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lMocoGue papaboravo B passurHe CHull 2.05.03-84 npumenutesnvno k
rHpaBJAHYeCKHM pacueTaM MAaJBX BOJONPONMYCKHBIX COOPYXKEeHHI.

Ilo cpaBHeHHI ¢ PyKOBOACTBOM MO THAPABIHYECKHM pacueTaM MaJblX He-
KYCCTBEHHBIX COOPYXKeHu#H, Bouuefuium B 1974 r., B HacTosileM JOKyMeHTe cy-
uecTBeHHO MepepafoTaH PAA TVaB, MOCBAIIEHHBIX THAPABJIHYECKHM pacueTam
OCHOBHBIX THHOB MaJbiX HCKYCCTBEHHBIX COOPYMKeHHH: BOLONPONYCKHBIX TPYO,
MaJBIX MOCTOB, HX HHXHHX ObeOB, CONMPSATAIOUIHMX COOPYKEHHII.

PaspaGoratubie B [TocoBun MeTOAB NO3BOJAIT BLYHCAHTE JA€TalbHbie THJ-
paBJIHYECKHE XapAKTEPHCTHKH B JIOGOH TOUYKe BOAONPOMYCKHOIrO TPAKTa COOpPY-
XKeHHH, yCTaHOBHTb JedOpMallHi B HX HHXHHX Gbedax H Ha OCHOBE 3TOTO ornpe-
JEJHTh PalHOHAJNLHBIE Pa3Mepbl COOPYMKEHHH H HX 3JIEMEHTOB.

B IToco6uH npHBeleHbl KaK YNpPOUIEHHbiE 3aBHCHMOCTH, HOMOTPaMMbl H
rpaduKH, YCKOPSIIOUIHE pacyeThl, TAK H JeTajbHble aNrOPHTMbI, HA OCHOBE KO-
TOPLIX pa3paGoTaHbi MPOrpaMMbl, NO3BOJIAIONIHE BECTH FHAPABJHYECKHe pacue-
Thl MaJIbIX BOJONPONYCKHBIX COOPYKEHHIl ¢ yYeTroM BCero MHOroo0pasus peasib-
HbIX YCJOBHH HX PaGoOThL.

YyuTbiBasi HCK/IOUHTENbHYIO BaXKHOCTh 3aUIMTHl OKpYyKalowied cpejsi, B
[Toco6uu H3AATAIOTCS IKOJIOTHUYECKHE AacmeKThi THAPAB/HKH Ma/IbiX BOLOMPO-
[IYCKHBIX COOPYHEHHH.

[Mocobue paccMorpeHo H 0J06peHO HAayYHO-TEXHHYECKHMH coBeTaMu Mun-
tpaucerpost © MIIC 1 pekomenfoBano [1aBHEIM ynpaB/ieHHeM NPOEKTHPOBAHUA H
KalHTa/bHOTO CTPOHMTENBCTBA MHHTPAHCCTPOA AS MCNONL3OBAHHA NPH Bbl-
NOJHeHHH THAPABAHYECKHX PACUYETOB B TIPOLIECCE MPOEKTHPOBAHHA MaJbiX BOJO-
MPONYCKHBIX COOPYMKEHHH Ha Me/e3HbIX H aBTOMOGHJbLHBIX JIOPOTaX CTPaHBL.

B cocrasjenuu Iloco6us NpHHANH yyacTHe COTPYAHHKH jaGopaTopHH rui-
paBaukH, ruapoJorny u Jenossix Bosfeficteuit HHHHUCa, yueGHbix u npoekt-
Hbix uuctHTyToB: . | — I, §1. Boauenkos (UHHHC); ra. 2 — B. B. Beauxos,
B. C. Mypowmos, [1. I'. Tlerpos (HHHHC), K. B. Marseee (MHHT); rn. 3 —
I. f1. Boauenkos u B. ®. 3anecckuin (HHHHUC), B. ®. Ilepesosunkos (Coros-
gopnpoekt); ra. 4. — H. M. Koncranruwos (MAIH), J1. M. Bricouknir (Ca-
paToOBCKHi noJuTeXHHuYeckH# HHctutyT), B. B. Beaukos, B. C. Mypomos
(UIHHUHC), M. JI. lWlartanos (MUCH); ra. 5 — I'. 9. Boauenkos, B. B. Beau-
kos, A. H. Munurees (UHHUHC), I'. C. INuuyros (Funpogopnun), B. M. Aary-
wui (MAW); ra. 6 — I'. C. ITuuyroB (Cunpopopuun), B. A. Boabwaxkos
(KAOH), B. . Ueinun (UHHUUC); ra. 7 — I'. 5. Boauenkos, B. B. Beaukoe,
B. . Hpnuw (UHUKHC), H. M. Koucrantuvoe (MAJIH), H. M. Bykpaba,
H. 1. Henucenko (KAOH), ra. 8 — H. M. Koncrantunoe, H. A. Tlerpos,
B. A. llupuenko (MAAH), 6. ®. [lepesoznukor (Cowozpopnpoexrt); ra. 9 —
B. A. Anekcanapos (MAIIH); ra. 10 —T. §I. Boauenkos, JI. I'. Berawm,
B. UI. pinun (UWHHUHC); ra. 11 — H. A. [lerpos, H. M. Marosa (MAIH);
ra. 12 — H. M. Koucrautuuos, H. A. Tlerpos (MAJIH).
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YCJIOBHBIE OBO3HAYEHHS

b — oTBepCTHE BOAONPO-
MyCKHOTO  COOpYXe-
HHMsl; IIHPHHA  BO-
JIOCJIHBA, M;
by — CpPelHsis WHPHHA 1O~
. TOKA B CEYEHHH C KpH-
THueCcKo#i  TJyGHHOM,

M;
bpy — WHPHHA CeYEHHs 10
AHY, M,

B — WIHpHHA NOTOKa NO-
* BepXy B HeCTeCHEHHOM
COCTOSIHHH, M;
By — TO Xe NPH KPHTHUE-
cKoii ray6HHe, M;
Bpasa ¥ Bpacr — COOTBETCTBEHHO LIH-
pHHA pasiHBa H pac-
TeKaHHS, M;
C — xoat}xbuuuem [llesn,
m0:5/c;
Cp — cuensiensne cBA3-
nbix rpyntoB, MIla;
D — puameTp KpyrJaofi Tpy-
651 B CBeTy, M;
d, dy — COOTBETCTBEHHO JHa-
MeTp YacTHIL TPYHTa
H KaMeHHQii Habpoc-
. KH, " MM;
F — nnowmaab  BopocGopa,
KM?;
av? @
Fr = o YHCJIO pyaa

(napameTp  KHHETHY-

HOCTH);

g — YCKOpeHHe CHJBl Td-
KecTH, paBHoe
9,8 m/c?;

H — nopneptass ~ ray6HHa
OTHOCHTEJIbHO ~ HHXK-
Heil TOYKH BXOJHOro
ceueHHsi TPYObl HJIH
MOCTa, M;

H, — Hamop mepex CoOpy-

JKEHHEM C YYeTOM CKO- ~

pPOCTH noaxona mnoto-

Ka, M;
Hyac — BBICOTA HACBINH, M;
h, hg6, he, — TAYyGHHBL  BOIbI COOT-
hg n hy BEeTCTBEHHO B IPOH3-
BOJILHOM CEUeHHH,

HHXKHeM Obede, B CXka-

TOM CEYEHHH, KpHTHYE-

i CKasi H HOpMaJbHas, M;
hgx,» hpmx — COOTBETCTBEHHO TJy-

U Ngpix (or) 6MHBl BOJABLI Ha BXOle,
BHIXOJle H3 TPYOhi H HA

BbIXOJE H3 OroJIoBKa

Tpy6bl HJIH KOHYCOB

MOCTa, M;
Ah, Ahgp, — TAYOHHB PasMbiBa CO-
Ahmax OTBETCTBEHHO B MpO-
U Ahpax(n) H3BOJIbHOM TOUKE, Mpe-

JesbHasi, MaKCHMalb-
Hasi 3a JaHHBIH NepH-
Of BpPEMEeHH lpH OT-
CYTCTBHH  KaMeHHOW
HaGpOCKH, TO Xe NpH
ee HaJHYHH, M;
hy, hy — TOTEpH Hamopa cooT-
H hny BETCTBEHHO  TOJHbIE,
MECTHble H 10 MJIHHe
COOPYIKeHHs, M; '
hgy — BBHICOTA TPYOBI, M;
i, if, by, iy — YKJIOHBI COOTBETCTBEH-
HO  THAPaBJHYECKHH
(MM YKJIOH 1HA), Tpe-
HHMSI, COOPYXEHHS H
Jora;
I, I¢ — COOTBETCTBEHHO VK-
JIOHBL JIOTA H CKJIOHOB
GacceiiHa,
I. I{ —To ke wHa yuacTke

c
nepej COOPYIKEHHEM;
K u K, — COOTBETCTBEHHO pac-
XOAHAS  XapakKTepH-
CTHKa pycJa B ofliem
ciyyae M TpH HOp-
MaJibHOH ray6uHe,
md/c;
K — Ko3pPHUHEHT ¢op-
Mbl BOPOHKH Pa3MbIBa;
Kg — Ko3pOHUHEHT — DHIb-
Tpauun, M/c;
L — nonHas AJIHHA COOpYy-
JKeHusi BJOJb MOTO-
Ka; MJHHa YyKpenJje-
HHS, M;
! — vacTHas AJIHHA BAOJb
NOTOKa;  PaccTosTHHe
MeXAy CeYeHHAMH, M;
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m — Ko3(pHUHEHT pacxo-
Aa npH Ge3HanopHoOM
pexume;

Mgy — Kodpuiuunent  3ano-
JKEHHSI OTKOC4;

n — 4yHeao;  Ko3(pHIHEHT
ePOoXOBATOCTH;

P — xospdHUHEHT PpasMbi-
Ba;

p — nasaenne, MIla;

Pm — 3MNMPHYECKAR Bepo-
SITHOCTD;

per — BbicOTa  BoA0GoiiHO
CTEHKH HJH CTeHKH
najeHHs, M;

pi; — NPOLEHTHOE CORepkKa-
HHE B TPYHTe 4acTHIU
JNaHHOH paKuiH;

Q — pacxoa, wmd/c;

Qup — npeaenbHblli  pacxon,
JAonycKaemblil a5 AaH-
HOTO YKpenJeHHS H3
KaMeHHOlI HaOpOCKH,

m3/c;
Qr — 3TANOHHBII pacxon,

‘ m3/c;
Qp ¥ Qmax — COOTBETCTBEHHO pac-
YeTHBIH ‘M HaH6OMb-
IWHH pacxold MPHTO-

ka, m%/c;
Qooop(p) — Te Ke Pacxoful B co-
U Qeooplmax) OPYIKEHHH € YUeToM

akKymyaauun, m¥/c;
g — yAelabHBI pacxon,

- wm¥fc;

R — runpaBauyeckuii  pa-
RHYC, M;

r — pagmyc, M; Ko3(pgu-
LLHEeHT;

S — nanbHOCTh  MajeHHA
cTpyii B racure’e
LUHHUHC, m; noxasa-
TeNib CTeneHH;

Sy — ray6ura BopoGoiHOro
KoJlojua, M;

J { — TIPOACTKHTEIBHOCTD

naBoAKa, C;

ty — BpeMs BOAOOTAAYH;

fp — 3TaJOHHOE BpeMA pas-
MEIBA, C;

U — CpefHss CKOPOCTb No-
TOKa B CEUEHHH; cpel-
HHE CKOPOCTH Ha Bep-
THKaaH (B TOUKe), M/C;

Up, Uyon — COOTBETCTBEHHO He-

pasmblBalOUIHe CKOpO-
CTH JANA TPYHTOB H
JlonycKaeMbie  CKOpoO-
CTH I/ YKPenJeHHi,
mlc; B

4 — ocpejilHeHHas BO Bpe-
MEHHY CKOpOCTb B TOY-
ke, M/c;

« W — ob6neM; - o6beM CToKa

3a BpeMs naBojika, M3,

. Wy — yaeabHslii o6beM Kam®
HA B HabGpocke, M3/wm:
X, Y, 2 — NpojoabHAsn, none-
peuHan o BLICOTHAA KO"
OpAHHATH;
AZ — pa3HocTb -OTMETOK, M;
MoAamnop;

3 — yheJbHas IHepPrHs ce-
UeHHHA, M;

1, — napamerp pacxona;

o — Ko3(ppHUHEHT  KHHe-
THYECKOH 3HEPTHH
(Kopunoanca); s
MOCTOR H TpYyG6
npuHar o = |,l;

p — yroa pacTpyGHOCTH
orofiopka (yrosa mex-
Ay 0Cbi0 TPYGbl H CTEH-
KOH oroJioska);

¥ — VAeNbHbIE Bec BOABI,

A — npupauienue, noas
BeJTHYHHBI; BBICOTA
3JIEMEHTOB  BbICOKOWH
1IePOXOBATOCTH, M;

8 — To/lHHA CTeHKH, M;

& — 'Ko3abduuuent cxKa-
THSA B CEYEHHAX: &, —
B CHKATOM, Eoup — B

onpejiesifionem;
0 — OTHOCHTeJIbHOE  MOA-
TOMJIeHHE;
£ — KosbduuHeHt THA-
PaBJIHYeCKHX  cCompo-
THBJICHHH;
{yx — TO XKe HA BXoJle B CO-
OpyKeHHe;
{an — TO Ke no LIHHE COOpY-
KeHHS;
1] — OTHOCHTe/IbHBIA  pas-
MBIB;

A — KosbduuHenT THA-
PAaB/IHYECKOTO TPEHHSN
(Oapcu);

# — KO3(PHUHEHT pacxo-
aa pas Tpyo;

U — TO XKe MNPH NoJdyHa-

TNOPHOM PEeKHME;
Wy — TO ¥Ke MPH HAMOPHOM

peHme; |

@ — KO3pHIHEHT CKO-
pOCTH;

% — CMOYEHHBIH HepHMerp,
M;

\ —-yroJ najpeHus CTpyi;
Ko3hPUIHEHT,  Yuu-
THIBAIOULH I THIT KOHUE-
BOIl YACTH yKpenJeHks
NpH pa3sMbiBe;

® — MJ0WaAb MoNnepeyHo-
ro CeYeHHS COOpYyke-
HHSL HJIK MOTOKa, M2



13 JiOPO)KHblE BONONMPONYCKHBIE COOPY)XEHHSA
U MPUHLU MBI UX MPOEKTHPOBAHHA

THIbl COOPY)XEHHA H C®EPbl HX IPHMEHEHHS
1.1, dnsi nponycka BOAbl Ha MepeceyeHHsiX BOJOTOKOB C MOJIOTHOM JOpOT

yCTPAHBAIOT BOAONMPONYCKHbIE COOPYXKEHHs, KOTOpble B 3aBHCHMOCTH OT MeCT-
HbIX yc/a0BHEH (TonorpadHyecKuX, THAPAB/HYECKHX H TeOJIOTHYECKHX) MOTYT

ObITb pa3iuHyHbiX THNOB. K HHM OTHOCATCS TPYGbI, MOCTHI, JIOTKH, HIOKEpHI,

(HIABTPYIOLHE U TepeqHBHbIe HachiNH. Ha aBTOMOGH/IbHBIX OPOrax HH3IIHX Ka-
TEropHil JONYCKAaIOT Nepe/IHB BOJAbl Yepe3 MOJOTHO JOPOTH MO ‘ClelHalbHbIM JIOT-
KaM, IBJIAIOUIMMCA OJHOBPEMEHHO H MpOe3keH 4YacTbio JOPOTH.

Iast oTBOAA BOZABI OT 3eMJISIHOTO MOJIOTHA K O/HXKa#iiieMy BOAONPONYCKHO-
My COOPYKEHHIO, a TAK¥Ke NepexBara BOJbl Ha CKJIOHe KOCOropa y A0POrH YCTpaH-
BAIOT CllellHaJibHble BOJAOOTBOJHbIE KaHaBbI.

Ha aBToMOGHJIBHBIX AOpOrax HCIOJb3YIOT TaKMKe KOMIUIEKC YCTPOHCTB,
YBOASIIUX BOAY C IipoeaeH uacTH JOPOrH H pPasJieIHTeNbHBIX MOJIOC.

BozxonponycKHble COOpPYKeHHS JeJAT Ha MaJnbie, cpeHne U 6oablune. B Ha-
crosiuieM [Toco6HH paccMaTpPHBAIOTCS: MaJible COOPYXKeHHS: TPYObl, MaJsble MOCThI

MOJIHOM JJIMHOK 10 25 M, JIOTKH, AIOKEpHI, NepesuBHbIe U (UJBbTPYIOLLHE Hachi-

MH, 8 TAKXKe BOJOOTBOJHbIE YCTPOHCTBA M KaHABb.

1.2. Bosonponyckuble TpyGbi NOAPa3Ae]siOT N0 Matepuany — OGeTOHHBbIE,
Jene306eToOHHbIE, MeTalHueckue (OGBIYHO M3 TOHKOTO TOMPHPOBAHHOTO Me-
Tanna), no ¢GopMme ceyeHHs — KpYrJ/ble, INPSIMOYToJibHble, OBOHAA/bHLIE.

B nacrosiuiee BpeMsi B OCHOBHOM TPHMEHSIIOT KpyrJbie (oTBepcTHs ot 0,75
1o 2,0 M) u npsiMmoyrosibHble (otBepcTHst oT 1,0 10 6,0 M) GeToHHble ¥ KeJsie30-
GeToHHBle  TPYObl, a. TaKXKe KpyrJble MeTaJJH4ecKHe TrOQPHPOBaHHbIE TPYObI
(orBepcrun 1,5; 2,0 u 3,0 m).

Oco6oe MecTo 3aHHMAIOT TPyObl A/ CEBEPHOH KJIHMATHYECKOH 30HbI, AJIs
KOTOPbiX HOPMBI yCTaHaBJHBAIOT GoJlee JKeCTKHE TPeGOBaHMA, B TOM YHC/IE H
IJIST THAPAaBJIHYeCKOH paboTH. ‘

Tpy6bl OGHYHO HMEIOT BXOJHBbIE H BBIXOJHBIE OrOJIOBKH, O0eCreuHBaloLiue
6Gosiee  GaaronpHsATHble THApaBJAHYecKHe ycaoBus. OpHako  Gaaropaps
MPOCTOTe yCTPOHCTBA M MOHTaXa ro(pHPOBAHHble MeTa/IHUECKHEe TPYGbl B
GOJIbIIHHCTBE C/yYyaeB NPHMEHSIOT 6e3 OroJOBKOB. :

[Tpu Manbix pacxoiax BOAbl PallHOHAJBHO TNPHMEHEHHe BceX THIOB TPyl
Ge3 orosioBKoB. [ToApOGHO pacyeTs! BOAOMPONMYCKHBIX TPYG H3JIOXKEHBl B IJI. 5.

1.3. MaJsble MOCTBI Pa3/iMyaioT B 3aBHCHMOCTH OT MaTepHaJ/a (KaMeHHble u
»Kes1ie306eTOHHbIE), a TAKXKe OT KOHCTPYKLHH TPOJIEeTHbIX cTpoeHHH (6asouHble,
apouHble, paMHble) H O1op (C MACCHBHBIMH OTIOPaMH, cToeuHbie). OHH MOTYT HMeThb
yKpenJieHHble M HeyKpellJieHHble pyc/ia (B GOMBUIHHCTBE CAyYaeB yKpenJeH-
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nbie). CoBpeMeHHble MaJible MOCTH OOLIYHO GHIBAIOT SCTAKAJHOTO THNA C MpoJie-
tamu 3, 6,9, 12 1 15 M.

BBHIY BHICOKOH TPY30HANPSKEHHOCTH COBPEMEHHBIX JOPOT MaJjble MOCTHI
1 TPy6Bl JOCTATOUHO YACTO MOTYT PACMONAraTbes NOJ OCTPBIM YPJIOM K OCH L0pO-
[H, T. €. MOTYT GHITb TAK Ha3biBAEMbIMH «KOCBIMH» COOPYXKEHHAMH.

1.4. JIOTKH — 3aKpbiThie H OTKpBIThle NPSMOYroJibHEE BOILOOTBOABI ~—
YCTPAHBAIOT HA XKeJe3HbIX JIOPOrax MexAy LNaiaMH JUIs NPollycKa Majblx pac-
XO0ZI0B BOABI MPH BHICOTE HACBITH, HEAOCTATOYHOM A/ YKAAAKH KPYrJinXx Tpyo,
a Takie 1POJOTBLHOTO BOJAOOTBOAA. JIOTKH BHINMOJIHAIT H3 GeTOHa M iKeje3obe-
tona orsepcTHaMH 0,50—0,75 M. Ha aBTOMOGH/IBHBIX JOPOrax OTKpHITHE JIOT-
KOBble COODYJKEHHsi YCTPAHBAlOT Ha [ePeJHBAeMbIX HACHINAX A/s NponycKa
BOAbl HENOCPENCTBEHHO uepe3 MOJOTHO Jopord (cM. ra. 8).

1.5. B paje ciydaes, oco6eHHO NPH Ma/iblX PacXolax H OTCYTCTBHH B BOAC
B3BElIEHHKIX M BJIEKOMBIX HAHOCOB, Ha JIOPOrax HCNOJb3YIOT (QHJABTPYIOLLHE
HACHINH, MMEIOlHe (HALTPYIOULYI0 NPOCAOHKY H3 KPYNHbIX KaMHe# B Te/e 3eM-
JISIHOTO MOJIOTHA, MJH K 'MOHHHPOBAaHHBIE COOPYXEHHS, COCTOsiliHEe H3 TPYObi
H (QHABTpYIOLIEH HACHIOH. '

1.6. s nponycka He6OJIbUIMX PACXOLOB BOIbBI NPH 3aperyJiHpOBaHHOM
cToke (NPEHMYLIECTBEHHO Ha MeJKOH MeJHOpPATHBHOH CeTH) MNOJ HH3KHMH Ha-
CBIIISIMH HJIM MEJKHMH BbIeMKAMH YCTPaWBalOT MOKephl. [lloKep coCTOMT H3
JBYX KOJOJAUEB, PACNOJIOMEHHbIX Mo OGeHM CTOPOHaM JOPOTH, COEAHHEHHBIX
Tpy6Go#i MOJ MOJOTHOM.

INpu npomnycke cesieBbiX IOTOKOB YCTPaHBAIOT CNELHAJbHBIE COOPYIKEHHH:
cesleflyKH, CEJeCNycKH, MPHHLHNB pacveTa KOTOPbIX B HACTOSIIEM IMoco6uu
He H3JaraloTcsi, OHM TMPHBOASITCA B COOTBETCTBYIOUIEH JHTEpaType [36].

JlAsi 3auiKThi COOPYXKEHHi OT Kapuexoja NPpHMEHSIOT Yy/aBJHBANOUHE yCT-
poiicTBa (peleTku, cBaiiHbie PALLL H T. I1.).

1.7. HauGosiee pacnpoCTpaHeHHbIi THII BOJOMPONYCKHBIX COOPYMKEHHH —
Tpy6bi. OHU He HAPYLLAIOT LEJOCTHOCTH 3eMJITHOTO NOJIOTHA, MOTYT NPHMEHHATH-
o5l Ha JOBBIX COYETAHMAX MJIAHA H NPOMHAA AOPOTH, HHAYCTPHAJbHH, YAOGH!
VIS IPHMEHEHHs: MeXaHH3alHH NPH HX COOPYXEHHH M JOCTATOUHO 3KOHOMHUHLL.
IllupoKoe pacnpocTpanenke B NOC/eJHee BpeMsi NOMYYH/IH rohpHpPOBAHHbIE TPY-
6bi, OTJMYAIOULHECS BHICOKOH 3KOHOMHUYHOCTBIO W ObecneunBalollhe YC/IO0BHs
Geicrporo- Bo3eefieHnsi coopyenui. [IpuMeHeHHe BOLONPONYCKHBIX Tpy6 0O6biu-
HO OrpaHMUMBAETCS HEJIOCTATOYHOH BBLICOTOH HACHINH. Mo KOHCTPYKTHBHBIM .
co00paxeHHsIM YCTPOHCTBO TPYG BO3MOXKHO TPH BHICOTE HACHINH Gosee 1,5 M.
Jipyroit npHYHHO¥, OrpaHHYHBAIOWEH BO3MOXHOCTE NPHMEHEHHA Tpy6, sBASA-
eTcsi BhICOKas MYTHOCTb NnoTOKa, yrpomalomaﬂ 3aHNeHHeM COOpPYXKeHHS .

JKes1e306eTOHHBIE MOCTHl TaKxe NMPHMEHHMbl NPH JMOOBIX COYETAHHAX MJa-
Ha u npoduas foporH. [IpeHMylecTBO MOCTOB MO CPABHEHHIO C TpybamMu —
BO3MOXKHOCTH MX HCMOJIb30BAHHA TPH MeHblieil BbICOTE HAchind. Maible MOCTBI
SKOHOMHMYECKH LeJecoo0pa3ibl NPH MAaJbiX BBICOTAX HACHINEH H OTHOCHTENLHO
6O/IbLUHX PACXONAX BOAbI uepes HX OTBepcTHs. OTKpHITHE JOTKOBHE COOpyXe-
HHS M Nepe/HBHBIe HACHINH{ OObIYHO 6bIBalOT PALHOHANBHB Ha aBTOMOOH/BLHBIX
Joporax HH3WHX KarterophH. Hx npuMeHeHHe A5 yKasaHHBIX yC/IOBH#l O6BIYHO
obeclieyHBaeT SKOHOMHUECKHI (PPeKT 6e3 CHHIKEHHS HaNeXHOCTH PaGoThl.

TPEBOBAHUSA K NPOEKTHPOBAHHIO MAJIBIX :
BOONPONYCKHbIX COOPY)XEHHRA

1.8. OCHOBHBIMH HOPMATHBHBIMH JIOKYMEHTaMH TNPH [IPOEKTHPOBAHHH Ma-

JIBIX BOJOTIPOTIYCKHBIX COOPYMKEHHH SBJIAITCA:
1) CrponTenbHbie HOPMB W TpaBHaa. YKe/lesHble A0POTH KOJiEH 1520 MM

Hopwmsi npoextupopanus (CHuIT I1-39-76);
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2) CrpoutelbHbie ~ HOPMBI M NpaBHAa.  ABTOMOGH/IbHBIE  JOPOTH
(CHul1 2.05.02-85);

3) CrponTesbhble HOpMbI H npaBusia. Moctbl  Tpy6s (CHHIT 2.05.03-84);

4) CrpoutesibHble HOpPMbI H NpaBHsa. OnpefiesieHHe FHAPOJIOTHYECKHX Xa-
paktepuctuk (CHHuIT 2.01.14-83); :

5) MHcTpyKumns no pacuety croka ¢ Maabix GacceiihoB (BCH 63-76).

1.9. Masibie BOAONPONYCKHbIE COOPYXKEHHSI Ha BO3/EHCTBHE BOJHOTO IO-
TOKA Ha »eJie3HbIX Joporax o6iei ceTH H NMOABE3AHbIX, HE CBA3aHHBIX C TeXHO-
JIOTHYeCKHMH nepeBo3kamu, cornacHo CHull 2.05.03-84 paccuuThiBaloT Ha ABa
naBojika (pacyeTHbl M HaHOGOJIbIWIHA) H COOTBETCTBYIOLIHE UM YPOBHH.

Pacxonpl Ha nHKe NaBOAKOB- TAKXKe HOCAT HA3BAHHE «PACUETHBIH» H «HaH-
GOJIbIIMIY . ;

Mauible BOJOMPONYCKHbE COOPYKEHHS Ha OCTAJbHBIX NYTAX NPOMbILLIEH-
HBIX TpelNpHsiTHH, Ha aBTOMOOHJIbHBIX JOPOraX, a TaK»e BCe BOJIOOTBOAHbIE
KaHajibl PacCYHTHIBAIOT TOJILKO Ha pacueTHble PAacXOXbl H COOTBETCTBYIOIHE HM
ypoBHH, nmetoutse cornacio CHuIT 2.05.03-84 BeposiTHOCTH NpeBblLeHHS, YKa-
3aHHble B Taba. 1.1, ¢ cobnonenuem tpeGosanuii CHuIT 2.05.03-84 o nonycru-
MOM BO3BbILLIEHHH HH3a KOHCTPYKLHH NPOJIETHBIX CTPOEHHH M GPOBKH 3eMJISIHO-
rO MOJIOTHA HaJ COOTBETCTBYIOULHM YPOBHEM BOJbI, a /ISl JKEJIE3HOAOPOXKHBIX
COOpYKeHHH TaKKe TPeOOBaHHH O NpeNeNbHO NONYCTHMOM 3aMoJIHEHHH TPY6
IPH MPONyCKe PAacyeTHbIX PAcXOJlOB.

Ta6auuma 1.1

B JKenesnuie AOPOrH . A NbHBE, TOP He YAHUB H QOPOrH
BeposTHOCTD
npeBbilleHHs BeposT-
MaKCHMaJb~ HOCTb
HbIX PAacXoaoB ' fipesbime-
naBoakos, % HHA MaK-
| ——e. . CHManb-
Coopy:ikeHus Kareropus mopor CoopyXeHus Kareropus mopor! HBIX pac-
Han- xonos
pac- | o nb- PacYeTHBIX
YeTHLIX X nasoa-
. xoB, %
Moctit 1 ITull 1 | 0,33 | Maasie moc- 1 LR
Tpy6H (oGmeii ceTH) Thl H TPYyGHl
To xe I u 1V oA il To xe 11, 111, 11l-n %
(o6uedt cetn) H TOPOJCKHE YJIH-
U6l H JOPOrH
» IVaVv 2* | —
(noabesHKe
NyTH)
> BHyTpeHHHe NyTH 2 — » IV, IV-n, V 3ess
NPOMBILLICHHBX ' H BHYTpPHX03SHCT-
npeanpHATHR BeHHBle JOPOTH

! Kpome pumckux uudp B 0603HaueHHH KATErOPHA aBTOMOGHJBHBIX JODOr NPHUMEHSIOT WHAEKE <«» —
NPOMBIMJIEHHEIE AOPOrH.

* Tlpu pacuerax 'GPOBOK 3eMJISHOrO MNOJOTHA, HE3AaTON/ISEMBIX DEryJsIHOHHBIX COODYXKeHHH M Oorpamu-
TeAbHbIX AaM6 pycen GJYXKAAIOWHUX DeK ANs XXeJesHbx Jopor II KaTeropuu BepOATHOCTH ‘npeBbilEeHHS
MAKCHMaabHOrO pacxofia NpH HauboJablleM NaBOJAKe cjeayeT npHAHMath 0,33%.

** ECAM no TeXHONOTHYECKHM NPHYHHAM NPEANDHATHA nepephiB B IBHXKEHHH He AONYCKAETCs, BEpOsT-
HOCTh MpeBHIIEHAS CAEAYET NPHHHMaTbh PaBHOA 1%.

*** B pafioHax ¢ MAJOPAa3BHTON CeThbi0 aBTOMOGHJbHBIX JOPOr AJf COODYKEHHA, HMEeWuHx
0co60 BaXXHOe HAapOXHOXO3AHCT 3Ha , 'TNIPH  Tex H OGOCHOBaHUH  BEPOAT-
HOCTb NpeBbilleHHs AONYCKaeTcs npurEMath 0,33% BMecto 1% u 1% BMecTo 2%. B pafomax ¢ pas-
BHTOf ceTbi0 aBTOMOGHAbHBIX ROPOr HAsi aBTOAOPOXKHBIX MaJbIX MOCTOB H TPY6 NPH TEXHHKO-
3KOHOMHYECKOM OGOCHOBARHH BePOSTHOCTh NDEBHIMEHHA AONYCKaeTcs npHHHMaTh 2% BMmecto 1%,
sMecto 2%, 5% smecro 3%.
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[pu onpegeseHnH pacxoloB Bojbl B coopyxenusix [39] nonyckaercs yuu-
TbIBATb AKKYMYJISILHIO BOJBI TIEPE] COODYIKeHHSIMH JJs JIHBHEBOrO CTOKa M
JHUIL B BHJE HCKJIOYEHHs IJS CHEroBoro (MpH OTCYTCTBHH CHEXHbIX 3aHOCOB
nepejl COOPYXKEHHeM, T. €. Ha lOre CTPaHbl).

OcoGble TpefGoBaHHs NPENBABAAIOTCA K 3alllHTE COOPYXKEHHH OT NMOAMBIBA.

BofonponycKHas CnocOGHOCTh HCKYCCTBEHHBIX COOPYXEHHH Ha aBTOMO-
OHJIbHBIX JOpOTax, NPOEKTHPYEMBIX B HeNoCPeNCTBEHHOH G/IH30CTH OT YKeJe3Ho-
HOPOXHbBIX JIHHHI, AOMKHA o6ecreydBaTb HOPMa/bHYIO paGoTy TNOC/EHHX B
COOTBETCTBHH C JIEHCTBYIOUIHMH HOPMAaTHBHBIMH JIOKYMEHTAMH.

1.10 B pesy.ibTaTe THAPABJHYECKHX PACYETOB AOJKHbLI ObiTh YCTaHOBJIEHBI
CaelyioliHe napaMeTpel, ONpefe/slolUlHe pa3Mepbl COOPYXKEeHH:

1) HauGonbiune rayOGHHBI Nepel COOPYHKEeHHAMH (NPH CNOKOHHOM NOTOKe —
pPaBHHHHbIE YCJIOBHS — NOANepThle Tray6uHbl H, mpu OGYPHOM — KOCOrOpHble
YCIOBHA — BbICOTA HAHGOJBLIHX BCIJIECKOB TNOTOK2), OTpefe/sioliiHe BBICOTY
HaCbINK;

2) ray6GHHEI BOABl Ha BXOJe B COOPYMKeHHe HJH HaHGo/bLIHe T1YGHHBI BOAbI
B COOPYIKEHHSAX, N0 KOTOPbIM YCTAHAB/IHBAIOT 3aNOJHEHHE H DEIXHM NPOTEKAHH
BOJIBI B TPY6AaX H BO3BBILIEMHE HH3a NPOJIETHbIX CTPOGHHH MOCTOB; ?

3) rnyOGuHBI BOABI H CKOPOCTH Ha BbIXOJE H3 COOPYXKeHUH, Mo KOTOPBIM Ofi-
peReqafloT pa3Mepbl H THII YKpel/IeHHH Ha BbiXOJe;

4) mMaKcHMaJ/bHble TJyGHHbI pa3MblBa B KOHIle YKpeIUJIeHHI, N0 BeJHYHHe
KOTOPBIX ONpelesisiioT IWHPHHY YKPenJeHHH B KOHUE €ro W DiyGHHbL 3alesky
HX KOHUEBbIX 4aCTE€H.

[ny6Gupbl pasMbiBa Ha BBIXOJAX M3 MAJbIX: BOAONPONYCKHBIX COOPYXKEHHH
Ha JKeJIe3HLIX AOporax onpelesioT no ABYM pacXojaM, NPHYEM pacueTHbIH pac-
xop yseanuusalor Ha 30% Ans yuera BO3MOMHHIX OWMGOK C lefblo ofecrneye-
HHsl HOPMaJIbHBIX YC/JOBHH 3KCMJYaTallid, YTO COOTBETCTBYET YBEJHUEHHIO I1y-
6unbl pasmmiBa Ha 20%. ‘

[lpn Ha3HaueHHH OTBEPCTHH MaJIBIX BOJOMPONYCKHBIX COOPYMXEHHH JOJIXK-
Hbl YUHTHIBATBLCSI TPeGOBaHHs OXPaHBI OKPYXKalolleH cpelibl.

HA3HAYEHHE OTBEPCTHA H BbIGOP THNOB COOPY)XEHHRA

1.11. TpeGyeMbiM FHAPABIHYECKHM H KOHCTPYKTHBHBIM YCIOBHSM MOTYT
VJ0BJIETBOPHTH Pa3/HUYHbIE BADHAHTHI COOPYIKEHHIl, OT/IHYAIOLHXCH JHLIb CTOH-
mocTbio. HanGosee paunoHa bHbli BADHAHT COOPYIKEHHS MOMET ObITh YCTaHOB-
JleH NHUWb B Pe3y/bTaTe TEXHHKO-3KOHOMHYECKOTO CpaBHEHHS.

[Mpy BLIGOpE THMOB COOPYMEHHH HANO YYHTHIBATH OCOGEHHOCTH MHAYCTPH-
aJIbHOrO H3rOTOBJIEHHS KOHCTPYKUHH H NPOH3BOACTBEHHbIE BO3MOXKHOCTH CTPOH-
TeJbHbIX OpPraHu3auuii. B mpoekT J0porx criefyeT BK/IOYATh BO3MOXKHO MeHb-
lIee YHC/IO THINOB COOPYKEeHHH. :

Kpyrisie 1 npsMoyro/ibHble TPYOhl COOPYKalOT B COOTBETCTBHH C THIOBBI-
MH TpoeKTamH (npHJoxeHHe 1.1), OCHOBHble rujpaB/HYecKHe XapaKTepHCTHKH
KOTOPBIX NpHBeJeHbl B NpHaoKeHHH 1.2. YKa3aHHble XapaKTepHCTHKH sIBJA-
0TCS OPHEHTHPOBOYHBLIMH H MOTYT GbITh HCNOJIb30OBAHBI JIHLIb MPH COCTABJIEHHH
BADHAHTOB COOPYHEHHH.

Jlisi npoeKTHPOBAHHA KOCOTOPHBIX TPYG HCNONb3YIOT THINOBOH MPOEKT
uHB. Ne 538 (cm. npunoxende 1.1).

[NepeueHb THNOBBIX pelIEHHH ONOP MaJbiX MOCTOB, T. €. 3JIEMEHTOB COOPY-
JKeHHH, B3aMMOAEHCTBYIOUHX C MOTOKOM, NMpHBeleH B npHioxewuH 1.1, a rua-
paBjiHuecKHe XapaKTePHCTHKH 3THX COOpPYXeHHH — B mpHJaoMKeHHH 1.3.

Crneayer oTMETHTB, YTO B NOC/€]Hee BpeMs MeHsieTCH B3IVIJ Ha THIOBOe
npoeKTHpoBaHHe. BMecTo THNOBOTO NMPOEKTHPOBAHHS H NPHHATHA B IPOEKTe
MOJHOCTBIO THMOBBIX peleHHH ¢ TPHBA3KOH HX K MECTHOCTH HMEeTCH TeH-
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Tab6aununa 1.2

ToaulHHEa SachHINKH®, M, Ban
Tun gopor 5 Kene3o6eTon- c::;:“:':g;;_ cadmamn
HBIMH
foycami pt;;;gg::u MOCTOB
JKenesnsie: *©
ofutell ceTH H TMOLBbE3JHBIE MYTH NPeAnpHATHI 1,0 1,2 0.7
BHYTpEeHHHE NYTH NPeANpHATHA 0.4 1,0 0,7
ABTOMOGH/BLHEE OOIIEro MOJb30OBAHHSA, JOPOrH H 0,5 0,5** 0,2
yJHIE B FOPOJAX, MOCEJKAX H CeJbCKHX HaceleH-
HbIX MYHKTAX, a TaKXe aBTOJMOPOTH MPOMBIILIEH-
HBIX MpeANpHATHE
BHyTpHx03siCTBEHHBIE 4BTOMOGHJBHBIE B KOJXO- Q;Qnen — =
3axX, COBX03aX H APYFHX CeJbCKOX03AHCTBEHHBIX
NpeANpPHATHAX H OPraHH3alHAX

* CunTas OT Bepxa 3BeHa (NJHTH NePEKPHITHA) TPYOH HAH OT BepXHeld TOYKH CBOJA JO MOAOWBM
peJibca HA JKEJNESHHX AOPOrax HJAH O HH32 NOPOXHOR OAEKAH — HA &BTOMOOHJLHLIX JOPOrax.

** Ho ue menee 0,8 M OT Bepxa 3BeHa TPYOHl 4O MOBEPXHOCTH NOPONKHOrO NMOKPHITHSA.

**+ Ho me menee 0,5 M J0O YPOBHS GDOBKH SeMJSHOro MoJOTHA.

Mpumedanue ToMLHHY SaCHINKH HaA KeNesOGETOHHEIMH TPYGaMH H NellexXONAHbIMH TOHHENAMH,
PACTONOKEHHBIMH B NPELENax JKeJe3HOAOPOKHBIX CTAHUMA, AONYCKAaeTCR NpHHHMATh meHee 1,0 M.

JeHUHs K 3JeMeHTHOMY THIOBOMY MPOEKTHpOBaHHI. B 3TOM cayuae coopyie-
HHUe NPOEKTHPYIOT M3 THIOBBIX 3JEMEHTOB, T. €., HanpHMep, s TpYyO HCIOJB-
3YIOT THINOBbe 3BEHbS, OFOJIOBKH, TACHTEJH, 3/JeMEHTH YKDEIJIeHHH W couera-
JOT HX NPHMEHHTENbHO K KOHKPETHBIM YCJOBHAM (TOTOrpaguH, rpyHTam Jjora,
PHAPOJIOTHYECKHM YCJIOBHSM H T. 1.), YTO O0CreunBaeT 3HAYHTeJIbHBIH 3KOHO-
MHuecKHii 3(pdeKT. MHHMMAJbHYIO BbICOTY HACBINMK 15 pa3Mellenus Tpy6 on-
peessiioT no gopmyaam:
a) Iuis KeJesHHX JOpor

Hﬂuc (mln)=h'r+6+[Aa_(h5+hm+0-15)]- (1.1

rme /iy — BBICOTA TPYGM B cBeTy (6€3 yyeTa MOBHIUEHHBIX 3BEHbEB);
8 — Tommuua ceoaa TPYGhI;
. Ay — TOJIHHA 3aCHINKH HaJ CBOJOM 'rplylﬁu OT ee Bepxa 0 NOAOMIBLI peabca, MpH-
numaemas coraacso m. 1.8 CHull 2.05.03-84 u npusenennas B ta6a. 1.2;
hg — ToMuMHA GaaaacTa nNoJ WMANaMH;
hqm — BHICOTA WINaJbl;

0,15 — BBICOTA CJHBHOH MNPH3MbI; ' v
6) 115 aBTOMOGHJBHBIX JOpOT ,
Hyae (min) = hz+8+ Aa. (1.2)

Jls1 eJ1e3HbiX JOPOT AaHHbIE JJISi PacyeTa MHHHMAaJbHOH BHICOTBI HACBIMH
H3 KOHCTPYKTHBHBIX COOGDaKEHWH AJIsi THTIOBBIX TPYG MOTyT GhiTh MOJIyHYeHbl
U3 COOTBETCTBYIOLUIMX HOPMATHBHBIX JOKYMEHTOB (BBICOTHI Mg M h.) H H3 TpH-
noxenus 1.2 (A, u 8). - :

Jlns aBTOMOGHJIBHBIX JAOPOr 5TH AAHHBIE NPHBEJEHBl B npujoxenud 1.2

Jlanubié 115 MOCTOB NMPHHHMAIOT MO THIOBBIM NpoekTam. HMcxonubiMu naH-
HBHIMH /51 HA3HAYEHHs BAPHAHTOB MAJbIX BOJONPONYCKHBIX COOPYMKEHHH fiBJA-
I0TCS pesysibTaThl THAPOJIOTHYECKHX H THAPABIHYECKHX Pacueros.

[To BesHuHHe pacXofoB (A/f COOPYXKEHHH Ha JKeJeaHblX joporax no pac-
YerHoMy M HaHGOJbLIEMY H COODYXEHHH Ha aBTOMOGH/bHbBIX Joporax —
0 pacueTHOMY) TNOAGHPAIOT COOPYXEHHA, OTBeuaiollHe TpeGOBaHHAM
CHHuII 2.05.03-84, Tloa6op BHIMOJHAIOT A4 TPYO no TabiHILAM THApABJIHYEC-
KHX XapaKTepHCTHK, NPUBEAGHHBIX B MPHJIOMeHHH 1.2, a A% MOCTOB — JHGO
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3allaBILHCh BapHaHTaMH YIeJbHbIX PacXolOB BOAbI noj Mocramu 1, 2 u 3 mM*/c,
JIH60 THIOM YKpelJeHHH Ha BbIXOJe H3 HHX.

3arem 151 NPUHATHIX COOPYKEHHH ONpejensioT TJyGHHBI pa3MbiBa Ha Bbi-
Xojle, a 110 -HHM — THI H pasmep BbIXOAHBIX pycesa. [locse storo onpexensitor
CTOHMOCTb COOPY2KeHHs1. [IpH BapbHPOBAHUH NPOEKTHOH JIMHUU yUHTHIBAIOT CTOH-
MOCTb NOAX0J0B. PaccMaTpHBalOT TakXkKe BapHaHTbl NPONYCKa BOABI C HECKOJIb-
KHX 6accefiHOB B OJHO COOpYyXeHHe IMyTeM YCTPOHCTBA IPOAOJBHOTO BOJOOT-
BOJAA HJIH cOpoca pacxola H3 OJHOTr0 COOPYXKEHHsl B Ipyroe. :

Paccmarpuaargrcx Tak)Ke BAPHAHTHl H3J0OMa NPOodHJIA COOPYXKEHHS, NpPU-
MeHeHHs racHresieil Ha BbIXOJE H3 COOPYXKEeHHH, YCTPOHCTBA paLHOHAJIbHBIX TH-
NI0B BBIXOJHBIX pyces ¥ T. M. . :

B urore Ha ocHOBEe T€XHHKO-3KOHOMHYECKOTO CpPABHEHHsSI BAPHAHTOB BbIOH-
paloT THI COOPYIKEHHS .

Has yuera GosibLIOro MHOTOOGPA3Hsi YCJOBHH THAPAB/IHYECKOH pPaGOThI
COOpYKeHHsI W ycKopeHHsi pacueta Mocrunporpancom ¢ yuacruem [IHWHCa
pa3pa6oTaHbl TeXHOJIOTHYECKHe JIHHHH NPOeKTHPOBAHHSA BOAOIPONYCKHBIX TPYO,

' BKJ/IIOYas KOCOrOpHble, H MaJibiX MOCTOB.



2, OCHOBbI THAPABJIHYECKHX PACYETOB
MAJIbIX BOOAOMPONYCKHBIX COOPY)XEHHH

CXEMbl F'HIPABJIHYECKOR PABOTbI COOPY)KEHHH
H OBLWHE NPHHLHANDI PACYETA A

2.1. C ToukH 3peHHs XapakTepa M[pPOTEKaHHS MOTOKA BOAONPONYCKHO,
TPAaKT MaJjblX COOPYKeHHH MOXXHO [MpelCcTaBHTb B BHJe cXeMbl Ha puc. 2.1,
IpHYeM Ha IpakKTHKe BCTPEYaKwTCH pa3JinyHbIe KOMﬁHHaLlHH BApHAHTOB THA-
paB/HuecKoH paboThl ero 3JIeMEeHTOB.

2.2. Ilpu pacyere BOJONPONYCKHOTO COOPYXEHHS KaXIbIi H3 NPUBEJEHHBIX
Ha, puc. 2.1 OCHOBHBIX MATH 3/1€MEHTOB BOJONPONYCKHOrO TPAKTa J0JKeH ObiTh
HCCsIeloBaH OTAE/NbHO WM B COBOKYMHOCTH ¢ MNPHJEratolliMH 3MeMeHTaMu (NpH
BeIOpe ONTHMAJbLHOrO MPOEKTHOrO PelleHHA MOMKEeT NPOH3BOAHTHCS MHOTOKpAT-
Hblil nepecuer). B pesyabrarte A0/xHbI OGbITH NOMYYEHBI T€ TVIYOHHB U CKOPOCTH
TeyeHHs, KOTOpble MOIYT JIMMHTHPOBATH MCMOJb30BaHHE KOHKPETHOTO 3JIeMeH-
Ta KOHCTPYKUHH (HanpHmep, MakcHMa/lbHas CKOPOCTb GoJiblue JONYCTHMOH AJist
MaTepHa/ia KOHCTPYKLHH, MaKcHMaJbHas rayGHHa NPEBOCXOAHT NOMYCTHMYIO

H T, }1.), a Takxe HeoOXOAHMble JaHHble NS rHipaBJaH4ecKoro pacuyera T[pHJle-‘

rawuHXx 3jeMeHToB (Hanpumep, rayGHHBI M CKOPOCTH Ha BbIXOJe H3 TPYObl /s
pacuera HHKHero OGbeda H T. m.). '

B 3aBucuMoOCTH OT Xapakrepa TeUeHHs!, ONpPeAe/sieMOro PAacXoAaMH BOALL,
VKJIOHAMH MECTHOCTH, BHAAMH KOHCTDYKLMH, a TaKXKe HCXOAA M3 TpeGoBaHMii
TOYHOCTH BO3MOMHO MpPHMEHeHHe pa3qHUHBIX MeToJ0B pacueTa. 3TH MeTOxbi
MOMHO MOJAPA3JeJHTh Ha JIBA OCHOBHBIX KJ/acca:

1) reoperHueckHe MeTOAbi, OCHOBAHHbIE HA YDABHEHHAX JBHXKEHMS KHI-
KOCTH H HAHOCOB (MpH pacdeTe pa3MbiBOB) B TOH WJIH MHOH MleanH3aunu (ypas-
HeHne DepHyaan, ypaBHeHHA paBHOMEPHOrO H HepPaBHOMEPHOrO ABHMKEHHSH,
MOJIHbE OJHOMEpHble HeCTaUHOHADHble YPaBHEHHS TH/PABJIUKH, ABYXMEpHbie
ypaBHeHHUs MeJKOH BOAM M T. 1.);

2) aMnupHYecKHe MeTO/Ibl, OCHOBAHHbIE HA ONBITHOM H HATYPHOM MaTepHae.

[IpuMeHeHHe TeopeTHUECKHX MeTOAOB (BO3MOXKHO, C HCIMOJIb30BAHHEM 3MITH-
PHYECKHX 3aBHCHMOCTeH [JISi PAlAa BXOAAUWHX B YPABHEHHA TapaMeTpoB) $iB-
nsiercs Goslee JKesaTeNbHbIM, TaK Kak OObIUHO JlaeT GoJlee TOUHbIE Pe3yJIbTAThI
B.LIHPOKOM AHANa3zoHe H3MeHeHHs HCXOAHBIX AaHHbIX. OJHAKO He BCe BONPOCH
FHAPABJAHKH Ma/blX BOAONPONYCKHBIX COOPYKeHHil B HacToslllee Bpems -NOAla-
HOTCA TEOPETHUYECKOMY HCC/AEJ0BAHHIO, YTO NPHBOLHT K HeOﬁXOIU«!MOCTH 3ayac-
TYIO PUMEHATb SMIHPHYECKHe 3aBHCHMOCTH (HanpmMep, ISl MaKCHMAJbHBIX
BBICOT BCIJIECKA B CYMKAMOIHXCA OBICTPOTOKAX, ryyGHHBI BOPOHKH Da3MbiBa
3a TpybGamu ¥ 1. n.). Huxe B Hactosile# riiaBe OyAyT paccMOTpeHbi OCHOBHBIE
YpaBHEHHA H MaTeMaTHYeCKHe MOJEJH, -HCNOJb3yeMble NPH pacyeTax 3JeMeH-
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7. Bepxnull Oseq

Cnawadnsrd neman byproid  mamon  (wocoeaphsl e
( paBrunnele  ycnobuR ) yensbun ~,  Sucmpomond)

2. Conpawenue fepxwezo dve@a ¢ codcmennns  COOpYMEHUEM.

NP AN EH H 7, 3
“”ﬂ“?”” . J,;” T :a DANEHUS n';z'a..:ap oee muna (Jypwsid nomax )..
mung CRONOUKHSI nemaoxN sempemon pa ﬂﬂa- Waxmusry
seanabuu) Nuaepdna ¢ mpydod | CVHERUE Honodey cipoc
3. LodcmbBenns coopywenue
Punsmpyr -
Mocm Tpyda was i
cueyn = | - . | nofyrwennod wepo- _ |nepenud- | abepx-
gﬁ,’;ﬂiﬁ PERTEH ~ W&.’:{, X0 amu‘ga ’g J(m)ﬂ e ,Zf,'fﬂp_ ﬂuﬁ %’ ﬁg’g gg;mmrﬂ
HoIM vucne eogpepobay- | we. NATHINS 7g.m -
PYenstt | pyemom enaonas, HaR ) CIOYTERYAMIR) #a8 | pomon | #9202 | g5
. Yo CONPANEHUE T wuMHUM  UbEQOM

Ses zagumened Inepeuy C 2aACUMETRMU  INEPEUU

5. Huwwad  Bseq

CBodudnoe pacmexanue § wuponud Aee
[3AMINAENHDE & WEIRMORRENHEE ) Hecladodnoe pacmenanue

dcs odpasobawun | ¢ adpasefawuem |nmpe meyewud | npu ngamexanua B y3noM
npaMaUKb! npaNaUHs | & nabrape  |nzey (Gnusnue Fepeect )

Puc. 2.1. KnaccupHgRauHs MaablX BOJAONPONYCKHBHIX COOPYXKEHHH MO YCAOBHAM HX THIApaB.
Jinyeckoli paGoTh )

TOB BOJONPONYCKHOIO TPaKTa, a TaKike NpPHBeAEHbl 3ABHCHMOCTH /s mnapa-
METPOB 3THX YPaBHEHHH H IPYTHX YacTo BCTPeUAlOLIHXCH B PacyeTax BeJHUMH.
B nocseayiomux riaBax OyAyT AaHbl KOHKPeTHble MeTONbl pacyera BCex 3Jje-
MEHTOB BOAONPONYCKHOTO TPaKTa.

el

YPABHEHHE BEPHYJIJIH

2.3. Bo/bUIHHCTBO NMPAKTHYECKHX PAacyeToOB BOAOMNPONYCKHBIX COOPYMKeHHH
BHINOJIHAIOT HA ocHope ypaBHeHHs [. Depryaau (puc. 2.2), xotopoe xapakre-
pH3yeT YAeJNbHYIO SHEPTHIO B IBYX CPaBHHBaeMbiX ceyeHHAX (3, 3,). B obuem
ciyyae ypaHenne [1. Bepuysiu nMeer Bui

P v} o P g0
i U 2% | o 2.1
at—r + b =nt S 2.1)

rie z; W z; — BHICOTA MOJOXKEHHS NBYX TOYeK B ceuenHsX / u 2 notoka Haj oblueil ropu-
30HTaNIbHOH MJOCKOCTBIO QTCYETa; :
Py H py — THAPOAHHAMHYECKOE NABJEHHE B TeX e TOouKax;
Uy M Uy — CPElHSIS CKOPOCTh MIOTOKA COOTBETCTBEHHO B ceueHHax / W 2, B ofliem cay-
yae He paBHas CKODOCTH B TOYKE;
oy W oty — KOIPPUIHEHTH KHHETHUECKOH SHEPTHH B TeX e CeYeHHAX (KoshphHUHenTH
Kopuoauca); i
Y — BeC eNHHHLN 06beMa XHAKOCTH (YAeabbilt Bec);
hy, — MOTEpsi HAMopa Ha Yy4YacTKe MeXJIy PpacCMaTPHBAeMBIMH CEYEHHAMH.

_ BesnnuuHbl, BXOAfAlHe B ypaBHeHHE DepHy/IH, HMEIOT Ha3BaHHA H (PH3H-
4ecKHii CMBICJ, NpHBeeHHbe B Tabu. 2.1.
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HyJI0, ypaBHeHHe DepryJn noayuaer \‘»\
BH 2
i S R -
2yt —om 2.3) Tl 7 o
o - e, Werpgy,~ = —-
Ecnu gHo 1notoka B NPOAOJBHOM 1 oy, “Hug
npopuse NpsMOJHHEHHO, TO NaJeHHEe > D o NN
ero Ha anune ! 6yaer Az = il, rie i — R 0z, K
*  YKJOH nHa. OTHOLIeHHe NOTeph Hamnopa N p 2
Ha y4YacTKe II0TOKa K ero JIHHe hy,/l = \
= [, p HA3BIBAETCS CPEAHHM THAPABJH- ™
YeCKHM YKJOHOM Ha Yyuyactke. Ecau
JUIHHY y4YacTKa yMeHblIaTh, TO MOJY- nagcuocme dmeyema

Ta6auna 2.1

Benﬂnn;la T'umpas, He QHU3HYECKHR CMBICH
z Bhicota MOJIOXKEeHHsi TOYKH HJH| YJe/lbHasi SHEPrHsi MOJOMKEeHHs
. reoMeTpHuecKHil Hamop
p [TpuBeeHHasi BBICOTa [aBJEHHs | YAeAbHasi 3HEPTHs AaBJEHHA
.
av? CkopocTHo#t Hanop VYielbHas KMHETHYECKAs SHEprHs
2 .
p Ilbe3omMeTpHYECKHH HANOp YienbHas NOTEHHHAAbHAS 3HEp-
24— THA
¥
p av? FuppaBiuyeckudi HAM THAPOAH-| YjaelbHasi SHepPrHs
z2+ Y + % HaMHYECKHfl Hamop
Ve Ecsii cKkopocTH BO BCeX TQUKAX CeueHHsi IOTOKA OAHHAKOBbI, TO KO3(HHLH-

% et Kopuosnca o = 1. ®akKTHYECKH CKOPOCTH B OTHEJbHBIX TOYKAX CeYeHHs
( pasanumbl, H o > 1. .OGbIYHO MpPH pacueTax COOPYMEHHH H OTKDPHLITHIX pyces
npunumator « = 1,1. Tlpn HeGoJbLIHX cxopocmx (npumepHo 1no 1 m/c) no-

'\, MYCTHMO MNpHHHMATh o = 1.

’ Jlsi5i MOCTOSIHHBIX BOJOTOKOB Koaqxpmmeﬂ'r Kopuousnca [14] ponyckaeres
' onpegenaTe no gopmyJie
e 2
Y=
¥ Fr

a=140,88] 0,38 4 —————————= |, (2.2)
\ 2,340,3 ]/—F:—

rie Fr — uncio ®pyaa, xapakTepHaylollee KHHETHYHOCTb MNOTOKA;
i — THApaBIHYECKHI YKJOH (CM. HHXe).

2.4. TaM rae KpafiHHe JIHHHH TOKa 06pasyloT Mexay co60H CpaBHHTE/IbHO

HeGOJIbLIOH yroJi H HMEeIOT Maslylo KpHBH3HY, ABHXEHHE CUMTAeTCs IVIABHO H3Me- -

HAIOUMMCS. B ceueHHsiX C NMJIaBHO H3MEHSIOUHMCS JABHXKEHHEM I1be30MeTPpHYeC-
KHH Harnop BO BCeX TOYKaX OAHHAKOB. Hoa‘romy AJIs TOYEK Ha MOBEPXHOCTH MO-
TOKa, rjie H30bITOYHOe JaBJIeHHe paBHO

/

yaemas B npejeJsie Benuuuna [ = dh,/d/
Ha3bIBAETCH T[HJPABIHYECKHM YKJIOHOM  puc 29 Cxema K MosicHeHHio ypaBHEHHS
B JJaHHOM CEeYeHHH IMOTOKa. II. Bepuyaau
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T'uapaBnuuecknil YK/IOH CeAyeT OTJHYATH OT YKJOHA AHA PYcJa H OT yKe
JIOHA MOBEepPXHOCTH NOTOKA.

2.5. Bxoasdumuit B npaByio 4YacTb ypaBHenus Bepuyssu unen h,. (notepu
Hanopa) BBIYHCAAIT 0ObIYHO 10 (opMmyae

2
Ay =§ 2 (2.9)
rae { — Ko3h)HUHEHT COMPOTHBJIEHHS;
v=0Q/®w — cpeAHAA CKOPOCTb MNOTOKA B PACCMATDHBAEMOM YCTPOWCTBe HAH nepen
HHM;
Q — pacxol KHAKOCTH;
@ — MJ0WaAb NONepevHOro CeYeHHs NOToKa (XKHBOTO ceqeﬂun)
3
Pasnuuaior aBa TMNa norepb HAnopa: MecTHoe — fy W NyTeBble (Hau o

.IHHe) — hg

06 onpeueneﬂun NMyTeBbIX OTePb CKA3AHO HHIe.

PABHOMEPHOE OABUXEHHE

2.6. PaBHoMEpHBIM HA3bIBAETCH JIBHXKEHHE MKHIKOCTH, NPH KOTOPOM TIHJ-
paB/IHYECKHe 3JIEMEHTHl NOTOKa He H3MeHsiloTcsi. [Ipu sToM paamepnl M opma
noMepeyHoro ceYeHHA IOTOKA HspaclpefiesleHHe CKOpOCTel OJHHAaKOBLl BO Beex
ceueHHX NMoToka. Korja HeKOTOphle H3 3THX YCJOBHH He COOJIONEHB, 1BHKEHHE
CUMTaeTCsl HepaBHOMEPHBIM, la){e ecsly CPelHssi CKOPOCTh OCTAETCH MOCTORH-
Ho#. [Ipu paBHOMEpHOM JBHXXEHHU FHAPABJIHYECKHE 3JIEMEHTHl N0TOKA CBA3aHBI
mexay coboét dopmysnoit Hlean:

. Q=wv=eC VRi, (2.5)
rue Q — pacxoj KHAKOCTH, M%/c;
@ — NIOWalb MONEPEYHOro CedeHHA MOTOKA, M2
. U — CKOpOCTh TOTOKa, M/c;
. C — xosdpuunent Wesn, m" 5/c;
m »
=~ — THAPAB/JHYECKH} paJHyC CeUYeHHs, M;

o — CMOYEHHLIii MNepHMeTp, M;
{ — THAPABJHYECKHH YKJOH, KOTOPbIH NPH PABHOMEPHOM NBHMKEHHM MOTOKZ Co
CBOGOJHOH MOBEPXHOCTLIO PaBeH YKJIOHY JHA H CBOGOXHON MOBEDXEOCTH.

2.7. Kospduunenr llesn onpenensiior no dopmyne H. H. [laBaoscroro:
Geion B, (2.6)
n

rae n — KOI(pHUHEHT IIEePOXOBaTOCTH,;

iy — ToKa3saTeJib CTENeHH.

B cBoio ouepeab y = 2,51 n — 0,13 — 0,75V R(V'n — 0,1).

3HaveHusi Ko3(xpHIMeHTa ILIEPOXOBATOCTH MPHHHMAIOT no Tabm. 2 2

Hast pacuera Kospduunenta [lesu C no dopmyse (2.6) B cnpaBounuxax
npusoAsaTcs Tabiuubl H HoMorpammbl. Kosdduunent lesn MoxkHo BhluHCIaTH
takxe no gopmyse pators [14]:

1 J1
c=5 |+ Y temnt

4]/[1/.9

Insa obaeruenus pacuetos no cdopmyJe (2.7) peKOMEHAYeTCH MOJAb30BATHCH
rabsa. 2.3.

18 f

—!gR)] 4 XE Vg (~+V_1gfa). (2.7)



TabGawua 2.2

XapakTepHCTHKA NOBEPXHOCTH

3nauenusn dd

HEeHTAa

P

TOCTH

NPH COCTOSIHHH MOBEPXHOCTH

n

xopomeMm ] cpenuem

nAOXOM
Tpybe.

IloBepXxHOCTb H3 LEMEHTHOTrO pacTBOpa 0,011 0,013 0,015

Beronnass HeoOGpaGoTaHHAst NMOBEPXHOCTb, BBIIOJ-

HeHHasi B onaJyOke: : i
cTajbHOH 0,012 0,013 0,014
rJajikofl JepeBsHHOM 0,012 0,014 0,016
HerJajKoH aepeBsHHOH : 0,015 0,017 0,020

" Kupunynasi KJanka, HOKDPHITas LEMEHTHBIM PacT- 0,012 0,015 0,017 -

BOpOM .

ByroBasi kiajka-Ha LEMEHTHOM pacTBOpe 0,018 0,025 0,030

OTKpoiTble UCKYCCTBERHbIE PYCAG
CrasibHasi HeOKpallleHHast NOBEPXHOCTh 0,011 0,012 0,014
» pudaenasn o 0,021 = 0,025 0,030

Beronnas 3arepras » 0,011 0,013 0,015

Beronnasi moBepxHOCTb, OTJAEJAHHAs MacTepPKOM 10,013 0,015 0,016

To ke c rpaBueM Ha JHe 0,015 0,017 0,020

berounas HeoTZesaHHas NOBEPXHOCTH 0,014 0,017 0,020

IMoBepxHOCTh H3 TOPRpeT-GeToHa: 3
XOpOIIO YJIOXXEHHOro 0,016 0,019 0,023
HMEIOILEro BOJIHHCTYIO MOBEPXHOCTh 0,018 0,022 0,025

MorueHnue:

H3 OyJAbIXKHOTO KaMHA 0,020 0,022 0,027

H3 PBaHOTO KaMHS 0,022 0,027 0,030

C <H3IOMOM» — 0,040 0,045
3emisiHBle KaHaBbl (IPaBHIbHON (OPMHL B MJIOT- 0,017 0,018 —

HOM JIECCe MJIH MEJIKOM IPaBHM C HJHCTHIM CJIOeM .

To e B Jécce MM TPaBHH C WIHCTOH TJIEHKOH 0,017 0,020 0,025

I'a6uonHas Kjaajgka 0,025 0,027 - 0,029

KaHaBu B raseunnke 0,025 0,030 0,033

3eMJsHble KAHABH HempaBHJbHOH (opmbl (¢ oT- 0,027 0,030 0,035

BaJaMH) 3apocilye, KaMeHHas Habpocka

Kanapel ¢ 3eMJAHBIM QHOM H OJePHOBaHHBIMH 0,028 0,033 0,035

WJIH CJIOMEHHBIMH CYXOH KJIaAKOH OTKOCaMH i :

KaHaBbl ¢ ojepHOBaHHBIMH OTKOCAMH H MOIIEH- 0,025 0,035 0,040

HBIM JIHOM HJH rpy6o BiCEUeHHBE B ckaje (He-

TIpaBHJAbHON (opMBl)

Ecrecrsennole 8000Toku wupunoti 8o 30 u

Pycna uncrble npsiMbie, 6e3 nepekaToB U OMYTOB 0,025 0,030 0,033

To e, HO Npu HaJHYHM GOJILLIHX KaMHell H pac- 0,030 0,035 0,040

CTHTEJIbHOCTH :

Pycna uucTble, H3BHNMCTHIE, ¢ 3aBOAAMH ¥ OMY- 0,033 0,040 0,045

TaMH £

To XKe, HO NPH HaJUYHH KAMHEH H PACTHTEJBHO- 0,035 0,045 0,050

CTH

To e npu GOJBLLIOM KOJHYECTBe KaMHeil 0,045 0,050 0,060

To e npH HU3KHX YPOBHAX BOJBI, HE3HAUHTeJb- 0,040 0,048 X

HBIX YKJOHaX M MaJlbiX MHBBIX CEYeHHSX }

Pycna npu HaJMyuM YYacTKOB C MeJJIEHABIM Te- 0,050 0,070 0,080

yeHHeM, 3apocJiell 1 ryGOKHX OMYyTOB

Pycsia ¢ BecbMa 3apOCHIHMH y4YacTKaMH, ry1yGOKH- 0,075 0,100 0,150

MH OMYTaMH HJH NpPH HAJIHYHH KYCTapHHKa H
3aBaJioB NepeBbAMH
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Puc. 2.3. I'padux as onpexeneuss CKOPOCTHOH XapaKTEPHCTHKH MOTOKa
W=C VR npu kospduusnente Illesn C, BHUHCAEHHOM Mo ¢opmyae H. H.

[TaBjioBCKOrO
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3 ‘Kosgd ta llesu C npy n, paBHOM
o 0,010 | 0,015 t 0,020 | 0,025 | 0,030 | 0.040 | 0,050 l 0,080 ' 0.10 | 0.20
0,1 80,7 | 49,3 34,5 26,0 20,5 14,1 10,5 5,47 3,92 1,01
0,2 86,3 | 54,3 38,7 29,7 23,8 | 16,8 1257 7,00 5,20 1,79
0,3 89,7 57,3 ] 41,1 32,1 26,0 18,6 14,3 8,09 6,13 2,37
0,4 92,1 59,5 43,4 | 1 33,9 27,6 | 20,0 15,5 8,98 6,89 | 2,86
0,5 94,0 61,2 | 44,9 35,3 ] 28,9 21,1 16,5 9,73 7,54 3,29
0,6 95,0 | 62,6 46,2 36,5 30,0 22,7 17,4 | 10,4 8,12 3,68
0,7 96,9 63,8 47,4 37,6 31,0 22,9 18,1 | 11,0 8,65 4,04
0,8 98,0 64,9.| 48,3 38,4 31,3;| 23,7 18,8 | 11,5 9,13 4,38
s, 0,9 99,1 65,8 | 49,2 | 39,3 32,6 24 .4 19,4 | 12,0 9,58 | 4,69
1,0 100,0 | 66,7 50,0 | 40,0 ) 33,3 ]| 25,0 20,0 | 12,5 10,0 5,00
1,2 101,6 | 68,2 51,4 41,3 34,56 | 26,1 21,0 | 13,3 10,8 5,56
1,4 103,0 69,4 52,6 | 42,4 35,6 | 27,1 21,9 | 14,1 114 6,07
1,6 104,1 70,5 53,6 | 43,4 36.5-|: 27,9 22,7 | 14,8 12,1 6,55
1,8 105,2 71,5 54,5 | 44,2 37,4 28,7 23,4 | 15,4 22,6 7,00
2,0 106,1 72,4 55,4 45,1 38,1 29,4 24,1 | 16,0 13,2 7,43
2,5 108, 1 74315 571 46,8 39,8 31,0 25,61 17,2 14,4 8,41
3,0 109,7 75,8 | 58,6 | 48,2 | 41,1 23:2 26,8 | 18,3 15,4 9,28
3,5 11,1 171 59,9 | 49,4 42,31 33,3 27,81 19,3 16,3 10,1
4,0 112,3 78,3 61,0 50,5 43,3 34,3 | 28,81 20,2 17;1 10,8
4,5 113,4 | 79,3 | 61,9 51,4 44 .2 35,2 | 29,6 | 20,9 19,9 21,5
5,0 1{4,3 | 80,2 62,8 - 52,2 |+ 45,1 36,0 30,4} 21,6 18,6 12,1
5,5 115,2 81,0 63,6 | 53,0 | 45,8 36,7 31,1122,3 19,2 1257
6,0 116,0 81,8 64,4 53,7 46,5 37,4 31,71 22,9 19,8 73,2
6,5 116,7 | 82,5 65,0 |. 54,4 | 47,2 38,0 32,3 | 23,5 20,4 13,8
7,0 117,4 83,1 65,6 55,0 | 47,8 | 38,6 32,9 | 24,0 21,0 14,2
7,5 118,0 { 83,7 66,2 | 55,6 | 48,3 39,1 33,4 24,5 21,4 14,7
8,0 118,6 84,3 | 66,8 56,1 48,8 39,6 23,9 | 25,0 21,9 15,2
8,5 119,2 84,8| 67,3 | 56,6 | 49,4 | 40,1 34,4 | 25,4 22,3 15,6

Becbma yJno0eH IS pacueToB rpadHK CKOPOCTHOH XapaktepHcTHKH W =
= CV'R (puc. 2.3), nocrpoennbiii no popmyse H. H. [1aBnosckoro. B stom cay-

yae CPENHIO0 CKOPOCTb TEYEHHS OINPENENAIT KakK U = WI/lT, a pacxox Q =
= ov = oWV i. s

®op myaia Ille3n u tTaba. 2.2 npeaycMaTpHBaIOT Pa3MEPHOCTb BCeX BENHYHH

B MeTpax. :
2.p8. [ny6uHna h,, NP KOTOPOH 3aJlaHHbIHl pacXoi Q NMpoTeKaeT B YCJIOBHSX
PaBHOMEPHOTO JBHXKEHHsl, Ha3blBa€TCsi HOPMAJIbHOH.

B o6uieM ciyuae HOpMaJibHYIO TJIyOHHY ONpeZessioT NoAGopoM no ¢popmy-
qe [lleau. Jlis 3TOro BBHIYHCJASIOT PACXOAHYIO XapaKTEPHCTHKY pycsa NpH 3a-
IaHHOM pacxole K, = Q/Vi m%/c. 3ateM npoGyloT psA 3HAYeHHH rAyOGHHB h
W ONpele/sloT COOTBETCTBYIOUHE HM 3HAYEHHsI PACXONHOH XapaKTePHCTHKH
K = @C)/R. OGbIYHO CUHMTAIOT 3ajlauyy PeileHHOH, ec/lH 3HAYeHHEe PACXOAHOQH
XapaKTepHUCTHKH OT/JHYaeTcsi oT HCTHHHoro (K,) ne Gonee uem Ha 1%.

Y106HO TakxKe cTpouth KpuByIo K = f(h), no KOoTOpoii HCKOMOe 3HaueHHe
HOPMaJIbHO# T[JIyOHHBI HAXOAAT rpapuyecK.

s ycKopeHHst THADABJIHYECKHX PACYeTOB pycesl FeOMETPHUYECKH onpeje-
JIEHHbIX (OPM CYIEeCTBYIOT rpaduku (cMm. npuioxenus 2.1—2.3).

HEPABHOMEPHOE JABH)XEHHE

2.9. 'Hepasromeptoim Ha3biBaeTCH ABHIKEHHE XHIKOCTH, IPH KOTOPOM THI-
paBJIMYECKHE 3JIEMEHTHI NOTOKA U3MEHSIOTCS OT CeyeHHsl K CEYEHHIO BJOJb PyC-
" na. HepaBHoMepHoe TeyeHHe MOXeT ObITb YCTAHOBHBLUHMCH (BCe HapaMeTphl
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TeYeHHS He 3aBHCHAT OT BPEMEHH) ¥ HeycTaHOBHBIIMMCcsA. Huxe B HacTosleM na-
parpacde paccMaTpHBAIOTCH TOJILKO YCTAHOBHBILUHECS TEUEHHSs .

HepasHoMepHOe ycTaHOBHBLIEECS JABHXEHHE MOMET ObITh NMJIAaBHO H3MEHS0-
WHMCS H PE3K0 H3MEHAWIHMCA (BHE3aIHOE, paclUMPeHHe HJH CYJKEHHe, THJ-
paBIHYeCKHH NphIKOK).- Ha yuacTkax naaBHO H3MEHSIOWIETOCH NBHKEHHA CBO-
GoflHas MOBEPXHOCTb MOXKET PACCYMTHIBATLCA C MOMOLLBIO YpaBHeHHs Bephyinu,
[ONOJIHEHHOTO MOTePAMH SHEPIHH Ha TPEHHE 1O JAHY; LJIS pacyera pe3ko HiaMme-
HSIIOLIEroCs [BHMKEHHS B ypaBHeHHsi DepHy/iH J0/KHBI 6biTh JI06aBJEHB! 110-
TEPH 3HEpPTHH, BhI3BaHHble BHE3ANHBIM H3MEHEHHEM [OTOKas

Pycno, o6pazoBatnoe UHAMHIPHYECKOH NOBEPXHOCTBIO NMPOH3BOABLHOIO NO-

ePEeYHOro CeYeHHsi, HA3bIBAGTCH NPUIMAMUYECKUM WIH yuaurdpudeckum. Hau-
Jlee 4acTO BCTPEYATCA NPH3MATHYECKHe pyc/a NPAMOYroABHOr0, Tpaneueu-
JlaJIbHOrO, NapatoqHYecKOro W KpyroBOrO OYepTaHHH.

B npu3amaTuuecKHX pyciax I/ ONHCAHHA H3MEeHEHHA TAYOHHBI NoToKa A

Ha JJMHe [ HcnoJbayercs cielyloluee AxddepeniHalbHoe ypaBHEHHE:

d/( f

=T, (2.
h i (2.8)
NpH 3TOM
f— 1—Fr
TI—(Ky/K)2
rue i — VKJOH JHa;
aQ*B
Fr= Zov — yucno Ppyna (napameTp KHHETHYHOCTH);
B — umiHpuHa NOTOKA nosepxy (no ypesy Bolh),
B cBowo ouepenn
Ko=Q/VT, K=oCVR. (2.9)

2.10. TlpononbHbIfA NMPohHIL NOBEPXHOCTH OTOKA BOJbI HA3BIBAGTCS Kpu-
801 c60000KH0E nosepxHocmiL. Y BeJIHYeHHe TJYGHHbB BOABI B CTOPOHY TEUeHMs Ha-
3bIBAETCS noGnopos, a cBOOOJHARA NOBEPXHOCTH NOTOKA NPH STOM — Kpusol
nodnopa. Ilpn yObiBaHHH riyOHHBI CBODOJHAA TOBEDXHOCTh OOGPA3YET Kpusyto
chada. .
Iasi ananusa GopMbl KPHBOH CBOGOJHON MOBEPXHOCTH HEOGXOAHMO 3HATH
HOPMaJIbHYI0 TIYOHHY Ay M KPHTHHECKYIO raybuny i..
Kpurnueckast riy6HHA OnpeleNsieTci M3 ypaBHeHHS
Q2

Frz‘w Bx=1, (2.10)
K

‘rae wg H By — 3naueHna @ H B NpH KpHTHYeCKOH rayOure hAg.

Jis npsamoyrosisHOro pycaa
3 e
kK:V i - @11
g
rge ¢ = Q/b — yxembHHA pacxon.

s onpefeneHHs KPHTHYECKOH TJIYGHHBI B pyc/ax pas/HYHBIX TNOMepey-
HBIX CeueHHH HMEIOTCsl BCIoMoraresbHble Taljauubl (cM. npuioxenns 2.4 u 2.5)
¥ rpajHKH.

[loroku ¢ Fr > 1 (hy > 1) nasuBalotca Gypueisu, ¢ Fr<< 1 (hy<< 1) —
cnokodneimy . Yem Gonbine uneno ®pyna, TeM pesue npoaBadgercd GypHoe co-
CTOsiHHE.
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Администратор
Note
α - коэфф-т Кориолиса, см.стр.17.


 YKJOH iy AN OTKpHITOrO mpusma- @ P _ TaGauua 2.4

THYECKOro pycsa, NMpPH KOTOPOM HOP- m&%
MaJbHasi ryOHHA SBISieTCs KPHTHYe- =, —_— ) N e i i B ot = 1 s 3 .
CKOH, Ha3blBaercsi Kpumu4ecKum W Bbl- 0 G v Kol v
yHcsseTcs Nno popmye: NPT SIS =~ TToy-mddy
== o / —— Kpubag~ —K 0 0 0,77 1,020 | 0,980 { 2,297/ 1,20 | 1,199 1,49 0,813
=i = —p— = —e— g 7 < 10070pa cp 0,05 | 0,05 | 0,78 | 1,045 0,985 2,442 1,21 | 1,117]] 1,50 0,805
C2Ry 02CERy o C% Bk h s 0.10 | 0,10 | 0,79 1,071 | 0,990 { 2,646 1,22 1,156 1,55 0,767
4.12) = 0,15 0,151 0,80 1,098 || 0,995 { 3,000 1,23 1,136 1,60 || 0,733
. BRI o O R e 020 | o202] 0,81 | 1,127 1,000 o | 1,24 | 1.117] 1l65| 0 703
_ [lpu i >iyx paBHOMepHBIi NOTOK N g 0,25 0,225 | 0,82 1,156 ( 1,005 2,997 | 1,25 1,098 1,70 | 0,675
Oyser B GypHOM COCTOSIHHH, NpPH [ << e 03 | 0,309 0,83 | 1,18 1,010 2,652 1.26 | 1,081 | 1,75 0.650
< iy — B CNOKOHHOM. S pa . 0,35 | 0,365] 0,84 | 1,221 1,0‘1?3 2,450 | 1,27 | 1,065 ( 1.80( 0,626
> 0,40 0,423 | 0,8 1,256 1,0 2,307 1,28 1,049 1,85 | 0,605
» Moayuennvie u3 ypasHenus (2.8) ”p”‘m;\\” 045 | 0484 | 0.8 | 1,293 1.025| 2,197 | 1,20 | 1,033 1.90| 0’585
THIIBl KDHBBIX CBOGOJHOH NOBEPXHOCTH 20 0,50 | 0,549 | 0,87 { 1,333 1,040 2,107 || 1,30 | I,018 1,95 0,507
npejcTaB/JeHbl Ha pHC. 2.4. Tlpunsito ﬂ) fol 0,55 || 0,619] 0,8 1,375 1,025 %,031 1,31 1,004 2,00 | 0,550
0603Ha UBble CBOGOJHON MOBEpX- opa 0,60 | 0,693 | 0,89 [ 1,421 1,040 | 1,966 | 1,32-| 0,990 | 2.10) 0,518
ngm aneb K}g S 36 aachM‘ P MK T~ 0,61 0,709 | 0,90 | 1,472 1,045 ) 1,908 1,33 | 0,977 2,20 0,490
Caepytol P : kpubasn 062 | 0,725 | 0,905 | 1,499 | 1,050 | 1,857 || 1,34 [ 0,964 2.30| 0 466
I. Ecau hg> hy (yxaOH AHa i < iy): nodnopa a g 0,63 | 0,741 | 0,910 1,527 | 1,08 1,768 | 1,35 0,952 2,40 | 0,444
hy < h — KpHBas THOA ay 0,64 | 0,758 0,915 | 1,857 1,07 | 1,693 | 1,36 | 0,940 | 2,50 | 0,424
v ‘ 1 065 | 0,775 0,920 | 1,589 1,08 | 1,629 1,37 | 0,928 2,60/ 0,405
hx < h < hy — xpuBas THOA by; M 066 | 0,792 | 0,926 | 1,622 1,09 1,673 1,38 | 0,917 2.70| 0.389
h < hy — KpHBasi THNA C|. i . 0,67 0,810 0,93g 1,658 l,}O 1,522 1,39 0,906 2,80 | 0,374
: By 0,68 0,829 [ 0,93 1,696 | 1,11 1,477 1,40 0,896 2,90 || 0,360
bl B UL kR 0,69 | 0848 0940 | 1,738 1012 | 1,436 | 1.4 | 0)886] 3.00 0.346
h° m 0,70 0,867 | 0,945 |- 1,782 1,13 1,398 | 1,42 0,876 3,50 || 0,294
hy <h <th — KpuBas THOa .byy; 0.71 | 0,887 0.952 1,831 1.:4 1,368 | 1,43 | 0,866 4,00 0,255
h < hg — XpuBas THNA cfj. . » 072 | 0.907| 0,955 | 1.885( 1,15 | 1,331 1.44 | 0,86 4.50| 0,226
- = il TR 24, Kpusue ceoGonfiof néaefixuoctu 0,73 | 0,928 | 0,960 | 1,945 1.16 | 1,301 1,45 | 0/847| 5,00 0,203
II. Ecau hy = hyg (ynglon IHA ==iy): MOTOKa B NMPH3MAaTHYECKOM pycJe: 074 0950 | 0.965| 2.013( 1.17 12731 146 0’838 6.00 [ 0168
fp < h — xpuoaa Tna ay; AE W Sl 5 i o e i 0,75 | 0,972 | 0,970 | 2j092 | 1718 | 1247 | 1,47 | 0,829 8,00 0,126
hy > h — xpuBas THRNA Cpy). 0,76 | 0,996 | 0,975 | 2,184 1 1,19 | 1,122) 1,48 | 0,821 | 10,00 0,100
»
B soHax a, ay, @y, ¢, €y, € BOSMOXKHBL TONBKO KpHBbie NOANOpa (ray- HHJEKC <HYJIb» O3HAYAET, 4YTO NAHHAs BeJHYHHa BLIYHCJEHA TPH HOPMAabHOI
OGMHa Bo3pacraeT IO TeYeHHIO), B 30HaX by, b; — TonpKO KpuBble cnana (ray- ray6use A, e - A
61Ha YGBIBaeT MO TeUYEHHIO). v . o i C?B ;
JIuuus HopMmasbHbIX TayOHH N— N npu i > iy ¥ i << iy ABJASETCS aCHMIITO- ="x - ¢ (2.14)
TOH M TJ1yOHHbI MPHOJIHIKAIOTCH K HOPMAJbHOH aCHMNTOTHYECKH, NMO3TOMY pac- 2 '
CYUHTHIBATb KPHBYIO CBOOGOLHOH TNOBEPXHOCTH CjeAyeT He JOXOAS A0 HOpMaJb- P (n)=—2— In ,Il___]. npn 3> 1; .
Ho# Gamxke uem 0,02h,. He cienyer Takxke NpuGIMAKAaTbCA K KPUTHYECKOH Tiy- i (2.15)
GuHe Onxke ueM 0,02Ay, NMOCKOJIBKY TOYHOCTH pAacyeToB B APYroM AHanasoHe 1 i 149 e [
6yneT HegoCTaTOYHas. 2 1=y -
2.11. Pacuer KpuBbIX cBOOOJHOH [OBEPXHOCTH CBOAHTCS K HHTETPHPOBAHHIO
ypaBHeHHs (2.8), OAHAKO HCHOJb30BAaHHE CTAHAAPTHBIX NPOTPaMM peLIeHHsT Aud- 3navenns o) (zﬁ}thno a6, 2,
(epeHUHaNbHBIX YPaBHEHHH B 1aHHOM C/yYae HeXeJaTesbHO, NOCKONbKY (pyHK- Bennuuny a = fo—h, MOKHO IPHHHMATb NOCTOAHHOR /A JaHHOrO pyc-
ums f npu h — h, MMeeT 0COGEHHOCTD. ) Jia, BLIYHCJIMB €e JJIsl KpaiHHX 3HAueHH# TJyGHHb! h.
Haist onpenenennsi pacCTOAHUA | MeXAy riyGuHamu hy u hy (raySunst by u MOJKHO TaKKe NOJb3OBATLCA APYILHM COCOGOM:
h, o6si3aTesibHO JIOJKHBI GbITh Ha KPHBOH OJHOIO THIIA) MOMXHO HCIO/Nb3OBAaTh Pl
crnioco6 H. H. [MaBiosckoro: 1==2—" (), (2.16)
i
\ - ‘ - rge f (k) — 3navenne [ npw h = k.
Tl Me—m — (1 —)) [9 (n2) —@ ()]} (2.13) B cBolo ouepeis
~ hy— 1ty
r=ho+—— (2.17)
B 3TOM ypaBHEeHHH In —2—
. fy—hy
—y r—— -
= _I_<__.= oW - il VR_ . ’ * B pacuerax B KayecTBe j GepyT ero 3HaueHHe, BHIYHCHEHHOE NTPH CPEAHEM 3HAYEHHH
Ko 0, W, G VR, rayCEHBl Ha PACCMATPHBAEGMOM YuacTke.
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[ns yBenHYeHUs TOYHOCTH PacyeToB B 0GOMX CNocoGax MOXKHO YYACTOK
Mexay riyGuHaMu Ay H h, pa36HTb Ha HECKOJBKO HHTEpPBAJIOB, NOTOM AJIsl KaX-
JIOTO M3 HHTEPB aJI0B OfIPE/Ie/IUTh PACCTOSIHKE MEXKAY KpaliHUMH ITyGHHAMH H BCe
PacCTOSIHHSI CJIOXKHTB.

Tpumep. B TpameuesnalbHOM KaHaje ¢ YKaoHoMm [ = 0,0002 wupuHa no amy
b = 12 M, KoadduuHenT mepoxosatocT n = 0,025] koadduuuent orkoca m = 1,5, pac-
xon Q = 47,66 m%/c. TpeGyeTcsi oOmpeleJqHTb PacCTOsHHe MeX1y rayO6HHaMH h; = 3,1 M
H hy =4 M.
i PewenHe H3ypapHenus (2.5) onpelenseM HOpMajibHYIO ray6uny hy = 3,01 u
(hy > hg; hy > ho). 3aTem u3 ypaBHeHnHs (2.10) HaXOZHM KPHTHUECKYIO rayouny hy = 1,11 m
(h1 > hy: hy > hy). Caenobatennno, o6e riyGHHb NPHHAJIEXKAT OLHOMY THNY KPHBOH CBO-
6OAHON NMOBEPXHOCTH a; M DACCYHTHIBATH MEXAY HHMH PacCTOSIHHE MOMHO.
Briuncasem [ ¢_nomoumbio Gopmyabi (2.16). Has sroro:
a) onpegeaum h, M, no dopmyne (2.17):
(4—3,1) -
4—3,01

3,1—-3,01

h=3,01+ =3,375;

In

6) onpeaeqHM MJOWAAb, M2: _
© =(bau -+ mh) B = (12+41,5-3,375) 3,375=57,59;
B) onpefesiuM CMOUYEHHBHIN NepHMeTp, M:
A =buu+2h VITm?=1242.3,375 VIT1,58 =2,17,

r) onpeses MM THAPABIHYECKHH paiuyc, M:

e o T
R =S¢ =l 5%

R) oni:oeue.'um Ko3pduuuent lesu T, m*%/c, no (opmyne Manuuunra:

e Ve
C=—sRle = 23870 _ 450

n 70,025
e) onpelenHM K, md/c:
K=ol VR =57.59-46,23 V2,38 =4110;
%) ONpejesiHM IIHPHHY NOBEpPXY, M:
B =byy+2mh =22,12;

3) ohpene.mm yucao Ppyra Fr npu o = I:

o 2 47,66%2.22,12

= g‘i)’ B= G s1.57,50 —0:0%8;
u) onpefeaum- K,, wm3/c: :

Ko=Q/ Vi =3370;

K) HaKoHell, HaxoxHM [, M, mo ¢opmyre (2.16):
' YO 4-—3,1 1—0,0268 =13 370,

0,0002 2 (m)z

4110

Jliist NpuBsSI3KH KPHBOH CBOGOXHOH MOBEPXHOCTH K KaHAaJly HEOGXOAHMO
B OJHOM H3 ceueHHil 3HaTh ray6uHy. Kak npaBuAg, oHa H3BeCTHa nepes coopy-
*eHueM (NJIOTHHA, BOJAOC/IHB, IUHT M T. I.) MJM 3a HHM, B HauaJle WIH B KOHLE
KaHaJa.
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Phe. 25. Kpusse cBOGOAHO TOBEPXHOCTH MOTOKAa B NPHIMATHYECKOM PYC/e, COCTOAIIEM
H3 IBYX 3JIEMEHTOB Pa3HOro YKJIoHA

Puc. 2.6. Kpusbie cBoGOAHO# NMOBEPXHOCTH MOTOKA B NPH3MATHUECKOM pycJe, COCTOALIEM H3
TPeX 9JEMEHTOB Pa3HOTO YKJIOHA
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2.12. Ecsin pye/1o He npu3MaTHYeCKOe, TO PACCTOSIHHE MEXKIY CEUYEHHSMH ¢
ray6unamu by, u h, onpegeasior no gopmyJie
aQ® 1 1
wt S5 (o —x)—™

I= =
e : (2.18)

rue iy = (Q/Y(c,,)” — CpPeflHH# VYKJOH TPEeHHA MeX1Yy CeuYeHHSMH.

3roT npueM pacueta HasbiBaloT MetoloM B. M. Yapuomckoro. On ynoben
AJIsi TIOCTPOEHHsl BCeH KPHBOH H NPHMEHHM NpH Jioboi ¢opme nonepedHoro
npopuas pycaa. ,

2.13. Jlns pacueta KpHBOIi CBOGOJHON MOBEPXHOCTH B PyC/e ¢ H3MEHeHHeM
YKJOHA HeoOXOJMMO Mepejl pacyetoM TNpPOaHANH3HPOBATH CBOGOJHYIO MMOBEpX-
HOCTb HCXOJS M3 TPeGOBaHHIi, YTO B 30HAX @), @), C}, €, BOIMOMHBI TOJBLKO
KPHBBIE TOANOPA, a B 30Hax b, W b, — TONbKO KpHBLIE CMaja; Kpome Toro,
rayGHHa JOJKHA OblTh HENpepbIBHOH (DYHKUHEH, 32 HCK/IIOUEHHEM THAPABJIH-
YeCKHX TNPBIKKOB.

Ha puc. 2.5, 2.6 npHBeeHbl HEKOTOPLIE YACTHbLIE CJyYaH TeueHus. bBuaro-
Aaps aHa/lH3y YAaeTcf YCTAHOBHTb IVyGHHY B MepesiOMHOM CEYeHHH, HeoBXo-
AMMYIO 1A pacueTa KpUBOK CBOGOAHOW noBepXxHOCTH. [HipaBiuueckuii npoi-
JKOK NPOHCXOJIHT B CEUEHHH, rje NIYOGHHBI 10 NPBIKKA H 32 NPIKKOM ABAAIOTCS
conpsxeHHeIMH. [I1a onpejie/leHus MecTa MPLDKKA HEOOXOAHMO MOCTPOHTH JH-
HHH COTPSXEHHBIX IyOHH, U TaM, [e OHH NepeceKarT CBOGOAHYIO NOBEPX HOCTD,
npousoiifer npeikoK. JI1a NocTpoeHHs JTHHUH COTPAMKEHHbIX ryGHH B 30He BO3-
MOXHOTO NpBIXKKA HEOGXONHMO B HECKOJIbKMX CEUeHHAX Mo riyGHHaM B 6Gyp-
HOM II0TOKe ONpeJle/IHTE BTOPYIO CONPAXKEHHYIO IMTYGHHY H HAHECTH [10J1yYeHHbIe
3HaveHHs B Macuitabe Ha CXeMy, a 3aTeM COEAMHHTb JIMHHeH. [IpH HaIHuuu
JABOHHOTO mnepesioMa [Ha BHJ PpelIeHHsi MoXeT OBITb HEOJHO3HAYHBIM (CM.
puc. 2.6). OxHa u3 ABYX BeTBel pPelleHHS B 3THX CAYUasiX ONpeIeNserTcd KOHK-
PETHLIMH 3HAYEHHAMH IJIWH 3JeMEHTOB H HX YKJIOHOB.

THAPABJIHYECKHA NPBDKOK

2.14. Peskoe yBesnuyeHHe ryyGHHbI I0TOKA IIPH Nepexoje ero u3 GypHOro
COCTOAHHS B CNOKOHHOE Ha3blBaeTCsi eudpasiudeckum npoixckom. Lny6unnt 6yp-
HOTO NOTOKA Nepejl NPbKKOM A’ H CNOKOHHOro 3a MpRIKKOM A'' HocAT HasBa-
HHe conpscennoix eaybun (puc. 2.7). Ecnu GypHblil OTOK nepel NPLIKKOM Xa-
pakrepusyercs uHciaom ®pyna Fr = 3, 1o B HecTecHeHHOM pycJe MOJyyaeTcs
COBEpIUeHHbIHl MpPBIXKOK, XapaKTepHHIH Ha/JHYHEM MOBEPXHOCTHOTO BaJbla.
[Ipu Fr <C 3 nonyyaercss npbKOK-BOMHA 0e3 NOBePXHOCTHOrO BaJbla. Jlpyroit
KPHTEPHH coBeplleHHoro npbbkka — h''/h" = 2. B npusmatuyeckoM pycie

3 5—)1 : LA ’ b-5
[ e
/3—>[ 3 7
e ]
1 = S
d e
At bl )

Pyc. 2.7. CxeMa rHApaB/IHYeCKOr0 NMpPbIXKKa:
1 — Gypunfi notok; 2 — cnokofinkl# natok; I — panen
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mo6oit GopMBL conpsiKeHHble TyOHHbDI CBA3aHbl YDABHEHHEM I1IDbIXKKOBOH (DYHK-
IHH:

1,05Q2 , 1,06Q2 = .
Stz = L 2 O, (2.19)
gy & g :

rAe Zze W Ze — CJYOHHB MOTPYHEHHS HEHTPA THKECTH COOTBETCTBEHHO MEPBOTO H BTOPOro

CeyeHHH,;
@y H Wy — NJIOULAJIH 3THX CeYeHH.

Ecau riy6uHa nepBoro ceueHusi A’ W3BeCTHA, TO BHIYHCJINIOT JEBYIO YaCTh
# NOAGHPAIOT A/Isi IPABOl YACTH TAaKoe 3HaYeHHe IYOHHB A’ , P KOTOPOM ypa-
Herue (2.19) obpaigaercsi B TOMKIAECTBO; 3T0 U OyleT BTOpas CONpsKeHHas Tay-
GuHa.
2.15. Oas pycaa NpSMOYroJbHOTO CeUYeHHs
h"=0,50" (VT1F8 Fr; —1), . (2.20)

rge Fr; — uncao ®pyaa npu ray6uue h'.

Beanynnw i’ u h'' B ypasuenun (2.20) MOXKHO NMOMEHATH MECTAMH, HO TOTJA
BmecTo Fry o kopHeM nuuyT Fry, T. €. uncno Ppyna npu 6osbluel conpsaxeH-
Hoit rviy6une i’ st ycKOpeHUs pacyeToB HCNOJMb3YIOT rPadHKH, NpHBEIeHHbE
B npuaoxenunx 2.6, 2.7. JauHY cOBEPLIEHHOTO NMPBLIKKA ONpeesioT no ¢op-
myne H. H. TlaBnosckoro:

Inp=2,5 (1,9 h" —h") (2.21)
wan M. 1. YeproycoBa:
lnp =10,31" (YFr; —1)0-81. (2.22)

Hus peuwennst 3anau no ¢opmyse M. JI. Yeproycosa paspaboran rpadux
(em. npunoxenue 2.8). Ilpn Fr; << 2 nonyuaercsi npbiKoK-BoJHa (Ge3 Banblia).
ConpsixKeHHble T1YOHHbI NPLIKKA-BOJHbL CBA3aHbl (hopMyJioH

h”=h'Fry. (2.23)

Jlinka npbKKa-BOJHbBI
Iy =10,6h" (Fry—1). (2.24)
ConpsikeHHble TyGHHBL NOANEPTOTO NpPBIKKA, T. €. NPbLKKa, 06pasyiolie-
cA Tepel nperpainoii, onpeiessiioT TaK e, KaK coBeplleHHoro. [liuHa e ero
MeHblle H NPUBIHKEHHO MOXET GbIThb NpHHATA No (opMyne ° '
p— T (2.25)

BOJLOCJHBBI g

2.16. Bodocausom HaspiBaeTcs Iperpaja Ha NYTH OTKPHITOTO NOTOKA, ye-
pe3 KOTOPYIO XHAKOCTb NepeJHBaeTcsi, HMes CBOGOJHYIO NMOBEPXHOCTb. B 3aBu-
CHMOCTH OT (OPMBbI Nperpajbl PaszJHuYaloT BOJOC/HBBI C TOHKOH CTEHKOH, C .
IIHPOKHM MOPOTOM H TMPAKTHYECKHX npodHuei.

BonocnHBaMH ¢ TOHKOH CTE@HKOH HA3bIBAIOT TaKHe BOJOC/MBEI, TIPH Nepesu-
Be uepe3 KOTOPble AKTHBHAs CTPysl OMBEIBaeT KPOMKH OTBepPCTHS ¢ HanopHoi
cTopoHbl. 310 ByJerT B clyuyae CKOIIEHHBIX KPOMOK (¢ pacuiHpeHHeM B HH30BYIO
CTOPOHY) HJIH MPH MajoH TOJIIHHE CTEHKH.

Bopocnue ¢ wmpokuM noporoM (puc. 2.8) uMeer nopor B BHIE TrOPH3OH-
TaJAbHOH JIOIAAKH, PHYEM [I0OBEPXHOCTb JIOTOKA Ha NOPOre B CpelHell 4acTH
CTAHOBHTCH IOYTH 11apaliie/bHOH 110BEPXHOCTH TIOpOra.

Bonocnupsl mpakTHuecKuX npodguieil (KpHBOJMHEHHBIE M NOJHIOHAJD-
Hble) MPHMEHSIOT B HAPOTEXHWKE B KayecTBe BOA0cGpOCOB. B popoxknom nese
K HHM MOT'YT OTHOCHTBCS HEKOTOPbie nepesHBHEIe COOPYHKEHHS .
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Водослив


        преграда (порог), через которую переливается поток воды; в гидротехнике В. называется Водосброс со свободным переливом воды через его гребень. Для направления потока на гребне делают отверстия прямоугольной формы, ограниченные с боков устоями или промежуточными стенами (быками). По форме порога различают В.: с тонкой стенкой, с широким порогом и практического профиля, построенный по координатам траектории свободно падающей струи (рис.) и обладающий наибольшей пропускной способностью. В. практического профиля может быть вакуумным (если давление на гребне под струей ниже атмосферного) или безвакуумным (давление выше атмосферного). В., применяемые в лабораторной и гидрометрической практике для измерения расхода воды, называются мерными.


        

        Схемы водосливов: 1 — с тонкой стенкой; 2 — с широким порогом; 3 — практического профиля.
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Pacxon uepes MpsiMOyrojb-
HBIl BOJAOCJHB C LIMPOKHM IOpO-
romM

Q =0y mb V2 H}.®, (2.26) v

rie Oy — KO3(GHIHEHT 3aToOMJEHH,
VUHTHIBAIOWHH  [OJOKEHRE
ypOBHS BOAB B OTBOAAILEM
pycae;

m — Ko3hGHIUHEHT pacxoaa, HHC-
JOBOe 3HaMEHHE KOTOpOro
3ABHCHT OT reOMeTpHH BOJO- ﬂl
CJIHBA;

b — WHPpHHA BOJAOCJHHBA;

g — ycKopeHHe CHJB THKECTH;

H,= H+ ;—?——nouuuﬁ Hamop
HCTeueHHs;

H — reomeTpHueCKHil Hanop neve-
YeHHH, T. €, BO3BbIIIEHHE
ypoBHSL BOAL nepei BOAO-
CAMBOM HAJ TNOPOroM;

v, — CKOpocTh TOAXOAa K BONO-

fMobImoK
{dgnna)

C/IHBY TaM, rje cnal no- TPTTTTIIITIIT
BEPXHOCTH  He3HauWrTedeH ,
. epHO H ACCTOSHHH .
(2'}’?“"0“1‘9':10])0;)" Puc. 2.8. CxeMB MOTOKa Ha BOJOCIHBE C UIHPO-
’ KHM IOPOroM MpH ero amuue [:

2.17. Ilns BOAOCAHMBA C TOH- a—I=(4+6)Ho 6—1=(=19)Ho 8 — 1= (13 20) Ho;
KO# CTeHKOHl pacXon e =
Q=oumybVy 2g H.5, C@21)
rle m, — Kos(pHIUHEHT pacxoaa ¢ Y4eToM CKOPOCTH TMOAXOAA;
H — reoMeTpHUECKHH HAmop HCTEYeHHH.
Jlasi npAMOYroJibHOrO BOJOCIHBA B Bep THKa/IbHOH TOHKOH_CTeHKe MpH
npsAIMOYTOJIbHOM (opMe TOABOARLIETO N0TKa KO3phHUKEHT pacxona

0,0027 B—b b H Y
m“=(0,405-1_—H— —0,03=2= ) [|+o.55( = H+p) l (2.28)

rae p — BHCOTA BOJOCAMBHOW CTEHKH C HanopHOi (BepXoBOf) CTOPOHBI, M;

B — wmMpuHa mojBOAALLErO pycna, M.

UycioBble 3HAUEHHS M1, 3aKN04yaioTesi B Mpejenax NpHOIH3HTENBHO OT
0,41 po 0,50.

BoJIOC/IHB € OTBOASILHM PYCJIOM, HMEIOLHM LIHPHHY, paBHYIO LIHPHHE BO-
OC/IHBA, CAHTAETCH 3ATONJIEHHBIM, ec/H TJyOHHa BOLB B HHXKHEM Ouede npe-
BbIIAET BBICOTY BOJOC/HHBHOH CTEHKH CO CTOPOHBI HHIKHETO obea p,, a TaKKe
ecJiH BHINOJHEHO YCJIOBHE

2 2 )
i (__) , (2.29)
P1 P1/x

rie 2z — pa3HoCTb OTMETOK CBOGOLHON MOBEPXHOCTH B BEPXHEM H HHXHEM Gbedax;

p1 — BhICOTA BONOC/AHBHOH CTEHKH CO CTOPOHBI HHXHEr0 6eeda.

KpuTuueckoe, 3HaueHHe OTHOCHTENBHOTO nepenaja (z/py)x OnpenensoT no
rpapuKaM, NpeJCTaBIeHHbIM Ha DHC. 9.0, B 3aBHCHMOCTH OT KO3(puuHeHTa
pacxofa m u oTHowenns H/p. EcaH BOJOCTHB He 3aTonjieH, 1o B GopmyJe
pacxofia (2.26) npuRAMAaT 0y = 1. :

t . 29

:

(sl i

1,75 -
. |
100
i 475 x:——“

e — : ]

=8| 445 | G427

\
N

125

A

m =035 | 4785 _4

/
=

L\
\
AN

450
0 85 W0 15 20 25 I IF 40 45 Hfp)
1

Puc. 2.9. Tpaduk 8 onpeieneHus KPHTHYECKOTO 3HAYEHHS OTHOCHTENbHOrO mepena
(2/p))x=[(H/p) npn m=0,42; 0,45; 0,48 — 117 BOJOCIHBOB C TOHKOH CTEHKOJi upn },‘f
tuueckux npoduei; npy m=0,35 u 0,385 — Aas BOAOCAHBA ¢ UIHPOKHM NOPOroM B

Jlns 3aTORNEHHBIX BOJOCAHBOB KO3(bDHUHEHT 3aTOMJIEHHS BBHIYHCAAIOT M0

LbOpMyJ]e
h e
=1,05(14-0,2—%- B
ol (.4 > o )V "’ (2.30)

rae hy — BO3BbINEHHE CBOGOAHOMH 1OBEPXHOCTH BOAL B H
HIK
cauBa. : HeMm Guede Hal rpeGueM Bojo-

2.18. Pacxoj uepe3 BOJOCHMB C IUHPOKHM NMOPOTOM B OflUeM BHJe

Q:(pmr]/Qg(Ho—-h) , ©(2.31)

raie o — MJoUlaAk JKHBOrO CeYeHHS IIOTOKA Ha Nopore npH ['J'[yﬁ[{HQ h:
@ — KoSOPHIUHEHT CKOPOCTH; '
h — ray6HHA BOAMW HA MNOpore BOJAOCJHBA.

[1y6uHy Ha nopore He3aTOMNJEHHOro BO,
; A0CJIHBA BbIPAXKAiOT B B
NoOJIHOTO Hanopa: ' . i

h=~kH,,
rie k — xKoadpHUMEHT BEPTHKAJNLHOIO CHKATHA NOTOKA.

Torma ajsi IpSIMOYroJIbHOTO BOJIOC/IHBA NPHMEHS]

4 10T dopMmyay (2.26). 3Ha-
ueHHA KODMUIHEHTOR m, ¢, R 111 Bojloc/inBa 6e3 GOKOBOTO CXaTHA ngu g
= 4H npusejeHs! B Ta6a. 2.5. ) B

TaGauuma 2.5

Tun BX0Aa Ha BOAOCAHB \ m ‘ [

R
Hanopuas rpaub — BepTHKalbHas, peGpo — He-
T p peGpo He 0,32 0,85 0,59
Hanopras rpanb — BepTHKaJbHasi, pe6po — 3a- 0,35 0,92 0,63
KpyrieHHoe , '
Hanopnas rpanb — HaKJIOHHAS 0,38 0,97 0,66
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Tab6uuua 26

hy/Ho oy hy/Ho o,
0,80 1,0 0,94 0,70
0,88 i \ 0,5
0,90 0,84 0,97 0,50
0,92 0,72 0,98 0,40

ITpu p << 4H xosdpuiHenTsl ¢, £ U m Bospactaior. [To A. P. Bepe3ﬁH€Ko-
My JJisi ocTporo pebpa

—0,32 UG[_ﬁ“___p__. ‘ 9.39
=000l T, 075 ' Ba)
AT 3aKpyIJIeHHOTo pebpa
3Hy—p
= IReN e—T 2.3;
i T T ai—ep (258

Ecau ray6una nuxkuero Goeda fiyg = p; + hy, BoJOCAHB cumTaercs 3a-
TOMJIEHHBIM,

Pacxon uepe3 3aTONJIEHHHIH BOJAOCIHB HaXOAAT HJH 1o (opmyae (2.31),
rae h = hyg — p;, 2 ® — IJIOILAJb CEUYSHHA NIOTOKA HA BOJOC/HBE NPH I1yGH-
He h, Hau no ¢opmy.e (2.26) ¢ yyerom KosppuuHenTa 3atontenus o,. Koaddu-
IIHEHTHI 3aTOMJIEHHs BOJOC/HBA C IWIMPOKHM noporom (no A. P. Bepesnnckomy)
npusefensl B Taba. 2.6.

OJIHOMEPHBIE YPABHEHHS THAPABJIHKH

2.19. lns pacuera HepaBHOMEPHBIX (C NMEPEMEHHbIM CeYeHHeM H YKJOHOM
JIH4) W HECTALMOHAPHBIX (C NepeMeHHBIM PACcX0/0M) TeUeHHI Yepe3 BOLONPONyCK-
Hble COOpYMKEeHHS BO MHOTHX C/1ydasX MOTYT ObiTb HCIOJIb30BAHBl OJHOMEpHbIe
ypaBHeHHus runpaBinku (ypasuehns Cen-Benaua):

v,

aQ 7] 1 d . Q
— . — + — hdy | = gioy—h———=-F; 9
% T e (ani % gj y) gio—X\ oR +F; (2.34)
Yn
Jw aQ 7
—l—— =, 2.3
at ] ax (2:36)
rae { — BpeMs;

X — KOopJAHHATa BAOJbL NOTOKA;
Yu (%, 1), yy (¥, {) — KOOPAHHATHI YPe3OB Ha JIGBOM H NpaBoM Geperax COOTBETCTBEHHO;
h(x, y, {y=C—zy — ray6HHA NOTOKA;
L(x, {) — oTMeTka CcBOGOAHOW MOBEPXHOCTH BOJMI;
2y (X, y) — oTMeTKa LHa;
i=sinf =~ 0 — HaKJOH OCH 0X K TOPH3OHTY;
A=g/c® — Ko3pPHUMEHT THAPABIHYECKOrO TPEeHHS;
F — ynenbHas cuaa (HAa eJHHHUY JIVIHHBI), OTHECEHHAs K NJOTHOCTH,
ofyc/oBieHHas HENPHIMATHYHOCTBIO pycaa.

Coraacnro [3.20] F MOKHO TIpEACTAaBHThL B CJeAyIOIeM Buje:
iy

F=-—jgh
Yn

eC/lH TIPEANOJIOKUTD, UTO 2 = Zy(X, y) ABAAETCA OJHO3HAUHOH (yHKUHEH Y.
31

dzy
ox

dy, ) : (2.36)

Paccmorpenne ypaBHenuit (2.34), (2.35) moxHO HafiTh, Hanpumep, B pabo-
te [20]. C nomowplo 9THX ypaBHeHuik Ha 3BM no crenmua/lbHBIM aJropHTMaMm
MOTYT GbITh PACCUMTAHBI OBICTPOTOKH IPOM3BOJILHOTO MONEPEYHOro CeYeHHS C
nepeMeHHBIM YK/JIOHOM AH4, BOAONPONYCKHbe TPYGhl (B Ge3HANOpPHOM peKHMe),
KaHaBbi, MaJjble MOCTHl H T. Il., B TOM YHCJe C OGPa30BaHHEM TH/PABJIHYECKHX
npeikkos. B sabopatopuu ruapaeauku LIHUHC paspaGoran ynusepcanbuuiii
KOMMeke nporpamMM «BojoTok» ans pewenust ypasuerni (2.34), (2.35) npu
JOCTATOYHO OGUIMX PAHHYMHBIX M HAYANBHBLX YCJOBHAX, a TAKIKE C YUeTOM pas-
MbIBA 1HA H Geperos.

JIBYXMEPHBIE {(IIJIAHOBBIE) YPABHEHUS THAPABJIUKH

2.20. [lByxMepHble (B nJaHe) ypaBHeHHs TMAPABJIHKH, HasblBaeMble TaKike
ypaBHEHHAMH MeJKOH BOJbl, MOTYT NMPHMEHATHCA AJA HCC/eN0BaHHA CYIECT-
BEHHO HEpPABHOMEPHBIX CYXKAIOMHXCH HJH PaCIIHPSAIOUIMXCA IIOTOKOB W INOTO-
KOB CO 3HauHWTeJIbHhIMH H3MEHECHHAMH FJ’[yﬁHHH B ronepevyHbIX CedYeHHAX npHu
YCJIOBHH, YTO XaPAKTepPHBI TOPH3OHTANbHBIH MacwTab TedeHHs MHOTO GoJiblle
xapakrepHoit rayGHHbl. B ruapaBinKe Ma/biX BOJONPOMYCKHBIX COOPYMKEHHH
TAKHMH 06BeKTAMH MOTYT SIBASITHCS MaJible MOCTHI H HIXKHHe Gbedbl Tpy6. B He-
KOTOPBIX C/Iy4asiX y/JAOBJETBOPHTE/bHbIE PE3YJbTaThl JlaeT H NPHMEHEeHHe 3THX
yPaBHEHHI1 K pacueTy cyKeHHii Ha BXOJle B KOCOFOPHbIe TPYGhi (CM. Ti1. 4) ¢ 06-
PA30BaHHEM KOCHIX NPBIXKKOB, €CJIH HCKJIIOYHTb H3 paccMoTpeHHA o6pascBa-
HHe JIOKaJbHBIX BCIIECKOB (GpHI3r), He OKAa3bIBAWOIIMX BJIHSHHS Ha Mpo-
[YCKHYIO CIOCOGHOCTB TPYOHI.

NByxMepuble ypaBHeHHs MeJKOH BOAbI B HHTErpa/jbHON (opMe HMelT cle-

JYIOUIHH BHA:
2= (f] nete )+ § 47 (3 47) + 5o Grasa faveaat
‘6 ‘o o

ot
- =
+ ([ ad151d6=0; (2.37)
%
e SS hdG | + fﬁ a(ode) =0 (2.38)
at

« G [} 2

rae -;(x, y, {) — BeKTOp ocpeaHeHHOH mo riyGHHE CKOPOCTH MOTOKa, JexalulHid B ro-

PH3OHTANbHON IJIOCKOCTH;
G — npousBoJbHas 06JacTh B TOPH3OHTANbHON MJIOCKOCTH, MOJIHOCTBIO HJIH
YACTHYHO 3aHATAH XKHIAKOCTLIO;
dG — sneMeHT mnJoOWAaH;
o — rpanuua G
— — @
do = "cr O — BEKTOPHbLIH 3JIeMEHT O,
-
ﬂo — BHEWIHAA HOPMaJib K O
do — 3JieMeHT KpHBOIi.

Ypaenenus (2.37), (2.38) JonyckdioT paspbiBHbIE pelLIEHHsI THNA THAPAB-
JIMYeCKHX NPLIKKOB. [IpH COOTBETCTBYIONIMX HayalbHBIX H I'DAHHYHBIX YCJ0-
BHAX OHH pellarnTcH YHCJAEHHO, NpHYeM s CTaI.lH()Hale:[X (HE 3dBHCHLIHX OT
BPEeMEHH) 3allay HCIOJIb3YeTCA MeTO] ycTaHoBJeHHA. Hekorophle ynusepcanb-
Hble M HAJleHbIe aJTOPHTMBI DEUIEHHS JBYXMEPHbIX ypPABHEHHH MeJKOH BOJbI
onucannl B [3, 21]. B na6Gopatopuu rugpasauky [{THHMCa paspaboran naker
nporpamm «Kackan», BKIoYaouHii B ce6i TpH KoMIiekca nporpamm «IloTok»,
«Bop», «MocT», Kaxablit H3 KOTOPHIX NpejHa3HAueH JVIA pelleHHs JBYXMepHbIX
ypaBHeHUH MeJKOH BOJbl B LUIHPOKOM JIHAlIA30He CHTYAIlHOHHLIX YCJOBHH H YHCes
®pypna. [TporpamMmbl anpoGHpoBaHbl HA MHOTOYHC/JIEHHBIX TECTOBLIX M PEabHBIX
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Ta6bauna 2.8

M/c, NpH cpemHefl TAyGWHE NOTOKa, M

0,4 [ t.0| 2,0 | s.0] 04 | 1,0 20]380]04]1t0] 20 |.3,0.
AR CPYHTOR
CpeiHeNJIOTHhIX I NAOTHBIX l OMeHBb ITOTHHX

0,70 | 0,851 0,95 | 1,10 (1,00} 1,20 | 1,40 | 1,50 |-1,40 | 1,70 1,90 2,10

0,65 10,80 | 0,90 | 1,00{0,95/|1,20|1,40]|1,50]1,40]1,70| 1,90 2,10
0,60 {0.70 { 0.60 | 0,85 | 0,80 | 1,00 | 1,20 | 1.30 1,30 70

B 3aBHCHMOCTH OT KDYNHOCTH NecyaHblX (pakuuii

BeC TPYHTOBOro ckenera Ao 1,20 1/M% cpeamendorhbie—coorBerctBenno 0,9—0.6 u 1,20—1,20—1,66 1/m3;

2, 3HaveHAs CKOPOCTeR He CJABAYeT HHTEPHOJHPOBATD.. Ilps npoMexyTOYHHX TrAYOHHAX BOAOTOKa

g. 3HaueHua AonyckaeMblXs CKOpocTefl TeuenHs npH rayGHHAaX BOJOTOKA GOABMHX 3 M (B caysae
M,

OYeHb I[/IOTHBIX TPYHTAX JAonycKaemble CKOPOCTH OTFPAHHUHBAIOTCH TeMM XK€ IHAYEHHAMH, HTO H AJn

Ta6aupa 29

_CKOpOCTH. TeUeHHR, M/c, NpH cpelned rayGuHe noToka, m
Ten yKpenaesaf
04 1.0 20 |- 30
OpepHoBKa: . l
naalMs (Ha MJAOTHOM OCHOBAHHH) 0,9 1,2 1,3 .l 1.4
B CTEHKY 1,5 1,8 2,0 2:2
Kamennas naGpocka: . 5
33 OyJbIKHOrO HJIH PBAHOTO KaM- Mo ta6a. 2.7 ¢ xoadpdunnentom 0,90
HA B 3aBHCHMOCTH OT €r0 KPYMHO- -
CTH
B 1Ba CJIOA B NJETHAX B 3aBHCH- IMo taba. 2.7 ¢ xKostppuunentom 1.10
MOCTH OT KPYNHOCTH KaMH$
OnunouHoe MolleHHe Ha MXy (caofi
He MeHee 5 cM):
H3 GynbiXKHHKA pasMepoM 15 cM 2,0 2,5 3,0 35
To We 20 cm 2,5 3,0 35 4,0
» 25 ¢M 3,0 35 4,0 4,5
OunuHOYHOE  MOUIEHHe HA medHe
(cnioft ne menee 10 cm): 2
};35 PBaHOTG KaMHA  pa3MepoM 2,5 3,0 3,5 4,0
oM
ro xe 20 cM 30 3,5 4,0 4,5
». 25 ¢cM 3,6 4,0 4,5 5,0
Ojunounoe Momenne ¢ moaGopom
Juna H TpyOHM MPHKOJIOM Ha Inel-
He (caoii He menee 10 cM):
H3 Kamue#l pasmepom 20 cm 3,5 4,5 50 55
TO Ke 25 cM 4,0 45 5.5 5,5
» 30 cm 4,0 5,0 6,0 6,0
OnnHOYHOE MOIMEHHE Ha IEeMeHTHOM
pacreope (THm pacTBOpa B COOTBET-
cteuu ¢ [39]): )
5;35 pBaHOro KaMHA pa3MepoM 3,1 3.7 44 50
oM E
T0 Xe 20 cM 37 44 5.0 5,6
» 25 cMm 44 5,0 56 6,2
InofiHoe MoweHHe W3 PBAHOro KaM- 3.5 4,5 5,0 5,5
Hf Ha me6He (cook He MeHee :
10 cm): waxuuft cnolt — #3 KaMueft
15 cM, Bepxuuit — 3 kamueit 20 cm

2* g 35

/

‘Oxonuanue taba. 2.9

CxopocTH Teuenufh, M/c, npu cpepnell rayGuHe NHoToKa, M

AN yKpenJjenuit
b 0.4 | 2,0 | 3,0
XBOPOCTHHBH BBICTHJIKA H XBOpOCTH- ]
Hble noxpuaaﬁa Ha NJAOTHOM OCHO-
BaHuH (a1 BPEMEHHHX  YKpenJje-
HHA):
npH ToAmuHe BhicTHAKH 20—25 cM ~ig 2,0 2,5 i

NpE APYTHX TONMHHAX BHCTHIKH To xke ¢ Kos(duuuentom 0,2 }° &

Qamunane TO(QAKK

npu Toamuie 50 cM 2,5 | 3.0 | 3,5 | —
npH ApYrsx TOMOHHAX To Xe ¢ kKosdduuuentom 0,2 J &
T'a6uoHbl (pa3MepaMH He MeHee Jo 40 Ho 5,0 Io 5,5 o 6,0
0,5X0,5X%1,0 M)
‘ByToBas KnajaKa H3 KaMHf:
H3BECTHAKOBHIX TOPOJ. 3,0 3,5 . 4,0 4,5
KpenKux nopox 6,5 8,0 10,0 12,0
YkpennieHHe OETOHHHIMH NJHTaMH 3,0 3,5 4, 4,5
Beron Kak ofexnaa AAA KpemseHHit - 6,0 7,0 8,0 5,0

(knacc GeToHa NO NPOYHOCTH H Map-
KH N0 MOPO30CTOAKOCTH M BOJOHE-
NPOHHLAEMOCTH MNPHHHMAETC B CO-
OTBETCTBHH ¢ [AeHCTBYIOWIHMH HOp-
MaTHBHHIMH [O0KyMeHTamu [39]) °

Beronnbie JOTKH ¢ IMajKofi moBepx- 12 14 16 18
HOCTBIO (KJacc GeTOHA MO NMPOYHOCTH
H MapKH O MOPO30CTOMKOCTH H BO- .
JIOHENPOHHLAEMOCTH TIPHHHMAIOTCH B .
COOTBETCTBHH C JEiCTBYIOMHMH HOP-
MaTHBHLIME JOKymenTamu [39])

JlepeBsiinbie JOTKH IJIajKHe NPH Ha- 8 10 12 14
/Ie¥KHOM OCHOBAHAH H TeUEHHH BIOJb .
BO/IOTOKOB

Mpumevuauusn 1. 3Havenus cKopocrefl He CjaeAyeT MHT Ts. IlpH np YTOYHBIX IAy-

GHHEX CKOPOCTH NPHHHMAIOTCH NO rAyOHHaM, GAHMaRWIMM K HaTYPHBIM.

2, 3uavenus aony P Teue npH rayGHAAX BOJOTOKa Ooabliux 3 M (B cayuae oT-
CYTCTBHA CHEUHANbHBIX HCCAeJOBAHHR H pacyeToB) NPHHHMAKTCA N0 HX 3HAYSHHAM JAAS FAYGHHbLI
3 M s

FHAPABIHYECKHE COMPOTHBIREHHSA NMPH NOBbLHUEHHORA
W HEOAHOPOAHORA WWEPOXOBATOCTH PYCEJ

2.22. EcrecTBeHHbIe PyCJia C KAMEHHBIM JIHOM, a TAKXe€ HCKYCCTBEHHbIE JIOT-
KH M TpyGbl, B KOTOPBIX IJIA YMeHbUIEHHA CKOpOCTel TeYeHHs Ha cMOYeHHOH no-
BEPXHOCTH YCTPAHBAlOT CNELHaJbHble BHICTYNBI HJH CTYNEHH, Ha3blBalOTCH
PYCAAMU BHICOKOL LEPOX0BAMOCMU; TEYEHHE BOJbLI B HUX M TMApPABJIHYECKHE pac-
4eThl HMEIOT CJIeNYIOIIHe OCOOEHHOCTH.

[lpu ykioHe MeHbule KPHUTHUYECKOrO TeYeHHe NPOHCXOZHT IIPH CIOKOHHOM
pexume (puc. 2.10, a). Ilpu yxknose nua Gosblle KPHTHUECKOTrO, HO Ha CP4B-
HHTEJLHO MaJsiofi T1y0HHe B KaHaje C TIoNepeuHbIMH JOHHBIMH peGpamy noJyua-
eTcsi nepenajHblid PeXHM H Boja nepesiuBaercs uepes pebpa, Kak uepes BOJO-
cauBbl (puc. 2.10, 6). Ilpx 3TOM peKHMe COTIPOTHBJEHHE pycla OKasblBaeTcs
HauGosbwiuM. [TpH yBenHUeHHM pacXoia TepenajiHblit PeXKUM CMeHsieTcs nepe-
xoiHbiM (pHc. 2.10, 8), OH XapakTepeH BOJIHUCTOH NMOBEPXHOCTBIO NMOTOKA, TPH-
ueM rpeGHH BOJH HAXOAATCA Hal peGpaMH, a MeXAy HHMH TPaH3HTHLIH NOTOK
onyckaercs o raaaxoro aAHa. Ilpu eme GoablieM pacxojie yCTAHABIHBAGTCS
GeicTpoTouHblil pexuM (puc. 2.10, 2), XapaKkTepHBI#i TeM, UTO NIOBEPXHOCTh NOTOKA
CTAHOBHTCA MOYTH NPAMOH, Napa//e/bHOH AHY, a NPOCTPAHCTBO MeXAy peo-
pamH 3anoJHseTcsl BHXPAMH, N0 KOTOPBIM CKOJIb3HT TPAH3HTHAs CTPYA.

36




Prc. 2.10. CxemMpl TeyeHHs BOAHN B KaHaje BHICOKOH LIEPOXOBATOCTH NPH PeHHMAX:
a — cnokofiHOM; § — NepenaiHoM; 8 — NePexofHOM: 2 — 6Hc1'poro~mou

OnxcanHble pexXHMbl ocyllecTBAsAKTCA NpU 4YHeaax Ppyna

v?
=—2.
Rr gh>

[Tpu Fr ot 0,75 no 2,0 uMeroT MecTo 0colbble IPHKPHTHYECKHE pexKumbl. [Ipy we-

POXOBATOCTH HHOTO THNA peXHMbl TEYeHHA OCFATCHA B IJ1aBHBIX qei)'rax TEMH

we. Kaxlomy pexuMy NpHCYLL ONpefieieHHblf 3aKOH CONpPOTHBJIEHHS .

2.23. Kosuuuenr llesuw C npaMOyroabHbIX pyces BbICOKON mepoxoBa-

ToctH onpeaeasior no gopmyae I1. H. Fopauenxo:
i 8",
Ny

rae rp — 0coGbifl - KO3Q(HIHEHT 1IepOXOBATOCTH;
= h/A — oTHocHTéNbHAA TAyOHHA;

(2.41)

m — NokKasaTeib, 3aBHCHUIHI OT BHAA IIEPOXOBATOCTH H DPEXHMA TeUEHHS;

A — BbicOTa BHCTYNa MEPOXOBATOCTH,
1
ITpyu GricrpoTouHoM pexume m = Q0 u C = = .

0
BLICTPOTOUHKI peXuM ocyllecTBiaserca npu B = B
SMnupuuecKHe 3HaYeHHs KO3pPHIUEHTOB ny, m, By, ¥ C A pacuera

TpY6

W pyce/ BHICOKOH IepoXoBaTocTH NpHBepeHsl B Taba. 2.10 (I u A — panna u
BLICOTA LIEPOXOBATOCTH COOTBETCTBEHHO). Jlif yCiI0BHH, He OXBaueHHHIX B

taba. 2.10, npuHHMalOT:
a) JUIsl TIOTepeYHBIX KBajpaTHbIX pebep npu 3 < I/A < 24:
NPH CNOKOHHOM H OBICTPOTOYHOM peXHMax

: i
iy =0,078—0,0012 —— —0,122 -i?—‘ ;

m=0,51—0,017 -1—_0,4 B (TONIBKO ANA CNOKORHOTO
A ! pexuma);

i A
=9, g — —3— .
Po=25+0,11 = B

6) ANs lAWeK-KY60B B LlaXxMaTHOM mopsake npu 1,5 < [/A << 5:

I
1ig =0,0413 —0,0012 (—A— --1,5)“'3 ;

!
By=2,84-0,2 —5'- 3

(2.42)

(2.43)

(2.44)

(2.45)

(2.46)
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Tab6auma 2.10

I Croxo#inuifi H Hamop- Brictporounnift
Bua 1wepoXoBaToCTH T HUA perEML
v Ry Bo | c
PeGpa nonepeunsie KBajpaTHhe 10 0,0540 | 0,31 3,3 18,5
5 0,0476 | 0,34 2,5 21,1
PeGpa npsaMoyrobHe g 0,0590 [ 0,23 — 17,0
3,7 0,0248 [ 0,23 2,4 40,3
Crynenn mo MOTOKY HPAMOYTroJbHEE 4 0,043 [ - — 1,1 23,0
‘ 6 0,0440 — 1,2 22.7
lawkn-kyOH B WAXMATHOM NOPAAKE 4,5 0,0338 — 3,8 29,6
. 1,6 | 0.0413| 0,012 3.0 2.2
. 1,0 0,0325 | 0,115 1,2 30,8
[THpaMuxBl ¢ KBaJpaTHHM OCHOBaHHEM 1,0 0,0! 0,37 2.7 19,7
B IIaXMaTHOM NOPsAAKE
[Monymwapust B WaXMaTHOM TOpSIAKE 1 0,0383 | 0,18 1,9 26,1
Paccpejotodeniible  rpaHyJHpOBaHHHE 1,4 0,020 — —_ 50
YaCTHIE
[lapoo6pasHbie BHCTYMHE 1,4 0,020 — 3,0 50
Paanbilt kaMenb, yKnaaka — § 0,0434 | 0,25 2,4 23,0
OkaTaHHBI KaMeHb, YKpaJKa —_ 0,0466 [ 0,35 2.4 21,4
[lecuanas 1ePOXOBATOCTh — 0,044 0,204 2,4 22,7
Topkper —_ 0,031 0,11 2.4 132,2
Beroxnas MOBEPXHOCTh B CPEJHHX Yc- -_— 0,025 0,10 2,4 40,0
JIOBHAX — 0,020 0,08 2.4 50
Xopowas GeroHHpOBKA
Cranb oxkpalleHHas o 0,0161 — — 62

B) AJA cTyneHedt no Tevenuio npu 4 < I/A < 8 117 GLICTPOTOUHOTO pexu-
Ma:

1
C=
. o

. [
—=20,140,225 (7—5} : £2.47)
Bo=1,2=1,3. ‘ (2.48)

2.24. Kosdpduuuent [llesn npAMOYroNbHBIX JIOTKOB H TPYG NPH CTyneH-
yaTol ykJajke H.npH ycaoBuu I/A << 25 (I, A — nnHHa M BBICOTA CTYNEHH CO-
OTBETCTBEHHO) ONpejensiior no ¢GopmyJe

3 .
i |
= ——47i— —1, X
c=138 ]/A s (i . l) (2.49)
rie i — cpeauuft ykjaou mia.‘ . ;

[lpu ropH3oHTabHBIX-3BeHbAX [ = A/l, oTKyaa

3
e - : ;
c=13,8 VT ” (2.50)

2.25. Koadduuuent [llean kpyraeix Tpy6 npu cryneHyaroil yKaaike 3BeHb-
eB (puc. 2.11,.a) onpenensior B clelylolleM NOpPsAKe.
1. Haxonat GeapasmepHbli MOLYJb pacXoja NpPH 3anoJHeHHW TPyObl Ha-
NOJIOBHHY ©
A

|
Bos=F0,5s —10,85 —- . (2.51)


Администратор
Note
β>βo


B cBoio ouepens ;
Eo.5 =0,0626 C', (2.52)
rie D — puamerp TpyOHl, M;
§;| — Ge3pasMepHbIi MOJYJ/b pacxona Tpy6nl 6e3 NOBLIIEHHOA WEepPOXOBAaTOCTH, 3a-
NMOJNHEHHOH HANOJOBHHY,
C’ —'xospduument Illesn 3THX YCJIOBHAX.

2. Bouucasnior KO3(OMHUHEHT LIEPOXOBATOCTH 1
a) npu h = 0,225D

nzna,.=0‘0395 . (2.53)
i Eo.s .
6) npu h << 0,225D
%4-0,05
(2.54)

B=fys ~0.775 *

rae h — rny6uHa moToka B TpYGe;
ny,s — ko3bHUHEHT, onpejedsembiii no dopmyse (2.53).

3. Onpenessitor koadduuuent llean no dopmyne

l :
Gy ]/_R. (2.55)
rae | — QJHHA cTyneHH TPyOhI;

R — ruppaenuueckuii pajlHyC XHBOr'O CeyeHHs NPM NAHHOH TNyGMHe BOIM.

2.26. Koadduuuent Illesn kpyrabix Tpy6 ¢ NOBHILEHHOH MEPOXOBATOCTbHIO
B BHJE NomnepeuHbiX pebep npsaMoyroaeHoro cevyenns (puc. 2.11, 6) onpexeasior
B CJIE,llleﬂleM nopsJKe.
. Bolyncasiior GeapasmepHbii MOAYJb pacxoza an 3anoJiHeHHH TPYyG6hl
HaHOHOBHHy

By 5—0,477

Eo,5=0,4774 (2.56)

14-[1180--7,5 (100£)2] (i)z

rie Ep, 5 — Ge3apaaMepHbiil MOAYJL pacxoia TPyGbl H3 TOro Ke MaTepmana xHamerpoM Dy
Ged MOBHIMIEHHON WEPOXOBATOCTH NMpPH 3aMONHEHWH HA MOJOBHHY BHICOTHI, OI-
penensieMbiit no dopmyae (2.52);
i — YKJOH TPYOHI;
A — BbicoTel peGep WEPOXOBATOCTH;
Dy — nonHblfi AHAMETP TPYOhI.

2. Mpu [ = (0,8+1,2)D, HaxonaT MaKCHMalbHbIH 111 IaHHBIX peep Ko-
APPHUIHEHT 1LePOXOBATOCTH

0,0395 g
Mmax = z D : (2.57)
0.5

i
i
()

Puc. 2.11. KpyrJisie Tpy6u BbICOKO#H LIEPOXOBATOCTH:
a — crynen4atas; 6 — ¢ nonepeyHbiMH peGpamu

H BBIYHCJISAIOT COOTBETCTBYIOWHH Koadpuunent Illean

3
| .
= ]/R ; (2.58)
Tmax E
rie R — THApABAHYECKHN PajHYC XHBOTO CEYEHHN MOTOKA B CTBOPe pebpa, T. e. B MecTe,
Tae Anametp B ¢Bety D = Dy — 2A

B cayuae 3anonnenus tpyG6ut h << 0,225D Bmecto dopmyasl (2.57) noab-
aywores hopMmynoit

0,0395 4 g +0.08
n = ——
max b 0.275 (2.59)
- 3. Ecau % menee 0,8 nau 6osee 1,2, To BRIYHCIAIOT BeJTHYHHY
| \2/3 (De—D/15A
(%) - (2.60
(]

rné e = 2,718 — ocHOBaHHEe HATYpPaJbHBLIX JOrapH¢pmos.
Haxopsat xos(pHUHEHT 1IEPOXOBATOCTH i Mo (opmye
n=ny~(ng—ny) &, (2.61)

rae n, — K03pPHIHEHT LIePOXOBATOCTH TPYGH AnaMeTpoM D = Dy — 2A u3 Toro xe wa-
Tepuana, HO (e3 MOBBHIIIEHHOH 1I€POXOBATOCTH;
Ny — KO3((MHUHEHT LIEPOXOBATOCTH, BBIYHC/IEHHBIH 10 GopMye (2 57) nam (2.59).
3HaueHHe 1, ONpejessioT no gopmyJe
: .
VR
= =1} Cy, (2.62)
H :

g =

1
rae cuzn—m RY® — xosppuuunent Ilesn, Bhumcaennmii no Manmmunry a1s Tex e

yclnoBHi#;
fy — KO3(pxpHUHEHT WepoXoBATOCTH MaTepHaja Tpyowl, onpenenﬁeuuﬁ no taba, 2.2,

Briuncasior Kosquﬁmem [lean

3
1 7| G
——n—]/ R. | 2.69)

Honyckarb Hamo/JHeHHe CTYNEeHYaThIX KPYTVIBIX TPY6 Gosiee ueM Jo noJo-
BHHBI He PEKOMEHJIyeTCs, TaK KaK TOrja noTtok OyNET yAapATbCsl B NONepeyHble
CTeHKH BepXHeH MOJIOBHHBI, BCJIEJACTBHE YEro BO3HHKAeT OMAacHOCTh Mepexoja
K HaNOPHOMY PEXKHMY NPH 3HAUHTENbHO GoJlee BHICOKOM CONPOTHBJIEHHH TPYOhI
H, KaK C/Ie[CTBHE, K PE3KOMY MOBBLIIEHHIO YPOBHS nepex Tpy6oii.

2.27. BetpeywaroTes c/iyuaH, Korja II€POXOBaTOCTh OTAENBHBIX YacTell cMO-
UeHHOH MOBEPXHOCTH pyc/la PA3JHUHA, HATIPHMEp NPH YKJaJKe 3BeHbEB NPAMO-
YroJbHBIX TPY6 C yCTymnaMH. Torna ol Kospbuukeur TpaneneHaa bHOro

pycaa
by+-mor b .
C= . ;
C‘K“I/m Kibi+eKkih ViTm, « B
'rﬂe C — gostppuument Ulesu, BHYHCJACHHLA B npe,uno:m»:eunu, 4YTO THA-

paBJHueCKHH pajnyc paBeH IJayGHHe BOMMI;
Cy v K3 Cy = Cy — Kosdpduinentst [LlesH 30H MOTOKA, NOABEPIKEHHBIX NPEHMYLIECTREH-
HOMY BJIHSIHHIO IHA (HHAeKc 1) H cTeHOK (MHIeKC 2); COOTBeTCTBeH-
Ho K3 = Ci/Cy;
K; u K, — oTHOlleHHe CPeJHHX CKOpPOCTeH STHX 30H Uy H Uy K oblieil cpenneii
© CKOpOCTH U,

40 : 0 \




by — pacueTHas IIHPHHA KaHAaka N0 AHY Ha YPOBHe BBLICTYNOB ILepPOXo-
BATOCTH;
h — pacderHass rAyGHHA NOTOKA;
Mgy — KOTAHTEHC yTIJia HakJoHa GOpTOB (KO3(HIHEHT OTKOCOB).

JIns npsAMOYIOJIbHBIX JIOTKOB M TPYO Mor = O H

C= G ; . (2.65)

h [ K3\
| TR, SRy it 5
l/K‘T2b1 (Ka)

B npsiMoyroJbHOM KaHalie ¢ JQOHHOH MOBBLILEHHOH 11ePOXOBATOCTBIO NpH
b,/h = 3 u K} = 5 noTok cyuTaercsi, Kak B LIMPOKOM pycJie, T. €. IPHHHMAIOT
R =h.

. TpaneuenpanbHble GbHICTPOTOKH C TeXHHUYECKH IVajKHMH GopTaMu (n, =
= 0,012=-0,016) u QHOM TNOBHILIEHHOH LIEPOXOBATOCTH *MOMHO pPacCHYHTHIBATh
KaK IIHPOKOE PYCJ/IO NMpH TOH e ryOHHe NMOTOKa, ec/IH NPH Ko3(puuuenTe 3a-
JnoxeHus1 otkocoB ot 0,5 g0 1,5 oTHOWEHHe WHPHHBI GBICTPOTOKA MO AHY K
ruy6uHe notoka He MeHee 4,5—20 (cooTBeTCTBEHHO).

Ec/IH H3JI0XKeHHbIe Bhillle YCJOBHS He BLINOJHEHbl, TO H3 TOYEK CONPSKEHHA
JIHA CO CTeHKaMH MPOBOJAT BePTHKAJH H PAaCCYHTHIBAIOT OTAENBHO CPEAHIO H
GoKoBble 30HbL. [IpH 3TOM 1151 CpefiHeEi 30HBI OepyT R = h, a 115t GOKOBBIX

h
v, | b

ASPALLHA NOTOKA

2.28. Tlpu BBICOKHX CKOPOCTAX TeUeHHS B OLICTPOTOKAaX H GE3HANOPHBIX
Tpy6ax MOTOK 3aXBaThiBaeT BO3JyX H B pesyJbTare 3T0ro o6pasyercsi BORHO-
BO3/ylHAsA CMeCh. 3TO fIBJIEHHe HasblBaWT aspayued. ay6HHA NOTOKA BCJe-
CTBHE a3palliy YBeJHUMBAeTCH.

BepxHas 3oHa a3pHPOBAHHOIO NMOTOKA COCTOHT H3 Pa3cllIeHHLIX BOXHBIX
6phI3r, cpelHss 30HAa — M3 BOABI, HACHIEHHOH BO3/yXOM; KOJIHYECTBO BO3JAY-
Xa B cpelHell 30He YMeHbLUAeTCs CBepXy BHH3. Y caMoro JHa JBHXKeTCs CJOi
yucToil Bojbl. YeM Gosbllle CKOPOCTb, TeM GOJibllle HAChlLlgHHe BOJIbI BO3LYXOM,
H B 3aBHCHMOCTH OT YC/JIOBHH BEPXHHX JIMOO HHXKHHX 30H MOXET He ObiTb.

Aspauns Bo3HMKaeT npH TeM Gosiee BbicOKoM uncie Ppyna, uem MeHbile
wepoxosatocTh pycia. OrHouleHHe o6beMa Bosiyxa V, k obwvemy Boam V, B
aspHPOBAHHOM TMOTOKE ONpele]sioT No (opMmyJae

Va A A 14
— 8 _(0,03540,8 —) J/ Fr—45 [1— =], 67
a= 7 ( 540,83 ) (l = ) (2.67)

rae A — BHICOTA BBICTYNOB LIEPOXOBATOCTH;
Fr — uncio ®pyaa, BHYHCACHHOE B NPEANOJIO¥EHHH, YTO aspallHH HeT.

Jsis rexHuuecKH riaikHx pyces A =0 u .
a=0,035 VFr—ib . (2.68)

Ecin o < 0 aspaunu Her.
PaccunThiBaioT aspupOBaHHbIH NOTOK B caeaylouleM nopsaake. CTposT Kpu-
BYIO CBOOOJIHO NIOBEPXHOCTH, CYHTASA, UTO a3PALHH He NPOHCXOAHT, H BBIYHC/ISA-

2
10T 3HaveHHs yncaa Ppyna Fr = %; Ans paja ceuennii. [To popmyae (2.67) nan

(2.68) onpenenator «. HaxoaaT n/iomafy nonepeyHoro ceyeHus: aspupoBaHHOIO
notoka @, = o(l 4 @) U N0 HHM cooTBeTCTBYIHOIHe TAyGHHL h,. 3arteM no
rayOHHaM aspUPOBAHHOTO MOTOKA fi, CTPOSIT YTOUHEHHYIO KPHBYIO CBOGOIHOI
MOBepXHOCTH. ;
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3. NPHHL MBI PACYETA €TOKA H AKKYMYJISILLUH

OB HE NMOJIOXKEHHSA
L]

3.1. OcHoBHBIME (aKTopaMH, ONPEeAeJsIOUNIMMH THI H Pa3Mep MaJbiX BO-
JIONPONYCKHBIX COOPYKEHHH, ABJSIOTCS peJibed MECTHOCTH H PacXoibl BOJIHI,
NpHTeKaoWmen K HUM. BellnudHy H XapaxTep pacnpefie/leHHs PacXofioB BO Bpe-
MeHH, XapaKTepHayemble IHAporpagami NaBOAKOB, ONpPeeNslOT B peaylbTare
l‘HIlpO.T[OI‘H‘lECKHX pacueToB.

Bona, nputekawowmas K MaJoMy BOLONPONYCKHOMY COOPYXKeHHI0, B oblueM
clyyae TpH OTCYTCTBHH CHEUHATbHBIX [OABOAALIHX COOPYXeHHH, HanpuMmep
OBICTPOTOKOB, YACTHYHO TOCTYNAaeT B €ro OTBEPCTHE, a YAaCTHYHO pacTeKaercs
B 06e cTopoHsl oT Hero. [TPOHCXOAMT TaK HasklBaeMas aKKyMyJalHs (HakonJe-
HHe) BoJibl Nepesi coopyxenneM. [Ipu sToM Bpems HeTeueRHs npuTtekalomlei ¢ Gac-
celiHa BOJIbl Yepe3 OTBEPCTHe YBEJIHYHMBAETCH, 4 MAKCHMAJbHbIH PACXOA B COOpY-
MKEHHH yMeHbLUIAeTCs, T. €. TPOHCXOJMT PACTATMBAHHME BO BpeMeHH rujporpada
NaBoJKa B COOPYMEHHH MO CPABHEHHIO C FWAporpadoM NpHTOKE H CHHXKeHHe
ero MNHKOBOTO pacxoja.

[Ipn 3TOM csenyer HWMeTh B BHAY, YTO THAPOJIOTHYECKHe pacueThl Npei-
HIECTBYKT THApaBAHYECKHM H SIBJAKOTCA He SHB.HCHMHMH OT THAPABJHKH CO-
OpYeHHH, a yyeT aKKyMyJsillHH BO3MOXEH JIHIIb COBMECTHO C PHApPAaBJHYEC-
KHMM pacyeTaMH, TaK ‘Ksk"qﬁﬁymhﬁ&‘;ﬁt%%‘m KOHKPETHBI THT M OT-
BEPCTHE COOpYXKeHHs, 00/1alalouero onpejie/ieHHolt nponycKHo# © croco6-
HOCTBIO,

YuudTeIBasik BaXHOCTh ONpeJie/ieHHA pacxoJoB NpPUTOKa ¢ HacceHa H 0CO-
GenHocTell POPMHPOBAHHA PACXONOB B COOPYXKEHHH, SIBJSIIOUMXCS KaK Obl «THJ-
PAaBJIHYECKON HAarpy3Koi» ero, HHMe KpaTKO pAcCMOTPeHbl OfLiHe NPUHLMUMLL
pacyera CTOKa H npHMeHsieMble MeTOJbi ONpelesieHHs aKKYMYA91UHH BOIb Nepej
coopy:xenneM. KpoMe Toro, B JlanHO# I'/1aBe H3J0XKeHbl NPHOIMKEHHbIE MeTO/b!
pacyera CTOKa M aKKyMyJsllHM, N03BOAsOLIHE GBICTPO H NPOCTO € TOUHOCTHIO,
JIOCTATOYHO GJH3KOH K HOpMaM, ONpeNe/iHTh BeJHYHHY PacXoloB M aKKyMYJsi-
IHH. 3714 JaHHbIE MOTYT OHITE MCNOJNB30BaHB B MOJEBBIX YCJIOBHAX AJA NpeiBa-
PHTEJNLHOTO HA3HAYEHHS OTBEPCTHH COOpYXeHHil, a Takxe Ha cragun T20.

NPHHUHNDbI PACYETA CTOKA

3.2, OCHOBHOH JOKYMEHT, IO KOTOPOMY IPOH3BOAATCS THAPONOTHYECKHE
pacuerhi B Haiei crpane, — CHull 2.01.14-83] Opnako, yuuThiBast CAOXKHOCTD,
a B OOJBbLIHHCTBE CJyuaeB HEBO3MOMHOCTH BHINOJHeHHsi TpeGoBanui [41] o
noj6ope AaHANOTOB MaJIbiX, 0COBEHHO NEPHOAHYECKHX BOJOTOKOB, IPHMEHHTE/IbHO
K JIHBHEBOMY, CTOKY TIOCJNEAHMH [AJsi MajblX BOJOMNPOMYCKHBIX COOPYXKEHHH ¢
onobpenus MIIC w Muntpancerposi jonyckaercsi paccuutsipath no BCH 63-76,
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YUMTHIBAIOLHM ClIELHPUKY Madbix BOAOCGOPOB,. NPHMBIKAIOWHX K JoporaM. Co-
riacho [15] BBIMOMHSAOT pacyeThl MAKCHMAJBHBIX PAacXO[OB JIHBHEBOTO CTOKA C
Gaccefino muomagsio o 100 km®. Hapsgy ¢ atim Hcrnoabsyercs mertog Coros-
JIOpPNpoeKTa, H3/0XKeHHb# B pabote [26].
MakcHMa/ibHBIE PacXO/ibl CHETOBOTO CTOKA pacCuMTBIBAlOT no pabore [41].
3.3. OcHOBHBIM TPHHIHIIOM YCTAHOBJIEHHSI PACUETHOTO PAacXoja 3ajaH-
HOHl BEPOSITHOCTH NpEBbILeHHs, HCnoNb3yeMbiM B paGote [411, npn HaaHuum

* THAPOMETPHYECKHX HaG/IOeHHH SIBJASeTCH NpHMEHEeHHe TEODHH BEPOATHOCTEM

M MAaTeMaTHyecKOH CTATHCTHKH st oﬁpadomn cOBpPaHHBIX HATYPHBIX THAPO-
METPHYECKHX JaHHBIX.

Ins sTOro HMCMoJb3ylOTCH AHHBIE THAPOMETEODOJIOTHUECKHX —Habaiofe-
Huii, ONyGIHKOBaHHbIE B OpHUHANBLHBIX JOKYMEHTAX, a TaK¥Ke laHHble, cobpan-
HBle B pe3yJsibTare H3biCKanuii. Cuuraercsi, YTO CTOK — cayuaittoe ﬂnnenue, a
DA/ PAacXoJioB — OJHA H3 €ro peanu3alHi.

3.4. Cornacno (411 npu onpepeseHHH pacyeTHBIX THAPOJOTHYECKHMX Xa-
PaKTEPHCTHK HEOGXOAMMO MPHMEHATb CJeAYIOIHe NpHeMbl pPacyeToB:

a) NpH HaJHYHH JIAHHBIX THAPOMETPHYECKHX - HabJIIOACHHIT — Hemocpe-
CTBEHHO N0 3THM JaHHBIM,;

6) NpH HEJOCTATOYHOCTH JAHHBIX THAPOMETPHYECKHX HaGmoNeH i — npu-
BEICHHEM HX K MHOrOJIeTHeMY MepHOAY 10 JaHHBIM PeK-aHa/Joros c GoJiee JJIH-
TEJbHBIMH psilaMH HaGJIOAeHHH;

B) MPH OTCYTCTBHH [AHHBIX THAPOMETPHUYECKHX Haﬁm’o,zleﬂuﬁ — 1o -(j)op
MyJ/1aM C NpHMeHeHHeM JaHHBIX O peKaX-aHaJorax H KapTaM, a Takxe Mo JiH-
He{HO-perHOHa/JbHBIM HOPMaM, OCHOBAHHBIM Ha COBOKYNHOCTH J4aHHBIX Ha-
6/1I0ieHH I Beeil CeTH THAPOMETPHYECKHX CTAHIHI H NOCTOB AaHHOTO PaiOHA HJH
6osiee oGIHPHOM TEPPHTOPHH, BKIIOUAS MaTePHalbi HHAKEHePHO-THIPOMETeopo-
JOTHYECKHX H3bICKaHHH.

3.5. Majble BOJOMpPONYCKHbIE coopyx(enna PAacCcUMTHIBAIOT HA BO3JEHCT-
BHE TNaBOJAKOB, BEpPOATHOCTH [PEBHLILIEHHSI KOTOPBIX ONpefessercss COIVIACHO
CHHuIT 2.05.03-84, npuueM A5 KeJe3HbIX JAOPOT pacuer: BeleTcs Ha JBa na-
BOJKA: pacyeTHbLIH H HaHOOJbIIMH, LA asmuoﬁa.nbﬁux JIOPOT — TOJMIBLKO Ha
pactxe'muu,

3.6. Pacuer pa(,xtuma H YPOBHeil pacueTHof BepOHTHOCTH NpeBbILLEeHHS
IPOU3BOMAT, YUHTHIBAs CaeAylollHe TpeGoBaHHs:

a) obpabarbiBaeMblii Psifl MOJIKEH COAepXaTh BbLAAWOLIHECH 3HAYEHHs pac-
X0f10B (ypoBHei) Boxbl. [IpH OTCYTCTBHH TaKOro 3HAYeHHs PAJ ABJATCS OTPaHH-
4eHHO MPHTOAHBIM JIA CTATHYECKOA 06paborku. IMoi BhaaomuMes pacxosom
IOHHMAETCs! PAcXoll, MPEBLILIAIOIKI CeAYIOUHH 32 HUM (T. e. BTOPOH pacxol
B PaHKHPOBAHHOM pAAY) Ha 25% u Goaeé; 4

0) KaK NpaBuJO, HCIIO/Nb3YIOTCH TeHeTHYECKH OJHOPOAHbIE PACXO/bl H YPOB-
HH (CHeroBble, JOXK/eBble, OT TasiHUS JieAHHKOB). B ciyuae korjpa naBoaku pas-
HOTO TPOMCXOMCIEHHs! ‘HAK/IANBIBAIOTCA ONHH Hak, Apyrue (ropHble paioHbl) M
pasfieqieHHe HX He MNpeacTaBJifgeTcs BO3MOXHbBIM KaK CTATHCTHYECKH, TAK H re-
HETHUECKH, COCTABJISAETCS PsiJ N3aBOAKOB CMELIAHHOTO NPOHCXOXAECHHS,;

B) ecau mepuoi HaGmojeHHH yposHeil Boibl 1 Gosblue nepHoaa HaGJiofe-
HHI PACX0J0B Q, TO N0 HMEIOUIHMCS AaHHBIM CTPOAT KpuBylo Q = f(H), skcrpa-
NOJIHPYIOT €e cOorJlacHO CYUIeCTBYIOIUM NpaBHJAaM H 3aTeM CHHMAIOT C Hee Tpe-
GyeMble 3HAaYeHHsl PACXOJOB; .

r) HeOOXOAHMO HMCKJIIOYHTb BJHSAHHE MOANOPHBIX HJH CrOHHO-HATOHHBIX
ABJEHHIT, TAK KaK B 3TOM eayuae cBA3b Q = [(H) Hapywaercs;

J) ec/H Ha peKe MNOCTPOEHbl MHAPOTEXHHUYECKHEe COOPYMEeHHsi, H3MeHHBILHe
NaBOAKOBBbIfi  PeXKHM, TO YPOBHH H Pacxolbl NPHBOLAT K OLHOPOLHHIM Ycio-
BHAM.
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3.7. OMnupHuecKas BePOSITHOCTb KAXKIOrO uieHa Psja onpefenseTcs Mo
opmye .

b . Y 3.1

Pm= nt1 » (3.1)

rae m — NOpAAKOBLIH HOMEep W4JEHOB PRAA;
A — YHCJO YJ/IEHOB B DALY HaGJIOAeHHH,

BepOHTHOCTb BbIAAIOIIErocs 4JjeHa A

1 '
=y 7 (3.2)

rae N — 4HCJI0 JieT HenpeBLILUEHHA BLIMAWIUErocs pacxoja, 4acTo onpejeasieMoe ¢ NpH-
BJI€YEHHEM APXMBOB, JETONMHCER H APYrHX HOCTOBEPHBIX HCTOYHHKOB.

Torpa m B dopmyne (3.1) npHHHMaeT 3Ha¥eHHa m = 2, ..., n.

3.8. Crarncruyeckyro 06paboTKy pANOB ¢ BLJAOUMMCH PACXOACM PEKOMEeH-
LyeTcsi BBINOJIHAThL TpadoaHaluTHYeCKHM MeTtojoM. ITojpobHoe Ha/ioxeHue Me-
TOJAOB CTATHCTHYECKOH 00pabOTKH DANOB M Olpefle/ieHHe PAcXOHOB 3alaHHOMH
BEPOATHOCTH TipeBblluenns uanoxeno B CHuIl 2.01.14-83 u B [locoGun [29]
Hemy. Tam e npuBeJieHb KOMILIEKTH KapT H TaGHIL, NO3BOJSIOUMX BECTH pac-
yeThl CTOKA.

OxHako il Manbix GaccedHOB, KaK OTMEUYEHO BBIlE, PacyeThl BCTPeuaioT
3aTpy/AHeHHs], OCHOBHEIM H HaHboJ/iee pacnpocTPpaHeHHBIM H3 KOTOPHIX sIBJIsieTcH
c/yuafl OTCYTCTBHS JaHHBIX B COYETAHHH C OTCYTCTBHeM pekH-aHajora. Oco-
GeHHBIe CIOXHOCTH B MOHCKAaX aHa/ora BO3HHKAIOT NPH pacuere JHBHEBOTO CTO-
ka. [lostomy s pacyera JUBHeBoro croka ucnoJnaywr BCH 63-76, cocras-
nennstie H. H. YeronaesbiM Ha ocHoBe ‘pa3pafOTaHHON HM TEOPHH JHBHEBOrO
CTOKA ¢ MaJibiX GaccefiHOB, U METOAHYeCcKHe yxaaamm CorosjiopnipoekTa, paapa-
Goranuele 5. ®. TlepeBO3HHKOBBIM.

3.9. MaxkcuMmanbHbli pacxop JHBHEBOTo croka @, M*/¢, mpuTeKaolMii ¢
GacceiiHa K BOJONPONYCKHOMY COOpPYIKEHHIO, ollpele/isietcs -coryiacHo [15]

no dgopmyJe
Q=16,7 a1 ¢ Fydgo, (3.3)

rae — pacyeTHas HHTEHCHBHOCTb BOAOOTA4YH, COOTBETCTBYIONLASA 33aJaHHOH BepOATHO-
CTH TpeBHIIEHHHS PAcXoa H JHBHEBOMY mnoapafioHy, MM/MHH;
@ — KO3bGHIHEHT NOJIHOTH croxa.
F — nnomapb GaccefiHa, Km2;
Y — Ko3(hdHUHEHT, y-m‘rusaloumu Hepasuomepnocrh pacnpenejeHHss OCajKOB Mo
MJIOWIAAH,
86, — KoapPHLUHEHT O3EPHOCTH H 3260/104eHHOCTH.

O6seM Bojibl, M?, npHTeKalOLIed H MPOXOMsILUEH Yepes BOAONPONYCKHOE CO-

" Opy’KeHue fpH JIMBHEEOM CTOKeE,

AW =1000 ay £5 Fy, (3.4)
tie !y — pacueTHoe BpeMs BONOOTAAYH, MUH. '

B pa6ore [15] noppo6HO H3/10:KeH MeToj onpelleieHHs BCEX YKa3aHHbIX Be-
JIMYHH, NPHBEJAeHB HOMOTPAMMBI, rpaHKH H ‘TabJHib.

Pacuersl moxHO BectH mo Beelt Teppuropun CCCP, KoTopas pasGura na
15 suBHEBHIX paHOHOB, y4HThIBAs Je/leHMe PaioHOB Ha nojpadomsi. Takux
PA3JIMYHBIX B CMBIC/E CTOKA NoJApaHoHOB Becerc 69.

3.10. He Bce ocobennocts OPMHPOBAHHS JIHBHEBOTO CTOKA MO CTPAHE MO-
ryT ObiTh yuTe€Hbl YKa3aHHON PasOMBKOIl Ha JIHBHEBble DPaHOHBl H NOAPANOHHI.
[Tostomy npu HeoGXOAHMOCTH PeKOMEHIyeTes HCNOAL30BaTh JaHHbIE METEeOPOJIo-
THYECKHX CTAHIMH, PACIONOXKEHHbIX B palone cTposeiics poporu. [as 3toro
COCTABJAETCA CXeMa HX PAcnoJIOXKeHHS Ha TiiaHe.
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Pric. 3.1. I'padnk 3aBHCHMOCTH MHTEHCHBHOCTH JHBHEBHX OCAJKOB @ OT nx NOBTOPAEMOCTH
Ts nasi mutepBason BpeMedn f==5, 10, 20, 40, 60, 90, 150, 300 mun (TOukH W 3HAYKH Ha
PHCYHKe — JaHHHe HabnoneHwHi)

HuTeHCHBHOCTH JHBHEBHIX OCAIKOB @, MM/MHH, BBIYHCASIOTCH /I8 AOMAEH
npojo/kHTeasHocteio 5, 10, 20, 40, ..., 300 Mun. [dnsa storo c/oii ocaaxos,
'BLUIABIIHX 32 BpPeMs A0S HPOAOJIKHTeNbHOCThIO 5, 10, 20 MuH u T. A., Je-
JHTCH Ha ero NPOAO/IKHTENbHOCTE H OUEHHBAETCS SMIHPHUECKasi BEPOATHOCTH
NpeBbllIeHHs KaXA0# HHTEHCHBHOCTH no dopmyae (3.1).

Bee pajbl HaHOGATCH Ha CIPAMIIAIOULYI0 KJIETYaTKY AJIA KOPOTKHX JIHBHEH
[24]. 3areMm cTpoHTCS B JIOTAPHOMHYECKHX WIKAaNaX rpadHK 3aBHCHMOCTH HH-
TEHCHBHOCTH OCAflkOB @, MM/MHH, OT NPOJOJMHTENbHOCTH JIHBHeH /s pasnuy-
HBIX noBTopAemoctelt. O6mHiT Bu yKasaHHBIX 3ABHCHMOCTEH B BHJIE NpHMepa
npuBezen Ha puc. 3.1 u 3.2.

ITpHMEHHTENbHO K KATEropHH NOYB B JaHHOM pafiOHe COTJIACHO YKA3aHHAM
[15] onpepensoT HHTEHCHBHOCTH BINHTHIBAHHA, 4 3aTeM, BLIYHTAS W3 HHTEHCHB-
HOCTEH JHBHEH HHTEHCHBHOCTH BIHTHIBAHMS, MOJNYYAlOT TAaGJHUBI 3aBHCHMOCTH
HHTEHCHBHOCTH BOJOOTJAAYH @, OT NPOAOJKHTENbHOCTH JHBHEH H BEepOSTHOCTH
NpeBbILIEHHSA, aHAJOTHYHbe TabauaM, npuBeleHHbniM B [15], nenonbays xoto-
pbie, BHIIONHAKT PACYeT CTOKA B JaHHOM HeH3y4YeHHOM pafoHe COTVIacCHO MeTO/IH-
ke, nanoxennoit B [15].

3.11. Ons yTouyHeHHs pacueTHbIX PacXofoB MOTYT ObiTb HCHOJIB30BAHbI
JlaHHble O PacXo[aX BO/Bl MaJbIX BOZOTOKOB B paOHAX DACNOJIOMEHHS LOPOTH .
WX HCMOMB3YIOT A NOJyYeHHsi SMINHPHYECKHX 3aBHCHMOCTeR MOAyJeH CTOKa
oT naomanu GacceitHa. s 3TOro no KaHHbIM HaG/IOfeHHH Ha BOINOCTAaX onpe-
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Puc. 3.3. pacduku 3aBucHMocTell Moayaeli ctoka M1y, (@) u My 330, (0) ot mniowanu
GacceitHa (TOYKH Ha PHCYHKe — JaHHBe HabJoJeHHi) -
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LeNfoT 11 KaMIOro BOAOTOKA PacXoAbli 3aJaHHOH MOBTOPSAEMOCTH [PeBHILLe- *

HHA QP'/n H 10 HHM BBIYHCJIAKOT MOLYJIH CTOKa

Q : ;
M — P% () 2 3
P% W TTFE, j (3.5)

rae F; u 8; — cooTBercTBeHHO nJoumais GaccefiHa H KOIDOHIHEHTH 3&GOJOUEHHOCTH H

/ 03€PHOCTH AJd [AaHHOr0 BOJOTOKA.

Hanee  cTpos B JorapH(MHYECKHX KOOPAHHATaX B3aBHCHMOCTb Mpy =
= [(F), kotopas 06LIYHO HMeeT BH]L NPAMOH U BhIpaxaercsl ypaBHeHHeM My =
= Apy/F™, tae n — yroa HakJoHa npsiMOM K ocH abcuuce. B TtakoM cayuae
pacxoi IJs KOHKDPETHOro ' BOROTOKA Qpy, = MpyFpy & = Ape F1—1 8,

[lpumep onpelesieHHs TaKHX 3aBHCHMOCTeH /A MoAyJeil croka My =
= [ (F) u Mo 3y, = [(F) npusenen na puc. 3.3. [TonyyeHHble 3aBHCHMOCTH HMe-
0T BHA:

4,40
Mossn = 75,30 1 Qo339 =440 F706;

© 3,90
M|%=7m H Ql%=3.90Fn'705.

YUET AKKYMYJISLLUH H EE XAPAKTEPHBIE CIYYAH

AKKyMyJsuHs BOJB nepen coopy)xennnmi

3.12. B Pyxkososactse [34], cocraBnennom B passurue [15], nanoxena me-
TOJMKA pacyeTa OTBEPCTHH MaJ/biX BOMONPONYCKHBIX COOPYMXEHHH C YyueToM
akkymyasian. Tam oTMeueHo, UT0 aKKYMYIALHKIO CJ1
JMBHEBOM CTOKe. YMeHbl ‘COOPYMKEHHSAX 3a CUET aKKYMyJsi-
UHH JomycKaercs He 60 v Ha ¥,. (Jt0 cootBercTRyeT TpeGoBanuaM [39).)

B 060CHOBaHHBIX C/IyYasX MPH HANMYHH 3HAUHTEJbHBIX AKKYMYJHPYIO-
UIMX MPOCTPAHCTB TNepel, BOLOMPONYCKHBIMH COODYXKeHHSAMH, OCOGEHHO NpH
NpOBEpKe  J0JITO CYLECTBYIOIHX H HOPMaJbHO paboTAIONIMX COOPYMKEeHHHl, 10-
nyckaercs ¥ Gojiee 3HAUHTEIbHOE CHHKEHHe PacXOjoB.

HauGonbunit sppexT oT akKyMyJasLHH JOCTHIAETCS B PABHHHHOM K cabo-
nepeceueHHOH MeCTHOCTH. B KOCOTOpHHIX YCJIOBHAX OHa MaJa H YUHTBIBATE ee
He peKoMeHayercs.

3.13. Pacuer akKyMyJsUHH B GOJLUIHHCTBE CJyyaeB NONYCKAaeTCs BeCTH
ynpouieHHbIM crioco6om, [1pH 3T0M pacxoasl, nponyckaembie coopyxeHneM (pac-
XOIIBI B COOPYKEHHH Qeqop)» HAXOAAT rpadHuecKH Kak TOYKY NepeceueHHs rpa-
(hHKa NPONYCKHOH CIIOCOOHOCTH COOPYMKEHHSA C KPHBOH 3aBHCHMOCTH HauOOJIb-
ILETO BO3MOXKHOTO PACcXola B cOQPYXeHHH Quoop (mogw) OT IMYOHHBI NOANEPTOH
BoAbl /A nepe HuM. 110 noayyeHHbIM 3HAYEHHAM Qoqop H H 1151 PAla BApHAHTOB
COOPYKeHHil Ha OCHOBE TeXHMKO-3KOHOMHMUYECKOTO CPaBHEHMSl BBbIGHDAIOT THN
H pa3amepbl OTBEPCTHHA COOPYMKEHH. :

3.14. Kpusble 3aBHCHMOCTH Quoop (soamy = f(H) Ans nanGonee pacnpo-
cTpaHeHHOH TPeyroJibHOM GopMBI THAPOTpada JNHBHEBOTO NaBOAKA CTPOSAT HCXO-
s u3 popmyant [I. M. Kouepuna metogom A. A. Anekcanipopa. toT MeToj
noApo6Ho Hanoxed B Pyxosonctse [3]. Tam ke npHBOAHTCH peKOHETPYHpOBaH-
nas Cowanopuun gopmyna JI. H. Kouepuna, pexomenjosanHas 1Js noctpoe-
HHS 3aBHCHMOCTH Quoop = f(H) A1 aBTOMOGHABHBIX AOpOT.

B cBsi3H ¢ WHPOKHM HCloJb3oBaHHeM MeTosa A. A. Asnekcanaposa u yu06-
CTBOM ero NpUMEHeHHs,a TAKHKEe TeCHOH CBA3BI0 THADABJHYECKHX PACUETOB
MaJIbiX BOAONIPONYCKHBIX COOPYXKEHHH ¢ aKkyMyJasuyel BOIb Nepe) HUMH HiKe
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TaGanna 3.0

3navenns kosdhpunuenta k,
B 3aBHCHMOCTH OT mpotdhuas sora
Ouyeranne sepKaaa BOJB
npyda B naase Monepeunwt npoduas nora (Geperos)
TMpoaoabubii npoduanb |
Jiora nepen, npsamo- -
TOOPYKEHHEM BBINYKAbIR AnpeRTLA BOrHYTHR
C BOTHYTHIMH JIHHHAMH . Bhinykapi - 190 230 270
ypesos [pamoyrombHmii 230 280 320
Boraytuit 270 320 380
C  npAMONHHeHHBIMH JIH- Bouykasii 230 280 320
HHSAMH YpesoB IpamosHei bl 280 330 © 370
. Bornyruit 320 370 450
C BHOYKIBIMH JHHHSMH Buinykanii 270 320 380
ype3os [Mpamonnnednsi 320 . 370 450
. 3 Borayrmil 380 450 530

NPHBOAMTCH YKa3aHHbIA METOJ pacyera aKKyMyJsluuH (pacueT akKyMyJsuWH

JOllyCKaeTcsi TNPOM3BOJHTh H 10 pekoMenaauusM -Cotosgopnpoekta [26]).
Pacyernasi 3aBucumoctb (popmyaa 1. M. Kouepuna) manGoabwero pos-

MOMKHOTO pacxo/ia B COOPYMKeHHH OT MOANepTOH INIyGHHBI nepei HHM

: ;
Qcoop (woam) = Qup (-l = 'T;}‘E‘V‘ Hs) , (3.6)

rae Qup ¥ W — COOTBETCTBEHHO PacXo] NMPHHATON BEPOATHOCTH NpeBbimesns, M%/c, Ha
NHKe m;aomca # o0BeM CTOKa AJis THAporpaga ¢ HAHGOALIIEM PacXofoM,
Thic. MY
I, % I. — COOTBETCTBEHHO YKJOHL JIOra H CKJOHOB nepen coopyxenneM, %;

ko — KO3(Q(QHIHEHT, SaBHCHUHA OT NJAaHOBOrO OYEPTAHHS NPyAa Nepel Cco-
OpYIKEeHHEeM, a TaKke MPOAOJLHOrO H nonepeuHoro npoduis no aory [15]

(rabn. 3.1). I
Pacuer no ypasHentio (3.6) BHINOJHAIOT TPadHYeCKH B CHCTEMe KOOpAMHAT
Q, H?, B KotOopoii 3Ta 3aBHCUMOCTL H306pasuTCs NPAMOH NuHHeH. [Ipuyem Be-
anuuHa H® pacrionaraercst Ha ocH opAnHAT, a Q — Ha ocH abenuce. Kpome Toro,
Ha OCH OpJHMHAT Jaetcs coBMelueHHas ¢ ¥ lukana H. PaccMorpum nocaesosa-

TeJLHOCTb pacuera.

1. Onpenensior KOOpAMHATH TOYEK NepecedeHHs NPSIMbIX C OCHAMH KOOp-
JAHHAT: i ‘ g

npu H3=0 chop‘=an;
ILILw

1pH Qeooplroam) =0 H3=
0

[To 3THM ABYM TOUKAaM [POBOAAT Ha rpapuke Q= f(H?*) npsamylo, coorset-
CTBYIOULYIO "YKa3aHHOH 3aBHCHMOCTH.

2. CrposT 3aBHCHMOCTH Qcoop = f(H®) AN NPHHATHLIX COOPVIKEHHH CO-
FVIACHO peKoMenzauusm ra. 6 u 7.

3. HﬂXO,!l“ﬂT TouKy nepeceeHHd Quoopmony = [(H?) H Quuop = f(H?).
A6cumcca 3TOH TOUKH COOTBETCTBYET PACXOAY B COOPYMKEHHH C Y4eTOM aKKy-
MYJALUY BOABl Mepex HUM, a opauHata— f®. Tlo coBmemenHoli ¢ H?® wkane
H naxoisT noAnepTywo rayGHHY Nepej coopyKeHHeM.
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Yuer nepesinBa Boabl H3 Gacceiina B Gaccelin

3.15. B psagecayuaes nph JIOCTAaTOYHO HH3KHX BoOJlopasjenax, ocoGeHHO
NPH 3HAYHTeNILHOH AKKYMYJAIHH BOALI NEPEN COOpPYMEeHHSAMH, BO3MOMKEH me-
penuB Boj M3 GacceiiHa B GACCEHH HJIH H3 COOPYXKEHHS B COOPYXKEHHe NPH Ha-
JHYHH HH3KHX BONOPAa3/iesiOB HeNoCPelACTBEHHO Yy Hachiny jopork. [IpH stom
BO3MOJKHBI pa3/IHYHBIE CJyyYaH:

a) ipocToH nepeiHB H3 O HOTO COOPYIKEHHS B COOPYIKEHHE;

6) mepeJsiHB H3 ABYX COCEJHHX COOPYXKeHHH B COOPYKeHHe, pPaclo/oKeHHoe
MeXAy HHMH; .

B) LEMOYKa NepeiHBa H3 COOPYIKEeHHS B COOPYIKeHHe.

Oco6eHHO 48CTO MepeJHBBl BCTPEHAlOTCA HA SKCMAYaTHPYEMbIX JIHHHAX.
Pacyer nepesinBa yro6Ho BecTH rpadoaHaIHTHYECKHM MeTOROM. CXeMbl TaKOro
pacuera npuBefieHbl Ha puc. 3.4, 3.5 u 3.6, rjie Bce 3aBHCHMOCTH, Y4acTBYIOLIHE
B rpadHyecKoM pelieHHH, 00603HaueHHl HHU(paMH, TNPHBENEHHBIMH B NOAPHLY-
HOYHBIX NOAIHCAX.

3.16. TlocnienoBaTeIbHOCTb PAcyeTOB NPH OXHOKPATHOM NepesiHBe CJENYIo-
1 as. ; =

|. BuinosnHsior JUisi BEPXOBOrO H 'HH30BOTO COODYIKEHHH pacyeThl CTOKA H
ONpPeAE/ISAIT pacyeTHhe H HaHGOJbIIHe (AMfA JKe/le3HBIX J0pOor) pacXoibl NpH-
TOKa BOAB Qp M Qp,y M cooTBeTcTBYyMOIMe UM o6beMbl ctoka W, n Wy, ., a
TAK}Ke BPeMs OT Haya/la NaBojKa 10 ero NHKa. 3TOMy BPeMeHH COOTBETCTBYET
BpeMs BOJOOTAAYH AJISi JHBHEBOTO CTOKA [, W BPeMs TOABbEMA NABOAKA fyo,
JJIi CHeroBOro. .

2. OnpeensiioT NPOAOJIKHTEILHOCTD NABOAKA J/IS COOPYMEHHH HCXOIs H3
Hanbo/1Iee pacnpocTpaHeHHOH TPeyro/ibHOH (opMbl THAporpada naBoiKa:
. W

e GOankuna :
rae Wyp — obbem nputoka c Gacceitna, m;

Qup — pacxox TNpHTOKa Ha nHKe nasoaxa, M%/c;
kuap — KO3(HUREHT; A/Isi IHBHEBOTO NAaBOAKA Rpyay = |; MK CHETOBOTO kpyy = 0,7,

3. CrposiT 1/l BePXOBOTO COOPYeHHsl 3aBHCHMOCTH Quoop(r) = f(H) co-
racHO pekoMeHAauuaM TI. 5 H 6 H Quuop (soaw 1 = f(H®) 10 ypaBHenwuio
JI. Y. Kouepuua [popmy.ia (3.6)]. Pacxoabl OTKNLBIBAIOT MO OCH OPJMHAT, TIOJ-
neprole TAy6unHsl H v H® — no ocu a6eiuce. TIpHueM yKazaHHbie 3aBHCHMOCTH
pacnosaralT ¢ JIeBOiH CTOPOHBE YepTeXa (c JeBOH CTOPOHBI OT OCH OPAHHAT —
cM. puc. 3.4, a).

3.7

a) Qnie ) e
1 A . : s
= ey | 3 2 (
k] - I ’ Meseny |
! g g
1§\\ T o N R 12 S|
w e N7 o § J|
| \ al b 2 .
SIER n / 5}5” % & i §
8| \2 ! Sr 5| H ’ ”\5 = |
X g E £ s =
SWu N E o) SE% 1 Hr i - ) !
Hind 0 L W 0 ~s

L
Puc. 3.4. CxeMbl 15t onpejie/ieHHsl PacXoJ0B BOAM B COOPYXKEHHAX Qcoop H COOTBETCTBYIO-
IHX HM TOANEpTHX ray6HH M NpH OJHOKPATHOM NeEpe/HBe:

a —IB zepxozou CO?];{;;‘GII?H '(QM 1; 6 — Pﬁ!}lasgnma (Ne 2); f(HY: 4—( 10 )
—“coop (1)~ i f=Neg (1) i “—Cegop (B0o3m) 1™ i #=("cg (1) T¥%00p (1)) =
= [(H);" 6—(Qcoop (1)1 Qs (1) =F (H); 6 —CQup (1y=F(1); 7—(Qgo0p (1) + %6 (u)=f (1);
8—Qpp oy =F (1);  9—Qgg (1y=F (1); 10 —'(Qn‘yp(gg"'qcﬁ )Y =F:  T1—=Q¢oop (y=F (H);
= )

12—Quoop (9 —1 (H°); 1 coop (soam) 2 =1 (H*
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a} H, .’.:’,Hi/t‘
AN | 7
| =
él . 4 F ﬁ/nli
£t = SIS
. R NT
¥ LE
e‘?‘ ﬁ.n'\'\e ! Kl
Hin3? ]
T ﬂ) Hs anme
= 22 Wesigy &
§ W 2 i 19 ‘Ez
L 20 < § Puc. 3.5. CxeMmul /15t OnpejieieHHs pac-
4 7z XOJOB BOJH B COOPYXeHHAX Qeoop #
t, Mt COOTBETCTBYIOUHX HM MOANEPTHIX TJY-

#3iq? " 0
it Gun H npu uenouxe nepennsa:

a —Q népxonou coopyxerun (Ne 1); 6 — B NPOMEXYTOYHOM COODYXKeHHH (Ne 2); @ —B HH30BOM COO-
PY’KEEHH pin f(H); 2—Q, f(H); 3—Q =f(H%); 4—(Q +@Q )=
1= = )i 2=Reg ()= + ¥ —~Xcoop (Bo3M) (1) » ¥ Xcogp. (1) ¥cO(1)) T
= F??'g=(l)5_(acoop )+ %g (1) =f (H*)3 6=Qup (1) =1 ()i 7—(Qcq0p su“'qcﬁ W)= 0;

5 —Qup (=1 (B 9=Qog (y=1 (1 19— (Qup () + Qg (1) =1 (1" 11=Qg(a)) =1 (H);
12—Qgoop(a) =I (H): 13=(Qcpop(a) + ch(,))=f (H); 14 — (Qcoop (3) T Qep(a) )= T (H):

15—Q¢pop (moam) 2 =1 (F1%); ""‘scnog(i)'*' e6ta) ) =1 (1 17—Qup) =T ()i 18—Qp9)=
=f(i); fg—(onpta)+ol‘,6(!))=" (f); 2 _Qcoop(a)=, (H'): 2"“‘0(:091)(3) = f(H3); 22 —
' coop(Bo3M) 3=I (H")

4. YCTaHABJIHBAIOT 1O MPOJOJBHOMY NPOGHIIO AOPOTH HJH 10 NJaHAM
MECTHOCTH Ha YYacTKe, NPHMbIKAIOLIEM K IOPOre, MECTO NepesiBa H (GopMy 1o-
nepeuHoro ceyeHusi B HeM — opMy Onpefensioulero, T. e. (hopmHpyIOLLETO
c6poCHBIi pacxofi CeveHHs.

5. OnpenensiloT NOANEPTYI0 rAyOHHY TNepel COOPY)KeHHeM B Hauane re-

penuBa

Hyag, nep=2Zn—2m ~ (3.8)
rae Zy — OTMETKA MOANEepToro ypOBHS Mepei COOPYMKEHHEM;
Z; — OTMeTKa JIOTKA y COODYMKeHHs HAa BXOle B Hero.
e o Mg T
& 1)
S, | 3y > L 2
= 5 /M 3 S 5 g g £ 39
5 L\ A 5 5 = sl ax 5
VAT S 37 S
&y A BE S 5 i LA B e
CEE 7] ’ t, MUK Himd [ t, M
) Hy  danmle /
9 Wegoy* Wests) Puc. 3.6. Cxemu naa onpenenenns pac-
: 3 XONOB B COOPYXEHHAX Qcoop H COOT-
s = 15 B BETCTBYIOUIHX MM HNOANEPTHX YPOBHeii
§ : (s 3 H npu nepeinse Boan H3 aByx cocen-
S Tom > ~< o HHX COOPYXEeHHII B OJHO, pacnoJoxen-
Wi ] MU HOEe MEXIY HHMH:
“N“‘ 5 BepxoBOM cOOpYMeHHH (Ne 1); 6 — B BEPXOBOM COOpYMeHHH (N2 3); 68—~ e uuaopom COOPYKeHHH
(Ne 2); '

1—@Qgqqpty) =1 (H); 2—(Qcoop(1)+onﬁ(1)) =i (H); 3_(Q°00?‘§1)7+Q06(1)) ={(H3); 4“Qconp(nnam)1 =

=F(H%); 5—Qpp (n=F (15 6=(Qooop (1) Qep(n) =T H): 7—Qp ooy =F(H}: 8—(Q, +
+Qugton =IHIT - Qpoap(e)+2agien = [HD: 10—Ceoop(aonm) 5] (H4); 11—Quocey Lih;
12— (Qeoopta) T Q@) = (i 15—Cegay=f ()i 11—=Qepey=7 (1); f5—on,§(,,=r(f):
'thponp(z)+Qc6(1)+qc6(a)’=!(”; 17—Qeo0pty ;jf“”' 18—Qqq0p(a) =F(H"):

~oooptuoam) 27 1 (11%)
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6. CrposiT 3aBHCHMOCTb pacxoja c6poca W3 BEPXOBOIO COOPYKeHHs Q. g OT
rAy6HHBL BOABL B ONpefesiolieM ceteHHH Q. = f(H’) mo npHBefeHHBIM HHKe
tpopmysam (3.9) uau (3.10), NpeABapHTENBHO 3a[aBIUIHCh TyOHHAMH B Onpefe-
asioueM cevenun H' = H —Hgyq neps A€ H — noinepras rayGHHa nepen
COOpYIKEHHEM. 3 !

IIpu 37OM CBPOCHBIN PacXojl BEIYHC/AIOT HCXOAS H3 YCTAHOBJIEHHS B onpeje-
JIAOLIEM CEYEHHH KPHTHYECKOH rayGHHBEI To (opmyaam:

IPH NPSAMOYTONBHOH (OPMe ONpPeeNsIOEro ceueHns

Qo6 (np) = 0,956 ]/E H3 i
pH TPeyroJbHOH ero dopme .
Qesrpeyry =0,33 (mox -+ mox) VE (H)°12, (3.10)

rje b — WMpPHHA TOTOKA IPH NPAMOYLOJILHOM . Onpefeifioller Ce4YeHHH;

Mor(1) H moqt,)'—aanomeuue OTKOCOB TPeyroJibHOTO CeYeHHs .,

- [Ipu nHeix dopMax ceyeHWi MOCJHENHHE NPHBOAAT K NMPAMOYIOJbHBIM HilH
TpeyroJbHbIM. L

3asucumocts Q. ¢ = f(H) crpost B KoopauHatax Q u H, npuunmas 3a Ha-
yajo oTcyeTa NOAMEPTYIO IIyGHHY, COOTBETCTBYIOLLYIO OTMETKE Hayala nepe-
JHBA.

7. Crposat 3aBHCHMOCTE Quoop (19 1+ Qoo (v = F(H) nyTem croxenus rpa-
CPHKOB Qcoop [0 ) i f(H) H Qcﬂ (1) =f b .

8. CTpOAT 3aBHCHMOCTb Quoop (1) + Qes (1= F(H?).

9. HaxomAt TOYKY nepeceyeHHs 3aBHCHMOCTH Quoopn (mosm) 1 — f(H?), no-
crpoetHoit no ypasHeruwo (3.6), m 3aBHCHUMOCTH Qeoop 1) + Qg 1y = F(H?)
VIS AaHHOro coopyeHusi. OpUHAaTa ee COOTBETCTBYET MaKCHMAJIbHOMY 3Hadue-
110 Quoop (1) 1 @es (1)- 3aT€M NPOBOAAT UYepes HAHAEHHYIO TOUKY JIHHMIO, TIa-
pasielibHyio OCH abCUHCC, 1O NEPEceueHHs ee C 3aBHCHMOCTBIO Qppop (1) +
+ Qg5 (1y = [(H). Abcuucca 310# TOUKH COOTBETCTBYET HCKOMOMY 3HAUEHHIO
‘moAnepToll ray6HHHl . ; .

10. Tlo 3Hauennio H, ucnoabays 3aBHCHMOCTb Quoop (1 = f(H) Ann AaH-
HOTO COOPYMKeHHs, HAXOMAT HCKOMOe 3HaueHHe Qcoop (1)-

[1. C npaBoii cTopoHbl rpajuKa cTpoaT ruAporpad NPHTOKa K BepXOBOMY
coopykennwo Qu, 1y = f(f), npunumas ero ¢opmy TpeyroibHoit. OchoBanue
TPeYroJIbHHKA COOTBETCTBYET NpPOAO/DKHTE/NbHOCTH NMaBOAKA [y, 5, ONpeeise-
Moro no dopmy.e (3.7), a BepUIHHA, COOTBETCTBYIONIAA MAKCHMANLHOMY DACXORY
NPHTOKA Qupcy), Pacloliaraercs B TOUKe Ha ocH abeuuec, cooTBeTcTBYyIOmEd Bpe-
MeHH BOAOOTAAYH £, IVIfl TUBHEBOTO CTOKA H IPHMEPHO /4 #1a 5y VIS CHETOBOTO.
3uauenue {5 TakKe onpeleasiercd B MpoLecce pacyera CToxa.

12. CrposaTr ruaporpad cyMMsl pacXoJlOB: pacXojia B BEpXOBOM COOPYKeHHH
- Qeoop (1) H pacxona c6poca Qgg (1)-
© Jlas 3T0r0 ONpejensiorT MpeIBapHTENbHO NPOACIIKHTENBHOCTh NPOXOXKe-
HHUS NABOJKA B BepPXOBOM COOPYXeHHH 1o (opmyue (3.7):

2Wap (1)
60 (Qeop (1) +Qe6(1)eman

3aremM HpOBOAAT uepe3 OPAMHATY, COOTBETCTBYIOULYIO PacXony Quoopn (11 +
+ Qg (1), JIHHHIO, NapanienbHyio OCH abCuuce, H HAXOAST TOUKY NepeceueHus
ee ¢ BETBBIO chajia ruaporpapa nputoka Qu, () = f(f). CoennnuB sty TOuKy ¢
Haua/JoM KOODIHHAT H TOYKOH Ha OcH a6CUMCC, HMejolledl KOOPAHHATY ! =
= tuan (coop) 1+ NOJyYAIOT THAPOrpad pacxonoB Queop (1 + Qo 1y = f(1)-

13. Haxonsr BpeMsi Hauana fy (yep) 1 ¥ KOHUA Iy (nepy 1, COpPOCa, a TaKxe
BpPEMS YCTAHOBJEHHS MHKA NABOAKA B COOPYMKEHHH Fimux ) mep 1-

= 51

!nas (coop) 1=

Ins  naxomaenust fumep 1. M L (uep)1 MEPECeKalor ruaporpa pacxopa
Qeoop (1) + Qog (1 = [(f) npsiMoOi, napaiiensHOH OCH acOuucc Ha OpAuHaTe,
COOTBETCTBYIOUEH Pacxolly, onpejie/isieMoMYy HONEePTOH TIyGHHOMH Tepeji coopy-
JKEHHEM, NPH KOTOPOH HauHHaeTcs mnepenuB. Bpems f(may @) nep1 COOTBETCT-
BYET MHKY NMAaBOAKA B COOPYMKEHHH. : ) : ‘

Bce ykasaHHble NOCTPOSHHS OTHOCATCH K BEPXOBOMY COOPYMKEHHMIO H NpH-
BefeHbl Ha pHe. 3.4, a.

Ilna nosiyveHusi pacxofia W COOTBETCTBYIOLIEH eMy noAneptoit riyGHHBI
B HH30BOM COOPYMKEHHH BBITOJIHSIOT CJEAYIONHE PacueThl H I1OCTPOeHHA (no-
c/e/lHHe BHINOJHSIOT B NPaBoif CTOPOHB rpacuKa — cM. puc. 3.4, 6). |

1. Crpoat ruaporpad naBoJKa NPHTOKA K HH30BOMY coOpyKeHHIO Ne 2
Qup 2y = [(f) amanornuso ToMmy, Kak GbIO YKa3aHO Bhille MVt BEPXOBOTO.

2. Ilo 3HaueHHIO COPOCHOTO pacXoaa Qug (1), ONPEAEIAEMOTO A BEPXOBOTO
COOPYIKEHHS, H BPEMEHaM HAuaia fy. (qep) 1 H KOHUA Iy (gep) 1 MEPEJHBA H BpE-
MEHH f(ax Q)mep 1+ COOTBETCTBYIOWIETO  HAaHGOJMBIIEMY 3HAYEHHIO pacxola
Quoop (1) Qeg 1y CTPOAT THAPOrpadg c6pocHOro pacxoaa Qu ) = f(#), npu-
HUMasi ero TpeyroJibHoil GopMbl (Ha puc. 3.4, 6 0B H306paKeH WTPUXOBOH JiH-
uueil). 3aTeM CKJaJblBAlOT IeCMETPHYECKH THApOrpad pacxoloB [PHTOKA ¢
co6eTBenHOro Gacceitna coopyeHHa Ne 2 Qup o = f(f) u rugporpadp pacxona
c6poca u3 coopymenns Ne'l Qg5 1y =/(f) ¥ nosyyvaroT cyMmapHsifi MakcHMa/b-
HBIf PACXOA NPHTOKA K HM30BOMY COOPYMKEHHIO Qup (o) + Qug (1) H cooTBerCT-
BYIOULHiT eMy cymMmapHbii rHiporpad MpHToKa Quy (2 + Qus 1y = f(6).

