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lMpedocmasnaemcs aHanu3s npumMeHeHuUs Ko3ghghuyueHmos
a2udpaenuyecko20 conpomueneHus nNpu pacdemax meqeHuld & mpybax-nydax
aodozabopoe U dpeHaxel.

Kno4yeBble cnoBa: ruapaenuyeckMe COnpoTHUBNEHWS, ApeHax; Ny4YeBoi
eBogo3abop.

The articles gives the analysis of application of the hydraulic resistance
coefficients for calculating of groundwater flow in the pipes of radial infakes and
drainages.
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BaxnueMM napameTpoMm Npu BpaxyBaHHI Tedil NoTOKy BcepeawHi OpeHu-
NPOMEHSA NPaKTMYHO B YCiX 3aneXHOCTAX ABNAKTLCA KoediuieHTH rigpaBnivHmx
onopie A i C. Bigomo, WO 3B'A30K MK UMMM KoedilieHTaMKW BW3HAYAETBCS

3anemHIicTio

C=‘."Bg,.f1 (1)
i, B UiNOMYy, 3aneXuTe Big pexumy Tedil piauHK B Tpybax, AKWA BM3HAYaETLCA
3HAYEHHAMM yucna PelHonbaca Ta EKBIBANEHTHO LUOPCTHICTHY,
»=f(Re,A,,/d).

Ak nokaszanu npoBegeHi AocnigkeHHs, koediuieHT A B TpyBax, 3
NPUMEOHAHHAM BUTpaTH Oyae BiNbWKMM HiK NpY 3BMYANHOMY PIBHOMIPHOMY pyci
piguHK, | TOMy B 3aransHOMY BUNaaky Moxe ByTi BM3Ha4YeHUM 3a hopMynow:

o =0k, (2)
ne o > 1 i 3anexuTs Bif IHTEHCUMBHOCTI NPOTIKAHHA PiOWHKM NO AOBXWMHI OpPEeHM-
npomeHs; A — KoedilieHT onopy (TepTa) B yMOBaxX PIBHOMIPHOrO pyxy BOAW MpW
0QHaKOBMWX 3Ha4YeHHA Yncna Re B KiHUi Tpybu.

Jokpema, 2a aaHumn 0.0, Bacunedka [1], Ana BuaHaYyeHHa KoedilieHTa o
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NPONOHYETLCA Taka HabnuxeHa 3anexHicTb:
o=4,6-0,7lgnRe, (3)
2.

ne n:f[—] i HaBoauTecA B [1]; Zmn — nnowa nepdopauia ApeHaxHol
[a]

TpyBMu.
®opmyna (3) moxe Byt BukopucTaHna npu IgnRe = 1,6...5,2. B niteparypi

HaeeAeHi i iHWI 3aneXHocTi ANA BU3Ha4YeHHA napameTpa o.
Tak B poboTi [2] 3HayeHHA koedilieHTa @ HA nNiacTasei NpoeeasHWX aocniaie

2.9

%, a came:
L}

a=15nmnpu f =05 a=13npn f =10, 0=11npu f =15, a=1npn f =2.

PEKOMEHOYETLCA NPUAMATKH B 3anexHocTi Big wnapyeatocTi f =

B cneuiansHiii nitepatypi [3-7] ana Bu3HaveHHs koediuienTiB A i C
HaBOAWTLCA HW3Ka 3aneXHOCTEW, AKI BpaxoBYHTb MaTepian apeHaHux Tpyb, ix
WOPCTKICTE, HAABHICTE nepdopauii Ta HWKMX OTBORIE ANA  NpOnycky
thineTpauinHux Bog.

