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AHHOTAIHSA

B crathe paccMaTpuBAarOTCS BOMPOCHI TOBBIIIIE-
HUS HAJCKHOCTH M I(PPEKTHBHOCTH PAOOTHI TOPH30H-
TAJIBHOTO TPYOUATOTO JpEHaXKa C y4ETOM (PaKTOPOB,
BIVSFOIIX Ha TPOIECCH 3amieHus. [IpuBeaeHsl onTu-
MaJbHBIC TapaMeTpPhl KOHCTPYKTHUBHBIX AIIEMEHTOB, B
TOM YHCJIE 3alIMTHBIX (QUIBTPOB, MUHUMHU3HUPYIOIINE
BO3MOXKHOCTb 3aWJICHUS JPCH U 00CCIICUUBAIOIINE YCIIO-
BHSI X CAMOOYMCTKH OT MEXaHMYECKOro 3amieHus. Jla-
HBbl PEKOMEHJIAIMU TI0 CIoco0am 3alMThl IIACTMACCO-
BOTO JIPCHA)Ka T'COTCKCTUIBHBIMH (DUIBTPAMU OTEYECT-
BEHHOTO W WUMIIOPTHOTO IMPOU3BOJICTBA B 3aBUCHUMOCTH
OT OCHOBHBIX (PH3UKO-TEXHUYECKUX XapaKTEPUCTUK MHU-
HEpPAaJbHBIX ¥ TOPQSHBIX TPYHTOB.

Knioueswvie cnosa: eooonpuemnas cnocooHoCmb,
20MEKCMUNb, 20PU3OHMANILHLIL OPEHAdIC, KOJIbMama-
yus, Menuopayus, OCyWUmenbtas cemv, NOPUCHOCHb,
CMaAuUBaeMoCmsb Mamepuaios, Quibmpyiouas 0o6cvlnka

Abstract

A.I. Mitrakhovich, I.Ch. Kazmiruk

PROCESS OF DRAIN SILTATION AND ITS
SELF-CLEANING

The article presents how to improve the strength
and effectiveness of horizontal tube drainage according
the siltation process. Optimal parameters of construction
elements including protective filters which prevent silta-
tion and provide self-cleaning in the case of mechanical
siltation are described. Recommendations are given how
to protect plastic drainage using both domestic and im-
ported geotextile filters according main physical and
technical characteristics of mineral and peat soils.

Keywords: water intake capacity, geotextile,
horizontal drainage, colmatation, reclamation, drain-
age network, porosity, wettability of materials, filtering
dusting

BeegeHue

MpoBegeHne OCYWWTENbHBIX Menuopauun B
rYMWZHO 30HE BO MHOMMX Clyyasx sSBnseTcs Heobxo-
AMMbIM MeponpusTUEM ANS BeOEHUSI CENbCKOX03si-
CTBEHHOro npoussoAacTsa. ogaepxanue Tpebyemoro
BOJHOrO pexuma noys Ha Cenbxo3yroapax obecneym-
BaeTCs pasnUYHbIMK NpPUEMaMK, OOHUM M3 KOTOPbIX
SBNSETCA rOPU3OHTaNbHbIN ApeHax. PEKTUBHOCTb
paboTbl €ro BO MHOrOM 3aBMCUT OT KOHCTPYKLWW Ape-
HaXHblX Tpy® U nNpUMEHSEMbIX 3alUTHO-
unbTpylowmux martepuanos. ®unbTpbl ApPEeH MOryT
noasepraTbCs Kak MexaHU4eckom, Tak U XMMUYECKON
KonbmaTaLuu, KoTopas CyLeCTBEHHO YMeHbLUaeT UX
BOJONPMEMHYID CNOCOOHOCTb. 3anneHne nonasLUMMU
B MonocTb Tpyb yacTuuamn rpyHTa ymeHbluaeT 3d-
(PeKTUBHbIN AuameTp M BOLOMPOBOASLY Cnocob-
HOCTb ApeH. Bce BbiluenepeyncneHHoe cHuxaet ad-
(DEKT OCYLUEHMS B LIENOM.

MpnunHbl cHXKeHUA 3dhpeKTMBHOCTN paboThl
ApeHaxa

BogonpuemHble 0TBEpCTUS ApeHaxHbIx Tpyd
npyu OTCYTCTBUM 3aLUMUTHBIX (PUNBTPOB HAX0ZAaTCs B
HenocpeaCTBEHHOM COMPUKOCHOBEHUM C TPYHTOM. [1pu
LBWKEHWN BOAbI K HAM NPOUCXOAMT CYLLECTBEHHOE Cy-
XEHWE T[PYHTOBOrO MOTOKA, YBENMYEHUe CKOPOCTM
(bunbTpaLuK 1 BO3pacTaeT ruapoanmHaMUYeckui rpagu-
€HT gaBneHus. B okonoapeHHoi obnactu npomcxogunt
unbTpaLnoHHas dedopmaumns rpyHTa, obycrosneH-
Has OTCnauBaHWEM, KOHTAKTHbIM Pa3MblBOM MNK Cyd-
(ho3unen Merkux YacTuL, C UCTEYEHWEM rPYHTOBON Mac-
Cbl B nonocTb Tpyb yepes nepdopaumio u CToikn. Mo-
XET NPOMCXOAUTL BbINOP — BblAaBNMBaHKE LieMNbIX Macc
rpyHTa nog AeUCTBUMEM (PUNBTPALMOHHBIX CUN B MO-
noCTb ApeHbl. Pe3ynbTaTtom 3TUX NpOLeCCcoB SBNSETCS
3aunenve apeHaxa. Haubonee nogsepxeHbl emy He-
CBS3HbIE [PYHTBI.



