DHepreruka. 3. Beici. yueb. 3aBenennii u sHepr. oobeaunennit CHI™. T. 59, Ne 2 (2016), c. 175-186
Energetika. Proc. CIS Higher Educ. Inst. and Power Eng. Assoc. V. 59, No 2 (2016), pp. 175186 175

DOI: 10.21122/1029-7448-2016-59-2-175-186
YIK 628.112

CoBepiiieHCTBOBaHHE KOHCTPYKIM A
B0/103200PHBIX CKBAKIH
U METO/JI0B UX KANUTAJBHOI0 PEMOHTA

B. B. UBameuxun?

UBGJIOpyCCKPIfI HaIMOHAJBHBIN TeXHUYeckui yHuBepcuteT (MuHck, Pecrryonmka Benapycs)

© benopycckuii HaMOHAIBHBII TeXHUYECKHI yHUBepcureT, 2016
Belarusian National Technical University, 2016

Pedepar. [IpoBenen aHanM3 HEZOCTATKOB M MPEHMYINECTB OTAENBHBIX CIIOCOOOB BEIITOJTHCHUS
KallUTaJIbHBIX PEMOHTOB BBIIECAIINX W3 CTPOS CKBAXHMH THIIOBBIX KOHCTPYKIMH. Paccmorpena
TEXHOJIOTHS KalUTaJIbHOTO peMoHTa cKBaKMHBI Ne 36 Bozmo3abopa «CeBepHsliit» r. XKoauno cno-
co0OM YCTaHOBKM PEMOHTHOTO (DMIIBTpa MEHBIIEr0 JUaMeTpa BHYTPhH BBIMIECIIIETO M3 CTPOS
¢ 0oOCBIIKOM MeXTpyOHOro mpocTpaHcTBa rpaBueM. [lokazaHo, 94TO TaKkOH PEMOHT MOXKET pac-
cMaTpHUBaThCAd KaK BPEMEHHas Mepa, MOCKOJBbKY YIEIbHBIM NeOUT CKBAKUHBI H CPOK €€ CIIy>KObI
OyIyT CYIIECTBEHHO CHIDKEHBI. J{JIs MPOAJICHHsI CPOKa CIY)KObl PEMOHTHPYEMBIX CKBaXKHMH Mpe[-
JIO)KEHO OCYIIECTBILITH IPEABAPHUTEIBLHYIO pereHepanuio ux ¢uibTpoB. [lokazano, 4To Kampe-
MOHT CKB@XXMH CHOCOOOM H3BIICYEHHMS CTAporo (MIbTPa W 3aMEHBI €T0 Ha HOBBIH MOXET OBITh
OCJIOXKHEH Pa3spbIBOM KOJIOHHBI IO CBAapHBIM LIBaM, paGOTa}OLL[I/IM Ha PacCTAXCHUE. Brimonanena
MPOBEpKa MPOYHOCTH KOJIOHHBI, KOTOpas MOKa3aja, 9To TpedyeMoe MOJBbEMHOE YCHIINE MOKET
MPEBBIIATH JTOMYCTUMYIO PACTATHBAIONIYIO CHIIY Ui CBapHBIX INBOB W3-32 3HAYHTENHHBIX CHII
TPEHHsI KOJIOHHBI O TPYHT. [loy4eHo BhIpakeHHe Uil pacueTa TpeOyeMoro NoabeMHOTO YCHIIHS
JUISL U3BJICUCHHMS IKCIUTYaTAllMOHHOH KOJIOHHBI C (DMIBTPOM TOJIBKO CTAaTHYECKOM CHIION, B KOTO-
POM CHITY TPEHHS 3aKOJIEMAaTHPOBAHHOTO (DHIIBTPa O MOPOJY MPEIIOKEHO ONPENEIATh Mo GopMy-
JaM pacdera Hecylied crocoOHOCTH OypOHaOHMBHOW CBaW, paboTaromleld Ha BBHIIEPTHUBAIOIINE
Harpysku. I[J'[S[ CHMXCHUA ITOABEMHBIX yCI/I.]'IHﬁ yTeM YMCEHBIIEHUSI CUJI TPECHHUSA 3aKOJIbMAaTHUPO-
BaHHOTO (PMIIBTpa O MOPOIY MPEIUIOKEHa YCOBEPUICHCTBOBAHHAS KOHCTPYKIHS CKBAKHUHBI CO
cMelaeMbIM BHU3 QIIIBTPOM, MPU3HAHHAA n300peTeHneM. Takast KOHCTPYKIHSI CKBaXKHHBI ITO3BO-
JIAET IPU BBIXOAC (bnanpa U3 CTPOA CHa4yalla BHCIIHUMH YHAApPHBIMU YCUIIUAMU CMECTHUTH BHU3
(cOuTh) BCIO (QHUIBTPOBYIO KOJOHHY BHYTPh CICIMAIBHON THIIB3bI, PA3MEICHHOW HIDKE OTCTOU-
HHUKa, a TOJBKO IIOTOM H3BIIeYb (PHIBTPOBYIO KOJIOHHY M3 CKBRKHHBI CHH)KEHHBIM TATOBBIM yCH-
mueM. V3 ypaBHEHHS 3HEPreTHYECKOro OanaHca JUId BEPTHKAIBHOTO CMEMICHUS KOJOHHBI TPYO
CKBaXUHBI IMOJIYYEHO BBIPAXCHUEC JId pacdeTa Beca yaapﬂoﬁ YaCTH MOJIOTA U BBICOTHI €€ NaACHUA
IPU KalpeMOHTE CKBaXKHHBI YCOBEPILICHCTBOBAHHOMN KOHCTPYKIIMU.
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Design Development of the Water Supply Wells
and Methods of their Capital Repair

V. V. Ivashechkin"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The article presents analysis of shortcomings and benefits of individual techniques for
the capital repair of out-of-commission water wells of standard designs. The author considers the
capital repair procedure of water well No 3B of Zhodino ‘Severniy’ water supply point by means
of installing a repair filter of smaller diameter inside the failed one, cushioning the tubular annulus
with gravel. It is shown that this kind of repair can be considered a temporary arrangement inas-
much as the water well specific yield and service life period will reduce significantly. For prolon-
gation of the useful life of the water wells, the paper suggests performing preliminary unloading of
their filters. The study reveals that the well capital repair by means of extracting the old filter and
exchanging it with a new one can be complicated by the column burst along the welding joints
working in tension. The performed column strength test demonstrated the fact that the required
heave might exceed the welding joint tolerant tensile force owing to considerable friction of the
column against the ground. The author arrives at a design equation of the heave required for
extracting the production column with the filter applying only the static force. In which they offer
to determine frictional force of the mudded filter against the formation from calculating formulae
of the supporting power of an augered pile working with pulling loads. For decreasing the heaves
via reducing frictional loads of the mudded filter against the formation, an improved design of the
water well has been introduced recognized as an invention with the filter capable of downward
biasing. Such water well design allows at the filter mud fill in the first instance the entire filtering
column to be biased (knocked) down inside a special sleeve placed lower the settler by applying
external buffing force, and then only extracting the filtering column out of the well by decreased
traction pull. The energy balance equation for vertical displacement of the water well pipe column
results in the computation expression for the hammer striking part weight and its drop height du-
ring the capital repair of the water well of improved design.

