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Pac4€Tb1 BOIOMPOMYCKHBIX COOPY>KEHUH Ha KaHaJlaX THAPOMETNOPATUBHBIX CUCTEM:
Merton. yka3./Cocrt.: K.B.3otoB, M.IO.ITarpuna.

[TocoOue cOOTBETCTBYET TOCYAAPCTBEHHOMY OOpa30BaTEIbHOMY CTaHIAPTy
muciUIUINHBL - «COoOpyKEHUSI THAPOMEIMOPATUBHBIX CHCTEM»  CIEHUUATBLHOCTH
280401 «Menuopanusi, peKyJbTUBAIMA U OXpaHa 3€MEIbY.

[IpuBeneHsl  OOIIME  TOJOXKEHUSA U HEOOXOAMMBIE  CBEICHUS IS
TUIPABIMYECKUX  PAcu€TOB  BOJOBBIMMYCKOB  PA3IMYHBIX THIOB, a TaKXke
HEO0OXOMMbIE CITPABOYHBIC MATEPHAIIHI.

Meroauyeckne yka3zaHHs MpeIHAa3HAYEHbl [JIs CTYJIEHTOB HWHYKEHEPHO-
CTPOUTEIILHOTO dakynbTeTa npu W3YUYEHUH Kypca «CoopykeHus
TUAPOMEIIMOPATUBHBIX CHUCTEM» B KauyeCTBE PYKOBOJACTBA JUIsi KypCOBOTO U
JTUTIJIOMHOTO MTPOEKTUPOBAHUSI BHYTPUCUCTEMHBIX TUIPOTEXHUUECKUX COOPYKEHUH.



Conepxanue

Crp.
1. I'mapaBanyecKuii pacuyeT OTKPBITBIX COOPYKECHMM ..vvvvnnnrieeeennnneeennnnnn. 4
R0 o) 403 210 3 (SO0 107 0014 XS] 1 - A 12
3. PaCUET OBICTPOTOKOB ....uuteetetteeneteeetteeeteeeateeeeeeateeenaeeenneeenns 14
70 o Toks (53 0B 1 (] 0151 1 - Vi (0) : SRR 16
I 070011032 083514 (S 0 3<T0 1 1o ) : S 19
6. PacuéT BOTOOOMHOTO KOMOIIA . u e eenne e et e e e e e e e e e e e e e et 22
7. BomoOoHBIM KOJIOAEI, PACIITAPSIOIIUHACS B TUIAHE ....veeueveeeereeennnnennnnns 24

(307110390 16 (] 0121 14 ) 2 (T 30



1.I'mapaBiauvyecKuil pacueTr OTKPBHITHIX COOPY/KEeHUH
Pazmepsl  BONONPOIYCKHBIX  OTBEPCTHH  ONPEACNSIOT Ha  MOPOIYCK
MaKCUMAaJIbHBIX PACYETHBIX PACXOJ0B, IPU MOJHOCTBIO OTKPBITHIX OTBEPCTHUSIX.
OTKpBITBIE COOPYKEHUS B THPABIMYECKOM OTHOLIEHHUS MPEICTABISAIOT COO0M
BOJIOCIIUBBI C IIUPOKUM MOPOTOM, MOATOIJIEHHBIE UM HENOATOIUIEHHBbIE (pHC.1).
BonocnuB cunTaeTcs mMOATOIVICHHBIM, €CIU i, >n-H, , TI€ n - KOYPPUIHUEHT

WA KPUTEpUM ToATOIIeHUs, uaMeHstomencs ot 0,75 mo 0,87 a 3aBUCMMOCTH OT
kKod(dduienta pacxoyga m M kKodpuiMeHTa MOoToKa IPH BBIXOJIE MTOTOKA B HIDKHHUI

obed
B-h

V; :QH.E. (1)

riI€ B - MHUpHHA BOJOCIMBA, h, U ), ., - COOTBETCTBCHHO,

090
FJ'IY6I/IHa INOATOINICHHUA M IIOIMaAb XHBOI'O CCUCHHA B

HIkHEM Obede. B mepBoM mpubamkeHne MOXHO IPUHUMATD [ oz
n=0,8. bonee TOYHO KpUTEpUH MOATOIIEHUS ONPEAEIACTCS = A TN
no rpaduky, cocraBieHHoMy 1o ¢opmyine P.P. Uyraesa - (30
(Puc.2). 4 .
Henoomonnennwviii 6000c1us. / 0
02 0% 06 08 10
['myOuHa Ha mopore MPUHUMAETCSI OOBIYHO PABHOM Puc. 2. T'paduxu
KPUTHYECKOH TyOuHe: U ONpEe/eIeHUs
koa(ppurrenTa
2
h:hxp—lf'z—?gf;HO:%/Z-mz-HozO.6-H0 )

rae ¢ — Ko3(pUIMEHT CKOPOCTH;
m— Ko3(UIMEeHT pacxoa.
[Mupuna BogocauBHOTO QpoHTA b~ ompenensiercs 1o hopmyie:

po 2
wetE 3)
rae Q — pacuéTHBIM pacxof,m— Ko3(pPUIHMEHT pacxoda, H, — HAIop Ha MOpOre
BOJIOCJIMBA C YUYETOM CKOPOCTH MOJIX0/IA.
YucnoBsie 3HaueHus kodpduimentoB ¢ u m (nmo H.H. ITaBrnoBckomy)

npuBeeHbl B Ta0uie 1. [Ipu opueHTHPOBaHHBIX pacueTaXx MOKHO MPUHUMATh
»=0,92; m=0,35.

Tabnuma 1
Ycn0Bus HCTEYEHUS Q m
[Ipu oTCYTCTBHE THIPABINYECKUX COIPOTUBICHUN 1 0,385
I1pu xopomo nogobpanHoi hopme BXoaa 0,95 0,65
[Topor ¢ 3aKpyTIeHHBIM BXOIHBIM peOdpoM 0,92 0,350
[Tpu npuTynaeHHOM BXOJTHOM pedpe 0,88 0,335
[Ipu He3akpyIJIEHHOM BXOAHOM pelpe (ocTpasi KpoMKa) 0,85 0,320
[Tpu HeGIaronPUATHBIX TUAPABIUYECKUX YCIOBUSIX 0,80 0,300
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Puc. 1. Pacuérnbie cxembl TOATOIUIEHHOTO (a) M HEMOATOIUIEHHOTO (0) U (B)

BOOJOCTOKOB.



Iloomonnennwiii 6000cauU8
I'nybuna Ha mnopore B JTOM clly4ae MNPUHUMAETCS pPaBHOW riyOuHe
MOATOIUICHUS], TO €CTh MIMPHUHA BOJOCIUBHOTO (PpOHTA onpeaensieTcs no Gopmyie:

0
b= , 4
whn Vzg(HO_hn) ( )
1€ BCC 0003HaYECHUA YKa3aHHBI BbIIIC, N 110 3aBUCUMOCTH
o Q 5
90, 2gH<;% (

. h
rae o, —K03(pUIMEHT MOATOIICHUS, 3aBUCAIIUNA OT OTHOIICHUST —~
0

YucnoBble 3HaYEHUS! TPUBEACHBI B TAOIHIIE 2.