Ecnu pasmep nop dunbTpa Npu yknagke apeHa-
Xa B CYy(PGO3NOHHBIX MPYHTaX WMEET HeJOCTaTOuHYHO
BEMUYMHY, TO NPOUCXOAUT JOBOMBbHO BbICTPLIA KOMbMa-
TaX 3alMUTHO-PUNBTPYIOLLEro MaTepuana. YcTonumeoe
cBO4000pa3oBaHNe Hag BOAOMPUEMHBIM OTBEPCTUEM
WK 3aLMTHBIM PUNBLTPOM, MPENSTCTBYIOLEe Npockina-
HUIO M UCTEYEHWIO TPYHTOBOW Macchl B MomocTb Tpyo,
MPOUCXOAMT B TOM CIyyae, Koraa B rPYHTE COOEePXUTCS
[OCTaTOMHOE KOMMYECTBO CBOZ00OPA3yIOWMX YacTuy, v
cam (hunbTp CYLLECTBEHHO He KonbMaTuposancs. [ns
3TOr0 Heobxoaymo, 4Tobbl Mopbl unbTpa cBOGOOHO
nponyckanu  cy(PO3nNOHHbIE  YacTULbl,  BEKOMbIE
(PMNbTPALMOHHBIM NOTOKOM. PasMepbl Nop CTPYKTYpHO-
ro (unbTpa JOMKHbI UMETb ONpedeneHHble rpaHuLbl,
COOTBETCTBYHOLUME AAHHBIM TPYHTOBbIM ycnosuaM. O6-
Wwee TpeboBaHue K (unbTpam — MX BbICOKAs BOLOMPO-
HuuaemocTb. [locne 3aBeplieHust AeopMaLMOHHbIX
MPOLLECCOB B (PUALTPaX WM YaCTUYHOM MX KonbMaTaLuu
BOMKHbI 0becneynBaTbCs YCroBus:

K,>K,,

Mennopauhp —Za]‘i(

roe Ky — k0achuUmMeHT unbTpaumm duneTpa, mM/cym;
Kzp — k03(hchnUMeHT counbTpauum rpyHTa, m/cym.

MpW NpOEeKTMpPOBaHUM 3aLWTBI OpeHaxa OT 3au-
NEHMs C NPUMEHEHWEM CTPYKTYPHbIX PUILTPOB B He-
CBSI3HbIX rPyHTaXx HEOOXOAMMO UMETb AaHHbIE O rpaHy-
NOMETPUYECKOM COCTaBe IPyHTa ocyllaemoro obbekTa.
[ns pacyeta pekomeHayeTcs NpUHUMAaTL MEMKYH Amin U
KPYMHYH dmax GhpaKLmm.

PacuyeTbl no BbIGOPY CTPYKTYPHbIX (OUNLTPOB CBO-
JATCA K YCTaHOBMEHMIO rpaHuy pasmepoB ero nop [1].
Mpexae Bcero, onpefensieTcs CydO3NOHHOCTb Bbl-
BpaHHbIX TPYHTOB. [l 9TOr0 MO WX rpaHynoMeTpuye-
CKOMY COCTaBy BbIMMCMISIOT MaKCUMarbHble AMaMeTpbl
Cydh0o3noHHbIX YacTuy, dqmax no dopmyne (1).

max K"
d;™ =5,48 [v—, (1)
gn
roe v =1,31:106 m%/c npn t=10 °C KMHEMATUYECKIA KO-
aduuneHT BA3KOCTW BoAbl; g= 9,81 m/c?2  yckopeHue
cB0GOAHOrO NafeHus; ni — NOPUCTOCTb IPYHTa, %.
Cydhosuns Bo3MOXHa, ecnm

max
dci < dO >

roe domax — makcumarbHblid AnameTp PUbTPaLMOHHBIX
X0[0B B necke, dci— MakcuMarbHbI JuameTp cydosu-
OHHbIX YacTuL,

TENFE B>
;ﬂt\f L J 8 hmk’; B , \

Ecrm domex> 1,3dmin, TA€ dmin — MUHUMANbBHbIN
OnameTp YacTu, B rpyHTE, TO OH Ha3blBaeTcsa Ccyddosu-
OHHbIM, T.K. 13 €r0 TOMLW NPX ONPEAENEeHHbIX TMAPOaM-
HaMUYECKMX YCIIOBMSIX MOTYT BbIHOCUTBCS BCE YacTULbl
pasmepoMm dii< 0,77 domex. Pasmepbl nop cunbtpa
[OMKHbI obecneunBaTb YCToMuMBOe U BbicTpoe cBoBO-
poobpa3oBaHMe M3 YacTWL OCYLIAemoro rpyHTa, T.e.
LOIKHO BbINOMHSATLCS YCNOBUE

dy > 0,55/1,7,

rae dso — AMameTp YacTuL, rpyHTa, MeHbLle KOTOpbIX B
rpyHTe comepxutcs 80 % no Becy, Lo — cpenHuii ana-
meTp nop, Mm. CydO3NOHHbIE YaCTULbI OCYLIAEMOrOo
rPyHTa OOMMKHbI CBOGOAHO MPOXOAWTL Yepes Mopbl 3a-
LWMTHOrO hunbTpa, B NPOTUBHOM cnyyae dunbTp byget
KonbMaTupoBaTbCs. [PYHT cunTaeTcs CyPdo3noHHbIM,
€CNN KONM4ecTBO CY(O3MOHHBIX YacTuL, demex 60/1b-
we 1%.

