1.Moxkpoe o0ypenue. (bypenue ¢ mpoMbIBKOI).

[Ipu OypeHmm ¢ TPOMBIBKOM IINIaM BBIOYPEHHOH IOPOJBI B TMOTOKE OypOBOTO pacTBOpa
HEIPEPHIBHO MOJACTCS U3 320051 CKBaXXUHBI B IPSI3€BOM aMOap WM MPOMBIBOYHYIO BaHHY. 3/1€Ch
OH BBINAJIACT B 0CAJ/IOK, a OUUIICHHBIA PACTBOP CHOBA HAarHETAeTCsl Ha 32001 CKBaYKHHBI.

Y CcTOHYMBOCTL CKBAKMHDI

YCTOMUMBOCTh CKBaXHMHBI IpU OypeHUHM C TPOMBIBKOM oOecreduBaeTcss 3a  CHET
THIPOCTATUYECKOr0 M30BITOYHOIO JaBJICHUs CTO0a OypoBOro pacTBopa IO OTHOIIEHHIO K
TOPU30HTY IOJ3EMHBIX BOJ.

OTa pa3Hula JOJKHA COCTAaBJSITh HE MeHee 2-3 M, coorBerctBeHHO oT 0,2 mo 0,3 Oap
U30BITOYHOTO JABIICHUS, YTOOBI MPEMSATCTBOBATH OOPYIIEHUIO CKBKUHBI. [IpOMBIBKA 3aMeHsIeT
B 9TOM ClIy4ae KpeIuieHHe 00CaHbIMU TpyOaMu BEpXHUN BOJOHOC (cM. puc.1.1).

AV |
pyHTOBbIE BOALI 2=

30 m

50 m

Puc. 1.1 H36vimounoe oasénenue 6 ckeaxicume

Ecimu TOPU30HT TPYHTOBBIX BOA HAXOJUTCA HH3KO OT YPOBHA 3C€MIIM, TO yCTOfI‘IPIBOCTI:
CKBa’>XHHBI Tpe6yeT OOJIBIIIETO HM30BLITOYHOTO rHApOCTATUYCCKOr'0 MHaBJICHUA, HO IIpU 3TOM
BBICOKA OIIaCHOCTbh I/IH(l)I/IJ'II)TpaHI/II/I IMPOMBIBOYHOT'O paCTBOpPA B IMMOPbI BOOAOHOCHOTO CJIOA.
HpeI[OTBpaTI/ITB FJ'IY6OKO MMPOHUKAIOIIYIO W HEKCJIATCIbHYIO I/IH(I)I/IJILTpaI_II/II-O MMPOMBIBOYHOI'O
pacTBoOpa MW COACPKAINUXCA B HEM MCJIKUX 4YaCTHUI[ B BOJIOHOCHBIﬁ TOPU30HT MOXKHO
O6pa3OBaHI/IeM Ha CTCHKAaX CKBa>XWHBI 3aH.[HTH01>i 000JI0YKH (KOpKI/I, KeKa).

OTOT Kek, oOpasyromuiics 3a cueT no3upoBaHHOM moOaBku KMII, momkeH mpu mpoxoake
MOIIIHBIX CJIOEB I'NINH HperITCTBOBaTL TOMy, LITO6I:;II

npoOypeHHasl TIMHA He PacTBOPSIACH B IPOMBIBOYHOM PACTBOPE,

pa30OypeHHas TIIMHA He 3arpykalia, He YTsDKessia paccTBop,

pa30ypeHHas TIMHA Oce/iaa B rpsA3eBoM ambape B BHIe KOMOYKOB,

MIPOMBIBOYHBINA PACTBOP HE WHMUIBTPUPOBAJICS B BOJIOHOC M HE TIIMHU3UPOBAI €T0,
POXoUMasi TJIMHA He pa30yxalia, He Cy)KMBajla CKBOXXUHY, a OypOBOW HHCTPYMEHT
CcBOOOIHO M3BJIEKAJICS.

[Tpumensist npu OypeHUM apTE3MAHCKUX CKBaKUH JTOOABKH YTSKENIUTENeH B IPOMBIBOYHBIN
pacTBOp MOXKHO PE3KO TIOBBICUTH €ro IUIOTHOCTb, YTOOBI TMIPOCTaTHYECKOE H3OBITOYHOE
JTaBJIEHHE TPOMBIBOYHOTO CT0JI0A a/IeKBaTHO MPEBBICHIIO 1aBJIEHHUE TOPU30HTA MOJ3EMHBIX BOJI



IPU €ro BCKPBITHH («IOJIHOE MOTJIOUICHHE)»), T.€. COOTHOIICHHWEM JaBleHUIl Mpu OypeHuu

MO’KHO YIPaBJATh (cM. puc 1.2).

IIpumep: VYnenpHbII BeC IIPOMBIBOYHOIO pacTBOpa COCTABIISET

1,2

Kr/mm3.

910

COOTBETCTBYET H30BITOYHOMY aaBiieHHt0 1,2 Oap Ha Kaxkaple 10 M TIyOMHBI CKBa)KUHBI.

YpoBeHb IpyHTOBBIX BOJ JIEKUT HA 10M OT yCThsI CKBa)KUHBI.

AVA

pyHTOBbIE BOAb! {/

>10 m=

t,=50 m

t,=100 m

Puc.1.2 Veeﬂuuueamu/;eecx u3OvLIMoyHoe Oasnerue NPOMbIBOYHO20 pacmeopa 3a c4ent

no6bIULEHUA NJIONMHOCMU

Ha rny6une Oypenus t; = 50M U30BITOUHOE JTaBJICHUE COCTABIISET:

50<1,2 = 60 M
40+ 1,0 = 40m
= 20 m =2 6ap
Ha riybune Oypenust t; = 100M U30bITOUHOE JaBJIEHUE COCTABIISIET:
100+ 1,2 = 120 m
90+ 1,0 = 90m
= 30 m =3 Oap

IIpoMBbIBOYHBIN pacTBOP

[Tpu OypeHun CKBaXMH BBIHOC BBIOYPEHHOTO MaTepHalia OCyIEeCTBISAETCS:
®  YLCTOI BOJOMH,
® [IPOMBIBOYHBIM BOJIHBIM PACTBOPOM C JI00aBKaMH,
® BO3AYyXOM (BO3MOXHO C JOOaBKaMu).
[TpoMBIBOUHBIN PacTBOP UMEET pelIaroliee 3HaueHue JIs:
e nogauu OypoBOTo mMarepuana,
® [OJICPKKH Ipolecca OypeHus,
e moJepKaHus B 0€30IaCHOM COCTOSIHUM CKBAXKHHBI.



[TpuMeHeHne M cOCTaB MPOMBIBOYHOT'O OYpOBOTO PacTBOpA 3aBUCHT OT:
e MeToza OypeHus
e 1ieM OypeHHst
® [POXOJMMBIX TPYHTOB/ TOPHOM IOPOJIBI.

[IpuMeHSATHP B MPOMBIBOYHOM pAcTBOpPE HEOOXOIUMBIC UII HEro J00aBKM HEOOXOIMMO CO
3HaHUEM MX BO3JICHCTBUS Ha MPOMBIBOYHBIN PAaCTBOP, COOTHOCA JICHCTBHE JOOABOK C peIIeHHEM
COOTBETCTBYIOIIUX 3a/a4.

3amayu OypoBOro pacrsopa

[IpoMbIBOUYHBIN pacTBOp B OypeHHU C IMPOMBIBKOM BBIMOJHSAET pPa3iWYHbIC 3a/ladH, KOTOpbIE
HEBO3MOKHO PEHIMTh TOJIBKO OJIHUM COCTaBOM IPOMBIBOYHOT'O PacTBOpA:
e cra0miIM3anus CTEHOK CKBa)KUHBI
® 3aIIUTa CTEHOK CKBXMHBI U BOJOHOCHOTO CJI0A
BBIHOC OYpOBOT0 MaTepuaia
celMMEeHTaIusi 0ypoBOro MaTepuania
MOJJIEPAKKa Mporiecca OypeHus
OUHNCTKA 320051 CKBaXKUHBI
OXJIAXKJIEHUE U cMa3Ka OypoBOro MHCTPYMEHTA U OypOBBIX IITAHT
BO3MOKHO TIPUBOJ] OypOBOT0 HHCTPYMEHTA (THAPOMOIIOT, TYpOoOyp)

[Ipexxne, yem OyIeT MOSICHEHO pEIIeHHE ATHX 3aJad 3a CYET COOTBETCTBYIOIIETO COCTaBa
MIPOMBIBOYHOTO pPacTBOpa, CJIEAYeT pPAacCMOTPeTh MPUHIUN JeHCTBHs Hauboiee YacTo
yIoTPeOIIEMBIX TIPOMBIBOYHBIX JI00ABOK.
[Tpumensiemble Tipu OypeHHUH KOJOJIEB MPOMBIBOYHBIE T0OABKHM MOKHO pa3leiuTh Ha TpU
TPYIIIIBL:

e npoxaykrel KMI]

e OCHTOHHTHI

®  YTSDKEITUTETN

KMI] (kapOoKCHUMETHIIIEIITION03a) — MOJIUMED, BaKHEHIas 3ajja4a KOTOPOro 00pa3oBbhIBaTh HA
CTEHKE CKBRXHHBI M BOKPYr 4acTHI[ OypoBOro IuiamMa TOHKYKO KOpKy (kek). Ha crenkax
CKBAKMHBI K€K INPENSTCTBYET NPOHUKHOBEHHIO OypOBOIO pacTBOpa B BOJIOHOCHYIO NMOPHUCTYIO
ropHytoo mnopoay. [ns pa3OypeHHBIX TIHMH - K€K MPEmsTCTBYeT TOMY, YTOOBI OHAa BIUTHIBAla
pacTBop, paz0Oyxaia u CyKajia CeueHHe CKBaKHHBI.

