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Fnasa 1
OCHOBHbBIE ®H3UYECKME CBOHWCTBA BOAbLI

ITaomuocmes —3To mMacca MHAKOCTH B eannune obvema (tata. 1.1).
B yeaopusax paGoTs riapoTex HHICCKHX COOPYMeHHR TeMmmepaTypa BOAH
00muno Konebacres B npeaenax 0...35°C, caegoBaTeabHo 3HAeRNHC P
B pacucTax MoKHO npunuMate pasusim 1000 kr/md,

.1, llaorHocts p npecuoil BoAW B 3ABMCHMOCTH OT TEMNEpPATYPH |

5, *C P Kr/ /M £ °C | py Krfmo 4G | pe Ke/w? f*C Py Krfu®

0 999,87 28 096,26 56 985,26 84 969
1 1000,00 32 99506 60 983,24 88 v66
) ooy, 88 36 993,71 64 981,13 92 0963
12 999,62 40 - 992,24 68 978,94 96 96
10 98,97 44 990,66 72 976,66 100 958,
20 V98,23 48 988,96 76 974,29

L 97,92 b2 987,16 80 971,83

Brakooms —cpofcTno KuAKOCTH OKAILIBATE CONPOTHRACHHE lnepeme-
HIGHINO €€ cHoen OTHOCHTEALNO APYT ApYyra. PasauuaoT KHHeMaTHYec-
KYIO (V) W anmamiueckyio (i) snakocts (taba, 1.2). CooTHowenwne MEZ Y
MM V== 1/,

1.2, Knnematnueckan m AHHAMHYeCKAN BRIKOCTH BOAB B 3ABHCHMOCTH
OT TemnepaTtypui

Pl e [la-g v: 109, nife
0 0,00179 1,79

4 0, 00156 1,56

8 0,00139 1,39

12 0,00124 1,241
16 0,00111 1,111
20 0,00101 1,012
24 0,00091 0,920
28 0, 000836 0,839
32 0, 000768 0,772
36 0,000709 0,713
40 0, 000656 0,661
44 0, 00061 0,616
- 0, 000568 0,574
52 0,000532 n,539
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C scumaeMooms—CRONCTRO MHAKOCTH HSMEHSTh NJOTHOCTb NMPH H3-
MEHEHHH CHJIH JaBJIennsf, XapakrTepuayerca kosppuuueHToMm ofbeMHOro
exarun (Taén. 1.3) pw=— AW/(WAp), rae W — nepeonauansubii ofnem;
AW —usmenenwe W npu yecnnucenud jasacnHs Ha Ap.

Beaunuuny, o6pathyio KospduuuenTy o6LEMHOro CHATHA, HA3LIBAIOT
mojysem ofnemuolt ynpyroctd muakoetu E (Tla).

1.3. Koapduunenr obwemuoro ckatua Pw-100°(Ia="') B sapucumocT
OT TemnepaTypul { W AaBACHHA P

e Mila

i
0,5 1,0 2,0 3,9 7.8
0 5,40 9,37 5,31 5,23 0,15
) 0,29 5,23 5,18 5,08 4,93
10 5,23 5,18 5,08 4,98 4,81
15 b, 18 5,10 5,03 4,88 4,70
20 5,1B 5,05 4,95 4,81 4,60

Temnepamyproe pacuiipenie— cpolcTBO MHAKOCTH HAMENATL obBeM
MNP HOMCHEHHH TEMOEPATYPBl, XAPaKTePHIYETCS TEMNEpPaTYpPHRIM Ko3p-
(punpenTom obwemuoro pacumipennsn (raba. 1.4) P=AW/(WAf), rae
AW — pamenenne W npn yseawucHun temmepatypw Ha Al
1.4, Temneparypusiil koadduunent o6 nemuoro pacmnpenns Py - 10° (1/rpan)

it ok
p. Mlla
1...10 10.. .20 40. . .50
0,1 14 1560 422
9,8 43 165 422
19,6 12 183 426

[Tosepxrocmuoe HamANente XAPAKTEPHIYeT CHAB B3aUMHOro MNpH-
TAMEHHA MOJCKYA MOBEPXHOCTHOTO CJIOS, YBEJHUHBAIOUHE HJIH YMCHL-
walouue gapacuue xuakocrn va Ap=o (1/ry-}-1/rs), rae o= ocy—pt —
nosepxuoctaoe narsmenuwe, npn {=0°C o=75,6.10°H/m, 5—74,9-10%
10—74,2.10%, 156—73,6.10%, 20—72,8.10%, 30—71,2.10%, 40—69,6-10%
Og— NnopepxHocTHoe Hatsmenue npu (=0°C; PB—xoapduunent, ann
poasl P=0,00015 H/(M:c); ry, ro— pajnycs KPHBH3HBLI paccMaTpHBae-
MON [TOBEPXHOCTH BO B3AWMHO HEPHEHAWKYIAPHBIX 1JOCKOCTAX.

Jlasn TpyGok anamerpom meHee 8 mm Ap=2a/ry, uau h=2a/(pgr),
rae rg— paauyc TpyOGKH; A—BBICOTA KanwaispHOro NOZHATHA, g—Yyc-
Kopenue cpobojnoro najesus Teaa.



Fnasa 2
TMAPOCTATHKA

ludpacmamuneckoe dacaenie nepnennkyis Flnu B OCT pPHHHMalome
NOBEPXHOCTH M JNEACTBYET BHYTPbL IKHAKOCTH. PH NeHCTBHH TOJBKO
CHABE THHECTH JAapJACHHE B TOYKe, Haxoasmedcss wa raybune A, papno:

Pa6e = Po—+pgh, (2.1)

FA¢  po—japfienne ua cpoCofiHoil NOBCPXHOCTH JKHAKOCTH (BHCIIHEE
japaeune).
AGCOMIOTHOE AAWICHHE Page CBH3AHO © HIOBLITOUHLIM Pu M BAKYYM-
METPHYCCKHM iy, CACAVIOmNM obpasom:
Pabe = Par=tPus (2.2)
Patc = Par— Ppak (2.3)
FAC pPagp— aTMmochepHoe aapaenne (taba. 2.1).

2.1, 3navenne py. B 3ABHCHMOCTH OT OTMETKH MECTHOCTH

cora nnpy
YPOonHes Mopw, 0 100 250 500 1000 | 1600 | 2000
M

Pars K110 103,33 102,0 100,0 97,0 92,0 8,0 81,0

Chaa panneumsn Ha naockwe nopepxmocth., Cuaa JapjcHis HA ropu-
SONTHILHYIO noBepXHOCTL Ha ray6Gune h pasHa;

Pate = (po-{-pgh) 0, (2.4)

rie - naomaes Gurypo.
Fpn makaoune naockoll nopepxnocT K ropHAOHTY:

Page = (po-} pgt i) ; (2.5)
Py = pghcw; (2.6)
Iy=Taa/{lew); ly=lp--Ic/(lgw),

FAR g = paccTosinke ot HEeHTPE TAMECTH DHrYypH JI0 HAOCKOCTH CBO-
foanoll nosepxnoctit no meprixann (puc. 2.1, a); le—7T0 *e, B miOC-
KOCTH urypet (prc, 2.1, a@); Iy— paccTosnue ot TOYKH NPHAOKEHHS
CHI  Japienus  ao cuﬂﬂﬂmmﬁ NOBEPXHOCTH B MAOCKOCTH (HTY[pH;
FAA—MoMenT uuepund ¢urypsl oTHocHTeABHO och AA (puc. 2.1, a);
[ = MOMEHT HHepUHn qmrgpu OTHOCHTEJIBHO OCH, npoxoaslleli wepea
e uentTp ramecrn (raba, 2.2).

Cunit pasacuns Ha KpusoawHeiinblie NOBEPXHOCTH. Cuny pabjenns
W TTPOHIBONBHYIO KPHBOAUNEHHYIO MOBEPXHOCTE INIOWLAALID O oOnpene-
ANoT no dopmyie;

P=V Pi{Pi1PL 2.7)
5



t::'."l L plh.nl

b ]

Puc. 2.1. JaBaenne va nopepxHoCTH:
a—aockne;, O-—nHJaHHApHYeCKHe,

Py=pghec 0yoz, Py=pghc 050z Pz=pgV —cootsercreenio npo-
eKiLHl P Ha oCH 0x, 0y, 02, Wyes, Wyor—TMONAAL BEPTHKAALHBIX NpO-
eKUHR QUrYPH COOTRETCTBCHHO HA OcH yoz W xo0z, he,, he,~—rayGunn
NOTPYMCHHA UEHTPS TAMECTH BEPTHKAJAbHMX npoekuuft ¢urypw; V —
O00BEM BOPTHKAALHOrO ¢TON0A MHAKOCTH, ONUPAOWErocs Ha 3a1aHHYIO
KPHBOAMHENHYIO NOBEPXHOCTL W OTPanW¥eHHOro CBepXy NJAOCKOCTHIO
caoboanoll noBepXHOCTH.

Cuna papjaenusn Ha uwianngpuueckyio nosepxuocrs AB (pue. 2.1, 6)

FnVP}+F§ (Py=pghewyoz, P,,=pglf'—rugnamrranmma " HepTH-
KaAbHas COCTABRAAIDULHE Fﬂ Hanpasaenne onpefcAfieTcds YriaoM
E—tﬂ'ﬂ-=P,fF .
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naea 3
MECTHBIE TMOPABNMYECKME CONPOTUBINEHMA

OGume noaoxenns. [lorepn manopa B MECTHHX CONPOTHBJICHNAX
onpeeasior no dopmyac BeficGaxa:

hy=Lv"/(2g), (3.1)

rae {— xosppuuHenT MECTHOrO CONPOTHBACHHA; U—CPENHAl CKOPOCTh
ABHMKCHHA JKHAKOCTH 38 MECTHHIM CONpOTHBJACHREM (MaH nepea Hum),

HMuorpa norepn Hanopa B MeCTHOM CONPOTHBACHHH PACCMATPHBAIOT
Kak HOTepH Ha IKBHPaJeHTHOH mauue [y npsmoro rpylonposois, KoTo-
pylo onpepensior ua coornomennn ly/d=C/A (A—xkoxpPuunent conpo-
THBACHHR TPeHHS no paMHe TpyGonporoaa.)

B saBucHMOCTH OT 30HB conporHsiennit KospduiuenT smecruoro
CONPOTHBACHHA ONPEACANIOT N0 cooTBeTcTRYIOmWMM popmyaam [100),

HNepean sona (Re =< 500), B rpyGonposone it MECTHOM COMNPOTHBIC
HHH PERAM JABHKCHHA NOTOKA JaMuHaphbuil;

t=A/Re, (3.2)

rae A—xosdduunent, sapucammfl Or THRNA MCCTHOrO CONPOTHBACHHA
(rabn. 3.1); Re=vpd/v—uncho Pellnoangca;, d—puyTtpennnit auamerp
Tpybonponoia.

Bmopas sona (500 < Re < 1850). Mecrioe conporunaenne mapy-
waert Jaminapunifi pexuaM asuienns notroka » TpySonpopoge. B sroft
gone [ onpejacasior npubankenso no gopmyne:

o=DB/Re*, (3.3)

rae B, x—xoshduuuent 1 nokasatens crenenm, 3aBHCHULHE OT THNA
mecrioro conporusaenns (raba. 3.1, 3.2).

Tpemba sona, Tlpn Hapymenun JaMunapioro asuxenus B tpybo-
npopoae H Ges MeCTHOro CONMPOTHBACHH!

¢ =C/Re% 59, (3.4)

rae  C-—xoapduuenTt, saBucstutiit Or THNA MECTHOrO CONPOTHBJACHNHA
(raba. 3.1). :

Yemeepman soma. lpumcuue typGyaenthoe, sananwe Re va { ne-
SHAUNTEABHO, NOITOMY 3TY 30MY MOXKHO pacCMATPHBATL Kak Knaapa-

THUNYIO.
K"nmmt sona (koaapatuunan). louxenuwe passuroe typOynenthoe,
L ue sapmenr or Re,
Ian onpepencuud § BO BTOPOH H TpeTbel 30HAX MOMKHO HCNOAbLIO-
pars Qopmyay [5]:
£=A;/Re+-§s, (3.5)

rae A, — koaupritnent, 3aBHCAUHA OT THNA MECTHOrO CONPOTHBJIEHHS
(raba. 3.1, 3.2); Qﬂnu—-xnaﬂﬂmuhem JANHOrO0 MECTHOro CONPOTHBJAEHNHA
n kpagparHutoil obaacte (raba. 3.1). Coraacno pexomerjaunsm [30],
B dopmyay (3.5) moxuo Bmecto Ly, spectit Koadpuunent Cy (raGa. 3.2).

12
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Hamenenne cenenna tpyGonposona. Buesansos pacuwpenue (taba. 3.3)
[Torepn manopa pekomeHayercs onpeaeanth no dopmyaam 10, A, Cko-
Geawuwina 1 I1l. B. Xomyropa:

by, p= a1 (1 —102)*/(2g), (3.6)

rjie oy — KopPHIHCHT KHHeTHUeCKOH sueprun B cewenns TpySonpoeopa
a0 Em:mupeuun. Ilpn Re < 2:10°0 o;=2; 2.1 Reec3:-10° o, =
=3,50—0,0008 Re; 3 107 o Re 5 104 0y =1,11—2.10~-% Re; Re > 5. 10%
ﬁ-|=l.

Kosppuuvent MecTHOrO conpoTusienus y p, OTHECeHNW K CKO-
POCTH B CEHEHHH TEPe] WHM, MOMKHO que.ue.uwru O 3aBHCHMOC TAM: nFn:
2.100 =< Re = 3-10° {;,_ o, =(3,56—0,0008 e}{l—n}’;ﬂ-]i}’-: Re=< 5. 10%
bo. po=(1,11—2-10-9 lﬂ){l—n}‘; Re < 12...20 (B 3aBucuMOCTH oOT

3.3, THne HameHeHnn cedenma TpyGonposona

MecTHoe cOnpOTHBACHNE I'paduueckoe nsobpaien ue

|. Buesanuoe pacwmpenne

2. Buxoa ma tpylnl B EMKOCThL WAH ) 2
NPOCTPAHCTRO, NACHLAAL Ceueln:d ] —
KOTOpOro  snaunteisiio  Gojbnie ]
naowmaan cesenns Tpyom. Pacnpe-
aAenenne ckopocteli B PWXOJHOM L_jt‘_{
CEYCHHHS el

2.1. panHOMepiOe e/ B
2.2, No cTenenoMy JaKOHY -
- |
ttfitgmax = (1 —y/r)' 1™ H,fﬁ"'ﬂ-"-‘
2.3, no napaGoae ST :.,I:--h .
uftmax == (1—y/r)* R P \ &
3. Cymenne: ey

3.1, -nHesannoe

o
]
U, w
3.2, nocrenenuoe —E‘;_.:'. _"'!:” S
/

2 N 2066 V7



Il podoa agenue

MecTrOe conpoTHBneHie I'padumeckoe wsoGpamenue

3.3. naapHoe

4. Bxoa B TpyOy NOCTOMHHOrO none- {
PEYHOro cevenHa:

4.1, nop, NpAMBLIM YRIOM ¢ pasiHYHOMN i .1,V
sajieKkoft B CTEMKH NPH OCTPHIX
BXOJANHX KPOMKaXx

4.2, noa yraoM o K cTenkam

4.3, Bxoa ¢ SAKpYraeHnsIME KPOMKaMH

4.4. pxon Kouuweckmf

5. Nuddysop

i
o
LS
hi'§
I

6. Koudyaop
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oriowennst ®/wy) [5] Ly o, = A/Re, rae n=w;/0g—CTENCHL paciunpe-
ung, A=/ (mﬁ.l’mi}, A=20" 40, 1 5 :

3uavennn Ly p, MOKHO maittn no Tabamne 3.4.

3.4. 3navennsn {, , B sasMcHmoOCTH OT @y/wy 4 Re [35]

Re

W,/ by

ID, 20 ‘ 30 50 HH]| 200 | 500 I (IS lﬂrlﬂ' 3-10* | 1-10¥
0,1 3,1 3,00 2,40 1,95 1,7 1,66 1,70 2,00 1,60 1,00 0,81
0,2 3,1 2,80 2,20 1,656 1,4 1,30 1,30 1,60 1,26 0,70 0,64
0,3 3,1 2,60 2,00 1,40 1,2 1,10 1,10 1,30 0,95 0,60 0,50
0.4 3,1 2,40 1,80 1,30 1,1 1,00 0,851,06 0,80 0,40 0,36
0,6 3,1 2,30 1,65 1,15 0,9 0,76 0,656 0,90 0,66 0,30 0,25
0.6 3,1 2,15 1,55 1,05 0,8 0,60 0,40 0,60 0,50 0,20 0,16
0.7 3,1 1,75 1,25 n,8 0,6 0,40 0,35 0,30 0.22 0,15 0,09
0,8 3,1 1,56 1,06 0,66 0,3 0,25 0,25 0,20 0,12 0,08 0,04
0,9 3,1 1,36 0,85 0,60 0,2 0,15 0,16 0,10 0,06 0,04 0,01

Jlnst cnyuas ppixofa muakocTin 03 TpyGE Gy, p==1 (1aba. 3.3, Tun. 2.1)»
Eo.p=2 (mun. 2.3), a ana tna 2.2 snaveHus Ly o npusesenn B 140"

auue 3.5 [35).

3.5. 3navennn Ly , » sasucumocT o1 m

m ‘ .00 ‘ 1,35 ‘ 2,00 4,00 4,00 ‘ 7,00

s, v 2,70 2,00 1,50 1,25 1,15 1,06

Buegannoe cyacenue (taGn. 3.3.). KoshpduumeHnt conpoTHBJeHHn B
ofiiem cayuae MOMHO onpeuesuts no gopmyae 0. A. CroGenbibina,

. B. Xomytosa:
L. ¢ =atgn) (1—n), (3.7)

rae tte—KoshduuuenT KuHeTHUECKOR SHEPrHH B CeyeHHH 3a cyMKenHeM;
1) — KosppHuHenT; n= e/t —crencut cymennda. Kospduuuenr v pasen:
npn 40 < Re < 2. 10 1==4,5/Re"*%8; 3. 10% < Re << 65 104 n==1,09/R %97,
Hoacrasasia 8 dopmyay (3.7) npuBeicHiibie 3HAYEHNA 1), MOXKHO
puuncanTs £ ana cootserctayiomix 3on. [Tpn Re < 40 [5) §,. = 25,2/Re.
3navenun {y o B apucumocTh oT Re npueegenn B 1abauue 3.6.
Kosdxpuument conpoteienus npi BHCIANHOM CYIKeHHH TpyGonpo-

HOAA MOMKHO onpeaeanTtb H no gopmyae [5]:
Ca. e = (1/e—1)% (3.8)
rne &= w,/s— KopPHIHEHT CHKATHA CTPYH. 3nayeHHs £, NOACHHTAH-

iwe no gopmyae H. E. JKykoeckoro &= n/(n-}-40/ig EB%, npupejeH Ll
W raGauue 3.7. Yroa 0 onpeneasior ua supamenns: tg 0 [1-]-40/(n tg 20)]=

: lll‘,lrl'.l;]l.
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3.6. 3navennn Ly o B 3asncumocTn ot Re u wy/0, [35]

Re

W/t
|n| ﬂul 30 I 50 | 10% E.IUI'EJG* 10" | 2.10* | 5.10% | 10¢
0,1 5 3,2 2,40 1,80 1,30 1,04 0,82 0,64 0,50 0,75 0,50
0,2 53,1 2,30 1,62 1,20 0,95 0,70 0,50 0,40 0.60 0,40
03 529 2,15 1,50 1,10 0,85 0,60 0,44 0,30 0.55 0,35
0,4 5 2,8 2,00 1,40 1,00 0,78 0,50 0,35 0,25 0.50 0,30
0,6 5 2,7 1,80 1,30 0,90 0,65 0,42 0,30 0,20 0,42 0,27
0.6 526 1,70 1,20 0,80 0,56 0,35 0,24 0,15 0,35 0,25
0,7 52,4 1,50 0,95 0,656 0,43 0,25 0,18 0,14 0,25 0,23
0,8 5 2,1 1,20 0,70 0,45 0,30 0,18 0,12 0,10 0,18 0,18
0,9 5 1,4 0,70 0,40 0,24 0,17 0,09 0,06 0,04 0,09 0,10

3.7, 3navenmnn e

m.,ﬁn; 0 D.! D.E ﬂ*ﬂ 0,4 urﬁ ﬂ.ﬂ u|? ﬂ.ﬂ 0.0 |
e |0,61110,612]0,616]0,622|0,633/0,644[0,662(0,687(0,722(0,781] 1

B ToM cayqae, ccan CyMeHHE NPOMCXOTHT MOCTENCHHO WM NAaBIO

(raba. 3.9, mun 3.2, 3.3), Ty chely, ¢ (ke KOXPPUUHCHT CMATUCHNA, Onpe-
JensoT no raGanuam 3.8, 3.9 [35]).

3.8, 3navennn k. pan nocrenewnoro cymennn npu Re > 10%[35]

x, *

fufdl

I 20 I 10 I 60 l 80 l mul 120 | 140 | 160
0,025 0,45 0.41 0,4 0,41 0,42 0,43 0,46 047
0,050 0,4 0,3 03 0,32 0,34 0,37 0,42 0,46
0,075 0,35 0,27 0,24 0,26 0,3 035 04 045
0,100 0,31 0,22 0,19 0,22 0,27 0,32 038 0,44
0,150 0,48 0,16 0,15 0,2 0,24 0,3 0,36 0,43
0,600 0,2 0,0 0,12 0,17 0,28 0,28 035 042

3.9. 3wavennn k. ann naasworo cymenns npu Re > 104

rids |0,02|0,04]0,06 u.us‘ﬂ.lu 0,12|0,14|0.16]|0,18]|0,20|0,22
ke 0,34 0,25 0,19 0,13 0,11 0,10 0,08 0,07 0,05 0,03 0,03

3navenun Ly o A7 caydas Bxoja B TPpyOy NOCTOAHHOTO nomepey-
Horo ceuends (ra6a. 3.3, tan 4.1) npusenenst B tabanue 3.10.
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0

an 4.2) {y, o npH v,

TpyOy noa yraom (raba. 3.3,
onpeaenntor no gopmyne BeiichGaxa:

Jlas Bxoaa B

u Re > 101

(3.9)

0,54-0,3 cos ee-- 0,2 cos® .

Snauennn Ly, ¢ NpH vy #% 0 panw B Tabaune 211,

'tl. C

3.10. 3navenns (;. B 3aeucumoctH ot [/d u &/d npu Re > 10* [35]

f/d

0 llﬂﬂﬂlﬂ.ﬂﬂﬁlﬂ.ﬂl'ﬂ.ﬂ!lﬂ.ﬂﬁ‘ 0,1 | 0.2 ‘ 0,3 0,5 | ®

b/d
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3.11. 3unavenns L, . » sasucumoctn or o, v,/v u Re > 10% [58)

2,0

Ualv

2,0

1,5

1,0

0

.u.ll!

nnﬂ.... w
e |

lllll

llllll

Hna sxofa ¢ sakpyraennbiMd Kpomxamu (taba. 3.3, Tin 4.3) uam
Konuueckoro (Taba. 2.3, Tin 4.4) KoxppHUMHeNTH CONPOTHBICHH A MenblLe,

yeMYIs BXOAA C OCTPHIMH BXOAHLIMM Kpomkamn (ta6a. 3.12, 3.13).

3.12. 3navennn [, . B sagHcumocTH ot r/d npu Re > 10* |35]

>0,2

o,02|0,03|0,04(0,05)0,06)|0,08{0,12|0,16

0,01

o

0,5/0,4310,36/(0,31}0,26]0,22] 0,2 10,1510,09]0,06| 0,03

rid

r.
Wn.
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3.13. 3navenus , . B 3asucwmoctn ot [ /d w o npu Re > 10% [35]

L, a

Fld

0 10 I 20 l 30 I 40 I 60 100 140 180
0,026 05 047 045 0,43 0,41 040 0,42 045 0,5
0,000 05 0,4 041 036 0,33 0,30 0,35 0,42 0,5
0,075 0,5 0,42 0,35 030 0,26 0,23 0,30 0,40 0,5
0,100705 039 0,32 0,2 0,22 0,18 0,27 0,38 0,5
0,150 0,6 087 0,27 0,20 0,16 0,15 0,25 037 05
0,600 05 0,27 0,18 0,13 0,11 0,12 0,23 0,36 0,5

Huppysop (raba. '3.3, wun 5). O6wuii KoshdHHUKENT CONPOTHBIC-
HH#A  Jndupyaopa yea0BHO MOMKHO PasiesMTLE Ha JiBa xuatrpmumwra:
NOCTENEHHOTO PacuiMpenist W conpoTusaenus no annne Ly ==Ly, p+ Epa

Has onpepenenna KosppuunenTa nocTeneHHOro Paclinpens MOKHO
HENONE30BATE (POPMY LI

Cn. p =Ry, P {ﬂlg-"d?_ l]'!- (3.10)
rae Ky, p~— KOIQPHUHENT CMATYCHHS NPH  OOCTENEHHOM PACLUHPEHHH
(TaGa. 3.14);

En. p= 3,21g 0,6e 3/ Tg 0,5 (1—1/n)?, (3.11)
FAC 1= Wy/Wy —CTENeHb pacliupenn,
Kospuunent conpotusienns no ainne papen [41):
G == Aep [(@y/0y)*—1]/(8 g 0,5a), (3.12)

rie Acp= 0.5 (A Ag) —cpepniee  snaucHHe KOSGGHUHCHTOB CONPOTHE-
ACHUA TPEHHA no JJIHHE COOTBETCTBEHHO s yskofi M wmmporoft
TPYOH,

3.14. 3navenns ky , » sasucumocTH ot o mpu Re > 104 [13]

o, 2 4 6 8 20

10 12 ‘ 16

25 40 ‘ 40

kn.p 0,02 0,05 0,10 0,14 0,16 0,22 0,30 0,42 0,62 0,72 0.85
B rabanue 3.15 npusenenst snauenun Lyy/hep.
3.15. 3navennn Lyq/hep B saBucumocTn or o n dy/dy npu Re > 10 [13]

“ﬂ

dg/d,

2 4 8 ‘ 16 1 a0 ] 45
0.9 3,8 1.8 0,9 0,50 0,3 0,2
0.8 10,2 5,1 2.7 1,b 0,7 0,5
0.7 22.6 1.3 5.8 2.9 1.7 0,8
0.6 47.9 23.9 12.4 6,2 3.7 2.3
0,5 107,2 H4.3 27.2 14 4 8 0 4 8
0.4 269 .0 136 66, 2 35.1 19.5 11.7
0,3 870,0 441 221 110,0 61,3 36,8
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Ias pacuaera L, momHo ucnoabsoBats dopmyas . K. ApTiomgnnoil
(3.13) u P. E. Beaupsaua (3.14 u 3.15);

npu o= 40°, Re (1/h)%%3(tg )07 < 15,6

La=20n%%/(tg )" Re; (3.13)
nprn Re=<50
1 10,67 ) pree—
b =TRe {E,n 057 11— (ru/r)*) + 25,2 Y/ sin u:} S
90 = Re; = 2.10%
] 10,67 . 4
;;l:l.""= RE‘,[ { sin 015m “'—'{flf-"a:l"] _]" 2512 ]//EII‘.'I % _I‘

-+ V sin & (1-—50/Re;) [2— 2,66 (r1/rg)®-1 0,66 (ry/r)*];  (3.16)
9.10 = Re, = 104
La= ¥V sin a (2 000/Rey)?® [2—2,66 (r1/ry)?- 0,66 (ry/re)'] +
+-La. s [1— (2 000/Re )?], (3.16)

rie Re,—uneao Pelinoabica, nojcudTanioe no cCKOPOCTH U; ry, My — pa-
nuycel Tpybonposoga nepej paciuHpeHHeM H 33 HHEM; (. gp— KO3(pH-
IHHEeNT conpoTupaennn Auddysopa B 06JaCTH KBAAPATHUHOIO CONPOTHB-
Jenus, onpepeanior Kak cymMmy {pop H Ly, GHAUCHHA KOTOPBIX pace
cuTHBalT no gopmyiam (3.10)...(3.12),

Konghyaop (raba., 3.3, tun 6). KosppunuenT conporupienns KoH-
{bysnlqa ymunm:;u%enﬂ*r ananortuno £y:Ck=CLn. e+ Cna

pun Re >
En. ¢ = (—0,0126n% - 0,0224n% —0,00723n2 -
- 0,00444n —0,00745) (otp — 2mveep — 10er,,) [116], (3.17)

rae oy =0,01745c; n = @y/0,—crenenns cymenns;
Cn. ¢ =Rn, ¢ (1/2 —=1)2 [5], (3.18)

rae Ry o— kosdpuunent cmaraenns (rabn. 3.16); e— kospdunuenT cxa.
Ha (Taba, 3.7).

Kosppuunent conpoTHBACHHA N0 ANHHE MOMKNO ONpejeynThL No

(popmyne:

Cua= Aep (1—1/n3)/(8 sin 0,5e), (3.19)
My = @y /g

WAH no janHsM Tabannm 3.17.

3.16. 3navennn k, . B 3aBMcHMOCTH oT o npn Re > 104

20 40 60 820

TR ]

M. 04 0% 0.2 <02 Vi (SRR T 0,



3.17. 3navenns (i, /A, B 3aBncHmoctTn o1 o 0 dy/d; npn Re>10° [13)

[« Piad

dyfd,

2 4 ] 16 \ a0 l 45
0.9 e P81, 1,2 0,6 0,3 0,2 0,1
0,8 4.2 a1 | 0,6 0,3 0,2
0,7 5,4 2.7 l,.4 0,7 0,4 0,2
0.6 6,2 3.1 1,6 0,8 0,4 0,3
0,6 B 3,4 1,7 0,9 0,6 0,3
0,4 6,9 3,0 1.7 0,9 0,5 0,3
0.3 ol 3.6 1.8 0,9 0,5 0,3

Coraacno I'. K. Apriowkunodi, npn 5°<aaes40® u Re (1/n)"4x
HK(lg a)®" e 10

L= 19V /[ (tg @)™ Re): (3.20)
cornaco P. E. Besupsnny, npn Re < 600
10,67
Ly = 'ﬁle, { 05 [1 —(rg/r1)?)--25,2 V:In n:} . (3.21)

Orsopm. Kosdpuunent conporunicunit orpogon pasen cymme Ko-
sppuiicHTOB  conporusacuna  Ha  nosopot Ly M no aanne Ly lo=

= L +Cax.
nKﬂB:G(T.IHu.lmuT Cn MU OTBOJAOB C FAAAKHMH CTeHKAMM onpejeanor
no gopuyac I'. H, AGpamosnya:

En = A1B,C;, (3.22)

rae Ay —xospduunent, yauTuBaowni pauaINe yraa nosopora o) By—
Koshhuibent, yOuTHBAOWNHN BANSHNC OTHOCHTEABIOTO pagnyca JaKpyr-
JCHNA OTBOAA E’.,,Id (Ro— pamuyc sakpyraenusn otsona, d—ero anamerp)
i Ro/b (b—1wmpuna oTnofa KBaapaTHOrO WIN NPAMOYLOALHOTO Ce-
Gennd); €y — Kosfxpuunent, YunTHBAOWHA BHTANYTOCTL OTBOAA a/b
Eg—!;mn*ra CeMCHUA), AN OTBOAA KPYIIOFO HAM KBaAPaTHOrO CeqCHMA
g =1,

llo aauwnum B. B. Hexkpacona, npn a=90° A;=1; & < 70°— A;=
= 0,98in a; o > 100° A;=07-4-035e/90. Npu R,/d < | [35] By==
EG,EI,'I{E;.I#]“'.:&, "p" Rufd}l ﬂ|=ﬂ.2”]’rﬁm'di

[lpn onpegeaennn By A8 0TROAS NPAMOYIOALIOrO CEYCHHA DMECTO
Ro/d n coorsercTaylomue popmyanl nogcranasior R, /b.

Jnavennn A, By, C; npuscaens » tobanuax 3.18...3.20.

3.18. 3mavennsn A; s sasucumoctn or o |35]

0, 20 | 30 I 15 l G0 75 Iﬂ[l lllﬂIIED'lEl}‘lﬂﬂ

-I'q_]_ ﬂ,31 ﬂ.45 ﬂ.ﬁ ﬂ.?ﬂ ﬂlg 1 Il ]3 [12 I.Ea I."l‘
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3.19 3nauenns B, e 3aBucumoctH ot R,/d (R,/b) [35]

Enizf,rtﬂﬂfb}l 0.5 ‘ 0.6 I 0,7 | 0,8 I 0.9 l I |I.25| 1.6

B, 118 0,77 0,51 0,37 0,28 0,21 0,19 0,17
3.20. 3nauenns C; 8 3asHcumocTn ot a/b [35]

n;bu*ﬂﬁ'u,ﬁ ﬂ.?EIt 1,5 2 3[4'5[&'?

G 1,3 1,17 1,09 1' 0,9 0,8 0.8 0.9 0.9 0,88 1
Kosdpunnenr Ly onpeaensor no Gopmyse;

Can = 0,0175R ;. /d. (3.23)

B swipaxenuu (3.23) xospdpuuncut A BHYHCARIOT 10 POPMYSAM 1A

TpyGonponogos.
IHan oTBoAOB € WECPOXODATHMH CTCHKAMH:

Cnam ==k akReln, (3.24)

rae ka, kpe— KosppuumenTsl, YOuTHBAOWHE COOTBETCTHCHHO MICPOXO-
BATOCTL cTenok omnofa (raba. 3.21) w wicao Peftnoasjca (ra6a. 3.22);
En—Ko%phuuHenT conpoTHRIEIHA OTBOAA ¢ MIAAKHMH CTEHKaMN,

3.21. 3uauenun ky B 3ammcumocTd or Re n A [35]

R,/d=0,5...0,66 R,[d > 0,55
ARe=3:10%. , . 4.10%:Re=4-10* Re=3:10%..4+10% Re=
=4:10%.2.10*:Re > 2.10°
< 0,001 1 14-0,5.109 I AalApa 1A 107
> 0,001 1 | [ 2 2
3.22. 3navennsn kpe n sasmcumocrn or Re w R,/d [35]
Re 1 0=
R_/d .

; 0,1 |ui1-| ’ b,2 ] 0,3 l 0,4 l 0,6
0,60...0,55 1.40 .33 1.2% 1.19 L4 1,08
0,66...0,70 1,67 1,58 1,49 1,40 1,34 1,26
0,70 2,00 1,88 1,77 1,64 1,68 1,46

Re10=#
R, /d
0,8 1,0 | 1.4 2 3 A
0,50...0,55 1,06 1,04 1,00 1,00 1,00 1,00
0.56...0,70 1,21 .19 LT 1.14 1506 1.00
0,70 1,38 1,30 1,16 1,02 1,00 1,00



Kosppruuent conpornpienns orsoga npu 3-10° < Re < 10* pasen
;n=ﬂnfﬂﬂ+§n+‘:nm {325}

rae Ay— xospdunnent (ra6a. 3.23); &y, Lua— Kosdduimen Ty CONnpoOTHB-
JeHHil Ha NOBOPOT H MO A4 Hlie.

3.23. 3wauenns A, B sasucumoctn or R,/d [35]

R,/d 0,60...0,55 0,65...0,70 = 0,70

Ag-10-3 4 6,5 2

Has naasuo naornyreix omsonon (R,/d = 3) [35):
Go=0,017644 R gex/d. (3.26)

Mpu 50 < Re YV 0,6d/R, < 600 Aq==20 (0,5d/Ry)% 1%5/Re%%: npy 600 <
< Re V 0,5d/Ry<1,4-10° =10,4 (0,5 d/R )% *5/Rev 55 nipw 1,4- 108 <
< Re V' 0,6d/Ry < 5:10° hg="5 (0,5d/R,)% 275 /Red: 9,

Has Tpy6 gpyraoro ceuenms KOMMPHLHEHT CONPOTHBIEHHA NAAD-
HOTO nosopota onpegednsior no Qopmyae [13]:

£o = koo, (3.27)

rie a—rxosdduupent, sapucamuii ot yraa mopopota e (ratx. 3.24);
Coo—Koa(dpuitnenT conpoTHBicHus npu e =90°, Jlas pacuersd Can HEC-
nonLayIoT hopMyan:; t,.ﬂl,ﬂ?{lﬂﬂln}“-ﬁ-r ﬂ.lﬂﬁ{dﬂ?uﬁ-ﬂ HIH {po==
= [0,2-}-0,001 (1002)*] V d/R.

lIpn npaMoyroabioM nonepeuiioM ceuennn Log=0,124-]-3,1 X
XK(0,66R )",

Jas uwyrynnbix oTsojos Ha pessbe 3suavenunn L, NpHBEACHH
B rabanue 3.25.

3.24, 3nauenns a B 3aBHCHMOCTH OT oL

ey ® | 20 ‘ 30 40 60 G0 ‘ 70 80

a 0,40 0,55 0,65 0,7 0,8 0,8 0,9
< ‘ 80 l 100 l 120 ' 140 l 160 ' 180
a 1,00 1,05 1,13 1,20 1,27 1,33
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Tpofinnkn, kpecrosunn. Io- ! J

TepH Hanopa hg Aas oTaendlo- i TR
lerocst MOTOKA B OTBETBJEHHE ;I:f:,} AT TR A F:ﬁg
HJAH JAfl NOCTYNAIOUICTo H3 OT- Ay 7";" e
DETBACHHSA MOMHO BHIDA3HTH uC- 1 / / J
pea Kospduunent L U cpeanion % /
CKOPOCTh U, OOINErO NOTOKa (pHC. s g /
3.1) |58): d?ﬁx R
ho=Cse2/(20).  (3.28) 7
Haa  rpanantnoro mnoroka Pue, 3,1, Cxema norokoB B Tpoii~
NpH pasgenenin  HAW  CAHAHHH HHEKE.
NoToKa noTepn Ay pannb:
hnztnvszﬂg}- (3.29)
3.25. Jnavenna [, Jaf 4yryHHBIX OTBOAOB HAa pesbbe [35]
d'y. MM
¥Yroa nonopora, rpaf.
156 ’ 25 l 32 | 6O
30 0,81 0,52 0,32 0,19
45 0,73 0,38 0,27 0,23
90, yroabsuk 2,19 1,98 1,60 1,07
90, Ryfd=1,36,..1,67 1,20 (0, 80 0,81 0,58
90, Rofd=2...2,13 0,82 0,53 0,53 (0,30
180 1,23 0,70 0,65 0,58

Ipn coepnnennn notokos, coraacno weenegopannam B. T1. 2yGona,

En=(2—Q¢/Q¢) Qs/Qc—(1.4— Q.ﬁfﬂ;}@% sin EIQE—
— 26,Q40c €08 @/ Qe (3.30)

rae cp=0,0 npn Qp/Q.<<0,6 n wg/w, > 0,35; B Apyrux cayuvaax
ey =0,8Q¢/U¢;

C6="16. ¢ [2 (2—Qg/Q¢) Qa/Qc — 1+ QF (0. /005 — 2 cos a) 0, /Q3we)],
(3.31)
rie Ts, o — Kospumment (raéa. 3.26).

3.26. SHavennn kKosipHuMEHTOR Tg

mm"“"e o 0,35 '“n.-*‘“u:'“- a5 ﬂﬁjt}n:;ﬂ. 4 mﬁ;mc = 0,35 Qﬁa'llql: < 0,4

| 0,55 0,9
[Tpn genacHHH No0TOKOB

tn=0,35Q%/Q, (3.32)
Le="16, n {1 +[Qs0:/(Qctrg) —2 cos o] Qgde/(Qct0g)}, (3.33)
rie T, x— Koabduuwent (raba. 3.27).

27



3.27. 3nauenns 15 ,

wefw, < 0,35; Wg /0, < 0,35; /0. >0, ab; G o) > 0,35;
Qg/0. > 0,4 | Qgd . <0.4 S50 | Sy <o,
0,85 T, p==1,1— 0,6 6. a=1—0,65Q6/Qc
~0,7Q¢/Q

Apmarypa, B rvalauue 3.28 npupepcnnt 3navcHEA KoppHILHEHTOD
EﬂllpﬂTHMEl!Hﬂ AAA HEKOTOPEX THIIOD JANOPHLIX yﬂpnﬂcm

3.28. 3navenns ¢y AAA PAIIMYHBIX THIOB 3ANOPHBIX YCTPOHCTE 0ph

Re > 10%
Tun sanopiiore yerpoficraa Pacucrtini ‘E}TT'::‘“‘:_" R
AHAMETD, MM ﬂfﬂ .

Bentuab sanopuuii mydrosuit 6pon-
sopbifl TapeawuaTefi Ge3 HHAHHX

HATPa B STIOLN X 25,4 6,95...9,6
To e, ¢ HHKHHEMB HANPARASIOULHMY 38,1 5,03...5,4
Benruab yraowsoit tna Kocsa wy-

PyHULI daanien b 38,1 |
To #e 76,2 0,604
Jagsnmxa Tana Jlyano, noanocTeio

OTKPBITASN 101,6 0,107
Bentuan 154186k, I'OCT 6691 —56 13 1 6l
To xe 27 1 81
Bentnas 1661TY07 —53 MHIT CCCP 13 1 21,9
To xe o | 26,2
Bentuan BBJAM-15-160, 1
I'OCT §761 —56 13 1 28,4
To xe 13 0,76 29,3

» 13 0,5 30,0
» 13 0,26 32,2
» 27 I 17,5
» 27 0,76 19,0
» 27 0,6 23,8
¢ » it 27 0,26 37,0
an npoxoanoft npobkonuii,
%ﬁ&lﬂﬁﬁ bes 13 1 1,5
To me 13 0,26 122
» 27 | 2.86
» 27 0,26 131
Kaanaw obparumft 1661, ['OCT

6681 — 56 13 — 18,6
Hpocceavunfl knanau 13 I 2,76
Bentuan 153K 13 I 22 .4
To me 27 1 27,1
Kpau npoxoauoifi npoGrossiil
UGG K 13 I 1,9
To me 27 1 29.6
Benruaws BH-160, TOCT 5761 —65 15 1 20,2
3apenmra 30UGEP 200...400 1 0,15
To xe, 30H9156p 600...1000 1 0,10
To mxe, 30c964 1k 500, ..800 1 0,12
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B taGanuax 3.29...3.33 npuscicHK 3HAYCHAA KosDhDHIHEHTOB CoM-
POTHBJACHHA A5 HEKOTOPLIX THNOB 3anopHumX ycTpoficts npu! Re > 108,

3.20. Snavenwa [y pan saaewmkn «Jlypno»

hid ‘ 0,25 0,3 0.4 0.5 0.6

0,7 l 0.8

S

Ls 30,00 22,00 12,00 5,30 2,80 1,50 0,80 0,30 0,15

3.30. 3wavenns I, AR 3AABMMKN C CHMMETPHUMBIM CYKEHHEM
8 sasucumocth or [/d, d./d (I—pnuna sapsuxkn; d.— auamerp
cymennofl wacTu)

d ‘ 300 300 2560 200
de/d 0,67 0,67 0,80 0,75
l/d 2,50 |, 68 1,50 1,33
Ls 1,45 1,80 0,39 0,60

3.31. 3uavennn L, , npofixosoro kpama

S, [

a0 40 50 I 60 ' 65

Gn.w 0,06 0,20 1,66 5,47 17,30 52,60 206,00 486,00

3.32. 3uavenun [, aam saamnmex «Mocksa» npu h/d=1 (no panusm
BHHHW BOJATIEO)

d. mm

50 I 100 ! 200

J00 ' 500...700

700...,1000

s 0,79 0,60 0,20 0,05 0,03 0,025

.33, 3wavennn [, ann saneumex «Mocksa» B 3aBHCHMOCTH OT CTENeHM
orkputus h/d (no pawiws BHUIH BOJINEQ)

hjd
iy, MM

'Il.ﬂﬁ', 0,1 Iﬂ.EIﬂ.Elﬂ.i ﬂ.El 0,6 [ 0.7 1 0.8 0,9 |

150 80 215 47 167,03,3 1,7 1,06 0,68 0,46 0,33
J00 680 166 35 125,62,7 1,3 0O 0 0,15 0,05

000 — N T R T T S ' '

_—— —_— ——

B rabanue 3.34 aaum snauenun o o woxpdunmentos conporupae-
NIl o0paTHLIX KJAAIaHOD C BHEUCHTpenHol ocbio [8].
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3.34. 3asucumocTh [, x OT CKOPOCTH JABHAEHHS NOTOKA U

| o, M/
OdparHafl Kaanam

BREEE DR
¢ nuruﬁ-@epummﬁ rapeasio, 6,0 1,8 0,7 0,7 0,7

dy=1 MM a0 3
129 32207 08 0
1T 44”. d,“——ﬂﬂﬂ MM W i 3 28 ﬂ.ﬂ-
i 11 4 1,6 0,7 0.5
10 44025, dy =800 my = o % _]%_ ﬂg U_E.g

Mpuamevanne. B uncaurene L, i B anaMedartene yroa nopo-
| OTA Tapean B rpajycax.

JlAn ANCKOBLX 3aTEOPOB € YNAOTHEMHCM 1O KOPNYCY WAH JHCKY
anavuenus  KospduunenTos MecTHMX conpoTunaeHnit Ly 5 npunejenm
B TaGanue 3.35 [8].

3,35, 3uavennn 5, 4 B JABHCHMOCTH OT JAMAMETPA

| d!" MM

| 50 [ 100| 150 | 200 | s00 | 500 | oo | 1400

Jarnop

Jnekonwe satoopw; — 045 040 036 030 — 0,09 —
¢ yOAOTHEHHeM
no KOpIycy
¢ YIAOTHEHHEM
no AWCKY 0,95 0,50 — — 035 030 — O175

Kosdpuunentat  conporusienuit  sagpuxex npu 1,510 < Re <
< 3,5:10% moxuno onpepeants no (opmyae [96];
Ca=C8o—cRe, (3.34)
rae Go—ycaopuuft kosdepuunent conporusaenuit (raéa. 3.36); c— road-
thuinenT (raba. 3.36).

3.36, 3navennsn Ly 0 ¢ AaR 3aaBNKEK

d, um Crenens OTEPRMTHR Cs ¢
50 0,25 17,5284 310,80
50 0.5 2,4509 114,75
50 0,75 0,6328 52,981
50 1,00 0, 1599 24,91
100 0,25 16,6030 452,29
100 0,50 1,8137 165,22
100 0,79 0,9822 49,562
100 I ,00 0,5345 19,022



Hna pacuera kosdduiipeHTOR cmgn-mmemiﬂ peryiupyiomix
KNananoB MOXHO HCNOJbL30BATH hopmyawm 3. C. Apaymanosa:
Aa8 yraoBeiX Kaananos npu 1,7 h/Dp= 30

Cx. p=1(4,1h/Dy4-23)/ Rﬂnp: (3.35)
10 < Repp < 104

Ex, p=(26-}-4,7h/Dy)/Repy-1-1; 3.36
Rﬂnp} 108 K p= ( -+ )/ Repp-| ( )

L. p="0,18+4 (1 —wyp/0yc) % (3.37)

AR ABYXCOACAbHBIX Kaananos npu 4 << h/Dp << 60, wgp/0g = 0,2
Repy=< 10

Ex, p= (0,50/Dy1-26,9) /Reyy; (3.38)

10 =< Reyp =< 500
Ex. o= (1,734 1,6h/D.) /Reqn; 3.39
R{‘np?:“'-“lﬂ"' K. P L& ! 1] np { }
i, p== (1 _lll'npa"myf}n‘{‘41n~‘npfmyc- (3.40)

rjae h—rayGuna norpymenns nayumepa; Dp=4R,— ruppapanyeckut
AHAMETP  NPOXOAHOrO  Cceuenns  Jpocce/pHOrO  yetpoiietna;, Ry =
== pp/[71 (Detdya) | — roppasanuecknii  pagnye; wyy, Uy = N0
NpoxXoJAHOrO cCeveHud H (TH:D]]GE']'[: NNoToKa B HEM; ﬂg—ﬂHﬂHETP Ceana
ApoCcCeNLHOro  yeTpoicerna, M; dyy— AHEMETP NAYHMKEPa B NJAOCKOCTH,
NEPHeHANKYAApHOA NPOXOIHOMY CCUCHHMIO,

Jis pacuera KosppuumenTa roipaBanYecKoro conpoTHBACHHA YII0-
BOFO PEryanpyiomero Kjaanaua np KapuTalHonHoM Teuennd (B MHIKO-
CTH NOABARIOTCA OONACTH, SANOAHCHNBIC NAPAMEH W TASAMM, BBRJCASIOULH-
MHCS 18 nee) mMomno uenoasaonars gopmyay A, H. Kaseena:

ﬁ‘.";, =";|:. p}’.f}tu. P (3.4]}

PAE Ly, p—KOSDDHUHEHT THAPABAHYECKOIO CONPOTHBJACHAS KianaHa
NpH  GeCKABHTAILHOHHOM  TeyeHHH; 1={p1—+p=5,-’{p,-- Pn) —3HauenHe
KoppuUHEHTa KapnTaumi; py, pg— AaBJACHHE COOTBETCTBCHNO Mepes H
80 KAANAHOM; Pp—AABJICHHE YNPYTHX NApopR MHAKOCTH NpH TeMmnepa-
TYPE NOTOKA; Yyp=——KPHTHUCCKOE 3uauente KoppuuHeHTa, NPH KOTOPOM
HANHHACTCS KaBHTAUWS B KJanaHe,

Mapaenne ynpyrux napop (napul, HACLILAIOUIHE NPOCTPAHCTBO, B KO-
TOpPOM OHH HaXoAATCA) NpH Temmneparype Boam —30° C, — 20, — 10, 0,
- 10, 20, 30, 40° C cooteerernenno pasno 50,5 ITa: 125,6: 279.6: 613:
L179; 2335; 4240; 7360 [Ta.

st asyxceneabibix peryARpyIOmMHX KJanaHos Hﬁf panen:

s = bla/ Lot (V Tatlitap -+ ¥V 511, (3.42)

FAe Gy, Co— KOpHIMENTE BCPXHETD M HHIKHErO CeLa.
Beanunny yyp MOMHO paccuutarh no panupiM 3. C. ApaymaHopa:
JIA YIVIOBHIX H JIBYXCele/IbHEIX PeryJHpYIOmHX KAanaHoB npu pa-
HpanaeHHn NOTOKA Ha nayHxep

Yiep = 0,39 (V" Ciep— /(0,117 4-1); (3.43)

VIRl YTAOBEIX  PErYAHPYIOUHX KJAanatos NpH HanpasJenu MoToKa
HOM DY HIKep

g = (V Tp—0,3940,625)—1. (3.44)
Jl



& EHT
1A
mﬂ_ i '5
f 3
Pue. 3.2, 3asucHMocts  Kosdubuiu-
CHTOB CONPOTHBAEHHN 3aCIOHKM OT
12 Re (I, II, T1l—soum pasanunbix
e sHadenuii Re) npu yrae oTKpLITHs o
1 1—9% 218" 8-=27"% 4—36%
: 5—45° 6-—b4% 7—63% 8—=T72%
—t 9—81%: 10—=90°,
1 A
a1 j'j
I T T T

Kosipuunentst conpornpieniii AHCKOBBX 3aTBOPOB MOKHO Onpeje-
AHTL no rpapukam (puc. 3.2) naun no dopmyae:

¢ 1200[1-+0506 (14 cos o))
ik Rey (1—8% cos a)®

+ (1 —50/Rey), [1,56/(1— 82 cos &) —1]2,
(3.45)

Rey=4Q/(nvdy), O=dy/dy, rpe Q—obueMubiil pacxXoy muaKocTh,
m¥/c; dy—puyTpeninii anamerp TPYGONPoBOAd, M; V- KHHEMATHUECKAS
BASKOCTE JKHAKOCTH, M*/c; dy— napyKnwii AnaMeTp 3aTROpa; ¢ — yroJ
HOBOPOTA 3ATROPA,

Dopmyna (3.45) cnpaseaausa aan e=1... 60°, Has 1 sonw
(pnc. 3.2) weawunna (1-—50/Rey) =0, a ann I sonpt pasno nymno
neppoe charaemoe,

Has ruppaura JLKII-64 «Boamanka» no H. I'. 3yGronoit:

Lp==102,404-1,008n _ ¢ (3.46)

rae n==hjd—crenens orkpuTus; h— nogeeMm wnuwpeas; d— auamerp
npoxoga; o = |,06— kosdpuument Kopuoauca.

Jan napamiteasnmx saaumex (d=200 w 300) L, npu Re > 104
MOHO onpeacauts no gopmyse B, A. Iypuna:

lg &y =0,185d/h 40,4 4/d-1-0,77. (3.47)

Aaa npoMekyrodnnix otkpeiriit sentuaelt {, opuenrnposouno [35]
paBeu:

dy=T5 mm

e =0,310,22 d7 /A7, (3.48)
ﬂ'y = |00 MM

Lo =4--0,107d5/h%; (3.49)
dy=150 mm

La=1,7-40,75d2/h2 (3.50)

Snavenun KoxpuumenTor conporusaennit kpanos £ n A opmyna
(3.5) [5]) npusenenu B Tabanue 3.37 [109]. CLEes
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9.37. 3nauennn [ ann kpamos W Ay

Re
o8| Ay
5 t 10 30 | el ) ‘ 100 | 200 | H00 |2?+iﬂ'...TE*ml

0 160480 18,8 8 5 3 oo Sl B 1,68
5 200 45 2.5 105 T 4.5 3.4 3,1 2.48
10 318 60 35 13,5 9 G 4.5 4,0 3.2
15 370 TT 42 17 b 6 BB B4 5.2
20 430 95 50 20 14,0 9 7.2 6,8 7.0
25 560 133 66 plc; N | 15 13,5 12,5 13,0
30 695 160 88 38 295 21 19.5 18,5 19,6
38 910 216 125 64,3 52,2 43,7 38,5535.82 3
40 1680 380 217 105 83 72 68 65 49
45 4500 875 BH75 2956 235 180 155 145 126

NMpumenanne Crenens NpHKPNTHA KPAHA nMpaxena wepesa_ct, npn a=0
KpaH NOAHOCTLIO OTHPMT.

3navenust KOSQPHILIEHTOR CONPOTHRACHHA O6PATHHX KAANAHOB € Of-
woctoposnell nogpeckoft B 3aBHCHMOCTH OT yI/ia OTKPHTHA JAHCKA C
Aanw B raGawue 3.38 [15,110].

3.38. 3maqenun C,, B 3uswcumocTH ot o npu Re > 104

ﬂ_'l
SyLas n' 10 I 15 ] 20 ‘ a | 30 | 35 | 40 | 45 | 80
00...150 — 8,00 3,00 2,40 2,10 2,00 1,87 1,80 1,70 1,50
Mpu npasos douscenuit xuodKocmu
160 6 6 3,2 2,5 2,1 2 e SR - RN T I
ITpu oGpamuon deuncenuu mcuIKocmu
160 - TR R L T b BEESJE  URESEE - I . 4] B R b R B

Mpurmesaune. Tlpu Re> 108, 16° < g < 459, d.f:ll'.lﬂ m 150 mm
Lo, k= 1,624 0,112/7c® ™ [110) (o — yron orxpwrun Juexa, paa); npn Rg < 2560
Ig Ro. =A=1ot4 Ig Re (a3nanenns A npupegens » vatauue 3.39 [1)).

3.39. 3navennn A B 3aDHCHMOCTH OT ¥

v, culfe 0.9 0,55 0,18

1,6 |

A 5,06 5,14 5,23 5,33 5,54

Conapusie cTaikn, coepunennn. Ilpu Re > 2300 xosdpduunentit conpo-
THBICHHA CBAPHBIX CTHIKOB (C NOAKAAAHLIMH KOJBLUAMH) CTAJbHHX TPVG
MOMNO Onpeacasth no opmyae:

Ler=20/d 4 1656%/d2,
§=0x4-1, (3.51)
FAC Oy ~=ToAuMHE Koablla; d —pRyTpenuuil anametp TpyGonposoja,

3 M 2066 33



Ina creikos Ge3 HAKAAAHEIX KoJel:
Cor=1,20/d{-166%/d®, (3.52)

rie 8—puicota rpata (npH DHICOKOM KaweCcTBE CBAPKH OPHEHTHPOBOWYHO
§=3 MM, B ocTanpHuX cayuanx 8=0 mm).

Koshpuuuents conpoTHsjennii B CTHKAX NOMHITHACHOBHX TpYyG
P 3aBHCHMOCTH OT HX JAHHL H HAPYMHOIO JAHAMETPA NPH KOHTAKTHON
CBAPKE MOJKHO NPHHATH NO JAanumM TaGauum 3.40 [54).

3.40. Koshhmumentnl conporusnennii B CTHKAX NOAMSTHACHOBWX TPYG

Bucora BHCTYNA, MM
Hapysxnuh 2,5 4.7
éﬁfﬂﬁ anuua tpyd, m aauna TpyG, m
6 8 12 6 8 12
25 1,21 1,16 1,10 2,71 2,28 1,86
32 1,16 1,12 1,08 1,87 1,65 1,43
40 1,13 1,10 1,06 1,67 1,42 1,28
50 1,11 1,08 1,06 1,41 1,31 1,20
63 1,09 I, 07 1,04 1,30 1,24 1,16
75 1,08 1,06 |, 04 1,27 1,23 1,13
90 |, 08 1,06 1,04 1,23 1,17 1,12
110 1,07 1,05 I, 04 I,20 1,15 1,10
140 1,07 1,06 | ,03 1,18 1,14 1,09
160 1,06 1,06 1,03 1,17 1,12 1,08
226 1,06 1,06 1,03 1,15 1,11 1,07
280 1,06 1,056 1,03 1,14 1,10 1,07
316 1,06 1,06 1,03 1,13 1,10 1,07

Junaucuue Hﬂ'E'lbl.IlHllllEHTﬂll EGI'I[}ISITHHHEHHH A8 PAsIHYHBIY COCAH-
HCHHA nJacTMaccoBbiX TPYG MOMKHO PACCYMTATH MO AanHuim Tabanust 3.41.

3.41. 3navenus Cooep ANA COCAHBENHA NOAHSTHACHOBKX H BHHNMAACTOBBIX
Tpy6 npu Re > 10* [63)

Coeminenne Pacuetiine fopMyau Re
Daaunnenoe coen=0,148—0,344d 28108 < Re < 5:108
Ceapnoe coen = 0,0046/d2 75 1,8-10° < Re < 5-108
PacTpyGhoe coen = 0,133 —0,2254 24.100 < Re < 5,6-10%
Mydrosoe coen = 0,045 —0,156d 1,8.108 < Re < 6.10%

Cerkn, pemerkn. [as onpenefennsn koshduineHToB CONPOTHBICHH
céToK B o6leM cayuae uenaecoobpasno uenoabaonath opmyay [5):

Le==16am 3”1’{1{&,, lg cos 0,5um) <4 Cgas (3.53)
Re=uva/v,

rae m=a/t —xoxupuilHeHT HKHBOrO ceucHist; a— IMHPHIE Weal; f—war
pacnosomenus menefl; v—cpeiuss CKOpocTb B AuefiKax CeTKH.
Jasn pacweta L. aaa  cetok, HanGonec 9acTo MNpHMEHsEMEIX
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(0.8 < m < 0,85), B sasucumocTH oT Re MoKHO HEnoAL30BATL POPMYJILL:
Re, < 5 (1,18—m)/(1,05—m)

Le=(92—T78m)/Re,; (3.54)
5(1,18—m) /(1,06 —m) < Re,< 2200 (1,18 —m)/(1,056—m)
Ce=1(92—78m)/Re, 40,7 (1,06—m); (3.55)
Re, > 2200 (1,18 —m)/(1,05—m)
Lc=07(1,06—m); (3.56)
o w [(1,1 —m)/(1,2—1,56m-0,46m?) —m]® (ann A1066x suavennii m).
(3.57)

['pi nponycke uepes ceTKY ecTecTnenHo sarpsisHeHuodl peynoft poast
Hpanomepia  sapucumocts (3.56) npu  ycaoguu, ©C/H NAONIAAL YUACTKA
CUTKM, "epe3 KOTOPHIH Boja He MNPOXOAHT, K Kouny QUALTpalHH
e npensiuaer 10, ,.15% obutedt naomaan cetkn. Jlng yuera 4acTHYHOTO
surpsaneting cerkn B Qopmyay (3.56) caepyer sroAnth Kospduuweur,
papimn 1,2... 1,3,

Horepn nanopa B cetke npH GHALTPALHK 3arpA3HENHON HMHAKOCTH

B U

"

'_]I

A0 39m (1 —k) | voy Ui

1
e LS L 110,35 11,05 —m (1~ ) o

5 (359

P opeeom; k=08cQt/(myaF)— xosppuuuent 3arpasSHEHHA CETKH;
¢ ponenTpauns (o macce) Teepioli dasw pasmepom Goace a; Q —
PUCKOA BOAK MEPeR CeTKy; T—ppeMa (PUALTPAILHA, §-—NNOTHOCTL TBEp-
Aoft peane; Feenaomagb  YUaeTEs  cerTkd, cooboiHore oT sarpasasenns
W AT A,

KosbPuuuenTs conpoTHmicinig  BEACKHBAIONIETo Kianana c ceTkof
pineaens o rabanne 3.42,

3,42, 3uavuennn L.y AAR BCACHIBAIOUIErOo KJAanana c ceTkoi

douw | 40 | 70 | mu( 160 | 200 | 300 I 500 | 750

[Tt

{1 RS 70, 60 < 4,7 874 28 1.8

AN onpegegenist 3naveHHi CONpOTHOJCHHA peweTok npH (GpoH-

e nonpankoft B, b, ynsuesa:

i'.
4 1=J|lrlluu Noaxond oToKa K HEM Henoawayior Qopmyay A. P. Gepeann-
F Ul

Lo cfd [S/(S +-06)]40 [2,31/68-|-2,4b/1] sin o; (3.59)
e=1/(1—hy/L)?,

A0 Ny o ity | dng —cymMMapHasn BLICOTa MONEpeyHbX SJACMEHTOB; @, Ny —
WML B MIHCAD  NpOMeMYTOMHBIX onopHbix Ganok; d, ng—AHAMeTp

WHEAD  pacnopuocosianex  sjaesmenTon; L—BpicoTa pCIICTKH B CBETY
?mu, A a)y B koadpuunent qmguu crepxua (taGa. 3.43); S—ron-
WANA creponnn  pemerkn (pue. 3.3, 6); b—mmpHua npocBeTa MeKRY
CORPEMIG W pIHA CTEPIKHS; o -— YTOA HAKJOHA PEUeTKH K JIHHHH
CUERUELE
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3.43. 3navenns xosdpuumenrta popmm crepmun P

CTEpmeuhP 1 I 2 3 l 4 | 5 ] 7

f 6.5 0,37 0,82 0,21 0,18 0,15 0,36

NMpuueuanune, 1...7 —oboanavennn crepxuelt pasnoil dopum Ha pu-
cYHKe 3.3, s,

JHaucHus koxppuIHCHTA CONPO THBACHHS BEPTHKANBHO NOCTARICHHOM
peweTkn Ca € NPAMOYFOJABHBIMH CTEPIKHAMH, pPACHOJIOMKEHHBIMH NOX
yraom (90—408) K nanpapieHHI0 NOTOKA, NpHBeNcHH B TaGnuue 3.44,

Ilpu Kocom pacnosomennn pewerkn B naane (puc. 3.3, o) e;;, pasen:

Es = 2eC,P sin a. (3.60)
3.44. 3navennn xosdppuumMenra conporusaenns Ly
0,°
b 10 | 20 e A T T 60
0,50 2,40 2,68 3,00 3,40 4.0 5,0
0,55 |,78 2,00 2,25 2,76 3,b 4,7
0,60 1,30 1,50 1,80 2,30 3,0 4,5
0,65 1,10 1,23 1,50 1,90 2.9 4,3
0,70 (0,80 1,00 1,20 1,50 2.7 4,0
0,75 0,70 0,73 1,00 1,40 2,3 3,7
0,80 0,40 1, 60 (), 80 1,20 1,9 3.3
0,85 0,25 0,40 0,70 1,00 1,b 4,0

Crabuausaums noToka 3a MecTHM conporupiennem. [Lawuy nps-
MOro Yy4acTKa, Ha KOTOpPOM CTa0MJIH3HPYCTCS MOTOK NoOC/de BHE3ANHOTO
pacmmpenns, no pannwm B, H. Kapena, MoxKHO Onpejeants U3 COOTHO-
MIeHHA:

np Re=uvd;/ve= 15

le/dg=— 1,166-+-0,774 Ig Re, (3.61)

rje dy—auamerp TpyGonpowoja B pacliMpeHHoll yacTH; v —CcpeiHsns
CKOPOCTE A0 paciufpenHs; dy — anameTp TpYGONpPOBONA B CYHeHHON YacTH,
npu 15 < Re < 2.10%

Ig (le/dy) = — 0,276 -1-b (g Re — 1,176), (3.62)
b= ﬂ,ﬂﬁ —l—ﬂ,aﬂﬁﬂllﬂﬂg.

