JIaHHBIN (haii1 IPECTABICH UCKIIOUYUTEILHO B
O3HAKOMMTEJIbHBIX LEIAX.

YBaxxaeMbIi YUTATEIIb!

Eciiu BBl CKOIIMPYETE NAaHHBIM (hawll,

Bb1 10JDKHBI HE3aMEJIUTENIBHO YIAIUTD €0
cpa3y Mocje 03HAKOMJICHUS C COACPKAHUEM.
Konupys 1 coxpaHsis ero Bel npuHUMaeTe Ha ceOsl
BCIO OTBETCTBEHHOCTb, COTJIACHO JECUCTBYIOILIEMY
MEXKIYHAPOAHOMY 3aKOHOIATEIILCTBY .

Bce aBTOpcKue nmpaBa Ha JaHHBIN (hakl
COXPaHSIOTCS 3a MPABO00JIaIaTEIIEM.

JIro00€e KOMMEPUYECKOE U MHOE MCII0JIb30BAHUE
KpOME IPEIBAPUTEIBHOTO O3HAKOMJICHUS
3aIPEILECHO.

[IyOnukauus JaHHOTO JJOKYMEHTA HE MPECIeayeT
HUKAKOU KOMMEPUYECKOU BBIT0Ibl. HO Takue
JOKYMEHTBI CIIOCOOCTBYIOT OBICTPEULLIEMY
npo(heCCUOHATBHOMY U IYXOBHOMY POCTY
YUTATEJICH U SABJISIFOTCSA PEKJIaMOX OyMaKHbIX
M3JIaHUU TaKUX JJOKYMEHTOB.



B. Y. KaauuyH

[
3
1
b
&
¢

[uapaB/IHUYeCKHH
pacuer

BOJlOOTBOJlHU_],HX
ceTel

Cnpasoutoe nocoGue

MOCKBA
CTPOAHU3OAT
1988




BEK 38.761.2
K17
YRK 628.218:532.5(035.5)

Heuataerca no PeleHHIo ceKyHy

JUTEPATypH no o6o
PYAOBaHMIO peraKumoHHOro copera C " Henconauy ‘

TpOfiH3para

Penensent — kaup, TeXH. Hayk H. A. Abpamnosuy

npoexr) (Ykpkommyn HUH-

Ka.unu):H B. H.

K 17 z
Iuapasanyeckui Pacyer BonoorBoasIuMX cerei;

Cnpas. nocobue.— M - CTok
n1.— ISBN 5.274-00043.6. e 1988.—72 ¢

Hanoxenn

OCOGEHHOCTH H

ocHosH Ha o oco ApaMeTpu  paloT BomooTsO

Koo pmnpaqne;:oro pacuera. Naercs awanmns dopMya :::mx

Toaddu oryen H4€CKOro TpeHwa KO3 duunenta  lllean D?-Feﬂeneuuu
Pacxona u ckopoct aag pasHux nuameTpoa' guaeneuu

TPY6 H Ha-

i3 H €| c MOTeyH T -
NOJHeHHA Boam HX, a Takxe mnpum po Y€TOB cCaMoTeynm y6onpo.
b ¢ p pa X P 11D

JA uumeﬂepuo-rex
HHYGCKHX
CTPOHTENbLHBIX Oprannaauni.

K 2105000000—463
047(01)—88

PBGOTHHKOB HPOCKTHHX, SKCﬂleBTBLlHOHHHX H

47—88
BBK 38.761.2

ISBN 5-274-00043-6 : © Crpoii 1988
Hajar,

NPEAHCJIOBHE

Coperckufi  Hapod  yCmewHO  pellaer  3ajaud, [OCTaBJeHHble
XXVII cpeagom KIICC no noBblweHHIO G6JaroCOCTOSIHHA TPYAALIHXCA,
OXpaHe OKpyXaiolledl cpeabl, PaUHOHAJbHOMY MHCNOJb3OBAHHIO H BOC-
RPOH3BOACTBY INpPHPOAHbIX pecypcoB. OnTHManbHOe NPOEKTHPOBaHHE
BOMLOOTBOASILIIHX CeTeH, BKJIOuUafd HX THAPaBIHYECKHH pacuer, B 3HauH-
TellbHOH CTeNeHH onpeje/isieT BHICOKHA ypoBeHb 6jaroycTpolicTea Hace-
JIeHHbIX MYHKTOB, MXHJbIX, O6LIECTBEHHbIX H NMPOMBILIJIEHHbIX 3]aHHH.

F'uapaBinHuecKHit pacuerT BOJOOTBOASLLHX ceTeH SBJAACTCA CJAOXKHBIM
H TPYAOEMKHM TpoOLlecCcoM, TPeGyiOL(HM COBepLIeHCTBOBaHHA. B Hactos-
wee BpeMsl TaGJHLM, COCTaBJeHHbE IS THAPaBJIHYECKOTO pacuera BO-
JOOTBOASILUMX ceTeH, HMeIT 4pe3BnyalHO Goabliod o6bem [6, 10] H
BCE-TAKH He OXBaThIBAIOT BCEX Pa3MepOB NpPHMEeHseMHX TpPy6 H KoJjieK-
TOPOB M TapamMerpoB HX paGoTHl, MOSTOMY B HEKOTOPHIX NMPOGKTHHX HH-
CTHTYTax JONOJHHTEJbHO pa3paboTaHbl CBOH TalJHUb, OTpaXaiollHe
crneuHPHKY H OCOGEHHOCTH INpPOEKTHPYEMBLIX HMH BOJOOTBOASIILHX CeTeH
H coopyxeHH#i. Kpome Toro, ycraHoBJE€HO HEKOTOpOe HECOBEPILEHCTBO
JorapHPMRUECKHX (opMys Aas olnpeneleHHs Ko3((HIHEHTOB THApaB-
anveckoro TpenHst H lllean.

ABTOpOM mpeanaraercs MeTOJHKa pacuera Tpy6onpoBoja, B KOTO-
poi nana onpenenesHs Kosp¢uunenta lllean wHcnonbzoBaHa creneHHas
¢opmyaa H. H. IlaBaosckoro. CocrabieHHble TaGJHLbl HMeEIOT HEGOMb-
woll o6beM, H AN ONpeleNeHHs J060ro pa3mepa TPYG6 H KOINEKTOPOB,
a Takxe mapaMeTpoB HX paGoThl, HeOGXOAHMO BHIIOJHEHHE JHIIb Of-
Horo mpocrefiero apH@MeTHueckoro MAefCTBHSA, 3aTpaTa BpeMeHH Ha
KOTOpOe KOMIIEHCHPYeTCA 35KOHOMHEH BpeMeHH Ha [MOHCK pelIeHHSs 0o
CYIIECTBYIOLIHM TpPOMO3JKHM TabauuaM. [lpumeHeHHe mNpemIOXKEHHOH
METOAHKH HJJIOCTPHPYETCS MpUMepaMH.

ABTOop BHIpaxkaer 6iarofapHoCTh KaHi. TexH. Hayk M. A. A6pamo-
BHUY 3a [EHHbIe 3aMEYaHHA H MOXeNaHHR, CHeJaHHble HM NPH peleH-
3HPOBAHHH PYKOIHCH.



rNABA 1
OCHOBbI THAPABJIHYECKOI'O PACYETA

1.1. Oco6eHHOCTH ABHXXEHHS CTOYHLIX
BOJ B BOJOOTBOASILHX CETAX

Boga mnojaercs B 34aHus K

CAHHTAPHLIM TNpHOOpaM CHCTEMaMH
BOJOCHaG6 X eHHs.

[IpH HcoONb30BaHHH BOAA NPaKTHYECKH COXPaHSETCA
Ha TOH Xe BhicoTe H o0Jajaer ONpejeseHHOH MOTEHLHAJbHOH 3HeprHei.
HMeHHO mO3TOMY, HCNO/Ab3ys 3HEPTHIO BOJAB, OKa3biBaeTcsi BO3MOXHLIM
OCYLUECTBJATb MOCJAEAYIOUIHA CaMOTeYHHH OTBOA ee H3 3J4aHHH H 3aTeM
3a mnpegesbl 06beKTOB. JIMiUb B KOHUE BOAOOTBOASILLHX CeTeH BO3HHKa-
€T HeoGXOAHMOCTb B Iepekayke CTOYHHX BoJ — NOABEME H TPaHCHOp-
THPOBAHHH €¢ Ha OYHCTHbie COOPYMXEHHS HJH B JApyrHe GacceilHhi BGJH-
3H OYHCTHBIX coopYeHHH. IIp GOJBIIHX YKJIOHAX MOBEPXHOCTH 3eMJH
HHOra BooOGllUe He Tpefyercd NepeKauka CTOUHHIX BOJ.

ITpoekTHpoBaHHe BOJOOTBOASILIHX CeTeA OCyIeCTBJAseTcs Ha Ge3Ha-
MOPHHIH (camoTeunbifl) pPeXMHM ABHKEHHA MHAKOCTH. B GHTOBBIX BOAOOT-
BOASIIHX CeTAX OObLIYHO NPHHHMAIOT YacTHYHOe HamnoJNHeHHe TPYG, a B
OCTAJIbHHIX CeTsix — nojsHoe (cBOGOAHAs NOBEPXHOCTL BOJAW COBMajaer
¢ BepxHell TOuKoi cBoja TPYyOw — wennrofi). Caeayer uMers B BHAYy,
4YTO BO BCeX CeTAX, NPelHa3HAueHHBIX [/l OTBOAA arMoc(epHHX BOZ,
T. € BO BCEX CeTAX, KpoMe OLITOBOH HJH IpPOH3BOACTBEHHO-GLITOBOM,
pacyeTHHle PacxoAbl CTOYHHIX BOJA HaGJIOAAOTCA JHIb OLHH pa3 B NoJ-
roga — 10 ner. CrenoBaTeqbHO, BOJOOTBOASILUHE CETH B OCHOBHOM pa-
60TalOT NPH YaCTHYHOM HANMOJHEHHH H CAMOTEUHOM peXHMe.

CaMoTeuHblil peXXHM paGOTH NPH YACTHYHOM HAaNOJHEHHH TPpy6 06-
JNlajaer pPsAAOM NpPEHMYLIECTB MNepe] HanopHWM pexHMOM. Tak, B G-
TOBHIX H MNPOH3BOACTBEHHO-GHITOBHLIX BOAOOTBOASIHX CeTAX NpeaycMa-’
TPHBEETCsl HEKOTOPWH pe3epB B KHBOM CeueHHH TpyGompoBoxa, HeoG-
XOAHMBIA 15 YWiponycka pacxona Gosbilie PacueTHOro, KOTOpHH Ha6am0-
AaeTcs B TeYeHHe vyaca H He YuHThIBaeTcs pacueramu. Uepes cmobon-
HYI0O BEPXHIOI0 YaCTb CeuyeHHA TPYOHl Takike OCYILECTBJASETCA BEHTH-
JALHA BCEH BOJOOTBOASILEH CETH.

Tlpn camoTeuHoM peXHMe ABHXKEHHS MKHIAKOCTH YJyuliaeTcss TPAaHC-
MOPTHPOBKA C BOLOA HEPACTBOPEHHLIX TPHMecel H CAMOOUHLIEHHE TDY-
GonpoBooB OT oT/oXKeHHA. [IPHTOK CTOYHBIX BOJL NPOHCXOAHT Hepas---
HOMePHO. MakcHMaAbHLA NMPHTOK B 4ac GHTOBLIX BOJ Bhillle MHHHMaJbHOTO.
nputoka B 3—5 pa3. COOTBETCTBYIOLIEE COOTHOLIEHHE I aTMochep-

HHIX BOJA BO MHOro pa3 Gosblle H JOCTHraeT GeCKOHEYHOCTH, TaK KaK
B HEKOTOpbie MNepHOAN BPeMEHH NPHTOK artMocdepHux BOL Boofule
He HabJioj1aercs.

Ilpn HanopHOM peXHMe CKOPOCTb ABHXKEHHS CTOYHHX BOX MpH

MAHAMAJLHOM DAacXofe. CHHXKajiach 6K NPOMOPUHOHAJBLHO yMeHbILEeHHIO
pacxoia NO CPABHEHHIO C maxkcuMaibabiM, TIpH caMOTeUHOM peRHME
CHHEHHe CKOPCCTH NPH YMeHbIIeHHH PacxoAa NPOHCXOAMT B 3HAUH-
Felbio MeHbLIeH CTENeHH, TaK KAaK OJHOBPEMCHHO B TpyGe MPOHCXOJHT
yMeHbllICHWe HAMOJHEHHS U KHBOTO ceuennss. TakumM 06pa3oM, nax:
NpH pacxoxax MeHblle pacieTHRIX — M2KCHMAJIbHHX CKOPOCTH ABHXKEHH :
CTOTHHIX BOJ — COXPAHSIOTCA 3HAUHTEJbHBIMH H HE NPOHCXOANT HA
KOMAGHHS Ocafka B TPY6ax B GOJBIIHX o6beMax. -
[Ipu camoOTeUHOM pexume PpaGoOTH TpyGONPOBOLOB B m:l;:;ue
o6neMe TMPOHCXOXHT YTEUKa CTOUHEIX BOZA qepes_c'renxn H CT )
coefHHeHHSl TpYG H BO3MOXKHO ycTpoficTBO CeTeH H3 TpY6, xaq’;cme
KOTOPHX MOXeT OHTb, HHXe, TeM ceTefi ¢ HAMOpPHHM PpeXHMOM. }"a‘:cl::> *
Tpy6H MOTYT A3rOTOBANATHEN H3 MeHee Je(HIHTHHX MaTepHaJioB >
Hlefi CTOMMOCTH: JepeBsHHHE, KepaMHYECKHE, GesnanopHHe OeTOHHHIE,
JKeJe306eTOHHEE B acGeCTOLeMeHTHHE, )
IpuTok CTOYHHX BOA, 0co6eHHO JIHBHEBHX, IPOHCXOMHT HepaaralgT
Mepro, VlaMeHeHHe NPHTOKA CTOMHHX BOA BO BpeMeHy OOyCJaB/UB et
HeyCTAHOBHBILIHICSA BHA ABHXKEHHS CTOGHEIX BOJ B BOJOOTBOJASLIHX
rAx. Ha BOJCOTBOAMIIHX CeTAX BO3BOAAT COOpYXeHHS DPa3JHYHOTO
Ha3gadeHHs: CMOTPOBHE KOJIONUH H KaMepH, mepenajiHue KOJOXUB 1:{
ap. B mpemenax STHX COOpYKeHHE 3aMKHYTHE Tpy6OIpOBOAL neEpe
XOIAT B OTKPHTHe JOTKH, HHXHSIS 4acTb KOTOPHX NOJIyKpyraas, :
BepXHAS — BHIIIe OCH TPYOH — HMeEeT BepTHKaJbHHE c'remm.6 HOBOI;?,; '
Tpy6OonpoBOAOB B MJdHe H COGJAMHEHHS Tpy6 MexAay coGoit 06udHO
MOJIHSIOT C [OMOIUIBI0 KPHBOJIHHEAHHX OTKPHTHX JIOTKOB B KoJioAuax H
kamepax. Vi3-3a ornuns opu ceuennfi Tpy6 M NOTKOB B KOJOAUAX, KPH-
BOJIMHERHOCTH NOBOPOTHHX H COEJIHHHTEJbHHX JIOTKOB H B ApYTHX CO-
OpYyXeHHAX Ha BOA0OTBOAAMER CEeTH BO3HHKAKT MeCTHHE conpomzn:-
HUS, nepes KOTOPHMH OGpasyloTCs MOAMOpPH. IToBepXxHOCTH BOAH ;)
obperaer ¢opMy KDHBHX MOANOpa NepeR Mecmhmn‘commrnmm,ma6 nm-
¥ (GOPMy KpHBHX Cmaja Mmocie MeCTHHX comporupaerml. TakaM o pé-
30M, Jaje HA YYACTKAX C MOCTORHHHM pPacxolAoM BHCOTA BO}IH‘ B TPY
Gomposoflax H3MeHfdeTCd, T. €. Ha6al0AaeTCA HePaBHOMEpHOE JBHKeHHE,
Hns ynpomieHusi Pacueros NpH NPOSKTHPOBAHHH npeAnosaraipt, 470 B
BOACOTROASLIHX CETAX CYLIECTBYeT YCTaHOBHBIICECH paBHOMepHOE HBH-
~ HAKOCTH.
xcermg ):r:::mx BOXAX COAePKATCA HEPACTBOPEHHHeE NPHMECH OpraH-
qegKOro H MHHEPAJbHOrO MPOHCXOXKACHHA, [lepsHe HMeEOT HeGOABLIYIO
JOTHOCT, H XOPOIIO  TPAHCIOPTHPYKTCH MOTOKOM BOAHL Bropue —
necok, Goft CTekAa, WIAK H AP, — HMEIOT 60/bLIYI0 IIOTHOCTD H TPaH-
CHOOPTHPYIOTCS AMIIL [PH ONpPENENCHHHX CKOPOCTAX TypOYACHTHOTO pe-
KHMa JBHNKeHHS XHAKocTH. [losToMy BakHeAWIRM yCHIOBHEM NpoeKTH-
poBaHHSA BOLOOTBOAALIHX CeTefi sBJAAeTcH obecneicHHE B TpYyGONPOBO=
AaxX TpH pacyeTHHX pacxoiax HeO6XOAHMHX CcKOpocTell, HCKJIQUaIQULAX
o6pasoBaHue B HEX NMAOTHHX HECMHBaeMHX OTJAOXKEeHH .

-
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1.2, Teopernueckne ocCHOBM pacuera
caMoTeyHux TpyGonposopor

&
¥
b
f

y=2,5¢/n —0,13~0,75V R (V' —0,1); (6)

n — xosddHuuEreT wepoxoparocTH (no wkajge [anrdave-Kyrrepa), saBucamui

u OT COCTO#HUSA cTeHOK pycaa (raba. 1). ;
Pacuer BonooTBOAAMMX cereil IPOH3BOAHTCA B INPEANOJIOXKEHHH, b ( :
UTo B HHX HaGMIOAAETCS YCTAHOBMBIUGECS DABHOMEpHOE ABHMKeHHe. B : TABIHUA 1 ?
STOM ciyqae AJA pacyeTa HCMOAb3YIOTCS thopMyaH: i 3uauenus KoIPdunuenTon n, A, @, € !
HepaspHBHOCTH L . B opMyNax i ompenedeHHs kodbpbunuenta C }
g = ©v = const (BAOJbL NMOTOKA); (1) 3uavennsa kKospduEHeHTa
e3n Tpy6u # Kanaas ,
. ] Py s rb50pmyne B opmyae (14) Bltlilopmyne :
n e, MM
v=0C VRII, (2) o (8) AS'CM a, (11) |
FIe ¢ — pacyeTHHA PACXOL; U — CKOPOCTh; m—nnom;nb XKHBOT'O CEYCHHS: R=_")__ ‘ Tpy6wu
i . " h 5 -
THAPABIUNECKHR patuyc: y— eMoucHNmf nepumerp; J— 'l—l'_' THAPABAMYECKHH yi- }B(ggsr:;:c::":(eneso&mHﬂme 8'8}3 8"17 1%8 g'g—{"l}
. ) 1012 05 73 21-0,2
J0H; hy— TioTePE HAMOPA Ha ywacTke AAHHOIO [ C v kosppunnent Illesn, [C]= &)C'rﬁ‘;fi;%:zwem}me 8.0{3 g'(])o 83 8,6—8,9
=pp. 7L Cralbnbie 0,012 0,08 79 0,1-0,2
Ilns cnysas pasnomepnoro mpmxennus (puc. 1) Kamanu
— — _ . BetoHunie H  xejge3ofeToHHDe, 0,012 0,08 50 0,1-0,2
hl s 2 hl - h2 H 11 =1, rJ1aaKo 3arTepThie ueJMeHTH()ﬁ WTy-
Tae I=sin ¢ — ykaon f0TKa pycaa (Tpy6u). Karypkoi
C To e, n3roToBJelnsle 11a MecTe 0,015 0,3 120 -
JIE€A0BATE/NBHO, MOXKHO 3aMHCATh: (B onanyGke)
. KxapnuyHbie 0,015 0,315 110 -
=C - E 3emasine B 0I0THOH TIJmue; B 0,0225 — — -
U= }/Rl, (3) / Aeccax, rpasHd, 3aTAHYThle HeCH-
—_— JOWHOH HAUCTOH MJAEHKOH
qg=o CVR L. (4) 3eMJsuble B CPAaBHUTEIBHO Mroxux | 7 0,03 - — —
yCcAOBHSIX, 3aMeTHO 3apociunHe Tpa-
Hna onpenenenns xoapduumenta Ilean npelnoxeH pax dopmya. 1 Bof
Tak, aoaro NPHMEHANACHL § MPOJOJIKAET NPHMEHSATbCA AAS pacyera Bo- o b
AOOTBOAAIIHX CeTe h B | "
6, 8 91‘ 1 0 eTell, KaHaioB ¥ pek Qopmyaa H. H. ITaeaosexoro Ins npuGnmxennux pacueros H. H., [Mapnosckuii peKoMeHI0Bas
» 8, 9] npu 0,1 <R<3,0 m ‘ yOpouieHube GopMyIH:
1 .
_—— y —
. C=FrR), (5) npu 0,1< R<1,0 M y=1,5V n;

TA¢ y—NoKazaTelb CTENEHH, OlpeneaseMuilt o Gopmyre

opu 1<<R<<3,0 M yz!,B}/E.

®opmysna (5) noJdyyeHAa Ha OCHOBAHHH 06paBoOTKH OGHIHDHEIX
ONILITHBIX AAHHBEIX B YTOUHEHHs QopMyan MaHHHHTA

1 ue o~
C=—R". (7)

B nmocieanne rofinm Aas onpefeneHHs koadduunenta C NOAYUHIH
pacmpocTpaHeHHe JorapudmHueckue dopmy/s M. M. Arpockuua, A. IO,
Aneruyns, T. B. JKenesusxosa u ap. [9]. ®opmyaa M. H. Arpockuna

PHc. 1. Cxema Gesmamopuoro HMEET BHA
noToxa

C=1/n+17,72 Ig R. )
6 ‘ 9: 7

‘m
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PHc.”2. 3aBHCAMOCTH MOKASATENS CTeNeHH Yy OT KosdhdH-
nueHra C

11 1 — no onuranM NAHAKM MNpH R=0.;3 M; 2 —no dop-

myanaM (5) ® (6) mpp R =01 M; 3—1T0 %e, nps R=

=0,2 M; §—T0 Xe, NPE R=0,4 M; §—T0 Xe, npy R=

=1 M; 6 —TO Xe, NpH 152=3,0 M; 7—T0 Xe, mpu R=
=50 M

Ton pykoBoscTBOM A-pa Texw. Hayk A, J. Aabrwiyas Geul mpose-
JieH OPHrMHAJIbHHA aHAJH3 YNOMAHYTHX BHue dopmya. Ipexne A. I,
AnpTnyns npHIIen kK BHBOAY, 4To Ko3dduumenT C MOXKeT paccMaTpH-
BaTbCA B KayecTBe KPHTePHA NPHGIHKEHHOrO THAPaBJIHYECKOTO HOJAO--
6us. MsBecTHO Takiwe, 9T0 mokasartesb CTemeHH B (GOpMYyJe AJs pacmpe-
JenenHs ckopoctefi 3aBHCHT oT Koadduuuenta C. YduuTHBas H3JIONEH-
HOe, & TAKXKe TO, 9TO MOKa3aTeJb CTENEHH Y 3aBHCHT OT R u n, T. e.[.
OT TeX e BeJNHYHH, UTO u Ko3boduuuent C, aBTODH BHABHHYJNH Npei-
MOJIOXKEHHSA, YTO H MoKa3aTesb creneHH Y B dopmynae (5) 3aBHCHT or
ko3duunenra C.

