZSOOX@ =2000000>Re.

b

Tak kak Re;,;<40000<Re = 186133<Re;=2000000, TO 00MacTh CONPOTHUBICHUS -

nepexoaHas u A=f (A% ,Rej.

Bocnons3zyemest popmyiiont AnbTiryas

0,25 0,25
x=o,11($+@j =o,11(0'—11+ 68 j =0,017.
d Re 400 186133

HOI[CTaBI/IM 3aJaHHBIC U BBIYHUCJICHHBIC 3HAYCHHNA BCIIMYUH B ypaBHeHI/Ie IS OHpe,Z[eJ'IeHI/I}I
paspsoKeHUs:
0,95x% 6,982 (
=—X

84K

0,5+0,017 x S +1,3) -
0,4

—9,81x(1,25—-0,95)x5-10 = 33,63/1a

Bapuante 3anmauu 3

W3sBectHo, uto d = 350 MM, A,=0,05 MM, H = 4 M, (;,=0,5, (uep=1,5, Vs, = 0,17-10™ m?/c,
Ps5=0,9 KF/M3, Pus=1,2 KF/M3, pss=10ITIa.

Omnpenenuth MaccoBbI pacxoj] OTCAChIBAEMOTO Bo3ayxa M eciu AeQueKTop co3IaeT
Pa3psHKEHUE Pya=00 Ila.

2. U3BectHO, yTo d = 500 MM, A;=0,1MM Cux =0,5, Crep=1,4, Vis. = 0,21.10* MZ/C, Pus= 1,25
KF/M3, Peax = 50 Ila, psp = 5 Ila. P3B=0,951<r/M3. Ornpenenutb, Tpu Kakou BbICOTe TPYOnl H
MaccoBblit pacxon M = 2500 kr/u.



3amaua 4

B TtpybompoBoae BHyTpeHHUM guametpoM d, mimHON | u miepoxoBaTocThio A,
KOMITPECCOPOM HarHeTaeTcsi MaccoBbId pacxon M cxaroro Bozayxa (R = 287 Ix/kr-K), v =
15-10° M?/c) mox MaHOMETPHYECKHM IABICHHEM p,;. JIBHKEHHE BO3IyXa IPOMCXOIHT IPH
MOCTOSIHHOM Temriepatype t M 0apoMeTpHYeCKOM HaBICHUHU Pgpy. 110 Mepe yHaleHus OT
KOMIIpeccopa JaBlieHHEe B TpyOompoBoae yMmeHbliaercss (pi1>Pz), a JIUHEWHAs CKOPOCTb
yBenuuuBaercs (V1<Vs).

M3eectHo, uro d = 80 mm, | = 250 M, A, = 0,05 MM, py1 = 950 kITa, t = 25 °C, par, = 102
k[la. Onpenenuts 1aBiIeHNE P2 U TMHEHHYIO CKOPOCTh V3 IMPH MAacCOBOM pacxoae M = 2 kr/c.

Pemrenue

IInoTHOCTE BO3/1yXa B HA4YaJIbHOM CCUCHUH

_ p, _(950+102)x10°
PTRT287(273+25)

=12,3 Kr/Me.

CKopocTh OTOKA BO3/lyXa B HAYAJILHOM CEUYEHUU

M4 2x4

V1= > = 2 =32,36 wm/c.
p,md”  12,3%3,14%0,08

Yucno PeliHobIca BO3YIIHOTO TOTOKA

_\Vd _32,36x0,08

Re 5
Y 15x10

=172586.

XapakrtepHsble uncia PeliHonbaca:

- "rmagkoe": Re 210% =10 8—05 =18000;

b

- "kBagpatnuHoe": Re :500% :5002 =800000.

b

Tak kak Re  <Re<Re
ko3¢ duLreHTa THAPaBINYECKOT0 TPEHHSI BOCIIONIb3yeMcsl (OpMyIoi AJIbIITYIIS.

A 68 )7 005 68 @
2=0,11| 22+ 22| —011 x(’— + ) =0,02.
d Re, 80 172586

TO 00JIaCTh COIIPOTUBJICHHUA — MNEPEXOAHAA, U IJI ONMPEACTICHUA

KB ?