Pasmepbl nop ¥ UAbTPALMOHHLIX XOOOB B
unbTpytoLeM MaTepuane AomkHbl ObiTb B 3-4 pasa
Bonblue amameTpa CypdO3MOHHBIX YacTuL, rpyHTa demax,
B KOTOPOM YKNaAbIBAETCH ApPEeHax, a rpagueHTsbl Ha-
nopa — MeHbLue Kputndeckux. JormkHo bbiTb CoBriogeHo
YCrOBUE HEKONTbMATUPYEMOCTL:

A, =

KpuTuyeckue rpagneHTbl Hanopa Jy MexaHuye-
CKoW cyhpo3umn HaxoaaTes no 3asmcumoctn AH. Mart-
palesa [2]

3,3-4,4 -4,

rae Qo — KOIMMULMEHT KPUTUHECKON CKOPOCTU, KOTOPHIN
HaxoguTcs no 3aBueumocTn o=0,369(y=-1)f,
fx— NpYBEAEHHbIN KOIPPULMEHT TPEHNS:
f=0,82-1,8n+0,0062(n-5).
OBbemHas nopucToCTb rpyHTa onpegenseTcsa no
thopmyne:
7.

W b
1+
2+ 00

n=1-

Ans necyaHbix rpyHTos n=(0,45-0,1)lgn,

rae Y. — NNOTHOCTb FPYHTa (BEC CKeNeTa BMECTE C BECOM
BOAbI B eauHuLe obbema), ricms;

A;— NNOTHOCTb YacTuL, rpyHTa, r/cms;
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W — BNaXHOCTb rpyHTa, %;

g — yckopeHue ceobogHoro nageHus, g = 980 cm/cex?;
V — KMHEMaTU4eCKMA KOIPHULMEHT BA3KOCTM BOAbI,
v =1,3:102 cm?yac npu t= 10 °C;

N — KO3 ULMEHT Pa3HO3EPHUCTOCTY rPYHTA.

[ins BbIHOCA NPOHMKLLMX B NONOCTb ApeH cydhdo-
3MOHHBIX YacTuL rpyHTa anametpom dii< 0,7 MM cko-
pocTb Bogbl B Tpybax gomkHa Obite Ve = 0,3-0,5 m/c. B
[MVHUCTBLIX TPYHTaX W3-3a OTCYTCTBUA Cychpo3nn npak-
TMYECKN HEe NPOMUCXOAMUT CyLLECTBEHHOrO KonbMaTaxa
AaXe MENKONOPUCTbIX PUNbTPOB.

®UNbTP He KONbMaTMpYeTCs, ECAM BbINOMHAETCS
cnegytoulee ycrnosue (no aaHHbIM Matpawwesa AH.):

D, 211la,-d,, (3)

roe Do — MakcUManbHbli guameTp nop unbT-
pa, M; a-— KO3(h(ULMEHT, 3aBUCSLLMIA OT CBOWCTB KOMb-
MaTupyloLwmx Yactuy 1 yucna PeiHonbaca. Onpepens-
eTcs no Tabnuue 1.

Tabnuya 1. - KoagpgpuyueHmn! q, pasnuyHbIx

2pyHmos
Konbmatupyowue yactuubl, MM a,
lNbinesartble, ot 0,01 go 0,05 4,0
Menkuin necok, ot 0,05 go 0,25 3,0
CpepHun necok, ot 0,25 go 0,5 2,5

l'|aCTI/‘ILI|I:~I CKeneta rpyHTa He 6y,lJ,yT npocbINaTbCA,
eCcnun anameTpbl Nop YAOBNETBOPAKOT YCIIOBUIO:

D,, = 1,8d,,,

roe deo — AMAMETPbI YaCTuL, MEHbLLE KOTOPbIX B FPyHTE
cogepxutcs 60 % no Becy.

OunbTp COOTBETCTBYET 3adaHHbIM  PYHTOBbIM
YCOBMSIM, €C CpefHue OuameTpbl ero nop yaoBne-
TBOPSIIOT HEPABEHCTBY:

D,, =D, =D,,

[0 HUM W NoaBMpPaloT U3 CTPYKTYPHbIX OUINBTPOB
Hanbonee noaxoaswmin. Heobxogumo umeTb B BUZY U
TO, YTO BCE 6€3 MCKNIOYEHUst (OUNbTPbI B TOW UK UHOM
cTeneHun Hem3bexHo KorbMaTUPYHTCS B npoLecce pabo-
Tbl ApeHaxa. CTeneHb KonbmaTtaumu 3aB1CUT OT OU3MKO
-TEXHUYECKMX CBOWCTB (hUnbTpa U rpaHynoMeTpu4ecko-
ro cOCTaBa rpyHTa, B KOTOPOM (PUILTP 3a0XEH.

