3AKAHYUBAHUE CKBAXXWH
BBEAEHME

OnpegeneHune rnoHSITHUS 3aKaHYNBaHUSI CKBa)XXWH:

[loa 3aKaHYMBAHMEM CKBAXXWH MOHMMAIOT KOMMJIEKC TEXHOTOMMYECKNX npoLeccosB
OT MOMEHTA BCKPbITUA NMPOAYKTUBHOIO Mj1aCta A0 MOMEHTA €ro 0OCBOEHUA U
NCMbITaHNA KaK NMPOMbILLJIEHHOIO obbekTa.

YTOo BXOAUT B KOMIUIEKC TEXHOJIOMMYECKMUX MPOLIECCOB 3aKaHYNBaHUS1 CKBa)KUH.

« BckpbiTve npoaykTnBHoro nnacta(oB) 6ypeHneM (MHa4ye 3TOT npouecc
Ha3bIBAOT MEPBUYHBIM BCKPbITUEM MPOAYKTUBHOIO NAacTa);

= WcnblTaHmne npoayktuBHoro nnacra(oB) B nepuos 6ypenHns;

=« KpenneHue cTtBoNa ckBaXkuHbl 1 pa3oblieHne nnactos obcagHbIMK Tpybamu,
TaMMOHaXXHbIMW MaTepuanamu n cneumanbHbiM BHYTPUCKBAXXUHHbIM
obopyaoBaHUeEM;

= YCTaHoBKa bunbTpa Mexay npoAyKTUBHbLIMU MaCcTaMyU U CKBaXKMHOU (nNpwu
HeobxoaMMoCTH);

= BTOpWYHOE BCKPbITME NPOAYKTUBHbIX NMNACTOB nepdopaumen;
= BbI30B npuToKa dnonaa ns nnacros;

= PaboTbl N0 MHTEHCUUKaUMKM NpUTOKa gonaa 13 nnactos (Npwu
HeobxoanMoCTH);



KayecTBO 3aKaHUYMBAHUSA CKBaXXMH MOXET ObiTb OLIEHEHO
No pe3ynbTaTaM MPOBEAEHUS UCMbITAHUK NNacTa Kak
3KCMNNyaTaLUMOHHOro obbekTa, Ha MUHANBLHOW CTaanu
3aKaHYMBaHMS.

PeanbHas CKBaXXWHa OLIEHNBAETCS MO CTENEHU eé
HECOBEPLLEHCTBA NO CPaBHEHUIO C r’MAPOANHAMNYECKM
COBEpLUEHHOM CKBaXXMHOWU. CyLLECTBYET HECKOJbKO
BM/OB HECOBEPLUEHCTB CKBAXXMHbI:

CKBaXXMHa HeCOBEPLUEHHAs N0 CTEMEHU BCKPbITUS;
CKBaXXWHA, HECOBEPLLEHHASA MO XapaKTepy BCKPbITUS;
CKBaXXMHa HeCOBEPLUEHHAs MO KQYeCcTBY BCKPbITUSI.



= CKBa)XXMHa HeCoBepLUEHHas MO CTEMNEeHN BCKPbITUS BCKPbIBAET
NPOAYKTUBHbIA MACT HE Ha BCIO TOJLUMHY. TaKyl0 CKBaXXWHY MOXXHO
NPOUNNIOCTPUPOBATL rpadUUecKm

7 N CxeMa rnpuToka B
Albv CKBa>KNHy

y . & HECOBEPLLUEHHYIO 0
j \& CTENEHU BCKPbITUSA
/ \

= CTeneHb COBEPLUEHCTBA MO CTEMEHM BCKPLITUSA OLIEHMBAETCS
OTHOLLUEHWEM TOJLLMHbBI BCKPbLITOM YaCTK M1acTa K ero MOLLHOCTY
01=b/h, roe b - TONWWHA BCKPbITON YacTK Nnacta, h - MOWHOCTb
nJacTa.




KayecTBO 3aKaH4YMBaHUA CKBa>XUH

« CKBa)XXMHa CYMTAETCS HECOBEPLUEHHAS MO XapaKTepPy BCKPbITUS, KOraa
CBSI3b MJ1acTa CO CKBaXXMHOW OCYLLECTB/ISETCA HE YEPeE3 OTKPbIThbIM 3ab0K, a
yepe3 nepdopaLMoHHbIE KaHaslbl.

CxeMa rnpuToka B

\\ >f CKBaXXWHY,

HECOBEPLLIEHHYO 110
XapakTepy BCKPbITUS

=« CreneHb COBEPLUIEHCTBA MO XapaKTepy BCKPbITUA OLUEHNUBAETCA OTHOLUEHNEM

! _ roe ZSnep » ~ CYMMapHas niouwaje nepdopauUnOHHbIX
oéﬁep&‘swﬁ’,d’é %53; - naowab CTEHKN CKBaXXUHbI B MHTEpBane
NPOAYKTUBHOroO naacra.



KaueCTBO 3aKaH4YMBaHNA CKBaXXUH

CKBa)xnHa, Y KOTOpOM NpoHULL@eMoCTb konnektopa B MN3I1 cHuxeHa no
CPaBHEHUIO C eCTECTBEHHOM MPOHULIAEMOCTbIO MacTa, Ha3blBaeTCs
HECOBEpLUEHHAs MO Ka4yeCTBY BCKPbITUS

CxeMa npuToka B

CKBa)KuHy,
. - HECOBEPLLEHHYO 10
— D— Ka4yecTBy BCKPbITUSI

CTeneHb COBEPLUEHCTBA MO Ka4yeCTBY BCKPbITUS OLIEHMBAETCS OTHOLLEHNEM
CpeAHen NPOHMLIAEMOCTY M/1acTa B Npu3abonHon 30He Kk, K
npoHWUaemMocTM nnacta k. 0,=k . /K

[1311



CKBa)KVHa COBEpPLUEHHAs MO CTEMEHMN, XapaKTepy U Ka4yecTBy BCKPbITUS
Ha3bIBAETCA MMAPOANHAMUYECKN COBEPLLIEHHON CKBaXXMHOMN.

[ebuT rmapoaMHaMmMyeckn CoBepLIEHHOW CKBaXMHbI Qc B M3/cek
MOXXET ObITb paccumTaH no gopmyne [iontoun:

Qc=2nk h(P _—P)/(uIn(R_/Rc)

rae — k  — NPOHULIAEMOCTb MacTa B M?,

- h — MOLLHOCTb Nj1IacTa B M,

. P__— nnactosoe AasneHve B Mlla,

. P, — 3abonHoe aasneHue B Ma,

. M - BSI3KOCTb nnacrtosoro gnounaa B (MlMa*c),
. R__— paanyc npu3abonHOM 30HbI Macta B M,

n3n
g R_— paanyc CKBaXWHbI B M.



dopmyna [onon Ans peanbHOW CKBaXXMHbI OTINYATCA OT hopMybl [ionion
AN TMAPOANHAMNYECKN COBEPLLUEHHOWN CKBaXXMHbI (1) TeM, UYTO B HEN
BBOAATCA napameTpbl, C1, C2, C3 xapaKTepusylowme HeECOBEPLLEHHYIO
CKBaXXMHY, KOTOPble pacCYMTLIBAIOTCS Yepe3 CTeneHb COBepLIEeHCTBA
CKBaXXWHbI NO popMyaMm:

1
c1=l—1=ﬁ—1; C,=—-1= Vo _g cB=l—1:k"”—1.
51 b 52 ZSnequ 53 knsn
2k, h(P, — P, 21k h(P, —P
0, HER) 0, - uhlPu=P)
u(ln 1’52”+C +C, +CJ R,

[na pacyeTa npuTOoKa nNnacTtoBoro donaa K CUCTEME B3anMOAENCTBYHOLLNX
HECOBEpLUEHHbIX CKBXKWH BaXHOE 3Ha4eHWe MMeeT NMOHsITUE NpUBEAEHHOrO
paanyca. lpuBeaeHHbIM paanycoM R ,p Ha3bIBAETCA paanycC Ta KOW
(ODUKTMBHOWN COBEPLLUEHHOW CKBaXXWHbI, A€OUT KOTOpOU Npw NpOYKX paBHBbIX
YCNOBUSIX paBeH AebUTy rmapoanHaMmMUYeckm HECOBEPLLEHHOW CKBaXMHBbI.



[ANa oUueHKM KayecTBa 3aKaH4YMBaHMS CKBaXXMHbI MOXKHO UCMOMb30BaTb
KO3((UUNEHT rMAPOANHAMNHECKOIO COBEPLUEHCTBA (, NMOA KOTOPbIM
MOHMMAIOT OTHOLLEHUE AeOUTA peanbHON CKBAXXUHbI Q K nebuty Q. 3TOM
)K€ CKBaXXWHbI, ecrin 6bl OHa bbina rMapOAMHaMNYECKH COBepLLIEHHOVI (T.e.
ecnn 6bl CKBaXXMHA UMeNa OTKPbITbIM 32601 MOTHOCTbIO BCKPLITOrO
6ypeHneM nnacrta n ecTtecTBeHHyIo rnpoHuuaemocts B 13M1). U3 3Toro
onpeaeneHnsa u gopmyn (1), (2), (3) MOXHO 3anuncaTb:

ln Rnsn 11'1 Rnsn

0, R. R,
¢=—"t= =

Q. 1n%+ C,+C,+C, In R,
R R

@ np




3a pybexxoM ans OLEeHKN CTEMNEHN COBEPLUEHCTBA CKBaXXWMHbI MO KayecTBy
BCKPbITMS NPOAYKTUBHOIO NacTa NPUMEHSIIOT TakoW NoKa3aTeslb
3arpsA3HEHMS NPOAYKTMBHOMO NJIacTa Kak CKUH-3(GeKT S

R, [k

—In—2.| Zm_1

Cc 3

[pe: R, —pagunyc 3arpsi3HEHHOWN 30HbI NNacTa;
R_— paanyc CKBaXMWHbI.

Ecnm S, >0, TO 3T0 03HAYAET, YTO NPOHMLAEMOCTb BCKPbITOM YacTu NacTa
yMeHbmmnaCb ecnn S, =0, To NpoHuuaemocTb MN3M1 ocTanacb HEM3MEHHOM.
Echm S <0, 10 I'IpOHl/ILI,aEMOCTb 31 cTana Bblle NPOHULIAEMOCTU MniacTa.



B npoueccax 3aKkaHYMBaHUSA BaXXHYIO
pPOJib UFPalOT CBOMCTBA NJ1aCTOBbIX
¢dnongos n HedpTerazoBbiX
KOJZ1/1IeKTOpPOB

OCHOBHbIEe CBOMCTBa
NnaacTroBbiX ps1roMaoB

[MnacToBble hntonabl NOAPaA3AENAOTCA Ha XWUAKNE U Fra3006pasHble
B MaCTOBbIX YC/IOBUSX.

Xuakne dpnonabl: HedPTb N NNACTOBLIE BOADI.
[a3006pa3Hble (pnonabl: NPUPOAHbLIN ra3, ra3oBbi KOHAEHCAT.

HedTb 1 ra3oBbIi KOHAEHCAT, NPUPOAHbLIV a3 - 3TO CMECh,
Pa3/IMYHbIX Yr/IEBOAOPO/AOB C NPUMECHIO HE YrNIEBOAOPOAHbIX
COEAMHEHUMN.



OCHOBHbIE CBOMCTBA
NnJ1acToBbIX (OJ1IIOMAO0B

= YrneesoaopoaHble coeauHeHUs HePTy,
ra3oBoro KoHAeHcaTta, NpUpPoAHOro rasa:

« 1. MeTaHoBbLIE W NapaduHOBbLIE YrNeBoaAopoabl

(C H2n+2)’
= 2. HadTeHoBble

= - MoHoumknmyeckune (C H, )

= - nonuumknnyeckne (CH, o, CH, ,);
« 3. ApoMaTuyeckue yrnesoaopoasbl

= - MoHoapeHsbl (C H
= - nonuapexsbl (C H

2n6)
CH CH

2n-127 ~n 2n-18’ Tn 2n-24)'



Hed Ty no npenmyLiectBeHHOMY coAepXXaHUIo TeX NN UHbIX
yrnesoAopoAosB noapasaensoTcs Ha cneayrowme rpynnbl: METAHOBEIE,
MeTaHO-HaTeHOBble, HadTeHOBble, METAHO-HA(PTEHO-apoMaTUYecKme n
HaTeHO-apoMaTn4ecKue.

Pasnuualot Takxe apyrme knaccupukaumm Hedpren:

Mo coaepXXaHuto TBepablx napaduHoB - ManonapaduHuctole (4o 1,5%),
napaduHuctele (oT 1,5 ao 6%) n BbicokonapaduHucTole (bonee 6%);

No coaepXaHuto cepbl - ManocepHucTole (Ao 0,5%), cepHuctole (0,5-2%) n
BblCOKOCepHUCTbIe (bonee 2%);

MO KOHCUCTEHLINW - NErKONOABUXXHbIE, TEKYUMNE, BbICOKOBSI3KUE, MOYTU HE

TeKy4une, 3aCTbiBatoLLME NPU HOPMASbHbIX YCIIOBUAX. BA3KOCTb HETH
ra3a) OLlEHMBAETCS NapaMeTpPoOM, Ha3blBaEMbIM JUHAMUYECKOM
abcosloTHOM) BA3KOCTbIO. OHa onpeaensieTcs U3 ypaBHeHUs HbloTOHa:

dF’ / dA :uﬂ/l-dV/dZ,

roe dA - nnowaab NnepeMeLlatoLnXcs napannesnbHblx cnoes HedTn (rasa);
dF - cuna, Heobxoaumas Ans NoAAEPXKaHUS pa3HULbl ckopocTen cnoes dV;
dZ - pacCTosiHMe Mexay CnosiMu; L - AMHaMmnyeckas (abcontoTHas)
BA3KOCTb. [[1a‘c] [MMa+c]

N0 COAEPXXAHUIO CMOJTUCTBIX BeLecTs - cnabocMonuctole (Ao 8%),
cmonucTele (8-28%) u cunbHocMonucTble (bonee 28%).



YacTb nerkux yrnesoaopoaoB HeTU No Mepe ee NoAbeMa K YCTbiO

CKBaXXUHbl Npu ocBoeHun unun 'HBIT nepexoanT B ra3oobpas3Hoe
COCTOSIHME 3@ CYET YMEeHbLUEHUS AaBneHuns, obpasys Tak

Ha3bIBAEMbIN MOMYTHbIN (HEQTSIHOM) ras. MonyTHbIN ra3 CUbHO
CHUXKAET BA3KOCTb HedTH.

ZaBnexHne HacbILeHUs MOMyTHOIro ra3a - 370 AaBfeHne, npu
KOTOPOM BCE €ro KOMMOHEHTbI NEPENAYT XNAKOE COCTOSHME. DTOT
NapaMeTp Y4YUTbIBAETCSA NMpu onpeaeneHum ypoBHs HedTu B
CKBa)XMHE MpuU 3aKpbITOM YCTbE U MAaKCMMasIbHOIO /1IaB/IEHMS Ha
YCTbe.

OTHOcuTe/IbHasA M/IOTHOCTb rasa ro BO34yXy paBHA OTHOLLEHMUIO

MNJOTHOCTM MOMYTHOrO rasa K NJOTHOCTU BO3AyXa, KOTOpbIEe

N3MepSIIOTCS NpU CTaHAapTHbIX ycnosusx (P=1atm, T=20°C).

Ebo.qepx(aHme PaCTBOPEHHOro rasa B HepTW OLEHMBAETCS ra3oBbIM
aKTOPOM.

[azoBbiv pakTop Heg - 310 06beM rasa BblaenvsLIENCS U3 1M3
N1acToBON HedTM NpU ee pasrasnpoBaHum.



= [a30Bble KOHAEHCATbl B NM1ACTOBbLIX YC/TOBUSAX
SBNAIOTCSA PpacTBOPAMU NErkux >XUAKUX yrneBoaopoaos B
HeCoKMxaeMoun razoBon dase (MeTaHe). MNosToMy
NJIOTHOCTb FA30BOr0 KOHAEHCAaTa B MacTOBbIX YC/TOBUSAX
MOXXET NPUBAMXaTbCA K MIOTHOCTU NIEMKNX
YINEBOAOPOAHBIX Xunakocten [Mpn CHMKEHUM AaBNEeHUS
N0 aTMOC(epHOro, TakoW ra3oBbl PAacTBOP pacnagaeTcs
Ha ra3 v Nerkyw yrneBoAopOAHYO XXUAKOCTb -
KOHAEeHcaT. XMMUYECKUIM COCTaB ra3oBblX KOHAEHCATOB
aHanorn4yeH coctaBy HedTH, HO C npeobnagaHnem
NErknx yrneBoaopoaoB M, KpOMe TOro, B ra3oBbiX
KOHAEHCaTax OTCYTCTBYIOT CMOJINCTbIE BELLECTBA.



NMpupoaHbIN ras - 3To cMecb Hanbonee nerknx raz3oobpasHbIX
METaHOBbIX YrneBoaoposos - MeTtaHa (CH,), staHa (C,H,), nponaHa
(C;H), 6yTaHa (C,H, ) n ap. XapakTepeH s uncto ra30BbIX
MGCTOpO)K,EI,eHVIVI k npmponglM ra3aM OTHOCAT MHOrAa MOMYTHbIN
ra3 HePTAHbIX MECTOPOXAEHNN U ra30Bble KOHAEHCAThI.

OCHOBHOM COCTaBMIAIOLLEN YAaCTbIO NPUPOAHOro ra3a SABNSETCS
METaH, CoAep)XaHne KOTOPoro B 60/bLLINHCTBE Clly4YaeB MNpeBbillaeT
80-90% un nHorpa gocturaet 97-99%. lNpupoaHblie ra3sl B 1M3 B
KOTOpbIX coaepxutca 6onee 100r TaxenbiX YrneBoAOpPOAHbIX ra30B
(3TaH, nponaH, 6yTaH 1 Ap.) Ha3bIBAOT «boraTbiMn>» UK
«XKUPHbIMK», @ MeHee 100r — «cyxumu». lNpupoaHble rasbl UMET
MWUHMMASIbHYO BSA3KOCTb M MNIOTHOCTbL. B pacueTax, BbIMNOSIHAEMbIX
Npy NPOEKTUPOBAHUM 3aKaHUMBAHUSA CKBAXXWH, NCMOMb3YIOT 06bI4YHO
OTHOCWUTEJIbHYIO MIOTHOCTb ra3a rno Bo3ayxy (MuHuMasnbsHas 0,7).



Boaa B ropHbIx NopoAax MOXeT NpebbiBaTh B CBA3aHHOM M CBOHOAHOM
COCTOSAHUSAX.

CBs3aHHas n/acTtoBasl Boja - KanunsapHas, a,EI,COpﬁLlMOHHaﬂ, NAEHOYHAA.
CBsA3aHHasg BoAa CyLLEeCTBEHHO BJINAET Ha XapaKTeEpP ABMXEHUA XXUOKOCTU B
nsacTtax.

CBObOAHYO /1aCTOBYO BOAY NO Pa3MELLEHUIO OTHOCUTENBHO
HedTera3aHOCHbIX FOPMU30HTOB HA3bIBAOT BEPXHEM, EC/IN OHA HACbILLAET
M1ACT, PACrOSIOXXEHHBIN BblLLE NPOAYKTUBHOIO; HUXXKHEM, €CNN OHa
HACbILLAET MNACT, PACMONOXEHHbIN HUXE NPOAYKTUBHOMO; MOAO0LIBEHHOM,
€C/I1 BOAa 3aMnOJHAET MNJ1acT KOMINEKTOP MO/ 3aneXxbto HedTH UK rasa;
MPOMEXYTOYHOM, €C/IN OHA HACBILLAET NPOMIACTOK B NPOAYKTUBHOM
niacre.

[nacToBblE BOABI COAEPXAT PACTBOPEHHbIE rasbl, NPeUMYLLIECTBEHHO
NPUPOAHbBIN a3, a30T U YINEKUCNbIN ra3. B 3aBucMMocT oT obLen
MWHEPaNU3aLmMn MOHHOIO COCTaBa U COAEPXXaHUS paCTBOPEHHbIX ra30B
MEHSIETCS MJIOTHOCTb MAACTOBbIX BOA, KOTOpas A/si HedTerasoBbIX
MEeCTOPOXAEHUS MOXET aoxoanTb A0 1,2 r/cm3. MNNOTHOCTb NSIACTOBbLIX BOA
MCMOb3YETCA B pacyeTax Hapy>XHbIX AaBNEHUN, AEUCTBYIOLLMX Ha
obcasiHble KO/TOHHBI.



Mpeobnaaatollas Yactb HEDTSAHBIX U ra30BbIX MECTOPOXAEHUIN pa3MELLAETCS B KOJIEKTOpPaX
Tpex TUMOB — rpaHyNsSpHbIX (MK NOPOBLIX), TPELMHHBIX M KOSINIEKTOPaX CMELLAaHHOro
CTpOEHu4.

K rpaHynsipHoMy (Min opoBOMY) TUITY OTHOCATCS KOJIJIEKTOPbI, CNIOXKEHHbIE MPENMYLLECTBEHHO
necyaHo-asieBPUTOBLIMM NOPOAaMM, NOPOBOE MPOCTPAHCTBO KOTOPbIX CTOUT U3 MEX3EePHOBbLIX
NyCTOT. KOJI/IEKTOPbI 3TOr0 TUNa rnoApasAaesisitioTcs ro pasMepy 3€peH, CraratrLmx rnopoay:
MefIko3epHuCTble — pa3Mep yactuy, 0,1-0,25mmMm;

cpeaHe3epHucTble — pa3mep Yactuy 0,25-0,5mm;

KpYnHO3epHUCTble — pa3Mep Yactuy 0,5-1,0MmMm.

B uncno TpeLymHHbIX KOIIEKTOPOB, NPeACTaBNeHHbIX B OCHOBHOM KapbOHaTHbIMM NopoaamMu u
CflaHUaMn, NPOCTPaHCTBO, 3anoJIHEHHOE HEPTLIO Un (M) ra3om CKaAbIBaeTCH U3 CUCTEMBI
OTKPbITbIX TPELLUWH. [1pV 3TOM y4acTKUN KOJIJIEKTOPA, 3a/1eratoLine Mexay TpelmMHaMmy,
NpeacTaBnsAloT coboM NMOTHbIE MaNoNpPoHMLIAEMbIE 610KN MOPO/bl, OTKPbITOE MOPOBOE
NPOCTPaHCTBO KOTOPbIX Masio U NMPakTUYECKN He YYaCTBYIOT B HAaKOM/IEHUN N MUrpaumMmn HeTU
rasa.

Ha npakTuke Yalle BCTPeYatTCs KO/VIEKTOPbI CMELUaHHOMo TUMa, NPOCTPAHCTBO KOTOPbIX
C/IOXKEHO KaK CUCTEMOM OTKPbITbIX TPELUMH, Tak N NOPOBbLIM NPOCTPAHCTBOM 6/10KOB. 70T UM
KOJIZIEKTOPA MOAPA3AENSAETCA Ha:

- MOPOBO-TPELUMNHHbIN, Y KOTOPOro 06bEM OTKPLITOrO MOPOBOro NPOCTPaHCTBA 6osblue 06beEMa
CUCTEMbI OTKPbITbIX TPELLMH;

- TPELLMHHO-NOPOBbLIM, Y KOTOPOro 06bEM CUCTEMbI OTKPbITbIX TPELUMH 60bliEe, YEM 06bEM
OTKPbITOrO NOPOBOro NPOCTPAHCTBA;

- TPELLMHHO-KaBEPHO3HbIN, Y KOTOPOro 06bEM OTKPbITOrO NPOCTPAHCTBa CKaAblBAETCA U3
o6beMa CUCTEMbI TPELUMH U 06bEMA OTKPbITbIX KaBEPH;

- TPELLMHHO-KApCTOBbIE, Y KOTOPOro Ha psifly C OTKPbITbIM NPOCTPAHCTBOM CUCTEMbI TPELLIWH
MMEIOTCS KApCTOBbIE MYCTOThI.



MopucrocTb

Mopg NOPUCTOCTbIO MOPOAbl MOHNUMAETCA HAaJIMYME NOp MeEXAY ClaratoumMmm ee
YaCTunuaMun.

PaznuyatoT:

- abCO/MIOTHYIO MOPUCTOCTL M, — OTHOLUEHWE CyMMapHoro obbema nop V. , B nopoje
K 06beMy nopogel V:  m = V / "4

- OTKPbITYIO nopncrocrb m’ - oTHoleHNe o6beMa OTKPbITbIX NOP NOpPOAbI Vorl(no , K
obbemy nopoabl V: m_ = e [V '

OTKpbITas FIOpVICTOCTb onpep,enﬂeT €MKOCTHbIE U (DUNbTPALIMOHHbIE CBOWCTBA
KONIEKTOPOB HE(TUN U rasa, OHAKO Ha 3TU CBOWCTBA B/IUSIET HE TONIbLKO 0ObEM
OTKPbITLIX MOP, HO X Pa3Mepbl MOPOBbIX KaHAN0B, KOTOPbIE ONpeAensioT
KaNUNSIPHBIE CBONCTBA NOPOAbI KOMEKTOpa. 110 3TOMY MapaMeTpy MOpPOBbIE KaHabl
NOAPA3AENSAOTCS Ha 3-U rpynmbl:

1. CybkanunnsipHble — MeHblue 0,0002MM;
2. KanunngapHsble — ot 0,5 go 0,0002MmM;
3. CeBepxkanunnsipHole — 6onee 0,5MM.

[opoapbl ¢ cybkanMnaspHbIMKU NOPOBbLIMM KaHaNamMm 3a CHET KanuisipHbIX CUN
yOEPXUBAIOT MacToBble (oMbl KOTOPbIE B CU/Y 3TOMO HE MOrYT NEepeMeLLaThCs
naxke npw 6onbNX nepenagax AaBneHUn. ITO UMEET MECTO B MNMHAX, MIMHUCTbIX
CnaHuax, KoTopble B CUy 3TOr0 HE MOryT C(OOPMUPOBATb OTKPbITbIE FPaHYSPHbIE
KONNeKkTopbl HedT 1 rasa.

B CBA3M C TaknM BAMAHUEM Pa3MEPOB OTKPbITLIX MOP Ha MPOHULAEMOCTb
KOJI/IEKTOPOB BBESIN MOHATUE SGIPEKTUBHOMN MOPUCTOCTH M _, .. 3Ta NOPUCTOCTb
paBHA OTHOLLUEHWNIO NMPOHMLIAEMON YaCTU OTKPbITbIX NOpP o6r8tra V. .k obwemy
obbemy nop V y

MPOH

Mypy = V

ﬂpOH




OUNbTPaLIMOHHbIE XapPaKTEPUCTUKKN NMOPO/ KONIEKTOPOB HEDTU U ra3a
XapaKTEPU3YIOTCA TakMM Ba)KHbIM MapaMeTPOM, Kak MPOHULIAEMOCTb.

[ins OLeHKM NMPOHMLIAEMOCTM FOPHBIX MOPOZ MOPOBbIX KO/IIEKTOPOB 06bIYHO
MOJIb3YIOTCA IMHENHBLIM 3aKOHOM (DU/IbTPaLnK [lapcu, KOTOPLIN F1acuT, YTo
JIMHEMHAS CKOPOCTb (pUIbTPaLNK XXUAKOCTU B nopucton cpeae V
NponopLMOHabHa rpaaneHTy AaBneHms n obpaTHO NPONOpLMOHANbHA
ANHAMUYECKON BA3KOCTMW.

Q - 06bEMHBIN pacxon, XXUAKOCTU;

F - nnowaab GunbTpaumm;

U - AMHaMn4yecKas BA3KOCTb XXMOKOCTU;
AP - nepenaa nasneHns Ha TonwmHe Ah.

KoadhdurumneHT nponopunoHasibHOCTU B 3TOM YpaBHEHMN K HA3biBaeTC
MPOHULIGEMOCTBIO N MOXET ObITb BblpaXkeH

_Q-u-AR
AP-F




CBoucrtBa HedTerasoBbiX
KOJ1/1IEKTOPOB

ANs TpeLMHHbIX KONNEKTOPOB BBOAUTCS MOHATUE TPELYMHHOM MOPUCTOCTH
M MPOHNLIAEMOCTM.

TpeLmHHaa NOpUCTOCTb OAHOM CUCTEMBI NMapanfienbHblX TPELUMH B NOPOAE
Konnektopa mT onpeaensieTcs Kak OTHOLIEHUE CpefiHEN PACKPbITOCTY
TPELLUMHBI CUCTEMbI b K CPeAHEMY PacCTOsHMIO MeXAY TpelunHamu h_.

b

mT = —>

h

[ns TpeLMHHOro KoIeKkTopa Bblpa)lgéHVIe ANS NMPOHUL@eMocTn KT vepes
MOBEPXHOCTb pMUIbTPaLMM NEPNEHANKYISPHON CUCTEME TPELLUUH
3anucbiBaTCA B BUAeE:

b>-mT

12
[ne: b — cpegHee pacKpbiTUE TPELLMH.

kT =



Cneaytollas rpyrnna napaMeTpoB XapaKTEPU3YIOLLIMX CBOWCTBA KOIEKTOPOB U BAUSIIOLLIMX Ha
NPOLIECCHI 3aKaHYMBaHUS CKBa)XMH — 3TO M1IaCTOBOE /aB/IEHWNE, TOPHOE AaB/IEHNE U [IaBNEHME
rmapopaspbiBa.

B cBSA3M C TEM, YTO 3TV AaBNEHUS PAcTyT C rMybMHOM UX AalOT B BUAE MPaANEHTOB.

NnacroBoe fgasBsieHne — [aB/ieHne NIacToBoro gnonaa B OTKPbITbIX Nopax. Hopmaanoe
NJ1IacToBOE AaBJ/IEHUE PaBHO MMAPOCTAaTUYECKOMY AAB/IEHUIO BOAbI MIOTHOCTbIO 1 r/cM’.
DTOMY [aBNEHUIO COOTBETCTBYIOT rpaaueHTbl agasnenuns 0,01 Mlla/m.

Ecnu rpagneHT aasnenus <0,008 MlNa/m — aHOMaNbHO HU3KOE AlaBJIeHMe.
Ecnu rpaavneHT aasnednsa =>0,011 Mlla/M, TO aHOMaJibHO BbICOKOE AlaBJ/ieHUue.
FopHoe (MM reocraTuyeckoe) gaBsieHMe — 3TO [aBJIeHME Bblllesiexallmx ropHbIX nopoa.

q-H

P, pacchTblsaeTcg KakK cpenHeB3BéluerH’é;| nméo NPUHUMAETCS HOPMaTUBHAS BEIMYMHA

p —2 4 r/cm’.

ﬂaBneHue rmapopaspbiBa — 3TO AaB/IEHNE NACTOBOro nomaa nnu NnacTtoBoe AaBlieHUE,
NP1 KOTOPOM MPOUCXOAMT paspbiB NMopoA. [laBneHne ruapopaspbiBa BCeraa MeHbLLE ropHOro
AaBneHus, T.K. C O,EI,HOVI CTOPOHbI MPOYHOCTb Ha pa3pbiB BCErAA MeHbLUE, YEM NPOYHOCTb Ha
OKaTue, a C IPYron CTOPOHbI I'IJ'IaCTOBbIVI dnong obnervaer o6pa3OBaHMe TpeLWunH B nopoae,
0COBEHHO 3TO OTHOCUTCS K M1aCTOBOVA BOZeE.

[nsa naBneHua rmapopaspbiBa, B UCKTOUYUTENBHBLIX CNy4dasaX, Npy OTCYTCTBUM MPOMbICIOBbIX
AdHHbIX MO>XHO MCMNOJ1b30BaTb SMIMUPUYECKYHO 3aBUCUMOCTb

Ml-w, [P, P ]-Mna Fr=00083 +066F,



MexaHn4yeckmne CBOMCTBA NMopoz KOIEKTOPa BAUSIOLLME Ha NPOLECCHI
3aKaH4MBaHUA CKBaXXMH

[1ns NOpOBOro KOJIEKTOPa — NPOYHOCTL Ha OIHOOCHOE CKaTue J_.

Harpyska o0, ., BO3HWKaIOLLAsH B YC/IOBUSIX AEMPECCUM Ha MacT AOMKHA

ObITb MeHbLLE NPOYHOCTM NOPOAbl HAa OAHOOCHOE CXKaTue o e~ O 7
= 2S(P.op, = P )+ AP 1o |

(0}
pacy Aenp
rae AP, ,— MaKcuMarnbHas Aenpeccusi Mpu OCBOEHUM 1 SKCMTyaTaLnm

nnacra;
S — kKoapduumeHT 6okoBOro pacnopa S=y /(1 — v),

V — KO3 duumeHT lNyaccoHa.

ONs TPELLMHHBIX KOMNIEKTOPOB OCHOBHbIM MEXaHNYECKMM MapaMeTpoM
BIMSAIIOLLMM Ha MPOLECChl 3aKaHYMBaHUS ABASIOTCA HE pa3pyLuaroLLas
Harpyska, a MoAyNb YNpyrocTu TpewmHoBaTbiX nopoa E, T.K. ans
TaKMX KOIEKTOPOB OMACHOCTb MPEACTABASAET 3aKPbiTUE TPELLMH MU

60nbLLON AENpeccMn Ha NNAacT CO CTOPOHbI CKBaXXMHbI. 3A€Ch BaXXHO, YTOObI
pacyeTHoe 3HayeHune E - Obl10 MeHblUe hakTuyeckoro £ g < E:
)

4AP,, I, -(1-v?)

pacu = b 2

roe L _— cpeaHsisi AnvHa TpewwH, b_ — cpeaHee packpbiTUe TPEeLLVH.
cp 19°)

pacy




CnepytoLee CBOMCTBO KOJIIEKTOPA, KOTOpOe HEOBXOAMMO YUYMTbIBATb NpU
Bblbope crnocoba 3akaH4YMBaHUS CKBaXKMHbI — 3TO ero HeOAHOPOAHOCTbD.
Konnektop MOXeT 6biTb HEOAHOPOAHBLIM NO CNeAyLNMM NapaMeTpamM:

a) NIMTONIOMNMYECKN — pa3Hble Mopo/bl, HECKONbKO MPOAYKTUBHbIX
rOpM30HTOB (MHOrOMNJ1acToBas 3ane>|<b)

6) no npoHnLaeMocTn — pa3Hbii kK n KT. Mlnact cumtaerca
BblCOKOnpoHuuaemMmbiM ecnu k>0,1 nnn kT>0,01MKkM2.

B) Nno BeJIN4YNHE rpaagneEHTOB MJ1aCToBOro AaBJIEHUSA, PA3HbIE TPAANEHTDI Pﬂ/7

r) no Tuny dpnovaa (HedTb U ras, uiam HedTb, ras, n Boaa, Wim HedTb U
BOAQ, WU ra3 1 BoAa).

OAHOPOAHLIM Ha3bIBAETCA NJIACT JIMTONOMMYECKU OAHOPOAHbIN,
OAHOPOAHbIN MO NMPOHNLAEMOCTH, K, KT He AO/MKEH BbIXOAMTb 3@ rPaHULIb
cnenyrowmx WecTn KI1accos: K, KT MKM2.. .>1,0; 1,0+-0,5; 0,5+0,1, 0,1
+0,05, 0,05+0,01; 0,01+0, 001 op,Hopoqum Mo BEMUMHE - rpanmeHT P
(He MEHSIeTCs B npenenax KonneKTopa) M UMEEeT oanH TN dronaa. Ecnn”
X0TS 6bl MO OAHOMY W3 MEPEUNCIIEHHBIX MOKAa3aTesen niact
HEOAHOPO/IHbIN, TO OH Ha3blBAETCS HEOAHOPOAHbDIM.



[loa KOHCTPYKLMEN CKBaXXMHbI B UHTEPBAsie NPOAYKTUBHOIO MacTta
(KOHCTPYKLNS 3KCryaTaLuMoHHOro 3abos) noapasyMeBatoT
COBOKYMHOCTb 3/IEMEHTOB CUCTEMbI CKBaXXMHA — Kpenb B UHTEPBase
NPOAYKTMBHOIO MnjacTa, KoTopble 06ecne4ymBaloT YCTOMUYMBOCTb
CTBO/1a, Pa3o6LleHNE NPOHNLIAEMbIX NJIACTOB, MPOBEIEHNE TEXHUKO-
TEXHONIOrMYECKNX BO3AEUCTBMM Ha NIACT, PEMOHTHO-U30MALMOHHbBIE
paboThbl, @ TaKXXe NPOAOC/HKUTENBbHYIO SKCM/TyaTauuto CKBaXXUH C
ONTUMalnbHbIM AeOUTOM.

KOHCTPYKLUMS CKBaXXUHbI B MHTEPBaJie NPOAYKTUBHOIO NaacTa
[OJKHA:

obecneunBaTb Hauny4lIne YCIOBUS APEHUPOBAHNS NPOAYKTUBHOIO
niacTa;

obecneunBaTb AIUTENBHYIO 6€3BOAHYIO A00bIYY;

U30/IMPOBaTb NPOAYKTUBHbIN MACT OT 6/M3nexallnx NpoOHULIGEMBbIX
rOPN30HTOB;

3dlinlaTb I'IpO,EI,YKTMBHbIVI NJacT OoT BpeEAHOIro B/IMAHUA
TAMIMOHA>XXHOIro pacreopa npm UEMEHTUPOBaAHNN UK CHUXATb 3TO
BITUAHUE.



Bbibop n 060CHOBaHue
KOHCTPYKLMU CKBaX>XUHbI B
MHTEepBae
NMPoOAYKTUBHOIO MJiacTa.

B OCHOBY Bbl60pa KOHCTPYKUUN CKBa>XUHbI MOJ1I0XKEHbLI YETbIPE OCHOBHbIX
pPa3HOBUNAHOCTU obbekTa SKCrjiyatauumn.

« Konnektop oaHOPOAHbIN, NPOYHbIN. BN3KO pacnono)eHHbIX
BO/JOHAMOPHbIX U FA30HOCHbIX FOPU30HTOB HET. [0A0LLBEHHbIE BOADI
OTCYTCTBYIOT.

« Konnektop oaHOpoAHbIA, NPOYHbLIN. B KpoBne nnacrta — ras3oBas Lianka
nnn 6N1M3KO pacrnosioXXeHHbIE HanopHble 0ObEKTHI.

= Konnektop HeEOAHOPOAHBIMN.

« Konnektop cnabocueMeHTUPOBAHHbIN, FPaHYISAPHbIA, 60NbLION MOPUCTOCTU
N NMPOHULIAEMOCTN, C HOPMasibHbIM UM HU3KUM M/IaCTOBbIM [1aB/IEHNEM.
Mpw ero 3kcnyataumMm MMEET MECTO pa3pyLUEHNE MacTa U BbIHOC NMecka 13
CKBAXWHbl.

[ns nepBoro TMna KoniekTopa XapakTePHbl KOHCTPYKLIMM OTKPbITOro TUMa,
ANt BTOPOrO - KOHCTPYKLMM CMELLIAHHOro TUMa, ANs TPETbEro -
KOHCTPYKLIMW 3aKpbITOro 3abosi, AN YETBEPTOro - KOHCTPYKLMK 3a60€eB Ans
npeaynpexaeHns BbiIHOCa Necka.



Bbibop " 060CHOBaHME KOHCTPYKLIUW
CKBa)XXMHbI B MHTEpBaJe
NPOAYKTUBHOIO NnJjacra

Pa3sHOBMAHOCTM 3KCIUlyaTaLMOHbIX 3a6oeB
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al 6 B r n e WKL
a, 6, B — oOTKpbITbIX (HELLeMeHTUpyeMbIN) 3abon;
r, A — 3abon cMellaHHOro Tuna;
e — 3aKpbITbiX 3a60M;
X, 3 —3a6on Ana npeaynpexxaeHuns BbiIHOCa Necka U3
KOJIJIeKTopa




CnoCobbl SAKAHYUNBAHUA CKBAXXUH

[Toqg cnocoboM  3aKaHYMBAHUSA  CKBAXWH
NOHUMAOT COBOKYMHOCTb AIBYX (DaKTOPOB:

1. CocTosiHMEe CTBOMA CKBaXXUHbI MPU BCKPbITUM
NPOAYKTUBHOIO ropu3oHTa (obca)eH CTBOJ
NN Heobcaxen).

2.  KOHCTpyKUMS CKBa)XMHbl B WHTEpBane
NPOAYKTUBHOIO M/acTa




3aKaHYuBaHue npu oTkpoiToM (HeobcarkeHHOM)

BbilleJieXXadllleéM UHTEpBaJi€é CKBa>XMHbl

Npu 3TOM cnocob6e BapMaHT C LLeMEeHTUPOBaHUEM UHTepBana
NPOAYKTUBHOIO nJiacra

[pn 3TOM criocobe ckBaXkmHa nNpobypuBaeTcs Ha 40-50 MeTpoB HUXKE NOAOLLBHI
NPOAYKTUBHOINO OpPU30HTA, Jasiee CnyckaeTca obcaaHast KOJIOHHQ,
3aTpybHOEe NpOCTPaHCTBO LIEMEHTUPYETCS, NMPON3BOANTCS Nepdopauus.

DTOT crnocob6 MOXHO NPUMEHATb MNMp1U HOPMAJ/IbBHOM N aAHOMAJIbHO BbICOKOM
Nn1acTtoBOM AaBJ/1IEHUN.