A [, Amstwryne u B, A, Jlynos, o6paGoras oGUIHDPHHE SKCIEPHMEH-
TajbHHe JAaHHHE, KOTOpHe paHbile Hcnodp3oaa H. H. TlaBnosckmik
Ana BHBOAa ¢opmynn (6), AefieTBHTEJBHO YCTaHOBHJM OJAHO3SHAYHYIO:
3aBHCHMOCTL ¥ ot C

~0,57—0,22 Ig C. (9)

C ONHTHHMH JaHHHMH cpaBHHJAH H npeanoxennyio H. H. IlaBaos-
ckim dopmyay (6). Cpapnenne mokasano, 9re Aas ¢opmyas (6) xa-
PaKTepPHO epaccioenue» saBHcHMocTell y=f(C), COOTBETCTBYIOWHX
pa3nuaHHM 3HageHHaM R (pHc. 2). OnHako 3TH 3aBHCHMOCTH TPYNNHPY-
10TCS OKOJIO ONMHTHON 3aBHcHMocTH (9). Xaparrep saBucumoctH ¥ =f (C)
no dopMyse (6) coorpeTcTBYeT ONMHTHOX 3aBHCHMOCTH.

YnoMunaslHecs JorapudMudecKkHe 3aBHCHMOCTH INIPHBEJH K CTe-
NEHHON 3aBHCHMOCTH (5) K CPaBHHJM TaKKe C ONHTHHMH JaHHHMH,
CpaBHeHHe nOKa3ano, 4To 3TH (HOPMyJH CAa60 COTJNACYIOTCH C ONHT-
HHMH AaHHHMH, BEBOA momTBEepXRaeTcsl CpaBHEHHEM OBBTHHX RAHHHIX
¢ dopmynoit (8) U. K. Arpockuna (puc. 3). Jas popmyan (8), Kak B

8

03 >

g

y _
10 20

HCHMOCTH DOKA3SATEJS CTEeNeHH y OT xo9hda-~
Puc. 8. 3as castrens

- opuyae {9); 2 — no dopmyne (8) mpu fR=0,1 M
3—11-0 n:ce? l!l)maY ()=0.2 M; 4— TO Xe, OpH =0.4 M;
5—T0 e, npe R=1 M; 6—To Xe, NDH R=3 M;

7 —10 e, Mpd R=5 M; §—onuTHHe JaHHLE

Bas JpyrHx JorapudMugeckHx Qopmys, TaKxe XapaKTepHO «paccJioe-
ane» 3apucamoctei y=f(C), COOTBETCTBYIOLIHX pasnHYHHM  SHaTe-
nusiy R. PacuerHHe 3aBHCHMOCTH CYIIECTBEHHO OTJIHYAKTCA OT OnHT-
HHX AaHHHX,

Jlorapumuyeckne GopMyan Aas koapdruuenta C 1 koshunuen-
Ta THAPABJHUECKOTO TPEHHs A MOABHJHCH B CBASH c paapa6o-rx01j no-
JYSMIHDHUECKHX TEOPHR TYPOYMEHTHOCTH. TosBneHHe MHOTHX JIOra-
pudmugeckHx ¢hopMya cBA3aHO C nOMHTKOf yBS3aTh GOPMYJH C OUMT-
‘HHMu JAHHHMH TyTEM YTOYHEHHS BXONADIHX B HHX k09bdHIHEHTOB.
BroC/eICTBHH BHACHHJOCH, 9TO STH KO3(QHIHEHTH nepeMensne [2],
A. JI, AnbTimyas MHCAJ, YTO JIOT2apHOMHYECKHA 32KOH COMpOTHBJCHHS
ABAseTCA M GOPMYJIOf MePBOTO NPHONHKEHHS.

Gopmyau (5), (8) H (9) mua  onpeaeleHHsA koaddunuenra C
CTpaBe/THBH A OGIAacTH ¢BHOJHE WIEPOXOBATOTO TPeHHS» HJIH €KBaj-
PaTHYHOrO COTpPOTHBJCHHA®, B KOTOpOft CONPOTHBJIEHHE NPONOPIHOHANBHO
CKOPOCTH ABHM)KEHHA MHIKOCTH B KBaJpare. OHH MOJYUYHAH Ha3Banme
«KBaJipaTHUHHE», MHOrHe HCCJIEA0BATENH YKA3HBAIOT HA BO3MOXHOCTD
paboTH caMOTEUHHX TPYGONPOBOAOB BOAOOTBOASAMIHX ceTeflt B Mepexon-
HOJ 06NacTH Mex1y OGJACTAMH <«INaf{Koro TPEHHS» H «BNOJHE IIEPO-
XOBAaTOrO TPEHHS®, B KOTOPOil K03 dunuent C 3aBHCHT OT OTHOCHTEIb-
HOf1 1IepOXOBATOCTH TPyGOMpOBOAa H JHCIA PefinosbAca

Re=4v RIVJ (10)

rae vy—KHHeMaTHyecKad BA3KOCTb,



K ¢opmyaaMm, oTpaxaiolluM 3Ty 3aBHCHMOCTb, OTHOCHTCA 0606
wenHas ¢popMyaa A, J. Aaptmyas [1]

C=201Ig —0:;04, (11

[ m

0,5 .
rae C—xoap¢punuent [lesn, M ' jc; e—NpHBeleHHas JdHeHnas WEPOXOBATOCTb, MM
(eMm. Tabn. 1); R, MM, .

ITo ananornu c srofi dopmynoit C. B. SikosneB gna pacuera BOmoO-

OTBOASILIHX ceTel peKoMeHAyeT GopMyay

YR
C=24,7Ig ver 10’ (12)

rze R # 3, MM. 0, MM/C.

B dopmynax (11) u (12) sermunna Re pacKkpeTa B COOTBETCTBUH
o sapucuMoctamu (10) u (3), a BMecTo v TOACTaBJeHbl KOHKDPETHHE
3HAYEHHsl, OTBEYAIOLlHe ONpPENE/JeHHBIM DacueTHbIM TEMIEPaTyPHEIM Yyc-
JIOBHSM.

Has onpegenenuss koapduuHenta C GblIH NPEJTOKEHH H NOL06-
HHe e cTelneHHHE 3aBHCHMOCTH [4].

B macrofilee BpeMsa pacuer BOLOOTBOAAIIHX ceTe€fl DPEKOMEHAYeTCS
NpOH3BOAuTE No dopmyse Hapcu [8]

i=(\4 R) (v¥28), (13)

rae g—yckopenne cBoboanoro nagenus; A— kosduuHEHT rUAPaBIHUECKOTO TPEHH,
KOTOPHA PeKoMeHAyeTcs onpefeastb no obobwennodt dopMyne H, ¢, Deroposa

ISP S -
. VT 2lg( 13,68 R +Re)’ (14)

rze A,—SKkBHBaJNeHTHasi aBCOMIOTHAS WEPOXOBATOCTD; dr—KOIPHHUHEHT, YUUTHBAID.
muf XapakTep MIEPOXOBATOCTA cTeHOK TPY6 H kKoadaextopos (cMm. taba. 1),

B HeKOTOPHIX CTpaHax [Jsi pacueTa BOJOOTBOASLIHX CeTeil HCIOJb-
syercst dpopmyaa KoabGpyka.

Crenyer 0c060 OTMETHTb, YTO pacyer BOMOOTBOASIIHX ceTell MOXK-
HO Mpou3BoAuTL H Mo ¢opmyne Illean (3) u mo dpopmyae Hapcu (13),
TaK Kaxk OHH nmpeo6pasyioTcs ofHAa B ADPYryl0 IPH y4yeTe COOTHOILEHHS

C=y8g. (15)
Crepyst o6uiumM ¥ TpaIHMIOMOHHEIM yKa3aHdsiM O pacyere Ge3Hamop-

HEX NOTOKOB, B OCHOBY pacuera BOLOOTBOJSIIHX CETefl CJEAYeT IPH-
HaTe GopMyay IMlesn (3). ®opmyam (11), (12) u (14) r KommGpyka
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AHANOTHUHBl W OTJH4aTCA APYT OT Apyra JHIIb 3HAUYeHHAMH BXOAA-
IIUX B HHX KO3(HIHEHTOB.

Jaa kBaApatiyHofl 06JM3aCTH CONPOTHBJICHHS (NPH 3HAYHTENbHEIX Be-
JauyuHax Re) dopmyna (14) mpeobpasyercs K BHAY

1)V 7= —2 Ig (A,/13,68 R). (16)

Crpykrypa dopmyau (16) amanorHyHa pacCMOTPEHHHIM BHINE JIO-
rapuMHUeCKHM KBajpaTHunbM (OpPMynam [Jsi omnpeneseHHs Ko3hdH-
unedra C.

[TpoawannaupyeM, B KaKOil CTelleHH NpHMeHeHHe oGobuieHHOH ¢op-
Myan (14) yroumser pacyer o cpapreHuio ¢ dopmyioft (16).

B Ta6a. 2 npencTasjeHO CpaBHeHHe 3HayeHHR ko3ddHIHeHTA
A , BHUHCJeHHHX 1o dopmyaam (14) u (16) npn MEUHHMAaJBHBIX (camo-
OUHIAIONAX) CKOPOCTSIX TIPH TIOSOBHHHOM HaNOJHEHHH,

TABJHUUA 2
CpaBHeHMe 3Hauenus KoddpdnuneHTa
Koadduumenr A o
) HOLIEHHE
MnusMaabnas uo gopuyre Hal;lonﬂe“"ﬂ
d, MM CKOpOCTb As/h hufhy
v .. Mfc
mit, (14), M (16), 24
200 0,67 0,0376 0,0342 0,91 0,98
500 0,876 0,0275 0,0259 0,94 0,985
1000 1,07 0,025 0,024 0.96 0,99

Mpumeuwanns 1. Kosbduunent A BHuucIeH Opu SHAUCHHAX Aa H ay,

pexkoMenayemux CHnII [8): 2. MunuMarbHags CKOPOCTb BHIUHCJIEHA MO bopmyae
H. ¢. ®enopona (23).

Ua 1aba. 2 ciefyer, uTo HAWGONbUIMe OTKNOHEGHHS B 3HAueHus A
HabnofaloTcs B Tpy6ax Manoro puamerpa. Jas Tpy6m 4 = 200 mm
omnbka coctaBaser 9 Y. [IpH 6OJBIIHX CKOPOCTAX OTKJOHEHHs OyAyT
menbitie. HaunGogbliHe OTK/JOHEHHSI B HANOJHEHHH COCTaBJAT BCEroO
auup 2%. B tpy6e d = 200 MM IpH HamonHeHHH, G6JH3KOM K IIOJOBHH-
HOMy, pacueTioe Hamognenue no gopuyne (16) cocrasur 98 MM BMecTo
100 mm. [Momo6Hy0 TOYHOCTH HEBO3MOXKHO OOeCneYHTb NPy H3MePeHHH
HamoJHeHus1 B TpyGe. Jlaxe npu aGcomotHof TounocTH Qopmyian (14)
yKa3aHHEIMH OWIHGKaMH MOXHO IpeHeGpeunb. TakuM oGpasoM, 6es yiuep-
6a IaA pes3yJbTaTOB DACYETOB MOMKHO peKoMeHToBaThr dopmyay (16)
Bmecro dopmynn (14). dopmyaa (16) awanormyna dopmynam HW. U,
Arpockuna (8), A. JI. AnbTwyas u AD., n efi IPHCYmH HEAOCTATKH, CBOH-
CTBEHHBle BCeM JorapudpMmmyeckum ¢opMynaM, O KOTOPHX TOBOPHJIOCH
BHILIE,

Ha puc. 4 npeacTaeieHo cpaBHeHHe (opmyaut (16) c dopmydaoh
(5), mokasaTesp cTeneHH B KOTOpoHl onpedensiacs no dopmyae (9).
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z, MH‘5/L‘ .
, . Prc. 4. 3aBH CHMOCTH Ko9d-
174 , dungenTa C ot rAEAPABAH~
P HeCKOro pagHyca

I —no dopmyne (16); 2=
no ¢opmysam (5) ' (9)

59

40 Iy l/
2

P /2

o/

10

0 405 al 015 R,m

flpu stom kosdh¢uunuent C onpefensncs no dopmyaam (15) u (16) mpr
A, =21 vM, a no dopmyne (5) — mpu n = 0,014, 3nazenne KoTOpO-
ro caefyer U3 B3aHMOCBs3H [9]

n=0,0392)/ A, (1n

Hs cpasuneHns crefyer, uto no ¢opmyne (16) 3nauenus xoabdu-
UHeHTa 3HaUHTENbHO Goablme, gem mo gopmyse (5) # (9). Pacxoxnie-
HHs B8 pe3yAbTaTax OCOGEHHO BEJHKH NPH MaJbX THAPaBJHYECKHX PaXHY-
Cax, KOTOpHE XapaKTepHH AJs BOXOOTBOAAINHX ceTeH.

OcHosoft popmya (11), (12) u Koanbpyka ABAAIOTCA KBaApaTHU-
HHe GopMyam THna ¢opMynu (16), MOITOMY HM MPHCYUIH Te Ke He-
Aoctatkd, kak H dopmynam (14) u (16). M3 panee H3BecTHHX opMya
H NPHMEHAIOIHXCA AJAA PacyeToB Jyulle APYTHX C ONHTHHMH AaHHRMH
coraacyorca ¢opmyad H. H, Iasnosckoro (5) u (6). 9tH dopmyan
DpOBepeHH HHXKEHepHOR mnpakTHKOf. IIpHBefeHHH aHa/H3 He BHS3H-
Baer COMHCHHA B BOIMOKHOCTH AanbHeAlIero NMPHMEHCHHs HX AJa pac-
9eTa BOJOOTBOASAMHX cered.

HecoMmuenHO, YTO He MOXET Re NpHBJEKaTh BHHMaHHe dopmyna (9),
NMOAyHYCHHash Ha OCHOBaHHH OGLIHDHOrO 3KCIEPHMEHTAJbHOIO MaTepHa-
aa, OfHaKo ClefyeT HMeTh B BHAY, 9TO STOT MaTepHaJ NOJydeH B KaHa-
Jax GojbLIOro pasMepa H B 3eMJsAHHX KaHajax. ®opMyna (9) Moxer
OHTb PEKOMEHIOBAHA JjiA NpPHMEeHEHHS TOJBKO Nocse NMpOBEpPKH ee Ha
BOMOOTBOZASIHX CETAX,

PacuetHoe 3uaueHwe KOI(DODHIHEHTa IIEPOXOBATOCTH MOXKeT GHTb
YCTAHOBJIEHO Ha OCHOBaHHH HccaefosanHi A, A. Kapnuuckoro, B Taba.
3 Ha OCHOBAHHH ONHTHHX A2HHHX MNPHBOAATCA CPefHHE 3HaYCHHA K03(-
¢umurenta n pAa TPy6 m KOANEKTOPOB 6€3 ocafka.

Hsjomennoe RaeT ocuOBaHHE NMPUHATH AJIA pacqe'ra BOJOOTBOASA-
HX oerefi n = 0,014,

B cOOpyXeHHAX HA BOAOOTBOASIIHX CeTAX BO3HHKAIOT MeCTHHE
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TABJHIA 3

3navenHt Ko9ddunHeHTA MEPOXOBATOCTH N

KosppuuneHTH 1IepOXOBATOCTH N
TpyOH H KOAIEKTOPH
Tpeless uaMeHeHHA CpelHee 3HaueHHE
Kapnruyune 0,0123-0,017 0,0144
BeToHnHe 0,009—0,018 0,014
Kepamunueckne 0.01 —0,019 0,0136

conporaB/erns. [TotepH manopa B HEX MOryr onpellelsaThes no gopMyae
Befic6axa

h=¢2"—g, (18)

rie (=k03(p(pHNHEHT MECTHOTO CONPOTHBAEHHS, 3aBACAMHA OT Pa3MepoB H GHOPMH
MECTHOr0 CONPOTHBAGHHA, 3HAYEHHS KOTOPHX NPMBOASTCA B CHPABOYHOA 1anTepa-

TYPpE.
O6HuHO B HHXEHEPHHX DacyeTax MeCTHHe NOTEDH HAnopa He yuu-
THBAOTCA, TAK KaK HX BEJHYMHA HHYTOXHA. MckJ/ioueHHe cOCTaBAAIOT
pacdeThl KPYNHHX H OTBETCTBEHHHX COOpyxeHHH. CiefyeT HMeTh B BH-
Ry, 4TO B/HSHHEe MECTHHX MOTepPhr HANOPA HAXORHT OTPazKeHHE MPH Of=
peflefieHHH NOTEph HAMOPa MO MAJHHe TPYGOMpOBOROB, MyTeM mnoAGopa
COOTBETCTBYIOMIEr0 3HaUeHHA KO3((HIHEHTa IePOXOBATOCTH n HJH A 5.

1.3. Oco0eHHOCTH pacueTa HANOPHBIX
TPYOGONPOBOAOB M HIOKEPOB

Pacuer HanmopHIX TPYGONPOBOLOB 3aKMOYARTCA B ONpEAeCHHH AHA-
MeTpa u norteps Hanopa. Ilpn nonnoM 3amosHeHHH cedenHs TPYSH 1O
dopmyne (1)

q=v (= d?/4).

Orciona nHaMerp TPyGH pasen:

d=v/4q/(zv). (19)

CKOpOCTb ABHXEHHS BONH B TPYGONPOBOAAX CJEAYET NPHHHMATH
TaKOA, KOTOPas oGeCNeTHBACT ONTHMAJLHEI pexuM paGOTH CHCTEMLI
Hacoch — TpyGONpoBOAH (MHHHMAJhHHE ApHBeAeHHHe 3aTpaTH). Srta
cKopocTh paBHa 1,5—2,5 m/c.

Horepu namopa ompeleasior mo dopmyae Hapen ans manoprux
TpyGONpoBOJOB

hy = il =\ (I/d) (v*/2 g). (20)
13
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Kospuunenr A caenyer ompesensite mo dopmyae (5). C yuerom
cs3u (15) dopmyaa (5) An# HAanopPHHX TPyGONMpPOBOAOB NpHOGpETaeT
BHA

L =(8,16" g n2) /d2. @1

Baxknoe 3navenne npH paciere HANOPHHX TPYGONPOBOIOB HMEET
NpaBHAbHEE BHIGOp KO3PHUHeHTa mepoxoBaTocTn n. Hamopuwie 1py-
GOMPOBOAK cHCTEM BOXOOTBeJICHHs 4acTO HMeEoT HeGoabllyio AjnHHy. B
3TOM CJlydae MeECTHBEi¢ [IOTEPH HAMOpPa OKA3BIBAIOTCSI COH3MEPHMBEIMH C
NOTepsIMH Hamopa Mo AJHHe TPY6 u HX clleayeT YUHTBIBaTH 0cobo,

Tlorepn nanopa B HMX ompejensloTcsl MyTeM CYMMHDOBAHHS IOTEpPb
Hamopa Mo AJAHHe TPY6G W MeCTHHX MOTeph Hamopa (MeTCA HaJOXEHHS
NOTePb HAMopa)

2
h=:‘l+zc%g. (22)

K uHCny «kOpPOTKHX TPy6» OTHOCATCS AIOKEpHl, BCACHBAKOINHE TPY-
GONpPOBOJAK HACOCOB, KOMMYHHKAIUH HAaCOCHHX CTaHUHil (TpyGOmpOBOLH
BHYTPH HacOCHHX CTaHUHA) H J1P.

1.4. ®opMul nonepeyHoro ceyeHus: Tpyo

CeueHnst TpyGonpoBOAOB U KOJJIEKTOPGB [JOJIKHBI YIOBJETBOPATE
FHAPABIMYECKHM, TEXHOJOTHYECKHM, CTPOHTENbHEIM H ADYrHM Tpebo-
panuaM. Ha puc. 5 mnpeacraBieHH NpPHMeHSBLIHECH NPexXJe H NpHMe-
HAEMBIE B HacTOSlee BpeMs (POPMHI cedeHHH.

Hau6osbuiee pacnpocTpaHeHHe MOJYYHJIH TPYOH KPYIJIOro ceYeHHs.
Kpyrioe cemeHHe o6ecneunBaeT oNTAMAaJbHEE HNDOYHOCTHHIE YCJIOBHA
paboTh cTeHOK. JleACTBHe BHEUIHHX HArpy3soK OT IPyHTa H TPaHCIOpPTa
NPHBOAHT JIHILUbeK CKATHIO CTEHOK, HA KOTOPOe XOpowmo paboTaloT MHO-
rue Mareprajs. Kpyrioe ceueHne m03BOJSCT JIETKO peasM30BaTh HHAY-
CTPHAJILHEIE METOJAM CTPOHTENbCTBA MPOTSINKEHHHX TPyOONpOBOJAOB, TaK
KaK B 33BOJCKHX YCJIOBHAX BHINOJHAIOTCA TPYGH B BUAE eJHHOrO 3Jje-
MeHTa, H B yCJOBHAX CTPOHTEJbHOH IJIOWIAAKH TpeGyeTcsl repMeTH3a-
UHA JHIIB IONEPEYHHX CTHKOB,

KpoMe toro, ans npogpHAaKTHIeCKOH OYHCTKH Tpy6 Kpyrioit ¢op-
MH [PHMEHSIOT npocTefiee o6opynoBaHHe (Wapsl U WAJHHAPH). Kpyr-
JIoe CeyeHHe TaKXKe fABJAETCS THAPABJIHYECKH HAaHBLITO/HEHUIHM, TaK
K4aK NPH ONpelleleHHOM XHBOM CEYGHHH IpONYCKaeT HaHOOJbLIHA
pacxofn.