CreneHb KonbMaTaLumu NoNoTHa @ onpeaensieTca
KaK OTHOLIEHME Ko3hduLmeHTa punbTpaLmum 3akosbma-
TUPOBAHHOIO NOMOTHA  Kps K YCTAHOBMNEHHOMY Ha YACTOM
Boae Kypu:

K,,

o =

Uem 6nmxe nomnyyeHHas BenuumHa a K 1, Tem
MeHblUe CTeneHb Konbmatauuu. B HacToswee Bpems
HeT MeTOAOB pacyeTa KorbMaTtauuu  CTPYKTYPHbIX
(UrbTPOB B CBSA3HbIX rPYHTaX . EANHCTBEHHYIO BO3MOX-
HOCTb OLIEHKW 3TOr0 SBMEHUS NPEeACTaBAT cneuyanb-
Hble NnabopaTopHble OMbITbl, B KOTOPbIX OMpeaenstoT
OTHOLIEHUE Ko3abdULMeHTa PUIbTPaLMK 3aKonbmaTh-
POBaHHOrO MaTepuana K He3akobMaTUpOBaHHOMY.

MpoeKkTMpOBaHUE 3alWThl ApeHaxa OT Korbma-
TaLuM JOMKHO OCHOBbLIBATLCS, MPeXae BCEro, Ha yyeTe
(DU3NKO-TEXHUYECKNX XapaKTepuUCTUK TPYHTOB U OXxe-
NE3HEHHOCTU NOoA3eMHbIX BOZ. PU3MKO-TEXHUYECKMe
XapaKTePUCTUKA TPYHTOB  (rpaHynoMETpUYECKuit  Co-
CTaB, NII0THOCTb, NOPUCTOCTb, MNACTUYHOCTb, BOAOMPO-
HULAEMOCTb, (MNbTPALMOHHASA MPOYHOCTL W Ap.) Cy-
LEeCTBEHHO pa3nuyaroTes, Yto obycnaenueaeT npume-
HEHWe pasHblX MaTepuanoB Ans 3aluTbl ApeHaxa oT
3auneHus.

OU3NKO-TEXHNYECKINE XapaKTEPUCTUKN MUHEparb-
HbIX TPYHTOB ONPELENsTCA B OCHOBHOM COOTHOLLEHM-
€M pPa3nuyHbIX pakunit. VHKeHepHble CBOWMCTBA TOp-
(SHbIX TPYHTOB 3aBUCAT OT BOTaHMYEeCKoro cocTaBa,
CTPYKTYpbl, CTENEHW Pa3NOXEHNS OPraHUYECKoro BeLLe-
cTBa. [PYHTOBbIE U TMAPOreonornyeckue ycnosus byayt
onpegensoLwyMMn npy BoIOOPE TEXHOMOMMN CTPOUTENb-
CTBa ApeH C (uUnbTpamu.

OcHOBHbIE XapaKTEPUCTUKM HECBSA3HBIX TPYHTOB —
rpaHynoMeTpuyecknin  coctaB,  BOOMPOHULIAEMOCTb,
nopuCTOCTb, CYyPdO3UOHHOCTL. 10 rpaHynoMeTpulecko-
My COCTaBY OHUM pasfenalTcs Ha psa rpynn no KpynHo-
CTM B NPOLIEHTaxX OT BECa rPyHTa W COCTABNSAIOT 4115 Hau-
Bonee KpynHbix Yactuy, rpasus Gonblie 2 MM — 50 % u
Hanbonee Menkux nbinesatbix ¢ guametpom 0,1 Mm —
75 % 1 MeHee.

OfHOpOAHOCTL HECBSA3HbIX FPYHTOB, ONpeaensio-
Las MX NOpMUCTOCTb, BOAOMPOHULIAEMOCTb, CMOCOBHOCTb
K gedopmaumnsm n gpyroe OLEHUBAETCA KOIPULMEH-
TOM Pa3sHO3ePHUCTOCTH:

n= d60 /dIO’



| >
roe deo, dio — AMAMeTpbl YacTUL, MEHbLUE KOTOPLIX B
rpyHTe cogepxutcs 60 1 10 % no Becy.

Mpn n < 5 — CTpyKTypa necka paBHOMEPHO 3ep-
HUCTas.

OO6uwas nopuctocTb konebnetcs B npegenax ot
0,2 po 0,55 %. CpegHuit ouameTp OUNbTPALMOHHBIX
XOA0B B HECBA3HBIX rPyHTaX Onpeaensetcs opmysnon
A.H. MNarpawwesa [2]:

Mennopauhp —20;1‘5(

d, =712 [v—=, (4)

roe v — KMHeMaTU4eCKuin KOS UUMEHT BA3KOCTW BOAbI;
Ni— NOPUCTOCTb PyHTa, %.

XapaktepHass 0COBEHHOCTb MecYaHbIX FPYHTOB
COCTOMT B BO3MOXHOCTW BO3HWKHOBEHWUSI BHELIHEN K
BHYTPEHHEN Cypdo3nn npu mnbTpalmn Boabl C rpaau-
eHTamu Hanopa BonbLue KpUTUiecknx. Aenenune cyddo-
31N 3aKMKYaeTcs B MEPEHOCe BOLOW MEMKMX 4acTuy
BHYTpW rpyHTa. Cychposnsa B rpyHTE passBuBaeTCcs npu
KPUTUYECKMX CKOPOCTSX, KOTOPbIE ONPEAEnsoT no dop-
myne C.K. Abpamosa [3]:

v=603/K .

Pbixnble BOAOHACBILEHHbIE NECKN HE3ABUCUMO
OT HWX TPaHyNIOMETPUYECKOTO COCTaBa MpU 3Hau-
TENbHbIX MMAPABMNNYECKUX rPafUeHTax cnocobHbI pas-
XMXaTbCA M npeBpaLiaTbCs B NYCTYH BA3KYH FPYHTO-
BY0 Maccy.

