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NPEAHCNOBUE

B OciioB#EIX HaNMpaBICHHAX 3JKOHOMHMUECKOI'o K coluasbHoro pasentia CCCP
ra 1986—1990 roanl B Ha neproia Ao 2000 rona oTMeyeHa HeOGXOAMMOCTH YCHJe-
Hilsi MOHCKOB H Da3BeJKH NOA3EMHBX BOA AJd HCMOMb3OBAHHA HX B HAPOJHOM XO-
37iCTBE.

[Mo/1zeMHble BOAK SIBANIOTCA HCTOUHHKOM CeNbCKOXO3RRCTBEHHOTNO BOAOCHaGXKe-
Hisl, 4 NPY HANHYYH XOpOWEeil 3JalHTHl OT 3arpA3HeHHH HX HCNOAB3YKOT B LeAsAX
X03ACTBEHHO-NHTHEBOTO BOXOCHAGKEHHS KPYMHBX HACENEHMHX NYHKTOR H FOPOJOR.
CxeMBl KOMNNEKCHOTo HCIO/Mb30BAHHS NMOBEPXHOCTHRIX H NOA3EMHHX BOL peanH3o-
BaHLI B TaKHX KPYMHHX ropojaax, Kak Kues, T6uanch, Pura n ap.

Herarusxbie TeHNEHUHH H3MeHeHHS KayecTBa BOLH B IOBEPXHOCTHBIX ROJIOHC-
TOuRiKax (PEKaX, BOROXPAHHJHUIAX, 03ePax) NPHBOLAT K HEOOXOAMMOCTH Cyllect-
BEHHOT0 COBEPLUIEHCTBOBAHHS OYHCTHHIX COOPYIKEHHH, H XOTH pa3paBoTaHW TEXHO-
JOTINECKHE PEUIeHAs IS KOHIHIHOHHDOBAHHS MOBEPXHOCTHHX BOL JaXe IIPH
BBLICOKO(  CTEMEHH HX 3arpsA3HeHHs, COCTOSIHHE OCBOEHHS CePHHHOTO BHMYCKa ClenH-
3.7580T0 BOJAOOYHCTHOrO OGODYAORAHHSA, DEAreHTOB, CPeACTB KOHTPO.ISL W aBTOMATH-
3313 NPOUECCOB BOJONOATOTOBKK 10 HACTOAWEr0 BPeMEHH HeyIO0BJETBOPHTEbHOE.
CY1icCTBCHHMM CREPXKHBAWIUHM ¢(AKTOPOM B DPa3BHTHH COBPEMEHHBX TeXHOJOTH-
YECKIX OPOUECCOR NPH OUHCTKE BOXHW CTAHOBUTCH K HeOGXOIHMOCTb MPHHIHIHAML-
HOMO H3MEeHeH#s MOAX0oAa K O06beMaM KANHTAJbHHIX BJOXeHHH HA CTPOHTEALCTBO
BO,I0OMHCTHHX COODYXeHHH, KOTOphle AOMMHH RO3pacTaTh ropasno GoJee BLICOKH-
M TeMIIaMH,

B 3Tux YcJIO0BHAX eNMHCTBEHHOH a/bTePHATHBOH DA3IRHTHR XO3AHCTBEHHO-THTHE-
BOr0 BOAOCHAGMKEHHs OCTaeTcs paculHpedHe MacwTa60B HCINOJbIOBAHHA ITOA3EMHbLIX
BO1, XOTst 3T0 HH B Koel Mepe He NOJKHO OnITh NpHYHHOM 3aMelsleuHst Pa3palbOTKH
H OCBOCHUS HA NPOHIBOACTBe HAXEKHBIX OUHCTHHIX COOPYXEHHH NpH HCNIONB30BAHHH
B KaueCcTBE HCTOYHHKA BOXOCHAOMEHHS B TOH HJH HHOH CTENEHH 3arps3HeHHBIX BOA.

B3 nactoruieff paGoTe Hapsily ¢ ONHCAHHEM OCHOBHBIX TIPHHUHIOR NPOEKTHPO-
Bauilsl COOPYMeHHH AJs 3a60pa MOLIEMHHX BOA OXApAKTEPHIOBAHH TPOrpeccHBHHE
MetQIs HX CTPOHTENbCTBA H 06ycTpoHicTBa. BomosaGopHele coOpyXesHs pacemar-
PUBAOTCH B KOMIJIEKCE ¢ CHCTEMAMH HCKYCCTBEHHOrO BOCHOJHEHHS MOR3eMHBX BOX
(HBIIB), Hcnosab3opaHHe KOTOPHX NO3BOJAET 3KCIAyaTHPOBATh BOA03A6OPH B OM-
THMAILHOM HAPOAHHAMHUYECKOM peXWMe H OCYIIECTBAATH DEry’IHpOBanHe KayecTBa
oTOUpAeMOol W3 BOAQHOCHMX NJACTOR H mofaBaeMofi moTpebuTenioc BOAH. BaXHHM
aCIeRTOM 3KCIJYATalUHH BOXO3a060POB OCTaeTCs NOLLePXaHHe HX cTabHIbHOTO Xelt-
CTBilfl B TeueHHe Bcero mepuoda aMoprH3auud. TexyHueckHe cpexcTBa H TEXHOJOTHSA
NpoisBOACTBA 3THX paboT, ONHCAHHble B HAHHOH KHHre, o0ecmeuHBalOT yClewHoe
pouledite YKa3aHHWX 3agad. BrjoTHyio K sTHM npofnemaM IPHMHKAIOT H BONPOCH
PCKOHCTPYKUHH BOX03aGOPHHX COOPYXKeHHN, paccMOTpentiHe KaK CHOCOOH  HHTEH-
clidukaniH AelicTBylONINX BOAO3IAGOPOB.

BnepBrle B OTeuecTBeHHOH JWTepaType MOLPOOHO ONHCaZHO OOOCHOBAHME TeX-
HOI0TIIR 06e3XeNe3nBaHus NoA3eMHHEX BOX B ILJlacTe € xapamepac‘nmoﬁ YCTRHOBOK
DepHoOAHIECKOTO H HENpephBHOrG AeACTBHA.

B. C. ATeKceeBHM HANHCaHel NPeAMCNOBHe H Taaem 4--10, 12—14, 17—19,
H. A. [NaotsnxoBsiM — raasw 13, 11, 15, 16, 20, T. M. KovmyuaapoM — ryapa 21.

ABTOPH BHpaxaioor ray00Kylo NPpH3HaTeAbHOCTb KaHA. TexH. Hayk A. @. Ilops-
AHHY, B3ARUIEMY Ha ce6s TPYL NO peueHAHPOBAHHIO PYKONMHUCH M CHeaBIIeMy IO Heif
pPsi UeHHHX 32vMeyarui.



I'JIABA 1. NIOA3EMHBIE BOObI,
HX HCNTOJIb30BAHHE

1.1. Yci0BHA 3aJeraHus NoA3eMHEX BOX

HsyyeHHeM mOA3eMHBIX BOJA 3aHHMAeTCA HayKa THAPOreOJOrHs.
OTMeTHM KpaTKO BaXcHefIlHe [HAPOrEOJOrHYeCKHe MOKAa3aTeNH H YC-
JIOBHAl 3aJieraHHs NOJ3¢MHBX BOJ, ONpejelfollHe HCNOJb30OBAHHE HX
BOJ03a60paMHu AAs BOAOGCHAGXKeRHs, OOBOJHEHHsi, OPOIICHHS H ApY-
THX NOTpebHOCTeH.

ITox3eMHble BOAH MO rHAPABIHYECKHM YCJOBHSM AeJSIT HA HaAMop-
Hble H Ge3HaNopHHE, a NO YCAOBHSM 3a/€raHust — apTe3HAHCKHE H
rpynToBble (pHc. 1.}). Takoe pa3sjgeneHHe g0 HEKOTOPO# CTENMEHH yc-
J10BHO. Hanpumep, noanutka apre3HaHcKux Boj OeananopHasi, T. €.
noA3eMHble BOABI He NOAHHMAIOTCA BHIUIE BOAOBMEILAIOMIHX MOPOJ.
ITpu BrIXOZE HANOPHEIX BOA HA NOBEPXHOCTHL 06pAa3yeTcst BOCXOAALIUH
HCTOUHHK (CM. pHC. 1.1), a npH BHXOAe 6e3HANOPHBIX — HHCXOAAIIHA.

B peynbix gonuHax O6BLIYHO OTKJIAABIBAIOTCS PHIXJble. TaK HA3HIBa-
€Mble a/I0BHAJbHLIE, BOJAONPOHHUAeMble NOPOAH  (NE€COK, rpaBHH,
ranbka), Ha ypoBHe KOTOPBIX HaXOAATCS TPYHTOBbIE BOAW (He TOJBKO
GesnanopHble, HO H HaNMOpPHBIE), a TaKXke FAHHHCTHE NMopoab. B jex-
HHKOBHX OTJOXEHHSAX dallle BCTPeYalOTCs HANOpHble M caaboHanop-
Hble BOAW (TaKXe B TNeCKaxX, rPaBHH H raneunukax). Heo6xoanmo
OTMETHTb, 4TO IIHPOKO paCNpPOCTPAHEHHBlE NOA3eMHbBIE BOALI MO CTemne-
HH MHHEPA/HM3allHK pa3fensioT Ha npecHbe (A0 ! r/n), conmoHoBaTHe
(mo 25 r/n), conensle (o 50 r/n), paccoant (6osnee 50 r/n).

3aneraioT NOA3eMHBe BOABl B Pa3JHYHBIX THIAPOre0JOrHYECKHX
cnosix 6/1H3 NOBEPXHOCTH 3€MJH HJAH 4Yallle Ha ray6GHHe, NpeBHILAIO-
Mefl NeCSITKH M COTHH MeTPOB. B OTAENBHBIX CAYYasix HCHOAB3YIOT
NnpecHLBIe BOAH, 3aJseraioulHe Ha ray6uHax o 1 kM H 6ojee; MHHe-
panbHBle, TepMaJbHble H NPOMBIIJIEHHNe (1A51 H3BJeueHHs foxa, 6po-
Ma H APYTHX XHMHYECKHX 3JIEMEHTOB) yaille 3aneralT Ha 6Oabmux
ray6uHax. YCNOBHsI 3a/eraHfsi M PacnpoOCTPaHeHHS NMOA3EMHBIX BOA
B CCCP wuayyenn JOBOJILRO MOAPOGHO, HO AJISI KOHKPETHOr'O HX HC-
NONb30BAHHSL HYXHBl feTailbHble HcclefoBaHHA. IIpH oleHKe 3Kc-
NJYaTAUHOHHBIX 3aMAaCOB MOA3E€MHBIX BOJA N0 AAHHHIM H3LICKAHHH BHI-
Aens0T YyUaCTKH BOAOHOCHOM CHCTEeMbl, Ha KOTOPHX NOA BIAHSIHHEM
@CTECTBEHHHX H HCKYCCTBEHHHIX (PaKTOPOB, BKJUYAS 3IKCIAYaTallHIO
NOJ3EMHBIX BOJ, CO3AaI0TCS1 OGNarOnpHATHHE YCJAOBHSA MO CPABHEHHIO
C OKPYXaIOWHMH MIOMAAAMHE AAst OT6Opa NOA3EMHBIX BOJ COOTBeT-
CTBYIOMIHMHE BOA03a6OpaMH B KOJHUYECTBE, HeOGXOAHMOM AAs Lene-
BOrO HCIIONb30BAHHS B HApOAHOM Xxo3siicTBe. TakHe y4acTKH Kjaac-
CHQHUHDPYIOTC KAaK MEeCTOPOXKAEHHs INOA3EMHBIX BOJ, KOTOpHE Xa-
PaKTEpH3YIOTCS,, B YAaCTHOCTH, CJEAYIIIHMH YCJIOBHSMH 3a/eraHHs
noasemunx poa (no JI. C. fIsBrry M ap.): 1) B mpeaenax coBpeMeH-
HBIX H Norpe6eHHBIX PeyHBIX AOJHH; 2) B apTe3HaHCKHX Gaccefinax;

4



125’\»4 ‘ 4

90y ‘\ A\ g 6 B84
5 b Vi ‘[ \ 1 I - ™~ RS Al Il
ok ' | i g
23 L“l!“ i | i
- i
A RV

/] 20 40 60 a0 700 120 740 %0 K~

[N+ [CT32 BEEPS —oxxé -5

Puc. 1.1. Cxema 3ajieraHds NoA3EMHBIX BOJ,

I —ranHy; 2 — neckH; d — TPeIHHOBATHE {l KaBRePDHO3HLHE H3BeCTHSKH; 4 — YpPOBeHh
0e3HaNOPHHX BOA; § — ypOBeHb HanopHHX BoA; 6 — TO Xe, BHINe YPOBHA 3eMJH;
A — BoCXOAAIKH HCTOUHMK; B — peka; B — 6acceitn rpyHToBHX mon; [ — apreswan-
CKilli BOAOHOCHWA rOpH30HT; Il — rpyHTOBHE BOAW B AAAIOBHANBHHX OTAOXKEHHAX

3) B KOHYCaxX BHHOCA, MPeAropHHX mnefidax 1 MeXTOpHHX BNAAHHAX;
4) B OrpaHHYeHHHIX MO MJOIIAAH CTPYKTYpPax HJAH MacCCHBAX TPeliHH-
HLIX M TPEW{HHHO-KapCTOBHBIX MOPOMA, a TAKXKe B 30HAX TEKTOHHUECKHX
HapyWCHHHA; 5) B NMeCYaHHX MacCHBax MNYCTHHb H NOJYNYCTHHbD;
6) B HaAMOPEHHHIX H MeXMOPEHHHX BONHO-JIeAHHKOBBIX OTJNOXEeHHIX;
7) B TaJHKOBHX 30Hax 00JaCTH pPa3BHTH MHOrOJIETHEMEP3JAbIX IIO-
pod, a TakXe B ADYTHX YCJOBHAX (HAmpHMep, B psle BONOHOCHHIX
rOPH3OMNTOBR, NPHYPOUEHHHX K TPelllHHOBATHIM H 3aKapCTOBAHHLIM H3-
BCCTHAKAM KaMEeHHOYroJbHOH cHCTeMB! IIogMOCKOBHOrO apTe3HaHCKO-
ro faccefina).

1.2. Hcnonb3aonanHe noa3eMybIX BOJ,

Ofniee MHpPOBOEe HCNOJb30BaHHe mMoA3eMHBX Box B XX B. Aas Xo-
3HCTBEHHO-NIHTbEBOTO BOJOCHAGXeHHS HaceJeHHbIX NYHKTOB, Ipo-
MBILIJICHHBIX APeaNPHATHH, a TakKXe B CeJlbCKOM XO3fIHCTBE pPe3KO
Boszpocno [6]: B Hauane BeKa TOAOBOH pacxod COCTABAAJA OKOJO
400 kM3, k 1970 r. o yBeanunsacs o 2600 kM3, 1. e. cTax B 6,5 pasa
Gonbwe, a x 2000 r, HaMeuaercq ypeaHdyeHHe fo 5800 xm3. Ilpu saTom
Hau6oNbIIHA pPAacXOj MOA3EMHBIX BOA TNPHXOAUTCH Ha OPOUIEHHE.

Miupopas NpPOMBIUINIEHHOCTh 33 3TO BPeMs YBeJHYHJA TOAOBOE
notpebaedne ¢ 30 go 650 kM3, T. e. noutH B 22 pasa. 1o nannwm M. C.
3ekuepa, H. W. Ilnotankoa u JI. C. fIapuHa, HaHGOJee KpPYIHBIM
norpe6utenem noasemMunix poa B CCCP gpnsgeTcs B HacToslllee BpeMs
KOMMYHalbHOe x03sifictBo. O6mu# orbop moasemunx Bog B CCCP
AJS KOMMYHAJbHOro x03g#ictBa (H, BepOSTHO, YacTbio AJS NPOMBI-
JEHHOCTH) B NOchenHee BpeMs coctaBaseT 320—350 m3/c. Hdasa cenb-
CKOXO3SHCTBEHHOr0 BOAOCHabGXeHHs1 H ob6BoaHeHHS uacr6umy B CCCP
pacxoayercs okoao 180—200 m3/c u ans opouieHHs — okono 250 M3/c.
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Bcero B CCCP noaseMHbix Boj HCNoJb3yetcs okoso 800 mi/c, uam
25 gM3/ron, uTOo COCTABJISieT MO YKa3aHHBIM JaHHBIM  HeGOJbLIYIO
4acTb HX NMPOTHO3HPYEMBIX pecypcoB. B oTnaneHHOR mepchneKTHBe AJS
FOPOACKOI'0 H CEJNbCKOXO3FHCTBEHHOro BOJOCHAGKEHHS ¢ 0O6BOJHEHH-
eM NacTGHIL HaMeyaeTcs HCNOJAL30BATh OKOJO 2 THIC. M3/C, HJIH OKOJIO
60 kM3/ron MoA3eMHBIX BOM, YTO COCTABJSET JHIWIbL ifs yacTb oOUIHX
IpOrHo3HpyeMblx pecypcoB. Ho B HekoTOphIX pafoHax, HalmpHMep B
MoapaBuH, norpe6HOCTb, BJABOE NPEBLINIAET NpPOTHO3HPYEMble pecyp-
col. CenyeT Tak:Ke yUHTBIBaTh, YTO 3TH PeCypcnl (HMEHOTCS B BHAY
npecHble BOAL) PAcCNOJIOXKeHH HepaBHOMepHo Ha TeppHTopHH CCCP
H Hepelko Aaneko oT Norpebutens. ITosToMy HCXONS M3 TEXHHKO-
SKOHOMHYECKHX IIOKa3aTesjeH He BCerAa LenecooGpasHO HX  HCNOJb-
30BaTh AAS XO39HCTBEHHO-NHTbEBOrO BOAOCHAOXKEHHS.

Io mocaepnum aawubM [25] mporuosw panbHefiliero yBejHuYeHHS
notpebeHus NOA3EMHBIX BOA H3MEHHJHCb B NOJNb3Y HX SKOHOMHH.
Tak, B CIIIA B 1970 r. Bogo3abop NpecHHIX BOJ Ha X035HCTBEHHBIE
Hyxael coctaBaga 450 km3/roax. K 2000 r. mpeamoaaraercs HCIOJb-
soBaTb 370—500 kM?%/roxa, T. e. npumepHo ua ypoBHe 1970 r.

1.3. 3aKOHOAATE/IBLCTBO MO MOA3EMHBIM BOIAM
H TeXHHYECKHE HODMATHBM!

BaxHeHIIHM 3aKOHOM BOAONOAL30BaHHS sBASOTCH «OCHOBbH BOJA-
Horo 3akoHoparesabcrBa Cowo3a CCP u cowo3HbIX pecnyGJHK», yTBep-
kaennpe 10 mekabps 1970 r. BepxoBuniM Coeetom CCCP,raeyera-
HOBJEHBl OCHOBHble TPeGOBAaHHS K BONPOCaM HCNOJb30BaHHS BOAHBIX
pecypcoB. B cratbe 21 yKkasaHo, 4YTO, KaK NPAaBHJIO, HCIOJb3OBaHHE
NOA3EMHBIX BOJA IHTLEBOrO KauecTBa AJH HYXI, He CBS3aHHBIX C
NHTbeBHM H OHTOBBEIM BOAOCHaGXeHHeM, He ponyckaercs. Ilpu oueH-
Ke KayecTBa MHTbCBOH BoAnl cjaeAyeT pyKoBoacTBoBaTbes I['OCT
2874—82, a TakkKe yKasaHHAMH MHUHHCTCPCTBA 3APABOOXPAHEHHS
CCCP o npemesbHO AONYCTHMBIX KOHLUEHTPAIHsiX BPeAHBIX BCLICCTB.
Ipu BHGOpe NMOBepXHOCTHBIX BOJ, HAaNpHMep NpH GeperoBoi HH(HADL-
Tpauuy, npu UBIIB H npu ycTpoficTBe NOA3EMHBIX BOACXPaHHJIHLI
peKOMeHAYeTCs NpHHHMAaThb Bo BHHManne TOCT 2701 —84.

O6uiHe ykasaHds N0 BEGODY HCTOYHHKOB IEHTPAJH30BAHHOIO XO-
8IHCTBEHHO-IHTHEBOIO BOAOCHAOXKeHHs1 onpexeasiotes ['OCT 2761 —
84. llas npeiynpexXaeHus 3arpsisieHHs MHHHCTEPCTBOM 3ApaBOOXpa-
venug CCCP paspaborano «Ilosoxkenne o mopsake NPOEKTHPOBAHHS
H 3KCHJyaTauHH 30H CaHHTapHOﬁ OXpaHbl HCTOYHHKOB BO)IOCHaﬁ}KE‘
HHS H BOAONDPOBOJAOB XO3fHACTBEHHO-NHTbEBOI'0 BOAOCHaGXKeHHS». DTO
NOJOXKEHHC YTBep}KI[EHO TJIaBHBIM rocynapCcTBeHHbIM CaHHTAPHBIM
Bpadom Coilosza CCP [13]. B pasBurHe 3Toro mnosoxenus BHHH
BOITEO T'occtposs CCCP paspaboTanm «Pekomenapanun mo ruapo-
IeONIOTHUECKHM pacyeTaM JUig OoNipeaeldeHHs IpaHul 2-T0 H 3-ro NogcoB
30H CAaHHTapHOH OXpPaHH MNOJ3EMHBIX HCTOYHHKOB XO3SHCTBEHHO-
NHTbLEBOrO BoaoCcHabxeHus» [15].

Ilpu HCKyCCTBEHHOM BOCIOJHEHHH NMOA3EMHBIX BOX MUHHCTEPCTBOM
anpaBooxpatenns CCCP 26 mapra 1979 r. yrBepxaenb «CaHHTapHbIE
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npaBHda MO YcTPOHCTBY H SKCNJyaTalKH BOA03a6OPOB € CHCTCMOH
HCKYCCTBEHHOTO BOCIHOJHEHHs] TOA3CMHBIX BOA X0351ACTBCHHO-NHThbE-
Boro HasuauenHsi» [18]. Tlpu nmpoekTHpoBaHKH BoA03a6opoB cAcayeT
yuntsibaTh «KiaccHpHKaNHIO SKCNJAyaTallHOHHBIX 3allacOB H NPOTHO-
3HPYEMHX pecypcoB NMoj3eMHuIX Bof» [8)], a Takxke «HMucTpykuHio no
NPHMCHEHHI0 KJaCCHPHKAUHK SKCIAYyaTAaUHOHHBLIX 3aMacoB INOA3eM-
HBIX BOJA K MECTOPOXIEHHSM NMHTbeBbIX H TeXHHYECKHX Boa» [7].

B HacTosillee BpeMsi He CYIICCTBYeT OOINECOIO3HOTO CTaHAapTa
4,9 OLICHKH KaueCcTBa NOJHBHBIX BOA NIpH opomenun, Ho BHUHUT'uM
B 1984 r. paspa6oTaHbl peKOMeHAAUHH M0 OUCHKe KauecTBa BOAB AJs
opollends. B HeKoTopbix pecny6J/HKax pa3paboTaHbt OTAEJNbHHE peKo-
MCHAAUKH H PpYKOBOACTBA MO HCMOJb30BAHHIO MHHEDAJH30BAHHLIX BOJ
{Typrmenckas CCP), gapenaxuwx Boja (¥3berckas CCP u Ka-
saxckan CCP). KauecTBo BOAW AJIsi OpOUIeHHs 3eMeJb Ha lore Yk-
paunel Hopmupyetcsi TOCT 25900—83.

Cow3spoanpoektom B 1986 r. paspa6oransl HOpMATHBbI KayecTBa
BOjLI, OCHOBHBIE MOKA3aTesli KOTOPLIX NMPHBCAEHHW B Tabuaule.

QuenKka KayecTna BOIHM AJisS OPolleHHS ® O0BOLHEHHA Mo BeJHYHHe olwed

MHHEPANHK3ALHH
BeanuHHa
KauceTBo BOA®W MO MyHepa- [IphronsocTs BOAM A8 neAeR TIpHroRHOCTb BOAK
MHREDANTH3ALHH "‘B‘g;':l““ GpoleRHs Ans 66BONHEHAH
T/x
I1pecHast 0,2—0,5] Bnonge npurofsa Bnoane npurogna
¥Yvepenao 0,5—1 | To me, npu orcyrcTauM cBoboa-{ To xe
npecHas HOrD Apenaxa HeoOGXOMHMH Me-
Pbl, NpeaynpexaaoNiie HaKon-
JeHHe uiesoyedn
ChadocoonoBaTan 1-3 [lpuroana ansm mnous suicokolt| Ilpuroana Bo  BCe
NPOHKNAEMOCTH [OpH  XOPOWEM | CE30HH Toxa
ApeHaxe ¢ noafopoM  cogeyc-
TOWYHBHX KYJIbTYP
Yuepeyro 3—-5 JonyctumMa B yCNOBHsX XOPOWIO| YCJAO0BHO NPHTORHA
coacHOBRATas obecrnieyeHHOro APEHAXA CTPH-| (B OCHOBHOM 3HMOH
MeHeHHeM NPOMBIBOK W 1OAGO-| H OCEHBIO)
pPOM COJNEeYCTOMUHBHX KYABTYP
CuicHoconenas 5—10 | Ilpumennma B cayuae Kpafimedi| Ilpurogna ToNBKO
HEOBXOAHMOCTH H B 0co00 6sa-| oceHplo H 3UMOM
rONPHATHBIX YCEI0BHAX
CoJenbie BOIH i0 [IpakTHYeCKH HENPHIOAHK IlpakTHueckH He-
® paccolmi NPHTOAHK

YKasaHHbie B TabJHiue HOPMATHBBL YTOUHAWT C
pacTBOpeHHBIX coJefi.

YueTOM COCTaBa

1.4. Tunnl Bop03abopoB NOA3EMHBIX BOJ

Bono3zabopbl NMOA3CMHBIX BOJA COCTOSAIT KAaK H3 OTAEJbHBIX COODY-

Keun#t (KanTaxubix) OIS TOJNYUEHHS TOZ3eMHBIX BOJ, TaK H M3 HX
cnctemsl (BoZ03a6opoB); 0iHO KallTaXHOoe COOPYXKEHHE TaKXKe MOXHO
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HaspaTb BOZ03abopoM. CYLIeCTBYKOT CjeAYIOLIHE THIB KalTaXXHbIX
coopykeHWH H BOL03a6OPOB.

KanraxHple cOOpyXeHHs AJsi MpHeMa BOAB! H3 BOCXOMSIIHX H
HHCXONSILIHX MCTOYHHKOB (KIOYeH, POAHHKOB) pPaccMOTpeHH B Tu. 11.
B 3aBHCHMOCTH OT YCJAOBHH BLIXOZA HA MOBEPXHOCTb 3€MJIH H3 BOMLO-
HOCHOTO TOPH30HTA KaNTaXH MOTYT HMETbL PAa3/HYHYIO KOHCTPYKIIHIO!
B BHAE ApeHaXHHIX TPy6 co COODHBIM KOJOAUEM H KaMepoH, oaHOH
KallTaXXHO# KaMephl, a HROTZa B BHAE LMAXTH ¢ OTBOAHOH Tpy6oit. Ta-
KHe COOpYXeHHs B HacTosilliee BpPeMsi BCTPEUAIOTCS CPaBHATENbHO
perko. Camoe BaXHOe — PACHOJOXKHUTHL KaNTaXHble COOPYXKEHHS 10
BHXOa Ha NMOBEPXHOCTb 3eMJH, UTOOW MNpeaynpeiHTh 3arpsi3HEHHe
NOA3eMHBIX BOX.

lF'opu3oHTanbHBle BON03a56OPH 8 BHAE NPEHAXKHBIX TPYG Hranaepei,
npuMedsieMbie A4 3axXsaTa [‘pYHTOBbIX BOA, YKAAJAKNBAKT B BABIPHTHE
KaHaBH H paclonaraioT Ha TyyGuHe ob6biuHo He Gonee 5—8 m. M3
TOPH3OHTaAJNbHKHX BOJ03a60opoB Boja nocrynaer B c6opHBIN Koaozel
(xamepy).

lF'opH30HTaNbHBIE NyueBble BOAO3ABOpH TPOOGYDHBAIOT H3  UEHT-
panbHON WIaXThl-KAMepHl H uallle NPHMEHNIOT AJs 3aXBaTa IPYHTOBLIX
BOJ, a B IOCHeAHee BPeMA — H AJA 3axBaTa HamopHbix BoA. Coopy-
XKAWTCH OHH CPABHHTCABHO PeAKO, KaK NpaBuUio, Ha TIayOHHe 10
10—30 m u 6oxce.

l'opu3oHTaNbHBle BOJO03260PHM B BHAE WITOJEH W KAPH30B (Ha ray-
6unax 10 20 M u Gonee). Tlocneanne npeactapssioT co6oA aApeBHUHA
cnocob kantaxa noascmubix Boa. B CCCP oxu npumensnnch B 3a-
KaBka3be W Ha lore TypKMeHHH, 3a py6exom —B Hpane, Hanphwmep.
B Hacrosilllee BpeMs KSIDH3B! He COOPYXaT, HO paHee BBHIIOJIHEHHHE
SKCHJNIYaTHPYIOTCS H PeMOHTHPYIOTCH.

IHaxTHble KOJOAUHM HCNOAL3YIOT Yamie npH He6Goabiuux obbeMax
noTpebnennss ¥ riy6HRe 3anerannsi NoAzeMHHX Box do 20--30 M.
Ins 3axBata NMoJA3eMHBIX BOX COOPYXaMOT CKBAXKHHBI Pa3lTUUHBIX KOH-
CTPYKUHH: OXHHOUHEIE AJ151 HeGOJbIUKX MOTPeOGHOCTEH, HECKOAbKO HJIH
Aaxe MHOXKECTBO CKBazxHH, KOTOpbIe OGLQJ'IHHFHOT B CHCTeMY BOJA0Q3a-
60pOB CyMMAapHOH MpPOH3BORHTEJbHOCTbIO L0 HECKOJbKHX COTeH H
JlaXke ToicAY KYOOMeTpOB B CeKyHay. Bono3aGophl H3 CKBaXKHH IpHMe-
HAIOT NMPH 3aXBaTe KaK IPYHTOBBIX, TaK M apTe3HAHCKHX NMOA3EMHBIX
BoA. CKBaxHHBI WJIH BOA03a60OpH H3 CKBaXHH NPHMEHSAOT NpPH ray-
6WHE MOAOLIBR! BOXOHOCHOTO ¢yiosl 6odee 8—10 M.

Hast ocoburx ycnosnit, HanpuMep B pafoHax MHoroseTHei mepsJo-
Thl, ceAiCMHYECKH AKTHRHBIX, IPHMOPCKHX H APYFHX clelH(pHUeCKHX
YCJIOBHH, COOPYKAIOT BoA03a60PH 0CO00H KOHCTPYKIIHH.



TJABA 2. 3KCIIJIYATAILHOHHBIE 3ATIACHI
MOA3EMHDIX BOJ,

2.1. TlonATHe 006 9KcNNYaTAUROHHMX 3amacax
NIOA3EMHLIX BOA H METOIAM HX OUEHKH

Hoa akcnayaTalHOHHBIMH 3amacaMH TMOA3EMHHX BOJA TMOHHMAKOT
HX PacXofl, KOTOPHH MOXeT 6bLITb MOJYyYeH Ha MECTOpPOXJIEeHHH C MO-
MOIUbI0 PAUHOHAMBHBIX B TEXHHKO-3KOHOMHYECKOM OTHOUIEHHH BOJ03a-
6OpPHHX COOPYXEHHH NPH 3aAaHHOM peXHMe 3KCUAYaTaluHH H MNPH
KauecTBe -BOJAB, YAOBJETBOPSIOUIEM TPeGOBaHHAM LEJNEBOr0 HCMOJb-
30BaHHS B HAPOJAHOM XO3fHCTBE B TEYEHHEe PaCUeTHOr0 CPOKa BOJAO-
norpe6aesHs. [IpH OLleHKe 3KCHIyaTAHOHHBIX 3aMlacOB  MOA3EMHBIX
BON, KPOMe TOro, HeoOXOAHMO YYHTHBATh NOJIOXEHHE YPOBHeH BOAH
B HHX (AHHaMHUYECKHX ypoBHeil), a TaKXe HX H3MeHeHHe BO BPEMeHH.
KaacchadHukanns 3KCNNyaTalHOHHBIX 3aMacoB  H3JN0XKeHa B paboTe
I'K3 npu CoBere Munncrpos CCCP [8]

DKCnIyaTalHOHHBIE 3aNacH NOA3EMHBIX BOJA AJS NPOEKTHPOBaHHSA
BOA03a60PHBIX COOPYXKeHHH MOACUHTHBAIOT MO pe3yabTaTaM NpoBe-
JACHHHX HAa MeCTOPOXKAEHHH MAETaJbHBIX DPa3BeJOUYHHIX THJIPOreoNOTH-
UCCKHX PabOT H MO AAHHHIM 3KCITYaTallHH NOA3eMHEBIX BOJA OGHYHO &
JOTMONIHATEILHEIMH Pa3BeA0YHBIMH paboTaMH. JKCIJyaTalHOHHBIE 3a-
nacH NOJA3eMHHBIX BOJ, YTBepiKaaeMHe A NMPOEKTHPOBAHHS H  3KC-
niyaTalnH, oTHocsTCA K kateropusM A, B u C. Kpome Toro, no cre-
NCHH H3YYEHHOCTH BHAEJSAIOT NpeABapHTEJbHO OLEHEHHMWE 3KCIJIya-
TallHOHHbIE 3amachl N0 kaTeropHu Cp, KOTOpHe He MOTYT BXONHTb B
IKCIJIyaTalHOHHBE 3anack A NPOEKTHPOBAHHS M SKCIAyaTallHH;
ONHAKO OHH HBASIOTCA OCHOBAHHEM AJA JAaJbHeHIIHX HCCAel0BaHHA
# YTOUHEHHs 3amacoB No 6oJiee BHICOKHM KaTeropusiM. Jlas mepcnex-
THBHOH NIpelBAPUTEJbHOH OLEHKH 3allacoB MNOA3eMHBIX BOJ BHAENA-
I0T TaK Ha3eBaeMble pecypcH P, KoTophie OUEHHBAWT COrJacHO
«KnaccupHgauun» [8]pﬁa oCHOBe oO0l1ero TRAPOTeOJOTRUECKOro aHa-
/133, TEOPETHUECKHX NMPEANOCHIIOK, TeOJOrHUECKOro H THAPOreoaorH-
Y€CKOI'0 KapTHPOBaHHSA, THAPOXHMHUYECKHX, THAPOJIOTHUECKHX H BOJAO-
0aJlaHCOBHIX HCCJAENOBAaHHH, CAHHTApPHHIX YCJOBHH, OTPaXKalUHX TO-
TCHIHAJbHBIE 3KCINYaTAUHOHHHE BO3MOXHOCTH HCIONbL30BAaHHA MOI-
3CMHBIX BOJ.

TlpaMeHeHHe KnacCHGHKRAUHH 3aMacOB NOA3EMHBIX BOA AJS IpO-
eKTHDOBAHHS H NPOrHO30B HCNOJAb30BAHHS HX A8 BOAOCHAOKeHHS H
ADYTHX Leaefl B NEPBYIO ouepelb ONpedellseTCs CYLIeCTBOM caMof
«Knaccupukanun» (8] u Gonee zeransHo «Huctpykumeds 'K3 npu
CM CCCP» [7], a rakke «<MeronnueckuM pykooacreoM BCETMHTEO
no pasBelKe H OLCHKE 3KCMJYaTAaUHOHHBIX 3a[acOB MOA3EMHHIX BOA
Ang BolocHaGxenus» [9] ¥ ApYTHMH MOCOGHAMH. JKCINYaTanHOHHHE
3anacH MOJA3eMHKX BOJA MO CTeNeHH H3YYeHHOCTH, KAK OTMEUEHO BH-
le, pasfgessoTcs Ha 4 KaTeropHu: ot 6ojdee HayueHHux A, B u C,
10 NPeJABAaDHTENbHO OlleHeHHOH C,, a MPOrHO3HBIE pecypCH IO CTele-
HH ©00CHOBAHHOCTH OTHOCATCS K KaTeropHH P. JleranbHble TpeGoBa-
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HHA K Pa3jJuyHBIM KaTeropHsaM H3IYYEHHOCTH 3allacOB MNOA3eMHBIX BOA
H3J0XeHh HHXe.

SKCIIyaTalHOHHKE 3aNachl MOA3eMHBIX BOJA MO HAPOAHOXO3AHCT-
BeHHOMY 3HAYeHHIO Pa3fensaloTCs Ha JABe rpynnsi: 6alaHCOBHle H 3a-
6anancoBhle. IlepBble 9KOHOMHYECKH Ues1eco06pasHO HCMOJb3OBATH
yxe ceddac mpu CyllecTBYWOLieH MM OCBaHBaeMOH TeXHHKE H3BMleye-
HHs1 TOJ3eMHHIX BOX BOA03a6OpPaMH; HCNOJb30BaHHe BTOPHX B Ha-
CTosllllee BpeMsl TeXHHYeCKHM HeBO3MOIKHO, S5KOHOMHMYECKH HEIC1eCo-
06pa3Ho HJM HeHaZexHuo. 3abanaicoBHe 3KCMJYATalHOHHbIE SANACH
NOA3eMHEIX BOJ YUYHATHBAKT M [NOACUYHTHBAIOT, eCJAH A0Ka3aHa HX
BO3MOXHOCTL peajH3aUHH B mepcCliekTHBe. [Ipu mojacyere 3Kcmjayarta-
{IHOHHBIX 3aMaCOB NOA3eMHHe BOJb NOAPA3AensioT 0 THAPOTe0NOTH-
YeCKHM, TeXHHKO-SKOHOMHYeCKHM, CAHHTAapHHM H APYyIrHM [0Ka3aTe-
JIIM HX TPHMeHeHnHs,

Tlpr mpoeKTHpPOBAaHHH H OCBOGHHH 3amacOB MOJA3eMHble BOAM Ae-
JIAT Ha TPYNNB HCXOAH H3 CJIOMKHOCTH THAPOTreOJOrHYeCKHX YCJOBHH,
a TaKXe M3 5KOHOMHYeCKHX (GaKTOPOB H HAJLeXHOCTH KOJHYECTBEH-
HOTO ONpejesieHHsl PAacXOAa NOA3eMHBIX BOJ, IOJNyYaeMbIX H3 BORO-
s3abopoB. Ilpg 3ToM HMeeTcss B BHAY AOCTOBEPHOCTb OMNpefefeHHS
3KCMJY 2aTAHHOHHBIX "32M4aCO0B NOA3EMHBIX BOA OT JOCTATOYHO TapaH-
THHHOTO N0 KaTeropHH A [0 HeCKOJBKO MeHce AOCTORepHOro B u 3a-
Tem MeHce goctoBepHoro Ci. B «Knaccuduxauwn» H «HHCTpyxunn»
BHZEASIOTCS TPH TPYNIEI MEeCTOPOXKAEHHA NO NPH3HAKAM CJIOKHOCTH
FHAPOreoJOTHYECKHX YCJOBHH H, OYEBHAHO, TOUHOCTH KOJHYeCTBeHHHX
OHPEJJ,BJICHH!‘:I BeJHYHHH 3KCIAYAaTAlHOHHRX 3al1aCOB NOA3EMHBIX BOA.

Jns »TUX Tpex rpynn H ONpefensieTcs MPOIUEHT OHEHKH SKCIIyaTa-
OHOHHHX 3aNacoB no KareropusaM A, B u C.

K nepsod epynne oTHOCATCS MeCTOPOXAEHHS (yuacTK#) C npo-
CTHIMH THAPOTEOJIOTHYCCKHMH YCIOBHSMHM, CHOKOHHBIM  3aJCTaHHCM
BOAOHOCHHX MOPOA, MaJOU3MEHSIOWICHCA H JerkoonpenensieMol MOIl-
HOCTbIO BOJOHOCHOFO TOPH30HT&, OAHOPOAHHLIMH  (GHIBTPAUHBOHHBIMH
CBOJHCTBAMH, SICHO BBUIENASIOUIHMHCA HCTOYHHKamH ¢OpPMHpPOBAHHS
SKCIAYATALLBOHHEX 3a11aCOB M GJarONPHATHRIMH CAHHTAPHBIMH YCI0-
BHAAMH (C yYeTOM OpTaHH3allHK 30H CAaHBTapHOH oxpanbl}. Bce 3To
onpejeifieT BeJHUHHR 3KCINyaTallHOHHBIX 3a0aCOB  MOA3EMHBIX BOZX
¢ Bosnce HAZeXHOH OHEHKOH BeJHUHHBI 3KCMJYATAUHOHHBIX 3allacoB
o Kateropuau A —ne Menee 40%, no kareropus B —-409% u no xa-
teropun Cy —20%.

Ko sropoid epynne MecTOpOXKAEHHE OTHOCATCH YYaCTKH CO CAONK-
HEIMH THJIPOreoJOrHYeCKHMH YCJOBHSIMH: HeBBIIEPXKAHHOCTBIO MOUIHO-
CTH M CTPOEHHS BOAOHOCHBIX TOPH3OHTOB, HEOAHOPOAHOCTLIO (GHABTpPA-
UHOMHHX CBOMCTB BOXOBMEN[AIOUIHX IIOPOM, CJOXHOCTBIO T'HAPOXHMH-
YeCKHX YCa0BHH. Ha TakHX yyacTKax pas3Bellka MeCTOPOXAEHHH C
BHCOKHM [MPOIEHTOM OLEHKH M0 KATeropHH A 3KOHOMHYECKH HeleJe-
coobpasua, JkcnayatallHoHHBle 3anacsl B ocHoBHoM (60%) onenu-
BAOTCH ANA NPoeKTHpoBaHHs 1o kaTeropwn B, 20% — nmo xaTerophu
C, u ToabKo He MeHee 20% — no Kateropuu A.
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K rpereei epynne MeCTOPOXKACHHH OTHOCATCS YYaCTKH C  OuYCHb
CIOMHBIME THAPOreOJOrHYEeCKHMH YCJIOBUSAMHU: BEICOKOH H3MEH4HBO-
CThi0 MOUIHOCTH M CTPO€HHs BOZOHOCHBIX FOPH30HTOB, HX QHMABTpAlUH-
OHHBIX CBOHCTB, a TaKXe THADOXHMHYECKHX H FeOTepMHUYECKHX YCJO-
Bnit. B «Knaccupukanuuy» [8] oTmeuaercs, 4To pasBeika TpeTheH
FPYNNBEI MeCTOPOXIeHHH ¢ BRIBAeHHCM KaTeropud A Hcuesecoo6pas-
HA BCMeACTBHC BHICOKOH HX CTOMMOCTH H HH3KOH 3((eKTHBHOCTH.
JKCNayaTauHOHHBE 3aNacsl NOA3CMHBIX BOA TpeTheH TPYNNH MeCTO-
POXKACHHH OUEHHBAWOTCH Mo KaTeropuam B —70% ® C;—30%. K
3Toit XKe rpynne B «KnacCHpUKaUHH» OTHOCHTCA HCKYCCTBEHHOe BOC-
nonHente nox3emunx Box (MBIIB) u, BHAHMO, NOA3eMHBIC BOZOXpA-
nuonrma. OIHaKo clefyeT OTMeTHThb, YTO B HACTOSIee BPEMS pacyeTH
VBIIB, ocof6enno GeperoBrle BoA03a00pH H BOCNOJHEHHE TDYHTOBBIX
ROJA NP NPOCTHIX YCJAOBHsiX ¢ HHHABTpPaLHOHHBLIMH OacceifHaMH, paa-
padoTaHul AOBOJBHO Xopowlo. [To3TOMY, MO HallleMy MHEHHIO, NpH Ta-
KHX YCJAOBHAX MOXHO npeicTariasTts HX B I'K3 mo Bropo# rpymnme.

PaaBenaHHme H pacCUHTaunHple 0asaHCOBLIe 3alacH NMOoA3eMHRIX
BOJ ANS NPOCKTHPORAHMA AO/XHH OHITE yTBepXkiaeHH K3 uau B
COOTRETCTBYIOLIHX CJYYyasdx TEPPHTOPHANBHBIMH KOMHCCHSIMH TO 3a-
nacaM NoJe3HoiX HckomaeMwx MuHHCTepcTBa reosiorun CCCP (TK3)
IPH KaTeropHsiX H3YYEeHHOCTH 3allacOB MOA3E€MHEIX BOA mo Taba. 2.1

TaG6anna 2.1, Ta6aHna kaTeropHil SKCMAYATANHOHHMIX SamMACOB NMOASEMHHX BOA
{NO CAOXHOCTH YCAOBHK)

I‘pyﬁ‘nu sxcnxyaraﬁsonnmx sapmacos, %
Kareropus panacoB nepsas {upo- iBropaq {(caox-| TpeTbs (o%eHd
CTHE yCaio- HBlE YCNo- CHOMHBIE YCHO-
and) BHA) 8HA)
A+ B, He Menee 80 80 -
B ToM uncae:
A, He MeHee 40 20 —
B, He Menee — — 70
Ct 20 20 30

B cayuae, eciH BO3MOXHOCTH OCBOEHHSI MOA3EMHBIX BOJ AJSI BO-
NOCHAOXKeHHs UJH OpOIUEHHs HHMXKe COOTHOLIeHH#E (aNlaHCORHX 3amna-
COB, NPHBeACHHHX B Taba. 2.1, To 3TO pelllaeTcsi NpPH YTBepXACHHH
3anacoB B 'K3 CCCP (TK3) B BuAe MCKJIOUYCHHS.

Bo Beex cayuasix HONXKHO OHITH MOKa3aHo, UTO KAaueCTBO MOAyya-
eMBb(X NMOL3eMHBIX BOA HJHM HE H3MCHHTCH HJIH H3MEHHTCS, HO B AOMY-
crumbix npegenax (TOCT 2874—82 nas BomocHalXKeHus) H B 3aBHU-
CHMOCTH OT Tpe6oBaHHH norpe6uTens. YcJIOBHsi 3KCIUIyaTallHH TOA-
3eMHBIX BOA JOJXHB OHTBH ZOCTATOYHO H3YYEHH AASl NOJYYeHHst HC-
XOARBIX AAHHBIX AJI NPOEKTHPOBAHHA Ha pacueTHH cpoX (YpOBHH
BOJABl H ee PACXOA MO 3JeMEeHTaM BoAo3afopa).

Jlas yTBepXKacHHA TPOMHILTCHHBIX 3anacoB (KaTeropuu A, B H
C1), XpOMe TOro, JOAKHH OHTb 00OCHOBAHB H MpPEABAPHTENARHO OlE-
HeHHl 3allachl MO KaTeropHu Cz, a MMEHHO: TeOJOTHUeCKHe H THAPO-
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reo/IOTHIECKHEe YCJIOBHS MCCTODOXKAEHHA TOA3eMHBIX BOJA YCTaHABJIH-
BaloTCA B OOWIHX YepTax MO AaHHbIM €AHHHYHBIX PasBeROUHbIX CKBa-
XHH JIHO60 TOo aHANOrHH ¢ 60Jee H3YUCHHHMH yuacTKaMu. KauecTBO
BOJW NIPH STOM OIEHHBAKT M0 eAHHHYHEIM aHanu3aM Npob BOAH H
COOTBETCTBYIOUIMM TpeGOBaHHAM K 3TOMY KadecTBY. IIpH 3ToM
SKCNJyaTalHOHHBE 3aMach IOA3EMHBIX BOJA MOACYMTHIBAKOT N0 JAaH-
HEIM ONpo6OBaHHS eIHHHYHBIX pa3BefOUYHHX BHPAaGOTOK, aHaiuay
TUAPOreO/JOTHUYECKHX YCAOBHH, aHANOIMH H SKCTPANOJAUHH RAHHBIX B
GJH3KHX YCJIOBHAX, OLEHEHHBX N0 Ooslee BBICOKHM KATETOPHAM H3y-
JeHHOCTH.

Jns TepCneKTHBHOH ONEHKHM MOJA3EMHBIX BOJ ONpPeAe/AIOT 3anach
no Karteropuu P Kak NPOrHO3HpyeMble HAa OCHOBAaHHM KapT I'HApPOreo-
JIOTHYECKHX CBEMOK, MPeAll0AaraeMblX I'eOJOFHYCCKHX H TH/POTeoJo-
THYECKHX YCJOBHMH, YUHTHIBAasi BO3MOXXHOCTb OOHAPYIXKEHHs HOBLIX MecC-
TOPOXAEHHK MOJAICMHBIX BOJA C YUeTOM AHAJOTHH 3KCIJIyaTaukH IOX-
S8E€MHBIX BOJA B MNpeanocjiaraeMbIX YCJOBHAX. C.T[e,uye'r OTMETHTDb, 4YTO
NAHHHE THAPOTEOJIOTHYECKHX CheMOK, ocofeHHO B Maciutabax
1:50 000 u kpynHee, clefyeT HCROJb30BATh MPH OUEHKEe 3aMacoB BCeX
TpeX YIOMAHYTHIX TPynn MeCTOPOXAEeHHH MO HX H3YYEHHOCTH.

Heo6xoauMo yuecTh, YTO SKCHAYAaTAUHOHHHE 3aMaChl NMOA3EMHLIX
BOJ CO BPEMEHEM MOryT nojJexarb nepeyTBepxieHHio B [K3 CCCP
(u TK3) B cayyae nepecMoTpa KOMIAHUHKH, TpeGoBauHii, CTaHAaPTOB,
TeXHHUCCKHX yCJ'IOBHﬁ, TeXHOJOTHH 3KCINJAYAaTalHH, PEKCHCTPYKUHH
BOA03a6OPHKIX COOPYXKEHHH, HAPYLIeHHS NPHPOAHBIX H B 0COGCHHOCTH
BOJIOXO3AHCTBEHHBIX, 4 TaKXe CAaHHTAaPHLIX YCIOBHH; BCe 3TO AOJKHO
MPOH3BOJAKTBCA C YUETOM RAHHBIX N0 DEXHMY NMOJA3¢MHHEX BOJ IDH HX
KCNAYATAUKHK HA PacCMaTPHBAaEeMOM yvacTke.

B nacrosilliee BpeMs oOILENPH3HAHO, YTO 3KCIJyaTAlHOHHLIE 3a-
Oace TMOA3eMHBIX Boj GOPMHPYIOTCS 3a CYeT eCTeCTBEHHBIX HX 3ama-
COB — €MKOCTHBIX (M YNPYLHX), a TaKXe 3a CyeT IIPHBACKAEMbLIX B
npoliecce KCNIYAaTAUUH H HCKYCCTBEHHOTO HX BOCMOJHEHHA.

BoimenphBeaenHoe NonHMaHHe GOPMHPOBAHHS 3KCIAYAaTaUHOHHHX
3anacoB MOA3CMHBIX BOJ ABJASETCH CXeMOH, KOTopas YTOUHAETCH AJs
Pa3KHRIX THAPOreOJOTHUECKHX ycjaoBHH. CyelyeT HMeTb B BHAY, 4TO
OpH 3KCIJAYaTauHH 3aMacoB NOA3eMHBIX BOJ B KOHKPETHBIX YCJOBHAX
MepBOHAYAABHBH (CTATHYECKHH) YDPOBeHb HX CHHXaeTcd, YTO, KoHed-
HO, H3MCHAET THAPOAMHAMHUeCKHe YCJA0BHA. TOABKO TPH KamTaxe
HCTOYHHKOB (XJIOUeH) MOXHO CO3AaTb YCJIOBHS 3KCIJIYaTalHH HX C
oueHb HeGOALIIBM TOHHMEHHEM YDOBHsI BOJALI, HO H B 3TOM cjydae
HepeKo NOHHKAKT eCTECTBeHHBIH YpoBeHb BOAH. IIpH 3kcnayaTannu
TOoA3eMHBIX BOI CO CBOﬁOIle[M 3&pKaJIOM €MKOCTHHE 3anachl IOCTY-
naKT B BOA03a6OPH BCIEACTBHe CHHXXEHHS HX YPOBHSA, a B apTe3HaH-
ckHXx (HamOPHHIX) CHCTeMax HCHOJB3YIOTCS B 3TOM ciaydae YNpyrue
3amacel BOAOHOCHOrO TopH30HTa. IlosydenHe MpHBIEeKaeMHBIX 3aldcOB
3a CYeT NMOBEPXHOCTHHIX BOJ BO3MOXHO, HAIPHMep, NIPH SKCIIYyATANlHH
GeperobBuX BO03aBOpPOB: BOAa H3 PeK, BOAOXPAHHAHIL H O3ep NOCTY-
naetr B BOAOHOCHHI TOPH3OHT B pe3y.bTaTe NOHHXeHHs ypoBist {OT-
KayKa BOAH) B BOAO3abopax H BOZOHOCHOM TOPH3OHTE.
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2.2, 'ngporeooriyecKnHe HCCJAEA0BaAHHS

OKclAyaTauHOHHHBE 3aMacH H pPecypeHl MOA3GMHBIX BOJ Onpefens-
10T Ha OCHOBe Pe3y/NbTaTOB FHIAPOreOJOTHYECKHX HCcJedORaHHA pas-
JUUHBIX THMOB MECTOPOXACHHH TOA3eMHBX BOA (cM. pasa. 1.1) m
TPYNN HX 3KCIJIYaTAlHOHHBIX 3amacoB (cM. Tabu. 2.1). HccnenoBanusa
NpPOBOAAT TO TPeM OCHOBHHWM HanpaBaedMam: l) naowazHoe Kaprh-
poBaHHMe pasHoro Macirraa HAa OCHOBAHHH THAPOTEQJOTHUECKHX
CbheMOK; 2) mpeABapHTenbHas paaBeika; 3) AeTalbHAas pasBefiKa.

I'maporeosorHueckHe CbeMKH H HX KAapTHPOBAaHHe OCYHIECTBJSIOT
B cleAywmHx Macwragax: ot 1:5000000 po 1:500000— menxko-
macmrabunre; ot 1:200000 mo 1:100000— cpegHeMacTabHele; OT
1:50000 no 1:25000 u Gosee AeTaAbHBEE — KPYIHOMaCLITAOHBIE,

B Hacrosimee BpeMa CCCP oxBaueH B OCHOBHOM cpejHeMacuuTab-
HoH cbeMko# M 1:200000. Takyw CbeMKY BHIIOJHSIOT B OCHOBHOM
nyteM MapLIDYTHHIX HCCJef0BaHMM, KapTHpOBO4YHOro OypeHHsA C THA-
poreoJiorHuecKHM onpoboBaHHeM CKBAaXKHH, a TakXe C TOMOHIBIO
a3podoTOCHEMKH H KOCMOCBEMKH ¢ HCMOJB30BaHHeM AAHHHIX [0 TH-
NOBHIM YYaCTKaM; HCHOJB3YIOT HAOAIOAEHHA 32 PeXHMOM MOA3€MHHX
BOA M CBejeHHsl MO 3KCOAYATANKH MOA3eMHHIX Boa. IIpH KapTHpoBa-
HHH, B OCOGEHHOCTH AJISl H3YYeHHS IJYOOKHX MOA3eMHREIX BOA, HCIOJb-
3YKOT reoHsnyeckre HeenenoBaHud. Ilpn onpo60BaHHK CKBaXHH olle-
HHBAKOT XHMHUECKHH COCTaB moA3eMHbX BoA. O6a3aTefbHO YYUTHIBA-
IOT reO0JOTHYeCKHe ZaHHHe., MarepHa/sel rHAPOre0J0rHYecKoro KapTH-
pOBaHHS HeoOXOAHMH AJIl  OLIEHKH [epCnexTHB HCINOJB30BaHHA
NOA3eMHBIX BOI M HX Da3BejKH — NpelBapHUTeNbHOH M 3aTeM HeTadb-
HOH.

Ha ocHOBaHHHM HAHHBIX CBEMOK C Y4eTOM pe3yJAbTaTOB TeopeTHUe-
CKHX pa3paloTOK OUEeHHBAIOT HPOrHO3HpYeMble peCcypchl MOA3eMHHIX
BOoj) U HAMEYAlOT MeCTOPOXJIeHHs1 TOX3eMHHX BOA AJS pPa3BeiKH,
a TakXe OLIEHHBAIOT pecypchl MOA3eMHHX BOJ MO KaTeropuu P.

ITpeaBapuTenbras pasBefka TNoOA3eMHBX BOJ HMeeT CBoeH 1esbio
BHLIAEJIHTE H OGOCHOBATH MeCTOPOXISHHs MOA3EMHBIX BOJ AJS AeTaNb-
HOH pasBeikKd. OCHOBHHM MeTOAOM TNpeiBapHTEJNBHOR Pa3BelKH ABJS-
eTcs 6ypeHHe Pa3BelOYHBIX CKBaXHH M onpofoBaHMe MX C ompejese-
HHEeM H3MeHeHHs] THAPOreOJOrHUeCKHX [OKasaTelell Kak Ha ydacrke
MeCTOPOXKAEHHS, TaK H 32 ero npeleslaMm, onpepesOUHMHE YCJIOBHA
(pOpMHPOBAHHS SKCIJIyaTAHOHHHX 3aTaCOB MOA3EMHBIX BOA HA YKa-
3aHHOM MecTOpoXieHHH. Ha OCHOBaHMH JaHHBIX pasBeiKH Onpefens-
10T KOJiHueCTBeHHHIe 3JKCIOJNYATAILHOHHHE 3aMAach MNOA3eMHHX BOJA C
npeiBapHTeIbHEIM 5KOHOMHYECKHM aHAJH30M BAPHAHTOB BHIGOpa BO-
no3zabopoB. CocTaB pa3sBefOUHHX paboT 3aBUCHT OT THAPOTeOJIOTHYe-
CKHX YCJIOBHH, KOTOPHe OLEHHBAIOT MO CJAOXKHOCTH (cM. Taba. 2.1),
a TaK¥Xe OT METOAOB OlEHKH 3KCIHJAYATAIHOHHHX 3aMacoB NoX3eMHHX
Boa (cM. pasa. 2.3): THAPOAMHAMHYECKHX (aHAJHTHYECKHX ¢ MOAeaH-
pOBaHHeM), THAPABJHYECKHX, METONOB AHANOrMH M KOMOHHHDOBAH-
HuX. B cocraB pa3sBepodrbix paBor BxoasiT OypeHHe PA3BEHOUYHHX H
ONMLITHO-PA3BEAOUHKEIX CKBAXKHH C OTKAYKAMH AJs ONpejesieHHs YcJo-
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BHH 3ajeTaHHs H CTPOEHHA BOAOHOCHBIX TOPH3OHTOB, AeOWTOB H TO-
HH)KEHHH ypoBHeH, K03y PHLHEHTOB QHUABTPANHK H APYrHX Mapamer-
POB, HeOOXODUMHKIX IOJAA OUEHKH 3KCNJAYaTAallHOHHHX 3aNacoB NOA3EM-
HbIX BoA. MCroabayioT TakXe reo)H3sHyecKHe MeTOALI H aHaJOTHIO.

Ha ocHoBaHWu npelBapHTeNbHOR Da3BefKH 3JKCIIyaTallHOHHBIE
3anacH OUEHMBAIOTCH 110 KaTeropusaM B oCHOBHOM Cp M C; H 4acTHY-
Ho B; npH NpPOCTHX YCAOBHAX K HAJHUHB HAJEXHOrO aHakora BO3-
MOXHO YaCTb 3KCOJVATAIHOHHBIX 3aMacoB OLEHHBATb N0 KaTero-
pun A. Tlpu ollenke 3KCTIIyaTallHOHHBIX 34macoB {TOA3SEMHBIX BOA MO
JAHHLIM TpefBapHTEeNbHON Da3BCAKH lieNecoo0pa3Ho BK/IIOUATb Mpej-
BAapHTeNbHKIA 3KOHOMHYECKHA AHANH3 BAPHAHTOB BOA03alOpPOB ¥ HX
HaJleXHOCTb, a TAKXe aHaNu3 CaHHTapHuX ycaosuil. [Tostomy Ha cra-
JHY TIpe]BAPHTEALHON Da3BelKH CJeAYyeT NPHBIEKATH CHellKaJHCTOB
DO HCNOJb30BAHMK NMOJA3eMHHIX BOJ, TaK KaK BLIOHPAeTCs Y4acToK
{MecTopoxenne) ANS AETAJbHRIX THADPOTEOJOTHUECKHX HCCAeAOBa-
Hufl. TIpH COOTBETCTBYWUIHX YCJAOBHAX HCHONh30BAHHA NOA3EMHHIX
BOJA, HanpHMep 0pPH BapHaHTe OeperoBHX BoA03afOpPOB, BKJIOUAIOT
THAPOJIOTHYUECKHE H THAPOMETEOPOJOTHYECKHE HCCJISAOBaHHs, AJS KO-
TOPBIX B OCHOBHOM HCNIOMAB3YIOT AaHuble I'uapoMeTcayx6sol.

JleTanbune rHAPOreOsOrHuecKHe HCCAEHAOBAHHS HA HOBHIX MeCToO-
POXKJECHHSAX ¥ HCCIeNOBAHHA C AHAJH30M 3KCIAYATANHK Ha MECTOPOXK-
Ienusix ¢ paboTawuiUMH Bofo3abopaMu JoaXHK ObITh AOCTATOUHEIMH
AJIs OUeHKH 3KCNJTyaTallHOMHBIX 3aMacoB MPOeKTHPYeMBIX BoA03alo-
POB; MPH 3TOM KAaTErOpHH H3YYEHHOCTH JJIsl Pa3iofl CTENeHH H3yueH-
HOCTH JIOJUXHH ObITh He HHXKE YKa3aHHuux B Tabn. 2.1.

Heranbpast pa3pefxka ¢ UEJbIO YBEJIHYEHHS NPOH3BOAHTENLHOCTH
YYaCTKOB, 3KCNNYaTHPYIOUIHX MOoA3eMHble BOAM, BeJeTCA € MEeHbUIHM
obbemoM Oypenus H onpoboBanus CKBaXXHH, YeM Ha BOBBIX y4YacTKax,
H OCHOBHLIBAETCH TPEHMYLIECTBEHHO Ha dHAaNH3€ IKCN/AYaTalHH INOA-
3eMHBIX BOA. DKOHOMHUECKHH aHa/NH3 BapHAHTAa BOA03aGOPOB C yT-
BEpXAAEMBIMH AJA HHX 3KCIJYyaTAUHOHHBIMH 3adacaMi TOA3€MHBIX
BOJ JIOJI2KeH COTJIACOBHIBATLCS C NPOEKTHHIMH OPraHH3alHSMH.

OcHOBHOH MeTOi, THAPOreOJOrHUeCKHX HCCACAOBaHHHE NOA3EMHBIX
BOJ MDH AETAJbHOK pa3Belike — OypeHHe CKBaXXKHH H OMpoGOBaHHE HX
OTKaYKaMH ANf NOJYUeHHs pacyeTHHX mapaMeTpos. [IpH nmpoctwix
THAPOr€0/JIOCHYECKHX YCJIOBHAX OOBIYHO  OCYUIeCTBJSIOT OypeHHe H
onpobOBaHHe ONBITHHX H ONBITHO-Pa3BeNOUHBIX CKBAXKHH ¢ Habamoza-
TeJIbHHIMH CKBAXKHHAMH AN ONpelleleHHA MOLIHOCTH, KO3 HI HEHTOB
(QHUIBTPAUMH M APYTHX MapaMeTPoB BOAOHOCHOrO TOPH30HTA; ONpefe-
ASIIOT TaKkKe AeOHTH H NOHHXKEHHe ypOBHeH B CKBaXHHaX. Jlns caox-
HHX FHAPOTEOJIOTHYECKHX YC/AOBHH MOXET OKa3aThC HeOOXOmMMLIM
nposefenHe ONHTHOH OTKAYKH M3 YaCTH HaMeuaeMoro Boao3abopa
NOA3EMHHIX BOJ C onpefelleHHeM NPOH3BOAKTENLHOCTH AHHAMHYECKHX
YpOBHeH H KayecTBa BOAH. JINS OUeHb CJOXKHRIX THAPOTEJOTHYECKHX
ycJoBHE KpOMe ONKTHBIX HaOMoJaTe/NbHHX H AONOJHHATEIHHBIX pas-
BelOYHLIX CKBA’KHH C OTKAUKAMH H3 HHX H OIpelencHHs MapaMeTpoB
BOJOHOCHHX FOPH3COHTOB, KaK MPaBHJIO, NPOBOAATCH ONHITHBIE H ONKIT-
HO-3KCIUIyaTalHOHHBIe OTKa4KH K3 BOA03abopa Mmoa3eMHHX sox. Ilpn
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H3KICKAHUK HCTOUYHHKOB (KJIioueH, POAHHKOB) TpPOBOAAT HabjlofeHHSA
u coOMpAOT JaHHHE B TeUeHHe TPeX JeT C aHaJH30M (HOPMHPOBAHHSA
Ce30HHOH H MHOTOJeTHe# HM3MeHUKBOCTH Ae0HTa KWCTOUHHKA H KadecT-
Ba BOAH IIpH pPaCUIKPCHWH NepHoAa HafMOZeHHH MHHUMYM 10
11—13 ner.

Bo Bcex YKa3aHHBIX Bbillle YCJNOBHSIX NMPH OLEHKe 3KCHNYyaTalHOH-
HBIX 3a[1aCOB MOA3EMHBIX BOA AJS NPOEKTHPOBAHHA He0OXORHM aHAJIH3
yCI0BUH (POPMHPOBAHHSA SKCIJYAaTAUHOHHBIX 3AaMacoB (BO3MOXHO, €
TPHAPOJOTHIeCKHMH H THIAPOMETCOPOJOrHYeCKHMU TOKa3aTelsiMu) ¢
onpeaeseHHeM KadyecTBa BOALI H CAaHHTAaPHHX YCJOBHH, 2 TaKXe OLEH-
KOfi BO3MOXHOCTH H3MeHeHHH BCeX Noka3aTenel 3KCNAyaTalHOHHBIX
3aMacos [OA3eMHHX BOX Ha pacueTHHH MepHOR — o0uiyHO 25 JeT.
Onnaxko NPH MOCTEMEHHOM CTPOHTeNbCTBE W OCBOeHHH BOA03aGOpOB
NOoA3eMHBIX BOJA TOYHOCTb ONpede/eHHs 3SKCIJAYaTallMOHHBIX 3aMacoB
NoA3eMHHX BOA 0COOEHHO BaXKHA, B YaCTHOCTH, Ha Oauxalimue 10 aer;
OPH SKCIJIYaTalHH MpPOH3BOAMTE/bHOCTh BOA03a6OPOB YyTOUHSAETCH, H
A5 pajbHeHIllero UCNOAb30BAHNHs JIY4IIC NPOH3BOAHTE NPOBEPKY pac-
YeTOB 3KCIAYaTaHOHHHIX 3aMacoB.

2.3. OCHOBB PacYeTOB IKCINYATAUHOHHBIX
3ar1acoB MNOA3EMHBIX BOJA,

B 3aBHCHMOCTH OT yCNOBHH 3KCIJAYaTaHOHHBIE 3aM1achi MOTYT HC-
MOJMb30BaTLCH MPH YCTAHOBUBIIEMCA H HEYCTAHOBHUBLIEMCS peXXHMaX.
B ncpeoM cayuae NpH COXpaHeHHH NPUPOAHKX H BOROXO3SHCTBeHHRIX
YCJAOBHil 3anmachl paCcCYHUTHBANTCT HAa HEOTPAHHYEHHBIH CPOK, BO BTO-
pOM — Ha OrDaHHYeHHBIH CPOK C YYeTOM JOMYCTHMOTO MOHHMKeHHs
YPOBHs.

[IpHMepoM YCJIOBHO yCTAHOBHBILEIOCS pPeXHMMa MNOA3EMHHX BOJA
MOTYT CAYKHTb GeperoBrie BHOUILTPALHOHHEE BOA03260PH NMpH obec-
NeYyeHHOM MHHHMMAaJIbHOM YPOBHe K pacXoje MOBePXHOCTHHIX BOJ, XOTA
TPOHCXOAHUT Ce30HHOe H MHOroJieTHee H3MeHeHHe YpOBHell H pacxoloB.
[Ipw ynpyroM pesknMe SKCNJIYATallHA apTe3HAHCKHX BOX TPOHCXOAMT
MOCTEIEHHOE CHHXKeHHe ypOBHel,  pacueT IKCNJIyaTaUHOHHBIX 3aMla-
COB NOZ3eMHBIX BOJX BeleTCA Ha HZONYCTHMOe CHHMJKeHHe YPOBHeH B
IKCTIYaTallHOHHKX CKBaXKWHAX Ha onmpexcieHnbiél cpok. OaHako nme-
10TCH cAy4yaH, HanpuMep MpH 3KCIAYATalHA CEHOMAHCKOTO apTe3HaH-
CKOro BOAOHOCHOTO rOpHu3oHTa B KueBe, KOraa npu nocTeleHHOM yBe-
JU4YeHHUH TPOH3BOAMTENBHOCTH M NOHHXKeHHH YPOBHS BOJLH HAayajoch
npeobnafanliee nNuraHde u3 JlHempa, u MpH TOCTOSHHOH NpPOU3BORH-
TeJHbHOCTH BOR03a0OPOB PEXMUM SKCIIYaTaUHH CTAJ CTPEMHTHCA K
ycTaHoBuBUleMycsi Tumy. TakuMm 06pa3oM, 3KCIOnyaTalHOHHBE 3aMna-
Chl MOA3eMHBIX BOJA CJefYeT pAacCYHTHBATL JJf COOTBETCTBYIOUIHX
PHAPOreOJIOTHYECKHEX YCJOBHH MO YCTaHOBUBIIEMYCA W HEYCTaHOBHB-
[IeMyCs peXHMaMm ¢ yueTOM TMOJIOXKeHHS] YPOBHeH H BO3MOXHHX H3-
MeHGHHY THAPOJNOTHYECKHX W THApOTreonNordueckux ycaneuil. [lpu
TaKHUX pacyeTax Heo6XOAHMO NpelycMAaTPHBATH BO3MOJKHOCTH coXpa-
Henust TpeGyemoro kadectBa Bolbl. Ilocaentee 0coGeHHO BaXKHO, KO-
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JAa B IJKCIIyaTallHOHHLIE 3aMach BXOAAT NpPHBJeKaeMble 3anacst Mo-
BEePXHOCTHBIX BOX, Hanpumep npH Geperopbix Boio3zabopax. B aToM
cnyuae ocoGeHHO BaXKHO MpPelyCMaTPHBATL COXPAHEHHE AONYCTHMOrO
KayeCTBa TOBEPXHOCTHHIX BOR, NMHTAOUIHX NMOA3CMHble BOABL. Takoe
#e TpeGoBaHHe AOIKHO NpeXyCMaTpHBATbesl H AJAS CHCTeM HCKYycCCT-
BEHHOTO BOCMOJIHEHKA MOA3eMHHX Boa. MeToamt pacuera sxcmayaTa-
UHOHHHX 33MaCOB MOA3EMHHX BOX AJs MPOeKTHPOBaHHSI BOA03a60pOB
ONpefensiOTCsl CJAOKHOCTBIO THAPOreOJOTHUCCKHX H B ONpeleseHHHIX
CAYyYasix THAPOJOTHUCCKHX M METEOPOJOTHYECKHX (BKJOUAs KJIHMAT)
ycnoBHH. BaXHB TakXe MeTOAHKA H ACTaJH H3LICKAHHH M, B 4AaCTHO-
CTH, PacnoJOXeHHe Pa3BCIOUHBX H ONBITHBIX CKBAXHH, a TaKkKe ApY-
FHe cNoCOOHN BCKPHITHS BOAOHOCHHX FODH30HTOB, MeTOAHKA ompobo-
BaHUs OTKAYKAaMH, olpeleseHHe PacYeTHHX [apaierpoB, NPHMeHeHHe
reoHU3HYECKHX HCCJAE0BAHHH, BPCMA HCCACAOBAHHH H PAX IAPYrHX
ycaoBuii. Kpome TOro, ciegyer WMeTh B BHAY, YTO B 3aBHCHMOCTH OT
THAPOre0JOrHYeCKHX YC/AOBHI MOA3EMHble BOAH AOOKBAIOT Pa3JHUHH-~
MH BHAAMU BOX03200POB; CKBa’KHHAMH, IIAaXTHBIMH KOJOZWUAMH, Io-
PH30HTA/IbHEMH H JTYYeBRMH BOR03a00paMH, Pa3JHYHEIMH KalTaXaMHu
HCTOUHHKOB, YTO TaKMe BAHsAET Ha BHOOp pacieTHHX QopMya. 3areM
C/ielyeT YYHTHIBATh CXEMAaTH3aUHI0 THAPOTeO/OTHUECKHX YCIOBHE ¢
ocpeiHenHueM pPacyeTHLIX MapaMeTPOB.

B mHacrositiee BpeMsi HPH pacudeTax 3KCIJNyaTallHOHHHX 3aacoB
NOA3EMHKX BOJA IMPHMECHSAIOT CJCAYODIHe METOAB! PacyeTOB: THAPOIH-
HaMH4YeCcKHfl ¢ npUMeHeHHeM BHIYHC/HTCJIbHRIX H aHAJOTOBHX MALUHH,
THpaBJIHYeCKHH, 6a7aHCOBHH, METOZ aHAJOTHA B KOMOHHHPOBaHHLIA;
CJENyeT YUHTHIBATh TaK¥Ke HepaBHOMepPHOCTb nmoTpebseHust Boau. Ipu
BOAOCHAOXKEHHH HACCHEHHHX NYHKTOB B JICTHeE BPCMSI NOTPeBHOCTD
yBeJHUNBaeTCsi (Ce30HHAs) W MeHsieTcd B TeyeHHe CYTOK (d9acoBaf);
yacoBasi HepABHOMEPHOCTb MOXET DeryJHpoBaTbCsi C pe3epBYyapaMH.

[Tpu ucnonb30BaHHE MOA3EMHHX BOA AJIs OPOIUeHHs NOTPeOHOCTH
B BOAE NOfABJSAETCS B BCreTauuoOHHbIH, fipeanoceBHoli M mocaeybopoy-
HWH NepHONb, CAENOBATENbHO, HAJIHIO Ce30HHAS HCPABHOMEPHOCTb
noTpebaentsi. BoO3MOXHOCTH HCIOJb30BAHHA MOA3eMHHX BOX € YUETOM
NPHBJEKAEMHX 3KCIJIYaTaLHOHHBIX 3amacoB B psajie cJaydaeB OCJIOXK-
HSIOTCA HEPABHOMEPHOCTBIO €CTECTBEHHOIO MHTAHHA MOA3EMHBIX BOX
H ux pacXoga. Takoll NMpHMep MOXHO OTMCTHTh B KOHycaX BBIHOCA.
ITpu ce3oHHON K MHOrOJeTHEH HepaBHOMEPHOCTH IIMTAHHA, a TaKXe
CTOKA MOJI3eMHHX 30H B KOHYCAaX BBIHOCA H OQHOBPEeMEeHHOH CC30HHOH
HEePaBHOMEPHOCTH NOTpeBJICHHS BOAW NS OPOIUCHHA MOXHO B psiie
cay4aep CO3MaTh XPaHHJIHLEIA MOA3eMHHX BOA.

HepaBHOMepHOCTb BO3MOXHOCTH NPHBJCYCHHSA 3KCNJAyaTANHOHHBIX
3aMacOB NOX3CMHKX BOA MOXHO OTMETHTb, HampHMep, NPH 3KCNaya-
tanpu GeperoBpix BOZ03a60poOB B cJydae HePaBHOMEPHHX PacXoloB
H ypoBHe# peKH. OyeHb BaXHO YYHTHIBATH 3KCOAYaTalKIO MOA3eMHBIX
BOA NpH YCTAaBOBHBINEMCS W HeyCTaHOBHBUIeMcsi peXumax. I1pu yera-
HOBHBLIEMCSL peXHMe MPOH3BOIMTEJIbHOCT BOZO3a0ODHHX COOpYHKe-
HHfl ¥ ypOBeHb MOA3EMHBIX BOA OYAYT mocTosikiu. IIpH HeycTaHOBHB-
IMeMesi peXXHMe MOTYT BO3HHKHYTh CJeAyollMe curyaluH: 1) mpous-
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BOJAHUTENbHOCTh TIOCTOSIHHA NPH K3MEHSIOLIEMCsl yPOBHE BOJIBI; 2) Npo-
H3BOJHTENbHOCTh W3MEHseTCs NMPH NMOCTOSIHHOM YDOBHE BOAM; 3) H3Me-
HAIOTCA NPOH3BOAHTENbHOCTh K YPOBeHb BOAH. Halle pacyer Beaercs
IPH 33JlaHKOM H BO3MOJKHOM pacxojie BOJbL.

[lpu pacuerax 3KCIJYaTAIlHOHHBIX 33MacOB MOJ3EMHBIX BOA CJe-
ZoBano 6B  YYHTHBATh HX JocTOBepHOCTh. B Ta6a. 2.1 Ha ocHome
K4aTEropHi 3aMacOB K HX CYMMBl ONpPeledsiioT TPH TPYINE MeCTOpOXK-
ACHHH IO CJOKHOCTH OleHKH. Bosnee nocToBepHOH sBJsieTcsl NMepBas
rpynna (NpocTHe THAPOreoJOrHUYeCKHe YCJIOBHS) M HaHMEHee J0CTO-
BepHOH — TpeTbs rpynma (pechbMa CJOXHHE THAPOre0/orHieckHe yc-
gaoBust). OaHAKO K NPH OUEHb CJHOXKHHX YCJIOBHSIX, €CJAK TPOBECTH
OTBITHO-IKCANYATAUHOHHE#R 0T60p H3 BoAO3a6opa B HeGJArONpHATHRIA
HepHOA, a TAKKe MPaBUJbHO y4ecTh (POPMHEPOBAHHE MOJ3EMHRX BOJ
B JAasabHeRwIeM, MOXHO NOJYYHTL JOCTATOYHO JOCTOBEPHOE 3HAUEHHE
9KCMAYATaNHOHHKIX 3anacoB nox3eMHHX BoA. CJeflyeT Takxke OTMe-
THTb, UTO SKCIJIYaTALUHOHHHE 3amach! IOJIYy4aloT U3 Boxo3alopoB NOA-
3CMHBIX BOJ, KOTOpbie MOTYT H3MEHATb CBOH XaPaKTEPHCTHKH (HSHOC
HACOCOB, HENOMYCTHMOE NajJieHHe YPOBHEH B CKBaXKHHAX, 3aUJEHHE
(GHIBTPOB K NpOU.), YTO MOBJHSET HAa HX NPOH3BOJAHTENBHOCTb. Ilo-
3TOMY NPH H3MEHEHHH 3KCIIJIYaTallHOHHRIX 34MacoB CleAyeT TaKKe
ananusHposarh paboTy soaesabopoB. Bonpoc 06 sKcNayaTauHOKHBIX
3amacax MOA3EMHBIX BOJ KW HX THAPOTeoJOrHYecKoH oleHke GoJiee
nogpo6Ho ocpeuler B patorax JI. C. fIseuna, DB. B. BopeBckoro
» ap. [9].

TJIABA 3. HPOEKTHPOBAHHE BONO3ABOPOB
NOA3EMHBIX BOA

3.1, Bono3afopb! NOA3E¢MHLIX BOA H CXeMB BOAOCHAOGXEHHA

ITpoextrpoBanHe BOA03a60OPOB MOA3eMHHX BOJA ABJSIETCA YACTBIO
TPOSKTHPOBAHHS BOAONPOBOAHKIX HJIH APYrHX CHCTEM, T. €. KOMIJeK-
ca BCeX COOpYXKeHHH BOAOCHAGKEHUsA, OPOIIEHHS, CHCTEM OXJaXKAeHHs
u T. 4. Ilpu sToM caeayer yuuTuwBaTh ykaszauus CHull 2.04.02—84.
Xo3afcTBEeHHO-MHTbEBOE BOAOCHAOMKeHHe INOJB3YETCS IIPHOPHTETOM
nepea APYTHMH MOTPeGHTeNSIMH MOA3EMHHX BOJ, UTO yKasaHo B «QOc-
HOBax BojgHOro 3akonomatenbcrsa Cow3a CCP H cowsHumX pecny6-
ank» [10]. 1o ompenensercss oOLIYHO BHICOKHM KauecTBOM MNDECHBIX
[NOA3eMHBIX BOJA H HX Jydlleii 3aUIKUIEHHOCTbIO OT 3arps3neHus. Iloxa-
3¢MHbIe BOABI CJAedyeT npoekmpoaa'rb B KayecTBe HCTOUHHKA C yuye-
TOM KOMILJIEKCHOTO HCNOJIb30BAHHSA BOAHBIX peCcypcOB, paapaﬁo'raﬂnoro
B cOCTaBe reHepaJbHHX MJaaHoB pakona. ITorpe6umii pacxox mopsem-
MOl BOAM B MPOEKTe BOAOCHAGKEHHS, OPOLIEHHN K Ap. OMpenessercs
no pacuery norpeGHOCTH,  a TaKXe € YYeTOM AHAJH32 NPHPOABKIX,
TEXHHYECKHX, SKOBOMHUCCKHX H CaHHTApPHBIX YCJOBHH BO3MOXHBIX HC-
TOUYHHKOB M C YYETOM H3IMEHeHHs 3THX YCioBHH.
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HO,LLBQMHI:!Q BOJbI, KaK OTMC4aJ0Chb, llOGbIBaIOT ClieHBaABHHNMHA
YCTpOHCTBAMHK ~— BOR03a60paMH PA3HBLIX THIOB C YYeTOM YCJIOBHH 3a-
JieTaHHs TOJ3eMHBX BOJ, HX (opMHpPoBaHHA H obecnedenuss norpe6-
HOTO pacXOla B TedeHHe pPacHYeTHOro CPOKAa, a B pAle CAyuUaeR H B
nepcoekTHBe, DTOT PacXofi AOJXeH YAOBJIETBOPATH NOTPeOHTENsl He
TOJBKO C YYeTOM H3MEHEeHHs YCJOBHE K NOTPeGHOCTH MO rogaM, HO
Takxe [0 MecsilaMm, AHSIM K Yacam BogonorpeGienns. fIpu aroMm u3-
MeHeHHe pacxoRa, 0cOOEHHO B TeUYeHHe CYTOK, MOXHO peryJHpoBaTh
C Y4eTOM BCeX YCJOBH¥ KaK H3MeHeHHeM MPOH3BOAHTENLHOCTH BOJO-
3a60pOB, TaK K BKJIOUEHHeM DeryJHpYIOIIHX eMKOCTeH B CHCTEMY COO-
pyXeHufi Bofonposoja. Hanpumep, B cicteMe Boponposona Buienio-
Ca HEepaBHOMepHOCTk pacxoJa B TeudeHHe CYTOK perynnpyerca 3a cyer
BOAH pe3epByapoB, a Geperosofi Bono3abop MOA3EMHBIX BoJ paboraer
¢ MOCTOSHHOH NPOH3BOAHTENBHOCTBIO, YTO OK43a7J0Ch BEChMA 3IKOHO-
MHYHHM.

Bonozabopul B CHcTeMe opollleHHs OGHYHO paboTaloT ¢ HepaBHO-
MepHOH TPOH3BOLUTENbHOCTbIO BCJEACTBHE M3MeHeHHS NOTPeGHOCTH B
BOJie B TeueHHe TOAa, MecsileB, AHeH y Kaxe uacoB. OAHAKO MO 3Ko-
HOMHYECKHM CcOOGDaKeHHIM pEeKOMeHAyeTcsl HCXOASi H3 pPeaJbHBX
YC/MOBHH OPraHH3oBaTh PaBHOMcpHyio paboTy BOA03a60pOB MOA3EM-
HEIX BOJ B NOJHBHOK mepHOA. JIasi opolllcHHA 1eAeco06pa3H0 HCIOJb-
30B4ATh MOJ3eMHBle BOAH B pafiOHe MOJHBHHX itjouwiafed, a Aas Xo-
3AHCTBEHHO-NIHTbEBOr0 BOAOCHAGXKEHMST 1O CAHHTapHBIM COOGpaxKe-
HHAM BOJ03a6OpH, B TOM uYHCJae Geperopwe, lleaecooGpasHo yoasTh
oT norpeburens Ha 3—10 KM Bhlllle Mo TeyeHH: pekd. IIpw ucmoJb-
30BaHHH [AJS XO03AHCTBEHHO-NHTbEBOrO BOJOCHAOIKEHHS apTe3HAHCKKX
BOJ, XOPOLIO 3alIHIEHHBX OT 3arps3HeHHs, BO3MONKHO paccpenoTro-
YeHHoe pacnpefieseHRe BoA03a6oPOB Aaxe Ha TEPPHTOPHM ropoja, 4To
YAelWeBasACT pacnpenenHTeJleylo CeThb.

3.2. HagexHoCTh CHCTEM BOA03A60POB NOA3EMHBIX BOJL,

HopMaTuBbl, Ha OCHOBe KOTODBIX OCYIIECTBJSIOT NPOEKTHPOBaHHE
BOn03a60pPOB TNOA3EMHHX BOJ, BKJIIOHAICT B cebsi Kak obs3aresibHbIE
nocofusi (OCHOBH 3aKOHOAATeAbCTB, craHiapth, CHulle u mpow.),
TaK ¥ BHCTPYKUHKH B PeKoMerAauun {7—10; 13—19].

Hapexunocts paboThl cHCTeM BOA03360POR ¢ HX OBOpPYAOBaHHeM
ollpeeJsIfeTct AOCTOBEPHOCTRIO OLEHKK SKCIIYaTALKOHHBIX 3al0acoB
Noj3eMHBIX BOA (ra. 2.3), HafeXHOCTbio pacyeroB. J[0CTOBepHOCTB
OLleHKH IKCIIYAaTALKOHEBIX 3aMAaCOB NOA3eMHBIX BOX MPAKTHUYECKH Bbi-
TekaeT H3 Taba. 2.1,

ITIpou3BoAKTEIBHOCTL BORO3a60POB, HANPHMep GeperoBniX, 3aBHCHT
OT MOJOXKeHUs yPOBHEH B MOBEPXHOCTHHX BORAX M, B YacTHOCTH, OT
caMoro HH3KOTQ YPOBHS BOJABI, HallpHMep B peKe, Mpu KOTOPOM oGec-
NeurBaloTcsl HeOOXOAHMBIM pacxoj M MPOEKTHAad NPOH3BOAHTENBHOCTb
BOA03aGOPOB, a TaK¥kKe OT 3aWJeHHS AHA BOJAOeMa; IoclefHee onpe-
foeligeT CTeleHb COHpOTH_BJIéHHﬂ ABHIKEeHHIO BOJbl, a CJeZ0BaTeJIbHO,
H ypoBeHb ee B BORo3albope. Cseayer HMeTh B BHAY, YTO HAJeKHOCTb
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pafoTs BOZO3a6OpPOB MO OleHKe 3KCIJIYaTAlHOHHHX 34MacOB B COOT-
BETCTBHHM C KaTeropusaMu pocioBcpuoctd (cM. tabn. 2.1) yroynsercs,
0coleHHO B TePBLIfl MEPHOA 3KCNJyaTallkW, H TOTAA OHA BO3PACTaeT.

Tpu oueHke HagexHocTH paboTe BOA03aGOPOB CymiecTBeHHOe 3HA-
YCHHe HMeeT KOHCTPYKUHMS CaMHX BOL03a60pOB, a TaKXKe HaLEKHOCTDb
Hacocos, BOAOBoAOB H Ap. KoHcrTpykiumusi Bozo3abopoR AOJKHA Y4H-
THIBATH H3MeHeHHe MPOU3BOAMTEJLHOCTH BO BPEeMEHH, B TOM HHCJe MO
3aH/HBAHHIO W PereHepanHH QUILTPOB cKBakuH. HeobxoauMo Takxke
06eCIeyHTh HOPMAaNbKHYI0 paboTy NOTrPYKHHIX 3JICKTPOHACOCOB B CKBA-
JKHHaX ¢ YYETOM H3MeHeHHsi JHHAMHUYECKMX YPOBHEH H H3HOCA CAMHX
3JeKTPOHACOCOB, 0COOEHHO B 6eCUIBLTPOBBLIX CKBaXkHHax M3 BOMO-
HOCHEIX TIeCKOB. Ba)XHO TakXe YYHTBIBATbL H3MEHEeHHe CAHHTAPHHIX yC-
JOBHII B BOSMOJKHOCTL 3arpsi3HeHHs NoAa3eMHbx Bog. Bee 370 ciepyer
NpOBepATh NPH H3YYeHHH peXXKUMa 3KCIJyaTallHH MOA3eMHHX BOA, BO
BpeMsi nafulofeHHR 3a OXPaHOH MOA3EMHHX BOJ OT 3arpA3HeHHA H
KOHTposist paboTH 060pyNOBaHKA.

Ilns OLeHKH HaleXHOCTH GeperoBrX BOA03a60pOB H3 NON3eMHHX
BOA pacyeThyio ObecneueHHOCTh MOXKHO MpUHHMATL nmo Tabs. 3.1,

Tab6anrua 3.1, OOecneueHHOCTh MHHEMAJIBHBIX CpelHeMeCcAYHhHX PacXo[oB BOJM,
AX BONYCTHMOE CHHMKEeHWE B AJHTENLHOCTL RONYCTHMOro
nepepwsa AJH Pa3BmXx Kateropuil pogozabopos

e e s e L e - e — Gk e m—a - — e

Jonyctamoe CHHXeHHE WTO-
Karero- Iponent zagn, %, cpeAReMecaqHoro
XapaKTepucTHEA BomonoTpeGurexs pHA Bolto- | oGecue- PacueTROro pacxoaa, ANK-
9a60poP | GeHAOCTH TEeJLHOCTh CHHIKEHAR Pac~
XOHa, HOMYCTHMEA UepephB

Topoj ¢ HaceneHwem Goaee 50 000 1 97 Ile 6oaee 30

ge;1. Kpynfikle H BaXnhe npeanpn-

ATHA

Topoa ¢ nacenenneM Ao 50 000 wen. 1§ 95 To xe

CpeauHe NPeANPHATHS, TPYNIOBHE He Goaee 10 cyr
Ce/IbCKOXO3ARCTBEHHNE BOAONPOBO- {TepepuB He Goaee 6 u
A

Topofa ¥ HaCenenHHe TMYHKTH RO 111 90 He 6onee 30

500 gen. He Gonee 15 ¢yt
MecTHHe NPeAnpHATHA Iepeprin ne Gosee 24 4

CHcTeMH CeJIbCKOX035ACTBERHOr0
of6sonHenus {macrOuila} OTHENdb-
ubix nyskros. Opouenne

TlIpu cpenHeMecsiuHBIX pacxOmax AOJIXHA NpOBepsATbCs HeoO6xomu-
Mas PeryJHpyiomas eMKOCTb BOJOHOCHOIO FOPH30HTZ Ajs obecmeve-
HUsl MOZaud BOAH NPH MHHHMAJbHHX BHYTPHMECSUHHIX PAcXojax H
COOTBETCTRYIOIHX MHHHMAJbHHX YPOBHAX B CKBaxHHax. OueHKy Ha-
AeXHOCTH BOA03a6OpOB, COCTOSIUNIKX M3 CHCTeMB CKBAaXKHH, MOXHO
OPHHAThL NMPH HAJHYKWH PE3epPBHHIX CKBAXKHH H KBAJAQHIHPOBAKHOM
06CnyKHBAKHY (KaueCTBEHHBIH PEMOHT H CBOeBpeMeRIasi 3aMeHa He-
ucnpaBroro ofopyaoBauns). IIpH 3TOM YHC/IO pesepBHHIX CKBaMHH
LO/KHO GHITH He MEHee YKa3aHHOro B Taba. 3.2.
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Tadanua 3.2, YUnucno pe3epnBHHX CKBAXKHH B 32BHCHMOCTH OT KaTerOpHH

pono3abopa (cM. Ta6a. 3.1) W uHcAa paGounx CKBAXKHH

Ynucno pesepsHmX CKBAXKWH fIpH KaTeroprax
Boxosabopa
UHeno paBodHXx CKBaXHH e I
I 11 It
1—4 1 ] 1
5—12 2 I —
13 ¥ Gomee 20% 10% -

HapgexnocTs Apyrux BOo#03abopoB clefyeT NPHHHMATb C YYeTOM
COXKHOCTH FHAPOTEOJOTHIECKHX, TEXHUUECKHX, CAHHTAPUBIX H TPOYHK
YCJIOBHH, a TaKXKe Pe3yJbTaTOB AETAJbHOIO H3YYEHHS,

I'JIABA 4. 3KCIIJIYATALLHOHHBIE CKBA)I(HHI)I
HA BOLY

4.1. CriocoGbl GYpEHAS CKBAKMH

Bonposa6opnl 43 CKBaXXHH HanOojee pacmpocTpaHeHH B NPaKTHKe
X03AACTBEHHO-NUTHEBOI0 BOAOCHAOXeHHA. X coopyxaioT AnA A0ObIYH
MOA3EMHBIX BOJ, 3aJjeratoiiBx Ha ryiyOuHe Gosee 10 M mpu MOLUHOCTH
BOJIOHOCHOIQ NuiacTa He Meree 5—6 M. I'yGHHA BOK0O3a6OPHHX CKBa-
}HH HHOrZa npesbitiaer 1000 M. B cHcTeMax ceabCKOXO31HCTBEHHOTO
BOAOCHAOXEHHA BOA03a6OpHHE CKBAXHHB MO PacnpoCcTPaHEHHOCTH
YCTYNAOT JHUIL WAXTHBIM KOJOALAM, OAHAKO AHANA30H BO3MOMHOIO
TPAMEHEHHA CKBAaXHH 3HAUHTENIbHO LIHpe.

B npakTHKe COOpYXeHHA CKBAXXHH Ha BOAY MOJYYHJK pacIpocT-
paneHHe cJeAywiine crmocoObl OypeHHMsA: BpaulaTeNbHBIH € NpAMOH
NpOMHEIBKORM, BpallaTeJbHbIH ¢ 0OpaTHOH MPOMHIBKOH, BpallaTeJbHbil
¢ OpPOAYBKOH BO3AYXOM H YAAPHO-KAHATHHIH. YCJOBHS HpHUMEHEeHHs
Pas3JHIHHX cNocOo60B OypeHHs onpefelsoTc cOOCTBEHHO TEXHHYECKH-
MU H TEXHOJOrHYECKHMH 0cOOeHHOCTAMH OYPOBHIX YCTAHOBOK, a TaKXKe
KagecTBOM paboT MO COOPYMXEHHIO CKBAXHH. YCJOBHS NPHMEHEHHA
Pa3iHIHBIX CHOCOGOB OypeHHs] CKBAXHH Ha BOAY NMPHMEHHTEJBHO K
CYLeCTBYIOUIEMY CTAHOYHOMY HapKy HpHBeAeHH B Tabu. 4.1. Iloapo6-
HHe XapAKTeDHCTHKH OYPOBHIX YCTAHOBOK NMPHBeJEHH B CIPaBOYHH-
ke [22]. Caenyer oTMeTHTH, 4YTO NPH BHOGOpe crnocofa GypeHHs CKBa-
JHH HA BOAY HeoOXOAHMO YYHTHLIBATL He TOJLKO CKOPOCTb HPOXOMKH
CKBAaXXHH M TEXHOJOTHYHOCTb METOAa, HO H obecleyeHHe TAKHX Hapa-
MEeTPOB BCKPHITH BOAOHOCHOIO mJacTa, NPH KOTOPHX aedopManHs
NMOpOA B NpH3a6oAHON 30He HaOjAlOAaeTcs B MHHHMAJBLHOR CTENEHH H
ee TPOHHIIAEMOCThL He CHHXKAETCS B CPaBHEHHH C TJIAaCTOBOH.

IIpH npoeXTHPOBAHHH BoJ03260PHBIX CKBAXHH croco6 6ypeHHs BHIOH-
PaIOT HCXOAS H3 FeOJIOTHYeCKHX M THAPOre0JOrHYeCKHX YCJOBHH, Tpe-
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6yeMOro AHaMeTPa CKBAaXHH, TeXHHKO-3KOHOMH4YeCKOH 1ejecoobpa3s-
HOCTH NpHMeHeHHs crnocoba GypeHHs B KOHKPETHBIX YCJAOBHAX. Tex-
HHKO-JKOHOMHYeCKan 1e/1eco06pa3HOCTb NPHMEHEHHS TOTO HJH HHOTO
cnocoba Oyperus ompeae/sdeTcs C yyeTOM TPeX OCHOBHHX MOKa3aTe-
JeH: Ka4yecTBa H JOJIOBeYHOCTH CKBaXXHHH, TPOAOJXKHTENbHOCTH M
CTOMMOCTH €€ COQPYIKEHHdA, OAHAKO pellalollHM JOJKHO OHTh NpOH3-
BOJACTBO [0JTOBEYHEIX CKBaXKHH, COXPAHAIIIHX HeH3MEeHHOR BOJOMpO-
HHIIaeMOCThb NMpH3aboiHOoit 30HH AJHTe/AbHblE MEepHOAK BpPEMeHH.

IIpu BbiGOpe cnocoba 6yperHs BoA03abOPHBEIX CKBaXHH CJeAyeT
PYKOBOACTBOBaThCA TabJ. 4.1.

Ta6auna 4.1. Pekomengauud no snbopy cnocofa 6ypenns

Cnocof Gyperua YeaosHa ApHMeHeRHA

¥YnapHo-xaHaTHHA B pHXABIX ¥ CKa/JbHHX NOpOJax NpH rayGuue
CKBaXHH X0 150 M W HaYaJbHOM AHAaMeTpe
CKBaXHHH Gosee 500 MM

Potopuufi ¢ npsiMoll npoMHBKoN B PHXAHX B CKaJbHHX MOPOAaX OPH MoGok
riAyGHHe CKBAXKHH ¢ HAYANBHHIM AHAMeTPOM
Zo 500 MM H ¢ TpOMHBKOH uHcTOH BOJOH,
MOJHMeDHHMH HJAH CJRHHCTHIMH PacTBOPaMH
Kom6uuwpoBauutt (ynapuo-kanat- | Ilpu rnyGume ckBaxnn Gonee 150 M wua we-
HHH H POTOPHHH C NpsMOfi npo- | Hamopuble W cnaGoOHANOPHHE BOAOHOCHHE
MHBBKO#) FODH3OHTH, MDeACTaB/eHHHE PHIXJBIMH  OT-
JoxendaMH, Ilo KPoBJIH BOJOHOCHOTO TOPH-
30HTA — POTOPHHA ¢ IVIHHHCTEIM PacTBOPOM,
No BOMOHOCHOMY T'OPH3OHTY — YAapHO-Ka-
HATHBH

Poropanift ¢ 06paTHofi NPOMBIBKOR B mopomax I—IV xateropufi ¢ coflep:Ranxem
B PHIXJABX H CBSI3HHX OTJOXEHHAX He Gonee
10% BasnywoB npH raybuHe ¢KBaxXHH Xo 200 M

Konoukorhif B ckaapHHIX MOpoAax NpH AxaMeTpe CKBAKHH
11x§ 150—200 MM mpu rayGHwe GypeHns 1o

0 M
PeakTHBHO-TYpOHHHKA Ilpu raySunax 500—1000 M u Gonee H 60.5-

WHX AHaMeTPax CKBAXMH

Has noBullerHst 3¢p¢peKTHBHOCTH NMPOXOMAEHHS CKAaJbHBIX MOPOJA
YAApHO-KaHATHHM CIIOCOOOM pEKOMeHayeTcsi NMpHMeHATs Bubpoyaap-
Hble OypoBue cHapsasi BC-1 u BC-2, paspaGoranusie BHUUIC u
Tpectrom ITpomGypBoa (taGi. 4.2).

Tab6awua 4.2, TexnwuecRan XxapakTepHCTHKA BHOpoynapubix GypoBbix cHapIpoB

T Mapka cHapsiaa
XapakrepHCTHKa BC-1 BC-2
BuaMerp 6ypenus, MM 250300 350-—400
Macea cuapsga, kr 935 ¢ monoToM 1500 ¢ monotom
& 250 mm & 350 MM
Buicora cuapafa Ges KanatHOro samxa, My |6050 5430
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BuGpoynapueie OypoBble cHapsfan ofecleuHBalOT HaHeceHHe IO
3a06010 MOCPeACTBOM [OANPYMKHUHEHHOTO YAAPDHHKA CepHHM AOHOJHH-
TeJbHHIX YapPOB B MOMEHT KOHTaKTa A0JOTa ¢ HOPOJAOH B NMPOMEKYT-
Ke MeXJy OCHOBHbIMH yaapaMH. [Ipr stom cKopocTh GypenHsi Bospa-
craer B 1,5—2 pasa. OcofeHHOCTH GypeHHs CKBAXHH C HpHMeHeHHeM
BHOPOYAAapHHIX CHApPAAOB H3JOXKeHH B paGore [24]. [Tlpm Gypeuun
CKBAXXHH DOTOPHBEIM CMOCOGOM C TIVTHHHCTOH MPOMBIBKON He Bceria
oGecneynBaeTcss BCKPHITHe BOJLOHOCHOTO TOPH30HTa Ge3 cylilecTBeHHOI
ITUHH3AaUMH CTEHOK CKBAXKHHEI, a MOC/HeAyiolllee OCBOCHHe He ycTpa-
HsieT NOJIHOCTLIO TMOCJAEACTBHi rauHu3auud. IlosToMy 3HayHTenbHas
yacTs THAPABJHUECKHX MOTepb MPHXOAHTCH HA NPH3A0OHHYIO 30HY
CKBAaMHHbBI, YTO CYUIECTBEHHO yMeHblIllaeT BEJHYHHY JAOMYyCTHMOTO MHO-
HHXXeHHS YPOBHS BOJAH B 9KCHJIYaTaHOHHOH ckBaXXHHe. Kpome ToOro,
ApH 3aKOJbMATHPOBAaHHOIN MPH3a60fHON 30He CKBAaXKHH CPOK HX 3}-
(dexkTHBHOR cayxKOpl 0OBIYHO He MpeBblllaeT 2-—3 seT. B cBA3H ¢ TeM,
YTo [0 3TOH NPHYHHe COOPYKAKTCH MaJogeOHTHHe BOA03a6OpHHE
CKBAXKHHH, H B NOcJeJHHe Iojb HPH BCKPHTHH BOLOHOCHHX HJACTOB
onpoGoBaHbl (e3rJHHHCTBE PACTBOPH H PACTBOPHI M3 GHCTPO pasia-
ralolUXcs coeXMHeHHE, 0GOCHOBaH W OMPoOOBaH CHOCOG BCKPLITHS
HeCYaHbIX BOAOHOCHHIX TOPH3OHTOB BOAOTHANAHOBBIMH DPAacCTBOPaMH.
3TH pacTBOPH XapaKTePH3YIOTCS NOBHLILEHHOR BA3KOCTHIO: B BOAHOM
pacTBope ¢ KOHUeHTpauue# or 1 go 5 % runana-1 BA3KOCTH 0O
CIIB-5 usMeHsieTcd oT 16 a0 27 ¢, a npu NpHMeHeHHH TrHmaHa-0,7 —
or 18 no 72 c. [loBHIlieHHas AJIOTHOCTH PAcTBOPA CHOCOOCTBYET YJIyu<
LICEHHOMY BBIHOCY LIJaMa H3 CKBAXHHbI, CYIIECTBEHHO yMeHbInas Ho-
IJIOMIEHHe HPOMHBOYHOH JKHAKOCTH BCJEJCTBHE KOATYJSLHH MIIaMa
B pacTBOpPe HOHAMH HOJHBAJCHTHBHIX METAJJOB. Pacxoi BOJAOrHIaHO-
BHX pacTBOpoB GoJjee yeM B 3 pa3a HuXe PacXoJa TEXHHYeCKOH BOAH
npu OGYpeHHH B aHaJOrHYHBIX ycaoBHAX. [Ipouece AeKOJbMaTauHH
NJacTa HPH BCKPHITHH ero BOAOrHNAHOBBIM DPAaCTBOPOM OKa3smiBaeTcs
MeHee 3aTPYIHHTeJbHHM, YeM DAa3TJHHH3alHA, H HPOAYKTHI KOAryJss-
LiHH THNaHa JIeTKO BHMBIBAKOTCA B XOJAe NPOKAYKH CKBAXKHUHH.

J{OnoTHHTeIbHBIM APeHMYLeCTBOM BOJOTHHAHOBLIX PACTBOPOB fB-
JdeTcs HX HHTHOHpYIOLlee fAeHcTBHe HAa PA3sMBEIB NMPOXOAHMHX INIHHH-
CTBHIX OTJIOXKeHHH.

TexHoJOrHs NPOXOJAKH CKBAaXKHH C BOJOTHIAHOBBIMH PacTBOPaMH
aHaJorHIHa OGLIYHOMH ¢ HPAMOI MPOMBIBKOH, HO 00f3aTelbHBIM YCJIO-
BHeM sBJfeTcs HeNPepHBHOCTb BOAOocHaGxkeHHs. OO6beM pacTBopa
H3MEHSEeTC B 3aBHCHMOCTH OT (PHILTPALHOHHHIX CBOHCTB HOPOA H
HaxopuTes B npefenax oT b no 20 m3. PekoMenayeMast KOHUeHTDPaUHs
runana (mo runary-1) B pacrBope — 3,5 %. Ilpu BCKpMTHE BOROHOC-
HBIX FOPH30HTOB HEJOMYCTHMO CMelliHBaHHe BOJOTHIAHOBOrO PacTBOpaA
¢ TJHHHCTHM pPacTBOPOM BBHAY 00pasoBaHHA 4YpPe3BHYARHO TPYAHO
yaajiseMolf W3 NpH3aGoHHOM 30HBI TJHHOTHAAHOBOH KOPKH, KOTOpas
He TOJBKO KOJbMAaTHPYeT BOAOHOCHHIH NJacT, HO H 3aTPyAHAeT yjaa-
JleHHe K3 MJacTa CKoaryJaupoBaHHoro runana. Ilpu HaxoXaeHuH He-
HOCPeACTBEHHO HAJ BOJOHOCHHM HJIACTOM He MePeKPHTHX TpyO6aMH
TAKHUCTRIX MOPOJ BCKPHTHE BOJOHOCHOIO TOPHM3OHTA BOAOTHIAHOBBLIM
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PacTBOPOM CJeAyeT OCYIleCTBASATH C MoAadyel NPOMBIBOYHOH KHAKO-
cru Ha cbpoc.

Pacnagamoiascs TNDPOMKEBOUYHAS 3KHIKOCTb, MOpEJIOXKEHHAs BO
BHHHUTuMe, cocTOAT U3 BOAKR M MOAHGHIHPOBAHHOIO Kpaxmaja, Ko-
TOPHE NOOGABJASIOT K BoJAE B KoJHuyecTBe 4—O Y mo macce. JonycThMo
HCIIONB30BAHHE BONHON CYCNeH3HH, coepxale# 3 Y% kpaxmasa H 3 %
OGCHTOHHTOBOH HJH MecTHOH rauHb. [Ilpurorosjednas NpoOMBBOUHAaf
JKHAKOCTb pacnajaercss depe3 3—4 cyT, ONHaKO ee DACHaj MOXeT
6BITH YCKOPEH NPH HCMOJb30BaKHK (pepMeHTa — aMHJOCYOTHINHA, KO-
6aBiseMOro K CYXOMy KpaxMmaay B kosandectse 0,02—0,03 % no mac-
ce. [TNOTHOCTD KPaxXMaJIOTMIMHHUCTOrO pacTBopa okoao 1,02 rfemd.
TlpuMeHenne pacnajalomiuxcs PacTBOPOB NPH GYDPEHHH CKBaXKHH Ha
sony B bpsincko#t, CaparoBckoit o6iactax u Kanmbinkoit ACCP aano
YAOBJIETBOPHTE/bHbIE PE3YAbTAThHI.

4.2. TANLL, KOHCTPYKUHH CKBAaXKHH H QHILTPOB CKBAXKHH

Tanpt u KoHCTPYKuWu cKBaXuH. [lpoekTHpoBaHHe KOHCTPYyXUHH
CKBAaXHH Ha BoAy pernaMentspyetcs CHull 2.04.02—84, B cayuae
3ajeraHus Ha NOBEPXHOCTH 3eMJIH yCTOHUHBBIX CKAaJbHHX TMOPOJ H OT-
CYTCTBHM BEPXOBOAKM IIPH YMApPHO-KAHATHOM OYpeHHH [AONyCKaeTcs
O/IHOKOJIOHHAsl KOHCTDYKUHS CKBaXKuubl. [IpH COOpYXeHHWH CKBaXHH
B aJJIIOBHAJbHLIX OTJIOXKEHHAX, COAePXKaHIHX TPYHTOBHeE BOJH, CKBa-
KHHY CJelyeT KpeluTb ABYMsi KOJOHHAMH TPYG: KOHAYKTODOM H
$HALTPOBOH KOJOHHOH, BHIBOAHMOR Ha MOBEPXHOCTh 3eMJIH.

Tlpn BCXPHTHH B pa3pese ABYX BOAOHOCHEIX TOPH3OHTOB, BEpPXHHH
H3 KOTOPHX He HaMeuYeHO SKCIJAYaTHPOBAaTb, NOCACAHHA MOAJMEKHT
nepeKphITHIO TAyXoH KosoHHo#. Ilpu 6oabwioM KoJiHYecTBe 3aJjlerako-
LHX BB 3KCOJYaTalHOHHOTO FOPH30HTa BOMOHOCHBIX IJI2CTOB KaXK-
ABH M3 HHX HcobGxonumo mNepekpeiBath. [IpH 3TOM FiyXylo KosOHHY
clepyer 3arayOaaTh B BOAOYHOP. B cxBaXKHHaX, KoTopwe GypsTcs
YA4DHO-KAHATHEIM CIOCOGOM, NPH 3HAUHTEJLHBIX TIyGHHAX, YUHTHBASA
GoJibillHe BBHIXOAE 00GCaAHBIX KOJOHH, BO3MOMXHO MPHMEHSITh HECKO/ib-
KO TeXHHYeCKHX KOJAOHH. BHIX0OA KOJMOHH MoXeT OGHTb CYLECTBEHHO
yBesJudeH IpH NpHMeHewun Bubpomosaora BBC-1. B ycroHyHBBIX BO-
JOHOCHBIX TOPOAAaX CXBaXHHa MOXeT paboTaTh OTKPHTHIM 3aboem,
B PHXJHX BOJAOHOCHBIX OTJOXEHHAX CJeAyeT HpeAyCMaTPHBaTb J0-
MOJHHTENbHYI0O (QUJIBTPOBYIO KOJOHHY, KOTOPasi MOXET BHIOJHATD
poJIb BOAONOALEMHOH,

Tpu npoxonke cksaXXMH POTOPHMM cnocoGom ¢ npsiMoll ¥ ofpar-
HOH MPOMBBKOH CKBa:KHHY KDensiT NByMs KOJIOHHAMH TPy0: KOHAYK-
TOPOM H 3KCIJyaTalHOKHOH KOJOHHOH. 3aTpybHOe MPOCTPAHCTBO KOH-
AYKTOpa H MeXTpyGHOoe NPOCTPAHCTBO KOHAYKTOPA M SKCIJYATALHOH~
HOH KOJOHHBI LEMCHTHPYIOT. JTO M03BOJAET HAJEXKHO H30JHpPOBaTh
He3KCIyaTHPYeMHBH BOAOHOCHH ropusoHt. IIpu neo6xogumoctu yc-
TAHOBKH B CKBaXHHY Hacoca, HpeBbIUIalOUI,eI‘O o raﬁapnTaM BHYT-
PeHHHH AHAMETP SKCIAYATANHOHHOR KOJOHHB, HEeoGXOAHMO NpPHMe-
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HATb KOHCTPYKUHIO CKBAXKHHBI ¢ YCTAHOBKOH 3KCNJIYaTALHOHHON HJIH
¢$uABTPOBOH KOJNOHHBI BNOTall Ha calbHHKe ¢ Nog6aliMavyHOH LeMeH-
Talnued. B sToM cIy4ae 3KCNAyaTalHOHHAs KOJIOHHA BhHINE (amMaka
TeXHHYECKOH KOJOHHBI HMeeT My(Ty ¢ JeBoH pe3spboft H CajbHHK, YTO
NO3BOJISIeT OTBEPHYTH BEPXHIO YalTb KOJOHHHL,

BecbMa nmpocrta H 5KOHOMHIHa OZHOKOJOHHAs KOHCTPYKIHA CKBa-
KHHB ¢ (PHABTPOM Ha CaJbHHKe, YCTaHABJHBaeMOM BIOTaH. 3Ty KOH-
CTPYKIHIO ciefyeT N0 BO3MOXHOCTH MPHMEHHATh Yallle, rje 3TO AONY-
CKaloT reoJIorHyeckHe H CHAPOTeOJOTHUYeCKHEe YCAOBHSA.

Tlpu KanTaXe BOJOHOCHHIX POPH3OHTOB, MPHYPOUEHHBIX K TOHKO-
H MEeJKO3ePHHCTHIM MOPOAAM, CAeyeT APelyCMaTPHBATh BO3MOKHOCTD
yeTpolictBa ABYXCHAOMNHOM TpaBHAHOR WAH TpanHiHO-niecyaHo# o6chin-
KH C YCTAHOBKOH BCIIOMOraTeJIbHOH KOJIOHHBI.

THNR B KOHCTPYKuMu ¢uAbTpoB ckBaXHH. PUILTPH CKBaXXHH Ha
BOAY AOMKHH ofecneunBaTh CBOGOAHHH AOCTYN BOAK B CKBaXKHHY,
HalleXKHO 3allMillaTh ee OT IeCKOBaHHHA MPH MHHHMaJbHBIX THAPaBJIH-
YeCKHX MoTepsxX, ofecneuHBaTh YCTOHUHBYIO paboTy CKBaXHH B Teue-
HHe AJIHTENBLHOIO BPEMEHH, a B CJiyYae KOJbMaTaxKa BOAONpHeMHOMN
MNOBEPXHOCTH AONYCKATh BO3MOXHOCTb NPOBENEHHS BOCCTAHOBHTE/b-
HbIX MEPONPHATHH ¢ HCHOJb30BaHHEM DA3JIMYHBIX peareHTOB-pacTBO-
pUTeseHl uJjlM COBMECTHOTO HMIYJbCHOIO H peareHTHOTO BOCCTaHOBJe-
HHS NPOH3BOJHTEJbHOCTH CKBAXKHH. '

I'napapinyeckue HCCJAENOBAHHA PA3NHYHBLIX KOHCTPYKUHH (HABT-
POB MOKA3HBAIOT, YTO OCHOBHblE HOTeDH HANmoPa MPHXOAATCA HA KOH-
TaKTHYIO 30HY Kapkaca (BOJAOADHEMHYIO NOBCPXHOCTb) M TPaBHHHOM
0GCHAKH (BOAOBMeMALeH NOPOAH).

C yueromM APHHIHOA HaJOXEHHs TPaBHA HJAH NOPOA ma BOAONDH-
eMHYI0 MIOBEPXNOoCTb (HABTPa CKBAXKHH HAa BOAY HX MOXHO Da3/lesHTh,
KaK NOKa3aHo Ha puc. 4.1.

HauGonpluee pacnpocTpaHeHHe HAWAH YacTHIe3afepHBaKIHe
GHALTPH, KOTOPHE BRJAOYAIOT (HAbTPHI-KapXacel H QHABTPH C J0-
NOAHHUTENPHOH BOJONPHEMHOA MOBEPXHOCTHIO. B 3THX KOHCTPyKUHAX
3(peKT npelOTBPAIUEHHS NECKOBaHHH NOCTHraeTCa TaKHM HOA60pOM
pa3Mepa OTBepCTHS OTHOCHTEJIBbHO pasMepa H4acTHI BOJOHOCHHX IO-
PoA HNH rpaBHiiHON O6CHINKH, NPH KOTOpPOM cobmionatTtcs Jubo KPH-
TepuH reOMETPHYECKOH HempochiaeMOCTH, JH60 pacdeT BemeTcsd Ha
¢opMEPOBAHHE B KOHTAKTHOR 30He eCTEeCTBEHHOro (uabTpa 3a cyer
CBOM006PA3YIOUIHX YacTHI, B 5THX KOHCTPYKUHAX HeH3OekKHBl HeKo-
TODHE KOHTAKTHpIE THADA4BJHUYUECKHe NoTEepH, AOCTHramoliHe MAaKCHMY-
Ma B cayyae (QHABTPOB ¢ KpyrJo# mepdopanrest npH dsp (dso — paa-
Mep YacTHIl BOJOHOCHBIX MOPOX HJH TPaBHIHOH OGCHIIKH, COOTBETCT-
Byl 50 %-HoMy cojepxaHuio B npoGe), paBHOM AHAMETPY OT-
BepcTHsi. KOHTaKTHbie HOTEDH YMEHbIHAlOTCH COOTBETCTBEHHO TMPH
YBeIKYEHHH dsp KOHTAKTHPYIOIHX ¢ (UABTPOM YACTHIL.

QuAbTPL C OTKJIOHHTENeM TPaBHS XapaKTepH3YIOTCA HalHuHEM
TaKHX 5JeMEHTOB BOXOIPHEMHOH MOBEPXHOCTH, NPH KOTOPHX HCKNIO-
yaercs NPsAMOe HaJOXKeHHe BOJOHOCHBIX MOPOA WJIH IPaBHEHHX Yac-
THI Ha ¢uabTP. B KauecTBe TAaKHX SJeMeHTOB HCIOJb3YIOT MOCTQOG-
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Prc. 4.1. Knaccadukanus ¢guAbTPOB BOA03A6OPHBIX CKBAXKHH

pasHEle OTBePCTHSA, KO3HPbKH H CJAQXKHHE Hpodunb GuIbTPOBHX OT-
BePCTHH, a TaKXe PeOGPHCTY0 BOAOHPHEMHYIO MOBEPXHOCTb.

B rpaBUTAnHOHHHX KOHCTPYKIHAX yCTPAHBAIOT WHPOKHE BOAONPH-
eMHble OTBEPCTHS, B KOTOPHIX TPYHT YAEePXHBAaeTcs OT BBIHOCA MNOL
BeHCTBHEM CHJBI TAXecTH. K HEM OTHOCATCA KOJOKOJIbHHE, YyallieuRkle,
TapeJsibuaThie, 30HTHYHHe, JOHHBE M APYrue KOHCTPYKLIHH.

Jauuble 06 OCHOBHBIX THHAX ¢HJILTPOB K 06JIACTH UX MPHMEHEHHS
npHBejedn B Ta6a. 4.3. B Hedt chopmyaupoBans obHe TpeGoBaHHA
K GUIBTPAM H SHANA30HH HX HCMOJb30BaHHA. B KaXAOM KOHKPETHOM
clydae KOHCTPYKUHIO ¢HIbTPA cielyeT BHIGHPATh B COOTBETCTBHH C
H3snaraeMo¥ HHXe MeTonHKoH. Bce oxapaxkTepH3oBaHHHE KOHCTPYKIHH
BO3MOXHO APHMEHATb C KOHTYPOM PHXJIOA rpaBHiHOH OOGCHINKH, CO3-
LaBaeMofi Ha 3a60e BOA03a60PHOH CKBaXKHHM.
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TaGauna 4.3. OcHOBHHE THITH QHALTPOB H 06]2CTH HX NPHMEHEHHS

Tenw GRALTPOB

MaTepRaN® A4S HITOTOBRNERHS

OCO6eHHOCTH KOKCTPYKIHH

O61acTh TPHMEHEHHS

2

3

|

1. OPunbTpH Ha OMOPHHIX KAapKacax

H3 TPpy6 ¢ KpyraoRt u meneBol
nepdopauneh:
a) tpyGuartble c KpyrJaofi
meneBoit nepdopanHef

6) ¢ BOMONPHEMHOH noBepx-
HOCTbI) H3 [POBOJOYHOH
06MOTKH

CTMAaccOBHE  (HOJH3THJCHO-
BHE, [OJHBHHHIXIOPHIHLIE,
CTEKJONJIACTHKODHE),  Kepa-
' MHueckHe, acOeCTOLCMEHTHHE,
. hanepsiHe

! Tpy6r GypoBoro copramenTta
i ¢ KPYrJIOH HJHM  L1eJeBoit
{ nepbopanueit. [pyTkosas
‘eraab Mapku Cr3 & 5—
10 mm, IlpoBosoka H3 Hep-

| TpyOut MeTagiHuecKHe, NAa-
i
|

| Wapdiowed craad & 3—4 uM
1

B) C BOJONPHEMHOH mnOBepX-
HOCTBIO H3 IUTAMNOBAH-
HOMO CTaJIBHOTO JHCTZ C
OTBEDCTHAMM  pa3IHUHOM
KOH(HTypauny

MeraanHueckHe H HeMmerad-
! muqeckie TpyObl ¢ KPYraod u
wenesoit nepdopauueit. Hpo-
BOJMOKA H3  HepXaBelolied
cTand & 3—~4 MM HAM  H3
NpOCTOl CTAMH C MOKPHTHEM.

Hepxanewomasn JHCTOBAS
cTanb toauHuol 0,8-—1 MM,
LTamnoBaHAas

PuabTpoL ¢ 4ACTUYL3A0E PHCUBAICUMY OTAEPCTURMY

CkBaXHocTh TPYOuaToro
kaca ¢HabTpa 20—25 Y,
Jduamerp oTBepCTHE M IIMPHHA

Kap-

Weneff onpeleadiorcss Pa3MepoM ;

npeobnapanmEx  $pakuHi
POAR HAH OOCHLIMKH

no-

CxBaXuocTb  Kapkaca 20—
25 %. MuaMerp KpyrJaex Ot-
BepcTHH 15—285 MM, 1spHHa

wesefi 1030 MM, nauHa 250—
300 MM, CKB2MHOCTh BOAONPH-
CMHOH NOBCPXHOCTH f0 60 %.
3a30p MeMAy BHMTKaMH OpOBO-
JOKH ONpeRefseTcd pasvepPoM
yacTHy HAH obcungy, Hamorka
NPOBOJOKH OCyUlecTBASieTcd MNe-
BCPX NOAKMAN0YHHX CTepKHeH
Kapkac raxko#t xe, xak B 0. 10.
CKBaXHOCTb BOAONDHEMHON TO-
BEPXHOCTH H3 IITAMOOBaHHOTO
aucta Ao 30 %. Pasmep ot-
BepCTHH ONpejesneTcd KpynHo-

cThi0 ¢pakuuBl IpyHTa u.aHrpa- !

prfidofi  oGcwnkn. Ulramnonan-
HBH JHCT HAKJa[blBaeTCS  Ha
TpyOuarufi kapkac MO NPOBO-

Bo Bcex BHA2X BOJOHOCHBIX
HOPOA NMPH BceXx TIayGHHax
CKBAXKHH

I'paBuiiHO-Necyanue OT/ONe-

HHA C KDYIHOCTBI) YacTHI
or 1 no 10 MM, KpynHhe
jIleckH ¢ MpeoGiaJalomuM

+
1
1
|

i
3

pa3MepoM HacTHI 1-—2 MM

I'paBHHEHO-NeCYaHLle OTJONe-

HHSl C KDYNHOCTHK  4acTHl
or | no 10 mM, KpynHHe
NeckH ¢  npeoGaalaioliuM

paaMepom uyactay 1—2 mm
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r} ¢ BOAOIDHEMHOR NOBEpX-
HOCTBIO M3 CETOK

2. GuabTpe Ha OMOPHHX Kapkacax

H3 CTepXKHefi
HEBHIE) ;
a) ¢ BePTHKAJAbHHRMH
NAMH

(kapkacHo-cTEpX-

Hie-

6) ¢ BOAONPUEMHON NOBEpX-
HOCTHI) H3 IIPOBOJOHHO!
00MOTKH

B) ¢ BOZOIPDHEMHOR nmoBEPX-
HOCTBI0O H3 ILITaMIOBaH-
HOrO CTA/JbHOr0 JHCTA C
OTBEPCTHAMYH  PA3MHYHOM
KOH{HUTYpalluu

T) ¢ BOAONPHEMHO! nOBePX-
HOCTBIO H3 CeToK

Meranannyeckne M HeMeTal-
JAuYeckHe' TPyOH ¢ KpyrJo#
uaH wenesof nepopanued.
IlpoBoJoKa H3 HepxKaBewo-
ueft cramd. CeTka H3 HEpXa-j
BeloWeR CTanH, JAaTYHH HJH:
KOMOHHHDOBaHHBE NAacTMac-
COBO-METRJLIHYeCKHEe  CeTKH
CaJyHHOTO WJM KBaADaTHOrO
NETEHUSA

|
i
i
i

Craab npyrtkosafi Mapok Ct5
tu C17 10, 12, 14, 16 MM,

j CocuuuTenbHEe  MaTPy6KH
: U3 Tpy6 GypoBOro copramen-
i Ta

| To xe, uro ¥ ZJA GHALTPOB
!s m 2a. [lpososoka M3 He-
; pKaBeowed crajd & 2—4 MM

|
:
|
U
. To ke, aTo0 H Anst GHABTPA
| B n. 2a. Hepxapcioutast ane-
| TOBAA CcTaNb TOMIHHOH (0,8—
| 1 MM, uTamMnoBaHHan
To Xe, 4TO H AJA (PUALTPOB
‘B M. 2a. Cerka raJyHHOTO
‘FHJ[H KBaAPATHOrO [JICTEHHA
no n. !B. ITogMOTKa H3 He-
5 piK aBeoleH NPOBOJIOKY !
| & 2—4 um i

NOYHON COHPAZH HJH N0  MOA-!