3. AHa/OrHYHO BepPXOBOMY COOPYIKEHHIO C JIeBOH CTOPOHBI rpadHka crpo-
AT 3aBUCHMOCTH Quoog (1 = (), Qooop (23-= FIH®) B Qooop (mopay 2 = F(H7).
Ho npu Buiyncaernd Quoop (nosmy 2 = ((H°) no ypaexenmo [. M. Kouepuna
BEOJAT ClEAYIOlHe KOPPEKTHBBI:

a) o6beM NPHTOKA YBeJIHUHBAIOT Ha BeJIMYHHY o6beMa CTOKa uepe3 cOPOCHBLi
BOJIOBOZ, T. €. NMOJIHbi 00BEM CTOKA OMpPEJE/AIOT KaK CyMMYy OOBEMOB CTOKA C
coberBenHoro Baccefina W, (a) M 00neMa cbpoca H3 BEPXOBOTO COOPYKEHHH
Wuﬁ -

Waons (2) = Wup (20 +Wee (1)- 3.10

3navenue W , M?, onpegensior no dopmye
c6 (1)

] .
Ves iy ="5" 60 Qoo (1) o6 (1) (3.12)

rie fo5 — TPOROJIKHTENBHOCTh cGpoca, MHH.

B cBolo ouepenb fos1) = fx (mep) 1 — y (nep) 13

6) TouKy npAMOH Q coopcposm) 2 = f(Hag ¢ KOOpIHHATAMH Q = Qup(may) »
u Hy = 0 paxoaaT rpaduuecky B Mecre Nepecevenus NPAMOM, NPOBEAEHHOH ¢
NPaBoil CTOPOHb: IPadHKa uepes BHICUIYIO TOUKY ruaporpada nasoiaka Qup (s -+
{- Qus (1) = [(f) napannenbHo ocH abcukce, ¢ OCbIO OpAHHAT (cM. pHC. 3.4, 6);

B) BTOpas TOUKA, HeOGXoAuMas s NMOCTPOEHHA NPAMOH Quoop twozm) 2 ©
koopauuataMy Qgoop = 0 M Hp,y, onpenetsercs oOBIMHBIM [yTeM C yueToM
OTMEUYEeHHOH Bhbiilleé KOPPEKTHPOBKH o0beMa CTOKa.

4. HaxonsT (aHaJIOTHYHO BEPXOBOMY COODPYKEHHIO) B TOYKE TepeceueHHs
sasucuMocTe’ Quoop (momn 2 = [(H®) H Quoop (29 = [(H®) Ana naumoro coopy-
WeHHA Quoop (1) H COOTBETCTBYIOULYIO €My TOANepTylo raybuny H, (cMm.
puc. 3.4, 5).

3.17. [lpu uenoyke rnepesiHBa H3 COORYIKEHHS B COOPYKeHHe (cM. puc, 3.5)
pacueT BEPXOBOTO COOPYXKEHHS TAKOil ke, KaK H AJA OAHOKPATHOro NepeHBa.
PacueT nocnenyiomux coopyeauii, KpoMe Moc/ielHero, WMeeT OTIHYHS, H3Ja-
raeMble HHXe.
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Pacuet coopyxenus Ne2 [OJHOCTBIO BKJIOYaeT pacdeThl, BHINIOJHAEMBIE
/IS BTOPOTO COOPYMKeHHs IPH 0JHOKPATHOM NepesHBe, HO JOJIKeH GhITh B 3TOM
c/lyuae JOMOJHEH CAEIYIOIHMH PacyeTaMH H MOCTPOEHHSAMH.

40 60 100

20

& 810

OTBeTCTBYIOLIEH pacxojly Hayalla nepeyuBa W onpejleJsieMoH o NoAnepToi niy-

-

4

1. Crpoat ruzporpad cyMmbl pacXofoB: PacXoAa BO BTOPOM COOPYKEHHH v L AL ALK s
Quo0p (2 M pacxona c6poca us nero Qg (s). . V4 AZAT | =
[IpeasapuTe/ibHO  ONMpPeAEJAIOT MPOJO/IKHTENILHOCTb TNPOXOXKJACHHs Tna- ; NZ I ZIPAZE 1727 2
BOJKa BO BTOPOM COOpY}KeHHH no dopmyae (3.7): &w X7 V7 V4 §
5 3 i 4
tnas (coop) 2= W ap (2 . (3.13) Q\‘Q /] / ( S
s i 60 (Qcoop (2) Qe (2))*mas . ‘ Q’y // [ I , l , §
2. IlpoBoaAT uepes OPAMHATY, COOTBETCTBYIOULYI0 pacXoly Qoop (z) -+ : L/ , I I I S
+ Qg (2), JIMHHIO, ApaJJIENbHYI0 OCH abcuyce, H HAXOAAT TOUKY NepeceyeHHs: ] ] ] I I I ‘g
- ee ¢ BeTBbI0 crmaja ruaporpada nputoka Qup () + Qs (» = f(f). Coenunnup / |y J / / )
3Ty TOYKY C HAYaJOM KOOPAHHAT M TOUKOH Ha OcH abClice, MMelollell KOOpAH- o I [ 7
HAaTy ¢ = Ipap coop (2)» TOAYUaOT ruaporpad pacxonos Queop (2) + Qg2 = l' [: [ f i
= f(¢). Hanee, npoBoAs JIHHHIO, NapajeabHyio ocH abclyce Ha OpAHHATe, cO- telats =

6uHe Hauana (KOHILA) NePesIHBA, HAXOAAT B TOYKAX JiepeceueHHst 3TOM. IMHHH CO
CTOPOHAMH TPeyro/bHOTO THAPOTPaA(A Quoop (29 + Qoaezy = F(f) BPEMS fygepy = 8 o

H fy(gep) 20 ABCIUHCCA, COOTBETCTBYIOUIAS NMHKY THAPOTpada, ONpeJenuT BpeMs $ M

(max Q) 2- ’
nDCTpOeHHﬂ JJI nocJiefHEro COOPYHEHHA LENOYKH Tepe/iHBa aHaJOTHYHbBI

NMOCTPOEHHUAM AJIA HH30BOTO COOPYXKEHHS IpH OJHOKPATHOM NEpeJiHBe.

3.18. Ha puc. 3.6 npuBefieHsl rpadHueckKHe pacueTsl JJIsi Cayudasi Nepesy- s e \ i
Ba. M3 JIBYX COCEHHX COOPYXEHHH B COODYMKEHHE MeXLy HHMH. _ cane § BEsf sinymalh 3285
Kak u B panee pacCMOTPEHHOM CJyuae, pacueTh JJIs1 BEPXOBOTO COOPYKEHHsI : e |

o1

g5 03 02

70

2

J

10

Puc. 3.7. Homorpamma 1151 onpeie/ienHs: PacXo/ioB OT CHErOTasHHA BEPOSTHOCTBIO NpeBHILCHHs p=1Y%

Ne | ne umeror ocobeHHocTeH. BepxoBoe coopy:keHne Ne 3 pelaercs Takike, \y i
Kak coopyxenue No 1, Qriuvaercs pacueT JHIb A8 coopyxeHHs Ne 2, B } S 7. A s
KOTOpOE MPOHCXOMHT c6poc pacxofoB u3 coopyenuit Ne 1 u 3. [as sroro co- ; ana, [ 2450
OpYXKeHHs AHAJOTHYHO pacueTaM JJ/Is HH30BOTO COOPYIKEHHA B ABYX paHee pac- A TN P r &7
34 6u35 . il RV 74 VAV yd
CMOTPEHHBIX ci1y4anx (cM. pHc. 3.4, 6 u 3.5, 6) onpelieIsSiOT PACXOJ B COOPYIKe H— N
Huu (cM. JeBylo cTopony rpadmuka puc. 3.6, 6) ¢ KOppeKTHBOM 06beMa CTOKa, e i A e e e
BBIUHCJIEHHBIM C/IEYIOUHM 0BGpPasoM. ' I
[To nonyueHHBIM a5 coopyxeHH# Ne 2 W 3 AaHHBIM CTPOAT C NPaBoil CTO- = o = -
\ N\ r -
POHBI rpadHKa runpo&‘paqm Qgﬁ @) = [(#) v Qc5 (3 = f(f) (na puc. 3.6, 6 OHH = o SR T AT =
-MI0KA3aHBl LUTPHXOBOH JIMHHEH) M ruaporpad pacxoaa c cobeTBeHHOro Gacceil- S AT T T LT
Ha Qpy, (2 = f(f). CIOKHB 3TH TPaHKH, NOJYYAIOT THAPOTpad pacxona NpH- 2 ',',].' /- ,/ !
Toka k coopyxerHI0 Nt 3 Qup gy + Qop ) + Qoo (9 = f(f). BrumcauB mio- & A LA A
many Q,, OrpaHHYEHHYK YKAa3aHHOW 3aBHCHMOCTBIO M OChIO abcuwcce, ompeje- ST H T
asior o6beM croka, M), Wi, (moume= 2, - 60. 310 3HaueHHE HCNIOBIYIOT NpH %c,'b/:x LAt
pacuere Quq4p o ypasnenuio JI. M. Kouepuua. $ AT
OcranbHble pacueThl aHa/JOTHYHB! H3OKEHHBIM BbILUE 115 HH30BOTO COOPY- =— é\.., A
JKeHHsI PY OJHOKPaTHOM nepesuse. [Ipumepn! pacuera 04HOKPATHOTO MepesiHBa i @]1[1 777 A T
M3 COOPYXKEHHs B COODYXKEHHE NPHBEJEeHb! B NPUJIOKEHHH 3.1. .~ A 7 7 =
l 5 .é° 1171 ll I’ 7’ l, I’ - k g
4 /5 a7 A7 R WY A 4 LS
NPHBJHXEHHBIE PACYETBl CTOKA H AKKYMVJISAILLHH @/’// /l/‘ 7~ 7S K 2
. ' SEEAFT TS
Cuerosofi cTox 5 @h[ﬂ,ll === < ~
= 2 2338

3.19. TlpuBeenuble HHXKe NPHOJHKEHHBIE PAcyeThi CTOKAa H aAKKYMYJSIHH
OCHOBaHbl Ha MCNOJL30BAHHH METOAHKH, paspaborannoii B Cowsjopupoekrte

5. ®. TlepesosuuxoBuiM [26]. \ )
MaxcuMalbHBIH Pacxoj CHeroBoro crToka l%-Holl BeposTHOCTH TpeBblie-
uns (p = 1%) onpeneasior no Homorpamme Ha pHC. 3.7 B PYHKUHH TIOLLA/LM
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— i HOHan rpawuua npeo6nanaHuA CTOKA BECEHHEero

Nzonnunu 3NeMEHTAPHOr0 MOAYAA CTOKA BECEHHEero

NONOBOALR BEPOATHOCTEIO NPEBLILUEHHA P

nonoBoALA

(cToxa BeceHHEro MOJIOBOMbA) C,% BEPOSITHOCTHIO NpeBbilleHus 1%

Puc. 3.8, Kapra u3oaHHHE S51eMEHTapHOr0 MOJAYJS CHEroBOro CcTOKa

.

Gacceiina F, Moayns cHeroBoro ctoka Cyy, 3a60J104EHHOCTH W 03epHocTH. Mo-
Jyi/ld CHErOBOTO CTOKAa, MJH, KaK HX ellle Ha3blBAlOT, MOAYJH CTOKA BECEeHHEero
MOJIOBOABS, ONpPeJensiioT Nno Kaprte Ha pHc. 3.8%,

Pacxoj HHbIX BEPOATHOETEH IMpeBbILIEHHs! p PACCYHTHIBAIOT 110 opMmy.Jie

Q=Qyom ke, (3.14)

rie Quom —'pacxon 10 HOMOrpaMMe;
* ke — nonpaBounbi kosduunent, pasunii 1,37 npup = 0,3 % u 0,87 npup = 2 %-

OzepHocTh M 3a00JJOYEHROCTh YCTAHABJAHBAIOT NO NJaHam GACCEHHOB HJIH
KapTaM KaK BbiPaK€HHOe B NPOLEHTaX OTHOLIEHHWE NJIOLULAJH 03ep H GOJOT K
obweii mromann Gacceiina. Ilpu oTcyTcTBMH 3a60JIOYEHHOCTH pacyeT 1o HOMoO-
rpamMme ycJI0BHO BelyT s 3abosioueHHocTH 1%. i

[lpu crenenu osepuoctd Gonee 20% BaAusinke 3a6OJOYEHHOCTH HE YYHTHI-
BAIOT H pacueT [0 HOMOTpaMMe BHINOJHAIT A/ o3epHocTH 20% 1 3a6oJouenHo-
ctn 1%. :

[Npu npeJBapHTebHBIX pacuyeTax BJAHSHHE KapCTa H HCKYCCTBEHHOW aKKy-
MYJISiLHH CTOKA He YYHTBIBAIOT.

Mpumep. TpeGyercst onpefeNHTh MaKCHMaJbHbll PAaCXOJ CHEroOBOro CTOKAa BEPOSATHO-
cThio npesbitienus p = 0,3 % pas pacnosoxennoro B pafione r. Apxaureibcka Gacceiina
maomanpio F = 1,5 km?, xapakrepusymoouierocs osepHocTbio 20 H 3360JI04eHHOCTBIO
3,5%:. ;

Pewenue Hakapre (cM. puc. 3.8) 1ns pafioHa ApXaHTeJbCKa NPHHHMAEM MOAYJb
31@MEHTAPHOTO CHEroBOro cToKa Cjo = 2,5.

Ha iikase F womorpammsl (cM. pHc. 3.7) HAXONHM TOUKY, cooTsetcTByloulyio F =
= 1,5 KM?, H 1POBOAHM BEPTHKAJIBLHYIO NPAMYIO 10 NepeceyeHH s C THHHell, COOTBeTCTBYIomeil
5JeMeHTapHOMY MO/yJlio cHerosoro ctexka Cyy, = 2,5. OT TOYKH mepecevyeHns NPOBOLHM TO-
PH30HTAJIBHYIO JIHHHIO 10 TIepeceyeHHst C BEPTHKaJbHOH IIKanoi x.

Ha wkaJje «3a6oJouYeHHOCTb® HAXOAHM TO4KY, CooTBeTcTBylomyio 3,5 Y%, npoBoaum
uepes Hee BEPTHKAJILHYIO JHHHIO JI0 NlepeceueHus ¢ JHuuel 20 92 osepHocTH, Yepes Touky
mepeceyeHHs 1TPOBOJHM TOPH3OHTAJNbHYIO JHHHIO AO TNepecedeHHs CO WIKaloi Yy,

TTonyyexHbie TOYKH Ha IWKANAX X H i COeJlHHAEM NpAMOH JHHHel H B MecTe ee nepece-
YeHHs Co WKaJloi @ HaAXOAHM pacxoj Q|%= 1,6 m¥/c.

" Mlna onpenenenun Qg jo, MPHHHMAEM NMONPABOMHMI Kos(duuuent ko = 1,37.
Wckomsifi pacxon Qg 30, = Qp 3ok = 1,6:1,37 = 2,19 m¥/c.

JluBHeBBI# CTOK

3.20. MaxcumaabHbiii pacxoll JuBHeBoTo ctoka 1%-HOl BeposiTHOCTH npe-
BbilieHHA A5 GaccefiHOB ¢ MecyaHLIMH H CyDecyaHbiMH NOYBAMH ONpeAeasiioT
o HOMOTpamme, NpuBeleHHOH Ha puc. 3.9. :

Pacxoj HaXo#AT B (pYHKUHH nJjomaay F H ykJoHa rnasHoro Jiora / Gac-
cefiHa ANA KaMIOro M3 JHBHeBbIX PAHOHOB MJIH, KaK HX ellle Ha3bBalOT, paiio-
HOB JOXJEBBIX MaBOAKOB, MO KapTe-cxeMe Ha puc. 3.10 W rpynn KaumaTHuec-
KHX pafioHOB, yCTAHABJHBAaeMbIX 1o Tabn. 3.2.

Jns onpenenenns pacxofoB Q HHBIX BEPOATHOCTEH NPEBBILIEHHS H B Cay-
yae noys HacceiHa OTJIHYHBIX OT NecyaHblX B Pe3y/bTaThl, MOJYUYeHHbLR 10 HOMO-

) rpamme, BBOAAT no Taba. 3.3 nonpasoy-
TaGauna 32  ype Koaq(pHLHEHTHI k.
Ilpu sToM pacxopn

Q=CQuom ka. (3.15)

Homepa pafionos
HAOXCAEeBLIX NaBOAKOB
(nwBHeBBIX pafioHOB)

Cpynna Kaumars-
YecKHX pafloHOB

I 10

II 7.8 9 * CHeroBoil CTOK CYHTalOT Ajas paiio-

111 5, 6 HOB, PacloJiOXKeHHbIX CeBepHee INTPHXOBOMH
v 3a u 4 auHHE. HOXHee yKasaHHON JIMHHM CYHTaloT
\Y% 1,28 - TONIBKO JIUBHEBHIH CTOK.
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"Ta6anua 33

8 “e\? 3 b TOB £y 8 :E: 3navennsn Kosdduunenton ko

§§ " npe rpynTax Gaccefina §a=a a npH rpynaTax Gaccefna

£og R

Eag TAHHHCTBIX H necyaHbiXx H BIXJBIX §.=§ TAHHHCTHIX H NecYyaHbiX H BIXJAbIX

‘g §'E CYrAHHHCTLIX cynecyaHbix ochinAx) :: 5'?: CYTAAHACTHX cynecH4anuix OCHITISiX )
0,3 1,46 1,39 1,32 3,0 [ 080 0,76 0,73
1,0 1,05 1,00 0,96 5,0 0,71 0,67 0,64
2,0 0,88 0,84 0,80 10,0 0,60 0,57 0,54

Tpumep. TpeGyeTcs onpeleTHTs MAKCHMaJbHBIH JHBHeBH pacxon | % -Hoft Bepost-
HOCTH TpeBmIUEHHs AIs pacrnonoxenHoro B MockoBckoil o6aactu Gacceiiva nuomanbio
F = 5 KM%, uMmelolero ykJaoH Jsora / = l.h"; rpysTh GaccefiHa — CYTJIHHKH.

Pemen ue [lo Kapre-cxeme na pue. 3.10 ycTanaBaHBaeM HOMeEp JHBHEBOro paiio-
Ha, a mo Ta6J. 3.2 — woMep rpynnsl KJAHMaTHYecKHX pafionos. MockoBckoil o6aacTH coot-
BETCTBYeT JHBHeBHIH pafion Ne 5 W rpynna KJHMaTHUeckux pafionos III.

Ha mxane / nomorpaMmbl (cM. puc. 3.9) HaXONHM TOUKY, COOTBETCTBYIOULYIO YKJOHY
raaexoro jora /= 1%/y,. Uepes 3Ty TOUKY NpPOBOAHM BEePTHKAJb JO NepeceueHHs ¢ JHHHEI,
COOTBeTCTBYIOLLEH HOMEPY Tpynnbl kiuMaTHueckHx paitonos I11. Yepes nonyuennyio Tou-
Ky NPOBOJIKM TOPH3OHTAJABHYIO NMPAMYIO {10 NepeceyeHHs co WKANoH x (B npHMepe JJIHHA
FOPH3OHTANLHON JHHHH PABHA HYJO).

Ha wxkajse F HaXOLHM TOYKY, COOTBETCTBYWILYIO nJjomand Oaccefima F = 5 kM2,
H Yepea Hee [POBOJHM BEPTHKAJLHYIO NPAMYIO 10 NepeceyeHHs ¢ JHHHEH, COOTBETCTBY lolLeit
auBHeBoMy pafiony Ne 5. Uepes nosyyennyio TOYKY NPOBOAMM FOPH3OHTANBHYIO MPAMYIO
A0 TepeceyeHHs €O WIKAJOif Y. '

CoefinHsAeM npaMoii moJyueHHbe TOUYKH HA WKaAaX X H 4 M B MecTe ee NnepeceyeHHs co

wkanoit Q naxoiuM Quoy = 24,8 M%/c. ITOT pPacxol HMEeT BepONTHOCTh NMPeBBIIUEHHSA
p= 1% u COOTBeTCTBYET NeCYaHHIM H CYNECYaHHM [OYBAM. ‘
Has cyramuucTeix TpyntoB npu p = | % waxonum no Ta6a. 3.3 nonpasounsii Ko-

stpuuuent k, = 1,05.
Hekombiii pacxod Q = Quonky = 24,8-1,05 = 26,0 m¥/c.

PACYET PACXOA0B B COOPY)XEHHH C YYETOM AKKYMYJIALLHH

3.21. Jlns onpeje/ieHHs PacXooB B COOPYIKEHHH Quoop € YUETOM aKKYMY-
JISILMH PellaioT COBMECTHO /1Ba ypaBHEHHA:

) ypaBHeHHe BO3MOXHOTO TNOCTYMJIEHHS BOIbI B COOPYMKEHHe NpPH JaH-
HoM Hanope H :

Qeoop (Boam) =L —AQ, (3.16)

rpe - Q — pacxox nputoxa ¢ Gacce#iHa, onpefessieMblii €OrJ1aCHO YKa3aHHAM, H3JI0XKeH-
HbIM BhHIHIE; o
AQ — pacxol, HAym#i Ha yBe/HYEeHHE YPOBHA Nepe] COOPYXKEHHeM, onpejese-
MBbli IO HOMOrpaMMe, npoBeleHHON Ha puc. 3.11; ;

2) ypaBHeHHe TPONYCKHOH CNOCOGHOCTH 3a/laHHOTO COOPYIKEHHS
Qcoop“—‘f (H)*. (3.17)

Ypasuenue (3.16) pewaior rpapnyeckum MetonoM. JLis storo sanaiorcs ps-
oM 3HauyeHHH NoAnepTeiX rayOHH Nepei coopyKeHHeM f{ W mo NpolobHOMY
NpoGHII0 IOPOTH HAXOAAT COOTBETCTBYIOLIHE 3THM IJyOMHAM IUHPHHBI Pa3/IHBaA
Blaan B CTBOpE nepexojia. [pu s1oM ecii opMa XHBOTO ceveris NpyAa B CTBO-
pe nepexojia OT/IMYAETCS OT TPEYFOJbHOM HJH NPAMOYTONbHON, TO Bp,,, on-
pejlensioT N0 OiHOH H3 YCJIOBHBIX (opM, NpHBefeHHbIX Ha puc. 3,12. 3arem no
HoMorpamme Ha puc. 3.11 onpenensiior pacxon AQ aasi Kaxa0ro W3 3HauYeHuii H
H By,,, NpH H3BeCTHOH nuomajau Gaccelina F, yK/IOHe JIOra Y COOPYXKeHHS i,

* MeToauka pewleHHs 3TOro ypaBHEHHA H3JNONKEHA B ra. 5.
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Puc. 3.11. Homorpamma nnsi onpeneseHns pacXofa akKymMynau#n AQ npH JXKHBOM CEYEHHH Jora TPeyroabHoit popMm
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Puc. 3.12. Cxembl K onpejejesHio pasmepoB B u ff npu cxeMmaTH3auuy XKHBOTO CEYeHHs
JIOra MO TPEYroJbHHKY H NPAMOYrOJAbHHKY - (CIJIOWIHAS JHHHA — (aKTHYeCKoe cedenwme;
IITPHXOBAs — CXEMATH3HPOBaHHOE CeYEHHE)

(npH OTCYTCTBMH JAHHBIX MPHHHMAIOT €r0 PaBHBIM YKJOHY.JOTKA COOPYXeHH:)
H YKJIOHe rJiaBHoro Jora 6acceiina /. Ilopsgok pacuera c/iefylomHi.

Ha wxkane H HaxoisT TOYKY, COOTBETCTBYIOLLYIO 3aJaHHO# TiyOHHE BOILI
mepejl COOPYKEHHEM, H Yepe3 Hee MPOBOAAT BePTHKANL A0 IepPeceyeHHs C JH-
HHell 3aJlaHHOTO YKJIOHA JIOTA y COOPYXXEHH H Yepe3 MoJyuyeHHYIO TOYKY Npo-
BOJSIT FOPH3OHTAJBHYIO NPAMYIO 10 nepeceueHHs co wmKkamoi F. B npasoii yac-
TH HOMOTPaMMbl Ha WiKaJie Bj,,, HAXOMAT TOYKY, COOTBETCTBYIOULYK IIHPHHE
pas/iHBa B CTBOpe Nepexojla NpH 3allaHHOH rayGuHe H, u npoBojsT uepes Hee
BepTHKa/b JI0 NepeceyeHusi ¢ JHHHEH 3aJaHHOTO YKJOHA rJlaBHoro Jjora Gac-
cefiHa, yepe3 NoJyYeHHYIO TOYKY NPOBOAAT NOPH30HTAJb JIO NepeceyeHHs CO IKa-
Jofi y. CoeHHSAIOT NONyYeHHBIe HA IWKaJdaX F H y TOYKH NpsiMofl JIMHHER H Ha-
XOAAT ee mepecedyeHHe co wKagoil x. Hakoneu, Ha.wkajse F HaxoAsaT TOuKy,
COOTBETCTBYIOLLYIO IJoumain OaccedHa, H COEJHHAIOT ee NPAMOH ¢ TOYKOH Ha
1IKaJe X; Npojo/KeHHe NMoJyueHHOH npAMOi 1o wKaabl AQ faer Ha Hell pacxoj
BOJBI, HAYLIelt HA YBeJHYCHHE YPOBHA NEPE COOPYKEHHEM.

Homorpamma (cm. puc. 3.11) cooTBercTByeT TpeyroJibHOH (OPME JKHBOTrO
ceueHHs! NIpyJa B CTBOpE llePeXOa H KJIHMaTHYECKHM YCJIOBHAM, OTJIHYHBIM OT
MYCCOHHBIX. )

Hdasi npsiMmoyrofibHO#i (GOPMBI JKHBOTO cedeHHs B CTBOpe Nepexojia H Myc-
COHHBIX YCJOBHH B Pacxol, NMOJNyYeHHbIH 110 HOMOrpamMme, BBOIAT NOTIPABOYHBIH
KoappuuneHT Ry, u3 tabn. 3.4.

TaG6nuua 3.4

bd 108 Rax ANH ycnosuit
DopMa KHBOIO ceueHHHl npyna
e B:;:éo:‘;oul;e l MYCCOHHBIX
TpeyroabHas 1,0 \ 0,68
ﬂl:)imoyro:lbuaﬂ ¢ 2,0 1,16
TaGanma 35
a3 ]
Howmep B ™ (leDQ .H:Méf 'Q¢°'=;8 {B0am)=| b Q?gg‘p:;o:o! i
TOYeK H, m pasn’ rpamMme Ha —AQ. h rpaMMe Ha
puc. 3.11) ufs = puc. 5.16)
1 1,0 60 0,4 25,6 0,5 3,0
2 1,6 90 1.4 24,6 0,75 55
3 2,0 120 3,0 23,0 1,0 87
4 2,6 150 6,1 19,9 1,25 11,0
5 30 180 11,0 150 1,50 13,5
6 35 216 18,0 7,0 L75 16,0
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Hn _ Pacxop, B 3toM cayuae

\ = AQ=AQH0“ ka“. (3.]8)
H=310m

¥ 2%

3aBepwaloT pacueT TOCTPOEHHEM
KPHBBIX Qcoop (sosw) = [(H) B Quopp =
= f(H), Touxka nepeceyeHHs KOTOPBIX
COOTBETCTBYET HCKOMOMY pacXoiy B
COOpYXEHHH H noAneproii  rayGuHe
nepes HUM. 2

M@ﬂn

ok
|

N
\
Qeogp=140m7c

) Npnmep. TpeGyercs onperennts Qcoop
) * H COOTBETCTBYIOLLYIO €My TONMEpTYio rAyGH-
§Q Hy H pas npamoyroasuoii Tpy6u 2,0 2,0 m
. Qe C pacTpyGHBIMH OrOJIOBKaMH &y = 20°, [Txo-
ilans 6accefina F = 5 xm2. Pacxoy c 6ac-
ceitHa Q|%= 26,0 M3/c. YKAOHB TIJaBHOTO
aora [=1%,nora y coopymenns i,=5%.
Paiton — Mockosckas o6aacts.

(Honepequoe CeyeHHe Npyna y coopyxe-

HHs (MO NMPOAOIBLHOMY NPOMGHIO) NpHBE
7 0 20 q,mf K Tpe ro.'lllﬂouy. s

emenHe Pacxox s coo
Puc. 3.13. T'paduk nas onpenesenus pac- Qcoop. ONPERENAIOT, peman “comwﬁi?;e;ﬂf
XOJd BOLb B COOPYXKEHHH C yHeTOM aKKY-  yenme (3.16) u ypaBsenne mponyckuoit cno-
MYaARHHH coﬁ!tst;cTH A TPY6b  Qogop = [ (H) (cm.
ra. 5).

Has onpenenenns pacxoaa AQ 3afaiTcs PAAOM NMOANEPTHX FAYGHH nepes coopyxe-
nHeM H M s KaxA0H H3 HHX 1O NPOJOJLHOMY NPO(HJII AOPOTH HAXOAAT COOTBETCTBYI0-
mMe WHPHHH PasiuBa Bpag. .

IpeanosnoxuM, YTO TPH 3HAYeHHSX H mMoJdyueHbl Byasns NpHBefeHHbE B Ta6a. 3.5.
3atem 10 H3BecTHbM /, iy M nJIOMANH Gacceiina F HaxomaT no Homorpamme (cM. puc. 3.11)
pacxon AQ, a no ypasuennio (3.16) — pacxoa B coopyxeHHH Qcoop- Peayabrarsl sakocst
B pacueTHyi Ta6a. 3.5. : ,

IToc.ie sToro no romorpamme, npHBeNeHHOMH B I41. 5 Ha puc. 5.16, onpeneasior pacxons,
nponyckaemsle Tpy6oi NpH NOANEPTHIX rAYGHHAX, COOTBETCTBYIOMIHX 3aaHHbIM 3HAYCHH M
H (cm. nocnenniolo rpagy Ta6aHubl pacyeTa). i
& Pacuer no nomorpamme, npuBenenHoi Ha puc. 5.16, pekomennyercs BecTH CENYIOUHM

pasoM.

IMTo wxkane h oTKNaABIBAIOT BHICOTY TPYOHI, T. €. Ay = 2,0 M, a no mikane b — oTBep-
crie TpyGul b = 2,0 M; COCAHHMB 3TH TOUKH MPAMOMH, HAXONAT TOMKY NeEpeCedeHHA ee ¢
GesbIMAHHON INKaJoM.

3arem Ha wxane H/hg, cooTBeTcTBylOmEH TPy6e C PACTPYOHBIMHE OTONOBKAMH G, =
= 20°, oTknaauBalOT 3ajaHnke 3uavenus H/hy, T. e. NonepTyio ray6umy, Kenenn 10 Ha
BhCOTY TPYGH (B Hamem cayuae hy, = 2 M). Kaxayio 3 nonydennmx na wkane H/h, To-
UeK COeLHHSIOT C HaiifieHHO! paHee TOUKON Ha GeSHIMAHHON wKa/le H Ha WKade Q HaxoaaT
pacxon, nponyckaemsiit TpyGoit npu saxaunnom H (npu H/hy < 1,1 pesyanrar NoJyYaloT Ha
wxaze Q Ans Ge3sHanopHOro PexHMa, B MPOTHBHOM Cyuae — Ha WKajde Q npu noJyHanop-
HOM peMXHMe).

Pesyabtatsl onpejenenis Qeoop = [ (H) Takxke samocaT B pacuernylo Ta6a. 3.5.
Ilo nauHBIM, CBefeHHBIM B TabaHly, CTPOAT KpuBe (puc. 3.13) Qcoop (sosmy = f (H) n
Qeoop = f (H), rne Qeoop — PACXOA, TMpONyCKaeMbili TpyGoil.

Hckomuit pacxon Qeoop B NoAnepras rayGuHa H, cooTBeTcTByOmMe TouKe nepeceve-
HHA YKa3aHHbIX KPHBHIX, OGYAyT COOTBeTCTBeHHO paBHbi 14,0 mM¥/c u 3,10 wm.




4. CONPATAIOILHE COOPY)XEHHS

THNBI COIIi’SII'AIOI-IIHX. COOPY)XEHUHA

4.1. TloTok MoxKeT GbiThb BBeJleH B COOPYIKeHHe KaK B CTIOKOMHOM, TaK H B
GypHoM coctosiHuH. B nocsiesnem cayuae Moxet GbiTh ofecneueHo cyuiecTBeHHOe
NoBhILIEHHEe MPOMYCKHOMH CIIOCOBHOCTH COOPYIKEHHH.

Jns nanexHoro BBoAa 6ypHOro NOTOKa B OCHOBHOE COOPYIKEHHE NMpPHMeHs -
10T creliHa/ibHBe THITBI COOPYIKEHH, HasbiBaeMble conpazaiouwjusmu. VX o6buHO
YCTPaHBAIOT HAa Y4YacTKaX BOJONPOMYCKHOrO TPakTa ¢ GOJbLIHM NepenajoM oT-
metok. Ha conpsiraioliiix coopyieHHSX MOTOK, KakK NpPaBHJIO, Pa3BHBAeT BHICO-
KHe CKODOCTH, T103TOMY HEOGXO/IHMO TIpeAYTIPefHTh 06pa30BaHHE BBICOKOH KHHE-
THYECKOH SHEPTHH NOTOKA HJH MOracHTh ee. JlNs H3MEHeHHs CKOPOCTeH notoka
1o JIJIHHE CONPATAIOLUIHX COOPYIKEHHI NPUMEHSIIOT NOBLIILEHHYIO LLIEPOXOBATOCTD,
a JJIst TalieHHsi SHEPTHH HCHO/b3YIOT BOAOGOHHbBIE CTEHKH H KOJIOALBI.

4.2. Bpoll cnOKOMHOrO NMOTOKA B COOpY:KeHHe He TPeGyeT NpHMEHeHHs crie-
UHAJBHBIX YCTPOMCTB, KaK NpH BBoje GypHoro notoka. OaHako ¢ ueabio obec-
neyeHHa O6oJiee NJABHOTO CONPSXKEHHS] MOTOKA € 3JIEeMEHTAMH COOpYMKeHHH
NPHMEHSIOT CrelHadbHble YeTpofcTBa (OroJoBKH TpyG, HanpaBJsiOHE CTEHKH
H KOHyca MocTOBR), ofecrneuHBaioliHe NOBBILIEHHe NPONYCKHOH 'CNOCOGHOCTH CO-
OpYKeHHH.

[oapo6Ho 3TH YCTPOICTBA M MX FHAPABIHYECKHe XaPAKTEPHCTHKH NPHBO-
IATCS B COOTBETCTBYIOUIHX ryaBax HacTosulero Ioco6usi npUMEHHTENIBHO K KOH:
KPETHBIM THMAM COOPYHKEHHH.

B konue Hactrosuwe# riaebl H3Jaraercsi TMAPaBJHYECKHH pacyeT BXOJAHBIX
Y4acTKOB COOPY»KeHHi PAaBHHHHOTO THNA, ABJAAIOUIHIACH OGIHM 1A BCEX COOpY-
JKeHHH JAaHHOTO THIIA.

4.3. Tpocreiiziee  conpsraipollee COOPYIKEHHEe — OOHOCMYNEHYAMbIL  ne-

penad. Huxe nepenafa o6u4HO TpefyeTcs yCTaHOBKA OJHOTO M3 BHJOB BOJO-

Goiibix coopyKeHuil. Bosblioe najenne OTMETOK Ha yyacTKe CONMPsKEHHs dac-
TO NMPHBOJHUT K HCHOJb30BAHHIO MHO0CMYNEHYamblx nepenados, Ha KOTOPLIX MO-
TOK TODMO3HTCSl 3a CYeT TPeHHS.

Ha KpyThiX KOCOTOPHBIX yYacTKaX NpPHMEHSIOT MHOrOCTYINeHuaThle nepe-
najbl KOJOAE3HOTO M MOJYyHAnopHoro THma. Jlis rameHHs 3HEPTHH NOTOKA Ha
MOCJ/IEIHHX HCIOJB3YIOT 3aTONJIEHHbIH THAPABAMYECKHH NPBIRKOK.

[Tpu nepeceuennn noporofi rayGoKoro Jiora, B 4aCTHOCTH NPH OTBOJE BOJibI
C HATOPHOM CTOPOHBI HA KPYTHIX YYacTKaX MECTHOCTH, HCTIOJIb3YIOT KOHCOAbHbIE
nepenadet, a WHOTAA YCTPOHCTBA THNA wiaxmHo2o éodocGpoca. KoHcodbHbE Te-
penajbi Mo3BOJAIOT YCTPOHTh GHICTPOTOK Haj, NMOJIOTHOM JOPOTH, A ONACHOCTH
pa3MblBa JOPOMKHLIX COOPYXEHHA [MpefoTBpPaTHTE OTOPOCOM Najaioliell CcTpyH
CTpyeHanpasasilOUlMM HOCKOM Ha 60Jlblu0e pacg'roam{e.
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B xauyecrBe Pa3HOBHAHOCTEH CTPYeHAaNpaB/AIOUIETO HOCKA MOTYT GHITh He-
110/1b30BAHbl PACCEUBAIOL4LE MPAMNALKSL, YMEHbIIAOMIHE IMYOUHY Pa3MBLIBOR.

[Tpu GosbuUIMX YKJOHAX MECTHOCTH AJfl llepexBaTa BOJbI C BEpPXOBOH CTO-
POHBI KOCOTOpPa H BBOJId €I0 B COOPYHKeHHe YCTPAHBAIOT GbiCmpomoKu, NpeicTas-
JgslHe co6oit npH3MaTH4ecKHe OETOHHBIE WM ’KeJle3o6eTOHHbIe JOTKH, YJO-
eHHble ¢ yKJOHaMH GoibuinMH KpHTHYeCcKHX. IllupHHy 6BICTPOTOKOB O6BIUHO
HazHa4aioT GoJibeli OTBEPCTHS COOPYXKEHHS, YTO BhIShIBAETCH HE0OXOAHMOCTHIO
CHHXXEHHSI B HeM CKOpOCTei.

C 370l e leJbi0 YCTPaHBalOT B GBLICTPOTOKAX TIOBBILIEHHYIO 1IePOXOBa-
TOCTH B BHJe pebep, wamek 1 T. 0. (cM. M. 2).

s conpsimeHHs] PH3MATHYECKHX GBICTPOTOKOB C COODYXKEHHEM yCTpau-
BAlOT CyKaloliyecsi ObICTPOTOKH, XapaKTep TeYeHHs] B_KOTOPHIX BeCbMa CJIOMKEeH.

B nekoropbiX cayuafix AJs TalleHHs CKOpocTeil Ha BXoJe B COOpYyXeHHe
MCTIONBAYIOTCS 8000MpUEMHbE KOROOYb, B KOTOPBIX TallleHHe SHEPrHH OCyIuecT-
BJISIETCH 34 CueT nepeBojia GYPHOro MOTOKAa B CHOKOHHBIH NyTeM 3aTOIeHHs
PHAPABIHYECKOrC TPLIKKA.

Huxe moapoGHO H3J1araloTcs rHAPAB/IHYECKHE pacyeThl OCHOBHBIX THIIOB CO-
NPATAIOIHX COOPYHEeHHH.

OOHOCTYNEHYATBIE NEPENALbI

4.4, OnnocryneHuatbie nepenajgst NPHMEHAIOT M CONPSAMEHHS YYacTKOB
KaHAJIOB B PA3/IMUHBIX YPOBHSX. BHICOTY OfHOCTYNeHYaThIX nepenagoB 0GbIYHO
npuHuMatoT He Gosee 2,5—3 M, nockoJibKy npH Gosbuielft BelCOTe TPYAHO NO-
racHTh SHEPTHIO MOTOKA NOc/je MafdeHHs.

OpnnocryneHyaTblii nepenaj, (puc. 4.1) cocTOMT M3 BXOZHOH YacTH, BEpTH-
Ka/IbHOMH, HAKJOHHOH HJIH KPHBOJHMHEHHOH CTeHKH MaJeHHA H 3aKpenjeHHOTo
HayaJbHOTO YYacTKa HHXKHero Obeda — BOL0GOS.

4,5, Pacuer oJHOCTYMEH4aToOro Inepenaja 3akKjiouaercs B ONpejeJeHHH
riy6HH HAa BXOAHOM Y4YacTKe M Ha Bojo6oe, a Takixe JJIHHBI [OCAEAHEro,
[To uaBecTHbIM riyGUHAM ONpeJeasoT CKOPOCTH BOJbl H HA3HAYAIOT THIb OJIEXK-
aer [3].

//W
o Iz Ir |lon

b

Phuc. 4.1. Cxema OAHOCTYNEHYATOrQ Nepenaja:
| — BXOAHAA uvacTh; 2 — CTEHKa uageHKs; I — BogoGoR
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4.6. [lpu pacuere Bojio6GOs B NePBYIO Ouepellb ONpeAeNAIOT [yGHHY B cxKa-
TOM ceueHHH h, MoAGOPOM H3 ypaBHEHHA

aQ?

ik ke 2g e*qroe

; x (4.1

rae Ty — yAellbHAfd 3HEPrHs NOTOKA MJiA CeYEeHHS A—A;
o — ko3dduunent KopHoanca; mMoxno npuHaTs @ = 1,1;
& — Ko3(pHIHEeHT GOKoBoro cxkatusa, pasusit 0,90—0,95, ecain wHpHua nogsoasie-
ro pycia GoJbiie WHPHHBI Nepenana,
@ — KO3(PHIUHEHT CKOPOCTH.
K

h
3HaueHHs KO3(pPHUHEHTa CKOPOCTH ¢ B 3aBHCHMOCTH OT OTHOILEHHS =
NpHBEACHB HHKE.

L 0,15 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90
p .
0 e e Al 0,75 0,80 0,85 0,87 0,89 0,91 0,92 0,93 0,94

YaenpHas 3HeprHs NMoToKa Ans ceveHuss A—A

4.2)

rae i vy — rayGHHA M CKOPOCTh MOTOKA B cevyeHHH A—A. B 3aBucHMOCTH OT THIa BXoJ-
. HOTO y4acTKa M NPOLOJBHOTO YKJAOHA NOABOASLLEr0 pycaa MOMXKeT GbITh: h= fy
NPH CMOKOHHOM COCTOSHHH NOTOKA B NPH3MATHYECKOM pycde; b ~ hy — Hop-
MaabHOH ray6uHe — nmpH OYPHOM COCTOSIHHH H DPaBHOMEDHOM [BHIKEHHH B
noABoAsEM PYyC/e; IPH HePaBHOMEPHOM ABHKEHHH h ompeneasieTcs o ypas-
HEHHI0O HepaBHOMEepPHOro JBHXeHHsA (cm. ra. 2);
p — BBICOTa CTeHKH MajeHHA INOTOKa.

Ecau nonepeunoe ceueHne pyc.ia o CTEHKH NajieHHs HMeeT APYyryio dopmy
M GOMbLIeH WHPHHEL, TO Nepejl CTEHKOH NajeHHsi 06pasyercs MOANOP, BbCO-
Ty KOTOPOTO BBIMHCJAAIOT NO (popMyJiaM BOJAOC/IHBA COOTBETCTBYIOLEN! cpoprl

IpH 3TOM h + »— T3 e = Hy — rHAPOJHHAMHYECKOMY HAnopy nepei BOJAOCIHBOM.
Cny6uny h'’, conpsiXeHHYIO ¢ TVyOHHOM A, ONpeleNsioT N0 NpPHIOMKEHHIO

4.7. Jas ynpollleHHA PACYeTOB NPH BHIYHC/JEHHH CKATHIX IMyOHH B cayya-
sIX MPSMOYTOJIBHOH W TpaleleHalbHol GopM pycia MOXKHO HCNOJIB30BATh rpa-
(pHUeCKHe NpHEMBI, , H3JIOKEHHbIe HHMKe,

Ipu onpeneneni h. B NPSAMOYToJIbHBIX Pyc/aX MOXHO BOCMOJb30BATLCS
NpHBEJIEHHLIM B MpPHJIOXKeHHH 2.7 rpadukoM. PacueT HAUHHAIOT ¢ HAXOMXIEHHS

. Ty
Ha ocH aGCUHCC TOYKH, COOTBETCTBYIOLIEH 3HaueHHwo E, =, ¥ M3 Hee NpoBo-
K

JSIT BepTHKaNb JO TepecevyeHHs C KPHBOH, COOTBETCTBYIOLIEH 3aJaHHOMY KO-
sipuunenty ¢. M3 Touku nepeceueHusi NpOBOAAT rOPH3OHTa/b, KOTOpasi nepe-
cexaer kpusyio £ = f.(E;) # ocb opauHaT. AGCuHCCA TOUKH NepeceyeHHs pas-
Ha HCKOMOMY 3HaueHHI0 E¢, no KoTopoMy HaxofsT he = Ecthy. Ha ocu opaunar

yKasaHHas TOPH30HTalbHas NpsiMas JaeT 3HadyeHHe §, — h /hy nu, cnenoBa-

TeNbHO, A, = &k .
Ipu Tpaneuemxa.r[bnoﬂ topMe pycsia Aas ONpefe/eHHA CXKAaTOH IIYOHHBI
MOXKHO HCIOJIb30BaTh IpaQHK, NMpHBeJeHHbH B npHioxenun 2.6 (puc. 1).

QVae

g !Pb,un T1-s
= 0

B = b"’f , OTHICKHBAIOT NPAMYIO, COOTBETCTBYIONLYIO 3HAUeHHIO A U KpHBYIO,
OTBE‘IaH)Lule napaverpy B. Afcuucca X rnepeceveHHs AaeT HCKOMOe 3HaueHHe

B s1OM clyuae, NpeiBAapHTENbHO BBIYHCIHB RapameTphl A = H

3 3ax. 935 - 65

T.. [ny6una B cxatom ceveHnn h, =t,T,. [ny6uuny h, conpsikenuyiwo c h,,
OnpeaesIsioT no NpHJIOKeHHID 2.6 (pHc 2).

4.8. Ilpu GypHoM cOCTOSAHHH NOTOKA B OTBOJSILEM pyc/e Y4acTOK 3a Cxa-
ThIM CeUEHHeM PpAaCCUHTBIBAIOT - M0 YPaBHEHHAM HEPABHOMEDPHOTO JBHKEHHS.
[Ipn crOKOHHOM COCTOSIHHH 3a CXKATBIM CeyeHHeM 06pasyercs THApaBJHYeCcKHit
npeiKOK: 1pH he >>hyp — OTOrHAHHBIA, NpH h¢ = Ay ~— HaABHHYTBHIH H
npu hy << hys — 3aTONJIEHHBLH.

OrornaHHbIfi H HaABHHYTHIH NPBUKKH HemesaartelbHbl. B 3THX caywasx
0OBIYHO NOOHBAIOTCH O0PA30BAHHS 3aTOMJIEHHOTO MPBUKKA YCTPOHCTBOM BOJIO-
GOHHBIX COOPYIKEHHH.

4.9. Jlauny Bomo6os NPHHEHMAIOT

L=bhL+ly+ g+ lym, " (4.3)

rie [y — RaAbHOCTh IOJETA CTPYH;

12 -— LJHHA OTrOoHa NpBLIXKKa;

[, — OJIHHA THAPABJIHYECKOrO TPBIKKA;

lyg — 30HA YCNOKOGHHsl NMOTOKA 3a NMPBIKKOM (MOCJAENPBHIKKOBHEI Y4acTOK).

Dopmysty (4.3) MOXKHO paccMaTpHBATh KaK obllyio AaA Jo6oro BHAA co-
npskenus Gbepor. B cayuae HaJIBHHYTOrO NPBUKKA B popmyne (4.3) crenyer
NPHHATE JVIHHY OTTOHA NPLIKKA PaBHOK HYJIO.

JlaabHOCTh MoJieTa CTPYH, T. €. PACCTOSIHHE OT CTEHKH NafileHHs JI0 CXKAToTo

cedenn C—C, oOBIYHO ONpeJesIoT N0 ypaBHEHHIO
L=0,320. Vo+h ‘ (4.4)

rfe h' wu’ — ray6HHA M CKOPOCTh NMOTOKA HAX CTeHKOH najenHs B cedeHHH A'—A’ ne-
NOCPEACTBEHHO NPH BHXOJe CO CTEHKH NAJCHHA, ONpelelseMbie NPH pacuere
BXOJAHOR 4YacTH nepenajga (CM. Bhilme).

Eciu B ceyeHHH A—A raybuna ‘h = Ay, TO LIHRY I, MOMHO ONpenensTh
no gopmyJe
hy=p-+hx.

Korza BXOAHOM yYacTOK nepenaja NpsiMOyroJILHOTO CedeHHs 3aKaHyHBa-
A BOJOCJHBOM, AAaJIbHOCTH NoJieTa CprH

h=m VH, (pFnHy) » (4.6)

(4.5)

rae  H, — HAPOAMHAMHYECKHIH HANop nepes BOAOCJAHBOM;
m H n — Kod(pHunente; m= 1,25 u n = 0,45 — gas BoROCAHBA C TOHKOMN cTeHKoll;
m= 1,33 u n = 0,30 — 115 BoJloC/HBA NpakTHYeCKOro npodpuis; m = 1,64
M n= 0,24 — ansa BOAOCJHBA C IUHPOKHM NOPOTOM.
Paccrosinne [; BKJIOYAeT He TOJIBKO JaJbHOCTL N0JIeTa CTPYH, HO H HEKOTO-
pHIfi yUACTOK 32 MecTOM ee NajleHHs, Ha KotopoMm rayOuHa napaer ao h.. Bosee
TOYHO

1,4p+0,8K'
A L. L : @7

Ver

JLIHHY OTrOHA NpbDKKA [, ONpefe/sioT N0 yPaBHEHHSM HepPABHOMEPHOro
JBHxKeHust. [IpH 3aTONIEHHOM H HaJBHHYTOM NphiXKe [, = 0.
JlaHHa THAPABIHYECKOTO NPLUKKA B PycJe NPAMOYOJbLHOTO CeYeHHs

ln=2,5 (19" —h). (4.8)

B pycnax tpaneueufanibHOro ceueHHsi JJIHHA NMPbLKKA

f.,=5h”(l+4l/£ﬂ). (4.9)
By



Водослив


        преграда (порог), через которую переливается поток воды; в гидротехнике В. называется Водосброс со свободным переливом воды через его гребень. Для направления потока на гребне делают отверстия прямоугольной формы, ограниченные с боков устоями или промежуточными стенами (быками). По форме порога различают В.: с тонкой стенкой, с широким порогом и практического профиля, построенный по координатам траектории свободно падающей струи (рис.) и обладающий наибольшей пропускной способностью. В. практического профиля может быть вакуумным (если давление на гребне под струей ниже атмосферного) или безвакуумным (давление выше атмосферного). В., применяемые в лабораторной и гидрометрической практике для измерения расхода воды, называются мерными.


        

        Схемы водосливов: 1 — с тонкой стенкой; 2 — с широким порогом; 3 — практического профиля.
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[Ipn oTorHaHHOM NpbiKKe (cM. PHe. 4.1) B KavuecTBe i’ NPHHHMAIOT TJIy6H-
HY h, B KOHIle KPHBO# NMOANOpaA nepel NpsbkKoM (cevenne B—B). Ilpu Hajgu-
HYTOM H 3aTONJIEHHOM NMPBDKKaX CYMTaloT, 4to h' = he, a By u B, — wHpHHa
NOTOKa noBepXy npH ray6uxax k' u h''. JIIMHY NOC/AENpBIKKOBOTO yyacTka
NPHHHMAIOT PAaBHOH Y/ABOEHHOH riyGHHe hy6 3@ NPBIKKOM: i

: {nn = 2hyg. (4.10)
4.10. ITo yc‘rauoa.rienﬂum ray6HHAM B XapaKTepPHBIX CEUEHHSX Iepenajna
YCTAHABJAHBAKOT CKOPOCTH NOTOKA H3 yPaBHEHHS Hepa3pbIBHOCTH:

Q

h (b mh)
3arem nojAGHPAIOT THNLL YKpPeNJeHHH.

@.11)

MHOIOCTYNEHYATBIE NMEPENAADI

4.11. MuorocryneHuyartbie nepenajbl (pHC. 4.2) HCNONB3YIOT ISl CONpsiKe-
HHfAl YYACTKOB KaHAJOB W B KauecTBe COODHBIX yYdCTKOB M3 COOPYXKEHHH NpH
GOJIBILHX Mepenajgax OTMETOK AJf MNPeAOTBPAlleHHS BbICOKOH KHHETHYHOCTH
NOTOKaA.

Jna coKpauleHHsi 3eMJsHBIX PaboT MHOrocTyneHyaTbli nepenan  (cM.
pHc. 4.2) BNHCHIBAIOT B NPO(QHAL NOBEPXHOCTH 3€MJIH, T. €. OTHOLIEHHE BHICOTHI
nepenaga p K JJIHHE CTyneHH L JIO/DKHO NPHMEPHO PABHATBLCA CPENHEMY YKJIO-
Hy MecrHocTH. JIasl 3TOr0 NpH GOJBIIHX YKJAOHAX MECTHOCTH CTYMEHH JeJaloT 10
BO3MOXKHOCTH KOPOTKHMH, FTOPH30HTAJIbHBIMH, @ HHOTJA Jiaxe ¢ 06PaTHBIM YKJIO-
HOM. B 10poKHOM cTpoHTe/IbCTBE OGBIYHO NPHMEHSOT MHOTOCTYIIEHYAaThIe Tlepe-
naipi, y KOTOPHIX NMPOAOJbHbIE YKJIOHBI cTyneHe#l npsamele (i, = 0).

4.12. {nudy CTynNeHH ONpPeAeNnsioT, KaK NMpaBHJO, H3 YCJIOBHs, YTOOH B
KOHLE KaXK[O# CTYNeHH KHHeTHUecKas 3HeprHs Oblia OJlHA H Ta e H paBHa
KHHETHUECKOH 3HePTHH B KOHile BXOJHOTO y4acTKa mepenaja. [las storo Heo6-
XOJHMO, 4TOGbl HA CTYTNIEHH B KOHLE YYaCTKa C IVIaBHO H3MEHSIOLIMMCH JBHXKe-
HueM (cevenue A—A) ray6HHa Gblia paBHA KPHTHYECKOH.

4.13. I'nyGunbl B KOHLle BXOAHOTO YYacTKa H B cxaToM ceueHun C—C, a
TaKIKe PAcCTOSIHHA [; H [, ONpeleNAloT TaK Xe, KaK H NPH pacyere OJHOCTYIEH-
yaTeiX nepenafoB. JIJIHHY 'yyacTKa ¢ NJIaBHO W3MEHSIOLIHMCH JIBHXKEHHEM [,
MeXJly CeUYeHHSMH C IyOHHaMH h, H iy OTpeleNsioT MO ypaBHEHHAM HepPaBHO-
MepHOro ABHKeHHs. [IPH rOPH3OHTAJBHBIX CTYNEHSX PAcCTOSIHHE MOKeT GbITh
onpejeNeHo MO YIPOIIEHHOH (opmy.Jre

ks
l'a="'._ (0,75hx —he). (4.12)
K
L 1
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Puc. 4.3, Cxema nepenaja ¢ o6pa3soBaHHeM IHAPaBJHYECKOTO TIPLIXKKA HA CTYNEHAX

[Monnas JIMHA CTYlleHH paBHA CyMMe TpeX Y4acTKOB
L=b+l+1s, (4.13)

rae /; — ANMHA TPEThEro yuacrxa, onpejeisemas~ no ¢opmyne [, = (2 -- 2,5) hy.

[pu Goslee KOPOTKHX CTYMeHAX riybHHa B KOHUe cTyneHH GyHeT MeHblie
KPHTHUYECKOi, a CKOPOCTh COOTBETCTBEHHO NOBBICHTCA. B mpepene mpu Manoii
BLICOTE CTYNEHH COOpYKEHHEe MOXKHO PAacCMAaTPHBATh KAK PYCJO BBICOKOH 1Lepo-
XOBATOCTH M PAcCYHTHIBATH 10 METOAHKe, YKa3aHHO#H B 1. 2. [1pH aTOM He 10J1K-
HO Hapyuwarbcsi yclioBhe p < h,/2. ! %

4.14. Ecau e ANHHY CTYNeHH yBeJHYHBATb NpPOTHB (GopmyJan (4.12), to
Ha CTyNeHH fepenaja BO3HHKAeT FHAPABIHYECKHH NPBUKOK (pHe. 4.3). ¥YanuHe-
HUEM CTYNEHH MOMKHO JOGHTbCS 3aTONJIEHHs THAPAB/IHYECKOTO NPBUKKA B CiKa-
TOM ceuyeHuH, ofecreyyp npesbllleHHe INTyOHHBI CMOKOAHOTO NOTOKAa B Haualne
CTyNeHH Haa rayGuHol he, conPﬂ)KeHHoﬁ CO CKATOH; Ha CTYMNEHAX C NPAMBIM
VKJIOHOM 370 Bo3MOXKHO, ecaid he << hy. O6mas AJaHHA CTYNEHH B 3TOM C/lyyae

L=bh+b+In+lo+ 1l < (4.14)
rae lq — AMHHA KPHBOH CIaja MeXAy CeueHHsMM C riyGuHamH h” u h .

4.15. Co3naBas Ha CTyMeHAX MNOBBHILEHHYIO 11EPOXOBAaTOCTb, AJHHY - CTY-
neHed MOMKHO YMEHBIUHUTH [0 < ;

(4.15)

lm*-’: .
Ig,m
rae ly — AJIMHA KPHBOA npH oObIYHOHA IMEepOXOBATOCTH;
iy W ix,m — COOTBETCTBEHHO KPHTHYECKHH YK/IOH IPH OGHYHON H YCHJEHHOl lepoxo-

BaTOCTH.

4,16. Ec/iu YKJIOH MECTHOCTH NMO3BOJISIET, TO C/JelyeT CTyNeHAM NpHAABaTh
NOJIOKHTEJNBHBIA YKJIOH, 4To0bl HA HHX He 3ajlepKHBajach BOJa.
[pu-o6parHOM YKJIOHE I/ 3TOH LeJH BAOJb CTYNEHH YCTPAHBAIOT NPOpesb.

BOJOBOAHDBIE KOJOALLbI \

4.17. Bopo6oiiuelit Komozew (puc. 4.4) rny6unoit S, Ans 3aTonNeHHs CHA-
PABJ/IHYECKOTO TPBIKKA LOJMEH O0ecneynTh B MecTe ero o6pasoBanHs IyGHHY
CMOKOHHOTO MOTOKA Bbillle BTOPOH CONPSIKEHHOH riyOHHbI he:

Sy hgg+Az > by,
C yuetoMm Ko3(pHLMHEHTa 3aTONJIEHHs NPbKKA 0 > 1
8g=0 h; —(hys+ AZ). (4.16)
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YeTpoiicTBO KOJIOALA YBeJIHYHBAET
NepBOHAYAJBHYI0 BHICOTY CTEHKH Inaje-
HHSL p, MO3TOMY T/yGHHY KoJOALa Of-
PeIesISlIoT METOJIOM TI0C/IE0BATE/ILHOTO
NPpHGTHKEHHS .

[epBonauansho rayGuuy h, u hg
omnpejiesIIOT TAK XKe, KaK W B nepena-
nax. [lpeneGperas B mepBoM mpHO.IH-
JKeHHH 3HaueHMem Az W nonaras o =
= 1,2, HaxomAT no dopmyae (4.16)
rayOuHy Kosoaua So.

Bo BTOpOM nNpHOHMMKEHHH pacuer -
NPOBOAAT AHAJOTHYHO, HO TJIYGHHBI Prc. 4.4. CxeMa Boo6ofHOrO KONOALA
hey M h¢y onpesienisiioT ¢ yYeTOM YBeJIH-

YeHHS BHICOTHI NMajieHHss T Ha TIYGHHY Sgy, T. €. NPHHHMAIOT

1=
~N

|

I
"

S
3|

b

Ta=To+Su- ; (4.17)

OG6bruno BTOpOe NpUGIHIKEHHE MOXKHO TIPHHATD 3a OKOHYaTe bHoe. [Toatomy
8 (hopmy.ie (4.16) ucnoabsyior ¢ = 1,00--1,05 B ciiyyae npeHeGpexenus nepe-
najaoM Ha BeIxofe u3 Kosoiua Az. Ecim Az yuuTHIBAIOT, TO NpHHHMAIOT ¢ =
= 1,05=1,10. Buxox us KOJgNua paGoTaeT KakK. NOATONJIEHHbIH BOJOCIHB C
UIHPOKHM MOPOroM, H liepenajbl OTMETOK Ha BBIXOJE

R o1 1 :
Az= T[ -——-—] (4.18)

Phis (@ hg)
rie ¢ — xkosppuuHenT cxopocTH; ¢ = 0,95,

TIlpu. ycTpoiicTBe BOAOOTBOLA OT TOJOTHA JOPOTH NONEpEYHOe CeyeHHe ne-
penajia ¢ BoJ0GORHBIMH KOJOALAMH Y4CTO YCTPAHBAIOT TPaneleHaalbHOR GopMBL,
B stom cayyae 11 pacuera conpskeHHA ObeOB H OnpegeseHHst TyGHHB BOJO-
GOHHOrO KOJIOALA HCNOJIb3YIOT Ipaguk,” NpHBeJAEHHbIH Ha pHc. 4.5, .

Pacuer cBosuTest K cleayoulemy:

1) onpepensitor yaeabHyio 3Hepruio T, anisi cedeHHs A—A OTHOCHTENBHO
IHa oTBoisfulero pyciaa. Toraa nepenan zo = Ty — hyg;

7 . o 1120

) T
e | — g7
.ﬁ | L ;:— "1 42
‘ L —1 L 0,
i 1///_____ ﬁ:"'—' a4
’ = = a6
/// [ —, B/
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— —T — sl "2
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Pnc. 4.5. I'paduk k pacuery BoA0GOAHBIX KOJOALEB
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Zo. /s B
2) onpepensior ;':7, Hn= E‘E{—», rae q =

ut
3

3) no rpapuxky Ha puc. 4.5 HaxomaT Ef—_

ql
hy huo : = . hyo
Ecan == << —-, TO NPBIKOK 3aTONJIEHHbIH, €CIH — > ——, TO NPBIKOK
'/ '/ I.I II
q L] q s q s q " .

OTOTHaHHBIA. B nepBoM cJiyuae pacueT Ha 3TOM 3aKaHUHBaeTcsi — KOJIOJell He
HY2eH. 5 i

. Bo BTOpOM Cilyyae 1Jisi 3aTOIUIEHHs TNPBDKKA HEOGXOAHM BOJOOOHHBIH KO-
Jojel, ray6uHy Kortoporo, npeHeGperas Az, onpenensiior mo gopmyae (4.16),
npunuMas o = 1,05=1,10.

Jnuny Bogo6oHHOTO KOJIOALA PHHHMAIOT PaBHOH AANBLHOCTH NoJieTa CTpyH
H JUIHHE TOANEepPTOro THAPABJIHYECKOFO NPBIKKA:

=1y +3h,. @19

Hanoxennbie Bbie crnocoGbl onpejeneHHsl TAyGHHB BOJAOGORHOTO KOJOA-
1la HCNOJIb3YIOT CBSA3b MEXAY CONPSIKEeHHBIMH IVyOHHAMH COBEpPIIEHHOTO THJ-
paBJIHYECKOr0 NMpbLKKA. B JeHCTBHTENLHOCTH B BOJOOOHHBIX ycTpoHcTBax 06-
pa3ayercsi noAnepThiii npeixoK. Ha puc. 4.6 nomewen rpaguk 118 onpejenenus
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Puc. 4.6. I'padux ans onpeneiends rAyOHHB KOJMOAUA C YYeTOM MOANEPTOro MPHKKA
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¥

riy6uHbl BoJOOGOHHONO KOJIOALA C Y4YeTOM MOAMNepTOro npbikka. Pacuer ¢ wue-
MOMB30BaHHEM 3TOTO rpauKa CBOAHTCH K CJelyloLemy: .

T, h i
1) onpenensiioT 3HaueHus &, = h_: HEgg = F:g’ rne T, — 3anac ygenb-

HOIl HEPTHH NOTOKA B BepXHeM Gbee COOpYKeHHsi OTHOCHTENLHO JHA OTBOAS-
uero pycia 6es KoJoAua;

2) uepe3 TOUKY @, COOTBETCTBYIOULYIO 3aJlaHHBIM 3HaueHusM &, (npaBas

OCb ODAHHAT) H KO3(P(pHUHEHTa CKOPOCTH.p, IPOBOJHM JIHHHIO, Napa/ieibHyI0
JIBYM COCEIHHM, J10. Tepecevetins B TouKe b ¢ abeuuccoit €y q. Jlnkus ab cootser-

CTBYeT OTHOCHTEJIbHOH IMYGHHE CIKATOTO cedeHHst & = 7% NPH 3ajaHHbIX yc-
K

JIOBHAX;
3) opauHaTa TOUKH b Ha JIeBO# OCH — 3TO OTHOCHTENbHAs rayGHHA KOJI0J1-
S
1a
&=

HcenonbzoBanue rpaduka HCKIOYAET METOA NOAGOPA NPH ONpPENeNeHHH TTy-
GuHbl Kosofua. Hafinennas takuMm obGpasoM rayGuHa Koaonma S, = Eh, siB-
JIsleTc OKOHYATEJBHOH H COOTBETCTBYET CTENEHH 3aTONJIEHHOro MOANepPTOro rHj-
paBauueckoro mnpsikka o = 1,05. I'paduk, npeacrasnennniii Ha puc. 4.6,
crpaBe/yiuB sl Pyces NpAMOYTobHOH (JOPMBI ¢ BepTHKAJIbHQHA BHIXOIHOMH CTEH-
Kofi BojoGoiiHoro KoJjoaua B axanasone 0,2 << E, << 0,45.

,H.."IP]H& KoJioAua B 3TOM cliyuae

I=1Iy+4(13,9—16,7E¢;) hy. (4.20)

B ¢opmyJie (4.20) oTHOCHTeNbHYIO IMYOHHY €KaToro ceqeﬂuﬂ £y HaxomnT
OTHOCHTENIBHO JHA KOJIOALA, T. €. no 3anacy 3geprun T = T, + §,. [las ycko-
peHusi pacueToB 3HauenHe Ey; MOMHO NPHHHMATb H3 rpadmka Ha puc. 4.6 npu

B z_' H COOTBETCTBYIONIEM 3HaueHHH KO(XPHLUHEHTA CKOPOCTH (.
K

BOJOBOAHBIE CTEHKH H KOMBHHHPOBAHHBIE
BOJIOBOAHBIE COOPY)KEHHS

4.18. BojoGoiiHble cTeHKH (pHc. 4.7) paccuMTHIBAIOT HCXOASl H3 TEX Xe
MPHHUMIOB, UTO H MPH pacuyere BOJOGOMHBIX KOJOAUeB. PasHuua JHIIbL B TOM,
4yTO mepel] BoHOGOHHOH CTeHKOH, paboTaomied Kak BOJAOCJAHB, o6pasyercs Moj-
1Op, H NPHXOAHTCS NPOBEPATH conpmﬂenne 6betoB HHMe creHkH. Bricora Bo-
JOGOMHOH CTEHKH

per=0hi—H, (4.21)
rae o = 1,05 = 1,10 — crenenbr 3aTonJieHHs TPBIKKA;
N H — nanop mnepejl cTenKoll OTHOCHTellbHO ee rpe6Hs.

Hanop nepes creéHKo#H onpeie/isioT B NepBOM NPHOJIHMXEHHH H3 YCJOBHUS
pa6oThl BOJOGOAHON CTEHKH TKAK 'HE3aTOIJIEHHOrO BOJIOC/IMBA; NPH 3TOM MpH-
HHMaloT Koa(huuunent pacxona m = 0,40-+-0,44.

[TonHwiii Hamop nepen CTeHKOH '

SR  (4.22)
5 . l/ 2g oim? b? - : o
3aTEM nocaefoBaTeJbHbIMH anﬁJIH)KeHHﬂMH Haxonar CTHT"“[ECKH""[ Hanop
2 5 )
o AR (4.23)

2g6% (H +per)®
Paccrosinne oT CTeHKH najgeHHsi 10 BOAOGOMHOH CTEHKH OnpefensiloT TakK
ae, KaK H JVIHHY BOJOGOHHOTO KOJOAUa.

71

e LE 2
= i oy’
e LR P
= R X
T NS S
i r| BN NS
) - Wty = RPN }—ﬂ'_f;
o /y_: Doy \ By sl
L
Puc, 4.7. Cxema BoL0GOHHOI cTeHKH Puc. 4.8, Cxema KOMOHHHPOBAHHOI'O BOJLO-

Goifinoro yerpoiicTsa

[Ipu pacuere BoA0GOHHBIX CTEHOK 06A3aTe/ILHO [IPOBEPAIOT THI CONPAKEHHs
NOTOKa HHXe BoA000#HOH cTeHKH. Ec/H 0Ka3blBaeTcs BO3MOXKHBIM HAJBHHYTHIH
HJIH OTOTHAHHBIH MNPBIKOK, To TpefyerTcsi yCTaHOBKA BTOPOH CTEHKH MeHbluei
BBICOTHI. ‘

Meroanka pacuéra BTOpoil (a.B HEKOTOPBHIX c/y4asiX M TpeTbefl) BoLoOOW-
HOH CTEHKH Ta ke, YTO H nepBoi. 3anac yle/ibHOH IHeprHH Haa rpeGHeM BOJO-
GOHHOM CTEHKH

‘
To=Ho+per- © (4.24)

Ld

B ciyuae satonsieHHOTO rUAPaBJIHYECKOTO NPhIXKKA HHXKEe BOJ0GOHHOM CTeH-
KH H OJHOBPEMEHHOro MpeBpllieHHA GbITOBOH I/IyOHHBI HaJl CTEHKOH TNoc/eaHss
paboraer KaK noAtonJeHHsii BojocauB. [Ipu 3ToM BbICOTY BONOGOHHONH CTEHKH
MOMHO YMeHBLUIHT.

Yrounenue BuinosHsAwT no dopmyaam (4.21) u (4.23), onpegenss Kosdxpu-
UHEHT TIOATONAEHHA 0y no Ta6l. 4.1 Kak QYHKUMIO 0y = f(ha/H), tae hy =
= hyo — Per — myﬁuﬂa NOATOIJIEHHS .

4.19. Ecau KOJMOAEN MOJMyYaeTcs CAHIIKOM rJyGoKHM, a BoLoGoiHas CTeH-
Ka HACTOJIbKO BLICOKOH, UTO TPYAHO- O0RCNeYHTH 3aTOMNJIeHHe MPbIKKa 3a Helo,
TO MPOEKTHPYIOT KOMOHHHPOBaHHoe coopy:kenne (puc. 4.8), kotopoe oGpa3syior
yray6aenseM Bojo6osi H yCTaHOBKOH BOMOGOAHOM CTeHKH.

[Tpu pacuere KOMOHHHPOBAHHBIX COOPYMEHHH BLICOTY BOJOOOHHOH CTEHKH
NOAGHPAKOT H3 ycJoBHS, 4YTOObl 3a Hel conpsixkeHnue GbedOB OCYIIECTBJANOCH
NO THIY 3aTONJIEHHOTO MpbiKKA Ge3 JoNOMHHTeNbHBIX Mep. Iisi sroro HaxomsT
rAYyOMHY B CXATOM CEYEHHH TPAMOYTOJbHOTO pyc/a HHMKe CTEHKH NPH KO3(pdH-
uxenTe 3atonyeHus npeikka o = 1,05--1,10 no dopmyse

" g "2‘::’ [‘/1+(—}2?%)3 —1]. ‘ (4.25)
H

Tab6awuma 4.1
holH oy holH Oy o/ H o,
0,10 0,997 0,60 0,906 0,950 0,470
0,15 0,995 0,70 0,856 0,975 0,319
0,20 0,985 0,80 0,776 , 0,990 0,170
0,30 0,972 0,850 0,710 0,995 0 100
0,40 0, 1957 0,900 0,621 1,000
0,50 0,935 0,925 0,555
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i
Ilo usBecTHO# rnyﬁuﬂe B CXKAaTOM CEUEHHH BbIYHCAAIOT 3anac SHEpruH ne-
pell BOJOGOHHOH CTEHKOH:

, hs
Tyx=les+ Taea (4.26)

Bricota BoJ0GORHON CTEHKH :
Per="Tpx—Hy. (4.27)

Hanop H, nepe}l BOOGOHHOH CTEHKOMH Haxonﬂ'r u3 dopmynni (4.22). 3Ha-
yeHHs KO3(pHILHEHTA CKODOCTH YCTAaHABJIWBAIOT, KaK B pacuere OLHOCTYTIeHYa-
ThiX nepenajioB. [yGuuy B CXKATOM CeueHHH Nepex BORoGo#HoH cTenkodt h, u
compsixKeHuylo ¢ Hefl ryGHHY he ONpeessioT, Kak NMPH BeeX pacueTax Conps-
eHus GbeoB 3a mepenafoM. B nepsom npﬂdnumennﬂ NpHHHMAIOT TAY6HHY
BoJ0GOHHOTO KOJIOALA

Sor= (1,15 + 1,20) A —T'gy. e o (4.28)

OnpefensioT ry6HHY Agy B CHKATOM CEeYEHHH Ha JIHe KOJIOALA H3 GOPMYJIbI
hi

To+Sol=hcl+W. (4.29)

Haxonst ray6uny he, (cm. npuioxenue 2.6), conpsxeHuyio ¢ rnydnnon
hey, @ 3aTeM, noaGopom, rﬂnponuﬂamuqecxuﬁ Hanop nepej BoA0OGOHHOH CTEHKOM

H3 ¢0pMyJ]H

L auj a Q*
H=H,— =Hq— % 4.30
Ay N T AR (N (4.30)
Fny6una Boawl nepe,u BOJI0GOAHOH CTeHKOH
hey =H~-per+Su. (4.31)

f, -
Ecan ,{f—T = 1,05+],1{), TO TayGHHA BOJOGOHHOTO KOJIOALA onpejeeHa
npaeHabHO. Ecan xe = h. < 1,05, 10 HaxoasT rayGHHY BOAOGOHHDI‘O KoJIofila

BO BTOPOM npnﬁ.rmxcenﬂu '

Sea=1,10%, — (H—pex) (4.32)

H TNPOBEPSAIOT ee. aHAJOTHYHO MNpeabinyuledi nposepke. [lnuny Bono6ojiHoro Ko-
JOALA ONpefe/sioT AHAJOTHUHO coome'rcmyiomeuy pacuety Aasi oGhIYHOTO
KoJIoAua.

NEPENAADbI KONOAE3IHOIO THNA .

4,20. MakcHManbHOrO COKpaUleHHAl JUIHHbI CTyneHeH nepenaja MOXKHO
JIOCTHYb YCTPOHCTBOM Ha KaMKJOH CTYNEHH BONOGOHHOH CTEHKH BBICOTOH pg..
ITepenan Takoro THHA HA3bIBAIOT MHOTOCTYNEHYATHIM KOJIOJE3HBIM NepenajoM
(puc. 4.9). »

Yueno cTyneHelt Ha3HAUAKOT HCXOJAA H3 YCJOBHSA, 4TOObI Pa3HOCTE OTMETOK
BepXa CMEXHBIX BOJIGGOHHBIX CTEHOK p He mpesmmana 0,8—1,5 M. Ilpu Gosee
BBICOKHX CTYNEHAX Pe3KO CHHIKAETCs raileHHe SHepTHH. Uncio CTyneHeit nepe-
najga n = Plp, rjae P — ofliee najgeHne MeCTHOCTH.

Bxoanyio H BHIXOJHYI0 YacTH KOJIO[E3HOTO MHOTOCTYIIeHYaTOro Tepenaja
PACCUHTHLIBAIOT TAK K€, KAK H OJHOCTYNeHYaToro. BbicoThi BOJLOGOHHBIX CTEHOK
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Puc. 49. CxeMa MHOTOCTYNEHYATOTO KOJO/AE3HOrO Iepenaja

MPpOMEXKYTOUHBIX CTyneHeﬁ no,aGHpaIOT H3 YCJOBHA 3aTOIJIEHHA THIApaBJiHYec-
KOTO NpHIXKKa, T. €. 4 _
Peri=0 hy ;—H, (4.33)

r,uewcr = 1,05 = 1,10 — xosppHunent 3aronsieHHs NPBIKKa;
h;'- — ray6HHA, CONpsXeHHas ¢ MNIYOGHHON B CXKATOM CEYEHHH Ha JHe

i-ro KoJoAua.

Crarnueckuii nanop’ H nepen BoaoGofino# creHkoll ompegensior no dop-
My.siaM BojiocniHBa (4.22) u (4.23), a ANHHY KaXKIO#H CTYNEHH — 1O 3aBHCHMOCTH
(4.19).

JIs1s ‘MaKcHMa/lbHOrO COKpAlUeHHs! AJIMHBI CTYMeHeH NONYCKAalT yMeHblue-
HHe JIJIHHBI NOANEPTOro HAPAaBJHYECKOro NMPBKKA Ha mepenajax no CpaBHEHHIO
¢ JJIHHOH CBOGOJHOTO IHAPABJIHYECKOrO NPBIKKA NPH TeX e HCXOJHBIX YCJIO-

'BHAX. £

Muorokonozesnsie nepenaibl H]JHMOYFDJIBHOI‘O NIONIepeyHOTo ceyeHHs pac-
CUHTHIBAIOT CJIEAYIOIHM OOpa3oM.
1. Ha3nauuB 4HCcJIO cTyNeHeH n HCXO[s M3 o6LIero nepenajga OTMETOK MeCT-

HOCTH, ONpejensiioT Ko3(pOHIHEHT CKOPOCTH JJIS CXKATOTO CeUeHHs

¢e=0,456 —0,009n - (1,047 —0,0716n - 0,0041n2) (4.34)

HaxoasaT BelcOTY BOJOGOHHBIX CTEHOK!:
a) npu :?‘- << 0,8 nas Bcex crynenei
Ber =06V Phe s (4.35)
6) npn ¥ > (0,8 nas nmepeoii crynesn — no dopmyJe (4.35), a pas Beex
nocne,nylom,ux
Per=0,23p+0,39%; : (4.36)
2. IlpuHuMalorT AJIHHY BceX CTyNeHed
lgy=1,65hx-|-0,65 (P+Pc'r)+l,15h::+5c!" (4.37)

rae Spr—ronwmha nopora BoAOGONKOH CTEHKH .
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3uavenne A onpenensior no ypasHeHHio (2.20) nak wo rpaduky (cm. npu-
noxeHne 2.6). :

3. Conpsixkenne 6beoB 3a MHOrOKOJOJE3HBIM NEpPenajoM pPAaCCUHTHIBAIOT
HCXOJfA H3 3amaca 3HePTHH B TOCTEHEM CHKATOM CeYeHHH

Te=we To; (4.38)
agecs To 2 P+ H,,

rae Hy — ragpofiHHaMHYeCKHH Hamop nepei BXOAOM B nepenap.

Hsnoxenublit crioco6 pekoMenayercss npu H, = 3+-5m, P =5=15m u
g = 215 m¥/c.

MuorokosioneaHsle nepenanbl TPaneleHiaibHOro TNONepeYHoro CeyeHHs
PACCUMTBHIBAIOT B TAKOH IOCAE0BATENbHOCTH.

1. Hasnauaior BbICOTY cTymeHei (6e3 yueTa BBICOTHI BOJAOGOHHBIX CTEHOK
Pox) HCXOAA H3 0Oulel BBHICOTHI MafieHHsi P 1 uMcaa cryneded n:

P
Pe'r"-'_n"- . (4.39)

2. OnpefensiioT napaMeTpbl MOTOKA H COODYXKeHHs HA MepBOil CTYNEHH B
[peANoJIoKeHHH 06pa3oBaHHA CBOOGOJHOrO TIHAPABJIHYECKOrO NPBIKKA:
a) BBIUHCJSAIOT 3anac SHepTHH B MOABOJSAILEM PYCJe OTHOCHTEILHO JHA CXKa-
TOTO CeYeHHS
To=p1+Ho. (4.40)
rae Hy — rHAPOAHHAMHYECKHH HATOp B* MOABOAALLEM pycie OTHOCHTEIbHO €ro AHa;
6) noab3ysich NpHJoKeHHeM 2.6, OnpefensiloT BTOPYIO CONMPSAMKEHHYIO Iay-
6uny cBOGOHOrO THAPABJHYECKOro NpbiXKa figy; ‘
B) HAXOAAT BHICOTY MepBOi BOAOCOMHON CTEHKH
Per1=0h}; — Hy. (4.41)

[Ipu stoM rugpocraTHyeckuii Hanop H, uaxomaT nonﬁopou H3 ypaBHeHHs pac-
Xofla JUIsl TpaneueHjaJbHOTO BOJOC/HBA:

P N 3 ,
'_V [m (b+o,smo,ﬂ,)1/'27] : (4.42)

rle m — KO3ppHIHEHT pacxoia BOAOC/AHBA;
Mgy — KOIPHUHEHT OTKOCA.

3. [NpenBapuTe/ibHO ONPEIE/ISAIOT BHICOTY NEPBOi BOAOGOMHOM CTEHKM TpH
HAJIBHHYTOM MPBIKKE : :
Pom 1= Per1 (0,42+0,58p,). (4.43)
4. Onpefies1gioT pasMepsl KOJOALA MePBOH CTYMEHH NpPH 3aTONJIEHHOM

MPEIXKKe:
a) BBICOTA CTEHKH
pm=0 hen1 — Hj; (4.44)

BTOpas conpsiKeHHass ray6GHHA IOANEPTOTO THAPABJIHYECKOTO NpbIKKA
Koy =h%y (0,794-0,21B,), (4.45)
rae By — cTenenn moinopa nphiKKa; o6wuHO f; = 0,5;
riy6uHa Haj BOJOGOWHOH CTEHKOH

., By—VB}—4dmyr w
H: = ' % 1 oT Wy _
q T (4.46)
3neck By=b-|-2mor o hyy > (4.47)
0= [b--mox (hey j + Pon 1)) (Adn 1 —Pon 1); (4.48)
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6) AJHHA NEpBOro KOJOAUA
I¢1=luag1+1u1, : (4.49)

rie lyan 1 — AANBHOCTL MoOJeTa CTPYH-NPH cBOGOAHOM najeHHH [cM. HHXKe dopmyay (4.58)];
Ipi— AJIHHA NOAMEPTOro THAPABJHYECKOTO MNpPBIKKA.

B cBoio ouepelb

lny=B1 Khi,y; (4.50)
K=4,4-42,6mor. (4.51)
5. OnpezensiioT pasmepbl KOJOAUA HA Kamaoll cJeaylomiell cTyneHu:
a) HaXolAT 3amac SHepPTHH
Toi=pi+pu-1+Hy e ; : (4.52)
1 GespasmepHbiii napamerp -

T, ; d \
Eyr= ‘;' (14+Bi-a). (4.53)

h

" THE Py (j—1) — BHICOTA BOAOGOHHON CTEHKH HA MpeAbAyIIel CTyneH#;

6) no KpHBbIM, NpHBeJeHHBIM Ha puc. 4.10, npu & HaXxoxsT GespasmepHbie
napametpsl &4, &p, Ei
no KpHBO# [

hini V THmor

=g (i+b) - ! e
anech pi = py + pa,_,;
no KpHBoOi 2
i) Pui : B
TR | (B8]
Mo KpHBOH J ’
{
51=——"pf:" V T¥mor; -« (4.56)
B) BbICOTA BOJAOOOHHOH CTEHKH NMPH HaABHHYTOM NpPbIXKKe
pom1=&p pi (1+1). (4.57)
6. OnpefenAoT pasmMepsl KOJOAUA NMPH 3aTOMJIEHHOM MpPBIKKE.

; . Pacuyer BRICOTBI CTEHKM Ha BTOpOW
§m‘r)@pm \ ‘51(-0 H TIOCJIEAVIOIIHX CTYNeHAX aHaJOrHyeH
quzta \ —{Z,20 COOTBETCTBYIOUHM pacueTam Aas nep-

\ 1 BOH CTYNEHH M BBINOJHSAIOT €ro no ¢op-
0361014 \ 00 wmynam (4.44)—(4.48).
\ z Jla/bHOCTE OTJIeTa CTpyi
nI4to12 \‘\\ 1,60 o
; Inap= —77————1p/. 4.58
030410 \\\ 160 ol = e [t
0261000 \)\\ 740 - JlnHHa NOAMEpPTOro rMApaB.aMuecKo-
3 o NpBIKKA
5,2240,06 \\ = L P (14-B1)
a lyi=PBi Khep = PBi K by e,
g,16Lg04 . l. vV 1+mor
i 5§57 85 n W& (4.59)

Puc. 4.10. T'paduk aas pacyeTa MHOTOKO- SRS QAN
JIOZIC3HLIX. Iepenaion Iy i=Inag+1In;- (4.60)
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Pasmepbl coopy:KeHHH Ha BTOPOH M BceX MOCHAEAYIOMHX CTYIEHAX NPHHH-
MalT OJHHAKOBBLIMH.

7. ['ny6una BOJOGOHHOTO KOJIOALA B OTBOASIIEM pyc/e MPH HAJBHHYTOM
MphiXkKKe

Somims iy (14+B) V T+ mor ‘[o 0342—

(1+Bag-y) —0 0194] (4.61)

Tny6rHa KOJOALA NPH 34TONEHHOM NPBIKKE
Su=Son-+(0—1) hys. (4.62)

I'.nytStu KOJIOAIA YTOYHSAIOT BO BTOPOM npn6nm!cenm no reM xe opmy-
JIaM C Y4eTOM POCTa BBICOTHI MafeHHA. 3a cueT ry6HHBI KOJIOAUA HOBas BbICOTA
najeHHst CTPYH

Prag =Py + (Sn—Son).

JiHHy KoJIoALa B OTBOJAALLEM pYCJie ONPelesioT TaK e, KaK H Ha Jio6oi
IPOMEKYTOUHOM CTyNeHH (KpoMe TepBo#), T. e. Mo (bopMyJ‘Ie (4.60). Ha Bcex
crynensix npunumanT p = f; = B, =0,

Cnoco6 onpejesieHdsi BTOPOH CONPAMEHHOH IyOHHBI M JVIMHBI THAPABJM-
4eCKOro NPBDKKA HA TMEPBOH CTYNEHH NPHMEHHM H K CJIy4ar OLHOCTYNEHYaToro
nepermaga. Ecain npu 3ToM He yCTpauBaloT BOAOGOHHOTO KOJOALA HJIH APYrHX
BOJOGOMHBIX COOPYMKEeHHH, TO IS ONpeeNeHHs CBOGOLHOrO THIPABIHYECKOTO
npeikKa B opmye (4.45) gocratrouno npuHATh f = 1.

3roT cnocob NpHMEHHUM MPH BbicOTe CTEHOK NaferHs p = 1,2h,(1 + m,) u

= 0,5+1,5.

NEPEMAABI NOJYHANOPHOIO THNA

4.21. B nosnyHanopHuiX-nepenagax (puc. 4.11), Kak u B nepenanax KoJo-

JIe3HOT0 THIa, HCNOJb3yeTcsi MPHHIKI rameHHs H3GLITOYHOH HEpPTHH NOTOKa
¢ MOMOLIBIO 3aTONJIEHHOTO MOANEepPTOro HAPABIHYECKOTO NMpPLIKKA.

OGuiuHble mepenanbl KOJOJAE3HOTO THMA MOXHO BIHCATL B KOCOTOPH C
yrJonom Jo 0,25—0,35, a ¢ ykopouenHoii crynennio — jgo 0,55. IMoaynanop-
Hble Mepenajibl NMO3BOJAIOT YCTPOHTH BOJAOOTBOJ HA KOCOTOPax ¢ YKJIOHAaMH J0
0,4—0,7. CnefoBare/ibHO, OHH MO3BOJIAIOT 06ECNIEYHTh HOPMAJIbHYIO SKCIIyaTa-
[IMI0 BOJOOTBOAA B HauGOJee TsKeJbIX YCJIOBHAX, HA CKJOHAX, rAe 6ea crei-
aJbHBIX COOPYMKEHHH MOTOK B COCTOSHHH PasMLIBATH rajieuHble OTJIOXKEHHS H
Jaxe TepemMenaTh KaMHH.

CoKkpauieHHe JJIHHBL CTYNEHH NOJYHANOpHhIX nepena,uoa N0 CPaBHEHHIO C
OOBIYHBIMH KOJIOAE3HLIMH JOCTHTaercAl BJHAHHEM KOPOTKOH CTEHKH B KOHIE
KaXKN0H CTYMeHH, T.e. TaKOH, HHIKHHH KpaH KOTOPOH He BBLIXOAHT 3a Npejes
TOJIHHLL AHa cryneHet. [IpH HCTeUeHHH NMOTOKa uepe3 JOHHOE OTBEPCTHE Nepern
370 CTEHKOH HEeCKOJBKO COKpallaercs JJIHHA OTJeTa CTPYH, COKpallaeTcsi H
JUIHHA TOANEPTOTO 3aTOINIEHHOTO THIPABIHYECKOTO NPBUKKA 3a cuerT Gosee
HHTEHCHBHOTO TalleHHS SHePTHH IPH NOBBILIEHHOM HCKPHBJIEHHH CTPYH NOTOKa
M TIOBHILIEHHH POJH BOJOBOPOTHBIX 30H.

OrsepcTHe B KOHIIEe CTYNEHH MOMeT pafoTaTk B HECKOJNIbKHX peKHMax:

I — Henmo/HBLIM ceyeHHeM, otSecneqHBaa CNHB CO CTYNMEeHH, Kak B OObIY-
HbIX GecKoJIONle3HBIX TMNepenajax;

11 — xak MaJioe OTBEpCTHE B TOHKOH cremce NIPH COOTBETCTBEHHO BBICOKHX
OTHOLIEHHAX ;

ITI—IV pexXHMbl — NpOMeKyTOYHBIE Mexmy Iull, COOTBETCTBYIOL[HE HC-
TedeHnio vepe3 GoJiblloe JOHHOE TOPH30HTAJNbHOE OTBEPCTHE OT CHOKOHHOTO
notoka nan HuM (III) no ruapaeauueckoro npeikka (V). ‘

T

Pexxum V ¢ ripaBiiH4ecKHM MpPBIKKOM Hajl oTBepcTHeM HauGodee sdipex-
tueeH. OH ofecnieuHBaeT MaKCHMa/IbHOE rallleHHe SHePTHH NpH HAHMEHbBIIHX ra-
GapHTaX KaxIoH CTYNEHH, T. €. MPOXOXKIeHHe KOCOTOPOB C yKJIOHAMH nop;uma
0,6—0,7. 31oT peKHM MpHHHMAETCS 3a PACYeTHBIH.

O6nacts ero CYILECTBOBAHHA

H/c=0,25 0,75 u Fr= =5+ 15 (4.63)

&hte

B xose pacuerop BhicOTa CTYNeHH JAOJMXMHA ObiThb NMPOBEPEHA HCXOAS M3
YCJIOBHS NPeJOTBPALIEHHS NepeJuBa NOTOKA Yepes KOPOTKYIO NONEePeUHyIo CTeH-
KY B KOHIE CTyNeHe# u NOATON/IeHHs YCTYNa Nepenaja Huxke J0OHHOTO OTBEPCTHS
3a cdeT NOJbeMa YPOBHs B NOACTPYHHOM NPOCTPaHCTBe.

[Nepenajsi ¢ KOPOTKOH CTEHKOH NPOCTHI 110 YCTPOHCTBY, YTO NOJBOJISIET OCY-
I[ECTBUTb HX Pa3pe3Ky Ha cGOpHble 6JIOKH. B 4acTHOCTH, MO MPHHLMNY: Kax-
JIbli 610K — oJiHa cTyneHb. TakHe 6JOKH yA0OHbI IPH H3TOTOBJEHHH H MOHTaXe.
OHu obecrneyHBAaIOT Hajle}KHOE CONPSMKEeHHe CTHIKOB MexAy cryneHsamu. Huxe.
H3J/I0}KEHA METOfHKa _THAPABIHYECKOrO pacyeTa MOMYHANOPHHWX Nepenajos ©
KOPOTKOH rnorepevyHoil creHKod, npeanoxennas [1. M. llrurensManoM.

OcoGeHHOCTH ABHIKEHHS NMOTOKAa B NOABOUSLIEM pycJe K KacKaly nepena-
JIOB JIeNIal0T HeoGXOAHMBIMH. CaMOCTOSITENIbHBIH pacyeT NepBoil cTymeHH. 3a-
TeM PACCYHTHIBAETCH BTOpAf CTYHeHb, a Bce MOCMENYIOlUlHEe NPHHUMAIOTCH Ta-
KHMH e, -

3a mocnepHell crynenplo TpebyeTcs NMPOBEPHTb H O6ECNEUHTb GJaronpHsT-
Hoe conpsaxeHHe GbedoB B OTBOAALLEM pyCle.

[Mopsiftok pacuera c/ielyIOMHHA.

1. Hasnauaetcs BeicoTa cTyneHei nepenaja HCXois U3 o6uiel BEICOTH BCETo
Kackaza Ap u npuHsiToro 4Heaa cryneneft n: p = AP/n. [Iph stoM BhIcOTa CTY-
MeHH MOMKET ObiTh HECKOJIbKO GOJibLIeH Mo cpaBHEeHHIO C OOBIYHLIMH lepenafamu
3a cyeT GoJsiee 3dpeKTHBHOTO IalleHHS 3HEPTHH.

2. PaccunThiBaeTcs nepBasi cTyNeHb KaK OGBIMHbIA OJHOCTYNEHUATHI mne-
penan. [Ipu stom onpegensercss KpuTHYecKas riyGHHa hy, 3anac 3HepTHH NOTOKA
B nojiojisieM pycie Ty OTHOCHTE/IbHO JIHA NePBOH CTYNEHH H Nno Hel — riybHHa

Puc. 4.11. Cxema nepenaja nojiyHanopHoro Tana




B CKaTOM ceueHHH h,; BTOpas comps- §, '[
MEHHas: ¢ Helo TayGMHA h, onpee- o )
Jgsfierca ¢ noMomblo rpadHKa Ha W == He )
puc. 4.12, rze = i 4 Al
he 8 hy &5 ‘\§\\\ ﬂ,7(75
v u o L U
t= PRI {488 \\ 05
i 20 "
pH onpefiesienun h, W3 Bbpame- . “& N
uusi Ty KO3(hOHUUHEHT CKOPOCTH @ NMPH o {\ k\\\ i
pexume V pekOMeHIYeTCsl OnpenesiTh Lt “ SN
no wmertoauke K. M. Koncrantunosa 1 N \\\‘_
AJIs nepenajgoB KOJIORE3HOro THNA C 10 \Q\
yMeHblawluM  Kosdduuuentom 0,85 \b\
3a cueT JIONOJHHTENBHOTO  lalleHHs 0
SHepTHH IPH B3aHMOAEHCTBHH MNOTOKA 42 23 04 05 05 07 08 §:

€' KOPOTKOH MONepeyHol CTEeHKOH.

[IpuHuMaOT AHHY JoHHOro oTBEp-  Puc. 4.12. Tpaduk aas onpesenesns BTO-
CTHS POil conpsiKeHHof ryGHHE NpEIKKa A,

c 0,9y ; (4.65) :

[Tocne atoro nposepsior no kpurepusiM (4.63) oBecrieveHHOCTh HanGOJEe
pauHoHanbHoro pexkuma V. [Ipd HeOGXO1MMOCTH H3MEHSIOT pasMep ¢ HJH Bhbl-
COTY CTyneHe# JUIsi CO3/@HHS COOTBETCTBYIOLIEro unucia' Ppyna B cKaToM ceve-
uud, [lanee HaxonAT KOSQHIMEHT PacX04a JOHHOTO OTBEPCTHS

h
p,=0,837—:c' (4.66)

H NPOBEPSIOT COBNAJCHHE PACXOAA ¢ 3ajanHbIM. Pacxoll Bojsl uepes OTBepCTHE

. Q=pBeV% Vi (10,5 . . (4.67)
[Tpx 3TOM BO3MOXKHA KOPPEKTHPOBKA pacxXola AJHHOM OTBEpPCTHA C.
ﬂpDBepﬂe’I‘CH BBICOTA CTYNEHH ANA HCKJKYeHHS nepeqHBa NoToka yepes
€e CTCHKY M MOATOMJEHHS YCTyna NpH NMOAbeMe YPOBHH B MOACTPYHHOM npo-
CTPaHCTBE hpe, YTO BHIPAXKAETCH HEPABEHCTBAMM:

p=>hg B p> fpe. (4.68)
Tny6una hy,, onpenensercsa no gopmye -
hye=he Y/ T+ 2Fr cos 0, / (4.69)

rie 6 — yros manenHs CTPyH; npuHHMaeTca npi pexume V 0 = 80 = 90° miq nepsoft
crynenn 0 = 60°.
Jnnua cTyneHu [ CKNanbIBAeTCsl M3 JiaJbHOCTH OT/eTa C"rpyn X v ATHHBL
MoAnepToro npuikKa [y, npH pexume V:

Xewc+4ptg (90°—0) +-hg; ' (4.70)
h

1.,.,=(o,21+2 T")h,; (4.71)

l=X¢+lna- (4.72)

Yki0H Kocoropa, B KOTOPHIi MOXKeT GBITH BIHCAH nepenag noJyHanopHoro
THNA,
O 7 (4.73)
(i—¢) '
Ins pacyera conpsixkenus GbeoB Ha BTOPO#t (T. €. H Bcex NoC/Ae YOI HX )
CTYNeHH, 4 TaKXKe B OTBONAIIEM pyc/e 3anac SHepru

To=p-+he (14-5Fr). (4.74)
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BbICTPOTOKH

4.22. BBICTPOTOKH — JIOTKH H KaHA/Bl ¢ YKJIOHAMH AHA GoJibliie KpHTHUec-
KOro — MPHMEHSIOT [PH MPOEKTHPOBAHHH HATODHBIX KaHAB, B MOABOAAIIHX H
OTBOJSAIIHX PyCJax BOJAONPONYCKHBIX COOPYXKEHHI, KIOBETOB.

IlonepeuHoe ceuenHe GBICTPOTOKA MOXET OTJIHYATbCS OT NPHMBIKAWUIHX K
HeMY y4acTKOB KaHa/la: B 3ToM cayuae ycTpaHBalOT nepexojiHble YYacTKH, NOJb-
3yACh MPH HX pacuyerax PeKOMEHJALHSMH MO pacyeTy CyXKaloUHXCA H Paciui-
pAwoluHxcs GYPHLIX NMOTOKOB (CM. COOTBETCTBYIOU(HE pasje/ibl HAcTOsALEH rJa-
BbI). .
InapaBanveckuii pacuer GbLICTPOTOKOB, BKJIOYAIONHI ONpejiesieHHe Triy-
6MH H CKOpOCTeH II0TOKA B XapAKTePHbIX €ro CeYeHHsiX, MOXKET ObIThb BLINOJHEH
No ypaBHeHHAM oJHOMepHOH ruapasiHkH Ha IBM. Ilpu pacuete BpyuHyW TiO
YpaBHEHHAM HepaBHOMEDPHOTO JIBHKEHHS BHauaJle YCTaHaBJHBAIOT (OPMBI CBO-
GoHOM NOBepXHOCTH MOTOKA B MNpejileiaX GLICTPOTOKA H CONPATAIOUMX yYacT-
KoB (cM. ria. 2). Iocaenyrowuit pacuer HepaBHOMEPHOTO JBHMKEHHSI Ha GbicTpo-
Toke npH [ << 0,1 Takxe He HMeeT 0cOGEHHOCTEH .

BhicTpoToK — BaKHeHIlIHii 3/1eMEHT KOCOrOpHOTO BOJAONPONYCKHOTO CO-
OpYIKEHHS; ero NPHMEHAIOT JHO0 KaK caMOCTOAITeJbHOE COOpYKeHHe, JH00 Kak
nojBoasiuiee (OTBOJsIEE) PYCJO KOCOTOPHOH TPYGHI.

Ecnu wHpHHA B rayOuHa GBICTPOTOKA HE OFpaHHYeHB H HE ONpeNensiorcs
KOHCTPYKTHBHBIMH  COOOpaXKEHHAMH, NPHHHMAIOT THAPABJHYECKH HaHBLITOA-
Hefiiee cevenne. [Ipu TpaneneunanbHON PopMe NONEPEYHOTO CeYeHHs! THAPAB-
JIHYeCKH HaHBBITOJHeHIHM OyIeT ceueHHe, YAOBJETBOpPSAIOILee YCIOBHIO

b Ea
Bea=-=2 () TFms, —mox), (4.75)

rge b — WHPHHA TIO AHY;
h — rnyOuHa BOAH, ;
Moy — Kos(phHUHEHT oTKoca, T. €, KOTAHTEHC Yrja HaKJoHa CTeHOK.

Y ruapaBAHYECKH HAHBBITOAHEHIIMX CeueHHH
R=0,5h. (4.76)
Yucnoeble 3HaYeHHs1 KoapdHUHEHTa Py B 3aBHCHMOCTH OT i1,y NPHBEJEHbI
HHXKe:

Moy 0 0
& & o

2,0 2,5
0,47 0,385

Pa3swmepnl ruApaBIHYeCKH HAWBLIFOAHEHIIEr0 CEYEeHHA OMNpenensioT Noabo-
pom. [lpu He c/HUIKOM GOJIBIUHX OTKJIOHEHHSX WIMPHHBI IHA OT THAPABJIHYECKH
HAWBBITOHe el NJOIAAb CeYeHHs H3MeHseTcs Majo. [locne NpHHATHA on-
pelesieHHOH WHPHHBI IHA BHIACHAIOT, KaKas GyJeT COOTBETCTBYOLLasi el riyGH-
Ha, T. €. PelIaloT 3ajiayy O HOpManlbHO#i TyGHHe (cM. IiI..2).

CkopocTb TeyeHHsl B GBICTPOTOKe He JOJIXKHA NPEBLIIATh AOTYCKaeMOH 1A
Matepuasa JHa u creHoK. Eciu 3T0 yc/ioBHEe HEBBINMOJHHMO, TO MOXHO NpHMe-
HATH MOBBILEHAYIO 1IEPOXOBATOCTD.

Tpu nocrynyeHHH BoAbl B OBICTPOTOK H3 HArOpHBIX KaHaB CUHMTAIOT, UTO
B Hauate GBICTPOTOKA YCTAHABIMBAETCH KPHTHYECKas IyGHHA, a HHMke —
KpHBas cnajga THnoa by. v

[Ipy peskoM H3MeHeHHH YKJ/OHA JHA OBbICTDOTOKA JBH}KEHHe BOABI CTAHO-
BHTCA HepaBHOMepHHIM. [IpH 3TOM BO3MOXXHBHI CJ/le[lyiOlllHe OCHOBHbIE CJIydaH:

1) ykaon ocraercs GoJbllle KPHTHUECKOTO [y => iy;

2) YKJOH CTAaHOBHTCS MEHbIUe KPHTHYECKOTO [y > iy.

B cayvae i, > i, HepaBHOMEpPHOe [BHXKeHHe YCTAHAB/IHBAaeTCs TOJbKO Ha
HHKHeM yuacTke. Eciii ykJ/IOH y6biBaeT, TO ycTaHaB/HBaeTCs KpHBas Noanopa
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Puc. 4.13. Kpusrle cBoGonHoii mo-
i BEPXHOCTH [OTOKa B NPH3MATHYECKOM
AR A pyclie npH De3KOM H3IMEHEHHH YKJOHa

THNa ¢y (puc. 4.13, a) a eciid XKe Bf)apacmer TO N0JIYYa€Tcs BOTHYTasi KpHBast
craja THina by, (puc. 4.13, 6).

B cnyyae iy << i B 3aBHCHMOCTH OT COOTHOLIEHHHA TJIyOHH Ha BepXHEM H
HHXKHEM yYacTKaX BO3MOMKHBI CJIeYIOUHe CXeMbl COTPSAMKEeHHS:

ccau ray6una hi -(puc. 4.13, 6), conpsixkeHHas ¢ Ty6GHHOMN BEPXHEro yuacr-
Ka h; B CTBOpe H3MEHEHHs YKJOHa [, GoJ/iblue riyGHHB HHXXHEro ydyactka f,
(h{ >h,), TO B HHXKHEM y4YacTKe MPOHCXO/HT OTTOH NPBIKKA; MEXLY NPLIKKOM
H CTBOPOM HSMEHEHHS YKJIOH pasMelllaeTcsi BOTHYTAas KpHBasi NOLNOpa THNA
o -

ecin A = h, (puc. 4.13, 2), To NpHIKOK pacnosaraercsi BOJH3H CTBOpa
H3MeHeHHsl YKJIOHA; ABHXKEHHWe Ha O6OMX YYacTKaX OCTaercs NPH 3TOM TaKHM
Ke, KaK Oe3 H3MEHEHHA YKJOHA;

ecad hi << hy (puc. 4.13, 0), T0 NpLIXKOK HAJBHraeTCsi HAa BePXHHH yudc-
TOK; MeJly NPbIXKKOM H CTBOPOM H3MEHEHHSl YKJOHA YCTaHABJMBAETCH BBHINMYK-
Jasi KpuBasi MOANOpa THMA ¢). L

Cayuaii i, << i BO3MOXeH, HaNpHMep, TIPH Nepexoje pycJac Kocoropan;[o
JHHY.

BbicoTy cTeHOK GLICTPOTOKA MPHHHMAIOT C HEKOTOPHIM 3amacoM (Hanpumep,
25 cm), uto6bl Bojla He BhITeKa/a Ha MPHJEralollyio MeCTHOCTb.

Pacuer 6BICTPOTOKOB KaK CONpPATAIOUIHX COOPYKEeHHH B KOCOTOPHBIX Tpy6dx
H3JIOXKeH HUXKe (CM. FJI. 5), a 3/lech NMPHBOAATCA JHIIb HEKOTOPHIE HE OTMEueH-
Hble TaM crenHpuieckHe oco6eHHOCTH.

4.23. Korga GHICTPOTOK HCMOJb3yeTcs KaK CaMOCTOATENbHOE COOpYMeHHe

H 3@ HAM B OTBOJfIIEM KaHaJjie BO3HHKAET MPBDKOK, AJ5l COKpallleHHs YYacTKOB

KpelJieHHsl B KoHIle GbICTPOTOKA HJIH B
HavaJie OTBOASILIErO KaHala yCTpanBaloT
sofo6okinble cTeHkH (puc. 4.14).
Pacuer BoJOOOHHBIX  KOJIOJIEB,
yCTpaHBaeMbIX LA TameHHs 3IHEepPrHH
8 KOHLEe GBICTPOTOKOB, HMeeT HeKOTO-

poie 0COGEHHOCTH. lgpcin
Ecain BOJOGOMHBI KOJTOZEN, YCTPAH-  pyuc 414, Cema Bonobolinofi - crenxu 3a
3al0T ¢ yCTYNOM B KOHIe OBICTPOTOKA, GLICTPOTOKOM

8l

T. e. 10 OBLIUHOH cXeMe, TO MOPSIAOK pacyera He OTJIHYAETCs OT H3JOXKEeHHOro
BHIIE B COOTBETCTBYIOUIEM pas/iesie HacTOAMEH IJaBhl.
JlnuHa TakuxX KOJIOHUEB

[=3VT,S, - _ ‘ (4.77)
[Ipu sTOM
L8, (4.78)

To=h+

rae h — r.ﬂyﬁunﬁ B KOHIE OBbICTPOTOKA,
* [lpu GoMbIIMX MPOJOJBHEIX YK/AoHaX GbicTpoToKOB (nopsiaxa 0,25—0,40)

onpejesior rayOHHY B KOHLUE OBICTPOTOKA A M HAXONAT CONPAKEHHYIO C Hefl

ray6udy h''. Toraa ray6uHa BojoGoiiHOrO KoJoaua Oyaer:
c y"-lETOM nepenafa Az Ha BhIXOJe KOJIOAUA .

Sp=0 h"— (hyg+42); (4.79)

Ges ydera nepenaga
So=0h"—hyg. (4.80)

Jlnuny BonOGOMHOIO KOJIOAUA B 3TOM cjydae OIPELEJAIOT TOJbKO Kak
IJIHHY THAPAaBJIHYECKOTO MPBIXKKA. ]

CY)XAWOUHECS BBICTPOTOKH

N 424, Jlnsa conpsxKeHusi GLICTPOTOKA ¢ TPYOO#H HJH [PH H3MEHEHHH UIHDH-
HBl GLICTPOTOKA OBBIYHO YCTPAHBAIOT YYAaCTOK NPSAMONHHEHHOrO cyxenus . Cyxe-
HHe MOXKeT ObiTh CHMMeTpHUYHBIM (puc. 4.15, a—6) M HecHMMeTpHYHBIM
(puc. 4.15, 2, d). HecHMMeTpHYHOE CYKEHHE MOXKET OKa3aThCsi 9KOHOMHYECKH
1enecoobpasHBIM NP KOCOM MepecedyeHHH BOAOTOKA HACHINbI JOPOTH.

[pu oTKAOHEHHH GYPHOrO NOTOKA GOKOBBIMH CTEHKAMH CYyXKEHHS BO3HM-
KaloT Kochle MHApaBJHYecKHe NPLDKKH. B MecTe nepeceueHMs KOCBIX NPLDKKOB
HA OCH NMOTOKa (/15 CHMMETPHUYHOIO CyXKeHHs) 06pa3yercsi MeCTHOE TNOBLilleHHe
cBoGoAHOH noBepxHOCTH (rpeGenb). [IpH oTpakeHuy NOTOKA OT OCH CHMMETPHH

.

2)

7

Prc. 4.15. CXeMH TpOTeKaHHs BOALl NPH CHMMETPHYHOM (a—6) ¥ HECHMMETPHYHOM (2, a)
CYMKEHHSAX:
a — naaH CHMMETPHYHOrO CYXeHHS; 6 — NpoAoABEBA npodHAs cpRoGOAHOA NOBEPXHOCTH NOTOKAa BAOAL
OCH COOpYXeHHfi; 6 —TO e BAOJNb CTEHOK; &— MJaH HeCHMMETPHYHOTO CYXeHHs; 0§ — MpOAOALHEIA
npoduae CcBOGORHOM fOBEPXHOCTH 1I0TOKA BAOIL nepoft (crJIOMHAs JHHMA) W npaBofl  (WTpHXOBas)
CTEHOK COOPYIKEeHHS .
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BO3HHKaeT BTOPO# KOCOH THAPAB/IHYECKHH NPBIXOK, KOTOPHIH B3aHMOJEHCTBYeT |

CO CTeHKAMH CYXeHHs, CHOBA orpaxaercﬂ OT HUX H obpasyeT BTOpoOH rpeGenn
Ha OCH TIOTOKA H T. A. (CM. puc. 4.15, a). Takum o6pasoM, B CyKEHHH H 3a HEM
B KaHaJe HIH TPybe ob6pa3yerca menoyka rpeGHell W BnaauH yGbiBawoleii ami-
JUTYABl Kak Ha OCH IOoToKa (cM. pHe. 4.15, 6), Tak M Ha cTeHKaX (cM.
puc. 4.15, 6). Kpome Toro, B cyKeHHH H 32 HHM BO3PAacTaeT Cpe/iHsis 10 CeUeHHIO
riyGuHa NIOTOKA, a HA CTeHKAX CyXKeHHs] BO3HHKAET JIOKAJIbHOE YBEJHUYEHHE Ly -
GHH, KOTOpOE B pAfie ClyyaeB MOMET [PeBbIATh [MYGHHY B MepBOM (MakcH-
ManbHOM) rpeGHe Ha ocd. HHorga npH GOJIBILO CTENeHH CXAaTHA NMOToKa U 60JIb-
LWIHX YLJI4X CYXKEHHS MOMET NPOH30MTH 3aTOIIEHHe KOCHIX npbl)KKOB H obpa3zo-
BaHME NPSAMOrO FHAPABJIHYECKOTO NPHIKKA. BecbMa cloMHBIA XapakTep Teue-
HHSI B CYKEHHH B peasIbHbIX YCJOBHAX YCJIOMHAETCH ellle H HANOMKEHHEeM yCJIo-
BHH IeOMETPHYECKOrO CONpPSIXKeHHs COOPYIKeHHH (HanpHMmep, TpanemeHiab-
Horo OLICTPOTOKA C MPAMOYyrodbHOH TPyGOH, MPAMOYro/MbHOTO OBICTPOTOKA C
Kpyraoi Tpy6oi H T. 1.), a TaKxe NepeMeHHbIM YKJOHOM fAHa (yacTo nepej
Tpy6amu AnA yHoGcTBa OGC/YKHBAHHA JEJIAl0T FOPH30HTAJIbHBIE IJIOIAAKH).

4.,25. Pacuer cyxeHHH HeO6XOAHMO MPOBOAHTH B LEAX ONpPEle]eHHs Bbi-
COTBI CTEHOK CYXEHHsl H3 YCJIOBHSI HeJOTYUleHHs IepesiHBa, a TaKikKe B LEIsX

onpe,!teneuuﬂ CKOPOC‘I‘EH, CpelHHX H MaKCHMaJbHBIX 1'J'ly6HH B KOHIe C}')KGHHFI

NSl lanbHerllero pacuera GhICTPOTOKA HJH TPYOHI.

B. nacrosiutee BpeMs pa3paGoTaHO HECKOJIbKO METOJOB pacyeTa CYMeHHH,
KOTOpbIE MOXKHO HCMOJIb30BATh HE3aBHCHMO H B COUETAHHH HCXOJS M3 leseil pac-
yera:

1) onpejenenye CPeiHHX N0 CEUEHHIO TIyOHH H cxopocmn 10 OIHOMEP HbIM
YPaBHEHHSIM THIDABJIHKH;

2) onpejeneHue TIyGHH H cxopocmen B KaXKIO¥H TOUKe MJiaHa NnoToKa (B ToM
yuc/Ie TOJOXKEHHe KOChIX TMPLIKKOB) MO JABYXMEPHHIM (MJIaHOBLIM) YpaBHEHHSIM
CHJPABJIHKH; ‘

3) onpelie/eHnHe MOMOMXEHHS KOCHIX IIPLIKKOB M TVIyOHH 34 HHMH, BBICOTHI
MAKCHMaJIbHBIX rpeGHeil Ha OCH [OTOKAa H Ha CTEHKaX Ha OCHOBE JIBYXMEpHOMH
TEOPHH KOCBIX TPBIKKOB (IJSi CXeMATH3HPOBAHHBIX YCJOBHIi: MPSIMOYTOJNbHBIX
GLICTPOTOKOB, CYMKeHHs H TPyGbl, MOCTOSTHHOTO YKJOHA AHa, HOPMaJbHOMH Iay-
GHHBI GLICTPOTOKA B Hauajle CyXKeHHA) — NPHONHMKEeHHAas MeTOHKa.

Huxe paccmMoTpHM nojpo6Hee KaXKIblH H3 3THX METOJOB.

4.26. Pacuer cymeHHIi Mo OAHOMEPHBIM YDaBHEHHWSIM THApaBJukH (2.34—
2.35) mpousBoauTcs Ha 3BM no nporpamme «Bogotok» (cm. n..2.19) nu6o no
METOJHKE, H3JI0XKeHHOH B ri. 5 (1. 5.23). I'pr 3TOM 3aJAI0TCsl PealibHbIe NpOohH-
JIH TIONEepeyHOro cevyeHHs CYKeHHs B HECKOJbKHX CTBOpax, HX OTMETKH, Mo-
CTOSIHHBIH JHGO TepeMeHHbIH KO3(GhHIHEHT LIEPOXOBATOCTH TI0 JJIHHE CYIKEHHs,
ry0HHA ¥ pacXofl IOTOKA Ha BXOJle B Cy:KeHHe. B peaysibrare pacuera noJyuaior
cpejiHHe 10 CeYEeHHIO YPOBHH CBOGOJHOH HOBEPXHOCTH H CKOPOCTH IIOTOKA B KaXK-
noM crBope. IIpu 3T0M B 30He KOCHIX NPBIKKOB GyJeT noJay4arbcs M/JaBHOe Hapa-
craHue cpeflHed TyGHHbBI [OTOKA, a eCJIH N0 YCJIOBHAM NpoTeKaHHsl (peskoe cy-
MeHHe) BO3HHKAeT NMPSMOH I'HAPaBJHYeCKHH MPLIXKOK, TO OH MOJYYHTCA.B pac-
yeTax aBTOMATHYECKH. Cpe}.’lﬂﬂﬂ ryOHHA NOTOKA Ha BBHIXOJE H3 CYMKeHHs SIBJIA-
eTcsi BaXKHOMH XapaKTepPUCTHKOI, TaK KakK 1o Hell B NepBYio ouepe/ib HasHauaercs
BeICOTA TPYOHI (cM. 1. 5).

[To ogHOMEPHBEIM YPaBHEHHSAM MOXKHO npouasec*m pacyer npH Jiobblx dop-
Max MONEepPeyHoOTo CeveHHs U NePEMeHHBIX YKJIOHAX, a TaK¥Ke Pacyer BCero BOLO-
MpONyCcKHOro TpakTa (6bICTPOTOKA, CYMKEHHS, TPYOhl) cKBO3HBIM cuerom. OnHa-
KO H3 3TOr0 Pacyera He/b3sl NOJAYYHTh IJIYOHH MaKCHMaJbHbIX rpeGHeH Ha ocH
H Ha CTEHKE, a TaK¥Ke I0JIOXKEeHHH KOCHIX TPBIXKOB.

4.27. Bonee jferanbhyio KHPOPMALIHIO O XapaKTepe TeUeHHs B CYXKEHHH MOX-
HO NMOJIYYHTH H3 pacueTa Mo ABYXMepPHOH MaTeMaTHUecKo# moxeau (cm. 1. 2.20)
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¢ Hcfionb30BAHHEM aNrOPHTMA, OMHEaHHoTo B padore [3] uw peanusoBammnoro
B Kommekce nporpamm «BOP». Pacuer nponsBoiuTCs B JlelyiolieM NOpPsiKe.

1. CrpoHTcsl pa3HOCTHAfl CeTKa, NPHMEPHO-TaKas, KaK NnokasaHa Ha pHe. |
npunoxkennst 4.1. Jlnsi CHMMETDPHYHBIX CYKEHHH MOMHO pacCMaTpHBAaTh M10JIO-
BHHY 006JacTH TeueHHH. B nonepeynoM HanpasJieHHH JAocraToyHo Gpath 10—
12 y3/10B ceTKH, MpoJoJbHble pa3Mephl f4eeK ceTKH MOTryT Ghitb B 1,5—2 pasa
Gouibiite nonepeyHsix, CeTka Jo/ukHa ObITh TaKoH, 4ToObl Ha Helf C JOCTATOUHOM
TOUHOCTBIO AllMPOKCHMHpOBAJCA pesbed NHA B CYMKEHHH M 3a HHM (Hampumep,
JUIsl PACIONIOKEHHOM 3a Y4acTKOM CYMK€HHs KPYTJIoOH TpyObl Hajo 3ajaTh Ha

_CceTKe NJIaBHbI Mepexo[ OT NPSMOYTOJBHOIO CEYEeHHSI K KPYI/IOMY).

KoHeuHEi#f yuacToK OBICTPOTOKA JJIHHON NPHMEPHO '/y) LIHPHHBL H yUacTOK
OBICTPOTOKA HJIH TPYOBI 3a CYXKeHHeM JJHHOH OJlHa-JBe IIHPHHBI TAKMXKe JOJIXKHbI
OLITh TIOKPHITHI PA3HOCTHOH CETKOH.

2. Toc/ie TOro Kak B Y3/MaxX CeTKH 3alaHbl pealbHble OTMETKH AHA H KO-
3HUIHEHTH] LIEPOXOBATOCTH, HA TBEPABIX IPaHHLAX (CTEHKAX) H OCH CHMMeT-
PHU CTaBATCH YCNOBHA HeNpoTeKaHHs (Vg = 0) Ha BXOJIHOH rpaHuie (B KoHUE
6ricTpoTOKa) 3ajaiores rayGuxa hy u CKOPOCTb 0U;; HA BBIXOJHON TpaHule cTa-
BAITCA YCJOBHSl CHOCA CKOPOCTH M DJyOHHBI noToka. HauanbHele ycnoBua Bo
Beelt 06/1aCTH TEYeHHs: U = Uy, TAYGUHA h BBIYHC/IAETCA B KAX/IOM NONEPeyHOM
CeueHHH M3 YC/OBHA MOCTOSHCTBA DACX0fid BOJABI

Q=v; @ = const. (4.81)

3. Pacuer Bejiercd MeTo[OM YCTAHOBJEHHsA A0 TeX Mop, NOKa TAYyOGHHBI H
CKOPOCTH B KaX[OM Y37 He NEPECTAHYT MEHATHCH B ABYX-TPEX NeCATHUHBIX
3HAKaX NPH Nepexo]ie Ha HOBHIH CJIOH MO BPEeMEeHH.

B pesyabrarte pacueToB MOJy4aiOTCH FYGHHBI H CKOPOCTH NOTOKA B KaXK-
7IOM yaJie ceTKH. AHanusupysi pesibed cBOGOIHOH MOBEPXHOCTH, HAXOAAT MOJO-
WeHHe KOChIX MPBIKKOB, INYGHHY B MAKCHMaJIbHOM I'peGHe Ha OCH H ero MecTo-
noJioxeHue, rayGHHY NOTOKA BAOJbL CTEHOK CYXKEHHS.

OcpelHsisi napaMeTpsl TeYeHHH 1O [onepevyHomy Hanpanneﬂmo B KOHle
cyxeHHs (Ha Bxoje B TpyOy), BBIUHC/ISIOT CpelHHE TIJIYOHHY H CKOPOCTD no-
TOKA.

Omvicannbif NOAX0JA AaeT BeckMa TOYHYH OOMIYI0 KapTHHY TeueHHs (cM.
npunoxkenue 4.1) g1 MmoGLIX Cy:KeHHH (B TOM YHcJie HECHMMETPHYHBIX H C Ie-
peMeHHbIM YKJ0HOM). McK/loueHHe cocTaBsIOT pa3Mepbl rpebHell (BCMaecKoB)
Ha CTeHKe H HAa OCH CYKeHWH, KOoTopbie npu Goabiuux 4kcaax Ppyna u Gonb-
IIHX YTJ1aX CYIKeHHA MOTYT MpeBHILIATh MMyOHHBI 3 pacuera Mo ABYXMepHoil Ma-
TeMaTHyecKoi Mojesn. [1o3ToMy ray6HHbI Bolbl B Fpe6HAX PACCUHTHIBAIOTCH TaK-
e ¢ MOMOLIbI) METONHKH, H3JOXKeHHOH Hike B nim. 4.28, 4.29, u nocJe cono-
CTaBJIeHHs] K HPOEKTHPOBAaHHK NMPHHHMAIOTCH HaHGoJblHe. ClieflyeT OTMETHTD,
4TO BhICOTA FpefHell He CKasblBaeTCsl HA MPOMYCKHOH crnocoGHOCTH TPYOhi, pac-
NoJIoXKeHHOH 3a cyeHHeM (BeicOTa TPYOBl JHMHTHDYETCS -CpeliHell Tay6GuHoii),
0JIHAKO JOJI3KHA YUHTHIBATBCH NPH pacuete BHICOTHl CTEHOK CYKeHHs M YKper-
JIEHHsT OTKOCA HACHIH Haj TPyGo# 1A NpeJoTBPAIeHHs NEepeJHBOB BOJAb 3a
6opra W pasmbiBa HaChIMH.

4.28. Merton pacuera, OCHOBAHHBIH HA TEODHH KOCBIX NPBLIKKOB, Tpebyer
NPHHATHS CHEAYIOMHX AONYLIEHHH: GBICTPOTOK H CY3KeHHe HMEIOT NPAMOYTOoJib-
HOE MoMNepeyHoe ceuyeHHe; YK/JIOH RHA OBbICTPOTOKA H CYXeHHS NOCTOSHEH; KO-
3(pHIHeHT WEepPOXOBATOCTH NOCTOSAHEH; TIJyGHHAa B KOHLE -ObICTPOTOKA (Ha-
yaje cyeHHst) 6/1M3Ka K HOPMAJNBHOMH; CYXKeHHe CHMMETPHYHOE.

Eme pan orpanuuenuit GyJeT npHBeAeH IPH H3JOXeHHH Metoja. Uewm
GoJIbIIe OTKJIOHEHHE OT YKa3aHHBIX YCJOBHI, TeM GoJIblie NOrperiHocTb pacuera.
TpaneuenznanbHble ObICTPOTOKH TNPHBOAAT K NPAMOYTO/NBHBIM, NPHHUMasg HX
INHPHHY PaBHOH cpejHel JIHAHH MKHBOTO CEUEHHT,
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Tl pacuera CymeHHst HEOGXONHMO HMETh CIEAYIOUME AaHHbie:

LHPHHY B HauaJje CyeHHs B, paBHylo IIHPHHY NMOAXOAAIEro GBICTPOTOKA;

IUHPHHY B KOHIIE CyKeHHus b, paBHyIO WHpHHe TPYObl HJIH OTBOAAIEro Obl-
CTPOTOKA;

yros cyxenus 8

ray6uHy Bojibl by Ha BXOJIe B CYIKeHHe;

Q — pacxon BoOJbI;

n — Ko3xpHI[HEHT IIEPOXOBATOCTH.

YKIOH cyeHHs B pacyeTax He YYHTHIBaeTcsl, TaK Kak ero BJHAHHE Npak-
THUYECKH YPABHOBEIIHBAETCH TPEHHEM. 3JTO CNPABELIMBO NPH OTMEUEHHOM Bhlle
JIONYIEHHH O TOM, YTO TJyGHHA BOJbI B KOHIE ObICTPOTOKA GJM3Ka K HOPMaJbHOM
NpH PaBHBIX YKJOHAX GBICTPOTOKa M cyxeHHA. CKOpOeTb NOTOKA B CYIKEHHH
MOXHO NPAaKTHYECKH CYHTATh MOCTOSHHOH H PaBHOM CKOPOCTH B KOHLE IOA-
XOJHOro GBICTPOTOKA.

4.29. B peayJabraTe pacyeTa AOJMHBEI OLITh ONMpeJeNeHb pasMephl H MecTo-
JloN0XKeHHe MaKCHMATbHBIX ray6HH KaK 10 OCH NIOTOKA, TaK H Y CTEHOK CyiKe-
HHA.

Pacuer NpoH3BOAAT B TaKOMH NOCJENOBATeNbHOCTH.

1. Buiyucasior udeno dpyna B Hauane CyKeHus

B &
ry= 2B} . (4.82)
2. HaxopsT creneHb cxKaTus GYPHOTO NOTOKA HAa YYacTKe CyMKeHHs
e ' 83
BT i : (4.83)

3. IlpoBepsilorT OTCYTCTBHE NPAMOrO THAPABJMHHECKOTO TPHIKKA B CyiKe-

Hud. Ecan :
] /) 97Fn,
e 2. e == —_——— <
‘ oo (Fr,+2)3 £5.54)

to coriacto [13] Boanukaer npsMoii ruapasaHuecK i NPLIKOK. B 3ToM cayuae
CIeLYIOILYIO 3a CYyXeHHeM TpyOy JIH6O PacCUHTHIBAIOT N0 YCJIOBHSM PaBHHHHOTO
BxoJla (cM. ri1. 5), JHGO YBeNHUYHBAIOT ee’ IHAMETP H MEPeXOfAT K M. 2.

4. HaxomsiT AHHY yYacTKa CYKeHHS

B—b
2

.

ctg. (4.85)

chﬂi=

5. OnpexeAOT napaMeTpsl MEpBOro  KOCOTO NpBlXKKa Ha y4yacTKe Cy¥Ke-
uust (B, Fry u hy) no HoMorpammam Ha puc. 4.16 u 4,17 1160 #3 peienus ypas-
HeHHH: '

tebr  _ — 1 VIT8Frsintp, _ ha
t2 (B—0) 3 T ; (a8
3 & cos fiy 3 sin (p;—0) Fry
l:‘r’r—[cos (B1—0) J sin fy 4 4.5

rae By — yroa Hakaona ¢ponTa mepsoro Kocoro mpeixkxa (puc. 4.18);
hy — rIyGHHA 3a MPBDKKOM (BTOpast conpsikKeHHas); - Szl o
Fry — uncto ®Ppyma sa npBIKKOM.

Pewenns ypasuenus (4.86) cymecrsyior npu Frysin®f;, > |; B nporusHoM
c/Iydae KOCbiX MPHUKKOB HE 0GpasyeTcsi H pacueT CyeHHsi BeJeTCs MpocCTo Mo
YPAaBHEHHIO HepaBHOMEPHOIO IBHIKEHHs. ‘
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s naxoxpends f; U3 ypaBHenHs (4.86) MOXHO HCIOJIB30BaTh HTEPALH-
OHHYIO Npouenypy: '

(4.88)

n)
prtt =0 4 arctg [ 2tg B ]

V' 1+8Fry sin? p{™ —1

npHyem f; 10MKHO BHGHPATHCA ¢ H3GHITKOM (00BIYHO JlocTaTouHO 3—4 HTepauuil,
7 =05 1,425 3

3uas By, u3 ypasuenus (4.86) Haxousr h,. .

6. Onpegensilor napaMerpsl By, hg u Fry Broporo (orpameHnHoro) Kocoro
npeiKKa (cM. puc. 4.18) no dopmynam (4.86)—(4.88), 1u6o no Homorpammam (cM.
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Puc. 4.16. HoMorpamma 1asi onpejeNeHHsl Yriia KOChIX NMPBIKKOB fi; W OTHOCHTE/bHBIX Iry-
GuH npbixKa he/h,
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Puc. 4.17. Homorpamma anis onpezesienns 4ucia ®pyja 3a Kockim npuxmom Fr,

puc. 4.16 u 4.17), 3amensas Fr, Ha Fr, u h, Ha h,. SHaueHue hy npHHHMAalOT 3a
CPeJIHIOI0 IMIyGHHY Ha BBIXONE H3 CYMKEHHS . ; “

7. OnpesensiloT MaKCHMaJbHYI0 IVIyGHHY TIOTOKa Ha OCH COOpYXeHHs
Ross (mm, BO3HHKAWLILYI0 B Pe3yJ/ibTaTe B3aHMOAEHCTBHA KOCHIX TPLIKKOB (CM.
puc. 4.18): .

hocs (max) =ha (10,5 V Fr, sin6)®. (4.89)

IMpH Ages (miaxy < it K pacueTy NpHHHMAIOT TAYGHHY A,
Insa cyxalomuxcs OBICTPOTOKOB Ha BXOZe B TPy6y BhicoTa pr6u JOJIK-
Ha ObiTh He MeHee Agey (may)-

-8. OnpeznensiroT ITYGHHBL BAOJb CTEHKH cy)xeﬂua B TaKOH INoc/efoBaTe/ b-
HOCTH.

——
e :
o2 ~ .
T T X - M’.__;aé\ﬁaﬂﬂi-—}-
= ek - ~
4 _"*?__XJT_I =
=] £ e
5 <]
AL 7 i £ L T
2 Leyw

Puc. 4.18. PacueTHHe cxeMbl (JOPMHPOBAHHs TJYOHH B CYXKEHHH:

@ -- rAyGHHa No OCH NOTOKA; 6 —TO ¥e y CTEHOK CYXKEHHS; 6 — OJaH CYXKeHHN; | — GhicTpoTOK; 2 —
cyXeHHe; 3 — Tpy6a
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HaxosiT MaKCHMa/BbHO BO3MOXKHYIO TYGHHY Y CTEHKH CYKeHHS Her(may)
M paccTosHHe [0 Hee OT HAYAMA CYMEHHS lpy,.:

her (max) =hy (1+4-0,5 YV Fry sin 62); (4.90)
[max=]/2pf1 (ler (mux)—hl)_’ll' (4.91)

YcTaHaBAHBAIOT TIYGHHBI Y CTEHKH Ao, B XapaKTePHBIX MecTax:

a) mpH gy < lc,m B TPeX TOYKax:

B Hauaje CTeHKH Agp = Ay,

npu | = Ipa MaKCHMalbHYIO H3 TMYOHH Aer = max(hy, Her (max):

npu [ = loy, MAKCHMAIBHYIO H3 TMYOHH Rer = maXx (hy, her (max));

6) npu I, = lcym B JBYX TOYKAX:

B Hauajie CTeHKH Hor = fiy;

npu [ == Loy, MAKCHMAAbHYIO H3 TAYOHH hcr = max (Ry; Aer (max))-

Me)my XapaKkTepHbIMH TOUKaMH I‘leﬁHHH Y CTEHKH CYMKeHHs ONnpeaessiiorT
JIHHeHHOH WHTeproJsiHeH.

4.30. Ilpu pacuere HeCHMMETPHUHBIX CyXKeHHii (cM. puc. 4.15, 2, 0) Hau-
JIYULIHI Pe3yJbTaT NOJyyaerTcss NPHA HCHOJIB30BAHHH JIBYXMEPHOH IPOTPaMMbl
pacuera (cM. m. 4.27) B coueTaHHH C METOAHMKOH ANfA ONpelesIeHHA MaKCHMallb-
HOM ry6HHB rpefHs Ha creHke (nn. 4.28, 4.29).

B cayuae koraa cyxeHHe HMeeT Takylo GopMy, uTO nepnun KOCOH TpPBIXKOK
nonanaerT B YrJAOBYIO TOYKY CY:KeHHs Ha IPOTHBONOJIOXKHOH cTeHKe (HanGoJee
6/1aroNOJNYYHOM C TOYKH 3PEHHSt PaGOThl COOPYIKEHHS), MOXHO T0JIb30BATHLCSH
popmynamu (4.87)—(4.89) ass HaXOXKAeHHS NapaMeTPOB KOCOTO TNPHRKKA H
NPHHHMATH TYGHHY Ay 3@ CPEJHIO TYGHHY HA BHIXOJE M3 CYIXKEHHS.

BOJONMPHEMHBIE KOJIOA B

4.31. BononpueMHble KOJIOAIBL! Ha BXOJI€ B KOCOTOPHBIe TPYOLl yCTpaHBaOT
NpH 3HAYHTEJbHBIX YKJIOHAX MECTHOCTH C IEJbIO TalleHHsi SHePTHH Ha BXOJe B
TpyGy.

B konopue npoucxonat apa npouecca (puc. 4.19): c6poc notoka u3 nogm-
XOJHBIX GLICTPOTOKOB M MCTeueHHe BOALl H3 Hero yepes TpyGy. Ilpu 31oM.ypo-
BeHb BOJBI B KOJIOJIE NPH NPONYCKe PacXof0B, PaBHBIX H GOJBILIHX PACUETHOIO,
KaK NpaBHJO, OnpejenseTcs MoAnepThiM YROBHEM BOJbI Mepel TpyGoii.

PasMepbl BOZONPHEMHBIX KOJOAIEB ONpelessioT HCXOAA H3 YCIA0BHs obec-
neueHusl B HUX NEPeXofa MOToKa M3 GYPHOro COCTOSTHHSI B CIIOKOHHOE, T. €.
3aTOIVIEHHsl THAPAaB/JAHYeCcKOro npbikka, Jlis storo nonnmepras rayGHHaA nepej
Tpy6oit H JoaxkHa GBITh GOMblle BTOPOH CONPSAXKEHHOH IyOHHB AL A/ CXKaTOkH
rayGHHbI i, B MecTe majleHHsi CTPYH Ha JHO KOJIOALA.

Pac'-te'r BBIMOJIHAIOT B H3/OXKEHHOH HHXKe NOC/eN0BaTeNbHOCTH.

. Onpepensiior noanepryio ray6uny nepen tpy6oit A no gopmy.am }1.115{
paBHHHHH}( Tpy6 (cMm. ra. 5).

2. Onpenensior nopdopom cxatyio raybuHy noroxa h, B KoJoaue H3 ypas-

HeHus (NpejBapHTE/NLHO 3aJaBIUMCh BLICOTOH CTEHKH NaJeHHsA KoJoaua p):

a Unop, Q2 ~

hooa+ —g = TP=hot i 2gb2 At (4.92)

Fe Ngon M Upggn — COOTBETCTBEHHO I'/yGHHA M CKOPOCTb NMOTOKA B NOABOAALIEM pycCie;
gﬁ — WHPHHA 6ucrpo~mxa (noaBoAsiero pycuia).

[Ipn GbicTpoTore GoJblueil UIHPHHBI, YeM OTBepcTHe TpyOul b, uTo, Kak
paBHJIO, HMEeT MeCTo B NpPAaKTHKE NPOEKTHPOBAHHA, MONYUEHHYH TyGHHY
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Puc, 4.19. Cxema npoTekaHis BOAH B BOAONPHEMHOM KOJOJLE:

1 — nopxonHOR OHICTLOTOK; 2 — Kosojen; J— TpyGa; 4-— KaHaBa NPOAOALHOTO BOAOOTBOAE; 5 — Ha-
ChiNb; 6 — CBOGOAHAN MOBEPXHOCTL B Kodomne mpH H<<h”; 7 —To xe npu H=h", 8 — 10 e npu
i H>h"; 9 — ruppaBanYecKnil nphikox

hy KOPPEKTHPYIOT B CBA3H € MMEIOUIHM MECTO B 3TOM C/IyuYae CyKeHHeM NOTOKa,
onpenesnsisi ee no hopmyse

: A ' E
he (chp)=ho_bi- (4.93)
3. Onpejieifior BTOPYIO CONPSKEHHYIO PAYGHHY hg CXKaTO TyGHHBI:

he =0,5hg (meup) (VT1+38Fr, L1), (4.94)
rie Fro = Q2/(b%h3 mcnp)g) — uncao ®pyra npH hg (uenpy-

4. CpapuuBaior he ¢ H W ycTaHABIHBAIOT, 3aTAN/IMBAETCA JH THADABJIH-
YeCKHH NPBUKOK, /A 4ero NOJKHO COG/IOAATBCSA YCJI0BHE

H > 1,054, ) (4.95)

+ Ilpu necoGmonernn ycnoBus (4.95) NpHHHMAIOT Mephl no oGecreueHHIO
34TONJIEHHs! NPbUKKA (HSMEHAIOT BBICOTY KOJIOAUA, H3MEHSIOT UHPHHY HJIH
YKJIOH GLICTPOTOKA H T. I.).

5. Onpegensiior AMHHY KOJOAUA
Ivon =luon+0,5, : (4.96)

rae lnoy — AaJbHOCTb NajleHHs CTPYH, T. e. FOPH3OHTAJILHOE PACCTOAHHE OT YCTyma 0
MeCTa NajieHHsi CTPYH Ha JAHO KOJIOALa, M.
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3Hauense Iy, ONpeNeJsiorT W3 ypaBHEHHS

I3n g hyon
non - —EOR M- 0 1.97
lyon tg o+ T (P =+ 9 ) ’ (4.97)

rjle & — YroJ HAaKJOoHA INOABOASALIEro pycja K TOPHSOHTY.

6. Hasuayaior wHpuHy KoJoiua, [Ipu mnoasofie BOAH C Topua KoJoila
LIHPHHA ero A0/KHA ObITb He MeHbLue INHPHHBI OGHICTPOTOKA H He MEeHbIle YJBO-
eHHoro oteepcTHst TPYOb. [Ipi GOKOBOM NOCTYIUIEHHH BOJABI pasMep KoJoaua
BJOJIb OCH TPY6b ONpEeAessieTcsi LIHPHHOA NOABOMSIUHX KAaHAB, a4 NOTNEpPeK OcH
TPyOBl — 3HauUEHHEM [y,

KOHCOJILHBIE CBPOCDHI

4.32. KoHcombHBIM ¢6POCOM Ha3blBAlOT JIOTOK GOJIBLIONO YKJOHA, NPHMOA-
HATBIA HAa OMoOpax HaJ 3eMHOH NoBepxHocThio (pHC. 4.20), B KOHIE KOTOpOTO
HMEETCS CTPYeHAanpaB/sioUIHA HOCOK ¢ OGPATHBIM HJH PAaBHBIM HYJIO YKJOHOM.
CpoboJHO najas ¢ HOCKa, CTPYH oTGpachiBaloTCs 3a INpeflesibl coopyKeHusi. Ta-
KHe COOPY:KEHHs yCTPAHBaIOT NPH c6poce BOABL Yepes NOJIOTHO JOPOrH Ha BecbMa'
KPYThIX Kocoropax, npH copoce BOJAbLI B OBpard H T. II.

OG6parHblil YKJIOH CTpyeHaNnpaBJIAIOLIero HOCKAa KOHCOJH MPHHHUMAIT [, <
< 0,25, a aauHy Hocka [y = 12 M.

¥ Mecra najeHusi cTpyH obGpasyercsi BOPOHKA pa3MbiBa, pasmMep KOTOpO# B
HayaJbHbI NepHoj paGoThl KOHCOJMBHOTO Nepenaja GbicTPo pacrer, a 3aTeM CTa-
GHIH3HPYeTCA. 3Ta BOPOHKA MIpaeT POJb TacHTeNsi SHEPTHH HHCMALAoMIEero
NoToKa.

IuppaBnuyeckuil pacyer KOHCOJBHOTO Mepenaja 3akKJaiouaercs B Onpesiese-
HHH: 1) ray6uHel A B KoHue ObICTPOTOKA; 2) NaNbHOCTH NaleHHs [y, CTPYH;
3) pasMepoB BOPOHKH Pa3MbiBa B HixHeM Gbede. ['1y6HHa B KoHIle GbICTPOTOKA
onpelesifieTcs H3JI0MHEHHEIM PaHee MeTOLOM. ’

HaneHocTb nageHust cTpyn Ge3 yuera ee aspalHH H CONPOTHBJIGHHS BO3AY-
Xa onpelessAlOT Mo NpHGAHXKEeHHOH dopmyJie C

Ipan = 2H (,-_H +]/ 2”H+" ) (4.98)

v?

289*'

rie v — CKOpPOCT:L MOTOKA B KOHEYHOM CEeYEHHH CTpyeHampaBJAKLIET0 HOCKA.
Ec/ih HOcOK ropisoHTanbHe, T. €. iy = 0, TO

lnan=9 VZH @pEH) - ' (4.99)

npu srom H =

Puc. 4.20. Cxema KoHCoJbHOrO cGpoca



s

bakTHyecKasa ZaNLHOCTH MOJeTa CTPYH oKasmBaercs Ha 10—20% wmensblue,
yeMm no GopMyaaM cBOGOJHOTrO NajeHHs. ’ i

CHoc cTpyH HOpMa/IbHOM MJIOTHOCTH GOKOBBIM BETPOM ONPEAEJSIIOT AJA Te-
penafoB napaGo/iH4ecKoro nonepeyHoro ceyeHHus no gopmyne

0,26502 4,5

lo=—~or5n— P (4.100)

rie vy — CKOpPOCTb BeTpa, M/c;

Q— pacxop cBpoca, wm¥/c;

p — BBHICOTAa MNaJeHHs] CTPYH, M.

Yuer cHoca CTPYH BeTpoM 0co00 BaXKeH, €C/IM 3a IepenajoM YCTPaHBAIOT
crenualsbHble BOJIOGOHHbBIE COOPYMKEHHS .

Cny6usy pasmbiBa 3a KOHCOJIBHBIMH TiepenajlaMH onpefessior no popmye,
wanpumep, B. M. Crynennunnkosa [44]:

g o _Pogta \ 125/ ag
hyp=|1,564-0,2 —hyg, 4.101
B ( + h;‘ ) l/ 3,ﬁd0'25 hyg ( )
Po §*a
rae o OTHOCHTeJIbHBI CXOPOCTHOH HANOP B MeCTe MajeHHS CTPYH;
R
vi
po=nhg + -2-g— — BHICOTA NafleHHs CTPYH C y4YeTOM CKOPOCTHOrO Hanopa;
. @ = 0,95 — Ko3()pHIIHEHT CKOPOCTH;
a = 0,8 — KosppHIHENT, YIHTHBAIOUMA a5PaUMIO NOTOKA;
‘ hy — BEICOTA NaJieHHSA;
3 —_
s ;
hp = 99" _ kpuTHueckas rayGHHa NOTOKA B MecTe najienns;

i
b

e ey K0o3()pHUHERT pacIIHPeHHA CTPYH B MeCTe NAaJeHH:; LA KOHCOMbHHIX
C - - -

a
c6pOCOB NPHHHMAKT ¢ = |; !
b — mHpHHAa GHCTPOTOKa HAH TPYOGH Ha BhiXxoje;
loy — WHPHHA cJefa CTPYH B MecTe MAajeHHs; JJIsi KOHCOJbHBIX C6pocos
NpHHEMAIOT lon ~ b; :
d — CpellHHi -AHaMeTp YACTHL TpYHTa;
hyg — ray6una Boiibi B HHXKHeM Obede; .

9=7 — YAeNbHHA pacxoll B KOHIE BHIXOAHOTO GHICTPOTOKA HJAH TPYOGHI.

PACCEMBAIOILHE TPAMILI B

4.33. Paccensaiomue tpamnautbl (puc. 4.21) npennasnavessl Aas ot6pa-
CHIBAHHS TIOTOKA OT COOPYXKeHHs Ha 0e30macHoe PacCTOSHHE M YMeHbLUIeHHUS
VAeNBHOTO pacxojia B MecTe NajieHHA NOTOKAa NMyTeM ero PacludpPeHHs .

JlHO paciimpsioImero TpaMnaKHa NPeAcTaBaserT co6oi KPHBOJIHHEHRHYIO 10-
BEPXHOCTh JIBOSIKOH KPHBH3HBI: BRINYKAYIO B MONEPEYHOM HANPaBJeHHH H BOT-
HYTYIO B NPOJOJBLHOM. ‘B nyiaHe TpamnjiuH paclIHpseTcs K BBIXOAY.

KoHpurypanunio noBepxXxHOCTH TpaMmaHHa no Mertoiy JI. M. Bricoukoro
OTHLICKHBAIOT NyTeM pelleHHs HHTerpoAH(pepenIkaIbHOrO ypaBHeHHs: cBOGOA-
HOI MOBEPXHOCTH W NPHOIHKEHHOTO YPaBHEHHS HepaspbiBHOCTH. B obuiem ciy-
yae 3TO ypaBHeHHe MOXeT ObiTh pellleHo npH nomowwu SL[BM [10].

Jlnst HeKOTOPBIX CJyyaeB pacueTa B NPHIOKeHHH 4.2 NpuUBeNeHbl paccuH-
TaHHble Ha IBM rabauibl Ge3apasMepHLEIX KOOPAMHAT MOBEPXHOCTH PACCEHBAI0-
UHX TPAMIJIHHOB A/ NPSAMOYTOJbHBIX TPY6 MM GBICTPOTOKOB. TabJHibl cOOT-
BETCTBYIOT CTeNleHH PACIIHPEeHHs NOTOKAa B M/1aHe B NpejesiaX PacCeHBaIOLIEro
Tpammiinia A = B/b = 2 (rne B — mHpHHA TpaMIIMHA Ha BeIXOAe, b — K-
pHHa GHICTPOTOKA NpPH yr/e paculMpeHHs MOTOKa B MiaHe 2a,, = 90°, yrie or-
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Puc. 4.21. PaccenBaiomuit TpaMIIHH:
o — oOWHA BHA TpaMnauHa; 6 — NpolodbHbil H nonepeudblf npodHAH; 8 — ouepTaHHe NJAAHOB Mo-

23
BEPXHOCTHBIX NHHHA TOKOB MpH BBeleHHH napaMeTrpa ﬂ=q—
KK

Gpoca notoka K Topu3oHTYy Py — 35°, ykioHe Obictporoka (i = tgf )

iy = 0,15; 0,30 u 0,50; Hano/sHeHHWH J0TKA (OTHOIUEHHH TOJIHHB NOTOKA
02

K ero wupuhe b) t/b = 0,1; 0,2 u 0,3; uncnax dpyna Fry = E’; = 10; 20: 50.

bBeapasmepuble KOOpAHHATH rIOBepxnochi TPaMIVIHHA X, Y H Z B YKa3aHHBIX

TabJIHLIAaX BLIpaXKeHbl B (OYHKIMH Ge3pa3MepHON LJHHBI NJaHA TPAHHYHOH noO-

g o
BEPXHOCTHOH JIHHHH TOKa Sy H napaMerpa n = —,
%kK

rie ¢ — yroJ MoBOPOTAa CTPYHKH ¢ napameTpoM n (npujaoxeunue 4.2).

JIGE| onpeneseHiss HCTHHHBIX KOOPAWHAT MNMOJYYE€HHBIE H3. TaﬁJl_HLl 3Ha4YeHHus
YMHOXKaT Ha AJHHY Kpaﬁﬂei& JIHHHH TIOTOKA B TJaHe, OnpejesisieMylo no C]JOp-
MyJie s \

bp (h—1
paar Bl ). (4.102)
2 sin agy
rie b — wHpHHa BeIXOAA H3 GhicTpoToKa (Wam TpyGm) mepea TpamnauHoM.
Fpauﬂum TpaMIlJIHHa B [MJIaHE OTHCLIBAOTCH -3aBHCHMOCTbIO

-sina x‘ 1
i Tﬂ (ﬁ——ksﬁ). (4.103)
rie p = const — nokasatesib cremenn (p = 5),

FJTyﬁP[Hy pa3smbiBa 34 TPAMIIVIHHOM H €ro NnoJIoXKeHHE pacCYHThIBAIOT CJIeYI0-
UM NYTeM. .
1. Onpenensior fanbHOCTh OTOPOCA NOTOKA OT TPAMILIMHA

N e
gl N T
Ighy = —— sin 2B 14 . S (N (4.104)
najx 28 KK [ g $in® Pree ".3
rpe vy — CKOpOCTb B KOHIE BBIXOQAHOIO 5HCTPDTOK8 HJAR prdﬂ;
hn — BBICOTA NajeHHSA. -
2. HaxojsaT AquHY c/efla CTPYH B MecTe NajeHHs
) B
lon=2a, I gt 4,105
it KH( nan-{"ztga’m) ( )
3. Onpeznensitor yJAeJbHbIH pacxol B MecTe MajeHH:A
og=qp=Q/lca, ) (4.106)
rae o=1,1 — kostppuuxenT sanaca.

4. Betuucasitor rayGHHY pasMbiBa no dopmyde (4.101).
[Mpumep pacuera pacceHBalOLLEro TpaMiJHHA NPUBEJEH B NPHIOKEHHH 4.3.
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YCTPOHCTBA, NTPUMEHSEMBIE A4 FAMEHHA SHEPTHH MOTOKA
HA BbIXOJAX H3 TPYB

4.34. [ns rawieHdsi SHEPTHH NOTOKAa Ha BHIXOAAX H3 JNOPOXKHBLIX BOAONPO-

AYCKHBIX TPYO B JeHCTBYIOIHX THIIOBBIX NPOEKTAX NPHMEHSAIOT C/IeAYIOUIHE THIIbI

racuTesied SHEepPryH:

pe6po B KoHIe yKpenaenus (cM. puc. 7.2, tan 3; 3K);

CTeHKa B pacTpyOHOM OrOJIOBKE B COYETaHHH C peﬁpou B KOHLE YKpenJeHHs
(cM. puc. 7.3);

racutenn cucrembl LIHUHCa (puc. 4.22, a) B BHze pacrpy6a c aByms BoJo-
GOHBIMUM CTEHKaMH (MOpOraMH);

racuTesib B BHJE pacLIHpsioLlerocs pactpyba co CTeHKOH najeHHs B KoHIe
ero (4.22, 6) u 6e3 creHkH (pHc. 4.22, 6).

[lepBbie ABa THNa racure/efi SHEPrHH NPHMEHSIOT, KakK NPaBHIO, B TPY-
6ax, YJIOXKEHHBIX CO CPABHHTEJbHO MAJBIMH YKJIOHAMH, T. €. /ISl PAaBHHHHBIX
tpy6. (cm. npunoxeduwe 1.1), ABa APYTHX — JJI5i - KOCOTOPHBIX ' COOPYKEHHUIH,
HMEIOLHX 3HAYHTEJbHble YKJOHBI H NOTOK H4 BBIXOJE H3 KOTOPHX o6aajaer
BLICOKOH KHHETHUHOCTbIO M HMMeeT GosbllHe cKopocTH (cM. npuiaoxkenue 1.1,
tunoBoii npoekt Ne 538).

lacurenu B BHJe peGpa U CTEHKH B pacTpyGHOM OTOJIOBKE B OCHOBHOM
BJAHSIIOT HA PEXKHM IPOTEKAHHA NMOTOKa (cM. Iv1. 7) B ‘HH3KHeM Gbede u npHBOASAT
AHIb K YMEHBIIEHHIO pa3MblBa 33 COOPYMKEHHEM, NPAKTHYECKH He CHHXKas
ckopocreii. Otciofia CKOPOCTH H IIy6HHBl HAa BHIXOJ€ H3 3THX COOPYIKeHHil MoryT

a) 7 } a1 Xmax
J = .
e 5
== |gprls
4 ¥
/4
'j' .
|
< =
2 ap
1 : o’ 1L
> ;
. Pue. 4.22. TachTean sHepruu:
a — racutens cuctemni LIHHMHCa; 6 — AHBIR 0 C H majneHHd;

8 —1T0 e Ges CTeHKH naneHus; I — TpyGa; 2 — nepsas BofoGOAHA® CTenxa; 3 ~ BTopas BoaoGofnas
cTeHKa; 4 — cTeHKa Nalenusn; § — ponoGofinas crenka; § — cTenka pacTpyGa
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6bITh ¢ HEKOTOPLIM 3aMacoM MPHHATHl TAKHMH 3Ke, KaK H Ajisi Tpy6 6es racute-
neii. TloaToMy rHApaBJHYECKHH pacyeT HX 31ech He NPHBOXHTCH.

Huxe u3naraeTcss THAPABJIHYECKHH pacueT OCTANbHBIX JIBYyX THIOB TacH-
TeJsiell, MPUMEHSAEMEIX B THIIOBEIX NPOEKTaX KOCOTOPHHEIX TPY6.

Pacuer racutesieii corjiacHo pexomenjauusim Hopm [39] npousBomaT aas
JKeJIe3HBIX JI0POT MPH NPOXOMKAEHHH JABYX NAaBOJKOB — PACYETHOTO H HAHGOJb-
1Iero, XapakTePH3YIOUIHXCSl PACXOJAMH Ha NUKe HX (COOTBETCTBEHHO Ha3klBae-
MBIX pacueTHbM Qp W HAHGOMBIIKM Qu,.) H o6beMaMu croka W, 1 W, ; ans
ABTOMOOGH/ILHBIX JIOPOT — TMPH TIPOXOJKJAEHHH PacyeTHOro MaBoJKa.

Msi paccmoTpum Goslee O6LLHA cy4al, COOTBETCTBYIOUIMH pacyeTy Ha JiBa
pacxona. [l1s coopy>KeHHi Ha aBTOMOGHJ/IBHBIX 0POTax HCMOMb3YIOT JHLIb pe-
KOMeHJ LMK JUis pacyeta no Qp. B npHBeleHHOM HHKe aJropHTME pacueT 3TOT
GosiblIe He OrOBapHBAaeTCH.

4.35. Pacuer 3ak/iouaercsi B ONpeleNeHHH CJeLyIOLIMX BeJHUHH:

pasMepoB 3JIEMEHTOB racuresieif (BHICOTA H MECTONONOKEHHS! BOJOGOMHBIX
CTEHOK, JJIHHBI, yrJia W BHICOTH CTEHOK pacTpy6a);

OTMETOK NMOBEPXHOCTH NOTOKA B pacTpybe M Ha BhIXOJE H3 TPYOH C yuemM
BJIMSIHHS BOJOGOHHBIX CTEHOK, PACNOJOXKEHHBIX B pacTpyGe;

CKOpOCTefi Ha BHIXOJie M3 TacuTes;

AepopMalluil. 1Ha pyc/a 3a racHTeseM, Ha3HaueHHs THNOB BHIXOZHEIX PY-
ceJl M pPa3MepoB YKpeIlIeHHH.

[Ipu pacuere mo IBYM pacxoiiaM NPHHATHL C/eAyIolHe npmmunu

a) 3anoJiHEHHe Ha BbIXoje H3 TPYyO (T. e. oTHOWIEHHe IJyGHHBI BOJABI K BBI-
cote TpyOsl 8 == h/h, ¢ y4eToM NOATOIVIEHHS OT CTEHOK TaCHTENs OMNpelessioT
0 ABYM pacxojam, IpH 3TOM JJIsi PAcYeTHOTO PAacXoja JOJIKHbBI GbITh BHIIOJIHE-
uel TpeGoBanus n. 1.24 CHull [39]; ana wauGoubluero pacxojia 3ano/iHeHHe He
JOJI3KHO NpPeBLIIaTh eHHHIBI, T. €. rJIyGHHA BOjbl B 3TOM CeYeHHH He JOJIKHA
TNpeBbIATE BBHICOTHl TPYOBI Ay;

6) YPOBHH B racHTesie ONpeAEJAIOT NPH ABYX pacxojax, NpHuYeM NPH On-
pellesieHHH BBICOTHI CTEHOK racuTessi npu nponycke Qp BBoaurcs sanac 0,25 M,
npH Qu,y 3aNac OTCYTCTBYET; BBICOTY BOJOGOHHBIX CTEHOK ONpeiensiioT npH
nponycke Qp, AuHY pactpy6a racHresi HasHadalOT GosiblueH H3 JajlbHOCTENH
nosiera cTpyi Npu nponycke Qp u Qm,,

. B) THI H pasmepu yKpenJieHHH BBIOHPAIOT HCXOAA H3 pacuera no ABYM pac-
XOJlaM, MPH 3TOM MpPH NponycKe Q... H Ha3HAYeHHH MaTepHa/a yKpelIeHui Jo-
NyCKaeMble CKOPOCTH YBeJIHYHBAIOTCS Ha 35%, a ray6uHa 3aJe/IKM KOHLEBOJ
yacTH yKpenJeHHH NMpPH NponycKe pacyeTHOTo pacxoja (AJs yuera 3aanaca) yBe-
JauunBaercs Ha 20%.

Heo6xoanMbie HCXOHbIE JaHHble: (opMa ceueHHst TPYObl, OTBEPCTHE NPsIMO-
yroJibHO# TpyGsl b, AHameTp Kpyrio# D, pacxofiel Boabl Qp H Qpay, TIYOHHB H
CKOPOCTH Ha BBIXOJie H3 TPYOHI A,y H Upyy YKJIOH TPYGH iy, YKJOH JHA ra-
CHTeNA ip, THI TacHTe]si, TPYHT BBIXOJHOIO JIOTd, THI BBIXOJHOTO pycCJaa.

4.36. Pacuer racureass IIHHHCa (cm. puc. 4.22, a) Besercs B cienyio-
meM nopsjke.

1. IlpuHHMaOT npeaBapHTeNbHO IJyOGHHY Ha Bxoje B pacTpy® paBHOH
rAyGHHBL Ha BHIXOAE H3 TPYOBI Al pyy.

Jlns KpyribiX TPYO 3aMeHsIIOT CerMEHTHOe XKHBOe ceueHHe TIOTOKA PaBHOBe-
JIMKHM 1O IJIOLIAJH MPAMOYTOJbHHKOM C SKBHBA/IEHTHOH LIHPHHOI: .

mis Tpy6 puamerpom D < 1,6 M

baw=D —0,25 M; (4.107)
ansi Tpy6 auamerpom D = 2,0 m
box=D—0,5 M. (4.108)




F—

Fny6uHa moToKa B 3KBHBAJEeHTHOM NPAMOYTOJILHOM CEUEHHH

! 1 h
hgux(or) = l/ﬂ%‘ » (4.109)

rie Wgpx — NJIOLLAAb XKHBOTO CeYeHHS KPYI/Ioi TPYGhl Ha BHIXO/IE H3 Hee, COOTBETCTBYINLAs
. BHAYEHHIO fgpy. !
2. BbIYHCAHIOT KPHTHYECKYIO TyOHHY B TpyGe, cuHTasi ee NPSMOYIOJib-
#o0#l, no dopmyJne (2.11):

z Q \23
u—( Va6 ) § (4.110)
TIpHyeM s KPYraBiX Tpy6 BMecTo b nonc'rammm by, BHIUHCIEHHOE 1O (Op-
vyaam (4.107) u (4.109).

3. Hasnayaior BbiCOTY nepBoOi BOJOGOHHOH CTEHKH

pr=(1,2—1,5) Aguax. (4.111)

O6uiuno npuruMaT p; = 1,3h,,.; A8 Kpyrabix TpyG Bo BeeX. hopmynax

NpH pacyeTe racHresel BMECTO Ay, NMONCTABJAIOT. Agyy(on)-

4. Onpenensitor myduuy noroka h, B Hayale pacrpyda C y4YeToM NOATOIN-
JeHHs OT nopora:

PR prlhpax < 1A hp=1,18hy h"‘ : (4.112)

BBIX
0,5p; }
BRIX /

5. INposepsior 3anosnenne TpyObl HA BBIXOJE NPH NPOMycKe pacqemoro
Qp 1 HanboJbIIero Qp,,x PACXOJ0B:

npn 1,4< py/hox < 2,6 hp= (o 95— (4.113)

—P—sa, (4.114)

rae 8 npu nponycke Qp cornacuo CHull [39] paBua 0,75 AAS KPYLABIX TPYG H 6 = 0,83 1aa
IPAMOYrONBHEX; MPH nponycxe Qmax 3HaueHHe Opay = 1,0.

Ipu BBIMOTHEHHH ycnosus (4.114) pacuen npekpaulaior M npHCTYNalOT K
n. 12, npH HEBBINOJHEHHH — YCTAHAB/IHBAIOT [OBBILEHHOE 3BEHO Ay (hop H
BHOBb IIPOBEPSIIOT BhIMOJHeHHe ycnoBus (4.114). Ilpu ero BhifosineHHH pacyer
NPeKPAIAT W NPHCTYNAIOT K M. 12, MpH HeBHINOMHEHHH — OTKA3bIBAIOTCA OT
NOBLILIEHHOTO 3BeHA ¥ MPHCTYNAIOT K CJEAYIONIEMY NYHKTY.

6. Onpeneastior yncao ®pyaa Fry,, Ha BhiXojle H3 TPy6u mno dopmyse
(2.10):

o b

2b% i

7. Onpegeasitor TAYOHHY HApux, Conpﬁ)KEHHle C TayGHHOH hgyy, TO
dopmye (2.20): :

Fr=

hsux =0,5hgux (Vl ~+8 Franx “l)-

8. CrpoaT KpuBYIO CBOGOJHOH NMOBEPXHOCTH Ha KOHIEBOM y4acTKe TpPyGh -

nepes pactpy6om. '

s storo cpaBHHBAKT fip € Mgux. Tlpn Ay << hgux B Konue TpyOHl BO3-
HHKaeTr HeCOBEpIHeHHhIﬁ anpaBanecxnﬁ I]phDKOK Pacuer 3toro cjay4asi H3Jjo-
el B fanHom nyHkte. [Ipn A, << hgux oM. 1. 10. CoGognyio nopepxHocth B
cnydae Ry = hpux CTPOAT BBer 10 TEYEHHIO MO BeJIHUHHe OOPaTHOro YKIOHA.
Hoc'rpoeﬂue Beflercss ¢ MyGHHBI ki, (Hayano pactpy6a) yyactkamu no Ax =
= 1mMm.
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Pacuer BBINOJHSIOT B CJEAYIOEM NMOpsALKe:
a) BBIYHC/AIOT oGpaTHHH YK/IOH MOBEPXHOCTH BOJb! Ha MEPBOM yuacTke ro
thopmy.e

_h
j2==0,550-}-0,0304 Frygx —0,300 —2
K

(4.115)

rie 1= tgyn :
6) onpejeasiiorT riayOHHY BOJbI B KOHIle NEPBOr0 y4yacTKa Ha PacCTOSAHHH
Ax, = 1,0 M nepex pacTpy6om (HyMepauua y4acTKOB BeJleTcsl OT KOHLA pacTpy6a
BBEpX [0 TE€YEHHIO):

hpr=hp—ji Ax; (4.116)

B) NPOBePAIOT BhinosHenHe yeaosus (4.114), noacrasass B Hero Ay, BMecTo
hy. Tlpu coG/oieHHH yCI0BHS pacueT NPeKPallaioT H NepexoAsT K 1. 9, npu He-
cOOMOIEHHH — MPHCTYNAIOT K [OCTPORHHIO KPHBOH CBOGOAHON TNOBEPXHOCTH
BOJbl HA CJAEAYIOUIEM Y4acTKe, T. €. IepPexolsiT K CJAeAYIOIeMy NYHKTY;

) yCTAHABJIHMBAKOT YKJOH MOBEPXHOCTH BOABI BHIILEJIEXKAIIEr0 YuacTKa:

h
ja=0,554-0,0304 Frw,—o,a-—-’:" ; (4.117)
A R
1) ompefensiioT ryGHHY BOABI B KOHLE BTOPOTO ydacTKa:
hpg=tp —i; Ax. (4.118)

BHoBb 1poBepsiioT BeNOJHEHHE YeaoBHA (4.114), nojcraBaas B Hero BMecTo
hy ray6uHy h g, H pacuer NOBTOPAIOT /10 TOrO CeueHHs, Ile Gy/IeT BEINOJIHEHO yc-
JIOBHE (4.114).

9. OnpefeasioT MIHHY [ger H BHICOTY Aer (5or) BCTABKH MeXK1y Tpy6oii M
pactpyGom racure/isi, HMelOWeH napaJJe/bHble CTEHKH W IIHPHHY 10 JHY, PaB-
HYI0 OTBEPCTHIO TPYObI:

: lger=3Ax; (4.119) -
her(gor) =hp+0,25 M, (4.120)

rie TAx — cyMMa paccmaxnn OT HauaJjaa pactpy6a o CTBOpa, Ije BhIMOJIHSETCS YCJA0BHE
(4.114).

Jlasiee npHCTYNAIOT K PACUeTy 3/IeMEHTOB TacHTess, HAuMHas c n. 12.

10. B cayuae ecin hp >>Hhyux, THAPABIHYECKHH NDBIMOK BO3HHKAET He
HEeMOCPEACTBEHHO Nepe] CTeHKOH racHTensi, a CMelllaetcsi BHYTPb TPYGHI, NpH
3TOM MeM/y IPLDKKOM H CTEHKOH ycTaHaB/JMBaeTcsi KpHBasi noanopa. Iloctpoe-
HHE CBOﬁOﬂHOﬁ [NOBEPXHOCTH B 3TOM CJiy4dae BbINOJHAKT B CJEAYIOIEM NOPSAJKe:

a) cTposAT B TpyOe BBepX N0 TeyeHHI0, HaYyHHas OT IJ1yGHHBI, i, KPHBYIO CBO-
601HOI MOBEPXHOCTH CNOKORHOIO MOTOKA 10 YPaBHEHHIO HEpaBHOMEpPHOTO Teue-
HHs (cM. . 2) yuacTKaMd no Ax = 1 M H B Ka)JOM H3 HHX ONpele/siorT 1o
NpHBEIEHHOH HHXKe (opMyJie ry6HHBI 6YPHOTO MOTOKA Ay, I/l KOTOPHIX BbI-
YHCJIeHHble TJyOHHBI CIOKOHWHOTO TOTOKA SBJSIIOTCH COMPSMKEHHBIMU:

hy =0,5 hpe (VTF8Frpm —1),

rie h Whpy—COOTBETCTBEHHO TYGHHBI GYPHOrO H CIOKOHHOIO NIOTOKOB, CONMpSKEHHHIE
Mexay coGoii, B CeUeHHSIX, PACNOIOKEHHBIX HA PACCTOSHHH X OT KOHLA TpYy-

[]*H
Frp(x) — uncao @pyjra jis cnoKoHHOro MOTOKA B TeX e CeYeHHAX, Onpeleasemoe no
dopmyne (2.10): .
; p
Fl‘p(:ﬂ': g 1
pix) b
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6) conocraBasior ray6uHbL hy ¢ rayGUHAMH, BHIMHCJAEHHBIMH NMPH THADAB-
JIMUEeCKOM pacyeTte TPyObl (Ge3 racmenﬂ) B KaM/OM H3 pacCMOTPeHHbIX CTBOPOB,
H YCTAHABJHBAIOT KOOPJHHATY CTBOpA Hayajla NMpPbIZKKA HCXOJAfl H3 YCJOBHS

. hr=hy(x); (4.121)

B) Bhillle YKa3aHHOrO CTBOPA pacnoJaraercs , rnnpas:mqecxnn NPBIXKOK.
CTposT cBOGOAHYIO NOBEPXHOCTL BOABI HA yYacTKe THAPABAHYECKOTO NpBIKKA
aHAJMIOTHYHO CNyYaio Apyux > h, B COOTBETCTBHH C M. 8, HO 3a MCXOAHYIO IMy-
GHHY B KOHUE NPBIKKE PHHEMAIOT M1yOHHY Ay o B CTBOPE C KOOPAHHATOM X jy(np),
B KotopoM cobmiofaercs ycuaosHe (4.121).

1. 3anaBunce ray6unolt hp.s) = Oh,, cOOTBETCTBylOLIEl CTBOPY ¢ pac-
YeTHbIM 3anoJHeHHeM TPYOHI, Haxo,uﬂ'r KOODJHHATY €r0 Xs, HCIIONb3Ysi ypaBHe-
HHEe HepaBHOMEPHOIO ABHXKeHHS.

12. Hasnauaor QiHHY [yer H BBICOTY CTEHOK MAgr(ger) BCTABKH, pacrnoJio-
KeHHOH MexAy TpyGoit u pactpy6oM K HMelollell napai/e/ibHble CTEHKH H IIH-
PHHY TIO JHY, PaBHYIO OTBEepCTHIO TPYObl, no opmysam (4.119) u (4.120), sa-
MeHHB X Ax Ha Xp,

« Jlanee BBINOJHSIIOT pacyeT 3JEMEHTOB racHTes.

13. Onpenensiior paccTrosHHe OT HadaJa pactpy6a IO nepBoro Bo}mﬁoﬁ-
HOTO mopora

I=(0,55=-0,70) b. (4.122)
OG6BIYHO NPHHEMAIOT ;
1=0,63b. (4.122%)

Ina Kpyrasix Tpy6 BMecTo b MOACTaBASAIOT b.
14. [IpunuMaloT BLICOTY BTOPOro BoJ0GOHHOro nopora

2= (0,25-0,30) hggx, (4.123)
fIPH 3TOM JIOJIKHO GHITH COBMIONEHO YCJIOBHE
py=0,1m.
‘O6GLIYHO TPHHHMAIOT : . 1
2a=0,27A45x. (4.123%)

15. YcranasauBaior ray6HHY NOTOKa B IUIOCKOCTH HanopHOH TpaHH nep-

'BOro BOJ0GOHHOrO Mopora:

npr —2—< 1,4 k“(,)=h.,(o,3+ ); (4.124)
BHIX BBIX
M . Py '
npp —— >1,4 hoT\l)zhn(l 40,5 ) (4.125)
hBHX hBH!
16. HaxonsaT HanGo./ibL1yio BHICOTY NOABEMA CTPYH NOTOKA B pacTpybe
hanax=1,75 hx lg( L Fr.u,). (4.126)
‘ hgpx

17. OnpegensitoT AaJbHOCTL NaJeHHA CTPYH IO FOPH3OHTAJH Sy, CYHTAS OT
HAMOPHO#H IPaHH NEPBOro BOAOGOHHOTO KOJIOJLA H PACCTOSIHHE JI0 BTOPOTO BOJO-
Goiisoro nopora [, no gopMyaam:

a) npu i, < 0,056 ‘

P 1 [1+(4,4_ h"" )(0,52 Voo —0,4)]; (4.127)
*BHIX

ly=ly+5x, (4.128)

rie Frgux — uHeno @®pyna'na BoiXole H3 TPYyOGH, onpefensiemoe no gopmyde (2.10);
§ — AaNbHOCTh MNajieHHsi CTPYH N0 JAJMHHE TacHTens;

4 3ak. 935 : 97

6) npu 0,05 << i, < 0,20

Sp = '—(E'i'il‘)—V(f‘j‘ll‘)i"'"‘f'kcﬂﬂ : (4.129)
Chy=(hts) ViR, (4.130)

18. IllupnHa pacTpy6a racureisi B CTBOPe KOHLA BTOPOH BOROGOHHOIM
CTEHKH

bpr=>b+2Lp tg30°=56+1,15 Ly, (4.131)
rie L, — AnHHa pacTpy6a racuTens.

3nech Lp=lg-tBeq, ' (4.132)

«

rae 8,y — TONMHHA CTEHKH BTOpOro mnopora.

19. HaxomdT ropH3oHTaibHOE DPACCTOSHHWE OT HAMOPHOH TPaHH [EPBOro
BOJIOGOHHOTO MOpora (CTEHKH) J0 HauGOJIbLIEro MoabeMa cTpyii. 3xech BOSMOXK-
HbI JBa cjyyas:

hextn)

h
a) npu—22%X ~ |
er(1)
s
Fmax =" - (4.133)
3necs U=1+ VI+herw/(hmax—torm); (4.134)
6) npu Amax | NPHHHMAIOT Xy = 0, YTO COOTBETCTBYET YCJOBHIO

hgox =
ax cT(1)*
20. CTpOﬂT KPHBYIO CBOGO,I[HOH MOBEPXHOCTH B BePTHKAJNbLHOH IJIOCKOCTH

Mo OcH nmoxa
a) npu Az Amax > | MCronb3YIOT ypaBHeHHE

hy= Ax*+Ex+her), (4.135)

rae h, — rAyGHHA BOJbl HA PACCTOSHHH X OT HAINIOPHOH rPaHH nepBoil BOXOGONRHOMN CTEHKH.
A u E — xoadpuiueHTs, onpejesasembie 110 Gopmynam:

2 (h —h, 2 :
A=—'U ( maxs’ or(1) P (4.136)
- 20 (hpax —her(n))

- (4.137)

3pech X, KaK M BO BCeX OCTalbHBIX (OpMy/ax, — ropH3oHTaJlbHOe pac-
CTOSIHHE 10 OCH COOPYIKEHHS OT HHXKHEH TOUKH HANOPHOH TPaHH NMepBOTO BOJO-
GolHOTO Kononua

6) mpu fmax < | HCHOJIB3YIOT ypaBHEHHe
hora)

h,
! hy =’——‘—M(1) x2+-hep(y) . ‘ (4.138)

[lpH HEBO3MOXKHOCTH DA3MECTHTb B Tpele/ax UIMPHHBI JIOTA TacHTeNs
[IHHMHCa ¢ yraom pacrpy6HoctH ¢ = 60° MpHHHMAIOT MeHbLIMIT YToJ MeX 1y Go-
KOBBIMH cTeHKaMmH (B npefenax 30—60°). BokoBbie CTEHKH JesaloT B NJaHe nps-
MOJIHHEHHBIMH, @ BBICOTY H TIOJIOXKeHHe BOJOOOHHBIX MOPOroB ONpele/fioT TakK
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e, KaK H NMPH HOPMaJkHOM yrie pacTpy6HocTH ¢ = 60°. Tpaekropus Kpaiinux
CTPY#H B NPOEKIUHH Ha MJIOCKOCTb CHMMETPHH

2
> X 08 ~—/—
X 9
~ h=A\———] 4E—cos—=+hey; (4.139)
I f 2
0,43 ‘
aaech [=1——2—qi=1-0,00176 ¢, (4.140)

21. Hasnavaior odyepranusi GOKOBbIX CTEHOK pacTpy6a M yuacTKa Mexay
rpy6oii 1 pactpy6om (ecqH OH HeOOXOLHMM) IO KacaTelbHbIM K MOBEPXHOCTAM
NOTOKA, BHIGHpAs HeBHIOAHBIH cayyad npH nponycke Qp H Qp,,.

22. Onpejessiior CKOpPOCTb NOTOKA HAa BBIXOJ€ M3 FacHTeqsi NIPH Nponycke
Qp 1 Qumay:

Unnx(r) = 0,45 Vgux . (4.141)

4.37. Pacuimpsiomuecs: BoJOGOHHbE KOJOAUB MOTYT GMTh ABYX BHIOB:
co CcTeHKOW najieHuss M Ge3 Hee. Huke paccMOTpeH pacuer pacluMpsIOmerocs
KOJIOALIA CO CTeHKo# nagenusi (cMm. puc. 4.22, 6). Pacuer xoaoaua 6e3 creHku
nageHusi (cM. puc. 4.22, 6) BhINOJHSAETCS NPAKTHYECKH AHAJOTHUHO M OTJIMYa-
ercsl JIHUIb TeM, YTO BBIYHC/ACHHS HAYHHAIOT C COBMECTHOTO PElIeHHs! 3aBHCHMOC-
teit (4.149), (4.150) u (4.151), T. e. ¢ nyHKTa 3 NPHBEJEHHOTO JaJee ajiropHTMa
pacuera.

Pacuer pacumpstomerocs Bo)loﬁoﬁuom KOJIOALA CO CTEHKOH NajleHHs BeleT-
csi B caefyiomeM nopsike (cM. puc. 4.22, 6).

1. OnpenensioT AaqbHOCTL MOJIETA CTPYH CO CTEHKHM naneHus [y, peluas
KBaJipaTHOe ypaBHeHHE

Al+BL—C=0. (4.142)

Koadduunentnt A, B u C 3/ech COOTBETCTBEHHO PaBHbLI:

A= —"> (4.143)
- iyl cose

B=1g6; : (4.144)

h:
C=Y=p,+ n;x . (4.145)

rge O — yros HakJOHA BBIXOJLHOro yyacTKa TPYGhl K FOPHSOHTY; npH ip < 0,1 6 = 0;
Y — BhiCOTAa OCH NOTOK& HaA [IHOM KOJOZAUA.
2. Ompefiesisitor NOAGOPOM IyGHHY NOTOKA B CXKATOM CEUEHHH H3 ypaBHe-
HHUA BepHy.fUlH 3alHCAHHOTO pi ceue}mi‘l HaJl yCTyNoM H B MecTe najaeHHus CTPpYyH:

a-lﬂnux CagQ? A
Prthgux+ =hot 90—~ (4.146)
e
rae P1 — BbBICOTA CTEHKH MNAaJeHHs Ha BXOJle B KOJIOLEL,

hgrx Usmx — COOTBETCTBEHHO TVIYGHHA H CKOPOCTb HA BbiXOAe H3 TPYGH; AJs Kp r.no~
rO CeyeHHs TNpPeABAPHTENbHO BBIYHCAAIT Apyy(ax) LCM. Gopmyay (4.109)
@¢ — MJOWAAL CHKATOrO CEUeHHS;
@y, Oy — COOTBETCTBEHHO KODPEKTHBE KO/HYECTBA IBHAEHHS HA BHXOLE 3 TPYObI
H B CKATOM CEYEHHH; NPHOMHKEHHO NPHHHUMAKT &y = Gy == |
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i

Ecau cTenkH pactpy6a BepTHKa/bHEIE, TO MPeABAPUTENbHO BBIYHCASIOT I11K-
pHHY pacTpy6a B CeYeHHH CO CXKaToH rayOHHOH

b =b==21 tg ap, . ; (4.147)
rae b — orBepcTHe TpPYGHI;
oy — yron pa5c';py6uoc'm KOJOZIlA, CUHTAs OT OCH B OJHY CTOPOHY (0OBIYHO NPHHAMAIOT
a
p

3areM u3 ypaBHeHHsi DepHy /M, 3aNHCAHHOTO /A TeX JKe CeYeHHit NpH npsi-
MOyroJbHO# (opme, HaxXoAAT noaGopom h.:
Unux Q2 |
c+'_‘ Yot (4.148)

s be hé

3. /Onpesieisii0T AIHHY TIOANEPTOro FHAPABAHYECKOTO NphiKKA [y, ray6u-
HY, COIIPSIXKEHHYIO CO CXAaToH, hg, WHPHHY CTEHKH b.y, pelias COBMECTHO cJie-
LYIOIHE 3aBHCHMOCTH:

ly=3,2 hc; : 5 (4.149)
202 : 2Q2 . i
2 0o + e c_m—i'mc'rhc; (4.150)
bep=be+2l, tg ap, (4.151)
rae he — ray6una, CONpSAXKEHHAsA ¢ TYOHHOH CXaToro ceueHus; he= Wer/ber;

be —mmpHHa pacTpyba B ceyeHHH CO CXKaToH rayGHHOI;
bep H Wop—COOTBETCTBEHHO IUMPHAA M MIOWAJAL XHBOTO CeYEHHA TNOTOKAa B CTBOpPe Ha-
MOpPHON IpasH CTEHKH pg.

4. OnpenensiloT NOJHBIA Hanop nepej CTeHKOH p,:

A 1 Q 2
e s e U

rae m = 0,42 — xosdpuuuenT pacxona.
' 5. Onpenenstor reoMeTpuueckHit Hanop H Haj BepXOM CTEHKH p,:

H=H,— l (——Q"—y (4.153)
) 22\ 1,05 haux bor
6. OnpefessloT BLICOTY CTEHKH racHTens:
pa=1,05haux —H. y . (4.154)
7. OnpeaeasiiOT CKOPOCTH NOTOKA B KOJIOJIe NePeJi CTEHKO py:
Q

= R O T IR 4,
OB i) Yam G

8. BbluMCASIOT 1anbHOCTh NajieHHs CTPYH, NepesHBalLieiicss Yepes cTeH-

Ky:
1 l/ ___2 s
83— Ugonx g (P’+ 2 ) . (4156)

9. Haxonmst MIHHY KOﬂOjll.l.a

Ixon ="l 13+ laan, , (4.157)
rae lyay — 3anac B ANHHEe pacTpy6a, npHHHMaeMuii paBrbiM 1,0 M.
10. Haxoast wiHpnHy pactpy6a B MecTe NajeHus CTpyH:
bp=bgr+2ltgap. (4.168)
Onpefeasiior WHpHHY pactpy6a B KOHle ero (c yuyetom 3amaca):
byon=bp—+2lsan tg op. (4.159)
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Администратор
Note
В типовом проекте Серия 501-96 (инв.№538) "Унифицированные косогорные трубы для железных и автомобильных дорог" тут не cosΘ, а cos2Θ.


Администратор
Note
В типовом проекте Серия 501-96 (инв.№538) "Унифицированные косогорные трубы для железных и автомобильных дорог" тут не h2вых, а hвых.

Администратор
Note
опечатка, должно быть:
bc=b+2l1tgαр

Администратор
Note
опечатка, должно быть:
lкол=l1+l2+l3+lзап


11. Onpepensitor ray6HHY Ha BEIXOJle H3 racHTessi (CXKaTyio 3a CTEHKOH p,)
0AGOPOM H3 BbIpaXKeHHS
L
2g (he(pux,r) t’p)a i

12. OnpepesisiloT CKOPOCTh NOTOKA HA BBIXOMNE H3 racHTe/fA:

pa-+Ho=he(zux.n) + (4.160)

Q
e TR P ; 4.161
he(pux,r) bp ( )

13. ITon6upaior MarepHas AHA W OOKOBbLIX CTEHOK FacHTeJsi MyTeM cpas-
HEHHSI Upyy(r) C JONYCKAEMOH M0 MAaTepHANY Uyon HCXOAS M3 YCJOBHA

Upnix (r) < Unon- (4.162)
14. OnpenensioT BHICOTY CTEHOK 'p_acrpyﬁa.» M, HCXOJfl M3 BblpaxKeHHUs
Cer(p) =pPe+ H+0,25. (4.163)

[TpuMmepsl pacuera racHre/eii Ha BBIXOAAX H3 KOCOI‘OPHHX Tpy6 npHBeleHbI
B pUJIOXKeHHH 4.4.

Upnix(r) =

L4

METOAHMKA THAPABJIHYECKOIO PACYETA
BXOJHbIX YYACTKOB COOPY)KEHHHA PABHHHHOIO THIA

OcHOBHOMH THIApPaBJIHYECKOH XaPaKTEPHCTHKOH, ONpeleNsioWed THI H pas-
Mephl YKpenJieHHH Ha NoAXoje K PABHHHHBIM COODPYXKEHHAM INPH YKJIOHAX NOJ-
XOJiHOTO Jiora i, < 0,05, AB/IAETCA CKOPOCTh NOTOKA, KOTOPAs ‘MEHAETCA B IIH-
POKOM JnanasoHe. B To e BpeMs. ypoBeHb CBOGOAHON NOBEPXHOCTH B YCJIOBHAX
MOANOPA OT COOPYIKEHHs H3ameHsieTca Mano. ITosToMy ray6uHa notoka onpeje-
JsieTcA NOANEePTOH ryyOHHOH H YKJOHOM J1Ha.

OnpefiesieiHe ckopocTell H MYGHH NOTOKA ¢ YY4ETOM MHOT0OGpasHs peadb-
HbIX YCJIOBHH paboThHI coopymeuuﬁ (YKJIOHOB, (hPOPMBI CEUEHHS H IIEPOXOBATOCTH
JIora, THIIOB COOPYKEHHH H HX OroJIOBKOB, PACXOJA0B H HANOJIHEHHA TPYO H T.1.)
BHINOJIHAKT 1o nporpamme «5OP», OCHOBaHHO# Ha YHCIEHHOM pelleHHH JBYX-
MepHBbIX (TJ1aHOBBIX) ypaBHeHH# ruapaBanku. [lporpamma «BOP» paspaGorana
H SKCIIyaTHPYeTCst B J:aGOpaTOPHH THAPABIHKH, THAPOJIOTHH H JIeflOBHIX BO3-
neiicreui LITHUHCa (em. ra. 7),

Ha ochoBe MateMaTHYeCKOTro H (HH3HUECKOTO MOJENHPOBAHHA YCTAaHOBJEHA
cieflyioliasi KHHeMaTHKa NOoTOKa B BepXHeM Obede MajbiX BOJONPONYCKHBIX CO-
opyxenHil (puc. 4.23)%.

HaunGosblmme CKOPOCTH U = Uge, HAOJIONAIOTCA HA OCH NOTOKA, IPHYEM C
yAalleHHeM OT BXOJa B COOpYIKeHHe B BePXOBYIO CTOPOHY OHH YMEHBILAKOTCS.
B nonepeuHom HanpaBjeHHH HA y4acTKe OT OCH TPYObl 0 KOOPAHHATHI Y, COOT-
BETCTBYIOUIEH MOJOBHHE IIHDHHBI BXOAHOTO CeYeHHH B COOpYyXKeHHe bp/2, cko-
POCTH YMEHBLUIAIOTCA 10 NapaGoJIHYECKOMY 3aKOHY OT Ugey, A0 Uy. Jlanee k Gop-
TaM JIOTa OHH U3MEHSIOTCS N0 JIHHeHHOMY 3aKoHy. [IpHueM Ha 3ToM yuacTke cKo-
POCTH CPaBHHTEJNLHO HEBENHKH.

[Mpu satonsienHoM BXxojie (UTO HMeeT MeCTO JHIUb B Tpy6ax) B Hemocpenct-
BeHHOH GJIH30CTH OT HEro, Kak NpaBHJO, BO3HAKAIOT BHXPEBble BOPOHKH H Cy-
UIECTBEHHO H3MEHSIOTCA 3MIOpbl cKopocTeil Ha BepTHKanaX. CKopocTH y jHa
CTaHOBATCH GoJiblie CPeAHHX, a HA YYAaCTKe, PACMOJOMEHHOM Bbillle BHICOTHI
TpyGhl, OHH BeCbMa Mabl.

Ha ocHoBe aHa/H3a pe3y.IbTaTOB MATEMAaTHYECKOTO H (DH3HYECKOrO MOJIeNIH-
pOBaHHA AN HaHGoJee XapaKTepHHIX YCJIOBHH paGoThl COOPY:KeHHH OblIH nony-

* Ha puc. 4.23 sniops ckopoctedi mosepHyTs Ha 180°,
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ueHbl TPHBEJEHHbIe HH}KE 3aBHCHMOCTH, NO3BOJfIOUIHE ONpPEAeNsiTh CKOPOCTH
Ha MOAXOAHOM yuacTKe 0e3 obpallleHHsi K pacueTy Ha MalllHHe.

IIpu pacuere BO3MOXKHBI JBa CJydas: BXOJL B COOpyJeHHe He 3aTomJeH:
BXOJI B COOpYX€HHE 3aTOIJIEH.

Pacuertsl B 3THX CJIyuasix OTJIHYAIOTCS B cnocobe onpeeeHHs CKOPOCTH Ha
ocu coopyxenus (ora)., [losToMy HHXKe B Haua/ie -H3jaraercsi MeTOAHKa OI-
pejlesieHHs CKOPOCTe#l NPH He3aTOINJIEHHOM BXOJie, a 3aTeM JaloTcs KOPPeKTHBH
Ha yuYer 3aTONJIeHHs.