KonnexTops Gosbliux pasMepoB 4acTO BHIOJMHSIOTC IPAMOYTOJb-
HOji (opmbl. Tlpexpe mpH cTpoHTenbCTBe TpyOONPOBOAOB AOKAEBOM
CeTH H ceTH OOIICCIIABHOA CHCTEMBl BOJOOTBEJEHHS] NPHMEHSJICE KOJ-
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Puc. 5. GOpMH MONePeYKOro ceuerus Tpyd
y 68— . 2 — GamKerHoe, 0 — sUeBHI-
a — xpyraoe; 6 — MOAYKpyraoe; & — liaTpoBoe; & 6 g -
Hee (ono{maninoe); e — 3AJMNTHYRCKOe; ¢ — MOJYKpyrace < npnmbr:u:, e‘BCT/?I-;—
xaMB; 3 — sifineBHAHOe TNepepepHyroe; U — JIOTKOBOE; K — NATHYTONBHOE;
npAMOYrosibHoe; M — TpalenennanbHoe

NeKTOpH AituesHAHON (OBOHAAMBHON) GOpPMEL Ilnﬂ“ STHX cerell Xapak-
TepHM Gonbline KoJeGanus pacxX0ioB M HANOFHEHHH. Jlaxe mpH MajoM
pacxope HanoJHeHHe IIo a6CcoNOTHON BCJHYHHE H B CpaBHEHHH C IUHPH-
HOjf HOJIEKTOpAa OKa3upaercsa Cyul-ECTBeHHHM, no3TOMY npeanoJsaraJdH,
YTo MPOHCXOAHT Jyulliee CaMOOYHINEHHE HX OT ocajxa. HaﬁJI‘.lOILeHHﬂ 3a
paboToit SKCHAYaTRPYIOLIHXCA celfyac siNeBRAHBIX CeUeHHH He IOA-
TBEPXKAAIOT 3TOTO BHBOAA.

Bce npuselennne (opMH cedeHHfi (cM. pHc. 5) MOXHO mOApas-
nesmtb Ha cxkatue (6, 8, u, K} u BHTAHYTHE (0—3).

BHTAHYTHe CeueHHA Henecoo6pasHO NMPHMERHATH IIpH 6OMBILHX KO-
ne6anpax pacxoiop H HANMOJHEHHH. IIpn yxaapke TakHX Tpy6 Tpebyer-
Cf1 BCKpHTHe GOJiee Y3KHX TpaHued, uyTo Jjerge BHTIONHATh B CTECHERHBIX
yCIIOBHAX CYLIECTBYIOLUHX 3aCTPOEK roOpoAOB.

CiKaThle ceweHHS UeecO06pas’HO MPBMeHATb NpH peBosbLUIHX KoJe-
6amusx PACXOZOB CTOUHEIX BOJ, YTO XapaKTepHO MpH OTBOJAE NMPOH3BOA-
CTREHHLX CTOUHMX BOA, CXXAaTHM CeueHASM MpHCYWLE OAHO OHueHb pax-
HOe AOCTOMHCTBO — FHpPH MPOUYHX PaBHHX YCJOBHAX saray6iaenne KOJ-
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JIEKTOPOB CKATHX CEYEHHHA, MO CPAaBHEHHIO C BHTAHYTHMH, MeHbIle Ha
BEJIHYAHY PA3HOCTH BHICOT CAMHX KOJJIEKTODOB.

DankerHoe ceueHHe GBUIO NPEJIOXKEHO C MeJbIO YCTpPaHEHHA HeXO-
CTaTKa CXKATOTO O2dEHHSA TpPH OTBOJe ¢ OOJBLIIHMH KoJeGaHHAMH pac-
XOJIOB CTOYHHX BOJ.

Tpe6GoBanHs HHAYCTPHAJIH3AUHH CTPOHTEJbCTBA NPHBOAAT K BHOO-
py tex dopm cedenHil, KOTOpHE MOXHO BHIIOJHATH C MeHbIIHM JHCJIOM
3JEMEHTOB 10 NEPUMETPY KOJJeKTopa, Tak, 3a mpefenaMu TOpOLOB H
HACEJIEHHEIX NYHKTOB BO3MOXHO NpHUMeHeHHe He3aMKHYTHX (6e3 mepe-
EKPHTH{) TpameneHAaJbHHX H NPAMOYroJbHHX ¢(opMm ceueHHA. JTH ce-
9eHHS 9acTO NPHMEHSIOTCS JJsi TPAHCIOPTHPOBKH CTOYHHX BOJ OT CO-
OPYXeHHs K COOPYXEHHI0O B npejesax OUHCTHHX craHumii. CooTHomle-
BHA X FeOMETPHUECKHX Pa3MepOB ONpeAeNsiOTC HCXOAS U3 TeXHOJOTH-
geckux TpeGoBanuii. Kpome Toro, cjeflyeT yYHTHBATb H NPEHMYyIIeCTBa
FHAPABJHYCCKH HAMBHTOAHCHAIIHX CeYeHHH, B KOTOPHX /Sl MNpOmycKa
ONpPERCJIEHHOTO pacxofa TpebfyeTcs HaHMenbllee XHBOe CEYeHHe, a
C/Iel0BATe/ILHO, H MeHbIIHe KaNHTaJbHEE BJIOXKEHHS.

TpaneneunaneHoe ceyenue SABAAETCA THAPABIHYECKH HAHBHTOJHEH-
IIHM NPH COOTHOMIEHHH

bjh =2() T+ m®— m),
rae m = ct€ ¢, a npsMoyroibHoe—npH blh=2.
OxoHnuaTeNbHHA BHOOD cedeHHs KOJJEKTOPOB INPOH3BOIHTCS Ha-
OCHOBAHMH TCXHHKO-JKOHOMHYECKOr0 CpPaPHEHHS BapHAaHTOB Ha CTafHH
BHITOJIHEHHS TeXHHYECKOTO NPOeKTa,

1.5. MHHHMAJbHBE THAMETPH TPYO H oNTHMAaJabHBIE
CTeNneHH HamoJHeHH#H

Huamerp TpyGompoBoia ompejejiieTcs Ha OCHOBAHHH THADaBJIHYE-
ckoro pacyera, Ilpu HeGoabwux pacxomax {mo 10 afc) ans ompeiete-
HHS JHaMeTpa OQUOBHHMH SBJAIOTCA SKCIUIyaTANHOHHHe TPeGOBAHHA.
3acopesHe TPY6 B 3HAYHTEJbHOM CTeNeHH SaBHCHT OT BEJHUHHH . JIHa-
Merpa Tpy6onposofa (puc. 6) H B HEKOTODOR CTENEHH.OT YKJIOHA €ro

1y \

& -

N

2 v}\ . Puc, 6, 3aprcAMOCTL YHCAA
2

3acopeHuit n; na 1 KM B rOR
U fr—— |

ot AHaMeTpa TpySonposoaa d
90 200 joq 400 500 800 d,mm

1, 2 — cTaTHCTHYECKHe mAaH-
Hble, OTHOCAUIHECH K pas-
HBIM paflonaM ropoga H me-

DHOZAM BpeMeHH
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. 7. 3aBHCHMOCTD KOJHUECTBA 3acopeHHf 7, Ha 1 kM 8 TOA OF y Ka
pre n gEaMerpa TpyGouposoaa d (md AadHBIM HAd KBOB AKX)

f— d=160 wa; 2— d=200 my; 3 — 4=250 wm; 4— d =300 uu

npokaazgu (puc. 7). Yuciao 3acopeHH# JJis Pa3HHX ropoloB pasnuqﬂo:
Ono Meisiercsl ¢ rOflaMH; TaK KaK MeHseTca YPOBCHD TEXHHYECKOH
SKCIUIyaTauHH cerefi, 3acOpeHHs BHIHBAIOT 3aKyMOPKY Tpy60NPOBOAOB
H MOMHOe Hapymenne (YHKIMOHHPOBAHHA BOJAOOTBOASIIHX ceret. Kpo-
Me TOro, IPOHCXOAHT OTJOXKEHHe W HAKOIEHHE OCafKa, OpH KOTOPOM
qepes TPYGONDOBOJK ellle NPOROJIKAETCH  MPOMycK pofu. Ha puc, 8
mpefcTaBie rpadHK 3aBHCHMOCTH OTHOCHTEJbHOA MAacCH HAaKONHBIe-
rocsi OcajRa B TPYGONpOBOJE K Macce OCafKa Ha KOHTPOJbHOM yJacTke
Gy, YIOXKCHHOM ¢ MHHHManbHHM YKJOHOM (4 OTHOCHTEJIHOE THCJIO
_MPOYHCTOK) B 3aBHCHMOCTH OT YKJOHA Tpy6onpoBosia OpY pasHEX Aua-
metpax Tpy6 (no Aannum HHHW KBOB AKX).

Verpauenue sacopennii H NPODHAAKTHIECKASA npoyHcTKa TpyGOmpo-
BOJOB OT HAKONMHBIIHXCS OTNOKEHHH TPeOyioT 3HAUMTEbHEX MaTepHalb-
MHX H TPYAOBHIX 3arpar. OYeBHAHO, UTO 5TH 32TPATH Moryt OHTb 3HA-
YHTeNbHO COKPALlGHH 3a CUET YBEJHUCHHS AHAMETDOB TpyGOIpPOBOLOB
He3aBHCHMO OT THAPABJIMUECKHX YCJOBHH HX pabotH. PasHHua Xe B
crouMocTy TPY6 Auamerpom 150 u 200 mMm HAH 200 u 250 m:a- He3Ha-
YHTeNbHA, MOSTOMY HA OCHOBAHMH ONHTA SKCIAYaTalHH CeTeH CHHIT
[8] pexoMeHnAyeT MHHAMAJMbHEIC IHAMETDH (ta6n. 4).

Bonpoc yCTaHOBJEHH MHHHMA/BHBIX IHAMETPOB — SKOHOMHYECKAs
sajjaya, TIpHHATHie MHHHMMaJbHBle JLHAMETDH TpyGONpPOBOJIOB LOMKHH
obecleynBaTh MHHMHMYM NDHBEACHHBIX 3aTpaT (c yueToM KamHTaJbHHX
BIONKeHHH H SKCIAYAaTAIHOHHBIX pacxonos). B mocnefnee Bpemi peue-
Hue 3TOofi mpobJeMbl CBfI3aHO C HexBaTKOH pabouell cHin. [losToMy MH-

17




~

v/

: ™

0002 4093  Goox  pogs a006 ¢

Prc. 8. 3aBHCHMOCTD OTHOCHTEALHOM MacCh HaKONMHBHIEroC
|0 -
BHCHMOCTH OT yKJOHA { H qHAMeTpa TPyGOonpoBoza d An:.:i.t‘)txgou B e
I— d=200 mMm; 2— d=250 M:i{; 43— d=300 MM; 4— d=350 MM; 5 —
= MM

HHM3JbHbbe NHAMETPH YCTAHABIHBAIOTCA H3 YCJOBHS MHHHMyMa Tmep-

CoHaJa, TPeGYIOMErocs JUIs IKCIVIYATAUHH BOZOOTBOASINHX CeTei:.
Yacto B NMPaKTHKe MPOEKTHPOBAHHS HA HAYAJIBHBIX yuacTkax Bojo-

OTBOAAIIEH ceTn, NPH HeGOMBLIAX PAacXOAax o PACUETY OKA3HBAIOTCH

TABJIWLIA
MUHHMAAbHbIE JHAMETPL TPY6 H YKJIOHK

BuyrpukBapraabnbie certn Y AM4HHE ceTH

CucTeMa BOZOOTRedEHHR

W Ha3HauyeuHe ceTH MHuunMarbub |MuaaMans- M,’:ggMa:b' MutHMa Ab-
AHAMETP, MM |UMA yKJOH amefp' HBIH  YKJAOH
INoanas pa3ileanHad cucTema
BuiTOBas cern 150 0,008
2
JIuBHeBas ceTh (BOLOCTOKH) 200 0:007 2(5)8 8882
Obuecniapeas cHcTema 200 0,007 250 0'004
,

NMpumevwanue. Ilpu cooTBercTBylOWeEM 050
. A HOBAHHMH 1J5 OTAeJbHHIX YuaCTKOB
Be&)}; AomycKaeTcs NPHHAMATh YKJIOHK 1jis TPy6 AnaMeTpom; 200 MM —0,005, %50 MM —
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JOCTATOYHHMH AHAMETPH TPY6 MeHblle MHHHMAJbHHX. B 3TOM cayuzae
BCE K€ NpeJyCMaTPHBAKTCH GOJblIHe AHAMETPH, PaBHble MHHHMAJbHEIM,
4 TakXe y49acTKH CUHTaIOTCs Ge3pacueTHHIMH (CKOPOCTb H HANOJIHeHHe B
TRyOe He NPHHHMAlOTCH B0 BHHMaHnHe). [Ipokmaaky Tpy6 mpeaycMarpH-
BalT JHG0 ¢ MHHHMAJbHRIMH YKJIOHAMH, YCTAHOBJEHHHIMH HAa OCHOBa-
HHH OMBITa 3KCIAyaTalHH (cM. Tabu. 4), AH60 paBHEIMH YKJIOHY NOBEpPX-
HOCTH 3eMJIH, eC/IH OH GOJblile YKa3aHHHX MHHHMAJbHRX YKJIOHOB TPYG.
CymiecTByer onmpaBjaHHOe MHEHHE O HEOGXOJHMOCTH YBEJHUeHHS MHHH-
MaJbHHX HAHaMETPOB TPYS, B MOCKBE OHO yXke peanusyercs.

OcoGofi sajadeit sBisercss MNpo6JeMa YCTAHOBJEHHS NpelelbHOM
CTeReHH HAMNOJHeHHs TPYO H KoaaeKTopoB. CoBepliieHHO OUEBHIHO, 4TO
ee He caedyer npuHuHMath Gosbue h/d = 0,95, mpH KOTOpPoA mpomyck-
Hast CIHOCOGHOCTL TPYGH IPH NPOUKX PaBHLIX YCJIOBHSIX MAKCHMAJbHA.
PekoMemayercs NpHHHMATD HANOJHEHHE MeHbIIE STOR BEJHIHHH M0
JBYM NDHYHHAM:

1. Tlpn onpexe/eHHH DacUeTHHX PacXomoB KosduuHeHToM obureH

HEPAaBHOMEPDHOCTH He YYHTBHIBAeTCS KonebaHue pacxoxos BOIB B IIpe-,

JeJaX yaca MaKcHMaJabHOro mpuToKa. CeKYHIHBIH pacxXOi MOXeT ORITb
60/Ibllle MAKCHMAJILHOTO PACUETHOTO M [JJf €ro NPONmycKa HoJXeH OHTb
NpeAyCMOTPeH pe3eps B OeUeHHH TPyGOmpoBoOja.

2. BesencTBHe  HEPAaBHOMEDHOI'O JABHXKEHHS BOAH B TPYGOMpoBO-
lax mepej CMOTPOBBIMH KOJNOAUAMH (B KOHIE pAacueTHHX YJacTKOR)
YPOBHH NOBEPXHOCTH BOJH HMeloT (H)OpMy KpHBHIX IIOANOPA, H HaNoJHe-
HHe Tepe] KOJOAAMH BO3pacTaeT. OTO BO3pacTaHHe HAIOJHEHHS Ja-
Xe MPH YACTHYHOM DACYCTHOM HANOJHEHHH MOXeT JOCTHraTb MOJIHOTO.
Tpy6onpoBoapl MOMHOCTBIO MOATONJAIOTCS, BH3HIBAS ~ OTPHUATENbHHE
nocjaelcTBhs (OTJOM@HHe O0CajKa, NEPHOAHYECKOEe MOATOIJIEHHe Tpy6o-
IpoBOJa H Ap.).

CHHuIT 2.04.03—85 [8] pekoMeHAyeT HaHGOJbIINE MaKCHMaJbHHE
HafoJHEeHHs B TpY6ax H KoJuleKTopax:

Ouamerp Tpy6, MM . . . 150—230  300—400  4£0—900 cB. 900
Hanoanenns . . ... . 0,6 0,70 0,75 0.8

YBenHienHe MaKCHMAaJbHOTO HAMOJHCHHs C yBeJHUGHHMEM [HAaMeT-
pa TPy6 OOGBACHAEGTCS COOTBETCTBYIOLIHM yMeHblUeHHeM KoJeGaHHA B
TIPHTOKE CTOYHBIX BOJ.

Jsna JHBHEBHX CeTel, MOJHHX pa3leJbHHIX CHCTeM H ceTeli ofle-
CINTABHRIX CHCTEM BOJOOTBEJACHHA DEKOMEHAYeTCsl IPHHHMATL MOJHOe
HaNoJIHEeHHE, Ko NpH (e3HanoOPHOM TeueHHH, KOFZA CBOGOAHAS NOBEpX-
HOCTb BOZIH! COBNAZAET € IeJHrof TPyGH HJH KoanekTopa. OQHako 310
oObsACHAETCA JHIIbL TEM, YTO pacyeT NpelyCMATPHBAeT IOJHOe HAIOJ-
HenHe o6waHO | pas B moaroaa — I0 Jer, T. €. BecbMa pelKo. 3HAUH-
TeJIbHYI0 YACTh BPEMEHH 3TH TPy6ONpPOBOAN GyAyT paboTaTh BCe Ke IPH
QAacTHYHOM HanOJHEHHH.
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C. B. Slkosnes u K. I'. Apyrionsan BHCTYnmau ¢ Hieeft CylecTBen-
HOro NOBHILUGHHS HOPMATHEHHIX HANOJHEHMA C LeJbI0 COKpAlleHHH AHa-
MeTpOB TPY6 H CTOHMOCTH CTpoHTeabcTBa, ORHAKO 3TO MHEHHe He OI-
papauBaercs. Pasuuina B croMMOCTH Tpy6 HesHauntesbHa, IIpod. H. .
Jo6poxoros mponarang#poBas CHHXKeHHe HamojHeHHR. Pexomengyemuie
CHulIl nanosnenus nanGonee onpasiaHH.,

1.6. MuHMMaJBHBIE ¥ MaKCHMMaJbHblE CKOPOCTH
H YKJOHH

TpaHCNOPTHPOBaHHe HepacTBOPEHHHX TBEPAHX YaCTHIl MNOTOKOM
AIBJISIeTCsT PE3yJbTAaTOM TYPOYJEHTHOrO JABHXKCHHA MHAKOCTH. B Typ-
6yJeHTHOM NOTOKE NOMHMO T/IaBHOrO ABHIECHHS B MPOAOJbHOM HaNpap-
JIGHHH DO3JHHKAEeT NONEPEYHOE NepeMelienne Mace MHAKOCTH, KOTOPHE H
ABJSIOTCS T/IABHOA NPHYHHOR mepeHoca TBePAHX JacCTHL H3 HHIKHHX CJO-
€B B BepXHHe H TPAHCNOPTHPOBAaHHS HX BO B3BCIIEHHOM COCTOAHHH.
YacTHUL OPraHHYecKOro NPOHCXOXKAEHHSA € MaJoff IVIOTHOCTBIO TPaHCNOP-
THPYIOTCS TIOTOKOM TpH CPABHHTENbHO MAJHX CKOpOCTSX. Munepannb-
HHe e 9YacTHUH (mecok, 6o cTekna H Ap.) cnocoGHH BHMalaTh B
0Cajl0K H 3aCOPATb TPYGONPOBOAH. ‘

MuorouncieHHHe HCCAeJOBAHUS  MO3BOJSIOT  OXapaKTEPH30BATh
COCTOSIHHE TBepPAMX YACTHI B NOTOKE NpPH HIMEHEHHH CKOPOCTH ABHIRe-
HHSl JKHAKOCTH CJleAyIOUHM 06pa3oM.

Tlpn cpaBHHTENbHO MaJHX CKOPOCTAX TEUCHHS XKHAKOCTH TBEpAHe
YacTHUW ONMyCKaloTCH Ha AHO H 0o6pasyloT HEMOJBHXKHOE MJIOCKOE JIo-
¥e M3 HAHOCOB.

CyluiecTByeT HEKOTOPas CKOPOCTb ABHXKEHHS IKHAKOCTH, OPH J0O-

CTHXEHHH KOTOPOA HAGMONAIOTCH MepBHe ABHMKEHHA Hamocos. Hacrym-
JieHHe STOrC MOMEHTa OOHUYHO XapaKTepH3yeTcs TeM, YTO HeKoTopas
YacTh 3ePeH HAHOCOB HAaupHAer BHGPHPOBATH H, CPHBAfCH CO CBOETO
MECTa, «mepeRaTHBAThCA» Ma HEKOTOpOe pACCTONHHe BHH3, a OTAENb-
HHe YacTHUH MNOJ BO3MERCTBHeM NOTOKA OKA3HBAIOTCH NePeHeCeHHBIMH
BHH3 nyTeM HeGoJbIIOro «ckauka». [TocreneHrROe po3pacTaHHe CKOPOCTH
motoxa BJeYer 3a coGOf yBeJWdeHHe UWCAA NMECUYHHOK, BHBOKMMHX NO-
TOKOM H3 COCTOSIHHS NOKOS; NPH 3TOM YXKe 3HAuUHTeJAbHAf 4acTb STHX
qacTHU ABHXKETCH CKaukoo6pa3Ho, CpefHI00 CKOpPOCTb MOTOKA, COOT-
BETCTBYIOLYI0O 3TOMY COCTOSIHHIO TBEpPAHX UacTHll B HeM, HA3HBaiOT
«pa3sMHBAaWIIely CKOPOCTDLIO,

Tlpn panbhefiiiem BO3pacTAHHH CKOPOCTH NMOTOKA HAa JHe pycJa
06pa3yioTca TPAAH, W ABHXKEHHe aCTHL NMEePeXOAHT B COCTOsHHE TIpsi-
Aosoro mepeMelllenust (puc. 9), XapakTepHofl 0CO6EHHOCTBIO 3TOR op-
MH TiepeMeIUeHHs MECYHHOK $BJAETCA CKAUKO06DA3HOE [BHMEHHe HX
MoBepx rpaj; AOCTHras BEPUIHHH TPSAH, TaCTHUH CKATHBAIOTCS BBE3
H MONajanT B 3acTOMHYI 30HY, TAe M CKalnJHBaioTcs. UacTHUE, CME-
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Puc. 9. [psAoBoe nepeMemieHne HAHOCOB

THe o B@PXOBOR CTOPOHH TPARH, NOCTENEHHO SanoAHAIOT 3acTOAAYIO
aony, Gnaroxaps qeMy Ha6RIOfaeTCA MelJEHHOe MepeMelleHne IPAALL.
CKOpOCTS MepeMelIeHHs TPSAN CPaBHHTEILHO MAJTA: OHA TeM MeHbINE,
vem GOJBII® BHCOTAa TPAAH H MEHbllle KPYNHOCTh ABHMKYNIHXCH HacTHI.
Takum 06pA3OM, NPOHCXOAHT MACCOBOE, HO MejJeHHOe ABHIREHHE Ha-
HOCOB B NPHAOHHOM CAQE MOTOKA,

C HEeKO0TOpPOrO MOMEHTa TEBepAHe HTacTHIUH Gyayr ofaaaath Taxod -
CKOPOCTHIO NepeMemerus, npu KOTOpOH, najas ¢ TPSAH, OHH OKAXYT-
CA YXe He B 8aCTOfiHOH, a8 B MOABHAHON 30He CheAytomed TRALBL. B
TO e BPEMS HEKOTOpHe UacTHUM BOBJEKAIOTCA BHXPEBHIMA MaccaMH
BO BHYTDb MOTOKA R HepEeMEmaloTcA HM B HanpapJIeRHH ABHEEHHS XKHA-
koctH, Takmm 06pasoM TMpORCXOAHT HenpepHBHHA mpolecC B3BemHBA-
HAA H NepeMelenns TBEPALX JaCTHI NOTOKOM. .