KNaROYRABM CTEPIKAIM ;

Kapkac rakoit xe, Kak B 16.|CpeflHescpuHcTHE Oeckd ¢
CKBaXHOCTb BOAONPHEMHOA Mo- npeobaajaiomied KPYIHOCTHIO
BepxHocTH 30—50 %. Cerka Ha- yactuu 0,25—0,5 MM W Mea-
KAa/BAETCS HA TIPOBOJONHYO KHe TeCKH C KPYNHOCTIO 4a-
CHPaJNb H3 Hepxa,elowled c‘ra-lcruu 0,1—0,25 MM

JM UM Ha TPOAOABHHE MPYThR
AdametrpoM 5—10 mMm

CxBaxHOCTh Kapkaca po 60 %.i[lonycxaapune, HeycTohyn-
Ulupuna iweneli 3apHCHT OT|Bele NOPOAH, webeHh, rajey-
npeofaananmnx GpakoHA No-1HMKH ¢ KPYMHOCTHIO YaCTHI
POXL! HJAH OOCHIKH 20—100 mM. B ckBaxuHaxX
rayOunol g0 200 mm
Omopuiit xapkac no n. 2a c I'paBuilHo-necyansie OTI0XKe-
MaKCHMaJbHNIM DPaavMepOM  Ule- HHA ¢ KPYNHOCTBIO YaCTHIL
Aefi, CRBaXHOCTb NPOBOJOYHON |1—10 MM, KPYIHHE leckd ¢
nosepxHoct g0 50—60 °,{;.Pa3~‘npeoﬁnana}0mu{m paaMepoM
MeD 3230pa MEXAY BUTKaMH om-iuactul 1—2 MM

peeasercs npeofaasanie
KPYIHOCTLIO YacTHIl NOPOAH HJH
OGCRIMKH

Onoprufi kapkac Ho m. 22 cjIpapuiiHo-Necyannle OTJOMKC-
MAKCHMAJIbHHM  PasMepoOM  OT-:AHS ¢ KPYIHOCTBIO YaCTHIL OT
BepcTHid. BogonpHeMnan nosepx- 1 go 10 MM, KPyIHbe HeCKu
HOCTb BEIHOJIHAETCH No 0. 1B |c npcoSaafdaioniuMm pasmepom
‘qacTrly, 12 MM

Onopruti  kapkac mo n. 2ajCpegHesepHHCTME MCCKH C
[posonounan o6MoTka BRIOJ-!Mpeobragaomel KPynHOCTHIO
Hfer POJb MOAKI2AOYHOTO 3j1e-iYactHi, 0,25—0,5 MM H Med-
MEHT2 M HABHBAeTcA ¢ GOJbLIMM'KHEe NecKH ¢  XPYIHOCTHIO
3230pOM lyactun 0,1—0,25 MM
BoponpHeMunm saeMentoM cJay-)
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Mpodoaxcenue Taba 4.3

Tans QHALTPOB

MarepHaibl JAR H3FOTOBACHUN

OcoGeHHOCTH KOHCTPYKILKH

OfaacTs MPHMEHEHKN

3

3. I'paBHfiHO-KOXKYX0BRE

4. I'paBuiino-60uHHe Ha

pasmg-
HOM Kjee (leMeHTe)

1. HIramnopannne ¢ mocroobpaa-
HBEIMH OTBePCTUAMH

B coorBetcTtBHH ¢ BHIGpaH-
HOft KOHCTpPYKIHeH Kapkaca.
CeTKa KB@JPaTHOro [Jete-
HHS U3 KC/e3HOR MPOBOJOKH.
JlucroBOEe KpOBe/lbHOE XeJe-
30 WITaMNOBAHHOR

To xe, 4T0. H A1 GHILTPOB
no n. 3, PuabTpoBue 6J0KH
H3 nopHcToro GeToHa, MOPHC-
TOR KepaMUKH, TpaHyaHpoO-
BaHHHX MJacTMace H  JIpy-
I'HX, H3TOTOBACHHLIX Ha OC-
HOBe CHHTETHUECKHX KJEeB,
npHMeHeHHe KOTOPHIX B CKBa-
MHHAX MUTBEBOrD BOJAOCHAG-
JEHHA COrJacoBaHO ¢ MuH-
aapapom CCCP

XKUT CeTKa, MoAOHpaeMas B 3a-
BHCHMOCTH OT COCTAEB2 TOPOL
OnopHHA Kapxac KOHCTPYKIHH
t-ro 1 2-ro THnoB. PHabTPYIO-
MM [OKPHITHEM CAYXKHT OAHO-
ciaofiHan rpasHfiHag  o6cHnKa,
noAlHpaeMasgd B 92BHCHMOCTH OT
cOCTaBa BOAOHOCHHIX  IAACTOB.
Koxkyx wu3rotomfey H3 cerok
KBaJpPaTHOrO [MJETeHHH  HJH
LUTAMIIOBAKHOTO KPOBeJbHOTO
wmeneaa

OuopHHi Kapkac KOHCTPYKIHH
l-ro B 2-TO THNOB ¢ MAaKCH-
MajbHEIM Da3MepoOM NPOXORHBIX
orsepcTHlt. JAna  wmernyGoxux
CKBaXHH (0 40 M) BO3MOXKHO
npHMeHeHHe GecKapKacHuIX
dunpTpos, BogonpHeMHHM dae-
MEHTOM SBJAeTCH (HABTPYIOMIHH
60K H3 COEMeHTHDOBAHHMX 4Ya-
CTHIL

DuUreTPOL € OTKAOHUTENEM 2DABUR

[pocevnolt aHcT ¢ MocTo06-
PA3HBIMH  OTBEPCTHAMH W3
npocToff crand ¢ aHTHKOP-
PO3HOHHKIM - IOKPHITHEM  HJH
H3 HepXaselowed cTaJH TOM-
msEok 3—T7 MM

CxpaxHocth Kapkaca Ao 30'%
{no naowaznu oreepcTHRA Ha ou-
JHHAPRICCK O nosep XHOCTH
¢uaprpa). danpTp noaGupaer-
C B COOTBETCTBHH C Da3MepoM
NpOCBETa TOA &MOCTOM»

|
!
|

CpeaHeseDHHCTRIE H  MEJIKO-
3ePHUCTHE NeckH ¢ npeobia-
Aaomelt KPYTHOCTBIO  COOT-
‘BercrBeHHo 0,25-—0,56 MM x
0,1-0,25 MM

MenkosepHHCTHE mneckKH ¢
Pa3vepoM  YacTHI[ 0,1—
0,25 MM npa npoexkTHOR npo-
UBBOJAKTEALHOCTH CKBaMHH
ne 5 afe, npy Manom  co-
IepxaHHH B COCTaBe [ecKOB
TJIHHHCTHIX YacTHI, B cKBa-
KHH2K, ApOXOoAMMHX Oes
TIHHHCTOrO PacTsopa

Noayck anpune
BHle TOPOIH,
NIeYHHKOBLIE
KPYMHO3EDHHCTHE TeCKK C
[HAMMeHbIIHM  npeobaajaio-
{IUMM Pa3MepPoM YacTHI, A0
10 mu

HEeYCTOMYH-
rpaBuftro-ra-
OTJIOXEHU R,
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2. IllramnosanMbe ¢ KO3HPHKAMH

3. C pebGpucrofl Bojonpuemuol mo-
BePXHOCTHIO

(Dnnb'rp-xapxac TPABHTALHOHKO-1le-
JICBOr'0 THIIA

paBufinnle 3achimnbie (Ha 3a6oe)

|
}
|
F
e
|
i

Ilpoceunoll JHCT C KPYNHBI-
Mu {5—12 MM} oTBepcTHaA-
MH, NPHKPBHTHIMH KO3LIPbKA-
MH, ¢ AaHTHKOPPO3HHHWM NO-
KpPHTHEM HJH H3 Hep¥apeio-
we# cTamu TOMUHHOA 44—
8 MM

Tpasurayuonnsie puATpLL

DuJbTPOBHE SJEMEHTH  H3
KoJdelm HAH CerMeHTOB H3
nJacT™Mace BAH OPECcCOBAaHHBIX
MaTepHanon. Crepmxuu
& 10—14 mMm H3 npocroit
CTANH HJA H3 CTeKJomiac-
THKA

Koablepnle  3JeMEHTH  H3

nnacrmace {CreKNOMAaCcTHKA,
BOJIOKHUTA, IPeBECHO Ipecc-
KPOWKK ¢ aMUHAOILIACTOM,
JEeKOPPO3HTa, MOJHITHJIEHA H
T. A.). CrepXud, CTAXALeE
Goatw gHamerpoM 10—18 Mm
H3 mpocToft cTanH

T'pasuilnsie piasTpor, co

B coorpercTBHR ¢ BRGpaH-
HOH KOHUCTDYKIHEH ONOPHO-
o xapkaca no pasfenam 1,
2 H

adasaemoie Ha 3aboe

CkpaXHocTb Kapxaca a0 40 %.
®uaeTp noabupaercs B COOTBET-
CTBHH ¢ Pa3MEpPOoM [POXOLHOTO
OTBEPCTHR MOA KO3LIPBKAMH

Ckpaxyocrb Kapkaca a0 20—
25 %. Pebpucrocts B GOJbIHA-
crre cayqaes npogoabHas. [Lar
pefep NOAGHpPaeTCR B 3ABHCH-
MOCTH OT COCTdBa KaNTHPYEMBIX
nopos

CKB2XHOCTb KapKacoeB MO Ha-
pYWHOMY AHamerpy 50—70 %,
Mo BHyTDEHHeMy AHaMmerpy 15—
25 %. Pasmep oreepcruit pery-
JUPYETCH CHeUdaJbHEMHY BKJa-
ALIAIAMM, YCTAHOBACHHHMH MeX-
LY KOJbLEBLIMH 3/JeMeATaMR

OuopHuIR Kapkac —BCe  KOHCT-
pyxuHd dumbtpoB 1, 2 u 3 TH-
noB. PaaMepnl OTBEPCTHA Kapka-
COB TNOAGHPAIOTCA B COOTBETCT-
BHH Cc pasMepaMu oOchinkH, Bo-
AONPHEMHLIM 31eMeHTOM  HABJS-
erca rpaBuiHan o6cunka, Uncno
cloeB OOCHIKH H ee KPYMHOCTh
ONPeAENsIOTCA COCTABOM BOJO-

TloayckanbHble, HeycTo#uH-
Bhle INOpPOALl, rpPaBHiHO-ra-
JICIHHKOBHE OTJO¥eHHA ¢
npeobaajatouiell KpynHOCTBIO
gacTHY 1—10 MM

KpynHosepuucrhie,  cpenHe-
3ePRUCTHE ¥ MEeJAKO3epPHHC-
THeE necky. lloasemHne BO-
AbL XdPAKTEPUIYKTCA  KOp-
PO3HOHHEIMH CBOHCTBAaMH

ITeckn passuunoro rpany.o-
merpuyeckoro cocrasa. [lox-
3eMHhle HOAW XaPaKTepH3y-
I0TCH KOppO3KOHHbIMH CBOH-
CTHAMH

Tleck# pasauyHOTO rParyJO-
MerpHueckoro cocrapa. [ipu
CAOXHOM NEPEC.TaHBANHH Me-
CKOB DA3JIHYHOK  3EPHHCTO-
ctu. Ilpn kantaxe Bom He-
YCTOHUNBOrO XHMHUYECKOro
COCTaB4, BHI3HBAIOULHX KOJb-
MaTa¥X (HABTPOB

HOCHHX [EeCKOB




B cBfi3d ¢ perHOHaJbHHIM CHUXKEHHEeM HamNopoB MOJ3EMHBIX BOJ B
CeJbCKOX034CTBEHHOM BOJOCHAGXeHHH psAga obiaacreil cTpaHbi NpPH-
XOAHTCS OPHEHTHPOBATBLCS Ha KaNTax BOLOHOCHHX ILIACTOB, 3ajerato-
mux Ha ray6unax 200 M w1 6onee. JInanasod KOHCTPYyKUHH GHIBTPOB,
NpHMEHsIeMBIX JI0 HACTOSIILEro BPpeMeHH TIpH o60pYyAOBAHHR BOAOHOC-
HBIX [eCKOB Ha 3THX NMYy6HHAX, HeBeJHK. ITO, KakK NPaBHJIO, HDHALTPH
ya Tpyb6uaToM KapkKace ¢ BOAONPHEMHOH NOBEPXHOCTbIO H3 CETOK Tra-
JYHHOro NJeTeHHS, peXe HCMOJIb3YeTcs NPOXOAKA CKBAXHH C YIUIHPEH-
HeiM 3a60eM M TOCJAENYIOHIUM YCTPOHCTBOM TPaBHHHBIX (UIBLTPOB
NyTeM 3aCHIIKH rPaBHd HJIH B KOXYXOBOH MoaHpurauuu. OAHAKO yCT-
POHCTBO rpaBHHHOTO (QHABTPA B CKBAXKHHE C YWIHpEHHEM BecbMa TPY-
JOEMKO, TPU YCTAHOBKEe KOXKYXOBHIX (PHALTPOB CYILECTBEHHO YBEJAH-
YHBAeTCs AHaMeTp OypeHHS, YTO YacTo OKa3hiBACTCS HEIKOHOMHYHBIM,
a2 DNPH YCTAHOBKe CeTYATHX (PHALTPOB INIPOH3BOILHTENBHOCTb CKBaXKWH
He YAOBJETBOPSIET 3asABJEeHHBIM NOTPeOHOCTAM, H THAPaBJIHYECKHE
OTepH Ha CKBAaXKHHE CYILECTBEHHO NPEBHIUIAIT NJACTOBHE.

B TakHX YCJIOBHAX MOXHO NMPHMEHATL KOHCTPYKUHH (PHALTPOB, B
KOTOPHX HCKYCCTBEHHO CO3LaeTcsi aHaJor TNOPHCTOH Cpeln NyTeM
MHOTOCJOHHOH  NIPOBOJIOYHON OGMOTKH, KOAKCHA/JbHOH YCTAHOBKH
¢GbuNbTPOBHX TPYG H NepeKpeCTHOH HAMOTKH CTEKJIOXKIYyTa B CTEKJO-
NJIaCTHKOBBIX $HIALTPAX. DTO MHOrOCJAOHHHE NPOBOJOYHBIE (PHABTPHI
no natenty CIIA — woBasi MonHQHKauUHsA KOXKYX0BOro ¢QHuILTPa cO
cMellleHHOol mepdopanHed KOXyXa H KapPKACa — H CTEKJIOMNJIACTHKOBLIe
¢$HIBTPHL.

Muoroc/ 10BN NPOBONOYHBIE HHALTP H3TOTOBJSIT C NOMOLIBIO
MHOCOKPATHOH NpOBOJOYHO OGMOTKH nep¢opHpoBanHo# TpyOnl. Ha-
PYXHHH c/J0ofl NPOBOJIOKH HMEEeT TaKHe 3a30pH, KOTOpHeEe YAePXKHBAOT
TOJBKO KPYNHBbIe YACTHUM NeckKa, PaccrosHue MeXAy NPOBOJIOKAMHU
BHEIIHero cJaos 3afaeTcsi OJH3KHM K AHAMETDPY 3epeH, COOTBETCTBYIO-
meMy 95 %-HoMy coAepkaHuio B npofe IO KPHBOH 3€pHOBOrO cocra-
Ba. [Ilar 06MOTKYM CpeHero cJjosi NPHHHUMAETCAd MeHblie HApPYIKHOTO
H BMecTe C TeM OoJibllle AHaMeTPa 3epeH, cooTBercTBYiolero 75 %-
HOMY COAepXaHHI0 YacTHl, B npobe neckoB. BHyTpenHu# ciol (B yacT-
HOM CJyyae OH MOXeT OTCYTCTBOBATh) HMeeT eliile MeHbWIHfi 3a30p
(MeHblIe pa3Mepa 3epeH, cooTBercTBywiero 50 %-HOMY colepxaHuio
B npo6e). Ilpn Tako#l KOHCTPYKUMH (PHIBTPA KPYNIkie JacTHLH NecKa
3a7epUBAIOTCA HAa HAPYXKHOM CJOe NPOBOJOYHOH 06MOTKH, HMeuleM
MakCcHMalbHHe 3a230pH. Ha xaxaom nocjaefyiouieM c/10e BOAOIPHeM-
HO# MOBEPXHOCTH OTCEHBAlOTCs Bce 0oJee MeJKMe YaCTHLB Necka.

OnuiTHee HCCiefOBaHHsi B 1a060paTOPHHIX YCJOBHAX ITOKA3aJH,
YTO B paccMartpuBaeMol MoaHdHKaLNKY CONPOTHBICHHA PUILTPOB He-
3HAYUTEbHO NPEBHINAOT CONPOTHBNEHHS KOHCTPYKUHE C PHIXNO# rpa-
BHAHOK oGcbimkoH. IlonepHe uccienoBanus (HILTPOB HAa HeGTAHBIX
H Tra30BbIX CKBAaXHHAX IOKa3a/H, 4YTO yAOBICTBOPUTENLHO 3TH KOH-
CTPYKUHM PuabTPOB paGoTaloT npH KO3(QPHIHEHTe HEOZHOPOTHOCTH
KanTHpyeMuX 1eckoB, GoabiieM 2. B 3ToM cayyae NPH OTHOCHTEJBHO
He6obUIHX THApPABIHYECKHX MNOTEPAX NECKOBAHHA CKBAXKHH He Ha-
61104,2710Ch.
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B oTeuecTBeHHOH NPaKTHKe MHOFOCJNOHHHE TMPOBOJOYHHE KOHCT-
pykuuu onpo6oBanu B A30Bo-Ky6aHCcKOM apTesHaHckKoM Gaccefine,
OJHAKO B CKBAaXHHAX YCTAaHAB/IHBAJIH PHJIBTPE C HAPYKHEIM CJ10EM
06GMOTKH ¢ HaHMeHbIIHM 3a30poM. JlaBopaTopHble HCCNeAOBAHHSA 3THX
$UIBTPOB B KOHTAKTe ¢ JIOGEPEIKHM NeCKOM, HMEIIIUM K03 UL H-
edT puapTpanuu 10—12 M/cyT, moxasanau, uTO NPOHHLAEMOCTh COOCT-
BeHHO Tesa $OHABTPA, N0 AAHHEIM TP HBA3HOTO Mbe30METPa, HECKONLKO
BHIIIE MPOHHIIAEMOCTH neckos (20—25 M/cyT), a ¢ yueTOM KOHTaKT-
HRX THAPABIHYECKHX HOTepb HPOHHUAEMOCTb PHALTPA COCTABJISET
5--8 Mm/CyT NpH cpeaHeM 3HAUCHHH HOKa3aTeasl o6OGUIEHHOTO CONpO-
THBJEHHSA, paBHoM 0,42.

OnwiT MaccoBoro NPUMeHeHHs] 5THX KOHCTPYKLHHA NpH 060pypoBa-
HHY CKBaXuH Ha Boay B Asoso-KyfanckoM apTesmanckoM Dacceiine
NpH YyCTAaHOBKe HUALTPOB HA ray6uny Gosee 100 M Hoxasan, uTo B
ofmieM Caydae NEeCKOBaHHsA CKBaXXHH He Habaoganoch. OpHako 10-
NOJNHHTeNbHbIe CONPOTHBJAeHHA B NPH3260AHOA 30He OCTaBaJHChb 3HA-
YHTeABHEIMH, T. €. MHOrOCJOfHbIe NPOBONOUHBIE DHALTPH B BAPHAHTe
Kpacronapckofi KOMHJEKCHOH IeONMOrHUeCKOH 3KCNECAHUHH He HMeloT
KaKHX-AH00 HPEHMYUIECTB, HCIOJb30BATh TAKOTO PoAa PHIBTPH MOX-
HO TOJBKO B TOM CJyuae, KOrja pa3Mep OTBepCTHH HapyXHOH 06MOTKH
foJblile pa3Mepa OTBEPCTHH BHYTPEHHEro KOHTYpa.

CoxpaHeHdHe MuHmHMaJbHOro auamerpa OypeHus u (uabTpa NpH
o00pyI0BAHKH CKBAXHH HA BOAY NPH AOBOJbHO HAJEeXHOM NpefoTBpa-
UIEHHH J1IECKOBAHKA 06ecrneyusaeTcs B cJydae HCIONL30BaHUA PRILTPA
M3 ABYX KOAKcHaabublX TPy6, nepdopallus KOTOPEIX BHHOJHEHA RO
BHHTOBHM JHHHAM C PaBHHM IO Beluuude waroM. Ilpu atoM nepdo-
palus Ha ofgHoit TpyOe CMelleHa B OCEBOM HaNpaBJeHHH OTHOCUTEJIBHO
JApYro#, a Wwar BHHTOBOH JHHHH paBeH yABOCHHOH CyMMe UIHPHHH Hep-
tdopauun H ee cmewnenns. llupuna xe nepdopaunu paBHA TOJUIKHE
MexTpyOHOro npocrpascTBa. KoJdbLesoe NPOCTPAHCTBO MEXIY TPY-
OaMu 3anoaHero QHALTPYIOUHM MaTepHasom. Ilpenorepamenue cyd-
©®03Hu nocturaetcs 6;1arojaps TOMY, 4TO NyTh PHIBTPAUHH KHAKOCTH
YAJHHACTCA BCAEACTBHe CMeIlleHHS CTyleHeH mepdopalHu.

Jing MenKO3epHHMCTHX ¥ NHJIEBATHIX BOJOHOCHBIX TMECKOB OMNTH-
MaJabHas BeJHYMHA CABHra cTyneHed cocraBaser 100—150 mM, a mH-
puHa rnepdopalsH H TOMIKHA MeXTpy6GHOoro sasopa — 40-—50 mMm.
Ilpu 3ToM War BuHTOBOH nuHHM paBeH 280—400 mm. Creksonnacra-
KOBHIe (HJIBTPH NOMAYYAlOT NepeKpecTHOH HAMOTKOH CTeKJOXKTIyTa pas-
JHYHOrO Auamerpa ¢ Nocjaeaylouled NpOAHUTKOH ero SMOKCHAHOH CMO-
aofi. B o6uem cayuae NpHMEHeHHe YKA3aHHKIX KOHCTPYKUHE HABTPOB
ApH 060pyAOBAaHUH CKBAXXHH Ha IVIyOOKO 3aJeraioilHe TOPH3IOHTH A0-
CTAaTOYHO 0BOCHOBAHHO.

4.3. lNlopbop H pacuer ¢uaAbLTPOB

B ocHoBy noabopa u pacueta ¢$HALTPOB BOA03aGOPHBIX CKBaXKHH
BOJKHB OBITH NOJOXEHH cJelyIouHe KpHTepHu: obecHeueHHE Heol-
XOAHMOH MeXaHHUeCKOH NpOUYHOCTH NpH ycTaHOBKe GHJILTPOB B CKBa-
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XHHY, KOPPO3HOHHOH YCTOHYHBOCTH B PACUETHLI{i CPOK IKCNIYaTaUMHH,
MHHHMaJIBHKIX [IOTEPb HAanopa NpH CoXpaHeHHH cy(PO3HOHHOH yCTOfi-
YHBOCTH TNOPOA B NPHOHILTPOBOH 30HE, NMOAAEPXAHHSA CTabHIBHOH
paGoTH CKBaXHH B TeYeHHe Bcero nMepHoAa IpelAnojaraeMofi HX 3KC-
niyaTanuud Kak 32 CYeT HajAeXXHOrO KOHCTPYHPOBAaHHS (PHABTPOB H
CKBAXHH, Tak H obecrneyeHHs BO3MOXKHOCTH NPHMeHeHHs B 3Kcmaya-
TAUHOHHHX CKBAXXHHAX KOMIJEKca Mep IO BOCCTAHOBJAEHHIO HX HpO-
H3BOAHTEJbHOCTH. '

[TpounocTHHEe XapaKTepHCTHKH QHJIBTPOB, YIHTHBAOHIHE pacTaXe-
HHe H CXaTHe (PHIBTPOBOM KOJOHHH B HanPaBJeHHH OCH CKBAaMHHH
nox ne#cTBHeM COGCTBEHHOrO Beca NMPH YCTaHOBKe (uabTpa H Tpyo,
60KOBOe naBJeHHe MOPOX H rpaBHiHON 0OCHNKH, a TaKxe QHALTPa-
IIHOHHOe AaBJieHHe NPH NPHTOKe BOAB B CKBaXKHHY, BHI3bIBalOmEe pa-
AHaNbHHE CHAN CXKATHA, YKAa3HBAIOTCS B COOTBETCTBYIOU(HX TEXHHUE-
CKHX yca0BHAX 3aBonoB-uaroToBureedl niau [OCTax Ha BHOycKaeMyio
CePHIO KOHCTPYKUHA ¢ NpuBefeHHeM 0600mIEHHOTO KPHUTEpHS — TIpe-
AeJdbHOH TAYOHHH CKBaXXHHH, N0 KOTOpPOH XoNyCKaercs YCTaHOBKa
NaHHHX (PHABTPOB (HanpHMep, COOTBETCTBYIOL(HE TEXHHUECKHE YCJIO-
BHsa JIporo6uuckoro 3aBona Munraanpoma CCCP). _

Hecyme cBoiictea puabTPOBOIl KOJOHHH, a CAefOBaTeNbHO, H
CPOKH 3KCI/yaTallHy CKBaXKHHH H3MEHSIIOTCH B 3aBHCHMOCTH OT KOp-
PO3HOHHHIX CBOKCTB OTOMPaEéMOH BOLH H KOPPO3HOHHOH YCTOHYHBOCTH
¢uabrpa. XuMHUecKast KOPPO3Hs TIPOHCXOAMT, €CJH B BOAE HAXOASATCHA
HEKOTOpble KOMNOHEHTH B KOHUEHTPauHAX, 06ycJ0BJIHBAIONKX pacTBo-
peHHe merajsoB. TakuMu KomnoHeuTamu aBasiorcs COz, O, 'HaS,
HCI, H,SO,. Tlpm kanraxXe BOA NHTbeBOro KauyecTBa C HeGoablIoN
MHHepaJH3auHell BO3BMOXKHOCTE KOPPO3HH H3-32 HapYLIeHHsl yrJeKHC-
JIOTHOTO PaBHOBECHS CJeAyeT NMPOTHO3IHPOBATH, HCNOJB3YS NOKas3aTeldb
Pusnepa.

OuABTPH H3 HH3KOYIJeponHcTOl cTasn 6e3  aHTHKOPPO3HHHBIX
NOKPHTHA NpHMeHHMH Npu Ri=7—8, npu Hanuumu B KOHCTPYKUHH
JATYHHBIX MaTepHa/oB cjeayeT HMETb B BHAY, 4TO ONTHMaJbHas 06-
JacTh HX npHMeHeHHus coorserctByer Ri=6,5—8,5, Hepxasetomas
CTadlb XapaKTepH3yeTcs MAKCHMalbHOH YCTOAYHBOCTBIO H NMPHMEHHMa
paxe npH Ri==12—15.

ITpu kanTaxe CKBaXHHAMH NOA3EMHHIX BOJ, COAEpXALIHX CEPOBO-
JAopoln, CKOpPOCTb KOPPO3HHM CTAJBHHX TPYy6 MOMXeT NOCTHTaTh 3HayuH-
TeJbHHX BeMHUHH —8—10 MM B roa, Mo3ToMy B STHX ciyyasdx o64-
3aTeNbHO MpHMEHeHHe aHTHKOPPO3HOHHHX KoHCTpykuui. Tlpouecc
3JIBKTPOXHMHIECKOH KOPPO3HH CJeayeT NpPeAoTBPamlaTh, HCIONb3YA B
KOHCTPYKIHH (HHIABTPOB MeTaiu ¢ OAH3KHMH moTeHlHataMu. Craeny-
€T OTMETHTBb, UTO CBOHCTBA NMOJA3EMHBIX BOI, B TOM YHCJIE€ H KOPPO3HOH-
HEle, MOTYT H3MEHATBCA B IHPOLECCe 3KCN/yaTallHd CKBaXHH, H 3TO
06CTOATEJBCTBO HEOOXOARMO YURTHBATH NpPH HX MPOEKTHPOBAHHH B
3aBHCHMOCTH OT NpefHOJaraeMuHX 3aKOHOMepHocTeli (popMHPOBaHEA
XHMHYECKOTO COCTaBa OTOHpaeMBIX BOI B XOJe 3KCILTyaTalldiA BOAO3a-
Gopos. Tak, npH HaXOXIAeHHH B 06J1aCTH BJIHAHHA CKBaXHHH 3a00J0-
YeHHHX YY4aCTKOB BIOJIHE BEPOATHO CYUIECTBEHHOE YBEeJHYEHHE B Npo-
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Hecce sKcnavaTauMH B OT6HpaeMOH BOJe CONEPXKAaHHA cepOBOAOPOALA
H XKeJesa.

Ilpu BrI6Ope THNAa (GHALTPA CKBAaX>XHHH C BHICOKOW PAacyeTHOH NMpO-
H3BOJHTebHOCTLIO (60see 150 m3/4) cienyer NMpHMEHATb KOHCTPYK-
UHH 6OJBUIOH CKBAXKHOCTH CO IIEASIMH, OPHEHTHPOBAHHHMH B FOpH-
30HTaNBHON NJOCKOCTH (KapKacHO-CTepIKHEeBhie ¢ MPOBOJOYHOK OGMOT-
xoli, duabTpu KoHcTpykuun MITMU). Tlpu npoekTHOH NMPOH3BOAHTEIb-
HOCTH CKBaxHH 100—150 M3/4 Hapsdy ¢ KapKaCHO-CTEpPXKHEBHIMH KOH-
CTPYKUHSIMH JONMYCTHMO HCNONB30BaHHe (PHUABTPOB H3 INTAaMIOBAHHHIX
MAaTepHAJOB H HA TPYGUATHIX KAPKACaX ¢ BOAONPHEMHOH MOBEPXHOCTHIO
H3 NPOBOJIOKHM HJAH 1UTaMIIOBaHHOTO JHCTa. [IpH NMPOH3BOLHTENbHOCTH
ckBaxxun 50—100 M3/y B cKBaXKHHaxX JOMYCKaeTCs YcTaHOBKa (HHIbLT-
pPOB ¢ CeTKOW KBaapaTHoro njeTeHHsd. [IpH npoekTHOM Ae6GHTe CKBa-
xHuH MeHee 50 M3/4 BO3MOXHO npuMeHeHHe HHALTPOB C CeTYaTOR BO-
JonpHeMHOH MOBEPXHOCTbIO H KOHCTPYKIHR 6J104YHOTO THNa.

IlpH coopyXeHHH 3KCNMYyaTanmHOHHBIX CKBAXHH AJHTENbHOTO aei-
CTBHSI HeOOXOAMMO npelycMAaTpHBaTh YCTAHOBKY (HABTPOB MAaKCH-
MaJbHOH ckBaxHOcTH, ClelyeT HMeThb B BHAY, 4TO NnpejesbHas CKBaXK-
HOCThb 415 KapKacHO-CTepXHEBHX (HALTPOB C MPOBOJOYHOH O6GMOTKOR
cocraBasier 40—-50 %, nna weneBhIX H AmpYaTHX (HUALTPOB MAKCH-
MajbHas CKBAXHOCTh cocTaBaser 20—25 %. HenonbsoBanue aonoa-
HUTEJbHOK BOJONpPHEMHON NMOBEPXHOCTH NPHBOAHT K CHHXeHHIO Heli-
cTBYIOUIE#l CKBaXXHOCTH KOHCTpYKUHH. [lo5TOMY npeldnouTHTesbHee
060pyAOBaTh CKBAXKHHH ($HIbTpaMH-KapKacaMH C COOTBETCTBYKOUIeH
rpaBHHHON 0GCHINKOM.

ITpu BEIGOpe PHABLTPOB NPHMEHHTENBLHO K KANTHPYEMBIM THNaM BO-
JOHOCHHX TOPOJ MOXHO DPYKOBOACTBOBATbCS Pe3yJabTaTaMH CpaBHH-
TeTbHOH OUEHKM HX BOJONPOHHIAEMOCTH, NpHBeIEHHHMH Ha pHc. 4.2,
IlpH 3TOM clleAyeT YYHUTHIBATB, YTO NPOHHILAEMOCTb (HUABTpPA AOJAKHA
6HTe He MeHee HAM B 10 pa3s Goablle KodddHUHEHTA PUABTpaALUH
BOAOHOCHKIX NMOPOA.

JBramerp ¢HAbTpa-KapKaca BHOHPAIOT HCXOAS W3 NPOEKTHOrO ae-
6HTa CKBaXXHHH H NapaMeTpoB BOJAONOABEMHOrO obopyaoBanusa. Cre-
AyeT YUHTHIBATb, 4TO CKOPOCTh [ABHXEHHS BOAB B BOAONOXBEMHHX
Tpy6ax He JOJXKHa npesBHINaTh 1,5—2 M/c. PannoHanbHoe cOoOTHOUIE-
HHe AxaMeTpa ¢uaeTpa dgy H AHAMEeTpa CKBAXHHH d. 3aNHCHIBAeTCs
B Buie: de=(4—D)dgp, T. e. TONUIMHA C10A IPaBHHHON OGCHINKH J0JXK-
#a coctasasaTe (1,5—2)dy.

Jauuy ¢unbTpa-Kapkaca HaXoJsT Ha OCHOBe aHAJH3A THAPOreoJo-
THUECKHX YCJOBHH BOJOHOCHBIX TJAcTOB, NPHHHMAs ee paBHOHK HX
MOLIHOCTH, €CaH NochlelHss MenbHle 10 M. B 3ToM cayuae mpoekTd-
PYIOT CKBaXHHH, COBepHIEHHHe TO CTeleHH BCKPHITHA nJjaacta. IIpH
3HAYHTENbHBIX MOUIHOCTAX NJaacTa (HHILTPH YCTAHABJIHBAIOT B HaH-
6osee BOJOTIPOHHUAEMEX 30HaX. [IpH CJIOHCTOM cTPOEHHH BOJOHOCHOR
TOJIY BO3MOXHA YCTAHOBKA fpPYCHHX (QHJILTPOB C NepeKpHTHEM BOAO-
HEeNMpOHHUAEMEIX HIH cNA60NpOHHUAEMHX OT/JOXeHHH TJIYXHMH TpY-
6aMH,
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Puc. 4.2, MNponnnaemocth GHABTPOB PAINHYHLIX THIOB B 3ABHCUMOCTH OT CKBAMHOCTH

I — xapracHo-cTepKHeBwe; 2 — NPOBOAOYHHE HAa TPy6uaToM Kapkace; 3 — ¢ BOXO-
NpPHEMHOH TIOBEPXHOCTBLIO H3 INTAMIIOBAHHOTO AHACTa; 4 -— ceryaTHe QHABTPH € CeT-
KaMH TaJyHHOr0 IVIETEHHNA; § ~- CTEKAOMIACTHKOBHE HHALTPH

B onuopoasoM BOLOHOCHOM TrOpH3OHTE MOLIHOCTRIO 10-~15 M Hau-
6onee pauHoHANBbHO cooTHOWleHHe [/m=08—09 (/— gauna GuaLT-
pa, m — MOWHOCTL BOAOHOCHOTO NJ1acTa), B NJacTe MOHIHOCTBIG
[0—15 M 3T0 cooTHOLIeHHe caeAyeT NpHHUMATL He Oonaee 0,7—0,8.
B 6onee MOIHHX BOAOHOCHHWX TOPH3OHTAX A/ OKOHYATENBLHOrO BI-
6opa AnHHE GUABLTPA MPH 3aJaHHOM JAHAMETpPe KOHCTPYKUHH Leaeco-
06pasHo HCMOJABb30BAaTh TPOBEPKY TMOCTOSHCTBA TIHAPABAHYECKHX MNO-
Tepb C NPHMEHEHHEeM KPHTepHs, corJacHo KotopoMy npu [>0,53de/un
THIpaBJHYeCKHe NOTEPH H NPHTOK K CKBaXXHHE OCTAIOTCH MOCTOSHHK-
MH (31eck [— AMHHA (HILTPA, p— K03(dEPHUHEHT pacxoma, m —
CKBaXHOCTb PUALTDA).

BesHUHHY p MOXHO NPHHATb, MCHOOIb30BAB AaHHUE pHc. 4.3 HIK
Tabn. 4.4.

3HaueHHe 1 OUEHHBAETCA KaK OTHOIWIEHHe NIOWAAH OTBEPCTHH
bunpTpa K obwel nuaomasu ero 6okoBoil nosepxsocTH. [lpu HaNHYHH
JONOMHHUTENRHOH BOAONPHEMHOH NOBEPXHOCTH pacdeTHOe 3HaueHHe
N="MM2, TAe M- CKBAXHOCTb KapKaca H 12— CKBaXHOCTb BOJO-
NIPHEMHOH NMOBEPXHOCTH, HaNpHMeEP CeTYaTOH.

PaaMep npoxoAMBIX OTBepCTHA (HJLTPA HA3HAYAT C YUeTOM
3epHOBOTO COCTABA MOPOA, CRAralwmiHX BOJOHOCHBIH TOPH3OHT, H CO-
OTBeTCTBYIOIIEro pasMepa uacTHU rpasuiiHoft o6cunkH. aa nop6opa
pa3Mepa OTBepcTHH (PHABTPOB PEKOMEHAYIOTCH 3MIHPHUECKHE COOTHO-
wrenua {no C. K. A6pamoBy), npeiacTaBiaednble B Taba, 4.5,
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Puc. 4.3. 3asHcEMocTh kosddHunenTa ’
pacxofia uALTPOB OT PasMepa KOHTAK- Q?’ﬂ
mHpyiomux gacrir {(dis — pasmep da- j—
CTHI NecKa, cooTpeTcTBYNHE 25% -Ho- g5
My cofiepXankio B npobe; b — nuamerp /i
OTBEPCIHA)
a7 1
g1 3 5§ 7 8 ﬁ%d
Tabauna 4.4, Koopdupnent pacxora HrALTPa ¢ yueToM
HaNIOKEHHS] TPABMS
Ei‘ Cpenuullt nuaMerp rpapus, Ds, MM
Tun ¢BaLTPa 5&
]
B3 20 16 12 10 8 6 ¢ 2 14
| 0B
Ulramnosau- | 3,510,821 0,81 . ,7510,6910,60 0,48 § 0,32 0,26
uuf co me- 7,210,64(0,62(0,5710,6310,48;0,40!030! — —
AMH THOA 11,210,5610,52|0,46(0,4110,3610,30§ — — -
TMOCT? 14,6 10,53 10,48 10,4210,37}10,32;0,27 | ~ _— —
Tposonou- 18,210,511 10,51 10,5110,5010,481)0,46}0,41|034]0,32
mut |30,8{0,34]0,34[0,34]0,33]0,32]0,30 | 0,27 {023 0,19
Hienepoit ¢ 48(0,88/0,8470,7910,75;0,68|0,57} — — —
BLICTYN 20~
MAMH KDPOM-
KaMH
JupuaTsiit 14,8 10,680,638 0,68 |0,68(0,68]0,670,62}0,48] 0,40
¢ CETKOH Ha
TMOBEPXHOCTH
Tadanua 4.5. Paamepnl oTBepcTHR QHABTPOR B SABHCHMOCTH
oT K03 PRUMEHTA HEONHOPORHOCTH NOPONR M KX CPERHEr0 AHamerpa
PexomeRayemne pasMepn oTBepcTHll dBaAbT-
poB B mopoaax
Tun dunsrps
OAHOPOANLIX R odcumcax. B HEONAOPDOARHTX H ofienin«
k< Kax, k,>2
ﬂ,upqarux’( (2,5—3)!150 (3'—4)d50
Ceryarhit {1,6—2)dso (2-—-2,5;4150
Hieneson (1,25—1,8)dse (1,56—2}d 50
TIpoBoacuniit 1,25d 50 1,5d 50
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B raneyHnxax, rpaBHH M KPYNHO3€PHHCTBIX NeCKax YCTaHaBJHBa-
10T GHALTPH-KapKack O6HYHo 6e3 HOMOJHHTENbHOH BOAONPHEMHOH
NOBEPXHOCTH H 63 rpasuiHON OOCHINKH. B cpeaHe3epHHCTHIX, MeNKo-
3epHHCTHX H TOHKO3ePHHCTHIX MecKax AJs yBesJHueHus orfopa BOAH
H3 CKBaXUH H NMPOJJIEHHS CPOKa uX 3(pdekTUBHOro AeACTBHA pEKOMEH-
nyeTca ycTaHaB/JuBaTh GHAbTPH ¢ rpaBhitHOA obcunkok. [pasmiinas
OOCHJIKa, KPOMe TOro, CAYXKHT BaXHBIM KOHCTPYKTUBHBIM 3/1EMCHTOM,
TIO3BOJIAOIHM 3afaBaThed GoJblIHM PA3MEPOM NPOXOAHBIX OTBepcTHH
¢HIbTpa u GosbUlefl CKBAXKHOCTLIO. I'paBuiiHpe GHABTPE OOBIYHO
yCTPauBalOT H3 OJHOTO HJAH ABYX cJoeB obchinkH (pexe ¢ 6AMbUIHM
4HCIOM CJI0€eB).

QuabTpel 6104YHOro THHA NMOAGHPAIOT HPH H3BECTHOH BOLONPOHH-
uaeMocTH NEcKOB BOAOHOCHOTO ropuaoHta k. Kosdduuuwenr puabTpa-
u1n 6JOKOB COOTBETCTBEHHO OLEHHBAIOT Mo dopMyre kg’~ 100k. Ilpn
pacyeTe HIBTPOB TPABHTALHOHHOTO THIA JONYCTHMHE CKOPOCTH
GHAbTpaLUHH BOAB Uepe3 BOAONPHEMHLIE OTBEPCTHSA OLEHHBAIOT NO
thopMyae Upon= 0,6Br, rle k£ —ko3pduuueHT GuUIBTPAUHH NOPOAK
WU TpaBHHHOR OOCHIIKH; B — Koadduuuenr, 3asBucsiliué oT yria
BHYTPEHHEero TpPeHHs TpyHTa U onpefeiseMult no rpadpuky Ha
puc. 4.4,

[1pOH3BOAHTENBHOCTL CKBaXKHH ¢ (HJABTPaMHM TPaBUTAIHOHHOTO
THIIA MOXHO CYLUIECTBEHHO YBEJIHYHTb, ecJH OOCHNKY (PHABTPOB BH-
NOJHATG H3 KPYNHO3ePHHCTOro MaTepHana (rpasHs). KpynHocTs rpa-
BHIHOTO MaTepnaja B 3TOM cJydae MOAGHPAIOT COrlacHO PeKOMeHHa-
UuAM AN noadopa ¢pHABTPOB ¢ TPaBHAHOA OGCHINKOH.

4.4. NonGop drALTPpYOLHX 0GCHINOK
s BOA03a0OPHBIX CKBAXKHH

Jns o6cHNKH BOMO3a6OPHHEIX CKBAaXHH CJEAYeT HCIOAb30BATH He-
cy}pdo3nonHbIe rpaBHitHbie MaTePHAIH ¢ KO3 HIMEHTOM HEOAHOPOA-
HOCTH MeHee 3—D5, COCTOSIHE H3 XOPOMIO OKATAHHHIX HEPACTBOPHMBIX
B BOJE TOPOI.
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Ilpyu nonGope coctara O6GCHINOK BHAuaje CAenyeT OUEHUTH cydo-
3HOHHYI ycTOoHYHBoCTh nmopox no Metrony B. H. KongpateeBa. s
3TOT0 CTPOAT AH(pdepeHunadbHyi0 KPHBYIO 3epHOBOrO COCTaBa NOPO-
Jbl, XapaKTepH3YIOIWYI0 pacnpeiesedHe 0o pasmMepaM  OT/HNBbHBEIX
tdpakuui. Ecnu KpuBasg HMeeT paspbiBH HJIH 3HAYHTENbHHE MPOTHOH
B CONEPXKAHHH OTACJbHBIX (PaKUHH, TO 3TO YKasHBAeT HA BO3MOXK-
HOCTb MeXaHHuecKo# cyddosuu B nopoxe. B nporuBHoM Xe caygae
nopoay cleayeT cYHTaTb HecypO3HOHHOM.

Yro6bl onpenenuts, Kak Oyner pasBuBaThes cyddo3ns B fopone,
cleqyeT pPa3feNHTh ee COCTAB Ha CKeNerT d 3aMOJIHHTEIb MO TOYKAM
paspwBa Hau nporHb6a AuddepenunansHol KpuboH. Manmee caeayer
[NOCTPOHTh HHTErPATbHHE KPHBBIE 3€DHOBOIG COCTABA CKeJieTa H 3a-
NOJHHTEJ H PACCYHTATH MMAPABAHYECKHI SKBHRAJNEHT NMOP CKejera o

dopmy.re
Dy*=0,23Va[m/(1 —m)[* V¥ Dy, (4.1)

rie a— SMOHPHYECKHE KO3 dHuHeHT, paBHHA 3,42; m — NOPHCTOCTH CKeJeTa [OPo-
u; M* —— KoapHNHEHT HEOAHOPOLHOCTH cKefeTa NOPOAM; D)7 — AHAMeTP yacTH,
coorBercTBYIOIHA 17 %-My comepxanuio.

¥YenoBue, gocTaToyHoe AJAS BOSHHKHOBeHHS cyddo3uu B mOpone,
C yieTOM MNOJYUYEHHHX JAHHBIX ONPENEJUTCA HepaBEeHCTBOM

Do/ dye®" >, (4.2)
Tiae d%Mg) — CPeJHHA AHAMETP 9ACTHU 3aMOAHHTENs; § — CTPYyKTyphuf KoadpdHuH-
eHT, onpefedsieMuli no rpaduky {cM. puc. 4.7 ¥ 4.8), npH doa=d**"sq.

[Ipx meHbiHX 3HaueHHAX OTHOWeHHS cyd¢osus B Nnopoie Gyner
MecTHasl Ha KOHTaKTe ¢ I'pasuitHo#l oGCHINKOH M Bray6p pacnpoctpa-
HATBCA He Oyner.

a5 oueHkr nepopMalHu NOPOAW cJefyeT CONOCTABHTL BO3MOMK-
HYI0o mopHcToCcTh cKenera (puc. 4.5) ¢ pacyerno#t no dopmyae

Mmoo =1 —(8n./71), 4.3)

rae & — o6beMHHI Bec MOPOAH; ficx — OTHOCHTEbHOE BECOBOE COJACPHKaHHE cKeaera
B NOpPOJE; y — YAENbREH Bec CKenera.

Ecau pacuerHas nopHCTOCTb cKejeTa OOJiblle BO3MOXKHOH, TO NpPH
DPA3BUTHH CY(HO3HK BO3ZMONKHBI OCAJKH NOPOLHL.

Paccmorpum crmocofm mogfopa napaMeTpoB OOCHNOK OTAeIbHO
AJis HecYPDO3HOHHKX H cY(HDO3IHOHHBIX MOPOL,.

NMon6op napaMerpos 06cHNOK aas HecyddoIHOHHHX mopona. Ilpu
noafope napaMerpoB OOGCHIOK And HecyddO3SHOHHHX MOpoJ cHAyaja
caeyer ¢ noMoubio rpadHka (puc. 4.6) H WHTErpaJpHOH KpPHBOH CO-
cTaBa NOPOABI ONPEAEJHTh pa3Mep CBOA0OOPA3yOUHX HACTHU, a 3a-
TeM, Hcnoab3ys rpaduku (pac. 4.7 H 4.8), paccuMTaTe JAONYCTH-
MBI MeXCIOHHBIH Kos(dHUHEeHT

t=a'(Do/dcs)s (4.4)

rae a’ — nonpaBourufi Ko3hGHUMEHT, YUHTHBAKIHA HepaBHOMEPHOCTb PacKJalKH
yacTHH rpaBHAHOM ofcHnkH (a’=1,03 — 1,1).
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Pre. 4.7. KpHBKe 3aBHCHAMOCTH AOmy- Puc. 4.8. Kpnpsie 3aBHCHMOCTH monpa-
CTHMBIX MEeXCAOHHRX K0I((pHIHEHTOB BOYHBX KOIQGHLHEHTOR JJS HEOLHO-
OT HEOAHOPOXHOCTH NMOpoAN PORHbLIX 0GCHNOK OT 7}
lo-m=1; 2—9=2; 3 —1n=3; 4— I —o6erwinka  tommenol  10—20 oM;
—17=5 §—n=10 2 — 7o xe, 5 cM

H3 3aBucumoctr (4.4) noayumm

DO = gdcx/a" (45)
3areM, yuHTHBas pasedctBo (4.5), caeayer onpegeawts Diy 06-
CHITKH

Dy, = D,/0.23Va’ [m](1 — m)B2V 4*. (4.6)

Ylpa uapectHoM Dy, 3afaBmHCh KO3((HUAEHTOM HEOIHOPOAHOCTH
NOPOAK, MOKHO PACCYHTATbL BECh COCTAB FpaBHilHOH OOGCHIIEH C M-
HoJMb30BaHHeM rpadBka Hecyddo3uonuux nopoa (puc. 4.9). Paccun-
TaHHad yKasaHHbnM BeIle cnoco6om OOCHNKAa COOTBETCTBYET MAKCH-
MajgbHO JONYyCTUMOH XKpynHOCTH. Jlis onpeaeneHHda MHHHMAaabHO JO-
NYCTHMOW KPYNHOCTH OGCHINKM BCOOAL3YIOT PABEHCTBO:

Dyoldyy—7...9. (4.7)
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Pxc. 4.9. KpHere 3epHOBoro cocTaBa TeOPETHYECKH WecyddoswoHHEX nopon (mo
A. H. Narpamwesy)

Tpumep. BofonocHN niact cnoXed MeJKO3epPHHCTHMH meckaMH dso=0,2 MM H
Nn*=3. 3epHoBoR cocTap meckop npeactapded ma rpadmke (puc. 4.10). Kosddmnuenr
¢dwapTpanHu naacra k=10 m/cyT. HaMeuaerca ycTpoRcTBO CKBaMHHH, 060pyjoBaH-
HOH TPaBHEHHM QHJLTPOM, ¢ TOAUIHHOW abcbinkd 20 cm.

eo6xomumo mofobparh cocraB rpaBHAMON OGCHIKH ¢ KoaddHlmedTOM Heox-
HOPOAHOCTH, pasHbiM 3, W mopucrocteto m=40 %. TlocTpouM ArddepenIUaNLHYIO
KPHBYIO 3epHOBOTO ¢ocTama mopoAn {cM. prc. 4.10). Kak smano us puc. 4.10, 31a
KPHBA% XapaKTEPH3IYETCH PABHOMEPHHM COAEPXAHHEM oTAencHuix drpakuufl, orcyr-
CTBHEM Pa3pWBOB H De3KHX NpOrHBOB, 4TO CAYKHT HPHIHAKOM  Hecy ddosHonHOR
NOPOJHL.

Haace onperenss no rpaduky (cM. pHC. 4.6) NPOUEHTHO® CONepXKaKHE CBOLO-
06pa3yOUIHX JACTHI H ¢ MOMOIIRI0 HHTEMPANLHON KPHBON mOpoAH Hx paaMep (dew=
=8,02! cM). 3ateM ¢ nomomsio rpaduxon (cM. pHe. 4.7, 4.8) paccuntaeM AonycTH-
MEA Mewcnofidmi kosddrnoHeHT E=3,6 u onpeleinm NONpasouvbi Ko3ddHIHEHT
a’=1,03, nocre yero no 3aBHCHMOCTH (4.5) HafileM ZHamerp MOpP OGCHINKH

Dy==3,6 -0,021/1,03 = 0,0734 cm.
Hanee no dopMyne (4.6) onpepenum Dy; oGCHnKR
Dy, = 0,0734/0,23 1/3?2}-9"0‘—4 V3 20,179 cu.

Cocras rpasuiiuofl o6CHINKH paccunTHBaeM no rpaduky (cm. puc. 49), Pe-
3YNBTATH NIpHBeLEHW B Tabn. 4.6

Tadnaya 4.6. Cocras rpaBuiiHol 06CHNAKH

Conepmanne, %, dpaxuuf, mm
Cpennu® ARamerp Kood - i -
D mewdeon |0 | as | ss | s ] 10
3,9 3 21 17 24 [ 2 l 12
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Puc. 4.10. Kpusue aepsHoBOro
COCTaBA NeCYaHON BOAOHOCHOH
nopoiH H pPeHOMEeHAyeMhx rpa-
BUAHKX 06CchnoK
1 — wHTErpanbHay KpHpas 1opo-
b1 H 2 — napdepenunansuas
KpHBasg MOPOAH; & -— HHTErpalk-
HAas KDHBasg MHRHMMaJbHO ZOMY-
CTHMOH MO KPYNHOCTH OGCHKH;
4 — HHTerpaihHAs KPHBAfl MaK-
CHManbHO JONYCTHMOH TIO Kpym-
HOCTH OGCHIKH

2888

60
30
40
Jo

e

/lg/

o0 SR

Puc. 4.11. Kpupne 3epHOBOro cocTaBa
rpaBHAHO-TAJeYHHKOBORA BOAOHOCHOM
NopoAH H PEKOMEHAYyeMBIX TPABHAHBLIX
O6CHNOK
I — nurerpanbias KPABas NOPOAH; 2 —
ouddepeHilnaInHas KpRBas TNOPOAH,
3 — muTerpajbHas KpHBas 3aloJHUTE-
s, 4 — MHTErpanbHasi KPHB8AaR MHHH-
MAAbHO AONYCTAMOf MO KPYMHOCTH of-
CHOKH; § — TO e, MaKCHMaJbHO XO-
NYCTHMOfi 1O KPYNHOCTH OOCHNKH; § —
TO e, CKeJera

Ilna onpemeneHHst MHHAMaJBHO JOMNYCTHMOH Tlo KDPYNHOCTH OOCHIKYU BHauane
u3 paseHcTBa (4.7) caeayer ompenedHTh Dso=8.0,02=0,16 cM, a 3ateM Ha rpajuxe
{cM. pnc. 4.10) vepes Touky Dso=1,6 MM mpopects JnMHIO, Napainensnyo kpapo#t 1.

Noa6op napamerpos oGcHnoOK ans cydosnonunx nopoa. [lapa-
MCTPBL 06CHIIOK o)1 TIOPOA, B KOTOPHX MOJKET pPAa3BHBATLCA OlldacHas
IAS HX YCTOHYHBOCTH cyddosHs, cilenyeT noabuparth Mo cocTaBy 3a-
nonHHTens. OxHAaKo B 3TOM ciydae npH BHOope cocTaBa cBofoobpa-
SYIOIHX YacTHL NPHOJIHIKeHHO NPHHHMaeTcst dep==ds5®?™.

B nanbHefiileM AONycTHMBIE MeXcJOHHBH Koad(HUHeHT BHOHDa-
10T TaK e, KaK H AJd Hecy(pPo3HOHHHX MOPOA, HCNOAB3YS IpaHKH
pHe. 4.6, 4.7 o dpopmyane

E=a’ (Dy/ dy™"). (4.8)

Ecan nopoaa moasepxena cyddo3dH u NpE 3TOM pacueTHas Mo-
PHCTOCTBL €e cKefleTa MeHblie (paKTHYECKH BO3MOXKHOH, TO MPHMEHATH
o6CHNKy Ajs NpefoTBpallenus cyddoszun He HMeeT cMbicna. EcaH
KPYNHOCTh OO6CHINKH Oyler GOJbille KPyNUOCTH CKeJaeTa TNOPOIH, TO
OHa He 3aWUTUT ee oT cyddo3un, a, HaobopoT, O6yaeT HHTEHCHBHO
KOJIbMAaTHPOBaThCA.
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Npumep. BoAOHOCEMA NAacT COCTORT H3 IPAaBHAHO-TAJEYHHKOBHX OTVIONEHHE €
dso=6 MM; N*==69,9; y=27 r/cmM® H 6=194 rfem?

3epHoBON cocTaB MOPoAH npeAcrasier Ha pHe. 4.11. Hamewaeres ycrpodicreo
CKBaXHHH C TP2BRiHEM (HAbTpoM TomuuHOA 20 cmM. Heofxommmo mopobpaTh co-
CT2B TPABHAHON OOCHIKH ¢ KO3(HUHEHTOM HEOAUOPOAHOCTH M*=3 M IOPHCTOCTHIO
m=40 %.

Buauaje crporm AmbdepeHuHANBEHYIO KpHBYKX fopoim (pHc. 4.11), xortopas
XapakTepHayeTcA NporHGOM B coflepXaunn ¢paxuuf Gonee I u menee 2 mM. Coefio-
BaTejbHO, B TIOpofie MOXer OHTh cyddoaHA.

Ias BeificHeHHs XapakTepa cy(pdosHE MOPoAy NMo MecTy mpornfa AmddepeHmH-
aJbHOR HpHBOﬁ pa3fieTEM HA CKeJdeT H 3400JHHTEJAb H paCCUHTaeM HX quaKI.lHOH-
BHi coctar (cM. puc. 4.11). Cpeauni pasMep sacTRU 3aNOJHHTENS d¥2"50=0,32 MM,
ckeaera Dso=17 MM, a BecOBoé cojep¥aHHe CkeJera B nopone 66 %.

Ilanee no $opmyne (4.3) ompefesHM JOPACTOCTL CKENETA

Mee=1—-(1,94-0,66/2,7) = 0,53.

3atem no dopMmyae (4.1) paccyArTaeM AHAMETP NOP CKeNeTA NPH MAaKCHMAJIBHO
BO3MOXHO/ NTOPHCTOCTH

Dy ==0,23 - 342[0,37/(1 0,37} /8.2 - 0,37 = 1,86 um
OnpefenuM OTHOUICHHE

D™ dyg == 1,86/0,32 = 5.8.

CornacHo prc. 4.7, gonyernMoe otHowenne §=2,9, 1. e, Dy*™*=5,8>2,9, noaro-
My nopopa Gyner cydoanoHuoR.

Tak Kak (aKTHieCKH BO3MOMCHAA TIOPHCTOCTL cKelera NopoAn {cM. pHe. 4.5)
parHa 37 %, TO NpH BHHOCE WACTHI[ 3aNOJHHTENAA MPOH3OANET Pa3pylIeHHe MOPOAH.
Inn npemoTepaliieHHs OmAacHOf AaA YCTORUHBOCTH MOpPOAM cydhdosuH cocTaB  06-
CHNKH AOJMEH YAOBAETBOPATL AONYCTHMOMY MeEXcJOHHOMY Ko3¢¢HUHeHTY, ompe-
neg%egpltouy 3aBHCEMOCThIO (4:4) ¢ momousio rpadukoB Ha puc. 47 u 4.8: D=
=0,091 cm.

JHanee onpefesuM D;; o6CHIKH Mo 3asHcHMocTH (4.6)

0,40 82,7
.40 /3_0,23 CM.

3aTeM paccuuTaeM (PAKUHOHHHE cocTaB Hecy((PosHOHHOR rpasuiinofl ofcHINKR
¢ nomouiplo rpauxa Ha pHC. 4.9. PesynbTaThl pacyeToB CBeficHH B Tabg. 4.7.

Dy, =0,091/0.23)/3,42 -

Ta6anna 4.7. Cocrap wecydpdoanouxof rpasHiinofi obcunkn

- Conep)k;{—;(; "!;,:m('bpamnn, QM
CpenguA Kﬁ?{g’i‘;}" - T T -
KHaMeTD, HeozHo-
Ll ponHoery | 132 2-3 35 5—7 7—10 10—20
5,1 3 8 18 8 24 22 ‘ 10

CocTaB MHHEMa1bHO JONMYCTHMOA 1O KPYMHOCTH OGCHIKH HAXOZMTCH TAKHM XKe
ofpasoM, kak H Ais Hecy$dosHoHHHX mopox. Has 3Toro BRayate NO 32BHCAMOCTH
(4.2) paccantmsaem Dgo ofchukn: Dyp==7-0,32=0,22 cM, a 3ateM Ha rpaduxe 4.11
yepes TouKy Ds50=22 MM MH TPOBORHM JHEHI), Napa/ICJbRYK KPHBOH 5.

B cnywae mByxcnofinoit ofchnkH IpH noaBope pasmepa rpaBHS
BHYTPeHHero (ONOPHOr0) CJ0f HCIOAb3YIOT KOIGHIHEHT Memxcaoi-
HOCTH, paBHbIH 5. Martepuasn o6cHKH J0MXKeH 6HTH OAHOPOAHLM. Bo
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BCEeX CHYYasfX KOJHYECTBO YACTHL, MAKCHMAJBbHOLO M MHHHMaJILHOTO
AHaMeTpa B cocTaBe OOCHINKH He ROJXKHO mpepuiluath 10 %.

Toniunra c08 OGCHINKH B COOTBETCTBHH C TPHBEJeHHHIMH Bbillle
KPHTepHAMH JoJiXHa cocTaBaaTh (1,5—2)dy. MHnHManbHYy10 ee Be-
JHYHHY clefiyer BHIOHPaThb B 3aBHCHMOCTH OT pa3mepa 3epeH I'DaBHA
R nmecka:

pasMep 3epeg, MM . . . . . 075—4 4—12 1235
TOMIHHA cfMosl OGCHIOKH, MM . . . 60 70 80

B cKBaxHHAxX ¢ MHOrOCJOHHON OOGCHIMKON TOJIIIHHY ¢lOS H3 TOHKO-
3epHHCTOro TPaBHf (mecka) HHKOrAa He cJjelyeT NpHHHMAaTb MeHbUIe
TOJNUIMHEL ONOPHOro ¢nof rpyHTa. IIpHMeneiHe niaa oSCHOKR QHIALT-
pOB TpPaBHs HEOJHOPORHOTO COCTaBa Hellesecoo0pa3Ho H3-3a CyImiecT-
BEHHOTO paccnoemm €ro B lipouecce 3acHIKH H UYepcAOBAHHS CJ10€8
YOAOTHEHHOH OOCHNKH ¢ KPYNHO3eDHHCTHIMH CJIOSAMH, uepe3 KOTOpble
BO3MOXKHa Cyd¢o3ns. B HCKIIOUHTeNbHHIX CJaYy%asfX JOMYCTHMO IpH-
MeHATb HEOAHOPOAHHI TIPaBHA NPH NPHHYAHTENBHOH Hojxade ero Ha
3a00ff CKBaXXHHH MO CMeUHANIbHO COYCKaeMbiM Tpy6aM HIH TyTeM
APYTHX TEXHOJOTHYECKHX MPHEMOB, o0eclneyHBalOMNX YMeHbUICHHE
paccyIO€HHs FPaBHA B XOAe 3aKauKH.

Pacxop rpaBHf ana o6CcHNKH (HABTPAa ONpPeenfeTcst H3 COOTHO-
WweHHs1

V=(x/4) (DY — dy’) la, (4.9)

rne D; — suyTpennnit mRaMeTp oOcafHof TPYOH; dg — HapymHWE Auamerp GHIALT-
pa; 1— fiuHa GHALTPE; a=1,2 — 1,5 — Ko3pPHILAEHT, YUHTHBAOMKA pacrekaHHe
rpasna nop ¢pesep oficafHoOR KOJoHHW H HEoGXOAMMEI 3amac ero Hafl BepxoM
GHARTPOBOR KO/OHEHL.

IJIABA 5. HACOCHOE OBOPYJIOBAHUE

5.1. Hacocs M HACOCHBE CTAHUHH
Bas 06opynoBaHHA CKBAXKHH

B 3aBHCcAMOCTH OT THNA BOAO3aGopa no ycIOBHAM OT6OPa BOAHI
BBIAEASIIOT HaCOCHOe OBOpyaoBaHHe ajs 3abopa BOAB M3 CKBaXHH,
WAXTHRIX KOJOALER, JYyYeBhlX H FOPH30HTaJbHHX B0A03a6OPOB M Ha
KanTaxax HCTOYHHKOB,

Jng noabeMa BOAH H3 CKBAXKHH HCIOJB3YIOT HACOCH ¢ NMOTPYXKHH-
MH 3JeKTpORBHraTensMu THma JLIB, ¢ TpaHCMHCCHOHHKM  Ba/oM,
KOTZla COGCTBEHHO HAcOC HaXOMHTCsS B CKBaXHHe, a4 SJEKTPOABHIa-
Tesb — Ha NMoBepXHocTH 3eMaH (tHna ATH u HA), u ropHsoHTadbHBIE
neHTpobeHKHe HACOCH, IIPHMEHSeMble TIPH BRCOKOM I10JIOKEeRHH YpOs-
Hefi NOA3eMHBIX BOJ H MaJblX TMOHHXEHHSX YPOBHA B XOAe dKCIIyaTa-
uHA Bopo3zabopon.

Hacocu THna 31IB Bxoaar B cocraB 0GopyJOBaHMS CKBaXHH IJy-
6unofi 10-—300 M mnpH H3MeHeHHH pacXofO0B CKBaXHH OT 4 10
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375 m3u. Ilpu sToM MHuHepanH3amHs NMoAaBaeMOH BOAH He NOJXKHA
npebwiate 1500 Mr/n npH KpaTKOBPEMEHHOM COACDKaHHH He Gousee
100 mr/n TBepaHX MexauHueckKHX npumecell. OTHoCHTeJNbH2A KOppoO-
3HOHHAfA YCTOMYHBOCTb Hacoca ofecreyHBaeTcs B TeX caydasix, Rorha
KOHIEHTpauus XJOPHEOB #e npepnimaer 9530 Mr/a, cy’abdaToB —
500 Mr/n u cepoBofopoaa — 1,5 mr/a.

Hacocs tuna 1B opHo- WM MHOTOCTYNEHUaThle ¢ BepTHKAIb-
HBIM pacfiojioXenHeM baja pabortalor ¢ nognopom or | o 6 m. Pabo-
Ta Hacoca 6e3 MmoCTOSAHHOro noAnopa, a TakKxKe ero ycTaHoBKa B OT-
CTOHHHRH CKBAXKHHLI HE JOTYCKAKTCH, TAK KaK MPH 3TOM NPOHCXOAHT
cropaHHe oOMoTKH apHrarteas. Hacoch 3TOro THma NPHMEHHMH B
PasJHYHHIX THAPOreOJOTHYECKHX YCJAOBHAX, HO RJAA >PdeKTHBHON HX
paGoTh HeoOXOAHMO TPOBeJeHHE KOMILIEKCHEIX PacyeToB C YYeToM
B3aUMOJEHCTBHA CKBAaXHH M THAPABJAMYECKHX TIOTepb B BOAOBOJAX.
TexnanueckHe ZaHHBle HAcOCOB A 000OpPYAOBAHHS CKBAKHH TpHBeJe-
Rel B Tabaune.

Hacoe 21eKTposBHraTeNs Mif_“'
Mapxa i g : §'

= = ] )
28 -5 Mapka 8 S gﬂ:. o E

] & = oxE| %
Sax| 24 §.l Eexi o4 81§
22% | 8 22| £88) 83 2| &
1 2 8 4 50 6 | 718 9

Hacocet Tuna 3LB
SlB 4-2,5-65 2,51 65 |III9B-1-93 1,0 2840 1380 } 33 | ~
1911B 4-4-45 4 45 | 113 B-1-93 1,07 2840 {380 | 29 | —
I3LB 4-4-70 4 70 | 1113]1B-1,6-93 1,6| 2840 1380 | 33 | —
I3MB 6-4-130 3/K 4 |130 |7[13B-2,8-140 2,8 2840 |380 | — | 90
13[1B 6-4-190 3/K 4 1190 {9113 11B-4,5-140 4 5} 2840 |380 | — 1100
33211B 6-6,3-85 6,3 | 85 |3[130B-2,8-140 2,8] 2850 1380 | — | 68
3311IB 6-6,3-85 3/K 6,3 | 85 |7I19]1B-2,8-140 28 — —1 |70
4911B 6-63-125 3/K| 6,3 [126 |9TI2B-4,5-140 45 — | — | — |85
3308 6-6,3-125 6,3 |125 1413 ]B-4,5-140 4.5 2850 1380 | — | 75
1911B 6-10-50 3/K 10 50 {7I12B-2,8-140 2,8 2850 1380 | — | 73
33LB 6-10-80 10 80 |3[12]1B-4,5-140 4,5/ 2840 1380 | — 1 72
13018 6-10-110 3/K 10 |110 |61 [0B-5,5-140 5,8 — 380 | —~ |90
191B 6-10-140 3/K | 10 {140 |S(I2IB-8-140 & — 1380 | - {120
1311B 6-10-185 3/K | 10 1185 |9[13]IB-8-140 8 — 380 — 132
3B 6-10-235 10 1235 {6113 [B-11-140 1 — 380 | — {145
3311B 6-16-50 16 50 |3[131B-4.5-140 4,5/ 2840 1380 | — | 78
3UB 6-16-75 I'Y5 16 75 |TI3AB-5,5-140 5,5 2850 {380 | — ]183,2

3B 6-16-75 16 75 1ATIJI-140-7/2 7} 2850 {380 [105 {178
33UB 6-16-75 16 75 |3[13]1B-5,5-140 5,5 2840 [380 | — {186
SLB 6-16-1107-¥5 16 {110 |ATIJ-180-8-2 8 12850 | — {145 (221
131B 8-25-100 3/K | 25 {100 {5[13/1B-11-180 t1 — — 1 — 143
3B 8-25-100 256|100 [AIIJI-180-8/2 8 | 2850 |380 {168 |276
SIIB 8-16-140-¥5 16 140 {[19]B-11-180 i1 — (380 | — [150




Mpodoaxenue Tabauyn

Hacoe 3/eKTpOABKraTeNb M;ica,
®

Mapka %g‘ %, ) f ; s

a .k MapKa -1 S m
£8%| 23 IRE EEERE
1 2 3 1 51 6 L7818
231{B 8-25-100 25 {100 |TI3B-11-180 11| 2850 380 | — | —
BIIB 8-25-140XT 25 (149 |13 B-16-140-XT 6] — | —1]—119
2311B 8-25-150 3/K 25 |150 |4T131B-16-180 61 — 1380 | — ] 200
13L1B 8-25-150 XTpl' | 25 {150 [3M15/1B-22-180 XTpl' [ 22 | — (380! — | 315
3UB 8-25-300A 25 300 [[15B-32-180 32| 2900 [380 | — | 390
3B 8-40-60 4) | 60 [TI3OB-11-180 i1 | 2850 [380 | — | 165
3B 8-40-90 40 | 90 |ATIZ-1R0-16/2 16 | 2850 |380 {242 | 367
3IIB 8-40-180 40 [180 |13 JIB-32-180 3212300 {380 [ — | 375
231IB 10-63-65 3/K 83 | 65 |2130B-22-219 22| — {380 | — | 203
23LIB 10-63-110 3/K | 63 |110 |2[13]1B-32-219 32| — |380 | — | 268
231iB 10-63-150 3/K | 63 |i50 |2I130B-45-219 45| 2920 380 | — | 322
I3HB 10-63-150 63 |50 |TI2IB-4,5-219 4,5 2920 1380 | — | 340
I3LB 10-63-270 63 270 | 2[12]1B-65-219 85| — 1 =1 —|470
3B 10-120-60 ¥5 120 | 60 1113 0B-32-219 32| — 1380260 | —
3UB 10-120-60 120 | €0 | A1 1-219-32/2 32 | 2920 (380 |335 | 565
3lIB 10-160-35I'Y5 160 | 35 |1151B-22-219T 221 — |380 |264 | —
3B 12-160-65 160 | 63 |AI-273-45/2 45 | 2920 |380 |400 | 673
1311B 12-160-65 3/K | 160 | 65 [3[19[AB-45-270 45| — [380 | — | 385
12LIB 12-160-100 3/K | 160 (100 {4N13/1B-65-270 85| — |380 | — | 420
130B 12-210-253 3/K | 210 | 25 |21 IB-22-219 22| — 1330} — [ 225
23[1B 12-210-55 210 | 55 |21 B-45-270 45 | 2920 (380 [ — | 400
13LIB 12-210-145 210 |145 |5119B-125-70 125 | 2040 {380 | — | 800
2311B 12-255-30T¥5 | 255 | 30 |23 OB-32-219T 321 — [380 260 | —
3LB 12-375-30F 375 | 30 |23 4B-45-219 45 — — | - | 270
SUB 14-210-300X-Y5 | 210 [300 |TI3AB-250-320 BS  [250 { - [3000]1818| —
3B 16-375-175X-Y5 | 375 |175 |[19AB-250-320 B5 250 | - [3009{1702] —
1Y3LUIT 16-3000-1000 |3000 [930 |[13]1B-500-375 B5  [500 | — [6000|3173] —
Y3UIT 16-2000-1400 2000 1360} [13 1B-500-375-B5 500 | — [6000[4325] —

Hacocvt tuna ATH

ATH-8-1-16 30 | 65 |A02-61-4 13 | 1450 )220/} — |2178,7

380
ATH-8-1-22 30 | 90 [A02-62-4 17 | 1450 [220/] — l2865.2

380

Hacocor Tuna HA

12HA-9x 4 80 | 43 |BA0-62-4 17 | 1470 |380/|1080|1 269

660
12HA-22 %6 150 | 54 [BAO-72-4 40 | 1470 (380/|123111541

660

T'opusoRTanbHbie HeHTpoGeXHHe RacocH /s 3abopa Bonb H3
CKBAXHH HCIOJMIb3YIOT PENKO H B TeX cJyuasX, KOTAa AHHAMHUECKHH
YPOBeHb NOA3EMHBIX BOJ HAXONHTCH B NpejesiaX BhICOTHl BCACHBAHHS
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Puc. 5.1. HacocHas cTanuusa Han cKBaXHHOA (HaseMHan)
1 — OTOMOBOK CKBAXKHMB;, 2 —- HAaMOPHHE Tpy6OMPOBOA C BaHTY30M H 3a/BHIKOH;
3 — of6paTHH khManaH; 4 — sofoMep; § — xonocroir c6poc; & — CTAHWHA ympasie-
HHA ¥ WUTH 3MeKTPOOGOpPyNOBAHHS

HacocoB (0 6 M) uMaM npH obecreueHHH paboTH HACOCOB MOJ 3aJiH-
BOM. B macnmoprTHEIX ZaHHHX HacOca rapaHTHpyeTcd AOMyCTHMas Ba-
KyyMMeTpHYecKass BbICOTA BCAaCHIBAHHA NPH ONpEeAeJIEHHOH MNojaue H
YacTOTe BpAllleHHs Hacoca, NMPHBEAEHHBIM K HOPMaJbHbLIM YCJOBHAM
sKkcnayataunu (Temmepatypa Boanl 20°C H 6apoMeTpuHuecKoe HaBJjie-
HHe 10 M BoA. cT.). Kak npaBujio, rOpH30HTaJIbHbIE LHEHTPOGEKHBIE
HacoChl MPHMEHAIOT Ha Bopxo3abopax, Korja HacocHble CTaHIHH pac-
MOJIOXKEHbl HEHOCPeACTBEHHO Yy KanTamHOA KaMepl HJH c6opHOTO
pe3epByapa Ha TOPH3OHTAJbHEIX BOA03aGopax. XapaKTEpHCTHKH To-
PH3OHTAJILHEIX HEHTPOOEeKHEIX HacocoB, Bhnyckaembix B CCCP, ua-
MEHAIOTCH B IIHPOKHX TMpelesax: NPOH3BOAHTENbHOCTh — OT 2 10O
12500 M*4 npu nanope ot 15 go 700 M.

Hacochl ycTaHaBJMBAIOT MNPH YCJIOBHH HX PaGoTh MNOA 3aJHBOM,
Ecau 310 OKa3biBaeTCAd HEBO3MOXHBEIM, B CTAHIHH AJis 3allycKa Haco-
COB MPeAyCMaTPHBAKT YCTAHOBKY BAaKyyM-Hacoca H BaKyyM-KOTJIOB.

Hax ycTeaMH BOn03a6OpHRIX CKBaXXKHH YCTPaHBAIOT NaBHJbOHH,
B KOTODBIX Pa3MellaloT OTOJIOBOK, 3JIeKTPOABHraTe)b MPH YCTaHOB-
ke Hacoca Thna ATH u HA, ropusoHraJibHBI 1eHTpOGEXHBIH Hacoc,
annapatypy AJg OTOMJEHHS, NMycKa, H3MepeHHs YPOBHs BOJbl B CKBa-
JKHHe, ee pacxola, a Takxe aBTOMATH3amUH H YacTb HANOPHOTO TPY-
GompoBOAa, HA KOTOPOM YCTAHABJHBAIOT 3aJBHXKH, O0OpaTHHIH K.a-
NaH, BaHTY3, Kpan 1Jst oT6opa npo6 BOAB! HA AHAJNH3 H TPYGONPOBOJA
IPOMBIBHOH BOJBI ¢ 3aJBHXKOH, HeoOxoAuMOH xhg cbpoca BOAE IPH
nycKe U NPOMHBKe CKBaX<HHBL. [laBHU/NbOHBI Hajg CKBaXXHHAMH MOIYyT
6LiITh HA3€MHBHIMH HJIH MOJA3eMHEIMH (pHc. 5.1, 5.2) H nMpHHAMAaIOTCA B
OCHOBHOM 110 THHOBHIM NpoekTaM CoiosrunposoAxo3a. [Ipu npuMenennn
ANl OTKAUKH BOJABI HACOCOB C TPAHCMHCCHOHHBIM BaJIOM NPOEKTHPYIOT
O6LIUHO HaJ3eMHEE MABHJbOHBIL, a NIPH HCNOJb30BAHHH HACOCOB THIA
2I1B — noaseMuble. B cayyae ycTaHOBKH Ha CKBaXXHHaX FOPH30H-
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Puc. 6.2. Hacockan cvanusa Hap cksamutoft (momscmuas)
I —mnacoc 311B; 2 — apenamurft Racoc; 3 -~ MAT ynpapiaeHus

TaJbHBX LEHTPOOEXHBIX HACOCOB MABHJIBLOHBI MOTYT OHITh HaA3eMHbI-
MH, a TpH HeOGXOIHMMOCTH COKDAaIleHHs BLICOTH BCACHIBAHHA — NOJA-
3eMHBIMH. TIpH ycTaHOBKe BCE€X THIIOB HACOCOB B MOA3E€MHBIX MABHJb-
OHax (UIaXTaX) HeNPEMENHHM YCJIOBHEM SBJSeTCS MX ycTpolcTBO B
CYXHX TPyHTax.

HanopHele JHHAM HacocoB 0GOPYAYIOT anflapaTypod 1Js 3amepa
pacxofoB BOAK M N0 3alIUTe CKBaXXHH M BOJOBOAOB OT THAPABJIHYe-
CKHX yamapoB. XapakTepHble CxeMH 00OpYyNOBaHHS apmaTypod Hacoc-
HbIX YCT2HOBOK NMPHBEJEHH Ha pHc. 5.3 ¥ 5.4.

Iist KOHTpOJISi ¥ yupaBjeHHS BOA03a6OpHBlE COOPYXeHHA 06opy-
JoBauK NpHGOPOM IS U3MepeHHS pacxojfa BOJBI, MoJaBaeMOH Kax-
NOH CKBaKHHOH, 5JeKTPOYPOBHeMepOM sl H3MEPEHHS YPOBHS BOAB
B CKBaXKHHE, MaHOMETPOM IS OLEHKH AaBJIeHHs HA HAcocax, MaHOBa-
KyyMMeTpOM TIpH pa60Te TOPH3OHTaJbHBIX HACOCOB HA BcOce.
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Puc. 54. Cxema o6opynosanng apma-
Q TYpoA ropHaoHTaaLHOI0 UEHTPoGexKHO-

3 | To Hacoca
!/ —mnacoc; 2—KOCOH NEPeXOH;, & ==
: BCACHBaWIasd BOPOHKA; 4 — IOACTAB«

Ka HNOX PBOPORKY; & — BaKyyMMeTp;
6 — Tpexx00BOf Kpan; 7 -— MaHOMeTp;
8§ — o6paTHH KaanaH; 9 -— 32APHXKH;
10 — pedrtHAR; 1! — yKazaTenr HBHMKe-
HHA BO3AyXa; {2 — BO3XYXONPOBOR
BAKYYM-yCTaHOBKH

AWH. TOP.

[ PO S

<« Pre. 5.3. Cxema 060pyRoBanHs CKBa-
KHUHBN HaCOCOM H ApMaTypof
I —mnacoc; 2 — anextpoasuratens; 8§ —
BOAONOAbEMHLe TPY6H; 4 — oGcagHue
Tpy6H CKBaXKHHH; § — repMeTH3HpO-
BAHHEA OrQJOBOK CKBAMMUME; 6 — Ma-
HOMeTp; 7 — c¢OpocHOA TpPyGONPOBOA;
8 —kpar orfopa mnpol; 9— obpatHHA
knanak; 10— aaasEkka; 1!~ danop-
Huf TpyGonposoz

IpuBox Hacoca DLIB ocymecTBASETCS KOMIUIEKTHO MOCTABJSEMOMN
cTaHlHed ynpaBjeHHs ¢ 9JeKTPOAHRIME AAaTYHKAaMH ypoBHeH, KoTopas
ofecneyHBaeT paboTy NOrPYKHOIO HACOCA B peXKHME aBTOMAaTHYECKOTO
HJIE TeJieMeXaHHYeCKOTo ynpaBjaeHHA. HacocHasg craHiuus MoXeT pa-
60TaTh OAHHOYHO HJH B TPYNNe B peXHMe aBTOMATHYECKOTO ynpas-
JeHHA.

5.2. HacocH M HacocHBbIe CTAHIMH HA TOPH3OHTANBHEX
H JyuyesHX BoA03a6opax M KanTakax HCTOYHHKOB

Ha TOPDH3OHTAJbHLIX H JYYEBHX BOJIOSHGOP&X HaxoAsT NpPHMEHE-
HHe TNOA3¢MHHIE, 3arle6.neHthe H WIAXTHbI¢ HACOCHHEC CTaRIIHH. CTC'
TNeHb 3arJyOJieHHa CTaHIHH onpefelsercad AONYCTHMoH BaKyyMMeTpH-
gecKOH BHICOTOH BcacHBaHHS HacocHoro oBopyaoBauus. Ha ropuson-
TaJbHKX H JYUYEBhIX BO}{OSHGOan HACOCHHIC CTAHUIHH, KaK IIDABHJO,
COBMeI AT ¢ BoZocGopHbeM KoaoaueM (pHc. 5.5). IllaxTHEle HacocHBIE
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Puc. 5.5. Hacocwas crannus B
c6opuom xKonopue
{ — wawunaEf 3am; JJ — peno-
MoraTenvHoe noMmelllenue; JIf -—
BOJONPHEMHAS  IUAXTa; {—
SJeKTpoaBHraTels; 2 - onopHas
4acTh HacOCHOfi yCTAHOBRH; 3§ —
BOAOMOABEMHEIt  TpySonposon;
4 —Hacoc; 5 —KOROHKA ynpas-
JMeHHA 3aABHXKKOA; 6 — pOXO-
npHeMHasl TOPH3OHTaJBHAA jppe-
Ha; 7 — HanopHuii TPYGONPOBON;
8 — kpaH-6aJka

CTAHIHKH, COBMellleHHHE ¢ BOAOCOOpHHM KoJoaleM, 06buHO o6opyny-
10T HAcOCHHMH ycranopkaMu THna DIIB, ATH wau HA. Hacocrue
CTAHUHH C TOPH3OHTAJbHBIMH 1EeHTPOOeKHBIMH HAacOCaMH Ha KanTa-
¥Kax HCTOYHHKOB paclioNaraioT HeloCpejCTBEHHO BO3Je KalTaxXHOH
KaMephl HAH c6OpUOro pe3epByapa IO THIIOBHIM IpoekTam, paspabo-
TaHHbiM XapbKOBcKHM BojokanannpoexkToM, MOCTHIpPOTpaHCOM H Ip.
Ilpu 060pyIOBAHHH LIAXTHEIX KOJOAIEB HCIONb3YIOT HACOCH BCeX yKa-
3aHHBIX THIOB B COOTBETCTBHH C Tpe6yeMBIM BOJOOTOOPOM H MOJOXKe-
HHEM JIHHAMHUECKOrO YPOBHS B KOJOIIUE.

5.3. OGopynoBaHHe H IKCIAYATAUHA BOKO3AGOPHBIX CKBaXKHH
¢ 6ecTpyGHOR YCTaHOBKOH MOrPyXHBIX 3JEKTPOHACOCOB

KoHCTpYKUHIO YCTPOHCTB, ofecrneuHBalOlHX NOAREM BOAL H3
CKBaXXHH HacOCaMH 11O O6CagHHEM Tpy0aM, MOXHO pasfesHTh Ha JBe
TPYNNB: NiepBas — pa3jieleHHe 30H BCACHLIBAHHA H HArHETaHHs OCy-
llecTBNASTCS NMAKEPHBIMH YCTPOHCTBAMH (MEeXaHHYeCKHMMH, THAPaB.JIH-
YeCKHMH, Ta30BHMH), a yCH/He NIeépefaeTca yepe3 TPOC HA yCThe CKBA-
xuH (pHC. 5.6); BTOpas -— repMeTH3aUHs H Nepefaya ycuuaufi mpowmc-
XOZAT B MecTe YCTAaHOBKH ycrpofictBa (pue. 5.7).

[TpenmylliecTBo ycTpPOHCTB NePBOH rpyNIbl 3aK/JIOYaeTcss B TOM,
YTO cO3JaeTCAd BO3MOMKHOCTh HX NPUMEHeHHS Ha cYUleCTBYIOUIHX CKBA-
xunax. Ing yerpoilcts BTOpo# rpynnsl Tpebyercs cneuuanbHasi KOH-
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Puc, 5.8, ¥crpofictsa Gectpybroft nonsecxs

Q-—C THAPABAHYECKHM WAKEPOM; § — ¢ AONONHBTENLHON CTYNEHHIO; 8 — ¢ MeXaHHuye-
CKHM TAKEPOM; 2 — C HACOCHHM YIUIOTHRHHEM H pasynOTHeHHEM

CTPYKUHS CKBAaX{HH, HO OHW OTJHYAITCA NPOCTOTON YNJOTHEHHS H
HaJHUHEM YNOPOB, KOTOPHIE HCKJIOYAIOT HEOOXOAHMOCTb HCIOJb3OBA-
HHs TpOCa WJH INTaHr B KauecTse HECYLIHX.

Ha puc. 5.6,a nmpeacrasiesa XOHCTPYKLHS YCTPOWCTBA ¢ THApAB-
JHYECKHM [aKepOM, COCTOSIIAs M3 3JAacTHYHOTO nakepa I, OXBayeH-
HOTO PE3HHOBLIM YNPYTHM KOJbLUOM 3, CXHMAIOIHM ero IPH OCTaHOB-
Ke Hacoca 4. Bojga nmoflaeTcsd Bo BHYTPEHHIOKIO NOJOCTh NaKepa uepes
CNeHaJbHEE INEJH B NaTpy6Ke 7, cOeHHEHHOM ¢ HacocoM. Ha na-
TpyOKe HMewTcs aBa Jaanma 5 W 6, ofecleuHBaplliie pa3xKaTHe mna-
Kepa B pafHa/JbHOM HaNpaBJIeHHH, T. €. K BHYTPeHHe# cTeHke obcal-
HOW TpyOm 8. IIns cosfaHHs nepenaia LapJeHHs MeXAy BHyTpeHHeH
NOJIOCTbI0 TTaKepa H Ha[ANaKepHHIM NPOCTPAHCTBOM Ha marpybke ycra-
HOBJIeH Apoccens 2.

[IpuaHuun aelicTBHS yCcTPOHCTBA, NMPEACTABJEHHOr0 Ha pHe. 5.6, 6,
3aKNUaeTcs B TOM, UTO Hacoc | cHabXeH [OMOJHHTENbHOR CTY-
NeHblo 2 ¢ TPHBOAOM OT Basna Hacoca. JIONMOJAHTeNbHAs CTYNCHb de-
pes HarHetaTeabRHIH TpyGonposold 4 NOBhlllaeT Hamop B KaMepe
nakepa 3. 3To AaeT BO3MOXKHOCTh CO3/]aBaTh B KaMepe makepa GoJee
BHICOKO€ NaBJCHHe, YEM B HANODHOW YacTH CKBaXKHHB 00CaZHOH Tpy-
6wt 5.

TUMHUHEM MexaHHYeCKHM TNakepHBIM YCTPOHCTBOM sBJASETCS KOH-
crpyxkuts IOxHUUTuMa. TTpunnun gefictBus ycrpoiictra (pHc. 5.6, 8)
OTJIHYaeTCs KOHCTPYKTHBHOH 0COO0eRHOCTbIO YIIOTHHTENBHOIO 3JIEMeH-
Ta 5, KOTOphill pa3XkuMaercs Ao obcaaHoli Tpy6et 7 mo pacrpy6y [
MeXAy ONOPHHIM KOJAbLUOM 6 H (aaHLeM 2. B pafoueM NOJOXKeHHH
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Puc. 5.7. Bectpybnas nopBecka ¢ repMeTH3auHeR M ONOpoik B MecTé HX YCTAHOBKH

@ — € NORNPYXHHEHHHM KOJABLOM; 6 ~—C NOCARO4HHM THE3IOM 'rgecra Kypcekcens-
X03BOJICTPOK; 8 — ¢ onopHEM (aanuem HHHHUKHUBP

YCTPOHCTBO YAEPIKHBAETCA C NOMOLIBI I'PY30BOrO Tpoca 9, a MOHTaX-
HO-IEMOHTaXXHble PaboThl OCYIIECTBAAKTCA TPOCOM & uepe3 rubKHe
CTpomH 4.

HcenuiTanua mnokasanaH, YTO HaJHYHe ABYX KaHATOB NPHBOAHT K
MX CKpPYYHBaHHIO ¢ KafeJeM W 3aTPYIHAET MOHTaXHO-AEeMOHTaXHHE
FlaGOTb[ IpH YCTAHOBKe HAaCcOCa B CKBAXHHY Ha rAyOHHY Gonee 30 M.

POMBIILJIEHHOCTbIO Pa3paboTaHa KOHCTPYKILHA YCTPOHCTBaA AJsi CKBa-
XKHH ¢ gHaMeTpoM obcamabix Tpy6 150, 200 u 250 mMm (puc. 5.6,2).
YnJIOTHeHHe OCYIUECTBJSAETCS NMojABeckolt 2 mpH mopaye Hacocom [ BO-
Ibl, Pa3ynNOTHEHHE — NIOC/1e BHIKJIOYCHHA HAcOCa H HATAXEHHS KaHa-
Ta 3 0Jsi cAHBa BOJLI H3 HANOPHOH YacTH 06CanHON TpyOul 4.

[lepcnekTuBHb ycTpolicTBa GecTpy6HOH NOABECKH C repMeTH3a-
uHefl ¥ ONOpOH B MecTe HX YCTaHOBKH (cM. pHc. 5.7,a). Ha Tpy6e /
3aKpeNnJeHH HeNOJBHXHble KAHHbs 2, TNOABHXHLIE KIHHbA 3 Haxo-
OATCA C HAMHE B 3alenaendd. I1oABHXXHbBe KJAHHbSA 3 OMHPZIOTCA yepe3
ynopsl 4 Ha NOANPYXHHEHHOE ¢ NOMOIUBIO NMPYXKHH & KOAbUO 6, ycTa-
HOBJeHHOe Ha TpyOe / ¢ BO3MOXHOCTbIO llepeMellleHHs1 B OCEBOM Ha-
MpaBJEHHH H HMepIlee BHYTpeHHHe NPOAOJILHBIC KaHaBKH, IIepeKphl-
BaeMbie CBEpPXY KOHIAMH OCH 7 (DaCOHHOrO CeueHHs, TNpoxoxseit
yepes TpyGy /. 3acaouro# 8, KeCTKO CKPENICHHONR ¢ OCbIO 7, NEPEKPH-
paerca Tpy6a /, B BepxHeH YacTH KOTOpOH yCTaHOBJeHa NOANPYXKH-
HeHHaR ¢ NOMOLIbI0 NPYXHHH 9 ma#iba /0. YNJIOTHHTEAbHHIH 3Je-
meHT 11 npHKpenaen x maiibe /0 H HMeeT BO3MOXHOCTD llepeMelaThea
B 0CeBOM HanpaBJjeHuH. Il1aii6a 10 uyepe3 Tard 12 H 3aMKOBOE yCTPO#i-
cTBo I3 cBsi3aHa C TPOCOM, BeiBeJeHHbiM Ha noBepxHocTb. [lo kana-
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Jiam B HEMOABHXKHHX KJHHbSX 2 npoHyuleH cHioBofi Kabenb 14 pjas
nuTanHs anekrpoHacoca I5. Orpaxarens 17, coeanHedHulH ¢ 1wafi-
Gofi 10, ycTaHOBJIEH Hal BEDXHHM CPe30M Hanopuoil Tpy6u I, BepXHAs
YyacTe KOTOpo#t mnepdopHpoBaHa orBepcTHAMH [8. TlpH monomeHHH
3aCJI0HKH 8 «3aKPBITO» MOMNEpeyHblfi pasMep BBIXOAHBIX KOHIOB OCH 7
6oJbllle UIHPHHBI KaHABKH M MeEHbILe —TNPH TMOJIOXKEHUH 3aCJOHKH
KOTKPHITO>.

YerpolictBo paGoraer caenywoiiuam o6pa3oM. Ilepen ycTaHOBKOH
Hacoca KOoJabuo 6 oca)XHBaeTcs BHH3, 3aCJJOHKA CTAHOBHUTCH B IOJIOXKE-
HHe «3aKPHTO», TeM CaMbiM KOHIIAMH OCH (DHKCHPYETCH IOJIOXKEHHE
NOANPYKHHEHHOTO KoJbla 6. [lofBHXKHBIe KJHHbA 3 3aHHMAIOT HHXK-
Hee MOJIOXeHHe H He BBICTYNAIOT 32 JAHAMeTpP HeNmOABHIKHBIX KJIHHb-
ep 2. Ilpu noapece Hacoca [5 mpyxxHHA 9 CXKHMaercsl, YNJIOTHUTENb~
Hbli 3nement /] ocBoGoxaeTcss OT NeHCTBHA NPYXKHHBI H NPHHHMAaeT
CBOM MHHHMaJbHHIA MO AHaAMETPY pa3mep.

Ilpu AoCTHXEeHWH HaMeyeHHOH rAyOHHBI BKJIIOYAeTCH HACOC, H MOJ
HAHOPOM XXHAKOCTH OTKPHBaeTCA 3acjJOHKa 8, noBopayuBasg OCb 7.
KoHup! ocx 0cBOGOXAAIOT OT (PHKCAUHH MOAHPYKHHEHHOE KOJbUO 6,
KOTOpOe, nepeMeIafch BBepX, MOAHHMAeT NMOABHXKHHIE KAWHbA 3 AQ
HX pacKpellIeHHsl MeXJY HeNOABHXKHBIMH KJHHBIMH 2 H 06cajaHoiH
Tpy6oit 16. OnHoBpeMeHHO ocnabasieTcss HaTAXenue Tpoca. [lon ped-
CTBHeM CcOGCTBEHHOr'O Beca W NMPYXKHHB & Hacoc 15 HaleXHO pacKkpemn-
aAserca B o6cannoi TpyGe. IlpH packpen/eHHH Hacoca NpyxHHa 9 oc-
BOOOKAAeTCA OT HNeHCTBHA ero Beca H yepe3 walby [0 pasxkumaer
YIJIOTHHTENBHBIA 37eMeHT [/ p0 o6caaHolt TpyOhl.

JIos ieMOHT aXKa HacoCa HATATHBAETCH TPOC, KOTOPHLIA depes miaiby
CXKHMaeT TPYXHHY 9, H OCBOGOXKLAeTCA YNJOTHUTEJbHBIH 3.JEMEHT, a
Tpy6a I ¢ KAHHDAMH 2 MOAHHMaeTcs, OCBOOOXKAAA KJIHHBA J, KOTOpHe
CKOJIb3AT Mo OGcafHOi KOJNOHHE TPY6, CXHHMas NPYMKHHBL J.

KoHcTpykunefi yerpofictea IIMK tpecra Kypckceabxosesoactpo#h
(cM. puc. 5.7, 6) NPH COOPYKEHHH CKBaX{HHBI Ha TJyOHHE YCTAHOBKH
Hacoca I B ob6capuofi Tpybe & npeaycMaTpHBaeTCs CIeEUHA/IbHBH Ma-
TPYO6OK 7 ¢ NOCAJOYHBIM THe3AOM, Ha KOTOPOe ONHpaeTc Hacoe ¢
natpybkom 3. K natpy6ry npHuBapen ¢aaney 4 ¢ pe3HHOBHM JHC-
KOM §, KOTOPBIH CIyXHT YyHJoTHUTeseM. KaGeab 9 K 3jekTpojBHra-
TeJIo MPOXOAUT 4Yepe3 CaJIbHUKOBOe YIJIOTHeHHe 2 Ha dniaHue. MoH-
TaX OCYILUEeCTBJAAETCA ¢ nomoubio 6yporbix mraur 6. Ilpu 3kcnayara-
HHH Ha HEKOTOPBIX CKBAaXKHHAX He MPOUCXOLHJC NOJHQOE Pa3jesieHHe
30H BCaCblBAHHA H HarHeTaHHA. YBeJHUeHHE copTaMeHTa 0O0CagHHX
Tpy6 3a cyeT yCTaHOBKH MOCaJOYHOTO THe3[1a CHUXKAeT 3(h(eKTHB-
HOCTb HX NMPHMEHEHHs.

Ha Bopo3zabope Muncka no npoekry IIHUHUKHUBP B 1986 r. Gut-
Ja npofypeHa CKBaXWHa, Ha KOTOPOA YCTaHOBJIeH OAHH H3 npocrei-
IIKX THNOB YcTpoHCTB GecTpy6HO# moaBecKH HacocoB. KoHcTpykuus
YCTPOACTBA COCTOHT H3 OTpe3Ka TPYOH, K KOTOpO# mpHBapen OmOp-
HulH aanen 4 ¢ pe3sHHOBOH NpPOKJaAKO¥H 5 TonmHHOH 10 MM H cepbra
2 pis KpensiedHs Tpoca I (cM. pHC. 5.7, 8). DaexkTpuueckHil kaGenab 3
K Hacocy 6 NMpOXOAHT 4epe3 caJbHHKOBOE YIJOTHEHHE B OMOPHOM
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tdnanne. Hacoc ¢ ycrpoficTBoM ycTaHaBJaHBaJICA Ha nNepexope oGcan-
Hgfi Tpy6u Dy=300 MM B HandHuabTpoByld Dy=250 MM Ha rayGuHe

M.

CxBaxxHubl C GecTpyOHOH YCTAaHOBKOR TNOTPpYRHHX HacoCOB Mo-
TYT KCIJyaTHPOBaTbCsi H Kak oObIYHble, H KaK BakyyMuole. B mep-
BOM cCJydae Nbe3OMeTPHYEeCKHH ypOBeHb BOILI B 30HE BCACHIBAHHSA
CKBAaXHHB BCerga HaxoJAHTCHd BHIUIe OTMETKH naKepa; BO BTODOM —
HHXe NakKepa, H TOrja noj HHM BO3HHKAeT BaKYYM. ECJTH CKBaXHHa
IKCIIYATHPYETCH C TNOCTOAHHBIM JeGHTOM, TO BAKYyM IOJA NaKepoM
HapacTaer IOCTelleHHO, OXBAThIBAsg BCe GOJLIIYI0 TO BHICOTE 30HY
BcachiBalollle noJsioctH obcaano# Tpy6ul. Co BpeMeHeM OH MOXKeT
pacnpocTpaHHTbCA Ha (HILTP H MPHQHUABTPOBYIO 30HY CKBAXKHHHL.

KoHCTpYKIIHA CKBaXHHBI ¢ YCTAHOBKOH TIOrPYXHBIX 3JEKTPOHA-
cocoB ¢ OecTpy6HOH moABeCKOH AOJXKHA OTBEUATh CACAYIOIIHM Tpe-
6oBaHuAM: o6cajHele TPYOGHl AOJXKHE ofecreuHBaTh TepMETHYHOCTh
H HMeTb OJHHAKOBbIH JNHAMETDP OT MeCTa YCTaHOBKH KOJbIeBOH
BCTaBKH N0 YCTbS CKBXKHHBI; AHAMeTP 3KCIIyaTAllHOHHOH KOJIOHHH
prﬁ JOJIXKeH COOTBEeTCTBOBATL HOMHHAJbHOMY Jmame'rpy Hacoca;
KOHCTPYKIHSI OroJIOBKa CKBaXHHW [OJXHA obecleudBaTh INOJHYIO
repMeTH3allHI0, HMeTb CAJbHHKOBHE YMJOTHEHHS [AAS BLIBOAHHX KOH-
1noB Kabesi.

Jlas 3aMepa ypoBHS BOABLI B CKBaXKHHE YCTAHABJIHBAETCA Mbe30-
MerpHueckas Tpy6Ka d>=>3/4”, coefHHeHHad cO CKBAaXHHOH c HApYX-
HO¥ cTOpoHb ofcamHoM TpyOb HMMKE YCTAHOBKH Hacoca HJAH TpPOXo-
asAuas BHYTPH oOcanuol TpyOu M BbiBefeHHas C NOMOWNBIO CadbHH-
KOBOTO YIJOTHEHHS yepe3 OrosoBok. Bo BTopoM caydae mnbesoMeT-
pHuecKas TpyOKa HCNOAb3YeTCS B KaueCTBe MOHTAMHO-AEMOHTAMHBIX
IITAHT.

BectpybHas BakyyM-cKBaXHHa HoAXHa OHITb olopynoBaHa HIBY-
M5 nbe3oMeTpHYeCKHMH TPYOKaMH. OfHa H3 HHX CBf3aHa C BHYTpeH-
Hell NOJOCTBIO CKBaXXHHW HHXe (HAbTpa (B BepxHeH 4acTH OTCTOH-
HHKa), HMeeT OTKpHTOe YCTbe H (DHKCHpYeT Hamop BO BHyTpeHHed
nosocTH (QHALTPA, Apyras coobmaercs ¢ obcagHolt TpyGoH Hemocpen-
CTBEHHO TIOJ NAKepoM, HMeeT repMETH3HPOBAHHOEe YCThe H OTBOAS-
iy TpyGKy, CHaOXKeHHYIO BaKYYMMeETPOM.

dTor nbesoMerp ofecneyHBAET BO3MOMHOCTL He TOJBKO (HKCH-
poBaTb BeJHYHHY pa3peKeHHs TOJ NaxepHbiM YCTPOHCTBOM, HO HIpH
HeOOXONHMOCTH Yepe3 CBOe pPa3repMeTH3HDOBaHHOe YCTbe CTpaBJIH-
paTh HAKONHBUIMHCH NOJ TMaKepoM BO3xyx B atMmocdepy (npH BO3-
HHKHOBEHHH 34eChb [AaBJeHHs, npepulltaiolliero armocdepuoe) THO0
OTKAuHBaTb €ro NpH NOMOLIH NHTaeMOro OT Hamopuoro TpyOompoBo-
Ia HAacoca, 3KEeKTOPHOT'O YCTPOHCTBAa, TpHEMHAas KaMmepa KOTOPOro
coofLieHa ¢ YCTbeM Nbe30MeTPHUeCKOH TPyOKH.

JAA cHHXKeHHS TNOTepb Hanopa Ha oOTeKanHe INOTOKOM 3JEeKTPO-
IBHraTe/ass HACOCA M MCKJIOUEHHS KaBHTAUHOHHBIX siBJeHHH, ocobeH-
HO B NYCKOBOH NEpPHOA, AHAMETP SKCNJAYaTALHOHHOH KOJOHHH TPYO
HHe KOJIbIeBOH BCTaBKH MO JJHHE NOTPYXHOrO 3JEKTPOHAacoca Ha
50 MM H GoJblile HOMHHAJBHOTO JHAMETPA HAcoca.
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I'aapaBiHueCKHe HCIBITAHHS HANOPHOH YacTH 06CafHOH KOJOHHBI
Tpy6 HeoGXOAHMO NPOBOAHTL B COOTBETCTBHH ¢ TpPeOOBaHMfAMH HC-
NBITaHHR HanopHbix TpyGonmpoBouoB. Jlas HCIbITAHHA  YCTPOHCTBO
GecTpyOHON NOABECKH C MOTPYXHBIM  3JEKTPOHACOCOM € OOpaTHHIM
KJanaHOM H COOTBETCTBYIOHIMM pa3BHBaeMbIM HANOPOM Ha 3aKpPbl-
TYI0 3aBHXKY MOHTHPYIOT B ckBaxKuHe. [locaennsis obopyayercs rep-
METHUHBIM OTOJIOBKOM, a Ha OTBOAsiHleM TpyGONIpOBOje yCTaHABJHBA-
ercsi 3aaBHXKa. [lyck Hacoca NMPOH3BOAMTCS HA 3AKPHITYIO 3aABHXK-
Ky Ge3 Bbinycka Bo3ayXa H3 o6GcaaHo# KoJouub Tpy6. [locae Toro
KaK HacoC CO3JaCT MaKCHMaJbHOe [aBJeHHe, OH OTkJAluaercs. [lo
YCTAHOBJEHHOMY Ha OTOJOBKe CKBaXHHH MaHOMeTpPY OINpeaessioT
TepMeTHYHOCTh HAMOPHOTO YyyacTKa 00CajHOH KOJOHHE! TPyG H yCT-
poiicTBa BecTpy6GHOil MOABECKH Hacoca.

Tlpu skcnayataudd GecTpyGHOH BaKyyM-CKBaXKHHB 1O NbE30MeET-
paM (HKCHPYIOT Hamop B (HALTPe H BAKYYM NOJ INakKepHHIM YCT-
POHCTBOM. DTH AaHHble NO3BOJASIOT OIleHHTb YPOBeHb BOALI B CKBa-
KHHe H He JONYCTHTb ero OTKJOHeHHs OT 3aJaHHbIX IpelesioB.
Tlocaeanee MoXeT GEITh JNOCTHTHYTO PETYJAHPOBKOH 3aJBHXKKH, pasMe-
IIEeHHOH 334 yCTbeM CKBAXHHB, a TAKXe YCTAHOBKOM NAaTYHKOB HHXK-
HEr0 H BCDXHero YpOBHell aBTOMATHYECKOH CTAHUHH YNpaBJeHHs.
Huxuuit natunk ycranapasBaerTcs Ha 20—30 cM HH)Xe OTMeTKH pac-
YeTHOTO YPOBHS, a BepXHHMH — Ha OTMETKe HHXXHEH JHHHH Makepa.

B cayyae HegonycTHMOTO CHHMKeHHS BakyyMa NOJ NaKEpPOM ero
BOCCTaHaBJ/JMBAlOT BPeMEHHOH OCTAaHOBKO# Hacoca. [Ipu 3ToM ypoBeHb
BOJABL MOJ, NaKepOM NOBhINIAeTCS, CKONMHBIUHACS TaM BO3AYX npHoGpe-
TaeT JaBleHHe, npeBpluawmllee arMocdepHoe, H MoXer OHITH BhINY-
HleH B arMoc()cpy uepes INPeABApHTENbHO pas3repMeTH3HPOBAHHLIH
neesometp. [locaenyomeMy nycky JOMKHH  OpeallecTBOBaTh 3a-
JIHBKA Tpe30MeTpHyecKOoH TPYOKH BOJOM [0 YCThi H ee [epMeTH3a-
iHs. B 5ToM cuayuae, Korja OCTaHOBKAa HAcOCa HEJONYCTHMA HJH
APHTOK BO3JYyXa 3HAUMTEJEH, OTKAYKa TOCJAEJHETO0 IPOH3BOJMTCSA
3XKEeKTOPOM.

B nepexoiHslX mpopeccax NmMycka H OCTAHOBKH HaCOCOB NPH MojAa-
4e BOAK 1O OOCajHuM TpyOaM OTCYTCTBYIOT SfIBJEHHS THJpPaBJH4e-
CKHX YJapoB B CKBaXHHE, 32 MCKJIOYEHHeM CJjyuas IyCKa NPH HajH-
4HH TAYGOKOTO BakyyMa B HANOPHOH JHHHH. IIpu 5TOM Beauuuna mo-
BHIUIEHHS] JaBJEHHS NPH THAPABJHYECKOM YyIape 3HAUHTENLHO HIKE,
UCM TPH AHAJOTHUHOM DeXHMe NYCKa HacoCa, YCTAHOBJEHHOTO HA BO-
AOTObEMHBIX Tpyfax.

CkBaXKHubl ¢ OecTpyOHOH YCTAHOBKOW MNOTPYXKHBLIX HACOCOB BO
MHOTHX cJy4dasax MOTYT ycnenmo 3aMEHUTb CKBaAXHHG! TpallHLlHOHHOi"[
koucTpykiHH. Haubonee s3¢ddeKTHBHO HX HCNOJNL30BAHHE B CHCTeMe
BOJOCHAOXeHHS, KOTJa OTKaukKa, KaK NPaBHJIO, NPOH3BOAHTCA CpaB-
HHTEJIbHO TJAYOOKHMH CKBa)XXHHAMH H3 BOAOOGHALHHIX BOJLOHOCHHIX
FOPH30HTOB, T. €. TaM, ¢ 3KOHOMHS TPpy0 M BHITOAM, CBS3AHHBIE C
yMeHbIlIeHHeM T0Tepb Hanopa Ha NYTH OT NMOI'PYXHOTO HAcCOCa 0 MO-
BEePXHOCTH 3eMJIH, HauboJee 3HAYHTEAbHDL.
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I'JIABA 6. BOLO3ABOPBI H3 CKBA)XXHH

6.1. CxeMbl KOMIIOHOBKH BO03aGOpOB H NOJA4YH BOIM
NpH HCNONb30OBAHHH NMOA3EMHBIX HCTOYHHKOB

HMeercs MHoOro BapHaHTOB CXeM NOJA4YH BOAHI MPH HCNOJAB30Ba-
HHH MOA3EMHHX HCTOYHHKOB BOAOCHaOXeuHs.. OOHHUM BapHaHTOM
npegycMaTpHBaeTcs mnojaiya BOAE HENOCPEACTBEHHO B BOAONPOBOA-
HYI0O CeTh H3 HernyOOKHX MNMOJ3EMHHX BOA NPH mnoMouwH GypoBof
CKBaXXHHBEI HJIM IMaXTHOTO KOJOALA H HACOCHOH CTAHIHH MepBOro
noabeMa, PacnosoxXeHHo#k B OTAeNbHOM 3A4aHHH.

B apyrom cayyae HCTOYHHKOM BOJOCHAOXEHHS CJAyXaT MOA3EM-
HbHe BOJAH Pa3JIHUHBIX BOLOHOCHHX IOPH30HTOB, 3a/1eTAIOIHX Ha pas-
HOH rlyGHHE OT MOBEPXHOCTH 3eMJH. JKCIAyaTaUHs OCYILEeCTBIAAETCA
IpH MOMOIUM TPYNNHE BEPTHKAJBHHX BOL03a6OPOB, KaXAHH H3 KO-
TOpuIX 0060pYAOBaH OTAEJAbHHM BOJAOHOABEMHHKOM, HampaBJAsioOlLHM
BOjy B COGOpHHIH pesepByap. M3 Hero Boja nojaetcs B CeTb HaCOCAMH
BTOPOTO NOABEMa HJH, MHHYSl ero, HeNOCPEACTBEHHO B CeTh.

HmMeloTcsl cxeMHl, B KOTOPHX NpegycMaTPHBAeTCs NOfa4Ya BOALI U3
HErmy0oKo 3aseralroiiHx MoA3eMHHX BOJA [pH TOMOILH TPYNNOBOrO
BEePTHKAJBHOTO BOAo3abopa. Bojaa nofHHMAaeTcss HACOCAMH, pacnoJo-
JKEeHHBIMHM B 3JaHHH CTAHUHH MepBOro NoAbeMa, mojaercs B cBop-
HEIfl pe3epByap H 3ateM B CeTb HACOCAMH CTAHIHH BTOPOrO NMOABEMA.
B HexoTOpHX caydasx BoJa M3 BepTHKaApHOTO Bojo3abopa (6ypo-
BOH CKB2XXHHBI) TIpPH MOMOLUH BCAaCHBAIOLIHX TPyGOnpoBOjOB, pado-
TalOmHUX NMOJ BAKYYMOM, HallpaBJsieTcsi B COOpHHIil pe3epByap, OTKY-
Ja nacocaMH mnopaercs B ceTb. IHacocHas cTaHuMs B 9TOM cayyae
4acTo pacnojaraerTcs HenocpeiCTBeHHO MOJ pe3epByapaMH. AHaJo-
THYHYI0 CXeMY MOXHO NPHMEHHTh H NpPH CH(OHHOH cHcTEMe BOJLOIO-
haqH.

Ilpu ucronb3oBanuH rAy6OKO 3a/eramulix NOA3eMHBIX BOA, NOAb-
eM BOAH M3 BePTHKaJbHOrO Bojo3abopa (O6ypoBO# CKBaXKHHH) H IMO-
gaua B cOOpPHBIE pesepByap OCYUIECTBASIOTCH NPH NoMoluu spandra.
Komnpeccop mpu sToM pacmosaracrcss B 3AaHHH HACOCHOH CTaHIHH.
AHanorHuuyio cxeMy MOXHO NTPDHMEHHTb H IPH HCIOJB30BaHHH TJY-
60KOBOJHEIX MOTPYKHBIX HaCOCOB.

OntHManbHas cXeMa paclooXeHHss BOA03a6ODHHX CKBaXXHH OI-
penensieTcss THAPOreOJOTHYECKHMH pacyeTaMH, BLIIONHEHHBIMH  JJIs
HECKOJbKHX BApHAHTOB.

6.2. Pacuer Bono3aGopoB U3 CKBAXHH

Tlpu pacuerax Bon03abopoB B KayecTBe HCXOLHOH BeJHUHHBI NpPH-
HHMaeTcs AeGHT Q, COOTBETCTBYIOLIMH NPOEKTHPYEMOMY BOJONOTPe6-
JIEHHIO TIpH 3aJaHHOM BpeMeHH 3KCOJYaTalHH H MaKCHMaJbHO JO-
NYCTHMEIX TOHHXEHHAX YPOBHS Syom-

BenuunHa AOTMYCTHMOTO MNOHHXKeHHSI YDOBHS oOlpellejifeTcs cie-
AyOILUM 06pa3oM:
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B 6e3Hanopme BOJAOHOCHBIX TOPH3OHTAaX

Spon = (0,5 ... 0,7) b, — Ahype — Ahiy; (6.1}
B HAIIOPHBIX BOAOHOCHHX FOPH3OHTAX
Spon=H,—[(0.3 ... 0,5m) + Ah,, + Ahy, (6.2)

rae h.— nepBoHavasbHad TAyOHHa BOAH; H. - NepBOHauaibHHA Hamop Haj NMOJZO-
wBOfA ropHsoHTa; Ahlyse — MaKCHMaJbHaA TAYOHHa NOTPYMeHHA Hacoca NOJ JAHHa-
MHYECKHA ypOBeHt ROXH B CKBaXHHe; Afip — MOTEPH ROAH Ha BXOJE B CKBaXKHRY,;
m ~ MOUHOCTh HATIOPHOrO Nuacra.

B npoCTHiXx THAPOreONOTHUECKHX YCJOBHAX OOBIUHO MNPHMEHAIT
aHaJIHTHUECKHe METOJH pacueTa BOA03a60POB. B CNOXKHHX Xe ycho-
BHAX — CyLECTBEHHAs] HEOJHODOAHOCTb BOJAOHOCHHX MJACTOB, CAOX-
Hoe (B NJaHe M pa3pese) odepraHHe HX TPaHHI, §0JbllOe YHCAO Ba-
PHaHTOB BOJ03ab0pa ¢ yueTOM BO3MOXHOCTH 3arpsi3HeHHs, HCToOlle-
HHS H HCKYCCTBEHHOTO MOANHTHIBAHHS NMOA3eMHBIX BOA - Bojee mpen-
MOUTHTEJbHO NPHMEHeHHe MOJeNHPOBaHHS.

Beanudgna TNOHMMKEHHS YPOBHA MOA3EMHLIX BOA B Ji6oH TOuKe
BOJIOHOCHOrO TOPH30HTa NpeAcTaBasercs cleaylomliuM o6pasom:

AJ5 6e3HaNOPHBIX BOJOHOCHBIX TOPH30HTOB

s:he._lfh;-f—kze; (6.3)

OJ51 HallOPpHBIX BOJAOHOCHBIX FOPH30HTOB

== (Q/2rkm) R, (6.4)

rae Q — cyMmapRBB JeSHT BOROOTOOP2; & ~- KOIQOPHIHEHT (QHABTPALMH BOXOHOC-
HBX TNOPOJ; m — MOMWHOCTe BONOHOCHOTO TOPH3OHTA  (#m — KO3 HHueHT BOKO-
NPOBOAHMOCTH TJaacrta); A, — ecTecTBeHHAs MOWIHOCTL (e3HaNOpHOro BOZOHOCHOTO
POPH30HTA; R—-—ruupamuqecxoe CONPOTHBJEHHE, PACCUHATHIBAEMOE B 3dBHCHMOCTH OT
yU‘IOBHﬁ 3aJeraHHs NOA3EMHBIX BOJXA H KOMIOHOBKH BOILOSGGOPHHX CKBaXHH.

Jlns onpejeiicHHs TMOHHXEHHs YPOBHs TOA3EMHBIX BOJ Henocpea-
CTBEHHO B CKBaXKuHe B ¢opmynax (6.3) u (6.4) Heo6x0oaHUMO NPHHATH

R=Ry+ 8, (6.5)

rie Ro— BeJHYHHA TrHAPABJMYECKOTO COMPOTHBIEHRA R B TOUKE paClO/OmeHHS
CKBaXHHB; E — TOKasaTeNs, AONOJHATEJIBHOTO CONPOTHBACHHS CKBAXHHH NO CTene-
HP H Xapakrepy BCKpPhITHH BOXKOHOCHOrO NJacTa; PB=Qo/Q — oTHomeHHe pacxoaa
paccMarpuBaeMoli cKBaXHHHR Qo K CYMMapHOMY pacxoly Bofosafopa Q.

BennyuHy R MOXHO OINpeJeJHTb B 3aBHCHMOCTH OT TIPaHHUYHBIX
YCJOBHH BOJOHOCHOTO MJacTa H cXeMH BOAO3abopa MO MHOMOYHcJEH-
HBIM pYKOBOZACTBaM M moHorpagusm [1, 23]

PaccmoTpuM psim NpocTeHIUHX cayyaeB pacyeTa HauboJjee pac-
IpOCTPaNeHHbIX THIIOB BOA03a60PHBIX COOPYXEeHHH.

OO0uHO4Hble CKBAMCUKLL U HeDOoAblllle ePYnnul CKBAN UK B yuaJge-
HHH OT I'PaHHL NaacTa

So= Qo/4nkm | —E, (r/4at) +-E]; (6.6)
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2pynnvl 83auUMOOLLICTEYIOUUX CKBANUN

’ n
Q cyM ) rd
§==8,+ DaEi(— ), (6.7)
4ntkm dat
=1
rie Q¢ — pacXoA QIMHOTHOA CKBAaXHHH, B KOTOPOH oNpefendeTcs IMOHHXXEHHe YPOB-
HA; ro— Paguyc 5TOd CKBAXHHH, r;=rj, Iy, ...~— PACCTOAHEA OT Hee N0 OCTAJbHHIX

B3aHMOREACTBYIOLUHX CKBAXHH; f - BpeMs, OTCIUTHBAEMOE OT Hadyaja OTKayKY;
;= Qif Q' eyu(ti=Q1/Q  cyu, G2=Q2/Q"eyu); Q7oym — CyMMapRHil Aebut Beex ckpa-
WHH, n— oblee yucno CKBAaXHH 33 BHUETOM CKBAXHHH ¢ uHAekcom «0»; a-— Ko-
9(pdHUHEHT NBE3ON POBOJHOCTH.

3uauenus HHTErpanbHOM mNokasartenpHoft yHKkuMH Ei NpencraejeHH B psje
CnpaBOYHHKOB H pPyKoBoAcTB [23}

[pu r2/4at <0,05...0,1
[ rd\__ 2025at
EL( 4‘”) In T

HHostoMy Npu ANHTEAbHBIX NEPROZAX OTKAYKH GopMmynn (6.6) H
(6.7) MOXHO NpeACTABHTL B BHAE

So=(Qof2xkm) [in (R"/ro) + E; (6.8)
$ =50+ (@l 20m) JeIn (R)r). (6.9)
=1

rae R’ — HekoTOpHA YCJOBHEA paauyc BJHAHHA CKBAXHHE HAH BOZo3abopa H3 He-

SoabllOro 9YKCJIa KOMNDAKTHO pacnofloXXeHBHX CKBAXHH, yBEJ'lH‘lHBalOl.I.lH;ICﬂ BO Bpe-
MEHH.

R =15V ar. (6.10)

TlokazaTtesneM RONOJHHTENBHOrO CONPOTHBAECHHA § B NpHBefeH-
HHX GopMynax OUEHHBAETCA HECOBEPINEHCTBO CKBAXKHH N0 CTeNeHH
H XapaKTepy BCKPHITHS NJ1acTa, KOTOphle 00YCAOBIEHH MeHbLie AJTH-
HO# (QUAbTPA B CPABHEHHH C MOINHOCTbIO BOJOHOCHOTO FOPH30HTa H
JOTNONHHTEIbHEMH (QHIBTPAUHOHHBIMHE CONPOTHBNEHHSMH Ha  BXofe
B CKBaX{HHY (HeCOBepIIeHCTBO Mo Xapaxrepy BCKpHTHA Dnracra). C
BBejiecHHeM 3TOlO0 MOKa3aTesil MOHHXEHHe YPOBHSA NO CPaBHEHHO C
coBepllleHHOfl CKBAXHHOH BO3PACTaeT Ha BEJHUHHY

As = (Qo/2mkm) (E1 + &), (6.11)

rre &y # E, — NOMONHHTENLHHE CONPOTHRIEHHH, oGYCJHOBMEHHHE COOTBETCTBEHHO He-
NoNEeTOf i XAPaKTepoM BCKPHTHA NAacTa.

3Hauenna §; JAnf chAyvas, Korga (GHALTP NPHMHIKAET K BOAOYNOPY,
npuBejeHs B Taba. 6.1.

Ilpn oueHKe BeNHYHHH ¥, MPeANOUYTHTEALHO NPOBOJAHTb HCCaelo-
BaHHS B NOJIEBHIX YCJHOBHAX B XoJe ONBITHO-(HIbTPALHOHHHIX pabor
H PacnpocTPaHHTe MOJYyyeHHBle ONbiTHHE AaHHbie NPH HASHTHUHBIX
YCJIOBHAX NpPOH3BOACTBA paboT mo GypeHHi, ocBOeHHI0 H oGopynoBa-
HHIO CKBAXHH Ha 9KCNIyaTalHOHHMWH Bogo3abop. B nepeoM npubau-
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Ta6anua 6.1. NokazaTeas CONPOTHRACHHA

T %o iy o
" o
1 3 10 30 100 500 1000 2000
03 | 0,05 [065]24 | 4,6 7,25 10,9 12,45 | 14,1
05 | 0,025 033|113} 2.1 3,95 482 | 55 6.2
0.7 | 0,008 |0.12|044| 0,85 1,34 2:01 229 | 26

MNpuMevanua.

1.

Mpu noav3oBauuu TabauueR caenyer WMeTb B BUAY, 4TO
AnA Ge3RANOpHHIX NAacTOBR Mm=he— Sof2; I=lo —5of2 (I — anvna duaeTpa;
NOHHXEHHe YPOBHS B CKBAXHHE).

So —

2. Ecan bHAeTp pacnofiokeR B cpeAHed TacTH

nsacta, 3navende §,, onpeleaseMoe no taba, 6.1, caeayer ymemplints: npH [/m=0,3
Ha 15; fipn lim=05 wa 0.7.

WeHUM Tpy OYpeHHU CKBaXKHH YAapHBIM UJAH POTOPHBIM  crnocobom
C NPOMBIBKOH 4HCTOH BOAOH M INpU HCNOJb30BaHHH (QHJIBTPOB, KO3IP-
GHLUHEHT BOJOTPOHHIAEMOCTH KOTOPHIX B 5—10 pa3 mnpeBwIuaer
BOJOTIPOHHL@EMOCTh TJacTa, BeJHUHHY f; TNpH pacuerax CKBaXHH
MOXHO He NMPHHMMaTh BO BuHMaHMe. OJHAKO B LeJOM psfe caydaeB
BeJIHYHHLI §2 MOTYT OHITH BecbMa 3HAYHTEJbHEIMH, COH3BMEpHMBLIMH C
BeJHYHHAaMH R B &, a HHOrZa H CYLIeCTBEHHO TpeBHIIATh HX
(Taba. 6.2).

Bodosabopet, cocroawue usz Goavuioeo wucaa 8aaumodelcrayro-
Wux CK8axtus B yAAJNEHHH OT IPaHHIl BOAOHOCHOIO TJacTa ¢ Lefblo
yHpOLIeHHsT pacuyeTOB MOXHO paccMaTpHBaTh B BHAe O0O6O6GMIEHHBIX
cHCTeM BO03aBOPOB: JHHEHNOro, KOJAbUEBOro ¥ Kpyrosoro (mjaomap-
Horo). O6mas ¢opmyna aas pacyera Kpyroeoro Bojosabopa AJs
JJUTEeJbHBIX NMEepHOAOB 3KCINyaTalHH HMeeT BHI:

So = (Qeyu/2nkm) [In{R/ry,) - a4 (Ina/mry) + |, (6.12)

ree ao=0Qo/Qcyn (Qo — AeGHT CKBAXKHHH, B KOTOPOR oMpeAeaAeTcA NOHHKeHHE YpoR-
Ha; Qeyw — CyMMapHH pacXoj BOA03a60pa); ro — PARHYC CKBAXKHHB; O — NOJNOBH-
Ha DACCTOAHHA MeXQy CKBAaXHUHAMH; rnp — NpPHBeAeHHHA paauyc ofofiueHHOR CH-
cTeMBl; A JHHeHHOA cHCTEMH rpp=0,37! (/ — noJOBHRA AJMHN PAAA CKBAXHH),
AT KOJbLEBOA rrp=R, (Ro — paauyc koJdbuna), Lias Kpyrosod (MJIOMAAHOR) Fmp=
=061 Ry {Ro— paamyc Xpyra, OKOHTYpHBaIOMHA OGOGMERHYI0 CHCTEMY CKBAMHH}.

Beanunna R, KOJblLieBOH ¥ Kpyroeoit (mJaomafxo#) cHCTeM CKBa-
HXHH

Ry, = P2z, (6.13)

rie P — nepHMeTp y4YacTKa pacloJOXMEeRHA CKBAXKHH MO JHHHH, COeqHHAKMER Kpak-
HHE CKBAXHHH.

Tpu onpeneneHMH TNMOHHMKEHHS YPOBHA B TOYKaX, yHaleHHLIX Ha
paccTosHHe, TpeBHILaOLlee NOJOBHHY NPOTSXKEHHOCTH Bomosabopa,
T. e. pu r>1,5] B nuHefHON CHCTeMe CKBAaXHH H r>1,0Ry B KombLe-

BOH M NJOIAAHOMH CHCTEMAaX, MOXKHO TO0Jb30BaTbhcH (HOpMYJIOH
Sp = (Qcyu/%:km) In (R/?')- (6.14)
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Tab6anua 8.2. ConpoTHBICHHe r'MAPOrecJOrHUSCKHX CKBAXKHH NPH Pa3aiHbX cnocobax GYPeHHS H OCBOEHMN

BORCHOCHHA rOPHSOHT [ Dumbrp 63 O —
A | Nz CKBAXER
4 H | | 2k,
= an : ! us
Ggg-s C 6 Gypedus H | ; §§ g. I
A=y MoCo! YPEHH N [ o
;i?)g?cl:;ﬁg: pexHM Eﬁg:-i OCROCHIL CxBAMME ) THD ; = E"E 8 !
xa gzasd : || 5.hi8E e
25s8* f R ER &
SHEBE ! - - - I+ 2
LA RS i HI¢ UOo  e ws -
1 2 3 i 4 l 5 I 6 7 lsl 9 10 . 11
Bepruxaasnbill dpenase oporoscrod I'IC
Asnosuasbyne |Beaganop- k= Y napubii, npokay- rI‘paBuﬁnuﬁ ¢ Tpy6ua-| 168 3,5 11' 0,43} - 0,4/84,3
NecKH nofMeH- |HbIH =35—40 | ka spiHbTOM THIM H CTepPXHEBLM :
HOH TeppacH : { KApKACOM, ¢ BOJOINpH- i
Boaru i | eMHOH  [OBEDXHOCTHIO
| i 3 TIPOBOJIOYHON 06-
{ ! MOTKK M IITAMIOBaH-
i ! Horo JmcTa.  PUABTP-
i | kapkac MI'MH. »
}54‘1OV-IHOI‘0 THOZ M3 mo-| 240/170; 1 93| 11{ 4,756 | — 0,42/87,8
H | pHCTOM KepaMHKH, Ha
! i kaee B®, 43 mopHcTO-
i | ro GeToHa i i
Beprukassnvie dpenancu o Kamensa-Auenposckas u opowaesnozo maccusa <Kasmencxud nod»
Tleck# wersep- |C Aokans- (k= Poropuuit ¢ o6- ‘ TCpaBuiiublit kapkacuo-| 168 46113051 — 11,204/75,6
THYHOID BO3- thlM namo- | =20—30 | paTHO# MpoMuB- | CTEpPKHeBoil ¢ MpoOBO-
pacra !pou fm = koft (6e3 3aveHnsl | JOUHOH OGMOTKOH
, =400— | pactBopa), mpo-
| 600 KauKa IpIHpTOM | :
To xe lTo e k== Potopubii ¢ ofi-  ; ['paBuiinuii xapkacuo- | 158 5,8 | 13|-0,19] — | 0,128/67,37
i =20-—30 | paTHOH NIPOMDLIB- ! CTEDXKHEBOH C MPOBO- |
i km= KOH MHCTOR BOAOH | A04ROH 0BMOTKOH
; =400— | ¢ 3aMeHoH NpOMH-
| 600 BOYHOM XKUIAKOCTH




Npodosxenue 1abnr. 6.2

BoRodocHuR ropHIoNT _ DHALTP _ o = Haumue o conporasacmmme
w N * ] nm CKBAEHE
2ES ! _ k-1
| o w Hir |
U—— R | ool epemn JRESAH |
XapaKTEpPHCTH- h PEKHM dx3° F THO x _v. a |
Ka sioad _ : m—e (8 a’'le
.m.u B..\.r.".-. m. Ea™ 58 m
e | PN .| g
2228t w 258 o8 F | &
1 2 J 3 4 | 5 6 7 1al 9 10 | 1
Bepruxarsneul dperanc e. Kamenxa-JInenposckas
ITecku yersep- [C aokann- |&£=20—30] Potophbit ¢ 06- f Tpasuiiniit, xapkacko-| 168 | 4,8 _ mw_ — |—46 | 0,41/86,95
THYHOIO BO3- HBIM Hano- |Am== paTHOR NPOMHB- | CTEPXKHEBOH ool
pacra poM oﬂoo Koit wHcTOH BOZOH | |
|
To xe To e k=20-—-30| ¥aapuniii _.qo we 168 14,2 8!~0,64\—0,74 -
km= PoTopHLIi ¢ » 168 | 1,8 : 14| 4,81—-0,48 0,43/68,0
=400— | ramHHCTOH ,
600 npoMuBKOH. Pa3-
TJIHHH3AUHS 3a-
TPyOHOR NPOMHB-
XOWH i
Bodosafop «Baarasepcs 2. Puza
IMecxn — otio- |Be3nanop- = Ynapro-KanaThbA | [Topucro-kepamuue-  [170240 | 1,97 § 35} 17,07} — | 7,37/43,18
XKenHs Baaruii- |une =30—50 CKHH Ha TpybuaToMm
CKOT0 MOPH Kapkace (mociae 3—7
Jer paboTH)
Ipasufinbiit ¢ uyryH-| 168 13,84 { 9 6 — | 2,49/40,03
HHM LIENEBHM KapKa-
com {nocae 20—30 ner
3 paGoTH)
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Mpodormenue taba. 6.2

BozoHOCHKR TOpHIOHT OHALTP .
[ Hnwlﬁr_o O COMpOTHBJACHHAX
oo R CRBAMHE
£22. Bio
S98E EERRF
=41 Croco6 GypeHnsa H 2 58 2
Teolloruqeckan T S8¥.. | ocBOGHHH CKBaMHE 2 Hypx B
XapaKTepuCTH- PEXHM 2w N3 T™>O | == a ;
xa H38%3 g |amp g o'fo
TxpmE @ 28T RE a
GED = K ] o
8328F g 8-S e &
LaTEs X 06 el W& P
i !
1 2 3 4 5 6 | 7 gl 9 | 10 | 11
_ Tpasuitio-KJieeBost 170240 ) 2,52 | 8 | 10,65 — | 9,1/85,52
(nocne 7—10 aer pa-
GoThr)
emurosckul nosuzon BCETHHIEQ
[Mecku wersep- {Bestamop- |&= Poroputil ¢ rag- | Puaptpu QKO (onkr-| 168 — [51]20,6 [ - —
THYHOrO BO3pa- [HHE ==30—50 | HHCTOH NIPOMBIB- Hble CKBAMHHBI) _
crd, MeJKO- H Kol !
cpenuesep- | _ “
HHCTHE u i ! M
! ! |

[Tpumeuwanne ¢ —cpefHee kBajgpaTHYECKue OTKJOHeHHe; U — KOIQMUHEHT BapHALHH.