Oco0eHHO TP MPOXOJKE TIWH - 3Ta KOpKa MPEMATCTBYET APOOIEHUIO TJMH Ha Melbyaiiiine
YaCTullbl, KOTOPBLIC MOIJIN OBl 3arpsA3HUTH HpOMBIBO'—IHI:If/i pPacTBOp. I'muusHple KOMKH
COXPAHSIFOTCS 1 OCE/Ial0T B TPsA3EBOM aMbape.

[Tponyktet KMI[ maasr TtakuM o00pa3oM BOJOHOCHBIM CIIOW M yJIydlIalOT BBIHOC H
CEeIMMEHTAIIMI0O TIPOUJIEHHBIX OypeHHEM 4YacTUIl TJHHBL. B HeOOoNbIION CcTerneHu OHU
YBEIUYMBAIOT BA3KOCTh IIPOMBIBOYHOI'O PACTBOPA.

KMII o0pa3yet KOpKY, KOTOpasi YIUIOTHSIET CTEHKH CKBAKMHBI U M03BOJIsIeT BBIHOCUTh
KOMKAMM NPOHIeHHYI0 OypeHueM IJIHHY.

BeHTOHUTHI — aKTHBHPOBAaHHAS TJIMHSIHAS MyKa, KOTOpasi yBEJIMYMBAET BA3KOCTh POMBIBOYHOIO
OypoBoro pactBopa. bombas BI3KOCTh 00ecledrBaeT BBIHOC KPYIMHOTO OypoBOM Ijlama MpH
HEOOJIBIIMX CKOPOCTSIX MOAbeMa IPOMBIBOYHOTO pacTBOPA.



Ho criocoOHOCTh OEHTOHUTOB K 3aCTYAHEBAHMIO, KEIIMPOBAHUIO B CIOKOIHOM COCTOSTHUH
YXyJIIaeT CEAUMEHTAIMIO OypOBOTO IIIaMa B Ipsi3eBOM ambape.
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Puc. 1.3 Cmenxka CKBUIHCUHDbL, cma6wm3up06aHHaﬂ HCEIUPOBAHHbIM beHmoHumom

[TockonpKy NpPOMBIBOYHBIM  pPACTBOpP, COJEp)KalMi  OEHTOHUT, TMpU MONATAHUU B
KPYIHOIOPUCTBIE CTEHKH CKBAXKUHBI TAK)KE JKETUPYETCsI, OH 3aKyIIOPUBAET KPYIHbIE MOPHI, HAJl
KOTOPBIMU 3aTeéM o00pa3yercss kopka. OJIHOBPEMEHHO 3TO JKelie CTAa0WIM3UPYeT KpPYITHBIE
yactullbl TpyHTa. OHU YAEpKHUBAIOTCS Ha CTEHKaX CKBOXHHBI W MEHEE IOJABEPKEHBI
obpymenuto (cm. puc.1.3).

BeHTOHNT noBbIAeT BA3KOCTH POMBIBOYHOI'0 PACTBOPA M 32 CUET KeJTUPOBAHUA
CTa0WJIM3HPYeT KPYIHbIE YACTUILIBI TPYHTA.

VYTspkenuTenu, Kak, HampuMmep, Mell WIM TsDKEIbld IINaT, HCIOJIB3YIOTCS MNpH OypeHHH
apTe3MaHCKUX TPYHTOBBIX BOJI, YTOOBI IMOBBICUTH IIJIOTHOCTh IPOMBIBOYHOIO pacTtBopa. B
YaCTHOCTH Il TSDKEJIOTO IINaTa Mo MpUYMHE COOCTBEHHOM BBICOKOH IUIOTHOCTH Tpedyercs
IIPOMBIBOYHBIN PACTBOP C XOpOILIEH BA3KOCTBIO.

Crabunuzanusi CTEHKH CKBAKMHBI B IMEPBYIO OYEpPEb 3aBUCHT OT Pa3HUIBl MEXIY YPOBHEM
NOJ3€MHBIX BOJ M YPOBHEM HPOMBIBOUYHOIO pacTBopa. Eciam pasHuma Oonbluasi, ypOBEHb
MOJ3EMHBIX BOJ| pacmojlaraercsi JOCTaTOYHO TINIyOOKO, TO TPOMBIBOYHBIH  pacTBOP
UHQUIBTPUPYETCS C BHICOKMM JABJICHHEM B BOJOHOCHBIM CIIOH - «1ojHOE morfouienuey». Ecau
TOPU30HT TPYHTOBBIX BOJ B AapTE3MAHCKOM BOJOHOCHOM CJIO€ JIEKHUT BBIIIE TOPU30HTA
TPYHTOBBIX BOJ, 3a CYET J00AaBKH yTsDKenuTenel, He00X0AUMO CO3/1aTh JOCTAaTOYHO BBICOKOE
IPOTUBO/IABIIEHUE B NMPOMBIBOYHOM CTOJ0€.B rOpHBIX mopojax, CKIOHHBIX K OOpYIIEHMIO, 3a
cyeT J00aBKU OEHTOHHUTA MOXHO CTAOMIIM3UPOBATh CTEHKU CKBAKHUHBI.

B aw000M caydae 3a cueT JA0CTATOYHOIO pe3epBa NMPOMBIBOYHOIO PacTBOpa cjexyer
odecrneYnTh, YTOObI YPOBEHb MPOMBIBOYHOIO PACTBOPA HHMKOIAA HE ONMYCKAJCH HUKe
YPOBHS NO/I3¢MHBIX B0/, TAK KAK B IPOTHBHOM CJIy4ae CKBAKHHA 00pyLIuTCs!




3amuTa CKBaXXMHBI MOXKET OBITh JOCTUTHYTA 3a CYET TOJICTOM KOpKH, T.. 3a cueT J00aBKU
KMLI, ecnu HEBO3MOKHO U3MEHUTH MOJIOKEHUE YPOBHS MOJ3eMHBIX BOJ. Kpome Toro, 3a cuer
XOpollel CeIMMEHTAllMM B TPOMBIBOYHON BaHHE WM B TIpsi3eBOM amOape MOXHO
MPEMSITCTBOBATh M30BITOYHOMY 3arps3HCHHUIO MPOMBIBOYHOTO pPAcTBOpa OYpOBBIM IIIJIAMOM,
KOTOpPbIA B IPOTUBHOM CJIy4yae 3a CYET JABJICHUS MPOMBIBKH MEPEHIET B MOPHl BOJOHOCHOIO
CI101.

IIpn OypeHuM TJIMH WMJM  TJIHHHUCTBIX MOPOJ HeOOXOAUMO HCIO0Jb30BATh
NMpoMbIBOYHOM pacTBope KMII,.

B

[Topaua OypoBoro marepuaia 3aBUCHUT OT:
®  BJ3KOCTH IPOMBIBOYHOI'O PacTBOPA
® CKOpOCTHU IIOJIbEMA IIPOMBIBOYHOI'O PACTBOPA
e pa3mepa u (HopMbI OYpOBOTO HIIaMa
® €ro ClI0COOHOCTHU CEIMMEHTUPOBATHCS (0CaKAATHCS)

Hecymas cnocoOHOCTh MNPOMBIBOYHOM Cpeabl MOXKET OBITh yIydllleHa 3a cYeT J00aBOK
(6entonutr u KMII) B mpOMBIBOUYHBIN pacTBOp C BOAOW HIIM MEHOOOpa3oBaTeseil ¢ BO3AYXOM.
OHU TOBBIMIAIOT BS3KOCTh NMPOMBIBOYHOTO PAcTBOpa M OOCCIICUYMBAIOT HEBBICOKYIO CKOPOCTH
noabema.

CkopocTh moabeMa MPOMBIBOYHOTO PacTBOpa V1 3aBUCHUT OT CKOPOCTH HAaKa4yKd TPS3EBOTO
Hacoca, 1MoAa4l MPOMBIBOYHOTO pacTBopa Q M ceueHHs MEXTpyOHOro mpocTpaHcTBa Ao (s
OypeHusi ¢ MOpPSAMON NPOMBIBKOW) WMIU ceueHUs OypoBBIX TpyO (st OypeHuss ¢ oOpaTHOMH
IIPOMBIBKOI):

CKopocTh HOJbEMa MPOMBIBOYHOTO PACTBOpA B JIIOOOM cCllyyae JOJKHA OBITH OOJIbIlE, YeM
CKOPOCTB OCaXKJIEHHsI OypOBOTO IuTaMa. Tak Kak OHa IPU IMPOMBIBKE BOJIOW COCTABIISIET

0,5 m/cex, CKOpOCTh MOABEMa IPOMBIBOUYHOTO PAacTBOpa JOJKHA COCTaBJIATh MPUMEpHO 1 M/cek
B 3aBHCHMOCTH OT BA3KOCTH, T.€. HECYyIel CIOCOOHOCTH. DTO 3HaUYEHUE OTHOCUTCS K OypEeHUIO ¢
OPSMOM MPOMBIBKOM € MOMOIIBIO KUAKOCTHBIX NMPOMBIBOYHBIX PACTBOPOB. T0O, YTO 3TO MOXKET
MIPUBECTHU K MPOoOJIeMaM, MOKA3bIBAET CICAYIONTUI TpuMep (cM. puc.l.4).