Tae wy, Wy—niomaik ceuennit Tpyfonpopofla A0 H nocde BHE3ANHOIO
paciipenun.

[Mpuseaem cootHowenke ana  onpegedesus . AIS HEeKOTOPMX 3a-
nopusix ycrpoificts (no P, E. Besupany): ;

sapsnkka (dy=15 MM}-—u!EId=ﬂ,84 Re®%% npu Re < 10%, [ /d =
=44,6lg Re— 151 npu Re > 10%

sacnonka (dy=15 mMm) wmanoro conporusiaenus—I[./d =0,653Re® "
npe Re < 103, [./d=34lg Re—100 npr Re > 104;
R ﬂﬂlﬂﬂl;ﬂﬂb (dy=15 mm) thna 1561 6p—I./d=44,61g Re—153,5 npn

e > :

peryaupyouuii kaanan (dy=15 mm) —I./d=44,6 Ig Re — 149 npu

Re > [&;.
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Pie, 3.8, Pacueriue cxenw aasn onpepedenust noreps nanopa’p pe-
HeTKax.

UI"HNIMHIIHH!I NOTOKH 34 WApOBLIM KpanoM (3aTnopoM) HacTynaeT
WA pnne fgowe (10 36) d (ratn. 3.45) [Ilzf. [ pow) o

WAR Dnwvenin [, juan waponoro kpama (3aTBOPA) B SABHCHMOCTH
OF yran sakpuTns ¢

" 0 | so 10 50 60

L T

bl 100000 19..,20 28.,.35 28...35 19...928 20

Hanumnoe sansnme mecTHmx conporupnennit, Jlanwa yuactka I,
MERULY MOCTIMMIL conpoTiBaCHAME, Ha KOTOpOR npoapasercs sdext
WRANMBGOEG WX DANIHNS, opuenTHpobouHO pabha [5):

AR TYPOYACHTHOND peAnMa JIBHKCHHA

"o/d=12/V A—50; (3.63)
ARMM A oo
Iy/d=!1,25¥" Re. (3.64)

HAN sanopumx yerpofiers npi Hx BSAHMHOM BARAHRK (DpHOAHKEHHO
P s B0 cymmapine KoshhHIHEHTH MeCTHBIX COnpoTHBACHHT pexo-
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Puc. 3.4. HomorpamMa nJ4 [on-
pesenenng  koaduunenTop co-
nporusacnnfl  KOHQY30pHO-AHD-
(py30pHEIX NepexoioB ¢ IaaBHIK-
KAMH (COJIOWHEIE JTHHHK JAA KOH-
(y30poB, NYHKTHPHBIE — 15 AHp-
¢ysopos): [, 2, 3, 4—cooTBeET-
crpento ans  d.td.=1.5; 1.4;
g 1,311,2.

MenaveTes noacunTapars no gopmynam 10, A, Crobeasunna, [1. B. Xo-
MYTOB!

npu Re < 160
Ei40=31,2/(Cxn, +Cuny) (2—P)/R"T; (3.65)
npr 160 << Re =< 500
C1va=1,31 (T, +Eung) (2—P)/Re™H10%; (3.66)
np Re > 600

G +i'='ﬂ'-5 (cn1+;ﬂn;} (2 —f), (3.67 )

rie Gxnye Gxny—K0IDPHOMENTH EAHHMUHLIX MECTHHX CONMPOTHAICHHH
p Knaapatnuuoft 3one; Re —umcao Pefinonwica, ornecenno: x cpeineh
CKOPOCTH W BHYTpeHHeMY Anamerpy tpyGonposofa. Jlam npasmoTounoi

N0 NPOXOAY 9anopHofl apMaTypui P ==22,2.10=5(3/d?— 26,7 - 10=3/,/d-0,8;

AS oCTANLHBIX BHAOB |B=4,17.10~8/3/d*—5-10-3,/d 4-0,15.

dopmyant (3.65) ... (3.67) MoMKHO HCMO1LIOBATL AAH OPHEHTHPOBOY-
HOro pacyerTa MmoTepb HAMOPOB H B APYTHX BHAAX MECTHHIX cOUpoTHBIE-
HHH NPH HX B3AHMUOM BJAHSHHH,

CreneHb BIIUMHONO BAHAHHSA MECTHLIX COMPOTHSJCHHA Yyana ycra-
HOBKH DPEryJANPYIOUHX YCTPOACTS ONEHHBAIOT KO¥DpHUHENTOM uurepipe-
peHILHN (npupautenne cymmapHoro lkost puunedta conpoTHaIeHHd ABYX
ganopnbix yerpoificrs m peryaupyiomero ycrpoiicraa K WX apapmerTnyec-
KO/ CcymMe).

B =[La.yi+p0+3eys— (Ea.ye FEpo+Ea.y) )/ (Bay, +Epot-Fa.ya). (3.68)

Ilaa coueTaHus BeHTHAL — ABYXCeNIbHBI peryaupyo nuil opial —
BeHTHAb (cTenens orkpuitisa peitwiei 0,%3) npu Re > 101 (no P. E. Be-
supsity): f=—b5,1[d;=00 (Wd Iyl (h;—cTenens OTKPHTHA ABYXCE-
ACABHONO PEryAUpYiOIero yorpofiersa; {— paccTOAHAE M2XK1y BeuTH/IA-
Mi M PEeryaupyionum ycrpoictsou; dy— AHAMETD TP}'&DHFDJD;I,E}‘ [pn
cTeneHy OTKPLITHA penTuied 1 B=—§.E %015 (Ifd )tes,

IMna cHCcTeMBl 33qBHIKKA—/IBYXCefeibHO2 pPeTyJAHpYII2e yeTp oli-
CTBO — 311BH#KA ng}{ cremeni  OTKpuTHA  dajsuKsu: 05 .p=—
—G e~ 0008 /4 20 0, | —p=18 ([/dy)~1+%; 0,120 —f =92/[({/dy)*+T7].

L]
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Pue. 3.5, Cxema coeninienins orsooB.

Kosjpunentn conpornsaennit ysna, cocrtosiero 1a KolihyaopHo-
Ay sopioro nepexopa ¢ sagBHIKKOIL, npu Re > 104 moxno onpee-
T o opmyae [114]: G a0, = E14-Ex €1= L+ Ls — cymmaphniit Kose-
WHINENT MeCcTHONO CONPOTHRICHHSA Konysopa H sajpuikkm; {,;— Kox)-
WHieIT mectnoro conpotusaenna andhysopa (pre. 3.4).

JUin omioon THa €YTRay npk Re = | (no H. 3. Toapaentepry):

Imax/d = 0,93 arp/(6d V 2 cos g), (3.69)
Linin/d = 0,76 ar (n-q)/(8d ¥ 2 cos ), (3.70)
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Puc. 3.6. Mecrible CONpOTHRJAEHHA B OTKPHITHIX pycaax: a, O—pHe-
sannoe W Nocrenennoe paciiMpeHHe Kanana; 6—noBopor; &, d— BHe-
ganHoe M nocreneinoe cyxeHue.

o e
1IN S
0,81 \rv

06 !
04 :
: F o W e S F4
42 \}* 4- 7
s :

0 2 4 Re-10%G5 47 09 1 hfb
g2 #Eﬁﬁffﬂ“ﬂ Q25 05 q7al180 il P
e

Pre. 3.7. Kostduiuentsl cONMPOTHBIEHHA TPH 1OBOPOTE OTKPAITOTO
gKanana: a—h/b=1; r/b=1, 1...4—coOOTBETCTBCHHO a/180° =1 0,75;
0,5: 0,25: 6—Re=31500, «/180°=0,6; e—r/b=1, «/180°=0,5;
2—Re=231500, r/b=1; 1...4 (aaa 6, 8, 2)—h/b=0,6; 0,8, 1; 1.2
d—hib=1, a/180°=005; E_RE?BII 53&.3 a/180°=0,5; 1...4—r/b =



PAC Imaxs Imin—MBKCHMAJLHOE H MHHHMATLHOC PAcCTOAHHE MEXLY 0T
BOLaMH, NpH KOTOPHX KOMpPHLHEHTH MECTHBIX CONPOTHBJAEHHN CcHeTe

MBI HMCIOT SKCTPCMAJbHbLIE SHAYCHHSA; S~—Yrod OTBOJMOB, pajy; r-—pas
AUYC KPHBHSHBI OTBOJAOB; d-—BHYTPeHHWN JAHaMeTp TpyGonpoBona
O 148 V rjd)V T9-1,24/c,; = 1,65 cos 8—0,08 cos® &: £y ua
o 3 (1 —2k—0,88%2%); k=0,247+1 (0,76n--1,76); n—nokasatens cre-
fen » gopmyne paa Typbyientroro npoduis ckopoctH, ne= 0,9 VA
JKCTPEMAALIEIE JHAYCHHA MECTHHIX S-DI'IFDTHHJ‘IEHHE OPHEHTHPOBOYHO
i ’ = (# 4 d/r = 2 dir. Jhars o
pan s {;-,-m“ 0,0045 & v 77 {:'-"min 0035 & y g7, e ee—yroa or
BOMAD, TPaL,
[Ipn nocneioBaTeNLHOM COSAMHEHHH KOJMEN B HAMOPHBIX TpyGonpo-

BOAAX KONMPUUHEHTH MECTHBIX CONMPOTHBIEHNI MOMHO ONpelensTh no
Ay rabany 3,46, 3.47 [76).

4,46, Cymmapnuie Koap@uuuenTsl MECTHEX CONPOTHBICHUI

CrHocnTensHoe puc- OTHOCHTEIBROE pac-
Vi | eronnpne Memny smect ¢ Yaen | cTONRNG MeMAY MecT- L
AP B M conpoTinaenn - € [(pne. 3.5) (MM conpoTHReH - c
Mil B TpyGonpopoge Ml B TpyGonponofe
—

| 0,00 0,588 8 3,2 2,88
2 0,00 0,395 8 6,4 2,58
3 0,00 0,462 8 10, 8 D a8
'l (1,00 0,588 # 17,2 2,33
A 3.2 0, 506 4] 0,0 1,142
1 0,4 0,451 ) 3.2 1,108
4 10,8 0,411 0 10,8 1,1002
] 17,2 0,308 9 17,2 0,956
f 0,00 4,200 10) 0 1,243
i 0,00 2,130 .0 3.2 1,218
T 0,00 2,880 10 10,8 1,135
] 0,00 3,200 10 17,2 1,046

BAT, Cymmupune KosdduumenTs mecTHBIX conpoTusaenuil Ha yuacrie
MESLY BXOAOM B nepesil OTBOJ W BXOAOM BO BTOpOE COMPOTHBACHHE

At

ShomenTi Mocaeanuil snement ke
L e

Ornon o B8, R=2,1d O'reog @ =90° 0,089

Woapytn 1 d
To me, [« 1,7d To xe 0,089

) ,im3d » 0,152
Drnon & 65°, R=38d

W rpyon [ = 0,64d Tpofinnk 0,082
{i]"l‘lnm e Bb°, R=2d Cnupansias xamepa 0,12
WMo o orpyta [==1,03d To me 0,13
Cieon o= B6°, R=44d B 0,12
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MecTunie conporusnenus B orkpurTeix pycnax [41]. Jlaa kananoe
MpAMOYTOJAbHOrO MONEPeYHoro Ce4eHds norepH HaNopa onpeieasior no
thopmymam:

BHe3anHoe pacmupenne (puc. 3.6, a)

hy. p = (01 —09)%/2g — (hy— 1)/ (2hy); (3.71)
nocrencHioe pacwnpenue (puc. 3.6, 6)
g, p =1 (01 —09)*/(24), (3.72)
A€ 1) —KOXPOHUMEHT CMATYeHHA, npu yrae pacwupenus 20° 40 u >

=60 n=0,45; 0,9; I;
BHesanHoe cyxenue (puc. 3.6, 2)
ha, ¢ =Ry, ¢ {v:'—vbﬂg. (3.73)

rae_ky, e —xospduunent, npu by/by=0,1...0,5 by .=0,5 ... 0,6:
nocrenennoe cymenne (puc. 3.6, d)

hy, ¢ = (14-ky, o) (i—01)/2g, BGED)

;ne:kn_._.—mmﬂuuuur. Ry, ¢ =0,15, pan ovens naasnux conpsxenuit
n. ¢ = V.

Ilpn novopore (puc. 3.6,4) kamana xospbuument COMPOTHBACHHSA
tn onpegeasior no rpapuxam (pue, 3.7).



- .I.' I —

Fnasa 4

DEVIKEHME MMAKOCTH B HAMOPHbIX
M BEIHAMOPHBIX TPYECTNPOBOAAX

OGuwine nonoxenns, INorepn manopa no aamne n obuieM caIyyae ofe

pejeasior no gopmyae;
hpa = AU/ (de2g), (4.1)

FAe A= KOSQUUHCHT THAPAEANYECKOTO TPCHHA; [— LAHNA YHACTKA TPY-
OOIPOBOJA, HA KOTOPOM ONPEAeARIOT NOTEPH Hanopa, M; d,— SKDHBA-
ACHTHUI anameTp, dy=dyo— s TPYO KPYIVIOTo ceweHist NpH Hanop-
HOM [eIKHME JBHIKEHHS NOTOKA, B OCTAABHBX CAYHanX dy= 4R = 4w/y,
Mj K= rugpapanuecknii pagnyc, M; @, y— nJowais NoNepeynoro cege-
IR notoka (M%) B €ro cMONCHEBIA nepuMeTp (M); U— CpeinAf CKO-
JOCTL nOTOKA, M/c; g— ycKopeHHe cEOCOLHOTO NajieHHs Tena, M/cl,

Jlan pacuera hyy npn  TypOysenTHOM [peXuMe JABHIKEHHS [MOTOKA
MOBMHD HenoaL3obaTL GopMyaL:

-I'In] = k,,AHJ"; Hﬂj
hya=sQY; (4.9)
B = 1G2/K?2, (4.4)

FA0 Ky nonparounsit Kosddminent, yauTanaounn CKOPOCTL JIBRXKe-
i (rata, 4.1); A~ conpornoaenne ua eaunnny anne TpyGonponoaa;
(e PIeXO MHAKOCTH Nepes aannoe nonepednoe ceyeHne noToka;, S —

conporneaenie tpyGonponogn gumiof 1) K« wC ¥V R—monyas pacxoaa;
(o RV /) - Hmli:-gmlmrHT ean; N Ko :rlr_lﬂumm EPOXODATOCTH

(1004, 4.2), 110 B, I'. JloGaveny n=0,0396 3/ A (A— aGeonornan we-
poxonatocth); g 26 Y n—0,18—0,76 V R (V n—0,1)— noknsates

Laenenn,  npuGanxkenno npy R<1Ilm y=15¥n R>1 u

y= 13V n.

A0 Snavenns xosddmumnenta by Aas sKenayaTnpyemsix
CTANLHEX M YYryHHBX TpYy6

i, Hh" 0,2 | 0.3 n.4|n.5 n,?|n.9 t 1,00/ 1,20

by ‘:.m I, 28] I,Eﬂd‘[,lﬁﬂ 1,u35]|,u43 1,027 1,014] 1

L0 Inasennn kosdduunenta mepoxosatocTn n (mo H. H. INasnonsckomy)
— =

Matepuaa Tpyl u X cocToREME n

Wechma raaakne nopepxwocTn TpyG, HanpEMep SMANHpPOBAN-
HMe, crekannnue 0
M uyrynnme TpyGu 0
MG CTaannue pofonpoBoaHsle TPYOH, GeTounne TpyGn 0,

IREKBALKD Barpranennbie soflonpoBoalible TPyGH 0

AHEPRaNRIiNLe rofonpoBOAHBIE TPYOH 0




BTi2,

BT9

(TOCT 539—73 u TOCT 5990—71)

BT6

4.3. MpeaeabHble skOHOMHuecKHe pacxoAs (1/c) Aas acGecrouementunx tpySonposofon
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100
150

RREBES

o 8
8,2

17.5

2

51,1
74.2
102,8
153,2

4.4. Npefeapiple sKoHOMAYECKHE pacxols (A/c) aas T?Elﬂl (FOCT 9583—75) W sKcnAyaTHPYeMBIX CTANBHBIX

¥

100
125
160
200
260
300
350
400
500




[Mpesenst suauwennifl skoHoOMHWeCKH mnauBwirognefiwero amamerpa
(ofecneuHBacT MHHHMYM KanHTANOBJAOMEHHA W SKCMAYATALMOHHBIX 34T-
pat) onpeaenaoT no dopmy.e:

d=(0,75—1,2) ¥ Q. (4.5)

Hoayuennse sHauenns dyin 0 dyyx OKPYTIAIOT A0 CTAHAAPTHBIX,

Briyncaun a8 dyin, dmax 0 BHIE ABYX-TPEX CTAMJAPTHLIX 3HAve-
W MeXAY HEMH npuBelennbie satpatl K, (na 1 M tpyGonposopa),
NPUIAMAIOT AnaMeTp, obecneynsaomuil MEHRMyM K,

an = Ky (Py Ky +3} TH- [4*5}

rae Ky —croumocts 1 M tpyGonposoja, p.; Py—nopMa amoprHaannon-
Wux oruncaenuit, p.; Ty— nopmatusnsill cpox OKYNAaCMOCTH, JeT; J —
CTOUMOCTD SAEKTPOINEPTHH, P

Jlan cucrem poptocHaGenns SKOHOMHYECKN nanswmroanefwuil ana-
MeTp TpyGonposoad npHOAMAKEHHO paser d= 3%1% Q048 (3, — Moy —
SkolnoMiseckitlt gakrop, yuHTHDAOUKA ruapabanteckue ceofictea Tpyo
M SKOHOMUMECKHE NapaMeTpl, BAHAIOUIHE HA CTOMMOCTh CTPOHTEILCTBA
W skenavaranu  tpyGonpososs; M — kosdpuuienTt, A CTANBMBIX
Tpyo 092, syrynuwx —0,43, acGectouementhnix—0,25 .., 0,3); 0 —
crommocts | kBr.u saektposnepran; y— KosxpHUHENT, YuHThIBaOULHA
HEPABNOMEPHOCTE NOAAYH BOAR (VIR cenbcKoXxoanfcTBenHoro pogociaf-
mennn yo 03 ... 0,6), .

Dronomuveckn  nanssrognefimne  anamerpu  (noapoGusit pacyeT
npubegen n [H1) tpyGonpososos MOKHO ONpPeACInTh, HCXOAN M3 npe-
ACJABNMX SKOMOMPUECKHX pacxogon (Taba. 4.3, 4.4) [11].

Ha norepn uanopa o rpyGonposose WepoxosarocTs CTEHOK A BARNACT,
eca ana We o maxoro noacaon O, Hlepoxoparocts crenok
OOMNID napancaor b nte A/, Ayd, rae A, (ra6a, 4.5)—puicorta nu-
CTYNOB PARHOMEPHOMPHNETOR UIepOXOBATOCTH, NPH KOTOpoil conpoTur-
ARiNe panno pesasiosy. Tlponycknyo cnocobnocts TpyGonpoboios b
CHETOMAN  DOJOCHAGKCHIS B 3ADMCHMOCTH OT CPOKa  SKCNAYATAUMK [
MOMHO paccunTars o gopmyae |5):

Q1= Q (1—0,01 ntm), (4.7)

P @ — pacuetnas nponyckuas cnocoGrocTs TpyGonposoja; n, m— na-
PAMETPM, danncaue ot GHIHKO-XHMHYECKNX cooficTs poiul (Taba. 4.6).

4.5. IxkeuBasenTHAR wepoxosatocts Tpyd

L COCTORMNE NOBEPXUOCTH M CpPOK
Fpyou SKCIAY AT As s

lleasnornny- Hopue 0 ;
Thie cTalbibe Duinimine B sKcnayaTaunu 0,18, ..
A

Burymuanposanusie. BaTyMuoe no-
KpLUTHE, BHNOJAHEHHOE B 3aBOJ]-
CKHX YCJOBHAX

To #e, B NOJEBHX YCIOBHAX

Heanayuteabhan Kopposus

Yumepennas Kopposus

3HaudTeNbHAs KOPpPO3Hs

coooo
00 G b3 O
—-—oo o

M-l
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I podoascerue

T pytel Cﬂﬁmngﬁgﬁﬁiﬁﬂﬂr}r“ I CpOK A, , M
Ouelb cHALHAS KOPPO3HS, TOMIHHA
ornomenuii 1.5... 9 MM 3.4:D
Ta e, TONUHHA OTJOMEeHHH
3...20 MM 6...6,b
Ho 2 ner skenayatauun, Ges omio-
MeHH 0,12...0,24
To xe, 1o 20 aer 0,6...5
Cransuue Hopbie 0,04...0,1
ceapusie  BhiBwme B SKenayarauun 0,1...0,15
Hoppie GHTyMu3upoBaHibe 0,05
Bupiune B Skenayarannm, GHTyM
HACTHYHO PACTBOPEH €O Caejami
KOppO3HH 0,1
Cpepusasg Koppoaus 0,80 .07
CuapHas KOpposus 0,8...1,56
Cuapnan xopposus ¢ GOJALUHIMMY
OTIOHCHHSIMH Stk
CraibHble Honme 0,07...0,1
O HK O~ [Mocde HECKOABKHX JeT SKCuayaTa-
BAH HBIC LLHH 0,4...0,7
Aeaneaobe- Hopse THC-28-11 0,08...0,23
TOHHBIE
Hopsle, npeapapuTeabno Hanpsxen-
HEIE 0,01...0,05
Honwe, HAroToRJEHHIIE METOAOM
HeHTPHDYTHponanna 0;15...0,3
Bupde B sKCnayarauim 0,3...0,8
Ma neoGpabotanuoro Gerona e
AcGecroue-  Hoswle 0,06...1
MeHTHEle  BhBLUIHE B 9KCHAYATALHH 0,6
Hementipie  Criameiibie 0,3...0,8
HeoGpaGorannse e
CTekaanipe Hobuie 0,0015,,.0,01
TpyOnl
[ loanaThae- To we 0,065
HOBBIC
Bununaacro- » 0,06
BLIG
aoanToBBIE ) 0,075
Crexnonia- % 0,265
CTHKOBBIC
Pykasa u » 0,03
WAAHTH
pesHIHOBLIE
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PexumMel ABMKEHHA MHAKOCTEA W 30HW conporheienwii. [Tlepexon ot
OAHOIO peXXHMa ABHIKEHHN NOTOKa K JAPYroMy DPOHCXOAHT NPH KPHTH-
veckux sHadcHunx Re. [Mpu yseausennu Re (nagansuoc Rey, ) s noroke,
ABHZAKEHHEe KOTOporo GBIO JaMHHAPHEIM, BOSHHKAKT OTAEAbHBE OOMACTH
TYPOYJeHTHOrO pPeXKHMA, KOTOpPHle paspacTaiorcs, HCYe3awT H NOoABASN-
wrea cuosa. [lpn Koweynom Reyp, BO Becem 10TOKE ycTanoswtcs TYpOY-
JeHTHHA pexnm asumenns [48], To ccrb npn Re < Reygy, —aamunapunii
pexum asumenns, Re > Rey,, —ypbyaentuntfi, Reg, < Re < Reyy, —
nepexoauuii. B ‘rg_'fﬁax Kpyraoro cedenust Reyp, =~ 900...1,6-109,
Rey,, = 2,6-10%...3,6:10°, 3uavenmne Re, npH npeBbmeHnn KoToporo
CONpOTRBJAERHE TPYGONPOBOAOD CYHECTEEHIO OTKAOHMETCH OT 3aKoHOMEep-
HOCTeH  MAMHHAPHOTO ABHIKCHHA, HASHDAT KPHTHYCCKUM Rey, =
=f“¢up, Reyp,

OHK cOnpoTHBAEHnil pasnensior Ha Jamumpapuyo—1, nepexoj-
HYI0—2, rAafKoCTEeHHOrO CONPOTHBAeHHS —3, AOKBAAPATHYHOTO CONpo-
THRACHH — 4, KBAAPATHYHOTO COnpoTHRAenHA —b.

Han 1pyG kpyraoro ceuenns npi Re < Reyp (Rey,=2-100...2,3. 10%)
S0Ha CONPOTHBJACHHA COOTHETCTRYET Aamuuapuolt, npm 2-107...23.10° <
< Re < 4. 10" —nepexopnoft. TypOysentHoMy ABHKCHHIO COOTBETCTBYIOT
3, 4 u b souw. [las onpenenenun rpauui SoH B TpyGax ¢ panHoMepHo-
aepurcToft WCPOXOBATOCTLIO NPHMEHHMB  pacdeTnble  3aBHCHMOCTH
H. H. Arpockuna;

S0HH THADAWIHYECKH TAajikux Tpyo

Rews 27 (d/A)*7, (4.8)

rae A— unicora BHCTYHOD IICPOXOBATOCTH,
30Na JOKRAJIPOTHMHOrO CONPoOTHRJACHHA

27 (d/A)*7 < Re < (1914/(V 2 A); (4.9)
30HA KBaaApaTHYHOIO CONpOTHBJICHHA
Re > 191d/(V % A). (4.10)

[panuus 30H CONPOTHRACHHS MOXKHO oOnpeiedfiTh no rpaduxam
(puc. 4.1) [5].

Jlamunapuwil pexum apuwennn mupkocred. Hanpsenue cuaws Tpe-
WIS MEKY JUOOLIMH IBHMYILHMHICH CA0AMN KHAKOCTH PaBHO:

v = 0,581 (r—4), (4.11)

rie p—nAoTHOCTh MHAKOCTH NpH TeMOepaType noToka B ABHIKEHHH}
| == hyu/l —rHapannngecknfl YKJIOH, TO ecTh 1OTEPH HANOPA HA eANNMILY
Aannsl  TpyGonpowoga; r—pagnyc TpyOGH, §— paccTOsIHHE OT CTeHKH
TPYOL 10 PACCMATPHBACMOTO CAOH KHAKOCTH.

CKOpOCTH NpH JaMHHAPHOM PEXHMe ABMMCHHA onpepeasior no dop-
MyJlam:
CROPOCTE B JaHHOM CeUCHHH

u=pgl (r*—y%)/(4p), (4.12)

rape p=—JAHHaMHHECKAA BHIKOCTh MHAKOCTH TNPH TeMOepaType noTOKa

B ABHIKEHHH; §— PACCTOAHHE OT OCH TPYGHW A0 pacCMaTpHBacMoll TOYKH,
MAKCHMAIBLHAA CKOPOCTL

Umax = pglrd/(4p); (4.13)
CPCANAS CKOPOCTH B MONEPEYHOM CEYeHHH
v=pglrt/(8p); (4.14)
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Pie. 4.1, Ppannum son conporupaennd: 1, I1, 111—aonum coorsercr-
BEHNO. FAMLKOCTENHOIO CONPOTHRACHNA, AOKBAAPATHYHOrO, KDAApaTHY-
NG [ nepexo 0T AaMUHAPIOTrO ABMKCHIA K TYPOYACHTHOMY; 2, § —
OF SOUM FARIKOCTEHNOIO CONpOTHRICHIN K AoKBAApaTHYHON W or no-
caeanel k ksuaparnunoil.

T S e A e g
3
T

CooTHOwe e ckopocTel

fttmay = it (2—y/r)/r. (4.15)

Kospdmunent xuneruveckoft sHepram o B nonepevnoMm CeucHHM
panen 2, pacxof KULKOCTH paper:

Q = mpglrt/(8p). (4.16)

Hotepn manopa onpegeasior no dopmyae (4.1) npu A= B/Re (B ua-
Noamr unpmﬂn. 4.7) wan h“ﬁagﬂwm%,}_ (4.1) np (
|

4.7. 3nnvienna B

'll.

Cevenne

Kpyraoe anamerpom d d 64
Kuaaparnoe croponoit a a 57
(VIblLleBoe WHpHHoil a 2a 96

%Illlﬂ}'l‘ﬂﬂbﬁm:. COOTHOWIEHHE cTOpON d/b
il 1,8la 85
0,2 1,67a 76
0, 26 1,6a 73
0,33 1,ba BY
0,5 1,3a 62

4 N 2066 49



[Torepu wuanopa ua yuactke [ < Iy (I4=0,02875d Re—paauna Ha-
4aJbHOr0 Yyuacrka) onpegeasor no dopuyae (4.1), ysennuusas A Ha
BEJHYHHY Ry (rabn. 4.8). Ilpn =1y, ky—1,09 uan A= A/Re (no H. 3.
Dpenkenio), rae A—xosdduumuent (rabn. 4.9).

[Tpu [ > Iy motepn Hamopa ¢ yueTtoM HAYaNbHOTO Y4ACTKA pPABHEL:

hyq = (0,167-+641/(Re d)) v2/(2g). (4.17)

Koshpuumuenr o na navarwroM yuacrke namensnerca ot 1 (so sxox-
HoM cedeHuu) no 2 npu =1 (raGa. 4.8).

4.8, 3navenna ky H o HA HAvAALHOM YYAcTKe TpyGonpoBoaa

-10%/(d Re) - 4 G 10 14 18 22 ‘ 26 29
Fey =T LT g 2T TR e LT 1,09
o 1, 1,47 L,)B7 1,72 1,83 1,89 1,94 1,98 2
4.9. 3navennn xosppuumenta A
! 0% (dRe) |2,6| 65 | 7.8 10 |12,6| 16 |17.56| 20 |22.8]| 25
A 122 105 96,66 88 82,4 76,1676,4174,3872,77 71,5

TypGynentauill pexum Asnxennsa mupkoctn. CKOPocTH M HX COOTHO-
MCHAS B PASAHNNEIX TOYKAX [ONEPEqHoro CceqeHnHs onpeaeasior nid
paBHOMepHo3epuucrolt wepoxosaroctu no J1, Ipangrao:

B 30HC FHAPABAHYUCCKH TAagkHX Tpyl !

1/thy = 5,75 Ig (uay/¥) 45,5, (4.18)

e 4—CKOPOCTh Ha PACCIONHUM § OT CTEHKH TPYOM; w,— V Tolp =

== ]/'gR! — IHHAMHYCCKAN CKOPOCTh; Ty— KACATEALHOE HANPAMKEHHEe OKOJI0
CTEHKH;
B S0HE THAPABJAHYECKH LICPOXOBATHX TPYD

ufty="5,75 g (y/A) -| 8,48 (4.19)
COOTHOMICHHE MaKCHManbnofi n cpeancii ckopoerei |

Upas /v =1DV M V8, (4.20)

e D= (V—Htmay)/tty —OTHOCHTEABHBIA AChHHIHT CKOPOCTH,
Kosppuunenr Kopuosnca momuo paiitn no gopmyne:

fo=1--2,654, (4.21)

TAc SHAYeHHe KOS HIHEHTa HpH A, corjdcio JanHuiM Pa3AMYHBEIX ap-
Topon, 2,68...3,

CKOpOCTL NOTOKA, NPH KOTOpPOIl Toepible YACTHIH HAXONATCHA B HeM
MOMHOCTLI) BO B3BelleHHOM COCTOANMM, HA3LBAIOT KpurTHueckoil. [lua ee
onpejgenenna B, C, Knoposom pexkomennyerca dopmyna:

Uup = Wep 3/ Pr (d/de) 5] (4.22)

rae Wep,—cpennesaseiieHHas rujpasindeckas KpyNHOCTh HAHOCOB, MM/C;
Pj—coflepxanHe N0 Macce TBepPJOro MaTepHana, OTHeCeHHO: K Macce
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BOAM B paccMaTpHBaeMoM ofbneme, 9; d.—cpesHast KpynHocTs TpaHc-
NOPTHPYEMBIX HaCTHL, MM. : bodr®
Jlasa NOTOKOB ¢ HAHOCAME KpynHocteio o 0,1 MM, npH Wep 20 2MMje

H MYTHOCTH p JI0 B r/a uﬂp:]-’;u, 16Wen " pgia [311.

Tpancnoprupyiomas cnocoGHOCTL NOTOKAa TPH MyTHOCTH o 10 kr/m®,
kpynnocrn wacTHl 0,25...0,5 mm pasua [31]:

p= 0%/ (0,0001856 W2z, (4.23)

[TpubanamenHoe 3HavenRe pasMBIBAIONCH CKOPOCTH AJS MeJKOnecHa-
HBiX Hanoco KpynHocteio 0.5...0,25 MM ¢ npHMECHIO YACTHIL KPYTHOCTHIC
senee 0,05 mm n acGecrolleMenTinX TpyGonporoaax paeno [31]:

vy =1,5[0,94— 1/(0,027T1:2 |- 1,3)] d114, (4.24)

rae T'—pBpems naxomjenus nanocop B TpyGonposoje, cyT.

Tomuuna saskoro noacnos pasna &—32,84/(Re ¥V 1).
amna wavaibHoro yuacTka Ais SOML TIAAKOCTEHHONO CONPOTHRIIE-
st fy = 0,639 Re" 2%, kpaaparnunoro conpotupneuns (no I'. B. ®duaan-

nony) hy==245d/ ¥V A Ilas tpyGonpoBofos ¢ pasiomcpHosepuHcTofi T me-
POXOIATOCTLIO A MOMKHO ONPEeNHTL N0 rpadHKan ﬁwm 4.2) uamjno
“hopmyaam: aas nepexonnoit sonm (no H. 3. ®penxento) b= 2,7/Re05;
A0NB rABAROCTENHOrO  conpoTHBACHuA (no Baasuycy) A= 0,3164/Re028,
IKosdmunentu Tpenns ans Tpy6 ¢ HePABHOMEPHON LICPOXOBATOCTHIO
PEROMEIAYETCS ONPeASIATE B 30H¢ AOKBAJAPATHIHOFO CONPOTHBACHHN: MO
payae Kombpyxa— Yatira —1/ Y A=—21g(2,5/(Re ¥V A) A,/ (3.7d);
b Anwminyan<d o 0,11 (A, /d |- G8/Re)". o, *

tglwon) JEgn ot B
"or—
1 U
a‘ i S
e _E__T ; )
hor- & / b -l
2 el
A
0 o
" =
i\ e
i

26 30 3k 38 42 45 50 Sk tgRe

Piie. 4.2, 3apncumocrs xosdibuumenta conpornpaenns A or Re s Tpgrﬂ

U palmiomeprosepHicToi wepoxoearoctsio: [...3—A=64/Re; 2,7/Rev5s;

(LA 164/Rev, 26, 4...9-—&,’:1‘-_—-{},{}333; 0,0163; 0,00833; 0,00396; 0,00198;
000398,
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Ha ocHose dopmyant Konbfpyka-—Yafira coctasicka auarpaMma
Ans onpepenenus A [119, 123). Ilpw A, Re/d > 500 sra dopuyna npa-
BOAHTCH K BHAY dopmyanl [Tpanaras — Hukypaase +-—11' IL 2lgd/As 4
-+ 1,74, a opm 12 A. JL. Aasturyas —x Gopmyae B Jmﬂmuam
A=0,11(A,/d)%*, Ilpn A,/d < 10 dopmyaa Kﬂnhﬂp:ﬂla— afita mpH-

BOAHTCS K qmpu]me Mpauatan— Huxypapse— 1/ Y A=2lgRe VA - !.'l' 8,

a q:-:uﬁlzyna A. 1. Anwriyas—xk dopmyae Baasuyea,
CTANBLHBIX H MYTYHHBIX BOJONPOBOAHKX TPy® A onpeaeqanior no
Gopuyaam [106]:
B 3one rAajKoCTeHHOrO L'DI'IPDTHHJ'I'EHHH COOTHETCTBEHHO A0H HOBRX
CTANBHBIX H YYrYHERX TPpYG—A—0,25/Re% 26, A =0,77/Re 284,
B 30HHX d;munn;r.parummm H Hna,upa*rummru CONPOTHBACHHI — A =

=a (c-}v/v)4/d® [a, b, ¢, dy— kosppuunent (taba. 4.10)].
4.10. 3navenns Kospdpuunearos a, b, ¢, d
TpyGu ’ a ¢ i
Hosue cranvune 0,3120 0,226 1,9.10-¢ 0,226
Honuiec ayrynsme 0,8630 0,284 0,56 0,284
Crasibhble H gyryHune tpyonl e
nopsie:
vfvee92.100 u=2 0,0210 0,300 —_— —
v/v < 9,2. 100 y-1 1,0000 0,300 1,5.10=% 0,300

Ilan pacuera A AAs HOBMX craabibix TpyGonporosos B. I1. Epmo-
JEHKO mnpeptomenst opmyas: npu Re > 147 (r/Ag)*'%, r/Ay = 15...750
(Gea cpapuuXx croikoB) A -=0,162/(r/A,)%"; Re > 10 (r/A)'S, r/Ay =
=320...750 1 5 < ln/r < 75 ( !r—paccmmml:: ME WKLY cnupuuuu CTH-
Kamu) ey 34.-’[{1'.1"&..]‘-“ (Lep/r)13). Ve

s prﬁonpnnunﬂu Anamrpuu menee 4 M A=8gn® (4/d)*" ", Gonee

4M A= Bgn' @)™ V1[2), rae n—xospuument mepoxoBATOCTH |
(raba. 4.2); AN CTANLHBIX TOHKOCTEHHBIX TPYO, DHYTPEHHNN TOBEpX-
HOCTh KOTOPHIX NOKPHTA UeMeHTHO-NecuanbM pactsopom, n= 0,013,

Jlas sxmayampycuu: TPYGONPOROAOE A MOMHO ONPCACAHTL 1O
dopmyaam A, 1 ﬂhTﬂJJ'JIH. BHECS B HHX nmrpauny Ha IWePOXOBATOCTD,
HAPHMEp A= ﬂ 11 (As/d+4- ko68/Re)™28, Jlna wonmx TpyGonposogos,
CRAPCHNLIX BCTHIK, NONpaBKa Ha wepoxopatocts ka=13...1.56, nokpu-
THX BHYTPH GuHTYMOM kp = 1,3,

ConpoTHBAGHHE HA CHHHUY JAHHB prﬁnnpnmnﬂ A, neobxoaumoe
Anf pacuera notepb Hanopa, pasuwo [106]):

JUIS HOBBWIX CTaAbumx TpYG npu f= 0°C

A=0,001314 (1-} 0,684/v)"220/5 229, (4.25)
A HOBBIX WyryHHuXx Tpy6 npn {=10°C
A=0,001190 (1-}-2,36/v)0284 45,284, (4.26)
AAf SKCNAYATHPYEMBIX CTaAbHBIX H 4yryHuux Tpy6é npu v > 1,2 M/c
A=0,001735/d%; (4.27)
B 30He AoOKBajpaTHunoro conportusaciun [108]
A=9,006-10-4 (A,-}-6,8v/v) "2 /45,28, (4.28)




2

Coraacio CHulTI-11-31—T74, notepu nanopa Ha eAHHHLY JTHHB TPY-
Gonpososia caefyeT onpejensTs N0 GopMyaam:

npH v < 1,2m/c

1=0,00148Q2 (14- 0,867 v)%*/db3, (4.29)
v=12m/c
1 =0,001735Q2/d53, (4.30)

Jnsi  TRAPABAMYECKEX pacueToB acGecTONEMEHTHLIX Tpy6 MOMKHO
HCNONB3OBATL Clefyouine qopMyan:

v =132 9,86 f0,54. (4.31)
H. I'. Maanmesckoro, H. A, Fexmaua
v=118R0:%3]0,54. (4.32)

h=0,184 (0,37 10~04-v/v)0.18/d019 (npubauamenno) [106); (4.33)
npu v=1,3-10-% m%/c

v=0,11 (14-3,51/v)%18/d0,19, (4.34)

C yuerom dopmynn (4.34)
1 =0,000661e2 (1 3,5]/uv)%18/d1,19 (4.35)
A= 0,000910 (13,51 /0)0.19/d5,19, (4.36)

llpn ve=1mfc A=0,001212/d%1® (taGn. 4.11).

401, Snavenns A (c*/m% ann acGecrouementnmx Tpy6 (FOCT 539—73,
'OCT 5990—70) mpn v=1wm/c [11]

BT 6 BT @ BT 12
i ys MM -
¥ dp. MM A de wm A die mm | A
100 104 163, 144 100 187,717 96 232,014
150 | 46 20, 334 141 31,564 135 39,543

200 1563 b, 71076 189 G, 89709 181 8,63279
A00 289 0, 76110 279 0,913729 270 1,08324
400 381 0,181344 368 0,217146 356 0,257916

Npwmenanne, Aoa o< I wfc u v>1 /e ratnnunoe snaveniie A caAefyeT
YMUOMUTL N nonpanoyiuf KosddgienT ""n (Tabna. 4.12).

412, Swavenun nonpasoutoro kospduumenta by, pas
achecrouemenTuux Tpysd [106]

W Mfc kn v, m/fe L v, mfc ko

0,20 1,308 0,85 1,025 2,10 0,905
0, 26 1,257 0,90 1,016 2,20 0,900
0,30 1,217 1,00 1,000 2,30 0,895
0,35 1,185 1,10 0,986 2,40 (0,891
0,40 1,158 1,20 0,974 2,560 0,887
0,45 1,135 1,30 0, 963 2,60 0,883
(), 50 1,116 1,40 0,953 2,70 0,880
0,55 1,098 1,50 0,944 2,80 0,876
0,60 1,082 1,60 0,936 2,90 0,873
0,65 1,069 1,70 0,928 3,00 0,870
0,70 1,056 1,80 0,922 3,20 0,864
0,75 1,045 1,90 0,916 3,40 0,859
0, 80 1,034 2,00 0,910 3,60 0,855
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Pue. 4.3, HoMorpamma ang ruapabpInyeckiX pacucToB acGecToleMeHT=
HuX TpybonpoBojaos,

Jas ynpoutenns rRAPABANIECKHX PACuCTOB 8cGECTOUEMCHTHBLIX TPY-
GONpoBOjOE MOMKIIO NMOJABL3OBATECS HOMOrpammol (puc. 4.3) [31]. ITorepn
Hﬂmﬁf; MO JIHHE MOKITO PaccHHTHIBATL corjacHo wueTpykuun [107].

. MeJNeI0GeTONINX HANOPHBX TPYGONPOROAOB A CJAEAVEr pacCHH-
THEaTE o dopmyae A, JI. Aawvryas, onpejpeass nonpapky na imepo-
xopaTocTh R, no TaGauue 4.13 [6].

3nas cpeancapupmeTHIecKoe OTKIOHEHHE npoduas mcﬁuxunamcm
OT cpefnel JHHHH, XdpakTepHaylomce BHcoTy Heponnoctel (R,), mar
MCHAY NepOBHOCTAMHA (S,) MOMXHO nafith A no dopmyse [26]:

A=0,326 (Ry» 103/5,, -+ 1)%172 (2R ¢ 10%/d-1- 1)0478/Re0,28,  (4.37)

ugpapanveckunii  ykaon ans  kenesofetonnnix  Tpy6é  [coraacHo
CHull 11-31—74 onpegeasiior no gopmyaam (4.29), (4.30). Momko we-
noaE30BaTL W caeaylomue opmyas [9): upw v=123 Mjc J=
= 0,00109¢2/d1*% npr v= 1,23 m/c /= 0,00080/(1 |- 2/v)0:254 /41,258 | ],

[MoTepn na eNHALY MIHHE JONYCTHMO PaCCUHTHBATE Il B0 APYIHM
opmynam, B GACTHOCTH  [= k,ul0/d! 1% [—=k QL8 /d850; ") —
=q:k¢cQ1-‘-“',-’ri“*“, rae Ry, kg, ko —xospunHCHTH, SapucsmHe OT

KAYCCTBA BHYTPeHHeR MOBePXHOCTH TpyG; suavenns by, ko npuBeieHs
o rabanne 4.14[26]; kg =0,001688—naa Tpy6, MIroToBACHHHX B COOT-

sercTBin ¢ CH 324—72; @—xkospdrunent H3MeHeHHSl WEpOXODATOCTH
C¢TeHOK TpyG (raén. 4.15).
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4.13. 3uayenna k, ana GeToHHBX TpyGonpopojos

XapakTepPHCTHRA NOBepXHOCTH

ka

TpyOu nopsle, NOBEPXHOCTDL TVIAJKAA, KauecTBo pa-
GOT NepBOKJACCHOC, CEKILHH COCTHIKOBAHH H 3a-
rpYHTOBAHB, CTLIKH raaakde (popmbl And H3ro-
TOBJEHHA CTalbike)

Tpy6u wopwe waH GeiBluMe B sKcnayaranuu ao 1 roga,
MOBCP XHOCTHLI G0l TULATCJBHO JarjameH Kam-
HeM HJH meTkodl (popMel cTalbHLle WA pPesHHOoBas
0f0104Ka)

Tpy6n, GuBIIME B SKCOAYATAILHK CPOKOM [0 O JeT,
MOMOJIMTHBEIE, TIOBEPXHOCTb FHaAKas UeMeHTHAA,
CTRIKH criaennl (onaaybka craibHasn)

TpyOul, OuipuHe B SKCNAYATAUHH, NOBCPXHOCTH YH-
CTas, OHONOTHYECKHX OTNOMKEHHI HeT, CTLKH e

POXOBATHIC H HECrAAMCHHBIC ((POPMBI CTAABNEIE H/IH
JlepenanHLe)

TpyOu, GuipuHe B SKCNJAyaTAlHH, 3aROJICKOr0 HAro-
TOBJACHHS MAH MOHOJHTHEIE CO CASJAMH JlepensH-
HEX  POpM, CTHKH WIEPOXOBATHIE, NOBEPXHOCTL 34
BPEM Il SKCIAYATAUNN  KOPPOANPOBANA, NMEKOTCH
OTVIO e M

TpyOu b npoiecce SKCOAYATALNN  cHAbIO 0GPOCIH,
MOBEPXHOCTH ONC L MICPOXODATAN, CHALHOBOIHHCTAS
(popmbt pepensiibe)

l<a=<1,5

I'E { mﬂziﬁ

2.l

4. 14. 3uauenunn xoaduunenToB &y M kg

Cnoco6 naroronncdns Tpyo

v k-‘:}'

BuGporuaponpeccopaliié b COOTBETCTEHH C Tpe-

Gosa suama CH 324—72 D,001078 0,001688
Harortowjenue Ha yiaydwesHoM pesunopom uexnace - 0,000998 0,001643

HaroTopiente Ha YAVHUINCHIOM Pe3HNOBOM HCXJe

¢ npumMeneHnem cynepnaactauxaropa C=3  0,000907 0,001473
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4.15. 3navenn1 KopdgHuHerTa

d

1A |

R, y' _
uEM 600 700 | 800 [ 1000
150 1, 163555 1,155147 1, 148407 1,138271
130 1,112140 1,106541 1, 102061 1,095342
100 1,029496 1,028105 1,026997 1.025342
90 1, 000000 1, 000000 1,000000 1, 000000
80 0,969224 0, 970600 0,971694 0,973322
70 0,936891 0,939620 0,941786 0,945007 |
60 0, 902607 0, 906657 0, 909866 0,914630
60 0, B65TI3 0,871116 0,875327 0, 881566
40 0, 825544 0, 832068 0,837221 0,844842
Hpodoaces us
Hl' d;r' MM
MKM 1200 1400 1600
150 1,131012 1, 126667 1, 121308
130 1,090543 1,086944 1,084144
100 1,024165 1,023285 1,022602
90 1, 000000 1, 000000 1, 000000
80 0,974476 0,975338 0, 976005
70 0,947286 0,948985 0,950299
G0 0,917996 0,920501 0,922438
50 (0, 885968 0,889239 0, 891767
40 0,8530209 0,854192 0, 857266

Iia  noanstuaeHoBuX TpyGOnponoAos A MOMHO ONpEAeANTb NoO
thopmyae 3. P. Manauuyka:

npu o==0,016...0,032 m

A=0,2017 | Re"2, (4.38)
npu d=0,04...0,3 M, 8000 < Re < 750000 [63]
A= (0,20 —0,000236d) /Re022. (4.39)

[Motepn Hanopa Ha eAMHHILY AAHHLI TOAHITHACHOBBIX TPYyGonpopo-
JOB PABHBL;

npu ¢ =10°C [106]

[ = 0,0006850,774 /1,210, (4.40)
coranacwo CHull I1-31—74
[ = 0,00105Q1/774 /4,774, (4.41)
Conporusaenne Ba epunuuy arany [106]
A=k, 0,0011]/d%228 (4.42)

rae ky—nonpapounuit kospdunmenr (raba. 4.16),
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4.16. 3uavenun xoopuumenrta ky

v, Mfe . R ‘ v, MfC }

n Fy
0,20 1,439 0,8 1,052
0,25 1,368 0,85 1,043
0,30 1,313 0,9 1,024
0,35 1,268 1,0 1,000
0,40 1,230 1,1 0,991
0,45 1,198 1,2 0,960
0,50 1,170 1,3 0,943
0,55 1,146 1,4 0,926
0,60 1,123 1,6 0,912
0,65 1,102 1,6 0,899
0,70 1,084 1,7 0,887
0,75 1,067 1,8 0,876
Ilasi snunnaacrossix Tpy6 cornacno MH 1427—61
A == 0,36d%01 /R ¢028, (4.43)
{ =0,00032Q115 /4,05 - (4.44)

TpyGm ma creknonaacTHKa paccyHTHBAIOT no opmyaam [63]:
npn 100 < d < 150, 10* < Re < 3.10%, {=10°C

A == (0,0492—0,0096d) (d/Q)019; (4.45)
npn B0 < d < 100, 10" < Re < 108, {==10°C
[ = 0,001 (0,41 —0,08d) Q141 /d451; (4.46)
Jum joGux suayennit f
A== (0,282-—0,0005444d) /Re® v, (4.47)

Jlag rubknx  kanponopux  TpyGonponogon / MOKHO ONpPefesHTL 10
vabanne 4,17,

JUin pactiera Tpys ua Apyrux MaTepuason npuMeHsIoT hopmyant:

CreRanime rpytonposoan | 13)

A= (1-}-0,235/v) 0,0085/d 28 (4.48)

Hian
A =0,1461 f(d0,*2850,238). (4.49)
[ = 0,000745 — vt 774 /41,236, (4.50)

damoMHHnesste TpyGonpoeoaw [32]:
B 30He JOKBAAPATHYHOTO CONPOTHBAEHHA

) = 66,5/R e0is47, (4.51)
1 = 0,00049201,563 /13,847, (4.52)

np t=15°"C u v=11,463-10-7 m/c? A= 0,00965/00:547 d0,647. 1;q
noswx Tpy6 A=0,1 (0,037/d-} 100/Re)0:28,

1 = 0,00049201,333 /41,267, (4.53)
. a7



4.17. 3uavenusn /-10°m Ha 1KmM ruGeoro KanpomoBoro TpyGonpososa
(no pamnem A. H. [Netpyxno)

d,f, MM
Q, aje
200 250 200 350

10 0,55 — — o Zi
20 2,10 0,6 0,24 — L
30 4,40 1,4 0,50 0,25 %
40 8,60 2.4 0,90 0,45 i
50 13,00 3.8 |,40 0,70 b
60 19,00 5,4 2.10 0,95 g
70 25,00 7.3 2,80 1,25 K
80 32,00 9.4 3,50 1,60 -
90 39,00 Y2 4,40 2.00

100 e 14,2 5,30 2.40

120 —_— 19,9 7.30 3,30

140 — 26,0 9,60 4,30

160 — 33.0 12,10 5,40

180 e 41,0 15,00 6,70
200 e 50,0 18,00 8,00
300 — —_ 37,00 16,00

Kepamuueckue Tpyom (popmyant A. C, Llefitauna):
npy v=27m/¢

A= (0,95--0,15/v) 0,11/do:s, (4.54)
npn v > 2,7 mje
A =0,011/d0.28; (4.55)

MAOCKOCBOPAMMDACMBIE  AJIOMIHHECDBWE # crTaasusie  TpyGonpopols
(no B, H. MHPGHE u I'. A, Poeny):
npu 410" < Re < 4.104

A= A;/Re0:28, (4.56)
npn 4-10* < Re < 2-108
A= Ag/ReM1?, (4.57)

rie Ay o Ag—xospPuuUnenTsl, JADHCANME OT COOTHOWCHHA. @ W b —
noayocell Tpy6 (taGa. 4.18).

4,18, 3navuennn wospgmunentos 4, n A,

Ay 0,250 0,275 (0,300 0,310 0,316
Ag 0,165 0,170 0,180 0,185 0,185



4.19. 3nauenns pacyeTHOro AMAMETPA PYKABOB

AMAMETD rAsAKore peanHoporo Anamerp apMuposasiioro
l—l-;’l’tl’gf*' PYKapa, M PEAKHOECTO DYKABH, MM
MIlla
25 | a2 | as | 60 |65 | 25 | 32 | a8 [ 50 ‘ 65
0,06 25,0 31,2 39,0 50.5 67 24,6 32,0 39,6 54,5 66,8
0,10 25,4 320 39,9 G&1.6b 69 24,8 32,1 40,0 54,8 67,2
0,16° 26,8 328 407 52.2 70 24,9 32.3 40,2 B5,0 67.7
0,20 26,0 33,0 41,4 52,6 71,8 25,0 324 40,3 65,1 67,9
0,20 26,4 33,5 41,8 53,0 72.3 95.1 32,6 40,4 55,2 68,0
0,30 26,6 33,7 42,2 53,4 72.9 259 32,6 40,5 55,3 68,1
4.20. 3navenun A ans 4.21. 3nauennn xoappuunenrta &

APMHPOBAHHMX PYKABOB

JVin THOKHX pyKasom

dyy Mn L

Pykan k
25 0,051...0,067 OueHb MAKHA  peanHoB bl 0, 00086
32 0,063, ..0,066 OGuxHose il peannopwfi 0, 000899
J8 0,072, ,.0,090 Ouenh raaakuil npopeannen-
Hi0 0,083, ,.0,00 i 0, 000884
i 0,086...0,1 Ouenn  wiepoxovatuifl, nuy-
PR NPOPEIHHEHH R 0,00163
Obusnonennuit  nenpopesn-
HeHH b 0,00213

An pacuera pykason  umcnoansyior dopmyay (4.1), noacrapaas

BOHEE B OKANeCTOE PACHETHOrD JHAMETPA YCJAOBHMN, 3aBHcaulnil

OT BHYT-

PUIHETO Aanaerin (taGa, 4.19). Kosdduuwent A aas  apmupobannpix
apon mpe ganaennn go 0,3 MITa moxHo npuHsMaty o Tabauue 4,20,

HraakNx p
o= Rosp phriment,
h2)

Kosfdmunenr A aia raGxux
F}FHHHUII MOMHO ONpeJleqHTE Tak -
e no popuynam: A=0,01134-
089170 Re=9" (no B, M. I[Ipo-
Kopueny) n A=19,62 x, rue k—
KoWppPUIBeHT, YURTHBAlOMM I Ma-
TepRia pykasa (raéa. 4.21).

Auusenne xugKocrn p Geana-
nopumx rpybonpomsopax. Pacuer-
e (hopMyasl  caeayiouHe: pac-
xon Q =wCV Ri; pacxoauas xa-
PAKTEPHCTHKA, WAH MOAYJAL pac-
X0, EﬂQfVi (i-yknon Tpy-

Oul); CKOpPOCTHAA XapakTepHCTH-

a==(.38..

ykanon npy Re=5.10° ...

1,2-10% A =g/Re" 26

|

L=

e

/

[

\

a

-

a7

f

051

0.3 -4

X

25

B

g1

]

7 ar

-'""'—

7

O3 G5 6T  GIK /KWW

Puc. 4.4. 3apucumocrs K /K u W, /w
OT CTelleHH 3JanojHenust TpyGonpo-
BOJA.
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Ka, #au wMoayab ckopoeth, W=Cy R—uw/ ) i. Pacuetn ua-
CTHYHO 3aMOJHEHHHX TPYOONPOBOAOE BHINOAHAKT C NOMOUBI0 rpalHKoB
H TabnEn, cocraBdenmnXx Ans ornowenuit Ky/K; W, /W; wy/w; Ra/R
B DaBHCHMOCTH OT CTeNneHH HanoJHchus TpyGonposogpa a=H
(Ky, Wy, @y, Ry~—XapakTepHCTHKH NPH HeKoTopoli rayGune BOAR
B YACTHYHO SanojleHHoM TpyGonposoae; fHy, K, W, @, R—xapakTepu-
CTHKH TPH NOJHOCTHIO SanoaxennoM tpyGonporoje, To ectshripw H =d)
Pacxojl ¥ CKOPOCTHAS XapaKTepHCTHKA WACTHUHO 3anoaunenworo tpy6o-
nposoja pasuu: Ky=Ka;, Wy= Wa,, rae a, a;—xospduuyents, sa-
BHCAULHE OT CTEneHn Hanoanenun (puc. 4.4).



Fnasa 5

NBHUMEHME YXMAKOCTHU YEPE3 OTBEPCTHA
M HACALKM

O6umme noaoxenns, Pacxoa MHAKOCTH npu HCTCYCHHH dcpes oTBep=-
CTHS WAH HacajlKH onpejenasioT B ofiem cayusae no gopmynae;

Q =eqol 2gH, = poy 2gH,, (5.1)

PAC B == g0/ 00— KOXPPHUHEHT CHKATHA; Wey— NAOMALL B CKATOM Ceve-
HHH HA BHIXOAE HA OTBEpPCTHA, Hacaika (At KpaTHKOCTH CAOEO «IACALOK»
jAasee Beaje onyueno); -—naouaib BHXOAHOTO CeYelHs OTHEePCTHSN]
P=0/0;—K HILMeNT CKOPOCTH; U— JAeNCTBHTCALIAR CKOPOCTh MCTe-

wemms; ve= V¥ 2gH, -TeopeTHYCCKAs CKOPOCTL MCTEUCHHS, | == £ — KO-

wfpuunent pacxona; Hy= Ap/(pg) -+ ve/(28) + Hy— Hy+ | —nanop, npn
KOTOPOM  NPOHCXOAHT MCTENCHHE JKHAKOCTH, Ap== p;— py—llcpenaji
panacundt; oy wopy—abcogoTHoe  papienne Ha cpoGoanoll MOBEPXHOCTH
KWIKOCTH COOTBETCTREHNO B eMKOCTH, B KoTopoll YCTANOBJAEHO oTAcp-
CTHE, B B NPOCTPANCTHE, KYA4 DHTEKACT XHAKOCTL, P—NJOTHOCTD
MILIKOCTH PR TEMNepaType MHAKoCTH npu Herewenun; Hy —pacctonnune
o weprukaan ot cocGoanoll NOBEPXHOCTH MHAKOCTH B eMKOCTH, ae
YETANOBICHO OTBEPCTHE, J0 BXOAHOrO €ro CceueHus (OTBEpCcTHC YCTa-
HODACHO B JNe) wan Ao ero ock (otepcrhe ycranosaeno na Goxonoil
NOBEPXMOCTI  eMKoeTH); Hy— paccTosnne no BepTHKaan or csobogmoit
HOBSPEHOCTH MUAKOCTI B CMEOCTH (NPOCTPAHCTBE), KYAA BRITEKAET MHH1-
KOCTH, A0 DMXOANOro CeqcHHHA OTBEPCTHA WAH A0 €r0o OCH | —anKua
OF e,

pn onpeacaennn H, DOSMOMHBE CAGYIOWHE CAYYAH HCTEYCHHA:

Anmienie wa esoGognoll NOREPXHOCTH MHAKOCTH B EMKOCTH, KYAa
NPONCXOAHT NeTedenne, atmochepuoe, Toras Ap = (01— Par)/(PR):

AnsAeHne na cooGoanoll NOBEPXHOCTH MHUAKOCTH B OOOHX eMKOCTAX
nrMocdeproe — Ap =0,

NAOULAL  TONEPENHOrG CEYEHHH eMKOCTH, B KOTOpoll yCTAHODJICHO
OrpepeTIe, saunTeasio Goasue IIOWAAH €ro NonepevuHoro CeYeHHs Ha

WXOAL; caeponaTeasno, ve/2g ex 0;

NWMXOANOE CeMelne Hacajka He 3aTtomieHo—Hy=—=0;

OTOEPCTHE  pacnosomeno Ha Gokopoll nopepxnocTH EMKOCTH HJH
MIAKOCTE BHTEKaeT, ne Kacasch ero Goxonofi nopepxnoctd—I=0;

OTBEPCTHE PACHONOMKCHO B JAHC COCYAA M KHAKOCTH BHITCKaeT, Ka-
canch ero Goxkosoll nopepxuocTH, — | cleayeT yuHTHBaTh npn pacuere ff,.