INpu pacuere ne6HTa ONHHOUHBIX M HeOGOJbIIHX IPynn B3aHMoJef-
CTBYOUIHX CKBaxXHH BﬁJ’lHBH peK HJIM KaHaJiOB HCIOAb3YITCA CJe-
aywomue GopMyIH:

AJ51 OAHHOUHOM CKBAXKHHH

So == (Qo/2=Rm) [In (po/ro) +Ef; (6.15)
JJiIs TPYNNH B3aHMOAEHCTBYIOIHX CKBAXHH
s == 5o+ (Q/2xkm) 3\ ay1n (py/ry), (6.16)

i=1
TAe Qo, Qi — PAcCTOAHHA OT TOYKH, B KOTOPOH onpenensercs TWOHHMKeHHe YDOBHA

(N7 OXHHOUHOMR CKBaMMHH Qo) RO COOTBETCTBYIIIHX 3epKaJpHHX orobpameHuit
peabHHX CKBAaXHH OTHOCHTENBHO TIPSMOJRHERHOrO ype3a peKH.

[Tpu pacrmonoxXeHRH JHHEHHOrO psifla CKBaXXHH MapaJiiesIbHO ype-
3y BOAH B PEKe MOTYT HCMOJAb30BATbCH CAEAYIOUIHe (GopMyJH.
Jnst paga cKBaXXHH OrPAaHRYEHHOH AJHHB

__Q 2L 2L L
So = . [ln 1/14- ; + ; arc tg 5 +
+—I—(IH "";0* +§)]» (6.17)

roe L — paccrosHHe pajia ot pekH; ! — NOJOBHHA AJHMHM pAja CKBaXHH; § — TOJG-
BHHA DACCTOSHHA MEXJY CKBAKHHAMY B PAAY.

[To npusenennoit popmyne (6.17) onpepensieTcs MOHHKEHHE yPOB-
HSl B LEHTPaJAbHOH CKBaXXHHe pAja.

B Toykax, ynaaeHHHX OT pPAjla CKBaXHH W JIeXAaLlHX Ha JHHHH,
npoxojsllefl nocepearre psina (HOPMaabHO K HEMY),

I IR Gk Y ¢ 2 o A LI 2L
°~2nkm[2 In 124 (Y — L)? L]><arctg>‘__u+ls+
L 2ty
+ ; arctgy—w—apv_lﬁ. (6.18)
Jas psiaa CKBaXXKHH HEOTPaHHYeHROR JJIRHE npH //L>5
Qe fnL o 8
So = oy [l +- (‘“m +g)]. (6.19)

Jna onpefenewHss NOHHMXEHHs YPOBHS B TOYKaX MEXAy peKkoH H
pPAOOM CKBaXKHH, T. €. npH 0<x<L,

S= Qyx/2lkm, (6.20)
a B ToYKax OT Psifla CKBAXKHH B r1y6b Gepera npH x>4
s = Qeyul /20 km. (6.21)

I(pome AONOJHHTENBHOIO CONPOTHBJIEHHS, CBS3aHHOrO C HeCOBEP-
{OeHCTBOM BOIlOSﬂﬁOPHHX CKBaXXHH, NMPH pacCueTax CJACAYCT YUHTHI-
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BaTh JOMOJHUTEJbHHE TIOTEDH HANoOpa NpH DACHOJNOXEHHH CKBAMXHH
Yy PEKH, JHO KOTODOH CJO0XEeHO OTHOCHTeJbHO CJaGONpOHHIaeMHMH B
CPaBHCHHH C NJIaCTOBHIMH OTJOMEHHSIMH. B 4acTHOCTH, 3TO Xxapak-
TEPHO AN BOAOXPAHHJHIL H pPeK ¢ OGHABHBIM H MEAKOMHCTIEPCHHIM
TBEPAHM CTOKOM, NPHBOASAIIHM K 33aHJEHHIO M KOJbMATallHH PYCAO-
BHX OT/IOXeHHH. JlononHHTeAbHOE MOHHXKEHHE YPOBHS ASx B OQMHOY-
Hoft uiH 0GOGIEHHOH CHCTeMe B3aHMONEHCTBYIOILHX CKBAaX<HH OTNpe-
Jensierca no popMmyne

Asy = — (Qcyw! 2mkm) IMVEL (—2Lb); {6.22)
ANl THHEHHOTO psAfa CKBaXKHH
Asg== Quyu/ 2k my, (6.23)
rae Y — LONOAHHIEALHOS COMPOTHBJEHHE PYCJOBHIX OTpaMeHHf
. kamy ko
b Em Emomy (6.24)

rae ko u mo — KoapduuneHT GHALTPALHH H MOIUIHOCThL ¢JI0A C NOHHXEHHOR NPOHH-
1aeMoCThi0 B pycie DekH; Rimy u km — ko3 dHuUHEHTH BOJOUPOBOARMOCTH TOpPOA,
COOTBETCTBEHHO B pycae Tof cnaBompoHuuacMof mpocnodxoit H B Geperax; ¢yHK-
uns Ei(—2L+y}) — uuTerpanpHas 3KCAOHeHNHalbHasds (YHKUHA OT apryMeHra z=
=2Ly} (L — paccTosiHHe CKBAXKHHH OT DeKH).

Bo Bcex NPHBEACHHHX 3aBMCHMOCTAX NOHHXKEHHe YPOBHs Cchpa-
BEUIHBO AJi HANOPHWX BOJCHOCKHX NJAcCTOB, TAe s==H.H (3mecp
H.— nepBonavaneHHi Hanop B myacTe ¥ H —mHamop B mnponecce
sKcnayaTanie). X MOXHO HCNOJb30BaTh H B CJydde pacueTa CKBa-
MHH B Oe3HANODHHIX BOAOHOCHKWX TOPH30HTAX, €CJH .BEJHYHHA NO-
HHXKEHHMA YDOBHS He mnpesHilaer 0,2k, — nepsoHavanbHOd TIYGHHH
BOAH A0 BOJAOYNOpa, AC BBOJA B AeHACTBHe BOAO3aGopa (craTHueckHH
YPOBEHbB).

B cayuae npoekTHpoBanis OGOJBIIHX TOHHXKeHHH B Oe3BamOpHLIX
BOJOHOCHHIX TOPH30HTAX B NPHBEJEHHMLIX COOTHOLIEHHAX HCKJIOuaeT-
Csi BEJIHYHHA m (MOLIHOCTb HANOPHOrG BOAOHOCHOrO TOPH30HTA), a
B JIeBOM HX Y4CTH BMECTO NOHHXKeHHS ypOBHA 3aNlHChIBaeTCs Iiapa-
MeTp 4, CBSI3AaHHHIH C NOHHXeHHeM YPOBHA B Oe3HaNnOpHOM BOAOHOC-
HOM TOPH30HTE (hOPMYJION

S=he—h=Hh—) h?*—2u, {6.25)

rae A —ray6HEa BoaM B Npolecce 3KCANyaTanuH (AWHAMHUECKHH YDOBEHD).

Tax, manpumep, Ans 0ORHHOYHOH CKBaXKHHK ¢opMyny (6.6) MoxHO
sanucaThb

Uy = [Z%——Et(%)+§]. (6.26

Ananornuneie npeoGpasoBaHHA HENAIOT M AN IPYTHX CXeM BO-
R03a60pOB MO PACNOJOKEHHIO HX B BOIOHOCHBIX IJ1acTax.
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FJIABA 7. KOMIWIEKCHBIE THOPABJIHYECKHE
PACYETHI BOJLO3ABOPOB H3 CKBAXKHH

7.1, Pacyetnt pexXHMoOB paGoThl ONHHOYHBIX CKBAXKHH

CoBpeMeHHble CHCTEMH BOJAOCHAaOXKeHHSt H3 MOA3EMHHIX HCTOYHH-
KOB IPeACTaBJSIOT COB0H KOMIIJEKC B3aMMOCBS3aHHBIX COOPYKEHHA.
C oaHOft CTOPOHH, 3Ta CBHA3b NpPOSIBASETCS B pe3yjnTaTe HHTepde-
peHUHH CKBaXHH, ¢ Apyrof —3a cYeT TOTO, YTO B3aHMOAEHCTBYIOMIHE
CKBAXXHHB 00beHHEHH MeXAY coO0H CHCTeMOH cGOpHLIX BOAOBOKOB.
BaauMonelcTBHe 3THX KPYNHHX 3J€MEHTOB B 3HAUHTENBHOH CTeNeHH
3aBHCHT OT OcOOeHHOCTe#i BoaoNoAbeMHoro o6OpYyAOBaHHS, ycTaHaB-
JIRBA€MOI'0 B CKBaXXHHaX.

B cywecrsyomiyx pa6oTax mo pacyeTy Boao3abopoB NOA3EMHEIX
BOJ He YAeNero J0/KHOTO BHHMaHHSI 3TOMY OOCTORTeJBbCTBY: B HHX
paccMaTpHBaloTes JgHO60 3alaud  [HAPOTEOJOrHYECKOro pacyeTa H
OllEHKH 3amnacop MOA3eMHBLIX BOJA, JHOO BONPOCH THAPABIHYUECKOTO
pacyeTa H TeXHHYECKOrO0 OCHALIEHHs CHCTEMbi MOXAYH BOMALI OT CKBa-
KHH. CHOXHBIUHFCS TakKHM 00pa3oM TOAXOA K NPOEKTHPOBAHHIO BO-
103a60pOB MOA3EMHEIX BoA NMPHBOAMT K TOMY, UTO BBeAcHHbIe B jefi-
CTBHE COOPYXEHHSI yKe C NepBbIX JieT JKChJuyaTallnh paboTawT B
pexHMe, He COOTBETCTBYIOLIEM pacueTHOMY. BmecTe ¢ TeM 3 dexTHB-
Has paboTa Boao3abopoB MNoA3eMHBIX BOA MOXeT OHTBH obecrneueda
JAMlIb B TOM CJiyuae, €cJH Ha CTaJHH HX NPOEKTHPOBAHHS M PeKOH-
CTPYKUHH YYHTHIBAIOTCSl OCHOBHble (DaKTOPHl, OTpaxKalolHe B3aHMO-
AeHCTBHe OTAENbHBIX COOPYXEHHR B Mpollecce 3KCIAYaTallHH CHCTe-
MH. B CBSI3H € 3THM BecbMa akKTyallbHOH CTZHOBHTCS 3ajava Mo no-
BHIUEHHIO 3((EeKTHBHOCTH AeHCTBHSA BOA03a60POB NOA3EMHBIX BOJ.
PemenHe 3T0H 3a1a4d B 3HAaYMTEbHOH CTEMEHH CBA3aHO ¢ paspa-
60TKOH METOAHMKH XOMOJEKCHOro pacyera BOA03a0OPOB HOA3EMHBIX
BOAL M METOAHMKH OUeHKH 3(D(DEKTHBHOCTH MEpPOIpPHATHA 110 HHTeHCH-
$HKAUHH X JeHCTBHS.

Ilpu sKkcnayaTanMu CHCTeM BOJAOCHAGXKeHHs, KpOME TOTO, Tpocie-
XHBaeTcsl B3aHMOCBSI3b MEXJY NPOM3BOAHTEABHOCTLIO CKBAXKHH H
B0J03a60pa B UEJAOM NIPH H3MEHCHHW THAPOJHHAMHUYECKOTO PEKHMa
NOA3EMHHX BOA, a TdKXKe THAPaBJHYECKHX napaMeTpoB OTACJLHHX
COOpYXEHHH.

OcHoBHOH 3ajaueil KOMIUJIEKCHOrO pacueTa BOA03a6OPOB NoA3eM-
HHIX BOJ SBASETCA onpeAesieHHe HCTHHHBIX 3HadYeHHH PacxopoB CKBa-
XKHH H NOHHKEHHH B HHX YDOBHS BOJAB, a TaKXe pacxONOB H TOTephb
Hanopa B cOOpPHBIX BOAOBOAAX H NapaMeTpOB paboTh BOAOMOABEMHO-
ro obopynosaHus. [loaToMy TakHe pacueTh cieldyeT TPOBOAHTH IIpH
Pa3JHYHBIX paCyeTHHIX peKHMax B Ha pa3JHUMbIe NMEPHOAH 3KCIAya-
TallHH BOA03a60poB (T. €. ¢ YYEeTOM Ce30HHBIX KosebaHHH ypoBHef
H cpaBoTKH 3amacoB MOJ3eMHLIX BOJA, KOJbMAaTaxa H BHIXOAAa CKBa-
JKHMH H3 CTPOS, OTKJIOUEHHH OTAEJbHHIX JHHHYA cOOpPHHX BOAOBOAOB
H T. I.) H Ha OCHOBe 3TOT0 HaMeuaTb CPOKH MPOBENCHHS MEponpHd-
THH, HanpaBJeHHbLIX HA TIQAAepkKaHHe CTabHAbHOH paboTH  CHCTEM.
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Pre. 7.2. T'padoaHalHTAGECKRE Me-
TOJ| PACYETA CHCTEMH CCKBAMHHA —
Hacoc — BOJOBOJ, — pe3epByap»

Prc. 7.1. CxeMa mnopays BogH 0T
CKBAXKHH

1 — nacoc; 2 — uabTp

e et e ok

Has aroit nenu so BHUK BOIATEO paspaGoran naker npHKJaIHBIX
nporpaMM H «PeKoMeHAauWH no npHMeHeHHo OBM aas BumonHenus
KOMMN/IeKCHBIX pacyeroB BOJO3a60DOB MOA3EMHEIX BOIA».

Hcxonnsiv MaTepHaIOM JJisl BHIOJHEHHS TAKHX PacyeToB HABJS-
OTCH:

a) THOPOTEONOTHYECKAs pacyeTHAs CXeMa pachloJIOXKeHHS BOAO-
3a60pHEX W HHOHIBTPARHOHHKEX COOPYKeuHil,

6) 3anpOekTHPOBaHHAs cXeMa cGOopa BOAK OT CKBaXKHH;

B) NpHHATAasE B NPOEKTe BHCOTHAs CXeMa MOAaYH BOABL NOTPebH-
TeJo.

Ilpu oTGope BOABI H3 CKBaXHHH (pHc. 7.1} nanop Hacoca H 3a-
TpaudBaeTcs Ha NPEOAOJeHHe reOMeTpHYeCKOH BHCOTH MOAbeMa BO-
I 2, NTOHHXXEHHe YPOBHS § H MOTepb Hamopa B BOAOBOAe Ak OT
CKBaXHHH JO TOYKH nopaum Boan. Hacoc, ycTaHoBneHHHH B cKBa-
JHHe, Pa3BHBAaeT HaMop, paBHHHA

H= (VP - vt‘r.rop) -5 +Aha' (7'1)
rpe H —nonnas BHcOTa NMOABEMa BOAH H3 CKBAKMWHH; VP — OTMETKa YDOBHS BO-
AH B peaepsyape; Verrop — OTMETKA CTATHYECKOTO YDPOBHS MPYHTOBHX BOJ; S — IO-
HHXeHHe YPOBHS B CKBaXHHE; Ak, — NOTePH Halopa B BOJOBOAE OT CKBaXMHBI IO
peaepByapa, BKIKOYAs MOTEPH Halopa B BOAONOABEMHHIX Tpybax.

Pasnocts otMeToK (VP — Virrop) — 3TO reoMeTpHuYecKas BHCOTA
noabeMa BOAK H3 CKBaXHHH, EciaH 3TH OTMeTKH He H3MEHAKTCA, TO
(VP —Vrrop) =const. C apyroit cToposH, Hacoc passHBAaeT HANOD
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B COOTBETCTBHH ¢ ero pabouefi XapakrepucTuko#t Q — H, kotopas B
AHalna30He ONTHMaJIbHHX 3HAaYeHHH K. I A. MOXeT OHTb anfmpOXCH-
MHPOBaHa YpaBHEeHHEeM

H=A—BQ, (7.2}
rae A W B napaMerpH xapaxTepucTHE® Q — H macoca.
Mopcravwoska (7.2) B (7.1) u yuer 3aBacuMOcTH s=={(Q) w Ahy=—

=4 (Q) maer
2= (Q/2xkm)(R +§) + [pAsQ* = A — BQ (7.3)

[IpAMenBTeNbHO K OAHHOYHHM CKBaXXHHaM ypasHenHe (7.3) Mo-
¥eT O6HTh pellieHo rpadHueckd. Ias s3Toro koopAHHaTH Q — Hy cie-
AyeT pacnoOJIOXHTb TaKHM 06pa3oM, YTOOH Touka f1==0 Haxoxumach
Ha OTMeTKe V¢rrop. TOraa JauHHst V=const Ha rpaduke (puc. 7.2)
ONpelesIHT TeOMETPHYECKYIO BHCOTY NOABEMa BOAB H3 CKBAXXHHH, a
KpHBas [ -— XapaKTePHCTHKY CKBAXKHHH Q — § (XapaKTepPHCTHKA CKBa-
¥HAH MOXeT OHITh NOCTPOENA KAaK HO ONBITHRIM JaHHHM, TaK H Ha
ocnoBe pasuctoB). HakoHeu, 3agaBasicb THApPaBJIHYECKHM CONPOTHB-
JeHHeM, CipoAT XapakTepHcTHKY BomoBoma Q — Ahg (kpuBas 2).

Ilpu caoxenun XapakTepucTHK Q@ —S H Q — Ahy Ha JHHHH V=
=const HaXxoAMTcA COBMELIEHHAs XapaKTepHCTHKA (KpHBas 3) ckpa-
JKHHBI, BOOOBOAA H pe3epByapa, npeacraBasiiolias cobofi rpaduk
3aBHCHMOCTH NOJIHOH BBICOTH NOABEMa BOAB OT NPOH3BOAMTENbHOCTH
CKBaXHH.

Ha puc. 7.2 nokasaHa Takxe XapaktepucTHka Q-—H wacoca,
KOTOpHI nNpeAnosnaraeTcsi ycTaHOBHTb B cKBaxKHHe. [Iepeceuenne ee
¢ kpuBof 3 naer pabouylo TOYKY Hacoca ¢ KoopAuHaTamH Qp u fp
(rme Qp— meficTBHTENbHAS NPOH3BOAHUTEJIBHOCTh Hacoca H Hp— Ha-
[op, pa3BHBaeMHIl HAacOCOM NpH Takoi rnopade Boal). OQQHOBpeMmeH-
HO C 3THM ONpeleJieHH TaKKe BEJHUHHH Sp B CKBaXXHHe H Ahy B BO-
zJoBone.

3ayacTyic H3 MMEOLIEroca COpTaMera He yjaercss nopofpate
Hacoc, paboyas TOYKa KOTOPOro TOYHO 6Bl COOTBETCTBOBaJa Tpefye-
MbIM 3HauenHaM Qr wiam H, ckBaxuubl. [103TOMy Ha mpakTHKe Haco-
Cbl NOAGHPAIOT C HEKOTOPHIM 3alacoMm [0 HaNopy H IPOH3BOAAT pe-
TyJHpOBaHHe MX TNPOH3BOAHTEJBHOCTH. Takoe peryJHpPOBaHHe, Kak
NPABHJIO, OCYIECTBJSETCH ¢ OMOUIbIO 3aJBHXKEK, YCTAHOBJEHHHEX HA
HamopHON JIHHHH; peXXe — H3MEHEeHHeM 4uHcJ1a paBoyHX KoJjec Hacoca.

B ToM cJaydae, KOrAa NPOH3BOAHTENBHOCTb HaCOCOB peryJHpyeTcs
YCTaHOBKOH JApoccesis Ha ManoPHOH JHHHH NPHCOeAHHEHHR CKBAaXXHHH
K BOAOBOAY, K.Il. . YCTAHOBKH pe3KO CHHXaeTcf H  COCTaBJser

n=ny |1 —(2H] Hy)},

rhe V) — K. 1L X. YCTAHOBKH, CHATH# ¢ rpaduka Q-— A npu aazaugoM Q Hacoca;
Hy —Hamop Hacoca, COOTBETCTBYIOUHA Nojave Q 3a BHUETOM TMOTePs HAMOpa Ak,
B BOJAOBOJAE; 2/ — BesHUHHA LPOCCENHPOBAHHA.

Tako#i cnoco6 perysHPOBaHHS BBHAY HEIKOHOMHYHOCTH He MO-
¥eT GHTb PEKOMEHAOBAH Ha JJIHTEJIbHOE BpeMs, 0COOEHHO B TOM CJY-
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wae, Koria 3nauends zH Beauku (2H>AHy, rae AHy— nanop, pas-
BHBaeMbIt OlHHM pabouHM KOJECOM Hacoca).

lpre zH>AHy peryanpoBaHHe [pOH3BOJAHTENbLHOCTH HAaCOCHHX
YCTaHOBOK CjeflyeT NMpPOH3BOAHTb H3MEHeHHeM 4YHCiIa pabouMx Kodaec,
Uneao xoJjec, KOTOpble HeoOXOAHMO CHATH € HACOCa, OnpelenseTcs
BhipaxeHHem A=zH[AHy ¢ OKpyriacHHeM 7 fo OnuxKaiillero HaH-
MEeHbIHEro LeJoro 3HauYeHHS.

B ToMm cayuae, ecin zH>7AAHy, TO OXHOBpEMEHHO C H3MEHEeHHeM
yncia pabogmx kKodec Ansi obecrnedeHHst 3aJaHHOW IPOH3BOLHTE/b-
HOCTH HAacoca MPOH3BOAHTCA YCT2aHOBKA ApOCCENs Ha HANOpHOR JIH-
HHH. BesHuHHa ApocceTHpYeMOro Halnopa NPH 3TOM COCTaBJSeT

2H' = zH —nAH,.

[Mycte no ycnoBHio TpebyeTcsi ofecneuHTs NMOJAauy BOABI B pesep-
Byap B KOJRuecTBe Qn, NnpHYeM Q.<<Qp. 3TOMY pacxopy Ha COBMe-
LIeHHOM TpadHKe COOTBETCTBYeT Toyka B ¢ KOoOpaHHATaMH Qr H Hi.
Hanop e Hacoca mpH nomade Bogbl B KojuuecTBe Q. pasen H'y
(H'x>H,;). CaenoBaTeJbHO, BeJHYHHA ApPOCCEJIHPYEMOro Halopa co-
craBisier H'== (H’y — H.). Ha nepeccyerHn mnepneHAMKY.Jsipa, BOC-
CTAHOBJIEHHOI'O H3 TOUKH B Ha ocb abcumce, ¢ auudsMu 1 u I1 gexar
HCKOMBIe 3HaYeHHs Bcex NepeMeHublx 2f’, Ahy M s HpH nojage BOAH
B KOJIHYeCTBe Qr.

[Mpn H3MeHeHHH KaKOH-THOO H3 COCTaBJASIOIIHX (CM. pHC. 7.2)
NPOHCXOAHT CMellleHHe pafouell TOUKH HAacoca MO XapaKTepPHCTHKE
Q — H. Tak, nanpumep, cpa6oTKa 3anacoB NOA3EMHLIX BOJ, NPHBOXHT
K yBe.rmqumo I‘EOME‘:’I;pH'-IeCKOI“{ BBICOTHI NOoabeMa H3 CKBaXHH, T. €.
K yBeJHUeHHI0 H uacoca H COOTBeTCTBEHHO YMeHbllleHH Q. Anano-
CHUHAA KapTHHa HaG/i0faeTcsi H NpH YBeJHUEHHH THADPaBJIHUECKOTO
CONpOTHBJAEHHs (QHIbTPAa CKBaXHH, OOYCIOBASHHOrO KOJbLMAaTaxKeM.

Bpemsa Ts, B TeyeHHe KOTOPOTO He MPOHCXOAHT HapylleHHs Yc-
JOBHE Sp<Spon HIH Qp>Qr, MOXKHO CUMTATh MEPHOAOM YCTORYHBOR
pab6otrbi ckBaxXuH. OAHAaKo Ha NpaKTHKe 3TO BpeMs, KaK NPaBHJIO,
OKa3blBaeTCsi MeHbllle PaCYeTHOrO CPOKa AEHCTBHS CKBAaXHH.

JonycTeM, 4TO xapakTepHCTHKa CKBaXHHH (pHc. 7.3, a, KpuBas /)
Oniia ONpeneeHa Ha TNEPHOA COOPYXKEHH:S, a B NpOLecCe ee SKCNaya-
TallHH THAPAaBJHYeCKoe CONPOTHB/ACHHe ¢HJIbTPAa BO3POCIO, H  Xa-
paKTepHCTHKa cTaga onpejensThcess kprsod //. B pesyabrate 3THX
H3MeHeHH#H paGouas ToUKa HAacoca CMeCTHTCS H3 TOUKH B B Touky B’.
Mpu 5ToM, KaK BHAHO H3 rpadHKa, NOHHXXEHHE YPOBHS BOAM B CKBa-
XKHHE COCTABHT §'>>S, a NPOH3BOAHTEJbHOCTH €e YMEHbUIHTCS Ha Be-
auurgy AQ. Yrtobw rpaduueckHe nOCTpoeHHs ObliH Gonee Harusi-
HBIMH, Ha pHC. 7.3, a xapakrepHcTHKa Q— H Hacoca 3aMeHeHa Ha
TAaK Ha3blBaeMYi0 APOCCENbHYI0 XapaKTepHCTHKY, NMOJYYEHHYIO BBLIYH-
TanHeM M3 OpAHHAT H NoTepb Hamopa B BOXOBORE Alg.

Jns obecneuenns Tpe6yeMOR NPOH3BOAHTEJIbHOCTH YCTAaHOBKH B
KOosHyeCTBe Qp CJEeAyeT YMEHBUIHTb NOTEPH Hamopa Ha Apoccese Ha
BeJHUHHY (S'—S), H OHH JOMXKHBl cOCTaBHTb (2H) = (zH) —
— (8’ —s5). Ilpr 5ToM TMOHHXKeHHe YPOBHS BOJAB B CKBaXKHHE BO3pa-
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Prc, 7.3. TpadoanaIHTHIECKHA METON PEMIEHHA 3aAadq

@ ~— peryJ§poBaHHe NPOH3BOLHTEJBHOCTH CKBAXKHHH; § — pacuer NpHPOCTa NPOH3BO-
IHTeNLHOCTH ckpaxHH npy UBIIB; 8 — pacuer ¥ noxfop BoOAONOABEMHOrO 060pYyAO-
BAHHS ADTE3HAHCKHX CKBAaXHH

craer. IlosToMy TaKO#l CilocO6 peryaHpOBAaHHS MNPOH3BOJAHTEJBHOCTH
MOXHO TIPUMEHATH JHIIL B TEUCHHE ONPENENCHHOTO CPOKA SKCINYa-
TauHH, NI0Ka NOHUKEHHe B CKBaXKHHe OYAET MeHblue, YeM Spon, HIH
noka 3Hauerue (2H)'>0.

Ha pHc. 7.3, @ Touka [ COOTBeTCTBYeT YCJOBHIO, KOLAa fipH Q==
=Qr, (2>0), a s==§pon. IIpr HeusmennoMm (2H)’ panbHeHwmu
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POCT COTNPOTHBJIEHHS BHI30BET CHHXKEHHE NPOH3BOJIHTENBHOCTH YCTa-
HOBKH. BMecTe ¢ TeM, ecnH yMmenblunth (2H)’ 1o 3HaueHnii, NpH Ko-
TOPHX TOJada BOABl OT CKBaXXHHBl COCTaBHJa O Qq, TO BO3pacTeT
NOHHXeHHe YPOBHS BOAB B CKBAXKHHE H § NPEBBICHT Sgon. CheoBa-
TeJIbHO, XapaKTepHCTHKa CKBaXXHHb, TpeicTaBjieHHas KpHBoi [J,
COOTBETCTBYET YCJOBHSM, KOTAA (HILTP NPEeiesbHO 3aKOJIbMaTHPO-
BaH H JjajbHeiilllasi 3KCMJAYyaTallHs YCTAaHOBKH 6e€3 OCYIIeCTBJIEHHS
KOMTJIeKCa MEepONPHATHH MO BOCCTAHOBJEHHIO TNPOH3BOIHTEJbHOCTH
CKBAXXHHBl OKA3BIBAETCS HEBO3MOMXKHOMH.

Perenepaunell guabTpa CKBaXHHBI yaaeTcss HLOOHTbCS yMeHbllle-
HHsI THIPaBJIHYECKOTO CONMPOTHBJEHHS A0 3HAYEHHH, OGJH3KHX K Ha-
wanabHOMY. Toraa npu ppoccennpyeMom nanope (2H)’ nporssonureb-
HOCTb YCTAaHOBKH COCTaBHT Qu>(Qr, a MO Mepe pocTa CONPOTHBJIEHHS
nojaya BoAH OYAeT CHHXAThCs H JHUIb NPH HOCTHXEHHH Npeleb-
HOH 3aKOJIbMAaTHPOBAHHOCTH (QHJbLTPA CKBaXKHHB OKaMXeTCs pPaBHOII

Q. :

Beenenne B neficteRe cuereM MIBITB BH3HBaeT NMOBHIUEHHe YPOB-
Hi TPYHTOBHX BOJ, a 3TO, B CBOWO odepellb, NPHBOM{T K YBEJHUEHRIO
TIPOH3BOAKTENLHOCTH HAcOCa, YCTAHOBJIEHHOrO B CKBaXKHHe. BMcere
c TeM. AJs ofeCneyeHHs 3aJlaHHOrO NMPHPOCTa TPOH3BOJHTEIbHOCTH
TakXe HEOGXONHMO OCYIIECTBJSAThH PEryJHPOBaHHe paGOTH HAcoca HH
NpOH3BOIHTb €r0 3aMeHY.

HonycruM, uto ycranoska KIBIIB BBesena B JeRCTBHE B MOMEHT
BpeMeHR {=T; (xorga (RJIbTP CKBaXKHHbl NMpeJeNbHO 3aKOJbMAaTHPO-
BaH) u obecneyHsa NoOBbIIUEHHe YDOBHS Ha BeJHUHHY As. Toraa, oc-
HOBBIBAsICb Ha TRJPOTe0JIOTHYECKHX pacueTax, 0KasblBaeTcsi BO3MOX-
HHM TOHTR Ha yBeJHueHHe OTGOpPa BOAH C JAOBEJEHHEM €ro A0 BeJH-
YHHB Qr, PaBHOH:

Q= Q@+ [2xkmAs [ (R, + E)], (7.4)
The Ro— QUIBTPAUHOBHOE CONPOTHR/ENHe BOZOHOCHOrO MJacTa MpH JEHCTRHH  BO-
L03a60PHOR CKBaXHHEL; § — RONMONHHTENLHOE CONPOTHBAEHIE Ha HecoBepIleHCTBO
CKBaXKKHH B MOMEHT BpemeHH Ts.

Ha puc. 7.3, 6 BenHunHa @, ssasiercsi aGeuuccolf Toukn C, nexa-
el Ha NepeCeYeHHH XapPaKTePHCTHKH CKBaXHHH (JMHHHA 1) H nUHHA
a6 (Sgon—+AS). YunthiBast, uto As= QsRe/2nkm, (rae R¢ — duabTpa-
LLHOHHOE CONpPOTHB/IEHHEe BOAOHOCHOTO NJacTa NpPH AeHCTBHH YCTaHOB-
ku MBIIB}, MOXHO HafiTH ny:

e = Ro/ (Ro + §). (7.5)

rae Me— K. . A ycraHoBkn HBIIB, koTopHi moxer 6LiTh NOCTHTHYT B JAHHEIX yC-
JIOBHAX,

PaccMoTpuM, Kakoe e 6ylleT mONy4eHO 3HAUYEHHE 1y, €CJH B CKBa-
XHHEe OCTaBHTb Hacoc, NonobpaHHblii 6e3 yyeTa PaboTH! YCTaHOBKH
UIITIB (cM. puc. 7.3,a). B 31oM ciyuae ans HaxXOXXeHHs HOBOH pa-
fouefi TOUKH nacoca HeOOXOAHMO OT JHHHH 2zP= (2P — As) 3auoBo
BOCCTAHOBHTb XaPaKTEPHCTHKY CKBaXXKMHBI 10 TiepeceueHHs ee C
ApoccenbHOH XapaKTEeDHCTHKOX Hacoca (pHe. 7.3,6). AG6cuuccofi
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Puc. 7.4. CxeMa K pacuery CKBaXEHH Npu CHPOHEOM BOR00T6Ope

TOUYKH /I’ onpejensieTcss pacxof CKBaXHHH Q” ¢ yueToM ApOCCEnHPO-
BaHHA Hanopa Hacoca Ha BejiuuyuHy (2H)’, a abcuucco®t Toukw B” —
pacxoa ckBaxHHH Q' mpu (2H’)=0. Kak BuAHO M3 rpadukos, Bme-
JleHHe B faedcTBHe ycTaHoeok MBIIB 6Ge3 3aMeHH BOJONOABEMHOTO
0bopylaOBaHHA CKBaXXHH OyleT BCerja NPHBOJHTb K 3aHHXKEHHIO 1.

B apTe3snaHCKHX GaccefiHax YPOBHH MOA3EMHHX BOJ MOTYT HaXo-
LHTbCA HA OTMETKaX, NpeBHIIAINHX OTMETKH MOJAa4dH BOABL NOTpe-
Gutenio. 3To MO3BOJASET Ha HAYaJbHOM 3Tane OCYIECTBJAATH 3KCIJY-
aTauHK CKBaXHH B peXHWMe CAMOH3JHBA H JIHIb MO HCTEYeHHH Ol-
PEAECNIERHOr0 BpeMeHH TIepexXOAHTb Ha OTKa4yKy BOAW HACOCAMH.
XapakrepHHH rpadHK H3IMeHeRHS BO BpeMEeHH Hanopa Npu Ae#CTBHH ap-
TE3HAHCKOH CKBAXHHH B peXHMe CaMOH3NHBA C MOCTOSHHBIM pac-
xonoM Qr NMpencTaBieH Ha pHc. 7.3, 8. M3 Hero BHAHO, YTO B TeyeHHe
MepBHX !y JeT 3KCNAyaTalHH Halop Ha yCTbe CKBAXHMHBI HaXOQHICH
Ha OTMeTKax BHIi¢ NMOBEPXHOCTH 3eMmad. IloatoMmy, ecan Boma or
CKBAaXXHHH NOMAETCS B pe3epByap, PAClNONOXKEHHH Ha OTMETKe 3eM-
JIH, TO BpPeMeHeM [=={; omnpeiessieTcs NPOAOJIKHTEJbHOCTb paGoTH
CKBAXHHBI B DEXXHME CaMOH3JHBA.

Hna obecneuesHss 3agaHHMOM NMOZAYHM BOABI NOTPEGHTENIO NpH >
>1; B CKBaXHHe CJEAYeT yCTAHOBHTL HacoC; BLIGHpaTh MapKy Haco-
Ca cleayer ¢ yyeToM AajbHeHiled cpalOTKH 3aDacoB NMOA3EMHbBIX BOJ.
Meronnka mogfopa HACOCHHIX YCTAHOBOK Ha pas/iHUHbie IMEPHOAB
BpEMEHH HJJIOCTPHPYETCA Ha pHC. 7.3, 8, rie B KoopAHHaTax S — 7
npejacTaB/ed rpapHKk H3MeHeHHS BO BPeMEHH Hanopa NMOA3E€MHBIX BOX,
a B koopAHHaTaXx Q-— H — npoccenbHble XaDAKTEPHCTHKH HAcOCOB C
y4eToOM Halopa B BOAONOXBEMHHX TPyOax.

AnanordyHbeM 06pa3oOM BHINOJAHAIOT pacyeT B B cayuae CHPOHHO-
ro or6opa BOAbl H3 CKBaXWH. ECJAH, HanpHMep, HMeeTCs OJIHHOYHASA
CKBaXKHHa, OT KOTOpPO# BOJAa MO CHPOHHOMY BOZOBOAY NOAAeTcs B
c6opHbIH pesepByap (pHC. 7.4), rpadoaHaadTHYUECKHH pacyeT CBOAHT-
CA K BBHINOJHEHHIO CJAeAYWIURX MocTpoeHHil. B koopamnatax Q — H
CTPOHTCSl 3aBHCHMOCTb S=vy(Q), T. €. XapaKTeDHCTHKAa CKBaXKHHH
(xpuBasi ). Jlaiee X OpAHHATaM XapaKTepHCTHKH CKBaXXHHW IpH-
GaBisloTCA 3HaueHHs Ahp —NOTepH Hauopa B BOJOBOJE — H NPOBO-
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IHTCS MHHHA 3, OTpaXawulas OTMETKY HamoJIHeHHs BOAW! B Pe3epBy-
ape, OTCYHTAHHYIO OT CTATHCTHYECKOYO I‘OpHElOHTa. Ha neprneHAHKY -
pe, onywleHHOM H3 ToukH A nepcceuenus jauuH# 2 H 3, sexar pac-
yeTHBIe 3HAYEHHS Sp H Ak,, cOOTBeTCTRYIOUIHE Q).

7.2. Pacuer cHcTEM NMOAAYH BOAB OT CKBANKHH

PaccmoTpum npocTtefiniyio cxeMy Bojgo3afopa B BHIE JIHHERHOro
psiaa ckBaXkH, paboralomux Ha ofHK c6opHHIA BOAOBOA (pHC. 7.5).
Hanop, TpefyeMuii Misl Nojayd BOAH B KOJAHUeCTBE Q, H3 Ji06oit
n-f CKBaXXHHB Ha 3aBaHHYIO OTMETKY, COCTaB/seT

Hy=z+s,4-AH,

TAE Sa-— MORHXKEHHE YPOBHA BOAKW B JMoGoRt 7n-A CKBaXHHe, oOfpejsensieMoe ¢ yue-
TOM AefCTBAS OCTANBHWX CKBAXHH; AN — NoTepH Hamopa B BogoBoge OT 71-f CKBa-
XHHH [0 ToukH c6opa BOJK.

n—1 N A—1 N
AH,=1,% A4,(3Q— % Q) +LAs(3 Q) (7.6)
=1 j=1 f=1 =

B ckpaxunax MOryT ObITb YCTAHOBJEHH HACOCH PAa3HbIX Mapek.
HoatoMy ucxoxHas cucrema ypaBuedufi Q. Ans pacyera N HCH3BeCT-
HBIX BeJJHYHH NPHHHMAeT BHJ

B,Q2 +s,-AH,—(A,—2z)==Ah, (7.7}

aaa n=1,2, 3, ... N.

Hennpefinas cHcreMa ypasuenu#i (7.7) pelraercd MeTOAOM hO-
CHeOBATENBHEIX NpHOAHNKEHHR. B KayecTBe nepBoro NpHOGAHMKeHHS
MOxkHO NpHHATE Q.=Q/N, rae Q — npoekTHas NPOB3BOAUTENBHOCTb
Bol03aGopa, H, NOACTABHB STH 3HaUeHHsA B ypasHeHHe (7.7), HalTH
Ah, (rne Ah, — HeBA3KH NOTepb Haropa Mo Kaxaomy H3 N ypasue-
HMH, BO3HHKAIOMIHE U3-3a TOTO, YTO NPUHATHIE 3HaYeHUs Q. HE YAOB-
JEeTBOPAIOT CHCTEME YPaBHEHHH).

Ecau ycaoBue

[AR, e {7.8)

He BHINOJAHAETCA, TO 3HayeHHe @, C/eAyeT H3MEHHTb Ha BeJHYHHY AQ.,.
Benwyn#a monpaBodHOro pacxoia AQ. ANA KaxKAoro n-r0 ypaBHe-
HUA MOXeT GHTh NpUG/IHXKEeHHO paccunTana no dopmyae

a—1 N n—1
AQ,=0,5Ah,/ {B,,Q,. HZARG- R Q)

=1
ooy (3 Q) +22H) (7.9)
020 =1 / 2nkrn ’
H IpHHHMAeTCHA CO 3HAKOM -+ HJAH -—, COOTBETCTBYIOLIHM 3HAKY HE-

BS3KH Ah,.
CHcrema ypasuenuit (7.7) cuuraeTcs paspeliennoil, Korga B mpo-
necce mOCNAEAOBATENbHHX NPHOJHKeHUN HaHAeHH TakHe 3HaYeHHA
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PHc, 7.5. Cxema mnopcoenHHeHHs CKBAXKHE JaHRefiHoro pana x cGOPHOMY BONOBOAY

Qs, TIPH KOTOPHIX BHMOJHAeTcs ycaosue (7.8). IMocne 3Toro BhIUHC-
JASIOT Sp!

o= g (Ran +-E0a) o+ 3r =

Ife HHAEKC * yKa3elBaeT Ha TO, 4TO H3 CYMMH HCKJIOU€EH UneH j=#. Kpo-
M€ 3TOrO, ONpelesfIOT BeJIHYHHE HaNOpOB HacoCoB

H,—=z+s,+AH, (7.11)

2 TakXe pacyeTHble 3HAYeHHS PacXof0B H MOTepPb HaMOpPa B JHHHSAX
CETH.

Ha#inennele B pesaynbrare mnoBepOYHOro pacyera 3Hauyenuss Q; H
S; MOTYT He YJ.IOBJIeTBOp}{Tb OrpaHHYCHHAM BHA2

Z Q} Q S <snom Qmm Q/< Qmax' (7‘12)

rie Qmin, Q,,,,,,—-coo*raerc'raenﬂo MHHHMAJbHEH B MaKCHMalbHHA pacxojl ycra-
HOBJICHHLIX B CKBAXHHAX HACOCOB.

B 9ToM c¢ayyae HeoB6XoAuMo nu60 NpPOH3BECTH 3aMeHY HacocoB
N0 CKBaXHHaM, CJ¢ He BHIOJHAITCS BTOPOe HJH TpeThe YCJAOBHE
(7.12), an6o orperynupoBaTh HX paboTy Ha TpeGyeMBIil PeXHM IKC-
niyataunu. JIns storo pacder Bogo3aGopoB NPOBOAAT B CJeAYIOLIEM
nopsijKe.

Inkm R”" (7.10)
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CHayana BHIMOJIHSIIOT PHAPOreOJOTHYeCKHe pacueThl BOAO3a60pHBIX
coopyxxenn#l. IIpu 5TOM B 3aBHCHMOCTH OT IOCTAaHOBKH 3ajauH (oGec-
neveHge MaKCHMaJbHOH UM 3afladHOll MPOU3BOAHTENHHOCTH Bojo3a-
60pa) YUYHTHBAIOT ycJA0BHA paboThl BOL03a6OPHEIX CKBAXKHH: a) B
PEXHMe §;=Syon; 0) B pexume Q;=const ¢ cobaogeHueM ycaoBHA

N

'E‘Q,-.:Q; B) NMpH KOMOHHHpPOBAHHOM peXXHMe (nmo nm. a H 6), KOrAa
el

Tpebyercs Mo pAAy CKBaXXHH 06Gecneydth BHIMOJHEHHE YCHOBHA §j==
==Szom, @ O OCTANBHLIM — Q;==const.

B pesysibrare rHAPOreoJIOTHYECKHX PACYETOB ONpefleJflOT BesH-
YHHH Q; Mo CKBa)KHHAM, HeHCTBYIOUIHM B PEXHME S$;=Spom, H B
CKBaXXHHAX, KOTOpble JAelicTBYIOT B pexume Q,=const. I'lo 3aBepive-
HUH THAPOTeoJOrHUeCKHX PAacyeTOB NMPOBOAAT THAPABAMUECKHH pac-
9eT CHCTeMBI c60pa BOAB OT CKBAXXHH, B Pe3yJbTaTe KOTOPOIO ycTa-
HaBJAWBAKTCA PaACXOALl H noTep!{ Harnopa B JIHHHSAX CeTH, a TaKXe
cBOGOAHBIE HANOPH B TOYKAX NPUCOCAHHEHHS CKBAaXXUH K cOOPHHIM
BOJoBoJAAaM. Ilo HM3BECTHHIM 3HAYEHMAM TOHYXKEHHH YPOBHS BOAL B
CKBaXKMHaX H CBOGOAHBIX HATIOPOB PacCUUTHLIBAIOT TpeSyeMble HANOPH
H noAGHpAOT HAacOCH (NPH HEOGXOAHMOCTH OCYUIECTBASIIOT HX Pery-
JHpOBaHHe HA 3aJaHHYI0 NOAAYY BOAK H3 KaXAOH cKBaXKuuh). Ilpu
BHUNOJHEHHH pacyeToB B TaKOil NOC/JeJ0BATeNbHOCTH MPOH3BOJHTEJb-
HOCTb BOJAONOABeMHOro 06opynoBanusi GyZeT B TOYHOCTH COOTBETCT-
BOBATh HAMEUEHHOMY PeXKHMY paboThl CKBa>KHH.

Ipu pemenun noAo6HBIX 3ajay CJAeAyeT OPHeHTHPOBAThCHA Ha HC-
noan3oBanue IBM [17].

Tpumep pacyetra, Bogo3aGop pasMelllaeTed B IodMe DEKH W IIPeJCTABJIEH Lfe-
CThI0 BOAO3aBOpHHMH ckBaXKHHEaMH {puc. 7.6). CkBaXuHH OTGHPAOT NOA3EMHHE
BOAB H3 OJHODPOAHBIX IECKOB YETBEPTHYHOTO BO3pacra. MomuocTe o6BoRHenHON
TOMUIA MeckoB coctaniser M=20 m. B ocHOBaHHH BOZOHOCHOrO rOpH3oOHNTa 3ajerait
TIHHB, CIyXailke BonoynopoM. CmepXy naacr MepekPET NPCYZHO-CYTIHHHCTEIM CJI0-
eM MOUIHOCTBIO NMopsfka 2,5—3 M. Koadduunest ¢uabTpanuu nopos BOAONOCHOTQ
ropH3oHTa #g=20 M/cyT. Ilog3eMHMe BOZM 3aierailoT HA raybuue 2 M OT nosepx-
HoctH 3eMJH. [lo cBoeMy XHMHUECKOMY COCTaBY OHH OTHOCATCA K T'HApoKapOOHat-
HO-KaJBUMEBOMY THIY ¢ NOBHIIEHHBIM COAEPXaHHeM JXeje3a — 10 0,5—1 wmr/n #
CKJIOHHB K 0CaAK006pa’oBaHHIO.

CRBaXKHHH DacnonaraoTcs BAOAL Gepera pekd Ha PacCTOAHKH 25 M OT ypeaa
BOAH. PaccTosinMe MeXAy CKBaXKHHAMH B Dy TakXe paBHo 25 M. Bce cKBaXHHBI
HMEIOT OJHHAKOBYK KOHCTPYKUMIO: paguyc Oypewus r.=0,4 M; paawyc ouneprpa
ro=02 M; aauHa ¢uabTpa lp=30 M; KosbdHUHeAT (PHALTPANHH TOPO NpH3abOH-
HOH 30BH ke=4,069 m/cyT.

Hngnasrpaunonusifi Gacceftn pa3Mellaercss B HeHTPe BOAO3afopa Ha paccTof-
Huu 40 M or ype3sa Boax B peke. THna nHHALTpauWOHHOrO GacceliHa cocTaBiser
125 M, a TNpoH3BoauTeNLHOCTb JipHEATA paBHoll Qs=0,052 M3/c. Ilpegycmotpeno,
4TO BoAa OT CKBaKHH AOJKHA 1104aBaThCsl B pesepByap, PacHoJOXeHHH{ 3a mpe-
nenaMi Bodo3abopa. PacueTHas OTMeTKA HANOAHeHHS BOAK B pe3epByape Haxo-
HHTCS HAa 70 M BHIUE CTATHYECKOrO T'OPH3OHTA.

PaccMaTpHBaeMas CHCTeMa BOJOCHAOXEHHA JOMKHA o6ecneddTh nOAAYY BOJH
notpebutemio Q we Menee 100 M%/u {2400 M%/cyT), H nPH S5TOM NOHHXEHHe YPOBHA
BOAH B CKBa)KHHAX He NOJKHO B TEUEHHE PAaCYETHOro CPOKa HX SKCIJIYaTalHW Ipe-
BHCHTb 3312HHOR BENHYHHH Spon=5 M.

Tpebyercss Ha OCHOBE KOMIHIEKCHHX PacieroB YIPOAHAJH3HPOBATH PEXHM IKC-
OAyaTaiuHy BOL03af0pa € yUeTOM BO3MOMHOIO KO.JBMaTaXka CKPaXuH {ONpejesdTh
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Puc. 7.8. Pacuernas cxema cfo-
Pa H NBORAuE BOLW OT CKBAMHH

OBO3HAMEHUR

(e

7y __6
w725 125/2.

b1 Lx82 (B30 (92,2 o Lx85 (k66

TIEPHOZ YCTOHYHBOH HX pafoTH, T. €. BpeMs Ts) H OCYILIECTBHTH NOAGOD BOAGNIOABEM-
HOTO OfOpPYZOBaHHA ¢ €ro PETy.JHPOBKOA Ha 3alaHHYIO NMOAAYy BOAM.

ConporubiedHe E., 0OYCJOBIEHHOE XoJbMaraeM BOMO33GOPHHX CKBAaXKHH,
pPaccYHTHBAWT N0 ¢opMyae

k re
Ek(t)=(-—~-~l)ln-—' (7.13)
R{¢) ro’
N, 3
B0y = k|1 =22 (1 e (7.14)
ny
rae No/ng — 6espasMepuntt napaMerp (No-— npeseipHas €MKocTh GHIBTPA B £ —
ero HauaJpHas MNMOPHCTOCTR); Coy — Mapamerp, XapaXTepH3YIOWKBd HHTEHCHBHOCTD
KOJbMaTaXa CKBaXpBH (Co — KOHUEHTPauHA B OTKAUWBaeMOR BOJE KONLMATHPYIO-
MHX cOEnHHeHHﬁ, ¥ —— KOHCTAHTAa CKOPOCTH BHNAACHKHA KOJbDMATAHTA H3 BOAH H
OCaXKJEeHHSA €ro Ha (PHABTPe CKBAMXHH).

Nlas BHABNEHHA 3aKOHOMEDHOCTEH HIMEHCHHS NPOHIBOAKTEABHOCTH OTASNBHHX
CKBaXHKH H B0j03a60pa B NEJAOM THAPOr€ONOTHUECKHE PacueTH CAEAYET NPOBOAHTE
¢ 3ajaHHeM HA CKBaXHHAX YCAOBHS §;="Spon. B 3TOM cjyyae HafifleHHHe 3HAYEHHs
Q; CKBaXHH COOTBETCTBYIOT HX MaKCHMasnbpHOH NPOH3BOAHTEAbHOCTH. [Ips BRHmOnHe-
HHK TAKWX DACYETOB C YYeTOM BO3PACTARHA §r NPOUBBOAHTENLHOCTh CHHXKAGTCH, M
MOMKET 0Ka3aThCA, YTO K HEKOTODOMY MOMEHTY BDEMEHH OHA CTaHeT PamRHON HJH
jaxe MeHblIeH, qeM Q TpefyeMas,

Insi onpenesienHs MepHOAa yCcTOMYHBOH paGOTH CKBAXHH TIHIAPOTEOJOCHUECKHE
pacuerHl HEOOXOJHMO BWNOAHATH HA DPAa3THYHHE MOMEHTH BPEMEHH C ONpeAeseHHEM
Ha KaXXJOM Illare M0 BpPeMEHH 3HaueHuR {; CKBaXXHH H NPOBEPKOH BHKIONHEHHSA
yenosha LQ:>Q. PesyasTate Taxkex pacueroB no 1(6), 2(5) u 3(4) ckBaxuuam
npefacrabiennt ra pac. 7.7. TaMm e npHeefenn rpaduky HaMeHenus Ex{f) nZQ;&?.
PacueTH BHIIOJIHEHH NPH yC10BuH §;=5 M (No/to};=1 H coy=0,0368 mec—1. 3
PHCYHKA BHJHO, WTO NMEePHOJ YCTOWUHBOH PaGOTH cHCTeMHW cksaxuH Ty coctaBiser
18 mec. Ilpy £>Ts cyMMapHad mojada BOXE OT CKBAXHH OKa3WBaeTcs MeHblie
Tpe6yemoii (Q=100 m%/u), crepoBaTenbHo, NMPOHIBOZHTENLHOCT, Bojo3aliopa ne
obecreqHBaeTcs.

CreAylOmAMH 3TanaMi KOMNJEKCHHX PacYeTOB SBASIOTCA HPOBEACHHe THApaB-
JHUECKHX DACYCTOB CHCTeMH cB0pa BOJAW OT CKBaXHHM H BHOOD COOTBETCTBYIOILErO
pononoateMuore obopynoBaBHA. TakHe pacueTH cJeAyeT NPOBOAHTbL C HCMOJL3O-
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Puc. 7.7. Pacaerune rpadukn namencnna B0 ppeMerH Ex(f), Q;(¢) » ZQ(¢) npH xell~
CTBMH CKBAEHRH B peMuMe S;=const

OB 0JHAYEHMA:

Puc. 7.8. Peayabrathl T™MApABAN-
qeckoro pacuera CGopHEX BOAO-
BOAOB HA MOMCHT BPEMCHN

t=T,

Hoy

H75.62

He 00 NTE5
6, 783

H75,65
33,773

g, ~16,58

DAHHEM B KA4ECTBe HCXOJHHX JAAHHHX BHYHCJEHHRIX 3HAYEHHA Q; W S; N0 CKBAXKHHAM
#a MoMmenT BpemenH {=T,.

Pesyabrarik THAPABJIHYECKHX pacyeToB COOPHBIX BOJAOBOAOR NPeACTABACHH HA
cxeMe puc. 7.8,°a JatHHe RO BHOPaHHOMY BOAONOABEMHOMY oﬁopynosaﬂmo cBe-
Aepd B TabaRRY.

Tenept Heo6XOAHMO NPOAHAJA3HPOBATH, HACKOJABKO NPABHILHO NONOGPaHH MO-
rPyMHBE CKBAXKHHEHE HACOCH B YCTAHOBJMEHA CTeNeHb AX PeryJHpOBauHsA (. e. B
COCTOSiHAH /IH 00eCHeURTb 3TH HACOCH CTAOHAbHYIO paboTy Bojo3alopa B TeweidHe
Bpemeny 7,). Ias sroro crepyeT BHIOOAHHTL NOBepOdHHE Pa&cYeTH CHCTEMH cfopa
H goAayd BOAW oT ckBax®H (puc. 7.9, Taba. 7.1).

M3 RauHBIX, NPEACTABJEHEHX Ha PHCYHKe, BHAHO, YTO BHayaje IPOH3BOJH-
TeNBHOCTb CKBAXHH {H WX CYMMAPHAad NOAANA) HECKOJIbKD BHlle TpeByemof, a no-
HEXCHHEe YPOBHER MeHblle, UeM Sgon. C Bo3pacranHem Eq(f}) npoHIBOAHTEALHOCTB
CKBaXH¥ (; cHEXaercd, a §; yBeJHIHRaeTcd H K MOMeHTY ppeMenx /=7, mo Brex
CKBAXKHHAX §; OKA3WBAETCH DAaBHRIM Spop B ZQ;=0Q

74



S m §, 1
] ] 7]
8 ] S s N 825
T3 2" %/
[/rd.J(é)/N\ A4 @
6 Y {7 ™ T Y \_ [
d N
4 - 16 LI
/ \\
2_2-’&( P73 U U AU S
Cx81(6) [ [ I ‘\}
0 | 14 N
4 8 2 16 20 ¢ 4 a 2 % 20 trec
HE“Q )
P —
S——
00
N,
" N
4 8 12 16 T8 20 t,Mec

Pue. 7.9. Pacuerrnie 3Hauenws nsMenenwa S;(#), Q;(f) m 2 Q;(f) npH nacocwoft
9KCNAYATAINH CKBAMHH

TexHHYeCKan XapakTepHCTHKA BOAONOABLEMHOIO 060pPYAOBAHHS

i 16,79 5 81,09 [13LB§-25-100 110,81 29,72
2 16,38 ) 81,06 |[1311B8-25-100 111,22 30,16
3 16,23 5 80,66 |13L1B8-25-100 111,34 30,68
4 16,23 5 80,66 |13L1B8-25-100 111,34 30,68
5 | 16,38 5 | 81,06 [1311B-25-100 111,22 30,16
6 | 16,79 | 5 | 81,09 [1311B8-25-100 110,81 29,72




TJIABA 8. IHIAXTHBIE KOJ1OA U bI

8.1. Cnoco6u COOpPYKEHHS WAXTHHX KOJOoALEB

Ilaxtubtit konogen (puc. 8.1)npeacrasisner co6ofi BepTHKANBHYIO
BHpabOTKY, NMONEepeUHoe ceUYeHHe KOTOPOH IO CPABHEHHIO CO CKBa-
JHHAMH HmeeT 0OJblIHe pa3Mephl. [IpHMenedHe LIaXTHHX KOJIOALEB
OrpaHHueHO 3JKCIyaTalHer BOAOHOCHBIX TOPH30HTOB, 3aJieraloliHX Ha
CPaBHHTEJBHO HEOOJBIINX Iay6HHAX — 06HYHO A0 20—30 M.

Oro/ioBoK KOJIORIla MpeaHa3uadeH AJs 3allATH ero OT 3arpss-
HEHHBIX NTOBEPXHOCTHHIX BOA, a TakiXe AJAA CO3ZaHHA YyHZOOGHBIX YCJO-
BHfi AN 3KCIyaTtaudp (mogbeMa H pasbopa BOAH, HabmoAeHHH 3a
COCTOAHHEM H paGoTOH KosoAua). B MeCTHOCTSX ¢ HA3KHMH 3UMHHMH
TeMIepaTypaMH YCTPOHCTBO OroJIOBKa B CPaBHHTEJbHO HerdyOOKHX
KOJIOALlaX HeOOXOAMMO TaKXe H AJSl HPEAOTBPAILEHHS NPOMep3anHs
BOAHL.

Jlas npepoxpaneHHsl KOJOAL2 OT O6pylUeHHS H HM3OJSIHH OT 3a-
TPA3HEHHH ero CTeHKH YKpelJsiloTCs H o0pasyioT crtBot. [locnennuit
CAYKHT CBA3YIOIMM 3BeHOM MEKAY HaJA3eMHOH 4acTbio (OrOJIOBKOM)
H BOJIONpPHEMHOH YaCTbi0 KOJOAILA, a TaKKe JUISl pa3MelleHHA B HeM
BOAONMOABEMHOTO 0GopynoBaHHsA. BosBhillleHHe OroJIOBKa KOJIOALA HAal
NOBepXHOCTbIO 3eMJH N0 CAHHTAPHHM YCJOBHAM IIPHHHMAIOT He Me-
Hee 0.8 M. Ilna npepoxpaHeHHs OT 3arpsi3HeHHUH OTOJIOBOK MEPeKpH-
BalOT KPHINKOH#; Haj HHM yCTpPaHBawT HaBechl HJIH 6yaku. Bokpyr
KOJMoAla (B3eMJie) YKIaAWBAOT IMHHAHBIE 32MOK, 2 TOBEPXHOCTh 3eM-
JH AN Nydlllero OTBOAA BOABl MOCTAT HJH ac)albTUPYIOT ¢ YKIOHOM
B CTOpPOHY OT KoJojaua. OrosoBOK H CTBOJ AOMXKHH OhITh HeNpOHHIA-
€MbIMH, UTOGBl NOBEPXHOCTHAS BOJAA HJIM IPYHTOBAasl M3 CAMHX BepX-
HHX BOJIOHOCHBIX (HE3KCIYaTHpPYeMBEIX) TOPH30HTOB He Morja IIpo-
HHKaTb B KOJ0Jell.

BononpHeMHYI0 9acTbh IIAXTHHX KOJOALEB B 3aBHCHMOCTH OT
THAPOTeOJIOTHIECKHX YCJIOBHH U TJyOHHB YCTPAHBAIOT TOJBKO B AHE
HJIM CTeMKaX WJH e B AHe H cTeHKax Kosoaua. Ilpu mpHeMe BOAB!
Yepe3 JHO MOcJeAHee ROMXKHO OBITH 0GOPYNOBAHO I'paBHAHBIM GHALT-
poM HJH NJHTOH H3 mopHcroro Gerona. Tlpd npueMe ke BOALI depea
CTeHKH B HHX AOJXHbI OHITL yCTPOeHH cllefiHalbHble OKHA H3 MMOpHC-
TOro GeToHa HJIH OKHA, 3amnoJHeHHble rpaBHAHBIM GuasTpoM. CooT-
HOLIleHHEe CpeAHHX NHAMETDOB YACTHI, B IPaBHUHOM (HJILTPE H MOpPO-
Le peKoMeHgyercsl mpuHuMaTh 1 : 5.

B 3apHcuMocTH OoT poxa MaTepuafa, HCIOJb3YEMOro ANl KpemlJe-
HHUSl CTeHOK, CyLleCTBYIOLIHe KOHCTPYKIHH LUaXTHHIX KOJOALEB MOFYT
6biTh MOAPa3ge/eHbl Ha [AEPEeBAHHKE, H3 KaMEHHOH H KHPIUYHOH
KJIaJkH, 6eTOHHBIE H Xene306eToHHbIe.

JepeBanHH#A CcpyGOBH KOAOReW — 3TO MPOCTEHLIHH H BMecTe ¢
TeM B psAfie palionOB Halllefi CTpaHsl HawGoJee paclHpoCTPaHeHHBIK
TUN WAXTHOro KoJoxua. K HegocTaTtkam ero clegyeT OTHECTH HeXOJ-
TOBeyHOCTb AEPeBAHHOrO KpPeIJIeHHS H IPHBKYC, NPHAABaeMbIi BOJe
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Puc. 8.1. CxeMa maxTHoOro KoJoaua
1 — raHpAgHE  3aMOK, 2 — OTCHINKA;
3 — oronoBok; 4 — ctBon; 5 - BoMO-
NpHeMHanA yactb; 6 — 3yMnd; 7 - Ax-
HaMH9ecKufl ypoBeHb

ya

T

IpeBeCHHOH, a TakXe HeJOo6POKAYeCTBEHHOCTb BOAbl NIPH ee 3arHH-
BAHNH.

Bonee poarogednnl 1axTHeE KOMOAUBM H3 OeToHAa, xene30beToHa,
KHDNHYA H KaMH$S, 3TH KOJOZLLI B OOJsiblliedl CTeleHH COOTBETCTBYIOT
U CAHHTApHBIM TPeOOBAHHAM.

B GoubIHHCTBE Clyyaep MNPOXOAKY INAXTh Lenecoo0pasHo Mexa-
HH3HPOBATh, TaK KaK AJS MeXaHH3UPOBAHHOH NPOXOZKH IIAXTHBIX KO-
Jopues Ve pa3paboTal psax chenHaapnuix arperaros  (KIIIK-25,
KUIK-30 u zp), KOTOpHeE MO3BOJNAKT OZHOBPEMEHHO BHINO/IHATL H
KpeljieHHe HX CTEeHOK Xene300eTOHHBIMH KOJbLIAMH. DTH arperatsl

MOrYT CaMOCTOSRTEJIbHO [EPEIBHraThes, TAK KAK CMOHTHPOBAHW HA
a@BTOMAIIHHE.

TexHHueckHe XapakKTepucTHKH arperata KUIK-25

Jagna, M@ . . . . . . . . . . . . . 6700
Hlupuwa, MM . . . . . . . . . . . . . 2140
Bwcota, v . . . . . . . . . . L . . 3200
Macca, xr . . . 5250
IlnaMeTp MI2XTH zLo ycraﬂoaxu oﬁca)lﬂux Koxeu, MM .. 1230
HauGoapwas ray6ura OypeHEd, M . . . , . . . 30
MoUHOCT, MAWHHH, L& . . . e o 30
Cpennas npOHBBOJ.lHTeanOCTb npoxo;um a2 raybuy Ao

25 wm, M%fq .. . . . . 1—115
Pacxox ropiouero 32 1w paﬁo‘rb! xr . e e 0
Boicota BRIIKH, MM . .« + « . . . 5500
Yueno chnyxmBatomero nepcouana Yea.:

MoTOpHCT . . e e e e e e e 1

pafoure . . co. . e 2

Ipu ycrpoficTBe Kosoaues rnyﬁnﬂoﬁ cBulie 15—20 M Heobxoxgu-
Ma HCKYCCTBEHHAR BEHTH/AUHS IMAXTH; NIPH HaJHYHH BpeNHBIX ra-
30B BEHTH/ASLHA MOMNKeT ﬂOTpe6OBaTbCH H B 0o/ee MelKHX KOoaoJauax.
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B npouecce mpoxoAKH WIAXT NPHXOAHTCH TPHMEHSTP H BOLOOTJIHE.
Ilpn He6onbLIOM NMPUTOKe BOAM BOAOOT/NHB MOXKET BHTb OCYIIECTBJIEH
6agbsMH, a NPH GoOMBINOM —- HacOCaMH. B OTAEJbHHX Cay4asx MOKeT
OHITh OCYLIECTRJIEHO TMPeABapHTeNbHOE BOJAONOHHKEHHE.

B 3aBHCHMOCTH OT COCTaBa MOPOA MPOXOAKY INAXTH - KOJOAUED
MOXHO BHMOJHATL CAeAYIOuEM 06pa3oM: a) B MOPOJIax CPaBHHTEb-
HO IIPOYHHX, HeoOBaJdHBaKOWIHXCA {HAMPHMEpP, B CYXHX JECCOBHAHBIX
CYIIHHKAX H NJIOTHBIX IJHMHAX, MAMKHX MepresfXx, Mejax, MACKHX
H3BECTHSAKAX H AP. — Ge3 BPeMEHHOro KpelJeHHsi; 6) B MOpoAax Me-
Hee NMPOUHBIX, T. €. He YAEPKHBAIOLLHXCS B BEPTHKAJNBHOH CTEHKE, —
C NpHMEHeHHeM BPEMEHHOTO KpeNJeHHs; B) B MNOPOAAX HeyCcTOHYH-
BHIX — C OJHOBpEMEHHHIM YCTPOHCTBOM TNOCTOSIHHOrO KpelneHHs.

Jna TNOCTOSHHOTO KpernyieHH CpYGOBBIX KOJORUEB INPHMEHSOT
T1aAKOCTBONBHB (HEeCYYKOBATBHIH) JlecOMAaTepHas, 3arOTOBJEHHBIl
3apadee, T. e. 328 5—6 Mec. 0o ero ykaaiakH. Hau6osee pacnpoctpa-
HeHa KBajpaTHas ¢opMa IONEPEYHOro CceueHHs CPYOGOBHIX KOJOALEB
¢ pasMepamu B cBery or 1 X1 o 1,6X1,5 M (pexe 2X2). Pasmepu
NOMNepeyHOro ceueHHsl KOMOAla BRGHPAKT HCXOAS H3 CAeAYIOUIHX Yc-
JOBHHA: yao6crea npoH3BoaCTBA PaboT MO OTPHITHIO KOJOALZ H
YCTPOHCTBA €ro BOAONPHEMHON HacTH, Pa3MelICHHS B KOJOJAKe 3KC-
nyaTanHOHHOro O60PYAOBaHHS.

B Tex cnyuasnx, KOrZa HeOGXOAHMO HMeTh B KOJIOLIE 3a0ac BOABI,
HJIH TpebyeTcsi YBeJHYHThb €ro BOJ033aXBATHYIO CNOCOGHOCTb, HJH KOT-
Aa 35TO BH3BAHO YCJAOBHSIMH IPOXOAKH (HAnpuHMep, NMpH NOPOXOXKMAe-
HHH CPYGOM JIerkKOOILIHIBaIOIIHX MeCKOB), CaMYl0 HHXHIOI YacTb KO-
JNOANA YIIHPSIOT, NPH 3TOM o6paayercs watep. HlaTpam Takxke npuaa-
I0T KBaJpaTHOE C€YeHHe CO CTOPOHaMH 2...2,5 M NPH yIJe HakJIOHa
IIATPOBOH 9aCTH K BepTHKanH 30-—45°,

Cpy6 B utaXTy MOXHO YCTAHABJAHBATHE OLHHM H3 ClelylOU{HX CHO-
coboB: 1) cGopkoli 3apaHee NpPHIOTOBJeHHOro cpyfa B waxre, Npen-
BAPHTE/NILHO BHLIPHTOH Ha MOJHYI0 rayOGHHY; 2) ONyCKHHIM CNOCOGOM
C HapalllHBAaHHeM BeHLOB CBepXy; 3) TO e, ¢ HapallHBaHHeM BeH-
OB CHH3Y; 4) WATPORHIM crocoboM.

OronoBoK K0JOALA NpexcTaBdseT co6oi cpy6 MeHBIIETO ceueHUs
(o1 0,7X0,7 go 1X1 M), BHCTYNa0OWHA Haj MOBEPXHOCTHI) 3eMJH HA
0,7—0,8 M, o6mHTHH Tecom u cHaOXeunn#d Kpeiikod. Ilpu oGopy-
JNOBAHHHM KOJOANIA AJs NOAbeMa BOAL BOPOTOM YCTPAHBAIOT HaBeC, a
NPH TNPHMEHEHHH PYYHOTO (HIH MEXaHHYeCcKOro) - Hacoca — ChellH-
anpHyw O6yaKy.

Kosoausl W3 KAMEHHOH HAM KHPNHMYHOR KJajku — Haubomaee H0J1-
TOBeuHEle BOA03a60pHLIe COOPYXEHHA, OHH B OoJblllefi CcTeneHx
YAOBNETBOPSIOT H CAHHTAPHHIM TpeGoBaHuAM. [l Kpen/eHHs CTEHOK
KONOJALA MOXHO TNDHUMEHSTh KDEMKUA INOCTeNHCTHIH MJH  IUTYUHBIH
KaMeHb, He PacTBOPSIOILHICH B BOJe M HE OKPAaLWIHBAWIHHA ee (Ha-
npHMep, XeJle3HCTHH H KPEeMHHCTHIH H3BECTHSIK MJH MecuiaHHK) a
TaKXKe XOpOLIO OGOXIKEHHBIH KHPNHY — OGLIKHOBEHHHH H JieKaJbHHIEL,

K#afxy CTeHOK KOJIOAHA H3 KAMHS HJIH KHPIHYA BRIMOJIHSIOT, KaK Ipa-
BH10,HA LeMEHTHOM pacTBOpe cocTaBa | : 3Han | : 4. BHyTpeunue creu-
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KM XOJIOALA, a TAKIKE HAPYXKHYIO CTEHKY HafI3eMHOH €ro yacTH WTYKa-
TYypAT UeMeHTOM. KaMeHHHM H KHPMHYHHIM KoJoalam obblYHO Apuad-
I0T Kpyrayw ¢opMy npu auametpe B cBery 0,75—1,6 M 1 Gonee. He-
ray6oKkHe KaMeHHHe KoJodus! (mo 5—6 M) MOryT mMers H KBagpart-
Hylo $opmy ¢ paamepamu B cBery ot I X1 mo 1,25X1,25 M. Pasmepn
5TH 3aBHCAT OT HA3HAUEHHs KOJOAUA M oXHaaeMoro ge6Hta. O6mUHO
TOJUIHHA CTEHOK B KaMeHHHX Koaoalax OwBaer 25—80 cm. Kupnuu-
HHe CTEHKH ASMAKT He MEHbUI® YeM B ONHH KHPHHU.

OrosoBOK B KaMEHHHIX H KHPNHYHHIX KOJOAUWAX YacTo AeJaieT
06yxeHHbIM. Cyxednyo (HOA3eMHYI0) H HAL3eMHYI0 YacTH KOJOAuA
BHMOJHAKT H3 KHPNHua, GETOHHLIX WJH KeJe306eTOHHHX Koaei. Ec-
JY XKe Hag3eMHasi 9acTh KOJOJAIla HMeeT TOT Ke JHaMerp, YTo H NOox-
3eMHas, TO OrOJOBOK MOMKET OBITh BEIMOJHEH B KaMEHHBIX KOJOANAX
B BHAE KJaJKH H3 6oJee MacCHBHBIX KaMHefl, 2 B KHPHHYHKIX — H3 TOH
We KHPIMHYHON KIaldKH.

Beronnbie H XeaeizoberoHHble KOJOAUBI Haubojce COOTBETCTBYIOT
CaHHTapHbIM TPEOOBAHHAM H MOTYT OBITb PEKOMEHIOBaHH B KadecTBe
B0A03a00PHBIX COOPYXKEHHH AJsi MHTHEBOro BOZoCHaGxkeHHus. Bo MHo-
FHX ¢JydafaXx 3TOT KOHCprKTHBHHﬁ THO KOJOAila, HECMOTPA Ha BBICO-
KYI0O CTPOHTENBHYIO CTOHMOCTH IO CPRBHEHHIO ¢ ACPEBAHHEIMH KOJOZX-
[[aMH, MOXET OKa3aThCs HauboJiee BHFOAHHM B TeXHHKO-3KOHOMHUe-
CKOM OTHOUICHHH.

Beronnvie H kenesob6eToHHble KOJOAUB OBIBRIOT Tpex THMOB:
CIIOUIHEE ¢ HaOHBKOH onanyOKH, YCTaHOBJIEHHOH B [OTOBOH UIAaXTe;
H3 I'OTOBHX GETOHHHIX H KeJe306eTOHHBIX KOJel; H3 FOTOBHX 6eTOoH-
HHIX H #XeJie300eTOHHBIX cerMeHTOB. B mpaxkTHke BogocHaOmeHHA B
HacTosllllee BpeMsi NMPHMEHAKIT IJIaBHHIM .06pa230M KOAOMAih, 3aKpen-
JIeHHBle KeNe306eTOHHLIMA KoJbliaMd. Jlpyrde Tunmbl kene306eToH-
HBIX KOJIOAUEB TOYTH HE NPHMEHAWT. DEeTOHHLle KOJAOAUK YCTpaH-
BAIOT BeCbMa PEJKO — B TeX cJyuasx, Korja HeoOXOZUMO pa3MeCTHTh
B HIaXTe HacoCHoe 0OOpYIOBaHHE HJIH MMeTh GONbLUIOH 3amac BOJH.
Hx menaioT KpyrJbiMH, fuaMeTpoM B cBeTy 1,2 M TNpH TOJNLIHHE CTe-
HOK He MeHee 12 cM.

Hau6onee nepcreKTHBHH IIaXTHHlE KOJOALL H3 COOPHBIX MXKeJje-
306€TOHHRX 3JEMeHTOB. B THnOBOM mpoexTe aas ray6un 10, 20 130 M
LIAXTHBIe KOJOALLI NPHHATHI H3 C50prlX Kesie300e TOHHBIX KoJieln ¢
dasbuamMe BbcoTOH 1,05 M # BHYTpPeHHHM anaMeTpoMm 1 M mpH TOJ-
umuHe cTeHoK 8 cMm (puc. 8.2).

B YCTOHYHBHIX TPYHTAxX CTHK KOJICI B CTBOJEe 3ajQMHBaT le-
MEHTHBIM PacTBOPOM, a B MecYaHHX IpyHTax( Xorga BCJIEACTBHe 3a-
KJAHHHBAHHSA MOMKET MPOH30HATH HABHCAHHE KONOHHH), IPHMEHAIOT CIe-
MHaJbHbIE KOHCTPYKUHH CThIKa, paboTallide Ha pas3puB.

BoponpueMHas yacTb MpHHSTA B BHAE KOJblla H3 NopHCTOro Ge-
TOHAa, apMHPOBAHHOTO TaKol ke ceTKOH, 4to u obcamHule Kejaesobe-
TOHHHE KOJblla CTBOJIA KOJOAUA, NpHYeM jaaf Npaaanus Oonbilied
NPOYHOCTH B KOJBLAX BepXHefl 1 HHXKHEH uyacTel HMEIOTCS nosica M3
GeTona. B HHXHEH HacTH KoOJOAUA YKNagWBAKOT TPeXCJONHHMA 06-
paTHeift puabTp (cM. pHc. 8.2).
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Puc. 8.2, KOHCTPYKLUHS HECOBEPIIEHHOTO
WaXTHOr0 KOJONUA W3 COOpHLIX XKEIe3o-
GETOHHNX KoJel]
a—nnay B pa3pes; 6-— AeTalbh BOAONPH-
eMHOH YacTH; 6 -— TEJeCKONHYecKad KOH-~
cTpyRRHA  xoaoaud; [ — $uasrp; 2—
KOJLLA; 3 — BeHTHAAUHOHHAA Tpyla; 4 —
Lie6eHOYHOR  KPEemJeHiie; 5 — TIHHKAUNH
3aMOK; £ — JOHH2A ILTHTA M3 MNGPHCTOrO
6erona; 7 — BKIagbiuIn H3 noprcroro fe-
ToHa; 8 — rpaBHAHan TOACKIEKa; 9 — Me-
TAAIHYECKOE KOJAbLO OMYCKHOTO IMPHCHO-
cobneuns; 10— tamnon #3 Gerowa; Il —
webenb; 12 —rpasull; 13— nmecok; I4—
BOROHOCHHA IPYHT

ITpu BcKphiTHH 3a60eM KOJOA1a MECYAHBIX H IJLKIBYHHHIX I'PYHTOB
€ro KpemsaT KoJNbLaMH auaMerpoMm 0,60 M. B aToM cayuae B HecoBep-
LWIeHHBIX KOJO/laX AOHHWHA QHABTP YyCTPaHBAIOT B BHIe GeTOHHOH ap-
MHDOBAHHOH IUIHTBHI, YK/JIaJHBaeMOH Ha Iie6EHOUYHO-rpaBHAHYI0 06-
CHIIIKY, TONILHHY KOTOPOH NPpHHHMaiOT paBHo# 30 cm.

CosepuiesHbie KoJoAUbl ty6HHOA 20 B 30 M HMEHT HECKOJbKO
HHYJ0 KOHCTPYKIIHIO, BKNIOUAIOLLYI0 3yMN( H3 IKeJe300CTOHHHIX KO-
Aeiu. PazpaboTKy MAXTHHX KOJOALEB H3 JKeIe306ETOHHBIX  KOJSL
MOXHO MEXaHH3HDOBaTb NPH momouu arperata KIIK-25, KIIK-30 u
Ap. B CBA3HBIX rpyHTax RHaMeTP MPOXOAKH ILaXTH TaKHM arperaTtoM
cocrapasger 1230 MM. B necyaHHx W NJIBIBYHHBIX TIPYHTaxX KOJOZKEL
TUpPHXOANTCA paspabaTHBaTh TeJeCKOHHYECKHM cnioco6oM, npr 3ToM (B
Clyyae 3aK/JHHHBAHHA KOJOHHB U3 KoJel AHamMeTpoM 1 M) ganb-
HCHIIYI0 MPOXOAKY CTBOJA IUAXThl OCYHIECTBJSIOT 6YPOM AHAMETPOM
560 MM ¢ ywupHTesem AHaMeTpoM 10 850 MM H 3aKpemslOT XKeneso-
6eTOHHBIMH KOJbLlaMH AHaMeTpoM 650 MM,
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8.2. Pacuer pe6uTa maxTHuXx KOJOAUEB

Tlpu onpepenennu ne6dHTa LIAXTHBIX KOJOAUEB OOBLIYHO HCXOLAT
H3 CTAaMOHAPHOTO MX PEeRHMA, FIPH 5TOM YYHTHIBAIOT: a) CXeMy IIO-
CTyIJIeHHsl BOABl B Kojojen (uepe3 AHO, uepe3 CTEHKH MM Of-
HOBPEMEHHO 4Yepes M[HO M  CTeHKH); 6) THApaBJHYeCKOe CO-
CTOSIHHE  3KCM/YaTHPYEMOro  BOZOHOCHOrO  FOpH3OHTa  (HAmop-
Hoe, 6e3HAaNOPHOe, a B HEKOTOPHX CJAy4yasix H cMellaHHoe); B) dopmy
ROMEepeyHOro CeYeHHs1 KOJOALA B nJjaHe (KpyrJasi, KBaipaTHasa), a
HHOrXa ¥ GopMy ero ZHa (mjaocKasi, Haubosee pacmpocTpaHeHHas, H
noaycgepuyeckasn).

B npuBoauMEIX HHKe POPMYJAX NMPHHATO, YTO LIAXTHHE KOJOAILH
UMEIT KPYrayro ¢opMy momepeyHoro ceyeHHH B naaHe. Ecan neobxo-
JHMO ONMpenenHTh JeOHT KoJoAlAa KBaApaTHOH ¢GOPMH, To pacueT ¢
JOCTATOYHON AJif MPAKTHKH TOYHOCTBIO MOXKHO BBINOJHATb MO TeM
ke ¢opMyJsaM, HO B HHX HYXHO 3aMEHHTh BEJHUHHY DajHyca KOJon-
Ha ro BEJHYHHON CTOPOHBI NMONEPEYHOrO CeUeHH KOJIOAIA g, TPHHSAB r==
==0,6a.

ITpHTOK BoaW 4Yepes MJIOCKOE AHO KOJMOALA HECKOJBKO MeHbIle,
yem gepe3 nosnycthepy. OAHAKO COOpPYIKEHHE KOJOALUEB C MUIOCKHM
BHOM 3HAQYHTEJABHO IIpoOINE, YeM ¢ NoaycpepHuyecKHM. DBoabmHCTBO
pacyeTHHX GopMyJ HMEIOT B BUAY LIAXTHHIE KOJOAUH ¢ MIOCKHM JAHOM,
TO3TOMY AJiA OGOGIICHHA B 3TH GOPMYJAH BKIOYEH KO03(PPHLUHEHT
$OopMH ZHa KOJOAUA @, 3HaYCHHE KOTOPOr'0 MPHHATO 10 Popxrefime-
PY; AJS NUOCKOro AHA a==4sm, I8 NoAycPepHYecKoro — a==2m.

Kosnopuw, padorawmue anoM. T1pubauKeHHOe pelleHHe 3ajJaud O
NpHTOKe BOZH K MIAXTHOMY KOJIOANY, paGoTalouteMy CBOHM AHOM, OH-
gao pano C. K. A6pamosuym u B. JI. Ba6ywkuunm. [TonyyeHnnie HMH
pacyeTHole QOpMYJB! IJs1 ONpeaesieHHss HeGHTA KOJNOAUEB HMEIOT Cie-
AVIOWHA BUl.

Konodyet, axcnayarupyroujue Hanoprsie 800bt
Juo Konoaa nJocKoe:

Q= 2nRsoro . (8.1)

r
2i + 2 arcsin———-———- 40,515 ﬁ-lg R
m+Vmyorg? m ~dm

Tlpu cootHomenuy rofm=<C1/2 s1a dopMyna MoxeT GHTbL ¢ AOCTa-
TOYRON AJIsi MPAKTHKH TOYHOCTHIO YNPOUICHA H MPHBEleHA K BHAY:

Q — - Qﬂksoro '_j?__‘.' (8.2)
SR =
=+ (]+I,181g m)‘
JlHo noaycgepryeckoe:
e Tksyro
- - - (8.3}

1+i(|+1,13rg£)
m m
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®opmyan (8.2) u (8.3) Obin mpoBepeHH 3KCIEPHMEHTAALHO H
NOKa3ajH AOCTAaTOUHYIO AJS MPAKTHKH TOUHOCTD.

Koaoduyuet, skcnayarupyrowiue 6e3nanoprsie 8006t
J#o nnockoe:

Q= - rQKkSOrO - R . (8,4)
—— 4 2aresin ~——-" 2= 4 0,515~ 1g —
2 T+ VT r Vi
[Tpn coornomensnn ro/T<C1/2 popmyna (8.1) ynpomaercs:
_ 2ﬂk$0ro (8.5)
o h sl
9 + 7 ( + 1, 84H)

rae Q — ZeGHT KOJOAUA; £ - K0apPHUHEHT (HABTPALUMK SKCINYaTHPYEMOro BOJO-
HOCHOTD TOPH30HTA; So — MOHHKEHHE YPOBHA BOIH B KojoAue {(CuHrast OT CT&TH-
QECKOro, COOTBETCTBEHHO ﬂbe&OMeTpH‘leCKOFO HAH CBOGOI[HOI‘O M rgmpannyc KOJN0A-
na; H -— MolHOCTh Ge3HaNOPHOr0 BOAQHOCHOTO TOPH3OHTA; - paguyc feficTBHR
Ko.10aua; T — paccTosige OT AHAZ KOJOoAlla A0 BOJAOYIOpa.

Koaopum, paGoratouive crenkamd. J[las onpeneneHHs AeGHTa
1IIaXTHLIX KOJOLIEB, padoralomnx CTCHKAMH, MOXHO ITPHMEHHTDb qup-
MyaH JIIOnioH, NPHHHMAIOIIHE B JaHHOM CJydyae cCJAeAyIOITHE BHI:

AN HANIOPHRIX BOX

Q=273 i”‘ilg—, (8.6)
g —
o

Anfl G6e3HANOPHHIX BOX

Q=1,37 _"_(_Qf!:ES_O)_SL, (8.7)
lgTD
A5l CMEINAHHHX YCJIOBHR (NpH HaJdH4HH IBYX 30H -— HANOPHOM H
6e3nanopHoih)

Q=137 _"ﬁso_—E"‘)_’", (8.8)

g ——
g"o

Koaoxuwi, paGoratwiliHe 0XHOBPEMEHHO AHOM H CTEHKaMH, IKCIITY-
ATHpPyOillHe Ge3HanmopHbie BOAK. JIeGHT IMAXTHLX KOJOALEB, 3a10KeH-
HBIX B Ge3HAaNOPHBIH NAaCT H pabOTAIOIIHX CTEHKaMH H INIOCKHM
JAHOM OZHOBPEMEHHO, MOXKHO ONpefe/HTh NyTeM KOMOHHHPOBAHHOIO
ucrnosnb3oBanua dopmya (8.4) m (8.7). J[aa STOro HOTOK, HABHKY-
muica BHIEe AHA KOJOALA, paccMaTphBaeTc KakK Oe3HaNoOpHHHA, a
NOTOK, MOCTYNaKM#H yepe3 ero AHO, — KaK HalmOpHHA.
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B pesyabrare clHOXMEHHA 3THX ABYX NOTOKOB MOMHO TNOJYYHTh
(opmyay ans onpegeneHns nebHTa kKoaoALa, paboTaplliero Kax CTeH-
KaMi, TaK H AHOM. DTa dopMynia UMeeT CaeAyOIHHA BHA:

Q = ks, [ (P 2, 1, 89
2,318 % 3-+—’°—-(|+118;g—&)
- Ty 2 T ’ 4T

rie A - BRCOTA NOHHKEHHOrQ YPOBHA NOA3eMHBIX BOX HaJA AHOM KoJaodna.

Ilpumep. Onpenennts NeGHT WaXTHOMO KOJOAlA, SKCIUIyaTHpyloumero Gesuanop-
HWe BOAH H pa6oraiouwero 0IHOBDEMeHHO CTEHKAMH H THOM.

3anano: H=6 M; k=1 Mfa; so=15 M; ro=1 M; T=3 mM; R=60 m.

Pelienre: npezsapHTeabid onpeneaseM A=H — =6 —3=3 M. 3aTeM no ¢op-
myae (8.9) nogcuuThiBaeM AeGHT x0,01na:

Q=314-1.15[223=L5

2,31 Igﬁ—(:—
- 2:10 ~ | ==7,85 M3/u.
<1+, g4_3)

FJIABA 9. FTOPH3OHTAJIbHBIE BOJO3ABOPbBI

9.1. KoHCTpYKIHH rOPH3OHTAALHBX BO103a60poB

TopusonTaJbHEe BOX03aGOPH NpeACTaBASIOT cob60# BOAOCGOPHYIO
TpaHIieId HJIH BOLOCOOpHYyl0 ranepeio, o60pPYyAOBaHHYW AJs TpueMa
BOJH H3 BOJOHOCHOTO NJacTa H OTBOJAA BOAbI B MECTO PacNO.JIOXeHHR
Bol0pa3Gopuuix ycTpolicTs. Bonosa6opHoe coopyKeHHe TOpPH3OHTAJIb-
HOTO THNA COCTOHT H3 BONONDHEMHOH H BOAOOTBOAALIEH (BOZOIPOBO-
AsueH) YacTeH, CMOTPOBBIX H BeHTHJISUHOHHWX KOJOAIEB, paclofo-
JKeHHHIX Ha JHHHH Bofo3abopa H BomocGopHoro pesepsyapa. [opu-
30UTaZibHBle BOA03a00pH 3(p(EKTHBHH B TeX caydasx, KOrja HeoGXoRH-
MO IepeXBaTUTb WHPOKHH NOTOK MOA3eMHHX BOX NPH HeGoJbIIOA ero
MOIIHOCTH (HAaNPHMEp, NPH HCNOJB3OBAHHH NOA3EMHBIX BOJ aJJIIOBH-
aJIbHHX OTJIOXKEeHHH B PeyHHX AO0JHHaX).

BogonpHeMHas 4acTb CAYXKHT AJsf NIPHEMa BOAB H3 BOJAOHOCHOTO
nmacra, AJas 4ero MOBEPXHOCTb ee CHa6xaeTCH OTBEPCTHAMH M Mec-
yaHO-TPABHAHKLIM HAbLTPOM (B caydae 3afopa BOABI H3 NeCHaHBIX
nopoxn). DToft YAaCTH NPHAAIOT HEKOTOPHHN YKIOH, 6naromaps KoOTO-
poMy BOJa CaMOTEKOM CTeKaeT B HanpaBJeHHW Pa3BHTHSA BoAo3abopa
(B npeflesax BOJONPHEMHOH YaCTH BoJa 3anoJHseT JHUIb YacTb ero
CeYECHHA).

BogooTBoAsLly0 YacTe JeNalOT IAYX0H, OHA TakikKe HMeeT YKIOH,
HO MoXeT pafoTaTh NOJHHM ceueHHeM. B HekoTopmix Bomosabopax
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Puc. 9.1. Tpanmesnne BopozaGopu

a — KaMenHo-leGenuaToro THna; 6 —
TpyGuatoro Thna: {-— obpaTHaz 3a-
CHOKA TpaHmleH MECTHHM TPYHTOM;
2 — rnnua; 3 — KPYNHO-3eDHHCTHE
neckd; 4 — rpasufi; — pBAHHA Ka-
MeHb; 6 — ApeHaxuan TpyGa

BOAOOTBORAILAA YacTh OTCYTCTBYeT, TOria BORA HENOCPEACTBEHHO H3
BOXONPHEMHOK YacTH NOCTynaeT B BoAocOOpHBIA De3epByap.

Jas ocMOTpa BEHTHJASIHH H PeMOHTAa B TpolLlecce 3KCIIYaTalHH
BOnO3afop B Npenedax BONOIPHEMHOH H BOROOTBORALIEH uacTefi
CHAGXKalT CMOTPOBHMH KoJoAnamud. K3 BonocGopHOro pesepsyapa
BORa CAMOTEKOM HJH [IPH NMOMOILH HACcOCOB IIOCTYyNaeT B BOXONPOBOA-
HHE COOpYXKeHHs.

B KOHCTDYXTHBHOM OTHOIUEHHE FOPH30HTaJbHBie BOX03abOPhI OA-
pasRendiloTcs HA TpaHiuelinble (KaMeHHo-IeGeHuaTble H TpyGuaThie),
ranepeifinpie (BOZOCOOPHEE rajeper H WITOJbHH) ¥ KAPH3HL.

Kamenno-meGeHuatsie Boao3aGopm (puc. 9.1, a) — HauMeHee co-
BeplleHHBe CoopyXeHHd., MX NpHMeHNIOT JHUIbL NpH 3axBaTe IOA-
3eMHBIX BOX Ha TAyGHHe 2—3 M OT NOBEDPXHOCTH 3eMJH H NpPeHMYy-
IIECTBeHHO [AJ% BPeMeHHOro BogocHabXenus. B HHXHeHA uacTH TpaH-
1eH YXJAaAHBAOT GQHABTPYIOIIHA MaTepHak, pa3dMep KOTOPOTO yBesH-
YHBaeTcAd K cepefdHe TpaHeH, HanpuMep MebGeHky (B meHTpe)}, rpa-
BHA H necok (1Mo BHEIIHeMYy KOHTYpY).

[IpumensieMble Aas QUABTPYIOIIUX OBCHINOK MaTepHalh (MeckKH,
rpaB##i, rasbka ¥ mwefeHb) nepei YKJIAAKOH JOJKHH ObITH NpONylle-
Hpl Uepe3 COOTBETCTBYIOLIHe TPOXOTH (ceTKH) aasd oT6opa yacTHIL He-
06xoxuMOl KpynHOCTH, [IpH Ha/NHUKK B IpaBHd, a 0COOEHHO B NecKax
npaMecell (MJINCTHX, TIHHHCTHIX HJAM TBUIEBATHIX YaCTHIL) peKOMeH-
JlyeTcs TIpeXBapHTesbHas OpoMbiEKa HX BoJoH. Chejlyer Takxke OT-
MeTHTb, 9TO KaMeHHO-meOeHUIaTOe 3aNOJHEHHe TPaHIICH He JOJNXKHO
pacTBOPATLCS NOR AeHCTBHEM BOABI, a TOTOMY KapGoHarHeie (Med,
cnaGuifi U3BECTHAK H T. I.) H THIICOHOCHHE NMOPORH AJS 9TOH lesaH He-
NpHrofHK. [AyOuHy TpaHIIeH HAa3HAUAlOT ¢ YyYeTOM CHApPOreoJorHye-
CKHX YCJOBHH, TO eCTh IMYOHHBI 3a/1eraHMst H MOILHOCTH NOAJIexaIiero
SKCNJAyaTalH# BOJAOHOCHOro ropHsouta. Brcory ¢manTpytomel 06-
CHITIKH NpaKTHYeCKH NpHHHMawT B npenenax 0,3—04H (rae H—
BCKPBITAsl MOILHOCTb BOJOHOCHOTO MJacTa). TOJAIHHY (HALTPYIOLKX
cnoeB npHHHMalT 100150 MM 11 KaxAoro ciod (6O0abuiMe 3Ha-
YeHHS — AN C/oeB ¢ KPYNHLIM Matepuanom). llupuny tpanwmen yc-
TAHABJHBAIOT HCXOJAS H3 KOHCTPYKTHBHBIX ocobeHHocTell Bojo3aGopa
(4HCJIO W TONIIMHHA CAOEB) H YCJOBHE NPOH3BOACTBA paboT: OHa oObIU-
HO cocraBagert 0,8—1,2 m.
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Tpy6uaThie Bopo3aGopw (pHc. 9.1, 6) — Goflee KamHTaJbHBH THR
BOJI03a60PHOIO COOPYZKEHHS; HX MOXKHO NPHMEHATb NMPH TAyOHHe 3a-
JeraHHs NoA3eMHuX BOL 10 4—5 M. OT KamenHo-uebeHuaTnx Tpy6-
YyaThHe BOA03a60pbl OTJKYAIOTCS TEM, UTO BHH3Y TPaHIUEH, TakXe 3a-
NONHEHHOH QUABTPYIOLIHM MartepHaioM, Iias 6osnee CBOGOLHOTO CTO-
K2 YKJaiblBalOT [peHa:kKHble TPYy6b (KepaMHuYeckKue, acGecTOLEMeEHT-
Hble, GeTOHHHe, JKene300eToHHbIe). B mocneiHHe rogbl HAUHHAIOT HC-
NOAb30BaTh Takxke TpyO6odHAbTPH H3 MOpPHCTOrO MatepHata (6ero-
Ha, noJKMep6eToHa), KOTOpHle YNPOINAOT KOHCTPYKUHIO BoLo3aGopa
(OHE MO3BOJIAT HJHM NOJHOCTBIO OTKa3aThCA OT (HABTPYIOIIHX 06-
CHIMIOK HJIH e OrPaHHYHTbCH YKJIAJKOH QAHOTO CJOS).

B rtunosom npoekre ['HnpoBoxxo3a paspabGoTaHb KOHCTPYKIHH ro-
PH3OHTAJbHBIX BOJ03a6OPOB TPY6UaTOrG THIA AJ5 ABYXCTOPOHHETO
{prc. 9.2) H OJHOCTODOHHEr0o MPUTOKA K HMM NOA3eMHBIX Boj. OHH
COCTOSIT H3 ApeHaXKHoH acOecTOUEeMEHTHOH TpyGn AnaMerpoM 150 M,
CMOTPOBBIX KOJIOJIEB, pacmojaraeMux uepes 50 M, B ojxHoro cBop-
HOTO KOJ0ANA. BOKpyr Tpy6bl yCTpaHBAWOT (HABTP H3 [IPOMBITOrO
rpaBHs HAM webHA. [1yOHHA 3aN0KEHHBIX TPYO npHHESTA 3—4 M,
yxaon 0,009, KoTyioBaH Mojg KOJOALUM H TpaHimelo paspabaThiBaercs
3KCKaBaTOpOM, 060pYIOBAHHEIM ApariaafdHoM,

BonocGopHbie ranepen ycTpaHBaOT OTKPBITHIM CHOCO60M: BHauase
pa3pabaTeiBalOT TPaHILEW, a 3aTeM Ha ee JHe BO3BONAT Trajepelo,
OOGHIYHO MPOXOAHY! HJH NOAYNPOXOHLHYi0. IlomepeuHoe ceyeHHe Ta-
KHX rajepefi NPHHHMAIOT KPYMVLIM HJH TNPAMOYrOJbHBIM, NPHUEM HX
061e1Ky O6LHYHO BBIMONHSIOT H3 COOPHBIX ¥KeNe300eTOHHHIX 3Je-
MeHTOB. PaspaGoraHbl TaKKe KOHCTPYKUMH BOZOCGOPHHIX rajneped ¢
BOJAONPHEMHBMH 3JCMEHTAaMK K3 mopuctoro feroHa (puc. 9.3). Ilpa-
MeHeHHe BOJOCOOpHBIX ranepefi oOrpaHMueHo TJAYGHHOH 3alleraHust
noA3eMHbIX BOA He cBbille 6—8 M, Tak Kak 60JblIasd ray6HHa PesKo
YCIOXKHSET MPOH3BOACTEO pabOT K yBeJNHUHBAET KX CTOMMOCTD.

Ilpn OonbwHx rayGHHax CcaelyeT NepexOoAHTb Ha BoaocGopHble
INTONILHH, TYyOHHA KOTOPHX He NUMHTHPyeTcA. HIX B OT/HUHE OT ra-
Jiepel oCyIeCTBAAOT NOA3eMHbIM (TYHHeNbHEIM) cnocoboM. Punbr-
PYIOIIlHE 37eMeHTH MOTYT OblTh YJOMKEHB TOJbKO B TNpejedax o06-
JENKH,

Ilpu ycTpoficTBe ropH3oHTANBHHX BOXO3aGOPOB AJd TNepexBara
NOJAPYCTOBBIX NOA3eMHBIX BOA MX TaKKe pacnoJiaraloT HOpMalibHO K
HanpaBJeHHIO HX IBHXKHHA, T. €. HauboJee YacTo NomepeKk peUHBbIX
JoauH. Ilpy HCnoONb30BaHHM HHPHALTPAUHOHHBIX BOX T[OPH3OHTAJb-
HHe BOZO3a6OpBl pacnofaralT NapasineNbHo GeperoBOH JUHHH BO-
loeMa HAH BOAOTOKA.

KApHu3n — 3T0 OpPHTHHAJbHblE COOPYXKEHHS, [OBOJBHO IUHPOKO
pPacnpoCcTpaHeHHHE B NOAYNYCTHIHAX (MaJOBOAHBIX MECTHOCTAX), lipel-
ropublx pakonax CpeaweRr Asuu, 3akaBkasba ¥ Ap. Ouu cayxar aas
MOJNYYeHHs BOJNKl H €€ BLIBOZA CAMOTEKOM Ha IOBEPXHOCTb 3eMJIH
H3 CPaBHHTeJbHO TAYOOKO 3a/leraioillHx BONOHOCHHX nJiacToB. [Ipu
MOMOIIH KAPH3OB YACTO yAAeTCd NOAYYHTh TpefyeMoe KOJHYECTBO BO-
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8oda

Puc. 9.2. KOHCTPYKIHH [OPH3OHTAABHLIX BOJA03a60poB Tpy6IaTOro THNA
a — pacnoJoXeHuse BIOAL N0 TOTOKY; 6 — pPacnonoxieHHnle HOPMAJbHO K NOTOKY:
1 — c6opunli Konoleu; 2 — CMOTPOBHE KOJOAUH; J— ilelenb, BTPaMOOBAHHHA B
IpyHT; 4 — OJlepHOBKA; § — pHALTpylomas o6cunka; 6 — BOAOYNOPHHA mJaacT

JAbl H3 OGBOJHEHHHIX TPEeLIHHOBATHIX INIHH HJH IVIHHHCTHIX OT/OXKe-
uufl, cofepKauHEx HeGoJblIHe ITPOCIOR BOAOHOCHHIX II€CKOB.

Ksapus npegcraeaser cofoff psAj WAaXTHHEX KONOAueB-wypdos,
NpoleHHBIX A0 BOJOHOCHBIX HOPOJA, MEXJAY KOTODHIMAH TOI3EMHBIM
crnoco6om (IITOABHAMH MaJOro Ce4YeHHs) NPOXOoAAT BOAOCGOpHHE ra-
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Puc, 9.3. Bopoc6opuas ranepes ¢ MopHCTOGETOHHBIMH BOAONPHEMHMMMU $/leMEHTAMH

a -—nomepeyHnd paspes; § — NPOAOABHHA paspes: [ — napHcTOGeTOHHAA BCTABKA,
2 — xene3zoBeronHas naHra ToJawnHOK 20 cM: 3 - Le6cHOYHAs MOATOTOBKA

Jieped HenocpeJCTBEHHO B BOJOHOCHOM ca0e. B NpakTHKe cTpOHTeNb-
CTBa KAPH30B KOJOALBI OOBIYHO BBHITOJHAIOT POJb Pa3BeJOYHHX HIYp-
OB, TPH MOMOILH KOTOPHIX, ¢ OAHOH CTOPOHH, BHSICHSIOT BOJOHOCHOCTD
MOPOJ H YC/IOBHA HX 3aJ€raHHS, a C IPYrOf — Uepe3 HHX NOAHHMAIOT IIO-
POy, BHIHHMaeMyIo TNPHNPOXOAXe WITOJbEH, a B clyyae HeobXONHAMO-
CTH CIYCKAlOT KpPeNneXHbii MaTepHal. BMecTe ¢ TeM 3TH KOJOIUH,
pacnonaraeMule OOHYHO Ha paccTosiHHd 5—580 M OgHH OT Apyroro
(uem ycTofiynBee TMOPOAB], TEM pexe), OJHOBpPEMEHHO CAYXAaT H AN
BeHTHJIsIUHK (raybHHa kojoauer yacto goctHraeT 50 M u Govree).

TIpakTHKOH ycT2HOBJeH C/eAyIOUIMA MOPSAJOK COOPYXKeHUS KSpH-
30B: CHayajda NpOXOAAT KOJOALH-UIYpdH, a nocje BHSACHEHHS IO-
JIOXKEHHST BOJOHOCHHX NOPOA MeXJy KOMOALUAMH NPOXONAT BoxocbHop-
Hble raneped. Iajepeo pacnosaraloT TakHM 06pa3oM, 4TOOH OHa Of-
HOH cBOell NOJOBHHON BXOAHNMA B BOJOHOCHHH cJi0OH M KanTHpoBala
ero, a Apyro# nMpoxojHia 6 B BONOHENpPOHHN2EMHX NOPOAaX R LAy«
XKHJA MYTAMH BHIXOJ2 KANTHPOBAHHON BOAHW Ha AHEBHYIO INOBEpX-
HOCTb. B ycTOHUYHMBHIX nMopoAax KpemJedHe LUTOJBbHH B KApH3ax 0ObIM-
HO He TPeAyCMaTpHBAIOT, B 00BaJUBAIOUIHXCS XKe IOPOJax NPHMEHSTIOT
AepeBsTHHOE KpelJieHHe CIUIOMIMBIMH BA3AHHIMH PaMaMH HPH BHICOTe
ax 1 —1,2 M # mupuse 0,5 — 0,6 M.

Hns XBYyXMAacToBHX CHCTEM C BepXHHM 0Oe3HanopHHM H HHKHHM
HanopHbIM BOJOHOCHBIMH TOPH3OHTAMH NOA3EMHBIX BOJ ieJiecoo6pas-
HO NpHMeHeHHe KOMOMHHPOBAHHOrO FOPH3OHTANBHOrO BOJAO3abopa ¢
BEPTHKAJbHLHIMH CKB2a)XXHHAMH, NPOHAEHHHIMM B HHXHui Naact. TIpH
9TOM FOPH3OHTANbHAs JPeHa HrpaeT posib BOXOCGOPHOTO KOJJEKTOpa
H OJHOBPEMEHHO JJfA CKB2XXHH — BOJIOOTBOJAHOrO 3eMeHTa. C 3TOR
IeNpI0 K FOPH3OHTaJbHOH TPyOuaTOii ApedHe HOAKJIIOUEHH NaTpyOKH
(HIBTPOBHX CKBAXHMH. YCTbSl CKBAXHH COBMeINalOT CO CMOTPOBHIMH
KOJMoAaMH H 060pyAYIOT 3aNBHKKaMH.
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T'oprsonTanbHas npeHa XKanTHPYeT BepxHHH Ge3HaNOpHHH BOJOHOC-
HBIA TJIACT, 2 CKBAMUHH — HHXeJeXXallH# HaMOPHHIH TOPH3OHT MOA-
3eMHHX BOJ.

Bonosa6op coopyXKaloT ¢ NpelBapHTENbHHIM GypeHHEeM CKBAXHH
Ha HHXKHHA BOJOHOCHBIHA CJOH H YCTaHOBKOH 3aJBHXEK Ha YCTbAX
ckBaxKHH. [locsie mpoknajku B TpaHIesX TOPH3OHTANBHHX APEH OCY-
LlecTBaSeTC Bpe3Ka B HHX (CHH3Y HaH cGOKy) maTpy6KOB CKBaXHH.

CMmotpoBbie KoJoanm H BogocOopHble pesepryapwml. st ocMoTpa,
BEHTHJAIHH H DEMOHTA TOPH30HTAJbHHX BOA03a0OPOB YCTpaHBAOT
CMOTPOBBIE KOJIOAUH, KOTOpHE pacnonaralor gepes 50—75 M B BOjO-
3abopax TpyGuaToro tuna uw uepes 100—150 M — B BOjO3abopax ra-
nepednoro THna. KpoMe Toro, cMOTpOBHE KOJOAUH JOMMKHE OBITh YCT-
POeHH Ha ydYacTKe BOA0o3a0opa NpH H3MeHEHHH ero HalpaBJieHH: B
naage, nepernbax HpodHAA H B MecTax yCTpoHCTBA Nepenajos, a TaK-
Xe B Hayase Bojo3abopa (B BepXHeH ero 4acTH).

B KapH3ax CMOTpPOBLIe KOJIOAIb HE yCTPAHBAIOT, TaK KaK HX (YHK-
IHH MOTYT BbINOJHAThL WIAXTHLIE KOJIOAIK, pacnosaraeMeie Ha CpaBHH~
TeNbHO HeOONBIIHX PACCTOSHHAX OAHH OT APYroro. B KaMmeHHo-lieGeH-
YaTHX BoJo03abopax CMOTPOBHE KOJONLK TaKXe He NpelycMaTpHBa-
10T. B Bomosabopax TpyGuaToro THOZ CMOTDOBBIE KOJOALL AeNaioT
Kpyryiofi ¢opMH, 0OLIYHO H3 GETOHHBIX HJIH KeJNe300eTOHHHIX KoJer
BHyTpeHHHM AnameTpom 0,75—1 M. B Boao3aGopax ranepefiHoro THna
CMOTpOBHE KOJOAUBI MOMXKHO yCTPaHBAThb KaK Kpyriofl, Tak # KBal-
paTHOl GoOpMbl; HX BHINOJHSIOT OOBLIYHO H3 OeTOHA HJH Kele3obeToHa.
Pasmepnl KoftofileB onpeleNsioTcs KOHCTPYKUHeH H pa3MepaMH rane-
peil UIH IUTOJBHH, C KOTOPHMH OHH CONPSTaloTCs.,

Kaxawifi ropusouTtanbHuiil BoA03a6op 3aKaHYHBaeTCs BojJocGop-
HHM pe3epByapoM, B KOTOPHI BOJa NOCTynmaeT caMOTEKOM: H3 pe3ep-
Byapa B BOAOpa30OpHHe YCTpPOHCTBa BOJAa MOXeT NOLABaTLCH CaMo-
TEKOM HJIH HacocaMH.

BoaocGopHble pe3epeyapsl nNpH HeGospwioM 3ariyGiaeHHH HX B
zeMmo (Ao 5—6 M) y¢TpaHBAalOT KeaApaTHo#l HJIH NPAMOYroJbHod
¢dopMH, a npu GoablioM 3aray6aeHHd — Kpyryod. Heo6xoauMmere pas-
Mepsl MX onpenensiioTcs AeGHTOM Bofozabopa u TpebyevoM BeJaHUYH-
HOHR Bojo3abopa.

9.2. TpaccHposaHHe TOPH3OHTAJbHHX BONL03a60poB

Topu3oHTanbuble BoJdo3alopH  HanGoJee YaCTO YCTPAHBAKOT HA
KOpPeHHHX CKJOHaX; KaK MPaBHJO, HX pacnosiaraldT HOPMaiabHO K [ABH-
JKeHHI0 MOJ3eMHHBX BOJ, OGBIYHO B BHJIe BHTSHYTOH NO NPOCTHPAHHIO
NOTOKa OAHOM CAMOLUHOH HAH HeCKOJbKHX NMPEepHBHCTHX JHHHH.

He Bcerna nenecooGpasHo pa3BHBAaTh ropH30HTaJbHBIH BOJ03a60p
No OAHOH JHHHH; HHOTAa YA0OHO B 9KOHOMHYHO NMOCTPOHTHL BOJA03a60p,
COCTOSUIHA H3 OTAeNBLHHX yYacTKOB, pacloJOXeHHHX B HaHbosee
61aronpHATHHX B THAPOTe0NOTHYECKOM OTHOIIGHHH MeCcTax H oObenH-
HEHHHX B OGIIYX CHCTEMY NpH TOMOIUH BOACOTBOASIIMX JHHHH, MOA-
BOASILLMX BOAY B eJHHBIA BOAOCOOPHHE pe3epByap.
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B kdapu3ax, ycTpaMBaeMHX B IpeAropbfx, JHHHIO Bojosabopa
pacnosaramT HOPMAJbHO K CKJOHY, T. €. 10 NOTOKY INOJA3€MHHIX BOJ.
[Ipu 3anoxernu Bojo3afopa Ha BOJOPa3ZeNbHHX YYacTKax MJIH Ha
yYacTKax ¢ 3aMelJjieHHbIM ABHXeHHMeM NOJA3eMHBIX BOJ HallpaBJIEHHe
BOA03a6OPHHX JHHHH MOXeT GblITb NPHHATO JiIOOBIM, YAOOGHHIM MR
npoH3soAcTBa pabor.

ConpsixeHte OTJeJbHHX JHHHA TOPH3OHTaJIbHOTO Bojo3abopa B
nJ7laHe OCYLIECTBJISiETC B CMOTPOBHIX Kosojuax. [opH3oHTaJbHOMY
BOA03abopy clenyeT npHAaBaTh YKJOH, HampabJeHHbIH K BogocGopHO-
My peaepByapy. YKJIOHB Hajo TpacCHpoBaTh TakHM 06pa3oM, 4ToOH
CKOPOCTH JBHKEHHs BOJB IO HaNpaBJeHHIO K pesepByapy Bo3pacra-
au. 3T1o npejoxpaHseT Boxo3aGop OT 3aumJeHHs HaHocaMy Giaarolaps
BbillafleHdl0 B3BELUeHHHX B BOJe YacTHL, IpH 3ToM oco6oe 3HaYeHHe
HMEIOT MHHHMaJbHEE YKJIOHH.

YKJIOHE YCTaHaABJHBAlOT THApaBJHHecKHM pacyeToM. B KauecTBe
OpHEHTHPa MOMKHO peKOMEeHAOBaTb CJelyIOllHe 3HadeHHA MHHHMAalb-
HHIX YKJIOHOB: JUIA KaMeHHo-LleGeHUYaThlXx BoJA03aGOpoB {min==0,01;
AN TpyOyaTeix BoAo3aGopoB [min==0,002; mns ranepefHHX BOpO3a-
60poB [min=0,005. Ilpu 3an0xKeHHH AHA Boj03a6opoB B CAMOM BOZAO-
ROCHOM IUlacTe TPAacCHPOBAaHHe 3HaUHreabHO ofseryaercsi, BHOEOp
YKJIOHA OIlpenesaeTC’ TOJbKO THApPAaBJIHUEeCKHMH YCJIOBHAMH.

9.3. Onpenenenne peGUtTa FOPH3OHTAJNBHBIX BOA03260POR

FopH3oHTaabHBe BoAO3a6opH vyalile Bceld YCTpPaWBalOT B BHAE
OJHHOYHOH (He B3aHMOJEMCTBYIOIUEH ¢ APYTHMH) JHHHH, PAcIioJOXKeH-
HOH HOPMaJbHO K JBHXXEHHIO NOJA3eMHHIX BOA. 3HAYHTEJNBHO pexe 5TH
AHHAH pacnosiaralotT BAOJbL NO TeYeHHIO MOTOKa MOJA3eMHBIX BoAd (Ha-
MpHMeEp, NpH ycTpoicTee KApH30B). B 3aBHCHMOCTH oT ycJoBHA 3ano-
XeHHst TOPH3OHTANBHHX BOA03a6OPOB N0 OTHOWEHHIO K BOJAOYNOpPY
pasnxyaioT BOA03a6OpPH coBeplleHHHle, JeXalllie CBOKM OCHOBaHHeM
Ha BOJOYIIOpe, K BOA03aG0oPH HecoBeplleHHBIe, He AOCTHramlHe BOJO-
ynopa.

Hau6oJsiee 9acTo TOPH30HTAJIbHBIE BOX03aGOPH NPUMeHSIOT AJS
SKCIJyaTalud Ge3HATOPHEIX NOA3eMHHIX BOJ, HO B HeKOTOPHIX ciayda-
X HX MOMHO HCIOJB30BATb U NPH 3KCONYaTanMH HalOPHHX BOAOHOC-
HBIX [OPH30HTOB, MPH 3TOM pacuyernl MPOBOAAT IJ1aBHHM o6pa3oM B
YCJOBHAX HX CTalHOHapHOro pexuMa. JleGUT ropH30HTANLHOTO COBEP-
lieHHoro Boao3abopa, 3aJ0XKeHHOro B Ge3HAMOPHHHA BOJOHOCHHIN
0aacT M NPHHUMAKILEro BOJAY TOJLKO ¢ OJHOH CTOPOHH (cayuai pac-
noJioXKeHHsT BoJo3abopa HOpMabHO K MOTOKY NOA3EMHHX BOA), MOX-
HO onpeaenuTh 1o dopmMyne HLomoU

g -]
o (9.1)

roe Q —peSur Bojo3abopa; L —ero mauna; b —ko3ddrunent QGuabTpanHH BOAO-
BocHoro maacta, H —ero MowuocTs; £ -— ray6HH2 HAnOJHEHHs BOXO3a60pa BOJOH,
R — pajgryc pedcTBHs Boaoaabopa.
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Puc. 9.4. PacyerHas cxeMa NPWTOKa
BOJB K FOPHIOHTAJNBHOMY HBECOBEpIIEH-
HOMY B0A03360py, BCKPLIBalOlWEMY Ha-
NOPHLH BOAOHOCHMA nAacT
! — crarTHyeckHi ypoBeub; 2 —ropu-
30HTANAbLHHH BOX03a60p; 3 — nbesoMer-
pHuecKas AeNpeccHOHHAs KpHBas; 4 —
BOAOYNOP; 5 — BONOHOCHHE NA2CT

CTHp
{ s

Puc. 9.5. Pacuernas cxeMa NPHTOKA BO-
AW K T'OPH3OHTANLHOMY HECOBEpLUEHHO-
MYy BOA03460Py, SKCIAYATHPYOWEMY
6e3HATIOPHLIA BONOHOCHHIN NAACT
1 — craTHuecKHA ypoOBeHb; 2 — ropH-
30HTaMbHHE Bogosabop; 3-—-11engec-
CHOHHas KpHBas; 4 — Bogoymop; 9 —
BOJOHOCHHIA IWTACT

Ilpr mocTynjeHHn BOAW ¢ JABYX CTOpoH {(ciyyall pacnosoxeHHs
BoA03abopa BAONb 10 TOTOKY) Ae6GHT, omnpefledsieMbit Mo dopmyre
{9.1), yasauBaetcs. nsa omnpefededHusl AeGHTa FOPH3OHTAJLHOrO He-
COBEPIUIEHHOro BoA03a60opa MOXKHO Hcmoab3oBaTh dopmynst A. B. Po-
MaHoBa. IIpH BCKPHTHH HaNODHOTO BOJOHOCHOro maacta (puc. 9.4)
dopMyna uMeeT Takol BHI:

Q = _ s -, (9.2)
m - nll,
In—4—
nr Bm

rje $-—MOHHXKeHHe Nbe3OMeTPHYECKOr0 YPOBHA MOX3eMHbLIX BOX NpH palGoTe BOLO-
3a60pa B MecTe ero pacnoJoXKeHHs; fm ~— MOULHOCTh HaNOPHOro BOLOHOCHOTO MAacTa;
r — pajisyc BoA03abopa; Moxer OhiTb MPHHST paBHelM 0,60 (rae b — mBpHsa BORO-
3a6opa); {» ~— paccrosude oT BoAo3260pa BBepX MO MOTOKY 10 HEKOTOPOH TOHKH, rae
B0O103a60p yXe He BJHJET HA NMOHHMEHHe YPOBH NOA3EMHHX BOA (MoXeT OHTb
NPHHATO paBiuM R — iR, e i— ecrecTBeHHHH IPAAHEHT JIOTOKA MOA3EMHHX BOX,
a R —pazuyc xeficTBHs Boxosabopa); {; —— paccrossue OT BO303a6opa, HO BHH3 MO
noToky (moxer GHTb NMPHHATO paBHHM R-+iR); B=l+1ls.

Ilpr pacnosoxedud Box03abopa BAOAbL IO NMOTOKY B 06e CTOPOHH
OT Hero GOopMHpYeTCsl CHMMeTpHuYHasi JenpeCCHOHHAs KpuUBasi; B 3TOM
cayuae ly=l,.

B cnyuae BCKpHITHSI Ge3HaloOpHOro BOXOHOCHOro miuacra dopmyaa
HMeeT cielyliki B (puc. 9.5):

Q=1a{q+ ¢ +¢). (9.3)
_ k(B — A _ Rk —ho?)
1 '_—"_'211 * 2"‘T 'y
_sk(Hi—h —T)

9= (T /nr) + nl,/TB

h1=H1—'—‘T, hgzﬂg—'T,



rae H; — uamop Ha paccTOAHHH {; BHH3 MO MOTOKY; H; — Hamop Ha paccrosHud Iz
BBEPX IO NMOTOKY; /o ~— HATOP BOAH B BOA03aGOpe, CYHTAR OT ycaorHOft nuawy A—B;
T — paccToAHHe OT BOAOYMOPA A0 TOH e JHHHH.

INpu pacionoxennu Bofgo3abopa BAOJb N0 NOTOKY Hy=H,, hy=Hh,
H limtz=R

Torxa ¢opMyna (9.3) npuHHEMaeT BHX

Q=L {20 +), (94)
S _ht
tre gy =g tACAN. QR"" L.

B CJOXHHX THAPOTEOJNIOTHUECKHX YCJIOBRAX (HEOJHOPOAHOE CTpoOe-
HHe iylacTa) Ae6HT BOJ03a60pa PeKOMEeHAYETCH ONpefelsiTh Ha OCHO-
BE SJVIEKTPOMOA e DOBAHHKA.

flpumep. Onpenenuts AeGHT TOPH3OHTANLHONO BOAO3a6Opa HECOBEPIUEHHOTO TH-
fla, 32;10XKeHHOr0 HOPMaJbHO K Ge3HalopHOMY TOTOKY MOA3eMHHX BOX.

L 235%)13110: Ho=10 wM; Hi=9M; hy=0; [;=200n; [,=250 at; T=5 m; k=1 ma;
= M.
Pentenre: npeapapuTeNsho HaxOXHM L=200-+250=450 m.

Hy= ]/%g—g(wugew M 0,45 m; By=10—5=5m; hy=0—5=4u.

CHadana onpesesseM BeJHUMHHL G, ¢ H g3t

1 (42 — 09) 1(5* —0%) =
= o " =004/ = e = 0,05 M3 fu;
3,14.1(9,45 -0 —15)
gy = ~ : ~ 0,2 M3/u.
031g—0 3,14 - 250 - 200

3,]4‘0,5+ 5« 450
3areM no Gopmyae (9.3) uaxomum Q==250(0,04+0,05+0,2)=725 m*/a.

9.4. Mon6op puabLTPpyHOIMIHX 0GCHNOK
AJIA FOPH3OHTANLHWX BoA03abopos

Marepuaibl, npejnazHaueHHbe A1 QHALTPYIOUIHX OOCHTIOK, AOM-
XHBH Y/JOBJIeTBOPATL TPeOOBAHHAM MPOYHOCTH H MOPO3OCTOHKOCTH.
I'paBuii u nebelh H3BEPXKEHHBX TOPOJ (TPAaHKTH, CHEHHTH, AHOPHTH,
ra66po, nNOpPYHPH, JHOADHTH, 6a3ajbTh H T. ) C MIOTHOCTHIO
2,3—2,7 1/m3 uan e 0co60 NPOYHHE PA3HOBHAHOCTH OCaAOYHHX IOPOZ,
(KpeMHHCTbie H3BECTHAKH H XOPOWO CLEMEHTHPOBAHHLE NMECYAHHKH) C
IJOTHOCTEIO 2—2,4 T/M3 NPH BpeMEHHOM COTMPOTHBJEHHH Ha ciKaTHe
He meHee 600 Kr/cM2 NIPHTOAHH AJ51 BHYTPEHHHX CJIOEB OGCHIMKH.

Ins HapyXHHX CloeB OOGCHIIKH TPUTrOAHBI NMPHPOAHHE MECKH —
NPOAYKTH BHBETPHBAHHA H3BePXKeHHHX NopoA. PHabTpyoilas obchn-
Ka He AOJAXHA 3aulsAThcs, KOJBbMATHPOBATHCA H MOABEPraThCs XHMHE-
qeckol cy¢¢o3nu; KoauyecTso yactHiy pa3Mepom <<0,1 MM Xonycka-
ercsl He 6osee 3—5 %. Jlnsa noabopa cocTaBa GUALTPYIOIIHX OGCHINOK
B Bo03abopaX rOPH3OHTAJBHOTO THNA DEKOMEHAYeTCS MOMb30BaTLCA
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Puc. 9.6. Kpusuie nis noa6opa cocrapa nepsoro cios HAbTPa (cxeMa ABKKeHHs
BOAB CBEPXY BHH3)

& -~ N3 TPAB&IHCTHX MAaTePRANOB IIPH TOMMMRE €0 GHAMLTPA Ac.o>8Ds50; 6 — Ha
eGeHHCTHX MaTepHafoB NPH TOMIHHE CJOS QHIbTPa Aec.e=26D5p

pacueTHniMH rpagukaMy B. C. Hcromunoii (BHUW BOIATEQ), co-
CTaBJeHHHMH NPHMEHHTENbHO K PA3NHYHHIM CXeMaM ABHXKEHHSI BORBI.

B mecyaHbX M rpaBeJHCTHIX BOJOHOCHHX HOPOjaX ¢ KO3pPHUHEH-
TOM HEOJHOPOAHOCTH frp=4deo/d:0<<10 u cpeinnm AHaMeTpOM dso>
>0,15 MM TpH ABHXEHHHW BOALI CBEPXy BHH3 TNlepBbiil C0il ¢HAbTPA
clefyeT NMoaGHpaTh, HCmoJb3ys rpagukd (puc. 9.6), Brpaxawliue
3aBHCHMOCTH D'so/dso==f(mg), TIAe CUIOMIHONH JHHHEH NPOBEJEHBI OC-
pefiHeHHble KpHBHIE, NYHKTHPHBIMH — orHGawiwre. [IpH noab3oBaHHH
CIVIOWIHBIMH JIHHHAMH pacyeT BeAETCH JJS OCPeJHEHHOI'0 cOCTapBa TMo-
poa. IlpH nonbaoBaHHH OruGawMEMH (MYHKTHPHBIMU) JIHHHAMH TOA-
6op W NPOBEPKY BHMNOJHAKWT ¢ 3anacoM. 3aech D’sp, dsp— cpeinne
LHAMETPH! YaCTHI[ AJs1 CMEXHBIX CJIOEB NOPOJA (COOTBETCTBEHHO (HIBT-
pa H BOAOHOCHOI'O Myacta); D's, dgg — KOHTPOJHPYIONIHE AHAMETPHE 4a-
cTHU; D'y, dip— neficTBYOUlIHE AHAMETPB! YacTHI; 1)rp — KO3(DQHIH-
€HT HEOJHOPOLHOCTH BOJOHOCHOTO MJAacTa; Mg — Ko3PPuUHEHT Heond-
HOPOJAHOCTH BHABTPYIOmEeH o6cHNKK (cios QHALTDA).