BeAeACTBHe HEQAMOPOANOrO COCTABA YACTHIL MpOIeccH TPAAOBOro
NepeMellenHs ¥ lepeMelleHHs] BO B3BEIICHHOM COCTOARHA MPOUCXOAAT
oZHOBpeMeRHO, [lepeXOa HBUIKEHHA 9aCTHL BO B3BellCHHOE COCTORHHE
CONpOBOXAAETCH NOCTENCHARIM HCYE3HOBEHHEM TpAL. CkopocTb MOTOKa,
“COOTBETCYBYIOWAR STOMY COCTOSHHIO, HASHBAEeTCH xputuveckod KO-
pocroro. OHa SaBHCHT OT DasMepa M YHC/A HACTHI, BJEKOMBIX MOTOKOM:
dem Goablle pa3Mep UACTHI, W HACHIUEHHe NOTOKA HAHOCAMH, TeM
GoNbllle IGUIKHA OHTh BEJHYHHA KPHUTHYECKOA €ro CKOPOCTH.

[IpH yMeHLIIGHHH CKOPOCTH MOJOXKERHe H MPOLeCe TPaHCIIOPTHPOBA-
HHf TBepJHX YACTHI, B NOTOKEe MOBTOPSIOTCA B oGpaTHOR MOC/IE0BA-
respHOCTH, OTCIORa CAGAYeT, ITO TPAHCIOPTHPOBAHHE mMecka BOAOOTEO-
AMHMH CeTAMH H HX CaMOOUMUIEHHe BOSMOXHH IPH KPHATHIECKHAX
cxopoeTsx. CrefioBaTebio, MHHAMAJbHEE PACHETHHE CKOPOCTH JOJIK-
Hb PABHSATHCA KPHTNIECKHM.

“ OcoGefimocTb PAGOTH BceX ceTedl PasHHX CHCTEM BOAOOTBEACHHS
SAKAIOYAETCA B CYWIECTBEHHOM KOneGaHHH MNPUTOKA CTOYHHK BOA H
NOSTOMY BOSHSIKaer BONPOC: We CNEAYET JH ofecneqnparb B TpyGonpo-
BOASX KPHTHYECKHE CKOPOCTH AaXKe NPH MHHAMAIbHHX pacxoaax? Ama-
Ans PaGOTH H ONNT SKCILIYATALHH BOROOTBOAAIIMK CeTef MOKA3HBA-
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10T, YTO 9TO NpHBENO OH K CYULECTBEHHOMY YBEHUEHHI YHJOHOB TPY-
GonpoBOROB M PE3KOMYy YBEJHYEHHI0 CTOHMOCTH HX CTDOMTeNbCTBA H
SKCIMIYaTallHH CHCTeM BOJOOTBEJEHMS 3a CHUET NEepPeKauKH CTOYHHX BOM,

Ilpn coBpeMeHHOM ONHTe NPOEGKTHPOBAHHS KPHTHYECKHE CKOPOCTH
npeAyCMaTPHBAIOT NPH PacYeTHHX PacXofaX, a NPH MEHBIHX PacXoiax
H CKOPOCTAX, HabMICAAIOIHXCA B TPyGompoBOJaX, KONYCKAIOT BHIaje+
HHe B3pecefi B 0cajoK. OfHAKO NpeAmOJIaraeTcd, UTO IPH MOCJEAYIOIEM
BO3PaCTaHHH DPacXof0B A0 PacYeTHHX, a CKOPOCTEH A0 KPHTHYECHHX
ocafiok GyAer CMHBaThcf, a TpybonpoBoas! — caMoouHIRaThen. OTtcio-
Ja B H3BECTHOR CTemeHH H NPOHCXOJHT Ha3BaHHe «CaMOOYHIIAIOIIHE»
CKOPOCTH,

Ha ocnoBanuu uccaenoBanufi paGOTH BOAOOTBOASAIIMX ceTef NIpen-
Jaoxmen pAx GOpMya A ONPeRJEHHS KPHTHUECKHX CKOpPOCTedl mmo-
TOKa, M/C.

H. ®. denopos npeidoxun SMnHpHYecKywo dopMyay

Dxp= 1 ,57”VR, (23)
rae m =36 —0,8 R; R—THApaBAHYECKHA paRHyC, M.

®opMyna AnA oNpeleNCHHs KPHTHUECKHX ckopocTell moToka, M/c,
npeagnoxennan C, B. fkopneBnM, HMeeT BHI

Ugp = 12.5 uoRo‘2’ ‘24)

TAeJl#ly — HApPABJAMuECKAH KPYNHOCTL Necka (CKOPOCTb OCAXAEHHH WACTHI NECKR B
MHAROCTH, HaXORAUIEACH B COCTOAHHH NOKOS) PACYETHOrO RHaMeTpa, M/cC.

Jsis OHTOBHX ceTell pasfie/bHHX CHCTeM BOAOOTBENCHHA DPEKOMER-
J10BaJIOCh PAaCUETHHA JAHAMETp HecKa NMpHHHMATh d = | MM o THApaBaw-
uecxoft KpymHocTBIO 4o =0,1 m/c.

TlonoxurenpHof ocoGenHOCTBIO GopMyJH (24) ABAserca TO, YTO
OHa YYHTHBaer RABHCHMOCTb KPHTHUYECKOH CKOPOCTH IOTOKa OT JHa-
MeTpa WacTHI Necka, COLEPXKAUIErocs B CTOWHOA XKHAKOCTH,

Hcxoasn B3 nNONYySMOHPHUECKOR TeOPHH TYPGYJEHTHOCTH, aBTOp
DONYYH CAeAYOIRyo” GOpMyay A ONpeResicHHA KPHTHYECKOR CKO-
poctr (11

Oxp = (20C) /Vg- (25)

Bennunuy U pekOMeHAyercl NPHHHMATb MO CpejHEB3BENICHHOMY
DHAMETPY UACTHI, IlecKa, KOTOpHf paBen: d =8,05 MM, H HMeeT #o =
=0,05 m/c. C yuetom dopMynu (5) dopmyna (25) nprobperaer BHA

Oxp = (@R (V Z1). - (26)

Ornnyme dopuyaw (26) or dopmya (23) H (24) saxmovyaercs B
TOM, 9TO OHa YYHTHBAeT 34BHCHMOCTh Uy, OT KO3d(HUHeHTA LIEpO-
XOBaTOCTH N,
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Prc. 10, 3aPACEMOCTH KPHTARECKOR CKOPOCTH OT ANAMETrpa
1—no dopuyne (23); 2—mo ¢opuyre (24); 8§ —mo dop-
uyae (26) '
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opocTR
Puc.211, 3apuCEMOCTD KpATETeCKOM CKOPOCTH B CR
relelns BOAM B WECTOM H saBAeHHOM TpySomponoae

1— opuyne (23); 2 — no dopuyne (5) npm n =0,014;
mo & %lno tdopmyne (5) npm n =0,018

Ha puc. 10 mpHBeReHO CpaBHeHHe dopuya (23), (24) u (26). Ipn
me6oMbmMX AmaMeTpax Bce 9TH (OPMYJN AAKT NpaKTHYECKA OAHHA-
gosue pesy/inTaTH. [Ipn GONLUIEX AHAMETPAX dopmyna (23) naer
HEeCKOJIbKO GoJiblliHe PesyJbTaTH.

®opuym (23] B (24) 067afaoT CYMECTBEHHHM CTPYKTYPHEIM
gegocTaTkoM, [IpeAmoJOXHM, uTO B TPYGONpOBOAS, He HMElOmeM OT-
AoxeHuft, IPOTeKaeT BOJAA PACUETHHM PacxXOAOM IpH KPHTHUECKOR CKO-
pOCTH, KOTOpas BHuuMCAeHa Ha GopMyre (23) wnu (24), u ocapka B
TpyGomposoe Her. Tlpu CHHXMEHHH Pacxofa OCaAOK €CTECTBEHHO BHIA-
Kaer, Kos(ppHIHEHRT WEPOXOBATOCTH PESKO BOSPACTaeT MO CPABHEHHIO
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¢ TeM 3HaueHHeM, KOTOpoe OHJO B wHcroM TpyGompoBoze. Buosp ¢
BOSpAaCTaRHEM CKOPOCTH, OCaAOK, Kag. NpeAnojarajoch, AOJN¥EeR OHTb
CMI'Y. YUHTHBAs, OAHAKO, 9TO NPH HAJHYHH OCAZKA H BHCOKOM KOS(-
(dHIHeNTe 1ePOXOBATOCTH CKOPOCTb B TPYGONpOBOAE AaXe NpH pac-
94EeTHOM pacXoje He JOCTHTHET KPHTHUECKOR, ocafioK He cMoercs. Ta-
KBM o6pasoM, H3 aHa#H3HpYeMHX ¢OpMysn caeayeT, YTO CKOpOCTh B
TPy6onpoBOje He AOCTHIHET KPHTHUECKOR, TAK KaK B HEM HAXOAHTCA
0CajoK, & OR He OyJeT CMHT NOTOMY, UTO CKOPOCTh TeueHMs He AOCTHI-
mer xpurmyeckoll (pme. I'1), Popmyna (26) anmeHa 3TOTO HeAOCTAT-
Ka, Ilo Hefi, npH HajAHYHH B TPYGOMPOBOLE OCajKa, KPHTHUECKAs CKO-
POCTL paBHa MeHbitef BeJaHUWHE, 4TO oGbiAcHAercsl (usHueckH. Ha
HMHTEHCHBHOCTb TYPOYJAECHTHOCTH H €ro TPaHCNOPTHPYIOIMYI0  Cnoco6-
HOCTL BJHSET WEPOXOBATOCTb AHHila pycha, IIpH HanH4YHH ocajgKa uie-
POXOBaTOCTb H TypOyJeHTHOCTb BO3PAaCTAaOT, a KPHTHHECKad CKOPOCTb
YMeHbIIaeTcs.

B nefictBylomux TPYGONPOBOAAX CKOPOCTb, COOTBETCTBYIOIAs Ha-
vajly cMHBa OCaJKa, MeHbllle CKOPOCTH, COOTBETCTBYIOINEA Havualy BH-
majeHns B3Becel B OCAJOK.

Ecar B ¢opuyny Illesn (3) BMECTO CKOPOCTH NMOACTABHTbL BeJHIUH-
By KDHTHYECKOl CKOPOCTH, TO MOXHO IOJNY4HTb MHHHMAJLHHFA YKJIOH
Tpyb6onpoBoja, MmpH KOTOPOM OH Gymer camoouumarbca. HMs noaysen-
HHXx GOpMyn npHBEAEM SAECh TOJMLKO OJAHY, BHTEKAIOIYI0 H3 ¢opMy-
au apropa (25). Ona MMeer BEA

Imin= 4y (g R). @n

Ecny npuHAtb, XaK YKaswBadoch BHUK, d =05 MM H Ug=a
==0,05 M/C, a TaKXe NOJOBHMHHOe HANOMHEHHe BOAHW B TPyGe, npH Ko-
ropoM R = df4, 10 NPUGNHKEHHO NONYHHM

) imin= 1/d, (28)

Tae d — AnaMeTp, MM,

Jns nosHOR OUEHKH NpHBEAEHHHX (GOPMYJN H CPaBHEHHHA HX MeEX-
Ay cobofi B Taba. 5 mpeacTaBJeHH Pe3yJbTATH PacueToB N0 HHM H IO
pexoMenpanuu CHHuII [8].

W3 ta6a 5 Buano, uto AAA TPY6 AHameTrpoM a0 500—600 MM mno
BceM ¢opmynam H pexoMenganusM CHull yHERMaJbHHE CKOPOCTH H YK-
JOHH TNPAKTHYECKH OAHHAaKOBH. OJAHAaKO ONHT 3KCHJAYATALHE BOAOOTBO-
BANIHX ceTel B Pe3yAbTaTH HOcHenoBamMd (cM. pHc. 7 H 8) NokasHBa-
IOT, YTO NpH STHX napaMerpax paGoTH TpyOONMPOBOAHW 4HacTO 3aCOPA-
©OTCA, B HHX HAHANJAHBAETCH OCAfOK, AJS YAAJIeHHA KOTOPOro rpefyer-
CA NepPHOAHYECKH NPOH3BOAHTL MNPOYHCTKH, IIpH, GOJBUIHX AHaMeTpax
TPY6, no pexoMennanuaM CHull [8), MHHHMaNbLHEHE CKOPOCTH H YKJIOHH
Goable, yeM STO clienyeT H3 APYTHX dopmys, ONWT SKCINyaTanH ™
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TABNHIA &

s MuERAMAJIbHNE CKOPOCTE B YKAORN

o CHxIl 181

Mo dopuyne (23) Mo dopuyae (28)
JAra- h/d o
MeTp A LI Omin xp? i min_ KDy 'mln
d, um ”‘ﬁ',c P!l *min e min /e
0,60 |00045| 0,74 0,005 0,7 0,046
2333 8'2 0.78 0,0033 | 0,8 0.0033 0,8 0.0033
0 | 07 0.8 |00025| 0,87 0,002 0,8 0, 0031
500 | 0,75 0.93 | 0,0021 0,92 0,002 0,9 0,002
600 | 0,75 098 |0,0018| 0,9 0.0017 1.0 0,0019
.800 | 0,78 1,06 |0,0016| 0,9 0,0012 1.0 3'0013
1000 | 08 1013 | 0,003 1,03 0,001 1.15 o.gt
1200 | 0,8 119 |o00m2 |- 1,06 0,00083 1.15 001
1400 | 0.8 125 | 0,001 1,00 0,00071 1,3 3’ 1
2000 | 0,8 1.38 0, 0008 1,16 0,0005 1,6 ,0009

HCCICNOBaHHA He MOATBEPXAAIOT STOTO TPeGOBAHHA. Tak, na rpadn-
Ka ®a PHc. 7 clteiyer, 4TO IpH AHaMeETPax 6onee 300 MM wHCHIO 8aco-
PeNHR CDABHHTEJLHO MaJO H NPAKTHYECKH HE 3aBHCHT OT yEJiona, Hs
ONNTa SKCIIyaTalWH TaKXe H3BECTHO, 4TO TPYOH AHAMETDOM Gonee
500 MM-(H B TOM WHCJe Te, KOTOpPHe GHUTH NOCTPOCHH RO 1980 r., H
wo sopuam MKX PCOCP MHHHMaJbHas CKOPOCTh PexOMeH0BAAACh
papHO#t 0,8 M/c) MpaKTHYECKH He 3aCOPSIOTCA MUs rpadpuka Ha pac. 8
criefiyeT, 9TO B TPy6ax AHaMeTPOM Gosee 400 MM Macca HakamJIaBaw-
merocsi OCaiKa BECbMa HeSHAUHTEALHO 3IABHCHT OT YKAOH&. Huxene-
pom M. M. JiBopeuxHM ONHCAHH RpaGaroaenns 3a paGoroit leoepen-
Koro KaHaza AHaMerpod 2000 mm B yxnonom ¢ = 0,00025. B 1934 r,
Korjia B HeM pacxof Gha GJH3OK X PacueTHOMY, OTNIONEHHA OCaAxa B

_ KaHAJle MPAKTHUECKH He HaGmojanoch, B 10 e BpeMs CACAyeT HMETb

B BHAY, 9TO KOJUIEKTOD HOBOH JlioGepenkoft CHCTEMH NpH PaCueTHHX
cropocTHX oxoyio 1,5 Mfc u Gonee GuA CYMeCTBeHRO paspyluen B JOT-
KOBOfl 9aCTH BCJIACTBHE HCTHPaHHA ero MECKOM.

_ Tpexcrapisiercss BecbMa BepHOR peKOMEHpauus A. A. Jlyxunux
n H. A, JIykHHHX 06 yXOGCTBE HCMOMB3OBARMA NPH pacyerax dopuynn
(28), noyunsuiefi TeOpETHIECKOe O6OCHOBAHHE [6].

McX0As H3 YCTAHOBJEHHHX MHHHMAJBHHX CKOPOCTCH MOTYT GuTh
onpenenéﬂu MHERHMaJbHHe pACXQAH, NpONYCK KOTOPHX JONYCTHM B
TpyGonpoBoaax pasHOro xHamerpa. OuH OmpeaenAloTcs MO dopuyne

gmin = © Umin.

MuuHMaAbHOe HATOJHEHHe B TPYGax me peraamenthpyercs. Omma-
KO ONEBHAHO, UTO NpH pacueTax mpHHEMaTth ero membuwie 0,50 Bemene-
. Tlpn 5TOM HaNONHEHHH CAEAYET ONPEAENSTb H gl

! v

, ... 200 300 400 500 600 800 1000 1200 1400 2000
n;. :I.:: P l%.m 283 547 904 1344 249 4048 699 839.6 1824
n.
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Mo sHaueHusM MHHEMAJZbHHX PacXOJOB HOPH HNPOEKTHDOBAHKH TAK-
Ko MOKET OCYNeCTBAATBCA KOHTPOAb 32 coliofeHneM YCIOBHR- camo-
OYHmIeHHs TPYSONPOBOAOB. )

Mosyuennte mo dopmyse (28) u ao6Goi Apyrofi H3 NPHBEASHHHX
BHule (opMysn AaHHHe cCAELYeT D&CCMATPUBATL JaXe HE K&K MHHH-
MalbHHE, a KAK [pefeibHHeE, NPHHAMATD KOTODHE CjAelyeT JAHIL B
HCKJIIOYHTEJBHHX CAY9afAxX, 310 OFbACHACTCA TEM, 4TO AHAMETP YaCTHI
NeCKa A ero KOIHYECTBO Be NOCTOSHHH M MOTYT BeCbMa 4aCTO IPeBH-
WATL pacyeThhie — OCPEABEHHHE, MuHHMaJbEHEe CKOPOCTH H YKJOHH,
N0 HameMy MHEHHIO, Heiecoo6pasHo npEuEMaTh Ha 10% BHme Tex,
KOTOpHe ciefyor H3 ¢opmymu (28). B 3axmioyeHHe Bce Xe CJeAyeT
OTMEeTHTb, YTO MUWHHMAJbHHE CKODOCTH ¥ YKJOHH ClefyeT NPHHHMATbL
C Y4eTOM COBOKYDHOCTH KOHKDETHHX YcJOBHR mnpoekthpoBaHHs. He-
KOTOpOe YBeJIHIEHHEe CKODOCTeA H YKJOHOB OGHYHO He OPHBOLHT K
OIYTHMOMY CHHXEHHIO 3((eKTHBHOCTH NpPOEKTHOrO pelleHHs.

Uro6H HCKJIIOYHTH HCTHPaHHE TPpY6 H KOJJIEKTOPOB IIECKOM, HOp-
MAaMH He PEKOMEHAYETCH NPHHHMATh CKOPOCTH B HeMeTaJJIHYecKHX (ke-
PAMHYECKHX, acOeCTOUEMEeHTHHX, GETOHHHX H XeJe306eTOHHHX) TPy~
6ax Gonee 4 M/c, 8 B MeTaAnHYeCKHX TPy6ax — Goviee 8 M/c. B nox-
nesoft ceTH (BOXOCTOKAaxX) CKOPOCTH AO/KHH OHTb COOTBETCTBEHHO HE
Gonee 7 u 10 m/c,

OcHOBHBasich Ha ONHCAHHOM BHIle ONHTE PaGOTH KOJ/UIEKTOPA HO-
poft JlioGepenxofi CHCTEMH, STH CKOPOCTH JO/XHH OHTh MeHbIIe,

FTJTABA 2

NMPAKTUYECKHE MPHEMBI THIPABJIHYECKOTO
PACYETA BOAOOTBOAAIIHX CETEA

2.1, T'napaBaHuecKHil pacuer CaMOTEHHBIX
Tpy6onpoBOAOR

PeillerHe MH)XeHepPHHX 3a/ay IO PacueTy eOMETPHYECKHX H THApAB-
JIHYeCKHX [TapaMeTPOB CAMOTeyAHX TPYGONPOBOAOB HENOCPEACTBEHHO
00 NpHBEAEHHHM BHIIE (GOPMyJAM CPABHHTENbHO CIOXKHO (METOZH pe-
IIEHHA HX H3JOKeHH B CNCIHAAbHON JHTEpaType no  ruapasunke [7]),
MOSTOMY HaJl COBEPIICHCTBOBAHHEM ¥ YNPOUIEHHEM [pPHEMOB pacyeTa
CAMOTEUHBHX NOTOKOB MHOro paGorayM BHAalollhecs ruapassmke H. H.
Masnosckufi, B, JI. Xypmu, B. T. JloGauen, H. H. Arpockmy, IL T.
KaceneB u ap.

HeusMeruocTs GOpPMH Tpy6 H KOJJIEKTOPOB BOAOOTBOLSLIHX CeTed
[O03BOJISIET YHPOCTHTH pellenne 3afad, OAHAKO CJIOXKHOCTb GOpMH TPYG
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B HOJUIEKTOPOB OCJOXHSeT HX pelliesine H TpeGyeT MpHHUHMHAJILAO HO-
BHX npuemop, TpyGONpOBOAR CHCTEM BOROOTBElEHAA PaccUHTHBAMHCD

"mo TabauuaM H rpadukaM, COCTABJEHHHM 110 NPHHATHM B Pasmalc fie-

PAOAH BpeMeHH GOpMyJaaM IS TMpAMEHSEMHX ¢dopm TPYO HAH HOJWIRK-
TOPOB, AX P23MEPOB, YKJOHA NPOKJIAJKH, HAMOJHEHHs BOAW B HAX H
ckopocts TeueHHs, Cefiuac WIHPOKO HCMOJB3YROTCH AJAA pacyeros raf-
sunm [6, 10 Oum cocrapnenm mo dopmynam (1), (3) = KBaxpaTey-
mo# ¢opmyae (5) [6], vam no dopmyran (1), (13) & o6o6mernok dfop-
myse (14) [10]. B ma6n. 6 npuBoOAsTCA BHACPMKH H3 STHX -raG:mm xna
TpY6H AnamerpoM 600 MM H ABYX YKJOHOB.
TABJHLA'S

Pacxoal b, j/c, B CKOPOCTHE ABHKEHHS KUAKOCTH 0, M/C,
Aag TPyGonpopoAOB AHAMETPOM 600 MM

Mo dopuyrax (1), (3), (6) o dopuyaau (1), (13), (14)
YKIOER B THCHYEHX
3 4
L77] 2 4

q v q o q v q 0
,37 7,621 0,62 5,3 0,36 7,79 | - 0,8
03 Be 8,56 319 | 079 | 22:95| 0,57 33,13 o,g
0.3 55 | 071 | 71,3 | 1,00 | 5,36| 072 74,19 Lo
0,4 868 | 082 [122,8 [ 1,16 | 89,77 0,85 138.84 }':5
0,5 1288 | 0.9t |182.2 | 1,29 | 132,89 0.94 190, X
0.6 a1 | 098 (2447 | 138 | 177,13 L0 26,841 1.8
0,7 216,7 1,02 305,0 1,4 24,08 1,06 319,21 I'M

X ; 02 | 388.3 . » . , ,
ve | % b0l |33 | 1729 26578 o4 |ssnzef 1,35

fIprMenanke. Ygeso HANONHEHHA COKpa MleHO B 2 paga NO CPABHEHHIO ¢ pace
qeTRHME TabanmaMe.