NMHOChbI:
« [1pOCTOTa@ KOHCTPYKLMN CKBAXKWHBbI
« [lpocTtoTa cnocoba LUeMeHTUPOBaHUS

=« BO3MOXHOCTb CenekTMBHOro (pasaenbHoro) ornpoboBaHUs MNPOAYKTUBHbBIX
FOPU30OHTOB

MUHYCbI:
= 3aTpyAHEH BbIOOP TUMA NPOMbIBOYHOM XKXWUAKOCTU;

« Haubonblias creneHb 3arpsi3HEHHOCTM (OTpUUATENbHOE [AEUCTBME Ha
NPOAYKTUBHbIE FTOPU30OHTbI).



3aKaHYuBaHue npmu oTkpoiToM (HeobcarkeHHOM)

BbllleJieXXalleM UHTEpPBaAJi€ CKBAXXMHDbI.

MNpu 3TOM cnocob6e BapnMaHT C HELLleMEHTUPYEMbIM NMPOAYKTUBHbIM
NnJ1acToMm

= CKBaXWHa 6Y|3VITCFI A0 noaoLwBbl NPOAYKTUBHOIO NMPWU30OHTAa,

=« B CKBaXMHY OMyCKaeTcs KOJMIOHHa obcagHbiXx Tpyb, nepdopupoBaHHasi B
NHTEpBane NpoayKTUBHOIO FOPU30HTA;

= LEMEHTUpOBaHME 3aTpPybHOro MpPOCTPAHCTBA MPOU3BOAUTCS B WHTEpPBane
BblLLE NMPOAYKTUBHOIO rOPU30HTA

NMNJ1FOCbl:

« Wckntouaerca 3arps3HeHne 3a CHET AENCTBUS LIEMEHTHOrO pacTBopa.
MUHYCbI:

= YCNOXHSIETCA CXeMa LIEMEHTUPOBaHUS;

« BO3MOXHO TONbKO AN OAHOPOAHON OAHOMIACTOBOM 3a/IEXM.



3aKaHYuBaHue npm 3akpbiToM (06CcarxeHHOM)

BbllleJjieXXalleéM UHTepBaJieé CKBa>XUHbl

MNpu AaHHOM cnocobe 3akaHUMBAHUSA BApPUAHT C OTKPbITbIM
WHTEpBaJIOM NPOAYKTUBHOIO nJacra

= CKBaXuHa 6ypuTcst A0 KPOB/M NPOAYKTUBHOIO rOpU30HTA;

= B CKBaXXMHY CMYyCKaeTCs KOSIOHHa 0bcagHbIX Tpyo;

=  3aKOJSIOHHOE MPOCTPAHCTBO LIEMEHTUPYETCS;

=  BCKpbITWE NPOAYKTUBHOIO rOPU30HTa NPON3BOANTCS AO/IOTOM MEHbLUEro AMaMeTpa;
= CTBOJ1 CKBaXXMHbl OTKPbIT B MHTEpPBasie NpoAyKTUBHOINO FOPU30HTa.

N1HOCbI:

= MwuHMManbHada cteneHb 3arpsa3HEHHOCTH

MUMNHYCbI:

« OrpaHun4yeHHast obnacTtb NpUMEHEHUS:

a) CTBOJT CKBaXXWHbl B MHTEPBAE NPOAYKTUBHOIO rOPU30HTa A0/MKEH ObITb YCTONUMNBLIM;
6) konnekTop AomKeH 6bITb OAHOPOAHbLIM;



3aKkaHYMBaHMe nNpu 3aKpbIiToM (06CcarkeHHOM)

BbillleJie)XXalle€M MHTEpPpBaAJi€ CKBAXXUHDbI

Npu AaHHOM cnocobe 3aKkaHYMBAHMS BApUMAHT C XBOCTOBUKOM-
¢dunbTPOM B MHTEpBaJsie NPOAYKTUBHOIO nJacra

= CKBaXXWHa 6ypuTcs A0 KpOBAW NMPOAYKTUBHOIO FOPU30HTA;

« CMNyCKaeTcs KONoHHa Tpyo;

« LIEMEHTUPYETCS 3aKOSIOHHOE NPOCTPaHCTBO;

= BCKpPbIBAeTCS NPOAYKTUBHbBIA FOPU3OHT AO/IOTOM MEHbLUEro ANaMeTpa;
CMYCKaeTCs XBOCTOBUK — DUIbTp 63 LeMeHTUpOBaHUS.

NNHOChHI:

= MuHMManbHas cTeneHb 3arpsa3HEHHOCTH

MUMNHYCbI:

= YC/IOXKHSIETCA KOHCTPYKLUS;

= [pu cnycke xBocToBMKa Ntobon punbTp AAET CHMKEHME MPUTOKA;
= OrpaHuyeHHas 061acTb NpUMEHEHMS.



3aKaHYuBaHue npu 3akpbiToM (06CcarxeHHOM)

BbillleJie)XXalle€M MHTEpPpBaAJi€ CKBAXXUHDbI

Npu AaHHOM cnocobe 3aKkaHUYMBAHMUS BAPUAHT C LLlEeMEHTUPYEMbIM

XBOCTOBUKOM B OTKPbITOM UHTEpPBAJi€ NPoAYKTUBHOIO nJjiaCta

CKBaXXWHa 6ypuTCs A0 KpOBAW NMPOAYKTUBHOIO rOPU30HTA;
crnyckaeTcsl obcaaHas KOMIOHHA, LLlEMEHTUPYETCS;

BCKPbITUE NPOAYKTUBHOIO rOPMU30HTa MAET AOIOTOM MEHBLLErO AMaMeTpa Nnpu
06CaXXeHHOM BbILLENEXALLEM UHTEPBANE;

OMYCKAeTCs XBOCTOBUK;
3aTpybHOE NPOCTPaHCTBO XBOCTOBMKA LIEMEHTUPYETCA Ha BCHO AJINHY;
nanee MAET nepdopauuns U UCNbITaHUS.

NKOCbI:

3arps3HEMOCTb MeHbLLE, YEM B NEPBOM cnocobe 3aKkaH4MBaHUS;
ECTb BO3MOXHOCTb CENEKTMBHOIO ONpoboBaHUS 1 3KCMyaTaumm;
MO>XHO MCMNO/Ib30BaTb NPWY HEYCTOMYMBOM KOJJIEKTOPE.

MUHYCbI:

YcnoxHseTcd KOHCTPYKUHNA CKBAXWHbI,
YcnoxHsaeTca cxema LEMEHTUPOBAHUA.



KOHCTPYKLUUUN CKBAXXWH

Noa KOHCTPYKLUMEN CKBa>XUHbl MOHUMAKOT COBOKYMNHOCTb:

= Yncna KOJIOHH;

« [ NybuHbI CriycKa KOMOHH;

« VIHTepBanbl 3aTpybHOro LEMEHTUPOBAHUS;
« [namMeTpbl 06CaaHbIX KOJIOHH;

« [AuaMeTpbl CKBaXXWUH NOA4 KaXXAYH KONOHHY.

« CornacHo MeTOAMYECKUM  YKa3aHWSIM, KOHCTPYKLMS CKBaXXWMHbI  [AO/MKHA
obecneynTnb:

= BblibpaHHbIN cnocob 3akaH4YMBaHUS;
= [1poxoaKy A0 NPOEKTHOW rNyObuHbI;
=« HagéxHyo repMeTnyecKkyto CB3b MexXay 06bLEKTOM M NMOBEPXHOCTbIO;

= HapéxHylo m30n8UMl0 BCEX TOPU3OHTOB KaK JApyr OT Apyra, Tak U OT
MOBEPXHOCTU;

= BO3MOXXHOCTb MCMOJIb30BaHUS 3KCMNTyaTaLUMOHHOrO 060pyaoBaHUS;

« BO3MOXXHOCTb NpoBeAeHNs NCCNeAoBaTENbCKMUX N PEMOHTHbIX paboT;
= Haaéxhyto oxpaHy Heap;

=«  MMWHMManNbLHYIO MaTepuUanoeéMKOCTb U CTOMMOCTb.



TUINbl OBCAAHbIX KOJIOHH
M UX HASHAYEHMUE

HarnpaBNEHWE;
KOHAYKTOP;

TEXHUYECKAs KOJTIOHHA;
3KCM/yaTaLlMOHHAs KOJTIOHHA.

[1pn NoacYETE YNCNa KONMOHH B KOHCTPYKLMM CKBAXKMHbI HE
YUYNTBIBAIOT HarnpaB/IEHNE N KOHAYKTOP.

KOHCTPYKUMS CKBaXXMHbI, COAEpKaLlas HarnpaBieHune,
KOHAYKTOP M 3KCrnyaTaLUOHHYO KONOHHY Ha3blBaeTCS
OHOKOJTOHHOM.



NnpnaaHnsa HarnpasjieHns OC CKBAXXUHbI,

nepeKkpbITUs BEPXHErO0  CJOS nopog v
NpeaoxXpaHeHns YCTbsl OT Pa3MbIBa;

06BSA3KN LIMPKYNALMOHHON CUCTEMBI;

Pa30bLLlEHMA BCEX BOAOHOCHbIX TOPWU3OHTOB,
3a/1eraoLwmx B UHTEPBA/E CNycka KOHAYKTOPA;

3aKpen/eHns CTEHOK CKBaXXWH;
NOABECKYW MOC/EAYIOWMX 06CaAHBIX KOMTOHH;
YCTAHOBKM MPOTMBOBbLIOPOCOBOro 060pya0BaHUS;

pasfesieHnss WHTepBasioB, HECOBMECTUMbIX O
YCI1oBUSIM bypeHuns (ecnn TakoBble MMEKOT MeCTO).



3dKperjieHnsd CTEHOK CKBa>XWH,

pa306LeHns BCEX dnomgocoaepXxaLymx
FOPU30HTOB;

NIUKBUAAUMN  BO3MOXHbIX  OCNOXHEHUM (ecnu
TaKOBble HE NIMKBUAMPYIOTCSA APYyrMMu cnocobammn);

pasgeneHnss WHTepBanoB, HECOBMECTUMbIX [0
ycrnoBussM  BypeHus (ecnu MCMNOo/b30BaHne
pacTBopa HeobxoauMMoum NNOTHOCTM Ans 6ypeHus
NHTEpBana Bbi3blBaeT OC/I0XKHEHUS B
BblLLIENIEXALLEM UHTEpPBAse).

3aKpenneHnst CTEHOK CKBaXXWH;
pa3obLeHna paomnaocoaepKallunx ropu3oHTOoB;
TPAHCNOPTUPOBKU pNoMAa Ha NOBEPXHOCTb.



1. Teonornyeckme (TUN MONE3HOro0 McKonaemoro, rnybuHa 3aneraHus,
KOSIMYECTBO MPOAYKTUBHbLIX FOPU3OHTOB W PaACCTOSIHME MexAy HUMU
(onpenensieT KOHCTPYKUMIO 3KCrjyaTtauMoHHOro 3aboss m  crnocob
3aKaHYMBaHUS), OXWAAEMbIN MPUTOK, AaBfeHne nnacrtosoe u [.P.,
HaMumMe OCNOXHEHWW B  pa3pe3e, COCTOSIHME  reos0rMyeckoun
N3YUYEHHOCTN).

2. KaTeropusi CKBaXXnHbl (Ha3HaueHue).

3. TexHonornyeckme ddaktopbl (cnocob 6ypeHns, TMN MPOMbIBOYHOWU
XNOKOCTU, peXnMbl bypeHns u T.4.)



COBMELLUEHHbIA FPA®UK OABJIEHUN

CTpOMTCFI Ansa BblABIEHNUA 30H HECOBMECTUMbLIX MO YC/10BUAM 6ypeHM$| U
NMPOEKTUNPOBAHUA KOHCTPYKLUUN CKBA>XUHHbI.

Tpu Bnaa 0603HavyeHns AaBneHus:

1. AbcontoTHble [Mla]; CBa3aHbl C rnybuHOMN.

2. 'pagneHT aaeneHus. 'l cBa3aH C OTAENbHBIMU UHTEPBANaMu.
[MNa/m];

3. DKBMBANEHTbI rPaIMEHTOB AAB/IEHUN

rae AP.. — rpaaveHT AaBneHns cTonba Boabl C
[MMNa/m]

K. — KO3(P(ULMEHT aHOMaNbHOCTH;
« K., = 0.8 (AHMA);
« K., 2 1.1 (ABMA).



P_.. — NpOrHo3upytoTcs, nnbo bepyTtcs no akTU4YeCKnM AaHHbIM.

M
[H] - M, [P,-,ﬂ/ P,-p] — Mlla

P, — a) o eanHbIM npaBunam 6esonacHoct 2003 roaa:
« P, =11P_. (rnybuHa go 1200 m);
« P, =105P; (rnybuHa cebiwe 1200 m);

6) Mo npaBunam 6esonacHoCcTH, BbiMylWEHHbIM B 1993 1. P_, #OMKHO
onpeaensTbca no popmyne:

[P] —at™
rae P — (Tabnuua Mpasun
6e3onacHocTn) aaBneHue cronba bP;
P .- — AaBneHune, Bo3Hukawlee npu CrlO, yynuTbiBaeT TakKXe

A0
rMmapoaAnHaMN4YECKOE NaBJ/1IEHUE.

o« A =3 ana ponot 2< 215.9;
« A =5 anqa gponot 2> 215.9.



I'a3oBhIe,

NHTepBaIbI
HedTeBonoHACHIIIEHHBIE | TAa30KOHICHCATHLIE,
1yOuH
pa3BeI0YHbIE
<1000 10.0 15.0
1001 — 2500 15.0 20.0
2501 — 4500 20.0 22.5
> 4500 25.0 27.0




N30BPAXXEHUE COBMELLEHHOIO
’PAOUKA OABJIEHUS

I'pan. IKBHBAJICHTHI H300pa
HaBiieHus, . N300paxenne
. JaBiaenui, I'PAANEeHTOB JKeHH e
a
Macmrad MlIla/m AaBJIEHU N rpa(])mca KOJIOHH
IyOUH COBMeEIEHHBIX
S .
Pon | Pre [ APpn | Prp | Ore > AABICHIH
Pse
1000 10 25 | 0.01 | 0.025 1 2.5
1500
2000

2500




COBMELLEHHbIV TPA®UK AABJIEHUN
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YuUcno KONMOHH
HanpaBneHne — MOXeT 6bITb ©, @ MOXET U He bbITb —;
KoHAOYyKTOp — © ©;
[IpoMeXxyTo4yHas KOSIOHHaA — —, © @ (HECOBMECTUMbIE YCNOBUS, AN ra30BbIX,
ra30KOHAEHCATHBLIX CKBAXXWH, ANS NMUKBMAALMM BO3MOXKHbIX OCITOXXHEHUW);
JKCnyaTaunMoHHas KOJIOHHa — © &,
2. Mo rnybuHam cnycka
[nybuHa crnycka ao/mkHa obecneunBaTtb BbINONHEHME HEOOXOANUMbIX
TpeboBaHWN:
HanpasneHne — 3—-5 ™M go 50 m;
KoHaykTOp —
[poBepka rnybuHbl CycKka KOHAYKTOpPa Ha OTCYTCTBME T.p.
— Ha rnybuHy cnycka KoHAYKTopa
rae P, — AaBnedve gniovaa;

P,=g-H:p,-10°

ni

-6
APzp_g'p(,b'lo

=

rae P, - AaBneHne BO BekpbiBaeMoM nnacte (MMMa) (43 noa 6awmaka
KOHAYKTOpA);
H- rnybvHa BCKpbiBaeMoro nsnacra, M;
Py, — MIOTHOCTb M1acToBoro gonaa (kr/ M3);
AP_, — rpagveHT faBneHns r.p. B NpeAnoiaraeMoM MHTepBase Crycka

iratirmyiirramnns (NME1a /aa )\



TexHun4yeckas KOJIOHHa CnyckaeTtcsa Ha

_—

rnybuHy, kotopast obecneymBaerT:

- PazpeneHvne nHTEpBanoB HECOBMECTUMBIX MO YC/I0BUSIM
bypeHus;

. [lepekpblThe 30H OC/TOXXHEHUM;

. [lpn ycTaHOBKe MpPOTMBOBLIOPOCOBOrO 0b6OPYAOBaAHUS
NCKJTIIOYEHME T.p. Npy DNIONAONPOSBAEHUSIX.

JKcnJlyaTaluMoOHHasA KOJIOHHA

_—

Cnyckaetca nmbo A0 KpOBM MNPOAYKTUBHOINO FOPWU3OHTA,
imbo o noaowsbl, mMbo  HwKe noaowsbl (B
3aBMCMMOCTU OT Criocoba 3akaH4YnBaHuS).



MHTEPBAJIbI LUEMEHTUPOBAHWASA

B cootBeTcTBUM C 1B — 2003 r. LUEMEHTUPOBAHUIO NOAEXaT:
1. HanpasseHne n KOHAYKTOP — Ha BCIO A/IMHY OT 6aluMaka A0 yCTbSN;

2. 3a TeXHUUYECKOMN U SKCIJTlyaTauuOHHOWN KOJIOHHaMU LLeMEeHTUPYIOTCS:

BCE MPOAYKTUBHbIE T[OPU30OHTbI, 33 WCK/IOYEHNEM MpPEAYCMOTPEHHBIX K
3KCMyaTaumMm OTKPbITbIM CNOCO60M;

NMPOAYKTUBHbIE TOPU30OHTHLI, HE NMPEAYCMOTPEHHbIE K 3KCIJ1yaTauuu,
NCTOLWLEHHbIE TOPU30OHTHI,
FOpuU30HTHLI, NPEACTaBJIEHHbIE TEKYHMMUN MOPOAAMMU,

FOPU30HTbl, BbI3blBAOWME WHTEHCUBHYIO  KOppo3uto  obcaaHbix  Tpyo
(NnpakTuyeckn Bce r.n.).

MuHnManbHO HeobxoauMMasi BbICOT@a MNOAbEMA TaMMOHAXXHOrMO pacTBopa HaA

6aliMakoM npeablayLen KOMOHHbI A0MKHA ObiTh:

> 150 M ansg HeTSHbIX CKBAXXWH;
> 500 M Ang ra3oBbiX CKBAXXMH.

B

nobom cnyyae cTtonb TaMMOHAXXHOMO pacTBOpa AO/MKEH WCKIOYUTL T.p.
NNacToB.



OBOCHOBAHUE ANAMETPOB CKBAXXWUH
N OBCAAHbIX KOJIOHH

1. Pacuér anameTpa HaYMHaeTcs ¢ o6cagHOM SKCrIyaTaUuMOHHOMU
KOJIOHHbI 1 3aBUCUT OT AebuTa: Dy — aeéur

Jlst HeTAHBIX MY/cyT

JIJIs1 Ta30BBIX ThIC.M>/CYT

<40

<100

<150

<300

>300

<75

<250

<500

<1000

<5000

lleonT

114

127-14

140-14

168-17

178-19

114

114-14

146-17

168-21

219-27

MNpn Bbibope avametpa 2., CNEAyeT yuuTbiBaTb TaKXKe pa3Mepbl

BHYTPUCKBA)XMHHOIO 3KCM/1yaTaLWoOHHOro ob6opy10BaHus.




2. OnpenenMTb ANaMeTpP CKBaXMHbl NoA 3KCMNNYaTaUuMOHHYHO
KOJIOHHY, MM.

rae n”aK — AnaMeTp MydTbl 3KCMTyaTaLMOHHOW KOMOHHbI (Tabn.);
0 - MMHUMabHas pa3HMLUA ANAMETPOB CKBAXWUHbI U MydThbI;
ﬂcaK — OMAMETP CKBaXXMHbI N0 3KCMyaTaLMOHHYIO KOJIOHHY.

Huamerpst | 114-127 | 140-146 | 168-194 | 219-245 | 273-299 | 324-351 | 377-508
0, MM 15 20 25 30 35 45 S0

[1To 3Ha4yeHuto ,EI,C3K npuvHuMaem no NOCT 20692-80 anameTp AonoTa noa
SKCM/IyaTaUNOHHYIO KOJIOHHY Ll,ﬂaK.

3. AnameTpbl npeabiayLlen KOMIOHHDI:

rne a — HeobxoaMMbI paananbHbiA 3a30p A1 cBO6OAHOro Npoxoaa A0MoTa

rae B — TOJIMHA CTEHOK TPYO.



OCOBEHHOCTU KOHCTPYUPOBAHMSA
FTA30BbIX CKBAXXUH

1. CBSI3aHbl C MOBbLILEHHOW MOABWXHOCTbIO ra3a, Mo3TOMYy
TpebyeTcs MOBbILEHHAs T[EPMETUYHOCTb KOJIOHHbI U
LIEMEHTHOrO KaMHS$;

2. CBsI3aHbl C MeHbLlEM TMIOTHOCTbIO ras3a, Mo3TOMYy
[laBeHne Ha ycTbe byaeT bonblie;

3. He cnyckaeTtcsa akcniyaTaunoHHoe obopyaoBaHue;

4. CKOpPOCTb ABMXXEHUA B KOJIOHHE rasa Bcergaa Bbllle, Yem
HedTH;

5. lpn HanuuuMn TBEPAbIX YaCTUL, WM3HOC KOJIOHHbI BCeraa
BbilLE;

6. BeposATHOCTb rasonposiBfieHMA npu 6ypeHun Bceraa
BbILLE.



NMYTN YCOBEPLWWEHCTBOBAHUSA
KOHCTPYKLIMA CKBAXKUH

1. YMeHbLlIeHune yncna KOJTIOHH 3a CUET

yCOBEepLUEHCTBOBaHUA TEXHOOMNMU;
2. YMeHbllUeHne anaMeTpa KOMOHH;
3. cnonb3oBaHme ABYXpa3MepPHbIX KOJSIOHH;

4. YMeHbLUEHME 3a30pOB MeXAY CTEHKAMW CKBaXXWHbl U
Tpybowm (yMeHbLUaeTcs pacxon LIEMEHTHOTO

MaTepuana);

5. lNpuMeHeHne Tpyb 6e3MydpTOBOro coeANHEHUS.



OBCAHbIE TPYbBbI

O6cagHble Tpybbl cnyXXaT ANs KOMMIEKTOBAHUS 06CagHbIX KOJIOHH Npw
Kpern/seHnn CKBaXXUH 1 pasobLLeHnN NPOHMLAEMbIX FOPU30HTOB.
[poussoasTcs B cootBeTcTBUM ¢ TOCT 632-80 1 paspaboTaHHLIMK Ha ero
OCHOBE TEXHMYECKMMM YCNoBuSAMU. HoMeHKaTypa Tpyb, pa3pelléHHas K
npoun3ssoactey NOCToM M TEXHUYECKMMU YCIOBUSIMU HA3bIBAETCS
copTameHTOM. CopTaMeHT pa3paboTaH Ha OCHOBE CrieAyoLnX

XapaKTepuUCTUK obcaaHbIX Tpyo:
1. [eoMeTpuyecknx napamMeTpoB;
2. Tuna coeanHeHus;
3. MaTtepuana Tpyb.

4. [pOYHOCTHbIX XapaKTEPUCTUK.



FrEOMETPUYECKME NAPAMETPbDI

3aMepsIeTC C TOYHOCTbIO A0 AECATbIX
nonen M, — 0o uenbix MM. 10 yCNnOBHOMY AuaMeTpy
cywiectsyeTt 19 TMnoBs pa3MepoB TpyoO:

114

127

140

146

168

178

194

219

245

273

299

324

340

351

377

407

426

473

508

KaTeropmst UICNONHEHNS «A>» - MOBbILUEHHOW TOYHOCTU U
Ka4yecTBa;

KaTeropus ncnonHeHus «b» - obbivHoe.

BO3MOXHble OTK/IOHEHMA N0 AuMaMeTpy
kaTteropmn «A» £0.75%;

ona «b» - pna 2 < 219 - £1%; pna Tpyb ¢ AMaMeTpom
> 219 - £1.25%.

ans Tpy6



coctaBnsaoT 12.5%. KOHTponb Npon3BoAnNTCS LWAbNOHOM.

FTEOMETPUYECKME NAPAMETPbDI

NMeeTcs onpeaenéHHbin Habop TONWKH ANs
KaXkaoro avameTpa. [ns Bcex AMAaMETPOB U UCMOTHEHUA OTKIIOHEHUS

JAuamertp TpYyO 114 - 219 245 - 340 351 - 508
JavHa madsaona, MM 150 300 300
JImameTp madja0Ha, MM dpyyrp — 3 MM dpyyrp— 4 MM dgyyrp — MM

(0o 1%).

: MpounzsoasATca Tpybbl AnvHon oT 9.5 no 13 M (no 75%).
Takxe MOryT ucnonb3oBaTbcs Tpydbl AnnHon 8-9.5 m (1o 20%) n 5-8 M

Hanbonblwas aonyckaemas kpmensHa 1/2000 ot anuHel. Mo TOCT 632-80
Tpybbl anameTpom o1 114 ao 508 MM BbINOMHSAOTCS C pe3bb0BbIM
coeamHeHneM. be3 pe3bb0oBoro coeamHeHus Tpyobbl BbIMyCKatOTCA rnoAa
apyrumm OCTamum cnegyowmx AMamMeTpoB:

530

560

630

720

820

920

1020

1120

1220

1320

1420




1unbl coeamHeHUM

1 Pe3bboBble (114 — 508 mMm);
1 be3pe3bboBble, CBApHbLIE.

TpyObl MydTOBOro COeaMHEHUS C pe3bbon TpeyronbHOro Npoduns, B TOM
yucne ¢ yamHénHoun (yan);

Tpybbl MydTOBOro coeAmHeHuss € pe3bbon TpaneunnaanbHoOro npoduns
OTTM;

Tpy6bl My(dpTOBOro COEIMHEHMS MOBbILLEHHON repmeTndHocTn OTTT;

TpYyObl obcaaHble 6e3MydTOBbIE (pacTpybHbie) C pe3b6oi
TpaneunnaanbHoro npoduis NoBbILLEHHON repMeTnyHocTn TEO;

Tpybbl 0bcagHble 6e3MydTOBbIE (r1aakmMe) C¢ pe3bbor TpaneuuuaanbHoro
npodpuns Olrim;

Tpybbl 0b6caaHble No ctaHaaptaMm AHM MydhTOBOro coeauHeHUs! C YNOPHOW
KOHM4Yeckon pe3bbon baTtpecc;

Tpybbl no craHaaptam AHW ¢ 6e3mMydTOBbIMW BbICOKOrepMEeTUYHbIMU
COeAMHEHUAMN DKCTpeM-J1anH.



Tunbl coeguHeHnu

#{Dc)

O6cagHble Tpy6bl C KOPOTKOMU, YA/IMHEHHON MU
TpaneummaanbHOU pe3bbon 1 MydTbl K HUM



Tunbl coeguHEeHUu
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O6cagHbie Tpy6bl C BbICOKOrepMeTuuyHbiMu coeauHeHnamm OTITT



Tunbl coegnHeHuMn

a Lﬂn;i‘n 50
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!!. = W//l/ 77/ Iz

O6cagHble Tpy6bl 6e3MydTOBbIE, pacTpybHble TBO




Tunbl coeguHEeHUu
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CoeanHeHMe rnagkux 6eamydroBbix Tpy6 OIlm
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Pa3mepbl coeAnHEeHUM C TpeyrosibHon pe3bbou:
1 — koHeL c6era pe3bbbl; 2 — BUTKMU CO Cpe3aHHbIMU

BepliMHaMMn; 3 — OCHOBHAas TNJIOCKOCTb; 4 — JINHUSA cpeaHero
anaMmeTtpa; 5 — c6er pe3bbol (10max); I — mydra; II— Tpyba



FrEOMETPUYECKME NAPAMETPbDI

7 ' 4 Ny 7
r &4

AN I///// 1

s ; ./; ‘*l
LY I
--u———-z-lo I
= —0 9

NMpodunb pe3bbobl TPYy6bI OTTM, OTTI M THO:

1 — ocb pe3bbbl MydTbl; 2 — IMHNA NapannenbHast ocu pe3bbbl MydTbl; 3 —

OCb pe3bbbl Tpybbl; 4 — nUHUA, NnapannenbHas ocu Tpyb6bl; I — mydTa; II —
Tpyb6a




FrEOMETPUYECKME NAPAMETPbDI

SUHUR, 1APASNErSHAR OCU pesbdb/
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Ocb pe3sis

NMpodunb pe3bbbl Tpyéb O'im



FrEOMETPUYECKME NAPAMETPbDI
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CoeanHeHune ob6caaHbix Tpyb baTpecc no cranpgaprtam AHU



FrEOMETPUYECKME NAPAMETPbDI
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CoeanHeHuMe changlx Tpy6 dkcrpem JlauH no ctraHpapram AHM:
a —coeauMHeHue ana = 219,1-273,0; 6 —coeauHeHue pnsa D = 127,0+193,7 MM; B — npochunb
pe3bbbl ansa D =219,1+-273,0 MmM; B —npodunb pe3bbbl ana D = 127,0+193,7 mm



MaTtepwuan Tpy6

Mo BWMAOYy WCMonb3yeMoro MaTepuana obcagHblie Tpybbl MoApa3fensioT Ha
CTa/IbHblE€ W NErKOCn/1aBHbIE

Mexanuyeckne CBOHCTBA CTaJH

I'pynna NpoYHOCTH CT8NH

ITokaszaTtenH
E J M P T

[ x

BpemeHHoe conpoTHs/seHHe Og, 655 | (686)] 689 | 768 | 862 | 999 | 1103

MIla, He MeHee (637)

Ilpenen rexkywectu oy, MIla:
He MeHee 379 | (490)( 551 | 6566 | 758 | 931 | 1034

(373)
e GoJuee 551 758 { 862 | 965 { 1137 | 1240

OTHocuTenbHOE yanuueHue Os, %, { 14,3 | (12,0)( 13,0 { 12,3 | 10,8 9,5 8,5
He MeHee ' (16,0)

MpuMeyaHn e, JHauenHs nOKaszatenell MexaHH9eCKHX CBORCTB, B3AThIe B CKOOGKaX, OTHO-
CATCHA K HcCpnoaHeHHIO bB.

AN MN3roToBfieHUsI 3KCNEPUMEHTANbHbIX JIErKOCMIaBHbIX 06cagHbIX Tpyb
JIOT-240/10 v J10T-168/10 ncnonb3ytoT antoMUHUEBBLIM cnnas 16T



[1pOYHOCTHbIE XapaKTepUCTUKH

1 — NpOYHOCTb Ha CMATUE HAPYXXHbIM AaBNEHUEM WU
Kputnyeckoe aasneHne P )

2 - INpoYHOCTb Ha pa3pbiB BHYTPEHHUM AaBNEHWEM P_ .
XapaKTepusyeTcs BENUYMHOWN BHYTPEHHErO AaBNEHUS,
Npu KOTOPOM HanpsikeHue B Tesne Tpybbl AoCTUraeT
npenena Teky4yecTu.

3 — NpoYHOCTb Ha pa3pbIiB B coeanHeHnn obcaaHbIX Tpyo
MM CTparmeatollas Harpyska P .

4 — [NpOYHOCTb Ha pacTsKeHue no Tteny Tpybbl (Ha

npeaene Tekyyectu metanna) P pacr”



MapkupoBka o6cagHbIX Tpyb

Ha kaxkaoun Tpybe Ha pacctosHum 0,4-0,6 M OT KOHLa,
cB060aHOro OT MydTbl BbIOMBAIOT KI1ENMOM:
1 YCNOBHbIN AMAMETP, MM
1 [lopsiakoBbIM HOMEpP B MapTUK
1 pynny npo4yHOCTM MeTasna
1 AnuHy pe3bbbl, yan
0 TONWMWHY CTEHKU, MM
1 ToBapHbIM 3HaK 3aBOAa N3roTOBUTENS
1 Mecsau v rog BbinNyck
MapK1poBKa AybnnpyeTcs CBET/ION KPackown no Teny
TpYObl.



PACYET OGCAAQHbIX KOJIOHH

B npouecce cnycka KONOHHbI, LEMEHTUPOBAHWUA, 3aK/THOUYUTENbHbIX
paboT, uCnblITaHWs, OCBOEeHUs obcafHble KOMOHHbI WUCMbITbIBAKOT LEyHo
CepU0 Harpysok.

Harpy3ku pa3nuyarorcs:
= 0 BUAay,
= O UCTOYHUKY Harpy>xeHus.

Harpy3ku naMeHsoTca:
= [0 BeNIMYMHE,
= O A/IMHE KOJIOHHBbI,
= [0 BPEMEHMW.

Bbl6bOpy rnaBHbIX HarpysokK;

OnpegeneHnio nepuoga BPEMEHW, Korga 3TU Harpyskm OOCTUratoT

MaKCMMaJibHbIX 3HAQUYEHWN;

PacyeTy BefIMUYMHbI 3TUX Harpy3oK;

[Mlopbopy o06caaHbIX Tpyd M OCHACTKM C COOTBETCTBYIOLLMMMU

NPOYHOCTHbIMU XapaKTEPUCTUKAMM.

B koHeyHOM wutore, OK B n0bOM cedyeHMn NO ASIMHE [OO/MKHA
COOTBETCTBOBATb AENCTBYIOLLMM HArpy3kam C TpebyeMbiM 3anacom.

Pacuétr OK npou3BoauTC B COOTBETCTBMM C [EUCTBYHOLLEN
MHCTPYKLMEN MO pacyéTy obcaaHbIX KONOHH oT 1997 ropaa.



HArPY3KWU, AEUCTBYHOLLME HA OK

(B rnpouyecce criycka obcagHasi KOJIOHHa
NepUOANYECKM  MOABEIUMBAETCA B  K/JIMHOBOM  3axBate A/1f
HapalnBaHusi o4YepeaHou Tpybbl, POBOAATCA [[POMEXXYTOYHbIE
MPOMbIBKMN 3aKOJ/IOHHOIO [pPOCTPaHCTBa, [O0JIMB KOJIOHHbI C HE
3arioJTHALWMMCS 06paTHbIM K/iarnaHoM, pacxakuBaHne n BpalleHne
KOJIOHHbI B MECTax Mocafok):

OCEBOE pacTsHKEHWE Moj AENCTBMEM COBCTBEHHOro Beca, Mnpw
PACXaXXMBAHWUM 3@ CYET CUJT UHEPLIMN U TPEHUS, OT BHYTPEHHErO
rMapOAMHAMMYECKOrO AaBNEHMS NPU NMPOMbIBKaX;

oceBoe oOxatme (3a CYET BbITANIKMBAKOLWIEA CWIbl M Beca
KOJTOHHbI NpY nocaakax);

paauanbHoe cMsATe (KNMHOBOW 3axBaT, Hapy»XHoe U36bITOYHOE
[AB/IEHME NPU HE3AMOSTHEHHOM KOJ‘IOHHE),

KpyyeHue (Npu CBMHYMBaHUK TPYyO 1 BpaLEHNN KOJTOHHbI);

paavanbHoe pacTsXeHWe 3a CYET BHYTPEHHUX W3ObITOYHBIX
r’MAPOCTAaTUYECKMX AABMEHUMA N TMAPOANHAMUYECKUX AaBEHUM
(Npy NpoMbIBKax);

M3rnd (3a c4€T npoduns, Beca KOMIOHHbI MpW Mocajkax U 3a
CYET BbITa/IKMBaOLLEN CVIJ'IbI)



(3aK/to4aeTcss B 3aKayke B
06CaZHyr0O KOJIOHHY TaMIOHa)XHOU CMEecu n MpoaaBKe €€ B
3aTpybHoe npocTpaHcTBo. [lpu 3TOM 06CazHasi KOJIOHHa MOXXKET
MoABELUNBATbCS Ha TasieBoOU cucTteMe 6ypoBOU YCTaHOBKWU U /11
MOBBbILLIEHNS] KAYECTBA LUEMEHTUPOBAHNSI PacXa>kKnBaTbCsl):

OCEBOE  pacTshkeHMme OoT  CcobCcTBEHHOro  Beca, OT
r’MAPOANHAMUYECKMX BHYTPEHHWX [aBAEHUA WU OT  CUN
VMHEPLIMM N TPEHUS MPU pacXaXkuBaHWUN;

oceBoe ckaThe (OT AEUCTBUS BbiTaSIKMBAIOLLIEN CUbI)
n3rnb (3a cYET Npopmnsa n AENCTBUSA BbITa/IKUBAIOLLLEN CUMbI);

pagvanbHoe cMATHEe (3@ CYET HAPYXHbIX M3ObITOYHbLIX
r’MAPOCTAaTUYECKMX U TMAPOANHAMUYECKNX AaBNEHUN);

paauanbHoOe pacTskeHue (3@ CYET BHYTPEHHUX U3ObITOYHbBIX U
rMAPOCTAaTUYECKUX U TMAPOANHAMUYECKUX AABMIEHUN).



(Ha 3Tane 3aK/ItYNTE/IbHbIX
paboT o LeMeHTUPOBaHUIO 0bcaaHasi KOJIOHHa MoABELLINBAETCS
B KOJIOHHOM [OJIOBKE C [MOC/AEAYIOLMM KOHTPOJIEM Ka4yecTBa
LIEMEHTUPOBAHNSI POBEPKOM EPMETUYHOCTH. [€PMETUYHOCTb
MPOBEPSETCA ABYMSI Criocobamm - OrpeCcCOBKON N CHUXXEHUEM
YPOBHS):

oceBoe pacTtsxeHne (nocne O3Ll KoOMOHHa HaTArnBaeTcs U
3aKpEN/ISETCA B KOSTOHHOW rOSI0OBKE HATSXXEHUE);

paauanbHoe pacTtskeHne (M36bIToOYHOE BHYTPEHHEE AaB/IEHUNE
Npu OnpeccoBkKe);

paavanbHoe cMaTue (Hapy)XHoe u3bbITOYHOE AaBAEHME Mnpu
NPOBEPKE repMETUYHOCTU CHUXXEHNEM YPOBHS);



(CKBa>kMHa 3aKOHYEHHast

6yp8HM6M n KpEeriyieHNeM Tr104J1EXKUT UCTIBITAHUIO U OCBOEHUIO.
I7pM UClribITaHUN  pa3BEAOYHbLIX CKBa>XUH WUJ/I1 OCBOEHUU

A06bIBaOLLMX  Mpou3BOANTCS  Nepgopaumsi  KOJIOHHbI B
WMHTEpPBasE rnpoAyKTUBHOIO r/1acta v Bbl30B MPUTOKA CHMKEHNEM

AadBJIEHNA B CKBaA>XUHE )

paananbHoe cMaTMEe (NpU BbI30BE TMPUTOKA BO3HUKAET
N36bITOYHOE HAPYXXHOE [ABNEHUE;

paananbHoe pacTshkeHue (BHyTpeHHee M3bbITOYHOE AaBeHme
NoC/e 3aMOSIHEHUS KOMOHHbI MAacToBbiM  OAOUAOM U

3aKPbITOM YCTbe).



(B nipouecce 3Kcrisiyataymm  CKBa>kWHbI
/laB/IEHNE [1/1aCTOBOro Jitomaa rNoCTosSIHHO CHWIKAETCS, AOCTUras
MUHUMYMa B KOHLE 3KCrisiyataumu. [/is8 MHTEHCUUKaLmMm rnpuToka
B /[06bIBalOLLEN CKBa)XMHE MOryT rpoBoAUTbCA paboTbl 10
BO3/IEVICTBMIO Ha rpu3aboviHyro 30HYy 1acra, HarpvuMep
ruapopaspbiB, 3aKayka LIEMEHTHOroO pacTtBopa rpv PEMOHTHbIX
paboTax, BO3MOXEH TakXe rnepeBos A06bIBaroLLEN CKBaXKMHbI Ha
HarHeTaTesibHyt0):

paananbHoe cMATHME (3@ CYET M3OLITOYHOrO HapYy>XHOro
[aBfIeHNS NPU CHUXXEHNW YPOBHS btonaa Unn AaBfeHns rasa
B KOJIOHHE B KOHLIe 3Kcnyatauumn);

paauanbHoe pacTsXeHue (3@ CYET n3bbITOYHOro BHYTPEHHErO
[OaB/ieHUs Npy rMapopas3pbiBe Mopoa, rnepeBoAe CKBaXKWMHbI B
HarHeTaTes/IbHYl0 N PEMOHTHbLIX paboTax).



AHanu3  BCEX  pPACCMOTPEHHbLIX  Bbllle  HArpy3ok,
NPOBEAEHHbIX CrneunanucTtaMm C MpUMEHEHUEM TeopeTUYeCcKuX
PACYETOB W B 3KCMEpPUMEHTAX, MokKasas, YTo Hanbosee onacHbLIMU
nnsa  0bcagHbIX KOMOHH — ABNSIOTCS HArpy3kM OT  [AEUCTBUS
CTaTUYECKUX U3OBbITOYHBLIX HAPY>XXHbIX N BHYTPEHHUX AABMEHUN U
OoceBble  pacTarnealowme  (CTparuBaroline)  Harpyskm  OT
cobcTBeHHOro Beca. Ha 3TM BuAbl HaArpy3oKk MNpPOU3BOAUTCS
PaCyYET 06CaaHbIX KOMOHH WM BbIGOp Tpyd AN HUX C YYETOM
KO3(p(PUUMEHTOB 3anaca, KOTOpble AaHbl B WMHCTPYKUMW MO
PacyéTy 06cCaaHbIX KOMOHH. 3A€eCb Xe, Ha BCe 3TU BUAbI
Harpy3okK, AaHbl KPpUTUYECKME 3HAYeHUs ONA PasfnNyHbIX TUMNOB
Tpy6 rno NOCT 632-80.