Keywords: water well, capital repair, filtering column, sleeve, hammer, traction pull
For citation: Ivashechkin V. V. (2016) Design Development of the Water Supply Wells

and Methods of their Capital Repair. Energetika. Proc. CIS Higher Educ. Inst. and Power Eng.
Assoc. 59 (2), 175-186 (in Russian)

BBenenue

OnHoM M3 IJIaBHBIX IPUYMH BBIXOJA BOJ03a0OPHBIX CKBOXHUH U3 CTPOS
B TIPOLIECCE IKCIUTyaTalllH SBJSIETCS IECKOBAHUE, KOTOPOE MOXKET OBbITh BBI3Ba-
HO: cy(dosneit TIacToBoro necka 4epe3 GUIbTP Py HEMPABWIHBHOM HOI00pPE
TpaBUITHONM OOCKHITIKA; BEIHOCOM IIeCcKa MPH BBIXOJIE M3 CTPOsI cadbHUKA ((PHIbTp
YCTaHOBJICH «BIIOTaii»); KOPPO3HOHHBIM U aOpa3MBHBIM W3HOCOM BOJOIPHEM-
HOW IOBEPXHOCTH, a TAKX€ €€ Pa3pylLICeHHEM B pe3yJibTaTe HMITYJIbCHOM ne-
KosnpMaTauuu [1]. B mpakTuke MOKHO BBIAEIHUTH TPU OCHOBHBIX METOJA Kampe-
MOHTa: 1) YCTpOWCTBO 3alIMTHOM TpaBUWHOW MPOOKH B HIDKHEH MECKYOIIEH
gactn (punbTpa; 2) YCTAaHOBKY PEMOHTHOTO (MIbTpa MEHBINErO JHaMeTpa
BHYTPH TMECKYIOMIETO (GUIBTPa; 3) W3BIEYEHNE BBIMIEAIIECTO U3 CTPOs (PUIBTpa
Y 3aMEHY €ro HOBBIM [2, 3].

[lepBrIit MeTOx camBIi TIPOCTOM M HE TpeOyeT MPUMEHEHHS CIEITEXHUKH.
OnHako 37ech HeoOXoAMMa TOo4YHass MHQOpMAIMSA O TOM, YTO MPUTOK IecKa
B CKB2)XHHY MTPOMCXOJIUT TOJIBKO Yepe3 HUKHIOW YacTh QuiibTpa. KanmuTanbHbli
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PEMOHT CKBa)KMHBI CBOJMTCS K 3aCBINKE MECKYIOIIEH HIDKHEH 9acTh (UIbTpa
e0eHKOM WITH KPYITHBIM TPaBHEM.

Mertoa ycTaHOBKH HOBOTO ()MIIBTpa BHYTPh NPUMEHSIOT, €CIIH CTapblii pas-
PYIIEH WIX BBIMIET W3 CTPOS CaJbHHK, a QWIBTP MMEET JOCTATOYHO OOJBIION
muametp (=200 mm). HoBblif GuimbTp MeHbBIIETO IHaMeTpa OITyCKAroT Ha MITaH-
rax, oOCBIMAIOT TpaBUEM, IITAHTH yNAIAIOT. HemocTaTok AaHHOW TEXHOIOTHUH
3aKJIFOYAeTCS] B OTCYTCTBHW OIEpaIlM TPEABAPUTENHFHON JIEKOIbMATAIIH
BHENTHETO rpaBuiHOTO (GrmbTpa. [loaTOMy OBICTpPO pacTeT KombMaTaXK, CHHIKA-
I0TCS IEOUT U CPOK CITYKOBI CKBRKHUHBI.

Tpertuit cnoco® KampeMOHTa 3aKIfo4YaeTcs B MogbeMe (UiIbTpa Ha MOBEPX-
HOCTh W 3aMEHe ero HOBbIM. Ha mpakTuke m3BieYs QUIBTP yAaeTcs He BCeraa
n3-3a OOJNIBIINX CHJI CUETUIeHNsT QUIIBTPa C TIOPOJIOH U pa3pbiBa CEKIMH IO CBap-
HBIM IIIBaM, pabOTaONIUM Ha pacTsHKeHHe. DTO 00yCIOBIEHO TEM, YTO B IIpHIIe-
raromeM K GUiIbTpy Cioe rpaBusi 00pazyeTcs MPUPOTHBINA IIEMEHT o0pacTaHus,
MIPOYHOCTH KOTOPOTO MOXKET AocTurats 2 Mlla.

B cBsi3M ¢ M3I0KEHHBIM BBINIE METbI0 PAOOTHI SBISUIMCH COBEPIIEHCTBOBA-
HUE METOJIOB KalHUTaJbHOTO PEMOHTa CKBa)XMH THUIOBBIX KOHCTPYKIMH, cO3/a-
HUE CKB)KMH HOBBIX KOHCTPYKIMH C 3aMCHSEMBIMU (HUIbTpaAMH U pa3paboTka
METOAMKH pacueTa YCHIIMH AJIS UX U3BJICUCHHUS.

KanutajabHbIi peMOHT CKBA:KMHBI THIIOBOI KOHCTPYKIMHU

OTpaboTKy TEXHOJOTHH KAIMTAIBHOTO PEMOHTA THIIOBBIX CKBKUH IPOU3-
BoAWIM Ha apre3uaHckoi ckBakuHe Ne 36 (128290/96) Bomozabopa «CeBep-
Heli» T. XKoauuo rinyounoi 94 m. CkBaxuna npoOypeHna 01.06.1996, ocnamena
MIPOBOJIOYHBIM (GHITBETpOM mramMeTpoM 325 mm (12") B mHTEpBate ot 73 10 93 M.
OO6cnenoBanne mokaszano, uro ¢ 1996 mo 2002 T. CKBaKHWHA CYIIECTBEHHO
(B 2,3 pasa) cHu3mia yaenbHblii gebut or 7,0 10 3,1 M*/u. JlaHHBIE 3aMepoB
npeacTaBiIeHsl B Ta0. 1.