B pa3mbiBe ckopocThb mOJbEMa IPOMBIBOYHOTO PACTBOpAa IO MPUYMHE PACHIMPEHHOTO
MEXTPYOHOT0 MPOCTPAHCTBA HACTOJIBKO Majia, 4To OoJiee KpyMHbI 0ypoBoil MaTepua
«3aBHCAaET» M BO BpeMs MpepbIBaHUS MPOMBIBKU (HapallMBaHHUE LITAHT U JIp.) NaJaeT Ha 3a00i
CKBA)KUHBI.
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Puc. 1.4 Cxopocmsb noovema u ocasxicoenus winama npu OypeHuu ¢ npamou npOMblE8KOll

Pasmep, popma u nnomnocms wacmuy OypoBOTro IIJIaMa BIMSIOT HA CKOPOCTb €r0 OCaKICHHU.
Ecny mioTHOCTh CKalbHBIX TOPHBIX IOPOJ MU3MEHSETCs JIUIIb HE3HAYMTEIbHO, TO pa3Mep U
(dopma o4yeHb paznuyaroTcs. boibline yacTULbl OnycKaroTes OblcTpee, yeMm Mmenkue. Ilnockue
YaCTHIIbI OITYCKAIOTCS MEJUICHHEE, YeEM KPYTJIbIE.

OTO MPHUBOAWT K CHIIBHOMY CMENICHHIO OYpOBOTO HUIaMa OCOOCHHO NMpH OypeHHH C MPSMOU
npombIBKOI. HeoOXxoaumMo MOMHMTB, YTO CKOPOCTh IMoabeMa V1B OypoBOro marepuaia He
OJIMHAKOBA CO CKOPOCTBIO MOABEMA MPOMBIBOYHOIO pactBopa viSp. M3 Hee HeoOXxomumo emie
BBIYECTh CKOPOCTh OCAXJIeHHs OypoBOro Marepuana v|B:

viB=Vv{Sp-v|B

BbiHoc BBIOYpEHHOr0 MaTepHa/ia 3aBHCHT B IEPBYH0 O4epedb OT CKOPOCTH MOJbeMa
NPOMBIBOYHOI0 PACTBOPAa M MOKeT ObITh YJYYIIeH 32 CYeT BA3ZKOCTH PacTrBopa. JTo
0CO0EHHO cJieyeT yYUThIBATH NPH OypeHHUH ¢ NPSIMOI POMBIBKOIA.

OT cequMEHTAIlMOHHOM CIOCOOHOCTH MPOMBIBOYHOTO PAacTBOpPA 3aBUCUT OTAETIECHHE OypOBOTO
Marepuaia B Tps3eBoM amOape (IpOMBIBOYHOM BaHHE). JOCTATOYHO JUIMHHBIM Y4aCTOK MEXIY
BIIYCKOM U BBIIYCKOM J[UIsl TOTEPU CKOPOCTH TMOTOKA IMPOMBIBOYHOIO PAacTBOpPa JOJKEH
MPEIOCTaBUTh OYpPOBOW MENIOYH, IIAMy TOCTATOYHO BPEMEHU IS CEIUMEHTAIMH, B IPOTUBHOM
ClIy4ae, MEIKHE YaCTHUIbl OYAYyT YTSDKENSTh, 3arpsi3HATH MPOMBIBOYHBIN pacTBOp. PacTBop ¢
00JBIION BA3KOCTHIO 3aTPYIHSAET OTJEJIEHNE MEJIKMX YacTHUIl [IJIaMa U3 PacTBOPA.



IIpoMBbIBOYHBIE BAHHBI 10/KHBI OBITH 10CTATOYHO 00J1bIIOT0 Ppa3Mepa, 4To0bl 0ypoBOMY
1AMy ObLJI0 JOCTATOYHO BpeMeHH ISl ceJUMEeHTAINH.

Iloooepicanue npoyecca Oypenus OCYIIECTBIISCTCS Ha 3a00€ CKBAXHHBI 32 CYET OBICTPOTO
BbIHOCA OypoBoro wmarepuana. Heo0XoauMo mpenoTBpamiaTh MHOTOKPAaTHOE, HEHY)KHOE
U3MEJBbYCHHE TIOPOJIbI M 00ecrieunBaTh OypOBOMY MHCTPYMEHTY IOCTOSIHHBIN JTOCTYII K 3a00¥0.
®opma OypoBOrO HHCTPYMEHTa U  PACIOJOXKCHHE TPOMBIBOYHBIX KAaHAJIOB  TaKke
MoAIePKUBAIOT 3P HEKTUBHYIO pabOTy TPOMBIBKH.

B TO BpeMs Kak BBICOKHE CKOPOCTH TIPOMBIBKM MpH OypeHHH C MPSMOH HPOMBIBKOM
o0ecrnieunBatoT cBOero poja 3pdeKkT BOIHOW CTpyH Iepes; UHCTPYMEHTOM, Ipu OypeHuH ¢
0o0paTHOW TNPOMBIBKOM HMMEIOTCS 3aTPyJHEHHS C OYHCTKOM 3a00s 1O NpUYMHE OOJIBIION
IUIOINAAM 32005 CKBaXXMHBI U HEOOJIBIIMX CKOPOCTSIX IOJauu pacTBOpa.

Bri0ypenHbIii OypoBoii HIJIaM J0JIKeH CPa3y e BBIHOCUTHCS POMbIBOYHBIM MOTOKOM. B
NMPOTHBHOM cJiy4yae OH OyJaeT 10Jiro Apo0UTHCsi OYPOBbHIM HHCTPYMEHTOM, YTO 3aMe/lJisieT
CKOPOCTh OypeHHs M MOBBINIAET H3HOC HHCTPYMEHTA.

vl B BypunbHbIx Tpybax ok 3-4 m/c

V] B MeXTpybHOM npocTpaHcTee < 0,3 m/c

nogowsa 6onbLLO Nowaan Npy UCnonb30BaHNM
CTyneH4yaToro gonora

Puc.1.5 Ouucmra nooowiewbl 6yposoti ckeaddcunvl npu 06pamHomM MOKpOM OypeHuu

[Tpu Gypenun ¢ 00paTHON MPOMBIBKOI BBICOKHE CKOPOCTH BHIHOCA B MEXTPYOHOM
POCTPaHCTBE TPEOYIOTCS HE /ISl TPAHCIIOPTHPOBKU OypOBOTO MaTepuana, a Juisi OUUCTKH
MOJIOMIBHI (320051) ckBaxUHBI (3P PeKT nbiaecoca). Kpome Toro, npoMbIBOUHbIN pacTBOP
oXJ1aXx/1aeT OypOBOM MHCTPYMEHT, OUMIIAET €ro0 PEXYIYI0 YacTh U «CMa3bIBaeT» OypoBbIE
TpYOBI IPU TPEHUH O CTEHKH CKBa)KUHBI.

3aMeIHI/IBaHI/Ie, JA03HPOBAHHUEC U KOHTPOJIb.

JUu1st 3aMelMBaHUs GYPOBOTO PaCTBOPA UCIIONB3YIOTCS CMECHTENIbHBIC MKOCTH 00BbEMOM 1-2 M°,
B KOTOPBIX OYPOBOI pacTBOP MOCTOSTHHO MEPEMENTNBACTCSI MEIIATKON MM HacocoM. J[oO6aBku K
OYpOBBIM PacTBOPaM HACHIMAIOTCS MEUICHHO B MECTO C HAUOOIBIIIEH CKOPOCTHIO CTPYH.

B ocHOBHOM 17151 3amermMBaHus OypOBOTO pacTBOpa MCIONB3YeTCs MHXKEKTOp (cM. puc.6). Tak
npenoTBpamaercs oOpa3oBaHHME KOMBEB, YMEHBIAETCS BpeMsi HaOyXaHHs W COKpallaeTcs
pacxoj 7100aBOK B pacTBop!



Puc. 1.6 Huoicekmop ons 6yposozo pacmeopa gupmst STUWA ¢ connom Benmypu ona
3ameuusanus

Yckopsiemblii  BOASIHOW CTpyE€il OypoBOM pacTBOp BBIHOCHT IOPOIIOK W3 BOPOHKH U
o0ecreunBaeT ONTUMAIIbHOE pa3MellnBaHue A00aBku. TakuMm oOpazoMm, He 00pa3yeTcsi KOMbEB
NIPY 3aCBITaHUH JOOABKH.

[Tpu 3amemmBaHNY KOMOMHUPOBAHHBIX OYPOBBIX PAaCTBOPOB CIEAYET YUUTHIBATh, YTO:

e cHayasila OEHTOHUT J100aBISETCS B UUCTYIO BOJY - TOJBKO TaK OH MOKET JOCTAaTOYHO
HaOYXHYTb.

e pacTBOp OCHTOHUTA BBIACPKHUBAIOT JJIsl pa30yXaHUsl, HE MEHee HOuH, Jiy4lle 24 yaca win
naxe 48 yacos.

e TOJBKO MOTOM J100aBisstoT KMI, Tak kak OEHTOHUT HE MOXKET Ha0yXaTh B pacTBOPE
KMII u3-3a o6pa3zoBanus kopku KMIL] Bokpyr kak10ro KOMO4Ka IJIMHBI.

® TI0CJIE XOPOIIIETO MePEeMEIINBAHUS TTPU HEOOXOTUMOCTH JT00ABISETCS HY>KHOE
YTSDKETISIONIEe BEIEeCTBO.