B rtex xe ycaopHiX (np=<10 U d5=0,15—0,7 MM}, HO NpH ABH-
JKeHHH BOJAH CHH3Y BBEpX, He JIONYCKas KOHTAKTHOTO 3alopa MeJKo-
3epHHCTOH MOpPOJH B NOpPH Gojee KPYNHOH, nepsHi ciaoH ¢puibTpa
noaGpaior no rpadHky, u3obpaxeHHoMy Ha pHc. 9.7, a. I1pu Gokoso#t
cxeMe JBHXeHHs! BOAH (T. e. Napajie/ibHO PHABTPY), a TAKKe OTCYT-
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Puc. 9.7. Kpunuie aas noglopa cocrasa nepsoro cios ¢uastpa Deo/D 010

a — IpH ABMKEHMH BOAH CHH3Y BBEPX Ha IECYRHOM OCHOBaHHH; 6 — npH GOKOBOM
ABuKeHHE BORM npk [<C1,3deo/d1o<< 10
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AMAMETP YACTHLL, MM

Puc. 9.8, KpHBnie 3epHOBOre coctaba Bongu%cuoro necyanoro naacra (/) x ¢uabr-
pa (2 3)

CTBHH KOHTAaKTHOrO pa3MbiBa 6oJiee MeJKO3epPHHCTOH NOPOAH KpyIl-
HOCTh MAaTePHaJOB JJA BOJOHOCHHLIX IUIACTOB, XapaKTepH3YIOIHXCH
K03QPULIHEHTOM HEOJHOPOAHOCTH Mp<< 10 u d5=0,15—0,7 MM, BH-
6upatoT mo rpaduky, H3oGpaxeHHOMy Ha puc. 9.7,6. KosdpduumnerT
HEOIHOPOAHOCTH (PH/BTPYIOLIHX OOCHIIOK peKOMeHAyeTCH NPHHUMATh
He Gonpmie 10, T. e. np==10.

Hna rpaBenucTo-raJeYHHKOBBIX BOAOHOCHHX NMOPOA € MeCYaHHM
3anoiuuTe/eM B Koaudectse g>10—20 % no macce, K0apPULHEHTOM
HeOAHOPOOHOCTH Mrp==10—20 B kKospduuHeHTOM UIBTPALHH k<
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< 0,05 M/c nepsHi#t caoft puaAbTpa (KAK NPH ABHXKEHHH BOLB CBEpXY
BHH3, TaK H CHH3Y BBepX) Mpejasaaraercsi NoAGHPATh, BHAEASA H3 BO-
ZIOHOCHOTO NJ1acTa €ro pacueTHYi0 ¢pakuHio ¢ KO3(p(HLHEHTOM HEOH-
HOPOJHOCTH 1p== 10 (cynTas oT MeJKHX uacTHu). Ias 3To# pacyeTHOH
YacTH H cjeldyer noxbuparh mepBHil ciaofi ¢uavTpa (cMm. pue. 9.7).
BropoHi u TpeTH cioH ¢raAbTpa NOAGHpAOT MO TeM Ke rpatHKaM
(cM. pHc. 9.6, 9.7, 2), upHHUMAas HePBHH cA0% O6GCHIIKH 3a BOJOHOC-
HEH nuzact.

Tonmnny caoeB ¢uabTpa BHGHPAWT B upenetax hy==>2Dy — 2Dg,
HO H3 YCJIOBHH NPOH3BOACTBA pa6oT OHA He JOJXKHA GHTh MeHee 0,1 M,
ONTHMaJIbHOe 3HayeHHe — 0,15—0,2 M.

NMpamep. BogorocHHA nJaacT npepcTaBied DHJeBaTHM neckoM (pHc. 9.8) ¢
dnin=0,02 mM; dyo=0,00 MM; ds50=0,17 MM; d5c=0,20 MM; dmax=1 mMM;
Wepdso/dio=4 (xpuBan [). Ilogo6paTe mepBHIA cJOl OGCHINKH TPH ABHXEHHH BOAM
caepﬁ' BRH3,

PHHEMaeM KO3(QULHEHT HEORHOPOIHOCTH OOCHURH Mo=D’s0/D’)0=8. OtHo-
werne D’so/Dso MoxHO mpHHATE o7 3 a0 15 (c 3anmacoM). Buawane paccunTaeMm
zpnaygol 3epHOBOTO cocTaBa O6CHNKH TpH Dso/dso=3. BoaosocHmE miaact umeer

s50=0), 7 MM,

Toraa D’50=0,17-3=0,51 MM. YautebBasn, yro yactHx <0,1 MM B Qunbrpe He
ROAXKHO OHTb >3 %, npuEuMaem D7/;y=0,15 MM, a D%0=0,15-8=1,2 MM. D’ max
npunuMaeM ~5 MM. 3Hag D7, D5, D'¢o H D’mex, CTPOHM NEPBYIO TPaHHYHYIO
KPHBYIO 3epHOBOTO cocTaBa $unbTpywiled obchinku — KpuBag 2 (cM. pHe. 9.8).

Of00HHM 06PAa30M CTPOHM H BTOPYI T'PAHHYHYI KPHBYi0 nNpH Dsefdsec=15.
Onpenensiem D750/ds0=0,17-15=2,55 mM. Torpa D’s npuruMaeM 3,5—4 M, a
Dyo=0,5 MM, D’max npursMaeM 10—15 mm. Tlo nonydennbiM 3Haq9eHANM DYy, D’so,
D’so m D'max CTPOHM BTOPYIO I'PAHHUHYIO KPHBYIO 3€DHOBOTO cOctaBa ¢uasTpylomiefi
O6CHRKH ~ kpHBas 3 (cM. puc. 9.8).

MarepHaas, COOTRETCTBYIOLIHE 3ePHOBOMY COCTABY MeXAy KPHBHMH 2 H J,
MOMXHO HCIIONB30BATh ANA NEPBOTO CNOR (HIABTPA WPH YCNOBHH, HTO KOSGPHUHEHT
HEOXHOPOAHOCTH HX papeH 8.

IIpHroaHOCTE HMewMierocs MaTepHana Jfas (GHALTpa NPOBEPSIOT
caeayomAM obpasoMm. 3Has 3epHOBOH COCTaB BOJAOHOCHOTQ mJjacTa H
KapbepHOro MarTepHaja, NMpelHa3HateHHoro as $uibTpa, onpenens-
10T oTHOWerHe D'so/dsy # Ko3pHUHEHT HeoHOPORHOCTH KapbepHOro
MatepHana D'e/D1; Ha rpadure (cM. puc. 9.6,a) HaXOAAT TOIKY
nepeceucHHs. Ecau sTa TOYKa nonajmaeT B obaactb JONMYCTHMBIX 3HA-
YeHHH, TO MaTepHa] MOXHO HCNOJbL30BaTh AJ1Sl GHALTPA, B POTHBHOM
crnydae MaTepHa/l HEMPHTOAEH H HYXJA€TCS B COPTHPOBKE.

9.5. Pacuer BORONPHEMHON MOBEPXHOCTH
rOpPH3OHTANLNBIX BON03aGopoB TpyGuaToro THIA

BomonpueMHbe OTBEPCTHS B cTeHKax TpyGbl. [lHamerp KpyraHx
CBepJ/IEHHX OTBEPCTHH NPHHHMAKT He MeHee 1—1,5 cM, WHpHHY Die-
JH —He meHee 0,5—1 c¢M. B cTeHKax GETOHHHX H XKeae306eTOHHLIX
Tpy6 H ranepesx OTBEPCTHS BHINOJHSIOT OJAHOBPEMEHHO C H3rOTOBJe-
HHem Tpy6. IlAs 9TOro B MeCTaX pa3MelleHHs! OTBEPCTHA 3aKAaJbIBAlOT
npoMacieHHue AepeBAHHEeE npo6KH, KOTOpble yAansior nocje cXsath-
paHuA Gerona. [lnameTp oTBepCTHH NPHHHMAIOT He MeHee 2—2,5 cm.
Heo6xoauMoe 9HCI0 BOAOMPHEMHLIX OTBEPCTHH ONpeAensioT THAPAB-
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Puc. 9.9. Cxema K THIPaBAHYECKOMY
pacyery  BOAONPHEMHOTO  OTBEPCTHR
TpyGui
1 ~ OBepXHOCTL TPYHTOBHX BOR B OK-
DYKAWOeM TpyHTe (KpMBas Jempec-
cuu); 2 — ypoBeHh BOAH B (RIbTPaLH-
OHHOM O6cuhiNKe; 3 -— ypobeHb BoAEI B
1pybe; 4 —KoHTYDp ¢HabTpYOUled 06-
CHUKH; fla — YY3CTOK BHICAYHBAHHA Ha
EHEUIHEM KOHTYpe (HILTpy®OlUeR 06-
CHINKH; flo ~—— MOTEPK Hamopa IIPH HCTe-
YeHWH BOJAH Yepe3 BOJONPHEMHHE OT-
BEPCTHS

JugeckuM pacyetoM. IlpH 9TOM pas3/iHYalOT: a) OTREPCTHSA, PacmoJsio-
KEHHBE B BepXHell HiH 60KOBOH yacTH TpyOw; 6) oTBepcTus, pacno-
JIOKEHHBIe B HOHHOH JacTH TPyOHL.

Ha puc. 9.9 npeResena cxeMa K FHADABJAHYECKOMY pacuery oTsep-
CTHH, PACHOJIOKEHHHX B BepXHeli HaW GoKOBOH wacTH Tpy6n. Uepe3
BOAONPHEMHOE OTBCPCTHE NPOHUCXOJHUT HCTeueHHC BOAB H3 QUABTPYIO-
uieft oGCHINKK BO BHYTPEHHIOIO NOJNOCTb TPYOH, KOTOpPO@ CONPOBOXAA-
eTcs HEKOTOPHIMH NOTepsIMM Hanopa f,. 3agaBas AONYCTHMYIO BeJlH-
YHHY 3THX NOTE€Pb, MOXKHO ONpEeNeNHTL YHCIO OTBePCTHA Ha | M AJMHHB

. (9.5)

rae g — HPHTOK K BOA03abopy Ha ! M AJMHHBL (ONpefiensieTc® FHAPOreoNOrHyecKHM
pacyeTOM); Wo — NAOMAAL ONHOIO OTBEPCTHA (ANR BepTHKANMBLHBIX mejed B pacder
RpHiHMAeTCA NJOMIAAL OTBEPCTHA HHXKEe YPOBHS BoAW B Tpy6e); g -— yCKOpeHHe CH-
JH TAXKECTH; b — KOIDPHUHEHT PACcX0AA.

Kosddunnent pacxoaa oTsepcTuii nepBoro THNa (pacnofioXeHHbX
B BepXHeH uad BOKOBOHA 4acTh TPYOH!) ONpelnensiioT B 3aBHCHMOCTH OT
ydcaa PefiHoJMbICA H OTHOWICHHS dyrf/fs, Tae Ip— pas3Mep OTBepPCTHA
(AHaMeTp MJH WHPHHA lleNH, 3a30pa); dyy — pasMep dpakuuu obehin-
KH, coorBeTcTnyomui 17 % nmo KpHBO# pacyeTHOro rpaHyJIOMeTpHYe-
cKoro coctaBa (cM, Tabuuuy). B pacueTHHIH cocTaB BKAIOUAOTCS
¢pakuun kpynuaee 0,4fg— B cayyae Kpyrasix oTeepcTHH u 0,6/p—B
ciiydae lniesied HJIH 3a30DOB.

3nauenusa xoagdHuKHedra pacxona

. dilte R
Re
0.4 0,65 1 1,6 2 3 4 8
108 0,33 0,27 0,21 0,33 |0,4 |0,47]0,51]0,55
10¢ 0’31 0,25 0,20 0,33 | 0.4 {0.43)0.51 10,55
5-105 0.28 0,24 0.19 0,32 |04 |048]0.52]0.56
2. 10 0,92 02 017 0,29 {0.36]0.35|0.48 | 0.53




Yucao PefinosbRca BHuHCAZIOT no Hopmyne

9gh,

Re= tov 2gh, s (96)
v

rae v — KudeMatHueckuft koadodunuest saaxocrd, paBHuRt 0,013! cm?/c mpu Temne.

patype soan 10°C.

Pacuer otBepcTuit Broporo tna (pacnosioXeHHHX B AOHHOH JacTH
TPYOHI) BBINOJHAIOT: @) N0 YCAOBHIO NPelOTBPAlleHHs BHHOCA (HJb-
Tpylollei 06CHNKH H3-NOA TPYOH; 6) Mo BeJHYHHE AOUYCTHMHIX NOTEPh
Hanopa. Y3 aByx nosyuenHEIX 3HaueHHH npHHUMAIOT HaHboablIee 9HC-
J10 OTBEPCTHH.

YcaoBHe NpeaoTBpallleHHst BHIHOCA HMEeT CJAeAYIOLHHR BHA:

0,=02V gdy. (9.7}
rie Uy — CKOPOCTb IFOTOKA B OTBEPCTHH; g — YCKOPEHHe CHJbl TAMECTH; djo — pasMep
¢pakuui obchinku, coorBereTByomuA 10 Y, MO KPHBOA ee rPaHyNOMETPHYECKONO CO-
cTaEea.

Cornacho ycnoBHo (9.7), uHCI0 1OHHBIX OTBEPCTHH Ha 1 M RJIHHBL
TPYOH OMpeAesAloT no GpopMmyJe

n>—- q";‘,—_‘.‘} {9.8)
uro . 0,2 ]’/ gdlo

Pacuer ROHHHIX OTBepCTHE 1O BeJHuYHHe AOMyCTHMHIX NOTEPb Ha-
nopa BHNOJHAIT No ¢opMyie (9.5) ¢ ygeToM cheAyOLWHX 0CO6EHHO-
cTeH ompeflenenusi KospduuHenTa pacxoaa:

a) BeJHUHHY di; BRIGHPAIOT M3 COCTaBa TPYHTA, 33 HCKJIOUEHHCM
10 % Menkux ¢pakuu#, KOTophle MOIyT GHTb BHeCEHb H3-TOX TPYyOH
npy cobaoaenns yeinosus (9.7);

6) B cayuae dy/fp<<l B pacuer MPHHHMAIOT 3HAaueHHe KO3(DHIH-
eHTa pacxona npH dyffy=1.

JonycTeMble notepn nanopa no ¢popmyse (9.5) nprHHMAIOT ¢ yde-
oM ofecneyeHHss MaKCHMaJbHOH 50 (EKTHBHOCTH BONONPHEMHOH MO-
BepxuocTd. [IpH omacHOCTH XHMHYECKOrO KOJLMAaTa)a OTBEPCTHH Be:
JHYHHY TMOTePb Hanopa cjefyeT NpHHUMAaTh He Gosee 0,5-—1 cM, yun-
THBas BO3MOXKHOCTb YBEJHYEHHS TOTEPH N0 Mepe KoJbMaTaxa.

Ecnv npHHST> MHHMMaNbHOe 3HAaUeHHe KO3(pdHUHeHTa pacxoxa
u==0,17, T0 OPHEHTHPOBOYHO MOKHO OMNPEJEeJHTb YHC/IO OTBEPCTHH MO
dopumyae

7 . S—T} X2 (9.9)
0,17w, 1/ 981 - 1 o

Tae g — YAeNbHHR BOLONPHTOK, cM¥/c, wo — NAOMWAAL OTBepeTus, CM2,

®opmynoi (9.9) pekoMeHAyeTCs MOJMB3OBATHCA /S pacseTa gHCIAA
OTBEPCTHH B nepBoM npHGaHXeHHH. Ecni npu 31oM obimas nuoitans
OTBEPCTHE OKa3nBaeTcs Gosee 1'% miomntazgu moBepxHOCTH TPYOH, TO
CHEIYeT OnpelleNaTh YHCJAO OTBEPCTHH Gosee ToUHO 1o dopmye (9.5).
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OTBepCcTHs HA TIOBCPXHOCTH TPYOB pa3sMCUIaoT ¢ YyUeTOM MAaKCH-
MaNbHO! BOJONPONYCKHOH CNMOCOGHOCTH H yCJOBHH NMPOYHOCTH TPyOM.
OTsepcTHs cleayeT pasMemiaTh He Bhlle YPOBHS BOAbI B Tpybe. Pac-
CTOAIHHSL MCXKAY OTBCPCTHAIMH XKeJaTC/IbHO NPHHMMAaTL HC MeHee 4YeM
B 15—20 pas 6oabiue pasmepa orsepeTHéi. Torja oTBepeTHA HpaKTH-
YecKH He BJHMSIOT Ha NMPOYHOCTh TPyObl. B npoTHBHOM ciiydae HcoGXo-
AMMO YUHTHBATb CHMXKEeHHe NIPOYHOCTH TPyOH MOJ BJAHSHHEM BOROIDH-
eMHHX oTBepcTHi. KoaddHIHEHT cHUXEHUSi TPOYHOCTH BBIYHCIARIOT MO

dopmyae

kp:-—-“Pu/P-::].-—t/C, (9.10)
rpge Pp w P —npounocTs mepdopupobanuofl H mnenepdopupoBanHol Tpyl; ¢ - pas-
Mep oTBepcTHdl  (Bgoab TPyOH); £ - paccTosHMe MeXKIYy OTBepCTHAMH  (BROJB
TpyOH).

3asopn Ha CTHKax TPy6. BO3MOXKHOCTH HMCNOJNb3OBAHHS 3a30pOB
B KauecTee BOAONDHEMHBIX OTBepCTHR TNPOBCPAIOT TI'HAPABIHYECKHM
pacueroM. Heo6xoaHMO, uTo6b NPOHHIACMOCTh QHAbTPYIOLIEH 06CH-
KM 6bina B 10 H Gosice pa3 Bbilie NMPOHHILAEMOCTH OKPY2KajoMIero TpyH-
Ta. TOrAa MOKHO CYHTaTh, YTO (PHABTPAUHOHHHA NOTOK B OOCHIIKE
IBHXeTcS BAONb TPYOHW OT cepelHHB 3BeHA K 3a3opaM. JIBHIKeHHe
NOTOKA B OOCHIIKC CONPOBOXKAAETCs NOTEPAMH Hanopa hg, BeJHUYHHY
KOTOPOTO MOXHO ONPeAC/]HTb N0 ¢opmyse

hy = qL®[kywy - 8, (9.11)
rie L — aauHa TPYOH, T. €. PAacCTOAHHE MeX/JIy 3a30paMH; § — NPHTOK Ha | M Tpy-
6H {OnpefensieTcAd rHAPOreONOrHIECKHM PacueToM); Wg — IWIOWAAL MOTOKA B (HIALT-
pylolned ofchinke, paBHas NMJOWAAH OGCHIKH HHKe ypoBaa Bosnt B Hell (mpHOAH-
WEHHO — HHXKe YDOBHS BoAbW B TpyGe); ke — KosbdunHent ¢HasTpauds $HIBTPYIO-
mel oBCHINKH.

Buuncaennyo no ¢opmyiie (9.11) BesuunHy noteph Hamopa cpab-
HHBAIOT C HEKOTOPOH AONMYCTHMON BEAMUHHOH [hg], onpepenscemoit ye-
JosdeM 9bdeKTHBHOCTH paboTh! Bojosabopa. Iipu orcyrcTBHH 0COGBIX
TpeGOBAHHH cJefyeT NPHHHMaTh AONYCTHMYIO BeJHUHHY nortepb [hgl
He Gosieec 3—5 oM. Ecan hgp<<[hg], TO 3a30pBI HA CTHIKAX TPYD MOXKHO
HCIIONIb30BATh B KauecTBe BOAONDPHEMHBIX oTBepcTHH. EcaH hg>[hs],
TO cJefyer MpeAycMaTpHBATh CTlelHa/lbLHHE BOAONPHEMHBIE OTBEPCTHA
B CTGHKaX Tpy6. _

3a30p, HCHOJb3yeMblll B KauecTBe BOAONPHEMHOFO OTBEPCTHS, CJe-
LyeT OCTABAATL OTKPBITHIM TOJIBKO B HHXKHCH 4acTH TPyOHl, NpHMepHO
Ha /3 ce OKPYXHOCTH. BepXHssi yacTbh 3a30pa A0JKHa OBIThb NPHKPH-
Ta HJH 3afeJaHa BO H30eXaHHe NPOCHNAHHA TPyHTA HJIH OOGCHIIKH
B 1py6y. Heobxoaumbiii paamep 3a3opa OnpeResiOT THAPABIHIECKHM
pacuetoM. QueBHAHO, UTO 3a30p paboTaeT KaK ROHHOE OTBEpCTHE, NOo-
3TOMy HJsi ero pacyera HcnosabsyioTcs dopmynst (9.5) u (9.8), xoro-
pble NPHMEHHTEJbHO X 3230py NpHO6peTaT CACAYIOMHH BAA

Wy — I (9.12)
0,2V gdy

PR | — (9.13)
PV 2gh,
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Puc. 9.10. KoncrpyxtHeHaa cxema
Tpy6uaToro Bogosabopa
! — yposens BOAW B TpyGe; 2— ypo-
BeHh BOAW B QHAbTPyWOMEH O6CHIIKE;
d —rpyba

’00 "/0 — — —— ——— — — ——— ——
( | F=FFH L
M’___Q.M _J [ _7/ § - ,} s
Y UL
o e ik ny) i
R P T RN 1R Sy L
4 _i - -k j}_f___q CI\‘. QQ{;" AN 4_ { . Lt
FER
; W 441
A [ ~iﬂf"f'!i L *"J}M % N
- — IR Y AN i_l__m__m_____i_w
*~ o Y <X X
S ¥ IS & I IO 0N II8um

Puc. 9.11. Kpwane rpanynoMeTpHYecKOro cocTapa

I — rpynra; 2 — ¢uapTpylel OGCHNKE; 3 — TO e, HO HCKIIOYEHH (PAaKiHH MeHb-
me 0,4to

rie g —IPHTOK Ha | M TpyGu; L -— AnHHA TPYOW (paccrosude MeXay 3830paMmHu);
ocrajbHke 0003RAYCHHA RaHW B NOACHCHMAX K dopmynaw (9.5) n {9.8).

Koadbobunenr pacxoaa onperenserca Kak H panec. s n1syx snave-
HHH @; OKOHYaTesbHO NPHHHMAOT HAauGOJbILKE, H B 3aBHCHMOCTH OT
paboueil AAMHM 3a230pa (4epe3 KOTOPYi0 Boja NocTynmaer B TpyBy)
onpelesOT HeOGXOAHMYIO WHPHHY 3a30pa.

Mprmep pacueta. Jlana KOHCTPYKTHBHas cxeMa pomosafopa {puc. 9.10). TpyGa
acBecroneMentHas. Jausa 3Bepa Tpy6m L=300 cM. Ouantpyiowan obculka
{puc. 9.11) nmcer ko3pduusent dumbTpanuu ky=1800 M/cyr=2,08 cuv/c. Ilpurox
K Bojo3alopy cocraBasier ¢==2,3 M3/cyr, Hmi 26,6 cM?/c. B pacueTe Ha | M AJHHH
on pasen 0,266 cM2/c. HeoGxomnmo paccyHTaTs BOAONPHEMHY® MMOBePXHOCTH TPYSHL

Baphatr 1. CHayaha nposcpiM BO3MOXHOCTL HCNOJbIOBAHKMS B KauecTse BOAO-
OpHeMHMX OTBePCTHH 3a30poB HA CcTHKAx tpy6. [Jas pacyetra no ¢opmyne (9.9)
BHYHC/SEM MAOWAak MOTOKAa B QuaeTpyloplel  ofcwinke. Cornacio puc. 9.10,
@ 3%&35&%2—1,’2~n/4-362=1765 cvd,  [Mo ¢gopvyne (9.11)  unaxomum  fip=

= - == |3 X -
50017655 0,81 eM. [ToTepH HEIHAUHTEAbHM, MO3ITOMY 3230PH Ha CTHKAX MO
JHO HCMOAB3OBATL B KARECTBE BOJONPHEMHWX OTBepPcTHA.

ITo ¢opmyne (9.10) bpuuyHcAseM HEoGXOXHMYIO TMOUAAL 3a30Pa, TNpPeRBApH-
TensHo Hafias no puc. 9.11 {kpHpag 2} d16=0,29 cuM

0,266 - 300
- 9‘;*'—_:—23,7 M2,

0,21/ 981.0,29

Wy =




ITo popmyne (9.9) mnomann Gyser 3apeoMo MeHblle. 3a30p MPHKPHBAEM CBep-
Xy #Ha 2—3 AnHHK OKPYXHOCTH TPyOr. IJNuHAa OTKPmTOH wacTH 3a3opa la=3- n-33=

=346 cM. Heo6xoanMasn wHpHHA 3330pa by =w3/ls=23,7/34,6=0,69 cM.

Bapuant II. CTHKA Tpy6 3aKpHTH MydTaMH; BOLONPHEMHEe OTBEPCTHA B CTEH-
Kax Tpy6; OTBepCTHS NpOCBepnuBaioTesd. JHaMeTp OTBepCTHA NpHHWMaeM fo=1 cM.
[laowmane oTrepeTu @Wo=0,785 em2,

HOns pacyera uHcna OTBepCTHH WpelBAPUTeNbHO NpuHHMaeM Ao=05 cu. Ilo

1V2.981-05 .0 o .
0,0731 = . cocTabe GHABTPYIOME

obchnka (eM. pac. 9.11) BHpeaseM wacTb ¢ (paKUAAMH KPyNHOCTRIO 0,466=0,4 cM B
B BbigeneHHO#} yacTH (kpuBas 3) HaXxomauMm di;=5.6 cM.
Tpu d7/6,=5,6/10=056 u Re=2390 naxoaum mo tabnm. 9.1 spauende pn=021L.
Mo ¢opmyne (9.5) Buuncnsiem HeOGXOAWMOe 4MCMO OTBepCTH HA 1 M TPYOH:
B 26,6
0,21.0,785-2.981.0,5

IMpauamaem n==6. Inst cpaDHeHHd BHUHC/AAEM YHCAO OTBEpCTHH MO npubiuKed-
Hofl dopmyne (9.8):

dopmysne (9.6) Haxomum Re=

—5,15.

OtBepcTHA pa3MelaeM ¢ ABYX CTOPOH TPYGH. PaccTOSHHs MemAy OTBepCTHAMH
B paay npHuHMaeM fo=30 cM.

9.6. Pacuet Bogonpuemhoi cnocobuoctu Tpy6
B FOPH30HTAJBHEX BOp03a6opax

Fuppasnnueckne pacueTnl NPOBOAAT AJSI ONpeleleHHS] THAMETDPOB
Tpy6. Ecnu xe guaMeTpnl Tpy6 H3BeCTHB! — PACCUHTHIBAKOT YKJIOH BO-
no3abopa, ofecneyHBaIONIero HOCTYNaWIMHA pacxXxol Bojb. BelrHddHy
OTBOJAHMOr0 pacxofa Q onpefensiioT, BBINOJAHSS IHAPOreoNOrHueCKHe
pacyerH. JlonycTHMY CPeJHIOI0 CKOPOCTb JIBHXKEHHS BOAH B Tpybax
BHIGHPAIOT H3 YCJAOBHA HEJONYCTHMOCTH 3aHleHHSt TPy6 H Da3MblBa
OKpyatwllero rpyHra (Ha yuacTke nepdopHpoBailHbix Tpy6).

CKopocTh ABHXKEHHst BOXBI B TPy6ax npuuuMaiotT 0,15—1 m/c. dan
TPY6, yN0XKEeHHBX B IIMHHCTHIX IPYHTAaX, HAHMEHbIIYI0 CKODOCTb JIBH-
JKEHHSI NPHHHMaloT B npefenax 0,15—0,2 m/c; B necyanbx rpyHTax -—
0,3—0,35 M/c. OntiManbHan ckopocrs ABHxkeuus 0,5—0,7 M/c. Han-
60/blIyI0 CKOPOCTH HasHauawT He Gosee 1 m/c. Ha ruyxux ywacrkax
TpyG CKOPOCTb TE€UEHHS MOXHO JOBECTH 10 1,5 M/c, €CJIH 3TO He NpH-
BOJHT K 3aMeTHOMY 3arny6iieHHIo Boposabopa.

ITponycknas cnoco6HOCT, TPYO AOJAXKHA COOTBETCTBOBATh MAaKCH-
MaJbHOMY OXufaaeMmomy AebuTy. IIpn 3TOM He cleayeT AOOGHBAThLCA
3ano/iHeHHsi Tpy6 BOJOH Ha Bee ceueHHe. MakcHManbHasi nponyckHas
CNOCOOGHOCTh  COOTBETCTBYET TIAyOHHe 3anonHends Tpy6 (pHc. 9.12)
h=0,9—0,93, a "Haubonblias CKOPOCTh ABHIKEHHS BOAB NpPH HAMNOJI-
rnendn Ha 0,184. TlpakrtHueckH rny6HHY HanoJIHEeHHS B BojosaGopax
cleAyeT npyHHMaTh He MeHee 0,3d.
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70703 04 45 46 07 98 49 1 17 12 «(p)

Purc. 9.12. 3apucamocts KoapdHuRenToR & K  OT cTeneHH 3anoaueHws Tpy6 BOmOA

I —xpupas a=vY(k/d) — 0 CKOPOCTHOMY NPH3HaKy; 2 — KpuBas B=h/d —no npo-
TMYyCKHON cnocobHocTH

3Hag npuToOK Q, NOCTYNallHKik B B0A03a60p, AONYCTHMYK CKOPOCTh
JBHXKEHHA BOABl B TPY6axX Unon M 3aAaBIUHCH CTENCHBK) 3aNOJHEHHS

TpyG h/d, BruncasoT AHaMeTp TpYO:
d=V1 4Q/87U4n, (9.14}

rie P -—xoshduunenT, 3apHcAllHE OT cTeneHH 3anmoiHeHHS hfd, onpexesseMbili 1o
kpuBoRt 2 (cM. puc. 9.12}.

Hexons 3 yenoBHit HOpMalbHOH 3KCIVIyaTalWd BoA03abopa 3TOT
AHaMeTp noJiKeH ObiTh He McHee 200 mw.
¥xioH Tpy6 onpeacasior no gopuysae Wesn

i = Q?/s*C*R, (9.15)

FHe § — DAOULAJb KHBOFO CEUEHHA NMOTOKA: R — FHApABAHYECKHH pamHyc; € — KO-
s¢duunent conpoTHpiIeHHS,

[Taowans »HBOTO ceueHHst S M THApaBJMYECKAH paauyc R sBisi-
JOTC QPYHKUHAMH CTeeHH HanoJMHeHHS h/d B BHUYMCASOTCS MO op-
MyJaM:

5 = Bzd?/4; (9.16)
= ad/4. (9.17)

Kosddunuenter a 1 B 6epyr u3 rpaduka Ha puc. 9.12. Kosdpduiu-
€HT CONpOTHRJCHHE ¢ BHUHCAAWT no ¢opMyae H. H. [Nasaosckoro

c=Rm y=2Vn—013-075VR (Vr--0,1), (9.18)

TAe n — K03 ¢ullHeHT 1epOXoBaTOCTR, 3HAYEHHsT KOTOPOro TpH pacuete TpyS npw-
wumator 0,012—0,015.
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3Hauenus ko2ddHIHEHTa ¢ B 3aBUCHMOCTH OT /i H THAPaBJHYECKO-
ro pajudyca R MOMXHO TakXe olpele/HTb H Mo ¢opmyte MaHuHHTa

c=1+R"%/n, (9.19)

Ha nepdopHpoBaHHHIX yYacTKax TpyO BOAa MOCTynaer H3 MJacTa,
nosToMy NO AJHHe TPpyGH pacxoj 6yfeT mepeMeHHHM: yBeJlHUHBAETCS
OT HyJA B Hayaje Bofo3abopa, T. e. B ceyeHHH x==0, o Q B KoHUe
B0103a00pa, T. e. B CeueHHH x=q. JlHamerp TPyO B 3TOM Ciyyae Tag-
Ke ompepensiior no popmyie (9.14), B Koropo @ — pacxoa B KOHLe-
BOM CedYEHHH Bojo3abopa.

CuunTast, Y70 NOCTYNJAEHHE BOAB Y3 MJAaCTa NPOMCXOAHT PaBHOMEp-
HO MO AJIHHe BOA03a60pa, YKJIOH B IPOH3BOJNBHOM CEYEHHH Ha PacCTOsA-
HHH X OT Hagaja MOXHO HalTH no popMmye

. Qu?
= -Z;S_i;}s B (9.20)
a cpeAHHH YKJIOH Bcero Boao3abopa nauHo# o —no dopMyne
ip = Q/3sc?R. (9.21)

TuapaBaHyeckuil pacueT BHMOMHSIOT TAK XKe, KaK U pacyer nepdo-
PHPOBAaHHHX YYaCTKOB BOJ03a60poB M3 OORUHBIX TPYO, — no GopMmy-
aam (9.20) u (9.21).

I'JIABA 10. JIY4EBBIE BOLO3ABOPDI

10.1. THIIS, KOHCTPYKUHH, YCTAOBHS NIPHMEHEHHS

JlyyeBbie Bomo3abopbi B OTeYECTBEHHON BOAOXO3SHCTBEHHO! Npak-
THKE NPHUMEHSIOTCSt OTHOCUTENBHO peliko. B mocsenuHe TOAH NMOAYUHIAH
pacnpocTpaHeHsHe MaJkle JyYeBHE BOA03a6OpH, OTNHUAKIOLIHECS! CpaB-
HHTeJbHO HeBOJBIIOA ANHMOH JYyYeid — TOPH3OHTAJIbHRX CKBaXKHH.
OnbIT TPOEKTHPOBAHHA W 3KCIIYaTalHH NY9eBHX BOA03aBOPOB NMOKa-
3a.1, 4T0 HX HaHbo.ee menecoobpa3Ho MPUMEHATh B BOJOHOCHMX MNia-
€Tax, KpOBJisfi KOTOPHIX 3aJjeraer Ha riy6une ne 6omee 15—20 M K npu
OTHOCHTENbHO HeBONBUIOR MOMHOCTH BOAOHOCHOrO NJacTa, HAaXoAsl-
weica B npepenax 5—20 m. JlyueBne BoR03a60Opbl MO3BOJNAT OCY-
UECTBHTb OTOOP BOJBI NOJ PYC/IOM PEKH HJIH JOXKEeM BOJAOXPaHHJHLILA
H 3(QeKTHBHO KanTHPOBAaTL HEOAHOPORHbIE B pa3pe3e BOJOHOCHbIE
DJacTLl, YCTPaHBas Ay4H B Haubolee DpOHMLAEMBIX 30HAX pa3pesa.

[1o ycaonnsiM mpoussoacTsa paboT JyueBHe BOJN03a06OPH HC PeKo-
MCHAYETCst IPHMCHATD B FpaBHﬁHO*FaJIElIHHKOBbIX nopoaax H B necya-
HbIX BOAOHOCHHX IJIACTaX C BKJIOYEHHSMH BaJIYHOB.

B cocraB nyueBHXx BOA03a60OpPOB BXOAAT BOAOCOOPHHH KOJI0AEI]
(iaxTa), BopoONpHeMHBIE TyYH-PHIABTPH (rOPH3OHTAIbHEE CKBAXKHHH)
H HaCOCHAsA YCTAHOBKA. B 3aBHCHMOCTH OT IHIPOTeOJOTHYECKHX YCJIO-
BHH NpHMEHSIOT CAEAYIONIHE CXeMEl JY4Ye€BHX BOA03abopoB: BOJO3a-
6oprr 0OBIYHOTO THIA C OAHHM SPYCOM FOPH3OHTAJIBHHX CKBAXKHH, MHO-
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FosApycHEIH JyueBo# BoA03abOp ¢ pacrosoxKeHHem (PHILTPOB HA Pas-
HLIX ypOBHSIX, MaJblii 1yyeBOH BOA03a60Op C LeHTpaJabHoH BOA0CGOPHOR
CKBaXHHOH, cOOpyXaioT KOTopyo 6ypenHeM. TIpHAIIHMTHAALHO BO3MOK-
HO YyCcTPOHCTBO KOMOMHHDOBAHHHX BOA03a60POB ¢ BePTHKAJBHBIMH HIIH
HaKJIOHHBIMH CKBaXXHHAMHU-YCHIIHTEAAMH, KOTOPBle 6ypAT H3 Boxoc6op-
HOFO KOJOALA H KaHTHPYIOT HHKe/leXauu# BOZOHOCHLIH TODH3OHT.
Has ycunenus HApHTOKA B BOZOCOOPHBLIT KONOACK B CTERKAX M AHHILE
I0aXTH YCTPaWBalOT (GPHALTPYIONHe BCTABKH K3 NOPHCTHX MAaTepHAaIoB
(nogac*roro 6eTOHA, MOPHCTOM KEPaMHKH H T. 1.).

axueiilllHe 3JeMEHTH CTPOHTEALCTBA JyueBoro Bojo3abopa —
COOpYKeHHe IUAXTHOIO CTBOJA, FOPH30HTAJbHHX JyueHk (CKBa»HH) H
060pyAOBAKHE NOTAEAHHX BOXONPHUEMHEIMH YCTPORCTBaMH C NOCAEAYIO-
WeH MpoKayKoH.

10.2. Cnoco6H H TeXHHYECKHE CPEACTBA
NPOH3BOACTB2 pador

Bonoc6opuniit maxTHHE KOJI0AEl CTYXKHUT A ¢60pa BOAL H MOXeT
TIPOXOAMTBCA CJIeNyIOLIUMH cnoco6aMH.

CTpouTeAbCTBO MAXTHBIX CTBOJNOB CnocoboM <creHa B TPyHTE».
Cymuocth cnocoba 3akaouaercsl B TOM, YTO OTParK/1aloilas CTEHKA
WIaXTHOTO CTBOJAA BO3BOAMTCH B Tpamiuee, 60pTa KOTOPOil yACPIKHBA-
10TCA OT OBPYNIeHHs TP MOMOLMM IVIHHHCTOrO PacTsBOpa, CO3Xaloliero
B He#l H36LITOYHOe AaBjeHHe. Popma HWIAXTHOTO CTBOJMIA MOXKeT OLITH
KBaapaTHOH WM Kpyraofi. CTeHka crBojla HMeeT ToJuiuny 0,3—0,5 M
H MOXeET ObiTe BHITIOJNHEHA H3 6eTOHA, MOHOMIHTHOIO MJH cGOPHOro xe-
Je306eToHa, Bo3BeleHHe ec OCYUIECTBJSIOT OTAEIbHEIMH CEKIHSIMH-
aaxBaTkamH. DetovupoBanHe BeayT Mcroaom BIIT (BepTHkaabHo ne-
peMenlaiouiuxesi Tpy6). MoHTax c60opHOH  Xene306€TOHHOI CTEHKH
BHINOJHAKT H3 OTACMbHEIX 3JMEeMEHTOB ¢ ToCJAe YIOUIHM 3aMOHOJHYH-
BaHHeM HX CTHLIKOB.

Tpanwer paspabaTthiBaloT 6ypoBHIM cnoco60M crenHadbHbIMH ar-
peraraMd u Maunuamu | (CBJ-500, Gappaxuas mawnsa BM-10/5,
Gappaxuas Mmawmsa BM-50(0,5)], TpanuiefinpMH apariaiinamu u
rpeiibepamH.

TpyHT B 112XTHOM CTBOJIe MOXeT pa3pabaThIBaTbesl HACYX0 ¢ Mpo-
BeJlenHeM T1yOHHHOTO BOJACMOHMXEHHSI HJA¥ NMOBepXHOCTHOIO BOXOOT-
JIABa, a TaKXe H3-NOJA BOAb Ge3 BoJomoumwxenus. lna pa3paborxu
IPYHTa BHYTPH LIAXTHOTO CTBOJIA HCMOJB3YIOT rpefidephl, ruiposiena-
TOPHI.

CTpOHTEABLCTBO WAXTHHX CTBOJOB NpH NMOMOULH CeKyulnx csait.
YeTpolcTBO HX OCYLNecTBASIIOT GYPOBHIM POTOPHBIM CTAHKOM, HanpH-
mep 1DA-15B, Hcnonb3oBaHHeM JHAEPHO-HANDaBAAWILHX TPYy6 ABYX
THAOB: H3BJeKaembix M3 ckBaxHH JIHT-H W ocraBasemeix B HHX
JIHT-O. YcraHoBKy Tak#X Tpy6 B CKBaKHMHAX H H3BJeyerHe H3 HHX
TaKKe BHIIOJNHAIOT GYPORLIM CTAHKOM.

[Nepen navajoM OypeHHs CKBaXHH AN o6CCeYeHHs HX BEpTH-
KaJIbHOCTH Ha NOATOTOBJNEHHOH JA1M clelHadbHBIX paboT mioimaaxke
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yeTpansaioT GopIaxTy H3 MOHOJHTHOTO Xxese3oberoHa. CTPOHTeABCT-
BO LIAXTHLIX CTBOJOB 3THM CMOCOBOM CONMPS:KEHo ¢ BoAblIOK CIHOXK-
HOCTbio ObecneueHHs BEPTHKAJIBHOCTH CKBaXkHH TIpH HX Oypenud,
BLICMKH TPYHTA H3 cTBOJIA, a TAKXKe CO 3HAYHTEeJAbHBIMH KaNHTaAbHEIMH
3aTpaTaMH,

CTpoOHTe bCTBO WAXTHHIX CTBOJOB chnocofom 3apasnMBanks. Hs
OMbITa CTPOHTENLCTBA IIAXTHEIX CTBOJIOB MajlkiX pa3MepoB B ceYeHHH
¥ 3HAUNTCALHON rNy6HHE (Godee 15 M) H3BeCTHO, 4TO CTBOJBL N0106-
HOrO THIA 061a1al0T cpaBHHTenbHo HeGoablwoi maccod (60—80 1),
KOTOPO# HeJOCTaTOYHO ANA MPeoAONEHHS CHA TPEHHS, BO3HHKAIOIHX
MCAAY CTeHKON CTBOJA H IPVHTOM.

Jlas yMeHbllleHHs] CHJ TPeHHs! NPHMEHSIOT NOAMBIB, THKCOTPONHLE
py6aluKH, 3NOKCHAHBe 06Ma3kd. OJHAKO 3TH MeDONPHATHA 3a4acTyo
He ofecneyHBawT HOPMAJLHOTG NOTPYIKEHHS IMIAXTHBIX CTBOJOB NOJA
JefictBHeM coBcTBeHHOTO Beca, 0CO6EHHO B HEOZHOPOJHOM TpyHTE.

Bo u3fexanHe 3aBHCAHHR CTeHKH CTBOJA €€ 33J4aBAUBAIOT B IPYHT
C HOMOUIbIO AOMKpPATOB, ONMMPAIOIIHXCA Ha YNOPHYI0 KOHCTDPYKILHIO,
KOTOpast MoXeT 6bITb pasnnuHoil. 3a1aBAHBAIOT OFPAKAAOLULYIO CTEH-
Ky CTBOJIa N0 Mepe Pa3pabOTKH IPYHTA H BHJAYH ero Ha NOBEPXHOCTH
CO CIEAVIOUIHM OliepeXeHHeM pexyllell KPOMKH HOXa NOBCPXHOCTH
3abos: B MecKax H NJABBYHaX —— Ha 1,5~~2 M, cynecsix # CYIJIRHKax —
Ha 0,75 M u B rMiHHaX —Ha 0,5 M. DTOT cnocob NOrpyKeHHS IUAXTHBIX
CTBOJIOB NPUMEHSIOT NPH HAPAUHBAHHH CTeH COOPHBIMK Kese306eToH-
HHWMH H TPYHTOBBLIMH KOJbUAMH RJAH NPH BHIOJHEHHH HX H3 MOHOJHT-
Horo enesofetona. [IpakTHKa NOKa3biBaeT, UTO YCTPOHCTBO LIAXTHHIX
CTBOJIOB penTabelbHO TIPH HX AHaMeTpe 10 3 M — H3 Xelle306eTORHMX
KoJiell, a CBHIe 3 M -— H3 MoOHOAWTHOrO eqesoberona. Ilorpyxensne
orpaxjalollelfl CTeHKH IMAXTHOTO CTBOJA B IPYHT C HOMOLILIO 3af1aB-
JMBaHUS OCYHIECTBASIOT Ha rayOuHe cBuille 20 M ¢ THKCOTponHO#
py6awkoit, IIpu c6opuolt orpaxnawouel cTenke MIAXTHOrO CTBOJA
coeaunenyue 6J0OKOB B KOJbLA H KoJey Mexay cofofi BHNOAHSWOT mo-
CpeCTBOM 3J1EKTPOCBAPKH 3aKJ2JHBIX HeTajed.

32 py6cKOM CTLIKH KOJell NIaXTHOTO CTBO.JA CKJGHBAIOT MeXLY
Co60i PacTBOPOM H3 ABYX KOMIMOHEHTOB: cMOJIHl ¥ wiCTOro necka [17].
Bpema saTsepaeBaHus pacrBopa 8—12 .

PaspaboTKy rpysTa M BHZauy ero Ha NoBCPXHOCTb OCYIIECTBISIOT
JenecTKOBLIM rpelidepoM. [last 3a1aBIuBaHHg WAXTHBIX CTBOJOB NPH-
MEHAIT ruapasiuyeckue AOMKpaTtH ycuanem 500-—1500 kH ¢ xomom
wroxa 0,8—1,2 m (mapku zomkpatos J1-10, JIT-642, CB-199 u #p.).
Has cosmanis HeoGXOAHMOTrO NaBJCHHS TPUMEHSIOT HACOC BHCOKOIO
napaenus H-403E.

B nensix noBBIIEHHS NPOH3ROAMTENLHOCTH TPYZAa, MaKCHMAanbHON
HUAYyCTPHANH3aUMU W MeXanH3anHu paboT, yayulieyns yeJOBUH 1pyna
paGounx W COKpAleHHA CPOKOB CTPOHTEJIbCTBA TPeCTOM YKPruapo-
cneudyHaaMenTcTpoit (r. JHempomneTpOBCK) pa3paboTana Crnenuaab-
Has TeXHONOTHA IASl CTPOMTeNbCTBA MIAXTHBIX CTBOJOB JYUEBHIX BOJO-
3a6opon. Ouna BKJOYaET CACAYIOUHE ONePalHH.
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i) yc’rpgﬁcmo AHKEPHBIX ONOp, KOTOPBIe CAYXKAT AAH KpelJeHHA
CnelHaJbHOH THAPAaBJHYeCKOH YCTAHOBKH HA YCHUJIHe BAABJKBAHHA 10
4000 xH. Hix BLInOABAIOT H3 CBAil H POCTBEPKOB.

2) ¥YcraHoBKa HOXa M ycTpoiicTBo dopmiaxt. HMa uentpaansoit
yactH Gyaylueir GOpLUIAXTH BLIHHMAIOT BEpPXHHH CJ0H pasHOPOAHOro
IPyHTa /IO €ro CpPaBHHTEJBHO ONHOPOAHOTO CJIOXKeHuHs. 3aTeM 06pa3o-
BaHHOe yruy6JeHHe 3aChINAlOT MecKOM A0 OTMeTKH HH3a (OPIUAXTH U
A0opabaThiBAIOT TPYHT NOJ KO/JbUO (POPIIAXTH HAa ee BHICOTY. [lanee Ha
BHpOBHEIIHOE NTeCYaHOe OCHOBAHHe CTPOro B TOPH3OHTAJNLHOM MOJIOXKE-
HHH YCTaHaB/IHBAKOT HOX H K HADYXXHOH ero NMOBEPXHOCTH NpHKpens-
JOT TIPOKJAAKYy M3 TpAaHCHOpTepHOH JeHTH (omany6ky). Ilocae atoro
YCTAHABJHBAOT H 3aKPellIAIOT apMaTypHble KapKachl (OpIUAaXTH H
6eTOHHDYIOT ee,

3) MoHTax 3alaBnHBaONel! YCTaHOBKH, CTaHHHY 3aJaBJHBalONIe
YCTAaHOBKH C NPHBAPEHHBIMH K HEH ONOPHHIMH IIJIMTAMH YCTAHABJIHBA-
IOT Ha aHKepuble pocTBePKH. [loc/ic ee BhIBEpKH OMOpHbLIE MJIHTHI NpPH-
BApHBAIOT K IVIHTAaM B OTOJOBKe AHKEPHbIX POCTBepKOB. JlaabHeHwuui
MOHTaX 3a/laBJHBAIONIENl YCTAHOBKH BHIIOJHAIOT B COOTBETCTBHH C pY-
KOBOJCTBOM IO ee MOHTaXy H 3KCIJyaTalHH.

4) MouTax nepBoro xese3obeToHHOro koasua. Ha sabukcuposan-
BB B (opmaxTe HOX ¢ TOYHOH MO HEeMY LEHTPOBKOH yCTaHABAHBAIOT
KpanoM MKI'-255P nepsoe crenoBoe keneaoGeToHHOE KOJMbLO. JaTeM
€ MOMOUIBIO reoje3HYeCKHX MHCTPYMEHTOB MPOBEPRIOT IOPH3OHTAJb-
HOCTb  MOJIOKEHHS HOXKAa H BEPTHKANBHOCTb CTeH Kese306eTOHHOTO
KOJblia B ABYX B3aWMHO MepHNeHAHKYAspHEX MaockocTaAX. [locne aToro
3aKAaJHYI0 feTalb Kese300eTOHHOro KOJAbLla NMPHBAPHBAKT K HOXY,
Ha CTEeHOBOe Ke/e306eTOHHOE KOJbIO HABEIIHBAKT CTPeMSIHKY, VK-
PeMJAsIOT ero H CpPe3aloT Ha HeM MOHTAaXHHe [eT/]H, 3aA4aBINBaIOT nep-
BOe iKes1e300€TOHHOE KOJBIO, pa3pabaTuHBAOT rPYHT B HWAXTHOM CTBO-
Jie, MOHTHPYIOT Y 33J1aBAHBAIOT NOCJHEAYIONHE KOJbILA.

[Ipu norpyxesHd MIAXTHOPO CTBOJA B FPYHT KOHTPOJb 3a €ro Bep-
THKAJbHOCTBI) OCYIeCTBJSIIOT COOTBETCTBYIOUIEH CHCTEMOH aBTOMATH-
KH, YCTAHOBJeHHO HA CNELHAJbLHOH 32JlaBANBAIONLe#H THAPABIHYECKO
ycTagoBKe. CHCTeMa KOHTDOJII He JONYCKaeT OTKJIOHEHHA MIaXTHOIO
CTBOJNA OT ero BepTHKAJNbHOH ocH GoJee yeM Ha 3°. B cayuae oTkio-
HEHHS OT 3TOro Tpe60BaHHH NpOHCXOAUT ABTOMATHYECKOE BLIp@BHHBA-
HHe ero. B pesyabTare ofccheunBaeTcd BHCOKOe Ka4decTBO paboT NPH
CTPOHTEJbCTBE IIAXTHOrO CTBOJIA AJs JIy4eBoro Bojo3abopa.

BHezpehne OonHCAHHOW BHIUIE TeXHOJIOTHH TPecTOM YKprujapocmen-
(YHAAMEHTCTPO! NO3BOMRIAO BYETBEPO COKPATHTh  MPOJOJKHTEJNb-
HOCTh COOPYKEeHHSl UHIaXTHHX CTBOJOB [0 CPABHEHHIO ¢ HCIOJb3CBAaHH-
eM cnocoba «cteHa B rpyHTe». CPOKH CTPOHTENBCTBA B JIECCOBHIX TPYyH-
TaxX OAHOTO HIAXTHOTO CTBOJNA YMEHBLIHAHCh a0 1,5—2 mec.

CTpOATEAbCTBO INAXTHLIX CTBOJIOB ONYCKHBIM ¢NOCo6OM ¢ MexaHH-
BHPOBAHHOH NPOXOAKOH W KpemieHneM. [las CTPOHTENbCTRA MIAXTHHIX
CTBOJIOB JIYUEBHIX JpeHaxKefl OMYCKHBIM Coco6oM B BecbMa CTeCHeH-
HHX YCHOBHAX 3acTPOeHHOK TeppuTopHH WHcTHTyToM BHOTEM pas-
paboTaHa yYCTAaHOBKAa JJIss HX MeXauH3HDOBAHHOW MPOXOAKH H Kpef-
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aends, C NpHMeHeHHEM AAHHOM YyCTAHOBKH MOMKHO COOPYXKATh LIaXTHHE
CTBOJIM B TPYHTaX, TpeJCcTaBJeHHBX NecKaMd, CYrJIHHKaMH, TJiH-
HaMH, [HHAMH C BKJJOUEHHEM TajJbKH H cnabbim NecyanHkom. Tex-
HHYECKasl CKOPOCTh NPOXOJKH H KPeIlJIeHHs! LIaXTHOro CTBOJa 0,5 M/cMme-
Hy. T1poBesetHble HCNBITAHUSA NMOATBEPAHH, YTO pa3paboTaHHaa ycra-
HOBKAa COOTBCTCTBYET 3aJaHHBIM YCJOBHAM COOPYKEHHs MIaXTHHIX
CTBOJIOB.

OtaenbHble yansl YCTaHOBKH JOCTABJSAIOT OOLIYHBIM aBTOMOGHIBHBIM
TpaHcnopTom. Jad 3KCNiyaTauHH ee HeoOXOQHMa NJoILafKa pasme-
pom 15X 15 M. CMOHTHPOBAThH YCTAHOBKY MOXHO 32 OJHY-JABE CMEHHL.
Hannyre ruapaBnHyecKoro mpHBosa obecrneunBaeT Ge3onacHbe ycJo-
BHSL TPyJda B YCJOBHSAX TOBHILUIEHHOH BNaXKHOCTH. AHAaNH3 3aTpaT Bpe-
MEHH Ha TeXHOJOrHYEeCKHe oNepalldH NOKa3aJ, 4T0 NyTeM YAyuHieHud
OpraHH3allHH TPYJAa H COBEPLIEHCTBOBAHHS TEXHOJOTHYECKHX MPHEMOB,
a TaK¥Ke YIydllleHUS KOHCTPYKTHBHHIX 3/IeMEHTOB YCTAHOBKH H KpemH
MO HO TIOBBICHTb MPOH3BOAHTENBHOCTh YCTAHOBKH H CKODOCTE COOPY-
JKeHst Kogoaua no 1 m/cmeny.

YcrpoHcTBo AyyeBbix ¢puabTpoB. M3BecTHH 1Ba cnoco6a BCKPHLITHA
BOJAOHOCHOrQ mnJjacrta ﬂylleBb[MH CKBAXHHAaMH Hp[/l CTPOHTEAbCTBE JY-
yeBhiX BoZo3a6opoB. Oaus H3 HHX BNepBble npumMexHua B CIIA Pan-
Hell, a Bropo#l, B Illgefinapun, — Penpman. B HacTosllee BpeMsi 3TH
C]IOCOﬁbI NPOAOAKAKT IWHPOKO HCNOJb30BATE B NMPAKTHKE coopymenuﬂ
JyyeBHX BOJ03a60POB IS MHTLEBOIO K X03fHCTBeHHOrO BoAOCHabxe-
nis, ocob6eHHo wacTo 3a pyGexom (CUIA, ®PI, dpauuus, Orocra-
susn, Uranans, [onvma, Berrpus u ap.).

YeTpoficTBO NyuyeBBIX TOPH3OHTAJIBHBIX CKBAXHH 1O crmocofy PaH-
Hesp1 OCHOBAHO HA MNDPOJXAaBJHBAHHH B peIXable MeCuaHo-IpaBeHCThIC
IPyHTH (HJILTPOBHX TPY6 NOMKDATaMH H3 WIAXTHOTO CTBOJA JIYYEBOTO
Bo/103a60pa.

Cnocob ycTpoiicTBa TOPH30HTaJAbHEX CKBaxKHH PeNbMana oTaHYa-
etcs OT cnocofa PanHest TeM, YTO cHauaja K3 HIaXTHOTO CTBOJIA Jiyye-
Boro mojosza6opa mpolasnHBalOT ofcapnyio Tpy6y. [lo oxonuanuu
NPOXOAKH JyueBOH CKBa*KMHBI B 06cannyio Tpy6y BBOAAT (HALTPOBYIO
TpyOy. 3aTem H3 JyueBOil CKBaXHHbI H3BJexaloT obcaianyio Tpyby H
HCIIONB3YIOT ee AJs1 MPOXOJKH MOCHeAYIOLIHX JYyUyeBBX CKBaXKHH. JlaH-
HHI CNOCO6 ppurofieH AAsl CTPOUTENbCTBA JyueBHIX B0A03aGoOPon B
OJHOPOJHLIX NMeCUaHBIX TPyHTAX 6e3 rpaBHS.

[Tpu ycTpo#icTBe rOPH3OHTAABHBIX CKBAXKHH B GOJNBUIHHCTBE Cayya-
eB TPE1yCMATPHBAIOT TPHMEHeHHe JOMKPATHBIX TOJKAIOIIKX YCT-
pOHCTB, KpOMe TOr0, BO3SMOXKHO HCIOJIb30BAHHEe BpalllaTelbHBIX, BHO-
POYAApHBIX U APYTHX BHJOB FOPH30HTANBHOIO GypeHHs.

M3 rtexuMuecKux cpelcTB, HPHMEHSeMBIX 3a Py6eiKoM, KOTopble
TAKIJKe MOXHO HCMOJNDb3OBATL NS COOPYKEHHS JNyUeBBIX CKBajKHH, HaH-
foabuiHil uHTEpec NPEACTABAAIOT CTAHKK AJAS O6YPeHHS TOPH30HTAaNb-
HBIX CKBaXKHH, BHIyCKaeMmble 4nouckoit ¢upmoyr TOH3® BOPUHTI
cepun TOP (cM. Ta6iaHiy). B oCHOBY MX NeHCTBHS MOJOXKEH NMPHHUHKIN
OypcHiA TOPH3OHTAJbHOA CKBaXXHHEI ABOMHON KOJOHHOH TPy6, OcHa-
WCHHHIX MOPOAOPA3PYUIAIONIHM HHCTPYMEHTOM, TIPH KOTOPOM BHEUIHSAA
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KOIOHHa TpyG CJAYXHT CcBOeoOpPa3HLIM UIHTOM AJs BHyTpenuefi Ko-
JoHHH TPy6. CTaHKuH LIS TOPH3OHTAABHOTO Gypenus cepun TOP oc-
HalleHBl ABYMS WIIHHAENSIMH, aBTOHOMHO BpPAIMACIMHMH BHYTPEHHIOW
H BHENIH}OI0 KOJOHHH TPYO ¢ OZHHAKOBOH CKOPOCTHIO B OLHOM H TOM
Xe HanpapjeHHH. 3TO MO3Boaser 6YPHTbL FOPH3OHTaNbHHE CKBAXHHBL
Mo CAEAYIOUIHM CXemaM: a) OJIHOBpeMeHHO [ABYMsl KoJoHHaMH TPYG;
6) Baauane 6ypeHHe CKBaXHHLI KOJOHHOH BHYTPEHHHX TPYD, a 3aTeM
ee paClIHPesHE KOJOHHOH BHELIHHX TPY6.

TexHHyeckag xapakTepHcTHKA OYpPOBBIX CTEHKOB
Aasa Gypenns ropHIOHTANBHBIX CKBAXKHKE cepHH TOP

TexXRHICCKHE Jadnue TOP-8 TOP-M TOP-a TOP-I
Faybuna Gypenns, M: .

KepHOBOE ¢ 06DaTHON MPOMBIBKOM 150 500 1000 1500
npH3abofinoe NHEBMOYZApHOE 50 150 300 —
Yeuaue nopaun, kH 0-30 0-60 0—100 ] 0-230
Cuitosas ycraHoBka, KBt 18,5 ar 55 55

Pasmeph, MM:
AJHHA 3420 3540 4000 5000
WHPHHA 600 700 800 1420
BHCOTA 689 900 900 1400
Macca, kr 1200 2100 2700 7500

BypesHe ropH30HTa/JbHOH CKBAXKHHH OCYLIECTBJASIIOT [JIaBHHIM 06~
pas3om BHyTDenHefi KOJMOHHOH TPy6 (minanr) c¢ OGypoBBIM JONOTOM.
Buemnsifi kosonsa TpyG CJAYXKHT NPEHMYILECTBCHHO AJA NMpPeAOXpaHe-
HUS| BHYTPenHel KOJOHHH TPYG OT BJIHAHHA OKPYMKAIUKX NOPOA.

Hanuyne npuBOZOB ¢ BHICOKHMH KDYTSALIUMHY MOMEHTaMH Ha 6ypo-
BHX crankax cepun TOP, Goabllioe YCHINC BX NONAYH, HCTIOJIL30OBAHHE
JIBOHHON KOJOHHE BHICOKONPOYHLIX TPYE MO3BONAT BECTH BHICOK00GO-
poTHoe 6YpeHHe TODH30HTAJBHOH CKBAXKHHHI NaXe B HEYCTOMUHBEIX
CHJIBHO HapyIeHHBX FPYHTax B 2—6 GuICTpee 1O cpaBHEHHiO ¢ 0Om-
HelM criocoGom OyperHA. BypoBhie cTaHkH obecneyeHs NHEBMOYZAp-
HHMH, TPEXWapONIeUHLIMH, KPeCcTOOOPAa3HEIMH H aJMAa3HBIMH J10J0-
TaMH.

ITHeBMOyZAapHOe HOJOTO YCHEUIHO INpPHMEHSIOT AJds1 GVPeHHs MO
TBepAbiM nopoxaM. [Ips yaapro-BpamaTe bHOM GypeliHu OHO pabo-
TaeT OT NPH3a00fHOTO MOJOTKA, KOTOPLIH Paciiosd0XeH B LIHTOBOH
6ypuiabHOH TPYOe H NPOABUTAETCH O/JHOBpeMeWHo ¢ Hedl. Ulnam orgo-
AMTCH ¢ MOMOLIbIG BO3LYXa Yepe3 KOJbleBOe NPOCTPAHCTBO MEXKAY
OypOBHIMH IUITaHTaM# H LIHTOBOH HapyxHofi Tpy6oil. Tpextnapomrey-
HOe J0JOTO, 3aKpeliaeHoe Ha BHYTpPeHHeRl KOJOHHe GypHABRHAHX TPYO,
IPHMEHSIOT B OCHOBHOM TPH GYpeHHH MO NeCYaHBIM H TPaBHAHLIM ITO-
polaM, TPEUHHOBATHIM 30HAM, a TaKXke MArknM nopoixam. Kpecroo6-
pa3noe JOJOTO, MPHMEHAEMOe BMECTO TPEXHIaPONILYNOro A0A0Ta AJA
6ypeHHs FOPH3OHTAJbHOR CKBAMXHHHW MO TBEPABIM NOPOLAM, IPHTOAHO
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TakKe AJia OYPeHHs MO TJIHHHCTBIM TPYHTaM. AJMasHHM I0JOTOM,
HaXOASIIHMCSA Ha BHyTpesHell KoJoHnHe TpyO, BeayT GypeHHe rOpH30OH-
TAJbHONI CKBAXHHEBI N0 TBepPAHM noponam ¢ or6opoMm kepua. [locaen-
Huit mpH o6paTHOM IIPOMBIBKE BHIIYCKAeTCSl HEMpepPLiBHO Y€pe3 BHYT-
PEHHIO KOJOHHY TPY6.

M3 6ypoBbIX CTAHKOB, BHIYyCKaeMbX snoHcko#H ¢upmoit TOHD
BOPHHI, ana coopy:KeHHs ayueBHIX TOPH30HTAJbHHX CKBAaXKHH /10~
CTaTOYHO HCIIONL30BATh TOMbKO aBe MogmestH: TOP-S' u TOP-M, npu-
yesm B TeX CJIyyasix, KOrja CKBaXHHH 3ajaloTcst 60JbLWIOH AJMHEH (A0
200400 m n 6osee). Hcnonb3oBaHHe TaKHX CTABKOB, IJHHA KOTOPHIX
OKOJM0 4 M, TpeGyeT CTPOHTeNbCTBA UIAXTHBIX CTBOJOB INOBBIMEHHRX
pasmepoB (aHaMeTpom 10 9—10 M).

K uHcly H3BECTHHIX CTAHKOB OTeYeCTBEHHOrO MPOH3BOJCTBA, Tpek-
Ha3HaYeHHBIX [1J151 COOPYXEHHS TOPH3OHTAJbHHIX CKBAXKHH, MOXHO
OTHecTH Takxke 6yposble cranku b-15c, JIBC-4, CBI-200, BTrA-2,
BI'A-4, CbI'-1M, CBA-1, BUK-2 u jp. Xapakrepaas Hx 0CO6eHHOCTDb
3akjl0uaeTcs B TOM, YTO OyPeHHe HMH CKBAaXKHH OCYI{eCcTBASIOT B yC-
JOBHAX, KOTAa He TpeByercCs chneuuajbHHX MEPONPHATHH, IpefoTBpa-
IWAMHX 06pyllleHHe CTEHOK CKBaXXHH. AHAaNH3 KOHCTPYKUHH JaHHHX
CTaHKOB [I0Ka3bIBAeT, YTO OHH MOTYT OBITb HCIOJAB30BaHBI A8 COOPY-
JeHHsi TOPH3OHTANbHBIX CKBAXHH Ny4eBbiX BOA03a60pOB JHIIb B Kper-
XHX TPEUIHHOBAaTHIX NMOPOJAAX.

Hucruryrom BUOTEM paspaboran cnoco6 BCKPHTHS BOZOHOCHOTO
niacTa Ay4eBbIMH TODH3OHTAJbHLIMH CKBAXKHHAMH C COXPAaHEHHEeM ec-
TeCTBeHHOI BOJAONPOHHILAEMOCTH TPYHTOB B NPHDHIABTPOBOH 30He H
npefnoTBpallteHHeM oOpYIUleHHs] CTeHOK CKBAXXHH Ha nlepuop obopy-
A0BaHHs KX GHAbTpaMH. CymHOCTb cnocofa 3aKM0YaeTcs B NPOXOJKE
Ay4yeBOH TOPH3OHTAJbHOI ApeHaXKHOH CKBaXKHEH B BOXOHOCHOM MJja-
CTe NBOHHOW Bpallaiollied KOJONHOH: IIHEKOBOH H KOJOHHON paboynx
{oBcagHnx) TpyO C MpHMEHEHHeM B KaueCTBe NPOMLIBOYHOH KHAKOCTH
ROA3eMHON HAH TeXHHYeCKOR BOAH. B 3THX yciaoBHaX ¢HABTpauHs
2CTECTBEHHOrQ IIHHHCTOrO PACTBOPA MPH €ro UHPKYJNAUHH NPOHCXOLHT
yepes CTeHKH CKBAaXKHHH B ee NpH3aboiiyof 30He. B pedyasrate cpe-
3aHHsSI CTEHOK CKBaXXKHHBl 00ecIeuHBaeTCss MaKCHMAaJbHOE COXPaHeHHe
ecTeCTBeHHOH BOJONPOHHIIAEMOCTH BOJAOHOCHOrO Muacra. IIpH BCKpPH-
THH BO/JOHOCHOrO NJacTa, CofepKallero nectamble TPyHTH!, [VIHHH3a-
HHH CTEHOK CKBAXXHHE! He NMPOHCXOXHT.

ITOT €noco6 BCKPHTHsi BOXOHOCHOTO MJIACTa JYYEBBIMH CKBaXKHHa-
MH BanGosee 3pdeKTHBeH M MePCNEeKTHBEH, 0CO6eHHO TNpPH OGypeHHH
CKBaXXHH B CJ1a6ONPOHHUAEGMLIX IIMHHCTHX, 4 TaKXe B NeCYaHbiX
TpyHTax.

Ins peanH3alHH 3TOro cnoco6a BCKPHITHS BOJXOHOCHOTO NJIacTa
Jy4yeBbiMH CKBaXkHHaMH B wHCcTHTYTe BHOTEM paspaGorasa ycra-
HOBKa syyeBoro 6ypenus YJIB-130. C noMoulblo 3TO# YCTAHOBKH MOX-
HO H3 UIaXTHHIX CTBOJOB ray6unoit Jo 30 M M JAHaMeTpPoM He MeHee
3,5 M CoOpyXaTbh JyueBHe FOPH3OHTaAbHBIE CKBAaXKHMHH B PHIXJBIX
noponax Kpenocrsio 1o mxade [IpoToabskoHosa menee 3.
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Yeranoska YJIB-130 (pue. 10.1) cocToHT H3 TPeX OCHOBHHIX Y3JIOB:
6ypoBoro arperarta, nyJabTa ynpaB/deHHd M MacaoCTaHUHu. DypoBok
arperaT sIBJAfIeTcs] OCHOBHLIM PaGoydM OpPraHOM, COCTOAIIIHM M3 ABYX
BpamaTeneii — Bpaulateass 3 pabounx (o6cagsmx) Tpy6 / um Bpama-
TeAss 6 GypHIBHBIX IITAHr —WIHeKOB 5. Bpautatens pabBounx Tpyb
pasmelled Ha MOABHXHOHA paMme 7, KOTOpas NOCPeiCTBOM THAPOIH-
JBHAPA NMOJAuUH NepejBHraeTcs N0 HaNPaBASIOUIMM paMhl Ha BEeJNHYH-
"y xoaa 1000 mM. Ha uenopBmxHO# pame 8 (B nepensedl 9acTu)
yKpenser noaxsat 2 ans pabouux TPy6 (rHAPOKAION), MpelHa3HAYEH-
HHA 1JIg HX CBHHUMBAHHA H Da3BHHUMRBAHHSA, a HA KOpNyce IHJIHHAPA
noja4Yy pacnoJioXeH NOAXBAT-ynop Ajas yao6cTBa u obaeruenus pabo-
Thi IPH HapaUIHBAHHK CeKUHK pabouux Tpy6. Henoapuxkuag pama no-
CpeICTBOM Ocel M CTORKH IUaDHMPHO COeIHHEeHAa C OHOPHOH paMoR
CBapHOH KOHCTPYKIHH, Ha KOTOPOH YCTaHOBJAEHH JOMKpPaTH 9, No3Bo-
asiounide NpHAaTL pame yros sakjaona 4=10° (K ropusoHTty).

Byposoii arperaT ¢ nyJibTOM ynpaBaeHHss 4 MOHTHPYIOT B MIaxT-
HOM CTBOJE Ha MOATOTOBJEHHOM paboueM HONKE, BLIBEPSIOT HAa 3afaH-
HbLI# yroJ BepTHKAaJbHBIMH JOMKpaTaMd 9 H PacliHpsloT B CTEHKH
CTBOJIA Yepe3 clelldajbHble YNOPHI FOPH3OHTAJbHLIMH AOMKpaTaMu [0.

MacaocraHuus npeicTaBiaseT co60H aBTOHOMHEHL 60K, npelHa-
3HayenHwlfi A1 Nojfauyu macsaa K npuBogam 6ypoBoro arperata. Ona
CMOHTHPOBaHAa Ha eIHHOH CBapHO# paMe, Ha KOTOpPOH YCTaHOBJIEHH
macao6ak B cbope ¢ GHABTPAMH THAPOCHCTEMB TpakTopa T-74 H pe-
AYKTOPOB Hacoca ¢ MPHBOAOM OT 3aekTpoiBrratens A02-81. Macno-
CTaHUHIO PacloNaraloT Ha MOBEPXHOCTH BOJH3H LIAXTHOTO CTBOJA.

IMoakmoyenne 3JeKTPOABHTATENSI K CHJIOBOH CeTH OCYLIECTBJSIOT
nocpeAacTBoM nycxareas tuna INTA-532 um kuonoupoft crarusd KY-12.
Kpome Toro, K NMyckatenwo noAcoeauHena AyGAHpylOmAas KHOMKA ana-
puinoro otkiatouenus KYB-11, Haxoxsaiasacs B 1axTHOM CTBOJIE HEMo-
CPeJCTBeHHO y NY/JbTa YNPaBIeHHA.

PasBoaka MaclonposOJOB BKJIOYaeT PyKaBa BHICOKOTO H HH3KOIO
XaBJeHHf, a TakXe TpyGonpoBoibl. Bce MacaonpoBoAnl H TpybGonpo-
BOJIbI OCHAIleHH HEOG6XOAHUMOH apMaTypoH A7 MOMKJ/IOUeHHs K THAPO-
arperataM. Ilyabt yipasJjeHlis CMOHTHPOBAH B BHIE OTAeJIbHOTO BJo-
Ka 4 NpeAHa3Hauen AJsi ynpaBaewus paborofi npHRoaoB SypoBoro
arperara, MacC/IOHACOCOB H 3JE€KTpoABHraTteNis MaCAOCTAaHUHH. On COo-
CTOHUT M3 CBAPBOTO OCTORZ, Ha KOTOPOM CMOBTHPOBAaHa IaHeab ¢ KHON-
KaMH ¥ DYKOSITKAMH NYCKOBOH, YHPaBJAIOUICH # Peryaupyolled am-
napaTypH.

TexHnuecKHe RaHuHe yeranoekn YJ16-130

I'ny6uHa Gyperus, » . . . . . . . . no 130
Jvamerp OypeHHdT, MM . . . . . - . . ho 200
Bucota Gypenua {or moskd), MM . . . . . 600
¥Yros HaKJIOHA CKBaXHHBI K TOPH3OHTY, rpag . . =10
MuunMansuuf BHYTPeHHHH JHaMerTp WAXTHOMO

CTEOIA, M . . . . . .« . .« « . . 35
Yewme mogaud, xre (kH) . . . . . . . 7450 (74,5)
Xon nogayuy HHCTpyMeHTa, MM . . . . . . 1000
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CroOpoCTh Mofaun, M/MHH:
paﬁo‘{aﬂ.........
MAaHEBPOBas

Yenane pas H3BACUEHHS padotmx 'rpy6 xrc (xH)

M podosxenue

ao 1,85
no 10
11 300(113)

e v e .

Kpyramui Moment (max), kr-M (kH-m)} . .

o 1500 (15)
CkopocTh 06paTHOrO X033, M/MHH:

pa6oyas . . . . . . « « . .+ . 1D0ol2
MaHeBpOBas . .. no 7
JuameTp paGounx (oﬁca;mblx) prﬁ MM ... 168
Uncao oboporos pabounx tpyh, o6/man (c—!). . 0—6
HnaMerp wHekoB, MM . . ... 140
Unco 060pOTOB INHEKOB, DGIMHH (c—‘) . - no 160 (2,8)
Kp 'rmuun MOMEBT KOJIOHHHW LIHeKoB {(max), Xr-M
(<H - . 20 90 (09)
anBOJI BpamaTeneﬁ ¥ moxatH (perynnpoeauue
OeccTyneHyaroe) . . . THApaBIBYeCKhf
JapseHre pabouee Ma‘KCHMaJ'IbHOE m-c/cMx (Mrl) . 100 (10)
TpsuBos HRACOCOB MACMOCTAHLMA . . . . . 3NeKTPHYECKHH
MowHoers 3nekTpoAsHratend, kBt . . . . 30
FabapHTa ycTaHOBKH (Gyposoro arperaTa), MM.
AMHHa . . . . . . 2500
WHPHEA . . <« « + + « « « . . 800
BHICOTA - . . « - <« .« . <« . . . 1250
Macca ycraHoBKR, Kt . . . . . . . . 1200
TabapuTal MacNOCTaHIMH, MM:
AAMBA . . . . . . . o+ . . . . 1600
WMpHHA . . . . . . . . .. 900
BHICOTa . . . =« « + =« « =« « . , 1250
Macca macnocraHumm, kr . . . . . . . 800
Macca GypoBoro MWCTpyMeuTa, K& . . . . . 7350

IraponpHBos yCT2HOBKH TM03BOJISIET TJIABHO peryJHpoBaTh Bpa-
WenHe pabouHx Tpy6 H INHEKOB, 4TO AaeT BO3MOIKHOCTb YCTaHaBJIH-
BaTh ONTHMAJLHLH peXHM GypeHHA JyueBOH CKBaXXMHB H 060pyHO-
BaTb €e PA3JIMUHBIMH THO2MH (HJbLTPOB.

10.3. Pacyer pebuTa Jyuesnlx B8oj03260poB

JleGHT OQMHOUHOM TOPH3OHTANbHOMi CKBaXHHH NpH ee paborte B
HanopHOM WJAacTe MOXHO NOACYHTAThL N0 opMyJe

2aTs

Qm___m P Y

R’ fn { h 21"'0 R ﬂ_QO_
in I/ lz+,a+l"" larctgro——ﬂ( 5 sin B )

rae T — DpoBOJAMMOCTE BOJOHOCHOTO 0/1aCTA; h — €0 MOWHOCTB; § — NOHHXKeHHe
Haj TOPH3IOHTANBHOH CKBaXHuHOH; R — pajuyc HeficTBusl BOZ03aGopa; I — ANKHA ro-
PH3OHTA/IBHON CKBAMHHH; fo— ¢ PajHYC; (Qo — pacCTOfiHME OT OCH CKBAMHHH N0
noAoONALl nJaacra.

31y GopMyay C HEKOTOPHIM MpPHOJHXKEHHEM MOXKHO NPUMEHHTh B
s Ge3HANOPHHX IJIACTOB, €C/IK NPHHATE A==,y

Jns onpenenendsi Ae6GHTAa OJHHOYHHIX H KycTa CHMMETPHYHO pac-
noaoxeuHbix B HeM 1 (1<n<4) ropusorTansubix ckBaxad 0. I1. Bo-
pucosuM H B. Il Ta6axkoBeiM MeToAOM GHABTPAUHOHHEX CONPOTHB-
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qnendii (npH @p=h/2) nmonyyewa ROCTATOYHO MpPOCTas MPHOIHKEHHAN
(popmyna

’nTs
= . .23
Qu ARk k (10.2]
In~—4—In —
L T al " omr,

Benuuuua A 3aBHCHT OT N:

Al 20000304
A(n)...4.....2....186...1,78

®opmyny (10.2) MOXKHO mepemHcaTs Tak:

Q.= g‘i‘!’_’f,s_._‘ (10.3)

rie Qy-— me0HT KycTa CKBaXuH; Ko — 3KBUBATEHTHBI{ panuyc 60MbUIoro KoJoAua,
Je0HT KOTOPOTO paBeH MeGHTY KYCTa FOPHICHTAJIBHBIX CKBAMHH!

Ry=In {1/3) + (R/M) 10 (k) 2xr,). (10.4)
r]pOl‘ISBO}.IHTeJleOCTb JVUEROTO BOI{03360p3, COCTORLILEero K3 CHM-

METPHUHO PACIOJOXKEHHLIX JydYeH, IPH HeYCTaHOBHBLUEMCS ABHMeHHH
MOXHO onpeacsanTsh o ¢popmydne I'. A. Pasymoa [17]

k(R AHN
Q= at 15,6 3D 43,6 (10.5)
i —5-_:7-__-) nt =T
m / I+3D I

rie e W fo — COOTBETCTBEHHO CTATHYECKHH ¥ AHHAMHEYECKHA YDOBHH MOA3EMHEX BOM;
N —uHcno ropH3OHTANBHEIX JYHEBHX CKBAXHH; @ — KO3G(QHUHEHT YpOBHenpoBOd-
HOCTH TiJlacta; m — CPeHAA ero MoluHocts, paBHaf 0,5(%.+%o); 1 — oTHOCHTENbAAS
AIHHA FODHAOHTAJNRHOR CKBAKHMH, pasHaf [/m; D — OTHOCHTC/IBHHEA AHaMeTp BOXO-
cBopuoro konoaua, pasinili O/2m; D —ero auamerp; n=360°/a (a — yron Mexay
JdyuaMu, rpan.).

Heo6xonHMo oTMeTUTb, UTO pacueTsl MO NPHBeAEHHHIM 3aBHCHMO-
CTAM MOTYT MPHBECTH K 3HAYHTEIbHBIM NOTPEIUHOCTSM, eCAH He yUuH-
THIBATh THAPABIAMKY MOTOXKZ COGCTBEHHO B MOPH3OHTAJNBHHIX ApeHaXx.

Ipu pacuyere ne6ura nyyeBoro pono3abopa pexoMenAyercs onpeae-
AT NOHHAEHAe HA NOREPXHOCTH ApEHbl, BBHIYHTAR K3 NOHHKEHHA
ypOBHA BOAH B BOAOCGOPHOM KOJIOALE NMPH OTKAYKE S MHAPABAHYCCKHE
NOTepH B rOPH3CHTAJNLHHEIX JNyYax, olipefesseMble o HopMylle

{1 MY v 10

v (1 ﬁro) 28 ’ ( .6}
Qs

FAE M TN

I, ro— n7uRa B pajMyc ckBaxwH-myuelt; Q. N — gebur w yuclo pasHomeSHTHEX
dyyell; g — ycxkopenHe CHIN TaAMecTd; A* — koadduuHeRT nOTepk, pacnpeleNeHHHX
RO AJHHE Jyya.
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TMorepu, cBsi3aHHBEle C MPHTOKOM BOJAL Yepe3 BXOAHBIE OTBEPCTHA
¢$uILTPOB, He yuHThIBalOTCA. OYeBHAHO, YTO HEYYeT JAONOJHHTEJbHBIX
NoTeps Hanopa NPHBeAET X NMOJYUYEHHIO (QAaKTHUECKH 3aHHKEHHOro fe-
6uTa nyueBoro sogo3sabopa.

M. C. TapmuiieM noJyuyeHO pellleHHe 3aAauyd AJsi oflpeneseHHs
LOTIOJHHTENbHBIX NOTEPh HANOpa B JYYeBBIX CKBAXKHHAX AJS CJydast
NOCTOSHHOTO NPHTOKA MO [AJHHE CKBaXKHHLI B TPEANOJOMKEHHH, YTO
JOTOJNHHTEAbHEIE NOTEPH Hanopa Affy B BOAONPHEMHEIX OTBEPCTHAX
CBSI3aHHl C PacxXojJoM Qo Uepe3 0JHO OTBEPCTHe H3BECTHHIM COOTHOTIIe-
HHeM

Qo =wpw,V 2gAH,, {10.7}
roe U -—Ko3pPHUHENT PacXola; Wo — MIOULAAs NPOXOAHOTO OTBEPCTHA.

Heo06xonumMoe cymMMapHOoe AONOJHHUTeAbHOE TOHHKEHHE TPH NOCTO-
AIHHOM pacXoAe Ha €HHHIY [JHHbLI JPEHH NOJYYEHO B BHAE

o
oG )] e
2g \nr.2 3 8r. 4 \inp

TAe re — pajHyc NPOAONBLHOTO OTBEPCTHR (UABTPA CKBAXKHHH; [ — Kospdunuent
ByccHHecka B BHIPQXKEHHH IIOTOKA KOJIHYECTBA [ABHXEHHS; 1T} — CKBAXHOCT: QHIbTpA.

TecToBhle pacyeThl PAKTHUECKHX 3HAYEHHR MOHHXKEHHH ypoBHed
npuw 3ajasHoM BomooTbope npu B=1, w==0,00—03, A*==0,1 n
1==2,5 % DNOKa3WBaIOT, YTO AONOJHHTEJbHOe NOHHIKEHHe Hamnopa B
JYUeBBIX CKBaXKHHAX Moxer gocthrath 40 Y, obiero, npuvem norpeti-
HOCTb BO3PAacTaeT NPH YMEHBUIEHHH .

Hcnosnb3osanne 3aBucuMocTH (10.8) nas1 onpeneseHHs MOMpaBKH
K TOHHIKEHHIO YPOBHS BOAH ofecneudBaer cyutecTBEeHHOe NMpuOauxKe-
HHe pe3y/hTaTOB pacyeTa Ae6HTa K AeHCTBHTebLHOH ero BeJHUYHHE.

TJABA 11. KANITAX HCTOYHHKOB

11.1. I'upporeoaorduecKne yCJIORHA BHX0AA HCTOYHHKOB
¥ OLEHKA HX BPOH3BOJIHTEJIbLHOCTH

HeTounukd (Xi0uH, poAHHKH) SIBJASIOTCH BHXOAAMH NOA3EMHEIX
BOJ Ha MOBEPXHOCTH 3€MJH. Y CJIOBHS BHIXOAA HCTOUHHKOB BECbMA pa3-
HoO6pa3sHul. B OCHOBHOM HX AENAT HAa HHCXOAAUIHE H BOCXOASULHE
Hetounukd., Ha pue. 11.]1 nokadaH HHCXOASWHA HCTOUHHK ¢ ABYMS
BLIXOJIaMK HA NOBEPXHOCThL 3€MJIH: ¢ PACXOAOM Qi — Ha NOBEPXHOCTH
3eMJiH; ¢ PACXOAOM Qp— ApeHHpyeMbiM pekol. Kanrtax A mosHocTbio
nepexBaTHBaeT 062 BHIXOAA HCTOUYHHKA.

[lpu aHanuse aeGHTa BOCXOASLLHX HCTOUHHKOB HeOGXOAHMO HMETb
JaHKbie 0 PHAPOTeOJOrHIeCKHX YCAOBHAX BOJIOHOCHOI'O FOPH30OHTA, NH-
TAlONUlero HCTOUHHK, H B OCOOEHHOCTH [leTaJibHhe JaHHble 06 ycJoBusX
BbIXOJa HCTOUHHKA. BOCXOJIHHIHE HCTOYHHRKH MOTYT ABJATbBCHA BhIX0J4a-
MM TOJBKO YaCTH BOAH MOA3€MHOr0 MOTOKA, HanpHmep B DBearopoje

112



31 712 =33 g

Puc. 11.1. KanTaX HCTOUHHKZ DNYyTEM
NONBOre NEpPexBara NOA3EMHOrQ MOTO-
Ka

] ~— TanNeYHHKH ¢ TecKOM; 2 — MCCKH,
J ~— BoJOHOCHHA ¢/10 B meckax; 4 —
BOACHENIpOHHLAEMan nopoaa; Q) — BH-
X0 HCTOYHHKA C KanraxeM A, mnoa-
HOCTBbI0 3AXBATHBAOWHH T10A3EMHHE
BOAR; (2 — HHXHHE (BropoH} BHXOjZ
HCTOWHHKA A0 KanTaxa B peKy

‘wear Eaz B3 94

Puc. 11.2, CxeMa BOCXOARIKEro HCTOY-
HHKZ M3 TPEUHHOBATHX BePXHECEHOH-
cknx menos B Bearopone

! — MemOBHANBHKE R AJJHOBHAJBHHE
OTNOXeHHS; 2 — TpelUlHHOBATHN BOAO-
HOCHHMH MeJ; &~ IIHHACTBIA MeJ, B OC-

HOBHOM BOJOHeNpOHHUacMu; 4 — NyTh

BOCXOJAUICTO NMOTOKA TNOA3EMHHX BOJ;

A ~— MecTo BHXOJa HCTOuHHKA; B —
peka

Pyc. 11.3. Hcrounn, BHTEK2OWHA U3
c6pocopodi TPEMHHHW € NOAHLIM APeKa-
MeM BOJOHOCBOFO FOPH3OHTA

1 — poaoHenpoHHUAEMble Meprean; 2 —

TPEUIHHOBATHE BOJOHOCHHE MepreJH,

3 — BoJloHeNpoHHLaeMEE TJIHHHCTHE

caaHup, 4-— AwHEa c6poca; 5 — nyTh

BOCXOARILIErO TMOTOKA TOJ3CMHEHX BOX
10 ARHHH c6Gpoca; 6 — HCTOYHHK

B Bd? @29 B4 E=45
[els

{prc. 11.2), unH Xe MOJNHOCTBIO APEHHPOBATH BOROHOCHBIH TOPH3OHT
{puc. 11.3).

B nepBoM cnywae (cM. puc. 11.2) NOpH NMOHUXEHHH YPOBHS B HC-
TOUHHKEe (HANIPHMEpP, NYyTeM OTKAUKH) MOXHO PaCCYHTHBATL Ha ycTOH-
YHBOe yBesJHYeHHe neOHTa. Bo BTOpOM cayyae, KOrka ORHH HCTOUHHK
HJH Tpynna HX RPEHHPYIOT MOJHOCTbIO BOROHOCHHW® TOPH30HT, MOJY-
UMThL YCTOHUHBOe yBeNHuYeHHe ReGHTa CJa0XKHO. MCTOYHHK MOXeET BH-
XOAHTb HEHNOCPEACTBEHHO H3 NMOPOAB BOROHOCHOTO TFOPH3OHTAa B BHAE
COCPENOTOYEHHOH CTPYH HJIH Uepes TOJLLY pHXJbIX NOPoR. B nocneaneM
cJlyuae yacThb BOAB H3 BOAOHOCHOrO cJ10s1 (HHOrAA 3HAYHTENbHASA)
pacTeKaeTcs NO YKA3aHHOHM TOJILe PLIXJOA NOPORB, HE BHXOAA Ha
NOBEPXHOCTL 3eMJH. TloHMXKeHHe YPODHSI B HCTOYHHKE IIPH TaKHX yc-
JOBHSX HE TOJLKO YBEJIHUHBAeT INOCTYNJNeHHe BOAbI H3 BOROHOCHOrO
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TOPH30HTa, HO TaKXe NpHBJIEKAaeT BOIY, PACTEKAOUIYIOCA 110 TOJLILE
PHXJ0H NOPOAH.

YBennuenue ne6uTa BOCXOAALIETO HCTOYHHKA B 5TOM CJyyae MOXK-
HO [OJYYHTb NyTeM PAaCYHCTKH €ro BuXOZa MaH (uro Gojee paiHo-
HaJbHO) MYTeM BepTHKAJbHOrO KaNntaska (HIAXTHHH KOMNOAEI HJIH
6ypoBaa ckBaxkuHa). Takoe ycTpo#icTBO KaNTaxka GaKTHUECKH AEHCT-
BYET KaK MNOHHIKEHHe YPOBHS BOAH B KOJOALE.

TIpoH3BOAUTENbHOCTL HCTOUHHKA OOBUHO OLEHMBAIOT HA OCHOBA-
HHH Habaojgennfi 3a ero JeGHTOM H CONMOCTABJEHHS] 3TOro AebHTa C
(aKTopaMH, BJIHAIIUHMH Ha ero u3MeHeHHe. Ho ocofeHHO BaXKHO NpH
aHAJIM3¢ H3MeHEHHst NeOHTa HCTOYHHKOB YUYHTHBATh THAPOTe0JOrHye-
CKHe YC/IOBHSl BLIXOH12 W H3MEHEHHe 3THX YCJOBHH IIPH KamTaxe (CM.
puc. 11.1, 11.2). Ananu3 OGUIMX THAPOrEOJOrHYECKHX YCJI0BHH — 06-
JIACTH TIHTAHMS, HAKOIJIEHHMA H CTOKA, & TaKKe YYacTKa BHXxoja Hc-
TOYHHKA — OUeHb BAXKEH JUIS OLEHKH H3MEHYHBOCTH febHTa Mocaeine-
r0 W PalUMOHANLHOTO €ro KaNTa)Xa ¢ UeAbK YyBeanuenusi AeGHTOB,
0cO0eHHO B MEPHOAK MHHHMAJbLHBIX PaCXOJOB.

HsmeneHHe BenHYHHW NHUTAHHA BOAOHOCHOTO TOPH30HTa He(Oab-
IWOro PacnpoCTPalCHHS AOBOJBHO OHICTPO — Uepe3 HECKOJALKO JHEH,
a4 HHOTAA H Yepe3 HECKOAbKO YacoOB — CKA3HBACTCS HA PACXoAe He-
ToyHHKOB. OlHAKO B NHTEPaType M3BECTHH TAKXKE CAYyYaH, KOrfa 3TO
BIHsiKHe OGHapyXXHMBaeTcd TosibKo uepe3 1—1.5 roma; Takofi npHmep
MEIJIEHHOIO BJIMAHHA B 06JacTH NMHTAaHHS Ha AeGHT KSpPH30B ONHCaH
AJist ceBepHOTO nogHoxus Koner-Jlara.

Takum 06pasoM, TOJNLKO TLATEJILHOE H IJyBOKOE H3yueHHE THA-
POJIOTHYECKHX YCJAOBHH NO3BOJSIET NPABHABHO AHAJH3HDPOBATL NAaHHbLIE
HaBaoneHui 3a KeGHTOM HCTOYHHMKA H CAEJaThb NMPABHJIbHHE BHBOAH
06 3KCcnAyaTauHoHHOR Benwuune pebuta. MameneHHe npowmsBoaHTenb-
HOCTH HMCTOYHHKA MOXKeT NMPOHCXOZHTb TaKXKe MOA BJAHAHHEM H3MeHe-
HHS THAPOTEOAOr HIECKHX YC/AOBHHA KaK eCcTeCTBEHHBIX, TaK M B 0cobeH-
HOCTH TEXHOTEHHHIX.

HsmeHeHHe ac6HTa MCTOYHHKA ABJAACTCH BEChMA BAXKHHIM 3JICMEH-
TOM AAsl OLEHKH MPaKTHYECKOro HCNo/b30BaHus ero. CpegHHA MHOTO-
netHu#t pacxox Qo OyneM HashBaTh HOPMOH pacxofia, a cpelHHil Me-
cAYHWH Q) ¥ TOAOBON pacxoX (J» COOTBETCTBEHHO MecsiyHO# 4 Toxo-
BO# HopMaMm pacxopa. OrHouwende pacxoAa Q 3a Jo6oll oTpe3ok
BpeMeHH K HOpMe pacxoga Qo GyleM Ha3HBaTb MOAYJbIbLIM Kot du-
IHEHTOM £, KOTOPH#l paBeH:

k=Q/Q, (11.1)
OTHOILIEHHe MAKCHMAJdbHOrO Pacxofa Qmay K MHHBMAALHOMY Qmin
6yaem Ha3biBaTbh KO3(PQHLHEHTOM HCPABHOMEPHOCTH Ry:

ku = Qmax,‘i Qmin° (1 1‘2)

BaxHeAuwnMH XapakTepuCTHKAaMH JebHTa HCTOUHHKA SIBISIOTCA
HOpMa pacxoja, MHHHMAJbHHH H MAKCHMAaAbHH PacXois, Kosgdu-
UMEHT HePABHOMEPHOCTH H MOAYJbHHH KOIQQHIHEHT AN MUHHAMAJb-
HOTO pacxoAd. DTH XapaKTeDHCHTKH H3IMEHAIOTCS B 8aBHCHMOCTH OT
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R,ajc

YEHHOCTH

1 — xponoaoraueckufi rpadHxk pacxopa; 2--Kpusasg uwacroTh; J— Kpupas obecme-

Puc. 11.4. T'padux pacxopa oauoro H3 Hcrounukos B Kpumy (cpox wabawogenns — 13 jer)

Yo O
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CpoKa HalmopenHH. MHHUMAAbHHIE pPacXof BBOAHTCH OOLIYHO TIpH
OLEHKe MOJe3HOH OTAAYH HCTOYHHMKA KaK pacuerHufi. OnHako caepyer
VYHTHIBaTh, YTO MAKCHManbHOe NOTpeGJeHHe MOXKeT COBNAcThb C MH-
HHMaJbHHBM PACXOXOM HCTOUHHKA.

OxHu TONBKO HabniOJeHHs 32 TOZ HJAH 33 HECKONbKO JeT Hefo-
CTaTOYHH; HA OCHOBAHWH HX BHBOAHTb XaPAKTEPHCTHKH AJfA HCTOUHH-
KoB 0e3 aHa/su3a 3aKOHOMepHOCTeH peXXHMa Heab3s. Tak xak 3a uc-
TOYHHKOM HAOMI0AAI0T 06KYHO MaJo BPEeMEHH, TO HeOBXOXHUMO IYTeM
BCECTOPOHHErO AHAJH3a BHIABAATL NEPCNEKTHBH H3MeHeHHs JeOuTa.

Hns oueHxH H3MeHeHHs] 1e6HTA HCTOYHHKA BO BpeMeHH MOXKeT CJy-
KHTp XpoHoJorudeckHit rpadHk nebura HerounHka (puc. 11.4). Tlo
9ToMy rpadHKy HArJasAHO BHAHB BEJHUYHHbl PAcXOAOB, a TaKXe pac-
npefesieHHe MO MepHOAAM rOAA MHHHMYMOB M MAaKCHMYMOB pacxoja.
AToT rpadHK cOCTaBJeH IO MeCcsuHbIM HopMaM pacxoza. Ha mero
nenecoo6pasHO TaKXKe HAHOCHTb 3J€MEHTH, OT KOTODHX 3aBHCHT ne-
OUT HCTOYHHKA, T. €. AJI COOTBETCTBYIOIHX CJIYYaeB OCAAKH, TeMIie-
paTtypy, BJaXKHOCTb BO3AYyXa, pacXof H YPOBHH MNOBEPXHOCTHHIX BOA.
Ilo TakoMy coBMemenHoMy rpaduxky MOXHO CyauTh O ¢hakTopax,
BJAUSIIOWILX Ha AeOHT Kawua.

Ans cyXneHHsT O NOBTOPACMOCTH AeOHTOB Da3iyUYHOH BeNHUHUHH
MOXHO BOCIIOJIb30BaThCsl 3aBHCHMOCTbIO (YHKIHOHAJIBHOIO XapakTepa
MeXny BeJHYHHOH ne6HTa M YacTOTOH ero MOBTOpPSEMOCTH. Takue
GYHKUHE HOCAT Ha3BaHHe GYHKUMH pacnpefle/leHHs: HX Jyylle BCero
IIpefcTaBuTh B BH/E JIOMaHOH KpUBOH, HA3biBaeMOH MMOJTHIOHOM — MHO-
TOYroJLHHKOM pacnpefeneHds. [ns mocrpoenHs nonurona aebura
HCTOYHHKA CJAEAYeT aMIJUTYAY KDaMHHX OTKJOHeHHH 3aToro nebura
pasfe/MTh Ha Pa3Hble HHTePBaJH W NPOH3BOAHTL MOAcYeT JeT, Meca-
LUeB HJH AHEH B KaXJOM HHTepBaJe.

[MosicuuM nocTpoetne Noauroxa wa npumepe puc. 11.5. Hau6oubuine
pacxoaws aoxoasT no 10 n/c. Jenaum pacxoabt Ha maTepBans no 0,5 jfc
H TOACYUHTHIBAEM YHCJAO0 MeCslieB, HA KOTopble MPUXOAATCH DPaCXOAH
B 9TOM HHTepBaje (cM. TabaHuy). 3aTeM #3 cepeAdHH HHTEPBAJOB
nposoasT abcuHcen (B MacwTabe), COOTBETCTBYWOUIHE UHCAY MecsleB
¢ pacxofioM B AaHHOM HHTepBasie. Koulu 3THX alciuce COELHHSIOT H
TakaM 00pa3oM MoAyuyaeTcaA MOJIHIOH, HJIM MHOFOYroJbHHK pacnpene-
neHHgd (cM. puc. 11.4).

[pu ysesuuenun uncia seT HaG/OJeHHA M yMeHbIIeHWH HHTepBa-
Ja JloMaHast KpHBas (DOJHMron) B mpefene npubinXkaeTcd K IJas-
Hoft KpHBOM, KOTOPas Ha3HBaeTCHl KPHBOH YacTOTH HAH KPHBOH pac-
npefleneHus., KpuBas pacnpefiefieRuss XaeT HarasiHoe INpefcTaBJaeHHe
O MOBTOPSIeMOCTH Pa3J/IHYHHX JeOHTOB.

Juas oleHkH obecneyeHHOCTH PacxoNOB HCTOYHHKOB MOMHO BOC-
1ONb30BaThCs KPUBO# ofecleueHHOCTd HAH NPOJOJKHTENBLHOCTH. JTa
KpHBas MoJydyaeTcs MyTeM MOCAe0BaTelbHOTO CYMMHPOBAHHA KPHBOH
vactoTH. IIpy 3TOM oGecneyeHHOCTh 0OLIUHO ONpenessieTcs B NPOLEH-
Tax. Takas KpHBasg faeT BOSMOXXHOCTb ONPENENHTb oO0ecleyeHHOCTD
pacxofia 6osee npaBuibno. ObecneyennocTn 90 % coorseTcTByeT pac-

xon 1 a/c (cM. puc. 11.4).
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Puc. 11.5, Kpasas ofecneyeHHOCTH MHHAMAJbHHX Je6HTOB HCTOMHHKA

I — xpuBas obecnevenHocTd Mo ¢yRkunsM lilapare; 2 — kpusas ofeclieseHHoCTH MO
(akTHYECKHM TOYKaM; § — TOYKH BRUHCIEHHR No ¢yHxuMaM llapave; 4 — TourR No
(hakTHYECKHM RaHHEIM

HUHTepsan, ajc Ukeno MecsAlen Uurepran, ajc Ygcno mecauen
10-9,5 2 5—4,5 6
9,5—9 0 4,54 2
98,5 1 43,5 4
8,5—8 0 3,53 11
8—7,5 0 3-2,5 8
7,567 0 2,5—2 18
7-6,5 1 2-1,5 18
6,5—6 3 1,5—1 38
65,5 1 1-0,5 42
5,5—5 1 0,5—0 -

Hrtoro 156

Co BpeMeHeM H3MEHSIOTCS He TOJIbKO paclpefejieHHe M BEeAHYMHA
MeTeOpOJIOTHYeCKHX M IHAPOJIOTHYECKHX SIBJEHHH, HO TaKXe W THAPO-
reoJIoOTHYeCKHe YCJOBHS, KOTOpHE ONPeNeNfloT MHTaHME H YCJAOBHA
BLIXOf2 HCTOUHHMKA. TakuM o6pa3oM, mpocTasi CTATHCTHKA H3MeHeHHA
ne6MTa MCTOYHMKA He TOJbKO APH KOPOTKHX, HO W NPH ANHTENbHLIX
HabaoneHuax TpebyeT aHa/ju3a OTKJIOHEHHS BeJMUMHbI W paclpene-
JieHHss 3Toro Aebura. Ilns OleHKH 3aKOHOMEPHOCTH fIBJEHUH H3MeHe-
HHSA ,ueﬁm'a HCTOYHHKA MOXHO BOCNOJb30BAThCA METONAMU MaTeMaTH-
YeCKOH CTATHCTHKH.

TMpu onpepenenHu XapaxkTePHCTHKH AeOHT2 HCTOYHHKA HAHGO0JbL-
IIMH HHTepec NpeACTaBlAseT H3MeHeHHe HOPM PAcXoja, FoA0BOR HOp-
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MH pacXx0oja, MHHHMaJnbHOI0O H MAKCHMAJbHOIO pacXoloB, a TaKXe
MHOTrOJieTHee H3MEHEHHe pacXOJO0B 32 ONpEAEJeHHhe MECAIH.
Cpem-lee apH@MeTﬂqecxoe psala, WJiH B AAHHOM CJiy4Yaeé HOpMa
pacxona, onpenensaerca (popmy.noﬁ
I=n

%=4%ﬂ, (11.3)

Taoe Xxo— cpeance apudMeTHYECKOE; 2”1 X; — CyMMa NPH3HaKOR HJi apryMeHToB,
B HalueM caylae — AeGHTOB; 1 ~— yhclo BeeX o0DbeKTOB, B HAuleM caydyae — HaOMIOfe-
HHH AeGHTOB.

HcTHHHOe cpefHee 3HaueHHe NOJYYaeTCs TOJLKO B TOM  CJiyuae,
ecau gucao HabmoneHHH n OeckoHeuHO BedHKo. CpenHee apHpMeTH-
YecKoe Xp AN OrpaHHUEHHOro psga HabJwofenHil sBiAseTca NPUHOTH-
JKeHHbIM, OTJHYAJOUIEMCSA OT HCTHHHOIO X Ha BeJHYHHY op. BenHuuRa
0o Ra3niBaeTcs OLWIHOKOH apH(METHUECKOH cepeRMHH! H AJAS CpelHeR
OImHGKH CHMMETPHYHOTO Psia BrpaxaeTcss GopMynor

— +a/V A, (11.4)

rie 6 — CpefHee KBAaAPaTHYHOE OTKJAOHEHHE {CTaHAapTHAA BAPHAUMA}, HJIH CPeIHAA
owHOKa OTAeAbHOTO HAGNIOREHHA

._,;-,_:._W-
o s/ B 1o
n—1

rae n—4acao HabmoaeHua,
[Ipu n>30 B 3uamenatese ¢opmyan (11.3) MoXHO CcTaBHTb He
n—1, an; ou oy ABJISIOTCT HMEHOBAHHBIMH YHCJIaMH.
XapaxTepUcTHKA BapHanyiu B 6e3pa3MepHOH BeJIHUHHE, T. €. KO3(-
¢unuent papHanuu Co, onpenensieTcs no gopmyne

"""" b 1)
C, = ]/ tf_lhf_‘i 1__.)_ , (11.6)

rae x:/%, o6o3uaveno uepe3 &; 370T KoshpHuMERT MH HaIBATH MOAYJILHHM.

Yucno Ha6MORCHAH, MPH KOTOPHIX HOAYYaCTCH cpefHee apHpMeTH-
Yeckoe ¢ 3afaHHON TOYHOCTbIO, onpejeasieTcs Mo Gopmyae

IHCA
n = 1C (11.7)
8,2
Isis XapakTepHCTHKH aCHMMETPHYHOCTH psxa Habalonenuii cny-
WKHT KO3 PHIHEHT acCHMMETPHH
l=n
i1 (R — 1) 11.8
R (11.8)
nCy®
[Ipu 327 (x — xo) =0 psin 6yner cummerpuuen, 7. e. C;=0. Ko-
9(¢pHIHEHT AaCHMMETPHH JaeT BO3MOMNKHOCTh CPaBHHBATb PSIAH C OAH-
HAKOBWMH CPeIHHMH apHOMETHUECKHMH H PA3HHIMH £ H 0.
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Cuegyer uMeTh B BUAY, 4TO TPH MaJoM 4ucne HabniogeHHH cpej-
HeKBa/JpaTHYyHas oOlHOKa KO3(p@HIHEHTa aCHMMETPHH TMOJyyaeTcst
Gonbwoit. Tax, npu n=10 owubka cocTaBaser 77,5% BeNHUYHHH KO-
apPuLHEeHTa aCHMMeTpHH, npH n=20 —55 % u paxe npu n=100
omuoka 6yner paBHa 24,5 %. dopMmyan Ans BepoATHHX OMMGOK, KO-
TOphie BOSMOXKHH A48 50 % cayuaes, 6yayT cieayoulye:

27 x5 Axgp= £0,67 —~-; (11.9)
V on
ojas © Azgy= 10,67 ....‘L_w; (11,10)
2n
— By = 0,67 SV T 2C5. (11.11)
2n

TlpegenbHyo OIHOKY MOXKHO MPHHATbH PABHON yueTBepeHHOH# Bepo-
ATHOH. PopMyamw ommbok (11.9), (11.10) wu (11.11) oTHocaTex X
psAlaM CHMMETPHUYHOrO BHIAA, MO3TOMY OHH He OTBEYANT MOJHOCTBHIO
omyGKaM B aCHMMETPHUHBIX PAAaX.

Hna mocTpOeHHs TeopeTHUeCKOH KPHBOH ofGecledeHHOCTH pacxona
MOKHO BOCNOML30BaTbCA ¢yHKUHeH pacnpefenenus Ilapsane, koTopas
COOTBETCTBYeT 0OLIeMYy BHIY KPHBOH pacupeneneHus. Ha puc. 11.6
NOKa3aHO CpaBHeHHe KpHBOH obecneuenHoctd Mo $yrxkuun IHlapane
¥ 110 QAKTHUECKHM AaHHLIM. M3 3Toro pHCyHKa BHAHO NPEHUMYINECTBO
H3YueHHs1 0GeCneueHHOCTH Mo TeopeTHuecKHM KpuBHIM (Iilapawe) mns
oGecneuenroctd 80—95 9.

Jlas HccieNOBAaHHS 3aBHCHMOCTH MeXAYy Ae6HTOM HCTOYHHKA H
MeTeOpOJIOr HIeCKMMH, THIPOJOTHYECKHMK M APYTHMH BJHSIOUMMH Ha
Hero ¢ aKTOpPaMH, a TakXe 115 HCCAeAOBaHUs CBA3H MeXAy aeGHTOM
HCTOUYHHKA H Ae6HTOM aHajora 3a fMapajiednrbie MepHoAbl HabJiojne-
HHA MOXHO BOCIOJb30BaThesl MeToAoM Koppensiuu#. KoppensitupHas
3aBHCHMOCTb MEXJAY ABYMs BEJHUHHAMH MOXET BLIPAXAThCA JAA
psina cayyaeB ypaBHEHHeM NPSMOR perpeccuu

g,

Y- do=r (x—xy), (11.12)
Sx

TRe Xo H Yo — CpeaHee apudMeTHYeCKoe psfa; r— Ko3(GHIKEHT KOpPPesHH, fB-
AAUIHECA MePOR CBA3H MEXAY BEeTHYHHAMH.

ITpu r==1 umeer Mecto QyHKUHOHANbHAS CBA3b. TeopeTHUECKH Ha-
JRTHEe KOPPEJATHBHOM CBA3M MEXKJy CPABHHBAEMBIMH SIBNEHHsMH 6y-
neT HMeTb MecTo Npu r>>0,5. IIpH NMpaKTHYECKHX pacyeTaX KOppens-
THBHYIO CBSI3b HCHOMB3YIOT Npk r>0,7.

Kospdpuunent koppensinun onpegeasor no gopmyJe

e _____;gf_:_’l'_,(_!i_‘”_y_) Gmx) (11.13)
V ot (g — ) U7 (= x,)?
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Puc. 11.8. KanTax HHCXOZALIET0 COCPEAOTOYEHHOr0 BHXOKA HCTOYHHKA B BHIE Kamn-
TaXHOA KaMepw

1 — nepenubran u rpasepas Tpyba; 2 -~ nMutatenpHas TpyGa; 3 — NpHeMHas €acTh

MepeanBxoft TpyOut; 4 — BOMOCIHR ANA TNepesHRa; § — SaJBHXKKA MHTATEAbMOR TPY-

6u; 6 — rpsideRdle Kaalape; 7 — pacnpeie/HTeNbHas 4acTb KaMephi; 8 -— oK Bo-
AOCAKB; 9 — BeHTHAALHA; 10 — NpHeMHAA wacTh KaMepkl

B dopmyse (11.12) 0, u oy — cTaHaapTHbIe BAapHALHH HJIH Cpef-
HeKBAaJipaTHYHble OTKJIOHEHHS § H X OT HX CPEIHHX — Yo U Xp.
CranpapTHble BapHaLKKM BEIYHCAAIOT o hopMmynaM:

M 'r:’f (x1—x3)3

n-1

=

: (11.14)

_Vsiztw—w

= (11.15)

Y
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Beposathas omnbxa KospdHIHEHTa KOPPEIALHKH BhIYHCAACTCS IO
dopmyne

Ar— 40,67 =", (11.16)

VvV on

Kosdduurent riy s ypaBHenun (11.12) onpegeaser cobok yrona
Gx
HAKJOHA IMIPSMO# pErpeccHd H Ha3blBaeTC Ko3(p(HUHEHTOM perpec-

cur, B ypaBuenun (11.12) koadpouuuent perpeccHn y mo x o6o3Haua-
erca uepes RY/x; koadduuHeHT perpecchd x Mo y —uepes R*/y; no-
CNe\HH} paBHAETCH I'0yx/0y. B 3TOM ciyuae ypaBHeHHe perpeccHH
HMeeT BHJ,

x"xozf%“(y"“yn)~ (11.17)
y

KosdhpHunenTh perpecchy cBsi3aHbl YpaBHeHHeM
RY[x -R¥]y=r (11.18}

{Ipn pYHKUHOHA/LHOA CBSI3M MCXKAY BeJIHYHHAMH X H § o6e JIHHHU
perpeccHH CNHBAKTCA B ORHY

1
y el - .
RY[x 7y {11.19)

Jna ycTanoBNeHHsI CB3H OJHOM TepeMeHHOH ¢ ABYMs, Hampumep
Y ¢ Xy H Xp, MONb3YIOTCSI COOTBETCTBYIOMIHMH (OPMYIAMH H3 MaTema-
THYECKOH CTATHCTHKH.

B ruaporeoJorsueckHy fBJ1eHHAX, KaK H B psaje ApPYyrdx, He Bceria
MOXHO NPHMEHHTb NDPSAMOJHHEHHYI0 KOppensiuHio; B 3TOM cayuae
¢Bsi3p 06aeKaeTcs B Gonee cAOXKHY©0 GOpMyNy KPHBOJHHeHHOH Kop-
pesITHBHOH 3aBHCHMOCTH. 3a Mepy CBsi3d TaKoH 3aBHCHMOCTH IIpH-
HHMAaeTCsl BeJHYHHA KOpPEJATHBHOTO OTHOIIeHHI, BBIUHCJIECHHE ROTO-
pofi I0OBOJbHO Ca0XKHO. [lo3TOMY A4 cyXZeHHs O Xapakrepe CBsi3H
NPH KPHBOJHHeHHOH KOPPEJAUHH MPOIUle HOCTPOHUTL MPHOIHIKEHHYIO
KpuBYIO rpadpuueCKHM IiyTeM.

Tak xak OGOJLUIHHCTBO KPHBHIX YJIOBIETBOPSAETCS YyPaBHEHHSMH
CTeNeHHBX (GYHKUHH, TO MOXHO BOCNOJb30BaTbCS STHM CBOHCTBOM,
H KOPpeJHPOBAaTb He HEMOCPEJACTBEHHO BEJHYHMHH, a HX JOrapHdMmhlL
Toraa Mb MOJYYHM He KPHBOJHHEHHYO, a MPAMOJHHENHYIO KOppensi-
ILHIO, CJIel0BATENbHO, YPaBHEHHE NPAMOH perpeccHH Jorap uHbpMHYeCKOH
aHaMop®o3br.

IMoab3oBaThes aHATH30M CBA3H MO YDABHEHHSAM DETpPeCcCHH XeAa-
TeJbHO NPH YHCJe YneHOB psifa GoJblie 10; ecnH Ke YHCIO UJIEHOB
6ynet menblle 10, To ciellyeT HCKaThb MPOCTYH I'padHUECKYiO CBSi3b,
B OCOBEHHOCTH NMPH KPHBOJHHEHHOH 3aBHCHMOCTH. [IpH HanMyHH KO-
pPOTKOro pana uabawAeHHH NoCTPOeHHEe BHIBOJOB MO MeETOMaM Marte-
MaTHYeCKOfl CTAaTHCTHKH BJeueT 3a cobofl aHaunTedbHble OUIMOKH. B
CBSI3H C 3THM BeCbMa BAaXHHIM $IBJsIeTCA pacCUIHDeHHe MepHOoAa HJH
psna HabawoZeHHH. DTO MOXHO CAeNaTh CJACAYIOWHME NPHEMAaMH.
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Mycte MH HMeeM KOPOTKHH mepuon HalawJeHud 3a AeGHTOM HC-
TOYHHKA H AJAMHHBA NepHoj HaOJOJEHHE 3a MeTeopOJOTHYeCKHMH
31eMeHTaMH (OCaiKH, TeMmepaTypa H AedHIHT BJaXKHOCTH), KOTO-
pble OMpefelslOT B HAlleM cAyuae NMHTAHHEe HCTOYHHMKA, BriunciauM
Ko9bUIHEHT KOPPETALUHH MEXIy HCCJIeAyeMOH XapaxTePHCTHKOH Je-
6HTa HCTOYHHKA AJA HMelollerocs psixa HabGnioJeHMA H COOTBETCTBY-
OHLIHMH 3TOMYy Psi/ly METEOPOJOTHUYECKAMH 3neMentaMu. Ecan cBa3b
HaJeXHast, T0 N0 MeTOAY KOppeNsiliHH ONpejaesiloT 3aBHCHMOCTbL Xa-
PaKTepHCTHKH Ne6HTa OT METeOPOJOTHYecKOro 3JeMeHTa.

Ilpn npsmonunedHo# xoppensiidu B oOOMleM BHAE N0JYJIaeTcs
ypaBHEHHC

x==ay+0b, (11.20)

Tae X-- xapaK'repHcha neﬁu‘ra HCTIOUJINKA, Y — MeTEOPOSIOPH‘IeCKHﬁ 3JAEMEHT;, a4 —
Ko3b O HIHeHT; b — MocTOsAHHAS,

Ypapnenne (11.20) ecTsb ypaBHeHHe NpsiMOA perpeCcHH, He Ipo-
XOJsillefl yepe3 HauaJo KOOPAHHAT. JIAs YacTHOTO ¢Aydas NOCTOAHHASA
b==0, u Torpa MM NOJAY4YHM ypaBHeHHe NMPsMOH, MpoXoAslICH Yepes
HAYano KOOpAHHAT

x==ay. (11.21)

Ipu kpHBOIHHEHHOH KOppeIAIMH CaeAyeT CHauaua Noay4HTh ypas-
HeHHe MpsAMOH perpeccHH norapudMHuecKon anamopdoss

lgx—=algy4b (11.22)

H 3aTeM OT Hero (NMOTeHUHPOBaHHEM) TNEPEXOAHTb K YPaBHEHMIO CTe-
neHHbIX dyHKIHA

r=cy’, rae lgc==s. (11.23)

Taxum o6pa3oM, ycTaHARAMBAETCSA CBA3bL MEKAY HCCAEAyeMom Xa-
paKkTepHCTHKOl ne0HTa H METeoPOJOTHYECKHMH 3,1CMeHTaMH. 3ateMm
N0 MeTeOpPOJOrHYeCKHM JaHHLIM 3a Bech NMEPHOA MOXHO ONpelesHTh
HCKOMYIO XapaKTeDHCTHKY nmeGHuta mo ypaeHenHsam (11.20)—(11.23).
Taknm o6pa3oM, nepexogHM OT KOPOTKOTO psina Rabnmopenuit kK 6oab-
meMy. IlpH HanHYHM aHAJAOTa H MJHTEIBHHX 32 HHM HaOmoaeHuit
MOXHO KOpPOTKHH PsJL HaOJI0ONeHHH HCCAeNyeMOro HCTOYHMKA NpuUBe-
CTH K [JHHHOMY, COOTBETCTBYIOIUEMY MO NEpHoAy HabnoNeHHH aHa-
Jory.

B psne ciaydyaeB HCTOYHHKH BO3HHKAWT B pe3yidbTaTe MNoanopa
NOTOKAa I'PYHTOBHIX BOJ,.

O6mnM 1715 BceX HCTOUHHKOB, 06pa30BaBIINXCH B pe3yJisTaTe NOA-
7iopa TPYHTOBOTO NOTOKA, SBJAAETCS NOJAHOe NeperopaXXHBaHHe €ro,
YaCTHYHOEe H.JH YMeHblIeHHe BOJZONPOBOLALIHX CBOMCTB BOJOHOCHOTO
cnos. [locnennee sBneHue nabarofaeTcs, HanmpHMep, B TPYHTORBIX
NOTOKaX KOHYCOB BHIHOCA, FAC HHXKE MO NMOTOKY OTJAaramTCs INTHHHC-
Tele YACTHUH H 06pa3syioTcsi MaJsIoNpOHHIAeMEe H BONOHENPOHHIAe-
MHE NIPOCAOH.
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Kanrax HcrounHKoB, 06pa3oBaBUIHXCA B pe3yabTaTe TMojliopa
FPYHTOBOro MOTOKAa, HECKOJbKO BHAOH3MeHSIeTCSl B 3aBHCHMOCTH OT
THAPOreoJ10THYeCKHX ycaorui. HanpuMep, npu HaJHYHH NOANOpa Kal-
TaXX HCTOYHHKA IesaeCoofpasHo ge’daThb B BHAe ApeHaXHBIX TpYy6, ra-
Jiepe, FOPH30HTaJBHOrO BoA03abopa HIH B BHJE KOJOJUER.

Ouenka 3KCOMyaTaMHOHHBX 3aNacoB HHCXOAAULHX HCTOYHHKOB CBO-
AHTCA K ONpejeseHHI0 CTeNeHH ofecnedenHOCTH AEGHTa TpH 3KCMAY-
aTallHH HCTOUHHKA H B HEKOTOPHIX CJYYasix TakXe K ONEHKe 3aXBaTa
MOA3EMHOr0 NOTOKA, D10 JAe/laéTcsl Ha OCHOBAHHH aHAJH3a THApPOreo-
JIOTHUECKHX YCJTOBHH H TeX HIMEHeHHH, KOTOpble MPOH30HAYT NMpPH YCT-
pONCTBe KaNTaXa HCTOYHHKA, a TaKXKe aHAJAH3a MO AAHHHM HabJio-
JeHHA 32 H3MEeHYHBOCTEIO AelHTa.

B olleHKy 3KCNIyaTalHOHHBIX 34MacoB HCTOUHHKOB AJA Ji060ro
mepHOAa MNOJAXHE BXOAHTb aHAJH3 THAPOTeOJOTHYECKHX YCJOBHH H
coofpaxenHs O BJIHSHHH YCTPORCTBAa KanTa)a. 3aTeM aHAJH3HPYIOT
Haba0JeHus] 33 H3MERUHBOCTbIO nefHra. MeToNHKY OLEGHKH H3Memn-
YHBOCTH Ae6HTa BHIGHPAIOT B 3aBHCHMOCTH OT CPOKOB H 4Hcjaa Habuamwo-
JeHMH 32 ne6HTOM HCTOUHHKA, OT 3JeMEeHTOB, KOTOpHE BJHAIOT Ha
0eGHT, OT HANHYHSI AaHAJOrOB, a TaKXe B 3aBHCHMOCTH OT Tpe6yeMOR
TOYIIOCTH OLEHKH, KOTOpasi, B 9aCTHOCTH, onpejesseTcs NOTPEGHOCTHIO
B BOJe.

Haun6ohee yHpomeHHOH OmeHKOH 3KCIAYaTapHOHHHIX 3aMacos HC-
TOYHHKOB fIBJIAETCA COCTaBJAeHHe TabaHuL no ne6HTaM H XpPOHOJOTH-
YecKHX rpadukos ¢ BHOOPKOH MHHHMAJbHHX H MaKCHMaJbHHX Je-
GutoB. Takas oueHKa siasiercst npubaukennol. Ilpu pantesnHom ps-
Je HaONIOOeHHH COCTABASIIOTCS SMIHDHYeCKMe KPHBble pacrlpefejieHHs
H ofecleyelHOCTH, TaKoH MeToA JacT BO3MOXHOCTb 6oJee TOYHO
OLEHHTL HIMEHYHBOCTb H ofecmedeHHOCTb JeOHTOB HCTOUHHKOB.

MocTpoenne sMHHpHUECKOH R TeopeTHYeckofi KpHBHX obecrieyeH-
HOCTH AaeT BO3MOXKIIOCTD MAaTEeMATHYECKH HCCIeJOBAaTh BepOSTHOCTD
pa3aHyHOl obecneueHHOCTH AebHTa.

Bosee yray6neHHHH aHaJH3 H3MEHYHBOCTH JAeOHTOB HCTQUHHKOA
NMoJyvyaloT IPH COMOCTaBJEHHH NAaHHBIX HaGawneHHi 3a AeOMTAMH C
JA2HHBIMH HA0JONeHHA 110 5]1€MeHTaM, BJHSIOIHM Ha neGuT (ocankH,
B3XHOCTb, THAPOTeOJOTHYECKHEe 3JeMEHTH); TO CONOCTaBIeHHe 0CO-
Geano nenecoo6pasHo NMPHMeHSITh NPH KOPOTKOM psie HabmoleHHH
3a Ne6HTaMH H AJHHHOM psfe HabModeHuil 3a 3JieMeHTaMH, 0T KO-
TOPHX SaBHCHT H3MeHeHHe AeGHTOB HCTOYHHKOB. Tako# ananun3 MOXK-
HO J€1aTb M0 MeTOAY KOppelsiuui H Mo MeTOLYy PaclIHPEHHOTO NepHo-
nAa Habmonenuit. TIpn HadHyuM anajora ¢ NJIHHHEM PAAOM HabJio-
JeHHi negecoobpasHo OlleHHTh H3MeHUHBOCTh AeGHTa No MeTOLy aHa-
JIOTHH aHAJHTHYeCKHM H rpadHuecKrM cnocobaMHa.

IIpn pacueTe NMPOH3BOAMTEALHOCTH BOCXOASIIMX HCTOUHHKOB HY¥X-
HO CHayajda MpoaHaJH3HPOBaTb FHAPOFeOJOrHYeCKHe YCNOBHS, Ha OC-
HOBaHHH 4ero MoXHo 6yjaer caesaTb NpPOrHo3 of yBedHYeHHH ecTe-
CTBEHHOTQ Je€HTa, a 3aTeM pelliMTh 3a/laly O 33KOHOMepHOCTSX yBe-
JHYeHHst AeOHTa MPH PA3HUHBIX NOHHXKEHHAX YPOBHS BOAB. OTa
3ajaya peulaeTcs TaK.
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[To naHHWM O fAe6HTe NpH Pa3IHYHKX NOHHXEHHSX CTPOAT KPH-
BYIO ne6HTa MJAH COCTaRISIOT yparHeHHe AelHTa. [Ipm npsmosHHefi-
HOR 3aBHCHMOCTH JAe6HTa Q 0T HOHHXKEHHs S MOXKHO NPHMEHSITb YpaB-
HeHHe

Q=gs, (11.24)
TAe g -— YAEIbHBYN AebuT,
Ilpy napa6oanyecKoi 3aBHCHMOCTH IIDHMEHAETCH ypPaBHEHHE

S=aQ+ 5%, {11.25)
rRe @ 1 & — napaMeTpH ypaBHERHA.
Jns creneHHHX GyHKIHA B 06lIE€M BHIE HCNOAB3YETCs YPaBHEHHE

S =aq", (11.26)

TAe @ ¥ ¢— NOCTOAHHEIE O HCKOMOM 3@BHCHMOCTH, HAM B BHAe Joraphdmuueckol
aHaMopdoaIn

gS==clgQ+ b, (11.27)
rae b=I1ga

JlAsi NOCTPOEHHS KPHBHIX AeOGHTa HJAH COCTABJEHHS YDABHEHHH He-
06XOH.HMO HMETb HE€ MeHee TpeX TOUECK. HPH THAPOTreQJOTHUECKHX
YCJOBHAX, KOrla NPH BRIXOAe HCTOYHHKA 3aCTh BOAbLI TepsieTCA HA
HOA3E€MHOE paCTeKaHHe, MNOCTPOeHHe KPHBHIX jne6uta H  ypasHeHHil
cAeAyeT BECTH C YYeTOM H3MeHEHHS KOJHYECTBAa pacreKalefcs BOAHL
HeobxoauMo HMeTh B BHRY, YTO XapaKTep CBf3H Ae6GHTA ¢ DOHHKE-
HHEM YPOBHA MOXET MEHSTbCS B 33aBHCHMOCTH CT MEHSIOILeHCS Be-
JHYHHB pacx0jJa AAaHHOro HCTOYHHKA. HOSTOMY OPpHHATOE YPaBHCHHE
MoxKeT ObiThb CHpaBeAJHBO B NpelesiaX KakHX-TO MOHHXEHHH H YAOB-
JETBOPATh ¢ MeHblUel CTENleHbI0 TOYHOCTH HJH COBCeM He YAOBJeET-
BOPATH 34 OpeAeNaMH 3THX noHHxeHnH#. Dosee crporo pacueTal BOC-
XOAALHX HCTOYHHKOB C MOHHIXXEHHEM YPOBHA BHXOAa Ha NOBEPXHOCTh
caeayer aenaTp Kak A1 UOA3CMHEX HanOpHHEX BOA.

€KOTOpHE BOCXOAfLLHE HCTOYHHKH HMEIOT JOBOJBHO DaABHOMEp-
Hbrfi ne6ut. OQHAKO Yy MHOTHX H3 HHX HabJI0R2I0TCA Ce30HHLIE, MHO-
roJeTHHe, NePHOAHYECKHe K APyrue xoseGaHHs neGura. Muoroner-
HHe KoJeBaHuA acOHTa BOCXOASIIHX MCTOYHHMKOB CBSI3aHRI ¢ MHOrLO-
JETHHMH KJIHMaTHYECKHMH H THAPOJOTHYGCKHMH H3MeHeHHsAMH. Bo-
Jee CTPOTO pacyeThl BOCXOHSLIHX MCTOUHHMKOB ¢ NMOHMKEHHEM YDOBHA
BOAMW Y BbIX0Ja Ha NOBEPXHOCTDH caenyeTr AesaTb Kak A5 HalNOpPHHX
BOA.