Tabnuua 2
%0 mo 0,7 0,8 0,85 0,90 0,95 0,98 0,999
o, 1,0 0,928 0,855 0,739 0,552 0,360 0,082

Ecnmu ckopocTh Ha mopore MOATOIICHHSI BOJOCIUBA paBHA V', TO Tiepenay Z
(moamop nepes cCoopykeHueM) OyIeT paBeH:
1 vy
- ©)

rae ¥, — CKOpOCTh MoaxoAa (B BepxHeM Obede), V' — CKOpOCTh Ha TIOpore

BOJIOCJIMBA.
[Tpu Oosnblei MI01Ia M NONEPEYHOTO CEYEHHSI TOTOKA MEPE BOJIOCIHBOM,
npeHedperas CKOpocThIo Noaxoaa (¥, ~0), HOIyYuM

Sy (7)

Ha nmepBom stame pacyeToB BeIMYUHBI TTyOUHBI TOTOKA B KOHIIE BXOJHOTO
y4acTka, KO3(P(GUIIUEHTHI pacxo/1a U CKOPOCTH MPUHUMAIOTCSI OPUEHTUPOBOYHBIMH,
TaK KaK OHH 3aBUCAT OT FT€OMETPUU BXOJIHBIX U BBIXOJHBIX 3JIEMEHTOB KOHCTPYKIIUHI
COOpYKEHUM, KOTOpbIE OyyT NPUHATHI IPU KOHCTPYUPOBAHUH.

B 0Oonee TouHbIX pacueTax Mpu yCTAaHOBIEHHBIX (hOpMax KOHCTPYUPOBAHUS
COOpPY’KEHMI INTyOMHA HA MOPOTre MOATOIIEHHOTO BOJIOCIMBA OMPEAEIIAeTCs 10
3aBUCUMOCTH

h:hn_Z”:hn_gbc.hK (8)
rae h, — riiyOuHa NOATOIUICHHUS, b, —KpUTHYECKas TiyOuHa, &, — OTHOCUTEIbHBIN

reperna;ji BOCCTAaHOBJICHUS, OTPEIeNIIEMbIi 1o rpaduKy, MPUBEAECHHOMY Ha PHUC.2.
['nyOuHa Bo/ibl HA MOPOre HEMOATOMIEHHOTO BOJIOCIHMBA ONPEAEIISIETCS MO

bopmyiie

O =phb\2g(H,~h) )

MIPU U3BECTHBIX O,h U H,, TO €CTh IyTEM pelIeHUs KyOUYEeCKOTO ypaBHEHUS

W —H,h +(%J HZ =0 (10)



[Tpu 3TOM KO3 PUITMEHT ¢ TPUHUMAETCS B 3aBUCUMOCTH OT Kod(duiimenrta
pacxona m coryacHo tabaute 3 (o .. Kymuny).

Tabmuna 3
m 0,30 | 0,31 | 0,32 | 0,33 | 0,34 | 0,35 | 0,36 | 0,37 | 0,38
% 0,943 |1 0,950 | 0,956 | 0,963 | 0,970 | 0,976 | 0,983 | 0,990 | 0,996

Jlyst OBICTPOTO OMIPEACIICHUS A, MOKHO IMOJIB30BATHCS (POPMYJIIOi

h =kH,, (11)
rje 3HaueHue kodpduimenTa k HaxoauThes 1o rpaduky (puc. 3).
0,55 "
=g
0,50

045 ////
7

m
030 032 03k 036 038
Puc. 3 I'paduk m=f(k)
Koaddunment pacxosa B mepBoM OpuOIMKEHUH ClIeAyeT NpUuHUMaTh m = 0,36,

0,40

€CJIM BXOJHBIC peOpa BOJOCIMBA OKPYTICHBI I MIPUTYIUICHBI, a TAKXKE €CITU
BEPXOBBIC IPAHU YCTOCB W BOJOCIMBHOW CTEHKH UMEIOT HAKJIIOH B CTOPOHY
BepxHero Obeda . Bo Bcex cnydasx nmpuHuMaiot m=0,32.

[Ipu yTOUHEHHOM pacueTe B TEXHUUYECKOM MPOEKTE KOIPDUITMEHT pacxo/ia
onpenensercs o cnocody .M. Kymuna crnenyromum o6pazom:
a) ecJi BOJIOCTUB 0e3 OOKOBOTO CXKaTHsl, TO €CTh B = b, Wi 0€3 opora, TO €CTh
BBICOTA BOJIOCIMBHOM CTEHKH P, =0,T0 KO3 (GUIIUEHT pacxoja MPUHUMAETCS,

COOTBETCTBEHHO, IO Ta0muIe 4 1 5;
0) eclii BOJIOCIIUB UMEET OOKOBOE CyKaTue, b < B U BBICOTY Topora B, > 0,— 10 OJJHOH

U3 cneAyromux Gopmyi:

m=m,7+(mﬂ—m,7)ﬁ,7+(O,385—m,7)l-_1”1—_1ﬂ (12)
WIH

m:mﬂ+(mn—mﬂ)l-_lﬂ+(0,385—mﬁ)1-_1nﬁﬂ (13)
(4ucnoBoe 3HaueHUE KO3 hUIMEHTa m, OEPETCA U3 MOCIETHEH CTPOYKH TabIULbI 4

(Ipu n =00 ) COOTBETCTBEHHO MPOMHIIIO BOJAOCITMBHON CTCHKH, a 3HAUCHUE
Kod>(hpuumenTa m,— U3 NEPBOH CTPOKH TAOIHIIBI 5 COOTBETCTBEHHO yCIOBHAM

O0okoBOrO Ccxkatus). Beraucienue npoussoautcs no Gopmyie (12) ecnu okaxkercs,
4TO m, > m, , WK 10 popmyne (13),ecmu m, <m, .
3HaueHns H, uH,. Beraucnsaiores o Gpopmynam:



A —
" H+2P,
— b
Hy=——
7 3,58-2,5B° (15)
[Ipu pacuére oTBepcTHil, 00pa30BaHHBIX 3a0paAIbHBIMU OaJIKaMU, a TaK ke JJIs
CXEMBI U3-110]] 3aTBOpa “NOJ YPOBEHL~ (puc.4) mpuHuMaercs dhopmyiia:
0=wu\2gz,, (16)

rae u— Ko3DPUIMEHT pacxoaa, @— IUIOMAIb OTBEPCTHS.

(14)

z,— Mepena ¢ y4€ToM CKOPOCTHOT'O HAropa CKOPOCTH Moaxoa ¥ :
vy
Zy=Z+— 17
0=, (17)



Tabauua 4

o
Pb 3 ===
T
7777
0 2,5
0,2 0,366 0,377 0,382 0,382
0,6 0,350 0,370 0,79 0,380
1,0 0,342
2,0 0,333
6,0 0,325
o 0,320
_h
T
0,025 1,0
0,2 0,372 0,375 — — —
0,6 0,631 0,367 0,374 — —
1,0 0,355 0,362 0,371 0,376 -
2,0 0,349 0,358 0,368 0,375 0,382
6,0 0,344 0,354 0,366 0,373 0,380
o 0,340 0,351 0,364 0,372 0,375
B
T
0,025 0,1 2
0,2 0,371 0,376 _
0,6 0,359 0,376 —
1,0 0,353 0,363 —
2,0 0,347 0,358 —
6,0 0,341 0,354 0,360
o 0,337 0,362 0,358




Tabmuma 5

b
T8 -
ctg 0
0 1 2 3
0,0 0,320 0,350 0,353 0,350
0,2 0,324 0,352 0,355 0,352
0,4 0,330 0,356 0,358 0,356
0,6 0,340 0,361 0,363 0,361
0,8 0,353 0,369 0,370 0,39
1,0 0,385 0,385 0,385 0,385
B b
— b i
" —
r/B
0 0,1 0,3 0,5
0,0 0,320 0,342 0,354 0,360
0,2 0,324 0,345 0,356 0,362
0,4 0,330 0,349 0,359 0,364
0,6 0,340 0,354 0,363 0,368
0,8 0,355 0,365 0,371 0,373
1,0 0,385 0,385 0,385 0,385
S — +:
T
B
b T
n 3 f
r/B
0 0,1 0,3 0,5
0,0 0,320 0,342 0,354 0,360
0,2 0,324 0,345 0,356 0,362
0,4 0,330 0,349 0,359 0,364
0,6 0,340 0,354 0,363 0,368
0,8 0,355 0,365 0,371 0,373
1,0 0,385 0,385 0,385 0,385
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Koadpdunment pacxona x4 mo ganaeiM H.H. TlaBmoBckoro nsmensercs B
npeaenax ot 0,6 1o 0,9. B nepBoM npuOIMKEHUN MOKHO cUuTaTh 1 =0,7.