[IpenmymiecTBOM CMECHUTENBHBIX YaHOB Hapsily C XOPOUIMM IepeMelIuBaHueM J100aBOK
OypoBOTrO pacTBOpa SBISETCS, MPEXJE BCErO, BO3MOXHOCTH HMMETh XOPOIIO JO3UPOBAHHBIM
pe3epB OypoBoro pactBopa. Tak, Hanpumep, U3 cmecu o0bEMOM 1,5 M e KOHIIEHTPALUEH B MATh
pa3 BbIllIe paboyeii, MOKHO TIONYyYUTh 7,5 M OypoBoOro pacTBopa, 100aBHUB 6 M° BOJIBI (1«1,5+
4+1)5).

[Ipu no3upoBanuu OypoOBOTO pacTBOpa HEOOXOAUMO O0s3aTenbHO OOpamaTh BHHUMAaHHE Ha
MH(OPMALIIO U3TOTOBUTEINSI, KOTOPBIM B OOJNBIIMHCTBE CIy4yaeB JaeT MaKCHUMallbHOE 3HAUYEHUS
JIO3UPOBKH, XOTSI B OCHOBHOM JIOCTaTOYHO M MEHBIIIETO KOJINYecTBa JOOABKH.



KomnyectBo ,Z[O63_BKI/I 3aBHUCHUT OT:
e cnocoba OypeHHsl ¢ IPOMBIBKOI: MPSIMOI M 0OpaTHOM
e MOIIHOCTH Hacoca AJs [ojjauu OypoBOIO pacTBOpPa MM CKOPOCTH HOAbeMa OypoBOTo
pacTBOpa
® TPaHyJIOMETPHYECKOTO COCTaBa MPOWUIECHHOTO TPYHTA.

Tab6.1.1 Ipumenenue naudonee wacmo UCnOIL3YeMbIX OYPOBLIX PACMBOPO8:

OCHTOHUT KMI]
cBOiiCcTBa/ YBEJIMUYEHUE BSI3KOCTHU + ++
BO3JICHCTBUE | YKpEIUICHHE rajieK U MECKOB ++ +

MPEIOTBPAIIICHUE BCITYYHBAHHUSI TTIMHBI - ++
Ouosnoruyeckas 6€30MacHOCTh ++ -
o0pa3oBaHHE KOPKHU + ++
JI03UPOBKA OypeHue ¢ IpsIMON IPOMBIBKOM 20-60 2-5
Kkr / M OypeHue ¢ 00paTHON TPOMBIBKOI 10-30 1-3
HACBIIHAs IJIOTHOCTh 0,75 T/m° 0,65 T/m°
KOJIMYECTBO B MEILIKE 50 kr 8 Kr
OJHOTO MEIIKa JOCTATOYHO MPUMEPHO JJIA 2m° 2m°

OypoBoro O0ypoBoro

pacTtBopa pacTtBopa

e ]l KpynmHO3E€PHUCTOTO, TPABEIUCTOTO TIECKA C TAIBKON KOJIMYECTBO OCHTOHHUTA JIOJKHO
OBITH YBETUYEHO MpUMEpHO 1 Meniok/ M. Or KMII MOXHO OTKa3aThCsl.

e J[nst pa3HO3EPHUCTOTO U MEIKO3EPHUCTOTO MeCKa CHadana OepeTcss OCHTOHUT MPUMEPHO
V4 MeIKa Ha KaXKIbIA M3, Y TIOCJI€ IOCTATOYHOTO BpEMEHU HaOyXaHus T00aBsieTCs Vs
MeIIKa Ha KaKIbIN M KMII.

e Jlns cBsi3aHHOTO rpyHTA (TVIMH) TpeOyeTcs ToabKo ucnonb3zoBanue KMII, mpumepho 1
MEIIOK Ha KaKABIH M.

e Jlns xoMOMHAIUU ¢ OEHTOHUTAMHU MOXKHO COKpaTuTh qo0aBky KMII!

CraHaapTHbIil MeTO U3MePEHU IJIsi KOHTPOJIsi 0ypoBOro pacreopa

CaoiicTBa 6ypoBOro pacTBOpa OMPEEIIAIOTCS CISAYIOIUMH POBEPKAMHU:
®  u3MepeHue niomHOCmuU C IOMOIIIBIO apeoMeTpa U BECOB JJ1si OypoBOIo pacTBopa
® u3MepeHue 6a3Kocmu C TIOMOLIbIO BUCKO3UMeETpa (BOpoHKH) Mapiia
® usMepeHue epemeHu 80000moayU KOJIbIEBBIM aIllapaToOM.

H3mepeHneM TUIOTHOCTH KOHTPOJIMPYETCS 0N TBEPIBIX BELIECTB B OypoBoM pactBope. Ecnu
BHIOYPEHHBII IIJIaM HE TOCTATOYHO XOPOIIO OCENaeT B MPYIE-OTCTOWHUKE, OH «3arpyxaer»
OypoBOil pacTBOp, IIJIOTHOCTh KOTOPOTO YBEIWYHBACTCS, W HEXKENaTeIbHOE JaBlICHUE
MHOWIBTPAMU BEAET K MPOHUKHOBEHHIO MEJKHUX YacTHUI[ B BOJOHOCHBIM cioi. IlnoTHOCTH
xoporero OypoBoro pactBopa penko coctaBisier 6oinee 1,05 kr/m. Tombko A5is OCBOEHHS
apTe3WaHCKOTO BOJOHOCHOTO CJIOS IIOTHOCTH IIEJICHANPABICHHO TOBBIMACTCS 32 CUET
VTSDKETISIONINX CPEJICTB.

[TnoTHOCTH OYpOBOTO pacTBOpa ompenemsieTcs apeomeTpoM (cm. puc. 1.7).
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T
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Puc.1.7 Apeomemp Ons usmeperus niomHoCcmu.

OTBuHYMBAIOIIASICS €MKOCTh apeoMeTpa JJis IPOBEPKUM CHaudaja 3alojHSAeTCs BOJOW U
YCTAaHABJIMBAETCS B BEPTUKAJIBbHBIN IMIMHAP. Ha mkane 1oipkHa CUNTBIBATHCS IIJIOTHOCTD 1.
3aTeM eMKOCTb 3arojHseTCsl OypOBbIM PACTBOPOM, IIPUBUHYMUBAETCA K apeoOMETPY, OUHUIIAETCS
BOJOM W YCTaHaBIMBAaeTCs B BEPTUKAIbHbIM IwmHAp. [lnoTHOCT OypoBOro pactBopa
CUUTBIBACTCS HA LIKAJIE.

Hzmepenue ea3kocmu naeT CBEACHUA O Hecylled cnocoOHocTu OypoBoro pactBopa. OHO
MIPOBOJIUTCS C MTOMOIIBIO BUCKO3UMETpa (BopoHKH) Mapima (cM. puc. 1.8).

s storo 1500 M 6ypoBoro pactBopa 3ajJuBalOT B BOPOHKY Mapia, CIMBHOM HAaKOHEUYHUK
KOTOPbIIl CHayajga 3aKylnoOpUBAIOT. 3aTeM C IOMOLIbI CEKYHJOMEpa OIpPEeNeNsIioT BpeMs
BbITeKaHus nepBbix 1000 Mt 10 cpenHel OTMETKH.

3areM 3acekaercsi BpeMs BbITeKaHHs octaBmmxcs 500 mit.

PacteBop

Puc.1.8 Boponxa Mapwa ons onpedenenus esizkocmu

Tak kak mpu OypeHuu ¢ NpsIMON MPOMBIBKOW CKOPOCTh BBITEKAHUSI OYPOBOIO pacTBOpa MEHbIIIE,
TO HeCyllas CIIOCOOHOCTh M TEM CaMbIM BpeMs BBITEKaHHS JOJDKHO OBITH OOJbIIE, YeM IpH
00paTHOM METO0JIe MOKpPOTO OypeHus cM. Tabi.1.2).



Tabn.1.2 PexomeHndyemoe epemst gbimeKkanusi uz 60pouxku Mapua.

Bpems BeITekaHus OcTtarouHoe BpeMsi BHITKaHUS
[Ipsimoe Mokpoe Oypenue oK. 40 cex ok. 30 cex
O6parHOE MOKpoe OypeHue oK. 50 cek oK. 40 cex

H3mepenue eépemenu eodoomoauu nact cBelneHus o0 oOpa3oBaHMU (PUIBTPOBAIBLHOTO KEKa.
Tonkuii pUIBTPOBATBHBIN KEK 00pa3yeTcst Ha CTEHKaX CKBaKWHBI OBICTPO M TEPMETU3UPYET MX
0T HeXenarenbHol nHuIbTpanuu. Takum 00pa3oM, IpeaynpekIa0T pa30yxaHue IpoiIeHHBIX
CJIOCB IIMHBI, U MEJIKUE YacTUIBI OYPOBOTO PAacTBOpa HE MPOHUKAIOT B IPOHUIAEMBIC CIIOH.

I[J'IH OHpC,I[CJ'ICHI/IH BpCMeHI/I BOJOOTAAYN CIHYKHT TaK Ha3I—:IBa€MBII71 KOHBHGBOﬁ alrapar (CM.
puc.1.9)

Mexay OmOpHOH IUIMTONH M KOHMYECKHM KOJIBIIOM yCTaHaBJIMBAeTCA (PUIbTpOBaJbHAs Oymara.
Konuueckoe Koubllo 3amojHseTcsi OypoBBIM pacTBOpOM. M3mepsiercs Bpems, 3a KOTOpOE
OypoBOH pacTBOp NpONMUTacT QWIBTPOBAIBLHYI0 OyMary 10 camMoro Kkpas. OTO Bpems
BOJOOTJA4H JIOJKHO COCTABIIATH HE MeHee 10 MuHyT!