PACCMOTPUM TENEPb BUAbI
CTATNHECKUX OABJIEHUN B CKBAXKUHE

Ha Bcex paCcCMOTPEeHHbIX Bbille 3Tanax paboTbl ¢ ob6caHbIMK
KONIOHHAaMMU MMET MECTO Cleaylolune Buabl AaBNEHUA B
CKBAXXMHE, KOTOpble MOryT YYuTbiBaTbCA TMPU  pacyeTe
CTAaTUYECKUX N3ObITOYHBIX BHELLHUX N BHYTPEHHUX AABNEHUMN.

1. T'mapocTaTuyeckoe pasrneHue crtonba bP;

. T'mapocTtaTnyeckoe aasnenune cronba 6ydhepHOn KNAKOCTH;
[MapocTaTnyeckoe gasneHue ctonba nnacrtosoro gwouaa;
[MapocTaTnyeckoe aasfieHne ctonba TaMMoOHAXXHOro pacTBopa;
[mapocTaTnyeckoe AaBneHME NPOoAaBOYHON XXUAKOCTY;
[mapocTaTMyecKoe AaB/IEHNE NIAcTOBOW BOAbI;

7. T'napocraTnyeckoe aaB/fieHne COCTaBHOro CTonba pasnnuyHbIX
XXUAKOCTEN;

8. CtaTnyeckoe aaBfieHne cTonba LLIEMEHTHOIO KaMHS;

9. CraTnyeckoe aaBneHune CcTtosiba COCTaBHOrO pPasiMyHbIX
XXNAKOCTEN U LIEMEHTHOIO KaMHs;

10. [laBneHune niacTtoBoe (M3MepsieTcsl Un rnporHo3npyeTcs);
11. [laBneHue ropHoe.

oLV AWN



Ona XkXngkux cpea no3. 1-6 gaeneHue onpeaenseTcd no 3aKoHaM rmMapoCTaTUKY,
anst nosvumn 1-5 no dopmyne:
Ple=9 hig ’

a aAng no3.7 no ¢gopmynam (T.K. XXMAKOCTb HE CKMMaeMa):

2P=P, +P,+P,+P,=g(p,h,+p,h, +p;h; +p,h,);
> P=gH ;
=P, h;+ p,h, +p;h;+p,h,)i(h, +h,+h,+h,=H)

[aBneHue crtonba UEMEHTHOro KaMHS P « (no3. 8) B MHTepBane, He
obcakeHHOM npenbmymew KOJIOHHOW onpeu,enﬂeTcg no opmMmyne:
=g hy ,
rae K — KoacbcbmumeHT pa3rpy3ku, CBA3aHHOW C TBEPAEHWMEM LIEMEHTHOrO
pacTBOpa, KOTOPbIN onpeaensieTcs u3 Tabnuupl

Juamerpst OT K
114-178 0,25
194-245 0,3
273-324 0,35

340 u 0oJ1ee 0.4

B nHTepBane o6caxxeHHOM NpeabiayLEN KONOHHOW AaBNEHNE LIEMEHTHOIO KaMHs
NPYHUMAETCS paBHLIM AAB/IEHMIO NIACTOBOV BOAbl P =g h ,



[1aBneHne coctaBHOro crosiba LEMEHTHOrO KaMHS M Xuakoctu P
PaBHO:

COCT

COCT

Poocr = Puc + Py

[1nacToBoe AaBfeHMe nMpu pacdéTax o0bcaaHbiX KOSIOHH 6epeTtcs
NporHo3vpyemoe, Mbo (akTU4Yeckn U3MepeHHoe MNYTEM onpeneneHus
n36bITOYHOrO AaBfIEHUS HA 3arepMeTM3NpPOBAHHOM YCTbe CKBaXXWHbl B
KOHLIe NPOBOAKU CKBaXXWHbI. [1pn MowHOCcTM nnacta 6onee 200 meTpoB
NnnacroBoe AasrieHne 6epercsa cpeaHee rno MHTeEpBaNy N yYMTbIBAETCH Ha
UHTepBane nnacra =+ 50 m.

[OpHOE [JaBfeHue npeAcTaBAsSeT OMacHOCTb Ans  06cafHbIX
KOJIOHH TOJIbKO CO CTOPOHbI TEKYYMX MOpoA B MHTEpBAse 3TUX nopon +
50 M. B 3TOM cniyyae oHo onpeaensieTcs no hopmyne:

P ana Tekyumx nopoa = g° H * Propyoe
FA€ Proprog OMPEAENSETCA KaK CpeAHEB3BELLEHHAs MO paspesy Haj

CEPEANHON TEKYYMX MOPOA WM KaK HOPMATMBHAA BEUYMHA Propioe =
2400 kr/m?, H-cpegHas rnybuHa 3aneraHus TT1.



PACYET HAPY)XHbIX U3BbITOYHbIX JABJIEHUN

Ha OK cKkBaXuHbl [OENCTBYET [aBNEHME CO CTOPOHbI KOJbLEBOroO
NPOCTPaHCTBa, HasbiBaeMoe P, (HapyHoe AaBfeHue) u AencTByer
[aBNiEHNE BHYTPU KOMOHHbI P, (BHYTpeHHee AaB/ieHME), Pa3HOCTb
5TUX [JaB/IEHUA COCTABNSET P, B pa3Hble nepuoabl BpEMEHM
Hapy>KHOE M3ObITOYHOE AaB/MEHME AOCTUraeT HambonbLINX 3HAYEHUN.
P., =P, - Ps Py, = max. VimeroTcs Tpu Takux cry4yas.

1 cnyyan: Tlpn UEMEHTMpPOBaHMM B KOHUE npoaaBkn TC u
CHATOM Ha YCTbe AaBNeHUu;

2 cnydaut: Mpy CHMKEHUN YPOBHS XUAKOCTU B KOJIOHHE:

. NpWY UCNbITaHUN Ha FEPMETUYHOCTb CHMXXEHNEM YPOBHS;
. BbI30B MNPUTOKA (B Ha4dane akcnsyartauumn).

3 cny4yan: KOHeL 3KcnayaTauum
. CHMXXEHME YPOBHSA ditonaa Anst HeTAHbIX CKBaXKWH

. CHWXXEHUE AaBNIEHNA AJ1 Na30BbIX CKBA>XUH.



PaccMOTpMM nmepBbIM Clly4aM, KOTOPbIN BCTPEYAETCS B Nepuoj LIEMEHTUPOBAHUS B
KoHUe npoaasku TC.

CxeMa 1- LLeMEHTMPOBaHNE KOJ/IOHHbI 6€3 BbIX0Aa TaMIMOHA)XHOIo p-pa Ha yCTbE

l“

THE = :) | Toyka 1 — yCTbe CKBaXMHbI
=R A P,=P,-P; P.=0; P,=0; P, =0.
I i l Touka 2 — ypOBeHb TC 3a KOJ‘IOHHOVI
=2 _ : — Ah - :
p'ﬂ:'\\\::: i - H PH|/| P P g h pBP’ P g h pl‘l)K’
k[ g h- (pEP pFI)K) T.K. Pgp = Py TOP, =0
o T0L||<a 3 — 32601 CKBaXMHbI
Gl P =Pu—= P Py=g-hy,+9g(H-h)pr;
o e P MOXET 6bITb NPUHATA KaK CPEAHEB3BELLIEHHaS;
. SR Pe=0"H" Pnyi Py =9lh'pge + (H-h) pre - Hppyl.
T B 1{:'_”"’ Cxema 2 — UEMEHTUPOBAHUE KOJIOHHbI 0 YCTbS
Nz )
'\;\— =
N R
s Yii——t- _
R y Touwkal—-P, =0
}

Touka 2 — P, = 9" H (P - Pry)-
H, h.

[aHHble Ans pacyéeTa A0/MKHbBI ObiTb 3aAaHbI: P, Prer Py




PaccMOTpMM BTOPOM CAyvaM, XapakKTEpHbIW AN  nepuoaa Havana
3KCNyaTaumm rnpyu KOTOPOM NPOU3BOAST CHMKEHNE YPOBHS XXUAKOCTU B KONOHHE

NPUHMMAETCS:
(Npy MCNbITAHUM HA FEPMETUYHOCTb). 3HAYeHUs

BEIMUYMHBbI CHMXEHUS YPOBHS MNPU  UCMOBITAHUM  KOMOHHbI Ha TrEepPMETUYHOCTb
Npou3BOAAT B COOTBETCTBMM C WMHCTPYKLUMEM MO Pacy€Ty 06CaAHbIX KOJIOHH, MO
Tabnuue:

I'myOuHa CKBaXXKUHBI, M 1o 500 | 500-1000 1000-1500 1500-2000 | Bosee 2000

Bennunna cHrkeHust ypoBHs, M He meHee | 400 500 650 800 1000

(npn BbI30BE
NpuTOKa) UM Benu4YMHa genpeccumn A P (npy OTCYyTCTBUM AOCTOBEPHO 0OOCHOBAHHbIX
AAHHbIX MOXET ObITb NpuHATa paBHon AP = 0,5 Py

1. B He 3auemMeHTUpoBaHHOM MHTepBane (0 - h) — naBneHne ctonba bP;

2. B 3auemeHTMpoBaHHOM uHTepBasne (h - H) aaBneHne coctaBHOro cronba or
BP n cton6a ueMeHTHOro KaMHs rno opMynam KOTopble Mbl 3arnncanu Bbille;

3. Mpn Hannumm Tekyumnx nopog npuHumaetca P (aHanuaupyeTca uHTepBar
NX pacnosioXXeHns B pa3pese = 50 m);

4. MNpwu ABMNA npuHnmaetcs P (WHTepBan + 50 M), ecim P, >3P = PEP+PHK.

5. [ing nepBbIX Ha NowWwasan pa3BeAoYHbIX 2—3 CKBaXWH 3a P, npuHMMaeTcH
nasneHvie bP B HTepBane, rae 3akoH4mnock bypenue (Pg,).

FOpH




PaccMOTpMM  Tenepb TPeTUMMA  CNlydal, COOTBETCTBYHOLWMN  KOHLY
3KCM/lyaTauumn CKBaXXMHbI.

NPUHNMAETCA.

a. [aeneHune ctonba HedTM B CKBaXKMHE B KOHUE 3KcnayaTaumm (ans
HePTAHbIX CKBaXWH). MakCMMasnibHOE CHUXXEHWE YPOBHS M/IACTOBOM
HedTn H, B KOHLE 3KCnayaTauun HeTAHON CKBAXKMHbI npm OTCYTCTBUMA
I'IpOMbICJ'IOBbIX OAHHbIX MOXET ObITb MNPUHATA PaBHOW H,=2/3H, roeH
rnybuHa CKBaXXUHbI.

b. OctaToyHOe AaB/ieHne ra3a B CKBa)XWHE AJ1s1 ra30BbIX CKBAXWH, koTopoe
3a1aETCd  SKOHOMMYECKOM  LenecoobpasHOCTbiO €€  aasbHenLlen
aKcnayaTaumun. [pu OTCYTCTBMM NPOMbIC/IOBbIX AaHHbIX MWHUMAlbHOE
[aBJieHME ra3a B KOHLE 3KCrlyaTaumm MOXET ObITb MPUHATO paBHbIM:

P.. =05+1MMa.
NPUHUMAETCH:
6. B He 3aueMeHTUpoBaHHOM uHTepBane (0 - h) — naBneHne ctonba BP;

7. B 3auemMeHTUpoBaHHOM mHTepBane (h - L) naBneHue coctaBHoro cronba ot bP
n ctonba UeMEHTHOro KaMHs no (opMynam KOTopble Mbl 3anncanu BbillE;

8. lNpy Hannumn TeKyunx NopoAa npuHuMaetcs P, . (QHanU3MpyeTcs UHTepBar
NX pacrnosioXxeHus B paspese = 50 m);

9. MNpwn ABMNJ npunumaeTtcs Py, (nHTepsan + 50 m), ecm Py >3P = Py, + P,

10. [1na nepBbIX Ha nnomanm pa3Benqublx 2 -3 CKBa>KVIH 3a P anHMMaech

naeneHne bP B MHTepBane, rae 3akoH4miocb 6ypexue (P.,).



OBLUMM NMOPAAOK COCTABJIEHUS CXEM W
®OPMYJ1 AN ONPEAENEHUA P...

. OnpepennTbCa C KaTeropmen CKBaXKUHbI
(nobbiBatoLas, HarHeTaTesibHas,
HedTSIHas UM ra3oBasl, NMOUCKOBas U
pa3BelovHas);

[loCTpOUTL CXeMy pacronoXeHUs BCeEX
BO3MOXHbIX (reosioro-TeXHO0rMYecKnx)
YPpOBHeW 3@ KOJIQHHOM W  BHYTpPU
KOSIOHHbI M MO 3TOM CxeMe BblbpaTb
PACYETHbIE TOYKMU;

OnpenennTb HanuumMe TeKyuynx nopon.

[pwn OTCYTCTBUM  TaKUX nopoA
UCKIOYUTL U3 pacye€Ta UHTepBabl
AENUCTBUA FOPHOro AaB/eHus;

Onpepensem PACYETHBLIM NyTEM

cooTHowWweHne Mexay P.. n 2P_. (ecnu
P, < 2P, To onpenestem no 3P );
PIHJ'IFI BblépaHHOl‘/'l CXeMbl orpeaensiem
HWN*

KOHEL, NpoAaBKM TaMMOHAaXXHON CMeCH;

NpOBEPKA TEPMETUYHOCTU CHUXKEHUEM
YPOBHS;

Ang oriepaunn Bbi30Ba NPUTOKa,
nepmnoa KOoHua aKCrijtyaTtauunun.

. Ang Kaxgoro cnyyasi nepevymcneHHoro B
n.>5 crpostca rpadpukn P, B
KoopAnHaTax «rnybuHa — P, ».
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I3MeHeHne aasneHus no rnybuHe mexay
PaCYETHbLIMY TOYKaMU NPUHUMAETCH
NPSAMOJSIMHENHBIM, prUMep Takoro rpaduka u
COOTBETCTBYIOLLEN  CXEMbl MpuU  BbI30BE
NPUTOKA CHWXEHWEM YpPOBHS MNpuBeaéH Ha
PUCYHKe:

7. Crpoutca 0606WEHHbIN rpadmK_ MNo
TOYKaM C HaubonbWMMK 3HAYeHMAMY P, ITOT
rpaduK MCMOMb3yeTca B AalbHenweM ans
pacyéta OK.

Ha npakTtuke P, AOCTUraeT MakcMMmyma B
koHue 3KkcnnyaTauiih.



PACYET BHYTPEHHUX
U3BbITOYHbIX JABJIEHUMA

PacyéTt BHYTpPEHHMX MU3ObITOYHbIX AABEHNUU MPON3BOAUTCS,
Kak W [Ofs BHEWHUX WU3ObITOYHbIX [AaBNEHUMN OIS
nepuoaa BpeEMEHU, Koraa OHWM AOCTUratoT MaKCMMarnbHbIX
nasnewun. P, = P, — P; P,, = max. VMeloTca ABa
TaKNX Cny4as.

1 cnyyan: KoHeu npoAaBKM TaMMOHAXXHOM CMeCcU npwu
LIEMEHTMPOBAHWY, Koraa NaBfeHne Ha
LIEMEHTMPOBOYHON rONMOBKE AOCTUrAET MaKCUMMasnbHOro
3HaYeHUS.

2 cnydan: OnpeccoBKa KOMOHHbI C LENbIO MPOBEPKN €&
repMeTU4YHOCTMW.



PaccMOTpUM nepBbIA CNyvyaMm, KOTOPbIN BCTPEYaeTcs B MNepuoa
LEMEHTMpOBaHNUA B KOHUe npoaaBkn TC. W3BecTHO, 4TO nNpw
LIEMEHTMPOBAHNN MakKCUMarbHble AABNEHUS B LLIEMEHTUPOBOYHOM rOSIOBKE

P, BO3HWKAIOT B KOHLIE MpoLiecca Mnpu Mnocaake pasAen1TenbHoW Npodku

Ha CTON-KoNbUO. BennymnHa 3Toro AaBfieHns COCTaBUT:
Py = AP+ Py + P

roe AP_. — pasHOCTb I'VI,EI,pOCTaTW—IECKMX Ll,aBJ'IEHMM BO3HMKAIOLLINX
n3-3a paBHOCTM MIOTHOCTEN XWUAKOCTU B 3aTPYOHOM MNPOCTPAHCTBE W
BHYTPW KOJIOHHbI;

Pm — 'MapoanHaMmnyeckoe [AaBJIEHUE, HeobxoaumMoe  Aans
NnpeoaosieHnsa rmapaBinyeCcKnXx COI'IpOTVIBJ'IGHVIVI XUOKOCTU NMpU ABMXXEHUN

€€ BHYTPU KOTOHHbI 1 B 3aTPYOHOM NPOCTPaHCTBE;

PCT — D,OI'IO}'IHVITeJ'IbHOE AaB1IEHNE, BO3HUKAOLWEE MNMpU MnoJsiyd4eHnn

curHana “cron”.

[MapoanHaMmMyeckoe [OaBNieHMe OpPUEHTUPOBOYHO MOXET ObITb
HaWAEHO Mo 3MNMpuyeckon chopmyne:
Prp = 0,002 L + 1,6 [MIa].
BenvunmHa AP . B aTMocdepax AN cnydasi LEMEHTUPOBaHWS [0
YCTbsl paBHa g H (pTC Pep), B MPOTMBHOM cnyyae paBHa g (H-h)(p-Pgp),

roe h — ypoBeHb TaMMOHAXHOro pacreopa. [ns aTux ABYyX C/ly4yaeBs
NpMBOAUM CXEMbl PacyeéToB 1 u 2.



CxeMa 1 — UEMEHTUPOBAHMNE KOJIOHHbI 6E3 BbIX0Aa TaMMNOHAXHOIo p-pa Ha yCTbEe

PERIS =] =
N -
o e |
pTC\ IL--:_g
\K—_-_ H
-
_s
N 1
Pop. {I— =
\\':1‘: —|
N T
B Ul B
pTC\ B P !
-]
-

Touka 1 — yCTbe CKBaXXWHbI

P.,=P;—P, P,=0; P—Pur,P —Pur.
Tqua 2 — ypOBeHb TC 3a KOMOHHOW
Pey __PP_P Py=9"h" Pgp; Py =Py + 9" pg,;

Touka 3 —> 3260/ CKBaXXWHbI

Pey=Ps =Py Py=9h pg+g(H-h)p;
MOXET ObITb MPUHATA KakK cpeaHEB3BELLEHHas;
-g (H-h) (prc - Pgp);

Prc
Pe =Py +9 H pgi P

Cxema 2 — LHeEMEHTUPOBAHNE KOJIOHHbI A0 YCTbS

Towkal—P =P —P: P =0; P =P ;P =P
Touka 2 — Py, =P - g.H(pTC Pep)-

LI,F’ BN ure

BN



PaccMOTpMM BTOPOM Clydam BbICOKMX BHYTPEHHMX AABNEHWUN, XapaKTEPHbIX ASiS
OMPECCOBKN CKBAXXMHBbI.

B oTOM cnyyae 3@ NpUHUMAETCA:

1. aBneHune onpeccoBkn 06cagHOM KONOHHbI. B cooTBeTCTBMM C «[1paBunamm
6e30nacHOCTN B HEPTAHOW M ra30BOM MPOMBILLSIEHHOCTU>» BENNYNHA AABIEHUS
OnpeccoBku P, AO/MKHA COCTaBNATb:

Pp=1,1P,
rae Py— MaKCnMaJIbHOE OXXNAAEMOE [aBJ/IEHNUE HaA YCTbE.

[ns no6blBaloWMX CKBaXXMH MakKCMManbHOE [aBfIEHME Ha YCTbe BO3HWKAET B
HayalbHbIM MOMEHT 3KCrlyaTauMm Npu 3aKpbITOM YCTbe. AN HedTAHbIX
CKBaXXWH 3TO AaBJIEHME COCTABUT:

Py =Pan—9(H-Hy) py,
rae P, — nnacToBoe AasneHue B [13;
H — rnybuHa namepeHuns NnnacTtoBoOro AaB/fieHUS, M;
H , — ypoBeHb HEDTH, M;
p,, — NNOTHOCTb HeddTH, Kr/m>.

[NA rasoBblX CKBa>XWH MOJIHOCTbIO 3aMO/IHEHHbLIX FA30M MPU 3aKPbITOM YCThbE B
Ha4ya/ibHbI MOMEHT 3TO AaBJ/IEHUNE pPaBHO.

Py = Pny/ €
rfe € — OCHOBaHWe HaTypasibHOro forapudma;
s = 10~ y,,, H (ynpowéHHas dopmyna);

YOTH — OTHOCUTEJIbHAsA NMJIOTHOCTb NA3a Mo BO3A4YXY.



B Tex cnydyasix, ecnM B MpoLecce 3KCryaTauuMuM CKBaXKMHbl  BO3HWKAET
HeobX0AMMOCTb MMAPOpa3pbIBa MacTa U AaBNEHUE IS 3TON TEXHONOMMYECKON
onepaLun NpeBbILLAET pacCYUTaHHble MO BbllLenpUBEeAEHHBIM (OpMYyaM, TO B
KayecTBe MaKCMMa/ibHOrO YCTbEBOrO [JaBfIeHMS MNPUHUMAIOT  [aB/IEHUNE
rmapopaspbiBa nnacra.

Ons  CKBakMH ApPYyrux KaTeropumM MaKCMManbHOE [AaBfIEHME Ha YCTbe
onpenenuTcs HeobxoauMbIM AaBMEHNEM AN NMPOU3BO/CTBA COOTBETCTBYIOLLEN
TEXHOJIOTMYECKON  onepaLmm - HarHeTaHue paboyen XUAKOCTU ANs
noaaep kaHvne naacToBOro AaBfEHUS U AP.

B niobom crnyyae paeneHve onpeccoskn P . He [OOMKHO ObiTb HMxke

MUHWUManbHbIX Py, TO ectb P, = P, ..., KOTOpblE€ B MHCTPYKUUM MO

pacyéTy 06cagHbIX KOMOHH AaHbl B BUAE Tabnuubl:

JAmnamerp

00CaHBIX 114-127 140-146 168 178-194 | 219-245 | 273-351 | 377-508
KOJIOHH, MM

P 150 125 115 95 90 75 65

OIIMHUH

Arm (MIIa) (15) (12,5) (11,5) 9,5) ®) (7,5) (6,5)




2. TwnapocTtatMyeckoe [JaBneHue cTtonba XXWAKOCTW, KOTOPOW MNpOM3BOAUTCS
OMpPECCOBKa CKBaXMHbI.

3a  NpUHUMAETCH:

11. B He 3auemeHTUpoBaHHOM mMHTepBasne (0 -h) — aasneHue ctonba EP;

12. B 3auemMeHTMpoBaHHOM MHTepBane (h-H) paBneHune coctaBHoro crosnba oT BP un
CT0N6a UEMEHTHOro KaMHs rno popMynaM KOTOpbIe Mbl 3anucanu BbllUE;

13. Tlpn Hanuunm Teky4nx nopos npuHumaetcs P, .. (QHanM3npyeTcs MHTEepBa
NX pacrnonoXeHus B paspese = 50 m);
14. MNpw ABIA npuHumaetca P . (uHTepBan £ 50 M), ecim P >3P=PgptP

15. [ina nepBbiXx Ha naowaan pasBeAoyHbiX 2—3 CKBaXWH 3a P, NpUHUMAETCH

paenexHne bP B HTepBase, rae 3akoH4mnock bypenue (Py,).

Mo AaHHBLIM pacyeTa, KakK U Ana Cydas Hapy>XHbIX M3ObITOYHbIX AABIEHUN,
CTPOATCA rpacvKn BHYTPEHHUX W3ObLITOYHbLIX [aBIEHMA AN MOMEHTa KOHLaA
npoaasku TC 1 nepuofa ONPECCOBKM B KoopAuHaTax “riybuHa P " 3aTteM no
HAM CTPOUTCS OOOOLLUEHHBIN rpadPuUK BHYTPEHHUX UM3OBLITOYHBIX AABIEHUM,
KOTOPbIA NCMOJIb3YETCA MPU pacyeTax cekumn obcagHbiXx KOMOHH. OnpeaeneHune
CTparuMBalLWMX HArpy3oK Ha pacTshkeHne Npou3BOAUTCA MpU  pacyeTax
napameTpoB OK, TaK KaK B 3TOM C/ly4ae HeobxoaMMO 3HaTb BEC €€ CEKLIUM.



PACYET NAPAMETPOB CEKLINA
OBCAZIHOW KOJIOHH

K napameTpaM 06cafHOM KOJMOHHbI MPW 3aJaHHOM ANAMETPE, KOTOPbIN YXe
BaMW BblObpaH Npu pa3paboTke KOHCTPYKLMM CKBaXMHbI, OTHOCATCS rpynna
MPOYHOCTM MaTepuana Tpyd, TONAWMHA CTEHOK W [AMHA CEKUMA C
COOTBETCTBYIOLLEN rPynnbl MPOYHOCTU U TOMLLMHON CTEHKM.

PekoMeHAyeTCs UCrosib30BaTh MO BO3MOXXHOCTM Hanbonee aewéBble ob6cagHble
Tpybbl, MO3TOMY AN Hayana pacyéta BblbMpaloTca Tpyobbl rpynnbl
npoyHocTn . MNMpuHMMaeTcs Takxke Tvn obcagHbiX Tpy6 U BUA UCMONHEHUS
(A" nnn“b").

[Nepen HayanoMm pacyéTa Bbl AO/MKHbI OnNpeaenuTbcs C Hanbosee ornacHbIMU
Harpy3kaMmm, C KOTOpbIX Ha4yHETe pacyéeéTt napametpoB OK. [lpn aHanuse
NCMOMb3YIOTCS  COBMELLEHHble Trpadukym  U3ObITOYHBIX  HAPYXXHbIX W
BHYTPEHHUM [AaBneHun. W3 3Tux rpadmkoB BWUAHO, YTO HaApPYXHblE
N36bITOYHbIE [AaBNEHUs OOCTUraldT MakKCMMyMa Ha 3aboe CKBaXKWHbI.
YpoBeHb HApPYXHbIX W3ObITOYHbIX [AaBMEHUM, KakK npaBuno, 6onblie
BHYTPEHHUX, K TOMY >e, MPOYHOCTb HA BHYTPEHHee [AaBJIEHUS BblllE
NPOYHOCTU Ha CMATUE (HApYyXHble M36bITOYHbIE AaBNeHUs!), MO3TOMY, 3a
Ha4yano pacyeTa B OONbLWMHCTBE C/ly4aeB MNPUHUMAIOT  HapYXHoe
n36bITOYHOE AaB/ieHne 1 pacyeT napameTpoB OK HaumHaeTcs cHmzy OK.

PacyéT HauMHaloT C onpeaeneHns napaMeTpoB HkHeN (1-o1 cekumn).



1. Cekuus

1) Onpepensetca Tpebyemas Nnpo4yHOCTb TPyObl Ha cMaATUE ang 1-om cekumn Plcw,
KOTOpasi yAOB/ETBOPSET YCNOBUIO:
1 1
Plom 2 Ny Py
roe: Pl - BEAMUMHA HApY>KHOrO M3BLITOUHOrO AaBNEHUS B Hauane 1-oi cexumm
(Ha 3aboe);

Ny - KO3PHULMEHT 3amaca Ha CMSATUE BHELWHUM U36bITOYHLIM AaBEHNEM (OH
paBeH 1,0 M nuwb B 30HE MNPOAYKTMBHONO MJ/laCtTa C HEYCTOMYMBbLIM

HeoaHOpPOAHbIM KosnekTopoM ¢ ABI/[ MoxeT goxoauTb Ao 1,3).

2) HaxoauTcs TonwmHa cTeHku 0!, koTopas obecneuMBaeT HaWAEHHYIO MPOYHOCTD
Ha CMATME WM Ha KpuTuyeckne paasnenus (no Tabnuue B WMHCTPyKUMM MO
pacyéTy 06caaHbIX KOMOHH).

Tak Kak Mo Mepe yaaneHus ot 3abos P!~ CHMKaeTcs, TO Ha Kakom-To rnybuHe
MOryT 6bITb YCTaHOB/EHbI TPYObl C MEHbLUEN TOMLIMHOM CTEHKM.

3) Haxogutcs 3HaueHue P2, , KOTOpoe 06ecneunTcsi MpOYHOCTHIO TPYbbl €O
cneaytoLlent MeHblUel TOMLLMHOW CTEHKU O% U3 YCIoBUS:
2 — p2
P HU P CM / Nem
roe: P°,, - NpOYHOCTb Tpy6 Ha cmsaTMe Ans cnepyowen 3a d' TonwmHbl 3°<d!
(HaxoauTcs no Tabnvue B MHCTPYKUMM NO PacyeTy ............ ).



4) Mo 0606LWEHHOMY TrpaduKy HAPYXXHbIX W3ObITOYHbIX [AABMIEHUA HAXOAUTCS

rnybuHa L!, Ha koTopoi pnencTeByeT PZHI/I (npenBapuTenbHas rnybuHa
YCTAHOBKW 1-0M cekuun).

5) OnpeaenseTcsa npeaBapuTenbHas asavHa 1-om cekuum I
|1 = L-L!
roe L - rnybrnHa CKBaXXWHHbI.
6) PaccunTbiBaeTCa NpeaBapuTeNbHbI Bec 1-oi cekuumn G
Gl — 11 . ql
roe g - Bec 1 M. Tpy6 1-0M cEKUMM C TONLMHON CTeHKM O (HaxoauTcs B Tabnuue
OCHOBHbIX XapaKTepUCTUK BblOpaHHbIX 06cagHbIX Tpy6).

7) KoppekTupyeTcsa NpOYHOCTb Ha cMmsATME Tpyb AN 2-oM CeKUuMM C YYETOM
NBYXOCHOIO Harpy>eHusi OT HapPY>XHOro M36bITOYHOrO AABNEHUS U PACTSKEHUS
OT Beca 1-0M CceKLMmM MO BbIPaXKEHUIO

*PZCM = PZCM (1_013 GI/QZT )I
rae *PZCM - MPOYHOCTb Ha CMATUE TpY6 2-0U cekunn npmn AByxXOCHOM HaArpy>xeHwuu,

P’ - MPOYHOCTb Ha cMATME TPyb 2-0M  CEKUMM NpU paauanbHOM
Harpy>eHun (TabnnyHoe 3HayeHue),

G! - pacTarmBatoLaa Harpyska Ha 2-t0 CeKLMIo, paBHas Becy 1-oM cekuuu;

QZT - pacTArMBaloLLaa Harpyska ans 2-on Cekumm, npyu KOTOPOW HanpshKeHUe B
Tene Tpybbl [ocTuraeT npepena Tekydectn (HaxoamTcs no Tabnuue B
NHCTpYKUMKM NO ............. ).



8) Haxoantcs HoBoe (OTKOPPEKTUPOBAHHOE) 3HAYeHME Hapy>XHOro n3bbITOYHOIO
AaB/IeHns *PZCM, KOTOpoe 06ecneynTcss MpOYHOCTbIO TPYyO C TOSLMHOM
CTEHKM O? , HO C YYETOM ABYXOCHOIO Harpy>keHus Mo yciosuio (MOBTOpEHME
n. 3):

xp2 — %kp2
PHl/I - PCM/nCM

9) Ha rpadwmke Hapy>XHbIX W3ObITOYHbIX [JaBAEHUA HaxoAUTCA HOBas
(oTKOppeKTUpoBaHHasa) rnybuHa *L!, Ha koTopoW AencTByeT *PZHVI (rnybuHa
YCT@HOBKW 1-0M ceKumm).

10) OnpepensieTcss OTKOPPEKTUPOBAHHAA A/MHA 1-0M cekumm
X1 = - ¥ !
11) PaccunTbiBaeTCs OTKOPPEKTMPOBaHHbIN BEC 1-0M cekunm
*Gl = XL - ql
12) OnpepensitoTca dakTuyeckne kKoabdULMEHTbI 3anaca NPOYHOCTU ANns 2-0U
CeKUMM Ha rnybuHe *L! npu oTKOppeKkTMpoBaHHONM AMHe 1-oi cekumm *|
Ha BHYTPEHHEE [AaB/IEHNE:
— D2 2
Np = P P /P BU
rae P2P - MPOYHOCTb TPY6 2-0M CEKLUMWM Ha BHYTPeHHee AaBlieHne C TOSWUHON
cTeHkn O? (HaraeHo no Tabnuue B UHCTpYKUMM........... );

PZBI/I - BHYTpeHHee M36bIToUHOE AaBneHne Ha rnybuHe *L! (onpeaensercs
no 0606WEHHOMY rpaddunKy U3ObITOYHbBIX BHYTPEHHUX AABIEHUN).



Ha CTparvBaHue B pe3bb0BOM COEAUNHEHNMN:
Nerp = Qe / *G
roe Q2CTP - MPOYHOCTb Ha CTparvBaloWMe Harpy3ku Ans Tpyb 2-oM Cekumum C
TONLMHON cTeHOK &2 (onpeaeneHo no Tabnuue B MHCTPYKUMK MO .............. );
*Gl-pacTarvBalollas Harpyska Ha 2-ylo CeKuuio, paBHas
OTKOPPEKTUPOBAHHOMY Becy 1-o1 cekumn.

PaccumMtaHHble  KOI(MUUMEHTbI  A0MKHbI  6bITb  6onblie  A0NYCTUMbIX
KO3 PULIMEHTOB 3anaca rMpoYHOCTU, KOTOpble NpmBoAsSTCS B NHCTPYKUMKM MO
pacyETy 06CaaHbIX KOJIOHH.

Kak npaBuno, BBUAY Ma’siblX 3HAYEHUN BENNYMNH PZBI/I n *G! B6nmsu 3a6og, 3TH
ycnosusi B 60NbLUNMHCTBE C/lyvyaes cobnoaatoTcsd. B npoTnBHOM cnyyae nmbo
yCTaHaBnMBaeTcs rnybuHa, Ha KkoTopou 6yayT cobnoaeHbl  yCnoBus
MPOYHOCTN ANS TOMAWMHbLI Tpy6 2-om cekumm, nmbo TONWMHA CTEHOK 2-0M
Cekuuu yBennuMBaeTCd A0 3HayeHus, obecneumBarowlero YycnoBus
NPOYHOCTMN.

13) Mpwn cobnoaeHnn yCcrnoBun NPOYHOCTU AN1S BTOPOW CEKLMM NapaMeTpbl 1-oM
CEKLUWN MPUHMUMAIOTCA OKOHYaTENBHO

rpynna npoyHoctn "A"
TOMLLMHA CTEHOK O
OnvHA cekummn  *I

rnybuHa yctaHoBku *L1

VHTEpBasn yCTaHOBKN L-*L!
rec cevliinm XG1



2. Cekuus

1) M'pynna npo4HoCTM MaTepuana Tpyb ans 2- -0 CEKLIMN MPUHUMAETCS TaKOU Xe,
Kak ansa 1-on.

2) TonuwwmHa cTeHoK Tpy6 ang 2-oM CeKuuM MpuHATa  PaBHOM o% npwu
OnpeaesieHnm rnapameTpos 1-om cekumn.

Tpy6bl C TONLIMHON CTEHKY &% MOryT 6bITb YCTAHOBMEHbI A0 rNYyBUHbI, HA KOTOPOM
[eNCTByIOLlee Hapy)XHoe M36bITouHOE gaBneHMe obecnevart Tpybbl CO
cneaytoLLeN MeHbLLEN TOMWNHON CTEHKN ©

3) HaxoanTcsa 3HaveHne Hapy>XHOro n3bbITOYHOro AaB/ieHns P3 413 YCII0BUS]
P = Pl My
rae *P2 ov - MPOYHOCTb Tpy6 Ha CMFlTMe ONA TOMWMHBbI TPy O3 (3HaueHue u3
Tabnnibl AN KPUTUYECKUX AABIEHUN B VIHCprKuMM no ...... )
4) Ha rpaguke Hapy>XHbIX M36bITOUHbIX AABNEHUA HAXOAWUTCA rybuHa L2, Ha

3
koTopon pewcteyer P°,.  (NpeaBapuTenbHasi riybuHa YCTaHOBKM 2-0i
cekunn).
5) Onpeaenserca npeasapuTesibHag AfvHa 2-oi cekumm |2
|2 =% 1| 2

rae *L! - oTkoppekTupoBaHHasa rinybuHa YyCTaHOBKM 1-01 cexuum.
6) PaccunTbiBaeTCa npeaBapuTeNbHbI BeC 2-0i cekuumn G2
G2 = 22
rae g - Bec 1 M Tpy6 C TONLMHOW CTEHKM O (3HAYeHne 13 Tabnuubl COpTaMeHTa
BblbpaHHbIX 06CcaaHbIX TPyO).



7) KoppeKkTupyeTtcs Npo4YHOCTb Ha cMaTue Tpyb 3-en cekumu C TONLWMHOW CTEHOK
O3 B YCNIOBUAX ABYXOCHOIO Harpy>XeHus
*P3CM = P3CIVI (1-0,3 2G? / Q°T),
roe *P3 - NPOYHOCTb Ha cMATME Tpyb 3-er cekumm nNpu ABYXOCHOM Harpy>XeHuu;
P3 - MPOYHOCTb Ha cMATUE TPYO 3-eM CeKuMn NMpu paavasibHOM Harpy>XeHUu
(KpVITW—IeCKVIe aaBneHnsa n3 NHCTpyKumMun no ................ );
>G%2 - Harpyska pacTshkeHuMsi Ha 3-10 CeKuMio, paBHas CyMMe
OTKOpPPEKTUPOBAHHOro Beca 1-oi cekuun *G! u npeaBapuTenbHOro Beca 2-on
cekumu;
Q3 - Harpy3Ka pacTshkeHus Ha npepene Tekydectn anga Tpyb 3-em cekumm
(3HaquMe n3 Tabnnubl B UHCTPYKUMN MO ................. ).
8) Haxoamtcsi HoBoe (OTKOPPEKTUPOBAHHOE) 3HAYEHME HAPYXHOro U36bITOYHOro

nasneHus *p3 L KOTOPOE 06€ecneynTcs MPOYHOCTLIO TPYO C TOMMHON CTEHKM

6", HO C y4eTOM ABYXOCHOIro Harpy>XeHus U3 yCcrioBus:
Py = *P3CM/nCM
9) Ha 0606LLUeHHOM rpadurKe Hapy>XHbIX M3ObITOYHBLIX AaBNEHUA HAXOAUTCSH HOBaS
(OTKOpPpEKTUPOBaHHasa) rnybuHa YCTaHOBKM 2-0M cekummM *L?, Ha KOTOpOW
pencreyet *P3_
10) OnpeaensieTcs OTKOPPEKTUPOBAHHAsA A/IMHA 2-0M CEKLIMMW.
>|<|2 — >|<|_1 _ >|<|_2

rae *L! - oTkoppekTupoBaHHas rnybuHa YCTaHOBKM 1-01 cekLuu.



11) PaccunTbIBaeTCs OTKOPPEKTMPOBAHHbIN BEC 2-01 cekumn *G2
*G2 = *|? 'C|2
N OTKOPPEKTUPOBAHHAas CYMMa BECOB 2-X cekumn XG2:
>G%= *G! + *G?
12) OnpepensatoTca dakTnyeckme Ko3dduruUMeHTbl 3anaca NpoYHOCTU A8 3-0M
CeKLMM Ha rnybuHe *L2 npy OTKOPPEKTUPOBAHHbIX NMapamMeTpax 2-X cekLuui
Ha BHYTPEHHEE [1aB/IEHUNE!
il = P
roe P3P - MPOYHOCTb TPYD 2-0M CEeKUMM Ha BHYTPEHHEE AaBiEHNE C TOMLLMHOM
cTeHkn &2 (HaiaeHo no Tabnuue B MHCTPYKUMM........... );
P3_ - BHyTpeHHee 1M36bITOYHOE AaBneHue Ha rnybuHe *L? (onpeaensercs
no O%V(I)GLLI,éHHOMy rpadnKy U3ObITOYHBIX BHYTPEHHUX AABIEHUN).
Ha cTparnBaHue B pe3bO6OBOM COEAUNHEHUN:
Nerp = Qpp / T¥G?
rae Q3CTP - MPOYHOCTb HA CTParnBaloLME HArpy3ku Ans Tpyb 2-oM cekumm C
TONWWUHON cTeHoK O° (onmpedeneHo no Tabnuue B WMHCTpyKUMM MO

.............. );

A

>*G? - pacTarvBalollasl Harpyska Ha 3-ylo Cekuuio OoT
OTKOPPEKTMPOBAHHOIO Beca 2-X CEKLINN.

PaccunmTaHHble  KOIMDPUUMEHTbI  AOMKHbI  6bITb  6onblle  AOMNYCTUMBIX

KO3 ULMEHTOB 3anaca MpPO4YHOCTU, KOTOpble NMpUBOAATCA B WMHCTPyKUMM
No pacy€Ty 0bCcafHbIX KOSTOHH.



13) Mpu  cobniogeHnn  yCnoBMM  MPOYHOCTM AN TPETbEN  CeKLMM,
OTKOPPEKTUPOBAHHbIE  MapaMeTpbl  2-OM  CEKUMM  MPUHMMAOTCA  3a
OKOHYaTeNbHbIE:

rpynna npoyHoctn " "
TOMLUMHA CTEHOK O?

[JINHA cekuumn *I?

rNy6uHa yCTaHOBKM *L2
MHTEpBan ycTaHoBKKM *L! - *L2
BeC cekummn *G?

CYMMapHbIN BEC 2-X CeKUMMn Z*G?