IIpu pacu€re Takux *e OTBEPCTUM, HO JJIsl ClTydasi UCTEYEHUSI BOJIbI B “‘CyXOM
KaHal (JJ0TOK)” (pHucC. 5) UCIONB3YyETCS 3aBUCUMOCTb:

a
O 1+¢—
bo N (18)
P2gH
I7ie @ — NOMPAaBOYHbBIN KO3(PPUIIMEHT, yUUTHIBAIOIINUN BIUSHUE IOTEPh HAIIOPA,
b — 1mIMpuHAa JOTKa,
& —Koa((PULMEHT CKaThs CTPYH.
3nauenue ¢ (o A.Jl. AnpTirymto) npuBeAeHbl B TaduIle 6.
Tabmuma 6
2
Fr= V% - 0 0,01 0,025 0,06 | 0,1 uBemme
% 1,06 1,0 0,97 0,96 0,96
Benuuuna kospdunmenta cxarus crpyu (o H.E. XKykoBckomy) npu
MCTEYEHUH U3-110]1 BEPTUKAIBHOIO IJIOCKOTO 3aTBOpA J1aHa B Tadiue 7.
Ta0murte 7
0,00 0,611 0,30 0,625 0,55 0,650 0,80 0,720
0,10 0,615 0,35 0,628 0,60 0,660 0,85 0,745
0,15 0,618 0,40 0,630 0,65 0,675 0,90 0,780
0,20 0,620 0,45 0,638 0,70 0,690 0,95 0,835
0,25 0,622 0,50 0,645 0,75 0,705 1,00 1,000
== \EP—\L ; =& l/
T ___:_____ e I S o
[ _ z
H- \/ — —H J— H \/: ' Z
| ; )
N l P,
7 7z

Puc. 4. PacueTHas cxema ucTe4eHus U3-1oJ 3aTBOpa “rojl ypOBEHb
Puc. 5. PacueTHasi cxema UCTeYeHHUs U3-T10] 3aTBOpPa B CYX0M KaHal (JIOTOK)

11



2. TpyOuaTtbie coopyKeHMsI
TpyOuatbie COOPYKEHUSI MOTYT IMMPOCKTUPOBATHCS Ha MPOITYCK PACUETHOTO
pacxojna mpu OE3HAMOPHOM, MTOJIYHAITOPHOM WJIM HATIOPHOM PEKHUMAaX.

48

==/ . e s

H [ _—7l \\\ e
d I I
77 -
Puc. 6. Pacuérnas cxema TpyO4aTroro perymustopa, paboTaromero B HamopHOM
pexume.

Puc. 7. PacuérHas cxema TpyOUaToro peryiasropa, padoTaroIiero B
MOJTYHATIOPHOM PEXHUME.

BomoBeIyckn, BXOISIINE B COCTAB Y3JI0B COOPYKEHHIA, OOBIYHO
PacCUMTHIBAIOTCS HA UX paObOTy B HAIIOPHOM PEXHUME, JUISI YETO HEOOXOAMMO
3aTOIJIEHUE BXOJHOTO M BBIXOAHOTO OTBEpCTUH TpyOsl (puc. 6). [lmomans
MONIEPEYHOTO CEYEHUS TPYOBl @ ompeaensercs no popmyie:

0= po\2¢z, (19)

rae Q — pacu€THBIN pacxon,
4 — ko3 duiment pacxoaa,
g — YCKOPEHHE CUJITBI TSKECTH,
z— Iepenaj ypoBHE.
Koaduunenrt pacxona TpyOUyaThiX COOPYKEHU, pabOTAIOMINX B HATOPHOM

pEeXUME, PABEH:
1

H= 20
e, e 20)
rae &,..¢,.¢,.,. — KodhPUUMEeHTs conpoTusiaenus Ha Bxoq (&, =0,25-0,40), na
TpEeHue 1o JyIuHe U Bbixo (&, =0,80-0,85). KoadduuueHt conpoTuiienus Ha
TPEHUE MO0 JUTMHE JJIsI KPYTIIbIX TPYO IPUHUMAETCS] PABHBIM:
4 1+2y

rjae n — KO3 GUIMEHT MIEPOXOBATOCTH (1151 OETOHHBIX U KEJIE300€TOHHBIX TPYO
n=0,012-0,014), g— yCKOpEHHUE CUJIBI TSKECTH, L — JUIMHA TPYOBbI, d — TUAMETP

TpyOBl, y —OKa3aTeNb CTENEHU, TIPUHUMAEMbIi PUOIMKEHHO paBHBIM 1/6.

[TockonbKy NpUBENEHHBIE 3aBUCUMOCTH HE MO3BOJISIOT MOJTYYUTh AUAMET]
TpyOBbI B IBHOM BHU/IE, 33]1a4a peuiaeTcs No100poM WIH ¢ TOMOILBIO rpauKoB.

B nHavanbHbIN epro paboThl KaHATa BXOJAHOE OTBEPCTHE TPYOBI OyaeT
3aTOIUIEHO, a BBIXOJHOE — HET. [Ipu 3Tom B TpyOe OyAeT UMETh MECTO
MOJTYHANOPpHBIN pexuM (puc. 7). B aToM ciydae npornyckHasi CliocOOHOCTh
COOPY>KEHHUS MPpOoBEpsieTCs 0 PopMyIie:

12



0= uw\2gH,, (22)
rac HO_ HaIlop Had HCHTPOM BXOAHOI'O OTBCPCTUSA, OCTAJIILHBIC 0003HAUECHUSA —
IPEXKHHE.

B Ge3HanopHoOM pexuMe 00BIYHO PabOTAIOT JIMBHECITYCKH U TPYOBI—IIEPEE3 b,
[IpomyckHas CIIOCOGHOCTH KPYTIIBIX TPYO onpeensercs mo GopMyie:

Q= pow\2gH,, (23)
H
rae koduimeHT pacxona m= —b; x= 70; d — auameTp TpyObl, H,— Hamop Ha
a—+bx

BOJIoCTUBE, a U b— noctostHHbIE. [10 FO.I'. [TonyOosipuHOBY U1l KPYTJIOTO
BOJIOC/IMBA C IIPSAMOYTOJIbLHBIM BXOJOM pe6p0M a=0,83 u b=2,90. /I BOgocn1nBa

0e3 0okoBoro cxxatusa a=0,7 U b=1,92.

13



3. Pac4éT OBICTPOTOKOB
Jlns BBIITyCcKa BOJABI U3 MaruCTPajbHOIO KaHaa B 00OpOCILY, a UHOI' /1A, B
cirydae OOJBIIMX YKIOHOB MECTHOCTH, U B OPOCUTEIbHBIE KaHAIBI MITA TIIINAX
HOPSIIKOB MTPUMEHSIIOT TIepeTazibl U OBICTPOTOKH.
BBICTPOTOKH — 3TO KOPOTKUE KaHAJIbI, IPOBOSIINE BOJY U3 BEpXHEro Obeda B
HUKHUHN HO KECTKOMY PYCIIy O YKJIOHOM OO0JbIlle KpuTHUecKoro (puc. 8, 9).