Bigomo, wo gna rnagkux Kpyrnux TpyG npu  namiHapHomy  pexumi,
TEOPETUYHMM LLUNAXOM OTPUMAHO:

» =64/Re. (4)

BuaHa4aneHWi BNNUE Ha pexum Tedii B TpyDi Mae HasBHICTL LWOPCTKOCTI.
Ona rigpasnivHKx rnagkux Tpyd, KONW WOPCTKICTE HE BNNWBAE HA XapaKTEpUCTHEN

notoky (Re<10d/A,,), ANA Bu3Ha4YeHHs koedilieHTy A nponoHyeTbcA Bigoma
thopmyna Bnasiyca:
) =0,3164Re"* (5)
Konw x wopcTkicTe Bnnueae Ha Tedito soan B Tpybax (Re=500d/A,, ),
ANns BuaHavyeHHA koedilieHTy A nponoHyeTbes dpopmyna B.11. WudpiHcoHa:
% =0,1(A,,/d)"*. (6)
B wmexax 500d/A_, >Re=10d/A,, ANS poapaxyHKiB NPONOHYETLCA
chopmyna A.Ll. ANbTIWYNA, KOTPa MaE BArNAL:
2 =01(A,,/d+64/Re

}0.25

()
Binbl 3aranbHa copMmyna Ans BW3HauyeHHs KoediuieHTy A B UbOMY
BUMNaAKy Mae BUrNAL;
1 ad d
—==Clg—=Clg—+b,
—=Clg 9 (®)

Vi Ao -
ne no Mpangno-Hikonagze a=3,1; b=14; C=2,0; no A.[l. AnsTwrtynw a = 10;
b=1_8 C=1.8; no AB. Tennosy a = 8,24; b = 1,65; C = 1,8; no |.®. ®egoposy
a=342;b=1,07,C=2,0.
Uucnoei 3HayeHHs ekBiBANeHTHOI LWOPCTKOCTI A, Ona pizHux TpyG i

(e

kaHanie Ta rpadikM ANA BU3HAYEHHS A HasBeneHi B AoBiaHWKY [6).
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Bpaxoeyloun maTtepian Tpy6, MoxHa HaBecTW HACTYNHI BiAOMI 3 NiTepaTypu
hopmMynu ONa BU3HAYEHHS KoedilieHTy A.
Onsa kepamiyHux Tpyb:

5 =Re®® (7250 (9)
1 —Elg[ By , 251 ] (10)
Vi 37d Rer)
Ansa nnactmacoenx Tpyb:
). =0,288/Re"* = 0,01344/(d -V)"*; (11)
nonieTUNeHoBMX
0,318
TdPReE (12)
NONIBIHINXNOPUAHKUX
».=(0,386-0,0028d)(d/Q) (13)

ne Q - sutpara, n/c; d — BHYTpILLHIiA giameTp Tpyo, mm.
Ana Tpy6 3 iHWKWX maTepianie BUKOPWUCTOBYETECA hopmyna Leseneea @.A.
[6]:
A=b(1-a/V)'d™, (14)

Ae 3HadeHHs a, b, n i my 3anexHocTi Big matepiany Tpyb npuiMacTeCA 3a Tabn.1.

Tabnuus 1
3Ha4eHHA napameTpiB anAa opmynu Lesenesa
Marepian Tpyb a b n m
HoBgi cTaneei 0,684 | 0,0159 | 0,226 0,226
Hogi 4yaByHHiI 2,36 0,0144 | 0,284 0,284
He Hoei 4aeyHHI Ta cTaneesi
npu V =1.2m/c 0 0,021 0,3 0,3
npw V <1,2m/c 0,876 | 0,0179 0,3 0,3
AsbecToueMeHTHI 3,51 0,011 0,19 0,19

Onsa 3anizobeToHHMX HanipHWx Tpyb 3HadeHHA &, b, n | m Tak, Ak ana
a3becToUeMEHTHMX, a 3HAYeHHA napameTtpy b 3binbwyeTteca npubnuado B 1,45
pasu [6].

B iHKeHepHWX po3paxyHkax rigpaeniyHux Onopie BMKOPWUCTOBYIOTE TakWi
NOKa3HWK, AK MOAYNbL NUTOMOro onopy A, skMi 38'A3aHKi 3 koediuieHToM TepTa A

Ta Mogynem EnTpati K 3anexHicTio:
L
_ganE'_F'
SBHadenHa A, A | K [OnA HeEHOBMX cTaneBux Ta 4YaByHHMX Tpyb
BMpaxoByHTLCA 3a hopmynamm:

=Kk, A=KA., K=nK., (16)

(15)
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Oe 3HadeHHsa A., A i K., n npuiAmaioTe 3a Tabnuusamu 3,4 Ta 3,5 gosigHwka [6].