5.1. HCTEYEHHME YEPE3 OTBEPCTHA

Mcerewenne #3 magoro (Awamerp BuixoaHoro cevennn d < 01 M)
KPYraoro OTBEPCTHA NPH NOJHOM COBEPLIEHHOM CKaTHH B armocdepy.
pu Rt-T[ReT=V'2gH,dfv. pasioM 2...300, Hy < H.,, rae He,—
nanop, rql:m KOTOPOM TMPOHCXOMHT OTPLIB MHAKOCTH OT GOKOBBIX CTEHOK
(tat, 5.1), ocTpHX BXORHBIX KpoMKax KoxphHIHEHTH pacxofa MOMHO
uafiry no rpapmkam (puc. 5.1) wan no dopmyaam [80]:
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Pue. 5.1. 3asucumocts p or Rey nan kpyraux orseperuit: 1...6 —
ld=0,1; 0,2; 0,28; 0,43; 0,73; 1,00,

npn Rey << 100 [/d

=V [14,821/(Red)F-5,83/R e, |*0,463 — 14,82//(Re,d) —b5,83/Rey;
(5.2)

npu 3000 //d = Re, == 100 //d
w=V [251/(Recd) 7,41/ Reg |*-1-0,588 — 251/(Red) —7,41/Rey.  (5.3)

GDopmyay (5.2) cacayer npuMensth g onpeaencunn pnpu Re=<10,
I/d=0,1; Reyeg 20, l/d=0,2; Rey =< 28, [/d=0,28; Rey < 43, I/d = 0,43;
Rey s 73, 1/d=0,73; Repws 100, [/d=1. B ocTaabhux cay4anx B yka-
SaHuBX  Ananasonax Rey caeayer npumensts opmyay (5.3). Ilpn
Hy > Hep pan Bncqerﬂ U HEOGXOAHMO I KAMECTRE PACHCTHOrO IHAMEIHA
:;3 npunuyats 0,1,

5.1. 3nauewns I, B sasucumocrs or [/d

Iid 0,1 0,2 0,3 0,5

0,4 0, G 0,7 0.8 10,2 1

Hepym 3 6 8 10 12 14 15 16 17 18

Mpu Ree > 300 otuocutensuas ganua [/d npakruueckn ue samnser
$a i, ecAH OHd MeHbIEe eMHHUL, TOrja [ papen:

npu 300 < Re; < 10*[80]

p=1/(12:10~% Re, 4 1,48); (5.4)
npu 10* < Re, < 107 [80] ;
p=1/(1,66—900/Re,); (5.5)



npu I/d=<0,1p paccuntusaior no gopmyaam A. Il Aavruyns:

Rep =< 10t = Rey/25,2;

Re,, < 25p == Re,/48;
256 < Rey < 300p= Re;/(1,564-1,4 Rey);
300 < Reg < 10%1=0,5924-0,27/Re,/*;

Rer > 10% ju=0,592-5,6/V Rey.

Ecail BHXOANLIC KPOMKH BRINOANEHH NOA YIIOM HJAH NO paguycy,
J¢ caeayer onpefeanats no rpadmkam [80]. Maxchmym p Gyner ofecne-
uen npu cobmiofienun caeayliomnux yeaopni: r/d=0,2; [/d=0,15;
[} =40...60° (r—paanyc 3aKpyraeHns BXOJAHHX KPOMOK; [p—AnHna
Konycnoli yactu; f—yroa Kouyca).

Jlng pacuera kosppHUMEHTA CHKATHA  MOMIO HCNOALIODATL HMEIO-
lmecs v auteparype aaunwe [5, 80); npu Re,=308...108—¢opmyay
#oe 1L,0318—0,001378 Rey. Kosdbdmuments cxopocTh oToepcthii npu-
pejen B [5).

®opmyaamn (5.1)...(5.5) momuo noavsosartbes npn Hy' > Hyg
{H.F-w KPHTHYECKRA nanop, NpH KOTOPOM NPOHCXOAHT NPOPLIB BO3AYII-
HOro sApa BOpOHKH B Jounoe ornepcrue).. Onpepeants My, Moo,
novibayscs popmynoil P. ', Tlepeanmana:

H:u;p."ld == n.E {I'EHJVE}“.EE i

PO Dg == CKOPOCTL B CHATOM CEYCHHH CTPYM.

l’ipu Hy > Hyy p onpeacasior u no onurnusM gannum [5),

Jlan vanrenunaavnmx orsepetuit npu 0,2« I/d < 1,6 no qopmyne
MM, Mupkuen panen = 0,84 —0,2 [/d,

N OUpRACACHNS 4 KBAApATHBIX M NPAMOYroAbHLIX oTRepcTHA

U OCTPMMNE BXOUNWME KPOMKAME  NPH TIOJTHOM  COBEPUICHHOM  CHATHN
HerRieiin n armocdiepy M OTCYTCTBHH TPAHAHTHOFO NOTOKA HCNONbIYIOT
SARAYINLIe Gopmyan [BO):

W naparix npn 2600 Regp=V 2gH, R/v <2+ 109
o= 1/(1,666—450/Re.g); (5.6)

e npasoy roasiux npn 6. 108 < Rey p 108 b/a=2.,.30 (a, b—
HIpRHA 0 Bwcota oraeperin) [80]

o /(1,62 630/Re ). (5.7)

Merewenne mupakoctin gepes satonaennnie orpeperus, Kosduuienrm
pacxoan onpeaeasior no dopmyaam [5):

Iy =gf}"2§:ﬂmﬂ—£“n‘+l —Eﬂ-mj-{-{:u."‘ (5.8)

PAR M @/, M= 0/t —CTENCHb COOTHETCTREHNO paclumpenus ucxa-
THE NOTOKA, @— NA0IALL OTBEPCTHSA, O, O —NA0UAAL MHBEOI'O ceye-
Wi OTOKA COOTBETCTBENNO nepea B 3a oTnepeTHeM; (p— kosQuilHenT
CONPOTHRACHHEA NHC3ATONJMIEHHOTO OTREPCTHH,

Hpn nereuennn nd Goabmofi eMKOCTH B eMKOCTh, pasMmeps Kortopoft
CONAMEPIMB © PAIMEPAMH OTBEPCTHSA, TO €CTb A={, m > 0,

py=e/Y 26m®—2em-}- 1--C. (5.9)

Ecan pasmeps otpepeTil 3HAYNTENHHO MEHbLIE PasMEpoB wMKocTedl,
Yo e¢th n=0, m=0,

Hay=e/Y 14-5,. (5.10)
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Kosthduinental conporupaenift satonnennnix oteepcTHit B TpyGax
MOXHO onpefeants no Gopmyaam [80]:

Ly=1,92n—4,8n-1-2,88; it e
Za=1,92[0,5 (1 —n) = (1—m)®]. (5.12)

[Mpr Re=(0,3...2,1)-10% 0,2<CIl/d =1 p onpeaeasnior no dopmyne
H. M. Beasesa, T. M. Hasnna:

Ky = 0,54 4-0,271/d. (5.13)
3uauenun p, moxno sulparh no aanuuiM H. I'l, Croyex (Taba. 5.2).

5.2. 3navenus jL AN SATOIIEHHMX OTBEPCTHH

de=1.,5] um, 1/d=0,32, [d=1,51 um, [/d=0,7,

Ap, MIla | d=2,01 mm; I/d=0,25 p=2MIla p=2MIla
0,02 0,647 0,677 0,743
0,03 0,655 0,716 0,720
0,05 0,656 0,772 0,763
0,10 0,658 (1, 638 0,711
0,15 0,634 0,635 0,725
0,2 0,630 0,637 0,745
0.5 0,624* 0,663 0,677
1,0 0,6256* 0,717 0,671
1,6 0,625 0,626 0,671
2.0 0,624* 0,629 0,689

*Iuavennn p npn pyp=4 Mlay apeauayome=npn pg=2 MIln,

Herevenne uepes oTBeperia npi Heconepui eHHOM i HENOJHOM CRATHH,
IMpn venoanom cxarTni KosduuuenT pacxona pane:

tmen = (1 4 Einens 1), (5.14)

rae p—xosxppuunent pacxola npH NOJHOM COBCPUIEHHOM CHKATHM 110-

TOKA, %, Yyuen — NEPHMETP COOTBETCTBEHHO BCEro OTBEPCTHS M Toll cro
HACTH, HA KOTOPOH HET CHATHH, TO ecTh HCKpHBAenHn Annuil Toka ner;

k—x HILHENT, AJs Kpyraoro oTeepetus k=0,128, nan npsamoyroip-
noro—Rk==0,152. I1lpn necopeplieHnoM NOAHOM CHATHH L PACCYHTLIBAIOT

Paee = 1 [14-0,64 (0/we)*], (5.16)

1fie . —NJ0Waas crTenkn (Aua) emrocTH, B Kotopolt ycranosaeno

no (opmyJe:

OTBEPCTHE,
s otBepcTHH, YCTasoBJeHHOro B TOpuoBOil cTenke narpyGka:

Pec == [1--a (bo/o,—1)], (5.16)

rae a=0,04566; b= 14,821 —paa gpyraux oreepcruii; a=0,076; b=9 —

AR NPSIMOYTONbHBIX,
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HOna pacveta Kox(xpuumenTa caatHa & MOXIO Hcnoab3osath dop-
MY

Byee = 0,67 -4-0,043/(1,1 —n) [5]; (5.17)
B. H. Kapesa
Re=10...40
e=1—b(Re—10), (5.18)
rae b=10,0023.,.0,0013 w/w,;
Re—40.. .20 000
e=a-|-b/lg Re, ‘ (5.19)

rie a=0,447-1-0,078 w/wg; b= 0,799 10,052 o/ w,.

Hereuenne uepes Gonbuine orneperis, Pacxo) HAKOCTH 03 Godk-
HINX HesaTonaennbix orsepeTuil pasen:
AR KPYrasx

Q= pewV 2gH, [1— (d/H,)*/128]; (5.20)
VIR MPAMOYFoAbHBIX
Q = pgab V" 2gHy [1 — (a/H,)*/96); (5.21)
npn a/fl =1...1,5 Q= pgab ¥V 2gH, nan npu py= ps==par, Hy=0
Q=pgblV 2g (HY'* — 1), (5.22)

CAe g — Kospphuumenr pncxﬁnn (ra6n. 5.3); Hy, Hy—paccroanuns or
cuofoanoll nosepxioctin coothercraenio 1o nepxuellt W HUKHER KpoMOK
aThepCTI,

O Swavennn g no H. H. NMasaosckomy

Orneperne g

[ ==

CPEANNY pasMepos co CHkaTHeM CTPYH €O BeeX ¢Topol

CHPH OTCYTCTOMN HANPABANIOWHX CTeHOK 0,65
Boabuioe otseperne ¢ necobepuienibm noaHHM neecTo-
PONHHM CHATHEM 0,7

Jonunoe orseperne (Ges cxatus no auy):
CO IHAYHTENLHBIM BAHANMeM (OKOBOIO CHATHSA
C YMEpPEHHBM BAHAHHeM OOKODOro CHATHA
¢ NAABHBIMH GOKODBLIMH NOAXOLAMH .
C BECHMA NJAARHLIMM CO BCEX CTOPOH 0,9
MOAXOAAMH KHAKOCTH K OTBEPCTHIO

0,
0,
0

]

,65. ..
7.
8

coo
&a™

- .
.

Kospbuument pacxona NPH NECOBCPIIEHHOM CHATHH, BH2BaAHHOM
HnuKeM KoJaell nepei BXoR0M, MOXKHO HARTH NO AAHHLIM, NpeicTas-
JennpM Ha pucynke 5.2,

Herewenme ma-noa JaTeopos. Pacxon npn ceofoAHOM HCTEYEHHH H3-
HOM BEPTHKAILHOTO NAOCKOI0 3aTEopa NpAMOYroAbHOrO (olepesnoro
CUHCHNHH paBen:

Q — pab }'rﬂg (Hy,—ea), (5.23)
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rie peg—xoabdHinenT pacxo-
Aa; &— Ko3qupHIIHeHT BepTHK AN L=
HOFO CIKATHA (3HAYeHWsA ¢, DBhls
uncaennne no gpopayaam H. E.
AYKOBCKOTO, HpHBeleHl » Tal-
atte 5.4); p—KoappuiUHEHT cKo-
pocTH; @, H-—BHCOTA H WHPHHA
orseperns; H, = H - avh/(2g) —
nanop (rayOGHua nepea oTnepes
THEM) € YUETOM CKOPOCTH NOoAX0s
— 1 Jd; Uy —CKOPOCTE NOAXOAA. b
[lo pexomenpaunsm H. H.
0 07 0% 0F GOfLJ2  V1aBiopckoro B SanucHMOCTH OT

B 3aTnopa KO3(MpHILHeNT 5
Pue, 5.2. 3apncumocts o ana kpyr- pml:]ml: o8 Lnnpur:axi-

0CTH
Jux orsepctuil or lyd w o ody/d: b,ﬁﬁ...l; C IWHPOKHM NOPOIC
! ?I'Eé"é: dtni-llf?zth: 1,254, 1,806,  yam wa rpebue nopora npax THyecs
. w0865 1,175 1,067; 1,008, koro npodman—0,85,..0,95, Ko-

sthhuiHenT BePpTHKANLHOIO CHKa-
THA, coraacho aanwem A, C. Jlyrosoro, npn yrae Hakjona sarpopa
B (pan) > 90° pasen:
' K

£ = 0,753 — 0,008 -\- (0,28 — 0,151) a/H2:33—9:58, (5.24)

5.4. 3navennn ¢ e

4

=

aflH \ & ’ al Hlt ¢ :m' Hu

0,00 0,611 0,25 0,622 0,45 0,638
0,10 0,615 0,30 0,625 0,50 0,646
0,15 0,618 0,35 0,628 0,55 0,650

0,20 0,620 0,40 0,630 0,60 0,660

5.5, Imavenna o m ¢ B SADHCHMOCTH OT YrJA MAKJNOWA 3aTBOPA

ﬂﬂ
a/H 115 145 145 155
& i £ l m ¢ m E m

0,10 0,668 0,651 0,662 0,626 0,548 0,514 0,525 0,510
0,156 0,576 0,565 0,572 0,534 0,561 0,520 0,535 0,515
0,20 0,582 0,561 0,583 0,640 0,676 0,630 0,550 0,525
0,25 0,692 0,667 0,593 0,550 0,592 0,540 0,568 0,533
0,30 0,602 0,576 0,606 0,558 0,608 0,561 0,586 0,544
0.35 0.612 0.585 0.620 0,570 0.624 0.564 0.606 0,558
0,40 0,624 0,696 0,633 0,581 0,638 0,677 0,627 0,576
0,45 0634 0,606 0,647 0.596 0,662 0,592 0,649 0, 596
0,50 0,650 0,620 0,662 0,612 0,667 0,600 0,670 0,616
0,55 0,664 0,634 0.678 0.628 0.682 0,626 0,695 0,639
0,60 0,678 0,660 0,696 0,646 0.700 0,645 0,718 0,662

-

e
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B roéanue 5.5 npHneACHE dRAGEHHA | # £ B 3ABHCHMOCTH OT VP4
NAKAOHA 3aTBOpA.

JLas pacyera p npR pecpofoANOM HCTCUCHHE H3-NOA 1JOCKOTro 34
TBOPA NPAMOYTOILHCIO CeYeHHA MOMHD POCNOALIOBATLCH (opMyAami
B. B. Cwmubichosa:

AR NPAMOYTOALHOrO pycaa

po=0,53-40,98q/hy 6 — 0,69 (a/hy.5)* (5.25)
s Tphnevenabasioro pyeaa npn m-= 1.5, b/H,~ 1,6
p=0579-1-0,410 a/hy 5 —0,231 (a/h,.q)*. (5.26)

Herewenwe w3 orsepcinwit npu  maswamn  Tpansninoro pacxona. Ko
spPHILHEHTI psCXOAa MR MAIKX OTREPCTHR MOKHO paccynTaib no
gopuynam I'. M. Hosarnx, A, I'. Boaswakona, @, B. Koaaka:

npn 0 < Reyp e 5:10%, 0,467 < [/d & 1,22, 4,67 o= dyy/d =5 12,2
J|y=“—ﬂ.|3ﬁﬂe$bﬂu UN}-—II.HJ {1—exp [—2,5 {”‘IJUTF)FHJT“{‘ITP-‘F -—Il,ui”'
(5.27)

TAC Upg, dpp—CKOPOCTL NOTOKA B TpyGe W ec amamerp; v, d-— cKOpocTs
B OTHEPCTHR B CFO AHAMeT];

npu 4 < Re < 200, 0,77 = 1)d < 1,54 [45]
Ho= Alg Re-|-B, (5.28)
nan
po=C g Rey+-D, (5.29)
rae ABC. D —xosppuuuentit (tata. 5.6),

B0, Awavenna xosddmunenta A, B, C, D B sanwcumocti ot [/d
| —

(] 0,8 l 0.9

0,3 0,310 0,3 0,31
0,07 0,015 0,01 —0,03 —0,06
HLHH ﬂ.ﬂm ﬂ.ﬂﬁ l_'l'_24.

0,16 0,172 0,175 0,09

orsepernil B crenKax AoTKOB W TPYG B SanMCHMOCTH OT na-

Jlasi THETHMHOCTH noToKa @y npH Gouvwnx Rep caeayer onpe-
PAMETPA Kh wvaam I. A. Mapinnoh:

ABIRTL 0 hoph,  ““pIMH DXOAHHMH KPOMKAMH, HCTEueHMe B aTmocdepy

OTECDE i v
epcrhe ¢ oc, m‘l-l."{"}"lha“nl.j}; ‘.E'HH}
Mo -un/(gH ).
e “ugl [Ipy  TPAHANTHOMR CKOPOCTH,
:;{’;:;IIF‘;E'E';“:FPI%HEHT PACXORR oOrBepcy. - W P AOINE R HANGp Repcy
i " —CHCAHA .
aTeepeTnem:; STae: SKOpacTY o, - =§FO8 CKOCA BXOA-

HCTCYeHHE B aTMoct 5 !
HWX Kpomok ﬂrBEPETHﬂmeF IpH 30 -.;ﬁ.-;; a0 [ﬁ

Mog =64/(104 (1,65 4 1,118) 17

$39
H.,!I;
51
67



Hereuenne upm 45°=<0<< 100° (0 —yron  wemgy  Hanpaz/fiesiem
ABHMKEHHA MHIKOCTH B JIOTKE H OCBIO OTREPCTHA)

By — (11,3 —3,108)/[10-{- (0,36 1,898) [Ty ,1; (5.32)
satongennoe uerevenne, Re =34 600

Poa = /(140,555 ITy.1);
Ty x=v3, /(@M ), (5.33)

rae Ueg, Hog—cpeguan ckopocts Boasl B TpyGe n nanop nepej ornep-
CTHEM;
HCTeYyeHne o cHocsimuii noTox

Res = e/ (1—0,1217, ). (5.34)

Koajkprimentn pacxopa orsepernit 8 Tpy6ax onpegensior no (pop-
myne B. A, Cypuna:
acOecTOLLeMEHTHBIE
Mo =2, 10/(2,1 4 Fo); (5.35)
NOJHSTUICHORKIE
Wy =—951/(9,5-4Fr), (5.36)
rie Fr=uvip/(gH ) —uncio ®pypa; Hy,—nbesomerprueckuit nanop.

Hast pacuera p wenepsix orpepctHii B TPYGax Henoabayior gop-
myast H. A, I'opknua:

fy=1—0,005Re —0,115) 0, (5.37)
Re’ = (v'dyy) (a/0) /) 6/(2al), v' =0 x/Vsx,

THE Uppg——CPEAHAA CKOPOCTh NOTOKA B KoHUEe TPYGONPOBOAD; Uyy —
CKOPOCTb BXOAA CTPYH B uwedb; dyy, :'}-—,.I':,HdMEI}l TPYOLR H TOJULMHA
ee¢ CTeNoK; a, [—ummupuna M ,q.umu uean; (' — yroa naxaona nien
K OCH TpyOLul,

npH.

Ity == 1— (0,005 —0,0004w') Re’ —0,125) o', (5.38)
o’ = dnal/ndsp,
rae n—uncho weaeil va 1M TpyGonporoaa.

5.2. MCTEMEHME YEPE3 BHELLHME
UMITMHOAPHUYECKME HACA [1KH

Hereuenne npn noamom  cosepuiennom  cmatun, Ocmipsre  axoduwme
kposiu. [lpn Re, > 10% na kosdpmunent pacxoga Hacajka mjaHsieT ero
aunamerp (d=2 wmm). Tax, gns nacaakos anamerpom 2 H |2 Mm 3nave-
HHA . nph Re.= 10" oranuaorcs na 159%, nna Hacajxon JAHaMeTpoM
B 10MM npu Rep =710 —nn 3,9%. Crepoparensto, Ans TOro yrohbl
HCKAIOMHTD BAHARKE JAnamerpa, ero snavenuda npn Rey < 10% gonmun
Guith He wmenee 4mMM, npH Re, > 0P —=8mm. [lpn Fr< 10 u
We < 200 (Fr= .E'H“a'd—-—-um:'.rm Ppyaa, We—EgHadpjn—lmmu BeGepa)
CACAYET YUHTHIBATD BAHSHHE TCPARHTAHOHHLIX H HOBCPXHOCTHBIX CHJ
Ha npouece wucrewenns [I7], npn 9TOM L MOXNHO OnpenendTh no dop-
MYy aaM:

Re, =30...70, Fr < 10, We > 200
= 1[73,61/(Re.d)-5 ({/d)=*] -+ 3,25/(Re.Fr); (5.39)
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J A
08 ; =
| #
| 52 % R
06
(] i
D4
7
/ 7
5 1 .
g2
1|
o 50 U 1000 000 0% 570410 Re,

Pue. 5.3, 3anmenmocrs poor Rep n ld anm nuemnnx
IHAHHAPHUCCKHX HACALKOR NP HCTCHEHHK B umnm&mg -
I 12—]jd=1,0;1,5;2; 25; 3; 4; 5: 10;: 20: 30: 40: 50,

Re,=70...108, Fr< 10, We> 200

o /11,23 681/ (Red)] 4 15/(Re Fr); (5.40)
Rog =30,,.70, I'r > 10, We < 200
o LT3, 61 (Regd) -6 (1/d) = ") 4 72/ (Re, We); (5.41)
Rey o 70,..100, Fr> 10, We < 200
== 1/[1,234-581/(Re,d)-|-350/(Re, We). (5.42)

Hpn Fr > 10, We > 200, copepimiesnom noaHoM cxathy H oCTpLIX
NXOANNX KPOMEAX |t MOKHO pACCUNTATH B aapHcHMocTH ot Re, n I/d no
Cpadiuan (pre. 53) wan no sMoupHuecKkuM  GoOpMYSaM 1O AAHHLIM
d0 W Teanepn, 10, A, Crofeabunna

ldwal,..1,5, Re,=16...100

e /L 720 (Regd) ] (5.43)
l/d=2...5, Re;=230...50
= 1/173,61/(Reyd) +-5 (1/d) =5 (65.44)
lfd=1...15, Re,=10* . 109
p=1/[1,29 |- 641/(Re.d)); (5.45)

fd=1...1,5; 2...5; 10...50 u coorserctnenno Re—10%.., 10%
Re, 650...15-10% Re,—80...15.204

p=1/]1,23 |- 58//(Red); (5.46)
[fd =10.,.50; 5-108<<Re,=c1,5-106
f=1/V 1,54 (1/d—4)/(1.81gRe;—1,5)% (5.47)
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-i
! =0,827 —0,00850d;  (5.48) J

o d=2...10; Re,=2.10% [117]
12 l{d=2...10, Re,=10...2.10
/= 1jp" +-20 (14 2,25{/d)/Re—
A 0,005//d 2
| - 147,5(1g 0,00015Re;)?" ()
"qﬁ Y T ;’rﬂﬁr ljd=1,5...17, Rey=550...7-10% [120]
e e IH
Pue. 5.4, 3asucumcerb o p=Rep/(17,111/d4-1,65 Res*), (6:50)
or Reg. Paduaawnwd 1 Kowycnsidl axod, Ckpyr-

JIEHHEe BXOAHLIX KPOMOK NOSBOAAET YBe-

JHUYHTL pacxol]l BHEUWIHHX UHJAHHApHuecKHX macaakos. [lpn  wHamenesHu
rid (r-- pagnyc sakpyraenns sXofHuX xpomok) or 0 go 0,25 koxp-
(punuenT pacxofs GLCTPO BOIPACTAIOT, A 3ATEM NPAKTHUYECKH oOCTA-
IOTCH NOCTORHHLIMIG OcoOeNHO 3To npoasaserca npu Re; > 105

KosppuumenTat pacxoga HACAAKON ¢ PALHAILHLM BXOJAOM PEKOMEH-
aAyercs onpereanatb no qopuaynam [88]:

npu Re, = 108/d n aio6px anavennax l,/d (I,- aanHa uuavnap-
HeCKOH 4acTH Hacaaka)

10l/d < Rey < 100 {/d, |,/d > 0,56
B = V []"Eil [ﬂ,ﬂﬁr‘-"ﬂl'—i—.l'“fdjfﬂc.r —}--E,E;’Rﬂrfz—i-' [‘.15 e

— 16 (0,25r/d -1 /d)/Rey—6,3/Rey; (5.51)
10l/d < Reg < 100 Ifd, Iy/d < 0,5, 100{/d < Re, < 10* I/d

M aobbix {/d

==V [30,36 (0,25r/d + I,,Jd)/R ez -+ 9/Re '+ 0,714 —
— 30,36 (0,26r/d |- 1,,/d)/Rey —9/Rey; (5.52)

Re; > 1000/[/d
pw= /¥ at+{,40,33 (0,25r/d 4 1,/d)/Re,, (5.53)

rae o — KosjupHunent, YuHTHDAIOUHA HepADHOMEPHOCTL pacipeienenin
ckopocTell Bo sxoawom cevennn (puc, 54); {, —roxppuunent conpo-
THDJAEHHA BXoja (ra. J).

"]JH BLINOJAHCHHH BXOAHBIX KPOMOK BHEWHHX IUHAHHAPHYECKHX Ha-
CaaKkon Nnoj YoM K BXOAHUIEMY INOTOKY pacxoll HX TakXKe YReanyun-
paercd. Kospdmuwent pacxoaa npn usmenennn [ /d ([, —nauna Ko-
nycholi uwacti) or 0 go 0,15 poapactaior, a 3aTeM NPAKTHUECKH He Me-
HaTes, JLAR ux onpegeseHnst MoMHO Henoabionats Qopmyas |88]:

Rey =< 10 I/d, opma sxoaa moGan 10 I/d < Re, < 60 1/d, 1,,/d>0,61/d
W= Voo atialt b 0ite: I BIREIEEBSES
— 15,24 (ly/d4-nly/d)/Re,—6/Re;: (5.54)
10//d < Re; < 60 1/d n I/d < 0,5 I/d, 60lj/d < Re, < 107 I{d
="V [42,5 (I, /d+nl./d)/(z Re; +12,6/(c Re)|*-|- 1 [c—
— 42,5 (1y/d - nlg/d)/(c Re,) — 12,6/ (c Rey), (5.55)

rie n, c—xospduunentn (puc. 5.5);
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[h \ n
16g \ 187
N
1,35 \{«}\\R 04
= #lll"#
m*‘ 5?.:"’ 02
L35l 2 J {

0 20 40 60 &0 « 7 40 & 120 o®
Piic. 5.5. 3aBHCHMOCTL ¢ H N Puc. 5.6. 3asHcHMOCTb (p OT o
or a: J—1l,/d>005 2— 1 —ljd=<0,05; 2...8—l,/d=

ly=<0,5; 3—a=[(n). = 0,025; 0,05; 0,075; 0,1; 0,15;

0:2%0.1,05 240 200

Re, > 10%1/d
=1/} aF T, +0.33/Req:= (I/d-t-nly/d), (o

rae L, — KospunenT conpoTpaeHa BXoaa (pue. 5.6).

Merevenne 3 HACAAKOB KBAAPATHOTO, NPAMOYIOABHOTO M TPEYyroab-

Horo cedennit npu noanom comepuiennom ckathd., Kospduuuentw pac-
FOAN NPH OCTPRIX BXOAHBX KPOMKAX MOMHO Onpefenfith no qropmysiam:
KBOAPATHOE Honepesnoe cenenne ctoponoi a, 100 < Rey < 109

== 1/(1,23 - 58l/(Repa); (5.57)
HPAMOYTOILIOe nonepennoe ceyenne pucotol ay, 104 < Rep < 10°

= 1/(1,28 68 I/ (Repay);: (5.58)
TPey roaBIoe
o 171,23 B8I/Regb), (5.59)

rae b O60Jpman cTopona oTREpCcTHA,

Heredenne w3 BHEWHRX UHAHHAPHYECKHX HACAAKOB NPH HeCOREpLIEHHOM
cwarum, Hecosepumennoe cxatie obyca0BJHBACTCH CTEHKAMH eMKoCTeH
npn Iy < 3L (4 —paccTosiine oT BXOJHOro CeuyeHH® nacajka Jo0 JHa
(CTEHKH) eMKocTH, L—xapakTepHuii JAHHeAHWA pa3amep, AIf Hacanka
kpyraoro ceuennss L =d). Ilpu satom cooTHowenwe Re B cHCTEMe eM-

ROCTH — HACHLO0K CACAYIOULEE.

Rey, — ¥V nRey (Re;, Re,—cooTercTsenno Aif eMKOCTH M HAcaiKa;

It rJ"-',frfﬁ—c'rem:nh caTHa notoka: d, de — AHAMETp HAcaAKa H eMKOCTH).
IMpn Re; < 30,8 crenens HecopepuiencTsa CHMATHA NOTOKA Ha BXoje
I HACHAOK NMPAKTHMECKH He BanseT na KospduuumenTt pacxona.

Ilast pacuerta p [1PH HECOBEPINENIHOM CHKATHH MOMKHO HCIOALIOBATL

71



Gopmynm [61]:
30,8 < Re; < 108 (5.60)

H¢=VAE+BI'_'A1:
4, — 12,6/[Rex (a—b Re)]-+647/(Resd)
YT e 0 —nd)F[1—1/(a—bRep)]* '
1
1= I—nd) - [1—1/@@—b Rey)* "
2']{]3 ":: RET ": 3‘:53

R A, 11 1, 167 |
uu=[ ]/( IERER ) 146,172 — (——RE_P T )]J}’ 3,086;

V]

(5.61)
Re, > 3-10%
e = lfVl+ﬂ.32951f{He$' *d) 0,5 (1 —n); (5.62)
B ofiueM cayuae
pe=p/ ¥V T—an?, (5.63)
HJH
o=/ ¥V T—ag s, (5.64)

Iuavenusn Kosbhunuenton oy, oy, P=eoyn/oy AnN paaAHUHLIX
yesonuit MeTeueHHst npupetenst B |61],

Inst yeesuueriusa nponyckuoll c¢nocofHOCTH BHELINNX IHIHHAPHYC-
CKHX HACAAKOB Nepel HMMH  yeTasanamsalor xoauia. Tlpw aampraprom
JDHMKEHHN KHAKOCTH DAHAHHE TCOMETPHYECKHX PAIMEJOB KOICH BCChM
HESHAMHTC/BHO, NpH TYPOYIACHTHOM OHO HPOABISETCA CHALHO.

KoshduuuenTh pACXOAA CHCTEMB KOALUO-HACALOK HAXOANT NO (Gop-
Mynam [85]:

Re,es 102 /d n 102 l/d < Rey, < 3:10° I/d

= Vb1 @Rezd) -1 12,6/ Reg) [E-f 1/c— bl/(2c Reyd) — 12,6/ (cRey),
(5.65)

rae b==64, ¢=2,16 npn Rer < 102 4/d; b=85 npn 10*//d < Rep <
< 3 10%d, e=1,6 npn dyjd=<26 n lfd > 0,2; B ocTanrbHEX CAYTANX

e=1,7;
iy Re, > 3-10° I/d
B i _‘ﬁﬁ =
7 _‘_‘_,...--:_______...e..--"‘ =1;’Vﬂ—l'tu+ U,EEEI'.-’{RED‘“d).
e p (5.66)
rae o —KoxppHuHenT Hepanio-

af. 10 14 18 22 de/d  MepPHOCTH CKOPOCTEN BO BXOLIOM

ceucunn  (pue. 5.4); L—Koxp-

Puc. 5.7. 3aBHCHMOCTD &y OT dyonfd:  UIHENT CONPOTHBJICHHA BXOI-

oo d—1,d=0,1; 0,2; 0,5 (2...4); HOro YuacTka CHCTEMMH (pwc.
G 9.7).

[P




SRR J P 7z
07 //‘%?k
=7 |

= a3

a1 = a7
g 62 84 G 08 hid 0 02 04 OF 484/
Puc. 5.8, 3asucumocrs, p ot h/d; Puc, 5.9, 3apucumocts p ov i/d
npi Epuax =1 (1. . . d—dy/d =0,5; npH Lrpe=1 (1. ..3—dy/d=1,25;
0,75; 1; Bo Bcex cayyanXx Reg = 1,6; 2; Re=2,2. 10%); ngn R |
= 2.2 10%; IpH Lopey < | (45— (4,5—d,/d=1,5; 2.
—dyfd =0, 1).

Kosupuimentst pacxoaa CHCTOMB! HACAJOK—3IKPAH MOXHO HaliTH no

rpagukam (pue. 5.8, 5.9) 85, 89].
xﬂpﬂHTtpHQTHHH KABHTANLHMH W prIIH. HHE]'JFHH. B BHCUIRRX

I.I.HJ'IIIHH,FH'IE“HI HAacapKax. HBJ’.IEHHE KABHTALHH B HacagKax Eﬁ}fﬂ.‘lﬂﬂi
ACHO B MHAKOCTH obaacTtell, SAHNTHIX NAPaMH M TA3aMH, DHIJEASIONLH-
MICH M3 Hee NpH MOHHMKeHHOM jasienuu. B peayabtare xasuraiwum
HIMEHMIOTCH pACKOANBIE XApAKTEPHCTHKH HacafKos.

IKannraniio » uwacaakax upn {/d < 10 caeayer yuuTHBATL TNPH
Uk I hyp 0l Re > 10%:1/k == (py— pa)/(Pa— Pewd, Hkyp =
e LB (E 0,0060/d)/(1—0,0381/d), tae py, pa—npdBietne cooTnercT-
BENIG Hepel BAOAOM B HACALOK W 34 MHM; Poy— AdBJeHHEe B CHATOM
cenennn |81

Kospipuitent pacxoga papen:

o= eyx (1-4-R)0% (5.67)
FAE Byy~— KOMpMUHERT CIKATHA,

Ian wocoakon npw Id > 10 n Re > 10* nanop, npr xoTopom
HawMnaeTen  gawerannsn, sapucnr or ld W (Par—pu)/(pga) [B1)]
(fy == ARBACHKEe Hocumennux napon) (puc. 6,10).

(Paz = Pn) (pgd) =< 1 460
(Par— Pn)/(pgd) > 1480
Hyld= Age” Car=Pu) 08D (5.69)

bpe Ay, Bi— woshpuuuentur (puc. 5.11),

Kosppuunenr pacxopa npu I/d > 10 peroMenpyercs onpeaensths
o popmy.re:

i =Ci— Dy (lg V HJH)"™ (5.70)

b Cy, Dj— gosddphamnenta (puc. 8.11).

[Tpit cpuipe BakyyMma B facajke, TO EcTh Korja fKHAKoCThL BhiTexaef
WA ners, ne Kacaach GORORBIX CTEHOR, |L ONPEABNAIOT MO TeM ¥e 3apu-
CHMOCTAM, uTo W aan oreepctuii b Tonkofi crenke. Hanop, npn kore-
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6000
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J000 S 0.9
W04
2000 300N 57 — 805
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o N

0" %00 600 800 1000 T200imibod) 0 W 20 W 40 UL

Pue. 5.10. 3aswenmocrs Hy/d or  Pue. 5.11. 3asucumocrs A, By,
15; 20; 25: 30; 40. 3—Cy; 4—D,.

poM  NPOHCXOJIMT CPWB  BAKYYMa, MOXHO Onpefeantb no rpapuxy
(puc. 5.12) wnan no dopmyae Hop/d =155 (pyr —pn)/(pgd), KoTOpas
npasomepia npw Hd=2...5 0 Regy > 6:10% (Reep onpeacanior no
nanopy cpwna sakyyma). [lpn paguasbmom n KoHycHOM BXOjge HANOpL
(taba. 5.7, 5.8), npi KOTOPHWX NPOMCXOAAT KABMTALMA DHYTPH Hacaj-
KOB MW CpLIB BaKyyMma, bpcerjga Goable, 4eM npH ocTPuX DXOAHBIX
KPOMKa X rﬂl].

5.7, 3navenns Moy mop nocae cpuipa BaKyyma i
papmanbuex nacaakos npu Re., == 10

1d | r/d 1% Hep, W m
| 0,1 11,8 18,95 0,761
1 0,2 11,8 31,85 0,865
3 0,1 16,5 18,85 0,756
3 0,15 16,3 23,68 0,800
7 0,1 11,6 27,38 0,805

5.8, 3navenns M, nan HAcagKos ¢ KOHYCHBIM
sxofom npu Reg, == 10°

1)d 1 /d a, ° e Hep M
| 0,1 10 16,5 16
I 0,1 30 16 17
3 0,1 63 17 16
3 0,3 6d 17 30
3 0,5 10 17,5 18
3 0,5 20 17,56 28
4 0,1 30 18.0 I8
7 0,2 90 17,6 2



P9 Heg [Bar

g§-10% rpo’ 2107 4-10% 510781071 10% 210" Regg

Pue. 5.12. 3apucumocts [lﬂ'Hzrw"ﬂ“ or Reey [...6—ld=1; 1,5

Jlan cuetem 3H£HH—HHE-’IADH npu l/d =3, dyy/d== 1,5, Re.y >
o 146+ 10%, Wegy == 200, Hep naxonar npu 0,1 & A/l < 0,3 w 0,3ezh/d< |
cootnercToenno w3 sapucumoctell:  Heyfd == a (par — py)/ (pgd) — b,
Howid = 1671 (pyr— po)/ (pgd) —21 (h-—paccToanne Mexiy SKpaHoMm M
HACOAKOM, Suavenua a, b npusenens v TaGauue 5.9 [89)).

5.9, 3navenns koadphuunenron a u b

h d 0,10 0.15 0,20 0,25
i 2.90 2,00 1,72 1.63
b 026 275 125 75

5.3. MCTEMEHME MEPE3 LMNMHAPHMYECKME
KAMMNNAPHBLIE HACA KM

Hereuenne s atmocepy W cpeay ¢ AABACHHEM P NPH NOJHOM coBep-
WICHKOM CHATHI W OCTPWX BXOAMBIX Kpomkax. Jlas onpetcienus  Kosp
PHILHENTOB PACKOAN Kannaanpuuix nacairon (d < 2 MM) pPeKOMCHAYIOTCH
(popmayan [GO]:

Re < 2300
Gyt byt 32 oy = dy; (5.7 1)
ay =p (a0 (1/e —n)?];
b] -‘FIH {l '-'-.l'?},'l?l."n:'!"s: 1 'plffﬁ-ilr."{ﬂl'.‘ -I'ﬂ‘.
dy = P14 Apgans APyan=0 (1/Ry+-1/Ra); Ry =059,
Ry= (*d* (1 —ev)?)/[4d (1 — o)),



rie oy — Kospuunent, yunTHBaI0IMHA HepABHOMEPHOCTL pacnpeienenns

ckopocTedt, oty 3asucut or [ 109/ (Red) (ra. 4); e—kKospduuwent cxa-

THS NOTOKA, NPpHOAMKEHHO B HAXOAAT no dopMyaad a8 HCTCYenHa

uepes orsepcTua; k— kosupuunent, sapucnt or [-10Y(Red) (Re onpe-

Jeantor no geficTenTeabHofi CKOPOCTH B [BHXOAHOM CCHERNH Hacalka);
REE

Agt? -} bt 7t = ¢y} (5.72)

g = mety-|-py (V/@* —1)/1/e2-}-pyn (1/e—1); by — py0,31641/(Re?*"d);
Ca= M1~ Apyan (@ — Kosppuunent cKopocTH, onpeieanior no qopuMynaM
JUISL HCTCYEHHS uYepes OTBePCTHS).

Ilpw Re, > 150 pan onpenenennsa | MoMno HChNouabiopaTh Gonee
NPOCTYIO 3aBHCHMOCTD:

=V pr-FApuan/l s (ota-t-Cax-Ald)], (5.73)

rie Lyx — KOsPPHUHENT MECTHOTO cConporupienns na pxoae; A—xoxpdu-
ILHEHT CONPOTHRACHUA TPEHUs 1o Jiune {r.n. 3.4);
ljd=2,..10,4.10° < Re; << 5. 10* (dy, = | mm (d,,— ycaoBuntit AnameTp)

p == 0,06lg Rey-{-0,565 [10 (//d) = 1]"08%/ (d/dy)*0%; (5.74)
ld=1, 85.10% < Re; << 5-10% dy=1 mm
p=[—0,05 Ig Re 1,06 (I/d)™08")/(d/dy) ™", (5.75)

®opmvan  (5.71) ... (5.73) npusmenumu npn yenosuw: Hy (8 dops
myae (5.1)) anauntenvno mennme py. Ilpn py # 0

P 1+ APyan
o ‘/ﬂt (tta-|- Cnx ‘|'”M‘|"‘;|mﬂ ; B8

re  Lyux— KOSOpMILMCHT MECTHOrO CONPOTHBACHHA HA  BHXOAe W3
macajka (ra. J).

Hereuenne npw  Hecobepuiennom cmatnn noroka, Takoe cxarne
MOMET GBiTh PL3BANO YCTOHOBKON Koaelw jo wian nocie nacaakon. Ecan
KOABILO YCTAHOBICHO 0 HACAAKA M HCTEHEHHE NPOHCXOANT B aTMmocdepy,
TO A5 CHCTeMB  Koasio— Hacajok npn Rep > 2300 cooreercTeeHno

npi pg=0 n py # 0:
p= h’l"’ﬁs+€u:. u"l'*;h. (% '1":!.. n"l‘:‘l-"ufdu = Anl/d, [5?7}

|-L= 1 }rﬂ-g—}- tnx- u+:u. c'*“tl. p“i“ htufdu 'I' ln”d"'inu X {5'?3}

rie g — KoxpPHIHEeNT HEPABMOMEPHOCTH pacnperejeHus  ckopoctedt
B BEXOANOM ceyenun Nacaika; Lux wo Lp. e, En, p— KOppHIHCHTH NOTEPD
COOTRETCTBCHNIO HA BXOAe B KOJblLO, DHE3ANHOE CYyAKenHe H PACIIHPEHNC
NOTOKA MpH BXOAE B Hacatok, Ay, Ay— KOPHUHCHTEH CONPOTHBIEHHA
TPeHHSA 10 JUIHHE COOTBCICTECHHO B KOJABUE M HACAAKE; Lyax — KOXPDU-
IWHEHT NoTeph HA BHIXOAC NOTOKA M3 HacaiKa.

Koabua, yeranomaennnie Ha pexoAe 3 nacajka, npu hL/d > 6 ue
MIMAIOT HA P cHeTemsl Hacanok — koviptio. Tlpn Ly/d < 6 koabduunenTt
pacxofa onpeaensior npu pe=—0 1 py # 0 coorsercTRENHO NO GopMyAaM:

P"_“I ."'ruz I" E,m—t-l"”ﬂr-i—t””r u_]‘ll:"'u}rdm {5?9}
}t ) V"’H i {:!II .L 111"-"”' 1 ;nu.:‘_i ?‘-hl'h:""'-u I t;u.lxm iﬁm]

ih

R o L T L WL e



e Cux. xe Lobix — KOSPPHIUHCHTI TOTEPh COOTBETCTRCHNO HA  BXOAe
NOTOKa W3 HacajKa B KoJBIO H HA BRXOZE M3 Koiblud (HOTEpH B KoJblle
cAeayer yunTeBath npH [ /d, > 1).

MpubanmeHnble aHAMCHHA | 019 CHCTCM KOJNbILO— HACSJ0K, Haca-
10K — KOABUO MOKHO NOJYYHTH, ONPCACIHE £ H A NO COOTRETCTRYIOULHM
aaBucHMocTAM (ta, 3.4).

Jlan cueremm 3Kpan—Hacalok npH Rep > 600, dy./d =3, 0,16

< hid < 1 pe=p (1—e~"224) [50].

XapakTepucTHEN KaBuTallMKH W CPHIBA BAKYYMAa B KanWaispHux wacan-
kax. Hanopsl, npy KOTOPLX B KANHIASPHOM HACAJKE NPOHCXOAAT STH
apJaenns, Moxuo Hailth no dopmyaam [81]:

lld=2.., 10 n Re; > 100 (npnGanmenno)

Hyfd = (par— pu) (0,076//d -4 1)/ (pgd); (5.81)
Hd=1 ... 10
Hepld = 1,52 (pay — pu)/ (pgd); (5.82)
AAA CHCTEMBl KOALLO— HaCA0K
Hepld = 1,62 (pyx— py) (0,45 (dy/d) =" -{-1]/(pgd). (5.83)

5.4, MCTEYEHME HEPE3 BHYTPEHHME
UMITMHOPUMYECKME HACA KM

Kosppuunentst  pacxoga BOyTPEHHHX [HAMHADHUECKHX HACALKOB
npH  noAHoM conepluennoM cxatun npn Rep < o awbux 8/d

(- rToaupmna cTenkH Hacaaka), a Takme gan Rep > 200 w 8/d > 0,1
e KE, WTO W AN BHEWHHX UHAHHApnaecKuX wnacaikos. Hx moxuo
onpeseants n no rpagnkam (puc. 5.13).

IMpn Rey > 10 w &/d < 0,04

n—= A-}-Bi/d, (5.84)

rae A, B xosppuunentw, paas ljd=23, A:=0,69, B=26.
Hpn Hy==He, n 0/d=0,1 p caepyer onpeiensaTh Tak e, Kax
w oaan oreepetull B toukoR crenke, a npu 8/d < 0,04 n Rey e 104

= 0,495 -}- 2,48/d. (5.85)

Hanop epuna nakyyma npn Ree, > 1040 » nacapkax, rae I/d=2,..5,
MOMHO ONPEAINTE NS COOTHOWCHNA:

Hepld = 1,46 (pye— pn)/ (pgd). (5.86)

Flpy necopepiicHioM cHaTHH, BRE3BINHOM NAKJOHOM BXOAHOrO ceye-
s, npn Hd=3, egux=1, 10* < Rey < 1,25.10° cornacno wuceaesona-
wsm 10, A, Crobeastunna, B. X. Memuaosa p pexomenayercs onpe-
aeants npu O/d > 0,04 m < 0,04 coorsercTnenno no gopmyaam:

ju=0,8—145 sin f, (5.87)
= 0,69+ 2,68/d — (0,013} 3,188/d) sin pO-23+17%/d (5 gg)

rjae fi—yron nakjiona BXOJAHOIO CeueHHs! HACAJAKA K TFOPH3OHTY.
Koshduiinent pacxosa BHYTPEHHHX IHAHHIPHYECKHX HacalKoOR
npn &/d < 0,1 MOMKHO YBCNHUMHATL, YCTAHOBHB Ha BXoJle KOAbLUO, NPH
9TOM L HAXOIAT no rpaukam (puc. 5.14).
Cpagnenne xkoapGUUNEHTOR pacxofd BHEWHHX  UMAMMAPHYECKHX
HACANKOR M I}Tltptﬂ!ﬁ ® TOMKOH cCremke, Euaqeuan B AN BHCIUHHX

77



b7
08 T
0.6
04
g2t o I =
7 CiR S0 me 200 soowd | 4ng | 2404 Rer

: 29 1Y &1
Puc. 5.13. 3asucumocts p or Rey aan [jd=3: 1., .4-0/d = 0,0045;
0,019, 0,33; 0,1.
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Puc. 5.14. 3asucimocte p or [/d Ans BHYTPEHHHX UNAHHAPHHCCKHX

qacaKoOB NPH  WeTeucHur B atmoedepy: [1.../2—d,fd- 1,022 1,028;

1,022: 1,028; 1,062; 1,138; 1,2; 1,38; 1,164; 1,296; 1,148; 1,18, &y/dy =

= 0,02: 0,022: 0,5 0,098; 0,11; 0,009; 0,11; 0,12; 0,1; 0,15; 0,106;

0,108; §,/d = 0,066; 0,0045; 0,006; 0,0045; 0,028 0,065 0,099; 0,184;
0.077; 0.145; 0,082, 0,094.
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ummmpnqecnui nacaakon (I/d =2 ... 5) Goavuie, MeM AAA OTECPCTHA
B TOHKON cTenke (B o0oHXx CAyYaAnX BXOIHEE KDOMEH OITPHIC), HA
20 ... 30% upn Re; = 10% Tlpy menpminx Rep 374 3UKOHOMEPHOTTH He
cobmonaerca (rada, 5.10), 3navenns Reyp, npn KOTOpEy | — g, €COT-
percTeenko npu ffd=1 ... 20 n 20 ... 50 pasus:

Reyn=2111/d-+97, (5.80)
lg Ry, —0,0251/d-}-3,21. (5.90)

Brelriie UMARNAPHUECKHE HACALKH  Heecoofpasno  NEHMEHATH
inp Rep > Regy.

5.10, Ornowenns |1/ npn pasamanmx e, n [/d

Re

i/d

10 6l 10 K.102 1@ 104 10
1,00 0,32 0, 64 0,79 |, 05 ] A2 1,26 —
i.B 0.24 0,50 0,70 |,02 1,10 1,26 1,36
2.00 n, 19 0,45 0,65 I, 00 1,10 |, 28 1,37
2.5 0,16 0,39 (),H8 0,87 1,08 1,26 1,30
3,00 0,13 0,34 0,52 0,93 1,06 1,25 |,35
4,00 0, 10 0,28 0,44 0,89 1,02 |,24 1,33
0,00 0,08 0,22 0,37 0.84 0,60 1,23 1,32

5.5. MCTEMEHME M3 KOHMMECKUX CXOAAWMXCH
M PACXOAALMXCA HACAIKOS

 Cxommmmecs macankn. 1A npuGAHMKENHOro pacueta [t MOMHO
WENOAKAGHATE POPMYAB 409 BHENNHX LHAHHAPHUCCKHX HACALKOE C KO-
nycHum  nxotom — (5.54) ... (5.66), upnunman [y/d=< 0,05, Jlna pas-

Auansix 1d, Re; # yraon komyea o Momno mafire p no rpapuxam
(puc. 5.15... 5.18).

TIpH MOAROM COBCPUIEHHOM CHRATHH W HETeYennn B armocdepy npapo-
Mepint hopmyau |82 |

Eﬂr < Elr:'q L A '”:'
=V AARGF 0,5 — A/(4 Rey); (5.91)
A e 2‘!};!'[&1}!51 {’-E E}ﬂ}?.'l]; h = () ;ﬂ}ﬂl

FAe (), Dy — COOTBETCTBEHHO NJOMAAE BXOAHONO H BHIXOAHOrO CeUCHHH
Hacaaka;

30 Re; =200, =1 ...14°, ljd=1,.. 20
jt= ¥ (B/Re;)*40,5 —B/Rey; (5.92)
B~ 6,3 {/sin a+2,67 [1—(ry/r1)"}/sin 0.5c,
i rg—pa,mt}.rcu BXOMHOIO H OHXOAHOMD COUYCHNH HaCaJIKa,

Re, > 108, ljd=3, a=10... 140° (no b. H. Chosy)
= 0,00001172 (180 —e)*-|-0,2. (5.93)

Pacxonsmnecss nacapku. [lpn otcyreronn wkasurtainu (Hy < Hy) ¢
epusa Bakyyma (Hy < H.p) B chyusae ucTemenus B arMocgepy 0pH

i
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Puc. 5.15. 3apucumocrs p or Rey, U/d, a: 1...6—1jd=1; 2; 2; 5;
5; 6; coorserereenno o907 3° 13%45%; 1°12": 30°50": 70°30'
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Pue. B.16. 3asucumocts p or o Pue. 5.17, 3asucumocts p or I/d
npr ld=3: I...8—Re.=10; npH Rep= 10% J..;E—;-Iﬂ{‘;
10%; 109, 30° 90°,

: ;.; & 5 & i

Pue. 6.18. 3apucumocrs p or i/d
pt Re, = 102 L...5~6% 107 15°%
20% 90°,




10/JHOM  COBEpILEHHOM CHKaTHH KosuuHenTs pacXoda Haxomdar no

(hopmyman:
Re; < 50, o= 40° [83]
p=V (A/Re;)?}-0,6— A/Re,; (5.94)
A=20/[n" (tg 0)"77); n=oy/m,;
g, Oy—IJOIalb BXOJHOTO H BHIXONHOrO ceueHHN Hacajgka;
Rey=30... 2.108, aa=1... 14°
=V (B/Re)*0,56—B/Re;; (5.95)
B=6,3 1/ sin o+ 2,67 [1— (ry/rs)*]/sin 0,5e,
rie ry, ra——COOTBETCTHEHHO PpPaaHyC BXOAHOTO H BHXOAHOMD CEYCHI

HacajgKa;
Re;=580... 2.109
="V [e/(2Res))*10,6—¢/(2 Rey); (5.96)
¢==32 [1—(ra/ry)*}/(3 sin 0,5¢) 25,2 /5 G-
-V sin @ (1 —50/Rey) [2—2,66 (ry/rs)? 0,66 (r1/ra)].

[lpn xasuTanum suavenns . cleayer yMmensiuurs wa 1 ... 3%
B 3aBHCHMOCTH OT CTeNeHH ee paspHThs. CpHB BAKYYMA B KOMHUCCKH
PACKOAAUHXCH HACAAKAX NPHEOAHT K OTPBIBY XKHJKOCTH OT CTEHOK M

PEIKOMY YMEHBIICHHIO (. B 9TOM cayyae ero sHaveHHe pasHO 3Haue-
HHIO | A0 OTBepCTHR B TOHKON crenke,

5.6. MCTEYEHME M3 BHELWIHMX
UMITMHAPHYECKMX HACALOKOB NPM HANMYMM
TPAH3MTHOIO NOTOKA

Beannxpenoe nereucnme KMAKOCTH M3 MACAAKOB, YCTAHOBJAENIbIX
WOR yraom o ® ocw uaGerawuero notoka [46]. Yeoa a=30°, Ilapa-
merpu £, A, m (puc. 5.19) Geapuxpesoro HeTeYeHHs Ha HACAAKA MOMHO
ONPEACANTL M3 CACAYIOULHX 34BHCHMOCTER (3aBMCHMOCTH A onpegenes
HHA /O BO BCex ueThpex Cly4anAX AaHa B YUpOULEHHOM Bijie):

- dVv' i
Hﬁ:n-i—- [ﬂ.ﬁ V3 (A <+ y) arth-i-qg;+{d«—y} arc tg T-%'I'

40,6 (A—y) are tg i—l{%ﬁﬁ—pnﬁ-rﬁﬁ—n cos -

3ain P Va3
«-gin P art h I:F-m—l- V' ¥ cos P arth m]
(unen ym sxogur toasxo npu d > 0,6 Y'3); (6.97)
ﬂg-::-:? [I,QE arth::i:filﬁiz?m{dmyj ]/'5' arcig }[ffd': e
5 —4c8-|-6,8c~6] ecan B /10
/8 = A; (5.99)

A={at-e—6Vala D) (6d Va@rl), p=—0,50 1t V3)a

G=—d (a}c+6 Va (a<-1)/(6 Va (241) 4
a= (1—d)*/(4d®), d=uvy,/v,

5 M obos i 81



mih RS | d/h

g E?ﬂﬂ 4.9 Vr /Uy

Puc. 5.19. 3asucumocts Ih, 6/h, mih or vyfo ana o= 30":1...5— n/6;
n/10; x/12) =n/18; 3n/20.

rie O—wHphHa CTPYH; Upp U—CKOPOCTH NOTOKA B TPYGONPOBOAC A0
HACAAKA W HA DHXOAE M3 Hero; fl—yroa Memiy ocblo HOTOKA, BHTCKAIO-
Iero M3 Hacagka, n creHkoit rpySonpopoia, B KOTOpoll on yeTanomacn,

I'I H OTCYTCTBHH yCTYna nepej nacagkom m-—0; A=0 He=—a+

a{n+l]

Pezynﬂam PEUHCACHI N0 BUIENPHBEASHNBLIM  3ABHCHMOCTAM
npejacTapaenbl Ha rpagHxax, Kotopuie MOryT GHTh MCMOALIOBAHM M
naxompennn I, h, m (pne. 5.19),

l(uatprbmmeur pACXOAA MOMHO ONpeAenTh 1Mo QopMyne:

== 8q/h, . (5.100)

= v/vy—Koafduunenr CKOpoOCTH;, Uy— NOTEHUHAILHAR CKOPOCTh, 0O-
yejaondennan nepenagod panaenuit B noroke nap crenkamm rpyGonpo-
Bofa B GECKOHeMHOCTH M B cpene 33 HaCAlKOM,

Yeoa o =45, [Tapamerpm [, h, m MOKHO ONPEICAHTH H3 CaEAYI0-
uix sapucHmocTefl:

M ALE ~YEdyd, . g YR
_E.[ 5 Ijh"/-fd_‘_ dlﬂ} [.‘4 E]ﬂfflg'i—_:—df{r.fqﬂ

S J,-V.::'EI T -PV'E(VI_P’FI_—-_:? arcthV 1— Y T1—¢) 4
1

+1/1 |-V T—carcth VIWI—_.—:_E ] (anen  A'zm exoanr npmn
SER
d > 0,707); (5.101)

t
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1 [26@a—0¢) ndat2—
['E[za. Paretg d— g L m g arthd 0,6+

l +2 ‘ld+£'-l npH ﬁf-:—‘g"

A02%
O [ﬂ ﬂ31’1~1-2 i fﬁ
.1[%—:1”5" S A u “arolg d—2,8+

.!..glg_i,_i_q—?] npu fi < ﬁ ;
m’fﬂf___E’; 5.“13]'

A'=—d[atet4Va@t D)4 Va@in) d=vyp,
a=(1—d%2/(4d%), c—=sin* 2B, E' =a-+c—4V a(a+ 1)/[4dV a(a+1)].

\

Ecanw s crenke ner yeryna nepea nacaakom, m=0, E£'= 0, Torna

c=—a-+4 ¥ ala+1).

Peayastate Buuncaennit no aapnermoctsn (5.101), .. (5.103) momno
HENOAB3IOBATE AAA HaAXoXpenwn napamerpos [, m, h (puc. 5209,
Yeoa o —=60°. lNapaverpu [, h, m MOMHO ONpeleAHTB N3 CAeAYiOr

HUX sanHcHumMocTeit:
F l ] ‘ii i ‘j a [ L
Y I-A arttg—g:__-T{-ﬂ arclg E—Elf_—r-{-—iil{d — D) —=D'n—

A'—D V3(l—d) V3 ., ;niie YVIi=dFEd
ATy 3 n cos (n/3—B/2)
'——'—2— ll"ld—'ll.lilh ﬂ - 5in (-3— *E—ﬁ) In cos {ﬂ.f& I ﬁfﬂ}-l-

cos fi/2 (@0 vV 3
*l-' sin ﬂ In w-}-m] {5. 1 [H}

r -I- [In L ~38,06c% |- 22,74c —4 2?-[~£—l
x| (1--d)? ' ; ; d

X (5.105)
.{'_=. r nps ﬂ-:;g
=

T |00z =0t arme—174.£ ]
i <Pl mpd =4

A vade—=3 Va+0/sd Vaatn] a=(—d)2)4d%), (5.106)

d=uvepfv, c==sin? (3p/2).

Ipu oreyrerenn yCTYna B cienke nepea wacaakom m—0, Toraa
e ﬂ{3|}'ﬂ[ﬂ-—’;-|}

o pesyantarav  swwncaennit no 1anum:mm1‘nm (5.104) ,.. (5.106)
M OKHO RadTH napaMerpu [, k, m (puc. 5.21).

Yeor a=90°. Ian onpeiegenns /8 mpomuo penogssopars dop-

i 4



45— \
i i il
43 47 08 08 vfv 06 47 08 88u vy
mih g g A ,
f - f /ﬁ‘i?
=l 4
-10 i ey
06 47 88 09ulv, . 86 07 48 08 ur/y
Pue. 5.20. 3apucumocry [h, 8/h, Puc. 5.21, 3asncumocts Ik, &/h,
m/hk or vyfv ann =45 1...8 — mfh or vefo npn & =060" /...4 —
n/4; /9 n/18. a/4; /9 n/12; n/l18.

myay E. H. Boromososa » ynpouicniom suje:
—66,4c2 |- 34, 4¢—4.2]
g d o —_— npu f e n/6; .
hid = — le/a-| (2—¢) areth Y a-+1/n 37301 9) (5.107)
npu > n/6
a=(1—d*?%/(4d?), d=vy,fv, c=sin*p.

TNasn seaucaenua arcth Y a1 npi orcyrersun COOTBETCTBYIOUINX
TAaGANIL MOXKHO HCHOALIOBATL (POPMYJIN:

S— — 1242 - 17,3d —4.5 (d = 0,7)
i -1 =
arcth 'a+1 {I'?d‘—ﬂld--}-ﬂ.l d > 0,7).
ITpi d=0,7 rabanunoe n npuGanxkennoe anayennn arcth ) a+-1=1,73.

Pacxoanme XapaKTEPHCTHEN nacaakon npu = 90°. Bxoduwe u ovi-
xodume kpomku ocmpee. Tlpy sanoaneniom HereqeHnn KosdpuitieHTH
pacxonia n(gm ljJd=3, Re=3(10%,.10%), vep/y=001...0,3, vgpfv =

(5.108)

= 0,01. 02 moxno onpenemuts no dopmyaam [86):
= Ad/[14-B, (vyp/ox— Ci)*], (5.109)
p= A1 By ["Tp-"”“'cz}zl- (9.110)

rie Uy, Upp— AefCTBHTEABIIEE CKOPOCTH MOTOKA COOTBETCTBEHNO NpH
MCTCYCHEH 3 HACAINA N p TPYGONpoROTE Nepel HuM; = V 2pHy—1teo-

B




PETHUCCKASA CKOPOCTb MOTOKA MpH HCTeueHWH u3 Hacagka;, A;, A, B,
By, Cy, Ca—xkosppuunentn (raba. 5.11).