CKOpOCTH 110 OCH NOTOKA

X

Voos=vy+ (1,20p—0vx) e P, S (464

rjie Uy — CKOPOCThL MO OCH NOTOKAa B pacCMaTpHBaeMOM CTBope, ‘COOTBETCTBYKOULAs par-
HOMEPHOMY TEYEeHHIO;
Up — CpelHas CKOpPOCThL MNOTOKA B PACYETHOM CTBOpE;
bp — IIHpHHA PpacyYeTHOro Ce4YeHHH,
X-— paccTosiHHe OT pacyYeTHOro ce4eHHsd A0 paccua’rpnnaeuoro CTBOpa.
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Puc. 4.23. PacueTHas CXeMATH3aUHs PACTIPE/ENEHHS CKOPOCTell NMOTOKA Ha BXOJHOM yHacT-
KE COOpYXXEeHHs
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B cBolo ouepenn

Q E
i Un = Ha (Ba —0,25Hogrton) ’ (4.165)
Q :
=T (4.166)
rne Q — pacxon BOIB B COOpPYKEHHH;

B — cpenHsd WHPHHA JIOTA B PACCMATPHBAGMOM CTBODE; :
Hy — ray6uHa TOTOKA 1O OCH COOPYXKEHHSl NMPH OTMETKE NOANEPTOro YPOBHA B

paccMaTpHBAeMOM CTBOpeE;

H, — ray6WHa TOTOKAa B PacyeTHOM CeYeHHH;
Mgy — KO3QOHUHEHT 3aJ0XKEHHS OTKOCa;
Hy=H—(ixx+iplp); (4.167)
. @y (4.168)
= REES :
Hy 1

H — noxneptas ray6una (cm. ra. 5 u 6);
in H lp — COOTBETCTBEHHO YKJOHH JIOTA H OrOJOBKA;
lp — AMTHHA OTOJIOBKA;
Wy — MJAOMWAAb CeYeHHs ng‘roxa B paccua‘rpuaaenou cTBOpe NpH rayGune Hy,

[NosoKeHHe pacyeTHOro cevyeHMsi M 3HaueHHs by, u H, onpenessior npu-
MEHHTEJNbHO K KOHKDETHbIM THIIAM COOPYXEeHHH CJ/IefylouiHM . o6pa3om:

1) aas Tpy6 6e3 OroJIOBKOB pacyeTHOE ceYeHHe MPHHHMAIOT Ha BXOJe B COOpy-
wenue. [lpu stom H,, = hgy, i€ by — ray6una na exose B Tpy6y. lllupuny
pPACUETHOTO ceYeHHs NPHHHMAIOT DPaBHOM:

LA TIPAMOYTOMBHBIX TPY6 — OTBEPCTHIO COOpYXeHna b, = b;

IJIA HENPAMOYTO/IbHBIX CeYeHHH i

Tk 4.169
‘ s ( )
rie @p — MJOWAAL "NOoTOKa B PACYETHOM CedeHHH npH raybune Hp;

2) aas Tpy6 c OroJIOBKAMH M MOCTOB C PacTpyOHBIMH CTEHKaMH pacueTHoe ce-
yeHHe NPHHHMAIOT HA BXOJle B OT0JIOBOK (pacTpy6), npu 3tom H, = H—i b,
a b, paBHO IWHpHHE OrOJ/IOBKA;

3) AJsi MOCTOB C KOHYCAMH pacyeTHoe cequHe pacnoJsiaraeTcsi Ha paccTosi-
HHH 0,5M gr¢kom) H mac OT TOJOLIBBI HACHIIH B HH3OBYIO C'ro]JOHy (Mor (wom) —
3a/0XenHe oTkoca KoHyca; H ya. — Bbicota Hackinu), A, = 0,9H; =

+ H yac. CKOPOCTH B TOUKE paccMaTPHBAEMOTO CTBOpa, pacnonomeunoﬁ Ha pac-
CTOSIHHH i OT OCH COOPYIKEHHs, Onpelessiior no popmynam:
npu y < 0,56,

9=oen — (Voon — u.)(%)- (4.170)
bp b,
MpH ——<y€ “ :
k 3 Us —Ver 2y
=gy ———— [ ——_] ) .
e B ; (b, ) (4.171)
by
b,
mnp ;ﬂ
2Wer ( By )
= g, 172
v Bt & B & ; (4.172)

rne Bj W byy — COOTBETCTBEHHO WHPHHA JIOTa MO ypesaM H NO AHY;
Ugr M U, — CKOPOCTH MOTOKA COOTBETCTBEHHO MpPH ¥ = byu/2 (118 npsMoyroiibHOro
Jlora 3To CKOPOCTH y BopToB jora) u y = bp/2
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3uauenusi U, U Uy, ONPENEJsIoT No GopMyJam:

By
2
0B —2/gbpu
Dy RO, (4.173)
Bn—2/3bp—1/gmorH n
Uer=1Ua; (4.174)
r BJ.'
i 0K x<< -—2 \
2x
v.=v:+(u:—vi)(l—7) (4.175)
A I
’ 2x \2x%
Ucr\=":‘{‘(ﬂw—0:)(l— 3 ) : (4.176)
£ a .
p By;—b .
3gecs Uer=", —-—-——B’::_:: » (4.177)
v, =0,5vp %; (4.178)
1 npu By = 6b,
v B (4.179)
l/ ﬁb: npu B,.;ﬁbp;

UL BBIYHCJIAIOT No dopmy.e (4.173) npn x =-2£-’-'.
B cayyae satonsienHOro Bxoja B COOpyMXeHHe NpPHHHMaWT H, = H npu
OTCYTCTBHH OTOJIOBKOB H /1, = H — ipl, NIpH X HaAHuMH, :
3areM BBLIMOJHAIOT pacyeT CKOPOCTEH Ha OCH NMOTOKa no dopmyie (4.164) u
NMPOH3BOAAT HX KOppeKTHpOBKY Ha ydacTke 0 < X < 2(H — hy) ucxons us
3aBHCHMOCTH
. H
Uocb=Ugep —T————— - 4. 180
ocs = Vo e t-0.5% ( )

»

Ianee pacuer BBHINOJHAIOT aHAJOTHYHO C/IYy4alo HE3aTONJIEHHOTO BXoOja.

THun 1 pasMepsl YKpenJeHHs HAa BXOJe B COOpYKeHHe Ha3HayaloT B 3aBHCH-
MOCTH OT CKOpOCTeH, BbIYHCJIEHHBIX Ha OCHOBe NPHBEJEHHOTO BHIE pacyera, npH
3TOM CKOPOCTH Ha OTKOCE HACHIMH ¢ HEKOTOPHIM 3aNacoM NMPHHEHMAIOT PaBHBIMK
CKOpPOCTSAIM Yy MOJOLIBLI OTKOCA.

Pasmepsl yKpenJeHHst ¢ HEKOTOPBIM 3aMacoM MOMKHO YCTAHOBHTb CJEAYIO-
uUM 06pasoM.

Haxoaurest KoopauHarta cTBOpa, B KOTOPOM CKOPOCTb HA OCH NOTOKA paBHa
JONMYCKAeMO# Upo, MR PACCMATPUBAEMOTO THIA YKPEIIEHUs :

1,20p—v;,

'mon — U

*rp(yxp) =2,3bp 1g (4.181)

[lupHHy yKpenJieHHs B 3TOM CTBOPE IPHHHMAIOT paBHOM by, NpH 3TOM yK-
pernJieHHe paciioJaraloT CHMMETPHYHO OTHOCHTENILHO OCH cOOpYKeHus (no bp/2
B Kaxyio ctopoHy). [lo nofouse Haceink no ¢opmyJie (4.170) Takke Haxomar
CKOPOCTH, paBHbE JOMyCKAeMbIM, H COOTBETCTBYIOLHE HM KoOpaAHHatH y. [las
obecriedyeHHs 3amaca OTKJaAbIBAIOT OT NMOJYUEHHBIX TOYeK npHMepHo no | M B
Kauayio cropoHy. IlosiyyeHHBble YeThpe TOYKH OrpaHHYaT pasMep YKpenJeHH:,
HMEIOIIET0 TPaneueHaalbhyio popmy.

PasMepsl YKpen/ieHHsi HA OTKOCe HACHIMH NPHBA3ILIBAIOT K LIHPHHE TPYGbI
HJ'lH OroJJoBKa ¢ 3anacoM B l 0 M. s

104




5. PACYET BOLONPONYCKHBIX TPYB

THIbI TPYE H 3J1 EMEHTH HX BOAOMPONYCKHOIO TPAKTA

5.1. Ha noporax cTpaHel 3KCINIyaTHPYIOTCA J€CATKH THICSY BOAOINPOIYCK-
HBIX TPY6, OTVIHYAIOWHXCA MATepHaJOM H3TOTOBJIEHHS, PasMepoOM OTBEPCTHs
H (hOpMOJi ceueHHsI, THIIOM OTOJIOBKOB, YKJIOHOM YKJIAJKH H APYTHMH KOHCTPYK-
THBHbIMH OCOGEHHOCTSIMH, B TOH WJH HHOH Mepe BJIHAIOUIHMH Ha HX THAPAaBJH-
yecKyw pabory (puc. 5.1).

C konua 20-x rofioB Haulero Beka TPyObl CTPOATCH NO THNOBLIM NPOEKTaM,
a JIo 3TOTO — JIHUIb MO HHAHBHAYAJIbHBIM. 3

Oxkoso 90% tpy6 umeer orBepctHe He Gosee 2,5 M, 50% — menee 1,2 M.
Cpenuss BennunHa oteeperhs 1,4 M. Menee 10% Tpy6 pacnoJioxeHo nojJ Hacki-
nsiMu Beicotoil Gosee 10 M, a 50% Tpy6 — nox HacensiMu BeicoToil MeHee 4,0 M.
Cpennsisi BeicoTa Hachimu y Tpy6 5,4 M. Okono 50% Tpy6, raaBHbBIM o6pasom
KPYTJIbIX MaJiblX IHaMEeTPOB, HMEIOT OrOJIOBKH NOPTAJbHOIO THNA, NPEACTaB/sAI0-
e coboii BEPTHKa/IbHYIQ CTEHKY, 0OCHIMaHHYIO C 00eHX CTOPOH OT OTBEPCTHS
KOHYCAMH, COMPATAIUIHMHCA ¢ OTKOcaMH Hachinu (pHe. 5.1, a).

3HauMTe/IbHOE PACIIPOCTPAHEHHE MOJYUYHJIH PacTpyOHbe OrOJOBKH, Tpe.-
cTaBJsIoOIHE €060 OOBLIYHO BEpPTHKAJbHBIE CTEHKH, Cpe3aHHble NapaseqbHO
oTKOCy HachlmH (puc. 5.1, 8, 2). ¥YTOoM CXONHMOCTH CTEHOK BapbHpYyer oT 4 Jio
22°. HaumeHbliylo JJIHHY HMEIOT OTOJIOBKH C KOPOTKHM BBICOKHM pacTpyGoM,
nocTpoeHHsie no npoexktam 1946—1952 rr. (cm. pue. 5.1, 6), a HanGosbIyIO —
I0 TOJOLIBB HACLIH — OroJOBKH 6Ge3 ofpaTHbIX CTEHOK, .NMOCTPOEHHBIE MO
THIOBBIM npoektam 1961 u-nocienyiomux rogoB (cM. puc. 5.1, 2).

B uekoropsix nmpoekTax a0 1928 r. BcTpewaroTCsi OrOJIOBKH ¢ PacTpyGHBIMH
CTeHKaMH, HEeCKOJIbKO OTOJABHHYTHIMH OT OTBEPCTHSH, YTO CO3AaeT MeHee IJaB-
HHIH BXOI MOTOKA W YXYAILAeT THAPaBJHUYECKHEe XapaKTePHCTHKH.

Kopunophsle orosiopku (puc. 5.1, 6) npumeHsaHch B npoektax a0 1946 r.
MU PasMeleHHs KPHBOH crnajia B IpefiesiaX OroJIoBKa H NOHHMEHHs TyGHHLL
Ha BXoJe B TpyOy, uTo 00ECMeuuBajo BO3MOXHOCThL HNPHMEHEHHH JJIA TeX e
rHAPaBIHYeCKHX yC/aoBHi Tpy6 MeHblued BhicoThl. OJlHako mocnenyourue He-
c/elOBaHUA TIOKAa3aJH yXyAlLIEHHe THAPABJHYECKHX YCJIOBHH Tpy6 ¢ JaHHBIM
THIOM OTOJIOBKOB TIO CPABHEHHIO € PacTPYOHBIMH, a TAaKXKe 3HAYHTEe/bHbIH nepe-
pacxXol MaTepHalia HAa HX COOPYXKeHHe, T. €. HX HeSKOHOMHYHOCTb. B cBfi3H ¢
3THM KOPH/IOPHBIE OrOJIOBKH B HacTosilee BpeMsi He npumensiiorca. OnHako Ha
ceTH JOPOr NpOJOJIKAET 3KCIJYaTHPOBATHCH 3HAYHTENbHOE YHCJIO TPYG ¢ KO-
PHIOPHLIMH OTOJIOBKAMH, OTJIHYAIOUIMXCA JIJHHOMN, INHPHHONH OGPATHBIX CTEHOK
H CTeNeHbI0 3aKPYr/JeHHOCTH BXOJHOH YacTH OroJIOBKa. )

Hexotopoe, xotsi H HefoJblIoe pacnpocTpaHeHHe NOJYYHAH TPyObl ¢ BO-
POTHHKOBBIMH OTOJIOBKAMH, NPeACTaBASIOUIUMH CO00A cpe3 Kpyraoi TpyOhl
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napajiesibHO OTKOCY HAcChlllH, OKAHMJEHHBIH 10 KOHTYpY BblcTynawouedl H3
HaCBIH 4YacTblo — «BOPOTHHKOM» (pHC. 5.1, e). . _

CpaBuuTenbHO HeGOJIbllIOe PacnpoCTpaHEHHe CPelH GETOHHBIX H JKeJe3o-
GeTOHHBIX TPYG MOJYYH/IH TaK Ha3biBaeMble 6€30r0JOBOYHbBIE, OGLIYHO KPYTJbie
Tpy6sl (puc. 5.1, d), KOTOpHle XapaKTepH3YIOTCsl BEPTHKAJBHBIM CPE30M TPyG6hl
y nofouBkbl Hackind. Ho 3TOT THII oro/ioBKa Hallies1 caMoe LIHPOKOe PacipocTpa-
HeHHe H, MOXKHO CKd3aTh, ABHJICA OCHOBHBIM IJIi METAJIJHUYECKHX TO(prPOBaH-
HBIX TPY6, 0 KOTOpPBIX GY/eT CKa3aHO HHXe.

[lpumenenue ¢ 1955 r. B Kpyrabix TpyOaX KOHHYECKHX 3BEHBEB Ha BXoJle
B TpyOy o0Gecneyn/io CHHKEHHe THAPaBJHYECKOrO CONPOTHBJEHHA Ha BXoje H
3apsaAKy Tpy6, T. e. paGoTy HX MOJHBIM CeYeHHeM.

B AEﬁCTByIOI.LLeM THIIOBOM TMPOEKTEe KOHHYECKHE 3BeHbS COUYeTaKwTCHd C pac-
TPpyOHBIMH OTKPbIIKaMU. STOT THII OroJIOBKa OTHOCHTCH K 00TeKaeMbiM H 06Jsia-
AaeT HauGo/biiel NPONYCKHOH CNOCOGHOCTLIO M3 BCeX NPHMEHAEMBIX B HacTos -
uee BpeMs. Hs CleI.ECTBle].LU_ix THNOB HeoOTeKaeMbIX OTOJIOBKOB HaHWJdy4lIHe
THApAaBJIHYeCKHE XapaKTePHCTHKH HMeIOT pacTpyGHble 6e3 O6pATHBIX KpPBIIbeB
¢ yrioM pactpy6HocTH @, = 20°, KOTOpBIE B OCHOBHOM H MPHMEHSIOTCS B THIIO-
BBIX NPOEKTAX KPYTJBIX H npsMoyroibHeiXx Tpy6. ITopranbHble orosioBKH npH-
MEHSIOTCSI HAa AaBTOMOGH/IBHBIX AOPOTax /Il KPYIMIBIX TPYG MaJbiX JHAMETPOB
(0,5 1 0,75 M). 3TH Oro/IOBKH JIeleB/le pacTpyOHBIX, HO HX NPUMEHEHHEe orpa-
HHYHBAETCH BO3MOXKHOCTbIO pa3MbiBa KOHYCOB.
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Punc. 5.1. ®opMH H THNH OroJOBKOB BOJAONPONYCKHHIX TPYyO (a—e — dacap u naam; 4, e —
: thacan H nponoALHBIL paspes):
a — Kpyrao# ¢ NOPTANbHBIM OroioBKOM; 6 — ¢ BeDTHKAJbHBIMH CTCHKAMH H KOPHAODHBIM OFOJIOBKOM;
8 — NpAMOYroNbHOH ¢ PacTPYOHLIM OrONOBKOM ¢ OGPATHBIMH CTEHKAMH; 2 — KPYrJoH ¢ KOHHYECKHM
3BEHOM H pacTpyOGHBIM OrONOBKOM; @ — KPYraofi 0esorofloBOYHON; € — OBOHAAJbHOM C BOPOTHHKOBBIM
OroJIOBKOM
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Puc. 5.2. Tunsl BOAONPONYCKHBIX TPYG H HX 3J€MEHTHL:

a— 1py6a paBHHHHOTO THNA; § — KOCOropHas TPyOa c OLICTPOTOKOM, CYIKEHHEM HA BXOAE H TACHTE-
JNeM Ha BBIXOJe; 8 — BXOAHAN 44cTh TPYObli ¢ OLICTPOTOKOM H BOLOMDHEMHBIM KOMAOIIEM; &-— TpyGa
¢ OBLICTPOTOKOM H WaXTHbiM cOpocoM; ! — coGCTBeHHO TPyGa; 2 — OrosoBKH TPYOH; 3 — YRpemneHus;
4 — npegoxpaHHTeAbEbIA OTKOC; §—K 5 — ; 7 — HAaropHam xKauaea, & —
GHCTPOTOK; 9 — cyXenne; 10 — rachredb; 11 — KoaoAel-waxTa

B npsaMoyrospHbiX TPYyOax pacnpocTpaHeHHe NOJYYHIH NOBhILIEHHbE 3Be-
Hbsl Ha BXoj/ie B TPy6y, pacuidpsiouine JHanasod paboThl TPy B GeaHanopHom
‘PeKHME H YMEHbUIAIOIHE CTEeNeHb 3anoJHeHHs TPYOnl npyu Ge3HaNOpPHOM peXH-
Me, periaMeHTHpyemylo Hopmamu [39]. 310 nosposifier B paje caydaeB 1oJy-
YHTb CHHZKEHHE CTOHMOCTH 3a CYET YMEeHbLUEHHS BBICOTHI OCHOBHOM YacTH TPYSHI.
Illnpokoe pacrnpocTpateHHe B NocJefHee AeCSTHIETHe NOJYUHJIH MeTasHuec-
KHe rotdpHpoBaHHble TPYObl. JIEHTHIPOTPAHCMOCTOM pPa3paboTaHbl THNOBKE NPO-
eKThl YKa3aHHBIX THIOBbIX cOOpyKeHuH Auamerpami 1,5—3,0 M. Tlpexycmor-
PeHBl CJeRyloUIHe THIIB Fo(pHPOBAHHBIX Tpy6: 6e3 OTONOBKOB (BepTHKAJbHBIH
cpe3); O Cpe3oM napaJijie/bHO OTKOCY HAChIMH; ¢ PacTpyGHBLIM OroJIOBKOM C
a, = 20°

Todprposatnble TpyOhl BechbMa YAOOHBI B CTPOHTENBCTBE GJIATOAAPA CBOEH
MaJoli Macce, a cJIefloBaTe/IbHO, TPAHCNOPTabeabHOCTH, GBLICTPOTE MOHTaXKa H
BBOJE B IKCIVIYaTalHIO.

5.2. DnemeHTHl BOJONPOIYCKHOro TPakTa TPYy6 PACCMOTPHM C I[OMOLIbIO
puc. 5.2, Ha KOTOpPOM NpeAcTaBjenbl HanboJsee XapakTepHble B THAPABIHYECKOM
OTHOILEHHH THIIBI BOAONPONYCKHBIX TPYO M HX 3JIeMEHTHI.

Ha puc. 5.2, @ uzobpaxen Haubojiee pacnpocTpaHeHHBIH H B KOHCTPYK-
THBHOM OTHOLLIEHHH HauOoJiee MPOCTOf THI BOAONPONYCKHOH TPYO6bl, HCNOJb3Ye-
MbIfi 111 PaBHHHHBIX ycaoBHi. Ero ocHoBuble 3sieMenTs! co6eTBeHHO TpyGa [ w

oroyioBkH 2. Jlas 3auuTel ot pa3MbiBa Ha BXOJ€ H BbIXOJIE COOPYXKEHHS YyCTpau- -

BalOT YKpenJieHus 3, 3aBepluiaeMble NpelOXPaHHTeJbHBIM OTKOCOM 4, Ha KOTO-
phlit OOBIMHO YK/aJbIBaeTCsl KaMeHHasi HabpocKa 5. YKasauuselit THn Tpy6 npume-
HSIIOT B PABHHHHBIX YCJIOBHAX, T. €. IPH MaJblX YKJOHAX MECTHOCTH i, << 0,02,
Takux coopyxeHuii Ha ceTH Aopor WMeetcs Gonee 60—85% , npruem noxas.sio-
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ee l[l’["CJlO COOpy)KeHHﬁ HMeEKT ,KJ'IOHH,‘S.HHSKHEKKpHTH'-lBCKHMMH TeXHHueC-
KM raagkux Tpyo, T. e. ir = 0,00 —:-0,_01. .

Mepen paBHHHHOH TPyGOi B PACYETHBIX YCJIOBHAX o6biuHO (popMHpYeTCs
fIPYA, OTKYAA NPOMCXOHT HCTeueHHe COKOAHOro notoka B TpyGy. OH o6buHO

V2
HAXOLUTCA B KPHTHYECKOM COCTOSIHHH, T. €. mpu uucaax ®pyna Fr = o 1

(rae v  h — COOTBETCTBEHHO CKOPOCTh H I/yGHHA NOTOKa B Tpybe; g — yCKo-
peHHe CHJIBL TsiKeCTH), AH60 B GypHOM, HO MPH Ma/oii KHHETHUHOCTH (4HCJIO
®pyna | < Fr<< 3)..

[TpH 3HaUUTE/bHBIX YKJIOHAX MECTHOCTH YCTPAHBAIOT TAK Ha3biBaemble KOCO-
ropHsie Tpy6ul. Ha pHc. 5.2, 6 npusejeHa KocoropHas Tpy6a HauGoJee pacnpo-
CTPAaHEHHOTO THNA, XapaKrep NPOTEKAHHA BOJBL M0 ee JEMEHTAM CJIE/YIOUHI.
[MoTOK ¢ Kocoropa NOMajaeT B HaropHyio KahaBy 7, a OTTyja Yepe3 GhICTPOTOK
8 u cyxenue 9 — B TpyOy I. ToToK, BHIXOAsUM U3 TPYOHI, Nonajaer B rach-
teqab 10, B BHIe PACLIMPAIOMIErocs KOJOAUA ¢ BOAOGOAHOH CTEHOH M laJjee Ha
yKpenJeHHe,

OG6BLIYHO B TAKOE COOPYKeHHe NOTOK nonajaer B GypHoM coctosinun. Obua-
Aas BbICOKOH KuHerHuHocThio (uncsia @pyaa jpocruraor 30—50), B 'rpyﬁe“ou
MPOXOAHT C BBICOKAMH CKOPOCTAMH (10—12 m/c). [Insi CHMXKEHHSI CKOpOCTel B
MoJ06HBIX Tpy6ax NpPHUMEHAIOT NHOO CTYNEHYaTylo YKJaAKy 3BeHbeB (Hauﬁp.uee
palHOHA/IeH 3TOT CNlocol AA MPAMOYFOABHBIX TPYG), MHGO NOBLILIEHHYIO Uiepo-
XOBATOCTh B BHJle pebep B NpPsIMOYroJibHBIX TPy6ax uau Anadparm — B KpyTrJbiX.
B pafie c1yuaeB BMECTO racuTe/elt B TpyGe yCTpauBAIOT rACHTEJIH HA BBIXOAE H3
Hee, KaK 3TO HMeeT MecTo B TpyGe, npABeleHHo# Ha puc. 5.2, 6.

B npakTHKe MPOEKTHPOBAHHA MPHMEHSIOT TaKMe CNoco0bl ralleHns 3Hep-
rHH, obecneuHpaloliie nepepojl OYPHOro NMOTOKA, MOAXOASAIIEro ¢ Kocoropa K
COOPYKEHHIO N0 GHICTPOTOKY, B COKOAHLLH MOCPE/ICTBOM 3aTOMJIEHHS THAPABJIH-

a A4 ) i 4 A4
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Puc. 5.3. ConpseHHsa npamoy-

rojibHBIX GHCTPOTOKOB WIHPHHOH Do

¢ KpyrabiMH TPyGaMH aHameTpoM D
npH:

. a—be=2D n ?Jyde 6e3 KOHHYeCKOTo 3Be-
Ha Ha Bxoae; &6 —L6=2D u TpyGe C KOHH-
yeckuM 3BeHOM, 8 — be=D; [— GuicTpo-
TOK; 2 — cy®enue; J — Tpy6a: 4 —upu-

Ma3Ka; § — KOHHYeCcKoe 3BEHO
e
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Puc. 5.4. Conpsi)keRHsi TpaneleHIaJbHBIX GHICTPOTOKOB WIHPHHON mo AHY boay C kpyr-
c JuMH TpyGamn guamerpoM D npu:
a — b6(au)=2D n Tpy6e Ges koumuuecKoro 3speHa; 6 — bomm)=2D W Tpy6e ¢ KOHHYECKHM 33€HOM;
& — boau)y=D; &— b6(amy=0,42D; I — OBHICTPOTOK; 2 — cyXeHHe; J — Tpyba; 4 — NpHMAa3KH; & — Ko-
HHYECKO€ 3BEeHO e

yeckoro npeikka. [las 3toro Ha Bxoje B TpyOy YCTPaHBAIOT BOAONPHEMHbLIH KO-
nopel (puc. 5.2, ). M3 Kosnoana notok H3jaHBaeTcs B Tpyby, Kak B paBHHHHBIX
YCJIOBHSIX, UTO OGecleyHBaeT CyleCTBEHHOe CHHXKEHHe CKopocTeii.

B psize ciryyaeB NpH COOTBETCTBYIOUIEH KOHPUIYPALlHH MECTHOCTH CHHIKEHHe
cKopocteil B TpyOe o0ecneyHBAIOT IOCPEACTBOM YCTpoHcTBa maxTHoro c6Gpoca
(puc. 5.2, 2). Bona 3zecy nonajaer cHayaja B KOJOJEN-UIAaXTy, a OTTYAA B TPY-
6y, YJIOXKEHHYIO C MaJIbiM YKJIOHOM H paboTalolllyio noaHbiM ceueHneM. [1pu 3Tom
CKOPOCTH B HeH CYIIeCTBEHHO HHXKe, YeM B ObICTPOTOKeE.

DneMenThl CONPsKEHHH MOAXOAHBIX YCTPOHCTB (GHICTPOTOKOB H CYXeHHit) B
KOCOTOPHBIX YC/JIOBHAX (TNPH 3HAYHTEJIbHBIX YKJIOHAX MECTHOCTH) MpPEACTAB/IEHbI
Ha puc. 5.3 u 5.4.

B KOCOrOpHBIX YC/IOBHAX NMPHMEHSIOT TakKiKe MeTa/JIHYecKHe roppHpoBaH-
Hble TpyObl. OJHAKO MO YCJOBHAM MPOUHOCTH YKAAAKY HX AONYCKAKOT C YKJIO-
ramu He Gosee 0,03. I[Tpu 661bIIKX YKIOHAX JIOTA HX YKIa/JBIBAIOT HA NOACHINIKE
co ¢6pocOM NOTOKA HA YKPelJIeHHble OTKOChl HACHINH, B JIOTKH HJIH C OTGpach-
BAHHWEM CTPYH OT NOJOIIBB HACHIIH C NOMOIbI0 KOHCOJIBHHIX COPOCOB.

KoHconbHbIH cOpOC NPHMEHSIIOT He TOJNBKO B ro)pHPOBAHHLIX TPYOax, HO H
B JPYTHX THNAaX KOCOrOpHBIX TPYO. B psje ciyyaeB oH couertaercsi ¢ pacceHBalo-
LUMH TPAMIJIHHAMH, NO3BOJISIOIHMH CYLIECTBEHHO PacIiMpHTh GYPHBIH NOTOK
H Te€M CaMbIM CHH3HTb YJe/IbHble PacXo/isl ero.
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CONPSYKEHHSA MOAXOAHBIX YCTPOHCTB C TPYBAMH

5.3. Banrefimum (HakTopoM, ONpPEAeNsIONHM NPONYCKHYI cnocoBHOCTH
TpyG H pexuMbl IPOTEKaHHsA BOJAbI B HHX, SABJSETCH XapaKTep CONMpPSKEeHHA HX C
NOAXOAHBIMH YCTPOMCTBAMH, B 3HAUHTENBHON CTENEHH 3aBHCALIHH OT pesbeda
MECTHOCTH.

H3BecTHO BA OCHOBHBIX THIIAa CONPSXKEHHsI: BBOJ B COOPYXEHHEe CTIOKOHO-
ro MoToKa ¥ BBOJ B HEro NOTOKa B GypHOM cocTosHHH. [lepBbifi cnyuait conpsixe-
HHUS HOCHT Ha3BaHWe DABHMHHOIO, TaK KaK OH B OCHOBHOM XapaKTepeH AJf paB-
HHHHBIX COOPYXKeHHH, YJIO0MKEHHbIX ¢ MAJbIMH YKJIOHAMH, Y4TO OObIY4HO COOTBET-
CTByeT MaJjibiM yKioHaM OeiToBoro jiora i, <0,02. IlpimepoM Takux coopyxe-
HHH MOMET CJYKHThL Tpy6a, MpeicTaBjeHHas Ha pHc. 5.2, a.

Bropoit cnyuait o6blYHO HMEET MECTO B NEpPecevyeHHol MecTHOCTH NPH 3Ha-
YUTENLHBIX YKJIOHaX GbiTOBOro Jora i, > 0,02 (B pane cayuaes i, = 0,3=-0,5
u Gosee). [Tpu 3TOM A5t COXpaHeHHst OYPHOTO COCTOSIHHS NIOTOKA HA BXOJE B TPY-
6y ycTpauBawT CHeLWalbHble YCTPoHCTBA, 06BIUHO GbicTpoTOKH. [IpH whpuue
6bICTpOTOKa, Gosipluedl oTBepcTHA TPYOHl (HanGonee yacThlii cayyai), Mexay
BBICTPOTOKOM H TPYOoii yeTpauBaloT, cyxeHusi. [Ipumep Takoro coopyxenus, Ha-
3BIBAEMOTO KOCOTOPHBIM, MpejcTaBjeH HA pHc. 5.2, 6. Tuapasinueckue pacue-
Thl GHICTPOTOKOB H CYXKeHHH H3JIOXKeHb B V1. 4. |

Tonorpaguyeckue ycJIOBHS, XapaKTepHble /sl Hallefi CTPaHbl, ONpejesH-
JIH H pacrpocTpaHeHHOCTh YKa3aHHBIX BHAOB coopyxenui. Haubosbluee pac-
npocrpaHenue (80—85%) UMelOT paBHHHHple TPYGbl. OGBLIYHO MX YKJIa/biBAIOT
€ YKJIOHAMH, OJIM3KHMH K KPHTHYECKHM [, WJIH C YKJIOHOM, COOTBETCTBYIO-
MM CKATHIM ray6unam i, (cM. npuaoxkenne 1.2). Xapaxrtep conpsikenus
CKa3bIBAGTCH M HA MPONYCKHOH CHOCOBHOCTH coopyxeHusi: Goblieli mpomnyc-
KHOH CNocoGHOCTBIO 06/aJdi0T COOPYKEHHA, B KOTOPbi€ NOTOK BBOAHTCH B Oyp-

* HOM COCTOSH [ToaToMy BBOJ CTIOKOHHOTO MOTOKA B KOCOTOPHYIO TpyOy Hexe-

JlaTelleH, Tak KaK 3TO NPHBOAHT K CHHMKEHHIO ee MPONYCKHOH cnocoGHOCTH.

Jlns KocoropHbix TPyG XapaKTepHbl BBICOKHE CKOPOCTH KaK B Tpy6e, Tak
Ha BbIXOJE M3 Hee, KOTOpPhIe OrPAHHYMBAIOT NOJTHOE HCIO/Ib30BAHHE NPONYCKHOK
CTIOCOGHOCTH, B CBSA3H ¢ YeM NMPHMEHSIOT H HHblE BXOJAHbIE YCJIOBHS KOCOPOPHbIX
Tpy6: HCNONB30BAHHE BOJONPHEMHBIX KOJOALEB Ha BXOJe (cM. pHe. 5.2, 8), maxT-
Hbie cOpockl (eM. puc. 5.2, ¢) u T. n. ['napapauvyeckye pacyeTbl NOAXOAHBIX YCT-
POHCTB NpHBOASTCA B TJ. 4. :

F[ponycxﬂan CNOCOBHOCTH TPYO 3ABHCHT TaKXKe OT PEXKHMOB IPOTEKAHHA.

CylLIeCTBYeT TPH OCHOBHBIX pEMHMA [POTeKaHHs:

1) 6esHanopHbIfl, KOrja BXOJHOE CeYeHHe He 3aTOIJIEHO H Ha BCeM NpPOoTs-
JKEeHHH TPYOBI OTOK HMeeT CBOGOAHYIO NOBEPXHOCTS (pHe. 5.5);

2) mosyHanopHelii, KOTAa BXOJHOE CeyeHHe 3aTOMJeHo, T. €. Ha BXOJe Tpy-
6a paGoTaeT MOJIHBLIM CEYEHHEM, a4 HA OCTAJTbHOM MPOTSXKEHHUH NOTOK MMeeT CBO-
Gonnyo noeepxHocth (puc. 5.6, a);

Prc. 5.5. Cxema nporekanHs Boibl 8 TpyGe npu GesHanopHOM pexhMe
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Pue. 5.6. CXeMH TpOTeKawHs BOAB B TpyOe NpH NOJIYHANOPHOM (a) ¥ wanopuom (6)
pexHMax

»
.

3) HanopHBIfi, KOrJla BXOJHOE ceyeHHe Tpy6hI 3aTOMIEHO H Ha Goabiuel cBoeit
yacTH Tpy6a paGoTaeT NMOJHbLIM ceuelneM (PHC. 5.6, 6).

KpoMe TOro, BO3MOXKHBI IPOMEKYTOUHbIE PEXHMBI, HAPUMED HACTHUHO Ha-
NnopHHIH, Korja Tpy6a paboTaer NoJIHbLIM CeueHHeM JIHIIbL Ha HACTH CBOEH JJIHHbI.
Bo3HHKHOBEHHE TeX WIH HHBIX PEXHMOB 3aBHCHT OT BH/Ia NOJXOHBIX YCTPOHCTB,
BXOJIHBIX OTOJIOBKOB M YKJOHOB TPY0, WX IIEPOXOBATOCTH, PACXOAOB BOILI B
Tpybax H T. M. :

YunthiBas CpaBHHTEJNbHO Y3KHI JHANasoH yC/0BHH rujipaBjinueckoi pabo-
Thi PABHHHHBIX TPYG M 3HAYHTE/bHOE BHUMaHHE, KOTOPOE YACNHIH eMy HCCIeL0-
BATE/IH KaK B SKCNEPHMEHTAALHOM, TaK H B TEOPETHUECKOM MJiaHE, STOT Kijacc
CceopyKeHHil H3yUeH AOCTATOUHO MOJHO, B TOM YHCAE B OTHOLIEHHH PEKHMOB TpO-
TeKaHHA. :

[ujipaBinueckue pacueThl STHX COOPYIKEHHH M3JIOKEHbl HHXNE B OTAe/b-
HOH pyOpHKe.

HecMoTpsi Ha TO, UTO B KOCOTOPHBIX TPY6aX BO3MONHbI T€ XK€ PEXHMbI T1PO-
TEKAHHSA, UX CAELYeT PACCMOTPeTh 0coG0 H3-32 MHOTO0Gpa3Hs YCJIOBHH, BJIHSIO-
X HA WX BOSHHKHOBEHHE.

O6bIYHO K BXOLHOMY OTBEpPCTHIO TPYObl MOTOK NOAXOJHT B GypPHOM COCTOSI-
yuH. PeXuMB NPOTEKaHHA BOABI B TpyGe 3aBHCAT OT YCJIOBHit cONPAMEHHS NO1-
XOZHBIX YCTPOHCTB ¢ TpyOoOii:

HA/MHYHS GbICTPOTOKA, COOTHOLIEHHS €ro LUHPHHLI H OTBEpCTHA TpyOhl;

HaJHYMS CYKEeHHH, BOAONPHEMHBIX KOJOALEB, a TAKKe YKJIOHOB H LIepo-
XOBATOCTH TPYObl, OBICTPOTOKA W CYXKEHHS.

PaccMoTpHM BHauaje C/ydad GesHanopHOro pexuma NpoTeKaHus B Tpy-
6ax. Y

[Ipu mupHHEe NOAXOAHOTO GHICTPOTOKA, paBHO# OTBepCTHIO TPYObI, B KPyT
70#i TPpyGe JOJKHBEI ObITh YCTPOEHB ClelHabHbIe HAaNpAB/AOIIHE (npumasKy).
[ToTOK BXOAMT B TPYGY H IPOTEKAET B Heil B GYPHOM COCTOSIHHH. [1pu 3ToM ray-

_ GuHA BOJBl HA BCEM IPOTSAXKEHHH BOJONPONYCKHOTO TPaKTa MEHbIUE BbICOTHI
TpyOHI.

[Ipy wHpHHE MOAXOAHOro GhICTPOTOKA GoJblieli, uem oTBepcTHe TPYOBl H

| mamuums cyeHusi Ha BXOJE B Hee MOTOK MOXET NOCTyNathb B TpyOy Kak B Oyp-

- {IOM COCTOSIHHH — B TOM cayuae nepej Tpy6oil BO3HHKaeT Benaeck (puc. 5.7, a),
raK H B CIIOKORHOM — B Cyuae BO3HHKHOBEHHS Tepejl TpYGOH ruApaB/iHyecko-

\, ro mpeiXKa (pHC. 5.7,.6).

[ B noc/ieiHeM ciyyae BTeKanHe BoAbl B TPYOY NPOHCXOAUT, KAK B paBHHH-
HEX TpyGax. Takoll xapakTep BTeKaHHs BOABI B Tpy6y BO3MOMKEH TAKXKe NpH:

a) MaJblX YK/JOHaX NMOAXORHOTO JIOra;

6) MpH HesIBHO BHIPAXKEHHOM JIOTe H OTCYTCTBHH MOAXOJHBIX GLICTPOTOKOB;

B) HaJHUYMH BOAONPHEMHBIX KOJOALEB.
Hekotopuie MOJH(MKAUHH KPHBOMH cBOGONHOH MNOBEPXHOCTH BO3HHKAIOT

npH BBOje GYpHOrO NOTOKA B TPYOY, HO NPH HAJIMYHK NepesoMa Ha BXOAE B Hee
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Piuc. 5.7. CxemMbl NpoTeKaHHsA BOAB B KOCOrOPHHX TpyOax

(pa3Hble YKJOHLI OBICTPOTOKA M TPYObl) MJIM, YTO SKBHBAJIEHTHO ykasannouy
cJiy4al, NnpH MoBbllIeHHOH wepoxoBaTocTH B Tpy6Ge (puc. 5.7, 8). Ilpu 3tom 3a
BCIIJIECKOM MPOHCXOAHT CHHXKEeHHe r.nyﬁml, 4 JlaJilee BO3HHKAeT KpHBasi noanopa,
a Ha BBHIXOJle KpHBas CJIHBA. :

[Toxoxasi KapTHHa HMEeT MEeCTO INpH HaJuyuH TNepeaoMa B. TpyGe
(puc. 5.7, o). ’

Bo Bcex paccmoTpeHHBIX Bbille caydasx (cM. puc. 5.7, a—e) rny6uHa Ha
Bxofie B TpyOy h,, W HOpMasbHasi Ty6HHA B TpYGe ObiIH MeHbLle BHICOTBI TPY-
6u1, 4TO oGecrneyuBaeT Ge3HANOPHBIH PeXHM NpoTeKauus. B ciyuae satonaenus
BXola B TpyOy, YTO BO3MOXKHO NpPH h gz >h, (ans GypHOro NOTOKa cpeiHss
rJyGHHA ero Ha BXOJe C y4YeTOM BCI/IECKOB J0/KHA GbiTh GOJiblie BBICOTHI TPY-

_6bl) H HOpMaJIBHOH rJyOHHe, MeHblueil BHICOTH TPyObl, B TpyGe BO3HHKaer ro-

JIYHAMOPHbIA pexxuM nporekaHusa (puc. 5.7, ). OH NMONHOCTBIO aHANOrHYEH
Nnog0o6HOMY pexHMy B PaBHHHHBIX Tpy6ax.

B cayuae 3aTONJIEHHOrO BXOJla H HOPMaJbHOH TYGHHBI GOJbLUE BLICOTHI
TpY6bl (hy = h,) cpa3y 3a cxaThiM ceueHHeM BO3HHKaeT KpHBas noanopa. [Ipn
9TOM MPH CPABHHTEJIBHO «KOPOTKOI» TPYGe cBOGOIHASA . IOBEPXHOCTb HE JIOCTHTAeT
Bepxa TpyObl H B KOHILle 3apepllaercsi KpuBoH cauBa (puc. 5.7, e). B tpyGe
BO3HHKAeT NOJYHANOPHbIA PEXHM.

nﬂpu 3HAYHTEbHBIX YKJIOHAX TPYGbl cxkatas raybuHa e obpasyercs, u Ha
scefl IJMHe TPYOBl ycTanaB/aHBaeTcsi KpuBaa cnafa (puc. 5.7, ac).

ITpH 3HauuTesbHOH AJMHMHE TPYObl KpHBas MOANOpa MOCTHraeT LueJbirH
TPyOhl, H B TPyGe BOIHHKAET HANOPHBIH pexum (puc. 5.7, 3). Cyuan anajiorny-
Hbl€, H306pa)KeHHbIM Ha puc. 5.7, —3, MOryT BO3HHKHYTb M NpH nepejome
npoduast TpyOsl,
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PABHUHHDBIE BOAONPONYCKHBIE TPYEbI

Pexumbi npoTeKaHHus

5.4. Tuapas/iudecKHe pacyeThl PaBHHHHBIX TPYO BLINOJHSIOT B 3aBHCHMOC-
TH OT pEeXXHMOB HX paﬁorrb[.
BesnanopHbifi pexuM 1 KaHHS _COX HH

BXOJHOro ceyeHusi TpyOu, [IpH ero saronyieHHH NMPOHCXOIHT nepexoj oT 6es-
HanopHOro peXHMa K NOJYHANOPHOMY HJ/IH HanopHoMy. 3aTolieHHe BXOXHOro

orBepcTHsi TPyObl YCTAHABJHBAIOT 1O 3HAYyeHHAM mnapaMeTpa pacxopa [lg,
npuBefeHHbIM B Ta6)1. 5.1, 3navenns [lg onpejensior no Homorpammam (puc. 5.8
1 5.9). IIpH6IHAKEHHO MOXHO NPHHHMATDB, YTO 3aTOIVIEHHE MNPOHCXOAHT NpH
H/h, = 1,1 pns BCex THIOB OTOJIOBKOB, KPOM€ BOPOTHHKOBBLIX H KOPHIOPHHIX.
3aTongieHde BXOAa ¢ BOPOTHHKOBBIM OrOJIOBKOM npoHcXoauT npu H/h, = 1,2,
a ¢ KOpHAOpHHIM — npH H/h, = 1,3. TouHee MOMEHT 3aTon/eHHus AJsi TPy ¢
KOPHIOPHHIMH OTrOJIOBKAMH YCTAHABIHBAlOT N0 rayGHHe Ha BXole B TpyOy
(hgx, ns), COOTBETCTBYIOIIEH 3aTONJIEHHIO BXOAHOIO OTBEPCTHA TPYOHI fiyy, yy =
= h,, onpejensist hye, ns N0 Gopmyae (5.16).

[Mpu HanuuHH Ha BXoJe B Kpyraylo Tpy6y o6TeKaeMoro oro/ioBKa HJIH KOHH-
'YecKOro 3BeHa NMPH 3aTONJIEHHH BXOJHOrO ceueHHs B Tpybe ofpasyercs Hamop-
HBIA pEeMHM.

pyObl ¢ HeoGTeKaeMbIMH OFOJIOBKAMH NPH 3aTONJNEHHH BXOJAHOrO CeYeHHA
TpyO6hl 06BIYHO paGOTAIOT B MOJYHATIODHOM PEXXHME, XOTSl B HEKOTOPHIX CAyYasix
MoTyT paboTaTh B HanopHoM pexHMe. B npaKkTHYecKHX pacyerax TpyGhi c He-
06TeKaeMbIMH OFOJIOBKAMH C 3aTONJIEHHBIM BXOAHLIM CeYeHHeM MOXKHO paccuH-
THIBATH M0 MOJAYHANOPHOMY PEXHMY; NpPH (pakTHYecKoH 3apslike TPyObl pesyJib-
taT OyJieT MoJiyyeH ¢ HEKOTOPBIM 3a[acoM.

Insi yTouHeHHA BO3MOMKHOCTH 3apfAAKH TPy6 PEKOMEHAYeTCH HCNOJb30-
BaTh CJEAYIOILYI0 METOAHKY. .

1. IpH iy << iy u hy << h, onpeneasiot i, (B NpeAnooKeHHH NOJYHANOP-
HOTO peXHMa) H LJIHHY KpHBOH momnopa [, (cM. ra. 2) mexnay ray6uiamu h,

Ta6bnuma 5.1

Sanoane- 3unaveHue napamerpa pacxoaa Tpyé
g HEe BXOA- NPH THNAX BXOAHBX OTOJOBKOB
nog,e‘;;g::oro M&uyna HOTO ceve- = =
T | e T A e B Ve ) pemvn
- - 2= | sg | 2081 <2 | 53T ay=
A o8 | A%¥F| 28 |2& L ag=0°| %p= P .
83 |29¢| g% |5 =Boe | =30y
[pamo- Q 0,833 — |0,420f — |0,565|0,570-| 0,580, 0,525
yroJbHas b 1,0 — [0,560) — ]0,588)0,620| 0,665 0,645
heby' g3h3b
Kpyraas Q 0,75 | 0,275/0,275| — |0,400]|0,300| 0,305/ 0,300
ot (0,390
D*}V gD 1,0 |0,415/0,440| — |0,460|0,475 o,49g 0,475
* |(0,600)
OBOH1ab- Q 0,75 — (0,325( 0,545/ * — — | 0,350 o
s [ ————| Lo | — |0455/ 0608 — | — |0j485 —
DaV 8D,
Mpumewauwusn '|l. [as xaxaoro THma TPyG np 1y Tphi ANR  pHCYETHOrO
(nepBas cTpoKa) 0 pas_CTpoKa)
2. B cKOGK&X mpHBefeHbl 3HaueHus //Q AAs TPYO ¢ KOHHYECKHM 3BEHOM Ha BXOJe.
3. Mpr BouHcheHnd Jlg AAS NPAMOYroAbHMX TpyG € NOBk MH 3 HA BXOJle BMECTO Bhi-

coTh TPYOsl hy caelyeT NOACTABAATL BHCOTY MOPHIEHHOrO 38eHA €3 BXOJE B COOpYKEHHe AMr(ex).
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Puc. 58. Homorpamma ana onpenesienuss GespasMepHOro napamerpa pacxofa AJas Kpyr-

awx 1py6  [l,= ———
" pay/gD
Puc. 5.9. Homorpamma ans onpenesenss — Ge3apasMepHBIX MapaMeTpoB pacxosa

! = ITE. g
1, (nns Bxopma) H Q TR Vo (a5 BHIXOA@) Ads

heby/ “g¥hED
NpAMOYrONbHHX Tpy6

" hy. Ecan gauuna tpy6nt Ly << Ly + gy + Loz, TO B TpyGe BO3HHKAeT YCTOM-
YHBbIH MOJYHANOPHBIH PeXUM; eclH XKe Iy > [y + lgg + lcn, TO OyAeT Hamop-
HBIfi PEXXHM C MeCTHBIM OTJe/IeHHeM CTPYH OT NaTo/IKa TPpyGhl B ee KOHLe.
MoxHno npunuMath Iy, =~ 1,4h, u [ 2= 1,3h,, a h, onpenensats U3 Buipa-
XKEeHHs :

h H
h" =0,037 —=—0,573 py +-0,182, (5.1)
T ’  J

rAe i — KospHuEeHT pacXxona NPH NOJyHanopHoM pexuMe (cM. Taba. 5.2).

Hanop H onpeleisiioT B NPeiNOJOXKEHHH NOJYHANOPHOro pexuma. Bui-
paxenne (5.1) nonyyend s NPAMOYroibHbIX TPYO; A KPYrJbX H OBOHAA/b-
HBIX BMECTO ,—'5 HPHHHMAIOT s

T O

2. Ilpn iy << iy ¥ hy = hi onpefensitor JTHHY KPHBOH rnoanopa I, Kak pac-

cTosiHHe Mexay ray6unamu h, u hy. Tlpu I < Iy + Iy + I, ; Gyler noayHa-

* Jlns KPYT/JBIX H OBOHAAJbHBIX TPYG STOT CAy4al HEBOSMOMEH.
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Tyyacmox I yyacmax il yvacmox
Puc. 5.10. CxemMa npoTeKaHHA BoAH B Puc. 5.11." Cxema npoTekaHus BOaH 1o
< JIIHHHOA> TpyGe Tpy6e, 3aTONJIeHHON ¢ HHXHero Obeda

NOpHBIH pexuM, a npH I, > lx + Iy + lon — HanopHwiil (6e3 mecTHOro ote-
JIEHHs1 CTPYH OT rnoToJiKka TpyGHI). )

3. Tlpu iy > ix BBIUMCIAIOT AJMHY KPHBOiH noanopa [, Mexay riyGHHaMHu
he u hy. [pubauxkento npuuuMaot [y, = 1,4h;; h, — u3 Bupaxenus (5.1),

[1pu BuiGope pexcuMa pabGoThl TPYObl c/elyeT yuHTHIBaTb, 4TO HauGoJjee
Gesonaced GeaHanopHuifi pexHM c obecneyeHHEM BO3BbILIEHHS BhICLIEH TOYKH
BHYTpeHHeHl NoBepXHOCTH TPYObl HaJ MOBEDPXHOCTHIO corjacHo n. .24
CHuIT 2.05.03-84, npu KOTOPOM BO3MOXXHO TpONJIbiBaHHE yepe3 TpyOy HeKpyIi-
HbiX npenmeros. [Ipu 3aronsienuy EXONHOrO ceueHHs uepe3 TpyOy NPOXOIHT
Go/bLUHH pacXoi, HO IIPH 3TOM BO3HHKAIOT [OMOJHHTENbHbIE TPYAHOCTH B 3KC-
niyataudi coopyxenuii. Hanbosnee onaced nepexo] or no/iyHarnopHoro K Ha-
NOPHOMY PE€XXHMY H HEYCTOMYHBBIA HANOpHBbI PEXHM, NpPH KOTOPHIX B Tpybe
BO3HHKAeT NepeMeHHoe JaBjieHHe KaK 6oJibliee, TaK H MeHblliee aTMochepHOro,
B atom cayuae BO3MOXKHO npocayHBaHHe BOJbl Yepe3 IUBbl H TPELIMHBI C Toc/e-
LYIOUIHM TTPOHHKHOBEHHEM FPYHTa HACHIH BHYTPb TpyGul. IIpn paGorte Tpy6ui
¢ 3aTOMNEHHBIM BXOAOM JOJMHbI ObITh O6ecreyeHa BOAOHENPOHHLAEMOCTb CThi-
KOB 3BEHBEB H GJIOKOB, OTCYTCTBHE CKBO3HBIX TPELIHH, a TaKXKe yCTOMYMBOCTb
HACBHINK NPOTHB BO3JEHCTBHA MOANOPA BOABI H ee (UIBTPAlHH uyepe3d TeJO
HACBINH,

5.5. Ilpu Ge3nanopHOM M MOJIYHANIOPHOM PeXHMAaX MPOTEKAHHA (MO ycno-
BUAM PabOTHl NOPOXKHBIX BOIOMPONYCKHHIX TPYG) OCHOBHBIM FAIBJIAETCH CJyuail,
KOr/la CKaToe ceyeHHe He 3aTONJIeHO H MPONYCKHAs CNOCOGHOCTD 3aBHCHT TOABKO
OT yc/I0BHit BXOAHOrO yyacTka TpyObl (10 ceyeHHsi, B KOTOPOM CMOKOHHBIH TOTOK

_NMepexoiHT B GypHBIH).

Korzaa cxatoe ceueHHe 3aTONJIEHO, NPONYCKHAsA CNOCOOHOCTb TPY6bI CHHMA-
ercsi. 3aTONJIeHHe CXKATOTO CeYEHHs! MOXET ObITh BHI3BAHO BJIHSAHHEM CONPOTHB-
JIEHHs MO JIHHE TPYOBl NPH OTHOCHTE/IbHO GOJIBLIOH ee A/HHE H MAJOM YKJOHe
(puc. 5.10), noBBIIEHHOM IEPOXOBATOCTLIO H/IH 3aTOMN/IEHHEM C HHXKHero Gbeda
(puc. 5.11). g

B 3aBHCHMOCTH OT BJAMAHHA AMHHBI TPYObl HAa NPONYCKHYIO CNOCOGHOCTB
)a3/1HYAIOT «KOPOTKHEY H WINHHHBEIEY TPYOBI. Y «KOpPOTKHX» TPy6 cxartoe ce-

HHE He 3aTOMJIeHO, H.061an JVIHHA HX He OKa3biBAET BJAMSHHA Ha IPONYCKHYIO
cnoco6HOCTb. B «IMHHBIX» TPY6aX CKaToe ceueHHe 3aTONJIEHO, H Ha MPOTSKe-
HHH BCeHl JIHHBI TPYObl COXPAHAETCHA CNOKOHHBIH NOTOK, BCJAGACTBHE YETO CO-
POTHBJIEHHS MO JUIHHE TPYObl BJIHAIOT Ha MPONYCKHYIO CNIOCOGHOCTD.

TIpenesibHasi JVIMHA «KOPOTKHX» TPYO [y 0pH ir.2x 0 Ans GeTOHHBIX TPYO
¢ OOBIYHOH (HE MNOBLILIEHHON) LIEPOXOBATOCTHIO MOMET ObIThb ONpejiesieHa 1o
3MIHPHYECKHM 3aBHCHMOCTAM: P

I' P 0 G v 3
;" =135 Y/m? (0,385 —m)? + 1,39 V' m%; (5.2)
0

* IOas kpyraeiX H OBOMAANALHBIX TPYG NpH iy > iy TEOPETHYECKH Hanophas paGora
HEBOSMOXKHA, HO H3-34 peakolt AehopMaUKH noToKa, ocobesHo npy Goabwnx H/h;, Takne
Tpy6H MOrYT SapsKaThCA. »

13

"Lh" =107 1’/(5.ﬁ§—m)=+1,|. (5.3)
K

rae Ho — Hamop nepex Tpy6oii C yUeTOM CKOPOCTHOTO Hanopa; o6LYHO NIPH pacyere AOPOXK-
HEIX BOAOMPONYCKHBIX COOPYKEHHH CKOPOCTHBLIM HaNopoM MpeHeOperaioT H npH-
uumawT Ho = H; ;
m — Ko3(dHUHEHT pacxold, ompejeisieMulii. mo Taba. 5.2;
hy — KpHTHueckas ray6GuHa B TpyGe. .
ITpu yKnoHax TpyGbl, GNH3KHUX K KPHTHYECKOMY, 3HaueHHA [y, HalileHHble
no dopmy.iam (5.2) u (5.3), yseanunsaior Ha 30%.
Tpu iy > iy TpyGbl 1000 NNHHBI ABIAIOTCA «KOPOTKHMHY.

T

] -
Ilns onpenesneHus % MOXHO M0/1b30BAThCH IPadHKOM, NPHBEAEHHBIM Ha
o

pHc. 5.12. ;
© B ofuwem cinyuae npejenbHas NJHHA ¢KOPOTKOH» prpu (cMm. puc. 5.5)

lop=1lax+lo+len. (5.4)
JIIMHY BXOAHOrO yYacTKa [y M y4yacTKa C/HBa [, MOMHO ONpeleNHThb Mo

sMnupuyeckuM dopmyaam 1311
Jlns Bcex OroJIoBKOB, KPOMe BOPOTHHKOBOTO,

——‘;{‘ = (203i:+7,2) 10,385 —m CREE (5.5)
']
HIH
%3‘- = (315i,+12) /0,385 —m. (5.6)
H
JI17 BOPOTHHKOBOTO OTO/OBKaA
Ipx ) Inx ( iy ) @ 7
Vet == — —0,375 |cig . .7
(Hn sop Hg Hy S @)
HIH ’
lax ) lax ( hy )
R =—= —|— —0,632)clga, 5.8
( B Joop B\ g 59

rie ¢ — yrol HaKMoHa OTKOCA HACHMNH K TOPH3OHTY.

3HaueHHs ;7’3 H i’—‘ onpeseasioT o GopMyIaM (5_.'5) u (5.6);
o K 2
den a1y, (5.9)
Fiye
JlauHYy cpeaHero ywactka [, ompene-

Iop [T | NS0T KaK ATHHY KPHBOH MOANOpa Mexay
Hy T e : rayGunamMu b, ¥ iy (oM. T 2).
S5 [ny6uny B cxkatom ceueHun h, npu
NSl T ir & 0° MOXHO onpefeNsTh N0 TpadHKy,
10 ~Te | npeacraBleHHoMy Ha puc. 5.20, HaH 1O
1 N || dopuyre
]
[ N
M hc 2 0,385—"1
: =L (5.10
. i NN Hy 3 1,062—2,%m (B-40)
0,30 071 37 037 0,34 0,55 0,96 0,37 .
i e [pu ir >0
Puc. 5.12. T'paduk 3aBHCHMOCTH " A |
e (Bt ool oo (14570 ) 00
H“ -f(’ﬂ) i .Hn i:—D* Hn =0 T Ho ; ( ) )
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Puc. 5.13. Cxema mpoTeKahHs BoOAH no TpyOe, moaTOnaeHwofi ¢ HHKHero G6beda, ¢ Hesa-
TONJIEHHBIM CIKATHM CeYeHHEeM

ITpubamxKenHO A8 KPYTAbiX TPYO MOMHO NPHHHMATh NPH MJIABHBEIX (pac-
I
TPYOHBIX) BXOAHMX OTo/IOBKaX p* =< 1,65, npn HenniaBmbIx —i—;’—‘ = 1,9.
° ]
Mo BauAHHIO TJ1yOHHBL BOAB B HHXKHeM Gbede TPyObl IeJIAT Ha «3aTonJeH-
HEle» ¢ HHXHero 6beda H «He3aTONJIEHHbIEY.

3atonaeHHbIMH ¢ HIXKHero Opeda cuntalot Tpy6sl (cM. puc. 5.11), paboraio-
1He B yCJIOBHSX, IPH KOTOPHIX YPOBEHb HHXKHEro Obeda BJAHSAET Ha IPONYCKHYIO
cnocoGHOCTh TPYOHI BC/EACTBHE 3aTONJIEHHSA CKATOrO CeUEHHHA; B IPOTHBHOM CJIY-
yae TpyObl CUHTAIOTCS HE3ATONJIEHHLIMH C HHXKHEro 6beda (puc. 5.13). 3aronuen-
HbIMH OyAyT Takde TpyGbl, Ha BCeX yyacTKaxX KOTOPHIX — yuacTke BXoja I,
cpeaneM yuactke II M yuacTke conpsikennst ¢ HHXKHHM Obeom IIT (cm.
puc. 5.11) — Gy/jer CrOKOHHBIH PEXHM, T. €. KPHTePHH 3aTonieHus Tpy6bl co-
OTBETCTBYET TAKOMY TOPH3OHTY BOAbI B HHXHeM Obede, IPH KOTOPOM MPOHCXO-
IHT cMeHa GypHOro pexuma B Tpybe CMOKOHHBLIM.

Jlns tpy6 ¢ oObIuHOH (HE NOBBINIEHHOH) ILEPOXOBATOCTBIO € YKJIOHAMH
ir < iy H A5 TPY6 C YKJIOHaMH iy >> iy NMPH HeOGO/BIIHX OTHOCHTE/IBHBIX HX
Jiunax nopsaka | < (8--15)H MoxHO NPHOIHXKEHHO NMOJIB30BATECSH CIELYIOULH-
MU KPHTEPHSMH 3aTOMJIEHHS , TIONYYeHHBIMH Ha OCHOBaHHH 3KcnepumenTos [31]:

trg =(1,2+1,95) hy wan hgg > (0,75--0,77) H, (5.12)

rae hyg — rAyGHHA BOJB B HHXKHeM Obede Hal HHKHEH TOYKOR AHA TPYGB B BLIXOJHOM Ce-
YeHHH. =

B ofuiem cayyae paccMaTpPHBAIOT JBa clyuyas.

1. [Tpu «xopotkux» (6e3 noaronsenus) Tpy6ax, a Takxe Tpy6ax ¢ yKIOHOM
iy = iy 3aTONJIEHHe TPYObl HAUHHAETCA TOrJa, Koria ray6HHa B CKaTOM CeueHHH
h., Gonpuie rayGuHel he, conpsikenHoi ¢ h,. [Ipu 3ToMm «3aTonsioumyio» ray-
6uHy HiKHero 6beda h, onpelensior B CaeyrouieM nopsaKe: HaXoAaT AJst JaH-
HBIX YCJIOBHH BXofa cxaryio raybuHy he (cm. npunoxenne 2.7); Ansi pasHbIX
h o onpegensitor Ha yyactke II1 ray6unet (cm. puc. 5.11) no ypaBHenuio Hepas-
HOMEpHOTO ABHXeHHs (CM. T/, 2); 3aTeM TaKiKe CTPOSIT KPHBYIO CBOGOAHOH mno-
BepXHOCTH Ha cpeiteM yuactke [ w onpenensor riyGuHst iy, 3Havenne by, npu
KoTopoM h., = hg, siBAAeTCA KpHTEDHEM ee 3aTONJIeHHs .

2. Ecau npu OTCYTCTBHH NOATONJIEHHS Tpyba pabGoTaeT Kak «JIHHHAAY,
TO AR 3aTonJieHHsA TaKoil TpyObl HeoGX0AHMO, 4TOOBI HA y4yacTKe CJTHBA B KOHIE
TpyObl NOTOK HAXOJHJCH B CMOKOHHOM cocTosiHHH. B 3ToM cayyae B coortserct-
Bylouieii 3aBucumocti (5.20), ceAsbiBatolled AadA. ydactka 111 Beanunnnt Q, b,
H hyg, TPHHAMAIOT Ay = h.

[Tpu GObLIHX 3HaYeHHsX h g, YEM NOJY4YEHHbIE W3 ITOTO ypaBHeHHs, TPy-
6a Gyaer 3aToNJeHHOH.

= LT

BesHanopHble «KOPOTKHE» He3aTOMJeHHbie TPYGbi

5.6. I'mnpaBixyeckde pacyeTsl TPYO 3aKJIOYAIOTCA B ONpEEJEHHH 110 H3-
BECTHOMY pacXOoAy TOANepTofl rIy6HHBI BOAKL Nepel TpyGoii, 10 KOTOpoil npose-
pAOT BO3BLILIEHHE GPOBKH 3eMJISHOrO NMoOJIOTHa, HJH pacxojia Io H3BECTHOH noja-
neproil NyGHHe, CTeNeHH 3aTonJeHHs TPyOul NpH 6e3HANOPHOM pexKHMe IpoTe-

| KAHHsI MOTOKA H CKOPOCTH HA BHIXOZE H3 TPYO 1/ Ha3HaueHHsl YKPeIJIeHHS .

Ta6anuma 52
THApaBAHYECKHE XapAaKTePHCTHKH TPYG NDH THNAaX BXOAHHX OroJOBKAX
Do
nonle?;:u- Pact:;d'l;uue S PacTPyOHEX ¢
HOro KO3 M~ Ge > nopradb- -
R L Aoskon i K- e ag=0s | ay=10° | ap—z0° | @ =20+
[psmo- m 0,310 0,325 0,340 0,315 0,36 0,36 0,35
yronbHas| &g 0,86 0,74 0,83 0,74 0,76 0,78 0,81
B 0,63 0,62 0,61 9,58 0,61 0,64 0,68
Kpyraas m 0,31 0,31 0,32 0,31 0,33 0,33 0,33
(0,35) | -
en 0,66 0,79 0,79 0,75 10,79 0,79 0,79
o 0,56 0,65 0,58 0,62 0,66 0,69 0,70 |
OBoOH- 8n — 0,63 0,69 T - —_ 0,63 —
nanbHas [T —_ 0,60 0,58 — — 0,61 R
n PHMEUAHHIA 1. B cKoORax naso Sﬂlqeﬂle. m AnR prﬁ C KOHHYECKHM 3BEHOM Ha BXOJe,

2. 3HaueHWA m AR NPAMOYIOABHMIX TPYG C PacTPyGHMMH OrOMOBKAMH COOTBETCTBYKOT — YCJHOBHAM

“h < 0,85 nmpn @ - 10° u h_ < | opH 65 =20°. B ocTajbHeX cayuasx m CHeAYeT OMpefensTh no
T T 5

H L H
QopuysiaM: npH &y ==10° m =0,36—0,12 (r—ﬂ.s&) H TpH llp=20° m=0,36—0,12 (r—l.o).
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Puc. 5.14 Ipaduk pin onpefeieHHs cpeAnefl IWHPHHBL NOTOKZ B CEYSHHH C KPHTHYECKOH
ray0HHOf B Tpy6ax HENPAMOYIOMHHOrO CeuerHs
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Puc. 5.15. Homorpamma an1s onpejie/ieHus MPONYycKHON cnocoGHOCTH KPYrHX Tpy6
Pacxon Boawl, nponyckaemeifi Ge3HanopHO# «KOPOTKOi» Heno,u;'mnneuuoa

Tpyb6oii,
VagH3/?,

rae m — kosddHUHEHT pacxofld NpH COBepLIEHHOM CKATHH no-roxa Ha onne NpHHUMae-
Ml no Tabn. 5.2%;

®
by = h—: — CpeAHAs MIHPHHA TNOTOKA B CeYeHHH C KpHTHYeckolt ray6uuoit; pas npa-

MOYTOAbHbHX TPYG by = b; AN KPYrAuX H OBORAANBHHX by onpereasior no
rpaduky, npHBeleHHOMY Ha puc. 5.14.

B rta6a. 5.2 npuBejeHbl 3HaYeHHA m ANA yKJAoHA TpyOw i, = 0,01. Ilpu
ykJoue, orsinudoM ot 0,01, ans 6onee TouHoro pacueTa anauenHs m clellyer yBe-
JIHUHBATE NPH ix >0 Ol HJIM YMeHbaTh npk i, << 0,01 ra 2% Ha xaxayio 0,01
YKJIOHA.

* Jlns oBOMAaJbHBIX TPYG 3HayeHHe KoSGGHUHEHTA Pacxofa NPHHHUMAIOT, KaK AAR

NpsMOYroJbHBIX TPYO, ¢ yMeHbiueHHeM Ha 3 %; Ans TPy6 ¢ NOPTalbHEIMK OrO/IOBKaMH Gea
KOHYcOB K0o(QHUHEHT pacxola ymeHbuwawT Ha 2 %.
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Ilisi YNpoUIeHHs PACYETOB MPONYCKHOH CNOCOOHOCTH KPYIJBIX, TNPSIMO-
YrOJIbHBIX H OBOHJA/JbHBLIX HE3aTONJEHHBX KOPOTKHX TPY6 ¢ OroJloBKaMH oc-
HOBHBIX THIOB NpPH GE3HANOPHOM H MOJYHANOPHOM peXxHMaX pPeKOMeHAyercs
NoNb30BaThCsA. HOMOTpaMMaMH Ha puc. 5.14, 5,15, 5.16, nocTpoeHHBIMH mo
dopmynam (5.15)—(5.17), u 3HaueHHAM pacqe'mux KO3(HLHEHTOB, TNpHBe-
JEHHBIM B Ta6J, ;

Homorpamma mm onpellesieHHs NPONYCKHOH CNOCOGHOCTH TPYG € OBOM-
Na/bHBIM NonepeyHbM cevyeHneM (puc. 5.17), Tak ke Kak M rpaguk Ha pHc. 5.14,
nocrpoeta Mjisi Tpy6, y KOTOpLIX MONepeyHoe ceyeHHe OYepueHo MO 3JJHINCY,
npuueM MJIOMWAAL nonepeuHoro ceyeHuss w, = 0,75h,b. Tlpu onpepenenuu npo-
ﬂyCKHOH CrnocoGHOCTH 10 HOMOrpamMMmam, eCJiH pE}KHM l'IpDTEKﬂHHﬁ NMOTOKa B
TpyGe 3apaHee He W3BeCTeH, OTCYET CHayana GepyT no wkane Q ans GesHamnop-
HOTO pe)mma

* Ecan ans Beex Tlmon OrOJIOBKOB, KPOME BOPOTHHKOBOIO H KOPHIOPHOTO,
H
nosyuaercs 3Haqeune g 1, 1 a 7S BOPOTHHKOBHX OTOJIOBKOB 7~ < 1,20

H L1 KOPHAOPHBIX OrOJIOBKOB fT < 1,30, To pexxum Gesnanopusiii. Eciiu noay-
T
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Puc. 5.16. HomorpaMma AJs onpejefieHHss NPONYCKHOH CMOCOGHOCTH NPAMOYIONbHHX TPYG
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Puc. 5.17. Homorpamma njs OnpeneneHHs MPOMYCKHOH CNOCOGHOCTH OBOHAAMBHHX TPYyG

H .
yaercs, 4To 0 60J/1bllIe ITHX FpaHHYHbLIX 3HAaY€HHH, TO BBHINOJHAIOT pacyeT Mo

mKane Q nas Trronynanopm;n*o pexHMa. L

B ToM cnyuae, ecim WIMPHHA pa3iHBA MPH MOAMEPTOM PACUETHOM YPOBHE
BbICOKHX BOJl MEHee IIeCTH OTBePCTHH TPyObl, HMEET MECTO HecOBeplIeHHOe CiKa-
THe NMOTOKa NPH BXoJe B TpyOy, H KosdxpullHeHT pacxona

.(0»385—’”'“6:1) @n
Q—20,

m=mraga+ ' (5.14)

rie mqya6n — 3HAYeHHe KosddHlUHeHTa pacxoia no Taba. 5.2;
@y — MJIOIaAb NOMepeyHOro CeYeHHs NOTOKa B TpyGe npH noanepTolt rayGuue;
Q — naomaas monepeYHOro CeYeHHs MOTOKAa B MOABOAAMIEM pycJhe.
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m Jlns onpenenedus m npH HecoBep-
" || LIEHHOM CXKaTHH MOXKHO MOJ1b30BAThCs
032 m"’"’.’-g:'m‘"'- rpadukoM Ha pHc. 5.18.
// ITpu onpenenenus ray6un BoAbl B
i / ] 0,330 +——{ XapaKTepHHIX CeYeHHsAX TPYGb HeoGXo-
0,34 // — 0340 T JMMO HMeTh B BHAY CJelylollee.
/ __,,-C 0,350 [lpu GeananopHoM pexuMe nepen
14 / m Tpy6Goii M B npefesax BXOAHOH HacTH
0,38 > I Tpy6bl HabmofaeTcs KpHBas crnaja ot
L~ noAnepToil ray6HHB 0 CHKATOro ceve-
038 Hug. Ckatoe ceuenue B 3aBHCHMOCTH
OT THNAa BXOZHOTO OrOJIOBKAa, MOMNepey-
015 20 I 4 G0 40g HOTO CEYEHHS M YKIOHA HAXOAHMTCH Ha
: ’ ' @, paccroauun (1,0-2,0)0H or Bxoja B
; TpyOy, a raybHHa B CKATOM CEYEHHH
Puc. 5.18. I'paduk 3aucHMOCTH KoJie6aercs B npefeaax (0,4--0,7)H.
=3 f( Q ) [lanee ycranaBauBaioT (opMy CBO-
B S 60/IHOM NOBEPXHOCTH B 3aBHCHMOCTH OT

YKJoHa TpyO6hi:
1) npu iy > i, 3

2

rae ig= 4 5.15
T GRy e
oT ‘cKaroii rayOuAbl He 40 ryOHHBl Ha BBIXOAE H3 TPYOBI Ay, pacroJioxeHa
nosorasi KpHBasi crnaja, MpH iy = i, 3@ CHATHIM CeYeHHeM YCTAaHaBJHBAeTCH
ray6uHa h; )

2) npu 0 <C i, < i, 3a cxKaThiM ceueHHeM raybHHa yBeJqH4HBaeTcsi (CM.
pHC. 5.5), aNpH iy = iy'3a CKATHIM ceyeHHeM B Tpy6e ycTaHaBiHBaeTcs KpPHTH-
yeckasi rayGHHA hy.

O6biuno A1t Tpy6 Ge3 NOBbILIEHHBIX 3BEHBEB HA BXOJE JHMHTHPYIOLUIUM [0
3aMOJIHEeHHIO SIB/AAETCA MX BXOAHoe ceueHue. [IpH ykJoHaX, GAH3KHX K HYJIO,
BO3MOMKEH cJyuail, NPH KOTOPOM JIHMHTHPYIOUHM [0 3aNOJHEHHIO MOKeT GbiTh

LT J) Andhy // -
28— — L e | aib ' . 1] 4
BT | L o o et 5
2. | | ,
3
a6p—— #— a6 7
ke L/
i SO G - aq4
/1
02 “ —wv-ﬂl— a2 / ‘
W : i B :
? Gz o+ af @8 0 4z 4« g5 0 2z 0 @
al kbR 47D /75 Vig

Puc. 5.19. Fpaduku a4 onpeneeHHs Myﬁmm BOAB Ha BXOAE B npaMoyroabHbe (a),
Kpyrasie (6) W oBoHAanbHbie (8) TPYGH NPH THNAX OrOJOBKOB:

| — nopranbioM; 2 — pacTpyOuom ¢ a@p=30 =~45° 3 — pacTpy6HoM ¢ @p=20°; 4 — pacTpyGuoM ¢ ap=

=10%; 5 — sopoTHHKOBOM ¢ Gp=0"; 6 — Ge3 orososka; 7 — pacTPyGHOM ¢ KOHHYECKHM 3BeHOM; & —

KOPH (rp A JHHHA X. pHSYeT pacyYeTHOe 3anofHeHWe TpyOw npH hr<C 3,0 ™)
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CeueHue 3a CXKATHIM ceverneM, ray6uny /o [ 609
/B KOTOPOM OMNpENeJsiloT TNOCTPOeHHeM #, U’B
'KpHBOH CBOOOJIHOH MOBEPXHOCTH B TPY- !
Ge (cMm. ra. 2). ) 0,6
[ny6uny BoAbl Ha BXOe B TPYOy 4,7
hgx onpemensior no rpapuKaM Ha ‘ 08
puc. 5.19, Haxonst napameTp pacxoja 05
o HoMorpamMmam Ha pwc. 5.8 nau 5.9.
I'padpukn Ha puc. 5.19 nocrpoens 0,5 -
Anst yknoHa i, = 0,01. B ananasone /
paBHHHHBIX Tpy6 (i < 0,020) npu /
iy = i, r1yOuHa Ha BXojle My, NpaKTH- . s
YeCcKM He 3aBHCHT OT YKJOHa, a TNpH Z
i == 0 npu Tex e mapaMeTpax pacxoja 0,4
hyy GoJiblle HA BeJHYHHY, NPHMEPHO a1 0,30 0,35 ’i’.»”gzﬁ

paBHywo 5% BHICOTH TPYObI.
B npsmoyronbHEX Tpy6ax ¢ mo- Puc. 5.20. Tpaduk saBHCHMOCTH

BbilIEHHBIMH 3BEHbAMH JIHMHTHPYIOLIHM he g

MOXeT ObITh CeyeHHe HAa BXOJe B HOp- T ( e )

masibHoe 3peHo. Cpeanioio rayGHHy B

3TOM CeYEeHHH NPH YCJOBHH, YTO OHO HAaXOJAHTCH MeXJy BXOAOM B TPY6y H

CXATHIM CeYeHHeM, OmnpeaeaoT no SMI'IPIPH‘ICCKOﬁ 3aBHCHMOCTH

- hpx s = figx — (hax —hc) l/l —(2%.4'93)2‘ (5.16)
BX

rae he — ray6HHa BOAb B CXKATOM CeYeHHH, PACMO/IOKEHHOM Ha PACCTOSHHH [o 2% 2h
((gr’xlu)clona B Tpy6y, onpefensemas no rpadpuky va puc. 5.20 HaH no dopmyne

Ina —;uitma' NOBHIIIEHHOTO 3BeHa TPYOH. .

ITpu onpefeneHuH cTeneHH 3anOJHEeHHs TPYOH 3a CHKATHIM CeUeHHEeM IJly-
6uHy 06BIYHO NPHHUMAIOT PAaBHOH KPHTHYECKOH riy6uHe h, Kak, HanpHMep,
B JIefiCTBYIOLIMX THNOBBIX MNpoeKkTaXx. B Tex caydasx, Korga yKJIOH TPyGbl i,
GoJibie KPHTHYECKOTO YKJIOHA, FAYOGHHA 3a CXKAThiM CeyeHHeM OyJeT MeHblue
hy, a npu yKJOHe, paBHOM i, [cm. dopmyay (5.15)], rny6una pasua h.. Ecau Ha
BXoZie B Tpy6y cliesaTh JAOCTATOYHO BbICOKHE H JIHHHBIE NOBHIILUEHHbIE 3BEHbA,
4TOGBI BXOJlHOE CeyeHHe He JIMHMHTHPOBAJIO NO 3aNOJHEeHHI0, TO MOMXHO YMeHb-
UIHTB BHICOTY OCTaJbHOM YacTH TPpyObl, Onpeje/sis NPH YKJOHE i, => i, cTeneHb
3anosiHeHus TpyOGhl 10 riy6une b << hy, a npu i, = i, — 1o ray6uue h,.

BeananopHbie </LIMHHBIE® K 3aTONJEHHBIE TPYObI

5.7. Hanop nepex KpyrJbIMH. «IJIHHHBIMH» TpyGamu H, ¢ o6biyHO# (ne
NMOBBILLIEHHOM) LIEPOXOBATOCTbIO NMPH YKJAOHAX, GIH3KHX K HYJ/IO, ONpeiessior

no gopmy.Je

Hyq H Iy H \2
—_— 40,005 ——20 1}
e (hw )(h) edn

rae H — nanop nepel aHaMOTHYHON «KOPOTKO#» TpyGoii.

B nepsoM npubaHKeHHH 3Ty (GOPMYJy MOXKHO NPHMEHSTb H AAfl TPY6
ApyrHMH (opMaMH rnonepeyHoro ceveHus. Bosee TouHO. «u/HHHBIE» TPYOGBI, a
TaKkxKe TPyGbl, MOATOMNJEHHble ¢ HHXHero Gbea, pPacCYHTHIBAIOT CJEAYIOMHM
o6pasom [311].

[ npeiBapHTe/lbHOTO HasHaYeHMA OTBEPCTHS NPH 3aJaHHOM pacxoje
TPY6Gy NPHOJAHKEHHO PACCYMTHIBAIOT KaK «KODOTKYIO», 4 3aTeM OTBEpPCTHs He-
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CKOJIBKO YBeMTHUHBAIOT H YKe KaK JIA «LJIHHHOH» TPYOBI ONpefiessioT ray6GHHy
hes B KOHIE yyacTKa BXofa. Jlasi 3Toro cTposT KpHBYIO CBOGOAHOMH NOBepXHOC-
TH Ha CPeJHEM YYacTKe TPYOl JIHHOM ey = Iy — lgx — lon, NpuHEMaA [, =
= h,. Ilpx 3TOM AJHHY y4acTKa BxoAa lyy NpHGIHKEHHO onpejensior Mo gop-
myaam (5.5), (5.6), (5.7) uan (5.8), a yuacTka cauBa — no gopmyie

Hon o1, 1—21ip+0,67 l/-"—_—"i . (5.18)
g iy by
Ecau B Tpy6e ycTaHAB/IHBAeTCs PaBHOMEpHbIH pexxuM, To l., He 3aBHCHT
oT AnHHBL TpyGs. [IpH GoNbIIOA OTHOCHTENABLHOH A/MHHe TPYOHl H YK/IoHaX 0 <
<< i, << iy 6e3 GOJpIIONA MOrPeLIHOCTH MOXKHO NpPHHHMATh Aq, = hy, rae hy —
ray6uHa paBHOMEpPHOTO JBHXeHHs B TpyOe.
[Tponyckas cnocoGHOCTb A

Q=maubx V22 HY?, (5.19)

rage op — Kos(pHUHEHT MOATON/NEHHSN, onpelensieMblli A5 MPAMOYroJbHbiX TPY6 mno rpa-
$uky, npuBefensomy Ha pHc. 5.21
h
Tak Kak o0 3aBHCHT OT ',-_f—" a H, Heu3BecTHO, TO 3ajlavy PellaloT NocJjeso-
0
BaTeJbHBIMH npubawxenusimu. [Ipu 3aganHoM H, 3aaauy Takxke pewiaioT mo-
c/IefloBATeNBbHBIMH NPHOIHKeRHAMH. B 3ToM cayuae npH H3BecTHOM (), 3anasa-
fich O 5, Mo dopmydte (5.19) onpenensior by, a 3aTeM NONEpPeUHoe ceYeHHe N0TOKA
B TpyGe [locse 3TOTO CTPOAT KPHBYIO CNajia, ONpe/esioT hey U npoBepsioT, CO-

OTBETCTBYeT M KosdHuHenT no rpaduky Ha puc. 5.21 (npx nosyyennom F?
NPHHATOMY B nepBoHaua/ibHoM pacyere. [Ipu HecoBnajeHHH STHX sHaueHHii ce-

" yeHHe TPYOBl H3MEHSIOT H pacyeT NOBTOPSIOT.

IMoaronsenne TPyOH ClIEAyeT PACCUHTBIBATb, PACCMaTPHBAsi COBMECTHO
yuactks I, IT u IT1 Tpy6mt (cm. puc. 5.11). [lnst yuactkos I u 11 coxpansior npu-
BelleHHbIe BhILe 3aBHCHMOCTH H YKa3aHHs, HO KPHBYIO CBOGOJHOM NOBEPXHOCTH
Ha cpennem yuactke I ctposit Mexay rayGunamu hy u by = hey > hy.

ILns Tpy6 npsAMOYroJIbHOTO CeYeHHs H MPAMOYTOJIbHOTO NONepeyHoro ceve-
HHS HHMKHero Gbeda aia yuacrka I1I nombayiores rpaduKamu Aasi onpefiesieHus

‘ nepenaja BOCCTAHOBJICHHS, NPHBEACHHBIMH
Ha puc. 5.22. [lepenaj BoccTaHOBNEHHS Z MO
&r \\ STHM rpabHKaM Onpefessior Aasi Tpex ciay-

yaeB COTIPSKEHHS ¢ HHXKHHM ObedoM: BHesal-
0,6 AN Horo (conpseHHe IVIOCKOCTBIO C YKJIOHOM
He nosoxe 1:2 WK KpHBONHMHERHOH NoBepx-

\ HOCTBIO CO CPeIHHM YKJOHOM He [0J0Xe

4,6 \ 1:1,5), OTHOCHTE/ILHO NJIABHOTO pPACLIHPEHHSA

(cootBeTcTBeHHO yKJOHB 1:4—1:5 u 1:3)
¥ BecbMa NJaBHOro  (yKJOHB nopsaka

0,4 1:6—1:7).
\ Jlnsi Tpy6 HenpsiMOyroJibHbIX [Momnepey-
HBIX CeueHHH Aasi npUGJIHIKEHHOro pacuera
‘ 24 hy = Ao, HCMIOJB3YIOT METOJ, pacyeTa nps-
J MOyroJbHbIX Tpy6. B nepsom npubimxkennuy
[ l UWIHPHHY SKBHBAJEHTHON NPSAMOYTOJIbHON TPY-
onr 08 0,9 Aey/fy 6Bl b NPHHHMAIOT paBHONH HAWGO/bILEH IIH-
pHHE HenpsiMOyroJibHOH TpyObl; NOTOM noJy-
Pac. 5.21, TpaduK 3aBHCHMOCTH  yepypie 3HAUeHHs Zz U h, YTOUHSIOT, NOACYH-
dn=f( fica ) ThiBasi @, = bh,, H N0 3HAYEHHI0 ®, HaXo-

4,2

H, AAT rAyGHHY HanosHeHHs h, a 3aTeM BO BTO-
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oz Lo \ Puc. 522. I'paduk nas  onpenejieHHs

\ nepenaja BOCCTAHOBJIEHHs Npu Mepexo-
N0 e, ¥ Je or TPYGW HJAH BOJOCAHBA K Ka-
79 \ Hany:
T k a —mpH pesKoM nepexofe; 06— mpH mnaas-
el N HOM CONPEXKeHHH; 0 — NPH BeCbMa MJAaBHOM
\ CONpAKEHHH;

o7

2,5 \\ i -ﬂ]— ot z e by hy
- " by : g hy 3 By hno
0 42 - Qb Gy OB LG

*

o " ;g
POM NPHOJHKEHHH LIHDHHY SKBUBAJEHTHON NpPAMOYroJibHOM TPYOH b' =7
moc/le 3TOTO NpH 3HaueHHH b’ onpenensorT 2z hy M Tak Jianee 0 COBMAJEHHHA

h = hy c HeO6XOAHMO#H TOUHOCTBIO.
[MoaTonaenuyio TpY6y PacCuMTBIBAIOT OT HHXHero Obeda K BepXHeMy. Pas-

MepaMu TPYObl NPeABAPHTENbHO 3ANAKOTCH.

Ec/H NpH 3alaHHOM PacXofie HaJo ONpeAeHTh NOANePTHii YPOBEHD MNepel
TpyGoit, TO cHauaia mo rpapukam Ha puc. 5.22 onpeneasior hon = Aa —2,
3aTeM CTPOAT KPHBYIO CNOCOOHOM NOBEPXHOCTH Ha JHHE [, (cM. pHC. 5.11) u
onpefensior ray6uny h,. Ilpu Mansix I/ H BARsIHHEM NOTepPb 10 AJHHE 1y MOXHO
npexe6peub, T. €. MPHHATb R, = Ry,

[Tocsie 31010 noaGopom no gopmyae (5.19) naxonat H. Ecau safan Hanop
H, a pacxon Q HeHsBecTeH, TO, BHIYHC/AAA P 3HAYEHHH Q, CTPOAT KPHBYIO Q=
= f(H) u no meii onpeje/sioT HCKoMoe @, cooTBeTCTBYIONlee 3alaHHOMY H.

MoayHanopubie TPyOb 4

5.8. Pacxoa nosyHanopHbix Tpy6

Q= PnWcoop V28 (Ho—enhs), (5.20)

rie |ig — Ko3pQHUHEHT pacXoAa, MPHHHMAaeMbli mo TaGi. 5.2;
&y — Ko3bdHIHEHT, onpeleiseMbfi no Taba. 5.2.

Jlsi NPAMOYTO/LHBIX-TPY6 ¢ NOBBILIEHHBIM 3BeHOM BMECTO A, MOACTABAAIOT
BBICOTY 3TOTO 3BeHa Ha BXOJIE B COOPYKEHHE Ax(gy)-
125
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B nuanasoHe yK/IOHOB «paBHHHHBIX» TPYO BJIHAHHE YKJIOHA TPYGbI HA npo-
NYCKHYI0 eOCOGHOCTb HE3HAYHTENLHO; NPH YBeJHYeHHH YKaoHa ot 0 1o 0,02 ko-
s(pHIHEHT pacXoia Bo3pacTaer 2o 3% . Manoe BausiHHE HA NPONYCKHYIO cnocoB-
HOCTb OKa3bIBAaeT H OTHOLIEHHE BBICOTHI A, K WHPHHE ) NpPSMOYTrOJIbHEIX TPYG;
npu HameHenuH h,/b or 1 no 2 ysesnuenne KosdpuunenTta pacxosa p, He npe-
Bbiiaer 3%. B Ta6n. 5.2 3nayeHHs W, NpHBENEHH IJA YKJOHA TPYOBl iy =
= 0,01 u h,/b = 1,5. . .

Hanoptbie TpyGbl

5.9. [Tponyckuyio CMOCOBHOCTH TpYO {IpH HE3aTONJIEHHOM CO CTOPOHBI HHIK-
Hero Gueda Beixone (b, << h,) paccyHTHIBAIOT N0 dopmyJe
£

7 -c b 13 Hr Q= nooop VI (ot iz ln—Tgha) (5.21)

rae py — kosdpHuHeHT pacxonaa, B ofmeM caydae onpefeasembift no dopmyae (5.22), a
aas K%yégmx GeTOHHBIX TPY6 C KOHHYECKHM 3BEHOM Ha BXOJe — 10 rpadHKy Ha
pPHC. 0.23; . ;

Ny K03 pHUHEHT, YYHTHBAIOUHA XapakTep pacnpexe/ieHHs AaBJeHHA B BHXOLHOM
ceyeHHH TPyOhl, NpHHHMaeMbifi paBHbiM 0,85

Koagpdunuent pacxona

T i
P = l/-—l'm i (5.22)

rie Lpx — KOI(DHIHEHT CONPOTHBAEHHS HA BXOJAe B COOPYXeHHE LMs Tpy6 Ge3 orofiogka
Lpx = 0,55; nas pacTpyGHbIX orosioBkos ¢ ap = 10 + 20° £, = 0,33; aas
pacTpyOHBIX ¢ KOHHYECKHM 3BeHOM [yx = 0,20;
Lna — KO3(QpHUHEHT CONPOTHBJEHHA HA TPeHHe no AJuHe; onpejeliseTca no Gpopmyne
(5.23) nam (5.24).

Jas tpy6 ¢ mo6biM NONEpeyYHbIM CeueHHeM

2gn® (ly—I
A I(Qf,'a =) : (5.23y

raé  n — Ko3pOHUHEHT WEPOXOBATOCTH, NPHHHMAeMEH no Tabi. 2.2; aaa oGuYHBIX Ge-
TOHHBIX TPyO Ge3 noBbileHHOH wepoxosartocTy n = 0,015;
R — ruapasanvecKHit paanyc; .
lgx &2 3,6h; — AJHHA BXOAHOrO yuacTKa TPYGhl, MOTEPH HA KOTOPOM YYHTHLIBAIOTCH KO-

appHLHEHTOM [py-

Hnsi kpyrasix Tpy6

Mon "\% I |
: ogn? (Ix—Igx)
b,800 \\ < Yt 0,15710”? : (5.94)
s

| ‘5&’,7 —0.85:
0,700 |—— \ \ > e

BN X Q=3,48pyD* VHyF 1l —0,85D. (5.25)
5 b |n=6,015 o e
a [ Zo @opmyna (5.24) npu [, = 3,6k,

| ‘ s OOBIUHBIX KpPyrJabix Tpy6 OGes no-
0,500 BhilLIeHHOH uiepoXxoBatocTH (n = 0,015)

20 40 60 80 lr paer

Pue. 523, I'papuxk ans onpeenenus W _' .
KPYIBX  GETOHHBX TpyS KOHHUECKHM Lan= ——-————0'028(1';“3'60) ; (5.26)
3BEHOM Ha BXoje ¥ D
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Ias kpyr/bix Tpy6 ¢ o6TeKaeMBIMH OTOJIOBKAMH HJH KOHHYECKHMH 3Be-
HBSIMH Ha BXOJe, NPHHATHIMH B THNOBHIX npoekTax (L, — 0,20),

, i
P‘-=‘/ 0,098 (I, —3,6D) " {6:47)
fio- S

[To. popmyae (5.27) nocrpoer rpaduk Ha.puc. 5.23. Tlpu satonensom co
CTOPOHBI HHXKHero 6ped)a BhIXOAHOM cedeHHH TPYGul (hy,g > h,) nponyckHyw
CIMOCOGHOCTb PACCUMTHIBAIOT MO (opmyJie

Q=pucoop V22 (Hotixls—hyg). (5.28)

rae hyg — ray6HHA B HHXKHeM Obede Hal HHKHEH Toukoit AHA TPYOB! B BHIXOAHOM CEYEHHH.

IMAXTHBIE BOLAOCEPOCHI

5.10. dna cospaHHsi nepeld AOPOTOH NPYJAOB H BOAOXPAHHJHIL, a TaKKke
cGpoca BOABI HAa KOCOTOPAX B KayecTBe BOAOMPONYCKHBIX COOPYXEHHH HCMOJb-
3YIOT WaxTHble BogocOpochl (pHe. 5.24).

Hanop nepen waxTHeIM BOJAOCGPOCOM ONpefeisiloT H3 YCJIOBHSA

Hu < Husc— p—Agn, C (5.29)

rie p — BHCOTA IIAXTH;
Agn — BO3BHIlIeHHe OPOBKH NOJOTHA H3A noaAnepThiM yposHeM; corsacio CHull

2.05.03-84 Agy = 0,6 M.

‘THApaB/IHYECKHil pacyeT WaxTHOro BOJ0COPOCa 3aKIII0YAETCs B ONPEeeHHH
JIHAMETPa WaXTsl i AHaMerpa TPyOLI, NPOJIOKEHHOH B HACHINH,

Pacuer BHINOJIHSIOT B c/elyIOlieM NopsiKe.

1. HasnauyaioT BHICOTY LIAXTHI p B 3aBHCHMOCTH OT TPeGOBaHHH K 00beMy H
ray6uHe npyAa W MecTHBIX ycsioBHi. OObuHO nMpHHHMAIOT p 10 4,5 M, ¢ Tem
yToGbl rJyGHHA NpyAa nepel MOJOTHOM JIOPOTH He mnpeBbillana 5 M.

2. OnpenensiloT AMAMeTp WAXThl H3 YPaBHEHHS PacXold WAXTHOTO BOJO-
cbpoca:

s e
3,14m 1/ 2g H3/?
rie m — koshdHIHeHT pacxoia, onpeaenseMuii no rpaguky na puc. 5.25.

Mpu pacuerax crpemsrtes K D /Hm >4. Jlas 3toro BHauajie 3amaiorcsa
m = 0,38 (uro coorBercTByeT D /H = 4) u onpenensior D . o noayuenno-
My aHauennto D ; onpenensior D J’HBI H, €CJIH HYXKHO, YTOUHSIOT 3HayeHue D

3. Onpe,ue.nmoT MJIOIA/b KHBOTO CeUYeHHA TPyOhl.

Q

D : (5.30)

Opm——, (5.31)

Ur

TIe Up — CKOPOCTh B TPyGe, KOTOPYIO OGHIYHO NMPHHHMAKOT (N0 YCAOBEAM NPOTEKAHHA B
HHXKHEM Gbepe) He Gosee 5—6 mic.

nyBE
2

Pue. 5.24. Cxema waxrHoro BojgocGpoca
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m Puc. 5.25. T'paduk ans onpeaeneHus

04 /],—4' kospdHunenta pacxoaa mLa)x'ruoro BO-
nocbpoca m=f( n )

a,3 /r s Hy

0,2 / :

a,1

0 28 40 60 80 10,0 12,0 1400/K

4. OnpezessioT YHCI0 OYKOB TPYOBl H Pa3Mepbl NONEPEYHOro CeYeHHs Kax-
noro oyka. [ljsi Kpyraelx Tpy6 AHaMeTp OHOro oyKa

D—l/ 4w, :
= o (5.32)

rae N — YHCIAO 0YKOB TPYOul, MPHHHMAaeMoe B 3aBHCHMOCTH OT MECTHBIX YCJIOBHH H N0 KOH-
CTPYKTHBHBIM COOGpaKeHHAM.

[lonyuenusie 3HaueHust D ‘OKpyrasor f0 GJAHKaHLIEro CTaHAapTHOT O 3Ha-
YeHHS H NPOBEPHAIOT CKOPOCTh B Tpybe, coctosuell H3 N OYKOB:
Q

i yi= o ) (5.33)
r

nD?
rae @r = 7~ N — CyMMapHas miomass ceyeHus Bcex TPYS.

5. [Ipu He3aTonJeHHOM BbIXOJe MOANOp nepex Tpy6Goi
. 0
H=T—"—""7"+0,850—ixly. (5.34)
2g py o

Kospuument pacxoma Tpy6H
1

I
V1+c“+l'ﬁ‘+;non

rpe  Lpx = 0,65 — K03ppHUHEHT CONPOTHBJEHHH BXOJa;
i— KO3(GOHIUHEHT TPeHH:A MO AJHHE, KOTOPbIA MOXKHO NMPHHHMATL paBHbIM 0 025
Cnop — KO3QQOHIUHEHT CONMPOTHBJIEHHS NOBOPOTA.

B .cBoio ouepenb

Py = . (5.35)

Oy

»

Cnfm=Cm( 1 )2. v -(5.36)

rae Lm — Ko3(pHIHEHT CONPOTHBJIEHHA BXOAa B wWaxTy paBuuit 0,59;
Wy — MJAomajibk *XHBOrO CeYeHHHA WAaXxThH.

‘HesartonsienHoe ucTeyeHHe B OTBOAsillee Pyc/o GYyJeT MMeTb MECTO B TOM
cayuae, ecaH ryOHHA BOABI B OTBOAAULEM pyche hys < h,.

Fay6udy BOAbl B LIAXTe CPAaBHHBAIOT C BBICOTOM wwaxThl p. Jlo/mxHo 6biTh
BeIAepKaHo ycaosue f < p. Ecau nonyyaercs H = p, To in6o yBeaHUHBaIOT
auamerp TpyGhl, JH60 NMPUHHMAIOT GOJbllee YHCIO OYKOB.

[Tpu 3aTon/ieHHOM BHLIXOAHOM Ce4YeHHH Hamop nepep Tpy6oii

Q!
H=——"—7 tlhgg—izls. (5.37)
2 pp0f - :

Ecan BxoaHoe oTBepcTHe LIAXThl 3aTONJIEHO, WIAXTHBIA so,uocﬁpoc paccuH-
THIBAIOT KaK Jl0Kep (CM. HHXKE) C Of(HHM NOBOPOTOM. .U,Jm 3toro B (popmyie (5.39)
BMecTO 2§ .0, C/IEAYET MOACTABAATH &gy

128



JIOKEPbBI .

5.11. liokepsl (pHc. 5.26) — TpyGbl B BbleMKaxX, KaK NPaBH/IO, ycTpaHBa-
10T Ha 3apery/JHPOBAHHBIX BOJOTOKAX (HanpHMep, OpPOCHTE/NbHBIX KaHadax), u
N03TOMY HX pacyeT CBOAHTCA K NMOAGOPY OTBEPCTHS TPYObI MO OXHOMY 3allaHHO-
My pacxofy. ;

Tpy6a mokepa Bceraa paGoTaeT IOJIHBIM CeYEHHeM, H, KaK NpaBHJO, ee
yCTpPaHBalOT Kpyrioi. B oTAenpHbIX clyyasX, Korja JIOKep, [OMHMO HOPMadb-
HOrO, MepHOJIHYeCKH MPOMYCKAeT NaBOJKOBbE PAacXO/bl, €ro MPOEKTHPYIOT H3
ABYX TPY6 ¢ APYCHBIM PAacroJIoKeHHeM, C TeM .4TOGhl BepXHAs Tpy6a paborana
TOJILKO N1PH NIOBLIMIEHHBIX (MaBOAKOBLIX) pacXoiax. B atom cayuae BepxHss 1py-
6a NO/MKHA HMeTb 3aTBOpP. [l/1fi BO3MOMKHOCTH OCMOTPA KOJOALEB HX AHAMETP
JoJIKeH ObiTh He MeHee | M.

[lpH oXHOBpeMEeHHOM MPOEKTHPOBAHHH MIOKEPA H OPOCHTENBHOTO KaHaja
MOMeT ObIThb pPAcCMOTPEH BAaPHAHT MOINOJIHHTEILHOrO MOHHXKEHHS BHIXOJA M3
JIOKepa C COOTBETCTBYIOIHM YBeJHYeHHeM IJyGHHBI KaHaja 3a AloKepoM (ans
BO3MOXKHOCTH yBenuueHHs AMH). :

HMcxoanbie NaHHble A2 pacueTa AloKepa:

1) pacxon Bogotoka @, m%c; 2) pasHOCTb B OTMETKaX JHa KaHala y BXOJ-
HOTO H BHIXOJHOrO KonoiueB mokepa AH = Hy — H,.. 3) AnuHa Jokepa
MeX1y Kosoauamu L, M.

IlioKep pacCUMTHIBAIOT, HCXOAA H3 CJAEAYIOMHX MONOMKEHHH:

Quiox = Quanana; AH ok = AHgagana:

npH 3ajaHHoM AH CKopocTk BO/Bl B JlOKepe

tmor=9 V22 AH, (5.38)
1

V tex+toues+ Haon+ 2

3nece = (5.39)

B pacueraXx MOMHO NPHHHMATh: A5 BXOAA C OCTPhIM PeGpoM Lyx = 0,5;
Caux = 13 Cuos = 1,1 (npu noeopore Ha 90°).
EC/H OKaXeTCsl, UTO Ugoy = Uxanana, AHAMET JOKepa

(5.40)

«

Puc. 526, Cxema miokepa
5 3ax 935 129

[ns coxXpaHenHs YCNOBHS Upgy > Uxamaza OKPYMIsioT D B MeHbuiyio
CTOPOHY, HO OTpeJeNAloT PH ITOM HOBOe 3HaueHHe

02 5
AH = 2;;: . (5.41)
Ecan vyy << Usawana, TO AHAMeTp TPyOBl YMEHBLIAIOT, H pacyeT MOBTO-
PAIOT.

ro®PHPOBAHHBIE TPYBbI

O6uiHe noJOXKeHHA

5.12. ToppupoBanHbie TPYOb OTIHYAIOTCA OT TEXHHYECKH TJIaAKHX Cy-
L[eCTBEHHO GoJIbleH [1IepOXOBaTOCThIO, YTO CBA3dHO C HAJNHYHEM HA BHYTpEHHed
HX noBepXHocTH rodpoB. B Hawel cTpaHe' NPHHATH CJAeAyIOLIHE THIO-
paaMepsl TOMPOB: Iropy Gropp = 130 X 32 MM Hn 150 X 50 MM, rae lpogp H
Qpopp — COOTBETCTBEHHO JUTHHA H BbICOTa rogpa.

lotdpupoBantbie TpyObl OGBIYHO HMEIOT TIi1aJKHe GETOHHLIE JIOTKH, pacno-
Jiaraembie Ha '/, niu '/, nepumerpa ux ceuenus. KospuuueHT wepoxosaTocT B
ITOM Cllydae fpgp, = 0,025, NP OTCYTCTBHH MIAAKHX JIOTKOB fpog, = 0,030.
3ra 0co6eHHOCTb NPHBOJHT K CYLIECTBEHHO GOMbIIHM KPHTHYECKHM YKJIOHAM rog-
PHPOBAHHBIX TPYO 10 CPABHEHHIO C TEXHHYECKH FJIAAKHMH, 3HAUEHHE KOTOPBIX
B rodpuHpoBaHHHX TpyOGax npH Ge3HanopHoM pexume jocturaer 0,02—0,03.
[ToatoMy st npelOTBpaleHHs CHHIKEHHS BOJONPONYCKHOA CNOCOGHOCTH YK-
JIOHBI TO(PPHPOBAHHBIX TPYO NOJKHBI GbITh HE MeHbIle yKa3aHHbIX 3HAYeHHH M,
B KpaiiHeM cayyae, He Menbiue 0,01:

B KaXIOM KOHKPeTHOM cJyyae MpeJBapHTeNbHO YCTAaHABJIHBAeTCA KPHTH-
YeCKMH YKJIOH COOPYXXEHHS [y, YYHTBIBA KOTOPbIH, a TAKXKe YKJIOH MECTHOCTH,
H43HAYalT YKJIOH TPyObl W3 YC/IOBHSA :

/

(1 : (5.42)

B cayuae HecoGmoaeHus ycaoBus (5.42) nponyckHasi cnocoGHOCTb TPYGHI
noHHXaercsi, npuueM npH i, > 0,01 3TuM MOXHO npenebpeus; npu i, << 0,01
peasibHasi MPONYyCKHas CMOCOGHOCTb COOPYXKEeHHs JIOJKHA YCTAHABJIHBAaTBCA B
COOTBETCTBHH C peKoMeHAaUHAMH nm. 5.5 n 5.7.

5.13. Ofuwuxe NMPHHUMIBI THAPABJIHYECKOTO pacuera ropHpoBaHHBIX TPYO
CYUIECTBEHHO He OTJMYAOTCS OT MPHHLHMOB, MOJOXEHHHX B OCHOBY pacuera
TeXHHYeCKH IIaKuX Tpy6; OTIHYHA 3aKJIOYAIOTCA JIHIIb B ONpeJle/leHHH KOHK-
PETHBIX THJPABIMYECKHX XaPAKTEPHCTHK, METOIHKA pacyera KOTOPHIX H3Jjara-
ercsi B Hacrosimed pyGpHKe.

5.14. B cBasu ¢ Tem uto rodpHpOBaHHbIE TPYOH MO YCIOBHAM NPOYHOCTH
YKIaAblBalOTCA ¢ yKAoHaMH [, < 0,03, 4TO NpakTHYECKH COOTBETCTBYeT PaBHHH-
HBIM YCJIOBHSIM, B HAcTosiuleii pyOpHKe H3jaraioTcs JIHIIb pacueThl paBHHHHBIX
rojppupoBanHbiXx TPY6. [IpH HEOOXOAMMOCTH pacyera KOCOTOPHBIX TPy6 cieny-
eT MoJe30BaThCd pekoMmeHAauuamH nn. 5.20—5.22 ¢ yuerom cneuunduku pac-
YeTa OTAeJbHBIX BEJHYHH NPHMEHHTENbHO K FOQpHPOBaHHLIM TPy6aM, majarae-
MBIM HHXe.

5.15. B HacTosiuieM NyHKTe TIPHBOAATCS pacyeThl «KOPOTKHX» B THApaB-
JIHYECKOM OTHOIUEHHH rodPHPOBAaHHBIX TPYO, NMOJA KOTOPHIMH TNOHHMAIOT COOPY-
KeHHs, QIS KOTOpIX cobiofaercs yciobHe (5.42). KpuTHueckn#t yKJIOH HaH-
GoJslee pacrnpocTpaHeHHHX OTBEPCTHH TPYO ¢ ITAJlKHMH JIOTKaMH AHamerpom 1,5
1 2,0 M HaXo#AT no rpaguKy Ha puc. 5.27 B QYHKIHH napamerpa pacxoja, on-
pefensiemoro no Homorpamme Ha puc. 5.8. Jlis oCTaNbHBIX OTBEPCTHH M NpH
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Puc. 527. Fpaduk ans onpeaeneHns KpH- Ty
THYECKOI'0 YKJOHA iy AJS KPYrabx rodps- 4
POBaHHHX Tpy6 c rJaJKHMH JIOTKaMH 409
(ﬂrl=0,025)-' 7 //
1 —npn D=1, m; 2— npu D=2,0 208 ™
HHBIX KO3(dHUHEeHTaX WWEePOXOBATOCTH 27Z

407
KPHTHYECKHH YKJOH L / /
406
tct l/ Drpag (_nrogp )2 /
K="k (rpad) D 0,025 /' 205 . /

(5.43) g A’
04 :

rae ix L(,I‘Dﬂd)) : |
H Dypag — COOTBETCTBEHHO KPHTHYECKHt /

YKJAOH W OHaMmerp Tpy6m, 00 7

npeAacTaBJeHHBI Ha rpaduke \

(cm. pmc. 5.27), sto Moxer  gg7 .

6urs D= 1,51 2,0 m; - —t o

fropp — GAKTHYUECKHA  KOSHUKEHT  pp | = | ; |-

LIePOXOBATOCTH FO(PHPOBAH- 97 o4 06 08 49 4550 = |

HOH TpyG6HI.

Ilpu iy << i, nonycTHMO C ilelE_OTQf nggﬁnumeuueu CYHTATh KKOPOTKHMHU»
TPYORI npu coGmofeHun kputepua L,/D < 20.

[1yGHHBEI HA BXOLE Moy (za) M TOANEPTHIE TIYGHHB H;, Mepel «ATHHHBIMHY
TPYGaMH MOXHO ONpejessiTh No (GOPMy/iaM, MONYUEHHEIM H3 AHAJOTMUHBIX 3a-
BHCHMOCTEH ISl TEXHHYECKH TJafKHX TPYG, C BBEAEHHEM B HUX KOPPeKTHBa /15
yuera NOBbIIEHHON IIEPOXOBATOCTH TOPPHPOBAHHBIX TPYO:

hax(M) hpx I h 2 n
— A0~ —BX 0,00 —_op|(-lBx_)" _firodp .

D D + 7( D )( D ) = (5.54)

“Hua' = H Iy H\? nop

—A e — 10,005 — —20 ) — ) —ToPp
e (1? )(D) L (5.45)

hex H

TAe 75— H 5 — COOTBETCTBEHHO OTHOCHTENbHasi ryGMHa Ha BXole B TPYGY H OTHOCHTEJb-

Has noAnepras ray6HHA /sl <KOPOTKHX» TPYy6, onpefiesiseMble COrJacHO
PeKOMeHaUHAM HACTOAWEH T/1aBhl, HIMOKEHHBIM B PYGpPHKe «PaBHHHHBIE
BOJONpONYCKHbE TPy6b» (nn. 5.4—5.9);

n=0,015 # fyo4p—KOIPOHUHEHTH WEPOXOBATOCTH COOTBETCTBEHHO AJIH TeXHHUECKH Tyial-
KHX H TO(pPHPOBAHHBX TpPYO. ‘

Pexumbl npoTekanns

5.16. B roppupoBaHHbIX TPy6aX BOIMOXKHBI T€ XK€ PEXWMBI NPOTEKAHHA,
YTO H B TEXHMYECKH IVIAJKHX Tpy6ax. B To xe Bpems oHM ornuuaiorcs Xapak-
TEPHOH O0COGEHHOCTBIO ~— CMOCOGHOCTBIO CPABHHTE/ILHO JIETKO «3apSKATBCSY,
T. €. IEPEXOAHTb K HanopHoMy pexxuMy. [IpHUeM B oT/iHYHe OT TeXHHUYECKH raaji-
KHX ro@pHpoBaHHbie TPYObl He TPeOYIOT A5 «3aPSAAKH» CNIELHaJbHBIX OFOJIOB- |
KOB.

[Ipn MpoYHX pABHBIX YCJIOBHAX NPONYCKHARA CNOCOGHOCTH HANOPHBIX py6
Goablue, ueM noayHanopHeix. OAHAKO Ha/MHuKe rodPOB MPHBOAUT K 3HAUHTED-
HOMY TIOBBIIIEHHIO IEPOXOBATOCTH TPYG, M C/1€0BATENBHO, K YBEIHUEHHIO M-
PABJTHYECKHX CONPOTHBAEHHH MO JJIHHE, CYLIECTBEHHO CHHKAIOLIHX TIPONYCKHYIO
CHOCOGHOCTD NpH HanopHoM pexume. ([Tpu GesHanopHOM M NoJyHanopHoM pe-
MHMax CONPOTHBNEHHE N0 LJHHE OKa3bIBAET BECbMa MaJloe BJIHSAHNE Ha NPOonycK-
HYIO CMOCOGHOCTD, TaK KaK OHO NPOSBJISETCS JHIb HAa CPABHUTENBHO KOPOTKOM
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BXO[HOM yyacTke ;o onpefesiouiero cedenusi.) [Tostomy B 3aBHCHMOCTH OT
MeCTHBIX yc/I0BHH rodpHpoBaHHbIe TPYObl MOTYT HMeTb NPONMYCKHYIO CIoco6-
HOCTb Kak GOJIbIIYIO, TAK H MEHBIIYIO, YeM aHaJOTHYHbIE IJajiKhe, paboTaloniue
B TIOJIYHANOPHOM PexHMe.

l'odppupoBanubie TpyObl palHOHA/IbHBL Ge3 OroJIOBKOB CO CPe3oM BepTHKa/b-
HBIM, M&PaJJeNbHO OTKOCY HACHITIH H THNA «KAMIOLIOH», 4 TAKXKE C PacTPYGHBIM
OTOJIOBKOM C YrioM pactpybHoctd a.p, = 20° (puc. 5.28). Crenyer oTMETHTS, uto
Or8/10BOK THIMA «KaTiOWOH», obecneyHBaloUHi «3apsiiKy» rodbpHPOBaHHBIX TPYO
NPH CPABHUTENBHO MAJLIX NOANEPThIX MIYOHHAX, B Hallell NpaKkTHKe HE NpHMe-
uaercsa. On wupoko pacnpocrpanen B CIIA. Ero negoctatok — HeycToHUHBHIH
HamMOPHBIA PEXHM MPH OTHOCHTE/NbHLIX MOANEpPThX raybuuax (H/h,), 6Gauakux
K eJHHHIE.

5.17. Be3snanopHbifi pex<HM INpoTeKanHs B rogpHpoBaHHBIX Tpybax, Tak
e KaK U B TEXHHYECKH IVIaJKHX, COXPaHAeTCH [0 NOJHOro 3aTol/IeHHs BXOA-

h

HOTO CeveHus, uTO Xxapaktepuayercs ycaoswem p™ < 1, rie D — anamerp
BXOJHOTO CeyeHHd, cUMTas NO BnaiHHaM rodpa (HaHMeHBIUHH AuaMmeTp).

BoamoxHocTh cymiecTBOBaHHS Ge3HANOPHOrO peHMa H 3anoJIHEHHe «KO-
POTKHX» TpyG Ha BXOJe ONnpelensior no rpaduKy Ha puc. 5.29, Ha KOTOPOM npH-

h

BejleHa 3aBHCHMOCTb OTHOCHTEJIbHOH ray0GHHBI Ha BXone B TpyGy D—"" oT napa-
Q__
D}/ gD
hHK Ha puc. 5.29 nosposisier TaKxkKe N0 3aJaHHOMY 3aNOJHEHHIO YCTAHOBHTH CO-
OTBETCTBYIOLUHH €My pacxoj.

[Tpu ’;—“ =1u [l = 1,35 B roppupoBaHHOi TPy6e BO3HHKAeT YCTOHUYH-

Bbifl HAMOPHBIH PEXKHM.

Metpa pacxona [lg = , onpenensieMoro mo rpaduky Ha puc. 5.8. I'pa-

2)

Frrrszizies. padiin

Puc. 5.28. Tunu rodppupobau-
HHX Tpy6:

a — Ge3 OrozoBKa CO CpesoM nep-

MeHAHKYAAPHO OCH TPYObl; 6 —

cO CpesoM mnapaniefbHO OTKOCY;

@ —c OrONOBKOM THMA <Kamio-

WOK®: 2 — € PAacTpyGHBIM Oro-
JI0BKOM
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Puc. 5.29. I'paduk aas onpeaejeHnsi rJyGHHB NOTOKAa HAa BXOoZe B IOQpHpOBaHHYio TPYGY:

1 —c oro. THNa <Ka ; 2 — Ges OroloBKa ¢ BEPTHKaJbHBIM cpesoM: 3 —c¢ pacTpyOHbim
OTroJIOBKOM (up—20) 4 — co cpe3oM MapaineNbHO OTKOCY HachiMH

[Tpu ’E% = 1 u [lp << 1,35 B roppHpoBaHHOH TpYyGe CO BCEMH THIAMH Oro-

JIOBKOB BO3MOX{€H NOJIYHANOPHbIA HJIH YAaCTHYHO HANOPHBIH pexuM. B atom cay-
yae pexuM NpOTeKaHHsd ONnpeelsioT B TaKoOH nocJieJOBaTeJIbHOCTH:.

1. BblyHCAAIOT NOANEpTY0 rAYOHRY nepea Tpy6ol H npH NMOJAYHanopHOM
pexume (cMm. 1. 5.8).

2. HaXolsiT OTHOCHTENbHYI0 PaHHYHYIO NOANEPTYIO ryGHHY NOTOKA g 5

COOTBETCTBYIOLLYIO BEPXHeil rpaHHle NOJYHAaNOPHOra peXxHMma (Haqa.ny BO3HHK-
HOBEHHS YaCTHYHO HANOPHOro pexuma), no dopmy.e

Hy He
e k(2 ) (5.46)

'l
rae (%- — OTHOCHTEJbHasi TPAHHYHAA NMOANEpTas rnyﬁm:a ans prﬁ 6e3 riajKHX JOTKOB,

onpenenneuaz"ﬁo rpaduKy Ha pHc. 5.30 B 3aBHCHMOCTH OT OTHOCHTEMbHON 1JIH-
HBl TPYOBI 'DI H ee YK/]OHa; '

Kg — Ko3ppuuHesT yBelHYeHHS OTHOCHTE/NbHOH TPAHHYHON NMOANEpPTOH rJyOGHHb!
B Tpy6ax C FJIaiKHMH JIOTKAMH.

B cBoo ouepelb

|
0,9 6M™40,1"°
rage & — nons, 3aHKMaemas roppHpOBAHHOH MOBEPXHOCTHIO B MONEPEYHOM CEYCHHH TPYGhi

(BCA MOBEPXHOCTb 3a BHIYETOM YACTH €e, 3aHHMAaeMOH I'VIAJKHM JIOTKOM, OTHECEeH-
Has Ko Bcell NOBePXHOCTH);

m — noxasareab crenens; npu 0,01 < iy, < 0,06 m= 5 Vi, xosppuument Ky
MOXHO T4KXKe Onpefe]HTh no rpapuky Ha puc. 5.31.

Kaz {5‘47)

- H .
3. CpaBHHBAIOT OTHOCHTe/IbHYIO MOANEPTYI) FY6HHY 75 C OTHOCHTEJBHO

5 i H, h
NOANEpPTOH IPAHHUYHOH TAYOHHOM —- M YCTAHABJMBAIOT PEXHMbI NPOTEKAHHS:
—H < —~—Hr 10y HANOPHBLH H —“H > —H" it
TpH — NOAYH s n —YaCTHYHO Hamo :
P D D = y p pikd p ] D D P HbIH;
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Puc. 5.30. T'padpuk ans onpejeseHHs OT- Puc. 531. T'paduk ans onpenenenuss Ko-
HOCHTEJIBHON rpaHHYHOl noAnepToi rayGH- - aduunenta Ky

Hbl Ans ro@pupoBaHHoi TpyOm Ges

rajKoro JiOTKa TMPH pasHHX ee YKIOHax

B tpy6ax c oroioBKaMH THIA «KalOLIOH» npn X > 1 u I1g << 0,645 Bo3-

HHKaeT TNOJYHANOPHLIH PeXHM, a npu * > 1 u flg = 0,645 — yacTnuuo Ha-
MOPHBLIH PeXHM.

OnpepeneHne nponycKHOH ¢nocoGHOCTH ropHpPoBaHHBIX TPYG

5.18. Iloanepreie FAy6HHLl Nepe 6e3HANOPHBLIME H NOJYHANOPHBIMH rOdpH-
POBaHHLIMH TPYGAMH ONpPEJESIOT IO TN Ke 3aBHCHMOCTSIM, 4TO H /s PaBHHH-
HBIX TeXHHUECKH IMIafKHX TPYO (cM. mn. 5.7 u 5.8) ¢ pacueTHbIMH KOS(pHIHEH-
TaMH, NPHBEJIEHHBIMH B Ta6a. 5.3.

[Toaneprule ray6HHBI nepel roppHPOBAHHBIMH TPYOaMH NpPH HANOPHOM pe-
HHMEe ONpellefisiloT MO 3aBHCHMOCTSIM, HCNOJb3YeMbIM A/ PaBHHHHBIX TpY6
(cM. m. 5.9), ‘¢ BHeceHHeM B HHMX psiia KOPPEKTHB.

B dopmyae (5.21) kosdduuneHt 1, npuHumart pashsim 0,5.

A\l

Ta6anma 53

PacuerHble KosdhduuHenTs
THN OFOJNIOBKa

m B - l [
Bes oronoska 0,33 0,56 0,63 0,70
Cpesannnii napajiieibHO — OTKOCY 0,33 0,52 0,59 1,10
HACHIIH ;
«Kamouon» 0,33 0,53 0,64 1,10
Pacrpy6unit 0,365 0,65 0,64 0,35
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KosgpuuuenT pacxofia npH HaNoOpHOM pexHMe
1

Br= g
V:.,x+a %Hm

rae A — Ko3(pHUHEHT THAPABIHYECKHX CONPOTHBJCHHH MO JJHHe (cM. ra. 2).
B cBoio ouepens i

8gn
A= le3 '

; (5.48)

D
rae R = T THApPABJIHYECKHH PAJHYC NPH NMOJHOM 3allOJIHEHHH TPYOh.

Koadpuuuent 1epoxoBaTocTt fpgg, 118 TPYG C NPHHATHIM B Halleil cTpaHe
roppoM NpH OTCYTCTBHH B Tpy6e MOKphITHA (F1aJKOro JIOTKA) COCTAB/AET OKOJIO
0,03; npu HaMMYKH JIOTKA, IOKPHIBaKOLLEro */,—'/; BHyTpeHHe# NoBepXHOCTH TPY-
6b1, — 0,025.

B ofuiem ciyyae npu riaakoMm JIOTKe, NOKphIBaloLeM Ji0o6Yl0 4YacTh Tnome-
peyHoro ceyeHHd TPyObl, KOIPPHLHEHT LIEPOXOBATOCTH

K12+ Krodplipopp )
frodp l/ X+ xrodp . s

rlle % HYropp — YACTH MOMEPEYHOrO CeueHHA TPYOhl, MOKPHITHE COOTBETCTBEHHO IVIAAKHM
JIOTKOM H TOQpPHPOBAHHON MOBEPXHOCTHIO; 2

nH ﬂpod)p — KOSMHHHEHTH MepOXOBATOCTH COOTBETCTBEHHO MVl TJAaAKOro JioTKa
(n = 0,015) n roppupoBanHoit nosepxHOCTH (popp = 0,03).

[Tpu pacnpocTpaHeHHOM B IpaKTHKe THIA IONEPEYHOro ceyeHHs rodpHpo-
BAHHOH TPYGBI C rJIAJKHM JIOTKOM Ha /g YACTH NepHMeTpa cedeHHs KOIDHIHEeHT
pacxo/a by MOXHO OMpeAeTHTh Mo rpaduky Ha puc. 5.32. -

[Ipu 3aton/eHnn BHIXOAA BMecTO 1) ,ft, B hopmyay (5.21) noacrapasior ray-
6HHY BOABI B HHxKHeM Obege.

[Toanepryio ray6uny nepea Tpy6amH NpH YacTHYHO HANOPHOM PEXKHME OI-
peneasior no dopmyae (5.21), npuxuMas 1, no rpapuky Ha puc. 5.33 B 3aBH-

Hy
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Puc. 5.32. I'padnk nas onpenefieHHs xosdduumenta pacxoma M, rodpupoBaHHHX TPYG6 ¢
TJIaJKHM JIOTKOM Ha 1/3 nepuMerpa nomepevyHoro ceueHHs TPyOu
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Puc. 5.33. I'padhux 3aBHCHMOCTH

w5

Puc. 5.34. Tpapuk aan  onpenenenus b

CHMOCTH OT napamerpa pacxoja. [Ipu sToM B KauecTBe pacyeTHONH AJHHBI TPYGbI
MpHHHUMAIOT -

L=l—1, (5.50)
rae [lo — paccrosiHHe OT KOHUA TpyGH Jlo cTBOpa, I'fie Tpy6a paGoTaeT NoJHBLIM CeYEHHEM;
ly OnMpeaeasioT no napaMer acxofla [T, = ——= ¢ noMmoubio rpadmka
» onpea p py pacxoga [T, R 1y pag
Ha puc. 5.34.
3aTeM NpPoBepAIOT BO3MOXKHOCTb COXPAHEHHS YACTHYHO HAMOPHOTO PeXHMa.

B prﬁax C OroJIOBKaMH BCeX THIIOB, KpOME THIA «KalOWOoH», YACTHYHO HaAIlop- :

HBL peXHUM coXpaHsercs npH cobmojeHHH ycaosua H = 1,4D. B nporusHOM
ciiyyae TpyGa «paspsiiKaercs», H B Hell BO3HHKAeT NOJYHaNOpHLIH pexum. [Tpu
3TOM MOANEPTYIO MIYGHHY onpeieasior no gopmyae (5.20).

B tpybax ¢ OroJOBKaM¥ TUMA ¢KATOLIOH» BO3MOMKEH epPeX0j YaCTHUHO Ha-
IOPHOro pexuMa B ero ocobyio ¢opmy. [lasi ycTaHOB/IeHHS BO3MOMKHOCTH CO-
XpaHeHHsl YacTHYHO HATIOPHOrO peXKHMa B 3TOM cJiyyae nmoinepryio raybuny H
cpaBHHBaIOT ¢ ray6unoil H', Boluuciasiemoll no dopmyse

' (- _9_
H ‘—(l-|-0,155 D'?Vg—D)D' (5.51)

[pu H > H' yacTUYHO HATIOPHbLIH PEIXHM cOXpaHsercs M JajbHeiliero ne-
pecuera nofneptoil ray6uus H, onpenensiemoit no dopmyae (5.20), ve Tpe-
Oyercs.

[lpu H << H' na6monaercs ocobas GopMa YaCTHYHO HANOPHOrO PEXHMa, W
B KAUecTBE HCKOMOH MOAMepToil ry1yGHHbl npHHHMalOT H',

J1.ns1 ofipejie/IeHHsI pacueTHOH MOANEepPTOH TYGHHBI Mepej Tpy6aMH ¢ OroJIOB-
KaMH BCEX THIIOB, KPOME THIA «KAMIOIIOH», CPAaBHHBAIOT MOANEPTYIO TAyGHHY H
¢ rpannyHoi H,, onpetensiemoii no dopmysne (5.46). Ilpu H > H, B KauectBe
pacuetHol rayGuHbl npuHumaior H, npu H << H, — ray6uny H.. lna tpy6 c
OrOJIOBKAMH THIA «KalIOUIOH» CPABHHBAIOT MOANEPTYIO IYOHHY, NPHHATYIO Bhl-
we B 11, 5.18 115 laJabHEAMHX pacueTos, ¢ noaneptoi ray6utoi H'', onpenense-

Moii no qopmyse (5.51) npu ,33 = 0,645. [Ipu H > H'' B KauecTBe pac-

yeTHOH riy6HHBl npuHkMaeT H, npn H < H'' — rny6uny H''.

s 6e30ro/oBouHbIX TPYG C TJIafKHMH JIOTKAMH, PachoJIOXKEHHbIMH Ha
1/ (uan Y/, napaMeTpa nOTEPEYHOTO CEYEHHST COOPYHKEHHS, B LEIAX YNPOLLEHHs
BBIUHC/IEHHH peKOMeHLyeTcsi NoJb30BaThCA rpadHKaMH, TpHBEIEHHBIMH Ha
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puc. 5.35 u 5.36. Ha rpadukax saBucuMoctH H = f(Q) npu yacTHuYHO Ha-
MOPHOM H HANOPHOM PEXHMax COOTBETCTBYIOT YKJOHY iy = 0,01. Ilpu unbix
YKJIOHaX B 3HaueHHsd /1 JJIfn yKasaHHBHIX PeXHMOB BBOJHTCH NONPABKa

AH =1y (iz—0,01).
[Toanepras rny6uHa B 3TOM CJyyae
) H=Hupag—AH, (5.52)
rae Hypag — noanepras rayGuua, onpejeasemas no rpapuxam Ha phc. 5.35 u 5.36.

3asucumoctd H = f(Q) AaHs Ha rpadHKax AIs PasHBIX MJIMH H OTBEPCTHIi
Tpy6. OHH mepeceyeHs! KPUBHIMH, COOTBETCTBYIOLIMMH Da3HUHBIM YRVIOHAM

Tpy6. Toukn mepeceyeHHsl HX COOTBETCTBYIOT MHHHMAJ/IbHBLIM PACXOJaM H NOJ- -

neproil ray6une H, npH KoTophiX Tpy6a, Y/NOMKeHHAsi C LaHHBLIM YKJIOHOM, pa-
Goraer B yacTHYHO HanmopHoM pexkume, IIpu MeHblIMX 3HayeHusx Q u H B TpyGe

Hym Q// /§ 74 s D 'y |
\i// 3 ‘/?’ﬁ ars
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Puc. 5.35. 3asncumoctn H=f(Q) ans tpyOul auamerpom D=1,5 M npu i»=0,01
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Puc. 5.36. 3apucumocts H=](Q) nus Tpy6u auamerpom D=2,0 m npu ir=0,01

HMeeT MecTO Ge3HANOPHbIH HJIH MOJYHANOPHLIA PeXHM INPOTeKaHHs, NMPH Ko-
TOpBIX NPONYCKHAs CNOCOGHOCTh TPYG He 3aBHCHT OT MX YKJIOHA.

Ha yxasanublx rpadukax sasucumoctd H = [(Q) ans nonyHanopHoro pe-
»uMa Buime KpuBoi i; = 0,01 n3o6paxkeHs! UITPHXOBOH JIHHMe.

[Nopanok nonb3oBanus rpapukom crelywownii. Ha rpaduke, coorteetct-
BYIOLIEM MPHHATOMY OTBEDCTHIO TPYOhl, HaXOAAT KpuBYylo H = [(Q) nns 3apau-
HOH AMHHBI TPYG6BI [;. Ha 310l KpuBOH 1O 3HAYEHHIO PACXOJA HAXOAAT NOANEp-
Tyt raybudy H. Hurtepnosupys KpHBbie, NepeceKalollhe 3aBHcHMocTH H =
= [(Q), HAXOAAT YKJIOH AJs KPHBOI, NPOXOAsilell Yepes TOUKY, COOTBETCTBYIO-
myw 3afaHHoMmy pacxofy (moaneproit raybune H). CpaBHuBas (aKTHUECKH
YKJIOH TPYOBl C YKJIOHOM YKa3aHHOH KPHBOH iy, YCTAHAB/IHBAIOT BO3MOXKHOCTH
BO3HHKHOBEHMS] YACTHUHO HANOPHOTO (HJH HaNOPHOTO) pexuma B TpyOe.

Tpu iy << i, B TpyGe BO3HMKAET YACTHYHO HAMOPHBIA (HANODHLI) pexKHUM,
npH I, > iy — NOJAYHaNOPHLIA. :

[Ipu yacTHYHO HANOpPHOM (HAMOPHOM) PeXxKHMe B TOJYYeHHOe 1o rpapuky
sHauenne My,.4 BBOART nonpasky AH cornacto gopmyse (5.52).
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CpaBHHBafl yCTaHOBJeHHOe 3HauenHe H c¢ 1,4D, onpefe/fiioT BO3MOXKHOCTD
CYIILeCTBOBAHHA YacTHYHO HanopHoro pexuma. [Ipuw H = 1,4D yacTHyHO Ha-
NOPHBIH PEXUM COXPAHSETCH, H NOJyYeHHoe 3HauenHe  NPHHHMAaeTcs K JAafib-
Hefwemy pacyery. [Ipn H < 1,4D Bo3HHKaer NoJiyHanopHeIH pexuMm, H H on-
pefensiior no 3asucumoctd H = [(Q) Ans NaHHOro pex<uMa TpyObl 3allaHHON
JJIHHBI.

B kauecTBe pacueTHOH moaneprto#i rayOHHbI nepea TpyGaMH, paGoTalOHMH
B YaCTHYHO HAMOPHOM peXuMe, TPHHHMAIOT GoJsibllee H3 3HaYeHHH H u H.,.

H, na rpajukax (cM, puc. 5.35 u 5.36) onpenensiior caeaylomuM o6pa3om:

HAXOJAT TOUKY NepeceyeHHsi 3aBHcHMOCTH H = [(Q) ans Tpy6hl 3ajaHHOMN
JVIHHBL C JIHHHEH 3alaHHOTO YKJIOHA (IPH OTCYTCTBHH Ha rpadHKe JIHHHH COOTBeT-
CTBYIOILEr0 YK/IOHA €e MOJIOXKEeHHE ONpPEee/sioT HHTepnoaslHed);

yepe3 NMOJYYEHHYIO TOYKY NMPOBOAAT JIHHHIO, Tapa/l/ie/IbHYIO OCH OPJHHAT, U
JIOBOJAT €€ JI0 NepecedeHtsi CO IUTPUXOBOH JIHHHEH. 1151 TPYObl 3aanHOH K-
Hbl; OpJHHATA 3TOA TOYKH M OYIeT MCKOMOH rpaHHuyHoN ray6uHo# H,.

[Tpu nonyHanopHoM pexume MOANEPTYIO MYGHHY ONpeNensioT HenoCpeacT-
BeHHO 10 3aBHcuMocTH H = f(Q) s AanHoro pexxuma (Ha rpalbm(ax OHa H30-
GpaeHa INTPHXOBOH JIHHHeH).

MHorooukoBbie H MHOrOSIpyCHbIE O PHPOBAHHBIE TPYOHI

5.19. IMponycknyio cnoco6HOCTh roGPHPOBAHHBIX MHOTOOUKOBBIX H MHOTO-
SIPYCHBIX TPYO TpPH YCJAOBHH M3 Pas[BHXKH Ha BeqHuHHY He menee 0,25D on-
pefieIAloT KaK CyMMY OT/eJIbHO paGoTaloluX OHOOYKOBBIX TPY6.

Pacuer MHOroo4ykoBbiX TPYO aHAJOrHYeH pacyeTy OJHOOYKOBHIX, IPH ITOM

pacxoll Kaxaofl Tpy6bl npuHHMalOT Q, = oo» TAe np — YHCTIO TpYy6.

k2

Muorosipycuble Tpy6ul (puc. 5.37) uenecoobpa3Ho ycTpauBath (es OroJios-
Ka. Pacyer MHOrosipycHelX Tpy6 HayHHAIOT C ONpe/eNeHHs NONNEPTOH r1yGHHbI
neped TpyGoH B NMPENO/IONEHHH, UTO BECh PACXO/ MPOXOJAHT yeped TPyOhl HHK-
Hero sipyca. [lis 3TOro Bech pacxoj AeNAT HA UHCJO TPYG HHMKHEro apyca W
NPOH3BOAAT pacyeT OTAEJAbHOA TPYOB COr/IacHO peKOMeHAAlHsAM AJs OAHOOY-
KOBBIX TPY0, H3/IOEeHHbIM Bbillle. YCTAHOBHB MOANEPTYIO IMyGHHY TlepeA Tpy-
Goil, ee CPaBHHBAIOT C PACCTOSHHEM MEX1Y JOTKaMH TPYG 1epBOro u BTOPOTo
sipycoB. Ec/iH oHa MeHblue YKa3aHHOTO paccTOSHHA, BTOPOi sipyc He pabotaer,
H pacyer Ha 3TOM 3aKaHYHBAIOT, NPHHHMAas B KayecTBe HCKOMOM HOJIY‘IEHHyIO
NOANEPTYIO IMyGHHY.

B mporuBHOM cayyae pacuer MpoAOMKAIOT, 1S YETO CTPOAT sanncumocm
H = f(Q) B Takoii noc/ienoBaTeJbHOCTH,

1. 3apalor psax pacxolos B TpyGax BEPXHEro sipyca H AJsl Kax/J0ro H3 HHX
onpeneJadarT nojanepThie Tﬂyﬁl{l{hl, NOJMb3YACH peKOMEHAAUHAMH Ans OJAHOOY-
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KoBbIX Tpy6. [Ipu 3TOM pacxox omenwou prﬁu ONPEIENSIOT NyTeM JeJieHHs
oblero pacxoia Ha uHCIO TPYG 1.

2. YcTaHaBIHBAIOT MNOANEPTHIE YPOBHH Mepel MHOrosipycHod TpyGoH npu
MPOTyCKe KaX/Oro H3 3aJaHHbIX PAacXO/OB nyTeM NPHOABIEHHS K OTMETKe JOT-
Ka Tpy6 BepXHero sipyca COOTBETCTBYIOUIHX MOANEPTHIX INTYGHH.

3. Onpeensiior noaneprsle TAYOHHBI nepel TpyOaMH BceX HHepacro-
JIOYEHHBIX SIPYCOB, BBIYHTAS. M3 OTMETOK TMOANMEPTHIX YPOBHel ANfl KaxIOro H3
3a/laHHbIX PACXOJOB, MPOMYCKaeMbiXx TPyGaMH BepXHero sipyca, OTMeTKH HX
JIOTKOB.

4. 'YeraHaBIHBAIOT PeXHMbI NIPOTEKaHHs B Tpybax KaxJoro H3 sipycos,

onpeie/isifi OTHOCHTE/bHbIE MO/lepThie IMYGHHb Mepel HHMH g NPH Nponycke

3a/laHHBIX PACXOOB B TPYGax BepXHEro fpyca H CPaBHHBAs HX C OTHOCHTEJb-
HBLIMH TPAHHYHBIMH HANOPAMH, KOTOpble BBIYHC/SAIOTCS COTJIACHO PeKOMEHAallH-
M 75 OAHOOYKOBBIX TPYO.

[Tpu %< % B Tpy6ax AaHHOro sipyca BO3HHKAeT MOJIYHaNOPHBIH DPeXHM,

npH 5 >%’ — YACTHYHO HAMOPHBIH HJIH HAalOPHBIH.
5. Jlns nosyHanopHOro pexuma (g— <§) onpejeNiioT pacxoisl, Mpo-
nycxaemble Tpy6oil cooTBeTCTBYIOIErO sipyca, no dgopmy.ae (5.20).

Ipu g > %‘" OnpelendioT pacXoAbl TPYO Kaxaoro fApyca. 110 qx)pmyne

(5.21) npu n,, = 0,75 1 HaXOAAT napameTpbl PacXofoB IO d)opmy.ne 5 Dﬂ'[/ 5
rje n, — uHcao Tpy6 B AaHHOM sipyce. 8

[pu D 5D = > 1,35 pexuM HANOPHBIA M PAcXoO) JOMHKeH ObiTh nepecun-

taH no ¢opmyae (5.21) npu n, = 0,5. .
V— << 1,35 o rpaduky Ha puc. 5.33 onpefensior 1, U BHOBb

npD?
BBLIYHCJIAIOT pacxol no gopmye (5.21) ¢ nonyueHHuM 3HaueHneM 1,. Ec/id oH
OTJIHYAEeTCs OT HCXOJHOTo He Gosiee ueM Ha 3%, PACYeT 3aKaHUHBAIOT; B NPOTHB-
HOM cJyyae pacueT MNpPOAOJIAKAIOT [0 YKa3aHHOH TOUHOCTH.

6. [TpoBepsioT BOIMOMHOCTL COXPAHEHHS YAaCTHYHO HANOPHOrO peXUMA

corlacHo peKoMeHzauusm m. 5.18.

7. Onpenensifor pacyeTHbie NoANepTHE ryOHHE nepel TpyGaMH B COOTBET-
CTBHH ¢ peKomMeHJauusmd n. 5.18

8. OnpenensiorT pacxo/ibl Beex TPYG-AaHHOTO Apyca HCXOAA H3 BbIpaMeHHs

an=Qnﬂr,

rae Q, — pacxe) oTAelbhoii TPpyGbl JaHHOro spyca.

9. lns KaxJoro M3 pacXo/oB, NPONycKaeMblX BEPXHHM SPYCOM, onpeje-
JIAI0T MOJNHBIA pacXoll BceX SIPYCOB MPH COOTBETCTBYIOILEM MOANEPTOM ypOBHe.
[lo ykasaHHbiM JaHHBIM cTpositcsi 3aBHcHMocTH H = f(Q) mns Tpy6 aanHoro
Apyca.

10. [Mo 3aBucumoctd H = f(Q) ANA MHOrOSIPYCHOH TPYGBI HAXOJAT MO
H3BECTHOMY Pacxojly MOAnepTyio riay6uHy nepex TpyGoii, a 3aTeM CKOPOCTH Ha
BoiXoje H3 Tpy6. K pacuery npHHHMAIOT CKOPOCTH Ha BBIXOAE u3 TPYG HHIKHEro
Apyca.

[IpuMepbl Ha3HaYyeHHsl OTBEPCTHH H onpeleseHHsi MPONYCKHOH crocobHoc-
TH KPYTVIRIX TOGPHPOBAaHHBIX TPY6 MPHBEeAeHb! B NMPHJIOKEHHH 5.1.
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KOCOroPHbIE TPYBbI

5.20. K KocoropHbM OTHOCATCH TPYGhl, MMEIOLIHE CPeJHHH YKJOH BOLO-
nponyckHoro Tpakra 0,02 u 6osee. B KOCOropHbIX cOOPYKEHHSX, KaK NPABHJIO,
TOTOK npHoGperaer 6ypHoe cocrosinne. [Ipn BeTpeye JOHHBIX HJIH GOKOBBLIX Tpe-
NATCTBHH B OYPHOM NMOTOKE BO3HHKAIOT MECTHbIE [OJABEMbl YPOBHA (BCIVIECKH),
[OBEPXHOCTb BOJbI B NONEPEYHOM CEeUEHHH CTAHOBHTCS CHJIBHO KPUBOJHMHEHHON,
Ha BBIXOaX H3 KOCOTOPHBIX COOPY:KEHHH NOTOK 06J/1ajlaeT BHICOKOH pa3MbiBaio-
el Crnoco6HOCTHIO.

K kocoropusim TpyGam orHocATca Bce Tpebosanus CHull 2.05.03-84 mno
NPONYCKY PacueTHOro H HaHGOJBILEr0 PACXONOB, 33 HCKJHOYEHHEM JONYIIeHHS
HaMOPHOTO peXHuMa.

Kocoropuasi Tpy6a MOXKeT NpOIyCKaTh pacXoil GOJbIIe DPAaCYeTHOro st
paBHHHHBIX TpyO c obecneueHnem pernamedtupyemoro CHull 2.05.03-84 3a-
30pa MeXK/y BLICIIEH TOYKOH BHYTPeHHell MOBepXHOCTH TPYObl H YPOBHEM BOJbI.
He jonyckaercs pacueT KOCOFOPHBIX  TPYD € y4YeTOM AKKyMYJISLHH.

[pu BbIGOpE cXeMbl KOocOropHofi TpyObl caeiyer uaberaTb yCTPOHCTB, CIO-
COOCTBYIOLIMX OT/IOMKEHHIO HanocoB. [1o3TOMY HeMenaTesbHO NpelycMaTpHBATH
YMeHblIeHHe NPOJ0JbHOrO YKJIOHA BJOJb prﬁu Ocn1a6uth 3TOT 3QPEKT MOKHO
NpUMEHeHHeM Ha KPYTOM YydacTKe MOBBLILEHHOH LIEPOXOBATOCTH.

Takke ciepyer uaberatb yCTpOHCTB, B KOTOPHIX BO3MOXEH 3aCTOH BOABI M
ee samepsanne. [Lisi 3TOrO NpH ycTpoicTBe BOAOGOHHBIX CTEHOK, NONEPeUHbIX
pebep LepoXOBATOCTH U T. 1. B HUX IPELYCMATPUBAIOT JUISl CTOKA BOJBI OTBepC-
THSI, PacluMPsIIOLIMECS] B HH30BYIO CTOPOHY BO H30eKaHHe HX 3aCOpeHHs.

* B mecrax nepexofa OT OLHOTO 3JIEeMEHTA COOPYXKeHHs K APYroMy Hefb3s
JIONYCKATb [TONepeyHbIX BBICTYNIOB H PE3KHX CYKEHHH.

B Heo6xoquMBIX cllydasX GOpMY CeyeHHsl PEKOMEeHyeTCs U3MEHATH N0 3KC-
NepHMEHTANbHO NpoBepeHHIM cxemaM. He caelyeT nmpumeHsThb NOBHILEHHYIO
IIEPOXOBATOCTh B COOPYKEHHHAX HA BOJOTOKAX, HECYUIMX KpYNHHE I'PaBHHHO-
rajieunsie HaHochl. [TOBBILIEHHYIO 1I€POXOBATOCTb B BHIE MOMNepeuyHLiX pebep
NPUMEHSIOT B KaHaJax M Tpybax orBepcTHeM He meHee 1,25 M B cayyasx, He
Tpe6ylollux GoJibLIKX 3aTPaT TPYAA MO OYHCTKE COOPYIKEHHA OT JbJa H HaHO-
COB B nporiecce 3KcnayatauHd. BOKOBbe CTeHKH OTKPHITHIX JIOTKOB (GBICTPOTO-
KOB) npuHHMaloT Ha 25—30 cM BBIlIE PACUETHOrO YPOBHS BOJBI C YYeTOM aIpa-
uud. Ecin notok necer 6ypesioM, KapuH, KAMHH H T. 1., TO NPHHHMAIOT CIeLH-
a/ibHbIe MepBl IPOTHB 3aCOpeHHs pxojla B TPYyOy.

[Tpu yKRIajaKe 3BeHBEB CO CTYNEHAMH HA CTHIKAX BBLICOTY CTYNeHeH npamo-
YroJbHEIX TPYG6 fonyckawT 1o 0,5 M, a Kpyrabix — He Gosee %/, TONMUMHE 3BEHa.
JNuHY CeKUHM MEXKIY CTYNMeHAMH NMpHHHMaT 1—3 M.

st yMeHblUeHHSA JJHHBI TPYGBl €e HHOr/Ja BRIHOCAT H3 TaJbBera Ha CKJIOH
Jora. TTpu 3T0M nepe]l Hachinblo 06pasyeTtcs GecCTOUHbIH BOJIOEM H HaChINb JOJK-
Ha OBITH PACCYHTAHA HA NMPOJAOKHTENbHYIO QHIBTPAHHIO,

TpyGsl uatie Bcero cocTaBIsAIOT H3 3B€HbEB, KOTOPHIE YKJaAbIBAIOT FTOPH30H-
TAJBHO CO CTYMEHSIMH JTHO0 HAKJIOHHO (MPH MaJioM yKJoHe). BoaMmoxHa ykaaaka
3BeHbeB 6e3 cTyrneHeH ¢ YKJIOHOM MeHbIe YKJIOHA JIora; B 3TOM c/lyyae Ha BXolle
YCTPAUBAIOT TacHTeJb SHEPTHH.

Korna ecrecTBeHHBIH JIOT TOABEpPXEH HHTEHCHBHOMY pAa3pylLIeHHIO NOTO-
KOM, BOZAY NOABOIAT K TpyGe N0 HEKYCCTBEHHBIM MOAXONHBIM pyciam. Henocpen-
CTBEHHO TiepeJ] BXOJOM B TpyOy mnpelycMaTpPHBAlOT NMpPHEMHbe YCTPOHCTBA.

[Tpu cnaGo BripaXKeHHOM MOTNepeyHOM NpogHJe Jora AJs NepexBaTa BO/AbI
NPUMEHSAIOT NonepeyHbie KaHABBl, 110 KOTOPBIM NMOABOAAT BOAY B NPOJOJBHYIO Ka-
HaBY HJIH GBICTPOTOK.

,[Ipu xopouio BbIpaKeHHOM MOMNEpedHOM TpodHIe Jora H CPaBHHTENbHO
KPYTbIX CKJ/IOHAaX, KOTIa TOTOK KOH[IEHTPpreTCFI Ha HeBOMIbILOH IIHpHHE, NO-
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dauy BOfsl B TPYGY OCYLLECTBAAKOT PAcTpyGHLIM OrosioBKoM. Pasmephl ero 3a-
BHCSIT OT LIHPHHBI H FMIyOHHBI NOTOKA nepex TpyGoH.

Koraa nor oco6eHHO UIHPOK, HMeET MOYTH IIOCKOE JHO H HEYCTOHUMBHLIH B
NJ4aHe TajJbBer, BMECTO MONMEPEYHbIX KaHAB MOXeT GhiThb Le/1eco00pasHO VeTpoil-
CTBO TOMEpPeyHoH CTeHKH (NperpaguTebHOH MJIOTHHBI); CTEHKA JO/KHA Halek-
HO BPe3aTbCcA B CK/IOHBI JIOTA H HE JIONYCKaTh NePesIHBa NPH HeGOMBIIOM pacxoje
BOJKI.

BricTpotok — Bamueﬁmnﬁ 3JIEMEHT KOCOTODHOTO BOJOIPONYCKHOIO cO-
OpY:KEHHS; ero MPHMEHAIOT JIHG0 KaK CaMOCTOATENbHOE COOpYKeHHe, JHBO Kak
nojsojsiee (OTBOAsILEE) PYCI0 KOCOTOPHOH TPYOH.

Huxe 6yayT nanbl MeTojbl pacyera coGcTBeHHO Tpy6. Pacuersl noasops-
I{HX GBICTPOTOKOB, CONMPSTAIOMMX YCTPOMCTB H BHIXOJHBIX PYyCes MPHBOAATCH B
COOTBETCTBYIOIMX TaBax [TocoGus.

5.21. Ilo ycnoBusaM rujpasjiuyecKoiil paGoThl MOXHO BBIJEJHTH TPH THNA
KOCOropHbIX TPYy6:

1) Tpy6bl ¢ YCJAOBHSMH DABHHHHOrO BXOAA;

2) Tpy6Hl C YCJOBHSIMH KOCOrOPHOTO.BXOJa;

3) TpyO6EI 0COGBIX KOHCTPYKLUHH.

K nepsoMmy THIY OTHOCATCS TPYOBI, YJIOHEHHbIE HA MECTHOCTH € YKJOHaMH
iy >0,02 u 1460 He HMeIOlIHe NOABOASAILEro GLICTPOTOKA (NPYA PABHHHHOIrO
THMa nepel Tpy6Goi), 1M60 HMelolHe 3a GBICTPOTOKOM Mepeji TpyOoi BOAONIPHEM-
HBIH KOJI(?II,EU. (CM ra. 4). B oboux cnyyasix nepej BXOAOM B TPYOY MOTOK Haxo-
JIMTCA B CIIOKOHHOM COCTOSHHM, H ee NMpPONyCKHas cnoeooﬂocrh onpeje/nsercs,
KaK /1l paBHHHHEIX TPYO.

Ecnu tpy6a TexHHYecKd Ir1ajflKas, TO B CHIY GOJIBILOTO YKJIOHA PH YAAJEHHH
OT BXOJAa C PaBHHHHBIMH YCJIOBHSIMH BTeKaHHs IiyGHHA NoTOKa GyJeT yMeHb-
WIATHCSH, @ CKOPOCTh yBeauuuBatbhesi. [IpH 3TOM eMHCTBEHHBIM KPHTEpHEM NpH-
MEHHMOCTH KOHCTPYKUHMH SIBJISIETGS Jonmyckaemas CKOPOCTb B TPyGe U Ha BhIXO-
e u3 Tpy6nl. Ecnu Tpy6a focTaTOYHO AJHHHASA, IPOBEPKA MOXET NPOA3BOHTHCS
o HopMaJjibHOH raybnHe wiu, Gojiee TOUHO, C MCNO/Jb30BaHHEM YDaBHEHHS He-
PABHOMEPHOTO JBHMKEHHS JHOO0 MO OLHOMEPHBIM YPABHEHHAM THIPABJIHKH (CM.
r1. 2). Ecau Tpy6a ¢ noBbiIeHHOH 1epoXoBaToCThiO (CTynenu, pebpa) aubo ¢
nepesoMoM VKJIOHA, TIPHYeM 4acTh TPYOBl yJOMeHa C OYeHb MaJbiM YKJOHOM,
TO MOXeT MPOHCXOAHTh H HapacTaHHe I'YGHHBI Mo AJHHe TPYGul. B stom cay-
yae BHIGHPAETCS MaKCHMaJbHas M3 HOPMaJ/IbHBIX INIYOWH JJii Pa3sHOPOIHBIX
yuactkoB TpyGui, npoBepsierca Tpebopanne CHHIT 2.05.03-84 no sanosuenmo,
M €C/lH OHO He BBINOJHEHO, H3MEHSIOT KOHCTPYKIHIO, JIHGO YBEeJHYHBAIOT Bbi-
coty Tpy6bl. Bo3aMOMKHO YTOUHEHHE pacyera ¢ HCIOJb30BaHHEM YpaBHeHHH He-
PABHOMEpHOrO ABHIKEHHs WJIH OJHOMEpPHBIX YpaBHeHH# ruapaBauku. IIpu pac-
yeTe Ha MAKCHMaJIbHbI PACXOJ 3a30pP MEXKIY BepXoM TPYObl H NMOBepXHOCTbIO
BOJIbl MOXKHO He ofeclieunBaTh, OJHAKO OOpa30BaHHE HAMOPHOrO PEKHMA HENKE-
JIaTelbHO,

" Cnenyer oTMeTHTb, 4TO pacuyeT TPyO c MOBHIIIEHHOH 1IEPOXOBATOCTHIO Be-
JeTcst COBEPLIEHHO AaHAJOTHYHO pacyery OOBIUHBIX THAPABJHYECKH TIJIaJKHX
TpYy6, TonbKo Koappuuuent lllesu mpHHMMAeTCs MO CneUHATBHBIM (OpPMYyJIaM,
YUHTHIBAOILMM NlapaMeTphl MOBHILIEHHON lepoxoBaTocTH (cM. 1. 2). Ilpu atom
B KauecTBe rJIyOWHBI NOTOKZ NOJy4YaeM ee 3HaueHHe HaJd pe6PoM HJIH KOHLOM
CTYNEHH, T. €. B CAMOM Y3KOM II0 BBICOTE MECTE NPOJOJBHOrO ceuyeHust TPyGhi.

K Ttperbemy Ty Tpy6 orHOcATcA TPYOBI C [IAXTHBHIM KOJOAlEM HA BXdIe
M KOHCOJILHEIE COpOCHI.

,HlaxTHBIE KOMOAUB! YCTPAHBAIOT IPH pa3MelieHHH TPYO B Y3KHX OBparax npu
GOJIBILOM YKJIOHE, Korja Heo6xoAuMo c6pocHTh BOAY ¢ GOMboH BhicoTH. B 3a-
BHCHMOCTH OT NPOJOABLHOTO MPOGUJIS JIOTA M reoJOrHYeCKHX YCJIOBHH HX pasMe-
HI4I0T C BEPXOBOM WJIH HH30BO# cTOpoHb. KoHcosibHBIE cOPOCHI MOrYT NpHMe-
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AATHCA KAK CAMOCTOfITE/IbHBIE COOPYMKeHHHA HJM KaK YCTPOHCTBA JJIfl COMpsxKe-
HHA C BHIXOJHBIM PYCJIOM Ha KPYThIX JIOraX HJIH KOCOropax.

Metogsl pacyera 3THX COOPYXKEHHH ONHMCaHBl B IJI. 4.

5.22. HauGoJsiee THMHYHBI A5 KOCOTOPHBIX YCJOBHH TPYOBI C YCJIOBHAMH
KOCOrOPHOTO BXOJid, T. €: C MOJBONSAUIHM OLICTPOTOKOM H GYPHBIM NOTOKOM Ha
Bxojie B TPyOy. DbICTPOTOK MOXKeT OblTb paBHOH M/JIH GOJblIeH LIHPHHLI, 4YeMm
Tpy6a. Bo BTOpoM cayuae LA cONpsiXKeHHs OBICTPOTOKA YCTPAaHBAIOT CYKeHHe,
NpUMasKH H T. M. (cM. 1. 5.3).

OcobenHoeTbio TPYO ¢ YCJIOBHAMH KOCOrOPHOTO BXOJa SIBJSIETCS] HX Topas-

10 G6abIIAs PONYCKHAA CMOCOGHOCTDL, YeM Y TPYO ¢ PaBHHHHBIM BXofoM. Teo-

peTHYecKH OHa MOXeT OblThb GoJiblue B JeCATKH pa3 (NPH WHPHHE OLICTPOTOKA
PaBHO# wHpHHe TPYGbi), H TOJIBKO OTPAHHYCHHA HA JONYCKaeMble MUisi MaTepHa-
J10B GLICTPOTOKA H TPYObI CKOPOCTH HE TO3BOJISAIOT B TIOJHOH Mepe peasin3oBath
TaKyl0 BO3MOMKHOCTb Ha IPaKTHKe.

Pacuers! MPONMYCKHOM CINOCOOHOCTH TAKHX TPYO BHINOJHAIOT NpPH nponycue
pacueTHblx Qp H HaHOOJBUIHX Quax (TONBKO AJSi MeJE3HBIX JOPOT) PacXoloB
NPHMEHHTEJBHO K PACCMOTPEHHBIM B 1. 5.4 peXHMax NpoTeKaHus.

IMpu BBOAE MOTOKA B TPYGY B OYPHOM COCTOSHHH I/1yGHHBI ONPEJIENSOT CJle-
AyiolkuM o6pasoM. [IpH HMpHHE NOAXOAHOro OBLICTPOTOKA, PABHOH OTBEPCTHIO
TpyGBI, H OJiHHAKOBO#H (opme ceyeHHH OGbICTPOTOKA H TPYOBl — IyTeM NocTpoe-
HHA KPHBOi CBOGOLHOH NMOBEPXHOCTH NOTOKA B OLICTPOTOKE H B Tpybe mo Mero-
nHKe, M3JI0XKEHHOH HpH pacyere GRICTPOTOKOB (cM. ra1. 4), M YCTaHOBJIEHHS NO
Heft ryGuHBL Ha BXOJle B TPYOY H MAKCHMAJIbHOH ryGHHB B TpyGe.

ITpu 3TOM BO3MOXKHBEI 1BA CJyyas:

1) ray6uHa BOABI B KOHLE ObICTPOTOKA MEHBILE BHICOTH TPYObL: A g(gex) =1}

2) ray6uHa BOAbI B KOHLe ObicTPOTOKa GoNblue JMHGO paBha BhicoTe TPYGhI
h6 (Bux):

B kaxJoM H3 3THX CJyYaeB BO3MOXHHI BAPHAHTHI. X

B nepsom ciiyuyae, T. €. NPH Ag (gux) << fir, BOIMOXKHBI CJI€/lyIOLIHe BapH-
dHTHI:

a) HopMaJibHasi T1yGHHa B TPYy6e MeHbllle BhICOThL TPYOHI, T. €. B Tpy6e Beer-
Aa coXpaHAeTcs: Ge3HATIOPHLIH PEXUM. ITpH 3TOM B’ 3aBHCHMOCTH OT COOTHOLuE-
HHS YKJOHOB TPYOBI iy W OBICTPOTOKA i 5 BOSMOMKHO Pas3/IHYHOE I0JI0KEHHE CTBO-
pa ¢ MakcHMaJbHON TayGuHOil B Tpybe h:

IpH i, << i TIyOHHa B Tpy6e Oyner BozpacTath, NPUOIFKAACH K HOPMAJb-
HOM; s npHOIKEHHBIX -pacyeToB, OCOGeHHO IPH HANHYHH B TPyGe NOBHI-
WeEHHOH WePOXOBATOCTH, MONKHO NPHHATH Bmax = ho;

npH iy i r1yOHHA B TpyGe yObIBaeT H Amuy = hyy = Ag (guy);

6) HopMmasbHas ray6HHa B TpyGe GoJblie BHICOTHI TPYOBl g =, W iy <<
< i, — raybuHa BoAbl B TPyOe BO3pacTaeT, IpHYEM IIPH «KOPOTKOH» Tpy6e oHa
MOKET He JIOCTHTHYTb BEICOTHI i, H B TpyOe coXpaHsercsi Ge3HaNOPHBIA peXHM
npoTeKanus NpH Aygy << hy; NPH «VIHHHOMY TPYOe T1y6HHa B TPyGe MOXKeT Jo-
CcTHrHYTb fiy — B TPyOe BOSHHKACT HANOPHLIH pexcum (puc. 5.7, 3). B stom cay-
yae pacyer MPONYCKHOH CNMOCOBHOCTH TPYOBI BBINONHAKT, KAaK IS PaBHHHHBIX
Tpy6 NpH HalOpHOM pexkHMe (NpH ycnoBHH HenporuBopeunst CHull (39].

Bo BTOpoM ciyuae, T. €. NPH hg (aux) = fir] BO3MOKHBI caelyiomye Ba-
pHAHTHI:

a) npu hy << h, — B Tpy6e BO3HHKaeT NONYHaNOPHLIN PeXHM; pacuer Be-
JleTcs, Kak JJisi PABHHHHBIX YC/IOBHH;

6) npH hg > h, BO3MOXKHLI JBa NOABapHAHTa:

npH i > i, r1y6HHa B TpyGe BO3pacTaeT H NPH «KOPOTKOH» TPyGe MOMKeT
JIOCTHTHYTDb BBICOTH TPYObl — PEXHM NOJYHANOPHbIA, a NPH «THHHON» JOCTH-
raer h, — pexuM HamnopHbIH;

NpH ig << iy Ty6HHA B TPyOe yObIBaeT — PEKHM MNOJYHANOPHBIH,
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[Tpu wupuHe noAX0AHOro GLICTPOTOKA GOJee OTBEPCTHS TPYOhl H HANHUMH
Ha BXojle B TPYOY CYMKEHHsl Pacyer OTJIHYAeTCs OT PACCMOTPEHHOTO BHIILE TeM,
YTO HCXOAHAH cpefHsAs ray6HHA HA BXoje B TPyOy NOJyyaercs B pesyabTate
pacuera cyxenns (cm. ra, 4). Jlaa pacyerHoro pacxona 3a3op B Tpy6Ge JdosxeH
6pITh He MeHble perjameHTupyemoro CHHIT [39]. Kpome Toro, BeicOTa Makcu-
MaJIbHOrO rpeGHA Ha OCH NOTOKA Ay, He JOMXKHA MpPeBbILATh BHICOTH TPYOHI, a
CTeHKH CYKeHHS JOJIAKHbI GbITb 3allPOEKTHPOBAHBL C YUETOM IyOHHbLI BOAB B
rpebHe y cTeHKH h,. u 3anacom 0,25 m.

Ecau npAMOYrosibHbI WM TpaneueuaanbHBlil OBICTPOTOK CONpAraeTcd c
Kpyrao# Tpy6oi (c Momoliblo NPHMAa30K), TO TIYOHHBI hﬁ(mx, H Ry p BOTKHBL
ObITb NepecuuTaHbl (YBe/IHUEHb) H3 YCJOBHA

06 (nax) (16 prax) =01 (16 (sx)).

f‘!ﬁ (BEIX)
Torpa hrpﬁ/lpp m '

T/l 06 (prrx), @y —KHBbIE CEYEHHH B KOHLE GLICTPOTOKA H B HayaJje TPYGH B GYHKUHU cpej-
HHX TJYyOGHH NOTOKa;
| — h;p — HOBBbIE 3HAYEHHS CPelHell H MAKCHMANLHON NYGHH Ha BXoAe B KPYTJIYio

TpyOy, NPHHHMAeMble K pacyery.

AJITOPHTMbBI BbIBOPA PALLHOHAJIbHOI'O THNA BOLAOINPONYCKHOIO
TPAKTA TPYB ‘

5.23. B ocHOBe a/rOpPHTMA JIeXHT METOJHKA pacueTa BOLONPOIYCKHOro
TPaKTa, U3JN0KeHHas B riasax 2, 4, 5, 7 Hactosuei Kuuru. B anroputMe npex-
nojiaraeTcsi, 4To MpPOAOJBLHBIR l'lpOCbH.nb BCETO BOJONPONYCKHOTO TPAKTA M ero
OT/AeJIbHBIX 3JIEMEHTOB 3aJlaH,

5.24. OcHOBHbi® 3J€MeHTHl aaroputmal:

1) pacuer paamepoB NMOAXOAHBIX OGbICTDOTOKOB H THAPABJHYECKHX Xapak-
TEPHCTHK [10TOKA B HHX, B TOM YHCJIE C YYETOM NEPeJIOMOB (H3MEHEHHS YKJIOHOB
MIOBEPXHOCTH IHA) H a3palliH TOTOKA;

2) pacuer COMpPAKEHHH GBICTPOTOKA ¢ TPYGOil (cy>KeHHH W BOJONPHEMHBIX
KOJIOALEB);

3) pacuer rayGHH H CKOpocTeH Ha Beeil JIHHe TPYObl, BK/IOYasi BXOAHOH H
BBIXOAHOH Y4acTKH, C y4ETOM YCJIOBHH COMNpPSIKEHHs! ¢ OHICTPOTOKOM, CTyneHya-
TOM YKJIaJIKH 3BeHbeB H a3pauuu (cM. Tr. 2);

4) pacuer rnyGHH U CKOpOCTe#i N0TOKA Ha YKPEIVIEHHH, B TOM YHCJIE C YYETOM
racHTeseH;

5) pacyer rayGHH pa3MblBa 3a YKpenJeHHeM HHXXHero Gbeda ¢ y4eToM rHi-
porpada naBoiKa, PasnHuUHBLIX THIOB racuresefl, KaMeHHOH HaOpOCKH H BO3-
MOKHOCTH 06pa30BaHHA NPOMOHMHBI (KaHABbl) B BHIXOAHOM JIOTE;

6) onpejleneHre pa3MepoB yKpenJeHHH HHXHero 6pega;

7) BRIGOP BAPHAHTOB KOHCTPYKUMEH BOJONPOMYCKHOTO TPAKTa, YAOBJETBO-
PAIKX BceM Tpe0yeMblM OrpaHHYeHHAM (MO AOMYCKaeMbIM CKOPOCTAM, 3a30-
pam B TpyGe, riny6uHaM BOPOHOK pasMbiBa B BBIXOLHOM JIOT€ H T: I1.).

Onpenenenne HauJayyuiero U3 JONYCKaeMblX BapHaHTOB JOJIKHO OCYIIECT-
BAATbCA HA OCHOBE TEXHHKO-3KOHOMHYECKOro cpaBHeHHs. BO3MOXKHO TakXKe H3-
MeHeHHe (nepenpoeKTHPOBaHHE) NPOJOIBHOrO NPOK/IA BOAONPONYCKHOIO TPakK-
Ta ¢ NocJeAYIOUHM TIOBTOPEHHEM PacyeToB.

5.25. Pacuer BOLONPONYCKHOro TPAKTA BeJeTCA: ANS aBTOMOOHJLHBIX JO-
por — Ha pacyeTHbIH pacXol Qp, 1A JKeJe3HbIX LOpOr — Ha HauboJbUIHIH pac-

! B psge cayuaes MOryT OTCYTCTBOBATb OTAe/bHBIE IEMEHTH BOJOMPONYCKHOTO TPAK-
T4, HANPHMEP VA PABHHHHBLIX TPYO pacueTs NOAXOAHLIX OBICTPOTOKOB, CYMKeHHH, racHTe/ el
JHEPTHH. B 3THx cJayqasix pacyeT HAYHHAIT C MOCHAeAYIOUHX 3JIEMEeHTOB.
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XOA Qpay (cootBercTBytOUIHE 0GBeMbl cToKa W, B Winey). [1pu nasinuuu cHero-
BOTO H JHBHEBOro cTOKa Qp H Qpayx BHIGHPAIOT KAK MAKCHMAJIbHBIE H3 COOTBET-
CTBYIOUIMX PAcXOioB. AKKYMYJIALIHS TNpPH pacyere Kocoropnux TpyO He yuu-
THIBaeTCs.

5.26. PacueT BeJlerci B TaKOH TNOC/€N0BATETbHOCTH:

1. HasnauaioT Tun Tpy6bl (KPyrias HJIH NPAMOYTOJbHAS) C YYETOM XapaK-
Tepd WEPOXOBATOCTH (raajlkas, cTyneHuaras, ¢ pebpaMi); a Takke HayaJbHOE
orgepcTHe, TPYGHI (obbiyHO b = 1 ™).

2. PaccuuThiBalOT GbICTPOTOK (cM. Ti1. 431). JlnHY GbICTPOTOKA NPHHHMAIOT
OT BBIX0J@ H3 HarOPHO# KaHaBbl JI0 BXoAa B TpyGy.

HaunnatoT ¢ GbICTPOTOKA IIHPHHOM TIO IHY bg = b TparneuexianbHOA (op-
Mbl ¢ Haubonee cJaGbiM THMOM YyKpenseHHH (OObIYHO M3 GETOHHBIX IIJIHT
49 < 49 cm). [TocsienoBaTe/IbHO yBEJIHUHBAIOT WHPHHY b g ¢ warom 0,25 M 10 BbI-
MOJTHEHHS JIBYX YCJIOBHH:

8) Ry << Rpss THE Hipg = KPHTHUECKas TJ1yGuHa Ha BXole B 6HICTPOTOK;
Ry — myﬁlma BOJbl B HATOPHOH KaHaBe B MecTe ee COﬂpH)KeHHH ¢ 6bicTpOTO-
KOM (IPHO/IHKEHHO ee MOXKHO NPHHHMATh PaBHOH rayOGHHe KaHaBhl);

6) UG (max) << Unon» TA€ Ug (max) — MAKCHMaJbHast CKOpPOCTb BOJAbI B Obl-
CTPOTOKE; Upoy — JAOMYCKAEMAs CKOPOCTb JUISi MaTepHalla i KOHCTPYKUHH Obl-
CTPOTOKA.

[TotomM onpenessiioT CTOMMOCTb OBICTPOTOKA H NMEPexXoisT K pacuery GbiCT-
poTOKa ¢ 6oJiee MOLHBIM THIIOM YKpeIlJIeHHs (TpaneuexiaibHoro U3 MOHOJHT-
Horo GetoHa, NnpsiMOYroJibHOro, GeTOHHOrO HJH »KenezoberoHHoro u T. 1.), Ec-
JIH JIONYCTHMO YCTPOHCTBO pelep (NMOBBILIEHHOH I1I€POXOBATOCTH), TO NPOH3BO-
JUIT pacyer H JJIs 3TOro cayuasi no ¢popmynam ria. 2. 3aTeM Ha OCHOBE TEXHHKO-
3KOHOMHYECKOr0 CPaBHEHHSl BAPMAHTOB BEIGHPalOT GoJiee JelUeBbii.

3. PaccuutbiBaioT cyxeHne (cM. ri1. 4). Hauunaior ¢ MakcumasbHoro yraa

cymenuss 6 = 20°. 3ajgapasichb XapaKTepPOM COMPSIKEHHs CYIKAWUIEACS YacTH
GLICTPOTOKA ¢ TPYGO# W CTENEHbIO CYXeHHA & = bg/b, onpenensioT ryGHHb H
cKopocTH Ha BXojie B TpyOy. Eciw npu nponycke pacuerHoro pacxoxa Q, 3a-
30p Mex/Ay BepXoM TPyObl H CpefHeH MO CeYeHHI0 OTMETKOH CBOGOIHOH MOBEpX-
HOCTH Ha HauaJbHOM yuacTKe TpyGbl MeHblue jgonyckaemoro CHulI2.05.03-84,
/160 ec/i BHICOTA MAKCHMAJIBHOTO BCTIJIECKA HA CTEHKE CYKeHHs A, Goblue Bhl-
cotbl TpyObl (A, = Fhy), 1HGO ec/in riyGHHA B rpeGHe Ha OcH TPYGHI 6OJIbLIIE Bbi-
coTbl TPYOBI fipy =>h;, TO YMEHBIUAIOT YroJ CYXeHHd Ha 5° H NOBTOPSIOT pac-
YeT CYMKEeHHS.

[Ipu 3TOM HEOOXOAHMO YUHTHIBATb, UTO NPH YMEHBIIEHHH YIJla CYXKEHHS
yMeHbuIaercs AJIHHA GHICTPOTOKA, MO3TOMY HA BXOJE B CYXKEHHE NpH H3MeHe-
AHH O GynyT MeHAThCH CKOpOCTH M TyOHHBI TIOTOKA, YCTAHABJHBAaeMble NpH
pacuere GbICTPOTOKA.

ITpu nponycke Quax cpeﬂ.l-mu ypOBeHb BOAbl HA BXOJ€ B TPY6y J0/3KeH GBITh
MeHbIle OTMETKH BepXa TPYObl, a MaKCHMAJbHBEIH BCIJIECK HA CTEHKe CyXeHns
hee < hir.

Ecan npu Kaxkom-nu6o yrie 0 => 10° ykasaHHble Bbille OrpaHHYeHHs! Bbi-
NOJIHEHBI, TO PAacueT CyXeHHs 3aKaH4YHBalOT. B NpoTHBHOM cllyuae HasHaua-
10T THNIOBOE 1IOBBILIEHHOE 3BEHO Ha BXOJe B TPYOY M pacuer nosTopsercs (nepe-
XOJ Ha Hauafo 1. 3 aaroput™a). EC/M M npH 3TOM He BHINOMHAIOTCS OrpaHHue-
HHS Ha BEJMYHHY 3a30pa B TpyGe, TO HA3HAYAIOT CJIELYIOLLEe OTBEPCTHE TPYOHI
H TepeXofAT K N. 2 aJropurMma.

4. Ecan no KaKHM-THO0 TIPHUHHAM MOAXOAHOH OBICTPOTOK M CYIKEHHE OT-
CYTCTBYIOT, TO pacuer OTBepCTHA TPYObl MPOH3BOAHTCS, KAK /ISl PABHHHHBIX YC-
s0BHH. TIpu 3TOM ANA Qpay AONYCKAIOTCA BCE PEXKHMBI MPOTEKAHHSA PU BBINOJM-
venun TpeboBanuit CHulT 2.05.03-84 o Bo3BbllIeHHH GPOBKH NOJOTHA, a s
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A\
Q,~—TONBLKO Ge3HATIOPHBIH H TOJNBKO NPH BbINOJHEHHH TPeGOBaHNHA O BeJHUHHE
3a3opa B TpyOe coranacHo CHuIT.

5. PaccuuThiBaloT cpefiHiol0 4acth TpyOn (cM. nn. 4.1, 4.2) ucxoas H3
rJIyOHH M CKOpOCTell Ha BXOAHOM ydyacTKe TPYObl 1O ypaBHEHHIO HepaBHOMEp-
HOTO JBHIKeHHSI. AHAJOTHYHO pacyery GbICTPOTOKOB CTPOAT KPHBYIO CBOGOIHOM
IOBEPXHOCTH H IIPOBEPHAIOT YCJIOBHE, UTOGH MPH pacueTHoM pacxofie Q, ocra-
pasica pernaMentupyemplii CHull 2.05.03-84 3a30p MexXAy NOBEpXHOCTHIO BOJLI
¥ BepxoMm TpyOul. IIpH HeBHINOJHEHHH 3TOTO YCJIOBHSA NEPEXOJAT K CleyloleMy
OTBEPCTHIO TPYOBL U, €c/iH OHO GOJblue WIHPHHBI GBICTPOTOKA b, BO3BpALLAIOT-
¢ K 1. 2 anroputma, npHHuMas bg, paBHOH HOBOMY OTBepCTHIO TpyOp, a
ec/iy MeHblle — TO K 1. 3 anroputma. Jlna npuGIHIKeHHBIX pacyeToB QOMycKa-
eTcsl BMECTO MOCTPOEHHSI KPHBOHA CBOOOXHOH NOBEPXHOCTH PacCYMTHIBATL HOP-
MaapHYI0 TAy6uHY B TpyGe (1asi Tpy6 ¢ mepesoMaMH — HOPMalbHYIO IyGHHY
JUIl yY4aCTKa C MAKCHMallbHbIM yKJIoHOM). [IpH mponycke MakcHMaJbHOrO pac-
x0la Qpax H HAJHYHH NOAXOAHOrO OHICTPOTOKA K GO/BUIEMY OTBEPCTHIO TPYOHI
NepexoiaT IpH ee NOJHOM 3anoiHeHHH (6e3 yyera 3a3opa).

6. PaccuMTLIBAIOT TJIYGHHBI H CKOPOCTH Ha BRIXOZe M3 TPYObl [cM. caenyto-
myto pybpuky Hacrosimeit raasn (nn. 5.27—5.31)].

7. Hasnavaior Haya/bHBIH THI YKPeNJeHHs BBIXOAHOrO pycaa (KaMeHHas
HaBpOCKa, MJNTH, MOHOMHTHEI 6eTOH, cOopHble GMOKH M T. I.). Ecin vy, >
> Upog, TO MEHSIIOT THI YKDENJIeHHs Ha GoJiee MOUIHBIA, ¥ TaK 0 TeX mop, no-
Ka He GYJeT Y/OBJIETBOPEHO YCJOBHE Ugpyx < Upon JHOO He GYAYT HCUEPTIAaHBI
BCe BO3MOXKHBIe THIB yKpenJenu#. B nocneinem cnyuae:

4) ec/ii 110 YCJIOBHSIM NPOEKTHPOBAHKA JONYCKAeTcs YCTPOHCTBO racHreled
B HHXKHeM Obede, To Noc/eoBaTeJbHO- IPOHSBOIAT pacyeT racurejed THIIOB 5
uan 6 (cM. 1. 7) H NPOBEPSIIOT BHINONHEHHE YCJOBHS Upgo << Upop, KaMIBIH
pa3 HauuHas nepeGop ¢ HauGonee ciaboro THNA yKpenyenus. Ecau npu KakoM-
MH60 COYETAHHH THNA TacHTes H THNA YKPENJEHHS NONYYEHO Upae < Upop,

_TO NMEepexojsT K I. 8 aJropHTMa,

6) ec/i YCTPOMCTBO TacHTeNA He NpejlyCMaTPHBAETCH, TO YBEJHYHBAIOT OT-
BepcTHe TPyObl H npH b << bg nepexonm K 1. 3 anropyr™a, a ecin b >bg —
TO K 1. 2,

8. HasHavaioT HayaJbHBIH THI BBIXOJAHOrO pycia H3 yueaa 1—6 (om.
I, 7), ectd OH eule He u3bpan B 1. 7.

9. PaccyuThiBalOT IJyGHHBL pasMbiBa B BBIXOJAHOM pycse (cM. ri. 7) 3a-
naHHoro THna. Ec/iu MaKcHMaJbHas ryOWHA pa3mbiBa (C yueToM oGpa3oBaHus
KaHana) 6ogblie 2,5 M, To nepexoiAT Ha CHedYIOlHi, GoJiee MOUHBIH THI Bhi-
XOJHOrO pycia (B NOpsijKe BO3PACTAHHS HOMEPOB ¥ HHJEKCOB) H pacueT MOB-
TopsoT. EcMH HHKAaKOH H3 THIOB BEIXOAHBIX pyces He ofecneyHBaer riay6H-
Hbl pa3MbiBa MeHble JIONYCTHMOH, TO YBeJHYHBAIOT OTBEpPCTHE TPYOB! W Tepe-
XO#AT K m. 2.

10. PaccyHTHIBAIOT CKOPOCTH U IVIYGHHBI NOTOKA HA yKpenJeHHu (cM. ra. 7).

11. PaccuuThiBalOT LIHPHHY YKpeIJIeHHS! W TJyOMHY 3aJle/IKH ero Koulle-
BOH yacTH (cM. rvi. 7) ¢ y4eTOM pacTeKaHHs 1I0TOKA Ha YKPeIJieHHH W riayGHHbI -
BOPOHKH Pa3MbiBa.

12. Eciu B pesyabpTate pAacuyeTOB OCYLIECTBJEH nepefop BceX AONYCTHMBIX
OTBEpPCTHH TPY6 M MPH 3TOM He HaiJleH BapHayT,, YAOBAETBOPSIOUHHA BCeM Heob-
XOJHMbIM OrPaHHYeHHsIM, TO BOXOMPONYCKHOH TPAKT Heo6XONMMO Tepernpoex-
THpoBaTh. I1pH 3TOM BO3MOXHBI CJIeAYIOHe BapHAHTHI:

a) YCTPOHTH MOBHILIEHHYIO [IEPOXOBATOCTH B TpYODe;

6) JONYCTHTh BO3MOMHOCTbH HCMOJB3OBAHHA racuTesied, ecliH OHa He Oblna
npeaycMOTpeHa;

B) M3MEHHTb YKJOHBI OTIAEJbHbIX uacTeH BONONPONYCKHOrO TPakKTa,
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T) NMpeAycMOTPeTh YCTPOHCTBO BOAONPHEMHOrO KOJOALA ¢ H3MEHEeHHEM VK-
JIOHOB OBICTPOTOKA H TPYOHI. -

B mocnefHeM cayyae NMPOM3BOAAT pacueT pasMepoB Kosoiua (ri. 4), pac-
yeT GBICTPOTOKA JIIMHOH OT HArOPHOH KaHaBhl 10 BXOJla B KOMOJEIl, pacyer riy-
GHH U cKopocTeil Ha BXofe B Tpy6y, onpejiesieHHe . OTBEPCTHS TPYObl HCXOAs H3
tpeGopanuit CHull 2.05.03-84. Ecniu Ha BXojie B Tpy6y noayuyaercst GypHBIi no-
TOK, TO MOXHO H3MEHHTb BBICOTY KOJIOJLLA H NPOH3BeCTH Tepecuer. Ecau u 310
He 1OMOraer, TO YCTPOHCTBO KOJOAUA Hea(peKTHBHO.

I[Tocsie BBelleHHsI COOTBETCTBYIONIHX KOPPEKTHB AndA nn. 12, a—é noerops-
0T pacyeThl HAYHHASA C 1. | aIropHT™Ma, a NPH YCTPOHCTBE KOJIOALA — C 1. 5 aJ-
roputMa. Ecsd pacuethl MO IepenpoeKTHPOBAHHOMY BapHaHTY ONATbL He
YIOBIETBOPSIOT OFPAHHYEHHSIM, CHOBA IPOM3BO/AT MePenpoOeKTHPOBKY H T. J.

rAAYBHHbI H CKOPOCTH MOTOKA HA BbIXOIE H3 TPYB

5.27. T'nyGUHBL MOTOKA Mgy, HA BHIXONE H3 OPOMHBIX TeXHHYECKHX IVall-

KHX (HeropHpoOBaHHBIX) BOAONPONYCKHBIX TPYO PA3/IHUHBIX TNMOMEPEUHBIX Ceye-

HUil NpHU GE3HANOPHOM H TIOJYHATNIOPHOM pPeXXHMax NPOTEKaHHs M napamerpax
pacxosa [lg, MeHBIIHX HJH PaBHbIX IPaHHYHbIM 3HaueHHAM [lg(,), onperne-
JIIOT H3 BblpaXKeHHs

hBHK

hH =Auf (ir)- (5-53)

rile hy — KpHTHueckas rayGHHa B TpyGe, ompefesseMasi CONNTACHO PeKOMEHJAUMAM . 2
HIH mo rpadHKaM nmpuioKeHHd 2.4, z

DyHKIHIO YKIOHA f(i,) HaxomaT no (gopmyne

W S
[ lig)= l+2vi_'r ’

a Kosthpuurent A ¥ rpaHHYHbIE 3HAYEHHSA TNapaMeTpa Pacxofa ANf PasHbIX Ti-
noB Tpy6 — Mo 7a61. 5.4.

ITpu napamerpax pacxona /To > Ilgwpy Ty6HHBI Ha BEIXOJle u3 TpYO on-
pelle/IsiloT Yepe3 OTHOCHTENbHEIE IVYOHHBI NOTOKA no dopmyJe

(5.54)

hyux . S '
TEATf ("r) ﬂQ . (555)

3Hauenus KoadpuuneHtoB A,, TNOKa3aTe/lel CTeNeHH S, W JHAMA30H BO3-
MOKHOTO H3MeHEeHHMsl MapaMeTpoB pacXo/loB B 3aBHCHMOCTH OT THMa TPY6 u
PEXHMOB MpPOTEKaHHsI NpHBeJeHK B Taba. 5.5.
[lpu HanopHOM PeXHMe TJYOHHBI'HA BLIXOJE H3 TEXHWYECKH TVIaJKHX TPYG
NPHHHMAIOT PaBHBIMH
0,85 hy, hy < hiy;

h ={ (5.56
i) B { he, hy = hr. )
5.28. 'nyGuHBL Ha BBIXOJE H3 rod- TaGanua 54
pHpoBaHHbIX  TpY6 ¢ Kostquuu_cmum o
LIEPOXOBATOCTH  Mpogp = 0,025--0,03 - snavennn | Kospu-
onpejensoT no gopmyliam: Tun TpyGH i e
npu ITp < 0,8 M9(rp)
Kpyraas ) 0,93
&H_X_: 0,54 6. (5.57) Osonpansuas 1.2 0,79
D 0 T [Mpsmoyronbuas 0,8 0,88
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Ta6anua 55
Pexum INapameTp pacxoja |, Kom‘?munem [NokasaTtens
Tun TpyOul npoTeKanus ng cTenenn S,
Kpyraas JlioGoii, kpoMe Ha- M,<0,8 0,98 0,50
e 0,8<My<1,8 0,88 0,2
OBounjadtbHast To XKe My <0,8 0,80 0,55
0,8<l; < 1,6 0,75 0,25
TlpsiMoyroashasn Jlio6oit, kpome Ha- m,<0,8 0,88 0,667
- MOPHOTo 3 i
BeaHanopHblii - 0,8<My< 1,6 0,88 0,667
IMoaynanopHutit 0,8<M,<1,6 0,83 0,25
npu 0,8 << Mg << 1,35 - .
Mppix 0,65 1,910-25
D ooe g | (5.58)
"l'
npu Mg =1, 35 MPUHUMAIOT
hpux=D. (5.59)

[Tpu mapamerpax pacxoaa [Tq < 0,8 rny6uHbl Ha BhIXOJe H3 roppupoBaH-
HBIX TPYO MOXKHO TaKKe OnpefessiTh Mo GopMy/naM ANA KPYTabix Tpyo.

TaGauwa 56

mBHX
OTHOCHTEJbHaA NJOLLAAb XKHBOIO CEYeHHS MOTOKa 2
OrHocurensnas Dy
”'ym‘ﬁ,_-,:ow"f’ Cortuie moan hfDe
" 2 | 4 6 | 8
Has kpyeasix Tpyé rj
0,0 0,000 0,004 0,010 0,019 0,029
0,1 0,041 0,053 0,067 0,081 0,098
0,2 0,112 0,128 0,145 0,162 0,170
03 0,198 0,217 0,235 0,255 0,274
0,4 0,293 0,313 0,333 0,352 0,373
0,5 0,393 0,413 0,433 0,453 0,472
0,6 0,492 0,512 0,531 0,550 0,569
0,7 0,587 0,605 0,623 0,640 0,657
0,8 0,674 0,689 0,704 , 0,719 0,732
09 0,745 0,756 0,766 0,775 0,782
Nan osoudarvreix TpYG

0,0 0,00 0,002 0,012 0,022 0,037
0,1 0,052 0,07 0,085 0,102 0,132
0,2 0,137 0,157 0,180 0,200 0,220
0,3 0,240 0,262 0,280 0,302 0,322
0,4 0,340 0,362 0,282 0,400 0,422
0,5 0,437 0,457 0,477 0,492 0,510
0,6 0,527 0,542 0,562 0,580 0,595
0,7 0,612 0,625 0,640 0,655 0,670
08 0,680 0,692 ~ 0,707 0,722 0,735
0.9 0,745 0,757 0,767 0,777 0 782
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Jlnast ynpoieHus H YCKOPeHHs pacueroB IMyGHH Ha BRIXOJe PeKOMeHayeTcH
n0Nb30BATECA IpaHKaMH, NPHBEIEHHBIMH B NPHJIOXeHHH 5.2.

5.29. Ilpu yKJOHaX TeXHHYECKH TIajKHX Tpy6 iy = 0,1 u Tpy6 ¢ noswl-
@IeHHO# LIePOXOBAaTOCTHIO, CO3[dBAEMOH 3a CYET CTYNEHYaTOH YKJaJKH 3BeHb-
£8, IPH CPEIHHX HX YKJOHAX i; > 0,04 rny6HHLI Ha BEIXOJle AONYCTHMO NPHHH-
MaTb PABHBIMH HOPMAaJbHBIM; BHIYHCJAAIOT HX JHGO NO pPeKOMeHJAlHAM, NpUBe-
JeHHBIM B TJ1. 2, 160 no rpadHkaM npuaoxenui 2.1—2.3.

Jns gpyraex Tpy6 nosab3yiorcs rpapukom npuaoxenusa 2.3 (puc. 1), rae

. Mg nuos (ap)
no ocu abecuucc oTnoKeH napaMerp IT,,, = —wﬂ

10°, TlpuBenensywo

NOBBILIEHHYK) 1IEPOXOBATOCTD Myon (ap) onpmenﬂét no rpaguky Ha puc. 3, a
(rize A — BbICOTA CTYyneHeil) TOrO e NPHIOKEHHA, NpuYeM TpH hy, /D <<
<< 0,225 oHa KOppeKTHpyercs NyTeM YMHOXEHHs Ha KosdxpiuueHT k;, KOTOpHIH
Haxoautcs no rpaduky puc. 3, 6 (cM. Tam xe). Jlast npAMOYToabHLIX TPY6 NOAb-
3yiloTcA rpaHKOM Ha pHC. 2 NMpHJAOXKeHHA 2.2, rje no ocH abCuuce OTI0XKeH

3
VAL X i cTyneHei).

= l
MW Cno-Vﬁ ( .

5.30. CxopocTH Ha BbiXOfie H3 TPY6

napamerp 1o =Q

Ugmix = g , (5.60)

©p prx
rie @gyyx — MJOWAAL XHBOTO CeYeHHA MOTOKA Ha BHIXOJE H3 TPYOHI.
Jna npaMoyronbHeIX TPY6

Ogpx = bhguyx, . (5.61)

AJA KPYTJbiX H OBOHIANbHBIX TPYS OTHOCHTEJbHYIO MJIOWUE/b JKHBOTO CeYeHHS
noroka onpeneasiot no taba, 5.8,

C uenbio yNpoUeHHs pacyeToB B NPHJIOXKEHHH 5.3 NpHBOAATCH rpaduKH
Ans OnpefieleHHs CKOPOCcTeH Ha BbIX0OJaX U3 KPYyTJbX Tpy6.

5.31. [ny6uHbl Ha BBIXOJAE H3 PacTpyOHBIX OTOJIOBKOB TPYG Onpelenssor
"3 3aBHCHMOCTH

hpux (or) =( b )4"3 (5.62)

hiHI bp

rie b — orsepcTHe TpYG6H;
bp — WHPHHA OroJOBKa B KOHUE ero.

6. PACYET MAJIbIX MOCTOB

THINbI MOCTOB H PEXXHMbl HX THAPABJIHYECKOHA PABOTHI -

6.1. INo reomerpHueckum. hopMaM, BJHAIOWIMM Ha THIpPaBJHYECKHE YCJIO-
BHA paboThl, PA3NHUAIOT C/eAYIOUIHe THIbI MaJbiX MOCTOB: ¢ OOPATHBLIMH CTeH-
KaMH H KoHycamu (puc. 6.1, a), ¢ oTKoCHBIMH KpuiIbAMH (puc. 6.1, 6), scrakan-
Hbie ¢ KoHycamu (puc. 6.1., 8), ¢ 3aGopHeiMH cTeHKaMmH (puc. 6.1, 2).

Kak npaBusio, Ma/ple MOCTH HMEIOT yKpenJeHHble pycia. OcoGeHHOCTH
rH/PaB/IHYECKHX PacyeTOB MOCTOB C HeyKpelJIeHHbIMH pycJamu cM. B n. 6.15.

3navenus Kos(ppHUHEHTa pacXoja m H Ko3dpuunenTa ky, 1A MOCTOB pas-
JIMYHEIX THMOB YKa3aHel B Taba. 6.1.

#H
[Tpu orHocuTeNbHO He6O/BILIOM 3aTOINJIEHHH KOHYCOB, KOrja ¥ i 0,6
HOH
(rme fiyyy — BbICOTA KOHYCa), yBeJHYeHHe NPONYCKHOM CNOCOGHOCTH YYHTHIBAIOT

Gapuyaoh: b yéuz.(ygme' e

= 0,025(1 ———m|, 6.1
m mTadn']' ( hnou) Ara J:J_;,%« ( )
Flie Mygpn — Ko3(ppHUHEHT pacxofa mo Taba, 6.1.
[lpu HecoBeplieHHOM CXKATHH II0TOKA HAa BXOJE NOJ MOCT yBeJHueHHe 3Ha-
YEHHSt /M YUMTHIBAIOT 10 dopmyie (5.14).
6.2. TNoamocToBoe pycno He moxronseHo (puc. 6.2, a, 6) u ypoBenb BoJbI
B HHXKHeM Gbede He BJIHAET HA NMPONYCKHYIO CNIOCOGHOCTb COOPYXEHHs NpH CO-
GMIoAeHHH YCIOBHS
hga
— <N, 6.2
H, < {6.2)

rre hys — ObTOBas raybnna B HumxHeM Gbede;
H, — narniop BOAH Tepel MOCTOM;
N — xpntepui#t noaronjienns (45], npuxHMaeMuidi no Ta6a. 6.2.