CBSi3HbIE TPYHTbI — [MWHbI, CYTMUHKM M Cynecy
Pa3nMYHOTO reHesnca W Bo3pacTa, B COCTaBe KOTOPbIX
Hapsifly C NecYaHo-MbineBaTbiMi (hpaKLMSMIA UMEETCS
3HauYMTENbHOE KONMMYECTBO TOHKOAMCMEPCHBIX OCaaoy-
HbIX HOBOOBpa3oBaHuii. OTnMunUTenbHas 0COBEHHOCTb
CBSI3HbIX FPYHTOB — NNIACTUYHOCTb, CNOCOBHOCTL K Haby-
XaHWo W ycagke, NMNKOCTb. Knaccugukaums rnHUCTbIX
[PYHTOB OCYLLECTBNSIETCS MO YUCY NNACTUMHOCTY:

J,=w,=w,

rae Wm — BNaXHOCTb Ha rpaHuLe TeKy4ecTu, %; wp — Brax-
HOCTb Ha rpaHuLe packaTblBaHWs (MNacTUYHOCTH), %.
Mpu 0,01 < Jp< 0,07 — rpyHT OTHOCUTCS K Cynecy;

npu 0,07 < Jp< 0,17 — K CYrAuHKY;

npu Jp > 0,17 — K ruHe.

(DVIJ'IpraLI'I/IOHHaFI CMOCOBHOCTL CBS3HBIX rPYHTOB
HU3Kad, onpenenaeTca OnblTHbIM NyTeM U OPUEHTUPO-

BOYHO COCTaBNSAET: ANa NoTHbIX rMuH Kap < 0,01, ang
cyrnuHkoB — 0,01-0,1, ons cynecu — 0,01-1 m/cym.
TopsHKKM — TpYHTBI, cogepxaluue Bonee 60 %
pacTUTeNbHbLIX OCTaTKOB. PasnuyatoT Tpu Tuna Topda:
HU3MHHbIA, NEPEXOAHON 1 Bepx0BOi. OUNbTPALMOHHbIE
CBOWCTBA XOPOLLO- W CpeaHepasnoxusLierocs Ttopda
[OBOMBHO HU3KKE, KO3(MULMEHTLI UnbTpaLmumn 1x Ko-
nebniotca B npepenax 0,4-1,2 m/cym. Bnaropaps
CTPYKTYPHOMY CLLENIEHMIO 1 ManbIM pa3mepam nop Top-
(sHMKM 0BagatoT BbICOKOWM (hUNbTPALMOHHON MPOYHO-
CTbH0 U OTHOCATCS K HECY(hPO3NOHHLIM rpyHTam. Mexa-
HWYECKOe 3aumneHMe ApeHaxa B Topde BCTpevaeTcs
pedKko, OAHAKO OTMOXEHWS KENesucTblX COeaUHEHWI
NpeacTaBnstoT 34eCh CYLLECTBEHHYIO ONacHOCTb.

BO3MOXHOCTb CaMOOYUCTKU OpeHaxa oT
MeXaHWu4eCcKoro 3anneHuns

OTnoxeHne HaHOCOB B [peHaXHbIX Tpybax BO3-
MOXHO B TOM Cy4ae, ecrn YacTuLbl rpyHTa, NPOHUKLLME
yepe3 BOAOMPUEMHbIE OTBEPCTUS W OUNbTPYHOLLMIA Ma-
Tepuan, Byayt oceaatb, T.e. CKOPOCTW BOAbI B [peHax
He obecneymBatoT B3BELUMBAHUS W NEpPEMELLEHMS HaHO-
coB. [Ing npenoTBpalleHNs 3auneHns OpeH AOMKHbI
ObITb COOTBETCTBYIOLLME TPAHCTOPTUPYIOLLME CKOPOCTH,
3aBUCALLME OT YKIOHOB APEHAXHDBIX JIMHWN, BHYTPEHHEN
LUepOXoBaTOCTH TPYD, CTEMEHM UX HAMOMNHEHMS, a Takke
KPYMHOCTW YacTul, nomaBwmx B TpyObl. MuHUMansHO
[ONYCTUMbIE CKOPOCTU PEKOMEHAYIOTCS: B IMUHUCTBIX
CYIMMHUCTBIX rpyHTax — 0,20 M/c, B CYTMUHUCTBIX W Nnec-
yaHbIx — 0,30 m/c, B nbinesatbix — 0,40 m/c.

Pa3MbliB OTNOXMBLUMXCS HAHOCOB W CaMOOYKCTKA
APEH 3aBUCUT OT KPYMHOCTU HAHOCOB. Pa3MbIB ux Kpyn-
HocTbio 0,10<0,25 MM B FOHYAPHbBIX U MOMUITUNEHOBbIX
Tpyb6ax avametpom 50 MM NPOUCXOAMUT MPWU CKOPOCTAX
0,30-0,35 m/c;

- B Tpybax anametpom 100-200 mm cOOTBETCT-
BeHHO npu 0,35-0,40 m/c n 0,50-0,55 m/c. HeaHauuTenb-
HO pacxoasTcs pes3ynbTathl 4ns TPy, 3auneHHbIX HaHo-
camu kpynHocTbto 0,25<d<0,50 mm,

— pa3mblB OTMOXWBLUMXC HAHOCOB B [peHax
AnvHon go 150 m npu mogynsx ctoka q=0,6 i/c-2a npak-
TUYECKN HEBO3MOXEH [4].