Tak kak mnepenaa JaBiCHHS HE HW3BECTCH, NpUHUMaeM (opMyny Juis pacuera
TpyOOIPOBOJIOB C YUETOM CKUMAEMOCTH BO3/IyXa
Torma abcoroTHOE JaBJIeHHE B KOHIIE TPYOOTIpoBOIa

18M?
o= i - BT -
2
_ \/(950+102)2 x10° —0,02x g%(;x 31482%084 x 287 x (273+ 25) =826 I1a
H ¥y X )

MaHnomMeTpuueckoe JaBlieHre B KOHIIE TpyOonpoBoia

P.,=P,-P,. =826-102=724xTa.
[InoTHOCTH BO3ayXa B KOHIIE TPYOOIPOBOAA

826x10°

_ 3
(950+102)x103 =9,66 xr/m".

P,
=p, —==12,3%
P2=P1 P,

OTHOCHUTENBLHOE U3MEHEHHE TIJIOTHOCTH

PP -
5 17P2 100= 12,3-9,66

x100=19,4%>5%,
PP, 12,3+9,66

T.€. C)KUMAeMOCTbh BO3/lyXa AEUCTBUTEIBHO JOKHA OBITh yUTEHA.
Hckomast ckopocTh IOTOKA B KOHIIE TPYOOIpOBOa

p
V. =V, L =3026x 223 419 we.
2 1p2 9,66

Bapuaunte 3anmaumu 4

1. U3BectHO, uro d = 100 MM, | = 500Mm, A, = 0,1 MM, t = 30 OC, Parv = 99 klla, M = 3 kr/c.
Omnpenenutsb, Kakoe JaBICHUE Py AOJDKEH CO3/1aBaTh KOMIIpECCOp, YTOOBI Py = 800 klla.
2. UsBectHo, uto d = 125 MM, |= 600 M, A, = 0,2 MM, t = 2OOC, Parw = 101 xIIa.

OnpenenuTh MacCOBBIM pacxo Bo3Ayxa M, eciii MaHOMETpUUYECKHE AaBICHUS Py = 850 klla u
Pu2 = 620 xI1a.



3amaua 5

Ot xomnektopa TrazopactpeaenurenbHoro myHkta (I'PII) npupommsiii raz (R=540

-6 2
JIx/(kr-K), v=12-10"m"/c) moaaercss mnoTpeOUTENIO 10 Ta30IPOBOY BHYTPEHHUM JuameTpom d,
nnuHOH |, mepoxoBatocThio 4, B KoimdecTBe M ¢ M30BITOUYHBIM AaBiIeHHEM P ,. [Ipu sTom

pPEIyKLMOHHBIA KilanaH, ycraHosieHHbli Ha I'PII, orperynupoBan Ha naBiaeHue p,;.
AtmocdepHoe naBienue p,,
U3BectHO, uto d=100 mm, I=106 M, A,=0,16 mm, t=25°C, p,, =98 klIla, p, ,=2 klla.

OmnpenenuTts AaBieHue P, ,, HEOOX0AUMOE AJs HoAa4yu MaccoBoro raza M=0,05 xr/c.

Temmeparypa razat.

amm

PeweHne
[imoTHOCTB ras3a B KOHIIE Ta30IIpOBOAA

pM2 +paTM — 2)(103 +98X103

=0,621xr/M°.
RT 540%(273+25)

P2=

CKOpOCTB IIOTOKaA rasa

4M 4x0,05
V= > = >
p,md”  0,621x%3,14%0,1

=10,25m/c.

Uucno Petinonpaca moroka Re=—=————=85417.