5.11. 3uauennn xospdunnenros A,, Ay, B, B,, C,, C,

. |

Jq-l \ 'BI ‘ B. ‘ 'E:I ‘ Et

d, m

0,004 212,0 212,0 3,65 5,30 0,01 0,01
0,006 139,0 139,0 3,25 5,25 0,01 0,02
0,008 103,0 103,0 2.95 5,20 0,02 0,02
0,010 81,5 81.5 2,62 4,50 0,02 0,02
0,012 67,0 67.0 2,62 4,50 0,03 0,03

Paduaavnmd u xonuseckud axodw [86]. Kosduumentn pacxona
MOMHO  onpeaenants no dopmviam npun Re=2.10%,,.10° gan novoks

B TpyGonposoge M Re=4.101...2:10° ana  noroka, BuTexaiomero na
Hacagxa:
o= (r/d)™ (vyp/02)®, (5.111)
= (r/d)™* (vep/v) %, (5.112)

rie fﬁP&Jl,H}'E JAKPYrieHHs BXOIMHEIX KPOMOK Hacajlka, U—Teoperu-
HECKAA CKOPOCTL HCTEUEHMA NOTOKA; ¢y, (g, Oy, Os—nocroaunvie Gea-
pasmepinie Kosdgehnunents (tada. 5.12).

6,12, Buavennsn koshPuuHeHTOR Gy, (u, &y, Oy

rid i Ui L 0y

0,10 0,143 0,159 —0,104 0,116
0,15 0,131 0,141 —0.077 —0,083
0,20 0,110 0,116 (), 0564 —0,067
0,25 0,091 0,095 —0,041 —{0),043
0, 0, 187 0,213 —0,039 —0,045
0,76 00, G40 0,607 ~{), 060 —(,057
I, 50 0,412 0,433 —0,050 —0,063

Hast Konwvecknx nacaakos (yroa KonycHoern e=0...15°% [/d=5)

npn Re=205-10%..8,6-10' nan notoka B TpyGompomone H Re —

4:10%...2.10% pist nOTOKA HA BHIXOME M3 HACAAKA NPHUMCHHME Che-
aylomue Gopmyain:

(5.113)
(5.114)

p=a" (v,,)/ v
M= - (t"rpfr L’}G’l

The &— yros KOHyCHOCTH, pan; @i, §a, 01, O;—nocrosutbie GeapasMep-
Huie Kosdduunentu (raba. 5H.13).

Masaende cpuBa BakyyMa B HACAAKAX € OCTPLIMK BXOMHBIMH KPOM-
kamu. Jlagnenwe pey (Tla) npuw ld —2...5, tp=05...04 m/c u
t—10...50°C pasuo [86):

Pep=la (fjd—1) (v, 0.4) -1 b]-108, (5.115)
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'5.13. 3navenus qy, @y, 0y, O B 32BHCHMOCTH 0T @

‘ ¢l

_—

€&, pan Ta LT

0,021 0,091 0,054 —0,078 —0,080
0,56 0,071 0,073 —0,037 —0,038
0,103 0,089 0,093 —0,050 —0,052
0,158 0,108 0,113 —0,051 —0,054
0,217 0,180 0,192 0,082 —{0,087
ﬂmm “. I !3 ﬂ; I [T -"ﬂ-,'u:]'? _ﬂtﬂaﬂ

rie a, b—xoappuuHenTsl, 3apUCAle OT YNPYTOCTH NAPOB IKWIKOCTH,
gpnapg = 8257 Ila (remneparypa noroka npw mereucnuy 42°C) a=0,23:

[ipu p > pey coxppuunentil pacxoaa Hacaakon caeayer onpeicanTs
KAK Aan orBepeTHit B ToHkofi crenxe.

Yron orkaomenns norvoka npu  wcrewenwnw. Ilpn /o, —4.. .36,
Re=2.10,..10° nan noroka B TpyGonponoie n Re =4.1M " .. 3.10% »

t98 /

28

20

| i O e U

[S=""

L e

p—

e R
’l,il.rdul.r.r.r.rr

4

12 20 28 v, /v,

Puc. 5.22. 3apucumMocts B AA7 GOHHYECKHX HACAAKOB O UsifUy
npu lj/d=95, d=0,008m: /.,,3- @ =1°12"; 3°6"; 12°27",

&



7 4 1% 1 23 v for

Pue, 5.23. 3apucumocts 0 A4ft BHEHHX IHARHAPHUECKHX
HACAAKOB OT Uy/vy Npu [/d=3: [, 2=d—0,002 u, 0,004...0,016 M.

nacaikax yroa orgaonennst noroka 0 sasucut or /vy Onpegennrs 0
MOMHO 10 rpagukam (puc. 5.22, 5.23) wan no popmyae E. B. Kyane-
nopa;

tg 0 = Av/v,p B, (5.116)

rie A, B—nocrostnusle Kosquuuents, sasucsamiie or Gopmbl H pasme-
poB HACALKOB,

Henoneaya  dopuyay  (5.116), wmoMHO noayuHts  Bulpamenne
AJ% anpenfejieHns I AAR DHAHNJAPHYECKHY H KOHHYeCKH CXOARINXER na-
CAlKOB:

ft = (A-+-Buyy /o), (5.117)

rne A, B—xosppuunenrst (raba. 5.14),



5.14. 3nauennn A w B ana pasinuibix nacaikoh

Hacagoxk

of |

Lipaunapuueckuit nacagok, ljd—=3;

d=0,002 m 1,450 —{), 750
d=0004 .., 0,016 M 1,228 —0, 101
Kounueckn cxomsuiniica nacaiok:
l/d=3, d=0,008 M o= 12° 1,210 0,320
lid=25, d=0,008 m o =545" 1,168 0,456
To xe, aa=1°12 1,132 1,434
To e, o=3' 1,111 0,890
To me, a=12"27" n 13°26' 1,130 —0, 040

5.7. BATONNEHHOE MCTEYEHME YEPE3 HACA KM

[pn 1ypbyacirTion ABIKEHHN KUAKOCTH B Hacaake Kos(uunent
pacxojaa papen (no panuwms LI, A, IMaGasona, B. H. Awuxmuna):

fy=p/ Y 140,033, (5.118)
rae p-—goxppHuHenT pacxofa NPH HESATONJEHHOM HCTENCHHH B aTMO-

cepy.
I}ipn 3-10® Re, < 35-10°

g ==1/[1,20k -} 60//(C Rey d)|, (5. 11%)
rae k— Kosqupumment yMenbuelns LL NP SaTONACHIOM  HCTENCHNH
peacacrene Typoyaentiolt paskocru, k== 1,008,

Ias prewHero WHJAHHAPHYECKOro Hacajaka Jlg MOMHO HAXOAHTL H
no opmynam A. H. I'negkosckoro |19].

5.8. MICTEYEHME NPH NEPEMEHHOM HANOPE

[Mepron, B TeueHHe KOTOPOro ypobeHb MHAKOCTH B NpHIMaTHyecKoh
EMKOCTH (NPHTOK B €MKOCTb Qpp H W,— const) onycrurca ¢ My no H,,
pases:

-_h_ - nm“‘m .
: M,,E(m VIV ) Wf:‘?ﬁ‘) 6,120

Hpp = Qhp/ (2gnte?);
NP Qup=0
t=20, (V Hi—V H)/(po V' B2} (B.121)
Hpu Hll=ﬂ A
t=2w, V Hy/(po V'2g). (5.122)

Ins cotynd unanngpuveckoli dopmu (nawua L, mamerp D) ¢ ropus
Sonradisroft OCHI0 BpPEMA MOAHOrO ONOPORHEHHA PABHO:

t=4LD ¥V D/(3um ¥V 2g). (5.123)
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5.9. CPABHEHME XAPAKTEPMCTMK HACAKOB M OTBEPCTHMA

Heaasucumo or dopmu orsepetis u Hacazka xos(duument pac-
XOAA NAS HMX NPaRTHYECKH pasnw (talba. 5.15).

5.15. 3uaveHus |, ¢ AAA PA3AMMHWX OTBEPCTHIL,
Hacaaxos npn Re, = 108

Koagdmun- Kosdupmiin- Vacawnan
OrsepeTHe, HucAROK EHT CHOpPO- | enT pacxo- | SHCPrAs
CTH, ¢ Aa, | NnoToKa

Orneperue:

KPyraoe 0,97 0,605 0,941/

KBAAparHoe — 0,6 —

NPAMOY FOJILIOe - 0,605 —

Kpyriaoe —_ 0,87 -
Buewnnil unansapuaecknil nacatox:

¢ OCTPBIMH BXOANBIMH KPOM-

Kamu, [/d=3 0,805 0,805 0,672H

¢ KONHYECKHM BXOJ0M,

luld =0,5; a =60° 0,946 0,946 0,925H

EJ’MHHJIMIHH BXOAOM,

l[d=3; r/d=0,2 0,961 0,961 0,945H
Buyrpensnik uuanﬂn&ttmuuﬂ.

ljd=3; 8/d==0, 0,740 0,740 0,504 H
Konuueckuit exopmuniien,

ljd=3; = 1345 0,947 0,947 0,927
Konnweckuit pacxonumiicon,

Hded; o =4" 0,864 0,864 0,226/

Mpusenenne suewnnx UHARNAPHICCKHE HACAAKOB 1eaecoolpasno,
ecan ffd = 2...3. Jlas ypeanqenns Mx pacxofos BXoa neolXOAHMO Bhi-
ROVIHATL KOHYCHBIM WAH pasdadbiuMm (rfdz=0.2; | /d=0,15; ¢ =40. .. .
Buyrpennne unannapuyeckne HACAAKN cacayer npuMensars npu 8/d > 0,04,

llpn nenoassopamin  KOHHMCCKH CXOAAUIMXCH NACAAKOD JNOJMIH
coGalogarees  caexayiomde yeaosun: ld=2...3, a=12...13°
(Reg > 2:10%) man a-=06)... 80° (Rey < 2-10%); xouuwecku pacxoas-
mxea Hacagkop — [fd =3 ... 4, a = 4°. Beprukanuioe nx pacnosome-
nue npu Re > 10* negonycrumo, nGo po Beex cayuasx Ovier npoucxo-
JNTh OTPMB KHAKOCTH O crenok i iy = g, Ilpu Re > 10 pan yseau-
HCHHA  pacxola uepes OTBEPCTHA HAH HACAAKH CJACAYET HPHMEHATH
KOALUO pasMmepami lyonfd=1... 15, dyn/d=13... 1.4.

5.10. BNAAHME BHEPALLAHM HA MCTEYEHME MHMOAKOCTH

[Tpumes, uro uAKOCT, B Gake OAHOPOAMA H YACTOTI KoseGanmit
ee yacriil ¥ Gaka cosnagaor, Toraa 3akoHoMepHOCTL H3MEHEHHS aM-
HAHTYAL KONCOAHNA MUAKOCTH B cedeninn 3a60pHOro orpeperHs MOMHO
sanucars B suje [64):

y — 250a,, cos 2nf,t/[[* cos 0,6m (H . /H )], (5.124)

rie ay—snGpaunonnas neperpysxa; m/c*®; f—uacrora wnGpanwn, Tn;
H—yposens mpakocrn B Gake, m; Hy—c/(4])—suicora pesonanchoro
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CToA6a_ KHAKOCTH,  COOTBeTCTBYMOWlaA  wactotre  BuGpaunn [, w;
c=V gEu/ly (1 dy) E/(BE)] —cropocrs pacnpoctpanenns KoneGa-
Huit B xuakocts; dg, &— amamerp w Tommmma crewkw Gaka; E,, Eg—
MOAY/AH OOBEMHOH ynpyrocti M matepuana crenok Oaka; {—mBpems, c.

B ypasuenun (5.124) seanunna cos 2nfyf cpupereancTayer o nepuo-
AHYCCKOM 38KOHE H3MEHEHHS § B 33BHCHMOCTH OT BPEMeHn f, nosromy
MOMHO 3aNMHCATD!

Yoy = 250ay/(/® cos 0,5, /H,). (5.125)

AMNARTYZA Ypux HEOI'PAHHYEHHO POSPACTACT ¢ NPHOAHKEHHEM Bhipa-
HEHnn B anamenarese K Hyao, 1o ecrh npu Hy/H, = (2i — 1) nacrynaer
ABAcHne pesodanca (i=1, 2, 3—obepronu cronfia KMAKOCTH). Fuaye-
HHA BLCOT Pe30HANCHOro cToN6a KUAKOCTH npHBeicHu B TaGauue 5.16.

5.16. 3navenns I,

fo Tt { | Hp. MM f ' l { Hn. MM
40 | 2 290 | 114

] 229 800 P 342
400 2 687 3 570

d I 145

Herewenne Gea snaennsn peaonanca Gyaer ofecneneno npu cofunoje-
HHIE CACAYIOWEro YCAOBMIIL:

Hy # (2i—1) c/(4)). (5.126)

AMnanTyay xodeGamnil, COOTBETCTRYIOUIYIO CPLBY BHOPAWNH, MOMKHO
puvneants npu 0,0« l/d = 10 1 0,3 d/dg = 10 no qopmyae:

Yep = 10,0205(/d - 0,024 (d/d,)"+7 —0,0225) d,, (5.127)

rae dy— yenopnwit auamerp, do=1 Mm,

Jlas Toro urolu NpepoOTEPATHIL HOIMMKHOBEHHE ABYX(AIHBIX NOTO-
KOB, 3HAMHTCABRBX aMNANTYA KoncCaHmi MHAKOCTH H, KAK chelcTome,
yheawueHwe noTepL nanopa npH HCTEMCHNH,  napaMerpn  BHOpauMu
Gaka ay, f n Hy caeayer onpepeasnib na YeA0BHA Ypux < Yep:

Kputiueckne suauennn dyupe fype Hywg coorsercrytomme yey,
HAXOANT WA ypasHenun:

2500y,
= [0,0295(/d - 0,024 (d/dg)"s" — 0,0225] d,. 5.128
ot Bt 10y Dk iy |do:  (5.128)

Kos(puunenTit pacxoaa BUEWHHX UWHAHNADHYECKHX NACALKOB NPH
NOAHOM COBCPIIEHNOM CIKATHH, OCTPHX BXOLNMWX KPOMKAX MOMKHO onpe-
leasnts no rpapukam (pue. 5.24 ...5.27) B wmumpokoMm ananadone f,
Reg, ny (ny=A (2nf)%/g, A—amnanryaa KoncGanni).

Ko HUHENTH pacxoaa npu pasanuuwx [ m fy Momno onpele-
AATE no rpaguEaM na pucyske 5.28, a Takmxe no popMyae A1 Kpyraux
OTBEPCTHI € OCTPHIMH BXOAHBLIMH KPOMKAMH NPH (OJHOM COBEpIIeH HOM
CHATHH M McTeqeHHHM B  artmochepy npH Rep==2-100 ... 5-10%,
[=20...80 T u hy=1...4:

Py == ng/ (8, 7Af2--0,68g), (5.129)
rie p = KOSQPuuMCHT pacxoaa OTHEPCTHS HPH OTCYTCTBHH BHOPOWHY.
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Pue. 5.924. 3apucamocin p or [ aan 37 s -~ -
pHempero UWAHHIpHYeCcKOro nacajg- J

ka npy l/d=3, d=10uM, Re, =
=928600: I...8—ny=1; E: 3; 4; 5, 75

i)
43
2 s 60 & i
F
07
0.5

1104 15-18%  210% 230 g-0% J3510% Rey

Pue. 6525, 3apucusmocts g or Re; aan puewHero WHAWHAPHYCCKOTO
wacagka npu [jd =3, d = 10mm, f—60 I'n: /—Gea suGpanim; 2., .6 —
na=2: 3: 4. 5; 6.

a7

06

y —+—

(/&] J
510t Y 2.5 5 ' w4 2:10" 30415 - 0% W*  Re,
410’ & 1o

Puc. 5.26. 3asucumocrs p or d, n,, Re, upn H, =200m, [-—40u;
d—1—03...10mm; 2.0.4—03; 0...7—1,0; 8...10—4; I1...13—10;
Hﬂ—uf——ﬂ.?.ﬁﬂﬂ 23!5'9!.? 4.4?!1‘.’3'13 8 H—p,ﬂﬂn
oTBEpCTHH B TONKOR crenke npu ny=0; /—p npu orcyrcraun puGpaiin.

i



07

/
J00 400300 100 21t a | o0t 205100 | St Re,
4 17 é
Pue. 5.27, 3apucumocts p ot d, My, Re, npr ng=1; =40 d—

I...4=03wmm; §...7—1; 8...10—4; 1]...18—10; H,—2,58 11 —
100-mm; 3, 6, 9, 12—200; 4,7, 10, 18—400; J—n,=0.

1t | —— 2
4
48 :
112 3
0,7
07
065 ;

a 700 200 300 &0d &7/ &00° Hg, MM

Puc. 5.28. Baunaune f 1 uGpupyemoro ypoBHs sujakoctH [, Ha p npu

d=1mm, I/d=3, p,=7,85klla, Re,=4300...6000: /...5—=—800u;
400; 40; 40; n coorsercreenno 2; 2; 1; 2: 4.




5.41. XAPAKTEPMCTMKA CTPYH, BLITEKAIOLMX
M3 OTBEPCTMI M HACA[IKOB

CpejiiAst CKOPOCTH CTPYH B CEUCHIH, OTCTOAWLEM HA PACCTOSHMN {
OT DBIXOANOrO CEHEHHs MACA/KA, NPH HSTEUCHHH B BOAY B COCTOSHHH
nokos pasna (no M. B. Konopanosy):

vy = mud/[(1 -} md/l) I, (5.130)

rae m-—nocToumnas, m=—29, v—CRKOpPOCTh HA BHXOAC H3 HAMATKA
d - HaMeTp nacajgka na BLIXoae.
Jlas BOAsiiBIX HC3ATONJEHHBIX CTPYH ocenas CKOPOCThL pania;

g — 145ud/l, (5.131)

FAC 4— OCEBAfl CKOPOCTh HA BHXOAC H3 HACHJKA.
Nanbuocts noneta cTpyvu, npu Kotopoll Oha He pacTaAfacrcs, pasHa

(mro A. M. Llapenckomy):
I,=0,415 1/ adH}, (5.132)

rae &—yroa HAKAOHA ETPW K JHUNK TOPH3IONTA NpH npieTe, rpajfl.
C:%n:-rh I HEOrPANNUENHOM CA0E HIMEHACTCS COMTACHO SAEMCH-

MocTH |
#/ttmax = [1— (W/6)"*]3, (5.133)

I Hmax — MAKCHMAALHAN CKOPOCTE B CevelnH BA3IKOro nojcjaod (na
OCHODHOM YYACTKE STO CKOpPOCTh HO OCH CTPYH, @ Ha Hatdibiom—
B oSApe MOCTOAHHLIX CKOpOCTel); ¥ — OpPAHHATA TOYKH €O CKOPOCTLIO W)
b 0,22y — WHPHHA BASKOTO NOJACHOA;, X~ PACCTORIIHE OT BbIXOAHOIO
COUEMNS SO Cetennn, rie onpeicanior CKopocTH.

Mapamerpu pepTHkaibnofl noasnoll cTpyil MOXKHO ONPEACIHTL NO

(popmyaan:
Hy = Hy/(14-ky ally); (5.134)
Hy = Hy y (0,98 —0,0083Hy ) (5.135)
R =qptyn, (5.136)

rae Hy g Hye—nuicora nogsema crpym B Komnaxtnofl wacth; ky p—Ko-
spunent (rada, 5.17); R—popnye aeficroust pasapobaennoft n pac-
NWACHHON wacTH NpH Hakaone CTPYW; §p— Koapduunent, sasncnuHi
OF yran naxaoun crpyn e (raéa, 5.18).

5.17. 3nauennn xospduunenta ky

l A0 ‘ 40

Ru.n 0,023 0,014 0,009 0,006 0,044 0,0024

L
=1

16 l 20

5. 18, 3navennn P

30

¢ ‘ 156 45 | 60 Vo

TR 1,30 1,20 1,12 1,07 1,03
03



TNapaserpu ceofonoll kpyriof crpyn onpeaeasior no hopmy-

<iam [48):
!nli-.‘l = n. 145.”!']',
IH!*.I = D.Hﬁﬁdm.
lg a==3 4a,
lmax = 0,960/ (al;/d 4 0,29),
R=pQu (1 —cos ¢),
R=pQ (uy —u) npu ¢ 90°,

R=2pQ (uy —u) npu ¢ == 180°,
N =pQ (uy—u) u npn ¢ = 90°,

(5.137)
(5.138)
(5.139)
(5.140)
(5.141)
(5.142)
(5.143)
(5.144)

TAE Dy — WIS HOMANBIONO YUACTKA, &~ yrod, PaBHLIT NOJOBRIE YIaa
PACIIMPEHNA CTPYH; My, ——CKOPOCTH HA OCH OCHOBHOMO YYACTKA ET&'}'H;
@ — KOs(pHUBEHT CTPYKTYPE NOTOKA B BHXOAHOM cedenun, a = 0,08;
R—pashenye crpyn na nperpany; Q—pacxon JKHAKOCTH B crpye;
U=CKOPOCTh NOTOKA OTHOCHTEABHO NPerpan; ¢-—yrol OTKIOHeNH
CTPYH OT NEPBONSYAALHOIO HANPABNCHNR; Uy, & — AOGCONOTHHE CKOPOCTH
JKHAKOCTH W nperpagu (npH ce nepememennn); N —MownocTh crpym,



Tnaea 6
FTMAPABNMYECKMHA YAP

[ToBblwenne AABJACHHUA NPH THAPABIHYECKOM yAape onpeiejsioT no
Q}npsﬂﬁam:
. E. Xykosckoro

Ap=pev, (6.1)

rie ¢~——CKOPOCTh PacnpocTpaneHHa yAapioH BOJHB, U-—CKOPOCTh JABH-
HEHHA MHWIKOCTH B TpyGe 10 OCTAHOBKH NOTOKA;

JI. C. Jlefifienaona
Ap=pco ¥V 14 ky, (6.2)

FA€ Ry~— KOSPGULHEHT, YUHTLIBAOWM HepaBHOMEpHOE pacnpeieicHne
CKOpoCTel 1o ceMeHHAM, NMPpH AaMUHAPHOM pedume k== 0,333, 1yply-

JACHTHOM B TAAIKHX Tpybax—0,015, wepoxosarux — 0,035,
[Topsiuenne AapJeHua UPH HENPAMOM YAAPE MOMHO ONpeiesnTh

NS Bupamennn Apy = Apl/ty nian no dopmyne Mnmo;
Apn = 2pul/ity, (6.3)

rjae [,—DppeMsi 3aKpHTHA aJanopuoro yerpoitersa; [!—paanna TpyGo-

npoBoAA.
B coorsercrenn ¢ nanecrnon meropuxoit, JI. C. Fepautenko noayuua

:hﬂpuy.ny AAH ONpeRCJeHHA IPHPALLCHAA AABJACHHA NPH FHAPADJIHYCCK OM
VAARE, DHIIBARNOM MTHOBCHHBLIM HENOAHLIM 3aKPLITHEM 3anoploro yer-
polcTna W OTKPLITHEM MPELOXPaHHTEALHOrO Kaanana:

Ap = kype [0—=V EF2Z (o F-gH) et —)/Ee+00]  6.9)

PAC Rp——KOMPHILHEHT, YHHTHIBAOULHIA BARANKE HA Ap npoTHBOACHCTRHE
HPYHUNL, AAR  3anopHoro 3{crpﬂﬂcrna kp=1, npejoxpaHnTensioro
kaanana kp=1,1; L.=2gHjv* [,—xospduunenTsl THAPABAHYLCKOTO
COPOTHRACHHA COOTRETCTREHNO CHCTEMBI M SAMOPHOIO  yerpoficTea
(kaanana); H—panop B cHeTeMe 10 SAKPLITHA SanopHoro yerpofierna

WAN OTKPLUTHS NPeJOX PANNTENBHOTO Kaanana,
FTopsinenne wanopa npn 3aKpuiTH KOHUEBBIX 3al1BHXKeK pasno [12]:

AH —co [1,.24—0,16¢t,/(2))/g. (6.5)

ITpn rugpapavueckom yaape, BoduuKkaloues B TpyGonpoboje Bejea-
CTUHE NJOXOro DENYCKA BOSLYXa M 06GpPA3ICBANWMA BOJIYIUHLIX NOIYILECK,
AH opuentuponouno MOKHO ONpeseanTh no dopmyde:

AH =100 (v; —vg), (6.6)

rjae Uy, Ug—CKOpPOCThL BOAL COOTBETCTBEHHO Nepej 3JaKynopHBaHHeM

TpyGonpobofa BOSAYIWHON NOAYVIUKOH H MOCAE HETo,
[Toswnenwe napaeHna npH orkjouennn JIM «®perats npu ogu-
HouHoit M rpynnosoit paéote Ap (xlla) pasuo (no A. M. Pynb):

Ap - mueg=1 (0,87 "™ 1o 16), 6.7)

ri¢ ¢—cKopocTh pACHPOCTPAHCHHS VAAPHON BOJANK, AI8 CTANbHLIX
Houyrynuex tpyGonposomor ¢ = 1020 .., 1170 m/c; m—kosdduunent
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yeaoshit paGorw, nps rpynnogodt pabore JIM, pacnonomentsix sGAnH3H
HCTOYNHKA poaMymenns (oTKAwyaemofi mammnnm), m =064, npn paGore
JAM or oreaunniX THAPAHTOBR ¥ HA 3HAYHTENBHOM YAAleHnHH OT HCTOW-
HHEa soswymenns m=092; npu oxnnounofi paGoTe H HAAHYHH pPAAOM
¢ JIM tynugonmx orsojos m=124, Ges nux m=1 (sce snavenus m
cnpapeannn npi otkalovennn LM sa ppema Gonee 27 c).

Vaapuoe jpapnenune B TYNHKoBOM TpyGonposoae pasno [16]:

py=pa-+10"% Aveg, (6.8)

rie p,—Aapachie B MecTe yeranoskw jpompesansiolt rexmmkm, MIla;
Av— HIMeHEHHE CKOPOCTH BOAM B TpYGOnpoBoAc NpH NpeKpatieiini
Bojlosabopa.

CkopocTb pacnpocTpaHelns yaapxofl poansl pabHa:

¢=cay V 111 Eud/(ExD), (6.9)

rie ¢y = V Bl —CKOPOCTH E&cnpmpaueuﬂn aBYKOBOIl BOJIHL B cpene,
HMewielt Mogyib ;ng)ymcm s W DAOTHOCTD P, Ada Boaw npu =10 °C
n pasaennn 1 ... 20 Mila ¢y == 1435 mfe; Ey, Ey—moayan obnemnoi
VIPYFOCTH JKHAKOCTH M Marepuana credmkm Tpyow (radn. 6.1, 6.2);
d, & —puamerp TPYGH W TOMIMHHA c€ CTEHKM,

G.1. Moayan oGuwemioil YnpyrocTH TREPAMX Ted

Matepuaa ‘ Eye 10=1% []a Marepuan HT~lﬂ-". Ila
AmoMuini i 7.05 MoansTuacn 0,14...0,20
Beron 2.12 Crann 21,20
Bununaact 0,28 ...0,30 Cregao 6,00
Jatyns 10,00 Crexaonaactux 0,60...1,00

6.2. 3navennn E./E;

Tpybu ‘ E. /By H T pytu E, /B,
AcGecToileMenTHLe 0,11 Pesunonnie 333 ... 1000
Betonnme 0,10...0,14 Craasise 0,01
Buinnaacronne 0,68...0,73 Uyryunue 0,02

[MToanstuiaenonme 1,00...1,45

ITpusewasnne, [Aig wenesoberonnux Tpyo Em‘r‘ET={n. =0, 14)/(1 +9,50,/0),
FAe @, ~NAOMAAL CEYCHNA OpMATYPH HA I m pawnn, @ =0,015...0,06. Ilpn

gmum rpyfonposofa wa rpynT, coraacio Asunus B, C. Jlukapesckoro, puecto
noactananot O =0-+dE ((2,7E.): E =50 MIlTa; 34; 29,4 coOTBROTCTBCHHO AN

MieCcKn, CYrANNKE, FAHHL.

C yueToM HEPACTHOPEHHOIO B BOJAE BOZAYXA € MOMIO BHUHCAATD NpH-
Gawkenno no dopmyae (6.9), nogcTapans B Hee sHauenne Ly ¢ yueToM
L]

BOSAYVIIHLIX pEMotcHHil Ex, KoTopoe naxost w3 coornowenns [62]
Ew/E} = 1 QwPamEn/ Py (6.10)

re Qg —ofbemyoe cojepxanue Ne PacTEOPENHOTO rasa Bn poje;
p— napneuue B RHIKOCTH.
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Ecan xonen TpyOul He 3aKpemien, To ¢ pasio:

e=ca)/ T[TF (1—12)z_a/ ED)], (6.11)

rAe py— Kospduuuent lMyaccona, aas cranvubix Tpyd pg,=0,25...0,33,
noaxsTienosux —0,32 ... 0.5,

CKOpocTb pacnpocTpaHCHHA YRAPHBIX BOJH B PaZIHUHBIX TpyGax
MOXKHO ONpejeasiTe no Jannmm Tatany 6.3, 6.4 [12, 53]

6.3. Cxopocts pacnpocTpaHenns yaapusix BN
B XKenezofeTonnbx Tpybax

d. mm g, Mfe

< 100 600 ... 1200
100 ... 600 550 ... 1100

= 600 500 ... 1000

6.4. Cxopocrs pacnpocrpanenns yaapnoii noans B pasmmansix Tpydax

Cranunue | HUyrynnue AclecTouemenTime

i, mm
8, Mm €, Mfc I 8, mm | ¢, M/c 6, MM €, Mfe
b0 ] 136,56 7.6 1 340 0 1 130
(L 4 1 316 8,0 1 300 0 1 040
100 b 1310 8.6 1 280 11 1 026
125 b | 280 0.0 1 260 12 990
150 1] 1 280 9.5 1 235 14 980
200 (s 1 240 10,56 1 200 16 940
260 1] 1 206 11,5 1176 19 930
300 7 1 200 12,5 I 160 23 926
350 7 1170 13,0 1 140 27 0925
400 8 1170 14 1 120 30 020
450 H | 148 15 1110 34 920
B0 8 1126 16 1 100 38 026
GO0 9 1110 18 I 085 45 920

Bo npesn otkmouenns JIM «®perats npu pannomepHoM SaKpHTHH

JAABIKKH CKOPOCTL NOTOKA B TPYGONPOBOAC HIMCHACTCA COMIACHO 3a-
pucumocTn [13):

Up=u (1 —1y/15)%, (6.12)
= |+ 20+ Alyd H+-AH
=08 (g He i) | [ea—m,

FAe {p— TCKYMAR OpANHATA BpeMenn: o— Kos(MUHenT, YUHTHBAIOMHIL
AAKOHOMEPHOCTD H3MEHCHHA CKOPOCTH) Ly — KO(MpHILMENT CONpPOTHBACHHA
sanBuxKH; H— ruapopuHamiyecknfl wanop wa rugpante; AH —nopwime-
HHe HANOPA NPH 3aKPLITHH SAJBHKKN.

[Ipn oTpamenun yaapuolt BoJHLI, Hanpumep oT HAMOPHOrO peaep-
Byapa, rufpaBandcckuil :maf: MOXET OBITh npAMBM— g > {3 B Henps-
MM —1y, < {3, TAe 1g=2I/[c (1—v®/c*)] ~ 2l/c—mpemst, 3a KOTOpOE
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YAapHaA BOJHA npofijleT paccTosHMe OT HCTOUHHKA BOSMYINCHMSE A0 Ha-
NOPHOro pesepByapa H BepHetrcH olpaTHo.
Pacvernoe BpeMs sakpHITHA S0BHKKH pasno [73):

To=(1—h/dy) T, (6.13)

rae A—npHKPHTHE SaABHAKKH, NPH KOTOPOM HAYHHACTCH aKTHBHOE HaMe-
HEHHC CKOPOCTH H J[aBjcHHA NOTOKa; dy— guaMerp SaiBHmEs (18
sapeuxex ThHna «/lymno» h/dy=0,63); T—noanoe BpeMst 3aKPLITHR
BaBHKKM,
Bpems saxpmrust sagsuiex, obecneunpaiouiee AonycTrMble nNpejeas
ARaBJEHHS, MOMKIO ONPEAeaHTb NO daBucHmocTn [73]:
L I ﬂ,B?ﬁJ"
Ta=5,017: "® RHg—0,16c05 ° it
OGtem poaul, Kotopuil HeolxoaHMo i:ﬁlpmnn H8 TpyGonpoBoga ana
ramenns THApasIHuecKoro yjapa, pasen [16]:

W= sipd* Av [1/E, —d/(10°8E5)]/ (4+10°kqg), (6.15)

rae ko —xosdpuunent ocaabnrennn ypapuoRt mosmmt, ko=1,5...1,8.
MeTopu pacwera npacHilt PHADABIHYECKOro YAapa 'Aas pasanynmx
caysaen npupegens B [12].
B nactosiuee ppeMs HMCETCH NPOrpaMMa pacueTa FHAPABINYECKOro
yAapa na IBM (K. I1. Bumnescknit, . M, Jlemaen, H. V. Kofiga u ap )




Fnasa 7
FMOPABIIMMECKME PACYETHI OTKPBITBIX PYCH

7.4, PABHOMEPHOE RBMIKEHME BOMQbI

OcnoBuble pacueTHHEC YpaBHEHMS:

Q=aC V Ri (7.1)
HJTH ('

Q=KVT;

v=C V'RI, (7.2)

rac K =oC ¥V R—pacxoanas xapakrepueTHka pycia; ©, v— naotiadb
(IONCPEIHOro CRYCHAN NOTOKA i ero cpepnnn ckopocth; C —xoadxpunuent
Wean; R—rugpasanveckuit pagnye; {— ykaon Ama pyeaa.
Kaﬁ]muneu'r [Hean moxuo onpegeasts no GopMyaan:
H.;H. Tlaprobckoro

Ce==RV[n; (7.3)

y=2,6Y n—0,13—0,75 V'R (V' n—0,1)
Wan - npuGanzenno  npn R<1 M u>1 M coOTBeTCTBRRNO:

v'i1,5 VY g.:-: 1.3V n, rae il — KOS(xpHUHEHT CPOXOBATOCTH CTCHOK
pyean (vaba. 7.1, 7.2); y—nokasatean crenenu;
. 1. Arpockuna
C=1/n+4-17,721g R: (7.4)
AL Anvriyas (s rragkux crenok)
R

B

‘e e-}-0,385v/V gRi : @9

upn remneparype sogu 16°C v==1+10-¢ n%c, Torga

R
¢ 040,04/ V Ri :
npn n P'mlnﬂ,ﬂ-l

€ =201g (R/e); (7.7)
npn & YV Ri < 0,0005
C=201g R V Ri-}-48, (7.8)

rav !-—ﬂ‘PHlt'nmmnn mepoxosatocts (taba. 7.3);
O, M. Aftmasnna (was semasnsix xananos) [3]

€ == 8,86/ (a-}- biY/ 3/ R)A/2, (7.9)

PR i, b Kkosddmunentm,
l’ipu PACHETE pYCa ¢ HEOAHOPOAHOR WEPOXOBATOCTBIO JHA H CTeHOK
OlipeacamioT npupegeniuil Koxppuunent mwepoxoparoct [13]:

PN Began/Memin > 1,644, 2
Mg (g x4 xany® oo o - xmnd2 )% (7.10)
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NpH Amax/Mmin < 1,9 ... 2

fep = (Yaf1 1 YaNat ... +Aenam) 1% (7.11)

rge 3 —CMOYCHHBIR NepHMeTP; Y1, Az + -+ Am—YACTH CMOYCHHOIO NEpH-
MeTpa ¢ Kos(dhHuHeHTAMH 1IEPOXOBATOCTH Ny, Mg, ..., Mg.

7.1. 3nauenns n AAR KAHAAOB B CKAABHKIX rpyntax [74]

MonepxHOCTL JOMA Kenania n
Xopowo ofpaGoranHas 0,02...0,025
IMocpeacteenno ofpaborannaf, Ged BLICTYNOB 0,03...0,035
To me, ¢ BHCTYIAMM 0,04...0,045

7.2. 3unavenns n s oGANUOBANHKX Kanaaos [74]

O6aunonKa n
Beronnasn, xopouwo orAeaauHas 0,012...0,014
Beronnan, rpyGan 0,0156...0,017
COopusie amencsobeToHHBIE JOTKH 0,012...0,015
O6annopka TecaHnM KaMHEM 0,013...0,017
Kaapka GyTopas Ma MEMEHTHOM pacTmope 0,017...0,030
[MokpuiTHi #3 achaabToOHTYMILIX MATCPHAIOB 0,013...0,016
Oaepuopannoe pycno 0,08...0,035

7.3. 3navennn €

IMovepxnocts B, MM
Hekamounrensiuo riaikas 0...0,01
Hncrad ueMeHTHAR IWTYEATYpPKA 0,02...0,06
Merananueckne JorkH ¢ raagkoll BuyTpennedt no- 0,02,..1,00

BEPXHOCTHIO

Betonnasn 0,05...1,50
3emannnle CTEHKN l...560
ByroBan kaaaka 0,5...20
CreHkH KanaioB B CKaJe 3...80

CHAPABJHYCCKHE SACMEHTH XKHBOrO cedeHis notoxa. [lan pyca
Tpancienaisioro cewenus (puc. 7.1): @= (b mh) I gg:b—}-m’h:
— (b-+-mh)h/(b-+-m'h), rae h— rayGuna nanoanenns; m=0,5 (m;--mq) —

cpepuuft KospHUMEHT SaN0MCHHA OTKOCA, m':Vl—km{—{—VH-m‘gi

WA NpH My =My m' =2y 1+m® (puc. 7.1, a).

IuapasandecKkne sieMenThl JAs pyca npAMOyroabHoro u Tpeyrodb-
HOFO NONEpedHOoro CeveHMH MOMHO PACCYHTHIBATL MO TEM JKe dopmyaaM,
NpHHAMAR My = me=0 ZAA NPAMOYTrOJBLHOIO CCHEHHH, b=0—pnasn Tpe-
YFOJALHOTO.
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Pue. 7.1, Cenenmne pyca: a— tpanenennanunoe, my = my! 6—1Tpane-
NEHAMBHOe, my % me, 8— NOANTOHAALIIOE,

Aan pyea napaGoanueckoro npoduas, XapakTepusyeMsIx ypaBHCHHeM

napafionn x*=2py (p—napamerp napaGonm):
w=4h YV Iph/3;

B=2YV 2ph;

= p LV 2 T2+ In (V 2B+ V TF2));

2Bh

SV AT (VB VT2

(7.12)
(7.13)

(7.14)
(7.15)

rAe H—wmpnua xanana nosepxy; P=h/p— oTHocHTenbRas TaAYGHHR,
Pycan noanronansuoro npopuas (puc. 7.1, ) MOXHO paccMaTpHBaTh

KBK COCTABNHLIC: OCHOBAHHC B

(popme TpanemmH WAM TPEYroibHHKE H pac-
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NOJOMEHHBIC HAJ WHM V4acTEH Tpancucwiaibiofi hopmut [13]. B stom
cayqae npH CHMMETPHYHOM pycae:

L] n
0= z [b—]—E(E%m;_;h;_;_\}—}-mfhi]h;; (7.16)
{=] f == y,

x=b+2 ¥ VU mi (7.17)
i=1
B=b4-2 i mhy, (7.18)

i=1

rae hy—rayGuna B npcgesax cooTBETCTDYIOUEro Y4ACTKA.
Paunosaabisic COOTHOMEHHA MexAY rayOuHoR o wupuHol kanaia

TPanCUCHAMIBHOrO cedennn momno onpepeauts no A, C. Fupukany

(no ganusm mabmofennfl Ha cpeaneasHaTCKHX OPOCHTEAbHBIX KAananNax):

h=Ay/ Q; R=05Q%; P=bh=31Q—m (A=0,65...0,85 ann
mearnx pyea; A=0.85...1—ana rayGokux).
Jlas regpasanvecky nanpurogHefimero npoduas TpanenenaibLHOrO

CeYyeHiA
Br.u=2(V 14+m2—m); (7.19)
Ry.w, = 0,5h. (7.20)

napapandcckn  wanpsirogiefiumit npoduab napabosuucckoro cege -
uHA olecneyupactca npu Py, = 1,886,

Onpepenenne nopmanetoi raybunw, Hanbonaee npocroll cnocod pac-
gerTa wopMaasHoRt rayOnue — rpadgoanannrancckut, CyunocTs ero » cae-
AVIOWEM: SAZABANCH HETHIPLMA-NATLIO AHAMCHUAMH A, onpegenntor pac-
xognylo xapaxtepuctuky K, a sareM CTpoAT rpadHUEcKVIo SaBUCHMOCTD
Kaf) (h). Tlo sapannomy suawenuio K waxopst no rpabuey h,,

Cxopocri asmmenuws. Pacnpenenciine ckopoctefl B WHPOKHX OTKPbi=
THX pychax onucuisaiT dopmyaoit HBasena:

= tip—24v (h—g) /hC, (7.21)
rAe —MCCTHAH CKOPOCTh HA PACCTORHHH I OT AHA, Hg—CKOpPOCTbL HA
nmmgxrmc'ru.

KOpocTh HenocpepcTserno y ana pasua (no 0. M. Koucranruno-
By):
uy=1,25v/lg (6,154/4), (7.22)

rae A — BbICOTA BLICTYNOB SKBHBAJNEHTHOR WEPOXOBATOCTH,
MecTHBIE CKOPOCTH MOKHO OnpeiejsTs npubauxeduo no dopumyae

A. Jl. Aavrmyas: |
tifuy = [y/(2h)]*/C . (7.23

Bufpanuuit ® npouecce npoeKTHPOBAHHA YKJOH KaHana jomen
oflecrieynBaTh HEPAIMBIBACMOCTh M HE3AMJAACMOCTb Kauana, TO ecThb

AOJIKHO cOOMIONATLHCH YCAOBHE:
Umnin == U =< Umax, (7.24)
Fie Umijn—AONYCKAEMAR HE3AHARIOUAR CKOPOCTh; Umgyx — AONYCKAEMAR

HepasMbIBAIOWAR CKOPOCTDb.
Jlns onpefeaess Umin MOXKHO HCNONB30BATH (POPMYJEL
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H. H. Jlesn

Urmin =0,000225 W 3/ p/0,01 Y R (V dn), (7.%5)

rae W —ruapapanveckas KpYNHOCTL BSBEIIEHHBIX HAHOCOB; d —cpeanuil
ANBMETDP uaCTHI, BIBCLIEHHHX RaNocoB, MM; P— HachleHHOCTh (NO Mac-
() B3BellEHHHIX HAHOCOB HACTHUAMH d.n==0,25 MM, %:;

10. M. Koncranturosa (P < n,m%’j

Umin=a ¥ R, (7.26)
rpe a— Kospprunent;
A. C. I'mpwkana
Umin = AQ"®, (7.27)
rae A—xkosgduuuent, npp W < 1,6 A=0,33, 1,5,..3,6—0,44, npn
W > 35 A=005b
E. A. 3amapnna

Omin= 1/ p*W3 W/(T00*R), (7.28)

rae p-——Myrtnocts notvoka; Wo— ruapapinveckas KpynHocTb (Mm/c) na-
pemenuet HanocoB, Wo=W npn W > 2 mmfc n 2 mmje npu W <
< 2 mmfe; We=ZPW,/100—cpeanas ruapaBIxueckas KpynHocTh Ha-
nocon; Wi==025 (W,4-3W,); W,, Wy—makcumanrsuoe 1 MENHMAILHOE
AHAYCHNA THApLBANueCkoll KpynnocTH aaf Jaanuwofl ¢paxnwn; Pp—co-
jepmanne nanocos Tolk wan wioft pakuumn, 9%.

MAaKCHMANBHYIO ONYCKAERMYIO CH%I}E:TB onpeieasior no qopmynam:

H, W, Jlesn npu R/d=>50...5-1

Umax= AV gd g [R/(Td)], (7.29)

tA0 f « cpepunit anamerp wactTu TpynTa pycaa; A—kospdunuent, aa-
BucHul or yogorneunoct rpynra, A=32—nana xXopowo ynaotneu-
WX rpynron w 2.8 pan rpyntop ¢ Gonee puxaolt cTpykrTypof;

Lo W Crypennnnnkona npu hfd < 600

4
I:Im.‘h‘ﬂa,ﬁ /ﬁd- {73{1}

AR eCHaNX pyca
Coax = 1,04 V gd (R/d)0; (7.31)
A M Marwmenxonn npu hjd > 600
Umax = 5d%" h%%;
A, A, Mepracosa pan neoGaNIOBARHLIX KANANOB B MATKHX rpyHTaxX
Umax = UpR%, (7.32)

e ;l.,:;—nepuuunumnn ckopocts npn R=1 M aa—kosdduunent,
o a1,
A. C, Mnpuxana

Umax = kQM1, (7.33)

rae ke wosgpunnent (raGa. 7.4);
B, H. l'onuapona gan necwanuix pyca

Umax = 0,96 " gd%% (d—-0,0014)"F (R/d)°:2, (7.349)
JHaNenna vyin B Upge MOMHO onpeneants no CHull 11-52—74.
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7.4, 3uauenns &

#

Hecpaspwe rpystu ke CrAajspse rpyHTs

[lecox cpegunii 0,45...0,5 Cynecs 0,53
ITecok Kpynumii 0,80...0,60 CyriuHoK Jerkuii 0,57
I'papuilt menxui 0,60...0,75 CyriHHoK cpeguii 0,62
I'pasnit cpeguui 0,75...0,90 CyYrinuHoK TaKenui 0,68
Cpasnit kxpynuutii 0,90...1,00 [nnna 0,75
Fanska meaxkan 1,00...1,30 'anna Taxenan 0,85

Muppasauyeckne pacyers MeJAHOpPATHBHMX Kanaaos, Bee BHYTPHX0-
SANCTBEHHEE MOCTOSHHLIE OPOCHTeAbHBIE KAHAAM DPACCYNTLIBAIOT Ha
HOPMAIBHEH M MAHHAMANLHWA pacxon GpyTTo:

Qﬁp= Qu-tCn, (7.35)

rae Q,—pacxon (nerTo) BOLH, nogapaeMoil HEnocpeIcTEReHHO WA noje;
Qn=Qun.p+ Quy—obmue notepn BoAH H3 Kanana; Qu b, Qnu— norepn
COOTBETCTBCHHO Ha (PHALTPALHIO W HCnHapeHue.

Marucrpanbisie JKaHadL, Kpome TOro, pacCHHTHIBAIOT W HA Mpo-
myck notoka (hopeHpoBannuiM pacxonom |103]:

Qo= Qepky, (7.36)

rae kg — kosppnuuent dopcuposanus, ky=1,2...1,3 npn Qg, < | mM¥/c,
1,156...1,2 npm 1...10, IJ,I...J,’IE npl? Qap > 10 M“,fci.] :

Pacxon Q, pasen:

M BPEMEHHOTO OPOCHTENR H YYACTKOBOTO PacnpepenHTens

Qy = mw/(3,67); (7.97)
AnA BuyTpHxoasficTeennoro # xoanficToennoro pacnpegeanTens
Qu=1qw, (7.38)

rie “m—roauBHAN HOpMA Beayulefl XKyaAbTYpH, M*/ra; o— pacyeTHan
nAoWAaAL NoJaHBa, o6CAYKHBAEMAS KAHANOM, ra;, [— NPOJONIKHTEALHOCTD
NOJIHBA, 4, §—pacueTHas oOpAHHATA YKOMNJeKTOBAHHOrO rpapHka rug-
POMOAYJIR JUIA CeBoolopoTHOrO YHACTKA WAN Aas Beell niomann xoasii-
cTpa, a/c Ha 1 ra.

nl‘JTEpH BOALI HA qJHthTpﬂuHm AN Kananon IIETIEEpHBHﬂrﬂ nefter-
BHA NPH HEHIPECTHBIX tgﬂﬁmepax nonepevHsIX cetennit MoOXHO npuGaH-
menwo_paccuurars no thopmyne C. A. Impurkana:

Qn.p = 0,063 kg V Qy, (7.39)

rae ky—xosbbuunent . puabTpannu (raba. 7.5).
]'ﬂm cBofoguolt TpHALTPANE W YCTAHOBHBIIEMCA pEeXXHME MoTepH
Ha duAbTpanHio mMoxHo_onpegennts no A. H. Kocrakosy:

Q. =0Qxl/100, (7.40)

rae o = A/Qy—nona norepb or pacxoga na 1 Km gnuHn Kanana; A —
kosppnument (tabn. 7.6); n—noxasarens crenenn (raba. 7.6); [ —

AAHHA KaHAMA, KM.
[Motepu Ha GUALTpAnI0 HA | KM JATHHE Ka#ajna paBHul [74]:
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7.5. 3navennn kg AAS KaHANOB B 3eMJASHOM pycae

I'pyata

‘&ih MjcyT

Thmense cyrnuakn
Cpesune H JerKkne CYraHHKR
Cynecu

Meakuit necok

oo
=

&
—ooo
CRS&

b= R B

MeakosepHueThii mecox .0
CpeanesepHucTHA necok .20
ANl Kananop KpPHBOJHHEHAHOro ceueHnn
Qn.=0,0116 kg, (B 2h); (7.41)
JNA KAHANOB TpaneleHaalLHOTO CEeqYeHHn
Bih < 4
Qn.p=0,0116 kgp (B 24), (7.42)
B/h > 4
On.p=0,0116 kg, (B Ah), (7.43)
rae p, A—xospduunent (Taba. 7.7).
7.6, 3navenns A n n
I'pynr ] A l n
Tumenwi 0,7 0,3
Cpeguni 1,9 0,4
Jlerkuit 3,4 0,5
7.7, 3navenns p n A
Bk m=1 me=1,b m=3
A i A I I A L
b —_ 0,98 — 0,78 — 0,62
3 — 1,00 — 0,96 - 0,82
1 - 1,14 — 1,04 — 0,94
i 3,0 — 2,6 — 2,1 —
() 3,2 — 2,7 o 2,3 —
7 3.4 —_ 3,0 — 2 R —
10 3,7 — 3,2 —_ 2,9 -
15 4,0 — 3.6 i 3.8 .
20 4,2 — 3,9 - 3,6 —

Hpn ceoGoguofi pmavTpaiun w weycTanoBHBmEMCS pexHME noTe-
P mwa | kM anuns Kawana pasew (no A. H. Koctakosy):

D,ﬂl{i kl'

Uo=—7g7— B-+2y ¥V 1+m?) hy/t°s, (7.44)
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rae by —xospduunHenT, XapakTepHIYIOMKUA CKOPOCTL MOTAOUIEHHST BOIL
AAHHBIM TPYHTOM B NepBYI0 eLHHHLY BpeMeHH, M/cyT; /—BpeMs OT Ha-
YaJa NYCKa BOAW MO KAHANY NO MOMEHTA H3MEDPEeHHA; CYT, J— NOHpaB-
Ka 1115:' ﬁan:unbnﬁ Kanuaagproe noraolexue sogsl B orkocw, y=1,1...
voo b P=0/h.

ITorepn Ha Hcnapenne pabHb:

Qq.u=B-l, (7.45)

rjie ¢—cJoi McnapeHns ¢ BOAHON NOBEPXHOCTH B eJHHHILY BPEMEHH,
NPHHHMAIOT no faunsy nabawogenni.

Onpegeans Qgp, pacder Kanalon BeiyT M0 OCHOBHBEIM PACHETHBIM
thopuynam pns pasHomeproro gpumenus, Ilogpobuo pacuer kanatos
Janu B [90, 94],

Jlotkopnie Kananw npumensor npu Q=05...5 m'/c u i< 0,01
(onyTpaxoaaficroennse W xodaficTBenune Kanaaw). 3uavennsn Q, onpe-
AGNKIOT TAK e, KaKk W A xauwanos, Talaunsl B NOMOrpaMMmbl JLaf
pacueros npusenenst » [13],

7.2. HEPABHOMEPHOE ABMYEHME BO bl

B OTKpHTHX PYCAAX HEPABHOMEPHOE ABHIKEHHE NOTOKA YCTAHABAH-
BAETCA NPH HIMEHEHHH NO JJHHE BOJOTOKA pasMepoB W GopMu ero
(ONePedHOro CeYents, WepoXoBATOCTH CTEHOK, MPOAOALHOrO YKJIO0HA

pycaa.

Yaeasnan sueprus cedenusn. Cpegnsa yrenibhaa suepras I aas
moforo CeMEHHA NOTOKA, OTHECEHHAH K NMAOCKOCTH CpaDHeHWA, NpoXo-
asnmiefl 9epes HHAMYD TOYKY MHBOrO CeYcHHA, PABHA;

I =h +aw?/(2g) =h+4-aQ?/(2gw?), (7.46)

rie o —xospdnunent Kopuonmca, noxasusaomuit HepasHoMepHOCTSH
paaneAeneuun ckopocrell B cewennm, o~ 1...1,1,

nyOuna, npu Koropolt yaeabHas SHEpPrud CeueHHs NI JAHHOTO
Pacxofa JOCTHrACT JMHHHMYMA, MasLBAETCSH KputHueckodt gy (puc. 7.2),
[Ipu sToM BHIIOAHAETCHA YCAOBHE:

aQ?/g= m:pfﬂu (7.47)
HOH

Ty = EQEEHPI{EMEF] =1.

Pazauuaior GypHoe CcOCTOAHHE
notoka (h < fyp), cnoxoiinoe (h >
> hgp) ® kpuTndeckoe (A =hyy).
[Mpu sTOoM napamerp KHRETHUHOCTH
[1,, coorsetctoenno pasew: /1, > 1,
HH{I H ngl.
© Onpepsaenne KpHTaveckolt ray-
Pue. 7.2. 3apucimocts I or h:  Omibl B KPHTHYSCKOro YKAOHA. Han

1, 11 —coorserctBeHH0 CHOKOA-  pycaa npoussoabuoit  opMel hgy
Hoe # GYPHOE COCTOAHME MOTOKA.  HAXOAAT  noabopoM H3 ypanuenns
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gl :
1 1 :; [ ] 5
'? !
4 4
a.5 =9
G9—
a1 et

g ] TR I 7 8 gum, MYe

Pue. 7.3. 3asucumocts Pyp OF guoni [+..8 —m=0; I; 1,5; 2; 3

7.(47), sapapasch SuaveHHAMH fi, WAW Ke HCNOALYIOT rpadoanatnTh-

weck it meron, Crpost rpaguk @*/B=f (k) n A9 Okp/Byp MAXOAAT [y
Jas waxomaenns hyp b pycie TpaneueHAsNbHOIO CCYCHHS MOXHO
nenoabaosars rpadoananntivecknfi meron H. I'. Kuceaepa, ITo smunc-

ACHHOMY SHAYEHHIO PACXONA MOACALHOTO KAHANA Quon= Q/(b* 'l!"ﬁ
waxoanr Py no rpaduram (puc. 7.3), a sarem onpeeasiorT Ay, = Pyyb.
Fayouny hyy, MOXHO ONPEAGAHTbL N0 NPHOTHKEHHBIM peuieHHAM
. W, Arpocknna:
TpanelenAAILHOE CeeHHe

hup =k (1 —0,/3-+0,106 o), (7.48)
k= 1/ aQ¥/(gh?),

“pﬂ" oy rofLHoe ceYcHne

by = V aq'le, (7.49)

rae @ Q/b— ypeannuli pacxon;
Tpeyroaknoe ceuenme

hllp y— ;/ EGQIEI{EMI}-

r‘lup ~ 0,73 :/[Q‘,l'm].l (7.50)
fnpn & = | 1 g=981 m/c?),;

".ﬂ[ll]ﬁﬂﬂ““l‘i‘“ﬂ(‘ CeUueHne
My = 'V 27 Q*/(64gp), (7.51)
g % 0,455 1/ Q¥/p,

rae Vﬁ?ﬂf{ﬁig}=ﬂ.4ﬁﬁ npa @~ 1 n g=9,81 m/c3,

Kpnrnvueckufl yKAOH AHa pycaa, NpH KOTOpOM 3afaHnsifi pacxon
PN POBHOMEPHOM ABHIKEHHH NPOXOAHT ¢ IAYOGHHON hy,, paBeH:

Ixp = EWxp/ {"J'G:E p RupBrp) = Zup/ {L‘Iﬂﬁpﬂ Kp)e (7.52)
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Jlaa mupoxEx pyea =By, ToOrAa

lup = g/(Cip)- (7.53)

Ecim ykaon kasana i mensie iy, TO HOpManbHaa rayGmsa Godb-
we hyp, TO €CTH MOTOX HAXOJHTCH B cnoxofinou coctosmun. Ilpu i>
> r.;_ HOPMATbHAR TAYGHHA MeHblue fiy, —NOTOK B OYPHOM COCTOANHH.

CTAHOBHBUIEECH HEPABHOMEPHOE NAABHOMIMEHAWUELCH ABHMCHHE
B OTKpMTHX npusMarThueckux pycaax [13]. O6uiee ypasueHue HepapHo-
MEpHOro ABHMEHHS MKHAKOCTH B NPHIMATHYUECKOM pycJae:

11T, .
Jan pycaa ¢ npamwms (i > 0) 1 obparnum (i < 0) ykrowow aua:
i1,
{
id -“ T 10/0) df.'l'lT (7.55)

rae @'=K V'i‘“ —pacxol, Koropuil nponycKano O jpannoe Kupoe ce-
qeHHE NMPH YCIOBHM paBHoMepHOro noroxa, aMeouero K*=wC'R.
Jlns pycaa ¢ ropusontaisuiM jaos (i =0):]

r 1 _Hl

fli—1
(Q/Q')*

f.d i —MPOHIBOTLHOE NMOJNOMKHTEAbHOE JHANCHHE YKAOHT, Q' — pacxon,
koTopail mponyckano 6u gaHHOE KipOe CedtHHE pH paBHOMEpPHOM
ABIOKEHUH NOTOKA NpH yKaoue i’

Fugpasauveckuil  nokasarteas pycaa. [lupoko NPHMEHAETCA HPH
NOCTPOCHHH KPHDHX CBOGOAHON MOBEPXHOSTH B NPHIMATHUECKHX pycadx.
Ypapienne A5 THAPABAHYECKOrO MOKA3ATE/d X Pycia MOMHO MOAYUHTh
u3 sasucumoctdH B. A. Baxmeresa MeXAy PACcXOAHBIMH XapaxkTepHCTH-
KAMH B CeqeHiAx Ky, Ky # cOOTBETCTBYIOMMMH FAYSHHAME iy M hy:

x=2 (g Ky —I1g K2)/(1g hy —I1g ha). (7.57)

HIAH

i'di== dh,

Jlna onpejenenns jx CYUeCTBYIOT SaBHCHMOCTH [13]:
AR MIHPOKHX NPAMOYTONLHEIX pyca

xe=2y 43 (7.58)
118 TpeyronbHBIX pyca b o
AMA WHPOKHX napaGoAHIeCKHX_pyca
x=2y+4 (7.60)
AMA OpAMOYTONBHLIX PYCH
x=2y 43— (2y+1) 1g (x2/ %) /18 (ha/hr)i i(7.61)
x=294-3—(2y+1)2/(B+2); (7.62)

f m=whcp; h:p=u'-5 (hy +ha);
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(7.63)
(7.64)

@ (v)

B4V mit1),

— CMOYCHHBIE TIEPHMETPH; §—NoKasaTelb cTeneHd B hopmy-

-1/

Cnocoli ocnopad Ha peieHnu

andepeHnHaILHOro YpapHeHHsl HCPABHOMEPHOrO JBHIKCHHSA NYTEM 4wC-

fi Gea ocpepuwennft, ynpourcHuft n
Po=8 | Bo=0 |ﬂ.==u_n| Po=12 | Po=b

n/RY;, B;, Bs—mHupHHA XHBOI'O CEqeHHSN
, b. T. Emuesa u ap. Hume npusogurcs

oeHNA HmeeTcA paj cnocofon: bB. A, Bax-

.
=ma

7.8. 3uavennn F (v) w @ (v) npu m=0
F ()

Po=0 |ﬂ.=n.n Po=12

Ilasaosckoro C

MocTpoenne kpuBX cBOGOAHON MOBEPXHOCTH ROTOKA B NMPHIMATHYE-

175 TpaneuenfgaNbHLIX PyCa
x =29+ 3—(2¢+1) Ig (Ra/x2)718 (ha/hi4- (2y+3) 1g (Ba/B1)/Ig (ha/hy),

H
noBepxy.

JEHHOTO HHTErPHPOBAHHA NO MeTORY Cumncona, HHT‘EI‘FHP{IBHHHE Bbl-

x=(2y}-3) (14+m)/(B-+m)—(2y-+1) YV m*
cnocol, npegnoxennsii M. M. Ckuboit,
NOJANCHO NpH MaloM lare IIE]J-EHEHHD

CKHX pycaax. [Las ux moctp
metepa, H. H. Ilasaosckoro
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Jie
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HK-
LR

(7.65)
F f J—
o 1 (600, T,

bX TAYOHHE

h, — oTHocu-

— const npn
Po= 8

b
Py
gwg
Wo=IHPHHA B MJOWALL KHBOTO CeqeHHs,

ﬂ" =1

= —

al?|

0,5
@ ()

C—

b

po=s | Bo=0 [B,

, onpegeasior no fi,= b/
b—umpuna pycaa no any; m-—xosxppuiHenT 3aNoMeHnn oT-

— HopMadibHaA rayGuua;

F () —F (m) — Iy, [© (nz) — D (14)],
-

Fin)

—
— =y

7.9, 3navennn F (n) n @ () npu m

iol/hy
PacCTORNHNE MEMAY JafAHNBIMH CCuEHNAMH, B KOT

Ba=0 [Bo=0,5 | By=2

*
¥

=
E
E
=
<
%
3
k=
2
S
=
-
S
3
=
3
=
=
=
(a B

npu { > 0

&
W.I..
eSS
HH
B
-y
gE
e
3
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L~
&3
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MwH
S &
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o B
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=g
= 0
2 &
B e
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S F
= o
¥
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o3
g m
a9
55
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hy 0 hy, npuvem hy BBNUe NO  TeueHHIO, Mg— HHIKE:
TebHAR rayOuna HepasHoMephoro apwxenus; /1, =

cooTBeTCTRYIOmMHE fig fig

HHOHANBHEE 3ABHCHMOCTH

LA I?IIIJ

safanHoM pacxope @
Koca;
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(7.66)

(7.67)

Pe=t

.7.15).