3HadeHHa A, A | K Ons HOBUX cTaneBux | YaByHHMX TpyD, a Takox
azbecToUeMEHTHMX, NNAacTMacoBWX, KepamiYHWX, CKNAHWX Ta 3anisobeToHHWX
BM3Ha4alTLCA 3a hopmMmynamu:
A=Kk, A=KA, K=nK,, (17)
e 3HadyeHHa K., n, i A,, A, npuiMatoTs 3a Tabnuuamn 3,6 Ta 3,7 [6].
3asHayumo, WO AN HOBWX CTaneeBux i 4yaByHHuX Tpyb napametpu A

BiANOBIQHO NPVAMAKDTL:
A_=0,851d""A _; (18)
A, =097d"""A, . (19)

Onip npomucnoswx TpyD i3 pisHMx maTepianie | B pisHKMX ymoBax
ekcnnyatauil npu NpakTUY4HWMX po3paxyHkax MpOonNOHYETLCA BWMPaxoByBaTH 3a
copmynoto J1.Tanakca 3 nBoMa napameTpamu WopcTKocTi [6].

B poboti [5] HaeegeHi pe3ynbTatu AocnimkeHs Ta pekomeHgauii ans
BWU3HAYEHHA TigpaeniyHWUx napameTpie y Tak 3BaHWX ropoBaHux ApeHaKHWX
TpyBax, pi3Hi KOHCTPYKUIl AKMX LWMPOKO BWKOPWUCTOBYHOTECA B MeniopaTHeHIA
npakTuli, B TOMY Ydcni i rigpaeniyHMX oOnopie, 3 BpaxyBaHHAM KOHCTPYKTUBHWUX
ocobnueocTen UMx Tpyd | YMOB BTiKAHHA B HUX iNETPaLiAHKX BOA.

B okpemux BMNagkax AONA  BM3HAaYeHHA  rigpaBnidHoOro  onopy
BMKOPUCTOBYIOTE KoediuienT Lesi C, koTpuid 38'A3aHui 3 KoedilieHTOM A
aanexHicTio (1). Ans euaHadveHHs koedpivieHTy C B KBagpaTudHiin obnacti onopy
(h =V*?) npononyeTtbea hopmyna M.M. Masnoscbkoro:

C=R'/n, (20)
ne R —rigpaeniyHuia pagiye, M; n — koediUieHT WOPCTKOCTI.

Ha npakTuui BUKOPUCTOBYIOTE OJWH i3 cnpoLleHux BapiaHTis dpopmynu (20),
a came:

yzlﬁxm,npwﬁ‘fﬂm; (21)
y=1,3\|"'ﬁ,npwﬁ‘=-1m_ (22)

Mpu y =16 opepwumo Bigomy dopmyny MauiHra, a npu y=15 -
cdopmyny Popxreimepa.

Ona Bu3HadeHHA C B ymosax TypOyneHTHOI Tedii nponoHyeTeca dopmyna
A.Ll. AnbTwynsa Ta W.1. ArpocTkina [6]:

R
C=25 sompt, 0.025 | (23)
ny +—
(gon)+ 022
C:%H?,TEIQR. (24)
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Binoma Takox cpopmyna bazeHa:
87 87
1+ vs.l'ﬁ B 1+ E;JE , (29)
e vy — koedidieHT wopcTkocTi (y= 0,27 ).
B ymoeax GesHanipHol Tedil B Tpybax i nepexigHol obnacti onopy
M.M. ®depopoBuM 3anponoHoOBaHo hopmyny:

A a.
W = N =_d|g| —=e_ 4 2 2 .
C 9(13,689 * ReJ Vg (26)

[e exBiBaneHTHa WopCTKICTb A__ | KoedilieHT BM3Ha4aeTLCA 3 Tabn.2.

C=

3azHaunuMo, LWo MeToguMKka BM3HAYeHHA rigpaenivyHoro pagiyca R ans
BeaHanipHMx TpyD HaBegeHa B nigpy4HWKax, aokpema [6, 8].