=N

i I TS Ve
Puc. 8. Bapuaatsl cBOOOIHOM TOBEPXHOCTH HA OBICTPOTOKAX

Kpubas nodnopa (

Kpubas cnada by

Puc. 9. KpuBbie cBOOOIHON MOBEPXHOCTU HA OBICTPOTOKE IIPU CXEME
MCTEYEHUS U3-TI0J ILUTa

Pa3mepsl BOJONPONYCKHBIX OTBEPCTHI OBICTPOTOKOB PACCUUTHIBAIOTCS 110
3aBUCUMOCTH (3) Kak JUIsl HEMOATOIIEHHBIX BOJIOCIMBOB C IIMPOKUM MOPOTOM.
['unpaBnuyeckuit pacuer OBICTPOTOKOB MOCTOSSHHOM IUPUHBI CBOJIUTCS K
IOCTPOEHHUIO HEPAaBHOMEPHOTO JBMKEeHMs baxmeroBa:

;—i=772—771—(1—7)-[<0(f72)—(ﬂ(771)] (24)

ITpu pacuére ObICTPOTOKA TepeMEHHOM MKpHUHBI (puc. 10) pemaercs ogHa U3
CJIEYIOIMX 3a/1ay:

IIPU 3aJlaHHBIX (JopMax U apaMmerpax pycia CTpOUTCs KpuBasi CBOOOIHOM
HOBEPXHOCTH;

IIPU 33JaHHBIX THIPABIMYECKUX MapaMeTpax MOTOKA ONPEIEISI0TCS

TUIPABINYECKUE XapaKTEPUCTUKHU pycia (oOpaTHas 3a1a4a).

_

F,,_)i—-; Con

Kanan becmpomok U40CMOK Konan
1

Puc.10. ITnan-cxema ObICTPOTOKA ITEPEMEHHOMN IITUPUHBI
14



Haunbosnee npocTbIM sBIsETCS pacdyeT OBICTPOTOKOB C MOCTOSTHHOM ITyOMHOMN
I10 3aBUCUMOCTH, npeyoxenHon B.J1. )Kypunsim:

2
AS:(“C

94

J . bl _bz
o Th™h

Lo(m)-0(m)]

(25)

rae AS =S, —S,,,— JUIMHa pacCYUTHIBAEMOro y4acTka OpicTpoToka, C— k03P duiimeHt

[Ile3n, g— yCKOpEHUE CUIIBI TSDKECTH, Y — CMOYEHHBIN [IEPUMETD, b, b, — INAPUHA

OBICTPOTOKA B CEUCHUAX S,,S, ;

n= ky — OTHOIICHHC pacxo,uﬂoﬁ XApaKTCPUCTHKHN JAHHOT'O CCUYCHUA K

ky

0

XapaKTepPUCTHKE TIPH PABHOMEPHOM JIBHKEHUHU k = wc/R ; k, ===

Ji

¢(n7)— dyHKuMs, onpesenseMas o TabNUIaM Il OCTPOEHUs KPUBBIX IOIIOpa U

cnaja Mnpy ruApaBInYecKOM NoKasaresne pycia x =2,0. Pemenne y100HO NpoBOAUTH

B TaOJIM4YHOU opme, IpeABAPUTEIHLHO BEIYUCIINB k, U, 1ajiee, 3a/1aBasCh

3HAYECHUSIMU b,,b,

........ b,. B Tabnune 8 npuBenena dhopma s pacuera ObICTPOTOKA

nepeMeHHoM mupuHbl. [1o nepBoii u nocienHen rpadam CTpouTCs TIaH ObICTPOTOKA

(puc. 10).
TabOnuna 8
C? 232 K b'_b'+1 i s
7| | = [QCJ Ko = | 7T T o) pn) - g, | AS =SS, | S,
M 8X gX /e 0 > > M M
M
2 13| 4 5 6 7 8 9 10 11 12 13

bvicmpomoxu ¢ VCI/lJleHHOIZ uiepoxoeamocmosio.

JIJ1st yMEHBILIEHUS U CTAa0MIIM3aUU CKOPOCTH HA OBICTPOTOKAX MPUMEHSIOT
HCKYCCTBEHHYIO IIEPOXOBATOCTh. | MAPABIMYECKNN pacyeT yCUIEHHON
HIEPOXOBATOCTHU 3AKIIOYAETCS B BBIOOPE TAKOTO TUNA €€, KOTOPBI oOecrieunBall Obl

CKOpPOCTb TE€YEHHS, HE MTPEBBIIIAIONIYIO TTpeaenbHon — V, . Xoa pacuera

6I>ICTpOTOKOB C YCHHCHHOfI MEPOXOBATOCTBIO IIPUBOJUTCA B COOTBCTCTBYIOIHGI‘/'I

nutepatype [6].
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4. PacuéT nepenaaoB
Jy1st mpeooaeHust OOJBITNX PA3HOCTEH B OTMETKAX JIHSI CTApIIETO U
MJIQJIIEr0 KaHAJIOB YaCTO YCTPAUBAIOT MEPENabl, CO30AI0IIUE COCPEAOTOYEHHOE
najieHue JIHa B oJiHOM cTBope (puc. 11,12). BxogHas yactb 0JJHOCTYIEHYATOTO
nepenaaa 00bIYHO NPEACTaBIsAET COOOH BOAOCIUB C MIHPOKUM ITOPOTOM, IIOITOMY
pacueT pa3MepoB BOJIOMPOIYCKHBIX OTBEPCTUN BBITIOIHIETCS KaK s
HETMOJTOTUIEHHBIX BOJIOCIUBOB Mo opmyre (3).

CmeHka
nodeHus

BodododHbi l L |

Konodeu Lr

Puc.11. Cxema oHOCTYynIEHYATOTO TEepernajia
Puc.12. PacueTHas cxema K ONpeAeIICHUIO JJIMHbI CTYIIEHU NIepenaa

B mMHOrOCTYIIEHUaThIX HIEpenagax BXOIHAsl YaCTh PACCUUTHIBAETCS TaK K€, KaK
Y B OJHOCTYNEHYAThIX, U CIIEHIMAIIbHOMY Pacu€Ty MOJICKUT JIUIIb BEIIMUUHA
MaJICHUS Ha KAKJIOW CTYIIEHH YCTAHABIMBAETCS B 3aBUCUMOCTHU OT BEJIMYMHBI
o0111ero nepenaja.