Ecim no ogHOMy M3 BMOOB HAarpysoK YC/IOBWE MPOYHOCTWM HE BbIMOSHAETCS, TO
NANbHENLLNIN pacyeT BEAETCA NO 3TOMY BUAY Harpy3ok. B 6onblUuMHCTBE cnyqaeB
B MEPBYIO oyepeab HecobnoeHne yCnoBMs UMEET MECTO MO PacTArvBatoLLEN
Harpys3ke.

Mo ycnoBMIO MPOYHOCTM HA PpacTsHKEHWE [/IMHA O4YepeaHon i-O0M  CeKkuumu
OMNpenenseTcs U3 cleayoLLero YCoBUS:

. Qcrp / Nepp = 26 + G, (*)
rae  Q, - TabnnMuHoe 3HaYeHWe MNpOYHOCTM Ha CTparvBaloliMe Harpysku B
pe3b60BOM coeanHeHnn Ans MCKOMOM Cexunm;
>G - CYMMaprIM BEC NpeAblayumx CeKkuunn;
G' - BEC MCKOMOW CeKLNK, KOTOPbIA MOXET ObITb BbIPAXKEH:
G=1Igdg (**)
roe ' - onnHa nckoMon cekumm;
g - BeC 1 M MCKOMOW CeKLMM.
Toraa n3 (**) u (*) MOXXHO HaUTHK:

"= (QiCTP/nCTP -2G) /q



[na nocneaylowmx CeKUMM TOJMWMHA CTEHOK YBENNYMBAETCH,
OMNpenensieTcs Mo Bbllle€ MPUBEAEHHOMY BblpaXXeHuto. pu 3TOM npoBepsieTcs
3arnac MpPOYHOCTM Ha BHYTPEHHEE M3ObITOYHOE AaBfIEHME [N BEPXHENW 4YacTu
OYEPENHON CEKLMM, TaK Kak C YMEHbLUEHWEM NYOUHbI 3TO AABNEHUE PACTET U
Ha Hapy>XHOEe M36bITOYHOE AABNIEHNE B HUXKHEN YaCTU CEKLIUN.

Pacuet npoBoAMTCSA A0 TEX MOp, NMOKa CYMMa U/IMH BCEX CEKLMA HE CTaHET pPaBHOM
U 6onbllen ASIMHbI 06cagHOM KOMOHHbI.

Bo3MOXXeH BapuaHT, Koraa BblbpaHa MakcMManbHasi TOMLWKMHA CTEHKM Tpy6 rpynnbl
npoyHoctn "[", a cyMMa AJIMH PacCYMUTaHHbIX CEKLUMN COCTAB/ISIET BESIUYMHY,
MEHbLUYIO AJINHbI KOJIOHHbI. Toraa HeobxoaAMMo NMPUHUMATL CNeayrLwyo rpynny
npoyHoctn "K". PacyeTHble AaHHble O NapaMeTpax CeKuunM 06CaaHOM KOJIOHHbI

PEKOMEHAYETCS NPeACTaBATb B BUAE Tabnuupbl.

a UX AJINHA

NeNe I'pynna
CeKIMH | MPOYHOCTH

Toammuna
CTEeHKH, MM

Jdnuna, m

Bec, kr

HNuTtepBan

1M TpyOBI

CeKuuu

CyMMAapHBbIN

YCTAaHOBKH, M




NpuBenéHHas cxema pacyéTa CrnpaBeAnvBa Kak [N BepPTUKalbHbIX, Tak W And
HAK/IOHHO HamnpaBfiEHHbIX CKBaXXMH. OCOBEHHOCTAMMN pacyéTa 06CcagHbIX KOMOHH ANS
HAK/IOHHO HaMNpPaBEHHbIX CKBAXXWH ABMASIOTCA ClieayoLme:

1. Mpu pacyetax, B KOTOPbIX YYUTLIBAIOTCS TMAPOANHAMUYECKNE, NIACTOBbIE U FOPHbIE
fI@B/IEHNs], B Ka4yecTBe AMMHbI WHTEpBana MX AEUCTBUS MCMOMb3YIOT A/MHBI “NO
crBony”.

2. I3MeHeHns1 B 3TOM C/ly4ae AOMNyCTUMbIX PacTArmBaloMX HArpy3oK 3a CYET u3rmba
Y4MTbIBAOTCA YBENNYEHMEM KO3(@PULMEHTA 3anaca NPOYHOCTU Ha CTparnsaloLine
Harpy3ku. [Ans obcagHbix Tpyd C TPeyrosibHOW pe3bbou:

S —
. Werp = Negp / [1- Nepp A (0 = 0,5)],
rae N°., — KO3UUMEHT 3anaca NpoYHOCTU ANs M3OFHYTOVI o6cagHOM KOMOHHbI Ha
CTparvBaloLwmne Harpysku; MUHUMasbHbIE 3HAaYEHUs n> » Npn a, = 0,5 3aBucaT ot
anameTpa OK 1 npuBeaeHbl B MHCTPYKLIMK NO PACYETY O CaiHbIX XOSIOHH.

Np — KO3PMUUMEHT 3amaca MPOYHOCTM Ha CTparvBatoMe Harpysku ans
BEPTUKANIbHOW KOJTIOHHbI;

A — KO3I(PULMEHT, quTblsarou_MlZ B/INSIHWE pa3MepoB coeanHeHust obcagHbiX Tpyb u
ero NMpOYHOCTHbIE XapPaKTEPUCTUKN (3HaYeHus 6epyT M3 Tabnauubl B UHCTpyKUMK Mo

.......... );

d, — WHTEHCMBHOCTb WCKpUBNEHUS Tpyb (MCKpuBneHWe Ha AnvHe 10 MeTpoB B
rpagycax), paBHasi: d,=57,3/R, rae R — NpoeKTHbIM paanyc UCKPUBIEHUS B METPAX.

ana Tpy6 c pe3bbamMu TpaneunmmnaanbHOro rnpoduis M HoOpMasbHbIM AVaMETPOM MypT
(OTTM, OTTT, TBO 1 MMNOPTHBLIX TPYO C pe3b6017| “batpecc”, “"IkcTpem nanH” n ap.)
MPY MHTEHCUBHOCTM UCKPUBIIEHMA CKBAXMH [0 5% Ha 10 M ans Tpy6 AMaMeTpoM Ao
168 MM 1 o 3 Ha 10 M ana Tpy®6 AMAMETPOM Bbille 168 MM pacuyéT Ha
CTparvBalolMe Harpyski NpoBOAAT TaAKKe Kak Ans BEPTUKAIIbHLIX CKBAXMH 6e3
yyéTta usrmnba. Mpu nHTeHcmBHOCTM uckpusneHus ot 3° o 5° Ha 10 M ana Tpyb
ANaMeTpPOM Bblle 168 MM a0 MycKaemas Harpyska Ha CTparmBaHu1e YMEHbLIAETCA Ha
10%, T0 ecTb B 3TOM Cniy4dae n°,=1,1 N,



3. KoadpduumeHT 3anaca NPOYHOCTM HA PacTsSHKEeHWe Ha npenene TeKky4decTu
rMafKoro Tena Tpyosl ”Spaa paccuYnTbIBAETCH Mo popMyne:

S — - —
g pacT _npaCT/ [1 n, )\1 (GO 0,3)],
rae: n.. — KO3MGMUMEHT 3amaca Ha PacTsKeHWe Ha npedene TeKyuyecTy
rnajJKkoro Tena Tpybbl BEpTUKaIbHOW 06CaAHON KOMOHHLE: N = 1,25;

pacTt

— KOI(MDUUMEHT, YyuuTbiBalOWMN BAngHME ¢GopMbl Tena Tpybbl u eé
NPOYHOCTHbIE XapaKTepUCTKK (onpeaensieTcs u3 Tabnuubl B MHCTPYKUMK MO

.......... ).

4. VCKpUBNEHME YUYMTHIBAETCA AN CEKUMM 06CagHOM KOJOHHbI B Mpeaenax
KOTOPOWN HabOAaEeTCA 3TO UCKPUBIEHNE N HUXKENEXALLMX CEKLIUN.

5. [lo Hayana pacyéTta KOJMIOHH BbIAENSAIOT UHTEPBaNbl, B KOTOPbIX UMEET MECTO
OTKNIOHEHMEe  cTBOMA.  OnpegenstoT  MHTEpBal  C  MaKCMMasibHOM
MHTEHCUBHOCTbIO WCKPUBNEHUS. ECnM 3TOT MHTEpBan ABNSETCA NEPBbIM OT
YCTbsl, TO PACYET BCEro HmKenexawlero yyacTtka CKBa)XMHbl BMECTE C 3TUM
NHTEpBanoM +25 METPOB B CTOPOHY YCTbSl BEAYyT C N>, AN y4acTka
MaKCUMasnbHOro MCKpMBNEHUs. Ecnn yyacToK MakKCMManbHOTO WCKPUBEHUS
He SBNSeTCsS 6AMKaMLIMM K YCTbiO, TO A0 3TOr0 y4acTKa PaCYET KOJIOHHbI
BEAYT C YYETOM BblLLENEXALIEr0O UCKPUB/EHNS, @ OT Hero +25 MeTpoB B
CTOPOHY YCTbSl U HUXE BeAyT C YY4ETOM MaKCMMasibHOro UCKPUBIIEHNS.

A

1
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TEXHOJIOTMYECKASAA OCHACTKA OK

KOTOPbIN CAYXWT AN 3awmTbl HM3a OK oT pgedopmaumu u
HanpaB/ieHNs e€ no CTBONYy

KOTOpbIA npeaoTBpallaeT noctynnieHne TC BHYTpb
KOJTOHHb!.

coBMellaeT pyHKUumM Balumaka n obpaTHOro KianaHa.

obecneunBaloT LieHTpupoBaHne OK B CTBOMle CKBaXWHbl U
BbINOHAOT (PYHKLMIO TYpObynn3aTopos.

yCTaHaB/IMBAOT B MECTax JIOKa/SIbHOro YLMPEHWsi CTBOJIA
CKBaXWHbl rAe  TypbynusupyloT MNOTOK OydepHoM XWAKOCTU WU
TaMMOHA)XHOro pacTBOpa.

, CNyXXaT And MeXaHn4eckoro canpaHus FNIMHUCTOM KOPKN ¢
ABNAKOTCA apMUPYKOLWLNMU 3JTIEMEHTAMMU.

n3oJinpyrogmne 3dKOJIOHHbIE pa3fendaroT [Ba 6113Ko
PaCroJ1IoOXXEHHbIX NMPOHULIAEMbIX TOPU30OHTA.

KOTOpble ycTaHaBnuBaloT B OK Haza
NPOAYKTMBHBIM MACTOM MPU MaH)XETHOM LIEMEHTMPOBAHUN.

- MPUMEHSAIOT MPU CTYNeH4YaToM
LemMeHTnposaHun OK.

cnyxut ana o6beaskn OK C Ha3eMHbIM
LIEMEHTMPOBOYHbIM 060PY/1I0BAHMEM.

C NpeAHA3HAYEHDI ans pasfeneHnd
TexHonorn4yeckmnx xxmakocren B OK npn ULEMEHTUPOBAHUN

) MPUMEHSIIOT MpU
MaH)XETHOM LIEMEHTUPOBaHUM 06CaAHbIX KOMOHH



TEXHOJIOTMYECKASA OCHACTKA OK

balliMakn KO/IOHHbIE

a — Tvna bKM (BKB)

1 — kopnyc

2 — 3arnyuka

3 — HanpaBnsALLAaa Hacaaka
6 — Tmna BK ¢ 4yryHHou nnwm

ﬁ'f:'I:‘ 3 ¢ 13 antoMMHMEBOrO CrnaBa
20T HanpaBAsoLWen HacaaKou
| A ! = 6 — HanpaBnfwLWasa Hacagka

bl
;




TEXHOJIOTMYECKAA OCHACTKA OK
O6paTHble KnanaHbl

HazHauveHue: [lpegHasHayeHbl A8 UCKIOYEHUSS  0bpaTHbIX
NMEPETOKOB TAMIMOHAXXHOIrO PacTBOpa M3 3aKOIOHHOIO MPOCTPaHCTBA
BHYTPb KOJIOHHbI NMpW LieMeHTMpoBaHun OK.

PasgeneHuve no npuHumMny paborbi:

» [1O/THOCTBIO UCK/TOYAET NOoNaAaHMe XXUAKOCTU BHYTPb KOJIOHHbI;
- [103BOMISET NO/THOCTBIO 3aAMOSHATb KOMOHHY MPW CryCKe;

TapenbyaTbin; (UCMNOMb30BaTb NPU BO3MOXHbIX MPOSIBIIEHUSIX).
LLlapoBou; (MCnonb3oBaTh NPy BO3MOXHbIX NMPOSIBEHUSIX).
LieHTpupylolwnn  knanaH obpatHbin - apoccenbHbin  UKOO -
NOCTOSAHHOE  CaMo3aroJsiHeHue. [lpy  Cnycke  KOJSIOHHbI

3anuMpalollmMii  3NeMeHT OoTcyTcTByeT. [lpeanodytuteneH npu
BO3MOXHbIX MOMMOLLEHUSIX.



TEXHOJIOITMYECKASA OCHACTKA OK

. D -
i N y
= 17 = ObpaTHbIii KnanaH
5§,,2 TapenbyaToro Tmna
§ = 1 — npy>uHa
N « 2 - WTOK
i T )
N 28 % = 3 — Tapenka
#K \%\ 4 « 4 —cenno
y | = 5 -Kopnyc
-5
* =




TEXHOJIOTMYECKASA OCHACTKA OK

NS NSNS SN

11 10

KnanaHbl 0bpaTHble

LIKOA-1 (a) u LIKOA-2 (6)
1 — kopnyc

2 — HaXXMMHas ranka — CTon-KonbLo
3 — Habop pe3nHOBbLIX LWanb

4 — pe3nHoBas anadparma

5 — onopHoe KonbLo

6 — wap

7 — OrpaHnYmnTENbHOE KOJbLO

8 — pe3nHoTKkaHeBast MeMbpaHa

9 — apoccenb

10 — yyryHHasa BTy/iKa

11 — 6eTOHHAasa UM niacTMaccoBas
noaBecka



OcHOBHbIE XapaKTeEPpUCTUKM 06paT|-|oro KJ/idlldHa
HE3AaBUCUMMO OT KOHCTPYKUNUU
1. laBneHne, KOTOpoe MOXET BblaepXaTb 06paTHbIM KianaH.
2. TeMnepaTtypa.
3. leoMeTpuyeckune pasmepsl (aAnameTp).

4. TonoxeHne B KonoHHe. ObpaTtHbiM KnanaH Tvna UKO[J npwu
oTcytcTBMM «CTOonm — KONbUa» AO/MKEH YCTaHABMMBATbLCA Ha
BbiCOTE h.. BO3MOXHa yCTaHOBKa ABYX KjlanaHoB. B kayecTBo

HWXKHEro KjamnaHa MOXXHO MCnonb30BaTh 6awMak knanaH BbK
nnn bKT

«CTOon - KOMbLIO» CAYXWUT ANA MOJyYEHUS CUIHANa «CTon» Mpu
nocajke Ha Hero LLeMeHTUPOBOYHOU MPOBKMU.

Bbicota crakaHa h.. AomkHa obecneuntb repMeTUYHOCTb
HUXKHEN YacCTu KOMOHHbI;

[NocnepHss nopuus TC obnagaeTt NnoxXmMM KayeCTBOM.

5. Bce aneMeHTbl, Haxoasilumecss BHYTPU KOJSIOHHbI AO/MKHbI ObITh
nerko pa36prBaeMb|



TEXHOJIOTMYECKASAA OCHACTKA OK

= LleHTpaTopsbl
a — XEéctkue; 6 — xéEctko-ynpyrun LiLI-1
1 — neTneBble NPOYLINHbI; 2 — rBO34W; 3 — CNUpasibHble KIMHBS;

4 —
OrpaHN4YUNTESIbHbIE KOJ1bLig, 5-— NPYXWUHHbIE MNJ1aHKH, 6 — na3bl CErMeHToB



TEXHOJTIOTMYECKASA OCHACTKA OK

: Typ6ynm3aTopb|
1 — kopnyc

« 2 —onacTtu

= 3 — BUHTOBOW KJIMH-CTOMOP

YCTaHaBNMBAlOT B MECTaX JIOKasbHbIX
YLWMPEHUN CTBONA.




TEXHOJIOITMYECKASA OCHACTKA OK

« Ckpebok paszbéMHbin TUna CK
1 — Npy>XWHHas cTanbHas NpoBOJIOKa

2 —HaKaaKu

3 — Kopnyc

YCTaHaBNMBaAOT Ha UHTEpBana Mexay
611M3KO pacnonoXXeHHbIMU MPOHNLAEMbIMU
nnactamu. lNpn pacxaxxmeaHum OK B
npouecce LeMeHTUPOBAHNSA CKpebKu
CANPAIOT KOPKY U ABNAIOTCA apMUPYIOLLMMU
3/1IEMEeHTaMU, YNPOYHALWMMN LLEMEHTHOE
KOMbLO




TEXHOJIOITMYECKASA OCHACTKA OK

[TAKEPbI

= 3aKOJIOHHbIN FMApPaBANYECKUN NaKep TUNa
NAM anga ctyneH4aToro M MaHXeTHoro
LlEMEHTUPOBAHNSA CKBaXXUH

= 3aKOMOHHbIM NMPOXOAHOM rMAPABINYECKUNA
MHOroMoAy/bHbIN nakep Tuna MN3M



TEXHOJIOTMYECKASA OCHACTKA OK

= MydTa cTyneH4yaToro

LieMeHTupoBaHna MCLI-1
« a, 6, B— pa3nnyHble nosoXKeHust BTYI0K

R

\

11

3 — « 1 —Kopnyc
; ' = 2 —o0boiiMa
¢ = 3, 6 — BEPXHASA U HUXKHSAS BTYJIKU
g . = 4 — Cpe3Hble BUHTHI
& & = 5 — 3ac/ioHKa

i

/ — UMPKYNALUMOHHOE OTBEpPCTME
= 8 — ynopHoe KoNbLO

=== 17" = 9,10, 11 — npobka npoaaBoYHas,
i nagaroLwas U 3anopHas

j 7 YCTaHaBIMBAETCS HAaNPOTUB YCTONYMBBIX

FOPHbLIX NOPOA B MHTEpBane C

MaKCMMasbHbIM FPAAWEHTOM AaBNEHUN
rmapopaspbisa.




TEXHOJIOTMYECKASA OCHACTKA OK

MydTa CTyneH4aToro LeMeHTUpoBaHus

[MpoaaBo4YHass Npobka MMEEeT KOHYCHbIM HAKOHEYHUK C
YNJIOTHEHMEM ANS MIOTHOWM MOCAAKWM Ha YMNOPHOE CTOrl-
KONbLO, @ 3anopHass npobka - B HWXKHEN 4acCTu
KOHYCHbIM MOSAICOK C YM/IOTHEHWEM ANSA MNIOTHOW NOCaAKM
Ha ceano BEPXHEN BTY/KM.

ObtekaeMas ¢dopMa najatowen npobkm u Hanmdme
pebep-cTabnnm3aTopoB YCKOPSIIOT €e MorpyxeHue B
cTon6e NPOMbIBOYHOW XUAKOCTU B KONIOHHE. B HMKHen
4acTu Naaatowen npobKn BbINONHEH KOHYCHbIN NMOSICOK C
YNNIOTHEHMEM A1 NOCAAKN Ha CeAI0 HUXKHEN BTYIIKMW.

[IpncoeanHnTENbHbIE pe3bbbl MY(MTbl BbIMOHAOT B
cootBeTcTBMM € OCT 632-80 Ha obcagHblie Tpybbl 1 A0
Ha4yasia UCrosib30BaHUS MydThbl 3alUULLAIOT OT
3arpsi3HEHNS N NOBPEXAEHUS NpeaoXpaHUTENbHbIMU
NpobkaMn 1 Konnayvkamu



TEXHOJIOITMYECKASA OCHACTKA OK

LleMeHTUpOBOYHaA
ronoska LY.
LleMeHTNpPOBOYHbIE
rONIOBKK OTINYAIOTCA
4YMCIOM OTBOAOB, YNCIIOM
npeaBapuUTesbHO
yCTaHaB/IMBAEMbIX
LIEMEHTMPOBOYHbIX
npo60K TUMOM CTOMopa
r|p060|< — BUHTOBOW MU
DblYaXXHbIW, ANAMETPOM WU

TUNOM pe3bboBoro
coeJUHEHMS




TEXHOJIOITMYECKASA OCHACTKA OK

LleMeHTUPOBOYHbIE NPO6KU
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= a, 6 — c NpMryMMmnpoBaHHbIMK 1 HAOOPHBLIMU PE3MHOBLIMW MAHXETaMWU
COOTBETCTBEHHO; B — PE3MHOBbIE; 1 — pE3NHOBbIE MAHXETHI; 3 —
OVCTAHLUMOHHAA BTY/Ka; 4 CTSHKHaAs ramka



TEXHOJIOTMYECKASA OCHACTKA OK

LleMeHTUpPOBOUYHbIE NPO6KMK

[lpobka pasnenuntesnbHas

HMKHAA Tina LH

1 — pe3nHOoBble MaHXEeTbI C
cepaeyYHNKOM

2 — XecTsHast MeMbpaHa
3 — ravika

4 — KOMbLEBOWN HOX

5 — ynopHoe KonbL0

[Npobka oTaensieT 6ydhepHyo XXNUAKOCTb
oT 6yposoro pacteopa B OK



TEXHOJIOTNMYECKAA OCHACTKA OK
LleMeHTUpPOBOUYHbIE NPO6KM

F4

3 3
4 4
1 5
2

\ o

N

Q 1

N

N

2

= [1pobkn pasgenutenbHble AByxcekumoHHble Tuna CM ans ueMeHTUPOBaHUS
XBOCTOBMKOB M CeKLMN 06CaHbIX KOTOHH

= A, 6 —BepxHaa cekumns npobok anst 6ypunbHbIX TPYO; B,I — HMXKHSSI CEKLMS
nNpobok ans obcagHbIx Tpyd; 1 — pe3rHOBbIE MAHXETbI; 2 — KOpnyc; 3 —
ceano; 4 — cpesHble KanmbpoBoYHble WTUPTLI; 5 — AUCTaHUMOHHAs BTY/IKa



TEXHOJI0I'nAA CNNYCKA ObCAAAHbIX KOJIOHH

Ob6Lne TpeboBaHMS K CyCcKy 0bCaZiHbIX KOMOHH.

Mepen cnyckoM o06CagHOM KOMOHHbI CTBOST  CKBaXWHbl  HEO6X0AMMO
npopaboTaTb Ha YYaCTKaX CY)XEHUU U PE3KUX UCKPUBIEHUWN (BbISABIEHHbIX
NO AaHHbIM KaBepHO, npodusie U UHKIMHOIPaMM) CO CKOPOCTbIO He 6onee
35-40 M/4 ¥ nNpPOMbITb BbICOKOKA4YeCTBEHHbIM 6OYypOBbIM pPacTBOPOM
(TWAaTeNbHO OYMLLIEHHbIM OT WJaMa), YAOBNETBOPSIOWNM OCHOBHbIM
TpeboBaHMsIM Teopun MpPOMbIBKM N TpeboBaHuAM HeponyuweHus [HBI.
[MpOMbIBKY cneayetr BECTUM C pacxXa)XMBaHWEM M BpalleHWeM OypunbHOW
KO/IOHHbI, YTO 06ecneynT AMKBUAAUMIO CY>XXEHUW M yAaneHue wnama w3
KaBepH. KOHTponuMpoBaTb MPOMbLIBKY cnegyetr Mo U3MEHEHUIo
KOHLEHTpaLUMM WAaMa B MPOMbIBOYHOM  KMAKOCTU. [locTeneHHoe
YMEHbLUEHME  KOHUeHTpauum n eé crabunmsauuss roBoput o
HeobxoAMMOCTM OCTaHOBKM MNPOMbIBKU. ECnn B npouecce npOMbIBKU
KOHUEHTpauus LWiaMa He YMeHbLUaeTcs, MnpOoMbIBKY Heobxoammo
NpeKkpaTuUTb, MOCKOJIbKY 3TO CBWAETENbCTBYET 006 OCbiNnaHuM nopoa wu
obpa3oBaHuM kaBepH. Ha npakTuke obbl4YHO MPOMbIBKY BEAYyT B TeYeHue
OQHOro-ABYX LMKOB LUMPKYnaumMm 6ypoBoro pacrsopa.



K Crnycky KOMOHHbI MPUCTYNAlOT Cpa3y e KaK TOSIbKO 3aKOH4YEeH MNOABLEM
6ypunbHbIX TPyO Mocne NpoMbIBKM CKBaXWHbl. ObcaaHble KOMTOHHbI AJIMHOW
no 3000-3500 M cnyckatoT ¢ nomoupbto MKP, npu 6onbluen AsMHe KOMOHHbI
KITMHbS OBbIYHO HE MPUMEHSIOT, M3—3a OMaCHOCTM MNoBpeXaeHns obcaaHbIX
Tpyb cyxapssMn U BMECTO KJ/IMHbEB MCMOJb3YIOT BTOPOW 3neBaTtop (cnanaep-
351eBaTop).

[MpOMbIBKA CKBaXXMHbI AIOMKHA NPOM3BOAUTCS TakXXe B MpoLecce U nocse crnycka
06caiHOM KOJTOHHbI, MOCKOJIbKY B MpOLIeCcCe Crycka BO3MOXHbl OC/TOXXHEHUS
(3aTsHKKM, nocagkn) m obpasytoTcs 06NMOMKM FOpPHOM MNOpoAdbl, KOTOpbIE
CHMXXAIOT KayecTBO LEMEHTHOrO KaMHA W MOryt ObiTb  NpUYNHOWN
0bpa3oBaHNs TPELUMH B CTEHKAX CKBa)XWHbl. BHOBb BO3HMKLUME TPELLUWNHLI, B
CBOIO o4vepeab, CNocobCTBYIOT NOrMOLWEHNSM U TMAPOPA3PbIBY MnacTa.

Yncno nNpoMeXyTOYHbIX MPOMBIBOK ONPEAENseTCS AN KaXAoro panoHa pabot
UHAMBUAYANbHO, B 3aBUCMMOCTW OT re0sI0ro-TEXHNYECKUX YCIIOBUMNA.

O6caaHyt0 KO/IOHHY CMyCKaloT B CKBaXXMHY NMb0 B OoAWMH MPUEM OT YCTbs A0
3abos, nnbo cekumsamMu.



a) ANS KPErneHUs CKBaXXWH, CTBOJIbl KOTOPbIX JOCTAaTOYHO YCTOMYMBBI
N HE OCNOXHAITCSA MpPU OCTaBNEHUM MX 6e3 MPOMbIBKM B TEYEHME
BpEMEHN, HEObXxoauMMOro Ans NMpovM3BOACTBA KOMMJIEKCa paboT oT

I'IOCJ'IGD,HEVI NMPOMbIBKN A0 OKOHYaHWUA CMYCKa o6cauH01‘/'| KOJIOHHBbI,

6) npu obwen M™Macce o06CcagHOM KOJSIOHHbI, He MpeBbIAOLLIEN
rpy3onoabeMHOCTM 6ypoBoro 060pyaoBaHUS, BbIWKW, TaslieBOM

CUCTEMBbI;

B) NpY HanuMyMm accopTUMeHTa obcCaAHbIX TPy6 MO MapkaMm CTann U
TOMNLWMHAM CTEHOK, COOTBETCTBYIOLUMX AaHHbIM pacyeTa obcagHom

KOJIOHHbI Ha NMPO4YHOCTb,



a) ecnm HeobxoaAMMO 3aKpenuTb CKBaXkMHY obcaaHoM
KONTOHHOW 60MbLIOro AMAaMETPa Ha 3HAYUTENbHYLO rNYyOnHY;

6) Nnpn HeobxoAMMOCTM NoAbeMa TaMMNOHAXXHOro pacTBoOpa Ha
60/bLIYIO BbICOTY MPU HAIMYMKM MOrNOLWAoWmMX MNIacToB
NN NNACTOB C HU3KUM rpaIMEHTOM rMapopa3pbiBa;

B) €CnM OTCYTCTBYOT o0b6cagHble Tpybbl C MNPOYHOCTHOM
XapaKTEPUCTUKOWN, COOTBETCTBYIOLLEN PaCYETHbIM AaHHbIM
Mo CTparnBatoLLMM Harpy3Kam.



nepekpbiBaTb WHTEPBasibl OCNOXHEHMM Ha HonbLIMX
rnybnHax ¢ MMHUMaNbHOW 3aTPaToON BPEMEHW OT KOHLA
nocneaHen NpoMbIBKM A0 Ha4vana LEeMEHTUPOBaHUS;

HaJeXXHO M30/MpoBaTb ABa Mnn 6onee npoayKTUBHbBIX
rOpU30HTa CKBaXXWH C BbICOKMM MSIACTOBbIM AABNEHNEM
nnu Kakue-nmbo OC/IOXXHEHHbIE MHTEpBasbI,
pasfeneHHble Mexay cobon MOLWHOM  YCTONYMBOMW
TOMLLEN FOPHbIX NOPOA;

3KOHOMUTb MeTa/y1 B pe3y/ibTaTe MWCrMoJIb30BaHUS
obcagHbIX Tpy6 C MEeHbLMMK TOJMLWMHAMU CTEHOK MO
CPaBHEHUIO CO CrNOWHBLIMKM KOJIOHHaMKM, a TaKxke
NCMosb30BaTb TPYyObl C MOHUMXXEHHBLIMX MPOYHOCTHBIMU
XabaKTeDNCTUKAMN.



JNnHY nepBon cekumn 06CcaiHOM KOMOHHbI BbIOMPAOT U3 reonorn4yeckmx
TPebOBaHU MNEPEKPLITUS WHTEpPBana OCMOXHEHWA B MWUHUMAJbHO
BO3MOXXHOE BPEMS U U3 YCIOBUA MPOYHOCTU BEPXHUX TPYD CeKLMM Ha
PACTArMBALOLLYIO Harpy3Ky.

B cnyyae YCTQHOBKM TrOJSIOBbl CEKUMM B  OTKPbITOM  CTBONE
MECTOMOJIOXXEHNE YCTPOUCTBA AN CTbIKOBKM CEKLUMA BbIOMpPAOT C
YYETOM [JaHHbIX KaBEpHO- M MpPOdUIEMETPUM HAa HOMWHANBHOM MO
OMAMETPY  yyacTKe CTBOMl@  CKBaXKMHbl.  [lpy  nepekpbiTum
BbICOKOHAMOPHbIX FOPU3OHTOB M HAJIMYUKN 3aKOJSIOHHBIX MPOSBIEHUN
Hagd [rONOBOM CMNYLWEHHOW cekuMnm HeobxoauMo  HapallMBaTb
Nocneayowyo cekumto 06cagHOM  KOMOHHbI C  MPUMEHEHUEM
repMETU3NPYIOLLINX 3aKOTOHHbIX YCTPOUCTB.

CEeKUMOHHbIN  CNYCK 06CaAHbIX KOMIOHH W KPEMnJeHWe CKBaXXWH
XBOCTOBMKAMWM BO3HUK/IN, BO-MEPBbIX, KaK MpaKTUYeCKoe peLleHne
npobnemMbl cnycka TskenblX 06cafHbIX KOSIOHH W, BO-BTOPbIX, KakK
pelleHMe 3a4ayM MO YMNPOLWEHUKD  KOHCTPYKUMW  CKBAXWH,
YMEHbLUEHNIO AnaMeTpa 06caaHblX Tpyb, a TakXKe 3a30poB Mexay
KO/TOHHAMM U CTEHKAMW CKBaXXMHbI, COKpPALLEHNIO pacxoda MeTanna u
TaMMNOHUPYIOLLUMX MaTepuanoB, YBEMYEHUIO CKOPOCTU OypeHus W
CHUXKEHWUIO CTOMMOCTU 6ypOoBbIX paboT.



CKOpOCTb cnycka 06cafHbIX KOJIOHH

B npouecce crycka KOJIOHHbl 6e3 orpaHM4YeHUs1 CKOPOCTU, 0CO6EeHHO npu ManbiX
KOJNbLEBbIX 3a30pax, BO3MOX>Hbl ruapopa3pbiBbl MNOpoaA WM nNornoweHue
6ypoBOro pacrTBopa, UYTO OCJ/IOXXHSIET AOCNYCK KOJIOHHbl M nocseayrollee
HeMeHTUpoBaHMe. [03TOMYy CKOPOCTM cnycka o06cafHbIX KOJIOHH [AOJIKHbI
BblGMpPATbCA MCXOASA M3 KOHKPETHbIX reoJIOrMYeCcKux yC/I0BUW B MHTepBasne
KpernJieHusi, COCTOSIHUAI CTBOJIa CKBa)>XMHbl U CBOMCTB 6GypoBOro pacrsopa M
NnOATBEPXXAATbCA PaCYETOM.

Mpun 6bICTPOM cCnycKke, B [AOMNOJIHEHWE K TUAPOCTAaTUUECKUM [aBJIEHUSIM, B
3aKOJIOHHOM TMNPOCTPaHCTBE BO3HUKAET ruApoAMHAMMUUECKOe [aBJIeHue,
KOTOpOe MOXEeT NMPMBECTU K rmapopaspbiBy MOPOA WM K CMATUIO KOJIOHHbI
M36bITOYHBIM BHELLHUM [iaBJIEHUEM.

Mo pe3ynbtataM pacuyéros, npoBeaéHHbix BHUUKpHedTb, CKOPOCTU CnyCcKa B He
AO/DKHbI NpeBbiwaTbh 1 M/C ANA 3KCrJlyaTalMOHHON KONOHHLbI, 0,8 M/c ansa
NPOMEXXYTOUHOMU KONOHHbI M 0,5 M/c ana koHaykTopa. Ecnm cyuwecrByert
OMACHOCTb MOrJIOWEHNUs WM 3arpsisSHeHUMsi mnJjlacta CKOPOCTb ChnycCKa
3KCMJ1yaTaLuMOHHOMN KOJIOHHbI MOXKeT 6bITb CHMKeHa ao 0,4 M/ cek.

CnyckaTb KOJIOHHY cneayer naaBHO M 6e3 TonukoB. Yepe3 kaxabie 200-300
METpPOB cChnyLjeHHble Tpy6bl 3anonHAT 6ypoBbiM pPacTBOPOM, €C/In He
NPUMEHSIOT CaMO3arnoJIHAIOLWMUCA 06paTHbIM KJ1anaH.



3. CMOCOBbbl LEMEHTUPOBAHUA CKBAXXWUH

Bblaensatot 2 rpynnbl Cnocobos:

1. Cnocobbl nepBMYHOro LemMeHTupoBaHus (ans aoctaBkm TC B 3aKOJIOHHOE
NPOCTPAHCTBO).

2. Crnocobbl BTOPUYHOIO LlEeMEHTMPOBaHNS (PEMOHTHOrO).

Moa cnocobom NepPBMYHOIO LIEMEHTUPOBAHUS NMOHUMMAETCA cxemMa AocTtaBku TC B
3aKOJIOHHOE MPOCTPAaHCTBO.

OCHOBHble 3aauMu:
1. Pa3oblieHne ropu3oHTOB APYr OT Apyra U OT NOBEPXHOCTW.
2. 3aKpernsieHne CTEHOK CKBaXXMH.
3. 3awmTta OK OT KOPPO3MOHHOIO BO3AENCTBUS M1aCTOBbIX (h/IHONI0B.
4. Yaep)kaHue B NOJBELLIEHHOM COCTOSAHUM 06CaAHOW KOMOHHBI.



CyuwiecTBylOT criepyiouime cnoconl-
O,D,HOCTYI'IeHl-IaTbIVI npﬂMom
[BYXCTYNEHYATbIN - NPSMOMU;

MaH)XETHbIN (CENEKTUBHO-MAHXXETHbIN) - MPSAMOW
O6paTHbIN;

BCcTpeyHbiMM NOTOKaMU

KoMOMHMpPOBaHHBIN;

LlemeHTupoBaHns XBOCTOBMKOB U cekumm OK.

[pn aToM crnocobe TC pocraBnsieTcs B
3aTpybHOE NpOCTPaHCTBO 3aKaykon B OK ¢
nocneayowen npoaaBkon yepe3 bHalumak
cneaywowen OK. Peanusyetca B 0OAuMH
NpuEM (OAHOCTYNEHYATbIN BApPUAHT).
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Cxema npsiMOro o4HOCTYMNEeH4YaToro LleMeHTUPOBaHUS:

1 — UEMEHTUPOBOYHAs FOMI0BKA; 2 — HMXKHSAS NpobKa;

3 — ueHTpaTop; 4 — 0b6cagHasa KOMOHHA; 5 — 0bpaTHbIM Knanax;

6 — 6alLMaK KOJIOHHbI; 7 — BEPXHSA NPobKa; 8 — LIEMEHTHbIN pacTBOp.




Npu ogHOCTYNEeH4YaToOM LLleMEeHTUPOBaHUM KOJIOHHA o6opyayercs
= B HmxHen yactn — 6almMak ¢ HanpaBNsAoLWEN NPOO6KOK;

= Bbllie — 06paTHbIN KNanax;

= ELLE Bblle — «CTOM-KONbLO>.

Ha Hapy)XHOM NOBEPXHOCTM KOJIOHHblI YCTAHABAMBAKOTCA LEHTPATOPbI
(dboHapu), ckpebku, TypbynmnsaTopsl.

BepxHss 4acTb KOIOHHbI 060pyaAyeTCs LIeMEHTUPOBOYHOW MO/IOBKOM
(Puc. - a) 3akaydka TC nocne 6ydepHon xunakoctu; 6) npoaaska TC).

KoHeu npopaBkn TC duKcMpyeTcs nocagkon MnpoaaBO4YHOM MPOOKM Ha
«CTOM-KOJIbLIO» WU CKAYKOM [aBNEHMS HA LLIEMEHTUPOBOYHOW rOSTIOBKE.

Pa3HOBMAHOCTMU:
- C 2 — MS nNpobkamu;
- c 1 — on BepxHen npobkou;
. C 6ydepHOM XKMAKOCTbIO;
. 6e3 6ydepHon XXnaKocTu.

Hanbonee 4acto BcTpedatowmecs cnydam — C  6ydepHon
XXMAKOCTbIO U OHOW BEPXHEWN NMPOAABOYHON MPOOKOMN.

CxemMa npocta B peanu3auun, [AET BbICOKOE  KayecTBo
LeMeHTUpoBaHus n npuMeHsieTcs B 90 — 95% cnyyaes (Bcex 3a5mMBOK).



OaHoCTyneH4yaToe LleMeHTUPOBaHMe HEBO3MO>XHO
NPUMEHSATb, NpPW:

= ['napopaspsbiee nopoa (I,) Npy 60/bLLOM hueM :

= PacyétHOM paBneHMM Ha LEMEHTUPOBOYHOW TONOBKE
6onblieM, 4YeM MaKCMMasibHOE uaBneHme pa3BMBaeMoe
LleMEHTUPOBOYHbIM arperaTtom (P LlA);

« DbonblIOM BpeMeHu LI,EMeHTMpOBaHVIFI (T > T
« Pa3nnyHbIX TeMnepaTypHbIX YCIOBUSAX.

CyLLHOCTb [ABYXCTYMEHYaTOro LIEMEHTMpPOBaHUA: Becb
MHTEPBAN LIEMEHTMPOBAHUA [Ee/MM Ha [ABE 4acTu

(cTynenn).
[Mpn 3TOM KONOHHA CHabXaetcd MydTOM CTyneH4aToro
LuemeHTupoBaHusa (MCL);

I cTyneHb UuemMeHTUpyeTcs Yepe3 6awmak OK;
II ctyneHb ueMeHTUpyeTca yepes MCL.

3arycr. )



NMpuHumn pa6otbl MCL (MydTbl CTYyneH4yaToro
LleMEeHTUpPOBaHUSA)

= Kopnyc;

« HWKHAA BTYyNKa;

= BepxHdaa BTynKa;

« LUKMpKyNAaUnMoOHHbIe KaHanbl.

[locne uUeMeHTUpoBaHMA I CTyneHu C MpPUMEHEHUEM
NpoaaBOYHOM MNpobKKM, KOTOpass CBOOOAHO NPOXOAUT
yepe3 MCL, B KOJIOHHY CRycCKaloT najarouyto npobky,
KOTOpad OTOABUIaeT HWXHIOK BTY/IKY W OTKPbIBaET
OOCTYNn B 3aKOJIOHHOE MPOCTPaHCTBO. [lanee uyepes
oTBepcTue uemeHtupyetca II ctyneHb C NpuUMeHeHWeM
npoaaBoyHon Npobkn II cTyneHn, KOoTopas BbINOMHSAET
TaKXe @YHKUMIO 3anopHouM npobku. 3ta npobka
NOCTUIAeT BEPXHEW BTY/IKM, MNEpeMelaer eé u
3aKkpbiBaeT otBepcTtme. [llocne O3l Bce BHyTpeHHUE
3/1eMeHTbl pa3bypuBatoTcs.