PacTteop

dunerpoBanbHas

N Oymara

Puc. 1.9 Konvyesou annapam 0ns onpedeneHusi 60000moadu

OTHU JJaHHBIE MOTYT CIYXUTh TOJIBKO OPUEHTUPOBOYHBIMHM 3HAYEHUSIMU, B CIIy4ae CIIOXKHBIX
IJIACTOB HEOOXOAMMO IPOKOHCYIbTUPOBATHCS Y CHEIIHAINCTA.

OuuncrTka u yaajneHue.

Jns ounctku OypoBOW Menouu, T.e. A OTAeNieHHs OypoBOM Menoud u3 OypoOBOTO pacTBOpa
HMEETCS HECKOJIBLKO BO3MOKHOCTEH:

® JIOCTaTOYHO ATUHHAs QopKaMepa Mexay BIYCKOM U BBIITYCKOM

® pasMeleHHe HeCKOIbKUX MPYI0B-OTCTOMHUKOB/TIPOMBIBOYHBIX BaHH WJIH Pa3/IeieHNe

MepEropoKamMu

® pasMelieHHe CUT U BUOPOCUT

® 1CIIOJIb30BaHME LEHTpUPyru

e  JICIIOJIb30BaHHUE OTCTOMHUKOB U T.J.

IIo BO3MOXHOCTHU pr,[[-OTCTOI\/'IHI/IK JOJDKCH BMCIIATh HBOﬁHO@ KOJIMYCCTBO COACPKUMOTO
CKBaXWHBL. UeM MeHbIIe pra-OTCTOfIHHK, TEM BaXHCC IMOCICAYIOIIUC MEPHLI IO OYHCTKE.
Oco0eHHO IIpu HUCIOJb30BaHUU BaHH-OTCTOMHUKOB MOCJICA0OBATCIIBHOC Pa3sSMCIICHUC JIBYX WJIA
TPEX BaHH MO3BOJIACT MMPOBECTHU NPEABAPUTCIIbHYIO CEANMECHTANIO.



VYnanenue OypoBOro pacTBopa MPEACTAaBISAET Oojiee CIOXKHYIO MPOOJIEeMy, YeM 3TO JTOJDKHO
Ob1Th. B mo60M citydae OypoBoii pacTBOp OJKEH ObITh OTKAa4aH M3 MPYAa-OTCTOMHUKA, YTOOBI
obecrieunTh 0OMEH OypOBOTO pacTBOpa Ha YHCTYIO BOIY Iepe 00yCTPOMCTBOM MIIH TaXKe €CIIH
CTpOUTENbHBIE PA0OTHI 3aKOHYEHBI.

Ba:xkHeiiliue npaBu/ia TeXHUKH NPOMBIBKH NPU OYPeHUH CKBAKHH:

B cBsi3aHHBIX TPYHTaX HEOOXOIUMO MPUMEHTH 100aBKy KMII, ubeli BakHeIel 3agauei
SIBIIIETCSl 00pa3oBaHue 000T0YKH (KOPKH), YTOOBI

e u30exaTh neperpy3ku OypoBOro pacTBOpa MEJIKUMHU YacTULIAMU

® MPENsATCTBOBATh MHMUIBTPALIMN MEJIKUX YACTHUIl B CTCHKH CKBAYKUHBI

® MPEAOTBPATHTH 00PA30BAHUS TTHMHSIHBIX KOMBCB

® [IPEMSATCTBOBATH BCIIYYMBAHUIO IJIUH B CKBAKUHE

B KpynHO3EepHUCTBIX TpPYHTaxX UCIOJIb30BaTh OEHTOHUT, KOTOPbII MOBBIIAET BA3KOCTh U
KEJIUPYeT NOpPbl, YTOOBI:

® KPYIHO3EPHUCTHIM OYypOBOH IIJIaM JIy4Ille BEIHOCUIICS

® IepMETU3UPOBATh KPYIIHBIE IOPHI B CTEHKAX CKBAYKUHBI

e CcTaOMIM3MPOBATH KPYIHO3EPHUCTHIE CTEHKU CKBAaXKUHBI

bentoHuT Mcnonb30BaThk TONLKO BMecTe ¢ KMII.

bentoHut Bceraa 3aMenMBaTh B YMCTOM BOJIE, 1aTh BpeMs Ha pa30yXaHHe U TOJIbKO TOTOM
n100aBuTh B pacTBOop ¢ KMII,.

JloGaBku 1151 OypoBOro pacTBOpa BHOCUTH CTPOTO A03UPOBAHHO. J{03upoBKa:

KMI] benronut
C IPSAMOI MPOMBIBKOM 1-2 xr/m° = 0,1-0,2 % 10-20 kr/m® = 1-2 %
¢ 00paTHOM MPOMBIBKON 2-4 xr/m° = 0,2-0,4 % 20-40 kr/m° = 2-4 %

[TocrosiHHas TpoBepKa OypoOBOTO pacTBOpa, 0COOCHHO H3MEPEHUE TUIOTHOCTH.




2. IIpsimoe mokpoe Oypenue. (bypeHue ¢ mpsMoit MPOMBIBKOM. )

Ecnmun OypoBoii pacTBOp HENpephIBHO MOMAETCA ¢ 32005 MO MEXTPYOHOMY IPOCTPAHCTBY,
TOBOPSAT 0 OYpEHUHU € IPSIMOM IIPOMBIBKOM.
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Puc. 2.1 Ilpunyun npsamoco mokpozo 6ypenus

Cuenyer cjieqnTh, YTOOBI BCACHIBAIOIMIMN HIJIAHT MOTPYKAJICH B IPsi3eBOi aM0ap Kak
MO3KHO JaJIbIIIe OT MOCTYNAKIero 0ypoBoro nmJiama.

3n1ech peub UAET 0 CPAaBHEHUIO C AMAMETPOM OypMIIbHBIX TPYyO O 3HAUUTENBHO OOJbIIEM
CeUeHHH MEeXTPYOHOro mpocrpancTBa (cM. puc. 2.1). IloaTomy Bech OypoBOii pacTBOp IOJIKEH
NepeKaunBaTbcsi MO OypuiIbHBIM TpyOaM ¢ OoNbIION CKOpOCThIO. Tak Kak B MEXTPYOHOM
IPOCTPAHCTBE B 3aBUCHUMOCTH OT pa3Mepa OypoBoil Menoun HeoOXxoauma CKOpoCTh moabema V1
= npum.0,5 M/cex = mpum. 30 M/MUH, AJS CKBaXHMHBI auamerpoM 250MM moTpebyeTcs
KOJu4ecTBO OypoBoro pactBopa Q = mpum.1,5 m3/mun = 90 m3/gac. Jlnsg Takoro xoinyecTBa
OypoBoro pactBopa B OypuibHbIX TpyOax auamerpom 80 mm V| =5 m/cek (cMm. puc. 2.2).

[TpomMbIBOUYHAs CTPysl C OOJIBIION CKOPOCTBIO MOCTYNAET U3 MHCTPYMEHTA B MO/IOIIBY CKBa)KUHBI,
OTPBIBACT M 3aKpyuyuBaeT OypOBYIO MEJIOYb U TOHUT €€ B MEXTpyOHoe mpocTpaHcTBO. [Ipu
OCTaHOBKE OypUIIBHBIX TPYO MOXET OBITh OBICTPO BBIMBITA KaBEpHA, YTO MOXKET MPHUBECTH K
JanpHeimemMy cMmemeHuo OypoBoil Menoun. ['eodusmueckue H3MepeHHs B CKBAXKUHE
MOATBEPAMIN 3TO, NOTOMY YTO, KaK IPaBUIO, MO PAa3MbIBY MOXHO CIEJaTh 3aKJIIOUEHUE O
pUMEpPHON JTMHE OypUIIbHBIX TPYO. B 60b1110M MEXTPpYOHOM MPOCTPAHCTBE MOTHUMAIOLIUIICS
OypoBoii pacTBOp OyAeT IMoJaaBaTh KpPYNHYI BBIOYPEHHYIO TOpPOAY HaBEpX HACTOJIBKO
MEJIEHHO, YTO CKOPOCTh MOJbEMa €€ €Ba JM MOXKET ObITh JocTurHyra. [Ipu ompeneneHHbIX
YCIOBHUAX OHA JIOJDKHA TaK JIOJTO H3MENbUaThCsl B MOJOLIBE CKBAKMHBI, YTOOBI CIUIIKOM
00JIbIIME YaCTULIBI TOPOIbI BEIMBITH TPOMBIBOYHON CTpYyEH.



Ecnu ¢ Ha3BaHHBIMU BBINIE 3HAYEHUSAMH OypuTCs CKkBakuHa naxe B 300, TO CKOpOCTh MOIbeMa
OypoBoro pactBopa Oymer cocrtaBisith Bcero 0,35 m/cek. BepositHo, B JaHHOM ciiydae
rpy003epHUCTBIN NECOK YK€ HEBO3MOXKHO 10/1aBaTh HAaBEPX.

250 Mm—=
»>8(0=
A,,, = 500 cm?
A, = 50 c™m’
v=5wM/c
—+—v=0,5m/c

Puc. 2.2 YVoanenue 6ypogoti menouu npu npsamom MoKpom dypeHuu

Jlis mpeuMyIIeCTBEHHO MEJIKO3E€PHUCTOIO TpYyHTa, Ui KOTOPOro JOCTAaTOYHO CKOPOCTH
nongbema 0,3 M/ceK, KOHEYHO, MOXXHO MOJIYYUTh OOJBIIMKA AUAMETP CKBaXUHBI U TIyOHHY.
Jocrturaemas rimyOuHa 3aBUCHUT, B IIEPBYIO OU€peb, OT JIaBJICHHUS Hacoca JAJs 1ojadyu 0ypoBOro
pacTBopa, Tak KakK ¢ YBEIHUYEHHUEM JJIMHBI OypUIbHBIX TPYO YBEIMUUBAIOTCS MOTEPU JABICHUS U
noTepu Ha TpeHue. s ckopocTu ormyckanusi 0ypoBoro pactsopa B OypriibHBIX TpyOax V| = 10
M/CeK TOTepH Ha TpeHHe B OypuiIbHBIX TpyOax amamerpoM 100 MM coctaBsT mpumepHo hv =
100 m/cex/100 M nmuubl OypuiibHBIX TPpYO = 10 6ap/100M.