Mocrpoenne kpussx ceobopHoll NOBEPXHOCTH B ECTECTBEHHMX pyC-

nax, O6uee auddepenmiinanbnoe ypasHeHHMe YCTAHOBHBIIEIOCH NJAABHO
pewas ero myrtem

pasnocrefi. PaccMorpum

HapuosmckusM (1914 r.). 3anu-

i sHepraM B ABYX cewennux npu { > 0:
@ ()

) I
hy -+ owd/(2g),

ol

S 4 (loy—1y

Eupﬂlnp =0 {Eﬂ —0 {%I]' (]

3y
Iy = hy - a2/ (2g); I,

eAcTReHHo ypasHenuwe Bepuyaan,
F(n)

16,
mocTencRusx npuOAHMKeHdlt AR  KoHeuHMX
pemicHie, npegrodenno: snepsue B. M.

7.10, Suavenns F () v @ (n) npw m=1

Ba=0 |ﬂl=+ﬂ'+lﬁi By=12 | Pe=8 f Ba=10 'ﬂ..nu,}l PBe=1

mp i=0

meM ypasuenie Ans yAeabHo

H3-32 CAOHKHOCTH | NPAKTHHECKH Ie TOMNAETCH, NMOITOMY NPH pacuerax

rae E=h/hyp—otHocuTenbnan rayGuna; 0 (E) —dyukunoHantnan sann-
HAMEHSIOWETOCH ABIMKCHHSA MHAKOCTH (He NPHBOAWTCA) WHTErpPHPOBAHHIO

CHMOCTb, onpegeasior no Pyp=>b/hy, u m (ra6a. 7.12..
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7.11. 3navenns F (1) n @ () npu m=1.5

@D n)

flo=5

Bo=2

0,61

F

Ba=0 | Be=0.01 Iﬂ'l=5 I Bo=5 | Be=0 | Bq
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TCA NyTeM NpUONHAKEHHOrO HHTErPHPOBAHISA C HCNOAb-

aopanHeM rpapukon
Ina pyca c i

Aaua Jerko peiac

(7.68)

(7.69)
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7.12, 3navenna 0 ({) npn m=10

5 Be=0 By=0.5 Be=1 Bye=5
0,1 6,908 207 0,075 0,049
0,2 7,598 448 0,185 0,126
0,3 7,997 672 0,301 0,211
0,4 8,273 ,850 0,415 0,299
0,5 8,476 001 0,522 0,386
0,6 8,628 25 0,617 0,468
0,7 8,739 23 0,698 0,540
0,8 8,817 94 0,761 0,598
0,9 8,862 1,337 0,801 0,637
1,0 8,877 1,352 0,816 0,651
1,1 —0,015 —0,015 —0,016 —0,016
.2 —0,060 —0,062 —0, 065 —0,068
1,3 —0,137 —0,143 —0, 153 —0, 162
1,4 —0, 245 —0,259 —0,284 —0,304
1,5 —0), 386 —0,413 —0,461 —0,502
1,8 —0,562 —0,607 —0,676 —(,762
1.7 —0,714 —0,843 —0, 960 —1,081
1,8 —1,023 —1,124 —1,304 —1,497
1,9 —1,311 —1,451 —1,712 —1,987
.0 —1,640 —1,829 —2,188 —2,66%
3,0 —7,667 —8 829 —11,79 —15,35
4,0 —19,61 —23,63 —33,55 —46,72
5,0 —39,72 —48, 88 —72,37 —106,2
6,0 —G9, 87 —87,11 —133,20 —205,2
8,0 — 168,20 —213,60 —341,00 —554,3
10,0 —330,70 —424 .50 —697,40 —1111,0

7.13. 3navennsn O (L) npw m=10,5

L B, =0 By= 0.8 B =1.24 B, =2 B =0
0,0 (0, 000 0, 000 (3, 000 0,000 0,000
0,1 0,035 0,068 (0,068 0,052 0,042
0,2 0,088 0,161 0,144 0,130 0,108
0,3 (, 151 0,266 0,236 0,216 0,183
0,4 0,221 0,350 0,328 0,306 0,262
0,5 0, 296 0,441 0,419 0,393 0,342
0,6 0,374 0,627 0,504 0,475 0,418
0,7 0, 450 0,605 0,580 0,548 0,487
0,8 0,519 0,670 0,641 (0,608 0,544
0,9 0,571 0,715 (0,683 0,648 0,582
1,0 0,592 0,732 0,699 (), 664 0, 596
1,1 —0,029 —0,021 —0,018 —0,017 —0,017
1,2 —0,137 —0,094 —0,081 —0,076 —0,073
1,8 —0,360 —0,236 —0,198 —0, 186 —0,176
1,4 —0,747 —0,468 —0,384 —0,358 —0,336
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7.15. 3navenna O (L) npw m=15

- B,=0 Be=0.61 B, =2 B =5
0.00 0,000 0,000 0,000 0.000
010 0.035 0,043 0,041 0,038
0’20 0088 0108 0,105 0098
030 0151 0.180 0177 0167
0,40 0.221 0,256 0,254 0.241
0.50 0,296 0.335 0,333 0.317
0.60 0874 0.414 0410 0.391
0.70 0450 0,489 0,482 0,459
080 0.519 0. 554 0’542 0.516
090 0 571 0601 0585 0.556
100 0592 0,620 0.601 0 571
110 —0.029 —0.024 —0.021 —0.018
1190 —0.137 —0.112 —0.091 —0,080
1 130 —0.360 —0.287 —0.230 0198
| 40 —0,747 —0.583 —0,454 —0.385
1 50 —1.362 —1.038 —0.788 —0 658
1160 —-9.99] —1.703 —1,262 —1.036
1170 —-3.614 —2.635 —1,907 —1.538
| .80 —5.473 —3.908 —92.763 —9.190
1,90 —8.012 —5,608 —3.873 —3.018
200 —11 41 7,833 —5,290 —4 .05l
300 —162.8 — 96,47 —53,87 —35 .01
4,00 —1018,0 — 552 .4 960 .9 —153,1
500 —4190.0 —2145,0 055 .5 —486 .2
6.0 —13299 —5543 0791 —1269
8.0 82199 37464 — 14561 5962

10,0 —337553 — 176301 — 54699 —21165

Peuwienne ypasuennit (7.68) n (7.69) anajornuno pemweudio ypapHe-
wnn (7,67).
CAYET YUHTHDBATH, MTO WeM Meliblie AJHHA PACYETHBIX V4HacTKOB,
I KOTOPKE pasiiBalor MOTOK, TEM TOUHEE NOCTPOCHHE KPHBHIX CRoBOM-
Holl nopepxnocry, Ecan kpuose nognopa HAR cnaja umeloT HeCoapiuoe
najgenne, To pewenne YapHoMmcKoro MOMKHO NPHMEHATH ISl YYACTKOB
CPABHNTEALHO GONLIION AJIHHEL

7.3. THAPABNHMYECKMK MPLIXKOK
B MPMIMATHYECKMX PYCNAX

[lpu nepexope or GYPHOro COCTOAHMS NOTOKA K CHOKOMHOMY EOSHH-
KAEeT THAPABAMYMECKHHA NpBUIKOK, sapHcAmut oT GopMB pycaa, VKJIOHE
JAia, PasMepon H OMEPTAHHA CONPAraloWero coopyxXennsa, HaJdnyHa racH-
Tene H T. A

Cosepwiennptii ruppasauvecknii opeikok. JList pyca e nyaessin nag
MANKIM YEJOHOM JiHA CBASE MEXJAY CONDPAMEHHBMH TAyGHHAME BLIpa-
MEAETCH OCHOBHLIM YPaBHeHHMEM NpBIKKA:

agQ?/(gwy) |- 101 = 2y Q%/ (g0s) 4504, (7.70
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rjie tg—Ko3hdHIHENT KOJARUECTRA JBHKEHHH; oy = |; 0f, Wy — miomagsb
JKUBEIX CeUeHHil ¢ cONpsMeHHBIMH rayGuHaMu A" H A", gy, yo— rNyGHHB
NOTpYKEHRA LEHTPOB TAMKECTH 3THX CeueHui.

HOBHOE }F]]HBHEHHE HPHH{[{E!, MOXHO NPpENCTABHTL B BHAE:

I (h'y=1 (1), (7.71)

rae 11 (h) = o,Q*/(g0) -|- yo—npuxKkoras PyHKURA.

Mo ypanrneunio (7.71) MOMKIO NOCTPOHTH TPaPHK MPHIKKOBOR (QyHK-
uuu'f,n.rm Aboi GopMsl nONepeuHoro ceueHnd, Mo KOTOPOMY Onpeiendior
OAHY H3 CONpSIKENnbX ryGHH NpH HIBECTHOH BTOPOH.

OnpeflefnTh OAHY H3 CONPAMCHILIX rayOMH NpH H3BECTHOH ;l,p]i'l‘nﬁ
MOXKHO 1o dopmysmam;

h' =0,5h" V 1-1-82%/(g®h'3)—1); (7.72)
h* =0,6h" (VT8 (fcp/h')* —1). (7.73)

Jns npeikkos ¢ Goabuiofi peicotolt A" pasna:
h"=0,50" [ 2,83 (hep/h’)* —1]. (7.74)

C townocTbio o 6% A" MOMHO BEIMHCJAHKTL nMo (opmyne:
h'= llqhﬂp V-hu“jrh . {7!?5}

T paneyeudaavroe pycao. Conpsixennule rayounsl MOXHO HAHTH H3
ypapnenns (7.70). s npuGaniKeHHHX pacaeTon jonycTHME npH h” << 6hyp
dopmynau A. H. Paxmanosa:

A7 = (1, 203p)/ (" +-0,2hp); (7.76)
h' = 1,2k /h" —0,2hyy. (7.77)

KpoMe Toro, ais onpeteaenns h’' u A" MoXKHO HCNONLIOBATH IPapHKH
A. H. Paxmanopa (pue. 7.4). Ilna onpepenennsi OAHON B3 CONMPSKEHHLIX
rAYGHH PR uanecTHHX b, m, My, nuuucasior p==mhy,,/b, a satem oiH
Ha oTHOCHTEeALHKX rayGun, Hanpumep Ly =h'/h. Ha rpaduke (puc, ‘?.5
HAXONAT JUHHIO, COOTRETCTRYIOMYIO HailjennoMy snadennio |, u no {y
onpeaeasior Ly (coormercrayiommue Apyr Apyry auauenus Ly u Ly Haxo-
AATCSH Ha BepTHKAAW, Nepecekaiomell KpHBYIO M) H BHUHCAMIOT A" =
= Laltxp.

IMocae mepenaga ¢ npepTukaisbuoft crenxoit najennd h® papua (no
H. C. 3arpeb6uny):

h" =0,823yy (her/fixp) =" (7.78)
rie Jyp=Nyp-|- 20"/ (2g) +her—nonuan yaeavuas sueprus Haj nepena-
HOM: c:-n=l.53+—mm ceuenns ¢ KpurHdeckoit rayouunoi; e —BricoTa
CTEHKH,

[Mocne neperiaga ¢ seprukanshoft crenkofl nagenna A" Ana mopnep-
roro npuixka npu p=04...1 (no I'. 5. Ilseu):
iy =h" (0,79--0,21f), (7.79)

rae] h"—nmropas conpsaernas rayOHHa cpo0OAHOTO THAPABJIHYECKOTO
npukka; Pp=her— lhag/ln, {p—JJIHHA THAPEBJAHYECKOrO NPHIKKA MPH
KPHTHUECKOM MOJOMKEHHH; [, —AaNbHOCTD MaJieHH CTPYH.
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Puc. 7.4. 3asucumocts h/hy, or H[h:lf(bh:p} (kpafiusn Jepan
KpeBass npu ji==0 COOTBETCTBYET rHAPABJANYECKOMY NPLIKKY B
NPAMOYTOJNBHOM pycae),

Tpeyeoasnoe pycao. OcHonnoe ypasuerne NPLIMKA MOXKHO npejcTa-
OHTL B OTHOCHTEAbLIBIX DeJHYHHAX:

/524203 = 1/g3 42833, (7.80)

cae Ly==h'fhyp, Lo=h"/hyy (puc. 7.5).
apaboauveckoe pyeao, OcnopHoe ypabnenie NpoLiKKa UMeeT BHJ;
0,703Q*/(gph'+") - h"*0 =0,703Q%/(gph™"+%) +-h™ . (7.81)
Han  pewenusn ypasuwenus (7.81) H. M. ArpockausiM cocramjiena
rabanua penomorareasuslx veanuun 0y u 0y (ta6a. 7.16), koropue Haxo-
AT no gopmyae 0 =ayh, rae a,=1,09 Vgpf V Q. Buuncans 0 npn h’,

a satem uailgs no rtaBanue By, onpepeanioT ha = Qq/ay.
Jlas pacuera A’ m A" MoMHO HCNOAL3OBATH caepylouine GoOPMYabL:

weo[(3/eln )t 41 ) =1m2e [(3/Clpr)t 1], (7.82)
C=45Q% (64gp);
o npu ﬂﬁﬁ{'l:: f.i 0,672 (0,076 < h'/h" = 0,5)

h'=h" (0,8152;,—0,047); (7.83)
npH 2,7 < 2; = 26,7 (0,075 < h'/h" = 0,5)
h*='1,63z,/(14 ¥V 14-0,1532z), (7.84)

2,=0,836Q Vao/(V gph'®); 2,=0,836Q Vao/(V gph™).
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7.16. 3uavenna 0; u 0,

8, 0, 8, 0 &, 0y B, By
- o *l‘

0,20 2,61 0,34 1,87 0,48 1,45 0,62 1,20
0,22 2,48 0,36 1,79 0,50 1,41 0,64 1,18
0,24 2,36 0,38 1,72 0,52 1,37 0,66 1,18
0,26 2,24 0,40 1,65 0,54 1,34 0,68 1,12
0,28 2,16 0,42 1,60 0,56 1,30 0,70 1,10
0,30 0,44 0,44 1,b5 0,58 1,27 0,72 1,07
0,32 0,46 0,46 1,50 0,60 1,24 0,74 1,06

Kpyeosoe (ceemenmmoe) pycao. Ilns onpefieieHus conpamennsix ray-
Gun B Ge3sHanoOpHOM PYC/Ie KPYToBOro (CErMenTHOrO) CEHEHHA PafHYCOM 7
H. U. Arpockmumm cocrapnen rpadpur (pue. 7.6).

Movepn sweprum b ofineM cayuae papHbi;

hpor = ['ﬁ' -+ % "-"11'!! (EE)] — [h” -t ﬂmﬂ:ﬂ" (22) ]i- (7.85)
Jas npaMoyroabnoro pyeaa figge onpepensiior no dopmyae:
Anor = (A" —h")*/(4h"1"). (7.86)

Jdanea npeixka. 3a Hee NPHHEMAIOT AMHHY TOpH3ONTAAbLHON npoex-
LA NOBEPXHOCTHOTO BaJbILA,

ITpamoyeoasnoe pycpo. Jlna onpepenenus [, HCnoabayiot Gopmyast:
M. HO. Yeproycora

ln=10,3h" (¥ Fr;—1)"%, (7.87)
Tae
Fry =01/ (2gh?) = (hep/h")%
0. M, Afipaznna
Iy =8(10- V' Fry) hpoy/Fry, (7.88)

rie fpor~—nNOTEPH SHEPTHM B NpLIKKe, onpefensnior no ¢popmyae (7.86
I1. M. Crenanopa

rae a—Bucota npuimeka; Fr—uncao @pyga b ceuennn mepeg npuKKOM,

frxal
C, !
3 i | 0514
I \-.:_ oyl _ i
) 04 i} e‘,‘, 0 g 0% b nin ke
Puc. 7.5. Kpusas cooTHO- Pune. 7.6. 3apucHmocts a, or A'fr 1
wenna &; u ;. h"/r (xpubme; naus}; wepes 0,1):

Iy = E/QEJ'[HTE}-
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T paneyeundaronoe pycao. PexoMesfyeTcs HCNOAb30BATH (BOPMYJLL:
A. C. Metftepopa

l=10,30' (V Fr—1)%® [1 L1 RO k) ] . (7.90)

X1
rae I'ry, ¥—uncao Opyaa u cMOYEHHH NepHMeTp B CeuenHH 1O MPHIKKA;
M. gl Heproycona
ly=5h"|1-4-4 V' (B;—B,)/B.], (7.91)

rae By w B, —uHpHHA NOTOKA NOBEPXY B CeMENHU A0 NPHIKKA H 32 HHM.
3a ofHOCTYNeHyaTHM nepenagoM l; MOXKHO OnpejenfTh:

no M. C. 3arpeGuny

la=7 481 mTy (ineplhus) =2, (7.92)

rae To—noanasi yAeAbHAR SHEPTHA HAA nepenajoM, NOACYHTAHHAR 1O
KPRTHYCCKOH rayOune; figeo— BHICOTa Nepenaga;

no I'. f. llsen
Ly = kH", (7.93)
rae h— xosppuunent; k=4,33-43,01m—0,24m?;
AR nogneproro npuxa no I'. f. llsen
| "nn'=kﬁh:ln (7.94)
hp=h" 0,794-0,210); P=(lex—Inapn)/iy,

rae /p=—AnnHa CBOSOAHOrO FHAPABAHYCCKOrO NPLIKKA NpH KPHTHYCCKOM
YKJOHE [gp.

B unmuem Goede Guerporoka [y MoKHO onpepensts no (opMmynam
B. A. Crennna:

npu me==0,,.0,5

g =hyyp (6,6m*--8,2); (7.95)
npu m==0,5,,.2
ln=hyp (17,1m--2,6); (7.96)
npw m=2,,,3
!n uﬂ,ﬂhup VE. {?-9?}
B cermentHuyx pycaax I, onpegeasiior no gopmyae B. C, Kanwda:
[y =06 (g — ;) /8. (7.08)

B pycaax c nopwumennodt wepoxopaTocThIo AAMHA NPLIKKA YMEHb-
(WACTCSH, 15 €e pacueTa MOKHO HenoabaopaTh hopmyay 10, M. Kysumunosa:

Iy, m== Iy [1—0,65 (A/h")028, (7.99)

rae lp—JWIHHA NPLKKA B FAaJKOM pycae; A—cpefHss Bucora BHICTY-
NOB 1LEPOXOBATOCTH.

Janxa yuacTka 3a npsiKKoM, Ha KOTOPOM YCTaHABAMBACTCS NPOPHAL
CKOpocTell TaKOM JKe, Xak H NpH PaBHOMEDHOM ABHIKCHMH, paBHa:
no M. C. Buano

f1?|II R ﬂl4hﬂ-'""l1- {7. IM}
rae ho— HopManbnas rayGuua; n— koa(xpHUEEHT MEPOXOBATOCTH:
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no M. JI. Yeproycosy
by =(2,6.. .3) 5. (7.101)

Jatonaennwii NpEMOK B NpHamaThyeckoM pycae. B HHmHAX Gbedax
THAPOTEXHHYECKHX COOpYXeHHA MeNHOPaTHBHHX CHCTEM COonpsMeHne
B OOJNBIUHHCTBE CJAYYAEB NPOHCXOAMT NO THNY 3aTONMEHHONO NPHMKKA.

M pamoyeoavhoe npuamamuieckoe pycao, JIauny npuisKa MOMXHO onpe-
aeantk no dopmyaam 1. M. Crenanosa:

HCTEYEeHHEe H3-NOA 3aTBOpa

la=3,1903 V iyl (he— 17 VB ), (7.102)
W=V h3—2¢° (he—he)* Ighoh);
T o=V 2hiplhe — 2kp/he—hothikp! (2phE);
hyplhy = (" —h§) -+ 2hiepp V 2 (To— ") Iy,

rae [, —Aauua npuKa (paccTosinMe NO ropHIONTaJH ©1 3aTpopa A0
KOHILA Baabia); hy— HopMmaabnas rayOuHa B oTBORAWEM pycae; h"— nan-
Menbinas ray0usa npeimKa; h,=ea—cmaran rayGuna; a—pecoTa oT1-
KPBTHA S4TBOPA; B~—CTENeHb CHATHA,

HCTEYeHHe yepes BOJOCHD

b= 2,882 Viesll (he—1d) ViE), (7.103)

rae ly—anuua npuukka (paccTofinne oT cevennd ¢ raybniof i po Konua
BAJAbLLA).

Coraacno panuwm Il. M. Crenanopa, ciaras rayGHHA npH HeTeqe-
HHH uepe3 DOJOCANB YBEJAHUHBAETCH ¢ YBGJHYCHHEM CTENeHu saronie-
HRA. Menserca uusr]:émwem CKOPOCTH ¢ B cHay BsanmogeficTeus
TPAHSHTHOR CTPYH C HARTPAHANTHON M noarpansuthof souamu.

[Mpn weTedeHnn wepes BOAOCAHB ¢ TOHKON CTeHKOM ¢ MOMHO onpe-
AeasiTe no tabanue 7.17 wanm no gopmyae;

tp=1lﬂzfp!_ﬂ1llﬁm {?.lﬂ")

rge z—nepenaj; puy— BHCOTA BOAOCJAHDA CO CTOPOHB HHMHEro Gbheda.

7.17. 3uasienns ¢ B 3ABHCHMOCTH OT Z/py

0,66

!fpﬂ 0,36 0.40 0,45 0,5 0,6 | 0,65

® 0,445 0,624 0,605 0,685 0,766 0,846 0,925

[pu HCTeYEHHH vepe3d BOZOCJAHB NpaKTHyeckoro npojuas ¢ onpe-
aeanor no taGaune 7.18 wam no dopmyae:

§=0,76--0,322/py. (7.105)
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7.18. 3navennn @ B 3aBHCHMOCTH OT 2/py

2/p, | 0,35 | 0.4 0,6 | 0,65 | 0,7

0,45 I 0,62 0,55

¢ 0,872 0,88 0,904 0,920 0,936 0,952 0,968 0,984

I paneyeudasvnoe pycao. Tlpn cosepuieHHOM NpHKKe Habalogaercs
cOofiHOCTL TeYeHHA, NPH SATONJAEHHOM STO AWIEHHE OTCYTCTBYer, Cra-
ORALHOCTL 3aTOMIEHHOrO NPBUKKA 3aBHCHT OT KosddHUHeHTa 3aN0MeHAR
OTKOca /m B crenenn saronaerus {. Coraacno ganusim K. A, Cenwnun-
Eﬂﬂi !npnlné=1 cGoiinocTs npekpamaerca npu {=1,05...1,1; m=1,5

=] 1...1,4,
Hanny satonsiennoro npekka Haxofat no dopmyse (no K. A. Cens-

waHOH);
Iy = A (hg—hy), (7.106)
rae A—xosphuunent (tata. 7.19).

719, 3navennn A

m u,E ﬂ|T5 Iju IlEE IliE

A 7,9 9,20 10,6 12,60 15,0

Kpusan ceobodnod nosepxnocmu samonaennoo npusexa. i ee no-
CTPOCHHA MOMHO BOCNOJBLIOBATHCA SMNHPHYECKON 3ABHCHMOCTLIO;

[y = ho'+x** (he—hy) c, (7.107)
HIH OTHOCHTEeNLHO X

o=/ W—ho)¥/[c (he—ho) |
c=0,086 (Vi)™ [o2 (V nip) ™ ], (7.108)

rAé X—paccToAHHE OT KOHUA MPLIKKA A0 HCKOMON ToukH cBoGogmoft
MOBEPXHOCTH; C~—CTENEeHL 3aTONJAEHHA NPLIKKA, y—rayOHHa B paceMar-
pPHBABMOM CEYEHHH.

KpHTEpHH nepexoia oOT 3JATONAEHHOrO MPHUKKA K MOBEPXHOCTHOMY.
[Ipn ucrTewennn wepes BOAOCAHBH 3ATONJEHHBI! NPLIKOK NPH COOTBET-
cTBYIOWEN ray6HHe B HIXKHeM Gbede nepexoanT B noBepXHOCTHLM, Xapak-
TepHIyIoUHACH BOIHHKHOBEHHEM B HHXKHeM Gbede pAja noBepXHOCTHLIX
Meakux Boan. Tlog tpansutrHoR crpyelt BosuukaeT JAoHHBI Bajer,

Ias pacyera MeIHOPATHBHMX coopyxennfi, KoTopuie aayacTyio pabo-
TAIOT B 3TOM pexHMe, BAXKHO 3HATL KPHTEDHI Nepexola AOHHOrD pexHMa
B NoBepXHOCTHBINA.

Bodocaue ¢ monkod cmenxod. TIphn 3ajannsiX BuicoTe BOgOAMBA P,
Hamope w©a Bogocaupe ff W ymenbHoM pacxofe § TAaKHM KPHTepHeM fB-
Afercsa ray6una B HiKHem Gbede hyy— HOpMaabHa® rpaHHuHas rayOHHA.
[pu hy < Aoy B HHKHEM Gbede GyaeT FoHHHN pexkuM, npu Hy > hgg —
nopepxHoCTHH L,
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04 At R
"--.,\___-‘
i)
! J 5 btwltep 7 J 5 haa/ g
Puc. 7.7. 3asucumocts H/p or Pue, 7.8. 3anucumocts H/p or
he. u/hp- hon/Myp-

Caeiyer YUuTHBATH, YTO DPH NEpeMeHc PCHMHMOB B SABHCHMOCTH
OT HX NOCACAOBATEALHOCTH 3NaveHns ligp pasAnMuHbB: NpH nepexone or
AOHHOTO pPeXHMA K NOBEPXHOCTHOMY — Ny, OT NOBEPXHOCTHOrO K AOH-
HOMY — Moy STH rayGuuL MoMno onpepeants no ¢opmynam I1. M. Cre-
Nanopa, HCHOAL3YA Aannuie TaGanuw 7.20 wan rpadmxm (puc. 7.7, 7.8):

Hip = 3,16 (hon/hyp) =14, (7.109)
e hon = hypl (3,160y — I, H /p) /1,44, (7.110)
H{p=2,96 (hop/hyp)="s", (7.111)
i oy = hypl (2,960, —1,H/p)/1,5. (7.112)
7,20, 3navenns Noy/hgp 0 hgp/hyp '
Hip Mon/Myp Bon/Myp Hip hon/Myp Mou/Mip

0,20 6,82 6,00 0,66 3,00 2,24
0,25 0,84 5,17 0,70 2,85 2,61
0,30 5,14 4,568 0,76 2,72 2,49
0,35 4,62 4,13 0,80 2,60 2,39
0,40 4,20 3,78 0,85 2,49 2,29
0,45 J,88 3,50 0,90 2,39 2,21
0,50 3,60 3,26 0,95 2,31 2,13
0,55 3,37 3,06 1,00 2,23 2,05
0,60 3,18 2,89

Bodocaue npakmuneckoeo npoduas Kpusoaurednozo ouepmanus (Ges-
nawﬁmnuﬂ}. 1A onpefeneHns gy MOMNKHO HCNOABLIOBATL Gopmyay
Il. M. Crenanopa:

Tolhup—1,05/02 =V 2hyo/hoga -+ hosa/hilp— 2,9,  (7.113)
Ex—1,05/9" = ¥ 2/Coan-I- Loan— 2,9, (7.114)

HJH
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rie Ty—noauuil Hanop OTHOCHTEABHO AHA B HEXHeM Gbede; §— koab-
hHUHENT CKOPOCTH, onpefennioT no ¢popmyae (7.109); Ly, Coan—cooTBET-
creedno /gy 0 Roau/fyp.

Boaancruit npuikox, Ilpn Fry =<3 n cedennn nepeg npuxgom (cooT-
HOWEHIIC NPH STOM conpamenHux raybue h"/h' < 2) B pyenax npsamo-
YroJbHOTO CEYeHHs BOIHMKACT BOMHHCTEIA NPBMOK, Xapak TepH3yIouLn AcA
pAAOM BOJH, MOCTENEHHO SATYXAIOIWHX MO HANpaBAEHHAKD JABHXeHHA No-
roka. [Nog xampoli sonHolt oSpasyores HeGoabuiHe LOHALIE BOLOBOPOTH.

Ja BTOPYIO CONpsiMennyo rayuuy npHHHUMAIOT raySuny b GJnxkaf-
[eM K NPpHAEKY XKHBOM CeYeHHH, B KOTOpOoM AABJIEHHE pacnpefefAceTCh
no rHAPOCTATHYECKOMY 3aKOHY. 3TO CeueHHe HAXOLHTCH HA FHAYHTEAb-
HOM paccTONHER OT Hauala nMpLmKKa,

THOLICHHE MeN(LY CONnPRMCHHBIME rayOuHaMn 1 pUGIHIKEHIO MOKHO
onpereants (no A. WM. Mogaaaesckomy) npu Fry=1,5...3 B3 sapucu-
MOCTI

Wih' =1,15 ¥ Fr,—0,15. (7.115)

Beicory neppoft Boanm a=hy—h" momuo nafitn no dopmynam:
B. B. Cwmuiciosa

a="h [0,58 Y TT8Fr—1)—1]; (7.116)
A. H. Mopaanenckoro
a=0,55h' (Fr;—0,61). (7.117)

JEAMNa BONNHCTOrO NPLIKKA KAK paccTOANNE OT HAYAABHOIO CEuCHHA
¢ rayoudofl i’ po cevennd, rje voan 3ATYXAKT, MoXeT OuLTL DecLMma
SHAUNTE b —B HecKoALKO cor pas Goawwe h', Ilosromy [, ofuuno
onpegeasiior no dopuyae I'. T, JMurpuesi, noayucuHofl s peayistate
AHATHIA AANN PASMHBA BCACACTBHE MPHMKA-BOAHB

lyp= 10,6k (Fry—1). (7.118)
Mpuxok npu Goasmwiom yxaone aua pycaa. Paccmorpum cayy aft, koraa

yKAOHB AH3 GOJBWE KPHTHICCKRX —i > ix,. [laa onpegenenn g sropoft

conpamennoft rayonus My (N0 BePTHRANN) W AAHHE NpBUKKa [, {rurim-
SOHTAALNAA N neutmng NOALIYIOTCH SMINPHUCCKHMH 3anHCHMOCTAME, [1pH
yraouax (==0,07 u 6,6 < Fr = 28,1

hy [y = W[ - ki, (7.119)

rae ', W' —conpsmennuie rayGHHBl B rOPHIOHTAABHOM p-?,'-:.r:e npu Fryio
f—yraon ana pycna; k—onetunft kosdpduunent (rabu. 7.21).

7.21. 3navennn &

Fr 25 30 a5 40

5 ’ 10 15 20

=

k| 6,3 21,8 26,5 308 346 388 408 43,3

INpn i =< 0,33 hy onpeaeasiior no Qopmyae I, H, Kocaxosoil:
ho== (' —h') (1 —1,750) 4+ h' VI =841 (1 30/ V1=, (7.120)
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rae h'A°, ly—conpamennHe TAYGHHEE W JJHHA NPHAKKA D FOPHIOHTAIb-
HoM pycae npu [ry.
HHY TpPBIKKa B TOPH3OHTAAbHON TNpPOEKIHH MOXNHO ONpeleIHTb

no (opmyaam:
I'. K. Hnauesa

Iy =103 (V' Fr—1)"*" (143,780 b’ =1y (143,750 ',  (7.121)

rae in=10,3h" (Fry—1)%% — inna npekKa B rOPH3OHTAALHOM pycie;
I'. H. Kocakosoi

Iy = I (14-30). (7.122)

Mpu obparnom] ykaone aua (< 0) nas pacuera by M Iy |i|=<0,2
H. A. Cuernpessm pexoMmeHayloTcs (Hopmyin:

e = (1=20) (A" — h'—ilg) 4-H', (7.123)
o= In (1—20),

rae h', K", In—conpamennsie rayGHHL H ZARHA TPHIKKA B FOPHIOHTANb-
HOM pycae npin ToMm ke Fry i— abcomoTnoe anayenne o6paTHoro ykaoHa,

HAPABAWMCCKHA NPLUKOK B UWAHNAPHYeCKHX TpyGonpososax Kpyr-
aAoro cedenun. [lpoogox Gea yiema aspayui NOMOKA APU  NOCIMORHKOM
duamempe mpybonpoeoda d,

Mpun h" < d pexum Ha yuacTke 3a npuxKom Geananopuudl,
NPLMOK  paccuuIHMpalor no QopMyaaMm. Anf OTKpuTeiX  pyca, Cenab
MeKAY A" m A" onpeseamior no ocHoBHOMY ypaBHenuio npukka (7.71).
[lpn A" > d wcnoawayior caeayiomyio gopmyay:

et Q */gwy | g — Ay = 06 QY gwa | gk, (7.124)
wg=0, d% ys=h—0, 5d,

riae A= (pyr—pn)/(pg) — peanunna Bakyyma B HaanpsKkkonofl scne npn
Pn < Papy NPR Pp > par A BXOAKT nﬁopuyn {72124? CO SHAKOM nJloc.

s ynpoutenus pacuerop M. M. Cxuba npegromun rpaduucckie
aapcumoctTi (puc. 7.9), ais MOCTPOCHHS KOTOPHX HCNONLIOBAHO Ypas-

HEeHHE:
I (y)=1/o+F (vs) % (), (7.125)

rne y=h/r; o=o/r®; B=B/r; I1(y)=1 (k) gr*/(rPa,QY; [F (y,) =
-gr‘ftﬂu?‘}: ¥ (7) =pY12+4-(y—1) 0. ,

Ecan h" < d (oprentnpoBounc), npn mnasecthofi ' onpeaeanior h*
no ya=h"/r (pne. 7.9) na ICJIEHHH (y1) = {1 (ys), npeasapureasho
BRYHCAHB Yy H F (y). Tlpn At > d w py=par A" onpegensior Takme,
nNpH Py ¥ Par 3nauenne A" caenyer yrounnts no dopmyaam:

MPH Pu < Par

f;':hpncpﬂ—[-— | (7.126)
npn py 2> Par
hn:ﬁ"llzpn_huﬁ' (7.127)

JlanKy THAPaBAHYECKOro NPHMXKa onpeieasnior no GopMynam:
B. C. Kaavpa (h" < d)

ln="6 (03— y)/By; (7.128)
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o 25 JI. I1. Kaanuckoit (A" > d)
: / o= 107 V' 3% (va/v1—~1,2) (1—0.57 ),
(7.129)
PIE Yy = Rgp/r — OTHOCHTEABHAS KPUTH-

HECKAR IAyOHHA.
4 Benomoratenunele rpaduyeckne aa-

MHROro ceyenns (B GeapasMepiux be-
ARyMEax  Kak  GOYHKUHN NanoAHenus

(puec. 7.10).

i
i

BHCHMOCTH TFCOMCTPHYECKHX SJICMCHTOB

TpyOu) u rpadpux AN HAXOMIEHHA
5 075 gir hyp TNO3BOAAIOT  YOPOCTHTE  pacdeTl

éi'f ? E ;}'ﬂF'% lpwacox Ges ywema aspayuit nos

moKa npu uIMenenuu duamempa mpif-
Pue. 7.10. 3apucamoct hfr or  Ou. OcHopnoe ypaBHEHHE NPLIKKA NpPH
yir: 1 —=B/r, 2—w/r*; 3—y/r, YBEAHYCHHH JHAMETDA — (7.71), a npu
HATIOPHOM  JBHMCHHH 31 [PEIAKKOM

(h" > dy):
Q[ (Rin) + 0y i1y — Awg = oty @/ (gw?) - (hy— 0,56dy) wg. (7.130)
Jdas pacuera ycaoonit conpaxenns Onedor b TpyGuaruix Geananop-
HLIX COOPYIKEHHWAX, Tie B Kauectpe racHTeas waduroyHoRl KWHeTHuec-

KOfl snepriy Henofbayercs Macaflok-1py6a GOALUICro AHAMETDA, HeM
ocnopnasi Tpyba coopysmenun, M. M, Ckuba npearomua rpapuku

(puc. 7.11, 7.12) aas onpeneaenun h', rae o= "To/fuac: h=aQ*/(2griac)-

ludpasauveckud npwacox ¢ yiemom aspayun nomoxa. C ypeindes

HHEM HKHHeTHUYHOCTH ﬁ}'p-llﬂl"ﬂ NOTOKA BOIPACTAET H CTENCHe 3JAXDATA MM

BOSAY X4 BCAEJACTOHE CAMOQIPAUNY W JOKMBHOIO 3aXBaTa DO3YXa NpLK-

KoM, B cpaan ¢ sTuM yuer aspaiuu upH conpsizkennn Obeos ¢ nomobio

e

1,9 r—‘

7,0

4,0

%—I—-ﬂ_’w‘
ﬂ.r;:?' 10710702 0* wvw2m? 1 10 W x@¥z?

Puc. 7.11. 3apucumocts fliyg/r o1 aQ?/rd,
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Pue. 7.12, 3aBHCHMOCTE Tg OT Yo B A,

FIAPABINYECKOrO NPLKKA HMeeT Goabmioe anawenune, n ocoleHHOCTH
NPM NPOSKTHPOBANNNT BHCOKOHANOPHLIX COOPYIKEHHH.
OcHopnoe ypasHeHne NpuKa ¢ yIeToM aspailHi MOTOKA HMCET BHA:

Q% gwy -+ = Q (Q 4 Qa)/(gg) - (" —0,5d -} hyay) ©g, (7.131)

rae Q,— Pacxop BO3AYXA, 3aXBATHBACMOrO THAPaBAHYECKHM NPEIKKOM;
Bipay = A—BAKYYM B BOIAYIWHOM NOJOCTH Mepejl NPLIKKOM.

Creneb 3axBata BO3AYXa NPUAKOM MOEKHO ONpefeaTL Jnub
pechma npuOARMKEHNO!

B=Q./Q =0,012 (Y Fr;—1)"", (7.132)
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rae Fri=uvy/(gh’) —s ceneuun mnepen npuiikoMm. [pu Fr > 40 aaa
fIOTOKA nepel OTOrHAHHEM TIPLEKKOM CTENeNb ero camoaspaitHH MOMHO
paccuntats no gopmyse H. b, Heauenxo:

f=0Qa/Q=0,04 Y Fr.—40 , (7.133)
rae Fro B cHaToM cevenny,

OcxopHOR YypaBHeHHE NpPBEKKa ¢ Y4YeTOM CAMOA3PAIHH NOTOKA M
SaXBATA BO3AYXa NpLKKoM OyAeT HMeTh BHA

Q (Q 4 Qa)/ (gn) + o111 = Q (Q+Qa+ Qa)/ (g0) +
~+ (A" —0,5d -hyax) 0. (7.134)

C nomouwsio ypasnennsa (7.134) moHO onpefensTs MECTONOJOMEHHE
THAPABTHTECKOTO MPBIKKA W BENOANATH pacuer conpsmenns Obedos,
[lo mepe satondendn NPUAKA €ro cnocolnocTs JaXBaTLIBATL BOS-
AyX ymensimaercs, [} npu stom onpegpeasior no gopmyae B. A, Xpan-

CHOBCKOro.
ﬁu=ﬁcka-"“5kl""lﬁ]l {7135}

rae Py=Qy/Q —oTHOWENNE PACXOAA DOZLYXA K Pacxofy BOAW AIA
satongaenna npuikga; fio —ro me, g kpurHueckolt opMu conpiKeHns
NPEZAKKE B CKATOM ceqenun; Ry= (R"- A)/hey— xospuunent saronne-
HHA NpLXKa.

MpocTpancToennblii rHAPABANYECKHA NPLUKOK B HENPHAIMATHYECKOM
pycae. B caywae nAaBHO pacIMpHIOUErocs pycaa, KoOrga B nepeoM
ceyenill NOTOK BLXOAWT W3 KpuboaHHeliHOro B nNJaaKe OTDEPCTHA, NO
npegaoxennio O, ©. Bacwavena A’ u h" onpepensioT H3 ypanHenus:

2000 Q%/ (g0%r; ") - 1 h'* = 20,,Q%/[gO* Iy |- 1y) B"]
4 (In-r1) B —0,3 (W'*-h'R" 5" Iy -
In=l/(1 4 0,062L,/r1), (7.136)

rAe ri— pagnyc, cooTBercTByowmit neppofi conpamennofl rayGune,

0—yroa pacumpenns pycaa s naaue; [y, Ilp—pMMHA NPHXKKA  COOT-
BETCTBEHHO B HENPHIMATHUECKOM M NPHIMATHYECKOM pycae,
B navaasHoMm cedendn npemKa unciao ®pyga pasno:

Fry= aﬂ‘f{gﬁ"ﬂ'rh - (7.137)

3navenns o W oy B qmlpuynax (7.136) u (7.137) moxuno unpuGau-
JKEHHO NPHHUMATL paBibivMu 1,

Jlaa pacvera NPWEKKA B NPAMOYTOALHOM CYMHBAIOWEMCR pycae,
8a KOTOPHM CJACAYCT pycao ¢ OOABIINM YKAOHOM JHA #an ycryn (Ha-
npuMep, nxnﬂ] p GLHCTPOTOK NOCAC BOAOCAHBA), pekoMenpyworcs dop-
myau B. A. Ulepuenko:

Ih=17.21 V Fry [(1—0,83, ¥V Fry tg 0,50/B,), (7.138)

rge 5y, By, Fri—yaeavHa# SHeprusi, WHPHHA pycaa W uucao Ppyaa
B CeucHHH mepes nNpuKKoM; 0—yroa cymeHus pycaa;

by==By—2I; tg 0,56; (7.139)
(14-2g) &l - (1 =) G — 24+ Wa+6 Fry) Ly 6 Fry/py=0;  (7.140)
P =ba/By, E=h"IN, (7.140)

cae b—iuupuHa pycaa B KOHUE NpBIXKKA,

p—




FTnasa 8
TMAPABNMKA BOAOCIMBOB M COOPYIKEHMH

8.1. BOAQOCNHELI

Bogocanps ¢ octpum pebpom (Tonkoli crenkoil).

[T pasmoyeossusie eodocauss. Ocnopppie Gopmyast gns HX pacuera
caeyouLHe:

Q —=myb ¥V 2g H®, (8.1)
Q—mb V2 H)?, (8.2)

rpe m, mg— KoxxpHILHERTH pacXofa, COOTBETCTREHHO NHe VUHTHBAIOULH A
CKOpOCTh  NOAXOAY W yunTwsaiowmit ee; H = H-}-awe/ (28) — noanmit
HAOP Ha BOAOCAHDE; b-—IIHPHHA BOAOCANBA, Uy=—CKOPOCTL NOAXOAA.

Kosppuumentu pacxons MOMHO ONpefeanTh:

no hopMysam Basena AAf copepuiennux BOJOC/ANBOB (HeIATONIEH-
HEx Oe3 GoKoBOro CxaTHa)

my = (0,405--0,0027/H) [1-|- 0.6602/(H 4 p)*]; (8.3)
g~ 0,405 4-0,0027/H (Ges yneta CKopocTH NOAXOMH); (8.4)

npu po=05H w H=0,1 m [24]
g = 0,402 -1-0,064H | p; (8.5)

o opmyae Aary QA8 BOROCAHBOB HEIATONACHHBX ¢ OOKOBLIM

CHATHEM
g (0,406 | 0,0027/H — 0,03 (B — b)/B] {1-] 0,55H*6*/|(H + p)*B*]},
(8.6)

Fae B mipnia nogABOARIEro Kanana,

Anaucine KoxppuuHenTa pacxoaa npH HAKAOHE BOROCANBA (Myax),
A KOCHX (Myge) M KPHBOAHHERNBIX (Mly,) BOROCAHBOR HAXOAAT, YMNHO-
MAN anaueHMe M, WA COOTBETCTBYIOWNE KOMDPHUHEHTH Ryax, Ryop M
gy = | — H/(pB) (raGa. 8.1, 8.2, 8.3).

K.1. Buavenwn koappuunenta by, B JABHCHMOCTH OT Yraa
HiakAoHa nopocansa |13]

Yron

wawaoma | 136° [123%0 [ 1082307 | 00° |71°307|56°20°| 43° | 26°40°| 14°10°

b 0,93 0,94 096 1,00 1,04 1,07 1,10 1,12 1,09
0 M 2066 129



8.2, 3uaucuun xoathduunenta fy,. B 3ABHCHMOCTH
OT Yraa ¢ Mexiy ocblo MOTOKA ¥ BOAOCAHBOM

o -
dih 15 | 30 45 60
0,2 0,79 0,80 0,94 0,97
0,4 0,61 0,79 0,87 0,95
0,6 0,49 0,71 0,83 0,93
0,8 0,40 0,656 0,79 0,92
1,0 0, 0,61 0,76 0,91
1.2 _— 0,57 0,74 0,90
8.3. 3navenun B [13]
a,”
B 15 | 30 45 60 65

Js mmpokux Kanajion 1.4 2.8 5.0 0.1 26,3
Jlan yakux Kanaaop 1,2 2.1 3,06 y i | 26,3

[Ipn nogronnennn vogocanpa kos(puitnent pacxoga paneu [24]:
My == ey (8.7)
ka‘:—- Irﬂﬁ “ ‘E‘n:ﬂhnfﬂ) Vﬁ!
rae  fiy—pucora nopTonJeHHs, pannast NPeBLILCHHIO YPOBUN  BOAL
B HiKHem Gwedpe wan mwikuedl Toukofl nogocnuna; z— d)ﬂ.’lllﬂtTh OTMETOK
ypoBueit Bogu B m.rxueu W unxnem Gwedax. Tlpn 0,16 Hip < 0,26
a

0w hy/p = 0,03 HeobxoaHMo ymMuoxuTs na 0,96,
15 NOAHTONAJLHBIX B nJaHe BOAoCAHBOR pacxop poaw pasen [13]:

Q = my (Ebng -+ kyocZbyoc) Vﬁ L (8.8)
kaoc = 1—¥H/p,

rae Zbpg, Lbyge— 00an AIHNA COOTBETCTBEHHO NPAMBIX H KOCLIX Y4acT
KoB nopora sopocaunsa; | — kosdpuwment (taGa. 8.4).

8.4. Suauennn ) n 3aBHCHMOCTH OT

@® | 30 45 ‘ 60 75 | 00
0P 0,36 0,24 0,12 0,04 0,00
.. T peyeosvnsie. sodocaiest. Pacxon Boptl A1 HHX paBen:
L Q=mgtg 0,50V 2g H** = mq (i V 28 H2S, (8.9)

AERe My (epy == My L 0,50.
Coraacno weeacpopannsam, Tomncona, ans soposgpma ¢ 0=90°
npun H=005...025 M my (rp = 0,316, Torgn

Q= 14K (8.10)
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Kititom npefiidxkeda A1/ 3TOro ke ciyvuad yroauenunad Qopmynag

Q= 1343134, i : (8.11)
[lpn 22° = 8= 118°, coraacuo ®. Ipusy, pacxon pasel:
@ = 1,331 (lg )99 37, (8.12)
T paneyeudaashse eodocaussl. Pacxoj MOKHO onpejpeants no gop:
myJie:
- Q == nty (b-4-0,8M{ tg 8) V' 2g HYS, (8.13)

tae 0—yron nakaona GOKOBHX IpaHeli BOAOCAHBA.
Coraaciio wecacaopanuam Ynnoaerrn, npn g 0=0,256 anavenné
bily ‘HE meHseTCH, NpUUEM AA5 3TOro cayuan mg = 0,42, torja

Q= 1,86b1"2. (8.14)

JarToieHne BOAOCAUBA YUHTHBAOT Kosfpuumentom k, (Taba. 8.5),
TO eCTh Mg==Rqty.

8.5. 3nauenus k; » sasacumoctn or ly/H (no JI. A. Banenrinn)

haftl | 0,1 | 0.3 1 0.3
|

ky 0,99 0,97 0,94 09 0,86 08 073 0,64 0,62

0,4 0.5 0,6 0.7 0,8 0.9

AK ﬁj;me aodocatian, Pacxop onpeaeasior no (hopmyae K. Cangena
noA,

TpayCa;
Q =pQud®”, (8.15)
rae o= gosppuunens pacxoga; Qp-—ycanopnuft pacxop npu d=0,1 M

by, 8.0); a=Hfd—cTenens sanosHeHH OTBEPCTHA  BOZOC/ANBA;
ANAMETP OTBEPCTHE,

8.6. 3navennn Oy & sanucumoctn or a (no A, [raycy)

¥ I O afe il O afe | i Q. a/c i Q5. afc
_____ s R i Wil
0,06 0,027 0,08 0,912 0,50 2,821 0,80 0,372
0,10 Q107 0.3b 1,293 (0,60 3,294 (0,85 5,913
0,15 0,238 0,40 1,571 0,65 3, 79) 0,90 6,401
0,20 0,417 0,45 1,957 0,70 4,305 0,95 7,016
W), 26 0,643 0,60 2,373 0,75 4,834 1,00 7,471
Jlag pacyera ju nenosbayior (popmysb;
Ho= 0,555 --d/110/ -|-0,041 H/d; {H.lﬁ}
HIpH coBeplueHnoM cxatun (no @, JI. [TonopLan)
w="0,3784-0,137H/d-1- 0,044/ (H /d); (8.17)

YipH HenonoM ckateu (no @. JI. Tlonosban)
p=10,435+10,101H/d{-0,036/(/1/d). (8.18)
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ﬁapﬂﬁmuum sodocatan, Fpannemm pacxofa Aaf Bepe3a no
napabone x*=2py umeer nuz;

Q—m, ¥V 2ep H. (8.19)

Heeaeposannsamn @, Mpuea yeranosseno, 4to npu 0,25 oM = p=—5cm
W3 cMm< H < 6D ey sHaveHHR Mg AoCTATOUNO yeroftuupel., JIaa kamx-

aoro sogocansa M —m, V 2gp nocrosunas, nosromy
Q= MIf?, (8.20)
rae M—2,768 V p (no onmram &.Ipusa).

Bopocansnl npaktnueckoro npodman. Pacxon MOKHO onpegeasts no
thopmyaie . H, Tlapnosckoro:

Q=mb ¥V 2g Hy kukgkcnks, (8.21)

rae ky, ky, Rew, ®3— KOSPPHUHEHTH COOTBETCTRENHO TOVTOTI Hanopa,
hopmmt pojlocaHBa, GOKOBOLO CHATHH M SATONAEHHS (A1 HesaTongen-
HOTO BOAOCAHBA, BOAOCAHBOD BAKYYMHOTO nNpodman 34000 THYECKOro
OUEpTANNA, @ Takme AAA GeapakyymMHoro sopocausa Kpurepa — Odmes
posa npu hy/Hye< 0 ky=1; past Apyrux cayvaes suauenns ky npuBe-
AeHbl B Tabanue 8.7 [24]).

KoxpdpuuncHr Gokonoro cxkatns onpegensor (hopmyJa B pencica —
Kpurepa);

keye = 1—0, 1 nkgoqHo/b, (8.22)

FAC 7 —uneao GoxkopwX ckatuifl, npu opnoM oTBepeTHH n-—=2; Ryop —
KospuitnenT Gopmel GEperopmbix yeTOCE H NPOMERYTOUNKX GLIKOB BOLO-
CAuBa;  RAs npAMOYroAbHol kgyop=—1, kpyraolt u nog yroom 90°
Rpop = 0,7, napaGonunneckoit kyop = 0,4

Hast mogocansos  npsmoyroasnoro ceveuus k0,740, 185H/8,
Rgp= 1 - r/Il (8 —ToNuKHA BOJOCAKBA; r—paguye rpednsn).

Kospuunent pacxoga ana Bogocansa npsMoyroasnoro npouis
npn HeSp < 4H n 0,60 < b= H panen:

m==0,42k,. (8.23)

Ecan nxoaunoe pefpo 3akpyraennoe, Hanpumep r- 0,1 ...0,2) 8,
1o ky= 1,05, a xosdpunnent pacxona

== ﬂ,d"‘”ﬂ’]p (824}
8.7, 3navenusn by, B 3aBMCHMOCTH OT THOa Bopocansa u fy/H,
b i Bean n
ho/H Bakyymnui Egmi{::gra uE}Irlu?:gglrz:lHuHu
o npoguab OuePTANMHN rpeiem
0,0 0,98 — i
0,2 (), 94 (0,98 Sk
0,4 0,86 0,96 -
0,6 0,74 0,93 —
0,3 0,53 0,79 0,96
0,9 0,40 0,60 0,78

[Ipn maknone pepxuefi rpaun B cTopony Bepxnero Gueda Snave-
HHA m BuMHCAAIOT no (opmyaam (8.23) n (8.24) coormeTcTBEHHO NpH
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b=ctgtr < 10ns=5.,. 10 (2—yroa Mexay rpansio v FOpPHIOHTOM);
B cTopony Humuero—no dopmysae (8.23) npn s=20.

B cayuwae Hagjgona B ofe CTOPOHM M NPHHUMAIOT KAk AIA BO10-
CANBOR ¢ HAKJOHHON Tpanulo B cTopony pepxuero Obepa WAH Ke Me-
noAbL3YIOT caegyioune dopmyns [13]:

Huakie pofocannn npu 0,4 = &/H =< 2.5;

m=d8/[(Bb/H—C) H], (8.25)
rpe B, C—napamerpnt (rafn. 8.8);

BojOCANBL cpefneli Buicotel mpn 2 < p/H <3, s=5"=1 .., 2
0,5 =<8/ =2 (npn §/H < 0,5 m=0,445):

m=1/y 4,5-|-20/H,; (8.26)

BLICOKHE BOLOCAHBH ¢ NOJoTHMH oTkocamn p/fl > 3, s—5'=1...2,
0,5 < 6/H =2 (npu 6/H < 0,6 m—10,445):

m=1/y 4,2-4-2,60/H. (8.27)

Fnauenns m AAN HHIKHX BOAOCAHBOB MOMHO HaXOAUTh 110 JAHHLIM
raGannm 8.9 B aapucumocTh or O/ M s =clg &' (o' —yroa HakJoHa
nwaopoll rpaud K ropusonty). Ilpn oxpyriaenwn Bxopnoro pefpa kosdg-
(pnumenT pacxofia ypeanuusaoT Ha 5... 8%.

8.8, 3navennn B w C n 3apHCHMOCTH OT & Clg o

& | 2 ‘ 3 4 b 10
I ] 2,00 2,81 2,79 — .77 2.72
'y 0,27 0,21 0,20 —- 0,17 0,09

8.9, 3naueHun m AAN HNIKHX BOAOCAHBOB

d/H,
n.|:l' “-pn ﬂ.? If[} Ilﬂ '-‘-.u 2-5

| 0,460 0,415 0,395 0,37 0,350 0,34 0,335
9 0,45 042 0,40 0,375 0,345 0,33 0,330
3 0,42 0,40 0,38 0,3 0,335 0,325 0,325
5 — 0,38 0,365 0,35 i (S 5
10 - 0,35 = e

Bopocanns  kpusoauuefinslx  oueprTannii caegyer paccunTuiBaTh no
aarnum |13 ,24].

Aan naasno okpyrienioro BXoaa U BepTHKANLHON nanopuoft rpanu
npw p/H =2 pexomenayercs ¢opmyaa A. P. Bepeannckoro;

m=0,36--0,1 (2,56—8/H)/(1-|-28/H). (8.28)

Bopocauent ¢ mwnpoxum noporom. JLis HenogToOMMEHHOro BOROCAHBA
piacxog onpepenniot no gopmyae [13]:
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il | *
Q=mb ¥ 2g H)*, (#.30)

rae ¢ —EKoxppuupenT ckopocti (Tata. 8.10),

TOM cayuvae, Korja niaowajb nonepeqioro CeycHHH NoToKa B ce-
MCHHH, rae uaMepdaercss Hanop f, Gonbwe 46H, ckopocThio noaxofa
MOMHO npenebpeus, 10 ectb Hy=H.

Jas HeaaTonNeHHX BOAOCAHBOB NPH OTCYTCTBHH GOKOBOTO CHKATHS
AHAYEHHA M MOMHO paccuuThiBaTh no Qopmyaam A. P. Bepesunckoro
COOTBETCTBENIO AR NPAMOYIOALHOTO M 3aKPYRIEHNOro BXOAHOrO pelpa

(riH =0,2):
m =0,324-0,01 (3— p/H)/(0,46 —0,756p/H); (8.31)
m=0,36 10,01 3— p/H)/(1,2-41,5p/H). (8.32)
Ipn GoKoBOM CHATHH H NJABHOM BXOAE B BHAC CXOAALLMXCS MO
HeKOTOPLIM yraom (mence 25°) BepTHKAALHMX CTEHOK (conpsiyense no
THNy pactpyGa), a Takme Apyrux ouepramwnit (3axpyracuwe B naane,
CONMPIKCHHE NO THNY KOCHX MAOCKOCTEN) SHAUEHHE m NPUAHMAIOT pap-

e 0,35 ... 0,36, npn wenaapsom pxoge (conpsikeHHe N0 THRY OBpaT-
HHX CTCHOR) —coraacno wecaegonaninam B, B. Cumcaona:

m=0,34-0,08/(14-py/H), (8.33)

FAe py-—BHCOTA NoOpora co cToOpoHl Bepxuero Oweda; H —manop na
nopore 6e3 yuera CKOpOCTH NMoaxoaa,

8.10. 3navennn ¢ s samucumoctn or m (no JI. M. Kymuny)

m 0,3 0,32 0,34 0,346 0,38

¢ 0,943 0,956 0,97 0,983 0,996

[TopgTonaenne DOAOCAHBOB € WHPOKHM MOPOrOM NPOMCXOANT NpH
hy/H > 0.8, Tlpn 0,8 < hy/H < 0,94 crenenb nogTonAeHHS HEANAUH T -
HaH, [IHE‘..'I.'D,I[ B 3TOM CAYMae MUXKHO OnpeacianTs no ltl{}j]H}'J'tE‘.

Q< mbky V 2g 1}/*, (8.34)

rae ky— kosppmnent satonaenns (taba, 8.11);
npy cuaviom  satonacunn —hy/H > 0,94

Q = abgphy V 2g (Hy—lty)s (8.35)

rae  a-—xoxppuuHenT, yunrupawouHfi nepenas  BOCCTAHOBJIEHME 2y,
SHAYEHHH a B SABHCHMOCTH OT napametpa vy = bhy/[B (hy-}-py) npuse-
Aenit 8 Tabanue 8.12; @,—xospphusenT ckopocTH NOATOMACHHOIO
BOAOCTHRA, NpH MAasioM Bxoge ¢, =096 ... 0,97, upn nengapnom —
Ha & ... 10% menbwe 3navenws ¢ LI HE3ATONJCHHOTO BOLOCHANDA.

8.11. 3wavenns &, (no B. B. Cuuicaosy)

[ty l 0,82 I 0,86 l 0,90 0,92 0,04

ky 1,00 0,97 0,92 0,84 0,73
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8.12. 3navenusn a [13]

Vu

Bxox
0 0.3 |I 0,5 0.7
Henaasn it 1,00 1,15 1,30 1.2
Ilaapuwiit 1,30 1,50 1,45 1,3

bokoswe nnﬁmnnu. Mg onpejencing pacxoia He3aTonednsux 6o
KOBHX BOAOCAHBOB B npamoyroasnom pycae I, A. Cumonsnom npeaio-

Aena dopmyna:
Q=mglV 2g H}'*, (8.36)

rae I—pauna peGpa pogocansa (mupuua cansnoro gpowra); Hy—mnanop
Hag peOpoM BOAOC/AHBA B Cro KoHue,

. HAXOMJEHHS Mg MOMKHO WCNOJALIOBATH CACAVIOMHE SMNHPH-
MecKHe GopMYAs CODTBETCTRENHO ISl BOJAOCAHBOB C OCTPLIM peGpoMm
i npakTHueckoro npoduan:

mg=0,25--0,167 (H;/H,—V 11,.); (8.37)
mg=0,287-1-0,169 (H,/Hs— V 11,.,), (8.38)

rae My, =vl/(ghg) —napamerp KHHETHUHOCTH B OTBOASIUCM Kavaae; [y —
nanop uan peGpoM BOJOCAHBA BO BXOJHOM Cedenni.
A GOKOBLWX MPAMOYTOJBHIX BOAOCAHROB € OCTPHM pefpoM pacxof
MOMHO ONPEAGARTL No gopmyae:
Q=046Y2g HY®, (8.39)

rae Heg—cpeannft nanop ma sonocause,
Crampapruse pogocanBu, Ypapnenue pacxopa ans obmero cayunsn

umeer nup [69): )
Q= Anmbgayl 2gH", (8.40)

rae Ay —nocroannan (a1 npamoyroasHoro ceuenns n==1.5, A,==2/3;
Tpeyroannoro ne=25 A, = 8/156; nan BojocaHBa ¢ WHPOKHM NOPOToM
e L5, An-!ﬂfﬂ}: Dy = NPUBEACHHAR WHPHIIA,

Jlan crauannoll pafoTw CTanpapTHLX BOAOCAHBOB B NOABOAALIEM
Kannae aAoamim Onute cobaofenst caeayommne yeaosnn: Fre< 0,6 pan
POAGCANBON ¢ ocTpM peGpos B obuwem cayuae;, Fr< 0,7 — aas sojocan-
HON NPAMOYFOALHOTO i Tpeyroabioro cevenns Fr=Q/(ox) ghy); o, —
IomaaL nonepewioro cevenna Kanana, hy— HopMmanbuan rayGmua).