Ceszonnple konebanus febHTa 0TMeyaloTcs B psije HCTOUHHKOB. Ha-
NPHMEp, BOCXOASIIHY TPeCHBIR MCTOYHHK H3 BEPXHECEHOHCKHX MEJIOB
B Bearopoae HMeer ce3oHHble KoaebGaHHs ypoBHA okoJo 1 M; 370
JaeT B €CTECTREHHHIX YCJIOBHAX KO3(G¢HUHeHT HEPaBHOMEPHOCTH Xe-
6urta nopsaka ABYX *.

* HcToYnMK KanTHPOBAH IIAXTHHM KOJMOALEM B BMAE De3epByapa, H3 KOTOpOro
OTKayMBaeTCA 80Ja. YPOBEHb 3aMepAlOT B 5TOM pe3epByape.
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Koae6anus aTMoc@epHOro AaBieiiHsl BAHAIT Ha H3MEHEHHE YPOB-
HA R COJEpIKaHHe Ta3a B BOCXOASILMX HCTOYHHKAX, a 3TH o6CTOATEN b~
CTBa, OUEBHAIO, BAMAKT Ha AeGHT 3THX McTouHHKOB. Ha ae6uT BOC-
XO24IUHX HCTOUHHKOB OKAa3blBAIOT BiHAHHE H ApyrHe ¢darrtoph. Ha-
npHMep, Ha Ae6HT YMOMAHYTOro Bbillle HCTOUHHKA B Dearopose BAHsA-
er noanop p. Cesepckuii Jlowen.

Pacuer ofecmeueHHOCTH 3KCNJIyaTallHOHHEIX 3a0AaCOR BOCXOASUIMX
HCTOUHHKOB, KOTOpble MOJHOCTBIO APEeHHPYIOT BOJOHOCHBIH TOPH3OHT,
MOMKHO JIeNaThb Kak AJs HHCXOASIIHX MCTOUYHHKOB. Jlias BOCXOASIIIMX
HCTOYHHKOB, KOTOpbie ABASIOTCA BBIXOJOM YacTH BOAb NOA3€MHOTO
NOTOKAa, aHAJH3 obecneueHHOCTH 3KCIIYaTauHOHHBIX 34a04aCOB, KPOMe
HCNOJAb30BAaHHA MeTOOHKH, anMeHﬂeMOf{ A0 HHCXOAAMIHX HCTOUYHH-
KOB, CJefyeT AeJaTb o MeToAaM, NPHMeHseMHM /[J8 pacyeToB TOXR-
3€MHBIX HANOPHBIX BOJ.

11.2. XapakTepHCTHKA BOJALI HCTOYHHKOB

CoCTap BOAK HHCXOAAIMX HCTOYHHKOB M3 DBIXJABIX OTJOMKEHHH
{(neckoB) o6bluHO H3MeHseTcs Majgo. BoabwiHe KonaebaHHs cocTaBa
BOAEl HabglojaloTes "alle B HCTOYHHKAX, BHIXOASIIHX H3 TPellHHO-
BaTblX M 3aKapCTOBaHHBIX Nopoj. Tak, KapcTOBHH HCTOYHHK H3 H3Be-
CTHAKa B HcTokax p. Henoét (pafion Haapukka) Bo BpeMsi BeceHHero
CHeroTasiiusi B ropax KaBkasa Haer ouenb MYTHYIO BOAY €O 3Ha4H-
TelbHBIM GAKTepHaJbHHM H XHMHUECKHM 3arpasHenneM. Heroropbie
HCTOYHHKH B paiflone KHCJIOBOACKA, BHIXOASIUHE H3 TPEUIHHOBATHX H
332KapCTOBAHHKIX HM3BECTHAKOB H maXoAfilHecs OMHM3KO oT 0O6JacTH
TTHTaHUS, BO BpeMsl HOXAeH TaK¥Ke HMMelOT MYTHYW BORY C IOKa3a-
TeAssMH 3arpsi3Henns. OAHAaKO Korma Gpiji0 3alleMEeHTHPOBAHO HECKOb-
KO GJHXKaHNIHX KapCTOBBIX BOPOHOK, TO NOMYTHEHHE BOAW BO Bpem:d
JO¥JAeH TOYTH MpEeKPaTHIOC.

Hau6oabline Koge6aHHs TeMnepaTypsl BOAM H ee COCTaBa OGHYHO
HabJ04a10TCsT B HCTOYHHKAX, HMEKNIHX 06/aCcTh NHTaHNs BOAH3H OT
30HBl Pa3rpy3KH, H NPHYPOYEHB! K TPCUIHHOBATHIM H KapCTOBBIM H3-
BECTHSKaM: B BOJE TAaKUX HCTOUHHKOB BO BPeMs CHeroTasuua u 6GOJb-
HX JOKAEH BCTPEUAIOTCS HE TOJABKO MHKPOOPTAHH3ME, HO TaKXe
BHAHMble- HEBOOPYXKEHHBLIM [Ja30M PacTHTEJbHbIE H MHBOTHBIE Opra-
HH3Mbl, Bompoc o6 HM3MEHUYHBOCTH COCTaBa HHCXOAAIIMX HCTOYHHKOB
pellaeTcss Ha OCHOBAHHH CONMOCTaBJEHHS KOMILJIEKCA THAPOTEOJOTH-
YCCKHX YCAOBHI C (QHU3HKO-XHMHYECKHMH M OHOJOTHUeCKMMH (BKJIO-
yasg GaKTEpHOJOTHUECKHE) aHajdH3aMH, MOJY4YeHHBIMH TNpH Habmione-
HHAX 32 PEXHMOM TOA3EMHBEIX BOJ.

MHorHe BOCXOAslIHE HUCTOUHHKH 06AanaloT 3HAUHTEAbHBIM IIOCTO-
SIHCTBOM XHMHYeCKOTO cocTaBa NoAseMHHX Box. Hanpumep, no Kelib-
raKy, MHHepaJH3alHs BHCOaJE€HCKOro MHHEpambHOro HcToudnka Kox-
6pyunnell 32 36 ner H3MeHHJIach ¢ 8,262 no 8,241 r/kr, 1. e. Bcero Ha
0,26 %. Onnako B psge HCTOYHHKOB Ha6.1i04al0TCsl KoaeBaHHsA cocTa-
Ba BoAbl. Hampuwmep, ofmasi xecTKOCTb BOAB HANOPHOro IPECHOTO
HCTOUHHKa H3 BepXHeceHOHCKoro Mena B Dbenropope kodebaercs oOT
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7,3 no 9,1 Mr-2kB, uro cocrapasier oxkoao 18%. B ToM Ke HcTouHHke
KosebaHHs XJop-HOHA coctraBaaioT Gosee 50%. Iocaennee obbsicus-
ercsl, NO-BHRAHMOMY, NpHMeEIIHBAaHHeM FPYHTOBBIX BOJ.

11.3. KantaX HCTOYHHKOB

I'upporeonornueckHe ycJoBHSl BLIXOAAa HHCXOASILIHX H BOCXOAA-
LUIHX HCTOUHHKOB pBSJIH‘lel. B cBsf3H c 2THM HECKOJIbLKO pa3JHYHBl H
KOHCTPYKIHH HX KantaxeH. OJHAKO HEKOTOPHE NPHHIIHIH KanraKeHl
BOCXORSILIHX H HHCXOHSIIHX HCTOUHHKOB sBJIAIOTCA OOWIHMA. Kpome
TOTO, MEXAY HHCXOAAIIHMH H BOCXOJSIIIHMH HCTOUHHKAMH €CTbh NpoO-
MEXYTOUHBIE THOB, YTO, KOHEYHO, BJNHSET Ha BBIGOP KOHCTPYKIIHH
kanraxei. [Ipn ycTpoficTBe KanTa)Keil BCE€X HCTOUHHKOB CIefyeT yuu-
THBaTh caefyioiline obllHe OCHOBHBEIE HOJNOMKEHHS.

1. TloazemHylo BoAy cneayer 3aXBaTUTb KaNTaXeM [JO BBIXOLA HA
NOBEPXHOCTb, YTOOB COXPAaHHTH €€ [leHHbie CBOHCTBA M NPeJOXPAHHTD
ot 3arps3HeHHsi. Takoe Tpe6oBaHHe AB/ISETCH BTOPOCTENEHHBHIM NpH
HCNOJNb30BAHHH HCTOUHHKOB A OpPOMICHHSI A B HEKOTOPBIX HApYrHX
cnydanx. Jas MuHepadbHBEIX BOX 0cOGEHHO BAXHO COXPAHHTbL HE TOJb-
KO XHMHUYecKHe, GakTepHOJIOTHUeCKHe, HO H (H3HUECKHE CBOHCTBA,
HalpAMep AJs Ta3HPOBAHHBIX, TEPMAJNbHLIX H NPOYHX HCTOUHHKOB.

2. Kan’ra)x 0 BO3MOMXHOCTH AOJIXKEH NEepeXBaTHTL NOJHOCTBIO HC-
TOUYHHK C €ro A€pHBATAMH H HAIIpABHTLb [NOTOK HCTOYHHKA B InpHeMHuyIo
7acTh, KOTOPAasi 4aCTO KOHCTPYKTHBHO oopMisiercss B BHAE KaNTaxXHOH
KaMephl.

3. Kantax goaxeH OBITb pacCUHTAH HAa MPONYCK He TOJbKO MH-
HHAMAJIbHOTO, HO H MAaKCHMAJIbHOTO pacXxofa, B YaCTHOCTH IYTEM BHI-
IycKa yepes MepeJHBHYIO Tpy6y.

4. Kantax, xak HpaBHNoO, JOJKEH GBIThb YCTPOGH TaKHM OGpascM,
yroGpl He Co3AaBaJjcs NMOANOpP eCTeCTBEHHOTO YPOBHA H 4TOOBI, cie-
ZOBATeNbHO, HCTOYHAK He MOT YHTH Mo APYTAM HyTaAM.

Kanrax HHCXOAAIIHX HCTOYHHKOB NpPH COCPEROTOMEHHOM BBIXOAE
NpAHKMAIOT B BHAE KanTaxKHod kKameps! (puc. 11.6). B cayuae ecan
ACTOYHHK BLIXOJHT MO NOAOWIBE BOLOYNOPHOH NOPORH B BHAE He-
CKOJIbKHX HJIA MHOPHX CTpYH, HanpHMep 43 PHXJBX OTJOXEHRH, 3a-
XBAT BBINOJHSIOT T'OPH3CHTAJbHbIM BO03a6OpPOM B BHIE JPEHAXKHHIX
Tpy6 RJH Taneped, 3aTeM Boja NocTynaer B Kamepy Ham B Goaee
npoCTyi0 pacupeAennTeabHyo kKamepy. Bomocnns (cm. puc. 11.6) roa-
JKeH NPoNycKaTh MaKCHAMAaJdbHBIH pacxof RcTouHHKa 6e3 moanopa ec-
TECTBEHHOTo YpOBHS. B 3aBHCHMOCTH OT THAPOTEOJOrHYECKHX yCJIO-
BHH KOHCTPYKUHS KanTaXefd HACXOJALIHX ACTOYHHKOE H3MEHSETCA.

[IyTeM panMOHalbHOFO XanTaxa Ae6HT HCTOYHHKOB MoXer OLTh
yseauued. Hanpumep, ne6nr kantaxa B Hanca scaegcrsne nopnopa
yeeanuen ¢ 6—7 mo 60 n/c. OgHako cieayer HMeTb B BAAY, UTO MOA-
NOp HMCTOYHHKA [aeT BO3MOKHOCTb NOBBLICHTb MHHHMYM pacxofa, HO
9TO MEpONpHATHE CAEAYeT NPOBOAHTH JHNIb IOCJe TLUATEJNbHOTO THA-
POTeOJIOTHUECKOTO H3YYeHHS, TaK KaK HCTOUHHK NDH NOANOpe MOXeT
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HANTH BBIXOJ B APYrOM MeCTe, TOTJa BMeCTO TOBLILIEHHS MHHHMYMa
pacxona KanTax octaHercs 6e3 BO/JBL

Hekortopbie HabawaenHs NMokasaJ/H, YTO 3HAUMTEJ]bHAA PACYHCTKA
BLIXO/IOB KJAiOUell W MOHHIKeHHEe €CTCCTBEHHOTO YDOBHS BJIEKYT 3a Co-
6oit B psifie cayyaeB CHHXXKEeHHe MHHHMYMOB pacxoja HcTouHHKoB. Ta-
Koe saBjaeHne Habnwoganoch Ha HerounMkax Kafsep6pynunen m CrTHK-
ceHlllefik, paclogoxeukbx BOAH3N Beun. Oanako, Hanpumep, napecr-
HO, YTO TPH HAJHYHH flePHBATOB CHHXKeHHe GLITOBOrO ypoBif y riaB-
HOTO BHIXOJa HCTOYHHKA NOBRILIAET B pHAe CAYyYaeB Kak oOGIH
pacxoj HCTOYHHKA, TAK H MHHHMYM ero.

B ocuoBiioM KanTax BOCXOASIIHX HCTOUHHKOB cAejyeT gHeJaThb
06513aTe/JbHO € YYeTOM YCJOBHH BHIXOJa HX Ha I[IOBEDXHOCTb 3eMJIH.
Hanpumep, B ycJ0BHAX COCPEfOTOUEHHOTO BLIXOAA Ha MOBEPXHOCTb
semau (cm. pHe. 11.2) kanrax nesecoo6pasHo BHINOAHAThL B BHJIE
WaxTHOTO KOJOAUA-KaMeph, 060py/A0BaltHOTO NPHeMHOH HJIH cOpocHOM
Tpy6o#i. B yciioBHsX BBhIXOAa HeTouHHKa (cM. pHe. 11.3) npuBesennas
cXeMa KanTaxa MoxeT OblTh BLINOJHEHAZ TaK Xe, KaK YKa3aHo Bbllle,
HO NMPH 3TOM INPOH3BOJAHTCIBHOCTL ero OyaeT 6JAH3KA K ecTeCTBeHHOMY
BoixoAy. [las yBenHYeHHH HPOHM3BOAHTENBHOCTH, 0COGEHHO B NEPHOAN
HH3KOTO DAacxoj/la eCTeCTBEIHONO BBIX0AA, CXeMy KaNnTaxa cleayeT
MPOCKTHPOBATb B BHAE CKBaXKHH HAW yrnyOJeHHRIX IIaXTHHIX KOJOA-
ueB. B 3TOM cayuae pacueT BHIMOJHAKT C yUYeTOM JAPeHHPOBAHHR BO-
JOHOCHOTO FOPH3OHTA, KaK AJs NOA3eMHhX Boa (cM. puc. 11.2).

I'JIABA 12. 1POEKTHPOBAHHE BOAO3ABOPOB
NOA3EMHDBIX BO B PAHOHAX MHOTOJIETHEH MEP3JIOTHI

B ycnoBusix MHOTojeTieli Mep3JOTH TN0/JA3eMHble BOAH, HCIOMB3Y-
eMHe AJ5 BOJAOCHaOXKeHHR, TNOAPA3AeNsOT Ha HaAMep3JIOTHHIE,
NpHypoYeHHEle K TaJHKaM MoJ pycAaMH H NoAMaMH pek (moapycdo-
Bble, NoHMeHHble, NMOJO3EPHLIE), 3aJjeTaOlUHe HA TOJILE MeDP3JOTH;
MeXMep3NOTHLIe, 3ajerawiiiHe BHYTPH TOAIH Mep3abX Nopoj; Noj-
Mep3JOTHhIe, 3ajeralolliie noj Toawe#i Mep3aelx mnopoa. Herou-
HHKH BOJOCHA(KeHHA B CeBepHOi CTPOHTEJbHO-KIHMaTHUECKOH 30HE
AonKHb o6ecneguBaTh 3a6op BOJABI C MAKCHMAaJibiHO BBICOKOH TeMIe-
paTypolt aad yJellleB/leHHs ee MOAOrPeBa, AOJAXHBE OHTb pacnonoxe-
Hbl BOMAH3H MOTpeGHTeAs M 0OGeClUCYHBATL 3a71ac BOABI, AOCTATOYIbIR
JJ151 BOAOCHAGMXEHHS C IIHKJOM NoTepb HAa AbAo0o0pa3oBaHHe, HCape-
HHe M NpoMep3anHe. Hcnoab30oBaHHe NOA3€MIlbX BOJ B CeBepHuiX pafi-
oHax Oonee NpeANOYTHTeNbHO B CPaBHeHHH C TNOBEPXHOCTHBIMH.
B0o3M0XHOCTb NONYYEHHS HaAMeP3AOTHHX TaJHKOBLEIX BOJ, JI0JXKHA pea-
JAH30BLIBATHCH B GOJBHIHHCTBe PErHOHOB, HO NPH OGecNedeHHH pallHO-
HalbHBIX COOPYXeHHH A5 3a6opa BOAB H CHellHAJbHEIX MepONpHS-
TH# 710 peryJHpOBAHHIO CTOKA H 3amacoB NOJAPYCJOBBIX BOJA. 3amacsl
NOAPYCAOBHX HAJAMEP3JOTHHX BOA H pa3MePH TAJHKOB JOJIKHHI Olle-
HHBAThCS Ha HAYAJO0 HX TNONOJHEHHs ¢ MOMeHTa OTTaHBamHs UpPO-
MOPOXEHHHBIX PYCAOBRIX OTJ0XKeHHH.
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BeaecTBHe CJ0OKHOCTH 3alUHTH CKBaXKHH OT NPOMEP3aHHsA, TPYA-
HOCTH 00pPaGOTKH BOAL C BBICOKOH CTEIEHbI0 MHHEPaNH3aUHH, GOJb-
WIHX 3aTPaT Ha OGypeHHe Da3BeflOYHO-3KCIJIYaTAllHOHHBIX CKBaXHH
NPH HCNOJb30BaHHH NOAMEP3JOTHHIX BOX, CJOeAyeT OpPHeHTHPOBAThCH
Ha HCNOJAB30BAHHe HAZMEP3JNOTHHIX H MEXMEP3JOTHHX N0A3€ MHEIX BOA.

Ocofyio BaXHOCTb NPH NPOEKTHPOBAHHH BOAO3aBOPHHIX COOpPYHe-
HHIl Npe/cTaBlsAOT QaHHbie O THAPABJAHUYECKOH CBSI3H MeXAy pycJo-
BHIMH H IIOJPYyC/JIOBHIMH BOJAaMH, BeJHUYHHE BOAONPOHHIAEMOCTH, TIPH-
Be[IeHHOH K pacueTHOH TeMmmneparype, CBeACHHA 06 3KCIJIyaTallHH BO-
203a60pOB B aHAJOTHUHHIX YCJOBHSIX B TEUCHHE He Menee deM 2 Jer,
JlagHble O HaJWYHH M pa3MepaX TaJHKOB, 0O6JacTH H XapakTepe HX
ITUTAHHS H cPabOTKH ¢ YUeTOM BO3MOXKHBIX H3MEHeHHH MepP3j0THO-
TPYHTOBEIX YyCAOBHH, XapaKTepHCTHKa 0Gpa3oBaHHsl HaJsefed, AaH-
Hble O BOBMOXKHOCTH H3MeHEeHHsl KauyeCTBa BOAH H T'HJPOTre€0JOTHUECKHX
YCJOBHH B CBA3H C 3KCIJIyaTanHeH BoA03aGOpHBEIX COOPY:KEHHH, 0CO-
GeHHO NMpH OTTAaHBAHHH MEP3JA0To H NpPOMepP3aHHH TaJoro TpyHTa.

MexXMep3JoTHEIE W TIOAMEP3JNOTHbIE BOAH 33a6HPAIOT MOCPEACTBOM
CKBaXHH, 060pyaoBaHHEX Hacocamu tuna DIIB. Kanrtax w#aameps-
JOTHHX BoA 6oJice npeAllOYTHTENeH IIAXTHHMH KOJOAUAMH, ApeHaMu
H rajepesMu, 60nee Haf@XHWMH NO CPAaBHEHHIO CO CKBaXKHHAMH B
OTHOWleHHH mpoMep3aHHusa. IIpn croxennn Geperos per, OCTPOBOB HJIH
pycea pek BLICOKONPOHHLAEMBIMH MOPOXaMH 3D (PEexTHBHO NMPHMEHEHHE
HHHILTPALKOHHHX BOA03a6OPOB. Y4YacTOK PacnonoXKeHHS HHQHIb-
TpayHOHHOTO BOA03abopa RLIGHPAalOT B 30HE MHHHMAJbHO 3aHJEHHBIX
PYCJIOBLIX OT/IOJKEHHH, He O6Mep3aiONIHX ROHHEIM JbAOM H C HaH-
Goabulell nromaAbl0 HHOHILTPALHH B pycJe.

Tun Bogosafopa Ha mepeMep3alolIHX peKax BHOHpPalT C ydyeToM
cpaboTKH 3amacOB IPYHTOBHIX BOI H NPOMEpP3aHHs TajJHKa C MOMeHTa
OTCYTCTBHSL CTOKAa A0 OTTaHBAHHS NPOMOPOXKEHHOrO IPYHTA B pycJje
pekd. st BHYTPRTOAOBOrO NepepacnpeAeeHHs H yBeaHYeH Hsl 3KCNaya-
TAllKHOHHKX 3anacoB HaaMepaaotubix BoA 0. B. fIkynus pexkomenayer
NpHMEHATL NoAady BOAH B MJacCT Bhlle IO NMOTOKY OT Bonosaﬁopa
TOPSIYHX BOJ CHCTeM OXJIaXJAeHHs NPOMBIMIJIEHHBIX TPEANPHATHH H
3J1eKTPOCTAHLLHE; OTTAHBaHHe MHOTOJNETHEMEP3JHX FPYHTOB pedHOl
BOAOH ¢ NpuMeHeHHeM (HIbTPAaLHOHHO-APEHaXHOTO cnocoba, yCTPO#-
CTBO HerIyGOKHX NepeMblYeK M3 CYTJIHHKa H FJHHE, ITPOpPe3aioliHx
BepXHIOI0, Haubojee BOJAONPOHHUIAEMYIO YaCcTb aJJIIOBHS, yCTPOHCTBO
BPEMEHHMX NPOCTEHAWIHX 3aNpyA, PachojaraeMbiXx HeCKOIbKO Baillie
HJIH B CTBOPE KaNTaXHbIX COOPYXeEHHH, yCTPOHCTBO MEP3NOTHLIX MOS-
COB, WUNYHTOBKWX CTEHOK H BHCAUKX NMepeMbldex H3 CYIJIHHKA H [VIHHB,
Npope3aoNHX BEPXHIOW, HaumGojlec MNPOHHUAEMYIO YacTh  aJJIOBHSA
HHXKe BOA03aGOPHBIX COOPYXeHHH (NPH MOIIHOCTH BOJAOHOCHOTO Ta-
arka 6—10 M), yTensienHe BOJOHOCHOFO Ta/llHKa CHeroM Bbille BOJO-
3abopa, ero HCKyCCTBeHHOe NonosaHenHe. Onpe/iesed bl HHTEPEC Npef-
CTAaBJSET HCKYCCTBEHHOE MONONHEHHE HAJMEP3NOTHBIX BOJ Yepes Hil-
¢uabTpaiHoHHble 6acCeliHbl ¢ HCNOMb30BaHHEM B KadeCTBe HCTOYHHKA
NOMOJIHEHHS TasHHSL CHera.
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Puc, 12.1. KOHCTPYKTHBHLIE CXEMB HECOBEPHIEHHHX IMIAXTHHX KONOAUEB

a — OGHYHOr0 IIAXTHONO KOJOAUA; 6 — MAXTHOro0 BakyyYM-Koaoaua: I — BO3nyxo-
HeNpoHHUAeMBe CTeHKH; 2 — DepeKpuTHe BOJAOCOODHOH KaMepul; 3 - 6eroH HIH
Kene300eToH; 4 — UeHTPOOeKHHEA HAcOC C TFOPH3OHTAJBHWIM BAaJOM; § — Bcachi-
Bajllii TpyGonposon, 6 -- Hanopuui# TpyGomposoa; 7 — Tpyfa LS BO3AyXa;
8 — ctaTHueckHA YpPOBEHb [PYHTOBHX BOA; Y — ypoBenb B BOAOCGOPHON Ka-
Mepe; 10 — 3eprajo rpyHToBaX Bog; [ —razeunnkoBuit rpynt; 12— cymech;
13 — popoyuop; 14— ¢uaetp; /5 — pakyyM-Hacoc; 16 — patunkH ypoBus; 7 —
Nb&30MeTpHUecKHH ypoBenb BOAW B BoaocGopHUR kaMepe

Puc. 12.2. KoHCTPYKTHBHAR CXeMa J0T-
KOBHX JIper

a - MOHOJIHTHAR  H3  IKeJe300eToHa,;
6 — cGopHast H3 Kene300eTOHHHX JOT-
KOB; 6 — JpeHa H3 CcTamsHHX TPyl

B ceBepHOll CcTpOHTENBbHO-KAHMATHYECKOH 30He JAaa  YCTpoiicTBa
MaBAJTbOHA HAA CKBAXHHAMH OCBOEHO TPOH3BOJACTBO METaMJIHYECKHX
KOHTeHHepoB, BO3MOXHO HX YCTPOHCTBO H3 6/0KOB H maueneil Ha cre-
IHAJABHEX I‘py}[TOBbIX noAYIIKax IpH 06H38TeJIbHOM OTBOJAe TaJuX H
JOXKJAEBHX BOJ C MNJOIMAAOK HACOCHHX cTaHuiiA. KOHeTpykuHus orosos-
KOB CKBaXXHH KpoMe oGeclleHeHHS HMX TePMETHYHOCTH MOJMXKHA (HK-
CHPOBATH YCTbHA C YUYETOM BO3MOXXHOCTH BePTHKAJIBHOr O nepeMellleH Hsl
NpH BO3AECHCTBHH CHJ MOPO3HOTO NyYeHHs] TPYHTOB H NpH MPOCAAKAX,
CBSI3AHHBIX C HX CE30HHHM IPOTAaHBAHHEM.

3abop noApycJoBhiXx BOX HHOUIBTPAUHOHHEIMH BOA03a60paMH 10-
380JsteT peulaTh npoBaeMBl BOAOCHAGXKEHHS HACe/leHHHX MeCT B IpO-
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MBIUJIEHHOCTH B CEBEPHEIX PernoHax NpH GOJBIIOH BOZONpPOHKIAEMO-
CTH BOJIOHOCHHIX NOPOJA H MOUIHOCTH naacta Ao 20 M. B 3ToM cayuae
NpH ycTPOHCTBE WAXTHOTO KOMOZLA JOXKE €ro HHMHEH KDOMKH [OpH
npHeMe BOAK 4epe3 AHO AOJKHO OBITH Paclo.JI0KCIO HAa PAaCCTOSHHHA
0,5—0,7 paauyca xonoaua. Ilpu MowmocTH naacra Goabmie 20 M
IoNycKaeTcsl MPHMEHeHHe IaXTHHX BaKYYM-KOJOQAUER.

Kosonun 60abUIMX AHAMETPOB YCTPAHBAIOT H3 MOHOJHTHOIO Xe-
Jae3obeTona, a OpH AHaMeTpe 3 M H MeHee MPHMEHANT Kele306eToH-
Hble Kojibua. B maxTHHX KoJoAnax s3¢deKTHBHOCT 0T6Opa BOgH BO3-
pacTaer mpH CO3AaHHK BaKyyMa B HAABOAHOH 49acTH BOJAOCGOPHHIX
Kamep (puc. 12.1). Baxkyym-nacoch IJdst OTKayKH BO3AyXa M3 BOJO-
c60pHOit KaMeph MOXKHO YCTAaHABJIHEBATL B KoJojue Ha awbolt  oT-
MeTKe, PaoTa BakyyM-Hacoca aBTOMAaTH3HPYyeTcs MO YPOBHIO BOAW B
BofocOOpHOH KaMepe, T'le YCT@HABJIHBAIOT ABa AaTYHKA YPOBHS AA
ynpasneHHss pa6oToll HaCOCOB H AATYHK CHFHa/Aa aBapHAHOTO YPOBHS,
paboTaloliHe OT pa3JIHIHEIX HCTOUYHHKOB MHTAHHS,

OTKH‘le BHAEAHBHIErOCS H3 BOAB! BO3AyXa npH Xopoulo 3arep-
MeTH3HpOBaHHOM BoAOCOOPHONH KaMepe MOXHO BECTH HENPephiBHO
9KEKTOPOM HJH € MoMollpio TpyOonpoBoAa, MOACOENHHEHHONO K  CH-
¢ouy HiH Bcacy Hacoca.

B cepepHBIX paHoHaX mpH 3a6ope MoJAPYCJOBHIX BOJ XOPOIIO 3ape-
KOMEHROoBaJH Ceﬁﬂ, ocofeHHo B YCJOBHAX IOMHOCTBLIO HJAH YaCTHUYHO
nepeMep3alollluX peK, MOAPYCJAOBHE APEHH H ranepex.

B BOJOHOCHBIX TOPH30HTaX MOUIHOCTbIO Godee 2 M B KauecTBe BO-
JONpHEMHOro 3JeMeHTa Bofo3afopa weaecooBpasHo NPHMEHATh JOT-
KOBHE ApeHH H3 JKese300eTOHHbIX, CTaJbHBIX HAH HEpeBSHHBIX KODbl-
TOOﬁpﬁBHHX 3JICMEHTOB, HMEKIIHX TJMyXHe CTeHKH H YCTaHOBJCHHBLIX
OTKPHITHIM HHHIIeM Ha (HIbTPyOLee ocHoBaHHe. JIoTKoBas apeHa
MoXeT OuiTh BHOOJHEHA B BHIE meJbHoro ajeMera (puc. 12.2, a),
COCTOAIIerc H3 rJayxoro CBOJ2a, IIJOCKOro AHHIA C ONOPHBIMH I'paHA-
MH H Bogo3a6OpHBIX OKOH, BHIXOJAIIHX B BOJOOTBOAAINYIO MNOJOCTb.
JpeHa MoXeT COCTOSTb H3 ABYX 3JeMeHTOB: BOJOOTBOASIIEro JIOTKA,
BOCIIDHHHMAIOIIEro YacTb Harpy3KH OT TpyHTa H BoxolipHeMHOTo JOT-
Ka (puc. 12.2, 6). B BLICOKONpPOHHIlAeMBIX TPYHTaxX H INpH YK.Jaake
APEHH TOA PYCJO MOMHO IIpHMEHsSTb APeHy W3 ctaabHo# Tpybul (pHC.
12.2, 8).

B BOLOHOCHHIX OTNOMEHHAX MOMIHOCTBIO MeHee 2 M IPHMEHSIOT
IJIOCKYIO ApPeny, BHIIOIHeHHYo H3 nepdopHpoBaHHBIX TPYO, yJoXKeH-
HbX B pan (puc. 12.3) Ha uabTpyomee ocHoBaHHEe ToauluHol 0,16—
0,26 m. Ceepxy Han Tpy6amu oTchimaeTcss oGpaTHuil $HALTP. B  He-
ONHOPOJHHX MO 3epPHOBOMY COCTARy IpyHTax IpH KoshdHuHeHTe He-
ofHopoxHocTH GoJgee S50 ropHsoHTaabHble BoA03abopH  YCTpPaHBAKWT
METOI0OM BHIMOPAXKHBaHHs ¢ MHHHMAaJBHHIM HapYWeHHEM €CTeCTBeH-
HOro CJI0KEHHs. MOPOA HJH C HeNpepbIBHOH OTKayKoH B IIpolecce CTpo-
HTeJIbCTBA TPaHuieH AAS yCTPOHCTBA ApPEeHH.

Ilpu 3abope sopnl AoaXHa ObiTh ofecrnedeHa 3au(HTa BOAONpHEM-
HBEIX YCTPOHCTB OT MepeMep3aHHsi, AJsl 9ero NpeAycMaTPHBAlOT: Mak-
CHMa/bHOe 3aray6JieHHe BOAONPHEMHBIX YCTPOHCTB (KOJONLEB, ApeH)
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Puc. 12,3, CxeMa ycTpo#cTBa IMMIOCKOR
aApeub

I — nepdopupoBannaa tpyda; 2-- e-

Gent (rpabuii); & — KpYIHO3epHHCTHI

necoK; 4 — CpejiHe3epHHCTHHA  NecokK;

5 — rpaBHHHO-TaJleYHHKOBHI /T TPYHT

B BOJOHOCHble OTJIOXEHHS; ABOAHbIE KDHILIKH JIOKOB CMOTPOBHIX H
BOIONPHEMHBIX KOJOZIEB, TENNAAKH HAA BOLONPHEMHWIMH HIAXTaMH;
yTenJleHHe KOJOAUeB Ha APeHaX H ranepesix, HENOCPEACTBEHHO CAMHX
npeH H ranaepeii TopdoM, NbAOM, CHEroM; CO34aHHE MOIUHBIX (RJABT-
pyloL kX OOCHIIOK BOKPYFr ApeH (rafjepeif), npoxoifillHX yepe3 Mep3-
Javic Gepera, nnsi o6BoAHEHHA H yTenJeHHA yuacTKoB Oeperos BOnR-
3H BOA03aBOPHBLIX YCTPORCTB; yTeNJEHHE PYCesl PeK W yMEeHbIUeHHe
TOJNIAHL JbRAa NYyTeM CHEro3anepKauHs, CO3/aHHE HCKYCCTBEHHBIX
HadeneH, MOKPHITHE NOPHCTHIM JbAOM NPH RAJBHECTPYHHOM [A0XKAe-
BaHHKH; 3JeKTpooborpeB BOACHPHEMHBIX YCTpolcTB; c6Gpoc orpabo-
TaHHO# MoJorpeToll BojLl, napa.

Ilna npepoTBpallennsi 3aMep3aHBs BOAL B CTBOJAX CKBAXHH He-
06X0nEMO obeCneunBaTh HENPEPLIBHYIO OTKAUKY, LAaXKe eCNH AJS ITOTO
npHXoAuTcs c6pacpiBaTh 4acTh OTGHPAaEMOro pacxojla B BOAOHOCHEHI
IIACT NPH NepepeBax B OTKauyKe, 3NH304HYECKOH NojAayed B CKBaXKH-
HY TeHJiok BOAbI RJAH 1iapa, o60TpeBOM JHHEHHBIMH HCTOYHHKAMH Tel-
Jna, B ToM uHCJe 3aekTpokabenem. [nsa oborpema CKBaxKmHH NpHMe-
HAIOT reopusnyeckne 3nexTpokabenn, paboTawliHe B PeXHME Ha-
rpeBaTeNbHHX 3JeMenToB. Muuszapasom CCCP aas oBorpesa ckma-
KHH paspelleHH reopusnyeckHe kabenm mapox KTII-03, KTILI-06,
KTO-1, KCOIl, KIIKT-2, KTB®-6.

Konen rpeiomero xabens onyckawT Ha 2—3 M HHXKe HHXHeH rpa-
HHUB Mep3noTH. PeXuM BKIIOYeHHA 3JeKTPoo6OrpeBaTesibHOTO Ka-
feas ponXeH 6LITh CorllacoBad ¢ PeXKHMOM OTKAayKH: Npr pabore Ha-
coca rpeomuil Kabeab oTKJIOYaeTcsd, NPH OCTAHOBKE HACcoCa R CHH-
JKeHHH TeMnepaTyps BOABI B CKBaXHHe HHXKe AONYCTHMOH — BKJIO-
yaeTcH.

Ilpn npoeKTHPOBaHHH HACOCHHIX CTAHIIHA H Pe3epBYapoB B CeBep-
HO#l CTPOHTENbHO-K/NIHMATHYECKOH 30HE MNpPeAyCMATpPHBAWOT MakKCH-
MaJbHYI0 GJOKHPOBKY HX C TEIJOBHIMH NYHKTAMH IO IOAOTPEBY BO-
Abl, C RHUCMETYEPCKO-TENNOBEIMH KBAPTAJbHRIMH Y3JaMH, COBMEUICHHE
HACOCHLIX CTAHUHHA C pe3epByapaMik YHCTOR BOALL, C OYHCTHHIMH COO-
PYKEHHSIMH, pa3MellleHHe B OJIHOM IIOMELIEHHH HAaCOCOB PAa3MHYHOTIO
Ha3HAYEHHS: XO3AHCTBEHHO-NPOTHBONIOXKAPHOTO, HHPKYJSIHOHHOTO,
TEXHOJOrHY4eCKOTo H AP.
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ApmMaTypa Ha BCachblBAIOLIHX H HANOPHBIX JHHHUAX HACOCHHX CTaH-
Hui RoJKHA OHITH paclo/joXeHa B OTalMBaeMEIX NOMEUIEHHAX HIH
HaCOCHHX cTaHuuAX. [l1si yCKOpeHHS CTPOHTeJbCTBa peKOMEHAYyeTCs
HPOEKTHPOBATh HACOCHHE CTAHUHM H CTPOUTEJBHYIO YaCTh pe3epBy-
apoB H3 YKPYIHEHHHX 2JeMEHTOB 3aBOJACKOrO0 H3FOTOBJIEHHSI B KOM-
VIeKTHO-BJI0UHOM HCNOJIHEHHH.

TJIABA 13. HCKYCCTBEHHOE BOCIIOJIHEHUE
MOA3SEMHbBIX BOA (HBIIB)

13.1. NpununnuaneHbie cxemst HBIB

I”ICKyCCTBeHHOE BOCNOJIHEHHe 3anacCOB NOA3EMHHBIX BOX MO3BOJSAET
YBEJMYHTh NPOH3BOAHTEJLHOCTh AeHCTBYIOUIHX BO03abopoB, cO3aaTh
HX NPHHIMNIHaJbHO HOBHle THNOBLIE KOMIOHOBKH, ofecneyuBaloliHe
3Ha4HTeNbHOe COKpallleHHe NJollafed OTYYXMAEHHBIX CeJbCKOXO3fHCT-
BeHHHIX 3€MeJIb, a TaKXe NMPUHHMATL PallHOHAJbHBIE pelIeHHA I[IpH
NPOGKTHPOBAaHHH 30H CAHHTapHOH OXPaHH BOA03a60DOB.

Metox WBTIB no3poJsieT pediuTh pAld BaXKHBIX TEXHHUECKHX 3afad
B 06JacTH X03diCTBEHHO-MHTLEBOTO BOAOCHAOMXEHHUA, UppHralHy, 06-
BOAHEHMS MacTOHIL, 3alHTH BOXOHOCHBIX TOPH3OHTOB OT 3arpA3HEHHA
H 3acoJjieHus M T. 1. KpoMe yBelHUeHHs 3amacoB HaMewaeMoro K 3KcC-
njyaTallud BOAOHOCHOTO TOPH3OHTa 3a CUeT BOA MMOBEPXHOCTHHIX HC-
TOUHHKOB HJH ZPYroro BOZOHOCHOro ropusonta, Metrox WBIIB gaet
BO3MOXHOCTb YBEJHUHTb NPOH3BOAHTEJLHOCTh AEHCTBYIOUIHX  BOAO-
3a60poB MOA3CMHLIX BOA, a TakXKe YJAyUIIMTb KaueCTBO KaK TOBepX-
HOCTHHIX BOX, TaK H BOJ 9KCIJIyaTAUMOHHOro ropu3oHTa. B paionax ¢
3acyunuBbiM kauMaToM Meton UBIIB ofecneuwsaer co3paHue noa-
3€MHbBIX BOAOXPAaHUAHIL, 3aUIHIIEHHEHX OT ucnapexma.

BO3MOXHOCTb HCKYCCTBEHHOro INOMOJHEHHS MOA3EMHBIX BOA Ompe-
deJAeTCA HaJHYHEM HCTOYHHKA ITOMOJHEHMA M KayeCTBOM BOAM, THI-
POreoJIOrHYeCKHMHE H KJAHMATHUYCCKHMH YCJOBHAMH, 0COOEHHOCTAMH
CTPOHTEJLCTBA M 3KCIJyaTalHH MHOHJIBTPaLHOHHBIX coopyxenult. Ha-
Hbosee Lenecoo6pPa3HO OCYIIECTBJATH HCKYCCTBEHHOE NOIMOJHEHHe 3a-
nacoB NOA3EMHHIX BOJA B PafioOHaX Da3BHTHS ORHOPOAHHIX B paspele
6e3HanoPHBEIX BOAOHOCHBIX TOPH3OHTOB NpH HeGOJNbHIONH MOUIHOCTH
caabonpoHuIlaeMbiX TOKPOBHBIX OT/IOMXKEHHH.

B cocraB coopyxeHuit WUBIIB BxomfT coopyxkeHua AJA 3abopa
BOAH H3 HCTOYHHKA MOMOJHEeHHsS, NpeiBapHTe/]bHOH MOArOTOBKH BO-
Abl, CHCTeMH MOA4YH €€ HA HH(HIbTPALHOHHLIE COOPYXeHHs, cobcCT-
BEHHO BOJ03a200pa MOA3EMHbLIX BOX H YCTPOHCTBa AJfA NoCJeaymolleH
HX TNOArOTOBKK Mepex nopaueii norpeGHTenro. OcHoBHas 0coBeHHOCTh
cicremnt UBIIB 3akiiouaercss B HaJHYHH HHOHILTPAIHOHHBIX COOPY-
JKeHHH, KOTOpHe pasnesdrTcs Ha ABa OCHOBHBIX THNA: OTKPHITHE
(6acceiinb, KaHa/H, NJOWAAKK M AP.) W 3aKpHTHeE (CKBaXHHH, KO-
JOALH, Tajepen).
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Puc. 13.1, CxeMH TOA3EMHBIX BOXOXPAHHAHLY
G — OTPAX/ICHHOE eCTeCTBeHHHIM BOJAOHENPOHHUAEMBIM MAaCCHBOM; 6 — C NOJ3eMHOH
nioTunof: I — Gaccefin; 2 — BORO3alopHas CKBaXKHHa; J — nuadpparma; 4-— eofo-
c6opHas razepcs; 5, 6 — ypOBHH TOA3EMHHIX BOJ NPH fIONHOM 3aNOJAHEHHH H cpaboT-
Ke BOAOXPaHHAHLLA

Pac. 13.2. Cxema CO3NaHHS R HCNOJb-
30BAHHA AHH3 TIPeCHBIX BOA
I — raKnlp; 2 — AHH3a TPecHOH BOAH;
J — conenne mBoaM; 4 — BOAO3abop;
5 — ckPaKHHa, OTKauWBaOmlas coje-
HYK BOAY

Puc. 13.3. Cxema MCKYCCTBEHHOrO mno-
NOJHEHHSE HUKHEr0 (3KCMAYaTHpPyeMo-
T0) HANOPHOTO BOAOHOCHOTO TOPH3OH~
Ta 3a CYeT BepXHero (B KOTOpHA mnpo-
HEXOAMT PHABTPALMA H3 PeKn)

! — popo3abopHas cKBakHHZ; 2 — 1pe-

Ha KHO-TIOTVIOMIAIONLAA  CKBaXHHa; 3 —
peka

Lienecoo6pa3HoCTh MPUMEHeHUS TOTO HJAH HHOTO BUAa HHPUALTpa-
UHOHHBIX COODYXKEeHHH OIlpejnensieTcsl THAPOreojorHieCKUMH, KJaHMa-
THYeCKHMH YCJOBHAMH yyacTKa pafoT, KaueCTBOM BOAbI B HCTOYHHKE
NOTIONHEHUSE, HajuuHeM CBOOOAHBIX Maomaneit 3emenb. MHouawTpa-
I{HOHHBEIE COOPYXEHHSE MOTYT OLITh HeNpephiBHOrO M NepHOAHYECKOro
HNeHcTBUA.

HauGonee pacnpocrpanennas tunoBas cxema VMIBIIB npencraBas-
eT cobof OAHH HJH HEeCKOAbKO HHOUJAbTPAnHOHHHX OacceHHOB H BO-
no3afop mMoa3eMHBIX BOJ M3 CKBAXXHH ¢ OAHOH WJH 00eux CTOpOH
Gaccettna. Ha puc. 13.1 mpeacraBieHs cxeMbl NOA3eMHBIX BOAOXpa-
HHJHL, YCTPaHBaeMbIX NpU HaJHUYHH eCTeCTBEHHBIX BHICTYNOB B BOJAO-
YIIOPHOM OCHOBAHHH HJIH HCKYCCTBEHHO CO31aBaeMblX HENPOHHIaeMblX
3aBec (Bappaxeii). Takoro poaa cxeMa NoOMOJHEHHsA 3aliacoB NoA3eM-

133



Puc. 13.4. Cxema MCKyCCTBEHHOrO mo-
NOJHEHHA HWXHEr0 HanopHoro BOAO-~
HOCHOTO TOPH3IOHTA 3A CYET BEPXHEro,
HO ¢ oborauleHHeM TNOCAENHEro uepea
OTKPLTHE HHOHILTPALHOHHHE COOpY-
WeHHS
I — Bcac3abopuas ckBaxHHa; 2 — ape-
HAKHO-TIONIOUIAOIAS CKBaXHHa, § —
Baccen

A
77, .577/ SISl

HEIX BOJA HakGonee addeKTHBHA B BOJOHOCHLIX TOPH3OHTAX PEUHBIX
LOJTHH, TIPH 3HAUNTEJbHBLIX IPajHeHTax MN0TOKa NOA3EMHBIX BOJ H He-
pPaBHOMEPHOM BO BPeMeHH BhilafieHuu aTMocdepHbIX 0CajiKoB; ABJAAIO-
LIHXCS OCHOBHBIM HCTOUHHKOM NHTaHHA Noa3eMHux Bojx. Co3zande
noi3eMHHx Gappakell B YKa3aHHbLIX YCJOBHAX 3aTPYAHSET CTOK IOA-
3eMHHIX BOA H ofeclleyHBaeT cyLUeCTBEHHOE yBeJHUeHHe HX 3alacos,
KOTOpHE MOXHO HCHOJbh30BATb B 3aCyLLIHBHE fepHoAb AAS opolue-
HUS H ADPYIHX Denel.

Ha puc. 13.2 noxkasan npuMmep co3fanns NHH3 [pecHHX BOA B BO-
JOHOCHBHIX TOPH3OHTaxX € NOA3EMHbLIMM BOJAaMH MOBHUIEHHOH MUHepa-
aH3auud. Takyo cxeMy YCMemiHO NPHMEHSAH NPH OPraHH3alHH JIHH3
npecHbix BoAd B TypkMenuu. [lpm mcmonbsoBanuu B cxemax HMBIIB
3aKPRITHX HHOHILTPAUHOHHBIX COOPYMKeHHH B KaueCTBe MOCAEAHHX
Han0oJiee DIKPOKO NPHAMEHSNIOT CKBAMKHHBI HJIH IHAXTHBHIE KOJOMILHL.
PasnuualoT moromanomue CKBaXKHHL, pafoTamollie B peXHMe CBO-
6ofHOro HaJuBa, HATHETATEbHblE CKBAaXKHHBI, B KOTOpHE MpeaycMar-
pHBaeTcsA 3aKauka BOAH, M APEHaXXHO-TIOIJIOILAKUIHE CKBAXHHH: HMA
JAPEHHPYIOT He3KCIyaTHDPYeMble BepXHUE BOAOHOCHBIE I'OPH3OHTHI, BO-
AB KOTOPHIX NePCBOAATCA B HHXXe3aJeramouHi IKCIYyaTHPYEeMHR BO-
JOHOCHbIH FOPH30OHT, BepXHHH BOAOHOCHHIT TOPH3OHT NPH STOM MOXeT
HOTONHATLCH (HALTpanHesl peunniX BoA (pHC. 13.3) MM H3 OTKPHITHX
HYHGDHIBTPALHOHHLIX COOpyXKeHHH (pHc. 13.4).

HckyccrBeHHOe MomosHEHHE € HCNOJAL30BAHHEM TOA3EMHHBIX Boj
BEPXHero rOpH3oHTa HHOrAa OCYLIecTBJAAIOT B 30HaX PacNpoCTpaHeHHs
MHOTOJIETHeMePaabix mopol. Ilpu 3Tom B neTHe-ocesHWH CC30H CKBa-
AKUHB HJH KOJOANR 3a0ApaloT HaAMep3JoTHHE, TaJHKOBHE BOAHL,
KOTOpBle MOXHO YaCTHUHO HCMOAb30BATh AJNA BOAOCHabXKeHHd, a ya-
CTHYHO 3aKaYHBATb B NMOJAMEDP3JNOTHBIH BOZOHOCHBI{f TOPH3OHT. B 3HuM-
He-BeCEHHMR NMepHOJ NPH MOJHOM NpOMep3aHkH HAAMEpP3NOTHHX BOJ
H NOBEPXHOCTHOro BOAOHOCHOTO HCTOUHHKA BOAY OTGHpalOT H3 Mon-
Mep3JIOTHOTO KOMILIeKca.

ITpn xpaTkospemeHHom (R0 1—1,5 Mec) CpoKe Mara3mHHpoBaHHA
NOJI3EMHHX BOJ TNPECHHE BOAM MOXHO HaKalJHBaThb B BOJOHOCHBIX
IiacTax ¢ colieHoIM# BOZaMH. B 3TOM caydae HarseTaTelbHYI0 CKBa-
XKHHY JocJie HEKOTOPOro HepHoAa Mara3HHHPOBaHHs TpECHHIX BOJ B
BOJOHOCHOM mJlacTe ¢ CONCHHIMU BOAAMH HCMOJIbL3YKOT B KAUeCTBE BOAO-
3a260pHOH,
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13.2. OTKpBITHIE HHPUALTPANHOHHBIE COOPYIKEHHSA

OTkpoiThie HHuAbTpauHoHHuble coopyxeHnns (I tin KBIIB) uc-
NOJb3YIOT, KaK NPaBHJO, AJNS TOMOJHEHHsl 3aillacOB MOA3eMHBIX BOA
NepBOro OT MOBEPXHOCTH 3€MJH BOAOHOCHOIC FOPH30HTA, He HMeLlero
MOKPOBHBIX OTJOMEHHH HJH MepeKphITOro CJI0AMH Cl1aboNpoHHII2eMBIX
nopon Maio# MomHocTd. HauGonablee npumeHenue B cucreMax HBIIB
HAUIE HHQHABTpalHOHHHe Oaccefinnl. MHpuabTpalHOHHEe KaHamb
o cpaBHeHHI0 ¢ GacceliHaMH HMeloT OoablUyio AJHHY H YHCIAO HX B

COCTaBe YCTAHOBKH 00HWuHO Majo. HMHQHALTDAOHOHHBE M[JOLAAKH
oTanyalTca or 6acceiiHoB Mano# ray6HHOH. KanaBo-6opoagoBeie HH-
G HUALTPALHOHHEIEC COOPYKEHHS CXOZHBI C COOTBETCTBYHOIMMH HppHra-
IIHOHHHMH BOAOpAacCNpefeNHTeJbHEIMH CHCTeMaMH. B KauecTBe OTKpHI-
THX HHQHILTPALHOHHBIX COOPYXEHHH MOXKHO TagkXe HCIOAb30BaTh
ecTeCTBeHHHE H HCKYCCTBEHHbe NMUHHMKEHHs penbeda (oBparH, GanlkH,
CTapopeubsl, Kapbepnl, NMPyabl), a TakxKe pycjia BpPeMEHHBIX H MOCTO-
AHHHX BoAOTOKOB. MHGHnbTpalHoHKble 6accefiHH HMEIOT, Kak NpaBH-
JIO, MPAMOYroJbHYlo GOpMYy B NJaHe H Tpaneueujanbhoe (pexe Inps-
MOYTroJIbHO€) NCIepeunoe H NMPOJ0JAbHOE CeUeHHe,

Ha xpymumnix ycranoBkax MBIIB npuMmensioT 6acceiiHbl IMHPHHOH
no aHy 15—30 M, anuHoW 200—400 M H ray6uHoit 1,6—2 M (pexe
20 3—4 m). Ilpu HanHYHH c1aboNpoHHLaeMblX IOKPOBHBIX OTJNOMKEHHI
AHHIIa GacCceHHOB Bpe3alOT B XOPOLIO ()HALTPYIOUIHE NMOPOAH Ha TaAY-
Guny He menee 0,5 M. O6was ray6HHa GaccefiHa OT AHHINA A0 Bepxa
OTKOCa HOJ¥XHa ﬂpeBblllIaTb myBHHy €ro HarnoJHEHHHA He M¢EHee UeM
Ha 0,5 M. HHopusbrpauuorHsie GaccefiHbl ycTpauBawT 6e3 3arpysku
aua (puc. 13.5,a), c mecuaHo#i 3arpyskoi aua (puc. 13.5,6), ¢ rpa-
BuiHOM -3arpysxoéi aAna (pHc. 13.5,8), ¢ 3arpy3Ko# nHa H yKaajiko#H
opeHaxnbix Tpy6 (puc. 13.5, 2).

Tecuanylo ® rpaBufiHylo 3arpy3ky AHa NpeayCMaTpPHBaiOT TNpPH
ycTpofictBe GacceiHOB B I'paBHRHO-TaJIeYHHKOBBIX OTJOXKEHHAX, Ton-
UlHHa 3arpyska o6biyHo cocraBiaser 0,5—0,8 M. PabGoune uepTexu
BXOJHHX Y3JIOB ONMTHBIX H ONBITHO-TIPOK3BOACTBEHHBIX HR(HILTPAILH-
OHHHIX GaccefHOB Tpex THnopa3MepoB pa3paboTaxn COK03BOAOKaHAJ-
NPOEKTOM H MOFYT ObITh PEKOMEHZOBAHBI AJIA NMpPaKTHYECKOTO HKCIOJb-
30BaHHA.

Pabounii uvksn 6accefina BKJAOYAeT NMepHOH 3aTONJIEHHS ero jAHa,
HanoJHeHHsl faccefiHa AQ NpeleNbHbLIX OTMETOK IPH NMOCTOSHHOM HH-
(pHALTPALHOHHOM pacxome, COXpaHEHH HEH3MEHHOr0 YPOBHs NPH MO-
CTeleHHOM YMeHbUICHHH HHOHJbTPALHOHHOTO pacXoia, ONOPOKHEHHs
Gaccefina u nepHOA ero wHCTKH, [IpemenpHasn ray6una Boan B Gaccefi-
He onpejpensercs e€ro KoHCTpyxuHed, Jlasa 6accefiHOB B CpeaHe3epHH-
CTHIX H KPYNHO3EPHHCTHIX eCKaX ¢ Koa(pdHUHEHTaMH GHABTpAUHH OT
10—20 mo 60—80 M/cyT MakcHMaibHbie CKODOCTH HHQHJIBTPANHA
06bIYHO HAXOAATCH B npemenax 1—3 m/cyT, HacceliHBl B MEJKO3€PHH-
CTBIX MeCKaxX H CynecsiX XapakTepH3YITCHd MHHHMAJIbHBIMH CKOPOCTAMH
uHGuabTp aune — g0 0,5 M/cyT. B rpaBufiHO-raneusHKoBHX MOPOAAX
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Puc. 13.5. Cxembt unduarTpaunoniux Gaccefnon

@ — OGJeryeHHOTO THNAZ Ha MeCYaHoM OCHOBABHH, 6 — KaNUTaAbHOFO THO2 € Necya-

HOUi 3arpy3koff H KpemnieHHcM OTKOCOB; 6 — ¢ TPaBHAHOHN 3arpy3kofl; @ — ¢ ApeHaxXeM

noa puueM GacceBma (¢ OOGCMNKOA rpaBHMeM W NeckoM): [ — rpaBuil; 2 — kpenae-
ume; 8 — necox

CKOpOCTH HHQUABTpal(HH MOryT KocTHraTh 3HaueHuit 20-—30 m/cyT H
BHIIle.

IIpou3BonHTeIBHOCTE GACCEHHOB MOMKHO ONPEAC]ATH MO AHAJOTHH
C AeHCTBYIOIHMH YCTaHOBKaMH HCKYCCTBEHHOTO INONOJIHEHHS M pacue-
taMu. OcHoBHasa 3azada pacueTa HHOUILTPALHOHHBIX COOPYXKeHHil —
onpenejieHde CKOPOCTH HHGMHIBTPALNH HAM (QHALTPALHMOHHOTO PacXo-
Za, KOTOPHHi 6yAer moCTynaTh B BOAOHOCHHIK IJacT B Pas/MyHHE MNe-
pHoxnl BpeMeHH. B ofuueM caydae pacuer 6accefiHOB BeAyT C yYeTOM
pexHMa HX 3KCIJyaTallMH B NepHOA HAaNOJHeHusl, NOLNepXKaHHA MOo-
CTOSIHHOTO YPOBHS, ONOPOXKHEHHS H YHCTKH.

Onrako IPOH3BOXHTENbHOCTh GaccefiHOB MOXHO OLEHHTb H IIpH
yrnpouieHHOM rpaHKe HX 3KCIJYaTallHW, COOTBETCTBYIOLIEM pPEXHMY
NOAAepPRKAHHS MOCTOSIHHOTO MaKCHM aJbHOTO BO3MOXKHOTO YpoBHs H H
nocTosiHHOro pacxofa Q.

Ilpu Hy==const GHIbBTPAaUHOHHHIA pacxol ONpene sioT mo dop-

MyJse
AH,
- Hha 13.1
Q l/QM(t—to) (13.1)

rie fo=AH./2MQ; M — conepmanue B3BelleHHHX YacTHL B BOJAe, T0JaBaeMoli B
Gaccefn {Mytuoctb; A=ZKsyex (kz— Ko3DPHUMEHT PHABTPAUHH OCANKA-TIJIEHKH Ha
IHe OaccefiHa, yex — O0beMHas Macca CKeJdera TWIEHKH).
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Ilpu npoHHI@eMBIX OTKOCAX K PacXopy, OnpeflesfeMOMY 1o dop-
Myne (13.1), zo6aBageTca pacxoj yepe3 OTKOCH

Q°—=0,670Q. (13.2)

B ¢opmyrne (13.1} #{, — BekoTOpoe HauasNbHOe BpeMs, COOTBeTCTBYIOllee 3aja-
BAEMOMY HAYaJbHOMy pacxony Q* (o6muHo mpuHuMaercs ot 5 mo 10 M3%/eyr).

[1pu Q==const npou3BoAHTe/ILHOCTL GaccefiHa C HeNPOHHI&EMbIMH
OTKOCAMH HaXOAAT Mo dopmyse

Q*=Q,* = ]/A—”i (13.3)

MT*’
ac npouuuaeMban OTKOCaMH

T 1 e 2
Q*— Qo*"——Ll/ [B*+3BY 1+m”;,;]1-2“ + m?) Ayl AH,.‘ (13.4)

Beanyuunt Q v Qo* mo dopmynam (13.1) u (13.3) npeacraBasiioT
cofo#i pacXoinl BogoNoAauu B 6acceiiH, KOTOPHE HYXKHO NOAACPKHBATD
NOCTOAHHBIMH AN TOro, 4Tofb K KOHuY nepuoga I* ray6uHa BOAH
B Oacceiine cocraBusa Hy. B dopMynax (13.3) u (13.4) m — 3anoxe-
HHe OTKOCOB, B H L — cooTBeTCTBeHHO NMHpHHA W AnHHa Gacceiida 1o
AHy. PacuerHoe 3HauenMe MYTHOCTH M yCTaHaBJHBAWT M0 AAHHKIM
THAPOJIOTHYeCKHX eXeroJHHKOB KaK CpefHee 3a TNePHOA, COOTBETCT=
BYIOILUMH GHABTPOUHKAY GacceliHOB.

[lapaMerp A MOXKHO ONpeAeNfiTb NYTeM MCCAeAOBAHMH HA ONBIT-
HoM Gacceline, HHPHABTpOMeTpPe HAH (HHABTPANHOHHOM NpHOOpe, HC-
TIONb3YA COOTBETCTBYIOIHe pacyeTHble 3aBHCHMOCTH, HeNOCPeACTBEeH-
HBIM OTpeAeNeHHEM BEJHUHH Ry M ycx NPH obcnefoBaHum OacceliHa
noCJle ero ONOPOXKHEHHS HJH B IIpolecce 3KciiyaTaudd. B nepsom
NPHONHKEHHH Ry M Yex, @ 3HAUHT, H BEAHUHHY A MOXHO BBIUHCJIHTH
1o JaHHBIM O COJepXKaHHH TJAHHHCTBIX H MeNKONbiNeBaThX ppakuuit P
(puc. 13.6). 'padHK, NpuBeleHHHII Ha 3TOM PHCYHKe, COCTaBJeH Ha
OCHOBe 3KCIEePHMeHTaJbHbIX HCCAeAOBaHHE, NPOBEAEHHBIX B NOJEBLIX
ycloBHAX Ha pfAfle BOA03abOpOB NMOA3EMHBIX BOA C HCKYCCTBEHHBIM
NOANUTHIBANHEM.

ITpou3BOAMTENBHOCTE HHQHUNBTPAIHOHHBIX COOPYKEHHI OTKPBITOro
THIa MOHO BOCCTaHABJHBATh C HX NPEABAPHTEJbHLIM ONOPOKHEHUEM
Han Ges omopokHeHHsi. B mepBom cayyae NmpoOBOAAT BChalKy, 6opo-
HOBaHHe, PBIXJIeHHe H CHATHE 3aHJIeHHOTO CJOS BPYUHYIO HJIH MeXa-
Hu3MaMH. IIpH pyuHOi 4HCTKe CHHMaKT HaHbOMee 3arpA3HeHHBIN cnoit
recka ToNIHHOR 1,5—3 cM BMecTe ¢ NJeHKOH.

Perenepanus 6e3s ONnopoXHeHHS TO3BOJAAET HeNpepHIBHO 3KCIAya-
THPOBaTh HHQHNbTPAUHOHHBIe coopyXeHHA. Ins aToii menw mponyc-
KAalT NOBLILIEHHEe PACXOAL BOJAL!, HCTIONB3YIOT 3eMCHapsibl pasany-
HBIX THIOB, YCTAHOBKH C BBICOKOHATIODHBIMH CTPYAMH Ha MOCTOBOM
kpaHe. Jlnsg 6Opb6H ¢ 3auileHHeM HHQHABTPAIHOHHBIX COOPYXKeHHd
OTKPHTOTO THIIA MOMXHO HCIIONb30BaTh H FHAPOOHOJOTHUECKHE MeTo-
A pa3BejleHHe BJ1aroaloOUBHX PacTeHHIl H PHIGHL.
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2. kr 15 Purc. 13.6. 3aewcHMocts 0Go6menHoro
Kr/H oy - napamerpa A=FKy.,« OT NPONEHTHOrO
(o macce) comepXaHHs B BOAE, NoAa-
75 I\ BAeMOfi HA MHOHILTPAUHIO, MENKOTK-
he ’ ] JEBATHIX W FAMHHCTHIX (Ppakumii
25 N
A e —
25 )
20 & 60 2%

YceTanOBKH HCKYCCTBEHHOTO JIOMOJNHEHHST C HCTOJAb30BaHHEM OT-
KPHITHIX HH(pHILTPAHHOHHBIX COODYXKEHHH YCHEUIHO NPHMEHSIOT B
CCCP (B JlarBru Ha Bomo3aGope «bBanrtesepc», B JINTBe Ha Bojo3a-
Gope «3Jiiryasii», B YepHoBuax, Ha YepHeeBckoM Bogo3abope, B UBa-
Ho-DpaHxoseke, B Kanyre, HopoKysHellKe H psilie IPyrdx ropojoB
it PaHOHOB).

13.3. 3akpuThie HHPUABTPALKOHHBIE COOPYIKEHHA

Huduabrpatnonnbie coopyxenus sakpoitoro tHna {11 tun BIIB)
pexomemlye'rcs{ ﬂp!‘lMeHHTb B TOM cJaydae, Korga Ha MNOBEePXHOCTH
3eMJH 3a/eralT OTHOCHTeNbHo cJ1abonpoHHIaeMEe NOPOAH HAH JIpH
CJIOUCTOM CTPOEHHH 30HH a3pallHH. DTH COOPYKEHHS NpPeHMYILeCTBEH-
HO pacnpocTpaHeHnl B paiffoHaX, I'’ie YCTPOMCTBO H AKCIJIyaTalus
HHOAALTPAUHOHHEIX 6acCeHHOB M APYTrHX OTKPBITHIX COOPYXEHHH
KpafiHe 3aTpyAHeHnl (HanpuMep, B paHoHAax, rac HabawaawTCH Inec-
YaHbIC ¥ NMbUIbHbIE 6YPH H TPYAHO rapaHTHPOBATH TpefyeMoe KayecTBo
BOABl B OTKPHTHX COOPYXEeHHAX HJAH KOrja NPOHCXOAHT HX NpoMep3a-
HHUe B 3HMHee BpeMs).

B 3aBHCHMOCTH OT XapakTepa pa3MelleHHs B BOAOHOCHOM I.acTe
3aKpHTHe HHOUABTPAUHOHHHE COOPYXKEeHHs MOXPa3AenfAoTCA Ha ro-
PH3CHTANbHHE H BEPTHKaAbHHE. ['OPH30OHTaJbHLIE 3aKPHTHE HH(HIb-
TpAIlHOHHBlE COOPYXKeHAS, TaKHe, Kak Tpy6uaThle APeHHl, rajepeH H
UITONbHH, He HallAH T.I.IPI]JOKOI‘O H]JHMEHGHHH B npamm(e BOCIIOJIHEHH ST
3amacoB MOA3EMHEIX BOA. JTO B NMEPBYI0 OuYepeAb OOBSICHSAETCH OTCYT-
CTBHeM 3 @eXTHBHEIX METOAOB BOCCTAHOBJEHHS HX MPOH3BOAHTENb-
HOCTH H HeCOBepUIeHCTBOM CaMHX KOHCTPYKIHIL.

HauGoabllee pacnpocTpaHeRHe NONYIHAH BePTHKANbHBEE 3aKPLITHE
HHOHABTPAUHOHHBIE COOPYKEHUS: WYPdH, WAaXTHHE KOMAOAUL H OY-
poBbie ckBaxkHHuH. Ulypdu, kak 1paBHIO, yCTpaHBAIOT AHAMETPOM
Ko 4 M H NpH raybGHHe ypOBHS IDYHTOBHIX BOX HRo 5 M (puc. 13.7).
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Puc, 13.7, Cxemu mypdos

@ —wypp, paGorTaomuii IHoM; 6 — ypod,

paGoraiomiuit AHOM H OOKOBHIMH CTeHKaMH:

I — xene3o6eTonnue Roablua; 2 -~ jeMeHTa-

uua; 3 — ¢uawtp; 4 — Bojonojamlue TPYy-
6u1; 3 — BOAONPHEMHLIE OTBEPCTHS

Puc. 13.8. Cxema mwaxTHOro Ko0J0AuA

1 — MeTanauyeckoe KOJbLO ONIyCKHOro NpH-

cnocobaenns; 2 — ¢uabTp; 3 —— BOJONPHEM-

Hbé OKHa; 4 — Keje3oGeToHHble Kobua; 5 —
TamnoH W3 Gerona M 200; 6 — ueMeHTauua

Crenkn mypdoB xpensr 6eTOHHBIMH KOJMbLLAMH, a Ha JHe YKJalAHBa-
0T GUAbTPYIOMIYIO 3arpy3ky. Ecay HeoO6XOAHMO yBEJIHYHTb HHOHJIb-
TPALlHONNHH pacXoj, MOXHO 3arayGHTL mypd H ycTaHOBHTH B HoKoO-
BbIX CTEHKax cheuuajbHble GHUABTPYIOULHE 3SJeMEHTH H3 MOPHCTOro
Gerona, MOPHCTOM KepaMHKH MM KOXYXOBHX BCTaBOK ¢ TNojgobpaH-
HBIMH 3aMOJHHTeNSAMH.

HlaxTHee KOJOALB! LeNecooGpasHo YCTpaHBaTh, KOrAa YPOBCHB
TPYHTOBLIX BOA HaxoAHMTcA Ha raybuue po 30 M. Huddabrpauus us
WAaXTHLIX KogopueB (puc. 13.8), kak u u3 mypdos, MOXKeT NPOHCXO-
JMTb Yyepe3 AHO, DOKOBHle CTEHKH HJH OJHOBPEMEHHO Yepe3 DBOKOBHIE
CTEeHKH M AHO.

Ilpu pabore KonoAua TONbKO AHOM BO H36eXaHHe KO.IbMaraxa
BOLOBMEILAIOLHX MOPOA B 3aBHCHMOCTH OT HX IPaHYJIOMETPHYECKOT)
COCTaBa B OCHOBAHHH KOJI0ALA YCTPAHBAWT OAHO- HJIH LBYXCAOHHBIH
NecyaHo-rPpaBUHHBE GHABTP C TOJANIHHOH KaXAOro CAOS He MeHee
15--20 cm.

Ilpu pabore KonoALa CTEHKAMH B Mpefeiax BCKPHTOH YaCTH BOJO-
HOCHOTo TJacTa B CTeHKAax MNpope3aroT BOAONPHEMHRhIE OKHA H YCTpaH-
BAIOT OJQHO- WM ABYXCJAOHHBI MecyaHo-rpaBHiinpifl GHABTP. ToMIHHY
KaXJ0ro cJ0fl OTCHIINKH TaKie NPHHHMAIOT No 15—20 cM, a KpyrHOCTh
tdpakuuii noaAGHpawT B COOTBETCTBHH C peKOMeHAaUHAMH Mo nonGopy
¢uaptpoB. llypodH H WMaXTHHE KONOALMH 1enecoofpasHee BCero COOpY-
XKaTh B 0e3anamopHbix BOAOHOCHHX TOPH30NTAaX, CNOMEHHBIX KPYHHO-
0GAOMOYHBIMH MOPONAMH C BBHICOKOH IPOHHIAEMOCTBIO.

139



: 008w

Puc. 13.9. CxeMm HCNOALIOBAHHA MOCJAOLWIAIONIHX, APEHAMHO-NOCACWADLKX K CKBA-
WHH UBOHHCIO HE3IHAYRHYS B CHCTEMEX MONOAHEHHS 3A0ACOB MOJ3IEMHBLIX BOL W 3a-
INHTH BORo03alopos

& — CHCTeMa H3 NOTJoWawuel W BOXC326OpNON CKB2XBHB, 6 — CHcTeMa MarasH-

HHPOBANHS C HCTOJBIOBAHHEM FPYHTOBHX BOJ, OTOHpacMbix eperoBuM Boa03abopoM,

HAH NOJNHTHBAHHE He HACHILEHHOTO BOJAOH n/Aacra, THAPABIHYECKH He CBR3AHHOIO

€ peKofi; 8-— OPraHH3aUHA CAMOTEYHOrO IIePETOKA H3 BepXHEro TOPH3OHTA B HUXKHHIL,

2—TO Xe, U3 HHXHEFO FOPH3OHTZ B BEPXHHi, 0 — rujpaBiHYccKni Gapbep BOjO3a-
Gopa y mops

Hanboabiee pacnpocTpaneHHe H3 BceX 3aKPHITHX HHPHAbTPALA-
OHHHIX COOPDYXeHHH noayuuan OypoBHe CKBEKHHH, KOTOpbie MO Ha-
3HAYEHHIO H YCJOBHSAM SKCNNYaTallHH MOXHO NOApasfeaHTb Ha cJe-
AYIOUIHe THIIBL.

TlepBuit THN —3T0 TaK Ha3blBaeMbie NOIVIOWAIOUHe CKBaXKHMHH,
ofecrieuHBalOHIHe NMOAa4y BOJAbl NOCJe ee NPeABAPHTEAbHOH NMOATOTOB-
KH (pHc. 13.9) HemocpeACTBEHHO B 3KCAAYaTHPYEMbI maacT. 3TH
CKBaXHHbl MOXHO SKCHJAYaTHPOBATb KaK B PEXHME HOIJACIIEHHS NPH
caMOTe4Holt 110a4e BOAH, TaK H B peXXHMe NPHHYAHTEJLHOH 3aKaUKH.
[Mornowawuiie cKBaXKHHH NPHMEUSIOT He TOJABKO AAf IONOJHeHHS
3anacoB MOA3EMHEIX BOJ, HO TaKXe AJs CAeAYWOILHX LeJeli: co3gaHHa
THApaBJH4YeCKHX 06apbepoB, NpPeAOTBPAMIAIOMIHX HHTPY3HIO MOPCKHX
BOJ B 3KCIAyaTHpyeMble BOAOHOCHBIE 'OpPH30HTHL {cM. pHc. 13.9); ans
CO3JaHHAl JHH3 NpPeCHBIX BOA B NJAacTax C COJEHLIMH; B CHCTeMax
060pPOTHOTO BOAOCHAOXKEHUS H YCTRHOBK2X KOHIHLUOHHDOBAHHS BO3-
Jlyxa, KOrRa BOJOHOCHHIH MJACT HCNOJb3yeTcA B KauecTBe TeNJOBOH
peryanpywQues eMKOCTH.

Ko BTOpOMy THMy OTHOCSITCS APeHaXkno-NOTJoWallHe CKBAXHHb,
npennasHadeHHble Aaf APeNHPOBaHUA BepxHero ropusoHTa (pHc. 13.10)
C nofaved BOAbl B HHUXKHHH 3KCNHAYAaTHpPYeMHH IJacT HAH, HaoOopoT,
JLisl TepeToKa BOAb H3 HHXHEro HanopHOro niacTa B BepxHHH Oes-
HaNOpHblH HA¥ MeHee HANMOPHBIN 3IKCNAyaTHPyeMbli TopH3oHT. Ilpam
HeoOXOAHMOCTH H COOTBETCTBYIOlleM OOGOCHOBaZHHH APEHaXHO-TOTA0-
IanHe CKBaXXHHB MOrYT GLITh OCHAlLeHH BOAONOABEMHHM O6Gopy-
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Puc. 13.10. KoHCTpYKUHH MOTAOILAIIER H JAPEHAXHO-TIOTOMAIORER CKBAKHY
a — norjiollavmas CKpa)HHa, 6 — APEHAKHO-NOTMOWAKIAR CKBaXHHa: | — (aIbT-
poaLiii Kapkac, 2— o06cadka;, 3 — npo6ka; 4 — OTCTOMHHK; & — 3KCNayaTauwoHHas
KOJIOHHA, 6 — KOHIYKTOp; 7 — 3aTpy6Has UEeMeHTHPOBKa; & — CalbHuK; 9 — Habawo-
AaTenbHas cKBaxuHa; 10 — 3aTpyGHHA Nbe3oMeTp

Puc. 13.11. Cxema BXOAHOTO YaJa NOTJIOMAKOWEN CKBAXKHHB

! — mornonlaKwias CKBaXHHA; 2 — HabloxaTedbHafd CKBaXHHA, 3 — NbesoMerp; 4 —
ROAOMEP; 5 — 3aJIBHMKKa; 6 — MaHOMETP; 7 — BaHTY3

AOBaHHeM H paboTaTb OAHOBPEMEHHO B peXHMe MOTAOLEHHA (mepe-
TOK) HJH OTKAYKH.
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TloMHMO yKa3aHHBIX BHIlle THNOB, HMEIOTCS CKBAXKHHBI HABOWHOTO
HasHa4YeHHs, paboTalolliHe NONEpPeMeHHO KaK TMOIVIOLAIoHe H BOJO-
3a6opHble. Takue cKBaXKHHH, HalPHMEp, HCNOJbL3YIOT aasa obora-
LIeHHsT TOAMEP3JIOTHOrO BOJAOHOCHOTO TOPH3OHTA B JIETHHHl IlepHOA,
YTOGH HCNOJL30BAaTh BOAY 3HMOH, WM JJsi CO3JaHHs 3allacoB B 3HM-
HHH NepHON ¢ NMOCAEeAYIOLIHM ee OT6OPOM B JieTHee BpeMs rojia.

KoHCTpyKUHS BONONPHECMHOH YAacTH CKBAXUHB JBOHHOrOo HasHa-
YeHHs He OTJHYACTCA OT KOHCTPYKUHH Norjouaiomeil ckpaxuuu. Ilo-
rJIOINAKOIHe CKBAXKHMHLI, KAaK NPAaBHJAO, COOPYXKAIOT GOJBbIIHM AHaMeT-
POM C YCTAaHOBKOH QHJIbTPOB H3 AHTHKOPPO3HOHHLIX MAaTepPHAJOB H
YCTPOHCTBOM rpaBHAHONR OOGCHINKH. JlpeHaXKHO-MOMOIAIOLIHEe CKBAaXH-
HW (cM. puc. 13.10) obGopyayior ¢unptpamu Ha oba ropusonra. Has
YJAYUILICHHS YCJORBHII APCHHPOBAHHS MJIH IlepeToKa rpasuiinyio o6CHI-
Ky MOXHO YCTpaHBaTb He TOJBKO B MHTECpPBale YCTAaHOBKH (HJBTPOB,
HO H B mpejiesax cja6oNpOHHNAEMOR IPOCTOHKH.

s KoHTposisi 3a paboToOfl CKBaXHMH HeoGXOAHMO TPEAYCMOTPETH
COOTBETCTBYIOIIee OGOPYAOBaHHE, MO3BOJSIOLICEe H3MEPATb Pacxoj] H
KOJHYEeCTBO BOJHI, MOCTYNalollee B IJIACT 33 BpPeMs 3JKCIJIyaTalHH
CKBAX{HHH; pPeryJ1poBaTh NMOAAYy BOJAB B CKBaXHHY H IIOJHOCTBIO
OTKJIOYaTh CKBaXMHH OT NHTAIOLIEro BOAOROJA; H3MepATh AHHAMH-
YeCKHe YPOBHH BOAH B CKBaXXHHe, Ha KOHTYpe OGCHIIKH H BOJH3H
cKBaXHHb. CxeMma pa3MeIleHHsI H YCTAHOBKHM TbE30OMETPOB IS KOH-
TPOJIs 33 paboTOH MOTJOMaloNied CKBaXHHE! IPHBeleHa Ha pHc. 13.10,
a THMoBasi CXeMa BXOJHOro yanaa jaHa Ha pHc. 13,11,

B ckBaxuHH ABOHHOrO HAa3HauyeHHs, paboTaloliHe MONEPeMeEHHO
B PeXHMe TOIJIOUIeHHs ~— OTKA4KH, BOAY MOXHO MOJaBaTh MO TPeM
cxemaM (pHc. 13.12): B KOIbUEBOR NTPOMEXKYTOK MEXAY BOAOMONbBEM-
HOH H oOcalHOHt KOJIOHHAMH C YCTAaHOBKOH cHeuuasbHOro naTpy6ka
Ha ycTbe CKBaXHHBL (pHC. 13.12, @); HenmocpeACTBEHHO Yepe3 MOTPYXK-
HOH Hacoc (pHc. 13.12,6), B KOTOPOM NpeiBAPHTENBbHO ASMOHTHPYIOT
o6paTHull KJjamadH, 1O clNeudajdbHO CMOHTHPOBAHHON KOJOHHE
(puc. 13.12, 8), KoTopyo ONycKaloT NMOA YPOBEHb BOAH B CKBaXHHE.
CxeMa BXOAHOro y3/ia CKBaXXHHH ABOfIHOTO HAa3HAUYEHHs NOKA3aHa Ha
puc. 13.13.

B cayuae skcniayaTauHMH CKBaXKHH JBOHHOrO JeHCTBHA B PeXXHMe
NOrJIOWEHHsT BOAY TOMAIOT N0 MOABOAAWIedl JHHHH 3 NpPH 3aKPHTOH
3aiBHXKKe Ha o6BoxHOf nHHHH, Ecau Tpebyercss 3aMepHTb pacxol Bo-
A, TIOJ@BaeMOH B CKBAXXHHY, 3aKPHIBAIOT 3aJBHXKY 6 Ha TOABOISA-
IIeH JHHHH H OTKPBIBAIOT Ha 06BoJHOH. [TpH nepeknioueHuy cKBAXKHHBL
ABOHHOro AeHCTBHS B PEXHM OTKAUKH HEOGXOHHMO COpPOCHTH TepBble
NOpUHH OTKauHBaeMoil Boabl. [Jisi 3TOr0 3afBHKKH Ha TNOABOASAIIEH
H HaNOPHOH JIHHHAX 3aKPHIBAIOT, a Ha JHHHH c6poca OTKpHIBAIOT.
ITocae Toro Kak KauecTBO OTKAYHBAEMOfl BOAB CTAHET YJIOBJETBOPSATH
HeoOXOIHMHM TPeGOBAHHAM, CKBAXHHY MEPeKJIOUA0T Ha HalopHYIO
JTHHHIO.

B 3aBHCHMOCTH OT KOHKpPeTHHIX YCJOBHH NOJAaya BOJH B IOIJO-
maloniHe CKBAXUHEl BO3MOXHA M 6e3 COOTBeTCTRYOLIeH BOJONOATO-
ToBkH. HanpuMep, B pafoHax, 3aTONJAfCMHX B II€PHOX JOXAel, NpH-
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Puc. 13.12. Cxempt MORAaYH BOAH B CKBAKHHB NBOMHOIO HA3HAYECHHA
@ — B KOJBLIEBOH MPOMEKYTOK MeXIy BOAOMOABLEMHOH H 06cafHoli KOJOHHaMH C yc-
TAHOBKO/ Cle[{HabHOTO TIATPYOKAa HA YCThe CKBAXHHEH; 0 — HeNOCPeJCTBEHHO Tepe3
MOFPYKHOM Hacoc, B KOTOPOM Mpe/BapHTeNIEHO AEMOHTHPYIOT OOpaTHHK KnanaH; 6 —
N0 CnedHalbHO CMOHTHPOBAaHHOH KOMOHHe, KOTOPYIO ONYCKalOT Noj YPOBeKb BOARH
B CKBaXHHE

Puc, 13.13. CxemMa BXOAHOro yajna CKBAXWHH ABORHOro HA3HAHEHUS

I — cKkBaXHHA [BOMHOIO Ha3HAUEHWA; 2 — HAGJAWOAATENbHHE CKBaXHHH; § — MOoXBO-
Adwas JHHHA; 4 — JHHHA QIS OTBOAA OTKAa4YHBaeMOH BOAM;, 5 — cOpocHas JHHHA,
6 — 3anBHXKH; 7 — BaHTY3; 8-— obpaTHWA Kiamad; 9 — 3aTpyOALA Ibe3aoMeTp

MeHHMH CXeMHl, NpHBeJeHHBle Ha puc. 13.14,a u 6, a npu pacmoso-
XEHHH [OIJIOWAILe CKBaXKHHH BOJH3H DeKH, D3cpa MJIH KaHanaa
MOXHO NPHHATE KOHCTPYKLHIO Or0OJIOBKA CKBaXXKMHBI, TPHBEJEHHYIO Ha
puc. 13.14, 8.

OcHoBHass 0cO6EHHOCTb pacieTa IPOH3BOJHTENLHOCTH CKBaXKHH,
NPHMeHsAeMHX AMs1 HCKYCCTBEHHOrO NOMOJHERHs 3amacoB MOA3eMHEIX
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Puc. 13.14, CxeMa noaayn BOAW B NOTNOUIAOIKE CKBAXHHH 63
BOJONIOArOTOBKH

a, 6 ~— ycTpOHCTBO OTOJIOBKA CKBAXHHLI B paifoHAX, 3aTONAAEMBX

B TepHON H0XK[eH; 8 — KOHCTPYKLHA OTONOBKa CKBaXHHB BOJTH3H

BojiceMa: { — 3KCIUIyaTaliHOHHAs KOJNOHHA; 2 — 3aTBop; 3 — Tpy-

6a d=50—75 MM; ¢4 — rpapuiiHpil GHALTP; § — MepdoprpoBaHHas
Tpyba

BOJI, COCTOHT B HEOOXOZRMOCTH YydeTa NpOLlecCcOB KOJAbMaTaxa OHb-
TPOB H NPHCKBAXKHHHBIX 30H IViacTa. B 3apHCHMOCTH OT XapakTepa H
(H3HYeCcKOH CYIIHOCTH NpOLECCOB, NPOTEKAIIIHX NpH paboTe CKpa-
XKHH, pa3jHuanT cJAelyKliHe BHAH KOJAMaTaxa: 1) MexaHmueckuf,
BO3HAKAIOUIHH H3-3a HAJHYHS B NMORABAeMOH B CKBaXKHHH BOJE B3Be-
HMeHHHIX BeilieCTR OPTaHHYECKOTO HJIH MHHEpPAaNbHOTO MPOHCXOXKIEeHHS;
2) poanywHbH, 06ycAOBIEeHHHI HaKOUJAeHHeM B MOpax (HJbTpa BO3-
Ayxa, TpPOHHKA2IOUlero BMecTe € 3aKauydpaeMoli BOJZOH HAH o6Gpa3yio-
IErOCH B pe3ysbTaTe JeCOpOLUMH M3 BOABI; 3) XHMHYIECKHH, CBA3aHHHN
C HapylueHAeM THADPOAHHAMHYECKHX K TeMIepaTypHHX YCJOBHHI B
nnacte (H3MeHeHHe RKaBJeHHS M TeMIlepaTypbl) N B3aHMOJieHCTBHeM
3aKaYUBaeMHX H [JACTOBHIX BOJX ¢ O6pAa30BaHHEM TPYALHOPACTBOPAMBIX
XHMHUCCKHX COeJHMHeHHH; 4) OHOJOTHYeCcKHH, 06YC/NOBNEHHBLIH pa3BA-
THeM HeJne300aKTepHfi, cyJbdarpeayunpyromux 6aKTepHid H APYTrHX
BHAOB GHOJOrKUECKOH NesTeNbHOCTH,

B pesyabTare KoJbMaTaxa BO3pPacTaeT CONPOTHBJEHHe (HJIbTPA-
KK BOALI, ¥ IpH pabore NOTAOIANOMMX CKBAXKHH C NMOCTORHHHIM pac-
XOIOM yBeNHYHBAETCST HANOp Ha yCTbe, 2 MpPH 3aKauke C NMOCTOAHHBIM
HamopoM CHHXKaeTcsl HX MPOH3BOAUTENIBHOCTD.

Ha nHauyanbHOM 3Tame 3KcnyyaTands NOTAOUIAIOIIHX CKBaMHH, KaK
TPaBHJIO, OCYIIECTBJAETCS ¢ MOCTOSHHBIM pacxonom (Q=const). H3-
3a KoJibMaTaxa Bo3pacraer Hanop H Ha ycTbe CKBaXKHHH, H K HeKo-
TOPOMY MOMEHTy BpeMeHH Ty OH CTAHOBHTCS DABHBIM JONYCTHMOMY
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3HaueHHo Hjop. B uwactHom cayyae, ecid ckBaxKHua paboraer B pe-
KHMe CAMOMNOTAOLIEeHHsI (T. €. MPOHCXOAHT CBOGOJHHIA HaJNHB B Hee
BOMH), BeTHYHHY Hpop NPHHAMAIOT paBHOK OTMeTKe ycThil. C MOMeHTAa
BpeMeHH T; CKBAXXHHA MOXKeT 3KCIJIYaTHPOBAThCH KAaK B pemHMe
H==Hy,z=const, Tak ® npu Q=const. B nocaenHem ciydae ycTbe
CKBaXKHHB FépMeTH3HpyeTcs M BOMA Nofaercs HacocoMm. Ha npakThke
Hesecoo6pas3Hee OCYLIECTBJAATh 3KCINJIYaTAllHI0 CKBAaXHH B PEXKHME
Q =const.

Ilast morjomarmRx CKBaXHH, paboTalomux B pexuMe Q==const,
NOBHUIEHHe HANopa COCTABHT

Ak == Ahy -+ Bhy,, (13.5)

rie Ak, — moBHIllENKe Hallopa B NJacTe Haj NMepPBOHAYaJbHEM YpPOBHeM, 06ycHOB-
JieHHoe TaK HA3hBaeMbiM BReEIUHHM COHpOTHbJIeHHEM; Ahm—nmepn Hamnopa, CBA~
3aHHHE ¢ BHEYTPEHHHM CONPOTHBJeHHeM B CKBa)XHHe H B NMPHCKBAXHHHOA 30Re.

IlepByro H3 YKa3aHHBIX COCTABAAKIIHX Ahy onpenesiior no o6HU-
Holi hopMyJie MOA3EMHOH THAPABIHKH:

Ahy = 2R, (13.6)

2=km

rie £ B m-—Ko3pdHIHeHT DHALTPARHH H MOWHOCTh MmJAacTa (B Ge3HaNoOpHHX MJja-
crax mz<0,8h,, rae h.~—- NepBOHAaYa/bRas rayO6HHA BOAH 10 BOjoymopa); R — QyHK-
UMA BHeliHer0 THAPABAH4eCKOTO CONPOTHBJEHHA, ONpéensieMas B 34BHCHMOCTH OT
pa3sMepoB H reOMeTpHYecKOH $OPMH BOJOHOCHOrO NJacta, ycl0BHA Ha €ro rpasu-
uax, a TaK¥e pa3MepPoB CKBaXKHHH.

Bropyiwo cocrasasomyro Ahcgxy GopMyas (13.5) onpenensor chie-
AYIOIIHM 06Pa3oM:

=9 e
Ahcun - Onkm E’ E EH.C +Ex: (13.7)

rge §— BennuyHa BHYTPEHHEro CONMPOTHRJIGHHA, a HHAEKCAMH €H.C» H «K» 00603Ha-

YeHH BEANYHHBEL, O0OYCJAOBAEHHblE HENOJHOTOH BCKPHITHA NIACTA H KOJbMATaXeM.
Ilo cymecTBy, B Nnporecce 3KCIIyaTaUHH NOTJIOUIAIOIINX CKBAXKHH

He06XONHMO NPOTHO3HPOBAThH H3MEeHeHHe BeJHYHHH Ex. ComnpoTrHBje-

HHe Xe Epc, KaK paBHAO, BO BpeMEHH He H3MeHseTCs.
JlomoJIHHTeNBHOE CONPOTHBJAEHHE COCTaBHT

EK:O.5(-’£¢—»—«1\)1H(1+012), (13.8)
rae kg — Kos3hPBUHeRT QHILTPALKK 3aKOJIbMATHPOBAHHOTO CJ0S TPYHTa
- t=05 (_k_ _--1)111 L (13.9)
ka nmarg?

I'pacdukye BO3pacTaHHsi NONOJHHTEJLHOTO CONPOTHBJEHHS, COOTBET-
CTBYIOIIHE PACCMOTPEHHLIM BEHIlle 3aKOHOMEPHOCTAM, MNPHBEAEHH Ha
puc. 13.15. Bo mBcex caydasix A IPOrHO3a BeJHYHHH & HCXOAHBIE
napaMerphl (Rm, yex, @, PN, y) HEOGXONHMO oNpene/siTh 3KCNepHMeH-
TaabHbIM nyTeM. Hau6onee HalexHble NAaHHBIE MOXKHO ITONYYHTb Ha
ocHoBe HabmiofeHu#i 3a paboTON MOrJOLAIOIHX CKBAXHH Ha HadaJjb-
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Puc. 13.15. Boapactanne conportHBienns Ex, o0ycjoBJeHHOTD NPOABJEHHEM DPa3JHY-
HOTO BMJA KOJAbMaTaXa

a—oﬁpasoaanue NJieHKH, 6 — nocTenenHoe HAKONJEHHE B3BECH B nopax mopoa npH-
CKBAXXKHHHOH 30HHI; 8 — HaKONJEHHe B3BeCH B nopax nopox anCKBa)KHHHOB 30HH
B PABHOBECHLIX YCJ/IOBH#X

HOM 3Talle HX 3KcniyaTaumu. ITo 3THM MaHHBIM YTOYHSIOT H KOPpeK-
THPYIOT HaMeyaeMble peXHMB SKCnAyaTanun CKBAa>XXHH H CPOKH HX
pereHeparuH.

TJIABA 14. OCOBEHHOCTH HCINIOJIb30OBAHHA
NOA3EMHbBIX BOA AJS CEJIbCKOXO3SAWCTBEHHOTO
BOOJOCHAB)XEHH

14.1, BechunbTpoBsle CKBAXKHHSI

IIpn opraHH3anup ceJbCKOX03AHCTBEHHOTO BOJOCHAGKeHHs Ha Oa-
3e NOA3eMHHIX BOJ HeOOGXOMHMO OGECNeuHTb BbBICOKYIO HAaAeXHOCTb
BOJ03a6OPHBIX COOPYXKEHHH B YCJOBHSX HepaBHOMEPHOro BOAooT6OpA,
NPaKTHYECKOTO OTCYTCTBHS pe3ePBHPOBAHHS CKBAXXHMH BBHAY HH3KOH
KATeTOPHAHOCTH OGbEKTOB BONOCHAOXeHHR, BapbHPOBAHHA gaebuHTa
BOA03a60pOB B WIHPOKHX npeaenax. IIpu aToM crneayer YYHTHIBATD,
4T0 BOAO3aGOPHl HJS CeTbCKOXO3RHCTREHHOI'O BOLOCHAGXKeHHS 3aya-
CTYIO COOPYXKAKTCA B TPYAHONOCTYNHHIX pafloHax, rie 3aTpyAHeHH
NPOH3BOACTBO PabOT CO CTPOHTENHCTBOM AOMOJHHTeNbHHX ROA03a60-
POB, A0CTABKA MaTepHasoB B 060pyNOBAHHSA.

B 3THx ycnoBHsiXx Haubojbllee pacnpoCcTpaHeHHe MOJYYHJAH BOJO-
3a60pHbBIe CKBAXKHHL H LIAXTHBle KoJMoAUH. ONHAKO HMEHHO B Celb-
X03BOAOCHAGKEHHH 3HAUBTEJIbHHH mMporpecc 6bI AOCTHTHYT B CTPOH-
TeabCTBe 6eCHIBbTPOBRX CKBAXHH H CHEllHAJbHHX THIOB BhICOKOAe-
GUTHREIX BOA03a6OPOR MOA3EMHBIX BOJ, MPHMeHsieMuX Ha OObeKTax
OpOLIeHHS € HCMOJMb30BAHHEM NOA3EMHOT0 HCTOUHHKA.

BechunbTpoRble CKBaXHHB HCIONB3YIOT A48 0T60pa MOA3eMHBIX
BOJ W3 PHIXJLIX NecuaHblX OTJOXeHHH, 3aseralolinx, KaK MPaBHJO,
Ha Goabmwax 1ay6uHax. OTanuuTeNbHASE OCOGEHHOCTh 3THX CKBaXHH
COCTOHT B HCKYCCTBEHHO C034aBaeMON RONONPHeMHOH KaRepHe, Ieo-
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MeTPpHYECKHe pPa3Mephl KOTOpPOH 0fecrneyHBAIOT TpebyeMblil BOLOOT6HOD
6e3 neckopaHHs. JJas co3naHus KaBepHBI HEOOXOMHMO, YTOOH KanTH-
pYeMHE BOJNOHOCHBIH TOPH3OHT 3ajeral oA YCTOHYHBOH KpOBJeil.
Han6onee HalleXXno#i B OTHOIIEHHH COXpaHeHHH YCTOMYHMBOCTH CYHTA-
eTcsl KPOBJ/ISt NODOA, TIPeJCTABJIE€HHAS H3BECTHAKAMH, JOJOMHTAMH,
MOILHBIMH CJOSIMH IIOTHHX IVIHH. Kpome Toro, BaXKHBIM YCJIOBHEM
YCHEIIHOTo NPOH3BOACTBA PabOT MO YCTPOHCTBY GecHaAbTPOBOH CKBa-
}KHHBI ABASIETCA OTHOCHTEJNBHO CJ1A6ast CIleMEHTHPOBAHHOCTL 3€PHHCTHX
TIOPOA BOMOHOCHOTO MJacTa, o6ecneunBawowiass 3¢GEKTHBHBIA pa3MbIB
KaBepHbl. BecuyabTpoBEle CKBAaXKHUHH NO3BOJAKT JOCTHTaTh XOPOIUUX
pesynbTaTOR NPH KAaNTa)e BOJNOHOCHBIX TOPH30HTOB B IIHJIEBATHIX M
MEJIKO3eDHHCTHX NIeCKaX, rie Moa6op ¥ YCTPOHCTBO CPABHAHHX (HIBT-
POB 3aTPYAHUTENbHH.

OnHo M3 BaXHHX JOCTOHHCTB 3THX BOA033260DPOB NOX3E€MHKEIX BOJ —
ycToludBasg padoTa BO BpPeMeHH IIDH COXPAHEHHH HEH3MeHHWMH I'HApO-
JHHAMHYECKHX YCJIOBHH BOMOHOCHOTrO IIACTA, TAK KAaK INpOIEecCH XH-
MHYECKOro ¥ OHOJIOTHYECKOTO KOJbMaTaxa 31ech He HabaoaamTcs.
BMecTe ¢ TeM NpPH NPOEKTHPOBAHHH H CTPOHTeNbCTRe 6eCHUIBTPOBHX
CKBaXHH CilelyeT HMeThb B BHAY, YTO HX HeNb3sl YCTPAMBATh NPH Tpea-
NO;1araeMoM IIPOTPECCHPYIOLIEM CHHIKEHHMH IIbe30MCTPHUYECKHX Halo-
pOB KaNTHPYEMOro BOJOHOCHOTO TJIACTA, NPH KOTOPOM MOTYT CYIieCT-
BellHO H3MEHSThCH ITOKA3aTeJH YCTORUHBOCTH TODOA KPOBJIH H OCY-
uIaeTcs CaMa BOJONpPHeMHAas KaBepHa. HesicHbI NePCNeKTHBH PAa3BHTHS
CTPOHTeNbCTBA 6echHHALTPOBHIX CKBAXKHH ¢ TOYKH 3DEHHA BO3MOXKHAEIX
NOKaJIbHBIX TIPOCAZAOK H PErHOHAJBHOTO OCEAAHHA TMOBEPXHOCTH 3eMJIH
He TOJIBKO TMOJ, BJAHSAHHEM cPaGOTKHM 3aNacoB MOA3EMHBIX BOJ, HO H BHI-
HOCAa 3HAYHTEJbHBIX O6HEMOB MOPOA NPH pa3MuiBe KapepHu. Chaenyer
YUUTHIBATE BO3MOXKHOCTb BPEMEHHOIO IIeCKOBaHHl 6eCHABTPOBHIX
CKBaXXAH B IIEPHOJ ITYyCKOB-OCTAHOBOK HACOCOB, TO3TOMY TPOEKTH-
poBaHHe HX B CHCTeMe BOJOCHaOXKeHHs 6e3 NMPOMeXYTOUHOH eMKOCTH
Helenecoo6pasHo.

KOHCTPYKIMH H TEXHOAOTHS COOPYMEHHS GeCHHABTPOBBX CKBAMKHH.
KoHCTpYKTHBHOE OTAHYHEe 6eCchHHUABTPOBREIX CKBaXHH 3aKJIKYAETcH B
HAaJHYHH BOJAONDHEMHOH KaBepnbl. PopMa KaBepHH OIpeAeaseTcs
XapaKTepoM IllepecqaHBaHus BOAOHOCHHIX Mopof. [IpH omHOpoAHOM
CTPOEHHH BOXOHOCHOro IyacTa o6pa3yeTcs KaBePHa B BHIE BOPOHKH,
HO OHa MOXeT GHTb M KOHycoobpasHo# (pHc. 14.1). Ilpu cioucTom
CTPOEHHH BOZOHOCHOH TOJIH B XOAe NPOKAYKH MoXeT €¢HOpMHPOBATE-
Csl HECKOJbKO CAMOCTOSITENbHBIX KaBepH. IIpH YyCTpOHCTBe KaBepH
o6beM BHHeCeHHOro necka Kosaebaercs or 3—bH no 200 M3 H Gosee.

KaBepHy pa3pa6aTHBAIOT NyTeM OTKAYKH BOMONECYAHOH NYJbIIbI
3panrdToM. B nepBoHayasbHEIH MOMeHT GODPMHDOBAHHA KaBepHbl He0b-
XOAHMO HOJHBATL BOAY B CKBaXKHHY. Te€XHOJIOTHSl NIPOKAYKH CKBaXKH-
HH 3DJHGTOM NpPH Pa3HHX AHAMETPAX CKBAXKHH NMOAPOGHO paccMoTpe-
Ha B cnenHaabHoM pykoBoxctBe [3]. Otmermm amms, uTo mpomecce
Pa3MHBa KaBePHH MOXKHO YCKOPHTb, HCNOJB3Yf CMelHaJqbHEe HacaA-
KH, ofecneyHBaolliHe HANpaBAeHHbIH T'MAPOPA3MBIB MOPOAB B CKBa-
xKase,
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Puc. 14.1. KoHcTpykuHn GecdHALTPOBLIX CKBAXKHK

a — CKBaXXHHA ¢ BOJNONPHeMHOH KamepHOH B BBIXe BOPOHKH (06cagHHe TPYGH noBe-

IeHH 10 BOJAOHOCHOTO TOPH3OHTAa); 6 —TO e, HO o6caZHbe TPYOW NOBeleHH HO

KpoBAH (TipOYHble MOPOAL KPOBJH He TPeGYKT KpellsleHHS WX TpyOaMH); 8 — TO Xe,

HajJ KaBepHOH cBoj obpyllennsi; 2-— o6cajHble TpyGH ROBefeHH [0 BOAOHOCHOTO

FOpPH3AOHTa, HAJA KaBepHOH cBoR oOpyluenus; @ — cKBaXHHA C yAJBHeHHOA BOXOMpPH-

eMHOH KaBepHOR B MepeC/aHBaiOUIEMCS BOJOHOCHOM TOPH3OHTe, BOPOHKH 06pa30BAHH
B KaXAOM pPHXIOM CJa0e

B ycnoBUsiX BO3MOXKHOr0 OOpYIIEHHS NOPOA KPOBJIH M IJIHTENb-
HOTO IeCKOBAaHHA IIPH NpOKauKe KaBepHY 6eCcHAbTPOBOH CKBAXHHEI
3aNnoJHAIOT TPABHAHBIM MaTepHaJsoM. IloCKOJABKY pa3Mephl KaBePHH
O6HYHO AOBOJBLHO BEJNHKH, NpH nopfope cocTaBa rpaBHd AJS 3aCHIKH
KaBEPHH MOXHO 3a[aBaThCHd KO3(MD@MHIHEHTOM MEXCAOAHOCTH, PABHHIM
15...20.

Heycrofiunsylo pa6ory 6ecHibTPOBHX CKBaXHH (MHOTOKpaTHHE
06Basbl KPOBIH, 3aHOCH KaBepH NMOPOAOH H NMECKOBAHHE) MOXKHO JIHK-
BHAHPOBATb NyTeM ycTaHOBKH ¢HiabTpa. Ilpouecc nepeobopynoBanus
6eCOUIBTPOBHX CKBAaXWH B (PUIBTPOBBIE BKJIOUAET Te KE OINEpalHH,
uyTo H O6BlUHA® YyCTaHOBKa (puAbTpPoB. OHAKO €CsH NPHUHHONH Hame-
yaeMoro nepeoGopyROBaHHs SBIAAETCH O6pylleHHe NOPOA KDOBJAH B
npenetnl 3ajeraHuss BONOHOCHOTO HJacTa, B Pe3yabTaTe Uero pesxo
yXyamamTes (QHJIbTPANHOHHBIE XAaPaKTEPHCTHKH 3TOH 30HH, To pabo-
ype yacTH Gu/bTpa CIEAYeT paclojiaraTh HHXKe 3TOH 30HH, a MHTEp-
BaJ NOPOA KPOBJHK NePeKPHBAThH [MIYXOH HAAPHABTPOBOH TPY6Oi.

OcHOBHOEe TEXHOTOTHUeCKOe TpeGoBaHHe IPH COOpyXKeHHH Gec-
(DHABTPOBHIX CKBAXHH — CO3JaHHe KaBeDH He0oGXOAWMHX pa3MepoB,
06ecNeUHBAKIINX YCTOHUHMBHI BOAONDHTOK 6e3 meckoBanus. [Ipu atom
pa3mep KaBepHH ONHO3HAUHO ONpeneJsieTc ee rayO6HHOH, paguHyCcoM
7x H YrJIOM OTKOCa MECKOB B BOAOHACHILIEHHOM COCTOSIHHH, paBHOBe-
CHe KOTOPOro 06YCJOBAMBAETCH NEHCTBHEM CHJ TPEHHS W THAPOJAHHA-
MHYeCKOro nasieHns. B o6uieM cayuae pajuyC KaBepHH B BepxHel ee
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4acTH SIBASIeTCH GYHKUMell NaacToBOrO JAaBNEHHA P, NOHHIKEHHS
YPOBHS S, IJIOTHOCTH BOAH P, €€ BA3KOCTH [, YCKODEHHS CHAabl TsXKe-
CTH g, CPEIHEro pa3Mepa IecyaHbIX 4acTHU ds, NJIOTHOCTH YACTHI pPs
M MOIUIHOCTH BOJOHOCHOrO njaacta . TIpH Manoi CKHMaeMOCTH Mare-
pHana BOJNOHOCHOI'O NJACTa H MOCTOSSHHOH BSI3KOCTH H IJIOTHOCTH BO-
Ikl ¥ MecKa 3aBHCHMOCTb MEXJIY reOMeTPHYeCKHMMH pa3MepaMH Kapep-
Hb! 0echHNBTPOBOH CKBAXKHHBI, NOHHIKEHHEM HANopa B CKBaXXHHe H
Pa3MepoM YaCTHIL IecKa MOXHO 3aNHcaTh B BHAE

rdm=19(s/m, d/m). (14.1)

Muttipa ¥ AHIKaHenH NPOBEJNH 5KCIepHMEHTalbHbIEe K JlaGopaTop-
HHEe HCCNeNOBaHHs MO H3Y4YeHHIO GHOPMHDOBAHHsI KaBePHH B TPYHTO-
BOM JOTKE B HANOPHHIX YCJIOBHAX MPH NOCTOSTHHOH MOIIHOCTH MJacTa
M Harpy3Ke Ha mjact, paBHO# 2,5 T. B onsitax Hcnonb3oBasHch TPH
PA3HOBHIHOCTH OJHOPONHBLIX NeCKOB. B x0me ONHTOR H3ydyajach pas-
paboTka KaBepHbI AAs KaXHOro MOAENHPYeMOTO BOAOHOCHOTO IJjacTa
NPH H3MEHEHHH [aBJICHHA NyTeM ONpeIesieHHst pajgHyca rx ¥ IMyGHHBL
KaBepHbl ;. OTMeyeno, 4TO PaJHyC KaBepHH Y KPOBJIH IJIACTa YBeJH-
YHBaeTcs IIPH NMOHHKEHHH JaBJeHHA H, CJIeJOBATeJIbHO, PACX0Ja BOIH,
a TaKXKe ¢ yYMeHbleHHeM pa3Mepa YAaCTHI, CIaralolliX BOAOHOCHHIH
naacr. TIpHueM BIHsAHHe pa3Mepa 4acTHIl Ha GOPMHpPOBaHHe KaBePHEHI
HC3H2YHTeMbHO. Ha ocHoBe npoBeJeHHBIX 3KCIEDHMEHTOB MNOJYdueHa
3aBHCHMOCTh

7 = 0,33835%:502 (100do ) —0+1103/,0,548, (14.2)

Jns yno6cTRa pacueToR Pa3MEpOR KABEPHBI COCTABJIEHA HOMO-
rpamMma {pHc. 14.2).

{Ipu rdapporeosornyeckux pacuerax 6ecPHABTPOBLIX CKBAXKHH
pajHyC KaBepHbl Y KDOBJH BONOHOCHOTO NJacTa Maao0 BJHsET Ha
HX Ae6HT. JlelicTBHTE/IbHO, BeIHUHHA BONONPHTOKA B TAKYIO CKBaXKHHY
B OCHOBHOM 3aBHCHT OT XapaKTepa OTKOca H I/y6HHB KapepHsl. Ho
B TO e BPeMs 175 olpeleieHHOro pafoHa pa6oT BO3MOXHO TNOCTPOe-
HHE KOPPEJAIHOHHBIX 38BHCHMOCTEH MeXJY 3THM pacXOJOM, PacCyH-
TAHHBIM MNpEeANaraeMbiM METOAOM, H NDHBeJeHHbBIM paJHYCOM Kasep-
HEl, KOTOPBIH IO3BOJSIET NPOrHO3HPOBATH NMPOH3BOAMUTENHHOCTH CKBA-
Kui. KpoMe Toro, HCNoab30BaHHe NPHBEJCHHOH HOMOTpaMMbl MOXKeT
0KAa3aThCHA NOJNE3HBIM 1Jisi OGOCHOBAHHSI TEeXHOJOIHH TMPOH3BOACTBA
pa6oT ¥ moi6opa NpOH3BOAHTENBHOCTH 2paAHPTA.

I'lpencraBJmeT HHTepeC M 3KClIEpHMEHTAJIbHOe OllpeeJieHHEe 3aBH-
CHMOCTH pajiuyca KaBepHH OT ee rIYOHHH. ['padHk, IpHBeAeHHBIH
Ha pHc. 14.3, yka3biBaeT Ha OAHO3HAYHYIO CBSI3b TeOMETPUUECKHX
pasMepoB BOPOHKH {ee pajuyca U IMyOHMHH) Il NECKOB PasiHyHOM
KpynHocTH. [ly6HHa yReNHUHBAEeTCA MO Mepe YBRJHUEHHSl pagHyca
KaBCDHB. 33BHCHMOCTb 7y OT IJIYGHHBl KaBepHH [/ 3aMHCHIBaETCSH
hopMyJIOH

re— 1,25 = 1,6937,1.04, (14.3)
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He, 14,2, Homorpamma X onpepesenuio 1 275 V5 57890,m
panKyca KasepHw GechuanTpoBost CxBa-
EHHHH Puc. 14.3. 3asucHMOcTb TAy-
6HRB KapepHs! OT €e panHy-

ca

PaccMOTpHM NpHMep OLIEHKM COOTHOLNEHHs Da3MepoB KasepH Gec-
¢ HapTpoBok ckBaXHHEl Ne 1 B r. JKno6une (BCCP). Becouabrposas
CKBaXHHA KanTHPOBaJa BOAOHOCHLIH TOPH3OHT B CEHOMAHCKHX INeCKax,
MOACTHAAEMBIX IIIOTHHIMH TJIMHAMH KeJJIOBCHCKOrO BO3pacTa MOII-
HOCTbIO 12—17 M. BopoHoCHBIE NECKH NE€PEKPhIBAIOTCA MEPTeJbHO-
MeJIOBOH TOnUled BepxXHero Mesa. MepresbHO-Men0Bas TOJMLA TaKKe
o6BoJiHeHA. MOLIHOCTL BCKPHTHX MECKOB B CKBaxkuhe Ne 1 cocrasnaa
9,7 M, dyp=0,25 MM, NOHHKEeHHe YPOBHJ B CKBAXKHHE B X0J¢ OTKaUKH
s=14,35 m. CooTBeTcTBYyIOIHe BEIHYHHBI A DacueTa NnapaMeTpoB
KapepHbl paBunl: 100d/m=026, s/m=—1,48. BeluunHa ry/m Nno HOMO-
rpamMMe (cM. puc. 14.2) paBua 0,48 u BendunHa pajauyca KaBepHb —
4,75 M. I'my6una xaBepHu no rpaduky (cM. puc. 14.3) npu ry=4,75 M
paBHa 2,7 M, T. €. BecbMa GsM3Ka K NMOJYUCHHOH NyTeM ee 3amepa
(lx=2,8 M). Ananoruuno a1s ckpaxxunsl Ne 38 B r. Porauese (BCCP),
KanTHPYIOUIeH TaKXKe CEHOMAaHCKMI BOJOHOCHBIH TOPH3OHT, MO AAHHHM
onuTHWX pabor CraHKeBHya H Ap., HMeeM s/m=115 npu dsp=
==0,25 MM, 100d/m=0,23 u ry=4,5 M.

Crtporo roBops, BeNIHUHHA pajHyca KaBepHH NOA KpOBJeH BOJO-
HOCHOTO TOPH30HTA, B DPaBHOW CTelleHH, KaK H ee raybuHa, cayxKaT
XapaKTePDHCTHKAMH, KOTOPLle HAIOT JHIIL KaueCTBeHHOE IpeacTaBJe-
HHEe O FeOMeTPHUECKHX 0COOEHHOCTSX BOJONPHEMHOH 4YacTH GecHsbT-
pOBOH CKBaXHHH. B TO ke BpeMs OHM MOryT OHITb JAOBOJLHO HaNEX-
HbHIM OPHEHTHDOM TIpH NMPOEKTUPOBAHHH GeCHIbTPOBLIX Pa3BEAOUYHBIX
H 3KCOJyaTaHOHHBIX CKBaXuH. CyAHTL 0 pajHyce BOAOIPHEMHOM
KaBepHH MOXHO NO CONOCTABAEHHIO JaHHBIX O €ro BeJHYHHE H IpH-
BeleHHOM pajpuyce 6ecHHIBTPOBOH CKBAXKHMHH rnp. OPHEHTHPOBOUHO
BeJIHUMHY TPe6yeMOro MOHMKeHHs YPOBHS NPH pa3MbiBe KaBepHHI Gec-

(GHABTPOBON CKBaXXHHBH MOXHO ONPENEJIHTh, HCNOJb3Ysi 3aBHCHMOCTD
(14.2).
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Pacuer Bopo3aGopor u3 GechHabTPOBHX ckBaXHH. JIyia o6ocHo-
BaHHHX pacueToB O6ecHJILTPOBBIX CKBAXKHH Ha CTAaJIHH  pa3BellKH
uejgecoobpas3Ho ONpeneyaATs He TOJMbKO (RJIbTPALHOHHBIE NapaMeTphl
BOJOHOCHOrO Iacta (KosdduuueHTH BOJONPOBOANMOCTH, GHIbTpA-
UHHA, NbE30NPOBOAHOCTH), HO H ONUEHATb MPHUBEAEHHLIH pagHyc CKBa-
XKHHBI, COOTBETCTBYIOILHHA TEXHOJOTHUECKOMY peXHMY (GOpPMHpOBaHHA
KasepHH. Hanbosiee HaneXKHO 3TH NapaMeTpul OUEHHBAKT MO JAAaHHWM
KYCTOBHX OTKaYek. IlapaMeTpn NJactos IOPH 3TOM ONpeNeJdwT No
OGIIETIPHHATHIM METOAKWKaM. SHAUCHHS 7rgp ONPENENSIOT aHaJHTHUECKH
Hny rpagoaHasHTHYECKH, HCNoab3ys dopmyay omion. B nocaeanem
cayyae CTPOAT rpaduk B KOOpHHHATAX ASe ;— 1@ ri/ro W Npu H3BecT-
HOM YKJOHe B NpaAMo# JIMHHH B 3THX KOOPAHHATaX, a TaKxe HavyaJb-
noft oparnate A olleHHBAKOT

Ig rop = A/B. (14.4)

[lpn BanHURHE HAaHHBIX O HECTALHOHAPHOM peXHMe (CHHXKEHHH-
BOCCTAHOBJICHHH) YPOBHS B UCHTpasabHOH (6eCPHILTPOROH) CKBaXKHHE
H KO3 ®UIUHEHTe Nbe30NPOBOJHOCTH, PaCCIHTAHHOM 10 HaGJ0xaTeNb-
HEIM CKBaXHHAM, CTPOSIT Tpaduk

se=19(lgt) wuan so=qa(lg I:ti)

T2 So — TIOHHMEHHe YPOBHS B CKBAaXKHHe; f— BPeMf CHHXEHHS (BoccTaHOBJEHUSA
yposus}; T — ofl1as AARTEILHOCTL OTKAuKH.

Ouenu ykaon B rpaduka so=1(lg?) u HavaJabHyw OopanHary A,
MOXHO 3allHcaTh

Ig (@/ryp) = A/B +0,35.

TlpH ONHHOUHBIX OTKAUKAX BEJHYHHY rpp 6eCOHABTPOBOH CKBaXKH-
HBEl MOXHO, OUEBHJIHO, ONPEACAHTb TOJILKO NIPH H3BECTHHIX NapaMeTpax
BOROKOCHOTO NaacTa. Chaeayer HMeTb B BHAY, UTO rnp, ONPeAeaeHHHIH
B 3TOM cayyae, cJefyeT NOACTaBAATb HPH NPOrHO3e NPOH3BOIHTEND:
HOCTH TOJIBKO B TO COOTHOIIGHHE, KOTOPOC HCIOJbh30BaJOCh IPH OlEH:
Ke rgp {NPH AEHCTBHHM TPYNN CKBAXKHH C HCIONb30BAaHHEM MPHHLHNA
CNOXeHHA TevyeHHH).

Tlpu ycraHoBHBIEMCH PeXHMC OTKAYKH H3 OAMHOYHOH CKBAMKHHE
BeJIHUHHY NMPHBEAGHHOTO PajfiHyca ONpeaenasioT o hopMyJe

Fop == 0,16Q, / &S, (14.5)

rae Qo — pacxol CKBAXKHHBE NPH TIOHHXKEHHH So; £ — KOdhduuHeRT GRABTPALHK
nnacra.

Tlpn HeycraHoBMBUIEMCs peXHMe OHIBTPAIHH CJIeAYeT [0Jb30-
BaTbCs COOTHOLIEHHEM

rl’!

9 _ erfe—mm®

S = — ==

2zkryp 2V at :

(14.6)

Has pacuera rop nou6opoM no 3TOH 3aBHCHMOCTH HEOOXOHMHMO
HMETb CReAEeHHS He TOJbKO 0 KO3 dHUuHeHTe GHUABTPARHH mjacTa, HO
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H O ero nmbe3onpoBOAHOCTH. IlpH oTHOocHTeaBHO O60JbWIOH CcTENeHH
BCKPHITHSI NJlacta MOKHO MOJIb30BATbCHl NMPH YCTAHOBHBLIEMCSI M He-
CTAallHOHAPHOM peXHMe (HJIBTPALHH COOTBETCTBEHHO (OpMYyJnaMH
Jonwon u Tefica B npeANosoXeHHH, YTO rup B 3THX cayuasix OymeT
KOMIIEKCHBIM NapaMeTPOM, BeJHYHHA KOTOPOro ompexpensercss colcCr-
BEHHO PaZMyCOM KaBEpHBH, a TaKXe CTENEeHbI0 H XapaxkTepoM BCKpPh-
THA NJacTa.

Ilpu u3BecTHOM 3HAYeHHMH ryp, O LAHHHIM ONBITHHX paloT, NpH
anr=1lx/m<C0,]1 NpoH3BOAHTENBHOCTb BOAO3260pa H3 OAMHOUHOH Oec-
bHALTPOBON CKBaXXHHBI ONpefedsercss no ¢opmyne PopxrefiMmepa

Qo = 2Tfkrnp80 {14.7)
M NPH HEYCTAaHOBHBUIeMcs pexHMe (HAbTpAlUHH 1o dopmyne

20kl qpSg

Qo= —t. (14.8)

np
erfc —————
2V at

B nnacrax oTHOCHTENBHO HeOOJBIION MOIIHOCTH NMPH on>>0,3—0,4
TNPOH3BOAHTENBPHOCTh CKBAXHHUBL ONpejesisgercsa no q)OpMy.IIe Il}Ol'IIOH
NpPH YCTAaHOBHBUIEMCS PeXHMe MM no ¢opmyne Tefica NMpH HecTAaLHO-
HapHOM pexXuMe. Hapsiay ¢ TexHoJorHieckHMH ¢akropaMy, onpeje-
JSIONHMH 1leecoO06pa3HOCTh M BO3MOMKHOCTb CTpoHTenbCcTBa Oec-
GHIBTPOBHX CKBaXKHH, BecbMa BaXXHa NpexBapHTelNbHas OUEHKa HX
THAPaBJIHYeCKOH 3¢ (eKTHBHOCTH B CPAaBHEHHH CO CKBaXXHHaMH, o6o-
PYAOBaHHBIMH (HAbTPaMH. OueBHAHO, uTo GeCPHABTPOBHIE CKBaXHHH
NpH [POYHX PpaBHbBIX yCJOBHAX pallHOHaJNbHO [IPUMEHATE B OTHOCH-
TeJABHO MaJOMOHIHBIX BOJAOHOCHBIX TOPH3OHTAaX, KOrha BJHAHHE HX
THIPOJAHHAMHUECKOIO HeCOBepUIeHCTBA II0 CTECNEHH BCKPBITHA nJsitacrta
B CONOCTABJEHHH ¢ (PUABTPOBHIMH CKBaXXKHHaMH HeBenHKO. BecdHabT-
POBbie CKBaXKHHBI MpPeANOUTHTENbHCE B OTHOCHTEJbHO CiaGoNpoHHIlae-
MBIX BOJOHOCHBIX OTJOXKEHHSIX, XapPaKTepH3YIOUIHXCsA GOonbIIHM clen-
JIEHHEM 4aCTHIl, B KOTOPBIX NPHXOAHTCH YCTAHABJIHBATh JH60 QHALTPH
¢ MHorocJioliHo#i o6chimKOH, nuGo npuberate K ycTaHOBKe (pUJIBTPOB
C MOBhILIEHHBIMH THAPABJAHYECKHMH CONPOTHBJICHHAMH.

14.2. BoposaGops U3 CKBaXKHH C YIUHPEHHHIM
OCHOBaHHEM

BLieasiioT ABa THNA CKBaXKHH ¢ YUIHPEHHBIM OCHOBAaHHEM: CKBaMXHHB
¢ YUIHpeHHeM B BOAOYNOpe H cOOCTBCHHO B BOAOHACHIIEHHBIX HeCBA3-
HEIX NMOpOAaXx. YCTPOMCTBO YILMPEHHOrO OCHOBAHHS CKBaXXHH B BOJO-
ynope 6nuto npepioxeno M. @, Xacuunim. CymiHocTh 3TOrO Ccnocofa
3aKJI0Y4aercss B YCTPOHCTBe «KOTJOBOW» [OJOCTH HJAH CHJBHOTDCLIH-
HOBaTOl 06/1acTH B KOHTAKTHOH 30He BOAOYNOpa C BHILEJexallen
BOAOHOCHOH mopozoii. KoTes B MiacTHUYHBIX TPYHTAX HJA TPeUIHHOBa-
Tas ofJacTh B CKaJbHBIX NOpPORax o6pasyloTcA B3PHIBOM 3apsaia
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Pue. 144, CxeMa nocaefoBaTeNbHOCTH PaboT npw yeTpolicTREe CKBAXKHKHMW ¢ YWHPEH-
HWM OCHOBAHHEM B BOAOYNOPE

a — GypeHHe CKBaXXHHbl, YCTAHOBKA 3apsja H Ta’00TBOJIHOH 1Pylr; 6 — mogbeM

o6cagHON TpyOhl; 8 — B3pLIB, 2 — AOGYPHBAHHE CKBaXKHHH, yeTaHOBKa ¢uabrpa: { —

obcanras TpyGa; 2-—rasooTsoAHaA Tpy6a; I — JAeTOHHPYIOWHA IuHyp, 4 — 3apan;

5 — KancioNnb-JeTOHATOP; 6 — NPeAOXpPAHHTENbHHN XOMyT; 7 — BRIGpOC BOAH H ra-
308; 8 — yIUHpEHHOE OCHOBaHHE; § — PuabTp

B3PHBUATOrO BellleCTBA B HHXHell YacTH CKBAXHHEI, KOTOpas 3aray6-
asietcss Ha 1—3 M B BoZoymop. B miacTHUHLIX NMopoXax NpPH B3phiBe
cosfaeTcsi KaMydJaerHas noJocTb, o6pa3oBaHHe KOTOPOH CBS3aHO B
OCHOBHOM ¢ YIIJIOTHEHHEM IpYHTAa.

Benuunna H dopMa MoaoCTH 3aBHCST OT pa3Mepa H GOPMEL 3aps-
2, SHeprHd H XapakTepa [OefCTBHS B3pHBUATOrO BeMIECTBA, COMNpO-
THBJACHHA H CTeNeHH OJHOPOMHOCTH MOpPoA. JlHaMerp KOTJIOBHIX MO0~
creit chepudyeckodt dopMu mocruraer 1,b M w mopsiaka 10 M npu
CO3/1aHHH NO/J3EMHHX eMKOCTeH.

B ckanbHHIX rOpHBIX MOPOAAX pe3yJbTaT AeHCTBHS B3phiBa NpOSB-
JsieTCsl B BOBHUKHOBEHHH HOBOH W YBeJHUEHHH CYILECTBYIOILEH TpellH-
HOBATOCTH NOpPOA.

ITpu ycrpoficTBe CKBaXHH ¢ YUSHPEHHBIM OCHOBAHHEM B [VIHHHCTOM
popoynope B r. KpeMrac (¥YCCP) Obins nmosvieHb! VIIHPCHHEE OCHO-
BaHHs JHaMeTpom 2,5 M mpH B3pbiBe 3apAXoB Becom 50 Ki* ¥ gHAMET-
pom 3,4 M-—TIpH B3pbiBe 3apsaoR BecoM 100 xr. YmupeHHe B BOJO-
ynope HMeeT GopMy IHJIHHApPA, Ha 6opTax YUIHpPeHHs B pe3yjbTare
YacTHYHOrQ Bbiopa rpyHTa ofipasyercs pajauk BeicoToH 0,4 M. Takoe
VIlHPCHHe OCHOBAHHA CKBa’KHH B NPOH3BOJACTBEHHEBIX YCJIOBHSIX ofec-
neynso yBe/HYeHHe HX geGHra B cpedHem Ha 23 %. Ilpu ycrpoficTse
CKBaXHH ¢ YWHPeHHHM OCHOBaHHeM B Bozoymope M. ®. Xacun npen-
JIOXHJ CNeAYIOINYIo NocienoBaTeapHocTh pabot (puc. 14.4). CHayana
6ypHTCA CKBaXKHHa ¢ 3aray0JeHHeM B BOAOYNOp Ha rjaybuHy 1—3 M,
ofecnieyHBaIOLIHM pa3MelicHHe B3PHBUYATOro Benlectsa, Hapg 3apsmowm
ycTaHaBauBaercd Tpy6a AxameTpoM okoso 150 MM Ass BHGpoca ras3oB
B armocthepy mocje B3pHBA, a 3aTeM HAa 5—7 M TOAHHMaeTcd ofcaj-
Hpie TPYOH. [locae B3pHBa 3apsiga CKBaXXHHAa RoOypHBaeTCs A0 HH3a
YJUIHPeHHA, YCTAHABJHBAeTCsl GUABTP H MPOBOAHTCS Npokauka. s
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CO3JaHHA YIUHPEHHOTO OCHOBAHHS AHAMETPOM 10 4 M B 3aBUCHMOCTH
OT cTpoeHusi nopoxa Tpebyercs 3apsix BecoM oT 10 go 300 kr.

Ha ocuoBe aeraabubix Jga6opaTopHbiXx HCCJAEAOBAHHE INTOKa3aHO,
9TO pacxox CKBAXKHH B Oe3HAllOPHOM IJacTe ¢ YIIHPEHHBIM OCHOBA-
HHEM B BOJOYIIOPe MOMKHO pacCyHTarh o dopMyJe

Q= ks CH — s +10) (14.9)

rje 7o pagHyc YILIMPeHHOTO OCHOBAHHS B BONOYNOpE; r¢ — PagHyC CTBOJA CKBa-
MHHDBI; § — NOHHXEHHe YPOBHA BOAH B cKBaXHHe; H — MoutHocts 06BOAHCHHHX NO-
pox; & — kosppuusent uapTpannn; R — pajnyc BAHSHHA,

Qopmyaofl (14.9) ¢ HOCTATOUHOH HAAEKHOCTHIO MOXHO IONB30-
BaThes npu Hirg>4 n RIH <30.