MHOrouMcneHHble UCCneaoBaHNsa nokasanu, YTo
3auUreHne OpeH NpakTUYecKn He 3aBUCUT OT YKIOHa B
ananasoHe 0,000-0,004 [4-6]. Mo gaHHbIM Uccneposa-
Tenen u3 MepMaHuM camooumncTka apeH obecneunsaeTcs
TONbKO Mpu ykrioHax 6onee 0,05 1 CkopocTsX BOAbI B HUX
1-2 m/c. CamoounCTKa ApeH NMpaKTUYeCKN He MpoMCXoauT
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npu couepmal-mm MOHOB Xenesa Fe* B rpyHTOBOW Bode
Bonee 4 me/f1, CTAMyNMpYIOLMX UX 3aoxpuBaHue. Heobxo-
AUMO MPOW3BOAUTL MPOMBIBKY PEH C MEPBOrO rofa aKc-
nnyarauum [7].

BeposTHOCTL CamMOOuMCTKN ApeHaxHbIX Tpyo oT
necyaHblx HaHocoB npu | < 0,005 0oBONBEHO HuM3kas. [a-
PaHTUpOBaH TOMbKO BbIHOC YacTuy d < 0,1 mm. 3awuta
ApeHaxa OT MEXaHWYECKOro 3aumneHnst B HECBA3HbIX MPyH-
Tax obssatenbHa. [ng npegoTBpalLeHns Konbmatauum
3aLLUMTHOMO unbTpa cyhPO3MOHHBIMKA YacTULaMM TPyHTa
anametpom 0,03-0,05 MM, KOTOpble NPOHWKAKT B NONOCTb
TPy, CKOPOCTL NOTOKA BOAbI AOMKHA ObITh 0,3-0,5 M/C.

Hanbonee BepositTHa CaMOOYMCTKA [peH B nepu-
Of NaBOAKOB, KOTAa CKOPOCTU ABUXKEHWS BOAbl B Tpybax
MOryT 6bITb 6OMbLUE KPUTUYECKIX HA Pa3MbIB.

/IHTEHCMBHOCTL pa3MblBa U NepeMELLEHe HaHo-
COB B [JpeHaxHbIX Tpybax onpenensieTcs BenuunHON
[OHHOM CKOPOCTM MOTOKA, 3aBUCSLLEN OT YKNOHa Ape-
HaXHbIX IMHWIA, LIEepOXOBATOCTW BHYTPEHHEN NOBEPXHO-
CTU Tpy6, CTENEHN NX HaMOSHEHWS 1 KPYMHOCTW YacTu,
nonagaroLwmx B Tpy6bI.

CpefHioo pasmbiBatOLLYl0 CKOpPOCTb MOTOKA On-
penenalT no 3aesucumocTi npeanoxeHHon K.@. Ane-
kaHgoM [8]:

V,=ad/c, (5)

roe d — aMameTp 3epeH necka, M; a, 8, ¢ — dKCnepuMeH-
TanbHble KOAPPULNEHTI.

Mpn KpynHOCTU HaHocoB d<0,25 MM Ko3(hULIK-
eHtbl a=0,208; 6=0,05; ecnn 0,25<d<1,5, T0 a=1,6;
8=0,296;

¢=0,68(h/ DP— h/D+1,

D - BHyTpeHHWA guameTp Tpybbl, M;
h — BbicoTa HanomnHexns, M.

TpaHcnopTUpyIoLLY0 COCOBHOCTL MOTOKA B [pe-
HaXHbIX TPybax pekoMeHayeTcs onpeaensTh no 3aBucK-
mocTu [1]:

lgm=¢, -(V—VKP)K1

roe m — pacxof HaHocoB, cM¥c; V — cpeaHss CKOpoCTb
BOAbI B ApeHax, cm/C.

MapameTpbl a1 U B1 3aBUCAT OT TOMLWHbI CIOS
OTNOXeHuih B Tpybax W xapakTepa nepemeLLeHns HaHo-
coB. [1ns He3auneHHbIx Tpy6 ai=-5,84; B1 =0,123; ons
4aCTUYHO 3auneHHbIX ( h¢=10 u d>0,5 mMm) a1=- 4,88;
B1 =0,141.

)
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Pa3mbIB HaHOCOB B kepamuyeckux Tpybax Bo3mo-
eH npu ckopocTsx Bonee 0,25-0,35 m/c, B nonuaTuneHo-
BbIX rOGhpUpOBaHHbIX — NMpu ckopocTsix Bonee 0,25 m/c.
[ns OuMCTKM MENWOpPaTMBHOTO ApPeHaxa MpaKTU4ecKoe
3Ha4eHne MMeET BbIHOC YaCTuL BO B3BELLEHHOM COCTOS-
HWW. Ecnn crioit OTNOXEHUA COCTOUT U3 MENKO3EPHUCTbIX
HaHOcoB (0<0,5 MM), TO TPaHCMOPTUPYIOLLAs CMOCOBHOCTL
noToka MpW [OHHO-TPSAOBOM NEpEMELLEHNM HaHOCOB
CpaBHUTENBHO MOCTOsIHHA M = 107 M%c n npu hakTude-
CKVX MOLyNsiX CTOKa 5151 CAMOOYMCTKM APeH OT HaHOCOB
Tpebyetcsa Heckonbko neT. Mpu nepemeLLeHnmn YacTuL, BO
B3BELUEHHOM COCTOSHAM TpaHCMOpTMpYtoLas crnocob-
HOCTb MOTOKA YBENNYMBAETCS B AECATKM Pa3.