I[J'ISI 00BEMHBIX HACOCOB C ITOCTOSIHHBIM JaBJICHUEM H 10 MAaKCUMAJIBHOT'O OAaBJICHUS 3TO HE
ABIISIETCS MPOOJIEMO, HO HUPKYIUPYIOUIN 00beM OypoBoro pactsopa Q B JaHHOM cilydae
orpanuyeH. /s meHTpoOEKHBIX HACOCOB € MX 3aBUCHUMOCTBIO OT Q u h (cMm. ciemyromryio
nyOIMKAIMI0) C BO3pacTamolleld MOTPeOHOCThIO B JABJICHHHM YMEHBIIAETCS I0JaBacMoe
KOJNM4YCCTBO, ITO3TOMY C YBCIUMYCHUCM FJ'IY6I/IHBI 6yp€HI/I$[ YMCHBIIACTCA CKOPOCTH IMOAbEMaA
OypOBOT0O pacTBOpa U TEM CaMbIM CIIOCOOHOCTH YaJICHUSI.

IMosryyaemplii AUaMeTp CKBAaKUHBI U [JIyOMHA NPH NPSIMOM MOKPOM OypeHHH Bcerjaa
3aBHUCHAT OT:

* NHMPKYJIMPYEMOro KoJuiecTsa 0ypoBoro pacrsopa Q

e [aBJICHHS HACOCA WIH BbICOTHI mogayu H

e JuaMeTpa OypMJBbHBIX TPYO

e pa3mepa OypoBoOi MeJ104H WJIM 3€PHUCTOCTH IPYHTA




DHepreTHyecKuii OajlaHC TPH TPSIMOM MOKPOM OypeHHHM HEOJIarompHsITHBIA, TaK Kak JUIs
MOJTy4eHUs] JOCTAaTOYHOM CKOPOCTH TMOABEMa B OONBIIOM MEXTPYOHOM MPOCTPAHCTBE
HE0OXO0AMMO OOJIBIIIOE KOJTMYECTBO OYPOBOTO PACTBOPA C BHICOKUM JaBJICHUEM.

HC,I[OCTaTKOM SABJIAIOTCA TAKXKEC IIJIOXHUC 6ypOBI)Ie HpO6BI, KOTOPEBIC IO IIPUYNHE HeHOCTaTOQHOfI
CKOPOCTH NOABbEMA CUJIBHO MEPCMCIINBAOTCA U MaJIO MIPUTI'OAHLL IJIs aHaJIn3a.

W neanbHBIM SIBIISICTCS IPSIMOE MOKpO€ OypeHune il CKBaXKUH HEOOJIBIIOro AuaMeTpa Ha JH00yio
ri1yOuHY, KOTOpPOE OTPaHUYMUBAETCS TOJIBKO JIaBJICHUEM Hacoca /s ofadu OypoBOro pacTBoOpa.

Jlns OypeHus TBepAbIX KaMEHHBIX ITOPOJ XOPOIIO 3apeKOMEHIO0BAJIO ce0s MPSMOE MOKpOE
OypeHHE C WCIOJIb30BaHHEM BoO3ayxa. CKaTblii BO3MYyX NPUBOAUT B JBUKCHHE HE TOJIBKO
MOJIOTOK, HO M CIY)XHT TaKXKe B KayeCTBE TPAHCIOPTHOM cpeasl Juisi OypoBo Menouw. B
MEXTPYOHOM MPOCTPAHCTBE HEOOXOAMMA CKOPOCTh MoabeMa mpuMepHo 15-20 m/cek, KOTopyro
MOJKHO IOJIYYHUTh, TOJIBKO HMEs KOMIIPECCOP COOTBETCTBYIOIICH OOJBIION MOIIHOCTH. B
3aBUCHUMOCTH OT IOTPYKHOTO MOJIOTKA (ITHEBMATUYECKUH MOJIOTOK BBICOKOTO WM HHU3KOTO
JaBJIeHUs) HEOOXOAMMO JaBlIieHUE BO3ayXa oT 5 1o 15 Gap unum 25 Gap ans oObema Bo3ayxa OT
25 no 35 m3/mMuH., 94TOOBI TOJYYHTh TUAMETP CKBaXHHBI Oosee 250 mm. B mobom ciydae
MEXTPYOHOE TIPOCTPAHCTBO 3a CYET WHCIOJIb30BAHMUS KaK MOXKHO OOJIBIIEro Juamerpa
OypWIBHBIX TpPyO HOMKHO OBITH TI0O BO3MOXHOCTH HeOombmuM. [lpu omnpenencHHBIX
00CTOSATENILCTBAX IS JIYYIICH BBITPY3KH K BO3JYyXY MOXKET HOJMEIIUBAThCS MEHOOOpa3yroliee
CPEICTBO.

OoOpaTtHoe mokpoe Oypenue. (bypeHue ¢ 00paTHOI IPOMBIBKOM).

Ecnu OypoBast Meno4b MepeHOCHTCSI OYpOBBIM PAcTBOPOM IO OypHIIBHBIM TpyOam, TOBOPST 00
oOpatHOM MokpoM OypeHuu. CKopocTh moabemMa OypoBOrO pacTBOpa JOJDKHA COCTaBIIAThH
IpUMEpPHO 4 M/ceK, 9TOOBI 00ECTICUYUTh JOCTATOYHYIO OYHUCTKY ITOIOIMIBBI CKBAYKUHBI.

AT (o))

Puc. 3.1 Ilpunyun obpamuozo moxpoeco 6ypenus

CneuyeT oﬁpamaTb BHHMMAaHHE HA TO, YTOO0BI IILIAHT [JISA BBII'PY3KH IO BO3MOKHOCTH
HaXoAMJICA JaJblI€ 0T BX0a CKBAa’KUHbI.




OTHU BBICOKHE CKOPOCTHU MoabeMa V1 B OypuiIbHBIX TpyOax, ¢ OJHON CTOPOHBI, HEOOXOAUMBI AJIsI
TPAHCHOPTUPOBKH HaBepX OOJBLIOrO KOJMYECTBA OypOBOH MENOYM 1O OTHOCHUTENBHO
HeOOoNBIIUM TpyOaM 6e3 pucka ux 3akynopku. C Ipyroi CTOpOHBI, TAKUM 00pa30M, TOCTUTAETCS
XOpOIIass OYMCTKA TOAOIIBBI CKBAXKHUHBL. TOJBKO OBICTPBIA IMOABEM OTAEICHHOW OYypoBOi
MEJIOYH OT MOJOLIBBI TO3BOJISIET TPOBOJAUTH OBICTPYIO U OecriepeOoiHyI0 MPOXOAKY.

OuHCTKA NOAOMIBBI CKBAKUHbI IPH 0OPATHOM MOKPOM OypPeHHMH 3aBHCUT OT CKOPOCTH, €
KOTOPOii 0ypoBoOii pacTBOpP «BCaCHIBAETCS B OypPOBOM HHCTPYMEHT/ OypuJibHbIe TPYObI H
0T ()OpMBbI MJIM BIIyCKHOI'0 OTBEPCTUS OYPOBOI0 MHCTPYMeHTAa!

B nrobom ciaydae OypoBOH pacTBOp MOJDKEH MNPOXOAUTH 1O PEXYIIEH KpPOMKE OypoBOTO
MHCTPYMEHTA, NPEXJIe YeM OH BMecTe C OypoBOl MEJIOYbI0 MOCTYHHUT B OypWIIbHBIE TPYOBI.
[Tpumensiemoe mpu 0OpaTHOM MOKPOM OYpEHHUH SKCICHTpUYHOE J0J10TO (Tuna [I)kym00) 3a cyeT
CBOETO SKCHEHTPUKOBOTO «OTCACHIBAHMUS» IOJOUIBHl CKBAXKHUHBI HICATHHO BBIMOIHSACT 3TY
3a7a4y M0 OYUCTKE.

[To mpuunHe HEOOXOIUMOCTH JOCTATOYHOM CKOpocTH moaseMa V1 B OypuibHBIX TpyOax
nuaMeTp OypeHHs He 3aBUCHT OT MeToja OypeHHs, a OT MOIIHOCTH OypoBBIX cTaHKOB. [lpu
HEOOJBIINUX JUaMeTpax OypUIbHBIX TPYO CKOpPOCTb OypeHHs NOJIKHA OBITh COOTBETCTBEHHO
CHIDKEHA, YTOOBI He TIPOHU30IILIO 3a0MBaHUs OyPUIBHBIX TPYO.

OO0paTHOE MOKpOE OYpEeHHE OTIIMYACTCS CITIOCOOOM MPUBEICHUS B ICHCTBIE OypOBOTO pacTBoOpa:
e QypeHue c 0TCOCOM
® 3XKEKTOpHOE OypeHue
® THEBMOOypeHue

B 3aBucuMoCTH OT BRIOPAHHOTO CIIOCO0A MOTYYAIOT PA3IMYHYIO TITyOUHY.