B mecTe nagenus cTpyu Ha MepBOM CTYNEHU B TOTOK 00pa3yeTcsl CxKATOE
CEUCHHE C TIIYOMHOM £, TOCIE CXKaToi rTyOUHBI HAa TOPU30HTAIBHON CTYTICHU

obpasyercs kpuas noamnopa. (puc. 13). Ecnm nivHa ctyrieHn [ HeJIocTaTOvYHa, TO
KpHBas MOJIOpA 1a€T B KOHIIE CTYIIEHU ITyOUHY 4 < A W yJelIbHasi SHEPTHs MOTOKA B
KOHIICBOM CE€UYEHUHU HE yOeu MUHUMAIbHON. DTO MPUBOIUT K HAKOIIJICHHUIO
KUHETUYECKOU SHEPTUHU B MOTOKE U MOXKET BbI3BaTh MEPECKAKUBAHUE CTPYH YepPe3
CJIEAYIOIINE CTYINEHU Tepernajia ¢ BO3MOKHBIM pa3pylieHrueM coopyxenus. [loatomy
JUIMHY CTYNIEHH [, MHOI'OCTYIEHYaToro nepemnaja 0e3 BoJg00OMHBIX CTEHOK
MIPUHUMAIOT U TaKOM, 4TOOBI HA HEHM pa3MecTHIach KpUBasi MOANOpa O TIIyOUHBI 7,
710 TIyOWHBI /2, ¢ HEOOJIBIIIMM 3a11acoM, TO €CTh

[ =1+1,+1, (26)
rA€ /,— JanbHOCTh NOJIETA CTPYH, /,—IJIMHA KPUBOM MOAIIOPA, [,— 3amac JJIUHbI
crynenu. [To npennoxenuro B.JI. XKypuna nist G0IbITMHCTBA CIy4YaeB JaTbHOCTH

1oJieTa CTpyH MPUMEHSIOTCS popmyia
[, =p+hk 27)

2
o
rJie KpuTuueckas riamyouna h, = / sz (17151 IPSIMOYTOJIBHOT'O CEYEHMS), a JIITMHA
g

KpUBO moamnopa /, onpeaeisieTcs o ynpoueHHon popmyie:

1
ly=—(0.75h,~ ) (28)

K

I'ne i, — KpUTUYECKUH YKIIOH.
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v

Puc.13. JIByxcrynenuarsliii nepemnaj (n=2)
3anac IIUHBI CTYNIEHU TPUHUMAIOT /, = 24,

[Topsinok pacy€ra MHOTOCTYIIEHYATOrO KOJIOJE3HOT 0 nepenaaa (¢
BOJI0OOMHBIMU CTEHKaMU) CIEAYIOLUI. B kauecTBe HCXOHBIX TaHHBIX OOBIUYHO
3ajaeTcs pacu€THBIN O, popma MONEepevHOro CeYeHMs! MOABOIALIETO Kata (00BIUYHO

TpaneneuaalibHas) U ero CpeAHssi IUpUHA B, , IIMpHUHA Nepenaja b, ri1yOuHa B
CTaplleM KaHale /,, CKOPOCTb Ha BXOJ€ H,,, HAIlOp Ha BXOJ€ C Y4ETOM CKOPOCTH

MO/IX0/1a ..BEIOPAHHOE YHCIIO CTYTICHEH nepenajan , rIyOnHa Ha CTyeHsIX
(Ha3zHAYaeTCs MPOEKTUPOBIITUKOM )
d , BBICOTa CTyneHu p (cMm.puc. 13).

B nauane nonbopom omnpenensiercst riyOuHa A, B CKATOM CEUEHUU Ha JHE

KOJIOJIIA:
q
hy = 29
0\2g(p+H,~h,) (29)

e g =Q/b— yICIbHBIX PACXOM, M /CM, ¢ — KO3(DGBHUIIMEHT CKOPOCTH.
KoaddumumenT ckopoctu onpenensieTcs mo rpadukam, MpUBEICHHBIM Ha puc. 14.

1.0 1,0 1,0

' bj;:‘:_-"""hm_, N 0 Tl ! H
P P [~ P&
08 L1177 \ / 0,8 d [ JL
* P / : P 08 5 .
Y

0.6 0,6 / 0,6 7r7 /

0,4 / 0,4 / 0.4 /

0,2 0,2 0,2

® ® ®
0.6 0.8 1.0 0.6 028 1.0 0% 08 0
Puc. 14. rpaduxu nis onpenenenus kodpdunuerra ¢
3atem omnpeaenseTcs ConpsiKeHHas TITyOnHa
K = (30)

17



nu Hanop Hall HOpOFOM BOJOCJINBA HA CTyHeHI/I
2/3
Hy=| —4 (31)
my2g

rae kodduimeHt pacxoma m = 0,42 IpUHUMACTCS KaK JJIsl BOAOCIUBA C OCTPHIM
noporom. ['myOuHa BOBI HA MOPOTE MEPBOU CTYIICHU

y? 1(qY
H'=H5——=H(;——(ij (32)
2g g\h*
I'my6GuHa konoa (BbICOTa HA TIEPBOM CTYIICHHU):
d=hi-H' (33)

BenuuuHa ...cpaBHUBaETCs C IEpBOHAYAIBHON PUHATON U U3 IBYX 3HAUYCHUH
BbIOMpaeTcs Oosbiee (¢ 3amacoM). [ryOuHa BOJIbI B IEPBOM KOJIOIIIE:

t=d'+H' (34)

KoaddunmenT 3amaca B riryOnHe KOJIOIIIA:
K,=— (35)

h;

Bropas u nocienyonye CTyneHu nepenajaa pacCUuThIBAIOTCS aHATIOTMYHBIM
obpazom. PacuéT mocienHeit cTyneHu — HU30BOro BOJIOOOHHOTO KOJIOAIA
paccMOTpeH HUXKe, B pazjene “Pacuér conpspkeHus 6peon”.
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5. Conpsi:kenue 0bedoB
B mmxnem Obede m000r0 U3 coopyKeHUN BOJIOACIUTEILHOTO y37a
HEOOXO0JUMO TpelycMaTpuBaTh Ha/IEKHOE KPEIUICHHE.
B o0miem citydae ayinHa KperuieHus: onpeaesnsieTcs: Kak:

L, =1, +1,+1, (36)
rae [, —1aabHOCTh OTJIETA CTPYH, [, — JUIMHA NIPBDKKA; [ — JIWHA IOCICHIPBIKKOBOIO
y4JacTKa.

JI71st yMeHbLIeHUs 001el JUIMHBI KPEIJIEHUS CIe1yeT NpelycCMaTpUBaTh
MEpOIPUATHS, 00ECIIEUNBAIOIINE TTOTYUYEHHUE 3a COOPYKEHUEM 3aTOIIIEHHOTO
MPBIKKA: BOJIOOOWHBIE KOOI, BOJOOOHHBIE CTEHKH, 3yObsl, KOBIIH U T.II.

Vo

H+

Ho

Puc.15. CxemsI conpspkenus 0be¢oB
Puc.16. ®opmsl conpsixeHns: 0bePoB B cXeMe UCTECUSHUS U3-TIO/T IIIUTa
Cornpsxenne 0beoB MOKET OBITH Pa3CICHO Ha CJICIYIONINE OCHOBHBIC
CXEMBI: cxema BojociuBa (puc. 15) u cxema ucreueHnus uz-mnoj mura (puc. 16).
Kaxxnast 3 Ha3BaHHBIX CXEM MOXKET UMETh IPEUMYIIECTBEHHO JIOHHBIN XapaKTep
pacnpeneneHus: CKopocTen (HeOOoIbIINe CKOPOCTU Y JIHA) WIIM MOBEPXHOCTHBIN
pexuM (HauOOIBIITHE CKOPOCTH y TIOBEPXHOCTH).
Bo Bcex ciyuasix comnpsixeHue 0yeT 0ecnpbbKKOBBIM, €CIIM B HUXKHEM Obede
3a COOPYXKEHHUEM PYCIIO HMEET YKIIOH i > i . Y “OblToBass™ riuybuna 1< h . Bo Bcex