[ins TpaHCnopTUPOBaHMS YacTUL, BO B3BELIEHHOM
COCTOSIHWW CPeaH1e CKOpPOCTM MOTOKa AOIMKHbI yAOBIe-
TBOPSITb COOTHOLLIEHMIO

V,2U-N, (6)

roe U — rugpaenuyeckast KpynHOCTb YacTuy  (CKOpoCTb
PaBHOMEPHOTO OCaXAEHWS YacTUL, B HEMOABWKHON BO-
ge); N — XapaKkTepucTM4eckoe UMCHO, BblpaxaroLlee
AnHamuyeckoe nogobue TypOyneHTHbIX NOTOKOB.

C
N=M 2 (7)
roe ¢ — koahuumeHT Wesn; M =2m — koadpuumeHT,
namensiiowmiics ot 22,3 (no byccuHecky) po 24 (no
baseHy).
[na 10=C<60 3asucumoctb mMexgy M n C nu-
HenHas

M =0,7C+6. ®)

Koadpdpuument C MoxHO onpegenste no dhopmy-
ne basexa

C=87(ﬁ+j%} (9)

rae ¥ — Ko3h(ULMEHT LLEepPOXOBaTOCTU ANa Kepamuye-
ckux Tpyb v = 0,27; R — ruagpaenuyeckuin paguyc, pae-
Hblh D/4 npn nonHOM 3anonHeHu Tpyb, npu BbiCOTE
HanonHeHus Tpy6, paBHoOI ho

D 180
Sy M
arccos(l—o)
D

B Ta6n|/|u,e 2 npeacTtaBneHbl 3Ha4YeHUA KpUTu-
YeCKMx cpeaHunx CKOpOCTeVI NnoToka N MUHUMaAllbHbIE
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YKMOHbI APEeHaXHbIX NUHWIA Ans Tpy6 anameTpom 50 "
100 mm (Bbluncnsiemble no gopmynam 6-10). Ycra-
HOBMEHO, YTO MPW CaMblX MUHUMAmNbHBIX YKIOHAX M
3anonHeHun Tpy6, pasHom D/4, yacTuubl gMameTpom
d < 0,1 MM BOMKHbI BbIHOCUTBCS M3 OpeH BO B3Be-
LUEeHHOM COCTOSIHWW. [1nsi BbIHOCA YacTuL AMaMeTpoM
d < 0,3 mm Heobxogumbl yknoHbl i=0,005-0,01 npu
NONOBUHHOM HamnonHeHun Tpy6 n i=0,003-0,006 — npu
nonHom. [ns BbiHOca yacTuy d=0,3 MM Heobxoaumbl
yknoHbl i=0,005-0,01 npu NONOBMHHOM HaMoMHEHWM TPy
Bogon; i=0,003-0,006 npu nOMHOM HanonHeHun. [ns
BbIHOCA YacTuL, umetoLmx d=0,4 Mm HyxHbl i20,01-0,03.
BeposATHOCTb CaMOOuNUCTKM ApeHaxHbIX TPY6 OT necya-
HbIX HaHocoB npu i<0,005 [OBOMLHO HU3Kas. [apaHTu-
POBaH TOMbKO BbIHOC YacTuy, i<0,1 Mm.

/3 paccmoTpeHHbIX ycnosuii, 0BycnaenuBato-
LWMX BO3MOXHOCTb 3aWUfIEHMS 1 CaMOOYUCTKN ApeHaxa,

g 7 TN
B / \
cnenyeT BbIBOZ O HE0OXOQMMOCTY TLATENbHOMO nogbo-
pa 3aLUMTHO-UNBTPYIOWMX MaTepuanoB B COOTBETCT-
BUM  C NOYBEHHO-TPYHTOBLIMI YCMOBUSIMA  MECT €ro
CTpoMTENnbCTBa. B HacTosiiee BpeMsi re0TEeKCTUNbHbIE
MaTepuanbl SBNSIOTCS NPeBanvpyoWMMI Ans 3TUX Lie-
nen, npu 3TOM Hambornee NPUMEHSIEMbIM  SIBNSIETCS!
UMNopTHbIA MaTtepuan Typar®. B PYI «MHCTUTYT Me-
nuopauuny npoeefeHbl  NabopaTopHble U MoneBble
MCCNeaoBaHMs OTEYECTBEHHbIX 1 MMMOPTHBLIX MapokK
reoTeKCTUNbHbIX MaTepuanos. B pesynbTate ycTaHoB-
neHbl UX  U3NKO-MEXaHUYECKME, (PUNbTPaALMOHHbIE
XapaKTepUCTUKM M OaHbl PEKOMEHZaUuUW no npuMeHe-
HWIO Ha MenuopaTuBHbIX 0BbekTax benapycu.

B Tabnuue 3 npuBeaeHbl pekomMeHayemble reo-
TEKCTUMbHble MaTepuanbl Haubornee npueMnemble Ans
(UnbTPOB APEH B PasnnyHbIX NOYBEHHO-TPYHTOBbIX YC-
NoBUSX.