BbICOTA YCTAHOBKMN MLC

N3 ycnoBun oTcyTcTBUS [P BbICOT@ YCTAQHOBKM OMNPEAensercs CneaytowmMm
obpa3om:

30 3
P,2P,+P +P m:> gH-h)p,+gh p+P "
rae P3”m — rmapoaANHaMmNYecKoe aasrieHne B 3aTpybHOM NPOCTPaHCTBE;

Py —gHpg, — PI?ZZY
g(pTC _pEP)

h, <

Mo KOM4ecTBy NpoboK:
« C yeTblipbMs nMpobkamu (Mo ABe Ha KaXKAyto CTYMNeHb);

= C Tpemsa npobkamu (oaHa Ans NepBoW CTyMeHW, OfHa ynpasnsioLas, oaHa
ONS BTOPOU CTYNeHU (BepXHSs));

« C aByMsa npobkaMu 1 OHMM YMNPaBAAIOLLMM LLAPOM.
MO BPEMEHW 3aKauNBaAHUS:

= be3 pa3pbiBa Bo BpeMeHn. TC BTOpou CTYNeHN 3aKaH4MBaETCA
HEenocpeaCcTBEHHO Moc/ie 3aKayky NepBou;

= C pa3spbiBoM BO BpemeHu. TC BTOpOW CTyneHu 3akaumsaetcs nocnie O3L
NnepBoOu CTYMEHMU.

Mo MHTEPBA/IAM LIEMEHTUPOBAHUS:
« bBe3 paspbiBa B NpOCTPAHCTBE;
« C pa3pblBOM B MPOCTPAHCTBE «— HE [0MYCKAETCH
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No3uumsa 1.
3akayka nepBouv nopummn 6ydepHON XXUAKOCTH;

3akauka obbéma TC ana 1-om crynewn V. =V _+V roe V_ — ob6bém

CcT /
CTaKaHa;
CnyckaeTcsa npoaaBoyHas npobka.
3aKaymBaeTca OOBbEM NpOoAaBOYHOM XXMAKOCTU VII‘I>K=VOK (ot

LIEMEHTUPOBOYHOW FOMOBKU A0 «CTOM-KOJbL@»);
C6pacbiBaeTcs nagatowas npobka.

NMo3unumsa 2.

KoHeL npoaaBKy NepBOv CTYMEHW;

C6pacbiBaeTcs nagatowas npobka.

MNapatowas npobka aocturna MCL;

OTKpbITbl KaHasnbl B MCL;

Nnét npombiBka 31 2-o1 ctynenn n O3L 1-omn cTyneHu.
NMo3unumsa 3.

3akayka 6ydepHOM XNAKOCTU ANS 2-0U CTYMEHMU;

3akauka VL =V ;

CnyckaeTcs npoAaBoYHas (3anopHas) Npobka 2—on CTyMneHw.
iﬁ/ﬁkaqMBaI?Tcg NpOAaBOYHAsA XUAKOCTb ANng 2-om ctynenn (ot yctba ao MLUC)
I'Iplgléka 2-0i1 cTyneHun gocturaet MCL;

BepxHAa BTyNKa nepeMellaeTcs BHM3 U 3aKpbiBaeT otBepcTtue B MCL;
MNoctynaet curHan «CTOl», .



Mocne atoro ocywecrBnserca O3l 2-om crtynenHu (pa3bypusaHue,
NpoBepKa repMeTu4YHOCTU U T.4.)

N3noXXeHHass CXeMa LEMEHTUPOBAHUSA npeanosaraetr o6s3aTesbHbiN
PA3PblB BO BPEMEHW, kotopbin paBeH O3l 1-om crynenu (B
npenenax CyTokK).

MWHMManbHbIN  pa3pblB BO BPEMEHM [AOCTUraeTcs CreumanbHbIM
nakepom (1AM — nakep [ABYXCTYNeHYaTOro  MaH>XeTHOoro
LLeMEeHTUPOBAHUA:

NAM = MCL + nakep (pe3nHOBbIN 3/1EMEHT).

Mpn Hanmumm 1AM nocne UEMEHTUMPOBAHMA MNEPBON  CTYMEHU
YIJIOTHSAOWMA  3NEMEHT YCTPOUCTBA MEPEKpPbIBAET 3aTpybHoe
NPOCTPAHCTBO. DTO MO3BONSET NPOU3BOAUTL 3a/IMBKY BTOPOW
CTYNEHNW C MWHUMANbHbIM pPa3pbiBOM BO BpeMeHn. MoxeT
MPUMEHSATBCA TakKXXe 3aKOMOHHbIM M30/UPYIOLLMA MNaKep, KOTOPbIN
yCTaHaBnmeaetcd nog MCLL.



MAH)XETHOE LEMEHTUPOBAHME

[pMeHAeTCS B TeX Cnyyaslx, Koraa MpPOAYKTUBHYIO 4acTb
CKBa>XMHbI LIEMEHTUPOBATb HeLenecoobpasHo.

MaHXeTHbIM nepeBoaHnK wnu MAM
P \ NO AJ/IMHE KOJIOHHbI YCTaHaB/IMBAETCS
BbllUe MNPOAYKTUBHONO TrOpu30HTa. B
= KOSTOHHY cbpacbiBaeTCsl HMXKHSAS Npobka,
C  rOMOLWbID  KOTOPOro  BHauane
' repMeTusMpyeTca NpOCTPaHCTBO MoA
7 - [A4M, a 3aTeM OTKpbIBaeTCcqd OTBEpPCTUE B
i 7 - 3N, [Oanee  3akaumsaetcs  TC,
CrycKaeTcsl BEpPXHSIS npobka 7
3aKa4yMBaeTCsl NPOAaBOYHHAs XWAKOCTb
BbllLUE MPOAYKTUBHOIO rOpU30HTa.
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PUC. 4. CxeMa MaH)XXETHOIo LLeMEeHTUPOBaHNS
1 — MaH)XeTa; 2 — oTBEpCTHE /151 LIEMEHTHPOBaHUS;
3 - npsmoi knanaH; 4 — NaTtpyboK C MaHXXeTou; 5 —
BEpXHSI1 pasgenuTenibHas npobka;, 6 — LEMEHTHbIH
_ pacTBop; 7 — HWKHSS pasfenutesibHasi npobka; 8 —
7 G CTON-KOMbLO; 9 — PUNbLTP.
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MAHXXETHO-CEJIEKTUBHOE
LEMEHTUPOBAHME

Ncnonb3yeTca ong
COXPAHEHUS KOJNTEKTOPCKMX
CBOWCTB HM3KOMPOHULIAEMbIX
N1acToB.

[lpy gaHHOM criocobe
NPSIMOro LLEEMEHTUPOBAHUS
WUHTEpPBaJl B 30HE
NPOAYKTMBHOrO Mnacra
OCTaEeTCs OTKPbITbIM 3@ CYET
MPUMEHEHUS 3aKOJTOHHbIX
NaKETUPYIOLLNX YCTPOWUCTB,
yCTaHaBNMBAEMbIX HaA
KPOBJIEM M NMOA, NOAOLBOM
NpOAYKTMBHOrO Mnaacra.

Cxema KOMMOHOBKU HU3a 3KcrsiyamayuoHHOU
KOJIOHHbI U MEeXHOJ102Us1 CeJIeKMU8HO20
UeMeHmMupoBaHUSs! CK8a)XKUHMbl.

1-akcnnyaTtayMoHHHAA KONMOHHA; 2-BepXHee
nakepytouiee yCTPoMUCTBO; 3-punestp; 4-HUXHee
nakepyoLLlee YCTPONCTBO; S-PE3NHOBOE «CTOM»-
KOnbLO; 6. 7, 8-HWXKHASA, NPOMEXYTOYHAaA U
BEPXHSAS NpoaaBoYHble NPOOKK; 9-NPOoaYKTUBHLIN
nnacTt



Crnocob OBPATHOIO LEMEHTUPOBAHUA

OK cnyckatoT 6e3 0bpaTHOro KianaHa U «CTOM-KosibLa», a
HapYy>XHas YaCTb TaKXXe, KaK U BbILLE.

[peablaywas KONMOHHa OO/MKHa 6bITb 060pynoBaHa
cneunanbHbIM repMETU3NPYIOLLUM YCTPOUCTBOM.

Ha KONOHHY HAaBOpaYMBAETCH LIEMEHTUPOBOYHAS FOSI0BKA, a
TC pocrtaBnsieTcs 3a KOJSIOHHY HernocpeacTBeHHO 4epes
3aTpybHOE NPOCTPAHCTBO.

= [epmeTmsunpytoLee yctpoucTBo (MpeEBEHTOP);

=« LleMeHTHMpPOBOYHAA ronoBkKa;

« LleMeHTMpyeMada KONOHHa.

[lpn nopgaye TC HeobxoauMO cneauTb 3a [OaB/IEHWEM Ha

HarHetaHum P, - .>0. HYTO AocTuraeTca perynMpoBaHMeEM

Bbixoaa bP mn3 LI



[lOoCTOMHCTBA:

P 6yaetr MyuHUManbHbIM Ha [T1;

BO3MOXXHO MPUMEHSITb MEHEe MOLWHOE LEMEHTUPOBOYHOE
obopynoBaHue;

Hanbonee nonHoe 3ameuwieHne TC 6ypoBoro pacTtBopa;

CokpallaeTcs BpeMsi Ha 3anuBKy (MOXHO MPUMEHATb PacTBOPbI C
HU3KUM BPEMEHEM CXBaATbIBaHUS);

Obneryaetca noabop cocrasa.

HepocraTku:

Icnonb3oBaHME repMeTU3NPYIOLLIErO YCTponucTBa (Heobxoanmo);
TpyaHO onpeaennuTb BPeEMSI OKOHYaHUS LLIEMEHTUPOBAHMS

Xyallee KayecTBO LIEMEHTHOro KaMHS B HWKHEW 4YacTu CTBOJSIA
CKBA>XUHbI.

[eodmanyeckmnin cnocodb;
Mo 06bEMY BbITEKAIOLWEN XKMAKOCTU (N0 06BbEMY 3IM);
MeToa MeYEHOM XUAKOCTU



CxeMa KOHTpons 06paTHOro LLEMEHTMPOBAHMUA METOAOM MEUYEHOM XNAKOCTU
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LHLEMEHTUPOBAHUE BCTPEYHHbIMW
NMNMOTOKAMWM

Mcnonb3yetca npyu HanMuun B paspe3e B CKBAXWH
MPOHMLIAEMbIX OT/IOXEHUN C HU3KUMU TFPagneEHTaMU
NJ1acToBOro [laBeHus. STOT crnocob
LIEMEHTUPOBAHUS HE3AMEHMM B TEX Clydasix, Koraa
MMEIOTCA  HEM30/IMPOBAHHBIE ~ 30Hbl  MOMMIOWEHNA
BbICOKOW MHTEHCMBHOCTU — 6oniee 6M3/4, oxxuaaloTcs
NOrnoweHnss  TaMMOHAaXHOro  pacTBOpPaA npu
nepenage, PaBHOM PA3HOCTH 3HAYEHUN
rMApoOCTaTUYECKOro NaBneHuns ctonbos
TaMMNOHaXXHOro M 6ypoBOro pacTtBopa, B pa3pese
BCTPEYAOTCS MAACTbl, CKNIOHHbIE K TMAPABINYECKOMY
pPa3pbiBY MNpU rpaaveHTax AaBfeHUsi, BO3HMKAOLLUX
B rpouecce LLeMeHTUPOBAHUS.



KOMBUHUNPOBAHHDIE CIMOCOBbI

o MaHXETHbIN U CTYNEHYaTbIN;

o CryneHyaTbin 1 06paTHbIN (0BpaTHbLIN Ha
NorsoLleHune).



LLEMEHTUPOBAHME XBOCTOBMKOB U CEKLIMW OK

XBoctoBuUK — 3710 OK, KOTOpagd He uMeeT BbiIXOoAa Ha NOBEepXHOCTb. [lpu
MEePBUYHOM BCKPbITUM MNPOAYKTUBHOIO rOPU30OHTA Cnocob 3akaH4MBaHUS
CKBaXXMHbl XBOCTOBMKOM MO3BONAET YMEHbLIUTbL 3arpAa3HeHue NpoAyKTUBHOIO
nnacra.

B oTaenbHbiXx cnyyasax OK LUEenMKkoM crnyctutb He ypaétca (M3-3a TOoro, 4to
NPOYHOCTb MaTepuana Tpyd HUXKE, YeM BEC KOJNIOHHbI WM AOMYyCKaeMas
Harpy3ka Ha Kptoke 6ypoBOM YCTaHOBKM YCTAaHOBKM HWMKE BECA KOJSIOHHbI). B
3TOM C/TyYae B KOJIOHHY CMYyCKaloT CEKLUW.

XBOCTOBUKKN N HMXHASA cekuma OK LeMeHTUpYITCA OAMHAKOBO.

XBocTOBUK (HWMXHASA cekumna OK) cnyckaetcsd Ha BT ¢ NOMOLLbHO crieumanbHOro
nepeBoAHUKa (pa3beanHuTens).

BepxHsag 4yactb xBocTOBMKA (HC OK) CHabXaeTcs CeKUMOHHOW MpoAaBOYHOM
npobkon, KOTOpas WMMEET CKBO3HOW KaHan, a B OYpWSIbHYIO KOMOHHY
yCTaHaB/IMBAETCSA BTOpaAst YaCTb CEKLIMOHHOWN MPOOKMU.

HWXHSAS YacTb XBOCTOBMKA 060pyAyeTcs TaK Xe, Kak M MpU OAHOCTYNEHYATOM
LIEMEHTUPOBAHUMN.

Yepes LUIN B KONOHHY 3akaumBaeTcsa TC B 06bEMe, paBHOM 31 + CTakaH.

3aTeM: 6pocaeTcs BEPXHSS YacTb CEKLUMOHHOM npobkn n TC npoaaBnmMBaeTcs no
bT.

[Mocne TOro, Kak BEpPXHSS 4acTb CEKLMOHHOM MPOOKM AOXOAUT A0 HUXKHEWN, OHU
CTbIKYIOTCS U Janee nayT Kak eanHOE LIenoe.

[na cnycka n LUeMeHTMpoBaHWA 2-oi cekumn OK  npesycMOTpeHbl CTbIKOBOYHbIE
yCTpPOUCTBa (coeamHuTenn)



COCTOUT U3 ABYX MNMOJIOBUH.

MydTOBas 4YaCTb KOHYCHasl B BEPXHEN TMOMOBUHE HUKHEN
CeKLUK;

HUMNNEeIbHAs YaCTb KOHYCHOW HUMXKHEW YaCTu BEPXHEN CEKLINN.
KoHyCbl MOryT 6bITb U3 MAFKOro MaTepuana.

6bIBalOT:
neBas pe3bba; TpaneuuenanbHas;
3aMKOBbI€E;

LWTNUPTOBLIE;
Ky/lauKoBble



NMPOEKTUPOBAHMUE NPOLIECCA
LEMEHTUPOBAHUSA OBCAJHbIX KOJIOHH

[poekTnpoBaHMe npouecca LEMEHTUPOBaHMS HauMHAOT C BbibOpa
COCTaBa M OnpeaeneHns CBOUCTB TPEX XKXMUAKOCTEW UCMONb3YEMbIX MpU
LLlEMEHTUPOBaHNUN — OydepHOMW, TaMMOHAXHOro pacTBopa W
NPOAABOYHOWN XXMUAKOCTMW.

bydepHbie xxnakoctm

Moa 6ydepHON >XWMAKOCTbIO MOHUMAKOT MPOMEXYTOYHYIO XWAKOCTb
Mexxay 6ypoBbiIM M TaMMOHAXHbIM pPacTBOpPaMK, KOTOpas crocobCcTeyeT
NOBbILEHNID KayecTBa LEMEHTUPOBaHWSA CKBaXwWH, W obneryaer
npoBeAeHne npouecca LeMeHTUpoBaHuA. [lpn oTcyTCcTBUM OydepHbIX
XXNAKOCTEN B pe3ynbTaTe Koarynsuum 6ypoBOro pactBopa B 30HE €ro
CMELUeHNss C TaMMOHAaXHbIM HabnogaeTcs pocT AMHAMUMYECKOro
nasneHms B 1,4—1,8 pasa, npy 3TOM KOIPPUUMEHT BbITECHEHUS
6ypoBoro pacrBopa He npeBbilaeT 0,4—0,6. B KoMnnekce MeponpusaTum,
obecneumBaroLMX BbICOKYIO CTeMneHb BblTeCHEHUSI 6ypoBOro pacreopa u3
3aKOJIOHHOr0 MPOCTPAHCTBA M YyAaNeHWe TNIMHUCTBbIX KOPOK CO  CTEHOK
CKBaXXMHbl, OAHUM M3 OCHOBHbLIX SIB/ISIETCA MCMNONb30BaHWe OydepHbIX
XXNAKOCTEN.



B HacTosiliee BpeMsi B MMPOBOM MpPaKTUKE MCMNONb3YHOTCS
okono 100 peuenTtyp 6ydepHbIX XXMAKOCTEN, YTO CBSA3AHO
C NMPUMEHEHNEM UX AN pelleHns 6onbLIoro Kpyra 3ajau,
BO3HMKAOLWKNX Npu LeMeHTUpoBaHuU. C uenbio Bblbopa
0N KaXKAOW  KOHKPETHOM onepaumMm  ONTUMasibHbIX
peuenTyp pa3paboTaHbl pasnnyHble Knaccubukaumn.

Ha BA3KOYMpYyrne n BsI3KUE, KOTOpbIE, B
CBOIO o4epeab, AENATCA Ha BbICOKOBA3KME U HU3KOBSA3KME.
BonbLIMHCTBO 6ydepHbIX XXNAKOCTEN — HU3KOBSA3KME.



Ha opaHoMas3Hble, ABYXMda3Hble, TpexdasHble |
MHOrogasHsble.

BoAa, BoAa C PaCTBOPEHHbLIMY
MaTepnanamMm (XJIOpUCTbIX  HATPUK, XIOPUCTbIM  KanbLnW,
nnpoocdaT HaTpus), HedTb, ras, KUCAOTbI (ConsHas).

COCTOSIT U3 >XWAKOCTU U
TBepAblX HepacTBopuMbIX (06bIMHO abpasuBHbIX) [06aBOK
(Bog@a C nyuuosiaHoM, BOAA C KBapuUEBbIM MECKOM Wun
LeMeHTOM, HedTb C neckoMm wmnu 6aputoMm). [obasneHue B
6ydepHyo XUAKOCTb KBapLEeBOro necka ¢ gpakuusamm 0,2-0,8
MM B KommdectBe 5-20% (no mMacce) npuBOAUT K
Typbynn3aumm noToka Aaxke rnpu HU3KMX CKOPOCTSAX ABVKEHMS.

CcocToAT M3 xunakon (Boaa,
HedTb), rasoobpasHon (@30T, BO3A4yX) (a3 M OAHOMo M3
TBEpAbIX BELLEeCTB (KBapueBbm Nnecok, nNyuuosiaH, UuemeHT). B
HUX BBOAAT TakKXXe XOpOLO pacCTBOpUMbIE  peareHThl
(amMcnepraTopesl, SMY/ibraTopbl, cTabunusaTopsl,
Typ6ynw3aTopb| nap.).

3 5 BK/tOYaloT B cebs Kpome
XWIOKOW, Tra3006pasHON a3 UM XUMUYECKMX PEareHTOoB
HECKOJIbKO pa3HbIX TBEP/AbIX BELLECTB.



[lo yaenbHoOMy Becy 6ydepHble XUAKOCTU MOryT ObiTb
KnaccnduumpoBaHbl Ha 0b6s1eryéHHble, HOpMarnbHbIE U
YTAXKENEHHbIE.

YHuBepcasnbHble 6ydepHble XWAKOCTU, MNpUroaHblie A
LIMPOKOrO  MCMOSMIb30BaHMSA MNpU  BCEX  YCNOBUAX
bypeHnss, OTCYTCTBYIOT, MO3TOMYy B OTEYECTBEHHOW
NpaKkTUKe MPUMEHSIOT cneaywowme Buabl 6ydepHbIX
XUAKOCTEN:  yTshKeneHHble (Ha  CONeBOM WM
NOJIMMEPHON OCHOBE), KOMIMNEKCHbIE, A3PUPOBAHHbIE,
3PO3NOHHbIE, HEe3aMep3atolmne, XMUAKOCTU C HU3KUM
rnokasaTenem bunbTpaumn, BA3KOYMpPYrnu
pasgenutesnib, HedTb U HedTenpoayKTbl, PaCTBOPHI
KWUCNOT W BOAY.



PekxoMeHaauum u TpeboBaHus
npu Bbl6ope 6ydepHbIX XNaKoCTEeN

CoBmectumocTb. lMpu cmeweHun  6ydepHOM XXMAKOCTM C O6ypoBbIM PacTBOPOM He
OO/MKHbl  U3MEHATbCS peonornyeckMe napaMeTpbl 30HbI CMELWeHus,, a CMeCb
6ydepHOM XMAKOCTM M TAMMOHAXHOro pPacTBOpa He AO0/MKHA XapaKTepu30BaTbCs
YMEHbLUEHNEM BPEMEHU 3aryCcTeBaHus.

COOTBETCTBME OCHOBbI OydepHOM >KWMAKOCTM OCHOBE OYpOBOro M TaMMOHAXHOMO
pacTeopos. Obpasyolmecs Ha rpaHuue pasgena Boaa — HedTenpoayKTbl MeHKa
MOBbLILIAET NPOHULAEMOCTb 30H TAKMX KOHTAKTOB B LIEMEHTHOM KaMHE M Ha rpaHuue
LIEMEHTHbIM KaMeHb — CTEHKA CKBaXWHbl, YTO YXYALIAET KayeCTBO KpernseHus
CKBa>XWHBbI.

HecmellyBaeMoCThb. XKenatenbHo, YTobbl BA3KOCTb M MJIOTHOCTb OyhepHOW >X1AKOCTM
NPEBbILLIAMA aHAMOrMYHbIE MOKA3aATENN BbITECHAEMOW XNAKOCTU UK MPUBAMKATLCA
K CPEAHWUM 3HaYeHMAaM AN pa3obLiaeMbiX XUAKOCTEN. (B TexHomornm — npuMeHeHune
HU)KHEN LLEMEHTUPOBOYHOM NPO6KN).

VICKNoYeHEe KoNbMaTauuMm MNpoayKTUBHOIO niacta. [Ans WUCKIYEHUs KosbMaTauumu
NPOOYKTUBHbIX 30H pekoMeHayeTcs OydepHas XWMAOKOCTb € BA3KOYNpyrumu
CBOMCTBAMM.

[pMeHeHne nO BO3MOXHOCTU KOMIMIEKCHbIX OydepHbIX xuakocten. [oBbileHWE
3(HEKTUBHOCTM OYNUCTKM 3aTpPybHOro NpOCTpaHCTBa OT oOCTaTkoB 6ypoBoro
pacTBoOpa AOCTUraeTCs NPUMEHEHNEM KOMMJIEKCHbIX OydepHbIX Xuakocten. lNepsag
MX 4acTb OBbIYHO MpPEeACTaB/EHA XUAKOCTLIO, OTBeYalolen TPeboBaHUAM BbICOKOM
CTEMEHN BbITECHEHMS, BTOPasi — >XKMAKOCTbIO, 06M1afalollell BbICOKOW (PU3MKO-
XMMIUYECKO! aKTUBHOCTBIO. [N rONOBHOW 4acTu COCTaBHOM OydepHOM >XWMAKOCTU
NyYLINMU SBNSIKOTCS BA3KOYNpyrue pasaenurenu.



TaMnoHa)kHble MaTepuanbl KNacCUPULUNPYIOTCA MO CAEAYIOLNM
NpU3HaKaM:

« MO BMAY K/IMHKEPA W COCTABY OCHOBHbIX KOMIMOHEHTOB, MO
TEMNEpPaType NMPUMEHEHUS;

» MO CpeaHen NIOTHOCTN TaMMOHAXXHOro pacTBopa;
« MO YCTOMYMBOCTM K BO3AENCTBUIO arPECCUBHbIX M1aCTOBbLIX BOA.

[lo Buay KIMHKEPA W COCTaBy OCHOBHbIX KOMMOHEHTOB
TAMMOHAXHbIE LIEMEHTbI MOAPA3AENAOTCA Ha CEAYIOLLME:

« Ha OCHOBe MopT/AaHALEMEHTHOro KMHKepa,
« Ha OCHOBE IMMHO3EeMUCTOro KJIMHKEPA,
« OeCKnHKepHbIe.

TaMMOHa)Hble PacTBOPbI Ha OCHOBe TaMMNOHAXHbIX
NOpTNAHALEMEHTOB ABNATCA OCHOBHbIMWU U U3rOTaB/MBAIOTCH
Ha OCHOBe nopTnaHaueMeHTHoro KnnHkepa no NOCT 1581-96.



1. [lo BewecTBEHHOMY COCTaBy 3TWM LEMeHTbl noAapa3aendioT Ha
cneayrowmne Tunbl.

o I.-TaMnoOHaXHbI NopTNaHAUEMeHT 6e3406aBOYHbIN;

o I-G.-TaMnoOHaxHbIXW  NoOpTNaHAUEMEHT  6e3406aBOYHBLING C
HOPMUPOBAHHLIMKW  TpeboBaHMSMM  NpU  BOAOLIEMEHTHOM
OTHOLLEHUN, paBHOM 0,44;

o I-H.-TaMNOHaXHbIN  NOpTNaAHAUEMEHT  6e3006aBOYHBLIN €
HOPMUPOBAHHbIMKM  TpeboBaHMSMM  NPU  BOJAOLIEMEHTHOM
OTHOLUeHnn, pasHoM 0,38;

o II.-TaMMOHaXHbIN NOpTAaHALEMEHT C MUHEPaNbHbIMU
nobaBkamu;

o III.-TaMMOHAXHbIN NOpT/IAHAUEMEHT  CO cneumanbHbiMuK
nobaBkamy, perynmpyrowmMm nNIOTHOCTb LIEMEHTHOrO TecTa.

2. Tlo nMAOTHOCTM  LEMEHTHOro pacTBOpa  TaMMOHAXHbIN
nopTnaHauemeHT Tuna III nogpasaengerca Ha:

o 0bneryexHbin (06);
o YyTSDKENEHHbIN (YT).



. Mo TemMnepaType npuUMeHeHMs1 TaMMNOHaXHble MOPT/IAHALEMEHTDI

TunoB I, II, III nogpa3aensaioT Ha UeMeHThl, npeaHa3HaYeHHbIe
ans:

HU3KUX U HopMasnbHbIX TemnepaTyp (15-50)° C;
yMepeHHbIX Temnepatyp (51-100)° C;
MoBbILLEHHbIX TeMnepaTyp (101-150)° C.

Mo cynbaToCTOMKOCTU TaMMOHAXHble  MOPT/AAHALEMEHTHI
noApasaensioT Ha:

a) Tvnbl I, II, III

06bIYHbIN (TpeboBaHuS no Cy/1IbpaTOCTOMKOCTHU He
NpeabsBsioT);

cynbdaTtoctonkme (CC);

6) Tunel I-G, I-H

BbiCOKOM cynbdaTtoctonkoctn (CC-1);
yMepeHHoU cynbdaTtocTtonkoctn (CC-2).



6yKBEHHbIX 0603HauYeHnn uemenTa: MNMUT - nopTnaHaueMeHT
TaMMOHAXHbIMN:

0603Ha4YeHnsa CynbaToOCTOMKOCTU LIEMEHTA - 4;

0603HaveHunss cpeaHen NNOTHOCTM Ang uemeHTa tvna III — no
Tabnuue 1;

0603HavYeHnss MaKCMManibHOW TeMNEpPaTypbl MPUMEHEHNS
LeMeHTa — 3;

0603Ha4veHuss ruapodPobHOCTN N NIACTUYHOCTU LeMeHTa — [P
(rmapodobu3mnpoBaHHbIK) 1 M1 (NnacTMdULMPOBAHHBLIN);

[OCT 1581-96



Tabnuua 1

3HaveHHe MJIOTHOCTH IEMEHTHOr0 TecTa JJisl HemenTa Tuna III, r/em?

00JIerYeHHOr0 YTHKEeJTEHHOTO
0003HaYeHH e
cpenHeii MJIOTHOCTH o003HaUeHHe MJIOTHOCTh
P + 0,4 cpeaHeH MJIOTHOCTH + 0,4
MJIOTHOCTH

Y10 2,00

00 4 1,40
yr1 2,10

006 5 1,50
Y12 2,20

0066 1,60
Y13 2,30




[TprMepbl YCNOBHbLIX 0603HaYEHUN

1. MopTnaHALEMEHT TaMMOHaXHbIA C MUHEpanbHbIMM A06aBKaMM
CyNbaTOCTOMKUIA AN HU3KMX UM HOPMaslbHbIX TEMMNEPATYP

MUt II — CC-50 NOCT 1581-96

2. [lopTnaHoueMeHT  TaMMnOHaXHbiM  6e3406aBOYHBIM €
HOPMUPOBAHHbIMN  TPeEOOBaAHUAMM  MpPU  BOAOLIEMEHTHOM
OTHoOLeHnN, paBHoM 0,44, yMepeHHOM CybdaTOCTONKOCTH

MNuT I-G — CC-2 TOCT 1581-96

3. [opTnaHaueMeHT TaMMOHaXHbIM CO  CneuuanbHbIMU
nobaBkaMy obneryeHHbl nAoTHocTblo 1,5 r/cM3, ang
YMEpEHHbIX TeMnepaTyp rmapododbmM3npoBaHHbIN

MUT III —O6 5-100-T® NOCT 1581-96

IMeloTca Takke cneunasnbHble LeMeHTbl, COCTaB KOTOPbIX He
npeaycmotpeH [OCTom 1581-96, npeaHa3sHadeHHble Ans
BbINMO/IHEHMUS  Pa3NNMYHbIX  (PYHKUMW. TpeboBaHUA K HUM
pernameHTunpytotca apyrumm FOCTamum n TY.



LieMeHT TaMnoHaXHbIK obneryexHHbin (OTL-H)
LieMeHT TaMnoHaXHbIK paclumpsatowmmncs TrLP-120
LieMeHT TaMMNOHaXHbIW yTsHKeneHHbi Tmna LTY-100

TaMMnoHaXXHas KOMMO3MLUSA C 3aKYNOpUBaOLLIMMMU
CBOMCTBaMu

LieMeHT TaMnoHaXHbIM TepMoconectonkmn LITT-160

LieMeHT TaMnoHa)HbiM LUTMH ang umknuyeckm
MEHSAILWNXCA TeMnepaTtyp

LIeMEHT TaMMOHAXXHbIW YTSXKENEHHbIN TEPMOCTONKNM
LITTY-160



Bbibop TOro mnn MHOrO TaMMOHAXHOIO PacTBOpa U €ro Cyxon OCHOBbI
ONpeaenseTcs yCroBUsSIMN B CKBaXXMHE — TEMMNEPATYPON, AaBNEHNEM
rMapopaspbiBa NOpoa, NJ1acToBbiM AABNEHMEM, COCTABOM M/IACTOBbIX
dnonaoB, TpebyemMbiM BpEMEHEM OT Hayana 3aTBOpPEHUS
TAMMOHAXXHOWU CMEeCK A0 BPEMEHM Hayana 3arycrteBaHus LIEMEHTQ, a
TaKXXe ero CTOMMOCTbIO M BO3MOXHOCTbIO [OCTaBKM B HEOHXOANMOM
Konm4yecTse Ha 6ypoByio.

A6ContoTHasa BeNMUYMHA TEMNEpPATYPbl B CKBAXXMHE N e€ nepenaabl npwu
3KCM/lyaTauum ONpeaensitoT BWA, TaMMOHAXHOIO LIEMEHTa MU
pPeLenTypy TaMMOHAXXHOro pacTBopa.

AN CHMWXeHUs! rMApOCTaTUYECKOro AaBfieHMs Ha NNacT BO3MOXKHA
KOMBbUHALMS TaMMOHAXHbIX pacTBOPOB Ha OCHOBE ObneryeHHbIX U
6e3006aBOYHbIX LIEMEHTOB, KOTOpble 3aKaunBatoT
nocnenoBaTesibHO. Kak npaBuno, 6e3406aBOYHbIN NOPTNAHALEMEHT
NMPUMEHSAIOT AN LEMEHTUMPOBAHUSA HU3a 006CaAAHOW KOJSIOHHbI W,
npexae BCero, WHTepsana MpPOAYKTUBHOIO MnacTa, Tak Kak 3TOT
LeMeHT obecneumBaeT 6o0siee BbICOKYIO MPOYHOCTb LIEMEHTHOrO
KaMH$1, 0COBbeHHO Mpu MNOBbIWEHHBLIX TemnepaTtypax. [pu Bblbope
TAMMOHAXXHON CMECK C TOYKW 3PEHUS CO3AaBaEMOro AaBfiEHUS Ha
nnacT HeobxoanMo YUNTbIBATb TaKxXe OVHaMUYeCKY1o
COCTaBNAKOLWYIO AaBNEHUS NPU NpoAaBKe TaMMNOHAXHOro pacTeopa.
[Mo3TOMY nocne npeaBapuUTeNbHOro BbibOpa TaMMOHAXHOW CMECU U
pacyéTa rnapaMeTpoB pacTBopa HeobXOAMMO MPOBEPUTL BESTUUUHY
O0ABNEHNs Ha NNacT B KOHLE NPOAaBKM TaMMOHAXXHOro pacTBopa,
KOoraa penpeccmsi MakcuManbHa W CpaBHUTb €€ C  [AaBIEHUEM
rMApOopa3phbIBa.



B cnyyae aHOManbHO BbLICOKOrO MIAacTOBOrO AaBleHusd, A4ns
nckntodeHns THBIT Ha cTaaunm UeMeHTMpOoBaHUS HeobxoauMOo
NPUMEHEHNE YTAXKENTEHHbIX TaMMOHaXXHbIX PaCTBOPOB.

Mp HanMuuum B nNactax arpeccuBHbIX GAOUAOB HeobxoamMMo
MPUMEHSTb YCTOMUMBBLIN K arpecCMBHOMY areHTy LEMEHT, B TOM
YnUCEe U crneunanbHble LEMEHTHI.

TpebyeMoe BpeMs OT MOMEHTa 3aTBOPEHMSI LEMeHTa [0 Hayana
3arycreBaHus TAMMOHAXHOIo pacTBoOpa onpeaensieTcs
NPOV3BOAMUTENBHOCTBIO U KOSIMYECTBOM LIEMEHTUPOBOYHbLIX HACOCOB
M MOXET OKa3aTbCa [AOCTAaTOYHO O60NblUMM, €CAN  KOMMYECTBO
NMEIOLLINXCA B HaMMYNMN LEMEHTUPOBOYHbLIX arperatoB OrpaHnUYeHo.
Pacuétr TpebyeMoro KoOAMYecTBa LIEMEHTMPOBOYHBLIX arperaTos
NPpOM3BOAMTCA Ha OCHOBE npeaBapuTenbHOro  Bbibopa
TaMMOHAXXHOW CMECUM M COOTBETCTBEHHO MACMOPTHLIX AAHHbLIX WU
(PaKTMYECKM ONpeaenéHHbIX AaHHbIX MO BPEMEHM 3aryCcTeBaHUS Ha
OCHOBe 1labopaTopHbIX MUCMNbITaHMW. [MO3TOMY Mnocne MNpoBEeAEHHbIX
PAacYéToB HeOH6XOAMMO YSACHUTL CcKoMbko LIA  MoXeT  6biTb
NocTaBfieHO Ha 6ypoBylO M NpuU HeobXOAMMOCTM JAO0/HKHA ObiTb
NpoBeAeHa KOPPEKTUPOBKA Bblbopa COCTaBa TAMMOHAXHOW CMeCM.
BpeMs Hayana 3arycrteBaHus U3MEHSIIOT NYTEM pacTBOPEHUS B BOAE
3aTBOPEHUSA CneunanbHbIX 406aBOK — YCKOPUTENEN N 3aMeanuTenemn
CXBaTbIBaHWUS.



X/TOPUCTbIE KanbLWK,

KasMn N HAaTpUK;

Xunakoe ctekno (CMnmkaTbl HAaTPUSA U Kanus);
KaNbLIWMHWUPOBAHHAs COAa;

XOPUCTbIN ANIOMUHUNA.

OTW peareHTbl 0becneynMBalOT CXBaTbiBaHWE LIEMEHTHOro
pacTBopa Mpu OTpuUUATENbHbIX TeMmnepaTypax U YCKOPSOT
CXBaTblBaHWe npu HU3KKX Temnepatypax (ao 40 °C).

rMAPONN30BaHHbIA NONNAKPUIIOHUTPUN,
KapOOKCMMETUNLIENSH0S1033,

nosiMakpunammy,

CynbuUT-cnnpToBasa bapaa,

KOHAEHCMpOoBaHHas cynb@uUT-crnmpTosas 6apaa,
HUTPOJTUTHUH.

HUTpUNoTpuMeTnndocdoHoBasa kucnorta (HTO)



B kauecTtBe 0bbl4HO NpUMEHSOT 6ypoBon
PAacTBOp WM TEXHWYECKYIO Boay. MIHoraa B KayecTBe MpPoAaBOYHOM
XWOKOCTM TMPUMEHSIIOT CONMEBOM pacTBOP Ha KOTOPOM 3aTeM
NPOM3BOASAT BTOPMYHOE BCKPbITME nnacTa. [pu Bbibope TEXHNYECKOM
BOAbl B Ka4yecTBe MNPOAaBOYHOM >XUAKOCTM MOXET BO3HUKHYTb
npobnemMa BblbOpa UEMEHTUPOBOYHBLIX HacocoB LIA, KoTopble
obecneyat HeobxoanMoe AaBneHne Ha LIEMEHTUPOBOYHOW FOMIOBKE B
KOHLIE MPOAaBKM TAaMMOHA)XHOM CMEeCU. ITO CBSA3aHO CO 3HAYUTESTbHOM
nobaBKOM MAPOCTATUYECKOM COCTaBASAOWEN K [AABMNEHUIO Ha
LIEMEHTUPOBOYHOWN rO/IOBKE B KOHLIE MPOJaBKM TaMMOHa)XHOW CMECH.

[Mocne BbibOpa TPEX I>KUAKOCTEN, Y4YaCTBYWOLWMX B  Mpouecce
LleMEHTMPOBaHUS MPOU3BOASAT
CxeMa pacyéTta 3aBUCUT OT NPUHSTOro crocoba LeMeHTUPOBaHUS.

PacyéT HaunHalOT C onpeaeneHns ob6bEMOB OydepHOM XKMAKOCTH,
TaMMOHAXXHOr0 pacTBOpa M NPOAABOYHOM XNOKOCTH.



O6beM 6ydepHOM >KMAKOCTM 3aBUCUT OT BPEMEHM KOHTAKTa Ans
3(phEKTUBHON OYMUCTKM 3aTPYOHOro MpOCTPaHCTBA U ONpeaenseTcs Kak
npoun3BeaeHune:

Vex=21Vent (1)

foe: S, n(DZCKBk-DZOK)/4 — naowaab 3aTpybHoro (KOnbLIEBOro)
rlpOCTpaHCTBa M?; Vg~ CKOPOCTb BOCXOASALEro MoToka, M/c (Vg1
m/c); t - BpeMﬂ KOoHTakTa, C (t=420-480 c);k — Koacbcbwu,meHT
KaBEPHO3HOCTK, Y4YUTbIBAOLWIMA YBeMYeHME O06bEMa 3aTpybHOro
NPOCTPAHCTBa 3a CYET 06pa30BaBLUMXCS KaBEPH, OTKPbITbIX TPELUMH W

NOp B CTEHKAX CKBa>XUHbI.

AHanM3 nMoKa3blBaeT, 4YTO BpPeMs KOHTaKTa OydepHOM >XMAKOCTM CO
CTEHKAMWN CKBAXXWHbl UrpaeT CYLWECTBEHHYIO posib B 3(P(PEKTUBHOCTU
LemMeHTUpoBaHus. pn BpeMeHn KOHTakTa MeHee 7 MMH B 50% cny4yae
KQueCTBO  LEMEeHTUPOBaHMA  OblsI0 HeydOBNETBOPUTENBbHBLIM U
TpeboBanocb NOBTOPHOE LIEMEHTUPOBAHME.

3a ONTUManbHYO A9 LUEMEeHTUPOBaHUS 3SKCMNyaTaUMOHHbBIX KOJIOHH
CKOPOCTb BOCXOASILLEro rnotoka npuHumatot 1,8-2 M/c, Ans KOHAYKTOpa
N MPOMEXYTOYHbIX KOMOHH 1,5 M/c. 2Tn ckopoctn obecneumBatoT
Hawnydllee  3aMellleHMe  BbITECHSEMOro  pacTtBopa 3@  CYeT
PaBHOMEPHOro noabéMa 6ydepHOM >XXMAKOCTM W TaMMOHAXKHOIO
PacTBOpa BOKPYr KOJIOHHbI (OTCYTCTBME “A3bIKOB”) M TypbOyneHTHOro
peXxuMa TeyeHus.