Tabnuus 2
3Ha4yeHHA A i koedpiuieHTa a, ana chopmynu Pegoposa
Marepian Tpyd A s MM a,
AzbecTouemMeHTHI 0,6 73
KepamidHi 1,35 a0
BetonHi Ta 3anisobeToHHI 2 100

3ayeaxumo, Wo QopMmynn AnNA Bu3HavenHA kKoedpiuyienta Weai C, 3a
BHUHATKOM chopmynik AnA Keagpatwu4Hol obnacti onopy, siK Nokasanu YWCneHHi
ekcnepuMeHTaneHi AOCNiMQXKeHHs, He 3aBXan AaoTh NO3UTUBHI peaynbTaTk.

B TpyBax ropu3oHTanbHOro ApeHaxy AO0CKTE YacTo KBagpaTU4HWIA 3aKOH
onopy He BMKOHYETLCA. B uboMy Bunagky, 3a gymkorw M.M. MNaenoBcskoro, npu
po3paxyHkax rigpasni4yHoro onopy noTpibHo BpaxoeysaTh Ymcno Re.

Ax sasHavanocAa Buwe, B [OEAKIA MIpI 33 paxyHoK nNonpaexkoBoro
koedilieHTa a MOXHAa BU3HAYMTH A, BPAxoBylO4M 3MIHHMIA Xapaktep npuegHaHoi
00 OpeHW BWTPAaTH, 3a pPaxyHOK 3MIHHOI IHTEHCWBHOCTI MPOTIKAHHA PIOMHW NO
DOB¥MWHI TpyOK Yyepes pisHi oTeOpW.

MpoTte, B 3B'A3KY 3 BIACYTHICTHO OinblW HaOiMHWMX pekoMmeHgauin no
BW3HAYEHHIO KOeMIUiEHTa (L NPWU BUKOHAHHI NPaKTUYHWUX PO3PaxyHKIB BNMWE HU3KW
hakTopie, NOB'A3aHUX i3 3MIHOK CTPYKTYPW NOTOKY B NPWAPEHHIN 30HI, NOpYLEHHA
niHIMHOro 3aKkoHy QinbTpauii | T.n., BpaxoBYETbCA [O0QATKOBMM OMOpomM 3a
XapakTepoMm poskpwuTTA nnacta @, , KOTPUA O0OAEThCA [0 OCHOBHOrMO OMOpYy Ha
HeaocKoHanicTe aper @ . B ubOMY BMNAAKY NPW BU3HAYEHHI rigpaeniyHux BTpaT
Hanopy BcepeowHi OpeHWM [OcTaTHeO npuiMaTth koediuieHT Tepts A Bes
nonpaekoeoro koedidieHra a.

3okpema, B poborTi [8] cTocoBHO AocnigxeHHs npomeHesux Tpyb-thinsTpie v
BHUNaAKY nnacTtMmacoeux nepcopoeaHnx Tpyb 3 BONOKHUCTUM iNkTPOM, OTpUMaHI
3anexHocTi ANA  BWM3HA4YeHHs  poamipy  WNapWH, OOoUiNkHWMX napameTpie
nepdpopadii i Agogatkosoro onopy @, AkuiA B BINbLWOCTI AOCNIMKEHWX BUNaaKax
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cknapgae 5...10% eig 3araneHoro. 3a pesyneTatamu nNpoBedeHWx aocnigie
HAaBOAATECA PpekomeHgauii wono oBrpyHTYBaHHA KOHCTPYKUil NpoMeHeBMX
ApeHaxis ANsa NPOMWCNOBOrO BNPOBaaKEHHS.