CKBaXHHH ¢ YIIHPeHHeM B BOJZOHOCHOM TOPH3OHTE COOPYXKaKT,
HCITOJIb3Ysl pPaclIHpHTEH ABYX THIIOB: FHAPOMEXaHHUEeCKHH ¢ pa3aBH-
rallIHMHCS 104 AaBJ/leHHeM HarHeTaHHs MPOMBIBOYHOH JXHAKOCTH pe-
KYIHMH JONACTAMH, KOTOPHE CXHMATCS INPH CHATHH JAaBJEHHS
HAarHeTAHHd JKHAKOCTH, HNH IKCUeHTPHUHHE snonactHoli [1]. Buauane
POTOPHHIM CNOCOGOM OYpSIT CKBAjKHHY HOpMaJIbHEM AuamerpoM. [loc-
Je JOCTHIKEeHHs NPOeKTHOH riyOHHH YTOYHAIT HHTEpBaJbl KallTHpye-
MbIX BOJOHOCHHX NIJIaCTOB. 3aTeM B CKBaJXHHY ONYCKAWT Ha OypHJb-
Holi KoJIoHHe pacuiHpuTesh, [Ipu warseranun mo 6ypoBofi KOJOHHE H
Yepe3 pacWHPHTEJ b IVIMHHCTHI PAacTBOP B CKBaXKHHE 3aMeHSeTCA BO-
JOH, H HAUHHAETCS NPOLeCe pacHIHpPeHHs: YAaJad10TCd 3aKOJbMAaTHPO-
BaHHKle TJIHHOH NOPOAL! NPH3a60fiHON 30HH. B npouecce pacliHpeHHd
npoMuBKa npsmad. [locle okoHyaHHA pacliHpeHHA H NMogbema 6ypo-
BOr0 HHCTPYMEHTa B CKBaXHHY ONyCKaXOT (DHJIBTPOBYEO KOJIOHHY H
o6CHIAIT ee rpaBHeM. yCTOﬁ'ﬂIHBOCTb CTeHOK CKBAaXXHHBI B X0j€ yKa-
3aHHEX paboT obecneynBaercs MojglepXaHWeM YPOBHS MNPOMBIBOY-
HOH XHAKOCTH Y yCThs cKkBaxcHuH. [To nanubim C. JI. Ipaxauca, npH-
MeHeHHe YKa3aHHOH TeXHOJOTHH NPH BCKPHITHH BOAOHOCHBIX N1AacTOB
H yCTaHOBKe rpaBHHHHX (HABTPOB INO03BOAMJIO B KpacHogapckom
Kpae, o gaHHbM onpobosanus 6ojee 100 ckBaXKuH, yBeJHUHTL yaesb-
HbBH AeGHT 40 ABYX Pa3 IO CPAaBHEHHIO ¢ OCBOEHHEM CKBAXHH Ipo-
MBLIBKOH H ¢BaGHpPOBaHHEM.

[Tpu pacwupenns Bcero HHTepBaJa KaNTHPYeMOrO IJacTa pacyeThl
TAaKHX CKBaXXHH aHAJOTHYHH paHee pPacCMOTPEHHAKM IIpHEMAaM OLEHKH
IIPOHSBO}],HTEJI})HOCTH OJAHHOYHBIX H BBaHMOHBﬁCTBYIOMHX CKBaxHH.
B 1o Xe BpeMsl yCTPOHCTBO YIIHDEHHBIX CKBAXHH BO3MOMKHO JIHIIb
B ocHoBaHHH, TaK Kak B 9ToM cjlydae ycToHYMBOCTH oO6pasyeMoil Ka-
BepHBb! 06BYHO O6eclleYHBAeTCsl He TOJAbKO NPOTHBCAABJECHHEM NPOMBI-
BOYHOH XHAKOCTH, HO H [VIHHH3aluHell CaMHX CTEHOK KaBepHH, Lesje-
coobpasHo NPpHMeHATh KapOoHaTHBIC PacTBOPH ¢ MOCJAeAyIOIeH Coaf-
HO-KHCAOTHOH 06paboTKoll CKBauHBl. TexHOJAOrAsA paGoT B 3ITOM
cayyae BKJIOYaeT: GypeHHe CTBOJa CKBaXXHHB ¢ o6Caakol HAH MOA
3anUTON OypoBOro pacTBopa, pa3fypHBaHHe YUIHPEHHOHR MOJOCTH ¢
noMonibo §YpoBoro HAH BHOPAUHOHHOIO PACIIHPHTEJIs, MOHTAX (DHAB-
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Puc. 14.6. BausHue DPaAHAJBHOIO YIIWpPEHWA HAa NPOHIBOIHTENb-
HOCTb CKBaMHH

a—npu b/m=15 u ru/m=0,01; 66— npu b/m=15 u rc/m=0,05;
8— Tpu b/m="5 R rc/m=0,01; 2—npu b/m=>5 H r¢/m=0,05

Tpa € YCTaHOBKOH PajfHajkHuIX CEKLHf H BOCCTAHOBJEHHE BOLOMPOHH-

flaeMOoCTH NpH3aB0HHON 30HLI CONAHO-KHCAOTHOH o6paboTkoil.
[IpHTOK kK CKBaXKHHe NPH cOBMeCTHOH paGoTe ee GOKOBOH NOBepx-

HOCTH H YUIHDEHHOrO OCHOBAaHHS CJeyeT pacCUHThBaTh {pHC. 14.5)
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B COOTBeTCTBHH C TOYHHIM pellleHHeM, MoayyeHHHM B pabote [1]. Ckpa-
XHHA PaJHyCOM r. BCKPHIBAeT BCIO MOINMHOCTb BOJOHOCHOTO IljlacTa m.
B HHMXHefl yacTH CKBaXKHHH CAENAHO YUIHPeHHe pagHycoMm ry. Bopo-
HOCHBUI MJacT NpeanonaraeTcs OJAHOPOAHKM, a CKBaXKHHA HKCIAYyaTH-
pyercs ¢ NMOCTOSHHBIM pacxofoM (p. B mnacre TIOHHXeHHe craTHye-
cKoro Hanopa fi, coxpaHserci Ha pacCTOSTHHH r==), NOCTOSHHBHIM B
TeueHHe BCero IlepHoJa OTKaykH. B 3ToM cjyyae MOTOK K CKBaXKHHe
Gyner 0CeCUMMETPHIHBIM.

3apaua pellleHa ¢ BHAeJeHHeM ABYX (parMeHTOB: MepBHIi ¢par-
MEHT B 30He ro<ir<fy H C¢<Ir=<{m; BTOpPOil ¢parMeHT —B 30He
ry<lr<<b u 0<{r<{m. TlpaBoMepHOCTb TakoM NpPEeXNOCHJIKH H3yda-
Jack MyTeM HCCAeROBAHHS paclnpefeneHHd MOTeHIHaNOB BOAHM3H CKBa-
KHHH C YIIHpEHHBIM OCHOBAHHEM. YCTaHOBJIEHO MpaKTHUeCKOe OTCYT-
CTBHe aedOpMalHi 3KBHIOTEHIHANeH NPH r/m>1,5.

BiHsinHe yILIHpeHHOTO OCHOBAaHHS H €ro reOMeTpHUYeCKHX pa3MepoB
Ha NPOH3BOAHTE/IbBHOCTh CKBAXXHHH HJIOCTPHpYyeTcs rpadHKaMH, MPH-
BeleHHHIMH Ha puc. 14.6, Ha KoTopbIX MOKAa3aHO H3MeHeHHe OTHOLIe-
HHA Qo/Q (3mech Qo — NeOHT CKBAXXHHH ¢ YUIHPEHHHIM OCHOBaHHEM,
Q — pacxoa THAPOAMHAMHYECKH COBeplLIeHHOH CKBAaXHHH, HMelolLed
TAKOH Xe PajHyc ro Mo BCeMy CTBOJY) OT ry/m Anas b/jm==15 u 5 u
IBYX 3Hayeduit ro/m=0,01 1 0,05.

OueBHOHO, YTO BAHSHHE YLIHDEHHS OKa3LIBAETCH MAKCHMAaJbHbIM
Npu MaJdoi MOHIHOCTH IJ1acTa ¥ IPH HAJIHUMH BOJH3H CKBAaXKHH KOH-
Typa NHTaHHs (T. €. MaJbix 3HaueHu# b/m). PacueTn yKa3bBawoT Ha
BO3MOMKHOCTh CYIIECTBEHHOrO YBEAHYEHHA MPOH3BORHTEBLHOCTH CKBa-
XKHHH TIPH yILHPeHHH ee OCHoBaHHA. Tak, B cayuae b/m=>5, yro nnoJ-
He peasbHO, AeGHT CKBaXHHBI BO3pacTaer B 2 pasa npH ¢/m=0,1 n
ry==0,6 M. Takoe yUIHDeHHe CKBaXXHHH TeXHHYECKH OCYUIECTBHMO H,
HEeCOMHEHHO, ABJsieTcss 5D(GEeKTHBHHM CPeACTBOM YBeJHYeHHs ee Mpo-
H3BOIHTEAbHOCTH.

14.3. Bono3a6opbl H3 CKBaXKH, COOPYXaeMBIX MO ClOcoby
BeHHHCORA, ¥ NPH Nocajake GHIABTPOB € KOHYCOM

Ilo cmoco6y BeuuucoHa ocyllecTBasiioT OypeHHe I[€HTPaAbHOH
CKBaXKHHB!, B KOTOPYIO YCTaHaBJAHBAOT (HJIbLTP 3a4aHHOTO AHaMcTpa.
3ateM B HellocpeACTBeHHOH GJH30CTH OT Hee Ha pacctoarHd 0,5—1 M
NpOXOAAT 4—5 CKBaXHH, NpeAHa3HayeHHhIX AJf NMOJAA4YH B HHX rpa-
BHsi. OZHOBpEeMeHHO ¢ OTKAYKOH BOAONECUAHOH CMeCH H3 LEHTpadbHOR
CKBaXXHHBLI B TPaBHHHO-NIHTaTeJbHBIC CKBAaXHHH MOAAIOT TPaBHH, KO-
TOpHfi MepeMeniaercs K ¢uabtpy. B pesyabraTe dopmupyercs rpa-
BHAHEH (GHABTp GoablIOro AHaMeTpa, o6ecMeYHBAOUIHH MOAYYCHHE
MOBHIUIeHHHX AeGHTOB M HALEeXHYI 3KCIUTyaTanHio Bojosabopos Ges
c¢y(dPO3HOHHBIX NPOIECCOB.

Ilpn mocagke GHJABTPOB € KOHYCOM [0 BOAOHOCHOTO TOPH30HTA
CKBaXHHy 3akpenasaoT KoHaykropom [l]. Tlocne storo B cKBaXKHHY
Ha HaA(QHABTPOBOH KOJOHHE ONMYCKaT QHILTP ¢ 6alIMaKOM-KOHYCOM.
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Ta6awrua 14.1. NpusenenHuie

AHaMeTPHl CKBAXKHH Ha OJHOM
H3 popo3a6opos r. Kypcka aal -
2 - o8 g* ] R
z 5 =25 C¥ | N
% g Sex =X e
@ & ox g§ . R
5 ] ] . o
s g | B | O
2 = £33 gn. e S
2|0 |5 | & Y.
T = > ¥ =33 [ S ™
Crnocofl Beunucona -_ = : -5
27 0,325 | 307,2 | 0,038 LT T N
28 0325 | 120 0,001 5%
29 0,325 | 360 0,106 T e
30 0325 | 268,8 | 0.004 -] e
31 0,325 | 3214 | 0,052 22
32 0,325 | 264 0,004 . e
33 0,325 322 0,042 AR
34 0,325 | 288 0,02 L9\
35 0,325 | 360 0,106 .
36 0,325 | 288 0/102 H N 't
37 0325 | 672 1°2 ' T
38 0395 | 360 1,106 B o -
39 0.325 | 360 0,106 g oy
40 0,325 360 0,106 | X lr ey
50 0,325 384 0,134 S A o P
PoTOpHBI| C FMHHHCTOR NPOMBLIEKOR : ’1 %
i 0,273 | 108 |4.10-° . // Sy i
2 0273 | 108  [4-10-°
3 0,273 122,4 13-10-¢
¥napnoii AN
4 0,273 168 3-10-5 -
11 0,273 108 4.10-°
12 0,273 117,6 |2-10-¢ Puc. 14.7. Cxema ycTpo#-
# & CTBa TpapHiARO# 0GCHINKH
PaTopHuiii i.:)ci%?:?)io[;lpwu“o" C npuMenenHem Gammaxa-
KOHyca
126 0,273 180 9.10-3 YN ey 7
188 0,325 | 158,4 |2-10~5 ;)m,;ﬁﬁﬁ"*;‘;;;ggfg’;? p
0,325 | 328’8 10,032 P o Ao
246 , , s 3 — KoHuueckni HawmMak

Ilepen HayanoM GypeHHsi NPOCTPAHCTBO MEXAY MHABTPOM H KOHAYK-
TOPOM 3a0OJHAIOT TPaBHEM Ha Bricoty 2—3 M. B xozme 6ypenHs nopo-
12 BuIGHpaeTcsd XeJOHKOM, a rpaBHil nocrynaet Ha 3a6oit (puc. 14.7).
[Toene okonuanusi 6ypetus 3ab0il CKBaXHHB OUHINAIOT OT NOPOAKL A0
HH3a GanIMaka-KOHycCa M 3aTeM 3achnalor rpaBuiinyio noayumky. Coo-
DYXeHHe CKBaXHH YKa3aHHOl KOHCTPYKHHH DEKOMCHAyeTcs N0 ray-
6l 70—80 M B OXHOPOAHBIX BOAOHOCHHIX TOPH30HTaxX Ge3 [JIHHH-
CTHIX OPOCJCEB.
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PaunonanbHass B psille THAPOreO/JOrHUECKHX YCNOBHE yHEapHO-Ka-
HaTHOTO GypeHHs CKBaXKHH Ha BOJLY TeXHOJOTHA NOrPyXeHHS (HAbT-
POBOH KOJIOHHHW C KOHYCHBIM G6GallMakKOM-pacUIHpHTENeM H OJHOBpe-
MEeHHOfi 3aKauko¥ TI'pPaBHs He BCerja HaeT OXHAAaeMOe [OBbIUIEHHEe
NPOU3BOLHTENBHOCTH TPYAA H3-32 HEIOCTATOUHOH NOrpyxaiomei cno-
COOHOCTH, HCIOAB3YeMOH A/1s 3aJaBAHBAHHA TPYO MOJNHCNIACTHOH CH-
CTeMbl, IPOMOSAKOCTb KOTOPOH CO3[4aeT IONOJHHTENbHEE TPYLHOCTH
npu paborte ¢ KonoHHoH. [locanky ¢HABTpa ¢ KOHYCHEIM 6auIMaKoM-
paclIHp HTeseM NPH YCTPOHCTBe CKBAaXXHH IaySuHo# 10 60 M ¢ rpaBuii-
HO-IIPOBOJIOYHBIMH (PHABTPAMH OCYIIECTRJAAIOT ¢ MOMONILK BHOpaTopa
BII®-I ¢ nmpuxoaHbiM oTBepcrtieM, paspaboransoro BHUHWIC. Bub-
patop BII®-I oGecneunBaer paGoTy nopoaopa3pymaluiero HHCTPY-
MEHTa HJH JXeNOHKH ¢ OJHOBPEMeHHbIM BHOPAIIHOHHHIM IOTPYXKEHHEM
06canHod HJIH (PHJILTPOBOH KOJOWHBI H HCKJKOUAeT BOIMOXKHOCTH NMpPH-
XBaTa (GHIBTPOBBLIX KOJOHH NPH HX YCTAHOBKE € OJHOBpEMEHHOH 3a-
CHIKO# rpaBHs. BubpanHonHoe neficTBHe MO3BOJSIET YJYUUIATE YCJO-
BHA (POpMHPOBAIHS TPABHHHOrO (PHJLTPA, HCKJIOUUTH ero 3aBHcaliHe
H paclIHpeHHe KOHTYpa YKJAJKH.

[lpu coopyXeHHH CKBaXHH YKa3aHHWMH CNOCO6aMH TOJNIHHY Tpa-
enfidoro ¢GHABTPaA, a CNeAOBATENbHO, AHAMETP KaBEepHEl, 3aNOAHEHHOH
rpaBHeM, OLeHHTb TPyAHO. [lo3TomMy TakHe Boma03abopH MOMHO pac-
CUHTHIBATb Ha OCHOBe NOCTAHOBKH ONBITOB B NAHHBIX THAPOreoJOrHYe-
CKHX YCJOBHAX M NpH NpOeKTHpyeMoMm crnocobe mpoxoiakH. Moxuo
JHLIb OTMETHTb, YTO NPOU3BOAHTELHOCTD 3THX CKBAXKHH H HX IIPHBe-
JCHHBIA nHaMeTp 6YNYT He MeHbllle, YeM MPH TPATHIHOHIBIX crocobax
NPOXOAKH POTOPHBIM CIIOCOGOM € NMPOMBLIBKON T[JIHHHCTBIM pacTBOPOM,
¢ 06paTHOH NPOMKIBKOH 4HCTOH BOAOH H yAapHWM crnocobom. OfocHo-
BaHHeM 3TOro IOJIOXKEHHsS] MOTYT CAYMHTh pe3yJbTaTH HccJleJOBaHHH,
npoBenenHpix HHctHTYyTOM BOJIIEO Ha onsoM M3 Boao3a6opos
r. Kypcka, Ha Bonmosa6ope skcnnyaTHpylOTCs CKBaXKHHBI, npobypeH-
Hble Pa3JHYHBIMH CIOCOGAMH H OGOPYAOBAHHKEC IIPOBOJIOYHBIMH
¢uabTpaMu Ha Tpy6uaTom nepdopHpoBaHHOM Kapkace. CKBaXKHHE
KanTHPYIOT aJlJIIOBHAJIbHO-CEHOMAaH-aJIbGCKHe BOJLOHOCHbLIE MECKH B JI0-
anHe p. CefiM. BesHunHHa BONONPOBONHMOCTH TOPH3OHTA B CpelHeM
cocraraseT 380 m2/cyr.

IIpr yerpoficTBe cKBaXXHH No cnocoly DeAHHcoHa BejiMYHHA NPH-
BeJeHHOro AuaMerpa kKoJsebjeTcs B 3HaYHTeabHHX npenenax: 0,001—
1,2 M npn darTHueckoM auaMerpe HabTpa 0,325 M M pacCTOAHHH OT
IEHTPANLHOA A0 IpaBHHANO-HHTaTeNBHHX CKBaXKHH, paBHoM 0,8—1,5m
(tra6a. 14.1). Taxoit pa3bpoc 3HaueHH NPHBeJeHHOTO AHameTpa 06b-
ACHSeTCH ocyulecTBAeRHeM OypeHHs ¢ yCTaHOBKOK B LeHTpaJbHOH
CKBa)XKHHe He TOJBKO (HJABTpA-KapKaca, HO H IIPOH3BOJICTBA B HEM
o6cunkd. [TIpn 3TOM, BO3MOXHO, OTCYTCTBYET HeNoCPeJCTBEHHbIAI KOH-
TaKT TPaBHA B LEHTPAJbHOH K TPaBHHHO-NHMTATeJbHBIX CKBaj{HHaXx,
YTO, B CRBOK Ouepenb, BH3HBAaeT He3dpdeKTHBHYIO paboTy rpaBHiiHOrO
tuabTpa B nenoM. C yxasaHHBIM cmoco6oM YCTPOiHCTBA (BHABTPOB
KOUKypHpYeT JHIbL cNoco6 POTOPHOro GYpeHHs CKBaXHH 60.bIIOr0
IdHamMeTpa ¢ obpaTHoii npoMuBKo#A yHcTofi Bomo#t. [IpH pacuerax ckBa-
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Puc. 14.8. Cxema ykpyn-
HeHHOro popo3alopa n3
CHCTEMBI CKBAXKHH

@ — yKpYNHEHHBH  BOJAO-
3afop B BAAE TPAHILEH;
& — YKpyNHEeRHHH  BOAO-
3a60p H3 KOABLEBOH CH-
CTEMH CKBAXKUHK; 8 — VK-
pynHeHHH} Bojo3abop B
BHAE PpACXONSLIHXCA Ny~
qei: 1 — Bopmo3aopHbie
CKBAXKHHBI, 2 — TpaBuf-
HBI® CKBAXHHH

XHH paccMaTpHBaeMoro THma o6o6HIeHHOe COTNPOTHBJEHHE MOXHO
NPHHAMATL PABHHIM HYJIO, T. €. IpHBeAeHHHH AHaMeTp GHABTPA — IO
$aKTHYECKOMY 3HaTEHHIO.

14.4. ¥YKpynHeHHBe BoR03a6opH U3 CHCTEM
COBMEIIEHHHX CKBAXKHH

Tlpu HeoOXOoAHMOCTH TMONYUeHHA OOJBUIHX KOJAHYECTB BOALL B Or-
PAHHYEHHOH IO pa3Mepy 30He, a TaKXe MPH CJAOHCTOM CTPOEHHH BOAO-
HOCHOM TOJIHIH, KOTAa CTPOHTENbCTBO BOA03aBOPoB Mo cnocofy Bewnu-
COHA HEeBO3MOKHO, 1Le/1eco00pasHo YCTPOCTBO YKPYNHEHHHX BOMO-
3afopoB u3 cucTeM ckBaXud [1]. OtanuynresnbpHas 0cOGEHHOCTH TaKHX
YKPYIIHEHHBIX B0J03a00OPOB COCTOHT B OYPEHHH CKBaXXHH GOJBLIOrO
AHAMeTpa, Hapy)¥Hbie KOHTYDbl KOTOPEIX I€PeceKalTCs, a BHYTPEHHSSA
NMOJI0CTh 3aMONHSETCH rpaBHeM. BypeHHe CKBaXKHH BBHIMOJNHSIOT yaap-
HhiM cfioco6om B Bufle psiia Tpauuled (pHc. 14.8,a), xonpleBol cHe-
Tempr (pHe. 14.8,6) uanu B BRAe pacxoafwuxcs aydefi (puc. 14.8, ).

B nepsoM ciyyae Boj00TGOp OCYMIECTBJAETCH H3 KpaHHEX CKBa-
KHH, B KOTOPHX YCTaHaBJAHBAlOTCS KapkKachl (GHJIbTPOB, BO BTODOM H
TpeTbeM CAyyasX — H3 UeHTPaNbHbIX CKBaXHH. PaccmaTpHBaeMhe yK-
pPYTHERHbIe BOA03a60OpHl COBMELIANT JOCTOHHCTBA CKBAXKHH, KOJOAIEB
¥ TFOpPH3OHTANBHHX JyYyeBbIX BOA03abopoB. B oTnHuHe OT CKBaXKHH,
yeTpanBaembix 1o cnocoby BenHucona, B HHX ofecneddBaeTCst HajeX-
Hag CBS3b BCEro rpaBHAHOrO MAacCHBA H CO3J2€TCH 3HAYMTENbHAS BO-
JONPUEMHasl IOBEPXHOCTL NIPH MEHbUIHX 3aTpaTax.
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14.5. JIByXK0JIOHAblE KOHCTPYKUHH CKBAXHH

Oco6eHHoOCTH NPHTOKA BOAHW B (HJABTDP BOAO3a6OPHOH CKBAMKHHBI,
CBfI3aHHbIe ¢ HePaBHOMEPHOCTHIO HATPY3KH €ro BOAONPHEMHOI MoBepx-
HOCTH IO BHICOTE, NpefONpeAesHIn HeOGXOAHMOCTh TAKOTO KOHCTPYK-
THBHOTO HX BBbINIOJIHEHHSA, KOTOPOe B IIOJHOH Mepe obGecleyHBaao Gbl
KanTax BOJOHOCHOTO IlJacTa NoO BCeH MOWHOCTH. B ofwem caysae
Gosiee paBHOMEPHOrO HPHTOKA B CKBAaXXHHY MOXHO JOGHTBCS NPH de-
peNOBAHHR B CTBOJIE Y4ACTKOR (RIALTPOB C TAYXHMH TPpyGaMH, OHAKO
3TO NPHBOJKT K AEKOTOPOMY YReNHYEHHH) HecoBepIIeHCTRA MO CTeneHH
BCKpHTHS Il1acTa. BuecTe ¢ TeM BapbHpoBaHHe TaKHX NapaMeTpoB
KOHCTPYKUHH CKBAaXHH, ONpede/sOWHX HEPABHOMEPHOCTh HX Harpys-
KH, KaK JJHHa (HALTPa, ero AHaMeTp, KO3(h(HLHEHT pacxOoAa HJH
CKBAXKHOCTb, HE BCErja BO3MOMXHO HJH ompaBmaHo. Tak, Gojee pag-
HOMepHHIH NPUTok ofecneysBaeTcss B (PHALTPAX ¢ GOJBIUKM BXOXHBIM
conpoTeBieHHeM. OueBHAHO, 4TO NPOEKTHPOBAaHHE H YCTPOHCTRO
($HAILTPOB TAKOIO THHA HeledaecooGpasHHl. [To3ToMy miisi uHTeHcHH-
KallHH BOA0OOTOOPaA B MAACTaX GOJBLIOH MOUIHOCTH MOMET GhiTh BIOJ-
He OIpaBAaHO COOPYXeHHe CKBAaXHH [BYXKOJIOHHOH KOHCTPYKIHH.
Ocofenno 3ddeKTHBHO COOpYXKEeHHe TAKHX CKBaXKHH Ha OpOIMIaeMBIX
MaccHBax, Korja HeoOXOZHMO ROJYYHTL MaKCHMAaJbHYIO NPOH3BOLH-
TeJLHOCTL B 3aJaHHOB TOUKe BOAOHOCHOro Niacta. CoopyKeHue BHI-
COKOIIPOH3BOAHTENIBHBIX CKBAXKHH MO3BOJSIET CYIUECTBEHHO COKPATHTh
3aTPaTH HAa CTPOHTENBCTBO KOMMYHHKAIMH, MOLbE3THHX IyTeH, 3/ieK-
TpoceTeHl, YMEHbIIHTh 30HY OTUYKAEHHA CEJbCKOXO3SIACTBEHHUBIX YrO-
IHA H COKPaTHTb 3KCIIJYaTallHOHHBIE 3aTpaTh. AHaJH3, IpOBeAEHHBIH
I'unpoBoAXo30M, NOKa3bBaeT, HTO CTOHMOCTb COUGCTBEHHO CKBAXRHH!
H ee obopynoBaHHe B 6—8 pa3 MeHblIe CTOHMOCTH BCIOMOraTeNbHEX
MeponpHATHH.

JIBYXKOJIOHHKE CKBaXKHHbl B Pa3BHTHe TEOPETHUECKHX H 3KCIepH-
meHTaNbHEIX HeeaenoBauit BHWUW BOJATEQ 6wan Bnepsue noctpoe-
He mod pykoBoAcTBom B. I1. TkaucHko Ha ydactkax KameHcko-Ifwen-
poBckoro, b. 3HaMEHCKOro BepTHKAaJAbHHIX ApeHa)eH, B OPOLIaeMOM
MaccHBe «KaMeHCKHA NMoA» 4 Ha Bopo3aBope r. Uepkaccu. B aByxxo-
JIOHNIOfi KOHCTPYKUHH CKBaXXHH B KayecTBe NEPBOH BOZOMOLBEMIIOH
KOJIOHHBI KCITOJb30BaNH HAAPHILTPOBKE TPYOH. BTOpYio BOAOMNOLAbEM-
HYI0 KOJIOHHY Bpe3a/ii B OTCTOMHHK M YCTaMaBARBaJH I[18Palelblio
GRALTPY B KOHTYpe o6cHNKH. OnHOBpeMeHHas OTKayka H3 JIBYX BOJO-
NOA'BEMHBIX KOJIONN ofecncuHBaJjga yBeNHYEHHe BOAOOTHOPA H CIOCO6-
CTBOBaJla BKJIO4WeHHI0 B paboTy HHXHeH yacTH GHIbTPa, YTO ocobeH-
HO BAaXHO NpH (UAbTPALHOHHOA HEOAHOPOXHOCTH IOPOX B paspese C
sajeraHreM B IIOACWIBE BOAOHOCHOLO I12CTA BLICOKONMPOHHUAEMBIX
OTJIOMEeHHH,

B kauecTBe nmpHMepa oneHkH 3(QPEKTUBHOCTH ABYXKOJOHHOH KOH-
CTPYKUMH CKBaXXHH MOMKHO IIPHBECTH ONHT ONpPOGOBAHHS CKBaXKHI Ha
opouraeMom Macchbe ¢KaMeHnckait nofi» H Bojgo3abope B I. UepKacchl.
JlpeHa)KHasi cKBaXKHHAa Ha opolllaeMOM MaccHBe <«KaMeHCKHH mom»
6uisa ppobypena puaMerpoM 1200 mMm H B Hee Obl7 ycTaHOBJAeWw Kap-
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KacHO-CTepXKHeBOH GHABLTP ¢ BOHONOABEMHON KOJOHHOH IHaMeTpoM
325 mM. ina orbopa Boab M3 HHKHeH HacTH B OTCTOHHHK (H/IbTpa
fpHBapeHa BTOpas KoJOHHA MeHbluero AHamerpa — 220 mMM. Boime
$HapTpa AHAMETP BTOPOH KOJOHHH paBeH 325 MM. MaxkcumasibHas
TOJINIHHA KOHTYpa rpaBHitHON o6CHIKY cocTaBuaa 230 MM.

Ha ckBa)kHHe 6HIJIH YCTBHOBJEHH JBa IIOCPYXKHBIX Hacoca
211B-10-120-60. OTkayky NpOBOJHJIH Da3lenbHO H3 KaXuo# BO#O-
NOABEMHOH KOJNOHHBI H OJHOBPEMEHHO TIpH TPeX IOHHXKeHHSX YDOB-
H7 Si, S; ¥ S; (Taba. 14.2). Kax creayer 43 ONWTHHX AAHHHIX, IPH
HCMOAb30BAHHH JABYXKOJOHHOH KOHCTPYKIHH obecleunBaercs paie
HeKOTOPoe yBeJNHYEHHe YAEJbHOTO HeGHTa NpPH oTOOpe CYMIeCTBeHHO
Goablllero pacxola BoAb OGOHMH HaCOCAMH.

Ta6anma 14.2, JlaHHee onpoGoBaHKA CKBaKHEL ABYXKOJOHHOA
KOHCTPYKUHMH HAa OpomaeMoM Maccupe «Kamewwnisi noas

Hanene onpoSopamns Hacoe 1 Hacoc 2 c?;ﬁ:;&a“
Ionnxeiive ypoBra, M:
' 8,86 7.4 9,1
S, 7,55 6,1 8,65
S 5,4 5,6 8,1
Pacxon oTkauku, mM3/u:
Q 133 105 151
Q: 11l 88 145
3 80 79 138
Yaeapnbit ge6ur, M3/
A 5,4 53,1 5,97
g2 5,27 5,29 6,02
qs 5,23 5,08 6,13
CpenHH# yAe pHHR AebHT, M3/u 5,33 5,15 6,03

AHajornyubie ONMHTHEeE Pa6GOTH GBI NPOBEeHH Ha CKBAXKHHAX
0aHOro H3 Boao3abopos r. Yepkaccn. JInamerp cksaiun Ne 1 u Ne 2
coctasasaa 900 mM, a auameTp QUILTPOBHIX KOJOHH COOTBETCTBEHHO
273 n 325 mM. onosHuTeAbHas BOXONOLBEMHAS] KOJOHHA HMEJa Tak-

TaGauna 143, PesyapTaThl 0npoBOBAHKA CKBAXKHH
ABYXKOJAOHHOR KOHCTPYKUHH HA BOAo3aGope 1. Uepxacen

YieavAuR pace

Houep Pacxon, [Morwxenne | xoX, A/c Ha | ™
CKBa- BrJ 0TXa9kH njc YPOBRSY, M MNOHHKERHS YDPOA-
KRB LT

I | U3 duneTpoBoit KOMORHM 8,06 0,88 9,16
Ha BCROMOTaTeIBHOR KOMOHHH 7,88 0,895 8,8
Hs aByx KOMOHH 15,97 1,72 9,28

2 | Y3 GpuabTpoBoit KOMOHHHI 31,1 3,57 8,68
W3 BcnomorarensHOR ROJOHHB 23,04 2,63 8,76
H3 aByx Kosoud 52,34 5,87 8,9
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e COOTBETCTBEHHO AHnaMerpsl 273 u 325 MM. CKkBa’KHHB! KalTHPOBAJH
BOXOHOCHLIH TODH30HT, NPHYPOYeHHHIA K Pa3HO3eDHHCTHIM IeCKaM
(rabn. 14.3).

Kak u B mpefpiaylieM ciayuae, TIpH ABYXKOJOHHOH KOHCTPYKILHH
CKBaXHH ofecTeuHBaeTCsl MNOJMyueHHe OOJBUIKX PacXOfoB NPH COXpa-
HeHHH YRenbHoro nebura. PacxomoMerpHsa cKBaXuHH Ne 2 npu pas-
DEJIbHOM BOAOOTOOpE W OTKa4Ke H3 ABYX KOJOHH CBHAETeJIbCTBYeT
O CYIMeCTBEHHOH HEPaBHOMEPHOCTH Harpy3kH GHU/ILTPOB NpPH OTKaukKe
BOABI H3 BepxHell B HHXHehk yactedl puavTpa (puc. 14.9).

I'JTABA 15. CBOACTBA H KAYECTBO NMPECHbIX
MOJA3EMHBIX BOJ

15.1. ®Pn3udeckHe cBolicTBa BOAM

PaccMOTpHM HeKoTopble cBoficTBa BOAB — (hH3HYECKHE, XHMHUE-
CKHe, (PHIHKO-XHMHYECKHEe H MHKPOOHONOTHYECKHE, KOTOpHIE Hanbonee
CYIIECTBEHHE NPH HCNOAB3OBAHHH TOA3CMHHX BOJA ANA BojocHabxe-
HHA u opolleHuda. Temmepatypa nog3eMHHX BOJ, BKaUas 06JaCTH
MHOTONeTHEH MepanoTH, kosebnercd, Kak npasuso, or 0°C go
15—20°C. B palioHaXx MHOroJieTHeli Mep3joTh TeMIleparypa ToA3eM-
HEX BoA HameHseres ot 0 g0 +42...+4-3°C, B yMepeHHOM KaumaTe —
npumepHo or +3 Ao +12°C u B woxHbx paflonax CCCP pocruraer
B HeKOTOPHIX cayuasx +20°C u Gosee.

H3MmeHenue TEMIepaTypHl BOAB 3HATHTEJBHO BIHACT HA ee (HIBLT-
pallMOHHLIE CBOHCTBA: TakK, NpH TemmepaTtype Boaw 0°C abconorHad
BSI3KOCTb BOABI coctaBasier 1,79 cm, a npu Temuepatype ee 20,2°C —
1 cn. 3t0 06CTOATEABCTBO HYXHO ocoGenHo y4urwiBath npH HMBIIB,
Korna, Hanpumep Aaas [ tuna MBIIB, npaMensioTcd HHOHIBTPALHOH-
HBle OTKpPHITHie Oaccelilisl, B KOTODHX TeMIlepaTypa MOBePXHOCTHHIX
BOJ, B YMEPEHHOM KJHMaTe KoJebaercd InpumepHo or +20°C go
+1°C u, cnegoBare/ibHO, CKOPOCTh QHABTPALHH NPH TOM e TPafiHe
€HTe HAMOPa B 3UMHEe BPeMsA MOXET CHAbHO YMeHbllatscd. Duabrpa-
uMoHHbie cBoHcTBa ocanka (nsieHkH) B Oaccefinax MBIIB I Tuna
H nopof mnoj 6HacceHaMu yMeHbWAaOTCA 06PaTHO NPOROPUHOHAIBHO
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YBCJIHYEHHIO aOCOMIOTHON BA3KOCTH. DTO TaKXKe BAXKHO IJ1 6eperoBbX
HHOHABTPAUHOHHHIX BOJA03aGOPOB.

Pasnuuaior Boay npospaunymw, ciaboonajecuHpywluyw, onaJec-
LAPYIONLYIO, CJEerka MYTHYIO, CHIBHO MYTHYIO (MYTHOCTb BOJAKl OLEHH-
BaoT no TOCT 2874—88). MyTHOCTL ONpelessiOT TAKKe MO KoJHye-
CTBY B3BelleHHHX BeliecTB. YKese3ncrsle BOJH, NOJYyYaeMbe U3 BOAO-
3a60poB, HepeoKO NpH OKHCJEHUH HA BosJyxe OHIBAIOT OT omaJjeciH-
PYIOIHX A0 MYTHHX.

B nomzeMHHX BoAax oORYHO He HabJwoAaercs NOBHIICHHAA 1BeT-
Hocth (onpenpeasieTcs no T'OCT 267482 ans nurbeBod BOAh). 3a-
nax, Kak NpaBHJIO, OTCYTCTBYET, OJJHAKO OH MOXET ObTb OTMeYeH MpH
HAJTHIHH cyabbaTpeayUHPYIOLUMX H APYrHX NpPOLeCcCcoB. DJEKTPONpo-
BOJHOCTb MpeCHHX Bop Kosebnercs B npeaenax 33-10-5...1,3.107?
On- M.

15.2. XuMuuecKkHii cOCTAaB MOJA3EMHBIX BOJ,

TipecHrie moaseMHble BOAH HMeWT MuHepanHsauuo ao 1 v/ Oas
BONOCHAaGXEHHS B 3acCYILTHBHX pafloHax MOTYT HCMOJb30BaThcsl MOA-
3eMHBIE BOAM C MHHepa/iH3anHed no 2—3 r/n. Jlnd opouleHHs H nact-
6HUIHOrO BOAOCHAGMEHHA SKCIJIYaTHPYIOTCA B COOTBETCTBYIORUHX CAY-
uyafgx MoJ3eMHbBle BOABI ¢ MHHepaaHsauHed go 5—10 r/n (cm. . 1).
MHHepaJlHSaHHﬁ BOIAHI BaXXHa He TOJbKO AJd OLUEHKH e€e KayeCTBa, HO
KAK [IOKa3aJd Noc/AefHHEe HCCAeAOBaHHA, 3TOT NOKasaTedb cyniecT-
BeHHO BJIUsieT HA BEJHUMHY CKOPOCTH GuabTpauuu (pHc. 15.1). W3
pPHMCYHKa BHAHO, UTO AaXe HeGOJblIHE H3MEHEHHS MHHepaJH3aHH
3aMEeTHO H3MEHAIT CKOPOCTh QHJBLTPALLHH.

H3 pacTBopeHHBIX 3/IeMEHTOB B NOJA3EMHBIX BOJAaX NPHCYTCTBYIOT
npocreie Houw Nat, Ca?t, Cl-, caoxusle Honsl HCO3—, COz2, SO2,
NO;~ u B 3HAUHTENbHO MEHbUIEM KOJHYECTBE JAPYTrHE, KpPOME TOTo,
HeJHCCOLHHPOBaHHble MOJeKYAN H Koanouawl (HgSiO:), a taxxke pac-
rBopentbie rasm (CO2, HS, Op) u ap. B pacTBopeHHHX B BOXe Benie-
CTBax BbiAeaAlOT MakpokoMmmoHedTn (Nat, Ca%t, Ci-, SO2-, HCO;,
NO;™), KoTophle ABsOTCH NpPeobnaRalOIHMKH BO MHOTHX THNAX MOJA-
3eMHbIX BOM.

Ina xapakTepHCTHKH KauyeCTBa BOAbl, ocobeHHocrel ero ¢op-
MHDOBaHHA, BaXeH  OKHCJIHTEJNbHO-BOCCTAHOBHTENbHWH  TOTeH-
nian Eh, xoropn#t B 3HayuTeAbHON CTeneHH 3aBHCHT OT ra3oBOTO
cocraBa Bogh (Oz, Hy u np.). B cBA3H ¢ STHM OKHCJIHTE/LHO-BOCCTA-
HOBHTEJIbHHI MOTEHLHAN CJeAYET ONpeleNsaTh HEemocPeACTBEHHO B Me-
CTe BHIX0JAa 0T6G0Pa npobnl ropH30MTa. B NPHPOAHBIX NOA3eMHHX BO-
aax peauuuda Eh o6biyno xoaebaercsa B mpegenax -+500...—300,
a pH==4--10. Tlokasareans kucja0fi ¥ menourod cpean pH u okucan-
Te.1bHO-BOCCTAHOBHTENbHHA noTeHuuas Eh BaxHH And nporHosa xa-
JecTBa BOAB. CpaBHeHHE PA3JHUHBEIX OKHC/JAHTEIbHHX COCTOAHHUI mpec-
HBIX H CJa60MHHEpaJH30BAHHHX NOA3EMHHX BOA MNPH pasHux pH
BbI3HIBAET 3aTPYAHEHHs MpH OlEHKEe NPOrHo3a GHOXHMHYECKHX Npolec-
¢OB. B 3THX caydasx DpHMEHAIOT YCJOBHME Nokasarteas rHi, peann-
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2V,~/cyg B e — Puc. 15.1.  3aeucumocts  cxopoctu

¢nabTpaudn V oT BenWuMnm MuKepa-

AH3ANHK 1 QHALTPYeMOA BoaW (R0
I'. H. NMandeposy)

I — a1a ocagka Ne 1; 2~ ana ocan-

04;E 740_(_7 ] ka No 2

08 m;on

Hasg BeJIHYHHA KOTOPOrO mpeacrtaBader co00H 3HaueHHe MaPIHaNbLHOTO
nlaBsnenusi Bonopoxa. [lokasarens rHy, MOXHO onpexesHTh H3 ypaBHe-
HH#, yyuTaBalowero cBask pH u Eh (rH: — skcnepumenrasnbHo He
onpenensercs):

rH, — Eh /0,029 + 2pH. (15.1)

BennunHa rHy; He MoXer paccMaTpHBaTbCs Kak a0COMWOTHHIHA mMo-
KasaTeJb OKHCJHTENbHO-BOCCTAHOBHTE/BHOTO COCTOSIHHA MOR3eMHLIX
BOA, HO ABJfIETCA 3HAaUeHHeM NapIHaAbHOTO AaBJEeHHA BOAOPOAA, Bbl-
PaXKEHHOTO B 3JIEKTPHUECKHX €IHHHIAX.

B noaseMHHIX BOAaX, HCMOAb3YEMBIX I/isi BOJAOCHaGMKeHHs, BCTpe-
yaetcsa psA 3JEMeHTOB, COfepXKaHHe KOTophix JHMHTHpyeTes [OCT
2874—82 (raba. 15.1).

Ta6auua 151, KOHUGHTPAUHA HOPMHPYEMBIX 3NEMEHTOR
B npecHux soRax npw pH=6,5...8,5, Eh=+500...—300 mB

DneMEHTH NAK, mr/x l'lpc: “g;lai°£f§f i‘;‘;’;,aﬂﬁ}}f? Tos

CrpoHuuit 7 0n— 10n
Bepuaust 0,0002 0,000 — 0,0n
Mean 1 0,00n — 0,01
LIunx 2 0,00n — 0,1
Cpunelr 0,03 0,007 — 0,0
Keseszo 0,3 0,n— 10n
Monu6aen 0,25 0,00n — 0,0n
Mbnubsik 0,05 0,00 — 0,0n
Ceaen 0,001 0,000n — 0,0
®Top 0,7—1,5 0,n — 10n

* Besnysina n usMensercst or 0 po 9... 10.

15.3. MuKpoGHOaOrysa NOA3EMHBIX BOJl H BX KayecTBO

K MHKpoOpranH3aMaM OTHOCATCA He BHJIHMhLE HeBOOPYXKEHHKIM [1a-
30M MHOTHE BMAH OAHOKACTOYHLIX OPraHuH3MoB (GaKTepHH, pHKKETCHH,
BOAOPOCAH H Hp.), &8 TaKXKe XHBOTHHX (npocreliline — JKIYTHKOBEIE,
CapKOIOBBie, CNIOPOBHE H HHpYy3opHH). Pa3mepw HX — 0T HosciH 10
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JECATKOB W COTEeH MHKPoMeTpoB. Bupycwel U darn UMeroT pasMephl
MHOTO MEHbIIHe — AeCATHE H COTHE KOJHK MHKPOMETPOB.

MHKpOOpraduaMul XapaKTepH3YIOTCS PAasJHUHEIMH cnoco6aMH nH-
TaHHA H ABIXaHHA, YTO ONpeAeNsieTcA HX BHAOM H 3KOJOTHYECKHMH
YCAOBHAMH, 0COOEHHO OKHCIHTENbHO- H BOccTaHOBHTenbHHMH. [lo
crniocofy THTAaHHA MHKPOOPTaHH3MBI pa3fleJsiOT B OCHOBHOM Ha aBTO-
TpodHue H reteporpodpusie. Cpenu aBTOTPOPHHIX OpraHusaMoB (uacTb
sofopociell H GakTepHil) Buifensior GoroaBTOTPOdHBIE, HCIONB3YIO-
llHe HEPTHI0 CBeTa AJA YCBOGHHS YTJEKHCJIOTH H NOCTPOEHHS opra-
HHYECKOTO BelllecTBA, H XeOMaBTOTPO(HEBIE, KOTOPHE HCNOJb3YIOT
9HEepTHIO OKWCJEHHs Pa3JjHYHBIX BelllectB. ITHutefi reTepoTpodoB ABas-
I0TCA XHBble H MepTBHe opraduambl. OgHAaKO HEKOTOpHE aBTOTPOQHI
HCTIOIb3YIOT M OpraHHYecKHe BellecTBa, & reTepoTPpOodH — HEOpraHH-
yeckHe. QKA 4acThb OPTaHH3MOB JKHBeT B a3pOOHHX YCNOBHAX, ApY-
rasg —B aHa3pOGHBIX.

MHKpOOpPraHH3sME B MPECHBIX NOX3eMHHX BOXAX OblH 06HApyHeHH
Gosee cTa sieT TOMY Hasajl. BHHMaHHe K 3TOMY BOIpOCY IIPHBJICUEHO
B CBA3H ¢ BHABJenucM pana GonesHell NPU HCNOJB30BAHHH NHTHEBOR
BOABI, COAepXalliei maToreHHnle §aKTepHH, HANpHMED CaJbMOHEJJH,
6promHoro THda W mapatHda, XoaepHoro BHO6pHOHA H Ap. B cBA3M ¢
3THM AJIS OLEHKHU CAHHTAPHOTO COCTOSHHA IHTBEBOH BOJH ONpPeAesfAlT
KOJIMHHIEKC M KOJHUECTBO KOJOHHA OaKrepu#ft NMpH NoCeBe Ha cpejie
MIIA* (no T'OCT 2874—82), Koraa npopacraloT B OCHOBHOM Camnpo-
¢uThi. JpyrHXx MHKpPOOPTAHH3MOB MNpH 3TOM HE BHABJAIT, XOTA HX
KOJHYECTBO AJSl OYeHbL YHCTHX BOJ Moxer OHTH npuMepHo B 104—10%
pas Gousblie.

C. M. lIpaucBbiM yCTaHOBJeHA CBA3b MEXAY HAHHBIMH CAHHTADPHBIX
aHaJH30B H OGLIKM colacpXKaHHeM OakTepuii B BOAC MO METOAY NpAMO-
ro cueta—no A. C. Pasymosy (ta6a. 15.2). 3ta cBf3b OTHOCHTCH
K MOBEPXHOCTHHIM BOJAAM, HO €10 MOXHO MOJb30BATbCH H AJf MOA3EM-
HBIX BOA.

TaGawua 15.2. CpabHeHHe YyHea MHKPOGOB MO MPAMOMY CueTy
€ MOKa3aTeNsIMH CRHMTAPHOTO aHAMWIR

Mukpobuoe | THCHO MRK-
3arpAadeRHOCTS BOAM KonrtHTp YRCAO pobos mo npd-

MOMY CYeTy
OucHb yncraf 10100 - 101 105
Yncrasn 10-1 n-102 106
¥MepeHHO 3arpasHeHHas 1—9,05 ) n-10% 108
3arpsisHenHan 0,05—0,005 n-104 107
Tpsianas 0,005--0,031 n-10° 107
QueHb rps3Han 0,001 n- 108 108

B ta6a. 15.3 npuBelenst GaKTEPHOJOTHYECKHE AHAMH3BI BOLM H3
CKBAXKHH, 9KCN1YyaTHPOBABIIHX apTE3HAHCKHE BOJOHOCHBIE TOPH30HTH
B KaMEHHOYroJbHBIX H3BecTHAKaX (MockoBckas o6a.). [lo npobam

* MgCOMeMTONNNI arap — NHTaTeAbHAas Cpeaa.



BOJLK HMEIOTCA TaKXe CaHHTapHble GaKTepHOJOrHYeCKHe aHAJH3K CO-
raacho I'OCT 2874-—82. Koaunnaeke noYTH BO Bcex cayyasx <3,
a KOJIHYecTBO KOJOHHHA npH nocepe Ha cpeae MITA o6wiuno 0 w pexe
1—2 kononni/a, 1. e. no 'OCT 2874—82 Bona 6ni1a KraccHHIHpO-
BaHa KaK OUEHb YHCTaf.

Tabamua 153, Comepxanxe Gaktepuli B BOAAX W3 APTE3HAHCKHX CKBAXKHH
B K&MEZHHOYIOMLHEX HIBECTHAKAX

B ;(mc:ﬁqecrno GakTepRl o MeToRem
noceBa uaxlz?‘zau;e;lznnux cpeaax, noo 6“Al“ *C C‘Pe;l'_
Qfpexr a syloﬁy,;ﬁlc.
MHA Knayca mf,?’;?.ﬁ;) RoxoRuRfua
Horunck {2 ckBasuHH) 4-—10 80—90 43--65 5—8
Tloc. 3enennit (1 ckpaxuHna) 12 100 90 10—12
TTonoasck (3 CKBaXHHH) 8--25 21190 18—120 63—68

B CCCP Bozna, nozaBaemas NnoTpeGHTENO AN X03HCTBEHHO-NHTD-
eBbiX LleJeH, AomxHa oTBedars Tpebopanusm I'OCT 2874—82. Caepo-
BaTeJbHO, BOAA, TI0JYYaeMas H3 BOJOHOCHOTO FOPH30HTa ¢ BCKYCCTBeH-
HBIM BOCNOJIHEHHEM, TIPH HECOOTBETCTBHH I'OCYAAPCTBEHHOMY CTaHAap-
TY DOJXKHA NPOXOJHTb MOCJEAYomywo ouHcTKy. B ykasannom I'OCTe
NPUBOAATCA NpefeJbHble HOPMB AJisi MHTbEBOH BOAbI: GAKTEpHAJbHEIE
nokasarenu; oblke GHU3HYECKHe H XHMHUYECKHe TIOKA3aTeNH; KOHILEHT-
pantsi TOKCHYeCKHX BellleCTB H OpraHOJIeNTHYECKHe NOKa3aTend.

CymMapHasi KOHIEHTPAIHsI TOKCHYHBIX BellecTB, 4 TaK¥e CymMmap-
Hoe colepmaHHe CYJb(ATOB H XJOPRAOB, eCaA® TOCJeJHHE NPHAAIOT
BOoJde NMPHUBKYC, He NONKHH OHTb O0see CYMMH AOJEBHX Y4acTHH
(10 OTHOMEHHIO X HX NpeleldbHO HOMYCTHMOH KOHUEHTPAIlHH)

CilCi+CyiCy+ ... +C jC < 1, (15.2)

rae Cy, Cq ... Tn — oOHapyXentble KOHMEHTPALHH, Mr/a; Cyi, Cp, Cn — npelefsHble
KOHUEHTPalluK 1o HOpMe, Mr/a.

BopoponHbiit noxasatens foJKeH GuITh B npedenax 6,5...8,5. Cre-
AyeT yYyHTHIBATH TaK¥XKe NOMONHHTENbHEE PEKOMEHAALHHE O AONMYCTHMBIX
KOHUEHTPAHAX Pa3nHyHLX BelllecrB, YCTAaHOBJEHHHX MuH3apasoM
CCCP. OcraoTes B CHJe NIOKA3aTe/MH NPeleTbHO MAKCHMAIBHBIX KOH-
LieHTpaUHd BewrecTB, He Bomenuinx B [OCT 2874—-82.

3anaxu 4 NPHBKYCH SBJASAIOTCS Yallle Pe3yJbTaTOM JKH3MEAeATeNb-
HOCTH H OTMHPaHMs MHKDO- H MAKpDOOPraHH3MOB B Boje;, HanboJaee
YCTOHYMBLIH B TPYAHOYCTPAHHMBIH 3eMJHCTHA H 3aTXJHE 3amax BHl-
3BIBAIOT aKTHHOMHIIETHI.

B TpeboBaHHa K KauecTBY XO3SUCTBEHHO-MHTHEBHIX BOX HE BXOAAT
JaHRple 0 HAJHYHH B HHX BPEIHHIX H ONACHBIX PACTHTEALHHIX H XKH-
BOTHBIX OAHOKJETOYHHIX H MHOTOKJETOYHBIX MHKDPOOPraHH3MOB, Ha-
OpuMmep ameb H Op.
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TOCT 2874—82 He coJiepXHT TakXKe AaHHHX Mo BHpycaM. Ho npe-
NeAbHO AONYCTHMBIE MOKA3aTeJW MO KHIIEHHOW Majouke H KOJHYECTBY
G6akTepuil B 3TOM HOPMATHBHOM NOKYyMEHTE TO3BOJAMNT OLEHHTh BOAY
Kak 0e3BpPeJHYIO IO BHpYCaM.

15.4, HameHenne XHMHYECKOrN0 COCTaBa K KavecrBa
NOA3EeMHbIX BOA MPH KX 9KCMAYATAlHH

FisMeHeHHe cocTaBa M KauecTBa IIOA3eMHEIX BOJA B eCTECTBEHHBIX
YCJIOBHSIX OBBIYHO NPOHCXOAHT MeineHHo. IIpu skemayartauuu BOJO-
3a00pamMH TOJA3BMHBIX BOX, OCOGEHHO NPH TAYOOKOM HX 3aJeraHHH,
B TeYeHHEe HeCKOJbKHX JeT Moxer Habai0ZaThcs He3HAYHTeNbHOe H3-
MeHEeHHe KayecTBa MojAseMHHX BoA. Hampumep, AnurtenpHas sxcmaya-
TallHA apPTe3UAaHCKHX BOMOGHOCHBIX TOPH30HTOB, NPHYPOUYEHHBIX K OTJIO-
¥EeHHAM KaMeHHOYrOJbHOH H JEBOHCKOH cHcTeM [loJMOCKOBHOH KOT-
JOBHHBL, I0K23aJ14, UTO COCTAB MOA3EMHLIX BOJ 3aMETHO He H3MEHHJCS.

Opnnako HepeakH cayuay H3MeHCHHs cocTaBa TNOJA3EMHBIX BOJA B
npouecce sxcnaAyaranuy. Takoe H3MEHEHHE HHOTAA MOXeT ObiTb CTOJb
BBIPAXEHO, UTO BOAL CTAHOBSITCS HENPHTOJHWMH HJIH MaAONPUTrOAHH-
MH AJs1 HCMOJB30BaHHsA. Hanpumep, B NOA3EMHHIX BOAaX CPEAHETo
capMara B OfIHOM H3 NyHKTOB Ha lore eBponefickod wacti CCCP 3a
4 roxa 3KCIAyaTalHH CyXo# ocTaTOK B Boge ymenuuuncs ¢ 800-—1000
no 1800—2200 mr/a; Boja crana HENPHroAHOH AJS XO3AHCTBEHHO-
NHTLEDOTO BOJAOCHAOXKCHHS.

B uckoropsix cayuasix mabaiopaercss d3MeHeHHe cOCTaBa MOA3EM-
HLIX BOJ, HO OHHU OCTaKTCHa OpHTOAHBIMH AJA HCNIOJb30BaHHs. Hanpu—
Mep, Ha KaBgase 3a 25 JeT 3KCINyaTtalHH OAHOTO H3 KPYNHEHUTHX
Bogo3agopos nop3eMHbx Boa Illosapckoro BononpoBoja HabA0AANA0C
A7d PasqHYHBIX BOJOHOCHBIX TOPH3OHTOB M CKBAXKHH YBEJHYEHHE Cy-
xoro octarka Ha 30—I150 mr/a, yBeauueHHe O6GIIEH KCCTKOCTH BOJbt
Ha 0,2—1 wMr-skB/a, a TaKXe HEKOTOPOe YyBeJHUeHHEe CONepIKaHHSA
Cynb(aToOB H XJOPHAOB.

XapaxkTep H YCJNOBHS HM3MCHEHHS COCTABa MOJ3EMHBIX BOJA P asHO-
n6pa3HH. B opHHX cayuafx ypenHusBaercda Hx oblias MHUHepaau3a-
LHf, B JPYTHX — H3MeHsAeTCd XHMHUUECKHil cocTaB Boanl. OTMeuanTcs
CAyYaH H3MCHEHHSl EeCTKOCTH BOX, HAOMIONAeTCs] XHMHYECKOe H MHK-
pofnonoruueckoe 3arpsa3HeHHe.

Crefyer OTMeTHTb, YTO H3MeHeHHEe COCTaBa MOA3EMHBIX BQJA Hero-
CPEe/ICTBEHHO Ha yuacTKe KanTaxa OOLIYHO OTCTAaeT BO BPEMEHH OT
BO3HHKHOBeHHs1 PakTopa, 06yCJOBJHBAWOIIEro 3TO uaMeHeHHe. Taxoe
OTCTaBaHHe MOXKeT O6biTb BecbMa 3HAUHTENbHHIM. B OfHHX cayuasx
H3MeHeHHs] HOCAT TNOCTelNeHHBIH XapakTep; B APYrHX — Habawpaaercs
peskoe cxkauxkooOpasHOe KoJeGaHHe COCTaBa NMOA3eMHBIX BOA KakK B
OZHOM, TaK M B Pa3sHBIX KaNTaXHbIX COOPYXKEHHSX OAHOrO H TOTO XK€
BOJOHOCHOT'O TOPH3OHTA.

[lpH NpaBHNBHOM NPOEKTHPOBAHHM YCTPOHCTB H  3KCIJAyaTaluH
cicrem HMBIIB Boma obwiuno cooTBerctByeT Ttpeboanusgy [OCT
2874—82. Opnako, XaK NpaBHI0, And NPOPHIAAKTHKH COXPaHEHHS
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GnaronpHATHHX 6aKTepHANBRBIX NOKa3aTeneH NPOBOAAT ACNGJAHHTENb-
HOe xJopHpoBaHMe BOAb. OuyeHb BaXHO, UTO IIPH KPATKOBPEMEHHOM
YXYALIEHHH Ka4yeCTBA HCXOAHOH NOBEPXHOCTHOH BOAH BOJOHOCHBIA ro-
PH30OHT (H3 DBIXJBIX NMOPOA} BHUIIOJAHSAET PYHKUHM Oappepa, npenot-
Bpallas pe3koe yXyAlleHHe NOJy4YyaeMoH H3 Boj03a6opoB BOIHL.

BansHHe OKMCAHTENBHBX NPOUECCOB B 30HE aPallHH K B T'PYHTO-
BHX BOJAX NP IKCNyaTauMu Ha H3MeHetHe KayecTBa Bojaw. PaccMoT-
PHM 3TO Ba NPHMepe B3KCNayatallid MBEBITHRIHHCKOrO Bogosabopa
(MockoBckas 064.). BOJOHOCHHE TOPH3OHT NMPHYpOUEH B OCHOBHOM
K (IIOBHOrSIHANBHEIM H APEBHEAJIOBHANLHEM  NEecYaHo-IPaBes-
CTHIM OTJIONEHHSAM MOWHOCThI0 A0 15—30 M. PaccmarpHBaembit Bo-
JIOHOCHHH [OPH30HT OTACAAETCA OT HHXeJeKallHX NMOA3CMHBIX BOX B
KAMEHHOYTOJIbHEIX H3BeCTHRKAX IOPCKHMH rauHaMu. [lepekpHBaercs
BOJOHOCHBI TOPHROHT COBPEMCHHEIMH aJNIOBHANLHHIMH TecdaHo-TJIH-
HHCTBIMH OTJIOXEHHAMH H TOPDOM.

3TOT BOAOHOCHHKIH FOPH3OHRT, PACNONOXKeHHHH B BEPX0OBbAX p. JIy3H,
Ha 60JbIlel YacTH CBOEro pacnpocrpaHeHHs npeactasiser cobof Gac-
cefiH rpYHTOBHIX BOJ, MeCcTaMu HMEWILIHX Hanopuulil xapakrep. Ha
TEPPHTOPHH PACNPOCTPAHEHHH BOJOHOCHOTO FOPH3OHTA HMEITCH TOP-
tsHbie 60/10T2, BO/IA KOTOPLIX THAPABIHY4eCKH CBA33aHA C TPYHTOBHIMH
BOJAMH.

Uepes 106 jer skcnnyatanHH ypoBeHb B CKBaXKHHAX BoJo3abopa
CHH3HJICA MO CPaBHEHHIO ¢ MEPBOHAYANbHBLIM HNPHMEPHO Ha 13 M.

MaMeHeHue cocTaBa MOA3eMHBIX BOJ, B YaCTHOCTH, NMPOHCXOXHJIO
B pe3ayJapTaTe CAEAYIORIHX HpoueccoB (Ta6n. 15.4). Tlpu ocymenux
TopdAHBIX 60JOT CcTaHOBHUTCH G0siee JIeTKHM AOCTYN KHMCIOpOoAa BO3-
AYyXa B OCYLIeHHYIO 30HY TOP(SIHHKA, B Pe3ysbTarTe OKHCJCHHA MHPHTA
obpasyerca cepuas kHcjora. Ilocnendsas npu macellleHHH Topda Bo-
JOH CBA3LBAeT OCHOBaHHA cojell Goflee cnabwx KHeaor, obpasyd
cysabdarel. Hacts cepHOM KHCHOTH ocraercs cBoboaHofl. 3aTeM NpH
NpPOCAYHBAHHH OCAAKOB 5TH cyAbGaThl PacTBOPAIOTCH, YBJEKAOTCS
BHH3, MOMNajal0T B BOJOHOCHBI! TOPH30HT H YBEJNHUHBAIOT MHHepPAaJTH-
3anuio BoAbl. TakHe mpolieccH Obljia OGHaPyXeHbl HA yuacTKax BOXO-
HOCHOTO TF'OPH30HTA, MIEPEKPHITOrO CBEPXy TOpdoM.

Ta6auua 154, UsMenenne cOCTABA NONIEMHOR BOAH
npd akcnayaraniH MulTHIZHRCKOrO Boao3aGopa

Cyxot Ofuwas xecT- - — 9
s02~, cl, Fe't,
BpeMs sKchayaTalud oc;?‘-jr;x, “ﬁ?;:;;?n " r?fn e/ l:l'l’l
Havano (npu6nuxenno) 145 l 2,23 48-84 2.5 ‘ 0,31
106-# ron skcnyaramuy 501,7 7,75 | 139,56 5,1 1,3

H3MeHenue cocTaRa MOA3EMHBIX BOJ HA IKCNJAYaTHPYEMOM yyacTke
BOJKHMOCHOTO TOPH3OHTA NMYyTeM MPHTOKA € KPYrHX YYacTKOB TOro XKe
ropu3oHTa. Mamenenue cocTaBa noJA3eMHHX BOJ NPH HX 3KCNIyaTalHH
Haba0gan0cs B apTe3HAHCKOM TOPH30HTE, NMPHYPOYCHHOM K NebeisH-
CKHM cJI0fM (G aMeHCKOr0 Apyca BepXHero OThaeNa NeBOHCKOH cHCTeMBbl,
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B paiioHe Tyaw. B nonune HeGoablioH peukH Haj JeGeAsHCKHMH
CIVAMH 3aJ1eraloT HEeNOCPEACTBEHHO UYeTBEPTHYHBIE OTJOMEHHH, a Mo
RoaOpasfesaM JeGefsHCKHe CJA0H NPHKPBITEE HHAKHEKAMEeHHOYTOJIbH bi-
MU IVTHHAMH, H3BeCTHJKAMH H NeckaMH. JleGensiHCKHE CJIOH NPeACTaB-
JeHbl CBepXY H3BCCTHAKAMH, a HHXKC — MePEC/]aHBAHHEM H3BECTHAKOB,
J0.TOMHTOB, TJIHH € TIPOCJIOSIMH THIICOB.

B nonume pekd HozseMHble BOAR B BepxXHell yacTH JeGelsHCKHUX
CJIOCB 3HAYHTEJABHO OMPECHEHH, a TJy0xKe H O BOAOpAa3[enaM MHHe-
PAaTH3aIHs H KECTKOCTh NOA3EMHBIX BOA B TEX K€ OTJOKEeHHAX 3HAUH-
TeabHo Ooabille. BaHXKe K peyKe pacmosioXeHa CKBaXKHHa, KoTopas
BCKPHIA apTe3HaHCKHE BOJABI B BepXHeH yacTH JeGelNsIHCKHX CJIOeB.
ITpu s3xkcnyaTalud CKBaXKHHb 0ObeM nosayzaeMofi Bogu paBen 50 M3/y
13 BepxHeli 10—15-MeTpoBoli TOMIIH JeBGCASIHCKHX H3BECTHSKOB. 3a
106 ner sxcnayaTauHu CyXoH ocTaToK yBeaumudaca ¢ 518 wmr/a go
974 wmrfn, obuwas xKecTKocTb —c¢ 8,6 Mr-sxe/n a0 16,61 mr-sks/a,
SO2—c 1214 mr/a no 464,4 mr/n u Ca?+—c 120,4 mr/a o 344,2 mr/n.
ITo Mepe yrayOsieHHs pa3BeOYHOH CKBaXKHHBE! OKOJO TOTO e yuacTKa
6blIH MOJYYeHb! CaeAyoLiHe NaHHBIC: ApH ray6une 47 M obiag xKecr-
KOCTb BOAW cocraBujaa 6,46 mr-sxB/a, npH rAyO6HHe 57 M —
11,2 Mr-3kB/n u npu ray6une 65 M — 18,68 mr-skB/i1. IT0 fICHO NMOKa-
3BIBALT, UTO HMEET MecTo NoAacoc 6oJlee MHUHEPaJH30BAHHBIX H KECT-
KHX BOA ¢ GOJIBIIMX I'AYGHH H3 TOro XKe BOAOHOCHOIO FOPH30HTA.

HameHeHHe COCTaBA MON3EMHBIX BOA NPH NMOACACHIBAHHH H3 APy~
THX BOJOHOCHBIX TOPH3OHTOB NPA HAJHYHH Ae(eKTor 06caaHBX KONOHH
B CTBOJIe CKBAXHH. B KauecTBe MpHMepa MOXKHO TIPHBECTH 3KCKILJIyarTa-
1Mo B KpriMy BOJOHOCHOTO TOPH30HTa € BOHOIH XOPOILIETO KadyeécTBa,
Bbllie KOTOPOTO HAXOMHTCA BOJOHOCHHH TOPH30HT C 3arpsi3HEHHBIMH
H arpecCHBHLIMH BOAaMH. OTH BOZOHOCHHIE TOPH3OHTH PAa3Jeiaelibl IIH-
HaMH. Hi3aMeHenHe cocTaBa BOJK B 3KCHJAYAaTHPYEeMOM HHXHEM BOJO-
HOCHOM TOPH30HTE MPOH30LNIO BCJAEACTBHE NPOPXKaBeBHIHX 0OCaZHBIX
TPY6 CKBaXKHHB BepXHero ropuzoura (raba. 15.5).

Ta6naurna 15.5. Hamenenne coctaBa noAseMHBIX BOJ BCJAEACTBHE
HEYMOBNETROPHTEALHOI 0 TEXHHYECKOrD COCTOSIHHA CHBA M HHB

CHBaXuRa CrBaXHHa CKBaXHHa CKpaXHAHa
¢ oBcalMLIME | ¢ NpQpXKaBes- ¢ o6cafHbIMH | ¢ NPOPIKABEB-
IlokaszaTens TpyGamH, He | wWHMK ofican- | TNokasateab | TpyGamu, He | WwuMH ofcan-
HMCIOILH MK HBIMU TPY- HMEIMHMH HLIMA TPY-
negerTon Gamu nedexros SamA
Bxyc IMpustanit  |{Coaonora- [Cl— 244 720
TR SO,-? 22,8 48
Temnepary- 17,5 17,5 NH,+ Het 21,2
pa, °C .
Ca, Mrfa 46,4 59,1
Mgt 24 2 16,6
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IFJTABA 16. CAHHTAPHASI OXPAHA

16.1. 3agayn canuTapHOll OXpaHu

B nocJaeAHCe BpeMs OTMeYalTCa CAYJaH 3arpaA3HeHHds IIOBEepPXHOCT-
HBIX H MOJA3eMHBIX BoA. TaKHe 3arps3HeHHsl CBf3aHLEI B OCHOBHOM €O
c6pocoM HEOUHILIEHHHX BOJ B PeKH, HapyUIeHHEM HOPM NDOeKTHPOBa-
HHfl H CTPOHTEJbCTBA, a TaKXe 3JKCMJIyaTallHedl THAPOTeXHHYECKHX
COOPYXeHH#, B YaCTHOCTH BOAOXPAMHJMIL H KaHajoB (Gonplxe yred-
KH H Ap.), 3acojieHHeM NOA3eMHHX BOoA (AaXie apTe3HaHCKHX) TMpH
HeYOBJETBOPHTEAbHOR 9KCIVIyaTallHH OPOCHTEJNbHRX CHCTeM (3aco-
JIeHHe TPYRTOBWIX H apTe3HaHCKHX BOA), c6DPOCOM B peKH MHHEpDaJH-
30BAHHBIX H COJICHHIX BOJ NPH rOPHBIX paspaboTkax R Ap.

Hns ynydileHuss KadyecTBa MOA3EMHBIX BOA H NpeAYNpeXAcHHA HX
YXYAMIEHHs YCTaHOBNeHn 30HW CaHRTapHO# oxpanbl. CordaacHo
pasa. III «OcHoB Boamoro 3axononaresbcrsa Cowsa CCP u coo3HBIX
pecny6auk> [10] pis 6uITOBOro # XO3AHCTBEHHO-TIUTHEBOTO BOZOCHAE-
KeHHs NPeAyCMaTPHBAETCA OXPaHA MOBEPXHOCTHHX H MOA3eMHBIX BOX
OT 3arprA3HeHHs C YCTaHOBJIEHHEM COOTBETCTBYIOLIHX 30H CAHHTapPHOMN
OXpaHB Jas O0eCHeYeHHA KX CAHUTAPHO-OMHAEMHOJOrHYeCKOH Ha-
JEeXHOCTH,

B sapaum canuTapHO# oxpaHel, TaKHM 06Da3oM, BXOAHT Hpegy-
npexJaeHHe 3arpsi3HEHHH MOBepXHOCTHHIX H NOA3EMHBIX BOA, a TakKxe
BCEX COOPYKeHHH CHCTeMbl BOA03alopoB NOA3EMHBIX Bod. B sxcnaya-
TalHOHHKle 3a0acHl NPeCHHX NOASEMHAIX BOJ BO MHOIHMX CIyyasix BXO-
IAT NpHBAeKaeMble 3aNachl 3a cYeT PUAbTPAUHH MOBEPXHOCTHLIX BOA.

Bce cannTapHme MepONDHATHA BHIMOJHAIOTCA B COOTBETCTBHH ¢
«OcHoBaMH BofHOoro 3akoHoxatenbcTBa Cowsza CCP H cOw3Hmx pec-
nyGiuK> H HOPMATWBHEIMH JNOKYMEHTaM® MHHHCTepCTB 3ADPABOOXpa-
Hednst CCCP u cow3Hbix pecnyGJIHK.

OCHOBHBIM JOKYMEHTOM I10 OpPTaHH3allHH OXPaHbl NOJ3EMHHX H I0-
BEPXHOCTHRIX BOJ OT 3arpssHeHMs sabjseTca «llonoxenHe o nopsake
NPOEKTHPOBAHUS H SKCMJAYaTauHH 30H CaHHTApHOH OXpaHH HCTOYHH-
KOB BOAOCHABKeHHs XO3AMCTBeHHO-NHTHEBOrO HasHageHus» [13].

16.2. 3oHu caHMTapHOK OXPaHM

B cootBerctBuH ¢ <«[losoXeHnHeM O NOPSAAKE NMPOEKTHPOBAHHS H
9KCIIYATAHMH 304 CAHUTAPHOH OXpaHH HMCTOYHHKOB BOAOCHa(XeHHA
H X03fHCTBEHHO-NUTHEEBOI0 HAa3HAYEHHA» YCTAHOBJIEHH! TPH TNOSCa 30H
caHHTapHoft oxpaHsl: NepBuift NoAc (NOAC CTPOTOTO pexrHMa)-— Ha yda-
CTKe BOA03a00pOB NOA3EMHBIX, 4 TaKXe BCeX BOJOINPOBOAHHIX COOpPY-
JKeHHH, BKJIOYasa BOJOBOJ OT BOAo3abopa MOA3eMHBIX BOX XO pachpe-
nenuTenbHON ceTH moTpeGurend. Bropod H  Tpern#t nosica (nosca
OTpaHHUYEHHI) 30H CAHHTApHOH OXpaHbl BKJAXYAOT TEPPHTOPHUIO, HA
KOTOpPOifi OXpaHAIOTCA OT 3arpsA3HeHHs HCTOYHHKH MHTAHHA MOA3eMHbLIX
BOJ H HX 3KCIJyaTallHOHHBIE COOPYXeHHHd.
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B Kax/[0#i 30He YCTAHABJAHBAETCH CHELHANBHBIHA peXHM BONOXO-
3AHCTBEHHBIX H HAPOAHOXO3SHCTBEHHBIX MEPONPHATHH — CTPOHTENbCT-
BAa H SKCHONYaTalHR XHJHX H NPOH3BOACTBEHHHX COODPYXEHHH, pe-
KpeauHH, APYrux MeponpusitTuii. B paje c/yuaeB caHHTaPHHE OXPaHHHE
MCPONPHATHS PACNPOCTPAHAIOTCA K HA TIOBEPXHOCTHHE BOJM, KOTOpHlE
SBIAIOTCA HCTOYHHKOM MHTAHHS MOA3EMHHIX BOA.

Has ygactka 1-ro mosica 30HH CaHHUTApHOH OXpaHB! HpH TOBEpX-
HOCTHHX BOJAX B 3aBHCHMOCTH OT MECTHHIX YCJOBHH peKOMeHAyercs
clleNyomas yAaJieHHOCTh TPaKHL mosca (CTPOroro pexuma) 0T BOAO-
3abopa. asa pex M KaHanoB (MPOTOYHEIX BOJOEMOB) TIpaHHIbLI AOJXK-
Hb! HAXOOHThCA:

1) BBepx No TeueHHIO — He MeHee 200 M oT BofosaGopa;
2) BHU3 1O TeueHHIO — He MeHee 100 M ot BOAO3abopa;

3) mo npuneramolleMy K Bopo3abopy Gepery — He Menee 100 M ot
JHHHH ype3a BOAR JIeTHe-OCeHHel MeXeHH;

4) B HanpaBneHHH K NPOTHBONOJONHOMY OT BOAo3abopa Gepery
IIpH IUHpHHe peKH HaH Kanaia MeHee 100 M — Bcs akBaToOpHA H NpoO-
THBONOJNOKHBA 6eper HpHHOHA 50 M ot JIHHHH ype3a BOAL NPH JeTHe-
OceHHeH MeXeHH, a NpPH iUHPHHe PeKH HJIH KaHana Gojee 100 m —
noJoca aKBaTOpHE MiHpHHOH He Menee 100 m;

0) AJsi HempPOTOYHHX BOXOEMOB {(BOJOXPAHHJHIIL, O3€p) rpaHHIb
IICPBOr0 MOSica JONMKHHI HAXOAHTHCH B 3aBHCHMOCTH OT CAHHTAPHHIX
H FHADONOTHYECKHX YCJAOBHA IO aKBATOPHH BO BCeX HaNpaBlieHHAX
#e MeHee 100 M OT NHHHM ype3a BOAW B NePHOJ JNIETHE-OCEHHEH Mexe-
HH, HO Ha BORo3abopax KOBUIOBOTO THIa B Npele/n 1-ro mosica BKIIO-
9aeTCsl BCA aKBATOPHA 3TOr0 KOBHIA,

Bono3abopu MOA3eMHBIX BOJ, KaK NMPaBHJIO, A0JMXKHE pacnoJjararth.
CA BHE TEpPHTOpPHH NPOMBIIHAECHHHIX NPEANDPHATHR H XKHJofl 3acTpoR-
x#. Ha ygacTke B0oA03a60pOB H3 MOA3eMHLIX BOA I'PaHHUH 1-ro mosica
30HB CAHHTApHOH OXpaHH pacmojarawoTca:

1) ans 3amuIEHHBIX OT 3arpA3HEHHs] ¢ NMOBEPXHOCTH 3eMAH NOA-
3eMHBIX BOA {HANOpHHX)-— ke MeHee 30 M OT Kpas Bojpo3abopa;

2) 1JA HeNOCTAaTOYHO 3aIMHIMEHHHX OT 3arps3Henisl NMOA3CMHLIX
BOA (rPYHTOBBIX) —-Ha paccTosHun 50 M.

Jlna BoA0326OPOB, PACMONOKEHHHK HAa TEPPHTOPHH oObeKTa TpU
HCKJIIOUEHHH BO3MOXHOCTH 32rpsi3HEEHA MOYBE H TIOA3EMHLIX BOJ, 30-
Ha 1-ro nosca coxpallaercs O COrMACOBAHUIO C MECTHHIMH OpPraHaMH
CAHHTAPHO-INHAEMHONOrHUeCKOH cnyXOul A0 15—25 M.

[Tpu UBIIB rpannua l-ro noAca [doJXna yCTAHABAHBATbCA Ha
paccrosiHuH He meHee 50 M oT Bogo3aGopa H He meHee 100 M oT
HHQHIbTPAUHOHHLIX COOPYXeHHR (6accefiHOB, XKaHanoB H Ap.). B rpa-
HHUH 1-ro nosca GeperoBuX (HHQHALTPALHOHHEIX) BOA032060POB NOJ-
3CMHHIX BOA (KpOME IHTAOMIMX HX TIOBEPXHOCTHHX BOZA) CJHEAYeT
BKJIOYHTH BCIO MPHOPEXHYIO TEPPHTOPHIO MEXAY BoAo3abopoM H mo-
BeDXHOCTHHIMH BoAamH. [ns noapyclopHX BOA03a060OpoB 30HA 1-rO
nesica yCTAHABJIHBAETCS, KaK AJI NOBEePXHOCTHHX BOJ.
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T'pauunst 2-ro ¥ 3-ro NOSACOB 30H CAHHTAPHOH OXpPaHHl AJS BOXO-
3abopoB ¢ y4YeTOM BJIHSHHS MNOBEPXHOCTHBIX BOJA YCTaHABJIHBAKTCH,
HCXOAs H3 CleNYIOUIHX HOJOXeHHA, DTH IpaHHUN JOJIKHE YUHTHBAThb
NPHPOJHbIE H, B YaCTHOCTH, KJIHMaTHYeCKHe, MHAPOJOTHYeCKHe, a TaK-
Xe CaHHTapHble ycJoBHs. CaHHTapHBlE YCJOBHS NPHJEramoulero pai-
OHa JOJXKHbl COOTBETCTBOBaTb «OCHOBaM BOJHOIO 3aKOHOAATEJbCTBA
CCCP ¥ corwosubix pecny6ank» [10].

T'pannum 2-ro mosca JOJMXKHbI OBITh YAaJeHnl OT Bomo3abopa,
yTOGB OGECHEYHTh CaMOOYHLIEHHe NOBEPXHOCTHHX Boj mnpH 95 9%
06eCneueHHOCTH pacxo/ia NMpOTOYHOrO BOJAOTOKA H NPOACKHTEJIbHOCTH
OBHKEHHS BOAH OT TPAHHLBl 30HBI 2-T0 mosca B TeueHHE 3—D cyT
B 3aBHCHMOCTH OT KJIHMAaTHYECKHX, THAPOJIOTHYECKHX H JAPYTHX YCJiO-
BHH.

[IpH HanH4yHH CYJOXOACTBa CJig/lyeT IPaHHLY aKBAaTOPHH CYHTATb
no JuHun ¢apeatepa. Huaxe no TeueHHI0 NPOTOUHBIX BOAOEMOR Ipa-
HHIH 2-TO mosica ycrauapauBaloTcs Ha 250 M. I'panuust 3-ro mosica
JJIS TIOBEpXHOCTHBIX BOJ B ofuieM COBNAfalOT C IPaHHIlaMH 2-TO MOS-
ca, HO GOKOBHE T'PaHHIL YCTAHABJIHMBAKTCA HA PacCTOSHHH 3--5 KM,
BKJIIOYast IPHTOKH, WJIH A0 JHHHH BOAOpasfena.

TI'pauninu 2-ro ¥ 3-r0 NOSICOB 30H CAHHTAPHOH OXpaHbl ONpeAeNsIoT
H3 YCJOBHH NpeAynpexXAeHHs BO3MOXKHOCTH 3arpsi3HEHHS [OBEPXHO-
CTHBIX BOA Ha yuacTke Bojo3abopa. I'pauuust 2-ro H 3-ro moscoB 30H
CAHHTAPHONl OXpaHbl BOJA03a6OPOB M3 MOA3EMHLIX BOJA YCTaHABIHBAIOT
H3 [IOJIOKEHHS, 4TOGbl B BOJAOHOCHBIE FOPH3OHT Ha y4yacTke Boaosabo-
pa He NMOCTYNAJdH XHMHYeCKHe H MUKPOOHONOrHuYeCKHe 3arpsi3HeHHSI.
Js 3TOTO0 HYXKHO THAPOAMHAMHYECKH OMNDEAEJiATh pacCTOSHHE OT
BHEIUHHX I'DaHHI 2-TO Mosica, YTOOGK 3a BpeMA IBHIKEHHA BOIALI B BO-
JOHOCHOM TOPH30HTE K BOJA03a60py MpoH3ollyio caMoodHilente. Hyx-
HO OTMETHTb, YTO HEKOTOPbie XHMHYECKHE 3arpsi3HHTENH OUeHb YCTOH-
UHBHI M He NMOANAIOTCA CaMOOUHIIeHMIO. B 3TOM cayuae cleayer
fpeaycMaTpHBaTh MEPONDHSTHS, HCKJIOYAlOllHe 3arpsa3HeHHe, HCXOAS
H3 BPEMCHHM NPOABHIKEHHs 3arpsi3HHTEAs] H BpPEMEHH SKCIJIyaTaiHH
Bogo3abGopa, I'paHuub 3-ro mosica 30HbI CAHHTAPHOM OXPaHH ollpeje-
JSIOT B NOC/EAHEM Cjyyae THAPOAHHAMHYECKHMH pacuyeTaMH, UYTOOLI
3arpsi3HeHHe He JOCTHIIO Bogo3zabopa MOA3eMHBIX BOA. B crnyuae
YCTOHUHBOrQ 3arpsi3HHTENS, HE MOAJAIOILErocs CaMOOUHIIEHHIO, CPOK
JNBHKEHHS s 3aIlMHTHl OT XHMHYECKOrO 3arpsi3HeHHst NpHHHMaeTcs
HECKoJbKO GOoJsblie CPOKa TEXHHYECKOHM 3kCIiyaTanHd Bogo3abopa.

Ot BoA03a6opoB NMOA3EMHLIX BOJA K NOTpeGuresi0 HAYT BOAOBOJM,
KOTOpble TakKxe MOJKHB HMETh CaHHTApHO-3aIUHTHYI0 Nojocy. ITH
MMOTOCH TPHHAMAIOTCS N0 06e CTOPOHBI OT KpaliHHX JIHHHH# BOLOBOAOB.
[Tpu oTCyTCTBHUH rpYHTOBBIX BOJ NpH AHaMerpe BoAOBOAOB A0 1000 MM
IHpHHA DOJOCH NMPHHHMaeTcsl He MeHee 10 M ¥ NPH XHaMeTpe BOJO-
Boga 6onee 1000 MM — He meHee 20 M. I[pH HAJAHYHMH IPYHTOBHIX BOJ
Takasl MoJioca CaHHTapHON OXPaHH AOJKHA ObiThb He Medee 50 M. Ilo
COIJTACOBAHHIO C MECTHBIMH OpraHaMH CaHHTapHO-3MHAEMHOJOTHye-
CKOit cyXOul pa3Mep HWIHPHHB OXPaHHOM NOJOCHI MOXKeT OblTh COKpa-

1ILCH.
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16.3. [IpoekTHpoBaHKE 30K CAHHTAPHON oXpamu

IlpoekTHpOBaHNe 30H CaHHUTAPHOA OXpaHHW NOA3EMHBLIX W MpPH He-
06XOIHMOCTH MOBEPXHOCTHHX BOJ, OCYIIeCTBASIOT ¢ ydetoM «[lonoxe-
HHS O TOpSIJiIKe NPOEKTHPOBAHMS U SKCIAyaTallMH 30H CAHHTApHOH
OXpaHsl HCTOUHHKOB  XO3AHCTBEHHO-NMTLEBOro HasHauewHs» [13],
«PckoMeHAaunit Mo THAPOreoJIOTHUECKHM pacueTaM AJs olpeieNleHHs
rpaun 2-ro ¥ 3-ro 7M0SCOB 30H CAHHTApHOH OXPAHB! NOA3EMHBIX HC-
TOYHHKOB XO3SHCTBEHHO-HTbEBOTO BojocHaOxkeHnst» [15] u ¢ yueTom
CH=nIl 2.04.02—84.

HMosica caHMTapHOA OXpAaHW YCTaHABJIHBAIOT Ha OCHOBAHHUH H3yue-
HHS YCJNOBHH, MPH KOTOPBIX BO3MOXHO 3arpsi3HeHHe OTMCUYEHHBIX BbI-
Ite 00bEKTOB CHCTEeM SKCIIyaTallMH B0403aGOpoB, a TakKXe pe3y.b-
TaTOB aHaJNH3a TOBEPXHOCTHBIX M MoA3eMHHX BoA. IIpu nmpoekrnpoBa-
HHH 3TH 30HBl BKJIOYAKOT B COCTaB NPOeKTa BOAO3a0OPOB NMOI3EMHBIX
BoA. B mponecce 3KCINyaTallHH OCYIIECTBJASETCS CAHHTapHBIN HAA30p
c oT6opoM mpo6 H HX aHaau30M. B pesyabTaTe MOryT GHTb mposeje-
HLl JOMNOJHHTEIbHbIe CAHHTAapHble MEDONPHUSATHA. HCCJ’IGIIOB&HHC HCTOY-
HEHKOB BONOCHAGMXEHHS AJS NPOEKTHPOBAHHS OXPAHHBIX CAHHTADHBIX
MepOTIPHATHA BeAyT MO nporpamme, H3noXeHHOH B npua. 2 kK TOCT
8761—84 «McTOYHMKH HEHTPAJTH30BAHHOrO XO3SHCTBEHHO-NHTHEBOIO
BOJOCHAO KEHHUS>.

IlpoekTHpoBanue 30H CAHUTAPHOH OXPAHH BHINOJHSAIOT B COOTBET-
CTBHH CO CTajHsIMH H3BLICKAHHH H npoexkTHpoBauHs. [IpH HmpOeKTHPO-
BAaHHM 30H CAHHTAPHOH OXpPaHL! OCOOEHHO BAMHO H3YUHTb YCJIOBHS H
BO3MOXHOCTH 3arpsi3HeHHsi NMOJA3€MHBIX BOJA, a HMEHHO!: HMeEIoUHAcs
HJIH BePOATHHH HCTOYHMK 3arpA3HEHHS H ero IoKasaTeJsH, AJHHY NYTH
JABUXEHHUS NOA3eMHOH BOJBI OT HCTOYHHKA 3arPSI3HCHHMS K CHCTeMe
BON03a60pOB, CKOPOCTH (H/IbTPAIlMH, COPOLHOHHbIE CBOACTBa MOPOL
O OTHOUIEHHIO K XUMHYECKHM H OHOJIOTHYECKHM 3arpssHHTensM, dop-
MHpOBAaHHe HCTOYHHKa SaI‘pHBHEHPIH, a TaKXe MEepHOABbl U MNPOIACJAXKH-
TeNbHOCTH MCXOAHOrO 3arps3ueHHs. B mMpoeKkTe 30H CaHHTapHON OXpa-
Hbl AJf cTaJHH NPeABApHTeNbLHOH W AeTaJbHOH pa3BedKH Caelyer
HAMETHUTL T0sica 30H CAMHMTApHOI oXpaHbl. IIpH NPOEKTHPOBAHHH 2-TO
# 3-TO TMOSICOB 30H CAHHTAPHOM OXPaMbl KPOMe YKa3aHHKIX MAaTepHaloB
MOXHO MoJIb30BaThcst «PekoMeHIalMaMH 1O pacueraMm AJst ofipefe-
JEHHS TPAHHI 2-TO H 3-TO NOSICOB 30H CAHHTAPHO! OXPaHbl NOA3EeMHBIX
MCTOUHHKOB XO3SHCTBEHHO-IIHTbEBOTO BOJOCHaGxeuus» [15], a takxe
pa6oro#t B, M. Tosbabepra u C. . Tazaa [5].

OpradH3anus 30H CAHHTAapHOH OXPaHBl BOA03a6OpPOB MOJA3EMHBIX
BOJX He AacT TpefyeMbIX pe3yJabTaToB Ge3 cHCTeMaTHUYeCKOro KOHTPOJSA
3a KauyeCTBOM MOJ3eMHBIX BOA M B caydyae HeoOXOLNMMOCTH NMOBepXHO-
CTHBIX BOJ, 2 TaKXe BBbIIOJHEHHEM OXPAHHbIX MepONpUsTHHE OT 3arpss-
HEeHHS NOA3eMHuX BOA. Opranmn3anus HabaojeHd#t 3a caHHTapHOH
OXpaHOH MOJ3eMHHEIX BOJ, BOA03a00POM H CBA3aHHBIMH C HHMH COOpy-
KeHHsIMH, a TaKkKe B cayyae HeoOXONHMOCTH H HOBEPXHOCTHHIMH
BOAAMH JOJI)KHA BXOZHTH B IIPOKT 30H caHHTapHOR oxpauHl. Takue
CaHATapHbe HaGNIONeHHS ClelyeT NPOBOJHTH CHeTeMaTHYeckH, O6mRii
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CaHHTAapHBIH OCMOTP CHCTEMH B0J03a60POB NMOJA3e€MHHX BOJ (B cayuae
HeoOXOJHMOCTH H TIOBePXHOCTHHX BOA), a TaKXKe YYaCTKOB CaHHTap-
HOM OXpaHHBI cleayeT JeslaTh He pexe 1—2 pas B MecsAl.

T'ocynapcTBeHHBIt CAaHHTAPHBIK HAA30D 32 YCTPOHCTBOM H 3KCILTya-
TalHeH CHCTEM BOJA03a00POB MOA3EMHBIX BOJA OCYLIECTBJSIOT OPraHAl
CaHHTApPHO-3MHAEMHOJOTHYECKOH CaYXKO6b6 MHHHCTepCTBa 3ApaBoOXpa-
Henuss CCCP. OueHb BaXKHO HAMETHTb MEPOIPHNTHN, KOTOPBIE MOTYT
yuecTb HeOJ1arONPHSATHOE BO3JeHCTBHE Ha KayeCTBO IOA3EMHHBIX BOJ,
MOJy4YaeMHX BOJ03a60paMH.

IVIABA 17. A3SMEHEHHKE NTPOH3BOAHUTEJIbHOCTH
BOILO3ABOPOB NOA3EMHbBIX BOJL NPH
SKCIJIYATALUH

H3MeHeHHe INPOH3BOAHTEJIBHOCTH BOAO3abopoB B ofllem chayuae
ONpee/IAeTCH H3MEHEHHEM IpPaHHYHBIX YCJIOBHH BOJLOHOCHOTO IJacTa,
HCTOLUIEHHEM 3aMacoB MOA3EMHBIX BOJ, KOJIbMaTaXKeM BOAOIPHEMHBIX
YacTefi BOJ03a0OPHBIX COOPYXeHHH. YMeHblicHHe ae6HTa Boao3abop-
HBIX CKBaXHH, H3MEHEHHE COOTHOUICHHA 0T6HpaeMbIX pacxoaos BO
B3aHMOJICHCTBYIONIMX CKBAaXHHAX H KOJOALaX 06YyCJIOBIHBAIOT HEOHXO-
JHMOCTb KODPEKTHPOBKH NMPOEKTHHX JaHHBIX B TeyeHHe MEPHOILA IKC-
IJIyaTallMy BCJEJCTBHE HECOOTBETCTBHS XapaKTeDHCTHK HACOCOB, 3a-
JNOXEHHBIX B MPOEKTE, HBMEHHUBUIHMCS AeGHTaM H NMOHHIKCHHAM YPOBHSA
B CKBaXHHaX.

CoxpaHeHHe THADPOAMHAMHYECKHX MapaMeTPoB BOJOHOCHBIX ILIac-
TOB TEXHHUECKH, KaK IPaBHJO, He O0ECIEYHBAETCH, 32 HCKJIOUCHHEM
OCYILIECTBJIEHHS MEDONPHATHA 10 HCKYCCTBEHHOMY IIOJIHTRIBAHHIO
MOoA3eMHBIX BOJA Ha HAellCTBYIOUIHX BoAo3aGopax. B Gosblieli cTeneHH
BO3MOXHO TNojpaep:aHHe cTabunbHOl paGoTh BOA03260DHHIX COODY-
JKEeHHH: CKBaj)XMH, KOJOJALEB, JyYeBHX BoA03a6opoB H T. A. Haubomn-
mas 3¢p¢HeKTHBHOCTh TAKOTo BO3ACHCTBHA ofecneydHBaeTcss NpH MNpa-
BHJILHOM YCTAHOBJICHHHM NDHYMH pasBelaHHoR (npoekTHofl) u melcTRU-
TeJbHOH NPOH3BOAHTEILHOCTH BOJ03360DOB.

[TepBasi rpynna NMPHYHMH CBs3aHa ¢ KayecTBOM paboT NMo Bo3Beje-
HHI0 BOA03a00PHHIX CoopyXkeHHH. Tak, npu GYPEeHHH CKBaXHH POTOp-
HHM crnoco6oM C IJTHHHCTHIM PAacTBOPOM, POTOPHHM croco6oM ¢ mps-
MOH HJIH oOpaTHOf NMPOMHKIBKOM UYHCTOM BOJOH 6€3 NpeAOTBpalleHHS
pa3MBIBa 3a/i€ralouMX B BEDXHHX YaCTSX pa3pe3a IVHHHCTHX MPOCJIO-
€B, NpH YCTaHOBKe (PHJILTPOB CO 3HAYHTENbHBIM I'HAPABIHYECKHM CO-
[IPOTHBJCHHEM HJH HCIOJL30BAHMH HEKAYECTBEHHOH IDaBHHHOH 00-
CHINTKH BEJIHKAa BEPOSTHOCTb TJIMHH3ALHH CTEHOK CKBAXKHHH M MeXaHH-
YecKHHl KOJbMATaXk (HJIBTPOB, UYTO MOXET NPHBECTH K CHHIKEHHIO
OPOH3BOAHATEABHOCTH CKBaXHH.

IIpu cOOpYXeHHH BOAONPHEMHOH YAaCTH CKBAaXHMHH HJH J06oro
APYTOro BoA03aGOPHOro COOPYIKEHHS, a TaKke B XOJe 3KCILTYyaTalHH
B IOpHCTON cpefie MTOPOA BOAOHOCHOTO IJlacTa HJIH rpaBHRHOH obchim-
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KH B OTBepCTHsAX (HJIBTPa HaKaniuBaeTcs ocafok. B pesyabrate
H3MEHAKITCA CTPYKTYPHHE IIOKa3aTesJH MOPHCTOM CpeAbl H yMeHblua-
ercs ee BopoNpoHHUAaeMocThb. [Ipu 3TOM cTemenb U3MeHEeHHS NPOH3BO-
AHTEAbHOCTH CKBaXXHHBI 3aBHCHT OT HACBIUIEHHA NMOPOBOro MPOCTPaH-
CTBa KOJIbMATaXEM.

CooTHOUIeHHE TEKYIIeH K ¥ HAYaJbHOH Ky MPOHHLAEMOCTEH TpH
KOJbMaTaXe NMpH3aBoHHOM 30HB CKBa¥HHB MOXeT OHTb OINHCaHO
3aBHCHMOCTBIO

K[ Ko = (wo/w)? (n]R)?,
rae 7 B @W-— COOTBETCTBEHHO TEKYlllHe SHAYEHHA NOPHCTOCTH H ynenbﬂoﬁ NOBEPXHO-
CTH HOPHCTOﬁ Cpein, a Hy H Wp— HAUAJbHLE 3HAUYCHHSA STHX NapaMeTpOB.
[1pu npakTHYECKHX pacyeTaX H3MEHEHHEeM YNeJbHOH MOBEPXHOCTH
MOPHCTOR cPeNH MOXHO TpeHeGpeub U OTHOLICHHE TEKYHIEH NPOHH-
LaeMOCTH K lepBOHAYANBHOH MOXHO ONpPeNeqHTh Kak

Klro=(n[ny)®
HIH K[Ky==(1-—a)?,

31eck @ — HaCHUIEHHOCT: MOPOBOrC WPOCTPAHCTBA OCAAKOM Aw=b/A; DpPH bmpy—n
{b — yAenpHHE 06beM OTJIOKEHHI KOMbMATaxka),

KoapMaTax CKBaXKHH NPOCJHEXKHBAETCA B OTHOCHTEJIbHO HeBobILOH
Mo pasMepaM 30He, NpHJeralouieldl K CKBaXHHe. 3aMeTHOE H3MEHEHHE
[POMHIIAeMOCTH OTMEUYaeTcss Ha PacCTOAHHH He Oonee I M OT CTEHKH
$HIBETPa ¥ OOBIYHO BIHAHHEe 30HBHL C HW3MEHEHHOH (yMeHbUIEHHOM)
TPOHHUAEMOCThI0 YYHTHBaeTc TpPH pacyeTe CKBaXKWUH IIOKa3zaTeleM
ee 0600uIeHHOrO COMPOTHBJEHHST (MoKa3aTtesaeM CKHH-3QdEKTa), CyM-
MHPYeMHIM C THAPABJHUYECKHM CONMPOTHB/AEHHEeM I1acTa H ¢ NOKa3are-
JSIMH, XapaKTepPH3YIOUIHMH THAPOAHHAMHUECKOe HEeCOREPIIEHCTBO CKRa-
KuH. BennuitHy nokasartens, o6ycioBleHHOro KolbMaTaXeM Ex B 30He
pamHycoM ry, onpeaenfaioT no gopmyJe

K r
b (1) s,
Ky J"cb
rie re — pagnyc GHIbTPa. 3HaueHHe X B Depuoa onpexeneHud Ex oueHHBAawT mo

JanHBM O pacxode, OTOGHPAaeMOM H3 CKBAXHHH, K Pa3HOCTH NOHMMeHHA yposHeit
B IEHTPAaNbHOA CKBaXHHE H HPHHILTPOBOM Ibe3oMerpe.

AHanu3 BIHSAHHA CTYNENYAaTOTO H3IMEHEHHS NPOHHIAEMOCTH B TNMPH-
3260MHOH 30HE CKBaXHH Ha IIPHTOK K HeH HA OCHOBE pelICHHS
B. H. llleakaueBa noxassiBaeT, YTo NPH H3MEHEHHOH IPOHHIAEMOCTH
npuzabofiHofi 30HBI CKBaXKHHBEl 32 CYeT CO3JaHHA I'PABHHHOH OOGCHIIKH
Haubolee HHTEHCHBHOe TNPHPALIEHHE IPHTOKA IMPH IIPOYHX PAaBHHIX
ycnoBusix Habaloogaercss NPH ry/rg=3, HalNee Xe TeMI H3IMEHEeHHH
COTPOTHBJEHHS] H PAacX0Aa CKBaXKHHB CTAHOBHTCS MeHblle, T. €. 3HaA-
YHTEJbHOE yBeTHYCHHE OTHOUICHHS ryx/ry He TMPHBOJMT K CylllecTBeH-
HOMY YJYYUIEHHIO THADABIHYECKHX XapaKTePUCTHK CKBaxHHH. Ilpu
re/rg>10 BelHUHHA CONPOTHBJAEHHS TNPH3AGOAHOR 30HBI OCTaeTcs
NPaKTHIECKH MOCTORHHOR W paBuoit 4,0 Npu NpoHHIaeMOCTAX rpaBHii-
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Hoi OGChMKH M dunbTpa, otinuaowuxcs B 20 pa3. OpgHako Takol
aMaNu3 MOXKET PACCMATPUBATHLCH JHIUb KaK NpHOAHKeHHBA. B neidi-
CTBHTEJIBHOCTH Xe clenHdHKka paboThl rPAaBHRHBIX QHIBTPOB CKBAXKHH
3akJjloyaeTcs B TOM, YTO B KOHTAKTHOH 30HEe BOJIOHOCHBIX MOPOJ H I'pa-
BHSl BO3HHKAIOT MeECTHble THApaBJHYECKHe NOTEpH, ©OycJOBJEHHbIE
HAJIOXKEHHeM MOPOJA PasaHYHOH NPOHHIAEMOCTH H IPOIECCaMH KOJb-
MaTaxa o0cunkH. Kak npaBuso, NMPOHHILAEMOCTh OOGCHIIKH B HayaJb-
HBIH NepHoA paGoThl CKBAXKHMHBl YBEJHYMBAETCS OT KOHTAKTa IpaBHs
C NeCKOM K CTeHKe ¢unbTpa. B panpHelinieM NpH XUMHYECKOM KO.JIb-
MaTaxe pacrnpelieneHHe NPOHHMIAEMOCTH B Mpejpenax OOCHIIKH H3Me-
HSAETCS M HAaHMEHbIUYIO NPOHHIAEMOCTb NPHOGPETAET CJOH IPaBHS HJIH
TOPOAb!, HENOCPEACTBEHHO KOHTAKTHDYIOUIHH ¢ KapkacoM OGHJIbTpA.
Hi3MeHeHHe NPOHHIIAEMOCTH TI'DaBHs, HAXOJHBLIErOCA B KOHTAKTe C
MeCKAMH, NMOAYHMHSETCA 3KCIOHEHIHAaNbHOH 3aBHCHMOCTH. [lapaMeTph
3TOH (YHKIIHH 3aBHCAT B CBOXI0 O4Yepelb oT KOIPPHUHEHTA MeXKCIoH-
HOCTH I'DaBHs H NECKa, oNpefeasioulero MeXaHHyeCKHH KOJbMAaTaxX.

PaccMOTpHM BJIHSHHME 30HbI OTpaHHYEHHOTo pasmepa BO.IH3HM CKBa-
JKMHH Ha NPHTOK K Hell H BEeNHYHHY COMPOTHBJIEHHS, NPOHHIIAEMOCTb
BHYTPH KOTOPOR H3MCHSETCS MO 3aKOHY

g -- fd,
K(r)=rFkn+ (kg — kn) exp{——a—-r——}. (17.1)
P
rae kn — ko3 ¢HuHeRT GHILTPAHUHH TNACTA; Ko — HAYAJBHAA MPOHMIAEMOCTH Ipa-
BHHHOTO GHIbTPa; @ — napaMeTp QyHKIIHA.

OO6biyHo B MOJEBBIX YCIOBHSAX JETKO DPeajH3yeTCs OfpeleleHHe
HEKOTOPOTO cpejfHero 3HauyeHHs KO3 dHiHeHTa QHUABTPALHH, KOTOpOe
YYHTBIBa€T Bce CTPYKTYpHBIE H3MeHeHHS, TpOHCIUeAlIHe B Tpoliecce
MeXaHHYEeCKOro KOonbMaTaxa, TakuMm o6pa3soM, NPOHHnAeMOCTb IMpH-
3a60AHOA 30HLI MOXKHO MPEeACTAaBHUTb CJaedylOUleH BeJHYHHOMH:

i "k
— K {r)dr. (17.2)
rx—r(b rq,

B coorBerctBun ¢ (17.1) cpenHee 3HaueHHe NPOHHUIAEMOCTH A1
saBucumocreit (17.2) cocrasrr

Kep =

—k . r.—r,
S Y [ RN Rt
Tk — r([) a T¢
T, r(])

rio —
HpH a—K— '—"¢~:-_<__1 MOXHO OrpaHHqHTbCﬂ JABYMSA HYJeHaMH pa3J10)l{e-

r

¢

HUS 3KCIIOHEHTh! B psid M TMpH 3ToM u3 (17.3) nmoayuum, UTO Rp==k,.
TpH ManbiX 3HAYEHHAX @ MPOHHUAEMOCTb NPHUQHUIBTPOBON 30HH GJIH3-
K2 K HauaJabHOH MPOHHI[AEMOCTH HE3aKOJbMAaTHPOBAHHOIO IPABHAHOTO
bunprpa (puc. 17.1). ITo Mepe yBenuueHHs xo3pduIHeHTa a HabJro-
LAeTCsA 3aMeTHOE yMeHbLIeHHe cpepued MponHuaeMocTh obebnkh. [Ta-
PAMETD a XapaKTepH3yeT cTelleHb MeXaHH4eCKoM KoabMaTauuu o6Cbill-
KH YaCTHIIaMH BOAOHOCHOH MOpOAHI.
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Puc. 17.1, M3meHeHue cpeaxero
3HayeHwn Ko3dduuneHTa GuAbTpa-
WY B 3ABHCHMOCTH OT Q.

1 ch Kol Ko Kp

v

x-)b/’ L4

[Torepu nanopa B npr3aGoHHOH 30HE CKBAaXKHHBl OMHCHIBAET YpaB-
HEHHe

LN
As = —(%idr. (17.4)
r
¢
Y4HTHIBaS, YTO NMPOHHIAEMOCTb B MpeAesax NPHGHILTPOBOH 30HHI
npereprneBaer H3MEHEHHs B Pe3yJbTaTe MeXaHWYECKOTO KOJAbMAaTaKa,
NMOJYYHM Clefyiolllee BHPakKeHHe AN NOTEpb HANopa:

As— (o _dr_ - (17.5)
2xm rg, Tk (r)

HurterpupoBanne ypasuenns (17.5) ¢ ywerom (17.3), T. e. Ges
OCpeIHEeHHs] TPOHHILAEMOCTH cordacHo (17.2), BHNOJHEHO YHCIEHHBIM
MeTOJ0M ¢ MpHMeHeHHeM 3 BM M-22. MuterpupoBanne NpoH3BOAHIOCH
npH rx==0,4 AJA pa3IHYHHIX 3HAYeHHH ry H C H3MEHEHHeM mapa-
MeTpa KOJbMAaTallMH ¢ B KaXKIO0M HHTEPBaJe HHTETPHPOBAHHS.

PesyabTaThl pacyeTroB MOKA3BIBAIOT, YTO ¢ THAPaBJHYECKOH TOUKH
SpeHHs NpH 3aAaHHOM JHaMeTpe GYPEHHS yBe/JHYeHHe pajHyca (hHJb-
Tpa BO BCEX CJyyYasx MPH NPOYHX PAaBHBIX YCJIOBHSAX 00yCAOBJIHBaer
yMeHblleHHe TOTepb Hanopa H yBeJHUeHHe T[PHTOKAa K CKBaXHHe.
YUHTBIBasI OTMEeYeHHOe SBJCHHE yMeHbLUEHHS THAPABJIHYECKHX MOTEPb
C YMeHbIUEHHEM BeJHUHHH ry/rg, NPH TPOSKTHPOBAHHH CKBAXKHH He-
08XOAMMO HCXOAHTb H3 YCJAOBHS MaKCHMAaJbHOIO yBEJHUEHHS NTHAMET-
pa Kapkaca tHuabTpa. C Apyrofi CTOPOHbI, NPH ry/rg>>5 HHTEHCHBHOCTH
BO3PAcTaHHSI COMPOTHBJCHHA CKBAXHHBI CYIIECTBEHHO yBEJIHUHBAETCH
H MaKCHMaJIbHOE 3HaUYeHHe CONPOTHBJAEHHS MOXeT GhlThb NpubIHKEHHO
ONpeAe/eHO C HCHOJb30BaHHeM 3Toro KpHrepHsa. CnenoBaTenbHO, NpH
BCEMEDHOM VBeJIHYEHHH AHaMeTpa (H/bTpa-KapKaca ONpeae/faioHMy
JOJAKHB ABJIATbCA CYy()(O3HOHHBIE KPHTEPHU [PH MPOEKTUPOBAHHU
CKBaXHH.
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CyulecTBeHHBIM MPH TIPOEKTHPOBAHHH H CTPOHTE/IbCTBe BOA03abOp-
HHX CKBaXXHH H APYTHX BOJA03a00pOB fIBJASETCS H CTelleHb HepaBHO-
MEepHOCTH MEXaHHYeCKOH KOJbMaTalUHH TIpaBHAHHX HJaH OJOYHBIX
tu1eTpoB. ONHT MOKa3LBaeT, YTO BEJHYHHA @ OJIA Pa3NHYHEIX KOH-
CTPYKUHA PHNBTPOB H3MEHNETCH B 3HAUHTEJABHHX npefenax: oT 0,5 —
B GUABTPOB C PHXJOH OGCHOKOR [0 5—10 —NpH DpHMeHeHHH
6AOUHEIX KOHCTPYKUHMH MJIH C BOAONPHeMHOH MOBEPXHOCTbIO H3 He-
TKaHBIX MaTepHaJoB. Pu3HueCKH 3TO 0ObRCHSETCS HAKOIIEHHeM B
30He, KOHTAKTHpyiollef ¢ BOAOMNPHEMHO” .IOBEPXHOCTbIO, TOHKO3epHH-
CTHIX WJIM IJVIHHHCTHX YaCTHI NPH NPOKauKe CKBAXKHHH. I1pH DBIXJ0H
rpaBHRHON OGCHINKe 5TO ABJEHHe MPHCylie GHIALTpaM ¢ MajibiM Ko3(-
dbuuHenToM MexcaoinoctH (MeHee 5).

IMpocnexuBapomuecs B Xole 3KCONYaTallHH NPoLecCH XHMHYECKO-
ro ¥ 6HOJIOrHYeCKOro KOJIbMAaTaXKa HHTEHCHBHee NPOHCXOAAT HpH yBe-
JIHUeHHH MapaMeTpa @ HJM BO3PACTaHHH HAYaJbHOR HepaBHOMEpPHO-
CTH H3MeHeHH BOJOMNPOHHILAeMOCTH NpHGUALTPOBOH 30HH. IlpH 9KC-
nJAyaTauHOHHOM KOJbMaTaXe BCJeINCTBHe HapylleHHA THApPOTreOXHMH-
YeCKHX YCJOBHH B BOJLOHOCHOM MJIACTe, CMellleHHS 1eJ0YHO-KHCIOTHOTO
paBHOBeCHS H3MeHSeTCsi OKHCIHTEJNbHO-BOCCTAHOBHTE/IBHOE COCTOSIHHE
NOA3eMHBIX BOJ, B 30He MAKCHMAaJbHLIX CKOPOCTeH BONH3H CKBaXKHHBI
B NpHHIBTPOBOH 30He OTJIAraoTCs HEpacTBOPHMBIe B BOJe COefHHe-
ussi. Haubonee HeycTOMUHMBHM OKa3HIBaeTCA PaBHOBeCHe XeJe30Co-
AepXKallHX, KapOOHATHHX H CepocojepXallHx coefHHeHHi. [Tpouecchl
XHMHYECKOTO KOJIbMAaTaXKa HHTCHCH(HIIHPYIOTCS B 30He KOHTAKTa Me-
TaNJIHYeCKoTo $HNBLTPA.

B npHOHALTPOBOM 30He B YCJOBHAX KOHTAKTa NOA3EMHBIX BOJX C
aT™MocGhepHHM BO3AYXOM, MapUHaJbHOE JAaBJeHHe YIJIEKHCJOro rasa
B KOTOPOM HHYTOXHO MAaJO, H MOHHKEHHS NaBJeHHs MPOHCXOIAHT Ie-
cop6LHUsi CBOOOAHOM YIIEKHCNOTH H3 f0A3eMHBIX BoA. IlapaanenbHo
B NMOA3EMHBIX BOAAX, OOBIUHO OOeAHeHHHIX KHCJOPOAOM, Halmaiogaercs
€ro NOTJIONIeHHe H3 BO3JyXa, B pesysbTarte uero Fe?h okHcaseTcss Jo
Fest ¢ o6pasoBanuem Fe(OH);— OCHOBHOrO KOJMBMATHPYIOUIEFO CO-
€IHHEeHHSI.

AHanornuno 06pa3yloTcs OTJIOXKeHHS TPYAHOPACTBOPHMOrO THADO-
KCHIA Maprauua 8 nopax H Ha ¢uabtpe. M36HTOK KapBOHAT-HOHOB
npu auccouHaudu HCOj;~ cpA3kBaeTcs KaTHOHAMH KaJblHs, Bcerna
NPHCYTCTBYIOLIHMH B BOJAOHOCHHX MJacTax, KanTHPyeMHX NPH BOMAO-
cuabKeHHH.

CrenoBaTesbHO, TPOLECC XHMHUECKOIO KOJbMAaraxa npusabol-
HHX 30H CKBaXHH IpH 3a6ope THAPOKapOOHATHO-KAJNbLHEBHX BOA
KOHTPOJIHpYeTCA COepXaHHeM cOefHHeHHHl XKele3a, MapraHua, ABY-
ORKHCH KPEMHHS M HX CTaGHIBLHOCTBIO.

Ins onpefeseHHs BO3MOXKHOCTH TeYeHHs DEAKIHH Das3JoXKeHHA
6uKap6oOHATOB XKeNe3a M BHNAJEHHss KapOOHAaTa KaabLHA HEOGXOMHM
pacuer CTaGHJABHOCTH MOA3EMHHX BOJ B €CTECTBEHHOM COCTOSIHHH.
HanGoMee yao0HO Ha OCHOBe NaHHBIX XHMHYECKOrO aHalH3a BOAH
PacCUHTHBATh BeJHUYHHH pHs, oTBeyaollne pPaBHOBECHOMY COCTOSIHHIO
B pacTBOpe YrieKuc/aux coeguierufi, Eciu paktHueckas sennunHa pH

178



AanHoM Boaw HuKe DH, 3TO sBRngercs pe3yabpratoM H3GHITKa B pac-
1Bope CO, Hall paBHOBECHOH KOHUeHTpalHeH. TakHe BOABI CIOCOGHB
pacTBopsATh KapboHaTHHe oOpasoranus. Ilpn 3Havenusix pH nauxo#
soab Bhilile pH; copepxanne CQ; B Hell MeHbllle PaBHOBECHOH KOH-
UHeHTpALUHH K OHA crocoOHa BHAENSTH H3 PacTBOpa 0CaJOK KapHoHaTa
kaabuusi, Benuunna pH, onpenenserca no CHull 2.04.02—84.

IlokasaTeneM cTaGUnbHOCTH BOABI H CHOCOOHOCTY K BHIIENEHHK
DCAJIKOB AIBJISIETCS HHJEKC HACHIIECHHSA, PABHH PAa3HOCTH MeXAY (pax-
THYEeCKH H3MepeHHOH Benuunno# pH u pHs:

] =pH — pH,. {17.6)

Boapmo#t o6beM uccaeNoOBaHHE MO H3YYeHHIO YCTORYHBOCTH Kap-
6OHATHHX CHCTeM ORI NpOBeleH PH3HEPOM, KOTOPHH ONpelensyn BO3-
MOJKHOCTb BbileleHHI KapOoHara KaJbUHA B CHCTeMax o60pOTHOrO
BONOCHAGKEHNA NMpH Pas3AHUHHX cOOTHOWeHHAX pH paBHOBecHOro Ha-
CEIULEHHS M NeHCTBHTeNbHOH BeJHUHHOH pH noaseMHBIX BOX:

Ri — 2pH, — piL. (17.7)

DKCNepHMEeHTAMH YCTAHOBJIEHO, 4To NpH Ri<7 BOAH BCEerfa CKJAOH-
Hbl K BHIENEHHIO KOJbMaTHpylIuX o6pasoBanuii. Beinesenue COz
B NpEGUILTPOBO# 30HE NMPHBOAHT K moBumenuo pH, npu stoMm Ban-
6ostee HHTeHCHQHUHPYETCA THAPOJH3 GHKApOOHATa 3Keje3a H YBeJH-
UHBAETCs1 CKOPOCTb OKHCJEHHS 3akHCHoro xenesda. Ilpu pH=<7...8
CKOPOCTb OKHCJIeHHS XeJie3a COH3MEPHMA CO CKOPOCTBIO TeUeHHS BOLB
B NPHOUIbTPOBLHIX 30HAX CKBaXXHH. IIpH Gosee rayGoKoM ynaJleHHH
CBOGOAHON YIVIEKHCAOTH pasfioxeHne GuKapGOHATOB NPHBOAHT He
TonbKo K o6pasoBaHHio Fe(OH)s, HO M K BmNajJeHHIO H3 pacTBopa
Kap6oHaToB KaJplunsa H Marnus. Ilpollecc koapmaTtaxa (GHABTPOR CO-
eMHEHUSIMH Xese3a GyJeT HATH TOJABKO B OKHCJHTENBHOH 0GCTaHOBKE
NPH HaJHYHH B BOAAX KHCJOPOAA, HeOOXONHMMOro AAs €peBONA HOHA
Xejle3a B TpexBajdeHTHyI0 hopMy. Aspauus Xe NOA3eMHHX BOJX HaH-
6onee HHTEHCHBHO NMPOHCXOAHT B HENOCPeACTBEHHOH OJH30CTH OT
CKBAXHHb. KpoMe TOro, B OTAENBHHIX CJAYYafX OKHCIEHHE 3aKHCHOTO
XeJe3za OCYLIECTBJsSIeTCS 3a cyeT KHCJIOPOAA, COAEpiKalllerocs R He-
3HAQYHTE/BHLIX KOHLEHTPAUHAX B BOAE, NIPH HHTEHCHBHOM IME€peMelllH-
BaHHH, BBHI3BBAHHOM TYpOyausauuelt mOTOKa B TpaBHiiHOA OGCHIMNKEe H
¢pHABTpE.

¥YpeanueHHe pH ¥ aspauHH B NpHOHABTPOBOH 30HE NPHEBOAHT K
BHIICJEHHI0 H3 TON3eMHEX BOX cy/JbdHaoB MerannoB. OcobernHo RH-
TEHCHBHO STH NpollecCH NMPOCJeXHBAIOTCA NMPH B3aHMOACHCTBHH Cepo-
BOJOPOACOAEPXKAINHX BOA ¢ METaJJIMYeCKHMH 3JeMeHTaMH (UJBTPOB.
XapakTepHble acCOLHALHH KOJIbMAaTHPYIOLHX OTJA0XKeHHH OGHapYHeHb
IpPH SKCNJYaTalHH BOA03a0opHLIX CKBaXKuH B 3anazuo#t CHGHpPE, Tae
B cOCTaBe KOJbMAaTaHTa Npeofaananr xenezodocharine KOMIJIEKCH.

Js XavecTReHHOTO TNPOTHO3a KOJbMAaraXa npeacTaBJsieTcs pa-
LHOHAJNBHLIM Pasje/JHTh NMOA3E€MHBE BOAB B COOTBETCTBHH C HX CIO-
cOOHOCTBIO K BHAENEHHIO 3aKYNOPHBAIOIIHX OTJOMeHHH HaA Cleaylo-
II[HEe THIHL.
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. ArpeccHBHHIE MOA3eMHHE BOABI, HE COAEPIKaLUHE Kese3a C &7-
PHIlATENBHBIM HHAEKCOM HACHIIeHUS] KaPGOHATOM KanbIHS, B XOTOPHIX
NpoLeccH KOAbMATAXKa MPH OTCYTCTBHH aspallHH MJH Jaxe NpPH Ha-
JHYHH HEKOTOPOro NoAcoca BO3AyXa B NPHGHABTPOBYIO 30HY passii-
BAIOTCSl OUEHb MEAJIEHHO H HX MOMXHO He NPHHHMaTh BO BHHMaHHe.

2. Xenesocoaepxaise BOAH C TIONOXHTENbHBIM HHAEKCOM HAaChl-
LICHHA, B KOTOPHX, Kak MpaBHJ0, HET PacTBOPEHHOTO KHCIOPOAA,
B crabuabHBle BOJABL NMPH TIOJHOH H30JASUHH BOAHOW MOBEPXHOCTH OT
atMocthepHOTO BO3ZyXa (CAMOH3NHBAIOLIHECS CKBAXHHH), XapakTe-
PH3YIOTCS MeANeHHHM TeYeHHeM TIpoHecca 3apacTaHHA TIpH HHTEHCHB-
HOM BOgooTOOpe.

3. JKeaesocomepkKallHe BOAHN C INOJOXHTEIBHHM HHAEKCOM HacChl-
UleHHs1 H cTaGHibHBle BOAM, NpH Bcex cnocofax pojoorfopa crnocof-
HBle K HHTEHCHBHOMY BHIIEJIEHHIO KOJbMATHPYIOIIMX COeXHHEeHHH.

4. Boan, ue coaep¥alllHe XKele3a C BBICOKHM NOAOXHTEIBHBIM
3HaYeHHeM HHJEKCca HaculleHHs. B 3Tom cnyvae B npadHABTPOBBIX
30HAX CKBaXXHH H JpeHaxef oTnaraercs xkapOoHAT KaAbiiHA.

5. BoaH, copgepxallue KpeMHEKHCIOTY. B mpHAHILTPOBOR 30He
CKRAXHHBl CO3AA10TCH YC/IOBHSA, BaAroNnpHATHBIE O €¢ KOAUyAsiLHH,
B pe3ynbTaTe yero o6pasyloTCs KoareiH B3aHMHOIO OCaXKJCHHA Kpen:-
HEKHCJIOTH C THADOOKHCHIO JKeJse3a.

6. Boawbl, conepxalllHe CepOBOAOPOJ, XapaKTePH3YIOTCS, KaK Mpa-
BH.1O, pa3BHTHEM KOJIbMATAllHOHHHIX TPOUECCOB ¢ OTJIOKEHHeM Ha
¢$HIBTPe H B NPHGHILTPOBOH 30He cyNbhHIOB METANNIOBR.

7. Boan ¢ xenesoochaTHHMH COSAHHEHHAMH NPH SKCNAyaTalHI
BOJO3a6OPHKX COOPYIKEHHH XapaKTepH3yloTcss o6pasoBaHueM B IIpH-
¢bHIbTPOBON 30Me cnenHpUYECKHX aMOp(PHLIX Keae30hoChHaTHLIX KOM-
MIOHEHTOB.

Ha cragum aeTanbHBIX THAPOTeONOTHYECKHX HCCJAEJOBAaHHA € HC-
M0.Jb30RAHHEM OXapakTePH30BAHHBLIX KPHTEpHEeR cJelyeT RaBaTh
npenBapHTeNbHE KaueCTBeHHBIR NPOrHO3 BO3MOMKHOCTH H TIpeanona-
raeMoii HHTEHCHBHOCTH KOJIbBMAaTAallHOHHHX fpoieccoB. OUeBHINO, HeT
CMHCJ2 TMPH 3THX HCCJAeJ0BAaHUSX MNPOBOAHTE JJIHTEJIbHbIE OTKAaYKH
C HeJbI0 OIEHKH HHTEHCHBHOCTH CHHMKEHUS [POH3BOAHTENBHOCTH
CKBAXHH B CBSI3H C KOJAbMaTaXKeM. PellleHHe 3THX Bomnpocor Goace
feaecoo6pa3Ho OCYLIECTBASATh, B HAYaNbHEIH TNEpHOA 3KCIyaTaluu
BOA03a60OPHBIX CHCTEM HJIH METOJOM aHalOTHH.

ITpodunakrHueckHe MepONpPUSITHA, MO3BOIMIOIIHE HECKOJBKO CHH-
3HTh HMHTEHCWBHOCTH TPOHECCOB XHMHUECKOrO0 KOJbMAaTa)a, cjaeayer
npeaycmMarPHBATL KaK IIPH KOHCTPYHPOBAHHHU CKBAXHH, TaK H B MpPO-
uecce ux paboru. Ilpu sKcmayarauus CKBaXXHH B BOAOHOCHBIX TOpPH-
30HTaxX ¢ NMOA3EMHBIMH BOJLAMH, CKJIOHHHIMH K BHJEJCHHIO KOJIBMATH-
pyoowmnx obpa3oBaHHH, caenyeT uaferaTr HEPaBHOMEDHOTO DeXHMa
3KCMJYyaTallH{, B Pe3yAbTaTe KOTOPOro MPOHUCXOJHT a’dpalHs Mmoj3eM-
HHIX ROJ, HAJeXHO TeDMETH3HPOBATb YCTbS CKBAXHH, HCKIIYaTh
HCIO/Ib30BAHHE 3PJAH(PTHEIX BOZONOABLEMHHKOB, MPOBepATh paboTy 06-
PATHBIX K/IaMaHOB TMOTPYHHX HAcOCOB ¢ TeM, YTOOH NpeaOTBpPaTHTDL
MOCTYNJIeHHe a3PHPOBAHHBIX BOJ B HHTePBaJ YCTAaHOBKH (HJbTpa.
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KapanuajapHoe pelleHHe BRONpPOCa O MPEAOTRPALICHHH XUMHYECKOr0
KOTbMAaTarKa CKBaKHH MoOxKeT ObITh 00eCredyeHO JIHDIb TipH CO3XaHHH
CII€NHAIbHOM 3a1uTHl  BON03a0OPEBIX CKBaXXHH — NyTeM MPOXOAKH
BOKPYT HHX BCIOMOTATEJbHHX CKBAXXHH, B KOTOpBE MOJAaeTcsl a3pH-
posannas pona. [IpH 3TOM KOJBMATaHT OTaaraercs B yAaJeHHHX OT
CKBAXHHL 30HAX H HHTEHCHBHOE CHHXKEHHE ee MPOH3BOAHTENBHOCTH
TaknM obpa3om MoxXeT ObITh NMpeAoTBpameHo. B obuiem ciyvae cie-
IyeT OTMCTHTh, UTO NPOUIAKTHYECKHe MEPOMPHATHS He HMCKAIYaloT
XMMIYECKOr0 KOJMbMAaTaXa (PHJABTPOB H NPHQHIABTPOBHIX 30H CKBAXKHH
H NMpH HAJTHYHH 3THX MPOieccOB HeOOXOMHMO NMpeAycMaTpHBATh Pery-
JSIPHYIO pEereHepauHio CKBAaXHH HA OCHOBe MpPOTHO3a CHHKCHHA HX
IOL3BORUTENBHOCTH.

Tlporeccsl XHMHYECKOrO KOJbMATaXa, NPOUCXOASLIHE B NPHPHIALT-
pUBHX 30Hax CKBaKHH, MHTEHCHQHUHPYIOTCS MHKDPOOHOJOrHYSCKHMH
upoueccaMu. OcHOBHOR NMPHYHHOH 3TOro SIBASIOTCS XK€J1e30- H MapraH-
HeBbie GAKTEPHH, KOTOPBIE B HECKOBKHX BHAAX TPHCYTCTBYIOT BO BCeX
B0 AOHOCHBIX TIOPOax 1t MOA3EMHBIX BOAAX H B pe3yJjbTaTe XKH3HeAes-
TEJIBHOCTH OCAMAAIOT MKede30 H MAapraHel H3 NMOA3EeMHHX BOJ.

Ang mpakTHUeCKHX wUedeil BaXKHO 3HaTb HeoOXoAHMEE YCOBHS
pasBHTHA Jxeae3obakTepuil ¢ TeM, YTOOB HMETb BO3MOXHOCTL Tpo-
Ti103tipoBaTh GHOJOrHUECKHH KOJbMAaTaX CKBAaXKHH M Ha3HayaTb Clle-
nihnyeckHe cnocofpl HX pereHepalmH. [lns pa3BHTHS  Keae3o- H
maprafieBuix Oaxkrepuit Benuuyuua pH poskHa HaxomuThecs B mpene-
aax 5,4—7,2. Conepmxanic Fe?+ B Bome He AOMKHO OHTH MeHblle
1.5 Mr/a W He npesbwaTh 10—12 Mr/n, TakK KakK NpH KOHIICHTPailHH
3aKUCHOrO Xenesa Gogee 14 Mr/a pocr Gakrepuit neposmoxen. IToa-
3eMHas BOJa AOMKHA CONEpXaTh YIJCKHCIOTY.