Bypenue ¢ orcocom

IIpu Gypenun ¢ oTcocomM OypoBOI pacTBOp, C TIOMOIIBIO PACCYNTAHHOTO HA ONpPEICIICHHOE
coJiepKaHue TBEP/AbIX BEIIECTB Hacoca (Yalle BCEro 3aKphIThIil LIEHTPOOEeKHbIIM Hacoc),
3acachIBaeTcs uepe3 OypHuiibHbIE TPYOBI.

Teopernueckas BbicoTa BcacbiBanusi ok. 10 mW'S Ha ocHoBaHUM AaBieHUs Bo3ayxa B 1 6ap
OyZeT elle MEHbIIIE U3-32 HE TEPMETUYHOCTHU:

. B COEJIMHEHUSX OypUIIbHBIX TPYO U IIJIAHTOB
. B My(Te
. B Hacoce.

[ToaTomMy mpakTHUecKasi BBICOTa BcachlBaHUs cocTaBisieT oK. 7-8 mWS nns nogauu. Ecnu eme
BBIUECTb I'€0/I€3MUECKYIO BBICOTY MOJJaul MEXAY MECTOM HaXOXKJEHHs Hacoca U My(ThI,
ocraercs emie ok. 6 mWS niu naBieHue Huxe armocdepHoro B 0,6 6ap /it mpeoJoIeHus
HOTEPh OT TPEHUS B OYPHIIBHBIX TPyOax. DTOT0 JOCTATOYHO NMPH CKOPOCTH Mojbema V1 =3
M/CEK ISl CIEAYIONIEeH TITyOuHbBI OypeHHUs:

Bypunbubie TpyOsl 0 75 MM — TiyOuHa Oypenust makc. 40 m
Bypunbabie Tpyost ¢ 100 MM — riy6uHa 6ypenus makc. 60 M
Bbypunbubie TpyOs! 0 150 MM — rinyouna 6ypenus makc. 100 m
Bypunbabie Tpyos! @ 200 MM — riyOuHa Oypenus makc. 150 m



@ —— BakyymMHbI Hacoc

t 7~

BbicoTa BcacbiBaHus /
nogbema

leope3nyeckas Mopatowmi Hacoc
BbICOTa NOAAYM —V—i- {}

U |V

Puc. 3.2 IIpunyun 6ypenus c omcocom

Tak kak mpu KaKI0W cMeHe OypuibHas Tpyba Mexay ypoBHEM OypoBOTO pacTBopa U My(pToi
paboTaeT Ha XOJIOCTOM XOJy, CJIEAYET TaK)Ke YUUTHIBATh BHICOTY BcachiBaHus. Kak mpaBuio, s
JTH000r0 Tpollecca BCACBIBAHUSA, T.C. IBaKyalld W3 OYypWIBHBIX TPYO, My(THI M BBIXOIHOTO
[UJIaHTa, MPUMEHSEeTCS BAaKyyMHBIM Hacoc, T.K. LIEHTPOOEKHBIE HACOCHl HE SIBISIOTCSA
camoBcachIBalomuMu. Kak TobKO OypoBOil pacTBOp JOCTHUTAeT HAcoca JJISl €ro MoJadd, OH
OCYILIECTBIISIET €r0 TPAHCIIOPTUPOBKY, a BAKYYMHBIN Hacoc OTKIro4aeTcs. st 3amuThl Hacoca
nosayu OypoBOro pacTBOpa IEpesl HUM YCTAaHABIMBAETCS HECKOJIBKO KaMHEJOBYIIEK, KOTOphIE
MIPH 3aMIOJIHEHUH JI0JKHBI OTIOPAXKHATHCA.

OHeprerudeckuil 6ananc OypeHusi ¢ OTCOCOM HE OY€Hb OJaromnpusiTeéH, TaKk Kak HACOC TOJIbKO
JUIST TUPKYJIUPYEMOTO KoJiMuecTBa OypoBoro pactBopa Q mobkeH paloTaTh MPU  Makc.
(monmxkenHom) masieHun B 1 Oap. HemoctaTkom, BO BCSIKOM ciydae, SIBJISCTCS MOBBIICHHBIN
W3HOC Hacoca TMOJa4yd W3-32 TPAHCIOPTUPOBKH OypoBoil Mmenouu. WmeanbHbIM SIBISETCS
UCMOJIb30BaHUE OypeHHs ¢ OTCOCOM JJisi CKBaXHH OOJBIIOTO JuMamMeTpa ¢ OTpaHUYEHHOM
riyouHon Oypenus (cm. 1a6.4.8).

JKeKTOpPHOE OypeHue

[Tpu 37xeKTOpHOM OypeHUH Yepe3 OJJHO UM HECKOJIBKO CTPYWHBIX COIEN C BBICOKOH CKOPOCTBIO
HarHeTaeTcs BOJa JI0 WU mociie MyQTsl B OypuiibHbIe TpYOBbl/ BBIXOJHOM 1uTaHT. Bosia, koTopas
3a0upaeTcs U3 MpyAa-oTCTOWHUKA, YBIEKaeT ¢ coboil OypoBoil pacTBOp ¢ OypoBOi Menoubio U
obecreunBaeT TakuM 00pazoM IUPKYISIITHI0 OypOBOTO PacTBOpa.

Tak Kak ¢ MOMOIIBIO BOJBI MOKHO TaK)X€ IBAKyHPOBATh BO3AYX W3 MYCTHIX OypUIBHBIX TPYO,
BaKyyMHOro Hacoca He TpeOyercs. Ilostomy crnenyer uszberarh 1000 HErepMETHYHOCTH.
OcoOyto mpobiieMy IpescTaBiIsieT repMeTUYHOCTh MY(ThI, KOTOpast, KaK MpaBHIIO, pacCUUTAaHA
JUISL 1aBJICHUSI BHYTPH, KOTOPOE BO3HUKAET MPH MPSIMOM MOKPOM OYPEHUHU U TIpU



nHeBMOOypeHun. J{Jis yerenrHoi paboThl HEOOXOAMMBI COTLIA, CIICIMAIEHO pa3pabOoTaHHBIC IS
OypeHUs C 0TCOCOM M 9KEKTOPHOTO OypeHHsI.
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Puc. 3.3 Ipunyun so1cekmoproeo dypenus

OHepreTuyeckuii 6aaHC Takoro OypeHMs elle XY)Ke, 4eM Ipu OypeHHUH C OTCOCOM, TaK Kak
BOJIBI TpeOyeTCs B J1Ba pas3a 0oJblne, ueM Tpedyercs s MpoMbIBKU. Kpome Toro, Hacoc ToKeH
HarHeTaTh BOJy Yepe3 COIUIO MO OOJBIINM JaBIECHUEM.

Henocratkom Takoro OypeHHsl, IPEXk A€ BCEro, siBJseTCsl HeOOJbIIas MOIIHOCTh BCAChIBAaHUS.
[TosToMy O0OyCIOBJICHHBIE TIOTEPSIMH TPEHUS B OYpWIBHBIX TpyOax TMOTEPH IaBIICHUS
OTPaHUYMBAIOT ATOT METOJ] OypeHHeM Ha HeOObIIyIo IITyOuHy (cM. Tab. 4.8).

WneanbHbIM Takol crocod OypeHus sBIseTcs TOJbKO Ha nepBbiX 10-15 M nmHeBMOOypeHHUs, Tak
KaK COIUJI0O HE OrPaHMYMBAECT CBOOOJAHBIN NpPOXOJ] OYypHJIbHON TpyOb/My(TH M MOXKHO 0€3
JIOTIOJTHUTEIBHOT'O MIEPEOCHAIICHHS TEPEHTH K THEBMOOYPEHUIO.

ITneBmMoOOypeHue

[Tpu nHeBMOOYpeHMM NpPUMEHSETCS NPUHIUN MaMmyT-Hacoca (dpaudra). Ilpu sToM BO3IYX
nojaercsi B OypwibHblE TpyObl M YMEHBIIA€T B HHUX IUIOTHOCTH CMECH OypOBOTO pacTBopa ¢
OypoBoii Menoubto. bojee BbicOKas TMJIOTHOCTH OypoBOro pacTBopa B MEXKTPYOHOM
IPOCTPAHCTBE «BBIJIABIMBAET» CMECh BO31yXa, OypoBOro pacTBopa U OypOBOM MeJIO4YM HaBepX.
Takum o00pa3oM, MBI HMeeM IHEBMAaTHYecKoe OypeHHe C TMPOMBIBKOH, IPH KOTOPOM
HCIIOJIb3YETCSI CO3/]aBaeMasl 3a CUET IIOCTOSTHHOM 10/1a4M BO3/1yXa Pa3HULIA B IABJICHUM.
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Tak xak cMech BO3ayXa, OypoBOro pactBopa U OypoBOI MeJIOYM JIOJKHA BCErja MOAHUMAThCS
no MmydTe, B Hadaje pa3HUIbl JABJICHUS HEJOCTAaTOYHO. Pa3Huma naBieHus NpU IITyOUHE
HOTPY’KEHHUS] CMECUTEIBHOIO COIUIA TOJIBKO Ha 5 M:

MexTpyoHoe mpoctpanctBo S mVSe 10 = 5,0 mVS
- OypuJibHBIE TPYOBI —-11mVS+0,5 = 5,5 mVS
-0,5 mVS

Pa3Huna nasneHus OypoBOro pacTBOpa M pa3HHULA JABJIECHUS PACCUUTBIBAETCS IO (hopMyIIe:

CT0410 OypoBOro pacTreopa B MeXTPyOHOM NPOCTPAHCTBE * INIOTHOCTH OYPOBOI0 pacTBopa
(ok.1,0)

- ¢T0J10 O0ypoBOIro pacTBopa M BO3AyXa B TPy0ax ® INIOTHOCTHb BO31yXa/0ypoBoro pacrsopa
(0k.0,5)

[Tpu rmybune morpykeHust BO3AYIIHOTO coryia Ha 10 M pa3HHIla TaBJICHHS COCTABIISET:

MextpyOHoe poctpanctBo 10 mVS « 1,0 = 10 mVS
- OypuibHBIE TPYOBI -16 mVS 0,5 = 8 mVS
+2mVS=0,2 6ap




OT0 U30BITOYHOE JaBJIEHUE MPEIOCTABIISAETCS Ha MPEOJOJIEHUE TOTEPh OT TPEHUS B OypUIIbHBIX
TpyOax mmHON 16 M + MpOMBIBOYHAsI TOJIOBKA + OypOBOM WHCTpYMEHT. Tak Kak MOTEpH OT
TpeHusi B OypuiibHBIX TpyOax 125 mpm V1= 3 m/cek cocraBmser ok. hv = 8m/100M, kak pas
nocTaTtoyHo 2 mVS, 4roObl obecneunTs HUPKYISLUI0 OypoBoro pactBopa. becmepeboiinoe
OypeHue cieayeTr 0XHJIaTh TaKUM 00pa3oM TOJIBKO IPU IIyOHWHE HOrPYKEHHUs] CMECUTENILHOTO
coruta 6onee 15 m.