TaGauna 6.1
Tuns MOCTOB m LT
C o6paTHHMH CTEHKAMH H KOHYyCaMH =0,32* 0,83
C OTKOCHBIMH KphlJIbAMH 0,35 0,80
C 3a6opHBIMH CTEHKaMH 0,32 0,70 -
Scrakanbie ¢ KOHycaMH =0,33* 0,85

¢ KOHKpeTHME 3HASEHMA /M B STHX CAYSBAX HaXomat no dopuynam (6.1), (6.3) u (6.4}
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TaGauuma 6.2
m | N | kg b m N ke ¥
0,32 s 0,45 0,76 0,35 0,80 0,52 0,83
0,33 0,83 0,47 0,78 0,36 0,78 0,54 0,84
0,34 0,81 0,49 0,81 0,37 0,76 0,56 0,86
! 0,38 0,74 0,58 0,88

Ecan yciosue (6.2) He cOG/MIOAAeTCs, NOAMOCTOBOE PpYCJO TNOATONJEHO
(puc. 6.2, 8) u ypoBeHb BOXHI BJHsIET Ha MPOMYCKHYIO CIOCOGHOCTb CoOOpyaKe-
HHA.

6.3. B 3aBHCHMOCTH OT OTHOCHTE/JbLHOH IJIMHBI MOCTa C HENOATOIJeHHBIM
NMOAMOCTOBbIM PYCJ/JOM YyCTaHaBJ/JiHBaeTcs [ABYXINepenajHoe NpoTeKaHHe NOTOKa
(cM. puc. 6.2, a) uaH ofHonepenaaHoe (CM. pHC. 6.2, 6).

L
[pn AByXmepenajHoM MPOTEKAHHHM (H—’:"<:‘f2,5. rae L, — AnuHa mocra

BOJb NIOTOK3) NPONYCKHAs CNOCOGHOCTh NPAKTHYECKH He 3aBHCHT OT JUTHHBI
DAoL Yoise
MocTa.

a
[Ipx ofHonepenaiHoM MPOTEKAHHH (fT:< 25) NponycKHas cnocoGHOCTE

L
YBeMUMBAETCH ¢ YMeHblIEHHEeM OTHOLIGHHS _117:_‘ [pH 3TOM

i
m=mraun+0.03( °—0.4). (6.3)
Tu

a . dj 8) 2
P ST TF

2 »lw m
‘ il

Pnc. 61 THNB MaJIHX MOCTOB

Ly
— —_— -
- — =],
x ety 1 =
== =3 T
APE 778 P PP AT AT AP ST A
) . Puc. 6.2. Cxemb npoTekamus noroxka mox
Ia MOCTOM:
] - G — He3aTOI/IeHHOe NOAMOCTOBOE  pycaO NpH
e e ) i _'_‘i‘ ABYXnepenajHOM NpPOTeKaHHH NOTOKa; 6 —. He-
x ——-rp Rl e | g 3aTONJEHHOE MOJMOCTOBOE PYCJO NPH OAHOUEpe-
—_— Srrer = MagHOM NPOTEKAHHH [MOTOKA; & — 3aTomjIcHHOE
Vi FEL LIS TP POF P L o -’

NOAMOCTOBOR PYCAC
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b
6.4, B 3aBHCHMOCTH OT OTHOCHTE/NBHOH [LHPHHBI COOPYKEHHS F— MOCTBI
0

JenaTcA Ha y3KOC/JHBHble (NpH :,- < 2) ¥ WHPOKOCJIHBHHE (NpH %— >2).
0 (]

b .
Y IIHPOKOCTHBHBIX MOCTOB C yBeJHUeHHEM OTHOLUEHHs 77, PONyCKHas crnoco6-
0
HOCTb YBeJHYHBAeTCH, 4TO MOXKHO yuecTb [4] no dopmyne

H 2
m=mfaan+0.2(0.5 —T“) . (6.4)

O HOMPOJIETHBIE MOCThI

6.5. [wapaBinyeckHii pacyeT MaJbiX MOCTOB 3aKJ/I0Y3aeTcsl B ONpelefeHHH
OTBepPCTHH MOCTa, MOANEPTOH rayOHHLI Nepel MOCTOM, onpelensionieii MHHH-
ManbHOE BO3BbillleHHe GPOBKH 3eMJISTHOrO MOJOTHA, MAaKCHMAJbHOH TIJIyGHHBI
M0Ji MOCTOM, 1O KOTOPO# NpoBepseTcs BO3BbilIEHHe HH3a NMPOJIETHOTO CTPOEHHS,
H MaKCHMa/JlbHOH CKOPOCTH MOTOKA MOJ MOCTOM, ONpeiesioniel THI NoAMOCTO-
BOro YKpenJjeHHs. i

6.6. Iponycksas cnocoGHOCTbL MaJjbiX MOCTOB

& 2/3
Q=moy bx V2g H3/2, ’%:Kv.fﬂ___z—f}fj (6.5)

rle op — KoapHuHeHT noitonnenus [45], onpemensemmit no Taba. 6.3;
by — CpeiHsis WHPHHA MOTOKA MOA MOCTOM NPH KPHTHYECKOH FNIYGHHE; NPH NPAMO-
YroJIbHOM NMOJAMOCTOBOM CEYeHHH by PaBHO OTBEPCTHIO MOCTa,

KPHTH‘IECKaﬂ my6uua ANA TpaneueHAa bHbIX NMOAMOCTOBBIX pycena

iy (vp) = Prp iy () (6.6)
rae hy(y) — KpHTAYecKas rAyOHHA AJMA NPAMOYTOJALHOTO pycnaa (cM. ra. 2);
@rp — MapaMeTp, onpeAeaseMbiit no rpapuky Ha pHe. 6.3,

B cBow ouepeib

Mmorhy (
'P'rp=f( o; k (o) _’_')'
an

rae mMor — KO3(PQPHUHEHT 3aNOKEeHHA OTKOCa MOA MOCTOM;
bpy — WHPHHA MOJAMOCTOBOTO pycaa MO AHY.
6.7. MakcumanbHas riay6HHa BOJbl YCTaHAB/HBAeTCH HAa BXOJe IMOTOKa Moj
MOCT — hyy. [lo 3TOiH BeNHYUHHE NPHHHMAIOT MHHHMAJbHOE BO3BHYIEHHE HH-
3a [POJIETHOTO CTPOEHHS .

¥ - Jlns mMaabix MocToB
P e = hyx=tpzHe,  (6.7)
a7 o e £ gy —KOIQQHIUHENT, YUH-
06 ~ THIBAOWKH CHHXEeHHe
. N KpHBO#H moamopa, onpe-
05 - fedsemuit mo Ta6a. 6.1,
N
a4 6.8. MakcumanpHas
e ]| CKOpOCTb MOJI MOCTOM NPH
g3 JABYXMepenajHoM npoTe-
i KaHHH [0TOKa HAaXOJAHTCH
0z B CXAaTOM CEYEHHH, 3Ty
¢l
10 20 30 40 5060 70808010 20 CKOpPOCTH MNPHHHMAIOT 3a
M, A, » PACUeTHYIO H ONpelessiorT
b?,,i”} no gopmyae
vp= Q , (6.8
Puc. 6.3. Tpaduk aa# onpeneneHHs KOIPOHUAENTA Qrp hebe
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Ta6auuma 6.3 rde b — OTBEpPCTHE MOCTA; AV TPAMEUEHAAIbHLIX PYCeJ—9TO CPEAHAS WHPHHA NOTOKA

lNapameTps AJs pacyeTa MAJKWX MOCTOB 1O 3aTONJeHHOR cXeme npH rnyﬁnue B CHATOM CedeHAH hc'

B cBowo ouepelb
(] 8, n kn W: L] 8, On Ry \P,’, [} 8, he =k¢”on (6 8')
m=0,32 m=10,33 m=0,34 rae k, — kosbduuuent, onpefensemuft mo Tabr. 6.2.
¢ [1px onHomepenajHOM NPOTEKAHHH NOTOKA NOJ MOCTOM MaKCHMaJbHas pac-
e Sl ol R e = e e Da0 0.0k 109 :gg Pl 4eTHas CKOPOCTh YCTAHABAHBAETCS HA BBIXOE H3-NIOJ MOCTa MPH ryGHHE NOTO-
083 —| —|— | =] — [1,00]0,60] 1,10/1,20|7,10|0.96|0.65]| 1.20|1.17] 550 Ka, paBHOH ObITOBOH riyOuHe BOIbl B HHXKHeM Obede: :
0,84 1,00[0,59 1,00(1,19/6,90(0,98(0,62| 1,25/1,17]6,10/0,94(0,67| 1,31{1,14| 4,73 Q
0,86 [0,96(0,64| 1,26|1,134,80(0,93|0,67 [ 1,50/ 1,11{4,30(0,90(0,71( 1,56/ 1,08/ 3.60 ope=—— " (6.9)
0,88|0,90/0,69| 1',57|1,07| 3,40)|0,88|0,72) 1,80/{1,0513,00|0,85/0,75| 1,88/1,02| 2,60 16 “no
0,90 [0,84/0,74| 2,04/1,00/2,25)0,82(0,76| 2,08/0,97|2,10/0,79/0,80| 2,35/0,95| 1,95 rie byg — OTBEpPCTHE MOCTa; AMS TPANEUEHNAJIbHEIX PYCe] — 3TO CPefHAS WHPKHA MOTO-
0,92 (0,76/0,80| 2,65/0,92|1,40|0,75)|0,81 | 2,68/0,90|1,35|0,72/0,84| 2,90/0,88( 1,15 Ka npH ray6HHe hyg.
0.940.67]0.85| 3.52/0.82(0,80|0,66|0,86| 3,57|0,81|0,80|0.64|0.88| 3.70/0.78| 0.70
0,96 |0,56(0,90| 5,00/0,71{0,40|0,55|0,91| 5,20{0,70/0,35|0,53|0,92| 5,30(0,68| 0,35 o [IpH noATONJIEHHOM MOAMOCTOBOM pycJie 3a MAaKCHMAJbHYIO pacuerHyio
0,98 (0,40|0,95| 8,60(0,55(0,10 | 0,39 /0,95 | 8,65(0,54/0,10/0,38|0,96| 8,65/0,53( 0,10 [PHHAMAIOT CKOPOCTb NOA MOCTOM C YY€TOM TMepenaja BOCCTAHOBJIEHHS:
0,99 |0,28)0,97}15,00/0,43) 0,05 | 0,28 | 0,98 |15,00/ 0,43 | 0,05 0,27| 0,98 |15,00 0,42 0,05 Q
: : Up= (6.10)
I podoadxcerue maba. 6.3 B hy by
lNapameTps ANs pacdeTa MaAbX MOCTOB 1O 3aTOMJIEHHOH CXeMe TAe bn i %:ep:;;gnl:'?'r::‘ n—-_imk:gf;:eue"nanb"?x pyted =arocpennun MHpAEa noToka
- : kp — Kod(duueHT, npHHEMaeMbi#t no Taba. 6.3.
: [ 2 .
«¥n C 8, n n ¥n e 9, PacyerHasi MaAKCHMaJIbHasi CKOPOCTb NOJA MOCTOM JI0/XKHA ObIThb MeHblue 10-
=TT PRI ; NycKaeMoli CKOPOCTH J/IA IPHHATOrO THNA YKPENJEeHHA: Up < Upoy, T Upoy NPH
‘ NPHHKEMAIOT No Ta6a. 2.9. Ecau 910 yeloBHE HE BHINOJIHSAETCS, NepeXoiaT Ha Go-
0,78 — e e e L 1,0 | 0,64 | 1,0 1,28 | 8,05 Jee MOLIHOE YyKpenJeHHe HJH YBeJHYHBAIOT OTBEPCTHE MocTa LIS yMeHblue-
0,801 1,0 0,63 11,0 1,25 7,75 0,97 | 0,67 | 1,14 1,23 6,50 HHA Up.
0,82 0,97 { 0,67 | 1,18 | 1,19 | 6,00 | 0,94 | 0,71 [ 1,34 1,17 5,10 ‘ 6.9. OBbIYHO NPH W3BECTHOM PacXojie BOAbl ( Mo BbiCOTE HACKHITH HA3HAYAIOT
g.% g.gg g.::,'g {g? }(lj-'_; ggg ggé g,j”; %% :éé g.gg Hanop rnepej MOCTOM f, H ONpPEeJeNAIOT OTBEPCTHE MOCTA b
0,88 | 0,84 | 0,78 l'Qg 1,01 2,’53 8% 0,81 | 2,11 | 0.99 22@5 [TepBonauanpHo no dopmyae (6.2) nposepmo-rnoamo»mombn%n'ronneuuﬂ
0,9 ( 0,78 | 0,82 | 2,3 0,94 1,8 , 0,84 | 2,53 0,92 1,55 7 : Aug
0092 | 0'71 | 0’85 | 290 | 086 | 1015 | 0,69 | 0'87 | 3.05 | 085 1708 noaMocToBoro pycaa. Ec/lH NoaMOCTOBOE PycJO HE MOATONJEHO (Ha <N
0,94 0,62 | 0,89 | 3,80 | 0,77 ( 0,66 | 0,60 | 0,90 | 3,90 0,76 0,60 & oy = 1), To, pewas ypasHenue (6.5), onpelensior oTeepctHe Mocta. [lonyuen-
o8| 057 | 000 |ad | 0:53 | oip | 0i36 | 097 |a30 | o6z | Ok HOE 110 pacyeTy OTBEPCTHE MOCTA by, OKPYTJISIOT A0 GHXKARLIEro GOJIBLIETO CTaH-
om | o 0o 5% o8 | 005 | 0098 | 05 | TeT00 | oat 0’08 | AapTHoro pasMepa bx. 3arem onpelenAioT HOBOE 3HAYeHHe Hanopa:

b . LT :
) Oxorvanue maba. 6.3 Hy =H, (‘—7-) : (6.11)
; by .

¥
!’Iapaue-rpu ANf pacyeTa MajakX MOCTOB MO 3aTOMJMeHHOA cxXxeme

[To 3nauenHio Hg CHOBA MpOBEpsIOT ycJioBHe mnoaronJenns. Ecin noamoc-
'H 8 [0 % kn i ] 9, TOBOE pycJIo He NMOATOTIEHO, Mo Gopmyne (6.7) MPOBEPAIOT JOCTATONHOCTD BO3-
I BHILIEHHA HH3a NPO/IETHOrO CTPOEHHA H B 3aBHCHMOCTH OT XapakTepa IpoTeKa-
m=0,37 | m=0,38 HuA noroka no gopmyae (6.8) nan (6.9) — KocTaTOYHOCTH NPHHATOTO THNA VK-
y penJyieHus .
0,74 | — = = — 11,00 068 (1,0 1,35 | 8,95 hus
0,76 | 1,0 | 0,66 | 1,0 1,33 | 8,70 | 0,97 | 0,70 | 1,15 1,30 | 7,10 Ecsin noaMocToBoe pyciio NMOATOILIEHO (F!— > N), no taba. 6.3 B 3aBHCH-
0,78 (.0,97 | 0,69 ;1,15 | 1.27 | 6,95 | 0,95 | 0,73 | 1,30 1,25 | 5,90 2 it
0,80 | 0,95 (0,72 (1,28 | 1,21 | 5,80 | 0,93 | 0,75 | 1,42 1,19 | 5,056 MOCTH OT 3HAYEHHA M, COOTBETCTBYIOUIETO NPHHATOMY THIY MOCTa, H H—“ Ha-
0,82 092 | 0,74 1,50 | 1,15 | 4,50 | 0,90 | 0,78 | 1,65 1,13 | 3,90 . g
0,84 | 0,89 ; 0,77 [ 1,70 | 1,09 | 3,66 | 0,87 | 0,80 | 1,85 1,07 | 3,25 XOIAT Oy H, pewas ypasHenue (6.5), onpenensior oTBepcTHe MocTa by. 3aTem
ggg 8,83 O,Bg é% (l)g:; glsg Ogg ggg gog l,Oé 2.4g okpyrasior by 1o GaxKaiiwero 60/1blUEro CTaHAaPTHOrO 3HaueHHs by, W onpeje-
’ o7 0,8 . ’ ) 0, 5 3 0,9 1,9
0,90 | 0,73 | 0,85 | 2,65 | 0,90 | 1.47 | 0,72 | 0,87 (280 | 0'88 | 1.37 ASOT BenOMOraTenbHizE HapAMETP
0,92 0,67 | 0,88 | 3,15 0,84 0,95 0,66 | 0,90 | 3,30 0,83 0,8 3 r by O \ 2
0,94| 0,59 | 0,81 | 4,06 | 0,75 | 0,55 | 0,58 | 0,92 | 4,15 0,74 | 0,50 Ho A
0,96 | 0,50 | 0,94 | 5,25 0,66 0,35 0,49 | 0,95 | 5,30 0,66 | 0,35 by,
0,98 0,55 | 0,97 (-8,70 0,52 0,10 0,34 | 0,98 | 8,70 0,51 0,10 0= . 3 (6.12)
0,99 | 0,26 | 0,98 | 15,00 | 0,40 | 0,05 | 0,25 | 0,99 | 15,09 | 040 | 0,05 ] ’
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Jlanee no ta6a. 6.3 no NPHHATOMY 3HaYeHHIO m H nojyyeHHomy O Haxo-

AT Of, (%,’52)' M HOBOE 3HaueHHe Hanopa
[]
3.r ,
' by oy \2
Hy =H, e I (6.13)
bK uIl'l
hnﬂ

a Tak)Xe HOBOe 3HauYeHHe OTHOIUeHHs H, e

E hyueo h_gu_ P ”
can g ( e ) , BHOBb YTOUHSIIOT O H PacueT MOBTOPSIOT 10 MOJyYe-
HHSl JOCTATOYHOH CXOJAHMOCTH Pe3yJbTaTOB.

3arteM npoBepsiOT AOCTATOYHOCTh BO3BBLILIEHHS HH3a NPOJIETHOTO CTPOEHHS
no ¢opmyse (6.7) u npHHATOrO THNA yKpenJenua no gopmyae (6.10).

6.10. B ToM ciyyae, KOrja Hanop nepel MOCTOM He fBJIA€TCS JHMHTHPYIO-
UM (aKTOPOM, PAaCUeT BeAyT HCXOLA H3 AONYCKaeMOH CKOPOCTH Up,, ANS MPH-
HATOrO THOA YKpenJieHHWsi NnoAMOcToBoro pycia. IIpu-3ToM no Kosgxpuuuenty
pacxoja m, COOTBETCTBYIOIIEMY NPHHATOMY THNY MocTa, mo taba. 6.2 onpeje-
Ns10T napamerpul P H N.

Crauasia npu o, = | onpeeJfioT Hanop nepei MoOCTOM:

2
TOAR: o O (6.14)
ong V/2m? -

IMoToM NpPOBEPSIIOT BO3MOXHOCTH NOATONJIEHHS NOAMOCTOBOTO Pyc/a; eciu

yenosue (6.2) co6/iofaercs H NOATONJIEHHE OTCYTCTBYET, TO, peliaf ypaBHEHHE

(6.5), onpegnensitor orBepetHe MocTa. Jlanee pacueT BHIMOMHAIOT, KAaK B ciyyae,
paccMoTpeHHOM B 1. 6.9 npH OTCYTCTBHH NOATONJIEHHS .

. h
Ec/H NoMOCTOBOE PYC/a0 NOATONJIEHO (;—“ = N), ONpefensoT HaH60/Ib-
o .
WYIO BO3MOXKHYIO CKOPOCTb TEYEHHS TMOJ MOCTOM

3 0,5
(_Q”H_GN_ W’”’) ) (6.15)

YcTaHaBJAHBAIOT PaCyeTHYI0 CKOPOCTh Up:

Umax =

Up="Umax TPH Unon = Umax H Up="Uyon MPH Unon << Umax-
3areM onpejesAlOT BCIOMOraTe/bHLH napamerp
2
Up
0, =—— :
o v (6.16)

y h
H 1o Ta6n. 6.3 HAXOAAT NapaMeTPhl Oy, P H }T’-E.
0
OnpepensitoT Hanop
vhob
Hy= 2
ong Vom?
H TIO [OJYYeHHbIM 3HAYEHHSAM Oy H Ho HaXOlAT Heo6XOAHMOe OTBEpPCTHE Moc-
Ta by.
Jlanee pacuer BINOJIHAIOT, KaK B c/1y4Yae, pacCMOTPeHHOM B n. 6.9 npu noa-
TONJIEHHH TIOAAMOCTOBOrO pycJa.
ITpH H3BECTHOM OTBEPCTHH MOCTA, YTO COOTBETCTBYET PACYETY COOPYIKEHHH
NPH PEKOHCTPYKIHH JOPOT HJIH CTPOHTEbCTBE BTOPHIX MyTeH Ha XeJe3HbX I0-
porax, /60 B c/yyae Ha3HaueHHs OTBePCTHA MOCTA MO YHeJbHOMY pPAacXony
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g = % (rne bpe — WHPHHA OTBEPCTHS MOCTA NO JHY; O6BIYHO NPHHHMAIOT
OH

g = 1—3 ) BHayaje ONMpeAenfloT NoAnepryile raybuuy H, no dopmyne

(6. 5) npe}monaraﬂ He3aTOIJEHHOe MOJAMOCTOBOE PYC/IO, T. €. IPHHHMAsl O, =
= JanbHeiiie pacyeTbl BBINOJHAIOT C HCNOJIb30BAHHEM HOMOrpaMMbl
A. A AnexcaHipoBa, npHBeAeHHOH B NpHIoXeHHH 6.1.

Pacyer HaydHAOT ¢ onpeje/eHHs 1O HOMOrpaMMe HCTHHHOH noaneproii
ray6uibl Ho no sHavenusm H,, hyg u m, L1 4ero HaXOAAT TOUKH Nepeceye-
HHSl KPHBBIX, COOTBETCTBYIOUHX 3HAUeHHAM Hy u h,s NPH H3BeCcTHOM KOI(HH-
uxente pacxoia nt. Ciefyer OTMETHThb, YTO HAa HOMOTpaMMe JaHbl /Ba BHJa 3a-

BHCHMOCTEH %ﬁ: npu m = 0,38 (cnyownele AuHHK) H m = 0,34 (WTpHXOBLIE),

npHUeM A5 TPOMEXYTOTHBIX 3HAaYeHHH m yKa3aHHble KPHBble HHTEPNOJHPYIOT-
csi. OpaHaTa yKa3aHHOH TOYKH JaeT 3HaueHHe HCTHHHOH nojanepTod myﬁ:mu,
abcrucca — 3HaueHHe O y.

Ilpu o4, = 1 K pacuery npusumaior Ho = H,. Jlanee no ¢opmyse (6.7)
onpenensiior g, ¥ no dopmyae (6.8) — vy, onpegenus npeapapurenbho ki, no
dopmyane (6.8)', rae k. Gepercsi no taén. 6.2.

[lpw o, << | no Ta6a. 6.3 npu H3BecTHOM Ko3hHIIHeHTe pacxXola m H no-
JyYeHHOM 3HAUeHHH 0 , HAXOAAT KoadxpuunenT k,, a 3atem 1o gopmyue (6.10) —
CKOpPOCTb Uyp. I‘nyﬁnuy Ha BXOJe MOTOKa MOA MOCT iy, ONpeaensiorT no Toi e
3aBHCHMOCTH, 4TO W OpH Oy = 1, T. e. no dopmyne (6.7).

[Tpumepbl pacyeTa MaJiblX MOCTOB NMPHBOAATCA B MPHJIOMEHHH 6.2.

MHOTONPOJETHBIE MOCTHI

6.11. TponyckHast cnOCOGHOCTb MHOFOMPOJETHBIX MOCTOB C MAacCCHBHBIMH
onopamu
Q=tkep mnb Vg HY/?, (6.17)

rae kep — cpelHnil KOSGOHUUHEHT, YYHTHIBAIOUHA NJaBHOCTh BXOJAHOTO CEYEHHH MOCTa;
n — 4HCHO TPONETOR MOCTA

B cBoio ouepeab

—2 2k,
PR 1. n” ) 2o (6.18)

rae knp H kxp — KOS(GQHIHEHTH, YYHTBHIBAIOIHE NJaBHOCTH BXOJA4 NOTOKA COOTBETCTBEH-
HO JJSl MPOMEKYTOUHHIX W KPalfiHHX MPoJeToB.

KosdppuunenTtbl & yp # kyp MOTYT ObITE NPHHATE PaBHBIMH AJS1 3aKpYrJeH-
HbiX ‘ycToeB H ObikoB 0,91 ana npamoyrosbHbiX ycroes H nposeroB — 0,83,
Bausnuem nasoB B Gbikax npeHeGperator. [Ipu HaaMuKM OBIKOB XapaKTep BOJ-
HOH MOBEPXHOCTH MOA MOCTOM NPaKTHUECKH TAKOH e, Kak H 6e3 HHX, HO OT
BEPXOBOH rpaHH GBIKOB MOABJARAIOTCS JONOJHHMTEJbHbIE KOCble BOJHBI,

Hasi OTHOCHTENBHO KOPOTKHX MOCTOB (L << 2,5H ) HecOBepIIEHCTBO CXKa-
THS TIOTOKA MPH BXOAe W YBeJHYEHHe MPONYCKHOH CMOCOGHOCTH MPH OTHOCH-
TeJIbHO MaJ/IOM 3aTOMNJIEHHH KOHYCOB YUHTBIBAIOT TAK Ke, KaK H JUIS OJAHONPOJeT-
HBIX MOCTOB.

6.12. MuoronposieTHbie 3cTaKaAHble HENOATOMNIEHHbIE MOCTHI Ha CBaHHBIX
OMopax paccuHThIBaloT no dopmyse

Q=mqer b, V2 HY'?, (6.19)

rie Qer — KOIQPHIUHEHT, YYHTHIBAOWHA NOTEPH Ha BXojAe OT CTOEK, onpenedgeMbifi no
rpadpuKy Ha pHC. 6.4 B 3aBHCHMOCTH OT Kgq.
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A

B cBoio ouepeis Yoy |

Bl bye—Zber ‘ ‘ /

by n95t¢ =

rae by — CpeAHss UIHPHHA NOTOKA IPH KPH- !
THYeCKO# ray6une; by = myphy X
+ by =

Bxoasiwas B gopmyay (6.19) ge- G0

JIHYHHA by = mo. by + bo(ml) npea-

S

r
|

crapjsier coboi CPeAHIO IUHPHHY TO- 765 ’
TOKA NPH KPHTHYECKOWH r/1yOGHHE 3a° Bbi- "“o60 065 090 095 &
ueToM WHPHHB cToeK (Bgigm) = by — ' ’ L
— Zbey). Puc. 6.4. I'paduk ans onpegeneHus @er:

KPHTePHI':! ﬂO}l'i‘OﬂJ]EHHH ﬂO}lMOCTO- I — npH cTOAKax ¢ OKPYrAEHHBIMH YriaaMe; 2 —
BOTO CEYeHHs AJS MOCTOB TAKOrO THIA DpH: WD AMOYTOABREL - CTOMkAX
clellyeT  paccMaTpHBAaTh ¢ Y4€TOM
BJIHAHHA cTOeK. MOXHO CuHTaTbh, YTO MOCT C TPOMEKYTOUHBIMH CTOHKAMH
Oyler 3aTonsieH, ec/H TJAyGHHA TMOA MOCTOM h, BbluHC/eHHas no rayGuie
HHXKHero Obeda, YA0BJIETBOPSAET YC/OBHIO

h>(")nnh>(k) 6.20
g ’ »
d Hn Hy hy hy np ( )

rae (h—) = 0,75 = 0,80 u COOTBB‘I‘C‘I‘BEH"O('— = 1,30 + 1,40.
Holap .
) [IpuGaHKEHHO KpUTEPHiHl 3alOJHEeHHS MHOrOIPOJIETHBIX MOCTOB MOXKHO
onpejeNsiTe TAK Ke, KaK M A1 OAHONPOJIETHHIX.
[Ipu pacuere MHOronpoJIETHbIX 3aTONJIEHHBIX MOCTOB B pacueTHble (opMy-
abl (6.17) v (6.19), KaK AMA OZHOMPOJIETHBIX MOCTOB, JA00ABJSIOT MHOMXHTE/b
0 % onpeessiemslit no ta6a. 6.3.

MOCTbI HA 3AJIHBAX BOOOXPAHHJ KLY

6.13. Tloa coopyeHHeM, OTAeJNAIOUHM 3aJHB BOAOXPaHHIHILA, OIIMEHHO-
ro 03epa, WIbMEHA WIH JMMaHA OT €r0 OCHOBHOH YacTH, TOTOK TIePHOJHYECKH
MEeHsIeT HanpaBjieHHe B CBSI3H ¢ KOJeOaHHAMH YPOBHS PEKH HJIH OCHOBHOH yYac-
TH BOJOEMa.

[Ipu paBeHcTBe ypoBHeif B Obedax mnepeinBa NOTOKAa Yepe3 COOPYHKeHHe
Her. [Ipy u3mMeHeHHH ypoBHSA peuHOro Gbeda Bosunkaer nepesus. [lpn nonmxe-
HHH YPOBHA peuHoro Gbeda oTceueHHas 4acTb onopoxHsercs (pHc. 6.5, @), a
NpH MOBLILIEHUH HAMOJHAGTCA YEPE3 OTBEPCTHE coopyxenus (puc. 6.5, 6).

Ecau nepenajf B YpOBHAIX YBEJIHUHBAETCH, TO CKOPOCTb IOTOKA pacTeT 10
TeX MOp, NOKA CKOPOCTb H3MEHEHHs YPOBHA BOJbl B OTCEYEHHOH YacTH He cTa-
HeT paBHA CKOPOCTH H3MeHEeHHs YPOBHS peuHoro Gbeda, 4To COOTBETCTBYET MaK-
CHMYMY CKOPOCTH MMOTOKA B OTBEPCTHH MOCTA.

) i )
omceyennas . amcevenqaq N
P qacme [ZZ2 Peynod dseq@ PN Fr vacme | EZ2A Pewkou Sbem
%Fg F = ::": = 3 Fe .q = ==
e N e e SV
ES ™~ zuil =
v Vi 1;*71 7 Z 7T

Puc. 6.5. Cxemul pabOoTH MOCTOB HA 3a/IHBAX BOLOXPAHHJHUL NMPH HX ONOPOKHEHHH
(@) u Hanoaneuun (6)
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CkopocTb H3MEHEHHSI YPOBHS B OTCeYeHHOH UacTH MOXKET H He IOCTHIHYThb
CKOPOCTH H3MEHEHHs YDPOBHS DeuHOro 6beda 10 KOHUA TNepHOla H3MEHeHHs

. ypoBHefl B nuTepBae ot H, o H;. B 310M cliydae MakcHMYM nepenaja yCTaHo-

BHTCSl TIPH JIOCTHXKEHHH YPOBHEM peuHoro Gbeda cBoero KpaiHero nojioxeHHs
(H, — npu HanoJHennH #H H, — npH onopoxHeHHH).

JlBuKeHHe BOJBI NOJL OTCEKAIOIIHM COOPYXKEHHEM DAaCCYHTBIBAIOT 10 HOMO-
rpaMMaMm Jasi onopoxHeHHs (pHc. 6.6) u Hanonnenua (puc. 6.7). Ilpu nosb-
30BaHHH HOMOrpaMMaMH CHayalia 1o HCXOIHBIM JaHHuM Fy, Fy, H,, Hy ¥ a BH-

YHCIAIT XapaKTepHCTHKH
\

e HiFy  , a o " H,
K VH“FI. L w K= ~(6.21)
rne Fl_. Fo — MNJAolaiH OTCeYeHHON 4acTH BOJOXPAHHJAHINA COOTBETCTBEHHO INPH HHMHEM
H BEepXHeM YPOBHAX peyHoro GObeda;
a — pacueTHas CKOPOCTb H3MEHEHHs] YPOBHs pedHoro Gheda, M/cyT.

Hy:KHO HMeTp B BHAY, UTO ueM 6OJblue a, TeM NIPH NPOUHX PABHBIX YCIOBH-
aX TpeGyercs OoJsibliee OTBEPCTHE MOCTA JJISi COXpPaHEHHS! JONYCTHMOH CKO-
POCTH.

I1pyu BbIYMC/IEHHH BCIOMOraTe/IbHBIX XapaKTePHCTHK Bhpaxalor F B KBaj-
paTHbIX KuHJomerpax (km®) v A B MeTpax (M).

[1pu 3ajanHoO# loNyCcKaeMOH CKOPOCTH ONMpERE/AIOT 3HaYeHHe MAaKCHMaJlbHO
JONYCTHMOrO OTHOCHTEJNbHOrO mepernaja

2
; _ Zmax _ _ Unon A
" Hy Hg*2g ' =

rae ¢ — ko3(pdulHeHT CKOPOCTH, NMpHHHMaeMuii no rtaba, 2.5.
Ilo orHocHTeABHOMY nepenany 0 u BuMHCIeHHbIM K H L 1715 cooTBercTByIO®

b
LIMX 71 10 HOMOTPAMME OTIPE/Ie/ISIOT OTHOCHTE/IbHOE OTBEpPCTHE !‘;“’ H OTBepCTHE

b = bHDH
o

Homorpammel coctapiensl Aast K = 1. Eciu Xapakrtepueruka K noayua-
ercd MeHee eAHHHIbI, TO NPHHHMAIT

K=1nL="1_ FyFy ' 6
I > (6.23)

Pacuetnyio cxopocu{ H3MEHEHHs] YPOBHS peuHoro Oweda MOXKHO npﬁﬂu:
Matb cpeaHel” (puc. 6.8, a):
' Hy,~—H
“cpz|T°. (6.24)

rae T — nNpofO/KHTENLHOCTh H3MeHeHHA YypoBHek ot My po H,.

Pacuerssie 3HaveHus F, u F;, onpejeienHble no Kpusoit F = f(H) Ha
yuactke ot H, 1o H, (puc. 6.8, 6), cyliecTBeHHO OTJIHYAIOLIEACS OT NPsIMO, LIS
Goubleil TOYHOCTH pacyeTa NPHHHMAIOT ¢ MONPABKAMH, NOJAb3YACh CJeAYIOLLHM
METOJIOM.

Mexny Toukamu KpHBoii F = f(H), coorserctBylomumu H,y 0 H,, npoBoasat
XOPAY H NMapa/enbHylo el CeKyl(yio Ha PacCTOSHHH %/3 BBICOTHl CermeHTa f.
B stom eayuae naowadb Tpeyronbinka ABE 6n1n3Ka k naomany gpurypsl KCLN.
Ha nepeceuennn cekymeit ¢ abcunccamn Hy B H; nonyvaior TOUKH pacyeTHbIX
3HavueHuit F§ u Fi.

Ec/H npH HanoJiHeHHH BOJ0EMa CKOPOCTb NMOJbeMa YPOBHS 4 3HAYHTENBHO
Gosblue, ueM NPH ONOPOXKHEHHH, TO 3a PACUETHBIA Cyyal NPHHUMAIOT HaNOJHe-
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Puc. 6.7. Homorpammel 118 pacyeTa MOCTOB NPH HanoJIHEHHH BOJIOEMOB

a) H,m [7 g) H
B 4 \__ A 7137 7
S \ IR G ] =10 /4
' @ T i //
¢ / \\ A //\//
7 7 KR A

Puc. 6.8. I'paduku aas onpeneneHns acp (@) u nonpasok k Fy u F, (6)

Hue. [lpu 3HaueHWAX a, GMH3KKHX KaK A HANONHeHHs, TaK M JUIsi ONOpOXKHe-
HHS, PAacCUYMTBHIBAIOT OTBEPCTHE MOCTA ISl OGOHX CJyuaeB H NMPHHHMAIOT GOlb-
uree.

Homorpammbl He Y4YHTBLIBAIOT NMOCTYIIEHHA HJIH YTeUKH BOAbI H3 OTCEUEHHO
YacTH BOflveMa [IOMHMO PACCYHTHIBAEMOTO COOPYKEHHA (WCnapeHHe, pacXolisl Ha
opotieHHe, MOCTOAHHBIH MPUTOK B OTCEYEHHYIO YacTh M T. 1.). Bausnue 3tnx
JIONOJHHTE/IbHBIX PACXOJA0B YUHTHIBAKOT, BBOAS B PACYET CPEJHIOK IOCTOSAHHYIO
MONpPaBKy K CKOPOCTH M3MEHEeHHs YyPOBHS OTCEYEHHOH 4acTH

P Quon(ep)

=const, m/cyT; (6.25)
7 \
Fi+F,y
31ech Fcp=—2—'.
6 yueToMm JONOJHHTENbHOTO pacxoja OTBepcTHe
. P
b,n,onZ”("F‘;)- (6.26)

rae b — oTBepcTHe, OmpegessieMoe N0 HOMOTPaMMe €3 yueTa AOMONHHTENbHONO PAacXoia.

HeBbirofHpiMH pacyeTHBIMH CJIyYasiMH,
«TJIKOCY, SABJASIOTCS :

NMpU OMOPOMXKHEHHH — MPHTOK JOMOJHHTE/NLHOTO PACXofd B OTCEUCHHYIO
YacTh;

NpH HANOJHEHHH — 3a060p BOJBI H3 OTCEYEHHOH YacTH.

B npunoxenun 6.3 npHBOAATCSA NPHMEPEI ONpefieleHHs TpeGyeMbIX oTBepC-
THIt MOCTOB NPH HaroJIHEHHH H onopoxHeHuu. Homorpammbl nospossiior pac-
CUMTHIBATH OTBEPCTHA MocTa Ge3 noAdopa, a TakmKe NMPHrOAHBL IS pacuera oT-
BEPCTHil Tpamneluedaa/bHbiX MOCTOB. B 3TOM c/lyude BhluHC/eHHAs IWHPHHA MoC-
TAa NIPHHUMAETCA KaK cpefHss Mexay raybunamu H u H,.

[ITupuna mocta no nHy

byw="b—mgr (H1—H,).

Koraa P [NPHHHMAKOT CO 3HAKOM

(6.27)

MOCTbI-BOAOCNYCKH

6.14. MocThi-BOJOCIIYCKH C 34TBOPaMH AIS NEPeKPbITHs OTBEPCTHS Tpej-
H43HAYAlOTCA A1A paGoThl TOJBLKO IIPH ONMpe/Je]eHHOM YPOBHE BOLBI B BepXHeM
Obede.

Ecnu npucnocobnenne A8 NepeKpbITHA YCTPOEHO B BHAE IAHAOPHOTO
3aTBOpa, TO OTBEPCTHE MOCTA PabOTAeT 10 CXeMe BOJAOC/HBA C OCTPBIM MOPOTOM
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(pue. 6.9). Ecau npucnocobienne 115 NepeKPhITHS YCTPOEHO B BHAE [OLLEMHOTO
ILIHTA, TO OTBEPCTHE MOCTA PAbOTAET 110 CXeMe HCTeUeHUs H3-NIOJA WuTa (pHe. 6.10).

MocThI-BOAOCIYCKH PACCYHTBIBAIOT Ha CTPOrO 3apery/IHpPOBaHHLIH pacxof,
onpefiesiemMblii ypoBHEM BepxHero 6beda H CTENeHblO OTKPBITHA -3aTBOpa. OHu
paboTaioT 1o cXeMe He3aToN/IEHHOro BOJOC/IHBA, TAK KaK BKJIOYalOTCA B pabory
TOJIBKO TIPH YCJIOBHH NOHHXKEHHs YPOBHSA B HHXKHEM Obedbe HHKe ypPOBHS 3aTBopa.

[TepBeifi . THN MOCTOB- BOJOCIYCKOB (aHaopHBIE MOCTBI) PACCUHTHIBAIOT 10
topmyJie BOAOCTHBA ¢ TOHKOH CTeHKOH. 3HaueHHe H B lIAHAOPHBIX MOCTax He-
BEJIMKO W ONpejensiercs BBICOTOH OAHOrO WJH Napbl LIAHAOPOB; NPAKTHYECKH
sta Bhicota KoJaeGaercs ot 0,14 apo 0,70 m.

JI5 IAHAOPHOTO MOCTA NIPHXOJAHTCH PellaTthb CledyuiHe 3aaaun (CM. pHc. 6.9):

a) 10 3aJlaHHOMY BpPeMeHH OMOPOXKHEHHA BepxHero Gbepa M BbICOTE NOJ-
nopa H onpefenuth notpe6HOe oTBepcTHe MocTa b;

6) 1Mo MPUHATOMY OTBEPCTHIO MOCTa b M BhICOTE Noxnopa H onpeaenuts pac-
X0 MOcTa W BpeMs, moTpe6HOe AJfA ONOPOXKHEHHA BepXHero Obeda.

3a noporoM IAHAOPHOro 3atBopa ofpasyercsa nepenaj, Vs KOTOpPOro
J0/UKHO GbITh PACCUHTAHO CONPSiXKEHHe ¢ HHKHUM GbedoM. Pacuery nopsepraer-
cst cJiyyal CHSITHA CaMOro BepXHEero aHAopa, KOraa CTPys, CJIHBAIILAsACH ¢ 3a-
TBOpa, HMeeT camyio GOJbIIYIO BHICOTY TIaJeHHS.

Jnuny najeHHs CTPyH, c/lHBalouleics ¢ rpebHs 3amopa onpefiesiioT No
ynpoueHHoi popmyne

Ly=Hy-hg, (6.28)

rie Hy — BbicoTa nopora (mWaHgopa);

by — icg}ﬁr;trecxaa ray6uHa, ee onpeneasior (o pacxoay Ha nopore Q) no gopmy.re

HauHa npsiKKa

= 2hy. ‘ (6.29)
[nuHa OTroHa npbiKKa
i 1 ;
Ly=——(1,75hx—he), : _(6.30)
Ik
tie iy onperensiorT mo. gopmyae (2.12). .
+ TnybuHa B CXKATOM CEHEHHH -
f!c:O‘ghk.
Takum oOpasom, NoJHAs JAJHHA YKPEIJIeHHS 3a IIAHAOPHLIM 3aTBOPOM
L=Ly+L,+Ls. (6.31)

Jlanee (3a MpPLRKKOM) TIOTOK NMpHOOpeTaeT GLITOBYIO TMIYOHHY, H PycJO He
HYKJ4eTcsi B YKpenJeHHH.

S
o \\,:h e
T =T TSI
. l g s
1
NS

Puc. 6.10. Cxema paborsl MocTa-Bojocmyc-
Ka C MOABEMHBIM LHTOM

Puc. 6.9. Cxema paGoThi MOcTa-Bo-
JLOCNYCKA ¢ AHAOPHLIM 3aTBOPOM

6 35‘11(. 935 161 -

3a pacueTHyw CcJelyeT JNpPHHHMAaTb CKOPOCTb B CXKATOM CEYEHHH

(6.32)

Vg=——

bhe

30Ha pyc/ia BO3MOXKHOTO NaJleHHsi CTPYH, T. €. Ha NPOTsKeHHH L,, Homx-
Ha ObITh YCHJEHHO YKPEIJeHa.

B MOCTaX-BOJOEMYCKAX Mep N0 TalIeHHIO SHePTHH NOTOKA He TpeiycMaTpH-
BAIOT, TAK KAaK Ha IPONycK pacqemux PacxooB OHH paboTaloT Pellko ¥ KpaTKo-
BpEMEHHO.

Bropoit THI MOCTOB-BOJOCIYCKOB — IIHTOBbIE MOCTHl (cM. puc. 6.10) —
PACCUHTHIBAIOT N0 JOPMYJIe HCTEUEHHS BOJbI H3-NOJ IIHTA B HE3ATONJIEHHBIH HUXK-

HUil Obed:
Q=pba Y2z, ) (6.33)

lrne p = 0,63 = 0,64 npu BepTHKANLHOM DACMOJONKEHHH MJIOCKOTO UIHTA;

a — Bicora OTBEPCTHS NOA WIHTOM; |
z — BO3BbILIEHHE YPOBHA BepXHero 65e¢a HaJl CBOGOJHON ITOBEPXHOCTHIO NOTOKA
B C)XKATOM CeYEHHH.

[ny6HHa B CXKATOM CeYeHHH
he=¢a, (6.34)

rae & = 0,64 — Ko3ppHILHEHT BEPTHKANBLHOTO CXKAaTHA.

Jlanee onpeflensitoT CKOPOCTb B CXKAaTOM ceueHHH Tno ¢opmyJae (6.32) u no
HeH TPHHHUMAIOT COOTBETCTBYIOLIMH THII -KpelJeHHs HHMKHero Obeda.

Ypashenue (6.33) pewaercsi AN nNepBOHAYaJbHOTO TOJOXKEHHS YPOBHSH
B BepxieM Gbede, Kak 15t HanGoJsiee oTBeTCTBEHHOro. [10 Mepe BeITeKaHHs H3-10J
LHTA YpOBEHb B BepXHeM Obede CHHXKAETCA H YC/IOBHH B HHXKHeM Gbede obaer-
yalTes. ITO N03BOJALT NOCTENEHHO NMOJHHMATH LIHT H, TAKHM 006pasoM, noiuep-
MHBATH NMOCTOSHHBIN pacxol Q.

OCOBEHHOCTH PACYETA MOCTOB C HEYKPENJIEHHBIMH PYCJIIAMH

6.15. [pu nepeceueHnu BOJOTOKOB, JHO KOTOPHIX MOJACTH/IAETCS KPYMHBIM
rafieyHblM HJIH NJOTHBIM CBA3HBIM FPYHTOM!, MOXET OKa3aThCsi 3KOHOMHUHBIM
YCTPOHCTBO -MaJIOTO MOCTa C HEYKPerJIeHHHIM PYCJIOM.

K ycnoBusiM, 61aronpusTCTBYIOUHM TAKOMY PEIIEHHIO, OTHOCHTCS HOPMAJlb-
Hoe (HeKocoe) nepeceueHHe BOJOTOKA OJIHONPOJIETHHIM MOCTOM.

YCTpoiicTBO Maloro MocTa ¢ HeyKpenjJeHHBIM PYcJoM Ha noiimMe H ocoben-
HO TNIPH KOCOM IepeceyeHHH NOJAX0JAHOM HACHINbIO PeYHOH JOJHHbI CBS3aHO, Kak
NPaBHJI0, CO 3HAYHTEIBHBIM YBeJHUEHHeM -pacxojid BOAbl B Pa3MbiBA€MOM NOJ-
MOCTOBOM CEYEHHH M0 CPABHEHMIO ¢ GbITOBLIMH YCJIOBHAMH, KOTOpOE, B CBOIO OYe-
peAb, TNPHBOAHT K YyBeNHYEHHIO Pa3MbIBOB B OTBEPCTHH.

6.16. 'mapaBauyecKHii pacueT MaJhiX MOCTOB C HEYKPENJEHHbIM PYC/IoM
MPOH3BOJHTCH TEMH K€ MeTOJaMH, 4To H GoJbliHe MOCTHI 24 Pacuer BkJ/ioyaer
onpejesneHHe MOANOPA BOABI Nepel HACHINbIO H Pa3MbIBOB MOJA MOCTOM IIpH 3a-
JlaHHOM OTBepCTHH. B KauecTBe HCKOMOro NMPHHHMAIOT OTBEPCTHE, MPH KOTOPOM
o6ecrieynBaeTcsi yCTOHYHBOCTD KOHYCOB MOCTA, MOANOP HE NMPHBOAHT K H3JHILHE-
MY YBEJHYEHHIO CTPOMTEIbHOH CTOHMOCTH MOCTOBOrO Mepexojia B Le/oM (BKJio-
uas Hachlllb HOAXO/OB), @ TAKXKEe BO3MOMHO HCINO/Ib30BAHHE HMEIOIHXCH HJIH 3a-
NJIaHHPOBAHHBIX (MO YCAOBHSIM OAHOTHIHOCTH, JIOCTABKH M T. N.) KOHCTPYKTHB-
HBIX 3JIEMEHTOB.

[Tpu BBIGOpE OTBEpCTHS c.r[e,uyeT HUMETb B BHIY, YTO TpeGOBaHHSI HOPMATHB-
HbIX 1OoKyMeHTOB [39] B uact pycnoBbix sedopmanuii OPHEHTHPOBAHBI HA GOJb-

1 XapakTepHCTHKH TPYHTOB CM. B 1. 7.29. | ¥ o
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wne MocThl. JList MasblX MOCTOB ¢ HeGObILOM T1yGHHOK NOTOKA onpefesiolum
siBasiercs He Koadxpuument obuiero pasmbiBa, a HauGosbias rayGuHa obuiero
pa3MBIBa MOJ MOCTOM, KOTOpas AN O0ECNeyeHUs! YCTOHUHBOCTH KOHYCOB (HJIH ye-
TOeB) He JOJUKHA npeBbllath 2—2,5 M

[Ipu rujpaBIHYECKOM pacyeTe MalblX MOCTOB ¢ PA3MbIBAEMBIM  pYcC/iOM
BO3MOXKHBI TPH -OCHOBHBIX CJlyyas:

a) MOCT NepeKpHIBAeT BOJOTOK, HECYIIHil B MaBOJAOK JAOHHBIE HAHOCHI; CTe-
NeHb CTECHEHHS TIOTOKA, T. €, OTHOIIEHHe PAcXo/la BoAbl NOJ MOCTOM Q K pacxo-
Jly, IpoxojsiuieMy B GbITOBHIX YCJAOBHSIX HA WIKPHHE cmaepcmsz Que B =
= Q/QM(S <2

6) no Kakoi-1u60 NpHUHHe Habmolaercsi JedUUMT AOHHBIX HAHOCOB Ha
nepeceKaeMoM BOJOTOKE (HanpHMep, Ha CYXOlOJe JHO TIOACTHIAETCS CHA3HbIM
MaTepHaJioM H T. A.) HJH CTENEHb CTECHEHHs' NoToKa ff > 2;

B) MOCT DACIOJIOXKEH Ha IoAMe H sABJATCH 3JeMeHTOM MOCTOBOTO fiepe-
X0/la C OTBEPCTHEM Yepe3 TJIABHOE PYCJo.

6.17. B cayuae, npeiycmorpentom B 1. 6.16, a, naumboabwyio rayGuny
pasMblBa B OJHOPOJHBIX HECBA3HBIX TPYHTAX C YYeTOM BPEMEHM NPOXOXKIEHHS
NaBojJKa onpelensioT no (opmyne

; © N 0,77 -
AH,,,,,‘=[0.93(~$—H%'§‘~‘-§T/_?) —Hm,]r. (6.35)

TAe Gmax — YAETbHBIH PaCX0L NOTOKA B OTBEPCTHH MOCTA HA BEPTHKANM C HaHGONbled rury-

e
GuHolt Hpay (10 pasMeiBa); gpmax = q( r"::" ) ¥
g = LE — CpeaHHil YAeNbHEL PACXOL BOLb B OTREPCTHH MOCTA pasmepom Ly (3necs

KaK HB GOJILIIHX MOCTAX, OTBEPCTHE — 3TO PacCTOAHHE MeXKAYy ype3aMH BOALI

MOJ MOCTOM B pacqe'n:uﬁ MaBoJOK);

Q — pacxol BOIbl B OTBEPCTHH;

H — cpenuss rayGuHa notroka NOX MOCTOM O Pa3aMbisa;

d — cpeaHHit JXHAMETP YACTHU IPYHTA, MOACTHJAOWEro Pycio;

By — Gespaamepnblit KosdpdHuUHeHT JIHIITBAHA, 3ABHCALLKIA OT BEPOATHOCTH NpeBbiLle-
HHA pacxoja“p Ha NHKe MaBOLKa. )

3Hauenus koadpuuuenta B, B 3JABHCHMOCTH OT BEpPOSITHOCTH INpPeBbllLEHH:
pacxoga p, %, TIpHBENEHBl HHXKe:

p, % 0,33 1 =9 4 10 20
Bax 1,07 1,0 0,97 0,92 0,86 0,81

v

B ¢opmyne (6.35) Ko3(XpULHEHT T, YYHTHIBAIOUIMI BpeMs BO3JEHCTBHS
naBojika npH pacuere obliero pasMbiBa, MoeT GbiTh Onpeje/eH B IEPBOM IIPH-
GausKeHuH no Ta6a. 6.4 B 3aBHCHMOCTH OT IPOJOJIKHTEIbHOCTH NaBoaka T (cTpo-
ro ropopsi — OT NMPOAOJKHTEILHOCTH 3aTONJIEHHS NOHMbBI) H CTENEHH CTEeCHEeHHS
noroka f.

6.18. B caydae, npenycmorpenHom n. 6:16, 6, nanGosbwiyro ray6uny
00LIero pasmbiBa 110Jl MOCTOM C YYETOM BpPeMeHH NPOXOXkAEHHA NaBoJKa orpe-
leasior no dopmy.Je:

H
. - AHm,,:-AH-—;;—“L ; (6.36)

tae  AH — cpepnsas ray6HHa o6iiero pasMeiBa 1oj MOCTOM C YY€TOM BpPeMEeHH NpPOX0oMkKie-
HHA NaBOAKA.
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Tab6auuna 6.4

Cransic _ 3navendss KOSpPHUHENTA T NPH NPOAOIKHTENEHOCTH NaBoAKa T
cTecHenns | 0,0835 | 0,125 [ -0,25 0.5 | 4 ‘ :
noToK L 2 CyYT =60
“*‘-‘Sf‘?:m ol o @ (Tw| @4 A T S R e B 4
Li:2 0,86 0,87 0,79 0,90 0,91 0,93 0,95 | 0,9 | 0,98 | 1,0
1,5 0,72 0,74 0,76 0,78 0,81 0,85 0,90 (0,930,971 1,0
1,8 0,59 0,61 0,64 0,68 0,72-| 0,79 0,87 (0,90 {0,9 | 1,0
2.1 0,49 0,51 0,56 0,60 0,66 | 0,74 0,84 10,8 |0,95|1,0
2,6 0,45 0,47 0,52 0,56 0,62 | 0,71 0,82 | 0,87 (0,94 |1,0
3,0 0,38 0,41 0,46 0,49 0,566 | 0,65'| 0,79 | 0,84 | 0,92 { 0,99
5,0 0,23 0,27 0,32 0,35 0,42 | 0,52 0,71 | 0,77 | 0,88 | 0,97
B cBowo ouepens AH onpepeasior no saBucuMocmM
I8 §21 HECBHJHHX “OLHOPOJAHBIX TPYHTOB
s = (101881002 ) (= )3( NAS ey 6.37
= . —_— v—), —1{; v
[( ) (H) (uﬂ o)xn) _ ] (6.37)
I/l CBA3HBIX TPYHTOB
1/5
AH=H[(I+H T'Vl—u,,/u) _1], (6.38)
rie X, — paccTosiHHe 0T MOCTa 1O BEepPTHKAaJH, Trie oﬁpaaye;rcn NPEAMOCTOBON Mognop

(em. n. 6.22), m;

T — BpeMmsi 3aTonJieHHst MHOMMBI, CYT.

[Ipn onpejeneHHH o0LEro pa3MblBa C YYeTOM {baxmpa Bpemenn TpefoBa-
aua CHull 2.05.03-84 o BbINONIHEHHH YCJOBH# NPOXOJAA PACYETHOTO NABOAKA
«HOCJIe CePHH HATYPHBIX HAOJ/OJEHHBIX TIAaBOJAKOB OIHOrC H3 MHOTOBOJHBIX Ile-
PHOJIOB» MOTYT OBITb 3aMeHBHbI PAacyeTOM Ha BO3JAeHCTBHE ABYX PACUETHHIX na-
poakos. Toraa B dopmynax (6. 37) u (6.38) Bpems BC3JeHCTBHSA TMOTOKA CJIeAyer
npuuuMate 27T..

B npuBeleHHbIX popmyaax f u v—cpeanue riy6uHa 1 CKOpOCTh NMOTOKA
10/l MOCTOM JI0 Pa3aMbiBa (COOTBETCTBEHHO B M H M/c).

[ny6unbl pasmbiBa, paccuntanusie no dopmyaam (6.37) u (6.38), ne nonx-
Hbl ObITh GoJIbUIe TPeleNbHOM rYGHHBI, TIPH KOTOPOi Ha paccMaTpHBAEMOM yya-
CcTKe (MM BEPTHKANH) YCTAHABHBACTCH PA3MbIBAIONLAR CKOPOCT. l']pe,u;enhuylo
rnyGUHY pasMbiBa onpejessioT no gopmynam:

ISl HEeCBSI3HBIX TPYHTOB

i 0,9 0,8
g AHmp="—g 3~ ( ‘f{;’;‘ ) —H; (6.39)
AN CBA3HBIX IPpYHTOB
€ §max 6/7
By oSt b e T T 6.40
AHuy ( V0,054.+mocp) H (9l

rae & — KO3(QHUHEHT, MPHHUMAEMblii DPABHBIM €IHHHIE, KOIAa 110 PYC/aY He BJACKYTCA
necyansle HaHoce, W &= 1,16 mpH HX BJIeYeHHM; :
Cp — pacueTHoe cUeMJeHHe, MIla.

6.19. B cayyasx, npeaycmotpeHnbix nn. 6.16, a u 6.16, 6, npenenvnyio
r1yGHHY MOTOKAa Mocje OGLIEro pasMbiBa B HEOJHOPOAHBLIX HECBSI3HBIX TPYHTAX
onpenensiior Gez yuera (akropa BpemeHH no opmyJe

0,9 x \0.8 D .
-D—o.'z—( 4%) +0.7 "= (1—n), (6.41)

rae D u p — cpeiHuii fHaMeTp OTMALLHBAIOUIHX YACTHIL H HX COJEPXKaHHEe 1o Macce B mepe-
pafaTsiBaeMOM MaTepHale.

Hap=
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3uavenns D W p ONPEAEnsIoT C yueToMm rpauyuomerpﬂuecxoro cocTaBa
rpyHTa noiGOpOM H3 ypaBHeHHS

p(Frr+0.5Ry) =Ry (6.42)
7 \0.8
sHecs R,=7.s(%¢;)

[Tonyyennan ray6uHa pasMbiBa He JOJKHA GbiTh GoJiblue TOM, NPH KOTOPOI
HacTtynaer cTabuu3anus pa3mbeiBa B IOAMOCTOBOM CEY€HHH H3-3a JHHAMHYECKo-
ro paBHOBECHS JOHHBIX HAHOCOB HJIH HEBO3MOXHOCTH 1O THAPABJIHYECKHM yCJIO-
BHUSIM BBIHOCA H3 TIOJMOCTOBOTO CeYeHHMfl MeJKHX YacTHIL IpyHTa.

Iny6HHy moOTOKa B YKa3aHHHIX CIyYafdX OnpelesfloT COOTBETCTBEHHO MO
dopmynam (6.35) u (6.36), B KOTOpPBIX BMECTO CpeHero AHaMeTpa YacTHI PPYHTa
d TPHHAMAIOT CPEJHHH AHAMETP YACTHIl JOHHBEIX HAHOCOB HJIM MEJKHX YacTHLl
rpyHta
d—pD

I—p

6.20. B cayuae, npeaycmorpennom . 6.16, B, HauGonbiyio ray6uny obime-
ro pasmMeiBa Moj MOCTOM C iyue'rou BPEMEHH INPOXOXKIAEHHA IaBOAKA onpeaesaoT
no gopmyae (6.36), B kKoropo#i AH npHHHMAIOT:

AJISl HeCBSI3HBIX OJHOPOJHBIX H HEOJHOPOJAHBIX IPYHTOB (KPOM@ TPYHTOB, CO-
JepHaKX KPYNHble BKJIOUEHHS)

ARl [(1 +1,28108 (—z—)wa(L)s (v—up) Xin)w”—l]. (6.43)

Ug

dy=

P

1JIi CBA3HBIX TPYHTOB

. S UL
AH=H[(1+4._ _"T) —1]. (6.44)
B ¢popmynax (6.43) u (6.44) NpHHHMAIOT HaHGOJIBILIYIO CKOPOCTh NOTOKA MO/
MOCTOM Ha TNHKe naBOAKa
v=0 V/2¢ Az, (6.45)

rie @ — Ko3(ppHUHEHT CKOPOCTH, NMPHHHMAaeMblit paBHhim 0,75;

‘Az — nepenaj ypoBHeH. B BepxXHeM H HHxKHeM Gbeax mocra (cm. m. 6.21).

Pacuer pa3mbiBa B HECBSI3HBIX TPYHTaX, COAEPIKAlIHX B NnepepabaTbiBaeMOM
Matepuane p KPynHbX BKIOUEHHH CO CPeAHHM JHameTpoM D), MpoOH3BOAAT o
dopmyae (6.41). [lns Bcex cnyuaes, npeaycMoTpesHsix B n. 6.16, kosdxpuument
ofier'o pasmbiBa VISl MaJblX MOCTOB C HEYKPerJIeHHbIM pyc.nom onpeensioT Kak
| + AHpax/Hmax wu 1 + AH/H.

6.21. Tlognop BOABl Y HAChIMH B CAYYaAX, MPelyCMOTPeHHBIX n. 6. 16, a
u 6.16, 6, onpeaensior no dopmyne

3
IAz=nu‘-%:r : Cc o (6.46)
rAe KO3(hPHIHEHT 1 ; TPHHAMAIOT N0 rpaduKy Ha puc. 6.11 uau no dopmye
=6,25lga+40,25, (6.47)
B cBolo ouepens ‘
R2
» =2 ——r H”s Lpasa, . (6.48)

rae np, Hp — KoSphHUHEHT WIEPOXOBATOCTH H CPeAHAA TAY6HHA NOTOKAa B pyche;
Lpagn — WHPHHA pasausa,
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1, IMpp  a<< 1,75 npuHHMaOT
5 e == 17T,
| e CpejHIolo CKOPOCTD N0J, MOCTOM
Uy CJIelyeT onpelefsiTb C YueToM
4 : pasmbiBa Ha ‘MOMEHT HauOoJblIero
NOAnopa BOABLI 1O MPHONHIKEHHOH
hopmy.ie ‘
2 P17 : s Q
Hmaan ) i
[0} l——(—-———l 1]
M[ Hmar
i 7 4 6 8 @ (6.49)
Puc. 6.11. Fpadux nns onpenenennst ko3d- rpe ®, — NJOmMAanb KHBOTO CeYeHHs MOI
(HUHEHTA 1)n, XAPAKTEPHIYIOMIEro MAaKCH- MOCTOM [0 pasMbiBa; | — J0JA OT
MaJbHBR noanop nepex HACHNbIO NOJHOW BeJIHYHHBI pPa3MbiBa, INPHHH-

Maemasi pasuoii 0,25 npu Bpemenn
satonienns nofimbl 10 10cyt u 0,6 — npu T > 10eyr; Hypax, Hyax np — HauGolnb-
uIHe rJyGHHE 0TOKA COOTBETCTBEHHO JI0 H I10C/Ie PasMbIBa,

'6.22. B cayuasx, npeaycmotpeHHniX 1. 6.16, B, nepenal ypoBHell BoAbl
y Hachinu

AZ=yBBn—ryB.Bﬁ, 2 (5.50)

rie ¥YBB; — ypoBeHb BOAB Ha NMHKe PACYETHOTO MABOAKA Y HACHIMH Nepel MPOEKTHPYeMbIM
MOCTOM C Y4YeTOM MOAMOpa, BHI3BAHHOTO CTECHEHHEM MOTOKA MOAXOAHLIMH
HACHINSAMH MOAXONOB K MOCTY 4epe3 IJlaBHOe DPYCJ/o;
YBBg — ypoBenb BOAbl Ha NHKe PacuyeTHOrO MaBOJAKA B CTBOPE MOCTa B GBHITOBHIX
YCIOBHSAX. <

L

Paccrositiue, riue pacnoJjioxXeHa BEPTHKaJ b C NMpeIMOCTOBbBIM TOANOPOM,
4

._au.,VEM (6.51)
B cBolo ouepenb

a=1,15p%/3 (6.52)

ve
0 B
8 VeLpasnig '

rae ve — CpeaHsad CKOPDC'I'b 10 BCEMY XHBOMY CeYEHHIO BeCTecHeHHOrO MOTOKa;
B — crenens crecHenHs mnoToka (cm. m. 6.16);
6 — YKJIOH BO):IHOﬁ NOBEPXHOCTH HECTECHEHHOI'0 MOTOKa.
dopmyna (6.52) cnpaeennuBa npu 0,4 < a < 0,25. Ecan paccuntansoe
3HaYeHHe BLIXOJMT 32 YKA3aHHbIE NpeJiesibl, TO KOMPPHUHEHT a NPHHHMAIOT paB-
HBIM COOTBETCTBEHHOMY TPAHMYHOMY 3HAUCHHIO.
6.23. B cayuae, npepycmotpenHom n. 6.16, B,

\ LWIHPHHA PA3/HBA Y COOPYXKEHHs
_ ;Ll BB b

| et > n Q u
! e L,.,,,_—_B,,+(l+ |/—P— ) a,(—L) ,  (6.53)
| A Qrp
' .
P 5 % rae B, — mWHpHHA pycaa BOJAOTOKA;
d____ J%‘\ Bp — WIHPHHA MOAMB MEX1y paccCMaTPHBaeMbiM

BOJOTOKOM Ha MOfiMe H IVIABHHIM PYC/IOM;
np, Mg — KOS(PPHIHEHTH HIePOXOBATOCTH COOTBETCT-

Puc. 6.12. Cxema K onpejene- BEHHO B pycle H Ha molimMe, NPHMBKAI-

HHIO pacyeTHOI WHPHHB Gepe- wed K BOJAOTOKY € NPOTHBOMOJOXHOM CTO-
roBofi onops POHE OT TJIaBHOTO pychna;
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Qp, Qrp — pacxofibl BOAbl, NPOXOAsLLIHE NOJ MOCTAMH COOTBETCTBEHHO Ha NofMe H ye-
pes IJaBHOe pycCJo;
y — nokasaTenp cTenenH; y = 2npp/npp;
App, Mpr — KO3(OHUHEHTH WEPOXOBATOCTH coo‘rne'rcrneuno rIaBHOTO pyc/ia H MOMH-
Mbl MeXy TIJaBHLIM PYCAOM H BOJLOTOKOM.
6.24, I'ny6uHy pa3sMbiBa y KOHYCOB MOCTA, CYHTAS OT OTMETKH nocJje o6-
wero pasmeiBa, onpefensior no dgopmyae [1]

\ M=(2—:"—-o.s) HyKm. (6.54)
0

rge  Up — CKOPOCTh IMOTOKA Y KOHYCa B MECTe ero COnpsieHHs ¢ Hacwneio (cm. n. 6.25);
Up — HEPasMLIBAIONAs CKOPOCTH A5 FPYHTOB, B KOTOPHX TIPOHCXOAHT PasMbiB, NpPH
riyGune notoka Hy y Hacsinu nepes MOCTOM NpH ypoBHe nop.u COOTBETCTBYIO-

uleM MaxkcHMalbHOMY moamopy Az;
Km — KO3DOHIHEHT, YUHTHIBAOWHA BAHAHHE HA Pa3MbIB xpy-rnauu OTKOCOB KOHyca:

npu m= 1,5 Kp = 0,8; npu m= 2,0 K, = 0,77;
npw m =28 K= 072, "

CymmapHyio riy6HHY OGLIEr0 M MECTHOrO pa3sMbiBa y TOJOLIBbI KOHYCOB
B NepBOM NPHOJHMEHHH MOXHO ONpeleNsTb Takxe no (opmy.ne

TAh= (2,4]/2&@_:"_&—0,3)55, (6.55)

TA€ Umpp, Y6m — CKOPOCTH NOTOKA MOA MOCTOM IO pasMbiBé H HAa WIHPHHE OTBEPCTHA MOCTa
B OLITOBEIX YCJHOBHSX.

6.24. CropocTe MNOTOKa Y KOHYca

vp=CV/Hnbu (igin)''*, (6.56)

rae  C — kosdpuunent Llesn, korophilt MoKeT 6uTh onpeener no Mannuury ¢ Kosdou-
LWHEHTOM luepoxoBatoctH nm = 0,03

Hi/®
0,03 °

Ce==

8 = Q—_QE'!-Q — Ko3QHIUHEHT CTeCHEHHR NOTOKA ‘nonxonann;
iy — YKJIOH cBOGOAHON NMOBEPXHOCTH MOTOKa nepes’ MOCTOM.
B cBow ouepenn
‘ in=Az/x,. (6.57)

6.26. I'ny6uny pa3smbiBa y yerosi, GoKoBas rpaHb KOTOPOTO He obchinana
KOHYCOM, onpe)le.nﬂlor no dopmysnam: .
npu b/Hpex = 1 r

AH=[I,7(-%)IIS(—%:~)2135I] HmaxKm (6.58)

i

npu  b/H ey < 1

AH= [1 7(H)”6( ‘;': )ala—ll]bl\’m, | (659

rae b — pacueTHas WHPHHA COOPYXKEHH:, B KAUECTBE KOTOPOH MPHHHMAIOT CPEHION LIHDH-
Hy noj sojo# (nocie obulero pasMuisa) GoOKOBOK rpany ONOPH, NEpNeRAHKY/IAP HOM
HanpaBJeHHI0 MOTOKa H nuc’rynanmeﬁ H3 KoHyca (pHc. 6. 2;'
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7. PACYETbI HUXKHHX BbE®OB COOPY)KEHHH

KJIACCH®HKALLHS BbIXOAHBIX PYCEJ
. H MIPHHUHINbI HX PACYETA

7.1. Ilon pacyetramH HHXKHEro Gbeda HOPOKHBLIX BOJONPONYCKHEIX COOPY-
JeHHH MOHHMAIOT pacueT KOMMJeRCa yCTPOHCTB, HaXOMAUIHXCHA 32 BulXONHBIMH
OroJioBKamH Tpy0, KOHyCaMH MOCTOB H HA yYacCTKe BbIXO/a NOTOKA M3 APYTHX
BOJONPONYCKHBIX COOPYXKeHHH (JOTKOB, (PHALTPYIOIHX H NepesHBHbIX Hachined
u T. m.). tu ycrpoiictBa GyleM B JaJbHeIIeM Ha3biBATh 6b.XOOHBIMU PYCAAMU
B OTJIHUHE OT eCTECTBEHHOrO BBIXOAHOrO Jlora. BuiXo[Hble pyc/ia BKIOYAKOT YKpern-
JIEHHA C KOHUEBBIMH YACTAMM, FacHTeNH H KaMeHHYIO HaGpocKy.

[Ipu pacuere HHXKHHX Gbe(OB MOTYT BCTPETHTbCA 1B OCHOBHBIX CJlyuas:

1) BBIXOZHOE pyc/i0 pasMbiBaeMoe, T. e. CONMpsKEHHe ero ¢ GhITOBBIM JOroM
NPOHCXOAHT ¢ 00pa3oBaHHEM BOPOHKH PasMbiBa B KOHIe cpananrenbno KOpOT-
KOTO YKpenJeHHA,

2) BBIXOJHOe PYycJ/IO Hepa3MblBaeMOE Ha BCeM IPOTHMKKEHHH NOTOKA 0 CTBOpa
¢ GLITOBLIMH XapﬂKTEpHCTHKBMH B stom cJlyyae 3a BbIXOJIHbIM Ce4YeHHeM coopy-
JeHHsi YCTPauBalOT YKPen/eHHbH KaHasa.

HanGosiee pacnpocTpaHeHHBIM B NPaKTHKe npoemnpoaaum ABNAETCH pas-
MbIBAaEMOE BBIXOJHOE pYCJO.:

B HEKOTOpHIX cJlyyasiX, HalpHMep B HACEJNEHHBIX nyuKTax BO3HHKaeT He-
06X0AMMOCTb NpUMEHeHHs Hepa3MbiBAeMbIX BBIXOAHBIX pyces. OcoGeHHOCTH HX
pacueTta W3JjaraioTcsi B OfHOH H3 pyOpHK HacTosimied raasel (nn. 7.54—7.62). B
OCHOBHOM )K€ B laHHO# /1aBe H3/araioTcs obume npununnu H METOJHKa pacye-
T4 pa3MBIBaeMbiX BBIXOJHBIX pycei.

7.2. Haubosnee pacnpocTpaHeHHbie THMb MaJbiX BOJOTNPONYCKHEIX COOPY-
XeHuil Ha Joporax — BOJOTIPONYCKHbIE TPYGH H Masble MocThl. [TosToMy Hau-
Gonblliee BHHMaHHe B HacToslled rJjiase yJlelifieTcs pacyeToM HHKHHX OhedoB
3THX COOPYXXeHHil H, B NEpPBYIO oyepe/lb HauGo/iee yacTo BCTPeUaeMbiM B IPAKTHKE
cayuasm pacuera. HeKoTopeie crelH(HYeCKHe CIyuaH Pacueta BHIXONHBIX Y-
CceJl pacCMATPHBAKOTCS B OT/AE/BbHBIX PYGPHKAax Hactosimedl rAaBbl, HanpHMep
cOpoc NOTOKa H3 COOPYXKeHHH Ha YKpelJieHHble OTKOChl HachilM HJH JIOTKH,
yJIOKEHHBIE Ha HHX, YTO XapaKTepHO 1Sl METAMJIHYECKHX roppHpoBaHHLIX TPYO,
VKJaJika KOTOphIX ¢ yKaoHamu 6onee 0,03 He AonycTHMa mo yc/JOBHAM MPOYHO-
CTH; pacyeThl BLIXOAHBIX PYCEJ C YKPenJeHHsMH H3 KaMeHHOH HaOpocKH, a TaK-
e pacuyeThl BHIXOAHBIX pyceJs C YKPeNnJeHHAMH 'H3 CHHTETHYECKHX MaTepHanoB.

Pacuer BHIXOAHBLIX pyCe/ HEKOTOPHIX COOPYKEHHH paccMaTpHBaeTcsi Hermo-
CpeACTBEHHO B r1aBaX, NOCBALIEHHBIX THAPABIHYECKHM PacyeTaM yKasaHHbIX TH-
noe coopyxenuii. Ciona oTHocsTCS (PHABTPYIOLLHE HJIH TIePeTHBHBIE HACKIITH, JIOT-
KOBHIE COOPY:KEeHHS, KaHaBbl; a H3 CONMPATAIOIIHX COOPYKEHHH — KOHCOJbHbIE
c6pockl H pacceHBaIOIIHE TPaMIIHHbI, -
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7.3. BoixonHble pyc/ia, KOTOpble HCTIOAb3YIOTCS HJAH MOTYT GBITH HCTO/B30-
BaHpl B MaJIBIX JOPOXHBEIX BOJONPONYCKHEIX COOPYIKEHUAX, N0 XapaKTepy CBA3H
MeX1y 37eMeHTaMH JenfAT Ha JBé OCHOBHEIE Tpynnsl (puc. 7.1):

1) ¢ ykpenneHHsiMH H3 CBSI3aHHBIX MeXJy cOOOH 3JeMEHTOB;

2)'c yKpenJeHHsiMH H3 He CBA3aHHBIX MeXJy coboi 3JeMeHTOB.

B cpoio ouepenb no BoamoMHOCTH AedopMauufi Mmoj Bo3leficTBHEM MOTOKA
BHIXOJHBlE pyc/la NepBOH Trpynnbl nOAPasleNsioTcs Ha cJejyioliue:

BLIXO/IHBIE PYCJa C JKECTKHUMH (HeAehOPMHPYEMBLIMH) YKPEIJIEHUAMH;

BBIXOJHbIE pyc/a ¢ THOKHMH (JedOpPMHPYEMBIMH) YKpPenjeHHSMH.

Kaxioe u3 stix noApasjenenvii BLIXOJHBIX PYCeJl 110 CIIOIHOCTH YKpen-
JNeHHH. JeHTCA Ha JBa BHAA:

CO CMJOLIHBIMH YKPENJeHHSAMH;

CO CKBO3HBIMH . YKPETJIeHHSAMH.

B kauecTBe NPHMePOB BHIXOJHBLIX PYCe/ H3 CBA3AaHHBIX Mexkay cofof aie-
MEHTOB C JKECTKHMH HeleGOpMHPYEMBIMH YKDPelJeHHAMH MOXHO NPHBECTH Bbl-
XOMlHBIE PYC/ia H3 MOHO/IMTHOrO GeToHA, OMOHOJIHUEHHEIX GETOHHBIX W/H XKese30-
GeToHHBIX TIHT, 610KOB H MomeHHs. [IpuMepoM BLIXOAHBIX pyce TO# e rpyn-
MBI, HO CO CKBO3HBLIMH YKPenJIEHHSIMH MOTYT CJIY>KHTb 6eTOHHHe ALLHKH ¢ 3amoJ-
HEHHEM KaMHeM.

BhIXOAHBE PYCA4 C YKPEJIEHHAMH H3 CBA3aHHBIX rudxux 3J1eMEHTOB NOJ-
pas3fiessiloTcs Ha cJeAyloliHe BHAbL:

BHIXO/AHBIE pyc/ia ¢ YKpen/JeHHAMH H3 TAXeJbIX 3JeMeHTOB — acanbTobe-
TOHHbIE W GeTOHHBIE TIODSKH H T. 11.)

BBIXOZHBIE pYCJa ¢ YKPEIVIEHHMH H3 JIETKHX 3JIeMEHTOB — yKpeIlJieHHs
H3 JIEeTKHX CHHTETHYECKHX MAaTepHaloB; -

TO e ¢ YKpenJeHHUsIMH, COUeTAlOU{HMH JEerKHH CHHTeTHUeCKHH Kapkac ¢
pa3IHYHBIM THAMKEJIbIM 3aMOJHeHHeM (MecKOM, KaMHeM H T. N.) KaK no Bcel mo-
BEPXHOCTH (3aMKHyTan ofo/0uKa ¢ 3anojHeHHeM), TaK H Ha ee yacTH (IpHrpys-
KH 10 Bceil MOBEPXHOCTH HJH B CMelHaJbHBIX KapMaHax);

BHIXO/IHBIE PYC/ia CO CKBO3HBIMH YKpPeneHHsiMH, sxmouammuun GeTonHbIE
rHbKHe 3JIeMeHThI, 3anoJIHeHHbIEé KaMHEM.

BhixoaHbie pyc/ia H3 He CBSI3aHHBIX MeXAy Co00H 3/eMeHTOB B OCHOBHOM
HMEIOT YKpenJeHHWs H3 KaMeHHOH HaOpoCKH, cocTosulell Kak H3 OJHOPOAHBIX,
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Pac. 7.1. Knaccaduxauss BHXOAHKX pycea
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TAK H HeoJlHOPOAHHIX 3/JeMeHTOB. MOXHO TaKiKe HCMOJb30BATb M CHENHAJbHO
H3roTOBJIEHHbIE HE CBSI3aHHLIE MeXK1y cO6OH 3/1eMeHThl H3 J0CTATOUHO NPOYHBIX
MOpO3OCTORKHX MaTepHanos. Ciojla e OTHOCSATCS BBIXOJHBIE pycJa 6e3 yKpen-
JIeHHH.

Sra rpynna JequTcs Ha TPH BHAA:

Hepa3MblBAaeMble, T. €. C YCTOHYHBBLIMH K Pa3sMbiBY YKpPEIJIEHHSIMH;

. pasmbiBaeMble (CAMOOTMOCTKH);

Ges yKpenJieHHH.

Bhixo[iHble pyc/a ¢ Hepa3MblBaeMbIMH YKPeNnJieHHsIMH B CBOIO OYepeib ne-
JATCA Ha JiBa BHAA: -

HefeopmMupyeMbie (T. €. 'c HelleODMHPYEMBIMH YKpeNJeHHsiMH); Cloja
OTHOCHTCS BBIXOJHble PYCJa C YKPenJieHHSMH H3 OJHOPOAHOH KaMeHHOH Ha-
GPOCKH, }%WW@; (nosTomy Hx anemeH-
Thi COXPAHAIOT oM BO3NEACTBHEM NOTOKa CBOE nepBOHaYalbHOe TIONIOXKeHHe B
n OCT,

neq:opmupyemue JIONYCKalOllHe BBLIHOC TOTOKOM YaCTHL TPYHTA H3-1IOJ
HHX. DTO NPHBOAMT K JePOPMALHH YKpenJeHHs Ge3 nepeMelLeHHs TIOTOKOM ero
yacTul (K BepPTHKAJIBHOMY NepeMelleHHIO 3M1eMeHToB HaGpockh). [1pu stoM yé-
TOHUMBOCTD YKpenJeHui oGecnequaae'rcﬂ H OHH coxpaumor CBOM 3allHTHbIE CBOH-
CTBA.

BhiXofiHble pycJia C pa3sMblBA€MbIMH YKpeNJeHHAMH AONYCKAlOT PasMbiB H
BLIHOC 3JIEMEHTOB yKpeneHus. Mx ycroliuuBocTb obGecrneyuBaeTcsi 3a CUET OT-
MOCTKH NOBEPXHOCTH KPYNHBIMH YaCTHIAMH, HaKallJIHBAIOUHMHCA 10 Mepe Bbi-
Hoca MeJIKHX yacTHIl. BuixoiHbie pycsia ¢ nojo6HbLIM THIOM YKpenJeHHi, H3ro-
TaBIHBAEMBIX H3 HEONHOPOIHOH HAOPOCKH, HOCAT HA3BaHHe CAMOOMMOCIKY.

Haunbonee pacnpocTpaHEHHBIMH B HHXKHHX Obedax MasiblX JOPOXKHBIX BOJO-
NPONYCKHEIX COOPYXKeHHH Jio 50-X roJloB Hauwero Beka OblJH  BBIXOAHBIE pyc/a
C YKpenJeHHsMH B BHJE MOLIEHHS, YJIOXEHHOTO NOoBepX KaMeHHOH HaGpOCKH.
B jasbHeilleM HCIOJIb30BATHCh BbIXOJHbIE pyc/ia ¢ MolleHHeM Ge3 HaGpOCKH H
LIHPOKO CTaJH TIPHMEHATLCA BEIXOJHbIE PYC/a ¢ YKPenJeHHsAIMH H3 GeToHa: Mo-
HOJIHTHBIE H TIJIHTHEIE.

CoBpeMeHHble THIbI BIXOAHLIX pyce BOJIONPONYCKHBIX prﬁ M MaJblX MO-
CTOB HMEIOT YKpenJeHHs H3 GeTOHHBIX 3/1eMeHTOB (IJIHT H 6JIOKOB), OMOHOJ/IHYeH-
HBIX pacTBopoM. [Ipn 3TOM npH GOMBIIKX CKOPOCTAX, (Yalle B KOCOTOPHBIX TPY-
6ax, HO B pAlle CJy4aeB H B PABHHHHBLIX) NPHMEHSIOTCS TacHTENH SHEPTHH, a
TaKKe B KauecTBe JONOJHHTEJNLHOH 3allHThl OT pa3MbiBa— KaMeHHas HaGpoc-
Ka B KOHLE YKpenJieHHs. Bce 3TH BHIXOJIHBIE pyc/jia OTHOCATCH K rpynmne BHXOI-
HBIX pyces H3 CBA3AHHBLIX MeMAy coO0H 3JeMEHTOB ¢ XecTKHMH (Heledopmupye-
MBIMH) YKpenJeHHAMH.

BrixofHble pycaa, coCTOIIILHe H3 CBA3AHHBIX Mexmy €060t 31eMeHTOB ¢ rH6-
KHMH YKpeIJIeHHSIMH BceX BHJIOB, /LISl 3allHTHI OT Pa3MblBa MAJbLIX BOJONPONYCK-
HBIX COOPYXKEHHH B HalieH CTpaHe NpaKTHYeCKH He npHMeHsiotcs. MssectHo
JHIIb HECKOJIBKO CJyyaeB HCIO/b30BAHHA BBIXOAHBIX Pyces ¢ YKpenJeHHAMH H3
cHHTeTHUeCKHX MartepHanoB. He ucnonb3yioTcs Takike BbIXOJHBIE pycia C K-
pentenusiMu 13 TIohsAKOB. MeXIy Tem B 3apyGexKHOl NpaKTHKe yKasaHHbIe BHIhI
BHIXOJHBIX pycesl HaXOAAT NpPHMEHeHHe.

BrixojiHbie pyc/la H3 HeCBA3aHHBIX MeXy coGOi 3/1eMEHTOB ¢ YKpenJeHHs -
MH M3 KaMeHHOH Ha6pOCKH HAYHHAIOT JAOCTATOYHO IIHPOKO NPHMEHATHCA
y Hac A5 3alMThl HHXKHHX GbeoB MasIbiX BOJONPONYCKHBIX coopyxenuii. Onu
BKJIIOYEHBI H B neﬁcmyloume THTIOBbIE TIPOEKTH YKpenJeHuii (CM. NpuIoXKeHHe
1:1).

7.4. [lna pacuera Bce BHIXOAHBIE pyc/a, TPHBENEHHbIE B KJaCCHpHKALHMH
(cM. puc. 7.1), no/oKHBI GbITh OTHECEHB! K OMNpe/ieIeHHOMY THIY, NO3BOJSIONEMY
KOHKPETH3HPOBATb PACYETHYIO CXeMY, YCTAHABIHBATb THAPABJIHYECKHE XapaKTe-
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Puc. 7.2. Tuni BHXOAHHX pyces

PHCTHKH (rAy6HHbl H CKOPOCTH) H ONpele/inTh BOIMOXHOCTD AedopMauii yKpen-
JieHuss u TJyGHHY DasMblBa 3a HHM.

I 3aUMTE HHXKHHX Gbe(OB OT Pa3MBIBA NPH NPHMEHEHHH BHIXOAHBIX PY-
CeJsl M3 CBA3AHHBIX MEXJY COGOH-3/1eMeHTOB ¢ JKECTKHME YKpelJeHHsIMH PeKOMeH-
JlyeTCsi MCrO0JIb30BATh CJIEAYIOLIHE IIeCTh OCHOBHBIX THMOB BHIXONHBIX pycen
(puc. 7.Z). OHH B OCHOBHOM H'HCMOJIb3YIOTCA B NPAKTHKE AOPOXKHOTO CTPOH-
TeJbCTBA. - . -

Tun 1 npeacrapaser coboii yKpenJieHHe ¢ KOHUEBOH 4acThio B BuJie NpPejo-
XPaHHTeJIbHOTO OTKOCA, THN 2 — TO XKe ¢ BePTHKaJIbHOA cTeHKof. Tun 3 oTvin-
yaercs OoF Tuna | Hanuwuwem peGpa B KOHIE YKpenJieHHs, THN 4 — coueTaHHeM
CTEHKH B pacTpyOHOM oro/ioBke ¢ peGpom B KoHue ykpenJeHusi. OCHOBHbIE pa3-
Mepel pe6pa H TacHTe/si B BHJE CTEHKH B pacTpyGHOM OFOJIOBKE H HX B3aHMHOE
pacroJioxKenKe npejcTaBielbl Ha puc. 7.3. ClieflyeT OTMETHTb, YTO 3TOT THN ra-
curens paspaboran B HHHUHCe. B pesyabrate nccnenoBanuit 6bi10 yCTaHOB/IE-
HO, uTO pebpo 2 B KOHIle YKpenJ/ieHHs ofecneynBaer 6JaronpHsATHLIA C TOYKH 3pe-
HHA pa3MblBa NoBepXHocTHBIH pexknm. Coueranne xe pebpa co cTenkod / B pac-
Tpy6e NPHBOLMT K Ma/JOMy POCTY pa3MbiBa NIPH BO3PacTaHHH PacXofa B coopy-
HEeHHH, a IPH JIOCTHXKEHHH ONpeeseHtoN Be/HYHHB Pacxo/la BO3pacTaHHe pas-
MbIBa Tipekpauiaerca. [IpaunHa — ¢ pocTOM pacxojia BO3pacTaeT poOJb TacHTes,
B ralleHHH SHeprHH. YKasaHHOE CBOMCTBO JaHHOrO:BBIXOAHOTO PYC/a TPHBQAMT
K DaBHONPOYHOCTH €ro NpPH TNPOXOXKJAeHHH peaJbHLIX NaBOAKOB.

" Tun 5 npeficraBiaser co6ofi pacumpsiionuiics BoAoGoiiHHI Koaolel ¢ Of-
HOM CcTeHKoOH, a THn 6 — c AByMs ctenkamu (racuteas [ITHHHCa). Tunu 5a u
6a otimyalotest OT THHOB 5 H 6 HaNHUKEM BEPTHKAILHOM CTEHKH BMECTO peAoxpa-
HHTE/IbHOTO OTKOCa. BO BCeX THNAX BHIXOAHEIX pyces 3{deKTHBHO NpHMeHeHHe
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Puc. 7.3. BuxonHoe pyeno ¢ pebpom 5’: 2L =
H racdreseM (caesa—nponoJbHbIR L 70855 09)ic | B
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KaMeHHOH HaGpOCKH B KOHLEBbIX yacTAX. COOTBETCTBYIOLIHE HOMEPa THIOB BHI-
XOMHBIX pyces MoMedeHbl -HHIEKCOM «K».
Jlas pacuera BHIXOJHBIX Pyces C YKPEILUIEHHSIMM, COCTOAILHMH H3 He CBSi-
3aHHbIX MeAy coboH 3JeMeH eKOMEHAYIOTCH TDH “THNA BBIXOAHBIX pycel
.ERTIFEFHLWM.-mmy coboil HAJHYHEM HJIH OTCYTCTBHEM 3a
yKpenJenseM (B KayecTBe AONOJHHTEIbHOH Mephl 3alHTLl OT pasMbiBa) KaMeH-
HO#H Habpocku GoJiee MeJIKOM, ueM KaMeHb yKpenJeHus. (B tune I maGpocka o1-
cyrerByer, B unax [I u 111 — umeercs). I1pu 31oM BhiXoAHble pycna Tunos | u 11
r_lﬁyeﬂmm npu_rayGHHaX pPasMblBa MEHBLWIHX TOJILHHB YKPeNJeHHs, da THOa
=

Npu rayOHHaX pasMbiBa, OOJBIUHX TOJUIHHBI YKPenJaeHHH .
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Puc. 7.4. THNbl BHXOAHBIX Pyces H3 KaMeHHON HaOPOCKH:
a—tun 1; 6 —7tun 11; & —Thn III; 1 — yKp H3 Haob 3 2— A noarotoBka; J —

. obpateaa 3acminka rpysta; 4 — pucGepma; 0§ — ToammuHa uaﬂp'ocxs: hyx — ray6una aaloXerHa yKpen-

NeHHs; Rpwel — BHICOTA PHC i bp— mHp yKpenieHHs y oroiaoska, B,, B; W Byx — wHpHHA
COOTBETCTBEHHO B Hauane, B KORie K ¥y KOHNeBOR 9acTH yKpenjenns :
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7.5. Tlpn nasHaueHHH THIIOB BEIXOAHBIX Pyces Lenecoo6pasHO OCHOBBIBATh-
csl HAa CJeLYIOLHX TPHHIHMIAX:

1) MpOBOAMTL TEXHMKO-IKOHOMHYECKOE CPaBHEHHe BaPHAHTOB. JTOT NpPHUH-
IHT ABJASIETCS] OOLHM IPHHIKHNOM BhIOOpA THIA BHIXOAHOTO pyc/a;

2) npu Ha3Ha4YeHHH BApHAHTOB BHIXOAHBIX PyCeJl, H300pa)KeHHbIX Ha pHC. 7.2,
cllellyeT HMeTh B BHJY, YTO 3alIHTHBIE CBOHCTBA Pyces BO3PACTalOT BMeCTe C yBe-
JIMUEHHEM HOMepa THId, HO OJHOBPEMEHHO, KaK MpaBHJIO, pACTeT HX CTOH-
MOCTB;

‘3) HAHMEHbIIHMH 3AIUTHBIMH CBOHCTBaMH oﬁnanaer BBIXOZIHO® PYCJIO TH-
na 1, HeckonbKo GOJbUIMMH — THHA 2. IlpuunHa — KoHueBas uacTb B BHJE
BepPTHKAJbHOM CTEHKH N0 CPaBHEHHMIO C NPeloXPaHATE]bHBIM OTKOCOM Obecneun-
BaeT CHIXKEHHe riyOuHEl pa3MmbiBa Gosice yeM Ha 60 %. Tunet | p 2 pekomenny-
eTCsl WCNOJIb30BaTh NpH ryGHHAX pambiBa He Gosee 1.5 M.

CylleCTBEHHO TNOBBILIAET 3allNTHEIE CBOHCTBA BLIXOJAHBIX pyces HaJH4YHe
KaMeHHO# HaGpOCKH 3a KOHLEBOil uacThlio YKpensenusi. Hanomunaem, uto Tunl
1K ¥ 2K Tpe/icTaBasfioT co6oi BLIXOJAHbIE pycaa 1 W 2, ycHJIeHHBIE KaMeHHOH Ha-
6pockoii. O6BIYHO 3TH BEIXOJHbIE pycJa, KaK, BIlpoueM H Gosiee MOLIHbIE, HCTIONb-
3yIOT TIpH TIyGHHe pasmbiBa He Gosee 2,5 M. Tunni 3 (3k), 4 (4K) npexcrasasior
co60ii BBLIXOAHBIE pycJia C TACHTENsIMH, OOBIYHO HCIOJNb3yeMble B pPaBHHHHBIX
COOPYKEHHAX WJIH B KOCOTOPHBIX € MalJbIMH YKJIOHaMH.

S¢pekTHBHOCTb MPHMEHEHHs] 3THX THIOB CYIIECTBEHHO BO3PACTaeT C yBe-
nuueHdeM sanonuenus Tpy6. Tunwt 5 (5a, 5k, 5ak) u 6 (6a, 6k, 6ax) HanGosee
mouel. OHH 0BecneyHBalOT KaK CYLIECTBEHHOe CHHXKEHHe CKOpOCTeil- Ha YK-
peryieHHH, Tak H 3HaYHTe]bHOE YMeHbIIeHHe pasMbiBa. OGBIYHO HX HCIOJb-
3yIOT JJI KOCOTOPHBIX COOODYXEHHI.

_BbixoIHbIe pycla ¢ YKPEIJIEHHSAMH H3 He CBsA3aHHBIX MexIy coGoit 3/emeH-
TOB HMCTOJIB3YIOTCH B paioHAX, rJieé BO3MOMKHA BBICOKas JAehOPMATHBHOCTb VK-
peneHni (ceBepHas KJIHMaTHYeCKasl 30Ha, OCOOEHHO NMPH HAJNHYMH BeuHOH Mep-
3JI0THI), @ TAKKEe B Te€X MecTax, rjie CTOHMOCTb KaMeHHbIX MATePHANIOB CPaBHH-
TeJIbHO HepesliKa. OOBIMHO 3Ta rpynna BbIXOAHBIX Pyce/ HCTIOB3YeTCs MPH CKO-
poCTSIX TeueHHsl HA BBIXOAE H3 TPY6 Upyy = 3,0 +— 4,0 wmlc. -

INocnenoBarenbHOCTh npumeﬂennnWﬂCTanneuuux Ha
puc. 7.4, Takxe coorsercrByer Hymepamuu 1, IT u III. TTpu stom Tun I mc-
NOJIB3YIOT, eC/H ryOHHA PasMbIBa He MPeBbIAeT TOJIHHBI YKPenIeHus (ToJ-
LIHHBI 1051 HAOpOCcKH). B npoTHBHOM ellyyae YMeHbLIAoT r1yGHHY pasMbiBa pas-
MellleHHeM 33 YKpellJeHHeM KaMeHHo# Ha6pockH u3 6oJee MeJKOro MatepHana,
ueM KaMeHb yKpemnJienusi, T. €. npumensior THn I1. ITpu stom BHOBB NoGHBaloTCS!

* ycoBHs, uTO6bl TTyGHHA pa3MbiBa HE NPEBHIILAJA TOMULHHEL YKpeIIeHus. Ecan
W B 3TOM cilyuyae yKasaHHOe ycnonne He BBIIePIKAHO, TO NPHMEHSIOT THII 'TI1 BEI-
XOJHBIX pyces.

- 7.6, ‘MexoaupiMu JaHHBIME 1719 PAacyeToB HH)KHHX Gbe)oB JJOPOXKHBIX BOJO-
nponchHux COOPYKEeHHH SABJIAIOTCS:

a) XapaKTepHCTHKH BOJONPONYCKHOTO coopyxeHusi (dopma nonepeuroro
CeyeHHsi, OTBEPCTHE, THI BBIXOJHOTO OrOJIOBKAa, YKJOH JIOTKA);

6) peranamentupyemsie CHull [39] pacxomsi B coopymenuu; <

B) IHApaBJHYECKHe XapaKTePHCTHKH Ha BBIXOJe H3 cOOpYxeHHH (rayOHHBI
i CKOPOCTH MOTOKA), ONpejessemMbie Ha OCHOBE peKoMeHnauuﬁ COOTBETCTBYIOIHX
rnaB Hacrtosimero [locoGus; 2

r) XapakTepHCTHKa GbITOBOTO Jora —{opMa CeyeHns, yKI0oH, TPYHTH (CBA3-
Hble WJIH HeCBA3HBIE); JUISl CBASHEIX TIPHBOJHMTCS BeJIMUMHA CLENJIEHHs, ANS He-

csasnux—rpauynoue‘rpuqeckuu COCTaB; ﬂEOﬁH I'PYHTOB AOJ!?KHH obecneyuTh

noJyyeHHe YKasaHHBIX BbIlIE TDYHTOBBIX XapPaKTePHCTHK 1o Beefi riy6uHe, HO

He MeHee 2 ™
_-————-.__ .
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A) XapaKTepPHUCTHKA KAMEHHOrO MaTepHasna (414 BEIXOAHEIX pycel, NpeicTaB-
JIEHHBIX Ha pHC. 7.4) — Ha3BaHHE, KPENOoCTh, TPEUMHOBATOCTL NOPOALI H ee
BEPOATHBIH TIpaHyJOMeTPHYECKHH COCTaB;

€) HaJHYHE HHIKEPACNOJOXKEHHBLIX COOPYKEeHHH Ha COCeJHHX JOoporax HJH
Ha JpYrHX o6beKTax, BAHAOUHX Ha runpasnuueexylo paboTy paccuHTbIBaEMBIX

COOPYKEHHI; .

X) ApyrHe laHHbie, OKa3blBAIOUHE BAHAHHE HA mnpamnqecxnu pacuer co-
OpYKEeHHH.

7.7. Pacuernl HHMHHX ObepOB MaJblX BOJAONPONYCKHBIX COOPY:KEHHH A/s
[PUHSITOTO THNA BBIXOAHBIX pYyce/ BKJIOUAIOT CJE/1YIOLHEe BONPOCH:

a) onpejejeHue rHAPaBJHYECKHX XapaKTEPHCTHK NMOTOKA B BHIXOJAHBIX pyc-
JaX W 33 HHMH — riyGHH, CKOPOCTeH M XapaKTepa pacTeKaHHs NOTOKA Ha yK-
PeIJIeHHH; PacyeT MOXKET BBINOJHATHLCS B ABYX BAPHAHTAX: HAa OCHOBE MaTeMa-
THYECKOH MOJeJH W MO 3MIUPHYECKHM 3aBHCHMOCTAM;

6) OUEHKY YCTOHYHBOCTH YKpeNJeHHH M BeJHYHHY HX JAehopmauuit (nas
BBIXOJIHBIX pycCes] H3 HecBA3aHHBIX MeKAy co0oi 3/7eMeHTOB);

B) OnpejeseHHe TJYOHH pa3MbiBa 3a YKpenJIeHHSMH;

r) onpeie/ieHHe pasMepoB YKPeIIeHHH W IyCHH 3aJI0MKeHUs MX KOHLEBBIX
yacrei.

/

KHHEMATHKA MOTOKA MPH PA3MBIBAEMbBIX BbIXOAHBIX PYCJIAX

7.8. I'napaBiuyecKHe XapaKTEPHCTHKH MOTOKA Ha YKPeNJeHHAX B Pa3Mbl-
BaeMbIX BEIXOAHBIX pyc/ax, a TaKKe pa3Mepel H XapakTtep JedopMalHi 3a HH-
MH B 3HAUHTe/bHOH Mepe ONpeAe/sAloTCs KHHEeMATHKOH NMOTOKa B HUXHHX Obe-
(dax coopy:KeHHH W YCTOBHAMH B3aHMOJEHCTBHA €ro ¢ Pa3MbiBAEMbIM PYCJIOM.
Ortciofa ciefyeT BaXKHOCTb NPaBHJbHOH OUEHKH KHHEMAaTHKM IIOTOKA AJSA BhI-
paGoTKH MeTOAMKH pacuera M Bbl6Opa 3aBHCHMOCTEH I KOHKPETHBIX CJyuyaes
rHAPaBJIHYECKOrO pacyeTa BBIXOJHBIX PYCeJ MaJbiX BOJONPONYCKHBIX COOpYKe-
HHH:

KuHemMaTHKa NMOTOKa B HIXKHeM Obede onpejessieTcsi YCJIOBHSIMH pacreKa-
HHS €ro, Ha KOTOpbie BAHAIOT CKOPOCTh H KHHETHUHOCTb NMOTOKA Ha BBIXOJE H3
COOpYIKeHHS, YKJIOHBI JQHA, IMTYGHHBI H TONEpeyHbIe CeYeHHsi BbIXOAHOTO Jiora,
a TaKXKe XapakTep pasMbiBa. BecbMa BaXHYIO POJib CPellH 3THX (haKTOPOB Hrpa-
10T YKJIOHBI BBIXOAHOrO Jiora (yKpenJeHuf).

BO3MOXKHBI JIBa OCHOBHBIX CJY4asi pacTeKaiusi NOTOKa: cBOGORHOE, npHu Ko-
TOpOM IIYGHHa €ro B BBIXOJHOM Jiore (B GHITOBBIX YCJOBHAX) He OKa3bBAeT Cy-
IIECTBEHHOI'O BJHSIHHS HA TeyeHHe NOTOKA Ha yKpeluieHHH (puc. 7.5, 7.6), u He
cpoGofiHOe, re OHa OKasbiBaer 310 BausHHue (puc. 7.7).

Ipu 3TOM cBOGOAHOE paCTeKaHHe MO XapaKTepy B3aHMOAEHCTBHS C MOTOKOM
B HUXHeM Obede MoxeT ObiTb 3aTONJIEHHLIM H He3aTOIJVIEHHBIM, a4 HecBOGOAHOE
pacrekaiHe — Bcerla TOJbKO 3aTOMNEHHBIM. 3aTONJIEHHOE PACTEKaHHe OTJIH-
yaeTcsi HCTeUeHHEM B HHXKHHH Gbed, B KOTOPOM HMeeTcst OnpellesieHHbI! YPOBeHb
BOJIbl; NIPH 3TOM HAO/IOJAI0TCA TeYeHHA ¢ BOJIOBOPOTHBIMH MaccaMH, KOTOpbIe Cy-
KalOT ($NOJXKHMAIOT) TPAH3HTHYIO cTpyio (cM. puc. 7.5, 7.6). I1pu nezartonnen-
HOM pacTeKaHMH HCTeueHHe M3 TPYOBl NMPOHCXOAMT B TAK Ha3bIBAeMoe «CyXoe»
pycao, a BOLOBOPOTHBIE 30HBI OTCYTCTBYIOT (pHc. 7.8).

MoxHo cyuTaTh, 4TO CBOGOJHOE 3aTONJIEHHOE pacTeKanHe BO3MOXHO NpH
yKJOHaX Jora ykpenjenuit {5 < 0,02. [1pu GonblIAX YKIOHAX pacreKaHue He-
3aToIJIeHHOe. ra

7.9. Hanuuue cBOGOAHOrO H HECBOGOAHOTO pacTeKaHHA ONpeleJsioT IO
OTHOLIEHHIO GhITOBOH TNYOHHBI K TaK Ha3biBaeMOH npeflesibHoH ray6une Ay,
NpH KOTOPOIH HACTynaeT 3aTONJIeHHe T'M/PaBJHYeCKOro NPLDKKA B CTBOpe HaH-
Gosbuiero pacrekanus noroka. [lpu ki, < 0,85k, Bo3finKkaer cBoGogHOE pacTe-
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Pue. 7.5. KuHemaTHuecKas cXeMa MNOTOKa Puc. 7.6. KusemaTHyeckag cxeMma -noTOKa

B HHXKHeM Obede mpH cBOOOAHOM pacTeKa- B HHXHem Obe(e npH CBOOOJAHOM pacTeKa-
HHH H .u.onuou pexnMe: ' HHH H NOBEpXHOCTHOM pexHMe:

1 — npocTpaHCT npbi- 1 — nounmA Bajen; 2 — TPAH3HTHBIA noTok: J —

KOK; 2—-rpanaumun no-rou. 3 — BONOBOPOTHBIE caalble BOLOBOPOTHbie 30HBI; 4 — BOJNHHCTAf MO-

BEPXHOCTb NPH CXOMe C YKpPelIeHHs

KaHue, npu hy,g =>0,85h, — HecBoGoAHOe pacTeKaHHe M COOHHbiE TEUEHHS.
3necs 0,85 — KoapdbuuHeHT 3anaca.

OrHomeHHe Mnpefle/ibHOH rJyOHHBI OTBOASLIETO pyc/ia K KPHTHYECKOH
&y = hy/h, onpenensiot no Taéa. 7.1 B QyHKUHH CTeNeHH paclIHpeHHs pyc/a
ep = B /b (smecb B, — mupuHa J0ra Mo NOBEPXHOCTH NOTOKA NMpH GHITOBOI
myGHHe hyg) M uyHcia Opyla Ha BbIXOZe H3 COODYMKEHH#
2

B N
' . BHX ™ ghgnx
rje Ugpx, famx:— cooraerc-raeuno CKOpOCTb H IAYGHHA Ha BhXOAe H3 COOpYKeHHS
(cM. ra. 5 u 6).

OTHOIWEHHE O yg = Ay /(0 85h,) XxapakTephayer créneHb NOATONJIEHHS
BBIXOJla H3 COOpYeHHs (31ech ;g — ray6HHA B HHXKHeM Gbede). [Tpn e, > 14
nputumaior 0,85k, ~ 1,5k,.

KpaTtkas xapakTepHcTHKAa Pa3/HYHBIX BHJOB PAacTeKaHHs I0TOKA B paauu—
BAEMBIX BLIXOJHBIX PYyc/aX JaeTcs HHKe. -

.a)

/ R ok B e '-
1 = ! =
F - = = — —-| —=— — -_’.-—""";
S Ry S s X S I [ g
: 1 = Fpel
1(?\’*“ o ©
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Puc. 7.7. KnHemaTHueCcKHe CXEMbl MOTOKa MpPH PAas3JHYHBIX CTENEHAX TNOATONJEHHS HHK-
3 Hero H 5

P (1<<ou6<3); & — c6oit-

hyg

— ¢cBOGD, acTexanne (0, p=—— T B
a — ceoGonnoe pacrel AT “0,85h < b 4
Hbe TegenHs (O =6>5; P i . peMelienHe TPans 0 )
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7.10. Tlpu cBoGoanoM 3atonenHoM
pacrekanuu (Haubosiee yacThlil cayyair)
B BBIXOJAHBIX pycAaX ¢ TpPeloXpPaHH-
TeJIBHBIM OTKOCOM 0e3 racuresieil sHep-
IMH NOTOK, NONajas ¢ YKperJieHus Ha
pasMbiBaeMyI0 yactb pycsa, obpasyer
MPOCTPAHCTBEHHBIH THpaBJIHYeCKHH
npekoK I (cM. puc. 7.5). Tpausurnas
yacTb 2 110TOKa NMPOXOMAHT TOJ BaJibLOM

4 - NPBIKKA BJAOJAL  NPEJOXPAHUTEBHOTO
EJE._ Ll == e oTKocd; ¢ 06eHX CTOPOH ee oOpasyloTcs

\\\\ i | MOLIHbIE BOJOBOPOTHBIE 30HBI 3. 3rOT
R
-

—_— PeKHM NpPOTEKaHHA HA3bIBAIOT JOHHBIM,

ot a conpsieHHe ObeOB — conpsKeHHeM
ey ——— ! . Mo cxeme JOHHOTO pexuma. Ilpu stom
HanboMbIIHe CKOPOCTH  HabJIoAaloTes
BOJIM3H [lHA M MPH OTCYTCTBHH HajJje-

Pre. 7.8. KnHemaruueckas cXeMa noTOK3a  yajero yKpenJieHwsl noJsyuaercs ray-
B HHXHeM Obede npu cBoGOIAHOM He3aTom- GOKHMit Pa3MbiB
JIEHHOM PACTeKAHHH :

/

" ﬂpu YCOBHAX, 3aBHCAILMX OT I'V1y-

OUHBI 10TOKA Ha CXOJE C YKpemnJeHHs,
ero KHHetTHuHocTH (yHcsa @pyna), KpPYTH3HBL NPeIOXpaHHTENbHOrO OTKOCA,
pasMepoB H [‘ﬂyﬁHHbl BOPOHKH pa3MbIBa, a NIpH HZUIH‘IHH racuTe/ist H OT €ro Tuna,
JOHHBIH PEXHM CMEHSeTCsi NOBEPXHOCTHHIM (M. pHC. 7:6). B s1oM ciyuae Ha
NpefoXPaHHTENBHOM OTKOCE 33 CXOOM C YKperieHHst o6pasyercsi NOHHbIH Ba-
ner ! ¢ JOHHLIMH CTPYAMH, HAYUIHMH K COOPYKEHHIO, H TPAH3HTHLIM NOTOKOM 2,
IPOXOAAIHM HaX HHM. B 3mope ckopocTell TPaH3HTHOrO NOTOKa HaHGObILIHE
CKOPOCTH pacroJioxenbl B6H3H noBepXHocTH. JloHHbIe TeueHHS, HANpaB/eHHble
K COOpYKeHHIO, HHTEHCHBHO 3aMBIBAIOT MY, TIOKA ee MaKCHMalbHasi Iy6uHa He
YMEHBUIHTCA 10 ONpeJe/IeHHON Be/IHUHHBI, 3aBHCHIUEH, B CBOIO Ouepe/lb, OT Xa-
PaKTepHCTHK NOAXOAHOTO nortoka. [locsie 3TOro BHOBb BO3HHKAET JAOHHBIH PEKHM,
H aBJeHuHe nopropsiercs. [ToaToMy B BEIXOAHBIX pycJax ¢ npeloXpaHHTeNbHbIM
oTKocoM 0e3 racuTesieil rayGHHA pa3MbiBa B 3aBHCHMOCTH OT PeKHMa NYJbCH-
pyer, yBeJlHYHBAACh NPH JOHHOM pexume, Pacuer peKoMeHAYeTCsl BECTH Ha J10H-
HBli pexXuM, Hanbosiee ONacHbi MO pasMbIBY.

BopoHKka pasmbiBa (GOpMHpPYeTCSl TPAH3HTHBIM MOTOKOM H BOAOBOPOTHBIMH -
30HAMH H HMeeT B mJaHe (GOpMY 3JJIHICA, pasMepbl NOJyocei KOTOPOro 3aBHCAT
OT MaKCHMaJibHOH rJyOHHBI pasMbiBa H THNA YKPEIIEHHS.

an TNpHMeHeHHH B KOHLE YKPGIIJTEHHH BepTHKaﬂbHOFO YCTyHa HJIH TacHTe-
15 B Buje pebpa obecrneynBaeTcs YCTOHUMBBIH TMOBePXHOCTHBIH pexxum. B stux

. i TaGaunuma 7.1
3naueHus en:—hi NpA £, PaBHOM .
F’nux ' K
i, 4 6 .8 10 12 14
1,3 .2 1,55 1,9 2,1 2,2 2,2 2.1 1,8
1,5 1,3 1,6 2,0 2.2 2,3 2,3 2.1 1,8
1,75 1,4 17D 2,15 2,3 2,4 2,35 2,15 1,8
2,0 1,55 1,9 2.3 2,5 2,55 2,45 2.2 1,8
2,5 1,7 2,06 2,56 2;7 2,65 2,55 2,35 1,8
3,0 1;9 2,25 . 2,75 2,85, 2,8 2,65 2,3 1,8
4,0 2,15 2,55 3,05 3,25, 3,2 2,9 2,45 1,8
5,0 2,35 2,75 3,2 3,9 3,86 3,1 2,65 1,8
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cayuasx Aonycuae‘rcx PacCYHTHIBATH Pa3MbIB ‘HA TMOBEPXHOCTHBIH pPeXHM cO-
npsixeHus - 6

7.11. Ilpu csoﬁozmom HEe3aTONJIEHHOM pacTeKaHHH (cM. puc. 7.8), 4o npo-
HCXOIHT OGLIYHO TIPH YKJOHAX BBIXOAHOro Jora (ykpemJjesus) i, > 0,02, po-
JIOBOPOTHBIE 30HbI OTCYTCTBYIOT, H MOTOK CYUIECTBEHHO pacuiHpsietcs (NpH Tex

e THADABJIHYECKHX YCIOBHAX). STO MOXKET NPHBECTH K, YBeTHUEHHIO IIHPHHB ,
ykpensiennsi. OnHaKo B Ja/bHeHleM C YBeJHUYeHHeM YK/IOHA IHPHHA pacTeKa- .

HHSl YMeHbLIaeTcs.
7.12. Tlpu HecBoGOAHOM pacTeKaHHH (NMpH NOATONIEHHH HHIKHEr0 Gbeda
KaKHMH-THOO COOPYXKeHHSIMH) THAPABJIMYECKHH TNPHIKOK HaJBHraercs Ha co-
opyxenue. ITpn 310M HHXHHIA Obed) racHT SHEPrHI0 BOAOBOPOTHLIX 30H, HIPalo-
wuXx GOAbILYI0 Polb B PasMbiBe 3a COOPYXEHHAMH. °
Yewm Gosibie creneHb NOATONJIEHHS HHXKHero Gheda, Tem Gosiblie CTECHGHHE

noToka I cjabee BOJAOBOPOTHBIE 30HBI (cM. puc. 7.7, ¢ u 6). Ilpn S 085 e

=5+ .6 Bo3HHKaeT cOofiHoe TeyeHHe (cM. pHc. 7.7, 8).-

[lpu cGoiiHOM TeYeHHH NMPOHCXOAMT yBe/lHYeHHE YIeJTbHOrO pacxoja Mo-
TOKA Ha YacTH LWHPHHBI pycaa. OHaKO B YC/IOBHAX AOPOXKHBEIX BOAONPOIYCKHBIX
coopyxeHHi 6yxaaHHe cOOMHON CTPYH NMPHBOAHT H K YMEHBILEHHIO PACUeTHbIX
riyOHH pasMbiBa, COOTBETCTBYIOIHX JAaHHOH NPONOJIAKHTENBHOCTH NAaBOJKA.

[lpu HecBOGOAHOM pacTekaHuH (MOATOTIEHHH CO CTOPOHBI HUXKHero Gbeda)
BOPDOHKAa pa3MbiBa CYXKaercsi H _YAJTHHAETCH.

7.13. Ha xapakTep pacTekaHHsi MOTOKA TakiKe OKA3LIBAeT BJMAHHE IIHPH-
Ha BBIXOJAHOro Jaora B_f,, OLEHHBaeMas NMyTeM CONOCTABJIEHHSA €€ C 3IKBHBAJIEHT-
HBIM 1HaMeTpoM D, TpeAcTaB/sioNHM co00H AnaMeTp Kpyra, paBHOBEJIHKOTO 1o
NJIOLAAH MOMNEepPeyHOMY - CeUeHHI0 BOJAONPONYCKHOTO COOPYMKEeHHA ©¢qop-

[Tpn ouenb mano# mupuue nord B, < 2D, u HepasmbiBaemuix Geperax
«IHCT» pacTeKaHHus (pOPMHPYeTCS LeJTMKOM Ha YKpPemJeHHH, H Ha cXoJe C Hero

BO3HHKAaeT YCTOHYHBBIH nonepxuocmuﬁ pexnm (puc. 7.9, a). Ilpu Gonbel mn- -

pHHe Jlora BO3MOXKeH JOHHBIH peXHM, HO C BOZIOBOPOTHLIMH 30HAMH MeHblief
wHpHHBl (puc. 7.9, 6). Jlumb npu B, > (8 — 10) D, B0o3MOXeH NOHHBIH pe-
MHM, COOTBETCTBYIOUHH YCIOBHAM CBOGOHOTO pacrekanua (puc. 7.9, 6).
[Ipu BecbMa 3HauuTesbHOH wwHpHHE Jora B> 10D, BoAOBOpOTHBIE 30HbI
HAYHHAIOT BHOBb COKPAIIAaThCA NMPH OAHOBPEMEHHOM YMEHbILeHHH MNIYGHH H CKO-
pocTeii B HUX. [l51 3TOro cayyas ¢ HeKOTOPHIM NIPHO/THKEHHEM MOXKHO N0/Ib30BATh=
csl 3aBHCHMOCTSIMH, TPHBOJAMMBIMH B HacToslieil raage JJisi onpeJeneHus THA-
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Puc. 7.9. KunemMaTHYeckHe cXeMbi pam‘exanun MOTOKa npn paa:mwoﬁ Luupm!e Jora B,,

a— Ba <205 — nosepxuocThsill pemus; 6 —2De<<Ba<10Ds — oy MH  BOJXO-
BOPOTHAIMH smlauu. 8 — Bn:-loD-— peAHM. cnodonoro pamxnnun
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Puc. 7.10. Cxemn nedopmaumuit B HHXKHHX Gbedax TPYG Npu OTCYTCTBHH (@) M HANHYHH
(6) npoMOHHB! (KaHaBh):
F 72— { )i 8 — rpanMua pacTeKaHus

P '

PaBlHYECKHX XaPaKTePHCTHK M pasmbiBa npu B, < 10D,. Bonee Ttouno sror
pacyeT MOXHO BHINOJHHTL Ha OCHOBE [BYXMEPHOH MAaTeMaTHYeCKOH MOJeNH,

7.14. B pale ciy4aeB NpH YKJIOHAaX Jora i, >0,02 3a BopoHkoil pas-
MbIBA HHJKe 1O TeYeHHIO BO3MOXHO 00pasoBaHHe NPOMOHHEI (KaHaBbl), KOTOpOE
NPHBOHT K YBEJHYEHHIO TYGHHBI BODOHKH Pa3MbIBA HA BEJIMUUHY, PABHYIO Iy~
OHHe KaHaBbl Ha ee BXOJe, a TaKKe NOBbIAeT BePOSTHOCTb OBParoo0pasoBaHHs.
Ha puec. 7.10 nano conocrapjende XapakTtepa pasMbiBa JJIsi CJ1yyasi OTCYTCTBHSA
kaHasel (puc. 7.10, a) u ee Hamuuus (puc. 7.10, 6). B 3aBucumMocTH OT THApaB-
JIHYECKHX XapaKTePHCTHK IOTOKA, YKJOHA H TFPYHTOB JIOTa TPOMOHHA MOXET
HMeTh OrpaHHYeHHBIll XapakTtep /160 pa3BMBATBCH HA BCEM NMPOTHAXKEHWH JIOT4.
B nocnenneM ciyyae HeoGXOMHMBI CrellHabHbe MEPH 3aLIHTHI, TAK KaK 3TO yr-
poxaet coXpanHoCcTH BOJONPONYCKHOTO COOPYXKeHus. |,

KHHEMATHKA NMOTOKA NPH HEPA3SMbBIBAEMBIX
BbIXOAHBIX PYCJIAX

7.15. KunemaTHKa NOTOKAa B HHXXHHX Obeax COOpPYKeHHH NpH HepasMbl-
BAEMbIX BBIXOJQHBIX PYCJIaX CYUIECTBEHHO OTJIHYAETCH OT PACCMOTPEHHOH BHIILE,
YTO CKa3biBaeTcsi H Ha MeTOJHKe pacuera.

HegcmoTpsi Ha HaJMuMe TeX K€ PeKHMOB NPOCTPAHCTBEHHOTO CONPSIKEHHSA
6bedoB, uTo U NpH Pa3MbIBaeMBEIX BEIXOIHBIX PyC/aX, T. €. CBOGOAHOTO pacte-
KaHus H cOOMHBIX TeYeHHH, KAK/BIA M3 ITHX PEXHMOB B JAHHBIX YCJOBHAX
HMeeT CBOH OCOGEHHOCTH.

CBoGonoe pacteKanue GypHoro noroka (puc. 7.11, @) xapaktepHo HH-
TEHCHBHBIM pacUIMPEHHEM TPAH3HTHOH CTPYH, CONPOBOMAAIOUIHMCS yMeHbLue-
HHeM ITyGHH H pocToM cKopocteii. Ha yyactke AB u €D 6ypHBIH NOTOK IPaHHYHT
¢ BofioBopoTHhIME obnactaMu ABF u CDG, a Ha yuactke BHEKD conpsraer-
csl ¢ GYpHBIM MOTOKOM B OTBOAsALIEM pyce. IIpH COKOAHOM COCTOSIHHH MOTOKA
B OTBOJsIIEM pycie B npelenaX KinHa BHEKD obpasyercsi THApPaB/HYECKHH
nprikok H K. [penensHoe nosoxeHue nocjefHEro cooTBeTcTBYeT ceuennio BD.
B ToM u JpyroM ciyuae pacnpejieieHHe CKOpPOCTel Mo UIHPHHE OTBOASILLEro pyc-
Ja 3a GPOHTOM NPHUKKA OYeHb HEpPaBHOMEpHOe.

C mponsixenneM (POHTA THAPABJIMYECKOrO NpPbKKA Bble ceuenus BD
3anosiHsercs 0 YPOBHsl BOIbI B OTBOASALIEM pycJe ollHa H3 G0KOBLIX BOAOBCPOT-
HBIX o6uaacreit ABF wau CDG. IlonepeyHoe paBHOBeCHe NMOTOKa Hapyluaercs,
H TPAH3HTHAs CTPYA OTKJOHAETCH K MPOTHBONOJOXKHOMY Oepery. ¥craHaB/H-
Baetcs pexum cGoiknoro tegenus (puc. 7.11, 6). [penenvhasn rayéuna B oTBOAS-
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Puc. 7.11. Kunematnueckne cXxeMbi DeXHMOB TeMeHHs NOTOKa B HHXHHX Gbedax coopy-

s enuii:
a — cpofoAHOe pacTekanue; 6 — cdoﬁnue TedeHusi; | — Kocble npumxu. 2— THAPABJIHYECKHH NPHIKOK

meM pycne h COOTBETCTBYIOLIAA ]'IOJIQ)KEHHIO rnnpan.nmlecxorn HPH}KKH B ce-
yenuu BD, onp'énenmom,an pexum conpﬂmeﬂnﬂ 6bethoB, HAXOAMTCS TAK XKe, KaK H
Ans pasMbiBaeMbix pyced, noTaba. 7.1: npuhye < 0,85k, Bo3HHKaeT cBoGoHOE
pacrekanue noroka, npu hys >0,85h,; BO3HHKAOT cﬁoﬁuue TEueHHH.

Co6oiiHoe TeueHHe, KaK H CBOOOJHOe pacTeKaHHe, HMEeT HECKONbKO (opM .

JIBHXKEHHS! TI0TOKA B HuxKHeM Obede, HauyMHas or cOOHHOro Teyenuss GypHOro
NOTOKA H Konuasd cOOHHLIM TeyeHHeM crnokofiHoro noroka. HauGonee onacHo
cGojtHoe TeueHHe GypHOro MOTOKA M3-3a HAJIMYHA BBICOKHX CKOpoCTef, yacTto
HanpaeJieHHBIX noJ GoaBLUIMM yrioM K Gepery orpojsiero pycsaa. C6oiiHoe Te-
yeHHe, Kak H cBOGOJHOE pacTeKaHHe, OGbIYHO NMPHBOAHT K YBEJIHUYEHHIO CKOpO-
CTeH 3a BBIXOJOM. H3 COOPYXEHHH.

OMNPEAEJNEHHE THAPABJIHYECKHX XAPAKTEPHCTHK
MOTOKA HA YKPEMJIEHHH

PacyeTnl HA OCHOBE MATEMAaTHYECKOH MOJENH

7.16. Bce onucaHHBle Bbillle PexXHMBI TEYeHHS B HHXKHeM Gbede (3aTomJeH-

~ HOe M He3aToNJIeHHOe, CBOGOAHOE W HecBOGONHOE pacTeKaHHe B Pa3MbIBaeMbiX

pyciax) MOryT GbITh PacCuHTaHbl Ha OCHQBE JBYXMEDHOH MaTeMaTHyecKOH Mo-
JeqH.

1
Maremartitueckas Mojenb, OHHCHBaIOLU,aH TeYeHHs NMOTOKA B HHXKHHUX Obe-

dax BoONponycKHLIX TPY6. IPH PHKCHPOBAHHON (HEHIMEHHOM BO BpeMeHH) no-

 BEPXHOCTH [IHa, COCTOHT H3 CHCTEMbl YPaBHEHHH ABYXMepHOil (N1aHoBo#H) ruj-

paBJHKH (ypaBHeHHH MeJKOH BOJAbI C TPeHHeM) H I'DAHHYHBIX YCIOBHH, COOT-
BETCTBYIOIIHX Pea/ibHbIM YCJIOBHAM NPOTEKaHHS.
YpaBHeHHsi B (opMe HHTErpajbHbIX 3aKOHOB COXpaHEeHHs npuﬂe}le!-lbl B

- 1. 2.20. Tpanuunble ycaoBHs AAS HanGosee XapaKTepHOTO VISl HHXKHHX GbedoB

Tpy6 caydas, Koraa uucao Ppyna Ha BiXolle H3 TPYObl GOblie eAMHMLbI

(Frymx >1), uMeloT chaeayiomuii BHA:

—> = 3
U = Upgix; N =hpux Ha 05; v, =0 Ha 0y, (7.1)

rage 0y — 4aCTb TrpaHHUB o6nacTH TeYeHHH, COOTBeTCTBYOLLARA BBIXOJHOMY OTBEPCTHIO
TpyGhi;
0y ~— TO XKe, COOTBETCTBYIOULAs TBepAHM (HenponHuaeMuiM) cTenkam (Geperam sora);
Up — HOpMAaJibHas CoCTaBJAsOUlad K rpaHHlle KOMIOHEHTA CKOPOCTH TEYeHHH.
Cucrema ypasuenuit (2.37) ,(2.38) ¢ rpannunbiMu ycnosasiMu (7.1) peina-
€TCSl YHCJAEHHO METOJOM KOHEUHBIX PasHOCTeH Ha PeryJsspHbIX W HeperyJfapHhX
YeTHIPEeXYTO/NbHLIX H TPEYroJbHuX ceTKaX. [IpHMeHSIOTCS cXeMbl CKBO3HOTO Cye-
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TA MEPBOro M BTOPOTO MOPAAKOB TOYHOCTH, OCHOBAHHbLIE Ha HCMOJBL3OBAHHH aHa-
JIHTHUECKOTO pellleHHsl 3a/iaud O pacnaje THAPOJMHAMHYecKoro paspuiBa [3].

ITo ykasauHeiM aaroputvam B naGoparopuu ruapasiukn [[THHMHCa paspa-
GotaH H sKcnayarnpyercs Kkomniekc nporpamm «bOP» Ha s3bike ®oprpan ans
9BM cepuu EC. [IporpamMma no3BoJ/isieT pacCuUHTHIBATL THAPABJIHYECKHE XapaKTe-
DHCTHKH TIOTOKA B KaM/0i TOYKE yKpeileHus NpPH PasiHYHbIX YKJIOHAX TPYGhi
W Jlora, pa3/HYHBIX KO3(pHIIMEHTaX WEePOXOBATOCTH N1 M NapaMeTpax pacxoja
T ¢ yuetoM BJAHsIHHA (OPMbI BOPOHKH pa3MblBa H YCJOBHH NPOTEKAHHUSA B Bbi-
XOZ\HOM JIOT€, B TOM YHCJe [IPH NMOATONJEHHH CO CTOPOHLI HH3KHero Gbeda. [1pu-
Mepbi pacyeta HH¥KHero Gbea no nporpamme npusefeHs: B paGote (2], npumepni
pacuera APYr#X rHApaBjuueckuX 3ajau — B [3]. O6masn NOC/I€0BATeNLHOCTE
pacueToB TaKoBa: : '

a) Ha nJjaHe HHXKHETro Gbeda BOAOMPONYCKHOH prﬁbl CTPOMTCS PA3HOCTHAS
CeTKd, YUMTHIBAIOILAA PEAJbHbLIE OYEpPTaHHA BEIXOAHOTO JIOTA, PACNOJOXKeHHe H
auamerp TPYOsI, JMHHY H WHPHHY YKPeNJenHoH YacTH, pasMeéphl BOPOHKH pas-
MBbiBa (PACCUMTAHHOH MO 3MIHPHYECKHM - (OPMY/aM);

6) B y3JaX CeTKH 3ajlajoTcs peadbHble OTMETKH JHAa HAa YKDENJEeHHH W B
BLIXOJHOM JOre (C y4eToM sIMbl PasMblBa), a TakxKe KO3(PHIHEHTBI LIepOXOBa-
TOCTH M HAYa/IbHblE 3HA4YeHWs! CKOPOCTH M TJIYGHHBI NOTOKA B HHMKHEM Obede -
(06BIYHO OHH TNPHHHMAIOTCH ObITOBBIMH);

B) HAa CTOPOHAX 3/€MeHTOB CEeTKH, npmerammnx-x rpadukam, 3afialorcs
rpaHuuHble ycaoua (7.1);

r) NPOH3BOAWTCA pacyeT MO MPOrpamMmeé JI0 HAXOXAGHHS CTALHOHAPHOTO
pellieHus, Korja moJs CKOpocTeH H ry6HH Ha YKPeINJIeHHH Ha HeCKOJbKHX
noc/ieoBaTe/bHbIX [Iarax Nno BPeMeHH NMpaKkTHYecKH coBnajaiot. [Ipu ompege-
JIEHHBIX YCJIOBHAX CTallHOHApHOE pellleHHe MOXKET He CyllecTBoBaTh (c60iiHOCTh
teyenus). Toraa HeoGXOAWMO aHAJTH3HPOBAThb Pe3y.abTaThl pacyeTa Ha pas/uu-
Hbleé MOMEHTbl BpEMeHH. ,

[Mpumeps pa3HOCTHBIX CETOK W PE3yJ/ILTATOB pacyera no nporpamme npHBe-
JeHul B cnpaaquOM npunomedHn 7.1,

Pacuerbl HA OCHOBE 3MNHPHYECKHX 3aBHCHMOCTEIH

7.17. Tlpu ykaonax gora i, < 0,02 ruapaBinyeckue XapaKTePHCTHKH
NOTOKA Ha YKPeIJIeHHH ONpelesioT Mo C/IeAYIOUIHM 3aBHCHMOCTSIM.
TIpHHUMAIOT MaKCHMAJbHYIO CKOPOCTb Ha YKpenjeHHH

Umax=1,20pmx. (7.2)
Cpennue ri1y6HHB NMOTOKA B KOHIE YKPenaeHHs AaHHOH L = (2 <+ 6) D,

BBIYHCASIOT 110 opmyJie
"'pr(H) =0,2 nQDB- (7.3)

L[.IHpHHy pacTeKaHuf IOTOKa Ha YKPeNJieHHH B CTBOPE, pacnoyioKEHHOM Ha
PAacCTOAHMK X OT KOHLA OroJioBKa, "HaXOJAT 1O 33aBHCHMOCTH

Bpsmﬂb[('—g: +n)z-l]+bp, (7.4)

bp ~— UIHpHHa OroJioBKa ero B KOHIE.

[Nokasatenb cTeneHH :

z=1,8 |g|———maxr (k& s (T8
g[ K Do 0 : (7.5)
rne K — xospuunent Qopmbl BOPOHKH pasMbiBa, onpejeisieMblii no rpaguky Ha .
puc. 7.12; )
Ahmax — MaKcHMalbHas ray6HHa pasMbiBa HA JaHHO® BpeMs {cMm. HHxke); .

Qx = 0,51 VgDJ/? — stanonnuit pacxon.
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Puc. 7.12. Tpadux naas K LTy 7 T
JonpejeieHHs  KO3(pOHIH- s TR !
eHTa (JOPMH BOPOHKH pas- 4 ——
- )5 5=

06 L _—

ayl— // |
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0 B4 GE N2 16 20 24 dhmge/Ds

ITp161HKEHHO B CPEHHX yc.'loamix MOKa3arteJ/ib CTeNeHH MOKHO ONpeJesATh
no copmyne

Qx =
o (7.6)
nonyueHHo#i 3 qopmydasl (7.5) npu K = 0,8 'n Ahy,,,/D, = 2.

7.18. I‘nnpas.nnqecxue XapaKTepHCTHKH MOTOKA Ha YKpeIJIeHHH TpH yx-
JoHax Jjora i; > 0,02 onpeiensioT no NPHBOAHMBEIM HHKe HOPMYyaaM, JHIb NP
Ko3(pH1lHEeHTE LIEPOXOBATOCTH YKPENJeHHA g, = 0,013 = 0,016. B octans-
HBIX CJyuasiX pacyer cjelyer NMPOBOAHTH M0 NPOrpamMme, OCHOBAHHOH Ha MaTe-
MaTHYECKOH MOJe]H NpOTeKaHHs NOTOKa.

[MpHHHMAIOT MAaKCHMAJABHYIO cxopoc*n: Ha YKpenJieHHH

Umax = Usmix- - (7.7)

"CKOpPOCTH U Ha YKpENJEeHHH ONpeleNfloT U3 YpaBHeHUst

[ S N

rae  Unen — CKOPOCTb HA OCH NOTOKA HA PACCTOAHHH X OT KOHUA OrOJOBKA;-
y — PAcCTOsiHHE OT OCH MOTOKA (CEpelHHB YKPENnJIeHHs) A0 NaHHON TOUKH;
B! .. = Bpacr/2 — NONOBHHA WHPHHH pacTeKaHHA.

pact
OceBafi CKOPOCTh 3a/ia@TC COOTHOUICHHEM

Uocs 2 -
B
Usnx “p[ Dy (. )
Dopmyaamu (7.8), (7.9) MOKHO NOAB3OBATLCA B AHANA3OHE
‘ 0<< x/Dy < 90.
Tay6uusl Ha ykpensenwn npu 0,5 < x/D, < 20 onpezeasior us dopmya:
y x
7,0 -—‘—-—0.03 : -
( Bpnc'r . D, ) X, y
- TEpYR, 5t e ”9. i -—O.O’ID—(———, 4-—0.?); (7.10)
och ( - -[—l) ] s Byier
! e _ '
s CIG S :
e | T SR (7.11)
(apix T+l'5 ";!!IS . j
[llupusa pacTeKaHWs NOTOKA Ha YKpemJieHHH _
Bpaoe=MN+by. : (7.12)
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‘3pec napamerpsi M n N onpejleisioTcs COOTHOWERHAMH:

26,5D, 4/ ol s ‘
e ]/ Ly (7.13)
Viz iynpCyxp
Nty § ottt N (7.14)
: ng** Vb, :

rae Cygp — xo3ppuuuent [lesn Ha yxpenJieHun. ,
B cBowo ouepenn

Cpgmt—r hykp » (7.15)

rae hyyp —_',Cpelli{ﬂﬂ ray6HHA NOTOKA B KOHLE YKpenJeHHs, npnﬂuuaeuaa no ¢opmyae
(7.3)

Jnst ynpolleHHs pacuetoB 3HaYeHHS Bpaer, U (X, y) h (x, y) MoxHo onpe-
nenmb no rpapukam npuJoKeHHs 7.2.

7.19. B BHIXOAHBIX pycJaX ¢ racHTeNsiMH myﬁmlu CKOPOCTH H TpaHHUBI
pacTeKaHus TNOTOKA ONpeiessioT CJeAYIOUHM 06pasoM:

a) TIpH NPHMEHEHHH racHTenell B Bu/le pebpa H CTEHKH B pacTpyGHOM oro-
7oBKe (THINbI BHIXOAHBIX pyces 3 H 4) ¢ HeKOTOPbIM NPHOIHXKEHHEM MOXKHO M0Jb-
30BAThCA PEKOMEHJALMAMH /s BBIXOAHBIX pyces 6e3 racuresei;

6) npH NpHMEeHeHHH racHTenedil B BHAe pacTpyboB ¢ BOAOGOHHBIMH CTeH-
KaMH XapaKTepHCTHKH HA BHIXOJAX H3 COOPYKEHHI1 ONpe/ieIAloT B COOTBETCTBHH
C METOAHKOH, H3noxeHHo# B ri. 4 (nn. 4.26—4.30). I.Unpmiy pacTeKaHHA Ha
YKPeIlJIeHHH ONpelensiioT no (opMmyJam:

NpH racuresie B BHAE PACIUHPAIOLIErocsi KOJOAUA ¢ Bon,oﬁonuoh c*renxou

(tan 5)
] }; (7.16)
NpH racHtese ¢ AByMst BoA0GOHHBIMH cTeéHKaMH (racurens LLHHWHCa, tun 6)

Bpacq-=2bw{l.26~|-l.(}9lg. ]} (7.17)

rie bpp — WHPHHA BHIXOAA H3 TacHTeNs;
{p — YKJOH JIHA TFacHTens.

B pacy = 265 {1 40,55 Ig [ bx
1 r

Oco6eHHOCTH ONpeAeNenns rHAPaBIHYECKHX XapaKTEPHCTHK NOTOKA
Ha yKpenJeHHH B Hepa3MblBaeMbiX aummmx pycaax

7.20. Tlpu cBOGOAHOM pacTeKaHWH BO3HHKAET TPH XapaKTePHBIX yyacTKa
HHKHero Obeda (puc. 7.13): ;

1) yuacTok (30Ha) pacTeKaHHsi IVIHHOH [paer;

2) nepexofHOH yyacToK AJIHHOH = [pep, HA KOTOPOM NOTOK 06/anaer noBbl-
IIEHHOH TypOyJeHTHOCTbIO M Oosiee BLICOKHMH CKOPOCTAIMH MO CpaBHEHHIO
¢ GLITOBBIMH YCJ/IOBHSIMH;

3) GLITOBOH NOTOK. ! " \

'"Puc. 7.13. Xapakrtepunie
30HB NpH cBOGOIHOM pac-
TeKaHHH NOTOKa:

= - ] — 3ona pacreKaHHs; 2 — ne-
| Lpacr I Lnep pexoaHoll ysacToK; 3 — GuTO-

BOfl mOTOK
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Puc. 7.14. 'paduku Aas onpeje/eHHs TPaHHIL 30HH PACTEKAHHS H PEXHMOB NMOTOKA Ha
nepexoiHOM ydacTke ;

Pacyetom ycraHaBJHBaeTcsi NPOTAMEHHOCTb 30HBI PAaCTEKaHHs H nepexoll-
HOrO y4acTKd, a TAKXKe MaKCHMaJlbHble CKOPOCTH H ryOuHbl Ha HuX. Haubosee
yHHBepcaJibHbie H TOYHble Pe3yJ/ibTaThl MOJYHAIOTCA MPH pacyere Hepa3MbIBae-
MBIX BbIXOJHLIX pyce/ Ha OCHOBE By XMEpHOH (NJ1aHOBO) MaTeMaTHUeCKO#i MoJle-
au (eM. nn. 7.16 u 2,20). Ipu ykaouax Jjora i; << 0,02 stot cnoco6 okasbiBaer-
csi NPAaKTHUYECKH eJHHCTBEHHBIM JUISi TOJIYYEHHS PeasbHOH KAPTHHB TEueHHs ..
Ipu iz =>0,02 (1. e. NpH OTCYTCTBHH BOJOBOPOTHBLIX 30H) MOXKHO 110/1b30BATHCS
TaKXKe NpPHOJIHKEHHBIM CNOCOOOM, H3J/IOMKEHHBIM HHXKe.

Insi onpeneneHHst TpaHMLbl YYacTKa PAcTeKaHHS NOTOKA BBINOJHSAIOT cJle-
AYIOlHE: pacyeThl. ;

1. HaxoasiT IWUMPHHY pacTeKaHHN NOTOKA Bpaecr B PA3/IHYHBIX CTBOPAX yK-
penyiednss no topmyae (7.12). -

2. Haxoast TOYKy nepeceueHHs rPaHHYHOH cTpyH ¢ Geperamu fora (B cay-
yae HenpsiMOYToJILHOTO NONEPEYHOro CeYeHHA NPHBOAAT ero K NPsSMAyroabHOMY)

H YCTAHABJHMBAIOT B 3TOH. TOYKe TJAYOGHHY TNOTOKa f;, CKOPOCTh U; H_YHCJIO
®pyna Fr, = ?Tn" Koopzannata 3Tol TOYKH X; (em. puc. 7.11).

3. Haxonmlrpaqmllecxu yroJal ¢, OTK/JIOHEHHS pacTeKawllerocs NnoToka ot
NPOJO/IbHON OCH X B MecTe BcTpeud c Geperamu (cM. puc. 7.11).

4. Mo 3HaueHHsiM @; H I Fr’ = V Fr, HaxoaaT Ha JeBoll yacTH rpaguka,
NpeJcTaBJIeHHOr0 Ha puc. 7.14, yros OTKJIOHeHHs 6, BO3HMKAIOIIErO B TOuKe
BCTPeuH NOTOKa ¢ Geperom (ppoHTa KOCOro rHAPaBJHYECKOrO NPbIXKKa OT Hanpas-
JMieHHs BekTopa ckopocTH. Ha puc. 7.14 BepxHsis uacTb rpaduKos (Bhile wTpH-
XOBOJi JIHHHH) COOTBETCTBYET CMOKOHHOMY COCTOSIHHIO NIOTOKA 32 KOCHIMH NPLIXK-
kamu c Fr" << 1, a HHxKe nynkTHpa — GypHoMy ¢ Fr" > 1. :

5. Onpefensior paccTofiHHe X, (cM. pHc. 7.11) oT BriXola H3 coopyxKeHus 10
TCYKH MEepeceyeHHs KOChX HAPaBJIHYECKHX NpLDKKOB (Touka E):

Xy =Xy 1 Xy; ; (7.18)
. pxeo ol o
‘ SAECH  Xp=—y et
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6. Haxoant B Touke E, uMeiollell KOOPAHHATH X = X, H § = 0, r1y6uny
h,, cKopocTb U, # uneao ®pyna Fr,, no/ib3ysich SMNHPHYECKHMH 3aBHCHMOCTS-
ma (7.9) u (7.11). £

7. Onpenensiior, noib3ysice rpaQukoM, NPHBEJEHHbIM Ha puc. 7.14, ray-
6HHY OTBOJSIIErO Pyc/la B CEYEHHH C KOOPAMHATOH X = X,, MpeAnoJaras cro-
KOlHOe COCTOsIHHE NOTOKA 33 TOUKOH NepeceyeHnsi KOChIX NPbUKKOB (TouKoil £).
Jns 3100 MO 3HAYEHHAM VFr2 H ¢, = 0; — @, B 370/ TOUKe HaXolsT Ha Je-
BO#l yacTH rpacduKa Bhillle IWITPHXOBOH JHHHH yroa O, u 3aTeM Ha npasoii yacTH
rpapuka — oruomenue h'/h’, (h', h’ — conpsikentbie rAYGUHBI THpaBIHYe-
€Koro nphixkka, npuueM h' = h,). ¥YMHOXas 370 OTHOWEHHe Ha h' = h,, nony-
yaloT 60JBIYIO CONPANKEHHYIO FIYGHHY NPBIAKa h’, conoctapiss KOTOPYIo ¢ 6bi-
TOBOH T/yGMHON B KaHaBe WJHW Jore hyg, YCTaHABIMBAIOT COCTOS HHE NOTOKA Ha
NepexojHOM YyyacTKe:

npu h” > hy; MOTOK Ha NepeXoNHOM YyHacTKe, Pacliofaraioulemcsi HHKe
ToukH E, 6yaer B GYpHOM cocTOSHUH. ['1yOHHa 3a nphiXKKOM hy NpH 3TOM onpe-
JensieTcs AHAJOCMYHO MPEbAYLIeMy pacueTy TpH TeX e mnapamerpax
VFE = VFr,, ¢ = 8; — ¢, no nesoit uactu rpaduka na puc. 7.14, Ho Ha
ydacTKe HHIKe LITPHXOBOH JHHHH. [LHHA yyacTKa pacTeKaHHs B 3TOM c/yuyae
lpaer = Xa; - . -

npn h” << hyg — NPBRKOK 3aHHMAaeT NPOMEXYTOUHOE MONOMEHHE MEeXy
toukoii E u ceuyenuem BD (ceuenue HK Ha puc. 7.11) — notok Ha nepexoanom
yuacTKe, pacnoJaraloieMmcsi 3a JuHuedl npoikkos (HK), 6yner HaxoauTbes B
CMOKOHHOM COCTOAHHH.

Paccrosinue x OT BbIXOJa H3 COOPYKeHHA 10 (POHTA NPLIZKKA, ONpejiensio-
e JATHHY yyacTKa pacTeKaHHsi B 3TOM CJyyae, MOXKHO HaHTH no ¢opmyJe

hy—hyg )

x.==x1+x,(l— e
7 n—

rae hy — npeneabkas TAyGuHa (cM. n. 7.9).

Tenepn nepeiiieM K PACCMOTPEHHIO NMePexoiHOro yyactka. Ecau norok s
OTBOAALIEM pyc/e HaXOAHTCA B OGYPHOM COCTOAHHH, TO MaKCHMYM CKOpOCTeH
06pa3yercr-l Ha OCH OTBOAAILLEro pycna W pacueTHas CKOpPOCTb C y4YeTroMm nyJiab-
canuy - ; ;

Unep (max) = 1,6 Unep, ; (7.19)

T€ Upep — CPEAHAA CKOPOCTh B OTBOASIIEM pYyC/ie B 3aJaHHOM CeYeHHH.

[Tpu CTIOKOHHOM COCTOSIHHH TNOTOKA B OTBOJALIEM pYcC/e MaKCHMYM CKOpoO-
creit o6pasyercs y GeperoB H OTHOLLIEHHS PACYETHBIX MAKCHMAJbHBIX CKOpOCTEH -
C YYETOM NMYJbCAIHH Uyep(max) K OPITOBBIM Uy 6 OTIPEACNAIOT NO TpadHKy, npel-
cTapjeHHoMy Ha puc. 7.15 B OYHKIMH OTHOUIeHHA ObITOBOH rayGHHBI h,; B
nore K KpHTHYECKOH Ay ugy M CTETNIEHH pPaCUIMPeHHsl pycaa e, (cM. Taba. 7.1).

Unep(max)
7
5,0
16 L
’ —
Z,P\
16 — 7 k\ SLPNE-
4 ‘\\ Puc. 7.15. T'paduk pim on-
1;4 ™ peleNieHHs MaKCHMaJbHBIX
‘cKopocTell Ha MEpexonHOM
0,6 6,6 1,0 %7 14 hug yYacTKe MpH CNOKOHHOM
¢ Ryend) _ COCTOSIHHH MOTOKA
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Puc. 7.16, Tpaux 115 ONpeieJeHAA CKOPOCTH HA BHIXOJE H3 COODYMKEHHH Uyax NPH COOi-
HOM TECHHH NOTOKA

Tlnuny nepexo,zmom yuacTKa lnep, Ha KOTOPOM IIPOHCXOJHT BbIpaBHHBaHHUE
CKOpOCTeH IIPHMEPHO 0 GLITOBBIX (npeBhilleHie He 60J1ee 15 %), onpenensiioT no
dopmyae (npu b<<e, << 1)

: Inep =50 (ep—1) hy; (),
rae hwno) — KPHTHYeCKas rayOHHa B KanaBe.

CunTaior, 4TO Ha NEPEXOJHOM YYACTKE CKOPOCTH OT Unep (max) A0 OBITOBBIX
M3MEHSIIOTCA 10 JMHHEHHOMY 3aKOHY.

Yxpen.neﬂﬂﬂ B HayaJjle NePeXOJIHOro yuacTka no,uﬁupam- no Goabied u3
CKOPOCTEHi: Upnep (max) H MAKCHMAJIBHOH CKOPOCTH B KOHLIE YYACTKA pPacTeKaHHA
(cm. Boime). Ha ocranpHofi yacTh nepexoiHOro y4acTka YKpernJeHusi HasHadawot
N0 COOTBETCTBYIOUHM CKOPOCTAIM B 3aJaHHBIX CEYEHHAX, ONpPENeJseMbIX 11yTeM
JIMHEAHOH HHTEpPNOJALHH MEeXAY Upep(max) H Ung B QYHKIHH OTHOIIEHHSA
lnep@) e I nep(iy — PACCTOAHHE OT Havala mepexoiHoro yuactka %o 3a-

ft!ep
JaHHOro celIEHHﬂ

7.21. Pacuer cGOfHOTO TeYeHHS CBOJMTCH K CJIEAYIOLLEMY.
L Onpeneﬂﬂm'r CKOpPOCTBE Ha BHIXOJe M3 coopyxenus. Jlaa sroro no rpa-
(;)m(y, npuseeHHOMY Ha puc. 7.16; HaxousT cm{omenne CKOPOCTH Ha BLIXOJE H3

COOpYKeHHst W KPHTHYECKOH. CKOPOCTH B Hem ZPX B GYHKLUHH OTHOLIEHHS Obl
TOBOi TNYGHHBI 5 K KPHTHYECKOH B HHXKHEM 6be¢e (kanaBe) hyup)- ﬂpuqem
pacyer BHIMOJHSAIOT s 33/ laHHOrO OTHOWIEHHS 5, rae.a (cMm. puc. 7.11, 6) —
paccrosiHHe OT NPOAOJILHOH OCH COOpYXKeHHs 10 GJiMKaHliero ypesa BOJbI; IpH

CHMMETPHYHOM PACIOJIOKEHHH ~KaHABbl OTHOCHTEJNBHO COOPYIKEHHA a = 2"—‘“‘

v
[lo 3HAYeHHIO OTHOLIEHHA vﬂ"l H.KPHTHYECKOH CKOPOCTH HaXOMAT Upyy.
K

'\
2: Onpene.nﬂm" JUIMHY Y4YacTKa- pacliHpeHHH TPAHIUTHOIO NOTOKA 1O Obi-
TOBbIX YCJIOBHil, YTO COOTBETCTBYET JJHHE GOJBUIOr0 BOJAOBOPOTA

2a
i

b
Lg.p= T (m) (B;—b),

rae [ (m) — AyHkuus, onpeleasemas no rpacbnxy; npeicTaBaeHHOMY Ha puc. 7.17, B 3a-

BHCHMOCTH OT OTHOIUCHHS 3‘ ’

185

[y

Fim) T Pue. 717. Tpapuk 3aBrcumo-

/ cfn f(m)=¢ (2—‘1)

. / ‘ b
g, A ’

Y/ Pue. 7.18. I'pacduk nns onpejene-

70 77 40 97g/F ~ HMA MAKCHMAJBHHX CKOPOCTeil
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'3. o rpadmky, NpuseieHHoMY Ha puc. 7.18, onpejeasioT OTHoueHue
MaKCHMaJbHBIX CKOPOCTe BIOJb OTBOAAIIETO PYCAA Umax (cgy K CKOPOCTAM Ha
BBIXOJIe M3 COOPYIKEHUSA Uy, ¢ B PYHKIHH OTHOIIEHHS PACCTOAHHA X OT OJOLIBHI
HACBLINH Ha BbIXOJE H3 COOPYXKEHHSl 10 PaccMaTPHBAEMOro CeYeHHs K JJIHHe
GosbIoro BoJOBOpOTa- Lg, 4.

[Tpu HezoNyUIEHHH Pa3MbiBa B KOHLE KaHaBbl Afly,y = 0 ucnonb3yerest Kpu-
Basi rpaduka, COOTBETCTBYIOLIAA OTHOLUEHHIO Ahmu/hmx =.0, npu gonyuie-
HHH pPAa3MblBd — KPHBbIE, COOTBETCTBYIOILHE Pa3/MUHOH BeJHYHHE pa3MbiBa C
OTHOUWIEHHAMH  Altpy /gy = 0,50; -0,7; 1,05 1,5; 1,755 2,0.

Pacuernast riy6uHa pasmblBa Ahmax onpefe/isiercsl B COOTBETCTBHH € PEKO-
MEeHJAHAMH HACTOSILIEH TJaBbl AJsi Pa3MbiBaeMbIX BBIXOAHBIX pycen. Jlonyme-

HHe pasMblBA B KOHIE KaHaBbl N0O3BOJAET NpH Ahy,./hy o > 0,7 cokpaThTh

JUIHHY . YKperIeHus.

PACYETDBI PASMbIBA

O06mHe NoN0KEeHHA

7.22. OcHOBHOH BEJHUYHHOH NPH pacuyeTe Pa3MblBAEMbIX BBIXOAHBIX pyceJ
ABJAsETCH MAaKCcHMalbHas TriyOuHa pasMbiBa ARy, GOpMHpyeMasi NOTOKOM B
OBLITOBOM JIOTe 34 BpeMsi NpoXoxJeHHA nasoika. OHA B 3HAYHTENBLHONH Mepe oI-
peie/isieT KaK INJaHOBKe pa3Mepbl YKpellieHHi, TaK H IJyOHHb 3aJ10XeHHS HX
KOHLIEBBIX YacTefi. p

PacuyeTsl MaKCHMaJIbHBIX TJIYOHH pa3MbiBa BellyT HO METOAHKe, paspaboTaH-
Hoit B [[HHHCe. B kauecTBe OJJHOTO H3 OCHOBHBIX NapaMeTPOB AJA pacyera pas-
MBbIBA HCHOJB3YIOT TAK Ha3bBaeMYylo TpejlesibHyio IMyGHHY paambiBa "Ahy,, co-
OTBETCTBYIOULYIO HEOTPAHHYEHHOMY BO BPeMEHH NPOXOUEHHIO 3aJaHHHX pac-
XOJIOB.
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7.23. Yuer BpemeHH NPOXOXAEHHS NABOAKOE BBINOJHSAIOT B JBYX BapHaH-
Tax: !

10 ‘3KBHBAJIEHTHOMY BpPEeMEHH, COOTBETCTBYIOIUEMY YCJOBHOMY (3KBHBa-
JIEHTHOMY) TIaBOAKY ¢ THAporpadoM NpsMOYroNbHOH (GOPMBI H PACXOAOM, PaB-
HBIM PACXOAY HA NMHKe NaBOJKAa, NPH NPOX0XIAEHHH KOTOPOTro riyGuna pasMbiBa
Gyner paBHa pasMblBY NPH NPOXOKAEHHH PeaNbHOrO NABOLKA;

10 peajibHOMY THAPOTpady NaBoO/Ka, 3aMeHsisl ero ruaporpagom crynenya-
TOl (OPMHI.

7.24. Paanuuaior pa3MbiB B o,uuoponnux (CBASHBIX M HECBSI3HBIX) M HEOIHO-
POAHBIX TPYHTax, NpHYeM AJIS KamIOro M3 3THX TPYHTOB BO3MOXKHBI CJAyYaH
cBOGOJHOTO (3aTOIJIEHHOTO H HE3aTOIJIEHHOrO) H HecBOGOAHOro pacteKaHus
H Y3KOro Jiora, T. €. JIora, IWHPHHAa KOTOPOro HeACCTaTouHa A (JOPMHPOBAHHS
BOPOHKH pPa3sMbIBa.

Kpowme Toro, cyuiecTBeHHbIMH ocoéeuﬁoc;rauu OTNHYACTCS KAaPTHHA PasMbl-
Ba B BBIXOAHBIX pycJax C KaMeHHOH HaﬁpOCKOH pﬂCHOJ!O)KEHHOH B BHJIE pncﬁep«
Mbl B KOHIE YKpelJeHHs.

Pasuun B OIHOPOAHBIX rPyHTaX

= 7.25. OLHOPOAHBIMH CUHTAIOTCA BCe CBAI3HBIE 'PYHTEI H HECBSI3HBIE npu co-
6so1eHHK ycn10BHA
mu/\déﬂ ©(7.20)
_rae dinax — cpemmﬁ AHAMeTp KPYMHBIX MaCTHI, KoTopas cocTaBaser 5 % macen rpyuTa,

HJH JHAMETp CaMOf KpynHo# (paKuHk, €C/IM OHA COCTABJseT He MeHee 5 %

Maccel TPYHTa;
d — pacueTHBIil AHAMETP YACTHI.OAHOPOLHOTO HECBAIHOTO TPYHTa (cMm. m. 7.29).

7.26. MakcnMaabHbie TYGHHB PA3MblBa B YCJIOBHAX CBOGOIHOTO 3aTONJIEH-
HOrO pacTeKaHH#, COOTBETCTBYIOLLEro yKJIoHaM aora i, < 0,02, onpeneasior no

dhopmy.sie

i Ahyyax = Ahgy 1, (7.21)
rjae Ahnp, ~— COOTBETCTBEHHO NpejesbHAd H MaKCHManAbHaf l‘llyﬁlﬂihl paaxnaa B 3a-
Ahmax JIAHHOM .BBIXOMIHOM pycJie NPH QTCYTCTBHH xauennoﬁ na6pocku (Ahy,

cM. B m. 7.28);
1) — Koa(pHuHENHT, y-m-runaloumﬁ BpeMs npoxomnenm naeonka (cm. n. 7.50).

7.27. MakcHmanbHble TyGHHBl PasMbiBa B yCJOBHSIX CBOGOJHOrO He3aTorl-

JIeHHOTO pacTekaHHs, COOTBETCTBYIOLLETO yKJIOHaM .nora i, >0,02, onpenessior

no gopmy.e
B = Mgy + Aigay, (7.22)
rae Ahgay — rayGHHA PasMbiBA BHIXOAHOTO JIOTA 3 CU€T BO3IMOXKHOTO 06pa30BAHNA KaHABH
(em. " 7.31). .

7.28. Ilpepenbhbie rayGuHbl pasMbiBa, COOTBETCTBYIOLLIHE CBOGOAHOMY 3a-
TonJeHHoMy pacrekanuwo (i, << 0,02), onpeaenstor no dgopmyse

Dg 0,2
A"""“'a""’D "( 0 ) [ (L/Da+ 1) bbyd

‘TAe iry 8 —'xoacpqmnuenr H ITOKasaTeJb CTENCHH, 3HAYEHHA KOTOPHIX M/l PasdHUYHBEIX THIIOB
BHIXOJIHBIX pycea npHBeleHb B Taba. 7.2;

(7.23)

s; — NoKasaTe/b cTenenw; s;=1 ans 'ruuon. NpHBEAEHHHX B Taba. 7.2; s; 4] Ka-
: MedHOM BTy e
/8y — MACWITAOHBIA KOI(DHUHEHT;
D, \0.075
ﬁ B 0‘85 (_) !
M Da »
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Tabauna 7.2

& = OTHOC bH B
THN BBIXOAHOrG Pyc/a KD:’(‘N‘;HHHCIH rt:(:;:::':"eﬁb rpa H':I?IH‘S-I?HD::;;(UA
] (Q1Qu)rp

1, Ik 0,9 0,6 Bes orpaunyenuit
2, 2 0,9 0,6 To Ke
3, 3k \ 0,6 0,4 1,0
4, 4k, 5, bk, Ha, bak 10 1,0 - 0,5
6, 6k, 6a, 6ak o 1,0 1,0 0,3
3necy Do = | M st YCKOPEHHS pacueTos B taba. 7.3 npHBepens! 3navenus Oy Wis npu-

HATHIX B [pakTHKe 3HaveHuil Dy;
P — Ko3DHUKEHT, YUHTHIBAIOUIHH THN KOHUEBON YACTH BHIXOJHBIX pyces; TPH Ha-
. JHUHH TIPEOXPAHHTENbHOTO OTKOCA Y = 1, MPH €ro OTCYTCTBHH KK HAJIHYHH
BepPTHKaNbHOIH cTenKH Y= 0,6, ﬂ.uﬁ BBIXORHBIX pycelt ¢ pe6pom p= | HesaBHCH-

MO OT HaJHYHS CTEHKH;

Dy = 1,13 VAmcon — 3KBHBAJEHTHbIH JHaMeTp (3KBHBAJEHTHOE OTBepcTHe), mpel.
CTaBASA MWK cofoif IHAMETP KPYFa, PABHOBEJAHKOrO MO MJOUIA/IH ToNepeyHo.-
MY CEUEHHIO COOPYKEHHS Wqnop; A MOCTOB NIPH ONPENENCHHH Wegop TPHHHE.

: 02
M2I0T BBICOTY OTBEPCTHA h== M =1 M; sfecb Uy =3 M/c— ycJOBHAA CKO-

POCTb MOA MOCTOM; A5l MHOTOOYKOBBIX pr’ﬁ QKBKB'IJI\I\EHTHHH JHAMETp OJ'IPEILE-
JFI0T 10 CyMMapHON TAOulafgH OYKOB;
' Q) — MaKCHMAJbHBIH PAacXojl pPerJaMeHTHPYEMOro HOPMAMHK NaBojlka (pacyeTHoro
HJAH HaHGOJbLIETO); . i
[, — KAuHA YKpEnJeHHs, M;
b — OTBepCTHe COOPYIKEHHS, IIPHHHMAEMOe PaBHBIM: /15l NPAMOYroJbHBX TPYS —
HX UIHPHHE; AJs MOCTOB C BePTHKAJNLHbLIMH CTEHKAMH — DPacCTOAHHIO MeXay
YCTOAMH HJH cpenueﬁ IITHPHHE NOTOKA MOJL MOCTOM JJIl HEIIPAMOYTOJLHBIX MO~
MOCTOBBIX: CEYeHM I | AN KPYraAblX TPYG — HX IHAMETPY; AN OBOHAAMLHBIX —
MAKCHMAIbHOM LIHPUHE [ONEPeUHOrO CeYCHHS; NI MHOTOOMKOBEIX TPyG —
cyMMe OTBepcTHil OYKOB;
~ IHIHPHHA CeYeHHs: Aas pr6 —B KOHU.E OroJioBKa; NpH NOPTAJNbHEIX OroJOB-
KaxX -—— B KOHIle KOHYCOB; s MOCTOB by = b + Hyge, 38eCh Hyge — BbI-
COTd HAACBIMH Y MOCTa:

B nocaeanem cronbue Tabin 7.2 BblIIMCAHbI rpaumnue 3HAYeHUs (Q/QK), =
1pH NpeBhILIEHHH KOTopbiX B dopMyay (7.23) BmecTo QIQN AONKHBL MOACTAB-
JATBCA 3TH 3HAYCHHA.

7.29. Tlpu pacyere pa3MbIBOB TPYHTHE B JIOre TNOAPA3JENAIOTCH HA CBA3HBIE
H Hecsasuble. K HecBs3HbIM TPYHTaM OTHOCATCS KPYNHOOGJIOMOUHBIE U NecuaHbie
rPYHTH, He ofJajaloline CBONCTBOM niacTHYHOCTH (packarteiBanus). K cBss-
HbIM OTHOCATCHA TVIHHHCTBIE, CYTJIHHHCTBIE H CyMecyaHble FPYHTBI ¢ uuesiom maia-
etnyHocTH Gosee 0,01, a Takke TJIMHHCTBIE H IecYaHble TPYHTBI NPH CTEMEHH
3aTOp(OBAHHOCTH (COAEp:KAHHM PAaCTHTEJIbHBIX ocTaTKOB) Gosee 10 %

14

bp

Ta6aunua 7.3
*

¥ . ] 3 ]

Dy w n!: Flen' itk o Dy ', ‘__qz"““ MHEA )

v=1 | bv=0,6 =1 | b=0.
0,5 0,89 0,2 | 0.6 3,0 0,79 0,8 1,8

0,75 0,87 0,3 0,75 4,0 0,77 0,9 2,
1,0 0,85 0,4 0,9 5,0 © 0,76 1,0 2,
1,25 0,83 0,45 ] ;1 6,0 0,75 F.2 2
1,50 0,82 0,5 1,25 10,0 0,73 1,6 3,
2,0 0,81 06 -~ 1,5 15,0 0,70 2,1 4,




Ta6aunua 7.4

XapaKkTpHcTHKa 3aTopd 0 rpyHTa
¢ 3 Pacuerdoe I&il_lenneuae Cp,
gy Bux ronde ~

=60 ‘ JlpesecHbift g 0,0005
XBouensiii 0,0025

60—40 | OCOKOBOTHMHOBHIf 0,0025
CdparnoBbiit 0,004 -

40—25 " OcokoBorunHoBHi 0,0075
Cdarnosnit 0,01

PacyeTHbI JIHaMETP YacTHIL OAHOPO/IHOTO 'HECBAZHOTO IpYHTA
PR e B L ) R Tl Bl U e Ml e ol et B
Zd;p;
X 100 ° N
Tie p; — COMepKaHHe No Macce B npouneHTax i-i GpakuUHH CO CPEAHHM AHAMETPOM YacTHU d;.

Pacqemuu H_(3KBHBAJIEHTHBIH) JHaMeTp MhbiJeBaTOTO _TPYHTa, COJlepauiero
MbIIEBATHE YACTHII, I0A KOTOPHIX B FPyHTE.p, > 0,1 — d,, MM, onpenessior

no copmyJie

d= (7.24)

dy=5d Vpn»
PacuyerHsiit (3kBHBaJeHTHBIA) AHAMETP CBA3HOTO TPYHTa, MM, ]
" dp=17,5(0,14-100Cp), (7,25)
rae C;)—' paluernoe cuensenune, MIla, KoTopoe ONpPeneNsOT HA OCHOBAHHH CTAHAAPTHBIX
METO/I0B HCNBITAHHHE O6PasUoOB C YYeTOM BO3MOMKHOIO (BepOSTHOrO) OTKJOHEHHS
3HAYEHH A CclenJeHHss OT HOPMATHBHOIO;, AIA NMpeABapHTE/IbHLIX pacuyeToB 3Haye-

Hue Cp AN TIHHHCTHIX rEIyHTon MOXHO NpHHHMaTh no aaxubiM CHHIT [43], a
ans Top¢oa — no Taba.

TIpH HaJHYHH B JIOTE 3aCOJIEHHBIX “H ueps.nux CBfI3HBIX TPYHTOB pacuer-
HBIH HX AHaMeTp onpenensior no hopmyJe (7.25) c BBefleHneM B Hee KoadxpHiHeH-
Ta 2 .

B=ptfc.

Kosxpuument f; npuuuMaior no tab.i. 7.5 B 3aBHCHMOCTH OT €OCTaBa M0~
POMbl H COAEpHaHHs /bJia, KOTOPbl€ ONPeAESIOT KPUOSEHHYI0 MEKCmYpY, T. €,
COBOKYTHOCTb TPH3HAKOB CJIOXKEHHS MEp3JIoro rpyHTa, OGYCJOBJIEHHYIO OpH-
EHTHPOBKOH, OTHOCHTE/IbHBIM PACTIOJIOXKEHHEM W paclpele/ieHHeM Pas/iuHbiX
no dopMe H pasmepaMm JeAAHBIX BK/IOYEHHH H JibJla-IleMeHTa.

[pu conepskanuu JerkopacTsopumeix conei 1o 3 % koadpduument B, npu-
HuMaioT 1o 1abu. 7.6. I1pn GosblueM cofepx<antn conell B TpyHTe KOagdhHLHEHT
B ycranaBiuBaercs Ha OCHOBAHHH CIHEIHAJbHBIX HMCC/IEJOBAHHM.

i Ta6nuua 7.5

Kproreunas crpyktypa i(bnepmlnne abaa, % Kosphuunenr ft
ArakcuroBast =50 0—0,12
Ceruartasn . 50—30 0,12—0,26
CaoHcrasn 40—25 0,25—1
MaceusHas H KOPKOBAsS <25 1
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Tabauua 76

PacyerHoe cnenje- |<0.0005l 0,001 0,002 | 0,003| 0,004 0.005\0.0075 >0,01
une Cp, MIla

Kos{duunert Bo ' 0,8 | 0.8 | 0,64 [0,56]0,52 0,45‘0,40 0,35

Jlns HecBs3HBIX PYHTOB TEMINEPATYPHBIA PeXHM He OKasbiBaeT BJHSHHA
Ha HX pa3MbIBAEMOCTb, H N0ITOMY CJIE]lyeT IPHHHMATD B =0. Ilpu conepxauun
B HECBSI3HBIX TPYHTAX JIErKOPACTBOPHMBIX COJIEH CPeAHHH AWaMeTp uacTHu oOn-
penensiior no dopmyse (7.24) ¢ xoapdpuunentom 0,85.

7.30. Kosbduunent n B dopmyae (7.21) npu nponycke nocrosHuoro pac—
xona Q B TeyeHHe BpPeMeHHM { PacCUMTBIBAIOT 1o dopmyJe

N=l—gm—— VT (7.26)
B cBow ouepellb
Q \0.25 Mﬁp 11 .
:.,=540(Q ) =g +———(IOOC|,)’ (7.27)

[pHYeM B CJydae HaJHyHs TacHTeleld TpaHHUHble 3HaueHHs Q/Q, onpenensior
no taba. 7.2. B dopmyane (7.27) Benuunna C, naHa B Meranackaasx (MIla).

[ns peanbHblXx ruaporpadgos (noxasaTeJlbuoro TPeyroJibHOro, TpamneuHe-
BujHOro), popMa KOTOpLIX pernameHThposana [41], pacuerHoe Bpems onpenesisi-
eTCsi 3aBHCHMOCTBIO

w . F
{=0.5— , 7.28
Q (7.28)

rie W — oGbeM cTOKa 3a BpeMsA NnaBOAKa.

,[I,Jm GoJsiee TouHOro yuyera (hakropa BpeMeHH, 0coO0eHHO npu ruaporpadax
cn0xHOoi GopmMbl (MHOTOMHMKOBBIX M T. 1.), PEKOMEHAYeTCsl NOoJIb30BATbCS METO-
AHKO# pacuera, H3IOKEHHOH B TpHJIOXKeHHH 7.3.

Jlns onpeneneHHs 3HadeHMs v Hapsay c popmy.oi (7. 26) MOXKHO NO0JIb-
30BaThcAl TpaguKoM Ha puc. 7.19. JInA NpHOIHKEHHBIX PACcyeTOB MOXHO NpH-
HHMaTb: A5 HecBA3HHX TpyHToB 1 = 0,6; ana cBasHbx — 1 = 0,75.

- TTTITT
s T
L
-
08 Hs
-
o /’
9% //
P
4.2 —"/
2 "'f‘
T
L , .
4007 Q002 0,005 601 602 305 61 42 05 10 Z 5 [0 20 50 10200 s00t)t,

Prc. 7.19. I'papux 115 onpefesesHs OTHOCHTE/IbHOA rayOHHB pasMbiba
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7.31. Fnyéuuy nponouau ONpejensiOT B TaKOH MOC]ENOBATELHOCTH
(cM. pue. 7.10).

1. BplyHC/SAIOT WIHPHHY NOTOKA By, PH KOTOPOH CKOPOCTH B JIOTe paBHa
Hepa3sMbIBalolleH:

: Q-3H

Byp= ——}—vg” i (7.29)
e

3/ech ANS OJlepHOBaHHBIX JIOTOB MpUHHMAT vy = 1,5 M/c, ‘a Bo Bcex oc-
‘TAJbHBIX CAy4Yasx .

0'=2,|. vgd;, (7.30)
rae dy —5xsunaneuru};tn JAHaMerp rpyHTa Jjora (cM. n. 7.29),
22. CpaBHHBAIOT IUMPHHY MOTOKAa By, ¢ WIMPHHOM Jora (A4 ABHO BhIpa-

MEeHHOro Jsiora) 1u6o ¢ npefe/bHOM WIHPHHON pacTeKaHHUsA NOTOKA HA HAKJOHHOH

MNJIOCKOCTH:
j Bpaer(np) =M--bp, i (7.31)

rie M HaxoaaT no tpopazy.-le (7.13) mam_no 3aBHCHMOCTAM NpHAOKeHHA 7.2 (¢ sameHoft
iyup M Cyyp HA iy H

Ecnu Byp > B, nH60 Byy = Bpaer (up)» TO PasMBIB  JIHA JIOTa MOXeT
NPOHCXOAHTE Ha GOJBIUON JVIHHE M CONPOBOMAATLCSA 3HAUHTENLHEIM NOHHKEHHeM
OTMETOK, B TOM YHC/I€ H Y KOHUEBOH yacTH ykpenJenus. B 3tom cayuae Heo6-
XOHMO NMPHHHMATh CNelHabHble Mephl 3alllHThI: YCTPaHBATh Nepenajsl, yKpen-
JATh JIOr JIO ero NMOJOLIBH HIH Ha 3HAYMTEJbHOM MNPOTSXKEHHH.

B npoTtHBHOM cllyuae onpefiesigloT NoJ0OXKeHHe cTBopa X = X yp, B KOTOPOM
npexkpauiaeTcs pasMbiB, M rayOHHY NOTOKAa B HEM TO (OpMyJaMm:

0,57D,
Xy a d ©(7.32)
ng441ge N
SR - Qng )315
: hyp=| ———2—=1] 7.33
2 (Bpﬂc‘l‘(llp Via i: ( )

rae 3HauexHe N onpené.nsm H3 GopMybl (7.12). npuHAB Bpaor = Byp:

Bup—bp

i (7.34)

N=
Bumecto dopmyibt (7.34) MOXKHO HCNIONIB30BATH IPadHK Ha pPHC. 2 NPHJIOKe-
HuA 7.2,

s Hpous&mn’r pacueTr napaMeTpoB (WUHPHHBI H TJYGHHBI NOTOKA) Ha BXOJe
B KaHaBy. BHauane onpe/le/iflor MAKCHMaABHYIO TY6HHY pa3mbiBa Ahy,,. 1S
cayyas OTCYTCTBHA NMpPOMOMHBEI (kKanaBel) no (opmyse (7.21). 3arem Haxoasat
(B nepsom npuGIHAKEHHH) paccTOAHKE OT BhIXOAA H3 'rpyﬁbl Jlo BXOJa B KaHaBy
(cm. puc. 7. 10):

X L+ (2+4-moy) Afmax
‘ - | —mgyin

T (7.35)

rle My, — KO3(dHUHEHT B3aJ0XKEHHS OTKOCA YKpenJeHHs.

Ecin Xgay = Xyp, TO nonaraor Ahygy.= 0.
BLIYHC/IAIOT WIHPHHY PAacTeKaHHA Bpacr (xag) B CTBOPE Hauaja KaHaBhl
By = Biior (€ 00 bbpuyian (T T13).
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Haxoaat wupHHY byay U TYOHHY Ayay TMOTOKA HA BHIXOJE B' KaHAaBY npH

CTaﬁHJ]HEauHH pasMbiBa:
0,528 ;0,943
35Q0:328 0

bran="—jo37 P I (7.38)
3 = Q . 4/5
o= (T Vg o) e

Ecau Bpacr (ram < byaw, TO TNPHHUMAKT byay = Bpac’r (xan)> 4 B
BhlUHC/AIOT N0 (opMyae (7.37); B NPOTHBHOM cJydae K pacueTy NPHHHMAKOT
buau H Myaw, BblUHCJEHHbE To dopmynam (7.36) u (7.37).

4. Onpenensior cpeiHioio ryOHHY NOTOKAa B KaHase

1

hxan(cp) ='E' (h!-can‘f“hup) . (7.38)

5.- Onpeneastor, r1y6HHY pa3MbiBa KaHasbl

3

Yy B b

Ahgan = (Xup — Xxan) (in—_c,fa_—,n%iﬂ"_)-l“hxm—h“p, (7.39)
rae koapuuuent lllesu onpenensior npu h = hyay (op) M0 dopmyaie
C=— hlU8 (7.4

=7, "wau(ep) (7.40)

6. OnpenensioT yTOYHEHHOe paccTOAHHE OT BbIXOAa M3 TpybH Jo BXOAa

B KaHaBy X
m
Xyan=Xnan+ ——_——— fmo::: i, (7.41)

Eciu (Xkan — Xxan)/ Xean >0,3, TO 3aMeHAOT Xyay HAa Xyjay W TpPO-
M3BOAAT TNOBTOPHBIA pacyer KaHaBbl. '

Ecau Ahyay >3 M, 10 1460 yBEJHYHBAIOT OTBEPCTHE COOPYXKeHHs, 1160
NPHHUMAIOT CrelHa/bHble Mepbl 3alUlHThl (YCTPAHBAIOT Nepenajsl, KOHCOAbHbIE
cbpocel H T. T.).

7.32. MakcumanbHasi rayOHHa pasmbiBa TNpH HecBOOOJAHOM pacTeKaHHH

A B,
Atmax(ut) = Mmax 1 10, (7.42)
rae Ahmay — MakcHMadbHas rayGHHA PasMbiBa NPH cBOGOAHOM pacTeKaHHH, onpefedse-
mas npH A06LIX YKAOHAX Jaora iy no ¢opmydne (7.21), rak Kak KaHasa (npo-
MOKHHA) B YCJOBHAX MOATOMJIEHHA He oOpa3syeTtcs; .
Bys — MOKazaTeNb CTeNeHH, YYHTHBAKOWMKN 3aMel/leHHe npollecca pasMbiBa B yCJjo-
BHAX HCCBUGDJHOFD pacTeKaHHs.
B cBolo ouepenn ‘
=0,13 (Qx/Q)*/? (0yg —1)%? (7.43
Buc , %/ Q) Oup , : .43)
rie Oyg — CTeneHb MNOATONJIEHHA HHXHero Geeda (cm. n. 7.8). .
«Y3KMMH» CYHTAIOT JOra, LIMPHHA KOTOPHX B, <C 10D,, a Gepera cnabo
pasMbiBaeMbl. B y3kuX JoraX mupHHO# B, >2D, MaKCHMaJbHYW rayOuHy
pasmbiBa npH i, < 0,02 onpemensior no dopmyne g

Ahmax(yaw) = Afimax Kﬂ'eﬂﬂya". (7.44)

rie- Ahpay — HaxoAnTes mno ¢opmyae (7.21);

Ky= KB“p—xoatpqmuneHT wHpHHB Jora (ecam Ky << 1, To -npuHHMalOT
1);
K~x03¢¢uunem GopMEl BOPOHKH pasMbiBa NpH CBOOOJHOM pacTeKaHHH
(cm. puc. 7.12);
Bysx — moKasaTedb CTeneHH, YYHTHIBAIOULHA 3aMelfehHe TNpoLecca pasmbiBa B
«y3KHX» JIOrax.
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) B cBoio ouepeis :
Byan=(Ka—1)"/2 (Qu/Q)?/°. (7.45)

B cayyasx korfa i >>0,02, MaKCHMaNbHYIO TNIyGHHY pa3MbiBa HaXOAAT
C y4eTOM BO3MOXKHOro 06pasoBaHHs KaHaBbl 10 (opMmyJe

N’;nu(y“)'= Ahmax(ysw) + Altxan. (7.46)
B KOTOpO# Ah,y BbYHCHSIETCA MO MeToAHKe N. 7.31 ¢ coorBercTByOIIEH 3a-
MeHO#H Ahy,y Ha  Afpay (yax) 110 Gopmyne (7.44). :

7.33. MakcuMaJbHYIO IVyOHHY pa3MbiBa B «y3KHX» Jiorax npu B, < 2D,
i iy < 0,02 10omoSHHTENBHO KOPPEKTHPYIOT no QopmyJe

Mmu(yan) 0.2 g
D »

3

Ahmax(oq.yalé) =D, [1 ,55 ( (7.47)

npuyeM B NPaByl0 4acTh NMOACTABASIOT Aliymax (yax) H3 GoOpMyan (7.44). Tpu
66abIIKX YKIOHaX Jora (i, > 0,02) pacuer Bexyt no dopmy.e (7.46) c sameHoi
Ahpax (w%hua Ahmax(oq.ysx)y HalAeHHOE MO A{b’?puyne (7.47).
‘Tpn maxD(oﬂ.yaﬂ) > 2,5 nNpUHHMAIOT maB(oq.En) =925,
B :

7.34. B cnyuae couyeraHHs TMOATONJIEHHS! H «Y3KOTO» JIOTA pacyer pPasMmbiBa
BEAYT TOJbKO HAa OAHH (PAKTOP: NPH Oy => 2 He YYHTHIBAIOT IIHPHHY JoOra,
npitumas K; = 1’ B = Py, a NpH 046 << 2 — KakK B <y3KOM» JIOT€ NPH OT-
CYTCTBHH MOLTOMNJIEHHS, NPHHUMAN Oy = |, f = Pyq.

Pa3mbiB B HEOAHOPOAHBIX HECBA3HBIX NPYHTAX

7.35. Tlpu pacuere pa3MbIBOB 3a YKpeNJIEHHAMH B HEOAHOPOAHBIX TPYHTAX
(6e3 KamMeHHO#H HabpOCKH) ‘c/IelyeT YYHTHIBATh BO3MOXKHOCTb 06pa3oBaHus B OT-
BOJSILIIEM PpYCJE ECTeCTBEHHOH OTMOCTKH.

HeonHopoiHbiMH PPYHTaMH TPH pacyeTe Pa3MbiBOB 3a MaJlbIMH DaBHHH-
HBIMH BOJIONPONYCKHBIMH COOPYIKE€HHAMH CUHTAIOT IPYHTHI, COAepHKalllHe KpyIl-
Hble BKJIOYEHHS WJIH YAOBJIETBOPAIOLIHE HepaBeHCTBY dor/d >2, rae do,—
CpelHHil AHAaMeTp YacTHIl, o6pa3yIOlUIHX OTMOCTKY Ha JiHe BOPOHKH pasMbiBa.
Paamep d,; 3aBHCHT OT IpaHy/IOMETPHYECKOr0 COCTABA I'PYHTA, FHAPABIHYECKHX
XapaKTePHCTHK MOTOKA H TeOMETPHYECKHX XapaKTePHCTHK COODPYIKEHHsS; On-
pelessiioT ero nof6opoM H3 ypaBHEHHS

Por. b2
= , 7.48
aae - ARy a3 s a5

rae por — BecoBas A0Js OTMAIIHBAIOUIHX YACTHI B pasMBIBAEMOM TpYHTe;
Ahy, — npefefibHas rAyGHHA PasMbiBa B TPYHTE CO CPEAHHM AHAMETPOM YacTHL d.

[ny6una hy, onpenensercs: ’

a) npH HecBOOOJHOM H CBOOGOJHOM 3aTONJIEHHOM pacTeKaHuu (i; < 0,02) —
no dopmyae (7.23), 1. e. Ahgp = Ahpy;

6) npH cBOGOAHOM He3aTON/IeHHOM pactekaHuu (i; > 0,02) — no dopmy.e

Ahy = Ahpp -+ Ahwag, } (7.49)
rae Ahygag CM. 1; n. 7.31; ‘
B) B Y3KOM Jiore TpH 2DI.,,< B, << 10D, — no dopmyne
Ahgo=Ahap(yan) =8 hup K323 (7.50)
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darz,ofg‘f_ Nou 4 r) B yskoMm Jjore. npu B, < 2D, — no ¢opmyae
. Ak 0.3
-Em Ak =A hap(on.yom =D [1.55 (—-——“gfﬂ) —l]«l—Ah,.,,‘.
1 : (7.51)
i [Toa KpyNHLIMH BKJIIOYEHHAMH NOHHMAIOT KPYNHble dpak-
j IIHH TrpyHTa B KonHuyectBe He MeHee 0,5 %, 11 Kotophix
w0~ 20 cobJ/iolaeTcs HepaBeHCTBO
0 — dpax/dy > 15,
8'7_—30 rae dy — CpelAHHRA JHaMeTP YacTHI KPYNHbLIX BKJIKO4YeHHH, BecoBas Jlo-
70 + Jifl KOTOPHX B Pa3sMBIBAEMOM TPYHTe BhIpaXkdercss YHCJIOM
L-ip - Pmax; NPH HAJTHYHH KDYNHBIX BKAIOYEHHN dmax H Prpax MPH-
50— HAMAIOT B KAYECTBE XaPAKTEPHCTHK OTMOCTKH; TNPHMEpOM
B KPYNHLIX BKJWYeHHHA fABaAeTcs raabka (HJAH TpaBHil) B
50_'—50 necke; . -
l—ﬁﬂ dy — CpeiHH# NHAMETP YaCTHL MeJKHX (QpakuHil, He BOLICAMMHX
i . B C/OA OTMOCTKH.
4‘0_:23 B cBolo ouepelb
Tt d—pord -
P TR Pordor _ d—Pmax@max ' (7.52)
; I —por 1 —Pmax
ﬂ Huns onpenenenus do, U3 ypasHenus (7.48) BHAaua/e Ha-
PPl 5 XOJAT BeJHYHHY Npacqzw. 3areM, NpHHHMAs HeEKO-
200 TOpOe 3HaYeHHe BECOBOH JOJMH po; KPYNHBIX (OTMaliMBaio-
. IIMX) YACTHLl B Pa3MbIBAEMOM I'pYHTE, MOACYHTBHIBAIOT AJIl HEro
i CpelHHH AHaAMeTp 4YacTHIL
300 ‘
Zpid;
¥ [ 0T = , roe Zp;=pgq.
L 400 Zm
1 ]~ P
L 500 Ecnn orHomenne N = 7"",—"3— 7 Npacqs MOBTODPSAIOT TE
oT

Prc. 7.20. Tpa- e nejicreuA 40 TeX MNOp, MoKa nonGepyt (C TOYHOCTBIO
f:;e“";“ %:’pf__ 4= 5 %) 3HaYeHHsA poy M dyy, YHOBJIETBOPSIOUIHE YPABHEHHIO
"=|fd:,,3 (7.48). .
Jlais yckopenusi pacuetoB no- dopmyne (7.48) pekomen-
Jlyercsi [0/1b30BaThcAl rpadHKoM, NpHBeleHHBIM Ha puc.7.20,
H HaxofuTh mno Hemy N, = 1/d}3, a aarvem Buuncaste N = p,,N,, noacras-
JSiS Por B AOJISIX €HHHLBI. ’ :
Ecan pacueroM 1OJyYeHO 3HaueHHE P, Menee 0,5 %, riyOuHy pasmbiBa
onpefleasiior no GopMyaaM A1A OLHOPOJAHOro HecBasHoro rpynra. Ecan ke ca-
Mas Kpynuasi pakilHsi cO CPeHHM JHaMeTpoM cocTaBbjiser He meHee 0,5 % u
YIOB/IETBOPAET HEPABEHCTBY Pmax/difs = Npaoq, B pacuere pasmbiBOB NPHHH-
MAIOT CPE/IHHH JHAMETp H 'BecoBoe colepianue 3TOH (ppakuuH.

[IpenenbHyio ray6HHY BOPOHKH pa3MbiBa 3a BOAGHPONYCKHbIMH Tpybamu

H MOCTAMH B HEOAHODOAHBIX HECBfA3HBIX IPYHTaX onpefensior no gopmyJe

' d \1/3 dor )
' Ahgyr=Ah (‘-“‘“) e+0,22— (7.53)
o "\ dox S Gy Por ’
rae & — Ko3((HIHEHT, XaPAKTEPHIYIOWHH YBEIHYEHHE PASMBIBAEMOCTH KPYIHBIX 4a-

CTHI dop NPH BO3AEHCTBAH Ha HHX MeJKHX dpakuui dy: npH dg,/dy < 15
e= 1,1, a npu dpg/dy > 15 &= 1,0;
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Oy — K03pHUHEHT HeOJHOPOAHOCTH YACTHIL B C/10€ OTMOCTKH, XapaKTepHayowu
OTHOWIEHHE NJoutafiell NPoeKIHA YACTHIL, NOJACYHTAHHHIX C YYeTOM rpaHyJo-
uerpnuecxoro COCTaBa H MO CpelHeMYy AHAMETPY Ha MOBEPXHOCTb BHCTHJKH;

Sz ok - |

pi» dj — BecoBble (B no.ns{x) cojepKaHHA (pakuuit, OTMALIHBAOIIMX BOPOHKY, H

cpe/lHHe JHAMETPbl HX YacTHL.

Koraa rpyHT cOlepHT KpYHHble BKJIOYEHHS, nepauﬁ 4jleH (opMyJibl
(7.53) onpegensiior npH d = dy.

[IpH cosepaHUH KPYNHBIX BKJAIOYEHHH B Ma'repﬂa.ne pycnia paccunTaHHas
no ¢opmyJe (7.53) rny6HHa BOPOHKH MOXET OKasaTbCs OOsblle TOH, NMPH KO-
TOPOH yXe He BBLIHOCATCH MeJKHe YAaCTHLbl TPYHTA CO CPelHHM AHAMETPOM d,,.
ITosToMy npH HaJHYHH KPYNHBIX" BKJIOYEHHH 3a pacueTHyI0 ri1y6HHY BOPOHKH
NPHHHAMAIOT MEHbIIYIO H3 IMYOHH, NOJY4YeHHbIX Mo gopmyJae (7.53), U asis opHo-
POJIHOTO FPYHTA CO CPeIHHM AHAMETPOM YacTHIL dy — MO COOTBETCTBYIOLIHM (op-
myqaam (7.21), (7.22), (7.42) u (7.47).

Pa3smbiB B BHXOJAHBIX Pycaax ¢ KaMeHHOH HaGpocKoii

7.36. dnsi yMeHbIUeHHS pasMblBa 3a BOJOINPONYCKHBIMH COOPYXEHHAMH
NPUMEHSIOT KameHHylo HaGpocky. KaMeHb VKJIaIbiBAalOT B KOHLE YKpenJeHHs
B BH/le PHCOePMBI TPEYrOJBLHOrO HWJIH TPaneuenialbHoro ceyenus (cM. puc. 7.2,
THTIB C HHIAEKCAMH ¢K»).

Paamepnl prcOepMbl H3 KAMEHHOH HaBpOCKH Ha3HAYalOT PacyeTOM M3 YCJO-
BHA oOecreyeHHWsi YCTOHUMBOCTH COOPYXKEHHs OT NOAMBIBA M XapakTepa paGoThbi
KamHs, B 3aBHCHMOCTH OT rMAPAB/IMYECKHX XapaKTEPHCTHK TNOTOKA Ha BhIXOZE
H3 COOPYKeHHs!, a TAKIKe KPYIHOCTH H KOJIHYECTBA KAMHSA BO3MOXKHbI CJIe/lylolHe
clyyaH B3aHMOJIEHCTBHsi PHCOEPMBI ¢ PYHTOM -pycia:

pPa3MbiB NPOHCXOMMT TOJIBKO B KameHHo# Ha6pocke (puc. 7.21, a);

KaMeHbiH TPYHT HHxHero Oweda paboraior coBmectHo (puc. 7.21, 6);

KameHHasi HaOpocka paGoTaer Kak ruOKas KOHCTPYKUHS (Hanpumep, Tio-
($AK): 1o Mepe pasMbiBa KaMeHb CNIOJI3a€T B 00pa3yioulylocs BOPOHRY pa3MbiBa,
sawuias  ykpenienue (puc. 7.21, 6).