B cnyvae npuMeHeHus ManoBsA3Kon 6ydepHon »xmnakoctu (BoAbl UK
611M3K0M K HEW NO BA3KOCTM XMAKOCTU) ee 06beM W, HEOEX0ANMBIN
Ons  pasgeneHuss 6ypoBoro M TaMMOHAXXHOro paCTBopOB Koraa
HVKHAS LIEMEHTUPOBOYHAS npobka He NCMOSb3yeTCs,
PeKOMeHAYeTCs onpeaensTb n3 cootHoweHns W_=18(h/LW_)°~

roe h — cpegHeB3BELLEHHbIM MO A/IMHE YC/IOBHbIM AMAMETP KaHana
(Tpyba, KONMbLEBOM 3a30p), MO KOTOPOMY [ABMXKETCA MOTOK
6ydepHoOn XXnMaKoCTH, M h=((0,5d | _+0,25(D_-d )| )/L;

L — cymmapHas AnvHa KonoHHbl Tpy6 |, Yepes KOTOpre I'IpOKaLIVIBa}OT
6ydepHyo XXNAKOCTb, N MHTEepBana LI,EMEHTMpOBaHMFI | , M;

W_ — cyMMapHbIii 06beM 3aKauMBaEMbIX B CKBAXKWHY TaMI'IOHa)KHOFO
W, v nposasoyHoro 6yposoro W pacTopos, M3

d — CpeLI,HeB3BELIJeHHbIVI BHyTpeHval anaMeTp Tpyb, Mm;
dH— HapYy>XHbI AMaMeTp Tpyo, M;

D_— thakT1ueckun anameTp CKBaXWHbl B MHTEPBaJie LIEMEHTUPOBAHWS,
M.



O6bEM TaMnoHaxHoro pactsopa V., (B M3) onpepensieTca Kak CymMa
0bbEMa KOJ/bLEBOro rMPOCTPAHCTBA B MEXTPYOHOM MNpOCTPaHCTBE
(KOHOYKTOp — 3KCrnjlyaTauuoHHasi KOJIOHHA), O6bEMa KOosbLEeBOro
NPOCTPaHCTBA MeXAy CTEeHKAMM CKBaXXMHbl U HAPY>XHbIMKM CTEHKaMWU
o6cagHON KOMOHHbI, C YYETOM KO3(MDULMEHTA KABEPHO3HOCTU, W
06bEMa LIEMEHTHOIO CTaKaHa, KOTOPbIA OCTaBNSOT B KOJIOHHE:

VTP= n[(DZCKBk-DZOK)(L_HK)+(d2KOH-D20K)HLI,K+d2HOK hCT]/ 4, (2)
roe k—koaduumeHT KaBepHO3HOCTM (0ObIMHO HaxoAUTCA B npeaenax
1,05-1,4);

D g — AMAMETP CKBaXMHbI, M;

D, — HapyXHbi1 aAnameTp 06CaaHON KOMIOHHbI, M;
d, oy — BHYTPEHHWUM AMAMETP KOHAYKTOPa, M;
d,,o« — BHYTPEHHWUI AMAMETP HM3a 06CAAHON KOJOHHbI, M;

L — rnybuHa cKBa>XmHbI NO CTBOJ1Y, B M;
H — rnybuHa cnycka KoHAyKTOpa no CTBOJlY, M;
HLlK — BbICOT@ MOABLEMA LIEMEHTHOro pacrteopa OT 6aluMaka
KOHAYKTOpa Mo CTBOJY, M;

h — BbICOTA LIEMEHTHOIO CTakaHa B 06CaiHOM KOJIOHHE (paccTosiHWE
Mexay 6aliMakoM 06CagHOM KOJIOHHbI M MECTOM YCTAHOBKM KOJbLa
“Cron”, m.



Pacuér HeobxoAMMOro KonMMYecTBa MPOAABOYHOM XMAKOCTU V (M%)

BbIMOIHSAEM Mo opMyne:

— 2 2
Vip=Kpp 7 [(d°glL - Ao hel/4 (3)
roe K., - KO3((MUUMEHT, Y4YMTLIBAIOWMN OKaTMe MPOAABOYHON

XKNAKOCTM (AN rnamHucToro pacrteopa k,=1,03 — 1,05).

do« — CPedHeB3BelUEHHbIN BHYTPEHHUU AnaMeTp obcaaHow
KOMTOHHbI, M.

CnepylolmMM 3TarnoM pacyéTta SBNSEeTCa onpeaeneHne HeobxoaAnMbIX
KONMYEeCTB KOMMOHEHTOB (MO Macce uam no obbémy) 6ydepHou

XXMAKOCTU M TaMMOHAXXHOro pacTBopa.



[pn pacyeTe KOMMOHEHTOB OydepHOM >XMAKOCTU UCXOASAT W3
peLenTypbl 3TOM XWAKOCTWU. PeuenTtypy, KOTOpass AaéTcs
06bIYHO B I/NUTP, Kr/M> Unn BecoBbIX N 06 EMHBIX NMPOLIEHTAX
NepecymTbiBalOT Ha TpebyeMbih 06BbEM XMAKOCTU (C YYETOM,
ecnm Heob6xoamMMo, NMAOTHOCTM KOMMOHEHTOB). /19 HEKOTOPbIX
BydepHbIX XUAKOCTEN, KOTOPblE MOCTaBNASAOTCH B 3aBOACKOW
FOTOBHOCTMW, PACcYET Ha KOMMOHEHTbI He TpebyeTcs.

PacyeT KOMM4yecTBa KOMIMOHEHTOB CYXOM TaMMOHAXXHOU CMECU U
KNOKOCTM  ANg  ee  3aTBOpPeHus MpousBOAAT C  YYETOM
BOAOTBEPAOIo (BOAOLIEMEHTHOIO) OTHOLLEHUS
DEKOMEHYEMOro MOCTABLUMKOM M OMNTUMANbHOW MSIOTHOCTU
LlEMEHTHOrO pacTBopa, KoTopas Ana 6e3006aBOYHOrO
LeMeHTa paBHa 1,85 r/cM3, a Ang obneryéHHoro MoXeT 6bITb
B35Ta 13 Tabnuupl 1.



Mo 3HauyeHunam p_, (B r/cM®) n BbiGpaHHOro (MAKM NoAo6paHHOro B
pe3ynbTate 1abopaTopHbIX MCMbITaHUA) BOAOTBEPAOrO OTHOLLUEHUS M
NpeABapUTENbHO ONPEAENSOT CPEHIO MIOTHOCTL TBEPAOK a3kl P
(B r/cM?) TaMMOHaXXHOro pacTBopa:

Pr = Prp/ [1 =M (Prp / Py — 1)] (4)

rae p, - MIOTHOCTb XKWMAKOCTW 3aTBOPEHWS, OMpeaensiemMas B npouecce

noanbopa peuentypbl (ecnn HeobxoauMa MoaMdUKauMs CBOWCTB

TaMMOHAXXHOro pacTBopa, €CiIn HeT, TOo p>K=1F/CM3) UM no
PEKOMEHJALMM NMOCTaBLLUMKA TaMMOHAXXHOW CMecH, r/cM>.

Macca TamnoHaxHoro matepuana G (B TOHHax), HeobxoauMas Aans
npurotosneHns 1 M3 pactsopa,
G= pT (pr — p)K) / (pT - p>|<) (5)
HeobxoamMMbil 06bEM TaMMOHAXHOro pacTBopa A/ LIEMEHTUPOBAHUS
o6cagHOM KOMIOHHBI onpeaenseTcs no gopmyne (2).

Oblass Macca Cyxoro TaMMOHa)XXHOro matepuana (B TOHHax) Aans
NpuroToBneHus Tpebyemoro o6bema TaMMoOHAXXHOro pacTeopa
Geyy = Ky G Vop (6)
rae Ku=1,03+1,05 - KOO(PULUMEHT, YUNTLIBAIOLMM NOTEPU TAaMIMOHAXHOIO
MaTepwuasna rnpu norpy3o4Ho-pa3rpy304HbIX paboTax.



Pacxo4 cCyxoro TaMMOHaXXHOro Matepuana Ha 1 M3 Boapl 3aTBopeHus (B
TOHHaX)

G, =p,m (7)

[MonHbIn  06beM BOAbl ANS 3aTBOpeHnss oblien Maccbl Cyxoro
TaMMOHaXXHOro Matepuana (B M3)

Ve=Kg Geyy [ Gy (8)

rae K, = 1,08+1,10 - KO3(pDULMEHT, YUNTBIBAOLMIA NOTEPU BOAbI.
KonmmyecTBo xmmMm4eckmx peareHTos (B N - 4SS XXUAKUX N B KI - OIS CYXUX

BellecTB), Heobxoanmoe ans obpabotkn 1 M3 Boabl 3aTBOpeHUS,
ornpeaensieTcs no popmyne

Qr=10G, 3, (9)
roe a - coaepXaHuve XUMUYECKUX peareHToB MO OTHOLWEHMIO K Macce

CyXOro TaMMoOHaXHoro Martepuana (onpepenserca nabopaTopHbIMK
ncnbiTaHusamn), %

ObLlee KONMYECTBO XMMUYECKUX peareHToB Ans 0bpaboTkn Bcero obbema
BO/bl 3aTBOPEHUS

Gyp=Qyp Vs (10)



r’MAPABJINMECKUW PACYET LLEMEHTUPOBAHMSA

[MApaBANMYECKMA pacyeT LIEMEHTUPOBAHUSA 06CaAHbIX KOMOHH MpOBOAAT ANS

Pre
Gk
Gar
15

onpeaeneHns HeobxoaMMoM CyMMapHOM Moaavn LIEMEHTUPOBOYHbIX arperaToB
Q n3 ycnoBus obecnevyeHmss MakCMManbHO BO3MOXXHOW CKOPOCTWU BOCXOASILLErO
NoToKa 6ypoBOro M TaMMOHAXXHOIo pacTeopos B 3aTpybHOM MpOCTpaHCTBE V,
[OMYCTUMOro AaBfEHUS Ha LEMEHTUPOBOYHOWN OIOBKE P ¥ 3ab0e CKBaXXMHbI
P, (B MHTepBasne niacTta ¢ HaUMEHbLUMM FPaANEHTOM rmnpopa3pb|Ba), a Takxe
LU'IFI BblbOpa  LEMEHTUPOBOYHOro  obopyaoBaHMs M onpeaeneHus
NPOAO/MKUTENBHOCTM NpoLiecca LieMeHTMpoBaHus t,. pu 3TOM npuHMMatoTCS
cnenyowme rpaHnYHbIe YC0BUS:
Pur = PLI,I'PACL{; (11)
P, <095 P, (12)
t, =, t15 MUH < 0 75 o (13)

- JaBJieHne rmgpopaspbiBa nopon Ha 3ab0e CKBaXkUHbl NN B MHTEpBase njaacta
C HAaMMEeHbLUNUM TrpagnueHToM ruapopaspbiea, Mlla;

- 3dTpaTbl BpEMEHWU HaA 3dKa4yuMBaHUE WU I'IpO.EI,aBJ'IVIBaHMe TAMMNOHAXXHOIo
pacCTBOpaA, BK/1IO4aA BpEMA Ha NOJTyHEHUE AaB/1IEHUA CTOI'I MWUH,

- BpeMsl Hadasa 3arycrteBaHuMsi TaMMOHAXHOro pacTBopa, onpeaensiemoe
KOHcucToMeTpoM, MuH (ansa MNUT-I-100 paBHo 105 MWH);

MWUH  —  [OMOMHUTENIbHOE  BpeMs,  Heobxoaumoe AN BbIBOAJ
LLEMEHTOCMECUTENIbHOM MalMHbl Ha PpexuMm, 0CBOOOXAEHUS MNPOAABOYHOM
npobkun 1 nonyyeHus curHana “Cron”.



MaKkcManbHOe OXnaaeMoe AaBfeHne Ha LIEMEHTUPOBOYHOW FONOBKE Pir
(B MINa) paccumTbIBalOT MO popMye:
Pr=AP +P. +P +P (14)
rae AP.. - MakcuManbHas OXuaaemasi pasHOCTb MAPOCTaTUYECKMX

naBneval B 3aTPyOHOM MpOCTpaHCTBE M B TPybax B KOHUE npouecca
LeMeHTupoBaHus, Mlla;

P, P, - rmapaBnnyeckne COnpoTMBIIEHNS COOTBETCTBEHHO B TPybax

nB 3any6H0M NPOCTPAHCTBE NPU NMPUHATOM 3Ha4vyeHuun v, Mla;
P = 2,5+3 MIla - aaBneHve MomeHTa "Cron”,

Pa3HOCTb rMApOCTaTMYECKMX AABNEHMIN ONpeaensitoT no gopmyne:
AP, = 0,001g [(L1-H1) (pgpPrp)*+(H,—,) (PrpPp)]  (15)
roe L, - rnybuHa ckBaXKuHbl M0 BEPTUKAN, M;

H, — BbicOTa nogbeMa TaMMOHaXHOro pactBopa OT baluMaka

KOJSIOHHbI MO BEPTUKAN, M;
h, — BbICOTa LIEMEHTHOTO CTaKaHa B KONIOHHE M0 BEPTUKan, M;
g=9,8 M/c? - yckopeHue cBo60AHOro NaaeHus;
Prp - MIOTHOCTb MPOAABOYHON XWUAKOCTY r/cM>.



[MapaBnnMyeckme ConpoTUBIIEHUS BHYTPU 06CAAHOM KOMOHHbI P, 1 B 3aTpy6HOM
npoctpaHcree P, (B Mla) B KOHLUE NpoaaBKu TaMMOHaXHOM cMecy HaxoasT
no popmynam Ll,apcm -Bencbaxa:

PT = ZPT' : PTI = §,11 )\T %np Q% L/ dSOKi2 (16)
PK = 8’11)\K Q {pTP (L) / [(DCKBB_ DOK) (DCKB 2+ DOK) ]
t pCPB3BI / [(dKOH_ DOK) (dKOH + DOK) 1} (17)

rae A, A - K03(PPUUMEHTbI rMAPABINYECKUX COMPOTUBIEHNI BHYTPU 06CaAHOM
KOJTOHHb! M  KONbLUEBOM MPOCTPAHCTBE, ANA MPaKTUYECKUX pPacyeToB
npuHUMatoTca paBHbiMu 0,02 1 0,035 cooTBETCTBEHHO;

Deer Do dion - COOTBETCTBEHHO CPEAHWN AMAMETP CKBAXWHbI, HaPYXXHbIN

AMaMeTp 06CaiHON KOMOHHbI U BHYTPEHHUM ANAMETP KOHAYKTOpa, CM;
Q - NpoM3BOANTENBHOCTb 3aKadyku pacTBopa, n/c;

L - AnnHa 06cagHOM KOMOHHbBI, M;

| - AnnHa KoHAYKTOpa, M;

d.' - BHYTpeHHWe AuaMeTpbl cekunii 06caaHON KOMOHHbI, CM;

OK
P.' - rnapasnnyeckue CONpOTMBIEHNS BHYTPU CEKLMIN 0BCAZIHON KOMOHHI,

MMeroumx ANaMeTpbI dOK, Mla;
L'— anuHa cekumit 06caaHON KOMOHHBI, M;

ptPB3B - cpepgHeB3BelleHHAs MIOTHOCTb PacTBOpa B KOHAYKTOPE B KOHLE
NpoaBkn TaMMOHaXHOW cmecyn, r/cM’. PaBHa p,, NMpU LIEMEHTMPOBaHMM
KOSIOHHbI [0 YCTbS;

P, — MIOTHOCTb NPOAABOYHOIA XUAKOCTH, I/CM°,



[Ipon3BOANTENBHOCTb 3aKaukyM LieMeHTHOro u 6ypoBoro pactsBopoB (B
n/c):
— 2 2
Q = 0,0785 (D g — D7) v (18)
roe Vv — CKOPOCTb MOAbEMA TaMMOHAXHOro pacTBOpa B KOJbLEBOM
NPOCTPaHCTBE B M/C.

Mcxoas M3 KOHKPETHBLIX Fe0NOro-TEXHUYECKUX YCNOBUW U MPAKTUKK
LIEMEHTUPOBAHUS CKBAXXWH B AAHHOM panoHe BblibUpaloT MakCMManbHO
OOMYCTUMYIKD  CKOpPOCTb  BOCXoAsllero noTtoka 6ypoBoro M
TaMMOHAXHOro pacTBOPOB B CKBaXXMHE V K MOMEHTY OKOHYaHUS
NpoAaBKK, Koraa WMelTcsl Haubonee 6naronpusTHble YCIOBUS
rmapopa3spbia nopod. (Bbiwe 6bl10 yKa3aHo, UYTO 3a OMTUMAsIbHYIO
0N LUEeMEeHTMpPOBaHWSA  SKCM/yaTaUMOHHbIX  KOJIOHH  CKOPOCTb
BOCXOASLWEro rnoToka npuHuMatroT 1,8-2 M/C, Ana KOHAYKTopa W
NPOMEXYTOYHbIX KOMOHH 1,5 M/C).

MakcumanbHoe oXmaaeMoe AaBfieHVe Ha 3aboe ckBaxuHbl P, (B Mla)
pPaBHO:

P,=P.+P, (19)
rae PrC — rMapoCcTaTUYECKOe AaBNeHNE Ha 3abom CO CTOPOHbI COCTABHOIO

ctonba TaMMoOHa)XKHOro pacTtBopa, OGydepHon >Xmakoctm u HGypoBoro
pacTtBopos (B Mlla):

Prc = 0,001 g [(L' = H) ppgzg + H Pl (20)



[0 BbIMMCNEHHBIM P 1 P, NMpoBepsioT yCiosus (11), (12). Ecnn oaHo
N3 3TUX ycnosmm He BbII'IOJ'IHFIeTCFI TO KOPPeKTUPYKT V WK
BbIOMpPAIOT APYron TaMmnoHaXKHbIN pacTBOp (KOPPEKTUPYIOT COCTaB) U
MOBTOPHO  PacCyMTbiBAlOT 3TW  MNApaMeTPbl A0  BbIMOJSIHEHUS
OrpaHN4YeHnn.

3aTeM paccyMTbiBalOT [aBfleHMEe HA LEMEHTUPOBOYHbIX HAcocax
LIeMEHTUPOBOYHbIX arperaTos P, (B Mla):

PLlA > Pur/0,8 (21)
[lo pacyeTHbIM 3HadeHusM Q u P, » BbIOMpAlOT TUM LEMEHTMPOBOYHBIX
arperatos (LIA), kKonn4ecTtso KOTOprX onpenensieTca n3 COOTHOLEHUS

n=Q/q+1 (22)
rae q — Npou3BOAMTENBHOCTbL 0AHOrO LIA npu aasneHun P ;
1 — pe3epBHbIV arperar.

3aTeM nNpoBepsieTcs, AOCTAaTOYHO /I CyMMapHOro o6béMa MepHbIX 6akoB
LLEMEHTUPOBOYHbIX arperatoB V. (B M3) ans BoAbl 3aTBOPEHUS
TAMMOHAXXHOU CMeCH:

VM5=6n2V

(23)

B
rae V; B35TO U3 chopmynibl (8).



Ecnn ycnoBue (23) He BbIMOHAETCSH, U HET BO3MOXHOCTU [0/IMBATb
MepHble 6akm B npouecce LUEeMEeHTUPOBAHUS, TO KOJIMYECTBO
LIEMEHTMPOBOYHbLIX arperaTtoB YBeMUYMBaETCS.

Tpebyemoe  KOMMYECTBO  LEMEHTOCMEeCUTESIbHbIX  MallWH m
ornpeaensieTca no gopmyne:

m=Q/ qq (24)
rae g, - NPOU3BOANTENBHOCTb OAHON LIEMEHTOCMECUTENIbHOW MaLLMHBI,
n/c.
3aTteM npoBepsieTcsl, AOCTAaTOYHO /I CYMMapHOM MacCbl TaMMOHAaXXHOW
cMecn B ByHKepax LeMeHTOCMecUTENbHbIX MalinMH G (B TOHHaX) Ans
LIEMEHTMPOBAHNS KOJTOHHbI:
G=mG, =G, (25)
rae G, - Tpebyemas cymMMapHass Macca Cyxoro TaMMOHAXHOro
MaTepuana n3 gopmyssbl (6), T;
G, - BMECTUMOCTb byHKEpa CMecuTens, T.



Ecnu YC/10BUE HE BbIMNOJIHAETCA U HET BO3MOXXHOCTU A03alPy3KHU
6YHKepOB LHEMEHTOCMECUTESIbHbIX MalluH npu
LHEMEHTUPOBAHUN O6C3D,HOI‘/JI KOJIOHHBbI, X  KOJINHECTBO
YBEJIMYNBAETCA.

B cnyyae wmcnonb3oBaHWS OCPEeAHUTENbHOW EMKOCTM, B
OOMOJSIHEHWE K MPOBEAEHHOMY BbilIe PpacyeTy, onpeaenstoT
HeobxoanuMoe KOJIMYEeCTBO LIEMEHTMPOBOYHbLIX arperaTtoB A4
nepexkayvku TaMMOHAXHOro pacTBopa oT
LleMEeHTOCMEeCUTESNbHbIX MALUMH B EMKOCTb.

PacueTr Begetca C YYETOM TOro, YTo LEMEHTUMPOBOYHbLIE HACOCHI
LIA MOXXHO MCMNOMb30BaTb B PEXMME MaKCMManbHOW MOAQun C
MWHMUMabHbIM Pa3BMBAEMbIM AaB/IEHUEM.

npl/l 3TOM Bogonogarwne HaCoCbl 3TUX UEMEHTUPOBOYHbIX
dlfperatoB U WMX MEPHbIE eMKOCTU MOXKHO NPUMEHNTb AJiA
3dTBOPEHUA TAMMOHAXXHOU CMecCw.



PacueT pexxmMa 3aKauykyv U NpoaaBKU
TaMMNOHAXXHOU CMEeCcH

PacyeT peXXMMoB 3akKayky PacTBOPOB HAUYMHAKOT C MOCTPOEHUS
rpadnka M3MEHEHUS [OaBlE€HMA Ha  LIEMEHTMPOBOYHOM
ro/I0OBKE B 3aBMCMMOCTW OT CYMMApHOro obbéma 3akayeHHbIX
PacTBOPOB.

[padmnK CTpoUTCA NO TPEM XapaKTEPHbIM TOYKaM, Mexay
KOTOPbIMA W3MEHEHME [aBfEHUS Ha LIEMEHTMPOBOYHOM
rOfI0OBKE C HEKOTOPOW A0NEN YCNOBHOCTU CYMTAIOT JIMHENHDBIM.

OTO TOYKA Hayana 3aKaykym TaMMOHAXHOrO pacTBopa B
obcagHyto KOJTOHHY, B KOTOpOM  [AaBNEHUE Ha
LIEMEHTUPOBOYHOMN [OJIOBKE pPABHO CYMME IMAPaBINYECKUX
COMPOTUBNIEHMN B KOJSIOHHE WM KONbLEBOM MPOCTPAHCTBE,
TOYKa, COOTBETCTBYHOLLASA MOMEHTY MNpuUXoaa TAMIMOHAXHOro
pacTBopa Ha 3abon, Korga AaB/eHWE Ha LIEMEHTUPOBOYHOWM
rO/lOBKE MWHMMaZbHO W TOYKA B KOHLUE NpOAaBKu
TAMMOHAXHOro0  pacTBoOpa, B KOTOPOM [OaBNEHME Ha
LIEMEHTUPOBOYHOW rONOBKE MaKCMMaJsbHO.



MakcumanbHOe [AaB/IEHME Ha LIEMEHTMPOBOYHOM TrOMOBKE, 6€3 y4déTa /JAaBneHus
“Cton” B KOHLE NpoAaBKM TAMMOHAXHOW CMEeCU PLl MOXET ObiTb HaMAeHO Mo
dopmyrne:

Py = Pur = Per (26)

PaccuMTaeM Tenepb [AaBfeHME, KOTOPOE BO3HMKAET Ha LIEMEHTUPOBOYHOM rO/IOBKE B
MOMEHT MpuxoJa TaMMoHaXHoW cMecu Ha 3aboi, P (B MMa):

Pl, = APL +PL+ P (27)

rae AP1r - MaKCMMasibHasi OXwuaaemasl pa3HOCTb MAPOCTAaTUYECKUX AABNEHUA B

3aTpy6HOM MPOCTPaHCTBE M B TPyHax Ha MOMEHT MPMXOJa TaMMOHAXHON CMeCU Ha
3abon, Mla (3Ta BennumHa oTpuuaTtenbHa);

PL, P! - rmapaBnnyeckue COMPOTUMBNEHMS COOTBETCTBEHHO B Tpybax v B
3aTpybHOM npocTpaHcTee, Mla;

APlrC MOXXHO paccumTaTb Mo opmyre:

AP =0,001g L* (pgp = P cppsp) (28)
rae L - rny6buHa ckBaXkvHbl MO BEPTUKANIU, M;
g=9,8 M/c? - yckopeHue cBO60AHOro NaaeHus;

Pe, - MNOTHOCTb OypoOBOro pacTBopa, r/cm®  (nnoTHocTb 6ydepHoro
pacTBopa NPUHUMAETCS paBHOW MIOTHOCTM BYpoBOro pacTesopa);

p1CPB3B — CpefHeB3BelleHHas MI0THOCTb pacTBOpa B 06CAZAHOM KONMOHHE Ha
MOMEHT nNpuxoAa TaMMOHaXXHOro pactBopa Ha 3abou, r/cM’. OHa  paBHa
NIOTHOCTM  TaMMOHAXHOr0  pacTBopa P, €CAM  HeobxoauMbi  06bEM
TaMMOHaXHOro pacteopa V.2V, - BHYTPEHHEro obbeéMa 06CafHOM KOJIOHHBI,
paBHoro (B M3):

Vo =ndi, L/4, (29)

roe L — anivmHa 06caaHOW KOMOHHBI, M;
do — CPEAHEB3BELLEHHbIN BHYTPEHHWUN AMAMETP 06CaAHOMN KOMOHHbI, M.



B cBSI3M C TeM, YTO BENNYNHA P1Ll byaeT MMeTb Manoe 1 aaxe oTpuuaTenbHoe
3HAYeHne, 3aKauKy TaMrMoHaXXHOro pacTeopa Ao 3abost MOXXHO NMPOU3BOAUTb
C MaKCMMas/bHOW MpPOU3BOAUTENBHOCTbLIO, KOTOPAsi OrPaHNYMBAETCS TOJbKO
ycnosuem (12) P, < P,/ (1,2+1,5).
Y Y 1 _pl 1
Tak kak 3abonHoe AaBfieHWe C ApYrou CTOpoHbl paBHO P.=P*_ +P" , ycnosue
(12) MOXHO nepenucaTb B BUAe:
1 1 .
Pfc+ P <P, /(1,2+1,5) (30)
3anncaB BbIpaKeHMe ANS MMAPOCTaTMYECKOro AaBfieHns Ha 3abon P! . u
npeobpazoBas (30) OTHOCUTENbHO TMAPABIMYECKOro COMPOTUB/IEHUS B
KOMbLEBOM NPOCTPaHCTBE P, Mony4mMm:
1 . 1
P.<P.,/(1,2+1,5)-0,001g L'p, (31)
roe L! - rnybuHa CKBaXKuUHbl MO BEPTUKANN, M;
g=9,8 M/c? - yckopeHune cBo60AHOro NaaeHuns;

Psp - MIOTHOCTL 6YpPOBOro pacTeopa, r/cM°.



N3 dopmyn (17), (31) HaMaéM MakCcMMasibHO AOMYCTUMbIM Pacxoh TaMMOHAaXXHOro
pacTBopa npu ero 3akayke Ao 3abos, Q. (1/C):

QMAKC = .\/ [PFP/ (1’2+115)_ Ollg Ll p5p] / 8’11)\K {pr (L_l) / [(DCKB_DOK)3
(DCKB-I-DOK)Z:| i pCPB3BI / I:(CIKOH_DOK)3 (dKOH+DOK)2]} (32)
N rmapasindeckne ConpoTmuBIIEHUA B pr6ax P1 (B Mﬂa) Ang 3TOoro cjiy4yasa wu3
dopmysnbl (16):

1 i 10— i N2 i 5 i
P = 2P, P =811 )\Tle\,lAKCUI_/dOK (330)
rae A, K - KoappuUMEHTBI rMApPaBIMYECKMX COMPOTMBIEHUN BHYTpWU obCaaHOM
KOJTIOHHbI M  KONbLUEBOM [MpPOCTPaHCTBE, AN [MpPaKTUYEeCKMX pacyeToB

npuHUMatoTca paBHbiMK 0,02 1 0,035 cOOTBETCTBEHHO;

Dewgr Do dox - COOTBETCTBEHHO CPEAHWM AMAMETP CKBAXWHbI, HAPYXHbIV
ANAMETP 0bCaAHOM KOMOHHbI WU BHYTPEHHWE AMAMETPblI Y4acTKOB 06CaAHbIX
Tpy6, c™m;

L - AnnHa o6canH0171 KOJTOHHBbI, M.

p' — MNOTHOCTb pacTBOpa B CEKUMSAX 06CAAHOM KOMOHHbI, r/cM3. OHa paBHa
MNIOTHOCTM  TAMMOHAXHOro paCTBopa Prpy €CM  HEOOXOAMMbBIN  06bEM
TaMMNOHaXXHOro pacrteopa Vo, 2V, ;

L'— anvHa cekummn 06cagHON KOMOHHBI, M;

d,, — BHYTPEHHME ANAMETP CeKLii 06CaaHOI KOMOHHbI, CM.

MoacTaBuB MonyuyeHHble 3HauveHns AP' ., P, P! B (27) Haiiném BennumHy

[AB/IEHNS HA LIEMEHTUPOBOYHOW FOIOBKE 5 MOMEHT npuxoAa TaMMOHa)XHOIro
pacTBopa Ha 3abown.



[laBneHne Ha LEMEHTUPOBOYHOM TOJIOBKE B MOMEHT Hayasa 3aKa4ku
TaMMNOHAXXHOro pacTtBopa B o6caturo KOJIOHHY PO (8 Mlla) paBHa cymme
rMAPaBMYECKUX COMPOTUBAEHMMA B CEKLMSAX o6canHow KOJTOHHDbI P0 7 P0
KOTOpble pacCUnTbIBaOT No popMynaM, aHasnormyHbiM popmynam (16) m (17)

P = 2P/ P =811 A pgp Qi L'/ &l (39)
P= 8,11\ QZMAKC Pgp (L=1)/ [(DCKB B DOK)3 (DCKB i DOK)2]+
+ P |/ [(dKOH — Dok )3(dKOH i DOK)Z]} (35)
roe A, K - KO3(hdUUMEHTBI MMAPABAMYECKUX COMPOTUBIEHMA BHYTPU 06CaAHOM
KOJTOHHDb! M  KONMbLUEBOM [POCTPAHCTBE, n/11 MNPaKTUYECKNX pacyeToB

npvHuMatoTcs paBHbiMM 0,02 1 0,035 cooTBETCTBEHHO;

Dowr Dowr dioy - COOTBETCTBEHHO CPEAHMN AMAMETP CKBAXWHbI, HAPYXHbIN
anaMeTp 06caHOM KOMOHHbI U BHYTPEHHUI AMAMETP KOHAYKTOpPaA, CM;

Q - NpoM3BOANTENBHOCTb 3aKadyKku pacTBopa, J/C;

L - AnnHa 06caiHOM KOMOHHbI, M;

| - AnnHa KoOHAYKTOpa, M;

dOKi - BHYTPEHHUE AMAMETPbl CEKLIMN 06CaAHON KOJIOHHBI, CM;

P ' - rMapaBnMyecKne ConpoTUMBIEHUS BHYTPU CeKUM 06CaaHOM KONMOHHBI,
VIMelOLLI,VIX ANaMeTpbl dOK, MMMa;

L'— AnuHa cekumin o6cagHON KOMOHHbI, M;

P., — NNIOTHOCTb MPOAABOYHON XWAKOCTH, F/CM>.



[laBneHne Ha LEMEHTUPOBOYHOW TOJIOBKE B Hayane 3aKadku TaMOHaXXHOro
pacTBopa B 06CafiHYO0 KOSIOHHY He A0/KHO 6biTb 60/iblle AaBNEeHUsI B KOHLE
npoaaskn. Ecin no pesynbTaTaM pacyéTra 3TO YC/IOBUE HEe BbIMOJIHAETCS,
NPOM3BOAAT  YMEHblUEHWE Q.. W MEPEeCUMTbIBAOT  [aB/IEHNS Ha
LIEMEHTUPOBOYHOW rOJIOBKE B MOMEHTbl Hayana 3aKauky TaMMOHAXHOro

pacTBopa B 06CaZiHytO0 KOMTOHHY M €ro npuxoaa Ha 3abou.

TakuMm 06pa3oM, Mbl HanaéM HeobxoauMMmble AN NOCTPOEHUS rpaduka
N3MEHEHNS AABNEHNSA HAa LIEMEHTUPOBOYHOMW FOSTIOBKE BEMYMHbI AABNEHUN B
MOMEHTbl Hayana 3aKauyku TaMMOHAXXHOW pacTBOpa P0 npuxoaa
TAMMOHAXXHOro pacTBopa Ha 3abou P1 M KOHLIa NpoaaBKu P (opn,MHaTbl
rpaduka).

Cnepylowmn 3tan — oOnpeaeneHne CyMMapHbIX 3akadaHHbiX 06béMoB 2V B
CKBaXXMHY nMpu uUeMeHTupoBaHun (abcumccol rpaduka). ITM O6BLEMLI
PacCcUYMTbIBAIOT 6€3 yuyéTta 3akauku bydepHon xmnakoctu. Ha MOMeHT Hadana
3aKaukuM TaMMOHAaXHoOro pactBopa 06bEM XVY paBeH Hyno. B MOMeHT
NMpUXoAa TaMMOHAXHOro pacTtBopa Ha 3abon V! paBHa BHYTPEHHEMY
06béMy 06CaaHON KOMIOHHbI Vo,

SVi= V,, (36)

B KoHUe npoaaBkKM TaMMOHaXXHOro pacrteopa 2V paBeH cymMme O6LEMOB
TaMMNOHAXXHOro pacTeopa V., 1 NpOoAaBOYHON XXNAKOCTU Ve

2V =V, +V, (37)



[0 NONMyYEHHbIM [AaHHbIM CTPOAT rpaduK M3MEHEHWS AaBNEHMS Ha

LIEMEHTUPOBOYHOWN rOTIOBKE.

Mcnonb3ys BeNWYMHbI [JaBNEHUW, nNpuUBEAEHHbIE Ha rpaduke,
NPOU3BOAMTENBHOCTb ~ YCKOPEHHOM  3aKaukM  TaMMOHAXXHOro
pactBopa A0 3abos Q. ¥ MPOU3BOANTENLHOCTL MPOAABKM
TaMMOHaXXHOW cMecu Q BblIBUpaeM pexmnMbl paboTbl KOHKPETHbIX
LIEMEHTUPOBOYHbIX arperatoB (AMAMeTpbl LWINHAPOBON BTYKMU,
nepefayn UM COOTBETCTBYIOLWIME UM MPOU3BOAUTENBHOCTU
LIEMEHTMPOBOYHbIX HACOCOB). Ha y4yacTke NpoAaBKM TaMMOHAXXHOM
CMECU B 3aKOJIOHHOE MPOCTPAHCTBO Pacxof, MOXHO MEHSITb OT Q,, . -
0o Q B COOTBETCTBMM C rpachMkOM M 3aBUCUMOCTbIO AABNIEHUS OT

pacxXxoaa y LEMEHTUPOBOYHbLIX HACOCOB.



3aTeM BbIYMC/ISIEM BpEMS NPUXoJa TaMMOHaXXHOro pacTBopa Ha 3aboi CKBaXXWHbI B
PEXMME YCKOPEHHOW 3aKauKu, C MPOM3BOANTENBHOCTBIO Q. 5 (B MUH):

— 1
t, = 16,7 V! / (Qypec (N-1)) (38)
A€ Gy~ NPOM3BOAMTENBHOCTL 3aKaukn TaMMOHAXHOTO pacTBopa B 06caaHyto

KOIOHHY OAHUM LIEMEHTUPOBOYHBLIM arperaTtom Ao 3abosi B peXXMMe YCKOPEHHOM
3aKayku n/c;

N — YNC/IO LEMEHTUPOBOYHBIX arperaTos.

PaccuMtaeM Tenepb BpeMs MpOAaBKW TaMMOHAXXHOro0 pacTBopa B 3aKOJIOHHOE
NPOCTPAHCTBO LIEMEHTMPOBaHMA t_ (B MWH) B pEXMME HOPMasibHOM 3aKauku, C
NpPOM3BOANTENBHOCTLIO Q:

— 1
t, = 16,7 (2V - 3V?) / (q (n - 1)), (39)
rae q - Npov3BOAMTENBHOCTb MNPOAABKM TaMMOHAXHOr0 pacTBopa B 3aKOJIOHHOE
NPOCTPaHCTBO OJHMM LIEMEHTMPOBOYHBIM arperaToM Ji/c.

Ecnn NpuHATO pelleHne MeHsITb NoAayy HaCcoCOB LIEMEHTUMPOBOYHbLIX arperaTtoB B
npouecce NpPoAaBKkM, TO HEO6XOAMMO paccyMTaTb BPEMS MPOAABKU ANS KaXXaou
nogaun no d¢opmyne (39) n nNpocyMMUMpoBaTb MOJSIyYEHHbIE BPEMEHa A/s
onpeaenexHus t..



3aTeM onpenenseM BpeMs LEMEHTUPOBAHNSA CKBaXXUHbI t, (B MUH):
tu=t3AK+15MVIH=t3+tn+15 MWH (40)
roe t;,, - 3aTpaTbl BPEMEHW Ha 3aKayMBaHWE TaMMOHAXHOrO PpacTBopa M €ro
npoaaBKy, MUH;
15 ™MuH — pgononHuTenbHoe BpeMs, HeobxoauMmoe A1 BblBOAA

LIEMEHTOCMECUTENIbHOM MaLUMHbI Ha PEeXWM, OCBOBOXAEHUS MpOAaBOYHOM
Npobku n nonyyenns curHana “Cron”.

[lo BbIYNCIIEHHOMY 3Hal—IeHVIlOt MPOBEPSIOT  yCnoBue (13) Ecnn 31O ycnosue He
BbIMOJIHAETCS, TO Bb|6wpa+0T OPYroN TaMMOHaXHbIN pacTBop (KOPpPeKTUPYHOT
COCTaB) W TMOBTOPHO pPaCCYMTBIBAOT 3STOT MapaMeTp [0 BbIMOJHEHUS
OrpaHU4eHus.

PaccumTbiBaeM TaKXXe YUCNO arperaTtoB, 33a[ENCTBOBAHHbIX B 3akaudke 6ydepHom
XXMOKOCTU, No popMyne:
= Vi ! Vs (41)
roe Vg, — 06uéM bydepHoi xunakoctn, M°;
V., — 06bEM MepHbIx 6akos, M.
Bpems 3akauku bydepHon xunakocTu t., onpeaensem no dopmye:

e S 7 e Gy ol
rae Vg, — 06bEM BydepHoit K1akocTn, M,

Quaxc - MPOU3BOAMTENBHOCTb 3aKayKky PacTBopa B 06CAAHYIO KOJIOHHY OAHWUM
LIEMEHTUPOBOYHbBIM AarperaToM B PEXWME YCKOPEHHOWM 3aKauku 1/c;

(42)



Mo pe3ynbTaTaM pacyéta KOMMYECTBA M BbibOpa LIEMEHTUPOBOYHOM TEXHWUKWN pa3pabaTtsiBaroT
TEXHO/IOMMYECKYIO CXEMY O0OBSI3KM LIEMEHTMPOBOYHOro obopyaoBaHms. Cxema 06BA3KU
BblOMpaeTcds B 3aBMCMMOCTM OT TOro, npegnonarasocb NI MUCMNOSb30BaHWE
OCpeAHUTENbHON EMKOCTM MNpU LIEMEHTMPOBAHWM 06CAAHOM KOMIOHHbI MM HeT. Ha
pucyHkax 1 M 2 npuBedeHbl ABa BapuvaHTa CXeMbl 06BSA3KM — 6e3 npuMeHeHus

OCpeAHUTENbHON EMKOCTU U C OCPEAHUTENBHOM EMKOCTbIO, COOTBETCTBEHHO.
Mpy LEMEHTUPOBAHNM KOPOTKMX 0B6CAAHbIX KOJIOHH NMpUMeHeHne 6510ka MaHubonbaa MOXET

He noTpeboBaTbCs.
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pacTiopa # npoaasorof xuakocti; 6 - LA-320; 7 - 2OMIL-20; 8 - arperar 1 noassy sonw

o — MM BNOOKOES SABDCH A [ D03 ERMENTHOND Pac Trops )
> THHER HHOOT0 annciieR 1OFRKAYKA- 1000 M oCTH JaTRopsting) OF - ocpeaniTeaas enyoct;
AH - srperar Bacoc Heh
Puc. 1. TexHosnorndeckasi cxema 06BSI3KM LleMeHTMpOBOZHOII:IIOH ;Sggggz PUC. 2. CxeMa OBBSI3KY LieMEHTUPOBOUHON
TEXHUKN C NOMOLLbIO OCpEAHUTENIbHON EMKOCTU

rnpun LeEMEHTNPOBaHUN .9KCI'I/7yEITaLlI/IOHHOI/Iv KOJIOHHBbI
LIEeMEHTHOIo pacrsopa B rmAapoBaKyyMHbIX LIEMEHTOCMECUTETIAX



O60py1oBaHHUE yCTbs1 CKBaXXWHbI KO/IOHHbIMU
ro/10BKamMm

[locne okoH4YaHUs 6ypeHus CKBaXXUHbI, Crycka 06caHON KOJTOHHDI
N e€ LEeMEHTUPOBaHUS BepxHMEe 4acTu 06CagHOM KOJIOHHbI
(KOHAYKTOpa, W TMPOMEXYTOYHOM WU  3KCMyaTaLMOHHON)
COEANHSIOT NPU NMOMOLLM  KOJIOHHOW TOTOBKM.