JUin nopocanson ¢ ocTpuM peGpoM pacxoj pasen:

Tpeyroanoe cevenne

Q =2,361m tg®® 0H " (8.41)

np *

rae O uentpaavid yroa; Hyyp = H - ky, — npuseiennmil nanop, 7o ectb
HANOP NAj Beplumiol HeNTPAILIOrO YIaa B CTBOpPEe HIMEPEHHR YpPOoBRSA,
By~ NONPABKA HA DASKOCTH W NOBEPXHOCTHOE MHATSXEHHE MKUIKOCTH
(vota, 8.14); anawenns m npusesens b TaGanue 8.13;

HPAMOY rOJIbI0e cenMenne

@ = 2,953 mbpp 15, (8.42)
m=m-+-a'Hip, (8.43)
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rae bpy=>b-{-ky—npuBefennan muMpuHEa BOgocaHBE, 3naueHns ky npu-
BeneHsl B rabauue 8.15; Hy, = Hy-|-ky—npusenennmit nanop; ky =1 mm;
a’ —mﬂm ﬁaimquuﬁ MHOMHTENL (anavenHd @' W my npHBeieHn B Tab-
anne 8.16);

TpalneUeH 1A bHOC CeqYCHHe

tg 6=025
Q = 1,864H15; (8.44)
tgo=1
Q = 1,86mgbH 5, (8.45)
mg, = (b-+ H)/(b+0,25H). (8.46)

8.13, 3uaqenus m AAR TPEYTOALHMX BOAOCAHBOR
npu p/B=02 n H/p=<08

Be 22,5 45 | 60 90 I 120
m 0,592 0,580 0,577 0,578 0,687
8.14. 3uauenun k
Ho I 22,8 ‘ 45 | 70 00 \ 100 ] 120

Ry 2,75 1,50 1,00 0,85 0,80 (y, 85

8.15. 3uavennn k&,

b/B [ *a MM h'B I k“ Ry

0,1 1 2,5 0,6 3.6

0,2 | 2,6 0,7 4,0

0,3 2.6 0,8 4,2

n14 3’1{] Dlg 315

ui'ﬁ 3.“ l.u AL |ﬂ
Mpumewanmnwe, B, b=wnpuiia cOOTIETCTOISNAD NOABOAAUETO pPYCaAd H DO-

Rocauna.
8.16. 3unasennn my w a’

b/ l my ‘ a’ b/B m; | a’
1,0 0,602 0,075 0,5 0,592 0,012
0,9 0,598 0,064 n,4 0,591 0, 006
0.8 0,596 0,045 0,3 0,590 0,002
0,7 0,594 0,030 0,2 0,588 0,002
0,6 0,593 0,018 0,1 0,587 0,002

Jl1s BOAOCAHBOB C WIHPOKHM NOPOTOM PAacXQiL PaBeH;
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Ipeylroasnei np{:{]nmh

Q =1,96m,bH», (8.47)
NpAMOYTOJbHEIR npoduib
Q= 2mymyb ¥ 2gH 5/ (3Y 3). (8.48)

llpn 0,1 H/l 0,4, 0,156<< Hip=<0,6 (/—nmuua nopora Bojo-
conBa) my=0,864, anpn 0, 4= H/l=1,6 u Hip <06 m=0,191H/l |
- 0,782, Tlpu Hip < 0,6 my=1,

8.17. 3naveHus m, JAA BOJOCAMEOBR € WWHPOKHM
NoOporoM Tpeyronsuoro npoduan

£ M

I H A p)
0,01 I 0,02 | 0,043 l 0,04 | 0,06 | 0,06 I 0,07 ' 0,08 l 0,09

0,1 1,004 1,004 1,005 1,006 1,007 1,008 1,009 1,010 1,01]
0,2 1,013 1,016 1,016 1,017 1,019 1,021 1,022 1,024 1,026
0,3 1,030 1,032 1,034 1,037 1,039 1,042 1,044 1,047 1,050
0.4 1,056 1,059 1,062 1,065 1,069 1,072 1,076 1,080 1,084
0,6 1,003 1,087 1,102 1,107 1,012 1,117 1,123 1,120 1,136
0,6 1,141 1,164 1,162 1,169 1,177 1,185 1,194 1,204 1,214
0,7 1,234 1,246 1,268 1,272 1,286 1,302 — — —

ad

8.18. 3nauenns m, AIA BOROCAHBOB © MIHPOKHM IOPOrOM
npamoyroasioro npodgmas npu fHjp > 006 u ]l < 0,85

0,6

Hip 0,7

0,8 ] 0,9 1,0 Lad ! 1.2 1,3 , 1.4

my 1,011 1,023 1,038 1,054 1,064 1,076 1,087 1,098 1,11

Fuapasmnueckuil pacuereranpapTupx [Bojocansos croiuTes K Ha-
XOMACHMIO WHPHILL FpeGHs N0 SAAHHOMY PACXOAY H_NPHHSATOMY Bepx-
HEMY HpReny namepeinna nanopa npu’yeiosun obecnevenun cpoboaioro
HOBATONACHNOIG  HETEUCHNA W CHOKORHOrO peMHMa B NOJABOJSALLEM Ka-
najge (6B,

OANFOMAJBbELE BOAOCAKEW. JloMansie B nJaNe BOLOCAHBL BeckMa
NEPENCKTHRNL, NOCKOJLKY MO3BONKIOT NPH Matoll AnnHe No6OBOro BOJO-
canpnoro gponra obecnednTs BHCOKYIO NPONYCKHYIO cnocoGHOCTb BOJLO-
eanna,

AUin pacuera Takux BOAOCAHBOB ¢ OCTPEIM peGpoM (puc. 8.1) MoxHO
PEKOMEHAOBATL dapMcHMOoCTH, noayuernsie I1. M, Crenanopmim;

Q = ogemyLV 2qHS, (8.49)
My ==m,e (8.50)
H= fi'u — 4,

Al mg — KOxpcpHhéntT pacxona sogocinnd ¢ yYierTos ckopocti nogxoaa,
fMy onpepessior no gdpmyae (8.5); 0y —kosppHunenT, yuuToibaouHil
(popmy BoAOCAHBA B NAaHe (3HaYeHHs g, BLIYHCJACHITBIE D 34BHCHMOCTAM,
noaywenusim I, M. Crenanobbim B pesyiabrare o6paGoTKH ONBITHBIN
Aninmx, npusetens B tabauue 8.19); &—kospduunent GoKOBOTO Cia-
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B9, Suauennd Gy

[

frcin "l T R

Hip
Dopma

-

BOQOCANRS

o1 0.15 0,2 0,25

[pamoyroawnas 0,907,0,905 0,893,0,926 0,878/0,933 0,865/0,938
C 3akpyracubi-
MH YIaamu 0,999,0,91 0,983/0,934 0,967,0,948 0,952/0,951

C unpkyabuoil
aobosoll cren-
Koil 1,034/1,02 1,018/1,044 1,001/1,053 0,986/1,066

Mpumesanne. 1. B vucanurese — gan nREmINCr0
2. [piivefcunue SHavenny O%

THA, KOTOpoe BOMHMKAET nHpH Bueuinem nepeause; L==2{-}b—ganua
pojocaAuBHOro qiponta; hy— rayGuHa nepejl BOAOCAHBOM; Py — BHICOTA
popocauna; [, b—panna coorsercrpenno Goxkopoit u dpouransuoil poao-
caupnoll cTenku.

Coraacno pesyabraram necaejopannfi, pauna Gokonolt sopocansnof
CTEHKM NPH BHEILMEM TCpeIHDe He BAHSET Ha nponspeacHne Kosddu-
UNEHTOD MgOUye, NPH BUYTPEHHEM — HA Myly.

8.2. CONPAMEHMUE BLEDOB

B sapucumocth or GoOpMM CONPAIKEHHA NOTOKOB B HWHKnesm Guede
coopymennit Tam moxer Hadmoparben AnGo pounult  pexum, AnGo no-
pepxvocrnuit. Haamune yeryna B umknem Gwuehe cnocoleTeyeT BOIHMK-
HOBEHHIO NOBEPXHOCTHOIO PEMHMA.

Puc. 8.1. CxeMua HoAHMrOHAABHEHX B nAane BOAOCAHBON
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B 3apucHmocTH ot H/ip

Hip

0,30 0.35 0.4 0,45 0.5

0,853/0,94  0,841/0,936 0,832/0,933 0,821/0,928 0,81,0,924
0,939/0,952  0,926,0,949 0,916/0,947 0,904/0,942 0,89/0,937

0,973/1,0567  0,96/1,054 0,948/1,062 0,936/1,046 0,92/1,041

nepeauno, B IHAMERATEAC — AAR BHYTPEHNETO.
cnpapepausm npn H/p=0,1 ... 0.556 n {/b=0,5 ... 3.

Beenpuikrosoe conpsikenne Gyaer HaGMIOAATLCA TOABKO NPH YRAOHE
Ana 3a coopymennem GoJblle KPHTHYECKOTD o HOPMMILHON rayGune
Mo << fiyp. Jlonnpit pesnm ofecneumpaetcst NPH OTOFHANKOM NpPHXKe,
SATONJACHHOM W NPLIKKE B KPUTHYCCKOM COCTOAHHN.

Crpys, najaionas ¢ BOJOCAHBA WAH BLIXOAMULAA HI-IOA 3ATHOPA,
00pasyeT y NOAOWBH BOAOCAHBA HJAN Ke 52 3aTROPOM HAMMEH LINYIO I Y-
Ouny B nixnem obede —cexaryio h.. Ecan noTtok B oTooasuies pycae
HAXOANTCA B CHOKOHHOM COCTOAHHM, TO cONpAMenHe GYACT MPOHCXOANTS

n mige npeokka. Mpu he > hg nPRIKOK GyAeT oTOr HaHAKL; h=hg—1PHKOK
[HICNOMOKHTCA HENOCPEACTBENHO ¥ CHKATOTO cenents (KpuTHaeckan (opma
conpsmennn); npn he > hy ofpasyercn satonaennifi npuiKoK.

Conpamennn Ghedon c pomnmm pemmmom. IayGuny b cxaroMm ceue-
HIH MOMHO ONPeAeaHTh HI YPaBHCHUA:

To=h.-+aQ?(2g0.4%), (8.51)

FAC (0 — NAOMAAL CHKATOrO couennst notoxa; Ty=p-|- H - oo/ (20) —
ACHABIAH BUEPrHS NOTOKA B pepxueM Obede OTHOCHTEALHO [HA HHKHEro
ghl.'tlln: O~ Kowppuunent kunernueckol spepram, ee=1... 1,1; p—pu-
COTA NOAOCARBA OTHOCHTEALNO AHa nuxknero Gvea; H — nanop na sogo-
CHNIES Uy —CKOPOCTL B HHAKHEM  Gbede; @ — KoXppHUNCHT CKOpOCTH
(taba, 8.20, 8.21).

8.20. 3uavenmna @ aan kpusoanneiinux sogocinson
npakrusieckoro npofmas s sasucumoctn ot H/p
(no pannwm I, 1. CkpeGkona)

Hip 1.5 | I 0.5 ‘ 0.3
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8.21. 3navuenus ¢ naa HYHBIX CXeM COOpyXeHni
(no H. H. TMapnopckomy)

Cxema coopymenns | P '.

HcTeuenne W3 oTeepeTds menocpegcTeensHo B atmo-  1,00...0,97
cihepy (Gea caHBa N0 NOBEPXHOCTH POROCTHBA)

Hereuenne na JOHHHX OTBepeTHIl 1,00...0,95
Ilepenagw Gea satBopos 1,00

Ilepenaaw ¢ satnopamn 1,00...0,97
Bopocanew naasnux opm ¢ saTBopavu 0,95...0,85
Bonocanes (noanronansisie w ap.) 0,90...0,80
Bogocaune ¢ wnpokuM naporoM 0,95...0,85

Ypasuenue (8.51) pewaor, noassyscs rpadoanaJHTHIECKHMH WAR
TA0JHUHBIME METONAMH, WM JKC [YTeM NOCAefloBaredbnuX npuianme-
nnit [13]. Onpejgessior ckopocTs H TAYOHNY B CHKATOM CCHCHHH B nep-

BOM IIPHGIHIKEHNN: uu,=m]ff£’_ﬂ1 he =—b/(2m)+ Vb*f[4rn“}—i—q.f[:ﬂv¢,} :
SaTeM BO BTOPOM [IPHOAHKEHHH!

Vea =0V 2¢ (To—he,),
hey=—b/(2m) + V 6] (dm®) | Q/(mu.,).

Pacuer neiyT aHaJOPHUHO B TPETHEM H NOCHCAYIOULRX NpHOIHMKe-
HHAX JI0 TeX nop, noka agauenus he B JABYX NOCACLOBATCHALHBIX 1PHG-
JHAKEHHAX NPAKTHYECKH He OyAyT OJHHAKOBBIMH,

Ecan wupuna pycaa B niKHeM Ghedie GoAbIe WHPHHL O TBEPCTHA,
HCpea KOTOPoe NOTOK NOCTYNACT B Hero, conpskenne Gueon paccma-
TPHBACTCA B npocrpascrsennux  ycjaosuax. Ilpn nepexone or Gypnoro
COCTOAHIA K CHOKOMHOMY BO3HHKACT NPOCTPAHCTEENNBIT THADARJIHCCK nild
NPWXKOK, ypasHesnue xoroporo, no paunss M. 3. AGpamopa, umeet suj;

hih'=A(V 1+B Fri—1), (8.52)

rae h" n W' —conpamenume rayGun npuimua; A, 5 —kosduinents
(raGa. 8.22).

8.22. 3navenns A u b

Bb [ 6 I 5 1 I 3 I |
A 0,25 0,27 0,3 0,34 0,5
B 12,00 11,60 11,1 10,40 8,0

Paccrosnie oT BLIXOANOrO CCHCHIA 10 CCMCHHSA NOANOTO pacTeKkanus
onpeneasior no gopmyae I'. A, Jlwanukoro:

1= (0,15 Fry--0,27) (B —b). (8.53)

[Tpu ceofoanoM pacTeKalny BOAMOMKHO o0pasoBaliHe KOCHX NpBX-
KOn. pEE[‘TDHHHE QT Ceneldd © TOJTHEM PHCTE‘I‘:HIIHEM J0 TOUKH, rje
CXOANTCH KOCHIE MPBLIKKH, pasHo:

1= B2t f), (8.54)
rne ﬁ—yr{m OTEJOHCHAA ROCOTD I'H,TI,[IEIl'I.."[IllIE{‘HDm I'l|'lh’|i\‘l'ii{i'l,
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Conpsaimenne Guedon ¢ nopepxnocTHBIM peKHMOM. DTOT peskuM coI-
PAKEHEA NAGMIONAETCH HHXKe BOAOCAHBHBIX NJAOTHH NPH ycrpolicTee Bo-

AOC/AHBA C TOPH3OHTAALHBIM HJIH DNPHIOAHATHM HOCKOM H YCTYNOM
B HiMHeM Obede.

Pexim conpsixenns 6e3 nopepXxHOCTHOTO Balblla— NepBHA KpHTH-

HeCKHil, NpH BOINMKHOBENHH NOBEPXHOCTH CTPYH Baiblla— Bropofi Kpm-
THYECKHIT PCIKHM,

Has nepsoro pexuma (no J1. H. Kymuny):

C1= 1,740 (o — 0,496 — 1,30) -|- 1,788 |- 0.22; (8.55)
c1=1,74n Lo— 179 42 (npun B=1) (8.56)
1= (hor +p)/hyyi Co=(To—pP)/hyp: M=p/d, p=0b/B,
rae flgi — HOPMAABHAR rAYOHHA, COOTBETCTRYIONLAN MEPROMY KPHTHUECKOMY

pexnmy; p—Buicota yeryna; d—npensinense rpefus BojocAMBA HAl
canBiuM peGpom yeryna; b, B —wmHpHHA BOJOCAHBA W OTBOAMWLEro pycaa.

Jlas nToporo KpHTHHECKOTO pPeXHMA:

§=[1,96n-+40,1 (1—=p) (2—n)] (€ —0.458 —1,3) -|-1,98 -0,4;
Ca=1,96m (Lo — 1,75) -2,3; (8.57)
;It ml'll'}"f}}fhuw
FAC flgg = HOPMATLHAA FAYSHHA, COOTA2TITRY IO AR BIOPOMY KPHTHIECKOMY
peRtimy.

MamuMans 10 aa12n: BEICOT yeryina, neobxoliMoe Aaa ofpaso-

BAHWH Mo3epXHozrioro npuxkca, pasio (no M, @, Craannesy):
amin=0,4hyp} To/hgp— 1.5. (8.58)

Hawna  gonworo  pojosopora B HEIATONJAENHOM NOBEPXHOCTHOM
npuke (no M. @, Craagnesy) papna:

npu = (0,464 —1) h,
Iy = 0,28 (hy—h) [33,2— (hyp/M)*]; (8.59)

h < 0,464h,,
Iy =0,015 (hg—h) [420 |- (e /h)?, (8.60)
e hg = nopMansuan rayGuna,

B aavonaenionm MOBEPXHOCTHOM TIPBIAKE QAHHA QOHHOrO H TNoBCpPX-
HOCTHOTO BOAOBOPOTA COOTBETCTBCHHO paBHa:

by = (g —h) (6,6 — 1/Fry —0,Tho/fp); (8.61)
l4=0,3 (hg—h) (1 —1/Fry-}- 2hg/hyp,), (8.62)
BAe My, DTOPAS cOnpsiKenuas rayGuna,
JLriia nocae  BOAOBOPOTHOTO YUACTKA B MOBEPXHOCTHOM HPBUKKE:
I (1 BNl (8.63)

Han onpeaeaenns yeaonull o6pasosaHus NOBEPXHOCTHONO NPHLUKKA,
B COOPYMRCHUAX, 3AKANUNBAOUNXCA B HIKHeMm Gbede yerynom, 1. M, Cre-
HANOBLM npertoRen paa dopmya, Hﬂyu yrjae HakJA0HA HOCKA X JHHUH
ropmaonra 0...15° u 15 < Fr < MHHHMATBHAS BHCOTA YCTYNA,
HPH KOTOPOR MOMKeT 06pasopaThLes NoBepPXHOCTIRIT HPLUKOK, pasual

amin = (4,051 Fri—n) hiy (8.64)
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HAH
Amin= 0,54h; Fr&%"™8/cos? a, (8.€5)

n=—04c 18,4,

rjae ¢—yroa HakJona crofofHcH NOBCPXHOCIH CIPYH B CTBOf€ ycTyna,
peBupifi yray i1akroma wocka; Fry—uwncao @Opypa, cooleEeTcie)omee
rayCune crpyn na yciyne hy,.

INopepxucciupwil npeKOK  ofpeayercsi NEH LOIHIWCHAN  YPOBHCH
B HuXKHeM Cnede, ecaw hg== iy

hep, = 1,96 Fro# ) hya. (8.66)

ITpn cruXeEMn YFOEHA B HidKHeM Obode NOBEPXHOCTHBIN NPLIAKOK
nepefiaer B pouupit npn g < ey,

fypy = 1,82 Fr*22) hya, (8.67)
rae hy—raytusa na cxope ¢ wocka, Fr—wicao Qpyna, coorpe1crpyics
uee hy, a—npwicota ycryna,

Ecan yron nekAcha MOCKA MAW YCTYNa K JAMNIKN TOPHIOHTA B aMa-
nagone =2,..7° u alh=4...10, rpannunne rayCHrLs ONFeAENSOT
No 3ABNCHMOCTHM:

fgg, = 1,69 Fro.2o) fioa: (8.68)
Hpy = 1,504 Fro2 ) fiya, (8.69)

Conpamcnne Cochpen v venepnofl ropmaontaasnofi Tpybe. Pacenorpam
caAyuall BIeKanna N3 oA ATHOPA B UNAMNAPHUCCKYIO TPYCY Kpyraoro
cevenun paanycom # no meroanke M, M. CkuGu,

Mpu onpegenenun conpsXennux ray6iun b Kpyrobux ceucnnsx npm
HX GACTHYHOM HANOJAHeHMn BHA QOPMBL CONPRMCHNA  YCTOHIBANBAIOT,
CpannuBas NPLRKonLie GynKng.,

Mpuxkopyio ¢yukunio Gea yueTa BAKYYMA MOKNO NPCACTABHTL
n Buae

I (he) = aQ*/(gue) -+ yewe = aaQ® [FH12— (1 —y¢) o) #/(griac);
Oc=a/r¥ y="he/r, B=B;/r. (8.70)

Uneaenibie SHAYCHHA OTHOCHTEALHEIX weanunu o, n fie onpejeanior

no TabanuaM Aaf pyca Kpyroewx cewennil |79].
Conpaxenne » nanopuoft 1pyGe MOKHO YCTANOBHTL, CPAEHHE N PLIK-
koewe Qpyuuun [ (h) n 1l {y.j (BLMHCAAIOT B TOM Me CeuelHn, Ho

NpH HANOpPHOM Teuennn B Tpyle):
1 (yc) = aQ?/(gw) -} ycw, (8.71)

rae Ye= ¥ 1o (I— 1) —opannarta nLCICMETPHYUCCKOR JHNEM (OTCHET
pelleTcs OT ocH TPYOH) B CKaTOM cevenHR na paccronumu . or navana
TPYOR; Yy— OPANNHATA NLCIOMCTPHUCCKON JMMMH B KOHUERGM CedennH
TpyOu; [—noanaa pawna Tpyoul; [ = Q*/(w*C*B)— yKaop TpeHus WAH
nbesoMeTpHuecKufl yKioH,

Mpu T (h) =10 (y.) npuxok olpaayercs B CHATOM Cenelny, np
BCEM ITPDTHH{EHHH Tﬁ}"ﬁ]ﬂ Hﬂﬁ-ﬂlﬂﬂﬂETEﬂ HinopHoe PﬂBHﬂHEPHﬂE IBHIKE-
une; npu [T (he) < Il (y,) nponaciaeT 3aTONAEHHE BHTCKAWOWCH CTPYH,
HA BCEM TNPOTAXKEHHH TPYOB PABHOMCPHOC HANOPHOE ABWAENNHe; npn
1 (he) > I (ye) 3n orpepeTHeM DoSHuKaer Geananopuoe Tedenue no Tny
OTOTHANHOIO NpLiKKa B Gopye KpuLofi noaAnopy, cOpolueHEON BWIVE:
AOCTLIO BHHS3.
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8.3. PErYNIMPYIOLLME COOPYIKEHMS

Peryaupyiowne CoOpyKenus ciykat aasn 3a60pa BOGH B Marmucr-
PadbHbie Kauain H ee HOgaud B Kalajibl MAaQIero nopsjxa, perydaHpo-
HaluA  yposueii, apapuilioro cOpoca, NPoOMHBKN KaHAaJOB OT HaHOCOR,

OTKpbiTEIe peryasaTops npeactanasior coboii JoTok NPAMOYIrOJILHOTO
WIH  TpaneueujzanbHOro ccueHdsn, obopyaosanHmil 3artsopom. [lpu
NOAHOCTLIO OTKPHITOM 34TBOPE PEryiafaTop PacCHHTHMBAIOT KAK SaTONJEH-
HHl BONOCAHB ¢ wHpoKHM noporom (paan. 8.1). Kosddmumenr ckopo-
CTH (f NPHHHMAIOT B 3aBHCHMOCTH OT KOHCTPYKUHMH pxoga (taGn, 8,23),

8.23, Koshduumentsl CKOpoCTH ¢ B 3ABHCHMOCTH OT THNA BXOAA [71]

Kouctpysuya nxona P
Kocue nnockocTi, NOpor HaXOAWTCH HA YPOBHE AHA KaHaN3 0,95
Bepxuero Gueda
To ke, mopor npunoguar 0,92
Bxognas wacte B Buge Konyca Ges nopora 0,93
To me, ¢ noporom 0,90
Bxon ¢ nupsiomuMy crenkamu 6ea nopora 0,91
To xe, ¢ noporom 0,88

Kosppuunent cKarug noToka MOKHO BLIMHCANTL NO IABHCHMOCTH
b pencunca — Kpurepa;

e=1—0,In{H/b, (8.72)

FAC 7 —YHCAO CHKATHI NOTOKA WIN YAPOCHHOE YHCAO NPOICTOR; b — 1M -
puna npogera peryastopa; M —uanop nepeg peryastopom; §— xosdm-
iHeHT gopmst sxofa (tadu. 8.24),

8.24. Kosdbdmumenr dopmu nxopa {

Hmwu:—ymum bXOomga B phoue :

I

OGpatHasn cTeHKa M MPAMOYroILHbIC GLIYKH 14
[Tpamoyrodbhbie Ghiukw 0,
Kpyrnan ceas 0,
Pactpy6 ¢ pocnyckom B naane 1:2 0,
Pacrpy6 ¢ poenyckoMm B nurate 1:4 0,
Bxop B pHje xocoil naocKecTn 0,
Ouepranne OuivKoB naapioe, 3aoctpelHoe 0,

SKEZRESE

v e oy

Ecan moa noerynaer s perynarop uepes Gokopoll 0Teox, To B pace
HETHYI0 (HOPMYAY HeOOXOMMMO BDOAUTH nONpaBouNMi Kosppuuneut o,
Ilpit oteoje Bopnl Gogee 209, pacxoma xamana crapuiero nopspka Quayp
i cropoctd Teuenns B Hem l...1.b m/c & onpepensior no Tabamne 8.95.
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8.25. 3asmcumocts O oT yraa orsofa o

", I 0 I an 446 | G0 l e

0 ! 0,97 0,95 0,93 0,90 0,86

90

Mpn @ =9°" u nocrynaenun B peryastop ne Goaee 20% Quap,
R TaKXKe NPH cKopocTAX B stoM Kanade ao 1 m/c 6=09.,.0,95,
Ipn cooGogHoM HeIATOMIEHHOM HCTEUCHHH uepes peryastop Kosd-

%uuuewr GOKUBOMO CHKATHA PEKOMEHAYETCH BHMHCAATE No  (opmyne
. A, Jamapuna;

p=1—aHl/(H4b), (8.73)

rie €— KOMPPHUHEHT CRATIA; b— WHPHHA NPOJNETA COOPYIRENUH, Doy —
supexTHBHAN, BAM cmaTad wWHPpHNa npogera; f—mwnanop Ha coopyme-
HHH; a— Koshduumuenr dopmbst yeros, OGuka, ana o6patHOR cTenKH
a=0,2; obparHoitl crenkKn ¢ Kouycom a==0,07; Hupsowel CreHk
a == 0,075; gocoft naockocrn a=0,060 [71].

Ilpw nepenmpe BOAW HEpPed 3ATHOP WAH MWIAHAOPHYIO CTEHRKY pacyer
BeAYT KaK AA0 BOJOCAHBA ¢ ocTpuiM peGpom (pasa. 8.1). Ecam sarsop
YTk NPHOOAHAT, TO pacyerT NPOHABOAAT KAK A4 oTBEepeTHil sarwopon
(rn. 5). Ilpn cpoGognom wereucHnn Kospduupnent GoKOBOry ciKaTHA

onpeaeanoT no gopmyae (8.73), xospduuneHTH BEPTHKANLHOID CIKATHA
H CKOPOCTH — CooTeeTcraeHno no Tabamunam 8.26 n B.27.

8.26. Koapduumentn seprukaasnoro cwatus (no H, E, XKyxkosckomy)

b/ H 0.1 0,2 0,4 0.4 0,56 0,6 0,7

Ey 0,615 0,620 0,626 0,630 0,645 0,660 0,680

8.27. Kosthhnument cxopocTs ¢ B 3aBMCHMOCTM OT THNA BXOJHOro nopora

MMopor P

- o

[Mpamoyronbuutil wepoxosatult nopor 0
[Mpamoyroasnutil raagkeil nopor 0
ITopor e sakpyraeHHBIM BXOAUHM pPebpoM g

]

Xopomo oxkpyraensuii nxoguofi nmopor
Honnmit cans (nopor oTCYyTCTBYET)

EERER

Juavenis gKosdepuupentos pacXofa npe  JatolieHioM Héredgeuun
MOMHO DpHuEIMaTe no taGanne 8.28,
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8.28, Kosthduumentst pacxona [40]

Maomaas oreepcTuf
Yenonwa H dopma BXOAA

<2 wm > 2 Mt
Caartie ceepxy, OKPyrieHHEe KPOMKH 0,85 0,90
To e, MTEHE? Hpniirﬂ 0,80 0,85
CwmaTne cpepxy n ¢ GoKOB, OKpyraeHssie 0,756 0, 80

KPOMKH
To me, ocTphie KPOMKH 0,70 0,75
Beecropornee cmMaThe, OKPYIVIEHHLIC KPOMKH 0,65 0,70
To Me, oCTpuie KPOMKH 0,60 0,65

Peryaaropu ¢ auadpparmamu. [[as nx pacuerta HCNoaL3ayior GpopMyanl
HeTeMeH s W3-nog satpopa (ceofopHoe MAR saTonjaeHuoe) (ra. 5).

Pacuer nmmnero OGbeda. FayGuny BoIMOMKHOrO pasMupia B OTBOAA-
MEeM Kanade nocde peryasTopa Moo PACCUHTATL NO NOAYSIMIHPRIeCKON
gopuyae A, H. Tuuenko:

Rogan = Myp 0,33 -| 0,65 (Yep— Yo/(/v0) + 0,070 /vy |-
- 0,14 (Yep— Vo) Vug/ (Yol tw) ], (8.74)

rae Myp— KparHyeckan rayouna, ornecennas K sogoGolinoi vacty coopy”
IKCHIS MPAMOYTOALHOND TONEPEUHOro CEeuelH s} Ypp— IMIOTHOCTL FPYHTA
h orpoasuiemM pycae; yo— IMIOTHOCTE BOA; Uyp, Uy — NPHAOHHAN CKOPOCTh
no J[HHEHH‘IEEK{IH OCH NOTOKA W AONYCKACMAN HCPAIMBBAIOWAH CROPOCTH
WA PPYHTa B OTBOASILUEM pycae (IHAYEHHN Uy Ha BHCOTE BHICTYNOB SKBH-
BAACHTHON WepoXOoBaATOCTH NPHHNMAIOT coracHo pekoMesganuam [59]);
[~ Ko MHEHT TPEHHA FPYHTA NO FPYHTY B HACKIUEHHOM COCTONHHM
(‘raGa. B.29).

ITpigosnvio ocepyio CKOpPoCTh ONpPeAefsior no sMoupHyeckol sasus
CHMOCTH:

Onp==0-}- 0,480 (0,1 LAy, - 0,83), (8.75)

FA¢ U=—cpeansisi CKOPOCTh B JKHDOM CEYeHHH B PacCMaTpHBaeMOM CTBOpE;
L —paccronune or Konna pogoGoiinofl wacTH A0 paccMaTpH BAEMOro CTBOpA.

HHY YHaCTKa mMecTHBIX Aedopmannfl peKoOMeHAYETCH PACCUMTHIBATE
no aapucumoctH, npegaoxennoft A, M. Tmnenxo:

Lplﬂl = Qv {unu"‘“uu}'f {.-' Vﬂ' d:p) ¥ (H.TB!

rje v—cpefliifi CKOPOCThL NOTOKA B JAHHOM CTBOPE; Uyy = CPEAHNA CKO.
PpoCTL B MHBOM CeYeHHH B KOHIlE 3aKPenjeHHOro ywactka; dqp-—cpep.
WA gHaMmeTp nacTHu rpyHrta, onpegensior no Kpusofi rpavyiomeTpH
RECKOro colrapa,

CayGuny pasmiiea 3a wao3aMp-peryAatopampt ¢ yueroM niga cohpas
wennn pogofoiiioll HacTH CoOpyMeHHN ¢ OTHOCAME OTBOAMLIErD pycaa
Moo onpepeanth no gopmyae [69]:

-:-—-l--'-ulﬂhfl—-l

!iplauf—”kuhnp V‘ dx/t ; _ (8.77)
rae hyp——KpuTieckan rayGuna; uy moy=2,66 60y VW{VT-{-E]/'E] :
10 » 2066 143



8.20. 3navenisn xosdduunenton tpewns [ rpynra [59)

IaomwocTs (06 BLoM-
Fpywr Has Hﬂ:cajf m/ f

[Mecok:

cyxoft prxJuil 1,8...1,8 0,75...1

BAAKHBI 1.7...1.8 0,62.,.0,84

HacHUCHNB BORoOIl 3,0 0,36...0,47
Fauna # cyrianHoK; '

cyxue 1,6 0,84...1
Mokpue u TeKyune: 1,8 0,36

TEK YUeIJIaCcTHYHBIE 1,9 0,40

MArKOIMIACTH Y pe 1,95 0,43

TYronjactTHynLe 2,05 0,47

noAyTBEpAIE 2,10 0,53

TBE PABIE 2,15 0,68
Haneruit rpyur:

cyxoft naoTwuil 1,6 0.84...1

MOK Pl 2,0 0,38...0,47
I'pasnii:

cyxoil |,8 0,7 ...0,84

MOK Pt it l,86 0,68

NPRAOHRAS MAKCHMANLHAR OCEBasi CKOPOCTh B PacCMATPHRAEMOM cTBOpE
[59]); u AN AOmYCKaeman (Hepasuuinalouian) npuaonnan ckopocts [59];

Ry — KO3pPUNHEHT, YUHTHDBAONIHA BAMAHKC BHAA CcOnpsKcHun popoboil-
Holl wacTH ¢ orkocamu orsogsauero pycaa (vata, 8.30);

8.30. 3navenna k,

Conpmwenne "u
OGpatuan creuxa 0,43
Hulpsoman cTenKa 0,37
Pacrpy6 0,23

B = 1,38 @ tg a— Kosppuunent; @ = B/Eb— Kos(PHuNENT BHesanHoro
pacluMpeHns noroxa, B-—uwHPHHA NOTOKA B OTBOAsAWEM pycae; Xb — M-
pHHa opHoBpeMerHHo paboTalomwuX NPOJAETOB COOPYMEHHA, Uop~—Cperuns
CKOPOCTH B JKHBOM CEHeHMH NOTOKa Ha BHIXOJE H3 Bu.mnﬁoﬂann HacTH;
B yep— KPHTHUECK A5 ray6uHa B OTBOAAUIEM pycae; Xx— paccrosnie OT
ersopa ¢ ckaroft rayGunofl 10 paccMaTpHpaeMoro crsopa,

8.4. BOAONPOBOANLUME COOPYIHEHMA

Bogonporogaume coopymenna ofecneunpalor Tpauchopriposanme
Rofisl Na y44CTKAX MepecevcHHA KaHAIAMB CCTECTBEHIILIX M HCKYCTBEM
HLX npenaTCTBHA,

Jiusuecnyexn. Jlasi nponycka Ansicpuix B TaAbX BOA C NPHIACTal0-

mere sogocBoproro GaecellHa NOJ KaHAJEMH H AoporaMd NPUMEHAOT
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TpyGu, paGotalomie B ocHopHoM B Geamanopuom pexmme, Hanopuudl
peXHM JOMYCTHM TNPH nponycke gatacrpoduuecKoro pacxona H JHLIE
B TeXx CAy4anxX, KOrja noeblucHHe YPOBHS nepey TpyGoit me cosjaer
HeGAaronpHATHLIX yoiaorHid pas peGote Kanasa. Pacuer AHBHeCTYCKOB
npupefed B raase 9,

Axpepyxn, [ujpapauueckuil pacuer Ha nponyck MakCHMAAbHOTO
pacxola BRMOANAIOT AAA BXOAA, JOTKA W BMXOAa. Bxoa paccynrtwiBalor
KéK MOATOMJAEHHWA BOZOCANWE C HINPOKHM noporom (pazp. 8.1); AoTok —
Ita pannoMephnoe aswkende (ra, 7). Ilaa npeforspamenys moanopa Ha
BWXOAe MOHHIKCHIE JAHA OTROAAUIETO KaNWMIa OTHOCHTENLHO OTMETKH AHa
AOTKA SKDEAYKA PECCUNTHBAOT, HCNOAL3YR ypashenue Bepuyaan,

lwokeps  HeOOALIMON NPOTANKCHHOCTH  PACCUNTLIBAIOT 1A NPONYCK
MAKCHMANLHBIX PACXOJOB, € YUeTOM nNoteps Hanopa no gaune (ra. 4)
W ha Mectuwe conporustennd (ra. 3). Ilpn Goaswolt gamme gogep npo-
BEPRIOT W 1A NPONYCK MHUMMAABHLIX PECXOAOE AN BLIABACHHSN DOIMOM-
HOCTH BOIHHKHOBCHHS THIAPABJAWCCKOTO NpHMXEKa H PH:]PJ]ﬁﬂTHH Me po-
npusTHil, HCKAOYAIOIMHX ero,

Fuapovexnnueckne Tymnean. Duapapianveckuil pacuer ananoruyc
pacuery Hamophnsix W OeSHANOPHBIX BOJOBOAOB H 3AKAMACTCH B Onpe-
ACACHHN MakcHMadsMol nponycknoil cnocofiHoCTH, a Takme npopepke
M NPEJOTHPAILEHHE BOIMOKIOCTH OTNOMCH N B3DCLEHHLIX HANOCOB NP
MHHHMAIBHBX pACXOAAX,

8.5. CONPArAKOLWME COOPYMEHMA

Mepenapm, Tuapasinuecknil pacuer nepenata BRAKYACT pacHeT BXO]-
Holl 9acTw, cTYNeHW MAN cTynenedl (vHCA0 HX NaaINaAYanT B 33RHCHMOCTIN
OF PasnocTH OTMETOK DEPXHEra H nuxuero Guedon) n pwxognofl vacin,

Pacwem axoda, Onpeacanior neoGXoanMylo mupuny nepenaga by, npi
HaEHMX anauennax @ n by Ecan pxoanyio wacth nepenaga yerpanpaoT
e THIY BOAOCAHDA C WHEOKMM NOPOTOM WIH NPaAKTHUCCKOrO npoduan,
10 pacuer ce BunoannioT no qopmysam, npusefcHnsM Bopagaeae 8

Hpn Goasipom ananasone pacxopop s oGecneducHns ¢ TabuibLHOTO
pemuma yposnell B noABoOgAUieM Kanane w npeaoTBpalenii nopnopon
WK CHAA0D NePel COOPYMEHHCM ceyenne BXoANolt MacTH nepenaga npu-
HHMAIOT TpaneneHAasieM, i pactiera B oSTOM Cayuae ACnoAbayloT

popmyay [40]:

Q= emq (b-} 0,8mH) YV 2gHMW, (8.78)
m = (Ay— Ay)/|e8 (Hy—Hy)): (8.79)
b= (Hy Ay— HyAw)/|e (Hy— Ho): (8.80)

A= Q/(MHI0); As=Qi/(MHYR); M=myV 2g,

rae b—mmpuna BXoAa Nonu3ay; m—roxpPHIICHT JAN0KCHHA OTKOCOD
na pxoae, Kospuumenr { ofuuno npunamaiot pasuus 0,8, Koraa nxon
pafoTaeT No THNY BOAOCAHBA ¢ WIHMPOKHM noporom, m==0,35... 0,37,
ANR BoAOCANBA npakTHueckoro npodwan m=044 .., 0,5, 3navenna Q,
H Qg no Hy u Hy suGupaor TaK, 4T00L COOTBETCTBYIOULHE MM rAYGHHLI
B NOABOAMRUEM Kallaie paBHAJANCH:

”I vz ”n mnx""ﬂuﬂﬁ' [Hn max = Hu l'r.lll}r
”n = ”ﬂ min - 0,25 [Hn max— Hg min]-

Ecaw Hywin HewanccTia, T0 pacueTHBI® 3HATCHNA TAYOHHB MOMKHO
NpUIATL nponasoibio B npegeaax My = (0,83 ... 087) Hppax Hs =
= fl'I,E o a n.ﬁ} Hu max-
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Pue. 8.2, 3aaucumoctb &, o1 I u Ll —Lg=f; (I) L, n;m Lae=0:
2 Lo=fy (9e) mpu =1 u Fln 0,6, 3—Cy fy (3c) np
Oyp=1n Pr=0 (0,2, ... 2,1 —kpunne {,).
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[Mpn  3xagurensuot  mmpune &g
TpaneleHgaabHOI0 BXOJA2 HCNOAL3Y- e g,
10T MHOTOIICAeBON nepenay, pasdu- 477
BaSl Tpaneenaanbiui Ha HCCKOJBKO
uened, NPH 3TOM KO3(DQUITHEHT 3a- ggg?df'
JTOMEHHST OTKOCOB :I'Eﬂfi;'ﬁ,ﬂ,ﬂﬁ H3 HHX 1,64 f
g = b1 —yiic :
u{e.r;emm a=b/(1,0Huax) —unciao 0 07 0% 06 88 10 &y, yx

LIHE'JII‘J {-'TFITEHEE 1 MHHI'WT}" PHE. 3.4‘ S‘HBHEHHDETB ;H Or I
newwatoro nepenaga kodogeamoro M O I—Ly=F (n); Z2—Lp=
THIIA HASHAYAIOT, MCXOAS W3 paBH- = fa (By).

CTBA NepenajoB Ha Kamjaol cTyneH#

(Az=2z/n=const) Ap=:-AH/n (z, AH— pasnoctb OTMETOK COOTBETCTBEHHO

YPOBHCH BOMBI W JAHA B NOAROAALUICM H OTBOAAULEM KaHAIAX),
PacueTnylo BHICOTY CTeloK MAJCHHA, 4 Takae pucoty nojololinoi

CTEHKM B KOHANE KaxAoll crynend MoOMHo BHYHCAHTE no Qopmyne
0, M, -_Kunﬂmr‘rmmnﬂ:

p=(z/n | 0,46Ah)/(1—0,094), (8.82)

[Mpn verpolicree wa suxoge p mwumuuil Gbed sogobolivodl cTenkn
A= (n—1)/n, pogoboitnoro koaoaua —A=1,

[Tpi NpOCKTHPOBAHUN MHOFOZTYNEHUATOro nepenaga paccHHThBAIOT
OOBIYHG NEPBYIO, BTOPYID H IOJICLHION CTYNCHH, OCTANBILE CTYIEHH
APHHAMAIOT TAKAMH e, Kak it sropyio. [lpu stoMm onpejessior Beicory
ROJOOOHNON CTeNKH W AAHHY BOAO00HHOrO Komopuna, aGeCreunBaionyix
CONPIKEHHE MO THNY AaTonaennoro npuxxka, Pacuer cryneneft nepenaia
pexkovenayerca necTH no cnocolGy M, R{ CruGua [79).

Pacuem nepsod cmynenu, Onpegensior figp Ma BXOjpe nepenaga,
VASILHYIO SHEPTHIO NMOTOKA OTHOCHTEABHO Ana nepsoil crynenn £, —

= Py |- By -] atip/(28), THC Uyp = Q/(0xp), OTHOCHTCJBHYIO YAEALHYIO
SHEPTHIO Ha nepBoil cryneun Jp, = Eq Mgy 0 nepuMerp, Xxapaktepuayio-
Uit nonepeynoe ceueHHe Nepenama, Yip = Mhy,/b. Mo rpapuxam Cg —
= [y (F¢ps L) MEs=[(30) npu oy =1 u Py =0 (puc. 8.2, 8.3) onpegcanior
OTHOCHTCABHYIO BTOPYIO CONPSUKENHYI0  rayGuny L, = hy/fyy, oTnocu-
TeabHYI0 BucOTY Bogobofinoll crenku L —hg/hyg {und-f{h,,}'dju-imam-
guupent noaromacHun) 1 fy. o r-:punnﬁ te="F1 (J., Cs) HA coOTBETCT-
pYoULeM rpaguke no I, HaAXoAAT OTHOCHTCAbLHYIO BTOPYIO CONPSKEHHYIO
rayouny L ="La.

Torpa sropas conpsenuas rayGuna wua nepsoi CT}-’HEILH Gyler
hy = Laltcp, TAYOIEA, HCOBXORMMAR AR 3ATOTACHIA NPLUKKA, —/ta=0 hy,,
rie n—una]xg}muour aanaca, o=1.06...1,1.

Bricora Bogofioiinoli crenku wa nepsofl cryncui fig, = Qg fiyp cOOT-
BOTCTBYET KPHInueckodl opme conpsikenns. PacueTnyio Bbicory Mg paca
CTCHKH O peiedfilor W3 ypasHeHs Mg pacq =l 4 (0—1) hy.

FateM nNpoBepAOT YCJAOBHA HCTEUCHHA qepes BXOLNYIO 4acTk nepe-

naaa. Ecan cobmonaerces nepasencrso p= (g, —p)/he=< 0,5, sxon nepe-
naga paboTaer KaKk He3aTONJCHHBI BOJOCTHB.

Jauna nepsoft cTyncHu nepenaga onpepensercs panuodt nogoboi-
HOTO Kodomia [y, oOpasoBaHHOrO CTeHKON nageHHda n Boj060 HHOMH
CTeHKOMN iy, =X+ Iy (ly—mauna npeixka).

JlanbHOCTE OTJCTA CTPYI MOMHO BulMHcANTE 110 dopmyde [79] x =
= v,V 2u/g, rae 4= p+ 0,50, _, _

[ayGnuy noToka Ha eTeHke DajcHUa Neppol CTYneHn Hepenaia onpe-
aeasior o rpaguky (puc. 8.4). 3nan yy, no kpusoi L, = [y (i) naio-

-.__Fp_= 3
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Puc. 8.5. 3apucuMocts Ay 0T §g B 4y WA NPUAMATHYCCKHX pyca,
npaAMoOYrobHoro, TpancueljaiLHoro  TpeyroikHoro cedelHus c ro-
PHIOHTANLHLIM JIHOM.

AAT OTHOCHTEALNHYI0 raAyGiiy Ha cTcHKe nageHun npi ceoboaHoM HCTe-
MCHHH (g = hy/lyp, oTRYAD hg = Cyhyg.

HOCHTCABHYIO JAHHY nlpmlma 1,,=-t'n,-’h“, onpefeasior no rpapuky
ha=[(La, ¥) (puc. 8.5). llpeasapureanno BHuHCARIOT GeapaasepHuie
Beanunubl Gy =Ny Mgy W Yyg= mhyy/b. Hexoman seanunna fp= Ayl

Pacuem amopotd cmynenit nepenada. Onpepsinn No Yy OTHOCHTOb-
it nanop Ly, = Hy, [y nag rpeGuenm crenkn nepsoii crynenn (ta6a. 8.31),
HaiiaeMm nanﬂp'uan pooGoiiHol cTeHKON nepBofl CTYNCHH H.lr-:t,H"h..p.

Yaeasnan Suepruf NOTOKA OTHOCHTENLHO BTOPOR CTYNCHM nepenaja
H OTHOCHTeAbHAR VYAeabHad SHepPrHd NOTOKA pPaBHH COOTBCTCTBCHHO
Ecy,=Hg, -+ h; pac 1+ I, = Ef.‘y‘huw

JaabueRmWMA pacuet BLINOJAHACTCA AHAJNOTHYHO pacueTy NepBod CTYy-
MeHH nepenajga.

Pacuer nocaegne ctynenn (puc. 86). Haxoaar yaedb-
HYI0 SHCPrHK NOTOKA OTHOCHTEALNO ANA OTBOARILCTO KaHana E"’J =

=Pt Ry (j=1t Hy (i1 (i—HoNep cTynenn nepenaga). 3aTem BLUHCARIOT
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Pue,"8.6. Pacwernan_cxema puia nocaenHefi crynenu nepenaaa.

3.0

Puc. 8.7. 3asucumocrs {g or I, u [gy NpuaMaTAYeckuX pyca nps-
MOYTONBLHOTO H Tpaneneaaibioro cedennil: [—y, =0; 2— = 0,026

(kpHBHe manul uepea 0,2),
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Prc. 8.8. 3apucumocth |G OT Je B Cpg AR NPHAMATHYCCKHX pYcd
Tranellenlaabiora cevennn: a-— =000 u 0,1 6—y,—=0,16 n 0,25
(kpunkic gauws wepea 0,2).



8.31. 3navennn { Ho, B 3ABHCHMOCTH OT Y

‘Hﬂ l t.“'u; yl-': :HI]_I HH' | ;..H'n‘
0, 1,371 0,25 1,284 2.5 1,177
0,025 1,356 0,40 1,258 4 1,167
0,05 |,345 0,75 1,224 6 1162
0,10 1,326 1,00 1,210 100 1,150
015 1.310 150 1194

OTHOCHTEABIYIO YACALHYIO SHEPTHIO Jpop = L [hy, W OTHOCHTRABHYIO HO p-

Maabhywo rayouny Lg="hg/hyy. Tlo 1,3, n L’Iﬁ no rpapukam (puc. 8.7, 8.8)
HAXOAAT OTHOCHTCALHYIO TAYOGHIY ROMOAUA Tyon, i = Myon. i/fxp.

Faybuny BogoGoiinoro KoJoaua jis KpHTHUCCKON (opMBL conpae-
HIA OUPEAETRIOT H3 BABHCHMOCTH Myon, ;== Cxoxlflip:

Pacwernyio ray6uny xouaoaua, ECNeYHBAIDILYIO COTIPSMCHHE 1O
THIY SATONJAEHNOTO TPLIKKA, MOKHO ONpPefe/JHTh ¢ HeKOTOPEIM 3anacoM
(Oe3 yuera nepenaga) Ha 3aBHCHMOCTH fygy. { pace = Oyon, 4 (0—1) hg,
(0 —koadxpuunent sanaca; o =1,05.,,1,1).

Aanny BogoGoitnoro Kosojiia paccCUNTLIBAIOT Tak e, Kak W a4
nepBoil cryneny,

Bucrporokn. Bxopnan wacre paoraer no THny BOROCAHBA ¢ WIMpPO-
KHUM NOPOroM MWJAH npakTHueckoro npoduns (pasg. 8.1). Pacuer qorka
(BOJlOCKATA) OGBICTPOTOKA COCTONT B HaXomAenuu rayOuHul GLCTpoToKa,
KOTopas OyfieT onpejiesisTh BuCOTY GOKOBBIX CTEH W YCAOBHA CONpsHKe-
Hitst B nuanem Goede. Ha sofockare GHICTPOTOKA YCTARABANBAGTCS KpH-
past cnapa (ra. 7). 3a HauaasHoe ceuenue ofipuHO NPHHHMAIOT Cedcnne
Ha nepenome yaoua. [lpn waanuun Goxonoro ¢arns Ha BXORE B 5TOM
Cetenmn yeranapaupaeres raybuna h==(0,7...0,8)hyp [69]. Onnaxo sneck
MOKHO NPHHATE f =y,

Ecau ykaon Gwerpotoxa ig > 0,02...0,03, npoucxofur Hacuuienme
NOTOKA BOJAYXOM (a3pauus MOTOKa), 4 TaKKe BOSHUHKACT NPH onpeiaese -
HBIX YCAOBHAX BosHOBOe JAnusenwe. [ayGuuy aspupopannoro nortoka
MoXHo Hailitn no dopmyne;

ha=(1--¢e)h, (8.83)

rae e= W /W, = (0,035-]-0,83A/R) ¥ Fr—E (popmyna H. B. Hcauen-
K0) —oTiomclie o6neMa BO3ayxa K o0beMy Bojn B noroxe; A/R — or-
HOCHTCALHAA IICPOXOBATOCTL  pPycda OWCTPOTOKA, NPH MaAol wepoxopa-
ToeTh A/R=0,02...0,04; npu Goanwoii—0,05...0,1; Fr= v*/(gR) —
HHeA0 Ppyfa, BHUHCACHHOE N0 FHAPARIHYECKOMY Pagnycy HCaspHpORal-

Horo noToka, E-—papamerp, sasucamuii 0T oTHOCHTeAbHOl Wepoxona-
TocTH (Taba. 8.32).

8.32. 3nauennn [ B 3apucumocti ot AR

AR 0,02 10,03 |0,04 0,05 0,06 0,07 0,08] 0,00

E w9 294 2604 2 18,9 163 14 11,7 10,3



Kputiueckoe wncno ®pyja, npH KOTOPOM HaYHHAETCA aspalud,
MOMKHO onpeacauTe no dopmyae [52].

Fryp =45 (1 —A/R)M. (8.84)

[lpw auauutenuiLX YyKJAoHax JoTka, OGonblioll pacnjacTanHOCTH
noroka (Manada raybHuna no cpasHenHio ¢ IHPHHOH NOTOKAa) H Majoi
HIepOXOBATOCTH Jiia 0 GOKOBBIX CTeHOK OMLICTPOTOKA HAPYINAETCA YCTOl-
UHBOCTL cBoGojHoil mosepxnocTn motoka. Ha Guictporoke oGpasyiortes
KaTAWHECH BOJHLI, BHI3LIBAIOULHE MepenoJiHeHHe JIOTKa, YMeHblIeHHe ¢ro
nponycknoii cnocofHOCTH, cHAbHEA BoanoGol B WHKHeM Obede, KoTo-
PHiil  3anacTyio NPUBOAHT K ABADHH COOPYMEHHA, H pasMBIBH Hesakpen-
JEHHOro pycaa oTBoAsuwero Kanaaa. Boamoxnocts BONHOOGPA3OBAHH A
moxHo npopepats no kpuwrepuio T. . Bofinny-Canomenugoro. Ceepx-
GypHuill  pemuM OGyAeT oOTCYTCTBOBATE NpH CcoGMIOAEHHH CcAeAylolero
YCJIOBH S

1/Fr > [30/(2Bh))* —2 (20 — 1) %0/2Bh+- 209 — 1, (8.85)

rae Fr, o, B, h—uncao Ppyaa, naouajs XKHBOTO ceyeHws, IWHPHHA
cpofoHol nopepxnocrn W raybuna noroka Ha OLICTPOTOKE Nepes 3oHOH
BOAHO0GPA3OBAHNS; ¥ — rHAPaBIHUeCKH it NOKA’aTEIL PYyCaa; cg=(1+K31) 4
+ (1 KDY - 2Ky) (1 + 2K)] —Kos(unnent KoauuecTsa ABUIKenis
tﬁgj: Ki=V gl(K), Ky=2K;(1—Db/%); C—xoappuunent Llesn no
I. H. [Tasaosckomy; K, = 0,36—nocrosniaa Kapmana; ¥s, b —cmouen-
Huit nepuaMerp npn HopMaabioll rayGune hyg W IWHPHHA JOTKA OBICTpO-
TOKA NO JAHY,

Yeaopun paGotul GLICTPOTOKA, NPH KOTOPWX NOTOK He nepeijer
B cepxOypHOe cocTOsiHME, caeayiomue [59]:

| < 4lyg, (8.86)

rje f..m—:vﬁpf{CHpE“p}—HpHTHHECHH:"I YR Ol,

Boace noapobusie cepejeHns o OGeryuux (KATHWUXCA) BOJHAX HA
OGLCTPOTOKAX W MEpax NpejoTBpalleHis T0I0 ONACHOIO ABACHHA NpH-
BeieHLl B cneuHanbhodll auTepaType.

[Tpn orosopkax Hepaapnoro oucpramusn (oOpatiibie W HBIPAIONLHE
crenku, pactTpybm M T. 4.) B npegeaax coopyikedni BOSHHKAOT KOChe
CTOAYHE BOAHB, KOTOpBHe OGYCAOBAHBAIOT 3HAUHTEALHYIO HepaBHOMep-
HOCTh TAYOMH KAk B cedeHin, TaKk H No AJWHe NOTOKa. ¥ CTAHOBJIEHO,
HTO JIHHHH BOJIH NpPH NEpBOM CBOEM nepeceuenni HECKOJLKO MCHSIOT
Hanpasjedde, NpH 9ToM Beerja coOmofaeTcn HepaBeHCTBO o) > Cg.

Han onpepenenns tg oy n g oy MOXKHO BOCNOAL3OBATHCA CAELYIO-
M popmyaamu npu v=03...06, H/6=02...1,2, §/H=09...5,
I=0,08..,0,12:

tg oy =0,1/9%%%; g aa=0,09/¢"%, @=vH/b, (8.87)

rjie v =/ —creneub GoKOBOro CHMaTHA Ha pxofe; w, L — HHBOE ceve-
HHE HOTOKA COOTBETCTBCHUO D HAYAALHOM CEYCHHH BXOla H B NIOABONH-
urem xanane;, M, b—mnpanop na pxoae B GHICTPOTOK H Cro IMHPHNHA.

[Tpu npoexTHpoBaHuy OLICTPOTOKOB H KONHCOJABHBIX COPOCOB ¢ He-
AMNABHEIM  BXOAOM MOMET BOSHHKHYTh HEOGXO/LHMOCTL B ONpejle/eHHH
MECTONONOMEHHS NOHHWMEHRIT W nopuImeHHi cBoOOAHON NOBEPXHOCTH
¥ cTeHok Jgorka. B atoM caydaae wmoiKHO Henodib3osaTh NPpHOJHKEHNLIH
wmerog, M. X, Osuapenio. ¥YMmuomun snuucienHoe 3uavenne (g oy ma
MOJOBHHY WHPHIL GHCTPOTOKA WM KOHCOJAbHOrO cOpoca, nofyyunm pac-
LTOAHEE OT pavang BXoja A0 ceqents a=a (puc. 8.9), B KOTOPOM npo-

I




Puc, 8.9, Pacuetuan cxeMa OHCTPOTOKA NPAMOYIOJNLHOIO CeYeHHst NpH
KOCHX CTOAYHX BOJHAX,

HCXOANT neppoe nepeceycHHe JAHHHA (rpeGueil) pogn. B sToMm ceuenuw
HA OCH NOTOKA BOIHMKAET 3pauuTeNbublil 6yrop, y cTeHOK e cosjacres
HauBonbiuee H3 Ganxalmux nonnmenne ceoGoinoll noBepxXHOCTH. YMHO-
KuB anaueHne {g oy na 0,5b, nOAYHHM PACCTONHHE MEKAY CEYCHHAMN
a==aq W O6=06. B cevennn 6=0 y creHoK JoTKa HabaojaeTcs namGonb-
mee H3 GAMMAHIWHX NOBLIICHHE rAYOHH, B TO JKe BPEMS HA OCH NOTOKA
ofipasyercs HauGoabiiaa snaguna ceoloanoil nopepxnocti. Jlaabheiwee
HAXOMACHHE MECT NOBHIEHHI H NOHHMKEHHH rﬂi’ﬁHII Yy CTEHOK JIOTKA
BHH3 NO Teuenuio Benercsa no g oy ananornuno. llpu pacuere cpobol-
HOdl MOBEPXHOCTH HA BOJOCKATE MOMHO HCNOJAL3OBATL oDllEH3BECTHLIE
HHTErpankl ypasHeHHsi HepasHOMEpPHROTO NDBHAEHHH,

duaueHua rayGHHB ¥ CTEHOK B CeveHHsix a==a # 6=0 Ha BceMm
npotakeHun pogockara her= (0,85...1,25) hep.

Cay6uny (Ges yuera rayOunsl Boibl B HHXKHeM OGbede p paccmar-
PHBACMOM  CTBOPE) MECTHLIX gaauuaua 8a GLICTPOTOKAMU-TTEPEnagaMu
nponycknoit cnocofuocTbio A0 & MY/e MoMHO paccunrarh no Qopmyae
A. H, Tnuenko:

TJ.- == S,Th“p_ Flf':-'i; {BEB}
PR Ay = E/fﬂﬂf{gﬂ“}—xpumuecnaﬂ rMyGHHa, OTHECeHHAs K CTBOPY

B Komue nopoGoitmodi wacrn coopymenus; Fry = aocp yf (ghy) —uncno
Ppysa B pacCMATPHBAEMOM CTBOPE; Uep 5o Ry —CPEAHAS CKOPOCTL NOTOKA
Ha BCPTHKAAM 10 AHHAMHUYCCKON OCH H rayOHHA B paccMaTpHBACMOM
cteope; o —kosppuunenrt Kopnoinca, yunThsalonnil HepannoMepnocTs
pacnipepenenus ckopoctedt (c==1...1,15).

Cpeanion cKopoeTh NOTOKA Uep  HAXOAAT No dopmyne [99]:

Oepx = Vo (0,011L—1,4 3/ 0001 Eoyg 4 5,60yp) [y (8:89)

re L ——pacctosinie oT Kouia nojofos 0 paccMATPHBAEMOTO cedenns;
g -ﬂﬂﬂﬂ}'{!HﬂEHHﬂ ]IEPEEMHBHI-EIIHHFI EHEI]‘I‘.'}ETI:- NOTOKH,

Hanna yuactka oTpoasiiiero pycaa, HGTHE‘I;II"I HEOOXOANMMO JAKPCNHT
A NpeoTBpattenns paimupos, pasna L= 1033k,

Konconbusie nepenaaw. Bxoa w GbICTPOTOK pPACCUHTHIBAIOT TaK e,
KaKk aas OGelerpoToka, Jlansnocth najedHus CrpyH Ge3a yuerta aspauny
CONPOTHBACHHN BO3yXa oupeaeasior no dgopmyae A. O. lamGapsna:

lnax=2H (ig--V @p+-hy/H); H=v%(2g9", (8.90)

FAe U—cCKOpoCcTh B KOHUE HOCKA; h—TJAYOHHA B KOHUE HOCKA; P— Bhlv
COTA NajeHHst crpyu; ¢— kospduunent ckopoctn; ¢ — 0,95;
NpH FrOpHIOHTANLHOM Hocke (ig=0)

loan =9V 2H 2p-+h). (8.01)
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Makéumansuyio raybuny poxsi » BOPOHKE pasublBa 32 HOCKOM-TpiM-
MIHHOM paccunTuBaT no gopmyaan 1. E. Mupuxynasst:

HECBASHEIE TPYHTHI

hp= (310pxbo/ W —T7,5by) - sin ap, /(1 — 0,175 ctg ety ) -+ 0,25k (8.92)
CBASHHE H CKAJbHLIE TPYNTH

8,3up b sin o
lip={ el ) e 0,25h,  (8.93
£ ( uﬂ-g nop : 1_ﬂ|]?5 ':tE 'be+ ( ]'

rae n—1,6...2; v,x, Up—CKOPOCTH CTPYH M BHICOTA ©€ B CEYCHHH Ha
BXOJ€ B NOTOK B HikHeM Gbede, b npeasapuTeabLHBIX PACHeTAX Upy =
= Quon V 28201 W=V 2 (6— &) df1,750p — rufpaninucckans KpynHoctTh
qacTHil, Og, O —IVIOTHOCTL COOTBETCTBEHHO BOALL W PpPYHTA; d— cpeannii
JANAMETP KPYNHLIX HACTHI, CAATAIOMMX N0 BOPOHKH Pa3MBLIBA B MOMEHT
ee CTAOHIAMIAUNM; Cpy — YTOJ NAKAOHA K TOPHIOHTY NPOAVILHON  OCH
CTPYH B CeMeHHI Na BXOAC¢ B NOTOK B wHmHem Obee; A —rayGuna no-
TOK# B HIKHem Obede; Upopop —AONYCKACMAaN JONNAA CKOPOCTL B CTa-

OHAHIHPORANTON POPOHKE pasamnisa,

3Hayenne ponyckaeMolt CKopocTH papHo:
JUISL HECBASHEIX TPYHTOB

Oponop = (1 8,80/d) V 2gm [ (5—8) d-1-2¢5, , ky)/0,4480m;  (8.94)
IS CBASHBIX TPYHTOR

¢ powop— (12 8,80/d) V 2gm [ (85— 8,) d-+- 1,256 £]/(2.685); (8.95)
JAAH CEANBHLIX rpjrllTnB
2gmb® [ Ry + ¢ (8 —8,) cos 0 3¢28,, sin 0/0)
Uatpep= n8y sin ey (0,66% 1-0,2¢%) v (Si96)

rae ii—rayGuna notoka iaj pacematpusaemMoit sonoli ana; d—cpegnit
AHAMETP wacTHi, rpyHTa (dg), M; m—kosppuunenT yeaosuit paGoTh,
YUHTHBAIOWHA HAAHUHEe HAHOCOB B KOJJOHAHOM COCTOANMM, 18 € UHCTLIXS
notoKos m= 1, ¢ copepxannem mnanocop Gonbwe 0,1 Kr/m® m ~ 1,4
= (0A max/Ua)® = 1-}-d/(0,00005 - 0,%) — xospduunent HepPerpyaKs,
YUHTLIBAIOWHHA NYALCAIHIO CKOPOCTH; UA may, UA — COOTBETCTBEHHO MAK-
CHMALHAA NyJAbCaHOHHAs W CPEUTsis CKOPOCTh NOTOKA Y Jla; Cy, y ==
== 175 (10%%) — yeranocTias npoMnoCcTh HECBASHBIX TPYHTODR HA PASMBIB;
Rty — woapbuient, XapaKTepHaYIOWHA BepoRTHOCTL OTKAOICIHN HOKA3d-
TS CHUCIJICHHS OT CPeqiero 3SHAMCHHA, B NPCABAPHTEALILIX pacueTax
ky==1; d—SKBHBAJICHTHHIN AMAMCTP OTPHBAIOIEXCH OTASALHOCTEN CBAI-
HOTO TPYHTA, 1PH OTCYTCTBHH ONBLITHBIX JAHNLIX HCNO/JL3YIOT 34BHCH-
Mocth d—A/07, rae A—BuicoTa BHCTYNOB aB6COMOTHON WepOXoBaToCTH
AHA, AuGo npunEMaloT s cyneceit d —3 mm, d=4 MM; A58 CYINHHKOB

d=4mm u pna raun d=4...5MM; €y —npenes YeTANOCTH Pa3aMbina CBAS-

kX rpynTos; cy=0,035; k— kosdpuument OJHOPOJAHOCTH, XapaKTepH-
SYIOIMHN OTKJOHCHHA MOKa3aTeJel npounocTH rpyHTa, B npejABapHTeb-
HBIX pacuerax k—05; m—xospbHuneHT ycaonHi paGoThi; Ryc—ycra-
AOCTHAS MPOMHOCTL CBASCH MeXKAY OT/ACABHOCTAMHE CKaJbHOTO OCHOBAHHS:

Ryc = 0,06Rcx (Rix— HopMaTHBHOC pacueriioe CONPOTHBACHHE OT/elib-
HOCTRH CKANBLHOTO IPYHTd CHATHIO); 00— yKAOH HAKJAOHA HamIacTOBaHHi

196

-



K FOPRIOITY; eCAd HaKAGH Hanpasfen 1o Telcniilo, 1o snanedne Aap'yop
Gepercsi o SHAKOM MHNYC, B HPOTHBHOM CAyuae — 1moc; Oy, — NAGTHOCTS
BOALL C YYETOM CTEHEeHH a3palni; oupeienseTcs B SABUCHMOCTH OT CKO-
pocTH Tewenus (3...4 m/c—209;: 6...12--35...50; 20...25—60...67%);
N ~—KOPHUHEHT NMeperpysku, BHYHCAAIOTCA TaK e, Kak 0 B Qopmye
(8.93) ann AMaveTpa SKBHBANENTHOTO 1MAPA, ONPEACANEMOr0 NO Pas-
MepaM @, b, ¢ CKanbiLIX oTAeAbHOCTell, OTPHBAIOIAXCH B NPOLECCe
pasMuBa.