Huke'npuBesleHbl pacuyeThl pasMbl-
BOB B HHagHHX ObedaX coopyxeHHH B
COOTBETCTBHH C PpOJbI0 HalpOCKH B
KOHCprKuMH YKpenJieHHs.

7.37. PasmeiB B Haépocxe H3_KaM-
Hfl PAacCYHTHIBAIOT. JVIA | Kamm Kak_ans
TPYHTE, TO pyca pHMEHH-
TEJNBHO K panHHHHuM.BononponycxHuM
coopyxeHusaM (Tpy6aM H MaJibM MOCTaM
C 3aKpeNIeHHBIM PYCJIOM) MpeleTbHYI0
ryGuHY pasmeiBa Ahy, onpelensior
no dopmyaam (7.23), (7.49), (7.50) nan
(7:51) B 3aBHCHMOCTH OT yCJIOBHSI pacTe-
Kanua notoka. [Ipu 3ToM B KauecTBe
cpelHero aWaMerpa 4acTHll TpyHTa d
NPHRHMAIOT CPEAHIO0 KPYMHOCTb KaM-
HA dy.

Ilﬂﬂ obecrnieyeHusi paGoThl yKkpenJe-
HUSl U3 KameHHOH HaOpOCKH MO TaKOMY

Puc. 7.21. CxemH pacnoioXeHHs KaMHs
B BOPOHKE pa3MblBa:

@ — pasMblB _ NPOHCXOAHMT TOABKO B KaMeHHOA

THIIY 3ajarT cJaedylollHe pasMepbl Ka- ':m:pocx;or g < SORMECTRAN pgéou kauud
- > pyHTa a;’ 8 — pucbGepmMa paboraer kKakK rué-
MeHHOH pHCGCpMH. Kaf KOHCTPYKUHS
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WHPHHY pHCOepMbL B HalpaB/JeHHH, NepHeHHKYNSIPHOM OCH COOPYKeHHs —
Gonee 12—I15 3kBMBaJEHTHBIX JAHAMeTPOB coopyxeHus B, > (12 = 15) D,
HJAH PaBHOH IIMPHHE pa3MbiBaeMoro pycnaa npu B, < 12D, u Hepasmunaemux
OTKOCAX JIOoTa;

WHPHHY pHcOepMsi [, (HATIpaB/IeHHe BIOAB NOTOKA) — GOJbILE pasmepa Bo-
POHKH B 3TOM HAaNpaBJIeHHH NpPH r1y6HHe pa3mbiBa Afig,y B TPyHTE Jiora

by > Ahppax (Mor-nty ),

L€ Mgy, My — KOIOOHIHEHTH 3aJ10KEHHS NPeJOXPAHHTENbHOIO H HH30BOTO OTKOCOB;
O6BIYHO NPeAoXPaHHTeNbHbIE OTKOCH YCTPaHBAIOT C My, = 1,5; npH cBoGox-
HOM pPAacTeKaHHH MOXXHO NpPHHATL my = 2, a uecnodonnom — KPYTH3HY
HH3OBOFO OTKOCZ ONPEACAHIOT B SABHCHMOCTH OT CTENEHH NOATOMIEHH:
oys no Tada. 10.1.
ny6uHy yKIaAK¥ KaMHA § HAa3HAYAKOT U3 YC/IOBHSA, YTO HHXKE OTMETKH IHA
BOPOHKH pasMbiBa pacroJjiaraercs He MeHee TpeX CJI0eB KaMHS:

8> Ah, -+3dy.
H

Pacyer npaBomepeH, ec/ld CHI0OBOE BO3JEHCTBHE NIOTOKA HA CXOJe C JKeCTKOH
YaCTH YKpenJeHHs JOCTATOYHO /ISl BbIHOCA KaMHA H3 pucOepMbl. 310 ycioue
cob/oJaeTcs, ecaiM pacxol B CcOOpyXeHHH GoJiblle YKasaHHOro B Ttaba. 7.3.
B nHBIX cayvyasix pacyet cJedyeT BEeCTH Ha IPYHThI Jiora ¢ y4yeToM YAJIHHEHHA
YKpenJeHHs Ha WHPHHY KaMeHHOH pucGepMbl nopepxy. KoHcTpyKuuu Takoro
THIA HE3KOHOMHYHBI, TaK KakK TpeOYIOT MHOTO KaMHS.

B ornuuue or storo cnyuas paGoThl KaMHfA CYMIECTBYIOT, KdK OTMEYEHO
Bbillle, BBIXOJAHbBIE PYyc/a C YKPenJIeHHsIMH 3 KameHHo# HaOpocku, Mx pasmepnl
CYLIeCTBEHHO MEHble, YeM B laHHOM. THNe, H OHH HAXOJAT B NMPaKTHKE I0DOXK-
HOro CTPOHTEJIBCTBA AOCTATOYHO ILIHPOKOE NpHMEHEHHe. Pacuyer 3tHXx THNOB BbI-
XOJHBIX' pycesl NMpHBeJeH HUXKe B OT/e/1bHON pyOpHKe faHHOM riaswl (nn. 7.50—
7.64).

7.38. Cnyyaii B3aHMOAeHACTBHA HaOPOCKH C TPYHTOM JIOTa, HWPH KOTOPOM
ofecrneyHBaeTcs coBMecTHaA paboTa KaMHS H TPYHTa pycaa HHMKHero Obeda co-
OpyXeHHuH, HauboJiee yacto ﬂpHMeHﬂlﬂT B BBIXOJHBIX pycC/aaX paBHHHHBIX BOJO-
MPONYCKHLIX TPYO H MaJblX MOCTOB ¢ 3aKpenJieHHbIM pyc/ioM. OH cooTBeTCTBYeT
YCJIOBHAM cBobojiHOrO pacTeKaHHs. an 3TOM pacxojbl B COOpYXEHHH NOJIKHBI
npeBbllaTh Quyy(cM. Tabn. 7.3).

IInpuny pucGepmbi B, HasHaualoT paBHOH WIHPHHe yKpenjenus. OcTanb-
Hble pa3Mepbl pHcOepMbl Ha3HayaloT MO pacyeTy M3 YCJIOBHS YCTOHYHBOCTH CO-
OpyeHHs OT NMOAMBIBA, HO MEHBIUHMH, YeM COOTBeTCTBYIOIHE paauepu pHcGep-
Mbl B DacCMOTPEHHOM Bhille ciyyae.

[Tpu coBmectHOil paGore KaMHsi M T'PYHTA Jora rJyOMHY pa3MbiBa onpeje-
JISIIOT, PACCMATPHBAS KaMEHHYI0 HaGpOCKY KakK KpPYMHble BKIOUEHHs, OTMAallu-
BaLIHE OTKOCbl BOPOHKH.

Makcumanbnan ray6uHa pasMmbiBa MPH CBOGOAHOM 3aTONJEHHOM pacTeKa-
Hun (i, < 0,02)

3
d \1/3 Al oy
Afmax(e) = Afinp (——) + Ady ———— | (7.54)
dy Wy
rne Ahpp, — COOTBETCTBEHHO npefe/ibHass H MAaKCHMajlbHass rAyOGHHB pasMbiBa B
Ahmax 3a1aHHOM BBHIXOJHOM PYCJie NIPH YCTAHOBJIEHHOM XapaKTepe pacTeKaHHs

MOTOKA H OTCYTCTBHH KaMeHHO# HaGpOCKH, PACCUMTAHHBIE MO CPeAHEMY
AHAMETpY 4acTHiL rpywuta (npu pacuere Ahyy,, Ahy,y HeonHOpoaKOCTHL
HeCBA3HLIX TPYHTOB HE YYHTHIBAIOT); NPH CBOGOAHOM uesaronnennom
H HeCBOGOJHOM pacTeKaHHH, a TaK:Ke B Y3KHX Jorax NoA Ak,
MOHHMAIOT TJAYGHHb BHUMCAseMble no ¢opmyaam (7.21)— FT 23)
(7.39)—(7.51);

d — pacyeTHu AHaMeTp yacTHU rpyHTa (cM. n. 7.29);
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A — xo3puuHEHT, NPHHUMAEMBIH B BEIXOJHBIX PyC/ax ¢ BEPTHKAAbHOMN CTeH-
¥ KOl HJH npejloxpaHHTeJbHBIM OTKOCOM B KOHLE yxpen.rleuns paBHBIM
0,13, B BBIXOAHBIX pycaax 6e3 Hux — 0,5 (mociefunii THII BBIXOLHBIX
pycea HCNOJb30OBAJCS B 3xcn.nyampyeuux COOPYXeHHAX cTapoi no-
°  CTpPOWKH);
Wy — oObeM KamMeHHOH HAaGpPOCKH Ha €IMHHIY WHPHHLL YKpemaenus, m%/m,
Hans 3tpq)exmaﬂoﬁ paﬁom KaMmus B Habpocke 0GbeM ero c/elyeT 3aaBaTh
B npejienax W it = WV,< W, (max)» a KPYMHOCTb — He MeHee TOJIyyeH-
HOH M3 BLIpAXKEHHS
Ahgp 3/4
= ;
d,,;d'f‘ x ARZ
v W
MunumanbHbuHA Wﬂ(mln) H MAaKCHMAJbHBIH W (max) YAeTbHbiE oéxemu
KaMHsI ONpefensioT 1o (opMynam:

(7.58)

it Ak
W itminy = Ady T M mn,z W (7.56)
Lo e
dy n
£ Q \z
Wi(max)=1.4 ’(Da E) . (7.57)

Mpu Wy << Wy (min) PAacuer pasmbiBa cJieflyeT NPOH3BOJAHTL Ge3 yuera Ha6poc-
KH, Ilpu Wy = Wy (max) TI1yOHHa pasmbiBa .

#Niys . AR v AL
Ahmax(u)=[Ahnp(d—) + 4 —Wt:“ ](-—“%’g) : (7.58)
’ H K

MakcuMasipHasi TyOHHA pasMbiBa NpPH CBOGOJHOM HE3aTONJ/IEHHOM pacte-
KaHuH (IpH YKJOHAX Jora i, > 0,02)

Ahmﬂx(ﬁ) = Ahmax(n) + Aliyau, (7.59)

rie  Ahgay — TYIYOHHB PASMBIBA BHIXOJHOTO JIOrA 33 CUET BOIMOKHOIO 0GPASOBAHHA NPO-
MOMHH (KaHaBbl) B ee Hauaje (cM. I

[pu iy > 0,02 MmuiuMa/ibibli 00BbeM KaMHA.B pHcOEpMe ONpeleasioT Mo
dopmyne (7.56), a nonpaBKy Ha H3OBITOK KaMHfl He BBOJAT.

7.39. Cnyyaii npHMeHeHHsi KaMeHHOHi HaOpPOCKH B BHjle T'HOKOH KOHCTPYK-
IIHH XapaKTepeH B YCJOBHAX HeCBOGOAHOrO pacTeKaHWs M Y3KHX JIOroB, KOTJa
pPa3MblB IIPOMCXOJAHNT NPH MOBEPXHOCTHOM peXHMe € MAKCHMAJIbHBIMH CKOPOCTS-
MH y TIOBEPXHOCTH, a TaKiKe A5 He3arpyKeHHBIX COOPYIKeHHH, KOrJa MOTOK He
crnocofeH mepeMelllaTb KaMeHb B pHcOepMe H pa3MbiB HAYHHAETCA 3a KaMHeM B
rpyHTE.

31ece HeaarpyxceHHuMH COOPYKEHHAMH Ha3BdHBl TaKHe, y KOTOPHIX NpH
cBOGOJIHOM pacTeKaHHH CHJIOBOE BO3/eHCTBHE NOTOKA HA CXOJIe C JKEeCTKOH WacTH
YKpenJieHHst HeOCTATOYHO JJis BHIHOCA KaMHS M3 pHcOepMHI, T. €. Ahd == 2d,,
rae Ahg — pasMbiB, onpegesseMblit 1o hopmyse (7.23), B KoTopoil B "kauecse
cpe,u.ﬂero JMaMeTpa YacTHLU rPyHTa NPHHAT d . 3710 ycsoBHe co6/I0aeTcsi, Koria
pacxoj B coopyxesnu Q << Qpip, e Qm,,, onpegensiercs no taba. 7.3. Ilpu
HeCBOGOAHOM PACTEKAHMM H Y3KHX JIOTaX (AaKTOP He3arpyXeHHOCTH COOpYXKe-
HHUi He yuyHTHIBalOT. B 06pa3soBaBIlyIOCS BOPOHKY CBAJIHBAETCs KaMeHb, OTYEro
pucGepma paspyuiaercs. [IpH OKOHYATebHOM paspyLIeHHH pHcGepMbl AaJbHel-
IUHH pPa3MbiB B HHXKHeM Obede CBfA3aH C COBMECTHBIM JieHCTBHEM JBYX (paKTOpOB:
pa3MblBOM 3a KaMHeM H BBIMBIBAHHEM WYacTHIL TPYHTA H3-TIOJ KaMHs. PaaMbiB ua-
CTHIL TPYHTa H3- non KaMeHHONH HaGPOCKH NPeKpPallaeTcs TOAbKO Nocae cTabuH
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3allHH PasMbiBa 3a KaMHeM, TaK KaK BCJIEJCTBHE 3HAYHTEJIbHOH IOABHIKHOCTH
nocyefiHuit He o6pasyer c/10s, NPeJOXPaHAIONEro OT PasMblBa 'PYHT Ha BEPXo-
BOM OTKOCE BOPOHKH.

KpyTH3HY BepXxOBOro OTKOCA BODOHKH H3 KaMeHHOH HaGpPOCKH MpPH CTaOHJIH-
3alHH Pa3MbiBA 3a KaMHeM NpHHHMaloT pasHoii '1: 2. ITon BosjeiicTBHeM mocty-
TNaloLIero B BOPOHKY KaMHA HanOo/bLIHe TJTyOHHBI 32 HHM YAAJSIOTCS OT COOpY-
HHA, YTO NPHBOJAHT K HEKOTOPOMY 3aMe/JIeHHI0 pasMbiBa. [IpenenbHyto xe ray-
GHHY pa3MbiBa 3a KaMHeM Ay, He 3aBHCANLYIO OT HATHYHS M pa3Mepa KaMmHs
B pHcbepMe, paccyHThIBalOT Nno popmyaam (7.23), (7.49)—(7.51), kak aas rpyn-
Ta Jiora NPH OTCYTCTBHH KaMHfl B |3HAJOTHUHBIX THAPABJHYECKHX H IPOYHX
YCJIOBHAX.

MakcuMa/ibHYIO I1yGHHY PasMblBa 3a KamHeM Afy, . onpeensior no onHoi
H3 popmya (7.21), (7.22), (7.42), (7.44) h (7.47) nas COOTBETCTBYIOIHX YCJIOBHIL.

Ilpx 3HauuTeNbHOM OGBEMe KaMHA pHcOepMa MOXKET paspyluaTbcsl He 110J-
HOCTBIO H, CJ1e/loBaTe/IbHO, He Bech KameHb OyJleT y4acTBOBaTh B IlpoLecce pas-
mbiBa. Kamenb B HepaspyuieHHO# pucGepme o6saflaeT MaJoil MOABHKHOCTBIO 110
CPaBHEHHIO C KAMHEM, yYacTBYIOIIHM B 06pa30BaHHH BEPXOBOI0O OTKOCA BOPOHKH.
Puc6epma paspyuiaetcs npH coG/MOJCHHH YCIOBHS, YTO Y/€JbHbIH 06beM KamHsi
B Heit W, He NpeBLIIIAeT KPHTEPHAIBHOTO YACTBHOTO O6BeMa W ), KOTOPBIl
onpenensioT no ¢opmyiam:

NpH HECBOGOJHOM PACTEKAHHH H HE3arpyXKeHHBIX COOPYIKEHHAX

Paior = o (Da— ) (7.60)
k(o) Ot k] On ) .
JJIE Y3KHX JIOTOB ‘
. 1,4 Q \2
Wiy =—7— (Da ) . (7.61)
- K

Qx

INpu paspywenun pucéepmbl (W, < W () MaKCHMAIbHYIO TYGHHY pas-
MbiBa B KaMmHe ONpelessiioT no. (opmyJiam:
npH HecBOGONHOM pacTeKaHHH TOTOKa

Ahmax (n) = iMmax(); ) (7.62)
I Y3KHX JIOTOB
; d - \13 Ak 2(1
Akmax(")zﬂhnp(-— Kﬂ) o+ Ady —"E- K94y ( —H-‘yag} (7.63)
dy Wk
JUISl He3arpy:KeHHbIX COOPYXEHHH
AR rr
Ahmax(n)—Ad "Lax‘ ’ - (7.64)
Wy

rae Afimax(y) — MakcMMajibhas: TyOHHA PasMbiBa B KaMmHe, onpelenasemas no Qopmyie
7.54);
j — Ko3(pHIHEHT, YYHTHIBAIOWHE cTeneHb MNOATONMJEHHS HHXHero Obeda.

B cBoio ouepeinb

j=0alg _ (7.65)

2 s,
Oup Q
JInsi onpeneneHus j MOXKHO [OJb30BAThCS TPAPHKOM, NPeACTABJEHHBIM HA
puc. 7.22. PaccunThiBaTh MAKCHMAJIbHYIO TIyGHHY Pa3MbiBa B KaMHe 110 (opMmy-
nam (7.62) u (7.63) MOMKHO [pH JlocTaTOYHOM oO6beme KaMHs B pHcGepMe. Y cIoBHe
JIOCTATOUHOCTH KaMHsi IPOBEPAIOT MO HepaBeHCTBY (7.56).
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Puc. 7.22. Tpaduk ansa onpejeneHHs KO3(QHUKEHTa j MpH pacyeTe pasMbiBa B KaMeHHOH
HaOpocke X

] — fr—
[Ipu anaynTenbHOM oObeme Kamusi B pucbepme (W, = W) MakcHManb-

Has rayGpHA- pasMblBa B KamHe "

. ( [0 )“- 5

max(u) T’;“

rie Wy Bhuncasior no gopmyie (7.60) win (7.61).

Al = BH, (7.66)

max(u)

[IpH coueTanuH MOLTOIMJ/IEHHA H Y3KOTO JIOrd Pa3MblB B KAMHE PACCYHTHIBAIOT
no ofHOMy K3 (aKTOpOB, KakK H NPH pacyete pasMbiBa Ges Kamus (cM. m. 7.34).

7.40. [1pu BHIXOAHBIX PyC/JaX ¢ KaMeHHOH HabpPOCKOH ONTHMA/BHYIO 110
CTOMMOCTHU TJIYOHHY 3a/10XKeHHsl NPeloXPaHUTENBHOrO OTKOCA HIIH «3y6a» B KOH-
11e YKpeIieHHs! Ha3BaualoT H3 YCJIOBHs, YTOOb MaKCHManbHasA riayGHHa PasMbl-
Ba B KamHe Oblia

Ah =j| Ak .i K L _r Al 0,4 Cy 7
max(n) =] | Afinp Al +rudhmaxK, d“c,——|-c_,¢5_ s (7.67)
L]

rae rx — KO3(G(HIHEHT, MPHHHMAaeMblli N1 yXpenJieHHi ¢ NpefoXpaHHTENLHEIM OT-
§ ¢ KkocoM ¢ KpyTHsHo# 1 : 1,5 paeubiM 0,27 H A% yKpenJieHHit C BEPTHKANb-
. - oM 3yGom B kKonue — 0,36;
€y €y,C3 — CTOHMOCTb COOTBeTCTBEHHO | M® KaMu#, | M? IpelOXPaHHTENbHOMO OTKOCA
u 1 M3 GeroHa BepTHKaJbHOro 3y0a;
§ — ToamuHa 3y6a BepTHKAJbHOrO,

7.41. O6bIYHO NPH NPOEKTHPOBAHHH BLIXOAHBIX pyces IVMTYGHHY 3aJI0XKeHHs
KOHIIEBOH YacTH YKpeIJeHHs -Ha3HAYAlOT MO KOHCTPYKTHBHBIM COOGpaMeHHsIM
W pacuer BbHIXOJHBIX PYCe C KaMeHHOI HaOPOCKOH CBOIMTCS K ONPE/le/IeHHIO 06be-
Ma W pasmepa’ KaMHA JUIsl 3aJlaHHON M3 YCJIOBHA YCTOHUHBOCTH YKpPeIUIeHHs OT
NOAMBIBA FNyOHHB pasmbiBa B KamHe Afpgye).

Heo6xonumblii ynenbﬂmﬁ\ 06BeM KaMHS Wy nans 3ajanHoit MakcHMAaJbHOMH

ray6HHbl pasmbiBa Al TpH Wy < W (o) onpegensior no dopmyae

2 0.4
Ahmnx Kn

( SRR oy 0 S PR Lt
Somaxte) _ppy, —Kn)
I ' dy 3

199.

Ec/ii HeoGX0oAMMBIH Y/e/IbHbiH 00beM Kamua W, Bhiunc/ieH b 10 popmyJie

(7.63), okaxercs Gosblie KpurepHanbhoro Wy, To W onpenensior noaGopowm,
NOJB3YSICh  BbIpaXKeHHeM

2 0,4
A‘lmax K

A hmax(a) ( d 1/3
—E0R_ A (— K )
I (W /W) Py "

B dopmynax (7.67), (7.68), (7.69) npu cBO6OJAHOM pacTeKaHHH INOTOKA H
LWHPOKHX JoraX npuHuMawT j = 1 u K; = 1; npu yuere TOIBKO mnoATOMNIE-
Husgd — K, = 1, ans y3kux Joros j = 1.

OntuManbHBIH pasMep KaMHs d,, TIPH KOTOPOM ero TpebyeTcsi HaHMeHbLiee
KOJIHYECTBO /Il 3a/laHHOH IMyGHHbI pasmbiBa Af,, ONMpeensiioT H3 ypaBHEHHs

A hy 4/3 /3y _ —Ah" 2/3 __ Ay

— = N b e P

rae Ahy, Ah — npeseibHas HJAH MaKCHMaJbHas TVIYGHHb PA3MbIBA COOTBETCTBEHHO B KAMEH-
Holt pucGepme H B PpyHTe Jora;
K — xosdpHUHEHT, YUHTHIBAIOUHA pa3Mephl BODOHKH B TJIaHe H NMPHHHMAaeMblil
no rpapuky Ha puc. 7.12.

B 3KcnyaTHpyeMmblX COOpYXeHHsiX OGBIYHO YJIOMeH KPYNHbIH KaMeHb pas-
mepoM dy = 20 =+~ 25 cM, xoms HauboJsiee PAUHOHANBLHBIM MOXET OKa3aThes Go-
Jnee MeJKHH Marepual pasmepom d, = 10 = 15 cm.

Bee npyBeneHHBIe BEIIe (POPMYJILI"TNYOHH PasMbiBA B KAMHE CIIpaBe/JIHBbI
npu dy/d > 15. [Ipn HecoG/moleHHH HepaBeHCTBA pacyeThl TVIYOHH pasMbIBa Mo
yKasaHHeIM (OpPMYJIaM JIAIOT HEKOTOpHIe 3anachl.

7.42. TlepexoA K THNAaM BBIXOAHBIX pycel ¢ KaMeHHOH HaGpOCKol, Kak
NpaBH/IO, AMKTYETCA KOHCTPYKTHBHBIMH COOOGPaMEHHSMH, a HMEHHO CJIOMHO-
CTBIO yCTpoiicTBa 3ar/y0JeHHs KOHUeBOH YacTH yKperieHus Goaee 1,5—2,0 M.

[Tpu conoctaB/eHHH N0 CTOHMOCTH THIOB BBIXOJHBIX PYCeJ ¢ KaMEHHOH Ha-
Gpockoii 1 Ges Hee KPHTEPHEM PALHOHATLHOCTH NPHMEHEHHS KAMHSA C/IYXKHT He-
paBeHCTBO

Wy = Ady (7.69)

Kd'13q 13 ga?l3 —o0, (7.70)

Wit<’n

,Cat+Cy b
% (A hmax—A fmaxw )+ . (7.71)

1
rae ro — KO03(pOHUMEHT, NPHHHMAEMbIH JUIA YKpelJleHHs C TpeAoXPaHHTedbHbIM
oTkocoM ¢ KpyTHsHoi 1:1,5 paBumM 2,16; mis ykpenaennii c Bep-

THKaJbHBIM 3y60M B KoHlle — 1,2;
Ahmax, Ahmax(n) — TYGHHH DAa3MblBA COOTBETCTBEHHO B TPYHTE JIOTAa H B KaMHe.

Haaﬂaueﬂue OCHOBHBIX Pa3mMepoOB BBIXOJHBIX pyceJ

7.43. McxonHbiMi JAHHBIMH A/ Ha3HAYeHHS OCHOBHBIX PA3MEepOB BHIXOJ-
HBIX PYCes SIBJISIIOTCS THJPABIHYECKHe XapaKTePHCTHKH NOTOKA B HHXKHeM Gbe-
(e (PyGHHBI, CKOPOCTH H TDAHHIBI DACTEKAHHMS) H rJyOHHBI pasmeiBa. B pe-
3y/bTaTe PacueToB ONPEAe/AIT JVIHHY M WHPHHY YKPelJIeHHs Ha BBIXOJe H3
Tpy6bl, TIyOuHYy 3a/0MKeHHs KOHIEBOH YacTH, MEpPONPHATHA N0 yMeHBLIEHHIO
pa3MBIBOB 3a yKpeIJeHHeM (YCTPOHCTBO racurelieif, Ha3HayeHHe Da3MepoB Ka-
MeHHO# puchepMsl H “T. J.).

7.44. Pacyer OCHOBHbIX pa3MepOB BLIXOAHLIX pyceJs BBINOJHAKOT B TAKOi
OC/E/I0BATEILHOCTH. |

1. TlpesBapuTe/IbHO HA3HAUAKT THII BBIXOAHOTO PyCJa M3 UMC]A PEKOMEH-
JIOBAaHHBIX (CM. pHC. 7.2) HCXOAA H3 CJENYIOLWIHX cooGpaKeHHIt:

IJIS TIOJTHOCTBIO 3arpy KeHHBIX TPYO (T. e. paGoTalluX NPH PAacyYeTHBIX 3d-
NMOJHEHHSIX) PEKOMEHAYIOTCS THIbI 1K M 2K, IPHYEM NPH 3HAUHTENbHBIX YKJIOHE X
coopyxenuii iy >0,04 nNpHMEHAIOT CTYNEHYaTylO YKJalKy 3BeHbeB TpYO;
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LSS HeJorpyKeHHHX Tpy6G npumesawoT tHn 1 win 2;

B KauecTse BapHAaHTOB IS TPYG TMpPH PacyeTHOM 3aMOJHEHHU H O0COBEHHO
npu GonblHX yKJoHAaX TPYO u Jora (iy H iy, 66apmux 0,05) NPHMEHSIIOT THIBI
3 (3k)—4 (4k) u 5 (5a, 5k, bak), 6 (6a, 6k, bak), paccMaTpHBas. NpH 3TOM CJy-
yaii ykaajakun Tpy6 Ge3a crymneHed.

2. OnpegensoT ryGHHB H CKOPOCTH NIOTOKA Ha BLIXOAE H3 TPYD H Ha yk-
_PelVIeHHH COIJIACHO ‘peKoMeHjauusm ri. 5 u nn. 7.16—7.21.

3. Hasuauaior THN H ANHHY YKpenJenuii, npuHAMas ee (M3 KOHCTPYKTHB-

HelX_coofpaxenuit) L= (1,5 +2) D,
4. OnpenensioT IyOHHY pa3MbiBa Ha Bbixoje u3 Tpy6. [Ipu rayGuue pas-

MbiBa AR,y = 2 M NepexofAaT Ha APYTroH THI BLIXOJHOrO pycJsa, oGecrneyHBaio-
UM CHH)KEHMe pa3MbiBa, H pacueT nostopsioT. [Ipu Ahy,, > 3 M yBenuunBaioT
OTBEPCTHE COOPYKeHHs JIM60 NPUHHMAIOT ClelHalbHble Mephbl 3allHThI.

5. OnpezensoT ray6HHb 3a/le/IKH KOHIEBOH YacTH,

6. Onpefessiior WHPHHY PAacTeKaHHA IIOTOKA.

7. Onpenensiior, IWHPHHY YKPEeNJeHHA H YCTAHABJIHBAIOT HX OKOHUYATEJ/bHbIE
pasmepsl.

8. Ilpu ucnosb30BaHKH BBIXOAHBIX pycen THnos 5 (5a) u 6 (6a) onpenensitor
paamepsl racurejedl COrJIaCHO DeKOMeHAauHaM ri. 4 nn. 4.26—4.30.

7.45. Tun U MaTepHa/ yKpenJeHHH YCTaHABJHBAIOT N0 MAKCHMAJIbHOH CKO-
POCTH Ha YKpeNJieHHH, CpPaBHHBAas ee ¢ JIoNYCKaeMbIMH CKOPOCTSIMH JJIsi, YKpen-
JeHHH, NpHBeJeHHBIMA B Taba. 2.9. %

7.46. [ny6una 3a/loxeHHs! KOHUEBOH YacTH yKperJieHus

Ahmax (1+2ia) +8 hyan |

e (7.72)

A hyxp=

rie Afmax — MAKCHMaJbHas rayGHHA pasMbiBa B 3aJaHHOM BLIXOAHOM pycJe 6e3 yyera
pasMBIBa KaHABH MPHMEHKTENbHO K KOHKPETHBIM FHAPABAHUYECKHM YCJAOBHAM

(xapakTepy pacTeKaHHA, HAJIHYHIO KaMeHHOH HAGPOCKH, BJIHAHHIO WHPHHBLI

Jora), onpefensemas no GopMyaaM HacTosllell riaBel, NPHBEIEHHEM BHILE;

tgr — KOS(DGOHUHEHT 3aJ0XKeHHs OTKoca (Aas nepTuKaanoﬁ CTeHKH Mgy = (),

B kavecTBe HMCKOMOH BBIGHDPAIOT MaKCHMaJbHYIO H3 ABYX IMIyGHH ' Ak
npH HauGoJIbllleM PAcXolle M MPH PaCueTHOM, MPHYEM INOCJEJHEe U3 3THX ABYX
3HAYeHHH yMHOXaOT (aaA obecneyenns HeoOXOAMMOIO 3amnaca) Ha Koadou-
uuent 1,2; npu Ahyy, = 3,5 M H3MEHAIOT THI BBIXOAHLIX pyceJl.

7.47. [InpuHy pacTeKaHus NOTOKa NpH cBOGOAHOM PACTEiaHHH H YKJOHaX |

nora i, < 0,02 onpenensor no popmyae (7.4), npu iy >0,02 — no dopmyme
(7.12), au6o no rpadukam, npHBeleHHBIM B IPHIOKEHHH 7.2, 1460 no nporpam-
me «BOP» (cM. ri1. 2); NpH HANHYKK racHTeel HPHHY PacTeKaHHs ONpelesAlT
no dopmyaam (7.16) u (7.17);

7.48. lllupuny yxpensenHs Npu CBOOOJAHOM pACTeKaHHH Ha Beeil JTHHe,
38 HCKJIOUEHHEM KOHIIEBOH 4acTH (A/MMHY ee NPHHUMAIOT paBHO# | M), ycTaHas-
JIMBAIOT N0 LIMPHHE PacTeKaHWsl NMOTOKAa ¢ 3anacoM B 1 M B KaXJyl CTOPOHY.

Jlonyckaercss yMeHbIIHTb LIHPHHY YKPENJeHHs H3 XKeCTKHX GeTOHHBIX 3Je-
MEHTOB, OrpaHHYHB €e JHG0 H30JHHHAMH CKOpPOCTeH Ha YKpPenJIeHHH, paBHbIX
JONYCKAEMbIM CKOPOCTAIM AT TPYHTOB BBIXOJAHOTO JIOTa, JHGO 3aMEHUB YacThb
yKpenieHuss HAGPOCKOM H3 meOHs HJIH KAMHA ONpeJieleHHOH KPYMHOCTH Ha
yuyacTKe, rjie CKOPOCTH [10TOKa He MpeBbIIAT A0NYCKaeMbiX AJA yxaaaHHoro
Marepuana. Takoe cOKpalleHHe IUHPHHBEL YKPeNJeHHs JAONycKaeTcsi Ha Beeil ero
JAJIHHEe, 33 HCKJIIOYEHHEM KOHILIeBOH 4YacTH.

B KauecTse pacueTHOil WIMPHHBI YKperJieHHsi B KOHLEBOH €ro yactu NpHHH-
MalT OOJBIIVIO H3 JBYX BEJHYHH: IIHPHHY pacTeKaHHs Bpac'r B KOHIe pren-
JieHus, onpelensiemylo no gopmyne (7.4) win (7.19), v Bpyy.
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MunHManbHas WHPHHA YKPeNJIeHHs, COOTBETCTBYIOIAs LIHPHHE BOPOHKM
pasMBIBa B CTBODE KOHIA YKpelJeHHN,

6"
Bmln=T A hpax, (7.73)

rie Q— xaacpq;nnnem, 6 = 3 npu npefroxpannTeNbHOM oTKoce H 8 = 3,6 npn kou-
1LeBOH YacTH B BHAE BEePTHKAJbHOH CTEHKH;
K — kospduuuent u{opuu Bo(;)ormn pasmbiBa (cM. puc. 7.12); npu L/Dg > 10
MPHHHMAIOT = 10;
Ahmaxy — rAyGHHA pasMbiBa B TPYHTe Jiora (T. e. B BBIXONHBIX pycliax 6e3 KaMeHHoil Ha-
GPOCKH) NMPHMEHHTEJbHO K KOHKPETHBIM THAPABIHHECKHM YCJIOBHAM.

[Tpy HecBOGONHOM pacTeKaHHH IUMPHHA YKPeNJeHHs HAa BCell AauHe

0. 2 \I/3
-'—Ahmu(—) . (7.74)

B =
min K Ong

-

Hpu CTEMeHH MOATOMJIEHHS Oy = g—:"g-s—h—n <2 TPHHHMAIOT (?;;j = 1,

y3KuX JioraXx By, , NPHHUMAIOT PAaBHOH ILMPHHE Jiora.

7.49. I'lpu npumeHenuu peGpa W racuress B BHJE CTEHKH B PacTpyGHOM
oroJigeke (cM. puc. 7.3) clefyeT yuyecTb CJelYIOLLHE MNOJOKEHHS .

Pe6po ycTaHaB/HBAIOT B KOHLE YKpPeNJeHWs Kak y Tpy6, Tak H MOCTOB.
Jnuua ero I, =~ 4,6D,, cevenne pasuo (0,06 - 0,12) D,, npuuem Gouabluee
4HC/I0 OTHOCHTCS K COOPYKeHHAM Gobwnx orBepeThii. acutens pasmemator B
pacTpy6HOM orosoBke TPy6 Tak, 4ToOb NepefHsAs ero rpaHb HaXOAWIAch Ha
paccrosiuuu 0,5D, or Bhixoa u3 pactpyGa.

Ilnvua crenkn racurens [ cocrasaser or 0,85 po 0,90 umpuuu pactpyGa B
crpope nepenueil rpanu [,. Bricota crenkH B cepeiune — 0,25D,, B Kkpafinux
yerBepTsix — 0,15D,.

Pacuer racnrenei& B BHJ€ pacmupmomeroca pactpy6a u racurens IITHHUHCa
npuBefied B ra. 4.

Kamens ykaaisiBaioT No Beeil IIHPHHE YKpPeNJeHHA B TNPHrOTOBJCHHBIH
KOTJIOBaH TaK, 4TOOH BepX HaXoJuJ/cAi ‘He MeHee yeM Ha 0,5 M HHiKe noBepxHO-
CTH 3€MJIH.

Pauuona/bHble THIBI B Pa3Mepbl BBIXOAHBIX pycesl BHIGHPAlOTCA Ha OCHOBE
TEXHHKO-3KOHOMHYECKOr0 CpaBHEHHS BapHaHTOB. [IpnMepbl pacuera BbIXOAHBIX
PYCeN ¢ YKpenJeHHsIMH H3 CBA3aHHBIX MEXy COBOH 3/1eMEHTOB TIPHBEEHb B IPH-
JIOXEeHHH 7.4, -

OCOBEHHOCTH Fr’HAPABJIHYECKOI'O PACYETA BbIXOAHbIX PYCEJ
C YKPEIJIEHHAMH H3 KAMEHHOR HABPOCKH

O06mHe npHHUKALI

7.50. I'napaBinyecKHe pacyeThi BLIXOJHBIX pyces ¢ YKpeIIEHHAMH 13 Ka-
MeHHOH HaOpOCKH BKJIHOYAIOT: 2

a) OUEHKY OJHOPOJHOCTH KaMeHHOro MartepHaja;

6) onpeeieHHe MHHMMAJbHOH KPYNHOCTH OJHOPOAHOTO KaMHs WJH TpO-
BEPKY YCTOHUMBOCTH HEONHOPOAHOH HAOPOCKH 7O ee TpaHy/OMETPHYECKOMY
cocTaBy;

B) OnpeesieHHe TONIMHb HAGPOCKH — LIS HeIeOPMHPYEMBIX BBIXOAHBIX
pycen;

r) onpefeiende AehopMalnii yKpemseHH#i H ycTaHOBJeHHe HA HX OCHOBe
MHHHMa/IbHEIX T/1AHOBEIX Pa3MepOB YKPenJieHHH 1 1epOPMHPYEMBIX BBIXOIHBIX
pycen.
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JlanbHellne pacueTbl BHIXOAHBIX Ta6anua 77
pycen ¢ yKpeleHHsIMH H3 KaMeHHOH : - o .

~ oJepiKanHe aK-
naGpocku (ornpejeseHHe ryGHH pa3ubi- £ gt R el
B4 3a YKpeIJIeHHsMH TIJyGHH 3alloKe- KpynocTH, %
HHA MX KOHIEBBIX vacTed, a TaKxKe 3

OKOHuaTeNbHOE ONpexenenHe umpuun - Bosee 40 L
YKpenJienus) ABASIOTCA OOLWHMH A '20—5 10—20
BCEX THIOB BbIXOJHBIX pYCeJ H, Hanara- Meitee 5  5—10

JIHCh Bhllle B py6puke «Pacuerbl pas:
mbiBa» (nu. 7.22—7.49). Onnako B cBsi-
3H C HEKOTOpO# CrelH(pHKON YKa3aHHLIX pacyeToB A1 BHIXOAHBIX pyces H3 Ka-

MeHHO# HaGPOCKH OHH PAaccMaTPHBAIOTCA H B Hactosiulel pyGpHKe C aKueHTH-

poBaHHeM Ha 0COGEHHOCTH pacueTa W CChIIKOH Ha obliHe (GOpMyJbl.

7.51. T'paHy/ioMeTpHYECKHH COCTAB HECOPTHPOBAHHOTO KaMHsA, NONyyaemo-
ro B3pbIBHbIM CMOCOGOM, 3aBHCHT OT MPOYHOCTH H TPELLHHOBATOCTH IOPO,
a Takxe BHAA M MeTola B3puiBHEIX pabor. Corsacio CHull [42] ckanbubie no-
POAbI ﬂOﬂpaBﬂe.’IﬂIOTCﬁ Ha CHJBHO-, CpeAHe- H c.naﬁo'rpeumHOBa'rHe H NpaKTHYye-
CKH MOHOJHTHBIE. BepofiTHbIN I'paHy/JIOMETpHYECKHH cOCTaB KaMeHHOro Mare-
pUaNa ycTaHABJMBAeTCsi NpH pa3paGoTKe NMPOeKTA GYPOB3PHIBHBLIX PaboT mnpu-
MEeHHTENbHO K 3aJlaHHBIM KapbepaM ¢ YYeTOM NoTpeGHOH KPYNHOCTH KaMHS.

Jlns npeABapUTEJbHBIX PAacYeTOB MOMHO JONYCTHTb, YTO H3 CKa/bHBIX
[POYHBIX MaJ/IOTPEIIHHOBATHIX NOPOJ B3PHIBHLIM CIOCOGOM TIOJIy4aeTCsi OAHOpOJ-
Helll KaMeHb 3alaHHOW KpynHocTH. [1pH B3phIBe CpejlHe- H CHIbHOTPEIHHOBATHIX
CKaJbHBIX MOPOJ MOXHO OPHEHTHPOBAThLCS Ha rPaHyJ/IOMeTPHYECKHH cocTaB, npH-
BejleHHbl B Taba. 7.7. :

7.52. PexkomenjyeMble THIIbI BBIXOAHBIX PYCeJa ¢ YKPeNJeHHAMH H3 KameH-
HOM HaBpPOCKM PACCMOTPeHbI BhIlE M H300pakeHb Ha pHC. 7.4. E

7.53. TujpaBiuyeckHe pacyeThl YKa3saHHbIX BbIXOHBIX pyces, oblike 1is
BCeX THIOB, BHITIOJNHAIOT B H3JI0MKEeHHOH HHXKe noc/ejoBatenbHocTH. Creltnduye-
CKHe 0COBEHHOCTH KaXJ10TO H3 THIOB M3J/1araloTCcs B COOTBETCTBYIOLLHX NYHKTaX.

1. Ycranaeausaior, fiB/sieTcsl JH HaOPOCKa OAHOPOJHOH B OTHOLLEHHH pas-

MbIBA H3 - yCJIOBHA

d, g : -
—umax), oo, (7.75)
- dH
rae  dyg (max) — CPeAHH#t IHameTp x'pynnux 4acTHU, KOTOPHIE COCTABJIAIOT He MeHee 5 %
Macchl HAGPOCKH;
dy — cpennnit auametp facThi HaGPOCKH.
IMpu uecobmonenun ycoBua (7.75) kameHHas HaGpOCKa HEONHOPOXHA.
2. Jlns oaHoponHo# HAGPOCKH ONpEAeAI0T MHHHMA/bHLIA IHaMeTp-ee ya-
CTHL, M, NPH KOTOPOM yKpemn/eHxe GyJer yCTOHYHBHIM OT pa3MbiBa:

(Vppx Kor())? (1.76) -

{ du(noﬂ) ? 43 Bt

rue Ugux — CKOPOCTb HA BHIXOJe H3 0OOPYHKEHHI, ONpelesseMan COrJIaCHO PeKoMena-
mHAM. 1. 5 H 6;

Kor () — KO3(DOHUKEHT, YUWTHBAOMNTA BAHAHKE OTONOBKA HA PA3MEIBAIOULYIO CKO-

pocTb MJIs HACTHIL HaGpPoCKM; AAA GesoronoBouHofi TPyOH Kopp) = 1,

Adsf TpY6 € NOPTalbHLMH H PACTPYGHLIMH OTOJIOBKAMH H MAJBIX MOCTOB

Kor(wy = 0,8.
®opmyay (7.76) MOKHO HPEACTABHTb B CJEAYIOUHX BHAAX:
A5 Ge3orosoBoyHoil TPYGhi
2

v, 3
dutacit) P —a (7.76")
{ ‘

o
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Tuns TpyS PexHM npoTeKaRHA Kor(@)
Kpyrasie Besnanophsifl 1,95
[Toaynanopusift 1,40

Hanopauift 1,36

TpsAmoyronbHLEE Beanamopubifi- 2,95
: [Nonyuanopuuift ‘ 1,35

Aas Tpy6 ¢ pacTpyOHBIMH HJIH MOPTaJbHBIMH OrOJIOBKAMH H MaJbiX MOCTOB

2

BbHIX ¥
ol b (7.767)

v,

dy(nom) =

3. [as HeoAHOPOAHOH HAOGPOCKH, 3aJaHHOH CBOHM TI'PaHy/JOMETPHYECKHM

COCTaBOM, YCTAHABJIHBAIOT, GYAYT JIH YCTOHYHMBBI €€ YAaCTHIbl O] BO3/lelicTBHEM
IOTOKa HCXOJs M3 moboro W3 ABYX MPHBEJEHHBbIX HHXKE YCJOBHH:

Q< Qup=3.2Kor Dy VEKups (7.77)
9.t Vot e -
Vanx SUmp=" Ry Km:)“) Kipr (7.78)
A
rae Q — pacxon B CoopyxeHuu, M¥/c;

Qup, Unp — COOTBETCTBEHHO MpeeNbHBIH Pacxol, m%/c, H npenenbHas cKopocTs, M/c,
npH KoTopoii HaGpocka COXpaHfeT YCTOHYHBOCTb NPOTHB pasMbIBa;

Ko @ KO3(HUHEHT, YIHTHBAIONHH BAHAKHE OrOJIOBKA HA BEeJHUHHY npefelib-

HOTrO pacxoja, NPH KOTOPOM COXPaHAETCA YCTOHYHBOCTL HabpockH; Korg)

onpefe/siioT no Tabh. 7.8 B3aBHCHMOCTH OT THna TPY6 H pexHMa npote-

KaHHs nOTOKa B TPyGe; At MOCTOB K. o) ONPENRNAIOT KAK ANs NPSAMO-

yrodibHeiXx TpyG npH Ge3HANOPHOM pPeKHME;
Kyp — Ko3(HUHEHT HEOAHOPOAHOCTH IPYHTA, YUHTHBAIOUHI BIHsHKE FpanyJio-
MeTpHUeCKOTo COCTaBAa HAOPOCKH HA ee YCTOHYHBOCTD;

7 — mokasaTenb CTenmeHH, onpeAedsemuit no Ta6a. 7.9.

B cBoio ouepenn

.

/. dyy—dutw) Pr()
K== 115 l/ T Tui) Pl 7.79
L dy(w) Prtan) .

rie d, — CpeAHHil AHAMeTP YacTHLL HaGpOCKH, M.

B ¢opmyaax (7.78) u (7.79) dycu) M Pu(w) — 3TO COOTBETCTBEHHO AHAMETp
YACTHIL, M, H BECOBOE COJepiKaHHe caMoi MesKoH (pakiHH, KOTOpoit B Habpoc-
Ke cofepxurcs He mesee 10 %, T. €. pyuy = 0,1. B cayuae ecin ee cofepxanne
cocrasJisieT MeHee 10 %, nox d () MOHHMAIOT CpPelHHH JIHAMETp YaCTHIL CMECH,

Ta6aunma 79

Tans TPYG H a— PeXHM npoTeKaHus n

Kpyrasle Tpy6si Besnanopumit . s Y8

TMoayuanopuuif : 2/3

Hanopustfi 3/4

[MpamoyroabHbie TpyGnl ' Beananopuniit 1/4

[Moaynanopuni ; 3/4

Mansie MoCTH BesnanopHbifl 1/4
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cocrosilileil U3 caMol MeJIKOH ppakiMu H NMOCAeNYIOWHX (PpaKIHi, JONOIHAIOIHX

‘ee 10 10 %, T. €. Pan = Paon + ZPawy = 0,15

/

& Pt dut) +Zputi) duti)

H(M) — 0,1 ' (7.80)

tAe  Pu(j), du(i) — COOTBETCTBEHHO BecoBasi AOJA M CPeliHMH AuameTp, M, ¢pakumii, jo-
NOJMHAKIHEX MeIKyo dpakunio 1o 10 %.

Ecau no ¢opmyae (7.79), noayyawr Kyp << 1,70 npunuMaior K, = 1.

Pex<uM IMpoTeKaHusi MOTOKAa B TPY6aX MOMCHO OMpEJeNHTh yTeM CPaBHEHHS
napamerpa pacxofa flg ¢ gy, TAe [lgwp) — TPaHHYHBIA napametp pac-
XO0Jla, COOTBETCTBYIONIHH Nepexolly K MOJyHAMOPHOMY DeXHMY JJsi BCeX THIIOB
TeXHHYECKH TJaIKHX TPYO, KpoMe KPYIJIbiX ¢ KOHHYECKHMH 3BEHbSIMH, H K Ha-
NOPHOMY [UIsi KPYTJILIX TPY6 ¢ KOHHYECKHMHU 3BEHBSMH, T. €. Y/IOBJETBOPAIOLLHii
yenoBuo hge/h, = 1 (cM. Ta6a. 5.1); 414 roppHpPOBaHHBIX TPYG BOIMONKHEI I'pa-
HHYHBIE TAPAMETPEl PACXOJd, COOTBETCTBYIOUIME. KAK NepeXoly K N0JYHanopHo-
My pexumy (Moqp) 1]m) TaK H K ‘HanopHoMY (Mg y) (cM. 1. 5.17).

IIpu HCMONb3OBAHHH cbopmynu (7.78) pacuer HauMHaloT, npeanonaras Ges-
HAFOPHBII PEXHM NMPOTEKaHHsA, 3aTeM, BhIYHCJIHB Uyp, ONMPENEeNfIOT COOTBETCT-
BYIOLHIT el napamerp pacXofia [lq. TIpH 3TOM pacueT 3aBHCHT OT THl’Ia Tpyb.

V__
3HAYEHHI0O HAXOLAT Mo rpauKy npuioxenns 5.3 (puc, | — TexHHYecKH TJiaj-
KHE TpYObi, puc. 2 — rodpHpoBaHHbIe) HCKOMoe 3HaueHHe [1g. Jlas npaMoyronn-
HbIX Tpy6 NpeaBapHTENbHO BBIYKHCIAIOT Mo dopmye (5.60) ray6uny Ha BEIXOfle

3 TPYOBl Apgx(np), COOTBETCTBYIOMLYIO ° Oupe T € Mpmitu) = Q_, H najee
l"l
Mo HEMOrpaMme NMPH/IOKEHH: 5.2 (pnc 2) HaXONAT MapaMeTp pacXoia Ha Bbi-
xope u3a Tpybm g = Ilg 'a 3aTeM BBLIYHC/SIIOT HCKOMBIH Napa-
I Py Q G _rbv'—— p

MeTp pacxofia Ha BXoe B TpyGy [lg, onpelesioumuii pexum nporekanns (nis
Kpyraeix Tpy6 [T = [1g): M = m Hns storo sravenus [1g

Had0 YMHOMHTb Ha BETHUHHY ]/,, 16 1y = My ) / I

Cpasuusast  [15 ¢ [Tg(p): TPHBEJCHHBIMH B I, (’!‘361[. 5.1 u n. 5.17),
YCTAHAB/IHBAIOT PEKHMbI NPOTEKAHHS.

[pu 11g << llgyp) — pexuM  Ge3HanopHbli, CJIe0BATENbHO, Unp BhI-
uhcIeHa npapuabHo, Jlanee pacuer npono.umalo'r, YCTaHaBJHBAA YCTOHYHBOCTh
Habpocku u3 ycaosusa (7.78).

Mpu 71 > Moep) — PEXHM _ MOJYHANOPHBIH HJAH HanopHeli. B 3toM
clydae [Jisi YCTAHOBJIEHHOrO pE&XHMAa NPOTEKAHHA OMpeeNsioT MOoKasaTellb
cTeneny 7 110 Ta6a. 7.9 U MepPeCYHTHIBAIT Uy . [locse 3T0r0, HeNOAB3ys yeaoBHe
(7.78), ycTaHaB/IHBAIOT YCTOHYHBOCTH HAGPOCKH.

[Tpu cobmonennu ycnosuit (7.77)n (7.78) ykpensenHe u3 HeOUHOPOAHOMH
HabpocKH Oyner ycmﬁﬁunum H HepasMbiBaembiM. B NPOTHBHOM ciydae yKpen-
JieHue GyJIeT pa3MbiBaeMbIM, H V1A ONpele/IeHHs ero YCTORUHBOCTH BBITONHAIOT
NOMONHUTETbHBIE PacyeThl.

4. OnpefesiioT MAHHMAJbHO JIOTYCTHMBIH IHAMETP YaCTHIL HAGPOCKH d y(yom)
no dopmyaam (7.76"y u (7.76"), cuntas ee OAHOPOAHOII.

5. CpaBHHBAIOT MOJIYYEHHBIH JHAMETP YAaCTHIL HAOPOCKH dy(nom) CO cpex-
HAM JIHAMETPOM 4acTHIL Haubosee KpynHoH (PakuUHH . dy(pmax), . COAEPHKALLEH-
cA B Heil.
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[Ipn dy(max) =>dugon) YKPENJIEHHE MOXKeT paboTaThb KaK CaMOOTMOCT-
Ka, a BO3MOXHOCTb NPHMEHEHH: €ro A1f 3aJaHHOrO COOPYXKEHHsS MOMKET GbiTh
ornpefiesieHa crelHaibHbIM PacueroM MIsi JAaHHOTO THIa YKpensenui (cM. Huxe).

Mpu dy(max) < du(rom HAOPOCKA HEYCTOHYHBA H HE MONKET ObITb HCIIO/b-
3OBaHi-1 JUIst 3alMTHl BBIXOJHBIX PYCEJ COOPY:KeHHsl OT pasmbiBa. Ee TpeGyercs
3aMeHHTh HaBPOCKOH ¢ YacTHUaMH GOJIbLIEH KPYIHOCTH HIH APYTHM THNOM Bbi-
XOHHBIX pyces.

Hepaqmunaemue_ HenedopmMHpyeMble BRIXOLHbIE pyCaa

7.54. Tomuuny cnost HaGpoOCKH 8, npu Kortopoi ykpenseHue 6yjer He/le-

MHPYEMbIM, onpesensior o Gopmynam:

a) A HaOpocKH, cOCTOALleH H3 HECKONBKHX (pakiuil,
§=D [0 45 8/ —Patlw) dum) ('r‘5¥ux Kor(an gl)}
= J d(ﬂu(m)dum)Jrl) VgD, J

rae Kor(Ah) — KO3(pHUHEHT, yu:rruamomuﬁumuﬂﬂﬂe OrOJIOBKA Ha rNYGHHY JNedopMaluH
HAGPOCKH; 115 Ge30r0n0B04HOH TPYOB Ky oy = 15 Aas pacTpyGHBIX K nop-
TalbHLX OTONOBKOB Korany = 0,

(7.81)

TIpu pyy = 0,95 HabGpocKy cUHTAIOT OAHOPONHON CO CPENHHM JHAMETPOM
YacTHIL d y(y), ANS Yero B dopmyiie (7.81) yCJIOBHO NPHHHMAIOT Py = 0;
6) s HaGpocKH, cocrosilied H3 OAHOH (paKuuu,

8 1,15
-py[o )/ B[ mmen ]
a

Jin1st HeCBA3HbBIX FPYHTOB CPeHHH AHAMETP YaCTHL OTAEJNBHOH (PPaKIuu, MM,

(7.82)

. $dioe .
: d=—”;.% : (7.83)
rie p; — Becoas foaf dpakuuu, %.

s cBs3HbIX TPYHTOB' pacueTHHH Auamerp d, MM, onpegensior no gop-

M .ne
i JIs Haépocxu, cocTosien H3 HECKOJIBKHX CJIOEB DA3/IHYHOrO TpaHyJoMe-

TPHUECKOro cocTaBa (Hanmpumep, npﬂ HAJIHUHH L1e0eHOUHOl nonromauu) BMe-
cto d, NOACTABJIAIOT 3KBHBAJEHTHBIH AHaMeTp

: . g
dy(2) = (du(1)81+du()d3+ + -+ + du(n) On) i - (7.84)

rae duqy 8 8y, dyg ¥ 8g, ..., dy(n) 8 8, — cooTsercTaenHO cpenmm RHAMETP H TOJNIUHHA
nepBoro, BTOpoOro, 'rpe'rhero i n-ro cuos naﬁpocm M.

n
[Tonnas TommuHa BcexX CJIOeB HaOPOCKH, M. 6 = Xb;.

i=1
[To stoit xe dopmyne (7.84) BLIUHCAAIOT AVIA KaXAOre C/IOA CPEAHHH Ana-
MeTp MeJKoH (Qpakuud dyye), M.
7.55. Qupepensior pasmepbl YKpENJeHHs:
1) HasHaualT AJIHHY YKPelJeHus COMJIaCHO peKoMeHJalusiM M. 7.44:

L=(1,5+2,0) Dy;

2) onpeenAioT UIHPHHY PACTEKAHHA NMOTOKA Bp,eq MO q)opmyne (7 4) HIH
(7.19); ‘
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3) Ha3HAualOT pa3Mephl YKPeIIeHHs B IJIaHe, M, C y4eToM NPHHATOMH AJTHHE

YKpenJeHus:
B- CTBOPe Ha BhIXOJe H3 OroJoBKa :
| By=by+2; & & - cenpp. 7PF
B KOHIlE YKperJieHus :
Bz=Bpncr+l-

rae 2 1 | M — sapac B WIHPHHE yKpenJieHHs, HaaHavyaeMufi cooTeercTBesno no | w 0,5 M
¢ KaXJofl CTOpPOHbI YKpenJeHHs.
Jlanee onpejeasitor raybHHy pasMbiBa, FNyOHHY 3a/10}€HHA  KOHIIEBOH
YacTH W HA3HAYAIOT INHPHHY YKPENJIeHHS B 3TOM MeCTe COIVIacHO PEeKOMEHAlHAM,
H3JIOXKEHHBIM HHXKe B 1. 7.64.

Hepaafwunaeuue nedopMHpyeMble BHIXOAHBIE pPycaa

_ 7.56. IlpenenpHyio raybuny pepopmauun ykpenjenus Al 3a cuer
BbIHOCA TPYHTA M3-TOJ HEro onpejensior no dopmymaam: :
a) AN HaOGPOCKH, cocmmueﬁ M3 HECKOJbKHX (pparuuii,

Altup(y =0,85D57/ B —Pu) du(w) _ _1 935 .
mp(d "V Putanntn) 1) @

© 1,150 K 3

+2D, ( — ok —-1).-
; VD,

[IpH pueo = 0,95 cuHTaloT HAGPOCKY ONHOPOAHOH CO CPe/lHUM AHAMETPOM

HaCTHIL dy(y), NS Uero B (opmyJie (7.85) yC/IOBHO NMPHHUMAOT Py(y) = 0
6) AR OAHOPONHOH HAGPOCKH

(7.85)

e e 1,150 K
) d. : BBIX Tbor(Ah)
Ahn‘p(n)=0,85Da"/—7“-—1,935+2D3( Vg_D; _“')

[Ipr Haiuunu B HAGPOCKE CJIOEB PA3HOFO IPaHy/IOMETPHYECKOTO COCTABA
B dopmyay (7.85) BMecTo dy H dy(y) NOACTABISIOT dyyy H dypy), ONPENesieMbie
no ¢opmyne (7.84).

Tonmuuok cion HaGpocky § 3alaloTcs, TPHHHMASA ee paBHOH He MeHee 2d .

757 Ta Jy6HHbI NIOTOKA Ha BHIXOJE H3 COOPYMKEHHH ONpPeNesfioT COrlackHo
pekoMeHgauuaM ta. 5 'u 6.
7.58. I'ny6uHbl Ha BBIXOJE H3 OrOJIOBKOB TPYG .
knux(or)?hnuxl(uﬂh): \ (7.86)

rje Kor(n) — K03)HUHEHT, YUHTHIBAIOIMHI BJHSHHE OrOJOBKOB Ha TAYOGHHY NOTOKA Ha
BBIXOJE H3 COOPYKEHHA. 3

B. coio ouepenn

-

Kortny = (b/bg)* /3. (7.87)

7.59. Pacciosinue, M, OT BHIX0Ja H3 TPYGhl HJIH MOCTA JIO MeCTOPACTIONONeE-
HHA" NpelesbHOA TIYOHHBI  Ae(OpPMaliMH YKpPenaeHHs

' Z
’“P(n)"”nux/ thux(or)-l-Nlnp(m 3 ?_ A ﬁ? 38 i

7.60. YcranaBiHBalOT NpelebHYIO r.nyﬁnuy ne&;opmaunu YKpenJaeHus y
BBIXOJHOrO CEUeHHSi COOPYIKEeHH:

;s ! ;
Ahpp(m) ax = Minp(n) — “ﬂgﬂ' . (7.89)
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[Ipi Ahnp) pux =>0,5 M JH60 H3MEHAIOT IAPAMETPhl YKPEIJIEHHS H3 Ka-
MeHHOH HaGpocKH (TOJIHHY CJ0Si, KPYMHOCTb KAMHA H T. 1.), JHOO NPHMEHSIOT
HHOH THII YKpenJeHHs. =

7.61. Onpenensiior MHHUMaJbHble pa3Mepbl YKpenJieHHs B TJlaHe HCXOJs
H3 pa3MepoB BOPOHKH JedopMallHi:

L=B=4Ahap(y), (7.90)
rie L 1 B — cooTBeTCTBeHHO AJHHA H IHPHHA prenJ’leHHﬂ

JaiHy yKpenjenusi L, BHUHCAeHHYIO 10 hopmyae (7. 90), NPHHHMAIOT JJT5
NaJibHefero pacyera.

7.62. Haznayaior wHpPHHY YKpeIJeHHus, M:

a) B KOHLEe oroJioBka Tpy0 HJIH Ha BBIXOJE H3 MaJjloro MocTa

By=by+2; ‘ (7.91)
6) B KOHUE YKpenieus npu 52 h""‘"’ = 0,5 NpHHHMAIOT B?, 1o Ganmemy

u3 3HaveHuit B, u B, onpe}lenﬂemoi& no gopmyae (7.90); npn =P - 0,5

NpUHHMAOT B, 1o 6oJblleMy U3 3Ha4YeHHH B H Bp,m, nuqncnﬁemoﬁ no popmysie
(7.4) uan (7.19), HO He meHee B,.

BpixogHble pyciia-caMOOTMOCTKH

7.63. Pacuyertnl 3T0ro THNa BBIXOAHBIX PyceJ OCHOBAaHbI Ha METOJHKE Ollpe-
JieJieHHsi Pa3MbIBa B HEOJHOPOJAHLIX TPYHTaX, H3JOXKeHHO# B N. 7.35.

[Toc/ieloBaTeIbHOCTL  PACYETOB  CJAELYIONIAs.

1. Onpenensitor J0MO por H CPeiHHE JAuameTp d,p (PpakuHil OTMOCTKH.
Hns sroro:

a) BLIYHCJAAIOT NapaMerp

%onDa

Npacu= ""_"‘_'q,s H (7.92)
G o3 \%? .
: anech ¢=r6m¢Da(l/. = ) o (7.93)
S - _

rae $=0,7;

6) no IPaHyJIOMETPHYECKOMY COCTABY HabpOCKH BBIYHC/IAIOT CHAYana cpej-
HHit AHAMETD NepBoi (camoii KPYNHOM) ppaKuuk (pHYeM ee JOMKHO GbiTh GoIb-
we 5%, T. e. por >0,05), npuHuMas ere 3a dgr;

B) cpaBHuBaK)T PorldM® G Npgoa. /

Ecan N pacy = por/dllS, T0 B pacuer BKJIOYAIOT CeAYIoNILYyIo ppaKIHIo (HIH
ee 4acTh) H TaK MPOAOJIKAIOT 10 TeX Mop, Noka He GyJeT cOG/IOIEHO YC/IOBHE
Por/di® = Npaeq ¢ TOUHOCTBIO 2O 5 %.

‘Ecan po./di/f Gyner menbiie Ny,oq A Beex dpakuuil, To 0TMOCTKa He
ofpa3yercsi H npejaesibHble r1yOHHb Ae(OpPMallHH ONpPelessaloT Kak LI OAHOPOA-
Horo rpyHTa mo qopmyam (7.23), (7.49)—(7.51), npunumas p = 0,6, a Makcu-
MajbHble ray6HEb — no dopmynaam (7.21), (7.22), (7.42)—(7.44), (7.47).

Ecnu ans uyactu camolt KpynHOH (pakuHM, KOTOpHIX B HaGpocke GoJee
5%, por/dl® > Nppeq, TO 3TH HACTHILI ONPEJENSIOT, OTMOCTKY.

2. OnpefesisiloT MakKCHMaJlbHYIO TJIYGHHY pa3MblBa B HEOJHOPOAHOH Ha-
Gpocke:

3
Ahm,,,(,,,—]/ L‘éw?m‘_&r_—ya%md 2 (7.94)
oT -
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rae Ahmay(d,,) — MAKCHMa/NbHAs IYGHHA PAsMbiBa B HAGPOCKe CO CPEfHHM JIHameTpOM ua-

et dyr, onpenensemas no oanoi 3 gopmya (7.42)—(7.44) nau (7.47) npu Ahy,
= Ahyp (a' o)s 3AeCh Ahyp (d — nperenbHas riy6HHa pasMbiBa B HabpocKe co cpe,u-

HHM nuame’r OM HAacTHIL dm., M onpefensemas no popmyaam (7.23), (7.49)—(7.51)
npu P = 0,
3. Hpuunmamr TOJIIHHY CJIOSA Haﬁpocxu B YKDENJIeHHH »

‘5=Aflmu(u)‘

JanbHeluuii pacuer BeAyT coryiacHo nn, 7.59—7.61 nedopMHpyeMbIX Bbi-
XOIHBIX pyces, NOjAcTaB/isffs BMeCTO Ahyncy TYOHHY Ahyay(q), BBIMHCICHHYIO
no c¢opmyae (7.94).

[Ipu 3HauMTENBHBIX TJYGHHAX PasMblBa B BHIXOAHOM CEUEHHH COOPYKEHHS
Ahaxo sex = 0,0 M [cM. dopmyay (7.89)] unenecoo6pasno BHIXOAHBIE pycaa-
CAMOOTMOCTKH 3aMeHSiTb Ha WHble THNBI BBIXOJAHBLIX pyced.

" Pa3MbiB 32 YKpenJeHHsIMH, Onpeje/ieHHe HX Pa3MepoB
H rayGHHBI 3a/1€JIKH KOHUEBBIX 4acTell B BBIXOIHBIX pycaax
H3 KaMeHHOH HaGpoCcKH

€

7.64. Pacuersl BBITIONIHAIOT B TaKOH TOCJIEN0OBAaTENbHOCTH.

1. Onpenensiior npeie/bHYIO TyOHHY pasMblBa B TPYHTE JIOra 3a yKperuie-

HieM mo opmyaam (7.23), (7.49)—(7.51). Ilpu stom B dpopmyse (7.23) unen
L/D, + 1 3ameHsierca BblpaKeHHEM (Ib—g + ])s', rjie s, —IoKasarte/b cTerne-

HH, paBHbIA 5/2 ais HesedopMupyembix pycen u 10/3 aas nedopMupyeMbIX H ca-
MOOTMOCTOK; K03(pduuHeHT P NpHHHMAKOT pasHuM 0.6,

2. OnpesensioT MAaKCHMaJbHYIO TJIyOHHY pasMblBa Ahlp.. 1o dopmyJam
(7.21), (7.22), (7.42)—(7.44) nnu (7:47).

3. CpaBHHBAIOT 'ronm.HHy Ha6pQCKH § ¢ MakcuManbHOH TIyGHHON pasmbi-

B2 ARpax.
ITpH 8y > Ahy,, Ha3HAYAIOT BhIXOAHOE pycno THna I (cM. puc. 7.4), aas
KOTOPOTo NpHHHMAETCs ‘TayOHHa 3a/I0KEeHHsA KOHIEBOH 4acTH fge = 68, 1 pannb-

HeHIIHHA pacueT BelyT, HAauMHas ¢ I. 8.

Hpu [P Ahm, 3a yKpelJieHHeM Ha3HayaloT pPHCOEPMY H3 KaMHs KPYMHO-
croio dy = (0,4 = 0,5) dy; (BhIXOAHOe pycsio Thna II) u npoposkaior pacuer.

4. Onpenenﬂmr MAKCHMaJIbHYIO TyGHHY Pa3MblBa 3a YKpelJieHHeM NpH
HaJHYHH TaM pHcGepMbl H3 KaMmeHHOH HabGpockH mo copmynam (7.58), (7.59).
[lpu 3TOM NpHHHMAIOT yJenbHbiii o6beM Kamus B pucbepme Wy = 1,256% (uc-
Xons M3 prTHSHH orkocoB pHcGepmbi: BepxoBoro 1 : 1, nHusoeoro I:1,5 u
ray6usbl Ap,.c = 6). -

5. CpaBuuBaoT 6 ¢ Ahp,x-

[Tpu & > Ahpax(y BHIXOAHOE pycio THNA 11 NPUHATO NpaBHiIbHO, H TJy-
6HHA 3aJOXXeHHsA KOHIEBOM 4YacTH YKpelJeHHs paBHa &

[pn 8 << Ahpyax(y) YKa3aHHBIA THN BBIXOJHOTO pycJa GyAeT HeyCTOHYHB,
H ero 3aMeHsoT BbIXOAHBIM pycsom Thma III.

6. dna cnyuad 8 = Ahpaye (BeixoaHoe pyciao tuna IT) nepectm’ruaam'r
rAy6HHY pHCGepPMBI fipyeq MPH TyGHHe ee 3anoxeHus 8 no gopmyde

0.5d, AhZ,,.

hpucﬁ= Yy
1/3
. 1,25 (5—an 25 )
. - x d

H

(7.95)

Manpreiiwnii pacuer s 3TOrO THNA pyces BeAyT HayuHas c n. 8.
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Maris)

7. Ons enyuas 6 << Ahpax (BeiXopHoe pycio tuna 111) ray6uny sanoxe-
HHS KOHUEBOH YacTH YKPeNJIeHHS Ry, = hp,.q B BBRIXOJAHBIX pycaax tuna 1]
HaXOAAT H3 YpaBHEHHS

S —Mh2, —N=0, * . (7.96)

rie koabpHuuentst M v N onpelensiior no dopmyaam:

a4\
M=Ahnp(—d,—) i (7.97)

N=0,4d; B2, . i (7.98)

8. OnpenessiioT WHPHHY BOPOHKH PasMbiBa By, B KOHLE yKpenJeHHs Jis
BCeX THIOB BBHIXOJAHBIX pycen no ¢dopmysae (7.73) npu 6 = 3,6.

9. CpaBHHBAIOT IUHPHHY BOPOHKH Pa3MbiBa Bp,, ¢ WIHPHHON B KOHLE YK-
penieHHs B, (eM. n. 7.62) v B-KauecTBe pacueTHOH LWIHPHHbBI YKPEIJIeHHs| B KOH-
uepoit ero yactu By, NPHHHMAIOT GOJIblee H3 STHX SHAYEHHH.

HPOTSIH(EHHOCTb KOHIIeBOH YaCTH YKPeIJeHHs No AIHHe (Y4acTOK, HMEouIHi
IWHPHRY Byy) I‘lpHHHMalOT paBHOH 1 M.

— TlIpu A/uHe ocTaBILEHCH YacTH yKpenyeHus (6e3 xonueaou qacm) MmeHee | M
HA3HAvYalOT YKpelJeHHe TpaneleuAaabHONH GOPMbI B NJ1aHe LWIHPHHONH HA BBIXOJE
13 Tpybul B; H B KOHLE YKpPEeeHHa — Bvu‘

[Ipumepl pacuera BHIXOAHBIX Pyces ¢ yxpenneuunmn H3 KaMeHHo# Habpoc-

KW TIpHBEJEHbl B NPUJIOXKeHHH 7.4.

" BLIXOJLHBIE PYCJIA FTO®PHPOBAHHBIX TPYB,
PACTIOJIOKEHHBIX HA MOICHINKE

7.65. IToTok, BLIXOAALMH M3 roQPHPOBAHHBIX TPYO, PACIOJONKEHHBIX Ha
nojceinke, copaceiBaercss JM60 Ha HH30BOH OTKOC Hackinu, JHOO oTGpachiBaeTCs
3a MOJOIIBY ee MyTeM YCTPoicTBa KOHCOMbHOro c6poca (MJH, KaK BapHaHT, pac-
CEeHBAIOILIEro TPAMILIWHE), JHO0, HAKOHell, cOpachiBaeTcs B HHXKHHE Gbed nyTem
YCTpOMCTBa IIaxTHoro cOpoca.

PacyeT KOHCOJTBHBIX COPOCOB M PACCEHBAIOLLIUX TPAMIIHHOB NPHBEJIEH B 1. 4,
a ornpe/ieJieHHe IHAPABJIHYECKHX XaPAKTEDUCTHK TIOTOKA B HHXKHUX Gbedax maxr-
HBIX cOPOCOB MOXKET BBINOJHSATBCSH 110 TEM XK€ 3aBUCHMOCTSIM, YTO H /ISt ykpenne-
HUi 3a TpyOaMH, H3JOXKeHHLIM BhILLIE B HACTOsILeH TIJaBe,

OcobGenHocTH onpefie/ieHHs THAPABJHYECKHX XapaKTePHCTHK TOTOKA NpH
cOpoce BOJAbI HA HU30BOH OTKOC HACHINIH H3JATaloTCs HHXKeE.

7.66. BosMoxHBI clelyioniie BapHaHTH cOpoca MOToKa Ha HH30BOH OTKOC
HACBITH:

a) cO6poc MOTOKA HEeNOCPeACTBEHHO HAa YKPenJeHHBIH MOHOJHTHLIM ‘GeTOHOM
WJIH OMOHOJHYEHHBIMH NJMTAMH OTKOC Hacwhini (puc. 7.23, a);

Puc. 7.23. Cxembl YKJalKH rodpHpoBaH-
HBIX KOCOTOPHHIX TPY6 HAa HACBIMHOH TPYHT
B TeJE HACHIH:

1 — ykpensiennnii  oTKoc; 2 — pHcGepma; 3 —
KaMeHHAaN OTCHINKa; 4 — J0TOK
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6) c6poc TMOTOKA HA OTCHINKY H3 KaMH$, PAcNOJOXEeHHYI0 B HH30BOH yacTh
Hacoink (puc. 7.23, 0);

B) c6poc MOTOKA N0 JIOTKAM, YJIOKEHHBIM Ha OTKOCce (W15l 3TOH 1eH MOTYT
ObITh HCTIONb3OBAHbBI 3JIEMEHTBI OpPHPOBAHHBIX TPYO) (puc. 7.23, 6).

[pu c6poce noToka Ha yKpenJeHHbIH OTKOC HACBIH HJH Ha OTCBHINKY H3
KaMHs V1A CHHXKEHHSA AHHAMHYECKOro BO3JIeACTBHA TOTOKA yCTPaHBAalOT Gepmy.

7.67. Ilpu cGpoce NOTOKA Ha yKper/ieHHbie OTKOChI HACHINH PacueTsl BbI-

MOJHAIOT B TaKoOH I0C/e]0BaTe/lbHOCTH.
1. Onpeﬂengm'r MHHHMAaJIbHBI pasMep GEPMbI BJOJIB NOTOKA N0 (popmy.e,
NOJNYYeHHOH H3 ypaBHEHHH cBOGONHOrO NMajieHus Tena:

: 2h
Lo(mln) =1 vQUaux l/““——':;x . (75}9)

rae 1,2 — kosdpduumnent, 3anaca.

2. OnpefensiorT WIHPHHY pPacTeKaHHs TOTOKA Ha Gepwme (3T1a mupmna coxpa-
HAETCS HAa OTKOCE HAachilH): .

Dz Q \D/Lg{ x \0.8/ Q \0.5
o=t (5) () G o

rie  Bpacy(6) — WHPHHA PacTeKaHHs NOTOKa Ha GepMe B CTBOpe, NPOEKUHS paccTonHHs
KOTOpOro ot nuxona H3 TPyObl paBHa X;
D — nuamerp TpYyGhi; .
Lg — anuHa GepMbl BLOJB noToxa
Qx = 0,51 V D52 _ sranonnmit pacxof, T. e. pacxon. TPH NPOXOKAEHHH
KOTOPOTO KpPHTHYecKas ray6HHa B coopymexun pasua 0,75D.

[lnpuuy pactekanus noToka Ha Gepme MOXHO TAKIKE ONPENIeHTh Ha OCHO-
BE MaTEMaTH‘-IECKOH MOJleJlH WiIH 10 3aBHcHMOCTH (7. 12) COOTBETCTBYIOLLEH K-
JoHy Jsora i, >0,02, Tak Kak Ha GepMe, 3a KOTOpPO# CJeAyeT OTKOC HACHINH,
BOIOOTBOJHEIE 30HBI, CKHMAIOLLHe TIOTOK, He 06pa3yloTcsi H KHHeMaTHKa TOTOKa
COOTBETCTBYET YKa3aHHOMY cJjyuvaio.

[To wHMpHHe pacTeKaHHsl HA3HAYAIOT LHPHHY YKPenJieHust GepMbl.

3. OnpenensiloT CKOPOCTH H ryGHHBI NOTOKA Ha cXole ero ¢ GepMul 1o 3a-
BucHMocTH (7.8)—(7.10) uak Ha OCHOBE MaTeMaTHYECKOH MOJe/IH H Ha3HavyaloT 1o
3THM X4apaKTepPHCTHKAM THN ykpenJjienus (cMm. Tabn. 2.9).

4. Onpepensior r1yGHHBI H CKOPOCTH TIOTOKA Y MOJOWIBHL OTKOCA fy; JHGO
Ha OCHOBE MAaTeMaTHYeCKO#H MOJe/H, JTHO0 ¢ HeKOTOPbIM NPHOIHMKEHHeM HaXOAAT
CPEHIOI0 TIy6HHY NOTOKA 110 YpaBHEHHIO HEpaBHOMEPHOro [IBHXKeHHs (cM. . 2),
CuMTas WHPHHY MOTOKA HA OTKOCE PABHOM LIMPHHE pacTeKaHHs Ha cxofe ¢ Gep-
MBI B pacr(gy- MoxHo Takxe (B 3anac) NPHHATH CPELHIOI TYGHHY 10TOKA Yy 10-
JOWIBBI OTKOCA PABHOM HOPMAJbHOH riyOHHE, CYUHTas CceyeHHe NOTOKA NpsAMO-

YTOJIBHBIM:
3/5 ’
nnnz(_‘gﬂ..__.__ 1”"07) ; : (7.101)
Bpac-r(ﬁ)

TA€ Moq W N — COOTBETCTBEHHO 3aJ0KeHHe H KOS(OHUHEHT WepOoXOoBaTOCTH YKPenJeHHOTo
) oTKoca.

B cnyyae pacyera cpeHHX r/iyOMH Yy NOJOLUBBI OTKOCA NO YPaBHEHHIO He-
PaBHOMEPHOro WJIH PaBHOMEPHOTO JIBHKEHHS CKOPOCTH y TIOJOIBBI OTKOCA Of-
penensior no Gopmyae

Q
knquncr(ﬁ) ;

5. Io CKOPOCTAM H rMyOHHaM y IIO,ElOll]BbI OTKOCA Ha3HAYaloT THN yKpenJe-
HHSL oTKoca (cm. Taba. 2.9).

U = (7.102)
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7.68. Ilpu cOGpoce noTOK4 B JIOTKH, Y/IOMEHHEIe HA OTKOCE HACHINH, THA-
paanul;ecxue XapPAKTEPHCTHKH OMNPEJENsIOT B TaKOH NOC/eN0BATEbHOCTH.
.-Ilo rny6unxe Ha BbIXOJE H3 prﬁu Ngux ONPENENAIOT BLICOTY CTEHOK
JIOTKd i
a="hgux+0,25, (7.103)
rae 0,25 — BoaBbllIeHHe CTeHKH JOTKA ‘HaJl YPOBHEM BOAbl B HEM, M..

2. OnpenensitoT NPOEKUHIO PAcCTOAHHA OT BBIXOAA M3 TPYObl 10 CeueHHs
nafeHusi CTpyH B JIOTKe:

Y % ryx
y= X +1/ ;""; o —RMX PR (7.104)
- s gm(!'.l' g mo'r g

Pa3HocTh OTMETOK JIOTKA B CEYEHHSX MafeHHsi CTPYH M BBIXOJA H3 TPYOHI
2= Bigr

3. Qnpe/le/siOT TNOJHYIO 3HEPTHiO NOTOKA B CEYEHHH MNaJeHHs CTPYH no
(opmyJie.(4.2), NpuHHMAas ee paBHOH MOJIHOH 3HEPrHH Ha BLIXOJE H3 TPYOHI:

Ty=hpux + +2x, (7.105)

ree a~l,l.

. 4. Haxoaar nogGopoM H3 ypaBHeHus (4.1) riiybHHY NOTOKa B ceyeHHH naje-
HHSI CTPYH, TpHHHMas ee paBHOi cXkaToi riybuue h., a e = I:

1,1Q2 :
2g 1p2m3 %
rie @o — MJOHIAJb MOTOKA B CKATOM CeYeHHH,
* @ — Ko3QPHUHEHT CKOPOCTH, onpeAeJlneMuﬁ B QYHKUHH hy/z, (cM. n. 4.6).
1151 3TOrO 3aAKTCHA OTHOCHTENIBHOM cxatoil ray6uHol h/D 1 10 Heit onpe-

JIe/ISOT TJIoIaAb KHBOrO CeUeHHs MOTOKAa B JIOTKE KPyroBoro oqu'raHu]q no
ta6a. 5.6 uau no ¢opmy.ne cnpasequsoi npu 0,06 < h/D < 0,75,

w=D2 (h/D)*/3. (7.107)

[logcrasnsia 3HaueHust h,, o, B dopmyay (7.106), noGHBaOTCA paBeHCTBa 3Ha-
uenusi T, B 3TOH (opmyie sHauenuio T,, noayueHHomy no gopmyae (7.105).
5. YcTaHaB/AHBAOT IMyOHHY OTOKA B KOHLE JOTKA Y TNOAOLIBB OTKOCA
hyp M3 ypaBHeHHsI HEpPaBHOMEPHOrO. ABHMKEeHHA (cM. M. 2), onpeness Kosddu- )
ument [llesn aas GuicTpoTouHOro pexuma 1o dopmyJe (2.41); npu srom s rog-
PHPOBAaHHBIX 3J€MEHTOB TPYObl C rJaJKHM JIOTKOM InpHHHMawT n = (,025.
[Tpu6auxkenno npu 0,056 < h/D < 0,050 MOXKHO NPHHATE rAyOHHY NOTOKA
B JIOTKE y MOJIOLIBbI OTKOCA PAaBHOH HOPMaJBHOH IJIyGHHE H ONpelessiTh €€ NpH
JIOTKaX KpyroBoro ceueHHs Jn60 1o rpaduky npuaoxenus 2.3, au6o no popmysie

hay=hy=1,12 "/Qn = (7.108)

rie n — KoadpHIHEHT NIepOoXOBAaTOCTH JIOTKaA;
magp — prTHBHa OTKOCa, Ha KOTOPOM JIEKHT JIOTOK;
5 — JlHaMeTp JoOTKa. ! '
6. BBIYHCIAIOT OTHOCHTEJNBHYIO MVIYGHHY NMOTOKA B JIOTKE Y NOJOLIBBI OTKO-
ca hyy/D n no ee 3HauYEHHIO HaXOMAT TUIONMA/lb TONePeyHOro CeueHHus NOTOKa B
KOHIIE JIOTKA 0,y o popmyJe (7.107) win no Taba. 5.6.
7. BBIYHCJAIOT CKOPOCTh MOTOKA Ha BHIXOJE M3 JIOTKA (Y MOJOLIBEL OTKOCA)

e e 5 (7.106)

—— w?.,; s (7.109)
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Администратор
Note
В примере расчета на стр.389 множитель (Q/Qк)0,5 является показателем степени


LTI
Doy =0,8h,
A

Puc. 7.24. PacueTHas cXeMa HHXHero Gbeda rodpupoBanHHON TPYGH, YJOKEHHOH Ha M0
chinKe, NpH cOpOCE MOTOKAa HENOCpeJCTBEHHO HA KaAMEHHYI0 HAaGpOoCKy:

1 — GuALTPYIOWHA TOTOK; 2 — noBepXHOCTb BOABI AJisi CHy4as, KOTZa Bech pacXof OQHALTPYeTcs uepea
NMOACHINKY; 4 — TO e, Koraa 9acTh pAacXOAa C/HBaeTCHA MO OTKOCY OTCHINKH; 4 — OGpaTHRIA QHABTD;
. . 5 — pHcGepMma; 6 — 9KpaH )

8. INoaGHpaloT N0 CKOPOCTH Up, THIT YKPEIVIEHHs y nojomBsl oTKoca. Jlas
3TOTO HAXOMAT THN YKpeNJeHHs no TabJ. 2.9, a1a Kotoporo cob/ofaeTcs: yeio-
BHE Upy < Upon, THE Upop — JOMYCKaeMasi CKOPOCTb.

7.60. [Tpu orBoze BOALI HAa 6ePMy M OTKOC HACHITIH, OTCHINAHHOM M3 KaMHS,
rHApaBIHYeCKHe XapaKTEPHCTHKH TOTOKA ONpPele/AlOT, paccMaTpHBas MOJIChIN-
Ky KaK (PHABTPYIOM[YIO HACHINb, Yepe3 KOTOPYK c¢OpachiBaeTcs NOTOK B HHXK-
Huil Goed (puc. 7.24). Pacuer BeAyT B cJeAylOlleM NopsAiKe: :

1. OnpejensitoT CKOPOCTH Ha BBIXOJAE H3 TPYOBl Ugy, COIMIACHO PEKOMEH/a-
uuAM . 5. -

2. YcraHaBIHBAKOT, SIBJASETCA JH HaOpOCKa OJHOPOAHOH HJIH HET, H Onpe-
JIeNISIOT ee YCTOHYHBOCTD OT Pa3MbiBa COTJIACHO peKoMenJauusaM . 7.53 [popmy-
ast (7.75)—(7.80)]. ;

3. Onpenensiior MHHHMAaJIbHBIH pa3mep GepMmbl BJ0JIb TIOTOKA, PH KOTOPOM
NOTOK, BHITEKAIOUHH H3 TPYObl, HE NONAaJaeT HemocpeACTBEHHO Ha OTKoC, 1o
dbopmyne (7.99). -

4. BBIUHCIAIOY LWIMPHHY PACTEKAHHA NOTOKA Ha GepMe Bpacr(g) 10 dopmy-
ae (7.100) ¢ BBeleHueM B Hee noHiKawouero koahduunenra 0,6, yunteiBaouero
0cOBeHHOCTH paboThl KAMEHHOH HAGPOCKH MO CPABHEHHIO ¢ GETOHHBIM YKpenJie-
nuem. Ha oTkoce 31a wHpHHA coxpaHsercs. MoXKHO TaKKe ONpele/IUTh IHPHHY
pacTeKaHHsl MOTOKa Ha OCHOBE JIBYXMEPHOH MaTeMaTHYeCKOH MOIENH WJIK 1o
tdopmyne (7.101).

5. HasHauaioT npoTsKeHHOCThb-y4acTKa HACKINH, OTCHINAHHOTO H3 KaMHs, —
WHPHHY (QHABTPYIOLIEH YacTH MOACHINKH by. B nmepeoM npubauXeHnuH npHHu-
maT by = Bpacr(s)- :

Hanee xameHnasi HaGpocKa paccMaTpHBaeTcs Kak (MJIbTpYloOLlas Hackilb
(nepesuBaeMasi MJM HemepenHBaemasi). Pacuer ee, BHINOJHfieMBl cOrJlacHo
pexomengauuaM ra. 8 (mm. 8.1—8.15), uanaraercs HuKe. )

6. Onpenensiior HOPMaJdbHYIO INTyOHHY (HIBTPALHOHHOIO NOTOKA, NPHHH-
Mas ero ceueHHe MPAMOYTONbHBIM H NIPEANoJaras, 4To Bech pacXol NPopHIbTPY-

eTcs uepes MoACHINKY, Mo dopmye (8.12), samenss B neit }/ i, na Y -
) : Mor(roc)»
THIE Mor txoe) — KOMPOHUIMEHT 3aJ0KEHHS OTKOCA KOCOropa:

hg=2 1{5:.};;“0@ ) . _ © (7.110)
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Jlns onHopoiHOH HabpocKH KO3(HUHEHT (puabTpauun Ky onpegensior
no taba. 8.1, ais HeogHopoaHo# [35] — mo Qopmy.e 5

S S Ay
Nyeoln 1 —no;
Ko (neonm) = K (onn) —-———-—( on) Meonn ’ e (e i 1)
fonm (1— ntugonu) Monn
rae Kp(onn) — KOIPPHUHEHT PHALTPAUHM LA OJHOPOAHOH HAGPOCKH, nMeowedl Ana-
MeTp 4YacTHIL d!._,, paBublil CpellHeMy AHAMETPY YACTHIl HEOJHOPOAHOI

HaGpOCKH; :
Moy Mueoam — NMOPHCTOCTh COOTBETCTBEHHO OAHOPOLHON H HEONHOPONHOH HAGPOCKH.

Cpenuuit Anamerp yactTHl HaOpPOCKH

T 2 dy (1) pi
B 100’
/
rae  dy(;) — CpeAHMil JHAMETP HACTHI OTAeAbHOH dpaKuHH;
P; — BecoBas A0/ (paKUHH. .
[ToprcTocTh HEOAHOPONHOH HAaGPOCKH ONpele/AlOT OMLITHBIM NyTeM, 3a/H-
Basi NOPhl BOJOKH. TOJIHHA HCC/IEAYEMOTO CJIosl TOMKHA GbiTh He MeHee Sdp,y,
rje dpyax — AHaMeTp HanboJiee KPYNHBIX YACTHIL, KOTOPLIX B HaGpOCKe He Me-
Hee 5 %. Jlas rpy6hiX NpHOIHIKEHHA MOXHO CUHTATh, YTO B HEOJHOPOJHON Ha-

- Gpocke, HMeollell HeGOJIBIION NIPOLEHT MeJKHX yacTHl (5—7 %), Kos(puuuenTt

(GHIBTPaLMK 110 CPABHEHHIO C OJNHOPOAHOH HAOPOCKOM yMeHbluaeTcsi Ha 25—
30 %. g ‘

7. Onpegeasior r1y6uHY QHIBTPAIHOHHOrO NOTOKa H B cTBOpE KOHLA TPY-
66l (cm. puc. 7.24) u3 ypaenenus (8.10): :

ln V mg'r (koc) +]

2
hy m?

- F(E)= —Ff (%6)» : (7.112) -
4 T (KOC) .
rie [lp — NpOeKiHsi PACCTOSHHS OT KOHIA TPYGH 0 TOUKH NepeceYeHHst OTKOCOB OTCHITKH
H Kocoropa B cjay4yae OTCYTCTBHA MOATOMJIEHHA CO CTOPOHBI HHXKHero Gbecba HJH
0 CTBOpA, NPOXOoAdAlLero yepe3 ypes BoAbl-B HHXHeM Obede, NPH MOATONICHHH;
F(E), f (Eg) — QYHKIHH OTHOCHTE/NBHBIX TIYOGUH COOTBETCTBEHHO B CTBOPE KOHLA
Tpy6u (E = H/hy) 1 Konua noicuinku (8¢ = hye/h,), OnpenensieMsie npu nps-
MOYTO/IbHOM CeyeHHH HaGpocky mo Tabi. 8.4; WHble (OPMBI CEUYeHHi NPHBOAAT
K MNpsSMOYTOJIbHbIM. .
[Tpu OTCYTCTBHH MOATOMNJIEHHS CO CTOPOHBI HHAKHEro Gbeda (h,},é = 0) ypas-
nenpe (7.112) .umeer BuZ

M
W

FlE) = IHV M3 (koe) 1 } - (7.113)

ho M3y (koe)

- B. OHPEIIEJ'IHIOT YCTOﬁqHBOCTb HH30BOTO OTKOCA NOJCHINKH H3 YCJIOBHSA
z < zpp, (7.114)

rie z — pasHOCTb OTMETOK YPOBHell B CTBOpPAaX KoHUA TPyOhl H KOHUA MOJCHINKH;
Zyp — NpedebHas PasHOCTb, MPH NPeBbILIEHHH KOTOpOH Hapymaercsi YCTOHYHBOCTb
OTKOCA MOACHINKH.-
B cBoio ouepenb
In

PRI WECPOB | S 7.115
Mar (koe) 54 ) { )

ml 1 o
znp:Q,Q(tgq)u_.—th)[nm 1/4 (7.116)

: Mor (koe) &
The . (p — YroJl ecTeCTBEHHOrO OTKOCA KaMenHOH HaGpockW, paBublii 35—36° tg @y =

= 0,700 +- 0,725;
fi — yroan HaKJIOHA HH3OBOrO OTKOCA K FOPH3OHTY.
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Ipu coGmofiennn ycaosus (7.114) pacyer 3aKaHYHBAIOT, B NPOTHBHOM CJly-
yae ynoJaXKHBAlOT OTKOC, BHOBb NPOM3BOAAT NPOBepKy ycaoBHA (7.114) u rak
TNPOJOKAIOT 0 €ro Y/AOBJETBOPEHHS. :

8. [NpoBepsiOT yCTORYHBOCTE OCHOBAHHSA HACHINH OT PasMbiBa NPH JaMHHap-
HOH ¢uabTpanuu. s 310ro cpaBHHBAIOT NIYOHHY H ¢ npelesbHOM TayGHHOIM
H yp, obecneunBaiomell yCTOHYHBOCTL MPOTHB JIAMHHAPHOH (QHJIbTPAlMK:

;ﬁ'_l_/”"””“—“’"']_, : (7.117)
. 8 mor (xoc)
rie 8 — xos(duuuent, onpegensemuit mo Taba. 8.2.

[Tpu H < H yp ycTOAYHBOCTL NMPOTHB JIAMHHAPHOH (HIbTpalHu obecrneye-
Ha, B MPOTHBHOM CJIyyae W/M YBEJIHUHBAIOT WHPHHY QHABTPYIOLLEH NPOCIOHKH
by ¥ MOBTOPAIOT pacuer, WX YCTPAKHBAKOT B OCHOBAHHY 06paTHBIH DHILTP.

10. CpaBuuBator rayGuHy noroka H ¢ TOJNUMHONH NOJCHINKH B CEYEHHH,
MPOXOAAILEM Hepes KOHel JI0TKa TPpYOB! Ha BHIXOZE Opon(pmx). [IPH A < Sponcamx)

Bech MOTOK NPOPHILTPYT BHYTPb MOACKNKH, NPH H =>8yopaux) YaCTh
pacxofia ONaJeT HA OTKOC MOACHINKH. :

1. s enywas H < 8y p(pux) YCTAHABAHBAIOT, HE BRIXOAHT JIH NOTOK Ha
oTKoc nofAckinkH. Jas 3Toro aensit paccrosiHue [, Ha 4—5 paBHbIX uacTeil U B
KOHIIE KaX0# H3 HHX (CYHTash OT KOHLA MOJCHINKH) ONPeNeJsIoT IMyOHHY 0TOKA
hy no ypaeuenunio (7.112) nau (7.113), noncrasnss Bmecto [, paccroanus [;
oT KoHIA nofchinky [ypasrenne (7.113)] v or ypeaa Bojbi B HHuKHeM Gbede [ypas-
nenue (7.112)] 1o paccmMaTpHBaeMbIX CTBOPOB. 3aTeM B Kak/IOM U3 CeueHHil ycTa-
HaBJIMBAIOT TOJIUHHY TOACHINKH 8,5¢ry. [Ipn ofHOOGpaszHoM yKJoHe Kocoropa
AJIS 3TOH 11e1H MOMKHO BOCTOJIB30BATLCA (HOPMYJIOH ’

i mot (xoc) —Mox (nop)” (‘7 118)

Hl]p=

Bnox (n =

ITpu 3TOM BO3MOXKHBI ABa CcJyyas:

1) 8poniy = h; — Bech TOTOK (HUILTPYET uepes NOACHNKY (Gesnanophas
GUALTPYIOLAA TOJACHINKA);

2) byoniy << hi — YacTb NOTOKA BBIXOAHT HA NOBEPXHOCTh OTKOCa (HAnop-
Hasg (UIBTPYyOLIas TOJACHNKA).

Pacemorpum cayvait 1 (Bpony = M),

12. Haxonst pacyeTHyw TJayOHHY DHILTPALHOHHOrO NMOTOKAa, ONpeelsio-
Y0 MaKCHMaJbHble CKOPOCTH TYPOYJIEHTHOH (HIbTPALHH:

a) MpH OTCYTCTBHH INOATONJEHHA CO CTOPOHBI HHXKHero Obeha no dopmyne
(8.15):

Mor (roc) Mor (noun)

hp=0,8hx=0,8y/ o Qa/(@P7 €2 63) , (7.119)

rie @ — Ko3(hdHUHEHT KHHETHYeCKoH SHeprHu; o = 2.5;

p — NOPHCTOCTD HAGPOCKH; g

£;— Koa(pHIHEHT, YUHTHIBAKOUIHI 06pasoBanHe B Mopax KAMEHHON HaGPOCKH 3aCTos

Boau; &; = 0,9; |
0) NpM HAJHYHH TOATOTJIEHHSA
) hp=‘hnu.

rae hyg — rAyOHHA B HHIKHEM 6§e¢e B KOHLE NOACHIIKH.

13. OnpenensiioT MaKCHMaJabHYIO CKOPOCTb TYPOYJEHTHOH (PUAbTPaLHH NO
tdopmyJie (8.4), NoACTaBHB B Hee 3HaYeHHe cpelHeH cKopocTu no dopmyiie (8.5):

1,7Q ;
Uy = ———— (7.120)
hpbppes
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14. CpaBHHBAIOT Uy C JAOMYCKAEMBIMH CKOPOCTAMH /ISl ITPYHTOB OCHOBAHKHA
HACBHINH Upyy. ;

[Tpu vy < vy,; YCTOHYHBOCTL OCHOBAHMS OT TYpOY/NEHTHOH QUABTPaLHH
obecneynsaercsi, B MPOTHBHOM ciy4yae — Her. [lna JIOCTHXKEHHS YCTOHUMBOCTH
JeNaioT BHIPe3KY PYHTAa H 3aMEHSIIOT €ro FPYHTOM C Upoy == Uy. TOJIHHA Bbi-
Pe3KH o/KHa 06eCeYHTh BO3MOKHOCTh YKJIA/KH He MEHee TPeX CJIOeB YacTHIl
rpyHTa obuieii ToNuIMHOH He MeHee 8—10 cM.

15. YerpauBaior obpaThulii pUABTP Y NOJAOLIBbL NOACHITKH BHICOTOlH He Me-
Hee R,

Paccmorpum  cayuait 2 (8o < hi).

16. YcranaB/IuBAIOT DACCTOAHHE OT KOHIA TNOACHINKH A0 MECTa BBIKJHHH-
BAHHA TOTOKAa Ha OTKOC:

i ___Q mox (xoe) Mot (mom)
b (Mor (koc) —Mot (nom)) b Ko VHNn*f']/moT (xoc)

17. OnpefeasioT TOMUMHY (UABTPYIOUeH TNOACKNKH, PaBHYIO rayGuHHe
(hHABTPALHH NMOTOKA Hp,, B MecTe BBIKJIHHHBaHHfA MOTOKAa Ha OTKOC:

(7.121)

Moy (koc) —Mor (1on) !
rp-

. Spp= (7.122)

Mot (Koc) Mor (monm)
18. Ileasit paccrosnue [, Ha 3—4 paBHble YacTH H B KOHLE KaX/I0To ce-
YeHHS TOACHINKH (CYHTAs OT ee KOHIA) ONpeiesioT GHAbTPALHOHHBI pacXon:

8oy (i) ;
CA T e (7.123)
'non, (rp)
rae Bpop(s) — TOJHHA MOACKNKH B PACCMaTPHBAaeMOM CTBOpe;
Q — nmoJIHBIE PacXol COOPYKEHHS.
19. Onpenensifor cpeiHHe CKOPOCTH TYPOY/JIeHTHOH (HbTpaLHH
H 1
vp =K, V S R e 7.124
’ ¢ ln +m07(noc) ¢ )
20. OnpenensiioT MaKCHMaJbHYIO CKOPOCTb TYpOYJeHTHOH QHIbTpaLHH
i 1,7,
g =——2 (7.125)
PEs
Ve N

21. CpaBHHBAIOT Uy ¢ AONYCKAEMBbIMH CKOPOCTSIMH /ISl TPYHTOB OCHOBAHHS
MOJICBINKH.

[Mpu vy < Uyy, YCTOHUMBOCTD OCHOBAHHA TOACHINKH OT TYPOYJIEHTHOH
¢uabTpauun obecrneyHBaeTcsi, B NPOTHBHOM CJy4yae — HeT.

Jas obecriedenHsi YCTOHYHBOCTH -TpeGyeTcs MPOH3BECTH BHIPE3KY TpyHTa
H 3aMeHHTb €ro FPYHTOM C Upop =>Uy. [OJIIMHA BLIPE3KH MAOMXKHA ObITh He
MeHee Tpex CJOeB YacTHIl IpyHTa oOuleil To/KHHOH He MeHee 8—10 cm.

22. YcraHaBnHBAlOT pacxoll notoka Qg;), NPOTEKalollero Ha orkoce Mol-
CHIKH B Pa3/IHYHLIX CeYeHHsX Ha yyacTKe OT MecTa BBLIKJIHHHBaHHUSA MOTOKA JO
KOHLA MOACHINKH: .

Q(n=Q—Q (). ‘ (7.126)

23. Onpegensior ray6HHY NOTOKA HAa OTKOCE M10ACHINKH U3 ypaBHeHusi Hleau
npu C = 1/n (kak Ana GBICTPOTOYHOTO PEKHMA):

e a \2[S
flu’ﬂ{ (i)z( Q’ L} nﬂvmo,! {uom) ) ’ (7.]27)
pacTt .

PA€ Mor(nog) — KOIDOHUHEHT 3a/MOKEHHA HH3OBOTO OTKOCA MOICHITKH;
n — KO3(PHUHEHT IIEPOXOBATOCTH OTKOCA.
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Ipu n = 0,05 (ana KaMHH)

home iy =0,135m, ( P
)= T . 1.128
oTK (i) = (nol) Bpae'r ) ( )
24. BHIYHCAAIOT CKOPOCTh NOTOKA Ha OTKOCe
Qi
Vork ()= = __ (7.129)

horr (1) Bpao-r
25. OnpesensioT A0NYCKaeMble CKOPOCTH AMA KaMHel HaGPOCKH Ha OTKoce
nofchinKH 1o dopMyaam n. 7.53:
a). npu ofHoposHoil HaGpocke [cM. dopmyast (7.76°) u (7.76")]:
ans Tpy6 Ge3 oroJoBKa

Uyom (ow) =6,6kor 1/ dy 3 3 (7.130)
AN TPY6 C MOPTANbHBIMH H DPAcCTPYGHBIMH OTOJIOBKAMH
Uzon ((;T!()=B-2ko‘r V . €7.131)

6) npu HeopHopoiHOH HaGpocke [cM. dopmyay (7.78)]
2,1 lf £ dy (w) K}T

Ugon (oTH) = —mp——— Ror (o) kors (7.132)
rae Rop — Kosq:oqmuuex'r YUHTHBAIOUHA CHHKEHHe YCTOHYHBOCTH KaMHell Ha oTKoce.
Koadppuuuent —‘T‘
= 1— > .
e o

rie Mop — KO3(pHIHEHT 3aJOXEHHS OTKo¢a,
My — KOI(PPHUHEHT eCTECTBEHHOr 0 3a/10KEHHA OTKOCA; 1A KaMHsi my = 1,10 + 1,3,
NpHYEeM MeHbllee 3HaYeHHe OTHOCHTCA K rpy6OOKO/NOTHIM KaMHAM, 6o/biuee —
K OKaTaHHBIM.
3nauenus Kopep), Kup, 1 NpHBeZeHsl B m. 7.53.
26. Onpenensiior ycTOHYMBOCTH KaMEHHOH HaGpOCKH Ha OTKOCe MOACHIIKH

York (1) < Unon (orm) - (7.134)

[Tpn Hecobmrogennu ycnoBHs (7.134) KpynHOCT KaMHf Ha MOBEPXHOCTH
OTKOCA YBEeJHYHBAETCH, NPHUEM ymanusam" He MeHee Tpex cJioeB TpeGyeMoii
KPYMHOCTH. :

27. Hasna4aioT KOHCTPYKTHBHO 0OpaTHbIH (PHABTP y NMOAOIIBBI OTKOCA BhI-
coroit 0,5 M W WHPHHOA MOHH3Y 1 M.

[Nocnenytomuit pacueT OAHHAKOB JJsi cliydyaeB a H 6.

28. HasHaualoT y MOJOMBHI OTKOCA YKPET/IeHHe H3 KaMeHHOH HaGpOCKH,
pasmMephsl KOTOPOTO OlpeieNsioT B COOTBETCTBHH C PEKOMEHJAlMAMH, H3JIOXeH-
HpiMH B nn. 7.50—7.64. [lpn 3TOM BBLIYHCAAIOT r/yOHHBI pa3MbiBa, NMPHHHMAs
AJHHY YKpenJieHHsi paBHOH CyMMe JUIHH OTKOCA MOJCBHINKH, YKPelJeHHs Y ee
NOJOIIBbLI H LIHPHHBI GepMbl.

Ilpumepnl pacuera HHKHHX ObedoB rotbpuponaﬂﬂux Tpy6, YJOXKEHHBIX Ha
NOJACHINKE, NPHBEJAEHbl B TPHJOKEHHH 7.4.

BbIXOJHBIE PYCJIA C YKPEIVIEHHAMH H3 CHHTETHYECKHX
MATEPHAJIOB

7.70. Hapsiny ¢ TpaHUHOHHBLIMH THNAaMH BBIXOJHBIX pyceJ YKpem/eHHil
JIOPOXKHBIX BOAOTIPONYCKHBIX TPY6 MOXKeT GbITh HCMOMB30BAaHA flelieBasi, Jerkas
W TeXHOJMOTHYHAs MArkas Koucrpykuns [17, 35], nospoasiomas na 20—40 %
YMEHBUIHTb TYGHHY PasMblBa 1O CPABHEHHIO C THIOBBLIM GETOHHBLIM VKpeIlie-
HHeM (pHc. 7.25) u npelcrap/isiouas co60f NOJIOTHHLIE CHHTETHYECKOTO MaTepHa-
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nocJje

Puc. 7.25. Peaved 1aHa
NaHbl B METPAX, OTMETKH



—-I

i

n!
B=(6:7)D

Le35+40)D

Puc. 7.26. Brixoanoe pyc/o ¢ yKpelJieHHeM H3 CHHTETHYeCKHX MaTepHaJoB (c.neea — BHI
c Goky, cnpasa — IJaH

Jla, YJOXEHHOe Ha NpeJBAPUTEJbHO CIJIAHHPOBAHHBIH E€CTECTBEHHBIH FPYHT H
NPUKPENJIEHHOE TONbKO K TOPLY IJIHTHI BBIXOJHOTO Or0OJIOBKA ¢ MOMOUIBIO Crie-
IIHA/IbHOTO KAacCeTHOro ycrpoiicTBa (puc. 7.26).

KaccerHoe -yCTPOHCTBO COCTOMT H3 OMOHOJHYEHHOH B TOpLE 6eToHHOrO
3y6a I merajsinueckoi TpyGel 5 nHaMetpoMm 5—7 cM ¢ npope3bio no Beeil AJHHe,
B KOTOPYIO BCTABJSIETCS METa/lJIHYECKHi cTepikeHb 2 ¢ 3aKPenJIeHHbIM Ha HeM
NOJIOTHHILEM MATKOTO MaTepHaja 3, NpH4YeM JHAMETP CTePXKHS C MaTepHasoM
JIOJ13K€eH GbITh 60/1bllE WIHPHABL Tpope3H. Toplkl MeTajl/iHyecKoi TpPYObl 5 3aKphi-
BAlOTCs JepeBsiHHBIMH npobkamu 4. [lpeasioxenHas KOHCTPYKUHSI OT/HYaeICH
MPOCTOTOM, No3Basisier B TedenHe 10—15 MHH NPOM3BOIMTD MOHTAXK H JEMOHTAMC
YKpeIJeHHs, CBOIHT K Mnuumymy 3aTpaThl Ha ero CTPOUTE/IbCTBO, PEMOHT H 3KC-
nnyaTaumo

Sddext ymeubmennn r/lyOHHBL Pa3MbiBa 332 MSACKHM YKpellieHHeM JOCTH-
raercsi 3a C4eT ero CrocOOHOCTH NPH Pa3/HYHBIX PacXoAax GOpMHPOBaTH ONTH-
MaJibHblE YCJIOBHsI JJIsi TalleHHS SHePruH NOTOKA H B 3HAUHTENbHO Go/blueH cTe-
MeHH, YeM THIOBbie 6eTOHHbIE KOHCTPYKIHH, paclpellefisiTh TPAH3HTHYIO CTPYIO,
a TaKxKe cpellHHe Ha BEPTHKANAX CKOPOCTH H r1yGHHBL Ha BBHIXOJle B PasMbiBae-
Moe pyco.

Pa6ota MATKHX yKpelJIeHHH B HATYPHBIX YC/IOBHAIX TMOATBEPAHJIA HX 3KO-
HOMMYECKYIO 1[e71eCO00pa3HOCThb, TIPOH3BOACTBEHHYIO H SKCIIYaTAllHOHHYIO NPH-
rofHoctb [7]. OnbiTHEIE 06pPasibl MATKOTO YKPENVIEHHs! BHIIONHEHb H3 HETKAHO-
ro Bsi3a/ibHO-IPOLWHBHOTO MaTepHana BITP-10 (pa3HOBHAHOCTL CTEKJIOTKAHH).

K npuMeHsieMbIM JJIi MATKHX YKPeNJIeHUH CHHTETHYECKHM TEeKCTHJbHBIM Ma-
TepHaliam NPeAbABAIOTCS Caelyomye tpeGoBanusi [18]: ycroiiukBoeTs K aTt™o-
chepHbIM BO3AEHCTBUAM; 3JaCTHYHOCTb, AOCTATOYHAR NPOYHOCTb, H3HOCOYCTOH-
YHBOCTb M JIOJITOBEYHOCTb; BOJONPOHHLAEMOCTb; OTCYTCTBHE KOMIIOHEHTOB, fB-
JISIONIMXCA NHTATENBHOH CPefoH /1A MHKPOOPraHHW3MOB, NJIeCHeBbIX rPpHOKOB H
MKHBOTHBIX; OTCYTCTBHE BPE/IHOIO BO3/IeACTBHA Ha OKPYIKAIOILYIO CPely H Jojeii;
HaJMYue WHPOKO# chipbeBOH 6a3bl W HEBObLIAA CTOMMOCTD, NO3BOIAIONASA KOH-
KYpHpOBaThb C YKpenJeHHAMH H3 TPaJHIMOHHBIX CTPOMTE/bHBIX MaTepHasoB.

StuM TpeGopaHHAM B HauOOJbLIeH CTENeHH COOTBETCTBYIOT MaTepHasbl Ha

OCHOBE MOJHAaMHAHOTO (KalpOH), aKPHIOHHTPHJILHOTO (HMTPOH),. NOJAHIDHP-.

Horo (;naBcaH) H TNOJHBHHH/JCIHPTOBOrO (KypasiOH) BOJIOKOH.

JLns yKa3aHHOTO THNA BBIXOAHLIX PYCEJl B KAYECTBE PacyeTHOH NPHHHMAIOT
CKOpOCTb Ha BbIXOJEe H3 TPYOHI, r1yOHHBI pasmbiBa Lia TPy6 Auamerpom ot 1,0
ne.1,5 M He paccUHTHIBAIOT H PasMephl YKPeNJieHHH Ha3HayaloT KOHCTPYKTHBHO.

219

8. PACYET ®HJIbTPYIOLLIUX H NEPEJIHBHbLIX HACBLINEHA,
JIOTKOBbIX COOPY)XEHUH

©HAbLTPYIOUWHE HACBINH %

|. ®uapTpyloliHe HACHINH, HMEIOIHE B CBOEM TeJie NIPOCJIOHKY H3 KaMHS,
JlonycKaeTcs MPHUMEHATb Ha XKeJie3HbIX H aBTOMOOHJbHBIX jpoporax III xare-
FOPHH H HHXKE IPH MaJbiX pacxojax BoAbl (06biyHO MeHee 3—4 M®/T), He3Hauwu-
TeJIbHOM KOJIHYeCTBe B3BelIeHHBIX ‘-laCTHLl TPYHTA B BOJe H IOCTATOYHOM TEXHHKO-
3KOHOMHYECKOM  OGOCHOBAHHH.

8.2. Ilpu yakux norax u 60o/bWMX PacXoAax BOJAbI NPHMEHSIOT KOMGHHHPO-
BaHHble COOPYXKEHHS, COCTOsIHe H3 (GHILTPYIOmeH HACKINH U TPYOHI.

8.3. @uabTpyrolllHe HACBIMH pacCuMThiBaloT Ge3 yueta akkymyasuuu. Ka-
MeHb (HALTPYIOLIEH NPOCHOHKH A0/IKeH ObITh KPENKHX KPHCTANJIHYECKHX MOPO.L
H 110 BO3MOXHOCTH OJTHHX pa3MepoB: MeJKHe (DPAKIHH B OTCHINKY He JONYCKAITCs .

B psajie ciyuaeB nepej BXOAOM B (HJIBTPYIOULYIO HAChIb YCTPAHBAIOT 3a-
rpaxaeHusi B BHlle IJIeTHeH WJIKM Bajla KaMHe# Jns 3a/iepKaHusl BO3MOXKHBIX Ha-
HOCOB H TJILIBYIIHX TpPeAMETOB.

8.4. ®unbrpyiolHe Hachil|d ObLIBAIOT JIBYX THIOB:

HanopHble (puc. 8.1, a), kKoraa ropusbHT BepxHero Gbeda Bbllle BepXa BXOJ-
HOTO OTBEPCTHSA H HAchillb PabOTAeT NOJHBIM CeUEHHEeM, a IBHMeHHe MOTOKA B Ha-
6pocke pasHomepHoe. OfecneynTh HAJEKHYIO H3ONALHIO KPYNHOOGJIOMOYHOrO
GUALTPYIONIEro CJIOS H MJIOTHOE CONPSIXKeHHe ero ¢ IPYHTOM HACHIH TPY/HO,
MO3TOMY HaNOpHble HACHINH NPHMEHSIOT JIMUIbL B OTJE/NbHBIX CIydYasX MpH J0-
CTaTOYHOM OGOCHOBAHHH;

Geanamnopusle (puc. 8.1, 6), Korja ropH3oHT BepXHero Gbeda HHXKe BepXa Ka-
MEHHOH HabpOCKH; NpH 3TOM (HABTPYIOLLAsA NPOCJIOfiKa MPOMYCKaeT NMOTOK CO
CBOGO/IHOM [10BEPXHOCTBIO.

8.5. B monepeuHoM ceueHHH (QHILTPYIOILYIO NPOCTOHKY B HANOPHLIX HACKI-
MAX yCTPaHBAIOT NMOCTOSIHHOM BbICOTH. B G€3HAaNOPHBIX HACKLINAX KAMEHHYIO NpPO-
CNIOHKY YKJaAblBalOT cTyneHsaMH. BBICOTY KaXJIo#f cTyneHd HasHaualoT Ha
15—20 % Gosbuie rayO6HHbI (HABTPALLHOHHOT® IOTOKA.

B HanpapsieHun, neprneHAMKyJfPHOM OCH HacbilH, dhopMa NMoNepeyHoro ce-
yeHHs! OUIBTPYIOLLEli NMPOCTOHKH MOXeT GBITb NPSIMOYTOJILHOM, Tpanelen1ab-
Holt, napa6osnyeckoil Hau TpeyronbHoH. [IpAMOyro/bHYIO M TpaneueHianbHYIO
(hOpMBbI TPHMEHSAIOT B LIMPOKHMX JIOTAX, NPHYEM B OYEHb PACNJACTAHHBIX JOrax
HUXKHee OCHOBAaHHe TpanelHH OoJbllle BEePXHEro, a B Y3KHX HaoGOpOT.

[TpHGAHKeHHO BCe MOMEepeYHble CeYeHHs MOMKHO CBECTH K NPAMOYTOJIEHOMY
H TPEYroJbHOMY, H B Jla/ibHelIleM pacyeTHble 3aBHCHMOCTH NMPHBOAATCA NpHME-
HHTE/JBHO K 3THM -1ONEePeYHbIM CEYeHHAM.
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8.6. ['ny6uny Bojbl nepes Hanopuoﬁ cbﬂnb'rpylomeﬁ Haceinbio H [37] onpe-
JeJSI0T Mo q)opmynam:
a) npn wo < Ay

H =hnx+lg (i—io); (8.1)

6) npH hue > hyy
H=hye+lp (i—iy), (8.2)

rae hye — OniToBas rAyGHHA NMOTOKa B HHxKHeM Obede;
hyy — PAccTOAHHE OT MOAOUIBE! HACKIMH [0 LEHTPA THXKECTH MONepeyHOro ceYeHHs GpHb-
Tpylowedl NpocnofikH B ee KOHIle;
lgp — Anuna duAbTpyloueii npocaohkH, ooutmo COOTBeTCTBYIOWAA mnpune HaChiNH
noHH3Y (BAOJbL TOTOKA);
i — l"ll}lpaBJlH‘leCKﬁﬁ YKJAOH;
{o, — YKJOH AHA HAbTPYlOUeH NPOCAOHKH, qﬁulmo paanuﬁ NpPOAOTLHOMY YKJIOHY
Jora. /
8.7. Nns obaactH KBaAPaTHYHOrO CONPOTHBJEHHS TYpPOYJEHTHOH GHIIb-
TpauHH (A1 peKOMEHLYeMbIX pacxonos B PHABTPYIOIINX HACKINAX oua COOTBETCT-
BYeT KPYNHOCTH KaMHeil mpocloiiki dy >5 cm)

Q )' :

i= . (8.3)
( oy K

rle @f — NJOLLaAb MONEPeYHOro CeYeHHs (HABLTPYIOMIEA NPOCAOHKH;

Kg — xosddunment Typ6ynentholl uAbTPaLHH KaMeHHOH HaGpoCckH, onpene.ngeuuﬁ
no TaGa. 8.1 B 3aBHCHMOCTH OT CpPeJiHero AHaMeTpa KamHeil dy H HX NMOpHCTOC-

TH p.
8.8. Ecau ruryOuHa BOAB! Nepell HAchNbio 3allaHa, To U3 dopmya (8.1) wam
(8.2) u (8.3) HaxomAT Wy, a 3aTeM pasMepbl QHJABTPYIOLLEH NPOCIOHKH.
Ilnpuny GuabTpyloulefi NPOCNOHKH (NepneHAHKY/IAPHO NMOTOKY) TpPH H3-
BECTHOIl TJIOIa]H ceyeHHs Ha3HA4yalT H3 YCJOBHHA, 4TOObI Yy/e/bHble PacXojbl
B coopyxeHHH 6bn oT 0,25 no 1,0 m¥/c.
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Puc. 8.1. ®uasTpyiolne Hackiny:
6 — ! — semasHas 4acTb; 2 — H3OAAUMA (caAOH wmxa, CONOMb H np.) ToOa-
uu:non 5—10 cM; 3 — duabTpylowan uactb; 4 — yKp ; 5— PXHOCTH
(KpHBas aenpeccHH)
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Ta6banna 8.1

PR e
E?ﬁ i 3uavente Koshdunnenra Ko, mjc, Eﬁs et 3uauenre koshduunenta Ko, m/c,
™ Eﬁm AnA HaGpOCKH H3 KamueR .,i :"'ﬁ AnA HaGPOCKH H3 KaMHefl
E S = § g = g 5:{
23S npomexyros- | ocrpo- || Had ) TPOMERYTOU- | OeTpo-
-] KPYPJBIX = N‘l‘mﬂl
GSE3 | Gomoam | mex ) (vrommRlESED| (0 Eomy | enh)
5 0,15 0,17 0,19 30 0,43 0,48 0,53
10 0,23 0,26 0,29 35 0,46 0,52 0,58
15 0,30 0,33 0,37 40 0,50 0,56 0,62
20 0,35 0,39 0,43 45 0,53 0,60 0,66
25 0,39 0,44 0,49 50 0,56 0,63 0,70

8.9. I'my6uny H, BbiudcieHnylo no ¢opmyne (8.1) uau (8.2), cpaBuuBaior
¢ npefenbHoit ray6uHolt H yjp, obecneunBaioumieli ycTOHYHBOCTh (HeBBIMbIBae-
MOCTb) OCHOBAHHS TOJL BJMSHHEM JaMHHapHOH QuabTpauuu [5].

I
3uauenus f{,, HaXOAAT N0 OTHOWEHHIO 6 = T u3 taba. 8.2:

' 8.10. Jono/sHHTeNBHO NPOBEPAIOT YCTOHYHBOCTD coopymeuml noj Bo3jek-
cTBHeM TypOyaeHTHOH (HabTpanuu. 118 3TOr0 ONpenensioT pacyeTHYIO MecT-
HYIO CKOPOCTH B NPHIOHHOM CJIoe

om=1,7v, (8.4)
rage v — CPEI;HHSI CKOpPOCTb.
Cpennsis cKopocThb :
Q
p=r——, (8.5)
Qp pes

rie (up — pacyeTHas nJjouialb nonepeyHoro CeYeHH A MOToKAa, NPHHHMaeMas 4aa HanopHHIX
Hackine#l paBHOH NonepeyHOMY CEYEHHIO (punb'rpylomeﬂ NPOCIAQHKH;
p — NOPHCTOCTh KaMmeHHo#l Ha6pocku (cM. Taba. 8.1);
e3 — KO03(pHUHEHT, YYHTHIBalOUIHA o6pasoBaHHe B mopax KamMeHHOH HaGpPOCKH 3a-
cros Bojn; &g = 0,9. ?
PacueTHyio CKOPOCTb Uy CPABHHBAIOT C JIONYCKaeMOH CKOPOCTBIO MJISi TPYH-
‘TOB OCHOBaHUs (cM. Ta6u. 2.7 1 2.8) n npu HEOOXOAHMOCTH JIHOO 3aMEHSIIOT IPYHT
OCHOBAHHSI I'paBHeM HJIH TaJbKoOH, moaGupasi JHaMeTpP YacTHIl HCXOAS H3 JO-
nyckaeMbix ckopoctei (cM. Taba. 2.7 u 2.8), /M60 HAa3HAYAIOT THI YKpPen/eHus
no ta6bn. 2.9.
Onpenenns H, nposepsior, Gyler JH Hacbillb HanopHo#, T. e. Gyaer JH
H >hg, rie hgy — BbCOTA (HIBTPYIOLLEH TNPOCJONAKH.

TaGanna 8.2
/, l
6—;_,"‘;!; Ans ocHoBanuA 6= H:D Aua OcHopaBRR
Ipy 3a T = -
= e O PO el | T = 7
HBIM OGpaTHEIM HbIM DPATHBIM
duabTpOM buasTpoM : 4 bunsTpom | GuabTpom
-
Hancrue 12 8 'papenncTHE 7 4—3,5
Menxonecuatble 9—10 6 Cyraunnctae 7—6 3,56—3
Cpeaue- H KpynHo- 8 5—4 l"aneunuKkoBbEe 6 3
necyausle Topg 7—12 8—b6
Jléccopnaune 8—7 4—35
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TaGauua 83

3Havenna (up NpH Home= 3Ba4erHs {np npH none-
pevHOM ceqeHHH HuabTpY- PEYHOM cedeHHH (HABTPY-
rouefl npocAoAKH oWeA npocaoRKu
T'pyATsl OCHOBAHHSA 3 I'pyHTH OCHOBaHHSA

npﬁuﬂl;y‘:om: TPevroABHON npm;%ﬁmbn rpegg:nh—

HancTHe 0,00213 0,00139 | JleccoBHaHHE 0,00365 0,00238
IMeckn cpenneft 0,00320 0,00208 | 'pasenncTHe 0,00370 0,00240
KPYIHOCTH H Kpyn- CyriMHHCTHE 0,00427 0,00276
HBlEe . laneuHHKOBHIE 0,00430 0,00280
[Mecku Mengue 0,00284 000185 |[Topp . 0,00370 0,00240

[Tpu H << hg duabTpylollas Hackilb Gyaer GeaHanopHOM, H ee HYXKHO JHGO
paccuuTath 1o popmyJiaM A8 Ge3HanopHOM HAChiNH, JIHGO YMEHBIIHTL MJIOMAAb
NONePeYHOro - CéUeHHsI MPOC/OHKH.

8.11. T'ny6uny BoAbl nepell GeaHanopHoil duabTpylowiel Hacknbio [5, 30]
NpPH YKJIOHe JAHA (HJILTPALHOHHOTO MNOTOKA iy < inp (inp — NMpefenbHbii
NPOJOJbLHBLIA YK/IOH, MPH KOTOPOM BJHSIHHEM YKJIOHA NMPH pacyeTe MOMKHO Npe-
HeOpeub; 3HAauYeHHs [,p NMpHBeldeHbl B Tab.. 8.3) onpenensaioT no dopMmynam:

a) /151 NPAMOYrOJbHOrO NONEPEYHOro cevyeHHus (HIAbTPYIOLLEH NMPOCJIOHKH

3/ 3Q2 I.p
H=‘/ = +h3s (8.8)
o K i ;
rae by — WHpHHA duasTpylomed npociaofike (pasmep, qunennﬂxynnpnuﬁ MOTOKY).
[pu ’;1,15 < % 6biTOBOI TAYOHHOH npeHebperaoT; TOrAa
_3 /3l
H =l/—; (8.7)
oK} L
6) A5 TPEYro/IbHOTO [OfIepeYHOro ceueHHsd (GHABTPYIOUIEH MpPOCIOHKH
i o T R
H= ﬂ+ hi; (8.8)
. Kgmee

The Mgy — CpelHee apHOMeTHYECKOe 3HaYeHHEe KO3(pQPHUHEHTOB 3a/J0XKeHHS OTKOCOB Ka-
MeHHOH HAGPOCKH B MJIOCKOCTH TNONEpPeyHOro CeyeHHs.

haﬁ

[Tpu <2 6biTOBOH ray6uHOH npeHebperaior; TorAa

»

5/ 5Q2 g - 3
H= I»/_TmT (8.9)
4 & Tor

8.12. I'ny6uny nepea Ge3HANOPHOH HACHINBIO IPH iy > igp ONPEleJAT
no ypasHeHHi0 (MpuHHMAs hgyy = Ryue)

. - lo=1 (81— (o) (8.10)
0

NGO MpH hyp =< 0 (4TO JONYCTHMO NPHHHMATD, €CJIH HeT MOATONJIEHHA OT Ka-
KHX-JIH60 cOOpYMKeHHHl ¢ HH30BOH CTOPOHBI) MO ypPaBHEHHIO /

G
e lo=F(&). (8.11)
223

.

B 3TuX ypaBHeHHsX h, — HOpMa/bHas ray6HHa, onpefesieMas o Gopmy-

nam:

a) N NPSMOYTONBLHOTO TIOMNEpPEeYHOro CeyeHus

Q
hy=—————% 8.12
" boKeV iy ( )
6) ANf TPeyro/ibHOTO TMONEpPeyHOro CeyeHHs
Q
ho=|/ = (8.13)
mon Ko V i - ‘

B ypashenusx (8.10), (8.11) f(¥) u [ (E6) — QYHKUHH OTHOCHTEABHBIX
riay6HH, COOTBETCTBEHHO nepel ¢uabTpyolleli Hacwineio | = 213) H 3a HeH

(g,j — :—:fﬂ) KOTOpble HaxofaT no Tabn. 8.4 Ans npsAMoyroibHbIX K Taba. 8.5

[/l TPEYToJbHbIX TONEPEYHbIX CedeHHH (QUIbTPYIOUEH NpPOCIOHKH.,

[1pu onpenenenuu ray6uusl A nepei HachiNbIO NPH I, >ipp H hge >0
NpHAEpKMBAIOTCA CJAeAylolero nopsaka:

NPHBOAAT NOTNepeyHoe cevyeHHe (QHILTPYIOUeH NMPOCTORKH K MPAMOYro/ib-
HOMY HJIH TPeYroJbHOMY;

BBIYHC/IAIOT Hopmanbﬂylo myﬁnﬂy no dopmyae (8.12) uau (8.13); onpene-

h
AT &g = 5
0

Mo moJyyeHHOMY 3HadeHHIO §g no Taba. 8.4 uan 8.5 Haxoasr [ (Eg); onpe-
neasitor GyHkuuio f (E) u3 ypasHenus (8.10):

i
5 —— iy — ;
f(8) F (E6)

no 3Hauenuio [ (E) no taba. 8.4 u 8.5 HaxoAAT 3HAyeHHe EH ONpeiensioT
ray6uHy mnepen Hackinbio H = Eh,.

Ta6nuuwa 84

1 F® T F(® B F(®
0,00 0,0000 0,69 0,1579 0,900 0,5722
0,05 0,0000 0,70 0,1673 0,905 0,5942
0,10 0,0000 0,71 0,1772 0,910 0,6175
0,15 0,0011 0,72 0,1876 0915 0,6442
0,20 0,0027 0,73 0,1988 0,920 0,6690
0.25 0,0051 0,74 0,2105 0,925 0,6976
0,30 0,0095 0,75 0,2230 0,930 0,7284
0,3 0,0151 0,76 0,2362 0,935 0,7617
0,40 0,0236 0,77 0,2503 0,940 0,7980
0,45 0,0347 0,78 0,2654 0,945 0,8378
0,50 0,0493 0,79 0,2814 0,950 0,8818
0,55 0,0684 0,80 0,2986 0,955 0,9307
0,60 0,0931 0,81 0,317 0,960 0,9859
0,61 0,0989 0,82 0,3368 0,965 1,0489
0,62 0,1050 083 0,3581 0,970 1,1223
0,63 0.1114 0,84 0,3812 - 0975 1,2097
0,64 0,1182 9,85 0,4062 0,980 1,3176
0,65 0,1253 0.86 0,4333 0,985 - 1,4573
0,66 0,1323 0,87 0,4631 0,990 1,6566
0,67 0,1407 0,88 ° . 0,4958 0,995 1,9995
0,68 0,1491 0,89 0,5319 . 1,000 %
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& TaGaunma 85

1 3 F® 13 F®
0,0000 0,69 0,0360 0,900 0,2024
0,06 0,0000 0,70 0,0390 0,905 0,2123
0,10 0,0000 0,71 0,0423 0,910 - 0,
0,15 0,0000 0,72 0,0458 0915 0,2340
0,0001 0,73 0,0496 0,920 0,2461
0,25 0,0002 0,74 0,0538 0,925 0,2591
0,30 0,0005 0,75 0,0582 0,930 0,2731
0,35 0,0011 0,76 0,0630 0,935 0,
0,40 0,0021 0,77 90,0682 0,940 0,3048
0,45 0, 0,78 0,0739 0,945 0,3228
0, 0,0062 0,79 0,0800 0,950 0,3426
0,65 0,0106 0,80 0,0867 0,955 0,3658
0,60 0,0168 0,81 0,0939 0,960 0,3930
0,61 0,0183 0,82 0,1018 0,965 04216
0,62 0,0200 0,83 0,1104 0,970 0,4538
0,63 0,0218 0,84 0,1199 0, 975‘ 0,4915
0,64 0,0237 0,85 0,1303 0,980 0,5347
0,65 0,0258 0,86 0,1418 0,985 0,5853
0,66 0,0281 0,87 0,1545 0,990 90,6450
0,67 0,0305 0,88 0,1687 0,995 0,7164
0,68 0,0331 0,89 0,1846 1,000 oo

[1pu onpenenenus ray6unbl H nepei Haceinbio npu Ay, = O pacuer Beayr
B TaKOH I0C/Ief0BATeIbHOCTH:

MPHBOMAT NoONepevyHoe CeyeHHe IPOCAOHKH K NPAMOYTOJLHOMY WJH Tpe-
yroJibHoMY;

BBIYHC/II0T o opMyaam (8.12) u (8.13) nopmanbuyio raybuny;

onpefeasitor [ (§) mo ypaeHenuio (8.11);

no sHavenuio f (§) HaxonAt sHauenwe § u3 taba. 8.4 mau 8.5;

onpejensoT rayOHHY Iepell HachINbio

H=th,. (8.14)

8.13. Jlaist GesHamopHbIX HAckiled, TaK e, KaK H JUiA HaropHbIX, NpOBe-
PAIOT yCTOAYMBOCTL OCHOBAHHA HACHLIH MOJ BO3JIeHCTBHEM JaMHHAPHOH HHJIb-
Tpauuu mo Tabu. 8.2 u typbyJentHoil dpuasTpanuu no dopmyaam (8.4) u (8.5).
Ilpw atom nuowaan cevenns notoka B popmyae (8.5) Gepyr npu pacyerHoit riy-

Gune h,=0,8h,: 2 ;
a) JUIA  TPAMOYTOJBHOIO CeueHHs
B S e ‘
hp=0,8 TR (8.15)
grtelb} :
6) ans Tpeyronbuoro ceueHus
5./ o b
hp=0,91 —_——| (8.16)
" l/ heg p* m3,

rie o — KOoSGQHIHEHT KHHETHUecKol SHepraH; o = 2.5,
€3 — KO(pOHIHEHT, yum‘uaanmnﬂ oﬁpasoaaunen mopax kaMeHHO#l HabGpOCKH 3aCTOs
BOAH; B3 = 0,9
8.14. Hnsa ﬁeaﬂanopnux HaChITIeH MPOBepsioT TaKxKe yCTOH‘!HBOCTb HH30-
BOTO OTKOCAa H3 YCJAOBHA

2 <znp,

8 3ax. 938 225

rle 2z — pasHoCTb ypoBHeH ObeoB; OGHYHO NMPH OTCYTCTBHH MOATOMAERHA CO c’mponu
coopymennit 2= H -} ioly;
Zyp — NpelebHas PasHoCTb ypoBHed Gheos, MPH NpeBHILIEHHH xoropoﬂ HapywaeTcs
YCTOHYHBOCTh HH30BOTO OTKOCA.

3nayeHue z,, onpenensieTci H3 (popMyJibi

IR~ 2,3 (tg p—tgP) |/ __E"; (8.17)

rae — yroJi ecTeCTBEHHOro OTKOCA HAGpockH, paBHmil 35—36°

‘E—yron HaKJ/JIOHA HH30BOro OTKOCAa; »

dy — pacueTHsIff AHAMETP KaMHA.

8.15. Ecau puabsTpylomas npocJodka yAOBJETBOPAET YKasaHHLIM BHILIEe
TpeGOBaHMSIM, OIpe/eJsioT paMephl ee BAOJb NMOTOKa (nonepek Hackinu). s
3TOrO CTPOSIT KPHBYIO AENpeccHH, HCNoab3ys ypasHenus (8.10) u (8.11), same-
HAA B HUX 3HayeHHe lg TeKyuled KOOPAMHATOH X, OTCUMTHIBAEMOH OT MNOAOIUBbLI
HH30BOTO OTKOCA HackinH. [l1s pacyera AIHHY (QHAbLTPYIOLIEH NPOCAOHKH AeTsT
Ha paBHble HHTEPBAJbl H ONPEJENAIOT IYOHHY NOTOKA B KOHIle KAXJI0r0 HHTEp-
BaJa.

Beicoty npociofixi B KOHIle MHTepBasa anHHMaIO'l‘ Ha 15—20 % Goabiue
ray6urbl notoka, 1. e. hy = (1,15 + 1,20) h;, rae h; — ray6uHa nortoka (op-
JAHHATa KPHBOH JeNnpeccHH) B KOHLE KaxJIoro HHTepBaJja.

DunprTpyrollasi Npocyofika BIOJIbL NOTOKA (NONepeK HachilH) HMEeT CTYNeH-
uaThlii BHJ, CJeys C HEKOTOPBIM 3anacoM 3a KPHBOH AENPEcCHH.

IpuMeprl pacueta (uILTPYIOUMX HachiTiel NPHBEAEHB B NPHIOXKeHHH 8.1,

MEPEJIHBHBIE HACBIITH

8.16. Hacbinu aBTOMOGH/IBHBEIX AOPOT, NORYCKAIOLIHE NEpejHB NaBOJKOBhIX
BOJ Yepea NMoJoTHO JAopord Gea ero MNOBPeXJEeHHH, Ha3biBAIOT MepeHBHLIMH.
IlepenuBHbie HACHIIH NPHUMEHSIOT Ha aBTOMOOH/bHBIX fAoporax [Il kareropum
u HHKe, [lesecoo6pasHocTh yCTPOHCTBA NepeIMBHOH HAchinK H BLIGOp ee mapa-
MeTpPoB OGOCHOBBIBAIOT TeXHHKO-3KOHOMHYECKHM cpaBHeHHeM BapHanTOB. [lpu
UX OLEHKe HeOGXOIMMO YUHTBHIBATh HE TOJbKO H3MEHEHHe CTOHMOCTHBIX MOKa3sa-
Te/1eil COOPYIKeHHH, HO H yilep6 oT nepepbiBa HJIH OTPAHHYEHHSA ABHXKEHHA TPaHC-
nopTa Ha BpeMs NepesiHBa.

Ecau no jopore fonycKaercsi ABHMeHHe TPAaHCNOPTAa BO BpeMs NepesHBa,
TO /A NPEAOTBPALIEHHS BO3MOXKHOTO Che3/la C HachiiH HeoOXOJIHMO mpejycMa-
TPHUBATb OrPaXK/IeHHA-OPHEHTHPHI.

8.17. 3apayamu ruApaBIHYECKOro pacyeTa NepeuBHLIX Hachiled ABAAIOTCS:

yCTAHOBJIEHHE OTMETOK ypOBHeH BOJbI B BEpXHeM H HHxKHeM Obedax;

onpeleseHHe 3HAYEHHA YAEJBHOIO PacXofa, IJHHBL y4yacTKa nepe/HBa
Hanopa Haj OCbi WIH BepXOBOH GPOBKOH JIOPOTH H OTMeTOK HX BBICOTHOTC
MOJIOMKEHHS ;

onpejesienyse rJyGHH U CKOPOCTEl B XapaKTePHH X TOUKAX TIOMEPEevyHOro ce-
YeHH [MOJOTHA NOPOTH;

pacuer conpsikeHun Obedos.

8 18. [lepesiuBHYI0 HACHINB PacCUMTHIBAIOT B caefyiomem mnopsiake [30].

. 3ajaBukch noAnepThiM YpOBHEM BoAbl B BepXHeM Gbede ([TYBB) ycra-

Haa.nunalm B pesyJsibTaTe THAPABJHYECKOrO pacyera BOJONPONYCKHOrO COOpPY-
XKeHUs pacxofl, nponyckaembiii HM (Qco0p) Ha YYacTKe JOPOTH C MNepesHBaeMoii
Hachinbio, [TYBB 1 GHITOBYIO OTMETKY BOJIbI B HHiKHeM Obede 2,5 (npH oTcyTCT-
BHH TIOATON/IEHHS CO CTOPOHBI HWXKEPACMOJOMEHHbIX COOPYHEHHI 3Ta OTMeTKa
COOTBETCTBYET OhITOBOW riyGHHe h,q, OnpelenseMoil JNf 3aJaHHOTO Jiora 1o
tdopmyse Ilean).
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Puc. 8.2, Buanl nepeuBHHX Hachineii:
a — HeaaTennennan; 6 — aatonnennan; K—K — NUHHA KPHTHYECKHX FAyGHH

2. Oupenensior NpUOIHKEHHO PAacXOl, MPOMYCKAEMBLil Yepe3 Hachillb, Kak
Pa3HOCTh MeXAy PACXOJOM NMPHTOKA ¢ baccefiHa § W PacxoJoM, NPONYCKaeMbiM
BOJIOTIPOTIYCKHBIM  COOpPYKEHHEM:

Quep=Q—Qcoop- (8.18)

HecKo/bKO YTOYHHTH pacueT BO3MOXHO, HCNONb3ysi yKasaHus m. 8.29
[popmyna (8.45)]. Tlpumep Takoro pacuera npuBefieH B npuaoxenuu 8.2 (npu-
mep 1). Bonee Ttouno cm. [301.

3. 3apatorcst HGO LHHOM yyacTKa nepeansa ly,p, 1H60 YAeNbHLIM PACXOAOM
HA HeM, H H3 BBIpaXeHHs :

Qnep=luep Juep F (8.19)

HAXONAT HCKOMOE 3HaueHHE (pep HAH [nep.
4. BBIYMC/AIOT KPHTHYECKYIO TYGHHY NepesuBalOHIErocs noToKa

3/ 2
hy= V _M_, ‘ (8.20)
g -

roe a=1,1.

5. ¥YcranaBanBalOT (JOPMbI NEpeauBa NOTOKA YEPe3 Hachilb:
= 0pH hyg << Hyac -+ hy Hachnb He 3aTONJeHa CO CTOPOHB HHXKHEro Gweda
(puc. 8.2, a); "

6) np hye => Hyac + h, Hachinb 3aTonjieHa co CTOPOHBI HMXHero Gbeda
(puc. 8.2, 6). :

3nech H yae — BBICOTA HACHITH 1O OCH AOPOTH,'a ;5 — ObiToBasi ryGHHA
B HHiKHeM GObede. »

8* . 227

6. B ciyuae He3aTON/IEHHOH HACHINH MO e OCH YCTAHAB/IMBAETCH KPHTHUe-
ckas rayouHa h,. Pacuer BeAyT B c/elyloleM mnopsiKe:
a) onpeiensioT Hanop Haj OChiO JOpOru

< fo i Y
A"*(V2gm ) ; (8.21)

rae m — Ko3QpHUHEHT pacxofa;, m = 0,37;
6) HaXO4sT HANOp HajJ BepXxoBoil OpoBKO#

b
AHy=AH+in—3, - (8.22)

rie ip — nonepeuHbll YKJIOH npoesmeit vactH; iy = 0,02;
b;[ac — LHIMPpHHA 3eMJIAAHOrG MNOJOTHA MOBepXy, Slaﬂllcﬂ!ll&ﬂ OT KATEropHH J10POIH;
B) 10 H3BECTHOH OTMETKe YPOBHs BO/bl B BepXxHeM Gpede [TYBB ~onpenenen-
HO# IMApABJIMUECKHM PacueToM CoopyKeHwusi, H Hanopy AH wium Af, Haxomsar
OTMETKY OCH JOPOTH HJIH BepXHeH GpOBKuU:

Zocw=[1YBB—A H; (8.23)
zgp =IMYBB—A Hy. y (8.24)

Ecau 3ajana OTMeTKA OCH HiH OPOBKH HAachlllM, TO B 3aBHCHMOCTH OT YpOB-
HA B BepxHeM Obee H HaNopa HaXOAAT YAENbHbIH PACXOA §yep, A 3aTeM JJHHY
yyacrka nepenuBa . lyep. ® -

7. B cayuae 3aTOmJEeHHOH 3achilH COOGMOAAIOT TakoH NOPAJOK pacuera:

a) TPH 3aJlaHHBIX OTMETKAX YPOBHs BOAbl B BepXHeM Gbede (ITYBB) u ocu
LOPOTH (Zgey) OMPElENsAIOT HArNop Mo OCH JOpOTH:

A H=TYBB —zocu; (8.25)

6) onpeesiOT AYOHHY NOATONJEHHS NePeJHBHOF HaChIlH
’ hn=2y6—Zocu- (8.26)

[lpu h, = 1,44h, Hachinb paGoTaeT KaK NOATOMJEHHBIH BOJOCIMB (cM. pHC.
8.2, 6), npu 0 << iy < 1,44h, yuactok CD pa6oTaer Kak GBICTPOTOK (CM. pHC,
8.2, a), Ha Hu3oBoil GpoBKe (y TOuKH D) BO3HWKAeT THAPABIHYECKHH NpPBIKOK,
NpH 3TOM MaKCHMYM CKOpOCTeil onpee/sercs no rayGuHe Ha HH30BOH GPOBKe;

B) HaxoAAT KO3(HIUHEHT NOATONJIEHHS O ; B PYHKLUHH OTHOCHTEJILHOW IJ1y-

h P,
6HHbl  NOATONJIEHHA KHF! no Taba. 8.6;

r) onpeJeNsioT yAeabHblH PacXoj, NPONyCKaeMOH 3aTONJEHHOH HAaCHIbIO,

Gnep=manV 2g AH3%; (8.27)

1) HAXOMAT AJMHY YYacTKa NepenuBa lyep =

Gnep
TaG6auna 86 Ecnu 3aja yneabHblfl PacXoll §yey
H OTMeTKH TFOPH3OHTOB B BEpPXHEM K
hy & - HUXKHeM Obedax u Tpebyercs onpeje-
AH %n “AH Oy JIHTb OTMETKY OCH JIOPOT'H, TO €e pac-
’ CUHTHIBAIOT MO dopmyaam (8.25)—(8.27)
MeTOAOM MOC/1eloBaTeIbHOTO MNPHG/IH-
0,80 1,0 . 0,94 0,70 MKEeHHsA, NPHYEM B TIEPBOM NpPHONHINKe:
H g'gfe 0,97 0.95 0.65 HHH NPHHHMAWT Oy = I.

0,88 0,90 0,96 0,59 8. Onpenenstor rayGuHYy H CKOpO-
0,90 | 0,84 0,97 0,40 CTH B XapaKTePHHIX TOYKAX MOflePEeyHo-

0,95 | 0,72 1,0 0 rO CeyeHHA HACBUIH. :
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[Inst He3aToNNeHHON HAchIMH pacyeT MPOM3BOAAT B cneny:omeﬁ ouepenHo-
CTH: 3 4

a) HaxolAT KPHTHYECKYIO ray6uHy no gopmyae (8, 20) H HOPMaJIbHblE Ii1y-
_GuHbl Ha yyactkax Hacbimi CD u DF (cm. puc. 8.2, @

[ _9uepnt )‘”5
hy ( TER , (8.28)
rA¢ # — KOS(HUHEHT INEPOXOBATOCTH;

{ — yKAOH y4acTka;

6) onpeneasior rAyGHHY Ha HH30BO#H 6poaxe AoporH Aoy (Touka D) no

ypaBHEHHIO HepPaBHOMEDHOTO, ABHXEHHA (CM. IJ1. 2), COCTABJAS €ro AMs yyact-.

Ka CD- W TpHHHMAs TAYGHHY 1O OCH JIOPOTH. Mooy = My

B) Mo HaiJeHHON riyGHHe Ha G6PoBKe Agyp(y H AMHHE yuactka DF, a take
10 YpaBHEHHIO HEPABHOMEDHOIO JABHIKEHHs onpenenmm myénuy h,,,JI y mnoforu-
Bbl HAacHIIH B Touke F.

ra rny6uHa, a npH pacuere rAyOHH B APYTHX TOUKaX H STH rYGHHbI 10J1K-
Hbl GBITH YBeJHYEHbl C Y4eTOM aspallid 1IOTOKA YMHOMKEHHEM Ha KoaddHLHeHT
1,09 npu orkoce: 1z 4; Ha 1,14 npu orkoce 1+::2 W Ha 1,2 mpu otkoce 1:'1,5;

) HaXOAST N0 yPaBHEHHIO HEPABHOMEPHOTO ABHXKEHHS TMIYGHHY Ha' BepXo-
Bo# 6poBKe (Touka B), paccmarpuBas yuacTok BC RaK pyciio ¢ o6paTHEIM yKio-
HOM [Ha; JJIsi 3TOr0 HAXOAAT QHKTHBHYIO HOPMAJILHYIO TIYGHHY Ha 9TOM YuacTKe

p - 4 .Sfﬁ'

ha=(ﬂ"—"—~)' 4 (8.29)
i [in]

rae [ig] — aGcomoTHBIA nonepedHbl#t yKJIOH npoesil(eﬁ HacTH HOPOrH;

1) Tlo H3BECTHBIM TyOHHAM h B TouKax B; C, D u F HaXoQAT CKOPOCTH Mp-
ToKa FIOH £ qIETHL | ' 1O

‘ u=m' (8.30)

e) onpeAenmor cxopoc'm y NOJOUIBHI aepxoaoro orkoca

5 " ¥
U AH 1 Bas s

.. KoathdHiueHTsl 1IEPOXOBATOCTH NPHHHMAIOT: I/ NPOE3XKEH YacTH H 0604H-
et n; = 0,013; ana Hu3oBoro orkoca n, = 0,017. . '

Jis 3aTon/ieHHOM HAChillH, TAK e KaK M He3aTONJIeHHOH, CKOPOCTH pac- .

* CuMTHIBaiOT 1o  (opmye (8.30). npu r.nyﬁnnax.
Ha OCH JOpOTH h = hAy;
BepxoBoil OpoBKH A = AH

HU30BOH OpOBKH h = h, + 1,, 3 Sae

B pacyerax KpenjeHus HH30BOTO OTKOCA MOXHO BOCTIO/Nh30BAThCA Taby1. 8. vt
rile AIsi YCJIOBHI 'BhiLlle OIHHOYHOM JIOMAHON JTHHHH MOXHO NPHMEHATE Clellyio-
ulee: KpenJieHne: OYJbIKHUK, BaJyH AHaMETpoM 10’30 cM, ' MOIIEHHE Ha MXY,
CO/IOME, 'B MJIETHEBBIX KJIETKAX, ‘GamuHbl, “NOCajKi 'KYCTAPHHKa H Ap.; Hal
ABOiHOI} NIHHell — rabHOHBI;' TPYHT, 06paGOTaHHLIN ' OPraHHYECKHM BSIKYILUM;
JMUTOR acanbT; 'acanbToGETOHHEIE NIHTH; Bl OCTa/lbHBIX CAydanXx — GEeToH,
wenes3o-, Gyro-, acasbToGeToH, AepeBsHBE Hactun. Hausbie taba. 8.7 coor-
BETCTBYIOT TIEPeJilBY NOTOKA 4epes Hachillb BBICOTOH 0 4 M ¢ orkocom 1 : 2.

9. PaccunTHIBAIOT cONpsXKeHue GbedoB.

Bo3aMoxHBI 1Ba pexHMa cONpsAKeHHs 6behOB 34 HACHNBIO ABTOMOGHIBHBIX
JIOpOT: MOBEPXHOCTHHIA M [AOHHBIH,

229

Ta6auua 8.7

Pay6una soas, u Yaenuusif CKOPOCTb TedeHHs, M/C, HA PACCTOSHHH OT
Hanop ACXO, " HHSOBOA GPOBKH BROJL NO OTKOCY
o ocy |Ma HusoBOR “z’;‘{“:"" "n’; y un'/c
Gposke ! B 0Om 1M 2 M 4™ 6 M 8 M
0,2 0,15 0,3 0,3 1,9 2.3 2,8 3,3] 3,5] 3,8
0,4 0,3 0,6 0,8. 2,6 3,4 4,2 4,817 b,0| 0,7
0,6 0,4 0,9 1,4 3,1 4,0 4,7 5,6 6,3| 6,7
0,8 0,6 152 2.1 3,7 | 4.5 5,1 6,2| 6,9| 7,6
1,0 0,7 1,6 3,0 4,1 4,9 5,6 6,7 7,4 8,0
1,2 0,9 1,9 4,0 4,6 5,4 5,9 7,0| 7,8 8,4
1,6 1.1 2.4 5,6 5,0 5,8 6,3 7,3 8,2| 8,8
2,0 1,5 3,1 8,4 5,8 6,3 6,8 78| 8,7| 9,4

[ na noBepxHocTHOro pexuma (cm. puc. 8.2, 6) xapakTepeH THIpaBJjHue-
CKHH TpPBIKOK ¢ JOHHBIM BaJblOM.

JloHHBIH e peXXHM COnpoBOXAaetes 06Pa30BaHHEM 3a HACHINbIO OTOTHAHHO-
ro, HajJBUHYTOTO WJIH 3aTOIJIEHHOTO COBEPLIEHHOTO T'M/APABJIHYECKOTO MNPbIXKKA
C NOBepXHOCTHBIM BaJbLOM (cM. pHe. 8.2, a). B 3toMm cayyae Ha HH30BOM OTKOCE
H B OTBOASILEM pycJje IOTOK MMEeT 3HAUYHTENbHbIE CKOPOCTH, YTO TpeGyer 3a-
TPAaT HAa KpellieHHe H YCTPOHCTBO BOJOGONHHBIX COOPYKEHHI.

nonepxﬂocrﬂuﬁ PEXHM TNOJYUYHTb HEJIb3fl, €CJIH 33 HacCHIbIO oﬁpaayergﬂ
OTOTHAHHBIN NPLIKOK, T. €. €C/H TJYOHHA hing, conpsikeHHas ¢ ray6GMHON y 10-
JOLIBLI HU30BOro oTKOCA (ToyKa F Ha puc. 8.2, a), hy, Gonblie GbITOBOH T1yGHHBI
B HHXHeM Obede:

“han > hwe. (8.32)

Bes cneunaapHbIX KOHCTPYKTHBHLIX Mep NOBEPXHOCTHBIH PEXKHM 32 HACHITbIO
(cMm. puc. 8.2, a) BO3HHKaeT NpH COGNIONEHHH YCJIOBHA

hﬂﬁ = I/Hr,l'nc (l —_— !

rie Tn — NoJHadA yAel/ibHasfd SHePrud MMOTOKA Nepea HaChiMbio, OTHOCHTENbHO NMOAOLIBLI HA-
CBIMH.

B cBoto ouepenb

)+2 VeToh (8.33)

2
Ty=Hgao+ H+;—';. (8.34)

Ilpn JoHHOM pexHMe conpsikenus OGbeos onpenensior riayGuny h’,
CONPsSKEHHYIO C [JIYGHHOH Y MOJOIWIBE HACHIH, MO YPABHEHHIO COBEpILIEHHOrO
FHPABJHYECKOro MPBIKKA (CM. TVI. 2) u, CPaBHHBAs ee ¢ NYOHHOH HHXKHero Gbe-
(ba, ycTaHABJHBAIOT THIN CONPSIKEHHH H MOTPEOHOCTb B BOJOGORHBIX COOpYIKe-
HHAX.

Ecsin o6ecneunBaeTcs HaleXHOe 3aTOIJIEHHE THAPaBIHYeCKOro NPhLIXKKa, T. €.

hgo = 1,147, (8.35)

TO BOJOGOHHBIX COOPYKEHWH He TpebyeTcs. Bo BeeX OCTaNBHBIX caydanx
HEOGXOJMMO 3aNpPOEKTHPOBaTh  BOJNOGOiHbIe coopyxenusi. Ilo ycaosuam
SKCIJlyaTaliH 3a MNepeJHBHOH Hachibio Haubosee ynoOHa BopoGoHHasn
cTeHKa ¢ HeGonbuMu oTBepcTHMH (15 X 15 cm) y ocHoBauus.

Pacuer BoJ0GOIHON CTEHKH H3J0XeH B IJ. 4.

B cayuae OTroHa NPbIXKA 38 CTEHKOH JIONOJHHTENBHO OTCBHINAIOT KAMEHHYIO
NpH3My HajJ NPeIOXPAHUTE/NbHBIM OTKOCOM, BHICOTY KOTOPOH ONpEAENsilOT aHa-
JIOTHYHO BHICOTe BOJOGOAHON CTEHKH.
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B03MOXHOCTH pPasMelBa HeyKpenJeHHoro pyc/a B HHxHem Gbede onpegens-
eTCA COMOCTaBJIEHHEM cxopocTeﬁ NOTOKa U ¢ AONYCTHMBIMA CKOPOCTAMH Umm
LA rpydra pycia. PasMbie GyJeT NpOHCXOAHThb MpH

v <Unon: . (8.36)
I'ny6una pasmbiBa y
¥ q 0,8
Ah#l..’i(ﬁm—) —hug. (8.37)

JIOTKOBBIE COOPY)KEHHS

8.19. OTKphIThHIe HCKYCCTBEHHbIE COOPYXKeHHSI Ha aBTOMOOHJ/IbHEIX JOporax,
npeaHasHayeHHble LJisi NMPONyCKa MaBOJAKOBbBIX BOJ B MECTax nepeceyeHusa BOAO-
TOKOB H IOHH3KEHHBIX MECT, Ha3blBalOT JIOTKOBEIMH [25]. JIoTKOBEIe coopyxenus
MOryT MPHMEHATBCA B COYETAHHH C YCTPAHBA€MbIMH 1OA HHMH prGaMH.

8.20. BogonponyckHbie COOpYXeHHS JIOTKOBOTO THNA NpPeCTaBJ/soT co6oii
JHGO yKpenJieHHble MOHHYEHHHe YYAaCTKH HAChiH PA3JHYHOH KOH(HIrypauHH
B 3aBHCHMOCTH OT PacXolla BOJbl H NapaMeTpOB BEPTHKAJbHbIX KPHBBIX pesibe-
¢a mectHoctH (puc. 8.3), JHGO cOYETaHHE TAKHX Y4YacCTKOB ¢ OTBEPCTHAMH M0J

HHMH B BHJle TPY6 NPSIMOYTO/IbHOTO HJIH KPYIJIOro ceueHus (puc. 8.4). B nocaen-

HEM C/lyude MEeXeHHBIH PacXoj, a KHOr/la H 4acTh NABOJAKA NPOXOAHMT 4epe3 OT-
BEPCTHS, A NepeJHB NPOHCXOMHT JHIIb B HauGo/iee BHICOKHE NMABOJKH.

BononponyckHele cOOpYyKeHHs JIOTKOBOTO THNA IPHMEHSIOT Ha aBTOMOGH/Ib-
HbIX JIOPOraX HH3LIHX KATETOPHH C MEPHOAHYECKHM NOMIEBEIM CTOKOM.

L

fx —l']

—

/

i
|
lr

Puc. 8.3. [IpumepHuifi npodhuJb JOTKa BAOJb NOPOTH

8
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e —

- "“"’"“'%;'v. = -i';} { =
2l
ca Ty 'n Ta

VA . .
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Puc. 84. [MepenvBHble AOTKH C OTBEPCTHAMA:
4 — NPAMOYTOJIbHOTO CevyeHHsA; 6 — KPYrioro CeueHHs
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Prc. 85. Cxema ruapapauyeckoil pabOTH JIOTKA ¢ OTBEPCTHAMH

8.21. JloTku 6e3 oTBepCTHH NMPHMEHAIOT Ha MEPHOLHYECKHX BOJOTOKAX Gea
TBEPJOro CTOKA B Paci/iacTaHHbIX JIOrax, Iie HHaye noTpe6oBanock Gbl HECKOJIBKO
COOpYyXeHHii, paGoTaIOLIHX NPH OAHOM YPOBHE, IPH OTCYTCTBHH HJIH Heonpelle/ieH-
HOCTH BOJAOPA3/e/ioB MEXAY CMEXHBIMH BOAOCOOpaMH, a TaKMe B MECTaX OMH-
JlaeMOro yBe/IHUeHHS PacXo/a B pe3y/ibTaTe Tepepacnpe/ie/leHHs pacueTHLIX pac-
XOIOB MEXAYy OTAeNbHEIMH BOJOTOKaMH. S

JIOTKH ¢ OTBEPCTHSIMH NPHMEHSIIOT Ha BOJOTOKAX C NMOCTOAHHON MEXEHbIo

" HJH MNpH HaJHYHH TBEPAOro CTOKa Ha pacnJacTaHHbIX BOJAOTOKaX C XOpPOWIO Bbl-

paXeHHbIM PpYCJIOM, HCIMOJb3YyEMbIM B KauyeCcTBeé BOJNOHCTOYHHKA NOJHBOYHBIX
3eMenb HaH 418 c6poca BOAB ¢ HHX.

8.22. JloTkoBble COODYXEHHSl COJepMaT CJeLyIoulHe 3/1eMeHThl: NOABOAs-
l[He W OTBOAMALIHWE pycJa; Pery/slHOHHbIE COOPYIKEHHS; YKPENJeHHs Ha BXoje
H BLIXOJle H3 COOPY:KeHHs; COBCTBEHHO JIOTOK; NPOTHBOQHALTPALHOHHbIE COOPY-
KEeHHHA.

8.23. [lasi OTHOCHTE/bHO POBHOH MECTHOCTH NMPHMEHSIOT NEpeHBHYIO Ha-
chinb (cM. puc. 8.3) obuleit AnHHOHK L ¢ MHHMMaJbHOH JVIHHOH TOPH3OHTANbLHOrO
yuactka [, A XOJMHCTOH MECTHOCTH — Ge3 FOPH3OHTaJBHOTO Y4YacTKa.

8.24. MaxkcuMa/ibHYIO TIyGHHY BOJbI Ha BepXxoBoil 6poBKe /JIOTKA B caMoii
HH3KO# Touke h , (pHe, 8.5) HasHaualorT JHG0O M3 YC/IOBHA GecnpensiTCTBEHHOro
npoxofa aBTromMoOH/isi BO BpeMs NaBOJAKa, JHGO ¢ yuyeToM NepephiBOB ABHIKEHHS.
Ilnsi obecniedeHus GecrnpensiTCTBEHHOrO JBHMKEHHS MAaKCHMAaJlbHYIO TJIYGHHY
npuHuMaior He Gonee 0,4 M NpH NPONOJBHBLIX YKJOHAaX BOJOTOKOB jo 0,01
u 0,25—0,35 M npu GOJBLIHX YKJIOHAX. .

[MponyckHylo crnocoGHOCTb JIOTKa Ges OTBEepCTHil onpejensAlOT HCXOAS M3
3ajlaBaeMbix JyGHH BOABI Ha BepxoBo# GpoBke. .

8.25. las joTka Ha pHc. 8.5 nponyckHas cnocoGHoCTh, M%/c,

- . Qu=Qr+Z Qs (8.38)

rie  Qp — nponyckHas CMocOGHOCTb JIOTKA HA TOPH3OHTAJbHOM Y4acTke;
2Q, — cyMMapHasi MPOMYCKHaA ClIOCOGHOCTDH JOTKA HA YyYacTKaX BOTHYTHIX KPHBBIX,
onpenessemas no Ta6a. 8.7 B 3aBHCHMOCTH OT 3ajlaHHBIX MJIHHB Iy B paakyca
Ry BepTHKaAbHOH KPHBOH H MAKCHMaJAbHOR IMYOHHB MepesnBa hy.

B cBoio ouepens
Qr=1tphglr, : ) (8.39)

rAe Up — pacyeTHAs CKOPOCThb BOAM, Mlc;.
lp ~ NAHHA TOPH3OHTaJIBbHON BCTaBKH, M.

PacuerHas ckopocts, M/c, ;
upr=2,85V hy - (8.40)
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8.26. [1pu OTCYTCTBHH FOPH3OHTANLHOTO YYACTKA MPONYCKHYIO CNOCOGHOCTD
NoTKa, M¥/c, onpeiensior no Taba. 8.8 114 3ajlaHHBIX A 5, AMHHBI BEPTHKA/BHOM
KpHBoO#t [, ¥ paguyca Ry. IIpH HelocTaTOYHOCTH AaHHBIX Taba. 8.8 Hcnonb3yioT
Gopmyny :

Qp=v o, g (8.41)

e 0 — CPelHSS CKOPOCTh Mepe/HBa NPH NapaGoNHYECKOM OYEPTaHHH XHBOTO CEYeHHA Mo-
Toka, M/c.

Cpenuss cKopocTh nepe/iHBa NOTOKa, mle,

0=2,56"/ Ry - (8.42)
Hnomanb HBOro ceyeHHsA MNOTOKa INpH nepejHBe

©=0,67 ly hy. (8.43)

8.27. I'nyGHHBI H CKOPOCTH NOTOKA Ha BCEX Y4YacTKaX JOTKA PAacCYMTHIBAIOT
B COOTBETCTBHH C peKoMeHAaunsAMH py6pukH «[lepesnBHble Hachinu» (nim. 8,16—
8.18) macrosuefi raasel. Pacuerhi HHXKHero Gbeda BBINOJHAIOT 10 METOAHKe,

H3JOXeHHOH B . 7.
8.28. Tlonepeunniii YK/IOH OG0MHH H TpOE3XKel YaCTH NMPHHHMAIOT OAHHA-

KOBBHIM H PaBHBIM OHITOBOMY YKJIOHY BOJOTOKA.
Ha JnoTKax ¢ OTBEPCTHAMH YKJIOHHI TIpoesKeH 4acTH H OGOYHH COXpPaHSAIOT-

CA TAKHMH JKe, Kak M Ha Bcell Jopore.

Ha Bupaxax c nornepeynbiM YKJIOHOM, He COBMNAJaiOLIHM 1O 3HAKY € YK-
JIOHOM BOJOTOKA, YCTPOMCTBO JIOTKOB He JONYCKAeTcs.

8.29. Ipesnimenne [TYBB naxa BepxoBoii 6poBkoii oTka AH B NOHHMKEHHOH
TOUKE NPOAOJbLHOTO NPOdUIsA ONPeleNsioT H3 THAPABIHYECKHX YCJOBHH npore-

KaHHs BOJbl yepes BOJOC/HB C LUHPOKHM MOPOroM Kak A = 1,55, TAe v—

onpejensior no gopmysae (8.40) ans n0TKa C rOPH3OHTaNBLHOH BCTaBKOH M MO
tdopmyne (8.42) nns JoTKa Ge3 Hee. b 4 3

Ta6numa 88

= 3u oft G H NOTKA, M?/c, M AJAMH BOTHYTHIX KpHBRIX, M

EEJ‘ = e (7 2 Q' i, gt ksl golite - lor g e s 1 e (1
<=
é&E NpH MAKCHMAAbLHOR rAyGHHe nepenHsa hn, M
=
552’ 0,10 0,156 ‘ 0,20 | 0,25 \ 0,30 1 0,35 0,40
1000 | 1,5 28 3,5 35| 6,1 40 9.6' 45 14 50 19 53 24 56
1500 | 1.8 34 4,2 42| 7,5 49|12 55 17| 60| .23 65- 30 69
2000 | 2,2 40 4,90 49| 8,6 56|14 | 63| .19 69 | 27 75 34 80
2500 | 2,4 46 | 5,4| 54 8,8 64|16 71 22 78 30 84 39| 90
3000 | 2,7 49| 6,00 60|11 70 | 17 781 24| 8| 33 92 43 98
4000 | 3,1 57 7,00 70|12 80|19 90 | 27 98 38 | 106 | 49| 113
5000 | 3,4 62| 7,8 78] 14 90 | 21 100 | 31 | 110 | 42| 118 | 54| 126
6000 | 3,8 69 8,4 84|15 98 | 23 110 34 1120 | 46 | 130 60 | 138
8000 | 4,3 79110 98 | 17 113 | 27 126 | 39| 138 | 53| 150 69 | 160
10000 4,9 90 | 11 109 | 19 126 | 30 141 44 | 155 | 60 | 168 77 | 178
12500( 5,4 | 100 | 12 123 | 22 141 | 34 168 | 49 | 173 | 67 | 187 | 86 | 200
15000| 6,0 | 110 | 13 132 | 24 156 | 37 172 | 563 | 188 | 72 | 204 | 95| 220
20000 6,8 | 126 | 16 156 | 28 180 {43 | 200 | 62| 220 | 84 | 236 | 109 | 252
25 000 7.; 142 | 18 176°] 31 200 | 48 | 224 68 | 244 264 | 122.| 284
8

94
156 | 19 | 188 |34 | 220 |52 | 244 | 76 | 268 | 102 | 288 | 133 | 308

g _.V — -
g R
x = B o I

Phe. 8.6. THIH yKpen/ieHHsi BEpXOBOH 4acTH JIOTKa:
a~ ¢ sanenkoR xonuemofl yactu; 6 — Ges saneaxu

[Toanepryio ryGHHY nepej NepeJHBHbIMH JIOTKAMH C OTBEPCTHSIMH NPH Ha-
JIHYMH Tiepe/HBa MO JIOTKY ONpefensiioT no gopmyJie

H=he+hix+B H, (8.44)

a 1Y OTCYTCTBHH NEPe/IHBa — B COOTBETCTBHH C PeKOMeHaunsaMu ri1. 5. B dopmy-
ne (8.44) hyuy; — paccrosiHHe OT BepXa OTBEPCTHs 1O NPOe3xeH YacTH.

Bo3MoXHB C/EAYIOiHEe cXeMbl NPONYCKa BOJbl HEPE3 JIOTOK C OTBEPCTHAMH.

Ilpu H << 1,1h; (rie h; — BBICOTH OTBEPCTHS) MO JIOTKOM NIPONYCKAIOT BeCh
pacxoll Npu 6e3HanopHoM pexxume (KpuBas 3 Ha pHc. 8.5).

Mpu H >1,lh, pexuM npoTeKaHHUs 4Yepe3 OTBEPCTHs NOJYHANOPHBIi
H BO3MOXHH JBa CJiyuyasi:

H < hy + hy, — nepennea Her (KpuBas ‘2 Ha pHc. 8.5);

H >h, + hyy — 4acTb pacxofa NepenHBaeTcsi Mo JOTKY (KpuBas [ Ha

puc. 8.5). -
Tuni
L J

R e VLR W SO it :O.
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Puc. 8.7. Tipoduan notkos Ges oTBepcTHA (BA0AL MOTOKA)
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[Ipu otcyTcTBHH nepesiHBa M0 JOTKY OTBepCTHA paccqmunalo’r NO peKomeH-
JalHsAM .

MHHHMAJBHYIO OTMETKY HACHITH Ha MOAXOJAX K JOTKY NPHHAMAIOT Ha 0,5m
Boimie [TYBB.

OtBepcTHe JIOTKA C .yYeTOM MNepe/iHBa

Qu=Qc -+ Quep. ‘ (8.45)

rae Q¢ — cyMmapHas NponyckHas CHocoGHOCTb OTBEpCTHI, onpeadiiseMas mo peko-

MeHAalHsM Ta. 5; .
Quep — PACXOJ, NEPeNHBAOWHMACH Yepes JIOTOK, Onpele/seMblli COTIACHO METOAHKe,

H3JOoXKeHHOH Bbile [CM. Qmpuynu (8. 38)-—(8 41)].

YpaBuenune (8.45) pemaior nonbopom, JobuBasice Toro, 4to6bl OTMeTKa
[TYBB a8 noTKa H AJas OTBEpPCTHH Obl1a OAHA H Ta Xe. !

YKpenieHHe H KOHCTPYKIHsA BepXOBOH OGOYHHBI H OTKOCA JIOTKA NMpeAcTas-
JIeHBl Ha PHC,

Pasmep ropH3OHTa/ILHOTO Y4acTKa BJOJIb NOTOKA HA BHIXOJE NPHHHMAIOT He
menee 0,8L, raé L — pnuna notka (puc. 8.7), H ¢ o6A3aTe/IbHEIM YCTPORCT-
© BOM 3y6a yKpemnsieHHsi HAH PHCOEPMb H3 KaMHA TYGHHON 3a/0XeHHA hy,,,
onpefe/sieMOfl COTJIACHO DPeKOMeHAALHAM IJl.

JloTKn THNa | NPHMEHAT NPH HEPAa3MLIBAEMHX H TPYAHOPA3MbiBaeMbiX
rPyHTax, THNA 2—an riy6uHax pasmbiBa He Gosee 1,0 M, THna 3—npu ray6u-
Hax pasMbiBa Gosee 1,0 M, HeOGXOIHMOCTH OTFOHA CTPYH M YJaJ/IeHHS BOPOHKH
pasMeiBa OT HH30BOH 6poaxu, a Takxe B cnyuasx BO3MOXKHOTO PasBHTHA 3po-
3MOHHOTO Bpe3a, TMNa 4 — B HYJIeBbIX OTMETKax.

CiielyeT OTMETHTb, UTO NPH NPOEKTHPOBAHHH JIOTKOBBIX COOPYXKEHHIl H Bbi-
MOJIHEHHH HX THAPABJIHYECKHX PACYETOB MOXKET OLITh HCMO/Ib30BAH THNOBO! Npo-
€KT 3THX COODYXKEHHH Ha J/1ecOX03sHCTBEHHbIX anmuoﬁnnbuux Aoporax [19],
a rakxke moHorpagpus B. ©. Hepemunxosa [25].

9. PACYETHI KAHAB

KAHABbBI HEEOiIbIHOR OJIHHbI C ﬂbCTOﬂHHHM YKJOHOM J1HA

9.1. INpaMonuneiinsle LauHOH 1o 200 M xauaéu C NOCTOSA HHBIM YKJIOHOM IHA
paccuutbiBaior no dopmyne llean (2.5):

Q=£|)cll Ri,‘=wW’v { s

CxopocTHYI0  XapakTepHcTHKy W = CV'R naxopar o rpapuky (Ha
pHc. 2.3), npuyeM K0adpUIUHEHT WePOXOBATOCTH N, 3aBHCAILMA OT IPYHTAa KaHa-
Bbl (15 HeyKpen/seMbX KaHaB) HAH OT BHAA yKpenneHus CMOUEHHO? TIOBepx-
HOCTH KaHaBbl, ONpejesloT no Taﬁn. 2.2, JlnA KaHaB ¢ HEOZHOPORHOIN Tiepo-
XOBATOCTHIO JAHA H OTKOCOB BHIUMC/SIOT NPHBEIEHHDIN xosqxpnuuem 1IepoxoBa-
TOCTH N0 [PHGJIHKEHHOH q)opmy.ne i

eSS

TAe Yy H Yy — YaCTH CMOYEHHOIO MEPHMETPa KAHABH C KOSPQHUHEHTAMH WIEPOXOBATOCTH
COOTBETCTBEHHO N; H Aj.

[Mnowane nonepeyHoro ceyeHHss NOTOKa VIS KaHaB TpaneLeHAalbHOro
nonepeuHoro ceueHus (puc. 9.1)

= (bny;Mor k) h=(B-+mor) h?, (9.2)

figp =

rae bpy — WHPHHA KaHaBel N0 AHY;
h — ray6una moToKa B KaHaBe NPH PABHOMEPHOM nnmxenuu 3ajlaHHOM pacxoje
xapamepuc‘mxax CeYeHHH;
§ = bpp/h — oTHOCHTE/NbHAS WHPHHA NO AHY;
Moy = ctgm — KospHuMeHT oTKoca (cMm. pue. 9.1)

[unpaBnuueckuf pajhyc KaHaBbl
B+ monr
+mge

Tie mor=2) 1-+mg, l+ RS

R= A, : (9.3)

Jlna KaHaB TPeyroJLHOrO TMOMEPeYHOro cedeHwHs
© = Moy A2, SO (9.4)

Moy
R=—72% h. (9.5)

oT
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s -KaHae MpPSAMOYTONLHOTO MoO-
NepeyHoro, ceyeHHs

(t)=bnn’1‘o (9'6)
buah .

it LAY 9.7

(Gant-21) ks

9.2. Tlo dopmynam (9.11), (9.2)
pewaloTcst CJAeAylOLlHe 3a/lauH.

1. Onpeje/iende pacxoja. Mo ua- Puc. 9.1, [Tonepeunoe CeueHHe KaHaBbl
BECTHBIM TNONEpPeyHoOMY MNPOPHIIO KaHa-
Bbl, ero pasvepam (h, by, Moy), IIEPOXOBATOCTH CTEHOK H JIHA, @ TAKKE YK-
JIOHY i OMpeleNsioT PacXol BOJAbI, [POTEKAIOUIHH NPH PABHOMEPHOM JBHIKe-
HHH, HENOCPeICTBEHHHIM BhIUHCIeHHeM no gopmyae Illeau.

2. Onpepenenne yxaoHa. Korla H3BECTHB by, h, mor, n, Q, a TpeGyer-
CS ONpejiesIuTh YKJIOH AHA i, NPH KOTOPOM ABHXXEHHE Oyner palHOMepHHM TO
dopmyny Illesn npuBoLAT K CleAyiolleMy BHAY:

LA o, AR
4 T 0!CER - otW? K2

H HAXO/AT HCKOMBIM YKJIOH, MOJCTaBAAS B (HOPMY/y 3HaUEHHS COOTBETCTBYIOIIHX
BEJIHYHH, KOTOpble BBIMHCAAIT no Qopmynaam (9.2)—(9.7).

3. Onpenesnienne rayGutsl Bojsl. [lo 3alaHHBIM XapaKTepHCTHKaM nonepey-
HOTO NPOMHIS KaHaBbl by, Moy, NH YKJIOHY i , a TAKKe pacXolly Boasl Q onpe-
Jensior h, T. e. HOPMAJIbHYIO rleGHHy o1y Sall,a!ly pewaoT noaGopoM TaKoro
3HaueHHs fi, npH KotopoM Yjoeaersopsiercs (opmyna Ilesn.

4. Pacuer nonepeutoro npogusi. [lo sajanueim pacxoay Boam Q, yK.nony
i H UIEPOXOBATOCTH CTEHOK H JIHA 1 ONPENeNAOT WHPHHY 1HA by,, KospdHLHEHT
OTKOCA Moy M TAYOHHY BoJb h. 3ta 3allaya OZHO3HAYHO HE peliaercs, Tak Kak
Bxogsuue B hopmyay lllesu sHauennsi o, R u C 3aBHCAT OT ABYX NepeMeHHbIX —
by ¥ h. KosdduunenT oTKoca onpeiensiioT B 3aBHCHMOCTH OT I'PYHTa H KOH-
CTPYKUHH YKpenjenus. Ec/iH WUHPHHY MO AHY NPHHHMaIOT 6e3 pacuera Mo KoH-
CTPYKTHBHBIM cOOGpaxKeHHAM, TO 3a/laya CBOJAMTCA K MpelbliylleMy THIY.

‘Ecnu u3pecTHO oTHOWEHHE B = by, /h, 10 BHuHCARALT K\ = Q/'I/T 3a/aloT-

Csi 3HauyeHHeM h, a 3aTeM ONpejesnsioT b =PBh, o, R, Wu K= oW.
BbiuHCIEHHYIO PacXOAHYIO xa_pax-repucmxy K cpaBuuBaioT ¢ K, 4 NOBTO-

psiloT noab6op 1o cosnafedus K u K, ¢ TouHocThio nopsiaka 1—2 %. Okonua- .

TEeJbHO NMPHHHMAIOT OKpYTJieHHoe B GOJIbLIYIO CTOPOHY 3HaueHHe W YTOUHSIOT
ray6HAY.

Koraa HH by,, HH h He orpaHHuYeHbl, HHOTAa ObIBaeT BO3MOMHO NPHIAATH
KaHaBe FHAPAB/JHYeCKH HauBbirojiHeimee ceyenHe. Bxoaamas B opmynn (9.2)
H (9.3) oTHOCHTeJIBHAS WIHPHHA MOTOKAa No AHY P Moxer ObiTh nogobpaHa Tak,
YTO NpH 33aJaHHOM 1IEPOXOBATOCTH NPONYCKHASA CNOCOOHOCTEL NONEPEYHOro ce-
ueHHs KaHaBbl Oy/ieT MaKcHManbHas. Taxoe ceuenHe Ha3HBaeTCs eudpasutecku
HausbizoOHelwum. Jna Hero

bau/h=Pra =My, —2moy. (9.8)

Ecnu kdsdpHuHeHT OTKOca Ha3HAaYeH, TO 3aflaya O pacyere MonepeyHoro
CeyeHHs CTAHOBHTCA OMNPeJe/eHHOH; nondopou HaXomAT TaKoe by, W h =
= byy/Bew, NpH KoTOpOM YHOBJIeTBOpsieTcs (opmyna Illesn.

l'Ipu 3TOM YUHTHIBAIOT, YTO THAPABJIHYECKH HaHBHIrOJHEHIINE CeyeHHs Ka-
HaB ¢ KO3(OHIHEHTOM OTKOCOB My = 1,5 HMEIOT Goabiuye raySHHB TIPH Majioi
UITHPHHE 10 AHY, YTO B GOJIbIIHHCTBE CyHaeB HeesiaTe/bHO, TAK KaK IIPH 3TOM
YBEJIHYHBAETCA CTOHMOCTD 3eMIAHBIX pabor. Kpome Toro, ymenslienue conpo-
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Ta6anua 9.1
d. MM ;:,‘/c d. MM &',c d, mm c:,;c d, MM c:Jic d, MM c‘:'/e d, MM c':’,c
0,01 |0,007( 0,25 | 2,70 || 1,5 | 12,6 7 29,7 50 76,9 180b 145
0,03 [0,062) 0,30 | 3,24 || 2,0 | 15,3 10 | 35,2 60 84,2 | 200 152
0,05 (0,178} 0,40 | 4,32 || 2,5 | 17,7 15 | 43,0 80 96,9 [ 250 170
0,08 |0,443( 0,50.| 5,40 || 3,0 | 19,3 20 | 49,2 100 | 108 300 186
0,10 |0,692( 0,60 | 6,48 | 3,5 | 20,9 25 | 54,8 120 | 119 350 201
0,15 | 1,557| 0,80 | 8,07 || 4,0 | 22,3 30 | 60,0 140 | 128 400 215
0,20 (2,160} 1,00 | 9,44 || 5,0 | 24,9 40 | 68,9 160 | 137 500 240

THBJIEHHS TIDHBOAHT K YBEJHUYEHHIO CKOPOCTH TeUeHHs H pasMuiBaolleii crnocob-
HOCTH NOTOKa. [losToMy rHApPaB/IHYECKH HAMBBITOJHEHLLIEe CEeueHHe YacTO OKa-
3piBaeTcsi Heuenecoo6pasubiM. [IpH yBe/HYEHMH OTHOCHTEJBHON WHPHHB IHA
B 1,5—2 pa3a npoTHB rMApaB/IHYECKH HaHBHITOJAHEHIelH nyoLalb ceqennn noro-
Ka YBeJHYHBAeTCs He3HAuHTeJbHO.

5. IlpoBepKa Ha Hepa3MbLIBaeMOCTb M He3aH/seMOCTb. CpellHsisi CKOpPOCTb
TEUeHHsl B KaHaBe JIO/DKHA OGbiTh He MeHee TOH, NPH KOTOPOH HayHHAaeTCs ocaxe-
HHE HAHOCOB H 3aHjeHHe KaHaBbl. HHXKHHI npejesl CKOPOCTH, olipeiensemblit
YC/OBHEM He3auJieHHs KaHaBbl, HasbiBaeTcs Hesauasiowjed ckopocmoto. He-
3auIAOWAs CKOPOCTh, M/C,

wo - 0,021B 47— e, :
Pnen =001 —7=x ——— ‘/___o”m R \ (9.9)

rje w — rHApaB/JHYeCKasas KPYNHOCTb HACTHL (CKOPOCTL oca):menun 'IBCTHU. AHaMeTpoMm
d B HenoABHXKHOR Boje), cM/c, MpHHHMaeMas Mo raGJl

d — cpeauHii QHaMeTp B3BEIUEHHBIX YacTHI[, MM;

p — NPOLEHT (1o Macce) B3BEIIEHHbIX HAHOCOB C xpynnocruo d > 0,25 mm.

JLns npakTHYeCKHX pacyeros, Kor,ua HAacCBILEHHOCTh I0TOKA HAHOCAMHM KPYVIi-
nee 0,25 mm He npeesiwaer 0,01 % no macce npu R = | M, Hesauasolas cKo-
poCTb MOXET GhiTh omnpefe/neHa no raba. 9 2, ans KauaB ¢ R =5 1 M sHaueHHs
Upes YMHOXaIOT Ha J/ R

Bepxunit npenen cpezmeﬁ CKOPOCTH TOTOKa B KaHaBe, ONpele/isieMblii H3
YCJIOBHS OTCYTCTBHS Pa3MbiBa NNOTOKOM IPYHTa KaHaBbl HJIH YKpeNJeHHs, Hasbl-
BaloT donyckaemorl {Hepasmoialower) ckopocmoio vy, Ilonyckaemas ckopocTb
NOTOKA 3aBHCHT OT XaPAKTEPHCTHK TPYHTA KAHABbl HJH YKPEIJeHHs ee [oBepX-
HOCTH, OT ryGHHBbI N10TOKA, POPMBI €ro MOoNepeyHoro ceYeHHs H XapaKkTepHCTHK
TypOYJIEHTHOCTH MOTOKA.

3HaueHHA Uy, onpejensior no tabn. 2.7—2.9 uan (.n.nﬂ paBHOMepHOro
nomxa) no dopmyne

Ynon=Kp#a, non, (9.10)

Ta6anna 92
d, mm Unmes, M/c d, MM Unes, M/C d, mm Unes, M/c
0,1 0,22 0,6 0,82 1,5 1,03
0,2 0,45 08 0,90 .20 1,10
0,4 " 0,67 1,0 0,95 3,0 1,11




rae Kp — K03(dHUHEHT, NPHHUMAaeMbA 1O rpadHKaM, NPelCTaBIeHHbM Ha puc. 9.2,
. B 3aBHCHMOCTH OT yMacTKa MONepeuHOro ceyeHHs KaHaBbl (IHO HUIH OTKoC)
u otHomenkA h/A W bju/h (3%eCh A — BHICOTA BHICTYNOB LIEPOXOBATOCTH,
onpefensieMas no Ta6a. I npuaoxenus 9.1);
— Aonyckaemas MECTHAas MPHCTEHOMHAA CKOPOCTH (HA BHICOTe BHCTYMOB luepo-
XOBAaTOCTH), onpenesnsemas no ta6a, | npunoxenus 9.1 (415 CBA3HLIX TpyH-
ToB — no Taba. 1 u 2).

UA, gon

Npumep. TpeGyercs onpeaejuTs AONYCKaEMYI0 CKOPOCTb LS AHA H CTEHOK KaHa-

BBl TpaneueHaanbHoro nonepe4yHoro ceueHHs, npo.'lmxennoﬂ HECBA3HOM IFpYHTe C KpynHo-

cTio yacTH d=10,25 MM H Ko3(HUHEHTOM ecTecTBeHHOro oTKoca my=1,5. Kosppuunent

OTKOCOB KaHaBhl Mgy = 1,75, WHPHHA KaHaBW mo AHY bny = 0,5 m; ray6una notoka
= 1,0 M. : :

i I" emweHue. B cooTBeTCTBHH C AaHHBLIMH Ta6s1. | npuaoxenns 9.1 onpenensem go-

nycKAaeMyio MPHCTEHOUHYIO CKOPOCTb MM AHA KaHABHW Uy ,o,=0,16 m/c (cornacno np-

. 2
MeuaHHio 4 K Ta6a. 1 wien 0,075 (mi'-) paBeH HYJIO) H NS OTKOCOB Mo opmyJe
oT & o

1,5
1,76
/n—g-s-—os h/A—-—h— : = 5640;
Buuncasem oraomenus bpy/h= 75=05 u = 0,74 = 0000175 — 9640;
Aajee mo rpapuky Ha pHc. 9.2 or;genenuen 3HaueHHs Kos(oduuuenta Ky: AJIA OTKOCOB Ka-

( .

Haebl Kp (orx) = 3,53, Aua Ana 3
Ilo &opuyae (9.10) onpenensieM CpefiHHe MO CeYEHHIO NOTOKA AOMYCKAEMble CKOPOCTH:
AJst OTKOCOB rhkd -

my

[ ; 2
a,..,,.=0.16—o,o75( ) =0.i6—0.075( ) =0,105 m/c.

Moy

vnon, o1k = Kp (oT) #a, gon =3,53:0,105=0,37 m/c;

' §As AHa :
Unon, nu = Kp (an) ¥y, gon=13+30:0,16=0,53 m/c,

9.3. Ilpn oueHxe HeOGXOAHMOCTH YKpeIJIeHHA KaHaBbl M roifope Tuna
OJleX /bl CJeflyeT HMeThb B BHAY, YTO 3HAUEHHS CKOPOCTH NMOTOKA HAa KOHIEBOM
ydacTKe KaHaBbl 3aBHCAT OT YCJIOBHH BbIX0Jla MOTOKA H3 KaHaBbl. EC/H NoTok u3
KaHaBbl MOCTYNaeT B BOJAOEM, pedepB HJH BOJOTOK, OTMETKAa YPOBHS CBOGOJHOI
NOBEpXHOCTH BOJbl B KOTOPBIX NPH PacuyeTHOM pacXofie Z, He3HAYHTEJbHO OT-
KJOHAIETCS OT pPAacUeTHOro YpPOBHA
CBOGOAHOH NOBEPXHOCTH B KOHLEBOM g,

CeyeHHH KaHaBbl Z .y, NOAGOp Ofex- ’

Ibl cJelyeT NPOH3BOAHTb MO H3JIO- u“\s V2.4
JeHHOH Bbiwe Meroauke. Ecam xe I/ /A
Zy > 7y Gonee ueM Ha 15 % pac- 30 /i

| T PPAmt1
i ,‘\a‘i ame123 -

YyeTHOH ryOHHBI MOTOKAa B KaHage, /5 3
TO cJieAyeT NpoaHaJH3HPOBATH COOT- : V5% A
HOLUEHHE HOPMA/bHOM H KPHTHUYECKOH ’// T
rny6HH NOTOKA B KaHaBe. .20 4

KpurhHueckyio raybiiHy onpene- L
JIAIOT B COOTBETCTBHH C YKasaHHMAMH y /
ra. 2. Ilpu hy < hy NOTOK HaXOAHT-
csi B 6YpHOM COCTOSIHHH M Ha KOHUE- 1 i 8 L7
BOM Y4YacTKe KaHaBbl COXpaHsercs 1020 40 60 100 200 msop'mmm”gyom;nm
HOpMajbHas rJyOHHa; B 3TOM cay-

HAE  KOMOEROH. YHACTAR: yEpCHON Puc. 9.2, I'padux nas onpepenenHs xospdu-
TaK e, KaK'-H OCHOBHYIO HacTb Ka- yueprq K mas kanas TpameleHiaJbHoro ce-
uasbl. Ecnu xe by > hy, Ha KoHue- YeHHA:

BOM Yy4acTKe BO3HHKaeT cnaj ¢ no- WTPHXOBAA JAHHHA — AHO; -CNJAOWEHLIE JHHHH — OT-

. baulh
CTENEHHBIM YMEHBIIEHHEM TAYGHH JI0 M p s buuninr R aomamonsion o nonsaned ™
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IYGHHBI, COOTBETCTBYIOMLE/ NOJNOKEHHIO YPOBHS BOAb B HHXKHEM Gbede KaHaBbi
ZynpuZyy >Zy >Zyy, the Z — 0TMETKa TOPH3OHTA CBOBOAHO NOBEPXHOCTH
TIOTOKA B KOHLEBOM CeYeHHH KaHaBbl npH i =h, (puc. 9.3, a), uau fo raybunm,
NPaKTHYECKH PAaBHOIl KDHTHYECKO# riy6une noToka npu Z , << Z . (puc. 9.3, 6).
B nocrennem ciyuae cKopocTh NOTOKa M €ro pasMbiBaiolas cocOGHOCTh yBe-
JHYHBaOTC. B 9THX cayyasx s KOHUEBOrO yyacTKa KaHaBEl AJHHON [, o
2 10h,, rae h, — HopManbHas rAyGHHA NOTOKA B KaHaBe NPH 3alaHHOM pac-
X0ZJe, 3AUHTHYIO OJEXAY NOAGHPAIOT MO CEYEHHIO C KPHTHUYECKOH TIyGHHOM.