XapakTtepHble uncina PeliHonbca:

- “rmagkoe” Re :10% =10x 10% =6000:;

b

d 100

- “kBagparuuHoe” Re ZSOOK =500x =3000000.

b

Tak kak Re;,<Re<Re;, T0 00macTh conporuBieHus — “nepexonnas’” u A=f(Re.A/d).
g onpenenenus kodd@uIMEeHTa THAPABIMYECKOI0 TPEHUS BOCIOJIb3yeMcs (popmyson
AnpTaIyns

A=0,11(2+ DBy 113228, 88 yom_g 5p43
d Re 100 85417



B kadectBe mepBOro NpPUONMIKEHUS CUUTAEM, YTO CKHMAEMOCTBIO Trasa

npeHedpeys.
Torma
1 8M? 106
= + A= —— =2x10°+0,0243x —x
Par = P2 d p7z2d 4 01
2
“0 62fxxsoi?1§ <opf ~ 284x10" Mla

IInoTHOCTE ra3a B Hayae rasornpoBoaa

PP on 2,84x10°+98%10°
—p, Pui P ) 601
PPz T 2x10°+98x10°

M2 aT™

=0,626 kr/m°.

OTHOCUTENBHOE H3MCHEHHE INIOTHOCTY ra3a

2 P1-P2 x100:2wx100:0,83%,
PP, 0,6261+0,621

MO>KHO

T.C. HAIC NPCAIOJIOKCHHUE, YTO C)KUMACMOCTBIO I'a3a MOKHO HpeHere%, CIIpaBCAJINBO.

Bapuante 3anmgaum 5

1. U3BectHO, uro d=80 MM, I=86 M, A,=0,1 mm, t=15°C, p

amm

=104 xIla, p,,=4 xlla.
OmpenenuTs gaBneHue P, , MpHU I0Jade MaccoBOro pacxona raza M=0,04 xr/c.

2. U3BecTHO, uTo =50 MM, A,=0,05 MM, t=25°C, pary=101 xITa, py;=2,6 kI1a, M=0,02 kr/c.

Omnpenenuth, Ha KakoM pacctosiauu | naBnenue py,,=2 klla.



3agaua 6

norpeourens H,.
H3BecTtHO, YTO d =100

Boma B kommuectBe Q momaercs u3
BOJIOHANOpHOro  0aka K  MOTPEOUTENI0  TI0
TpyOonpoBoay amamerpoMm Oy. Tpybomposox
HMMeEET TPH y4dacTKa TpyO U3 pa3HbIX MaTepuaios: 1
— YyryHHas HalopHas HE HOBas; 2 — CTallbHas
JMEKTpOCBapHass HoBas; 3 — acOecTomeMeHTHas
kiacca BT-9 Tuma 1; J[uHB  y4acTKOB
COOTBETCTBEHHO paBHbI |1, o, l3. OTMeTKH ypoBHS

BOJZbI B BOJOHAIIOPHOM Oake 25, IOBCPXHOCTDb

3eMJIM Yy norpebutens Z,; CBOOOIHBIA Hamop

mM, =250 ™, [,=280 ™M, [,=300 M,

z,=115m, H_ =20 m. Onpenenuts TpeOyeMyto OTMETKY Z, npu mnogaue pacxona Q=10 i/c,

WCIIONB3Ys TOHATHE “yIeTbHOE COMPOTHUBIICHHE TPYObI .

Pemrenue.

CxopocTu oToka BoJsl B Tpyoax auamerpom dy=100 Mm

4Q  4x001 0127

A9 - /
2 314xd?  d2 ¢

Torna:

- B UyT'yHHOUM HanopHoit Tpy6e (d=102 mm)

V200127 oo e
0,1022

- B CTAJIbHOU 3JIeKTpocBapHO# Tpyoe (d=114 mMm)

v, 00127 oo e
0,114>

- B acbecTorieMeHTHOM TpyOe (d=100 Mm)

V,= 081127 =1,27wm/c

Haiinem ynembuble conmporusienuss 4 1py6 muamerpom Oy=100 MM IpH BBIYHCIEHHBIX

CKOPOCTSIX:

- HCHOBasA UYYyr'yHHasd  HallOpHad
k=1,0; A, =311,7x1=311,7(c/M*)?;

pyba mpum  V=1,22 wm/c, A_=311,7(c/m)*;

- HOBas CTajbHas dMeKTpocBapHas Tpyda mpu V=0,98 m/c, A _=172,9(c/m*)*; %:1,44;

k,=0,981;

1



172,9
0= 4x0,981=117,8(c/M3)2;

A

- acOecroniemenTHas Tpyba mpu V=1,27 m/c
A1:187,7(C/M3)2; k,=0,967;
A =187,7x0,967=185,2(c/m°)°.