Hounsie 1ONyCKacMble CKOpPOCTH BLtwicasnor no gopmyae 11, E. Mup-
UXYJIABLL:

00— 1,25 1 2gm [(8—By) d 1 1,25¢) ] (2,65,1). (8.97)

A cosisHLIX FPYHTOB jlonycKacMasi Jouuas CKOpOCTL B crabnan-
SHPOBAHKOT BOPOHKE PAIMEIBA PaADHA:

UA0 sop = VA (::ns"' Gpy -+ 3 i'/sin‘-' ol (8.98)

rae vao—onpejensior no dqopmyne (8.93) wan npubamaxento no 3app-
CHMOCTH UAg pop = 3UAD.

ARy BOPOHKI PASMBIDA MOMKHO OnpepeanTnh no opmyae I'. A, 10
KOO
lp=4,0hp |- 28y, (8.99)

PAe Ryp—KPHTHUECKAR TAYGHHA B OTBOAAUIEM pycae, M.



Ffnaea 9§
YPYBYATHIE COOPYIKEHUS

TpyGuare ¢ BojouponycKnne cOOpYReHA KPYTAOTO H peme rrpnuna
YrOALHOTO CEMCHHA DIIPOKO NPHMCHAIOTCH B MCAHOPALHN H JOPOHKHOM
crponTesancTee. 1o uweny orpepernil coopymenys GLBAIOT OANOOIKOBEE,
ABY XOYKOBKIC, TPEXOYKODBLIC.

B ACHCTBYIOLMX THIOBWX COOPYIKCHHAX MpPHMeHAIOTCA TpYGH che-
JAYIOWHX  pasmepon: Kpyrasie— guamerp 0,75 m; 1; 1,25; 1,5; 2; npamo-
gmga;me OfAHOOUKOBME —2 M; 2.5; 3; AByxoukonue—2x2.2m; 2x2.7:
12X3.2.

[Tpn pacwerax TpyGuartwix coopysenufl pacemMaTpusaloT nxognodt u
'BLIXOJHON yuacTkH. Pacuer BXOQHOIO yHACTRA SAKAIOMAETCA B onpejc-
JACHHH NAOMLAAN JKHBOIO CCYCHHS W pasmepon TpyObl; BHXOANOrO yYacT
KD— B obccnedenl conpimeHns ¢ HKuum Guedom,

CyumecrayeT TpPH pemuMma npoTeKkanus Boas n Tpybax (puc. 9.1):
Geananopnwit (1 < 1,2d < hy)); noaysanopruil {I,QJ]-'.'.' He 1 4h) w
manopusth (H==1.4d n i, > 1, rae [ — Q/(w*W?) — yxaon Tpeuus; é-—
iPACXOA; O — DJOWAAL nonepennoro cedenust  TpyOu;  W—cxopocrian
XAPAK TEPHCTHKS),

Hanmennmyio gonycriumyio nucoty nacwnu Hyge wag TpyGaMmu na-
XOART no (popMyaam:

Oeananophuil pesum

Hmln = h-r" ﬁ‘l‘haac: {gi [}
nunjrﬂunupnuﬁ HAH HanopRuil pesnm
ffnlln_*H;i“ﬁ- {92]

e fe—sucora TpyGu; 0§—toammuna ce CTeHKn; Mgy — BHCOTA 3ACHITIKM
(ne wense 0.5 M); A—3anac uag ypoplem noaneptux sog; npu d (hy) <
< 2m AZ=05m npw di=2m A= 1 M, H—nanop soaut nepen 1pyGoil,

[Nponycknyio enocobiocts Gesuanopuux TpyG awboro nonepeyHoro
CCHENHA MOXKHO ONPCACANTL COFAACHO CXCMe HCTCHENHS 4epe3 BOJOCANBD

N ’i*f‘ 3
s A ‘%% G 1 T
: B e

Pue. 9.1. Pexumsl jpuxenns Boib B TPYGUATEIX COOPYMEHHAX: a@ —
Gesuanopuuil; 6 —noayuanophulil; 84— HanopHwil,

158



no Gopmyae A, A. ¥runuyca:
Q= pbyy Vagh =.I" (9.3)

rae p—koadpunuent pacxopa (raba. 9.1); byo= @y ~— IHHPHHA NO-
TGHa“I!- CeveHHH ¢ Hpnﬂaqncxuﬁ ‘i"ﬂ]FﬁHHDﬁ; Hﬂ—i H -J.-ih:,ﬂ‘f{ﬂ,q}-pnmnun
HAMOP nepejl BXojoM B TPYOY; ofg— Kosfxpuunent, yunTHBAIOMKI Hepan-
HOMCPHOCTE PACHPeieNICHHA CKOPOCTCH B CEYCHHN NOTOKA MEpejy BXOgOM
B TPYOY; Up~—cCpeilsis CKOPOCTb Nepey BXOLOM.

9.1. 3navennn p

Oronopox i
PactpyOnmil:

FIYS: 0,6d 0,360

H > 0,6d 0,335
Boporuuxonuil 0, 306
HMNopransbuii 0,310

Ipu Geananopnom pexime Bossmicnne secwell TOUKH BHYTPeHmCH
MOBEPXHOCTH TPYG AL NOBEPXHOCTHLIO BOAM AOAMKNO GHTL B KPYrABX
TpyGax ne senee 0,25d, B npaMOyroabunx 1upH My =3 M—He MeHee
he/B, npu he > 3 M—11e menee 0,5 m. I"nyﬁml{ NOTOKA HA BXOAC B TPYGY
(finy) MOMHO OnpeaesnTs no pexomenpaumsim H. I, Posanosa: pan nps-
MOYTOABHEIX TPYG € pacTpyGUBIMH OrOJNOBKAMK NpK iy < fyn Ny = 0,88H;
Iy > Iy hyx= 0,85/, pas kpyramx TpyG-—c pacTpyGubM H HOpTAIL-
HEIM  oroJopkamu hy, = 0,9H, ¢ popotmukonum hy, = 0,79H, Tponyck-
Hag cnoco6HOCTE NOAYHANOPHWX TpyG pasua (no H. IT1. Posanosy):

NPAMOYroAbNOE Ceqenne

Q= anl‘ffﬂ' (Hf —ehy); (9.4)

KPYraoe ceyenie

Q = pyo ¥ 2g [H—(0,708—27;) d, (9.5)

rae pg—Kkos(dpuunent pacxopa (taba. 9.2); e—xosdduntient cmarna
(raéa. 9.2).

0.2. Inavenna i, w e

Bxoauoft orononox
Koxdpn- pacTpyOusil npw e
] p
g a 'éﬂj:;:";}g:,ll ]nnpm'u KON K T | %8 Y
g 0,74/0,79 ' 0,74/0,75 0,76/0,79 0,78/0,79 0,81/0,79
e 0,62/0,656 0,68,0,62 0,61/0,66 0,64/0,69 0,68,0,7

Mpumevannn B uucauTese — Ans NPIMOYrOALHME TPYG, B SHAMCHATENE —
RN KPYramX.

lponyckuas cnocofuocts 1 xospuunentT pacxoa nanopuLs Tpyo,
He 3ATOIMICHHBX CO CTOpPOHL HHMKHCTO Gbedha, pabya. |

Q= o V 2g (Hy+-1,{—0,850,), (9.6)
o= V(1 Lox - ALT). 9.7)
+La0




rae Cpx— Koapduunent conporusaenns na sxoge Lyx=0,33 u 0,2 ann
neoOTeKaeMbiX ¥ OOTCKaeMHX OFOJOBKOB; A-— FHApasanyeckuit Kospdu-
ILHEHT CONPOTHBACHHA TpeHuA (no AandbiM ra. 4). KospduunesT pacxoja
HANOPHBEIX TPYG MOXHO onpejeasth no dopumyqe (5.46) [84].

pH SaTONJACHHOM BHIXOJe pacXoj papeH:

Q = pyoV 2g (H-t 11— hy, g), (9.8)

rie fy g—rayouna Boan B HuKeeM Obede.

PacueT BLIXOJHOTO YHACTKA 3a COOpYHRenHeMm IJAKAIOMacTCH B Onpe-
JeACHIH YCAOBAA NMPOTCKANHA NOTOKA H HAXONKACHWW Hanbosee onac-
HOPO W3 BOIMOMCHBIX MCCTHLIX PasMpiBoB, BebOpe THNA KPCIACHHS M
ONpeAeNeHNH Cro IeoMeTPHYECKHX PasMepos.

FAyGuny noToka Ha Buxoje B3 Bogonponyckumx TpyG [ | B sanu-

CHMOCTH OT yKioHa ama iy u napamerpa Mg =Q/(@*/* ¢'/*) nam Mg =
= Q/(abV ag) g.'-—um:um, b— HpHHA OTBEPCTHH) MOKHO  HaflTH 110
Q

rpapukam (pie, 9.2, 9.3). Onpepcans rayouny fyy, MOKHO pPaCCUNTATL
npi HapecTHHX Q@ HAM d CKOPOCTH NOTOKA D BHIXOJHOM CEYCHHH COOpY-
wennd. 3atem HAXoAAT rayOuisl NOTOKa NOCAE PasMBIBa I BHNOAHAOT
ACTANLHBIE PACYCTH MECTHWX PA3MBLIBOB.

Jlng yeeanuenns nponycknoit cnocoGuocTH TpyG npAMENAIOT paa-
awunnie orodoskn. Ha pucynkax 9.4 u 9.5 npupefensl anauenns j Aas
HANOPHOTO PCKUMA B AABHCHMOCTH OT OTHOCHTC/ABIONO pajlyca OroJoBKa
rid, i kowyenofi wacrn L /d w yraa xonyca Bi wa pucynke 9.6 —
JABHCHMOCTH |4 NPH COBEPIICHHOM CHKATHHM AAS NoayHanopmoro u Gea-
HANOpHOro FE}HIIMHB B 3ABHCHMOCTH OT

Fryx==2H/d npn nesaTonacHHoM MHCTe- L :
qeHMIL. |
Mpu i, =0,038...0,341, rpane.
en1adLuoM noanoismes Kanaae (by — 0,8
Mo/ a

g7t 0.5 \ 44 e PR

. 2 o 28
Q “E;‘-—._

P74

\%_

\hff--_.__
03 0.2 e
\-..f__f_____l ‘\ 41

e ——
01 oo
I/ 0,04 I 0 8,04 808 I
Puc. 9.2. 3apncumocts hyy,,/d Pue. 9.3. 3apucumoctb fyyy/a
or [l n i aas poaonponycx- or fTg 1 i Ana BOAONPONYCK-
HOfl TpyOul KPYraoro REX01- HOIl TPYOW nNPAMOYIOJALHOTO
HOTO F;:f_‘lm-.ll‘rlﬂ: 1y = MKW KBAApaTHOTO  CeuCHHA:
=Q/(d2 } dg) (kpmebie Aaum - az).
wepes 0,1). g Q/(dY ag)
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J‘F : T
I'.T I
0,85 ———f+——f—
7 4 o
=l
!
0,65 -
g 4,2 04 4,6 0,8 rid
}I m—r— —— .ﬂ
| X
.':?,J.f ———— T ———— S B -
_.fr .=!»' 38 {
Pl
e - « ooge 3
o ﬂ% |
065 T e -
o 42 0% 0,6 0,8 In/d
, 7 :
EJ& p— :l
AT F
Uy fd=45 ﬁ[ ——~# sk
"?rﬁj . bl
20 Y £0 a0 Ao
Fm: 9.4. 3asncHmocTD Hﬂilll]HuHEHTﬂH pacxoxa T }'ﬁ oT opmu
W pasmepor orojopxon: [,..8—[/d=1;_
o
06
b4 |
fod
42 o B
[ ||y -
15
b 46 ¢ Fr
i R g g
y c OT KPHTepHSA
g 66 12 fdfff ®pyaa: I, 11, Ill—cnu*ruegcmni:mn

Puc. 9.5. 3apucumocts xospdu- Geswanopuas o6adcTs, NOAYHANOp-
IIHEHTOB pacxoga Tpyb or pas- mas, wanopmas; J...9—I[/d=23,01:
MCPOB  KOJABUCBHX  OFOJOBKOB. 5,91; 29,85.
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=d), BXOAHOM OroJIOBKE THNA NOPTaabHOll cTenkn KoappuuHenT pacxo/a
pasen:
BXOJ He 3aTonjeH

= (0,16i; +-0,046) H/d 40,275/, --0,25; (9.9)

BXOJ 3aTolJicH (MO CXeMe HCTEeHeHHS W3 OTBEpCTHA), BHXO) He 3a-
TOMJEH

Q=penV 2gH,, (9.10)

Oyt 4 - lplfr.

a kos{punnent pacxoja
ng = (0,7151,-+0,3) (H/d) (9.11)

Pacxog gaa TpyGuaTex coopymennfl ¢ oroNoBKoM THNA «KANOWOH»
Ha BXojae {cpﬂaammﬁ noa yrioMm x npogoabhoil ocw yuactox Tpyou,
yCTANABJIHBACMBIR CPE3OM BNH3), KOTOpue MOryr pafoTaTh B Tpexpe-
WHMaX, ONpeAcasioT no 3aBicHMocTam [33]:

HANOPHLIAL peMHM, BLIXOA HC SATOILIEH

H4-tl < 3,7
Q=0,82wy 2¢g (H 4 i,{—8d); (9.12)
H--ld > 8,7
Q =0,780V 2g (H+ 11— 0,5d); (9.13)
HanopHBIfl peIKHM, BHIXOA SaTolJIeH
Q=0 V 2g (H+ixl—hyu). (9.14)
Kosdpuumenr pacxona npu i < 0,0333 panen:
g = 0,761 4-0,45i (9.15)

an ITEH[}.Um p"*——'ﬂ,ﬂﬁ'z const,

Paccmotpum paboty TpyGUATOrO COOPYMEHHS C YHM(PHILIPOBaIHBM
OroJIOBKOM NO THNY HHPAOUIHY NAPAIIEALHBIX CTCHOK npH Ge3nanopHoM
W panopHoM pemumax jasuxenna [101] ;

besnanopned pemum. Ecan sxojsoe ccuenne TpyOn Me 3aTonAcHo
(BXOAHOE ceueHHe MOXET OHTbh He3aTONACHHHM HAH SATONJCHHBLIM),
COOpYyMeHHE pnﬁu'raer NnNo CXeéMe HCTeHCHHA uepes xpymﬂnﬁ nopocAnD
¢ WHPOKHM MOPOroM, pPacxog ¢ro nNpH STOM pabeu:

Q =mo,b, V 2g 11}°, (9.16)

Oy [ (heg—p)/H —11/[0,74 (heqg— p)/H —0,798], (9.17)

rage op—K HIHCHT NOATOIMIEHHA BOAOCJHBA {E{'JIH ﬂﬂﬂﬂtﬂﬂﬂ:llﬂ 3a-
TOTINCH, {'-'n =1, B HPETHBH[.'IM EJ']}"IE‘IE (4] ﬂﬂpEﬂEﬂHlﬂT no 3asHCHMOCTH

(9.17);  bygp= Wyp/hyp—LIHPHHA NOTOKA B DHKTHBHOM NPAMOYTrOALHOM
pyciac, B KOTOPOM MNJOWAAL JKHBOTO CewenHs NOToKa W rayomia hyg,
TakHe e, KaK M B paxTHYECKOM Kpyropom pyciae; li.g;—rayGuna Bojnl
HA CJAHBE; p-—PasHOCTh OTMCTOK A KAHATA B BCPXHCM H MHAKHEM

Goedax.

MNMoaronaenne BOAOCAHBA HAYHHAECT BAHSTBL HA NPONYCKNYIO cnocol-
HOCTE COOPYEeHHHu NpH veaoBuu: (hey,— p) > 0,770H.

Beawuuna m B sapucumocti (9.16) pasmna:
m=0,326 0,148 sin o -|- 0,14 sin® e, (9.18)
rae sin & —yxJaon TpyGul.
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[lpn patoTe coopyKeHHS C SATONJCHHBIM BXOANLIM COUCHHEM H He-
SATONICHHBIM BRIXOAHLIM:

Q= pgwV 2g (Hy—nd), (9.19)

rAe pg— KosgupHinent pacxopa, pg= 0,634; = 0,72— 0,53 sin e — xosdh-
(JHUHENT, 3aBHCHUHA OT THNA BXOAHOIO OroJOBKA H YEJAOHA TpyGwl.

Hanopreit  pexcum B TpyGe ¢ HE3aTOMICHTIBM BHXOANBM CEYCHHEM

BOSMOMEN JHIUL NP HeGOALUIOM TeOMETPHMECKOM nNepenaje—ne Goaee
0,5d, unaue iy < ix, [101).

MunuMaasnyio J0nyckacMylo raybkny Boakl na pxojge, ofccneun-
BEIOHIYIO  YCTORMMBLI HANOPHBIT PEXHM B COOPYIKEHHH NPH 3aTONACH-
HOM BBIXOJA2, MOMHO ONPCACAHTL HI JABHCHMOCTH,

Hgg/d = 1,02 (0,92—0,3b/d - 0,28in e -+ 1,1 sin? o) Fro:4%+0.0ab/d
(9.20)

rae Fr=uv?/gd—uancno $pyna na nxose » Tpydy.

Hpw rayOuue Boiw Ha BXope menblte MunkMaabHoli Aonyckaemoil
coopysenne Gyier pabotarb B nepvoii (ase wanopnoro pemMuMma, TO ectb
B TPYOY OyAeT NOnajars BOIAYX uCPEa BUXPEBYID BOPONKY Ha BXOAe

(sTopan ¢asa-—posayx n Tpyoy ne nonagaer). Pacxoa w Kosdduunent
PACXOAA COOPYMCHHA PABHLL:

Q=p.w ) 2gAH; (9.21)
e, = [0,673—0,00271/d - 0,08b/d —0,01775%/d%) (H/d)*:10%; (9.22)
Me, = 0,762—0,003/d-}- 0,0300.79, (9.23)

TAE iy, y— KOSPPHUHENT pacxofa COOPYMENHs COOTBCTCTEEHHO AR
Kamaoi tpassty; AH —ruppapanveckuit nepenag.

Paccmotpum rugpasanuecknii pacwer THNOBOro oroJonKa ¢ napad-
JACALUBIME NHPAIOWEMHE CTEHKAMH, FOPHIOHTAALHO YA0KenHol  Keaes0-

Oeronnoll TpyGoll Kpyrioro cemesHs U BHXOANOrO OFOAOBKA N0 THIY
«konsepts |101], :

beswanopnwdd peacum paGoThl coopymenusn woamomen npu H < d.
Pacxon npu sroMm onpeaensior no dopmyae (9.16). Ilpn orcyrersum
noaronaAeHnn oy =1, m==0,326, ¥Ypovens poas B HHAHeM Obee Haum-

HOCT BAWATL Ma nponycknylo cnocobiocts npu he, > 0,775H. B srom
cayuae:

O = (fea/H—1)/(0,7T4hc/H —0,798). (9.24)

Hanopnowt peoctis. KpuiepueMm oucHkn navana NogTomients cay-
WHT TAYORHa feq=08d. Ilpn hey > 0,8d maGmopactca nogrondennoe
neresenne, Pacxoa npu s1om onpercanior no dopmyae (9.19), 8 koropoi
) B JASHHOM CAYuaEe XiPAKTEPpHIYeT pacnpenciicide LABNCHHA B BhIXOm-
HOM cenernn; 1= 0,9 nesapucumo or I//d. Kospduumuenr pacxona papex:

po=1,19/(l/d)o.17%, (9.25)

[Tpn aaTonaenuom wereuennn pacxon onpegeasior no gopmyae (9.21),
A jhe—no opryae (9.22). Pacxon npaMoyroisHubX TPyGHATHX cOOpPY-
Mmennit A wanopiuoro pesuma npu H > 13a, hyuy > 1,252 onpeje-

Aot no qopmyae (9.21), ann ApYrHx peRUMOs NO 33 BHCHMOCTSM
Mamyka:
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FualPe Pac:- 9.7, _3asHcumocTs iy g/l o1
Q/lelpcl gle): 1.4 —hyuyfhy 6=

e =1,02; 1,03; 1,04, 1,05, 1.06; 1,07;
1,08, 1,09; 1,1; 1,3; 1.4; 1,5; 1,6; 1,7.

GesananopHuil pexum
Hesa, haux < 0,6a
Q=mbyV 2gHy/®:  (9.26)
NOAYHANOPULIT peXuM
lLlaeS He 1.6a, hyux < 0,82
Q=p0V 2gHy; (9.27)
HACTHURO HANopHuil pemum

\

47 11 15 Lila < HS 1,30, Ryux s 1:2a
o Qe  Vape) Q=p0V 2gz,, (9.28)

rae Hy—nonusil Hanop nag BXOJHEIM NOPOrOM TPYOLL 2, = Hy+ p—hgpix—
FHAPABJHYECKHI Nepena) ¢ yd4eToM CKOpPOCTH NOoAXoia; p—nepenaj
MEIY JHOM DEpPXHCro i HHAuero Gnedon,

Kosdxpuinenrm pacxoa onpeacasaior no opmynam:
GesHAIOPHLHL pPeXHM

8 [/ H <25
m=0,154 - H,/(H,+b) |- 0,273; (9.29)
NOAYHANOPHLI peuM
e I/ H << 20
== Hy/(Hy-|- b)—0,15; (9.30)

HACTHYHO HATOPHBIA PEemHM

16 l/2p <30 u 0,026 =< =5 0,047
= 0,354 -+ 81; (9.31)
HANMOpHEIL pexiuM
13<1/2,<66 u 0,0l == 0,05
w=1,75/(17,2 — 1/%), (9.32)
=2/ [(1 — @/ ~1/%7p) Fxp],
TAE Yyp— CMOMEHHBIH NepUMETp TPYOL; @y— MJAOIALL CeHEHHS MOaBO-

JAIEro KaHaana.
FayGuny 3a tpyGamn hy g npH Hadwuuu  cnaoumoi pojpoboiinol

CTenKH BBICOTOH pe==(0,55...0,65) a Haxoaar no rpaduxam hy g/pe=
= [ (Q/pc!. V €Pe, huuxlhu.¢) (puc. 9.7), e I.—anuHa BogoGoftioit

CTelKH.
Pacemarpupas CTeHKY KaK SaTtondennnii BOJOCJAHB, MOMXHO Oojee

TOYHO ONpeAednTh €€ BHICOTY:
pe=he—He, (9.33)

rie he — rayGuna nojnl nepel crenkoit; Ae & hguxs He=Qmax/mal. V 23 —
reOMeT PHYECKHH Hanop naj crenkol; mp—xospduumeHT pacxofa BOj1O-
GolioH CTeHKH € Y4YeroM NoLTOIJeHHS,
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Koajwpunuent pacxoaa pofoGOHHON CTCHKH My paBeH:
My =0,16--0,32 Y T— [(h,/ H —0,8)/0, 1G], (9.34)
rae hg=hy ¢— pe—raybina nogrongenus.

ConpameHne ¢ HHXHUM GuedoM GYACT NPOHCXOAHTL B BHJC!
JOWHOrO 3aTOMMIEHHOrO NPLEKKA Npu

haux/fy. 6=1,84—0,324Q/p !, Vﬁr (9.35)
MOBEPXHOCTHOrO SaTONJIEHHOTO

hﬂmumm =1, lﬂﬁ"’“ntiﬂzqwcfc V—E?c- (935}
NoBEPXHNOCTHOIO ]]E]’HHMEI CO COOHHBIM TEYEHHEM

Bysax/fy. 6= 1,047—0,0134Q/p . V gpe. (9.37)

Gﬁm}rm JABHCHMOCTDL IR ONpeleeHns NPHAOHHBIX MAKCHMAJALHLIX
AKTYANLHBIX CKOpPOCTER 8a ADYXOUKODWMH TPYOMATLIMK COOPYMEHHAMH
[}" CI‘I'I'IEGEH} IIPH OAHHAKOROM H HEOJHHAKOBOM OTKPHTHH 3ATBOPOB Kam-
noii. Tpybn B npw  xkos(duuHenTe PepaBHOMCPHOCTH HX OTKPLITHA
0< f <1 MOKHO NpefCTABHTL B BHJE:

Un, o. max == 1.3 11/[M - K (Isp/hy, 6—3)8/2]; (9.38)
IT— lLiplB; gy = 2a,

rae B—IinupuHa MHBOro cemedHs B ornofsumem pycie; M, K—napa-

merps, samucamme or N =V vl /( V ghyB); M =0,715N —0,186,
K=0,112N —0,0386. Ecaw oara 1p 0a 3aKPHITa, & ¥epes BTOPYIO Npoxo-
ant 0,5Qumax, M= 0,703N — 0,25, K 0,052N — 0,0178.

MaxkcHManunas nNpuionnas CKOpocTh Y AHa PaBH4:

Un, n. max == (0,75...0,85) vy, o, max- (9.49)

TpyOuaTeie coopyMennsa ¢ SaTBOPAMH-ABTOMATAMH CAeAYeT paccmar-
PHBATE KAK CJHHYIO CHCTEMY, pacxoid npu stoM OyAeT papei:

Qe=pc0) 2gAH, (9.40)

riae o= 1/ Y oS —kosdpuument pacxoia cHCTEMM € 8aTBOPOM;
SL—cyMMa KOS(INIHCHTON MECTHRX THAPABJANNCCKHX CONPOTHBACHHIT |
no AJIHHC, Cf— HGHI%HT.:-IIILHEH'I' HCPABHOMECPHOCTH pPacnpeiedCcHus CROpOC-
Tell; RO BxoaHoM cedenmM, o = |; AH—paanocts ypomuefi Boagw B
BepxteM u nnKuem Obedax coopymenmusn. Jlanm  sarnopa-asroMarta

9.9, MakoBekoro Ly = (50—p) f=207F "% yau £y = (60—p) p-1.09
(no B. A. Xpanxorckomy), rae f—yrou orkpuirug sarsopa.

Jan TpyGuaToro COOPYMEHHN ¢ JIPOCCeALHLIM 3aTBOPOM NpH Hanop-
HOM pelMe pacxof onpefejslor INpH HENOATOMICHHOM H NOgTONJel-
HOM HCTEHCHHH CoOTRETCTBEHHO NO Gupmyaam K. T. KonGacaposa:

Q = neoV 2g (H—ud); (9.41)
QEMMVEE (H —hy), (9.42)

PAC  7)— KOS(QHUHEHT, BaBHCAMHA OT CTENEHH OTKPLITHA 3arsopa

(raGa. 9.3); h—nopmankras raybuiia n OTBOAAWEM pycJe.
Kosdepuunenr pacxona npn 1,25 < H/d<<5 u ¢=39° u 50° s oboix

CAYHasX OnpepesuTes us B n/pmo=1, npn ¢=70° u 90° pas uenogron-
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JeHNOoro # NOATONJAEHHOrO HCTeYCHHA — COOTBETCTBCHHO No (opMyaaMm:

e/pp = 1,3—0,026/1/d; (9.43)
tnfie = 0,4d/H +-0,92, (9.44)

rae Jg— Koadpdunuent pacxoma npu H/d=5 (ta6n. 9.4, 9.5).
Kocoropuble BojonponyckHble TpyOu cjAcAyeT PacCuMTHIBATE MO
pankem, npuseaennay n [B5]. Jlaa ruapapanweckHx pacderon HHAIKO-
HANOPHKIX TPyOYaTHX COOPYIKeNHA ¢ OrOVIOBKAMH 110 THNY €HHIPAIOMIHXY
CTENOK) npH paGote B HaCTHYHO HAMOPHOM peXHME, CONPOBOMAaOWEMCH
BOPONKOOOpA3OBaHHEM, H HANOPHOM peXHMe) NpH HX coBMecTHOil palore

¢ conpsaraeMpiMH GpedpaMi MOMKHO HCNOAL30BATH TpadoanaliTHYCCKHA
meton [34].

9.3. Inayenna 1) B 3ABHCHMOCTH OT CTENEHH OTKPBWITHA @

P, ° 5...20 30...60 70...90

0 0,7 0,55 0,76

9.4, 3uavenna Jig B 3ABHCHMOCTH OT ) AAR MEIATONJEHHOTO BHIXOAA

@ ° 30 50 | 70 00

o 0,19 0,4 0,6 0,72

9.5. 3navennn jiy; B IABUCHMOCTH OT ) AAA 3ATONAEHHOTO BHXOAR

g 30 50 ‘ 70 90

o 0,18 0,4 0,6 0,8




Ffnasa 10

FUAPABNMUECKME PACYETI
CUCTEM [OMIEBAHUS

XapakTepuCTHKH AOMICBANLIKX MALIMH W anmnaparos, neolGXoauMbie
IR MX THAPABAHYECKOro pacueta, npusefensl Ha pucynkax 10.1,..10.6,

Pacuer moausa poxpesannem. [lpu noamee [poxgeBaHuem onpeje-
AAI0T NPOAOAMKHTEbIOCTh [OJAKMBA fomAebanbiolt Mawnnoir (JIM) na
ojtHol Moaniun (NpH No3WunoHnol pabore) MAM dHCHO NPOXoLon (NpH
NoJHEE B JIBHAKCHHH), nporspoguTeabiocts JIM (annaparos) n HX HHCIO,

[TpogonmurensHocTs noauna  (f,, MuH) npu nosHuHoHHo# pabore
pasia; :

fy = 16,7mF By /Q 5, (10.1)

re m-—nodusuan wopma, M*/ra; Fy—njiomapns OQHOBPEMCHIIONO Mo-
KPLITHA MOMKACM HA NO3NIHH, TI'a; dl_.l-—pﬂr::nm JIOM (annapara), Jajc
By — Kos(pduinent, yURTHBAOMAT NOTEPH BOAL Ha Henapenne; Py =
= lpnﬁil L] I.E!

nFH NOJIKBE B JABHEeHHH YUCJA0 NPOoXoJAoB n NO YWACTKY pPaBHOI

= m/peplup, (10.2)

FA€ Pep—CPEAHAA HHTENCHBHOCTL JOMKAA, MM/MHH] fhp—BpeMA Npoxoa
JIM 1o yuacrtky, Muiu,

Ll opHenTHPOBOYMHLIX PACHETOB NPOLOJIKHTEAbHOCTH HenpepuBHOTo
nomaenanns o ofipasopaHus Jay#K (fy) 6e3 yueta M C yucTOoM HCnape-
HHA MOMKHO HCIIOJAL3OBATH COOTRETCTHEHHO caegylouiHe sasucumocTh [20]:

Iy = af (Peyb); (10.3)
ty == mPu/Pep, (10.4)

rie a, b—napametpu, XapakTepuavioulie BalonpoHiLaeMocTh  Notn;
=1,3...1,7: aan rameanx nous a=>5,..6, nerkux a=20..,.30; P, =
= ] 101,90,
[Mponspogureastocts (ra) IM aa 1| v uucrofi paGors, 1 u glmﬁnﬂ,:,
CcMeHy, CYTKH onpejeasior no gopmyaav coorpercraenno [20,65]:

Fy, 4=3,6Q4/(mPy); (10.5)

Fy=3,6Q skcy/ (mPy); (10.6)
Fow=3,60c0Q nken/ (mBy); (10.7)

1 qu'—-ﬂﬁﬁlﬁﬂfecwﬂmﬁd, (10.8)

rne feow— Hos(piunenT wenoabdopanust paGoucro DPeMeHHW 34 CMEHY,
NPHHHMAIOT B COOTBETCTBHH € TéXHuuecKo# xapakrepuwernxoit JM nian
no tadauue 10.1; foy— NPOAOIKHTCNLHOCTD CMEHDBE, W5 Reyr = Nonkcn/24—
KoappuiHenT Henoabsosanud cytok (raGa. 10.2); n-—uucao pabounx
CMEH B CYTKH.
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Puc, 10,1, XapaktepHcTHEN JoMjaenanbHoro annapata tuna «Pocas:

a— «Poca-1» (1...3—d=06mm; 7; 8); 6—«Poca-2»: (/... 4d—d==7, 5,

v Tamm; 8 7. 4um; 9, 7, 4mu); o—ePoca-3» (d=1...6—10, 7,
v 12, 7, dnm; 14, 7, dmm; 16, 7, 4 mm; 18, 7, 4 mm).

M
: 0
t HuM 7 L g d= o0
501 b
ol ——
40 v d
9 20 250,00

Puc. 10.2, XapakTepHCTHRA J0MK-
aenaavnoro  annapara  JIA-2:
[...8=—d=22um; 20; 8.

Pue, 10.3. XapakrepueTuxka Rox-
ACBAJLHOTO
l...8—d=26mMm; 30; 34.

annapata

J0-30:

K XA &,
NG

i &

Puec. 10.4, xapanm?i{cwum MO E-
paasyioro annapata [IYK: a—I1VK-2
(... 4—d=12/6 mm; 14/7; 16/7,
18/7); 6—~I1YK-3 (/...6 —d=20/8 mm;
29/8: 24/8; 26/8; 28/8; 30/10).
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{II i |5—'ﬂ2 ﬂ.s: |14pﬂ “H: ?rll W 1-4.3; ?. I W@ 1-5.&; E:?* w -Eiﬁ'; 9.5‘- & '5'ﬁ :
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BHCHMOCTH OT  ulcaa cﬂuuuﬁzﬂi..ah”ﬂ—glﬂ; 14; 16; 18; 20; 22; 24; 26;
8, s da.



10,1, Ocpepnennbil KO3PPHUHERT HCNOABIOBAHMA
paGouero spemenn 3a cmeny [20]

Jdomacnansiian MalupHa WIN YCTAHOBRA k

JUIH-70 0,75
JUIA-100MA 0,758...
JLK111-64 0,70...
JLd-120 0,80
«Pperary 0,82

10.2. Ocpeanennsiii KOIGOHUKEHT HCNOALIOBAHHA
BpeMeNH CYTOK foyy [20]

IMoanwnran Hopma, MY/ ra
Jomacnansiian

MALINHA Wan

YeTaHODKA
200 400 500 GO0 700 800 900 1000
JUIH-70 0,750 0,800 0,830 0,860 0,870 0,880 0,800 0,90
JUILA-100MA 0,770 0,850 0,870 0,8% 0,900 0,900 0,910 0,91
JUIK LG4 0,750 0,795 0,830 0,850 0,875 0,885 0,900 0,91
J1D-120 0,666 0,705 0,730 0,745 0,756 0,770 0,775 0,78
¢Pperars 0,795 0,825 0,845 0,855 0,865 0,870 0,875 0,89

Jlonyckaemasn WA npeeabnas cesoumuas Harpyska (ra) wa JIM
panna:

F6. cen==86,4Qulypkcen/ (MPy), (10.9)

rae fyp—Npojo/KHTeALHOCT HanboJice HANPSKEHHOrO (KpHTHYIECKOTO)
nepuoa, ungenmnmr Mo yROMIJCKTOBAMHOMY rpaduKky pogonojatn,
g = 10...16 cyT.

- Ceaonnyio npouspoantensnocts (ra) M momino onpepedutb 1o sa-
BHCHMOCTH:

Feos = 86,4Q yfecak cyrheeal (Mephiu), (10.10)

rae feos —NPOLOJAKHTCALIOCTD NOJWBHOrO NEPHOAA B CE30HE, Onpeje-
JASI0T 110 YKOMNJICKTOBAHHOMY rpadnky BOAONOAAYH HA CenoobGopoTHHIH
yuacToK, feey = 100...120 ey1; Keea={), coa/leea— KOIPPHUHERT HC-
noabaosaumsi paGouero spemcun JIM B Tewenne cesoma (TabGa. 10.3);
{p. cea— UHCI0 Anei paboThl JIM 3a ceson; Moy = My, - Maad + M, %,—
cpefHeBapeilennan opocutensuan wopma, w'/ra; My, My..., M,—opo-
CHTeNIbHAA HOpMA Kamiaofl KyJAbTypH B cCnoofopoTa; O, %3, +.-y %p—
noNs KyJAbLTYpW B cenoobopoTe.
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10.3. Ocpepsennutii Kosdduunent ncnoas3opanun padouero spemeHn
B TedeHue cesona |65]

JdoMaenansie Mamniis naR yCTaHanKH k 2

JUIH-T0 0,76

JUTA-100MA 0,73

JUKIII-64 0,86

Jd-120 0,86

«Pperars 0,74
TpeGyemoe wpcao mMawmn  AAf noansa cepoobOpPOTHOTO YUACTKA

papHo;

N = qoFe/(Qaky), (10.11)

rae gy,— pacueTioe sHaucHue ruapomopyas, aje; Fe—naomans cesoobo-
poTioro yyactka (Herto), ra; ky— xosdepuunenr pabouero spemern [IM,
ky = 0,8...0,9.

Upcao mamnn N moxuo nafita w no dopmyne:

N ZF:.-"Fn.i cea {lﬂl.ﬂ]

Kavectso Mckyccrnennoro poman. CTpyKTypa HCKYCCTBOMHOrO JOXK-
IR XAPAKTEPHIYETCA HHTCHCHBHOCTBIO, PAIMCPOM KANCJL, CAOEM OCALKOR
3 OIHH UWKA H paBHOMCPHOCTHIO pacnpexesieHna o NAOWAAH OpOoLIac-
MOTO Y4aCTK.

Hy:‘:mmwm HHTCHCHBIOCTD JLOMKAS MOJKHO NPeACTABUTH KK OTHOLIC-
HHe a;gnpnumunn chon ocankos dh K npupamennio spemenn df, TO cCTb

Pu = Jdi.
10.4. Pacuerunie 3aBMCHMOCTH AR onpeieieHnA
xapaktepucTik poman [92]
Jlefcrantenpnan | 10 ocaakon aa Cpeaunn
Jomaenannian Manm- OANH NpoXog nan -
Hn, Ycranopka ﬂﬁ“ﬁfﬂ?ﬂ:n nﬂ-upmu:nmnﬂu. ;:f,:’;':':‘,uﬁ,i
KoporkocTpyiinme,
padoTaioT B ABH-
KCHHH
JULA-100M,
-100MA) 60Q 4/ (b1) 60Q 5/ (v4b) 60Q,/(bL)
,Ilanhuec?nynuue
JIULH-70,
80 u ap.) 60Q 4/ F 4 60Q ./ (nR2n) 60Q,/(nR?)
Muoroonopuwe no-
SUILHOHHOTO Ji1e it
CTBHA A=Boa-
wankas, < Licnps) 60q/F 4 - 60Q o/ (bI)

NMpuuesnnne §=-pacxod BoAM OQINM BniapaToM, a/c; b—mipuia 3nXpa-
TH ACKAEN, M ©,—CKOPOETH ANIGKENNA MAMmNHI, s/mnn; [=A00Ha NOAOCH AOMK-

A, M; L=aamia rona saiiwnu, M; Fu-ll.wli.t,n,nh ORHONPCMCHIOND 3AXBATAE A0 AEM,
ME R =paguve JeficToinn annapata, M) A=YacTtoTa npallenns annapaTa.
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Cpeaniolo sdxpekTHBHOCTE AOMAA ONpeeARIOT 1o (opmyae:
pitp':'—hq:”- (10.13)

rAe ficp—cpeannii chaofi 0caAKOB, BLINABIIAX HA ONpe/edenHol naomaau,
MM; {-—BpeMfi HX BLINAJCHHA, MHI,

B rabanne 10.4 npupejieHs pacucTHbIe 3ABHCHMOCTH AJAA Onpeaeae-
HHSl XAPaKTEPHCTHK NOMIAA AAN PAINANYHLIX THIOB MALIAH,

B raGaunax 10.5, 10.6 npneejens ponycKaemblé 3HAYCHHA NHHTEH-
CHBHOCTH JLO#A,

10.5. Jonyckaeman WHTEHCHBHOCTL (MM/MUI) ROMAR
npn noanersx Hopmax 300.,.500 w*/ra

I

Koporkoerpyftume | Mo, patotan.

MNounw MO WO W niHe B ABWKCHHN,
; urll:llupnfu n B AUAKIHE CR
AnnNApaTH

Uepnosemut ACrkoCcyrauiuc rue 0,8...1,0 0,30...0,35
Ueprosemn cpeanes o TRKEAOCYTAH-

HHUC THIe 0.5...0,8 0,22...0.27
Kawranonse W jgepHobo-nofgsouc-

TLIE CYTAHHHCTHE NOYBbI 0,4.:50,6 7 7 0,12,,.9,20
Ceposembl cBeTALC CpeAHCCYTANNEC-

ThLIC ﬂ,a...ﬂ.ﬁ' ﬂumlllﬂilﬁ

10.6. Jlonyckaeman WHTCHCHBHOCTL AoXAN, mMm/mun [14]

Fu_unu
0..0,05 | 0,05...0,08 |0,08...0,12 0,12
oM O R T O R
g AR TR A R Ak Wl
2| 88| ob | 88 | v | 8B | o | &0
Mecnante 0,85 0,8 0,85 0,64 0,64 0,44 0,42 0,21

To e, noacTuiae-

Mue Goaee naot-

Hoit nousoi 0,74 0
Jerkne cynecyanme 0,74 0,
To we, noactTHaac-

Muele GoJee naor-

WOl noupofl 0,63 0,32 0,42 0,21 0,32 0,17 0,21 0,13
Cpeawecyranunctwe 0,42 0,21 0,34 0,17 0,26 0,13 0,17 0,09
To me, nogcTHaac-

mMulc Ooaeec naorT-

nofl novysoi 0,26 0,13 0,21 0,11 0,17 0,07 0,13 0,04
Tamensie cy ranuKm
W rAKHL 0,09 0,07 0,07 0,04 0,05 0,034 0,04 0,025
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Jas pacuera jonyckacMmoil MHTeHCHBHOCTH xowas H. ©. Gedanu
PCKOMEHAYET HCNOAL3OBATH 3ABHCHMOCTE:

pp=p/i0:02E, (10.14)

FAe p—JonycTHMas HATCHCHBHOCTh JOoMAA npu {—=0; [—ykaoH noau-
BACMOTO YYacTKa,

Has pacuera wHTeHCHBHOCTH JOXAS, ofccrieunpalomefl coxpanenue
ch}']}ET PBl MOYBE H €€ ApalHK, MOMHO HCNOJLIOBATE JAHHLE TADJH-
185

10.7. HAaTencHBROCTL MOMMA, MM/MHH

[Townw ITo A. H. Kocrakony | Ilo A. Mosienaapy | Ilo A. T. I'peso

T smenne 0.01...0,2 0,125...0,165 0,084...0,21
Cpeaune 0.2...0,8 S L PR 0,21...0,32
erKHe 0,6...0,8 0,31...0,41 0,32...0,64

B raGanue 10.8 npupegenn ZonyckaeMmule 3SHAYEHHS HATCHCHEHOCTH
AOKAR Muoroonopusix JIM B sasucuMoCcTH OT MEXAHHWECKOTO COCTABA
NOYBB H YKJAOHOB MCCTHOCTH,

10.8. Jlonyckaempie aHAYeHHUS HHTEHCHBHOCTH JAOMAN, MM/MHH
(no paunwm YrpHHUHIuMa)

Yinon mectsocTi

Mexannueckul
cocTan Mnovun

0,02 0,02...0,05 0,056...0,08 l 0,08...0,12

T axenne 0,08...0,21 0,06...0,08 0,03...0,06 0,02...0,03
Cpennue 021,042 0175021 0 0038 1 007, . .0.18
Jlerkne 0,60...0,83 0,32...060 0,21...0,32 0,17...0,21

Hacapkw n annapars, Pacxoga poast (M'/c) uepea pompesadbible
ACACKTOPHEE, MeJesbe HACAAKH W aniapaTel onpeaessior no GopmyJe:

q=po V 2eH,, (10.15)

rae p— Kos(xpHUNeHT pacxojia; OpHENTHPOBOMHO AR  AedICKTOPHBIX
nacapkos p=0,8...0,94; wenesux—0,68...0,75; crpyitusix annapa-
ToB—0,95,..0,97; ®—naomais BEXOANOTO CeweHHs HACARKA (amna-
para), m% Hy,—mnanop nepen uHacaakom, annaparom, M, 3HaYEHHA |
MOMHO npuHumMaTs no Tabauuam 10,9, 10,10,

Aas uenrpobemnumx nacagkon [9.2] pacxon pasen:

g = aweon V 281V T A% (1—a), (10,16)

e @gop— NAOMAKL BHXOANOrO cevenns conda; As=rorer/rh.n— Kou-
CTPYKTHBHLIA Kospduument; a— koshppunent; npy A =4 a=238; A =
=3 aw=44; ro—paccTonnHe OT OCH NOABOASWEro TpySonpomoma 10
HEHTPA COMMA HACAAKA, M) Fep— PajHyC BuITeKaomefd CTPYH, M; fan —
Paanyc BXxoanoro narpyGka Hacaika, M.
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10.9. 3navenns xosdduumenta pacxopa AeICKTOPHOIO HACAAKA
B 3ABMCHMOCTH OT yrJaa Kosyca [36]

[ Fd 60 | 75 I 90 105 120 ' 135 | 150

1 0,804 0,862 0,80 0,830 0,823 0,810 0,805

10.10. MapameTpsl ueHTpofiexHOro ROXALRAALHOTO HACANKA
C OCEBLIM NOAROAOM NMOTOKA

SNEMEHTH HACHAKA

BUHTOBROA BKJafLIIL comnno
M

OTHOCHTEARNAR JANNA

YHOCTKE € WwaroM oBuLsn OTHOCK- ﬂﬁrﬂr ::: d /d

TENLHAN gaMNa rpan c

NepeMeiibM | HoCToRIN M

0,56d 0,45d ld 7.8 0,45 0,9

0,56bd 0,45d ld 8,3 0,35 0,6

Mpusewanne deon, d = ANAMETP COOTHETCTHENNO CONAA W PRANAW WA,

10.11. 3nauennn xospduunenrton k, m

Jlnaserp suxpenofl KaMepsl uacagkn, M

Kosdpduunenrt
116 130 150
ke 0,634 0,666 0,752
" 0,989 0,984 0,997

Kospguumenr pacxons ueHTpobeKiuX nHacaikos AM# HHBKOHanop-
Hotx JM moxno onpegeants no gopmyac [14]:

o= RkA=m, (10.17)

rac k, m— xosppunnentu (taGa. 10.11); A=dRo/ryx— RoucTpyKTHD-
nulfi Kosppuument; deon— anamcTp conda, mm; Rg— paccTtoanne or ocH
COMJAA A0 OCH BXOAMOIrO KANAJA HACALKA, MM; Fye— PAgHYC BXOAHOrQ
Kanaia macaika, M.

Jlas jedackropHuX Hacaikon paauye opowenns npn 200 < Hyd
2 000 onpenensior no gopmyane:

R = H) (0,43 |-0,014H/d): (10.18)

Ana naockux peduiexropon Ges crepxus (no C. Il Hawsuny)
H[R =a-bH/d; (10.19)
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npi pasaHuHbLIX Yraax Kouyca aed- 5
aexropa v 3000 < Hfd < 25000 bla \ i
R =H|/(a,+0,00064H/d); (10.20) a8 _-._:.\\
AJAA  HACALKOB € BOCHYTHIMH

nAapubMH fedaektopamit npi Re=  p ¢
= (1...3) 10 (no A. T. Bacuavesy) ™" ;= umMfE
R = Hy [0,8+ ;

143,00 10~2H/ (dy—dcy)];  (10.21)  dBC 10.7. 3apucumocTs bja or v*

aas pedWieKTOpos Noj YraoM ¢ peskumd nepexogami npu Re =
= {1 |5| . 1-'315} E lﬂ"'

R=H] [1,04-2,51.10=%H] (dg—dex)], (10.22)

rae a, b—xospbuunente, npy d < 0,8 mMm a=25 b=0,00085; npu
d=1 Mm a=D5, b=0,00067; npn 1,1l <ds2 MM a=3,5, b=0,00069;
ay= 06,6 (1-- o0y /270); @y—yron xonyca gedaexropa; dy— AHAMETp OT-
BOPCTHR KPLIUKH; dop— JIHAMETP CTCPHHA,

Paanyc opowaemoro cexropa npn 2000 < H/h < 5000 papen:

R = H/ (1,16-0,00003H k), (10.23)

rae R —unpuna npopeau.
JansHocth nosera cTpyw (TPOCKTOpHA HCNOABHMIG) UeHTpOGEK-

HLIX HACALKOB NPH yPJAe HAKAOHA CTpyH K ropusonty 32° w H/d 1000;
no © H. [Muxanony

R =0,42H -|- 1 000d; (10.24)
no 6. H. JlcGepeny

R = H/ (0,44 0,00025H/d). (10.25)

Eciin B cThofe annaparta HMClTCH  SACMCHTL, BOIMYUILAIMAE 110-
ToK, T0 B popmyae (10.25) smecto 04 Geperen 0.5, Tlpu npamennn
annapata ¢ wactoroit 0.1...1 of/mMun, 18ALHOCTL NOACTA CTPYH YMelHb-
HaeTea cooTreTCTEeHno Ha 5..,15%.

Ilpw Gesperpennoll noroie AOKAL pacnpeieisioT o KpYry paany-
coM R, a npi BeTpe YHACTOK NOANRA NpuiuMact Qopmy saaunnca, y
KoToporo Goaswas och a==2R connagacT ¢ HanpasjJenueM BeTpa, @
MAAAR O YMEHBIIAETCA NO MCPE YRCJANYCHUH CKOPOCTH neTpa. 3navennn
bja B sapucHMOCTH OT CKOpPOCTH BeTpa npupeacHid na pucynke 107,
JTo oTnOWECHHE npu v < 8 M/c MOoXKHO BHuMcanTs no dopmyac D, C.
Canaxona, C. X. I'ycelin-aape:

bla=0,34e- %36v.1 0 66. (10.26)
JanviiocTs nojeTa JOMAEBAABHLX CTPYl MOMKHO ONpeaedHTh MO
popmyam:

yiikepa (npn noanom Hanope nepea wacaakom H =40 m u yrae
BuJeTa cTpyn o =32 5°)

R =1,66H [1—0,95/1/ (4,9-]- H)] ¥V 1000d; (10.27)
B. M. JleGeaesa npn 800 = H/d < 4 000
' R=H/ (0,5-1-0,25H d): | (10.28)

G. B. Hecreppoackoro
: R=14Y Hd, (10.29)

rae d—pnamMeTp Hacaaka, M,
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HNuamerp HamGodeec KPYNHHEX KaleJb NPUGANIKEHITO ONPeleasior
no copmye:

de=k V d.lv, (10.30)
rie d,—aunameTp Kaneab, MM; deo— AHAMETP CTPYH, MM; U—CKOPOCTb,
mfc; k—kosthppuunent, k& = 25,5.

Cpenunit juamerp aneas npu 10° < Re < 3.10° pascs:
dep, w/dew, ¢ = A/ (Re/10%)" 4 B; (10.31)
Re =vdcy, /v,

rae dey. c— AHaMeTp ciatoro ceueHdn c1pyw; A, B, n—xoxbhuun-
CHTH, 3apHCAUmHe OT PHEETEHHHH MY MECTOM 3asMcpa KalJd H con-
nom: ans uauyana crpyn A=0,157; n=0,73; B=0; cepepunn—0,3;
0,88; 0; xonua cTpyn —0,47; 1; 7-10-2.

Nasnenne poxps (k[la) ma nousy u pacrenue (no B, M, JleGe-

aesy):
P = 1,635p.pPat/&, (10.32)

TAC Pep— CPEAHAN HHTCHCHDHOCTL JAOMAHA, M/MHH; Py 1JOTHOCTE BOABL,

Kr/M%; 0= ot —CKOPOCTb NailchUA Kanean A0Mas, M/c ISBL ¢, n—BgBe-
ARYHHE, sasHcAmue ot Re u guamerpa Kaneas (rvaGa. 10.12); dy— ama-
METp Kanhu, MM.

10.12. 3navienHs ¢ u n

2 ROD0 A - 1600
Re<2d, <01 um 0,1 -:.::t.{ie{{l.ﬁ MM Ijig:gﬂ MM
¢ 3,2.10% 3,9.109 (4...4.5)-109
n 2 | 0 5

Bricoty pacnosoenns JOMACBAALIOrO Aannapara Majg nosepxs
HOCTBIO NOYELL NPH OPOUICHHY CALOR BHUHCARIOT no dopmyae [78]:

he=Hy—I1g a, (10.33)

rjae Hy—peicota jiepesa J0 Depxa KpoHb, M; [—paccTOAHHE MEHAY
MECTOM CTOAHKH JAOMAeBaJLHON YCTAHOBKH M OJWKaHWHM JepepoM, M,
mE{] yrodq HAKJOHA JOMACHANLHOIO HACANAKA K rOpH3OHTY, OOLIMHO o =

Bamuuilt nokasatesib OUCHKH KAYCCTBA JIOMS — pasmep Kaneb,
RARAIOMKA HA cKOpocTh NOTJOWEHHA BOAL noupoli B npouccce AOMK/C-
BAHHA H JAONYCKACMYIO noaupuyio wopmy (raba. 10.13) [10].

10.13, Jonyckaemas noauenas Hopma (v%/ra) B 3aBHCHMOCTH
OT JHAMETPA Kanejb H HHTEHCHMBHOCTH JOKAS

HHTeHCHIIOCTE OMKAR, MM/ MHH
AlHaderp
Kanens, MM
0,50 l 0,75 ‘ 1,00 ‘ 1,60
0,4...1 900. . .200 520...160 400...130  300...100
P 700...130 370...120 300...90 250. . .80
'O, 340...100 275...80 240...60 190...85

] il
boaee 2 190...50 120.. .40 120. . .30 100...20




OnTHMAABLHBE NapaMeTps SACMEHTOB OPOCHTEALHBIX CHCTEM H CTpY#l-
HBIX JOMACBAJLHBIX AMNAPATOB CAEAyeT ONPEACaAATh 110  HMEIOUWHMCH
naHueim [22.23].

Cunxponnoe HMmnyabchoe poxaesanme [92]. Pacuem umnyascumx
doscdesaabinix annapamos asmoxoaebamesnozo dedcmeus. Ilpeapapu-
TCABHYIO NATPY3IKY F NpHHEMAIOT N3 ycJoBus ofecneueHud cpabaTmia-
HUSL ANNapaTta npH MAKCHMAABHOM JABJACHNN:

F = pyoog, (10.34)

ra¢ py— BepXunfl npeca JapJeHHs B CIVIPOAKKYMYAATOpe, o, —nao-
malk Kaanana, cm,

[Mhomaan Kaanada W NOPIIHA CBA3AHB CHABAVIONECH JABHCHMOCT IO

Wy /Wy = Pyl P (10.35)

FAE Pu— NHAKHHIT Dpejesa AaBjcHua B FHAPOAKKYMYAATOpE,
O61eMm BHNJCCKA PABCH:

Wy = Wepar [(Pa/pu) 1" —1] /Py + Guly, (10.36)

W, =~ (0,15...0,25) W,, (10.37)

rae Wo—ofBseM rapoakkymMyasTopa; £, — npojoaKn TeabRoC Th BuGpoca;
G — PACXOA NOANNUTKH,
Bpemst nakonaennst u subpoca:

Iy = WePar (Pul/Py— ]} [ (@uPu)i (10.38)
fu= Ewnﬂ'mnm "’rgg (H.-—H“}. (10.39)

PAE e KOsBDHItIENT PACKOLA CONNN; Weon— MAomans conaa, Hy, H—
YPOBHK BOAK B PHAPABANYCCKOM aKKyMyJasTope.
Pagnye aeficrous nMnyaLCHEX ANNAPATOD PaBCM:

Ruz ETIH: {I'D.'lﬂ]

rie R—paanyc acfictaun cpeanecTpyinoro annapara npH  MakcHMadb-
HoMm nanope po/ (pg); Ny— nonpasounsil  Kos(xprunenT, Iapncinft or
NPOJOAMN TCALHOCTH DLICTPEJA, HAYAALHON CKOPOCTH H JANAMETPA CTPYH
B CHMATOM CONCHMM, ONPEASAMIOT ¥y SKCHCPHMEHTAABLNO AAR  KAMAOrO
THIA AnnapaTa,

[Mpn paccranopke AOMKACDANLHBX ANNAPATOR MO KBAAPATY NAOULALL
NOJAHBA, PACCTORHNE MY ANNAPATAMH, MHCAO0 YCTAHOBACHHMX W OaHO-
BPEMEHHO  paloOTAIOWKUX  annapatos -
paBNB COOTBETCTHEHHO! ?,E P :% = S 898

b s W 8

F,—2R? (10.41) s \¥i4

[ YV 2R; (10.42)
N = Fy/ (nnyFy); (10.43)
Ng= Nz, (10,44)

rae Fy—naowanas Maccusa opote-
HHA;, n—ukchao noaell cepooGopo-
Td; My—MHCJAO 30H HA OAHOM CeBO-
ofiopotHoM noae; n = 6...10; z—
HHCAO JeasHoK oaHoppesmchnoro no-  Puc, 10.8. Pewnm  paborn um-

Han

Jiypa B 3ome, nyascneix jomaesateaed (M =
Cpeanss  Kpyrosas wurencus- = (fy-+=£,)/t,;, undpamn ofosna-
HOCTE A0#AR N0 hak THYECKOMY 00be- qCH MOPAJAOK pacuera).
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MY BHIJICCKA papHa:

Pep= W/ [Fa (fa+ t)].

Has  pacuera cucTeMbl CHHXPOHHOrO MMOYJALCHOTO JIOMKACBAHHA
MOAHO HCNOAb3OBATL Aanbble Tabauubt 10.14 w nomorpammy (puc. 10.8)

[93].