9.4. Jinsi yCKOPEHHs DPAcyeTOB, CONPSAKEHHHX ¢ NOAGOPOM LIMPHHB HJIH
TryGHHBL IOTOKA, N10JIe3€H CeAYIONIHH rpaoaHaNHTHIECKHH IPHEM. Crposr kpu-
BYIO' 3aBHCHMOCTH pacXoja WJH pacXOIHOH XapaKTEPHCTHKH OT MCKOMOH BeJH-
unnbi, Hanpumep K = wCV'R = | (h), u npu 3ananHom 3nauenun K (wau Q)
CHHMAIOT C rpaika 3HayeHHe HCKOMOIl BeJHUYHHBI, YIOBJIETBOPAIOIIEe YCIOBHIO
K = K, = Q/V'i wan ypapuenuio [llesu #[Ipn 310M y106HO N0IB30BATHCH rpa-
(pHKOM CcKOpoCTHOH XapaktepHcTHKH (cM. puc. 9.6). / .

9.5. B ruapaB/uuecKux CnpaBOUHHKAX H B BHJE OTAeNbHBIX M3NaHHiH Cy-
WECTBYIOT CHeuHaNbHbie TAGMMIE H FPaQHKH, TO3BOAA0IIHE GHCTPO pemarh
YacTHBIE 3a/laYd O PABHOMEDHOM /IBH)KEHHH BOABI B KaHAaBaX, B TOM YHCJE H Te,
KOTOpble HHave TpebyloT nopGopa.

[Tosbaysice Homorpammoit B. A. AsekcanpoBa (puc. 9.4), MoxHO pewatsb
BCE OCHOBHbIE 3a/laui MO pacyery KaHab (puc. 9.5), BK/Touas OUEHKY pasMmbiBae-
MOCTH H MOAGOp OfeX/Abl, NPH 3a/laHHLIX. XAPAKTEPHCTHKAX TPYHTA HJH YKpen-
JieHHsi KaHabi. KosxpHuHeHT mepoXoBaTocTH n (NPH XOpOLIEM COCTOSHMH NoO-
BEPXHOCTH) OleHHBalOT no Ta6;1.3 npunoxenusi 9.1. [MpucreHounste fonyckae-
Mbi€ CKOPOCTH TOTOKA UA yoy W BBICOTY BBICTYNOB LIEPOXOBATOCTH A olpefensior
no a6, 1 uiu 4 npunoxenus 9.1, rAe xapakTepPHCTHKH FPYHTOB M yKpelJie-
HHH CTpynNnUpoBaHbl N0 GJH3KHM (NPHBEJCHHHIM B HOMOrpPaMMax) 3HAUEHHAM
UA . non-

nﬂ.ﬂﬂ HECBA3HBIX I'PYHTOB (B OCOOEHHOCTH MEJIKHX H CpPellHe3epHUCTHIX) Ha
OTKOCAaX KaHaB JonycKaeMbie CKOPOCTH (ojiee TOYHO onpefensioT no taba. |
npunoxenuss 9.1 u rpapuky, npeicraBieHHOMY Ha pHc. 9.2.

9.6. 3anauy, npeacTaBAeRHyl0 Ha puc. 9.5, a, Tak Xe, KaK H Ha BcexX oc-
TalbHBIX pHC. 9.5, HAYMHAIOT pelaTh ¢ onpeleNeHus no taéa. 1, 3 u 4 npuio-
KeHus 9.1 sHauenuit n, A W ua po, ANA 3a[lAHHOTO TPYHTA W YKpenJeHus. 3a-
TeM BBIYHCASAIOT B = bp./h M OT TOUKH, COOTBETCTBYIOLIEH 3TOMY 3HAYEHMIO Ha
ocH f, NPOBOAAT FOPH3OHTAJIbHYIO NPAMYIO | 10 NepeceueHHs ¢ JUHHEH 3ajaH-
HOro 3HaueHHs by, a OT TOUKH MepeceyeHHsl — BePTHKAJbHYIO NpAMyl0 2 10
OCH 0, onpe/ieNisis TAKHM 06pa3oM 3HaueHHe » KaHasbl. [lanee npoBoaAT npsmyo
d, ABASIOULYIOCS NMPOAOMKEHHeM 2 IO JIHHHH 33laHHOTO 3HaueHus by, (CM. Bbi-
ule), ¥ OT TOYKH MepeceueHHsi — ropH3OHTANbHYIO NPAMYIO 4 10 JHHHH 1, CO-
OTBEeTCTBYIOLIE/l THIY YKPENJEHHs WJIH FPYHTa KaHaBbi. 3areM NpOBOAAT Bep-
THKaJIbHYIO NPAMYIO § 10 THHHH 3aaHHOTO YKJOHA { H OT Hee — rOPH3OHTaJb-

A A
E4bpr

Puc. 9.3. TToTOK Ha KOHUEBOM YYacTKE KAHABH:
a—nph Zp Buile Zx; 6 — npH Zs REKe Zn
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HYIO IPAMYIO 6 10 cooTBeTCTBYIOWEH JHHHH ®. OT TOYKH NepeceyeHHs NPOBOAAT
' FOPH30OHTABHYIO NpAMYio 7 10 OCH U H BepTHKalbHylo 8 1o ocH Q, onpefensis
TeM CaMbiM HCKOMble 3HaueHHs v H Q.

[TpoBOAAT ropH3OHTANBHYIO IHHHIO 9 BIIPaBO OT OCH P 10 COOTBETCTBYIOLIEH
nuHuH h/A (npHueM ANS 1Ha KaHaBbl JTHHHH CIVIOWIHBIE, 1S OTKOCOB — IUTPH-
XOBHIE; VISl OCTAJIbHHIX, PACCMOTPEHHHIX Ha PHC. 9.5 cayuaes, NokasaHo onpe-
Jle/IeHHe Ugop JIHIIb JUIA HA KaHABbl) H OT TOYKH NepeceyeHHsi BePTHKaIbHYIO
NPAMYIO A 3aJaHHOrO 3HAYEHHA UA on. [1POBEls rOPH3OHTAJBHYIO NPAMYIO
(/0.nnu I1) po ocH Upo,, HAXOAAT HCKOMOE 3HAYEHHE Up,, OTAENBHO AA JHA
H OTKOCOB KaHaBhl.

9.7. 3anauy, npeactaBJeHHYIO Ha puc. 9.5, 6, pewaioT caeayowUmM obpa-
30M. i

Yepes ToYKH C 3ajaHHBIMH 3HaYeHHAMH ( H U Ha COOTBETCTBYIOUHX OCAX
HOMOrpaMMmbl TpoBoAAT npsaMeie / 1 2. Touka HX nepeceyenns onpenenfer HCKO-
Moe 3HaueHHe w. 3aTeM NPOBOAAT NPAMYI0 3, ABAAIOLLYIOCH NMPOJO/IKEHHEM 2,
0 nepeceyeHHs C JHHHEH 3alaHHOrO YKJIOHA [, a OT TOYKH Nepeceyenus — nps-
Myio 4 10 JMHHH 33JlaHHOTO 3HAYEHHS N H Jajlee TOPH3OHTAJBHYIO NPAMYIO 5.
[Tepeceuenne ee ¢ BepTHKa/NbHOH NpAMOH 6, npoBelleHHON uepe3 HafileHHoe pa-
Hee 3HAUEHHe ® Ha COOTBETCTBYIOULEH OCH TpaduKa, Onpejieliser 3Hauenne by,

npﬂMle 6 MPOAOJIZKAIOT BEPTHKAJ/JIbHO BHH3 AO JIHHHH 33aIdHHOTO 3HAYEHH A
bye (MpAMas 7), a M3 TOYKH NepecedeHHs TNPOBOAAT TOPH3OHTANbHYIO NpA-
Myio & Jio ocu i, Ha KOTOpO#i onpefenstoT 3Hauenue P = by, /h, H No Hemy Ha-
xonat h.

IanbHeiiliie BBIYHC/IEHUS aHANOTHYHBI CJ1y4alo, MpeNCcTABIEHHOMY Ha
puc. 9.5, a. b

9.8. lns pelweHHa 3ajayH, NpPHBeJeHHOH Ha pHc. 9.5, 8, uepes TOUKY
C 3a/laHHBIM 3HaueHHeM Q Ha COOTBETCTBYIOILEH OCH HOMOrpaMMbI IIPOBOASAT Bep-
THKaJbHYIO NpAMYI0 / 0 NepeceueHHs ¢ JHHHEH 3a]aHHOTO 3HaveHHs . [1po-
BeleHHasi H3 TOUYKH lepeceyeHHA TOPU3OHTA/IbHAA NpAMas 2 ofipeaesisier HCKO-
Moe 3HaueHHe v. [Ipamyio 3, ABNAIOLYIOCA NPONO/MKEHHEM BIIPABO nNpaMoi 2,
NIPOBOJAT J0 NepecevyeHHs C JHHHeH 3aJ]aHHOrO 3HauyeHHs [; npaMmyi 4 — 1o
nepecedeHHs ¢ JIHHHER onpefeseHHoro no tabn. 3 npuaoxkeénns 9.1 3Hauenus n.
M3 ToukH nepeceueHnsi NPOBOAST FOPH3OHTANBHYIO NIPAMYIO §, 8 H3 TOUKHU C 3a-
JaHHBIM 3HaYeHHeM ® Ha COOTBETCTBYIOLIEH OCH HOMOrpaMMbl — BePTHKAJBHYIQ
npamyto 6. [lepecéyenne npsimbix 5 u 6 onpeleiser ,HCKOMOE 3HaueHHe bpy,.
[Ipsimyio 7, siBasioutyiocst NPOAOJDKeHHEM 6, MPOBOAAT A0 NEepPeceyesHs C JH-
HHeH omnpellesieHHOro Bhbille 3HAYEHHs bpy. !

[Ipsmyto 8 nposoaat ao ocu p. Ilo onpenenenHomy Takum ofpasom 3Haue-
HHIO § BhuHC/AAIOT A, 3aTeM C yueroMm A, onpefesieHHOro no taéa. | npuioxKenus
9.1, orxowenue h/A. Tlpamyio 9, ABASIOULYIOCS NPONOJKEHHEM NpAMOH 8,
TNPOBOAAT A0 NepeceueHusi ¢ JIHHHeHl BHUMC/IEHHOrO 3HauyeHHs A/A, a mpsamyio
10 — o nepeceuenusi ¢ JuHued onpejenenHoro mo Tabn. 4 npuaoxenns 9.1
3HAUEHHH Up pon- [IpsMyio 1/ onpenensier HCKOMOE SHaYEHHE Uygy.

9.9. 3anayy, npuBejeHHyi0 Ha puc. 9.5, 2, pewlaloT METONOM MoCIeNOBa-
TeJIbHOTO NPHGAHIKeHHs . 33aI0TCS NPON3BOJILHBLIM 3HAUEHHEM © H OTKJIAJLIBAIOT
Ha COOTBETCTBYIOIIEH OCH HoMOrpamMbl. HaunHas ¢ 370l TOUKH MPOBOAAT 1enou-
Ky NpsMpiX: mpsiMyio / 10 mepecedyeHHs ¢ JHHHEH 3aJaHHOrO 3HaYeHHs by,

2 — 1o JINHHH 3aJlJaHHOTO 3HAYEHHA n, 3— JI0 JIMHHHH 33alaHHOTO 3Ha4YeHHs i, '

4 — 10 JMHHM TIPHHATOrO Bhille 3HAYEHHS @ W 3aTeM 5—M0 NepeceyeHws
c ochio Q. Onpesenennoe TakuM o6pasom 3HaueHue Q... CPABHHBAIOT ¢ 3a/aH-
HbiM 3HayeHHeM Q‘ an HecoBIAAEHHH 3THX SH_a‘-IeHHﬁ 3a4a10Tcs HOBBIM 3Haue-
HHEM @ H TIOCTPOEHHE MOBTOPSAIOT BHOBL B TOM Xe nopsiake. CoBnajenve 3Haue-
HHi Q ¥ Q. (¢ TOuHOCTBIO A0 3—5 %) o3Hauaer, YTO NMPHHATOE 3HAYEHHe ®
COOTBETCTBYET €ero JeHCTBHTE/NLHOMY 3HaYeHHIO.
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[pononennem peiieHHs 3ajlaun ABJAAeTCA NPOAJeHHe npsAMol 4 Jo nepeé-
cedeHHd ¢ OChblo U HOMOTpamMsl (psiMast 6) u onpejeNieHHe TeM CaMbiM ¥ KaHaBhI.
Jlanee U3 TOYKH OCH ® HOMOTPAaMMBI, COOTBETCTBYIOMIEH ONpeJeseHAOMY Bhillie
3HAYEHHIO @, MPOBOAAT NMPAMYIO 7 A0 MepecedyeHHs C JHHHeH 3aJaHHOrO 3Have-
HuA by, W 3aTeM NpAMYK 8§ — J10 nepeceyeHHs ‘¢ ocblo f HoMorpammel. [losy-
YeHHasi TOYKA TepecedeHUs No3Bo/sAeT No ¢popmyne h = b, /B onpenennts uc-
KoMoe 3HaueHne h. [lanee BHUMCAAOT oTHOeHHe A/A. TTocae sToro mpoBomAT
npaMyio 9 no mepeceueHHs C JHHHeH COOTBETCTBYIOILErO 3HaueHus A/A u nps-
Myio 10 — 1o mepeceyeHHs ¢ JHHHeH onpeje/leHHOro no 1aén. 4 npuIoKeHHs
9.1 3HaUeHHS UA pon, 3TEM NPAMYIO Il — Jlo nepeceyeHHs ¢ OChbio Upoms 4TO Aa-
€T HCKOMOE 3HaueHHe Uy,,. ; o

9.10. Xon peuleHus 3ajauH, NMpeicTaBieHHON Ha puc. 9.5, 8, crenyomuii.

Mo popmyae B = by,/h BLIYHCAAIOT 3HAYeHHe f, 3aTeM ¢ YUETOM BEJHYHHBI
A, onpeznenenHoii no Tabn. 1 npunoxenus 9.1, — ornowenne /i/A. Tloctpoenue
HAYHHAIOT C POBE/IeHHs NMPAMOA [ OT MOJNYYeHHOro 3HaYeHHs f§ Ha COOTBETCTBYIO-
1iefi ocH HOMOIPaMMBI J10 TiepeceueHHs ¢ JIHAHeH onpejieJIeHHOTO BILLE 3HAYEHHs
h/A, 3ateM npoBoOAAT NpsAMYI0 2 — 1O NEpeceyeHHs C JHHHEH onpejiesJeHHOTO No
126.1. 4 npunoKeHHs 9.1 3HAUEHHS Ua zon H IPAMYIO 3 — JIO NEpeceueHHs ¢ 0Chio
Upon» YTO M JIa€T HCKOMOE 3HAYEHHE Upgy. 1

[MpoBoast npamyio 4 OT ONpeAeIeHHOro Bhille 3HaueHHsA P Ha ocu B 1o nepe-
CeueHHA ¢ JHHHEH .3aJaHHOTO 3HaueHHMA b,, U 3aTeM BepPTHKAJLHYIO NPAMYIO
5 o nepeceyenus ¢ oChi0 @ HOMOrpammbl., TouKa mepeceueHHs onpene/ser HCKO-
Moe 3HaueHHe o. [IpAMYyIo 6, ABIMIOULYIOCH NIPOJOJIKEHHEM NPsIMOii 5, npoBoaAT
J10 MepeceyeH s ¢ JIHHHe 3alaHHoro 3HaYeHus by, M3 ToykH nepeceyenus nps-
MO# 6 ¢ NHHHel by, NPOBOAAT NPAMYIO 7 10 NMEPEceyeHHn C JIMHHel onpeneen-
Horo no taba. 3 npuaoxenus 9.1 3sHaueHHs n, 3aTeM BEPTHKAJIbHO BHH3 Nps-
myto 8. M3 TouKH Ha OCH U HOMOFpAMMbI CO 3HAYEHHeM U = Up,. TIPOBOAAT ro-
pH3oHTaAbHYI0 npaAmyio 9. [Mepeceyenne npambiX 8 1 9 onpeneaser HCKoMoe 3Hd-
uenne [. M3 Toyku nepeceueHHs npamoi 9 ¢ JHHUeH onpeleeHHOro Bbile 3Ha-
YeHHsi @ NPOBOAAT BEPTHKA/ILHO BHH3 NpsMYio [0, nepeceueHHe KOTOPOH. ¢ OCHIO
Q HoMOrpammpl OTpefieliieT HCKOMOe 3HauyeHHe @ KaHaBbl.

9.11. 3agauy, npuBeleHHYI0  Ha puc: 9.5, e, ‘pewaior cienyomumM o-
pasom. !

Onpegensitor f = byy/h, 3HauyeHHe KOTOPOTo OTK/aMBIBAlOT TO COOTBETCT-
Bywoueii ocH Homorpammer. M3 3Toil TOYKH NPOBOAT NpaMylo I o nepeceveHus
¢ NHHHell 3a]aHHOTO ‘SHAYEHHsR b, 3aTeéM NPOBONAT BEPTHKANbHYIO NPAMYIO 2
10 mepeceyeHusl ¢ OCbI0 @, Te M TONYYAIOT HCKOMOE 3HaYeHHe' MJiollafy nomne-
peunoro cevenus Kanapwl. Tlpamyio 3, aBasomyiocst TPOACIKERHEM NPsMOi 2,
NPOBOAAT A0 NeEpeceuenus ¢ IKHHHeR 3alaRHOr0 3Hauenus by,,. Ilanee nposonsr
npsamylo 4 o NepeceyeHHs ¢ JIHHHeH ONpeleNeHHOro Mo Tab/. 3 NPHIOKEHHS
9.1 anaueHus n, TIOCAe Yero BePTHKAaAbHO BHH3 — npaMyno 5. M3 Toukn nHa ocu
Q HOMOrpamMsl, COOTBETCTBYIOLIEH 3alaHHOMY 3HAYEHHIO PAcXOJa, BEPTHKAJb-
HO BBEPX MPOBOAAT NPSMYI0 6 0 Nepeceuenns ¢ AHHHe! ONpelesIeHHOro Bhillle
3HaueHust ©. [Nepeceuenye PoBeAeHHOMN M3 3TOH TOUKH TOPHBOHTANBLHOM NpPAMOiH
7 v npamoli 5 onpenenser HCKoMoe 3HauenHe {. [lepeceuenne nposelenHol H3
3TOH TOYKH B APYTyl0' CTOPOHY TPAMOH & ¢ OCHIO U HOMOTpaMMbl laeT HCKOMoe
3HaquHe} v. '

Insi/ onpenenennss vy, W3 fonyyeHHoH paHee ToukH Ha ocH B nposonst
BIPaBo NpsAMYyio 9 10 nepeced€HHs ¢ JHHHEH BBIMUC/SEMOro No 3aJlaHHON BeJIH-
uyuHe b ¥ onpefenenHoit mo Taba. | npunoxenus 9.1 Bennuune A oTHoweHHus
i/A. H3 Touku nepeceueHHs NPOBOAAT NpsaMyio /) 10 THHKUH ONpeNeNsieMoro 1o
Taba. 4 npunoxerns 9.1 3HAYCHHA Ua poy, 3aTEM NPAMYIO /] 10 nepeceueHus c
OCBI0 Upgy, WTO H 13T HCKOMOE 3HAYEHHEe Upon.
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" 9.12. 3apauy, MPEACTABJCHHYIO HA PHC. 9.5, %, pemaior B caenylollem no-
psilike.

Io ocu v OTK/IAABIBAIOT 3a]aHHOe 3HaYeHHe v. M3 3r10it TouKH NPOBOAAT ro-
PH30HTAJAbHYIO NPAMYIO | 10 nepecéueHHsi ¢ JHHHEH 3aJaHHOTO 3HAUEHHS i,
Orciofa BelyT MpaMyio 2 J0 iepeceyeHns ¢ JHHHEH onpeelsiemoro no rabi. 3
npunoxkenns 9.1 snauenus n, 3atem npiaMyio 3 1o nepeceyeHrn ¢ JHHHe 3aaaH-
HOTO 3HayeHHdA by, H npnM'qu 4 Jlo mepeceyeHns ¢ OChIO ), UTO ONpelelIseT He-
KOMOe 3HAYeHHE .

Jlanee Hax3AAT TOUKY TiepeceueHHs NpsiMoil / ¢ JIMHHEeH onpefiesieHHOro Bhbi-
Ilie 3HaYeHHs ©, H3 KOTOPOH NPOBOAAT BEPTHKA/AbHO BHH3 NPAMYIO § 10 nepece-
ueHHs ¢ OCblo Q, YTO Jaer HCKOMoe 3HaueHHe Q.

[Tpsimyio 6, sIBASIONULYIOCS MPOLO/IKEHHEM NPAMOH 4, BeAyT J10 nepeceyeHus
¢ JIHHHeH 3a/laHHOTO 3HAYeHHs by, a 3aTeM M3 3TOH TOYKH — MpAMYylo 7 lo
nepecededrs ¢ oceio f. OnpejenseMoe npH 3TOM 3HaueHHe P N03BOJSIET BhIUKC-
JIMTh HCKOMYIO BeTHuHHY h. lanee onpefensior no taba. | npunoxenus 9.1 sua-
yerue A, nocse yero BhuHe/soT otHomenne h/A. [Ipamyio 8, siBasioyiocs npo-
JOJGKEHHEM TIPAMO#H 7, NPOBOAAT. 10 Nepeceuenus C JHHHeH BHIYHCIEHHOTO 3Ha-
uenusi h/A, mocie Yero NPOBOAAT BEPTHKAIBHYIO NIPAMYIO 9 10 TepeceueHus
¢ JIHHHEH OMpe/lesIsieMoro N0 Ta6/1. 4 npunokesus 9.1 SHAYEHHA UA zon, A 3aTEM
FOPH3OHTaNbRYIO NpAMYI0. [0 10 NEPECeUEHUs C OCHIO Uy, y, YTO M ONpEnesier
HCKOMOE  SHa4eHHe Upgn.: ¢

9.13. 3anauy, NpeACTABICHHYIO Ha puC. 9.5, '3, pemaoT MeToI0M NOoC/IeI0-
BATEJLHOTO NPHOIHKEHHs. 3aal0TCsi MPOH3BOJILHEIM 3HAYEHHEM © H OTKJAbi-
BAIOT €r0 Ha COOTBETCTBYIOMIEH OCH HOMOrpaMmbl. 3aTeM NPOBOASAT LENOYKY Npsi-
MBIX: H3 TIOJIYUEHHOMN TOUKH —— NPAMYIO [ A0 HepeceueHHs ¢ JHHUEeH 3aiaHHOro
aHavenust by, npsaMyio 2 0 epeceyeHus C NEHHER ONpeiesnseMoro no Tabi. 3
npusioxenuss 9.1 sHaueHHA n, mpaAMyio 3 0 JMHHH 33JlaHHOrO 3HAUYEHHS [ M
4 — o mnepeceugHHA ¢ JHHHEH NPHHATOrO paHee 3Hauenus . M3 nonyuenuoi
TOYUKH TIDOBOJISAT FOPH3OHTANBHYIO MPAMYIO J H-BePTHKAABHYI0 6, KOTOpHIE Ha
COOTBETCTBYIOIIHX 0CAX HOMOTPAMMBL OTIpeessioT sHavenns v u Q. Ianee npo-
BOAAT NpsaMyio 7 (NPOO/IKeHHe NPAMOFH | B MPOTHBONIOJIOKHOM HanpaBieHu )
0 JHHHH 3aJaHHOrO . 3HaYeRM: by; W MpsAMyio 8 1o nepeceuenns c ocbio f.
Onpenenennoe Takum ofpasom 3Hauenie B’ MO3BOMAET BHIMHCANTL 3HAuEHHE
h = by,/B, nocie uero BuluHcARIOT oTHOmenHe h/A. Ilpamyio 9, sBasiomyiocs
Npoao/IKEeHHEM ﬂpﬂMOﬂ 8 HPOBO}]JIT AO JHHHH BbIYHCJIEHHOIO 3HaY€HHsA OTHOLE-
uust h/A, nocne yero.mpsMyio. [0 BeRyT 10 JIHHHY -ONPeJENEHHOTO Mo Tabn. 4
npHaoXKenusn 9. | 3HaueHHS ua oy @ 3aTEM MPAMYIO . 11 npoBoAAT O OCH Upey,
4TO M ONpejenseT 3HaueHHe vm,. L

331[\3‘-13 SIBJISIETCH pemeHHoa TNpH COBMAJAEHHH SHE‘IEHHH UH UJJO]I HJIH He-

- 3gaunTenbHoM (510 %) npeBbimeHHN '3HAYCHHS Unpoy HAX 3HaueHHeM 0. B
MPOTHBHOM cCJiydae 3aJ1aloTCsi HOBLIM SHAYEHHEM ® H TIOCTPOEHHEe NOBTOPHIOT. B
M3JI0KEHHOM BhbillIe. nop‘ﬂm(e'- { 91a

9.14. TMpumep. Kanaaa TpanenenfaabHOTO. CeueHHs € KoI(DPHUHEHTOM -OTKACOB
Moy = 1,5 NMposokeHa B HECBASHOM IPYHTE CO CPeIHHM pasMepoM yacTHIL d = 5 mm. Wy-
pHHA KaHABH 10 AHY bgy = 0,6 M; ray6nra soAw B Kanase h = 0,4 M; yKJOH KaHaBhl
i = 0,005. TpeGyetcs onpeneuﬂ'rb pacxui:. CKOPOCTb BOABl H JOMYCKAEMYK CKOPOCTL /s
FPYHTA HA JHe KAHABHL

P e nrewu e. [lo Ta6a. 3 npuiaoxkenns 9.1 onpep;e.rmeu n = 0,0175, a no Ta6ax. 1
H 4 3TOro ke NPHIOKEHBA Hpno, == 0,45 s/c m A = 0,7d = 3,5 mm.

Buuneasem B = byy/h = 0,6/0,4 = 1,5; h/A = 400/3,5 = 114.

B COOTBeTCTBHH CO cxemoii Ha pHc. 9.5, a mo Homorpamme, npeiacTaBleHHON Ha
puc. 9.4, onpenensem v = 1,55 m/c, @ = 0,75 x'/c Unon = 0.9 w/c. Orcioza caenyer, 4to
IHO KaHaBbl HYMXIAeTCA B YKPeNnJeHHH. .
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9.15. KanaBbl GOJbIIOA TPOTAMXKEHHOCTH PACCUHTHIBAIOT MOC/IENOBATENLHO,
N0 OTHe/NbHBIM yyacTKaM. ['DaHMIBI PACYeTHBIX YYaCTKOB HA3HAUYAIOT B COOT-
BETCTBHH C TOYKAMH NepernGa NpojonbHOro Npoduas Kanaewl. ITpu Hamuuum
YYacTKOB NMOCTOSTHHOTO YKJOHA ¢ AJHHOH, npepblaomeii 200 m, xauaﬂy pasje-
JISIOT HA OTHAeNbHble y4yacTKH AauHoi 100—200 m.

Pacuernbiit pacxoi KaxIoro yuacTka

Qn=Qrny-+A Qs : (©.11)

riie Qn v Qn_; — pacueTHbie PacXOAbl coome'rc'rsenao paccMaTpHBAEMOTO H MpPeJbIAYWero
YYaCTKOB KAaHaBHI;
AQ, — NMPHTOK BOJH € BOLOCGOPHOro GacceliHa HENOCPEACTBEHHO K paccMaTpHBae-
MOMY  y4acTKy. <

Pacyer mocjefyiommx y4acTKOB, KakK NPaBHJIO, CBOAHTCS K ONPEAe/eHHI0
pacueTHOMH my6uﬂu NOTOKA NPH HOBOM 3HAueHHH pacxoja Q M 3HaueHHsX
by Mor, N, [, OIMHAKOBEIX C NpelblAylHM yuacTKoM, Juis nocsesHero yuact-
Ka auannanpym YCJIOBHS BHIXOJa MOTOKA H3 KAHABBI H TIPOBEPSIOT HepasMbiBae-
MOCTb. KOHIIEBOH YacTH yuyacTKa (CM. Bbille).

9.16. Ilpu uucae pacyeTHBIX YYacTKOB n =2 rayOGHHBI NOTOKA B KaHaBe
LesiecoobpasHo onpejeisiTh ¢ HCIOJb30BAHHEM MOCTPOEHHOro HJISi 3TOH IeNH
rpadHKa 3aBUCHMOCTH PACXOJHOH XapaKTEPUCTHKH KaHABhI OT IMIYGHHBI NIOTOKA.

Mpumep. Kanasa paunoit 500 M uMeeT oAHHAKOBHI YKJoH ana i = 0,001. dopma
nonepeyHoro CeYeHHs KaHaBbl TpanmeueHaaJbHasd, WHPHHaA no Any b = 0,1, KpyTH3Ha oOT-
KOCOB H I11epOXOBATOCTb XAPAKTEPHIYIOTCH KOIDPHUHEHTAMH My, — 15 u n = 0,0275.
MocrynaowHni ¢ nonocﬁopuoﬁ Teppurtopuu pacxol @ = 0,1 m*/c pasHomepHo pacnpenenen
no JJIHHEe KaHAaBbl.

TpeGyercsi onpeleiHTb rAyOHHY MOTOKa (6e3 ydyeTa BJHsIHHSM KOHLEBOrO ydacTKa
KaHaBhl) B ceyenHsx 1, 2, 3 u 4, pacno/loxeHHBIX HA PACCTOAHHAX OT Hayajda KaHaBhl, CO-
oTBeTrcTBeHHo 125 M, 250 M, 37 M H B KOHIE KaHaBhl,

Pewenune Jas pala npoHsBoAbHO BHOPAHHEIX 3HAYCHHI TAYGHH NMOTOKA Mo
dopmysie K = @CV/ R onpefeisieM COOTBETCTBYIOIHE 3HAYEHHSN PACXOLHBIX XapaKTepH-
cTHK (Ta6a. 9.3); satem cTponM rpadpuk K = f (k) (puc. 9.6). °

Cunras, 4TO pacxoji NOTOKA B KOHLEBOM CeYeHMH KaHABbl Qg paBeH NOJIHOMY pacxo-
AY, NOCTYNAKUEMY C PHMBIKAUIEH K KaHaBe BOJAOCGOPHOH TEPPHTOPHH, a B cedyeHHAX |,
2 u 3 — cootgerctBenno Q) = 0,25Q,, Q, = 0,5Q u Q3 = 0,75Q,, onpenensiem pacxoaHbie
XapaKkTepHCTHKH B KaX/IOM H3 PACCMOTPeHHHIX ceuenHil no popmyne K; = Q;/V/i.

Toraa no:}yqnm K, = 0,1//0,001 = 3,33 w¥/c; K;= 0,83 wdlc; K,= 1,67 w¥lc
" K;=25

[To rpaguxy na puc. 9.6 Haxoum 3Hauenns rayGuH notoxa oy = 0,25 M; hy = 0,33 M;
hy = 0,38 M u hy = 0,42 M, COOTBeTCTBYIOLHE NOJYUEHHbHIM Bblle 3HAYEHHAM K.

9.17. Tlpu pasiuuHbIX YKJOHAX JHA KaHaBRl PACyeT BEAYT B CJEJYIOIIEM
nopsjKe: :

1. OnpeznensiioT pacueTHble pacXofibl YYacTKOB 1o gopmyae (9.11).

2. Jlns KaxJoro y4acTKa HaxXo[sT HOPMaJlbHHE H KPHTHYeCKHe riy6HHbI,
a TaKie KPHTHUECKHE YKJOHBl TOTOKa.

TaGaunma 9.3

h, M @, M? R, M C; M°'5/: K, mifc
0,1 0,025 : 0,044 21,65 0,113
0,2 0,08 0,079 23,86 0,537
0,3 0,165 0,109 25,17 1,37

0,4 0,28 0,142 26,29 2,774
0.5 0,425 0,174 k 27.2 4,822
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Puc. 9.6. I'padpuk k npHMepy oOnNpeneseHHs rayGuH noToka Ha Y4acTKe MOCTOSHHOrO
YKJIOHA

3. CTpOAT M aHAJIM3UPYIOT CXEMATHUECKHH TIPONOJIBHBI Npodu/IbL KaHaBhl
C JIMHHAMH HOPMAJbHBIX H KPHTHYECKHX I/YGHH H NPHMEPHBIM OYepPTAHHEM KpH-
BOH CBOOOJAHOH MOBEPXHOCTH MOTOKa. )

BoaMoxHBIfi BapHaHT KPHBOH CBOGOJAHOH NOBEPXHOCTH IPEACTABJEH Ha
puc. 9.7. 2 g

4. OnpenensiioT pacyeTHyio riiy6HHY NOTOKAa Ha paccMaTpPHBAeMOM yuyacTke
MCXOJIA H3 MAKCHMAbHOM TJYGHHBI NOTOKA B NpefleslaX PaccMaTPHBAEMOro yya-
CTKa M Tpe0yeMoro BO3BhilleHHsi OPOBKH KaHaBBI HaJ YPOBHEM BOJb.

5. BblyHC/SIIOT JIONYCKAEMYKO CKOPOCTb NMOTOKA MO XapaKTePHCTHKAM ce-
YeHHs ¢ MHHHMaJbHOH TIyGHHOMH. : .

Ha yuactkax ¢ YKJIOHOM [HA, MEHBIIHM KDHTHUYECKOTO, PAaCIO0XeHHBIX
HENOCPEACTBEHHO 32 YYAaCTKaMH C YKJIOHOM, GOJIbIIHM KPHTHYECKOTO, NPOHCXO-
AHT MEPexo] NoToKa U3 GYPHOro COCTOSIHHSI B CNOKOHHOe ¢ 06pPa30oBaHHEM THJl-
paBsiuyeckoro npeukka (puc. 9.8). OnexAy Af HaualbHOW YaCTH TaKHX yyac-
KOB CJIe/lyeT Ha3HauaTh I10 CEYEHHIO, Pa3feNAIONIEMy YKa3aHHble YYacTKH, CYH-
Tasi, 4To rAy6HHA 3/eCh HOPMAJbHAS ISl Y4ACTKA ¢ GYpPHBIM TeueHneM. JLIuHHY

Lnn

5 5 lo . = i Lynp
EpsCigy <Ly Loy> Ly el Lg2<ly
Puc. 9.7. Kpusas cBo6GOAHOH MOBEPXHOCTH Puc. 9.8. IMToTok Ha cONpsIKEHHH Y4ACTKOB
NOTOKAa B KaHaBe C NMEPEMEHHLM YKJIOHOM KaHaBHl ¢ yMeHblUeHHEM YKJAOHA (ip>>ix;
aua (o2 <io<fx; ipa>1ix) ia<ix)
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yyacTKa NoJoGPAHHOTO TAKHM 00pa3oM YKpenJeHHsi BHHS OT pa3fiesibHOro ce-
YeHHA TPHHUMAIOT NPHOIHKEHHO:

2hys — (Mog N1}

lypp= + 15 (2hyg —hgy ) (9.12)
IlepBbiil uleH npasoi yacTH ypaBHenus (9.12), orpaxaiownit 11HRy orro-
Ha NPLDKKa [opp, YUHTHIBAIOT JHIIb NPH MOJOKHTEILHOM 3HAYEHHH 3TOTO YJieHa.
6. Onpenensior He3auJHBAIOILYI0 CKOPOCTh, VI NEPBOTO yyacTKa, a Tak-

e Iad YYacTKOB CO CKOPOCTSIMH MEHBIIHMH, Ye€M Ha NMEePBOM yuyacTke.

KPHBOJIHHEAHBIE KAHABbBI

9.18. 3akpyr/ienHs Kanap pacnoJ/araioT Ha y4acTKax cO CIIOKOHHBIM JBHIKe-
HHeM IOTOKa, T. €. MPH YKJOHE JIHa YY4acTKOB MeHbllle KpHTHYecKoro. B stom
cayyae ri1yGHHY NOTOKA Ha y4acCTKe 3aKpYIJieHHsi MOXKHO ONpe/leTHTh Na dopmy-
ne Iesu.

Jlonmyckaemasi CKOPOCTb HAa KPHBOJKHEHHOM YuacTke

Unon=Ka 4y pon, ©(9.13)

rae  Ka — Ko3QQHUHeHT, onpejenseMblii No HOMOrpamMe, npeAacTaBieHHoA Ha puc, 9.9,
B 3aBHCHMOCTH OT OTHOWeEHHH rmy,/B, #/A, 6/8 r 6;
Fmin — PAccTOAHHE OT NeHTPa 3aKpYrienHs A0 GaHxalmed JHHHH ypesa BOAH B Ka-
HaBe;
6 — yron nomopota.

[Npu onpenenennn Kosdpuukenta K, 415 TPYHTOB H YKpeNJIeHHH Ha OTKO-
caX KaHaBbl TNPHHHMAIOT
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9.19. I'Iplmep TpeGyercs onpefenHTh KospduuuenT Ky AN y4acTKa KaHaBl UIH-

g{ HHOH 110 AHY byy = 60 cM, rayGuuolt A = 40 cM H K03bPHUHEHTOM OTKOCOB Moy = 1,5.

roJl NoBOpPOTa yuacﬂ(a xaHasul 8 = 75° npn paamyce mosopora R = 12 M. Kauana npo-
J0}KeHa B TMecYyaHoM TPYHTe CO CPeXHHM AHamerpoM vacTHu d = 2,0 mm.

Peme n ne Haxoaum Kospduunedt Ky Ansi AHA KaHaBhl. ,Il.nq 3TOro onpeelisneM

A= 0,7d = 1,4 mm (no Tabn. 1 npuiaoxenns 9.1);
i B=bgy+2mop h=0,6+2:1,5-0,4=1,7 m;
1,7
rm|n=R——2-——-l2— 2 =119 m;
byu/B=0,6/0,8=0,333;
h/A=0,4/0,0014 = 286;
fmin/B=11,1/1,8=6,2.

Mo rpapuky Ha puc. 9.9 HaxomuM Kynm) = 2,34. BhunCIHB 3HadYeHHR

bny 1 bnn 1 0,6 .
SR e = po zoias;
( B )o'rx 2 % 2B 2 5 2.1,8

h h
(—A—)o‘m* Ty =0,5-286 =143,

a TaKkXe HCMOJAb3YH naa‘ec‘rﬂoe OTHOLLEHHE rmm/B = 6,2, no rpaduky Ha puc. 9.9 onpeje.
AfieM AJS OTKOocOB KaHaB K(orx) = 2,05

10. PACYETbI MAJIbIX HCKYCCTBEHHbIX COOPY)XEHHHA
NPH NPOEKTHPOBAHHH BTOPBIX NYTERA,
PEKOHCTPYKILHH IOPOT
H OUEHKE BOAONPONYCKHOHN CITOCOBHOCTH
COOPY)XEHHHA

OBLHE CBELEHHA

10.1. Tlpu peKOHCTPYKIUHH JOPOr H CTPOHTENbCTBE BTOPHLIX NyTei Heol-
XOJIHMO OLIEHHTb BOJAOMPONYCKHYIO CNOCOGHOCTb IKCIIYATHPYEMBIX COOpYKEHHI
H yyecThb crneuH(HueckHe 0cOBEHHOCTH, Bbi3blBaeMble NEpeyCcTPOHCTBOM JOPOTH.
B amux ycnioBHsiX MHOTrJa GbiBAET BO3MOXHO YTOYHHTh THIAPOJOTHYECKHE H THA-
paB/iHYeCKHe pacyeThl, HCMOJb3ys JAaHHble 0 paboTe cCOOPYMeHHH B MpPOIIJIOM.
Hannsie Habmolenuii o pabote HHKHHX GbeOB COOPYKEHHH H PAa3MbIBaX 3a YK-
penJieHHAMH NO03BOJAIOT Gojiee 060CHOBAHHO HA3HAYATH THIl BHIXOAHOrO pycna.
Psin ycnoBuit paGothl coopyxenuii (OT/IOKEHHEe HAaHOCOB, OBparooGpa3oBaHHe
M T. 1.) JAOT BO3MOXHOCTb OOGOCHOBAHHO Ha3HAYHTb MePONPHUATHA J/s npe-
JIOTBpALIeHHs HapylleHHH paGoThl coopyseHHH. Pacuer coopyeHHiH Ha BTO-
peiX nyTsX TpeGyer yuera cneuudukn Hx pabotsl (B3aHMHast paboTta coopyKeHHi,
yAJIHHeHHe Tpy6 u T. m.).

10.2. Jlns oueHkH BOAONPONYCKHOH CNMOCOGHOCTH CYLIECTBYIOUHX COOPY-
MEHHH NPH NPOEKTHPOBAHHH BTOPBIX NYyTeH, PEKOHCTPYKUHH JKeJE3HOLAOPOXK-
HBIX JIHHHH H KJaccH(HKAalHH COOPYIKEeHHH 110 BOAONPONYCKHOA CNOCOGHOCTH He-
06XOAHMBI C/IEIYIOIIHE HCXOAHBIE NAaHHbIE, NIOJyYaeMble H3 aPXHBHBIX H NPOeKT-
HBIX MaTepHajios [33]: i

THN H OTBEPCTHE COOPYMKEHHS,

THN BXOAHBIX H BLIXOAHBIX OrOJIOBKOB TpYO;

roJi MOCTPOHKH, HWHBEHTAPHBIH HOMEp NpoeKTa (eclH ecTsb);

*  MpOJOJIBHBIN NpodHIb AOPOTH HA IHPHHE PA3/IHBA TIPH NOANEPTOM YPOBHE
BeicokHX Boi ([TYBB) npu nponycke HanGoJbluero pacxoia;

OTMETKa H YKJOH JIOTKA COOPYXXEHHS;

OTMETKa HH3a KOHCTPYKIHH MPOJETHOTO CTPOEHHf,

THIl BBIXOJIHOTO YKPEI/eHHS H ero KOHIEBOH YacTH C YKasaHHeM, HMeercH
Jli KaMeHHast Habpocka (prcGepma) H ee 06beM; NPH OTCYTCTBHH JAHHBIX O pa3me-
pax ykpenJeHuii H KaMeHHOH HaGPOCKH MOXHO BOCIOJ/Ib30BaTbCsl AaHHLIMH MPH-
MEHHTEJbHO K KOHCTPYKLHAM, KOTOpble HCNOJIb30BAJHCh B NEPHOA NOCTPOAKH
COODPY2KeHHH;

naomane Gaccefina M YKJOH Jora;

POA NoyB Ha Gacceline (TJIHHHCTHIE, MECYaHbIe H PhIXJ/Ible); €C/IH HeT aHHbIX
O TpPyHTax, TO B pacuer NPHHHMAIOT TJIHHHCTHIE TOYBHI;

apXHBHBle H NPOeKTHhie JaHHble 0 pajore coopyxeHHi (nepesinBbl Yepes
Hachlllb, Pa3MLIBEI, 3aH/IEHHE H T. ).
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10.3. [IpH HEOGXOAHMOCTH MepeycTPONCTBA CYIIECTBYIOUHX COOPYKeHHH,
a Takxe NPH PEeKOHCTPYKLHH JOPOTH H CTPOMTENIbCTBE BTOPHIX NyTeH JOMOJHHK-
TENbHO COGHPHIOT Ha MeCTe cJieAylolllHe MaTepHaJibi:

COCTOSTHHE KOHYCOB MOCTOB H POJl HX YKpeNnJeHHi; COCTOAHHe OroJiOBKOB,
YKpenJieHHs BXOAHBIX H BBIXOJHBIX pyceJi; cXeMaTHYeCKHH MJIaH BbIXOAHOTrO Jlora
C YKa3aHHeM BOPOHKH Pa3MblBa H FPaHHIIbl COXPAaHHBILErocs YKpPenJeHHs, a Tak-
XKe pacnonoxeHHs BhIHECEHHBIX OTOKOM OT/e/IbHEIX 3/IEMEHTOB YKPENJ/IeH s H HX
pasmepoB; :

JaTa W COCTAB NPOH3BOJHBIUMXCA PEMOHTHBIX paboT, a TakiKe HX MPHUYMHBI;
3CKH3hl H3MEHEHHbIX 4acTedl KOHCTPYKUHH, BJAMAIOUMX Ha THApPaBJHYECKHe yc-
NoBusi paGOTHL COOPYXKEHHA; NaHHble 06 yIJHHEHHH COOPYXKeHHs B CBA3H C IO-
CTPOHAKO# BTOPOro NyTH M H3MEHEHHH ero CeuyeHHs, nepeycTpoficTee OroJIOBKOB,
KOHYCOB, prEl’l.‘lEHHﬁ, yc-ranénxe racurese SHEepPruM NoToKa, BOCCTAHOBJIEHHH
COOpYKeHHsi B CBA3H C BHIHOCOM €ro Tocjie NaBOJIKa MM YaCTHYHOM paspylue-
HHH H T. 0.}

YepTeXKH COOPYKEHHS, BK/o4as QyHAaMeHTHl H YKpenJeHHs, C YKa3aHHeM
ryGHHBI 3a/102KeHHA (PYHAAMEHTOB M KOHLLEBOH YacTH YKpenJeHus (1151 i0CTOB —
NPOJONBHBIA pa3pe3 10 OCH COOPYIKeHHSA, MJaH H dacaj; Ana Tpy6 — JONOJIHH-
TesqpHO (pacafibl BXOAHBIX H BBIXOAHBIX OrOJ/IOBKOB);

npodH/Ib H CXeMAaTHUECKHH IJIAH JIOrd C YKa3aHHEM Pe3epBOB, PACIOJIONKeH-
HBIX BOJAH3H COOPYKEHHSA, BJIHAIOUIHX Ha ero paboTy H cnoco6CTRYOIAX obpa-
30BaHHIO OBparoB; ) :

cxeMaTHUeCKHH NJiaH paioHa pacno/lokeHHs! HCKYCCTBEHHOTO COOPYIKeHHS ;

MKHBbIE CEYeHHSI MO JIOTY; P

NJaH nepecevyeHus OCH NOPOTH € OCblo TPYGH ¢ yKa3aHHeM yriia nepeceve-
HHS; !

JIaHHBIE O TPYHTAX JIOra Ha BbIXOJe H3 COOPYXEeHHS ¢ YKa3aHHeM rpaHyJo-
METPHYECKOro COCTaBa 15l HECBSI3HbIX IPYHTOB H CUEIJIEHHA — JUIf CBA3HBIX;

JlaHHble 0 paborte eoopyxenuii: otmerkH [TYBB ua tpy6e uau mMocty uiau
APYTHX COOPYKEHHAX C YKA3aHHEM FO/a H Mecslla Hab/oleHH A ; Nepe/iHBbl Yepes
HACHINb U €€ PA3pyIIeHHs C yKasaHHeM [ojla, Mecslla H pacxola (ypoBHsA) npo-
LIe/iero NaBojKa; Pa3MbiBhl Ha BbIXOJle C YKa3aHHEM BpeMeHH HX BOJHHKHOBe-
HHSA H BHI3BABIUMX MX PACXO/0B (IJIaH Pa3MbiBa HJIH MPH €ro OTCYTCTBHH — MaK-
cHMaibHas riyGHHa pa3MbiBa H ee TOJIOXEHHe); YPOBHH BOAb Ha BbIXOJe
H3 COOpPYXKEHHA; T‘.TIYGHHH NOTOKa Ha YKpelJieHHH H B BbBIXOAHOM Jiore; JaHHbie
0 NpoTeKaHHH MOTOKA yepe3 TPyOy; 3anJieHHe COOPYKEeHHH (CBeJeHMs O CBA3M
TOJIIMHB CJIOSi HAHOCOB HAJ JIOTKOM TPYOblL ¢ YPOBHEM MaBOJKa M0 roiam); Ha-
JHyHe, 10/10}KEHHe H aKTHBHOCTb OBparoB B pafioHe nepexoja (laHHble O nepe-
MElLeHHH BepXOBOH OKOHEYHOCTH OBParoB 10 rofiam);

JaHHble 0 paboTe coOpYKeHHHA Ha pacnoJioKeHHbIXx BOJAM3M obcnelyemoft
JOpord wioccedHBIX H JeJe3HnX Aoporax (pasmepbl COOpY:KeHHH, OTMEeTKH
[TYBB ¢ ykasanueM roja HaG/iOleHHH W MECTOPACTIOJIONKEeHHS). '

. OCOBEHHOCTH THAPABJIHYECKHX PACYETOB:
CYLLECTBYIOUHX COOPY)KEHHHA. PACHETbHl COOPY)XEHHRA
" HA BTOPBIX MYTAX .,

10.4. OcHOBHbIMH NOKYMeHTaMH /s ONpENeJeHHsl PacXo/loB 3a/laHHOH Be-
POSITHOCTH NpEeBhllleHHs B COOPYKEHHAX Ha IKCIIYaTHPYeMbIX JOPOrax, TaK e,

KaK M JJiIs BHOBb NPOEKTHPyeMbIX, ABJAMIOTCA: AnA cHeroBoro croka CHull .

2.01.14-83 [41], ans ausuesoro BCH 63-76 {15]. B stux nokymeHntax npuseze-
Hbl peKOMEHAALHH N0 OCOBEHHOCTSIM HIAPOJOrHYECKHX PACYETOB CYILECTBYIOLHX
COOpYKeHHH B 3aBHCHMOCTH OT ofbeMa uMelomuxcss AaHHbiX. ([ns npensapu-
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TebHOr0 0TG0pa COOPYIKEHHH ¢ 0CTaTOYHOH NpONyCKHOM CNOCOGHOCTBIO PacXoll
MOMHO OMpENeJIHTh B COOTBETCTBHH C DEKOMEHIALMAMH ri. 3,)

10.5. T'napas/uyecKue pacyersl CYLWECTBYIOUHX COOPYKEHHH BbINOJIHAIOT
B 3aBHCHMOCTH OT TPHHATHIX METOJI0B THAPOJIOTHYECKHX Pacyeros.

[Ipu onpeie/eHUH PacYETHBIX PacXOl0B NyTEM 06pabOTKH MX PsAAOB I'MA-
paBaH4ecKHe PacyeThl NpeAWecTBYIOT THAPOJOTHYECKHM (yCTaHOB/IEHHE pacxo-
OB N0 HaGMOJEHHLM YPOBHAM), ABAAACH BCNOMOTATEJbHLIMH.

[1pu onpe/e/eHiH PACXO/0B, BK/IIOUAEMbIX B PALTO HaO/MOAeHHBIM Y POBHSM,
Heo6XONHMO HMETb B BHAY Clelylolee.

YpoBHH, OTMEUEHHBIE HA NPEAMETaX, PACHONOMEHHMX Bl COOpPYKeHHA
(Ha OTKOCAX HACHINH, JHHHAX 3/IEKTPONEpENaUn U T, 1.), COOTBETCTBYIOT NOJMep-
THIM YPOBHSAM, HENOCPEACTBEHHO, HCNIO/Ib3yeMbIM. NpH pacueTe pacxoioB ng top-
MyJaM, IpHBEJeHHBIM B I71. 5 1 6. YPOBHH, OTMEUeHHbIE Ha OTOJIOBKAX TPYOHI W
BXOAHON €e YacTH, COOTBETCTBYIOT TyGHHe HA BXOJ€ B TPYOY hygx. B 3TOM Cny-

yae 1o rpadukam Aaf gy =f (ITg) (cM. ra1. 5) HAXOAAT COOTBeTCTBYIOLIHI 5TOH

ray6uHe pacxol TPYObl. ;
[Tocne onpenelieHHsi pacyeTHOro Qp.coop H HaHOONBIETO Quax coop PAC-

%0108 N0 HopMaM cToka [15, 41] nofnepThie r/1yGUHE! EPEL COOPYKEHHAMH NPH
[IPOXOAIEHHH ITHX PACXOIOB MOMYUalOT NOCTPORHHEM HaTYPHBIX KPHBBIX CBASH
pacXOAOB H YpOBHei, SKCTpanoJqHpys HX 10 Qp.coop H Qmax coop- BO3MONKEH
i O6LIUHBIA cNoco6 OnpefieNeHust MOANEPTHIX TIYGHH MO pacxoly, NPHBEACHHBIH

Bri. 5 H6.
CKopocTH Ha BbIXOJIe H3 COOPYKEHHIT ONPEENIAIOT 10 TEM 2Ke 3aBHCHMOCTAM,

» YTO W TIPH pacyere HOBBHIX coopyxenuil (cM. ra. 5'u 6).

10.6. Coopy»eHHe BTOPOTO NMYTH B psle cryyaes NPHBOAHT K CNEAYIOUIHM
o0coBEHHOCTAM B rUApaBaHyecKofi paGoTe TPYO Kak Ha CYIUIECTBYIOIEM MyTH, TaK
BHOBb COOPYMAeMBbIX.
! Haﬂpn ycrpoﬁgne BTOPOTO MNYTH HA SIHHOM € CYIIECTBYIOLAM 3EMIAHOM 10
JIOTHEe HOBOE COOpYXKeHHe ABJIAETCH NPOJOJKEHHEM CTAPOro, H AIHHA coopyxe-
uwit (BLO/b NOTOKA) yBeJHunpaercs. I1pu yAnHHeHHH Tpy6a MOKeT cTaTh B THA-
PAB/IHYECKOM OTHOLIEHHH CANKHHOMY, T. €. ee JaHHA HauyHer  BJHATb Ha YCJ0-
Bus THApaBJuueckoit pabotsl (cM. rai ). . | : 0&_
INpHcTpoiika MoCTa Ha BTOPOM MYTH K CYUIECTBYIOUIEMY MOCTY H3MeHseT
CXeMy ero rHApaB/HYecKOl paboTw Aeras €ro.AByXnepenaikbiM, aHaJOrHYHO
Tpy6e (cM. ra. 6).
54 H:forna cyu:flc-my:omue MOCTBl YAAUHAIOD TpyOaMu. I1pu 3T0M BO3HHKAET
KOMOHHHpPOBaHHOE COOPYXEeHHE mocr-tpy6a (puc. 10.1). ,

a) 6)
'
d) 5
PSR
4 s i
: H _ Puc. 10.1, Kombuunpoban-
- ] HOe CcOOpYXKeHHe  MOCT-
I rpyGa: - °
a ~ npopoabysl paspes; 6 —

naal (HacwWnb He noKasaHa):
#— dacan! [ —molr,  2—
TpYyGa
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.

LURIN

Puc. 102, Cxema rnnpamnqecnoﬁ paGoTel COOpYXEHHI NPH pasfeJbHOM 3eMJISHOM TO-
JIOTHE

IT]T

[1pu npuctpoiike TpyOs ¢ HH3OBOH CTOPOHBI THIPABIHYECKHE DacyeTHl Be-
AyT, KaK AJs TPYObl C MOPTANbHBLIMH OrOJIOBKAMH H KOHYcaMH (eM. rJj1. 5), npu-
YeM MOCT MPPAET POJib MOBBILIEHHOrO 3BeHA. PeXHM TeueHHs ONpeeNsioT B ce-
yeHHH Ha BXoJie B TPYOy C OlHOBpeMEeHHO# NPOBEPKON BOABLINIEHHS HH3A NPO-
JIETHOTO CTPOEHHSA.

[lpu npucrpoiike TpyGpl ‘¢ BepXOBOH CTOPOHBI NOANEPTYIO TAYGHHY Nepen
COOpY:KEHHEeM ONpefeNsioT, KaK Ais TpyOsl, pasmua JKe Ha BBIXOJe H3 COopyxe-
HHSl PACCUMTHIBAIOT C yueToM (POPMbI H pa3MepoB KOHYCOB Yy MOCTa.

10.7. Tlpu yknajke nyrtef Ha pasjeJbHOM IIOJIOTHE BEPXOBOE COODPYIKeHHe
paGoraer B ycJ0BHAX noATonaeHus cHusy (puc. 10.2), 4T0 yuHTHIBAIOT KaK npu
pacueTe NpPONYCKHO#H criocoGHOCTH TPy6, Tak M MPH pacuere pasmbiBa. PasMbis
3a BepX0BOH TpyOOi PACCYHTHIBAIOT C YYETOM TOI'0, YTO OH POHCXOJIHT B YCJIOBHSAX
HecBOGOJIHOTO PacTeKaHHs, BHI3BAHHOTO TOATOMJIEHHEM CO CTOPOHHI HH30BOTO
coopyxeHHsi (cM. T, 5).

[MpoaykTsl pasMbiBa y BEPXOBOTO COODYIKEHHS MOTYT OTJIaraThCsi Nepen

HU30BLIM COOPYMKEHHEM H 3aTPYAHATH ero padory. [lostoMy MHHHMA/IBHOE pac-

CTOSIHHE MeX/ly KOHIIOM YKpeIlJIeHHs BepXOBOro COOPYMEHHf W HayaJloM HM30-
BOTO

k3 ' 0,85h 5
Lt =i (o 1) +2 (1 1) (1 =220 ), (10.1)
H
rie Afmay — MakcHMaibHas TyOHHA PasMbiBA HA BHXOJE H3 BEPXOBOrO COOPYIKEHHS
(cm. ra, 7); .
Mor — KPYTH3HA npenoxpanu-remuoro 0TKOCa BEPXOBOrO COOPYKEHHS; NIPH BEPTH-

KaNbHOM «3yGey My, = 0;
Mgy — KPYTH3HA HH30BOTO OTKOCA BOPOHKH PasMbiBa BEPXOBOTO COOPYIKEHHH, OI-
' pefienisieMast no Ta6a, 10.1 B 3aBHCHMOCTH OT CTeNeHH NMOATONJEHHS COOpY-

KEHHA
g= hns/0-85hn:
hp — npeaedbhas rAyGHHA MOTOKA B HHIKHEM Gbedie BePXOBOTO COOPYIKEHHS, 10

KOTOpO# HMeeT MeCTO CBOGOAHOE pacTeKaHHe notoka (cm. ra. 7);
hyg — rayOHHA 1OTOKA B HHXKHeM Gbee BepXOBOro COOPYKEHHS.
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Ta6anua 10.1

m.

a ‘ Man o BH o BH a ‘ Myn

1 I 2,0 3] 5,6 g 3,5 10. 2,7
2 5.5 1 4’5 8 3.0 >15 20

B yakux norax (K, >1 1 ¢ = hy/0,85h, << 2, cM. 1. 7) Iy, OnpEne-
JISIIOT H3 YCJO0BHsI O0ecnedeHHsl yKpeIJIeHHs Ha BXOJle B HH30BOE COOPYKEHHE OT
o6pyleHusi BOPOHKOH pa3MbiBa BEDPXOBOIO COODYXEHHs 1o (opmyJe

2/3
lm1n=7,ﬁDa(—A‘h—'m‘£') .

R
rae Dy — 3KBHBaJIGHTHBIA JITHAMETP OTBEPCTHA BepXoBoro coopyxenus (cm. ra. 7).

10.8. Pacyer BoJonpONyCKHBIX COOPYXK€HHH NpPH NPOEKTHPOBAHHH BTOPBIX
nyreu BeAyT B CJEAYIOIIEM MOpSfKe.

. OnpefeNisiiOT MPONYCKHYIO COCOGHOCTb CYHIECTBYIOUIHX COOPYMKEHHH
6e3 piusHHA BTOPOro nyTtH. Ecan BOAONpPONYyCKHaA CNOCOGHOCTD. CYLIECTBYIO-
UIHX COOPYXEHHH HeJOoCTATOYHA, TO HASHAYAIOT Mepbl €e YBeNHYEHHH
(cm. nn. 10.10—10.14).

2. PaccyHTHIBAlOT COOPYXEHHS C YY€TOM MNOCTPOHKH BTOPOrO MYTH, T. €,
YUYHTHIBAIOT YJVIHHEeHHe TPYO, NPHCTPOHKY K MOCTY TPYy6bl (KOMOHHHDOBaHHbBIE
coopyx{ennﬂ) H. T 0

3. OnpepensiorT OTBEPCTHE NPOEKTHPYEMOIO BOAONPONYCKHOTO COOPYKEHHA .
[Tpu pacnosoxeHHH BTOPOrO MYTH Ha Pas3je/bHOM I[OJOTHE PpaccMaTPHBAIOT
clelyiolHe Cclayyau:

a) BTOpOJ MyTh ¢ HH30BOH CTOPOHBI. B 3TOM clyyae oTBepcTHE NPOEKTHpPYe-
MOT0 COOp Y2KeHHS TOAGHPAIOT TaK, YTOOK OblIH COBJIIOeHBI c:tenyxomue YCJIOBHA:

NpH NPONYCKE PACYETHOrO pacxou.a Qp:

aast Tpy6

(10.2)

Hp.ngs’ft.n"“(! (10.3)
AJId MOCTOB
Hp.u < hysew—Bu (p) n+i05 (10.4)

[pH TpPONYCKe HAHGOJbIIEro Pacxofd Qumas:
ISt MOCTOB

Hax < hys,s —Bgx (max) s+ ' (10.5)
I/ | MOCTOB H TPYG
Hmax 8 < Hyac. s—A6n (max) 8+ ! (10.6)

rae  Hp g ¥ Hmax g — COOTBETCTBEHHO MOAMOPH Me€pe]l HHSOBHM COOPYIKEHHEM Ha BTO-
POM TIYTH NpPH NPONYCKe PACYETHOrO H HAHGOJBIIEro Pacxojos;
Hmax g — nonuop nepes BepXOBHIM COODYXXEeHHEM NMPH NPOmycke HanGO/b-
mwero pacxoxa;
hy p— BHICOTa BepXoBoO# 'rcy
s=h/hy 5 — periaMeHTHpYeMOe Hull 2.05.03-84 npefesbHOE 3aNoJHEeHHe
Tpy6ul (3nech A — ray6HHA BoAl B TpyGe);
hgx 5 — PACCTORHHE OT JOTKA BEPXOBOrO MOCTA 10 HH3a IPOJETHOro
CTPOEHHS;

Aux(p) s+ Du v(max) s — PerIaMeRTHpYeMbie BOSBHIICHHS HH3a KOHCTPYKUHH NPOJeTHHX
CTPOEHHKI BEPXOBOTO MOCTa HAA YPOBHeM BOJB COOTBETCTBEHHO
NpPH NMPONyCKe pacyeTHOro H HaHOOJAbHIEro PacxofoB;
Agn (mnax) s— BOSBHIIEHHe GPOBKH MOJOTHA BEPXOBOrO COOPYKEHHS Hal Moj-
NepTHiM ypoBHEM BOAH; Agn(max) = 0.5 M;
Hyae.s— BHCOTA HACHINMH Y BEPX0BOTO COOPYKEHHs Ha MEpPBOM MNYTH;
I, { — COOTBETCTBEHHO PACCTOSIHHE H YKJOH MEeXAY COOpYXeHHSMH.
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[Tposepky no gopmyite (10.6) BHNONHA IOT TOABKO NPH Ayup = Hpaxm) —
— il >hy,  ana Tpy6 M hye >1,25h, — Laa mMocToB. B 3Toy cayyae nop-
neptyio riyGHHY ONMpeNeNsioT: IJs *rpyﬁ — NPH HAaNOPHOM pPeXHMe; JAJS MO-
CTOB — NPH HecBOGOJAHOM PpeXXHMe IPOTEKAHHS;

6) BTOpOIt MyThb C BepX0BOH CTOPOHB. B 3TOM ciyyae oTBepcTHE coOpyMe-
HUsl BHAYaJe Ha3Ha4alT PAaBHBIM OTBEPCTHIO CYLLECTBYIOLIETO COODYIKEHHSI H
pacueT NPOH3BOIAT TaK XKe, KaK M B cJyuae Pacno/oXeHHS BTOPOro NyTH ¢ HH-
30BOH CTOPOHBI.

Ecan  xorst 66t ofHo, u3 ycnosuit  (10.3)—(10.6) npumeHHTe/NBHO K BHAY
COOpYKeHHs (MoCT HJIH Tﬁyﬁa) He Y/IOBJETBOPSIETCS], TO OTBEPCTHE NPOEKTHpYe-
MOTO COOpPYXXEHHSl YBeJHYHBAIOT H OTNpeNesAloT AJs HEero HOBBIE PACXO/bl B CO-
ODYXE€HHH C Y4Ye€TOM AKKYMYJSALHH. ITocne storo NNpOBEPHAIOT OTBEPCTHE CY-
IleCTBYIOLIEr0 HW30BOIO COOPYXKEHMs 1O 3aNOJHeHHIO W BhICOTe HachinH. Eciu
OHO JIOCTATOYHO, NPOBEPSIIOT OTBEPCTHE IIPOEKTHPYEMOTO BEPXOBOTO COOPYKEHHS!
corsiacHo ycaoBuaM (10.3)—(10.6), cuutas, uyTo BBEpXY Kak Obl uaxo,u.mcsx no-
CTPOEHHOE COOpYXKEHHe.

[Tocsie BHIMOJIHEHUS T'HAPABJHYECKHX PAacueTOB ONpPeNessiioT PasMbiBbl C
YUYETOM COBMeCTHOH paloThl COOPYKEeHHH H.NIPH HeOGXOAHMOCTH HaMeuaioT Mephl
NO YCHJIEHHIO HHXKHEro Gbetba CYIIECTBYIOUIETO COOPYKEHHS.

KINACCH®HKALLHS COOPY)XXEHHS
Mo BOAONPONYCKHORA CNNOCOBHOCTH

10.9. lns npeaynpex/ieHHs Pa3pyLIeHHS COOPYMKEHHH, He oOecreuHBar-
IHX NPONYCK pacyeTHHX naBoikoB, MIIC npoBoiuT KiacCHPHKAUMIO cOOpYxKe-
HHH 110 BOAONPONYCKHOA croco6HOCTH. B pesyJ/ibTaTe K/IacCHOHKALHH BhIABAAIOT
COOpYXKEeHHR, Tpefylline YCH/ICHHS.

Pa6otbl no KnaccHOHKALKK BHINOJHAIOT B TAKOM NOPsjKe:

1) obeaenyior coopyikeHHe, NpHYeM-COGHPAIOT JlaHHble 0 pa3Mepax Coopy-
JKeHHH, HX KOHCTPYKUHH M paboTe no NpollycKy NaBOAKOB;

2) NpoM3BOMAT PACYET CTOKA H FHAPABIHYECKHE PACcueThl VISl YCTAHOBJIEHHUS
3aflacOB B COOPYMEHHAX IO '3JleMeHTaM, OTPAHHYHBAIOLHM BOAONPONYCKHYIO
crnocobHocthb. K 3THM 3/1eMeHTaM OTHOCATCSA : THAPABJIHYeCKH i pexxuM paGoTsl Tpy-
Obl H ee 3aM0/IHeHHe; BO3BbIILIEHHe HH3A NPOJETHHIX CTPOSHHH MOCTOB Hal ypPOB-
HeM BOJibl; BO3BhIILEHHe GPOBKH N0OJIOTHA NOAXOJOB K MajbiM MOCTaM H Tpy6am

. HaJl TIOJTNEPTHIM YPOBHEM; BO3BbILIEHHE TOAXOJHOr0 GLICTOTOKA K KOCOTOPHBIM
MocTaM H TPyOam; pasMmbiBbl Ha BbIXOJE H3 TPY6 M MOCTOB; OBparooGpasoBaHHe
B OTBOASIIEM pYCJe MOCTa HJH TPYOhI;

3) no peayabTaTaM pPacuyeToB OTHOCAT COOPYXXeHHe K TOi HJH HHON KaTero-
PHH BOJONPONYCKHOH -CMOCOGHOCTH.

ITpu 3ToM oTHOCAT: K I KaTeropuH-COOPYMKEHHS, 3anachl N0 BOAONPONYCK-
HOH CTIOCOGHOCTH KOTOPHIX OTBeyaloT TpeboBaHnsaMm HopM (CHull 2.05.03-84);
K I1 kateropun coopyxeHHs, Y KOTOPbIX MOBPEXKAAIOTCS TOABKO BTOPOCTENEH-
Hble 3/1eMeHTHl TIPH NMPOXOJe NaBOAKOB HOPMHPOBaH = fi BEPOATHOCTH NpeBbilue-
HuA; K [I] KateropHn coopysKeHHs, YCTOHYHBOCTh hOTOPLIX He obecreyHBaercs
NPH NPONyCKe NaBOAKOB HOPMHPOBAHHOH BEPOATHOCTH IIPEBBILIEHHS.

Ha ocHOBaHHH pesyJbTAaTOB KJACCH(PHKAUHH YCTAHABJIHBAIOT NepedyeHb
COOPYIKEHHH, M0 KOTOPbIM HOJKHBI GBITh pa3paboTaHbl [POEKTbl YCHJIEHHS;
B NepeyeHb BKJIIOYAIOT COOpYiKeHusi, oTHocsinecs k 111 xareropun. Ha coopy-
JKeHHAX, oTHocAUIHXcA K 11 Kateropuu, BenyT HaGJIOJeHHA H PElieHHS MO HHM
NPHHHUMAIOT Mo pe3yJbTataM Habmofenui. Coopyxenus, orTHocsimuecs K | xa-
TErOPHH, H3 JajbHeHAIero PacCMOTPEHHS HCKJIOUYAloT.

PaGotsl o K/iaccupuKaumy coopyxenni no Bononponycmon c1nocoBHOCTH
BhINOJHAT B JABa 3Tana:
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I stan — npuGaMKeHHbe ynpoulenHsle pacueth [33] ans BeisBAeHHs co-
opy:KeHuii, oTHocsAHXcA K [ KaTerophu,

11 3ran — neranbHble pacyets [33] A5 oTHeceHHs OCTABILHXCS COOPYIKEHHI
Kk 11 u I11 kareropnam.

[TogpoGHo BOmpoChl KJIacCHPUKALMK MAaJbiX BOAONPONYCKHBIX COOPYKEHHH
10 BOZONPONYCKHOM criocolGHoCTH Hasaralotcs B PykoBoacree [33] u dononue-
nusix k Hemy [12], paspaborannnix LITHHMHCom Munrpancerpos.

YBEJHYEHHE BOAONPONYCKHOA CNOCOBHOCTH
s 3KCNAYATHPYEMbBIX COOPY)KEHHHA

10.10. YpennyenHe BOXONPONYCKHOA CNOCOGHOCTH 3KCNJIYaTHPYEMBIX CO-
OpYKeHHH 0GOCHOBBIBAIOT Pe3yJ/IbTaTAMH KJACCHOHKAIWKH COOpYHKEHHH (cm BhI-
ie) HAH THAPOJIOTHYECKHMH H THADAB/IHUECKHMH PacueTaMH.

10.11. Pasnuuaior ABa BHJa MEPONPHATHH NO yCHJEHHIO coopymeuun.

MEepONpUSITHSI MO YCHJEHHIO COOPY>KEHHH Ha BXOJe, CBSi3aHHble ¢ HeolGXo-
JIHMOCTBIO 06ecneyeHus TpeboBanuii TexHHUECKHX YCJIOBHH O BO3BHILIEHHH GPOB-
KH TMOJIOTHA W HH3a KOHCTPYKIIHH NPOJIETHBIX CTPO&HHﬁ HaJl COOTBETCTBYIOLHMH
YPOBHSIMH BOJIbI, @ TAK)KE 3aMOJIHEHHA HA BXOJE B TPYOY HA XKeJe3HbIX JIOporax
NpH MpoNycKe pacyeTHOro pacxoja;

MEpONpHATHS 110 YCHICHHIO COOPYXEHHH Ha BHIXOJle, HANPABIEHHbIE Ha obec-
neyeHHe YCTOWYHBOCTH COOPYXEHHMsl OT NOAMBIBA C HH30BOH CTOPOHBI,

10.12. Ecan y 3KcnayaTHpyemoH »Kele3HOJOpPOKHOH TpyObl He cobuioja-
I0TCA yCTIoBUsi Mo 3anonHeHuio Ha Bxofie (CHuIT 2.05.03-84), To nmo rpadukam
hgx = [ (fTg) (cM. rai. 5) non6UpaloT B 3aBHCHMOCTH OT pacyeTHoro pacxoja, or-
BepCTHA U (HOPMEI TONEPeuHOr0 CeYeHHsI COOPYXKEHHs THII OToJIOBKOB, obecreyn-
BalolHii TpeGyemoe 3amoJIHeHHe.

Ecsin 371a -Mepa OKa)ercsi He[OCTaTOYHOH, TO B NPAMOYTOJbHBEIX TpPybax

YCTpPaHuBalOT NMOBLIUIEHHBIE, 3 B KPYIJbIX — KOHHYECKHE 3BeHbA. ﬂJ’IH 3TOro 1o

TeM e rpaduKaM B 3aBHCHMOCTH OT THNA OTOJIOBKA HAXOMAT 10 paCYeTHOMY pac-
X0y rayOHHY BOABI Ha BXOAe B TPYOY H M0 Hell MOAGHPAIOT BBICOTY MOBBILIEHHO-
ro 3Bexa ¢ ofecrieyeHHeM perJiaMeHTHPYeMOoro 3amoJIHeHUsi Ha BXOJe B Hero.

Ilns Kpyraeix TPY6 HalAeHHYI0 TaKHM 06Pa30M BHICOTY MOBBILIEHHOTO 3Be-
Ha My, CONOCTABJAIOT ¢ BXOAHBIM JHAMETPOM THNOBOIO KOHHYECKOro 3BeHa AJIs
3afandoro orsepetdsi Dy, EclH Ap, << Dyy, TO NPHMEHSIOT KOHHYECKOE 3Be-
HO THUMOBOH KPyr/oil TpyObl; B MPOTHBHOM CJ1yyae 3Ta Mepa yCHNIeHHs s Kpyr-
nofi TpyGel He NpHMEHHMA.

~ Ins nipsiMoyroJibHBIX TPYG, Kpome Toro, H3 BeipaxeHnus (5.16) onpeneasior
JUTHHY TIOBBILIEHHOTO 3BeHa, obecneuyHBalollyio TpebyemMoe 3anojiHeHHe Ha BXOJie
B HOpMa/JbHOe 3BeHo TpyGhl. IIns toro B BhipaxenHe (5.16) noacraeasioT Haji-
JleHuyio Tay6HHY hyy, rAyOHHY Ha BXOJe B HOpPMasibHOe 3BEHO fiy,, NpHHHMae-
MYIO paBHO# g Ay, H_ CHKATYIO FIyOHHY he.

‘Ecnn Bee 'sTH Mepbl He o6ecreuHBalOT BbINOJHEHHS TpeGoanHuii CHull
2.05.03-84 1o 3an01HEHHIO, TO THGO NEPeyCTPaHBAIOT COOPYKeHHe (YBENHUHBAIOT
oTBepcTHe), MHO0 MO COrJIaCOBAHMIO C YTBEpIKJIAIOMmeH HHCTaHLHEH COXPaHAIT
CYUIECTBYIOUIHE OTBEPCTHS H HA3HAYAIOT Mephl 10 06ecleueHHIo COOPYKEHHUS OT
3aHOCA TMOCTOPOHHHMH TpeiMeTaMH (OrpaHHYEHHS Ha BXOJE, DeLIeTKH).

Insi moctoB, eciH He obecneyHBaioTCA TPeGOBAHHSI O BO3BHILUEHWH HH3a
NPONETHHIX CTPOGHHH HaJl MOANEPTHIM YPOBHEM, MOMKHO JHGO YCTAHOBHTH HO-
Bble TIPOJIETHBIE CTPOSHHSA ¢ Gosiee HH3KOMH c-rpome:lbﬂoﬁ BBICOTOH, JIHGO yBENU-
YHTb OTBEPCTHE COODYKeHHS.

10.13. Cornacno CHull 2.05.03-84 6poBxa 3eMJISHOTO TOJOTHA Ha NOIXO-
Jax K MaJkiM MOCTaM H TPy6GaM J0JIKHA BOSBHILIATHCS HAJl YPOBHEM MNOANEPTOi

L
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Puc. 10.3. O6TekaeMule OTKDHIKK NS KPYIAHX TPY6:
a — aHaMeTpoM | M ¢ NOpPTaAbHLIM OF 6— poM 1,5'M ¢ pacTpyGHBIM OroJOBKOM

BoJbl He MeHee ueM Ha 0,5 M. Ecain 310 TpeGoBanue 1A nepexofoB ¢ TpyGaMH He
BbIIEPIKHBAETCA, TO €0 MOXHO B HEKOTOPHIX ClyyasiX OGECNeuuTh CO3JanHeM B
Tpybax, WmelolHX HeoOTeKaeMbie OrOJIOBKH H He MOATONJEHHbIX CHH3Y, HAMOp-
Horo.pexxuma. ([asi Tpy6 ¢ o6TeKaeMbiMH BXOHBIMH OTOJIOBKAMH HJIH MOJATOIJIEH-
HbIX C HHXKHEro 6bheda CHHXKEHHe MOANEePTOro ypoBHS YKa3aHHbIMH cnocoGamu
HEBO3MOXHO.) ;

B KayecTBe TakuX cnoco0oB PEKOMEHJYyeTcsi yCTPOHCTBO Ha BXoje B TPyGy
obrekaembix OTKpbIIKOB (pHc. 10.3) ¢ obecnevenneM 3apanku Tpy6 npu Hanope
H > 1,2h, uan ropH3OHTA/JbHLIX KO3BIPbKOB 3apsiikoit npu H > 1,35h,. Ot-
KPHIJIOK OuepueH 1o Ayre Kpyra paauycom R = 1,7D u onupaercs Ha nopraib-
HYIO CTEHKY Oro/IOBKa H /iBe CTOHKH.

LA ] T l J Puc. 10.4. Tpadur nponyckHoft cnoco6Hoc-
40 / TH KPyranX Tpy6 c¢ o6TekaeMBIMH OT-
D=70m KPHIKaMH
S

36 — ”{/ 1 <

= 1.25m } : /

8
am |- ] /
24 f ,
7 ¥ // ! Puc. 105. Tpy6a ¢ ropHsoHTaJbHHM KO-
20 7 - 3HIPbKOM (417 mpAMOYroJbHOR TPYOH naH-

Ha Koswipbka [x=03k:y; nns  xpyraod
Tpy6H L=0,25D)

16

12 Kaasewpen
08 i
04 _-_tr'::kI BRI i
~ 1
0 2 46 8§ W0 12 14 16QmMri Iz
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Tpn nopranbHOM OrOJIOBKE CTOHKH ONHpAlOTCS Ha TPYHT. B cayuae Hepo-
CTATOYHOH HecymieH CNOCOGHOCTH TPYHTA 1OA CTOHRKH YKJaAbIBAIOT ONOPHbIE [I0-
aywkH. [Tpu pacTpy6ubiX OroJ0BKaX CTORKH YCTAHABAHBAIOT HA KPHIIbs OrOJOB-
Ka. Iloanepryio riay6uny. nepen tpy6oi ¢ ofTexaeMmbIMH OTKDHIJIKAMH OTipeje-
NAT No rpadukaM, npuHBefeHHbIM Ha puc. 10.4.

KoneTpykuus Tpy6bi ¢ ropH30HTANbHBIM KO3HIPbKOM, HHXXHSAS NOBEPXHOCTD
KOTOPOro pacrnoJioxeHa B NMJIOCKOCTH BepXa OTBEPCTHA TPYOGhl, NpejcTaB/ieHa Ha
puc. 10.5.

[Toanepryro ray6GuHy nepei TpybamMH ¢ TOPH3OHTAJIBHBIM KO3BIPBKOM Ha
Bxofle onpenensior no gopmyne (5.21) ¢ kosdxpuuxentamu:

L7 KPYrABIX Tpy6 Ma=0,95; py=0,775;
ANA TIPAMOYTOJIBHBIX TPY6 Ne=0,82; py=0,80.

Ecan obecneyenne HanopHoro pexsuMa B TPy6aX He NPHBOAMT K BBINOJ-
HEeHHIO TpeGoBaHHs JIefiCTBYIONHX HOPM O BO3BBILIEHHH OPOBKH NOJIOTHA HAJ NOA-
NepTHIM YPOBHEM, a TAKKe A1 NePEX00B C MOCTAMH, B KOTOPHIX YKa3aHHOE Tpe-
GoBaHHe HapylieHO, MepOH MNOBLILIEHHA BOAONPONYCKHOH CNOCOGHOCTH MOXKET
GbiTh TONBLKO YyBEJHYEHHEe OTBEPCTHSA.

10.14. Beixogntbie pycia cOOpYMeHHH MOATEKAT YCHAEHHIO, ec/d rayOuHa
pasmbiBa Ahp. . WIH ARp,y o TPH NpoRycKe HaHGO/bILIEro NaBOAKa NpeBLILIAET
rAyGUHY 3aJl0KeHHs KOHUEBOH YacTH yKpenJeHu# iy, a npu nponycke pacuer-
HOTO TNaBojKa npesbimaer hy,/l1,2.

B KauectBe mep ycH/IEHHS BO3MOMHBI: KaMeHHasi HabpocKa, NOCTAHOBKA
racuresefl, yBeJuueHHe 3arsy6JieHHsl KOHLEBOM YacTH YKpeIJeHHs.

Ycunenne KaMmeHHOH HaOGpPOCKH TPOH3BONAT TNpH '

i, 1 d \1/3 *
> j A hgp (Kﬂ—) : ' (10.7)
8 dy )
rae j u Ky — cooTBeTcTBeHHO KOS((HUHEHTH, YUHTHIBAIOWIHE TNOATONJEHHE H HIHPHHY
Jora, onpejeisemble COMNIACHO peKoMeHHalUHsM ra. 7;
8 — xoadduunent, pasuniii 1,2 npu pacyersom H 1,0 npr HamboabiueMm pac-

Xone.
Heobxonumblit  yjenbHbiii 06beM KaMH$i B HaGpocke, M*/m,
oL AdgAh2, KO-t
7, = it L : (10.8)
A himax (1) A (K L)”a
; Wro )1,'2 up |\ R
Wy

Ae Ah may y = hyy — NpH nponycke Qmax H Ahmax w = hyy/1,2" npH nponycke Qp; oc-
TajbHble OGO3HAYEHHSA CM. B TJ. s
K pacyery npHHHMaT HanGoJbluee KOJNHYECTBO KaMHs, Onpeje]leHHoe Mo
Qmax 4 Qp (Ha 1Ba pacXoja PacCUHTHIBAIOT TOJBKO JUIsl JKEJIe3HbX AOpOT).

B ciyuae cBOGOAHOrO pacTeKaHus ik npu W, < W, , (cM. ra. 7) npuHu-

MalT Wy o/ Wy = 1.

B octanbubix cayuasx ypaBHenue (10.8) pewaior moabopom.

I1pu HeBO3MOXHOCTH YCHJIEHHS BBIXOJHOIO PycJ/ia KAMEHHOH HaGPOCKOii, T. e.
neco6mofenny nepasenctsa (10.7), HCMONMB3YIOT cpeCTBa aKTHBHOH 3alllHTHI OT
pasMbiBa: racHrtesid ¥ pactekateau (pe6po B KOHLE YKPeNJIeHHA HJIH cOYeTaHHe
€ro €O CTEHKOH B 0roJioBke). PasMbiB NpH HaAHYHH racuTeseil pacCYHTHIBAIOT CO-
rJ1acHO peKomeHgauHaM ra. 7. IIpH 5ToMm cHauaja npoBepsioT BO3MOXKHOCTb NPH-
MeHeHHs racuTenell 6e3 KameHHOH HaGPOCKH, a eC/H YCTOHYMBOCTH KOHLeBOi
yactu He ofecneyuBaeTcs, TO NMPHMEHSIOT HaGPOCKY, PAacCUHTHIBasl ee.KoJIHue-

ctBo no copmyae (10.8).
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11, PACYET NOBEPXHOCTHOTO BOAOOTBOJAA
C MOKPbITHA TPAHCNOPTHbBIX COOPY)XEHHH

HA3HAYEHHE H CXEMbl OPTAHH3ALLHH NOBEPXHQCTHOIO
BOLOOTBOIA

11.1. OGecneuente 0TBO/a IOBEPXHOCTHRIX BOJL C HCKYCCTBEHHBIX TIOKPHITHI,
HeyKpenJIeHHbIX IJIOIAJ0K, TA30HOB B HacTosilllee BpeMmsA npHoGperaer Bce
GoJibiee 3HAYeHHEe H OCTPOTY B Pa3HbIX OTPAC/SIX HAPOAHOTO XO3ANCTBA, B TOM
yuc/ie H B TPAHCNIOPTHOM CTPOHTENLCTBE, B CBA3H C LUMPOKOIN nporpammoii pas-
BUTHS CETH aBTOMOGHJbHBIX JOPOT, TOPOIOB H CENbCKHX HACEJEHHbIX MECT, Mo-
BBIIIEHHEM YpPOBHsi 61aroycTpoficTBa, HHTEHCHBHBIM CTPOHTENbCTBOM CEJbCKO-
XO3AMCTBEHHBIX M IPOMBILLJIEHHbIX NPEANPHATHH, a TAKXe B CBA3H C BO3pOC-
LHMH TPe6OBAHHAMH K HaJeXHOCTH H AO/rOBENHOCTH NOKPBITHH, 1OBbILIEHHEM
6e30NacHOCTH JABHKEHHS.

11.2. HeynosnerBopuTeibHas ;l)aﬁcrra COOPYXEHHH CHCTeM TNOBepxXHOCT-
HOrO BOJIOOTBOJA NPHBOAMT K pPa3HOOGPasHBIM HeOJAaronpHATHLIM TOC/AENCT-
BusAM. Hanbonee pacnpocTpaHeHHbIM CpelH HHX sIBJSieTCs NpexjeBpeMeHHoe
pa3pyileHHe NOKPbITHH BCJEACTBHE HACHIEHHs NOBEPXHOCTHBIMH BOJAMH Kak
KOHCTPYKIHIH MOKPBITHH, TaK H HX ocHoBaHuii. CBobGoAHas BojAa B MOpPax KOH-
CTPYKTHBHBIX CJIOEB H B HEIVIOTHOCTAX MEeX1Y CJOSIMH NOJ JefCTBHEM HArpysok
OT NIPOXOASLIEr0 TPAHCTIOPTA OKA3BIBAET HMIIYJIbCHOE IHHAMHYECKOE BO3ACHCTBHE
H MOXKET NMPHBECTH K PACcC/IaHBAHHIO, PA3pyLIEHHIO C/I0eB NOKPHITHS. B couera-
HHH C TNIepHOJAHYECKHM BO3/IeHCTBHEM OTPHUATE/bHBIX TeMNepaTyp HHTeHCHB-
HOCTb pa3pyuieHus yBelnuusaercs. HachillleHHe BOJOi OCHOBaHHS BEJET K pes-
'KOMY MOBBIILIEHHIO MOPOBOTO JABJIEHHS TNpPH NPOru6ax NJAHT NOKPBHITHA NOA
Harpy3Koii, pa3)u:;KeHHIO MaTePHa/1a OCHOBAHHS, BBIHOCY MeJIKHX (pakuHii yepes
HWEeAH H UWBH MeXAYy MJHTAMH, CHHXXEHHIO HecyilueH CNocOGHOCTH OCHOBAHHS,
norepe CIJIOUIHOCTH ONHPAHHS IJIHT, HX CHBHTY. AHanu3 NnpHYHH pa3pylueHHi
JIOPOMKHBIX OfeXA H aspojpoMHbix nokpwithit B CIIA noxasan, yro cKopoeTsk
paspyleHdsi NOKPbITHS MPH HaJAHUHH cBOGOAHON BOALI, 06pasoBaBiieiics B pe-
8yJibTaTe HeyJOBJIETBOPHTENbHOIO BOJOOTBOAA, B AECATKH, COTHH M THICHYH pa3
Go/ibilie N0 CPABHEHHIO CO CKOPOCTbIO PA3pyUICHHs aHAJIOrHYHOTO NOKPHITHSA,
He coziepKailero cBo6oAHOM Bojbl. TIpekneBpeMeHHbIH H3HOC TIOKPBLITHIT BEJET K
COKpAIleHHI0 MeXPeMOHTHLIX CPOKOB, YTO, B CBOIO OYepellb, IPHBOAHT K HEMPO-
H3BOJIHTE/IbHOMY PACXOJOBAHHIO CHIPbEBBIX PECYPCOB, COKPAUIEHHIO HX 3ana-
COB, 3HAUHTEJIbHBIM YOBLITKAM.

11.3. Jlpyrum nposiBlieHHeM IJIOXOrO BOJOOTBOJAA SABISIETCH 3aTONJIEHHE
NOHMXXeHHBIX YYaCTKOB JOPOr o6Ileil CeTH H FOPOJCKHX JOPOT, YTO CONPOBOXIA-
€TCsl OULYyTHMbIMH MATEPHAJIbHBIMH H' MOPa/lbHbIMH H3JiepKKaMHu. OHH CBsI3aHbl
¢ HapyuweHHsIMH pabOTHl ¥ TIPOCTOSAAMH TPAHCMOPTa, HeYA0OCTBAMH /s lelexo-
0B, 3aTOMJIEHHSIMH I10/1Ba/IbHBIX 3TaXKed 3[laHHA, MarasumHoB, CKJIaJ0B M T. 0.
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Pure. 11.1. CxemMa BOZOOTBOJAA 3aKPHTOr0 THAA C YJHI, MOCTOB, npoeanon,' YKHBOTHOBOJI-
YeCKHX KOMIJIEKCOB:

1 — npuupoummun BOACOTBOAHBIL A0TOK; 2 — HOXK ¢ 0K, P aMH; 3 —

BOAOCTOYHBE BETKH; 4 — CMOTPOBHE H mepenafrbie 35— OpHl

// PP S

Puc. 11.2. CxeMu BOJOOTBOJA 3aKPHTOrO THNA HA aBTO-
Aoporax:

@ — ¢ pa3leqHTeJbHBIX nonoc; 6 — H3 x

NOTKOB; [ — pasfenn : 2—np A "acth; §—

NPHKPOMOYHBIA JOTOK; ¢ — BONOCTOYHAR BETKA; 5§ — LOMKAENpHEM-
HHK ¢ AOKAeNPHEeMHBIM KOJOALEM

/

Puc. 11.3. Cxema BOn0OTBOAA 3aKPHTOrO THNA ¢ a3POJAPOMOB:

1 — npHKp # HOfl JNIOTOK; 2 — ROXKAENDPHEMHHKH C no:uneuaueuuuhn -KOMOAU_MH; 3 —
nepenyckH; 4 — CMOTpOBbIe H nep HBle F= Dbl




NOBEPXHOCTHHMH BOJaMH. 3aCTOH MOBEPXHOCTHBIX BOJ Ha NOKPBITHAX IPoe3jiob
»HBOTHOBOJUECKHX KOMIIJIEKCOB TPH 3HAYHTENbHOM COJEPKaHHH OPTaHHYECKHX
BeLIEeCTB YXYAIAeT CAHHTAPHOE COCTOSIHHE H BHI3LIBAET XHMHUECKOE pa3pylleHue
KOHCTPYKIHH JOPOMHBIX OJeKA.

~ BaxkubiM cJeICTBHEM HEYJOBJIETBOPHTEJBHOrO BOJIOOTBOAA C TOKDBITHI
sIBJSeTCH 3HAYHTEJbHOE CHHKeHHe Oe30MACHOCTH JIBHXKEHHS TPaHCIOpPTa Ha
yJAHIaX M JOoporax. 4

11.4. OTBOX NMOBEPXHOCTHBIX BOJ OCYLIECTBJIA€TCS N0 CHCTEMe Pas/IHYHEIX
Mo TMNY M Ha3HAYEHHIO - COOpY:KeHHH. CHcTeMsl COOpyeHHii NOBepXHOCTHOTO
BOJOOTBOAA MOAPA3AENsIOTCH HAa CHCTEMbI 3aKPBITOrO THIA, B COCTAB KOTOPBIX
BXOJAT MoJA3eMHble TPYGONPOBOAB, H OTKPHITOIO THNA, KOrAa /s OTBOJA IO-
BEPXHOCTHBIX BOJL HCNOJIB3YIOTCS OTKPBITHIE KaHa/bl. Takoe Je/ieHHe IOCTATOYHO
YCJIOBHO, NOCKOJIBKY NEPBHIM 3BEHOM B CHCTeME COOPYXKeHHHi BOJOOTBOAA 3a-
KPBITOrO THNa SBJAIOTCH OTKPbITHE BOJAOOTBOAHbLIE JIOTKH.

CHcTeMBl BOJIOOTBOJA 3AKPBITOTO THMA HMEIOT HamboJee IHPOKOe NpHMe-
HeHue. OHH HCMOJB3YIOTCS /Il OTBOAA NOBEPXHOCTHLIX BOJ C NMOKPHITHIE ropoj-
CKHX JOPOr M YJIML, MOCTOB, TNPOE3JIOB 3KHBOTHOBOJYECKHX KOMILIEKCOB
(puc. 11.1), pasaenuTeNbHBIX NMOJOC H NPHKPOMOYHBIX JIOTKOB aBTOMOGHJILHBIX
nopor obuei cetd (pHc. 11.2), ¢ NOKPLITHH B3/I€THO-TNIOCAJ0YHBIX 10JI0C H PYJIeX-
HHIX JOpOXKeK aspoapomoB (puc. [1.3).

CHcTeMbl OTKPLITOr0 BOJAOOTBO/A HIHPOKO NPHMEHSIOTCH Ha aBTOMOGH/IbHBIX
jgoporax ofilefi CeTH.

NBH)XEHHE MOBEPXHOCTHBIX BOJ, HA MOJIOCE CKJIOHA
NMOKPBHITHSA U B'BOJOOTBOAHBIX JIOTKAX

11.5. Onna w3 3ajiay NPOEKTHPOBAHKSA H pacyeTra MOBEPXHOCTHOrO BOJIOOTBO-
Ja — onpeje/ieHye apaMeTpoB MOTOKA U MpeX/ie BCero pacxoja B BOJOOTBOL-
HBIX JoTKax. [Ipy 3TOM HeYCTaHOBHBIIEECS ¢ H3MEHSIOUIMMCS BAOJb IYTH pac-
XOJIOM JIBH)XKEHHe MOBEePXHOCTHHIX BOJ, CYUIECTBYIOUIEE B pPealbHbiX YCIOBHAX,
cxemarnaupyercsi. HauGomee pacnpocTpaHeHbl pacueTHbie CX€Mbl paBHOMEp-
HOro JBHXXEHHA BOAbI B JOTKaX. IIpHMEHHTENbHO K JIOTKaM TPeYToJbHOTO ceye-
HHSl 3ajaya peliaercss B ONHOMEDHOH HJIH B JBYXMepHOH NOCTaHOBKE.

11.6. B ofHOMEpHOli MOCTaHOBKE 3HAaUeHHe PAcX0jla B TPEYrOJbHOM HeCHM-
metphyHoM JoTke (puc. 11.4, @) TpH NPOJAONBHOM [, H TIOTIEPEYHOM i, YKJIOHAX
JI0TKa, IHpHHe B NM0TOKA N0 CBOOOAHOH. MOBepXHOCTH Onpeensiercs no hopmy-

aam’ llle3un
Q=0C) Ri, (11.1)
H MaunnHra

C=—! RS, (11.2)
n

ria @ — nJomwaib JKHBOTO CEUeHMA TNOTOK4;
C — xkoapduuuent Illesn;
n — X03(pPHIHEHT LIEPOXOBATOCTH;
@ :
R='—
%
o . )] B

;»-,,-‘7'

Puc, 11.4. CxeMH ceYeHHS JOTKOB -

— THJpPABJHYECKHIT pagHycC.
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Ecau pas*tpeyronbHoro joTka (cM. pHe. 11.4, a) npHHATL cMOYEHHBIH ne-
PHMETp ) NPHMEPHO PABHBLIM INHPHHE NOTOKA No cBOGOAHOM NMOBEPXHOCTH, T. €.
% = B, o ¢opmyas (11.1) u (11.2) npHBOAATCA K BHIPAXKEHHIO

1
Q=0,315— (578 plisigdys, (11.3)

TpeyrosbHble CHMMETPHYHbIE JIOTKH (pHC. 11.4, 6) paccunThBAIOT MeTOAOM
¢parmento (cM. m. 11.40). -

" 11.7. B aByxMepHO#H NOCTaHOBKe BOINpPOCa IOTOK B JIOTKe BOJOOTBOAA Je-
JIMTCA N0 IUHPHHE Ha 3JeMeHTapHble CTPYHKH INHPHHOHA Kakias B dB u ray6u-
Ho#i h. [Ipunumas Jus KaXao# CTPYHKH NPH MalbiX 3HAYEHHSIX TNONEPeYHOro
YKJIOHA R Az h, BbIYHC/AAA CPe[HHEe MO IMyOHHE CKOPOCTH U C HCIIOJB30BAHHEM
dopmya (11.1) u (11.2) 0 cymMHPYA pacxofel cTpyeK, v, hdB no mwupHHe noToKa
B, nonyuaior GopMmyay AN ONpeleNeHHs pacxojia B JIOTKe.

Hmerorcst H ipyrue NpeIoNKeHHs MO PAacYeTHHIM 3aBHCHMOCTAM JJIsi Onpe-
JleNIeHUsl PAcXOJOB BOJAKI B BOAOOTBOAHHIX JIOTKAaX Ha foporax ([Toasikosa A, B.,
Crynennynukoa B. .M. [44], T'émoa A. I1.). Oun omimvaoTcss OT (GopMyJbl
(11.3) uncaoBeiMH Koa(pxpruueHramu. Ho HauGonbiuee pacnpocTpaHeHHe Bee
xe Hamia copmyaa (11.3). ‘

KJACCH®HKALHA JOXKXAENPHEMHHKOB BOJOOTBOIA
3AKPbITOrO THNA H OCOBEHHOCTH ®OPMHPOBAHHSA
v PACXOA0B MEPENL HHMH

11.8. TloBepxHocTHbIE BOALI H3 JIOTKOB OTBOASITCS B MOJ3EMHYIO BOAOCTOY-
HYIO CceTh yepe3 JIoMAeNPHEMHHKH, KOTOPbIe NIOAPa3/ie/IAIOTCS Ha TPH THIa:

¢ oTBEPCTHEM (FOPH3OHTAJBHEIM) B MJIOCKOCTH JIOTKA, EPEKPBITHIM PelLeT-
kot (puc. 11.5, a), ¢ orBepcTHeM (BepTHKaJbHBIM) B IIOCKOCTH GOpIIOpHOrO
Kamuf (puc. 11.5, 6), KOMGHHHPOBAHHbIE C OTBEPCTHAMH KaK FOPH30HTAJIbHBIMH,

+Puec. 11.5. Tunm  poxaenpuem-
HHKOB

7
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Puc. 11,6, CxeMu npHeMa BOJH H3 JOTKOB peleTKOM-

N
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TaK H BepTHKadbHHIMH (pHc. 11.5, 6). B. cHcTeMax BozaoOTBOAA Ha aBTOMOGH/L-
HBIX JOpOrax ofuiei ceTH M a3POAPOMAX HCTIOJb3YIOTCH JIOK/ENPHEMHHKH nep-
Boro TMna. Ha ropoAcKuX A0porax H yJHuUax HaXo[AT NPHMEHEeHHe J0kKAenpHeM-
HHKH BCeX TPeX THIIOB, NPHYEM OHH OTJIHYaloTCsi GoMbIIHM pa3HoobGpasneM popM,
raGapHTHBIX Pa3MepoB, IIHPHHBI CTEPXKHeli M TPO3OPOB MEXAY HHMH, HX
OPHEHTaIJ.Heﬁ N0 OTHOWIEHHIO K HAaIllpaBJE€HHIO JBHX>XEHHS IMOTOKa B JIOTKe.

11.9. B 3aBuchMOCTH OT CX€Mbl PACNOJIOXKEHHS B BOJOOTBOIHOM JIOTKE B
CBA3H C MPHHUMNHATLHBIMA OTJIHYKAMH B YC/IOBHAX paGOTH H, CNeOBATE/bHO,
METOJIHKe pacuera MPONyCKHOH CIOCOGHOCTH JOM/ENPHEMHHKH CJAELYeT KJAcCH-
(bUIHpPOBaTh Ha PACTIONOMKEHHEIE B JIOTKAX C MPOJOJBHLIM YKJIOHOM (NipH 3TOM
BO3MOXeH MPOCKOK 4acTH pacXola MHMO JOXIENPHEMHHKa) H PAaclOJIOMeH-
HBle B MOHHKEHHBIX MecTax (B TOMcJyuae KaAblli JOXKIeNpHEMHHK NPHHHMAEeT
Bech 00BEM CTOKAa MOBEPXHOCTHBIX BOJ, KOTOPBI K HEMY MOCTYNaer).

11.10. [1pu pacnonoxeHHH JOMKACTPHEMHHKOB B JIOTKAX C MPOXOJIBLHLIM VK-
JIOHOM MOTYT GbITh BhileJIeHbl 1B XapaKTepHLIX pexuMa HX paborhi. [lepssiii,
Korja Becb HAYUHA no JOTKY pacxol Q, noctynaer B AOMKAENpHEMHHK
(puc. 11.6, a), u BTOPOi, KOrjaa B JAOXJAENPHEMHHK TNOCTYNaeT JHIb YacTh
obutero  pacxofa Qpo. << Qo @ JApyras ero uacThb—pacXoX MPOCKOKa
Qup—TPOXOAHT MHMO JOKJIENpPHEMHHKA (puc. 11.6, 6). TI'paHnuHbIM sBAsIETCS
TNOJIOKEeHMe, KOrld 1O JIOTKY JBHXXETCH NpeJleibHblii PACXO/, NOJHOCTEIO NPH-
HuMaeMblii  JoxkaenpueMHHKOM — Qy = Qy = Quowy (pHc. 11,6, 6). Bennun-
Ha Q, spasiercs, TaKHM 0Opa3oM, KPHTEPHEM, OMpeeNsioiHM PeXHM paboThi
JowpenpuemMHnka. Kak noxasaiu wccienoBanus B 1a6opaTopHH H B HaType,
JOKIENPHEMHHKH B OCHOBHOM PaGoOTaloT BO BTOPOM peume. B HanGosee uacto
BCTPEYaKoUHXCs YCIOBHAX TIOTOK B JIOTKe siBAsieTcs 6ypHeIM. OH obnafaer 3Ha-
YHTEIbHOA KuHeTHuecKol 3xeprueii. [Toatomy npu Q, > Q, uacte noroka (npu
HHTEHCHBHBIX JOMAAX — 6OJbIIAS 1O BeNHUKHE) 00TeKaeT N0MKIeNPHEMHHK
H JBHXKETCs 10 JOTKY fanee. K KaXAoMy H3 PaclONOKEHHBIX HiKe JOMKJe-
TNPHEMHHKOB TIpHTeKaeT Bce GoJbMA pacxod. B nauGosee TpyAHBIX yCJOBHAX
OKa3blBalOTCS JOXJ/eNPHEeMHHKH, YCTAHOBJIEHHBIE B NOHMEHHBIX MecTax —
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B KOHIE Y4ACTKOB CYCKOB. TO H SIBJISETCA NPHYHHOH 3aTON/IEHHIT NOH HIKEHADIX
MECT.

11.11. B KaxJ0# U3 CXeM PAacroJioXeHHs NOXKAENPHEMHHKH cJelyeT Moj-
pasjenuTh Ha JABE KATEropHH B 3aBHCHMOCTH OT YCJIOBHH (OPMHPOBaHHA pacxo-
na B Jotke Q,. Takum 06pa3oM MOryT ObITh BhIJ€JI€HBI "CJEAYIONIHE YeThipe
pacueTHbiX cJayuas. ) :

1. JloxaenpHeMHHKH B JIOTKAX C YKJ/IOHOM, YCTaHOBJIEHHbIE NEPBHIMH OT
sofiopasfiena (puc. 11.7, a). Pacxoa B /I0TKe nepei A0XKJeNpHEMHHKOM paBeH
pacyeTHOMY PacXody MOMAEBbIX BOA C IJIOWAAH BOAOCGpOCca JOXKAENpPHEMHHKA:

Qo=Qpaca- 2 ¢ (11.4)

Pacxon noxzenprueMHuKa npH Qg => Qpouy COCTABIACT HEKOTOPYIO 0.0
pacxoia B JIOTKE:

Quomn=£ Qo, (11.5)
rae KoadduuuenT R < | 3aBHCHT OT XapaKTepHCTHK JOTKa, napamerpoB JAOK-
IenpHeMHHKA M 3HaueHHs Q. .
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Pacxon NMPOCKOKa MHMO JOX/IENpPHEMHHKA ONpPeLe/sieTcs KaK pa3HoCTb pac-

XoN0B Qo H Qnomn:
Qnp=Qo—Quomn= (1 —&) Q. (11.6)

2. Hox/enpueMHHKH, YCTAHOBJIEHHBE B JIOTKE C YKJOHOM, HayMHas co
BTOpOro ot Bojopaafena. (ua puc. 11.7, a 310 AoxaenpueMHHKH 2 — n). Pac-
X0/ B JIOTKE Ieped KaXAbIM i-M J0XeNpHeMHHKOM HaXOAHTCA C yYeToM pacxona
MpOCKOKa MHMO mnpefsiyuiero (i — l-ro) poxaenpuemMHHKa:

Qo1 =Qpacu (i) +Qup (-1). (11.7)

Pacxoj i-ro AoxlenpHeMHHKa HaxoAautcsi no dgopmynae (11.5) u pacxon
pockoka MHMO Hero—no dgopmyqe (11.6).

3. Jlox/JenpueMHHKH, YCTAHOBJEHHBE B TMOHHMEHHEIX MeCTaX B KOHIE
3aTAXKHBIX YUaCTKOB cyckoB (Ha puc. 11.7, a noxaenpuemuuk K). Pacxon npu-
TEKAIOIIUi 10 JIOTKY K A0XKIENPHEMHHKY B 3TOM C/lyuae onpefe/sieTcs KaK cyM-
M4 PacyeTHOro pacxoja AOXKAEBHIX BOJ ¢ MJIOLIAAH BOAOCGOPA, OTHOCALIErOCH K
NOXIENPHEMHHKY, H PACXOMOB NMPOCKOKA MHMO MOC/JEHHX AOXKIENPHUEMHHKOB
Ha yyacTKax cnyckoB (Ha puc. 11.7, @ JoIenpHeMHHKH 1, n') N0 3aBHCHMOCTH,
anaqoruunoii (10.7). Pacxon moxuaenpueMHHKa

Quosxa = Q- (11.8)
4. [oxnenpueMHHKH, YCTaHOBJIEHHbE B NOHHJKEHHBIX MeCTaX JOTKOB ¢
NUA006pasHBIM MPOAOJBHEIM npoduiaem (puc. 11.7, 6). Pacxon B notke nepen

KaMIbIM H3 TAKHX JNOXKIENPHEMHHKOB PAaBEH PACYETHOMY PacXOly JOXAEBbIX BOJ
¢ nJoW@aAH BofocGopa M LENHUKOM NPHHHMAeTcs A0XAeNPHEMHHKOM, T. €. AJA
HUX crnpaBelJuBbl paseHctBa (11.4), (11.8).

11.12. TuapaBaHyecKHi pacyeT JOXK/IeNpPHEMHHKOB CBOJHTCS K oONpejese-
HHIO WX TIPOMYCKHOH CIOCOGHOCTH € YYeTOM BJHSAHHA JeHcTBYHOIHX (PaKTOpOB
H ocoGeHHOocTeH paGoThi B 3aBHCHMOCTH OT CXEMbl PACIOJIOKEHHS! B JIOTKE B CO-
OTBETCTBHH C NPHHATOH KJaaccHpHKalued.

METOLHKA PACYETA NMPOMYCKHOA CNNIOCOBHOCTH
JNLOXOAENPHEMHHKOB BOAOOTBOIA 3AKPBITOIO THNA B JIOTKAX
C MPOAOJIBHBIM YKJIOHOM

BbiGop THNA DOXKAENPHEMHHKOB

11.13. OcHoBHbIMH (DaKTOpPaMH, ONpelefIOIIHMH pPacXol, NMPHHHMAEMbIH
NOMKIENPHEMHHKOM Qpoun B TPEYTOBHOM HECHMMETPHYHOM JIOTKE HA yuyacTke
YJAHUB ¢ NPOJAOJBLHBIM YKJIOHOM ~OAHOro 3HaKa B ciydae, korja @y, > Q.
(cm. puc. 11.6, 6), ABAAIOTCA: pacXold B JOTKe Q,, 3HaUeHHS NPOJOJLHOTO I,
H TOMEepeyHoro i, yKJOHOB JIOTKA, THN JOMKJeNpPHEMHHKA H raGapuTHbE pasme-
pBI €re OTBEPCTHS, CKBO3HOCTh (OTHOILEHHE NJIOULAAH OTBEPCTHI MEXAY CTEPIKHA-
MH DelleTKH AOKAENPHEMHHKA K o6llell niomain 10XKACTPHEMHHKA), XapaKTep
pacroJioxKeHHs H JopMa CTepIKHell PellieToK, NepeKPLIBAIOLIHX OTBEPCTHS 10X Ie-
NpHEMHHKOB. ,

11.14. JloxnenpHeMHHKH pa3HbX THMOB. (cM. puc. 11.5) B JoTKax ¢ npo-
NO/IBHBIM YKJIOHOM OIHOrO 3HaKa NpH OIHHX H TeX JKe YCJOBHAX XapaKTepH-
3YIOTCH PAa3JIHYHON MPONYCKHOH cnocobHoCThio. B pesysbTaTe BHINMOMTHEHHBIX Ha
Kapenpe rugpasankd MAJIW uccrefoBanuii yCTaHOBJIEHO, UTO NPH OAHHX W
TeX JKe YCJIO0BHAX (YKJOHAX JIOTKA H JUIHHe JOX/JelpHeMHHKA) NPONycKHas cno-
cOGHOCTD OMKAENPHEMHHKOB C BEPTHKAMBHBEIM OTBEPCTHEM B GOPAIOPHOM KaMmHe
B 5—6 pa3 HuxKe, ueM peuetkH. Eule Xyke paGoraer GopaopHOe OTBEPCTHE H0XK-
AernpHeMHHKa KOMGHHHPOBaHHOTO THNa. TakuM 06pasoM, A/s TIpHMEHEHHs B
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Lp =680

F,,TEM 37 =148% | 25 “107% | 24 - 3%
ip=0,02 2,8 ~111% 52 = 0,8 % 0% ~15%
29 ~11,4% a7 — 04%% 03 ~ 1,2% S
52 = 12,6% 52— 0,6% 42 ~ 0,8% e
30 —11,9% a0 -~ 0,0% 0,0 - 6,0%
30 ~11,9% 01 ~04% 0z — 0,6%

ST U A A L o O g
Q=166-T55% ; Q=32-15,7% ; Qg=35-158 % ; Quomy = 26,3 2/c

Puc. 11.8. Cxema pacnpejiejieHHs PAacXoja MO OTBEPCTHAM <«MOCKOBCKOH» NOXIeNnpHeMHOH
. peweTky

JIOTKAX C YKJOHOM MOTYT GbITh PEKOMEHAOBaHbl TOJBKO HOXKAETIPHEMHHKH ¢ ro-
PH30HTANBLHEIM OTBEPCTHEM, MEPeKPHITHIM pemerkoi. [Ipy 3170M Bo3HHKAIOT BO- |
npockl 06 3(pEKTHBHOCTH HCMNO/B30BAHHS OTBEPCTHH pEMeTOK, 0 BhbOpe on-
THMaJIbHBIX PasMepoB peIlIeTOK, BJAHAHHH HX CKBOBHOCTI} H [apamMeTpoB JIOTKa
Ha TPOMYCKHYIO CIOCOGHOCTB. )

11.15. 3fxpexTvBHOCTD HCIOB30BAHUA 18 OTBEpCTHH ¢MOCKOBCKOH» NOXK-
JlelPHEMHON peLIeTKH XapaKTepH3yeTcs pe3yJibTaTaMH M3MepeHHH pacinpenene-
HUSl IPUHUMAEMOTro el pacXxold Qug., B JHTpax H mpoueHtax Ha puc. I[1.8.
OrBepcTHst nepsoro psia HauGosee Harpymenol. [IpuHHMaeMbli HMH pacxon
cocrapaser 70 % obmero pacxola pewerku. Bo.BTopom u TperbeM psifax pabo-
TAIOT MPAKTHYECKH TOJBKO KpafHHe OTBepPCTHs, B KOTOPHIE PACXOA MOCTYIAeT ¢
GokoBoit croponbl. OctasnbHeie 10 oTBepcTHit (MO NATH OTBEPCTHH BO BTOPOM H
TpeTbem pfAAX) NpakTHuecKH He paboraior. [Ipu ofiued niomann 3THX oTsBep-
cruil, paBHo#l npumepHo 55 % MJIOLAJH BCeX OTBEPCTHH pellieTKH, NPOXOAANLHH
yepe3 HHX CyMMAapHbIil PacXojl COCTABJISIET BCEro Juuib oKoao 5 % obmero pac-
X044, NPHHHMAEMOro pelleTKoH. 3TH NaHHble NOKa3blBalOT, YTO B uUeasX Golee

A-4 : 3 55
& =800 Ly =400
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Puc. 11.9. Joxaenpremnas pewerxka /B no TOCT 26008—83
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pallHOHA/NBHOTO HCMOJB30BAHHA METalJ]a H YBeNHUYeHHS NPONYycKHOH cnocol-
HOCTH peIleTOK, YCTAHABJIHBAEMBbIX B JIOTKAX C NPOLO/bHBIM YKJIOHOM, HauGoJee
palHOHANIBHOH Mepoi siBJIfeTcs YBeJHYeHHEe HX UIHPHHBL. JTO HALJIO OTpaXKeHHe
npu paspaGorke I'OCT 26008—83 Ha noMaenpHeMHble PEILETKH, KOTOPHIM A5
NpPHMEHEeHHs Ha yJHLAaX H Joporax ¢ NpoloJbHbIM YK/AOHOM iy == 0,005 u B no-
HHXKEHHBIX MeCTaX B KOHIE 3aTSKHBIX YYaCTKOB CIYCKOB PEKOMEHAYETCH peller-
Ka (puc. 11.9) wnpuuo#t b = 80 cM u Anunok I, = 40 cM, obaajaiowas npumep-
Ho B 1,5 pasa Gosee BLICOKO# NPONYCKHOMH CNOCOGHOCTBIO M0 CPABHEHHIO C «MOC-
KOBCKO#».

11.16. BiusiHHe NONEPeYHOTO YKJOHA JOTKA iy BIOJIHE ONpele/]eHHO N0
CBOEMY XapaKTepy — C YBEeJHYEHHeM [y YBe/JHUYHBaeTcAd KOHLEHTpalHS pac-
x0ja y 60pIOPHOTG KaMHA M BO3pacTaeT pPacXold Qng.,. YBelHyeHHe nonepey-
HOro YKJIOHA JIOTKa — J0CTATOYHO 3((peKTHBHAA Mepa NOBLILEHHS I1POH3BOJH-
TEeJILHOCTH pelleToK.

MponycKHas cNocOGHOCTb N0XKAENPHEMHHKOB )

11.17. TlponyckHas cnocoGHOCTb PELIETOK, YCTAHOBJEHHBIX B JOTKax ¢
NPONOJLHBIM YKJIOHOM, ONpeje/sieTcsl JVIf Ka/JI0ro pacueTHOro ciyuas ¢ yue-
TOM BJIMSIHHS HX rabapHTHbIX paame?on, CKBO3HOCTH H YKJIOHOB JIOTKA B 3aBHCH-
MocTH OT pacxoia B JoTKe Q, [27].

11.18. PacuyeTsl BBINOJIHAIOT B TAKOH MOC/€J0BATE/1bHOCTH:

. a) onpejeisiioT TNpele/bHbIA PacXol, NPHHUMAeMbIH HOXKIeNpPHEMHHKOM,
NPHMEHHTEJBHO K JIOTKAM HECHMMETPHYHOIO TPeYToJIbHOTO CeHeHHsS! C BepTH-
KaJlbHO#M CTeHKOH mo dopmyJe .

1
Q,=0,315 — E ieasie, (11.9)

rge B, — mHpuma NoTOKa B JOTKe Nepej peweTkofi npH mpomycke pacxona Q..

IllupuHa mnoTOKa . : ;
: By,=b+Ab,, (11.10)

rae Ab, — BeJHYHHA OTKJIOHEHHsS JIHHHH ype3a BOAH OT BHEWHeHd TPaHH PeWwleTKH B npe-
JeTbHOM Cay4ae, Korja KpafHss JIHHHA TOKAa BBIXOAHT Ha BHEIUHHA HHXKHHA
No TeYeHHIO YroJl peileTKH (cm. pue. 11.6, 6).

B cBoio ouepenb

Kig
2gio
rae K — sMnupuueckuii KOI(QQHUHEHT, YUHTHBAKUIHA B3aHMOjeHCTBHE Mexay cTpy#-
KAMH M CONPOTHBJEHHS /IBHXEHHIO B OKPECTHOCTH PeIIeTKH;
v, — CKOPOCTb CTPYAKH Ha Kpaio PemeTKH IpH riayGuue h,, coorperctsyiomedt Q,.
SMnHpHUECKHH KOIPDHUHEHT _ ‘
K=K; Kp, (11.12)

rae K; n Kp — COOTBETCTBEHHO Ko3(PHUHERTH, - YYHTHIBAIOIHE BJAHAHHE YKJOHOB JIOTKA
H raGapHTHHIX pa3sMepoB PelleTKH, ol pejleisemble 0 rpaduKy Ha puc. 11.10.

Aby= (V' vi+28 10y 1p —ul)?, (11.11)

KiiHs \
6 N
”
+ H <
Puc. 11.10. Tpadik i onpe- \ (0¥
nenenns kospduunenta K; mo 2 = 2
OTHOILEHHIO i..lioK{xpnaas 1) u — ]
KostpuunenTa » MO OTHOINe- e
uno Ipfb (kpusas 2) 0 Rl EESE R TS b
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Puc. 11.11. Fpahur ans onpeseneHus KosppHuHeHTa R
CKopocTb CTPYHKH
u,:—;— 2R3 A B (11.13)

3nauenne Ab, BblunCHsIETCS NyTEM
COBMECTHOrO  peIlleHHS]  ypaBHEeHHii
(11.11) u (11.13).

Jlast ynpolenusi pacueToB 3Haue-
HHe , MOXHO YCTAHOBHMTb O TaGJH-
uam npuaexenui 11.1 u 11.2;

6) onpelessioT pacXoAbl BOAbI, [IPH-
HUMaeMble JOXJenpHeMHOH pelleTKoil,
Quown ¥ MPockoka Qup npH Qp < Qy
no gopmyae (11.4), npu Q, >Q, —
no dopmyaam (11.5) u (11.6). [pu 3tom
3HayeHHe Koadpuunenta B < | Haxo-
a4t no rpapuky Ha puc. 11.11 B
3aBHCHMOCTH OT CKBO3HOCTH pelieTKH

T I .
$ = g7p (d — wupuHa otBepcTHil pe-

00000

000 | 00000 WeTKH MeXJy CTepKHAMH;, & — wupH-
0o0oo| |- Ha CTepxKHed) H OTHOUIEHHS PAacXo/lOoB
000 | 00000 Q/ Q.
11.19. HanoxeHuas merouka pas-
] paboTaHa AS peuleTOK B JIOTKZX He-
’ CHMMETPHYHOIO  TPEYroJIbHOTO  ceye-
YeHHsl C BePTHKAaJbHOH CTEHKOH (CM.
puc. 11.4, a) u, cirenoBaTe/NbHO, MOKET
ObITb HenocpeACTBEHHO NPHMEHeHa UPH
Prc. 1112, Cxema eeHust foTka no me- PAcueTe BONOOTBOJA ¢ FOPOACKHX JOpOT
TOAY quBl"MEHTOB H y.ﬂ}lu, MOCTOB, ﬂPOe?:}]\OB KHBOTHO-
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BOJYECKHX KOMILIEKCOB H T. TI. Pacuer A0KIENPHEMHBIX DElIeTOK B TPeyroik-
HBIX JIOTKaX ¢ OGOHMH HaKJIOHHBIMH OTKOCAMH Ha pa3Jie/IUTENbHLIX 10JI0CAX U B
NPHKPOMOYHBIX JIOTKAX ABTOMOOHJBHBIX JOpOr, Ha a3poApOMax, IPOMILIOLLAJ-
Kax BBITIOJIHAETCS MeTOAOM (parmeHToB. JIOTOK AeMHTCA BePTHKAJAbLHOM MJOCKO-
CTBIO 110 JIMHHU TajibBera Ha JiBa parmenra (puc. 11.12). ®dparmeHTsl pacCcyHTHI-
BAIOTCA 110 TEM Ke 3aBHCHMOCTAM. I/l CHMMETPHUYHOTO BOJOOTBOJHOTO JIOTKA
pacuer BeINOJHAETCA A5 (parMenTa, NpeACTaBAAIONLEro co60H NONOBHHY JIOTKa
¢ pacxoloM Q, npu wHpHHe pemerkH b. DakTHYeCKHe 3HAUeHHsA PACcXOMOB A
BCEro JIOTKa TpH o6lem pacxojie B HeM 2Q, H IIHPHHE PeleTKH 2b HaXoAATCs Kak
y/BOEHHBIE 3HaueHus, T. e. 2Q,, 2Q,, 2Qp. Cnocob dparMeHTOB NO3BONAET pac-
CYHTBHIBATDH 110 NPEILIOKEHHOH MeTOJHKe NMPOMYCKHYIO CHOCOGHOCTb PELIETOK B
HECHMMETPHYHBIX JOTKAX NPH PAIHBIX 3HAUEHHSX LIHDHH H JUIHH PeLleTok,
NonepeyHyX YKJIOHAX H KOs(dHuHEHTaX mepoxona"rocm B JIEBOH M INpaBoii
YacTaX JIOTKA. : .

MPONYCKHAS CNIOCOBHOCTb NOXXAENPHEMHHKOB
BOJAOOTBOJA 3AKPBITOTO THNA B MNOHH)KEHHBIX MECTAX =

11.20. ITpu pacnonoxeHuH NOXKIAeNPHEMHUKOB B MOHHMKEHHBIX MeCTax Bbi-
AEJIAIOTCH /1B PeXHMA HX paboTh: N0 cXeMe HCTeYeHHMs yepe3 BOJOC/HB C IIHPO-
KHM NOpOoroM H 1o CXeMe HCTeYeHHs 4yepes OTBepC’l’He. B KayeCcTBe€ pacyeTHbIX
(opMyJT Npeanonaraercs MOJH(HKaIHs HABECTHBIX (DOPMYJT PAcXoia BOAOCTHBA
H OTBEPCTHA.

11.21. nponycxuan CIOCOBHOCTD FOPHIOHTANBHBIX JOKIENPHEMHBIX DeLe-
TOK (cM. puc. 11.5, a), ycTaHOBJI@HHEIX B NOHHIKEHHBIX MeCTax JIOTKOB YJIHIL, CO-

rnacHo ucenefopannaM BHWHIa um. B. E. Beneneesa mpu H,<<1,33 9—",
Korja peietka pafoTaer nmo cxeMme BOJAOCJHBA C IIHPOKHM TIOPOrOM, ONpeles-
ercsA 10 3aBUCHMOCTH

Qp=mL V 2g H}? ) (11.14)

(]
unpu Hy, = 1,331-2, Korja pewierka paGoTaer Mo cxeme HCTEYEHHS uyepes OT-
BepCTHE, — MO 3aBHCHMOCTH

Qp=pop V% H,, (11.15)

raem u t — kos(duunentsl pacxoga; m = 0,350; p = 0,450;
AMHEA TOW YACTH NepHMeTpa peIIeTKH, Yepes KOTOpYI0 MOCTynaerT Boja;
©p — TJIOMAAL OTBEPCTHR pelleTKH;
Hpy — THIpPONHHAMHYECKHI HAmop nepea peme‘l‘xoﬁ

B cBowo ouepens
v
=h} -,
HI _}_ 2g

rge A — ray6una noToka B-JIOTKE mepej pemerr:mﬁ

o — koapduuuent Kopuoauca; o = 1,0;

U — CKOPOCTb MOTOKa HA NOJAXOAe K pelleTKe.

11.22. Iponyck#as cHOCOGHOCTh ACKACNPHEMHHKOB C BEPTHKAJBHBIM OT-
BepcTHeM B GopAlopHOM KamHe (cM. puc. 11.5.6) B totkax yauu npu i, << 1,90,,,,
YTO COQTBETCTBYeT pafoTe MO cXeMe BOAOC/IHBA C UIMPOKHM TIOPOTOM, COTJiaCHO
HeenenoBanusim MAJIM moxer GuiTh onpefleneda no cdopmyJe

Qors=mly, Y/ Bg HI/? (11.16)
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u npu Hy = 1,90,,,, T. e. npn paGoTe no cxeMe HCTEYEHHA YEPe3 OTBEPCTHE, —

no topmy.e
Qors= 0oy V/ 2gH,, (11.17)

rae  HAgrp — BBICOTA OTBEPCTHA B GOPAIOPHOM KaMHe,
m ¥ — xoapduumenTsl pacxoaa; m = 0,334; p = 0,630;
lorg — JVIMHA OTBEPCTHS,
Wory — MJOUaAb OTBEPCTHA.
11.23. Hponycxuaﬁ cnocoﬁnoch KOMOHHHPOBAHHOTO JIOXK/ENPHEMHUKA
(M. puc. 11.5, 6) onpenenﬂeq'cn 10 NPHBEJEHHLIM Bhillle GOPMYJIaM B 3aBHCHMO-

CTH OT IyOHHBI noTtoka. Ilpu H., =< 1.331—. KOT/ia NMOTOK B JOXKAENPHeMHHK

MOCTYNAeT TOJLKO Uepe3 rOPH3OHTAlbHYIO PEelleTKY H BEDPTHKAJbHOE OTBepCTHe
He paboTaer, NponyckHast CrnocoOHOCTE onpenensercs no dopmyae (11.14),

[pu 1,9, = Hy = 1,33‘? YacTh PacXxolid HAYHHAET NOCTYNaTh B A0 /e-

NPpHEMHHK uepe3 oTBepcTHe B OopliopHoM Kamue. Pemwerka B 3ToM cayuae
pa6oTaeT no cxeme HCTEUEHHsI Yepe3 OTBePCTHE, a OTBEPCTHe B GOPJIOPHOM KaM-
HE — [0 CXeMe HCTeueHHs uepe3 BOJAOC/MB, H MPONYCKHas CNocOGHOCTb A0MKe-
NpUeMHHKA onpefeisieTcd Kak cyMMa pacxolloB pemeTkH no ¢gopmyae (11.15)

1 GopropHoro oteepetHs no dopmyane (11.16). Tlpu Hy = 1,9, u H, = l.33(-;_)—"

OTBEPCTHE B GOPD.!OPHOM KaMHe 3aralnJiypaercs H HayHHaert paﬁma'rb no cxeme
HCTEeYeHHsl 4Yepe3 OTBepCTHE, TOorJla pacxon Ao AerNpHeMHHKA onpe,uenﬂe'rcn no
dopuya (11.15) u (11.17).

PEXXHMbI PABOTbI KOJIJIEKTOPOB
H JAPYIHX TPYBYATBHIX COOPY)KEHHA BOILOOTBOAA 3AKPBHITOrO THNA

11.24. Kounektopsl, TpyGONpPOBO/IbI BOAOCTOYHBIX BETOK (Ha aspoipoMax —
nepenyckH) B CHCTEMaX TOBEPXHOCTHOTO BOJAOOTBOAA 33aKPHTOTO THIA YCTpaH-
BaT O6GLIUHO H3 XKe/1e306eTOHHBIX TPYO KPYIVIOro NonepeyHoro ceyeHus. B paiio-
HaX cTapoil ropoJcKoi ‘3acTPOHKH MOMHO BCTPETHTb KOJJIEKTOPbI JIOTKOBOTO
ceueHHs. B 0coBbIX c/yyasix NPH 3aKJIOYEHHH, HAlNPHMEP, PEUKH HJIH PYyYbsi B
KOJIJIEKTOP OH MOXeT GbITh NPSMOYTroibHOro (KBajgparHoro) ceuenusi. Kosiekro-
pBl — pacrpocTpaHeHHble H OTBETCTBEHHBIE COOPYIKeHHs BoJcoTBoja. Hapywe-
HHst paGoThl KOJIIEKTOPOB H BOJOCTOYHBIX BETOK (epenycKoB) MOTYT NpPHBECTH
K 3aTOIJIEHHSIM TePPHTOPHIE, CO3[IaTh YTpo3y 6Ge30MacHOCTH JABHAKEHHS TPaHCIOP-
Ta. PeMOHT Tpy60npoBOJoB BOAOCTOKOB CBSI3aH CO BCKPHIHBIME pabotaMu. [lo-
MHMO TIDAMBIX 3aTPAT 3TO NPHBOAHT K HaCTHUHOMY HJIH HOTHOMY TpeKpauieHHio
IBHKeHHs Tpakcnopra. ONHOH H3 [PHYHH aBapHH KOJIJIEKTOPOB SABJSETCA HX
paboTa B pexHMe, He COOTBETCTBYIOIIEM DAacUYETHOMY.

11.25. Pacuer pasmepoB ceueHH# (1HAMETPOB) KOJIJIEKTOPOB H TPYGONPOBOOB
BOJIOCTOYHLIX BETOK, OBLIYHO BHIMOAHAEeMH no ¢opmyJae [lesu (11.1) ¢ uenoas-
3oBanHeM 3Hauenuit K, u W, (ta6n. 11.1) u3 ycJoBHA nponycka pacyeTHOro
pacxoia npu noaxoM (h/D = a = 1) WIM NPH YACTHUHBLIX HANOJHEHHAX (a =
= 0,8 = 0,9) ocHoBaH Ha NPEANOJOMEHHH, YTO 3TH COOPYXeHHs paboraoT B
peXkuve paBHOMEPHOro JABHKeHHs. B peanbHbiX Xe yCJOBHAX pacXo/ibl, nponyc-
KaeMble KOJMIeKTOPaMH H TPYGOIPOBOAAMH BOJOCTOKOB, CYIECTBEHHO OTJHYAI0T-
Csl OT PACYETHOr0, M3MEHASICh B IUMPOKOM Auanasoe ot Q = 0 no snaueHui,
NpeBLILIAIONINX B HEKOTOPBIX CyuasX pacueTHblii pacxol. [1pu stom B TpyGonpo-
BOJAX HeH3OexKHbl Nlepexolisl OT YAaCTHYHOTO HANOJHEHHs K NOJHOMY H HA060poT,

11.26. B ¢cBsisu ¢ TeM uTO pe3epByapaMH BepXHero Obeda Tpy6onpoBOLOB
BOJOCTOYHBIX BETOK (TEPENyCKOB) H YYACTKOB KOJIIEKTOPOB ABSIOTCH COOTBET-
CTBEHHO JOXJenpHeMHble H CMOTPOBbLIE HJIH TNepenajHble KOJIOAIL, HMEeIoulHe or-
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T@ﬁnuua 11.1

Muamerp H Ke. 6 bie

- Kepamuueckue H 4yryHibie AcGouem e -
Bp,yS: pr%aﬁﬂ? —0018) . TPyOH (ﬂ=0-gl ) Aeuosuie THYOH (1 =0.01%)

Kn Wa Ke | - Wa Kn Wa

200 — — 0,33 10,50 0,35 11,14

300 s 0, 13,68 1,06 14,85

400 1,93 15,35 2,08 16,55 2,25 17,90

W | oam | e | 4w | | 8| B
. s 8 ) 23,4

700 i = 9,25 24,04 -_— —
800 12,27 24,41 13,21 26,28 — —-
900 — e 18,09 28,43 o =
1000 2225 28,33 23,96 30,51 — —
1200 36,17 31,98 i £ = o
1400 54,68 35,46 — - —_ —_—
1500 65,60 37,13 — —_— — —_
1600 77,90 38,74 Lo — - —_
2000 141,30 44,97 - —_ -— —_
2400 228,93 50,61 —_ - — —_
3000 416,53 59,01 — e == -
3400 557,58 - 61,41 - — el =
4000 897,16 71,37 - —_ — -

paHHYEHHYIO EMKOCTb, ONpelessiioulyio OcoObli XapaKTep HX THIApPaBIHYECKOi
paboThl, 3TH COOPYKEHHs! BLIAEISIOTCH B OTAE/IbHYIO KaTeropHio Tpy6uaThiX Bojio-
NPONYyCKHbIX COOPYXKEHHH ¢ eMKOCTBIO BEpXHero Gbea OrpanHueHHbIX Pa3MEPOB.

.11.27. OcofeHHOCTH 3THX COOPYXKeHHIi:

Ge3HanopHbLIHA PeXKHM COXPAHSAETCH B HUX NpH ypoﬂ}mx CYIeCTBEHHO MeHb-
WHX BBICOTH KOJIJIEKTOPA,;

NpH yBeJHUeHHH pacXo/ia GesHanopHoe JIBHXKEHHE B KOJIEKTOPE CMeHReTCs
Pe3K0o HecTaLlHOHAPHBIM, IHK/JIHYHBIM «NPOOKOBEIMY PeXHMOM paboThl, 3a KOTO-
pbIM CJelyeT HalOpHbIM pEXHM.

11.28. [lpu HecTanHOHApHOM «NPOOGKOBOM» pexume paboThi B xomexrope
NepHOAHYECKH BO3HHKAIOT H IEePeMEILaloTCs BHH3 10 TeYeHHIO COCPeloTOYeHHbie
Macchl XHAKOCTH, 3a1I0JIHAIOLIHE BCE CeYEHHEe KOJITEKTOpa — «IpOGKHY, Yepeayio-
L{HeCs ¢ 3AMKHYTHIMH BO3LYLUHBIMH BK/IOUEHHAMH y wwedsrd, [Ipu 31oM nukany-
HO o0pasyeTcf H CPbIBAeTcsi BAKYYM, BO3HHKaeT MyJbCalHs CKOpocTeH H pac-
X0/la, MPOHCXOHT H3MeHeHHe (pacKayka) ypoBHeH B KOJOALAX C BEPXOBOH H
HH30BOH CTOPOHBI Y4acTKa KOJJIEKTOpa.

HecrauuoHapHblfi «npoGKOBbI» PEXHM B KOJIEKTOPAX HMEET onpejeseH-
HYIO Toc/eloBaTe/bHoeTh. B cMeHSIONHX ApYr Apyra IHKJIaxX MOMHO BbiJe-
JIMTb XapakTepHble (a3bl npolecca: NoAbeM YPOBHA B BePXOBOM KOJIoJLE H o6pa-
30BaHHe BOJH Ha HayaJbHOM yuacrke Koajekropa (phuc. 11.13, a), 3anonsenne

Prc. 11.13. ®asn npoGkoBoro pexmnma

e

MHUIKOCTBIO BCErO CeYeHHs KoJJleKTopa Ha YuacTKe BXO/la TIPH NOHHMKeHHH AaB-
JieHUs — BO3HHKHOBeHHH Bakyyma (puc. 11.13, 6), oGpasoBanHne «npoGKu»,
Mell/leHHO nepewmelnaiomiefics BHH3 1o TeueHuwo (puc. 11,13, 6, 2). Ha yuacrtke
KOJIIEKTOpa MeX1y BXOJAOM H «I1pOGKOH» MOTOK JABHXeTcsl co cBOGOAHOMH NoBepx-
HOCThIO, HaJl KOTOPO# JaBJIeHHe P HHKe aTMOCHEPHOTO p,, T. . BakyyM. Mexny
¢np06|con» H KOHLIEBbIM CEYEHHEM KOJJIEKTOPA NOTOK TAK¥Ke JABHXKETCH CO CBO-
GOJHOI I0BEPXHOCTBIO, HO aBJieHHe Hall Hefl paBHO aTMochepHOMY p,. I1pH BhI-
Xozie «po6KH» M3 KOJJIeKTOpa B 06/1acTh Hajl MOBEPXHOCTBIO NOTOKA ¢ HH30BOH
CTOPOHBL B IOCTATOYHOM KOJIHYECTBE IPOHMKAET BO3AYX U Hajl NOBEPXHOCTHIO Mo-
TOKa TI0 BCEMY KOJUIEKTOPY ycTaHaBIHBaeTcs JaBleHHe, PaBHOE aTMochepHO-
my. [poucxogur cpeie Bakyyma. [IponyckHas cnoco6HOCTb KOJIIEKTOpa NMPH
3TOM YMEHbIAEeTCsi U B BEPXOBOM KOJIOJlle BHOBb NOBLIIaeTcs YPOBeHb (CM.
puc. 11.13, a) no Tex nop, NoKa yBe/HYeHHE rJYGHHBI NOTOKA B KOJIO/NE He NPH-
BelleT K 06pa30BaHHIO HOBOH «TPOGKH», NMOC/E Yero IHKJ IOBTOPSEeTCS.
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Puc. 11.14. HoMorpamma [sisi onpe/le/ieHHsi NapaMeTPOB NOTOKA B KPYrJAOM GeTOHHOM HJH
Ke1e306eTOHHOM xoanemope
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11.29. TMepHoauuecKoe BO3HHK-
HOBeHHe M CpBIB BaKyyMa B KoJ-
JIEKTOpE MpH Pe3Ko HecTallHOHAPHOM
«1po6KoBOM» peKHMe paboThl conpo-
BOX/AeTcA YEPeAYIOUIHMCSH IPOHHMK-
HOBeHHEM uepe3 HEeNJIOTHOCTH B CThHI-
Kax, TPeLMHBl i CBHUIM B CTEHKax Al
KOJIIeKTopa BOJbl B IPYHT OGCHINKH, Nt s i oY e

95
~0

€ro pasXHKeHHeM H BHIHOCOM B KOJI-
Jektop. BoKpyr KoisieKtopa TmpH
3TOM BO3HHMKAIOT MYCTOTHI, KOTOpbIE
MOTyT BHI3BaTh MpOCajKy TCpyHTa
noj, KOJJIEKTOPOM, ero paspylleHHe.
OGpascBanue TNYCTOT BOKPYT Ko -
nektopos (TpyG TMepenycKoB) mox Puc. 11.15. Kosoaeu nepenajumii  Bojo-
NOKPLITHAMH YJIHlL, JOPOT, a3pofpo- CcauBHOM
MOB MOXET CO3/1aTh ONACHYIO aBapHii-

HYIO CHTYAIHIO ANA TPaHCIOPTa.

[Tocko/IbKY 3HAYEHHS HANOJNHEHHH (W PacXofoB), NPH KOTOPBIX NMPOHCXO-
JKT BO3HMKHOBEHHE HeCTAallHOHADHOro «npoGKOBOTO» PEXHMA 3HAYHTENBHO Me-
Hee pacyeTHBIX, KOJVIEKTOPE B 3TOM pexHMe paGoTaioT yaiie, YeM NOSBIAIOTCA
pacueTHbie” pacxobi. ;

11.30. lns ompeneneHusi napaMerpoB NOTOKA B KPYrJoM OETOHHOM HJiu
Kesie300eToHHOM KoJJIeKTope (TpyGOnmpoBojie) NMPH 4acTHYHOM HANOJHEHHH HC-
MOJIL3YIOT HOMOTPaMMy, NPUBEAEHHYIO Ha pHc. 11.14. Jlunus h,/D nossonser
CYAHTb 06 3HEPreTHYECKOM COCTOSHHH noTtoka. O6iacTh Bhilue H JeBee COOT-
BETCTBYET CNOKOHHOMY COCTOSIHHIO NOTOKA, HHXKe H npasee — GypHoMy. Jlunus
/D onpesensier BO3HUKHQBEHUE B KOJIIEKTOPE PE3KO HECTALHOHAPHOTO «TIPO6-
KkoBoro» pexxuma. O6acTh. HHXKE 3TOH JHHHH 'COOTBETCTBYeT (Ge3HanopHOMY ABH-
XeHuw, s Koroporo no dopmyie Illesu nocrpoena Homorpamma; B 064acTH
Bbile 3TOil IHHHHA GE3HANOPHOTO PABHOMEPHOTO JIBHXKEHHUS He CYLIeCTBYeT, H Mo-
3TOMY paccyuTaHHble 1o ¢opMyne IllesH JTHHMH OTHOCHTENBHBIX HAMOJHEHHil
h/D u ckopocreil v/D%® naHBl WITPHXOBOWH JIHHHEI!.

[To Homorpamme Ha puc. 11.14 Moxer pemathcs Kaxk npamasi, Tak H 06-
paTHasi 3ajaua. B nepBom c/iyyae no H3BeCTHOMY AMAaMETPY H YKJOHY NpH 3aiaH-
HOM HalOJHeHHH KOJJIEKTOpa OMpeAessioT NMPONycKaeMblli yepe3 HEro pacxof,
CKOPOCTb H 9HEPreTHYeCKOe COCTOSHHE TOTOKA, A TAKIKE PEXKHM paboThi KOJIIEK-
Topa. OGpatHas 3allaya 3aKJ/IOUaeTcsi B ONpeJeJieHHH M0 H3BECTHOMY pacXofy
H YKJIOHY KOJJIEKTOPA H NPHHATOMY 3HAaYEHHIO HANOJHEHUs JMaMeTpa KOJJIeK-
TOpa, CKOPOCTH TeYeHHs , IHEPTeTHYECKOro COCTOAHHS [I0TOKA H PeKkHMa paboThL.
[pu pelernn oOpaTHON 3allayf MOXET BO3HHKHYTb HEOOXOJMMOCTb B MOBTOP-
HOM BBHITIOJIHEHHH PElIeHHs!, eC/l HafleHHbll JHaMeTp TPyOb He COOTBETCTBYET
cTanzapTHoMmy (cm. Taba.11.1). B stom cityuae ero sHaueHHe oKpyrasior o 6iu-
XKafero craHJapTHOroO H YTOUHAIOT BEJIMYHHY HANOJHEeHHs TPy6ONpoBoaa, CKO-
poCTh NOTOKa H pexkuM paGotel. Pacxoa H CKOPOCTB MOTOKa MPH HCMOMBL30OBAHHH
LJIsi pacyeToB HOMOTPaMMbl Ha pHc. 11.14, B ciiyuae ecnm amaMerp Kosaex-
Topa D 5= 1,0 M, OnpelenaoTCd YMHOMEHHEM OTHOCHTEeJIBHOTO pacxola Q/D%®
H ckopoctu v/D%® coorBerctBeHHO Ha D%® y D5

11.31. INpu npoeKTHPOBaHHH KOJJIEKTOPOB BOJOCTOKOB HX paGoTy B pes-
KOHECTauHOHapHOMlﬂpOﬁKOBOM’pfﬂ“ﬂue,quTHBaﬂ HEGH&FOHPHHTHHE nocaen;
CTBH#, AonycKaTb He cefyer. CorsiacHo Homorpamme na phc. 11.14 npu ymonai
i << 0,01 310 ObecreuHBaETCS, €C/IH HANOJHEHHA KOJIJIEKTOPA MPH PACYETHOM
pacxoie OrpaHHYHTh B COOTBETCTBHH ¢ KPHBOH h,,/D = [ (i) 3nauenusmu
h/D = 0,7 = 0,8. TIpu G6AbUIKX 3HAYEHHAX YK/IOHOB KOJJIeKTopa i = 0,01 =
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1]

_runa. [lpu seicore nepenaga p<<1-+ 1.5 M

(]

= 0,06 HeoGX0OHMOCTE YKA3aHHOrO TpeGOoBaHHsl NPHBOIKT K PE3KOMYy yMEHbILE-
HHIO 3HAYEHHE JONYCTHMbIX HANOJIHEHHH 10 h/D = 0,7 = 0,3, uTo BJEYET 3HA-
YHTeIbHOR YBeJIHYeHHe PasMEepPOB CEUeHHs! KOJIJIEKTOPOB, T. €. YBEJIHUEHHE §TPOH-
TeNIbHBIX 3aTpar. <

B 3ToM c/yyae caelyer NpelycMaTpHBATh Mephl, HCKIIOUalolHe BO3HHK HO-
BEHHe «NPOBKOBOTO» PeXXuma paboThi KOIIEKTOPaA. OaHoll H3 TAKUX Mep siBJIAeT-
cfl YCTPOHMCTBO Ha BXOJAHBIX ydacTKax NaTpy6KOB IHAMETPOM dyoq ~ 0,10,
oBecreyHBAIONIMX TOABOM B AOCTATOUHOM KOJHUECTBE BO3AyXa B 06/1aCTh CHKATO-

ro cevenusi, KaKk nokasawo ua puc. 11.15, 11.17.

HEPEMALHBIE KOJIOALbI HA KOJJIEKTOPAX BOJIOCTOKOB

opax BOAOCTOKOB Jle/isiTCsl HA 1Ba

YCTPanBaioT KOJOMUB! BOAOC/HB-
Horo Thna (cM. puc. 11.15), a mnpH GoJipleli  BbicOTe — BOJAOGOHHOrO THINA
(puc. 11.16) c onuoii (npu p = 1,5 = 3 M) wau aByMs (npu p = 3 - 4 M) BO-
JNOGOHHBIMH . pelIeTKaMH.

11.33. [Inuny nepenagHoro KOJIOAL
6bl TMOCTYMAOUHA B KOJMOAEL MO NOABOAA
IHAPOAHHAMHYECKOrO BO3JEHCTBHA HA -MPOTE
KOJIJIEKTOpAa) CTEHKY KOJIOAUA:

Jinuua nepenagHoro KOJOAUA BOJLOCTHBHOrO THIA ly, M, IIPH BbICOTE Nepe-

ii 1aJbHOCTH TIOJIETa CTPYH NOA AGHCTBHEM

nana p, M, MOXet ObITh NIPHHATA PABHOH _
CH/LL TSXKECTH ¢ HAYAJbHOM CKOPOCTBIO U, M/C, BEKTOP KOTODPOH OPHEHTHpOBAH

FOPH30HTAJbHO!
1R=0V3&=0.45u ;e S (11.18)
L g ]

11.34. CkopocTh NOTOKA, MOCTYNAIOIEro B KOJIOACL, MOMKET 6biTh Hafijlena
no Homorpamme Ha puc. 11.14. Conpsxenne OTMETQK JOTKOR NOJABOAAILErO K OT-
BONALLEr0 KOJUIEKTOPOB B NepenajHoM KoIoALe BOAOCHBHOMO THIA pexoMeHjLyer-
-CSl OCYLIECTBJAAThL JIOTKOM [/IaBHOrO QUepTaHHs.

11.32. [lepenanaupie KONOALB HA KOLIEKT

a CefyeT Ha3HAYaTh W3 YCJOBHS, HTO-
1ieMy KOJIIEKTOPY MOTOK He OKa3plBall
iBOTIONOMXHYIO (OT TNOABOAAILETO
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Pue. 11.17. Konoaus nepenajhble ¢ pelleTKaMH-FACHTeNSMH H3 NPAMOYIOJbHLIX CTepHHed
" (a) u cermenToB TpyS (6) g

11.35. [liuHa mepenajHoro KoJIOAuAa BOJOGOHHOrO THUNA HAa3HAauaercs c
yuetom Jnamerpa Jiioka D ;, M, B TIePeKphITHH KOJIO/lla H XapaKTepa pacnoJioxe-
HUA cTepkHel BoJoGOHHON peweTkH (NpH ABYX pewieTKax — OT PacrlooKeHHs
crepxueit Bepxueit peuterku). ITpu ropusoutanpHoi pewerke (puc. 11.16, a)

JJIHHA KoJioAua S I .
ly=kio VYV D +Djy, (11.18")

rie Kos(puuuent k; = 0,45, kak u B popmyJe (11.18). Tlpu naknouHO#H pewer-
Ke NJIHHA KOJIO/illa COKpalllaeTca B QHBKCHMOCTH OT BeJIHUMHBl BO3BbillleHHsI 6a-
JIOK BOA0GOMHOM peleTKH Hajl JOTKOM NOABOAsALLEro Kojiektopa. Ecaun 6anku
Bosseiatoresi Ha D/3 (puc. 11.6, 6), To B opmyae (11.18") k, = 0,37, a ecan
Ganku Bo3sbiaotes Ha D/2 (puc. 11.16, 8), To B dopmyaie (11.18) &k, = 0,32.
[puMeHeHHe HAKIOHHBEIX PEIETOK N03BOJSET NOYUHTh COKPAILieHHe LTHHBI nepe-
najHoro KoJoAua sojoGoiinoro Thna npumepHo Ha 10 %.

11.36. B THNOBbIX NPOEKTHHIX petlleHHAX «Kamepbl H KOJOAUB JIKBHEBOH
KaHa u3aluupy HNPOKOMMYHAOPTPAHC s NepenajHblX KOJIOALEB BOAOGOHHOTO
THna GbLIK MPHMeHEeHH HAKJOHHbE PEleTKH, Bo3Bbllaiecs Ha D/2 nan
JOTKOM TOABOASLIEro KoJJeKTopa, H3 Ganaok wupuHOA 100 MM H BeICOTO#M
400 mm. Okasanoch, 4TO NPH HaTeKaHWH Ha 3TH 6a/iKH, YCTAHOBJEHHbIE C paB-
HBIM [IATOM MO BhICOTE, NOTOK (onTanupyer. Bo n3bexanne 31oro GbLIIH H3Me-
HeHBl (OpMa M cxema pacnofomenusi 6asok B pewerke (puc. 11.17).

Baskn BTopoit pewweTKy (NpH BoiCOTaX nepenana p = 3 - 4 M) NpsAMOYroJib-
HOTO CeYeHHs PAcloardioTcs Noj OTBEPCTHAMH Mexy GaiikaMi BepXHed pemer-
KH, T. €. B WIAXMaTHOM MNOpsAKe. .

COOPY)XEHHS BOJOOTBOJIA OTKPBHITOIO THNA
C NMOJIOTHA ABTOMOBHJIbHBIX AOPOF

11.37. Coopy:KeHHsl CHCTEMbI OTKDHITOTO BOAOOTBOAZ C TOKPBITHS aBTOMO-
6unbHEX fopor [—I11 kaTeropuii BK/IOYAIOT NPHKPOMOYHBIE BOJIOOTBOAHEIE JIOT-
KH, JoXJenpHemibie (nepexofiibie, CONMPAraiollHe) JNOTKH, NoNepeyHsle BOAO-
c6pocuble (OTKOCHBIE) JIOTKH, BOJ0GOfiHbIE YCTPOHCTBA HA BHIXO/le H3 OTKOCHBIX
notkoe (puc. 11.18). S

11.38. BonooTBoAHEE NPHKPOMOYHLE JOTKH PaclofarailoTcs BAOJNbL KPOM-
KH Tpoeaxefl YacTH MM OCTAHOBOYHOH mMOJNOCH JoporH. OHH OGHIMHO BHINOJ-
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Puc. 11.18. CoopyXeHHs cuCTeMBl BOJOOTBOAA
OTKPHTOrO THNA C MOJIOTHA JOPOTH:

a —— HeCHMMeTpHYHOro O4epTAHHA B NAaHe; 6 — CHMMETPHYHOrO OY€PTAHHA B NJAAHE; 11— NPHKpPO-
MOYHBIH BOLOOTBOAHOW JOTOK; ? — HoXMAenpHemuwifinoTok; 3 — 6 f# (om wifi) notok; 4 —
BofoGofiHbe ycTpoACTBA HA BBIXOflé H3 OTKOCHLIX JIOTKOB

| é | S
A A= - =
P 7
s 7
7 Q“ / o
/ A 7 D
7 sff o1l
ml  F aill =
75 50
Puc. 11.19. B/OKH TPHKPOMOUYHBIX JIOTKOB
&
> s =
3| g | bl
. be! %
ar=12.9% ar=194% ay=34% QF=64% a;=100%
e e——— e e —
0014 gzt 404 ig=004
TW[T“:\:IPWI"IMUII’!IF“W 1T](1I|Tll!lll[!’V'I!Vll'lll[l!l'l'l'l'lrl’illll’l|I!r[iIF'[I[ilI]'l}]]l]’fl[i’TPf[l
[ililil I 2 : | '
Ney neg 7 voy

Aé{ \yg‘,',-qx«% /ﬁé \%ﬂqmﬁé\ \11'=aﬂ% e ,“a'=35%

Puc. 11.20. TIpumep pacnpeie/ieHHsi pacXoia NPHKPOMOYHOrO JIOTKa JOPOTH MO AOMIENpH-
eMHBIM JIOTKaM

\
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HAKTCH H3 COOPHBIX OJIOKOB M HMEIOT Ppacmenm 2 | Ppazmenm 1
TPeyroiibHyio opMy CeYeHHS WHPHHOH '
75(50) cm u ray6uHoin T—9 oM
(puc. 11.19).

Iuapasnuueckuit pacueT NpHKpPO-
MOYHBIX JIOTKOB BHINOJIHSAIOT MO ypaBHe-
HUIO paBHoMepHoro nsixenusn (11.3).

11.39. JoxnuenpueMHble (nmepexon-
Hble, CONPSAralollHe) JOTKH BOJAOOTBOAA
OTKPBITOTO THIA Ha yYaCTKAX, CIYCKOB
HMEIOT HECHMMETPHYHOE B MIaHe Oyep-
taHue (cm. pue. 11.18, @), a B noHu-
JKEHHBIX MeCTax [MPOJAOJBLHOro npoduasn
LOpOTH — CHMMeTpHYHoe  (cM. pHc.
11.18, 6). %

[Ipu npoekTHPOBaHHH H pacuyere
JIOKJePHEMHBIX JIOTKOB Ha yYacTKax
CNYCKOB JOPOTH CJEAyeT YUMTHIBATh,
YTO B 3aBHCHMOCTH OT pacxoja B JOT-
ke Q, oHu Moryt paGoTaTh B ABYX pe-
xumax. [pu Q, < Q, AoxKIeNnpHEMHBIM
JIOTKOM MPUHHMAaeTcs BeCb pacXof Q.
[Mpn-Qy > Q4 U3 BOAOOTBOAHOrO JIOTKA e
NpHHHMaeTCA JHIIbL YacTb pacxoja Puc. 11.21. Cxema Kk pacuery apoxje- sy N
Qnomn< Qo- ﬂpyraﬂ 4acrth oﬁpaaye-r NPHEMHEIX JNOTKOB MeTOLOM - pparmeH-
pacxop npockoka Qnp. Bropoi pexum 708
paBoThl NOXKIAENPHEMHBIX JIOTKOB HaH-

GoJsiee pacnpocTpaHeH, TpHYeM 017 PAacXofioB MPOCKOKA MOXeT ObiThb
cymecrentont (pue. 11.20). \ 4

11.40. T'uapaBauyecKHH pacyer AOXKIENPHEMHLIX JOTKOB C YUEeTOM NpPOCKO-
Ka 4acTH pacXoja BBITIOJHAETCA MeToAoM (DParMeHTOB aHAJOTHYHO TOMY, KaK
ykasauo B 1. 11,19. BoooTBoAHBIH# NPHKPOMOYHBIH JIOTOK AeNuTCS mepel NoMAe-
NPHEMHBIM JIOTKOM N0 JHHHH HauGonbwie#t riyGHHB Ha JBa (parMenTa
(puc. 11.21). dnsa xaxjaoro ¢pparMenta onpeiensioTcsi pacXofbl B JOTKe @,
Q.. [IpuHnMaeTcs, uTO pacxoj BO BHelIHeM (parMente / NPHKPOMOYHOTO JIOT-

. Ka LeJHKOM MOCTyNnaeT B JOXKIAEeNPHEMHBIH JOTOK W OTBOAMTCA C HOPOTH, T. €.
Quown1 — Qor H Qupy, = 0. BryTpennnii ¢pparment 2 paccuuThiBaeTcs no me-
TOAHKe, HaJoKenHol B 1. 11.19, T. e. a5 Hero onpeaeasior Quq, Qronnzs Qup:-
3HaueHue npeJesbHOro pacxoaa Q,, ueJHKOM IPHHHMAEMOro BHYTPEHHHM (par-
MEHTOM JO0XKJIeNPHEeMHOro JOTKa, HAXORHTCA 1Mo npHaoKenusam 11.1 u 11.2. [llu-
pHHA JI0XKJeNpHeMHHKA BHYTpeHHero (parmMenta 2 npHHHMaeTcs PaBHOH HYJO
W ANHHA [y, — DABHOH WIHDHHE BXOJAHOTO OTBEPCTHSI JAOXKAENPHEMHOrO JIOT-
ka. OGIMA pacXo/l, NOCTYNAIOUIKH H3 IPHKPOMOYHOTO JIOTKA, ONpeNesieTcs Kak
CyMMapHbifi AR 0GOHX (parmenToB, T. €. Quoun = Quowm + Quownzr H
pacxoi npockoka Qpp = Qupa- S SR - .

11.41. Bopoc6pocHbie nonepeuHbie (OTKOCHBIE) JIOTKH OOBIYHO BHINOJHAIOT
13 cO6OpHBIX 3/1eMEHTOB TeJleCKOnHYecKHMH. [ToCKO/IBKY YKJIOHBI JIOTKOB Ha OTKO- ;
Cax Hachill¥ NPEBbILAIOT KPHTHYECKHH ({y>>[x), Ha BXOJ€ B Te/NeCKONHYECKH JIO- \
TOK yCTaHaBJIHBaeTcs Iy6HHa hy H B npejesax JOTKa KpHBas cnafa. [yGHHBI g
MOTOKA B KOHILE TEJECKOMHYECKOro Jiotka h onpegenensl b. . [lepeBosHHKOBHIM
no ¢opmysiam HepaBHoMepHoro ABuxkenus (A = 7 < 8 cm) npu pacxome Q =
= 41 n/c, BHIYHCJIEHHOM NO YPABHEHHIO KPHTHUYECKOTO COCTOAHHS NOTOKA

aQ ok
. . (11.19) x
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11.22. Kapra-cxema JHBHEBHX pPaflOHOB /% pacyera NOBEPXHOCTHORO BOAOOTBOAA

_ PHc.




Ta6bauua 112

JinBHeBN fi Paccroanns ans c6poca ¢ npoeaxed YacTH TeNeCKONHYECKHMH
pafion |KaTeropus NIOTKaMH, M, NPH NPOAOCJLHOM YKJOHE AOPOrH, %
(pHC. ROpOrH - :
i 0.3 | 0.5 BRI EYNNEED
60 | 70 | 60 | 50 | 40 | 30 | 25 | 25
1 0 90 80 70 &0 50 0 30
I 115 130 | 120 | 105 85 75 50 55
I 6 | 8 70 50 50 o | B 3
l 120 140 | 130 1o %0 75 65 60
m | s | | ® 5| B | B | B | B
75 9 | 8 | 60 | 50 40 30 25
! 10| 1% | 110 % 75 5 55 prd
1 145 160 150 125 | 110 9 80 70
I | 9| o | 100 75 50 5 o B
145 160 150 125 110 90 80 70
L 100 | T0 | 100 | 70 55 B | kX
45 60 | 45 35 30 25 25 20
I T | ® 70 50 5 | % kS 3%
I Ho: beolibayr Jail - I e 3 i - W0 - G
I | B 70 | 6 | 50 n | B 0
us | 130 | 120 | 105 | 8 | ™ | &0 | 3
I 50 70| 60 8 | 40 ) % %
110 125 110 9 75 65 55 45
1 15 | 50 |. T80 | T15 | 700 P 75 S
v 215 2351 220 | 190' |- 165 145 | 125 1o
1 120 | 140 | 130 | 7110 5 75 [ 50
215 9235 | 220 190 165 145 125 110
HI i20 | 40 | 130 | 10 | %0 | 7 | .6 | 6
MMpaMevanue. ﬂllﬁ I KaTeropyH B YHCAHTe/e fIpEACTABNEHN NaHHbie AJS MOPOr ¢ YKpelJeH-
Hoft 06 B Tejle—C Hey #; aas Il u Il xateropuit B uumnrene—;nnﬂ nopor

. P
6e3 BHPaXKa, B IHAMEHATCNE — C BHPAXKOM.

CKOpOCTH U TIPH BBIXOJe H3 TeECKONHYECKOro JoTka pasHul 1,5—1,8 m/c.

11.42, B kayecrBe BOAOGOHHOr0O COOPYKEHHs 3a TEJECKONHYECKHMH JIOTKa-
MH 1le/1eco06pa3HO NPHMEHATh MaJlble TpanelneH/lalbHbie KOJOALUB!, KOHCTPYKLHSA
KOTOpeIX pazpaborana B Colo3fopnpoekre.

11.43. PacctosHusl MeXIy THIOBBIMH TEJECKONHYECKHMH JIOTKAMH Ha aBTO-
MOOH/IBHBIX Joporax clefyeT ompeienste no Taba. 11.2 ¢ ucnoabsoBaHHeM
puc. 11.22, paspaGorafnbix B. ®. IlepeBo3BHKOBIM.

12, 3KOJIOTHYECKHE ACMMEKTbl THAPABJIHKH
MAJIbIX NOPOXHbBIX BOLNOMPONYCKHBIX COOPY)XEHHH

OCOBEHHOCTH B3AHMOLEHACTBHA MAJIbIX BOAONPONYCKHbBIX
COOPY)XXEHHA C OKPY)XAIOLLEA CPENLORA

12.1. B Hauleii crpaHe oxpaHa NpUpOALL CTa/a BeeHapoAHOH 3afaveii. OHa
sakpenyieda B Koncruryunu CCCP. [TpuHATH BaxkHelilHe 3aKOHOAaTe/IbHbIE aK-
Thl NPHPOJOOXPAHHOIO COJAEPXKAHHS.

CrpouTesbeTBO ¥ Noceyiollas KCn/ayaTauls J0por oKasbiBaeT MHOro(aK-
TOPHOE BJIHAHHE HA TPHJIEralolULyI0 K HHM TEPPHTOPHIO KaK ¢ HarOPHOM CTOPOHBI,
TaK H HHXe Tpaccel JoporH. Oco6eHHO 3TO OTHOCHTCS K BEPXHEMY H HHIKHEMY
6betam JIOPOKHBIX BOAONPONYCKHBIX COOPYMKEHHH, K KOCOTOPHBIM y4yacTKaMm C
COMNPsATaUHMH COOPYKEHHAMH. DTO BO3/IeHCTBHE MOXKET IPHBOAHTD K PsAy KO-
JIOTHYECKHX HM3MEHEeHHH HeraTHBHOTO XapaKTepa Ha YKa3aHHOH TEpPPHTOPHH.
B o ke Bpems GOJIBIIHHCTBO 3THX H3MEHEHHH B 3HAYHTENBHOH Mepe OnpeensioT
yCIOBHA HOpMaJbHOH 3Kcmayaraudu gopor. (CrenoBaTte/ibHO, SKOMOTHUECKHE
acieKThl CTPOHTE/NIBCTBA H IKCINIyaTaUHH JAOPOr TECHO CBSI3@HBI C HOPMaJbHBIM
HX (YHKIHOHHPOBaHHEM.

12.2. Tlpu cTpouTenbCTBE JOPOrH B NOJOCE OTBOJAA, @ YACTO H BHE ee, Hapy-
L1aeTcA eCTECTBEHHBIH pe/ibed) MECTHOCTH, MEHSETC COCTaB M COCTOSHHE BepX-
HEro CJIos Mo4Bbl, PaspyllaeTcs PACTHTENbHBIN NOKPOB, CYLECTBEHHO MEHAIOTCS
ycn0BHS POPMHPOBAHHA H XapAaKTEPHCTHKH NOBEPXHOCTHOrO CTOKA, BOAHBIN pe-
HUM TEPPHTODHH. - ,

PasMbiB mouBbl H MOACTH/IAIOIHX MOPOA, o6pa3oBaHHe OBPAroB MPeEACTaB-
JISI0T YTPO3y Kak 3eMe/bHOMY (POHAY, TaK H YCTOHYHBOCTH JIOPOKHBIX COOpYIHKe-
HHA H HX 3/iemeHTOB. HachlllleHHe BOAHBIX OTOKOB TBEP/bIMH YaCTHILAMH IIPH pas3-
MbIBE H NIEPEHOC NOoC/IeJHHX CO3AI0T NPEANOCHIIKH NPOTHBONOJOXKHOrO Mpoliec-
ca — 3aHJIeHHs. .

INonnem ypoBHsi BOABI TNepel BOAOMPONYCKHBIMH COOPYXKEHHSIMH TPHBOIHT
K 3aTtol/ieHHI0 BepXxHero Gbeda — 4acTH TEPPHUTOPHH Buile TPYG M MOCTOB, K
NMOANOPY Ha NOCTOSHHLIX BOJOTOKAX HA 3HAUHTEJIbHOM YJaJ€HHH OT TPACChl JO-
pori. AKKYMYJIsillis CTOKa Nepe BOJLONPONYCKHbLIMH JOPOMKHBIMH COOPYIKEHHS -
MH BL3bIBAET CHHMKEHHEe CKOPOCTEH TeueHHsl B BEpXHeM Obede n ero 3aHjeHHe.
Yatro 3ansnenHe pacnpocTpaHfaercs H Ha caMy AOPOXKHYIO TPYOY HJH MOAMOCTO-
BOe ‘pyc/0. 3au/enne BOJAONPONYCKHOTO TPAKTA YMEHbIUAET IJI0LAaAb €ro fnomne-
PEUHOro CeyeHWsl W MPONYCKHYIO cnOCOGHOCTL. DTO NPUBOAMT K JajbHefilemy
POCTY,,YPOBHS H 3aH/IEHHIO Nepejl COOpYXeHHeM hpH Mponycke Aaxe OTHOCH-
Te/bHG'MaJblX PacXofloB BOJbl, @ B MEPHOJ NaBOJKOB — BIJIOTh JI0 KaTacTpopH-
YECKHX-1IOC/IEACTBHIT B BH/E NEpeJHBa Yepes HACKIb JOPOTH H ee pa3pyIIeHHs.

[NoBbiteHHe ypoBHA BOAbI Nepel NOPOXKHbIMH BOAONPONYCKHBIMH COOPYIKEHH-
MU 06YCJIOB/IWBACT He TOJILKO 3aTOMJIeHHe 3a cyeT o6pa3oBaHHA Npyla aKKyMy-
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JISILMY CTOKA B BepxHeM Gbede, HO M M0JbeM YPOBHA IPYHTOBBIX BOJA HA NPHAE-
raiolell TeppHTOPHH, 06BoAHeHHe, F3aMeHeHHe BOJHOrO peXXnMa MOXKEeT Bhi3BaTh
nepeysJiaxKHeHHe TAKHX TEPPHTOPHH, H3MEHEHHe COCTaBa PACTUTE/bHOCTH, 3a-
60/1auUHBAHHE MECTHOCTH, & B psJie PErHOHOB H 3acosieHHe. M3aMeHeHHst BOLHOTO
pexHMma, BbI3BAHHBIE CTPOHTENbLCTBOM JIOPOTH H BOJONPONYCKHBIX COOpYe-
HHi, B pfijle c/ydaeB CNOCOOGHBI ONACHO aKTHBH3HPOBATL KAPCTOBLIE SIBJIEHHSH,
OMO/I3HEBbIE H TMPOcalouHbe mpouecchl. B ceBepHBIX paiioHaX OHH HapyLIAlOT ec-
TeCTBEHHEIH PeXHUM BeYHOH MepJOThl, HACTO BHISBIBAIOT YCHJIeHHe HaJeleofpaso-
BaHus y JOPOMHBIX TPYO H MOCTOB.

B nmxneMm Gbede 10pPOKHBLIX BOAONPONYCKHBIX COOPYKEHHH Hanbosee mac-
COBBIM MPOLECCOM SIBJIACTCA PAa3MbIB H OBparooGpasopanue. STOT NPOLECC MOKET
pAacnpocTPaHAThCS HA 3HAYHTENIbHBIE PACCTOSHHSA OT JIOPOTH BILIOTH JI0 HECKOJIb-
KHX KHJoMeTpoB. [lepBonpuunHa OTMEUEHHOTO HEraTHBHOTO SBJEHHS — KOH-
LEHTPALHSA CTOKA, TIEPeBOJL ero H3 CKJIOHOBOTO B pycJosbiii. [lns conpsArawoummx
COOpYKeHHHl XapaKTepHbl Nepe/iHBbl, OCOGEHHO HA COYIEHEHHSX BOJOOTBOLHBIX
CHCTEM M Pe3KHX HX MOBOPOTaX, YTO TaKxkKe anBoJJ.HT K KpynHoMacluTaGHBIM
pasmeiBaM, IOSIBJIEHHIO OBpAaros.

Pasiuunble BHAb He(PTENnpoayKTOB, YacTh TEpHeMblx TNPH TPAHCIIOPTHPOBA- .

HUH MaTepHaJoB, 0COGEHHO CBITYYHX, NPOAYKTHI CrOPaHHsA TONJHBA B JBHraTe-
JISIX — BCE 3TO BHI3bIBAET 3arps3HeHHe NOJOCH JOPOrH H NpPHJerawiei TeppH-
TOpPHH. DTHM OGBACHAIOTCS TIPHYHHBI HHTEHCHBHOTO XHMHUYECKOro, GHOJIOTHYe-
CKOro W JPYTHX BHJIOB 3arpa3HeHHs JHBHEBOTO CTOKA M TAJBIX BOJ C YYACTKOB
nopor. MakcuMym 3arpsisHeHHs! CTOKAa TajlaéT Ha TOPOJICKHE VJIHIBI, TONbe3bl
K KPYINHBIM POMBILIJTEHHBIM 0OBEKTaM, MATHCTPAJIH C HHTEHCHBHbIM JBHMKEHHEM.,

[Tepeuncientbie 06cTOATENbCTBA TPeGYIOT OYHCTKH CTOKA MOBEPXHOCTHBIX BOJ -

¢ nopor. HauGouiee :xecTKHe TpefOBAaHHA B 3TOM CMbIC/IE NPEABABAAIOTCH K J0-
poraM y BOJAOOXPAHHLIX 30H, GHOJIOTHHECKHX 3aNOBE/IHHKOB H T. 1.

B03MOKHOCTb TIPOsiB/ICHHs NePeiHC/eHHBIX Bbllle MPOLECCOB, HX HHTEHCHB-
HOCTb M MaclITa0bl KOHEYHBIX NOCJEACTBHH 3aBHCAT, KAaK Y€ GbIO OTMEUEHO
Bbllle, OT COBOKYIHOCTH NPHPOJAHBIX XAaPaKTEPHCTHK PETHOHA M CTENEHH HX Ha-
pylleHHsi BO3BelleHHeM JIOPOXKHBIX COOPYIKEHHH, & TaKxKe TOJl JIeHCTBHeM Jpy-
FHX  BHJOB JleATe/IbHOCTH UEJOBEKa.

12.3. Tlpenynpexjenne n GopbOa ¢ BOAHOH PO3Keli —ITO HE TOJBKO 0JHA
M3 BaKHHLIX OOUIEroCyAapCTBEHHBIX 3ajay, HO M IJoGajbHas 3IKOJOrHYecKas
npo6jema.

BojiHasi 3p03uA TNPH CTPOHTE/ILCTBE JlOpor HMeeT PAJ CrnelHQHYeCKHX 0co-
tennocreil. Ho B To »Ke BpeMsi OHa, KaK H IPH APYTHX CJyyasdX BTOPXKEHHA Yyeso-
BeKa B [IPHPOAY, MOJUMHSETCs 06lUIMM 3aKoHaM. [Tostomy yenoBus o6pasoBanus
M MEXAaHM3M BOJAHOW 3PO3HH NMPH CTPOHTE/IBCTBE JIOPOT, BO3MOXKHOCTb IIPOTHO3a,
yueta H cBeJeHHsi K MHHHMYMY HHTEHCHBHOCTH STOTO npolecca TpebyioT 3HAHHA
00IHX 3dKOHOMEepPHOCTEN.

BozHasi 3po3nsi moyBbl (3p03Hsi B NepeBojie ¢ JaTHHCKOTO O3HAayaeT «pasbe-
JlaHHe») BhI3bIBAeTCs IBHXKEHHEM BOJIbl 110 NOBEPXHOCTH 3eMJIH. B ectecTBeHHBIX
yCJIOBHAX BO3HHKAeT HOPMaJibHasi, TeoJIOrHYecKasi 3pO3Hs — OMBIB INOBEpX-
HOCTHLIX CJIOEB MpPH 06pPa3oBaHHH CTOKA TAMbIX, JIHBHEBBIX W CMEIIAHHLIX BOJ.

YekopenHas 3po3usi BO3HHKAeT KaK pe3yJbTAT XO3siCTBEHHOH JefTesb-
HOCTH ueJsioBeKa 0e3 yyera ocoGEHHOCTEH ecTecTBeHHOro mpoilecca spo3uu. Kak
NOKA3LIBAIOT MHOTOYHC/IEHHbIE NPHMEPhI, CTPOHTENLCTBO JIOPOT — OfHO M3 OC-
'HOBHBIX HaNpaB/ieHHH NPOM3BOJICTBEHHOTO BO3/IEHCTBHS Ue/OBEKA HA NPHPOLY,
HHHIHHPYIOIIEe YCKOPEHHYIO 3PO3HIO.

EcrecTBeHHO, YTO XapaKTepPHCTHKH noaepxuocworo CTOKA AB/SIOTCH omnpe-
JeNsoHM (PAaKTOPOM HOPMaJbHOH M YCKOpeHHOH BonHo#i spoauu. Mcxonubie
MHUBHEBBIE XapaKTEPHCTHKH, TAKHE, KAK WHTEHCHBHOCTb H NPOJIOJIKHTEIbHOCTD
BhIMaJeHHs - J0H A, MPAKTHYECKH MaJo 3aBHCAT OT JAOPOMKHOTO CTPOHTENBCTBA.
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Opnsako pacxof 00beM NTHBHEBOTO CTOKa B OTAENLHBIX CTBOpaX MOTYT Iperep-
neTh 3aMeTHbIEe H3MeHeHHs NOJL BJHSHHeM Npeo6pasoBaHus pesibeda MECTHOCTH,
nepeGpPOCKH YaCTH CTOKA HJH NOJIHOCTBIO H3 OLHOTO aozwcﬁopnorc Gaccefina B Apy-
roil Kak MTOT Le/eHanpaB/eHHbIX MepoanHTHH HH OOIIHX TJIaHHPOBOYHLIX
paboT.

CaMple HEraTHBHBIE NOC/AEACTBHSI HMEeT KOHLEHTPAlMs NOBEPXHOCTHOTO CTO-
Ka CHCTEMaMH BOJOOTBOJAA H OCOGEHHO JOPOXHBEIMH BOJONPONYCKHEIMH COOpY-
KeHusAMHU. PacnpejesienHblii 06bIYHO MO LIHPHHE B COTHH METPOB CKJIOHOBHIH CTOK
11IEPEBOJINTCH 3THMH COODYKEHHSIMH B COCPe/IOTOYeHHbIe TOTOKH, yIelbHBIH pac-
XOJL KOTOPBIX OGBLIYHO Ha NMOPSIOK MPEBbIIAeT ecTecTBeHHBIA Ha CK/I0OHEe, 3TO BhI-
3bIBAET aHANOTHYHOE yBeJHUYeHHe CKOPOCTH TeYeHHs, JaJeKo MpeBhIlalollee jo-
nyckaemoie, [lostomy Pa3MbIBbI H o6pasoBaHHe OBParoB 3a JOPOMKHBIMH COOPY-
XEeHUsIMH HOCAT MAaccoBbIft XapakTep.

O6caenoBanue Thicay ROPOKHBIX TPYG H MaJibiX MOCTOB B CAMBIX PA3HBIX pe-
ruonax ot [lpubantuku 1o JlanpHero Boctoka, nokaasiBaer, uto nopsigka 80 %
OTBOJAILHX PYCE/ HMEIOT PasMbiB. [ToacunTaHHLI ylIep6 OT OBPAroB 3a KaMKIbiM
M3 BOJONPONYCKHBIX COOPYXEHHH HA OLHOH H3 anromotin.nsm:;x JIOpOr COCTaBH.I
0,6 ra.

TonmnHa CHEXKHOrO NMOKPOBA Ha OTAEJABHAIX y4acTKaxX AOpOT H NpHJerawn-
lieil TePPHTOPHH M HHTEHCHBHOCTb TASIHHA- MOTYT 3aMETHO MEHSITBCA 1O
CpaBHEHHIO € eCTeCTBEHHLIMH HX BE/THYHHAMH B pe3yJ/ibTaTe HapyLIeHHS PHPOJHO-
ro pesibeda mecrHoctTH. Cnocobbl onpefe/eH s THAPOMETEOPOJIOrHUECKHX XapaK-
TEPHCTHK DACUeTa NOBEPXHOCTHOTO CTOKA B IOPOKHOM NPaKTHKE OOLIEH3BECTHBI.
CyliecTBYIOT COCOGH yyeTa BIMSHHA HA TOJNLMHY CHEXHOTO NMOKPOBA TaKHX
(baKTOPOB, KAK BHICOTA HACHINEH U PeBeCHO-KYCTAPHHKOBBIX MOJIOC, HX OpHeHTa-
MM K HATIPABJIEHHIO TOCHOACTBYIOIHX BerpoB. MOXHO OLEHHTb BJIHSIHHE Ha
CTOK Ta/lblX BOJ H 3KCMO3ULHH cKJIoHA. OfHAKO c/ieiyeT NOXYePKHYTh, 4TO TOY-
HOCTB ONpejie/IeHusi THAPOMETeOPOJIOTHYECKHX XAPAKTePHCTHK NPHMEHHTENBHO
K pacuery 5po3uH B JI0POXKHOM CTPOHTEIILCTBE MOMKET OKa3aTLCH PE3KO NOHHIKEH-
HOIt H3-3a MaJloCTH BOAOCGOpHbIX Gacceiinos, B pacuerax sposuu noussr niowas
BOJIOCOOPHBIX GacceifHOB MOXeT OHITb OrPaHHYEHA COTHAMH M Aaxe NecATKAaMH
KBaJpaTHBIX METPOB.

12,4, B 3aBHCHMOCTH OT KJHMATHYeCKMX M psija APYrHX OCOOGEHHOCTEH
B psifle PErHOHOB CTPAHBI 3PO3HIO NOYB B OCHOBHOM ONPEJENSIOT CTOK JIMBHEBBIX
BOJl, B JIPYTHX perdoHax — cTOK Tasawix Boi. K nmepBbiM orHocarca uacte
epponeiickoii Tepputopun ot [lpubanTHkH Jo 3akaBkasbA, pecnyGJaHKH
Cpenueit Asuu, [anbuuit BocTok. 3HauHTeabHYIO JIOMI0 3PO3HH B HEKOTOPBIX
obsactaXx YKpauubl, benropyccuu, [lpubantukn, IlenTpanbHo-uepHO3eMHOM
3onbl M [ToBOMIKBS Jaet CTOK TalblX BOJ, NpeBbilas no oGbeMy B 2—3 pasa JIHB-
HeBbIl CTOK. AKTHBHAS 3PO3Usl OT CTOKA Ta/biX BOJ XapaKTepHa AJIS JiecocTern-
HeIX pditonoB 3aypanbsa i Bocrounoit CHOHPH, M1l 3HaUMTE/IBHBIX POCTPAHCTB
3ananHoii CHOUpH.

12.5. TloBepXxHOCTL TEPPHTOPHH B NOJOCE JIOPOXKHOTO CTPOHTE/CTBA B OT-
JIHUHEe OT THAPOMETEOPOJIOTHYECKHX XapPAKTEPHCTHK MEHSeTcA TOJHOCTBIO.
YHHYTONKAETCSA ecTeCTBeHHBIH PACTHTENTbHbIH NOKPOB, PA3PLIX/ISAETCH H MEHAeTCA
cocTaB NOBEPXHOCTHOrO cJiosi, mpeobpasyercs penbed. CoBmecTHoe jeiicTBHe
nepBbX ABYX (paKTOPOB, a [PH H3MEHEHHH peJibeda B CTOPOHY yBelTHYEHHS YKJIO-
HOB — M I10C/IeHEro, co3jlaeT NpeAnochlIKH IS KAUYecTBEHHOr0 CKAaYKa, MHOro-
KPaTHOTO pOCTA | MHTEHCHBHOCTH 3PO3HH.

12.6. Bausiune pesbeda Ha npolecchl 3pO3HH TNOYB ONPe/IesieTcsl B OCHOB-
HOM YKJOHAMH, 4 [PH ONpeeJIeHHBIX YCJIOBHAX — H PACUIEHEHHOCTBIO TEPPH-
TOPHH THApOrpaduyeckoii Cerbio.

Ha cyrauHkax 3po3Hsi CKJOHOB HauHHAeT NPOSBJATLCS NPH YKJIOHAX NO-
paaka 0,5—1,0°, ua cynécax — npu 1—2°. C pocToM yKJIOHOB, OCOGEHHO NMPH
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MOBPEX/EHHH ecTeCTBEHHBIX CKJIOHOB, WHTEHCHBHOCTb pe3Ko Boapacraer. Ha
cKJaoHax ¢ yraom 25—35° BojHas 3p03HA yCYry6/siercs TPaBHTAIlHOHHBIM OChI-
NaHHeM TOIEPHEHHOTO cosi. BUIHAHHE YK/IOHA HA HHTEHCHBHOCTb 9PO3HH NpH-
6MKEHHO MOXKHO OHLEHHTB MO CJEAYIOLUIHM AaHHBIM: NPH YKJOHE 5° Macca cMbl-
To# nouBkl MOXeT GbiTh mopsiaka 10 t/ra B ron, mpu 10° — 25'1/ra, npu 30°—
40 T1/ra.

Boubluyio poJib B npoliecce 3pO3HH NOYB HrpaeT MUKpopenbed. TpeGosanus
arpoTeXHHKH NPOBOJUTb BCMBIIKY TOJbLKO TNONEpeK CKJIOHA O0ecneuBaioT co-
3/laHHe CHCTeMbl MHKpO3anpy/ Gopo3fiamu H rpebHsiMH. [Ipu 3TOM pe3ko nossi-
1IaeTCs BIIMTBIBAHHE, UTO CHIXKAET 06bEM NOBEPXHOCTHOTO cToKa. ONHOBPEMEHHO
TaKOl MHKpOpeJbed NMOBEPXHOCTH YMEHbIUAET CKOPOCTH TEYeHHS H DA3MbIB 3a
CYET BBHICOKHX THAPABJHUYECKHX cOTpoTHBJeHHH. MaMeHeHue AOpOKHBIM CTpOM-
TeJBCTBOM £CTECTBEHHOMN Trujporpagpuueckoli ceTH BoJOCGOPHBIX GacceiHOB,
yBeJIMUeHHEe PACXOJOB Ha OT/e/JbHBIX €e y4YacTKaX.— OJlHa M3 BaXKHBIX NPHUHH
yCKOpeHHOH 3po3nH, Kak yxe 0TMeuasaoch Bbillle, PE3YNLTATOM HHTEHCHBHO Jefi-
CTBYIOLLEH B HACTOsLIee BPeMSl YCKOPEHHOH 3PO3HH ABJSAIOTCS NPOMOHHBLI H OB-
paru — y3KkHe yrayOJeHHsl ¢ KPYTBIMH He3alepHOBaHHBIMH cKyioHamMu. OHH Bo3-
HUKAIOT ‘KaK Pe3yJIbTaT MeCTHOTO HapylleHHH peabeda, NMOKPOBA MECTHOCTH,
KOHLIEHTPALHH CTOKAa: OT GOpO3JLl H KOJIeH, YCTPOHCTBA HACHITelH W BHIEMOK, OT
YBEJIHUEHHsl PACXOJA B €CTECTBEHHBIX JIOraX HHKe IOPOXKHBIX coopykeHult. Ponb
YHHUUYTOXKEHHS ‘PACTHTEBHOCTH, PA3PhIXJEHHS NOBEPXHOCTHOIO CJIOS M MOACTH-
NAIOULHX [TIOPO IPH JOPOXKHOM CTPOHTE/IHLCTBE MOMKHO OLEHHTD NPH NOMOILLH G113+
KOIO aHAJI0Ta H3 CeJIbCKOT0 X031 HCTBA. IPO3US NPH PACNALLKE BO3HHKAET YIKe IPH
yKJIoHax nopsaka 1°, a Ha nmactGuuiax, Jaxke MeperpyKeHHbIX, — TOJNbKO NMPH
15—20°. CnejloBaTe/IbHO, HE3alHIIEHHbIE OTKOCH! JOPOXKHBIX BHIEMOK M HAchinedt
npu ux sanoxenud 1 : 1,5 — oBbekTsl camMOif MHTEHCHBHOH 3PO3MH, UTO MOAT-
BepKAAIOT HaTypHbie Habmonenus. [IpoMonnsl Ha oTkocax Hacheineit MOXHO 06-
HAPYKHUTh IPAKTHYECKH HA KaXJOH Jopore, oco0eHHO HA y4acTKaX MOHHKEHHH
npofoAsHOro npopuisi. Ha MHOrKX 0porax STOT NPOLECC BHI3LIBAET HEOOXOAH-
MOCTb [1€PHOIHUECKOr0 peMoHTa Haceineii. MHaue nmpoMonHsl GhICTpO nporpec-
CHPYIOT, 3aXBaTbiBas OGOYHHBI H CamO IIOJIOTHO JIOPOTH.

12.7. PacTHTeNbHOCTh OYeHb CYLIECTBEHHO BJIHSET HA 3PO3HIO, peaxo CHH-
JKas ee HHTEHCHBHOCTb. 3TO OMNpPCAENseT 3allHTY CKJOWOB PACTHTENBHBIM MO-
KPOBOM Kak OJlHO M3 caMbiX 3(deKTHBHBIX HanpaJeHHit no Gopble ¢ 3posueii
NpH MHHHMAJBHBEIX 3aTpaTaX cpeAcTB. KopHeBas cucreMa pacTeHHi CBA3bIBaeT
MOBEP XHOCTHBIH CJIOH, NOBHIIIAS €ro yCTOHUMBOCTE K pasmbiBy. HasemHas wacts
VBeJHUHBAET THIPABJHYECKOe CONPOTHBJEHHE, KaK TNpaBHJIO, - BO MHOTO pas,
CHMIKAsl CKOPOCTh TEUeHHs] M BBIHOC YacTHIl rpyHTa. Yem ryuie TpaBocTol —
Tem Bhile 3(dekT. [ToaTomy mMakcumaabubii afxbektT mocturaercs B Gopbbe
3p03HeH OT JIHBHEBOTO CTOKA B NMEpPHOJ pacliBera pacrenuii,-B 6opbbe ¢ 3posned
OT CTOKAa TaJBIX BOJl OH HHKe.

Pouib JipeBecHO-KycTapHHKOBOH PAaCTHTENBHOCTH 3alllHTHBIX NMOJOC TIPOSiB-
NSieTCsi B OCHOBHOM B TIOBBILIEHHH BOJOTOIJIONIEHHSI H CHHIKEHHH TOBepXHOCT-
HOTO CTOKA KaK JIHBHEBBIX, TAaK H TajblX BoA. B ycnoBuax LleHTpanbHO-uepHO-.
3eMHOM 30HBI T0Jioca WHPHHOK 50 M JaXe TOC/e CYpPOBBIX 3MM NOTJol@er %/,
Tanol Bofbl, Gosee uem BTPoe CHUXKaeT Koaddruuent croka (0,75 — Ha nose;
0,22 — B nonoce). B Tensbie 3UMbI NMOJOCH MEPeXBaThIBAIOT BeCh CTOK TaJblX
BoA. B nonocax makaniusaercs GoJibiie cHera, MeHblue riyGuHa npomepsaHus
H CpPOKH oTTauBaHusi. Ha no/eBelX mJjouiafkax CTOK TajbiX BOJ NPH YKJ/OHe
0,03 uner co ckopocteio 0,08—0,14 M/c, a B cHexxHOM wuJlefide y noJ0C OHA Maja-
eT B JIeCSITKH pas, cocTapnss Tojbko 0,0016—0,004 m/c. TTostomy 3necs 3ajep-
xuBaercst 10.80—90 % cMBITBIX BHILIE 1O CKJIOHY yacTHi. Ha noae peskne mak-
CHMYMBI CYTOYHOrO THApOrpadha TajibX BOJ BO3HHKAIOT B CepelliHe JiHsi, B Liedi-
te y nosoc ruiporpag HecpaBHEHHO paBHOMepHee, CTOK HIET B OCHOBHOM HO-
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4bi0. B 00npoHHilaeMocTb MOL TIOJIOCAMH € KycTapHHKamu B 2—2,6 pasa Bbl-
e, 4eM B TOJEBBIX YCJIOBHAX.

CocTosi HHe OBePXHOCTHOTO CJI0sl H NOJACTHIAIOILKX MOPOJ B Psijle cayyaep
MOXeT HMeTb KJlouesoe sHavenHe. IIpH cTOKe TajblX BOJL ONpele/sloHMH (haK-
TOpamMu MOryT GbITh 00LLas TyOHHA NPOMEpP3aHus ¥ IyOHHa OTTAasIBILErO CJIOos
Ha MOMEHT nosiesieHusi croka. Jlns yc1oBuit o6WHPHBIX paiionoB CuBHpH Xa-
paKTepHbE BeuHas MepajoTa, ray60Koe NpOMep3aHHe NMPH H3JIMIIHEM yBJaxHe-
HHH MOBEPXHOCTHLIX cjioeB. [TpH GbICTPOM OTTaHBAHMH 3TH CJIOH CTAHOBATCS Ile-
PeHACHILEHHLIMH BAAroil ¥ MOTYT OIJIBIBATH MO NPOMEP3LIHM HHXKHHUM CJIOSM,
Kpome toro, wannuue JbAMCTOCTH B BEYHOMED3MBIX PYHTAX TPUBOIUT K CHH-
JKEHUIO CONMPOTHB/ACHHA HX PA3MBIBY IIDH OTTaHBANHH, CTENEHb KOTOPOTO 3ABHCHT
or CprKTypbl rpyntos (cm. m. 7.29).

MEPH SALLMTHI OKPY)XAIOWEHA CPELDI
B 30HE BJAHUSHHSA MAJIbIX BOLONMPONYCKHBIX COOPY)XEHHH

12.8. Conocrasaenune (akTopoB, cnocoGCTBYIOUIMX 3PO3HH, H XOTA OBl OC-
HOBHBIX 0COGEHHOCTEH BTOPIKEHHS JIOPOrH B €CTECTBEHHbIE YCJOBHS I'OBOPHT 06
OMAaCHOCTH 3KOJIOPHUECKH HEraTHBHBIX TNOC/eNCTBHI. MHOro/seTHHe JaHHbIe Ha-
TYpHBIX HaGnoleHHH GOJBLIIOrO YHCJIa OPTAHH3ALMA NOATBEPXKAAIOT He TOJBKO
peabHOCTb CePbe3HBIX MOTePb, HO H BOIMOMNHOCTL NPOPHIAKTHKH HIH XOTsl Gbl
YMEHBIUIEHHH HX MacuiTaboB.