MHBIX CJIy4asX Ipu ObITOBOM riuyoOune ¢ >, ObOpasyercsa npbpkok. Ha puc. 15

M300paKeHbl TPU BO3MOXKHBIE (POPMBI CONPSKEHUS MPU CXEME BOJOCIINBA: MPBIKOK
otorHana (1), IpbIXKOK B KPUTUYECKOM MOJI0KEHUU (2) U MPBIXKOK HAABUHYT (3).
Omnpenenenne GopmMbl CONPSHKEHMS PU YCIOBUH, YTO YAENIBbHBIN pacxon ...,
Kod((PHUIIMEHT pacxo/ia ¢ M BbICOTA MOPOTa m 3aJlaHbl, MPOU3BOIUTCS CIIEAYIOIIUM
obpazom.
B nauane onpezensercs riyOrHa “cxaToro ceueHus’, TO eCTh riyOnHa
MOTOKa /4, B HUKHEM Obede B CEUCHUU n—n, IPUUYEM h, OMPEICNIACTCS U3

ypaBHEHHS
q=oh\2g(p+H,~h) (37)
KoTopoe npuBoanTCS K KyOMYECKOMY YPaBHEHHIO:
2
q
(p"'Ho)hcz_hc}:(Dzzg (38)

rae ¢— Ko3(pQGUIHUEHT CKOPOCTH, OIpeiesieMblil o Tabnuiie 9.
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Tabmura 9

YcnoBus HCTEUEHUS Koadpurment
HcreueHne yepes3 BOAOCINB C MUPOKUM TOPOrOM 0,95-0,85
VcTedenre u3-noJi myTa Wik U3 JTOHHBIX OTBEPCTUN 1,00-0,97
ITepernaipl 6€3 NUTOB B TOJIOBHOM YacTH 1,00
Ilepenaapl Co MMTAMH B TOJIOBHOM YacTH 1,00-0,97

VYpaBHenue (38) pemaeTcs WM METOAOM IMOA00Pa WK rpado-aHaTUTHIECKUM
ITOCTPOECHUEM KPHUBOM:

2 13
y=(p+H)h-h, (39)
2
" gaJjiee 1mo I/I3B€CTHOMy 3HAQ4YCHHUIO Yy = 2q2 OHpe,Z[eJIHeTCH HNCKOMasji BCINMYHHA B

CKATOM CEUYECHUH.
[Tocne BerUMCHSIETCS TaK Ha3bIBaeMas ‘‘pasnienbHas TIyOnuHa”, paBHasl T1yOuHE
k¢, TO €CTh COIPSIKEHHAs C TIyOMHON A, B CKaTOM CE€YeHHUH. [[J1s1 mpsIMOYyTOJIbHOTO

pyciia pa3zenbHas riyOouHa onpenensercs no popmyie:

h h,

xc

ITIOCJIC 4YCI'o 110 YCJIOBHUIO

>
hpa30 zt (41)

pernraeTcst Bompoc o (hopme CONpsHKEHUsI, @ UMEHHO: €CIIA OKaXEeTCs, 4To h . >t, TO

pazo

6y,ZICT HMCTb MCCTO IICPBAsiA Q)opMa — IPBDKOK OTOrHaHA, €CJIH / =1t ,TO IIPBIXKOK B

pazo

KPUTUYECKOM MOJIOKEHUH, €CIH h,,, <1, TO OYJIET UMETh MECTO TPEThs popma —

MPBIKOK 3aTOIJIEH.

B cxeme ucreuenus uz-noa murta (cMm. puc.16) Takxke BO3MOKHBI TPU (HOPMBbI
COMPSKEHUS, TOJA00HBIE YKa3aHHBIM BBIILIE B CXEME BOAOCIUBA.
Kakas u3 3tux ¢popM KOHKPETHO UMEET MECTO, OIIPEIEISIETCS Ha OCHOBAaHUU TOTO JI€
kputepus (41) ¢ ucnonszoBanuem 3asucumoct (40). OnpeneneHue riryouH 4, B
C)KaTOM CEYEHHUH B IaHHOM CITy4yae MPOU3BOAUTCA MO PopMmyIie:

h,=é&a (42)

rae € —Kod((PUIMEHT CKAaTUs; «— BBICOTA OTKPBITUS OTBEPCTUS. 3HAUCHUS

ko3 dunrerTa cxxaTuss ¢ MOKHO onpeaenuTh no nanHsiM H.E. XKykoBckoro u3
Tabmuisr 10.

Tabmuma
10
a/H 0,10 0,20 0,30 0,40 0,50 0,60
E 0,615 0,620 0,625 0,630 0,645 0,660

Ecinu npu npoBeieHNN yKa3aHHBIX PacueTOB BBISCHUIIOCH, UTO B HIDKHEM
Obede UMeeT MECTO 3aTOILICHHBIN IPBDKOK, TO B 3TOM CIIy4ae MOXHO Ha3HAYHT
JUTMHY KPEIUICHUS B COOTBETCTBUH ¢ (popMyioii (36).
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ITo M.JI. YepTOycoBYy [uIsi BOOOCIIHBA C IIMPOKUM ITOPOTrOM JAIBHOCTh OTJIETA
CTPYH OIPEIENIeTCs KaK:
[, =1,64H,(p+0,24H,) (43)
rae H,— Ha IIop Ha MOpore BOJOCIUBA C YYETOM CKOPOCTH MOAX0/A;
p— BBICOTA CTYNEHU MaJICHHUS.

JIlnHa MpBDKKA MOKET OBITH OIpeIeNICHHAs JIUIIb BEChbMa MPUOIUKEHHO.
J1J1s mpakTUYeCcKUX pacy€ToB MOTYT OBITh pEKOMEHI0BaHbI 3aBucumoct J1. 1.

Kymuna:
l,=6(h,+h) (44)
rae h,— rIyOMHa BOJBI B HUKHEM Obede; s — TITyOrHa B CKaTOM CEUCHUH;

nnu M. /1. Ueproycona:

0,87
1, =10,3h (JFr, —=1)*¥ =10,3h, H l;l“p ]-1} (45)

c

rae Fr—uucio @Opyaa B C:KATOM CEUCHUMU.
3aBUCUMOCTH (45) JIeTKO pemraercs ¢ moMollbio rpaduka /, /h, = f (1), T1e

A =/Fr, IpUBEICHHOrO Ha puc.17.

80|.n/hc

60

L0 ~

/
20 P

7

' 6 10 A=
Puc.17. I'paduxk [, /h = f (1)
Ha myine [ mocnenpbhKKOBOTO y4acTKa MPOUCXOIUT 3aTyXaHUE MyJIbCaIUil 10

BEJINYMH, CBOMCTBEHHBIX PABHOMEPHOMY JABUYKEHHIO, & TaK K€ BHIPABHUBAHHE
AIIOPHI OCPETHEHHBIX CKOPOCTEHN 0 TOM POPMBI, KOTOpasi TAK)KE OTBEYAET
PAaBHOMEPHOMY JIBHXKEHUIO.
JInst mpakTUYECKUX PacueTOB MOXHO MPUHUMATh
1, ~(10+15)h, (46)
rae h, — riiyOuHa B pycJie 3a NOCIENPhIKKOBBIM YYaCTKOM.



6. Pac4yéT BO1000IHOI0 KOJIOAIA
I[J'IH YCTpaHeHI/I}I OTIroHa HpI:oI)KKa n 1J1 €10 3aTOIIJICHUS YCTpaI/IBaIOT
BOZI000IHBIE KOJIOMAIIBI WJIH BOJIOOOWHBIE CTEHKH, YBEIMUMBAIOIIHE TTyOUHy 32
coopyxkeHueM (puc. 18).

a)

0)

a \/

Puc.18. pacuerHbie cxeMbl BOJIOOOMHOTO KOJI0/11a () U BOJI000MHOM cTeHKH (0)
Pacuét B0m0OOMHOTO KOJIO/AIIA ONIPEACIISAETCS U3 YCIOBUS MOIYYCHUS B

HIDKHEM Obede 3a cCoopyKeHUEM ITyOUHBI ¢, paBHOW MJIM OOJIBIIION pa3/iebHON

D1yOuHbI, h,,., (CONPSDKEHHE C IIyOUHON CKATOrO CEYEHHs /i, y JIHA KOJIOJLA), TO

ecTb 10 hopmyJie:
t'=d+t+AZ>2h;=h,, (47)

JIJ'IH KOJIOZ11A C IIPSAMOYTOJIBHBIM IIONIEPEYHBIM CCUCHUEM /. ONPEHACIIACTCA

paso
o ¢opmyuie (40).