B nopzeMHeIx Bogax OakTepuu OOLIMHO MOSIBISIOTCS NMPH KOHLEH-
Tpanuu Kucaopoma Goaee 5 mr/n. Takoe cofepXaHHe He fABJIAETCS
MINHMaJbHBIM, TaX Kak B IOA3EMHBIX BOAAX BCerja MpHCYTCTBYIOT
cvab(aThl [ HHTPATH, KOTOPHIE MPH Pa3MOXEHHH HX CyJb(aTpeaylH-
PVIOIRHMH H JeHHTPHQUIHPYIOUIHMH 6aKTePHsIMH OCBOGOXKAAIOT KHC-
aopon. KpurepueM, onpefensiouiuM 60ee TOUHO BOSMOXKHOCTb DPa3BH-
Tid JKEJ1€30- H MapTraHIeBhX O0aKTepHil, ABAseTcs IOKa3areib AgaBJe-
Hil1 HeANCCOUHUPOBAHHLIX BOJOPOAHBIX HOHOB B BOJE, CBA3BIBAIOIIHMH
Enh u pH:

En
tH=-—"-~ 4 2pH. (17.8)
0,029

370 cooTHoIIeHHe crpasel HBO NpH rH=5...25. B obmeM cryyae
A7T4 MAcCcOBOTO Pa3BUTHA XKeNe3o- H MapraHueBpix OakTepuit u, crie-
IOBaTe bHO, OHOAOrHUECKOrO KONbMATaXa HeoOXOAUMO BBHINOJHEHHE
CIeAYIOIHX Y CITOBHH-

1. Hanuuue Xene3o- B MapraHiesblXx GaKTepHH.

2. Hanuuue Fe*t wnm Mn?+ B moA3eMubIX Bogax. MHHHMAaJbHAA
KOHUEHTpauus, paBHas 1,6 Mr/n, MOXeT OHITh NPHHATA B pacyeT TOJb-
KO /S ycaoBHE 3acTOifHOM BoAbl. B mpotounofi Boge xkene3o6akrepHH
PAa3BHBAIOTCH M MpPH MeHblIEeH KOHUEHTpAlUHH XKene3a.
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3. OKHCNHTENbHO-BOCCTAHOBHTEIbHBIE YCJIOBHS HOJKHB Xapakre-
pH3oBaThCs BenHyHHaMu Eh>—104-20 MB, a rH=14,54-1. Tlpouecc
pasBuTHA GaxTepuil HHTEHCH(HIHPYETCS C YyBeJHYEHHEM CKOPOCTH
tHABTPALIHH, TAaK KAK B 3TOM CJyyae YBEJIHYHBAETCH WHTEHCUBHOCTH
NoCcTyNJdenHs1 nutanus Fe?t, Mn®t x 6akrepuam.

Teunenuns nog3eMHHX BOA K GHOJIOrHYECKOMY KOAbMATaXy CKBa-
XKHH MOXKeT OunlTh OnmpefejeHa Ha OCHOBe KOMILJIEKCHBIX 6#o0JOrHYe-
CKHX M XHMHUYeCKHX HccleHOBaHHi, IIng 6HOMOTHYECKHX HcecaenoBauull
B CKBaXHMHAaX NPH ONBITHO-pUALTPANHOHHBIX paboTax HeOo6XOAHMO
YCTAHABIHBATL NPeIMeTHHIEC CTeKJa W BbIAEPXKHBATh HX TaM B TeUeHHe
UeTHpex Hedeab. Ilocsle 3TOro cTekna H3BJEKAT H aHAJH3HPYIOT NOAL
MHKpockonom. [lapansnenabao npoBoAAT XHMHUeCKHe aHAJM3BI NOA3EM-
Helx BOA. Ha ocuoBe o606uienisi pe3yabTaToB 6aKTepHOJIOTHUECKHX H
XMMHYECKHX aHaJH30B NOA3eMHbIX BOJA MOXKeT ObiThb CHejJaH BHIBOA
0 BO3MOXHOCTH GHOJIOrHYECKOTO KOJbMaraxa (QuMbTPOB H NMPHQHILT-
POBHIX 30H CKBaXHH.

Ilpr nonyyeuwn CBefleHHH O BO3MOMKHOCTH pPa3BHTHA xerne306ak-
Tepuii B QHAbTpe H NPHPUABTPOBOH 30He CKBAXKHH CJENyeT Npely-
CMaTpHBaTb NPOQUIAKTHYECKHE MEDONPHATHA 1O NOAAEPKAHHIO HX
crabrabHO# paGoThl. Han6Godee AOCTYNHBIT ¢nocO6 — nepHOAHYECKOR
XJIOpHPOBAHHE CKBAaXHH C OCTATOYHON KOHUEHTpaUHKeH xJopa 5—7 Mr/a
[4]. I1pr 3TOM BO3MOXHO XJOPHPOBaHHE CKBAXKHH NyTeM NOJAYH BOAH
C XJIOPOM H3 HANOPHOTO BOAOBOAA (NmpH CHsTOM O6GpaTHOM KJalaHe
norpyXHoro sacoca). Ilocite BBefleHHA pacTBOpa XJOPHOH H3BeCTH
B CKBaXXHHYy LelecooBpasHO BKAIOYHTH Hacoc Ha J0—50 mMuu u sarem
OTKJIIOUHTBL ero ¢ TeM, yTo6n 6bl 06pab0TaH He TOALKO (HABTP, HO
H NPHQHALTPOBaS 30HA CKBAXKHHK. OJHAaKO NepHOAHYHOCTL XNOPHPO-
BaHHs (HABTPOB CKBAMHH [J51 NOAABJEHHSA AERTEJbHOCTH Xese3o- H
MapraiileBuX 6GaKTepHHi Heo6X0QHMO yCTaHaBJAHBATb KOHKPeTHO NS
kaxjoro o6bekra pa6orT. Ilo uMelOUHMCS QaHHBIM, XJAOPHpPOBaHHE le-
JaecoobpasHo ocywecTsaste 1 paz3 B 3—4 wmec.

Bosaee ycroiiuuseifi a¢dekT uHa andTtesbHble TNePHOAH BpEMEHH
ofecneyHBaeT YCTAaHOBKA B (PHJbTpe CIeNHaJbHOrO HCTOYHHKA FaMMa-
ayyeil [4]. B rauecTBe TaKOro HCTOUHHKa OMpoGOBAaHO NMpHMeHeHHe
PajHOAKTHBHOrO K06asbTa M Le3HsA, NOMeUIeHHHX B TePMeTHUHO 3a-
KPHTOM H3ay4aTese. 3allliTHOe AEHCTBHe raMMa-o6ay4YeHHs NPOTHB
GHOJMIOrHYECKOro KOJbMAaTaXa CKBaXKHMH obGeclneuHBAaeTCR NPH HHTEH-
CHBHOCTH uaayuenuda 100 paxfu.

BHe 3aBHCHMMOCTH OT NPHPOAK KOJbMATa)a CKBaXXHH 3aKOHOMep-
HOCTH H3MEHEHHS HX NPOH3BOAHTEJNbHOCTH ONpPeledsiOTCH HHTEHCHB-
HOCTbIO HAKOIJEHHs KOJbMAaTaHTa B NOPHCTOH cpefie H pa3MepoOB 30HH
KosibMaTaxad. HaMenenHe BO BpeMeHHd KO3(@HNHeHTa (HIbTPALHH B
30He KoJbMaTaxa R(f) MoOXeT OHITb 3aflaHO (GOPMYJIOH

k(1) = koe~t17, (17.9)

Tfe T— BPEMR pelaKkcalHH, paBHoe l/coy (Co — HARAJBHAA KOHCTPYKUHA KOIbMAaTH-
PYIOBIHX cOERHHEHHR B BOAE, Y — KOI(HUHEHT KOMbMaTanHu).
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[Tpu BenuuHHe rpszeeMkocTn N, PaBHOH MOPHCTOCTH
k(t) = kye—3t, (17.10)
CooTBEeTCTBeHHO MOHHMeHHE YPOBHS B CKBa)KMHEe ONpeflelisieTcs
COOTHOUIEHHEM

30,7t
s QT R (17.11)

2zkm 1,

rae Q — pacxox OTKauyKe; # — MOLIHOCTh NMAacTa; Rn-— PafHyc BJIHAWHSA; ro-— pa-
HHYC CKBAMHHBL

CnenoBaTenbHO, ylelbHbllt AeGHT olpefessiercsl BHPaXeHHEM
y p p
q == qe—35T, (17.12)

OHo cnpaBef/iHBO NPH MPeANOJNOMEHHH, HTO KOPQHIHEHT (QHAb-
TPauHH H3MeHAeTcd B Npefenax Bceit ofiacTH maacTa, rie pacnpo-
CTpaHAeTCA BO3MYILICHHE OT neﬁcmm CKBAXHHDbI.

MoXHo npelcTaBHTDb, YTO KOJbMATaX HauGoJee KHTEHCHBHO NPOSB-
ASeTC B HEMOCPEACTBEHHOH OJH30CTH OT CKBaXKHHH B ofaacth
ro—re (ro—paanyc ¢uaAbTpa 4 ro~— paadyc GypeHHs CKBAXHHH), a
3a npegenaMu 3ToH obnacTH NpH r>7¢, KO3(QuUUEHT PHABTPaAUHH
NOPOJ, He H3MeHsieTcs. JTC MpeRNONOXeHHe onpaBimBaercid TeM 06-
CTOATENbCTBOM, YTO 30HA KOJbMATaXa, Kak MPaBuJO, HeBEeJIHKA H He
npeenmaer 0,5-—-0,7 M [4]. Peuenne 3agaun o npuroke BogH K CKBa-
XKiUHEe NpPH HaJ#4YuH BOJH3H Hee 30HH € KOJblUEBOK HEOJHOPORHOCTHIO,
roe k(f) ecTb ¢yHKUHA BpeMeHH, HMeeT BHJ

—_Q [ihta 17.1
§=m [in ! +§.¢]. (17.13)
rae
P Vinle, ky=ko [ — N1 gteat ]"' 17.14
g,‘(% JInLe, kg k|1 (1 —e=ter) " (17.14)
H, CJ€[JOBATENbHO, YACAbHBIA AeOHT CKBAXHHH paBeH:
g(t) = —ckm___ (17.15)
lll‘_ﬂ+EK
re
Ipu N/ny=
& cm__] fe 17.16
. [k%e3 1|in-e. (17.16)

a8 oleHKM NapaMeTpoB KoJAbMaTaXa YpaBHEeHHe IIPHBOAMTCH
K BHLY

1gy=1g5%+ﬁf, (17.17)
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TAe

y= Exr +1, 8=1,305¢,1.
in—<
fo

BenuunHa B onpeleassach B pasauyHBIX CHAPOTe0JOrHYECKUX YC-
JIOBHAX HA OCHOBe 1JHTeJbHLIX HaOJI0AeHHH 32 H3MeHeHHEM YIe bHHIX
Ae6uTOB BON03a0OPHLIX CKBAXHH W NOKa3aTelell #X THAPaBIHIECKOTO
conpotusaenus. Ilo 35 ckBaxuuam B Geperopoll 30He KpacHonapckoro
BOLOXPAaHHAUILA 3HA4YeHHA B H3MeHANAHcb B Npedesax 1,1.10-2—
8.102 npu cpenHem 3uauenHu 4,5.10~2. OueHKy 3TOrO HepaBeHCTRA
B IleJIOM 110 Bogo3afopy no 208 ckeaxuHaM naqau 3Hauenue p=2-10"2,
YTO XapaxTepH3yeT aHAJOTHYHYI0 NO TeMIaM TeHREeHUMIO CHHXKeHHS
NPOU3BORHTENBLHOCTH B CBSA3H C KOJbMATamKeM.

AHanoruuHble pacuersl, NpPOBeleHHBle AJS CKBaXHH Boao3abopa
«Banrazepe» r. PHru, Kantupyoulax oraoXenus Baatufickoro mops,
NO3BOJHIN Onpenesuth Beduuuny B==2,0-10-2. OcpenHeHHble 3Hauc-
HYd B B pa3nHuHbIX THAPOreoJorayeckux ycaosusax B ITosoaxse, Ipu-
JHenpoBbe, Ha ropolckux Boro3abopax Kypcka, Boponexa, ITeuopsr,
00beKTax CeabX03BOAOCHAOXKEHHS MO NaHHWM 188 3KrCHIyaTaUHOHHBIX
CKBaxKHH u3MedsiroTes ot 1,4-10-2 5o 4,5-10-2.

HMexopa u3 HopMaTuBHOro 3Havenus B==2,0-10-2 npu npoekTHpO-
BAHHH CKBAXKHH MOXeT ObITh NPHHSTA BEJIHUHHA MeXXPEMOHTHOrO Ie-
puoja CkBaxHH B npejesax 2—3 seT. MakcHEMaThHbIe 3HAYEHHS MeXK-
PEMOHTHOTO MepHOna NPHHHMAIOTCA AJAA CKBaXHH, 000pYAOBaHHBIX
BLICOKONIPOHHL aeMbIMH (PHABTPAME C PHIXJIOH IpaBAHHON 0OCHINKOIL.

[JIABA 18. PEMOHT BOJO3ABOPOB
NOA3EMHBIX BOJ

18.1. Merozbl BOCCTAHOBJEHHSI NPOK3BOAHTENbHOCTH
CKBAXHH

D¢ dexktupHag pabora Bor03aBOPOR MOA3EMHHX BOA NPH HaldUHHE
NPOLECCOB KOJAbMAaTaXa BO3MOXKHAa TONbKO NMPH YCJOBHH 00sA3aTefb-
HOTO NMPOBeNeHHUs BOCCTAHOBHTE/bHLIX MeponpusrHi. OcHOBHOe Ha3HAa-
YeHHe PEMOHTHO-BOCCTAHOBHTENBbHLIX PpaboT — mojnepkaHHe CTabHIb-
HO# 3KCNJAyaTallH# BOA03a6OPHBIX COOPY#eHHH. VYcmex sTax paoT
o0ecneunBaercss 0OOCHOBAHHBIM BhIOOPOM MEXPEMOHTHOTO fepHoaa.
ITo Mepe ero yBeJHueHHs YCNOXHSETCS TEXHOJOTHsA 06paboTkKH BOMO-
3a60PHEIX COOPYXKEeHHWH # yBeJHIHBAETCA €€ CTOHMOCTh. TeXHOAOrHs
BOCCTAHOBJIeHH A l'lpOﬂ3BO,ElHTe.J]bHOCTH CKBaXHH ﬂOﬂpOﬁHO ONHCaHa
B [1, 2]. B cBa3u ¢ 3THM oxapakTepusyeM MPHHUHIHKAJbHbIE OCHOBHI
BOCCTAHOBHTEIbHKIX MEDONPHATHH H HX NPHMEHeHHS NPH 3KcNJAyara-
IiuH B0J03a60pOB.
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OcuoBHofl 3apavefi paboT NMPH BOCCTAHOBJAEHWH NPOH3BOAHTEJbHO-
CTH CKBaM#H Ha BOAY, 060pyROBaHHBIX (HIbTDAMH, siBJAseTCA ypaJje-
HIfe KOJIbMATHPYIOILHX OTJOXKEHH# ¢ (QHAbTPAa W u3 npHGHILTPOBOK
aonbl. Tlpu sTOM raaBHas TPYAHOCTb 3aKJAOYAETCS B YAAJEHHH KOJb-
MaTaHTa C HAPYXHOH MOBepXHOCTH QHAbBTpPa H H3 rpaBHiHOR OOCHI-
KM (BOJOHOCHBIX TOpOA). PemieHne 5Tol 3agauu AOCTHraeTcsi pacTBO-
peHieM KOJbMATHPYIOUIHX OT/JIOXKeHHH MPH M0javye pearedTa B NpH3a-
6oiinyI0 30HYy CKBaXHHbl JHOO TaKuM paspylleHHeM KOJbpMaTanTa M
1eMeHTa 06pacTaHHs, NMPH KOTOPOM Da3Mep o6pasyrolliuxcs Ko.abMa-
THPYIOIIHX 4YaCTHI[ CTAHOBHTCS MeHblle pa3mepa Nnop rpaBHifHOf 06-
CHINKH M OHH BBIHOCATCH MNPH NOCHeAylolleH HJIH OAHOBPEMEeHHOH ¢
HMOYJbCHHM B03AefCTBHEM TIPOKAUKE.

CaepoBaTensHo, eClNH HCKJAIOUHTL METOAW OYHCTKH BHYTpeHHefl
MOBEPXHOCTH (HABTPA, TO [0 XapakTepy BO3JeHCTBHs Ha (GuIbBTP H
npubUABTPOBYI0 30HY MOXKHO BbLUIEAUTH JBE OCHOBHBIE TPVINKEl MeETO-
JOB: peareHTHble ¥ HMmy.abCHbie (pHc. 18.1).

TlepBas rpynna u3 3THX METOAOB NPeIHA3HA4YeHA AJA PACTBOPEHHA
KO/ibMaTaHTa, H 3adadyed TeXHOJOTMHYECKHX HCCAeJOBAHMH  sIBJIsAETCS
moib0p BHAA peareHTa, ero KoJH4YecTBa, 0O0CHOBaHHE DAllMOHAJbHOH
TexHOJ0rHH 06paboTKH B 3aBHCHMOCTH OT THAPOre0JOrHYeCKHX YCJI0-
BHiT H KOHCTPYKUHH CKBa)XHMHBI, HAJ€}HOTO MEeToAa KOHTPOJS XOA2
06paBoTKH H KPHTEPHA 1718 OLEeHKH ee OKOHYaHHS.

[IpH ocyllecTBIEHHH MMIYJIbCHOH pereHepannn HeoGXOAHMO ole-
HHTb BO3MOXHYI0 CTelleHb APOGHMOCTH 06pasoBaHmil B NPHPHALTPO-
BOIT 30He M AEKOJbMATAUHH CKBAXHH NPH OCYLUIECTBJEGHHH 06paboTKH
npn MHHHMaJbHBIX 3HEPTCTHUCCKHX 3aTpaTax, a TakKXe NDH YCJIOBHH
odecrneYeHHs1 cOXPaHHOCTH caMoro ¢HabTpa. CoucTaHHe HMOYJbCHBIX
H PEareHTHWX MeTOIOB MpH3BaHo obecnmedHTh Boaburylo 3sggekTHs-
HOCTb BCJEACTBHE co3fanus 60ojee paBHOMEPHOH BOAOMPOHHUAEMOCTH
nopoa B NpHGHABLTPOBOI 30He MO BePTHKAJNH H DA3BHTOH MOBEDPXHOCTH
KOIbMAaTauTa NpH HMIY.IbCHOM BO3AelCTBHH, 94T0 obecrieyHBaeT HHTEH-
CHBHOE M COBepHICHHOE PaCTBOPEHHE BHYTPHIIOPOBOTO LEMEHTa.

HrMnyabcHoe Bo3neHCTBHE Ha CKBAMXKHHBI SIBJAS€TCS OAHHM H3 Hau-
6o1ce yaCTo NPHMEHSIEMBIX METOAOB pPereHepaudH. 3710 obycjOBIeHO
NpOCTOTOH NPHMEHAEMOro o60opPyA0BaHIA H OULYTHMBIM 3(deKToM, Ao-
CTHIAeMBIM TIOCJIe OTHOCHTCABLHO HeTpyRoeMKHX paboT. [as ocBoeHHA
1 pereHepal#H BOA03a6OPHBIX CKBAaXXHH B HACTOAILlEE BPeMS HCHOMh-
3yeTcsi B3pbis TOpNea H3 feToHHpylomero muypa (TJHI), ocymects-
Jelde B CKBAXHHE 3JIEKTPOTHAPABJIHUECKOrO YAAapa, MHEBMOB3phIBA H
uMiL103nK. BiH3Koe mo XapaKTepy BO3JleHCTBHE CKBA)KHHA HCHBLITH-
BaeT Npu MyJbCHpyHOUleil Npokauke 3pJAH(TOM, NyCKax-OCTAHOBKAX
NOTPY>XHbIX HacocoB, cBabupoBaHuH, rHAPABJIHYECKHX Yaapax B QHIb-
Tpe, CO3/1aBaeMbIX COpachiBaAHKEM B HEr0 XKeJOHKH HJH Kakoro-nubo
APYTOTO NOCHIBHOLO TPYy3a, a TaKiKe CO3JaHHeM B3PHIBHOH CMecH
ra3oB HenocpeACTBEHHO Ha 3a60e BoccTaHaBAHBaeMOfi CKBaXKHHB, Jlas
B3pHiBHON 06paboTkk npuMensiioT topmeas TN (TIH-50, TNI-25,
TIAUL-B) ¢ gerounpyromum wuypom mapxkn JIH-B wam JIUIY-B, a
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Takxe Qyracube Topnean Thna THI uan ®-2, obecneuxBaioline co3-
Zaude faBieHHd Ha uabTpe a0 30—40 MIla.

B ckBaxuHax, o0ODyJOBAaHHBIX MeTAJJIHYECKHMH (QHJAbTPaMH
(Tpy6uaTHMH, KAPKACHO-CTEPIKHEBRIMH, CIHPANBHO-T[POBONOYHHMH) Ha
PBIXABble BOJOHOCHHE OTJIOXEHHS, NeTOHHPYIOWMH ILHYP B3PHIBAIOT B
onHy HHTKY. [Ipu oBopynoBanuu CKBaXHH (PuirTpaMn ¢ cetiaToif BoO-
IOTIPHEMHOH NMOBEPXHOCTbHIO, GJOYHBIMH M IMJIACTMACCOBHIMH KOHCTPYK-
UHSMH NMPHMEHATh B3PHB JeTOHHPYIOLIEro LIHYypa He DEKOMEHAyeTCs.
Yeranopneno, urto Hanbonee addextvBHO TpnMeHende B3puBa TJIIL
B CKBAXHMHAX, 3KCMIYAaTHPOBABUIMXCH AO BOCCTAHOBHTENbHHX Mepo-
npuATHE He Gosee 2—5 ner. Ilpn B3puse TJHI B cKBaXKHHe B TEepHOA
sKcnuyarapnH 6osnee 3 pas pe3Ko BO3PACTaeT BEPOSTHOCTHL paspyuie-
His1 GUALTPA U BHIXOAA CKBAXKMHH H3 CTPOf. B CKaJbHHX BOJAOHOCHHX
MOPOAAX C YCTAHOBJEHHBIM B HHX TPYOUATHIM HJAM KapPKACHO-CTEPX-
HEBHIM (HILTPOM HCIOAL3YIOT (pyracHble Topmeasl Hau TJIN H3 2—3
HHTOK.

AnexkTporugpasanieckad ofpaborka ocyilecTsasercss Ha Gasze HC-
flONb30BAHUA cneunannaﬂpoaaﬂﬂux yCTaHOBOK‘ o6ecneqmaa}oumx
CO3JaHne 3JeKTporuapasanueckoro ynapa (3I'V) nmo panHe ¢uabrpa.
Tlpn aToM Ha cTeHKY ¢HabTpPa co3gaercs AaeiaeHHe 1o 5—6 MIla.
B03MOXHOCTE pery/HpOBAHHS BeJIMYHHEI HMMYJbCOB H HX KOJHYECTBA
CYUIeCTBEHHO pacHIHpfeT o6gacTh NPHMEHEHHs 3TOrO MEeTOAA, HCIOJb-
30BAHHe KOTOPOTO BO3MOXHO B MeHee MPOUHHIX KOHCTPYKUHSAX (HAL-
TPOB, B TOM HYHC]E C CETYATOH BOAONMPHEMHOH MOBEPXHOCTLIO HJIH B
naacTMaccoBux ¢uasrpax. [Ipn IIY-o6paborke B CKBaXKHHAX, 0B0DY-
JOBaHHBIX TPYGYATHIMH, KAPKaCHO-CTeDXKHEBHIMK (HJIBTPAMH C BOJO-
[pHEMHO# MOBEPXHOCTBI0 H3 TPOBOJOKH HJH LITAMIOBAHHOTO JIHCTA,
aocratouo nposeaeHns 300—500 umnynbcos Ha 1 M. M ¢uabTpa, aas
cetyateix ¢QuabTpoB — 100—200 umnysnncoB. B ckanbHHX H moay-
CKAAbHHX MOPOAax, 060pVIOBAHHAX MepQOPHPOBAHHBIMH TPYOaMH, Ko-
JHYECTBO MMMYJAbCOB HAa ! M. M HeoOCaXKeHHOro HJH NepGopHPOBaH-
HOro 32604 A0JKHO GHThL He MeHee 500.

TTHeBMOHMNYAbCHOe BO3JeHCTBHE obecmeyHBaeTcss CNELHATHIKDPO-
BauHbiMy ycranoskamu ACIT-T u ABIIB-150, cospamwmuMu ¢ no-
MOUIbIO CXKATOTO IMPH BHICOKOM JaBJEHHH BO3AYXa B CTBOJe CKBAaXH-
HEl BOJIHB! MOBHINIEHHS AABJEHHS MHTeHCHBHOCThIO 10 4 MIla u ¢dunp-
TPAIHOHHEE TIOTOKM C BLICOKHMH rpagneHTamu (raba. 18.1).

B ToayckalbHHEX H CKalbHHIX NOpOJAax NMpe o6paborke CKBAaMHH
CO3LAI0T MaKCHMAJbHO BO3MOXXHOe [aBJeHHe B BO3AYX0COODHHKe H
IPH MaKCHMaJbHOM 06beMe NHeBMOKaMepH, a KOJHYECTBO HMMYJbCOB
Ha 1 . M ¢uIbTPA NOJKHO GBITL He MeHee 10.

CywmecTtBeHHnl 3¢dekt MoxXeT OTb AOCTHIHYT IIpH Ta30BOM
B3pHBe ¥ JAPYrHX HMNYALCHEX Bo3feficTBHAX. ONHT UMIYJAbCHOH pe-
reHepallHy CKBAXXHH HA BOAY HAOCTATOYHO BEJHK H TMO3BOJMAET C HO-
CTATOYHON HAaNEeXHOCTbIO CAeNAaTh BHIBOJA O BO3MOXHOCTH BOCCTAHOB-
JIeHHsl NpPOH3BOAHTENbHOCTH CKBaXuH A0 40—70 9, nepBoHawa’dbHOW
TpH MeXDPEMOHTHOM TMEpHOAe B YCJAOBHSIX TociAepyouwiel SKcHjayara-
IHH He MeHee ! roza.
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Tabauna 18.1. TexnOAOrHYECKHE TIAPAMETPHI
NHeBMOHMIYAbCHOA 06paloTkn

JAunamerp duaeTpa, Mam

Tun durbTpa TexAoJ0rHIecKne fapaMeTpht
168 219 273
CetvaThit Q6beM TTHeBMOKAMEDH, I 0.3 0.5
Hasnenue B Bo3pyxocbopHu-} 4-—6 6—8 8—10
xe, Mllajem?
Yucsno uMnysancoB Ha 1 n. M| 2-3 3—5 58
$puabrpa, wT. .
KapkacHo-cTepxue- OfpeM NHEBMOKAMEpH, 0,3 0,5
Boll (cnupanwHo-npo- |HdaeaeHwe B BoagyxocGopHH-{ 10—15 [ 10—15 | 10—15
BOIOYHHE) ¢ mpoBo- |ke, MIla/em?
nouHoli oBMoTKOA unx |Uucno mMnysancoB Ha I m M| 45 5--8 8§12
¢ WTaMOOBaHHKIM JH- |HIBTPE, WT.
CTOM

Pearentnas o6pafoTKa cKBaXKHMH HCHOJAB3YETCS B NPAKTHKE BOIO-
cuabxkenna B CCCP Gosee 30 ser. PacrBopeHHe KOJbMaTHDYIOULHX
OTJNOMeHHI B NPHPHILTPOBON 30He H ¢(HIbTpe BOAO3aOOPHLIX CKBa-
JKHH MO3BOJAET ZOOHTHCS NMPH COOTBETCTBYIOHIHX THIAPOAHHAMHUECKHX
YCJIOBHAX H COCTaBe KOJIbMaTaHTa NMPAKTHYECKH I1ePBOHAYAIBHON NpO-
H3BOJHTENLHOCTH cKBaxHH. Haubosee pacnpoCTpaHEHHBIM H JIEIKO-
JOCTYNHLIM PAcTBOPOM SIBJAETCH COJIAHAS KHCNOTA, OAHAKO B HACTOS-
Llee BpeMs NOAOOpaH psiJ KOMHNO3HUHE peareHTOB, NO3BOJSKONIHX NPO-
BOJUTbL 06PAaBOTKH IPAKTHYECKH BO BCEX THJAPOTEOJIONHUECKHX YCJ0-
BHAX H NPH Pa3HBIX KOHCTPYKUuAX (HALTPOB. [loaSop pearenTta ocy-
LlecTB/AAIOT N0 Taba. 18.2 B COOTBETCTBHH C COCTaBOM KO.JIbMaTaHTa
H THNOM GHIbTPA.

YCeTOHUHBOCTE (DHABLTPOB B KHCJAOTAX XapaKTepPH3YeTCs B TEXHH-
JeCKHX YCJOBHAX Ha HX IPOU3BOACTBO H NPHMCHEHHE, COCTAB KO.lb-
MaTaHTa Ha QHILTPAX W B IJIacTe HASHTHPHUHPYETCH Mo OCAAKaM,
OTOOpAHHKWIM C BOAOMOXBEMHLEIX TPYO HJIH HACOCOB, OAHAKO B 0O0.b-
LWIRHCTBE CJy4aeB B COCTaBe KOJbMaTaHTa NpeobaafanT THAPOKCHIB
}ede3za. B pensx mpenorspamieHHs KOPpo3HH B X0Ae o6paloOTKH B
COJSIHYI0 KHC/JOTY BBOAAT WHPHOHTOPHI KaTamuH-A HIH  KaTanuH-bB
B KOHUeHTpanuax coorserctBedo 0,5 u 0,05 %. 31w unrabHTOpH
JONYHNIEHW K HCHOJb30BAHHIO B CHCTeMax XO03SHCTBEHHO-MHTLEBOTO
BOJOCHAOXKeHH.

[Tpu mpoumx paBHBIX yca0BHAX Hauboablias 3(deKTHBHOCTL 06-
pabOTOK AOCTHTAETCst TipPH NMPHMEHeHMH COJSHON KHMCIOTH (KOMNO3H-
uan I u 7 {cM. ta6a. 18.2), 61H30K K HEH MO cTelMeHH PacTBOpeHHs
JHTHOHHT HaTpHsa (KoMmosHuus §). Pacreopsowlas cnocobHoCcTs pac-
TBOpa CHAPA3HHA COJSIHO-KHCAOrO (koMnosuuus 2) cocrasaser 60%,
6ucyabdparta natpuss BoaHOro (koMmosHuua 4) —40 %, pacrteopa
cy.abthaMHBEOBOH KHCAO0TH — 10 % pacreopsiionleif cnocoGHOCTH COMSA-
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Ta6anna 18.2, YcnoBHa NpHMeHEHHs PearesToB
NpR Perenepanki BoR03aGOPHEIX CKBAKHH

Peareutn
2 YCTORYHBOCTE
.:‘ Kounosuuus Koutenrpa- | Coctan xomoMarauta 00D N
&
t { HCI+ NagP;044 20...254-0,1| Fe,03, Fe{(OH)s, Kucaotoyeroi-
FeCOs,, FeS, CaCQs;,|uust
MgCOa
2 | NoH,y-2HCH+NasPaOyn R... ]0+0, I | To xe To xe
3 NH303H+ Naspsojo l8 e 10—'—0, i » » L
4 NHSO;'HQO"FNasngm 5.. .7+0,l FCgOs. Fe (Of'l}:;, »
FeCOy, Fe
A 1 NapS:044-NagP30y ‘ 6...841 | Fe,0; Fe(OH); Heycrofuuse
6 | NasP3Oyq 5...8 Fe, 03, Fe(OH)g. To xe
B4 FeCOj3, CaCQOs,,
(N3P04)s Mg’COa
7 | HC14+NagPiOp 5...104-2,5 | To xe n Fe§ Yerohunsnl B
pasfasaeHHoll
KHCJTOTE

HOW KHCNOTHL. Bce NMepeuHcieHHBle peareHTH, 32 HCKJIOUEHHEM COJIA-
HOH KHCJIOTHI, TOPOIIKOOOpa3Hble.

s o6paboTKH ORHOH BONO3a0OPHO# CKBaX<HHbLI TpebyeTcs B 3a-
BHCHMOCTH OT nHaMeTpa H JJHHb (rabTpa ot 300 mo 1100 xr HCl
COOTBeTCTBEHHO OpH aHamerpax 6” u 12”7 » nopomkoofpasHbix pea-
FeHTOB B TeX e YCAOBHsX oT 25 no 80 xr. TexuHosorus peareHTHofl
pereHepallHK CKBaX{HH AeTaJbHO HM3J0XKeHA B psje H3JaHHHX PyKo-
BoacTB [17] u moHorpaguii |2, 4]. OTMeTHM, YTO BO3MOMHH ABE e¢
pcaJH3allHW: PeareHTHAas BaHHA K LHKJHYeCKoe 3aXaBaHBaHHe, obec-
nevnBaolllee BO3BPATHO-NIOCTYNATeNbHOE [BHXKEHHe pearesHTa B TIpH-
dunbTpoBOK 30HE.

Criocof peareHTHOM BaHHBLI HCHOJbL3YIOT OpH I'IYOOKOM 3asleraHui
ypoBHsT noasemubix Box (Gosee 30 M). Ee pexoMenayemas mpopo.l-
wuresbHoeTth 10—12 u.  PereHepanus repMeTH3HPOBAHHBIX CKBAXHH
Goaee 3dgdekTHBHO obeCneyHBaeTCs IUHKJIHUYeCKOH obpaborkoi. [lpu
3TOM BO3BPAaTHO-NOCTYNATEJNbHOE NBHXEHHe CO3RACTCS IlyTeM MOC/e-
J0BATENbLHOrO MOBLILIEHHS H CHATHS LaBJIeHHS HJIH BaKyyMHPOBaHHEeM
CKBAXKHHBI C MOCAefyiolleil ee pasrepMeTH3anHed. IIpeBrillieHHe AaB-
J€HHsT Haj eCTeCTBeHHBIM NJaCTOBHIM XOJXKHO cocTaBiATh 0,15—
0,2 MIla/cM? npH NpPOROMMKHTENBHOCTH 3aflaBiHMBAHHA B Tpeflejax
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10 MHH U CHATHA AaBaeHHA 10 b MHH. O6ULaa NPOAOIKHTENBHOCTD 00-
paGoTKH B 3TOM peXHMe oO6H4HO He npepnider 2 u. Ilo paccmarpH-
BaeMOl TEXHOJIOTHH BOCCTaHOBJEHO OKoAO 10 Twc. BOA03aGOPHBIN
CKBaXXHH. Donee 20 jer oHa YyclellHO MpHMeHsercs Ha Bogozabopax
r. PHru, roe HOPMATHBHHH CPOK CnyXOm CKBaXKHH Giarofaps aToMy
npeepimed B 2 H 6ojee pas.

B cocraBe KopMaTHpyouax obpa3osanuii GHILTPOB H NPHPHNBT-
POBBIX 30H Ha BoAo3aGopax r. PHrH mpeo6iafaloT COelHHEHHs Xene-
3a (Fe;O; naxoaurcs B mpefeaax 73,3—80,4 %), coeauueHHs Kanb-
IS, MATHHAA H APYTHX KOMITOHEHTOB HTPalOT MOAUHHEHHYIO POJb.

BoccTanoBiaeHHe NPOH3BOAMTENBHOCTH CKBAXHH BOA03a6opoB MpO-
H3BOAHJOCh UHKJIHYECKHM 3aJaBAMBAHHEM MOHOpPEareHTOB (COJAHOI
KHCJIOTH, TpHNoJdHpocaTa HATpHA) H NOJAHpeareHToB (MOJKHC/IEH-
HOro pacTtBopa TpHMOJH(pocpaTa HATPHA, COMSAHOH KHCJOTH H pacTsoO-
pa AMTHOHHTA HATPHA CO CTAGHAM3HpPYOLHMHE Ao6aBKaMH ¢ocdaTos).

KucnorHble pacTBopnl (CONSIHAS KHCJOTA, MOAKHCIEHHHH pacTBOp
docdaroB) roTOBHAHCHL B 3a/IHBOYHON €MKOCTH, IPHrOTOBJIEHHe pac-
TBOPOB H3 NOPOINKOOGPA3HbIX peareHTOB (AHMTHOHHT H TpHMOJAHGOC-
¢aT HaTpHs) NPOH3BOAMJOCH HEMOCPENCTBEHHO B CTBOJIE CKBAXKHHbI
IPH NOMOIIH CKAaTOrO BO3AYXa, MOJABAeMOro B HHIKHIOIO TacTb (HAb-
Tpa. 3alaBjHBaHHe PacTBOpPa 3a KOHTYP (HJILTPA OCYWECTBJISANOCH
NaBJEHHEM CkaToro Bozayxa He suiie 0,16 MITa B Teuenne 5—15 mun
¢ TocaepyioldmM c6pocom aasieHHs (3—5 MuH). BpeMsi oKOHY2HHA
06paBoTKH CKBAXKHH OMPeAeNfJoch MO CTAGHIH3ALHM AAHHHX O BOC-
CTAHOBJIEHHH YPOBHS JXHIAKOCTH B CTBOJIe CKBaXKHHbI B Ipoliecce LHK-
auyeckofi 06pabGoOTKH, YTO CBHAETENBbCTBYET O NpeflesbHO BO3MOMKHOM
YMeHbINEHHH HACHIEHHOCTH MOPOBOTO MPOCTPAHCTBA KOJbLMATAHTOM
(npu H36biTKe pearenra). B obmem cayuae Bpems o6paGOTKH B 3aBH-
CHMOCTH OT BHAA peareHTa M KOJMHYECTBA KOJBMATAaHTa H3MEHSJOCh
oT 60 mo 160 MuH. BpeMs mpoxayKH CKBaXKHH Nocne oO6paGOTKH He
npesuwazo 2 u. Ha sogoszabopax r. Puru 6ut10 o6paborano 384 ckpa-
skuHpt (raba. 18.3).

B pesynbTaTe 06pa6oTOK yAesbHbIT A€OHT YBENRHTHJCS Y CKBaXHH
¢ rpaBHAHO-KJeeBbIMH QHABTPAMH B 2 pa3a; ¢ KepaMHyeCcKHMH B 1.9:
¢ rpaBHAHO-NPOBOJIOYHBIMH B 1,8; ¢ (HABTPaMH KOHCTPYRLHH Trwma
g 1,8 pasa u B uesoM o Bogoszabopam B 1,9 pasa.

XapakrepHo, 9T0 3¢(}eKTHBHOCTE peareHTHHIX 00pabOTOK OKa3bli-
BaeTCsl MaKCHMa/JdbHOH HDH HX NPOBEJEeHHH B MepHOA 2—3 JjeT nocie
HaYajJa 3KCNAYyaTalHW CKkBaxHH. Tak, Mo OAHOMY H3 BOA03aGOpOB B
noaude p. Boaru (puc. 18.2) 6wio mosydeno, yto HanGolee meneco-
0o6pa3Ho NPOBOIAMTh MHKJIHTECKYIO PeareHTHYIO pereHepamHio He Mo3-
Hee, geM Tepe3 5 JieT pa6GoTh CKBAXXHH NpPH MEXPEMOHTHOM IepHOAe
He Gonee 2 aer. Ilpu Gonee AJNHTENbHOM CpOKe IKCIIYAaTALHH CKBa-
XKHH Iepej perenepamnueii Heo6X0AMMO O0Jee HHTEHCHBHOE HMIYJIbCHO-
peareHTHOe HJH TepMOpeareHTHO® BO3AeHCTBHE.

HMnynscHo-pearenTHble METOAB COYSTAIOT HMITYJbCHOE BO3JAEHCT-
BHE ¢ MOCAedyomeH HAM ONHOBPEMEHHOH peareHTHoH o6paboTkoil.
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Puc, 18.2. Dddext BOCCTAHOBALHHA YRENb-
woro gefuta cxBaxun Kyhbumesckoro o0 1
BONOXPAHHANLA B 3ABHCHMOCTRA OT CpoOKa Bix
MX IKCRJAYATRUMH TNPR UHKAHYecKoH pe- 350
arentHoit o6paGorke E%g
Py
§£2
53z 4 2
Iro
gas
2:2:: W T
o35 8 W 2 #

CPCK FHCNNYATAUMH, RET

Taéamua 18.3. DddeKTHBHOCTS UBKARYECKHX PEareHMTHHIX obpaGoTox
CKBaXMHH Boj03abopos r. Parn

Uncao Ypenuyewne
Pearent cXBa- Tau dansTpa yReJbHoro ae-
KHH 6HTa, pa3
Baarazepc
Coasnag kuclora 27% 26 | Kepamuueckuh 1,6
9 | Konerpykunu Tuma 1,2
Coansan kucaota co crabuausd- | 36 | Kepamuveckuh 2
pviowMn Jo6apkame tdocdraTon 14 | Koncrpykunn Tuma 2,1
Coasnast KHclota 5% ® tpunois- | 25 | Tpasuitno-kneesoft 2
dochar gaTpus 3% 4 | Kepawuuecruii -
10 | Kouctpykiun Tama —
Banrasepc-1
Coaanas Kucamora 279Y% 22 | Kepamuucckuit 2,5
8 Koucrpykuuu TumMa 1,9
Coasvas Kucaota co ctabumn- | 26 | Kepamnueckuh 1,6
pyromumME ac6abxamu docdaron
CoasiHas kHcaota BY% W tpunmoan- | 12 | Tpasufino-kieenofi 2
doctart HaTpus 3%
3akwmMyRxa
Coasvas kuenora 27% 8 | Kepamuueckui 2,2
16 | Konerpyxurd Tuma —_
Co.swan xuedota  co ctabuamsu- | 22 | Kepamuyecknit 1,6
pyYOWMMKE fo6aBkavu docdaToB
Pembepru
Coasnas xucnora 27% 30 | Kepamuueckuii 1,6
Coassan  Kwenota <o crabmanan- | 33 » 1,6
pyriomumu nob6aekamu $ocdaton
Faya-I
Coaanasn xucnora 27% 13 | T'papuino-npoROTOURHIH 2
ConsHan  Kucaota co crabmmusy-| 65 | To xe 1,7
pyolIRMAE fo6aekamu docdaton

IIpn »10M pasnnuaT BHUOPOPEArEHTHYW pereHepaiuyio, COYeTAKLIYIo
UMIyabcHOe BHOpallHOHHOE BO3JefiCTBHe ¢ peareHTaMH H NpoBe/leHHE
AHCKPETHOIO HMIYyabca ¢ pearedTHod o6paborxoii. BrGpopearentHas
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ofpaboTka nposoauTcs Ha Gase paspaGorannmx B. B. BepcroBrim
anbparopos THna BYP npun Hanuuuu 3a6ofiHoro pafouero oprasa.
3T10T BHA 06pabOTKH BO3MOXEH B COUETAHHHM CO BCEMM BHAAMU pea-
TEHTOB.

OnHako OTHOCHTENbHO HH3KHe 3HAYEHHS FHAPOJHHAMHYECKHX A4B-
Jennit, e npesuninapinye 0,2-—0,3 MIla, ne no3BONAIOT CYLULECTBEHHO
paclIHpHTbL o6JacTh IpHMeHeHHS BHOpopeareHTHol 06paboTKu B CPaB-
HeHHH ¢ LHKJHYecKoH. Ho cTenenp ynaneHHsl KoJbMaTaHTa H3 Mpi-
(HILTPOBOH 30HH CKBAXKHHW NPH BHOpOpeareHTHO#H 06paboTke BO3-
pacTaeT H BO3MOMHO AOCTHXeHHE TPaAKTHYSCKH IePBOHAUYATbHOLO
YA&IbHOTO je0HT3 CKBaXKHHMI B cayyae, ec/iH AJHTEIbHOCTbL ee 3Kc-
nayaraudd K0 o6paGoOTKH He npeBbilmaer 3—5 ser. B AauTeabHO pa-
60TaBIIMX BOA03aBOPHBIX CKBa)KHHax OoJiee NPEANOYTHTEIbHO COYE-
TaHHe HHTEHCHBHOH WMIYJBCHOH U peareHTHOR 06pabOTkH.

OnuiT npuMeHeHns copMectHoro B3puiBa TIAIU ¢ UHKJIHYeCKOH pe-
arenThoit 06paboTKo#t Ha ckBaxXHHAX B 30He KyAGbILEBCKOTO BOAO-
xpannauiia, Kaxosckoro popoxpanmnuiia H KHeBckoro Boposafopa
r. Kypcka .nokasall, 4Yto yAeJIbHHH HLeOHT B CpPefHeM YBeJHYHBaJCH
8 3 pasa, Ha CKBa)HHax B pafioHe KyHAOHIUeBCKOro BOAOXPaHRJIHIILA,
9KCNAYaTHPOBABINEXCS A0 06pa6oTkH 14-—19 ger, B 7,6 pasa. Yaens-
Hblfi JeGHT 6Bl BoCCTaHOBJeH B cpeaneM o 60 % mnepsoHauajbHOTO.

IMueBMonMNyIbcHast 06Pa6oTKa CKBAMHH C NOCAEAYIOIIEH WHKIH-
Yyeckofi peareHTHOH 06paboTKO#l MPOBOLH/IACH HA CKBAXKHHAX CEJbCKO-
X03fHCTBeHHOTO BOZocHabxkcHHs TamGonckod of6a. u Ha Kuesckom
sofo3abope r. Kypcka. Jlaa npoHsBoicTea paGoT IpHMeHAJICA liHeB-
monMmyabcubifl arperar ACIT-T. B TamGoBcko# 0641, cKBaXHHH obpa-
6aThIBANIMCL THEBMOUMNYJIbCAMHU B npefenax paboyel yacTh $HALTPOB
cHH3y BBepX. Yucsao pelicoB mHeBMOKaMepsl oT 4 40 6, KOJHYeCTBO
nueBMouMny.abcos 361—437 npu naBnerHd B BosgyxocOopHuke or 12
o 2,2 MIla.

Jlanee cKBaXXHHb 06paGaTHIBAJNHCH PACTBOPOM COJSHOH KHUCIOTH
co crabuamsnpyowuMu go6apkamu ¢ochatos. BoappaTHO-nocTyna-
Te1bHOE IBHXEHHE PACTBOPa B 3aKONbMATHPOBAHHOH NPHGUIBTPOBOI
30He CKDaXHHE 08ECIeUHBAJOCh NEpHOAHYECKHM ero 3aJaBJHBAHHEM
3a KOHTYP $HJIbTpa RABJICHHEM CKATOTO BO3AyXd, [IOKABAEMOro OF
KoMIpeccopa 6ypoBoro arperaTa, ¢ MOCJEAYWOIHM cOPOCOM KaBJEHHS.
PesyabraTet 3THX KOMOHHHPOBaHHHX 06pafoToK TNpUBefeHB! B
Tafa. 18.4.

B pesyabTare KOMOGHHHPOBAHHON 06pabOTKH ynenbHuli nefuT yse-
Juuuncs B 2-—6,6 pasa Opu CyUIeCTBEHHOM CHHMXEHMH [I0Ka3aTedss
06061meHHOro CONPOTHB/eHHA. TIpH 3TOM yZRenbHbH AeGHT CKBAXHH
6bl1 BOCCTAaHOBJIEH NPAKTHUECKH JO MEepBOHAYA/bHBIX 3HayeHHH, mpH-
yem 59,8 Y, oflero npupallleBHs YAEARHOro Aé6HTa NMPHXOAHTCA HA
NHeBMOUMNYIIbcHyo 06paGoTky, 40,2 % — Ha pearentHylo o6paboTky.

CkBaxkuns Kuerckoro Bonosabopa B Buje JIMHCHHOTO psifa KalTH-
PYIOT BOROHOCHBII KOMIUJIEKC, NPHYPOUCHHBHE K YETBePTHUHBIM H CEHO-
MaH-anb6CKBM NeCKaM co cPelHel BeJHYHHOH BOXONPOBOKHMOCTH
orono 350 m2/cyt. CkpaxuHu ray6uHo#i 35—37 M 06opyhoBRaHH rpa-
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Ta6anuua 184, DdodextnsHocte 06paborok ckeamus TamGosckoi o6n.
TTHEBMOUMIYIbCHBIM criocof0M ¢ nocaeaywued UHKIHYECKOH
pearesTHOH 06paGoTkofl

": li;',;'_f,:,,gé,‘,‘;' . ) Pea;;-;;ax o6pa- @ @

B .LE : 0%’1)860“(& ,‘:i Gotka E E " E i’ti: 2*

a Eaﬂ‘:‘_ —_— e R $§“ F 8“6

B E E x E g § nu‘t’tneg”ebﬁ'r ymemH- ?'E : £ 5 Eg %

Sy Ralol Y- v ead 23, nocne deqne $=me FEREE|

B E e fne | b || B Bield

TE SER ] 553 ua,o(‘:(,':(') 6uTa, pas OEx ANSE2
4690 1 0,14 (062! 4,4 0,92 1,5 6,6 92
43134 1 0,23 10,66 2,87 0,95 1,4 4.1 95
1684 2 0,9 [1,58] 1,76 2,04 1,29 2,27 102
2847 i,8]1,03{1,64} 1,6 2,07 1,26 2 115

BHIHO-TIPOBOJIOUHBIME (QHALTPAMU AHameTpoM 245—299 mm. 3aech
I[HKJIHUeCKan peareHTHasa o00paboTka NMPOH3BOAHMNACH NOCTE ITHEBMO-
UMITyJIbCHOH . 06palOTKH repMeTH3HPOBAHHOTO ¢uabTpa. O6paboTky
NPOH3BOAHAH PAcTBOPOM AHTHOHHTA HaTpHsa. Jam mpouaBoacrsa pa-
60T NPHMEHANCS TakXe NHeBMOHMOyJabcuuiii arperat ACII-T. TTocae
33aKauykH pacTBopa B (GHJIBTP CKBAXHHH MPOH3BOAHIH IHEBMOHM-
nyabCHYI0 00paboTKy, B XOfe KOTOPOH MHEBMOCHAPSA MepeMelalcs
uepe3 10 ¢M Docse KaXporo Buixaoma B npefenax pafoyedt uacTH
GHABTP2 OT €ro BepXHero A0 HHXKHero KoHla M HaoGopor (2—4 pa-
3a). JlaBnenHe B Bo3AyXoc60pHHKe B XOAe 06paboOTKH H3MeHSI0CH OT
11 no 2,6 MIla. Jlasnenue BO3ayXa moj MakepoM HaXOAHWJOCH B Ipe-
aeaax 0,04--0,13 MIJa. Jlanee mpoH3BOAH/IH LHKJHYECKYIO peareHT-
Hylo 06paborky. TIpn 3TOM B KaXIAOM IIMKJA€ BO3BPaTHO-NOCTYMAaTeNb-
HOe JBHXEHHe PacTBOPa B 32KOJbMATHPOB2HHOK 30He oDeClneyHBasloCh
NaBJleHHEM CXKATOTO BO3AyXa OT KoMmmpeccopa B mnpegeaax 0,04—
0,12 MIIa B Teyennie 5—10 MHH ¢ mocaenyrOmHUM cBpocOM AaBJeHHs
A0 aTMocdepHOro.

B pesynnrare nmpoBeieHHHX 0OPa0OTOK YAENbHbIH AEOMT CKBaXKHH
ysenuyuacs B 1,7—4,8 pasa u B cpesnem coctasua oxojo 70 % mep-
BoHayanbHoro {Taba. 18.5).

Tlocae npoeemennrx o6paborok na KueBckom BonosaGope r. Kyp-
CKa OBlI0 NMpPOCTEeXeHO H3MeHeHHe YleNbHHX ReOGHMTOB CKBAaXKHH BO
BpeMeny (puc. 18.3). Hepes rog nocne o6paboTKH yaeabHuli ae6ut B
cpeaHeM NO CKBaXKHHaM cocTaBHa 93,5 9, AOCTHrHyTOTO B peayabTare
06paboTkH. HeoOX0nHMO OTMETHTb, YTO NPH 3TOM YAENbHHE Ae6UTH
CKBaXXHH OueHb OJaM3kk. Uepea ABa roxa mocie o6paloTKH 3aKoHO-
MCPHOCTH H3MeHEHHSl YAeNbHHX AeOHTOB MEHSIOTCH. MOMHO BhACAHTD
JBe TPYNIMKE CKBAXHH € Pa3HbIM TEMIIOM CHHXKEHRH YAEJBHBIX AeGUTOB.
Yacaehslli ae6UT CKBAXKHH TeEpBOH TpPYNnH B CPelHEM COCTaBJfAeT
84,8 %, ROCTHIHYTOTO B pe3yjbTaTe 06pabOTKH, BTOPOH TpPynnbl —
57,1 %. [Ipu aToM NHIIb B ABYX CKBaXKHHAX BTOPOH TPYNNHl yiedbHble
NeOHTH CTa/lM HEMHOIO HHXKe YAEJNbHHX Ae0HTOB, 3aQUKCHPOBAHHHX
1o 06paboTKH.
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8

YBENLHYA ZEGHT, %
3

1]

w— _ [

- 7 R R 2
BPEMA MOC/IE UMNYALCHO-PEATEHTHOM OBPABOTKH, roA

Pue. 18.3. Cuuxende yAETbHRX NeGHTOB CKBAXKHH TOCJHe HMNYJAbCHO-PeareHTHOR 06-
paGotkn (UAdPH — KOMEPA CKBAKHH)

Tadanua 185. IpHeKTHaHOCTE UHKIHYECKHX 006pafioToK cKBaXKHH
Kuenckoro poAoaabopa r. Kypcka ¢ npexBapnTe/bHOA NHeBMOHMMNYAbLCHOR
o0paboTKofi B repMeTHIHPOBAHHOM DHALTPE

, TTokaaaTtesb 0606-

YaenbHuf ReGHT, v o e CcTaHOB-
2o |ex | R Bof | wemmore couporia- | 4ot
oy | oh Bd | oo e
232 5§ x | TEDBO- mepex | nocne 5% g Ho ofpa- | Mocte Ro MepmoHa.
25 | SFEE| I | oSrn| Gomen | SR | Soms §oben | samemoro. %
13 9 3,7 1,2 3,5 2,9 — — 94.6
921 8 71 1.8 491 2.7 — — 68,5
22 8 | 10 18 | 351 1.9 14,7 9,8 34.8
23 8 | 108 {311 36| 21 9.1 56 61
24 3| 10 48 1 94| 2 - - 93,6
25 8 15 5,3 10,8 2 — - 72
% g | 11,2 |4 g8 1{ 2 11,2 | 6,7 72,3
27 8 13,4 2,8 13,4 4,8 14 10,6 100
28 8 il 3,1 8,6 2.8 — — 76,5
29 8 | 13 3.4 |108f 32 — - 827
30 g8 | 12 1.7 { 451 26 30,7 | 13,5 37.5
31 7115 1.6 | 41 26 28,1 | 18,5 97.6
32 8 12 2,8 9,541 3,4 — -— 79,5
37 4 7 2,7 4.5 1,7 23,3 16,4 64,2
48 7117 76 | 11| 2.2 94 2.7 100
50 7 13,7 2,8 7,2 2,6 21,2 7,3 52,5

Hurnuyeckass pearentHass o6paborka ¢ OPeJBapHTEJNbHON NHEBMO-
UMNyJibcROl 06paGoTKoll CKBaXHH, 060PYAOBAHHHIX PABHAHO-IIPOBO-
JAOYHKEMH QUABTPAMH, N03BOAKIA NOcKe 3~ JleT SKCIVY aTALHH CKBa-
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KIH YBEJHUHTH HX yASIbHHY ne6AT B cpeaHeM Ha 70% OTHOCHTEJILHO
NepBOHAYaJBbHOrO,

TTpu mHeBMopearenTHOl 06paboTKe CKBaXKHH 6e3 TrepMeTH3allHH
ceTyaTniX (HIALTPOB MPA PA3NHUHBIX CPOKAX IKCIJYaTallHH CKBAaXKHH
(ot 2 no 14 ner) pmocTHraeTcsl yBeJHUeHHE YAeJNbHOTO AebHTa B cpell-
HeM 2o 67,1 % oOTHOCHTEJIbHO NepBOHAYaJLHOTO. BpeMsi cTabGHAbHOR
paBoTEl CKBAXHH NOCJE HMNYJbCHO-peareHTHHX 06paboTOK cOCTaBisd-
er He MeHee 10 Mec, H MeXPeMOHTHBI!l NePHOA CKBaXKHH TPH N0f06-
HOro poAa HX 06paboTkax MoXeT OHITH OPHHAT B fpeaenax 2--3 JeT.

bauskuil agdekr AocTHraetcs NpPH COBMecTHOM mnpoBeaerbu 'Y
H peareHTHOH 06pabOTKH, HO NPH 5TOM TpebyeTcsi ApHMeHEeHHe Crie-
IIHaAbHOTO THNA pa3psALHEKA, 06eCneYHBAaIOMIEr0 H30JALHIO Pa3piaf-
HOTO YCTPOHCTBa OT B3JEKTPOJHTa (peareHra).

TepmopearenTHas 06paboTKa npeanouTHTeNbHA B IAJIHTENBHO SKC-
nayaTHpPOBaBlIMXcA ckBaxuHax. Haubosee sddexTHBen nogorpes co-
JSIHOR KHCJIOTH, KOTOPBIH OCYNIECTBJASIOT 33 cUeT MpHMEHeHHSl 9K30-
TePMHYECKHX PEAareHTOB, BBOAHMBIX B COJsHYI0 KHcaoTy (6e3pofwnifi
XJOPHCTHH AaJIOMHHHH, MarHHi), CHellHaJbHHX TepPMOCHaPAAOB HJH
T3Hos.

Ta6auna 18.6. dddexTHBHOCTL TePMOpeareHTHHX ¢OpaGoToK CKBAXWR
Boac3abopa bBaarssepc

XapaXTepHCTRRA pearelTa Ynen:;!/?:. :)eﬂa-r, NocTariy-

Uneno TA yAedAb-

s | . i

KBa- | gycmaya- ) KoHUeuTpauks peares- s @ .

HAREL | rawen | B2 %08, 82 | €= |eaz | Tonawam
4 52| oF |3E8E | Tworo %

O’ HC ‘ Na;PyOu l AlCL | EEX| 28 | e6e

80 15 600 | 27,51 0,03 7,81 10,8 6,6 ] 11,4 105,3
81 15 600 1 27,5 0,03 7,9110.8 5,41 10,5 96,6
144a 10 460 § 27,51 0,01 11,712,6} 791174 65,2
152 13 560§ 27,5t 0,01 8,4124,8|15,4124,6 101,7
151 3 700 3 27,5 | 0,01 13,5 122,71 4,1]1144 63,8
138 13 6060 27,5) 0,02 8,2123,4|13,9120,9 89,2
159 13 600 | 27,5 0,02 8,8 228,1|16,3]27,1 96,4
156 14 7001 27,5 0,04 7,5125,9121,81}45,8 177,7
163 14 7001 27,51 0,04 40|547418,5]|27,8 49,8
167 14 700 | 27,5 | 0,04 3,8129,5|10,7§13,9 47.9

Ha Bogosa6ope Baartasepc r. Purw tepMmopearcutuble obpabor-
KH NpPOBOAMJNKCH Ha CKBAaXXHH2X, 0OOPYAOBAHHBIX KepaMHYeCKHMH
¢uaprpamu (rabxn. 18.6). Ilocne 3anuBKH B repMeTU3HPOBAHHYIO
CKBaXHHY COJIHOH KHCJIOTH €O CTaOHJNH3HPYIOIHMKE fo6aBkaMu doc-
tbatop B obnacTe PUIALTPa YCTAHOBHAU TePMOCHAPSA, 3aNOJHEHHBIH
XJIOPUCTHIM aNoMHHUeM Ge3BoAHBIM. O6paboTka NMpPOXOAH/IA LHKAHYE-
CKH 3a cdYeT SHeprHd ofpasoBaBmHXxcs ra3oB B npegenax 0,08—
0,15 MITa.

CpaBHHTEJILHO He3HauYHTeNbHOE YBeJIHYeHHe YACJbHLIX Ae6HTOB
ckBaxHH Ne 163, 167 oTHOocHTenbHO mepBoHavanasHoro (49,8 H 47,9 %)
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MOXeT OHTb OGBIACHEHO HEAOCTATOYHHIM KOJHYECTBOM BBEAECHHOIO
6e3BopHoro xJaopueroro antoMuHus (4,0 u 3,8 %). B ocranbubix ciy-
yasgx YAEJALHBIH AeGHT CKBaXXHH OBLIT YBCJHHUCH B CPeHEM RO 3Haye-
HHH, 0.H3KUX K NepBonauaabubiM (99,4 %).

[pu 06paborke cKBaXHK B 3oHe KpacHoRapckoro BOXOXpaHHIHKILA
B KayecTBe TepMOpeareHTa HCNOAb30BAJIH TakXe 6e3BOAHHIA XJOpHC-
TH# aniomMunil W Marudi. O6paboTKka nponsBofunack 6e3 3a1aBAHBa-
HHUS pacTBOpa 3a KOHTYD (HJABTPA CKAaTHM BO3AYXOM, TaK Kak ypo-
BeHb FPYHTOBHIX BOA pacrnoJarajcsi y BepxHel yactH dHanTpa. B npo-
yecce TEPMOKHCJHOTHHIX 06paboTOK B (HJIBTPe CKBaXMHH IIPOH3BOAH-
JIOCh W3MepeHHe TeMNepaTypw KHCJIOTH [IpH IIOMOIIH TEPMHCTOPOB
KMT-4, ycranOBNeHHHWX B BepxXHell u cpegueil yactu ¢uiapTpa. Yera-
HOBJIEHO, UTO MPOUCXOAHJ MOXbEM TeMIepaTypH no 56—75° C. Crenenn
BOCCTAHOBJIEHHS ITPOUIBOLHMTENBHOCTH CKBAaXKHH ONEHHBANach IyTeM
ComocTaBJdeHHsl AOCTHIHYTOrO MpHPALIeHHs AeBHTa IIpH CaMOH3JIHBe
oTHOCHTENbHO AebuTa no 06paboTku (Taba. 18.7).

TaGnuua 18,7 dddextuBnocte TepMopeareHTHbXx o6paloTox
ApenaXHWX ckBaxuh Kpacropapckoro BOAOXpaHHIHINA

Pearen'l-'; IMokasatens 06o6- L2
B o . eGHT cKBa- , FX
Homep ey ci‘l"apx'?;ﬂa KUHbl, MY4 § i’ :bq
ckpa- | 25% | napoo Ly T — T g8ES
MHAH HJ(I;I, 2sPaOse. rﬁé’.ﬁ‘fl’ﬁ}i Ao ogil:aa. ‘;g%‘: ogga— gg%g‘f S g gé
GoTKH GoTkH | GorxH -a
87 | 600 1 AlCl; — 50 9,9 7,8 3,6 9 150
88 500 1,5 AlCl; — 178 7,3 5,6 0,9214,8 4217
89 | 500 1 AICl; — 60 5,1 4,1 1,23 15,14 317,9
187 | 900 —_ Mg — 40 - -_— 0,76 | 2,41 217,1

KaK BHAHO H3 NOAYYCHHBIX JAHHLIX, NIpHMeHCHHE TepMocHapsana
TIO3BOAUTIO TIOYUHTE OLLYTHMBIH 3 deKT NpH TepMopeareHTHHX obpa-
GoTkax: TNpHpallleHHe NO JAeGHTY CKBaXKHH OTHOCHTENBHO Aeburta RO
06paboTKH HAaXopHTCsA B npefenax 150—421,7 %.

Ina cueRKH 5)DEKTHBHOCTH NPHMEHEHHA TepMOCHapsia OBUJIH
NpoBeseHH TePpMOKHCIOTHHE 06paboTKH CaMOH3/IHBAIOIHXCA CKBaXUH,
B Xo@e Kotopuix B ¢HasTpHl nopaBaau no 300 s  HHTHOHPOBaHHOH
CONAHOH KHCROTH 25%-HOM KOHUEHTpalHH cO CTAGHJIH3HPYOUIHMH
noBaBkaMu H no 45 Kr rpanyiupoBaHHOro Maraug Ha 3aboii. Tipa
3TOM TeMIlepaTypa Harpesa KHCJOTH He NpeBblllana B cpenxem 40° C.
[locae moCTHXKEHHsT MaKCHMaNbHON TeMIeparyphl 3aiaBJiHBaHHe Ha-
IPETOH KHCJOTH B 33aKOJMBMATHPOBAHHYIO NPHQHJILTPOBYIO 30HY Iipo-
u3BoauaH Bomo# (1,5—2 M%) H B TakoM NOJOKeHHH CKBaXHHa OCTa-
panach 18—20 y, mocne 4yero NPOH3BOIHIH SPAKGPTHYIO NPOKAYKY.

[lpu Bcex TepMOKHCJAOTHBIX 06paboTkax Ha6Jtogancad rasaHdTRbI
NOABEM XKHAKOCTH Mo FpaBuiinoil o6CHINKe H CTBOAY CKBaXHHHL. B pe-
3yabTaTe TEPMOKHCJIOTHHX 00pabOTOK HECATH CKBaXKHH C 3aCHINKOH
marnua Ha 3a6oi Ae6uT CKBaxHH Oni yBesfHueH B cpeiHeMm c 3,14
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1o 6,59 M%u4. CpaBHHTebHble JaHHble 3 (PeKTHBHOCTH Pa3/HUHBIX Me-
ToaoB 06pabOTKH caMOM3JHBAWOWUXCs ckBaXXKHH Kpacsomapckoro Bo-
JOXpaHUNHUILA NpHBeAeHH B Taba. 18.8.

Ta6anrua 18.8. 3dpdekTHRHOCTL PAINHYHBIX PEATEHTHWX METOROB
06pafoTKH caMOH3AUBAOMMXCA CKBAXHH KpacHoRapcKkoro BogOXpaHHAHINA

CpegHee npRpameRHe
Yrcno AeGHT2 OTHOCHTENB.
CnocoS 06paGoTKH cxpaXX#B | Ho ;eGRTa a0 O6pa-
Gotxr, %
TepMokHcnoTHan o6paborka NPH NOMOWIH TEPMO- 4 276,7
cHapsna
TepvoknucaoTHas o6paGoTKka ¢ 3ackinKod MarHHA Ha i0 109,8
aa6ol
KicnoTHasd paHHa ¢ 3aflaBAHBaHHEM KHCAOTH BOAOH 137 100,8

TepmokucaoTHast 06paboTka mpH MOMOIIM TepMOcHapsina ofecre-
YHUBAET YyBeJuYeHHe INMPOH3BONHTENbHOCTH CKBAXHH 6oJiee ueM B JABa
pasa IO CPaBHeHHIO C ADYTHMH HCHONB3yeMBIMH DEareHTHHIMH MeTO-
JMlaMH, YTO CBHAETENLCTBYeT O 0oJblllefi BO3MOXHOCTH H3B.ICUYeHHA
KOJbMAaTaHTa H3 NPUGHABTPOBOH 30HKL.

18.2. MeTopbl BOCCTAHOBJEHHS NMPOHIBOXHTENbHOCTH
Ay4eBbix Bogosabopos

CHHXeHHe TPOH3BOAUTEILHOCTH Jy4YeBHX BOM03a60OpOB, cOOPY-
#KaeMpix B Oeperopoli 30He peK ¢ MOAPYCAOBHIMH Jy4aMH-ADeHaMH,
BBI3bIBAETCH KOJbMaTamHed pPYCJOBBIX OTAOKEHHE H  BOAONPHeMHON
NOBEPXHOCTH JAPeH. 3aKOHOMePHOCTH H3MeHEHHs yhenbHoro Aebura
JAYUYEBEIX Bon03a60p03 dHAJOTHYHBI CKBAXHHAM H B 60MIbUIKHCTRE
cJyyaeB ONMHCHIBAIOTCH 3aBHUCHUMOCTBIO, OMU3KOH K SKCNOHEHIHAMbHOH
(puc. 18.4). B 06061meHHOM BHAE€ OHH ONHCBHIBAIOTCA 3aBHCHMOCTBIO
Biila g=e 00RI+328 yro COOTBETCTBYeT YMEHBIIEHHIO yAeNbHOTO Ae-
6uTa 32 42 mec. B 2,5 pasa. BoJjlee HHTeHCUBHOE CHHKeHHe YAEeALHOTO
AaebHuTa ayyeBoro Bono3sabopa Guyo 3apuxcupoBano B KyTiope (Ppan-
uns, IMapuwkckuii Gaccefit), rae nyueBble BOA03a6OpH KanTHPOBAaMH
BOJOHOCHBIH TOPH3OHT B aiAJIOBHAMBHHIX OTIOXKeHuAX p. Jlyapu.
3aech yhenbHHE AeGHT cHuXatca B 2 pasa yXe vepes 1—1,5 u 3Ke-
nayatanud. OnHO# H3 OCHOBHBIX NPHUYHH HHTEHCHBHOIO KObMAaTaxa
B 3TOM cityuae fBHJAach GHOJIOTHYeCKasi HAefiTeJIbHOCTh JKeJe3obakre-
puil.

ITpu BOCCTaHOB/JEHUH MPOH3BOJAHTENBHOCTH APEH HCMOJL3YKT Me-
XaHHYeCKyI0 YHCTKY €plLIOM, NPOMHBKY HX C NpHMeleHHeM THADOHa-
CafioK H peareHTHyi0 00pal0OTKy myTeM 3ajnaBIHBaHHA peareHTa 3a
KOHTYD ¢uabTpa. B KyTiope npH perenepalihu ayueBbiX Boaosabopos
6yt MCMONB30BaH OOIIKPHBIH KOMIJEKC METOAOB. MeXaHHYeCKasi OuH-
cTKa ¢ mocreayomel obpaborkoit noaudocparaMH, CONAHO-KHCIOT-
Hasi 06paboTKa, pereHepaiyst CMeCbi0 OPraHHYECKHX W MuHepaldbHHX
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KHCJIOT, 3pNH(pTHAA NpPOKauKa ApeH, XJOPHPORAHHC AAS MONABJCHEHA
GUHO/IOrHUECKOH NeATeNbHOCTH Kene300aKkTepHH M, HaKOHeN, ROOYpH-
BaHHe HOBHX nyuell ¢ 06OpyNOBAHHEM WX NJIACTMAacCOBBIME QHAbTPA-
MH H TpySaMu. Hu OfHH #3 NepeyHCJeHHHX CNOCOBOB pereHepalHH
He ofecneqHy ROCCTAHOBJEHHA NEPBOHAYANbHOH yHAeJbHOH NpPOH3BO-
AATENBHOCTH Bofo3abopa. Ilocie o6paboTkH OHA He mpeBbicHaa 70—
809% nepBoHauanbHOR. BeposiTHO, 3TO CBA3aHO €O 3HAUHTENLHOMN CJI0XK-
HOCTHIO PaBHOMEDHOrO 3aJaBJAHBAHHS peareHTa B JYyYH-JPEHH, 0CO-
OeHHO TIPH 3aTONJIEHHBIX BOJOBHINYCKax ApeH.

B paBHO# crenmeHH 3arTpyAHHTENbHA M OUHCTKA 3aKONbMATHPOBAH-
HOTO CJIOSI PYCJOBBIX OTJOMEHHH, NPOHHIAeMOCTh KOTOPHX YMeHbINA-
eTCcl NPH HWHTEHCUBHOM Bojo3abope. Jlis 3TOff HeMH NPHMEHSIOT
OYHCTKY pycaa peKH € HCIOJb30BaHHEM 3eMCHAPSAOB, CIeEUHANbHEE
BOAOCTpY#HHe NPHCHOCOGAEHHS U PHIXJIHUTENH AHA.

Hnrepecunif omHT 3KcnuryaTanmHu NOAPYCJOROrO Bogo3aGopa Jy-
9eBOro THIIAa CHCTEMB BOJOCHAaOXKeHHH r. Bapmaphb, COOpyHeHHOTO
nox pycaom p. Bucnwl, npoananusupoBan A. I'pynBanbxom. Bognoaa-
GOp COCTOHT H3 Tpex MIAXTHBIX BOJOCGOPHHX KonoAamneB. B xoxe aran-
HOMO CTPOHTEJLCTBa WA nepBofi ouepean GEI MOCTPOeH Bodo3alop ¢
NpoeKTHO nporaBoaHTe bHOCTEIO 150 000 M3/cyT. K c6opHoMy Koaox-
1y GuaH nojcoeaHHeHH 15 jnyueBblX ApeH AHaMetpoMm 300 MM ¢ mad-
HOIf KaxJaoro Jgyua oxkono 100 M. Bce nyys opueHTHPOBAaHH NOA PycJo
pexH, a 3araybiaenHe ux cocrabnseT 6—7 M. Ilpu pacmuperur Bogo-
sabopa OHIJIO 3aNPOEKTHPOBAHO W NOCTPOCHO €llle XBa KOJOAUZ C
BOCEMblO JIyUeBHIMH JBYXbSDYCHEIMH ApeHaMH. [1poekTHas IpOU3IBORH-
TEeAbHOCTb Kaxaoro B3 HHx 50 000 m3/cyr.

Ilpu skcnayaTauKH NepBoro Boflozafopa HabM0OAan0Ch TOCTENeH-
HOe CHHXeHHe ero AeOHTa. HecMOTps Ha TO UTO MpHMEHEHHE UHCTKH
pycna 3eMCHapsilaMH € NMOMOILbIO MeXaHHTIeCKHX YCTPOHACTB, OTKJIO-
GeHHe BOZ03a00pa NPHBOJHJO K YBEJHUEHHIO KOJHUECTBAa OTOHpaeMol
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BOABI, 3TOT 3¢ ¢deKT OB KPAaTKOBPEMEHHBIM, a MPOUYHCTKA DPYCJIOBLIX
OTJ0JKeHH}i KOMIOpeccOpPOM J[afna OTpHLaTeNbHBle pe3yabTaTH. 3a
10 Jer npoM3BOAMTEJNBHOCTL BOAo3abopa cHH3HAack ¢ 150000 mo
100 000 M3/cyT, a B oThAenvHble NepHOAH Oblia 3HAUMTENIHHO HHIKE,
Jlas BoccTaHOBJIEHHS TPOH3BOAHTENBHOCTH BOA03ab0opa OBLIO HCNOJB-
30BaHO THAPaBJHUECKOe IIPOMBIBOUHOE YCTPOHCTBO, CMOHTHPOBAaHHOE
Ha moHToHe, OHO BKJIOUAET HACOCHEE arperaTs MPOH3BOAHTEIBHOCTEIO
180 n/c w fasnenuwem 0,1 MIla ¢ paGouyHM HaKOHEUYHHKOM H3 JABYX
Tpy6 AnameTpom no 100 MM, yKpenJeHHBIX Ha NMOJABHIXHOW pame, De-
peiBHralouledcs B BepTHKaNbHOH HaockocTH. Ha konue kaxmon Tpy-
6bl yCTPOCHB! CONJIA, HAalpaBJeHHble BBepX NMOA yrjaoM 45° a Takxke
pa3MBIBAlOIIHe cONJa (rHApOHACAAKH), HANPaBJCHHBE BHH3, AJA pas-
MBIBA IOHHEIX OTJIOXKEHHH.

Ipoiece nekoabMartauun pycaoBHX OTJIOMKEHHH CBOAMTCA K Nepe-
MElIeHHI0 HACAAKOB, KOTOpHe 00eCHeyHBaOT HPOMBIBKY NJacTa Haf
JApPeHaMH, H TOPH30HTAJLHOMY YAAJeHHIO HJIHCTHIX 06pa30BaHHI BHH3
110 TeueHHIO pekH. CKOPOCTh OBHXKEHHs BOZB B peKe TNpPH 3TOM CIHO-
cobe pexosbMaTauHu A0JKHA OblTp He Menee 0,3 M/c. B pesyaprate
TakoH geKoneMaTauHH Ha Ilpaxckom Bonosabope r. BapluaBw yjaenb-
HHI pe6uT Ona yseadden ¢ 12—30 a/c no 32——35 a/c, a npoussoau-
TeJbHOCTH AOCTHIVIa TepBoxauaJpHOK —- 160 000 m¥/cytr. Hosas ye-
TAHOBKA AJf AEKOJIbMATalHH PYCJOBBIX oTaoxeHHH [Ipakckoro Bo-
no3agopa 060pyROBaHA LEHTPOOEKHHM HAaCOCOM IIPOH3BOJHTENBHO-
cteio 100 a/c ¢ pasaewnem 0,5 MITa. Takum obpasom, mnas pereune-
pauuH JayuieBnX Box03abopoB pa3paboran psag npucnocobiaeHuii M
YCTPOACTB, OAHAKO NPOH3BOACTBO paboT oka3wiBaercs Oosiee TPyLOeM-
KAM, YeM BOCCTAHOBJIEHHe NPOH3BOJAHTENBHOCTH BEPTHKAJbHBIX CKBa-
KHH.

18.3. MeToaH BOCCTAHOBJEHHS NPOH3BOAHTENBHOCTH
INAXTHHIX KOJAOALEB

Ilpu XxHMHYeCKOM M GHOJOrHYCCKOM KOJBMaTaXe BOIOTPHCMHON
YaCTH WIAXTHHIX KOJOAHEB TPHMEHAIOT peareHTHhle H KOMOHHHDOBaH-
Hbie MeTOABl pereHepallHH. BMecTe € TeM ONBIT MOKA3kBaeT, YTO B
GOJMBIIHHCTBE CAyuaeB ycTOHuHBas paboTa UIaXTHRIX KOJOALeB obec-
NEeYHBAETCH HX MEXaHWYeCKOH HJH rHAPaBJaHuYecKOfl wucTko#. [las
5TOf 1enn pazpaboraH psx ycTaHOBOK. ONHHM H3 BapHaHTOB TaKoH
yCTaHOBKH fBjseTcss Malluna KasHUMM3CX (OILIK-3) c¢ pabouwnm
opraiom B BHAe GaapH, moayuajoliell Kone6aHHsi OT KeCTKO 3aKpei-
JEHHOro 3JeKTpuueckoro subpatopa. Mawuna OIIK-3 ocobenno a¢-
(heKTHBHA B TOM CJydYae, KOraa B KOJOAUAX MaJO BOAHL

TuppaBiHyeckHil MPHHIHU YHCTKH KOJOAIEB PeajH30BaH B THA-
POIHKJIOHHOK HacocHOH yctaHoske ['LLY ¢ TeneckolnHuecKHM IOADB-
eMHO-CTIYCKHBIM MeXauH3MoM Ha 6ase asroMalinnm 3MJI-131. ¥Ycera-
HoBKa pa3paboraHa KasHHMBX u cOocTOHT H3 MHOrocTynesyaToro
Hacoca, THAPOLRKJAOHHOH TOABEMHON KaMephl H TRAPO3JIEBATOpaA.
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Puc. 18.5. Cxema ruapouMkaouHolt macoc-
HoH ycraHoBku TILY Ang YHCTHKH KoaOj-
nes KoHcTpykuny KasHHHBX
I — agromamsna 3WJI-131; 2 — nefenka
7 2 4 5 7 noabeMa BHUIKH; & — THADOLHKJIOH-CLY-
L CTHTEb; 4 — THAPOUBKIOHHAs HacOCHad
- YCTAHOBKA; § — NOX'5EMHO-CNYCKHO Mexa-
== S i HH3M YCTaHOBKH; 6 — 6GnoK; 7 — cTOfiKa;
> § — WAXTHNA KONOAel; 9 - TEAeCKONHue-

1y CKafa uacTh; [0 — BcachBaRmad JAHHHA;
'@' = 1l — nanopHast nmmua; 12 —ruppossesa-
A 77 TOP € THAPOUHMKJOHHHM HacagkoM; J[3 —
nyAabna

71 —

»

¥YcranoBra paloraer caexywiium obpasom (puc. 18.5). Ilpu no-
MOHIH TEJICCKOMHYeCKOro YCTPOHCTBA 9 OnyckawT ruppoasieBatop 12
J0 [Ha IIAXTHOrO KoJoAua 8 YCTanOBKy 3amOJHAIT BONOK H MyCKa-
10T ec B pabory. Pabouas Xumkocth, NONaB Mo HamopHoil TpyGe 11
B THApPO3/MEBATOP, NMONMYTHO 3acaChlBAaeT H3 KOJ0ANEd OOHHble HAHOCHI
13 n nopaer WX no Tpy6e I0 B NpHEMHYIO0 KaMepy THIAPOIHKJIOHHOTO
Hacoca 4. B raMepe THIDOUHKJIOHA NPOHCXOAHT OTAEJNCHHE OCANKA
OT OCBETJIeHHOH HHAKOCTH. OcCBeTNeAHAdA KHUIKOCTL HACOCOM INomaercs
o6paTHO B T'UAPO3NEBATOP, a OCANAOK TPAHCIOPTHPYETCH B THAPOLHK-
JIOH-CTYCTHTE D 3, TAe NMOA XeHCTBHeM RaBJieHHs CTPyHHOTO anmapara
NPOHCXOLHT ero yuuoTHeHHe. Takum o6pa3oMm, B MallHHe cO3paeTcs
3aMKHYTas THAPABJIHYECKas CHCTeMa, Tpebylolas HeGOJhUIOr0 KOJH-
YecTBa XKHIAKOCTH IJs Pa3sMHBA U yRAJIEHHS NOHHHIX OTJOMKEHHH H3
WAaXTHOrO0 KOJIOALA.
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FJIABA 19. HABJIIOAEHHS HA BOAO3ABOPAX
ION3EMHBIX BOA, NPH UX SKCIJIYATALUH

19.1. OcHoBHME 32244 H COCTAB HAOJAOXEHUH

Bonpocu H3yueHHs 3KCIJyaTalH NOA3EMHBIX BOJ, BKJIOYAs TaK-
e BOJ03abopn ¢ 0bBopyloBanHeM H MOJadel yepe3 paclipeefHTeNb-
HY10 ceTb MOTpPebHTeN0, a TaK¥e cOCTaB HalMNIOJEHHH W UX 2HANH3, B
JiTepaType OCBEUICHBI OUEHD MAJo.

B ny6iHKanuax no THAPOTEOJOFHH PacCMaTpHBAKOTCA B OCHOBHOM
BONpOCcH HaOAWJAeNHA 32 MOA3eMHbBIMH BoJaMu 6e3 HccaeloBaHHI ca-
MHX BOA032060poB H Ge3 KOMNJEKCHOIO aHanu3a Takux HabmoxeHHil.

Heobxoaumo KOMNJeKCHOe H3yyeHHe MOA3EMHHX BOJ H B0oa03abo-
POB H3 HHX, BKJIOUAs BONPOCH 3KCNJyarallud oGOpyAOBaHHA BOAO03a-
60pOB H HaCOCHBIX CTaHIHi, pe3epByapoB, BOAOBOJAOB, a TaKke IpH
HeO6XOIlHMOCTH H3yueHHe THIADPOJOrH4YeCKHX H METGOPOHOFHHECKHX
noka3sareneii. KpoMe TOTO, AOJKHB NPOBOAHTBCH CaHHTApHHE HA-
Oaoaenns (cM. ra. 16).

C.'Iezlye'r OTMETHTL, HUTO rn,uporeonomqecxne YCIOBHS1 H CHCTEMH
BoJ03abopa NOA3eMHHX BOJA ¢ HX 000pyAOBaHHeM BeCcbMa Dasno0b-
pasubl. I'naBroOf 3afavell H3yueHHsi 3KCIAYaTalHH BOA03a6opoB moj-
3eMHRHIX BOJ AIBNAseTCS BHABJNECHHE H3MeHEHHS OCHOBHHIX NoOKasatejed
H B OCOOEHHOCTH H3MeHEeHHe YPOBHeH BOAB, CHHXeHHE NPOH3BOJAHK-
TeJIBHOCTH, YXyJlleHHe KayecTBa BOAH, @ TAKKe MNOBHIIEHHE ee CTO-
HMOCTH.

YMeHblleHHe NPOK3BOAHTENBHOCTH BOA03a60pOB MOXeT OhTL CBA-
3aHO C NOHHXEHHeM YDOBHeH NMOA3CMHLIX BOJ B pafioHC BOA03aGOpOB,
C YBEJHYEHHEM COMPOTHBJEHHH HPH BXOAe BOAH H3 BOJOHOCHOrO ro-
pH30HTa B BOAO3aBOPH], H3HOCA HACOCOB K JPYTOTO TEXHHYECKOro 060-
PYNIOBaHHs, a TaKke ¢ H3MeHeHMeM NPHDPOAHHX YCJOBHI H ycnoBHA
$OpMHPOBaHHs NOA3EMHBIX BOMA. YXYALIEHHe KAUeCTBA NOJy4aeMOR
BOABI MOXeT NPOHCXOAHTb B CHNY Pa3HoO6pasHuX NpUuHH (CM. pa3ld.
15.4, ra. 15).

Ha noBullllenne CTOMMOCTH BAHSICT, B 4aCTHOCTH, MOHU3KEHHE YPOB-
M BOAH B CKBaKHHax (M B Apyrux Bolosabopax), a TaKXe yxyaure-
HHE B CBSA3H ¢ 3THM K.II. A. HacOocOB, H3HOC HACOCOB H T. JA. Ho-
CleHHe MPHUKHH BAHAIT Ha CHHXEHHe MPOHU3BOAMUTENBHOCTH BOJO-
3abopa, 1H60 yBenHueHHE pacXoAa 3JEKTPOIHePTHH, WIAH TPOHCXOLHT
H TO, H Jpyroe. CHHXEHHe yPOBHeH 10 THIPOTeOJOrHUecKHM YCJIOBH-
AM H HOJ BJHAHHeM 3KCIJyaTalHH B apTe3HaHCKHX BOAAX AOCTHMraeT
HOeCATKOB H COTEH MeTpOB; B TPYNTOBHX BOAAX CHHXEHHEe yDOBHeR
npu 3KCHJYyaTallHH 3HAYHUTENbHO MeHblle — peAko Ao 20 M, Takum
06Dpa3oM, TpKH 3KCOAYaTalHK NOA3EMHBIX BOA HeoOX0oAKMO HAGA0IAATD
H H3yuaTb YPOBHH H KaueCTBO NOA3eMHBIX BOA, 2 Takxe paboTy Bo-
N03a60pOB, HX NPOH3BOAHTENbHOCTh H COCTOSIHHE,

Habaionenus 3a ypOBHAME H KaueCTBOM MOA3eMHHX BOJA C aHAJH-
30M H3MeHEHHs YCJOBHH HX (QOPMHPOBAHHA, a TAKXKe C YYCTOM 2Ha-
JH3a TOKasaTeleft 3KCAAyaTalHu BOA03a6OPOB d CAaHHTApHHX yclo-
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BHH TO3BOJSIOT CAeNaThb BLIBOX O KadecTBe paboTH S5THX Boxo3abo-
POB, CTaGHALHOCTH HJM H3MEHERHH WPOM3BOAHTENLHOCTH M KauecTBa
BOAbI, TIOJaBaemMoil BOf03aGopoM, a TAKXKE O €ro TEXHHUECKOM COCTO-
SAHHH.

19.2. [TpuGopH Aas OcHAWEHHS HAONIOAATENLHMX CKBAXKMH

IMpuGopwt aas ompenenends ypoBHeH W TeMlepaTypsl BoAH B Ha-
61101 aTebHBIX CKBAXHHAX NPHMEHSIOT KAK CTALHOHADHBIE C PETHCT-
paudell NMOKa3aHHH HAa MeCTE H Ha DACCTOSHHMH, TaK M TNEPEHOCHBIe
C pa3’oBbIM H3MEpEeHHeM.

HOas u3mMepeHHs ypoBHA BOAK B HaGMIOAATENbHBIX CKBAXKHHAX ya-
lle DPHMEHSIOT NPOCThe H fellleBbie NEpeHOCHHE ypoBHemepH. [lua-
1a30H HX H3MepeHHit no ray6uue coctaBaser 50—200 M H aaxe
500 m. Yame npHMeHAIOT YPOBHEMEPH C XJONYWKOH auamerpom 16—
40 MM 1 ¢ pynetkoii {PC-20 u PC-40) nast riyGHH H3MepeHHs COOT-
BerctBeHHo 20 u 40 M u ¢ karymkod (I'TTI-126) nipH auamerpe XJao-
nywky 40 MM H roy6uHe uaMepeHds Ao 100 M. [[Hama3oH u3MepeHui
CTAaNHORAPHBIX 3JIeKTpoypoBHeMepoB coctaBager 50—500 m aas pas-
JIMGHBIX THIIOB H AMaMeTpPoR narTyuka {uvame 12 MM, xans THIa
3B-IM — 20 mumM).

CranuoHapubie ypOBHeMepH XapaKTepHIYIOTCS LIHDOKHM AHana-
SOHOM XAPAKTepHCTHK. Pa3luyuaioT cjellyioliHe TPYIIk YPOBHEMEPOH:
1) ocHoBwWasg —Ti0 AManazoHy H3MepeHus KoaeGauuil ypomHA; 2) 1o
PacroNokKeHH0 N0 OTHOLIGHHIO K YPOBHIO BOJB: MHXKe HJH HA YpOB-
He; 3) o YHKIHOHANBHOMY NpPH3HAKY: NOKAa3bBAKUIME, DETHCTDPH-
PYKIIHE H CHTHAJH3HPYIOWHe; 4) H3MepeRHst HAa OOBLEKTe M JHCTaH-
LMOHHBIE; D) mo cnocolGy H3MepeuHs: MOMJIaBKOBEHE, THAPOCTATHYe-
CKHE H 3JeKTPHYECKHE,

YpoBHeMepHl ¢ CHTHAanW3alHe#l HA PacCTOSTHHH TIPHMEHSIOT B 3KC-
NAYaTalBOHHBIX CKBAXHHAX, TeMmnepartypy BoAb B Habi0xaTelbBHX
CKBAXKHHAX OTPENeNsoT rMyGHHHLIMH TPHEOPAMH, HO AJ1A TIOJYYeHHs
JefCTBUTEIbHOM TEeMNepaTypH NOJA3eMHbIX BOJ HEOOXOZHMO BbINOJ-
HHTb NPEJABAPHTENBHYIO MPOKAUKY C PAacXofOM He MeHee Tpex ofbe-
MOB BOJW B CKB2XKHHEe, Takue ONpefejeHHS TeMIeparyphl IIpOH3BO-
AT TepHOXHYECKH, B YACTHOCTH, NIPH MOMOIUH TaK HA3biBaeMBbIX Je-
HHBHIX PTYTHBIX TEPMOMETPOB.

Ecau monyuenHbie TiiyGHHHBIM TEPMOMETPOM 3HAUEHHS TeMIlepaTy-
pHl mOcJe OTKAYKH ¥ Ge3 TMPOKauKH OJMNAKOBH, TO B JajbHeiilleM
MOXHO OT ITPOKAUYKH MpH 3aMepax TeMIiepaTypbl B HaBJI0aTeJbHBIX
CKBaXKHHax OTKa3aTbcs. OAHAKO AOCTATOYHOCTb TPOKAYKH CKBAXKH-
HHl TIpH TPex 00beMax BOJAB, YKAa3aHHHIX BhILIe, IOIKHA TPOBEPATLCS
OyTeM YBeNHUEHHS NPOAOJIKHTEJIbHOCTH 3TOH NPOKAYKH C COOTBETCT-
BYIOIHME 3aMepaMH TeMIepartyphl IVyGHHHBIM TEepMOMETPOM H B
OTKauuBaeMoH BoJe Ha NMOBEpXHOCTH (Y H3JHBA).

TTpo6n Boanl mas aHadH3a OTGHPAOT H3 HabawjaTe/bHhIX CKBA-
}HH Tocse AOCTaTOYHOM TPOKAYKH ee Ha NTOBEPXHOCTH HJIH MPH mno-
MOIH ONYCKAeMOro B CKBaXHHY NPo60OTGOPHHKA.
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AHanu3bl BOABI BHIOJHAIOT B Ja6OpaTOPHH, HO HEKOTOPbie NOKA-
3aTe/H ee KayeCTBa ONPEAENSIOT aBTOMATHYeCKHMH NpHGOpaMu H, B
4acTHOCTH, onpejenedns pH, TeMmepaTypH, HBeTHOCTH, COAepKaHHs
kncaopona, BIIK. AstoMaTuueckoe omnpefiesieHde KHCJIOPOXA, HANpPH-
smep, npousBoAuTcs anaanzatopoM AKBA-C, KOTOpbIl COCTOHT H3
¥3MepHTEIbHOrO yCTPOiCTBA (AaTYHKA), CAaMOTHILYLIEro MHJJIKaMIep-
metpa KC¥2-003 u apyrux peraneli. DtoT ananusatop ocobeHHO Ba-
ke B cucteMe MBIIB 1 Tuna ¢ nudunastpannoHuuive 6accefimamu.
[lpu nmoctynnenun BoAw B Gacceiid clefyeT yBelHUHBATh COJePKaHHe
KHCIOpOJAa B BOJAe, KOTOPHH pacXoAyercss Ha yayulleHHe ee KawyecTBa
B 6accefine, HIHCTOI mJeHKe, 30He aspalud H BOAOHOCHOM TOPH30HTE
no NyTd ABHXKeHHs K Bono3zabopaM. [TosToMy H3MeHeHHe cofepKaHHA
KHCJIODOAA HYXKHO ONpeldeNdTb Ha 3THX 4HeTwpeX ydactkax. Cojnep-
XaHHe KHcJaopoAa, a takxe pH onpepensioT Ha MecTe, Tak Kak €O
BpEMEHeM CcOJepXaHue PacTBOPEHHLIX ra30B B BOAE MeHAETCH.

19.3. Pasmewenyve HaGawaaTenbHOH CEeTH.
Cpoku HaGoneHui

Pasnble rufporeosoruyeckde, rHAPOJOTHYECKHE, TEeXHHUECKHe H
CaHHTapHLle YCNOBHS AHKTYIOT Pa3/iHUHOe pa3MellleHHe HabJiofaTeNb-
HbIX NYHKTOB, HX YUCJNO H CPOKH HaGJNIONEHHS IIpH 3KCIJyaTalHH NoA-
3eMHBIX BoA. HabniofeHus 3a NOA3eMHLIMH BOZAaMH NPH HX 3KCIaya-
TallHH O0COOEHHO BA)KHH B 30He CTPOTOr0 CaHUTAapHoro pexuma (l-i
nosic), KoTopas BKJIOYaeT Y4acTOK BOA03a60OpOB €O BCEMH COOpYIKe-
HUAMH ¥ o6opyaoBaHHeM. 3aTeM HYXHH HAOMIOASHHS B H3YUEHHUE NOA-
3eMHHIX BOJ BO BTOPOM M TPCTheM II0SCaXx CAHHTApHOH OXpaHhL, KO-
TOpHE JAJit TPYHTOBHIX BOJ o6bI4HO coBmajair ¢ objactoio dhopMmu-
POBaHHSl IKCIAYATALHOHHHX 3aNMacoB; BO BTOPOM H TpeTbeM MOSCaX
Ha pacCYeTHHH CPOK 3KCIJAYATallHd BO3MOXHO H3MeHeHue (OpMHpO-
BaHusA TMOA3EMHBIX BOJ -— MOJIOXKEHHe HX YpOBHeH, kauecTsa BOAbLl H
ee pacxoma. Koraa ¢bopMHpoBaHHe 3KCIIYaTAUHOHHHX 3aMacoB MNOA-
3eMHBIX BOJA CBfiI3aHO C NOBEPXHOCTHBIMH BOJXAaMH peK, 03ep, BOJLOXpa-
HHJIHIL, a2 TakXe ¢ PAa3HBIMY THADPOTEXHWUECKHMH H MeAHODATHBHLIMHE
MEpONpHATHSMH (OCYUIEHHe, OpOLueHHe), a Tak¥kKe TODHBIMH pa3pa-
60TKaMH MOJIE3HLIX HCKOMAaeMblX, pa3MellieHHe Ha6MIOAATebHOR ceTH
BKJIIOYAETCA B NPOEKT 30HEI CAHHTAPHOH OXpPaHHL.

Muoroo6passe rHAPOreoNOrHYecKHX H APYLHX YCJROBHH, a TakKxe
THIOB ¥ CXeM BOA03260pOB NMOA3EMHBIX BOA ¢ HX 000pyAOBaHHEM OC-
JIOXKHSAET KOHKPeTHhle YKa3aHus 1O Pa3MelleHH10 AJsl BCEX BO3MOXK-
HBIX cJyYaeB HabAIOXATENbHBIX MYHKTOB 32 PeXKHMOM IMOA3EMHBIX BOL.
OpHako mpuHUHnHanbible TpeboBanus ¥ HAGMIOZEHHAM 3a MOA3EM-
HBIMH BOJAAMM IIPH 3KCNAYATAalLlH¥ MOXKHO chOpPMYJIHpOBATL M peKo-
MEHIOBATh, YYHTHIBAS TIPH 3TOM HMEIOUIHACA ONLIT 1O H3MEHEHHIO
ypoBHEH, pacXofa ¥ KauecTBa MOA3eMHHIX Box. CaeayeT TpH  3TOM
YUHTHIBATH, YTO H3MEHEHHs INPOH3BOAHTEJNBHOCTH H KauyecTBa BOJH,
noJydaemol Bomo3afopaMH, MOXKeT 3aBHCeTb OT H3MeHeHHH, NPOHCXO-
AAUIEX B CaMux BogosabopaX. OAHH u3 TakHX NPHMepPOB YXyAlIeHHS
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KauyecTBa BOAM oTMedeH B pasa. 15.4 ra. 15. [TosTomy B HabmoxeHH-
fX, 2 3aT€M H B WX aHaJH3e CJefyeT yueCTb COCTOSHHe BOA03aGopoOB
NoJA3eMHBIX BOX C HX OGOPYIOBaHHEM.

Taxum o6pasoM, cueyeT NpousBOAHTL HAGMIONEHHS 34 YPOBHAMH
H KayecTBOM NOJA3eMHBIX H NOBEPXHOCTHHX BOJ, @ TaKXKe 32 pacxo-
HOM BOJABI H e KayecTBOM H3 B0/03260pOB, TCXHHYECKHM COCTOsIHHEM
nocneAHHX, BKAmOuas obopynoBaHue. PasyMmeercsd, HalmoaeHus 3a
MOA3EMHBIMH BOAAMH H BOR03a60paMH JOJIKHBI YUHTHIBATE AaHHbBIC
Nno canHTapHoMmy cocroauuio. [locaenHee ofycnosnuBaer Oonee xe-
TanbHble HA6JI0eHHS B 30He cTpororo pexuMa (I) u MeHee merads-
e —Bo II u III 30max orpanuueHmii. B 3aBHCHMOCTH OT THApOTeO-
JIOIHYMEeCKHX Yca0BHH O6HUHO BHIGHpPAIOT W THN Boja03abopa; ruaporeo-
JIOTHYECKUe YCJOBHS TaKxe BAMSIOT Ha DepeyeHb HEOBGXOMHMBIX CaHH-
TapHHX MeponpHuATHi. B cBsi3u ¢ 9THM, HANpHMep, MOXKHO BBIIe]IHTb
ClefyIOUHEe THAPOTEONOTHMECKHEe YCIOBHSA:

1. HanopHble BOAK W, B YaCTHOCTH, apTe3MAHCKHE, a TAKKe B IIO-
rpeGeHHbIX ROJHHAX PeK, XOPOUIO 3AUIHUIEHHBIX OT 3aTPA3HEHHs.

2. BesHanopHble BOABI, He 3aU[HUIEHHHE CBEPXY OT 3arpsa3HeHHSA
(Bmanm oT NOBepXHOCTHHX BOX).

3. Be3nanopHble BOAb ¢ 6JAM3KHMH YY4aCTKAMH NUTAHUA U3 TIOBEPX-
HOCTHBIX BOJ, M3 YUAacTKOB OPONIGHHS, a TakXe CBA3aHHWE C ydacT-
KaMH OCYyLIeHHsI,

4. BeperoBble HHPHIbTPaLHOHHHE BON03a60PHL.

5. Cucremun HUBIIB.

6. TlonseMubie BoAH B OCOOBLIX YCJOBHAX (MHOTONETHAS Mepamo-
Ta, BO3MOMKHOCTb 3aCOJICHHS B 1p.).

Habnionenns 3a TeXHHYCCKHM COCTOABHeM BON03200OpOB, CBsI3aB-
HBIX C HHMH JIpPyTHX cOOpPyXeHHH M 060pyNOBaHHKZ, HeO6XOAMMH BO
Bcex cayuasx.

W3 npuBejeHHO# BbIlile cXeMbl Pa3/qHUHHIX T'HAPOTreoJOTHUeCKHX
YCJIOBUH MOXKHO OTMETHTb cJedyioiline Haubolee BaxHble OODBEKTH
Ha6/1I0AeH U,

1. Tlpu 3KcnayaTanuy apTesHaHCKuXx H BooOllle HAaNOPHHIX BOX,
XOPOLUO 3AUHIIEHHBIX OT 3arpH3HeHHs U BAANM OT 0baacTel MHTaHuA:

2) HOHHXKeHHe YpOBHeH BOABI NPH SKCIJYaTalHH, B OCOGCHHOCTH
B 3KCNJYAaTAUHOHHBIX CKBAaXKHHAX;

6) BHIABJGHHE CBA3H ¢ APYTHMH BOJOHOCHBIMH TOPH30HTAMH, a
TipH pa3BHTHH 3KCnNyaTallHH BZaxe BO3MOMHOCTb NOMNNHTHIBAHHSZ H3
NIOBEPXHOCTHHX BOX (HanpHMep, NIPH 3KCIJIYyaTallHH CONOMAaHCKOTO
BOJAOHOCHOFO ropH30HTa B KHeBe NMHTaHHe 3a cuer BOA [wenpa u B
CBA3H C 3THM H3MeHeHHe 3KCINIYaTaUMOHHHX 3aNacoB MOA3eMHBIX
BON).

2. Tlps 3kcnayaTausH GesHanopHHX BOJA, HE 3aLIMIEHHBIX OT 3a-
rpA3HeHHs M IHTAIOUIHXCA 3a cueT aTMmochepHHX BOA:

a) BHIIBJIeHUE HEJONYCTHMOTQ IIOHHXKEHHS YpPOBHA BOAH NP
9KCHNyaTAUHOHHOM OTGOpe, NpeBHaolleM 3KCIJIYyaTaiHOHHbIe 3ama-
CH H TeXHHYeCKHe BO3IMOXHOCTH;

6) cauBTapHLie OXpaHHHe MepOTpHATHS TOJI3EMHLIX BO.
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3. Ilpu axcnsiyaTanu# NMOA3EMHBIX BOJ, HMeEIOILHX GJIH3KYIO CBsI3b
C NMOBEPXHOCTHLIMH BOAAMH, ¢ YUAaCTKAMH OpPOLIeHHSI HJAH OCYHIEHHs:

a} BJIHSHHE NOBEeDXHOCTHLIX BOJ, a TaKXKe YYacTKOB OpOWIEHHS H
OCYIeHHS Ha YPOBHH NOJ3eMHHX BOJA, HX KayeCTBO H NPOH3BOAHTE/b-
HOCTBb BOJA03260poB;

6) caHHTapHbIe OXpPaHHBIE MEpONPHSITHS MO MOA3EMHBIM H NOBEPX-
HOCTHEIM BOJXAM.

4. Tlpu GeperoBbIX HHPHUIBTPAUHOHHHX Bogosabopax u MBIIB:

a) peXHM INOBepPXHOCTHHX BOA{ YPOBHH, pacXojibl, KaueCTBO BOJH
C Y4eTOM MHKPOOPraHH3MOB), 3aH/leHHe AHA PeKH, BOAOXPaHHJIHINA
Ha yYacTKe THTAHHS NOA3EMHBIX BOJ;

6) H3MeHeHHc KayecTBa BOXHM, NOJyyaeMofl H3 BOX03abOpoB;

B) H3MEHeHHe ypOBHeii B NOA3EMHBIX BOAAX H Bomo3abopax H3
HHX, & TaKXe NMPOH3BOAHTEJBHOCTH NOCJIEeIHHUX;

r) CaHHTAapHble OXpaHHBlE MepONPHSTHS MO NOJA3eMHBIM H HOBEpX-
HOCTHRIM BOJaM.

5. Tlpu moa3eMHBIX BOJAX B OCOGHIX YCJAOBHSIX JONOJHHTEALHO CJe-
JAyeT H3yYaTb BIHsIHHE 3THX YCJAOBHH, HApHMep:

a) B pafioHax MHOroneTHEH Mep3aOThbl BOMpPOCH 3aMep3aHHs H
OTTAHBAHHA TPYHTOBLIX HAAMEP3JOTHHIX, MEXKMEP3JOTHHX H Jaxe
NOAMEP3JOTHHX BOA IpH 3KCIJIyaTanu#, a Tak¥Xe BoA03a6opoB H TPY-
GonponoaoB. (Takoe e 3aMeyanHe OTHOCHTCA K cHcremam HBIIB
H NOA3eMHBIM BOAOXpaHWIHILAM. B cBA3H ¢ 3TuM oco6eHHO BaXHO
H3yUeHHe TeMnepaTypb! NOA3eMHEHX H HOBBpXHOCTHHX BON, a TakKxXKe
KayeCcTBa NMOCJAENAHHX H, B YaCTHOCTH, IO MYTHOCTH);

6) B JHH3aX NPeCHHX BOA, NJABAaIOHHX Ha COJIeHLIX, BaXKHO H3Yy-
YeHHe KauecTBa BOABI H OCOGCHHOCTH ero H3MCHeHHs Mo rnybuHe B
30HE KOHTAKTA NPECHHX H COJICHHIX BOJ;

B) B APYrHx 0COOBIX YCAOBHSIX (NOBHILIEHHAs CeHCMHYHOCTb, MPO-
Caj0uHBe TPYHTH H Ap.) MOJNIKHbB YYHTHBATbCSl HAGJIONICHHS 33 HX
BJAHSIHHEM HA MOJA3eMHbI¢ BOAKBI.

Cpoxu oT6opa npof BOALI HA aHAJH3 NPHHUMAIOTCS B 3aBHCHMO-
CTH OT T'HApPOJOTHUECKHX M THJPOTe0JOrHueckuX H 0cofeHHO CaHHTap-
HblX ycaopuil. Hanpumep, or6op Boabi #3 BoA03a60opa MOBEPXHOCTHHIX
BOJ: NMOMHBle dHANU3H — 1—3 pasa B roj H B NaBOAOK, COKpalleHHLe
aHaau3Hl — 3-——b pa3 B Mecsl, aHAJTH3H MYTHOCTH ~— KaXKABIA AeHb.
[Tocnhe mpepBapuTesNbHOH OUHCTKH —- Kak ANl BoJ03afopa TOBepxHO-
CTHBIX BoA. V3 HHHAbTpaHHOHHHX 6acCeHHOB: MO clenHaJbHOL npo-
rpaMMe — XHMHUECKHA ¥ MHKPOGHOJOTHUeCKHH aHaau3 AJs BBISCHE-
HUSl YCJIOBHH B HHGHALTpAnuOHHOM GaccefiHe W yJayyllleuust KadyecTBa
BOJH TOCJe TPOXOXAEHHUs] MJICHKH H 30Hb A9pallHH.

napoMerpuyeckue HabalofeHHA NO peke Jydlie noJayyaTb OT
Tugpomercayx6el. CamMOCTOsTeNbHBHE THAPOMETPHYECKHe Habaione-
HUSl Ha peKe CEAYIOIMHE: a) 33 yPOBHEM BOAKL CXeIHEBHO; 0) 3a pac-
X00M BOAH B peke 1—3 pa3a B Mecs, B NaBOAKH H CaMyl0 HH3KYIO
Mexenb. Iloc/e BEISIBJIEHHS CBSI3H PacxolO0B BOZBI PeKH H YpOBHeH
CPOKH 3aMepoB pacXofloB coKpamaioTcA. B peke H B HHQUIBTpanu-
OHHOM OGacceiHe 3UMO# BellyrCs HabnIONeHHs 3a TOJIUUHOH JAbxa, a
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B peKe — ellle 3a o6pa3oBanieM JOHHOrO Jbiaa. Ilo Mepe HamoGHOCTH
BexyTcs HaOMOXeHHSI MO 3aHJIEHHI0 AHA PeKH W yBeJHYeHHIO ¢HAb-
TPallHOHHBIX CONPOTHBJIEHHH.

19.4. O6pa6orka HaGnwaenuii 3a NoA3eMHLIMH BOAAMH
H BOJ03a0opaMy TIPH IKCHAYATAUHH

Ilpu o6paboTke HAGMIOAEHHA 3a pEXHMMOM NOJA3EMHBLIX BOJA T1pH
3KCMIyaTalliM BOAO3aGOpOB B TNEPBYI0 Ouepellb CHCTEMAaTHIHPYIOT
noJiyueHHble Aadible B BujAe TabJHI ¢ ykasanieM [aT. 3aTeM Mpo-
BEpPAIOT COOTBETCTBHe INPOEKTHHX JAaHHHIX PakTHUeCKHM HabmonaeHH-
AIM 110 MPOH3BONHTENBHOCTH SKCIAYAaTAUHOHHBIX CKBAXHH, BOj03abopa
B LeJIOM, YPOBHSM BOJK B 3KCMJIYATaNHOHHHX H HabnoaaTelbHBIX
CKBAXKHHAX, @ TAKXe KAUeCTBY NOA3EMHLIX BOJ HA OCHOBAHHH JAaHHBIX
aHanu3oB npo6. Ecinu BMecTo ckBaXHH 3KCNIyaTHpyeTes Apyrofi THI
B0o03a60pa, TO CONOCTARJSIOT pe3ysabTaTht HabJloJeHHH ¢ NPOEKTHHI-
MH faHHEMH, Bo Bcex cayuasix, KOoraa HpoCTeXHBaeTcs 3aMeTHas
CBsI3b NOA3EMHBIX BOJ C NMOBEPXHOCTHHIMH, aHAJH3MPYIOT 3aKOHOMeEp-
HOCTH H3MeHEHHsS! TNPOH3BOAMTEJBHOCTH OTAeJbHHX 3JEMeHTOB BOJAO-
3a6opa, ypoBHEeH BOAL B HAGMIONATENBHBIX M SKCNJYyaTALLHOHHBIX
CKBaXKHHAX, a4 TAaKXe KaiecTBa BOAH, NOJydyaeMoi BOAO3a6OpOM, NPH
HEOOXOAHMOCTH C H3MEHEHHSIMH B ITOBEDPXHOCTHHX BOAaX. AHaamM3
Tako#i CBSI3H TIPOH3BOJAHTCS CTATHCTHUECKHMH U AHAJMHTHUYECKHMH
MeTOAaMH.

Bopo3a6opH M3 CKBaXXHH TpPH HerJyGOKOM CHHXKeHHH ypoBHs (He
Gosiee 6—8 M OT NMOBEPXHOCTH 3eMJiH) oGopyaylores cudoHoM (r. Pu-
ra, cicreMa HBIIB) c ofmuM BcacumBamwmum TpybonposogoM. Ho
3TO peAKO TpHMeHsieTcsl, TAK KaK NOHHXeHHe YDOBHS B CKBaXHHAX
faxe Ha 1—3 M NpH yKa3aHHBIX cXeMaX MOXeT BEHI3BAaTh CHHXeHHe
NIPOH3BOJUTEILHOCTH, 4 MHOTAA H TMpeKpalueHde TMOJATH BoAH. B
TaKHX BOAO3abopax 0coOCHHO HCHOMYCTHMO CHHXXeHHE YDOBHSl B CKBa-
JKHHAX TIPOTHB NPHHATOrO B NMpOeKTe.

Heo6x0ARMO BHIMONHHTL aHANH3 C LeJbi0 YTOYHEHHMA MapaMeTpoB
BOAOHOCHOTO T'OPH30HTA AJAA pacyera BOA03aGOPOB MOA3EMHBIX BOA
H TNpOTHO3a JajbHeHlUeH 3KCUJYaTallMH: NPOHM3BOAMTENbHOCTH, Ka-
yecTBa BOAH, MoJoXeHus yposHe#. das HBIIB, wanpumep, I tuna
0coB6eHHO BazKeH MpPOrHO3 paGoTH HHOPHIALTPALHOHHHX 6GaccedHOB MO
NPOH3BOAHTEILHOCTH H yJNYyYIlleHHs KauecTBAa BOJLI, 3 TaKXKe BO3MOX-
HEIX H3MEHeHHH BOJOXO3SHCTBEeHHHX YCIOBHH.

PaccMoTpuM 1Sl MpMMepa aHAaJH3 HeKOTOPHIX H3MeHeHufi pac-
YeTHHX NMapaMeTpoB paboTsl BoA03abopoB (Ae6HTH, YPOBHH, KaueCTBO
Boanl). MMes nausble o pabore Bofo3abopa H ypPOBHAX, MOXKHO pe-
IIaTh TaK Ha3bBaeMyIo 0OPaTHYIO 3ajady AJs oflpelleedHs Ko3dPpu-
UHeHTa ¢HIBTPALHH, YPOBHENDOBOAHOCTH M The3ONpPOBOAHOCTH.

CrenyeT WMeTb B BHAY, YTO NMOAXOA K anajH3y HaOMoOAeHHE 32
NOA3eMHBIME BOAAMH H BOA03a60paMu 3aBHCHT OT THApPOreoJorHye-
CKHX, THAPOJNOTHYECKHNX, TEXHHUECKHX M CAHHTADPHBIX YCJIOBHH, H3Me-
Hewufl, BHISBJIEHHHIX W NpPOrHo3HpyeMbX. OH GyneT OTJAMYaTbCH TIPH
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NpoBeJeHHH HaGJIONeHHE 33 BOA03ab6OpaMH 3KCIIYaTHPYEMOro apTre-
3HaHCKOTO BOAOHOCHOTO FOpH30HTAa B PeKaX BAaJH oT o6jacTH BHTa-
HHsA, 32 6eperoBHlM HHGHALTPANHOHHBLIM BOZ03a00opoM. Moryr Takxke
BO3HHKHYTB AOTIONHHTENbHBe o6cToATebeTBA. Hanpumep, Boaa B BO-
Jo3abope ¢ OTMEUCHHHIM YYacTKOM apTe€3HAaHCKOrO TOpH30HTAa MOXeT
HMeThL MOBHILIEHHOe CORepIKaHHe Xeje3a, KOTOpOe IIPH 3KCIJ/yaTalHH
6ypmeT BHINaJaTh Ha (BHABTPAX CKBAXKHH, YBEJIHUHBAS CONPOTHBJICHHS
NpH BXOJe BOAW B CKBaXHHY. B HTOre npH coxpadHeyHu Aebura Oyler
HabalofaTbcsl MOHHMEHHE AMHAMHMUECKOTO YPOBHA B CKBaXKHHe HJAH
NDPH COXPaHEHMH IHHAMHUECKOrO YPOBHSi OVIET NMPOHCXOAHTb YMeEHBb-
nieHde feOHTa CKBaXXHHH. JlONONHHTEeNbHBIM OOCTOATENBLCTBOM  MO-
¥eT ABAATbCA NMepeTeKaHHe BOANW M3 APYIHX BONOHOCHBIX T'OPH3OHTOB
B 3KCNJYaTalHOHHLIA apTe3HaHCKHH, UTO 3afepXXUT paclpocTpaHeHHe
HZeTnpeccHOHHOH BOPOHKM H IOHHMeHHe ypoBHs BoAH. Ilpu sxkcmaya-
Tanun GeperoBoro Bogo3abopa moKeT HabuwAaThCA 32HJAEHHe pycJaa
PEKH, B CBSI3R C ueM BO3HHKAeT AONONHHTETbHOC CONPOTHBJCHHE ABH-
JKCHHIO BOJbl W NOWHXKXGHHE YPOBHs e¢ B CKBaXHHAX Bomosabopa.

[1pu ana.TH3e M3MeHeHHA pACXOAa HCTOYHHKA OUeHb BAXHO YUH-
THBATh YCJOBHsl MHTaHHA BogoHocHoro ropmaonta. Has HUBIIB ana-
JH3 uX pexHMa 3aBpcHT ot THma HMBIIB {cM. ra. 13), a takxe oT
pAla AONOJHHTENbHBIX YCJAOBHH H, B UaCTHOCTH, THpOreoNOTHYECKHX
H KanmatHyeckux. Hanpumep, aan VIBIIB I Tuna nauGosee onpepe-
JAR0IEM bakTopoM sBiaseTca pabota HHdrAbTpaiHOHHOTO OaccefiHa.
KOTOPHH MHTaeTcss OGBYHO MOBEPXHOCTHONW BOAOH H OMHOBDEMEHHO ee
oyuiraer, OuHcTKka BOAB — CNOXKHBH (QHIBTPAUHOHHBIH [POIeECE,
BKJIOYAONIHH MEXaHHUECKOe 3a/iepKalHe BIBCNICHHbIX BElleCTR, a TaK-
e XHMHUecKHe, (BH3HKO-XHMHUeCKHe H OHOJMOTHUECKHe NpOHeccH B
MEHSIONHXCA YCAOBUAX B TedeHHe (HIbTPOHHKIA.

TJIABA 20. PALHUOHAJIH3ALLHAI B CHCTEMAX
BONO3ABOPOB MON3EMHBIX BOJ

20.1. TeopeTHuecKHe H NPAKTHYECKHE OCHOBMH
pPalHOHANH3aIHH CHCTEM BOX03a60pOR NMOA3EMHBIX BOJ,

Panunonannsanns Bogo3abopoB NMOA3eMHRIX BOJA MOMKET BKJAKOUATh
NPHHUMIHANBHO HOBHE pelleHHs, a Tak¥e pa3paboTKy # Mpejioxe-
HHs no ZeransM. OHa JOJKHA CONPOBOX/IATbCA CHHXKEHHeM CTOMMO-
CTH BOIBI( ¢ YYETOM KAMHTAJOB/IOMeHHH) 6e3 YxyIUieHHs KayecTsa,
HajleXXHOCTBhI0 paborhl BoA03a00poB, a B psje CAyuyaeB YBe/HyeHHeM
H4X TIPOU3BOAUTEbHOCTH. CrneuudHka BOJ03a6OPOB NO/J3E€MHBIX BOJ
COCTOHT B TOM, UTO MX NPOEKTHPYIOT, CTPOSIT H SKCNJIYATHPYIOT Ha OC-
HOBAHHH Pe3yJbTATOB THAPOrEOJOTHUECKHX H3BLICKAHMH K OUEHKH
BKCILTYaTaHOHHBEIX 3anacoB, a AJA Uenefl  Xo3AACTBEHHO-NMHTLEBOIO
BOAOCHAGMCHHST HeoOXOJHMO ellle NMPOBeRXEHHe HeCAENOBAHHA MNPH
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NpOeKTHPOBAHHH M OPraHM3alHH 30H CAHHTAPHOHW OXpaHbl ¢ COOTBET-
CTBYIOUIHM DKCMAYATALNHOHHBIM Ha30POM,

IleTanpnass THAPOreoJIOTHUECKAs pa3BeAka H OLeHKA 5KenayaTa-
LHOHHBIX 3aMacoB NOJ3eMHBIX BOJ NPUYPOUEHH K UX MecTOPOXKACHHAM
H NPaKTHYECKH K YJacTKaM, HA KOTOPHX NPOEKTHPYIOTCS Bomo3abopHl.
Takum o6paszoM, ysacToK, Ha KOTOPOM NIpPOeKTHpyercs BOA03abop Noa-
3eMHBIX BOA, ONpeJeNAeTcs PA3HOOOPa3HBIMH THIPOTEOJOTHYECKHMH
YCJIOBHAMH, a JJIS XO3iCTBEHHO-TIMTHEBOTO BOAOCHAGKEHHS eIlle H
CAaHHTapHEIMH Yyca0BHAMH. KpoMe Toro, mpoektTHpoBaHHe Bojo3zafopa
nojseMHBIX BOA M, B YacTHOCTH, €ro pacnojloxkeHue, a TaKXe
OTHafeHHOCTh OT NMOTpPebHTe s, CBA3AHK € IKOHOMHYCCKHMH Tpefopa-
HusiMH. Bu6op yuyacTka u yCenOBHS 3KCIJIyAaTanHH DOA3EMHHX BoOJ
HEPeNKO B3aHMOCBA3AHH ¢ APYTHMH BOJOXO3SIHCTBEHHHIMH MEpOINpHA-
ThAMu pafiona. [las toro yTo6H DpaBHABHO peliaTe Bompoc 06 yeT-
poHCTBe H 3KCO/IyaTamHu BoAo3abopa DOA3CMHBIX BOJA, TPOEKTHPOB-
HIHKaM HcoOXONHMO 3HaTh Pe3yJAbTaThl HAPOrCOJOrMYCCKHX H3BICKa-
Hﬂﬁ, OCOGQHHOCTH I‘H,ElpOI‘eOJ]OI‘H‘IECKHX, CAHUTAPHHX H 2KOHOMUUECKHX
NoKasaTejiell ydacTka HaMedaeMoro Bojosabopa Aas HZeTaabHOH pas-
BeJKH.

W3 H3noxkeHHoro BHAHO, YTO panHOHAMNH3ALHS NPH NPOEKTHPOBA-
HHH, CTPOHTEJNBCTBE H 3KCOAYATAUHUH (Ha OCHOBAHHH CTallHOHapr]x
Habatonennit) Bogo3afopoB moA3eMHBIX BOX MOMeT Npefjaratbes
TaKxe I‘H,llpOI"eO.TIOI‘aMH, IIpOBO)IHLILHMH H3LICKAHHA H OLEHKY 2KCNAY-
dTALHOHHEIX 3aNacOB HOA3eMHBIX BOJ, a TaKXe CaHHTApHOH HHCNEK-
ured. [1poekTHPOBLUIHKH BOA03a60pOB MOA3EMHHX BOJ MOJAMHB OBITh
B Kypce NMPOBOAHMHX H3HCKa#WH H, B YacTHOCTH, BHOOpa BOZOHOC-
HbIX TODH30HTOB, MECTOPOXKAeHHs ANs NEeTajbHHX H3BICKAHHHA, a Tak-
e OHEHKH SKcIJAyaTailHOHHBIX 3anacosB. OCHOBHI)!MH paunHoHasa3a-
TOpaMH BOJA03a60POB NOA3EMHHX BOJA AOJKHB 6HTh OPOKTHDOBLUIHKH
H 3KCNIMYaTallHOHHHKH.

Pauuona.nnsauuﬂ CHCTeM BO)IOS&GOPOB NOoA3eMHBIX BOX OCHOBBI-
BAeTCS HA TEOPETHYECKHX HM3BICKAHHAX H NMPAKTHYECKHX 3HAHHSIX KOM-
nJekca BOAO3aGopOB UTOA3EMHBIX BOA. B pflle ciydaeB pauHOHaAMAH-
3allHsl ONpenessercss 3KOHOMHYEeCKHMH YCAOBHSIMH, a TakXe Xapak-
TepHCTHKAMHU KOMIJEKTA BO}IOHpOBO)Ia B LCJOM. rﬂﬂ,pOFeOJIOI‘HlleCKHe
ycnoBUA BecbMa pa3noo6pasHH, a NPH 3KCOJyaTanHH, KpoMe TOTO,
HYXHO YMeTb OL€HHTh BO3MOXHOCTb HX u3MeHeHu#. [IpH wucnoabso-
BaHHH NOA3EMHBIX BOJ JJIA XO3SIHCTBEHHO-MHTLEBOrO BOAOCHAGKEHHS
OHH KOJIXKHLl [0 KauecTBY COOTBETCTBOBATb, kax mpaBuao, ['OCT
2874—82, T1. e. 6LITb NpPEcHHIMH ¢ JIHMHUTHDOBAUHBIM COJAEpXKaHHEM
pacTBOpenHbix BemecTs. Jlas opOlIeHHs ¥ NAcTOMUIHOTO BOROCHabXKe-
Husa TpefoBaHHsA K KauecTBY BOAH mpuBedeHtl B Taba. |.1.

TIpecHne u cMaGoOMHHEDAJH30BAHABIC MOA3CMHAbIE BOAH NMHTAKOTCS
3a cyeT NIOBEPXHOCTHHIX BOX, ¢ KOTOPbHIMH OHM 4acTo {0co6CHHO FpyH-
TOBHIC) GJM3KO CBA3aHH, a NPH 3SKCOJYaTallMu MHTaHHe HerayGoKuX
nop3eMHHX BOX 3a cueT MOBePXHOCTHBIX OOLIMHO ycHAHBaercs. Cie-
AOBATEJbHO, l'[pH HNPOCKTHPOBAHHH CHCTEMMI 3KCNAyaTatiHH DOA3EMHHX
BOn caenyer y‘IHTbIBaTb KakK I'HJ],pOJIOI‘H‘JECKHe, TakK H KJIHMaTHUeCKHe
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ycnoBas (B TOM 4YHC/Ie MeTeopoJIOrH4ecKHe — oCafiKH, TeMmepaTypy
H 1p.).

BonosaGopul B psje cayyaes NpeicTaBAsioT cOGOA COOPYIKEHHS,
OCHalllecHHBIe HAacOcaMH, 3JMCKTPOMOTOpPAaMH, PAa3HHIMH H3MEpHTEeJbHBI-
MH npubopaMH, aBTOMATHKOM, T. €. KOMILIEKCOM TeXHHUeCKOro o6opy-
J0BaHHS, HCIOJb30BAHHEM H NPOEKTHPOBAHHEM KOTOPHIX HeOOXOAHMMO
XOpOoIlO BJAafeTb. 3aTeM BOA03a6OPB! BKAIOYAXOT 30HBI CAHHTApPHOM
oXpaHn. Kpome TOro, HNpH pallHOHAJbHOM TPOEKTHPOBAHHH BOAO3a-
60pOB MOA3EMHHIX BOJ HYKHO YYUTHBATb OGIUHH KOMIJIEXKE BOAOXO-
3IHCTBERHBIX MepOIpPHATHH paHOHa, KOTOPHE 4YacTo ¢ yKasaHHBIMH
Bon03a60opamMu B3aWMOCBsA3aHB. Be3 A0/KHOrO aHajnu3a B3aHMOCBA3H
KOMITeKCa BOXOXO3FHCTBEHHHX MeDONPHATHH B pAje CayuyaeB MOryT
BO3HHKHYTb Cepbe3Hbie yXYAUIeHHs KayecTBa NOJA3E€MHHIX BOA H Ta-
pPaMeTpoB HX 3KCHJIyaTallHH.

20.2. OueRKa yC0BUA PAHHOHANHIANHH TIO THNAM
BOR03aGOPOR NOA3EMHBIX BOJ,

PaunoHaaH3anus pa3NHYHBIX THNOB BOA03a60POB MOJ3EMHBIX BOA
onpenensieTcss HX TeXHHUYECKHMH OCOGEHHOCTSMH, a TaKiKe pasMelle-
HHeM 00OpPYHOBaHHSI H KOHCTPYKIHEH OTHeNbHBIX 3/eMeHTOB. Kpowme
TOTO, CYIECTBYET 3aBHCHMOCTb OT NPHPOAHHIX YCJOBHIH, B TOM UHcJe
OT THAPOIEOJOrHYeCKHX H B COOTBeTCTBYIOUIHX CAydYasix THApPOJIO-
THYeCKHX YCNOBHH a TaKKe HX H3MeHeHHe B Ipolecce 3KCIJAyaTa-
IHH; CKa3bBAaeTCs BAHSAHHE BOJOXO3sHCTBEHHLIX MepONDHATHH B
pafione. [IpHHIHNAANBHBIE MEPONIPHATHS AJs yJayuileHus paboTul BO-
n03abopos, 0co6eHHO INPH YMEHbIUGHHH IPOH3BOAHTEJLHOCTH H YXYA-
IUEHHH KauecTBa BOAM!, OOINeH3BeCTHH, HO HX He BCerja mpocTo pea-
JIH30BaThb, HCXOHS H3 TIPHPONHLIX YCJAOBHH, TeXHHYECKHX BO3MOXKHO-
cTefl H 3KOHOMHYecKHX TpeboBaHHM,

PaccmoTpuM HauGoNee 4acTo BCTPEYAlOUIHECS CHCTEMH Boj03abo-
pOB TOA3eMHBIX BOJ H3 HecKoJMbkKHX CKBaXHH. Ilo BOgonoawemHOMY
060pyAOBaHHIO MX MOMHO Pa3fie/uTb Ha LBe CPYMINH: Neprpas — ¢ 0~
TPYXHHMH 3MeKTPOHAacOcaMH H O COOPHHIM BOJOBOAOM K pery.H-
pyoueMy pesepByapy; Bropaf—-c¢ cHbOHHEIM 060pyaoBaHHeM H BCa-
CHIBAIOIIHMHE HaCOCaMH.