12.9. Ha Bcex 3tanax or"npoeKTHPOBAHHA H HILICKAHHH /10 SKCINYaTALHH
BOJIONPONYCKHBIX coopymeunn HEOGXOAHMO NPHHSATHE COOTBETCTBYIOUIHX Mep
1o 3aiiuTe OKpyKalolei cpeisl. B nepByio ouepeib ciefyer npelycMeTpeTh
npejoTepauieHyde HJIH yMeHbLIJeHHe HanboJee MaccoBbIX HOCJ'IE}ICTBHP'! OT CTPOH-
TeJIbCTBA JIOPOKHBLIX COODYIKEHHH: Pa3MbIBOB 33 HHMH H OBpParooGpasoBaHus,
3auIeHHs, 3aToiJleHusi H 3aGonaunBanus. EctecTBeHHO, YTO'3TH Mepbl MOTYT
nath 3phexT TDJleO NPH KOMIJIEKCHOM MO/IX0Jle, NPH B3aHMOJHCTBHH C APYTHMH
OPraHH3aLMAMK H C YUETOM UX JAEATENIbHOCTH. 370 B NEpPBYIO OUepe/lb CeJIbCKO-
X0351HCTBEHHbIE, MEJTHOPATHBHbIE, JIeCO3arOTOBHTENbHLIE, @ TAKIKE CTPOUTENbHbBIE
M Apyrue OpraHH3aluH.

12.10. Tpaccy HOBbIX AQPOr Ha 3PO3HOHHO ONACHOH TEPPUTOPHH, OCO-
GeHHO Ha Kocoropax, B NpPEeATOPHBIX M TFOPHLIX paHoHaXx, XKesjaTeJbHO He yaa-
JATH 3HAYMTEIBHO OT MTOAOIIBKE CKJAOHOB. 34 BOJXCNPONYCKHBIMH COOPYXEHHIAMH
HEOOXOAMMO YKpeIlJieHHe OTBOAALLMX PYyCes A0 NOAOMIBEI CKJIOHA H YCTPOHCTBO
BOAOGOHHBIX COOpPYXeHHII B KOHUe KperJeHus ¢ ofecriedeHHeM pPAacLUHpPeHHs
noroka. Haunyuwmnii s¢pbeKT npH 3TOM JAIOT pacceHBaloliHe TpaMnauHel. [Ipu
GO/bIIOM YJaJeHHH TPACChl OT TMOJIONIBBI CKJIOHA KPellIeHye OTBOASLIEro pycia,
06bIuHO B BUJle GETOHHOrO JIOTKA, MOMKET BbI3BATb 3HAYHTE/IbHbLIE 3aTpathl, a
€ro OTCYTCTBHe — TOABJeHKHe pa3MbiBa 3a TpyOGOH M passuThe opara. Ilpor-
HO3 00s3aTebHO 10/DKEH YUHTEIBATE KOHUEHTPALUKIO H epepacnpe/e/ieHHe CTOKa
JIOPOXKHBIMH  COOP Y KEHHSAMH.

12.11. Ha npuueraioniefi K Tpacce AOPOrH TEPPHTOPHH, OCOGEHHO HHXKe
ee, HeOGXOLHMO J1POBeJieHHe 3alHTHBIX MEPONIPHATHH HAa YYACTKAX HHTEHCHBHBIX
IPO3HOHHBIX TIPOLECCOB NOCEBOM TPaB, JpPeBecHO-KYCTAPHHKOBBIMH MocalKaMH,
YCTPOHCTBOM CrENHaNBHBIX NPOTHBOSPOSHOHHBIX coopysxkeHuii. OGcaenoBanue
BOJIOOTBO/IHBIX CHCTEM HA KOCOTOPAX BBLISIB/IAET BHICOKHI MPOIEHT HX TMOBpEXie-
HHSL W Pa3MbiBa GUIH3JEKALUHUX YUACTKOB.

[TpuunHa 3TUX SIBJEHHH — TJOXas OPraHH3alHs BXOJAHBIX YYACTKOB, Bbi-
IJlecKuBaHue GYpPHOro NMOTOKA H3 JIOTKOB HA BHPaXaX M B MecTaX COYJIeHEHHS.
TMoatoMy n/aBHBIE OYEPTaHHS KOHCTPYKUHH BXOIHBIX YYaCTKOB Iepel KOCOro-
POM JOJIKHBI FapaHTHPOBAThL MEpPexXBaT CTOKA CO BCel Bbllle/exaliel TeppuTo-
puH. Bupaxu n cousieHeHHs JOTKOB Ha KOCOropax JOJIKHbI [IPOEKTHPOBATBCS ¢
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MECTHBIM, YacTO 3HAUHTE/bHBIM yBEJTHYEHHEM BEICOTH GOPTOB HA OCHOBE COBpE-
MEHHBIX paCYeTOB 6ypHBIX 110TOKOB. [ToBHilIeHHe 60PTOB 0C060 06A3aTeNbHO Ha
BOI‘HyTOH CTOpOHE B}‘[pa)l(eﬁ H HeCKOJIbKO HHXXE€ HHX, a Ha Maructpa/ibHblX JOT-
KaX — MpPOTHB BBOJa GOKOBEIX cGpOCOB H HHXKe couneHeHusi. M3-3a ananormy-
HOTO HeydeTa oco6eHHOCTeH GYPHBIX MOTOKOB YacThl Pa3MbIBBI Hachillel ¢ rocJe-
AYIOIHM 3aU/IeHHEM CHCTEM BOAOOTBO/A, BOAONPONYCKHBIX COOPYKEHHH H NpuJe-
rarouiel mectHocTH, JleHCTBYIOLIHHA Ha 3aTAMKHBIX CNYCKaX HachllleH BOAOOTBOA He
BHITIOJIHAET CBOKX.(QYHKIHH H3-3a TPOCKOKA OYPHBIM NOTOKOM BXOJOB BO BCTPO-
@HHBIE JIOTKH, UTO BeJleT K MHOTOKPATHOMY MPEBLIIIEHHIO PacueTHhIX PAacXoloB
B INOHHXEHHAX H OTMEYEHHBIM BhIlle HeraTHBHBIM MOCVIEACTBHAM. BXoxHke yya-
CTKH K COPOCHBIM JIOTKAM JIOJJKHB HMeThb TJIABHBIE OYEPTAHHS KOHCTPYKUHH C
BEPXOBOH CTOPOHH H OGecneyHBaTh NMepexBaT NOTOKA, MAYLIEro BLOJb HACKINH,
OrmeueHHasn CHTYyauHus pesko yxy,zlmae'rcﬂ B peanbHBIX YCAOBHAX HAPYIIEHHEM
TIONepeYHOro NMPOQHIA COOPYKeHHH, KO/NeAMH Ha 06OYMHAX, OTCHINKOH IPYHTA
Ha HHX B MepPHOJ peMOHTa H ofpasoBaHHeM NMPH 3TOM Ha HACBIMH KOpbITOOGpas-
HOrO MOTEepPeyHoro CceyeHHA.

12.12. BoaBeieHne Hachineli H CO3JaHHe KPYTHIX OTKOCOB APYTr#X coopy-
JKeHHH He JOJKHO HMETh pa3spbIBOB BO BPEMEHH MEXIY OTCHITTKOMH rpyHTa, ynJ‘TOT-
HEHHeM H 3aKpenJieHHeM OTKOCOB XoTsl Obl moceBoM Tpae. MaBecten cayuait
HHTEHCHBHOTO pa3MbiBa CBEXEOTCHINMAHHONW BBICOKOH HACHINH TOJBKO 33 OJIHH
JeTHe-OCeHHHM Ce30H, YTO, KpoMe PeMOHTa HACHIIIH Cpa3 yrocJ/le ee BO3BeJleHHs,
NPpHBENO K 3aHJIEHHIO CONYTCTBYIOMHX CHCTEM BO}IOOTBO}Ia BCeX JOPOXKHBIX prﬁ
IO TPETH HX CEUEHHs, 3AHIEHHIO H 3a60/1aUHBAHMIO NOHMKEHHBIX YUaCTKOB MECT-
HOCTH BjlOJIb HOPOTH.

HOBPEH{I{EHHEH MECTHOCTb BJ0Jib JIOPOTH MPH CTPOHUTEJIbCTBE, PEKOHCTPYK-
LMH H PEMOHTE MOJJENHT NJIaHHPOBKE, PEKYJ/ILTHBAIHH, a IPH HeOGXOAHMOCTH—
H 3aKpelJIEHHIO MOCeBOM TpaB BO H30exKaHHe PasMbIBOB. 3TO OCOGEHHO OTHO-
CHTCAl K BpEMEHHBIM MOJbe3/1aM H KoJlesM Ha HuX. [Ipu MambiX NPoJO/IbHEX YKJI0-
HaX TJIaHHPOBKA NpHJeraioulelf K J0pPOre NoJochl MECTHOCTH JOJMHA obecre-
YHTh OTBOJL BOJBI K JIOPOXKHBIM COOPYXKEHHAM Il NPeNOTBPALIEHHs 3aTONIEHHUs!
1 3a6oNauHBaHHA.

12.13. B Gopnbe c 3anaenHeM cJeAyeT B NepPBYIO O4epellb YCTAHOBHTD TPH-
UHHBI TIOSIBJIEHHsA TBepAoro croka.Yaiie Bcero — 3T0 HapylueHHe arpoTexHHue-
CKHX TpeGOBaHHH O TomepeyHoH pacraluke CKJIOHOB, pacnauKka MpHJeraminx
HenocpeiCcTBEHHO K nopore y4acTKOB 6e3 ocTaBAeHHSA 3allUTHLIX [1OJIOC C MHOTO-
JIeTHHMH TpaBaMu H KycTapHHKaMH, BHpyOka jieca, cTpouTeNnbHbie paboTthi Ges
NPOTHBO3PO3HOHHOMN 3aIHTHI, NOCTYNJ/IEHHE HAHOCOB H3 Pa3BHBAIOLLHXCA OBPAaros
1 Ap. [lepeunciieHHoe TOBOPHT O HEOGXOAHMOCTH COIVIACOBAHHBIX YCHJIHIT 3aHHTe-
PecOBAHHBIX OpPraHH3alMil B PelIeHHH 3Toro Bonpoca. B 1o e Bpems JeficTByIo-
1M 3aKoH 06 oxpaHe 3eMesbHOro (hOHJa H MOCTOSHHO y¥KecTouallHecs Tpe6o-
BaHHSA, B TOM YHC/IE IOPH/MUYECKHE, 10 IKONOTHH He HCKJIIOYAIOT COOTBETCTBYIONIHE
KOHOMHMYECKHE W IPyTHe CaHKIMH KaK B3aHMHOrO Xapakrtepa, Tak M CO CTOPO-
HbI FOCYAAPCTBEHHLIX OPraHoB. Mepnl N0 yMeHbUIEHHIO Pa3MbIBOB H NOC/IeAYI0-
Lero 3auJieHHsl NIpH BO3BEAEHUH H SKCIJyaTalHH cOOCTBEHHO JAOPOXHBIX COOPY-
XKeHHH OBITH yxKe OTMEueHBI .BbIlle.

12.14. Heo6xXomHMO HCMONB30BATh BCE BO3MOXKHLIE MEphI M0 IMPeAoTBpalie-
HHIO MJIH XOTH Obl YMEHBIUEHHIO 3DO3HH HA TOH TEPPHTOPHH, OTKYAA NMOCTYNAIOT
NPOAYKTH pasMblBa. Ec/H OCTAHOBHTH 3PO3HIO He yJiaeTcsi, TO B 3aBHCHMOCTH
OT KOHKPETHBIX MECTHBIX YC/IOBHil BO3MOXHBI IBa BAPHAHTA PeLIeHHs: nepexpa-
THTb H OCTAHOBHTDb HAHOCHI BhILIE TPACCHI JOPOTH H/IH NPONYCTHThL HX, OGECTieYHB
TpaH3HT. Bo3Mo)keH H ONHOBPEMEHHBIH KOMIJIEKC Mep Kak IO 3aJlepKaHHIo
HAHOCOB, TAK H TPAH3HT HX Yepe3 BOJONponyckKHble TPyOH. [1A 3anepkaHus
HaHOCOB OCYIIECTBJSIOTCS Mephl, ofecrneuHBaloulHe CHHXKEHHE CKOPOCTH Tede-
HHS CBEpX JonycKaeMblX Ha 3anjieHHe. TPaH3HT HAHOCOB TpeGyeT NOANepKaAHKA
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BBICOKHX cKopocrell, Haumenbiune CKOPOCTH OGLIYHO XapaKTepHbl B NpYAY ak-
KYMYJIALHH CTOKA Nepej BOAONPONYCKHbLIMH coopyxenusimMi. [Tostomy npH onac-
HOCTH 3auJieHus 00beM MpyAa aKKYMYJIALHH J0KEH ObITh CBEJIeH K MHHHMYMY,
B YACTHOCTH 33 CYET HA3HAYEHHs MOBLIEHHBIX CEYEHHH BOJONPONYCKHBLIX TPYD
H MOCTOB. AHAJIOTHYHBIE pelLieHAs C/elyeT IPHHHEMATh A YMeHbLIEHHA NJoLa-
I 3atonsieHns. [lepexBaTy HaHOCOB BBILIE JOPOTH CHOCOGCTBYIOT 3alHTHbIE 1O~
JIOCH € TYCTHIM TPABOCTOEM, Hape3Ka rnonepedHblX 60po3fl sl CO3JaHHA MHKPO-
3anpyfA, TeppacHpQBaHHE H YCTPOMCTBO APYIMX CHELHAJbHBIX COOPYHEHHH.
TpaHauty HaHOCOB crnoco6CTBYeT yKJaaka Tpy6 Mo tajabBery, npodHInpoBaHue
H TMOoJAepMaHHe YHCTOTO COCPEJOTOYEHHOro pycJia Ha NOAX0AaX K BOLONPONYCK-
HbIM TPYGaM M MaJIbIM MOCTaM C IOCTATOYHBLIM [/I5 TPAHCIIOPTA HAHOCOB YKJIOHOM,
B TOM YHCJIE B TIpellesiaX BOAOMPONYCKHOrO TPaKTa, a UacTO H HHIKE ero.

KoMmiuiekcHoe Hcro/ib30BaHHe 060HX HaNpaB/eHHH npeino/araer nepexsar
HAHOCOB HA Ja/IbHHX MOJACTYNAX K JOPOXHBIM COOPYIKEHHAM, 0CODEHHO Ha yya-
CTKaxX Ma/IbIX YKJOHOB, H TPaH3HT B HeNocpelCcTBEeHHOH GJH30CTH OT JOPOTH M
Nofx Hed. 1

Belimie 3aTPpoHYTHl TOJIBKO OCHOBHLIE 3KOJIOFHYECKHE acleKThl THAPABJIHKH
JIOPOMKHBIX COOPYHeHHH B CAMbIX THIHYHBIX yc/0BHAX. [IpH pelueH K KOHKpETHBIX
3ajlay 3KOJIOrHH JOPOMHOTO CTPOHTENLCTBA B TOM HJIH HHOM pailoHe HeoGXOAHM
y4eT BCero KOMIJIEeKCa perHoHaibHeiX ocoGenHoctefi. Tem Gosee 3To Kacaercs
ClelH(HUECKHX BOIPOCOB SKOJOTHH B YCJIOBHSIX BEYHOH Mep3J/ioThl, Kapcra M
T. 4. CnenuanbHOro paccMOTpeHns TpeGyeT BOMpoC NpefoTBpalleHHs 3arpsa3He-
HHsI TIOBEPXHOCTHOrO €TOKA M €ro OUMCTKH, H3JaraeMblil HHIKe.

3ArPA3HEHHOCTb H OYHCTKA BOL MMOBEPXHOCTHOrO CTOKA

33[‘])!]3“6“"061‘5 MOBEPXHOCTHBIX BOJ,

12:15. Bo Bcex BHAAX NMOBEPXHOCTHBIX BOJ COIEPIKATCA PAa3JHYHbIE MO Xa-
paKTepy 3arps3HeHHsi B KOJHYECTBAX, CYUIECTBEHHO NPeBhIAIOIHX MPeie/ibHO
ponycrumsle kouueHtpauun (ITJK). TloBepXHOCTHBINH CTOK SABASIETCS ONHHM W3
OCHOBHBIX HCTOUHHKOB 3arpsi3HEHHS BOJOEMOB.

3arpssuenue nonepxuocmux BOJL B 3HAUHTe/LHOH MEpPe CBA3aHO C Buﬁpo-
caMu 3arpsisHeHHl B aTMOChEpY NPOMBILVIEHHBIMH TPEANPHATHSIMH Pa3JIHYHO-
ro npoguJss, a TaKxKe aBTOMOOGHJIBHBIM TpPaHcnopToM. Bejeictsue peskoro yee-
JIHYeHHs NapKa aBTOMOOHJIeH BLI3biBagMOe HMH 3arpsi3HeHHe BO3&yXa B nocJsieliHee
JecsiTH/IeTHe BO3POCJIO NMPHMEPHO BJBOE, T. €. ABTOMOGHJ/IBHbLIA TPAHCIOPT Npe-
BPATHJCS B OJHH H3 OCHOBHBIX HCTOYHHKOB 3arpsi3HeHHs BO3LYIIHOro 6acceiiHa.
YacTe 3arpasHeHnil B CyXylo MOTOAY OCellaeT Ha MOKPHITHAX B BHJE NbLIH, CAKH
H KOITIOTH, a TaK:e BbillaJlaéT BMecTe ¢ ocafkamu. Mmeiotes nauuble, yTo, HanpH-
mep, B ToKuo B cpejHeM 3a rof Ha 1 xm? nuowanu eeinagaer o 400 T sarpsas-
HeHuH.

[1pH NpoH3BOACTBE CTPOHTENBHEX PabOT NOBEPXHOCTHHIE BOE! B 3HAUHTE/b-
HOH cTeneHH HacHILAOTCA MHHEpaJbHbLIMH B3BElIEHHLIMH BellecTBaMH. Tak,
10 JAaHHmM HaOmwofendi B wrate Bupmxunua (CILIA) o6bem B3BewleHHBIX Be-
LIECTB B MOBEPXHOCTHBIX BOAAX ¢ | ra TeppuTOpPHH, Ha KOTOPOH BeJOCh AOPOK-
HOe, KOMMYHaJIbHOE ¥ NPOMbIUIIEHHOE CTPOHTENIBCTBO, cocTaBus 60 T B rof, uto
B 10 pa3 GosibLue, yeM ¢ ce/IbCKOX03siHeTBeHHLIX yrofuii, u B 2000 pa3 Goabiue, yem
¢ OGJIeCeHHBIX YYaCTKOB.

12.16. OcHOBHbie BH/ABI 3arps3HeHHH NOBEPXHOCTHBIX BOJ — B3BellleHHLIE
BelllecTBa H HedTenponyKThl. MIMEHHO ¢ HX BBIHOCOM CBSI3aHO 3arps3HeHHe BOJO-
emoB. OHAKO B MOBePXHOCTHHIX BOAAX B KoJauyecTBaX, npesnimatoomux TTIK,
co/lepKaTcs TAKKe H TaKHe BHIbI 3aTPA3HEHHN, KaK OpPraHHYecKHe BellecTBa,
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XJOpHAbI, cyAb(aThl, A30THCTIE COENHHEHHS, COEAHHEHHS METa/JIoB: cepebpa,
UMHKA, CBHHIIA, MeJH, PTYTH, 0JloBa W Jp. .
Coflep:KaHHe B3BeLIEHHBIX BELIeCTB B IOXK/EBbIX BOJaX pocTHraer 80—90 %
o6ulero Kosauuectsa sarpssHeHdil. [To NaHHBIM MHOroJeTHUX HaGJIOACHHH s
pasHbIX N0 XapaKTepy 3aCTPOHKH H HHTEHCUBHOCTH JBHMKEHHS PafOHOB Kpym-

HOro ropona oHo coctaBasier 44—I13 900 Mr/;, 4TO CYILECTBEHHO NpEBLILIAET .

[TIK. Tansle Bojbl COflepaar B3BEHIEHHBIX BELLECTB B HECKONBLKO pa3 GoJbiue.
OrnmunTebHON OCOOEHHOCTBIO B3BElIGHHBIX BEIUeCTB B BOJAAX TOBEPXHOCTHOIO
CTOKA SB/IAETCS OYEHb LIHPOKHHA [HANA30H KPYNMHOCTH YACTHLl OT TPABENHCTHIX
(2—5 wMM) 10 upe3BbYAHHO MENKHX — IJIHHHCTHIX.

Hegrenpoaykthl H ApYyrHe 3(pHPOPACTBOPHMEIE BEUIECTBA, KAK NMOKa3bIBAIOT
HccIeNoBaHHsl, COCTAB/AIOT MO pa3HbiM paitoHam ropofia 6—350 mr/n, Hedyre-
NPOAYKTH 3MYJIbIHPYIOTCH H-COPOMPYIOTCA YACTHIAMH B3BEIIEHHBIX BelecTs.
[pH 3TOM HX yJeNbHbIH BeC H3MEHATCH H CTAHOBHTCH O/IH3KHM K eHHHue. B Ta-
KOM BHJe colepiaHue HehTenpoiyKTOB B MOBEPXHOCTHLIX BOJAX NOCTHraeT
50—90 %.

Ha tepputopuax npeAnpHsTHH XapaKTep H crefeHb 3arpsi3HeHHs BOJ Mo-
BEPXHOCTHOTO CTOKA CBSI3aHHI C TeXHOJIOTHeH npoussoacTBa. Ha npeanpustusx
CTPOHTENbHBIX KOHCprKﬂHﬁ ﬂOBerHOCTHHﬁ CTOK B OCHOBHOM 3arpA3HeH MHHe-
paJibHbIMH B3BeLIeHHBIMH BeulectBaMd. Ha aBTOTpaHCNOPTHHIX NpeANpHATHAX,
TAKHX, KaK dBTOCTOSIHKH, ABTONAPKH, FapaH, aBTo0pMex6asbl, ABTOPEMOHTHbIE
3aBOJIbl, HAPAAY CO B3BEUIERHbIMH BeleCTBAMM HAGJMIONAIOTCH BBICOKHE KOHIIEH-
Tpauuu HedrenporykroB. Ha TeppuHTOpHsIX a3pONOPTOB BOJBI NMOBEPXHOCTHOIO
CTOKA 3arps3HeHbl B3BelleHHHIMH BEUIECTBAMH, rOpIOYe-CMa30YHEIMH MaTepHaa-
MH, npenapaTamMi o6paGOTKH NOKPLITHA NIPH roJoNele H MalKH NPOTHE -0bnee-
HEHHsI, MOIOIIHMH KHIKOCTAMH. :

[MoBepxHOCTHEIE CTOKH B CBfI3H C NOBbILIEHHBIM No cpaBHenuio ¢ [TIK co-
JepiKaHHeM 3arpsA3HeHHH TOAJNEKAT OUYHCTKe nepel, HX cOGPOCOM B BOJOEMBI.

OTCTOHHHKH .ll:Jlll OYHCTKH BOJL NOBEPXHOCTHOrO CTOKA

12.17. Insi ouMCTKH NOBEPXHOCTHHIX BOJL OT B3BelUEHHBIX BEUIECTB, Hedre-
NMpOAYKTOB, MJIaBAIOIIEro Mycopa NnpHMEHAITCA B OCHOBHOM OTCTORHHKH Kamep-
HOTO THINA (3aKPHITHE NMOJI3eMHble COOPYHKEHHHA) M NMPY/LI-OTCTOHHHKH (OTKpbIThIE
coopyxeHHs). Pa6oTa 3THX .COOPYXKeHHil OCHOBaHA Ha TAK Ha3biBAEMOM MeTole
MeXaHHYeCKOH OYHCTKH — Ha TIPHHIIHTE cenapaliy YacTHIL 3arpA3HeHud B 3a-
BHCHMOCTH OT HX YA€JIbHOrO BeCa: BbillaJJAHHH B OCAJlOK THXE/bIX YacTHII, Ha-
NPHMED MHHEPaJbHbIX -B3BEIIEHHBIX BEIECTB, H BCIJILIBAHHH HA TOBEPXHOCTH
JIerKMX, HanpHMep 3MYJbIHPOBAHHLIX WYacTHN HedrenpoiykToB. Xapakrtep-
HOM 0COGEHHOCTRIO STHX COOPYKeHHH ABJAETCS HAaAHYHe OOrOHHOrO KOJJIEeKTopa.

OTCTOHHHKH KaMepHOro THNA B 3aBHCHMOCTH OT IIOmajH BoJocGOpHOTO
GaccefiHa HMEIOT ONHY HJIH HecKo/abKo Kamep (puc. 12.1). OHH WHPOKO HCNOAB-
3YIOTCA /15 OYHCTKH NOBEPXHOCTHHIX BOJL B ropoflax, ¢ TeppHTOPHe# aBTOX03AHCTB,
GeH303anpaBOYHBIX CTAHUHH, MECT CTOSIHKH aBTOMAIUHH, HAa MOCTOBBIX nepexo-
Jax, aspojpoMax H T. II. _

ITpynpi-oTcTORHUKH OBBIYHO COCTOAT H3 HECKOJbKHX CeKUHH H paGoralor
o cxXeMe OHOCTYNEHYATOH OUHCTKH CTOKOB NPH NapalljeflbHOM PacloJIoReHHH
KaMep HJIH 1o cXeme ABYXCTYNEeHYaTOH OYMCTKH NPH NocieloBaTeNbHOM pacro-
JnoxeHHu Kamep (puc. 12.2). Ilas sagepxanus Mycopa H c6opa HedrenpoayKkTos
npyIsl-OTCTOHHHKH O060pyAYyIOTCH pelleTKaMH H MacjoHedrec6opHuKamu. Yame
NPYABI-OTCTOHHHKH BO3BOAATCA H3 COOPHBIX Kee306eTOHHBIX 3JEMEHTOB H HX
€MKOCTH (KaMephbl) BHIIOJHAIOTCA NpusMaTHueckumu. OJHako B psijie ciyyaes
OHH BBIMOJHAIOT JeKOPaTHBHYIO (PYHKIHIO, H TOTJa B TJIaHe HM NpPHAJeTcs npo-
H3BOJIbHAS (OPMA H EMKOCTH BBHIOJHAIOTCA HenpH3aMatuuyecKHMH (puc. 12.3).
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Puc, 12.1. Tunbi KaMepHHIX OTCTOAHHKOB:

— ONHOK i ; 6 — MHor A or 1— uil TpyGonp I
?uacggu BXOAA; H—u;;ylcopoynamnnawmu pemerka; 4 — oTcToHHas 9acTb; 5 — QHABTPH JOOYHCTKH;
6 — oTBOASLLHI TPYGOMP 3 7= P 8§ — oGrounblfl KONAEKTOP

al -

i

TR ITIOTTIOT

Puc. 12,2, CxeMbl OYHCTKH CTOKOB:
a — ojROCTYnenyaTas; 6 — ABYXcTyneHuatas; I, 2, § — HOMepa CeKUHR ®

Prc. 12.3. [Ipya-oTcTofHHK NPOH3BOMBHON (OPMBEL: )
— ull wonnektop; 2 — BXOA B NEPBYK CeKUHIO; J — MepBas CeKiHs; 4 — BopocGpoc; §—
'mp';‘;"&iﬁfu; E-—nuxn.v.p'us BTOPOHl CeRUHH; 7 — OTBOAAUMHR KOMNEKTOP; 8 — BXON BO BTODYI CeK
uHio; 9 — o6roHmblii KoaAeKTOp; 10— MacroHehTecO0pHHKR
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B orcroiinukax moryt GbiTb BBIIENEHHI: BXOJHAS WaCThb, B lpelerax KOTO-
poil MOTOK MOCTYMaeT B KaMepy, OYHIIAETCA OT Mycopa Ha rpyCbix peieTKax
JO/KeH PABHOMEPHO TepepacnpelleNIIThCA NO KHBOMY CEYEHHIO; Kamepa oTCTaH-
BaHWs, I/le NTPOHCXOAUT BbillaJlaHHe TBEPABIX YACTHIl H BCIVILITHE He(TENpPONYK-
TOB; BbIXOJHafd 4acThb, rie Ha ¢m.ﬂb’rpax OCyLIeCTBJIAETCH JOOYHCTKA BOJHI, npo-
M3BOJMTCHA cGOp H yJajieHHe HedTenpoiyKTOB,

Pacyer 0TCTOHHHKOB NMOBEPXHOCTHOTO CTOKA

12.18. Insa pacyera oTCTOHHHKOB NOBEPXHOCTHOTO cTOKA mpuHaTa (9] HOp-
Ma WHTEHCHBHOCTHM CTOKa.JAOXJeBbiX BoA ¢ = 4,5 n/(c-ra) npu pacuerHolj npo-
JO/UKHTENbHOCTH J0# A T=20 mMuH. [IpH 370ii HOpMe nepHOA DpeBLIEHHUs pac-
yeTHOH HHTeHCHBHOCTH T OyJleT 3aBHCETh OT KJHMATHYECKHX XapaKTepPHCTHK
palioHa  pacno/ioeHHsi OTCTOHHHKA. [TuKOBBle pacXofbl AoXKAeH 6oJb-
el HHTeHCHBHOCTH c6pachBalOTC B BOJOeMb! @3 OYHCTKH N0 OGTOHHBIM KOJ-
JIEKTODAM, MHHYS O4HCTHBIe coopyxeHHs. [Ins pafiona MockBsl, Hanpumep,
M3 BBINAJAIOIIHX 3a JeTe B cpeaneM 70 foxiei okoso 50, yTo cocTaB/isieT NpH-
mepHo 70 %, nocTynaer Ha OYHCTHBIE COOPYXKEHHs NMOJHOCTBIO, a OCTAJbHBIE —
YaCTHYHO.

12.19. Pacuer oTCTOHHHKOB CBOAMTCS K ONpe/le/IeHHI0 Pa3MepoB HX MPOTOY-
HOHl wacTH. CyMMapHast WIHDHHA CeYeHHs MPOTOUHOH YacTH BBIYHCJISETCA MO
YPaBHEHHIO. pacxofa:

. s, '
gl {12.1)

rge Qp — pacueTHslii pacxoj, MOAJeXalHii OYHCTKE; 4

U — CpelHAs CKOPOCTb NOTOKA B NPOTOYHOM YaCTH OTCTOAHHKA, NPHHUMAEMAs pPaBHOil

ne Goaee 0,01 m/c;

h — raybHHa NOTOKa B OTCTOHHHKe.

[llupuHa KaMep MNpyAOB-OTCTOHHHKOB MNpHHHMaercs He Gonee 40 M, a ka-
Mep OYHCTHLIX COOpYXEHHH 3aKphITOro THNAa — He Gosee 4 M.

JnuHa npoTtoyHo#t uacTH [ ONpelensieTcs perJaMeETHPYeMEIMH 3HAYeHHHA-
MH cKopocTH B oTcToiHHKe U < 0,01 M/c ¥ NpONO/DKHTENLHOCTBIO BPEMEHH Npe-
GhIBaHHS OUHIIIAEMON XKHIKOCTH B OTCTOHHHKE T rcr, KOTOPAs NPHHHMAETCH pPaB-
HOH He ‘MeHee 2 W I/ TPYIAOB-OTCTOHHHKOB H | W 1A KaMepHBIX OTCTOHHH-
KOB:

=0T groq-3600, (12.2)

Hapsy ¢ STHM J/IHHA NPOTOYHOM YACTH OTCTOMRMKA AOJKHA GHITH YTOUHe-

Ha PAcueToM Ha OCaM{A€HWe B3BEIIeHHBIX YACTHIl H BCIJbITHE HA NMOBEPXHOCTD
He(TENpPOAYKTOB.

B3peumlenHas uacTHIA, HAXOAAWAACA B Hayaje KOOPAHHAT Ha NOBEPXHO-
CTH XH/JKOCTH BO BXOZHOM CeyeHHH OTCTOHHHKA (pHc. 12.4), onyckaschk HaA AHO
OTCTOHHHKA, 3a OTPe30K BpeMeHH df, MPOXOAHMT nyTh dy cO CKOPOCTBIO, PABHOM
rJpaBiHyecKOl KPYNHOCTH @, T. e, df = ;‘". OzHOBpeMeHHO BMeCTe ¢ MOTOKOM
YaCTHILA ABHXKETCA BAOJb KaMepbl OTCTOHHHKA C pacueTHOll CKOPOCTHIO U H Mpo-

% dx

XOIMT 3a TOT JKe OTPe3OK BpeMeHH nyTh dx; . e. df = = . IlpupaBHuBas 3TH
" BbIpaXKeHHsi, TOJYydaeM TPH y = h JJHHY NPOTOYHOH YacTH

J=—, 5 s (12.3)
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oD g OueBHIHO, YTO KPYITHBIE YACTHIILI

X ¢ ruApaBJMYeCKOR  KPYNHOCTBIO ),

] EEI BBINAJAIOT HA JHO OTCTOHHHKA B TOYKe

~ C, a yacTHIBl C MaJIOH THAPABJHYECKOH

e =l KPYMHOCTBIO Wy, ABUTAfACH M0 TPAEKTO-

™2  pHUH m —a, He BBIIAAYT B 0CAJIOK.

\ s B KoHIe Kamepsl OTCTOHHHKA Ha' JHO

- [] OyAyT BHINAJATb IO TPAEKTOPHH m—b

¢ > HaHboJiee MesKHe (pacyerHbie) YacTHIBI

= L C THAPABIHYECKOH  KPYNHOCTBIO W,.

Bt bt chond SAISICIEHIR. [Tpi paciere OTCTORHKOB MOBEPHIOCT

HOLO CTOKA pasMep HaHMEHBIUWX B3Be-

IUEHHBIX YACTHI, KOTODBIE JIOJIXKHBI

BhNafath B ocajiok, npuuHMaercs no CH 496-77 pasueim 0,05 MM ¢ rug-
paBJHYecKoHl KpynHocTteio w = 1,73 mm/c. )

[Tpn Typ6y/eHTHOM pexHMe ABHMEHHS NMOTOKA B OTCTOHHHKE OCaXKIEHHE
YaCTHIL TOPMO3HTCS BEPTHKATBHBIMU COCTABJSIIOLIHMHE CKOPOCTH NYJIBCAUMH Up.
Biusinne BepTHKa/NbHON MYJ/bCALHOHHONH COCTABJSIONEH CKOPOCTH Ha Npouece
Oca/IeHHs B3BEILEHHbIX YACTHIL H, CJIEJI0OBATENbHO, PA3MEPhl OTCTORHHKA YUHTHI-

Baercsi BBelieHHeM B (opmyay (12.3) Kos(xpuumMenta o, — a—g—; T. €.
B

We
/)
<
o,
A
/

2% (123"

=0y

[lo pekoMeHJalHAM pasHbLIX aBTOPOB a@; = 1,5 + 3.
AnanoruuneiM 06pa3oM onpeensiercs AJHHA NPOTOYHOH YacTH OTCTOHHHKA,
HeoOXoauMasa /5l BCIJBITHA HeMTAHBIX YacTHIL

[=a, (12.4)

Wy
Haumenbiune pasmepbl uacTHIL HedTenpPOAYKTOB (pacueTHble), BCIILITHE
KOTOPBIX AOJUKHO ObiTh ofecreueHo, APHHATH AJIA NPYI0B-OTCTORHHKOB PaBHbI-
mi 0,08—0,1 MM 1 s KamepHbix orcroinKoB 0,10—0,12 mm. CkopocTH Beruib-
THSl YacTHL HedTenpoAyKTOB B 3aBHCHMOCTH OT HX Pa3Mepa NMPHBEJEHbl HHXKe:

Pasmep uacTHI He(TENPOAYKTOB, MM 0,12 0,1 0,08
CropocTh BCIVILTHS Ww, MM/C 1,02 0,71 0,465

Kos(puiunent «, npu pacyere NpyAoB-OTCTORHHKOB NPHHHMAETCSH PABHLIM
1,75 npu v/w = 20 u 1,65 npu v/w = 15. [1pu pacuere KaMepHEIX OTCTOHHHKOB
oy = 1,2. OKoHyaTe/NbHO JIJIHHA NPOTOYHOH YACTH OTCTOHHHKA NPHHHMAETCH
paBHOH HanGoNbLIEMY M3 3HAYeHHH, MOJNYyUYeHHBIX no dopmynam (12.2)—(12.4).
O6man JAauHa OTCTOHHHKA

L=(1.1+1,2) 1. (12.5)

12.20. Cxemoii pacyeTa OTCTOHHHKOB I1PEJyCMATPHBAETCSH OYHCTKA BOJ 110-
BEPXHOCTHOrO CTOKA JIHIIb OT YACTHI B3BElIEHHbIX BEIIECTB ¢ pasMepaMH He Me-
nee 0,05 MM u HedTenpoilyKToB ¢ pasmepamu 4acTui He Menee 0,08—0,12 mm u
TEeM CaMbiM JIOTYCK4eTCst OCTATOYHOE 3arpsisHeHHe OBEPXHOCTHBIX BOJ Ha Bhi-
X0J€ H3 OTCTOHHMKOB MEHBIUUMH MO Pa3MepaM YacTHUAMH 3THX BHJOB 3arpss-
HeHuii. JIns OLEHKH CTENEeHH OCTATOYHOrO 3arps3sHeHHsl NOBEPXHOCTHBIX BOJ,
JONycKaeMoil pacyera‘dH, HEOGXOAHMBEI JIAHHBIE O BECOBOM COJEPAHHH MEJKHX
yacThll. MMelolmuecs ‘laHHbe 110 JHCIIEPCHOMY COCTaBY B3BelIEHHBIX BellecTE
NOKA3BIBAIOT, YTO, HAT|:HMEP, B OBEPXHOCTHBIX BOJAAX C TEPPHTOPHI IIPOMBIII/IEH-
HBIX [UIOMIAJIOK COMfF’KaHHWe wacTWIl ¢ pasmvepamu menee 0,05 MM jgocTHraer
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94,4 %, cocraBnsas BcpesHem 61 %. [To-BHAUMOMY, 3TO OGCTOATENBCTBO ABJSET-
csl MPHYHHOM TOTO, YTO 3(PEKT OUHCTKH BOJL NIOBEPXHOCTHOTO CTOKA C TEPPHTOPHI
NPOMILIOWANOK 10JYyYeH paBHbIM JHbL 5—16,5 % . SbpekTHBHOCTL OYMCTKH
MOBEPXHOCTHLIX BOJA C TOPOACKHX TeppHTOpHit cocraBiser 20—40 %.

Pacuer oTCTOHHMKOB BeJleTCs Ha CPEJHIOI CKOPOCTb MOTOKA B NPOTOYHO
yacti v < 0,01 M/c. B peanbHBbIX YCJIOBHAX 3TO He BhioNHseTcs. Pacnpeaenenne
CKOpocTeil B IPOTOYHOH YacTH OTCTOHHHKOB XapaKTepH3yeTcs 3HAUHTENbHOH He-
PABHOMEDHOCTBIO, 0COGEHHO PE3KO NPOABSIONIENCS IPH HECHMMETPHUHOM H Go-
KOBOM TOJIBOJIE TIOTOKA B KaMepy. B mJiaHe W B BepTHKa/IbHOH NJIOCKOCTH 06pa-
3YIOTCH MOLIHbIE BHXPeBbie 30HbI ¢ OBPATHBLIMH CKOPOCTSIMH. TO NMPHBOIAHT K
MHOTOKpaTHOMY, 10 25 pa3, yBe/JHYEHHIO TI0 CPaBHEHHIO ¢ NPUHATON B pacuere
cpelHeit CKOPOCThIO, 3HAYEHHH CKOPOCTeH MOTOKA Ha TeX 4acTAX JKHBBIX ceye-
HHH, TAe coXpaHsieTcsi NpAMOe HalpaB/leHHe JBHIKEHHS, NMOBLILEHHIO TYPOYJH-
3allMH, TPAHCIIOPTHP yIoLLei CTOCOGHOCTH NOTOKA H, KaK CJIE[CTBHE, K CHHKEHHIO
3(peKTHBHOCTH OYHCTKH TIOBEPXHOCTHBIX BOJ| OT B3BEIUEHHBIX BELIECTB H Hedre-
NPOAYKTOB. CymECTBEHHPe BIIHsAHHE Ha (DOPMHPOBAHHE KHHETHYECKOH CTPYK-
TYpbl OTOKA B NMPOTOYHOH YACTH OKAa3EIBAIOT KOHCTPYKTHBHBIE PELLeHHs! yyacT-
ka Bxoaa. Pa3paborka H noAOOp KOHCTPYKUHH 3TOTO y4acTKa SIBJSETCS ONHOM
13 Mep obecreyeHHss PaBHOMEPHOrO pacrpejie/ieHHs CKOpPOCTeH M TOBHILEHHH
3(peKTHBHOCTH PaGOThl OTCTOHHKKOB. B peaysbTaTe KOHCTPYKTHBHBIX H3MeHEeHHi
Y4YaCTKOB BXOJla YNaBaJoCh CHHXXaTb HEPaBHOMEPHOCTb CKOPOCTeH B Kamepe OT-
croithuka ¢ 25 po 3—4 pas.

12.21. [Ipy NPOEKTHPOBAHHH OTCTOHHMKOB CJellyeT MMeTb B BMAY, 4YTO
B Tpollecce 3KCIVIyaTalMH NPOHCXOMHT 3anjeHue kamepbl. Penabed orioxenuii
H pacnpeelieHHe HX N0 (pakUHAM B IPOTOYHOH YacCTH 3aBHCAT OT KHHEMATHKH
MOTOKa W B TO K€ BpeMsl BbI3bIBAlOT MepepacnpejieJienue noJs ckopocreil. B
CBSI3H C 3THM CJelyeT NpeiycMaTpPHBATh YJajeHHe ocalKa NpPH 3anJIeHHH Npo-
TOYHOH yacTH OTCTORHHKOB Ha 30—40 % . OnbiT 3KCN/yaTauHH NOKa3bBaeT, 4To
HAKOMJIEHHE TAKOTO CJ10S1 OCAaAKA MPOHCXOAHT B TeUEHHE HECKOJNBKHX MecslieB.,

12.22. TopH30HTa/IbHbIE OTCTOHHHKH 110 THNY KaMepPHbIX W NPY/0B-OTCTOH-
HHKOB MOT'YT ObITb HCMOJIb30BAHBl H KAK COOPYXKEHHs NePBHYHOH, rpy6oil ouucT-
KH MpH pa3paborke Gojiee COBEPIIEHHBIX CXeM OYHCTKH NOBEPXHOCTHHIX BOJ.

B nocniesnee BpemMs 11 MeXaHHYECKOH OMHCTKH BOJ MOBEPXHOCTHOTO CTOKA
HAaXOJAAT NPHMEHEHHe TOHKOCJOHHbIE OTCTOHHHKH.
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TTPHJIOKEHHE 1.1

~

NEPEYEHb NEACTBYIOLEHA THIIOBOA NPOEKTHOH JOKYMEHTALLHH
MAJIBIX BOJLOMTPONYCKHbIX COOPY)KEHHH

.Cepus 3.501.1-144 (uuB. Ne 1313). TpyGel Bojonponyckubie Kpyribie eJie3o6erou-

Hble COOpHbIe JJIsl JKeJe3HbIX H aBTOMOGHJIbHBIX JOpOr:

Buin. 0-0. Matepuaiasl A8 NPOEKTHPOBAHHSA.

Bein. 0-1. TpyGul Bojonponyckhbie xeae300eTOHHbE KPYIJILe ¢ NJIOCKHM ONMHpaHHEM s
MeJesHblX JAOPOr B OGBIYHBIX KJIHMATHYECKHX YCJIOBHAX.

Bein. 0-2. Tpy6bl BOZOMPONYCKHHE JKeAe306eTOHHbIE KPYIVIbIE C MIOCKHM ONMHDpaHHEM IJAf
ABTOMOOH/IbHBIX JIOPOr B OOGHIUHBIX KJIHMATHUECKHX YCJOBHAX.

Bobin. 0-3. TpyGni BoAONpPONYCKHble Kele300eTOHHble KpPYIJbie € IJIOCKHM ONHPaHHEM
CEBEPHOr0 HCIOJHEHHS JUIA JKeNe3HbIX H .ABTOMOGHJbHBIX HOPOr.

Boin, 0-4, TpyObl BOfONpPONYCKHBIE XKee3p6eTOHHbBIe KPYTJble AJ8 aBTOMOOHJbHBIX Aopor
B OOBLIMHEIX K/JAMMATHYECKHX YCJAOBHAX. .

Cepust 3.501.3-133. Tpy6sl BOAONPONYCKHbE KPYIJBIE OTBEPCTHEM l,573,0 M H3
ropHpPOBAHHOTrO MeTalJa AJs JKeNe3HbIX H aBTOMOGHJbHBIX JOpPOT:

Bun. 0. Martepuainl s NPOEKTHPOBAHHSA. .

Cepusi 3.501-65 (uns. Ne 1016). BojonponyckHble TPpyOb A JKeJe3HbIX H aBTO-
MOGHJIBHEIX OpOT NpH pacueTHoll TeMnepatype Muuyc 40 °C u HuXKe, FTy6OKOM CE30HHOM
NpOMepP3aHHH H HaJdeldax:

Buin. 111, TlpsMoyronibhbie GeToOHHLIE TPyObl. <

Cepus 3.501-104 (uuB. Ne 1072). COopHbie xese306eToHHBE NMPAMOYLO/bHbIE BOAO-
nponyckHsle TPyObl A/Isi KeJAe3HbIX H aBTOMOGHJIBHBIX AOPOr.
Yactp 1. TpyGpl nox aBTOMOCHJIBLHYI AOpOry,

Yactp 2. Tpy6Gm mox xedesnyio JAopory.
Yacts 3. BJIOKH 3aBOACKOrO H3rOTOBJEHHS.

Cepust 3.501.1-107 (uuB. Ne 1130). TpAMOyTronbHEE CO0p Hble GeTOHHbIE BOJLOTIPONYCK-
Hble TPYObl JJA KeJNe3HbIX H aBTOMOOHJBHLIX J0por.

Uacrs 1. Kouerpyxums tpy6. Matepuannl ANsi NpOeKTHPOBAaHHSA.
Yactp 2. BAOKH 3aBOACKOTO H3rOTOBJEHHHA.

Cepus 3.501-126 (uuB. Ne 1245). TpyOn Bofonponyckusie cGOpHLle KeJae306eTOHHbIE
NIPAMOYTO/NbHbE AV JKeJNEIHBIX H aBTOMOOHJbHBIX A0por CeBepHON CTPOHTENbHO-KIAKMATH-
YeCKOH 30HKI:

Buin. 0. Kouerpykuus TpyG. MaTepuanbl 1Sl NPOEKTHPOBAHMS.
Bein, 1. MuAycTpHaAbHbE CTPOHTENbHBIE H3JCTHA.

Cepus 501-96 (uuB. Ne 538). Y HHOHUHPOBAHHLIE KOCOTOPHBIE TPYGBI AJs KeJe3HbiX
H aBTOMOOHJAbHBIX JOpOr. :

Cepust 3.501.1-121 (uus. Ne 1222). Onopnl KeJe3HOAOPOKHHX MOCTOB MNpPOJETAMH
g0 15 M, coopyxaeMmble C HCIIOJb30BAHHEM MECTHBIX MAaTepHANOB.

Cepus 3.501.1-150. Onopsl  yHHQHUHPOBAHHBIX XKeJe3HOAOPOKHBIX MOCTOB Vs OObIY-
HBEIX CeBepPHLIX YCJOBHIl C MPHMEHEHHEM H3Jle/IHii 3aBOACKOrO H3TOTOBJEHHS:

Boin, 0-3. Omopbt cToaGuaThie, MaTepHaisl AJAs TNpPOEKTHPOBAHHA.

Cepusa 3.501.1-156. YkpenseHHs pyces KOHYCOB H OTKOCOB HACHIMH Y MaJibiX K Cpel-
HHX MOCTOB H BOJAOMNPONYCKHHX TPYyG6:

Buin. 0. KouncTpyxuwH yKkpendenuir. MaTepmaim 1i1si NpoeKTHPOBaHHSA.
Buin. 1. Baoku ykpeniennii. Texundyeckue ycaosua. PaGoyne qeprerH.
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Cxembl MaaHX OLHONpOJETHHX MocToB (pasmMep B cKoOKax JIeHCTBHTENEH TIPH
Hgac>6 M)

HPHIOXEHHE 2.1

ONPEAEJEHHE HOPMAJIbHORA I'J1YBHHbBI
B TPANEUEHAJIbHOM PYCJIE MO I'PA®HKY

Mpum Koscbcbl;uuem wepoxosaTocTh n = 0,0225; by, = 1,2 M; myy = I; i =

0,005; Q 2,0
Tpeﬁye‘l‘ca onpene.nn'rb HOpMa/dbHYI TJAYGHHY Hhy.
Pemenmne. Onpenennm PAcXOAHYI0O XapAKTEPHCTHKY MNpH nopuanbnoﬁ ray-

GHHe

=—————_—_=28,3 3/c.
Vi Vo008 il
2. Haxoast
. bz 67 -l 22 57%: 62, 'Y
3. Buyucasor =
i L8 g,

nK, 0,0225.28,3

i b2.67

4, OTKNaABIBAIOT 3TO 3HAYEHHE HA OCH a0CILHCC B BEPXHeH YyacTH rpa({anxa( :;’(
: o

gio)

W NPOBOASAT OPAHHATY O NEpeceyeHHs C KPHBOH Mgy = I.
5. HaxonaT oplAHHATY, COOTBETCTBYIOILYI TOYKEe NepecevyeHHs,

baw
6. Onpeneasiot
hg=0,535-1,2=0,64 m.
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Puc. 2. Tpaguxk aas onpenenenns ray6un ho B PAMOYTO/bHBIX Tpy6ax npH crynendaTofh

- YKjajiKe 3BeHbeB
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TNTPHJIOXEHHE 2.2

ONMPELENEHHE HOPMAJ/IbHbIX M1YBHH
B MPAMOYIOJIbHBIX PYCJIAX MO FPA®HKAM

Jlns TeXHHYecKH TJajiKHX pycea H Tpy6G nons3yioTcs rpadpukom Ha pHC. | (cm.

c. %

I'Ipuu? Kospduunenr mepoxosatocts n = 0,015; b= 2,0 m; Q= 12,8 wm%c;
= 0,10. TpeSyerca onpele]HTb HOPMa/bhyl0 ray6HHY hy.

12,6 ] 2,67

Pacuer K.,——@~———=40 8T e 9980 o B 36 B = i

6.36 fo Vo ’ nkK,
= 00]'5_40 = 10,6 W no HHXHeA JeBOH HACTH rpaduka HaxoaHM 5".2 = 0,29 0 hy =
= 0,29-2 = 0,58 M.

Ilns pycen u Tpy6 co cTyneHsMH mnoab3yloTcs rpapukom Ha puc. 2 (cMm. c. 307),

a3
re no och aGCuMCC oTAOKeH napaMerp [T, = R Qv l“‘_/f
14 ¢ Cnog v I-.- 14-‘/‘1’
3neck Cpop = 5 —-
VAl %

TPHIOXEHHE 2.3

.

ONMPEAEJNIEHHE HOPMAJIbHBIX TIYBHH
B KPYIJIbIX TPYBAX MO rPA®HKAM

HOas TeXHHYECKH JaAKHX Tpy6 monb3yioTcs rpapukom na puc. |. On cocrasaeH npH
Ko3(ppuunente mwepoxosatoctn n = 0,015. Tipn n = 0,015 napamerp I, 3aMeHsioT Ha
o n i
Mo = Mo 5575 -

Mpimep. Kosdpuunent wepoxopatoctn n = 0,013; D=1 m; Q= 1,4 w/c; iy =
= 0,16. TpeSyerca ONpPeNeNHTb HOPMANbHYIO TIAYOHHY h.,

§

hof [t/ V7T,
3 Yy
67} 70 ] 7
0,6 16,0 1 T
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Puc. |. Tpaduk nas ONpeNe]eHHs HOPMAJbHLIX IIyGHH hg H COOTBETCTBYIOIIHX MM CKOpO-

cTelt ¥y B KpYrawix Tpybax.
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Puc. 2. Tpaduk Aas OnpeieseHHs HOPMAaJbHHIX rAy6uH hy B Kpyrawix Tpy6ax mpH CTymeH-
4aToi HX YRJajke
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Puc. 3. Tpapuku s onpegeneus KosddHUHEHTa NOBLIIEHHOH IEPOXOBATOCTH Muon(np)
: KPyr/six TPY6 npH CTYMeHYaToil HX YKJajake

Pacuer.
1,4 1,4
—— = =0,45;
g 1,0 /9,81 1,0 1/9,81-1,0
; n 0,013
=0,45 — —0,30;
fle=1le =1 8505
Ty 0,3 o
™ V0,6 '
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hy v
Mo rpaguKy HaxomuM: === 0,26; hy = 0,26:1,0 = 0,26 M B ——2— = 6,0;
l’ i . g % V KDIT

T

vy = 6,01/9,81-1,0-0,16 = 7,3 w/c.

[as Kpyrasix TPYG ¢ NOBLIUIEHNOM MIEPOXOBATOCTbIO H3-3a CTYNEHYATON YKAAAKH 3Be-
HbeB MOJbAYIOTCA TPAQHKOM Ha PHC. 2, rjle no ocH a6CUHCC OTJOXKEH napamerp Rpop=
. nqnnon(np) 108

Viz

ITpHBeneunyi0 NOBHIIEHHYIO INEPOXOBATOCTb Apgp(mp) ONPENENSIOT HENOCPEACTBEH-
no no rpaduky ma puc. 3, a (rae A — Buicota crynenei), a npH h/D << 0,225 oma xop-
pexrngye'rcn NyTeM YMHOMEHHs Ha Kos(pHuuenT K, KOTOPHI HaXoAuTCs MO rpaduxy Ha
puc. 3, ’

Crnenosarenbio, npH h/D = 0,225 Rnos(op) = Mnos (np) (rpad), 8 npu h/D <

<<0,225 nyg p(np) =nuon(n§) (rpac) Kn, M€ Ryop(ap) (rpad) — SHAYEHHE M1y p(yp), TOTYYEH-
HOe Mo rpaduKy Ha pHC. 3, @.

.

TNPHIOXEHRHE 2.4

ONPELENEHHE KPUTHYECKHX I'JIYBHH
B NPAMOYIroJibHbIX H TPANEULEHJANBHBIX PYCJIAX 10 FPADUKAM

Mpumep. 1llupuna nna pycda bpy =3 M; mey = 2;'Q = 12 m¥/c.
TpelyeTcsi OnNpefesHTL KPHTHUECKYI TAYGHHY hy.
: = A pn

Pemwenue |. BuuHCARIOT napaMeTp 57— — —= = 0,77 < 1.

: ol'| ban Vone V3

2. Toab3ysich nepBuM TpadHKOM, NpPH == 0,77 m myy = 2 HAXOHHM
h d ' AH H
K

bEH

=031 u Ay =031-3=093 M.

Ipaukn Aas onpejeNieHHs KPHTHYECKHX IYOHH B TMPAMOYFOABHBIX H TpAneuenjabHbIX

pycaax
K[CT7 1 , Y R ]
= ~ : L R ol
Mput 7 My =0 Mpr=i,0 ]
f: P ngvb—gw‘ or -—l ir eniige=
8 y 1 L
—
4 A AT
Y il s, /;‘ 1
= _j’:/ Myy=2,0 Mpp=30
o e or Y
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I'paduk ans onpejefieds KPHTHYECKOH rayOHHW B Kpyrawx (amuns 1) W OBOMAAJBHBIX

(nunng 2) TpyGax
TPHAOXEHHE 2.6

ONPELENEHHE rNYBHHB MOTOKA B C)KATOM CEMEHHH
U CONPSAXKEHHDBIX N1YBHH B TPANNTEUEHIAJILHOM PYCIE

Mpumep 1. Pacxox Q = 1,5 m?/c. YenbHas 3HEPrusi B CEMEHHH Ha CXOJE CO CTEHKH
najeHus oAHocTymenuatoro nepenaga Ty = 3,5 m; IWIHpHHA TpaneueHganLHOro pycia no
ARY by = 1,5 M; moy = 1,5; ¢ = 0,95; @ = 1,1. Tpebyerca onpene/uTh cxkaryio rayGu-
Hy hg, Hcmoansys r%a-:b‘nx, npHBeAeHHHH na puc. I, .

Pemenue Bouncasem napamerpbl:

Q Va 1,571

T @baTi®  0,95-1,5.358

MyzTe _ B35

buw 1,5

=0,169 0 p—

s R
. =< = ~ S‘J
=) 47 S 2 2
/
o~ 1 7 7
<
{’l‘} 7 7, _/-'
o
S e
K /§/;/_'
- g
SHOAS -
fae S
el 1S o
= Ly 11444
2 BIEEEEL :
5 ==
1] :
oy --l‘lij - 2
<SH 5 )
S S i 7
e ) v
) s
2 3
i XS
o~ e <
att
$i0
= <& e
s N :
e ¥ g e
< RO 2 E
Ll s 2% X ) 2 e
W 2
S e
1=
E ~ =
o =
~ ( =
e
- T
= PSS,
3
“
: =3 -
[}
o = > - =
- 3 Z
2 s = Y "1
S o Wiy ==
= - = ) g
% < T
(3] < ] A=
a2 :
=3 0
a2 s .8 W
Prn. 7z
=y 75
52 3 1
= 2 1h%
= 3 < =
=B v
T @ \ < a
gx -\ o =
g2 < i
[ ) »
3 !
s & <
& e 5
= g.g zt
t(g =
oz s
=3 =)
S = Z
]
o = =
-
S Z
— <
g 3
- = e
o @
S\
S e —
‘ o T

05 06 07 08

h,
= ,:

a4

03

001

406 007008009 0.1

005

0.02 003 0,04

0015

q,007

1005




wdAd wonaroifowedu 8 HHQAKS XEMHHIWEALIO) H BHHORID OJOLEND nauHQAry  BHHAravaduo iy suded |

Yy o Yy 5
- M —.—— - e
.h " : \\N\ ¥
09 0. 09 0OS 0# ot 0é 010t J8 02 09 0% 0% 0t 0z 0%

N NN 1 | | oL'p

1 N _ |

. ™ N Iy 1 |

-\ J |

™ — A\ _ 1

AN TN 3 . 1

N N - ) | |

S = . it Y 2= = : I
e H \ 0z

BRERDDIN !

0 LT

Y Rl A I = 1 X H

M T
060 — HH R ; I e

<8 = ' N N | 1

\\ ~ : [
080=d A L . I o

1

" My as-3y H o t }

y93="y 0 ; i
fl flr . B |m
s = N 09%
- fﬂ
N N oLp
=EERR = 08
y - ll . Hq "U
iisiasnasnn = f 5 =t R Y

ar3Ad wonavevwonaueds .8 HHQAI) XMHHIWEAUNOD BHEAVAYaduO KLY suded] ‘g g

N b, k: B N

5.9 o L] 1] [EEER) 0198,
Y SN NAN Gt »ﬂll Yy fy= 3 i
¥ M NN DN & W .._\__QJ,. =
N 7 SN, A= N B
i N A RO R R RSNSMN K\@ | 2 =
NSNS ~N N NS A AR N SISEO s ¥ n
N N N NRY N N N \—\ﬂ &
3 PN SIS > - T/u
N R h B A N 5 A
/// N N % \..V N /v. v/// /IN/_/ VAr mww
NN YR N Y N //ﬂr/,u,/ y
N . NN NN N,
SN SN NN MANNNN ﬂ//u A .
A TR 05y
> Y LTSN X AR
ERNITICI I SRR :
5 B g < SN A AISH AR .
< < = SRR wea Vi) .
=N SN . 2% w
R R 05 |%
NNNNN ANATARNRINNN \ N
| Pk N R RN SNONNANAY 099 &
¥ NN N % NN J.
[ /_r/l/ h) W\ 41 N V] A
1 &
AN N
% NSNS NRTERRER 0y |
“ b e 1A aeemas LA
p
; 1] 1 11 a1
| / V
| Y /
3 T P v v
-
NI 2225 #
.EB__ A - 7 7
1 7z
= v . ‘
- £ z A 0e
= 222" 7
- g \\ A
== (i =araran - o'
ol W
= =A== ).,a,
e P 1 lV\,.&E. 4&9 0%
—— = o= —p h\_.—qﬂ_ \ o
== 4% H ubl_lu_k ¢
== : (== e A% y
&l > I 5 0 A %

313



0

3areM Ha rpagHke OTHICKHBaeM NPAMYIO, COOTEETCTBYIOLLYIO 3HAYEHHIO A = 0,169,
H KpHBle oTBeuapoulyio napamerpy B = 3,5. AGcuucca HX nepeceyeHHs JaeT 3HauUeHHe
T, = 0,035. Hckomasn rayGuHa hy = T,To = 0,035-3,5 = 0,12 m.

ﬂpuuep 2, Kpurudeckas rayGHHa hy = 0,8 M; my, = 3; h = 0,1C m.

TpeOGyercsi onpejaesiHTh CONPSXKEHHYIO rleGHHy h” mo rpapuky Ha puc. 2.
torhy 3-0,8 Ar 0. ]6

Pewe nue Hmeem = 1,0; Haxoaum E' = —= = 0,2,
2.4 “h, 08
Torna no rpapuky onpene.nnem g* =2 75 Cnenosareabho, h” = Erh, — 2,75,0,3 =

= 2,2 M. .
HPHJIO)KEHH"E 27

ONPEAEJNEHHE I'l1YBHHBI COKATOI0O CEYEHHA
H CONPMKEHHBIX IIYBHH B NMPAMOYroJbHOM PYCJHE NO IFPA®HKY

Mipumep. Kputnueckan rayGuna hy =137 u; To= 3,65 M; ¢ = 0,90. .
TpeGyerca onpeneaHTh Cxaryio ray6uny Ha sonoGoe A, H BTOpYIO Co.

npsxKennylo rayGuny he (cM. pHcymok Ha c. 314). 00—,
Pe@euue . Onpegeasior Eo'—z—:=m—259 80—
. OTKJa[bIBAIOT 9TO 3HAYEHHe HA OCH &g. +
BoccTaHaBAHBAOT NMEpPNeHAHKYASp JO NEpeceyeHHs ¢ KPHBOI 504"_50
he = §ch,, npu @ = 0,90 H OT TOYKH nepece4eHHs MPOBOAAT TOPH3OH- 1
£ 5
TaAbHYI0 npsMylo 10 ocH &g :’— (ocb OpIMHAT), HA KOTOPOH HAXOMLAT Tl f
/ o [}
3Havenne §, = 0,547, ’ w40
4. B MecTe nepecedyeHHs ropnaoH’l‘aanoR npnmoﬂ ¢ KPHBO#H he= 3}
= Ec hy ONYCKAIOT MEPNeHAHKYAAP 10 OCH E¢ _,_T‘ (oer abenucc) u in
. 1
naxonsit Ee = 1,65. g B
5. Bouncasor h, = §hy = 0,647:1,37 = 9,749 M 2t= Erhy — :.__30
= 1,65-1,37 = 2,26 M. 2‘0—_1_
IPHIOKEHHE 28 15
ONPEAENEHHE AJIHHBI THAPABJIHYECKOIO NPbDKKA I
Nno ¢0PMYJIE M. 1. lIIEP'I'OVCOI!A C NOMOULIO HOMOTPAMMbI - T
Npumep. CKopocTh NOTOKA nepel npuiKKOM vy = 3 M/c; neppas 1
conpsixennas raybuna h' = 0,20 m. L |
TpeGyercs onpeesnTs AMHHY THAPABAHYECKOrO NPLIKKA N0 GOPMY - - .
ae M, JI. ‘{ep'roycona (2.22). ¢ [ s
Pemennue. Brs-mcnum- yucao Ppyna nepen npu)xxou Fry = f':_
v} o, 3t 5 —
= it 6.
gh’  9,81-0,20 “Lii
2. HaxoaaT no Homorpamme npn Fr, = 4,6 q:ymcu:uo f=11,5. it PP
3. BuluHCAAIOT NAHHY TpbikKa [n = [h' = 11,5:02 = 2,1 M. 3
v 53, vﬁ
NPHJIOXEHHE 29 Howmorpamma
NS onpeje-
ONPEAENEHHE JIONYCKAEMBIX CKOPOCTEH NOTOKA e
AJISi HECBA3HBIX TPYHTOB C OMOIbIO HOMOTPAMMBbI el i
NpEXKKa MO
. MNpumep. Tny6una noroka h= 1,50 m; d = 11 mm. thopmyae
Tpeﬁgerca OnpefedHTh HePasMBIBAIOILYIO CKDpOC"l‘b notoka no dop- M. J[.  Uep-
myaam (2.39) u (2.40). ‘ TOycoBa

315

hm ) v m/c
50 — 10.0 —
40 50 — 10,0
- R (i — 3.0
30+ 8
e 3 - 7,0
6,07 S
20 3 — 6,0
1 g0 . F
i ] — 5,0
1 40 2
10 ] — 4,0
9 2 g
8] 3 -
;—. 3’”? 3.0
5 2 Gicd 5
4 ™ SRE
4 2'0: gl e
J = 1 - 3
1 SRt Bab eyl
N ] o R
2 RO B i
4 L e )
] ol L 8
| = 5 5 S
' 8 407 =0 E
1,0 e 491 - bpg =
g-g: 08 —0,8
0:7_: 47—: ;ﬂ,?
0,6 063 E—U,b'
05— = g
a4 — 0,5'—: 5'0.5
83 ' 24 Fos
=3 g3 [%9
4 . 1 F
arj ; 02- —02

HoMorpamma /s onpeje/eHust nonycxaeuux CKOPOCTEil JIA HECBA3HBIX
] no dopmyaam (2.39) u (2.40)
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Pemenne [IpoBOAHM NPAMYIO, COEAHHAIOWYIO TOYKY & = 1,5 M Ha wxajte A u
Touky d = |l MM Ha wxanae d. ITepeceuenne sTofi NpAMOf CO WKaJNaMM J, NMOCTPOCHHLIMH
no ¢opuyJ;au (2.39) u (2.40), onpenensioT COOTBETCTBEHHO CKOpocTH vy = 1,3 M/c u v, =
= 1,39 w/c

TPHJIOXKEHHE 3.1

NPHMEP PACYETA OJJHOKPATHOIO NEPEJIHBA BOABI
H3 COOPY)XXEHHSA B COOPY)XEHHE

Bepxosoe coopyxente (M 1). JKese3oGeToHHBIH MOCT OTBepcTHeM 3,2 M PacnofoxeH
Ha XeJle3Hoil Jopore; OTMeTKa MNOANEPTOr0 YPOBHA Y COOPYXKEHHs B Haua/ie TepesinBa co-
crasaser 117,99 M; oTMeTKa AHa B oONpelefsioOlleM CeYeHHH . Zyy (omp) = Zn (mav.mep)-
Onpene.nmomee ceyeHHe MPHBOAHTCA K TpeyroibHoll gopme (pnlnoﬁenpeuuuﬂ TPeyroabHHK
C Mop() = Mog(y) = 200). OTMeTKa N0TKa Ha BXOJe MOA MOCT Zy = 116,11 m; nponoabHbii
YKJIOH JIora nepei COopykeHHeM In= 5°/oo‘ CPeJHHHl YKJOH CKJIOHOB JIOTa Y COOPYHKEeHHSA
I¢ = 429/,,; pacueTHHIl pacxon Qp = 15,5 M3/c, HanGoabwuit Quax = 24 M¥c (pacuer
BeJleM A5 uauéouhmero pacxo,ua) apeun BOLOOTAAYH f, = 28 MHH; 06beM NpHTOKa c Gac-
ceiiia MpH Quay Wyp(max) = 174 Thic. M3,
Pemennue. lhp YHCJeHHe BeleM COrjnacHo ykasaHusm n, 3.16.
1. OcHoBHBble rHAPOJIOTHYECKHE JaHHble OLIJIH NOAYUYeHb B pesyJbTaTe pacdyera cTOKa
H MPHBEIEHBl ‘B HCXOAHHX NAAHHBIX.
OnpegensieM NPOAONKHTEIbHOCTh NaBOJAKa A/ BepXoBoro coopyxenus (Ne 1) no
dopmyne (3.7):
2W np(n) 2.174-10%
60Qup(1)knas 60-24.1

3. CTpouM /1A BepXOBOTO COOPYkeHHS (Ne 1) 3aBHCHMOCTH Quoop (soam) 1 = [H?) no
¢popmyae . H. Kouepuna (3.6) n saBucumoct Qeoop(r) = f (H) ¥ Qeoop() = F(H?) no
pekoMmennauuaM rai. 6. Ilaa mocTpoenus 3aBHCHMOCTH (npsiMORt) Qeoop (roamn = [ (H?)
onpeneaseM ABe TOYKH!

np# Qooop = Quax = 24,0 M¥c H*=0 (H = 0);

L Wapy  5-42:174

npH Qeoop=0 H¥= = i L1,

‘3nauenne ko = 320 6buiio onpene.neuo nmo Ta6s. 3.1 AJIA oyepTaHHA 3epKaja BOAH
npyaa nepel COOPY¥KEHHEM B MJlaHe ¢ BLNYKABIMH JIHHHSAMH YPe308B H MPAMOJHHEHHBIM
nomepeYHbiM NpoduaeM Jora.

Buuncisem panusle’ 1is noc'rpoenu 3aBHCHMOCTH Quoopt) = [ (H) ¥ Qeooptn) =

fgan(1) = =242 Mun.

= [ (H®) cornacHo yxasaHHaM rJ1. 6. 3TH JaHHble npHBeleHH B Tabnuie.
H, s H?* QC:’SI;L')- ‘H, M H* Qcoor{l).
0,5 0125 |- 1.8 25 158 20,0
1,0 . 1,0 5,08 2.7 19,9 22,5
1,5 3.4 9,35 3,0 27,0 26,4
20 8,0 14,30

Hanee BhimosHAEM MOCTPOCHHE,

TocepeanHe JTHCTa NPOBOAHM OChb OpAHHAT Q (pHc. 1) W e/ MM JIHCT Ha J€BYIO M npa-
Byl uHactH. [IpoBojuM nepneHAMKYJAsipHO el och- abeuHcc.

C nesoii cTopoubl rpadnKa no ocH aéeince oTKAaabBaeM H M H3, ¢ npaBok — Bpems 7.

Mo AByM TOUKaM, KOOPAWHATH KOTOPHIX BHIWHCIEHH Bhille, CTPOHM 3aBHCHMOCTh
Qcm,? woam) = [ (H?), a mo J;aunuu, npHBeJeHHBM B TaGJIHIe,—3aBHCAMOCTH Qpoop W=

5y = i

4. Yt:raﬁgoagl(n:!uaeu MECTO NnepesinBa H GOpMY ONpeleasiomero cel{euns B nawem
c/yyae OHO 3alaHO H HMeeT TPeyroJbHYI QOPMY C Mgr(y) = Myy(s) =
) OnpenensieM noanepTyio riyGHEY B Hauale nepeiuBa no q:opuy:le (3.8):

Hyau.uep = Zu (wau.nep) — z,, = 117,99 — 116,11 = 1,88 M.
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Puc. 1. Tpaduk ans onpesenenus PacxXoloB B BEPXOBOM COOPYMKEHHH

HM TOANEpTHIX

pacXonoB c6poca M COOTBETCTBYIOMIHX

(N 1),

rAyOuH NPH HAJAMYHE NEPeNHBa BOAM -



6. CTpoHM 3aBHCHMOCTH PacXola BepXOBOro COOPYIKEHHA OT TAYGHHL BOAW B Onpe-
zZensoliem cedeHHH Qeg() = }) H').

CHayana BeIYHCAAEM [JaHHHE IJS MOCTPOGHHA 3aBHCHMOCTH Qcgn) = [ (H') ana
TpeyrofibHoft GopMbl ONpene/AioUIero NonepeyHoro ceveHHs no gopmye {3.10). 3ajapasch

noaneprol rJyGHHOR H BHYHCAAA TFAYOGHHY B onpefensiowem cedewuw H = H —
— Hyaw.mep = H — 1,88, n,

Qo =0,33 (Mor(1) +mMoriz)) V& (H)'/2=0,33 (2004 200) /T BT (H")*!* =417 (H")"/x.
Pe3ay/bTaTH pacyera NpPHBEAeHH HHKe:

H, m 0,1 0,2 0,3 0,4
Qcﬁ(l)’ M’/C ls3 7,6 2056 42,1

3asucuMoctb Qgg(1) = [ (H') crpoum 8 koopaunarax Q u H, npuuuMas sa Hagano or-
cqeTa nolnepryio rIyGHHY, COOTBETCTBYIOULYIO HAauYany nepeausa (cM. puc. 1).

7. Ctponm 3aBHCHMOCTb Qeoop(1) + Qesy) = f (H). IHnsa sToro ckaanmsaem rpadu-
ueckn rpadHKH Quoopt) = f (H) B écg(l) = f(H) (cM. pae. I, neBas cropona rpaduxa).

Crponm 3aBHCHMOCTb Quoop(1) T Qeoy = / (H?), nonpsysice cosmemenuoir ¢ H
wxanoft /3 wa ocm aGcuucc. i

9. Haxonum Touky nepecevenus 3asucumoctedt Qeoop (noam) 1 = [ (H?) # Quoop (1) +
+ Qc6() = f (H®) ana mocra (BepxoBoro coopg)xeuun), OpAiHHATA KoTopo# onpele/IHT MaK-
camanbibifi pacxol Qeoop) T Qesty = 21,9 m¥/c.

TlpoBeas B TOUKE NepeceveHHs BEPTHKANbHYIO JHHHIO JIO NlePeCeyeHHs ¢ 3aBHCHMOCTBIO
Qeoop(1) = f (H?), HAXOXHM HCKOMBI PAcCXOA B COOPYKeHHE Qeoop() = 15,2 M%/c H pacxon
c6poca Qgp(y) = 6,7 M¥/c Kak pasnocTs (Qeoop) + Qeo(n) — Qepr). Pacxoa c6poca we-
06XONMM AJ15 THAPABJIHYECKOTO PAacyeTa HH30BOIO COOpYKeHHs. 3Has pacxol B CoOpyxe-
HHH, HAXOLHM N0 3ABHCHMOCTH Qegop(r) = [ (H) uckomyio noanepryio ray6uny Hmax) =
= 2,08 M. g

10. B mecre mepecedeHHs npaMoi, mpoBeleHHoR Ha opauHate Quoop1) - Qo1
napannenbHo ocH abcUMCC, C HH30BOH BeTBbKO rHAporpada MPHTOKA HAXOMAHM MOJIOKEHHe
NHKa rugporpada pacxoa B COOpYKeHHH. 3Hasi 3TOT Pacxol, HAXOAHM IpPOLONKHTENbHOCTD
NaBoOJKa B COODYKEHHH _

2 Wap @) ~2.174.000

foas ( n= = =264 MHH.
maz (200PN" 60 (Qegoptn) +-Qeg))  60-21,9

CoelHHHB TOYKY MHKAa MaBOJKA B COOPYXeHHH (C yueTom c6poca) B HAYAJIOM KOOP+
LMHAT W Toukofi, HMeloueh a6eunccy fnap (coopy1 = 264 MHH, NonyualoT ruaporpad pac-
XO/IOB B COOPYXKEHHH C YyYeToM ¢6pocd Qcoop(1) + Qesy = f (£). 3aTem npoBonuM uepes
TOYKY, COOTBETCTBYIOILYIO PACXOAY B Hauale Nepeausa Qpep (1) = 13 M¥/c (3TOT pacxon on-
peneaen mo nofnepToit ray6uHe B Havade mepeansa H = 1,88 M), JHHHIO napalJieJbHo OCH
aGCUHCC H B MECTe MepeceyeHHs ee ¢ BeTBAMH ruaporpada pacxona Qeooplr) + Qep) =
= [ (#) naxoaum (CYHTan OT HAYa/a NABOJKA) BPeMA HAYa/la MepeauBa fy (nep) — 28 MHH,

. BpeMs YCTAaHOB/JEeHHA NMHKa pacxofa cGpoca fmax(Q) = 47 MMH M BpeMA KOHUa nepeiHBa
ty(nep) = 135 MHH. ITH 3HAaYeHHA HEOOXOAHMbI N THAPABJHYECKOTO pacyeTa HH30BOTO
coopyxenun (Ne 2). -

Hhiosoe coopyxense (M 2). Tun coopyKeHHA — METAJNJHYECKHH MOCT OTBEPCTHEM
6,4 M; oTMeTKa JOTKa Ha Bxofe — 114,2°M. B pesysbTaTe pacyeroB cToKa noJdyuexo
Qup(p)2 = 11,5 M*/c H Qup(max)a = 19,3 M¥/c. O6benm croka Wypie) = 161 000 M3; spems
BONOOTAAYH fg(g) = 28 MHH. * ) z .

PemeHue | OnpelensieM npoNOJKHTENbHOCTh NaBOAKA

2. 161 000

tnan(s) = 50.19.3 =273 MuH.

2. BuuncaseM NaHAbe A5 NOCTPOCHHA 3ABHCHMOCTH Qgoon(ay = f (H?) no dopmy-
Je (3.6). Iinn storo npensapHTeNbHO YTOUHAeM 06beM NPHTOKA 3a c4eT o6keMa cGpoca fio

dopuyne (3.12):
Wnp(aonms = Wapa) + Weo),
rie o6sem c6poca, M*, Wog) — Tl Qco(1)fuantcon-60. TpHueM fnap(coys = tx(nepyn —

— In( nap)i‘
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Puc. 2. I'paduk pin onpemenenun pacXojd B HH30BOM coopyxeHnun (Ne 2) u COOTBETCTBYIOIIEH eMy
noaneprofi riyGHHE NPH HAJHYHE NepenHBa Y



’

B Hamem cayuae HMeeM (MO JaHHBIM PacyeTa BEPXOBOTO COOPYIKEHH:):
tnan(c6y = 135 — 28 = 107 mun;
Weo() = —,}» 6,7-107-60 = 21 600 w?;
Wap(noame = 161 000 + 21 600 = 182 600 m®.
3arem " nyTeM TPaQHUECKOro CyMMHPOBAHHA TrHAPOrpadoB pacXooB npHTOKa
Qup(x) = / (f) W cOpoca u3 coopyxenus Ne | c'goun ruaporpad Qup(a) ﬁcq'ig(;i‘hz £ )

H HAXONHM MaKCHMaJbHBI pacxop nputoka Qupee) + Qeen) = 24,5 Md 2).
Hanee onpejefseM jaHHbie A NOCTPoeHHs MPsAMOl Qeoop(soam): = [ (H?):

« 1pH Qeqop (2) = Qup (2 +Qe6 (0 =24,5 M3/c H3=0;

5-36-182,6

— 100 w8,
330 R

pH Qegopta) =0 H3=

3. BuuHC/sieM AaHHbIe ANS MOCTPoeHHs 3aBUCHMOCTeH Quoop(a) = [ (H) 1 Qeoop(z) =
= [ (H3):

W 5 0,75 1,0 1,2 1,5 2,0 2,5
H W 0,125 0,43 1,0 1,74 3,4 8,0 15,7
Q. /e 35 6,2 9,6 12,6 17,6 28,0 38,0

F'paduuecxoe pemenne B npasoi yactu rpaduka Ha puc. 2 reomerpu-
YECKH C YYeTOM BpPeMEHH Iy(nep)1 tmx(Q) H Iy(gepy CKJAajbiBaeM rpagHKH npHTOKa
¢ 6Gacceitna Qupez = [ () 1 Qoory = [ (1.

B- neBoit 4aCTH rpagHKa aHaJOTHYHBIM NYTeM, KaK H AJNf BepPXOBOrO COOPYXeHHS
(Ho Ges yuwera cGpoca), ompeneiseM Qeoop(z) = 23,0 M3/c u . Hy= 1,80 m.

NNPHAOKEHHE 4.1

PACYET CY)XAIOULMXCA BBICTPOTOKOB MO YPABHEHHAM THAPABAMKH

Ha puc. | uzoGpaxensl (A5 NOJOBHHb 06JacTH TeYeHHA) BapHAHT pacuyeTHoil cer-
KH pasmepom 7 X 26 saveek (puc. I, a), cpgameu'r ceTKH paaMepom 28 X 104 gueiiku
(puc. 1, 6) M H3OMHHHH PACCYHTAHHBIX Ha 3 M rny6un (B MHIJIHMETpaXx) Ha STHX ceTKax.
¥ron cyxenns 8 = 10° unciao ®pyna wa Bxofe Fry = 9; ray6uua na exoge — 100 mu:
YKJIOH AHA H TpenHe OTCYTCTBYIOT. [lnHHa cyXenus nojo6pana Tak, YTOGH AHAJHTHYECKOE
pelleHHe Mo TEOPHH KOCHIX NpbiKKoB (PpoHT ero waobpaxkeH WTPHXOBOH JMHHHell) Aasano
oTpaxeHHbll (BTopoii) KOcO# NPBIKOK, Nonajalomiit TOYHO B KOHel| Cyxawolelcs 4acTH.
BHAHO, YTO NPH CTYUEHHH CETKH YHCIeHHOE PellleHHe NPHOJIHKASTCH K TOUHOMY (aHAJHTH-
yeckHe 3HAYEHHA TJAyOHH HA «THKaX» 32 MePBBIM H BTOPBLIM KOCBIMH NpPbiXKKAMH COOTBETCTBEH-
Ho paBHbl 161 u 236 mm).

Ha pue. 2 npeacTas/iesibl paccunTanible Ha 3BM H30MHHHHK rjiyGHH B CYXEHHH C yI-
aom 8 = 10° Ha HAKJNOHHOM JHe ¢ TpeHHeM (PHC. 2, @) H Ha FOPH3OHTa/NbHOM AHe Ges Tpe-
Hun (pHe. 2, 6). KapTHHB TeYeHH: B LEJOM MOXOXH, HO MAKCHMaJbHbIH BCNJIEKC HA OCH MO-
TOKA NPH HAKJAOKHOM AHe (230 MM) Menbme, a4 NOHHKEHHE TIYOHH 32 KOHUOM CYKeHHA Yy
ctenkH (151 Mm) Gosiblue, yeM Ha TOPH3OHTalbHOM AHe (cooTBeTcTBeHHO 265 H 212 Mm).
Ha pHc. 2, 6 Bujen Takxe BTOPOA rpebGeHb Ha cTeHKe ObLICTOTOKA (yXe 3a CyKeHHeM).

Ha puc. 3 npHBeaeHo CpasHeHHe 3MI0p pacueTa CYKeHHS (CIJIOWHbIE JHHHE) N0 ABYX-
MepHOi uHcaeHtoil Mogenn (nporpamma «BOP») ¢ skcnepumentoM (KpecTHkH). B cykenun
H 32 HHM HalIAJAHO BH/JHA nepecrpofka rayGHH nonepeuybix CeYeHHAX MNPH ABHXKEHHH
BAOJAbL pycJaa.

11 3ak. 935 321
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Puc. 1. PesyibraTm paciera TeueHHsi B cyXalomeMcA GhcTpotoKe mo nporpamme «BOP»:
a— Ha pelKol ceTKe pasMeposm 7X26 s4eek; 6 — Ha ryctofl ceTke pasmepom 28X 104 syefixu )
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Puc. 2. I'paduueckoe H3obpaikeHHe pe3y/NbTATOB pacieTa TeueHHA B cyXkKalouewmcs OblcT-
potoke no nporpamme «BOP» npH pasiAnuHBIX YKJIOHAX H ILEPEXOBATOCTAX:
a— npH n=0,016 # in=0,05;"6 — 0pA n=0 H in=0
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ITPHJIOKEHHE 4.2

BE3PASMEPHBIE OTMETKH 1HA RACCEHBAKIUHX TPAMNIJIHHOB
H BE3PASMEPHDBIE KOOPAHHATBI NOBEPXHOCTHBLIX JIHHHA TOKA

Ta6auua 1. BeapasMepHbic OTMETKH AHA PACCEMBAIOUIHX TPAMIIHHOB
61 02 03 0405 P! p BaIOW p

L’ q y 7 4 Besplsuepaue OTMETKH JHA Zpm NpH N
- w | s | os | os | 02 | oo
N R in=0,15; /6=0,1; Fra=10
: 0,0 0,0286 0,0286 0,0286 0,0286 0,0286 0,0286
3 0,1 0,0414 0,0416 0,0418 0,0419 0,0421 0,0422
N 0,2 0,0545 0,0546 0,0548 0,0550 0,0551 0,0553
L 0.3 0,0667 0,0666 0,0665 0.0665 0,0666 0,0667
N ) 0,4 0,0769 0,0760 0,0754 0,0749 00747 0,0748
¥ 0,5 0,0831 0,0810 0,0794 0,0783 0,0777 0,0777
R 0,6 0,0830 0,0794 0,0765 0,0745 0,0733 0,0730
xx % 0,7 0,0739 0,0685 0,0642 0,0611 0,0592 0,0587
3 0,8 0,0529 0,0462 0,0406 0,0363 0,0336 0,0327
N 0.9 0,0177 0,0115 0,0052 00008 | —0,0034 | —0,0048
3 l ‘ 1,0 | --0,0260 —0,0290 | —0,0352 —0,0414 —0,0460 —0,0483
N
N
2'0§' e “in=0,15; {/b=0,1; Fru=20 &
3 y 0,0 0,0286 0,0286 0,0286 0,0286 0,0286 0,0286
N 0,1 0,0424 0,0425° 0,0426 0,0427 0,0427 0,0428
N 0,2 0,0572 0,0560 0,0560 0,0560 0,0560 0,0561
N N 0,3 0,0689 0,0682 0,0677 0,0674 0,0672 0,0672
R N 0,4 0,0794 0,0776 0,0762 0,0752 0,0746 0,0745
X 0,5 0,0857 0,0822 0,0795 0,0775 0,0764 0,0761
N 0,6 0,0855 00799 | 0,754 0,0722 0,0702 0,0696
y 0,7 0,0761 0,0679 0,0614 0,0566 0,0537 0,0527
0,8 0,0545 0,0436 0,0349 0,0284 |- 0,0244 0,0230
253 Ul 0.9 00177 00046 | —00064 | —00145 | —0,0198 | —0,0217
R !X 1,0 | —0,0353 —0,0475 —0,0602 | —0,0701 —0,0765 —0,0791
NIVl in=0,15; #/b=0,1; Fra=50
o - 0,0 0,0286 0,0286 0,0286 0,0286 ©0,0286 0,0286
0,1 0,0431 |« 0,0431 0,0430 0,0430 0,0430 0,0430
3 . 0,2 0,0574 0,0569 0,0564 0,0562 0,0560 0,0559
s N 0,3 0,0706 0,0688 0,0675 0,0665 90,0660 0,0658
703 0,4 0,0813 0,0776 0,0748 0,0727 00714 0,0710
8 il oR | a |t | M| dmm | b | o
GHH Te- A 0,087 07 i 0657 0,062 061
f;';,;,,""fc‘;'&"a?oﬁfe‘;“ G- R g, 7 0,0778 n.osgg g.gggg 0,0473 0,0425 0,0409
cTpOTOKE NpH CiejyioluX 0v8 0,0556 0,03 s 0,0162 0,0101 0,0080
aRNHUECKHX ,  Yedo- N ,9 0,0177 —0,0048 —0,021 —0,0320 —0,0386 —40,0409
reap i, N 1,0 | —0,0384 —0,0665 —0,0866 —0,0993 —0,1062 | —0,1086
ckopocts U;=1,3 wjc; rayon-
= M; uHcao ®pyna
e vone VFE =237, ywnon N in=0,15; t/6=0,1; Fru=100
:-,,-‘;ndlt;; m;l;%ﬁ::;“":nyﬁ"“: R L 0,0 0,0286 0,0286 00286 0,0286 0,0286 0,0286
T em— 20 M M x 0,1 0,0433 0,0432 0,0430 0,0427 0,0423 0,0421
' ' i 0,2 0,0578 09,0568 0,0561 0,0555 0,0549 0,0547
0,3 0,0712 0,0683 0,0663 00647 | 00637 0,0633
0,4 0,0821 00766 .| 90,0723 0,0690 0,0666 0,0658
0,5 0,0886 0,0800 0,0733 0,0685 0,0655 0,0644
0.6 0,0883 0,0763 0,0670 0,0603 0,0565 0,0554
0,7 0,0785 0,0626 0,0504 0,0401 0,0336 0.0314
0,8 0,0560 0,0353 92,0200 0,0081 —0,0008 —0,0047
0,9 |- 00177 —0,0098 —0,0281 —0,0399 | —0,0474 |.—0,0505
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Mpodoaxcenue Taba. | npusco. 4.2 - fpodorenue raba. 1 npurox. 4.2

BespasMepHble OTMETKH AHA zam NDH 7 5 BespasMepHNe OTMETKH 18a Zam NpA 71
- K
08 | 0,6 | 0,4 0,2 0.0 10 | 0.8 06 04 0,2 0.0
in=0,15; t/b=02; Fry=10 0,3 0,1263 0,1248 0,1236 0,1226 0,1219 0,1217
3 4 2 , 0.4 0,1367 0,1332 0,1303 0,1281 0,1265 0,1260
0,0 0,0572 0,0572 0,0572 0,0572 0,0572 0,5 0,1424 0,1363 0,1316 0,1281 0,1259 0,1252
0,1 0,0701 0,0703 0,0705 0,0706 0,0707 0,6 0,1408 0,1317 0,1245 0,1193 0,1162 0,1152
0,2 0,0829 0,0831 0,0832 0,0834 0,0836 0,7 0,1289 0,1164 0,1062 0,0983 0,0930 0,0012
0,3 0,0944 00042 .| 00943 0,084} 0,0043 0,8 0,1041 0.0875 0,0746 0,0645 0,0576 0,0550
0,4 0,1032 0,1021 0,1014 0,1011 0,1012 0,9 0,0641 0,0418 0,0259 0,0148 0,0076 0,0048
0,5 0,1072 0,1050 0,1034 0,1025 0,1024 1,0 0.0093 —0,0197 ~-0,0396 _0'0522 _0'0591 —0'0616
o O O e i e
0.7 0,091 X 081 ; 07 i =03 {/b—0.1: Fro—
0.8 0,0665 0,0584 0,0523 00485 | 00472 baige= 0,85 {0l 1; Frun 10
0,9 0,0275 0,0170 0,0091 0,0040 0,0021 0,0 0,0294 0,0294 0,0294 0,0294 0,0294 0,0294
1.0 —0,0225 —00352 | —0,0450 | —0,0515 —0,0544 0,1 0,0555 0,0558 0,0561 0,0563 0,0566 0,0568
0,2 0,0285 0,0826 0,0830 0,0833 0,0836 0,0839
in=0,15; {/6=0,2; Fra= 0,3 0,1089 0,1087 0,1086 0,1086 0,1088 0,1091
=*=0,10; Hb==S; Dines 0,4 0,1329 0,1316 0,1308 0,1302 0,1300 0,1302
0,0 0,0572 0,0572 0,0572 0,0572 0,0572 0,5 0,1522 0,1493 0,1472 0,1458 0,1450 0,1451
0,1 0,0845 0,0844 0,0842 0,0842 0,0842 0,6 0,1641 9,1591 9,1552 0,1526 0,1511 0,1509
0,2 0,0845 0,0844 0,0842 0,0842 0,0842 0,7 0,1653 0,1578 0,1520 0,1479 0,1456 0,1450
0,3 0,0963 0,0954 0,0947 0,0943 0,0943 0,8 0,1521 0,1421 0,1343 0,1288 0,1255 0,1246
0.4 0,1049 0,1027 0,1011 0,1002 0,0999 0.9 0,1206 0,1089 0,0994 0,0926 0,0885 0,0873
0.5 0,1086 0,1046 0,1018 0,1002 0,0997 1,0 0,0678 0,0588 0,0487 0,0412 0,0365 0,0350
0,6 0,1048 0,0987 0,0942 0,0916 0,0907 :
0,7 0,0009 | 0,821 0,0756 0,0756 0,0701 g
0.8 0,0638 0,0524 0,0439 0,0385 0,0366 iw=0,3; #/b=0,1; Fra=20
tl},g wg.gggg _8.0616 :g.ggs 5 73'8;23 *g.g_l,gz 0,0 0,0294 0,0294 0,0294 0,0294 0,0294 0,0294
i 1 ,0560 A | ; 0,1 0,0572 0,0574 0,0576 0,0577 0,0578 0,0579
) 0,2 0,0851 0,0851 0,0852 0,0852 0,0853 0,0855
in=0,15; t/6=0,2; Fry=>50 0,3 0,1120 0,113 0,1108 0,1105 0,1104 0,1105
0,0 0572 0,0572 0,0572 0,0572 0,0572 0,4 0,1363 0,1343 0,1327 0,1327 0,1311 0,1311
0.1 g.mvi'.r 0,0713 0.0704 0,0,292 0.0687 0,5 0,1557 0,1517 0,1487 0,1465 0,1453 0,1451
0.9 0,0852 0.0844 0.0834 00822 0.0818 0,6 0,1675 0,1610 0,1560 0,1525 0,1504 0,1499
0.3 0,0966 0,0044 0,0925 0,0909 0.0903 0,7 0,1685 0,1591 0,1519 0,1467 0,1436 0,1427
0.4 0,1046 0,1002 0,0964 0,0934 0,0922 0,8 01550 .| 10,1426 0,1339 0,1261 0,1220 0,1208
0,5 0,1077 0,1010 0,0958 0,0921 0,0907 0,9 0,1232 0,1077 0,0956 0,0872 0,0821 0,0806
0,6 0,1033 0,0939 0.0871 0,0830 0,0816 1,0 0,0698 0,0537 0,0398 0,0300 0,0242 0,0222
0,7 0,0884 ' 8,0758 o,gﬁga 0,8586 g,osg(s)
0,8 0,0599 0446 0,0321 0,0223 01 .
0.9 0,0139 ~0,0042 —0,0167 —0,0255 —0,0294 in=0,3; #/b=0,1; Fry=>50
1,0 0,0507 —0,0730 —0,0857 —0,0904 —0,0906 0,0 0,0295 0,0295 0,0295 0,0295 0,0295 0,0295
g, 5 o,osgg 0,0584 g.ggg; 0,0584 0.05g4 0,0584
; 0,08 0,0866 i 0,0861 0,0860 0.0861
in=0,15; {/6=03; Fra=10 0,3 0,1143 0,1129 0,1118 0,1110 0,1106 0,1105
0,0 0,0857 0,0857 0,0857 0,0857 0,0857 0,4 0,1389 0,1356 0,1331 0,1313 0,1303 0,1300
0,1 0,0988 0,0990 0,0992 0,0993 0,0994 0,5 0,1584 0,1528 0,1484 0,1453 0,1435 0,1430
0,2 0,1116 0,1118 0,1119 0,1121 0,1123 0,6 0,1702 0,1617 0,1551 0,1503 0,1475 0,1467
0,3 0.1230 0,1226 0,1224 0,1224 0,1225 0,7 90,1710 0,1594 0,1502 0,1435 0,1394 0.1381
0,4 0,1314 90,1301 0,1291 0,1287 0,1287 0,8 0,1573 0,1420 0,1303 0,1220 0,1169 0,1152
0,5 0,1349 0,1322 © 0,1302 0,1291 0,1290 0.9 0,1251 0,1054 0,0909 0,0810 0,0752 0,0734
0,6 0,1309 0,1263 0,1229 0,1210 0,1205 1,0 0,0710 0,0477 0,0302 0,0188 0,0124 0,0103
0,7 0,1167 0,1097 0.1045 0,1013 0,1003
0,8 0,0896 0,0801 0,0730 0,0685 0,0669 _ ;
0,9 00475 -| 0,085 0,0260 0,0203 0,0181 in=0,3; t/6=0,1; Fra=100
1,0 ~D0Tg | =RER | —005ME | ~00HZ | <008 0.0 0,0295 0,0295 0,0295 0,0295 0,0295 0,0295
' vh | g | o | ame | oams ) om | o
. =03 Fr.— . ,0881 X X X i 0,0854
in=0,15; t/b=03; Frz=20 0.3 0.1160 0.1131 0.1110 01095 0.1086 01083
0,0 0,0857 0,0857 0,0857 0,0857 0,0857 0,4 0,1409 0,135 0,1312 0,1280 0,1260 0,1263
0.1 0,0999 0,0999 0,0996 0,0093 0,0991 0,5 0,1607 0,15%4 0,1459 0,1411 0,1382 0,1373
0,2 0,1133 0,1130 0,1127 0,1124 0,1123 . 0,6 0,1725 0,1612 0,1522 0,1458 0,1420 0,1409
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ITpodoarxcenue Taba. | npuroxc. 4.2 . Mpodosxenue taba. | npurosc. 4.2

BespasMepHbe OTMETKH AHA Zam MpH N . Bespasmepubie OTMETKH AHA Znw TDH N
1.0 o8 | o8 | o4 | 02 | o0 w | es | ee | ou | o 0.0
13 in=03; 1/6=0,3; Fra=20
0
0’8 o158 814533 31:333 3::?33’ giigg 1073 9.0 0,0885 0,0885 0,0885 0,0885 0,885 | . 0,0885
0.9 01266 0,1023 00856 00747 00684 0.0663 e gugg . 8'}128 D gﬂ% 01158
f y Y 00 i g , \ ; i i i 0,1428
1.0 0,0719 00413 | 0,208 0,0087 0,0028 0,001 03 S e ! i 0 e
f 0,4 0,1936 0,1914 0,1877 0,1846 0,1828 0,1821
, in=03; t/b=02; Fra=10 , g.g g.z; 16 0,2070 0,2013 0,1969 0,1943 0,1934
0,0 0588 0,0588 ,0588 0! 0,0588 0,0588 ' 12213 09,2139 0,2058 0,1998 0,1962 0,1950
0.1 8:0344 0,0848 8'8352 g.()asgg 0,0858 0,0860 0,7 0,2193 0,2086 0,1979 0,1895 0,1841 0,1823
0.2 0,1107 01111 01114 01118 0.1121 01125 o 0,2025 0,1879 0,1749 0,1647 0,1585 0,1562
0,3 0,1362 0,1360 0,1359 0,1359 0,1361 0,1365 74 0,1680 0,1479 0,1323 01218 0,1154 0,1132
0,4 0,1592 0,1577 0,1567 0,1561 0,1559 0,1562 1 0,1152 0,0885 0,0692 0,0575 0,0515 0,0497
0,5 0,1774 0,1740 0,1715 01699 0,1691 0.1603
o | g | oum | omm | | s | ot e
. 0, 0,1876 1 ; ; ; 164
0.8 01730 01614 0,1524 0,1461 0,1424 0,1414 0,0 0,0313 0,0313 0,0313 0,0313 00313 0,0313
09 01409 01300 0,146 0,1066 0,1019 01005 Be o g s o e o181
1,0 0,0895 0,0733 0,0597 0,0503 0,0447 0,0428 e gl S22 s ) - o1zl
0,4 0,2097 0,2078 0,2067 0,2059 0,2057 0,2059
v e 03 | fme | aam | oue | e | ) o
0,0 0,0589 0,0589 0,0589 0,0589 0,0589 0,0589 . ) 2 y 2586 0,2583
0,1 0,0866 0,0869 0,0869 0,0870 0,0871 0,0872 0,7 0,2904 0,2811 0,2740 0,2690 0,2662 0,2655
0,2 0,1142 0,1141 0,1141 0,1140 0,1141 0,1143 0.8 0,2884 0,2754 0,2671 0,2606 0,2569 0,2559
0,3 0,1407 0,1396 0,1388 0,1382 0,1380 0,1381 0,9 0,2642 0,2497 0,2385 0,2307 0,2262 0,2249
0,4 | 01 0,1615 0,1594 0,1578 0,1570 0,1570 1,0 0,2126 0,1989 0,1869 0,1785 0,1736 0.1722
0,5 0,1829 0,1777 0,1738 0.1710 0,1695 0,1692
0.7 0199 G818 01732 01609 0163 oiold in=05; {/6=0,1; Fry=20
i ,19 ; i ) :
0,8 01778 0,1631 0,1520 0,1441 0,1392 0,1377 0.0 0,0314 0,0314 0,0314 0,0314 0,0314 0,0314
0,9 0,1448 0,1258 0,1118 0,1023 0,0067 0,0949 3-12 g.(l}zg g%gé g,tl);gg g,tl);gtli g.t]l;gg g,tlrgssg
1,0 1 0691 052 0,0409 0,0346 0.0326 .. : i
b oo Qe . 0,3 0,1707 0.1700 0,1694 01691 0,1691 0,1693
0,4 0,2136 0,2112 0,2094 0,2083 0.2077 0.2078
in 50.3‘ ”b-=0.2. Fl‘n-_- g|g DvgggT gvgg?g gvgégg g-;g(l’_!' g-ggﬂs 0.2:;86
0,0 T 0589 0,0589 0,0589 0,0589 0,0589 ' 0,2787 ; ; ! 94 0,2589
© 0,1 3.8233 g.ﬁo 0,0878 0,0873 0,0867 0,0864 0.7 0,2937 0,2834 0,2755 0,2698 0,2665 0,2655
0,2 0,1168 0,1159 0,1152 0,1145 0,1139 0,1137 0,8 0,2914 0,2788 0,2681 0,2609 , 0,2555
0,3 0,1442 0,1414 0,1393 0,1377 0,1366 0,1362 0,9 0,2670 0,2508 0,2385 0,2301 0,2251 0,2237
0,4 0,1685 0,1633 0,1590 0,1557 0,1533 0,1525 1,0 0,2155 0,1987 0.1850 0,1756 0,1703 0.1687
0,5 0,1875 0,1794 0,1730 0,1682 0,1651 0,1642
0.6 0,1982 0,1872 0,1784 0.1720 0,1681 0,1669 1a=05: t/b=0,1; Fram—
0,7 0,1974 0,1831 0,1717 0.1629 0,1572 0,1553
0.8 01818 0,1635 0,1499 0,1396 0,1327 01302 0,0 0,0315 0,0315 0,0315 0,0315 0,0315 0,0315
0,9 0,1480 0,1244 0,1079 0,0970 X 0,0881 8.; g.?g g?ggg 3,08001272 3.0800]270 8?3&[) g.fllg%'
1,0 0,0941 0640 0,0439 0,0317 0,0256 0.0238 . : ; ; ; i \
- “ 0,3 0,1746 0.1729 01715 01706 01701 0,1701
0.4 0.2179 0,2140 0.2110 0,2089 0,2075 0,2075
in=03; {b=03; Fra=10 0,5 0,2551 0,2486 0,2436 0.2400 0,2380 0,2375
0,0 00885 0,0885 0,0885 0,0885 0,0885 0,0885 2.8 0,2830 0’253;, e o oAl 0,2572
0.1 0.H57 0.1156 0,1155 0.1155 0,1154 0.1154 s P e Lot s e i
0,2 0,1397 0,1420 01420 0,1418 0,1416 01415 ; , : : ¢ : g
/ (1 0,9 0,2703 0,2514 0,2375 0,2280 0,2226 0,2209
AE. BE AR Wy EE SR Do | Gne | ol | G0 | OEE | SRS | Gk
0.5 0,2048 0,2038 0,1999 0,1 0,1950 01945 y .
0,6 0,2142 0,2106 0,2046 0,2000 0,1972 0,1963 in=0,5; {/b=0,1; Fra=100
0% | Oi%e4 | Odes | Oi746 | Olsss | oisis | o102 0.0 | og3ie | 0ale | 0036 | 0mI6 | 06 | 006
0.9 | 0160 | QTS | oI\ | Ols | Oils9 | 0172 02 | Ol | o | otors | o012z | oi2ro | 01270
.9 0.1120 0,0014 00745 0638 0,0579 00661 0.3 0,1754 0,1733 0,1716 0,1705 01699 * | 0,1698
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fipodoracenue raba. 1 npuaos. 4.2 Ipodosxcenue aba. 1 npusox. 4.2

BeapasmepHHe OTMETKH AHa Zxm NPH N

BespasmepHble OTMETKH AHA Zum NpH 7t 8y
1.0 o |- e b 0w 0.2 00 | o 0.6 04 0.2 0.0
0,4 0,2188 0,2144 0,2109 0,2085 0,2071 0,2068 0,8 0,3219 0,3089 0,2991 0,2922 0,2883 0,2875
0,5 0,2561 0,2490 0,2434 0,2395 0,2372 0,2365 0,1 0,2959 0,2795 0,2673 0,2592 0,2546 0,2535
0.6 0,2840 0,2741 0,2663 0.2607 0.2573 02563 1,0 0,2465 0,2278 0,2135 02041 | 0,1989 0,1976
0,7 0,2987 0,2859 0,2759 0,2686 0,2641 0,2627
g,g g,ggﬁ g,zgag ggggg 0,2595 0.2343 8,2527 in=0,5; {/b=0,3; Fry=20
: 251 0,2274 0,2219 2201
0 y ] ; ’ 0,0 0,0948 0,0948 0,0948 0,0948 0,0948 0,0948
1 0,2195 0,1967 0,1800 0,1692 0,1633 0,1614 o A et olals olats P ET e
: 0,2 0,1772 0,1770 0,1769 0,1769 0,1770 0,1773
in=0,5; t/b==0,2; Fry=10 8'3 0.2221 o,gggrg g,zégg 0.21532 og& 0,2185
0,0 0,0632 0,0632 0,0632 0,0632 0,0632 0,0632 , 0,2634 0, 2 0,2 0, 0,2538
0,1 0,1055 0.1061 0,1066 0,1071 0,1076 0,1080 0,5 0,2983 0,2920 0,2871 0,2838 0,2820 0,2818
0,2 0,1500 0,1506 0,1511 0,1516 0,1522 0,1528 0,6 0,3234 0,3144 0,3073 0,3023 0,2995 ;
0,3 0,1940 0,1937 0,1937 0,1939 0,1942 0,1948 0,7 0,3450 0,3232 0,3140 0,3072 0,3032 0,3022
0,4 0,2351 0,2333 0,2320 0,2314 0,1213 0,2318 0,8 0,3293 0,3145 0,3033 0,2953 0,2905 0,2892
0,5, 0,2705 0,2664 0,2635 0,2616 0,2608 0,2610 0.9 0,3026 0,2839 0,2704 0,2613 0,2662 0,2548
0,6 0,2967 0,2900 0,2849 0,2815 0,2798 0,2797 1,0 0,2526 0,2304 0,2142 0,2038 0,1982 0,1967
0,7 0,3101 0,3005 0,2931 0,2880 0,2851 0,2847
0,8 0, 0,2938 0,2843 0,2776 0,2738 0,2730
0,9 0,2813 0,2657 0,2539 0,2459 0,2414 0,2403 in=1,0; i/b6=0,1; Fra=10
1,0 0,2312 0,2145 0,2011 0,1921 0,1870 0,1857 0,0 0,0384 0,0385 00387 00388 |. 0,0389 0,0389
0,1 0,1273 0,1280 0,1287 0,1293 0,1299 0,1305
in=0,5; t/6=0,2; Frg=20 g,g 0.22é g g.g‘ﬁg g.gﬁ; g,gﬁg g.gﬁ; g,gz:g
0,0 0,0632 0,0632 0,0632 0,0632 0,0632 0,0632 0.4 3‘2555 04026 0,4004 0,3991 0,3986 oZagass
0.1 0,1089 0,1095 0,1097 0,1085 0,1100 0,1102 0,5 0,4876 0,4816 04772 04742 04727 04725
0,2 0,1552 0,1552 0,1553 0,1554 0,1556 0,1559 0.6 05568 0.5477 0.5406 0.5357 05330 0,5324
0,3 0,2002 0,1991 0,1983 0,1978 0,1977 0,1980 0,7 0‘6073 0.5958 0.5865 0.5798 0.5759 0.5749
0,4 0,2419 0,2366 0,2351 0,2344 0,2345 0,8 0.6340 0:6203 0'5094 0:501 6 0:5970 0'5955
08 | o3t | G384 | om0 | osads | oOzew | ozais 09 | 0625 | 0142 | 06027 | 05044 | 0585 | 0588l
07 03166 03034 i 3906 03869 02860 1,0 0,5834 0,5725 0,5624 0,5547 , 0,5489
» 0.2 0.26 'y v 0,2420 'y = A = % ==
10 02365 02162 0:2008 01908 01852 01837 - Supiel 3 syl wadl dy BruesiX]
0,0 0,0391, 0,0392 . 0,0393 g.(l)ggg g.?gg; 3.0394
0,1 0,1318 0,1323 0,1328 i ; 1341
in=05; 1/b=0,2; Fru=50 ; 0,2 0.9267 02269 0.2271 02274 0,2278 0,2283
0,0 0,0632 0,0632 0,0632 0,0632 0,0632 0,0632 0,3 0,3206 0,3195 0,3188 0,3184 0,3184 0,3188
0,1 0,1114 0,1114 0,1113 01111 0,108 0,1108 0,4 0,4103 0,4069 0,4044 0,4028 0,4021 0,4022
0,2 0,1593 0,1584 0,1577 0,1572 0,1569 0,1569 0,5 0,4919 0,4855 0,4806 04773 0,4755 0,4753
0,3 0,2056 0,2028 0,2006 0,1991 0,1982 | 0,1981 0,6 0,5607 0,5510 0,5436 0,5384 0,5355 0,5348
0,4 0,2481 0,2428 0,2385 0,2354 0,2335 0,2329 0,7 0,6110 40,5088 0,5891 0,5922 0,5782 0,5771
0,5 0,2842 0,2762 0,2699 0,2652 0,2624 0,2616 0,8 0,6368 0,6228 0,6117 0,6037 0,5990 0,5977
0,6 0,3104 0,2997 0,2913 0,2852 0,2816 0,2806 0,9 0,6310 0,6164 0,6046 0,5962 0,5913 0,5898
0,7 0,3231 0,3097 0,2991 0,2913 0,2865 0,2850 1,0 0,5861 0,5746 0,5640 0,5562 0,5515 0,5502
0,8 0,3183 0,3018 0,2804 0,2804 0,2749 0,2731 :
0,9 0,2921 0,2716 0,2568 0,2470 0,2413 0,2395
1,0 0,2413 0,2168 0,1993 0,1883 0,1824 0,1807 in=100; t/b=0,1: Fry=
0,0 0,0396 0,0397 0,0397 00397 0,0397 0,0398
0,5; 1/b=0,3; Fra=10 0,1 0,1359 0,1361 0,1363 0,1365 0,1367 0,1369
ta=pliD} HOAmO0,; T 0,2 0,2323 0,2319 0,2316 0,2315 0,2316 0,2318
0,0 0,0948 0,0948 0,0948 0,0948 0,0948 0,0948 0,3 0,3268 0,3247 0,3232 0,3222 0,3218 0,3210
0,1 0,1273 0,1279 0,1285 0,1290 0,1294 0,1298 0,4 0,4166 0.4119 0,4083 0,4059 0,4046 0,4045
0,2 0,1716 0,1722 0,1727 0,1732 0,1738 0,1744 0,5 0,4980 0,4902 0,4841 0,4799 04775 0,4770
0,3 0,2152 0,2148 0,2146 0,2147 0,2150 0,2157 0,6 0,5661 0,5554 0,5470 0,5410 0,5344 0,
0,4 90,2556 0,2 0,2520 0,2512 0,2510 0,2516 0,7 0,6157 0,6027 0,5924 0,5849 ! 0,5792
0.5 0,2900 0,2856 0,2823 0,2803 0,2794 0,2797 0.8 i 0,6262 0,6146 0,6063 0,6013 0,5999
0,6 0,3150 0,3079 03025 |  0,2987 0,2970 0,2970 0,9 0.6347 0,6194 0,6071 0,5983 0,5932 0,5917
0,7 0,3270 0,3170 0,3093 0,3089 0,3009 0,3005 1,0 0,5001 0,5772 0,5660 0,5577 0,5528 0,5513
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IIpodoaenue Taba. | npurox. 4.2 ' Oxkonuanue Taéa. 1 npurow. 4.2

BespasMepHLle OTMETKH AHa zas NpH 1 BespasMepHble OTMETKH AHE Zzm NPH 7
H
w | o8 | oes | o4 | 02 0.0 ) 1,0 0.8 | o6 | 04 | 02 0.0
in=1,00; {/6=0,1; Fra=100 in=1,00; t/b6=90,2; Fra=100
0,0 0,0398 0,0398 0,0398 0,0399 0,0399 0,0400 :
0.1 0,1377 0.1377 0,1377 01377 |- 01377 0.1378 B 0,0796 0,0796 0,0796 0,056 0,0796 0,0796
02 g San R ate Q.80 1578 0.1 0,1775 01772 01771 0,1767 0,1759 0,1756
0.3 0,3303 0.3271 0,3246 03230 03221 0,3220 0. 0,2745 0,2724 92711 0,2702 0,2696 0,2696
e 0400 ] i oo e o 0.3 03688 0,3638 0,3599 03571 0,3552 0.3547
0.5 05018 0,4926 0,4854 0.4801 04770 0,4761 Dk Game | oAae Dars e Gaa ol
' g : : g . - 0,5 0,5361 0,5356 05172 0,5110 0,5072 0,5061
0.6 0,5698 0,5580 0,5486 0,5418 0,5378 0,5366
0,6 0 0,5880 0,5779 0,6707 0,5664 0,5652
0.7 0.6190 0.6051 05941 | 05862 0,5814 0,5799
0.7 0,6461 06316 0,6202 06116 : 0.6046
0.8 0,6437 0.6284 0.6163 0.6075 0,6024 0,6007
0.8 0,6673 0.6515 0,6391 0,6300 0,6242 0,6224
Uo 0500 05788 05670 05584 0553 05ss 0.9 0,6589 0,6421 0,6290 0,6197 0,6142 0,6126
' s 9, 56 . : 1.0 0.6154 0,5998 0.5870 0,5778 05725 0,5700
n= 1.00; Ub=0,2, Fra=10 iu=l,00; Ub=0,3; Fl'n= 10
0,0 0,0767 0,070 00772 0,0774 0,0776 0,0778 ;
0.1 0,1630 0,1642 0.1652 0.1661 0,1670 0,1678 0,0 0,150 0,150 0,1150 0,1150 0,1150 0,1150
0.2 0,2538 0.2547 0,2556 0.2565 0,2575 0.2585 0.1 0,2002 0,2016 0,2029 0,2040 02051 0.2061
0.3 0,3446 0,3442 03441 0,3443 0,3449 0,3450 0.2 0,2889 0,2900 0.2912 0,2934 0,2936 0,2048
0.4 04316 0,4288 0,4269 0.4259 0,4257 0,4264 0.3 0.3773 0,3769 0,3770 0,3775 03784 03797
0.5 0.5106 0,5047 0,5004 04976 0,4964 0,4968 0.4 0.4616 0.4588 04570 . | 04561 0.4563 04574
0.6 0.5767 0,5676 0.5607 0,5560 0,5536 0.5535 0.5 0,5376 05317 05275 0,5249 0.5240 0,5247
0,7 0,6245 0.6127 0,6036 0,5072 0,5936 0,5030 0.6 0,6004 0.5915 0,5848 0,5803 0,5781 0,5784
0.8 0,6482 0.6 06239 0.6164 0,6121 0.6112 0.7 0,6449 0,6335 06247 0.6185 0,6153 0,6151
0.9 0.6414 0,6270 0,6155 06074 0.6028 0,6018 0.8 0,6659 0,6526 0,6423 0,6351 0.6311 0,
1.0 0,5975 0,5857 0,5753 0,5675 0.5631 0,5621 0.9 0,6576 0,6432 0,6319 0,6241 0,6198 06191
1°0 0:6148 0,6022 05914 0,5836 0,5794 05787
in=1,00; {/6=0,2; Fra=20 |
0, (l) 0,0782 00784 0,0785 0,0786 0,0788 0,0789 ix=1,00; {/b=0,3; Fra=20
gl SER | g b | i | B | R oo | | S | oum | | e | o
0.3 0,3542 03520 | 03521 03518 0.3519 0.3525 B 0,2084 g,2002 o e e 0311
0,4 0.4413 04374 0,4346 014329 04322 0,4327 0, 0,3003 ' 307 yird ¢ ;
0.5 0.5198 05129 0,5077 0,5042 0,5025 0,5025 0,3 0,3903 0.3885 03874 03870 0,3871 0,3878
o OReis gt 4 iy e Lt 0.4 0.4752 04708 04676 0,4656 0,4648 04654
0.7 06318 06195 0,6099 0.6030 0,5991 0,5083 0,5 05510 0,5436 0,5380 0,5343 05325 05327
0.8 0,6545 0,6405 0,6295 0,6217 0,6172 0,6162 0,6 0,6129 -0,6029 Do S 0,5868 0,5866
03| he | aeR | MER | dmm | S | RS 0P| me | ae | oE | omm | SER | A
1.0 0,6037 0,5908 0,5797 05716 0.5669 0.5658 09 06669 0,6518 0,6399 0.6316 0,6270 0.6261
1,0 0,6241 0,6103 0,5986 0,5903 0,5857 0,5848
in=1,00; f/b =10,2; Fra=>50 ‘
0,0 0,0792 0,0792 00792 0,0792 00792 * | 00792 fa=1,00; t/6=0,3; Fry=>50
i) Gl o b g et b s 0,0 01159 .| 0,1159 0,159 0,1159 0,1159 0.1150
o' e . e o ror] g 0.1 0,2148 02148~ | 02148 0,2147 0.2145 0,2146
0.4 0,4519 0,44, 0,4411 10,4378 0,4359 0,4357 0,2 03100 0,3083 03073 0,3068 030685 03068
0,5 05215 05144 05003 0 0,3 0,4024 0,3980 0,3947 s 13912 0,3912
0.6 0,5051 . 0,5745 0/5680 0.5643 0,5634 0.4 0,4886 04814 0,4756 0,4712 0,4685 0,4679
0: 7 : 0‘6274 0:6' 67 0:6%0 0:6045 0" 3 0,5 0,5648 0,5550 0,5473 0,56416 0,5383 0,56376
0.8 06626 | . 0.6476 0,6358 06273 06223 0,6210 0,6 0,6265 06145 0, 0.5 0,5945 0.5037
0,9 0,6456 0,6386 0,6260 06170 0,6118 0,6104 0 i oo s Seaia 006t 0am
Lo 0.6112 05967 0846 05788 0.5708 05605 0.9 0,6776 0,661 0,6483 0,6393 0.6342 0.6328
1.0 0,6345 0.6188 0.6060 0,5970 0,5920 0
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Ta6anuna 2. BeapasMepHule KOOPAHHATH X H J MOBEPXHOCTHBIX JHHHA TOKa

Y OpH n

Sx x

1,0 0.8 0.6 04 0,2 0,0
0,0 0,0000 0,1414 0,1131 0,0848 0,0566 0.0283 | 0,0
0,1 0,1000 0,1414 0,1131 0,0848 0,0566 0,0283 | 0,0
0,2 0,2000 0,1415 0,1132 0,0849 0,0566 0,0283 | 0,0
0,3 0,3000 0,1418 0,1134 0,0851 0,0567 0,0284 | 0,0
0,4 0,4000 0,1429 9,1143 0,0857 0,0572 0,0286 | 0,0
0,5 0,4999 . 0,1458 0,1167 0,0875 0,0583 0,0292 | 0,0
0,6 0,5997 0,1524 0,1219 00914 00610 | 0,0305 | 0,0
0,7 0,6982 0,1652 0,1321 0,0991 0,0660 0,0330 | 0,0
0,8 0,7962 0,1878 0,150 0,1125 0,0749 0,0445 | 0,0
0,9 0,8882 0,2249 0,179 0,1340 0,0891 0,0445 | 0,0
1,0 0,9698 0,2828 0,2228 0,1653 0,1094 0,0545 | 0,0

ITPHJIO)XEHHE 4.3

MPUMEP PACHETA PACCEHBAIOWEIO TPAMIVIHHA

Uexopnme pamnue. Hmeercs npsaMoyroabHbtil GBICTPOTOK WIMPHHONK b=2 M C YKJIOHOM
iy = 0,3; pacxon soanl Q@ = 9,35 mM3/c; ToNUIHHA NOTOKa B Koule GbicTpoToka f=0,4 M;
BLICOTA MajeHHs MoToKa hy = 3 M; ray6HHa BoAb B HHMCHeM Obede hyg = 0,5 M; cpennuit

Auamerp uyactHl rpynta d = 0,5 cm.
TpeGyercs HaNTH KOHQUIYPAUHIO PACCEHBAOWEro TPaMMJIHHA, OTOGpacHBalOLEro

MOTOK B IUHPOKHH HHMKHHI Gbed NpH 3HAYEHHH yIJia PACUIHPEHHs NOTOKA B MJaHe 20y, =

= 90° nox yraom Pyx = 35° K ropH3oHTy.
Pewenne I. OnpesenseM napaMeTphi, XapakTepH3ylolUlHe TPaMIVIHH:

OTHOWeHHE = = —5 = 0,2;

CKOPOCTb B Haualle TPAMIUIHHA Uy = 5 g7~ = 1,7 mlc;

yHcao ®pyna Fry = o T 9804 35.
2. Mpunsie p =5, A= 2 H ayg = 45°, Bouncasem no cdopmyae (4.102)
bp (A—1) 2.5 (2—1)
Ly= = =7,07 m.
" 2 sin agk © 2.0,707 | -
3. [poMHTepNOJHPOBAB KaHHbe Tabauu npuaokenns 4.2 mexny Fr, =20 u 50, no-
JNiyyaeM Ge3pasMepHble KOODJAHHATH JHa pacCceHBaollero TpaMmmiuxa (tabna. 1).
YMioxHB GeapasMepHble KOOPAHHATH AHA Zyy HA XapaKTepHYIO AIHHY Ly = 7,07 M,

nosyyaem OTMeTKH AHa, M (tabn. 2).
YMHOXKHKB Ge3apa3MepHbleé KOOPAHHATH X H i HA XapakTepHyio aauny L, = 7,07 m,
noJaydydeM KOOPAHHATHl TOYEK NOBEPXHOCTH AHA TPAMIJIMHA, HMEIOWHX OTMETKH, BHIYHC/IEH-

Hble B MpelbAyleM nyHkre (Taba.

Ta6anna 1

BeapasMepHBE OTMETKH AHa —Zy,, TH N

“ 10| 0,9 ] 0.8 0.7 | 0.6 05 | o4 | 03| o2 | ot | o0

0000] 0,0000{ 0,0000( 0,0000{ 0,0000| 0,0000{ 0,0000
,0286| 0,0286| 0,0286| 0,0285( 0,0285| 0,0284( 0,0284
0,0575|0,0570{0,0566( 0,0561 0558/ 0,0556/ 0,0554] 0,0552( 0,0551| 0,0550( 0,0550
0,0848]0,0832{0,0819( 0,08u0, 0,0799| 0,0792| 0,0786| 0,0782| 0,0778| 0,0776( 0,0766

,0(0,0000(0,0000(0, 0000 0,0000] 0
0

; L(;,IOBSO,IOE»OO.IOCSS 0,1014 §0996 0,0981} 0,0968 0,0958| 0,0952 0,0947| 0,0946
0
0

,110,0290(0,0289(0,0288| 0,0287

2

3

4

5/0,1274/0,1232[0,1194] 0,1162 34| 0,1110{ 0,1092| 0,1076| 0,1067 0,1061| 0,1060
,6/0,1376(0,1318)0,1267| 0,1218 84| 0,1152({ 0,1126{ 0,1106| 0,1092 0,1085] 0,1082
710, 1365(0,1289(0,1222) 0,1165 15/ 0,1072|0,1036( 0.1008| 0,0988| 0,0976 0,0972
8/0,1208(0,1110[0,1027| 0,0956| 0,0894| 0,0843| 0,0800| 0,0766| 0,0742| 0,0725 0,072]
9 0,0378| 0,0342( 0,0316| 0,0301| 0,0296
0 —0,0252|-0,0286|—0,0308|—0,0320{-0,0324

0,0874(0,0748/0,0641} 0,0554| 0,0482| 0,0424
,0]0,0347|0,0181|0,0054|—0,0053|—00138|-0, 0!

TaGanua 2

Rk . OTMeTKH IHA —2gy Ly M. TDH 2
“110]os |os|o7]os|os |os |03 | oz | o1 0,0
0.0 | 0,00 |0,00]0,00[ 0,00 0,000 0,00 0,00/ 0,00/ 0,00/ 0,00 0,00
0,1 0,20 | 0,20 | 0,20 0,20 0,20 0,20 0,20 0,20 0,20 0,201 0,2
0,2 | 0,41 | 0,40 | 0,40 0,40, 0,40 0,39 0,39 0,39 0,39 0,39 0,39
0,3 | 0,60 0,59 | 0,58 0,57 0,56 0,56 0,56 0,55 0,55 0,55 0,54
0,4 10,770,755 | 0,73 0,72 0,70 0,70 0,68 0,67 0,67 0,67 0,67
0,5 10,9 (0,87 0,84 0,82 0,80 0,79 0,77 0,76 0,75 0,75 0,75
0,6 10,97/0,93 (0,89 | 0,86 0,84 0,81 0,79 . 0,78 | 0,77 0,77 0,77
0,7 10,97|0,91 0,86 | 0,8 0,79 0,76 | 0,71 0,70 | 0,69 0,69 0,69
0,8 (0,8 |0,69(0,72 0,68/ ‘0,63 0O 0,57 0,54 0,52 0,51 0,51
0,9 | 0,62 0,53 0,45 0,39) 0,34 0, 0,27 0,24 0,22 0,21 0,21
1,0 0,250,113 | 0,04 |—0,04/—0,101—0,14"|—0,18 |—0,20 |—0,22 |—0,23 | —0,23
Ta6auna 3
) ] Y. M, TpE 1
s -
B R e | 0.9 | 0,8 | 0,7 | 0,6 | 0.5 | 0,4 | 0.3 | 0,2 | ou \o.oo
0,0 |0,00|1,00)0,9 0,8 |0,70 (0,60 (0,50 |0,40 | 0,30 0,20 0,10 ] 0,00
0,1 (0,71 | 1,00 0,9 (0,8 | 0,70 | 0,60 | 0,50 | 0,40 | 0,30 | 0,20 | 0,10 | 0,00
0,2 1,41 1,00 0,9 |0,8 0,70 0,60 0,50 | 0,40 | 0,30 | 0,20 | 0,10 | 0,00
0,3 |2,12|1,00 (0,9 (0,8 | 0,70 0,60 0,50 (0,40 | 0,30 | 0,20 | 0,10 ) 0,00
0,4 (2,831,011 |0,91|0,81]0,71)0,61]0,50]0,40(0,30]0,20]| 0,10 (06,00
0,5 {3,53/t1,0310,93/0,82!0721062(0,52]0,411{0,31]0,21}0,10{0,00
0,6 | 4,24 |1,08/0,97 (0,8 (0,75|0,65)0,54)0,43(0,32]0,22(0,11 0,%
0,7 1493(1,17|1,06|0,93(0,8 (0,70 0,58 |0,47 |0,35]0,23] 0,120,
0,8 [563(1,33|1,19]|1,06(0,93|0,79)| 0,66 0,53 | 0,40)0,26| 0,13 | 0,00
0,9 /6,28 |1,59(1,43}1,27|1,11(0,9]0,79|0,63(0,47]0,31 0,16 0,00
1,0 | 6;85| 2,00 1,791,577 |1,37|1,17/0,97 | 0,77 ] 0,58 | 0,39 | 0,19 | 0,00

’
6. Buiuncasiem no dopmyie (4.104) nanbHocTh orbpoca NoTokKa

11,7 -, 2.3.98
lmax="T55 0% [l—l— ]/|+ TR J =16,5 .

7. Io dopmyne (4.105) naxoAMM WHPHHY Clela CTPYH B MecTe ee NAjeHHA NpH
B=bh=22=14 m ) .
45

4
i (16,5+ E,T)=29 M.

len=2

8. Onpenensem no/?)opuyne (4.106) pacyeTHbifi yleNbHHR pacxoj B MecTe majeHus
¢ yueroM 3anaca B 10 %:

9,35
q,,=l.l TQ- =0,355 m¥/c.
' 9, BuuHcasem rayGHHY pasMbiBa no ¢dopmyae (4.101). B nannom cayuae:

3 3
2
ag=gp=0,355 w2/c; h,"zl/(“z,) = 0'3?85' =0,234 u;
op 11,72

»

po=ha+ -—2%—=3+ o =10 ™.

IMpunamaem ¢ = 0,95; a = 0,8.
* Jleanm na 57,3 nas nepesoda rpajiycoB B pajHaHbl.
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Toraa

0,5=2,9 M.

1,26
10.0,952.0,8\ 7/ 0,355

hap={1,5+0,2 —q 733 3,6-0,0050,%6 —

10. Buinonnsem pacyeT JJIA €Ny4as yCTPOHCTBA NPH TeX e YCJIOBHAX OObIYHOM ro-

PH30HTANbHOH KOHCOJIH:
3

Fi i 4,682 1 _“_Q._N__Q‘35_ NG el
hy= & o =13l M; ¢g= P =4,68 M¥/c; o=1;
no ¢opmysae (4.101) ray6una pasMmbiBa
1,25
10.0,952.0,8 468
- 2 — — —0,56= .
hgp (lf5—|—0. 131 ) 36-0,0080.3% B5=9,1m

[Ipu sToM NaibHOCTH OTGpOCA NOTOKA lpgy OHJA paBHA JHWL 9 M.
Conocras/isf XapaKTEPHCTHKH PasMbiBOB, MOXKHO CYAHTL 06 S(peKTHBHOCTH paccen-
BalOUlEro TPaMIIHHA.

NPHJIOKEHHE 4.4

NPHMEPbl PACYETA TACHTEJIEA HA BbIXOJAX H3 KOCOTrOPHbLIX TPYE

Mpumep 1. [IpamMoyroabhas crTynenuatas Tpy6a pasmepaMu b X hy = 1,6 X 2,0 m
yJjloxeHa ¢ ykJoHoM iy = 0,3 Ha xesesHoi jopore. Pacxolbl Ha NHKe NaBOAKOB H 0GBeMbl
CTOKa cocTaBasiioT: pacueTnuiii Qp = 9.5m/c; Wp = 51 - 10° w®; nanbonbuinii Quay =
= 12,0 M*/c; Wpyax = 126 - 10® M%. [1y6HHB H CKOPOCTH Ha BhIXOAe H3 TPYGHI: NPH mpo-
yCKe pacyeTHOro.pacxoaa h,u,(r;bs: 0,87 M, Ugmx(p) = 7,27 M/C; MpH Nponycke Haw-

,05 M

Gonbulero pacxond Agyx(max) = . Uspix(max) = 7,69 M/c. ¥YKaon u rpywr Jjora:

iy = 0,02, necoxk d = 0,5 mm.
Tpe6yerca sanpoeKTHPOBATL /IS TallleHHSl CKOpPOCTeii HA Bhixoje H3 TPYyGul racuTes
LLHHHCa ¢ yxaonom ip = iy = 0,02
Pewe nne Cpadana pacuer sefiem npu nponycke Qp.
. IlpunumaeM npeaBapHTeJbHO IMYGHHY Ha BXoje B pacTpy6 paBo#l riyGHue Ha
BbiX0e H3 TPYGH hpyy(p) = 0,87 M.
2. BuiuHc/sieM KPHTHYECKYIO TyGHHY B TpyGe no dopmyae (2.11):

ke L. )'/. 9,5 )'/. oo
’ R_('l_/g_b, _(1/9.31-1,5 S

3. Hasuayaem BICOTY nepBoii Boj0GOHHOMN CTeHKH no ¢opmyJe (4.111)
Py = 1,3hgux = 1,3 - 0,87 = 1,13 M.

4. Onpenensiem rAy6HHY NOTOKA h, B Hayale pacTpy6a ¢ yyeToM NOATONJEHHS OT no-
pora npH py/hgux < 1,4 no dopmyae (2.112): .
hy = 1,18k (py/hpy) = 1,18 - 1,60 - 1,3 = 2,45 n.

N h 2,45
5. [IpoBepsieM BbimoJiHeHHe yciaoBus (4.114) _hL < 0,83; B0 1,22 > 0,83 —
T ’

YC/OBHE He BHINOJNHEHO — YCTAHABJAHBAEM HA BLHXOJe H3 TPYOGH NOBBLINEHHOE 3BEHOQ
h 2,45

ho(pop)=2,50 M H BHOBb NpoBepsieM BHMOJHEHHe YCJOBHs (4.114): L = =
hr(non) 2,50

= 0,98 > 0,83 — yc/0BHe He BHAEPXKAHO — MPHCTYNAeM K CAEAYIOLIEMY NYHKTY.
6. Onpenensiem yucao ®pyna Fr ha Boixofle u3 TpyGnl no dopmyae (2.10):

s - L 6,21 '
gb*hiux — 9,81.1,5%.0,878

Frpux=

7. Onpenensiem rayGuny hg, ., CONPAKEHHYIO C FYGHHOM hgpiy, N0 Gpopmyne (2.20):
haox =0,5 hpgex (VT8 Fragx —1)=0,5.0,87 (/1 786,81 —1)=2,66 n.
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8. CTPOMM KPHBYIO CBOGOJHOM NOBEPXHOCTH MOTOKA Hd KOHILEBOM YYacTKe TPyOH ne-
pea pactpyGom. Ilna storo cpasuuBaeM hp ¢ hl . B unawem cayuae hp = 2,45 M <
<< hg = 2,66 M, T. €. B KOHILe TPy6bl BOSHHKACT THAPABJIHYECKHH MPbIKOK. ’

Crpoum cBOGOJHYIO MOBEPXHOCTh MOTOKA BBEPX 1O TEYEHHIO N0 3HAYEHHIO -06paTHOro
VKJIOHA, HauHHafA ¢ rAy6unb hy (nauano pactpy6Ga) yuactkamu no Ax = 1 m.

Pacuer BbinoJiHsieM B CJelylolleM MOpsikKe: !

d) BBIYHC/ASEM OGPATHbI YKJAOH MMOBEPXHOCTH BOAb Ha NEPBOM Y4acTKe mo (opMmyae
(4.115):

; hp 2,45
j1==0,5504-0,0304 Frypx _0'300!!_ =0,550+0.03D4-6,2l,—0.300r“—} =0,279;
K ,

6) onpejeasieM rayOGHHY BoAbl B KOHUe TNepBoro yuacTka (ceuenHe A—A Ha

puc. 4,22, a) no dopmyae (4.116):
hpy = hy — j;Ax = 2,45 — 0,279 - 1,0 = 2,17 u;

B) NpOBEPsAEM BhINOJHEHHe YCJIOBHS 3anojiHeHHs Tpy6ul no dopmye (4.114), samenuns
hp Ha hp,y:

2,00

I) yCTaHABJHBaEeM YK/OH NMOBEPXHOCTH BOAM CJEAYIOUIEro Bhille/exalero (BToporo)
yuacTka no ¢popmyae (4.117):

= 1,09 > 0,833 — ycaoBHe He BBIEPXKAHO, pacyeT MPOAOJIKAEM;

h 2,17
ja=0,55-0,0304 Frgyx —0,3% —=0,55-0,0304-6,21 —0,3 T =033
K : )
1) onpejeisneM IMyGHHY BOAB B KOHlE BTOPOre yyactka no gopmyde (4.118), 1. e. 8
ceyeHHH 5 —5b:
hps = hpy — jadx = 2,17 — 0,33 - 1,0 = 1,84 u;

e) npoBepseM BhinoJHeHue ycaosus (4.114):

h 1,84 )
hm =300 — 0,92 > 0,833 — ycnoBHE HE BHIAEPXKAHO, PACYET NPOJOJIKAEM;
*) fc-rauam'unaeu YKJIOH TIOBEP XHOCTH BOA CJefyiouiero (TpeTsero) yuacrka no gop-
myJae (4.117):

h
j3=0,55 - 0,0304 Fryyy—0,3 nN = 0,55 -+
H

1,84
G2 — 0 .
-+ 0,0304-6,21 —0, T 0,392;

3) onpejenseM rAy6HHY BOAB B KOHIe TpeTbero yuactka no gopmyJae (4.118), T. e.
B CeyeHHH B—B:

hps = hps — jyAx = 1,84 — 0,392 - 1,0 = 1,45 m;
W) npoBepsieM BHNOJHeHHe ycaoBHs (4.114):

1,45
hh—i” == mz0,73<0,831_3—ycn05ue Bbi1€PKAHO.

9. Onpenensnem JIHHY ger H BBICOTY CTEHOK Hoq(por) MEXKAY TPYGOH H pacTpy6om racu-
Teas no dopmynam (4.119) u (4.120): {yer = .EAx = 3,0 m; .

hortaen) = hp + 0,25 M = 2,45 + 0,25'= 2,70 u.
Iajiee npHCTynaeM K pacueTy 3JIeMEHTOB FacHTe/d, HauHHas c¢ n. 12,

12. OnpenensieM paccTOSHHe OT Hayada pacTpyba A0 NMepBoro BoAoGOHHOro mopora
(nepBoii crenkH) no popmyae (4,122°):

l, = 0,636 = 0,63 - 1,5 = 0,95 m.
(Bbicota nepBoil cTeRKH p; Oblia onpejedeHa Boille B . 3, OHa oKasdatach paeHod 1,13 m.)
13. Onpeaensiem BLCOTY BTOpOii BoJoGOMHON cTenkH no dopmyJe (4.123):
Ps= 0,2Thpyy = 0,27 - 0,87 = 0,23 M > 0,1 m.

[4. YcranasausaeM riyGHHY NOTOKA B IVIOCKOCTH HAMOPHOR rpaHH nepBoro BoRo6oii-
HOTo mopora (CTeHKH) NpH p,/{tm, < 1,4 no opmyne (4.124):
he() = hx (0»3+ —hpl )s—-—l.ﬁO (0,341,3)=2,56 m.

BHIX
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Ta6auua 1
x ‘ x* hGT(l x* hz x _ xt L hc"(” Xt hx
- st 'y
0 0 0 2,56 || 4,0 160 <112 1,44
2,5 6,25 —0,43 2,13 || 4,5 20,25 —1,41 1,15
3,0 9,0 —0,61 1,95 6,0 25,10 —1,74 0,82
3,5 12,25 —0,84 1,72 6,05 36,60 —2,56 0

15. HaxonuM HanGoJiblIyio BHICOTY NOAbEMa CTPYiH noToxa B paétpy6e mo dopmyse

(4.126):
hmax=1,75 hy lg ( £
hawix

16. OnpenesisieM 1a/JbHOCTb NajeHHs CTPYH s, CYHTAs OT HAMOPHOW FPAHH NepBOro
sonoGoitHoro nopora (crenku), no dopmyne (4.127) u paccrosinne oT Hauana pactpyba A0
sTaporo Boo6oliHoro nopora no gopmy.e (4.128):

s= hyll + (4.4 — py/hpyy) 0,52V Frppy — 0,4)] = 1,60[1 + (4,4 —
— 1,3)(0,52/6,21 — 0,4)] = 6,05 m;
Iy= 1 + 5s="0,95 + 6,05 = 7,00 m.

17. OnpenensieM WHPHHY pacTpy6a B CTBOPE KoHla BON0GOHHOM CTEHKH bpp o GopMy-
ne (4.131), npeaBapuTeNbHO BHYHCAHE Ly mo dopmyane (4.132):

Lp= Iy + 8y = 7,00 + 0,50 = 7,50 u;

Ffaux)= 1,75 - 1,60 1g (1,3-6,21) =2,54 M = hgq(y).

aneck 8gp = 0,50 m;
bpr=1> + 1,15L, = 1,5 + 1,15 . 7,50 =-10,1 M.

18. Haxoaum ropH3oHTaJbHOE PacCTOSHHE OT HANOPHON I'PaHH NMepBoro Bofo6ofiHoro
nopora (CTeHKH) K0 MecTa HaHGoJbIIero nofbema CTpyi.

TpeaBapHTeNbHO Qnpeje/isieM OTHOWIEHHE o :x) :
T{1
h 2,54
ﬁ = 5 = 0,99 << | — NDHHHMaeM Xpay — 0 — MaKCHuMaldbHas TrayOWHa
cr(1 )

pacnoJiaraeTcs y HanopHoil rpaHH mepBoi BOAOGOHHOH CTEHKH.
19. CrpoxM KpHBYi0 cBOGOJIHON NOBEPXHOCTH NOTOKA B BEPTHKANbHOH MJIOCKOCTH no
OCH NOTOKa no ypasuenHio (4.138):

heain)
hy=— 2 x2hern)-

Pacuers BeinoJHAeM B TaGaHuHO#H dopme (Taba. 1).

Jlasiee BHINOJAHAEM NPOBEPKY Pa3MepOB 3/IEMEHTOB FacHTeNs Mo HaHGOMLIIEMY pacxo-
1y, TpH 3TOM COXPaH#eM HYMEepallHIO NMO3KUHHA pacyeTa, NPHHATYIO NPH NMPOMYCKe pacyer-
HOTO pacxoja, HO RoOaB/isieM K HHM HHIEKC «a».

2a. BuuHcasieM KPHTHYECKYIO TAYOHHY B TpyGe no ¢opmyae (2.11), npHHaMas o =

% ( Q )'h ( 12,0 )'I._l &7
*“Vee! “Woeras) ="
3a. PaaMepn CTeHOK B pac'rp¥6e COXpaHsieM Te e, 4TO H mpu mponycke Qp, T. e.
1= 1. 3hgpx(py = 1.3 - 0,87 = 1,13 m.
4a. Onpenensiem ray6HHY NOTOKa hp B Havase pacTpyOa ¢ y4eTOM MOATON/IEHHSA OT MO~
pora npH py/hguy < 1,4 no gopmyne (4.112):

iy =1,18 by 22

1,13
=1,18:1,87 —— =237 m.
BBIX 1,05
5a. [IpoBepAeM BLMO/NHEHHE YCAOBHA [0 3aN0JHEHHIO HA BHXOJE H3 TPYGH N0 GopMyJe
(4.114):
hp 2,37

e =1,18 > 1,00 — ycsoBre He BbiiepKaHoO.
T »
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,' 6a.Onpeneasem uncao ®pyna Fr na suixone u3 py6ul no dopmyae (2.10) (nosuiwen-
HOe 3BeHO He HCNOJb3YeTcs, TAK KaK OHO He NPOWJIO NPH mponycke Qp):
\

| et Q2 e 122
PMXTT gbhi, T 9.81.1,52.1,050
7a. Onpenensiem ray6uny hy ., COMPAXKEHHYIO CTAY6HHOM Ay, mo dopmyse (2.20):

=5,62.

hux =05 hapex (/T8 Frygs —1)=0,51,05 (/T 8.5,62—1)=3,03 n.

.8a. Crpoum KpuBYi0 CBOGOJHOH NOBEPXHOCTH MOTOKAa HA KOHUEBOM y4acTKe TPyG6ul
neper pactpyGom. s srtoro cpasunBaem hy c hy .. B nawem cayuae hp = 2,3¥<
< hpyx = 3,03 M, T. e. B KoHlle TPyOhl BOSHHKAET FHApaBAHYeCKHH npbixox. CTpouM cBo-

60JHYIO TOBEPXHOCTb MOTOKA BBEPX 10 TEYEHHIO N0 3HAYEHHIO OGPATHOTO YKJIOHA, HAYHHASR C
rAyOHub hy, (Hauano pacrpy6a), ydacTkamu no Ax = 1,0 m.
Pacuer BLINOJNHsEM B TAKOH NOCJAEN0BATeABHOCTH:
a) BHIYHC/5eM 0OpPATHBIH YKIOH TIOBEPXHOCTH BO/b Ha TIEPBOM YYacTKe 1o (OpMyJe
(4.115): .
7

h
j1=0,56-4-0,0304 Frayx — 0,30 —hP—=0,55+0.0304-5,62—0,30—?%7—:0,34;

K »
6) onpenensieM rAyGHHY BOAlI B KOHIe nepporo ydactka no ¢opmyae (4.116):
hpy = hp — jiAx = 2,37 — 0,34 - 1,0 = 2,03 u;
B) nNpoBepseM BHIOJHEHHE YCJOBHSA 3aNoJHeHHS TPYOH no dopmyae (4.114), aamenus
hp Ha hp;:
+ 2,03
2,00

CnegoBaTeibHO, 110 YCJOBHAM Nponycka HawGofibllero pacxoaa TpeGyeTcs BCTaBKa
MeXJy racHTesJeM H TpPYyGO#.

9a. OnpenensieM JVIHHY [gey H BHICOTY CTEHOK Agy(pey) MEXKLY TPYOO# H pacTpyGom ra-
cutess no Gopmynam (4.119) u (4.120):.

=1,01 = | —ycJioBHe BHIAEpKAHO.

lgertmax) = ZAx = 1,0 m;
ker(serymax = fip + 0,25 M = 2,37 + 0,25 = 2,62 u.

Tpu nponycke Qp. (cM. n. 9) MMHHA BCTABKH lpen(p) = 3,0 M > lyeq(max) = 1,0 M
u BHCOTA €€ Aor(per)p = 2,70 M > Agr(perimax = 2,62 M. l!lD‘BTOMy K pacuery NpHHHMaeM
lger = 3,0 M H hger = 2,70 M. .

Ilanee pacyeT mpoapoJxaem ¢ n. 14, a He ¢ n. 12, kak npu nponycke Qp, Tak KaK Bbi-
COTa CTEHOK CcoXpaHsercs.

14a. YcranapiuBaeM r/yOHHY NOTOKAa B MJIOCKOCTH HANOPHOM FPaHH NepBOro BOmo-
Gofinoro nopora (cTenKH) npH Py/Rgny < 1,4 no popmye (4.124):

Cop 1,13
=hy (0,34 —— |=1,87 (0,34+——]=2,58 m.
hern) fm( + hnm,) ( + I,Os) 58 m

15a. Haxonum Bau60Jbluyio BHICOTY NMOABeMa CTPyit motoka B pactpybe mo gopmyae
(4.126):

1,13
hnax=1,76 Ay lg( =

Frmﬂ) =1,75.2,17 Ig ( 105

16a. Onpenensiem JaldbHOCTb NMajeHHsA CTPYH, CYMTasi OT HaNOpHOW T'paHH nepBoOro
BofoGofinoro nopora (cTeHKH) s, no ¢popmyJie (4.127) u paccTosinHe 10 BTOPOTo BOJOGOHHOrO
fopora [y no popmyae (4.128):

s=hy [1-}- (4.4— hi) (0,52 VFr,T_oA)]:

BHIX

P1

BBIX

5.62) =2,96 M.

1,13
1,05

- 1.87[ 14 (4.4— ) (0,52 V5.62 —-0,4)]:6,70 M

ly=1; +5=0,9546,70=7,65 m.
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{7a. OnpenensieM WHPHHY pacTpy6a B - Ta6auua 2
cTBOpe KOHLA BOA0GOHHOM BTOPOH CTEHKH NO

pmyJe (4.131), npeaBapHTENbHO BHIYHCIHB
?.: no dopmyne (4.132): x xt Axt Ex By
Lp tmax) =12 + 60,',\: 7,65 4 0,60 = 8,15 wm; 0 0 0 0 2,58
2.6 6,25 | —0,76 1,08 2,90
bpr (max) = b + 1,15 Lr (max) = 3,0 | 90 | —1.10 | 1,20 |2.77
=1,5+41,15-8,15 = 10,87 m. 3,5 |12,25| —1,49 | 1,61 | 2,60
4,0 | 16,0 | —1,95 1,72 | 2,3
18a. Haxoaum ropu3oHTalbHOE pac- 4,5 120,25 | —2,47 1,94 2,11
CTOSIHHE OT HaNopHON TPAHH NEpBOro BOAO- 5,0 | 25,0 —3,05 2,15 1,68
GoiiHOro nopora 10 Mecta Hau6oJIbIEro Noin- 6,0 | 36,0 —4,39 2,58 0,77
ema cTpyii. [IpeABapuTesbHC onpenenseM or- 6,70 | 44,89 | —5,47 2,8 | ~0
ax |
HOUIeHHEe ::
hex(n)
Dmax 296, o0
her(y 2,58

Pacuer sestem no gopmyaam (4.133) n (4,‘134):

H
"'mnx__u_ H

U=1+ VT Fhern/hmax —hera) =1 + V11 2,58/(2,96—2,58) =3,79;

6,70
e == | 77 M,
el . N
19a. Crponm KpHBYI0 €BOGOAHOR NMOBEPXHOCTH B BEPTHKA/AbHOH MJOCKOCTH MO OCH
NOTOKA No ypasHeH#io (4.135), npeBapHTENLHO BHUHCIHB KOIDDHLUHEHTH ero o opmyiam
(4.136) u (4.137):

_U? (hmax —her(n)) 3,79 (2,96 —2,58)
- 52 - ' 6,72

2 (hmax—her) _ 2:3.79(2,96—2,58)
$ 6,7

hoe=Ax® + Ex +hon(n) =0,122 x*-1-0,43x -+ 2,58,

A =0,122;

=0,43;

Pacuer no ypasHennio (4.135) seslem B Tabauunoit popme (Taba. 2).

Caenyioune nyHKTb ABASIOTCS OGUIHMH A5 pacueta 10 Qp H Quay.

20. Hasnauaem ouepTaHHe GOKOBBIX CTEHOK pacTpy6a H yyacTKa MexAy TpyGo# H
pacTpy6oM o KacaTeJbHbIM K CBOGOAHOM MOBEPXHOCTH MOTOKA 10 3HAYEHHAM X H hy, NpH-
BefeHHBIM B Ta6a. 2, npH Qp H Quax.(NpH Qp BBOAMM 3anac 0,25 m).

21, Hasuauaem AAHHY L u wupuHy bpp pacTpyGa racuTelis B ero KOHle, NpHHUMas
HauGoJblIHE HX 3HAYEHHA, MOJydeHHble MO pacueTy npH nponycke Qp H Qpay (cM.
nmn. 17,17a):

nph Qp  Lyp) = 7,50 M, bpp = 10,1 m;
mpe Qmax Lrtmax) = 8,15 M, bpp = 10,87 M.

[Mpunumaem k pacuery L, = 8,15 M u by, = 10,87 m.
22. OnpenesisieM CKOPOCTb Ha BbHIXONe H3 racHTens no gopmyJe (4.141) npu nponycke
Qp H Quax: ‘

Vpnx(p = 0,451}55!1(',) = 0,45 - 7,27 = 3,27 wlc;
Upnix(mmax = 0,45 + 7,69 = 3,46 m/c.

Ilanee senem pacueT nuxKHero Gbeda coopyxenus. .
23. Hasnauaem MiHHY yKpenJenns L = 1,5D,:

Dy = 1,13 Bgoep = 1,13Vbhy = 1,131,520 = 1,96;
L=15-19=30m.

YecranasnuBaeM MaTepHal YKpenJeHHS N0 SHAueHHSAM CKopocTeli Ha BHIXOJe H3 ra-
CHTeaIs npH nponycke Qp H Qmax € YUETOM NOBLIEHAS AOMYCKAEMEIX CKopocTel NpH Quax

ua 35%. [dan storo onpejensieM OTHOLIEHHe Yenx(max = 3'—46 = 1,06 << 1,35; k pacue-

Ugmx(r 3,27
TY NPHHEMAEM Ugux(ryp = 3,27 m/e. n

ITo 3HaYeHHIO 3TOMl CKOPOCTH HA3HAYaeM yKpelJeHHe H3 NJHT 50X 50 cm r(;nmnnon
8—10 cm.

24. OnpeneisieM pacueTHyI0 WHPHHY PACTEKAaHHS MOTOKA B KOHile YKpendenus (X =
= 3,0 M) 3a racHTe/]eM MpH NPHHATON WWHPHHe pacTpy6a no dopmyae (7.17):

Bracr(e)=bpe {1,26+1.09 Ig [bL(l -:r)+o,2o]}=
pr

3,0 :
=21 l,5[l,26+l.091g [—Ts-(l —0.02)+0.20]}=20.42 M.

25. Onpenensiem 1epOPMAlHH 33 YKPENJIEHHEM H WHPHHY BOPOHKK PasMbiBa By, co-

rJIaCHO PeKOMeHAAUHsM 1O pacyeTy PasMbiBa N0 JBYM PacxoiaM B TaKoll moc/enoBaTens-
HOCTH:

a) BHYHC/AAEM NMPeleNbHYIO TAYy6HHY PasMbiBa Afinp no gopmyne (7.23):

Q .\s D3 0,2
Ahgy =rByD (-—-—) [ﬁ__s_] _
et (L7D5 1) bbpd -
MMpeaBapHTENbHO BHYHCASEM:
Da=1,13V0goop=1,13 Vbhy=1,13 V1,5:2,0=1,96 ;
Qx=0,51"/g D5/2=0,51 /9,81 - 1,96%/2 =8,6 w3/c;

PR LG ST T L Y
o (D) e (1,95) i

Q
Taba. 7.3). %
Orciona HMeeM:

npH Qp Abgp=1,0-0,81-1,96.1 ,0.0,3[

Ins BHXORZHOTO pycﬁa ¢ racutenem LULHHHCa r= 1,0, s = 1,0, (Q) = 0,3 (cm.
np

1,963 0,2
(3/1,9641) I.5-l|.5-0,0005]
P Qmax Ahgp(max) = Algp(p) =1,53 M;
6) onpejensieM NPOAO/KHTENLHOCTh NMaBoAKa mo dopmyJae (7.28):

=1,53 m;

w 51 . 109
‘TIpH Qll ID=0-5 -—QL- =0,5 T
P '

= [

; W 126 . 103
npH Qmax  /max=0,5 flaz :0.5_—6 =5250 c;
max 12

B) onpenesseM sTajloHHOe BpeMs pasmbiBa npu C, = 0 (HecBASHHe FPYHTH) NO dop-
myae (7.27):

3
Q )o.zs Ahgy (9,5 0,25 |,533
to(py =540 [ — — =540|—— =210 ¢;
a(p) ( o ) 3.6 ) 9.5 <
12 )0.25 1,538

7 1) = —_—
o(max) 540(8.6 12,0

r) onpeje/sieM 10J10 NpeleabHON IMYOGHHB PasMBIBa, OCYUIECTBASEMYIO 32 BpeMs npo-
XOMIEHHA naBoAKa, no dpopmydae (7.26):

=177 c;

1 1
np=1— =l— =0,93;
[ 2684
: l AR 2084
3|/ T + . a0 1!
1
Mmax =l ———F===—"=0,95;
3V 5250 |
77



A1) onpene/iseM MaKCHMaJlbHYIO IVIyGHHY pasMbiBa no dopmyae (7.21):
Ahmax() = Ahgpn = 1,53 - 0,93 = 1,42 m;
Ahmaxmax) = 1,53 - 0,95 = 1,45 m;

€) HAXOAHM INHPHHY BOPOHKH Pa3MbiBa no (opmyJe (7 73), npeaBapuTelbHO onpe-
nenans K mo rpaduky Ha puc. 7.12 npu L/Dy=3,00/1,96=1,5:

Ak ~1.42
npu Qp —;‘:‘—= Tae =072 M K=0,50;
Ak 1,45
np# Qmax —~;‘“ =—og =074 m K=0.51.
a

.

8
[llupuna BopouKH pasMuBa By, = e Abax:
) 3,0
npH Qp Bm1n="0——50— 1,42=8,52 m;

npH Qmax Bmin=—7— 0 5| 1,45=8,53 m;

) Ha3Hauyaem pacueTHyi0 WHPHHY yKpenaeHHs, M, Bygxp = B -+ 2,0. INog B nonu.
maetcsi GoJibiuee H3 3HAYEHHH Bmh, H Bpaer(r). B namem cayuae Bpac.,(,.) 20,4 M, oT-
Kyaa Byyp = 20,4 + 2,0 = 22,4

3) AJiA COKpalleHns rnydnnu pasmﬂna 3aMeHneM THN BbIXOAHOTO pycJaa 6 ua 6k, T. e.
HCMONB3yeM KaMeHHYIO HaGpoCcKy 3a racuTedaeM. I'y6uuy pasmbisa onpefensem no dopumye
(7.54), npeaBapHTe/NILHO ONMpenenHB unﬂnuanbuuﬁ y,uezlhuun ofbeM HaGPOCKH no opmyJte
(7.56), npHHHMAA KPYNHOCTb KaMHf dy = 0,156 M

Ahma X

ol &
dy n
- 1,42
Mpr Qp Wx(mn) = 0,13+ 0,15 0.0005 \1/5 1 =0,03 m¥/m;
'_( 0,15 ) 0,93

_ 1,45
pH Qmax ~ Wr(min) =0,13 - 0,15 =0,03 M3/m;

; (0.0005 )wa 1
“\ 0,15 0,95

Wu(mln)': Ady

npuunmMaeMm Wy = 0,25 M3/M — NPAKTHYECKH MHHHMAJIbLHO JOMYCTHMOE KOJHYECTBO KaM-

HA.
1/3 Ah?
Tay6una pasmbiBa Ahmax(n) = Ah“p(d ) + Ady —ﬁ‘.
K
0,0005 . \1/3
—‘————‘) +0,13.0,15

0,15

422

Mpy Qp Mma,(m=l,53( =0,39 m;

. 0,0005 \1/3
npi Qmax Akm“(u)=l.53(—6—l§—) +0,13.0, l5 25 =0,40 m;

M) HAaXOAMM IJIYOGRHY 33]eJKH KOHIEBOH YacTH YKPemieHHs hyxp:
npu Qp hywpp) = 1,2 - 0,39 = 0,47 m;

pH Quax  “ykp(max) = 0,40 M.

K pacuery mpHHEMaeM hygp = 0,60 M
Pe3y/sibTaTsl pacyera CBelleM B Taﬁ.nnuy (taba. 3).
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Ta6Gauua 3

Ilpk nponycke
TokasaTenn IpHusATO
Qp [ Qmax
Jlanna yxpenaenus L . 3,0 3,0 3,0
Ilauna racurens Lr 7,50 8,15 8,15
[llnpuna pactpyba racutens B ero KoHue bpr 10,10 10,87 10,9
CKOpOCTh Ha BHXOJE W3 TACHTeNN Usmx(r) 3,27 3,46 3,27
Ulupuna pacrekanus Bpacr 20,4 20,4 20,4
LIHpHHA BOPOHKH pasmbiBa Bmin 8,5 8,5 8,5
[yGusa paamMbiBa Afimax 1,42 1,45 -
To xe ¢ kKaMHeM Afmaxm) : 0,39 0,40 —_
Illnpuna yKpenJieHHS = — 224
ny6una 3anenku 0,47 0,40 0,50

Mpumeuanne Tun smxoanore pycna bx; racuteas LUIHHHCa, na Bmixome xaMmennan HaGpocka.

Mpumep 2. las ycnosuit npumepa | Tpebyercs 3anpoex‘rnpona‘rb pacmnpﬂmmnﬂcﬂ
80J106OHHBIA KoJofel, 6e3 CTEHKH MAJAEHHA; YToJd PACTPYGa K OCH COOPYMKeHH: Op =
Pewenune 1. OnpeferseM AJHHY MOANEPTOro THAPABJHYECKOro NPBIKKA l,.
rAyGHHY, COMPSIKEHHYIO ¢ TAYGHHON Ha BHIXONE H3 TPYOH, Agsy H WHPHHY CTEHKE bop (CM.
pHe, 4.23, 6), pemas coBMecTHO 3aBHcHMocTH (4.149), (4. 150) H (4.151):
l,=3, 24

2Q2

8Wgpx

2Q*
+ Oppxfnax = + (ﬂcrph;ux:
g0cy

bey = bp + 2ltgay,

a) npH Qp:
npHMeM hmx = 1,70 M, Torpa Ameem:
lg=3,2- 1,70 = 5,44 M; Bpzy = 0,87 « 1,5 = 1,30 M%;
bep = 1,6+ 2 - 5,44 - 0,268 = 4,41 m;
Wer = 4,41 - 1,70 = 7,51 M¥%;
2-.9,5% 2.9,5

—41,3.0.87=—"——7—+47,51 . 1,70.
9,81.1,3 e 9,81 - 7,51 +

B urore noayuaem 15,26 ~ 15,21.
Cneposateasno, iy, o) = 1 70 ,lg= 544 M u by, = 4,41 M nogoGpann npa-

BHJ/IbHO;

6) npH Qmax:
npHMeM h::,a;(mx) = 1,90 m. Toraa umeeMm:

lg=3,2:1,90= 6,08 M @gux = 1,05 - 1,6 = 1,568 m;
by = 1,5 2 - 6,08 - 0,268 = 4,76 M; wer = 1,90 - 4,76 = 9,04 u;
2.12,02 12,02

B :,s.:.os=——-——- 9,04 . 1,90.
9.81.1,68 T 1° 9.81.9.05

B urore nonyuaem 20,24 ~ 20,42.

CieoBATEABHO, h;u(man =190 ™M, [,=608m n b,y = 4,76 M nonobpanm
npaBHILHO.

Takum o6pasoM JHMHTHPYET Quay. OkonuaTeasno npunnmaem: hy = 1,90 m, [, =
= 6,08 M, by = 4,76 M.

2. OnpeaensieMm moauslii HANMOP nepen cTeHxod py no dpopmyae (4.152) npu m = 0,42

npu nponycke Qmay:
12,0 2
: =1,22 M.
]/ 3.9,81 4.16-0,42) B

H.—]/
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3. OnpepensieM reOMEeTPHYECKHH -HANOP HAal BEPXOM CTEHKH P, 0 dopmyae (4.153) npu
nponycke Qmax:

1 Q 2 1 (12
H=ls—ge (I,OSh;uxbc,,) =250l ( 1,05 1,90 . 4,76
4. OnpenensieM BHICOTY CTEHKH racHTens P2 no popmydne (4.154) npu Quax:
pa = 1,05k}, — H = 1,05- 1,90 — 1,16 = 0,83 u.
5. Onpeje/isieM CKOPOCTb NMOTOKA B KOJOAUE Nepel CTeHKOH BHCOTON py no dopmye
(4.155) npH Qmax:

2
) =1,16 M.

_ Q _ 12,0
KON H L p)bor  (1,164-0,83) 4,76

6. BruHCAsieM 1aJibHOCTb DAfE€HHA CTPYH, NMepe/HBaloledcs yepes crenity. no gop-
myne (4.156): x :

i.=vm]/ %(p.'+—'2’-)=l,27'/ 9:‘;1 (0‘83+%)=0,63 M.

7. Haxonnm ANHHY KoJoaua no popmyae (4.157) npu [, = 0 (cTeHka naleHHs oTCyT-
cTBYeT):

=1,27 m/c.

Ixon = la + I3 + lsap = 6,08 + 0,50 4 1,0 = 7._58 M.

8. HaxomuM WHPHHY pacTpyGa B MeCTe najeHHs CTPYH, NepejaHBapouiefics dveped
CTeHKY BhiCOTOM Pg, Mo Gopmyae (4.158) ® mupHHY pacTpy6a B ero KoHue no gopmyie
(4.159): :

bp = bgy + 2lstgay, = 4,76 + 2 - 0,50 - 0,268 = 5,03 m;
bpe = bp + 2lgaptgey = 5,034 2 - 1,0 - 0,268 = 5,57 M.
9. OnpejensieM rIyGHHY Ha BHXOJE H3 racHtes (CKaTyio TyGHHY 3a CTEHKOH BHICO-
Toit py) nopgGopoM ®3 BHpaxenus (4.160): _
. QS L
He=h . TR T T
pyt+He c(mbix,r) 28 (he(osx.r) bp)'
Ipumenm Ac(pux, 1y = 0,43 M. Toraa
1,22 = 0,43 2.0
0,83+ 1,22+ 043 + 35 3710,43 - 5,001 -

B urore noayuaem 2,05 =~ 2,00. 1
CnenosatelbHO, hg(puy, r) = 0,43 M onpenenena nmpasHAbHO.
10. OnpeaenseM cKOPOCTb MOTOKA HA BEIXOJe H3 rachreas no dopmyse (4.161):

N 12,0
T et by . DAY B8

11. Mon6upaem maTepHa/l IHA H GOKOBHIX CTEHOK FacHTeJs NYTeM CpaBHeHHA CKOPOCTH
Ha BHXOJe H3 TACHTeNA Ugyy(r) C AOMYCKAaeMOA MO MaTepHaly Urop HMCXONA H3 YCJOBHS
{4.162):

-.:5,54 M,’C.

Upnx(r) < Unon- ’

s Ugux(r) = 5,54 M/C NPHHHMAaEM YKpenfieHHe H3 MOHOJNHTHOrO GeToHa.
12. OnpefefisieM BHCOTY CTEHOK pacTpy6a HCXoAs H3 Bupaxenns (4.163):

Centpy = Ps+ H -+ 0,25 = 0,83 + 1,16 + 0,25 = 2,24 u.

13. Hasna4yaem JJAHHY YKpenjieHus 3a racuTenem, KOHCTPYKTHBHO npnnituan ee pas-
wofi L = 1,8D,=1,56-1,96= 3,0 M, rae

Dy = 1,13Vbh = 1,13V1,56 - 2= 1,96 m.

14. OnpenensieM IHPHHY PacTeKaHHs NOTOKa Ha ykpenjexuu no dopmyae (7.16):

Bpacr(r) = 2bpr {l +0,851g [ﬁ (1 —ip)-4-0,123 ]}:

=D 5,57{|+o,55 1g[5i':; (1—0,02) 40,123 ]}=m,o M.
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15. Onpenensiem nepopmaunyu 3a YKpenJieHHem:
a) BHUHCTAGM npeleNbHyio rAyGHHY pasmbiBa Ahyp no dopmyde (7.23):

' (@ .[ D; e
: sty =b0ot (o | <TBer bbgd |
CHavasia onpenennm

Da=1,13 V®coop = 1,13 Vbiy =1,13 V15-2,0 = 1,9 m;
Qu=0,51 Vg D3/2=0,51 V981 - 1,96%/%=8,6 u¥/c;

D, \0.075 | 0,076
8y =0,85 [ —~ —=0,85 | —— - :
" B(D,) 85(1'96) 0.81

Ilpumem BHIXOAHOE pycJO THNA 5K.
s BbixolHoro pycaa Tuna 5k $=1,0; r = 1,0; s= 1,0; (E) = 0,5. «
K/ 1'p
Orciona npu Qp = 9,5 M®/c > 0,5Q, = 4,3 M¥/c u Qmax = 12,0 M¥c > 0,5Qy ume-
eMm (B pacuer BBoAHM Q/Qy = 0, . ) )

1,968
(3,0/1,9--1) 1,5.5,57 - 0,0005

0,2
Abgp=1,0-0,81-1,9 - 1,0-0,5[ ] =2,95 m;

6) onpene/seM NPOAOKHTENbHOCTh NaBOAKA No popmyne (7.28):

w
t=0|5 —
Q
51 - 103
Tpu Qp ‘p=0,5_'§"—5‘“_ =2684 c;
. 108
npH anx l’mn=0,5ﬁi2—-— =5250 L
B) onpenenneléa'ranounoe Bpems pasmbiBa no gopmyue (7.27) npr Cp = 0 (necBAsHbIE
°: 25 Ap,
rpynTh): {,=540 (——) odel)
PY 0 o T -
9,5 \0.25 2,958
= e =1495 c;
Tpn Qp  fo(p) 540( 3.6 ) 9.5 c;
12,0 \0,25 2,953
npH Qmax ’o(max)=540( 56 ) 2.0 =1255 ¢;

r) onpeleisieM KoJ0 NpelebHON TAYOHHL Pa3MBIBa, OCYIIECTBAAEMYIO 33 BpEMA Mpo-
XOX/IEHHA NaBojKa, mo gopmyae (7.26):

1
T I =g
3 V_+1
13

1

= ————— (), 80;
Mpu Qp  Mp 3]/’ %690, | ,80;
1495
|
npi Qmax ﬂmnle_T=o-%2

1255 +L

1) onpefensieM MAKCHMaJbHY10 IVIyOHHY pasMbiBa no gopmyae (7.21):
Ahpay = Ahgpn.

[pu Qp  Ahpay = 2,95 - 0,80 = 2,36 m;
pH Qmaxy  Alpmax = 2,95 - 0,86 = 2,54 m;
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i
€) onpefeasem riay6HHy pasMbiBa B pycJde ¢ KaMenHoll HaGpockoit no dopmyie (7.54):
2
d \1/3 Ahax
Ahpax(m)=Ahgp| —— | +Ady—%—
dy W

[MpeasapuTeNbHO OonpeessieM MHHHMAAbHbIH 06beM KaMeHHOH HAOPoOCKH no dopmyae
(7.56), npHBHMAas KPYNHOCTL KaAMHA dy = 0,15 m:

l—( dy ) n
— 2,36
Tpu Qp  Wimin =0,13 - 0,15 051 1 =0,058 m3/m;
(%) T
_ . 2,54
1p Qmax  Wi(min) =0,13 - 0,15 o5\ 1 =005 Mm.
~{) o
Mpurnmaem Wy=0,25 m3/m.
0,5 \1/3 2,
[Mpu Qp Akmax(u)p=2-95(ﬁ) +0413-0,15 0.25 =0,87 m;
npi Qmax Akmex(u)max=2-95(?,—52)”3"‘0-13'0.15 i':?; =6,94 M;

) HajHayaeM rAYOHHY 34J10KEHHS KOHUEBOH YACTH YKPenJeHHS hyyp:
npu Qp hyﬂp(p) =] ,2 A"max(n)p= 1,2. 0,87:1 ,04 M;

mpH Qmax  Aykp(max) = Mmax(@)max="0.94 M<l,04 m.

K pacvery npunnMaeM hyxp=1,04 m;

3) onpejenseM UIHPHHY BOPOHKH pa3mbliBa no ¢opmyJe (7.73), npeAsapuredsHo on-
penenus no rpapuky Ha puc 7.12 xospdHuuenT K:

Ahmax . 2,36

npu @y —————= =1,20 4 K=0,75;

R S 1,96
Ah 2,54
upH Qax max = — 1,30 u K=0,77.

Dy 1,
llluprHa BOPOHKH pasMbiBa

3,0

N Bmin :T Ahmgx = _K" Ahmax.

3,0
[lpu Qp  Bmin(p) =W2'36=9‘44 M << Bpacrin) =10,0 m;

3,0 i
MpH Qmax  Bmin(max) = W2-54=9-90 M << Bpacr(r) =10,0 M;
M) HAa3HAYAeM PACYETHYIO WHPHHY YyKpendenHs B no GolblueMy M3 ABYX 3HaueHMil
M:

Bpace(r) ¥ Bryin © sanmacom B AB =
B = Bpger(ry + 2,0 = 10,0 + 2,0 = 12,0 m.

TNIPHJIO)KEHHE 4.5
APUMEP PACHETA CY)KEHHSA MO NPHBJHXEHHOR METOQHKE

Hcxopnsie panmse. K npamoyro/ibuoii kene3oGeToHnoi TpyGe oTBepeTHeM b XAy = -

= 1,5X2,0 M noAXouT ¢ Kocoropa pacxoa Q = 13 m%/c. [lns obGecnevenns BBoja GypHOro

noToKa B rpsyﬁy Ha NMOAXOAe K Heill yCTpaHBaeTCH NMPAMOYTOAbHHIT OLICTPOTOK IWHPHHOIM
s= B=28,

= 10°. I'ny6una BOAK Ha BXoJe B Cy:KeHHe fi; = 0,34 m.
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0 M, ykaagbiBaembiit ¢ ykaoHom i = 0,1, u cyxenne ¢ yriaom cyxenns 0 =.

TpeGyeTcsi BHNOJHHTL THAPABJHYECKHNH PacyeT CYKeHHA NO ABYXMepHOH TeOpHH
KOChX NMpeiKKoB (nn. 4.28, 4.29), npoBeputh TpeGoBanusi CHuIl1 2.05.03-84 no sanosne-
HHIO Ha BXoJe B TPYOY H HA3HAYHTb BHICOTY CTEHOK CYXKEeHHS.

Pewenne. |. Buuncianem yncno @pyla B Hayalle cyxkenus no hopmye (4.82):

Q2 132
— = =17,5,
Fri 2B} 9.81.5%,0,38

2. HaxomuMm crenenb cxaThs OYPHOTO NMOTOKA HA YYacTKe cyKeuHs mno dopmyJe
(4.83):

3. TpoBepsieM OTCYTCTBHE MPSMOrO FHAPABJIHYECKOTrO NMPLIXKKA B CYXEHHH H3 YycJo-
BHA (4.84):

o 27Fn  _ 27.17,5 —0.95:
Fuven =Y Fr+2)0 (=) L
&= 0,3 > 0,25 — npaMoii 'HAPaBJHYECKHH NPBLIXKOK OTCYTCTBYET.
4. Haxomkm NNHMHY yuacTKa cyKeHHsA no dopmyae (4.85):
B—b 5,0—1,5
Xeoyim= 2 ctg b= 2 —~ ctg 10°=1,75 . 5,67=9,9 Mm~10 m.

5. Onpeaénsiem napaMeTpbl IIePBOrO KOCOTO NMPHIKKA Ha ydacTKe cyxenus P, u hyno
HOMOrpamMe Ha pHc, 4,16 u Frg no noMorpamme Ha puc, 4.17:

npu 0 = 10° 1 Fry = 17,5 umeem:

. o
B, = 22,3% h’ =1,85; Fry=8,4 n hy=4h, - 1,85=0,34 . 1,85=0,63 .

1

6. Onpenensiem napametpnl By, Ay v Fry BTOpOro Kocoro npeiikka no HOMOrpamme Ha

.pnc. 4.16 u 4.17, samensis 3Havenus Fry va Fry u hy Ha hy:

npn 0 = 10°, Fry = 8,4 1 hy = 0,63 M Hmeem: Py = 28,5°; % = 1,6; Fry= 45
2
H hyg = 1,6hy = 1,01 M. w

CuHTaeM, 4TO CpeliHAsi TYGHHA Ha BXoJe B TPYOy hyy = hy. B 3ToM cayuae sanoa-
HeHHe Ha BXoje B TPYOy

h 1,01
8= h—s =500~ 0,5 < 0,835 — TpeGosanne CHHIT 2.05.03-84 yjposaersopeno.
T )

CkopocTb Ha Bxofie B TpyOy
= A = =77 = 8,58 M, 4To BNoJIHe JONYCTHMO NO MaTepHaay TPyGHl H

CYKEHHS.
7. OnpenensieM MAKCHMAJbHYI0 MIYGHHY HA OCH COOPYMKeHHA Apen(max) MO GopmyJe
{4.89): ’ i

N penmax) =3 (1--0,5 V/Fry sin 0)2=0,63 (10,5 /8,4 sin 10°)2=
=0,99 M < hy=1,01 M.

CpaBuHBaeM fy ¢ hy:

hy = 1,01l M << hy = 2,00 M — BricOTa TPYOH JOCTATOYHA.

8. Onpenensem rJyGHHBI BAOJb CTEHKH CYXKEHHA.

Haxoinm MaKCHMANbHO BOSMOXKHYIO TMIYGHHY Y CTEHKH CYXKeHHs Rop(max) H paceTos-
HHe JIO Hee OT Hayada CyXKeHHA [may M0 GOPMYSaM COOTBETCTBEHHO (4.96) H (4.91):

hortmax) =y (10,5 V/Fry sin 0)2=0,34 (10,5 /17,5 sin 10°)2=0,63 w;
Imax =V Iy (hortman) —F1) fx = VZ- 17,5 (0,63—0,34)0,34=1,85 m.

YcranasiusaeM rayGHHBL Y CTeHKH figy B XapaKTepHbIX MecTax. Tak kak B HaweMm cay-
uae Imgy = 1,85 M << lcy; = 10 M, TO riiyGHHB YCTAHABJAHBAEM B TPeX TOYKaX:

B Havaje CTeHKH Agy = hy = 0,63 M;

npu [ = Ipax TPHHHMAEM MAKCHMAJNbHYIO H3 TAYOHH hep = max (hy; gy (max)i
Heq (max) = 0,63 M = hy = 0,63 M; K pacueTy npHHHMaeMm h, = 0,63 uM;
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== By=1,0m

S~ 6 #
-~
<72 T

i
T
Frz=84

-~

CyxeHnne:

@ — npoAcAbHBA npoduab. No OCH NOTOKA; 6 — TO e BIONb CTEHKH; & — MJIAH CYXeHHRA; /| — cTenka
CYWeHHd; 2 — Tpy6a; 3 — cymenHe; 4 — GBICTPOTOK |

NpH [ = lcy;x BHOHpaeM MaKCHMalbHYI0 H3 TIYOHH Aoy = max(hs; Acpmax)); Bs =
= 1,01 M > Agy(max) = 0,63 M; X pacuery npHHHMaeM h; = 1,01 m.

CoegntisieM NOAYYeHHBE TOYKH NMPAMBIMH JHHHAMH.

9. OnpejeJisieM BHCOTY CTEHOK, NTPHHSB BO3BHIIEHHE HX HAJl YPOBHEM BOIb B Kaxaoi
Touke Ha A = 0,25 m. PesyabraThl pacyera npHBeJeHbl HA PHCYHKe.

NTPHAOXEHHE 5.1

| NPHMEPbI HA3HAYEHHS OTBEPCTHRA
l W ONPEAEJEHHSA MPONYCKHOH CMIOCOBHOCTH
| KPYTJIBIX FO®PHPOBAHHBIX TPYE

Mpumep 1. TopprpoBaHHas Tpy6a Ge3 OroJoBKOB (¢ BepTHKAJbHLIM CPe3oM) pacnoo-
JeHa Ha xenesHoll jopore. Bricora HackinH Hyae = 3,5 M, WIHPHHA NOBEPXY byae = 6,5 M,
KpyTH3Ha oTkocoB [:1,5. YK/IoH n0TKa TpyGsl COOTBETCTBYET YKJOHY /iora iy — 0,03. Inaa-
KHH JIOTOK PacnosiokeH Hal/z NMepHMETPa nonepeyHoro CeYeHHs TpyOhi.

Pacxomn mpurtoxa ¢ Gacceiina Qp = 2,4 M*/c, Qmpax = 4,0 M*/c. Crok cherosoit —
AKKYMYJISIHA He YUHTHIBAETCH. %

Tpebyercs nopo6paTh oTBepCcTHE TPYOH H ONPefeNHTb NOANepThie IMYGHHB, 4 TaKxKe
rayGHHB W CKOPOCTH Ha BHIXOJle H3 Hee.

Pewenwue, 1. Onpegensem AMHHY TpYOsi [, = 6,5 4 3,5:2.1,56 = 17 m.

2. HaxoiHM oTBepcTHe TPYOH.

“CornacHo MHCTPYKIHH 1O MPOEKTHPOBAHHKIO H CTPOHTENLCTBY - METANJHYECKHX To(-
pupoBanumx Bojonponyckubix: Tpy6 (BCH 176-78) roppHpoBannbie TpyOH Ha Kene3HbiX
AOPOrax 0 Hb MPONYCKaTh pacyeTHble H HaHOOMbIUHE PACXOAb IPH GEIHATIOPHOM PeKHMe
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h
H HMETb NMPH 3TOM 3aN0oJIHEHHE HA BXOJle NPH NponyCcKe pacueTHOro pacxoaa (——Bl)p < 0,75,
npH NPONYCKe HAHGOJABIIEr0 PACXoAa [h_B*)m“ < 0,9.

[To rpapuky na puc. 5.19, 6 HaxonuM Iast TPYOnl Ges OroJioBKa ¢ BepTHKAJILHBIM Cpe-
3om (kpuBas 6) mapaMeTpbl PacXofa, COOTBETCTBYIOUIHE YKA3aHHBIM Bhillle 3AMOJHEHHAM:

hgx Qp
=0,75 ] =——x==0,265;
"""( D )p U~ D*ViD

fipx Qma
=0 11 = =0,347.
npﬂ( D )max 90 Qmax) D2 i;gD &

3Has napaMeTpnl pacxola, HAXOAHM 110 HHM MHHHMAJbHble NHaMeTPE TPYOH mo

Jopmyae
2/5
”Q Vg
3 2.2 AR
Mpu Qp=2,4 mM¥/c Dp:(0,265 Vg,—S_l) =1,53;

4,0 2,5
1pH Qmax =4,0 M¥/c Dmax:(m%——a) =1,67 M.

[lpunnmaeM K pacuery Oauixajiimee Goabuwee THnosBoe orsepcte D = 2,0 M.

3. YcrauapiusaeM, GyneT JH Tpy6a «ANHHHOMN» HJIH «KOPOTKOIi» B PHAPaBJHYECKOM
OTHOLIEHHH.

CpaBuuBaem yKJoH TPYGBl [, C KDHTHYECKHM iy. Haxonnm iy no rpapuky na puc. 5.27
s Tpy6us D = 2,0 m:

npu Qp .’}'Q(p) = 0,265, iy = 0,015 << iy = 0,03;

npH Quax = 0,347, iy = 0,016 < i, = 0,03,

1
9(max) .
CnenoBatenbyo, Tpy6a «kkopoTkas». [IpoBepka nmo KPHTePHIO OTHOCHTENbHOH NJIHHbI
Tpy6el He Tpebyercs.
L 4. Onpenesnsem noanepreie rAyGHHb Nepel TpYGoi 3 dopmydn (5.13) nas Gesnanop-

HOTO peXKHMa:
2/3
H=(—£~—) :
mby V2g
; v
[IpeaBapuTe/bHO HaXOAHM KO3(hdHUHEHT pacxona HJas TPyOn 6es oOrosoBKka no

va6a. 5.3 (m = 0,33) u by no rpadprKy na pre. 5.14.
Ias pacuetHoro pacxoga Qp = 2,4 m3/c:

2,4
My  =————m==0,135; by(p)=1,40 m;
Up)~ 2,001/9,81 - 2 e I
H. 2 e
"_(0,33.1,41/2-9,81) Eenc M .
Jlns HauGoAbWEro pacxoad Quax = 4,0 M¥/c:
. 4,0

i ———— (), 25; =1,56 u;
Qmax) 2,02 1/9,81-2 i Oxtmax)=1,56 u

A 5.0 M) a6
m“‘(e,as-l,ssvz-g.m) e st

5. Haxoaum BoabilienHe GPOBKH NMOJOTHA HAL MOANEPTHM YPOBHeM Ag, NPH BuicoTe
HAChinH Hygae = 3,5 M:

Apatp) = 3.5 — 1,11 = 2,30 x> 1,0;
Agutmax) = 3,5 — 1,46 = 2,04 u > 1,0 u.

TpeGoBanHS TeXHHYECKHX YCIAOBHH BhiflepKaHbl.
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6. Onpepe/izeM r/1yGHHB H CKOPOCTH Ha BEIXOJIe B3 TPYGhl COOTBETCTBEHHO NO NPHJO-
wenuam 5.2 (puc. 4) u 5.3 (pue. 2):

fapx
npu Qp=2,4 m3/c nQ(p)=0,l35; (—’DH—')p=0.2[-.

Usnrx(p)
VeD
Upsax(p) =0,85 V9,81 - 2=3,77 m/c;

< hﬂﬂx(p)=0v2l . 2‘=0,42 M; =0,85;

npH Q(max) =4,0 M3/c ﬂ’Q( = =0,23;
hpux ) Umx(ma-x)
e =0,335; & =0,335.2==0,67; ———=1,05;
( D max Bux(max) V__ =

Upmx(max) = 1,06 V9,81 - 2—=4,65 m/c.

Mpumep 2. ToppupoBannas TpyGa Ges orosioBka (C BepTHKAJbHLIM CPe3oM) pacnofo-
KeHa Ha aBTOMOGHAbHON jopore. [maxkuit 1oTOK pacnosoxen Ha 1/, nepumerpa nonepey-
HOTO ceueRHst TPYGh. BricoTa nachini Hyae = 4,0 M, wupuHa nosepxy byae = 12 M, Kpy-
TH3Ha oTKocoB 1:1,5, ykyon JoTka Tpy6ei iy = 0,02. PacueTHmit pacxoa npuToka c 6acceii-
Ha Qp = 8,0 M%/c; CTOK CHeroBoli =— aKKYMyJSLHS He YUHTHBaeTcs.

Tpe6yerca nogobparth OTBepcTHE TPYObl H ONpPeAe/HTE MOANEPThe IMYOHHL, a Takxe

TYGHHB H CKOPOCTH HAa BLIXOJe H3 Hee.

Pewenne. |. Onpegensem MAuHY Tpy6ul [, = 12 4 3.4 = 24 m.

2. 3ajaeMcsi MEHHMAJBHO IPHHSATHIM B NPAKTHKE NPOEKTHPOBAHHS OTBEPCTHEM Togh-
pHpoBaHHOH TPYOH D = [,5 M.

3. ¥YcranaeaupaeM, OyAeT JH Tpy6a «ANHHHOH» HJH «KOPOTKOH» B FHAPABJAHYECKOM
OTHOLUEHHH:

a) CpaBHHBAeM YKJOH TPYObl iy C KPHTHUECKHM iy.

[lpeasapuTeNibHO ONpefesiAeM MapaMeTp PacxXofa mo HoMorpamme Ha puc. 5.8. Ilpu
Qp = 8,0 M%c T, = 0,94

Mo rpaduxy wa puc. 5.27 pas D = 1,5 M 1 [lg = 0,94 naxomum iy, = 0,0475. Taxum
oﬁPasuM. Iy = 0,02 << i, = 0,0475;

/ 2

6) NPOH3BOLHM NPOBEPKY N0 KPHTEPHIO OTHOCHTENbHOH AIHHB: 1 = 1;45 = 16 < 20.
CanegoBatesnibHo, Tpy6a «KOpOTKas». ’

4. Onpegeasiem. nognepThie rAyGHHb Nepea TP y6oii:

4) ycTaH4BJIHBAEM PeXHM npoTeKaHHs motoka. Jinsa 9Toro onpejessieM BHayaje OTHO-

e

CHTeJIbHYIO I1yGHHY Ha BXoJe B TpySy % no rpaguky Ha puc. 5.29. [as Tpy6u Gea oro-

h
noBka (kpHBas 2) npu HQ = 0,94 < 1,35 Haxoaum ﬁ > 1. CnepoBarelibHo, B Tpy6e B03-
MOJKEH MOJYHAMOPHLIA MAH YACTHYHO HAMOPHBIA PEXKHM.

Ilas ycTaHOBJEHHA peXHMa NPOTeKaHHA B 3TOM Caydae onpefesnseM NOATEPTYIO Tiy-
6HHY mepe TpyGoit H NpH monyHanmopHoM pexHMe H3 GopMyJsl (5.20) ANs «<KOPOTKHX» TPYG:
2

A i
2g py Doop .
[lpenpaputenbHo HaXOAHM KO3(QWpHUHEHT pacxoAd i, H KOSGOHLHEHT CKATHH Ep B
onpee/ifioUIeM CeYEHHH NPH NOJYHANOPHOM pexume no Taba, 5.3: pp, = 0,56 v e; = 0,63.
Pacuernas noanepras ray6uua

82
= 0 . = S
2-9,81-0,56-1,77"+ ,63.1,64=4,28 m

‘Hp

H 4,28
CnenoBaTesibHO, OTHOCHTe/IbHAs NOANepTas rayGuua D= 'l% = 2,85.

3aTem HaXoJHM OTHOCHTE/bHYIO TPAHHYHYI0 MNOANEPTYIO rAy6HHY MOTOKA b—' no
dopmyae (5.46):

x

1;1- =Kﬂ(iDr_)’_
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Insn storo onpenensiem kospduument Ky mo rpapuky na puc. 5.31 npu 8 = 0,67:
Ky = 1,29,

Jlanee HaXOMHM OTHOCHTENBHYI0 TPaHH4HYIO NOANEpPTYIo rayGumy ans Tpy6 Ges
riajiKHX JIOTKOB no rpa¢uKy Ha puc. 5.30 B 3aBHCHMOCTH OT OTHOCHTe/bHOM AJHHH TPY-

1
6l —ﬁ == 16 1 ee ykaoua i, = 0,02:
(—’ﬁ-) =1,83,

H,
otkyRa - = 1,29 - 1,53 =.1,98.
H H, -
CpaBHHBaS OTHOCHTEJIBHYIO MOATIEPTYIO IYGHHY D ¢ D » YCTaHABJAHBAEM PEXHM Npo-

TeKaHHS % = 2,85 > 'D—" = 1,98. PexXHM YacTHYHO HANOPHLIN, HO HE HANOPHBLIA, TaK Kak
My = 0,94 < 1,35; ‘
6) HAXOLHM MOANEPTYIO rIYGHHY MPH YACTHYHO HANOPHOM pexkume H3 popmyJnt (5.21).
Ilas 3TOrO OnpenesineM KOPPEKTHB K pacyeTHOR ANHHe TPyOui [y no rpaduKy Ha puc. 5.34:
npu Iy = 0,94 [/D'= 0,65ulp = 0,65 1,5 = 1,0
3arem no gopmyae (5.50) maxouum Ip = 24 — 1,0 = 23 M. [lanee no rpaduky Ha
puc. 5.32 onpenessiem py = 0,60 u no rpapuxy Ha puc. 5.33 npu Iy = 0,94 ycTanasin-

BaeM ;]r = 0,75.
oanepTas riayGuHa

Q? . 82
—_— el _—
2 inle Ml =50 0 6 1,77

'coop

—0,2.23+0,75-1,6 =2,92—0,46-4-1,12=3,58 m.

Qgp,;‘:m

.
5. OnpenensieM Bo3BbllleHHe GPOBKH NMOJOTHA HAJ NMOAMEPTHIM YPOBHEM:
npH BhicoTeé HachinH Hyae = 4,0 M Agy = 4,0 — 3,58 = 0,42 < 0,5 M, Tpebosa-
HHs TeXHHUECKMX yCJOBHH He BhIAEPIKHBAKOTCS: YBeJHUHBAeM OTBepCTHe TPYyGH jo D =
= 2,0 M ¥ noBTOpsieM pacueTbl, HaYHHas c n. 3. s
6. Ycranasnusaem, GyaeT JH Tpy6a <IJHHHOH» MM «KOPOTKO» B rHAPABIMUYECKOM
OTHOIUEHH:
CPaBHHBAEM YKJOH TPYOb iy C KPHTHYECKHM iy.
IIpeasapuTenbyo onpejensiemM napameTp pacxolla no Homorpamme Ha puc. 5.8: npw
Q = 8,0 M¥/c umeem HQ = 0,45
o rpaduky ua pre. 5.27 aas D = 2,0 m u [T, = 0,45 naxonum iy = 0,0175.
Taxum o6pasom, iy = 0,02 > iy = 0,0175 — Tpy6a’ <ckopoTKas».
[MpoBepka 1o KPHTEPHIO OTHOCHTEJbLHOH JJIHHB He TpeGyeTcs.
7. OnpepensieM nopneprTsie rJayOGHHB nepe TPyGoi. YCTaHaBIMBAEeM pexHM npoTe-
KAHHS IOTOKA. i
: h
Ilns 3Toro onpenensieM BHAYAJE OTHOCHTENbHYIO rIYGHHY Ha BXoje B Tpyby —55 no
rpaduKy Ha puc. 5.29. s tpy6u Ges oronoska (Kpueas 2) nphu HQ = 0,45 << 1,35 na-

h
XOAHM -—B-’-‘ > 1 — B Tpy6e BOSMOXKEH MNOJYHANOPHBIA HAH YACTHYHO HANOPHBLIA peKHM.