HOTepI/I Hanopa II0TOKa BO BCEM Tp}’60Hp0BOI[e
3

hW:[Z (Aixli)]xin
i=1

TO €CTh
h,,=(311,7x250+117,8x280+185,2x300)*0,01°=16,6 m.
Vckomast OTMETKA yPOBHS BOJIbI B BOJOHAIIOPHOM Oake
z,=z,+H_,+h =115+20+16,6=151,6 m.
Bapumauntre 3amaum 6
1. UsBectno, uto dy=200 mm, =110 ™, [,=87 ™, 15=73 ™, z&=216 ™, Z,=195 wm.
Onpenenuts BeTUIHHY cBOOOIHOTO Haropa H, ipu mporrycke pacxomna Q=34 ii/c.

2. WMssecrno, uro dy=150 mm, 11=160 ™, [,=140 M, 15=120 M, Q=20 n/c, z:=88 wm.
OrnpenenuTb, IPU KaKoi OTMETKE Z;; BEIMUYMHA CBOOOIHOTO Haropa He=25 M.



KoJuabnuesasa cerb

3apava 1
AL VYuyactok AB TpyOOTIpOBOIa
/F,_,/—r—-\\ BBINIOJIHEH B BHJE JIBYX TPYO AMaMeTpamu
o b B o dy1 m dyp, mmuol L kaxnmas. B pacuere
- WCIIONBb30BaTh MOHATHE “MOAYJh pacxoja
\W/ K”. HWsBectrno, uyro L=250 ™M, TpyOBI
Lot g YyTr'yHHBIE HAMOPHBIE HOBBIE AMAMETPaMHU

dy1=100 MM n dyp=150 mm. Ompenenutsb
notepu Hanopa h, Ha yuactke 4B npu nporrycke pacxona Q=30 ii/c.

PeweHune

JU1 9yTyHHBIX HAallOPHBIX TPYO HaXOIUM:

- uis dy1=100 MM Ki1=56,5 n/c; 151 =1,13; d;=102 mmM;

kBl

- st dyo=150 mm K,=164 11/c; Ifz =1,09; dy=152,4 Mm.

KB2

Cucrema ypaBHeHu# uia onpenenenust pacxoqoB Qi m Q, Ha ydacTkax B KBagpaTUUHON
o0JacTu conmpoTuBIeHus (TIEpBO€ MPUOIIHKEHUE) OyIeT TaKOMU:

Q,+Q,=0Q; Q,+Q,=30;
Qz Q2 T.C.
1 L= 2 L &:&
K2, K2, 56,5 164
Permmum eé
56.5

=Q,—-=.0.3445
Q=Q7e; Q,

Pemnm ee:

0,3445Q, + Q2 = 30; QZZ%:ZZ,Bl 1/c;

Q,=30-Q,=30-22,31=7,69 x/c.



4Q .

Ckopoctu 0TOKa BOJbI B TpyOax o yyactkam cetu V= I rE

= sz =9,81m/c=0,98 m/c;
3,14x1,02
4x22 31

= S00212,63mm/c=1,26 .
3,14x1,524

YTouHuM 3Ha4YeHHs] MOAYJIeH pacxona (Bropoe mpuOmmkeHue). s HOBOW UyryHHOU
TpyOBbI HAXOUM MTONPABOYHBIE KOO DHUITMECHTHI:
pu V=0,98 m/c Haxoaum N1=0,99; Torma

K1=56,54/1,13%0,99=60,3 1/c;
pu V=1,26 M/c naxoaum n=1,022; Torma
K»=164 /1,09%1,022= 175 n/c.

[TomyyaeM yTOUYHEHHYIO CHCTEMY YPaBHEHUM JJIsl OIIPEIEICHHS] PACXO0B:
Q, +Q, =30;

QQ_Q
60,3 175

Pemnm ee:

Q, (1+%’:)=30; Q,=223wc; Q=77 k.