Tabruya 1
I'uapaBanyeckne XapakTepUCTHKH CKBaKMHBI Ne 3B
Hydraulic properties of water well No 3B
Crarnueckuii | ITonmxkeHue Jebur, | YnaenbHbIN
Jara 3amepa 3 2

YpOBEHb, M YPOBHS, M M /q neouT, M°/4
Tocne 6ypenns (01.06.1996) 11 10 70 7,0
Jo Texymero pemonTa (19.09.2002) 11 13 40 3,1
ITocne Tekymero pemonta (20.09.2002) 11 3 40 13,3

20 cents6ps 2002 T. mpH y4acTHHM aBTOpa TPOU3BEICH TEKYIIUH PEMOHT
CKBa)KHMHBI, KOTOPBIN MPEICTaBILIT CO00M pabOoTHI MO IEeKOIbMAaTaIui (GUIBTpa
ra30MMITYJIbCHBIM METOJIOM Ha OCHOBE B3pbIBa ra3oBoii cmecu 2H, + O, B mo-
JIOCTH (GMIbTpa U IpAUGTHEIE MPOKAYKH 10 M Tocie o0paboTku. B3pwIBEI OCy-
IIECTBIISUINCH B TIOJMY3aMKHYTOH Kamepe ¢ 3amacaeMoil sHepruer 56—60 k/[x.
Bcero mpousBeneHa ofHa cepusi UMIYJILCOB MO BCeMY (QUIBTPY C HHTEpBa-
som 0,15 M. JlanHbIe TIO pe3yibTaTaM 00paOOTKY MPUBENEHBI B Ta0M. 1.
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B pesynbrate 00paboTku GuiabTpa IOCTHTHYTO yBEIWYEHHE YICIBHOTO JIe-
6uta B 4,3 pa3a 10 OTHOIIECHUIO K yAETHHOMY AeOUTY 10 00pabOTKH, YTO COOT-
BercTByeT 190 % OT HauaibHOTO NpU OYpPEeHUH U YKa3blBaeT Ha IUIOXOE OCBOe-
HHUE CKBaXXHMHBI [IPU ClIau€ €€ B 3KCILIyaTaluio OypoBoi opraHu3anuei.

12 mas 2010 r. npou3BeneH KanmuTaIbHEIIH peMOHT (puc. 1) ckBakuHbBI Ne 3b.

a

Puc. 1. KanuranbHbli peMOHT
ckBakuHbI Ne 36 (28290/96):
a — U3BJIeUYeHNE OYPOBBIX IITAHT;
b — o6mwuii Bu GUIBTPOBOI KOJOHHEI
nepes CIyCKOM B ckBaxxuHy Ne 3;
€ — KOHCTPYKIIMSI CKBa)KUHBI TIOCIIE KallpEMOHTAa;
1 — KOHIYKTOP; 2 — EMEHTaIUs;
3 — BKCIUTyaTaI[MOHHAsl KOJIOHHA;
4 — HanduneTpoBas Tpyda; 5 — HApYKHBIH
(bunbTp; 6 — BHYTpEeHHUH QUIBTD;
7 — rpaBuiiHas 00CHINKA; § — OTCTOWHUIK;
9 — OypoBsle mranry; 10 — MydTa ¢ J1eBoii pe3p0oit

Fig. 1. Capital repair of water well
L No 3B (28290/96): a — drilling rods extraction;
Feas/189 b — overall view of the filtering column before
descending into water well No 3;
¢ — construction of the water well after the capital repair; 1 — conductor string; 2 — cementation;
3 — production column; 4 — above-filter pipe; 5 — outside filter; 6 — inside filter;
7 — gravel package; 8 — settler; 9 — drilling rods; 10 — left-threaded sleeve

CocraB pabot: moBTOpHas oOpaboTka (IbTpa TOABOAHBIMUA B3pPHIBAMHU
cmecu 2H, + O, ¢ menbo yaaneHusI OTIOXKEHUH; OTKaYKa CKBaKUHBI IPIUDTOM;
YCTaHOBKA BHYTPh CKBAYKHHBI HOBOU (DUIBTPOBOI KOJOHHBI AHaMETpoM 159 mwm,
AMEIONIEH OTCTOMHWK ImuHOW 1,5 M, TpOBONOYHBIA GHUIBTP MIUHON 18 M
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C HAMOTKOW M3 HEP)KaBEIOIIEH CTAIbHOM MPOBOJIOKH TpaleleuaaibHOrO ceue-
HUS BBICOTOHM 2 MM ¢ rarom 1 MM Ha TpyOUaThlii kKapkac, HaI(QIETPOBYIO TPY-
Oy mymHoi 10 M; 3achllKa rpaBusi B MEXXTPYOHOE MPOCTPaHCTBO (puc. 1).

Cryck HOBOW (MIBTPOBOI KOJOHHBI OCYIIECTBIISIIN aBTOKpaHOM Ha Oypo-
BBIX IIITAHTAaX, 3aKPEIUICHHBIX K €€ BEPXHEHW 9acTH C MOMOIIBI0 My(THI C JIEBOH
pe3b0oii (puc. 1b). [Tocne ycTaHOBKM (MIIBTPOBOI KOJOHHBI HAa JHO CKBAKHHBI
ee o0chInany rpaBueM H, Bpaias OypoBBIE IITAHTH BIIPaBO, OTKPYIHBAIH MYy(]-
Ty € JIeBOH pe3p00il ¥ MOJHUMAIN IITAHTH Ha TIOBEPXHOCTb.

Pe3ynbTaThl HCTIBITAHUI CKBRYKMHBI IPEACTaBICHBI B TA0. 2.

Tabauya 2
Pe3yabTaThl rupaBJM4YecKHX HCIBITAHUI CKBaXKMHBI Ne 3B
Water well No 3B hydraulic test results
Bu oTkadKi JlnHaMu4YecKui [Tonmwxkenue Jleour, U YI[eJ'IbHLZIPI
YPOBEHb, M YPOBHS, M nebuT, M/q
J1o razouMITyTbCHOM
00paboTKH 25,0 4,0 24,0 6,0
[Mocie o6paboTku 12,3 1,3 16,0 12,0
[Tocne kanuTaabHOrO
peMoHTa 12,2 1,2 14,0 11,5

HcnpiTanus mokaszanu, YTO TIOCPEICTBOM Ta30MMITYJILCHOW 00paboTKu
YAETBHBIA NeOUT CKBAXUHBI TEpe]] KaUTAIbHBIM PEMOHTOM YAajOCh YBEIH-
auTh B B pasa (0T 6 10 12 M°/d), 4TO MO3BOIMIO YACTHUHO YAAINTH KOIbMa-
TUPYIOLUE OTIOXKEHHUS W3 (UIbTpa W TPaBUHHOW OOCHIIKK. JTa oOmeparus
Heo0X0MMa, TaK KaK TOCJIe YCTaHOBKHM PEMOHTHOTO (GmibTpa oHa Hedddex-
TBHA. B Hactosee Bpemsi ckBaxuHa Ne 3b HCTIONb3yeTcsl MEPHOAMYECKH IS
PO3JIMBa BOJEBI.