[ns wncnbiTaHUS MPOAYKTUBHBIX TOPU3OHTOB U obecneyeHus
nocneaylowen ux 3KCnayataumm 6e3 ocnoXXHEeHMN 00BSA3Ka
KOJIOHH Ha YCTbe A0/MKHa obecneunBaThb:

1) repMeTM3auMio, KOHTPO/Ib [JaBMEHUS U  BO3MOXHOCTb
3aMoSIHEHNS  MPOMBIBOYHOM  XMUAKOCTbIO  3AKOJIOHHOro
NPOCTPAHCTBa;

2) XKEcTKkoe  coeaMHeHne  BepxHen  (YCTbEBOM)  4YacCTu
SKCMMYaTaUMOHHOM  KOMIOHHbI  C  APYFMMM  KOMOHHAaMM,
CMYLLEHHbIMU PaHEE B CKBAXXWHY;

3) BO3MOXHOCTb (PUKCMPOBAHUSA HEKOTOPbLIX BESINYMH HATSHXKEHUS
3KCMNyaTaLUMOHHOWN KOMOHHBbI.



KONOHHbIE TO/IOBKM  YCTAHABAMBAIOTCA HA BCEX  CKBaXXMHaX
He3aBMCMMO OT criocoba ux sKcnayaTaumn.

Ans HerTFIHbIX, a30BbIX N NMA30KOHAEHCATHbLIX CKBAXXWUH Bbl60p TUMA
KOJTOHHOM FONTOBKWN 3aBUCUT OT M1aCTOBOIro 1aB/IEHUS.

B NpoMbICNOBOM MpPaKTUKE MPUMEHSAOT KOJSIOHHbIE TOSIOBKU ABYX
TMnoB: knnHoByto (puc. 5.1) NKK u mydTtosyto KM (puc. 5.2).

Hanbonee pacnpocTpaHeHa KO/IOHHAs FO/I0BKa K/IMHOBaS!.

OHa npeaHa3HayeHa Ans 06BSA3KM ABYX KOMOHH - 3KCMJ1yaTaLMOHHOM
1 NPOMEXYTOYHOM MW 3KCMTyaTaLMOHHOM N KOHAYKTOPA.

KONMOHHbIE FOTIOBKWN UCMbITLIBAKOT HA repMeTUYHOCTb MPU onpeccoBKe
BOZIOM MEXKOSIOHHOIO NMPOCTPAHCTBA Ha AOMYCTUMOE BHYTPEHHEE
AaBneHne kKonoHHbl PAOIM, a Takke, 4O YCTAHOBKU Ha KOJIOHHY,
Ha MNPO4YHOCTb KOpryca Ha NpobHoe pnaBrfieHWe: npu YCNOBHOM
ANaMeTpe NPoXoaHOro cedeHus @aHua rosioBkn meHbwe 350 MM
— 2 PAOI; npn ycnosHoM anametpe 6onblieM n pasHom 350-1,5
PPAB.
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Pue. 5.1. Koaonnag ro/ioBka KIHHOBAS TiHIA
I'KK:
I — daanen; 2 — npobka; 3 — Kopnve ro-

JOBKH. 4 — Pe3HHOBBE VILIOTHHTEIbHbIE
KOJBUA, J — nmakep; 6 — KJauHba; 7 — nar-
pvior: & — SKCILIVATAIHOHHAS KOJIOHHA,
9 — duranen Aa8 VCTAHOBKN TOJOBKM Ha

verse, 10 — daanen npoMexyTouHoil Ko
JOHHB

A

i,
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Prc. 5.2. Toaoska xoaommasi mydrosas mina
I'KM:

I — xopnye rojgoskn; 2 — MeTaanieckasd
MalKeTa, 7 — pesiHoBbie Koabna; 4, 6 —
hranusr; 3 — noaykoasno: 7 — mvdra aag
MOABECKH HKCIIVATANMOHHON KOAOHHL, & —
manomerp: 9 — narpy6ok ¢ dpaanuem: [0 —
Kpan



[locne YCTAHOBKHU KOJTOHHOW rO/I0BKU Ha YCTbE ra30BOM CKBAXXMHbI

1.

ee OrnpeccoBbIBAOT ra3onoAobHbIMW areHTamMu B CleayloLleM
nopsiake:

yepe3s MEeXKOJIOHHOe MPOCTPAHCTBO YCTbE  CKBAXXWHBbI
OMPECCOBbLIBAIOT  XXMAKOCTbIO  (BOAOM) HA  [aBJIEHME,

oTBevatoLlee AOMYCTUMOMY BHYTPEHHEMY NABNEHUIO
MPOMEXYTOYHOW KOJSTOHHbI.

. YCTQHaB/IMBAIOT HA KOJIOHHY (DOHTaHHYIO apMaTypy, CHWXatoT

YPOBEHb >XXWAKOCTU B KOJSIOHHE M BTOPWUYHO CrpPeCcCcoBbIBAOT
raoM (BO3QYyXOM) KOJMIOHHYKO T[OJSIOBKY HA MaKCuUMasibHOe
paboyee paBneHne 06CagHOM  KOJSIOHHbI, Ha KOTOPOW
YCTQHOBJ/IEHA KOJSIOHHAs rO/I0BKAa, U AatlOT BbIAEPXKKY AaBfieHUs
He MeHee 5 MuHyT. lMpn onpeccoBKax KOSIOHHOW TOSIOBKM HE
LOO/MKHO BbITb MOTepb rasa.



UcnbitaHus obcagHbIX KOJIOHH Ha
repMeTU4YHOCTb

Kaxxgasgs KOJIOHHa  [AOJIKHa noaBepraTtbCaA  MUCMNbITAHUKO A4
NnpoBepKn KayecCtBa ULEMEHTUPOBAHUA, ONpeAeNeHnsa e€
NMPOYHOCTN U TEPMETUYHHOCTN.

McnblTaHWEe NpeanonaraeT NPoBEPKY:

o PaCnonoXeHus LeMeHTa 3a 06CcagHOM KOJIOHHOW M KOHTaKTa
LIEMEHTHOrO KaMHS ¢ obcaaHbIMK Tpybamun 1 nopoaou;

o [EPMETUYHOCTUN LIEMEHTHOrO KOJbLia NPOMEXYyTo4YHON obcaaHom
KOSIOHHbl WM  KOHAYKTOpPa, Ha KOTOpbIX YCTaHOBMEHO
NpoTNBOBLIOPOCOBOE 060pYyaAOBaHUE;

e [TPOYHOCTM WU TEPMETUYHHOCTU  BCEX obcagHbIX  KOJIOHH
AaBJIEHUEM.,

KOHAYKTOPbl X MPOMEXYTOYHbIE KOMIOHHbI MCMbITLIBAIOT Ha
repMeTUYHOCTb COr/TACHO AEWNCTBYIOWEN WHCTPYKLUMN W
OOPMJISAIOT 3TO AKTOM.



NcnbiTaHne Ha repMeTNHHOCTb 3KCIrJ1lyaTaunMOHHbIX KOJIOHH O4Y€Hb
Ba>XHO, NOCKOJIbKY OHO onpepnensaeT HaAEXHOCTb
nocneayruwero Bbi30Ba NMpUTOKa U 3KCrJtyataun CKBa>XMUHbI.

OHO NnpoBOANTCA B C/iIEAYHOLLNX CKBAXXUHAX.

1. CO CnAOWHBLIMU KONMOHHAMKU, C GUILTPOM (C MaHXETHbIM
LLEMEHTUPOBAHMEM) WM C OTKPbITbIM  Y4YacTKOM CTBOJIa
CKBaXXMHbl HMXe 6alliMaka — nocne npoBepKW PacnosioXXeHUS
LLEMEHTHOrO CTakaHa, a npu HeobxoAMMOCTM MOCNe ero
noabypueaHns OO YCTAHOB/IEHHOIO MMHUMYMa €ro BbICOTHI.

2. C KOJIOHHaMM, 3aLUEMEHTUPOBAHHbIMM CTYMNeH4YaTO WK
CeKUMSIMU: repBoe WCMblITaHWE roC/ie OKOHYaHUA BpeMEHU
oXxunaaHusa 3atBepaeHus uemeHTa (O3L) nocnegHen cekuum
MNnU CTYMeHW, a no3xXe nocne pa3bypmBaHUsa LIEMEHTHOIO
CTaKaHa KaXaoW CeKuMW; MocieaHee WCMNbITaHNME MNPOBOAAT
nocrne pas3dbypuMBaHUA HWXHEro LEeMEeHTHOro CTakaHa [0
YCT@HOBJIEHHOI0 MMHMMYMa €ro BbICOThI.



3KCI111yaTaL|MOHHbIe KOJIOHHbI UCMNbITbIBAIOT Ha
repmMmeTnyHoOCTb.

1) nocne cnycka U LUEMEHTUPOBAHUS - CO3AAHMEM AABNIEHUS C
nNpeaBapuUTe/IbHOM 3aMEHOW TNIMHUCTOrO pacTBOpa Ha Boay,
ecnun BoAa He 6bina XXMAKOCTbIO NPOAABKU; B CKBaXXWHAX, rae
NP WUCMbITAHUM W B Ha4yane 3KCnjyaTaumm OXuAaaeTcs
OTCYTCTBME M3ObITOMHOrO [AaBNEeHUs, 3KCMayaTaLUOHHYIO
KOMOHHY AOMOJHUTENBHO WCMbITLIBAIOT CHUXXEHMEM YPOBHS
BOAbI;

2) nocne YCTaHOBKM LEMEHTHbIX MOCTOB /AN UCMbITaHUS
YYaCTKOB KOJMIOHHbl HaJ HWUMM - CO3[03HMEM [aBMIEHUS C
npeaBapuUTe/IbHOM 3aMEHOW TNIMHUCTOrO pacTBOpa BOAOU W
TEM CrocoboM, KOTOpPbIM 6bln BbI3BaH NPUTOK MPU UCMbITAHUM
npeablayLero n3o0nnMpoBaHHOro nnacta (CHMXEHWEM YpPOBHS
Npy NOMOLLM KOMMPECcopa, a3paLmnen Xnakoctm v T.4.);

3) nocne PpeMOHTHbIX LIEMEHTUPOBAHUM MoA [AaBEHUEM -
CO3[aHMEM [AB/IEHUS N CHUXXEHNEM YPOBHS XXUOKOCTH.



Mpy MCMbITAHUM KOJMTOHHbI HA FEPMETUYHOCTb BHYTPEHHEE AaBfIEHWE Ha TpyObl
KOMOHHbI P, HE AO/HKHO MpEeBbIlaTh AAB/IEHNE OMPECCOBKU, KOTOPOE 6biio
MCMNO/Ib30BaHO NMpu pac4yérte 06caaHON KOMOHHbI Ha NMPOYHOCTb (CM. NIEKLMIO —

pacyéT 0b6caaHbIX KOSTIOHH).

CunTaeTcd, 4TO KOJMIOHHA BblAepXxana WUCMNbiITAHWE HA TEepMETUYHOCTb
OMNpPeCcCcOBKOW, €CNn Moc/ne 3aMeHbl pacTBOpa Ha BOAYy OTCYTCTBYIOT MEPETOK
XXUAKOCTU WUN BblAeNIeHNe ras3a M3 KOJIOHHbI, @ TakKXXe ecnin He bbl1o 0TMeYeHo
CHWXEHN p[aBfeHnss Ha npoTskeHun 30 MUHYT, UnM  ecnu AaBfeHue
yMeHbLlaeTcs He 6onee yem Ha 0,5 Mla npu gasneHMn ncnoitaHnsa 6onee 7

MlMa n He 6onee yeMm 0,3 MIlla npu aAaBneHUnN UcrnbliTaHUs HKe 7 Mra.

HabniogeHve 3a M3MEHEeHMEeM  AaBNEeHUs HauuHaloT yepes 5 MWH nocne

co3aHnsa HeobxoamnMoro AaB/eHus.

Mpyn MCNbITAHWN KOMOHHbI METOAOM CHMXXEHWUS YPOBHS MOCNEAHUA AO/MKEH ObiTb

CHMXEH A0 3HAYEHUS, KOTOprVI NPUHNMAJICA B pacqéTe o6caaHbIX KOMOHH.



B CKBaXXvMHax, 3anoJIHEHHbIX nepes UEeMEHTUPOBAHWEM [IMHUCTbIM PacTBOPOM
nnotHocTblo 1400 Kr/M°> W Bbllle, BMECTO WCMbITAHNA TEPMETUYHOCTU KOJTOHHbI
CHM)XEHMEM YPOBHSI 3aMEHSIIOT IIMHUCTLIM pacTBOP Ha BOAY W Ha MpoTshkenun 1 y
nocne crabunmsaumm TemnepaTypbl KOHCTAaTUPYIOT OTCYTCTBME MEpPeTOoKa >XWOKOCTU
Wnn BblaeneHnsa rasa (eciM 3aMeHa pacTBopa Ha BOAY He BbI3blBA€T OMNACHOCTU
CMSTUS KOJIOHHbI).

[Mpy UCNbITAHUN METOAOM CHMXXEHUSI YPOBHS KOJIOHHA CUMTAETCS FrEPMETMYHOMN B
TOM C/ly4ae, ec/iM MOBbILLEHNE YPOBHS, CHMXXEHHOIO 10 YKa3aHHOMW BENIMYMHBI, 3@ 8 Y
HabnoaeHUs! He NPEBbLICUT 3HAYEHNN, YKa3aHHbIX HUXE.

CHmieHune ypoBHS Ha r/ly6uHy, M <400 | 400-600 | 600-800 | 800-1000 | >1000

NMoaHsTHe YpOBHSA 3a 8 yacos, M, He 6onee
npy BHELWHEM AMaMeTpe KOJIOHHbI, MM:

114-219| 0,8 1,1 1,4 1,7 2,0
>219| 0,5 0,8 1,1 1,3 1,5
YpoBeHb n3MepaoT nnn gpyrumm npmbopamm yvepes 3 4

Moc/fie ero CHWXXKEHUS!, YTOBbl UCK/IOUUTL B/IUSIHWME CTEKAHWUSI XWAKOCTUM CO CTEHOK
KOMOHHbI Ha pe3ynbTaTbl U3MEPEHUI.

Ecnun ypoBeHb XWAKOCTU B KOJTIOHHE 3a 8 4 nogHuMeTcs 6onblie yKasaHHOro, To
U3MepeHne MnoBTOPAOT. B cnyyae noaTBEP)KAEHWUS HErepMETUYHOCTU BbISBNASIOT
NPUYMHBI U pa3pabaTbiBalOT MePbI MO €€ NMKBUAALUMN.




OcobeHHOCTM KpenJieHus
rOpU3OHTaAJIbHbIX CKBaX>XWUH

Jlo HacToslLLEro BPEMeHn B OTEYECTBEHHOW NPAKTUKE rOPU30HTAIbHbIN
YYaCTOK CTBO/I@ CKBa)XMHbI MM CTBON C 60MbLLUMM YINIOM OTK/IOHEHMS OT
BEPTUKANMN, KaK NPaBuI0, OCTAaBAS/IN HE3aLLEMEHTMPOBAHHbLIM. B
NyyLlweM cnyyae ero obcaxkmBamu KOJTOHHOW UM XBOCTOBUKOM C
LeneBMaHbIMKM GUNbLTpaMKU B MHTEpPBane NpoAyKTUBHOIO MiacTa.

OgHako 3TOT c€noco6 3akaHuYMBaHUS  CKBaXXUH UMeeT  psa
CYLLIECTBEHHbIX HEIOCTATKOB:

-[1POPbLIB Na3a UJIN BOAbI HA noboM Y4acCTKe Npm30oHTaJIbHOINo CTBOJ1d
CKBa>XHbl B UHTEPBAJ/iE NMPOAYKTUBHOIO MJ1aCTa MOXET NMPUBECTU K
noTepe CKBa>XmHbl B LIEJIOM;

-BO3HUKAIOT TPYAHONPEOAOIUMBIE MPOOJIEMbI MPU HEOOXOIAUMOCTH
CTUMYJIMPOBAHUS CKBAKMHBI MyTEM KUCIOTHOW OOpabOTKH WJIM TUAPOPA3PhIBA
MPOAYKTUBHOTO MJIACTA;

-CTAaHOBHUTCs HCBO3MO’KHBIM TOYHOC PCTYJINPOBAHUC I[O6BI‘-II/I NJIN HAIr'HCTAHU A
KHUAKOCTHU B MHTCPBAJIAX IJIACTA, UMCIOIIUX PA3JIMYHYIO IIPOHUITACMOCTbD.



OcobeHHOCTN KpenJsieHus

rop30oHTaNIbHbIX
CKBaXXUH

[lpenMyLlecTBa LeMeHTUPOBaHUSA U nepdopaLms, XOTS OHU
3HaYUTENLHO YAOPOXAT paboTbl U MOryT 3arpsA3HUTbL NAACT U
OrpaHn4nTb Temn Aobblun (MM HarHeTaHus) B HEKOTOPbIX NOpoaax
B 60pbbe C ykazaHHbIMK Bbille npobneMamMn, rnepeBeLlumnBatoT 3TU
HeOCTaTKM.

CTaHAapTHas TEXHOMOrMYyeckass ocHacTka 0b6caaHbIX KOTOHH He
obecneuymBaeT HOpManbHOW paboTbl B YC/I0BUAX, KOrAa OHa
HaxoAMUTCS B HAK/IOHHOM Mono)eHnn. O6paTHble KnamnaHbl C
HEenoANpPY>XMHEHHbIM LIAPOBbIM 33aTBOPOM MEPECTIOT HAAEXKHO
3aKpbIBATbCS, @ B MOAMPY>XXUHEHHBIX - MPU MPOMEXYTOUYHbIX
MPOMbIBKaX pa3MbIBAOTCS LUApbl M HE MEPEKPLIBAOT 3aTBOP.



OcobeHHOCT KpenjieHusa
ropu3oHTaJIbHbIX
CKBa)XVH

Ncnonb3oBaHne knanaHoB LIKOL c apoccensamMu, pacrnoioXXeHHbIMU
HUXXE LLIApOBbIX 3aTBOpPOB, obecneynBaeT 3arnosIHEHWE CryCKaeMou
06caiHOM KOMOHHbI XXWAKOCTbIO M3 CKBa)XMHbl Ha 95 % ee AnuHbI, He
oornyckas npu 3ToM cudoHa. [pu yrnax Hak/ioHa OCUM CKBaXXWHbl B
MecTe ux yctaHoBku 6onee 15...20° BO3HMKAKOT OTKa3bl: KiarnaH He
3aKpblBAaeTCA MO OKOHYaHWUU NpoAaBNMBaHUA  TaMMOHAXXHOMo
pacTBoOpa W3 KOJIOHHbI B 3aTpybHOe rpOCTPAHCTBO CKBAXWH,
TaMMNOHAa)XHbIN PacTBOP BO3Bpallancs M3 3aTpybHOro NpocTpaHCTBa B
KOSTOHHY M nogHumancs 6onee yeM Ha 100 m.

AHanNu3 MpuUUYMH OTKA30B K/larMaHOB MOKasas, 4YTO LLAPOBOWM 3aTBOP
KlanaHa nMbo TOHET, MO0 BCM/IbIBAET B OKPYXKAIOLLIEN €ro KUAKOCTH,
OTKJIOHASICb MO 3TOM MpPUYMHE OT OCU ceanla knanaHa. MNpu 3ToMm
0obpaTHbIM MOTOK TaMMOHAXHOr0 pPAacTBOpa ABWMKETCS Yepes3 K/iarnaH,
HE naBasl eMy 3arnepeTb Ceaso.



OcobeHHOCT KpenjieHusa
ropu3oHTaJIbHbIX
CKBa)XVH

icnbiTaHMa B NPOMBICMIOBLIX YCNOBUAX KnanaHoB Tuna KOOI
Nnokasasau, 4YTo B CpaBHeHUMW C KnanaHamum Tuna LUKOAM 3ToT
KnarnaH HaaeXHo paboTaeT B HAK/IOHHOM W TFOPU3OHTANIbHOM
nonoXeHuax. pu aToM Wap He MMEEeT 3aMEeTHOro M3HOCa npwu
LUMPKYNSUMM Yepe3 knarnaH abpasusBHOro 6ypoBOro pacrsopa B
TeyeHune 30 4 npu pacxoae ao 60 n/c.

ineanbHbIM  LIEHTPATOPOM SBASIETCA  XKECTKUM  CriMpasbHbIN
ueHtpatop TvMna UTT no TY 39-0147001-151-96, Hapy>XHbiu
OINAMETP KOTOPOro MeHblle AuaMeTpa pebep crabunusatopa,
npuMeHsiBWEro npu 6ypeHun CKBaXXMH. JTO  YCTPOWUCTBO
OHOBPEMEHHO BbIMNOJSTHAET PYHKUMIO TypbynusaTtopa.



Oco0eHHOCTH KpemjieHud
FOPM30HTAJBHBIX CKBaKHMH

I'Ipm LHEMEHTUPOBAHUN TOPU3OHTAJIbHbLIX CKBA>XUH KOMIMJIEKTHOE
NpUMEHEHNE NPOoAaBOYHbIX 1 HUXHUX I'I|DO6OK CTAHOBUTCH
O6FIBaTe}'IbeIM, TadK KaK Ha/imdmne ueMeHTHOro CtakaHa BHYTpU
KOJIOHHbI B Npeaenax npoaoyKTnBHOMro rnJjiacta BoobLe
Heaonyctrmmo no aKOHOMNUYECKUM C006pa)KeHVIFIM.

B HIMO "bypeHne" noarotoBneH K CEpUNHOMY MPOU3BOACTBY
KOMMNAEeKT pasaenutenbHbix Npobok KPM® 114x127, KPMd
140x146 n KPI® 168x178, KoTOpbIN NO3BONUT 3PHEKTUBHEE
MCMNO/1b30BaTb FOPU30OHTASIbHLIN YYACTOK CKBa)XWHbI B
MHTEepBasie NPOAYKTUBHOIO MN/iacta 3a CYET BKITHOYEHUS] KpoMe
BEPXHEW Pa3aAeNUTENbHON U HUXXHEN NPOBOK cneunanbHoro
KosbLo "cron".



OcnoxxHeHus Npu KpenJeHun
CKBaXXVH

HeaonoAbLEM TaMMOHAaXHOro pacTBopa
MEeXXI/1aCTOBbIE MepPeToKM
ponaonposiBlIeHNS

HeOoCNYyCK KOJIOHH

HU3Kas aare3nst TaMNoHaXXHOro KaMHs
He0/IrOBEYHOCTb TAMMOHAXHOMo KaMHs



OcnoxxHeHus nNpm
KpenJieHU" CKBaX>XuH

7
~

MpexpeBpemMeHHOE Ype3mepHas
3arycreBaHue BogooTAauva



Ocno)xHeHus Npwm

~ Kpenj1€Hn"n CKBaXXuH

Bbicokasa npoHMUaemMocCTb
LLleMeHTHOro pacTtBopa

CunbHan ycaaka

YcTtanocTHoe pa3pyLieHue
LeMeHTa




Ocno)xHeHus Npwm
KpenJieHUM CKBa)XuH

HekayecTBeHHOe

_— g » yaaneHue 6ypoBoro
- WV AR pacTBopa, (punsTpauMoOHHOM
! , _‘;‘ "y KOPKU
HenpaBunbHo * | & g
nogo6paHHas J] R . /T .
NJIOTHOCTb N S ;
HekayecTBeHHOE ﬁ%
cuenfieHne Ha e |
rpaHuLax pa3genos _‘l |




TexHuKka nepdopalunn CKBaXKmH

mco6m nepdopalry CKBaKUH
IlepBblie Tpu criocoda nepdopanmuu

e
OCYHICCTBJIAIKOTCHA HA ITPOMbICJIaX

'!opnez[Ha;I T reo(u3MYeCKMMH NAPTUSMH C

INoMOoIbIo OﬁOpy}IOBaHI/IH, HMEIIICIOoCH

_>! g;MYJIHTHBHa}I B HX PACIIOPSAKCHUMN.

—

>mponecmmpyi’maﬂ
A'HPOMCXaHI/IIIeCKa}I

I'vaponeckocTpyiiHast U THAPOMEXaHUYeCKasi mnepdopanuu oCcymecTBIASITCA
TeXHUYECKHUMHU CPeACTBAMHU U CJYKO0aMU HEPTAHBIX MPOMBICJI0B HJIH
CEPBUCHBIMHM KOMIIAHUSAMHU




[lyneBas nepdopaums CKBaXknH

IIpu nyjaeBoil mnepdopauuy B CKBAKHHY HAa JJIEKTPHUYECKOM KaldeJie
CIIyCKAETCS CTPEJSIOLIUN MYJeBO anmapar, COCTOSIIMA U3 HEeCKOJIbKUX (8 -
10) kamMop - CTBOJIOB, 3apsi’KEHHbIX NyaaMu auamerpom 12,5 mm. Kamopsbl
3apsAKAOTCA B3pbIBYAThIM BemecTBoM (BB) u neronaropamu. Ilpu momaue
JIEKTPUYECKOr0 MMIYJIbCa NMPOoucxXoaur 3aun. Ilyim nmpoOUBAOT KOJIOHHY,

HEMEHT M BHEJAPSIOTCS B IMOPOY.

CywiecTByeT ABa BuAa NyneBbix NnepdopaTopos:
nepcdopaTtopbl C rOPU30OHTaNbHbIMM CTBONaMU. B 3ToM cnyvyae [AMHA
CTBOJIOB Mafia M orpaHnYeHa paananbHbiMK rabaputaMmmn nepdgopaTtopa;
nepcdopaTopbl C BEPTUKANbHbIMW CTBOJIAMU C OTKJIOHUTENSAMU My/fb Ha
KOHUAX Ans npuaaHust Monety nynu  Hanpaenenusl, 6nu3koro K
NepneHANKYNSIPHOMY MO OTHOLLEHMIO K OCU CKBaXUHbI.

ITyneBoit nepdoparop I1b-2 coCTOUT U3 HECKOJIBKUX CEKIUM, KaXk/1as uMeeT Kamophl ¢ BB.
CTBOJIBI, 3apsDKEHBI MYJIAMHA M 3aKPBIThl T€PMETU3UPYIONIMMHU MPOKIagkaMHu. B BepxHeHn
CEKIIMH JIBa 3allaJIbHBIX YCTPOMCTBA, KOTOPhIE CpadaTHIBAIOT IIPU oAa4ue Mo Kabeao Toka. B
pe3yJibTaTe MTHOBEHHOro cropanus BB naBiieHne ra3zoB B kamope pocturaet 2 teic. Mlla,
oj ACHCTBUEM KOTOPBIX ITYJIsl BLIOPACKIBACTCS.



[lyneBasa nepdopaumsa CKBaXXuH

B mnepdoparope IIb-2 macca 3apspma BB oaHOMl kKamMoOphl
COCTaBIsACT 4-5 I MOATOMY NPOOMBHAA CHOCOOHOCTH €ro
HeBenuka. JimHa nepdopaliMOHHBIX KaHAJI0B COCTABIISIET 65 -
145 MM (B 3aBUCHMMOCTM OT IPOYHOCTH MOPOALI W THIA
nepdoparopa). [namerp kanama 12 mm.

IlyaeBoit mepdoparop ¢ BepTUKAIbHO-KPUBOJIMHEUHBIMU
creosiamu [IBH-90 umeer 00osbmuii 00beM KaMOP U AJIMHY
cTB0JI0B. Macca BB B ogHou kamope - 90 r /laBineHue ra3oB B
kamopax - 0,6 - 0,8 Teic. Mna JlnuHa nep@opalliOHHBIX
KaHAJIOB B IOpoae mosydaerca 145 - 350 mm mpu amnaverpe
0k0J10 20 MMm.

B kaxmoi ceknuu mnepdoparopa 4YEThHIpE BEPTHUKAIBHBIX
CTBOJIa, HA KOHIIaX KOTOPBIX CJEJIaHbl IJIABHBIE >KEJIOOKH -
orkJionuTesun [lynu, M3roTOBIEHHBIE U3 JIETMPOBAHHOM CTaJIH,
JUISl YMEHBIIIEHUSI TPEHUS TTOKPBIBAIOTCA MEJIbIO UM CBUHIIOM

B kaxnou cexiyu 1Ba CTBOJIA HAIPABIIEHBI BBEPX U JIBA BHU3
4TOOBI KOMIIEHCUPOBATh PEAKTUBHBIE CUJIbI, ICUCTBYIOIIME HA

nepdoparop.
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Puc. 4.6. [Ilyacsofi nep-
topatop ¢ BEpTHKAABHO-
KPHBOABHCIINME  CTBO-
Aamn




TopneaHass nepdopaunst CKBaXKuH

Topnennas nepdopanust OoCymeCTBJISETCH annaparamu,
CIIyCKaeMbIMU HA Kalejie U CTPEJIAINUMHU Pa3pbIBHbIMU |
CHapsiAaMHu JHaAMEeTPoM 22 MM. '

Buyrpennuit 3apsig BB ogHoro cHapsima paBeH 5 r Anmapar
COCTOUT U3 CEKIMH, B KaXKIOU HU3 KOTOPHIX II0 JBa
TOPU30OHTAIBHBIX CTBOJMA. CHapsj CHaOXKEH JIeTOHATOPOM
HAKOJILHOTO TuIa. [Ipyn 0CTaHOBKE CHAPSAIA TPOUCXOINUT B3PhIB
BHYTPEHHETO 3apsi/ia U PACTPECKUBAHUE OKPYKAIOIIEH TOPHOMN
nopoasl. Macca BB oxnoii kamepsl - 27 r [myOuHa KaHaJIOB
o pe3ynpraram wucnbeiTanui cocrapiasger 100 - 160 mwm,
auameTp kanaia - 22 mv. Ha 1 M qyuHBl QuiibTpa AeaaeTcs He
Oojiee 4YEThIPpEX OTBEPCTHH, TaK KakK IMpd TOPIECIHOM
nep@opalu 4acThl Caydau pa3pylieHus 00CaIHbIX KOJIOHH.
[lyneBass w  TopmeaHas  mepdopanu  OPUMEHSIOTCS
OTpaHMYEHHO, TaK Kak BCE€ OOJIbIIIE  BBITECHSIIOTCS
KyMYJISITUBHOU niepdopanueit




KyMynaTuBHas nepdopaLus

KymyasiTuBHast nepgopanus OCYILECTBJISIETCSH CTPEJAIIUMHA
nepgoparopamMu, He MMEKIIUMHU MYJIb UJIH CHAPS/I0B.

[IpocTpen mperpaabl JOCTUTA€TCA 3a CYET C(HOKYCHMPOBAHHOIO B3pbiBa Takas
(doKycupoBKa OOyCJIOBJICHAa KOHHWYECKOW ¢GopMoi MoBepxHOCTH 3apsjaa BB
OOJIMIIOBAHHOW TOHKMM METAJNIMYECKUM TMOKPHITUEM (JIMCTOBasi ME/Ib TOJIIIMHOMN
0,6 MmM). DHeprusi B3pbiBa B BHJI€ TOHKOIO ITy4YKa I'a30B - NPOJYKTOB OOJIUIIOBKU
IpoOMBAET KaHaJ.

KymynsaTuBHas cTpysi IpuoOpETaeT CKOPOCTh B TOJOBHOM YacTu A0 6 - 8 KM/C U
co3gaeT gamBiieHne Ha nperpagy ao 0,15 - 0.3 wmun. Mlla Ilpu BeICTpEne
KyMYJISITUBHBIM 3apsiIoM B Mperpajae oopaszyercs y3Kuid nep@opaioHHbIN KaHa
rnyouHoi 10 350 MM 1 AuaMeTpom B cpejiHel yactu 8 - 14 Mmm. Pa3zmephl KaHAJIOB
3aBUCST OT MPOYHOCTH MOPOJIbI U TUIIA niepdoparopa..

Bce kymynaTuBHbIE TTepPopaTopbl UMEIOT TOPU3OHTAIBHO PACTIOIOKEHHBIC 3aPSIIbI
U Pa3ICNAIOTCA Ha KOPITYCHBIE U OECKOPITYCHBIE.

KopniycHbie mepdoparopsl Mocie ux Mnepesapsja UCIOIb3YIOTCS MHOTOKPAaTHO
beckopriycHele - OJHOpa3oBoro jJercTBUsi  Pa3paboTaHbl W KOPITYCHBIE
nepgopaTopbl OAHOPA30BOr0 ASUCTBHS, B KOTOPHIX JETKHM KOPIYC M3 OOBIYHOMN
CTAJIM UCTIOJIB3YETCS JJIsl TEPMETHU3AIIMHY 3PS 0B MPU MOTPYKEHUU UX B CKBAXKUHY



KyMynatuBHas nepdopaums

[lepdoparopbl cmyckatoTcsi Ha KabOene (MMEKTCA
MajiorabaputHsle nepdoparopsl, onyckaembie uepe3 HKT, a
TaK)K€ Ha HACOCHO-KOMITPECCOPHBIX TpyOax). B mociennem
ClIy4a€  B3pbIB  MPOU3BOAUTCS  HE  BJIEKTPUUYECCKUM
uMnyiabcoMm, a copaceiBanuemM B HKT pesunoBoro 1iapa,
JICMCTBYIOILIETO KaK MOPIIEHb HAa B3PBIBHOE YCTPOMCTBO.
Macca BB 0HOTO KyMyJISITUBHOIO 3apsifia COCTABIISIET 25 -
50r

MakcuMajibHasi TOJIIMHA BCKPbIBAEMOI0 MHTEPBAJa
KYMYJSATUBHBIM nepdoparopom gocturaer 30 ™
TOpHeAHbIM - 1 M. myJieBbIM - 10 2,5 M. JTO oaHA U3
MPUYUH HIHPOKOI0 PACHPOCTPAHEHUS KYMYJIATHBHBIX
nepgoparopos.

KopniycHble nepdopaTopbl MpOCTPEIUBAIOT UHTEPBAI /10 3,5 M

3a OJIMH CITyCK. KOPITYCHBIE OJTHOPA30BOTO JAE€UCTBUA - 10 10 m
OEeCKOpIyCHBbIC WJIK JICHTOYHBIE - 710 30 M. S

Puc. 4.7. Koprniychsiii kymynsiTuBHbIN niepdoparop [TK105/1Y:
1- B3pBIBHOM MATPOH; 2 - IHYP; 3 - 3aps; 4 - SIEKTPONPOBO/I.




KyMynsaTmBHast nepgopaLus

JlenTouHble TEepdoparopbl Jierye€ KOPIYCHBIX, HO  HX
MIPUMEHECHUE OTPAHUYEHO JABJICHUAMHU W TEMIEpATYypaMHU Ha
3a00€  CKBa)XWHBI, TaK KakK B3pbIBHOM MaTpOH U
JETOHUPYIOIIUHM NTHYP HAXOAATCI B KOHTAKTE CO CKBAKUHHOU
KUAIKOCTBIO.

B nentouHoM mniepdopaTope 3apsiibl CMOHTUPOBAHbI B
CTEKJISIHHBIX (WM W3 JPyroro Marepuana), T€pPMETHYHBIX
Yalkax, KOTOPbIE PA3MEMIEHBI B OTBEPCTUAX CTAJIBHOMW JIEHTHI
C Ipy3oM Ha KoHIle. I'upisHaa cmyckaercs Ha kaOene. Ilpu
3aJITI€ JIEHTA ITOJHOCTHIO HE PA3PYILIAETCSA, HO IIJISI TIOBTOPHOTO
MCTIOJIb30BAHUS HE IPUMEHSIETCH.

Henocrtatok 0eckopmyCHbIX IepPopaTropoB  HEBO3MOXKXHOCTh
KOHTPOJIMPOBAHUSA YHUCJIA OTKAa30B, TOrNAa KaK B KOPIYCHBIX
nepdoparopax Takoll KOHTPOJb OCYIIECTBUM IIPU OCMOTPE
M3BJICYEHHOTO U3 CKBAXKHUHBI KOPIyCA..

Puc. 4.8. Jlentounsiii kymynsituBHbIN nepdpoparop [IKC105:
KH - xaGenbHBIN HaKOHEYHHUK; 1- ronoBka mepdoparopa; 2 - cTajib-
Has JeHTa; 3- HYyp; 4 - 3apsa; S - B3pBIBHOM NATPOH; 6 - rpy3.




- [ napoMexaHnyeckas
LLienesas nepdopauums

OOopynoBanue:

JUIAPOMEXAHNYECKHUE
IHEJEBBIE IIEP®OPATOPLI
II'MII102; III'MIII 114;
INI'MII127; III'MII 140/146;
II'MII1168; III'MIII 178;
I11I1-6-146; I1111-6-168
M IPyI'Ue ¢ AHAJOTHYHbIM
NPUHIUIIOM JAeCTBUSA
IlepdopaTop cOCTONT U3 WHIHHAPA C COETHHATETLHOI MY(TOil,

NOANPYKUHEHHOI'0 MOPIIHA-TOJIKATEJISA, KOPIYCa, HAKATHOIO
JAUCKa, THAPOMOHUTOPHON HACA/IKH, OIIOPHBIX POJHMKOB.




[ napomMexaHun4yeckas
LieneBasi nepdopavms
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[ napoMexaHn4yeckas
LLieneBas nepgopawus

TEXHOJIOrUSi TMAPOMEXAHWYECKOMW LLLENTEBOU NMEP®OPALIUU

Cxema npoBefeHuns rmapoMexaHuyeckom wenesoun nepdopaumm
06cafHON KOJIOHHBbI

i

1-n€6en..., — I s e 2, o A . S ... B
cneuvanbHas XUAKOCTb BCKprTVIFI 6- 3|<paHHa;| Mycha 7- I'IpOTMBOI'IeCO‘—IHbIVI
dunbTp, 8-weneson nepdopatop, 9-arperat, 10-Beptntor, 11-wnaHr, 12-cTosik



[ napoMexaHn4yecKad
LLieneBas nepgopawus

TEXHONOMMA rMAPOMEXAHUYECKOMW LLEJIEBOW NEP®OPALIUN

MMapoMexaHNYECcKnN LeneBon nephopaTtop CNyCcKaeTcs B CKBaXKuHy Ha KonoHHe HKT, B
KOMIMOHOBKY KOTOPOW BK/IIOYAETCS Ha 3alaHHOM pacCTOsIHUM OT PEXYLLEero ysna
nepgopatopa penepHas MydTa. leopumsanyeckmm METOAOM OMNpeaensoT eé
MECTONMOJIOXKEHME B CTBOJIE CKBAXMWHbI ( ur. 1). 3aTeM 3anosHAT CKBAXMHY
CreLyanbHON XNAKOCTLIO BCKPbITMA Yepes LIMPKYNALUMOHHbLIN KaHan nepcopaTopa (gur.
2) ¥ C NOMOLLbIO NOArOHOYHbIX NAaTPYOKOB HA NOBEPXHOCTW YCTAaHABNMBAIOT PEXYLLNN
y3en nepdopatopa NpoTUB HIDKHEN TPaHWLbl HTepBana nepgopauum (dur. 3). Mocne
310ro 6pocatot B HKT nepsbin Manbin wap (20-25 MM) 1 CO3AaI0T LIMPKY/IALIMIO XKNAKOCTH
Yepes rMapPOMOHWUTOPHbLIN KaHan C NepenagoM AaBfieHns Ha Hacaake 7-9 Mrla. lMNpu aTom
nepemellaoT KonoHHy HKT BBEpX A0 BEPXHEW rpaHuLbl MHTEpBana nepdopauun (gur.
4). He cHwxas naBneHus onyckaroT nepdopaTtop B MCXOAHOE MONOXeHue. Bo BpeMs 3Tou
onepaumn HabnAAT N0 NHANKATOPY BECa HaNN4umMe 3aTshkek 1 nocagok. ocne
MHOFOKpPaTHOIO NOBTOPEHUS TaKoro BO3BpaTHO-NOCTynaTtensHoro asuxeHna HKT, koraa
B MHTepBasie nepdopaunm NCYE3HYT 3aTSAKKU N MOCaAKN MHCTPYMEHTA, CO34atoT
MOBbILLIEHHOE AaBJIEHVE B HKT 12-15 MIlla n npon3BoaaT HaMblB KaBepHbl BAOSIb LLEenn
rMAPOMOHWUTOPHOW CTPYENA. BLIMOMHMB 3Ty Onepaumio, NPeKpaLiaoT LUMPKYIALmIo,
6pocatot B HKT BTOpOM 60nbLuoit wap (40-50 Mm). 3aTem nosblieHneM AasneHns B HKT
Ha 3-4 Mla co3aaéTca ycunme Ha BTY/IKE NEPENYCKHOro KaarnaHa, noa AeUCTBUEM
KOTOPOro Cpe3arTcs MeTaimyeckme WTudTbl U OHa NepeMeLlaeTcd BHU3 OTKPbiBas
OTBEpCTUS B Kopnyce knanaHa (¢wur. 5). B TakoM nonoxeHun, koraa obecneyeHa
rmapaBnnyeckas CcBsiab TPYOHOro u 3aTpybHOro NpoCTpaHCTBa, BO3MOXHO NPOBOAUTL
06paboTKy nnacTa cneumanbHbIMU XXMAKOCTAMU, Bbi3biBATb MPUTOK M UCCEA0BaTb
BCKPbITbI 06beKT. Npn He06X0AMMOCTU, MOXHO, 3KCM1yaTUPOBaTb CKBAXXMHY [0
cnepyowero KanntanbHOro PeEMOHTA.