MakcumanbsHast TJyOMHa TOTPY)KEHHS CMECHTEIBHOTO COIUIa 3aBHCUT OT  JaBIICHHS
KomIipeccopa. Tak Kak BO3yX JOJDKEH HarHeTaThCs NMPOTHB JIABJICHUS OypOBOTO PacTBOpPA, IpU
12 Gap xommpeccopa BO3IYIIHOE COIUIO MOKET OBITh YCTaHOBJEHO Ha riryomne 100m. Dtoro
JIOCTaTOYHO JUIsl PAa3HUILIBI JABICHUS:

MexTpy6Hoe nmpoctpancTBo 100 mVS « 1,0= 100 mVS
- OypuibHBIE TPYOBI -106 mVS -« 0,5 = 53 mVS
+~=50 mVS =5 6ap

Ota pa3Hulla JaBJIEHUS] TEOPETHUUYECKHU MO3BOJIAET NMPEO0IETh IOTEPU OT TPEHUs B OYPUIIbHBIX
TpyOax mmamerpom 150mm mpu mpu V1= 4 m/cex Ha ok. 500M, Tak Kak MOTEPH OT TPEHHS
cocTaBIAroT 34ech hv = 10M/100Mm.

IIneBMaTH4yeckoe OypeHue npumensiercs ¢ riryounsl 10-15 M, Tak Kak HeT HE0OXOAUMOI
pPasHULBI [JaBJeHMs M8 nogayu depe3 Mmydry. B 3aBucumocTM 0T JaBJeHMA
KOMIIpeccopa u J1uamMerpa OypuJbHbIX TPYO gocturaercs riryouna ot 500 xo 1000 m, uro
HA NPAKTHKe BIIOJIHE JOCTATOYHO.

[Tpu ckopocTr mogbemMa cMecu OypoBOTrO pacTBopa U OypOBOIM MEJIOUM HUXKE COIUIA BXOJSIIETO
BO31yXa B V1= 4 M/CeK B 3aBUCUMOCTH OT JJHaMeTpa OYpHIbHBIX TPYO HEOOXOIMMO CIICAYIOIICEe
KOJIMYECTBO LIUPKYIUpPYIoIIero 0yposoro pactsopa QSp u Bo3ayxa QL:

Tab6. 4.7 Konuuecmeo 6ypo6o2o pacmeopa u 6030yxa npu nHeemooypeHuu

() OypunpHBIX TpYO [Tnomane 6ypunbnbix | KomnuecTBo MuH.KOTUYeCTBO
[MM] TpyoO A 000pOTHOTO BO3/IyXa
[M2] OypoBOro pacTopa
QSp=A*V1 QL=QSp*1,7
100 0,00785 1,4 Mm3/Mun ~ 3 M3/MuH
150 0,0177 3,2 M3/MuH ~ 6 M3/MuH
200 0,03 5,5 M3/MuH ~ 10 M3/MuH

IIpu nHeBMOOYpeHNH 1aBJ/IeHHE KOMIIpeccopa /10J:KHO COOTBETCTBOBAThH IIy0OuHe
OypeHmusi, a KOJTHYECTBO BO3yXa KOMIIpeccopa AuamMeTpy OypHJbHBIX TPYyO.

OHepreTuyeckuil OagaHCc MpU TakoM OypeHHH OYEeHb HEOIAaronpusTHBIA, TaK Kak HEOOXOIUM
KOMIIPECCOP BBICOKOM MOIIHOCTH, YTOOBI 00€CHEeUnTh HEOOXOANMOE KOJIMUYECTBO BO3yXa IO
OOJIBIINM JJaBIICHUEM.

Henocratkom Hapsiny ¢ GoJbIINM MOTPEOIEHUEM SHEPTUU SBISIETCS, MPEXK/E BCEro, TOT (akKT,
YTO IpUMepHO repBbie 10 M T0KHBI OBITH IPOUIEHBI APYTUM MeTo oM Oypenus. Kak mpasuiio,



cHayayia OypsAT METOJOM CYXOro OypeHHsi, HalpuMep ITHEKOM WA TperdepoM, peke MpoCThIM
MKEKTOpHBIM OypeHueMm. Kpome Toro st mogayd BO3AyXa HEOOXOIUM JOMOTHHUTEIHHBIN

BO3yXOBOM. HJ’IS[ 9TOro UMCHOTCA Pa3JIMYHBIC BO3MOKHOCTH:

MIOJIBEIICHHBIN BO3yXOIPOBO/I

+ TpyOBI C BO3AYXOM MOKHO BCETJIa IepPKaTh HA ONTUMAIBHON TITyOnHE

- TpyOBI I BO3/IyXa HMEIOT MEHbIIIEEe CBOOOTHOE CEUCHHE OYPHIIbHBIX TPYO
- CJIOKHOE HapalmiuBaHue OypHIbLHBIX TPYO

HapYKHbIE BO3AYIIHBIC TPYObI B COYCTAHUU C ()IIAHIIEBBIM COSIUHCHHEM
+ BXOJHBIC BO3IYIIHBIC COIUIA MOTYT OKCIUIyaTHPOBaThCsl IOIMEPEMEHHO BCETIa
ONTUMAJILHOU TITyOUHE

Ha

- (pnaHEeBBIE COETMHEHUS TPEOYIOT MHOTO BPEMEHU

JIBYCTEHHBIE OYPHIIbHBIC TPYOBI
+ 3a cyeT OOBIYHBIX PE3bOOBBIX COSAMHEHHM JIETKO UCTIOIB30BATh
- TpyOBI JOPOXKE U TSKEIee OOBIYHBIX TPYO
- OUeHb OepeKHOE OOpaIeHNe ¢ MeCTaMH COeTMHEHHUI

KOMOWHAIHS TPYOHBIX My(T M HAPY>KHBIX BO3YIITHBIX KAHAIOB
+ Jierde Mo CpaBHEHHIO C ABYCTCHHBIMH OYPHIBLHBIMHU TPYOaMu

WneanbHbIM SIBJISETCS THEBMOOYpEHHUE s KPYHHOKAIMOEPHBIX U IIyOOKMX CKBAXKUH: €ro
3/1eCh HENb3sl 3aMEHUTh HHUKAKUM APYyrUM crocoOom OypeHus. Tak Kak TpaHCHOPTHPOBKA
OCYILIECTBIISIETCS TOJIBKO BO3yXOM, HET HUKAKOI'0 U3HOCA MMOJBbEMHBIX YCTPOMCTB.

0O06006111eHHO MeTOBI OYpPEeHHsI POMBIBKON MOKHO pa30UTh B 3aBUCUMOCTHU OT c(hephl
MPUMEHEHUS CIEAYIOIUM 00pa3oMm:

Tab. 4.8 Chepol npumenenuss Oypenust nNPOMbLEKOU

Merton 6ypenus riyOvHa JMaMeTp Cdepa npumeHeHus
IIpsimoe mokpoe [IpakTruecku B 3aBucumoctu ot MenkoxkanubepHbie
OypeHue HEOrpaHU4yeHa MOIIHOCTH Hacoca pa3BeOUHBIE U
200-400 mm KOJIOJIC3HbIE
CKBAYKUHBI
Bypenue ¢ orcocom B 3aBucumoctu ot [TpakTruecku Kpynnokanubepusie
Iuamerpa HEOrpaHUueH, JUIs Herimyookue
OypUJIbHBIX TPYO OOJIBINX JUAMETPOB | CKBAXKHMHBI, HAIIPUMED,
100-250 m CKOPOCTb OypeHHs OITyCKHBIE KOJIOALBI
OxekTopHoe OypeHue | B 3aBucumoctu ot JIOJDKHA OBITH [IepBrIe MeTpbI iU
JIaMeTpa MOJIOTHAaHA B THEBMOOYPEHU U
OypuibHBIX TPYO 50- | coOTBETCTBHE C
100 m JIIUAMETPOM
[THeBMOOYypeHue B 3aBucumoctu ot OypHWJIBHBIX TPYO U KpynnokanubepHsie u
Iuamerpa KOJIMYECTBOM riyookue
OypUIBHBIX TPYO U HUPKYTUPYIOLIETO B0J103a00pHBIE
pa3mepa OypoBoOro pacTBopa CKBa>KUHBI
uHctpymenta 500-
1000 m

IlepeBeneno ¢ EBponeiickux MeToAMYECKNX YKAa3aHUI