Otcroma cremyeT, 9To KampeMOHTY CKBKWHBI JIOJDKHA TPEIIeCTBOBATH
WMITyJIbCHAsI WITM peareHTHass obpaboTka. Takoi THH peMOHTa OmpaBiaH, €CIH
3aKa34yrKa yCTPaMBAaIOT MHTEHCUBHOE CTAPCHUE U HU3KHA IEOUT CKBAKHUHBI, 110~
CKOJIBKY TIOZOOHBI PEMOHT CHIDKAET €€ CPOK CIY>KOBI M3-32 MHTEHCHBHOTO
KOJbMaTa)ka IBOMHOTO (UIIBTpA.

yCOBepHIeHCTBOBaHHaH KOHCTPYKIUA CKBAKHHbI
U ee KanuTaJbHbIii PEMOHT

J171s1 TOBBIIIIEHNST PEMOHTOIIPUTOAHOCTH B YaCTH BBITIONHEHHSI KAUTAIEHOTO
PEMOHTa IPEATIOKeHa KOHCTPYKLHS CKBaXWHBI CO CMEIIAEMBIM BHU3 (HIBT-
poM (puc. 2) [4]. B npennaraemoii ckBaxune (puc. 2a) moj QUIbTPOM HUCKYC-
CTBEHHO CO3[aHa II0JIOCTh, B KOTOPYIO Mepes H3BICUEHHEM MOKHO IMOCpe.-
CTBOM yJapa WIH CTaTHYECKOr0 HArpyXeHHs CMECTHTh (MIbTp, a 3aTeM C
MEHBIIUMH MOJIBEMHBIMU YCHIIMSIMH HM3BJIEYb €T0 Ha MOBEPXHOCTH. KoHCTpyK-
THUBHO POJIb MOJIOCTH MIPAET THIIb3a, BHYTPH KOTOPOW C TIOMOLIBIO CPEe3aeMbIX
IINIJIEK 3aKpeIuieH OTCTOWHUK (MIBTPOBON KOJOHHBI, CHaOXXEHHBIN 3aXBaT-
HOM CKOOOH.
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Puc. 2. KoHCTpyKIMH BO/103a00PHBIX CKBOKHH CO CMEIIAEMBbIMU BHHU3 (HIBTPaMHU,
YCTaHOBJIEHHBIMU: a — «BIIOTal» C JNIMHHOM T'MIIB30HU; b — Ha «OCHOBHOI KOJIOHHE)

C KOPOTKOH I'MiIb30M; 1 — KOHAYKTOp; 2 — 3aTpyOHast EMEHTAIHS; 3 — SKCILTyaTalliOHHAs
KOJIOHHA; 4 — GUIBTPOBas KOJIIOHHA; 5 — HanGUIbTPOBas Tpy6a; 6 — GuibTp; 7 — OTCTONHHUK;
8 — naue; 9 — 3axBatHas ckoba, 10 — runb3a; 11 — qaumie; 12 — mmwieky; 13 — 3y0bs;
14 — oOckbInka; 15 — calbHUK

Fig. 2. Designs of the water wells with filters capable of downward biasing, installed:
a— ‘flush’ with long sleeve; b — on ‘the main column’ with short sleeve;
1 — conductor string; 2 — annular cementation; 3 — production column; 4 — filtering column;
5 — above-filter pipe; 6 — filter; 7 — settler; 8 — bottom; 9 — clevis; 10 — sleeve;
11 — bottom plate; 12 — drift pins; 13 — teeth; 14 — cushioning layer; 15 — gasket

[Tpu kanmpeMoOHTE B CTBOJI CKBa)YKUHBI C MOMOLIBIO JieOeKH OypoBOTO yrmap-
Ho-kaHaTHoro ctanka (YKC) omyckaroT OypoBBI€ IITAaHTH JO yIOpa B TOpPEI]
HanGUIBTPOBOM TPyObl. BepxHuii KoHel| OypOBBIX LITAHT BBIBOJST HA YCThE
CKB@KMHBI TaK, YTOOBI OH BO3BBIMIAJICS HAJ| OTOJIOBKOM, CHA0XAIOT yIapHHUKOM
1 cOpachIBAIOT Ha HETO C MOMOIIBIO JICOEAKH OYpOBOTO CTaHKA IPy3 3HAYUTEIIb-
HOHM Macchl. YapHOe yCHiIHe yepe3 OypoBbIe IITAaHTH MepeaeTcs Ha GuibTpo-
Byl KoJOHHY. Ecim macca rpysa momoOpaHa NpaBHIBHO, TO IOJ JIEHCTBHEM
yIapHO# Harpy3Ku MPOMCXOIUT CPe3 MaTepHaia IIIMWIEK U epeMelIeHHe BHU3
(bUIBTPOBOIN KOJOHHBI BHYTPH THIIb3bl. OUIBTPOBas KOJIOHHA CMEIIAETCs] BHUB,
NpeoIoNieBasi CHIIbI TPEHUS U CUEIUICHUs ¢ IpaBUiHON 0oOchimkol. Marepuan
(UIBTPOBOH KOJIOHHBI U CBapHBIX IIBOB pabOTaeT Ha CXKATHE, YTO HCKIIOYAeT
ero paspyuenue. [Io Mepe cMmenieHus BIOJb TPyHTa 3yObsi, BHINOJHEHHBIC H3
TBEP/IOCIUIABHOTO MaTepHalia, Pa3phIXJISIOT TPaBHIHYIO OOCHINKY, 4TO o0Jierya-
eT TOoCIeayIolee U3BJIeueHne (QUIBTPOBOW KOJIOHHBI HaBepX. 3aTeM OypoBbIC
IITAHTH JIOCTAlOT, B CKBAXHUHY OITyCKAIOT I'PY30BOil KPIOK, KOTOPBIA BBOMST
B 3alleT/IeHHe C 3aXBaTHOM CKOOOii, U mocpecTBOM JieOeIKu OypOBOTO CTaHKa
U3BJIEKAIOT QUIBTPOBYIO KOJIOHHY HAaBEPX.
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ITpn HEBO3MOXKHOCTH H3BJICYCHUS (DMIBTPOBOW KOJOHHBI €€ OCTaBIISIOT
BHYTPH <(JUIMHHOW» THWJIB3bI, COM3MEPHUMOU C IJTMHOW (HUIHTPOBON KOIOH-
HBl (puc. 2b). ['paBuiiHyt0 OOCHIIKY BBIOYPHBAIOT JOJOTOM, YCTAHABIUBAIOT
HOBYIO (DHIIBTPOBYIO KOJIOHHY M OOCBHITIAIOT €€ HOBOW TPaBUITHON OOCHITIKOH.

Ecnu HandunbTpoBas KOJOHHA BBIBEJCHA HAa YCThE CKBA)KMHBI (CKBaXKMHA
¢ (DUIBTPOM Ha «OCHOBHOM KOJIOHHEY), TO yAaphl TPY30M 3HAYUTEIHHON MacChl
HAHOCAT 1O HaAQWIBTPOBON TpyOe, CHAOOWB ee ClIenHuaIbHBIM HArOJOBHH-
KOM, Y9TOOBI TPEAOTBPATUTH CMATHE Kpas TpyOwl (puc. 2b). CkBakmHa 3TOM
KOHCTPYKUHUH JUISI SKOHOMHHU CPEACTB JOJDKHAa OBITh CHaO)KeHa «KOPOTKOM»
THIIB30H.