Tabnuya 2. - Kpumuyveckue ckopocmu 800bI U He06x00UMbIe YKI10HbI OPeH
0151 8bIHOCA Yacmuuy, 2pyHma u3 mpy6

OuameTtpbl | MppaBnuyeckas | Kputnyeckas cpepHss ckopoctb | Heobxoanmblie MUHUManNbHbIE
yactuy, d, KpynHocTb U, BbIHOCA YaCTUL, Uy, CM/C YKNoHbI apeH 100
MM cm/c hD=1 | hD=112 | h/D=1/4 | hD=1 | h/D=1/2 | h/D=1/4
Aunametp Tpy6 DeH =100 mm
0,10 0,50 4,84 418 3,42 0,005 0,016 0,031
0,15 0,82 7,95 6,87 5,62 0,012 0,042 0,085
0,20 1,50 14,53 12,55 10,26 0,04 0,14 0,174
0,30 2,77 26,80 23,90 18,93 0,28 0,48 0,590
0,10 0,50 3,92 3,57 2,68 0,02 0,03 0,07
0,15 0,82 6,43 5,53 4,40 0,05 0,09 0,18
0,20 1,50 11,78 10,10 8,04 0,17 0,30 0,59
0,30 2,77 21,73 18,68 14,85 0,60 1,00 2,00

MpumeyvaHue: udpasnuyeckas KpynHoCMb Yacmuy, 83sima npu memnepamype 800s1 10 °C, h/D — cmeneHb HanonHeHus mpy6
godoll

Tabnuya 3. - CnocobkI 3aujumel
20PU30HMaNbHO20 NJIacMMacco8020 OpeHaxa om 3ausieHus

B FPYHTA PEKOMEHOYEMbIE 3AWWUTHO-®UNbTPYIOLUWUE MATEPUATbI (MAPKW)
U CNOCOBbI 3ACBINKA OPEH
MHM-MNMNB-T-150 ¢ ruppochmnsHon podaskom n 6e3 Hee (OAO «MUHEMAY);
MHM-N3B-KN-150-C (OO0 «I'poHeman);
FMUHA, Typar® SF 20; Typar® SF 27 (DuPont);
CYFTIMHOK  kokocoBbiv ¢hunbTp (Naue).

1. Mpucbinka gpeH necyaHo-rpaBuHON cMecbio cnoem 6onee 10 cm.
2. Mpucbinka ApeHbl pacTUTENbHbLIM FPYHTOM croem 25-30 cm.
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BUA TPYHTA

PEKOMEHAYEMbIE 3ALLUTHO-OUNBTPYIOLLUE MATEPUATbI (MAPKH)
U CNOCOBbI 3ACHIMNKK APEH

leoTekcTunu ¢ paamepamu nop, obecneynBaroLlye BbIHOC CYyhhO3MOHHbIX YaCTULL:
MHM-MNB-T-150; MHM-MNB-U-130 ¢ ruapodunsHon gobaskon (OAO «MMUHEMAY);

NECOK,
CYNECb

MHM-N3B-KU-150-C; MHM-N3B-N-125-C (000 «I'poHeman);
AxsaCnaH ®-U-90 (OAO «CBeTnoropck-XumMBONOKHOY);

Typar® SF 32; Typar® SF 27 (DuPont).
1. Mpucbinka apeH MOXeT NPOM3BOAUTLCA BbIHYTbIM FPYHTOM, Kak U 3acbInka.

MHM-MNMNB-T-150 ¢ ruppocdunbHon pgodaskoii u 6e3 Hee (OAO «MUHEMADY);
MHM-M3B-K-150-C (000 «'poHeman);
AksaCnaH ®-U-90 (OAO «CeTnoropck-XMMBOSIOKHOY);

TOP®
kokocoBbIi ¢unbTp (Naue).

Typar® SF 20; Typar® SF 27; Typar® SF 32 (DuPont);

reotekcTunu ¢ cootHoweHuem Kq/Kr, >10 npu cogepxanum xenesa go 4 mrin.
1. Mpucbinka ApeH MOXET NPOU3BOAUTLCA CYXUM TOPCHOM U3 BEPXHErO COs NOYBbI.

3akntoyeHue

1. TlpuBegdeHbl YCNOBMS He3aumnsemocT [peH
Cy(hO3M1OHHBIMW YaCTULLAMU TPYHTA, KOTOPbIE AOMKHbI
ObITh B 3-4 pa3a MeHblUe anameTpa nop unbTpa.

2. [Nockonbky MeTOdOB pacyeTa KonbMaTauuu
(UrbTPOB HEe CYLLECTBYET, MPEeLIOXEeHO XapaKTepuso-
BaTb MX CTEMEHbK KorbmaTtauuu, onpepensemMoi no
OTHOLLEHWO Ko3dhdbuLMeHTa unbTpaLmm 3akornbmaTu-

POBAHHOrO MaTepuarna K He3akonbMaT1pOBaHHOMY.

3. YcTaHoBMEeHbl TpaHCnopTUpyoLwas 1 pasmbl-
BalOLlas CKOPOCTM MOTOKa, 3aBUCALME OT KPYMHOCTM
4acTuL, HAHOCOB.

4. Mo pe3ynbTatam nNpoBefeHHbIX NabopaTopHbIX
1 NOMEBbIX UCCNESOBAHWA YCTaHOBMEHbI Cnocobbl 3a-
LWMTbI TOPU3OHTANBHOMO MIAaCTMAcCOBOTO ApeHaxa OT
3auneHms.
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