MogenioeaHHa rigpaeniku HanipHWx Tpybonpoeofie 3i 3MIHHOK Maco |
pozpobka MeTofie po3paxyHky Takux Tpybonporofie po3rnNAHYTO B [OKTOPCHKIA
auvceprauii A.M. Kpaeuyka [9]. Ha 6a3i npoeegeHux QocnifxeHs, 3okpema, ans
BW3HA4YeHHA BTpaT Hanopy B nepcopoeaHux Tpybax, pekomeHaosaHa copmyna:

2
Ah=E 4 .

% 2g (27)

Ana Bu3Ha4veHHA koedpilieHTy £, B poborax [2, 9, 10] 3anponoHoBaHoO

HU3KY zanexHocTen. B UeOMY BMNaOKy TakOM MOXHa CKOpPWUCTaTWUCE HEIElHHH{EHDH:I
pexomeHgauieo BHIl 2.04.02-84:
e =224, f= 2.0 (28)
f ®

Bamnueum nutaHHAM npu popMyBaHHi NOTOKY I'PYHTOBMX BOA | BUTPaTH
NPoMeHiB-gpeH € po3paxyHKn BoAoNpWAMAanbHOI 30aTHOCTI OpPeHamHux Tpyo,
thineTpy Ta dinkTpyYoro obocunaHHA.

B pobotax [3, 7, 11-13] HapeneHi po3paxyHKW pPisHWMX OTEROPIE 3anexHo Bia
martepiany Tpyb, AOTPUMAHHA BUMOr LWOAO PO3MILLEHHA TX Ha noeepxHi Tpyd Ta
rigpaeniyHnx ymoe ix pobBoTw. MpoBoaATbLCA Takok pekomeHdauil no aobopy
cknagy insTpy, KOTPWUIA BNALUTOBYETLCH 3 Pi3HUX cunkux matepianie. OcTaHHIM
yacom B AKOCTI mMmaTepiany ginbTpa NPONOHYETLCA BUKOPWCTOBYBATW LUTYYHI
maTepianu y BWMMAOi NoBecTi Ta nNonoTHa 3 6asanbToBWX, MONIMEPHWX | IHWWX
BOMNOKOH caMocTiiHo abo pasom 3 nilaHo-rpagiitHum obcvnanHam [7, 12, 13].

[lna BM3Ha4YeHHA BWTpaTK, po3noginy cepegHe0ol WBWOKOCTI | Hanopy no
OOBMWHI ApeHu-npomeHa B poboTi [14] 3anponoHoBaHi HACTYNHI PIBHAHHA:
k(H,-H;(y)).

@, ‘

V. = A{{exp(a + b}%] - exp[{b a)

(29)

f e

H; (v)=H, {“_’ EEH{WB}EKP{{“W } (a- b}exp{[b a}ﬂ} (31)

q:

MI*-:

2k(H, —H3) 1
c_[ram{{a+b}exp[[a+b}ﬂ+[a_b} {{b a};]},

ne A=

V, .
b=—", g:i, a=/b?+Eb.
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PoarnaHemo npwKnag pospaxyHKy, 3a MEeTOAWKOW nNpeacTaBneHo
thopmynammn (29-31), npu HacTynHux BuxigHwx Aaunx: [ = 100 m, r, = 0,1 m,

k=0,75 m/noby, ®_ =5m, L =0,03, g =98 m/c*.
Cno4aTky BWM3HA4aemMo napameTpu ﬁ:ﬂ,’lﬁ", vV = 0,092 wmlc,

b=694.10°m ', a=102-10°m "', A = 1,793 mlc, ® = 0,0314m2. Togi ans
BM3HAYeHHA wemakocTi V' Ta Hanopy H, Maemo HacTynHi piBHAHHA:

V' =0,00187x, H, =5,289.10°x.

MNpoeeaeHi pospaxyHku 3a dopMmynamu Ons BWM3HAYEHHA BUTpatTM Ta
Hanopy No OOBMWHI APeHW AO03BONWNK 3pOBMTM HACTyNHI BUCHOBKKW. [laniHHA
Hanopy No AOBXWHI OPEeHW 33 paxyHOK TEpPTA CKNagae He3HauHy BenwuyuHy (npw
BWUTpaTi Ha KiHUi apenn Q = 300 m*/poby, nagiHHa Hanopy AR cknagae NnpubnuaHo
0,004 m) | HUM MoxHa 3HexTyBaTW. OCHOBHWMIA NpUNNWME (QOPMYETLCA B NepLuin
nonoeuHi gpenu Big 0 oo 0,5/1 cknapae 225 m*/goby Big BCiel BUTPaTH OpeHu.
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