Jlns ycTaHOBNECHHSA PeXHMa NpOTeKaHHs OnpejelsieM NOANEPTYIO NyGHHY mepen Tpy-
Goit M npu nonynanopuoM pexume H3 dopmyan (5.20) npu Tex ke kosddHUHeHTax
H By, WTO W NpH pacyere Tpy6n D = 1,5 m:

82

= (,63.2=2,3] 'm.
H=39si056318 ° e

; . H 2,31
ChenoBaTesibHO, OTHOCHTE/IbHASA NoANepTas ray6GHHa T, g 1,16.

3aTeM HAXO[AHM OTHOCHTE/LHYIO TPAHHUKYIO MOANEPTYIO TAVOHRY noToka no GopMyJe
(5.46) npu 6 = 0,67 K = 1,29.

350




Pac. 1. Cxema mHOrospycHOH TPYGHl

Ilnsi 3TOro CHAYaja HAXONHM OTHOCHTEJbHYI0 TPAHHYHYI0 NOANEPTYio TAYGHHY Lis
Tpy6 Gea raajKHux JOTKOB mo rpaduky Ha puc. 5.30 B 3aBHCHMOCTH OT OTHOCHTENLHON AJH-

l
HBl TpyGHI -[-)": = 12 u ee ykaoHa i, = 0,02 (2%):

Hi
( 5 )=l.76,

H,
oTKyaa T)'!‘ = 1,26 - 1,76 = 2,27.

H H
Cpaamman OTHOCHT~JIbHYIO NMOANEPTYIO rnyﬁlmy "D CO 3HAYeHHEM D—r, yCTaHaBJIHBaem

PEXHM NPOTEKAHHA:
'
=N

[Mpuuumaem K pacuery H = 2,31 m.
8. OmnpenensieM BosBeilieHHe GPOBKH Hajl NOANEpPTHIM ypoBHeM. [Ipn BHCOTe HacHilH
Hyae = 40 M Agp = 4,00 — 2,31 m = 1,69 > 1,0 v. Cnenosarenbno, Tpe6oBaHHs Tex-

rmqecm-lx YCAOBHA BbiEPKAHBI.
. OnpenensieM rayGHHB H CKOPOCTH Ha BbiX0Jle H3 TPyObl COOTBETCTBEHHO NO NpH-

Jm)xemmu 5.2 (puc. 4) u 5.3 (puc. 2).

2 =2,27 —pexXHM NOJyHanopHbif.

h,
Mpu Q=8,0 m¥c  [1,=0,45; %:o,m;

hagx =0,49.2=0,98 M; 1"/"2% =1,18; tpux=1,18 V/5,81.2,0=5,23 m/c.

Mpumep. 3. [ByxbspycHas roppHpoBaHHas TpyGa Ge3 Oro.i0OBKOB ¢ IJIafKHMH JIOT-

K4MH Ha /3 IIHPHHLI MONMEPEYHOT0 CeYeHHs PACNOJONKEHA Ha eaesHol Jopore.
IMepsui nplgc COCTOHT H3.Tpex Tpy6 D = 2,0 m, n-ropoi'{ — H3 ABYX TpY6 D = 1,5 M.

Crok cueroBoii. Pacxonsl nputoka c Gaccefina: Qp = 40 yb/c; Quay = 55,0 M¥c, Bricora
Haceiny 10 M, mupuna noBepxy buac = 6,5 M. YKaoHH TPYG iy = 0,01. OcTabHbie JAaHHbie
NpHBeleHbl Ha pHC.

TpeGyerca onpene.nu-rb noanepTeil ypoBeHb nepei ABYXBAPYCHONR Tpy6oil, CKOpOCTH
Ha BBHIXOJE M NMOAOGPATH THI YKpenJeHHs.

Peuwewue Tak Kak CTOK CHEroBOW, TO AKKYMYJ/SIKIO BO/Ab NEpeji COOPYKEHHEM
He YYHThiBAeM H NIPHHHMAaeM PacXolibl MPHTOKA B KaYecTBe PAacXojoB B coopyxeHHH. Pacuer
BejleM COIJIacHO peKoMenlaluam n. 5.19.

ﬂpennapn're:lbao onpegenaseM AIHHY TPpy6 060HX fIpYyCoB: Anuna Tpy6 nepsom fapy-
ca lyy) = 6,54+ 3 - 10 = 36,5 M; BToporo spyca — [y(y) = 6,5 - ¥ 9 M.

L{anee ycTaHaBJauBaeM, paboTaloT JH TpyOGb BTOpoOro sipyca. Ilnn 3TOTO nnpene.ﬂaeu
pacxon, npomyckaeMmbiii Tpy6amH nepBOro sipyca npH ypoBHE, COOTBETCTBYIOLIEM OTMETKe
JIOTKa Ha BXoJe B TPYGn BToporo sipyca. CorJiacHo JaHHbIM, NPHBENeHHBIM Ha pHc. 1, noa-
nepras ray6uHa nepej Tpy6aMu NepBOTO APYca B ITOM C/yyae GyJeT paBHa PA3HOCTH OTMETOK
NIOTKOB BTOPOro fApyca (2;(z) H nepeoro spycos (z;()):

Hy = 23(3) — Zgy = 101,73 — 99,23 = 2,5 u,
351

Ta6aunna |

Ne n/n

IneMeHTH pacdera

Pacxoas xamaoR TpyGnl Broporo spyca @, m%/c

1,0

3,0
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o an

16
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Juamerp 1py6 D, M
Mapaverp  pacxona Mg, =
2
e

D*V gD,
Ya0H TPYOH ix
KpHTHYECKA{t YKJIOH ix, ONpe-
aensieMbifi mo rpadHKy Ha
puc. 5.27
[auna tpy6ni Ir, M
OrHocHTenbHas AJMHHA TPYGH
Ly (2)/Dy
Tpyb6a  «Koporkas» HJH
«1NTHHHAA®

OrtHocHTebHAA rAyOHHA Ha
nxon.e B ?YGY hex/D; (cm.
pHc. 5

PE)KHM npoTeKaHHs

Monnepran ray6una Hye), M,
npuy  Ge3HanmopHOM — peKHMe
[hopmyna (5.13)]
TMoanepras ray6ura Hym), M,
NpH TMOJYHAMOPHOM  peXHMe
[bopmyna (5.20)]
OrHocuTenbHast  moanepras
rayGuna r;llm MOJIYHANOPHOM
2(m)
Dy
[panuynas noanmepras riy-
6una g8 rodpHpoOBaHHBIX
Tpy6 | Ges raagKoro JOTKa

(3') (em. pHe. 5.30)

Kospdpuunent Ky, yuHTHBa-
IOIHA BJAHAHHE FJIAaJKHX JIOT-
koB (cM. puc. 5.31)

I'pannunas noanepras ruy-
6HHa A.E?l Tpy6 ¢ r#amuum

pexHme

NOTKaMH =K 5

[bopmyna (5 46)1]
YTouHeHHbI peXHUM NMPOTeKa-
HUA

D,

Jlmu-:a KOHUEBOro Y4acTkKa
TpyOH, HA KOTOPOM HMeercs
OTPHB NOTOKa OT Bepxa TpY-
661 Ly, m (cm. puc, 5.34
PacuerHas aJiHHa Tpy6H
li=le—lp, m :

i

Bropoii apyc

1,6
0,115

0,01
0,016

29
19,3
«de;omam, TaK
Kak — —=19,3<20
Dy
0,43

bBessanopHbiit

0,76

BesnanopHbift

1,5
0,345

0,01
0,018

29
19,3

29
19,3

«Kopotrkas»

0,87

besnanop-
HbIH

1,42

Besnanop-
HBIH

TNonynanopuetit
HJIH YaCTHYHO
HaMmopHBIfi

2,23

1,56
1,26

1,20

1,48

Hymy/D2=1,56 >
>Hy/D;=1,48—
YACTHYHO
HanopHbif

6

23



llpodoracenue raba. 1 npuiow. 5.1

Pacxoas kaxnoft TpyOul BTroporo spyca @, m%/c

r
= DneMeHTH pacuera
2 1,0 3,0 5,0
19 | Kostppuunenr pacxopa npH = - 0,60
HAMOPHOM HJH WYacTHYHO Ha-
NOpHOM pexHMe  (cM. pHC.
5.32) pn
20 | it — — 0,23
21 | Kosdpuunesr mMa (cM. PpHC. — — 0,97
.| 5.33) -
22 .| Toaneprasi ray6HHa mpH 4a- - 8 2,36
CTHYHO  HANOPHOM peXHMe
Hacswy, M [dopmyna (5.21)] .
OTHocHTe bHAsE — MOAMeEpTasn —_ — 1,67 > Hy/Dy=
2(uu) 3 =148>14 — noa-
ray6uHa —— nepras riayGuHa
2 COXpaHAeTcs
23 | OrmeTKa JIOTKa Ha BXOje B 101,73 101,73 ;
Tpy0y, M
24 | OTMeTka NOANEPTOro YPOBHA 102,49 103,15 104,09
11YBB 2z, m
: Iepaoul apyc
25 | OrMeTKa JOTKa Ha BXOJe B 99,23 99,23 99,23 -
Tpy6y Zi(m), M
26 omnepras  ray6una = H= 3,26 3,92 4,86
=Zy—Z)(a), M
27 Omocnml_?nan noanepras 1,63 1,96 2,43
ray6una L
D,
28 | Nauna TpyOH lr(1), M 36,5 36,6 36,6
29 | OtHOCHTE/NbHAS JJIHHA TPYOH 18,25 18,25 18,25
"'-r(l) 4
30 I"pallm'znu , mozmepras Tay- 1,26 1,26 1,26
OHHa -l—;- (cM. pue. 5.30) d
ans Tpy6 Ges [IaAKHX JI0T-
KOB ; .
31 | Kostppunuent Ky (cm. pac. [ 1,2 1,2 12
5.31) | \ :
32 | Fpammunas nmoamepras ray- 1,61 1,51 1,51
Guna Er': D—r" Ky y . ‘ )
33 | Peum nporexanns 1,63>1,51 —ua- | 1,96>1,51 | 243>1,5] — ua-
- CTHYHO HANOPHHH | YAaCTHYHO | CTHYHO HAMOPHBIH
. ﬂano&:nuﬁ
34 | Kospduumenr  pn(i) (cM. 0,59 ,59 0,59
puc. 532) -
35 [izly 0,36 0,36 0,36
36 | Pacxon Qun-—?opuym 12,0 13,7 15,5
(5.21) npH Mu(i)=0,75
37 I'Iapaneap pacxéna qu e 0,68 0,78 0,88
1
; D!.VEDI
38 | Nauna loy) (cM. pre. 5.34) 42 2,5 1,2
npu g, ™
39 | Pacuernas gamma  TpyOH 32,3 34,0 353
I., =lr—lo1), M
353
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Oxonuanue taba. 1 npuzox. 5.1

Pacxoasl Xaxaod TpyOm sToporo spyca Qa /¢
g SaemeHTbE pacyera 10 3.0 50
E
40 K09¢¢muuem¢ pa@ g (cM. 0,60 0,60 0,59
puc. 5.32) B GyHKuHH [r(1) :
41 | Kospgpuuuent  muzy  (cM. 0,92 0.85 0,79
uc. 5.33)
42 ?.,l, : 0,32 0,34 g,gﬁ
43 |Pacxon Qi  [dopmyna 11,0 13.2 W
(5.21)] npu Me@z) H lb-m "
| Qe)—ha, - 83>3 1,5<3 13<3
- K1(1)
X 100% ' .
45 | Mapamerp pacxoma f1g(s, = 0,62 W
1)z
= By
1V gh, —
46 | Inuna lyz) (cm. pHe. 5.34) 6,5 —
npH Hgm )
47 !Pacqe-n‘mn‘ anuHa  TpYOH | 30 = —
"2y =lr—lo(2), M
48 Kosqmu:iem Maes) (cM. pHe. 061 = =
S 0.97
49 Kowgg)neuf Nu  (eM. : 7 T
Hc. 5.
50 P-rf'um 0% i >
51 | Pacxon Qies), M%c [popmy- i - i
aa (5.21)] n]:al ﬂl(S)Q" Ha(s)
52 ﬂorpemﬂoc'rbl_(a)__,‘.(_z_). b4 1,8<<3 — —
1(2
X 100% g
53 | Ipunsatee pacxoml KaXpoi 11,0 13,7 155
TpyGut mepsoro sipyca, mM¥/c *
54 | Pacxoa Bcex Tpy6 mepBoro 33,0 41,1 46,5
apyca 2Q,, m¥/c i
55 | Pacxox Bcex Tpy6 BTOpOrO 2,0 6,0 10,0
Apyca 2Qz, M¥fc ’
56 | Pacxon  wMuorospycHolt Tpy- 35,0 47,1 56,5
661 Q, M¥/c
Ta6baunuma 2
N Pacxoam Kaxaoft TpyGm
Ne mfn SnemenTs pacyeTa BTOpOTO Apyca Qo Mfc
10 | 30 5.0
Bropoj apyc
1 Juamerp Tpy6u D, M 1,5 1,5 1,5
2 Jnuna TpyOH lr(a), M 29,0 29,0 29,0
3 ?gélfepwn ray6uHa Hs, M (cM. pHe. 0,76 1,42 233
4 OTMeTka JOTK2 Ha BXoJe B TpyOul BTO- 101,73 101,73 101,73
poro Apyca 2y(a)
5 Ormerka mogneproro ypous [1YBB= 102,49 103,15 104,06
| =2om+Hy, M
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Oxonuanue taba. 2 npusox. 5.1

5 ) Pacxoanl KaxaoR Tpy6m
Ne m/n SieMeHTH pacuera BTOpOTO Apyca Qs Mefe

o ] s | s

Tlepsoid apyc
6 OTMeTKa JIOTKA HAa BXOJe B prﬁ}, M 99,23 99,23 99,23
7 Ioanepras ray6una H,=I[1YBB— 3,26 3,92 4,83
—2Z, M
8 | Pacxox Qi wie (cm. puc. 5.36) 1.1 133 157
9 Pacxon Bcex TpyG nepsBoro spyca 33,3 39,9 47,1
2Q,=3Q;, m¥c y
10 Pacxox Bcex Tpy6 BTOpOro  spyca 20 6,0 - 10,0
2Q=2Q:, w¥c
11 Pacxon aByxbspycHoll Tpy6n Q= 353 459 57,1
=ZQ=3Q,+ 2 Ly %
12 PasnHua B pacxonax npH pacyere no 0,8 2,6 1,0
rpacjukam no cgasneumo C pacyeTrom
rpad—Qdopm
no gpopmynaMy —————
Qpopm

OnpenenseM pacxol, nponyckaeMulil TpyGaMu nepsoro spyca npu H, = 2,5 m, npea-
noJiarasi NoJyHanopHHi PeXHM NPOTeKaHHS. '
TTo ¢gopmyae (5.20) naxoaum

B Qsﬂrﬂn@coop 'l/2g (H—EonpD) N

Tie ny, — YHCJAO TPYG B sipyce, B nepBoM sipyce n, = 3.
Kospdpunmnentss p, ® e, OGepem mno
Ta6a. 5.3 Ans TpyGbl Ges OroioBKa ¢ BEPTHKAAb-  Hu P =‘”"‘
HBIM cpesoM: Mg = 0,56 u &, = 0,63. |} pteeraeny

Toraa i e s A

3,14 - 22 N
Q=3-0,56—‘4"'-'-“ X ]

&=
N
[
(X

x V2 -9,81(2,5 — 0,63 - 2) = 26,0 m/c.

TTonyyeHHBI PaCXOl MeHblle PacYeTHOro
4 Hauboabllero pacxonoB Tpy6el. CleroBatelNs-

HO, paGoTtaT TPy6sl 060HX SPYCOB.

JanpHeR1WHAi pacuer BHIMOMHAEM B Tal-
auynoit ¢dopme (tabn. 1). CymmocTh pacyera
sakJpodaeTcs B clelyiolieM. 3agaeMca pacxo-, J
NaMH BTOPOTO Apyca H IT0 HEM HAXOAHM PacxXoas /

TR S Lt

)
b -

NnepBoOro Apyca H BceH TPyObl. 3arTeM CTPOHM 3a-
aHCHMOcTb H = f(Q) ¥ no safannuiM Qp H Qmay
HAXOJHM COOTBETCTBYIOUIKE HM fp, H ﬁmu.
Jlns cymecTBEHHOTO YCKOPEHHst pacyera
MHOTOSPYCHHX roppupoBaHHsx Tpy6 D=1,bMm
H D = 2,0 M MOXHO TNONBL30BAThCH TpapHKaMH
ua pue. 5.35 u 5.36.
. Tlopanox pacuera caeayiounii. 3
Onpenensiior no rpapukaM wa puc. 5.35 u
5.36 pacxol MHOrospycHol TpyGE NpH Noanep- §
TOM r/yGHHe, COOTBETCTBYIOINEH OTMETKe JIOTKa J o
Tpy6 BTOpOro sipyca. T <

B .

%
XY
Oy
-
z
Qo Epyy 2 ¥0mYe )\‘...
sl
Ll RS SR Y it

:

=
Qmax=E Qrmaniszf 55.0m Ye

Egnmg 1)=45r‘f“;k

!

I

I

Puc. 2. I'paduk 1A onpenenenHs npo- :
NYcKHOil  CIOCOGHOCTH  MHOTrOSPYCHOM \
[

/i

TpyGHL:
I — 2Q=f(H) — ansn 7Tpy6 nepsoro Apyca;

2 — EQ,=f(H) — To Xe ann BceR TpyOM 0 20 Jo 40 S0GaM%
12 s 355

[pu H = 2,5 m naxoaum no rpaduky Ha puc. 536 gna D, = 2,0 M Q, = 8,7 M%c n
2Q; = 3 - 8,7 = 26,1 m/c. Jror pacxon MeHble Qp = 40 M/c 1 Quay = 55 M¥/c. Creno-
BaTeNbHO, TPYGbl BTOroro sipyca paGoTaior.

Janee pacuer aHaJIOTHYEH IPHBEJAEHHOMY Bbille M OTJHYAETCH OT HEro TeM, YTO Bhi-
NMOJIHACTCH MMOJHOCTBIO N0 rpapukam. Pacuer BHNOJHAIOT B TabanuHOM hopme (Taba. 2).

Paaunua B pacxofax, onpefenseMux no rpadhukam u Gopmynam, nosysaercs HeGob-
was (He Gosee 3 %).

HekoMbie noanepToie ryGHHBL (YPOBHH) ONpefelisieM nyTeM NOCTPORHHS 3aBHCHMOCTH
Q = f(H) ans muorosipycHoit Tpy6ul (puc. 2). Ha puc. 2 ans ép = 40,0 m/c Haxoxum Hy =
= 3,54 M u YBBp = 99,23 4-.3,54 = 102,77 m.

g Quax = 55,0 M/c Hpax = 4,64 M U II¥YBBy . = 99,23 + 4,64 = 103,87 m.

Onpesensiem CKOPOCTH IOTOKA HA BEIXOAE H3 TPYG MepBOTO Apyca, M0 KOTOPHIM ycTa-
HABJHBAaeM THIN YKpeNJeHHs Ha BHIXoJe.

lMpensapuTenbHO HAXOAHM MO rpadHKy Ha pHC. 2 pacxoasl TPyG mepBoro spyca npu
YCTAHOBAGHHBIX MOAMEPTHX TAYGHHAX: :

ZQp) = 36,0 M¥/c; ZQpax = 45,5 M¥/c.

3arem no npuaoxenuio 5.2 (puc. 2) onpenensem:

ZQp(1) 36,0
1 A L DR =0 bl
eV R T T 17 R el
UBHX(P) ' a =l o
Laux(p), 1,90 =1,20 V3,81.2=5,32 w/c;
VD ¥ Upx(p) V /e
XQmax(l.) . 45,5
i ot - 0,86 1 ip=0,
"™ Qa0 = n, D! VED; . 3-2,001/9.81.2,0 & il
_Useix(max)

=D =1,294 Uypux(max) =1,29 V/9,81-2=5,7l wm/c.
Ve Dy

IlonycKaeMbie CKOPOCTH NMpH mponycke Qugay YBeqHYHBaeM Ha 35 % HJH paKTHUeCKHe
CKOpPOCTH YMeHblIaeM Ha 3Ty JKe BeJHYHHY.

TMo3TOMY Upgyx(max) = 5,71 : 1,35 = 4,22 M/c << vgyy(p) = 5,32 /e,

[pHuEMaeM K pacyety Uggx(p) = 5,32 M/c.

[To cKOpOCTH Uggyx = 5,32uufc noa6upaem no Ta6a. 2.9 THN YKpenJdeHHS: MOHOJHT:
Hoe YKpenJieHHe H3 GeToHa.




NPHIIOXKEHHE 5.2 s
ONMPEAEJEHHE INMYBHH MOTOKA HA BbIXOAE H3 TPYB MO FPA®HKAM 0.4 : i, =0.00! Yt
; < 0,005 fommmemn et
—
. B ’—-ﬁ
hos/D ; T '_—,’___ z 06 /./,: : b--'"IJ"‘L,;,J'”'_F_".-—--1
E_-""- J_ — ! %///__.——'"‘ 0.10
" 0,00 _..M?ﬁ"‘— I /’% e D
0.6 — | 0L —T 77 -
i A =t 04 e i
| L— 0,0 0,07 b I~ e
g e raam L = =1
/ ,//;""‘-"'" , 09 14// e E5&
06 ’// s | R = il 0.10 ’/‘//
Z P ‘4,;__ v —
/‘//'/ "] ﬂlzg '
> — - 1
L~ 0,50 -
7// ;4-——‘-—-—' ; 7 02 04 05 048 7 12 = q
0)2 /l,//‘/ ‘ I_"; yﬂ: =
= A
D Puc. 3. Tpadux aas
onpejenenuss  ray6HH
; 3 NOTOKa Ha BHXOJE Ha
0 . 02 0,4 0,6 0,8 10 12 =@/l 5 / OBOHAAJNBHLEIX TPYO
Puc. 1. T'paguk aus onpejeienus rayOHH MOTOKAa HAa BHXOJE H3 KPYrAKIX TPYO . ///
- 08 : 7
4 i,=0,01 /
202 //
47 Va7
A Z a0
0.
[ i=0 o6 //A:’/ il
r= a
soix/ Nr i’ “g’yw ;////
o 00z /A
0,8 /; — ] a5 Ve 74
= [ a1 — o017
Z====gsl v
I | mp—
) ;_—-— [ A B o
z 0,20
= m—
0 Y i I I e s it i Z;ig i 03
4 > )
T 430
e Ky =F (M) A #an
- /] /’\;/ {42 a2
1.
1 " a1 Puc. 4. Tpadux aan
0 02 04 0,6 7,6 10 12 M=/ bhVah, ‘ onpejenents  rayOuH
1 12 Mg=QfbhrVyhy NOTOKAa Ha BHIXOJE H3
Puc. 2. I'paduk Ans onpejesieHHA rAyGHH NOTOKA HA BHIXOJE H3 MPAMOYrOJbHLX TPY6 Jimspiaime SOE
s . ; eToM 3
paGoTawomux npu 714>0,8 npu nosyHanopHoM pexHMe ; 7 142 g4 a6 98 24 ”ﬂ = i quﬁ San;ﬂ:::-o‘
‘ 7 '

128 3axk, 935 i wa ) 35? 358




MTPHIIOKEHHE 5.3
Yy

OMPEAEJNEHHE CKOPOCTER MOTOKA gT b= ey ——
HA BBIXOJIE H3 TPYB 110 TPA®HKAM ‘4 I 0 5 o = o O i
; PRI o o o e .t L D e
U [ L1 -1
y—ﬁjﬂ A A 12 |25 C,— ot B B e
d rRvi NPT |
- 3
1B == 10‘44§/ ]
7 ' o
44 @ iy A 0,8
RISV b a6 :
v/ %/ o 0z 03 0% 05 46 47 086 08 0 4 g @

9 D%gD

.’6‘7- ' ////Ar
‘3;6'& //

Puc. 2. I'padHk nas onpeleneHHs cKopocTefi MOTOKAa Ha BbiXoae H3 rodpHpoBaHHHX TPyG -

i
e // C Y4eTOM MX BO3MOXKHON 3apsiKH
7 E '

4 7
NN A NTPHIIOKEHHE 6.1
Y IAA N :
32 : ’//// 7 ,/ ONPEAEJEHHE NOANEPTBHIX FIMYBHH H rNTYBHH NOJL MOCTAMH
0 / NPH 3ATONJIEHHOM NOJAMOCTOBOM PYCJIE IO HOMOTPAMME
/] 1 A A
. Ly L\ . :
4/ / “)6// // CM. HOmoOfpamMMy Ha c. 361
2,8
» / V¥ 7 D /
= ‘// b o] >0 A ITPHJIOKEHHE 6.2
/ // / 7 %‘3 7 P ,
24 ‘//;/,/////l L// 1 Q///// ’ NMPHMEPBI PACYETA MAJIbIX MOCTOB
//;// // - r///L//@,L ;5 . '
A 9 n 1. Tpe6yercs pacCYHTaTb OTBEPCTHE MaJIOrO MOCTA C OTKOC
3 pumep peby p p TKOCHBIMH KPBIJIbAMH
2,0 A /A// ,/ P % / ) noao6paTh THN yKPenJeHHs MOAMOCTOBOro pycJia AJs pacueTHOro pacxofa @ = 38 n’?:nﬁl:
’ ,7 / / P L~ 1~ //’ ToBas riy6HHA BOAHW B Jore hgg = 0,53 M; Hanop Boxm mepex MoctoM Hy = 1,7 m.
/ /' ///// /,///_ ; . \tal,gg.i PemenHne. (1)1(31.5731611. 6.1 ungry g ;Txocuuunﬁ KPBIIbSAMH com;e'rc‘r;géer K03¢hH-
,007 uMeHT pacxopa m = 0,35, Toraa nmo Taba. 6.2 kputepuit nogronaenns N = 0,8.
/ / /// / % “_00‘ K,_-, 002 1. ITposepsiem ycjoBue noatonjennsi. Tak Kak hyg << NH, (0,53 < 0,8 - 1,7), 10
7 1 A - ’ )
A > 3 ITOAMOCTOBOE PYCJO HENOATONJIEHO H IOSTOMY KOS(DGHUHEHT MOATONJEHHS Oy = 1.
1,6 g g / y o
/ / /// i 2. Onpenensiem pasMep OTBEpCTHA MocTa M3 (opmyan (6.5):
4 / 7 = A1 A Q 30
52 ///r/// = e i3 0,35 V29.81. 1,732 SOL15
b 744 Pt
/ / Tpuuumaem Gauxaiiuee craHaapTHoe sHadenHe by, = 10 M.

aé ; \ 3. HoBoe (yTouHeHHOE) 3HAYEHHE HANOPa Nepel] MOCTOM
¥ . .A H. =H 2 (b“ )2,._.[7 8 (8,75 )2
0 e g
0,4 - _ V l/ 10,0

4, Ycnosue hyg << NHg ue HaMenHJ0Ch: 0,63 < 0,8 + 1,55,
5. IloTa6a. 6.2 ycranasausaeM, urok, = 0,52, cnenosarenbho, ray6uua B pacuer-
30

=1,56 m.

bK

0,8 Tl e " 3 . = : s : TN, »
a :‘;"j,".’ 0,4 0,6 0 2 nq‘ﬁﬁ HOM ceueHHH by, = koHgy = 0,62 + 1,65 = 0,81 u & cKopocTb vp bhe T 08T
= 3,7 mle.
Puc. 1. Tpaduk ans QnpereseHHs cKOPOCTEHl NOTOKA HA BHIXOJE H3 KPYIVIMX Tex- 6. Tlo AanmbiM, PHBENCHHHM B Ta6J. 2.9, ycTaHaBaHBaeM, uto npH vp = 3,7 M/c u
3 HHYECKH MIaJKHX TPYG he = 0,81 noamocToBOE pycnO HEOGXOAHMO YKPENHTh MOIIEHHEM H3 KaMHA pasMmepoM 25 cm

Ha cJioe webHs 10 cM HAH GeTOHHBIMH NAHTaMH pasMepoM 50X 50 wau 100X 100 cu.

*
128 - 359 360




G

::t“:‘" egg -

22 8Es!.Bidlg

HHRHER

2EF8E3E8%kEs

VA VAR @) o
VASTIAVITAAVIN (R 'JH;@:; 3
NNV ‘\‘\I‘IKAF;T"?!é/-AI. s
A A WAVWATRIE B RANITIN NN, S
YN AN VS
MK Y IR VR AT I
@ 9 AV IVATATAVAYI Y AL
VALVAA'AN V7 s

X ANAL ATV [Tl
A ANV YR WA E N e
SENEERERSENEIERSEINESESEERIE
A9 0 @ ATAV VT WA S Iavanilim, s
\AVAWAY AV AVAY/N W) OV yaviN! e
WA X A A O TS
3 (WA SYAV VAN 8 VA 1AW B B N
WA AT YT Y TS
t /1 ﬂ‘/u/}ﬁ. | /b! \ /1 ! ] f 2
WA A A T s
AV WA VAV - T s
( A1 oA / | S
B, /84D WA/ Vi WAl iV T
VAN S Al I e
AN A A iAs miam e
7\ (WA VAEL WA LS
VAT TV ARANmEmE
@VAVAL VA" @Y (W14 1WA \TARTAN =
’Vljj()(//x | ’/ / { / /[ LI I’i S
XA AT :/.‘ s
AV.AV.A VAV VR VR NN EmERE
é'é i i ’é / é d 7] /' lh‘"\t-
AT ‘ AT TS
TSRITTANSSSSNNG3NNSSISSEEEAR
361

a

Npumep 2. TpeGyercs onpefennTs pasmep OTBEPCTHs MaJOro MOCTa M MoAOGPaTh THN
YKpenJeHHs: NOAMOCTOBOrO pyc/ia NPH CAeAYIOUKEX PACHETHHX JaHHHX: Q = 19,8 M%/c; yc-
TOH Mocn:;g OCHBIMH KPBUJIbAMH; HANOP BOAb NEPE'MOCTOM He NOJIKeH NpeBuaTs 1,8 m:
hye = 1,65 M. '

Pewmenue. 1. Ilo rabn. 6.2 ycranannsaem, uto npu m = 0,35 N = 0,8.Torna
NHy = 0,8 - 1,8 = 1,44. Tak KkaK hyg > NH, (1,65 > 1,44), To noamocrosoe pycdio noa-
TONJIEHO. .

2. OnpejensieM cTeneHs MOATOMJIEHHSA:

hng 1,65
= =0,92.
H, 1,8
huo

IMo Ta6n. 6.3 ycraHaBamBaem, 4TO MPH H,

=0,92 1 m = 0,35 kKos¢ppuuHenT noz-

Tonneuualfrn = 0,71. .
3. Pasmep OTBEpPCTHA MOCTa

Q - 19,8

oum VIg HY/®  0,71.0,35)/2:9,81.1,83/2

Okpyrasem 5To YHCIO A0 CTAHAAPTHOro 3HaueHHa b — 7,5 m.
4. Iliin onpeleNeHHs HOBOrO 3HAueHHs Hanopa Hg nojcunTaeM BcnoMoraTedbHYio
DYHKIHIO:

b= =7,4 M.

H, ]/ b, 75 )
hyo

K
Mo Ta6a. 6.3 npy m=0,35 1 6=0,86 yc'ranémnnaeu, um( 7
o

huo 1,65 !

’
) =0,92 u 0,=0,71.
Tak Kak CTAHAAPTHOE OTBEPCTHE MOCTA HE3HAYHTENbHO OTVIHYAETCs OT PACHETHOrO, TO 3Ha-

e
YeHHS
Hy

H Oy HE H3MEHHJHCH, T. €. MPAKTHYECKH HEe H3MEHH/ICS HANop BOAL nepen

MOCTOM, H MOHO npuHaTe Hj = 1,8 M.

H O, HOBOe 3HAYeHHe Hanopa clelyeT NOJACYHTHBATL N0

np]l HHBIX 3HAYEeHHAX ';;16
0

[IPABHJIaM, H3JIOKEHHBM B MPHMEDPE HACTOSLEr0 NPHACKEHHS .
5. OnpeaelHM MIYGHHY H CKOPOCTH NMOTOKA B PACYETHOM CEYEHHH, NPEABAPHTENbHO

_ycTaHOBHB, uTO by = 0,85 no Tabx. 6.3:

npu m = 0,35 n %" = 0,92:
o
hg = kgHo = 0,85 - 1,8 = 1,53 u;
Q 19,8
e Ll
L darartmt e gal Ul

6. Mo naHHBIM pacyeTa MOXeT ObITh NPHHATA OJEPHOBKA NJAALIMA HJAH J0GON Apy-
rofl THN yKpenJeHHs NOAMOCTOBOTO PYCJa NO THNOBOMY MPOEKTY.

Mpumep 3. Tpe6Gyercs pacCUHTATh OTBEPCTHE MaJOro MOCTa ¢ OTKOCHBIMH KpPbiJIbAIMH
H ONpele/HTh HANODP BOAW Nepeld HHM npH @ = 26 MP/c W GuTOBON riyGHHE BofM B Jore
hge'= 0,5 M. [oaMocToBOe pycio npeAnofiaraercss YKPenHTh MOUIEHHEM H3 KaMHs pasMe-
poM 25 ¢ Ha cnoe meGHs 10 oM.

Pemenne.l. BcooTBercTBHH C 3a]aHHBIM THIIOM YKPENJEHHS Pycaa ycTaHaBJH-
BaeM (cM. Tabu. 2.9), uTo vpey = 4 Mc.

2. KospHiupent pacxoja Ajis NpHHATOro THNA ycroes Mocta m = 0,35, Mo Taba. 6.2
P = 0,83; N = 0,8; k&, = 0,52

3. IlpunuMas, 94TO NOAMOCTOBOE PYCJ/IO HENOATONJIEHO, T. e. Oy = |, BuYHCASEeM Ha-
nop:

= Y %on 0,682.42 &
0= P =1 M.
ongy 2m*  12.9,81/2.0,35

Tak kaxk ycnopue hyg << NH, (0,5¢ < 0,8 - 1,8) BHNONHEHO, TO NMOAMOCTOBOE PYCIO
NeACTBHTENbLHO HEMOATONJIEHO, H NMO3TOMY MOJY4Y€HHOE 3Ha4YeHHe Hanopa Moxet OLITE HC-
N0/b30BAHO A NadbHeAMHX PACYETOB. ; :
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4. Onpepensiem pasMmep OTBEPCTHS MoOCTa:

2 AR el S Y
mV og Hi'? 0,351/ 2.9.81-1,8/2 "

MMprunMaen Ganxafimunfi cTanlapTHL pasMep otBepeTHa by = 7,5 M.
5. YrousenHoe SHauYeHHe Hanopa

H.’,—_-H."s/(—'f) _18‘/(694) =1,75 M.

Tak KaK Hanop H3MEeHHJACH HE3HAYHTENbHO, TO H KPHTEPHil OLTON/ICHHA TPAKTHYECKH
ocrajics TakaM xe (0,5 << 0,8 - 1,75) B nmoAMoCTOBOE PYC/IO OCTAETCA HEMOATON/EHHBIM.
6. Boiuncnsiem rnydnny NOTOKA B PACYeTHOM CEYEHHH

h = kgHo = 0,52 - 1,75 = 0,91 m

by =

H CKOpOCTb NpoTeKaHHsl MOTOKA B MOAMOCTOBOM pycJie

Q. 26
ROk SRR ST W RN
o ke .| 7,5:0.9] e

4TO MEeHblle non¥cxaeuoﬁ (vp < Ugop), MOITOMY YCIOBHE PACUETa BHIMOJHEHO.

Ipumep 4. TpeGyercs onpenenn*rb pasmep oTse cmu MOCTA H Hanop BO/kl fepej Moc-
TOM TPH CJAEAYIOUHX pacue-rnux naunbx: Q = 16 m¥c; vy = 4 M/c; ycToH MocTa c 3a-
GOPHBIMH CTEHKaMH; hno = ],6 M.

7P emenne 1, INloTaba. 6.2 ycTanapausaeM, uto npu m=0,32 N = 0,84 u $ =
= 0,76. e
2. TpuHHMas B NepBoM NPHOAHMXKeHHH Oy = |, onpejeasem

: ? Uon 0,762- 42
Hy= = ,_'“—' S =1],6 M.
ongy 2m? 12.9,81 3/ 2.0,322

Torga NHo= 0,84 - 1,6 = 1,34 M H hye > NH; (1,6 > 1,34), 1, e, noaMOoCToBO.
PYCAO MOATONJIEHO H- HANop zlo.umeﬂ GHITE NMEPecyHTaH.

3. Onpe.ne.vluu Haudoabwyw noauomnylo CKOPOCTb B NOJAMOCTOBOM pyc/ie No 3asHCH-
moctH (6.15):

Vmax =

ghye 3y 2m? )""‘ (9 ,81.1,6y72.0,308 )“"*=
(__—N—--— 0,54 3,3 m/c.

Tak Kak Upay < Unop (3,3 <C 4), TO B pACUT NMPHHHMAEM CKOPOCTh Upay = 3,3 M/c
(ecn OKaMerTcs, UTO Umax > Unons TO B pacyer HaZo MPHHHMATh Ungp).
4, JIns BuIYHCACHHSR .mencran'renbnoro Hanopa onpefie/HM CHayaJa BCNOMOTATe/NbHYIO

GYHKIHIO:
* 3,32
B B i i, 8,
hyg 1.6
) 3artem no Ta6a. 6.3 ana m=0,32 ycranapaupaem, uyto npu B, =6,8 op=1,—f— ’;,,“ =
= 0,84 u Wn =1, \
Toraa nanop B MepPBOM NPHOAHKEHHH
Y& vp 12.3,32
Hy= ol - =19 u,
ongy 2m? 12.9,81 3/2-0,32¢
a pasMep OTBEepPCTHA MoCTa
o0 Ve TR . SLATN NI PR
“oamV 2g HY® 1.032) 2.9.81 .1,992 MW

OkpyraseM STOT pasmMep A0 CTAHAAPTHOrO 3Ha4eHHs b = 5 M.

363

5. IIns yCTAHOB/ICHHA HAmopa BO BTOPOM npuﬁnzmennn BBIYHC/HM BCIIOMOTATebHYIO

$yHKUHIO:
3/ Thoat 3 5
He (b‘:.,‘.’“) 1,9 ( LN
0 K l/ 5
" ag 1.6 s B

.IMo Ta6a. 6.3 npp m=0,32 1 0=i.06 HaXOlHM, 4TO h],;o =0,88 W 0,=0,9, Torxa
0
3 T b 3/ TET
e/ T ] o/ o]

Tak xak h;;, —T 0,895 u 0,88 5= 0,895, To npunuMaem —h;;'— 0,9 u Toraa
= 0,84, a unnop

3 Thno i 3,21
H;=H;,‘/ (-ﬁ) _|79V (5084) =178 m.
K'n

B cBA3H ¢ TeM YTO 3HAYEHHA H., HHg 6nusxa namnenmero YTOYHEHHA He TpebyeTcs
H OKOHUATeJbHO mpuHHMaeM H, = 1,78 M.
Yc/oBHE MOATON/EHHS BBHIJEPKAHO:

hys=1,6 M > NH;=0,84.1,78=1,5m.

6. I'ny6HHa MOTOKa B pacieTHOM CeYeHHH npn kg = 0,74 (cm. Taba. 6.3), M-=0,9
wm=032 "
hy=hnHy=0,74-1,78=1,31 m.
CKopocTb MOTOKA B PACYETHOM CeYeHHH i
Q 1,6, .7
L ey m—-=2,42 M/c -

Takam 06pasoM, YCIOBHe Up < Upoy BHNOJNHEHO.

MPHJ/IO)XEHHE 6.3

NMPHMEPBI PACYETA MOCTA HA 3AJIHBE BOLOXPAHHJIHILA

Mpumep 1. CxopocTe NOBLIMIEHHA ysponnn pe-moro ﬁbeq:a a = 0,2 M/cyT (sanoane-
xue), AonycKaemas CKOPOCTb Unom = Mmic; Hy=3m; Hy= 1m; F., = 6 km?; F; =
= 12 km?;, ¢ = 0,9; e = 0,85.

Pemenne. Haxomm clelyolHe XapaKTepHCTHKH:

1\
n=—=0,33;

Zmax _ ,5%
Hy 3-19,6-0,922

3.6 0,2 T.128
= mmeyorye 8t 1 23 e ——— Pt ESBe R
K ]/ =128 = S =0,126.

=0,123;




- ’

Ilo nomorpamme Ha puc. 6.7 HaxogHM b’:.;,’:' = 1,6, oTkyna uckomoe by, = 1,6H; =
b 4,8
=48mb= ¥ = For =565u 3

Hpnuenure:(l:bno K THIIOBBIM pasmMepaM npHHHMaemM b = 6 M.

pumep 2. CpeflHAs CKOPOCTh NOHHXEHUS YPOBHA B PeYHOM Ob a = 0,25 m/cyr;

H1=2u;h'.,=lu;F,=ll?xu‘;F,=‘5xu;e=0,9;u=0,5. i . *
Pewe nue Haxogum:

: 2 5
Zmax ' —— ) 196 Ko V 25 _o,815.

Hy ~— 2.19,6-0,92 1-15
TMpunamaem K = 1, Toraa
a Fif, . 0.2 V_s-xs" '
L =— 170 = 0o —
H? H, P 1 0,58
[lo Homorpamme Asst omopoxHeHHs (cM. puc. 6.6) HaxomuM, uto b}"{w = 5,1, orky-
buow 10,2 '

Aa baow = 10,2m. Torsa b= —~— = 2= = 12 1.

YcraHoBJNeHO, YTO B pacueTHH nepHo] HCNapenHe ¢ 3epKaja OTCeYeHHOH vacTH P
coctasaser 5 cm/cyT.

Torga pacueTHoe OTBepCTHe

P 0,06
=p{l —|=10,2(1 — =8, b
ook b( 3 ) (1 0'25) 8,15 M

[puuuMaeM byon = 8 M.

! ) IIPHJIOKEHHE 7.1

COMOCTABJIEHHE PESVJ!B.TATOB PACUYETOB
C 3KCNEPHMEHTAJNIbHBIMH JAHHBIMH '

Ym
L5
12
99
Vj 14 20 - am
Puc. |. BapHaHT HepaBHOMEPHOH DA3HOCTHOH CeTKH JJIs pacyeTa pacTeKaHHs NOTOKA B

Jore ¢ NPAMOJHHEHHEIMH GOKOBBLIMH cTeHKaMH (B CH/AY CHMMETPHH oOJIACTH TeYeHHHA OTHO-
CHTeJIbHO OcH TPYOHl ceTKa MoCTpoeHa iJIsi MOJIOBHHHN 0G6JacTH)
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/4 53 a6 49 12 15 Yo

Cropocmu

Imfc

LTI I.-..__.__-—-—..-—T—':J

2,0

1 ||{1l,'-=ﬁ-;i‘

nm

Puc. 2. 3rophl cKopocTel W TJyGHH NMOTOKAa NpPH HCTeYEHHH €ro B Jior WHpHHOA 1,8 M ¢
NJ0CKHM OETOHHBIM HaKJIOHHHM JHOM (ix=0,05, n;=0,014) wu3 kpyrjofi TPy6H aHaMer-
pom D=0,1 M; cKopocTs H rJyGHHa Ha BHXOJE Unwux=178 M/¢, hyux=0,035 M, npuseneH-
Has WHPHHA BHXOAa Dsux=0,064 M: cniOLIHHE JHHHH — Pe3YAbTaTh pacyera; TOUKH —
JlaHHbe SKCTEPHMEHTa; WTPHXOBBlE JAHHH — IPAHALBL PACTEKAHHA B 3KCMepHMeHTe
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i E T E— & t— 10 l.'- VA IL 5 IF 3 ; — |2 “n Puc. 1. paduk nas onpenenenns napamerpa M

1 \ I ] | / Ll | ¥ .
30 40 & 55 Am

Puc. 3. Smiops ray6HH H CKOpPOCTeI MOTOKA TPH HCTEYEHHH ero B JIOT ¢ YKJOHOM JHa

iz=0,001 (ocTanbHHe NapaMeTpH Te e, YTO H HAa PHC. 2): CIJIOWIHAA JIKHHA Ha 3niopax

CKOpocTell — JHHHS HYJeBbIX. CKOPOCTEH; CTPeJKH 0003HaualoT BEKTOPHW CKOPOCTH, a uud-
. pbi— HX abCOMIOTHHE 3HAYeHHHA, CM/C

N
vA e /F——
S 4,.1 /,'HJ:://
o Y rooEg=
NTPHJIOKEHHE 7.2 VAé// /5/ ,//,-—
> — -1
ONPEJEJNEHHE WHPHHbI PACTEKAHHS, TJIYGHH H CKOPOCTEM MNOTOKA . AN i 08 oo )8
HA YKPEMJEHHH MO IPA®HKAM NPH YKJIOHE BBIXOJHOrO JIOTA i,>0,02 : /V/Z/ ////9 -/UTI')
i W -
i YW 7 717 ——
Mupuny pacrekanus moToka HaxoAaT no gopmyae (7.12): i / / : L~ <
Bpacr =MN-|-b =]/ Tm_ AN i
pacr +bp WM Ku+bp / 7 // L~ i S
L : = AN
rie M, N u Ky — napamerpni, onpejeisieMble COOTBETCTBEHHO Mo pHC. 1, 2 W TaGnuue ; 7V ¥
JAHHOTO TPHIOKEHHS; /] //
* Ny — KO3()HUHEHT WepOXOBaTOCTH AHA; 4
0, 015 — NPHHATHA B rpagHKe KoS((HIHEHT LEPOXOBATOCTH. a1 /
Tlonpasounbifl Kosdduunent K, 1 Huf KosQOuUHeHT K
Dy, m npu [1g, paBHOM Dy M npu g, pashom
o.1]o2]o4]os|r2]1.s 0.1 02 |o.4]o8]1.2]16 0 2 4 6 8 0 7 X/D,
1,0 0,9110,93(0,96(0,99{1,01 1,02 3,00 (2,49/2,55|2,63|2,71(2,77| 2,79 . 2. T ; Y
1,25 |112| 114|118 1.22|1,24[1.25| 3.50 |2.87|2.93|3.02|312|3.18] 3.21 o N S R RS RN
I,& 1,3211,34(1,39(1,44|1,46]1,48) 4,00 (3,24|3,32[3,42|3,52|3,6C| 3,63
2 1,72|1,76|1,811,87|1,91|1,93)| 4,50 |3,61{3,69(3,81|3,93(4,01| 4,05
2,50 12,11)2,16/2,2312,30|2,34|2,37| 5,00 [3,98|4,06|4,20|4,33|4,41| 4,46
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I'papukmn ajs onpefesenusi ryGHHB NOTOKA A H TIYGHH NO OCH NOTOKA fgpy HA YK- \
penJaenHH faHul Ha pHc. 3 W 4, cKopocTe#l NMOTOKa v — Ha pHC. §
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Puc. 5. TpadHK 1aa onpeneneHns cKopocTeii NOTOKa v Ha YKpenJieHHH

TIPHJIO)KEHHE 7.3

PACYET MAKCHMAJIbHON I'/IYBHHbI PA3MbIBA
C YYETOM rHAPOTPA®A NMABOJAKA MPOH3BOJIbHOH ¢OPMbI

ITpu popmax ruaporpada naBoika, He NOAXAOMHKXCSH BBeAeHHOH B n. 3.9 cxeMmaTu3a-
uMH (HAnpHMep, MHOTONMHKOBOH), pacyeT Ahyg. HenocpeicTBenso no ¢opmyaam (7.21),
(7.23), (7.26)—(7.28) mMoeT MPHBECTH K 3aMeTHBIM NMOTPemIHOCTAM. B 3ToM ciyuae npume-
HsleTCA CJIeAYIOMHH ajdropHTM pacuera.

1. T'naporpad) 3aMeHsIOT CTYyMeHYaTHIM, T. €. NPEICTABJAAIOT B BHJE IIOCJAELOBATENb-
HoCTH nap uncena {Qj, Tj), j= 1, ..., N, rae Qj, Tj — cooTBeTcTBeHHO pacXof Ha j-if cTy-
TNEHH H ee NMPOJOJIKHTeNBHOCTh; N — YHCJO cTyneHei, BHOHpaeMoe H3 YCJOBHA obGecneye-
HHs HeoOXOJAHMO# TOYHOCTH pacueToB (o6biuHo N == 10).

2. 3%}18!01' HavyadbHYyI0 Ty6uHy pasmbiBa Ahpax(e) (06b1YHO Afpay(e) = 0) H cum-
TaT j = 0. : .

3. ¥Beaunuusaior j Ha | (j = j—+ 1); ecan 4> N — pacuer 3aBepiueH.

4. PaccuntniBaoT Ahgp(Qy) no gopmyse (7.23) npn Q = Q5. Ecam Ahpp(Q)) <
< ABpax(j—1), monaraiT Ahpmay(jy = AMpax(j—1) H NEPEXONAT K N. 3 aJropHTMA.

5. Ypasuenue (7.21) ¢ yuerom (7.26), (7.27) u snavenus Ahyp(Qj) paspewaiot oTHo-
CHTeNbHO { NPH Ahpmax = AhApay(j—1) H HaxXoAfT fj — BpeMs, 3a KOTOPOE NOCTOSHHBIA -
pacxon Qj pa3aMoer IHO HAa TYGHHY Afmgy(j—y) (T. €. HA HAYaNo j-i C'ryneu?{‘j:

" ot A hmax (j-1) 7
tij=1, (Qj') ( 3 Ahpp (QJ)—AhmI.X (j-1) )
0,25 Ahu L
t (@p=sio k)" [ SR 4 roncye |

6. IMonarator f = {; -+ Tju no hopmynam (7.21), (7.23), (7.26), (7.27) npu Q = Q;
BRIUHCASAIOT ITYOHHY Ahpax(j) Ha KoHel j-H cTymeHH:

1
max () ( 3/ 5+ 1 ) up (@)
V %@
nocje 4Yero nepexoasaT K M. 3 aJIrOpHTMa.

[To onucannomy anroputmy B IlHHUHCe paspaGorana H SKcnayaTHpyercs nporpamma
s pacuera Ahp,y NPH Nponycke rHAporpagos THNOBOW HJH NPOHSBOJNbARONA (OPMH NpH
JMO6HX pPeKOMeHIyeMbIX THNAaX BHIXOAHBIX pycel.
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ITIPHJIO)KEHHE 7.4

IPMMEPBI PACYETA HH)KHEFO BbE®A TPYE

I. PacueTs BLIXOAHBIX PYCeJa C YKpenAeHHAMH
H3 CBA3AHHBX MeXAy coGofi snementos (GeToHHBIX)

Npumep 1, Vkaon acca iy < 0,02. Kpyrnas xenezoberonnas tpy6a D = 1,5 m Gea
KOHHYECKHX 3BeHbeB C PacTPyOHbIM OTOJIOBKOM by = 3,2 M PacnoJIOKeHa Ha aBTOMOGH/b-
Hoft lopore; yKIoOH Tpy6ui ip = 0,05, ykaon Jora iy = 0,01; pacyernmii pacxon B coopy-
wennH Qp =4 m3/c; o6bem croxa Wy = 21 - 10° M%; Jor wHPOKu# B EHJe HAKIOHHOR MJioC-

KOCTH; TPYHTH Jiora — MecKH co CpeiHHM XHameTpoM udacTHu d = | mm. Tpefyercs ua- *

3HAYKTb THI BEIXOLHOTO PYC/a H ONPe/leJIHTh Pa3Mepsl YKPenJeHHil Ha BhIX0/e H3 TPYGHL.
Pewenue 1. HasHauaem THn BeiXxOAHOro pycaa. Tpy6a mnpakTHYeckH mo.-
HOCTBI0O 3arpy}eHa, TaK Kak corsaceo tTa6u. 1.2 pacxon B ykasanzoi TpyGe nmpH pacuer-
HOM 3aNOoJIHEHHH Qp = 4,7 M¥/c, uTo GAH3KO K Qp =4 m?/c; cornacHo ykasamuam m. 7.4
HasHayaeM BBIXO[HOE Pyc/ao THna lK.
2. OnpepensieM CKOPOCTH Ha BbIXOAe M3 TPYOb Uyyy. 15 3TOro Haxoaum mapamerp

pacxolla no HoMorpamMe Ha puc. 5.8 win no dopmyae HQ = Q/(D’Vg_D) = 4,0/(1,52 X

X ']/9,8[ - 1,5) = 0,46 u no rpapuxy ua puc. | npraoxenus 5.4 HaxoAHM v,,,,x/'\/gD =
= 1,4, OTKYAA Uguy = 1,41/ 9,81 - 1,5 = 5,37 M/c. MakcHManbHbIE CKOPOCTH Ha yKpen-
JeHHH Uygp(max) NPH iy = 0,02 cornacho n. 7.18 npHHHEMaeM PaBHBIMH Upgy = 5,4 M/c.
Hasuavaem THn ykpenaenns. ITo Tabu. 2.9 npH Uyup(niax) = 5.4 M/c npHHuMaeM
GeTOHHOE MOHOJIHTHOE YKpenJeHHe MuHoR L = 2D = 2 . F,S = 3™ (cM. n. 7.44).
4. OnpefensieM TAyGHHY PasMbIBA B MPHHATOM BHIXOLAHOM pYycje B TaKoH nocjeno-
BATEJbHOCTH:
a) BBIYHCJAEM NpeeJbHylo rAy6HHy paambiBa no dopmyae (7.23), ans wero npeasapu-
TeXbHO BuuHcaseM Qy u 8, [cM. mosicHenus cooTBercTenHo K dopmyaam (7.17) u (7.2;)]:

Qx=0,51"Y g D%/2=0,51 " 9,81 .1,5%/2=4,4 wd/c;

1 \0.075 1 0,075
6N=0‘?5(D—) =0,85(—IT5—) =0,82.
Il npHHaTOro BeIXOAHOro pycsaa tHna 1k Y=1 u Aas Hero no Ta6s. 7.2 HaxOAHM
r= 0,9 u s= 0,6. Torza umeem
4,0 \0.8 : 1,58 0,2
Ahup:0,9-0.82-1,0-l,5( P ) [(2!0_{_!) 1.5.3.2.0,001 ] =3,1 u;

6) onpejlesisieM NpPOAOJMKHTEJIbHOCTh MaBoAka no dopmyae (7.28):

W, 108
P 5
QLT 4.0

B) onpefiesisieM STAJOHHOE BPeMs pa3MbiBa 1O wobuyne (7.27) npu Cp = 0 (mecpas-
Hbl€ TPYHTHI):

[

t=0,5

= 2570 ¢;

0,25 AAS 4,0 \0.25 3 10%
1o =540 (_Q—-) ( ) —=13925 ¢;

P — 540
Qx Q 4,4 4,0

r) onpefesisieM A0JIO NpefesibHOH IyOHHL PasMbiBa, OCYIECTB/ AEMYIO 34 BpeMs npo-
XOXKJeHHs1 maBojika, mo dopmyne (7.26):

' 1 1
=]— — =1— e :=0,71;
4 3V_i_+1 3V 270 4 1 '
[ 3925
1) onpeje/isieM MaKCHMadbHYIO IyGHHY pasMuiBa no dopmyae (7.21):

Ahpax = Ahgpn = 3,10 - 0,71 = 2,2 u;
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€) HasHayaeM pacyeTHoe SHAYEHHe YANbHOTO 06BEMA KaMHs B pucGepMe HCXOAA W3
yenosust Wy (min) < Wy < Wy (max)» A8 uero Haxouum 3HaveHHs Wy (ymin) ¥
Wi(max) cooTsercTBenHO no gopmynam (7.56) u (7.57). B nepsoM npHGIHKEHHH KPYNHOCTh
KAMHS MPH 3TOM NMpPHHHMAaeM dy = 5

Ah 2,20
W min= 4 dg —— dmalxIS =08, 0001173 1 =0,04 m¥/m;
1_( dn) “n _( 0,1 ) 0,71

»

P, Q 2 4,0 \2
Wy (maxy=1,4 (Dr—Q:—) =1.4‘(l.54—4) =2,6 M¥/m,

IMprHaMaem TWK = 0,25 mM3/m; '
) YTOYHSIeM NPHHATYI KPYNMHOCTh KaMHA B pHcGepMe HCXOAs H3 Gopmyas (7.55):

: Ah 3/4 3,10 3/4
dy>d' ~——H—';phi V1o dg 30,0004 [ —— e 10,00 w.
10—A Wm“ IO—O;[3_6,—25_
K

CienoBaTesibHO, KPYNHOCTh KAMHS d,;= 0,1 M NpHHATA NPABHIBLHO;
3) onpejesisieM rJyOHHY pasMbiBa B TIPHHSATOM BBIXOAHOM pycie no ¢opmyae (7.58):

; d \1/3 AR 0,001 \ #/3
e M et o M
2 i i

2,202
-0, =0,95 0 M,
+0,13.0,1 0.2 W95 M<2,0 M
T. €. THN BBIXOAHOTO pycaa 1K HasHaueH NPaBHJBHO.
5. Hasnauaem riayGuHy 3ajle/iKH KOHI@BOM 9aCTH yKpenJienna s Thna 1k— ray6uny
3aJ103KEHH A MPeJoX paHHTeNbHOro oTKoca. Cornacno ykasaHasaM n. 7.46 npHHEMaeM rayGu-
HY 3aJI0)KeHHS KOHUEBON 4acTH YKpenJeHHS

Ahyyp = 1,2Ahpaxmy = 1,2+ 0,95 = 1,15 M = 1,2 m.

6. OnpenensieM WIHPHHY pacTekanus moroka. Ilpn iy << 0,02 pacyeT BhnoaHseMm mo
tdopmyne: (7.4), npenBapHTeJbHO BHYHCIAHB NOKasaTeJb cTeneHd z no Qopmyae (7.5) u
ko3dduuuent K no rpadpury na puc. 7.12.

L A hpax 2,20
- = 1,47 K=0,73;
Hprre=ln 0 ' Gl
1 Ak o
z=l,81g[— __._ll‘l‘._.(&_) ];
K+ D} B
1.2, [ 4,4 \02
we=ileh 13[0'73 1,50 ( 4,0 ) ]”0'56‘
E 4 z X 0,56
Bpmzb[(——wr 1) —1]+bp=1,5[( L l) <1lpsie,
D 1.5
PesyabTaThl pacueTa NMpHBeAEHbH HHIKE: ‘ i
= R 1,0 2,0 3,0
oy 0,67 1.33 2
Byion, i » = <88 7587 411 45

7. OnpejlensieM WHPHHY YKpenieHHsi. Pacuer BmIMoJHseM B TaKoifl Noc/eXoBaTeNb-
HOCTH: : ;
© a) HasHavaeM WIHPHHY YKPENJeHHs Ha Bceil ee JJIHHe, KPOMe KOHIeBOH 4acT, N0 LIH-
pmi; pac:e_xgu(;m C 3anacoM, paBHHIM Mo | M ¢ Kaxao# CTOPOHH YKpenJieHHs, T. €. B =
= acT U M; :

pﬁ) HAXOJAHM INHPHHY YKpellJleHHsi B ero Koiiue no dopmyae (7.74) npu 0 = 3,0 u
Ahygg = 0: - .

0 3,0 :

Bmin :T Ahma1=ﬁ 2,20=9,1> Bplc'l' (max)+2,0=4,5642,0=6,5 m;
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B) MPHHHMAEM OKOHUATeJbHble pasMephl
yKpenJeHHs B NJIaHe HCXOAS H3 KPATHOCTH HX
0,5 M (puc. 1).

NMpumep 2. Vrkaon snoea iy > 0,02,

[NpsimoyroabHas THNOBas KeJe306eTOHHas 7 ”,5_{’77?
Tpy6a orBepcTHeM b X by = 1,6X 2,0 M ¢ pac- =
TPYGHBIM OronoBKoM by = 3,7 M pacnosoxe- b -

HA Ha JKeJe3Hol Jopore B cpelHel moJoce S

cTpaum; yKJIOH TpYGu i, = 0,15. .Tpy6a 3a- == g |
NPOeKTHPOBAHA CO CTYNEeHYaTOH yKJaaKo# |
3BeHbeB, CO CTYMEHAMH BbicoTOH A=0,30 M E |
v aaunoit [ = 2,0 M. YKJIOH H Ko3pdHUHEHT 1
WEepPOXOBATOCTH JIOTA COOTBETCTBEHHO PAaBHBI: E L |
iy = 0,05, n; = 0,045, pacvernmii pacxon E i |
B coopyxenun Qp = 9,0 M%c, HanGonbmmi — z
pacxol Qmaxy = f‘l,5 m3/c. B pesyabrare EN M g |
THAPaBJHYECKOro pacueTa YCTAHOBJAEHO, 4TO : =1 o
pacyeTHbi H HauGOMbUIMA pacxofb NpoXo- |:_: o !
AT npu GesnanopuoM pexnme. OGbem cro- |
Ka: npu pacuernom mnasoike Wp = 116 X E: b |
% 10% M3, npHe nan6onviuem nasoake Wyax= E
= 155 - lﬂgu". Jlor mupokuil B BHJAE HaK- = |
JIOHHO# TIIOCKOCTH, TPYHT JIOTa — IJIHHBL C E y [
pacuethuM cuenaennem Cp = 0,068 MITa. 200
Tpe6yercs Ha3Ha4YHTb THI BHXOAHOIO E J
pycaa H onpe.u,eng'rb pasMepsl yKpenJeHH# :
Ha BHXORHII TG, : Puc. 1. KoscTpyknna ® pasmepn yKpen-
Pemenne, 1. HazHadaem THm BH-  neHHH, nosyyeddbie B peg)YJleal?l‘E pgc‘l::'ra
xofHoro pycaa. Tpy6a npakTHYeCKH NoOJ- HHXHero Obedpa TpyOH NMpH in<<0,02:
HOCTBIO 3arpyyKeHa H HMeeT GOJNbIIOH YKJAOH. [ —rpanuna pacTeKauws; 7 — KOHTYD BOPOHKH
CoraacHo peKoMmenfanuam m. 7.4 na:lmallagu pasMuBa

BBIXOAHOE pycsio THHA K.
2. OnpenenseM TAyGHHB H CKOPOCTH NOTOKA HA BLIXOLE H3 TPYGH MPH CTYNEHYaTOH

YK/aajKe 3BeHbEB H HAa YKPEeNJIeHHH B CJAeAylolleM nopajike:

3
2 Jd L (cM. m. 5.29):
14 Viy
9,03 0,3/2,0 _
npr Qp 1Ty e T e 188;
- ; 1LY 0.5/20 .,
mpH Qmax M) = o k12
14/70,15

6) no rpaduKy Ha pHC. 2 NPHJIOKeHHS 2.2 HAXONHM: ~

a) BuuHcAsieM napamerp [, =

: h
npu Qp ;’" =0,61 # hyyy (pp=0,61:1,5=0,92 u;

h
npi Qmax ';""‘ =0,74 M hppax (max) =0,74:1,5=1,11 u; ~
B) HAXOJHM CKOPOCTH Ha Bbixofe H3 TpyOwl no gopmynam (5.60) u (5.61):
Qp 9,0 '

= = =6.5 u/c;

npi Qp  Usux (p) TR 1.5.0.92 M/c
¢ 11.56: .

npH Qmax  Usmix (max) = "7 =6,9 m/c;

r) MAKCHMAJIbHbIE CKOPOCTH HA YKPEMJIEHHH Ugikp(max) N0 Gopmyne (7.7) pasubi Ugyy.
CaepoBarefibHo,

npi Qp  Uyxp (max) p="Vsux (p)=6,5 M/c;
npH Qmax  Vykp (max) max = Upmx(max)=6,9 m/c.
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v — .
Tak Kak —---L—--———-Y;y (m(nx) “)‘“ =1,06 << 1,35, a jonycKaembie CKOPOCTH MpPH NPOXOXKAEHHH
Kkp (max) p F i
HaKGOMbIIEr,0 PACXOAA MOXKHO HOBHWATL HA 35 %, TO K pacueTy NPHHHMAeM MAKCHMAJbHYIO

CKOPOCTb NPH PACYETHOM PACXOJE Uygp(max)p = 0.5 M/c.

3. Hasnauaem THN yKpenJsienus mo taba. 2,9: npH vpmax = 6,5 M/c npunEMaenm Geton-
HOE MOHOJIHTHOE ykpensenHe. [IpeaBapuTe/lbHO ONpele/HM KBHBANCHTHIH JHAMETD COOpY-
KeHHs no GopmyJe (cM. noscHenHe kK n. 7.28)

Dy=1,13V “weoop =1,13V1,5.2,0 =1,9 u.
Coraacho n. 7.43 miuna yxpenyiedds L = 1,6D, = 1,6 1,96 = 3 m.

4. Onpenensem rayGHHY PasMLIBa B IPHHATOM BRIXOJHOM pycJe B Takolt nmocienoBa-

TeNbHOCTH: :
. a) BBHIYHCASEM npenenhngm riyGuHy pasmbiBa no gopmyJe (7.23). das storo npeasa-
paTeNbHO BhiuHcAseM Qy H Oy [cM. nosicnenne cooTBercTBeHHO K (opMmyJaam (7.17) m

(7.23)] u pacueTHbifl AHaMeTp IPYHTOR no gopmyne (7.25):
Qu=0,51 Vg Dy*/?=0,51 /9,81 -1,96%/2 =8,57 u¥/c;

1,0 (0,078 1 0,075
6,,;0,85( B ) ._0.85( l‘%) =0,81,

Pacuernsiit suamerp rpyutos npu Cp = 0,068 MITa
= 7,5(0,1 + 100C,)’= 7,5(0,1 + 100 - 0,068) = 51 mm.

Jlng npHHATOro BHIXOAHOrO pycsa THna Ix Ameem P = 1, a snavenns r = 0,9 u s =
= 0,6 Haxomum no Ttaba, 7.2,
Torpa nosy4unm:

0.9 D Q 0,6 Dg 0,2
A hio=i0; — b Bt =
e Qs A hup=0:96u¥Da (o ) [ (L7D, 7 1) 6654 ]
9,0 \0:¢ 1,962 0,2
:_0’9'0'81'1"‘96( 8,57 ) [ (1,6+1)1,5-3,7-0,051 ] =R
11,5 \0.6 1,963 0.2
—0,9.0,81-1-1, =
P Qmax  Afup=0.9-0.8 96( 8,57 ) (1,511) 1,5-3,7-0,051 ]
=2,59 wm; :
6) onpefensieM NPOAOJIKHTENbHOCTS NABOJAKA 10 opmye (7.28):
fomll T o A S et .
= =0, ~ 3
PR Qp @ 9.0 ‘
155.10%
npa Qmax i=0,5——Wmi-=0,5 ——— = 8500 c;
Qmax 11,5

B) onpefe/isieM 3TaJOHHOe BpeMs pasMeiBa no dopmyJe (7.27):

0.2 [ A B 11
npn Qp fo=540( gx ) [—Q’“’ +T(100Cp)’]=

9,0 \0-25[ 2948 11
= = . 100.0,068)3|=2103 t:
5"‘0(8,57) [ 9,0 T g0 U0 )] e
. 11,5 \0.28 2,508 11 -
PR Qmax '°=54°('s 57) [ s s “00'0'068)’]=”57m “

r) onpenensieM JLOJIO MpefesbHOl IyGHHB PasMbiBa 32 cDeMs NPOXOXKAEHHA NaBol-
ka no dopmyne (7.26): i
1

1
=] — r———) =] — =,35;
Rk Gy ©, A= ‘3/t+l : om0 _ | g
T V =030

1
npi Qmax n=l—‘a—8—5——ar""—l‘=°-4=
‘/":75"7_00 %
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I) onpenenseM MaKCHMaJbHYIO TyOHRY pasmbiBa 1o GopmyJie (7.21):
npH 'QIJ Ahmax = Ahgpn = 2,24 - 0,35 = 0,78 m;
NpH Quax  Alpmay = Ahypn = 2,59 + 0,4 = 1,04 m.

Tak kak ray6HHb pa3MbiBa KaK NpPH Qp. TaK M NPH Qpay OKasaaucs menee 2,0 M, To
KODPEKTHPYeM THI BHIXOAHOrO pyc/a H NPHHHMAEM B KAaYeCTBe PACYETHOIO BLIXOLHOE PYCJIo
tHna |, T. e. OTKasblBaeMcA OT KAMEHHOH HaGPOCKH. ;

B cBsA3H ¢ TeM UTO BEIXOAHOH JIOT HMeeT yKJOH iy = 0,05 > 0,02, onpenensem oc-
HOBHbIE pasMepbl NPOMOHHB. [IpH HEABHO BLIpAaXKEHHOM JIOT€ PACYET NPOMOHHH BeleM B Ta-
KOl nocJiefloBaTe/NbHOCTH,

1. .Buuncasiem no qopmyJe (7.29) mupuny noroka Byy, NpH KoTopoH cKopocTk B Jo-
re paBHa Hepa3MbIBalouledl CKOPOCTH, NpPeABAPHTENBHO BbYHC/IEHHON Mo (opmy.e (7.30):

vg=2,1V gd =2,1 Y 9,81.0,051 =1,49 m/c.

Torna umeem:

Qp i3’ 9,0.0,05%/4
o — —_-36'6 H
npi Qp  Bgp 08172302 1,49%/2.0,045%/2 -
11,5-0,05%/*
npu Qmax Bnp=———_=46'7 via ;

1,495/2.0,045%/2

2, OnpenenseM WHPHHY CTBOPA NPeleNbHOTO pacTekanus no gpopmyae (7.3) npu N =
= |, MmpeaBapHTE/JbHO YCTAHOBHB MapaMeTpn pacxoaa (cm. ta6a. 5.1) n napamerpw M
K,y coorBercTBekHO Mo pHC. | H TabaHUe NpHAOKenHs 7.2 H M no popmyae, npusenennoii
B TOM JKe MPHJOCKEHHH. .
Tiph iy = 0,05 u ﬁ = 6"T5 = 3 no rpapuxy wa pauc. 1 NpHAOKeERH 7.2 ans Qp
i B e
 bh, Vahy 1,5-2,0/9.81-2 :
wennst 7.2 npu D, = 1,96 u [Ty = 0,68 naxonum xosdduunent Ky=1,88 1 no popmy.e
waxonum M = MKy} n,/0,015 = 18,7 - 1,867/0,045/0,015 = 60,2 m.
Toraa Bpger(np) = 60,2 + 3,7 = 63,9 m.
11,5 =
Ipn Q n ;= —————=0,87 M= 18,7; Ky = 1,88: M=
IR s ae ST "
= 18,7 - l,88'l/0.045/0.015 = 60,8 M. Bpaer(np) = 60,8 + 3,7 = 64,5 m.

3. CpaeuuBaeM By, ¢ Bpaex(np):

= 0,68 naxonum M = 18,7; no Tabamme npuad-

npu Qp  Bup=36,6 M < Bpacy (np) =63,7 M;
npH Qmax  Bup=46,7 m < Bpacr (up) =64,5 M.

CnepoBaTe/IbHO, TPOMOHHA HMeeT OTPaHHYEHHOE TNPOTsKEeHHE. 5
4, OnpenensieM TMoJOKeHHEe CTBOPA, B KOTOPOM TpeKpaillaeTcs pPasMbiB, MO popmyite
(7.32), npeapapuTeibHO BHUHCAHB N no dopmyae (7.34):

Byp—bp _ 36,6—3,7

npa Qp N= ' 502 =0,55;
057Dy _ __ 0,57-1,9 LA
Hp ng.44 lg’N 0,680"‘ lg’0,55 ’ »
6,7—3,7
npH Qmax N =—‘#=0,71;
0,57.1,96 ;
Xup i =53,5 u.

0,870 44 1g10,71
375

5. Onpepnensiem rayGuHy noToKa B CTBOpe NpeKpauleHHs pasmuiBa 1o dopmye (7.33):
Q * --(&-)3“ (05N g1
npa ¥p fgp= Bap Vin 38,6 1/ 0,05 ) =0,16 m.
6. Onpefe/isieM MHPHHY PACTEXaHHA NMOTOKA B CTBOPE HA BXOAE B KAHABY Bpacr(xam)
no ¢opmyae (7.12) npu x = Xyay, NPEABAPHTENLHO BEUYHCIHB X,y No Gopmyae (7.35)

H onpefenns napamerp N no rpagHKy Ha puc. 2 npuaoxenns 7.2 (napamerpsl M BbiuHC/IeHB!
paHee):

Lt (24 mMoy) Ahmax _ 3.0+ (2+1,5)0,78

npiQp  Xuau= Ity i T LT
X 6,19
H 10 SHAYEHHAM 5:“ = m=3.lﬁ H [l = 0,68 naxonum N = 0,32, a sarem
Bpacr(xam) = MN + by = 60,2 - 0,32 4 3,7 = 23 m.
3,0 4 (2 + 155)1,04 X 6,93
Mpu Qmax  Xkauw = e B I R S 6,93 M. Tlo —-——5‘:" =T 3,54

H HQ = 0,87 naxoaum N = 0,36, a sateM Bpacr(xam) = 60,8 - 0,36 + 3,7 = 25,6 m.

7. HaxonuM bygy H rnydun‘ry NOTOKA fiyay HA BXOJE B KAHABY NPH CTaOH/H3AUMK Pa3-
MbiBa no gopmynam (7.36) u (7.37): ;

35Q0.528 "0.943 35.9 00.528‘0 050,943
5 re b '

npH Qp  bran= 40-5250. 264 _ T 0,0519:32.g g0, 264 =

=9,44 M << Bpacr (kam) =23,0 M B K pacuety npunHMaeMm byay=9,44 m;
L
h . )”5 —( L °_p,63
"""(:,15 V2 4% 75 byan 1,151/9,81 -0,0517-25.9 44 ) AR

35 - 11,50.528 . 0,050,943
np¥ Qmax  Pxan™= T gp10.57 . 9,810 ~ 10,75 M < Bpacr(xaw) = 25,6 M &

K pacueTy NpHHHMaeM bygy = 10,75 M;
% 11,5 ) /5 o
"“—( 1,15V 9,81 +0,0510:%5.10,75) ~— '™

.8. OnpenensieM cpefHio0 TAY6HHY moToKa B KaHase no ¢opmyJae (7.38):

1 . 1
npH Qp  fixan (ep) ="~ (hxan+/tap) '—“?(0-63+0-|5)=0.40 M;

1
npH Qmax "Haﬂ(cp)ﬂT (9.694-0,16)-—:0,42 M.

9. Onf)eneJlneu TAYGHHB pasMBBA KaHaBu no ¢opmyae (7.39), npeaBapHTeJibHO on-
peneanB Cyay N0 dopmyne (7.40):

1 1
npH QP CR!IH'_‘,T:hgl?(cp) = 0'045 0‘40II‘6=I911;

T
A hgan= (Xup— Xran) (‘:l _(;—KQ _E’.;JEL)+h"!B —hgp =

1,498 36,64-9,4
19,12.9 2

—=(19,4—5,7) (0.05— )+o.es—o.16=o.s4 M;

0,42'/5=19,2;
0,045

pH Qmax Cyan=

1,493 46,7 10,8
19,22-11,5 2

A hxasi=(53,5—8,7) (0.05— )+o,69~o.16=1.8 M.
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Taﬁ.n_nu.a 1
PacueTHHE NapamMespel H LIHD pact NIpH MpONYCKe pacxogxa
pacueTHoro (nq,:n.as) HauGoAbIero (HQ=D.B7)
XM x,'.Da

Ky "N NJ\TKM Bpaer Ky N .NﬂKM 'Bpac-r
1,0 0,5 1,86/10,80 2,8 6,5 1;88 0,105 3,7 7.4
2,0 1,0 1,86 10,155 5,4 9,1 1,8810,170 6,0 9,7
3.0 1.5 |1.860,210] 7.3 11,0 -| 1,88 |0,230] 8,1 11,8

10. ¥YTounsem paccTosHue 10 axoia B KaHaBy no gopmyae (7.41) npn my, = 1,5:

_Mor A hyan 1,5-0,84

npH Qp  Xypy = Xnan+ PSORE =5,7 +—!"_—_W=7.l M;

9, LA 7,1-58,7
_Xuan— Xvan _ ————=0,19<< 0,3 —KOPpeKTHPoBKa Xyay HWe Tpebyercs;

Xuan 7,1
1,6-1,8 . . M
npH Qmax Xyay =6,64 i—m——s.l’u? ™;
9,37—6,6

o5 =0,295 < 0,3— KOPPeKTHPOBKE Xyay He Tpebyercs.

Buiunciennble 3HaueHUS Xypy NPHHHMAOTCH K pacuery.
I1. OnpenensieM ray6uHy 3a/0KeHHH KOHIEBOH 4acTH yKpenJieHHs no gopmyae (7.72),
npuueM npH Qp.  Ahyyp yBeaudusaem na 20 %: !

Almax (14-2i5)+Ah : '
npr Qp Afl,“p=l.2l[——~—-‘£‘—1—_—n;;n—“1§_—]=

& T 0,78 {1-+2.0,05) 0,84
o 1—1,5.0,05

]:2,20 M<3,6 m;

1,04 (14-2.0,05) 41,80 - e
1pH Qmax A tyxp (max) = (l—;l 5_0;5 =3,18 m<<3,5 ™;

ANA pacuera npHHHMaeM Afygp = 3,18 M.

12. Onpenensem WIHPHHY PACTeKAHHA NOTOKA Ha yKpenJenud npuw n = 0,015. Ilpu
iy > 0,02 pacyer BunoJusem no gopmyae (7.12) npu x = 1, 2 1 3 M, NpeABapHTENbHO BbI-
yucauB napamerp M no rpaduky Ha puc. | (M = 18,7) u popmy”ne npuaokenus 7.2 H na-
pametp N no rpaduky Ha pHc. 2 TOro e npuioxenus. Pacyer BeaeM B TaGnHYHOR (opme
(ra6a. 1).

Jis pacyera npHHHMaeM BeJHYHHY PacTéKaHHA NPH HAHGOMbIIEM pacxoje.

13. OnpenenseM WHPHHY yKpenJeHnns. Pacyer BuMoJHfeM B TaKoH Moc/eloBaTelb-
HOCTH: ! 2
a) HasHauaeM WIHPHHY YKPeMJIeHHA Ha Beeil ero AJHHe, KpoMe KOHIEBOH YacTH JIHHOH
M, TIO IIHPHHE PacTeKaHHs C 3amacoM mo | M ¢ Kax1of CTOpOHB yKpemJienus: B =

Bp CT r 2,0 M.
e3y/bTaThl pacyeTa MpHBEJeHbl HHXe:

XM h L el 1
Pl a6 e - L

6) HaxonHM um]:imy BOPOHKH PasMbiBa B KOHIe yKpenJeHH By no dpopmyae (7.73)
npu 0°= 3 (KoHUeBad YacTb C NPeJOXPAHHTENbHHIM OTKOCOM), ONpefe]HB KO3(QQHUHEHT
(OpME BOPOHKH pasMbiBa no rpaduxy Ha puc. 7.12 npn L/Dy = 1,5:"

Ahmax _ 0,784-0,84 1,62

O i TR L i S

3,0 :
Bmin =3 1,622 7,84 M < Bpagr=11,8'w;

13 3ax. 935 : . 377

Puc. 2. KoHetpykuns n pasmeps ykpenJeHuii,
noJyueHHble B pe3y/bTaTe pacuera HHIKHEro
Obeba TpyOH NpH YK/IOHe BBIXOAHOrO Jora

Jn>0,
< .
W8 Ah 1,04-1,80
Q) LA K RN MR A L ___: g'; npH anx %’ = ;'l":-'l;ﬁ_‘=1,452
3 1)
ot 1 i = R0
<afed| -3 j: 3,0

: E Bratn =525 2,84= 10,65 < Bpacr =

AL TAANANAANR ¥
1w 0 ) =.11,8 M.

CaefoBaTesbHO, IWHPHHA YKPeNJIEeHH:

. HAa BCeM ero MNpOTSXKEeHHH onpefeasieTcsi UiH-

pHHO#M\pacTeKaHHs, KOTOPAs 0Ka3aiacCh BeCcbMa 3HA4HTenbHON, [/ COKpalleHHs WHPHHE
yKpenJeHHs OTPAHHYHM €ro H3OJHHHSAMH, COOTBETCTBYIOUIHMH HEPa3MbiBalOlEeH €KOpoC-
TH NOTOKA vy AJA TPYHTOB Jora, onpefejenHofi Beile W paBuofi 1,49 m/c. das storo
BOCMOJb3YeMC IPaHKOM Ha PHC. 5 NPHJIOKEHHN 7.2, NpeJBAPHTENbHO 3aMEHHB CKOPOCTh

U Ha Uyl .
Un 1,49 :
== =U, 3;
npH Qp s 6.5 0,2
-
P Qmar —A—=—2 g0
Uppix 6,9

Mo rpaduKy Ha pHC. 5 NpHAOKEeHHs 7.2 HAXOAHM 3HAYCHHE OTHOCHTENLHON IPaHHYHOR
WHPHHBl PACTeKAHHSA (y;f.!ﬂl'm“_),.p B KaXkJOM CTBOpPe, OorpaHHYHBaiouleil o6JacTb, 3a npele-
JaMH KOTOPOH CKOPOCTH MOTOKA HA YKPENJeHHH He GYAYT NPeBOCXOAHTb HepasMbIBAIOULHX,
H Oonpeje/HM Pa3Mepbl YKPenjeHHs, COOTBETCTBYIOWHE STOH WHPHHe By, ¢ 3anacom no
| M B Kaxayio cTopoHy. PeaynbTarsl pacyeta npHselenbl B Tabnnunoi dpopme (taba. 2).

|

TaGaunua 2
OtHocHTeAbHAA H A6CONIOTHAR rPAHHYHAR WHPHHA PACTEKAHHA, M WHPHHA
YKPenaenusa nNpH nponycke pacxopaa
X M :IDB pacueTHOro HanGoabierd

F.’B';Iﬂ' Bpp- ™ B, m ”I'B;'uacr Brp: M B, M
0 0 .55 3,7 5,7 0,56 3,7 8,7
I,0 0,5 0,56 3,7 5,7 0,57 4,2 6,2
2,0 1,0 0,57 5,2 7:2 0,575 5,6 7.6
3,0 1,56 0,575 6,3 8,3 0,58 6.8 8,8

LllnpHHY yKpenJeHHs B ero KoHle, HEOGXONHMYIO NPH MponycKe HAHGObILETO pacXo-
aa Byyp = 8,8 M, cpaBuuBaeM ¢ Bpin: Bygp = 8,8 M << Bpyp = 10,65 M — pan pac
Yera MpHHEMAeM Byip = 10,65 B KOpPPeKTHPYeM pasMephl YKperJieHHs H3 KOHCTPYKTHB-
HBIX cooGpawenuit, npHHHMas HX KpaThbiME 0,5, PesyabTaThl pacueTa npuBejens Ha pHc. 2.

11. PacueTs BHIXOAHBIX pyce
€ YKpemieHHAMH H3 KaMeHHoH HaGpockn

Mpumep 3. Pacuem nededpopmupyesvix avixoduvix pycea. Kpyrnas xenesoGeToHHasn
Tpy6a D = | M Ge3 KOHHUECKHX 3BeHbeB C PACTPyGHBIM OroJoskoM by, = 2,1 M pacnonoxe-
Ha HA aBTOMOGH/IbHOH Jlopore; CTOK CHETOBOH — aKKYMYJAUHA He YYHTHIBaeTcs; pacyer-
Huift pacxox B coopyxenun Qp = 1,5 mi/c; rmm'ru 0ra — MeCKH CO CPEAHWM AHAMETPOM
yacTHi d = | MM; YKJAOH Jjora TpYGHl iy = 0,01.
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Tpebyercs onpefielHT> pasMephl HepasMLIBaeMOro HellepOPMHPYEMOro BHXOAKOTO pyC-
A3, H3TOTABJHBAEMOTO H3 OLHOPOLHOTO KaMHsi Ha meGeHOYHON NOAroToBKe.

Peme nue. I. Onpenenende JHMHTHPYIOLlEro pacxoaa.

Jlis obecneueHHs 3anaca YCTOHYHBOCTH YKpPeNJieHHsl YBe/HYHBAEM PacyeTHullt pacxon
Ha 30 %: Q=1,3Q, =13-15= 2,0 M3/C W NPHHHMAeM STOT PacXoA AJs AajbHefuHX
pacyeToB.

I1. Onpenenenne pasMepoB YKpenyieHHit. .

1. OnpenesisieM CKOPOCTH Ha BbIXOJ/le H3 TPYOul no rpaduKy Ha pHe. | npraoxkenns 5.3,

TlpeaBapHTe/bHO NO HOMOTpaMMe Ha pHC. 5.8 onmpenensem napameTp pacxoaa Ty =

- __Q_ Mpu D=1mu Q=2,0mc My =0,63. 3nas Iy u iy = 0,01, maxonum no
D2 Ve :

rpaguky Ha puc. | npuaoxenns 5.3 UBHX. — | 96 y vgy, = 1,26) gD =1,26 /581 - | =
VgD

= 3,95 m/c. 4

2. OnpejeiisieM MHHHMaAbHbIf AHAMeTP 4acTHI HabpPOCKH, MPH KOTOPOM ykKpenJeHHe
Gynetr ycTofiunBbiM OT pasmbiBa. Jlas TpyGbi ¢ pACTPYGHBIM OrONOBKOM BOCNO/Nb3YeMCS dop-
Mynon (7.76""):
3.952

67

v,

dy < =0,23 M.

2
BHX
T

6

[puHuMaeM cpelHHit {naMeTp KamHell HaGpocku dy = 0,25 m.
3. OnpeaensieM no gopmyne (7.82) TonuHHY clos HAGPOCKH, NMPH KOTOPOM yKpenJe-
HHe 6yaer HajedopMHpYeMbiM (pacuer BHauaje Belem Ge3 yueTa MOACHINKH):

5——“Dp|:0,45 s/_-lin___*_(M-_ ;)J

d V gDs
B unamewm cayuae Dy =D = 1m; dy= 025 m; d= 0,001 M; vy 43.95 m/c;

Korcany = 0.7-
TlogcTaBHM 9TH 3HaYeHHA B GOpMYyAY, NOAYYHM

870,35 1,15.3,95.0,7 i : '
s [0'45'/ 0,001 +( V98110 l)]—0-45'1.99-—0.02~0,87 M.

IMpumeM, uto 20 % STOM TAYGHHB COCTABHT NOATOTOBKA M3 WeGHS CO cpeanell Kpyn-
HOCTBIO HaCTHL dy(ny) =0,05 M, H MOBTOPHM pacyer 1o Tol e popmyae, MOACTABHE B Hee
BMecTo dy; 3HAYeHHE dy(p), onpeleasemoe no Gopmyae (7.84):

0,80.0,87.0,2540,20.0,87.0,05

dy () = 0.8 =0,21 M.

b
Torga HMeeM

8,70,21
=1,0(0,45 :
el ( V o001

IIpuuuMaeM yKpenJeHHe COCTOSUIHM H3 KaMeHHOH Habpocku TonummkHod 6, = 0,85 X
X 80 &~ 0,70 M # meGenouHol noarotoBkH 8; = 0,15 M.

4. [lpuH¥maeM AnHHY yKpensends L = 1,6Dg= 16 1,0= 1,56m.

5. OnpejensieM IUHPHHY pACTEKAHHA NOTOKA B KOHLeE yKpenJewus (x = L = 1,5 m)
no gopmyae (7.4):

—0,02):9,45- 1,95—0,02=0,85 m.

X

St 1) —l]+b,,.

Byser=b

l‘l})enaapn'renbuo BHYHC/AAEM 3TajoHHblfl pacxon Qy H moKasaTe/b CTeneHH z no ¢op-
mynae (7.5): *

Qu=1,6D5/2=1,6-1=1,6 m3/c;
Qx

1.6 =0,78—0,04=0,74.

2.0
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z=0,78—0,361g =0,784-0,36 Ig

. IOCTaﬂsnue Bxonsmue B (opmyay (7.4) swavenun pasum: b= D = |,0 m; bp =
= 2,1 m. -

1,5
Orciora umeeM Bpgor = H(+ D7 — 11 + 2,1 = 3,1 m.

6. HasnauaeMm MIMPHHY YKpenJenHs:
B CTBOpE HA BLIXOJe H3 OroJIOBKa:

By =bp+ 2,0=2,1+4 2,0= 4,1 m;
B CTBOPE KOHIA YKpPenjieHns
By= Bpger + 1.0=3,1 4+ 1,0= 4,1 u= B,.

III. PacyeTw pasMbiBa 3a YKpenJeHHSIMH H ONpeje/ieHHe PasMepoB HX KOHIEBLIX uac-
Tel.

1. Onpenensiem ray6HHy pasMsiBa B TPYHTeJIOra 3a yKpemJeHHaMH no dopmy.e

L
(7.23), sameHsis COrJacHo YyKasaHHsM n. 7.64 Bupamenue (.5_+ l) BbipaXKeHHeM
a

)

. Q s D3 0,2
Ahgp=ré D'( ) J 2,
24 'uv : QI{ L 1 8y bb
(1) 000 ‘
Haxoaum BeHUHHBI, BXOAfLLHE B GOPMYJY.
sz\éiacm'rnﬁuuﬂ ko3ppuunent 8, ans Tpy6u D | M HaxomuM no Taba. 7.3: §, =
=0 \

"Mo ra6a. 7.2 s = 0,6 ur=209.
Coraacuo n. 7.64 nokasarenb CTeneH® Mis HeleOPMHPYEMHIX YKPenaeHHi s; = 2,5

H xosgguuuen'r = 0,6. .
TalbHble 3HAYeHHs ONpeje/eHs Bulje.
TofcTaBHB Bce 3HAYEHHA B (POPMYJY, NOJYYHM
2,0 )0-‘ 1,08’ 0.2
1,6

=1,14 m.

Alznp=0,9.o_35.().6.1_0( ,
1,5 lz-“‘ﬂﬂl()()o]
(1.0+) 1/0:8.4:0;
5 2”2. OnpenensieM MakCHMaabHyio TIJyGHHY PasMbiBa 3a BpeMs naBoxKa no Gopmye
Ahmax = NAhpp = 0,6 - 1,14 = 0,68 m < § = 0,85 m.

[Tpumensem BuixoaHoe pycio Thna 1. Kouiesas yacThb 3Toro yKpen/eHus npejcras-
Anet coGoii YacTb HAGPOCKH, YIOKEHHYIO 32 YKpeNnJaenneM ¢ oTkocom 1:1 u rayGunoii By =
= 6. PucGepma 3a yKpen/ieHHeM B ITOM THNe BHXOAHBIX Pycel He ycTpaHBaercs.

3. Onpejensiem WHPHHY BOPOHKH PasMbiBa B KOHUE YKpenJenHs no popmyae (7.73):

g _ 3.68may
min K .
Mpeasapurensno onpefensem koddpduunent K no rpaduky wa puc. 7.12:
Ahmax 0,68

L
=0,68 =[5 =0,57,
H D K:

WS Tl
4
3,6 - 0,68 J
oTkyRa Bpin = S R 43M > By = 4,1l M.

BBH1Y OTHOCHTENbHO MaJjol LAHHB yKpenieHHs L =16 M He ycTpaHBaeM Ha KoH-
(LleBOM yuacTKe ero noJocy AMHHOH 1 M H wWHPHHOK Byy, a nasuauaem yKpemjeHue npsmo-
yroasHo# Gpopmbl mHpHHOH Byy = 4,5 M n aauboi L = 1,5

KOHCTpYKUHA yKpenJieHHs NpeACTaBaeHa Ha pHC. 3.
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O6bem KamHA B yKpenJeHHH (Ges weGeHouHOH
MOArOTOBKH)

= ¢ 0,60%
Wx=4.,3 (l .5-0,60+T)=4.6 Mt

OGbem meGeHouHoll noarotosku Wy = 4,3 X
x (1,56 + 0,68)0,15 = 1,4 m3. 3
O6mui o6bem

W= Wi+ Wg'= 6,0,

Mpumep 4. Pacuern degopmupyemvix 8oix00H6IX
pycea. Kpyriias meTannnyeckas ropHpoBaHHas TPyGa
D = 1,5 M Ge3 oro/IoOBKOB pacnojiokeHa Ha KeJesHof
JlOpore; CTOK CHeroBol, AKKYMYJSIHS He YUHTHBaeT-
cd; pacueTHbft pacxoa Qp = 2,3 m®/c, HaHGOMBIIKIL
pacxol Qmay = 3,0 M¥/c;” obvemm cr@ka W, —
— Wmnax = 8,1 - 10* M®; rpyHTH JOra — CyraHskH
c pacueTHmM cuendennem Cp = 0,01 MIa; yxaom
Jdotka Tpy6u ip = 0,01. 3

Tpebyercsa onpepeauTs pasMephl HepasMbiBaeMo-  Puc. 3. OcHOBHHe pasMephbl YK-
ro 1epopMHpyeMOro BHIXOAHOTO pycla, H3TOTABAHBAE-  peNJeHHN H3 KaMEeHHOH HaGPOCKu
MOrO H3 OJHOPOXHOrO KaMHS HA WEGEHOMHON ' NOATO- B NpHMepax pacdeta Hexedop-

TOBKe ToqumuHojt cost & = 15 cm co cpexnum Anamer- MHDYEMBIX BLIXOAHBIX pYCE:
POM HacTHI 5 cMm. | — Kamennan mHalpocka, 2 — ueGe-

Pewenue I. Onperenenne AHMHTHpYIOULETO HOYHAA NOATCTOBKA
pacxoaa. . R y

Pacuer HauHHAeM C ONpeleNeHHs AUMHTHPYIOMero pacxoaa. Jas sToro yBeanusBaen
pacuerbifi pacxoj #a 30 % (ans yverd aanaca) H cpaBHHBAEM €10 ¢ HAHGOJALIIEM PACXOJIOM:

13Qp = 23 - 1,3 & 3,0 u¥e = Qpay = 3,0,

Ias panbuefiliero pacyera npHHEMaeM pacxold Qp = Quax = 3,0 m¥/c.

II. Onpenenenne pasMepoB yKpenJieHui.

1. OnpenensieM CKOPOCTH Ha BHIXOAE H3 TPYGH no rpadHKy Ha pHC. 2 npuaoxKenus 5.3,
[peasapuTenbHO NO HOMOrpaMMe Ha puc. 5.8 onpefenseM mapamerp pacxoaa Iy =

v i : :
—' D*Vgh 0,33.

Tlo snauennam [y = 0,33 ¥ iy = 0,01 naxogum no puc. 2 npuAoKeHHs 5.3:

0
JV?"%_zl’m H Upax=1,01 V__gl:) =1,01 V/9,81-1,156 =3,87 m/c.
2. OnpezensieM MHHHMAJAbHBIA AHAMETD YaCTHI HAaGPOCKH, NpH KOTOPOM YKpenJeHHe
OyaeT YyCTOWYHBLIM OT PasMbiBa.
A5 Tpy6ul 6e3 orojoBKa pocnoassyemcsa dpopmyaoi (7.76°):

2 3
dH;L;?= 427' =0,35 M.

IlpuHEMaeM cpenHHil JHAMeTp YacTHL HaGpPOCKH dy = 35 cMm.
3. OnpepneasieM npeaeabHyIo rayGHHY AepopMaly yXPenJJeHHs 3a CYeT BLIHOCA TPYH-
Ta H3-noA Hero no ¢opmyae (7.85): i

+ BT
A hap G =0,85Ds l/-'_i.ﬂdL“)_—l,Q&‘}-{- ;

Unnx Kor (A h) l)

VeD,

TlpeaBapuTebHO 3aAdaBIIHCh TOAMHHON CNOS HaGPocKH O, = 2 - 0,35 = 0,70 M u
anas ToAWMEHY caos weberounofi noaroroBkk 8, = 0,15 M, a TakKe NOAHYIO TONUHHY VK-
pensenus 8 = 0,70 -i- 0,15 = 0,85 M, HaxoAHM Nno dopmyne (7.84) 3kBUBajNeHTHHN AHa-
METp 4acTHIL HaGpoCKH:

2l i o
dy () = (dy 01} dy 6y T=(0,35-0,70—f—0,05-0,|5)—m=0,30 M.

4-2D, (:,ts
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3arem no dopmyae (7.25) mpu Cp = 0,01 MITa onpelesisem SKBHBAIEHTHEIA AHAMETP
YaeTHIL TPYHTA: 3
dy = 7,5(0,1 + 100Cy) = 7,5(0,1 + 100.- 0,01) = 8,2 mm,

8,770,300
orkyaa Alpp (,)=0,85-1,5 ]/mz—_l‘%'o'sw

- 3,87-1,0 :
1,5(1,15 —————=—1]=0,84 u.
421 5(1 15 Vo l) M

4. Onpenensiem rayGHHB TOTOKa Ha BeIXoje H3 TPpyOu mo dopmy.e (5.55):
hypax = Axhx f (":r)_ ”é"'.
INpeapaputensno Haxoaum no Ttaba. 5.5 ans cayuas g= 0,33 <0,8 A,=0,98
i sy = 0,5 u Beuncasem f(iy) no popmyne (5.54):
1

f (l:.r) ﬁm :0,833.

Torpa umeem
hpux = 0,98 - 1,5 - 0,833 - 0,33%5 = 0,70 m.

Haxoaum paccrosinse OT BBIXOAA H3 TPYGhl 10 MeCTa pacrmoJOXKeHHs NpejeabHol my-
O6HHBl gedopMalliH yKpenaeHHs no gopmydae (7.88):

Inp (m:vam]/2("mx(wr““‘n”=3.87 ]/2_,,(0-790;‘10_'34) =2,37 h.

5. YcraHaBiuBaeM npelelbHYI0O TAYOHHY NeOPMAlHH YKPENJIeHHS] CeUeHHS Ha Bhi-
xofie H3 TPyOH no dopmyJie (7.89.):

lup (m) 2,37

Ahpp (1) pax=A4 hnp (n)'——"i—*:ﬁ,s-i— 2

= —0,35 M—J0TOK TpyOH He OYJAeT MOAMMIT.
. 6. OnpenensieM MHHHMAaJlbHble pa3Mepbl YKpenjeHus B njade no opmyae (7.90):
L= B = 4Ahyp(n) = 4 - 0,84 = 3,36 m & 3,40 u.
7. Hasuauaem AauMHy ykpenjeuuss L = 3,5 m.
8. HaxoauM IMHPHHY YKpenJeHHS.
C Ah(y) 0,84
IlpeapapHTenbHO. ONpene/asieM OTHOIIEHHe Tt 97 ke 0,56 > 0,5.
IllHpHHa YKpenJeHHs B KOHIle OTOJIOBKA
= By = bp + 2,0 = 1,60 + 2,0 = 3,50 > B = 3,4 m.
[puuumaem By = 3,5 M.
HPHHA YKDelVIeHHS B KOHUe ero B, npuuuMaercs no Goabliemy H3 3Havenuii B,

B; B pacuere npunHmaem B, = B; = 3,5 m.
II11. Pacuernl pa3MbiBa 3a YKPeNJIeHHSIMH H onpelleleHHe Pa3MepPOB MX KOHUEBHX 4ac-

Tei, .
I. OnpenensieM rayGHRY pasMbiBa B TPYHTe Jora 3a YKpenJieHHsAMH 1o dopmyne
(7.23):
Q s D38 0,2
Ahgp=r 6y D ( ) B
up m ¥ Ds o ( 7 o ) -
o+ 1) b

[NpenpapuTelbHO HAXOJHM BeJHUHHBI, BXOASlMe B 5Ty opMyay: MacwTabHuil Ko-
shduunent 8y ana Tpy6m D = 1,5 M naxoaum mo 1a6a. 7.3 (8,=0,82); kosppuunenT
P = 0,6; r = 0,9 u nokasate/ipb cTenexd s = 0,6 Haxolum no taba. 7.2,

10
TMokasatenan crenenH s; AJis 1eOPMHPYEMBIX BBIXOAHBIX Pycea paBeH 5 - Beamunnn
b=bp=D=1,5M; Dy =D = 1,5M. 3rajonunit pacxoi Q, HaXoiuM no Qopmyne
Qx = 1,6D3/% = 1,6 - 1,5°/2 = 4,4 w/c,
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[MoacTaBHB 3HAYEHHS BCEX BeqHYHH B dopmyay (7.23), nosyuum

3,0 \0- 1,59 0.2
) =0,68 .

4.4 3,5 10/3
("T”;—Jr l) 1,52.0,0082

A hgp=0,9-0,82.0,6- 1 ,5(

2. OnpenensieM MakCHMa/ibHYI0 TNyOuHY paauuna 3a BpeMs NaBoAKa Afya, Mo Gop-

mydae (7.21).
[IpeasapuTe/ibHO BEIYHCAAEM 3TaNOHHOE BpeMs fy 1o Gopmyae (7.27) u Bpemsa nasox-

ka f no dopmyae (7.28):

0,25 3
zn=54o( Q ) [ A My (moc:,,)a]=
Qx
3,0 \" 251 0,688 11 .
= .0,0 8= =0, .
540( 4'4) [ 3.0 4 3.0 (100.0 m)] 1681 ¢=0,4744 v;
f=0,5 W —_.—0,5 8100 = 13560 C=0,3144 q.

3

t 0,31

ITo BesnyHHe OTHOWEHHS —— =0T =0,67 naxonuM no rpapuky na puc. 7.19 1 =
= 0,71. Tora ‘Ahyay = nAhnprOTl 0,68 = 0,48 < 6=0,85 m.

[pHMensieM BbhiXoAHOe pyc/ao THna |. Konuesas wacTh 3Toro ykpenjenus npencms
asier cogou 4acTh HAOPOCKH, YJ0XKeHHOH 3a yKpenJienHeM ¢ ofkocom 1:1 u ray6unoii 3ano-
JKEeHHs

PrcGepma 3a yKpenJenHeMm B STOM THIE BLIXOLHBIX PYCEN He JeJaeTcs. =

3. OnpejenneM WHPHHY BOPOHKH PASMbiBAa B KOHIE YKpensienus no gopmydne (7.73).
THAX __

[Tpeasaputensuo onpenensem kospduunent K no rpaduky ua puc. 7.12 npu

0,48 L 3,4 3,6 - 0,48
= =032 u—p = T35 = 2,33. Moayuaem K = 0,25, otkyna B = —'G—O‘T =

= 69M> B, = 3,5m

[lpuuHMaeM UIMPHHY YKpPenJeHHs x
HA KOHIEBOM yuacTke AJuiof | M panofi *+ —}- 3|4
Byy = By =T7,0m. = & ;1
KOHCTPyKHHﬂ YKpenJeHHs npupe- = \\5
4

leHa Ha pHC. 4.
O6beM KaMHS B YyKpenJeHHH (Ges
me6eHouHOi NOATOTOBKH)

b=
015m r-'—-

Wy —=3,5-2,4.0,7+
0,70

+ 6.9(1,0-|— )0,7:12.4 w3,

O6GueM weGeHOYHOH NOArOTOBKH

Wi = 3,5 « 2,4 4 6,9(1,0

[NAARARAA NRNRRARR

40,78)0,15 = 3,1 w0

Htoro o6vem HaGpockn W, =
= 12,4 4 3,1 = 15,5 M3,

Il cpaBHeHHS .PH 3aJaHHBHIX YC-
JIOBHAX- ONPEAESHM PasMephl YKpenaenuit /
Hee)OPMHPYEMOrD  BBIXOAHOTO pycJa.
Pacuer npoxpakaeu € K. 4, Puc. 4. OcHoBHble pasMepHl yKPeNJEHHH . H3

3. Onpeneasiem no gopmyne (7.81)  yavennoi nabpockn B npuMepax pacuera je-
TOJNUWMHY ¢10A HAGPOCKH, NPH KOTOpO# hOpMHPYEMBIX pyces:
yKpenJienue Oyxer  HeaeopMHpyembiM, [ — kamengaa nabpocka; 2 — ueGepoynas nouro-
npHHgs d, = 0,25 m. : TOBKA
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Pacyer Braua/e Begem 0e3 yuera MOACHUTKH:

5=1,5 0,45 7/ B0 1 (L538 N\, o
_'[' ENE (V9811'5 )I— »

[pumem, uto 20 % 3TOi rAyOGHHB COCTABIAET LeGEHOYHAS NMOArOTOBKA upynnocrmo
dym) = 0,05 M, W noBTOpHM pacueT no Toll ke GopMyJe, NMOACTABHE B Hee BMECT
3Ha4YeHHe dﬂ(a), onpenenseMoe no ¢opmyae (7.84), a takxke & = 0,8 - 1,29 = 1,0

6, = 0,2 . 129—026M,0‘I‘Kyﬂ.adn(g)-—025 129 -+ 0,05 - 0,26=0,21 m.
Torna nmeem

910 1,15.3,87
15[045]/ ( TS —1||=1,24 m
SpexTHBHOCTH yueTa c/10s LieGeHOYHOH MOATOTOBKH, cocTaBasouei 20 % ToamuHL
<108 HAOGPOCKH, MaJla, TMOSTOMY NPH OnpedeeHHH O €e MOXKHO He YUMTHBATh.
I1 HHHMaeM YKperieHie COCTOAILHM H3 KaMeRHO#t Hﬂﬁpocxu YJIOKEHHOH CJCeM ToJa-
wuHoit 6, = 1,00 M, H weGeHouno# NOArOTOBKH ciloeM 6, = 0,24 M.
4, Hasnauaem Mgmy ykpenseuns L pasuoii | 5 +1,5=225m, uan c oxpyrae-

HHeM 10 0,5 M L =
5. Onpene.lmeu WHPHHY PacTeKaHHA NOTOKA B KoHue ykpenJewhs (x = L = 2,6 M)
no dopmyae (7.4), onpejeNB MPeiBAPKTE]LHO 3HAYCHHE Z MO q:opuy.ne (7.5):

4,4
- =0, 2 L S ,84;
2=0,78-+0,36 lg "5 =0,84

Bpacr = 1,5[(1,6 + 1)0:8¢ — 1] -+ 1,5 = 3,25 w.

6. HaswauaeM WHPHHY YKpenJieHHs:
B CTBOPE HA BBIXOJe H3 TPYOHl

By=Bp+20=15420=35u
B CTBOpE KOHULA prBI‘lJerHHﬂ
By = Bpaer + 1,0 = 3,25+ 1,0=4,25 u ~ 4,3 M. e

BuinosiHsieM pacueTsl pasMbiBa 3a YKPeNAeHHsAMH Vi ONpeAe/eHHs paauepoa HX KOH-

u.eaux yacrei.
. Onpenensem riyGHHy pa3MbiBa B TpyHTe Jora 3a yxpenaenunun no gopmyie

(7. 23)
3,0 1,58 0,2 :
M,,,,—090820615(44) 195 75 — =0,9! M.
’ (——'—+1) 1,52.0,0082
; 1,6
2. OnpenensieM MakcHMaldbHyio TyGHHY pasMmbiBa 3a BpeMs maBofKa no Qopmyae

(7.21);
Ahpgax = 0,6 + 091 = 0,55 w < § = 1,24 m.

[pumensiem BLIXONHOE pychiio THna 1.
3. OnpenensieM WHPHHY BOPOHKH pasMbiBa B xouue yKpenJenus no gopmyae (7.73).

[peapapurteasno iaxoaum Kosppuuuent K no rpaduky Ha puc. 7.12 npu ax

0,55 L 2,5
= —G—»—_O,37u_—[)—~—r-5—-=217 T. e. K= 0,35; Torna

3,6 0,67
Bpin = 0,35

= 6,9M > By = 4,3 M.

Hashauaem mupHHy KOHUEBOH YacTi yKpenJenHit Byy na yuacTke AjnnHHo#H 1 M pasuoit

6,9 m.
O6bem kamusa B yKpenJenuH (Ges me6eHOYHON NOArOTOBKH)

’ 3,54-4,3 1,0
WK:;,s————"': 1,046, 9(1,o+—2 )l,0=16,3 Mo,
O6bem uieGeHOYHOM: NOArOTOBKH

W= [1 SM+G 9(1,0+1, 12)]0.2‘4=4.9 I,




Hroro o6bem HaGpockn W, = 16,3 + 4,9 = 21,2 w®.

Mpu redopMupyeMoM yKpenJeHuH oObeM naGpocku W, 6w pasén 15,3 M3, Takum
obpasom, fonyuleHne aehopManuii ykpenjesks o6ecneunBaeT CHUKeHne o6BeMa HaGpPOCKH,
T. €. 3KOHOMHuecKkuil shdexT.

Tipumep 5. Pacuem 6vix00nbix pygea-camoommocmox, Hcxonnbie JaHHBE Te XKe, 4T0 H B
npumepe | (pacuernl HeaedOpMHPYEMbIX BHIXOLHBIX pycea), 3a HCKJIYeHHEM COCTABA Ha-
GPOCKH, TPaHyJIOMETPHYECKHHA COCTAaB KOTOPO# 3ajaH W NMpHBeleH HHXKe (cpelnuii iuamerp
yacTuu HabpockH dy = 122,5 mMM);

Cpeanne ~aHaMeTPHl 4acTHU
HaGpockH  no tpakuHAM

duiiyy MM | o ol s & & o 400—200  200—100 100—50 menee 50
BecoBoe cojepiKaHHe (pax-
ol B sin oo wa o wna e 5 50 40 5

TpeGyercs onpeleJHTb pasMepbl BHIXOAHBIX pYCeN-CaMOOTMOCTOK H paccun"ran; ray-’

GHHLl pasMbiBa 38 HHMH. {
I. OnpereleHHe pasMepoB BHIXOAHLIX PYCe/l-CAMOOTMOCTOK,
Pewenue. |. YcranasnupaeM, GyaeT 1 Ha6POCKa OXHOPOXHON B OTHOWEHHH Pas-
MuBa H3 ycaosus (7.75):

dy(max) LB

) =225 =2,45>>2 —Ha6pocka HeONHOpOAHAN.

2. Ucnoabsyem FHApaBAHYeCKHe XapaKTePHCTHKH, NOJYYEHHbe B NpHMepe |, H mpH-
BefeHHbe TaM HCXolHMe aanHme: D = 1,0 M; Q = 2,0 m¥/c; Upux = 3,95 Mle; Qy=
= 1,6 M¥/c; My = 0,63; ip = 0,01. :

3. YcranaeauBaeMm, GyAYT JIH YCTOHYHBB YacTHUL HAOPOCKH Noj BO3AeHCTBHEM no-
ToKa, Hexoas u3 yeaosus (7.78):

2,1V gdsta) | vk
Uprin o Uy = e SUBMD O
ey Kor(o) ap

TMpeaABapHTeNbHO Onpejde/sieM BelHYHHbI, BXoAAmMHe B popmyay. Coraacko n. 7.53 we-
06X0lHMO, 4TOOH CoJiep)KaHHe camoii MedKol dpakuun 6uiao 6oabmwe 10 %, 1. €. pyon =
= 0,1. B namewm cayyae camas MeaKas gpakumia (menee 50 MM) HmeeT cogepxanne 5 %.
[TosToMy fonoJuseM ee nociefyiomleli ppaxkuuer 1o 10 % ¥ HaxoiuM cperuuft fuamerp yac-
THIL cMecu no dopmyqe (7.80): :

50 100450
0,05 —2-+0,os—2+-—~
dy(m) = R = =50 MM.

~Teneps puay) = 0,1.
3arem BuuHCASEM KO3DPHUHEHT HCOAHOPOAHOCTH:

V47, (R iy 122,6—50-0,1 '
v Kyp=1,15 r —%u(m) Prlm) =|,]5‘/ ) e
up v da(m) Pu(m) 50-0,1

=1,15 ]/’_L5'5=1,15-4,85=5,56.

TMokasare/b CTENEHH 71 HAXOAHM M8 TaGur. 7.9 [/Is 3afaHHOro THNa Tpy6, npeanojaras
GesHanopHui pexuM npoTekanus noroxa. JIas xpyriof TpyOH ¢ pacTpyCHLIMH OroJIOBKaMH
SR

Ge3s KOHMYECKHX 3BeHLeB NPH (Ge3sHamOPHOM pexuHMe "= 5 -
Torna ;
2,1 ‘Vg,gl-0.0s 5,561/3 —

“Upp = 3,25 m/c.

OTHOCHTeNbHAA CKOPOCTD
U 3,25

o O 1<
Veb V.80
385

IMo rpaguky na pHc. l NpHAOKeHHA 5.3 HaxoiuM npu 7”“%:[,03 13=0,4. Cpas-
gD .

HHBas HQ = 0,4 co 3HaueHHeM ”Ql'p = 0,495, COOTBETCTBYIOUIHM 3AMOJHEHHIO HA BXOJe

h
%: 1,00 (cm. Ta6a. 5.1), ycranasanBae, 4TO PeHM npoTeKanHs (GesHanopumifi) ycra-
o

HOBJIEH NpPaBHJIbHO.

datem u3 ychiosus (7.18) onpenensem yCTOHYHBOCTD HAaGPOCKH NPOTHB pa3MuBa:
Ugmx = 3,95 M/c > vgp = 3,25 m/c — naGpocka paammiBaercs.

TITpoBepsem BO3MOKHOCTb paGOThl YKPENJIEHHI KaK CAMOOTMOCTOK H3 ycaoBHs (7.767),
NOACTABASAA dy(max) BMECTO dy. [1pH 3TOM Qparumsa dymax) AOJKHA COAEPHKATHCH B KOJMH-
YecTBe Py(max) = 5 %.

/ 0,4+ 0,2

B Hamem cayuyae dpakuus dymax) = e 0,3 M HMeeT cosepxanHe

Prtmax) = 5 %, ClleloBaTe/IbHO, €e NPHHHMAaeM B pacuer.
[TpoBepsieM BhnoanenHe ycnoBua (7.76°"). Jlin 3TOro BEMHC/AsSEM NPaBYIO €r0 YacTb:

2
Vauix 3,952 15,6
o = =0,23 = i
67 67 &7 M < du(max) =0,30 M
YKpen/eHHe MoxeT paboTaTb Kak CaMOOTMOCTKA.
4. Onpenensie rayGHHY NOTOKA Ha BWXOAE H3 LWHJIHHAPHYECKOH wacTH TpyGw o
rpaQuKy Ha puc. | npHAoKeHHs 5.3 npH HQ = 0,63 u Ha BEIXOJle H3 OT0JIOBKa No hopmyae

(7.86):

h
%=o.s|; hasx =0,61;

b \4/3 (1,0 \4/3
() (48]

hpsix(or) =ftsux Kor(n) =0,61:0,40=0,24 .

5. Onpenensiem 10JI0 Py H CPeAHHMA JHaMeTp do, GpakuUHii OTMOCTKE ‘B TaKo# nocle-
JOBaTeJ bHOCTH:
a) BuYHC/AsieM no dopMyae (7.92) napametp

ShpuxD
NP&(’-!="B;+
IMpeasaputensno no gopmyie (7.93) naxonum P:
pNoa 1 \0.2 ’
P=rbypDy _9) =0,9-0,85-0,7.1,0( ——— | " =0
bby, | AR, 7Ly 1,0.2,0 e
3.0,21.1
Torpa Npacy =—6,‘!T= 6,05;

6) mo rpaHy/iOMeTpHYeCKOMY COCTaBY HaGpOCKH Bu'-mc.unm&%—'::’; H CPaBHHBaeM C
Npacq. Pacuer uwaunuaem c wanGonee kpynnoii ¢pakunn. [lpeasaputessho onpefensiem
CpefHHi AHAMeTp ee YaCTHL:

0,44-0,2
dor(l)=—2 =0,3 M.

3areM HaxoaHM Lo} _ S8,
a3y 0,318
YHTb B pacueT celyiouylo ¢pakiHio.
Haxoauwm cpenHunii 1HaMeTp YACTHIL NepBHIX ABYX (paKkuuii:
0,05-3004-0,50-150
0,55

s 0,55 :

CrnenopatefibHO, HEOOXOAHMO K nepBof pakuuH N06aBHTH JIHWbL YacTh BTOPOH. ’

= 0,34 < 6,05, CnenoBaTe/bHO, HEOOGXOAHMO BKJIIO-

dy_y— =164 MmmM=0,164 M;
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" Jlo6asnsem K nepsol ¢ppakunn 30 % sropofi:
i - 0,05.3000,30-150
1-2= 0.3
Porn—2y _ 0,35
0,171!:8

=171 mm=0,171 m;

=05,94 << 6,05, HO oTkJOHeHHe menee 5 Y%,

1,6
dot(1—2%
Cgenoaa-renbﬂo, o6ecrieyHBalolIHe CAMOOTMOCTKY (ppakuuu 6yayT umets po. = 0,30 u
dop = 0,17 M.
i 6. Onpenensiem npejenbHylo r1y6GHHY pasMblBa B HeodHOPOAHOH HaGpocKe no dopmy-
ne (7.94):

1, 8nux(or)Dada
Almax(a) = '/ _t_’n—w__l & AR axa S

INpensapurenbno onpeneasem Ahup g . H Ahmax (dm) no dopmyaam (7.23)
(7.21), npinumas dy = dgy npu L = 0:

AR e L Pl il
np(d ) = TOMP “('op) bby dor ‘

TMpn D= D = 10w by =2D = 2,0m; r=09: 8, = 0.85: $— 0.7; s= 0.6;
Q~20M5/c Qx = 1,6 M¥/c (cu ‘npumep 1)

Torpa HMeeM: !
—0,9.0,85.0,7-1,0 =2 ' "% 0.7
1 (lb) (1‘2.0,17) P

=Bypgg y1==0,76:0,6=0,46 .

an(d o

h
mu(dm-)

‘Orciona Mg = V' LE 023 301 CEXAY 4 0,46% ="0,70 .

VkaanupaeMm na6pocky chaoem § = 0 70 M Ges meﬁeuounoﬁ NOArOTOBKH.
7. HaxoauM paccTosHHe OT BbIXOAa pr(ibl JI0 MeCTa pacnoJioXKeHHs MaKCHMaJlbHOH
rayGuup pasmmiBa no gopmyde (7.88), noactaBass Alygy (y) BMECTO Al (p):

by = Vzﬂa&mi_‘;_fﬁ’i&mﬂ)lza.ss p EEBE TN iz

8. YcTaHaBiHBaeM MaKCHMAJabHYI0O ryOMHY pa3MbiBa yxi:ermeunn Yy BHIXOJHOTO ce-
wennst TPpyOn no dopmyne (7.89), samenss Ahpp(meux M Ahgp(g) COOTBeTCTBEHHO
Ha Ahmax(n)nux H Ahpax(a):

laptmy 1,73
2

070 T_-——ﬂ 16 Mm<< 0,

Ahmax(a)sax = AMmax(u) —
JloTok Tpy6nl Ha BHIXOE H MOAOIIEA HACHINH NOJAMBITH He 6GYAyT.
9. Onpeaennem pasmepsl yKpenjienus B -nijade no ¢opmyne (7.90), noactasasa B
Hee ARpax(y) BMECTO Ahpnn):

L= B= 4Ahpax(m) = 4 0,70 = 2,70 = 2,8 u.

10. HasnayaeM pauny yxpenaeunus L = 3,0 m.
11. HasnauaeM WHPHHY YKpenJeHHA.
ax(u) 0,70
TIpenpapuTeNbHO BbIYHCAAEM e T
raacHo 1. 7.62 wHpuuny yKpennenus unpenaenseu 110 GoAabmedt #3 3HAYCHHT By u B. dns 3ro-
ro HaXoHHM: .
IWHPHHY YKpPenaeHHs B KOHUE OroqaoBKa no |popuyne (7.91):

“By=bp+20=21+420=4,1nu>B=28u;

WIHPHHY yxpermenuu B XOHIle ero:
. By = &,1== 8,

387 .

= _— = 0,70 > 0,5. B srom cnyuyae co-.

I1. PacueTsl pasMbiBa IpyHTa 3a YKpelJeHHAMH
H ONpele/leHHe PasMepoB HX KOHUEBBIX 4acTeif.

1. OnpenensieM npefiefbHyio CAyGHHY pasMbiBa
B IPYHTe Jlora 3a yKpenJeHHAMH no gopmyne (7.23)
¢ yueToM pexomMeHiauui n. 7.64:

‘ : 3 0,2
) s D,
[\ § E Ahup::rﬁvaa( Q ) 2 =
= 3 % T e
i i | W u,,*) P
“ble 0 Sl =
/o 0 oox of = 2,00 \0.6
|0 ~ = =0,9-0,85-0,6.1
(et g3 eealin)
'LQQC‘D“@G E 1 0.2 _
°olo e 0o 3 2.8 073 =0,74 m. i
o4e 0= || = ( —H) 1.2,1.0,001
reclococy o =
Bl E
B E 2. Onpeseisem MakCHMAJbHYID TJAYGHHY pas-
10 MbiB3 323 Bpema nasojaka no gopmyae (7.21):
4= 0w ;
. Dhpax = MAhg, = 0,6 - 0,74 =

Puc. 5. OCHOBHbIE - paiMephl  YK- =044 N <8=070m

penuieHuit H3 KaMEHHOHR - Ha-
GpOCKH B npHMepax pacyera Bhi-
XOAHBIX pyCes-caMOOTMOCTOK

HasHauaeM Beixoauoe pyc.‘lo Thna .

3. OnpenenseM IWHPHHY BOPOHKH Da3MbiBa B

KOHLe yKpenyenus no gopmyae (7.73).
L]

[MpenBapuTenbjio HaxoauM xosdduunent K no rpagHKy Ha PHC. 7.12 npu Ahgax —
0 44 L 2,8 .
L =0,44n = =2,8. TMoayvaem K=0,31, otkyaa Bmln _._____6 i 5;1 ==

! D A 0,31
> B, = 4,I m.

I‘Ipuﬂuuaeu WHPHHY yupenneﬂmt Byy B KOHLEBOH €ro yacTH Ha 1JHKe B | M, paBHO#H
5,1 M.

KOH(.TPVKHHR yxpenneuun npuBefexa Ha puc. 5. O6bem KaMun B pren.nenuu Wy =
= 4,1 0,70 + 5,1(1,0 + 0,70 - 1/2)0,70 = 10,0 3.

- 111, Pacuern nuxunx Guedon rodppuposannsix Tpy6,
PACMONOMKEHHBX Ha NOACHNKE
\

Npumep 6, Foppupopannas KocoropHas TpyGa pacnoJioXKeHa Ha keJe3Hol Aopore;
orepcThe TpyOu D = 1,5 M; yKaon aora {; = 0,25 (cooTBeTCTBYeT 3a/I0KEHHIO OTKOCOB
KOCOTOPA Myq(goc) = 4); BBICOTA HACKNH MO OCH TPY6 Hyae = 5,0 M; IIMPHHA HACHINH
nopepxy 6,5 M; Bepxosoil oTKoc nMeeT KpyTHsHy 1:1,5; pacxoan B coopyxenus Qp =
= 2,3 M¥c, Qmax = 3,0 M¥c; noaTonIeHHE CO CTOPOHBL HHKHEro Gbeda OTCYTCTBYET. B oc
uuaoagnu HACBIMH 3aJIeTalT CPeHEe3ePHHCTHIE NMECKH CO CPefHHM AHAMETPOM dacTHU d =
= MM.

TpebGyeTcst HA3HAYHTL THI BHIXOJHBIX PYCeJl YKA3aHHONH KOCOropHO# TPYOs W npous-
BECTH COOTBETCTBYIOUHE MHAPABIHYECKHE PACYETHL.

Pemenue Tak kak Tpy6a pacnojiokena Ha KpyToM KOCOrope, TO YKAaAbiBaeM
ee B TeJle HACLINH Ha NoAckinke (pHe, 6). YRJIoH Tpy6sl iy Haznavyaem pasubim 0,01. Otkocw
GepMy HacuiNk OTCHNAeM H3 OAHOPOAHOrC KaMua. HH30BoOil oTKoc Hacuink nasnavaewm
Morinen) = 2 (Ha pHc. 6 9TOT OTKOC NOKA3aH WITPHXOBOR AunKel),

acder BbIMOJAHAEM B COOTBETCTBHH C DEKOMEHIAIHAMH 1. 7,69 npHMEHHTeNbHO K pac-
CMaTpHBaEMOMY CJaYYalo.

IMpenBapuTeqbHO yBelHYHBAaeM pacyeTHuifi pacxon va 30 % ans yuera Bo3MoKuol

OIHGKH H ofecneyeHHs Heo6XOAHMOro samnaca:

1,3Qp = 1,3 + 2,3 = 3,0 w%c = Qpar = 3,0 w¥/c.

Pacuer BefeM Ha pacxoll Quax = 3,0 M¥/c.
1. OnpefesisieM rIyGHHB H CKOPOCTH HA BHIXOJE W3 TPYGH 110 rpadHKaM npHJIoKeRHH
5.3 (puc. 4) n 5.4 (puc. 2)
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TlpensapHTe/bHO HAXOAHM MapaMeTp pacxoa
) 3,0

M, = Q =
Q@ prVgD 1,59y 9,81-1,6
Ilanee no My u iz = 0,01 naxomum:

=0,347.

h % Usmx g - -
—-“B“L=o,4a 0 hggux=0,48-1,5=0,72 m; Vab =1,01 u vgux=1,01 Y9.81.1,5
=3,88 m/ec.
2. YcraHasiHBaeM Mo dopmyse (7.76") cpeanuit nHaMeTp HaGPOCKH, CYHTAR ee OLHO-
: ponHuoit:

2
Upmx 3,88
. .. an B
i 43 .

Mpuuamaem dy = 35 cM.

OrcbinaeM Ha GepMe H OTKOCe TPH CJIOSl XaMHA KPYMHOCTbIO dy = 35 cM, OCTaNBHYIO
qacTh — M3 ropHoil Macch (CpelHHA AHAMeTp 4YacCTHL dy = 25 cM) € CollepKaAHHEM MEJNKHX
wactuy, 5—7 %.

» 3. Onpeaensem no dopmyJe (7.99) MunHMaNbHBIA pasMep GepMul BLOJBb OTOKA, NPH
KOTOpO#t MOTOK, BHTEXAIOWHH H3 TPYOH, HE MONAAAET HEMOCPEACTBEHHO HA OTKOC:

2h A 2.0,72 _
Legmin=1,2 vgux V—Z‘E—-=l-2-'3.u 58 =1,78 m.

TMprunmaem ¢ samacoMm Lg = 3,0 M.~ o
4.p0npene.uueu MHPHHY PACTEKAHKA MOTOKAa Ha Gepme no (opmyne (7.100) c sBene-
HHeM B Hee MOHHMKalomero Kos(ouunenta 0,6, yUHTHBAKWWUIEr0 0COGEHHOCTH KaMeHHON Ha-

GPOCKH NO CPABHEHHIO C GeTOHHBIM ykpenaennem (cum. n. 7.69):

2 L @ \0.:5
S ni0 2 (LY (2 )""(ax) -
o s Lot D)
raex=Lg=3,0M, a0Q;= 1.602(2 = 1,6 - 1,5°/2 = 4,41 wd/c.:
- ; : 1.5 3,0 10,5
1,58 7 3.0 \3.0 /3,0 )“'8(—"4.4: Cigen
Orien a,..,,=9.5—3—( 1,41 ) ( 1.5 gt

5. HasuauaeM ATHHY Y9¥acTKa HACHNH, OTCHNARHOR W3 KAMHA, T. e. WHPHHY HHABT-
pylome#t HacHnx nPociofikH by. [NpuuuMaen by = Bpaer = 10 M.

[lanee Belem pacgeT QHALTpYIOmed NOACHNKHE KAK duabTpyOlied HACKNH.

6. Onpeneasen no dopmyae (7.110) Hopmaabiyio rAyGHHEY QHALTPAUHOKHOTO MOTO-
Ka, npeanoaras, 4T0 Bech PacxoA NPOPHALTPYET HEpes MOACHMKY.

Puc. 6. Huxuufi Gbep KocoropHoii roppupoantofi TpyGu npu cGpoce NOTOKA Ha KaMeH-
HYI0 MOACHINKY:
| — 3Kkpan; 2 — QHALTPYIOWKA TOTOK; ﬂ—___odpa;mul t;.l_up puicotolf 89=0.5 M; 4-— yKpenaenHe H3

389

[penBaputensho HaxoaM KodPOHUHEHT GHABTPauUHH AAs ropHofl Macch Kg(y co
cpelliedt KPYNHocThio KamueR dy = 25 cm. Pacuer MoxHo nponasectu no dpopumye (7.111),
HO H3:33 OTCYTCTBHS AAHHHX O NOPHCTOCTH TOPHOH MACCH NPHOMHXKEHHO HAXOLMM MO
ra6a. 8.1 kosdduunent GHALTPAUHK LIS OAHOPOAHOH HAGPOCKH H yMeHbIIaeM ero na 25 %:

»

=0,40 m/c.

: Kdl(r)——“ 1.25
Q V mosinac) . 3.0 V‘I =
Toraa hy= Ta K =10-0.40 1,50 m.

7. OnpenensieM rayGHHY ¢n.:|b'rgauuonnoro notoka H B cTBOpe, npoxoasmeM ue-
pes xowew TpyGsi, u3 ypasuenus (7.113). Tlogtonnenue cuusy orcyrersyer. Ipensapuredn-
HO HAXOMHM MPOEKLHIO PACCTOAHHS OT KOHIA TPYGHI 10 TOUKH NepecedeHHsi OTKOCOB OTCHIM -
KH H Kocoropa (cm. puc. 6) — I = 23,4 m. -

3aTem BHIYHCAfEM

IanEr(noc)+l —FE) = 23,4 YBF1 i
P 1,50.42

H
Coraacuo 1a6a. 8.4 no f(§) = 4,02 naxomum § = =10 n H=hy= 150 m.

0
8. OnpenensieM YCTOHYHBOCTD HH30BOrO OTKOCA MOACHINKH H3 YCJIOBHN (7.114).
TpeasapuTe/bHo onpenessieM PasHoCTh OTMeTOK GbedoB no ¢popmyJe (7.115):

fu - - 23,4
2=H4+——" n‘ =184 ——=7,35u.
Mor(xoc) 4
Buunciasem zp, no dopmysne (7.116) npu KpyThane orkocos noncunku 1:2 (tgf =
= 0,5),d, = 0,35 M n ¢ = 0,725:

2up=2.3 (tg Pu—tg B) Vomérorr +1 ]/;_H’; =2,3 (0,725 —0,500) X

Mor(roc)
VaEFI ]/ 0,35 . etz :
X23'4'_.—i“_ T =5 < 2=7,35"M.

CaefloBaTe/ibHO, OTKOC HeYCTORUHB H TpebyeTca CReaaTh ero noJjoxe.

TpuunMaeM Moy(nopy= 2,25 (tgh = 0,444) n no puc. 6 maxoanm /n = 29,0 m (o1-
Koc 1:2,25 uzo6paxeH ciJoWHON JHHHei).

Torna nmeem

U — — ]
2ap=2,3 (0,725 —0,444) 20 VEFT 935 _9,3 u.
4 1,50
; 29,0 ‘
Ilpn stom z=l,5+—T=8.75 M<9,3 M. \

CrejioBaTesibHO, YCTOHYHBOCTL HH30BOIO OTKoca ofecneueHa.

9. INpoBepsieM yCTOAYHBOCTH OCHOBAHHS HACHINH OT NamuuapHol ¢uabTpanun. Jas
storo onpenensiem Hyp no dopmyae (7.117), npuuem BXoasiuuii B nee kosdpduument 8 na-
XoAHM mo Ta6a. 8.2. [lns 3epHHCTHX NECKOB, He 3dUHUEHHBIX OGpaTHHIM (QHJILTPOM,

n VM o 1 0V ELT
6= 8. Orciona Hyp = L A TP 5 3 — = 3,72M; H=150u<
8mgrixoc) 8-4

< Hyp = 3,72 m. CnenosaTensro, yCTOHYHBOCTE OCHOBAHMSA HACHINH NPOTHB NaMHHAPHOM
GHALTPALHH o6ecneueHa.

10. CpasnnBaem rayGuuy notoka H ¢ TOXMHHON MONCHNKH 8po,(pmx) B CueHHH,
nmpoxoAsileM uepe3d KoHell JioTKa TpyObl Ha Bwixoae. Ha puc. 6 nacrosiuero npu/oxeHus
Spon(sux) = 4,2 M > H = 1,50 M, T. e. BeCh NOTOK, BBIXOAAUHA H3 TPYGH, NPOPHILT-
pPOBBIBAET Yepe3 NOACHINKY. :

1l. YcranaBnuBaeM, He BLIXOAHT JIH NOTOK B KAKOM-JAHO0 M3 cedeHHH NOACHLINKH Ha

noseéyxnocn. Jlas storo jenum paccrosume In = 29,0 M HA UATh PaBHBIX vacTeil [n =

,0
= —5—=z 5,8 M H B KOHLle KaA0H H3 HHX (CYHTas OT KOHUA MOACHINKH) ONpelenseM ray

GuHy noToka hy u3 ypaBHenus (7.113). 3aTemM B KaxK/AOM H3 CeYeHHH YCTAHABJIHBAEM TOJIIH-
HY TONCHINKH Oyqn(i), AR Yero MOKHO BOCNOJb3oBaThes (opmynoi (7.118).
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Tabauua 3

g pac| -y |
B (n ] -
3; K::::n":g ]_/M.l. ":,, : 4y =Fhe. Broa(i) 5"0‘(:) Bug noroka
§§ A hemyr(koc) h :
| 5,80 1,0 0,96 1,43 I.ls <0 Mosepx- -
g HOCTHBI
2. 11,60 2,0 1,00 =" L,48 2.9 | >0 DusibTpa-
LWHOHHbIA
3 17,40 3,0 1,00 1,50 3,38 >0 To xe
4 23,10 3,98 1,00 [,50 4,48 >0 <
5 28,90 4.98 1,00 1,50 | 4,20 o0 o

CpaprnBaem hy ¢ 805(;) H YCTaHAB/IHBaeM, BHAJET JIH MOTOK HA OTXOC, ITO cAyUHTCS
npH hy > Bpon(p-

Pacuer BhnoarAeM B TaGauunoii ¢opme (Taba. 3).

AHanu3 pesyJbTATOB pacueTa NoKa3biBaeT, 4To GHALTPALHOHHBIA NOTOK HA YACTH OT-
KOCa BHXOJAMT Ha NOBEPXHOCTh. .

Hanecs rayGHuB QHJABTPALHOHHOTO MOTOKA HA YepTek, yCTAHABAHBAEM, YTO NOTOK
BHKJHHHBAETCA HA OTKOC Ha BTOPOM YYacTKe.

YcTaHABAMBAEM PACCTORHHE OT KOHUA NOACHIKH A0 MECTA BHK/AHHHBAHHA NOTOKa no
dopmyane (7.121):

Q mox (koe) Mox (o)

lyp=

(mor (woe)— Mor (non)) lobK«bV LT A
= Moy (Koc)

3,0-4,0-2,256
= =7,1 M.

(4—2,25) !0-0.4]/ L 510,25

12, Onpefie/isieM TOJIUMHY MOACHINKK B STOM CENEHHH, PaBHYIO FAyGHHE MOTOKa, MO
dopmyne (7.118):

li (Mo (woe) —Mor (mow) __ 7.1 (4—2,25)
Mox (koe) Mot (non) 4.2,25 _
Bhime STOrO cedenHs HMeeTes JHIIb (MALTPaUMOHHHE moTox (Geshanophas (HABT-
pylomas NoACKNKa), HHXKE ero YacTb NOTOKA auxomrr Ha OTKOC (HanopHas (QHALTPYlollas
NOACHINKA).
13. Onpenensiem GHABTPALHOHHLIE PACXOAH B paa:mlmux CTBOpax Hafopkol PuabT-
pylomeii noacunkH. I1s 9TOre ReHM paccToARKE OT KOHUA NOACHINKH A0 CEYCHHS, TAe No-

Snon (rp)= =1,37 M.

TOK BHIKJHHHBAETCA HA MOBEPXHOCTb OTKOCA, HA TPH y4YacTKa AJMHHOH [ = _:;. =23Tm

KaXAbiii # B KOHEYHOM CeYeHHH KauJAoro y-mc-rxa NOACKNKH (CY4HTast OT ee KOHIA) onpene-
asieM ¢HAbTPauHOHHHA pacxoa mo gopmyae (7.123) npr rayGuue notoka i = 8,5, 3Ty
rAy6HHY MOXHO BHYHCAHTH no dopmyJae (7.118 A

Pacuer npousBofiiM B TaGAR4YHOR opme (Tabha. 4).

Tabnuuna 4

Ou.nhi'pauuonnun

t

IPaccToRHKe OT KoOHUA

Homep_yuacTka [IOACHINKK A0 3afau- he=buox; "7'”3 Q
st Horo cewenms L M | O Gotuar (LD i packox 2t =t

INoaowea oTkoca 0 . 0 0

1 237 0,46 1,0

2 . 4,74 ¥ 092 <20
1 1,37 3,0

3 T

: ook 39)

Ta6auua 5

Howmep Paccrosne | g, -Q—@,, Rz Me :“'grijl_ | w/c. mo "gm:(o;g).
P | R | CTEE | mlpe | ke P Hem
[oaomsa 0 3,0 0,083 3,61 3,65
oTKOCa .

1 2,37 2,0 1 0063 0,63 3,17 3,65

2 4,74 1,0 0,040 0,40 2,5 3,66

3 7.1 0 0 0 o - 3,65

14. OnpeaensieM cpeiHHe CKOPOCTH TYPOYyJeHTHON QUALTpaunu no dopmyde (7.124):

dp= Kq,'/ LS ]/_..w__;__,uzz m/c.

""o-r (koc)

" 125;5 Haxoanm MakcuMafibHylo CKOpoOCTb TypGyfenTnoli (uALTPauUHH no dopmyJae
(

157 1,:7:0,22- . °
il T ..—_'1,04 M/C.

Uy =

. pea  0,40.0,9

[Nlopucrocts kKameHHo#W Hab6pockn p = 0,40 1n6o npHHuMaeM no Taba. 8.1 a/ia xamusA
Toft e KPYRHOCTH, 4TO W OAROPORAMLIAL KAMEHL, HO ANA KPYTAWX YaCTHIL, Hu60 yMennmaem
Kp(nom) = 0,49 na 25 %.

16. CpapnuBaem vy C AONYCKAEMBIMH CKODOCTHAMM AJRA CPEAHE3EPHHCTHIX MECKOB.
Tas sroro no Ta6a. 2.7 HAXOLHM Unon = 0,35 m/c; vy = 1,04 M/c > v non = 0,35 m/c.
CaenoBatelbHO, YCTOHRYHBOCTb OCHOBAHHA NOACHINKH OT Typﬁyneu‘ruon (uaAbTpaLHH He obec-
nevexa.

BripezaeM rpyHT OCHOBAHHSA H 3aMeHAGM ero MATEDHANOM, IONYCKAEMAas CKOPOCTL Aasi
koToporo GoJbilie HJAH pasHa Uy. [No Ta6a. 2.7 HaXxoauM, 4TO 3TOMY YCJAOBHIO YAOBJIETBOPS-
eT raabka (Wau weGeHb) ¢ YacTHILAMH KpynHoeteio 1,6—2,0 cM. YkaaikiBaem ee He MeHee
Tpex clioes, NOITOMY Bhipe3Ky Aajo AeaaTb Ha r.'lyﬁlmy 8—10 cm.

17. Onpe.u.e.vmeu pacxo.uu noToka, np0‘rel|:a|omero 10 OTKOCY MOACHINKH B KAX/JAOM H3
cTBOpOB, no dopmye (7.126): Q3 = Q — Q;, a TakKe TIAYGHHH H CKOPOCTH TEUEHHS HA OT-
koce no dopmyaam (7.127) n (7. 129)

. 3aTeM cpaBHHBAEM MOJYYEHHbIE CKOPOCTH ¢ nonycxaeuunu A KaMhs no gopmyae
(7.130) m ycraHaBaHBaeM ero ycToiuusocTb. Pacuer seieM B TaGauunoil dopme (Taba. 5)
M5 TeX JKe CevyeHH, -rru W B 1. |3, NnpHHHMAsA YCTAHOBJIEHHYIO paHee KPYINHOCTh KAMHA
Ha oTkoce dy; = 0,

Ananu3 peayﬂh-ra'roa pacyeTa nokKasbiBaeT, YPo ycToluHBocTh KaMHs d,, = 0,35 M na
oTKoce ofecneveHa.

18. Ycrpaunsaem KDHCprKTHBHO oOpaTHHIH QHJILTP NOJOIIBL OTKoca BhicoTOH 0,5 M
H WHpHHON moHH3y | M.

19. Hasnauaem y nojomiBbl OTCHNKH HeAeQopMHpyeMoe BbIXOJAHOE PycJa0 H3 Ka-
MeHHOIl HaGpoCKH, pasuepu KOTOPOro onpeje/ineM B COOTBETCTBHH C PeKOMEHAALUHAMH, H3-
JNIOXKEHHBIMH B N 7.43, 7.44, c yueToM cneunpHIeCKHX oco6eHHoCTell YKa3aHHHIX THNOB Bbl-
XOJIHBIX pyces, H3/I0KeHHbIX B M. 7.54, 7.55 K 7.64. PacueT BeieM B TaKoil N0c.1eA0BATENb-
HOCTH:

1) onpeaenseM TONUKHY CJ05 onﬂoponnoﬂ HaOpoCKH, TPH KOTOpoH YKpemJenue
6yaer HelepopMHpyeMbiM, no dopmyae (7.81): )

Bt [0_4518/5 (M)_,F
d V gDy
Y R 1,15.3,75.1,
=|,5[o,45 _"L-!-(—s-__—_u)_l]

I

0,0005 V9.81-1,5
4,31
=5 s[u 02+( - 1)]=|.35 u;

2) ompenensieM pasMephl YKpenJeHHs:
a) HasHauaeMm nnnug YKpenJieHHsi 3a MOAOWBOM OTKOCA COI/AcHO pexouennauunu
n. 7.44: L' = (1,5+2,0)D,. Tlpunumaem L' == 1,6D3 = 1,§ - 1,56 = 2,2
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6) onpeaenseM pacueTHyio AJAHHY YKpendenus (cM. n. 7.65), KoTopas CKaaampaetcs

H3 wnpHubl Gepmbl Lg = 3,0 M, ANHHB OTKOCA ~NOACHINKH lyy(poy) =
. < mo-r(lmc) i
¥ JVIMHB YKPenJieHHsi Y Nojaowsk Kocoropa L' = 2,25 m:

L g 200kl |"44'+' +2,25—=35,85 .

Jlanee pacueT BHIOJHAGM COFIACHO peKoMeHjauHsM n. 7.64;

B) onpejiefsieM npeje/ibHylo ryOHHY pasMbiBa B rp&me Jdora no gopmyae (7.23) ¢
BBEleHHEM B Hee KOPPeKTHBOB COTIACHO YKasaHHsAM M. 7.64. )

TpenBapuTenbHO BHLIYHC/ASEM BeJHYHHBI, BXOAsWlHe B 3Ty (opmyay: no Taba. 7.3
naxonum npu Dy = D = 1,60 m 8, = 0,82, no Taba..7.2 aas BHXOAHOrO pycaa 6es racu-
Testefi (1 wan Ix) naxonumr = 0,94 s = 0,6 n cornacho n. 7.28 Haxonum P = 0,6. Orsep-
ctHe b = by = 1,6 m. Cpennn#t nnamerp rpyura d = 0,0005 m, stanonusfi pacxon
Q= 1,505?2 = 1,6 - 1,52 = 4,42 w¥c.

Coraacuo n. 7.64 nokasateJb CTenenu s, s HeleopMHPYeMbiX BHIXOAHBIX Pyces H3
KamenHofl HaGpockw paseH 5/2 = 2,5. .

Takum o6pasom HMeeM

Q 0,8 D3 0,2
Ahgp=rd Dol——— L] =
pe=t M“" 3( Qx ) L | Sy bb d
(- Dy i ) ¥
Y 3,0 \o:0 1,5 0,2
=o,9-0,82-0,6-1,5( ) =0,51 u;
4,42 35,85 2/5 ;
- (——IT—Jr x) 1,5.1,5.0,0005

r) onpejenseM MaKCHMadbHyio rAyGHHY pasmbiBa no ¢opmyrae (7.21).
YunTmBas, 4TO AaHHbe 00 oGbeMe cToka W OTCYTCTBYIOT, pacyeT BeleM NpPHOJH-
wenno, npuuuMas 7 = 0,6 (kak aas wecBsu3uwix rpystos). Otciona

Ahpax = Ahypn = 0,51 - 0,6 = 0,30 m;

1) cpaBHHBaeM ToMuHHY Habpockd 8 ¢ maxkcumaibhoi riyGuuo#i pasmmbiBa: § =
= 1,35 M > Ahp,ay = 0,3 M, c/e10BaTe bHO, BO3MOKHO HA3HAYHTh BHXOAHOC PYC]O TH-
na |, Aas KOToporo rayGHHY 3a/0XKeHHs KOHUEBOH YaCTH yKpenJeHHs hAyy NpHHHMaeM paB-
woit & = 1,36 m;

e) onpejelifemM WHPHHY BOPOHKH Pa3MbiBa Bpyy B KOHLE YKpenJeHHs no ¢opmyne
(7.73) npu B = 3,6:

]
Bmin = — Alimax-

K
L 35,85 L
Tak kak D, =crEeaT 23,9 > 10, 10 npuHUMaeM o 10.
Adicaax 0,3 £
A 0,2, —=10K=0,10;
Torpa npn 5 S D K

3,6 '
Bmin o I 0,3=10,8 m;

XK) CpaBHHBAaeM WHPHHY BOPOHKH pasMbiBa Bpyn ¢ mHprHOA pacTekanns Bpaer!
Bmin = 10,8 > Bpaer = 9,4 M M K pacdeTy NpPHHHMaeM IUHPHHY YKpenJeHHs B =
= ]0,8 M. &

PegybTaThi pacueTa HHXKHero Gbeda rodpHpoBaHHOH TPYOB C MONYYEHHBIMH pasme-
paMu yKpenJieHHH Ha mNOJCHNKe NpHBelAeHkl Ha pHC. 6.

393

luVm?rr(xoc) 41,

‘» l

[1PHJIO)KEHHE 8.1'

NPUMEPDI PACYETA ¢HJIbTPYIOLLHX HACBINEH

NMpnmep 1. XKenesnas nopora 111 xareropnu nepecexaer Jior TpeyroJpHoro fnonepeu-
HOTO CeYyeHHs C OTKOCaMH, HMEIOULHMH Cpe/lHee 3a/I0KEHHE My, = 3; BbiCOTa HacknH H, =
= 3,0 M; AnKHA GHALTPYIOMeR npocioiiku /g = 15 M; pacxoa nputoKa ¢ 6acceiina Quay =
= 2,0 M¥/c_(axKyMyJsiUHIO He YYHTBIBAeM); YKJIOH Jiora iy = 0,005; 6mroBas rayGuua
hys = 0. TpyHTH JIOra H B OCHOBAHKH HACHIMTH — CPEiHE3ePHHACTBIE NeCKH; OCHOBAHHE Ha-
CBITH He 3aURUEHO O6PATHHM GHALTPOM; CPeAHKI AHAMETP KaMHel, IpHBeNleH bl K wapy,
dy, = 20 cM; dopMa KaMHel — OCTPOYroJibHas.

TpeGyerca onpele/iHTb pasMepbl NONEPEYHOTO CeYEHHs KaMEHHOI NMpoCJHOWKH Hamnop-
HOH QHIbTPY0OWER HACKHITIH AAA ofecneyeHHs TPe6YeMOro TeX HUYCCKHMH YCJIOBHAMH BO3BbI-
ureHHs: GPOBKH MOJIOTHA HAaXL noAnepThiM yposHeM (0,5 M) H a5 obecnieyeHHs YCTORYHBOCTH
OCHOBAHHA.

Pewewnue 3ataem BHCOTY QHILTPYIOULEH NPOCHOAKH Ay = 2'M W onpenensem
NJI0LLAMb €€ IONEPEeYHOro CeYeHH s, CYHTAN ero TPeYrOMbHbIM!

Of = hy my, = 28 - 3= 12 m.

' [loTa6a. 8.1 npu d,; = 20 cM ¥ ocTpoyronbHo# Gopme KaMHell HAXOAHM KOS(bHUHEHT
TypGynenTHol puabTpaunn Ky = 0,43 m/c. .
OnpefenneM reApaBJHyecKHi YKAOH no Gopmyie (8.3):

"2(‘%3(@ ):z( 12-3.43 )!=°"5‘

BriunchseM paccTOsiHHe OT NOJAOIIBL HACHINH A0 LEHTPa TAMKECTH NONEpeyHoro ceue-
HUA GUABTPYIOLEH NPOCAOHKH: .

hl!‘l' i e —‘_"_'—=_0,67>hu5=0.

OnpenenseM ray6uHy BOAB nepej Hachinbio no Gopmyae (8.1):
H = hyy + lgli — i) = 0,67 + 15(0,15 — 0,005) = 2,85 M > hy = 2,0 m.

Tax xak H > Hg, 3HaYHT HACHMb HanopHas, T. €. pacyeT BHINOJAHEH NMPaBHAbLHO.
[TpoBepsieM YCTORYNBOCTS OCHOBAHKS HACHAHK OT JaMunapHod duavrpaunn. aa storo

HAXOIHM OTHOWeHKe § = FL no ta6a. 8.2. Ilpu bcnonnamg H3 CPelHe3epHHCTHIX 4&1&03,
np :

Iy g 15
He 3allHINeHHBX 06paTHLIM (PHALTPOM, F=8 MH Hyp= i 1,87 m.

B Hamem cayvae H = 2,85 M > Hyp = 1,87 M, 7. e, YCTORYHBOCTb OCHOBaHHS OT
NaMHHapHOH GHUALTpaUKH He obecnedeHa. 2 8
YcrpanBaem ofpaTHuili ¢uapTp. Toraa W3 Ta6a. 8.2 naxoasm 8= 5 Hyp =

15
=g =3 M. Tenepp H = 2,85 m < Hyp =3.0M, T. e, ycToliunBocTh ofecneueHa.

[TpoBepsieM yCTOHYHBOCTL COOPYIKeHHS NOA Bo3jeficTBHeM TypOyJaeHTHOH ¢HAbTpa-
uum. Ilas sToro npejpapuTesbHO o popmyJe (8.5) BHYHCASIEM CPeHIO CKOPQCTh:

s e
"= oppes  12:0,50.0.9

npHueM nopHcrocTs p = 0,5 onpeneasem no taba. 8.1.
Briuncasem no gopmy.e (8.4) MeCTHYIO CKOPOCTD B NPHAOHHOM caoe:

vy = 1,70 = 1,7 - 0,37 = 0,63 m/c;

=0,37 w/c,

yTo GoJdblle, YeM NOMyCKaeMble CKOpOCTH (cM. Ta6Ga. 2.7) Ans TpyHTa Jora vp,; = 0,35--
+0,50 M/c (npu hys = 0 ckopocTs onpejaeasiem no rpage Ta6a. 2.7 npu ray6une 0,4 m).

CnefloBaTe/IbHO, €CTECTBEHHBIl FPYHT B OCHOBAHHH HACHNH CAeAyeT 3aMEHHTh MeJ-
KHM TPaBHEM € NPHMeChIO KPYMHOro, A1s KOTOPOro Uygn = 0,65--0,8 mM/c; Toamuna caos
rpaBua 15—20 em.

Mpumep 2. )Kenesanas nopora I11 xareropus nepecexaer Jior npsMOYroJlbLHOTO none-
peuHoro ceuennsl WHPHHOR by = 10 M: BHiCOTA HACcHNH 3.5 M; KO3DOHUHEHTH 3aJOXKeHKN
OTKOCOB Mgy = 1.5; nanRa OHIbTPYIOued npocaoiku (WHpHEA Hackinu NoxH3y) lg =
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= 16,5 M; pacxoa npuToxa ¢ GacceHa Qmay=Qmax(coop) = 1,5 M¥/c; yknon nora iy =
= 0,003; 6mroBas rny6HHA hyg =< 0; TPYHTH JIOTA H B OCHOBAHHH HACHIH — MeJIKHH ne-
COK €O cpellHHM AnameTpoM vacTau d = 0,25 MM; cpeannit anametp kamuei Ha6pocku d, =
= 25 cm; (popMa KaMHeHh — OCTpoyroabHas.

TpeGyeTcst onpeieNuTh pasMephi NONEPEYHOro cedeHHs KaMeHHOH npocaofiku Geana-
nopHOH (GHALTPYHOUIER HACBINH. ’

Pewe nue Onpenensem npeasaputeqpHo no taén. 8.3 npepensulii ykJIou Jora
igp = 0,00284 << §y = 0,003. -

3arem no gopmyae (8.12) npu kospduunente Ky = 0,49 (cm. Taba. 8.1 uan dy =
= 25 cM H oCTPOYrofbHOH GopMbl KaMHEH) onpeaeineM HOPMANbHYIO FYGHHY KHBOTO ce-
YeHHs:

h, . = L 5,5
= boKe V iy 10-0,49) 0,003 o™
o ypasuenuio (8.11) BuiuHcaneMm
Ty 0,003
=, = — 16,56=0, b
() T ldf' 55 0091

B ta6a. 8.4 no anauennio f(€) HAXOZHM ANA NPAMOYFOALHOTO NOMEPEYHOTO CEUEHHS
3navenne § = 0, i
Onpeaensiem rayGHRY Nepell HACHINbIO

H = Ehy = 0,295 - 5,5 = 1,62 m.
[Tpu 3T0ii rAy6HHe TpeGoBanke Tex HHYECKHX YCJIOBHI O BeJHYHHE BO3BHILIEHHS GPOB-
KH MTOJIOTHA HAJl YPOBHEM BOJbl 00eCneunBaeTcs:
Hyae — H = 3,50 — 1,62 =188m=> 0,50 m.
[MpoBepsieM YCTOMYMBOCTL OCHOBAHMS HACHINH TNPOTHE JAMHHAPHOM 'QHABTPAIHH.

Ilns s1oro. no Ta6A. 8.2 NpH MeAKomecuaHsX FPYHTAX HAXOAMM A/ OCHOBAHMI, He 3AllH-
ILeHHBLIX OGpaTHBIMH (GHABTPaMH, 3

I Ip 16,5
Sl =9 4y Hyp=—-—=—""—"=1,83 ™.
7 e bl e
Mpu stom H = 1,62 M < Hyp — 1,83 M, caenoBatenbno, ycToR4HBOCTL OCHOBAHHA

ofecnevHBaerca.

IpoBepsieM YCTOHYHBOCTL COOPYKeHHs N0JA Bo3AeHcTBHeM TypOynentHoll duabTpa-
uuu. Ona storo: : .

no ¢opmyJie (8.15) BuUHCAAEM PacyeTHYIO TAYOHHY

Wi Y3518
hp=0,8 ‘/—~———=0.s SR 004
- gpel b3 9,81.0,52.0,98- 102

rjie Jisi OCTPOyrosibHeiX Kamuei p = 0,50 (cm. Ta6a. 8.1);
HAXONMM TUIOMIANb TONEPEUHOTO cedeHHs (QHABTPAUHOHKOFO NOTOKa
‘

wp = bghp = 10 - 0,24 = 2,4 m%;

no dopmyae (8.5) onpenessieM CpelHIO CKOPOCTh (HJLTPAUHH

1,5
R VTV 7Y Bl i

no ¢opmyae (8.4) onpeneisieMm MeCTHYIO CKOPOCTb (PHALTPALHH
oy = L,7Tv= 1,7 - 1,38 = 2,34 w/c.

3ra CKOPOCTH (OJblIe NONYCKAEMOM A5 MENKONECUaHBlX FPYHTOB Unoy = 0,35 m/c
(cM. Taba. 2.7). . 2

Hasnayaem yKkpenJieHHe OCHOBaHHA GUABTPYIOULEH HACHINH OJAHHOYHBLIM MOIIEHKHEM Ha
meGHe H3 KAMHS CPEAHHM AHaMmeTpoM d, = 15 cm (cum. Taba. 2.9), gas koToporo v
= 2,56 mlec > vy = 2,34 m/c. e i

Mo ypaenennio (8.17) npoBepsieM yCTOHYHBOCTL HH20BOTO OTKOCA. JLAst 3TOr0 HaXOAHM

pon T

zap = 2,3 - 116,5(0,725—0,667) ]/0’25 = 0,78 u. Yroa p=34° cooTBercrayer KosppH-

1,62

UHEeHTY 3a/10KeHHA HH30BOIO OTKOCA Hachnu my, = 1,5; tgh = 0,667,
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" Xs=l@p=1735m

CxeMa K pacuery QuabTpyioumiefi Hacknn (npumep 2)

PasnocTh ypoBueli GvegoB 2z = H — hg - iplgy = 1,62 — 0. 0,003 - 16,5 = -
= 1,67 m. Orciona z = 1,67 m > Zyp = 0,78 M, T. e. yCTOHAHBOCTHL OTKOCAa He obecnevH-
Baercs. -

[IpHuHMaeM 3a/10:KEHHE HH3OBOIO OTKOCA My, = 1,75, T. €. tgp = 0,57. Toraa Zgp =

~ 2,3 - 16,5(0,725 — 0,57) 1/01__-22 —2,32.M M 2= 1,67 M << 2;,,—2,32 M, T. e. ycToil-
YHBOCTb OTKOCA MPH My = 1,75 ofecneunBaeTca. c ;
Mpu atoM annna QuapTpylomedi npocsoiiku [y = 1,5 - 3,6 - 6,0 4 1,75 - 3,6 =
= 17,35 m. 7
OnpejelisieM pasMepsl QHALTPYioliel TPOCIOHKH BJOAL MOTOKA (NONEPeK HAChINK).
Pacuer seieM no ypasuennio (8.11), 3amenus B ne [y, Ha x. Jununy npocaoiikn [y = 17,35 M

3¢

pasGuBaeM Ha NATH PABHLIX HHTEPBAIOB AJHHOR N0 —p— = 3,45 M; 1S CeueHHS B KOHIle

Ka)A0ro WHTepBana BuuHcAseM dyunkuuo [(E) u no Taba. 8.4 naxomum § = %, a 3areM
H- ray6uny notoka h; = Eh,. ?

Pesy/bTaThl BhUHCJAEHKNH CBeJeHbl B TaGJHILy H NO HHM NOCTPOEH TPOROJAbHBIA npo-
(HIb QHABTPYIOLLEH HACKLIMH, NPHBEAEHHLIE HA PHCYHKE.

i i
yuacraa T BT vl e T B O Mo e e P
1 3.45 0,00192 0,17 0,92 1,11
2 6.90 0.00382 0,22 1,13 1,35
3 10,35 0,00575 0,25 1,35 1,62
4 13.8 0,00767 027 1,46 172
5 17,35" 0,00962 0,295 . 162 YyacTok 0FKo-
ca HachifH

HPHJIOKEHHE 8.2

NPHMEPBI PACYETA NMEPEJIHBHbIX HACBINEA

Mpumep 1. TlepesnBHas HAchib C OTMETKOM MO OCH Zpey-— 76,0 M Haxoautes Ha as-
ToMoGHIBHOH fopore [1] KaTeropuu; AJKHA yyacTKa nepeausa lpep = 25 M. Ha gannom
yuacTKe 3anpoeKTHPOBAHA NMPAMOYroibuas TpyGa oTRepcTHeM bXhy = 1,0X 1,5 M, HMelO-
Wwas pacTpybHbie orOMOBKH € oy = 20° oTMeTKa JOTKA TPYGH HA BXOJe B Hee Zp py) =
= 73,0 m; pacueTnmil pacxol npuToKa ¢ Gaccefina Qp = 10 M®/c; cTok cHeroBoi, aKKyMy-
NAIMA He fonyckaeTcsi. IJyGHHO#. B HHXKHeM Ghede MOXKHO npeHeGpeyb,

TpeGyetcs onpenelHTh PACXOL NepetHBa Quep, HANOP OTHOCHTENLHO OCH 1OPOTH AH,
pacxoa B coopyxkenuH Qeoop H OTMETKY noaneproro yposus [TYBB.

P em e uu e [NpeinonaraeM, uTo npaMoyroisHas ®py6a Gyser paGoTaTb € n0JHLIM
3amoJiHeHHeM BXOAA, T. €. NMPH NOJAYHANOPHOM pexHMe.

Pacuer selleM B ClellylolleM nopsalke.
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|. Buipasum B o6LieM BHJE NPHMEHHTENbHO K 33aHHbLIM YCIOBHAM 3aBHCHMOCTb AJd
onpejejeHnus noanepToi rayGuubl neped TpyOGoit, paGoTaiolledl B noJAyHamopHOM pexHME,
ucnoasays gopmyay (5.20):,
: Qoop
y 2 i ©%oop ‘
Jlas npsAMoyrosibHoi TPpyGhl ¢ pacTpyGHbMH OrofioBxaMu ¢ op = 20° no Ta6a. 5.2
HAXOMHM fiy = 0,64 ;1 €onp = 0,78, [lnowanb nonepeuHoOro ceYyeHUs COOPYHKeHHA Wogop =

=1L0-1,5=1,5wm
Takum o6pasom, Bupaxenne Aas Hyoop GyAeT HMeTh CJeRylowuil BHA:

coop = ~I-&np fiy.

Q:
Heoop =T9,81_-(§‘juﬁ%_l'_5-’_+0'78.|'5 M, HJH Hcoop=0,055Q&°p+l,l7 M. (h

2. Auanoruuno fgoqp BHIPA3HM HANOP HAL OCbIO LOPOTH 10 qupw;yne (8.21):

A H — [ nep ")213 =( Quep )2/3 :( Quep )2/:>
o minep V' 28 0,37-25 )/ 19,62 i

V2% m
an A H=0,084Q203 m. _ (2)

3. 3anuchsaem supa}xeunﬂ ans [1¥YBB ans coOpyXeHHS H fepeqHBHOH HACHINH M
NpHpaBHHBaeM HX APYr Apyry (paboTaTh OHH MOJIKHBI NpH eanHoM /1Y BB); noayuaem 3a-
BHCHMOCTb, H3 KOTOPO# N0oAGOPOM HaXOAHM Quep!

NYBB =zooy + AH = z3(ax) + Hepop WM
Heoop — AH = ooy — Z(px) = 76,00 — 73,00 = 3,0 m.

3amensn Hyoop W AH ycTaHOBAEHHHIMH Bhllle BuipaxenHamu (1) u (2), nosyyaem aa-
BHCHMOCThL (3), H3 KOTOPOH noAGOpPOM HAXOAHM 3HAYEHHE Qnep, a 3ateM Qcoﬂp, OTMETKY
NYBB, Hygop'u AH:

0,055(Q — QZ,) — 0,084Q2/% = 1,83 n. ®3)

B peay/bTaTe pactera nojyduenbl C/elYiOUHe 3HAYEHHS:

Qnep = 3,9 m¥/c; Qcoop = Q— Quep = 10,0 — 3,9 = 6,1 m¥/c;
AH = 0,084Q303 = 0,084 - 3,9°/% = 0,21 u;
MYBB = 240y + AHpep = 76,0 -+ 0,21 = 76,21 u;
Heoop = MYBB — zy(sx) = 76,21 — 73,00 = 3,21 m.

Npumep 2. Ha nepecevernu BojoToka asToMoGHJabHON noporoft 111 kateropun sanpo-
eKTHPOBAHA BOJONPONYCKHAA TPy6a B COMETAHHH C MEPENHBHON HACHINDLIO; IIHPHHA HACHIK
noBepXy byae = 12 M, BhCOTA Hyae = 3,12 M; nonepeunblit YKAOH NpoesKeld YacTH I, =
= 0,02; 3a10)KeHHe HH30BOTO OTKOCA Mgy = 1,5; pacxon npHToKa ¢ Gacceiina Q = 76 m3/c;

acxop, nponyckaeMulit TpyGoit, Qgoop = 34 M%/c; oTmeTka ypoBHS Bepxuero Gbeda
MTYBB = 3,44 m; 6uroBas ray6HHa B HHKHem Gbede M, = 2,5 M; NIHKa ywacTka nepe-

auBa Ipep = 150 m.
Tpe6yeTcst pacCuUHTaTh NEPEJHBHYIO HACHINb. o
PeweH ue Pacxoa, nponyckaembiii noBepxy Hachinu, HaXoaum no gopmy.e (8.19):

Quep = Q@ — Qeoop = 76 — 34 = 42 Mc.
Yaeabubiii pacxol Ha y4acTKe nepejuBa
Qnep 42

= =——=0,28 M¥/c. M.
Guep Inep 150 /
KputHueckas ray6uuna mo dopmyJae (8.20)
g s .
1,1-0,282
= e I L )
hy V RN 2 M

Hanop OTHOCHTENbHO OCH LOPOTH onpeiensiem no popmyde (8.21) B npeanosoxennn,
YTO HACHIMb HEe 3aTOMJIeHa CO CTOPOHbI HHXHero Gbeda,  npHHHMan Ko3pHUHeHT pacxoja

m= 0,37:
0,28 2/3
o e e =0,32 m.
K (Vz.g,sx-n.m) G
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Hanop nan Bepxosoil Gposkoit no popmyne (8.22) -

b
AHy = AH + iy —5% = 0,32+ 0,02 - 6= 0,44 u. ,

OtmeTka OCH IOPOTH H BepXOBOi GPOBKH 1o 3aBHCHMOCTAM (8.23) n (8.24): z,,, =
= 3,44 — 0,32 = 3,12 M; z5p = 3,44 — 0,44 = 3,0 M.

ITpoBepsem crnpaBefJIHBOCTb MPHHATOTO MPEANOJOKEHHS O TOM, YTO HACHLINL He 3a-
TOMJIEHA CO CTOPOHBL HHKHero Gheda. [Ipu BuicoTe Hacknu H yao = 3,12 M (oT nojowsw A0
OTMETKH OCH mpoe3xeit yacTh) Hyue + Ay = 3,12+ 0,20 = 3,32 > hyg = 2,5 M, T. e.
HAChINb JefCTBHTENbHO HE 3aTONJIEHA CO CTOPOHBI HHIKHEro Gbeda. .

[Ipu ray6unax wa ocu h = hy << 0,5 M CKOpOCTH Ha BEpXOBOit 6POBKe He NpejcTaB-
NS0T OTIACHOCTH /L/1sl PA3MbiBA OTKOCA H 0GOYHHK y GPOBKH. [T03TOMY onpelessieM ryGHHE
H CKOPOCTH NMOTOKA Ha HH30BOH GPOBKEe H y MOJONIBH HH30BOTO OTKoca (Touku D W F ua
pHc. 8.2, a). - ) x

ITo saBucumocTH (8.28) HaXOLHM HOpMaJbHbie FNYGHHL Ha ydacTkax Haceinu CD w

DF. Tlpy 3a/0)KeHHH HH3OBOro oTKoca My, — 1,5 yKiow ero i = ——————— = 0,555,
V1 -+ 1,502

[MpunumMaem 1as npoesxedl yacTH KoddduuHenT wepoxosatoctn n = 0,013, ana o6ounum
n = 0,023 u B cpennem nisa ydactka CD n = 0,018. lns Hu30BOro oTkoca ¢ yueToM pacTH-

TeNBHOCTH npuMeM n = 0,04,
HopmadasHbie TayGHHbI:
0,28.0,018
foeor =(Tom

0,28.0,04 \3/5
hy (DF) _—(—0’5'55—“) =0,08 m.

Tlo ypasHeHHIO HEPABHOMEPHOI'O ABHXKeHHH (CM. M. 2) HAXOMHM rAYGHHLL NOTOKA Ha
HH30BOM Opoke (Touka D) W y nogowssl (touka F): hy = 0,14 M; hp = 0,08 M, a ¢ yuetom
aspaunm (cm. n. 8.18) npu my, =.1,5. hp= 0,14 - 1,2= 0,168 m ¥ hp = 0,08 - 1,2 =
= 0,096 M. - u

Buiuncasiem no Qopmyse (8.30) CKOpocTH mOTOKa HA OCH JOPOrH, HH30BOH GPOBKH H
Yy MoJOUIBBI HH30BOI'0 OTKOCA:

3/5
) =08 135 wm;

0,28

UVoeu = =1,4 m/c;
. 0,2
0,28

Up = =1,67 u/c;
0,168
S L098

' vp = 096 =292 m/c.

OnpefiefineM XapakTep CONpsMeHHd B HHxKHeM Obede Hacunu. [as storo no ¢op-
myde (2.20) HaxoJuM rayOHHY, CONPAMKEHHYIO ¢ NIYGHHOR Y NOAOWIBL HACHIH:

E BRI TR 0,09 FRUn -
},F:T [..I_B(v)_l———-'z—'—' I+B(0,096) —1]1=0,23 m,

e (—%):Fr [em. dopmyay (2.10)].

Mockoabky Ay = 0,23 € hys = 2,5 M, CONpsIKEHHE 33 HACHINKIO NPOHCXOAHT ¢ 3a-
TONJEHHBIM THAPABAHYECKHM NPHIZKKOM, H YCTPOHCTBO BOJOGOWHBIX COOPYXKeHHA He Tpe-
Gyetes.
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MPHIOXEHHE 9.1

TABJIHUB OCHOBHBIX PACHETHBIX XAPAKTEPHCTHK KAHAB

TaGauuwa 1. Jlonyckaembie CKOPOCTH NOTOKA Uy ,o,

BuicoTa Bbic-
H o X H PyHTa TYNOB 1epO- | Jyayenpe u . Mfec,
AN YKpOTACHRE "PAnN ykpenmenks Xasaroct iy o iy
dwp_uyaa
my \2
Hecpasuut  rpyHT — ne- | d=0,056 mm 0,035 0,11—0,075 (—*
COK MEJKD- H CpejiHesep- or
HHCTBIT my \?
d=0,25 Mm 0,175 0,16—0,075 '—-)
oT
my \2
d=1,0 mm 0,7 0,2— 0075( ")
HecBsiguulit = rpyHT —nie- | d=1,0 Mm 0,7 1,6 l/gd ¢ e
COK KPYNHO3€PHHCTHI, . Y
rpaBHit H raJjska my \2
—0,075 (-—)
Moy
Caaanpit (raunncTHit) | CTpYKTYpa TrpyHTa Hapy- 3,0 .0,174-25C,
TPYHT ) WeHa; TPYHT MaKCHMaJb-
HO BO/JOHACHIIEH; HHOPO/I- g .
HbIX BKJIOYeHH{l B rpysre
H PACTHTEJBHOCTH Ha ero -
MOBEPXHOCTH HET
Konriomepar, Mepredb, | — 50 1,6
caanun
[Mopueruit H3BecTHAK, | [pybas TNOBEPXHOCTH TO- 50 2,2
NJAOTHHI KOHIJIOMEpaT, | poant
CNIOMCTHI  H3BECTHSAIK, M3- ['nankasi moBepxHOCTb MO- 20 2,5
BECTKOBHIfl MecyaHnK poant \
JonoMuToBBfi  necuanHk, | [py6as noBepxHOCcTh no- 3,1
NJIOTHHM, HECAOHCTHA W3- | pOJbl
BECTHAK, Mpamop I'nagkas nosepxHocTh no- 20 3,56
poab
I'panursl, pHabGasw, Ga-|— 50 12,0
3aJIbTH, AaH/e3HTH; KBap-
UHTH
OpepHoBKa naauiMs — 50 0,67
XBOpOCTSIHBE BHICTHJKK Tonmuuxa ne mexee 20 cm 100 1,65
DQawHHIBe TIOQAKH Tommuua He Menee 50 cm 100 2,30
TI'aGHoHB He MeHee 0,5x0,5X 50 " 3,16
X1,0 m
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Oxonvanue taba. 1 npuaox. 9.1

BpicoTa Bbic~ a /
5 X uKa npyHTa TYNOB WIepO- | Spasenne Up, aon: M/ Cy
e gl 1 et Y.
dopmyna
Kamennan HaGpocka — A=0,7d | 1,05gd l/_llj
: 3
MolieHne KaMHeM — A=0,2x 1,55 &; 83
bl FI / ——'_? -
X l/ gd 2L
L g
ByrtoBasa Kaajgka Ilpeses = MpOYHOCTH. Ha ;
cHaThe:
10 MITa=100 xrc/cm? 50 2,4
30 MITa=300 grc/em? 50 5,3
BeToH kak ofexjaa AJA [ — L7 : 3,10
KpenJiexns ! y
BeToHHbe BOAOBOAM €| — 2 5,50
r1aaKoil. NOBEpXHOCTHIO !
COopHbie  NOKPbITHs W3 | BIOKH cowieHeHH mo Bcet 25 - 3,10
GeToHHBX Os0k0B ! TMOBEPXHOCTH 3allHLLAeMO-
. ro ofbexra
' Knace ﬁeroua N0 NPOYHOCTH K MApKH H BO, TH TNPHHHMAIOT B COOT-

BETCTBHH € AefiCTBYIOUIHMH HOPMAaTHBHBIMHE Jloxyuenrauu {39]

Mpumeuwanun 1. B npusefeHsblXx (opMyaax nNpHHATH OGOSHAYEHHA; Mor — KoshdUUHeHT
oTKoca GOKOBOMl CTEHKH KaHana; MM, — KoS(h@HIHEHT ecTECTBEHHOTO OTKOCZ IPYHTA AJA HECBASHBIX
TPYHTOB, NPHOAHKEHHO MOKHO NPHHAMATL flo=1,5; g — YCKOPEHWEe CHABI TAXKECTH; ¥, — yReabRbiA
Bec COOTBETCTBEHHO TPYHTA K BOABI; Cp— CuemieHHe rpynTa, MIla, ompepeasemoe no ml’n 2 uscros
wero NpHAOKeHHn; d — cpeaHHi P KaMmHed dmax ~— cpefilHee 3HAYEHHe HaH-
60JLIMHX pasMepoB KamHed.

2. B dopuyne nas onpellefileHHsl UA, pen MPH MOMIEHHH KAMHEM B 32BHCHMOCTH OT KOHCTPYKUHH

ST # wmocTopofl, HOpMaAbHO Y # u pack 6 8,=1,0; ans
nlommro MOLUCHHA, @ TAKXe JIAA OAHWHOYHOI'O, HO ﬂpil HAJHYHE OGODMIOPHBIX PHAAKOB H3 KPYNHOro
KaMHsl W MONepevyHbX NOfcKos 4depes 5—I10 M mo AJNHRe NOKpuTHA O,=1,1; pas cnnuoqltoro MOILEHHSA
B EJAeTKaX pa3mepoMm He Gosee 2,5X2,5 M H3 KpYNHOro KaMHS HJIH HBOBOTO NJeTHa &=

3. B ToR Xe (opMyse B 3ABHCHMOCTH OT XapaKTepa OCHOBAHHSH, Ha KOTOpoe ymtaxuaae'rca MolleHHe,
IIPHHHMAKOT: AAR raje X H rpasuft rPYHTOB, & TAKIKe UPH HANHYMK NONTOTOBKH B BuUjxe 06-
p"“dm-?() $uastpa 6;=1,0{ upu nJm'n-qu CYrAHHHCTHX rpynTax 6,=0,95; npu cnaGuix cyr:lmvmc-rux TPYyH-
Tax §;

Mg
4. B dopmynax Ans HeCBASHBIX rpyHToB 4aen 0,075 (m )yun‘rﬂnalo‘r JHWIb B CAYYasX Onpejete-

HHA Unom AAS YYACTKOB NOBEPXHOCTH HA OTKOCAX K4HAMOB NpH YCAOBHH ofecnegenHs Hx ofueft ycrofi-
YHBOCTH.

5. IlpH HaNHYHH TPEULHHOBATOCTH H/IH BHIBETPEJOCTH KAMEHHHX nopon 3HAYEHAA PasMblBalOWaX CKO-
pocrefl Halo yMenwpwaTh. [liA oueHb BhiBeTpeAbiX Nopon (pasGopHBIX) pasMBIBalollHe 'CKOPOCTH ciie-
.Ilve'r onpenensTh KaK AAA HeCBAIHOrO rPYHTA COOTBETCTBYIOWLEN KDPYMHOCTH.

AMeCTRO MaTePHANOB KOHCTPYKNUA  yKpeniemus, a TakKe TEXHOJMOTHA WX YKAALKH NOMKHBI
o'rnewa'rb TpeGoBaHHAM COOTBETCTBYIOLLHX TeXHHYECKHX YCAOBHR H HOpM.

7. Konctpykunu ykpensewHfi He NO/KHBI AOMYCKaTh BLIMBIBAHHS Y&CTHI TPYHTA OCHOBAHHS Yepes
NPOMERYTKH MeXJy SACMEeHTAMH YKpenaeHHA.
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TaGaunua 2. Pacuerhble K03(QHUMENTH CUEMICHHA TAMHKCTMX FPYHTOR

PidHee éuaweuua xo3pduunenta coewnenns Cp, MIla, npu msq:dn;unem-e HOPHCTOCTH
Ha rpaHuiue
e 0,41-0,5 0,51—0,6 0,6140,7 0.71-0,8 0.81—09 | 0,96—1,1
<94 " 0,002 0,001 ® 0001 — - —
9,5—124 0,003 0,001 0,001 — 1. — —_
12,5—154 . 0,014 0,007 0,004 0,002 — —
15,5—18,4 — 0,019 0,011 0,008 0,004 0,002
18,6—22,4 — - ‘ 0,028 0,019 0,010 0,006
22,5—26,4 - — — 0,036 0,025 0,012
26,5-—30,4 - — - — o 0,022
5 s
Ta6auua 3. KosphHUHEHTH WIEPOXOBATOCTH 71 NOBEPXHOCTH KaHABbI
Ne n/n XapakTep NoBepXHOCTH Pycid KaHanbl n
1 MeJiko3epHHCTHE HECBASHHWE rPYHTHl ¢ vacTHUaMH d<<4 MM 0,015
BeroHHble BOAOBOAK ¢ IIaKo# NOBepXHOCTBIO
2 Hecasianbie rpyHTH ¢ yacTHuaMu 4<<d=<<9 MM 0,0175
Cpsianbie rPYHTH ;
BeTon xak ofeX/aa AJs yKpemIeHHit
3 Hecssi3fbie CPYHTH ¢ HacTHUAMH 9<<d =18 mm 0,02
4 Hecasianbie rpyATH ¢ YacTHUaMH 18<<d <36 MM 0,02256
Cka/lbHbe TPYHTH — H3BECTHAKH, H3BECTKOBHI TNecYaHHK, NJOT-
Hulft KOHPJIOMepaT, MpaMop ¢ TIATeNbHO 06paloTanHOif moBepx: .
HOCTBIO
COOpHHE NOKPHITHA H3 OETOHHBIX GJOKOB
5 Hecpssubie rpyHTHl ¢ wacTHiamu 36<<d <64 mm 0,025
.| 'Moweuse ¢ nanGoabmmumu pasmepamu xamueidl 12,5 <<dmax< )
<22 ¢M
6 Hecssiaubie rpyHTH 65<<d << 150 MM 0,0275
CkaJsibHble TPYHTH, TNepeyHc/lienHsle B m. 4, ¢ rpy6o ofpaboran-
HOil MOBEPXHOCTBIO, & TaKiKe IPaHHTH, Aua6Gaab, 6a3ajbTh, auje-
3HTBI, KBAPUHTH, NOPOHPH
OnepHOBKa naawMa
Byrosas knaaka
Momenne ¢ HaHGOABIUIAMH pasMepaMH KaMmHell dmax>>22 cM
401

Ta6auuas4 JlonyckaeMule NPHCTEHOMHBE CKOPOCTH Uy noo.
crpynmlponmlue no CONpPOTHBAAEMOCTH AHA H CTEHOK Kanaaos loan.eﬁc'rlun

BOAHOTO MOTOKA

HAH YJaoxeHHoll Ha ranae HI
'6pocKH M YacTHIL HecBA3HOTO TPYHTA P npamrr paBubIM 26,6 xH/m?

402

Cpeanni Kosbduun-
HA, mon, mfc XapaKkTepHCTHKA TPYNTA HJH YKPenjeHus Hamérp EHT cuenJe-
qactil d, mm | Hug Cp, MIla
; -
0,11 Hecssizuple rpyHTHl . 0,05 L
0,16 To xe 0,25 —_
0,20 » 1,0 =t
0,35 » 3,0 —
0,35 Cpasiible TPYHTH — 0,007
0,45 Hecssianpie rpyHTH 5,0 —_
0,45 Cpasnble TPyHTH — 0,011
0,64 Hecesisuble rpyHTH 10,0 —_
0,64 CBA3aHbie TPYHTH — 0,019
0,64 OpephoBka naalMs = =
1,0 HecBs3Hble FPYHTH 25,0 —
1,0 CBsaHble MPYHTHI — 0,034
1,5 HecssfisHble TpyHTH 50,0 —
1,5 CBA3HBE TPYHTH ) — 0,053
1,6 Kour/iomepat, Mepreiib, claHibl — —
1,6 Kamennas Habpocka 75,0 —_
2,0 Hecssi3Hbie TPYHTH 100,0 -
2,0 KamenHnast HaOpocka 150,0 =%
2,0 MoiuenHe xaMHeM 100,0 —_
2.2 [MopHeTHIi H3BeCTHSIK, WJOTHHE KOHIJIOMeEparT, - e
C/IOHCTHIM H3BECTHAK, H3BECTKOBHHA MecYaHHK ¢
rpy6oil NOBEPXHOCTLIO NOPOABL
2,4 MolueHHe KaMHeM 150,0 —
2,4 ByToBasi KJaaKa ¢ TpenesoM MPOYHOCTH Ha CXKa- — - .
THe 10 MIla
2,5 Hecsaumuiii rpyHT . 150,0 —_ ¥
2,5 [MopucTsili H3BECTHAK, MJOTHBLIA KOHIJIOMEpAT, — = 1
; CJCHCTHIA H3BECTHAK, H3BECTKOBHA necyaHHK C
rJaaKofl NOBePXHOCTbIO MOPO/Ibl A
2,5 Kawennan Habpocka 225,0 -
2,65 Motuenne KamHem 175,0 AL
2,8 To xe 200,0 —
3,0 J10NOMHTOBbII NECYaHHK, MJAOTHBU, HECJOHCTHI _ o=
H3BECTHAK, Mpamop c rpyGoii MOBEPXHOCTLIO MO-
poabi; Geron Kak oje¥aa [ANA  KpPemJIeHHs H
cGopHsle OeTOHHBe MOKPHITHA H3 GETOHHBIX 6:10-
KoB !
3,5 JlonoMHTOBHIl NecYaHHK, IJIOTHHI, HeCJOHCTHIA —_ -
H3BECTHAK, MPAMOp ¢ riaakoft NOBepXHOCThIO
5,3 ByroBas knazka ¢ mpeiesioM MPOYHOCTH HA CXKa- — -
tue 30 MIla
6,0 Beronssie BOAOBOABI ¢ TJIaAKOH nonepxnocrmo‘ —_ —
l2 0 paunthi, nuabasbi, Ga3anbTH, aHIE3HTH, KBap- - —
UHTH, nopdupsl
1}
—_—— A
! Knacc GeToHa no NPOYHOCTH H MAPKH  MOPO3OCTONKOCTH u nunonenpouuuaeuocrn ONpeaeAsRioT B COOT-
BETCTBHH ¢ AGACTBYIOWIHMH HOPMaTHBHBIMK JIOKYMeHTAMH [39) 1
MpaMmeuanne 3HAYCHHA LA, Jon n.vul P ans HOpPMAallh- ‘
HO fi, pa NpH HaJHYHH NOArOTOBKH B BuAe obpatHoro $uapTpa
Y B Bec KamHeR MOUleHHA, Ha-
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Npodorrenve npuaosc. 11.1 ; ; : ITPHJIOKEHHE 11.2

FaGapHTHbie pasMepbl 3uavenus pacxoma Q.-10°, M¥c, nmpH upomoABHOM yKAoHe NoTKa s )
A e 3HAYEHHSA PACXOMA Q.-105 IJ4 BHYTPEHHErO ®PATMEHTA
NMPHKPOMOUYHOIO JIOTKA AOPOT I1—111 KATETOPHH
Iupusa b, w |Aanwa i, M| 0,003 | 0,005 | 0,01 0,02 | 0,03 | 0,04 | 0,05 | 0,06 | 0,07 3
5 -=1; g “g:g:';::pe"er:gr:p“ 3uavenun Q 4:10° M'/c, NPH NPOAOABHOM yKAOHE
= a'é " noTKA DPHKPOMOYHOrO JIOTKa fn
0,4 48 | 49 | 54 | 65 | 74| 81/ 88| 87 8,6 gEgs
0,4 ?,g e lg'g tg'= }g.}' ;gg :g[l) llgg 5(4]; = §§§§ "gj*!;;'"a Jlanua 1, »| 0,003| 0,005 0,01 [ 0,02 | 0,03 | 0,04 | 0,05 | 0,06 | 0,07
N R L 17:3 égjs 21,9 | 23,6 [ 25,0 | 26.3 | — — _—
2,4 —_ 28, 28, 1,6 | 34,6 | 37,01 39,01 40,8 — 1.0 0.8 0,8 07|07 0,6 | 0,5 0.4 0.3
03 | — | 82| 95 (1.9 [137]152]166|17.7] — s | gl e |8 fae [lad b2 sk POAS Dy S gk
04 | — | 99 11,3 13,9 [160]17,719.2]20,5} — 4 . 1076 | 30 |28 (27| 26] 25| 1.8 141,10y
0.6 0,6 — 13,2 14,6 17,8 | 20,3 | 22,4 | 24,1 | 25,7 —_— 2'0 4'] 3'9 3,8 3'6 3’4 2'4 1'9 l‘5 ."3
? 0,8 — £.4 :lis'g gég 34,6 26,8 | 28,9 g.? — - - . - . . : : . :
1,6 — 1 | 1,1 | 44,6 | 47,6 2| — .
8 ! ) ’ ! : ! r 1,0 L&l B2 | 1,1 1.1 1,01,0]09]0,7]0,6
2.4 — 45,9 46,9 53,7 59,3 | 64,0 | 68,0 | 71,5 - 1,25 2,4 2,1 2,0 1,9 1,8 1,7 1,5 1,4 L.}
0,03 0,00 1,50 3,6 | 3,4 3,1 3,0 2,8 271 2.8 1,9 1,6
0,4 — ,8 19,6 | 24,6 | 28,4 (31,6 34,4 36,8 1,75 5,2 | 4,4 | 43| 4,2 | 4,1 | 4,00| 3,4 | 2,8 | 2,4
0,8 0,8 — 1268 |30,0 | 36,6 [41,8]46,0(49,7 53,0 2,0 70163/62|6,11601581]46138] 3,3
1,6 — ,6 | 50,0 | 59,3 | 68,7 72,0 78,0 82,6
) . 1,0 2.2 1.8 | LT 1 1,6+) 1,6 . 1.8 3.81 1.2 | .1.]
- 0,4. | — |368 |44,2 | 565 |66,0]|739](80,7|868| — 0,04 | 0,00 150 gg 3;% ilg 513 3? Elg 33 313 30
’ 0,8 — 55,3 | 63,9 |79,7 | 91,9 (102,0[110,8 |118,5] — 1.75 7.9 ;,0 6.6 | 6.2 59 | 57 5.5 | 5.0 4.3
3 2.0 110,995 |88 138,3/|8,117,8]7,5]68](5,8
1.6 0,4 - 65,8 | 80,6 (104,3 (121,6 (137,56 |151,0 |162,7 | —
3 0,8 - 95,1 [112,2 [141,9 1164,8 ]183,8 1200,2 [214,8 | —
24 0,4 — |154,7 (194,1 |255,2 |302,1 [341,2 |375,3 [405,9 | —
4 0,8 — {211,7 |256,9 |330,7 |387,5 |434,7 |475,7 |512,3 | —
39 0,4 — |290,0 |368,7 |491,0 |584,1 [661,7 (729,4 1790,2 | — *
5 0,8 — |382,8 |473,2 |616,3 (726,3 {817,9 1897,5 |968,7 | —
- [onepeunsid yxaon in=0,1 (Ppacment aorTka pasdesureibroil noaoce. dopoz
i ‘ 1—11I rarezopuil)
0,2 0,8 17,5 13,0 9,9 | 10,0 | 10,7 11,5)12,2 | 12,9 13,5
0,3 0,3 Il,2| 95| 8,6 9.7 .110.9111,9]12,9 I3,9'[4.7
0,4 0,4 226| 19,4)17,6 | 19,9 |22,5] 24,8 26,7 28,6 | 30,4
Honepeunbiui ykaon in=0,125 ?ppaexefu-' A0TKa pasdesureatnod noaocs. dopoz.
—II1 kareaopud)
0,2 0,8 23,9 19,5 | 13,6 13,0 13,8 | 14,7 | 15,6 ) 16,4 | 17,2 .
0,3 ' 0,3 15,6 | 14,1 | 12,0 | 13,0 |l4,5|15,9 17,2 | 18,4 | 19,5 S I
0,4 0,4 31,3 28,6 24,5 126,7 129,9132,7]|35,6]| 38,1]40,3 g
ITonepeunsul ykaon in=0270 (snewnui ppazment npukpomoinozo aorka dopoz
1—I1] karezopuii npu ucnoavsosanuu 610x08 b-1) -
0,2 0,8 74,3) 61,0 )49,5 | 37,9 | 36,8 37,7 39,3 40,9 42,5
0,3 0,3 . 49,li 45,7[43,0 40,6 42,8 | 45,9 | 49,2 52,2]55,2
0,4 0,4 96,5| 92,5(88,9 | 84.0 |89,2]|27,7102,1 1109,5 |115,2

Tonepeuansbui yxaon in=0,450 (6rnewnuil (ppacment npuKpomoLnozo a0Tka dopoe
I1—I11 kareeoput npu ucnoabsosanuu Gaokos B-1)

145,4 | 122,8 | 99,9 | 83,9 | 75,2 | 73,3 | 74,2 | 76,1 | 78,2
01,1 | 93,8 (90,4 |89,9 {90,3)94,5/99,41104,6 |I10,2
202,9 | 192,0 (184,6 |[186,1 |187,6 |207,9 [207,9 |219,2 |230,1

O‘OS
O
O_QQ
e LI 0o

405 406
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