[ MaponecKkocTpymnHas
nepdopaums

IIpun ruapomeckocrpyiinon nepdopamuu (I'TIII) pazpymenue
nperpajgbl  OPOMCXOAUT B pe3ynbrare  aOpa3uBHOTO U
TUJPOMOHUTOPHOTO  A(PGHEKTOB  BBICOKOCKOPOCTHBIX  MECYAHO-
KUJIKOCTHBIX CTPYM, BBUICTAIOIMIMX M3 HACAJOK MECKOCTPYHWHOIO
nepdoparopa, npukpemieHHoro Kk HuwxkHeMy koHity HKT. Ilecuano-
KHUIKOCTHAsi cmech 3akaumBaeTcss B HKT HacocHeIMu arperaramu
BBICOKOTO JIaBJICHUS.

[Ipu I'TIII co3panue OTBEpCTUM B KOJOHHE, LIEMEHTHOM KaMHE W
KaHaja B MOPOJE IOCTUTAETCA 3@ CUET OOJIBIIION CKOPOCTH MECYaHO-
KUJKOCTHOU CTPYH - HECKOJILKO COTEH METPOB B CeKyHay Ilepenan
nasieHus cocraspisietr 15 - 30 MIla. B mopozie BEIMBIBaETCSl KaBepHA
rpyiieoOpazHol  (Gopmbl, OOpalleHHOW Yy3KMM KOHYCOM K
nep@opalliOHHOMY OTBEPCTUIO B KOJIOHHE. Pa3Mepnl KaBepHBI
3aBUCAT OT TMPOYHOCTM TOPHBIX MOPOA, MNPOAOJIKUTEILHOCTH
BO3JICMCTBUSL Y MOIIHOCTA IIE€CYAHO-)KUJIKOCTHON cTpyu. I[lpu
CTEHJIOBBIX UCIIBITAHUSIX OB MOJYYEHbI KaHasbl 10 0,5 M.

Puc. 4.10. Atmmapar mis I'TIIT AIT-6M: 1 - xopmyc; 2 - m1ap onpecCOBOYHOTO KJIanaHa; 3 -

y3€J Hacaaku; 4 - 3ariylika; S5 - map Kjiarnasa; 6 - XBOCTOBHK; / - IEHTPATop




[MaponeckoCcTpymnHas
nepopaums

Bpemsi BO3AEHUCTBUS HA NPErpaay HE NOJLDKHO mpeBbimarh 15 - 20 MuH, Tak Kak

pu 0osiee NPOAOJDKUTEIBHOM BO3ICHCTBUU KaHAIbl HE YBEJIMYUBAIOTCS.
Annmapar AIl-6M koncrpykuuu BHHUHWU BT umeer mecrs 00KOBBIX

OTBEPCTUH, B KOTOPbIe BBUHYMBAKTCH HIECTh HACAAOK IJI OTHOBPEMEHHOI0
CO3IaHUA IEeCTH NMePPOPANUOHHBIX KAHAJIOB.

Hacaaku B cTajibHOM ONpaBe M3rOTABJIUBAKTCHA U3 TBEPABIX CILIABOB
YCTOMYUBBLIX MPOTHB M3HOCA BOAOMECYAHOU CMECHI0, TpeX CTAHAAPTHBIX
auamMeTpoB 3; 4,5 u 6 vim
MenneHHo Bpailas NeCKOCTPYMHBIN amnmapar Wikl BEPTUKAIBHO €ro nepemMerias
MOXKHO TIOJIyYUTh TOPU3OHTAJIBHBIC WM BEPTUKAJIBbHBIE HAAPE3bl U KaHAJIbI.
ComnpoTuBICHUE OOpaTHOMY TIOTOKY J>KMJKOCTA YMEHBIIACTCS W  KaHaJIbl
nosydarorcst 2,5 paza niyoke B meckocTpyWHOM ammapare MpeayCMOTPEHBI JIBa
1IapOBBIX KjlallaHa, cOpachlBAEMbIX C MOBEPXHOCTHU. J[MaMeTp HUKHETO KianaHa
MEHBIIIE, YE€M CEJI0 BEPXHEro KjamaHa, IO3TOMY HMXHHUM Iap CBOOOTHO
IIPOXOJIUT YEPE3 CEJIO BEPXHETO KilalaHa.

[Tocne cmycka ammapara, OOBSI3KM yCTbsl CKBaKHMHBI M MPUCOCAUHEHUS K HEMY
HACOCHBIX arperaroB CUCTEMa CHOPECCOBBIBACTCSA [ABJIIEHUEM, IIPEBBILIAIOIIAM
pabouee B 1,5 paza



[ MaponecKkoCTpynHas
nepopaums

ITepen onpeccoBkoit B HKT cOpaceiBaercs miap jauamverpom 50 MM OT BEpXHETO
KJjiarnaHa Jisi TepMeTru3anuu cuctembl Ilociie ompeccoBKHM 0OpaTHONW MPOMBIBKOM,
BEPXHUK IIAp BBIHOCHUTCS Ha IOBEPXHOCTh M u3BIeKaercsa. 3arem B HKT
cOpachIBaeTCsl MaJIbIl - HW)KHUN 11ap, U OPH €ro MOCajKe Ha CEIJI0 HarHeraeMmasi
XKUIAKOCTh IIOJIy4aeT BBIXOJ TOJILKO 4epe3 macanaku. llocne artoro mpoBoautcs
nepdopanusa 3akaukoi B HKT Bogomecuanoit cmecu. KoHueHTpaius mecka B
sxunkoctn coctasiger 80 - 100 kr/v” Ilpm meckoctpyitnol nepdopanmn HKT
UCIIBITHIBAIOT OOJIBIIINE HAITPSYKCHUS.

['MapaBianyeckue nmoTepu Mpu rupoIrecKOCTPYMHON nepdopaiuy CKIagbIBArOTCS
U3 CIEAYIOUIUX: P1 - morepb maBieHus Ha Tpenne B HKT mpm nBuxennm
MECYaHO-KUJIKOCTHOU CMECH OT YCThs JO MECKOCTPYyHUHOrO anmapara AP - morepp
JIaBJICHUS B HACAJIKaX, ONMPENCISIEMbIX 110 IpadMKaM WM PacueTHbIM myTem; P, -
NOTEPh Ha TPEHUE BOCXOAIIETO IOTOKA >KHUJIKOCTH B 3aTpyOHOM KOJIBIIEBOM
npoctpanctee. P, - TpOTHBOAABICHUS Ha YCThC CKBOXHWHBI B 3aTPyOHOM
IIPOCTPAHCTBE.

Tak kak rugpocrarndeckue aapieHus KuAkocTu B HKT u xonbiieBoM
MIPOCTPAHCTBE YPABHOBEIIECHBI, TO NABJICHUE HATHETAHUS HA YCThHE Py OyZIeT paBHO
CyMME€ BCEX MOTEPb:



[ MaponecKkocTpymnHas
nepdopaums
P, =P, + AP+ P, + P;
Bennuunna P onpenensiercst o hopmyaam TpyOHOM THIPaBIHKH
L v;
ds 29

e k03(GUIUEHT TpeHHUs A ompeaenseTcs yepes 4nuciio Re, HO yBennuuBaeTcs Ha

P =A- Pd

15 - 20% BcaeacTBHe NPUCYTCTBHA mecka B xuakoctd; L - mmmua HKT; ds -
BHyTpeHHuU muamerp HKT; vr - nunennas ckopocte mortoka B HKT, vr =

4Q/(ndB?); P - INIOTHOCTH MECYAHO-KUIKOCTHOM CMECH.
Benmnunna AP ompenensiercss mo rpadukam. Benwuwna P, ompenensercst 1o
dopmysie TpyOHON THUAPABIMKU [JIS JBMOKECHUS >KUJAKOCTA IO KOJIBIIEBOMY

IPOCTPAHCTBY
L V2

D,—d, .Zg'pg

P, =(1,15+1,20)-A-



MAponecKkoCcTpynHas
nepgopaums

rie DB - BHyTpeHHMit AuaMeTp 00CaaHoM KoNOHHEL, 1 - HaApyKHBIN TUaMeTp
HKT.

Vi = 4Q/(m(DB* - du?)) - nuHElHAs CKOPOCTh BOCXOIAILETO IOTOKA KHUKOCTH B
KOJIBLIEBOM MPOCTPAHCTBE, KOTOpAsk HE J0JDKHA ObITh MeHbIIE 0,5 M/C 771 HOJIHOTO
BBIHOCA TIE€CKA U MIPEAYHPEKICHUS ITpUXBaTa Tpyo.

CyMMapHbIM pacxoJl XKUJKOCTH PABEH NPOM3BEACHUIO YHCIA JCHCTBYIOIINX

HacaJIo0K N Ha PacXoll )KUJKOCTHU Yepe3 OHY HACAIKY (K
Q =(y N

HwxHuii npenen mepemnagoB J0KeH oOecrneunTh 3G(MEKTUBHOE pa3pyIlICHUE
KOJIOHHBI, [IEMEHTHOI'O KaMHS ¥ IOPOIbI
- He MeHpmie 12,0 - 14,0 MlIla nag 6-mMm Hacagok u 18,0 - 20,0 MIIa niusa
Hacauok 4.5 u 3 M.
° MpU OOJIBIION MPOYHOCTH TOpPHBIX mopox - 18,0 - 20,0 Mlla mis 6-mm
Hacaaku u 25,0 - 30,0 MIla gnsa 4,5-u 3-MmMm HacagKw.



[ MaponeckocTpymnHas
nepdopaums

LM [ g, n/c f
230 & s b
200} 4 ,
150} 31— =2
100 2 —
50} 1144 — o
0 10 20 47, M

Puc. 4.9. 3apucuMoCTh pacxoaa BOAONECYAHOM CMECH (5K U INIYOMHBI 00pa3y0IInXCs
KaHAJIOB Ik oT mepenana naBijenus AP B Hacaake quist Tpex ee nuameTpon 3; 4,5 u 6
MM:

1-qx=1f(AP) nmad=6mm; 2-qxk=1(AP) nmad=4,Svm; 3 -qk=1(AP) naa d
=3MM;4-lk=Ff(AP) qaasd=6mm; S-Ik=1f(AP) qaa d=4,5 mm; 6 -1k =1 (AP)
mas d = 3 mm.



MAponecKkoCcTpynHas
nepdopaums

JInsi TouHOM yCTaHOBKHM mepdoparopa ITPOTUB rﬁ";.
HYKHOro nHTepBaja npumeHstoT B HKT mydry-penep " 4
- kopotkuit (0,5 - 0,7 M) marpyOOK C YTOJIICHHBIMU |
credkamu (15 - 20 MM), KOTOpBIi yCTaHAaBIMBAOT g 2 /1
BbIIIIE TIepdopaTopa Ha OAHY - JABE TpyObl. Ilocie
cnycka konoHHel HKT B Hee omyckaror Ha kabeme g4 "
reoU3nYEeCKuid  MHAWKATOp, pearupyromuil  Ha /
yTonmieHue wmeramia. I[lomyyas  oTMeTky MyQThl- 63—+
periepa, ONpEACAIOT MOJOXKEHHE IepdopaTopa IO 7//
OTHOIIEHHUIO K pa3pe3y MPOAYKTHUBHOrO rmiacra. Ilpm 42 //
3TOM HAJ0 YYUTHIBATH JOIOJHUTEIBLHOE YIJIUHCHUE . /
HKT nipu co3ganvum B HUX HaBJICHUS. OTO YIJIMHECHHUE, o
MPOMOPIHUOHAIBHOE HArpy3Ke, ompezenseTes @
dopmysoit I'yka (uHoraa gocruraetr 1 m) S w15 20 g/

Puc. 4.11. Ilorepu naBieHus: B Tpy0ax U MEKTPYOHOM IIPOCTPAHCTBE MIPU
P . F . L MIPOKAYKe BOJAONECYaHOU cMecH Ha Kaxkable 100 M THHBL:
y 1 - nna 140-mMm xosmonnsl U 73-mMm HKT; 2 - nig 140-MM koJIOHHBI U 89-MM
AL — E f HKT; 3 - nna 168-mm xomouasl U 73-mM HKT; 4 - ni1g 168-MM KOJIOHHBI U
T-Z 89-mm HKT




[ MaponeckoCTpynHas
nepdopaums

IIpu I'TIIl npuMeHsieTcs TO Ke 000pyl0BaHHME, KAK U MPH TUAPOpPa3pbiBe
iacTa. YCThe CKBaKMHBI 000pYyayeTCsl cTaHaapTHOUM apmarypoi tumna 1AY-700
paccuuTaHHoM Ha pabouee paBinenue 70,0 Mlla. [Jnsg npokadykd mecyaHo-
KHUJIKOCTHOM CMECH MCHOJB3YIOTCI HACOCHBIC arperarbl, CMOHTHPOBAHHBIC Ha
miat@opMe  TSKEIbIX Tpy30BbIX aBromooOunen 2AH-500 wnum  4AH-700,
PA3BUBAIONINE MAKCUMAJIbHBIE HaBJICHUS COOTBETCTBEHHO 50 wn 70 Mlla. Ilpm
MEHBIIUX JABJICHUSAX HCIIOJIb3YIOT IEMEHTUPOBOYHBIC arperarbl. Yucio arperaron
n OmpeAcaseTCs] KaK YacTHOE OT ACJACHHS OOIel HEOOXOAMMOM TMApaBINYECKOM
MOIITHOCTH HAa THUJPABIMYECCKYI) MOIIHOCTh OJIHOIO arperara, Npa4eM JUJIs 3amaca

OepeTcs ellle OJIMH HaCOCHBIN arperar, Q P
y
N = +1
n-: qa | F)a
rae Q - cyMmapHbIi pacxoq KuakocTtu; Py - maBieHne Ha ycTbe CKBaOXUHBL, (a -
moagadya OJIHOI'O arperaTa; Pa - JAaBJICHHUC, paBBI/IBaCMOe aneFaTOM; T] -

KOA(PUIIMEHT, YUUTHIBAIOIINN U3HOC HACOCHBIX arperatoB 1 = 0,75 - 1. Arperar
4AH-700 cnHaOGxeH jguzeneM MomHOCTRIO 588 kBt mnpu 2000 006/MuH,
TpeXmIyHKepHbIM HacocoM 4P-700 ¢ muamerpamu mnyHxkepoB 100 umm 120 mm
Xon muryHxkepa 200 mwM.



[ MaponecKkocTpymnHas
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Xapakrepuctuka HacocHoro arperara 4AH-700

q TeopeTuyeckan
c gakrata nomada, J/c, IpH Haenenue, Mlla | * [Jpumevanue:
- PORTE Bp?ﬂi::H ETYNKaX K. II. 1. arperara - 0,83;

’ 100 mm | 120 mm | 100 mm | 120 mm | K03QGUIMEHT HANOTHEHNUS -

1 20 6.3 9 71,9 500 | U
4aCTOTa BpalllCHUA BaJia

g 12? 182’50 ﬁg g?j ggg nurarenas - 1800 1./mum.
4 192 15,0 22,0 29.8 20,7

[TecuaHO-)KUAKOCTHASA CMECh TOTOBUTCSA B MECKOCMECUTEJIbHOM arperare 2[[A;
3I1A u jp. , KOTOPBIHA IpescTaBiseT co0oi OyHKep Ul Mecka eMKOCThIo 10 M° ¢

KOHUYECKMM JHOM. B HmxHeWl 4yacTu OyHKepa yCTaHOBJIEH ITHEK. CKOpOCTb
BpalllcHUsl IIIHEeKa CTylneH4yarto u3MeHserca oT 13,5 o 267 ob6/mun B
COOTBETCTBHM C ATHUM Iojla4ya Mecka uaMeHsercs oT 3.4 jio 676 kr/muH. Arperar
cHaOxkeH HacocoMm 4HII (nacoc 1eckoBbiii) HA3KOTO MABICHUS U1 TNEPEKauKd
EeCYaHO-KUJKOCTHOM cMecHu. byHkep co BceM 00OpYyAOBaHMEM CMOHTHPOBAH Ha
IIACCH TSAYKEJIOrO0 aBTOMOOMIIA.



[MaponeckoCcTpymnHas
nepopaums

CnenuanbHble pado4Yue KUJKOCTH 3aBO3AT HAa CKBAXXUHY ABTOIMCTEPHAMHU WJIA
NMpUroTaBIuBaloT B Hebonpmmx (10 - 15 M’) eMKOCTAX, YCTaHOBIEHHBIX HA
cajja3kax. B O0OBSI3Ky MOBEPXHOCTHOIO OOOpPYIOBaHUS MOHTHUPYIOT (PUIBTPHI
BBICOKOTO JIABJICHUS - [IJIAMOYJIOBUTEIIH, MPEAYNPEKIAOIINE 3aKYyOPKY HACAIO0K
KPYITHBIMM YacTUIlaMu Opobl. IlecuaHo-)KUAKOCTHASA CMeCh T'OTOBUTCS TPeMs
cnocodamu:

« C MOBTOPHbIM UCMNOJZ1Ib30BaHMEM NECKa U XXUAKOCTU
(3akonbLOBaHHAsA cxeMa);

« €O c6pocomMm oTpaboTaHHOIroO NeckKa Cc NOBTOPHbIM
MCNOJ1Ib30BaHMEM XXUAKOCTH;

« CO COpPOCOM XXMAKOCTU U NecKa.
Hauobos1ee 53KOHOMUYHA 3aK0JIbIOBAHHAA CXeMa, IIPH STOM PACXOAbI )KUJIKOCTH U
necka MUHHMAalbHBIC. [IpM MCMONB30BaHMM CHENHUATbHBIX JKHUIAKOCTEH (HE(TH,
PacTBOP KHCJIOTHI, TIIMHUCTHIA PacTBOP U JIp.) HE 3arpsi3HsaeTcs tepputopus. [lpu
paboTe 1o KoJNbLEBOI cxeMe B cpenHeM pacxomyercs 20 m> Boasl u 4,1 T necka, a
IpH paboTe co cOpOCcOM BOBI U MECKA HOTpeboBanock 275 M° Boasl U 14 T necka



[ MaponecKkocTpymnHas
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B kadecTBe paboueil UCTIOJIB3YIOT
Pa3IMYHbIC KUJIKOCTH, UCXOJS U3
yCJIOBUS ee JCIICBU3HBI,
IpEe0TBPAILICHUS YXYALICHUS
KOJUIEKTOPCKUX CBOWCTB ILJIACTA U
OTKPBITOTO (OHTaHUPOBAHUSI.
His nemen [T ucnonb3yror
BOLY, S - 6%-HbIM PpacTBOp
MHTUOMPOBAHHOM COJISTHOM
KHUCJIOTBHI, JIETa3uPOBAHHYIO
HEe(Th, MJIACTOBYK) CTOUYHYIO WJIU
conenyro Boamy ¢ ITABawmwn,
IPOMBIBOYHBIN pacTBOp Eciu
MJIOTHOCTD KUJKOCTH  HE
oOecrieurBaeT NIYIICHWE CKBa-
KUHBI, TOOABISAIOT YTSKEIUTEIN:
MeJl, OGHTOHUT U JIp

De

Puc. 4.12. CxeMa 00BSI3KH TTOBEPXHOCTHOTO 00OPYIOBAHUS
npu padoTe no 3aMKkHyToMy 1ukiy: 1 - AH-700; 2 - 11A-320;
3 - IJTAMOYJIOBUTEIb; 4 - TECKOCMECHUTEND; 5 - EMKOCTb; 6 -
CKBaXKHHA; 7 - 0OpaTHBIN KJlalaH; 8 - OTKPHIThIE KPaHbI; 9 -
3aKpBIThIC KPaHbI




[MAaponecKkoCcTpymnHas
nepopaums

O0beMm padoued KUAKOCTH NpuUHMMaercss paBHbiM 1,3 - 1,5 o0bema
CKBAKMHBI IIPH padoTe M0 3aMKHYTOMY LHUKJIY.

Ipouecc I'TIII cBsizdaH ¢ padOTOl HACOCHBIX arperaroB, Pa3’BUBAKOMIUX
BbICOKHE [ABJICHUHA, U B HEKOTOPBIX CJY4YassX C INPUMEHEHHEM TCOPAYHUX
skuakocren. IloaToMy mnpoBeaeHue padoOT periiaMeHTHPYETcsl O0COObLIMHU
NPaBUJIAMH 10 OXPaHe TPYyIAa U MOKAPHOH 0e30MACHOCTH, HeCOoOJIoIeHue

KOTOPBIX MOKET MPUBECTH K 0YCHb THKEJIbIM MOCJIeICTBUAM.

IleckocTpyiiHass nepgopanus B OTJIHYHE OT KYMYJIATHBHOM WUJIH IIyJIeBOM
nepopanuu MO3BOJHET MOJYYUTHh KAHAJBI C YHUCTOM IMOBEPXHOCTHI0 W
COXPAHUTh MPOHMUIAEMOCTh HAa OOHAKEHHOW TMOBEPXHOCTH ILIACTA.
I'poMo3aKOCTh omepanuu, 3aeMCTBOBAHNE MOIIHBIX TEXHUYECKHUX CPEICTB H
00JBbHIOT0 YMCIAAa OO0CIY:KUBAKOIIET0 MEPCOHAJNA ONPeNeJsa0T 0BOJbHO
BbICOKYI0 CTOUMOCTH 3TOI0 crocoda nep¢opamuu U CAEPKUBAOT ee HIHUPOKOe
NMPUMEHEHME 10 CPABHEHUIO C KYMYJIATUBHOUN nepgopamuei.



BbI3OB MNMPUTOKA N3 TJ1IACTA

ycnosue BbI30Ba NpUTOKa M3 nnacta P, < P
[1ebuT npu BbI3OBE NPUTOKA ONpeaenseTcs BENNYNHOU
penpeccum AP = P_— P_ 1 BbluMCiIsSieTca no hopmyne
[lronton:

Nl

Q,= » :
,u{lnlgg’“r C,+C, + C3]

[lenpeccus npu BbI3OBE NPUTOKA MOXET 6bITb 60sbLLE YeM
Npuy aKcnayaTauum, YTo CBA3aHO C HEObXOANMOCTbIO
OYNCTKN NMpr3aboMHON 30HbI OT 3arpsA3HAOLLMX NPUMECEN.



BbISOB INMPUTOKA U3 MNMJTIACTA

Ans OTKPbITOro 33605 B NMOPOBOM KOJIJTIEKTOPE BEJIMYMHA AENPECCUN TMNMPU BbISOBE MPUTOKA
OrpaHNYMNBAETCA NMPOYHOCTbIO NMNecyYaHUKa.

AP <0/2-Kke (Pro ,—P_)
[ne: 0 - NPOYHOCTb NecyYaHMKa Ha OD,HOOCHoe oKaTtue;
k — ko3 duumeHT 6okosoro pacnopa k = p/ (1-p), M - KOapduumeHT lNyaccoHa.

[ins yCTONYMBOrO TPELLMHHOIO KOSIJIEKTOPa OrpaHNYeHnst Aenpeccn CBA3aHbl C BO3MOXHOCTbIO
3aKpbITUS TPELLMH 3a CYET nepenaaa AaBneHusa Ha M3M u paccunTbiBaeTcs No gopmyne:

AP < OeE / 4ele(1-u?)
[oe: O - 3a30p (pacKpbITUE) TPELUNH;
| — onvHa TpewuH;
E — Moaynb ynpyroctu nopoasi.

[ns 3aKpbITOro 3a60s oOrpaHNYEHNs Ha BEMMUYNHY AENPECCUN CBA3AHbI C BO3MOXKHOCTbIO
Pa3pyLIEHNS LLEMEHTHOIO KaMHS M ONpeaensitoTcs no hopmyne:

= AP < (gradP —gradP )e h

fpe:gradP - LI,OI'IYCTVIMbIVI rpap,meHT [AaBneHus Ha ueMeHTHYto obonouky (He 6onee 2,5
MI'Ia/M),
h — paccTosiHMe OT noAowBbl NfacTa Ao NepBoro nepgopaumMoHHOro OTBEPCTUS.

Onsi npeaoTBpaLleHns BblAENEHNS ra3a B Npu3aboiHOM 30He NacTa Aenpeccuio orpaHUyYnBatoT
cneayowmMmn ycroBUsIMU:

MNpn ob6BoAHEHHOCTN HepTn > 3 % AP = Poon = 0,6 e P
B octanbHbIX cnydasax A P = P,qon Hac.ras
Fne: P .. — O3B/EHWE HACbILWEHNS HETU MOMYTHLIM ra3oM

Kpome Toro, Aenpeccus npu BbI3OBE NPUTOKA He AOJIXHa NpeBbIaTh AENPECCUIO,
MCMOJIb30BaHHYIO B pacyéTtax 3KCI'IJ'IyaTaL|,MOHHOVI KOJTOHHbI Ha NpoYyHoCcTb A P

AP<AP

pacy

Hac.ras

pacq



BbI3OB INMPUTOKA U3 TJIACTA

= Cnocobbl BbI30Ba NMpUTOKa

B ocHoBe Bcex crnocoboB Bbi30Ba NPUTOKA SiEXaT Tpu

TEXHO/I0MMYECKUX NMPUEMa Cco3aaHUa Aenpeccnm Ha I'IpOLI,YKTVIBHbIVI
NaacT.

YMeHbllUeHne NAOTHOCTU XXUAKOCTU B CKBaXXUHE;
CHumXeHune YPOBHA XNAKOCTU B CKBA>XXUHE,

CHM)XeHMe naBneHus B MHTepBasie NPoAyKTUBHOMO niacTa C
MOMOLLbIO CTPYMHbIX HACOCOB

Bcero n3sectHo 60nee 20 cnocoboB BbI30Ba NPUTOKA, B KOTOPbIX

MCMONb30BaHbl MEPEYNCIIEHHbBIE TEXHOIOMMYECKME NMPUEMBI CO3AaHUS
[NENPECCUN Ha NPOAYKTMBHBIM NAacT



BbI3OB INMPUTOKA U3 MNMIACTA

= DBbI30B NpnTOKa NYTEM 3aMeLlEeHUA XXUOKOCTU B

3KCI'IJ'IyaTaLI,l/IOHHOl71 KOJIOHHE
Ha ycTbe ycTaHoBNEeHa poHTaHHasa apMaTypa ¢ TpybHom ronoBkon. B
CKBa)kMHy cnyuieHbl HKT a0 ypoBHS nepdopaLMOHHbIX OTBEPCTUI. 3aTpybHOoe
NPOCTPaHCTBO 06BA3aHO C HACOCHbLIM arperaToM. B 3aTpybHoe
NPOCTPAHCTBO 3aKAUMBAKOT XKMUAKOCTb MEHbLLEN MIOTHOCTU, KOTOPAst CO3AaET
rmapocTaTMyeckoe gaB/ieHne MeHblle naactoBoro. Xuakoctb 3 HKT
CNMBaeTcs B COOpHY0 EMKOCTb. Koraa »XnaKoCTb MeHbLUEN MIOTHOCTY
OOCTUIHET 3ab0s1, HAUMHAIOT CHUXXATb NoAavy HAaCOCHOro arperaTta, CHMXas
rMapoavHaMUYEeCKyo COCTaBNAIOLWYHO AaBMeHUA Ha nnacT. [1pu
BO3HMKHOBEHMM AENPECCUN HA MIACT, NIACTOBbIA (b/itona HaYMHAET
NOCTynas B CKBaXWHY mn3nueasicb Yepe3 HKT B cOOpHYtO0 EMKOCTb.
BennuunHy aenpeccumn perynmpyroT NIOTHOCTbIO NIErKOW XXMAKOCTH, a
NpOTMBOAABNIEHNE Ha NNACT NOAAYen HAaCOCHOrO arperata U AIMaMeTpoM
HKT.
OTOT crnocob NpUMeHsItOT 0bbIYHO B CKBaXkKnHax ¢ ABI/.



BbI3OB INMPUTOKA U3 MJACTA

= BbI30B NpUTOKa 13 N/1acTa METOAOM a3paLUnn XXUAKOCTU
OCBOEHUA

Ha ycTbe ycTaHoBNneHa pboHTaHHas apmatypa ¢ TpybHown ronoskon. B
CKBaXXnHy cnylieHbl HKT. 3aTpybHoe npocTpaHCTBO 06BsI3aHO vepes
a3paTop C HAaCOCHbLIM arperatoM U KOMMNPEeccopoM, HarHeTaroLwWwmnM
ra3006pasHbIN @30T NN BO3YX C NMOHMXEHHbIM COAEPXXaHNEM KUCIOPOAa.
BMecTo koMnpeccopa MOryT NMpUMeHATLCA 6anioHbl € ra3006pasHbIM
a30TOM. NS CHMXKEHUS MNIOTHOCTM XWAKOCTN, NOCTYMNAloWEN B CKBaXXUHY B
aspaTope CO34AETCA ra30XKMAKOCTHAA CMeCb, KOTopas ABUrasdchb no
KOMbLLIEBOMY NPOCTPaHCTBY AaocturaeT 6awmMaka HKT v ganee yxoaut yepes
HKT n ¢poHTaHHYIO apMaTypy B COOpHYIO EMKOCTb. ['napocTaTnyeckoe
NAB/IEHNE a3PUPOBAHHOM XMAKOCTW MMABHO YMEHbLLUAOT, YBENNYNBAS
nogayvy pabouyero rasa. C BOSHMKHOBEHMEM AEMNPECCMM MNACTOBbIN hona
HaYMHAET NMOCTyNaThb B CKBaXXMHY U Yepe3 HKT B cbOpHYyt0 EMKOCTb.

HepocTtaTtok aaHHOro crnocoba 3akio4vaeTcs B HECTabunbHOCTH
a3pNPOBAHHOM XWNAKOCTH.



BbI3OB INMPUTOKA U3 MNMIACTA

= BbI30B NMp1TOKa M3 niacta 3aMEeHOWN XXUAKOCTU B
CKBa)XMHEe Ha ABYX(da3HY0 neHy

[aHHbIM Cnocob SBNSETCH pa3BUTUEM METOAA a3paLiMn XNAKOCTU
OCBOEHUSA. TexHOMorms 34ecb OTIMYAETCH TOJIbKO TEM, YTO B XKMAKOCTb
OCBOEeHMS A06aBNSAIOT NOBEPXHOCTHO-aKTUBHOE BELLECTBO, HanpuMep
cynbdaHon B konnyectse 0,1 + 0,3%. Ha Bbixoae aspaTopa nosiy4aeTcs
NOCTaTOYHO CTabuibHas NeHa MNIOTHOCTb KOTOPOW NErKO perympyeTcs
COOTHOLLIEHMEM ra3a M Xuaxkoctu B npeaenax 200 + 800 kr/m>.

B sToM cnocobe, nocne AoCTMXeHns TpebyeMon aenpeccmm LMpKYI[aumLo
NpeKkpaLaoT Ha 2-3 Yaca B OXMAaHUM MpUTOKa niactosoro dgpnovaa. Ecnu
NPUTOKa HEeT, UMPKYIaLUUI0 OCTaHABNMBAIOT.

IMeeTcs pa3HOBWAHOCTb 3TOrO METO/A, B KOTOPOM BMECTO aspaTopa
UCMNOMb3YIOT KEKTOP. MpUMEHEHME I)KEKTOPA MO3BOSIAET UCMOb30BATb
A1 HArHETaHMSA rasa KOMMNpPeccop CpeaHero AaBfeHusl, Tak Kak caMm
IKEKTOP ABMSAETCA CTPYMHBIM HACOCOM, PaboTaOLLMM 33 CYET SHEPrUm
CTPYM XXWAKOCTN OCBOEHMS.



BbI3OB INPUTOKA U3 TJIACTA

= CxeMa 06BSI3KM YCTbSI CKBAXXWMHbI U HA3EMHOIO
06opyaoBaHNSA NpU BbI30BE NPUTOKA FrA3MPOBaHHbLIMU
XUAKOCTAMU U ABYX(a3HbIMU NMEHAMM
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Cxema 00BA3KMN Ha3eMHOoro
o6opyaoBaHUSA U YCTbSA CKBaXXUHbI:
1 - UEeMEHTMPOBOYHLIN arperat; 2 -
NUHUA ONs nogaym neHoobpasytoLen
XNOKOCTN; 3 — asparop (dKEKTop); 4 -
MaHoMeTp; 5 - 8, 13, 15 - 3agBwxkn; 9
- 3armnywka; 70 - BbIGpoc neHbl; 11 -
HakonuTenbHass  €MKOCTb; 12
HedTenpomMsICroBbIN KomnnekTop; 14 -
aKcnnyaTaumoHHasa KoOsioHHa; 16 -
neHonposoa; 17 - obpaTHbI KnanaH
axekTopa; 18 - sosgyxonposon; 19 -
KomMmnpeccop



BbI3OB INPUTOKA U3 TJIACTA

=« BbI30B NPUTOKA 3a CYET CHMXXEHUS YPOBHS
nopLHeBaHneM (CBabnpoBaHNEM)

Ha ycTbe ycTtaHoBrneHa qoOHTaHHasa apmMmaTypa ¢ TpyOHOW ronoBKowu,
OCHaLEHHaga NnybpnkaTtopom. YpOBEHb XNUOKOCTU B CKBAXXNHE
CHWXXaKT Npu NomMoLLu cneuunanbHoro, cnyweHHoro B HKT, nopLuHs
(cBaba) c obpaTHbIM KrianaHoMm, 4OMyCKaloLWUM NePETOK XNOKOCTU
Yepes MNopLUEHb TOSTIbKO B O4HOM HarnpasfieHUn Npu Cnycke ero B
CKBaXXWHY. [lnameTp NOpLUHSA BbIOMpatoT No guameTpy Tpyb ¢
MWHUMAITbHBIM 3a30POM.

[TopLueHb, 3aKpenseHHbIN Ha wWTaHre, crnyckatoT B HKT Ha cTanbHOM
KaHaTe npu nomMmoLum nedegkm nogbemHoro arperata Ha 100-300 m
nod YPOBEHb XNOKOCTU U C MakCUMaribHO BO3MOXXHOWN CKOPOCTbIO
NoAHNUMAKOT BBEPX, yOaslAA N3 CKBaXXUHbI XXUOKOCTb, HaXo4sALLYyCH
Hag NOpLUHEM. OTU ornepaumn NOBTOPSIOT A0 CHMXKEHUS YPOBHA Ha
3aJaHHyo rmyouHy unu go nony4vyeHus nnacrtosoro dpntounaa. lNocne
nony4vyeHunst nputoka ceab BbiBOAAT U3 HKT B nybpukaTop.



BbI3OB MNPUTOKA U3 TJIACTA

= BbI30B NpuTOKA CHINKEHWEM YPOBHS MPY MOMOLLM BO3AYLIHOW NOAYLIKY

CornacHo 3ToMy MeToay KonoHHY HKT onyckaloT 40 BEPXHMX OTBEPCTUM nepdopaumi, a
KOMIMPECCop W HACOCHbIM arperat 06Bs3bIBalOT C 3aTPYOHbIM NPOCTPAHCTBOM MpU MOMOLLN
yCTbeBOro 06opyaoBaHus (pwc).

Bbi30B NpUTOKAa M3 NJ1acTa METOAOM BO34YLUHOM
NOAYLUKM:

a - HarHeTaHne BO3ayxa KOMNPEeCcopoMm; 6 - 3aKkaunBaHue BOAbI
Ha BO3AYLUHYIO NMOAYLLKY HAacocoM; 1 - akcnayaTauuoHHas
KONMOHHA; 2 - HKT; 3 - BO34lyX, HarHeTaeMbli KOMMNpeccopoMm; 4 -
yCTbeBasi apMaTypa; 5 - 0bpaTHbIl KnanaH; 6 - komnpeccop; 7 -
HaCOCHbIN arperaT; 8 - BoAa, 3anosiHsoLWas CKBaXMHY A0 Havana
HarHeTaHusa Bo3ayxa; 9 - NpoayKTUBHbLIM nnacT; 10 - Bo3aylUHas
noaywka; 11 - Boaa, 3akadaHHasi Ha BO3AYLUHYHO NOAYLUKY
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« B 3arpybHOe NpoCcTpaHCTBO KOMMPECCOPOM HarHeTarlT BO34yX, BCneACcTBue Yero obpasyercs
BO3AYLUIHas noAylika. MoToM KOMMNPEeCCcop OTK/OYAOT U NP MOMOLLY LIEMEHTMPOBOYHOMO
arperarta 3aKauuBaioT B 3aTpybHOe NPOCTPaHCTBO ONpeAeneHHbIi 06beM BOAbI (B 3aBUCMMOCTY
OT 3annaHMPOBAHHOM FNYOUHbI CHUXXEHUST YPOBHS). Boay 3akayMBaloT C TakOW CKOPOCTbIO,
4TO6bl NY3bIPbKX BO34YXa HE MOI/IM NepeMeLlaTbCsl BBEPX M HaKanIMBaTbCs B 3aTPyOHOM
MPOCTPAHCTBE OKOJI0 YCTbs CKBaXMHbI. K MOMEHTY NpeKpalleHnst HarHeTaHus BoAbl ee CTosb
Had BO3AYLUHOW MOAYLLIKOM AOCTUraeT BbiCOThbl ?. CyMMapHas BbiCOTa CT0/16a XXNAKOCTU U
cTonba okaToro Bo3ayxa A0/MKHA bbiTb 6onbLue FJ'Iy6VIHbI CHM)XEHUS YPOBHSA B CKBaXXMHeE,
HEobXoAMMOro Ans NosyYeHns NPpUTOKa U3 NPOAYKTMBHOMO nacra. flocne npekpalleHus
noziaumn BoAibl 3aTpybHOE NMPOCTPAHCTBO HA YCTbe BbICTPO COEANHSIOT C aTMOCHEPON, 1
XXNOKOCTb, COAEPXallasicsa Haj BO3AYLLUHOW NOAYLUKOW, Nod AEACTBUEM SHEPTUN CKATOro
BO34yXa Bbl6paCbIBaeTC$I N3 CKBaXXUHbI.



BbI3OB INMPUTOKA N3 TMJ1ACTA

BbI30B NpUTOKA CHUXXEHWEM YPOBHS C MOMOLLLIO MYCKOBbIX
KflanaHoB uin Myt

CornacHo 3TOMy MeToAy MpUTOK B
. — CKBQXXMHY [AOCTUraloT MyTEM CHUDKEHUS
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ez HKT, TO npu ero OTKpbITUM ras wu3
3aTpybHOro npocTpaHCcTBa MOCTYNUT B
KOMMOHHY W BbITECHUT  >XWAKOCTb,
HaXOAsLLYOCA HaA K/ianaHoM.




BbI3OB INMPUTOKA U3 MNMJIACTA

= BbI30B NpUTOKa CHMXXEHMEM AAB/IEHNS HA NPOAYKTUBHbIN

N1acT C MOMOLLbIO CTPYMHbIX annapaTos
BbI30B NpMTOKa NPW NMOMOLLM CTPYMHbIX annapaToB 06ecneynBatoT NyTeM
CHW)XEHWUS AABNIEHMS B NOANAKEPHOW 30HE A0 3HAYEHWUN, MEHBLUNX
rMapoOCTaTMYECKOro, co3aaBast Tpebyemyto aenpeccuio. Jenpeccuto
NOAAEPXKMBAIOT Ha MPOTSHKEHUN 3anaHNPOBAHHOIO BPEMEHMW.
CTpyWHbIM annapaT BbINONHSAET PYHKLMIO HAacoca, CO3AatoLEro pa3psKeHne 3a
CTPYEW Ha BbIXOAE HAcaaKM

| \

CxeMa CTpyMHOro annapara:
1 - paboyas Hacagka; 2 - KaMepa cMelmBaHusa ¢ anddysopom



DDIODUD 1IFTVITVINA VIO T IJIACI A

Bbl30B MPUTOKA CHMXXEHUEM AABMEHNS Ha NPOAYKTUBHbIA NNacT C
MOMOLLLbIO CTPYMHbIX annapaToB
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YCTPOMCTBO 2)KEKTOPHOE ANnga
OCBOEHMS CKBaXXUH YI0C-2:
1 - KOpnyc; 2 - 3XEKTOPHbIA HACoC;
3 - ypaBHUTENbHbIN KnanaH

CxeMa 06Bsi3KM Ha3eMHOIro U Noa3eMHOro o6opyaoBaHus nNpu
nposeaeHun pa6bor c Y30C-2
1 - doHTaHHas apMaTtypa; 2 - HKT; 3 - ambap; 4 — Y20C-2;
5 - MaHoMeTp; 6 - nakep; 7 - XBOCTOBUK; 8 - KapoTa)kHasl CTaHUUS;
9 - dunbTp; 10 - HAcoCHble arperaTbl; 11, 12 - MepHble EMKOCTHU
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CxeMa pa3MelLLeHnst CTPYNHOro
annaparta B CKBaXXWH npeanonaraeT
€ro yCTaHoBKY B KonloHHe HKT ¢
NaKepoM.

BypoBow pacTBop nogaeTcs no
konoHHe HKT k paboyen Hacaake
annapata. Pacxop pabouen
XXUAKOCTW paBeH nogadye
NOBEPXHOCTHbIX HAacocoB. [anee
NMOTOK MPOXOAUT Yepe3 KaMepy
CMeLLUMBaHu1A annapaTa, anddysop u
yepe3 3aTpybHOe NpOoCTPaHCTBO
HanNpaBIAETCS K YCTbiO CKBAXXMHbI.
NH)XEKTUPOBaHHbIA MOTOK
(nnacToBasi XXMAKOCTb) MO
BCACbIBAOLLEN IMHUM HAanNpPaBNsSeTCs
B KaMepy CMeLUMBaHWS annapaTa,
rae CMeLnBaeTCs C pa6qu|M
NOTOKOM. "BcacbiBarowwas” nMHNS
06pa3oBaHa HaxoAALENCs HUXKe
annaparta 4acTtu KonoHHou HKT.