Hanuure runb3el B HIKHEH 9acTH CKBO)XUHBI 00€CIIEYMBAET BO3MOXKHOCTh
JBIDKEHHS (PUIBTPOBOM KOJIOHHBI BHU3 IpH paboTe Marepuana CBapHBIX IIBOB
Ha CXaTue, 4To OOEeCleYMBACT HAAEKHBIH Cpe3 LEMEHTUPYIOIIUX CBs3ed Ha
KOHTaKT€ KOJIOHHBI M TPaBUHHON OOCHIIKH U COXpAaHEHHE LIEIOCTHOCTH KOJIOH-
Hbl. [IpoBeprM, BO3MOXKEH JIH pa3pbiB mBa. OnpeaesinM i Hero J0MyCTHMYTO
BEJIMYMHY PACTATMBAIOIIEi CHIIbl Py, U CPaBHUM €€ C [IOJIbEMHBIM YCUIIHEM P,
HEOOXOIUMBIM JIJIsl M3BIICUYEHHs JKCIUTyaTallHOHHOH KOJIOHHBI € (HIBTPOM
TOJIBKO CTaTHUYECKOH cuiioi. B [5] paccMoTpeHBl OCHOBHBIE TIOAXObI K ONpeae-
JIEHUI0 TOJBEMHOTO yCWIHS P, NHIIb CTATUYECKOW HATrPY3KOH IMPH KaHUTaJb-
HOM PEMOHTE BO03a00pHON CKBa)KUHBI.

VYcnoBrue MPOYHOCTH CBapHOTO IIBa BCTHIK HAa PACTSDKEHHE MPH W3BJICYSHUN
KOJIOHHBI MOKHO OTIPEAETUTH 10 Gopmydie [6]

% =§S[GEL M

rae F — 1uiomanp MOMEpevyHOro CEeYeHUs] TPYObl HapyKHBIM IHAMETPOM dyo;

¥ TOJIIMHON & B MecTe cBapku, F =nd, 8 [oc,] — momyctumoe HampsukeHue

KOJI

JJIA SJICKTPOCBAPHLBIX IIIBOB.
Torna J0IIyCTUMasd Harpys3ka Ha I1oB

P, <nd,0dc,] )

JomycTuMble HampsDKEHUS ISl AJIEKTPOCBAPOUYHBIX IMBOB, BBIMOJTHEHHBIX
BPYYHYIO TOJICTONOKPBITBIMU dN€KTpoaamu, pasnel [6)]=0,8[c ], tae [o,]-
JOMYCTUMOE HamNpsDKeHHE OCHOBHOTO Mertamia. Eciam meramn mBa Cr3,
10 [0,] = 160 MIIa [6].

Mo dopmyne (2) HaxOAUM JOMYCTUMYIO CHUTY JJIsl IIBa TPH H3BJICUCHUH
TPYOBI (dxon = 0,273 M; 8 =7 Mm = 0,007 m; metast msa Cr3; [o,]= 160 MIla):

P=0,8nd,,8[c,]=0,8-3,14-0,273-0,007-160-10° =770 (xH). ~ (3)

KOJI

Pacuer cnmenan muist m1Ba BCTHIK, BBIMIOJIHEHHOTO PaBHOMEPHO IO BCEH TUIO-
maau Topria TpyOsl. OIHAKO Ha TPAKTHKE TaKOH IMOB He 00ecIieuymBaeTCs,
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MMOCKOJIbKY TPYObl MMEIOT (pacKH IOJ yriioM 45°, UX CBapUBAaIOT B BEPTHUKAJIb-
HOM TOJIOXKECHWH, ITOCTABUB OJHY TPYOy Ha JNpyryo. B nanHoM ciydae 1moB pas-
pymaeTcst Mo IUIOCKOCTH, uMeromed miomane F'=nd  Jdcosd5® = 0,7F.

[Tosromy momyctumasi cuia npu u3BnedeHnn 0yaet Ha 30 % MeHslte, T. €.
P'=0,7P=0,7 - 770 = 540 (xH). 4

B 10 xe Bpems B [3, c. 294] yka3biBaetcs, 4To npH Harpy3kax 10 950-1000 kH
(UIBTPEI, Kak MMPABUIIO, HE M3BJIEKAIOTCSA. DTO 3HAYMT, YTO NMPH TAKUX HArpy3-
Kax TPOM30MIET pa3phIB CBAPHOTO IIBA.

[oxwemHoe ycwnue P, TpU U3BICUSHUM HKCIUTyaTallHOHHOW KOJIOHHBI
¢ GUIBTPOM TOJBKO CTATHIECKOW CHIION HAXOIUM ITO OpMYJIe COTIIACHO [5]

Po=GH Fyy + Fy = 8 (Gl + daly )+ N + oy (5)
rae G — oO0Imui BeCc HM3BJIEKAEMOHN DKCILUTYaTallMOHHON KOJOHHBI M (DUIBTPA;
Frpx, f—cunau ko3QpQUIUEHT TpeHUs SKCILTyaTallMOHHOH KOJIOHHBI O OPO/Y;
Gxon> ¢ — COOTBETCTBEHHO Macca | M IIOT. KOJOHHBI M (MIBTPA, MMEIOMINX
JIHHBI [oq ¥ [y; N — ropu30oHTalIbHAs COCTABIAIONIAs OOKOBOIO JABICHUS IO-
pOJIbl Ha KOJIOHHY; [y, ¢, — CHIIAa TPEeHUS QUIIBTPA C «KOJIbMATALlMOHHONW KOPKOM»
0 MOpo.y.

Cuiy N MOXKHO OTPEAENUTh TI0 METOAMWKE pacyeTa CHJI JAaBJICHWS Ha IIOJ-
nopHeie crenku [7]. Halinem N (mipu JomyIieHHH O TPEYroJibHOW 3MIOpE pac-
MPEICICHUS TOPU30OHTANBHBIX HANPSHKEHUH OT TOPHOTO JABJICHUS IO TIIyOUHE)
Kak OOBEeM OITIOPHI JABJICHUS, NCUCTBYIOIIETO HAa KOJIOHHY JIUHOU [, H
HapYKHBIM JTUAMETPOM d oy

N= 0’511«”1 (GB +0, )ndkon = 07511«»1 ':ZKaiyihi + (zKaiyihi + KanYnlmn ):' ndkon’
(6)

IJ€ Gy, Gy — HaPsDKEHUE Ha BEPXHEH M HIXKHEH OTMETKaxX KOJOHHBI, K,; — KO-
3 PUIMEHT aKTUBHOTO MABJICHUS i-TO CJOSI TPYHTA TOJIIMHONW A; W yHElb-

HBIM BECOM Y;; Ky, Yn — TO %K€ BOJOHACHIIEHHOTO IPYHTa; K, = tg2(45° —O,S(p);

(¢ — YroJl BHyTPEHHETO TpeHus IpyHra;y, = gp.(p, —1000)/p ; p¢, pn — IIOT-

HOCTb CKeJIeTa M TPyHTa BOJOHOCHOTO ILIACTA.
Cuny TpeHust puiabTpa 0 MOpPOAy OnpeAenuM Mo [8] Kak HeCylIyro crnoco0-
HoCTh OypoHaOuBHOM cBam, paboTaroniell Ha BbIIEPrUBaIOLINe HATPY3KH:

Frp,li) = YC Zu’chRﬁhi H (7)

rae Y. — koadduuuent ycnosuit padotsL, y. ~ 0,8; u — oCpeTHEHHBIN MEPUMETP
MOMIEPEYHOTO CeUYeHUs (PUIbTpa ¢ «KOIBMATAMOHHON KOPKOW», COCTOSILEH H3
JaCTHI] TPAaBUMHON OOCHITIKH, CKPEINICHHOW IIEMEHTOM OOpacTaHHs, B i-M CIIOE
BOJIOHOCHOTO IIJIACTa, M; Y — KOO (GHIMEHT ycI0BUH pabOThI IPyHTa Ha GOKO-
BOI MOBEPXHOCTH «KOJIBMAaTal[MOHHOW KOPKH», 3aBUCSILUN OT MPOYHOCTH OT-
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J0KeHHH, Yo, = 0,6-0,8; R; — pacueTHOE CONPOTHBIICHUE TPEHUIO ITPYHTA B IIpe-
JeJax i-ro CJI0s BOZOHOCHOTO IIACTa TOJIIUHOMN ;.

Tenepb paccMOTpUM 3a/1ady O HAXOXKICHUU MOTPEOHON SHEpruu yaapa uis
npeoaosieHnsi O0OKOBOTO COMPOTHUBIICHUS TPYHTA MO BCEH JUIMHE KOJOHHBI TPYO
1 JIOOOBOTO COTIPOTHUBJIEHHS TPYHTA I CMEIICHHUS ee Ha 3a[JaHHOE PACCTOSHHE
B CKB)XKHMHE M 00eCIIeYeHHs CPE3KH ILTMIIEK THIB3bL. cnons3yeM sHepreTnaecKuii
MOJTXO/T, TPUMEHSIEMBIH TS IPOrHO3UPOBAHMS TIOTPY>KEHU CBail B TpyHTE [9].

VpaBHEHHE PHEPreTHYECKOro OajaHca Uil BEPTUKAIFHOTO CMENICHHUS KO-
JIOHHBI TPYO CKBaKMHBI MMEET BH[: MOJE3Has padoTa yJapa HpU NOrPYKEHUU
KOJIOHHBI TPYO CKB@KMHBI B TPYHTE Ha 3aJaHHOE PACCTOSIHUE DaBHA CyMMeE
paboT cuir GOKOBOTO COINPOTHBIICHUS TPYHTa IO BCEHl OOKOBOW MOBEPXHOCTH
KOJIOHHBI M CHJI JJOOOBOTO COTNPOTHUBIICHUS, ILTIOC PaboTa CHII COMPOTUBIICHUS
Marepuana IMIIeK Iph UX cpe3ke. PacueTHblie cXeMbl IS ONpeeeH s YHep-
THU yAapa Ui pa3ingHbIX KOHCTPYKLMH HYDKHEH 4acTH CKBaKHHBI HPENICTaB-
JIEHBI Ha puC. 3.

a b ¢

Puc. 3. PacdeTHbIE CXEMBI OIIPCICICHUS DQHCPTUM yapa:
a — HIIMWJIBKYA pacCYUTaHbl Ha BEC BCeil KOJIOHHBI; b — mmuIbKU pacCcHUTaHbI
TOJIBKO Ha BEC I'JIb3bI, C — OTCTOMHHK UMEET BHC,Z[pSICMLII\/'I B I'PYHT HAKOHEYHHUK

Fig. 3. Design models for the blow energy determination:
a — drift pins designed for the entire column weight; b — drift pins designed only
for the sleeve weight; ¢ — settler has an end bit embedding into the ground

Jlns aHanmM3a CUCTEMbI «MOJIOT — KOJIOHHA — TPYHT» MCIHOJb3yeM Haubo-
Jiee MPOCTYIO IUIACTHYECKYI0 MOAETb, IOCTPOSHHYIO C YYETOM CIEIYIOLUIUX J0-
NYLICHWH: CKBa)XKMHA MpEACTaBIsieT co0oil aOCOIIOTHO TBEPABIH TPyOUaThIi
CTEP)KEHb; OKPY>KaIOIIUI CKBa)XXUHY I'PYHT HEIOABMIKEH; CHUJIBI TPEHHS MEXKIY
OOKOBBIMH ITOBEPXHOCTSIMH 3JIEMEHTOB KOHCTPYKLUHM CKBA)KHHBI U TPYHTOM HE
3aBUCST OT CKOPOCTH JIBIKEHHS (KYyJIOHOBCKOE CyX0€ TPEHHUE).
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Jig oOrmiero ciaydast ypaBHEHHE SHEPTeTHIECKOTo Oamanca UMeeT BUJ

ak=(R, + R + R )e+[1,,]wdn/2, ()

I/le @ — NONPaBOYHbIN Koo duumeHT; E — sHeprus yaapa; Ry, R — CHIbl TpeHHUs

OOKOBBIX TIOBEPXHOCTEH COOTBETCTBEHHO (MIBTpa M OKCIUTyaTAIlMOHHOM
(HapdMIBTPOBOM) KOJOHHBI O TPYHT; R, — JIOOOBOE CONMPOTHUBICHHUE KOHCT-
pyKUMu; e — TepeMElIeHHe KOHCTPYKLMH BCIEACTBHE yaapa; [t.,]— mpod-

HOCTh MaTepHajia IIMWICK Ha Cpe3; ® — IUIOMANh IOTEPEYHOTO CEUCHHS
IMINWIBEKK; O — MEePeMEelIeHHe KOHCTPYKIIMU TPU Cpe3e IIMIWIbKYA, PaBHOE Jua-
METpY IIMWIBKH; 71 — KOJIMIECTBO TITTHIIEK.

Benuunny sHeprum, waymield HEMOCPEACTBEHHO Ha TMOTPYKEHHE KOHCTPYK-
WY, B CIy4ae MOJIOTa CBOOOHOTO majieHus onpeaenuM u3 [10]

E=0,9GHn, )

rae G, H — Bec yaapHOI 4acTH MOJIoTa U BbicoTa ee majaeHus; 1 — KIIJ| nepena-
YH SHEPTUH OT MOJIOTA MOTPYyX,aeMOi KOHCTPYKLIUHU IIpU yape.

KIIJ] ymapa n MoXeT OBITh PHONMKEHHO BBIYMCIEH W3 YCIOBHUS COyaape-
HUS IBYX CBOOOJIHBIX TEJI B paMKaX KIaCCHUECKOW TEOPHH yaapa

2
n= 1+_ms, (10)
1+m
TZie M — OTHOLICHNE MacChl KOHCTPYKTHBHBIX 3JIEMEHTOB CKBXKHHBI M K Macce
Monora M,; € — K03Q(HUIMEHT BOCCTAHOBIICHHS TIPU yJape Yepe3 HaroJIOBHHK
¢ mpoknaakoi, € = 0,45-0,55 [9].