[lepenan AZ, oOpa3yroIIUiics MPU BEIXOAE MOTOKA U3 BOJIOOOMHOTO KOJIOAIA B
pycIio HIKHETo Obeda, paBeH

2 2
2z (48)
p°2g 2g

rae ¢=0,80-0,95 — K03QPUIUEHT CKOPOCTHU, V, .— CPEAHSS CKOPOCTh B HUYKHEM
Obede, COOTBETCTBYIOMIAsE OBITOBOI IITyOHHE, ¥, — CpPEAHSIsI CKOPOCTh B BOAOOOMHOM
KOJIOJIIIC.
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[TpousBoast pacuér ¢ “3amacomM”, Ha MPAKTUKE OOBIYHO MPEHEOPEraroT BETMYUHOM
AZ , TO €CTh YBEINYMBAIOT MUHUMAJIBLHO HEOOX0IUMYI0 TIyouny ¢, Ha 5-10%.
['my6uny Bog0O0OHHOT0 KOJIOAA HAXOAT IO YCIOBHIO:

h hoY
d=(1,05+1L)=| fleg| | -1 (49)

VYpaBuenue (49) pemiaercss METOAOM MOCIIEI0BATEIBHOTO MTPUOIMKeHus. JlJis
IPOU3BOJILHOIO BEIOPAHHBIX 3HAUYEHUH d, d,, ....... BBIYHCIIIIOTCS] COOTBETCTBYIOIINE
3HAYCHUS IIIyOMHBI CKATOTO CEYEHUS /i, . ....... Y psAJ 3HAYCHUH d/d), ....... o

bopmyre (49).Beruncienue npoaoKaroT 0 COBNAieHUs d, =d, . Pacuérsl

IIPOM3BOJIUTH B TAOJMIHOU PopMe.
JnmuH BogoOoMHOTO KOJIoa L onpeaensercs [6] kak

L =1, +pl (50)
rae /, — AaJbHOCTh OTJIeTa CTPYH; /, — IJuHA IpblkKa, f=0,7+0,8. 3HaueHus [, U
[, OTIpEAENAIOTCS, COOTBETCTBEHHO, 110 popmynam (43) u (45).
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7. Bopo0oiHBIN KOJIOEl, PACIIUPSIOIIMHICS B IUIAHE
lNacurens npumeHsieTCs 7151 OJHO— U IBYXOUKOBBIX TPyOUaThIX
THJIPOTEXHUUYECKUX COOPY>KEHUU TP HAITOPHOM U OE3HANIOPHOM pEXHUME B TpyOax,
a TaKXe JJIST OTKPBITUS COOPYKEHUI C HEOOIBIION MMPUHON BOAOCIUBHOTO (DpOHTA.
Hacrosimas metonuka pacuéra pekoMeHnayercs npu uyuciax @pyna noToka 3a
TpyOO#ll Fr <7, CTENIEHH PACUIMPEHHMsI IOTOKA B IIJIAHE B IIPE/eNax racutens Fr<6u
yriie pacmupenus o =10+30°. PacuérHas cxema npuBeneHa Ha puc. 19.

Puc. 19. pacuerHas cxema K ruJpaBIn4eCcKOMY pacueTy BoA0OOHHOr0 KOJIOIIIA,
PACIIMPAIOLIETOCS B IIJIAHE.
Ilopsamok pacuéra

1. Omnpenensiercst unciio Opyna Ha BBIXOAE U3 TPYOBI:

2
Frb=—2 51
ah (1)
2. Onpenensgercs CTENEHb PACIIMPEHUS TOTOKA B TIJIAHE:
B
B, = b (52)

rie b,— MUPHUHA MMOTOKA HA BBIXOJIE U3 TPYOBI, B— NIUPHHA OTBOSIIETO KaHaja o
ype3y BOJbI IPU ABYXOYKOBOH TpyOe

b, =2b,, +6., (53)
8, — TOJIIIMHA MPOMEXYTOYHONU CTEHKH MEX]Ly TPyOamH.

3. Bemnuuna mnepemama MexAy IJHOM TpyObl M JTHOM OTBOJSAIIETO KaHama
MPUHUMAETCS TaKOW, YTOOBI TIOTOK, KOTOPBIM pAacTeKaeTCs B BOPOHKE Iepen
nepemnajoM, He TMOATAIUIMBAICS CO CTOPOHBI HWXHero Owneda. B ciyuae
HEJIOCTAaTOYHOW BEJMYMHBI Tiepemnana OyAeT MPOUCXOIUTh MOATOIICHUE MOTOKa
nepes nepenajgoM, 4To NPUBEAET K OTPBIBY MOTOKA OT CTEHOK, 00pa30BaHUIO OKOJIO
HUX BOJOBOPOTOB M BO3HUKHOBEHHUIO cOOlHOro teuenus. Konogen B 3Tom ciiyyae
pabotaeT 110x0. BeicoTa ycTymna nepenaaa 101KHA ObITh HE MEHBIIIE
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P=(0,6+0,7)h, (54)

4.Ha3zaHauaeTcs JIMHA paCIIMPSAIOIIEHCS YaCTH MOPOro-nepenaa. :
L, =2a (55)
r7Ic a— BBICOTA TPYOBI.
5. Omnpenensiercs yroa € no rpaduxy 6= f(Fr) (puc. 20), rae 6 — yron

OTKJIOHEHHUS KpalHEW CTPyH IMOTOKA OT IEPBOHAYAIIBHOI'O HAMPABIIEHUS MIPU BBIXOE
U3 TpyOBbI.

Fr

N
l AN

~

. \"E-—
C 0 20 3C L0 50 6
Puc.20. I'padux 0= f(Fr)
6. Yroa pacmpeHus BOPOHKHU S NOJKEH yAOBJIETBOPSTH 3aBUCUMOCTH:
300 >5<0-10 (56)
Bennunna § Ha3Ha4aeTcsl O KOHCTPYKTUBHBIM COOOPaXKEHUSIM, C YUETOM
HEOOXOMMOM CTEIIEHHN PACIIMPEHHS TTOTOKA.