(10.45)

10.14. Tapamerpsl CHHXPOHHOTO HMIYJBCHOTO JOMACBAHKS

Ilpegenu na-
MokaszaTensb Pacueritan dopmyna uan mertoq ';;:_::zﬂm"ﬁ_
YCTaHOBE HHA HHX annapa-
TOH
Yaeavuas popononaua (op-
AHHATA THAPOMOAYARA) g,
Jg/c wa 1 ra PacaeTr rugpomogyasn 0,3...0,8
Bepxuuit  npegen  npasne-
HHA B rijlpoakkymyis-
Tope py, Mlla Ha xapakrtepucTuke macoca 0,4...1
BCM THAPOAKKYMYAATO-
pa Wy, a Kouerpykrnano 20, ..100
i GoJiee
Huamerp conaa dioy, MM » 14...26
Yron nomopora aa pabo-
qult uMKA @, rpag » L+ PR
Huanuit npepen panacunii
B FHAPOAKKYMYJATOPE '
Py MIla .f?||l-=(ﬂ.4n.ﬂ,ﬁ] P ﬂ.ﬂ...ﬂ,ﬁ
O6vem munaecka 3a pago” yy . Welay |' &)u.u_]] M
qHil umka Wy, a Pa L\
Paanye neficrona R, m JKcne puMenTaaLHo 26...40
[Taowaas noausa npu pac-
CTaHOBKe, ra:
NO KpagpaTHoll cXeme 10-4.2R? 0,12...0,32
no Tpeyroasnoft cxe-
Me 10-%.2 6R* 0,16...0,41
Pacxop opHoro annapata,
Jqa/c §a = yq 0,04...0,3
IMpoaommuTensmocTh  na-
Konaeuust £y, c ty = Wy/qa 30...180
[TpoioamuTeaLHOCTL  Bbi-
Gpoca 1, ¢ opmyaa (10.39) Liaid
[TposomxurensnoeTs wiK-
JI'HI C 2y ﬁ-ﬂ'n.lﬂﬂ
Cpeausas  HHTEHCHBHOCT L
NOKAA P, MM/MHTI Lp==6:10-7 0,0018...0,0N5
Hucao pabounx umkaon : '
aa oanH ofiopor ) 300/ 60...180




SRR r LI
(UOPABNUYECKHME PACYETHI |
EMCTEM NOBEPXHOCTHOIO MONMBA

O6umme noxomennss. Jlis phcueta cxopoctn (M/4) shuTesanng fa
SACMEATAPHOR  yBAGKHATCALHOR nAowaike B  MmbOMent Bpemeln f
A, H, Koerakossin npeptomenst hopuyan: |

FH“. tJ: !Jllu"ft{:. {..i I.I]

Uyn, ep == Koo/ [(1 4 ) 1%], (11.2)

e by — KospGuUACHT DOAONPONHIACMOCTH JAHHON NOMEW B HEPBYIO
cAnHHLy Bpesenn (taéa, 11.1), M/v; o —koshdunnent saTyxanus cko-

poctd pnuTuBanna (Taba. 11.1); vy cp—CPOIAR CKOPOCTL BIHTHBA-
WS sa Bpema [, m/q (raGa. 11.2),

TLL 3wavenns napamerpos mnuteiBanns o W by, ans ceposemon [92)

Tl it " k

ant MM

Cynecuanne, nopcruaaemuic ra-

ACHHHKOM,  CynecuanbiMH |

FAHHHCTHMMI OTJIOMEHIAMH 0,07...0,31/0,14 0,08...0,32/0.176
Cpepnne cyranuku, nogcTHanC-

MEC FAACTHHKOM, JACTKHMH CYy-

PARHKAMM C NPOCTOAMH  THIKE-

JAOro Cyrannka 0,11...0,75/045 0,024 ...0,0175/0,084
Jllcconmanpe Taxeane cyramkn 0,31...0,86/0,75 0,018...0,006/0,06

[Tpumedanne, B 9ucanrenc—npefespie 3HANCHHR, B IHaMe-
HATEAC — CPEAHCE aHaYCHHe,

T2, 3masennat Oy, o o aan pasawanux nows [66]

Nounu ] Upin. op’ My

Yepnosemu: npepkankasckne caafokapSonaruue TH-

MENOCY TANHHC THIE 0,36 0,087

npeAkapkaickne KapbonaTiue 0,19 0, 100

npepkaprasckne caabonblinenoNe nHue

JAErKOCY A HINCT e 0,34 0,110

NPEAKABKASCKNE DHILCAOYCHHBIe 0,41 0,120

ACAHHHBIC, BHILCAOYECHHLIE 0,43 0,073

THOAKHBE, HeCONOHUCBATHEC 0,66 0,091

TEMHO-KAWTAHOBLC, HeCONOHICBATHIE 0,42 0,072

- TEMHO-KamTanoswe, canfocosonuesarnie 0,57 0,063

JAYTrOBONCPHOZEMOBHANBIE THMCJAOCYTAM-

HHCTHE 0,40 0, 090

JIY FOBOME PHOSEMOBWLHLIE 0,59 0,060
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s pacyera CKopocTefl BAMTHBAHNE MOMHO WCNOJLSOBATH (Op-

My bl
Upn. ¢ = 012+ Uy yors (11.3)
JI. B. Bywersany
Upn, ep, = Rpn! "%/ (1 —at) (2 — ), (11.4)

FAE Uyn. yer — YCTAHODHBUIASICH CKOPOCTL BIHTHIBAHWA PBOJAL B NOUBY
(TaGa. “3]: @ — KOSMDUUHEnT 3aTyXanua CKOPOCTH  RONTHIBANHA
(va6a. 11.3); b— xosdepurwenr (rafa. 11.3).

CKopocTb JABHMCHHA BOAB NO NOBEPXHOCTH OpOWIACMOTO  NOJAR
paBHa:

v=C V hyl, (11.5)

rie =87 V ijn—cxopoctnofi KosQuuunent; { — yKAOH NONCPXHOCTH;,
n— KosdpuuHenT MepoxXosaTOCT NOBEPXHOCTH; Ay~ caoil BOAK Ha nose,

11.3. 3nauenns Uy ger W & QAR pasaninsix nous [92]

IMaxoruwil caof ot Moanoxoruud caoft | “yn, yer b

[Tousw xopoweil cTpyk- Cynecn 0,0150 1, )
TYPH B PHXJAOM COCTON- Jerguft cyrannox  0,0080 2, 3
HHH 0,333 Cpeannit cyrannoxk 00,0045 : q
Tsmenstit cyrannok 0,0025 : |

Fannu 0,00156 14, :

[Mounw obwunoft cpeguedl Cynech 0,010 0, |
CTPYKTYPH M NAOTHOCTH Jlerknit cyrannok  0,0080 1, I

0,600 Cpeguult cyrannok  0,0045
Tamenawit cyraunox 0,0025

BN SO BN = S —
SEHREREZTEIVEGRES

Fann 0,0016 7, !
CaaboocTpyKTYpeHEHE Cynceb 0,0150 0, ﬂ
NOYBLL CHABHOYIIOTHEN- Jlerknft cyrannok  0,0080 0, _’
HEde 0,75 Cpegunit cyrannok  0,0046 1,
Tamenuit cyrannox 0,00256 :
Fanum 0,0015

Pacuer noanea no Gopospam. [lpegeannan (Makcumanbhag) panna
noansnoll GOpoO3AW JABKCHT OT NPOHHWACMOCTH IOYBM, YKJAOHA MecCT-
HOCTH M pacxopa poasl. Hanoawenme Gopo3agn gomxno OuThL He Ooaee
2/3 ee ray0uHB, @ CKOPOCTh [BHMEHHA BoAll B HeR ne Gonee
0,1...0,15 m/c (aas Gopo3g ¢ GOABIWINMH YKAOHAMH M TAMEABMH NOY-
BAMH NpHUHMAETCH SHauenne Gaume K MakcaMmaabuomy), [Tpn manux
YKAOHAX Makchmaabnas ray6rua Goposg 200...2560 mm, © yseaunennem
VKJAOHOB oHa ymenburacres o 120...150 mwm.

B npouecce paceTa nNpH HCXOAHBIX AaHuLX (VKAOH JHa Gopoaant ig,
Aonyckaemas (MAKCHMAaALNAA) CKOPOCTh ABHMKCHHA Boiw B Gopoajge vg,
HOMUBHAS HOPMa M, CPeAHAR CKOPOCTL BIHTHIBANHA Uyn cp. KOSP-
(pHILHENT SATYXAHHA CKOPOCTH BANTHIBAHHA @} ONPCACAAIOT MAaKkcH-
MaabHBI pacxoa BoAu B GOPO3AY {4, NPOACIKHTEALNOCTL ee nojgauu fg,
MAKCHMaIbHYIO AnlHy Goposaanl fg W rayOnuy Bojbl b Hell hg. :
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Pacxoff Boabl B Gopodfle MOKHO OnpeleanTh No cieayiounm 3asi-
CHMOCTSIM:
96 = WgU4, (11.6)

rjie (g— MJAouaib #KHBOro ceuenns Goposanr, M2,
Jan Gopoag TpeyroibHOTo CEYCHHA:

g6 = Pehevs; (11.7)
npu ig < 0,003 [66]
g6 = 0,384 V' ig (hg+2A)%/n; (11.8)
hg =~ 2H3;
npu ig < 0,0003 no C. M. Kpuponaay
g6 1,28 V i (0,61 —24)2, (11.9)

rae §g— Koshduunent sanomennsn orkoca Goposam, ¢g—=1,256.., 1.5;
n—Koxppuunenr wepoxosarocrn, n==0,04, H—noanan rayéuna Go-
posas oT Bepxa rpeGua jo Aua, A—TOYHOCTL NJAAHHPOBKM Nojs,
A = 0,03,

[lpn yxaonax or 0,003 no 0,01 pam GeeeTpykTYPHBHIX CceposeMon
H NYCTHHHLX Nous xJonkopoft sonw [93)

g6 = 1,75-10~9/ig'"; (11.10)
JAA AYTOBWX H JAYTOBO-CCPOIEMHBX NOYB
q6—2,19-10~%/ig'"; (11.11)
npu ykaouax or 0,02 po 0,1 (no B. @. Hocenko)
46 == qup/l6, (11.12)

FAC Gyup— Nphbegennnfi pacxon (a/c) anst nows cpeauedt u caabolt conpo-
THBAACMOCTH Paspeiny, To ¢cTbhb NpH cude cuenjenus 2...2.2 Mlla
Gnp = 0,004 a/c; npn 2,4...2,5 MIla gy = 0,006; gan kamenncTwx nous
Gnp = (2...10).0, afe.

Pacxon cOpoca npu noause no npotodnbiM GoposgaM papen:

Gc = 46— Onn. epia/[ (1 —a) £]. (11.13)

Cuoyennutit nepumeTp B ronose GOPo3AL B 3ABHCHMOCTH OT PacXxojld
B Gopoagy W ee ykaona no A, H. Jianuuy

%=0,111 (g¢/V ig)"*". (11.14)

Octanbipie rugpaBiHyeckie SJICMCHTH JKHBOTO CceqelHsi B rojope

ﬁﬂpﬂ'ﬂﬂﬂ—mﬂpﬂﬂﬂ JepKana poaul, rayOHHa HANOAHEHWsi, NJAOLAAL HH-
BOro CCYEHHH COOTBETCTBEHHO pPaBHBI

B = (1-4-0,009)/1,12, (11.15)
hg = B*, (11.16)
w=0,471 (x4 0,009), (11.17)
O6uem moawm, nopasacmoil B Gopoany, pasen [66]:
W = malg/1 000 = 3,694ls, (11.18)

rae U= PACCTOHHHE MeXY OCAMH NONAHBHBIX ﬁﬂFﬂEA, Hi JJETKHX NMO4YBAX
a=05...0,6 M, cpeaunx—0,6...0,8 M, TaAmeanx—0,7...0,9 m, npu
BJArosapsikoBux u npeanocesnux noaupax a=09...1.4 m [72];
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Aih Goposn Gea ebporeh G
We=tpn. rpI.IL-E- {1[ Iﬂ)

rae InukﬁnﬂﬁVH-q“ﬁ— AKTHBHLIL cMouennui  hepuMetp Goposaw;

kg n— KoxphHLNENT, VUNTHEAIOWMI Doraouwenue Boaw OTKocamu (o-

po3fbl; AAR TAMKeNbX nous kg =20, cpeaunx—2, acrkux—1,5,
Choli mogul, BiWTHBAKOWKICA 34 neppuiil uwac:

hy = ky/(1 —a) + k, (11.20)
rae k, b, c—napameTpel, onpejpensioniHe BunThIBAHKME (Taba. 11.4).

11.4. 3nauennn napamerpon k, b, a [50]

I'pyuri v ] k. mfu b

CrABHOBOAONPONHLAEMEC  CYNECH W
JIerK He [!'jl'F.F'I'I‘IHHH. noacTuaasemMuie ra-
JCUHHKOM NPHMCPHO  YiKe Ha  Pay-

Gune 1 m 0,333 0,0150 1,45
Jlerkmne momnpe Cyrannkn nonsiennon

BOAON P OHHILACMOCTH 0,6 0,0080 1,85
Cpeanepogonponnugemse cpejune cy-

FAHHKN 0,6 0,0045 2,66
Tamense cyranukn nonnmennol pogo-

NPOMHILACMOCTH 0,7 0,00256 3,50
ChrafoBolonpOHHIAEMBC TAHHKE B CY-
FAWHKH, MNOACTHAACMLIC HENPOHae-

MBIMI npocaofikamm 0,75 0,0015 4,70

[TpogoamnTeasnocTs nogaun Boau B Gopoany.
tg == [ma/ (10 0000y, cpxq)] "/ ™. (11.21)

[NpogosmknrensnocTs aAolCranust BoAnl no cyxod OGoposjge po e
kouua no A. H. Kocrsikosy pasna:

£, ¢ = {Bakukynle/| (1 —a) 6]}, (11.22)

rie By—mupuua aktuenol 3ous norjdomenys soau B Ooposae; ky —
Hﬂibﬁuuueu'r, MHTHBAIILHA NAKonaenne sogu B Gopoage.
Anna goberannst cTpyit no cyxof Gopoasae [92] pasna:

fn:vuf:lﬂc_ {“23]

Fe Up—CKOpPOCTh NPOABNAKENNA BoAW 1o cyxofi Goposae 3a nepsylo
eANHHLY BpeMcHH; ky—kosdepuilaenT 3aMeptens CKOPOCTH TMPOJABHXKe-
HUS BoAW no cyXoit Goposge; ky = 0,4...0,9, makcuManbnoe SHAYEHHC
pfecneynBaeTca NpH caalol BOJONPONNIACMOCTH NOYB H 3IHAYHTCAbLHBIX

pacxogax.

IHanny Goposasl onpegedsior no sapucusmoctam [66,92):
lg=3,6-10qglg/(ma), (11.24)
lg= '?E“'.é““ﬂfmnf-’un. yer)s (11.25)
lg= Aﬁ!’{ﬂslkn”nn. yor Vﬁ}i (11.26)
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rie ky—xospdHuKenT, YHHTHIBAONIHA YMEHBLIEHHE CMOYCHHOTO NepH-
MeTpa no AauHe Gopoaiw, Ry = 0,75...0,85; Agz— koapduumnent, pan
MOYB TNOBHIICHHON CONpPOTHBANEMOCTH pasMueiBy Ag=0,29, cpepuei

conporuBasiemoctd Ag=0,025.
PacyeTnpie ypapHeHHA _TEXHHKH nojdnsa no Goposaam HopMoH gofic-

ranua caegyiomue [92]:
Gea cOpoca
mlga/qs = {Bakukynis/[(1—) g5} /%3 (11.27)
co cOpocoMm
miga/[g6 (1—0)] = {Bakykunls/[(1—a) q61}'%, (11.28)

rie @— MeXAYpAAbe AN BOACALIBAEMON KYJABTYPHI, O— CTOK B JOASX
nojaud BOAL B TrojoBy Gopospbl.

Pacser noausa no noaccam. Jlas pacyera sAcCMEHTOB noskpa no
NoJIOCAM HCOOXOAHMO HMETb CJACAYIOUHE HCXOAHBE AAHHLIC: YKJOH No-
JAOCH I, AONYCKACMYIO0 CKOPOCTH BOAL Uy (Un=0,1...0,2 m/c), noansuyio
rmpuﬁ NOJANBA M, CPEAHIONN CKOPOCTL BNHTLIBAHUA Uy, op 1t @ (Tala. 11.1).

Jfl pacueTa rHAPABIHYECKHX HIeMEHTOB NOTOKA B HAYANE NOJOCH

HCNOULAYIOT pripamennsa [92):

% =B — 2@ty + 29ula V 1+ h; (11.29)
W= hy (B—2@nhy -+ @phy), (11.30)

rae 3 —cMouennstit nepumerp, M; B—wmpuna noaocu, M; ¢, — Koad-
(PHIHCHT 3AM0KCHHA OTKOCOB BAJHKOB, M; liy—BuiCOTa BAAWKOB, N, =
= 0,1...0,20 M; hy—caoll BoAisl HA nojdoce, M; @—NAOWAAL KHBOrO

ceYeHun, M2,
Jnavenne hy BUYHCARIOT 1O (PopMyaam:

hy = (0,004v,/ Vi) %, (11.31)
HJH
hy=V¥ qu/C, (11.32)

rie C-—xospuument ckopoctn, onpepeasior no gopmyae (11.5); g, —
VAeJAbHLH pacXof noausuol cTpyu, M*/c Ha 1 M noaocw.
[lpepeavuptft pacxoa uepasmuipalomedt noausioll cTpyn B navate

NONOCH paBeH:
qn. np="0n/C. (11.33)

[TpoponmureasnocTs foGeranns CTPYH N0 NOAOCE ONPeAeastior no
popmyae A. H. Kocrakosa:

{206 = (Ruaxun. nln/gn)' (11.34)

rae  Ryge—Kosphuinent, yunTWBAOWMA HaKomaeHie ob6beMa  BOgL
B noaoce, kyax = L1, Uy n—cpeanss ckopocTh BHHTLIBAHHA BOAL
B MOYBY 34 NEpPBYIO SAHHHILY BpPeMEHH, M/c.

Bpema (1) nogaun soabl Ha nojocy:

ty = [m/(10%0yq, cp)]* /11—, (11.35)
Jlnuna neaock:
lp=3.6-10%g.¢./m, (11.36)
HJH
’r|l ‘?nfﬁh'ui[. ep [92]. (11.37)
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Pacxon soas na noaocy:
Qn = gaB. (11.38)

[Mpn pacuere sjeMeHTOB TEXHHKH TNOAHBA MO IUHPOKHM MNojocaM
Henoaw3yloT cieayiomue Gopmyan [92]:

hy =21 (qun/hiy™ — ip); (11.39)
t= 1 {kyat*%/[(1 —a) (2—a)] |- 2hy/3}/qy; (11.40)
b= I-+AlL: (11.41)

m=0600g,ts/ly; y=2¥ n—0,13—0,76 V ky (V n—0,1), (11.42)

rac f— NPOAOMKHTENABHOCTh NMPOABHMERHA BOAL MO NOJAOCEe HA LAWHY [;
Al—nyTb NpoABHMKEHKHA BOAK NOCJe NPEKPAEHAN ce Nojaun; A8 Novn
cpeaneii w pucokofi nogonponunaemoctn Al = 0,004/ 4-40. B raGanuax

TL15. .. 1017 npusegennt spavennsi HEKOTOPHIX SAEMEHTOB  TCXHHKN
HOJHBA N0 NoJoCaM,

11,5, 3navenusn AAMHE NOJOC W YACALHBIX ;ncmnun BO A

(no paneum KOxHHHInMa) [72)
C ' ¥ |
botutn koo | Vuaow opowseworo | Tunua | Vaermit,
B NOMBY, MMM 3 aj{em)
Menee 1,5 0,002...0,004 250. . .300 8...6
0,004.,.0,007 J00. , .350 6...6
0,007...0,010 d50. . .400 o...4
Or 1,5 po 3,0 0,002, ..0,004 200, . .250 10...8
0,004...0,007 260, . .300 8...6
: 0,007...0,010 J00. . . 350 6...b
Cantme 3,0 0,002.,.0,004 150, . . 200 13:.::10
0,004...0,007 200...250 10...8
0,004...0,010 250. . .300 8...6
11.6. Saementt TEXHHKH noauea no noaocam [4]
¥unou
Hoxik o wanpap- | Jlawua IWupuna | Bucora y?:f:ﬂ:"
aeimn | nosocu, M| nosock, M [Baalkon, M .!'If;l:-ﬂ}‘
noANn s

Ceposemu  Jerko-
CYTAHNNCTHE no-

pamennod  nogo- 0,003 200 3.6 0,15 5.5

MPOHHLLAEMOCTH 0,006 150 3,6 0,15 4.0
CepoaeMbl epegHecy-

FAHHHCTLIE  Cpei-

neit  Bogonponu- 0,003 400 3,6 0,15 8,0

UACMOCTH 0,006 350 3,6 0,15 7.0
Ceposemul  THMCAO-

CYTARIHCTHIE CJia-

Goft  moponponn- 0,003 500 3.6 0,15 8.5

aeMOCTH 0, 006G 400 3.6 0,15 7.9
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11.7. 3navennn nanksl noioc # yaedsMuix pacxonos adg node
cpeaneit moponpornuacmoct (no E. K. Aaavopueny) [50]

YRAOH NORePXHOCTH Janua noaoc, m ¥ enwnmf pacxon, n/f(c-m)
0,003...0,005 200, ..2560 8...10
0,005, ..0,008 250. ,.350 6...8
0,008...0,010 350. . . 450 4...6

Chapasaniecknil pacter TPAHCTIOPTHPYIOUIHX M NOJHBHLX TPYGOnpo-
soos, Pacxop (nerro) cenoobopOTHOrO YYacTKa ONpeAeamior no gop-
myae [108]

Qien== kol cenfr, (11.43)

rie  ky— SKCNAYATAUHOHNME NOKasareab, npH iy < 0,008 ky==1,1;
'I-I' =u,m3. # -ﬂ.ﬂtﬁ' k.= 1,15: i-"} > ﬂ.ﬂlﬁ' ku = I|2| ;Eﬂu‘—'"ﬂnulaﬂh ceno-
lf}]ﬂpﬂﬂ]lﬂrﬂ YUACTK@, Td, @§p— pacueTHas OpPAMHATA FHAPOMOAYJSA,
a/(c.ra),

Pacueriwit pacxop Tpancnoprupyomnx TpyGonposojon GYAET paBen;

Qrp = (RanMmax)/(86,41y), (11.44)

FAC Ryp— NAOWAAL, NOAKBACMAR U3 JAHHOTO TPAHCNOPTHPYIOIErO TPYGO-
MPOBOAA, Tay Miygy —MAKCHMAABHAS DNOJAHBHAN HOPMA Begyuielt Kyiu-
TYpul, M*/ra; fy—mexnoausnol nepuon, £~ 2,..4 cyr.

Pacuernmit pacxon Qrp AOAKCH OOCCNEYHTL NOAKB 38 CYTKH YHACTKA
nAoWane10 Fy, pannoll ANEDROA NPOHIBOANTENLHOCTH TPAKTOPA Fip na
nocaAenoauBouHoi KYJALTHBAILUK, €CAH Ol NPOXOoANT. npeacnaoT BToO-

poe anaucime Q;p H B KAYCCTBE PacyeTHOrO npuuuMaloT Gojblnee:

Qrp = MpmaxFrpky/86,4. (11.45)
Pacuernuit pacxon nojHBHEX TPYGONpOBOAOE Papen:
Qn=lq¢/a, (11.46)

rae |—pauna noaHBHOrO TPYGONpPOBOAA, M; a@— PACCTORHHE MeMAY
DopoajaMi, M,

HUucao ognospemenino paGoTAOWKUX TPARCNOPTHPYIOWMHX TPYyGonpo-

BOROB:

fyp == Qeenl (QrpM), (11.47)

rae -—-xns:b%uuuenr HCNONL3OBAHHA BOAL HA NOJHBHOM Y4acTKe,
n=098...0,99,

Yncao opuobpemeHHO pafoTAOMHX MOAMBHLX TpyGonpopojos Ha

_OAHOM TPAHCNOPTHPYIOULEM:
fin = Qap/Qn. (11.48)
Auamerp TpaHcnopTHpylomkx u noauBHMX TpySoliposofos onpeses

AsioT no gopmyae (11.49), noacrapafa B Hee COOTBETCTBYNOIHE adnas
YeHHA pacxopa

dy=1,13 Vanf-'mn! (11.49)

FAe Ugon—AONYETHMAA CKOpOCTh B HAuabiHOoM cedeHun Tpybonposoja,
unﬂ“ﬁ Il-l'.!‘2 Hf'rci
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HuaveTp Bonobhinyeron i offiépctnit B foAuskoM 1pybonpoioje!

dy= quf(ﬁ,ﬂu V H), El 1.50)

rae p—kosdppuuncntT pacxona oTBepcTHs, BojoBenycka (ni. B); My, —
nanalg nepejl OTBCPCTHEM, BOJOBLIIYCKOM,

ACHETHRIH PACXOJ CTPYM NPHHUMAIOT CPEIHHM MEKAY MAKCHMAah-
HBIM Qmax H MHUHMAJbLHBIM §ymip PACXOAaMH, NogasaeMuIMH B Gopo3ay,
SHAYCHHAMH KOTOPLIX 34810TCA COTVIACHO 3JEMEHTAM TeXHHKH noJHBa.
Munnmanbibie w  MakcHMabuple pacuerHHe NHanopi Onpeneasior no
hopmynam [107]:

fmax pzhma: (14 ¢max/gmin)® qﬁunfﬂqﬁm:}: (11.51)
hmin p = Hmin (4 Gmax/Gmin)? gmin/ (4giax) s (11.52)

I',II,E ﬁmluﬁ In H.: hmln__::"_.' I,E M.

Onpeaenienne norepb nanopa B TPAHCHOPTHPYIOMKX W NOJHBHBIX
TPYOONPOBOAAX CHCAYET NPONIBOAHTL 1O METOAMKE, HANOXKEHHON B pa-
Gorax [66.10] ¢ ucnonbaosanmem paunwx raas 4, 5.



Fnasa 12

TMAPABIMYECKME PACYETDI
CUCTEM BHYTPMMNOYBEHHOIO OPOLUEHHA

OCHOBHMMH KOHCTPYKTHBHLIMH SJCMCHTAMH, ONpPCAC/NIOUHMI 0CO-
GCHHOCTH CHCTEM DHYTPHNOYBCHHOrO OPOIICHANA, ABAAIOTCSH YBAAKHHTESH,
HX KoHCTpykuMA W MartepHan, H3 KOTOPOro OHH H3TOTOBJACHBI, BAHAIOT
HA pacnpeiesicHHe BoAsl M ypaaxnenne nounstl. TayGuHy 2800MCHHA
yaaamnnTeaAell, kak npasnao, npunumaior 0.4...0,6 m, nanop 0,2, , ,0,5m,
pacxog na 100 M pannw 0,002...0,33 aje, pauuy 50...200 m, paccrosn-
HHe mexay uumu 1...3.5 M (119 cHeTeM Ge3 ecTecTBeHNOro Bojgoynopa).

Ochomnnie pacuernsie 3apucumocti, Paccrosune B MeKAY yBaa#KIM-
TeAamn onpegeanor no dopmyne B. H. Kanapaosa:

B=2[0,43 V qolky-+1.3 0,2--0,3) Wy wkuv/ay]s  (12.1)

rie §o— pacxoj OaMOro OTBEPCTHS B YBIaXHHTCAe, MY /e; ky—Koxphdn-
ILHEHT QHALTPAUMH TpyHTA, M/cC; i, p— HAMMEHLILAN  BJATOEMKOCTh
rpyuTa, %; Fp—KosppHiHenT NOTCHUHATONPOBOAHOCTH TPYHTA; § —
MAOTHOCTE FPYHTA, T/MY Gy, pacxod ysaaxuunreas wa 1 m, m/y,
JLiny yBaamuurTeas momuo onpepeants no gopmyae M, C. I'pu-

ropopa:
ly = qy/ @), (12.2)

riae ¢y— pacxoil YBIRKHHTCAN B ero rojose, m*/c; v-— CKOpOCTh BIHTH-
BAHHA BOAL B nOYBY, M/C; % — CMOMCHHLIA NepUMETP YBAAMIUTONN, M.
3uan cKOPOCTL BUHTHIBAHHA, MOXKHO ONPCACANTL YUK pacxof

yoaamuutena [111]:
Jya = Upnbl, (12.3)

rae b, [—cooTBeTCTDENNO INHPHIA W AAHNA 30HLI HACBILULEHH A} Uy~ CKO-
POCTL BNHTLIBAHHS HA FAYOHHC SAKAAAKHM YRJUKHHTEAR 3a TPeTHil vac.

Han onpefefieHus yASALIOro Pacxoja YRAMKHHTEAS MOKHO HCHOb
30BaTh W aApyryio dopmyay [92]:

Qya= Fen, m';fh.t- “2'4}

rae Ry, pep—mTB10~7/(86,44y, yhy) — napaverp, sapucswnii or BoAHo-
huanveckix cBOCTB nountl W cTenenn nephopaumn ypaakuuTean, m?/c;
hy—nbesomerpuueckull manop B yBraxuutTene, m; T —uWcio TakTOB
BOJ00GOPOTA; fy, n—MEXKNOAHBHON NepHog AAH CAMOro HaNPAKCHHOTO
no BojonoTpedaennio Mecsua, cyr; fy,—pacueTHni#l Hanop nHag ocLio
YBJAAKHHTENA, M.

[Muesomerpunecknit wanop B paccMaTplBaeMOM CCUCHHH, OTCTOSIEM
OT HaA“aAa YBIAMHHTENd HA paccTosHMM x, pasen |21]):

2
iy = Ry (2y—2y) '—lx”p-l'rl:iiygﬂ} , (12.5)
rie Fl,.——nheanETthrEERHﬂ HaNnop BO BXOJANOM CEVYEHHH VBAAKHHTCNA , M]
¢y Zy~==OTMETKH OCH VBJAXKHHTENS COOTBETCTREHHO B HaUaJge H HA

pPACCTOSAHHN X OT Havajga, M, A-— Kos(puiuuenT cONpOTHRICHHA TPeHHs
no Aauue; dy— BHYTpeHnnil JuaMeTp yeaamuuteas, m; vy, = v, + 0,650,
pacueTHan CKOpPOCTh, M/c; Up=0Q./w, U, =0;/0— CKOpPOCTh, COOTBETCT-
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BYIONLAA TPAHIUTHOMY H NYTEBOMY pac XOAY, M/C; ®—njouafs none
PEMHOTO CeNEHHA YBAAKHHTENT, M,
[TyreBoil B TPAHHTHHI pacxXogsl paBHLL:

Qn = qoxN; (12.6)
Qr=qy—Qus (12.7)

rae go="Yuw, V 2gf,—pacxos uepes orseperue, M°/¢; | — Kosdupu-
usent nopnopa, =~ 0,5...1 (no B. B. Cumicaony); p—xosfduunent
pacxoaa oteepctusi (ra. 5); ©y—MIOManb BHXOAHOIO CeNCHHS OTBEP-
etuda, M™% H,—mnanop werewenus (ra. 5), m; N—uucno orsepetHit Ha
1 M vBaaxHHTENRA.

o3pPHLHERT CONPOTHRACHHA TPEHHA MO JUTHHE MOXKHO ONpefesTh
no dopmuyaam A. K. Mypamko npy pasHoMepHOM JBHMEHHH MHAKOCTH]

rJAajKHe NOTHITRACHoBWe TpyGonposoins

Ao = 0,318/d00% Re0; (12.8)

Apenamupie  noausTiaenosse nepdopuposannue  TpyGonposogu
(d— 37 MM) COOTRETCTBENHO © HeTHIPLMS PHAAMH KPYIABX oTBepcTHil ¥
C ABYMA H TPEMA PRAAMM NPOAOABHEX weacH

ho = 0,37/Re"*, . (12.9)
Ag = 0,392/Re®*h; (12.10)
Ao = 1,203/Re% 3%, (12.11)
NOAHBHHHAXAOPHARBIC (RHHUIACTORLIE) TPYGONPOBO/LM
Ay == 0,262/Re*; (12.12)
roppuposannue TpyGonposou (d - 40 mm)
Aar=0,114/Re"O8, (12.13)

FaBHCHMOCTE MEeMAY Ay NpH NyTeBOM OTOOPC KIJIKOCTH M ho mpw
paBHOMEpHOM ABIACHNK maeer By (no ganmmusm A, AL @ejpopia):
Ay = bikg, (12.14)
b= 9,9/Re%3,
Kosppuunent Ay u Moayas pacxopa K pamnu (no A. A. @epopuy):
FAGJKHe TMOAHSTHACHOBBE TPYGonposoall (nopHeTHE TPYOKH)
An = 3,148/(d" Re4%), (12.15)
K = 0,626 Y g 05 Re 35,

APEHAKHBIC MoAUsTHAEHOBKe nepdhopupopainbie TPYGONPOBOAL COOTBET-

CTBEHHO € YCTHPLMA pPHAAMH KPYTibix OTBEpPCTHH, ABYMA H TPEMA
PRAAMH NPOACABILIX 1esaed

jhn == 3.%;“3“"‘;

K =0,58 V g d®5 Re%%; (12.16)
An =3,881/Re%4%;

K =0,563 ¥ g d*® Re%*%; (12.17)
An=11,91/Re®.4%;

K = 3,45 } gd®® Re®*™,; (12.18)

NOMHBHHHAXAOPHAHBE (BHHHNAacTOBLE) TPYGONPOBOAN
Ay= 21594}'“9“"“;

K =0,680 Y T Re"H1%; (12.19)
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MOAHEHHHAXJOPHARBIE rofipupoBanHEe TPYGONpPOBOAH
Ag=1,129/Re?%28:
K =0,983 V g d*5 Re%14, (12.20)

Crenent nepopanud, npH KoTopoil Gyn==const, onpegeasnior us
puipaxenua [56]:

myim =1 -8y [-::t.ﬁI (2n =07 -}-Aly (4 —m2 4 1*/3) [2d - g!rfh.ﬂ,fﬂﬁ ]:
(12.21)
Oy = deglymyty/ ("dyﬁ}.

rae m—= Nd,/(4dy)—xoapduunent nepdopaunn; N—unciao orpeperiil
Ha | M yBaamunTeas; do— Auamerp oTBepeTHil; my —Koabduumnent nep-
(hopauun B Havaje yBAAKHEHNS, V— KOMDPHIHEHT NPOHHIACMOCTH NOPH-
cTOl cpefnt; vy—CKOpPoCTh B HAYAJE YBAAKHUTeNS, O — TOAULHHA CTEHKH
YBAAKHATCAR, 1) =X/ly—OTHOCHTENbHAA JMHRS; {.— reoMerpuueckuii
VKJIOH,

Pacuernunic CKopocTH MOXKIO OnNpefeJnTh no sapucumoctam [104]:

tp=V v} vpu,-+0h/3; (12.22)
vp=ty/ V'8 (1o B. T. JloGoae), (12.23)

rue vy, ”l:r = PACYETHAR CKOPOCTH HA YHACTKE COOTBOTCTBEHHO TPAHSHTHOTD
H NYTeEBOro pacxoii H TONBKO NYTEnOro pacxoja.

as onpejenennst npoioJKHTENLHOCTH NOAAYH BOAK MOMKHO MCIOJIL-
gonath Gopmyan [656]:

tn=mry (Rip/ry—1)/ay (12.24)

HJH
ln=mFqy/(qyN), (12.25)

rae ry—pajnyc Tpyom ynaaxuarTenst; Ry, —npeaeasHufi paiuyc paus-
WA, m—noausras wopma, m*/ra; F,—niouaas opomwaeMoro yuactka,
ra; N—uncao ysaaxkuwrenefl,

Bpems nanosnenus ypaamuureas pasuo (no A, I'. Hasapauy):

fw=ly/vy In (1 —n). (12.26)
[Morepn Hanopa Ha Tpewue B NOAMITHACHOBBIX YBAAKNHTCAAX PaABHBL
h=],l, (12.27)

rae fy==27-]ﬂ'ﬁ't}';:“f"d:r'm*—-['liﬂpﬂHJIHHBEHHﬂ YKJIOH,
Ha yuwactkax nyresoro pacxoma [104]

h=40,0028Q71,/dy; (12.28)
NpH HAJIHYHH TpaH3HTHOrO NOTOKA
- lt=10,0028 (3Qx + 3QuQq~- Q) Iy/db. (12.29)

Yeaosust  paBeHcTBA MOTeph Hanopa Memmy 'KpafiHHMH  TOUKAaMM

YBAGKHHTENR W NEpPenaja reoflesHuyeckHX OTMETOK BHIPAMKAIOTCH 3ABHCH-
mMocthio [92]:

h= iply = |2,67Alyqyn/ (ngd"). (12.30)

YleabHbIH pacxol BoAw H3 yeaamunTedcit npy vanopax 0,4...0,5 m
MPHMEPHO paBed: B TAXKeABX nousax—0,003...0,004 a/(c-m); cpea-
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'V Hux—0,005...0,007 u aerxux—
8 0,008...0,001 n/(c-m). Kosppuumnenr
] A B hopmynax (12.6);(12.16)...(12.1Ty

%/ AnA  nephopHPOBAHHBIX  NOJHITHIAE-

4 ’t? . A wonmx Tpy6 pasen 0,02,.,0,04;

45 ﬁﬁf:d '
Z

KepaMHuecKHX YBAaXKHuTe e, coean-
HenHwx  pryakamu,— 0,05,...0,07,
VAOMEHHBX BCTHIK MEMILY CHOAMA

J MOAHITHACHOBOR  NJACHKH  paBel
‘0 0,04. ..0,05. . _
: Pacxon poAn wepea cTuKH Tpyl-
20 YBJAARHATENEH  MOMHO ONpPeAcIHTE
20— no dopmyaam C. M. llepexpecrona
& nfe 1 200 LM (111} cooneteTsenno npm  Hanopax.

; 0,1; 0,2; 0.4 m:
Puc. 12.1. 3apncnmoctd aia yo- a4
Ammmreach smexay b, g, L ud. g 0,0212L, (0,049 4- 1/ (1) 1,

(12.31)p
g 0,025, (0,0867 -- 1/ £}/*) [1; (12.32)
q=0,08171, (0,0674 4 1/t/*) /1, (12.33)

e {—jauna oanoro asena Tpyou.

FHAUCHNA HEKOTOPLX SACMCHTOD TEXHAKH BRYTHHNOMBCHIOrO OPOs
wenns npuseacns B Tabmiue 12,1, sanneHMocTR MeRAY AANNOIL yBaamK-
HHTEAS, €ro JINAMETPOM, YASILILIM PACXOAOM M NOTEPAMH HALOPE — Wil
pucyuxe 12,1 [104),

12,1, 3navenus HCKOTOPWX SACMENTOR TEXHAKW
BHYTPHIOYBENNONO OPOICHIS

Il e Jlawna ¥ Aesnnn i Pacxoy
Baaon pommiLae Mo, Vicson | yBad s E— VIR pacxon YIS A=
oY, cM/y Teiun, M TeAN, M nfic-m) TeAR. AfC

Cpepnnn, 6,..8 0,005 40 100 0,004 0.4
0,003 63 200 0,004 0.8
CanaGas, 3...4 0,003 25 100 0,001 0,1
0,001 40 200 0,001 0,2

Pacuer opochreasnoit cern [57). Pacuetnnii pacxon opocHTeALHOrO
TpyGonponoga, NOTEPH HANOPA B HeM pPaBHLL

Hop = Q'anfE; (12.34)

hop = qoplop! (3K®); (12.35)

hyn=Qyn [Lya + Bullop + B3/ (315p) ]/ K2, (12.36)

rae lop—nanusa opocuteds; K—Molyab pa;:xana (ra. 4); hyq—norepn -
HANOPA 1A OTACABHBIX YYACTKAX TPYOONPOBOAA, yq— PACYCTHHIH PAacxojl

POAB HA YuacTKe.
Hanop » uavaae opocitenst npuHumator paspem 0,5...0,6 M, onTus

Manbuyio ero ganny— 150...200 wm.




Frnasa 13

FUAPABIUMECKME PACHETH CHMCTEM
KAMENLHOTO OPOLWEHUS

Cuapasamiecknii pacuer NOAMBHLIX W YMACTKORMX TPYGONPOROAOH,
(Ilo  MeTOAHKE KOMNACKCHOTO OTASAA 10  KANEABHOMY OpOLEeNHI0
BHHHUMuTIT » Moapasexoit CCP [756].) Tlpn pacuere nosmsusx tpyGo-
NPOBOLOB ¢ KANCALHHUAMH HCXOANWMME JAAHIEMN SBASIOTCA: AHAMETD I
TpyGonposopos [no FOCT 18599 —73 d, (dyy) — 16 (12) mm, 20 (16), 25 {ﬂlijj d
32 (28) mm|; pacxon pamnoil KaneabHmuM g, m*/e; AANHA NOAHBHOTO
TpyGonposora [y, M; paccTosmHHe MexAy Kaneabumiuamu [, M; KuHema-
THYECKaN BAIKOCTL ¥, MP/C; YKAOH noansHoro tpyfonponoja iy, ¢: cpea-
IR onyckaemulil Hanop B NOAHBHOM TPYGONpoBOAe fepy M; HAZHAUEHHAN
ANHA pacueTHoro ywyactsa Al, . .

[Tonunnoit TpyGonposos pasaeasior ua yuactkn faunoi Al Ha xax-
AOM H3 HHX onpepeasiior norepu nanopa Ah w nanop n BLGpPAHNLIX
CEHEHHAX TPYGONpPosoAn My, ¢, IHAUCHHE KOTOPOrO HE JOMMKHO [Ipenk-
ware gonyckaemor, Pacuer seiyr ¢ Konua tpyGonposoga B CACAYIOULEM
nopagke. Onpeaecanior:

MHCAO KaneabHuiw My Ha yuwactkax panuoit Al w fj—ny, = Al

{1
n,rﬂhﬂt(f,-= E Al—paccroanie or konua TpyGonposogs Ao pac-
1

CMOTPHBAESMOTO EH‘IEHH‘“) i

ocpeanennoe smaueine wneaa Pefinoasaca na paACUCTHOM YuacTke
annolt Al—Re=1,234q, {ﬂf-}—ﬂ,ﬁn;}lf{d?;
KBajpatT Moayas pacxofa— K*=1232d" Re/A; (A=0,16 Re%" -

-+ 115);

suagenne Kosdpduunenta .&,}, JUHTHBAIOMEro ANCKpPeTHOCTL 0T60pA
pacxoga—ky= 141,17 (l/l;. 1)*"%
MOTEPH HANOPA HA pacyeTHOM ywacTke TpyGonpososa gaunod Al —

Ah = kogx (n] 4 ning+n%/3) Al/K*— 3,34qx (nny -+ 0,5n%)/ (gd*) + Ah,,

rae Ay —noTepH Ha MECTHHIE COMPOTHBJAGHHA B MECTAX MOAKJIIONCHMNS
KaneJqbHHll K moJnBHoMY TpyGonpoBoay gawuoft Al

Ahy = 0,429q% (0,6rn% —nl/3)/ (gd¥),

e =y /d—=0THOCHTCAbHAR BHICOTA CORAMMUTEALHOrD WITYUEPA KA »
ek KLk ?T&ﬁ.ﬂ. 13.1); hy ¢ —nuicora pucTYna WTYHepa; n — obumee a0
KaneJbHuil Ha TPYGONponoAe; HANOD hy ;¢ B CCHEHHAX X-X C HHTEp.

[ |
panom Al=<fie g, =1, ; Ah =iy, + (1 +Al),

rae Reg, x—Cpepnnit nanop B Kouue nonusHoro TpyGonposoga, M.
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13.1. 3navennn | B 3aBuCHMOCTH o o *3

d ¥ P
0,012 0,396 0, 166
0,016 0,296 0,125
0,021 0,226 0,096

Hanop B navanpnom cewenny noasnHoro TpyGonposofa ¢ KaneabHi-
waMu fy onpefensior nNo SABHCHMOCTH AR My o ¢ NPH LANHeE TpyGonpo-
Bopa Iy = l;=+Al, 3navenns wanopa JA0AMHBIY| OTHENATH Y CAOBHIO
0.9y =< hys< 1,lhc,. B nporusrom caydae HeoSXOAHMO MBMECHHTH JHa-
meTp TpyGonponoga.

[Morepn wanopa B noansHoM TpYGONPOBOAC ¢ KANEALUHLAMH C yqes
TOM MECTHHIX MOTepb HAMOPA MOXKHO onpefeanth no hopmyse A. A, de-

ROpILA;
Al = Iy kg Nl o qv3 = ®. (nyq, )™ (g +m (13.1)

1A lnoq— AHna TPYGONPOBOAE C KANEALHWILAME OT KOHILA [0 PACCMATPH=
BAEMOTO CCUCHHA, M; M;-—UHCAO KANGILHHL Ha AAHNE [0, ¢k — pacxon
Kaneabunit, /9, d— puyrpenunit anamerp tpyGonposoaa, M; N — kosp-
(puument (raba. 13.2); m-—nokasaTe b CTONCHH, SapHCAWN oF AAHNB
noausnoro TpyGonpopona (raGa. 13.2); ky — kosdepuinent, yaurueaonn it
THIL KANCALHHIL M cnocol noAKAIYEHH WX K TpyGonpoBopdy, A Tpybo-
NPOBOAOR C TYNHKOBWMK Kaneabinuamn &y = 0,95, ¢ npoxognuimn—Ay = 1;
kg == 1,06 —0,0002{, /d — xosppunment, yunTHBaOUMA HIMCHCHEE MeCT=
HLIX COMPOTHRACHHIT NPH HIMEHEHUN paccTOMHMl MeXAY Kaneauniami;
= paccrofinne MexaAy Kaneabunuamu; d— anamerp TpyGonposoaa,

T D R R

13.2, Onsitumie snavenun Kosdpduumenta N M nokasateas crenenm m

l“u N m H ‘nn.: N t
30 6,1568.10=8 1,000 114 1,131.10-17 1,226
36  4.214.10=% 1,012 120  6.446.10-% 1250
42 2,728.10-% 1,024 126 3,376.10-* 1,276
48 1,794.10-% 1,036 132 1,762.10-% 1,303
b4 1,196.10-¢ 1,048 138 8,686.10-° 1,332
60 8,136 10~ 1,061 |44 4,114:10-9 1,362
66 6,660.10-* 1,076 160 1,868.10-9 |,394
72 J,698.10-¢ 1,099 166 8,202.10-10 1,428
78 2,313.10-* 1,106 162 3,618.10=10 1,463
LT 1,461.10-°* 1,122 168 |,438.10~10 1,600
90 0,4568.10-" 1,140 174 b,676.10~11 1,639
102 3,604.10=7 1,180 180 2,136.10-11 | ,680
108 2,067.10-* 1,202

Tpanautuph pacxof #a nogsofsieM yiadtke niikororo ThyGonpds
BOAA paccunTLIBAIOT caeiylomuM obpasom. Onpegensior]
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CKOpPOCTh ABWKEHHA BOAL Ha nopsoAsuleM yuacrke v—1,277nq,/d*
(n=lg, /ly—uncio KaneabHuu Ha Beefl AANHE NOAHBHOIO TpyGoipo-
BOAS);

unesro Peltnoabica na nopsopsimen ywactke — Re —=vd/v;

KOIPUUHEHT PHAPABAHNECKOrO TPEHHA MO Aanne — A= 0,2017/Re%?;

noreps nanopa Ha Aamne lygy—hyon = Myoat®/(d2g).

ITorepn nanopa Ha NOABOARILCM YYACTKE MOXHO BHYHCAHTE 1O (OP-
mynan A. A. depopua coorpercTBenno M TPYG AnameTpoM dy (dyw) =
= 16 mm (12), 20 (16), 256 (21):

103 f = 0,597 Q1,818 44,816, (13.2)

1077 == 0,714Q1%/d%%; (13.9)

10# ] = 0,969Q",772/d% 772, (13.4)

Hanop » cenennn npucoepunenun noanpuoro TpyGonponosa K yuaci-
KOBOMY panei:

hoar = hy+Boox — luzlnon: (13.5)

[Ipu pacuere yuacTkoBoro TpyGonponofa 1eolXoguMo HMeTh cAeLyI0-
e HCXOMHBIE AHITBIe: A1 nm'lpu NOAHSTHACHODBIX TP ]yﬁ dy (dyy): 50 (46) mm,
63 (68), 76 (69), 90 (83), 110 (102), 125 (115), 140 (129), 160 (148);
ANy yuacTkonoro TpyGonposoja Iy yi AIHHY BHOPAHHOTO PACYETHOrO
yuacTka Al paccrosinie Mex Ly noanBHEMH TPYGOnpoBoLaMI ly, ui yKAOH
yuactkonoro Tpybonpobona (y . Ocransnbie nexoiamsie pannbie 10 Xe,
T0 0 AR noansinoro TpyGonposoaa, JLanny yuacrkosoro tpyGonporoja
pasGupator Ha { ywacrkon amwnoit Al. Ha Kamaom yuactke onpeaeanior
novepn Hanopa Ahg 4 W HANOP B BLGPAHHBIX CCUCHIAX hyy, ¢ TNocaeno-
BATEJALHOCTD pacuera caeayowan. Onpegensior;

PACXOA B CCUCHMAX NPHCOSANHEMHS NOJHBIOTO  TPYGonposoga

K ySactkosomy — Q. +. ¢ -;g,n:
HHCJIO  NMOJAHBHBIX  TpYGONPOBOROB HA pacueTHOM yuicTKe — my =

- l'—"“’“]. T

"HHCAO NOJHBHWX TPYGONPOBOAOB HA yuacTke {;—m;— f;ﬁ,* g (a’; ==

[
-¥M—pmmnnue OT Kouua TpyGonponoja Ao cevexus -Hf):

ocpepnenioe sHavenne Re wHa pacwernoMm ywactke Al—Re =
= 1,234Qy, 1, ¢ (Mmy4-0,6m,)/(dv);
BCTOMOTaTeNLHYI0 Beanauny A u ksagpar mogyan K? no dopmysam
ANR NOAHBHBIX TpyGonponojgos;

snavenue Ky==1-4-1,7 (I, ally1) %4
KOMPDHUHEHT OTCOCAHHEHHA MACCH MHAKOCTH ay:

npu 3:-10°< Re < 5: 104
fg==0,341.10~4 Re—0,041.10~% Ret,
npu 5. 10 S Re 5 17,4 10*
ay=0,7856—0,21.10-° Re;

MoTtépH Hanopa ma pacyeTHux yuactkax Adudoft Al=Ahy =
= K@, vt (mf - mymg - m%/3) AUK® + 1,67 (ag — a) QB 1¢ (mym, -+
“+0,6m} )/ (gd");

MecTHue notepn Hanopi— Ahy, 4, = 0,08Aky, ;i
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fianop 6§ céusindx x-r c nHrepBaiom Al—

{
hey, 1=1.lkg, 1+ ) (Ahy. 1+ Ay, 1.5 —iy. 5 (I+AD. (13.6)
I

Tpy nepunoancuun yenosust 0,90, o< hygy r<< 1,1y, ¢ namensior
wHameTp TpyGonpoBoja H pacyer NOBTOPHIOT,

Hanop B nayaabMom cedcHHM ydacTKosoro tpyGonpoBoja ompeje-
asor no dopmyae (13.6) npu ;- Al=ly . dan yckopenus pacuera
YYACTKOBOrD TPYGONPOBOAA pPEKOMEHAYETCH HCIOALIODATL MPHMEPH W
rabannu B [756],

Inapasaniecknit pacuer TpyGonpoBojoE NPH NPHMEHEHNHH KaneasHMy
umnyascHoro aeficraus [75]. Jpamerp noausnoro TpyGonponoga pexo-
MEHAYETCH NPHIHAMATE NOCTORHHLM no Beell ganie, onpegeasnior ero no
thopmyae;

dy == 0,66Qn"**, (13.7)

rae Qu=qF,T/Ink. (T —1,)] —pacxox B wauane noausuoro TpyGonpo-
BOAA; § — OpPAHHATA PHAPOMOAY A, M*/(csra); Fp—nJaowaab yuacrka, opo-
WaeMoro AaHnsiM NoJauBibM TpyGonpopogom, M; n— KILL cemn; ke —
KOMDDHILHERT CYTOMHOIO HCNoABIOBARNA; T —NPOROMKHTEABHOCTD ILHKAA
paBoTh cHeTeMbl, € (y— NPOAOIKHTENLIOCTL BHIIECKA BCEX KaNeabHHIL
CHCTEMM, C.

Jnamerpu pacnpeaeanreneii 6ojee BHICOKHX NOPAAKOB HeoOXOAHMO
No JAHHE H3MCHSITL, ONPEACARIOT HX N0 (opmyae

d = Q0412 (13.8)
rac Q —pacxoj AAHHOIO YWaCTKA.
Pacxog B 1a4aie CHCTEMB panes:

Qe = qucT /Inke (T —1w], (13.9)

IAe ® — IAOHIAAL CHCTEMN, Ta.
Hanop cHcremnl panen:

He=Hyp, y—1Hy, y3- Hy, ept+ 11 [£Quha/Qc+ZQyhy/Qc ..
ot EQPTJ"'QEEQ}"J!'Q#.1+EQ|""HQ¢I- (13.10)

rae Hp ,—cpeandas reojeanveckas OTMETKA YWacTKa, M; Hpy, gy —reo-
neanuecuﬁn oTMeTKa manopooOpasyiomero yana, M; My cp—cpeguuit
paBouuft wanop Kaneabuuum, Hy o= 12 M; Qp—pacxof B Hauane
noauenoro TpyGonposoga (pacnpejennTtens nepsoro nopaaxa), M/c;
Qy—pacxoq B Hauane ywacTKoBoro TpyGonmpoBoja (pacnpexenHtens
npegnochejnero nopaaxa), Mjc; ti ,—Jmu.q B Hauajde j-ro ywacTxa
(pacnpejeanTen® BTOPOro n;i:uu; + Q;—pacxog B nayane i-ro
yuACTKA MarpcTpadbHoro TpyGonpomoga (pacnpepeanTens nepporo no-
praKa), M /c; b, —NOTEPH HANOPA B NOAMBHOM TPYOGONPOBOAE NPH NOCTORH-
HOM pacxoge ts,, no BeeR ero gaume; Ay —noTEpPH Hanopa B YYACTKOBOM
TpyGonposoge npH NOCTORHNOM pucxofe Qn no scelt ero gauue; hy—
moTepn Hanopa Ha [-M yuacTKe pecnpeje/uTe/ia BTOPOro nopsjpka npu
noctoannom pecxoge Qy M h;—noTepn Hanopa Ha i-M YyHacTKe Marys
¢Tpaasioro TpyGonposoja npu noctosndoM pacxoae Qp M.

Morepn Hanopa onpeaensior no Aaunsim faas 3 u 4 ¢ yuerom mect-
HEX conpoTHBACHHA, KOTOpHE OGLIUHO NPHHHIMAWT PABHLIMH 1095 noteph

Hanopa no AJHHE.
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Tugpasauueckuli YKJOH npuH ONpefie/ieHHy MNoTepb Hanopa

[ =0,001050Q1,778/¢4,774, (13.11)
MakcuManbublii HANOP B HAUAJMe CHCTEMBLl PaBeH:
Hmax = 1,1 (Hg+ M max I'.}'_-HI‘. 1.'3;'- (13.12)

rae Hy—mpepxunit npegen paGouero mnamopa B Kaneibuuue, My =
2 20...25 M} Hypix p, y— MAKCHMAILHASA TEOIESHYUECKAA OTMETKA Y4acTKa,
My Hyp ya — TEOJESHYUECKAS OTMETEA HanopooGpasyloumero yama, M.

Hacoc pnsl cucTeMbl EMAOYABCHOrNO OPOUICHHA NOAGHPAIOT TAKMHM
oGpazom, YTOOH OGCCNCUHTDL PACYCTHLA H MAKCHMANLHLIE Nanopw, onpe-
AGARCMEIC 10 COOTBOTCTBYIOULHM (hapmysiaM.

Ha Ttex yuactkax, rae cratnueckuit nanop npespicut 40 M, crassar
orpanmuaTean  aapacuni, TMpamep pacuetra uMnyabCcHo-KaneJbHoll Cl-
CTCMBl OPOLICHHA NPHBEACH B 1?’5L

HexoTopuie 3aBHCHMOCTH | HAPABAHMCCKOTO  pacyeTa TpyGonposojos.
Pacxon B pacueTHOM CEYCHNN, B KOHUC M HAMAAEC NOJANBHOrO TpyGonpo-
BOAA MOKHO ONPCACAHTL COOTBETCTBEHNNO MO (opMyaam:

Qp= Q- 0,55q1; (13.13)

Q= 0,568q1 [62]; (13.14)

Qu= X} Qi/m (37, (13.15)
|

rae Qo — TpananTuuii pacxog B pacueTHoOM CeMeHHH; == Qu/l— pacxoju
Ha eaupuuy aaunsl TpyGonposojga; -~ pacxog B Havase TpyGonpopoaa,
[— pauna TpyGonposoaa ;— pacxoy opnore opocurteas; n— KI1I1 no-
JAUBHOrO TpyGonposopa, 1= 0,98,

Pacxop opocuresvnoro tpyGonposopa pascn [37

Qi=qFMm, (13.16)

FAC q— OPAHHATA THAPOMOAYAR B pacemaTphpaemmit nepuog, a/c na 1 ra;
F —naowaan, obcaymusaeMas oM OPOCHTCABIBM TPYOONPOBOLOM, T,

[MoTepn Hanopa B opocHTCALHOM TPYGONPOBOAS NO JAIHHE OPHCHTH-
pOBOYHO MOMHO paccuntats no dopmyne [37]:

h=1Q}/(3K?); (13,17)
NpH PaBHOMEPHOM TIPepPBIBHCTOM pacnpeacsennd PACXOAa BAOAL NYTH
TPAHSHTHLIT NOTOK HA KOHCUHOM ywacTke orcyrersyer |87]

h=[— a (2—p - kML) (3d)] v/ (22); (13.18)
NpH HAIHYHH TPAHIWTHOrO NMOTOKA

- G VR (B O SRR ¥
h—[ E{E—M_i_k:}duw-—ut] kg g (13.19)
rae o— gosddnuuenT, yuuTHBaOUME pacnpejeicHHe CKOPOCTCH B ceye-
HHH NOJAMBHOTO TPYGONPOBOAa Nepel  KaneAbHHUed; OpPHEHTHPOBOUHO
o= ﬁ]...l,l}; p—xnsﬁp:gmmem pacxofa Kaneabhuuw; k= (1-}1/n) ¥
W2+ 1/n) —xkospdmupuenTt, yunTHBAOWMT AHCKPETHOCTL OTACTEHHA HKHI-
KOCTH OT OCHOBHOH Maccel, k =~ 1, v;—CKOpOCT B CEUCHHH MNOJHBHOTO
TpyGonpoBoad 38 KanedbHpiel; v, —CKOpocTh OTACARIOMErocs NOTOKA.

Jad cueTem ¢ KanenabHAuAMH HMnyaschoro jeficrona |37]:

BpeMA 3anONHCHHS THAPOAKKYMYJSTOPOB HCEX KANEbHHLL

T'— Wukcgtm”qfru}—;ﬂ. [|32ﬂ}
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6 g,

Pue, 13,1, Pacxon eBoau muxpo-

TPYOOK nuamerpom | MM npH mx

paune: [...7—1wm; 0,83; 0,75
0,66; 0,58; 0,5, 0,42,

p.Mia
0,035

2
0,025 !ﬁs ; 117
4015 ,,/ ”f
7
ﬂﬂﬂ&/ ;//

7 95 1 234564, 4/

Pue. 13.2, Pacxo Boan B 3apHcH-
MOCTH OT JAHAMETpa M AJMHHBL MHK-
porpybkn: d=05mm, [...8—[=
=006M; 04; 03; d=1wmM, 4..,.7—
I=06m; 05 04; 03; d=1,7 mm,
8...18—1=35m; 3; 2.5;: 2: 1.5: 1.

F’ I. . : =
aery ;
! =2 J P
0,006 Wt
0,002 i -
J J 7 g q, Al

Pue. 13.3, Pacxognan xapakrepucTuka xaneabinub «Taspus-l» npn
Anamerpe nuxoanoro otseperus: [, ..4—15mwm; 1,8 2, 28,

M

024

a1

g4

Puc. 13.4. Pacxoanue xapaxtepmc-
THKH Kaneawruu: F—K-316; 2 —
¢« ¥Epanna-1».,

o s e b o s e o e o

Gl T Ty T e e,



V4 0,04 a0 o 016 n, Mz

Pue, 13.5. 3anucumocts pacxona or aunjeuus npu tpansutnofl ckopos

CTH st Kaneabinn:  a—«Moaganna-l» (7...3—0; 04; 0.8wm/c); 6~

pacnwanrean (7...11—0; 04; 0.7; 1,I; L5m/c); e—K-314 (4...6—0;
0,6; 1,1 m/c).

b2
22
14
M il |

a a.04 0,08 0,12 016  p, Mna

Puc. 13.6. 3aBHCHMOCTL PACXOAA OT AABACHHA M TPAHSHTHOTO pacxoud
ann  kaneavin:  <BHHHpoanoauseps —/f, 2—Q, - 0,025 a/c; 0,06
eYarunposoaros-2-»: 3, 4—Q,= 0,025 a/¢; 0,06.
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e W,—ofsem fibinaeckd Kareab- ,
HHLBL, J1; Reyr— ROMpPUILHCHT CYTOU- 4 p
HOMD HCHOALKIOHAHHNH COOTBETCTBCH-
HO CHCTCMB ¥ BOJN; )y — FHAPOMO-
ayns, afe wa 1 ra; F,.—naowaps,
opolnacmas ofHoll Kaneabuuueh, ra; 80
fa—BpeMA BLINAECKA,

cpeaunit pacxon, nocrynaioumi

B KANEJbHHIY 34 BPpeMHA JANOAHEHHA; Vi aﬂnj are 015 2" Hf*‘

Q. ep= g0 (1 + r“’FT”{k“‘J’TE}EI Puc. 13.7. 3apReuMocTh Lanacnus
(19.21)  or pacxoma Kaneasumi m AAWIL

_ noausporo TpyGonposopa: J-—
Auamerp TpyGonpoBoja AR N0 30 53 2— 60 Mz § — 90 M; #— 120 n;

Goro ceucHud 5—150m; 6—180m.
d=0,655Q%12, (13.22)

Imapasanyeckue pacverst kanensumi. Pacxoa mojau uepes Kaneb-
HHIY MOMHO OnpefeaAnTL No dopmyae:

e =po V 4H,, (13.23)

rae p—xoxppHunenT pacxoga KaneaAbHunbl ©-—NAOMAAL BHXOAHOIO
CEHCHNA KaneJbiuie, Ay~ Hanop, nNpH KOTOPOM IPOHCXOANT HCTEHCHHE
H3 KANeabHHILL,

Pacxon qt:!)es KaneAbuuy MoXno wnafith no rpadukam ge=[ (p)
(puc. 13.1...13.4), rae p—japacure B noausHoMm TpyGonpopoae Haj
Kaneabuuneh, Pacxol HeKOTOpuX THIOB KaneAbHHI B SABHCHMOCTH OT
CKOpPOCTH TPAHIHTHOrO notoka B TpyGonpoBofe M JABACHHA B, HHX
npuseaen na pucynkax 13.5...13.7.

Pacxop Kaneasuuunt «Moaganus-1s npubanmenno MOMKHO nogcui-
Tath no gopmyae [102]:

q=0,028H.--3,11, (13.24)

rae Hy—mnanop 8 noausnoMm TpyGonpoBoge, M.

B saBncHMOCTH OT THINA pesHHB, KOTOPas HCnoJb3yeTcs aas auad-
parM-KOMNeHCAToOpoB, KanedbHuun «Moagasus-l1» HMCIOT pasaHuHbIe
XapakTepucTHEH. TexHuueckHe XapaKTCPHCTHKH KaneAbHHll NPHBEACHH B
Tabanue 13.3.

[Tph NPOCKTHPOBAHHK H SKCNAYATAHH CHCTCM KANeAbHOTO OpOWIEHHR
BAXHO 3HATL, KaKoe Jamnenne Heo0XOAHMO NOAACPXKHBATE B CeTH IR
obecneveHHA pacweTHoro pacxoga kaneasnuu. Ha pucynxe 13.7 npupe-
APHH TEKHE SHAYCHHN B SABHCHMOCTH OT AAHHW NOJHBHOrO r%}‘ﬁnn 0
poga guameTpoM 14 MM NpH PACCTORHHH MeXKAY KoneAbHHUAMH 3 M [&L
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