W3BecTHO, 4TO pe3yabTaTUBHOCTH yAapa TeM BbILIE, YeM OOJIblle Macca Mo-
JI0Ta TIPY OAHOM W TOH e dHepruu ynaapa. [losTomy nompaBounsiit kodhduiu-
€HT a OTpakaeT M3MeHeHHe >(PQPEKTHBHOCTH YyAapa B 3aBHCUMOCTH OT OTHO-
LIEHUS] MAacchl MOJIOTAa K Macce MOrpykaeMod KOHCTpyKuuu. Ha ocHoBaHWH
COTIOCTABIICHUI (PAKTUYECKUX WM PACUETHBIX KPHUBBIX TOTpPYyKeHus cBaii (0o-
nee 600 cBait) mpeioxkeHa 3aBUCUMOCTH [9]

MM

=k |—*, 11
a=k |+ (1D)

C

rae k — Ko3pPUIUCHT, XapaKTePU3YIOIIUKA CTEIEeHb COBEPIICHCTBA MOJCIH,
T. €. COOTBETCTBHE (DAaKTHUECKUM JAHHBIM, JIJIsI TOJIBECHOTO MOJIOTa PEKOMEH/TY-
eres k= 0,5-0,7 [9].

Cuutbl TpeHUst OOKOBBIX IOBEPXHOCTEH R, , R, SKCIUyaTalHOHHOW U (UIIbT-

POBO¥ KOJIOHH O TPYHT IPH yIape ONpeAesuM 1o ootiei popmyre
R =u,fl, (12)

rZie ¢ — IePUMETP MOMNEePEYHOT0 CEUEHHsI KOJIOHHBI; f — pacdyeTHOE COMPOTHUBIIE-
Hue rpyHta [11]; / — anuHa KOTOHHBL.
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Jlo6oBoe comporuBieHne R, HIKHEH 9aCTH KOHCTPYKIMH TIPH BHEIPCHUH
B TPYHT HaiiieM U3 BBIPAKESHUIM

R s =R,F, (13)

rae R, — noboBoe conpoTtusieHue rpyHra [11]; F — muomaap monepevyHoro ce-
YEHHs OTCTOMHHKA.

IIpenyoxkeHHass METOIMKA pacuyeTa II03BOJIIET OIPENENIUTh HEOOXOIUMbIE
yCUIHSA AJISl CMEIIEeHNs] BHU3 M W3BJieUueHHUs (QUIBTPOBOM KOJOHHBI MPH BHIMOJI-
HEHMHU KalUTaJIbHOIO PEMOHTA CKBaXKMH HOBOW KOHCTPYKIIHU.

BbIBO/IbI

1. PaccMOTpeHBI HEJJOCTATKU U IPEUMYIIECTBA OTICIEHBIX BUOB KalUTAIb-
HBIX PEMOHTOB BBINIEANINX U3 CTPOsl CKBaXWH. Ha mpumepe kamuTalbHOTO pe-
MOHTa THUTMOBOW CKBaXWHBI Ne 3b (128290/96) Bomozabopa «CeBepHBIN»
r. Xomuao miyOmHOM 94 M mOKa3aHO, YTO TEepea yYCTAaHOBKOW PEMOHTHOTO
¢uIbTpa BHYTPh BBILIEIEIO U3 CTPOs HEOOXOIMMO MPOBEACHHUE JIEKOIbMAaTa-
nuu. [locpencTBOM ra3oMMITYIIBCHONH OOpaOOTKH YACIBHBINH NEOUT CKBaYKUHBI
YIAI0Ch yBEIMUHTh B [BA pa3a (¢ 6 g0 12 M*/4). DTa omepauus HeoOXOaUMA,
TaK Kak IMOCJe KanpeMOHTa y CKBa)XXHWHBI C JTBOMHBIM (PHILTPOM OHa Hed]dek-
tuBHA. [lokazaHo, YTO TaKOW KaIMMTAILHBI PEMOHT BO3MOXKEH TOJIEKO B (DHITB-
Tpax ¢ BHYTpeHHUMHU auameTpamu >200 MM U sIBJIsIeTCSl BpeMEHHOIM Mepoi, mo-
CKOJIBKY A€OUT CKBKUHBI M CPOK €€ CITY>KOBI OyTyT CYIIECTBEHHO CHUKEHBI.

2. IIpoBepka MpOYHOCTH HA pa3pbIB KOJOHHEI IPH M3BJICUEHUH (PHIIBTPA TIO-
Ka3zaja, 4yTo TpeOyemoe MOABEMHOE YCHIHE MOXKET NPEBBINIATH AOMYCTHMYIO
PaCTITHUBAIOIIYIO CHITY JUTsl CBAPHBIX IIBOB M3-32 BRICOKHMX CHJI TPEHHS KOJIOHHBI
0 TpyHT. B 3T0i1 cBsI3M mpeaiokeHa yCoBEPIIEHCTBOBaHHAS KOHCTPYKITUS CKBa-
HUHBI CO CMEIIaeMbIM BHHU3 (UIBTPOM, IPU3HAHHAS H300peTeHneM. Takast KOH-
CTPYKITUSI CKBA)XMHBI IMO3BOJIIET MPU BBIXOJE (QMIBTpPAa W3 CTPOS] BHEUTHHMH
YAapHBIMU YCHJIHSAMH CMECTUTh BHHU3 BCIO (DHIIBTPOBYIO KOJIOHHY BHYTPH THIIb-
3bl U JAJICC P BO3MOKHOCTH M3BJICYDL €€ U3 CKBAXKUHBI TAT'OBBIM YCUIIUCM.

3. U3 ypaBHEHHUs dHEPreTHUeCKOro OanaHca Ui BEPTHKAILHOTO CMEIICHHS
KOJIOHHBI TPYO TMOITy4eHO BBIpaKEHUE IS pacdeTa Beca ylIapHOW 4acTH MOJIOTa
U BBICOTBI €€ NAaACHHUA NPH KAIMPEMOHTE CKBAXXHMHBI YCOBepIHeHCTBOBaHHOﬁ
koHCTpyKIuH. [Ipemnoxensl GopMmynbl it onpeaeneHusl BEIMIUHBI TSATOBOTO
YCHITHSL.

JIUTEPATYPA

1. Bamkaros, A. 1. [Ipenynpexaenne neckoBanus ckpaxut / A. JI. bamkaros. M.: Henpa, 1991.
176 c.

2. Bonoxosckuii, I'. A. DkcIuryaTarys ¥ peMOHT CHCTEM CEJIbCKOXO3SIHCTBEHHOTO BOJJOCHA0Xe-
uus / I'. A. Bonoxosckuii. M.: Poccenbxosusnar, 1982. 224 c.

3. T'aBpunko, B. M. ®unbtpsl 6ypoBbix ckBaxkun / B. M. TaBpuiko, B. C. Anekcees. 3-¢ u3z.
M.: Henpa, 1976. 345 c.



B. B. Hsaweurxun

186 CoBepIIeHCTBOBaHNE KOHCTPYKIUH BOT03a00PHBIX CKBAXKHH. ...

10.