Pacuer Tpy6ompoBOAOB MO STHM TaG/iHUAM CBOLHTCH X noabepy
N0 3aLAHHHM NApaMeTpaM HCKOMHX BeJHYHH C YYETOM HOPMATHEHHX
rpeGopannfi CHull, M3 Ta6muus BHAHO, YTO PaCUeTH IO DAIKHM ¢dop-
MynaM AaOT OPAKTHIECKH OJHHAKOBEIE De3y/bTATH. CnepoBajio OXH-
KaTh, UTO pacXoj H ckopocth No gopmyre (5) ROWKHH Gunu GH IHO-
AYaHTBCA GOAbLUE, ONHAKO Pe3yABTAT NOJYIHICH OGPATHEIM, UTO obpsac-
HseTcs BHOGOPOM B DAa3HHX (OpMyaax He COIJacyiolmHXCA KoadHIH-
eHTOB WepOXOBATOCTH n | A, . JTO ellle Pas yKasHBACT HA 70, 910
mpy pacuere BONOOTBOAAIIHX CeTel NPHMEHEHHe CJAOMHHX oGo0men-

. BHX Qopmys Ans xospduunentop C @ M we ompasAnBaercd, TaK KaK

ge OGeCTeUHBACT NOBHIIEHHE TOUHOCTH pacuercs. B TO e BpeMs 3TO
yKa3nBaer Ha HeOOXOAHMOCTb MOBHUIEHHS Tpe6GoBanHi ¥ BHOOPY K03+
¢ruHeHTOB WEPOXQBATOCTH. .
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ITo sraM xe dopuysnam cocrapieHH H rpadrkH, ;

He OTPHUAA ROCTORHCTBA TNpPHMEHSEMHX TaGJHY H rpaduxoB Xas
pacueTa BOROOTBOAMILIHX ceTedl, CJEAYeT OTMETHTP HX YpeSBHYAARO
Gosbine OJbeMH. >

HAnas pacuera BOJAOOTBOAAIIHX cerefl BO3MOXKHO HNpHMeHeHHE H HO-
morpauM,; OAHAKO pacyeTH N0 HAM CAOMKHE,

BecbMa npHB/CKATeNIeH METOX paciera Ge3HANOPHHX MOTOKOB MO
TaK #HASHBAeMHM OGOGUICHHHM IapameTpaM: MOAYJIO PACXOAa H MOXY-
A0 CKOpOCTH, npeAaoxenuuM B, A, BaxmeTbeBHM.

®opmyay llless (3) MOXKHO MpeXCTaBHTb M B C/AEAYIOLIEM BHAE:

v=WwVr7, (29)

rae W~ MOAY/Jb CKGPOCTH — CKOPOCTb NPH yKJOHE, PABHOM EAHHHIE, ORpeARAfeMas
no Gopuyne

W= CVR. . (30)

®opmyny (4) MOXKHO IPEACTABHTH B BHIE

=KV, (1)

rae K— Moayap pacxoxa tpySonpoBoxa—pacxoX NPE YKAOHE, DaBHOM eAHHARE, Om-
pexeasemuft no ggpuyae

K=wCVR. | (=)

-Moaynb woﬁ\ac-rn W usMepsieTcH B TeX e ©AHHHIAX, 4TO H CKO-
pocts. Ecnr unpHEATL 3a pacuerHyio dopmyay Aas xoa(bqanunenfq ¢
xBaapathayo ¢opMyny H. H. Ilasaosckoro (5), To ¢opmyaa (30)
REPHOGPETET BHA,

. (
1 n- — R (/1=
W = Lg2.5Vn+037-0.75/R (Vn=0,1). 33)

Moayas pacxoma K usMepsieTcs B TeX xe eJHHHIAX, 4T0 H pac-

xod, ®opmysy (32) MOMHO NpeACTABHTb B CJCAYIOIEM BHJAE:

K=ow. = (34)

Tlnousanb KHBOTO ceYeHHs  H CHADABJHuYECKMH painyc R sasm-
CAr Or AHamerpa TPyGONMpoBOAAa B cTemeHH samoaHeHHs (raba. 7). B
COpABOWHOR #AMyepaType STH 3aBHCHMOCTH NPEACTABASIOTCA H B BHEE
rpaduxos. CneaopatTeaso, H Moxyan ckopocth W u pacxoma K masm
TPYS @3 ONlpefieNCHHOrO MaTepHana (C ONpefieieHHHM SHAUCHUEM n)-

SABHCAT TO/MbKO OT AHMAMerpa TpyGONMpPOBOAd M CTENEHH SAMOIHGHHS
!
ero. - :

i

S

TABNHMLA 7
Na paMeTPM KPYrAOro cCeueHus B SABHCEMOCTH OT HANOJAHENES
HapaMerpu
b/d Rid ofd*
A B

0,06 0,032 0,015 0,006 0,27

0,10 0,063 0,041 0,023 040

0,15 0,088 o.014 0.02 0,017

° 12 i »

o:g 0147 0,163 0,14 0,702 '
0,3 0,171 0,198 9,20 0,776

0,33 0,185 0.226 0,24 0,84

6,36 0,193 0,245 0,77 0,84

0,40 0,214 0,293 0,34 0,9

0,46 0,233 0,343 0,42 0,954

0,6 0,250 0,393 0,60 1,00

0,55 0,268 0,443 0,68 1,06

0.6 0,278 0,492 0,66 1,07 ,
0,65 0,288 0,540 0,75 1,10 ;
0,67 0,292 0,569 0,78 N1 _
0,70 0,29 0,587 0,83 L1

0,75 0,302 0,631 0,90 1,136

0,80 0,304 0,674 0,96 1,14

0,813 0,307 - - 1,14

86 0,303 0,711 0.99 1,137

0,9 0,293 0,744 1,04 1,13

0,95 0.286 0,771 1,06 1.09

1,0 0,250 0,785 1,0 1,0
Qopuyan (29) m (31) MoxHO TPEACTaBHTL TaKXke B BHEE .

o=B Wy/i; . (35)
g=AKy/i, S (36)

rae Wp 5 K, — cOOTBeTCTBEHHO, MOJY/H CKOPOCTH M Dacxoaa. Npm
NOJABOM HaroOJHEHAH TPyGonpoBosa. OuweBHAHO, 4uTO OHA 38BHCHT
TOABKO OT KMAMETD2a W MaTeépHaza (3nauvennn n).

Hns xpyramx Tpy6 MX 3maueHHsl MpeACTaBJEHR B Taba 8,
Ho @

Wy i =vy 37)
Koy 1= gu, (38 |

PAE @, B g,—COOTBETCTBEHHO, CKOPUCTH H PACXOA NPH NOZHOM 2ANOAREHHN cede-
aus rpybu, -

ChneponatesLno,

B =vfvg; A=glgn, (99)
29
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Puc. 12._3aBECEMOCTSh DAPaMeTPOB A B B OT cTeneHn HanoJ-
Hends TpyGonpoBoas

TABJIULIA 8

[ 3navenus Monyxelt pacxoxa, 4/c, m ckopocTH, M/c, ana Tpy6
/014) ¢ DOAHBIM IANONHEHHEM CedeHnd

d K, w d K, v
80 7,61 3,9 700 8698 22,6
7% B 5,1 800 12406 24,6
100 48,4 6,2 900 16998 26,8
1% 88,3 7,2 1000 22440 28,6
% 143,0 8,1 1200 36560 32,4
308 9,8 1400 56100 35,8
260 658 11,4 1600 66400 37.6
908 12,9 1600 77891 39,0

1363 14,2 2000 142340 45,
1954 15,6 10 51,0
2680 16,9 2500 257620 62,4
3646 18,1 417390 69,1
A 5766 20,4 3400 580840 64,0
. 4000 897161 71,4

T. e, ABJAIOTCA OTHOIUCHHAMH CKOPOCTefl H pacXofOB NpH YACTHIHOM
NOHOM SAROAHEHHH TPYO.

U3 agausa npHBEfeHHHX BHIIe (GOPMYs fICHO, YTO BEJHYHHH A
u B 83BHCAT TOMBKO OT CTElleHH HANOJHeHHA TPY6 (Tada. 7 H pue. 12),

Mcnomp3oBanne oGoGmeRHMX mapamerpos /A ® W, mpeacras-
JeHHHX B Ta6a. 8, B napamerpos A u B, npeacrassesHnx B Taba. 7 H
Ha PHC, 12, CyWeCTBEHHO YNpOIlaeT pacieT CaMOTEIHHX 3aMKHYTHX
TPY60ONposeAOoB, MeTOAMKH pacueTa pasHWX 3a/ay ONHCAHH B JAHTEPa-

Type 10 ruApasinxe [9]. 3Mec, MW npuBeleM METOJHKY pelUCHHA JHIb'

OfHOM, HO HaH(O/ree CJIOKHON 3aAauH.

3apaua, OnpenennTs d AJA OPONYCKAa PacXoda ¢ UPH H3IBECTHOM
YKJIOHE ¥,
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Pewenne, [puuumaem A=1. [lo ¢opmysre (36) onpenensen
Kua'= ¢/ (/1) /

Ilo ta6n 8 no Giuxkafimemy GosblueMy MORyJio npEHHMaeM di 3a-
TeM onpeje/seM CTENEHH HANOJHEHHs TpyGompooaa. [ijs mpAHATOFO

d no tabn. 8 ycranasiuBaeM K l: H mno ¢opmyae (36) onpenensem

A=g/(Ka"y D).

Ilo ta6n, 7 uau mo rpaduKy Ha pHC. 12 ompeZlessieTc CTENEHb HanoJ-
neEnss, Ecan osa me ynosiersopser tpeGopammsu CHull, To npmmm-
Maercss ®OBHA d H pacdeT HANOAHERHs NOBTOPSETCH

3arem mo paccintanHoMy d  h/d mo Taba. 7 B 8 ompeseasOr
Benmurne W, # B # no ¢opmyae (35) ompenensior cKOpPOCTb

v=208 W,n/ i,

Pacuer cymecTsenno ympomaeTcs MO CPaBHEHHIO  C PacueToM IO
MeTOARKe, NPH KOTOPON HCnOJB3YIOTCA HCXOZHHe ¢opMyas. Oandxo
OH BCe e OCTAeTC CNOXHHM H He NPHEMJEMHM JJIi MHOTOYHCJEHHBIX
MHKEHEDHHX PacueTos. !

Meron pacuera BOJOOTBOAAMMAE ceTel HemocpeacTBeHHe no op-
Myaam (29) @ (31) Gonee mpoer. OxHako oH TpeGyer Golee OGHEMHEX
Ta6ann (deM Ta6n. 7) smauemnk monynefi pacxoma K m Monyseft cwo-
pocta W ana pasaHYEHX RanOJHeHHA TPyGONPOBOJAOB H KOJLAEKTOPOB
pasBeix pasMepoB. CocTaBieHHHE aBTOPOM TaGiHUM 3nateEuR K m
W aasa Tpy6 M KaHaJoB p/aanuqnoro npopuasz ¢ n=0,014 npeacrapie-
Ha B mpua, 1—5. TMomeana 1 pacueTOB H BCHOMOraTeNbHAS TaGAHEE
BeAMIMH [ H V 7 npan 6. [TpefyaraeMelli MeTOX pacuera sibAfderes
PASBHTHEM ONHCAHHOTO METORA C MCIOb30OBAHHeM MOAyJefi pacxopa w
CKOpPOCTH fIPH NOJIHOM SanoJIHEHHH TPYG.

PaccMOTPAM MeTOJWKY pellieHAS PasJMYHHX THIOB 3ajad,

3anaga 1. Oupefie/uTs ¢ H v NPH H3BeCTRHX d, i u h/d.
Pemenne. ITo npun. 1 npr ussectHHX d u h/d onpemensem K m

W. Ilo mpra. 6 onpenesseM BeJnauHy )/ i,  3aTem onpenensioM ¢ H U
no depuyaan (31) m (29)

9=Kvi,

v=Wy1.

INpumep. OnpeneiHTb PacxoR 4 E CKOPOCTb U ABHKEHHS BOAKR B
TpyOe zmamerpon d = 800 m npE manoaseHuH h/d==07 m yxiome
{ = 0,004,

Pemenne. Jasn Tpy6u d = 800 um a hfd =07 K = 10384 afe n
W=276 m/c (cum. npma. 1]. _ _

No npma, 6 ycramasausaem VY ! = y(5,004=0,0632:
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TTo ¢opuyne (31)
g=Ky/T=10384 - 0,0632=656 1/c,

Ilo gopuyne (29)
v=Wy{ =27,6-0,0632=1,75 u/c.

3anaua 2. Onpenenats ¢ u v npx ussectsux d, h/d u q.

Pewetse, Mo npu. 1 npr mseectux d n h/d onpenensiem K u W,

ITo dopmyse (31) onpestensiem
Vi =qIK. )

Mo npun. 6 n peanunne )/ ycTaHaBAKBaeM YKJOH i.
CropocTb _onpefieasem mo dopmyae (29).
fipumep, OnpefeiHTs YKAOW { H CKOPOCTh U B TpyGe d = 1400 Mm
npH #HanoyueHun h/d = 0,6, ecaiH pacxox BOXH B Helt pabem:
q==1700 afc.
Pemtenne. Has Tpy6u d = 1400 mm u h/d=0,6 K = 37000 ajc
B W=2384 um/c (cM. mpar 1).
[lo dopuyne (31) - *
- 1700
}/i=q/K=W = 0,046.

Yxaou i= 0,0021.
CkopocTs oupemeasiem no dopuyne (29)

v=WVi=38,4-0,046 =1,77m/c.

3aRaqa 3. Onpepesuts k/d u o nipR @specTnux d, { 1 q.
Pewenne. [To npna. 6 ompepensiem sesmumuyy/ i
ITo dopuyne (31) onpenensem

. K=gqlyi

Tlo opua. 1 u uspectnnix d » K onpepeasiem h/d. Onpegensie om-
HOBpeMeHHO U Benwumny W. i

CxopocTs ompeaenseM no ¢$opuyae 529).

Mpumep. Onpepeants sanomHeHHe h/d W ckopoctb ¢ B TpyGe
d = 2000 MM, yaomenHOA c ykaonom i = 0,001, ectn pacxox & mefl
q ==21850 a/c.

Pewenye, ITo nprA, 6 onpeRenses

VT =y/0,001=0,0316.
Mogyab pacxona A
K= gly/i = 1850/0,0316 = 58 544.

ITo mpui 1 xas d = 2000 um a K = 58 544 onpenensen h/d =~ 0,45,
Bennunna W=43,2
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CxopocTh onpenensieM no-q:opuyne (29)
' o Wy i =43,2-0,0316 = 1,37 m/c.

Sm;u 4 Oll])eJ’leerb d npu ussecrntix h/d, ¢ B i (o6HuHO Bead-
9YHHa { DPHHEMaeTcs B SAPHECHMOCTH OT YK/OHA NOBEPXHOCTH 3eMJH).

Pemienne. ITo mpha, 6 onmpeaensiem esmunnyy i . 3aveM no ¢op-
Myne (31) onpefeasem ~ :

K=gqgli

[To mpua. | MpH H3BECTHOM WAM HOPMATHBHOM #/d ompeRensem d.
OngoBpeMeHHO AAA COOTRETCTBYIOWHX d R h/d MO NMPHMOXKEHHIO Ompe-
HAensem W. 3areM onpefenseM

v:—-WVlT:

Npumep. Ha pacueTHom yuacTke maunofi i=340 M pacxoj pasen:

g = 75 a/c. OTMeTKH MOBEPXHOCTH 3eMJIH B Hajaje H B KOHUe Tpy6o-

OPOBOAA COOTBETCTBEHHO paBHH: Zy = 71,80 U Zx = 71,20, Ilpous-

BECTH PacYeT TPyOGONpOBORA C yYeTOM HOPMATHBHHX TpeGoBaHHIL.
Pemenne. YKJOH NMOBEPXHOCTH 3EMJIH paBeH: ’

iy== (Zu—Zx)l | = (71,80—~71,20)/340 = 0,0016.

10T yKJIOR MOXHO OHEHHTb K&K CPaBHHTE/LHO MAajuifl, TaK KaK
OH 3HAYHTEJIbHO MeHbile MHHHMAaAbHOTO YKJOHA AaXe AJA Tpybompo-
BOAa MHEHMAAbHOro Anamerpa d =200 mm — i = 0,005. B ueasx cox-
paulennn 3araylneHHR TPyOONDPOBOZXZ H CTOHMOCTH €ro CTPOHTENbCTBA
TpyGOmpoBOA CHe/lyeT IPOEKTHPOBATD C MHHHMAaAbHHM YKJoOwoM. K co-
JKaNeHHIO, AHaMeTD TPyOH NOKa He H3PECTeH, H 3a/auy CJe/yeT pemarh
meTonoM noaGopa. 3agaemcs d=400 MM, AJA KOTOPOrO OPHEHTHPOBOU-
HO fuwn==L/d = 1/400 = 0,0025. Tlo npun. 637 = 0,05.

Hanee ompepesnsieM

K= ¢/y/i=75/0,05=1500 a/c.

ITo npua. 1 onpenenseM, uTo 3amaHHHE pacxon TPy6a d = 400 m
npouycrar npu h/d =~ 0,66<0,7. IIpu stom W = 17,2, a cxopocTb ABH-
XKeHust OyaeT paBHa:

v=WVi=17,2-0,05=0,86 M/c>0,8 m/c.

Ecnm 6H nepsas monmHTKAa C NPHHATWMM IHAMETPOM oOKa3zaJjach He-
APHEMJEMON, TO PacyeT CJICZOBAJIO 6B IIOBTOPHTH.

3aecy cAelyeT OTMETHTb, UTO NPH MNOJMb3OBAHHH JHOGHMH TaGJaH-
naMu pacueT BeleTCA MeETOAOM NoAGopa [AHaMeTpa, 4TO DPH IPAKTH-
BOCKHX pacyerax pbinodHserca mpocro. Jlnamerp TpyGonpopoja HA
PACUETHOM YYaCTKe CJeAyeT MPHHEHMATbh GOJiblre, YeM Ha HMpeAWAYINEM.
Tak qto BHGOp AHAMETPA pErAaMeHTHPYETCH.
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Ins npuMeHeHHs Meroza pacuera C HCHOJb3OBaHHeM Monyned
pacxona B CKOpOCTH Tpefyercd MHHHMANbHHEA o6BeM TAGARN.

Hpu pewemnn sajaun moGoro THmA TpeGyercs BHOOMBATH JHOIM
ONHY apHQMETHUECKYIO omepanmio. 3T0 ycloXHEHHe paciera MO CpaB-
HemHI0 C paeueTaMH N0 TaliunaM KOMNEHCHDYETCS SKOHOMEER Bpe-
MEHH HpH NOHCKE peiueHHA 1o TalauuaM HeGOABMIOro o6meMa.

2.2. OnTHMalbHOE NPOEKTHPOBAHHE CAMOTEYH
TpyGonpoponos '

Ins ofecneyenEs CaMOTEMHOTO JBHXEHHS BOAH B Tpy6ax HX
OPOKJAfHBAIOT C YKAOHAMH, KOTOpHE ONpeJeNsioTcs pacderamn. [lpm
Ee6O/bIIOM YKJAOHe DOBEPXHOCTH SEMAH MAH IJIOCKOM peasede Mecrs
HOCTH NPHXORHTCH YBEJHIHBATD 3arAylieHHe TPy6 H COOTBETCTBEHHO
CTOMMOCTb BX CTPOHTENLCTBA. Kak mnpaBENO, OpH MOGHX  YCNOBHAX
OPOEKTHPOBAHHA DaCcUYeTH [AI0T MHOroofpasWe pemleHns, H aas JA060ro
YKJAOHa MOXHO pacCiATaTb TPYGODNPOBOH, KOTOPHR OH ofecHcuHBaRA
Hponmyck 3aRaHHONO Pacxoaa BOAM.

ITo TexHONOrHYGCKHM COOGPAXEHHAM YCTAHOBAEHH  MEHHMAJbHHE®
(43 ycnoBHs camOOuURmeHHs TPyS) B MaKCHMaNbHHe (HS yCAOBAm HC-
EJIOUEHHS HX HCTHPAHHA) YKJIOHH. [Ipenes H3MEHeHHS AONYCTHMHX YKo
aogop Ana TPY6 pasHHX AHaMeTpOB pasjmmdenm, Hampamep, ans TpyOm
Aramerpou d = 200 MM OH H3MeHseTcE OT ¥ 110 =0,0005 o Loig=0,145,
a ang TpyOn nHamerpom 2000 mm or ¥, =0,008 xe In,,=0,000
Ha umapEMam-fHA YKAOR B psific GAYyYaeB HAKAAAHPBAETCH emle OZHO
OrpaHHYeHHe, YKJOH TPyGOmpoBOAa /oGOTO AHAMETPA He MOXeT GHTL
MeHbile YKJOHA NOBEPXHOCTH 3eMJH, WToOM 3saraybaemne TpyGompo-
BOAa He OHJIO MeHblle MHHEMAJLNOTO, ONPEAENSEMOTrO HCXORS H3
CICAYIOMUX TPeX YCGIOBHA: HCKAOYCHAS IPOMEP3aHAs TPYS, HCKAIOTe«
HHS PpaspymeRHs’ HX BHCLUHWMH HATPYSKAMH H OGeCIeqeHHs NPHCOCAHs
HeHHS W TPY6ompoBofy GOKOBHX BeTOM. YRAOHH TPyGOHpPOBOAOB CAGAYeT
NPOEKTHPOBATH PYKOBOJACTBYSCH SKOHOMHYECKHMH coobpamennsamu. CToR-
MOCTb CTPOHMTENLCTBA TPyOSOmpoBoAa HOMKHA OHTh MHHHMAaJbHORA.