PasHuuy pacxomoB B IOBYX NPUOIMXEHMAX  CUMTAEM  IOONYCTHUMONM, 103 TOMY
OaJIbHENMIEeTO YTOUYHEHMS MOoIyJiell pacxoza K He NpOoBOIUM.
Hckomele moTepu Haropa

2 2 2
h=2 1 =9 e h =T «250=4,08u
K2 K 60,3

Bapuante 3anmaum l

1. U3BectHO, 4TO TpYOBI HOBBIC AMEKTpocBapHble Oy1=125 MM, dyp,=175 MM, L=300 wm.
Omnpenenuth notepu Hanopa h, mpu pacxone Q = 40 xi/c.



2. W3BectHO, uTO TpYyOBI acbecTonemeHTHbIe kiaacca BT-6, tun 1, dy;=150 mm, dy»,=200
MM, L=350 M. Onpenenuts notepu Hamopa h, mpu pacxome Q=50 m/c.






3agauya 2

Ha yuactke AB ra3ompoBoa COCTOMT M3 ABYX

J-"j‘-, ™, B napajuieJIbHO COCTMHEHHBIX BeTBeH 1 u 2 mmuHamu |

M ™ l,, BHyTpenHuMu guamerpamu di u O, IEpOXOBATOCTHIO
Q A,. Tlo razompoBonmy TpaHcmoptupyercss raz (R =
M. 510Ix/(xkr K)), ¢ temneparypoit t. IIpu atmocheprom

TABJICHUU Py, MAHOMETPUYECKHUE JABICHUS B y3Jax A U

B coCTaBISIOT COOTBETCTBEHHO Pya B Pus, @ MACCOBBIN pacxon M menmutcs mo BeTBsM 1 u 2
Ha Mju M,. Pacuer Bect 111 KBaapaTHYHON 00JACTH COMPOTUBIICHUS.

N3BectHo uyto d1=100 MM, |,=400M, do=125mmMm, 1,=500 M, A,=0,2mmM, t = 20°C, pan=

101 «lIla, py,= 0,3mI1a.
OnpenenuTh MAHOMETPUIECKOE JTABIICHUE P, €CIIM MACCOBBIN pacxon M = 0,3kr/c.

PeweHue

ManomeTpuueckoe aBiieHUE B y3iie B

2
p,Wf - \/( pMa + pamu)z - /12 I_2 M2 X16 RT — pamu

d, ~°d;

Koadpdunmentsl ruapaBauyeckoro TpeHUS BETBEW ra3onpoBoja HailieM 1o gopmyse
HIndpuncona

Ad 25 0,2 025
A,=0,11(—)"=0,11x(—=)"~=0,0233;
S0HICEE=011x(5)

1

A 0,25 O 2 0,25
=011 =2 | =011 == | =0,022
d 125

1

Haiinem pacnipenenenue o01iero MaccoBoro pacxoaa M mo BetBsiMm 1 u 2 (Myu Mp).
JIJ1st 5TOrO0  COCTaBUM CHUCTEMY U3 IBYX YpaBHEHUM

M,+M,=M;

LM L M
'd, d* %d, d?
1 1 2 2

T.C.



M,+M,=03;

2 2
0, 0233><4—OO>< M, —O 0233x 500 X M; 7
0,1 0O, 0,125 0,125
Pemmwm ee:
360

932x10°M?=360x10°M3; M,=M, @=0,621XM2

0,3
1+0,621
Vickomoe MaHOMETPUYECKOE J1aBJICHHUE

0,621xM,+M,=0,3; M,= =0,185 Kric.

500 o 1852
0125 3142

P, = \/(0 3x10° +101><103)2 0,022 x

16

2 x510x(273-20)-101x103=296,2 «Ila
0,125

X

Bapuaunte 3amaun 2

1. UsBectHO, uto d1 =125MM, |1 =520M, d, = 150MMm, |, = 600MM, A,=0,IMm,t=150
C, parnv=98 xIla, M = 0,5 xr/c.
OmnpenenuTs MaHOMETPUYECKOE IaBIEHUE P ,,, €CIU Py = 0,12 mITa.
2. MsBectHO, uro di =100 MM, |1 =550 M, d; =150 MM, |, = 530m, A, = 0,1 mMMm.
OmpenenuTs 00mMI MaccoBBIi pacxof raza M u nepenaj I1aBIeHUS Ay=Pya-Pus, €cM My = 0,2
Kr/c.