=D

7. ompenaensieTcsi cpeaHsis riayOorHa BOAbl B CEUCHUU HA MTOBOPOTE mepenana — ...C
MOMOIIBI0. YpaBHeHUs bepHyu:
h +V—”2 =h +——=h + Q—2
“2g 7 2g 7 2gh’b; (57)
rae
b, =b,+21,1g5 (58)

h,— HaXOJUTCsA MOA00POM U3 ypaBHEHHUS (57).
8. OmpenensieTcs 1adbHOCTh MAJACHUS CTPYH:

(39)

(60)
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rae 7,— yJeJibHasl SJHEPTHs CEYEHUS B KOHIIE MEPENaia OTHOCUTEIBHO JTHA KOJIOALIA,

@ — KOOPPUIIMEHT CKOPOCTH Ha BOJOCIUBE — B JAHHOM CITy4ae MO>KHO TIPUHATH
paBHbIM 0,90+0,95.
9. I'myOuHa MOTOKA B CXKATOM CEUEHUU 3a MEPEIajoM ONPeAesIeTCs 1Mo
dbopmyiie:
Q2
N S ©h

rae ¢, — K03 OUIIMEHT CKOPOCTH B CKATOM CE€USHUH, ¢, =0,9, a MIMPUHA TOTOKA B
C)KaTOM CEYEHUH 3a MepenajoM OnpeesseTcs o GopMyIie:

b =b+(L,+L,)2tgo (62)

-

Ce /
--""——'

0.0

- 005

.-ﬂ""f

.——*“"‘f

0025 | ] 0025
/

/ . . 0315

i 3 A 3 B / gt 10K

Puc.21. I'padux &= f(K)
[Ipu pemenun ypaBaenus (61) MoxHO mosib30BaThes rpadukoM Ha puc. 21

h
rae & =—=
e <. T
__ O
28001y (63)
10. Onpenenstes uncino Ppyia B CKATOM CEUEHUU
v: 0
Fr=—-=—— 4
o e 9
11. OnpenensieTcss OTHOIIECHUE:
p= 65
" (65)
12. Tlo ognomy u3 rpadukoB Ha puc. 22—24 onpeensieTcsl BEIUUUHA:
— h2
n=3 (66)
Bennunna 7 onpenensercs B 3aBUCUMOCTH OT Fr U [ TIPH 3aJaHHOM “5 7.
13. Tlo BenuuwmHe “7n”° ompeaensieTcsi BTopas B3auMHasi TJIyOHHa MPHU MPBDKKE:
hz = nhc (67)
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14. Xapaxkrtep conpsikeHust ObedoB 3a epenagoM ONpeeseTcsl COOTHOIIEHUEM
BEJIMYUH A, U h,. Ecnmuh, > h,,, TO IPBIKOK OTOTHAH U HEOOXOAUM BOJOOOMHBIIH

HO

KOJIOJIELI.
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15. TI'myOuna pactmmpsronierocs B IIaHe BOJOOOWHOTO KOOI OMIPEICIISETCS 10
dbopmyiie:
d.=nh,—ho (68)
rae n=0,05+1,1 — ko3¢ dhunueHT 3amnaca.
16. Jlyis oOecnieueHNs paBHOMEPHOT'O BBIXO/Ia TIOTOKA ITyOHMHA BOAOOOMHOTO
KOJIOZA JIOJKHA ObITh HE MEHEE: d, > 0,6k, , TI€ h,— KPUTHYECKAs TTyOHHA IIOTOKA B

KOHIIE KOJIOALIA:
2
h =3 Q— (69)
KK 2
gb;
B ciyyae, eciid, > d, , ycTpauBaeTcss KOMOMHUPOBAHHBIN KOJIOZIEL, 00Opa3OBaHHBIN
YaCTHYHO 3arTyOJICHHEM €ro JHHINA, Ha TIyOUHY d, 1 YaCTHYHO BOJOOOMHON

CTEHKOW BBICOTOM:
C=d,—d, (70)
17. Ecnm nns 3aToIieHUs IPbDKKA 3a MEepenagoM BOJ0OOMHOr0 KOJOALA He
notpedyercs (npu h, <h,; ), TO JUisl BBIpABHUBAHUSL CKOPOCTEW MOTOKA MO IIUPUHE

HEOOXO0JIUMO YCTPOMCTBO BOJOOOMHON CTEHKU BBICOTOM
C=0,6h, (71)
re h, — KpUTUYECKas ITyOMHA B MECTE YCTAHOBKHU BOJOOONHOM CTEHKH.

18.JlnvHa pacmupsonierocs B miaHe BOA0OOHHOT0 KOJIOIA OMPEAeIISIeTCs 110
AMIIUPUYECKON popmyTie:
[ =1 +(2+3)h, (72)
Tae h,, = h, —h,— BBICOTA TIPOCTPAHCTBEHHOTO TPHIKKA.

Koaddunment “2” pekomeHayeTcs pu pacyére BoJ0OOWHBIX KOJIOIICB,
Kod(durreHt “3” — BoJoOOWHBIX CTEHOK; B CiIydyae KOMOMHUPOBAHHOTO KOJIOIIA
BBOJIUTCS KOdhpuiment — 2,5.
19. Pacuér kperuieHus 3a pacuIdpsrOIIMMCS B TUTAaHE BOAOOOHHBIM KOJIOAIIEM;
a) Ha3HayvaeTcs oOIas JIJTMHA KPETUICHUS 32 PACIIUPSIONIUMCS B TUTaHE BOAO0OOHHBIM
KOJIOALEM IIpU <46
Ly =@+12) (73)

0) onpenenseTcss MaKCUMalIbHas IPUIOHHASL CKOPOCTh MO0 MPUOIMKEHHOUN GopMmyIie:
y o _216, 216
makc.g 11/6 o (l/h )1/6 cp (74)

['ne v,,— cpeansist CKOPOCTh B OTBOJAIIEM PYCIIE, /— PACCTOSHUE OT KOHIA TaCHTEIst
paccMaTpuBaEMoOro CeYeHHUs, /1, — TITyOMHA BOJbI B OTBOJISIIEM PYCIIE,

COOTBETCTBYIOIIIAs] HEPA3MbIBAIOILIEH CKOPOCTH MPHU MPOMYCKE PACUETHOIO PacXo/a.
[Tpu momydarommxcst 0OBIYHO 32 PACHTUPSIONTAMCS KOJIOAIEM MaKCUMaTbHBIX
JOHHBIX CKOPOCTSX (V, . ) MOXKET MOTPEOOBATHCS TOIBKO KPEIJICHUU KaMHEM;

makc.g
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B) pa3Mep KaMHS BEPXHETO CJI0S KPETUICHUS Ha3HAYaeTCs B 3aBUCHMOCTH OT
v . (tadn.11).

Makc.g

Taomuna 11
IIpuoHHAas CKOPOCTH 1 2 3 4 5
JlnaMeTp KamHs, CM 3 10-12 25-30 40-50 65-75
Macca kaMHsl, KT 0,04 1,4-2,5 22-37 78-138 380-585
') Ha MOJIOBUHY JITMHBI KPEIJICHUS [ OCYLIECTBIISIETCS MEPEXO/I K IPYTroi TOIIINHE
KaMHs.
20. I'myOrHa BOpOHKH pa3MbIBa B KOHIIE KPETUICHUS ONpeaeIisieTcs: o hopmylie:
V,uaxc hH6 (1 + /u)
h, = 0,84\/ g (75)
n=1
raeV, ,— NOIyCTUMasi Hepa3MbIBAIOIIasi CKOPOCTh I TPYHTA, CJIAraloIIero Pyciio

1pu riayouHe h=1u
[
A=—0o
hH6
[— paccTOosIHUE OT racUTeNs 10 PACCMaTPUBAEMOr0 CEUECHHS.
B 3aBucumocTu ot 4 u S no rpaduky (puc. 25) onpenensercs BeInInHa

4 ,KoTopas nojcrasisieTcs: B popmymy (75).

15[u

10\

L

05

\

0 5 10 5
Puc. 25. I'paduk py=H . /V., = f(A); 1-10pu =2 ,2—1pu f=5
21. B koHI1e kperieHus Ha3HadaeTcs 3y0. O0bemM kaMHA B 3y0e TOJIKEH ObITh

JOCTaTOYHBIM, YTOOBI IIOKPHITH BEPXOBOK OTKOC BOPOHKHU Pa3MbIBa, 3aJI0KCHHE
KOTOPOIr0 NPUHUMACTCS m =3 .
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