CTOHMOCTb CTPOHTE/LCTBA TPYGONPOBOAOB COCTOHT H3 CTOHMOCTH
ABYX OCHOBHHX BHAOB paboT: 3eMAAHRRX pafoT 1O Pa3spHTHIO TpaHe
e H OOCTelylomefi ¢e 3acHIKe H NPOKARAKH CaMOTO TPySOMpOBOe
Aa, AHanH3 CTOHMOCTeH OTAeMbHHX BHIOB palOT NOKAasWBaer, 4ToO
CTOAMOCTb BHIOJNHEHHS 3eMJARHX paGoT COCFaBAAeT 3HAYRTEJbHYIO
94cTh Or OOMeEeR CTOHMOCTH CTPOHTeAbCTBA TPYGONPOBOAA H CYIeCT-
BEHHO BO3pacTaeT JaXe NPH CPABHATENbHO HEGOMLIIOM YBeJAHYeHHH
TRYOHHH 3alOXeHHs TpyGompoBosa., D10 OGBACHAETCA OCHOKHEHHEM
BHEMKH IPYHTa H3 TPAHWER C GOABIIHX TAy6AH H HEOGXORHMOCTH
BHIOJHEHAS KPEMJCHAS CTeHOK TpaHmlef HJIH YCRJICHAS KpeIJeRHA
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Puc. 13. Mpogoanumit npo-
- ¢uab TPyGoupoBoad

|
|
|
;

CTeHOK OpH Goupmofi riy6nHe, CTOHMOCTb CTPOHTE/NBCTBA MOXET BO3-
pactn eme B Gosbllefi CTeMenH, eCJm IPOKJIajKa TPyGONPOBOAA Gyzer
DPOU3BOAHTHCS HHIKE YPOBHS NPYHTOBHX BOA

OCOBeHHOCT TPOEKTHPOBAHHA CAMOTEUHHX TPYGONpOBOAOB 3a-
KJMIO9aeTcA elne H B TOM, YTO FAyGHHA 3af0XeHMA MOCJeAYIOIHX yua-
CTKOB TPY6, a CJeZOBATeNbHO, H HX CTOHMOCTb, 3aBHCAT OT TIy GHHEL
BAJIOMEHNA HAYANbHHX — NpPeAHAYNIHX YYacTKOB TPYyG. YBeJHdeHHe
sajoxenus TPY6 Ha HAYAJNBHHX YYacTKaX BCErja MepejlaeTcs H Ha NoO-
cienyomne, PacomMotphm cxemy Ha puc, 13. Ha yuacrke 0—I1 BMecro
yknoma #, OHJA  n[PHHAT  YKJAOR  Tpy6onpoBoja  iz>i;, uTO
BH3OBeT  yBeqmYeHHe TJAyOHHH  3ajoXeHHs  Tpyfomposola K
KOHIy yuacTka Ha Tay6HHy A h= (i—)) . Hs cxemu
BALHO, UTO, fldXKe ECIH HA MOCHEAyOMHX YYacTKax YRJIOHH GyAyT
COXPandAThCA HeH3MEHHHIMH, FIyOHHA 3aA0XeEHHs MOCMeAYIOMHX ydacT-
koB 1—2 u 2—3 Bospacrer Takke Ha riy6uny Ah. Cneayer OTMETHTb,
Yo yBeNMieHHe YKJIOHa BHIOBET YMEHbIICHHEe AHAMeTpa TPYGOMpPOBO-
Xa H HeKOTOPOe COKpAllleHHe CTOMMOCTH CTPOHTeJbcTBA. Flo aHanH3
NOKASHEAET, UTO COKPAIEHHe BechbMa HE3HAYHTENbHO IO CPaBHEHHIO C
yBe/AHueHAeM CTOHMOCTH, OGYCJOBJICHHHM YBeJIHUIeHHEM sarJayGaeHHs
TPy6ONpOBOia Ha PAacueTHOM H BCEX MOCHELYIOMMHX ydacTKaX. YBesn-
YeHHe CTOHMOCTH BO3PacTeT C YBeJHUeHHeM MPOTAXKEHHOCTH KOJJIEKTO-
pa. Takum 06pasoM, OuUeBHANO, UTO ONTHMAJbHHE YCJOBH MPOEKTH-
popaHus 0GecneYHBAIOTCA B TOM Clydae, KOTAa TpyGONpOBOAH TNpPeny-
€MaTPHBAIOTCA ¢ MHHHMAJbHHMH YRJIOHAMH.

Ha OCHOBAHHH H3JOXEHHOrO MOXHO cdopMymapopath oCumne
TpABHNa ONTHMAMLHOTO NPOCKTHPOBAHHA CAMOTEYAHX TPyGOmpPOBOAOB
npA pasnuuaoM penbede MECTHOCTH (YKJIOHe NMOBEPXHOCTH seman). Ee- -
A YRJIOM NOBEPXHOCTH 3€MJH MeHblle MHHAMAJBHOTO YKJOHA TpYGo-
NpOBOjAa HJH DaBeH eMy, TO TPYOONpOBOA fIPOEKTHPYETCA ¢ MHHHMAJbe
HHM yKnoHoM, Ecig yKJIOH TMOBEPXHOCTH 3eMiH GoJbille MHREMAJbHO-
ro ykioua TpyGofpoBoia, TO TPYGOOPOBOA NMPOSKTHPYETCA C YKJIOHOM,
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PaBHHM YKJOHY HOBEPXHOCTH 3eMJH. B moGoM caytae B nauaje ﬁai:b
ueTa He H3BECTenw AHaMeTp TPYGONpOBOAa, a CJIEMOBATENbHO, M MHHE-
MazAbHHf ero ykJOH, NOSTOMY 3ajla¥H MO pacueTy MPOH3BORATCA METO-
oM mocjieAoBaTenbHOro NpHGAHMenHA. BHavane sajawrcs AMaMeTpoM
TPyGOmPOBOAa # ONpPEAEAAIOT, OGecnedHT JIH OH NPONYCK pacxoaa ¢
peraaMeHTHpyeMHM HANOJHEHHeM, ECAH HeT, TO PacueT TOBTOPAETCH
Tpr APYTOM NpPRHATOM AHaMerTpe, OTCTYIIEHHA OT STHX NPABHA BO3-
MOMHH, €C/IH N0 TeM HJH HHHM NPHIHHAM TPYGOMPOBOA HMeeT sarayd-
JieHHe 3HaYHTEABHO GOJblle MHHHMAJLHOrO, B 3TOM cayuae TpyGompo-
BOJ NPOEKTHPYETCA C MHAHMAJbHHM YKJIOHOM. OOHYHO 39TO HMeeT -
MECTO Ha y4acTKax Nocje CMeHH YKJOHAa INIOBEPXHOCTH 3JEMJIK ¢ MEHb-
1iero Ha GOJbHIHA,

2.3. Pacuer caMoTEuHBIX TpyGonposoaos ‘ T
€O 3HauYeHHsAMM KO3 PRIHEHTa mepOXOBATOCTH
n+ 0,014 T

Ta6auuu npan. 1—5 cocraBfeHR nNpAE 3HaueHAR Ko3adduuHAeHTa
mepoxosaTtocTH n = 0,014, o uacTo HeOGXORHMO pemHTb 3ajRaud nNo ' g
THAPABJIHIECKOMY paciery TPYGONPOBOKOB H KABAaJOB C HHHMH SHaue- s
musMp xo3pdunmenta mepoxopatoctn. Tax, mampAMep, Ans acGecto- _
meMeHTHHX TPy6 KosddHuHEeHT mepoXoBaTOCTH AOMKeH OHTb NPHBAT ° . -
pabauy 0,012, a p MpaKTHKe NPOEKTHPOBAHAA CHCTEM BOAOOTBEAEHHS =
NPAMEHSIIOTCS SeMAsAHe KaHaAH, AN KOTODHX 3HaueHHe KodpdHIR-
€HTa MIepPOXOBAaTOCTH CYHIECTBEHHO OTJIHWaeTcs oT 7 = 0,014 (rabux 1).
Hns GeTORBHX H JKenesoGeTOHHHX JOTKOB H KaHanhoB Xo3ddHuHEHT
IIePOXOBATOCTH TAKIKE PA3JHIeH H 3aBHCHT OT cmocob6a HSIOTOBJIEHHS
(c6opHHe HAH MOHOJMTHHE, OMTYKATYPeHHHe HJAH HeT, BHNOJHAETCH ~
XejlesHeHHe HAH Her) W KauecrBa pabor. CocTapjeHHHe TabaANN MO-
TYT OHTb NPHMEHeHH TAaKXKe B RAA paciueTa TPyGONPOBOAOB H KAHAJIOB -
¢ kosddamnenTayn mepoxoparocTn # 540,014, !

B AByXx pycnax OAHHAGKOBOrO pasMepa H (OPMH, BO RMEWONIHX
pasamuNLfi K03dHIHERT MWEPOXOBATOCTH, NPH ONHHAKOBOM HANOMHE-
HAH BOAM B HYX COOTHOINEHEE MOAYAef pacxofa PaBRO: ]

Kni/Kns = (@ Cxy/ R)/(o Csy'R) = C1/Ca. o) -

C yuerom ¢opMyan (5) B npHOWHReHHOR 3aBHCHMOCTH ¥ == 1.5,/ 7
cooTeomenne (40) npeoGpasyercs K BHAY

Knt/Ka = (nafny) RYSY 116V, @4 .
ﬂpn n,=0,014 . .
' "N
KM[‘]K", =71 ,4 ng RO.!S‘I.EY;I-.. (422
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TRE x.ﬁ:- : )
pyces prsxmynof Gopuu npEBexend B npaa, 1-6: K;,— MOAyAR Pacxoa npd zio-
oM npOBSBONBLHOM SRAYERAR KO{PPHNMERTA WEPOXOBATOCTH Mg

- RAS BOSMOMKHOCTH HCTIOJNb3OBAHHA BEAHYHHH f s THAPABJIHYECKOrQ
‘pacuera TpyS H KaHANOB OPH 3HAUEHHAX K03} (HIHERTa HIEPOXOBATOCTH,

. OTHOWleREHAM MoAyhell pacxona (NMPH ORHHAKOBHX (OopMax H pasMepax

- XOE XHa pycaa ¢ KospPHOHEHTOM IWEPOXOBATOCTH My N

MORYJb PACXOXA RPB Kos¢dunrenre n= 0,014, 3HaueAHS XOTOPOTO A%

Das ynpomennsa @OCASAYIOUIEr0 HIAOXKEHHA OGOSHAYHM -

71,4 ny ROB-15VR 4 (43)

KoowKn =t (+)

PesyniraTH BHUBCIeHHE sHauenuft { nmo ¢opmyne (43) mpn pas-
HHX SHAYEHHAX 73 B R npueefieHH B Tabna. 9. Us nee creayer, uto oT- i
ROMICHHe MOAyJeR pacxXofa CYINECTBEHHO SaBHCHT OT KosdpdHIHenTa ]
IDSPOXOBATOCTH Nz H BecbMa cJal0 R3MeHAeTCA B 3aBHCEMOCTH OT ;
PHApaBAHYECKOro pamuyca, ITocaeiee OGCTOATENBCTBO BECbMA BAXKHO

@TAHUHHX oT n == 0,014,
CopeplleEHO OYeBHAHO, YTO OTHOLICHAS MOZyJefi CKOPOCTH paBmbl

pycest H HaNOAHeHHR B HEX. BOAH), T. €.
WO'OIA/WI!2 =t . (45)

TABJIUIIA 9.

OTHOmeRRS MOAYJAel PACXOROB R CROPOCTH NMPH PASHMX
x09pPEnuenTax MEPOXOBATOCTH i

OTHOWeHHe MoAyJeft pacxona # npH kooddrunenTax n

Taapasanyec-
KER paxmyc, M| 4019 0,016 0,018 0,02 005 | 003
0,1 0,83 1,17 1,3 1,54 2,04 | 2,58
02 084 1'16 1'3 1,50 196 | 2044
04 0,84 1,16 1°31 147 1,88 230
0.8 0,85 114 1'% 1.4 1,81 218
1.0 0,86 1014 1:28 1,43 178 | 204 ;

B AByX pycnax OfHHAKOBOrO pasMepa R ¢OpPMH, HO HMEIOHIHX pas-
AHYHHA k03¢ HIHEHT IMEPOXOBATOCTH NPH OXKHAKOBHX HANOAHECHHAX
# pECXOAAX BOAK B EHX, OTHOLIEHAE YKJIOHOB PABHO:

i,,i/i,,,= (KnQ/Knl)’n ) (46)

v

Tipa n, = 0,014

l'o.ou..’in2 =(Kn2/Ko-oit)’= 1/, (47)

l;le'l.,.u-yuoa ama pycra ¢ kosdduumenToM wepoxosarocth Nw= 8,014; I, — yx- 5
3
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Vpasnesns (42) ® (45) moasoJAIOT pelwaTh  PAIMHIHH an;}iaqu
§0 IRAPABAHTECKOMY pacuery TPYGOMpoBOACB M KaHaJ0B, HMEOIIEX
KOSOHIHEHTH [EPOXOBATOCTH, OT/HIHHE OT n==0,014, o Tem N

Ta6AHLAM.
PaccMoTpus HeCKOJbKO IPHMEpOB.

Mpumep 1. OnpeAesnTs YRJIOR { H CKOPOCTH v B acGeCTOHNEMEHT-
mom tpyGonpososie d=300 Mm TpH HanoJHexuu Ah/d=05, ecau pac-
Xom BOAM B Hem pasen: ¢ = 32 a/c.

Pemmenne, B Hauaje OnpefiesiM YKIOH fooy4 B TpyGonposege G

KoshdunuerTqM IEPOXOBATOCTH 71 = 0,014.
nﬁﬁ prﬁu d = 300 MM npH h/d = 0,5 KO.OH = 454 .n/c '0.0" =

=129 a/c (cm. mpua 1),
ITo éopmyne (31).

[0,014=Q/K0'014 = 32/454 = 0,0705.

Viaoa 1gg4= 0,008

VKJIOH AC6eCTOLEMERTHOTO TPYGONpPOBOAA ONpefeHM 3 COOTHO-
IHeHus 547). OrHoweHRe MOAYJet pacxogos mpH R = 025d==
= 0,25.0,3 = 0,075 M f=10,83 (cM. TabmL 9) ‘
9="10,014¢=0,005 - 0,83%=0,0034.

TpyGOnpoBONa ONPEAETHM

o,01
Mozynb CKOPOCTH acOeCTOIEeMERTHOrO
go dopmyne (45)

WO.012= W0'014/t=12 ,9/0 ,83=15 ,5 M/c,

4 CKOpOCTb
v =W 015V ig,013=15:5/0,8034=0.9 w/c.

Ona MOXeT OHWTb ONpeje/eHa H TaK:

8.0,032
. v=q/w =8q/nd’=3—,1ro—’3'§=0,9 M/c,

Mpumep 2. OnpeseNHTh pasMepH TpamellenianbHOro Kamata €

n =002 pist npomycka pacxoaa ¢q =750 afc.

Pemenne. llprunmaes YEAOR AH& KaHaia t = 0,003 (oBuuHO
YKAGH HASHAUAETCH B 3ABHCHMOCTH OT peaieda MECTHOCTH, a Hocae
SABepINEHES pacueTa OH MpPOBEPAETCA C yIeTOM pasMHBaome} K He-

sanasomed cxopocred).
Moaynb pacxoja paBeH:

Koo =qlVi=T50/)0,003=13686 a/c.

B coorBercreEE co 3HaueRHeM n = 0,02 mo TaGn. 9 onpexeaseM ’

?=15.
Ilo ypasmenmio (44)

K0.014'=K0.02 t=13686-1,5= 20:529 aje,

§

Tlo mpun, 4 noafhpaeM paSMEpH EARAAA C SANOMKEHH oco.y
N l,‘: - 0.0 M, h?g- 0,32; 0'0“==3‘l: m/c. o o

" Mexyab cxopocTH B KaBane o i = 0,02 onpezeanM no dpopuyae (453
Wo,00=Wo014/ ¢ = 31/1,6 = 20,7 m/c,
Cxopocts B kamase OyAeT pasma:

9 == W02 Vi-=20.7 ¥0,003=1,1 wfe.

Ha »TOM MOXNO H SapepmmTh pacder. Ho npoHsBeseM HNpOBepEy
paouera,
TFaybuxa motoxka BOAN B KaHane

h=5.0,8=0,6-0,8=0,49 u.
JKusee cevende Xanaxa
© = h(0+-mh) = 0,49 (0,6+1,5.0,49) = 0,65 ut.
CuoueHEN mepAMeTp
L=0+2VT+mh=0,6+2)/T+1,5 0,49=2,37
I'mxpasnuvecknk paanye

4
R= wjy = 0,65/2,37 = 0,37 u.

Ile 7raba, 9 mposepsien .
Gamszo x ncrm"é’..y”s:m;’;ﬁm‘m aprusroro snaven:s {, Omo
CxopocTs ABHXeHHs BOAH PaBEA: .

v = g/o =0,75/0,65=1,1 uM/c.
; ", Oma HEpaxTHYeCKH DSBNR p&Hee BHUHCACHHOH.

! 2.4, I'appaBanyecknfl pacuer HaNOPHHX
: TpyGonposogos

OcHoBHbIE pacyeTHbe 3ABHCEAMOCTR

Ecam sMpasuTb CKOPOCTH Uepes pACXOX BOAH M Ceverne TpySompo-
- BOAR, 10 ypasHenne (20) mpeACTaBHTCA B CAeAYOMEeM BRAE:

k== (8)/g n2db) igb, (48)
OGosuawnM
8)/(grtds)= A (49}
‘"
Al=S8 (50)
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- b= Algt = Sq*. 1)

BeaHYHHY S HasHBAIOT CONPOTUBAEHUEM Tpybonposoda, a BeAusls
#y A — yGeabRoLM CONPOTUBAERUEN, TAK KAK A=S/t,

Hanopise TpyGOMPOBOAH CHCTeM BOAOOTBEAEHAR nuuonnnmcﬂ
fIpeAMYIIECTBEHRO H3 ®ejne3o6eToHRHX TpyS. Jlaa HHX xalpax-nepfm
paGora B KBAAPATHIHORN o6aacta comporupienns. C poctaToumol TOY-:
HOCTbIo MOXKEO CUHTATb, YTO HAMODHEE TPYGONPOBOAW H HS APYrRX
Marepuanos (acOecTONeMERTHHE, YyTyARHE, cTanbRHe) Takxke pa6o-
TalT B KBAAPATHUHON OGNACTH COMPOTHBJIEHHA. B arof o6nactH Kosd-
<paumeHT rUAPABJIHIECKOrO TPEHHA )\ 3aBHCHT TOJbKO OT [HameTpa
Tpy6 ® KospdHuHEnTa 1IepOXOBATOCTH (uatepnana H KadyecTBa H3ro-
romneruss TpyS). ClemOBATENbHO, H YAeNbROe CONPOTHBJCHHE Tpy6O-
mpososios A TaKxKe 3aBHCHT OT AHaMeTpa H maTepHana TpyO.

®opuyna (20) ¢ yuerom 3aBHCHMOCTH (15) u d = 4R npeoGpasy-.
ercs k @opmyne Ilesn (2), xoropast Ais HAMOPHHX Tpy6, rpa60'rap-
IEX BOErga C MOMHHM SamoJHEHHEM CeleHHS, MOXET G6HTb 3anmcaHa

v= \V,.Vi_, (52)

Tak:

4 popuyaa AJisg pacxona

g=KaV'i. (53)
Moayan ckopocTH H pacxoga  Anaf paccMaTpHBaeMoOro  ciysas
PaBHH: )

W.—CVR=CVIE
Ky= o CYR=(rd%4)C Vd/4.

Hs q)apuynu (53) ¢ ydYeTroM 3aBHCHMOCTH h =il cneayer

h=(1/Ks® - I ¢ (54)
Cpasnenne dopmyn (61) ® (54) npHBOART K BHBORY
A= K2 (55)

3nauerHs KosddHIUHEHTA LWEPOXOBATOCTH N AJA HANMOPHHX H Ca-
MOTeqHMX TPYS, BHOOJHEHHHX H3 OXMHAaKOBOr0 MaTepHala, NpaKTH-
qeCKH PaBHH, [J09TOMY BENHYHHH YAEJILHOTO COMPOTHBJCHHA JMeJe3o-
GeTorHEX TPY60MpoBoA0B A MOryT GHTH BHYHCIEHH no (opmyne (55)
W 3uavennsm K, , npHseieHHuM B Talx 8. PeayabTaTh BHUHCJASHRA
upHBeAeHH B Taba 10.

TABJNIUUA 10
YEaveHns YACALHOTO conporupienus A aas g, u¥/c (n=0,014)
d, ux A d, MM A
100 427 900 o,'ggggs
126 128 1000 0,00]99
150 ,9 1200 0,000748
200 10,54 1400 0,000329
250 3,21 1600 0,000165
300 1,21 2000 0,0000494
350 0,53 2400 0,0000138
400 0,262 3000 0,00000674
450 0,139 3400 , 00000296
500 0,079 4000 ,00000124
600 0,0310 - =

HUcnosbays snayeHns Beaugun A, npHBefeHHHX B Ta6a. 10, mo
¥pasreruio (51) NpPOH3BOAMTCA pacuer HANMOPHHX TPYGOMPOBOAOB.

®opuyaa (22) ans pacyeTa KOPOTKHEX TPYGONPOBOAOB TaKKe NDH-
BOMUTCA K BHAY bopMmynan (51)

h=S8gq*+ 2{(v*2g) (56)
H
he=3S8gq®+ Sug* 67
Ee MoXHO mpeacTaBHTh B TaK:
h=(S+ Sq (s8)
h = Scq* - (59)

tae S, ~conporHpierne, 06ycI0OBAEHROe MECTHWMH NOTePIMH;

S o= conpoTHEAENAE CHCTEMH.

- B Tex ciyuasx, KOTAa HEOGXOXHMO CTPOHTb XapaKTepHCTHKH Tpy-
-BonpoBoAos — rpadHKH 3aBHCHMOCTH MOTePp Hamopa OT pacxofa, —
TO Heneco06pasHo AJs JOGOro BOBMOKHOTO pacxosia no ypasHeRHwo (56)
ODpeAeJHTh NOTEPI0 HANMOPAa H 3aTeM MO €¢ BeJHYHHE — COMPOTHBJIEHHe
orcreMu no hopmyne

Sc=hig* -

Besmunua S, He 3aBHCHT OT pacxoaa (B KBaAPaTHIHOX 061acTH
conporupaenns), IlonyieHHoe sHaueHHe S, MOXKeT HCNOMB3OBATHCA
A/ onpefeacHHA noTepb Hanmopa mo Gopmyre (59) npn pasnHTHHX
pacxojax BOAH, MPOTEKAOMEX NO CHCTEME TPYGONMPOBOA € MECTHHMH
¢ONPOTHBACHASAMH,

[lpa pacuere Tpy6ONpoBOAGE O 3HAYEHHAMH KO3(OHUHEHTa IIe-
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poxoparocrr, He paBHHMH 0,017, B 3HaueHHAX YACHBHHX COHPOTHRITS-
HER AONXKHA BHOCHTHLCA HOMpPABKA. .