11.

. Bonoszabopnas ckBaxunna: mat. 19304 Pecn. beapycs: MIIK E 21B 43/00 / B. B. IBamieuxus,

A. M. Illeiixo, I1. A. ABTymko; nara my6m.: 30.06.2015.

. Bameukun, B. B. CoopyxeHue u peMOHT B0/103a00pHOM CKBa)KHMHBI C CUCTEMON LUPKYIIA-

nuoHHO#M perenepauuu / B. B. MBameukun, 1. A. ABryuiko // DHepreruka... (M3B. BbICII.
yue0. 3aBeneHnit u 3Hepr. oovenuneHmiit CHIY). 2011. Ne 4. C. 64-73.

. Koueros, B. T. Conpotusnenue marepuanios / B. T. Koueros, A. JI. [TaBnenko, M. B. Koue-

ToB. PocToB-Ha-/{ony: ®enukc, 2001. 366 c.

. OcHOoBaHUS 1 (QyHZAaMEHTHI 3JaHUH U coopykeHuil. IlonmOpHBIE CTEHBI W KpeIIeHHs KOT-

noBaHoB. [IpaBmia mpoexTtupoBanust u yctpoiicrBa: TKII 45-5.01-237-2011 (02250).
Been. 01.07.2011 (c ormenoif IT 17-02 x CHB 5.01.01-99). Munck: MuHCTpOHapXUTEKTypbI
Pecnyonuku benapycs, 2011. 100 c.

. IIpoexTupoBanme u ycrpoiictBo OyponabuBHbIX cBai: II 13-01 x CHB 5.01.01-99.

Been. 01.01.2002. Munck: Munctpoitapxurektypsl Pecriyonmku benapycs, 2002. 43 c.

. HoBoxuios, T'. @. be3nedexkrHoe norpyxeHue cBail B TNbIX U BEYHOMEP3JBIX I'PYHTaX.

JI.: Crpoitnznart,1987. 112 c.

Bacennn, B. A. Onenka mapaMeTpoB KojeOaHHH TpyHTa HPH yIapHOM IOTPYKEHHH CBail.
OcHoBHble cieactus / B. A. Bacenun / PekOHCTpYKIUS TOPOJIOB M TEOTEXHHYESCKOE CTPOU-
tesbeTBo. 2003. Ne 7. C. 210-224.

OcHoBanust M (yHAAMEHTH 31aHUil U coopykeHuH. OcHOBHBIE mMonokeHUs. CTpOHTENb-
Hble HOpMBI ipoektupoBanus: TKII 45-5.01-254-2012 (02250). Beexn. 01.07.2012 (c ormeHO#
CHB 5.01.01-99). Munck: MuHnctpoiiapxutektypsl Pecniyonuku benapycs, 2012. 102 c.

Mocrymuna 06.04.2015  INoamucana B neyars 03.06.2015  Omny6nmkosana omaiin 30.03.2016

11.

REFERENCES

. Bashkatov A. D. (1991) Admonishment of the Water Well Sand Addition. Moscow, Nedra. 176 p.

(in Russian).

. Volokhovskiy G. A. (1982) Operation and Maintenance of the Agricultural Water Supply

Systems. Moscow, Rosselkhozizdat. 224 p. (in Russian).

. Gavrilko V. M., Alekseev V. S. (1976) Screens for the Drilled Holes. 39 ed. Moscow, Nedra.

345 p. (in Russian).

. Ivashechkin V. V., Sheyko A. M., Avtushko P. A. (2015) Water Source Well. Patent Republic

of Belarus no 19304 (in Russian).

. Ivashechkin V. V., Avtushko P. A. (2011) Construction and Maintenance of a Water Source

Well with Circulatory Regeneration System. Izvestyia Vysshikh Uchebnykh Zavedenii i Ener-
geticheskikh Ob’edinenii SNG [Energetika. Proceedings of CIS Higher Education Institutions
and Power Engineering Associations], (4), 64-73 (in Russian).

. Kochetov V. T., Pavlenko A. D., Kochetov M. V. (2001) Theory of Strength of Materials.

Rostov-on-Don, Phoenix. 366 p. (in Russian).

. TKP 45-5.01-237-2011 (02250). Basements and Foundations of Buildings and Structures.

Retaining Walls and Foundation Pit Shorings. Design and Installation Codes. Introdu-
ced 01.07.2011 (with Cancellation of P 17-02 to SNB 5.01.01-99). Minsk: Minstroyarchitec-
ture of the Republic of Belarus, 2011. 100 p. (in Russian).

.P 13-01 to SNB 5.01.01-99. Project Engineering and Arrangement of Augered Piles Introdu-

ced 01.01.2002. Minsk: Minstroyarchitecture, 2002. 43 p. (in Russian).

. Novozhilov G. F. (1987) Free from Defects Pile Sinking in Thawed and Permanently Frozen

Soils. Leningrad, Stroyizdat. 112 p. (in Russian).

. Vasenin V. A. (2003) Ground Vibration Parameter Estimation at Hammering of Piles. Major

Effects. Rekonstruktsiia Gorodov i Geotekhnicheskoe Stroitelstvo [Urban Redevelopment and
Geotechnical Construction], (7), 210-224 (in Russian).

TKP 45-5.01-254-2012 (02250). Foundations of Buildings and Structures. Main Provisions.
Construction Design Standards. Introduced 01.07.2012 (with Cancellation of SNB 5.01.01-99).
Minsk: Minstroyarchitecture of the Republic of Belarus, 2012. 102 p. (in Russian).

Received: 6 April 2015 Accepted: 3 June 2015 Published online: 30 March 2016



	ЭНЕРГЕТИКА
	Электроэнергетический совет снг,
	Министерство образования республики беларусь,
	СОДЕРЖАНИЕ
	Главный редактор Федор Алексеевич Романюк
	Proceedings of THE Cis
	ENЕRGЕТIKА
	CIS Electric Power Council,


	Ивашечкин В. В. Совершенствование конструкций водозаборных скважин и методов их капитального ремонта . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	ELECTRICAL POWER ENGINEERING

	Ministry of Education of the Republic of Belarus,
	CONTENTS

	Ivashechkin V. V. Design Development of the Water Supply Wells and Methods of their Capital Repair . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	
	REFERENCES

	
	ЛИТЕРАТУРА
	REFERENCES

	
	ЛИТЕРАТУРА
	10. Димніч, А. Х. Теплопровідність / А. Х. Димніч, О. А. Троянівський. Донецьк: Норд-Пресс, 2004. 370 с.
	REFERENCES
	10. Dymnich А. Kh., Troyanivskiy О. А. (2004) Thermal Conductivity. Donetsk: Nord-Press.  370 p. (in Ukrainian).

	
	УДК 628.112
	Для цитирования: Ивашечкин, В. В. Совершенствование конструкций водозаборных скважин и методов их капитального ремонта / В. В. Ивашечкин // Энергетика. Изв. высш. учеб. заведений и энерг. объединений СНГ. 2016. T. 59, № 2. С. 175–186