Hs sasucumocret (55) v (44) cneayer
Au- Ao-m 2, ’ (m)

TRe Ag.q~3HAuEHAs YALALHOTO conpoTHBAeHHE TpybonpoBoAa ¢ kospPHnUenTOM
mepoA;o'xia‘noc'ru n= 0.’(\)14. KOTOpHe mpuBeaeHH B Tala. 10; Ay— 10 e, ¢ JoGum
nponosnogbnul snavyenneM n; f — orHoweHHe (44), 3HAMYEHAY KOTOPOro NPHBEAGHN
» Tala, 9,

~

Jlns ynpomlleHHs PacueTop BNUHCJIEHM BEJHUIHHH {2 B 38BECHMOCTR
or KosdANHERTA MEPOXOBATOCTH H AHaMeTpa Tpybomposoxa (raba. 11).

TABJIHUIIA 1}
Bearuunu 9

Bearunnn #* npH kosdprunente n.
d, MM
0,002 0,016
400 0,69 1,37
800 0,71 1,36
1600 0,71 1,32
4000 0,74 1,30

Ilpn6anxenno ans moGoro auameTrpa TPYOH BeAHuHHa I3 mMoXey
OuTe Onpedenesa no popMyae

A=5,1n2 . 10, (1)

KospdRnuenTH MECTHHX CONPOXRBACHHA

KosjdruHeRTH MECTHHX CONPOTHBAEHHE ¢ 3asHcAT OT (GopMH B
FeOMETPHYECKHX PASMEPOB MECTHHX CONPOTHBACHEA ® uncaa Pefinoank-
ca notoxa, BamsieBe uncia Pefinosbica NPOABAAETCH AHMDb B HEKOTO«
PHX CAYYafX, XAPAKTCPHIYIOMHXCA NOCTCNCHHHM H3MEGHCHHEM BEAHUNe
HH H HaNpaBJieHHA CKOPOCTH HJR MajhMH pasMepaMH HPOXOJHOTO 0T«
BepCTHA,

Huxe u3naraiorcs pexOMERAauHH IO oNpefeNcHHIO KoshdumHen-
TOB MECTHHX COIPOTHBJHHH, OTHECCHHHX X CKOPOCTH 38 MECTHHM Co-
NpPOTHBJCHECM, 4

HArs enesannozo pacwuperus Tpybonposoda (pue, 14, a) no dop-
Myne Bopaa

Conepe= (wafog == 12 (63)
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a)l 2 4) , 2
-—-J 9‘1,//'— U I p )
! —_ R -1 2
AR A —
wy Wy|2 @ 2

Puc. 14, MecTHMe CONPOTEBNEHHS H 3ABECHMOCTE OT HIMEHEHHES CeYeHHS TPY-
6onposoaa

@ ~ BHe3amHOe paclmEpeEHe Tpy6ompoBoma; O — moCTemeHRce pacIHpeHme i

Tpyfonporona; & — BEESaRHOe CYXERHE TPYCONpOBOAa;2 — MOCTeNeHHOE Cyxxe-

HHe TpyGOnpoBOxa i

Suauenus xosdduuuenra Cpy, pUPH BHE32MHOM DACLIHPEHHH TPYGo-
mpoBoja mo popmyae (62):

@y, . .. 10 9 8 7 65 4 3 2
1

6 1
Ggmp -.-31 64 49 35 26 16 9 4 0

Koshpuuuenr MecTHOrO CORpOTHBJEHAN, OTHECEHHHA K CKOPOCTH
HoepeR MCCTHHM CONPOTHBJCHHEM:

Conp= (1—w1/og)® (63)
ZAan nocrenennozo pacwupenus TpyGonposoda (pume. 14, 6).
CH-p = Kn-p- CBH-Tp'. (64)

rIe K’a_p--xosdp(bunuem CMSTYeHHs, 3aBHCALLHA OT yria KOHYCHOCTH &,
Suavenne kosppuunenta cmsrvenns K, . .

16 20 25

@, rpas,. . . . 8 10 12
. 014 016 022 030 042 062

mp e
Has snesannozo cyscenus Tpybonposoda (pme. 14, 8)

Loee= (1/e —1)2, (65)

TEE 8 mm @cy D;— KOSPHHUACHT C:ATHA CTPYH, BEIAYNHA KOTOPOTO MOXET Ompexe -
X2ThCN mo upHOARkennoR dopMyne A. . AapTwiynad:

¢ = 0,57 -+ 0,043/(1,1~n), . (66

TAC 13 == @y/®; — CTEHEHb CKATHR MOTOKA.
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a) o/ i Prc. 15. CxeMM BXOAS B TPYOY
M n n G~C OCTPHME KpOMEaME; 0 —
! & \ —, ¢ 32KPYrACHHHMHE FDPOMEGME . . o N Lx
| e 17} o | : ., e
i -/ ~Sa (’ ~ g m= 0)2/0)1; n= (.I)n/(.l)l. a
n
| s Haa neagparmMu B TpyGe noCTOAHHOTO AHaMerpa (puc. 16, 6)

~

Prc. 18. Cxema

Ca=(l/ne—1)2 (69)

y CTAHOBKH | ABEA(-
parmsi a)|l 8) o vz 3uavens g, 1
4 — npu H3ME- Q.)’ 2 L L L % X
REeBNH  ARAN - A C ;
gl ) ) naBS®, . . . ot 02 03 04 05 06 07 08 095 10 4
g i = I oo e s e %0 % Y Y W B ' |
- NOCTOSAMHOTO  AH- Wy — o :
amerpa - ] wa‘mz . - Has nrasuozo nosopora Tpyber (koneno, oteon) (puc. 17)
1

Cnos = Lo0° 4, (70)

loe® — KO (PHIACHT MECTHOr0 CONPOTHBAEHHA NPH nosopore xa 90°, xoTophft )
BECHT OT oTHOMCHWS Rjd # koaddrunesTa rHAPABANYECKOTO TPEHAN A} 84— K0ad- b
’“nﬂeut, sapRCAAR OT yria nosopora . o

Puc. 17.5CxeMa naapHoro HoBoPora TpyOH

" Kospdunnent S, MOWer omperenstica mno dopuyae A. IL,
AmTutyns

Lon®=-[0,2 4 0,001(1001)8]}/ TR n

3uauenne kosdduunenta ¢, . 10 bopmyae (65): ann 00 Taba. 12.

TABJANLA 12

Comce - - - 041 04 038 03 034 030 03717020 016 010

3nasenns xosdpdrnaenta (g°
! n=ayfo, .. 00 0.1 0.2 0,3 0.4 0.5 0,8 07 08 091 o

i i |
I Bag 1py6
| HAR nocrenennozo cyacenus Tpybonposoda (puc. 14, 2) g . . l . , 6 l 1
I M
- | .
. bne=Kn.c. Loncs . (7)) Faamxue 0.2 o.14 it 0.08 ol
_ Hlepoxosarse 0,62 0,28 0,23 0,18 0,20
rae Ky o —K09((RUHEHT CMAr4enHR, 3aBACKIHKA OT YIal KOBYCHOCTA @ -

Srasente xospguunenta Ky, KospdHuuent a npr d<90° no A, §I. Muaoemagy:

a=sina, {72) N

Maa orsereasenud 3navenusa kKosb¢HNHEHTa MeCTHOrO CONPOTHBAE-

@, TPAR. + . . 10 20 40 60 80 100 140
Kge«os-a. 04 0256 02 02 0304 06
Jan cayuan €6x00 8 Tpyby us pesepsyapar ko3hQHIHEHT MeCT-
’ HOTO CONPOTHBJEHHR 3aBHCHT OT (OPMH H pasMepa KPOMOK Hagana
Y Tpy6onposona. IIpn ocrpux xpomkax ¢, ==0,5 (pme. 15, @), mpm sas
b

"HA OT ycAOBHA OTBOAA MpEBPEleHH Ha pHc, 18.
KDYTICHHHX a o 6 - 2 . Man gsadsumxu (puc. 19) koapduIEEHT MecTHOro oonpo'rns.neﬂna |
" (gz: 15H . KPOMKax H IIaBHOM BXOA® NpHOARXeRAR ¢, =0, saBHciT o7 cregens ee orupihs (d — h)/d = S/d. ’
4. Asn Guappazsss WG quAuNOputecros TPyGonposods B Mecte W «,  SRETHAR KODPOHIHCHTA Cypp : X
i ‘ ueneHHs AHamerpa (prc, 16, a). (d—h)ld- c.. 0 1B 2B 48 58 ?’s |
. . Gt (U € —1/m)h, 08) Cqups ++ -+ 00 007 02 0B 206 562 179 )
“ Has sagsumxu JIyAno NIPH NMOMHOM OTKPHTHH §. .. =0,11—0,12.

|
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Pnc. 18.", CxemujorBerBaenuft rpyGo- Puc. 10. CxeMa SaxpHMKKR )
HPOBORA:= K sHauerHs xosddrnEenTa

MeCTHOI0 COOpOTHBACHRS

Paec. 20. CxeMbl ARCKO=
BOro Khamana a g o6par-
HOro kiamawa §

a) §) o—

Q] —=
e i e

Asa genrused: ¢ npAMEM WnHEAeneM G, =3—05,5; ¢ HaxkJIOHHLM
mnanfenem g . =1,4—1,85,
Asa ouckosozo xaanana (IpH NONHOM OTKPHTHH) Ha TpyGe 6Oab-

moro auamerpa (puc. 20, a) 3naveHHe KoI(ppHIHEHTA ¢z, MOXKHO
OPHOJHIXEHHO ONpelatiTh no dopMyae

Lg = ald. {73}

Aas wapnuprozo (o6patHoro) knanana (puc. 20, 6) Gox =17

{NpH HO/HOM OTKPHTHH).

3naveyns KoshGHUMEHTOB ¢ ANA JPYTHX MECTHHX COMPOTHEICHEA
Moryt 6uTh RafiieHH B paborax [3, 9, 10].

IpuBeseHnHe 3HAUeHHS KO3(GGHIMEHTOB MECTHHX CONPOTHBJEHHHA
COPaBeMJMBH JMIIL NPH PACNOJOXKEHHM MECTHHX CONPOTHBJEHAR HA
paccTOfAHHH, GoJablleM AJHHH BIHAHHA MECTHHX COMPOTHBJEHHH, KOTO-

pos Moxcer GHITh onpefleieHO NO (popMyJe

lyp=0,5di/n

[Tpr6mxenno I, > (30~—40)d

Ilpocroe cymMHpoBanne KO3GOHIHEHTOB ¢ HOCTeAOBaTEIbHO pac-
NOIOXKEHHHX CONPOTHBJIEHHA JdeT JHMIUb TNPHOJHIKEHHBIA pe3yabTaT,
KOTODHIA MOMeT GHTb B 60Jbllle H MeHblIe (haKTHUECKOTO.,

Npumep 1. Paccuurate AOKep uepes peKy AJMg NPOIYCKAa MAaKCH-
MajbHOrO pacxofia ¢ = 130 Ji/c. OTMeTKa YPOBHSE BOJH B NOABOZSIIEM
Tpy6onposoge z; = 81,500, IMonyckaeTcs MOATOMJIEHHE «MOKPOf» UacTH
BepxHelt xameph MioKepa Ha 0,7 M BHlle OTMETKH YPOBHA BOJH 2j.
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Puc. 21, CxeMa giokepa wepes pexy

Pewenue. TlpepycMaTpHBaeM JBe HHTKH TpyGOnpOBOJOR, B KaX-
Xofi W3 KOTOPHX pacxXoi GyZAeT paBeH:

qr=q/2=130/2 =65 a/c.

B COOTBeTCTBEH C PeKOMeHJALHAMH anH [8] npamMMaen ckopocTs

ABHHRHAA BOAH B TPy6ax v==1 ‘m/c
.JHameTp Tpy6 NoMmer OHTh paBeH:

d =V (4¢)/(~v) =V (4 - 0,065)/(3,14 - 1,0) =0,288 u.

; Tlpunnmaen nmamerp Tpy6 300 mm. Ckopocts B muX 6yaer pabna:
v={4 /(= d% = (4. 0,065)/(3,14 - 0,3 = 0,99 m/c.

- C y1eroM mOiEPEYHOro CeueHHs PycJa PexH M Tpe6oBanui CHull
8] o npoxpanxe TPYG HDPOEKTHpYeTCS NPOAGILEHA NpoduIb AlOKepa B
CTAHABJHBAIOTCS HEKOTODHE €ro reOMETPHYECKHe pasMepH (pHc. 21).
;:gga TPYG L9 = 75 M; yrim mosopoTa TPY6 @y == ag=30°, ag= a =
Homepr manopa onpeaenEM mo dopmyae (56)

U’
h==Sq'+ZCﬁ.

Axns yerpofictea AloKepa IPHHHMAIOTCR CTANBHHE TPY6H ¢ n = 0,012,
¥aearuoe” conpoTHBIIeHne TPY6ompoBOAa onpejenHmM 1o tdopuyne (60).

Yaensuoe comfo'ruwvenme TpyGonpoBoga ¢ Ko3hdHIHEHTOM uepo-
xosarocty n = 0,014 onpepensem @o Ta6a. 10, Has 1py6u d = 300 mu
OH0 paBHO: Ag gy =1,21. Bermuwna £2=0,69 (cm. tada. 11).

C yueToM HOMYUeHHMX AaHRHX YAeNbHOe CONPOTHBJAEHHE CTaJb-
&oro TpyGompoBoaa :

Aais = Agwors # = 1,21 . 0,69 = 0,83,
Conporussenue Tpy6SonpoBosa no ¢opmyae (50) pasHo:

S = Agio1a Iy =0,83.75=62,25.

. - Onpexesum Temepr sesn
L HHHH KO3((HUHEHTOB MECTHHX CORPOTHB-
}; Xe#ufi,. Ha xaxpoR mwrke TPYGOMPOBOJa MMEeTcH WO ceMb -ugc'mux

. CONpPOTHB/EHRA,
- 7 (guc. P 1‘;'1'*141’! Ha cxeme niokepa omm oGosnauenn momepamu or | zo
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MecTHoe cONpOTHBAenHe I —Iepexon OT OTKPMWTOrO JIOTKA X

8aMERYTOR TpPyGe, paloraiomell ¢ MOJNHHM SamOJHEHHEM. 910 MedTHOE
CONpOTHBACHHE MOXKHO DACCMaTPHBATh K&K BHE3ANHOE  CYMERHE ©
wy/ ©;=0,8, KosppHiHeHT MECTHOr0 CONPOTHBJAEHHA ton.c=0,16 (cm.

n. 24).
MeCTHOE CONMpPOTHBJEHHs 2 — 3a/BHXKKA, IIpH noaHOM OTKPHTER

Caans =0 (CM. I, 2.4)_
MecTHHe conpOTHBaeHHs 3 H 4 — mJaBHHE MOBOPOTH TpyOH Ha

yron 30° ¢ Rjd=4. Kospdrunenr Co®=0,23 (raba. 12).

2{gg= 20 siNa=2.0,3.5in30°—=2.0,23.0,5=0,23
[bopuyan (70) w (72)}
MecTHHe CcONpOTHBAeHHS 5 H 6 — mJaBHHE NOBOPOTH TpyOH Ha
yroa 20° ¢ R/d=4. i
2= 20lgesin=2.0,23. sin20°=2.0,23.0,34=0,16.

MecTHoe CONpOTHBAGHHe 7 — NMEPeXOA OT 3aMRHYTOR TPyOoH K

OTKPHTOMY JIOTKY. DTO MeCTHOE CONPOTHBJIEHHE MOXHO PacCMaTPHBATHL
K&K BHe3alHoe paciiHpense ¢ @/ ©3=0,7. KospdHuHuenr mecrroro con-
POTHBJIEHHS, OTHECGHHHA K CKOPOCTH B TpyGe Alokepa (K CeueHHI0 ne-
PeA MEeCTHHM COMDOTHB/JIEHHEM), ONPEAE]HM MO dopuyae Bopra (63)

Coup = (1— oyfog)? = (1— 0,7)*=0,09.
Cymma Boex K03 QHIHEHTOB MECTHHX COMPOTHBJEHHA paBHA:

¢ =CBH-c+ taann- +2Q°+2C.o+Can.p =
=0,16+0+0,234 0,16+ 0,09=10,64. .

R—

Tlorepr Hamopa B AIOKepe PAaBHH: N

0,999
h=8q¢% % EC%-=G2.25 - 0,0658-4-0 .M—m' =0,34 M.

OTMeTHa YPOBHA BOAH B HHMKHeH nxau_epe Alokepa GyAer papHa:
Zy=2,~h=81,6—0,34= 81,160.

Ianee ¢ yseroM HanofuewHs B TpyOe MOXHO BHUHCAHTL OTMETKY
caMoregHofi TPYOH, BHXOAAmed H3 HHXKHefl KaMepnl JJOKepa.

1o onuod muTke (apapuAnnA cayuad).
CKOpoCTh ABHMEHHA BOAH IO OXHOA HHTKE, K&K H pacxol, Bo3-
pacter B ABa pasa H GyAer papHa: .

Vap=20=2.0,99 = 1,98 M/c,

[lpn paGote OAHOA HHTKH NPOH3OAZET MOATONJIEHHE BEPXHeR Ka-
MepH KIOKEpa H H3MEHATCA YCJOBHA BXOAa BOAH B TpyGy Ajokepa. B
9TOM cayeae KosHIHEHT MECTHOTO CONPOTHBJCHHA 1 caepyer NPHHATH
TaKHAM e, KaKk B clyuae «BXOL B TpyOy H3 pesepByapas, papHHM:
tnx = 0,5. R
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TponspeneM npoBepKy PaGoTH RIOKEpa HA MPONYCK BCETO pacxopa

CyMMa Bcex K03$)(GHIHEHTOB MECTHHX CONpOTHBJCHHR GyAeT paBHa:
2{=0,5404+0,234 0,164 0,09=0,98,

Tlorepr Hanopa NpPH NMPOXORE BCEro PacXofa BOAH NO ORHOR HHT-
¥e& OyAyT paBHH: -

v2 2 ’
hyp = Sqg® +32 §2—g= 62,25 .0,13*+ 0,98%=1,25 M.

" Ioxronnenre » BepxHeAl KaMepe AlOKepa COCTaBHT
= hp=1,25—(81,6 — 81,16) = 0,91 u>0,7 .

Yro6u oGecrienTs NOATONJICHHe DPaBHHM 0,7 M, OTMETHA YDOBHZ
BOAH B HHXHCA KaMepe AOMMHA PAaBHATHCH:
=5~ hyp=2,+ 0,7 — h,p = 81,5+ 0,7 — 1,25 = 80,950, ‘

CnenobaTesbHO; € YJeTOM 3TOR OTMETKH ROJXHAa OHTh IEpecuHTa-
Ha H OTMETKa JIOTKa TPy6OmpoBOAa, OTXOAAILEIO OT HAXHei KaMephk

JioRepa.
pumep 2, PaccyHTaTh BCacHBalOlHe JAHHHH H HANoOpHHe TpyGo~
gago;m HACOCHOA CTaHUHH, 0GOPYNOBAHHOR TpeMS HAcCOCaMH MapKB
T" 450/22,5, onup u3 KOTODHX pe3epBHHfA. ITOCTPOHTD XapPAKTEPHCTHKR
ACHBAIOMER JHHHH H HANODHHX BOAOBOAOB. [NHHA BHEHHX JHEAR
PHHX BOJAOBOROB [ =850 M.
- Pewenue. Pacxoa BOAH, NOZABAEMOA HACOCOM:

q = 450 m3/y = 0,125 M3/c,
Onpeaemum puaMeTpH TPyGOMpoBoAoB. TIpHHHMaEM CKODOCTH ABH-

’ MeRNs BOIH BO BCACHBAIOIIEM TPYGOMPOBOAE Upe = | M/C. -
_uerp 1pyGonposoza pyGonp BC Mfc. Torna aua

dac=v (49)/(xvsc)=)/ (4 - 0,125)/(3,14 - 1,0) = 0,399 u.

Fpunumaem dye =0,4 M, B XOTOPOM Vs =1 M/

) > BC Q
{IpEHuMaeM CKOPOCTb ABHIKEHHS BOAH B HaNOPHOM
_Jpefenax HACOCHOR CTaHUHH (Ha yvacTEe OT Hacoca Ao

=2 ufc. Torga anamerp TpyGomponoza

'ngyOonponer
OJLIEKTOpa )

4=V (4 (xv,)=V @~ 0,1%)/(3,14 - 2,0)=0,282 u,
Mpusmumaem d,=0,25 M, cKOpOCTb B #€M paBHa:
vy = (49)/(rd®) = (4 - 0,125)/(3,14 . 0,25%) = 2,55 w/c.

Jluamerp KouleKTOpa IeecoO6pasHo NMpHHA : =
‘CKOpPOCTb B HEM paBHa: d prHATS pasti: di =03 u,
. npy paGore oxHOro Hacoca

) 4.0,1%5
Ox= a2 = 3,14.0,3° = 1,77 mfc;




vz,

=300

‘PHrc. 22.7CxeMa 060pyAOBAHEA H TPYGONPOBOLOB HACOCHOH cTANAMH
L ]
npE paGoTe ABYX HACOCOB (npu6AHIKEHHO)

2.4q 2.4.0,125
% ="3,14.0,3 "~ 3,14.0,3

= 3,54 M;c.

CKOpOCTb ABHXEHHS BOXM BO BCACHBalolleM H HANMOPHEIX narpy6-
E€ax, N@aMeTp KOTOpHX paBeH: dn =0,2 M, paBHa:

O o = (4 0,125/(3,14. 0,7 = 3,98 wc.

CxeMa 60IpOBOJIOB HACOCHOR CTAHIMA NIPEJACTaBAcHa Ha puC. 22

Tpu AB;;;{eH’:lP BOAH N0 BCACHBAIOMEMY TPYCGONMPOBOAY MbE3OMETPH~
weckHft hamop 6yAeT PacxONOBATHCH HA CO3JAHHE® CKOPOCTHOTO Hanopa
BO BcachiBalomleM maTpyOke Hacoca H NIOTEPH B TpyGompoBose H ¢acoH-
HARX uacTAX, Be/HuMHa DPACXOAYyeMOro Hamopa pasHa:

a2+ Gt &) (9Pac/28) +

+ (G4 (on 128+ Asc Isc ¢

OnpefesuM suauenAs K0os((HIHEHTOB, BXOAANMX B 5TO ypaBHEHHE,
Mel::moe conporueienre | — BXOAHOH narpy6ox, ITO MecTHO®

CONPOTHBJNEHAe MOKHO PaCCMaTpEBATH, KAK «BXOA B TPYOy B3 pesep-

Byapa> NPE NIaBHOM BXOJe, AAA kortoporo ¢ = 0,2.
y pMecrl:me ©OfIpOTHB/IEHHE 2 ~— KOJIEHO ¢ R/d=2. Oaa wero ga=0,28

Taba. 12).
¢ Mecm)oe conpoTHBIEHHe 3 — NOCTENEHHOE CyXeHHE TpyGONpoBOAS

0 dg =04 M no dy =02 M c yraoM KOHYCHOCTH a=30° Crenenp
Oy EeHHA :

n = ogfoy = d%/d? = 0,22/0,4% = 0,25.

M3 pusoma ma n. 24. ¢y =062 .
Kosdduusent omaryenns K. =0;22 (cMm. oL 2.4.)

50

Kos{bunHeHRT MECTHOrO CONPOTHBJEHHA ONpeAeldEM no ¢opMmyine

) (67) C3= Knc CBH'C= 0,22 . 0,62= 0,14.

MectHoe conpormBaenne 4 — safBHXKa, IIpH NOJHOM OTKPHTHE
. saasuXku Jlymro ¢=0,22,
B ‘ngemnax HACOCHOM CTAHIHH NPHMEHATCA CTaJbHHE TPYOSH o
n=0012, Ilmana X lpc = 2 M. YaeqbHOE CONpOTHBREHHE TPYGOMpPO-
BOXa dpc == 400 MM ¢ n = 0,014 pasro: Agg, = 0,262.

} Ana cranbHoro Tpy6onpoBoAa yAeJbHOE CONPOTHBJEHHE  OMpefe-
JHM ne dopmyne (60)

Age = Agyoys 12 = 0,262 - 0,60 = 0,18,
 Tae = 0,69 onpexesene mno taba, Il.
ITereps mnanmopa BO BCacHBalolleM Tpy6onposoje

)

o o
hoe= g+ G+ 1) G + o+ L) gg+ Ak =

' 3,982 1,00 \ 3,98

= 2.9,81 +(0’2+°,28) 2-9,8l+(0'14+0’l2) 2.9,81 +

+0,18.2.0,1258 = 1,05 m.
B coorpercTBHH Cc ypaBHeHHeM (51) CONpOTHBJeHHe BCACHIBAIOMe=
' Yo TPY6OmpoBOAa DPaBHO:

Soc = hg/qd=1,05/0,125% = 67,2.

IMoteps manopa B wamopmoM TPYGONpPOBOAE B Hpefenax HacocHOR
~ craEnuA (oT HacocHoro arperara II no Toukn A) pasma:

a
hnan =G Lo+ G+ 1) g7 +

o¥
+ G4 Lo+ lut+ C12)2—g+Aan4’+Axlx¢f-

TIpuGAHKEHHO TPHHMMAEM, YTO B Hauaje H B KOHIe TPyGOmpoBoia
' CXKOPOCTHHE HANOPH OJAHHAKOBH. :
OnpenenuM 3sHawerAs Ko3¢HUHeHTOB, BXOAAMHX B YpaBHEHHe.

Mecrure conmpoTHBNeHHSt 5 — mocreneRHoe pacimEpenHe TpySonpo-
‘BOAE ¢ dp =02 M 1o dy =025 M ¢ yrI0OM KOHYCHOCTH &=20°%
Orro UIeHHe

' oyl = di/d?, — 0,25%0,28 — 1,56.
ITo suBony B M. 2.4. ycTanapaHBaeM Gy up=0,5. Kosdduipent cMar-

wenna Hpp=0,42.
Kosdpunuent mectnoro compoTHBaeHHS onpeAeanM no gopmyne (64}

. C5=Knp. CBHP= 0,42- 0,5=0,21.
5k
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" MecTRoe comppTABIeHHe §— OGPATHMA KJANAaH, AN KOTOPOTQ

gsgllﬁec'moe conpothpieHne 7 —goneno ¢ R/d=2. Jlna  mero

& E&e?méga?&hpgihenue 8 —sapeuxKa, pam Kotopoft gs = 0,12,

MectHoe conporHBAeHHE 9 — OTBeTBJEHHe, AAS  KOTOPOTO

= . 18). -
& Nli'escﬂgg' cg:;:o-mg}xenue 10 — oTBeTBNEHHE, AJAA KOTOPOrO Cio

_I'%e(cc;;‘o;pg&bégﬁmenne 11 — 3agBuxkKka, Aas KoTopod ¢ == 0,12,

Mecrhoe conporhBienne [2-—goaeno ¢ Rj/d=2. Jiaa wmero

= 12). )
e Yngﬁoe(T:gxfﬁMHgneune CTaNbHOTO TPYGONpPOBOAA ffy; =0,25 M pam

#HOfi ly =26 M paBHO:
) Ay=Agou*=3,21-0,60=2,2l
YaespHOE CORpOTHBAEGHHE CTAJBHOrO TpyGonposofa dyx = 0,3 M
Angmoll 1, =05 M paBuoO:
Ag== Agoq, #=1,21.0,60=10,83.
Torepss Hanopa » HamopHoM TpPY6OHmpOBOAe B Npelejax HacocHod
CTRHUYHE paBMA:
By =G+ L4 &+ L) (0"0/29) + Got- Lot
4 Luat Leg) (0/28) - Audng® +Axliq® =,
=(0,214-1,74-0,284-0,12) (2,55%/2 . 9,81)4+(1,54-1,04-
+6,124+0,28) (1,77%/2.9,81)+2,21 - 2,5. 0,125 4-
4-0,83.5,0.0,1258=1,37 M.
B coortsercTsHH c ypaBHeHHeM (51) conporusienue ranoprozo TPY.-
bonposoda s npedesas HACOCHOD CTGHYUU pasro:

S.=hg/q*=1,37/0,125*=87,7,

Hanc;pnue TPyGOupOBOAL (BHEHIHHE) APElycMOTPHM H3 ABYX HH-

=03 M. [Tpu
HHX TPYyGONPOBOAOB AHaMeTpoM dg ¥
' ;g]éxoa:eﬁ eme‘:x%monnoi ﬁl)r,m(e q = 0,125 m’/c ckopocrs B Heit GyZer

M, e). ]
puﬂﬁuek:;oe"{:%négtunm:;lge)sononona ¢ = 0,012 Gyzer pasmo:
Ag=Aop1 #=1,21.0,69=0,83

{Ta6a. 18, 11), a conporusaenue

8.-Ag l.ﬂ 0,83 . 8& =='705 ,5-

ITo ypasremmmo (59) suuucawm moreps mRanopa B TpyGONpOBeXax
(raba. 13, 14).

‘.f

I BCACHBAKNero; 2=
BCACHBALINET0 W HaNOpHOTO 0
BEYTPR HacocHOR CTaHOHH; i~
€ ~ Hanopmoro opmon HETKR

[sBemnero); 4 — @anopuoro J
HABYX WATOK (BHEWHero) /
L

5’ 7
/ <2
<1
0

005 41 G5 424, me

Pgc. 28, Xapaxrepucraya ;| .M '
TpyGonposogos 4

N

TABJIHLIA 13

Norepn Hanmopa BO BCacHBRKOmeM B HanopHoM rpySonposoxe -
BHYTPH CTamnss ,

Bcncguawmuﬂ Hgnopﬂuu c
’ TPy OHPOBOA T) OnpoBOA MMEp-
o Mu%c q* pyconp nu{ no-rzpn-
_Hanopa, M
sac bnc' M sH hn o M
0,04 0,0016 67,2 0,1 87.7 0,14 0,28
0,06 0,0036 67,2 24 87,7 0,32 ,56
0, ,0 67,2 0,43 87,7 , 56 0,99
0,10 0,01 67,2 0,67 7 s 1,58
0,12 0,0144 67,2 0,97 87,7 1,26 2,23
0,14 0,0196 67,2 1,32 87,7 1,72 3,04
[ ==
TABJTUUA 14
Motepr manopa n HAIOPHOM TpyGonposoaxe (BHemuem)
H BO BCEX TpySompoBonax
Hanoprue
Tpy6onposoan Iotepr mano- Cyumapu ne
PR B KOMMYHH-| HOTepE BO
¢ N%c a KAuusx Hacoc-| Bcex Tpy60-
S h .M Hoft cTaunEn OpoBOAAX, M
ke B B
0,04 0,0016 708,8 1,13 0,28 1,38
5 0,0036 705,8 2,64 0,38 8.1
0,08 0, 708,8 4,52 0,99 5,61
e.l 0,01 708,58 7,08 1,88 8
0,12 0,0144 708,5 10,16 2,23 12,39
0,14 0,0196 705,8 13,83 3,04

Ho pesyabraram pwancaenui TNOCTPOCHH XADAKTEPHCTHKA TpYGo-
TPOBONOB, KOTODHE IPEACTaBJAcHb Ha pre. 23. Kpusue 1, 2 4 4 no.
CTPOEHH 1O pe3yabTaTam BHIUHCNEHHA, NpEACTABACHHEM B Taba, 13 u
14, Kpupasn 3 — XapakTepHcTHKa paboTu AByx TPyGOUPOBOLOB nocrpoe-
Ha N0 KPHBOA 4 nyTeM yBeanuenus pacxona BABOE Npu NOCTOAHHBIX
8HATEHHAX Hanopa (o6menpuusaTas METOAHKa NOCTPOEHRA XapakTepH-
CTHK ABYX TpyGonposonos, paGoTalomux napaasensno),
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npHIO0IKERHE TIpodoarncerue npua.
AHAGEHHS MOAYJEH PACXOMA J/C, H CKOPOCTH, M/C, FPPwe——
ISl TRYB (n=0,014) — - —
‘; LHuaMeTpnl, MM h/d X
“f %0 \ 5 | 100 L4 K w X -
i1
hjd B \ v l X . K w 0,85 91,0 8,2 148 9.2 317 11,2 |
44 ‘ [ 0,8 86,3 8,2 140 9.9 301 11:2
I 1 7,61 3.9 92,5 51 | e 6.2 g';5 ‘7’2'2 8,1 Y| 9,2 281 m,1
P 0,95 8,18 4,3 24,2 5,6 52,0 6.8 o g 8,0 120 9,1 258 11,0
i 0.9 8,11 4,4 24,0 5,7 51,7 6.9 o ol 79 108 8.9 233 10,8
! 0,85 7,84 4.4 23,2 5,8 50,0 7,0 055 o 1 96,3 8,7 207 10,6
b 0.8 7,44 44 29,2 5.8 47.3 7,0 o “»; 7.5 84,0 8.4 180 0.2
1 0,75 6.54 4,4 20,5 5,8 1,1 7,0 o s 7.2 n a1 5 oe
. 0,7 6,37 4,3 18,8 5.7 40,5 6.9 o 2:.8 6.9 59,7 77 128 o
0,65 5,76 4.3 17,0 5.6 36,6 6.8 0'35 ' 6.5 48,3 7.3 104 85
. 0,6 5,11 4,2 15,1 5,5 32.5 6,6 0»3 ?3.2 6,0 37,6 6.8 20, 8.2
0,55 4,46 4,0 13,2 5,3 28,4 6.4 0-25 17'3 5.6 28,1 6.3 60,3 7.6
! 0,5 3,81 3.9 11,3 5.1 24,2 6.2 0,2 2,1 5,0 19.6 5,7 42,1 6.9
. 0,45 3,17 3,7 9,38 4,9 20.2 5.9 o 7,7 4,4 12,6 5,0 271 6.0
33 0,4 2,56 3,5 7,59 4.6 16,3 5,6 o1 4,3 3,7 6.7 4.2 15,0 51
0,35 2,0 3,3 5.91 43 3 127 5,2 o0 1,8 2,9 3,0 3.3 o4 2
0.3 1,49 3.0 4,41 4,0 9,48 4,8 ' 0.4 1,9 0,7 21 L6 o
0,25 1,04 2,7 3,08 3,6 6,63 4,3
0.2 0,67 2.4 1,97 3.1 4,24 3,8
! 0,15 0,37 2,0 1,09 2.6 2,35 3,2
0,1 0,16 1,6 0,47 2.0 1,01 2,5
} i 0,05 0.040 1,0 0,11 1.3 0,23 1.6 oo o o+
; LRuaMeTpu, MM
. -
S h/d l i %0
b Mpodosscerue npus. | K ] w } K w X -
T i
i !
| : e — ! 558 11.4 908 12,9 1369 4.2
i = | = | > 0,96 600 12,5 976 14,1 1471 15.6
, h/d 0.9 595 12,8 968 4,5 | 1459 16.0
K \ W ‘ K w \ K w 0,85 575 13,0 936 14,6 1411 oo
0,8 545 13,0 888 14,7 1338 6.2
| 1 83,3 7.2 143 8,1 308 9,8 v . 0,75 509 12,9 828 14,6 1249 '
0,95 94,9 7,9 154 8.9 331 10,7 0.7 467 19,7 760 1.4 | 186 16.1
0.9 94,1 8,1 165 9,1 328 11,0 ‘ 0,65 422 12,5 687 " 1 035 ::,z
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[Ipodoancenue npaa.l

RnaMeTpH, MM

fIpodoaxcenue npua. 1
; NuameTps, MM
| 250 300 350
&/d
! K 14 K v K w
i 0.6 375 12,2 610 13,8 920 15,8
ik 0,55 327 11,8 532 13.4 802 14,8
i R 0.5 279 1.4 454 12,9 685 14,2
J 0,45 232 10,9 318 12,3 570 13,8
ir 04" 188 10,3 306 11,6 461 12,8
‘ 0,35 146 9,6 238 10,8 359 12,0
{ 0,3 109 8,8 178 10,0 268 11,0
0,25 76,4 8,0 124 9,0 187 10,0
0,2 48,9 7,0 79,6 7,9 120 8.7
0,15 27.1 5,9 44,1 6,6 66,5 7,4
: o1 1,7 4.6 19.0 5,2 28,6 5.7
j ‘-5 0,05 0,27 2.9 4,4 3.3 6.6 3.7
i
g
; Mpodoaxenas npas, R
t JunaMeTpH, MM
i 400 450 500
8 B/d '
i k* 14 K 14 K w
M !
N 1 1954 15,6 2680 16,9 3 546 18,1
o ‘ 570 19.8
“ 0,96 27100 17,0 2879 18,5 3883
i 0.9 2082 17,5 2856 18.9 379 | 203
: 0,85 - 2013 17,7 2761 19,2 3654 20,5
‘: 8.8" 1910 17,7 2619 19'3 3466 20,6
0,75 1782 17.6 2444 19,1 3234 20,6
0.7 1636 17,4 2243 18.9 2968 20,2
0,65 1478 17,1 2027 18,5 2682 19.9
! 0.6 1312 16,7 1800 18.1 2382 19.4
g 0,55 1144 16,2 1570 17,5 2077 18,8
| 0.5 077 16,6 1340 16,9 1773 18,1
o6

400 450 I
h/d ’
K w K w K w
0,45 814 14,8 1116 16,1 1477 17,2
0.4 658 14,0 903 15,2 1195 16,3
0,35 518 13,1 703 14,2 930 15,2
0,3 383 12,1 525 13,1 694 14,0
0,265 267 10,9 367 11,8 485 12,7
0,3 171 2,6 235 10,4 311 11,1
0,15 95,0 8,0 130° 8.7 172 9.3
0.1 40,8 6,2 56 6.8 74,1 7.2
0,06 9.4 4,0 12,90 4.3 17 4.7
Hpodoaxenae apas. 1
HHaMeTpul, MM
600 [ 700
&/d
K w K w K | 4
1 5766 20,4 8698 22,8 12408 2.6
0,95 6194 22,4 9346 4,8 13320 27,0
0.9 6144 23,0 9 268 25,4 13 220 27,8
0,86 5940 23,2 8962 25,8 12 782 28,0
0,8 5 654 23.2 8 500 25,8 12 124 28,2
0,75 5258 23,2 7932 25,6 11 314 28,0
0,7 4826 22,8 7180 25,4 10 384 27,6
0,65 4 360 22,4 6578 2%.8 9382 7.2
0,6 3872 21,8 5842 24,2 8332 26,4
055, 3376 21,2 5004 23,4 7266 26,6
0,6 2882 20,4 4348 22,6 6202 2%.6
0,45 2402 19.4 3624 21,6 5168 3.6
0,4 1942 18,4 2932 20,4 4182 2,2
0,35 1512 17,2 2282 19,0 3 256 20,8
0.3 1124 15,8 1702 17,6 2428 19,2
0,25 790 14,2 1190 15.8 1698 17,2
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fpodoaxenue npua. 1

Nnamerpu, Mm

900 1000

Hpodoaxenue npus. 1
.> JlnaMeTphbl, MM
s 600 700 800 a/d 1200
hid
K w K W K 14 K w K w X w
0,2 504 12,6 762 14 1086 15,2 3'25 1490 16,4 1 966 17,6 3 204 19,8
0,15 280 10,6 422 1.6 602 12,8 0-: 8% | 138 1090 14,8 1776 16,8
el 0.1 120,6 8,2 181,8 9.0 260 10,0 0'05 356 10,8 468 1.4 764 13,0
Ll 0,05 27,8 5.2 418 5.8 59, 6.4 ' 81,6 6.8 1078 7.4 1756 8,4
: fTpodoasenue npus, 1
14 Nuamerpsr, MM
1400 1500
Tpodoamenue npus. 1 &/d 1600
JlnameTpr, MM K w K v K v
; 900 1000 1200
il ] hld ! 55 100 35.8 66 400 37,6 77 891 39,05
i1 X v K w K w 0,95 59 200 39,2 71 360 41,2 81 786 42,5
! 0.9 58 720 40,2 70 780 42,2 81 007 44'0
| 0.85 56 760 ,
= 1 169%8 | 26.8 92440 | 28,6 36560 | 324 o 5::20 40,8 68420 | 428 N2 | 44,5
Y 0,95 18264 | 202 08120 | 31,2 33080 | 354 075 50 240 40,8 66440 | * 42,8 74775 | 44,5
8 116 30,0 23920 | 322 38 960 36,2 ' 40,6 60 560 42,6 70102 | 44,5
3 0,9 1 ' 0.7 46120 | 40,0 55600 | 4 5 '
1 0,85 17516 | 304 2120 | 326 37680 | 36:8 085 41 660 ’ 2.0 64650 | 43,7
1 0.8 16 612 30,4 21 920 32,6 35 740 36,8 o6 47 000 39,4 50 110 41,4 58 418 42,9
i 0.75 15 572 30,2 20 460 32.4 33 340 36:3 055 +5 260 38,4 44 600 40,4 51 408 4,7
0.7 14 230 30,0 18 784 32,0 30 600 36,2 on o 520 37,2 38 900 39,0 45 177 4.0
0,65 12856 | 204 1por0 | 314 27 660 | 35,6 oS % 960 35.8 332001 37,6 38946 | 39,0
i 0.6 a8 | 286 15072 | 30,6 24560 | 346 ot 2 o 34,2 27660 | 35,8 2718 | a0
5 0,55 9 956 27.8 13 142 20,6 21 420 33.6 0’35 ' 158 322 22 380 34,0 26 483 35.1
0.5 8 500 26.8 11 220 28,6 18 282 32,4 o3 0 708 30,2 17 426 31.6 21 031 32,8
0.45 7 082 25,6 9 348 27,2 15 232 30.8 0'25 .7 ;2 27,8 13 002 29,2 15 578 30,4
0.4 5728 24,2 7 562 25,8 12 322 29.2 0.2 4 82 o " ots g e 273
; 0,35 4460 | 224 se88 | 240 9594 | 272 o 6 | 220 5818 | 23,2 7010 [ o4,0
0,3 3328 20,8 4394 22,2 7 160 25,0 0’1 2 678 18,6 3 228 19.4 4 050 20.3
0,25 2328 18,8 3 072 200 | 5006 22.6 0'05 1152 14,4 1388 15,0 1 791 15.6
) , , 264 9.2 318 9.6 689 |  10.5
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Hpodosxcenue npus, 1
o,
Huramerps, MM podosxcenne npaa, 2 ’
2000 2400 500 o LrameTpu, Mu ;
3400 4000
o &/d
R 4 K w K v X v X -
K 1 4
. - , 4 = v
e 1 142 340 5.4 ; 230 410 51,0 9257 620 52, 0.85 w13 210 o mon | s -
0,95 152 840 49,6 | 241 930 55.6 276 480 57:4 08 400 a9t : s 2 } 89 81,4
iy = ' 7 7 73,0 861 4
e 0.9 151 500 50,8 |, 239 626 57.6 274 060 50+0 075 a7s co1 o ooy o 73.0 i :74: 21.4
‘ 0,85 146 720 51,6 228 106 58,1 264 940 Y 0.7 246 424 o T i oir 45 fr.d
0.8 138 960 51,6 221 194 58.1 251 460 59.8 0.65 313 0% o e n s o n's
k 0,76 129 640 51,2 207 369 58,1 234 480 59.4 0.6 o5 472 =0 bty o 0.8
| 0,7 11 020 50.8 191 240 57,1 215 280 53.6 o5 o oo 2.0 oo ' 502 126 76,
0.65 107 560 49,8 172 808 56,1 194 640 57,8 0.6 208 695 : '1 S 67,2 520 353 76,0
0.6 95720 | 48,8 152 071 B4:6 169840 | s5g,9 0.45 175 300 5:-1 z: ;g 64,0 448 580 7.4
0,55 83 40 47,0 133 638 53,6 150 780 54,8 o i ¢ ; : 953 60,8 376 808 67,8
‘“_ji? 0.5 71 180 45.4 115 205 51,0 128 800 52.4 0,36 12 e0s 59-: : :5 ;5: 57,6 305 035 64,3
I 0.45 58 340 43,2 96 772 48,4 107 400 50,3 03 49 L156 82 53,8 242 233 60,0
1 0.4 48020 | 41,0 78339 | 45,9 86860 | 47,4 b5s8 83 478 46,1 116 168 49.9 (179 432 85.7
N 0.3 37500 | 38,2 62211 | 42.8 67920 | 44,4 0.8 8435 | 414 S1318 | 448 | {12566 | 500
b ' 0.3 279040 | 38.2 46082 | 398 50580 | 40,8 ot 87565 | 36.6 52216 | 39,7 80744 | 44,3
0,25 19348 | 31,6 32267 | 357 35400 | 36,8 15 21 704 30,7 30 204 33,3 46 662 37,1
0.2 12 508 28,0 20 737 31,8 22 660 2.4 0.1 9 600 23.6 13 359 25,6 20 635 28,6
0,15 6948 | 23,6 191 | 2.5 125% | o213 0,08 2087 | 16,0 2904 | 7.3 4486 | 193
o 0.1 2 985 18,2 5 299 20,4 6 420 21,3
0,08 690 11.8 1 162 13.8 1248 13,6
3 L]
ITIpodosxcenne npuas. 1
1 JlnameTpu, MM
] . 3000 3400 4000 3
BT hd
- ) K w K w K w 2
I 1 417390 | s, 830840 | 64,0 | 897 161 7.4 i
2K 0,98 438 260 61,4 609 882 69,8 942 019 77,8 1
. 0:9 434 036 66:8 604 074 723 933 047 80,7 1
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npus, 3

IIpodoascenue
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