ITpumem craexyiolliHe THAPOTreoJOTHYECKHe M OCHOBHBIE TeXHHuec-
KHe YCJIOBHS NPH pa3MellleHHH Bojo3alopa: a) 3kcnayartanus ray6o-
KHX apTe3HaHCKHX BOA H3 BOAOHOCHOI'O TOPH3OHTAa B feckaX BjaJjH
OT o6JacTH [THTAaHHs, xopomaﬂ 3alIHNEHHOCTL OT 3arpA3HeHHd, To-
TPYXKHBIe 3JeKTpoHacochl; 6) GeperoBoH BoX03abop ¢ NOrPYXRHBIMH
37€KTPOHACOCAMH B TleCUaHO-TPAaBHAHBIX AJMIOBHANBHBIX OTJIOMKEHHSX
momuocTsio 20—30 M; B) cudpoHHR Boxo3abop ¢ UBIIB B mecuansix
OTJOXKeHHsIX MolilHoceTblo 20—30 M Ha 6epery o3sepa.

B ciyuae a) (oco6eHHO NPH HaJIHYHH XKel€3HCTHIX T0A3e MHBIX BOJL)
Tallle Bcero HaGaogaeTes 3aHaeHHe ¢HABTPA H NPHGHUABTPOBOH 30HH
B 3epHHCTBIX TopoAax (meckax). KpoMe TOro, B yKa3aHHBIX apTe3H-
AHCKHX BOJaX NPH TPHHATHIX YCNOBHAX Habalojaercsl HenpepHBHOE
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CHHXKEHHe YPOBHSl H JAaXe [PH NEPHOAHMUYECKHX 3aMeHax NOTPYKHBIX
3JIeKTPOHACOCOB CHHXKaeTcs HX K. I A. [IpH noHHXKeHHA YPOBHS B 3KC-
IVIyaTHPYeMOM BOJOHOCHOM TOpPH30HTE MOXeT Hal.1/01aThCs mepeToK
BOAB H3 APYTHX BOJOHOCHHX T'OPH3OHTOB M, B YACTHOCTH, IPH Hapy-
IEHHOM CTBOJIe CKBAXKHHBL. Ha 3THX 4acTo BCTpedalomuuXxcsi ocofeH-
HOCTAX CJeflyeT COCPeAOTOYHTb BHHMAaHHe, pallHOHAJIH3HPYS BOAO3a-
Gopmi.

B cayuae 6) BaxHo 3ampoeKTHpoRaTh GeperoBolt somosabop Tak,
yToOu TPH JOCTATOYHOM DacXOAe peKH ¥ MHHHMAaJbHOM YDOBHE BOXH
B Hefl 6ma obecneved pacxojn Bomosafopa. CHuKeHHe IKCINyaTaud-
OHHOR NPOH3BOJHTEJNBHOCTH BOJX03abopa Hab.1iofaeTcsi MPH 3aHJAECHHH
IHa peKH, yBeJHUYHBaloUleM CONPOTHBJAEHHE NpH ABHXKEHHM PEUHOH BO-
AN K BoA03aBopy, CHHXKAMOIMEM YPOBHH BOLOHOCHOTO FOPH30HTA H
ckBaxHH. [Ipn ONHOBpEeMEHHOM 3HAYHTCABHOM INPHTOKE TIPYHTOBBIX
JeNe3UCTHIX BOX MPOHCXOLHT 3aHfeHHe (UILTPA CKBAXHH, B TOM JHC-
Jie IDH MOATOKe BOA DeKH, GoJice HOraThHIX KHCJIOPOILOM.

C denbio yBesJHYeHHs1 MPOH3BORHTEIBHOCTH OeperoBoro Bopo3abo-
pa H ero nponyckHofi cnoco6HOCTH ¢ 3aMeHo# 0TPaGOTABIIHX NOCPY K-~
HBIX 3JeKTPOHACOCOB HOBHMH BEIPOJHO YCTPAHBAThH JONOJHHTENLHBIH
HBIIB I tuna ¢ wHbHIbTpaUHOHKEIME OaccefiHaMu.

B caygae B) (cudonubf sonosabop ¢ UBIIB) 3ameTHoe cHuxke-
HHEe YDOBHS BOXB B CKBaXKHHAX (HA 2—3 M) BHI30BET 3HAYHTEAbLHOE
yMeHbHIeHHe pacXofa BoZ03a6opa H JaXke npekpaimiesue ero pelicr-
easg. [ToaToMy BONpOC MORJEpKAHHA YpPOBHS BOAH B BOXO3abopax
SIBJIAETCS IV1aBHEIM.

20.3. Tlpumeps pannoHanM3anuy BoA03a6opoB
NOA3eMHBIX BOA

PacemoTpum npuMepsl BHeApEHHs palHOHANH3alHH 3KCHJIyaTHPY-
eMHX Bogo3abopoB. B omsom u3 Kpynuux ropoaor Ilpu6GanTnku Bo-
BONPOBOA MOJIyYaJ BOoAy H3 GeperoBhix Bo/03al0poB, KoTophlie pabo-
TajJy ¢ GOABIIAM YHUCJIOM CKBAaXKHH., ClefyeT OTMETHTb, YTO NpPONyCK-
Rag crnocoBHOCTh pacnpefe/HTeJbHOH ceTH ropoxa 6Hja HelocTaTou-
Ha. BogonpoBox Hmea KoHTppesepsyapnl. Tpe6opanoch yBelHYHTH
nozayy oAb NoTpeSutento. IIpu cymecrBoBablielf cxeMe HeOOX0AHMO
6bI0 YBeNHYHThL UHCAO CKBaXuH BOA03ab0pa, HO HTOMY NPeNnsTCTBO-
Bana HepocTaTOYHasg IIpONYCKHARA cnocoBHOCTD pacnpeneﬂmenb}loﬂ
CeTH. Pauuonanusa'ropcxoe NpeAs0XKeHHe COCTOA10 B CACNYIOHIEM.
CkBaxunbl Bog0o3abopa nepesedu Ha paBHOMEpHYW pafoTy ¢ nopavedt
BOAB B PEryJHPYIOMIHE pe3ePByapH, YHCAO # OOIYyI0 eMKOCTh KOTO-
pblx HapacTHH, H3 aTix peaepsyapos Bolly 3a6upana HacocHas cTau-
pug IT nogreMa, KoTopasl yBeHUNBana nojauy QHeM, KOrfa Bo3pacra-
Jo BojioNoTpel/ieHHe B rOpPOAE, @ HOUBIO Hanpap/sia ee B KOHTppe-
SePBYapH, pacxoj KOTOpHX Goablle, gem notpebiedue B ropone. [lpu
STOM MAJHILKH BOAH! NONAaAaJdd B KOHTPPe3epByapH, #3 KOTOPHX BO-
2a B yachl HauGoakllero nmorpebienus nopaBanach B pacnpeensyreb-
HyI0 ceTb. B HouHoe BpeMsi NeACTBOBAJ NOHHXKEHHHH Tapud 3a aJjek-
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tposuepruwo. [lpm sTux ycnoBHAx pabora Tpyd pacnpelesHTeabHOH
CeTH yaydllingace (Nofada B MHKH BOLONOTPeOJIeHHSA ¢ ABYX CTOPOH),
a Hanop B YaCHW NHK NMojHsJcA. Bece 3To Aajo eXerogHym 3KOHOMHIO
Gonee 100 000 py6. HpH HOBLILICHHH 3Q(EKTHBHOCTH HCNOJb30BAHHS
pacnpefe/INTeNbHOH CeTH. DTO — NMpHMep KOMIJEKCHOH paluoOHaJH-
3auHu BOA03a00pa BMecTe ¢ BOAONPOBOOM.

[ToBrienue Kozdduuuenta nosesHoro AelfcTBHs BoAosafopa, OT-
JeJbHBIX ero 3JeMeHTOB, HACOCOB W Mp. ABASieTCH PE3yJAbTATOM pa-
mHoHanusanHH., PaccmoTpum HekoTopuie npumephi. Illupoko pacrpo-
CTpaHEHO B CKBAaXHWHAaX IpHMEHeHHe TOrPYXHHX 3JieKTPOHACOCOB.

Hepenko ouu paforalorc HH3KHM K.T. A. OnHA U3 IPHYUHH — HAJHUHE
necka B OTKAYHBaeMOR BOJe W3 CKBAXKHHEI, YTO BbI3HBaeT yBedudge-
HHe 3a30opa MeXAY palouyHMMHU KOJecaMu M HanpasAfOMHM amnnapa-
toM. Oco6eHHO CHJABHO 3TO sBJAeHHe oliyulaercs B OecPHABTPOBBIX
CKBAaXHMHAaX M3 BOAOHOCHOTO IrOPH30HTA, NMPHYPOUGHHOIO K NecKaM, a
TaKXe M3-33 YacTHIX OCTAHOBOK M NYCKOB Hacoca. B GechunnTposmx
CKBA)XKHHAX HACOCH NMPHXOAHTCH MeHATh 1—2 pasa B rof, 4to yAopo-
®aeT CTOMMOCTb coopyxeHus. Pauuosanssanus B OechunbTpoBHX
CKBaXHHAX CBOAHUTCA K 3HAYHTEJbHOMY COKpDAlIEHHIO UHCJA NYCKOB
H OCTAaHOBOK 3JIEKTPOHACOCOB, 3aChinKe HA 3a00# rpaBHs ¢ Me/KOH
rajJbKo#f, a Takxe OG0CHOBAHHOMY YMCHBLIICHHIO mefHTA CKBaXKHHM.
Bce 570 BO3BMOXHO B ONpejiefeHHbX cAyuasnx.

Bpeanoe neHcTBHe Oka3hBaeT 0OJbIIaS BBHICOTA BCACHIBAHHA Ha-
coca: yMeHbliaeTcsi MPOH3BOAHTENBLHOCTL HaCOCa, BO3HHMKAeT omacHoe
fiBJIEHHE KaBHTAllHH, CBA3aHHOe ¢ BblAe/NeHHeM Napa H PacTBOPEHHHX
B BOJAe ra3oB, O0YCJAOBJIHBAKOUlee MeXaHHUeCKOe M XHMHYeCKOe pa3py-
uteHde MaTepHana Hacoca. IIpH ouenb §o.JBIIONH BbICOTE BCACHIBAHHS
npexpaliaeTcss Nojaua BOAH, HacOc paboTaeT BXOJOCTYIO, HarpeBaeTcs
u paspyiaercs.

InaBHbifl HEAOCTATOK TNPH PeryJHpOBaHHH PaboTel [OTPYKHHX
3JIEKTPOHACOCOB 3aKJ/JWuaeTca B TOM, YTO NMPUMEHAIOT ACHHXDOHHHIE
3JeKTpoMOTOpH, HacTroTa BpanieHHss NpH NPaKTHYeCKH NPHMEHAEeMBIX
MOLIHOCTSX NOKa He peryanpyercs. [IpHHIHNHAJBLHO MOXHO peryan-
pOBaTL YacTOTy BPAIlleHHs ACHHXPOHHOTO 3AeKTPOMOTOPA H3MEHeHH-
eM YacTOTH MepeMeHHOro Toka (DPAMO NMpPONOPIIMOHAJNLHO) W UHCJA
nap noaiwocos. Vi3 storo cseayer, 4yTo peryJHpoBaHHe ACHHXPOHHOTO
3/1€KTPOMOTOpa CJI0XKHO W NpaKTHYeCcKH NMOKa HC MpHMeHseTca. Bax-
HBIM 3JEMEHTOM pAallMOHaJH3alHU SBASETCS NOoBHIIeHHe K. I. . BCEro
5011033601)8 B N1eJIOM # OTA&JbHLIX ero COCTABJAIOUIHX; OAHAKO B pAAe
cAy4aeB 3TOT K.I. /. HYXKHO CYuTaTh Noxa ycnosubiM. OH BROAHTCSA
Hamu prnepsoie. Ilig Bcero Bomo3afopa M OTHAEJNBHBIX ero 3JeMEeHTOB
aBTOPH BBOASAT K. 1. JI. B clelyloiieM BHAE:

ke = Qp/ Qp, {20.1)

rie k. — KoappHiHeHT NOJIE3HOrO AelicTBHA BCero BOA03260Pa H ero COCTABSIOLIHX;
Qp — baKTHYCCKAs MNPOH3BOAMTENBHOCTH, M3/rOA; Qp-— MAaKCHMaNbHO BO3MOXKHAH
PALHOHAJBHAS NPOX3BOJHTENBHOCT, M*/TOA.
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H3BecTHO, YTO CKBaMHHH ¢ 3aHASEMWIMH (PHILTPAMH HYXAAIOTCS
B TIepHOAHYECKOH YHCTKe. B MepHOAn Mexny perenepallHedl CKBakHH
HebHT HX IOCTOSHHO yMeHbUlaeTcsi. [IpH paunHOHaAbHON pereHepamHu
¢unLTpa HOBHI AeOHT cKBaXXuH OyaeT OoJblie NpPexHEro ¥ Toraa K¢
ypeaHuHTes. [lpu 9ToM, KOHeUHO, HYXHO Y4eCTh 3KOHOMHYECKH BHI-
FOAHLIE 3aTPaThl HA PEMOHT CKBAXHHLI, ONMPaBALBAIOIIHE MOBLIIEHHT
kc. TlpuMepomM NOBHIUEHHA K, M. 1. HHGQHILTPAUHOHHEIX COOPYHCHHH
cucreM HMIBIIB sBnseTcst THAPOAHHAMHYECKHH K. ML 4. HHGHIbTpaUH-
OHHBIX COOpYXeHHH ky, onpefenseMblil Mo ¢opmyie

ku:‘AQlQév (20-2)

rge AQ— pacxof sopo3dabopa sa cuer HBIIB; Qs— pacxoa BoAH, NoJaBaeMui Ha
HRbUIBTPalHOHEEe GaccelHEL.

OToT Ko3pPuuHeuT Hecaenyerea B cHereMax UBIIB 1 u 1T tuna
# 06niuno He npesbiwact 0,5, Ho B cucreme UBITIB TGuauca cocras-
aser okoao 0,8—0,9. Bucokuii &y UBIIB T6unucu obbsicHsercs B
OCHOBHOM [pHDOJHHIMH YCJOBHSMH: HeGosbLlasi MOIWHOCTb BOZOHOC-
HOro ciaost (OKOJMO 6 M) H BO3MOMKHOCTb YCTPOHCTBA FOPH30HTAJBHOIO
Bogosabopa.

YBequuenHe ky (pauHOHAJIH3alHA) BO3MOXHO NPH 3KOHOMHYECKH
BbITOAHBIX YCJ’IOBHﬂXZ YBCJIHUCHHH IJHHbI pPacnoJIOKCHHA 80)103360133.
COKpAlleHHH PACCTOAHHUS MEXAY SKCHAYAaTAIHOHHMMH CKBAXKHHAME H
NOHHXKEHHH JAHHAMHuecKoro yposHs B Bogo3abope, [Ipu Oeperoswix
Boj03a6opax, pacmoNOXKeHHHX OOHLUHO Ha NepBOl HAANOHMEHHOMH Tep-
pace (ocofeHHO, KOTAA CKBaXXHHHW BOfo3abopa Mo AHAMETPY M03BO-
JSAIT YCTaHOBHTL MOrPyXHOH 3/MeKTpoHacoc O6/bllefi MPOH3BOAHTEIb-
HOCTH H BOAOBOJ A0 paClpefeNIHTENbHOH CETH BOJAONpPOBOAA HMeeT
3anac AAs yBeJHUYEHHS NpPOH3BoAHTeNbHOCTH), 6e3 OonbwHX 3arTpar
ychaHBaxoT AONONHHATCIbHOE HCKYCCTBeHHOE ITHTaHHe Bo,'103a60p03
(UBI1B). MeponpHsiTie CONMPOBOXKAAeTCsl YBENHUEHHEM TNPOM3BOAH-
TeJBLHOCTH BOAO3a60opa M YMEHbILEHHEM CTOHMOCTH BOAH. B Pure eme
HenaBuo BojocHabGxeHHe ofecneuHBanoch B OCHOBHOM 3a cuetr UBIIB
I Tuna ¢ nomaued Bogkl okono 1 M3c. [loTpeGHOCTL B BOJE NOCTORHHO
Bo3pacrasa. [lponyckuas crnoco6HocTh Bogosoza ot cuHcremb HMBIIB
J0 TOpoza MNO3BOJAJNA YBEJIHUHTL PAaCXOX BOXLbIL. Kpome Toro, ofua-
PYXKHJOCh BBLICOKOE NOJIOXKeHHe YpoBHeH MOI3eMHbIX BOA HAa OAHOM H3
YYaCTKOB, TJ€ OTCYTCTBOBAJH SKCIIyaTallHOHHBle CKBaxHHB. Tpebo-
Bajock Ro6aBHTL HebOJBLIOE YHCIO HHQUILTPAUHOHHHX OaccefHOB
H YCTPOHThL NONOJIUHTENbHHH CrGOHHHHE BOA03a60p H3 CKBAKMHH. IKO-
HOMHUeCKHH 3(dEKT cOCTOSAN B YBeJHUEHHH 1IDOH3BOAHTEJNLHOCTH
HBIIB u cHHXeHHH CTOMMOCTH BOXH Guarozaps 6oisee apdeKTHBHOMY
HCIOJNL30BAHRIO BeeH CHCTEMBL.

B cucreme MBIIB 1 Tena ua p. Aparsu ocylLccTaieHa cleayrolas
panHOHAaJMH3alHs. BoROHOCHbIi TOPH3OHT NMPHYPOYeH K TpaBHHHO-ra-
JCYHHKOBBIM OTJIOXKENHAM, MO3TOMY AHO HH(HJIbTpamHOHHBIX Oacceft-
HOB 3aCHINMaJH NMPHBO3HHM JAOPOTHM NeckoM. IIpu 3TOM He yuMThIBa-
JIH HaJlHYHEe TeCKa B CAMHX TPaBHAHO-TAMeYHHKOBBIX OTJIOXEHHAX.
Korpa 3To BHSICHHJH, TO NPEAJNOXHJIH 3IKCNAYaTHpoBaTh Gaccelnsi
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0e3 3acLIMKH MEeCKOM, uTo 06ecmeyHsno 3KOHoMHI. PaHee HHOHAbTPA-
LHOHHBe GacceHHH HMeNH HHKA 2—3 roZa 6e3 OYHCTKH OT IJICHKH.
BelJIo NpeanoKeHo YHCTHTb IJIEHKH uepe3 MoAroAa, 4TO 3HAYHTENLHO
MOBBICHJIO NMPOH3BOAHTENbHOCTL BacceliHoB, ocoOeHHO B KOHIle HOBOTO
HHOHIBTPAHOHHOTO TOJYTOAHUHOrO LHKJIA. B pe3yabraTe 3THX ABYX
MepONpHSATHI 3HAYHTEJbHO YBEJHUYMJAAch NPOH3BOJHTENLHOCTb CHCTE-
Mu UBIIB, cakoHoMJeHo okoso 400 000 py6/rof.

FJTABA 21. KOHAHILHOHHPOBAHHE NOA3EMHbBIX
BOJ HA BOJO3ABOPHBX COOPY)XEHHAX

21.1. MpHHUMNHAAbHBE CXeMB YCTAHOBOK 00€3)XKeJE€3IHBAHHA,
Cucrembl BOAOCHAGKEHHA ¢ yCTaHOBKaMu 06e3xene3npanus
NOA3EMHBIX BOJ

B fpHpOAHLIX yCJIOBHSX TNPH OTCYTCTBHH HCTOYHHKOB OaKTEpH-
41bHOTO M XHMHUYECKOro 3arpsisHeHHs MoJ3eMHble BoA OGBIYHO YHOB-
JeTBOPAIIOT THrHeHHYecKHM TpPeOOBAHHAM, HO NpH 3TOM MOTYT conep-
XKaTb onpefleJleHHble KOMIOHEHTH B KOJHYECTBAX, HECKOJbKO IpeBbl-
HIAJOLIHX YCTAHOBJEHHYIO FOCYAapCTBeHHBIM ctaHzapToM HopMy. Tak,
Hanpumep, HanGosee MHpPoKo Ha Tteppuropun CCCP mnpepcraBieHs
XKeJqesncTole NoA3eMHBle BOAbl (c comepKaHHeM Kenesa OGosee
0,3 mr/m). OHn npocnexHBaOTCH B TAKHX KPYNHHIX PerHoHax, Kak
3anaano-CHOHPCKAS HH3MEHHOCTb H CeBep eBPONEHCKOH# TeppHTOPHH
CCCP, na HanvbueM Bocroke H Ha ceBepe KazaxcraHa, B meHTpanb-
Holi yactu PCO®CP, Ha Vkpaune, B Benopyccuu n IlprGanrnke. 3a-
YacTyi0 OAHOBPEMEHHO ¢ XeJe30M B MOJA3eMHHIX BOJAaXx NPHCYTCTBYIOT
TakXKe Mapradel, CepoBOJOpod, AMMOHHHHLIE COeAHHeHHsS, ¢Top ¥
docharter (a B pAAE CAYUEEB H THAKENBE METAIbI).

HasnHyHe B NOA3E€MHBIX BOAAX 3arpPs3HRAIOILAX KOMIOHEHTOB (B
YacTHOCTH, JKesne3a, MapraHma H Ap) 3HAUHTeNbHO YCJIOXKHseT pelle-
HEe npob/ieMbl BogocHabXeHMs, TAK KaK B 3TOM ciyuae Gea NMpexBa-
puTenpHOH 06pabOTKH OHH He MOryT ObITb MoAaHBl NOTpebHTE IO,

B HacTosiillee BpeMs OUHCTKA NMOA3EMHLIX BOJ OT KeJe3a IpPOH3-
BOJHTCA Ha CHeNHAJLHBLIX YCTAHOBKAX HA3eMHOr0 THIA — CTAHUHAX
o6e3ikeNe3nBaHHA. 34ech HMeeTCS MHOMECTBO Pa3JHUYHbBIX METOJO0B H
TCXHOJIOTHYECKHX CXeM BOZOTMOATOTOBKH, MTO B 3HAUHTEJLHON Mcpe
ofycsaoBneHo MHOrootpasueM (opM H KOHUeHTpPalHM Kejeaa, ¢ KOTO-
PEIMH NPHAXOAHTCS BCTpPEYaThCs HA MPaKTHKe.

Haun6osee MpocTwWM K PAacIPOCTPAHEHHBIM METOJOM YAAJEHHA MKe-
Jiesa H3.BOAbl ABJASETCH a’pauHf H (AAbTpPOBaHMe Yepe3 MecyaHble
GuaLTpe. B 3TOM cayyae B xauecTBe OKHCAHTeNst HCMOJb3yeTcst KHc-
aopon Bo3ayxa. OaHako TakoR MeToA NIPHMEHHM JIKHUIL NPH olipefe-
JCHIIBIX YCAOBHSX: XeJle3a B moA3eMHOHM BoAe Ao/kHO OHTb He Golee
5,0 mMr/a, cepoBogopona xo 0,5 mr/a, pH==6,7, okdcasemocts He Go-
nee 67 MC/n K weJouHOoCTh He MeHee 1 Mr-a3kB/a. B opreyTcTBHH
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aMMOHHMHAHKHX COCAHHEHHH H OPraHHYeCKHX BCINECTB, a TakMe NpH 6o-
Jle¢ BHCOKHX KOHHCHTPALHSIX CEpPOBOAOPOMA TNMPOLECT OYHCTKH BOAK
OT KeJleda NPOTEKAeT 3HAUHTENLHO XYXKe.

Hpﬂ HanHYHHA B NOA3EMHHBIX BOIAaX Mapranna 3aRayx BOAOMNOAIro-
TOBKH YcaoXHaOTcA CojepXaHue MAaprasna B HNHTHEBOH BOoZe He
gonxHo npeBuwate 0,1 Mr/a. B T0 Xe BpeMs NPH o0e3xe e3HBAHHH
Noj3eMHHX BOA 3(({eKT AeMaHraHalUH, KaK NPABHIO, OKA3BIBACTCS
OYeHb HHM3KHM; AJs yAalleHus XKe MapraHma TpefyeTcs clienHafbHas
06paboTka cnosi (PHABTPYIOILEH 3arPy3KH AOPOTOCTOSIUIHMH pearcH-
TaMH.

HpH OYHCTKE CTOHMOCTB HCIIOJ/IL30BAHHA INOA3€MHAIX BOJ AJsi Le-
Jiefi BOJOcHAa0XeHHs PE3KO BO3PacTaeT, H 3TO TMIaBHHM 06pazoM oI
penensercs GONBIIHMH 3aTpaTaMH Ha CTPOHTEJbCTBO H SRCIIyaTanHi
COOpYKeHHH BOJONOAroToBKH. Ilaxe B ToM ciyyae, KOrfa DPHMeHSIOT
HanboJece IKOHOMHUHHE MeTOAN OYHCTKH BOAM (HAaNmpHMep, a3pauuio
H GunbTpOBaHHE) AOMOJIMHTENbHBE 3aTPaTel OKAa3WBAIOTCA BecbMa
3HauHTeJbHHMH, [IpH 3TOM ornpelefcHHhle TPYAHOCTH BO3HHKAIOT B
CBSI3H C HeoOXOZMMOCTBIO ynaneHHsi, O6paGoTKM H CKJIALHPOBAHHSA
(3axopoHeHns) o6pasylOLHXCA 0CALKOB.

IllnpogHe NepcneKTHBLE B PelUEHHK MpobJaeMbl BOAONOATOTOBKH OT-
KPHBAIOTCA NDH NepCXOAEC K reOTeXHOJOTHYECKHM MeToAaM OYHCTRH
NoA3eMHHBX BoJ 6Jarofapsi CO3JaHHI0 HCKYCCTBEHHBX TeOXHMHYCCKHX
6apbepoB — 30H C Pe3KO H3MEHEHHHMH (H3HKO-XHMHUECKHMH H GHO-
XUMHYECKHMH YCJOBHAMH, I'Ae NPOHCXOAKT IeJeHalpaBJeHHOe KOH-
LEeHTPHPOBAHHE TeX WJH HHHX 3JeMEHTOB HeNoCcPeACTBEHHO HA BOJO-
3a60PHKHIX COOPYXKEHHAX (B BOJOHOCHOM MJacTe).

YcraHoBKH obesXe/ie3HBaHMs (LMKJIHYECKOrO THNA) BHIMONHAIOTCH
B Da3JHYHHX MonHpHKaNUaXx. 3a pybeXoM, Hanpumep, WHPOKOE pac-
IpOCTPaHEHHe NOJIYYHIH TAK Ha3blBaeMble MHOIOCKBAXKHHHBIE YCTa-
HoBKH (pHc. 21, @), KOrja and NOAayH B NJACT a9PHPOBAHHON BOAR
COOpy}KaIOTCﬂ CreliHaAbHble CKBAXKMWHBI, KOTOPbIe paamemalo'r Ha pac-
crositin 5—10 M no pagMycy OT 3KCIYaTaUMHOHHON, CYUHTAeTCsd, UTO
YHCIO HX AOMKHO GHTb HE MeHee MATH. TakHe YCTAHOBKH B OCHOBHOM
HCMOJIB3YIOT NPH OYHCTKe ITON3€MHBIX BOA HerayBOKO 3anerarmciiHx
TOPH30HTOB B cX@Max BoAOCHAOXKeHHs HeOOJbINHX o6beKroB. HX
OGLIYHO MOACOeAHHSIOT K cOopHOMY pedepByapy. IIpuHIHI ux paboTe
caeayiomuit (puc. 21, 6). Hacoc 3abupaer BoRy H3 pesepByapa, Ko-
Topasi aspHpyercs: {C NMOMOINBIO 3XKEKTOPHOTO YCTPOKCTRA) HJH HACH-
MAaeTcs KHCJIOPOAOM (C MOMOUILI0 OKCHIeHepaTopa), M ToAaeT e¢ B
NHTaTe bHble CKBaXuHHL. Ilo 3aBepuleHHH LHKAa 3aKaukH B paboTy
BKJIOMAETCA TMOTPYKHOH HACOC, YCTAHOBJNEHKLI B 3KCINYaTaLHOHHOH
CKBAXKHHE, H OYHUleHHAs B MjacTe BOJA cHauasa lepeKadHBaeTcsi B
pesepByap, a aajee HanpaBaaeTca norpeburenio. ONHT 3KCNAYyaTaUHHA
MHOTOCKBAXHHHEIX YCTAHOBOK uMmeercs B BenHkoGpHTanuH, OuHHISH-
auu, Ulsenus u OPT.

YcTpoHCTBO JOMONHHTEABHEX (HHTATeNbHKIX) CKBAXHH BHISHIBaeT
CYLICCTBEHHO® YIOOPOMKAHHEe YCTaHOBOK (0cOGeHHO 3TO  CKAa3uBaeTCs
TorAd, KOrja MOA3eMHBE BOAKW HaxoAaTcs Ha Ooieuiofi raybune). Ilo
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Puc. 21,1, Cxema (a) W cHcrema (6) MHOTOCKBaXHHHON YCTAHOBKH AJda ofesxene-
3URANHA MOX3EMHHX BOX B nmjacre

I — BoxosaopHas CKBAMNKG, 2 — TPYSONPOBOL MOAAYH BOAN MOTpebHTENO; 3, 5~
TO We, B I/acT; & — yCTPOHCTBO /A BBOZA DEATEHTOB WIH a’paundH BOAH; 6 — HO-
TFJIOIAKOIHE CKBAMHHE

TEXHOJOTHYE CKHM e COOOpaKeHHSIM OHH He ABJSIOTCA CTOJL HeoG-
XOJAHMEIM 3JEMEHTOM YCTAHOBOK, TAK KAK 3aKauKy B IL1aCT OKHCJH-
TeJs MOXHO OCYWECTBIATL M HENOCPeICTBEHHO yepe3 Bojgo3abopunie
CKBaXMHHBI.

B CCCP npHMeHSIOT 0JHOCKBAaXHHHBe ycTaHOBKH (puc. 21.2). B
3aBACHMOCTH OT KOHKPETHHX THIPOTEOJOrHYECKHX YCHOBHH H TeXHH-
YeCKOro COCTOSIHUS CKBaXKHH YCTAHOBKHM BHIIOJHSIOTCH B ABYX MOJK-
¢uxausax: co cBo6OMHEM HAJTHBOM KJAH ¢ MPHHYAHTEJIbHOR 3aKaukof
B ILJIACT a3pUpPOBaHHONH BOXH.

Bo BCex OAHOCKBaXXHHHHX YcTaHOBKax o6GCajiHasi KOJOHHA CKBa-
XKHHBLI NpeBpalwiaetcsd B cBoeobpasHyw 0apO0OTaXHYI0 KOJOHHY, B
KOTOPO# NPOHCXOJHT MOMHOE CMelleHHe BOIH € BO3AYXOM, pasjeieHue
CMecH M yJlalNeHHe H36bITKa BO34yXa H OTAYBaE€MbIX H3 BOIHl ra3oB
(CO; v H,S). Ilpu AsuxeuHH BOAK NO KOJOHHE B HampaBJeHHH 3a-
6051 pasmep AHCHEprHPOBAHHHX B BOAe BO3AYWIHHIX Ny3plped He OC-
TaeTcs NocTOAHHEM, C OAHOH CTOPOHH, B pe3yJjbTaTe KoasieCHeHIlHH
YacTb MaXeHbKHX Ny3mIpel YKPYNMHSAETCS H OHH BCNAbIBaT (ABHra-
fCb TPOTHBOTOUHO MO OTHOLIEHHIO K BOZE); C APYro# —3a cyer HoO-
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Puc. 21.3. CHcreMa BojocHaGxkenus (a, 6)
€ YCTAHOBKAMH 00e3MeNe3uBaHHA IHKAHECKO-
IO THUA
I — ¢RBaXkHHa; J— NOCPYXHOH Hacoe, &-—-
BORONOABEMHAA KOJOHHA, 4 — O0paTHHA K1a-
nan; §— 3agBUXKKa, 6 — 9XKekTOp; 7 — KOAO-
Aeu; 8§ — ponoroRn; 3 — pe3epbyap

Puc. 21.2. Ycranosxa nas 06eaXene3sHBaHHA
oOA3EMHLX BOJ, B mJiacTe
1 — ckBaxupa; 2 — orojiopokK; 3 — Bonononk-
eMHAad KOAOHHA; 4 — MOrpyXHol Hacoc; § —
¢HALTP; 6 — nojalmul TpySonposoa; 7 —
3a1BHXKKA; 8§ — o0paTHHE knanaH; §— aKek-
TOp
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BbILUEHHUST LABJEHHSI H COOTBETCTBEHHO PACTBOPHMOCTH BO3AYXa B BO-
Ae HaOaoAaeTcss YMeHbLICHHe PasMepoB NMysHpel. JTH ABa NPOTHBO-
MOJOKHO HANPaBJICHHLIX Npolecca oO0ecneyHBaOT LOMOJHHTENbHLIA
KOHTAKT BOALI ¢ BO3AYXOM, YTO B KOHEYHOM cyeTe NPHBOAHMT K YBEJH-
4YeHUI0 PACTBOPHMOCTH KHCJIOpPOAa B BOZE. B ycTaHoBKax co cBofon-
HEIM HaJHBOM B CKBaXKHHY a3PHPOBAHHOH BOJAB KOHLEHTPallHS KHC-
Jopoxa ob6biuno cocTaBager 8—12 Mr/i, uto no 3HayeHHsIM GJH3KO K
pacrBopumoctH Oy npu P==0,1 MIla B Boxax c¢ TeMneparypof 7—
10° C. B cayyae xe HPHHYJAHTeTbHOH 3aKaykH BOAbL! B NJacT a’3pHpo-
BaHHOH BOAH (KOTZa OrOJIOBOK CKBAaXKHH SIBJAETCH TePMETHUHBIM), a
AJA yAaJeHHS H30LITKA BO3AyXa M OTAYBaeMLIX M3 BOAH Ia3os MpH-
MeHfleTcs KJamaH-BaHTY3 HAH BEHTHJIb, OTPerYJHPOBAHHMLIH Ha 3aRaH-
Hoe ¥30BITOYHOE AaBJeHHe, Mo KPhilUKOH OTOJIOBKA focTHraercd foJjee
BHICOKAsi KOHHEHTPaHHa KHcnopoaa — no 20 mr/i.

YcranoBKH Ha pHe. 21.2 MOryT MCIOJL30OBATLCA B Pa3JHUYHBIX CH-
cremax BopocHaGxenHA. [IpocTeliilHe M3 TakKHX CHCTeM, Koraa [Ho-
NyCTHMO NPHMEHeHHe YCTAHOBOK €O CBOGOAHLIM HAJHBOM B CKBaXHHY
aspHpoBaHHOA BoAW, NMoKasans Ha pHc. 21.3. B ycnoBwax, Tpebymn-
LWHX NPHHYAHTEJLHOR 3aKaiKH B TJ1aCT a3pHPOBAHHOH BoAL!, BOMpoOC
0 NPHMEHHMOCTH YCTAQaHOBKH NO TOH HJH HHOH cXeme NOJXEH pe-
IIAaTLCA B KAXA0M KOHKPETHOM cJyuae ¢ yyeTOM CreHudHKH obbeKTa.
3necs BO3MOXNHB PasiHyHBeE BapHaHTH. B yaCTHOCTH, BMecTo cra-
LLHOHApHOTO 06OPYHNOBAHHA NABHJLOHOB CKBAXKHH IOBBICHTEJIbHLIMH
HacocaMu (HIH KOMIIpeccopaMH) MOXHO INOHTH IO NMYTH HCIIOJb30Ba-
HHSI JIeTKHX TepelBHXHHX HACOCHHX (WJIH KOMIIDECCOPHHIX) YCTaHO-
BOK H.H, Ha0oB60pOT, YCTPOHTH eRHHLI HEHTpaJH30BaHHHHA y3sen Anas
NPUTOTOBJICHHSA a3PHPOBAIHONH BOAH H MOLAYH €€ C COOTBETCTBYIOULH-
MH pacXxoJOoM H HAamopoM B KamJyi0 CKBaXKHHY.

21.2. MogeaHpoBaHHE NMPOLECCOB €32PSAAKH? KHCAOPOAOM
BOAOBMeENIAOLIHX NOPOA,

OcHOBHBE NOTOKEHHH M HCXOAHbIE YPABHEHHH, B mepHox 3aKavykH
B NJ1aCT a3PHPOBAHHON BOAK NMPOHCXOAHT afncopOuHs (TouHee, XeMo-
copOuisa) KHCTopoAa Ha mopogax miaacrta. LleHTpom ans agcop6uuu
02 IpH 3TOM CAYXaT KaK HOHLI MeTaJJjoB, TAK H pas3JHyYHLie MHHE-
paﬂbeIe H TIJIHHHECTLIE YACTHUL!, OcaxXIeHHBIe Ha HOBEPXHOCTH H 3a-
KJIOYeHRLe B nopax ckesJera cpeAb. Axcopbunsf KHciopona B AaH-
HOM CJyyae fiBJsieTcsl JHMHTHpPYIOULeH cTaguel TAKHX peakUui, Kak
KOHTaKTHOE OKHCJeHHe NMOBEPXHOCTHBLIX HOHOB H NOBePXHOCTHOE KOMII-
nekcoobpa3oBalnue, 6narogaps KOTOPHM NOPOXH MJacTa NPHOOpeTaloT
cBoeoOpasHbie CBOHCTBA — OHH CTAHOBATCA pPeaKLHOHHOCIOCOOHBIMH.
DTy COBOKYIHOCTb TPOLECCOB, He NOLAAIILHXCS pasfelbHOMY uU3yye-
HHIO, B JaapHeHmeM OyneM YCJIOBHO HAa3HBaTh «3apsiiKol» mJjacTa.

TIpouecc «sapsaakd» BOAOBMEDIAIOUIHX NOPOA KHCJIOPOLOM MOXKeET
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OWTL ONKCAH H3BECTHOH CHCTEMOH ypaBHeHHH HHHAMHKH axcopOuum.
Jsasa cayyas pagHaibHOTO MOTOKA 3TH YPABHEHHA HMeEIOT BHA

aCo, q:9Co, COQ A

%o —Bt_“ + ror St =0 (2]‘1)
0 -
%,_ —F{C%,. Co,), (21.2)

rae Co, {r. I} — XOHUeHTpauHs pPacTBOPEHHOTO B BOAE W Cb' {r, ) — ancop6upo-

BaHHOTO Ha TOBEPXHBOCTH NOPOA KHCJIOPOAA B CeYEHHH HA PacCTOAHHH f OT CKBaXH-
HE B MOMEHT BpeMeHH !, ¢i— NpPH 3aKauke BOAHW B IaacT {Ans i-—% npmmmae-rcn
PaBHBIM: §,=Q,/2nM, a npH otKauke (aAR i=2) gi=—qo U Go=Qo/27HM;
MowsocTh maacra;  F(C*s ) Cp, ) — KuueTudeckas ¢yHKuus, orpa}xamu.laﬂ Mexa-
HH3M aNCOPOUHK rmcnopo,ua:

HpH panpHeillneM anajH3e OTPaHHYHMCH ABYMSA [PoCTeHLIHMH Me-
XaHH3MaMH HeoOpaTHMOH axcopOuHH KHCJIODOAA, CYHTAR HTO KHHETH-
yeckas PyHKiHS MOXKeT GhITh NPeACTaBIeHa B BHAE

BB (F — N)s 21.2a

F (C*an’ COQ): [C Q, ( 0) ( )

* 104602. {2].26)

rae C‘l - TipeJebHAS AACOPOUHOHHAS EMKOCTb MoPoJ 10 OTHOMEHKK) XK KHCIO-

poay, G(twlu) — nedpra-(yukuus [Hpaka H Ao — BeiHUHHA, paBHas

na+ T )(r2 — red C*s

la “ Lﬂ_ 0 )( 9_)‘_’ r011 ___Q_?_. (21.3)
2:73 CO“O

Ipencrapnense kuHeTudeckodt GyHkiHH B BuAe (21.2a) mpeano-
JaraeT, uTO aAcopOiHA KHCJIOPORA #ABASETCS HeoOpaTHMOH, a caM Hpo-
1ecc mpoTeKaet ¢ GECKOHEYHO GONBLIOH CKOPOCTLIO; B caydae (21.26)
VUHTHIBAeTCA KOHEUHAs CKOPOCTb HAKOMJEHHA KHCJIO0pOAa Ha Mopoigax
naacta (34ech ao, ~— KOHCTAHTa CKOPOCTH agcopOuHu).

JlunaMHKa <3apsiAKH» NOPOR NpH HeoGpaTHMoR MruoBeHHoH af-
copbuun kucaopoga. [ia CTamHM 3aKayKd B IIACT a3pHPOBaHHOM
BOJIE! pellleHne cHcTeMbl ypasHeHHH (21.1), (21.2a) oTHckHBaercs NMpH
CHeYIOIIHK YCIOBHSIX:

t=0, r>ry Co,lr, t)=Cg (r. t)=0; (21.4)
r=re t>0; Co,(r, t)=Co, (21.5)

Ipumensa k (21.1)—(21.2a) u (21.4), (21.5) npeobpasoBanue
Jlananaca no f, nMeeM

93 o,
14 dar

=n0p50,““—c*6’exp (H)‘Op); (2].6)
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- Co
Co o )= =", (21.7)

rae Co, (r, p)= fcoz(r. fyexp(—pt)dt v p — napaMerp mupeo6palosauusa Jlannaca.

IIpu arom yarewo, 9ro

T3(¢ D) exp (— pt) dt & exp (— hp).

Peutenne ypasueuns (21.6) npu ychosun (21.7) HMmeer B H3006pa-
WEHHAX clenylomuit BUA:

C
Co. (r, p) = —}'ﬂexp (— o). (21.8)

[Tepexogsn B (21.8) K opHrHHay, MOJAYIHM
Co, (r, t) = Co, [ (t —¥,). (21.9a)

Coorsercrsenno ans Cpg,(r, {) MoXeMm 3anHcarb

Cs,(r, t) = C¥*s H (t — 1), (21.96)

rae H(f — ko) —epninaHas QYHKUAS, Kotopaa npH {<io paBHa 1, a npm £>Xp
paBHa 0.

H3 camoro onpeaenenus xkHHeTHIecKod pyHkuuu (21.2a) cnegyer,
YTO aAcOpOUHST KHCJIOPOAA HMeeT MecTo JHWbL NPH f==Ay (OpH (7=
Sk nenvTa-pynkuHs Jupaka pasua 0). CnegoBaTesnbHO, HA OCHOBE
cootHowenHst (21.3) npu f=Hhy MOXHO HAHTH IOJIOXKeHHe I'DPAHHIIE
¢ponta ancopbunn

e b 4 e p——— e -

r (1) =V rd + 24| (ng + To,). (21.10)

B nauHoM ciy4yae B NEPHOA 3aKAYKK adpHPOBaHHOH BOAL! B IIJIACT
onHOBpeMeHHO ¢ GpoHTOM ancopbumu obOpa3yeTcs H (POHT moplIHe-
uaMenenn#t Koruentpanuit Co,(r,?) u C5 (r,f) He NPOHCXONHT, H B
obnacth ro<r<r* oru cooTBercrBenno pasubl Co, u Cs*  Ha rpa-
Hulle r*(f) xoHueHTpanHu Co,(r,f) H Cﬁz(r, f) H3MEHSIOTCA CKadKoOM
10 HyAs, H BoGgacTH r*<r<r; OHH TaK¥XKe DaBHBL HYJIO, a 32 Iipefe-
JaMH (QPOHTA BLHITECHEHHS] HAXOASATCHA JKeJe3HCThle MOA3eMHbIe BOBL

K MOMeHTY OKoHYaHHS 3aKa4YKH QPOHT agcopOiuHu pacnpocTpanser-
cs Ha paccrosiHHe r*(£;) =R, OT CKBaXHHH, KOTOPOe MOXeT OHTb
paccantaro no (21.10) npm f==f;; COOTBETCTBEHHO NPH 3TOM r*;=
=Vro*+2qsts/n,. Tpapuks, oTpaxawiude pacrnpeefeRHe KOHUeH-
TpauHii B 30He «3apsAAKH» NNAacTa NpH f=1l,, NOKA3aHH Ha pHc. 21.4.

219



B nepHox OTKAauKd BOJAA, COACPKAIMAACHA B 30HE ro<lr<Ry, C KOH-
ueHTpauHeit kucaopoaa pasuo#t Co,, OyaeT OTOHPATBCA H3 CKBAXKH-

Hul BIJIOTH A0 MOMeHTa BpeMeHH fo**=Q4lno/Qo(ne+T0,). Ilpn
3TOM B CHJy TPHHSITON THIOTe3H O HeoOGpPaTHMOCTH aAcop6uHH, Io-
CTYNNIeHHe B 3Ty 30HY B MOMCHT BpeMmeHH [*=Q,;fI0, /Qo(no+To,)
06eCKUCJIOPOKEHHOH BOAK He BH3WBaeT HaMeHeHHs Cz* H mosToMy

NpH {>#** KOHUEHTPAUHS KUCAOpoZa B oT6HpaeMOR BOMe OKaXeTcd
TaKXe paBHOH HyJa10 (cM. pHC. 21.4).

KonHuecTBO KHCJIOPOAA, KOTOPOE 323 (IMKJ 3aKAUKA-OTKAuKa HaKo-
IMEJ0CL B 30He <«3apsifikH» Iacra, MoxerT 6BTL paccuHtado no ¢op-

MyJIe ‘
Po, — Qut:Co,, — Qota**Co, = QutL. (21.11)
rae = Co, T o,/ (1ts + To,). (21.12)

JluHaMHKa «3apaiKH» NOPOR APH HeoGpaTHMOA ancopOHHMH KHC-
JIOpPO/ia, npoTeKawilel no peakuun 1-ro mopsaxa. B atoMm cayuae pac-
npefeneiue Koruentpauun Co,(r,f) n Cg, (r,f) B NMepHox 3aKaukH
B NJ1aCT a9PHPOBAHHOH BORM ONpeAeNsseTcs M3 peLIeHHA CHCTCMHB
ypaBuenuit (21.1), (21.26) npu g;==q,. Kpaesnoie ycI0BHS IIPHEHMAIOT-
ca B dpopme (21.4), (21.5).

PenlerHe 3TOH 3a7a4H H3BECTHO H HMeeT BHIA

—an A
Co. (7. £) = Co, exp (—2’—1—)}‘1(;‘_—11); (21.13)

ny

—a

A
Cs, (1, £) = a0,Co, (t— M) exp (—-J’—- ) Ht—1), (21.14)

ny
rae H(f — L) — equnnunas GpyHKnHs;

WL Lkl 0 1 (21.15)
2qs ;

Ha (21.14) caemyer, 4To MakCHMaJbHOC KOJHYECTBO aACOPOHpO-
BAHHOTO KHC/IOPOla HAKAMJIHBAeTCS BOJNH3H CKBaXHHB (IIpH r=ry,
M=0 u Cg (ro, 1) =a0,Co,}); 1O Mepe yAaNeHHS OT CKBAXKHHH (C
POCTOM r) KOHUEHTPAUHsl CHHXKaeTcs N0 Hyns (NpH r==r;, Ay=={ CoOT-
BeTcTBenHo HMeeM Cg (ry, f)==0). Pacnpenenenne KOHIeHTpauH# Ha
MOMEHT OKOHUYAHHSl 33aKauKH B IJACT a3pHPOBAHHON BOAH ITOKA3aHO
Ha pHc. 21.5, a.

IIpH NpHHATOM 37eCh MeXaHH3Me aAcOpOUHM Mpollecc «3apsiIKH»
NOPOA KHCJIOPOAOM MPOAOJKAGTCA H B MePHOMA OTKAUKH BOABI H3 CKBA-
JKHHB BIUIOTL 0 MOMeEHTa BpeMeHH fo* == Qufa/Qo, NoKa He Gymer oTo-
6pana Bcsl MOAAHHAA B MAACT BOAA. DTO SBJSETCH CYLUIECTBEHHHM OT-
JHYHeM OT cJyuas, PacCMOTPEHHOrO B NpCALIAyILeM pa3snede.

B nepHog OTKauKH B OKPECTHOCTH CKBaXHHH OyayT HMeTb MeCTO
nBe o6nactu (puc. 21.5, 6), pasmenennble Mexay cofol nepemellia-
IOIIeHCs BO BpeMeHM TPaHHueH (POHTA BHITECHEHHA a3pHpOBaHHOA
BOAH
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Pasc. 214, CxeM2 M rpadHKH FHAPORHHAMHYECKHX M KHHETHMECKHX 06aacTed mpH pa-
6ote yCTaHOBOK 0Ge3Xene3nnanus

a — cTaj#dA 3aKaukH (MOMEHT BDeMeHH {={;); 6 -— cTAagHsA OTKAYKH

=V (20 im) . (21.16)

B nepBo#i 06nac‘m ro<r<R(t), Flle CONEPXKHTCA YacTHYHO obec-
KHCJIODOXeHRHas BOJa, NPOAOIKaeTcs NMpoliece aACOpOLHN KHCIOPOAa;
BO BTOPOH Xe 06JacTd R () <r<r;* HaxoauTCcs NOA3eMHas Boga (Nnpo-
leccel, NpOTeKakIliie B 3TOH 06acTH, aHAJH3IHPYIOTCS B pasf. 21.3).

Pacnpenenenne xoHuenrpauuit Co,(r,¢) u Cg (r,f) B NepHoA OT-
Ka4KH BOMKI H3 CKBaXHHHI ONpelelseTcd H3 pellieHHS CHCTeMH ypaB-
Henuit (21.1), (21.26) npu g;==— ¢o. HavaJbHLe yCJIOBHSI AJs pe-
WeRHs 3aflayd NpHHHMaOTC cordacHo (21.13) u (21.14) npwm f==1,,
a TpaRHYHOe ycJ0BHe HMmeeT BHA Co, (rf¥*, ) =0,

PeileHse 3aaqd JOCTATOYHO NMPOCTO HAXOAHMTCH MeTOAOM IHpeol-
pasosauus Jlannaca, ITosToMy, onyckas NpOMeXYTOUHKe BbIKJIAJAKH,
3aNHeM JHUL OKOHYaTelbHble pacdeTHole Gopmynn. Mmeem:

1JIs1 IepBOH obJacTH ro<r<R (1)

aO}‘ ‘pont .
Co,(r,t}:co,oexp(——n;—— - ), (21.17a)
Cs,(r, t)=uapCo, (t;—A) )1+ —-TO
5. (r, £} = a0,Co, [t ,>{ + o ﬂm%z X
%0t Y 20,M
X 1-—~exp( — ]exp(———’—-); (21.176)
to* I Hg

Aaa BTOpo# ob6nactH R(#) <r<ri*
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Puc. 21.5. Pacnpesenedse KOHUEHTPRUHH KMCAOPORA B 30HE €3IAPKAKHD fNacra

@ — CTaJHA 3aKaYKH (MOMEHT BpeMeHH f==iy); 6 — CTaaMA OTKAUKH; @ — BHXORHAR
kpupafi Cp (ro, £); 2~ CTAAHA 3aKAUKH {MOMeHT BpeMenu i=¢;)

Co,, (r, 1) =0; (21.18a)
Cs, (. £) = 20Co, (ls— ) { —m <p02><
— X
X[l-—e p( %U“ ”)]} ( “0”), (21.186)
1y

__ %ols Qs
rae (PO’_ 1y ( T Qo )

CognepxaHHe KHCJAOPOAA B BOJe, OTGHpaeMoil H3 CKBaXKHHBI, ofpe-
neasieres no (21.17a) npu r=rs; B 3TOM cayuae A;=0 4 COOTBETCT-
BEHHO MMeeM

H
Co, (ror £) = Co, exp (—-‘?i‘lu). (21.19)

I'padux BeixoaHOHK KpuBo# Co, (ro, ) mnoKazax ma puc. 21.5, 8.
®opmyna (21.19) npasoMepna npH f<fh*; npu >4* Co, (ro, £)==0.
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3nas Co, (ro, 1) 0pH {<{f*, HeCHOXKHO PacCUUTATh KOJHYRCTBO KHC-
JOPOAd, KOTOPOE 33 LMK/ 3aKAaYKH-OTKAYKH agcopGHpoBaloch B 30HE
«3apsAAKH» BOACHOCHOTO Naacta. Mmeem

1*
Po, = Q;t,Co,~— Qo Co, (ro, t) dt, (21.20)
Q
CciaedoBaTeJbHO,
P02 == QataE—a
rae E=Coeo{l h¢0:l[l—exp(-cp02}]}. (21'21)

21.3. MoaennpoBaHHe npoilecca OKHCJIECHHA XKene3a
B 30HE «3apPAAKH» Naacta

OcHOBHHE NOJOXKEHHST H HCXOXHBe ypasHeHHA. [1pH TaxkoH TexHo-
JIOTHH OYHCTKA MOA3eMHOH BOAB AOCTHraeTcsl HCKJIOYHTENIbHO 32 CyeT
peaklH#, NpoTeKawIUX HA AKTHBH3HPOBAHHOH NOBEpXHOCTH INODOR
{npH NoJHOM OTCYTCTBHH B BOJAE pacTBOPEHHOro KHciaopopa). Ecrect-
BEHHO, YTO TNPH 3TOM yMEHpIIAeTCA KOJHUECTBO aAcopOHPOBAHHOIO
KHcaopoaa (oH pacxopyeTcss HA OKHCJACHHE Kejie3a M APYTHX HHTpe-
JIHEHTOB); CHHXKAeTCs COOTBETCTBEHHO H PEaKIHOHHAsA aKTHBHOCTb 30+
HB! «3apsiAKH» MJacta,

C.nenye'r OTMETHTh, UTO NajgcHHe AKTHBHOCTH MBJISAETCSI He TOJbKO
C7eACTBHEM BBILIEYNOMSAHYTHX peakiui. OHO NPOHCXOAHT TaKXe B
pesyabTaTe OJOKHPOBaHHS AKTHBHHLIX LEHTPOB PA3JIMYHOLO POAA He-
PeaKnHOHHOCTIOCOOHBIMH (TPYAHOOKHCIEMbIMH) OPTAHHYECKHMH CO-
eauHeHHAMH. Cob6cTBeHHO roBOpA, H3-32 HEAOCTATKA HHPOPMAUUH
0 BCeX HUMEIOLIHXCA 3]eCh Npolleccax, N0-BHAHMOMY, BpsAjA JH palHo-
HATBbHO CTPEMHTBLCS K MAKCHUMasbHOR 0OIHOCTH HX onHcauus. [Toarto-
MY OrpaHHYHMMCS JHIb aHAJH30M MPOCTeHllero ¢ayyas, KOorga B 30HE
«3apAAKH» NJACTA HMeeT MeCTO OJHa HeoOpaTHMAas pPeaKHH MeXay
BO/IHLIM JK€J1€30M H aAcopOHPOBAHHHIM KHCJAOPOAOM.

B Takolf NocTaHOBKe npoHecc ONHCHLIBAETCA CAEAYIOLLER CHCTEMOM
YpaBHEHHH

ocFe'.’-l- _ 40 "Cpez«!-

+ 0 24C5 Lp 24 =0

0
— o= — bar 21 C5.Ceats

rae B — crexHoMerpHueckuii Koa(pdHuHenT, KoTopui papen 0,143, T. e. OyzeM cun-
TaTh, YTO KKCAOPOA, aAcopGHpOBaHHBA Ha MOPOJAxX MJaacra, PacXORyercs TOJBKO Ha
OKHKCJEHHE XeJe3a.

Huxe, Ha ocHose ypasHeHuit (22.22) Gynyr MpoaHaaH3HPOB2HE
ABe pacyeTHble CXeMhl: IMepBasl COOTBETCTBYeT YCJIOBHSAM, KO[Aa B
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30HE «3apSAKH» IU1AcTa HCXOJAHAs KOHUEHTpalHs aicop6HpoBaHHOrO
KHCI0poAa BCIOAY NocTodAHHas (caydail Heo6paTHMOH MTHOBeHHOH ai-
cop6UHHM KHCTOpPoAa); BTOpasi — oTpamaeT cJyvafl HepaBHOMepHOH
«3apAaku» miacra (uro Habaionmaerca npd HeoOpaTHMoH ajcopOuuu
KHCJIOpOAa, npoTeKatowef no peakuud 1-ro nopaaka).

JduHaMuKa oxkucaeHus xenesa (II) mpH paBHOMepHOM HAYAdbHOM
pacnpeneneHun ajacopbHporanHoro kuchnopofa. Ilpu Heobparumoit
MrHoBeHHoOH aacop6uHK KHcaopoAa (cM. pHc. 21.4) K MOMEHTY OKOH-
YaHHA 3aKaUKH ¥ CKBaXKHHBI HMEIOT MEeCTO JBE 30HH: NepBas ry<r < Ry,
ke Co,(r, t)=Co, u Cg(r, t;) =C5*, v BTOpas Ro<r<r®, B mpe-
Aenax Kotopoit Co,{r, £} =Co,(r, ;) =0. JHo nauaiaa mpougecca OT-
Kaukd NMoA3eMHasl BOAA HaXOAHTCA 3a rpaHHued ¢poHTa BHITeCHEHHS
H MO3TOMY peakuus Mexay xenesom (II) m apcop6rpoBaHHRIM KHCIO-
poAOM 37ech HaYHHAETCSl HE C MOMeHTa BpeMeHH {==0, a snuWb npH
{>=1*, rae t¥-—BpeMs, 3a KOTOPOe YacTHLH MPOXOMAT NYyTb OT rf*
piCe] Ro.

Bpems #* onpelensiercs U3 CNeAYIOUIETO COOTHOLICHUS

rf*' b R02 == 2qot*lno

H, CAAOBaTeNbHO, 1* == Q4fsT0, /Qo(na+To,).
KpaeBre ycnosusa aas pewienus (22.22) 3amHcHBaioTca B BHIE
t=t*, r<Rys Cq,(r t)=Ctay(r,t)=0; (21.23a)

r== Ro, t>ti‘; CF22+ (r, t) =CFEO2+' (21.236)

rae CFe g, — KOHIERTpa#a Xeje3a (I1) B nopaemnofi Boge. .
PelIJEHHe 3TOH 3aJa4Yd UMEET BHA
(o
Pt exp (T) ; (21.24)
CFe02+ exp (X) — 14-exp(T)
% _ ____ew(X (21,25)
c*3, exp (X) — [ +exp(T) o
5,.24C 0, (Re? = 11)
e X= P » Te=Papa:Cp, 2+ [t_nt.“_
2¢¢ 0
_29.13;;_‘:551]. (21.26)
0

Tpaduxu uaMenennst Cpo4/Cp 2+ ¥ Cg, /Cq* 1o T mpau pasauy-
#oix X moxasauw Ha puc. 21.6. M3 pannwx puc. 21.6,a BHAHO, 4TO
mpu nwbom ¢urcHpoBanHoM T xomieHTpaiuHs xejesa (II) yOmsaer
¢ poctoM X, a B Kaxfol TouKe (T. €. npH dukcHpoBaHHOM X) yBeJH-
yuBaeTcd BO BpeMeHu 7. DTu H3MeHeHHs o6yciOBJeHB CHHMKEHHEM
KOHUeHTpauuu afgcopbuposasHoro Kuciopoaa (puc. 21.6,6) mu coot-
BeTCTBeHHo MajiIeHHEM PpeaKUHOHHOH AaKTHBHOCTH 30HB «3apAAKH»
Iaacra.
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Puc. 21.6. Pacnpenenenue
€t /Cryar =X T)  C5 /Chs =X, T)

JAuHamuka okucaeHHa xenesza (I1) npu HepasHOMepHOM Hauaib-
HOM pacnpeleeHHH KOHUEHTPauHH ancopGMPOBAHHOIO KHCJOPOAA.
HaiifeMm peiieHue cucTeMmn! ypaBHendit (21.22) npu cieayowux yciao-
BHSIX!

t=0,r<ry Csir,t)=f(r), Cpat(r, t)==0; (21.27)

2

r= rf*, t >0 CFc'H‘ (r, f:l == CFeDQ"" (2]28)
rae f(r) - - PYHKuHsA, OHHCHBaOU(as pacnpeneieHue KOHUEHTPAuHH aicopOHpoBaH-
HOTO KHCAOpOJA B 30HE «3apPSIAKH» NJaacTa (ro<r<r;*) nepex HavaloM OTKAYKH.

ITonoxum
2 po .
Tt by by et — AT (21.29)
2(],‘1
B HOBLIX MepeMeHHBIX T, A; YpaBHeHHs (21.22), (21.23) szamuuyrcs B
BHAe¢

ac
g gy = =024 C5 Crat (21.30)
3
0C -
—0‘;0.2 e —.EGF32+C6L-CF22+' (21 .31 )

PacceMorpum cayyai, Koraa npu t=0 (T. . B MOMeHT ToOCTyNJIe-
HUSl XKeJe3HCTHX MOJA3eMHBIX BOJA B 30HY «3apsAKH» [acTa) Hauajb-
HOe¢ pachpelc/ieHHe KOHUEHTPANMHH 2aacopOHPOBaHHOTO KHCA0POAA
onucuBaercs popmyuoit (21.186). Torma, yunrnBas, yro (f3— M) ==
== Qoha/Qs, yCnoBUs Ans pewieHus ypasueuudi (21.30), (21.31) 3anm-
ieM B BHAE

an.Co,Qch t*Q
. 0,0, ¥0"3 0 3
Coulemo (b )= =) {I T w0,
Ao, 20,%% .
X [1-— exp (—~ —t—or)“ exp[— s (te* — Aa)], {21.32)
Cpe2+ IA3=0 “a' 1) = CFe,,2+- {2]'33)
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HecsoxHo nmokasaTh, uTo B 3TOM cayyae HCKoMble ¢ynkunn Cp,
H Cp 2+ ompenesioTcs BHPAKEHHAMH:

Co, = C5, (M 0) (Xf)"i‘;;’(r,) — (21.34)
Cear=Ceost iiin wap (7717 (2
roe
X' = ap24Cogls [ —L [ 1— exp -‘ﬁgi’-)—“ (21.36)
T/ = BopatCont (£ — by). (21.37)

[1pn onpeneseHHH KOHUEHTPALHH XKeneza B Touke r==ry B {21.36),
(21.37) cnepyer nmpHHATH Ay=={fp*, TOrna NOJYyYHM

Xy = aFngrto*E, E— Coao{l — 9o, ' [1 —exp{—oo,)]}; (21.38)

Ty == BopatCront (E—£0%)- (21.39)

CobcTBeHHO TroBOPsA, ME HMeeM [ABa pellieHHA oAHOH 11 ToH ke
3a1a4H, ONMHCBHIBAMLILH MpOLEeCC OUYHCTKH BOAB OT JXKeJe3a B MJacte
OpH CO3LaHHH HCKYCCTBEHHHX OKHCIHTENbHBIX TeOXHMHUeCKHX 6apb-
€pOB, OTJHYAIWHXCA APYr OT ApPyra JAHIIb H3HAYa bHOM THNOTe30M
0 MexaHHM3Me ajcopbLUUH KHCIOPOAA HA BOJOBMeLalOUINX IOPOAAX.
[TonyueHHHEe NMpPH 3ToM pacueTHble 3aBUCHMOCTH HMEKOT OAMHAKOBHI
BHI; pa3J]H4yHe COCTOHT (IHIUb B BHpaXeHHAX aafl 6e3pasMepHBIX Na-
paMeTpOB BpeMeHH H KOOPAHHATHL.

J19 conmocTaBieHHs 3THX pellleHHH paccMOTPHM CIeAyOUIHI NMpH-
mep. [lnact umeer mombocth M==20 M H INpeacraBieH NecYaHBIMH
OTJ0XKEHHAMH, MOPHCTOCTb KOTOPHX np==0,25. Cogmepxanue »xe’esa
Cre2+ B TOA3EMHBIX BOA2X, MPHYPOUEHHBIX K STOMY KOI1€KTOpY, €O-
crapaser 2 wr/a. [lycTs 3apaHo, 4TO 3aKauka aspHPOBAHHOI BOAH B
nJacT NpH c%mlo Mr/a MpoBoARJAach ¢  pacxoaoM Q,=30 md/y
B TeyeHHe f,==120 u; orbHpasach BoAa H3 CKBAaXHHH C PacXOAOM
Qo=060 M%u. HonyctuM, uro B pe3yabTaTe 3TOro 3KCIepHMeHTa (Ha
ocHOoBe 0OpabOTKH ONMHTHOI BHIXOAHOH KPHBOH) onpeneneHbl O p24=

=0,5 (Mr-u/n)}—1 u §=7,3 mr/a.

Pacnoaarasi 3THMH IaHHBIMH, NpoBeleM pacydeT pacnpeiecHHs
KOHUEHTPAllHil Keje3a B 30He «3apsiAKH» IJacTa MO pelueHHIM
(21.24) n (22.35).

B cnyuae HeoGpaTHMOH MTHOBeHHOH aJACOpPOUHMH KHCJAOPORa Mpo-
llece ofe3Xene3HBaHHs NMPoTeKaer B 30He ro<lr< Ry, [rae Ry— rpanu-
Ua ¢podTa ajcopbuHu, Kotopas onpeaeasercs no (21.10) npu f==1£;]
H HauyHHaeTcsd ¢ MOMeHTa BPeMeHH #*, Koraa (GpPOHT NOA3EMHBIX BOJ
€ HCXOIHOK KOHUEHTpaUHe CFea?"‘ npoiiget pacctoAnne ot r;* 10 Ry.
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Ina pacyera Ry u t* neo6xoxumo 3HaTh I'o, — KoHcTanTy eHpu uso-

TepMBl aacopbuuu Kuciaopoaa. Ilocreanss moxeT GuiTh BHUHCIEHA
Ha ocHoBe (21.12), MmMeewm

E r
té_ —20_ 073 (21.40)
0 (m+To,)
H, ¢CNeAoBaTeNbHO,
o, = 213 % 0,676, (21 41)
1—-0,73

Tpu atom ri* = VQutafnaMne=15,14 M, Rox YQsts/aM (no+ 1o, ) =
=787 M u t*=Iq,t*/(n+To, ) ==43,8 u.

B cayuae neo6paTuMoOil afcop6IHH KHCJIOPOAA, NMPOTEKAWIMEH No
peaknuu l-ro mopsiika, mpouecc ofe3ese3HBAHUST HIeT BO BceH 06-
JACTH OT ry A0 rf*, paHee 3aHATOH aspHpoBaHHON BojoH. Ilpu atom
ANl BHIMOJIHEHHs pacueToB mo (21.35) H, B WacTHOCTH, MpH Onpenene-
HHH apryMenTa X’ Heo6XOAMMO 3HATh BEJHYHHY @o,. IIpH H3BECTHBIX

tw Co,0 MOCNeNHAS MOXeT OBITb YCTaHOBJ€HAa Ha ocHoBe (21.21});

31ech HMeeM @o, ==3,6.

Cpadsky, HAMOCTPHPYWILME pacHpeRejieHHe KOHIUEHTpalHHk Ke-
Jle3a B 30He <«3apAAXKH» NJacTa, PacCUUTAHHHIE COOTBETCTBEHHO MO
dopmynam (21.24) u (21.35), npuBenensl Ha puc. 21.7.

B nepBom cayuae, npH Heo6paTHMON MIHOBEHHOH aAcopOUHH B
obnacti ro<lr<R, npu {<t*, Kak yXe 0TMedaJioCch paHee, KOHIEHT-
pauua aacop6UpOBAHHOIO KHCIOPOAA — BeJTHUWHA NMOCTOSHHASE H BCHO-
Ry ona pasHa: Cz*=To, C°=o' 31echb CKOPOCTh PeaKkuHH OKa3biBa-

eTCsi AOCTATOYHO GOJIBIION M MO3TOMY (POHT KEJE3HCTHIX MON3ECMHHX
BOL (pHc. 21.7,a) OTHOCHTENbHO MelJIEHHO NMpOABHraeTcs K CKBaXKuHe.
Bo BTopoM cayuae HauaJbHOe paclpefeeHHe KOHUeHTPALUMH ajcop-
6HPOBAHHOTO KHCIOPOAA HEPABHOMEPHOE: y CKBAXKHHLI KOHUEHTPalHA
Bblllle, a MO Mepe yaanenus or Hee Cy (£, 0) ymeHpulacTcs M OpR
r=r;* ona paBHa HYJI0. B CHIYy 3TOrO B CCUCHHH r==r; CKOPOCTbL pe-
aKIIMH PaBHA HYJKO K JIHUIb 10 Mepe AOBOJABHO OBICTPOrO NPOABHIKEHHS
dbponTa KeNe3HCTHIX NMOX3EMHHIX BOJ K CKBaXHHe Habarogaercs TO-
CTeNeHHoe 3apoxXjeHHe peakuuu (pHc. 21.7,6). Ob6pamaer na cebs
BHHMaHHe TOT (aKT, yTO HECMOTPS HA CYIIECTBEHHOE Da3JjH4YMe B Pas-
Mepax 30H «3apsAKH» IacTa KHCJIOPoAOM, B oboux cayuasx ¢poHT
XKeNe3HCTHX BOJA AOCTHTAeT CKBAXKHHBI B OJIHH H TOT €& MOMEHT Bpe-
MEHH M Jajiee TPOHCXOAWT abCONIOTHO CHHXPOHHOE TNOBBIIECHHE KOH-
HEHTPALKH Xeje3a B 0TOHpaeMolt Boae.

21.4. HatypHule HccnenoBanua no ofe3xee3nBAHKIO
MORX3EMHNX BOJ, B IJjacTe

MeTonH4ECKHEe yKA3aHHA MO ONPEACHEHHI0 NApaMeTpPoOB Ipoluecca
oGesmeneauBaHua. [las pacueTa ycTaHoBOK o6e3kene3upaHHs Heol-
XOAMMO pacnoJiarartb AaHHBIMU MO [IaPAMETPaM KHHETHKM <3apPsAAKHY
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Puc, 21.7. PacueTHne npodHIn KOHUEHTPALUHMA XKeJe3a B 30He «3apAAKu»

Q@ —-cayqadt HeoOpPaTHMOA MrHOBCHHON ajxcopl6uM# KHeopoga, 6 -— caydalt Heobpa-

THMOH aacoplilMH KHcIOpona no peakuwn i-ro nopsaka: f-—if=10 ¢cy1; 2—

=20 cyr; 8 —£{=30 cyr; 4—1f=40 cyr; 5—{=50 cyr; 6 —1t=60 cyr; 7—
t=65 cyr; 8 — =655 cyr; 9— =60 cyr; 10 —i=66,5 cyr; 1l —{=67 cyr

nnacTa KHCAOPOAOM H KHHeTHKH okucaenus Fe (I11). ITon srumu napa-
MeTpaMH TNOAPa3yMeBalOTCs BeaHUHHH [o, (kKoHcTautTa [eHpPH H30-
TepMHl ajacopbuud Oz) BAH o, (KoHCTaHTa CKOpPOCTH aacopbuuu O)
H Op,2+ (KOHCTaHTa CKOPOCTH OKHCJeHHMs Kese3a afcop6HPOBaHHHM
KHCJIOpOAOM). 3HAU€HHA HMX 32aBHCAT OT Hexoro psja ¢akTopos H, B
JacTHOCTH, OT COCTaBa BOLOBMELLAOLIHX MOPOI, MeOXHMHYCCKHX YCAO-
Buit (Eh, pH nokazartene#t cpexsl, ¢popM, B KOTOPbix HaXOJHTCs KeJe-
30, H HAaJHYHY B BOJE, a TAKXe Ha NMOPOjiax NJacTa BemiecTR, HHrHOH-
PYIOLIHX HJH KaTaJIH3HPYKILHX Npouecc OKHCAeHHA XKere3a) H T. 1.
[ToatoMmy onpeaensTs, MapaMeTps Ipouecca peKOMeHAyeTcs Ha OCHOBE
06paGoTKH ONMHTOB MO NpOo6GHOMY O06e3XeJe3HBaHHIO BOABI B IL.1aCTE,
KOTOpble B CBOIO OYepelb CJaeAYeT INPOBOAHTL HeENOCPeNCTBEHHO HA
CKBAaXKHHA2X, PacrmoJaralolliHXcsd Ha yyacTkKe NeHCTBYWOLIEro Wau npo-
eKTHPYeMOoro Bolio3abopa (B MochciHeM caydyae OJAs 5TOH HEJH MOTYT
HCIIOJb30BaTbCA Pa3BeJOYHO-3KCNIYATAIHOHHbBIC CKBAMHHEL).

Tlepen nayajoM ONbITHHX pabor HeoO6XoAHMO mpoBecTH c60p H
aHaJH3 HMCIOIIHXCH JINTePaTYPHBIX H HOHAOBHX MaTepHaJOB O NpH-
POAHHIX YCHOBRAX padona M, B YaCTHOCTH, IJOMaAKH Bomosabopa,
a TaK¥Xe NMPOSKTHOrO DellleHHs Mo cHcreMe BojocHaOXeHus. Ilpu aToM
HOJAKHB GHITh OCBEIUEHBbl CASAYIOIHEe BONPOCH:

a) TeoJIOTHYeCcKoe cTpoeHHe (CTPaTHrpadusd, JHTOJOTHS) H TUApO-
reoJIOrH4eCKHe YcJ0BHSL paloHa (rayOHHaA 3aaeralHs  BOJOHOCHOTO
NJacTa M XapaKTep ero KOHTAKTa ¢ OKPYXAIOMHMH IOpOAaMH, COCTaB
BOAOBMEIIAOLUHX OPOA H MX OHJIBTPANHOHHLIC IIapaMeTphl, YCaOBHA
MYTaHHA TIOASE€MHbIX BOA H B3aHMOCBA3b HX C BOLAMH ADYTHX rOpH-
30HTOB, a TaKXe IOBEPXHOCTHBIMH BOJOeMaMK, PeXHM IOI3eMHHX
BOA);

6) kayecTBo NMOR3EMHBLIX BOA 3KCunya1upyeuor0 ror{uaou‘ra (du-
3HJeCKHe cBofictBa, xHMmudeckHi coctaB H Eh -ToKasaTean
BOJLI);

B} XapaKTepHCTHKa Bojao3afopa (MpOM3BOAMTEJBLHOCTb CHCTeMH
BOAOCHAOKEHHs!, YHCAO CKBAXHH H CXeMa HX DAacCloJIOXeHH:, KOHCT-
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PYKTHBHble 0COOEHHOCTH CKBaXkHH (rayb6Hua, THN QHIbTPA H €ro AJH-
Ha), HX NPOH3BOAHTENbHOCTb H TeXHHUECKOe COCTOAHHe Ha MNepHOA
COOpy:KenHs -(yaeabHue NeOHTH CKBAXHH HJH NOKAa3aTesH AOMO.THH-
TENbHOTO COTPOTHBJICHHA HA HECOBEPLWEHCTBO CKBAXHH), cxema cbopa
H NORAUH BOAbLI OT CKBAMXHH, HANOPH BOAH B COOPHBIX BOZOBOAAX.

ORHOBpEMEHHO C 3THM TIPOBOAHTCA PEKOTHOCUHPOBOUHOE O6C/enO-
BaHHe CHCTEMbl BOAOCHAOKEHHs; YTOUHAIOTCS (aKTHUecKHe AeOHTH
CKBAaJKHH, ONMpefesdioTCq CTATHYECKHE H JHHAMHUYECKHME YDOBHH BOAH
B CKB2XXHHAX NPH HApPYNIEHHOM peXHMe, H3MepAIOTCS HANOPBI BOAMI
B c6opHbix BoaoBoaax. Ha ocHoBe 3THX AAaHHKIX NPHHHMAaeTcq pelle-
HHe MO OGYCTPOMCTBY YCTaHOBOK 00e3elle3HBRHHA Mo TOH W.1H HHOH
cxeMe puc. 21.2. O6s3aTenbHHM npd ofcaefoBaHUM fABJAETCA NPOBe-
JleHHe KOHTPOJbHBIX 2HAJAH30B BOAH HA Keje3o (H, N0 BO3MOMHOCTH,
uamepeune Eh — pH).

[Tpy BHNOJHEHHH ONBITOB MO NMPOGHOMY ofe3XKene3NBaHHIO B Ie-
PHOA 3aK4YKH B ILIACT a3PHPOBAHHOH BOJAB NPOH3BOAATCS 3aMephl
i Wa=Qsf, a B repiiog OTK2UKH H3MepSIOTCA PACXOA H KOHUEHTpa-
LHsA KHCROpOAa H ¥eJjesa B 0TOHpaeMoil BoJle HA PA3HYHbIE MOMEHTH
ppemenn. [Ipn 3TOM OTKauKa NMPoOAOJKAaeTcs RO INOJHOTO BOCCTAHOB-
JeHHsi HCXOAHBIX NMOKa3aTesell KavecTBa NOA3EMHOH BOAbI

[To 3aBeplUieHRH TaKHX ONBITOB NOJAYHAOTCA ABe HHPOPMALHOHHBIE
KpuBnie: nepBas Co, (f) OTpaXaeT H3MEHEHHe KOHLEHTPAlUHH KHCAO-
poaa B 23piPOBAHHOH BOJE, KOTOpAH HCNOJB30OBANACh AJS «3apAOKH»
niacra; Bropas Cp2+(f) HeNnoCpPeACTBEHHO XxapakTepHsyeT 3¢dexTHs-
HOCTH HPOIECCa OUHCTKH NOA3eMHBIX BOA OT JKeJe3a.

Pacnosaaras gasabiMd 06 o0lieM KoJHYecTBe HOAAHHOIO B IMJACT
kHciopona (oo paBuo WoCo, ) H KoMHMYECTBe KHCIOPOAZ, OTOGpaH-
HOrO ¢ BOAON H3 CKB2XHHLI, HECJOXHO pPacCuHTaTh Ty €ro YacTb, Ko-
Topas ancopOHpoBanacs Ha BOJAOBMeLlAOUIHX nopojaax; Gonee Torg,
no BHIXOAHOH KPHBOH Co:(!) MOXKHO ONpeAedHTh NapaMeTphl aacop6-
udn O.. OnHako B AefCTBHTEJbHOCTH He BeCb ancopOHpoBaHHLIA
KHCJOPOJ SIBJASCTCS AKTHBHEIM € TOUKH 3PEeHHS OKHC/AEHHA XKeiae3a u
foiee TOro, HacTb €ro 34€Ch TAKXKE MOMXET PAacXOAOBaThCs H H& JpPY-
rue Napa’anenbHo nmpoTexaroulHe peakuHu. [1o3ToMy Bce HCKOMbe Ta-
paMeTpbl NIpoilecca OnpeAedsts N0 BHXOAHON KPUBOIT Cr 24 (7).

O6pabotky onbITHBIX AaHHuX 1Mo Cp oy () pekoMenayercs NpoBo-

AATL TpadoananutHyeckH. [aa 3TOro Ha OCHOBE BBIXOZHOH KPHBOH
Cpoq —¢ (puc. 21.8,a) cTponTcs BCHOMOTaTesibHbIE Tpadux (pHC.
21.8,6), rie no ocH OPAHHAT OTKAAAHBAKIOTCA 3KCIIEPHMEHTAJbHbIE
suauenna In (Cp, 24 /Cp2+ ~-1), 2 o ocu abemnce — PCr 24 (f — fo*).
B sToMm cayuae BenHuHHA Op.. ONpeAeNsieTCd [0 HAKIOHY JIHHHH,
NPOBe/IEHHOH YePe3 ONBTHHE TOUKH, K OCH OpAHHAT (Op.24+=/1/A), a
napameTp £ paccuuTHBaeTcq no gopmyae

==L nfexp a4 1), (21.42)

W.e

rae I — oTpe3oK, oTceKaeMuiit Ha OCH OPAHHAT.
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Puc. 21.8. I'padoaHanuTHyeCKH MeTOA, onpefieneHHs ApPaMeTpos npouecca
a-—rpadHK BHXOAHOH KPHBOI CF02+; 6 -— BcoMoTaTeAbHHit TpadHK;, 8 — rpa-
K byRRUAK E/Cm:f(‘PO)

B aBToMonenbHON o6JacTH ofwlyHO BHOoaddgercs yeaobue A1
u mosToMmy BMecTo (21.42) MOXHO Hcnoab3oBaTh 60.1ee MPOCTYIO 3a-

BHCHMOCTDH
gﬁ Qoll/wacpe2+. (2’.43)

[Mpu Heo6paTHMOH MIHOBEHHOH ajncopOuHH KHcjaopolaa § onpene-
asercs cornacuo {21.11). Caenomrareabro, npH HapecTHHX E, Co20
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i ng umeem Fo,==not/(Co, +&). B ciaysae ueoGpaTuMofi HepaBHo-

BecHOH afcopOuMi KHCJOPoda NMPOBOAMTCA pacueT Koapduiuenta ao,
Oag onpenencHusa ao, HMeCM

&/Co,=1— o' [1—exp (—qo,)]- (21.44)

3uas £ u Co,,, Ha OCHOBE (21.44) BuuBcasierca o, (Aas yaober-
Ba ONpEAC/EHHS (o, MOXKHO HCNOJAb30BAThb rpadHK, NpeAcTaBieHHbIA
Ha puc. 21.8, 8), a Nanee paccuuTHBAaCTCH

a0,/ 1y == ©0,Qe/ 2 { Qo + Qs)- (21.45)

H TPH H3BECTHOM fig HAXOAHTCH @O, .

Onmta no ofe3xkene3aWBannio noi3eMubwx Box B naacte, Onpcie-
JeHHe MapaMeTpoB Npollecca obe3Xefie3HBAHHS TOA3EMHBIX BOX B
nJacTe ABAAETCA HOBBIM BHAOM THIPOreoJOrHyeckHx paboT, KoTopble
NoKa eme He NOJAYYHIH A0CTATOYHOro 060CHOBAHHS.

OnbTe no 06e3¥Keje3HBAHHIO MOA3EMHBIX BOJ TNPOBOLHIHCL HA
NPOMBILIJIEHHHX YCTAHOBKAX B Pa3JHYHBX CHAPOreOJOrHueCKHX 1 UHA-
POXHMHYECKHX YCJOBHSX.

Bodosabop <«I'aya-3» (JlarBCCP) nudHABTPAIHOHHOTO THIIA
pacnosaraercsi B u3nyuHHe p. ['ays na ee mpaBoMm Oepery. OH npen-
cTaBaeH 14 BOmO3aBOPHLIMH CKBAXKHHAMH, COODPYKEHHBIMH Ha pac-
crofgnnd 80—100 M oT JHHUH OeperoBoro ypeaa; pacCTosHHE Mexay
ckBaxkHHaMH B pany 50 m. IloxseMuHe BOAM Ha ydYacTKe BOAo3abopa
3ajerarT na raybune 2—7 M OT NOBEPXHOCTH 3€MJH H TIPHYPOYEHH
OHH K QJIOBHAJIBHBIM OTJOXKEHWSIM H3 CpeJHe- H KPYIHO3EPHHCTOrO
necka. MoOIHOCTE OGBOAHEHHOH TOalH Koaebaercss ot 14 po 27 wm.
Kosddunuenr BomonposoguMoctd £M==400—600 m2/cyr. B ocuoBa-
HHH TJ1acTa 3aJeralor caabolpoHHLaeMbie TVIHHBL, a CBEPXy OH Mepe-
KPHIT HEOAHOPOAHEIMH IO JIHTOJOIHUECKOMY COCTaBy MOpOAaMH (moy-
BEHHO-PACTHTEJIbHBIA €0 HMeCeT MolHocTh nopsaaka 0,2—0,0 m; Hu-
e HAxXOAATCs1 TOHKO- H MCJIKO3EPHHCTBHIe NCCKH, BKJIOYAWIHE MaJao-
MOIHble NPOCJAOH TJIHH CO 3HAYHTEJNbHHM COJAePKAHHEM COJMEH XKeae3a
H OPTAHHYECKOr0o MaTepHana).

[lo XHMHYeCKOMY COCTaBYy MOR3EeMHLIE BOJAH OTHOCATCA K THAPO-
KapOOHAaTHO-KaJbIIHEBOMY THNY M HMCIOT HE3HAUHTEJIbHYIO MHHEPAJIH-
saumio. HlenounocTs BogH KoAeOaercs B npepenax 3,2—4 Mr-3KB/I,
OKHCNIAeMOCTL HaMensietest oT b g0 7 Mr/a O, u pH cocraeager
5,4-—6,8. Temnepatypa NMOA3eMHBIX BOJ OTHOCHTEJIBHO TOCTOSHHAS; B
sumHee BpeMsa {=7°C, a B nertHee {=9°C. XapakTepHuiM AJf noj-
3eMHBIX BOJ, fIBJSE€TCH TOBHILEHHOE COAepKaHHe XKeaeza (N0 OTASb-
HBHM CKBaXKHHaM) u MapraHiua. OGHYHO MHKOBHE KOHIEHTPAIHH Ke-
Jge3a no 2 Mr/a oTMedarTcs co 2-ro no 4-# u ¢ 9-ro no 11-i Mecsum,
Koraa Bhimagaer (OsbmIas yacTh aTMocepHHX OCAaAKOB (IMO-BHIHMO-
MY, CBSI3aHO 3TO ¢ BHIlETaYHBAHHEM KeJIE3HCTHX CoelHHEHHH H3 30HH
aspaluu); B OCTAaIbHOE BpeMs colepiKaHHe Kesne3a B Boje KoJjebner-
cq B Npeaenax 0,5—1 mr/m.
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Bogzozabop «I'ays-3» pBenen B aeficteue n Hosbpe 1964 r. Tleppo-
HaYaJbHO BCe CKBaXKHHH OhH mMpobypeHsl YAaPHO-KAHATHHM CHOCO-
GoMm Ha raybuHy 24-—34 M H 060pyAOBaHEI (GHILTPAMH H3 MOPHCTOI
KepaMHKH Ha TpyOuaThX Mep(OpHPOBaHHBLIX KapKacaXx ANHHOU lg==
=14 M. B HayaJhHb{l NEPHUOA 3KCMAYATAUKH MPOHIBOAHUTENLHOCTD
popo3abopa cocraBasaa Qs==14 teic. M¥cyT. 3aTeM B pesyJbTaTe HH-
TEHCHBHOTO KOJbMAaTaXa (HJIbTPOB CKBAXHH JKEJE3HCTHMH OCaiKaMH
OHA pe3Ko CHH3uiack U K 1968 r. cocraBuia nopsaka 5—6 Tec. M¥/cyT.
B 1969 r. 4acte ckBaXHH Bopo3abopa (HaunHas c 6-# mo 14-10) Guu
nepefypeHa. 3TH Ay6aHpYIOIHe CKBaXKHHHW COODYMEHB Ha pacCTof-
HHAX 4,5—5,5 M Or paHee MOCTPOEHHBIX; OOOPYAOBAHBEl OHH KapKacHO-
CTepXXHeBHMH (DHJABTPaMH ¢ NMPOBONOYHOK 06MOTKOH U rpaBHiHON 06-
cunkol. C 1970 r. Boposabop «I'ays-3» srcnayaTHpoBajicss NpH cpej-
HecyTouHo# nopade B 10—12 Teic. M3 a B 1978 r. o 6uu1 3aKoHCEp-
BHpoBaH. IIpHYHHON 3TOMY sIBHIaChb HeOBXOAHMOCThL CTPOHTE/bCTBA
CTaHUHH obesxene3nBaHHA.

TTo cymecTBywolIeit cxeMe BOAA, NMOCTYNAaWIlas OT CKBaXHH B cGop-
HBIH BOZOBOA moa Hanopom B 50—60 M, majee mo MAarHCTpaJbHOMY
TpyGonpoRroAy RAHHON 22 KM NMOJaeTcs HEMOCPEeACTBEHHO B FOPOACKYIO
BOJONPOBOAHYI0 ceTb. CoOpyXeHHe »Ke CTaHUHH obe3xene3HBaHHs
npeAnoJaraeT yCTPOHCTBO Ha MJOLIaftke BOA03a60pa HONOJHHTENLHO
cOopHOTO pe3epByapa H HACOCHOH CTAHIHMH BTOPOrO MOABEMA.

B 1980 r. na BoxosaBope «[aya-3» 6bu1 OpraHH30BaH ONBITHGIN
CTAIHOHAD AJIS OPOBeleHHS HCCAeJ0BaHHUA H oTPabOTKH pa3jgHUYHBIX
TEXHOJOTHYECKHX MPHEMOB MO PeryJHPOBaHHIO KayecTBA MOA3EMHBIX
BOJA B IJacTe.

Ha 4erbipex ckpakuHax Bomo3abopa (Ne 5—7, 9) npoBoauauch
ONHITH N0 06e3Kene3HRAHHIO NOA3EMHEIX BOJ B NJAaCTe HA YCTAHOBKAX
HHRAHGecKoro Tuna. HuxKke NMpHBeAeHn! HCXOAHBlE MOKA3aTejaH KauyccT-
Ba BOAb, OTOHpaeMON H3 THX CKBAXKHH, a TaKXe DaBHOBECHHIC KOH-
HEHTPALHH, PACCUHTAHHDBIE 110 YPABHEHHK)

C V. o
Eh = 0,996 — 0,178 pH —0,0952ig [Jig-g-«gsi“ilo-—a]
v,

ans peakuus Fe2t 4 30H-=Fe(OH);+eé.
Homep CKBaMHHK
5 6 7 9

lllenoynocTh, Mr-3r8fA . . . . 3,6 3,8 3,2 3,5
Oxncasemocts, Mrfa O . . . 5,2 5,8 6,1 5,3
Cyxoit octaTok. Pe, Mr/m 230 242 225 238
pH. . . . . . . . 6,5 68 66 65
En(h) . . . . . . . 011 006 0,1 013
Kcneso, Mr/r: .
N0 XHMHYeCKOMY aHamwsy . . . 2,08 1,55 1,04 09
184 1,4 1,22 0,85

pacuetHoe . . . . . .

[Tockoapky oflilee conecolepkaHHe MOA3eMHBIX BOJ, HeBEJIHKO, TO
MPH BBHINOJHEHHH TEPMOAHHAMHYECKHX PacyeTOB HOHHASA CHJA PacTBO-
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pa npueuManach papHoii: [==0,000022P;, a Ko>dPHUHEHT AKTHBHO-
CTH HOHOB ONpeneasncs no gopmynue 1gvpa. =—0,522Y1 (rze 2;—
3apaa HoHos Fe?). ITo mcxomHBM moKasaTe/siM KayeCTBa BOJb BHA-
HO, UTO KOHUeHTpauuH Fe2t, ycTaHoB/eHHME Ha OCHOBE XHMHYECKHX
@Ha/K30B, AOCTATOYHO XOPOLIO COrJIACYIOTCSA ¢ PAcYeTHHMH. JTO CBR-
ACTCABCTBYCT O TOM, YTO CHCTEMa HAXORHTCA B MOJOXKEHHH, OJH3KOM
K TepPMORMHAMHYECKOMY paBHOBECRIO, u coaepxaHnHe xeaesa (II} B
NOA3EMHBIX BOAAX BOA03alopa KOHTPOJHpyeTcs ofpasoBaHHeM (HJIH
pacTBoperueM W BoccranosaehineM) Fe{OH); CuaeposaTensno, B nau-
HBIX yCJOBHAX, noBHilas Eh —pH Boabl, MOXKHO pacCYHTHIBaTH Ha
TOJHOe OKHCJeHHe H OCAXKJAeHHe Xele3a B IJacTe.

JIas orpaboTKu TEXHOJOTHH BCE ONBITHbIE CKBaXHHE OBUIH Mpea-
BapHUTEJNBHO NepeoBOpyROBaHLl NOA YCTAHOBKH ANS o0e3xene3HBaHHA
1I0Z3eMHBIX BOJl B [acTe B COOTBETCTBHH Co cxemoil puc. 21.2,a.
Yca0BHA, HPY KOTOPBIX BLINOJNHSJINCH OMBITH N0 NpoGHOMY ofe3xele-
3HBAHMIO, PHBeREHK B Talba. 21.1.

Ha ckeaxunax Ne 5, 6 u 7, rae pacXoihl OTKayky Qo GblIH AoCTa-
TouHo 60.bUIMMH, TIPOBEAEHO MO ABA ONEITHEIX LHKJI2; HOJyYeHHLIE
IpH 3TOM AAHHBIE NO H3MEHEHHIO COAEPXKAHHS KHUCJIOPOAA B OTKAYH-
BaeMoil BOAe cBelieHHW B Taba. 21.2, a BHXoanHe KPHRHe Mo Fet no-
Kasawu Ha puc. 21.9. Ha ckBaxune Ne O onBT npoBOAKJACA C MAJHM
pPACX0AOM OTKAUKH H Obll BHIOJHEH JHIIb OAWH MOJHBIA LHK.

Ta6nuwna 211 YcnosHs NpoBeN€HHS ONBLITOB H PE3YJALTHPYIOLHE IHAYEHHS:
nmapamMerpoB npouecca

‘2% 2| 1nkam Q0 fo. Vo an' CO‘-’ Tr 3 303‘10!

:g g= My q »e LA HI?IJI (mroafa)—1 wMr/a gt
o

s 11w |20 |0 | 75 12,8 0,147 2,83 | 5,2
| 2 [16,6]225]3713,35 75 119 0,147 | 2'83| 518

o e =0,147 a*q, = 0,00522
6| 1 117,6]23,5 4136/ 78 10,8 0,396 1,87 | 2,41
2 120,81 234 707,21 78 6 0,405 1,11 ]| 245

- c*Fe2+ == 0,400 a*q, = 0,00243
7 1 | 21,75 24 522 85 12,5 0,402 0,951 1,33
2 | 21795 38 | 834,1 85 8.0 0,404 | 1,06 | 1.36

O*Fe2+ = 0,403 a*g, = 0,00135
9 l i I 14,68] 23,5 | 345 ’ 30 | 11,4 0,359 ‘ 2,35 | 3,43

* CpeaHHe 3HAYEHHS NapaMeTpop.
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Puc. 21.9. Buxontue KpHpnie
1 — 1-% unkad; 2 — 2-f UMKA; 3 — pacueTunle KpHBHE

Ta6anua 21.2. Jlawnne no HIMEHEHHI0O KOKUEHTPALHH KHCAOPOA, MT/A,
B OTKAaUHBACMOW BOJE KA NePsOM uHKNe PaloTH YCTAROBOX

HoMmep ckpamuBur

. |

5 6 7
_— e

0 12,8 10,8 12,5
0,5 101 — -
I 8,6 7.8 11,3
1,5 7.3 — 10,8
2 5.3 5,8 10,2
2,5 4.7 4.8 _
3 3.2 42 —
3,5 3.0 = 8,8
4 2'6 2,8 -
4.5 - 2,6 -
5 — — 7,6
5,5 0,9 - —
6 — - 6,6
Po./te* 0,41 0,32 0,1
Eo‘ 7,22 5,6 3,1

QO6paboTKa BHIXOAHKX KPHBHX no Fe*™ BHINOMHANACL B COOTBETCT-
BHH c peKoMeHjauHsMH (cM. c. 230).

Ha ckBaxuHe Ne 5 06a ONHTHHX LHAKJAA BHIMOJHAJIACH B OJHHAKO-
BHIX YCJOBHAX (T. €. NpH OAHHX H Tex xe oGbemax W, aspuposaHuoh
BOJAK H HeH3MEHHOH KOHUEHTPALHU KHCIOPOA2); Ha ckBaxuHax Ne 6
¥ 7 ycnoBUS Pas3nHyanuch (Ha BTOPOM uUHKJAE O0beM 3aKauka GRl
npuMepHo 8 1,6-—1,7 pa3za GoJsbuwe, 4eM Ha NEPBOM, 4 KOHUEHTpauHs
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KHCA0pOAa, HA060POT, HeCKOJbKO 3aHmkena). M3 taba. 21.1 suawo,
4To Ha#ileHHBble MO JABYM ONBITaM AAA KaXKAOH CKBAXWHH 3HaYeHHS
NapaMeTpoOB Op 2+ H @0,/Mp OKA3aIACh NPHMEPHO PaBHBIMH. 370 B
nepByio OYepelb CBHACTENBCTBYET O TOM, YTO BOJAOBMellaioliiHe N[Opo-
Abl TIPEACTABJIEeHbl AOCTATOYHO OAHOPOJHBIMYE NECKAMH H MOITOMY YBe-
JAHUEHHe PafiMyca 30HW «3apsAKH» NAacTa 3/ech NPAKTHIeCKH HE CKa-
3biBaeTCA HAa 3HAYEHHAX Op 4 ¥ (0,/Mlg; C APYro# CTOPOHH, H3 COMO-
CTaBjAeHHA KCMEPHMEHTa/IbHBIX H PacyeTHHX BHXOAHBIX KPHBHX (CM.
puc. 21.9) cneayer, uTo npepJaraeMas MaTeMaTHYecKas Mojaeab Ao-
CTaTOYHO XOPOMO OTpaXaer BAWAHHE HA NPOIECC BXOAHBIX NapaMer-
POB, TakuX, KaK Qa, fa, Qo Co,» Cp 24+

OcTanoBYMCS Termepb Ha BOMPOCe O COOTHOUIGHHH MeXAy oO6uHM
KOJIMYeCTBOM KHCJHOPONa, ajicOpOHPOBAHHOrO Ha MOpojax mjiacra, H
TeM, KOTopoe NOILIO HeNOCPeACTBEHHO Ha OKHCJeHHWE Kesesa.

B onntax uwa popo3abope «[ays-O» OTKayka nNpOU3BOAH/IACKE TPAK-
THYECKH A0 NOJHOrO BOCCTAHOBJEHHs UCXOAHOrO KauecTBa BOAHL. Ilo-
5TOMYy KOJMUYECTBO Jkeje3a, OCaMJAeHHOe B NAacTe 33 OAHH IHKJX
paboThl YCTAHOBKH, MOXKeT GHITh PACCYUTAHO 10 dopmyne

PFL‘{OH),,:: Qo é“k (CFGU?"’ — CFe9'+) df\

Noncrasnss (21.37) npu T¢’, onpemeaseMom coraacho (21.41),
aoayunM Preom, = QafaE/B; NpH 5TOM KOJHUeCTBO KHCJIOpOAa, 3aTpa-
YeHHOe HA OKHCJIEHHe XKeJe3a, COCTABANRT Po* = BPryom),= Qalat.
EcrecTBento, uto npn pacuere Preom), 4 COOTBeTCTBEHHO Po,”, napa-
METD £ ROJXKeH ONpeAensiThcs Ha OCHORe O6PAalGOTKHM BBIXOJHHX KPH-
Bhix no Fe** (nmosroMy 3pech E==% o+ W 3naueHus E..o. cCledyer
npHHHMars no taba. 21.1),

Ofmec KoAHYECTBO KHCAOPOAA, 0CaXKleHHOE B NjacTe, TaKKe pac-
CYMTBLIBAETCS MO ¢opMysae Po, ==Qsf:E, HO npu 3TOM E upuHHMaeTcs
paBHuIM Eo,, a MocAeHNE onpedenseTca Ha OCHOBe 06pabOTKH BHXOA-
Heix KpHBhIX no O, (ta6a. 21.2) ¢ ucnogb3oBaHHeM 32BHCHMOCTH
(21.19). 3uauenws @o,/t*o, » CHATHiE C JHHEADH30BAHHBIX TPaHKOB
In(Co, /Co, —1) u paccuntanune no popMyse (21.21) E=ko,, npa-
BeleHd B T26a. 21.2.

Kax punno, snavenus Eo, (rabn. 21.2) nmpumepHo B 2-—4 pasa
npeBbIAOT E.o4 (Tada. 21.1) H cooTBeTCrBeMHO B JaHHOM Cjayuae
Pgeony, = (0,25—0,5) P*o,. 310 cBUAETENbCTBYET O TOM, 4TO AAJAEKO
He BeCb OCaXACHHBIR B MJacTe KHCIODOA NPHHUMAeT yYyacTHE B OKHC-
JICHAH KeJe3a; YacCTbh €F0 PacXOAyercsi Ha APYrHe NOGOYHBIE PeaKIHH.

Kypmankeesckuii sodosabop (e. Hasnexanoso, FawACCP) pas-
MelllaeTcss Ha NepBOH HaaMofiMeHHOH Teppace JeBoro Gepera p. Hemu
(Mexnay pekoil W crapHuubiM o3epom SInpuik). Ilom3eMENe BOABL Mpu-
ypoueHb! K aJJIOBHA/IbHBIM NECYaHO-TPABHAHO-TANCUHHM OTJIOKEHUAM
YeTBCPTHYHOrO BO3pacTa. MoUIHOCTL OOBOAHEHHOH TOJLUH OTJOXEeHHH
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B Npejesax BoAo3abopa Koacbiaerca ot 4 go 12 M; KosppuuHent
duasTpanuu nopopg k=70-—80 M/cyr. B ocHoBanHH njacra HaxoAfTI-
Csl CHJIbHO 3arHICOBaHHBIE IJIHHBI YQHMCKOrO fipyca; CBepXy od mepe-
KPHIT TOHKO- H MEJAKO3ePHHUCTHMHU MECKAMH C TMPOCJAOAMH H JIHH3AMH
H3 IJIJH H CYTJTHHKOB.

fTo xuMHYCCKOMY COCTaBY moA3eMHble BOAKI OTHOCATCH K Cyabgart-
HO-THADOKapOOHaTHO-KAJNBLHEBOMY THNY H HMeIOT MHUHEPATHIAUHIO
nopaaka 1—1,5 rfa. O6umas KecTkocTh BoAkl kKojde6aercss oT 10 no
15 mr-sks/a. TToMHMO 5TOrO OTMeUAeTCst TAKKE H BHICOKOE cOAepKa-
HHe B Boie Xeaesa (a0 1—2 mra) u  cepoBomopoma {or 0,3 no
1 mr/a).

PexuM NoaszeMHBIX BOZA TECHO CBA3aH C PEHKHMOM p. Hema. Ipu
3TOM HEMOCTOSAHHBIM B TCUCHHE Troja SIBJAAETCH H XHUMHUeCKHH cocTas
BOAML.

Ha BonozaGope paGortact 9 ckBaxuH, ofecneuuBajollMX Iogady
BOAH B KOJHUecTBe Q;==25—3 Tteic. M%/CyT; npH 3TOM CKBaXKHHBI
Ne 1, 3, 4, 10 u 13 skcanyarHpyiores npH Q= 14—16 M%/u4, a ocTadb-
HHe npH Q= 7—8 M3y, Pacnonoxende ckBaXXHH JHHeHHOE; PaccTon-
HHe MeXkny HUMH Mo 40—80 M. Tipu 3Tom Bce oHH yCTpOeHH B HACH-
NAX BbICOTOA 2,5—3 M, mpeioTspalllalollHX HX 3aTOMJIeHHe B NEPHON
NaBOJKa.

OneiTHl 10 o6e3xelc3UBaHAK NOA3EMHBIX BOJA B MNJacTe 374eCh
NPOBOAHAUCL Ha cKBaxHHax Ne 3 u 4. Kpupas, uimocTpupyoomas
KHHeTHKY oKuciaeHus xege3da (II) B cBoboznom o6beMe, nokasaHa
Ha puc. 21.10. 3ToT onuwT MposoaHacH Ha ckBaxuHe Ne3 mpu noaaep-
AKAHHH NOCTOAHHOR TeMMmepaTypnl BOAB!, KOHIEHTPAUHS PacTBOPEHHOTD
B BOJe KHCJopoja cocTaBiasna 7—8 wmr/ia. Kak BHaHo (puc. 21.5),
JOOHTbCS MOMHOTO OKHCJeHHS Kedesda (I1) B Takux ycaoBusX He yAa-
ercs; uepe3 6 u KOHUEHTpaLHs Kese3za (11} cHusHiack (wa 50—60 %)
10 0,5 Mr/a, a B fajbHeiilieM yXe NMPAKTHYCCKH He H3MeHAJlach.

C ueabio olieHKH 3¢pdeKTa KaTadH3a IPH obeskese3aHBaHHH BOAM
B InacTe Ha cksaxuue No 3 OBUIO MepBOHAYAJIBHO BAHITOIHENO TPH
npofHbBIX HHKJIa. Bo Bcex cayyanx 3akayka B IJIACT a3DHPOBAHHOI
BOAbI TMpoBoAHJAch C pacxogoM (=10 M3/4 B Teuenue f3==6 u mpu
C%zlo MI/J1; pacxoll OTKaukKH cocraBaan Q=16 M%/u. Tlonyuen-
Hble NpH 3TOM pe3yAbTaTH NpHBeAeHH Ha puc. 21.11.

W3 uero BHAHO, YTO YK€ Ha MEPBOM [HKJE OTKAYUKH K MOMEHTY
oT6Opa H3 CKBaXKHHBI Bcell MOMaHHOH B MAACT BOJAB KOHIEHTPaIHA
xeneza (I1) cumsmmach 10 0,3 Mr/ia. DTo CBHAETENBCTBYET O TOM, UTO
CKOpOCTb OKHcjeHus keneda (II) B maacte Bhire, ueM B CBOGOAHOM
o6beme. C APYroil CTOPOHH, 3[eCh ABHO NpOCHeXXKHBaeTcs 3¢dexT Ka-
TaNn3a; N0 Mepe MOBTOPeHHs [HK/OB «33aKAa4K4-0TKayKa» IOBbIUIAETCS
peakunoHHas crnocoGHoCcTh maacta. [Ipu 3TOM, eCaH conocTaBHTb BH-
XOAHble KpHBbie pHe. 21.11 ¢ 3TaJOHHBLIMH, TO CTAHOBHTCS OUEBHAHBIM,
uTo B MepBY0 ouepenb 3GGEXKTHBHOCTH OYHCTKH BO3DAacTeT 38a CueT
NoBHILeHHa HOpMbl aacop6uuy kucaopolda (yBenruusaercsi Xo).

Ilns oueHKM mapaMeTpoB npouecca o6e3keae3HBaHHsl BOAH B Na-
CTe ombTH NpoBoauaucy Ha ckpaxune No 3 H npu Wo==220 M? (Qp=
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pacuera MapaMeTpoB npoiecca

~ZF % -QNBITHBIE TOYKY
,J L o-PAC‘iETHi:‘E TO‘{IK(
g 0w 15 2w L
B p(t-4])
(-]

==10 M3y, £,==22 uy). Pacxos oTKayxku cocTaBasi Qp==16 M3/y. Pe-
SYJbTHPYIIlllHe BHIXOAHEIE KDHBBEIE 1O KeAe3y, a TaKKe BCIIOMOTra-
TeJbHHe IpadUKK AJA pacuera mapaMeTpoB Mpouecca NpPeCTaBleHH
Ha puc. 21.12. Ha ocHoBe 06paGoTKH OMBITHEIX BAHHHX YCTAHOBJEHH
cleayollHe  3HayeHHs  Ko3pdumuentoB:  op2+ ==0,5(Mr-u/m)—,
ag, /[fy==0,0049 y-1,

Bodosabope. e. bpecra (BCCP) 6a3upyloTcs Ha HCNOJNB30BaHHU
MOA3eMHbIX BOJ, NPHYPOUYCHHHX K CEHOMAHCKHM OTJIOMEHHAM BepXHe-
ro Mena, NpeiCTaBJIeHHBIM MEAKO3epHUCTBIMH IVIAYKOHHTOBBLIMH TecKa-
Mu. MoiHocTh BoAoHOCHOro niacra koaebaercs ot 30 mo 50 M; Koad-
¢uunent BoponpopoanMocTu RM =200 mZ/cyr. [loxcTHnaloTes ceHo-
MaHCKHe MEeCKH OKCHOPACKMMHR cl1aGOTPEeLIHHOBATBIME HM3BECTHAKAMH.
KpoBast macrta mpexcTaBiieHa MepresibHo-Mea0BOH TOJLIell, a TaKXKe
YeTBEDPTHYHLIMH M T1A/ICOT€H-HEOreHOBBIMH OT/IOKEHHSIMH W3 pa3Ho3ep-
HHCTHIX ECKOB H MODEHEHX cyneceff H CYrJIHHKOB.

B XHMHUeCKOM OTHOLIEHHH BOAL CEHOMAHCKOro TOPH30HTa KJac-
CHOHUHPYIOTCH KaK ruipoKapfoHaTHo-KajabuueRbie. OHH HMEIOT MHHe-
panusanu© mopaaka 0,4 r/a, wenourocts 2,5—3 mr-sks/a, {=8°C
H 10 BCeM NOKA3aTeNAM, 33 HCKAIYEHHEM BBLICOKOTO COAEpIKAHHA Ke-
JAesa (mo 2—3 wmr/n), cooTBercTRyoT TpeboBanuaM FOCT 2874—-82.
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Puc. 21.13. Buixonnme xpuBHe TNPH MHOFOKPATHON  HMxAM4ecKOR  3KCAyaTallMH
yCcTaHoBKM obesmeneanpanna (Bopo3zabop «Itapkx Ceoboam>», cke. My 8

[Tosessie skcnepHMenTH NMpoBoguau Ha Bogo3abope <«Ilapx Cso-
Goab» Ha cKBaxKHue Ne 8, o6ycrpoenuoit mo cxeme puc. 22.2, a. 3aech
BbIMOJIHEHO LIECTb ONBITHLIX IHKJAOB TIPH NPOMBIILIEHHHX 06beMax
33KaYKM B NAACT a3PHPOBAHHON BOAB. 3aKauKy NPOBOAHAH C TIOCTO-
SHHBIM pacxogoM Q;==45 m3/u, B TevenHe 1 ¢yT (T. e. f4==24 u), TaK
yto W,==1000 M3, pacxoA oTKauku cocTaBasna Q,==45 M3/u.

Metonuka paboTh cocTosina B caenywoileMm. Ha nepsom, tpetheM,
YeTBEPTOM H LIECTOM UHKJIaX pabOTH YCTAHOBKH BOA2 OTGHpasach U3
CKBAXKHHBE B TEUEHHE OTPE3KA BpPeMeHH, HEOOXOAHMOrO Ha BOCCTAHOB-
JenHe Fet 10 HCXOAHOrO €ro CoAepKaHus B N/acTOBoH BOAE; HA BTO-
poM H IfTOM UHKIAX OTKAYKy Npekpaiand, korna Fe? cocramasno
0,5 Mr/a. [Ipn 3Tom B nmepBRIX Tpex WHKJIAX KOHUEHTPALHA KHCAOPORA
B 3aKauyMBaeMOH BOJAE MOAACPIKHMBANACh [OCTOAHHON H  paBHOH
6—7 Mr/n, a Ha NCCACAYIOUIHX TpPCx IHKAAX OHa cocTasaata 10—
12 mr/n.

PesyabrTarht ONETOB NpeAcTaBiensl Ha puc. 21.13. O6paboTka Bhi-
XONHHX XPHMBHX NMPOBOAMHNACH NO ONHCAHHON BhIIIE MeToAHKe. Mcro-
MHE 3HaYeHHs napaMeTpoB Iipouecca npuBegeun B Taba. 21.3. Ha
BBIXOAHLIX KPuBbIX pHe. 21,13 BHAHO, UTO NperpalleHHe OTKAYKH Ha
BTOPOM M NATOM LUHKJAX PaBoThi YCTAHOBKH NPH HHIKOM COAepIKaHHH
Kegesa (0,5 Mr/n npoTus Hcxoasoro 2,6 Mr/m) He OKa3mBaJo Npak-
THYECKH HUKAKOTO BJAHSHHS HA AaJbHeHWHH X0A Npouecca, NO3TOMY
3BAYEHHS Op,2 M E, HaHJeHHbe AJf NIEPBOTO, TPETHETO H COOTBETCT-
BEHHO UETBEPTOro H LIECTQrO IIHKJOB, OKA3aJAnCh paBHEIMd. C Apyrof
CTOPOHBI, obpamiaer HA ce§s BHHMAHHe TOT (P2KT, UTO PacueTHble 3HA-
YeHHS § YeTKo PearHpyior Ha H3MeHEeHMs KoHUEHTPAUHM KHCaopona
B MHTATEJIbHOH BOAe: NpPH yseawuenud Co,, B ABa pasa (c 6 mr/n na
MepBHX LHKJIAX g0 12 Mr/n HA MocAeAYIOLUHX TPeX UMKJIaxX), TakKe
YREJHYKBAIOTCA BABOe (cM, Taba. 21.3).
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TaGaunna 21.3. PacuerHnle 3Ha4eHHA NapaMeTpoB Apollecca
(ckBaXura N 8 Boposaéopa «Iapk CeoGoams)

Homep uHKA2 cOn_U’ mr/a Op 2+, (Mr-u/n) -t E wr/x
I 6,1 0,046 3,1
3 5,9 0,048 _ 3,01
Oy 2t = 0,047 £=3,05
4 11,5 0,036 6,22
6 128 0'028 618
024 = 0,032 =62

Bodo3abops: HA wWBEeHTOUCKO-TAPTYCKOM B00OHOCHOM KOMNAEKCE
(1arBCCP). Komnierc npeacraBieH KOHTHHEHTAJAbHHIMH H npUbpex-
HO-MOPCKHMH OTJOXEHHSIMY, COCTOAIIHMH H3 4YepcAyiolHXcs CJI0eB
NecuadbiX, aJieBPHTOBEIX H FAHHHCTHX NOPOA, H COAEPNKHT B OCHOBHOM
npecHHe BoAW (c Muuepaausauueii 0,3—0,9 rfn). Ot 3aneramluero
HHXe JOHAPOBCKOTO MOPH30HTA (BOALI KOTOPOTO OTHOCSTCS K XJOPHA-
HO-Cy/1baTHO-Ka b HEBO-HATPHEBOMY THNY M  HMEIOT NOBHMUICHHYIO
MHHEPAJH3aMHI0) OH OTAeNeH MouwHo# Toawel no 100—130 M Hapos-
CKHX OTJIOXEHHH, a oT 3aJjierawllero BHILUE CapraeBCKOre rOPH3OHTA
(comepxalnero MHHEpaK30BAHHBE CYJAb(ATHO-KAMbLHEBLE BOJBI) ~—
MAYyKOH [VIHH H IVIKHHCTHX MepreJef.

Ha oTaenbHblx yyaCTKax pacNpoCTPaHeHHs HIBEHTOHCKO-TapTy-
CKOT0 KOMIIEKCA BHIAENSIOTCS RBA BOLOHOCHHX FOPH30HTA: UIBEHTOMH-
CKHii (3a/eraioluHii BHIIE) H TAapTYCcKHH, pasne/ieHHbie MexAYy cobol
CJIOHCTOH BOAOYNOPHOH MayKo# IVIHH M IVIHHHCTBIX aJ€BPOJHTOB 06uIeH
MomHocThb oT 10 mo 60 M.

B cocraBe LIBEHTOKCKOro TOPH3OHTa BHAENAWTCS aMaTcKHe (3a-
JIerawliHe BHIIE) H FayACKHe BOJAOHOCHHIE CJIOH, pa3jH4aloilHecs Mo
3epHOBOMY COCTABY CJaralomlHX HX IeCYaHHKOB H MecKoB. AMaTCKHe
CJIOW CJIOKeHbI MPEHMYILECTBEHHO TOHKO3CPHHCTHIMH C1a60CUEMEHTH-
pPOBAaHHBIMH MECUAHHKAMH H COAEPHKAT 3HAYHTEIbHOE KOJHUECTBO I'JIHH
H aneppoautoB (a0 35%); rayfickue CcJOH LPEACTaBAEHH MEJKO- H
CpeIHe3epHHCTHIMH NEeCYaHWKaMH H COAEPKaT MEHplUee KOJHUSCTBO
raug (a0 15%). O6uias MoUHOCTh LIBEHTOHCKOrO FOPH30HTA AOCTH-
raer 170 M. Boabl, NpHypoueHHble K 3THM OTJIOXKEeHWSIM, NpecHbie U
riapHeM 00pa3soM TrHAPoKapOOHATHO-KAJIbLHEBO-MATHHEBLIE W JIHLIb
TaM, rje HPOCAeKWBAETCS THAPABJIHYECKAA CBA3b LIBEHTONCKOTO H
CapraeBcKoro FOPH30OHTOB, OTMEYAeTCS MOBHUIEHHE MWHEPANH3alUWH H
CMEHa XHMHYECKOro COCTaBa BOAH (OHa CTAHOBHTCA CyJb(aTHO-Kajb-
HHEBOH HJIH CYJIb(aTHO-KaJbIHEBO-MaTHHEBOH).

Hccnenosanus no ofe3xeNe3HBaHHIO NOA3EMHHIX BOJ B NaacTe
BHNOMHANKCE HA TPeX AeHCTBYOIUX CHCTEMAX BOAOCHADMNEHHA: 3TO
Boao3abop r. Ileckca, Bonosabop noceaka Canacnuiac (Pusxkckuit paii-
oH) H Bojo3abop r. IOpmannl.
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Puc. 21,15, Bo/XORHbIe KpUBHE

Bodoaabop e. Iecuca (JlarsCCP) pacnosioXeH Ha moAnoMMeHHOR
Teppace aesoro Sepera p. aya. OH mpemcTaBied CKBAXKHHAME, KOTO~
pPHie DPa3fieNbHO 3JKCIJYAaTHPYIOT ABA BOAOHOCHRIX TOPH3OHTA: IIBEH-
TOACKuA (rayHckHe CJOH) W TOA3eMHHe BOAbBI, TPHYpOYEeHHBIe K He-
PACYNCHEHHBIM ANIOBHAABHLIM OTAOKeHHSM p. [ays.

Hceneposanus no obeaskesesnsaniio NPOBOAHINCD Ha CKBAXKHKHEX,
KaNTUPYIOIIHX BOAbI FaVHCKHX oTa0xcHUHA. B pafioHe Boaosabopa aToT
rOpH3OHT 3aneraetr Ha raybune {00—140 M ¥ MMeeT MOWmMMHOCTH MO~
paaxa 30—40 M. CpepXy ¥ CHH3y OH OFpPaHHYeH CJIOAMH C1abONMpPOHH-
[[aeMHX I'14H A TIHHHCTHIX anesBpoauToB. flogseMHBle BoAl rayiickux
OTJOXeHUH Hanopusnie. IIpu 3ToM B cuay Toro, YTo caMa MJaOLlAadKa
B0J03200pa HAXOAHTCA HA MOHHMKEHHBIX OTMETKaX (M HUKe TOpPOACKON
TepputTopuH npuMepHo Ha 80-—90 M), cKBaXHHBI caMOH3IHBAIOWHECH;
Hamop Ha yCThe CKBAaXKHH NMPH UX OCTAHOBKE cocTasaser 10—15 M.

TlonseMHble BOABI NpeCHhie THAPOKAPOGOHATHO-KAJbl{HEBEIE ¢ MHHE-
panHzauner 0,3—05 mr/n. OHH XapPakTCPH3YIOTCS CHEAYIOHIMMH
NOKa3aTenaMy:  IieJouHocTh  6,6—6,7 Mr-ske/J, OKHCAHEMOCTb
6—8 mr/a Oy pH~7,2-74, Eh~80—130 MB. B ycaoBusx paBxoze-
CHg B cHACTeMe FayHCKHe TEPPHICHHEIE OTJOMXEHHS -— MOA3eMHEE BOAH
npociaexkuBaerca ¢Ba3bp {puc. 21.14) mexny Eh u conepxanuem xe-
ne3a. B uesoM ke AJS NMOA3EMHBIX BOJ XapakTepHO HaaHUHE JKelle3a
(I1) B konnuectBe ot 1 mo 3 Mr/a.

240



OnuiTel Mo o6e3kene3WBaHHI0 BOAL B MJacTe Ha ckBaxuuHe Ne 8
npeacTasiens Ha puc. 21.15. VcnoBH#, NpH KOTOPHIX OHH BHIMOJHSA-
JIHCh, @ TaKxe AaHHBle APYrHX OMHTOB INIPeACTaBjleHn B Taba. 21.4.
JlaHHble CBHALTENBCTBYIOT O TOM, YTO NPH CO3JLAHHH 8 TepPHrEHHBHIX
OTJIOXKEeHHWAX IIBEHTOHCKOro KOMIJEKCAa HCKYCCTBEHHHIX TI€OXHMHYe-
CKHX 6apbepOB MPOHCXOAHT AROCTaTOUHO 3P(PeKTHBHAA OUHCTKA BOJMI
B NAACTE.

[Ipu mnocTpoeHHH MOJejH, ONHCbIBalOlieHl HPOUECC OUHCTKH BOMH
B I11JacTe, NMpeAnoJjaraioch, YTO MOXeT ObITh OKHCJIEHO BCe Xendeso.
Ecau Xe yyecTb OTMeueHHOe BHIIe O6GCTOATENbCTBO, TO BhIPaXKeHHE
AN CKOPOCTH peaKLHH CAelyeT 3aNnHcaTb B BHAe Gpo+ (Cpo+ —

— C*.21+)Co, rae C*; 2, — KOHUEHTPAUHA TPYAHOOKHCISEMHX  CO-
envHeHn# Xenesa. [Ipu sToM
exp [(1 - Ca) T]

Crar/Crope=Cat (1= Ca) PP (ES B s (21.46)

rae Cp== C*Fe7+ /CFeu‘H"

Buixoausie xpussie Cpo. /Cp 24, paccuuTaHHble 10 QopMyae

(22.45) npu Xo==3, ans pasnauyHbix 3HaueHull C, MpeAcTaBJIeHH Ha
pHc. 21.16.

Ta6Gaunna 21.4. 3navenns napaMeTpoOB NPH NPOBEAEHHH ONHTOR

- Hcxopnoe 2 . 0 c
- ¢ a- s ’ , ’
oﬁgﬂl}:ﬂusa Homep uMkna Hugi)fl(‘%zl(&a, “3?1 : n‘;q M?’i‘”
g i 1,4 8,5 120 30 —
2 (.3 8.5 120 30 -
9 1 1 2,2 47,5 30 ~
10 1 2,4 6.4 93.5 30 28
12 1 2.6 10 90 30 146
2 1,6 24,2 163 30 -
13 i I 10 80 30 -
2 1 19 186 30 43
14 1 1 10,4 68 30 -
2 1 10,4 98 30 -

O6paboTka ONBLITHBIX JaHHBIX BHINONHANack MO 3aBHCHMOCTH
{21.46). IlonyueHHsle mpH 3TOM BCHOMOTaTesabHble IpadHKH MOKa3aHH
Ha puc. 21.17, a pacueTHble 3HauCHHS HapaMeTPOB CRejleHH B
Taba. 21.5.

Bodocuabwenue e. Opmasvi NOAHOCTBIO OCHOBAHO Ha HCIOJb30-
BaHHH MOA3EMHHX BOJ MIBeHTOHCKOro TOPH30HTAa. 3Aech AeHCTBYIOT
HeHTpPaNH30BaHHbIE BOAO3a00PHI; MOMHMO 3TOr0, B SKCIIyaTallHR Ha-
XOAATCH ellie 7 CKBaXKHH, pasMelleHHbiX Ha TEPPHTOPHH TOPOAa, BOAA
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Puc. 21.16. PacyeTHue BHXONHWE KPH-
Bhie

Puc. 21.17. Bcnomorareapnse rpadu~

KM AMq PACMETa NapaMeTpoB Mpslecca

I —ckBaxuna Ne 10; 2 - ckpaXkHna
Ne 12; 3 — ckBaxkKHa Ne {3

Ta6anuna 21.5. PacyeTHhe 3HaYeHHR MAPAMETPOR

\ c* ' , a0y, o [n,
cxl;lgi‘r‘c?«%u :rc(fx“- a Ml"é'l]l (Mri&n;—-ﬂ E, wt/n ef_la
10 0,1 3 200 0,015 10,2 0,0075
12 0,3 1,75 112 0,015 4,3 0,0060
13 0,3 2,4 156 0,015 1,4 0,0030

H3 KOTODHIX NOJAeTCs HelOCPeACTBEHHO B BOAONPOBOLHYIO ceTb. [ny-
6uHa ckBaxKHH 160 M, nmpousBoauTenbHocTs or 30 a0 60 M3/u.

Hccaenopanus NPCBOAHAHCL Ha CxkBaXXHHe Ne 2, KanTupylowcH
noj3eMHyre BOAY ¢ KOHueHTpallHe xedesa Cp o4+ =1, Mr/a. Bemon-
HEHO TPH ONLITHHX IHKAa. Ha Bcex HHKIaX 3aKayKa a3pHPOBAHHOH
BoAw B mnact (npu Co, ==9—11 Mr/x) npoBoAHNach ¢ pacxoxom
Q,=10 M3y u npoaoaxanacy, B TeueHHe f,==240 u; orbupanacb Boaa
H3 CKBaXHHB ¢ pacxoioM Qo=40 M%/u.

TlepBHid ONBITHBIA I[HKJA NPOBOAHACH N0 TpaAHUHOHHOH cxeme
«3aKauka -~ 0OTKa4ka». Buxoguue xpusue Co, (f) u Cp2, (f) npubese-
He Ha prc. 21.18. TIpu 06paboTKe uxX MoJayuesh ClefyiolidHe 3HaAYEHHS
napaMeTpoB: 0,24+ =0,03 (mMr-u/n)~ u ao, /nc==0,003 v~!; 3navennc
ao, /Mo, HARAEHHOE N0 BHXOAHOH KphBoH Co, (f), cocraBuio 0,05 g~

C leabio 0TpaboTkn TeXHOJOTHH OoDe3Xene3HBaHHA, NpPeROTBPa-
ulaponleil mocTynJjeHHe (B HavaabHbifi NMepHoj OTKAYKH) KHCAOPOACO-
JepXKallHx BOX B CHCTEMY BOAOCHAOKCHHA, MoCjaeAYiOLHe ABa ONBIT-
HBIX ILHKJIa OPOBOAHMHCH IO CXeMe «3aKadka — Co3/laHHe OTOPOYKH —
OTKauKa».
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Puc. 21.18. BuxolHne KPHBHe Cog(t) H CFc9+ ()
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Puc. 21.19. BHxojaHne KpHBHe Co,(t)

CHHXKeHHe KOHIEHTPauHMH KHCJOPOAa B a3pPHPOBAaHHOH BOfAe TNPH
KOHTaKTe e€ ¢ NOPOJaMH Niacra ONHCHIBAeTcsl YpaBHeHHEM

Co.(t) = C». exp (— —°'°‘-'t~). (21.47)
(]

Ecnu {;* — BpeMs co3flands OTOPOUYKH, TO BpeMs, 3a KOTOpPOE NpPH
OTKauKe ee 3afHHi GPOHT nogoijer K CKBaXKHHe, PABHO:! {*==£*Qa/Q0;
NPH 3TOM NMOAHOE BpeMs KOHTaKra 3afiHero (poHTa OTOPOUYKH C NOpo-
AaMH Tiacra cocTaBHT f,==l*+t*=10*(1 — Qs/Qo). TIlpunumasn B
(21.47) t="{,, MOXHO PaCCUHT4Tb MAKCHMAJbHYI0 KOHUEHTpALHIO Oa,
Kotopasi 6yneT HabmONAThe B MEPHOM OTKAYKH.
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Bropoii onbITHBU UHKA MPOBOAMICH NPH £L,*=10 u B pacuere Ha
noayuedie Co, max & 0,4 Mr/1; Ha TpeTbeM LHKJIe BpeMs =23 4 u
MpPH 3TOM OXHEAJ0Ch 3apHKCHPOBATb Co, max 2,4 Mria. BulXoAHbI®
xptisete Co, ({), MoJdy4YeHHHE B 3TOH CepHH ONKTOB, IpPHBEJEHH Ha
puc. 21.19,

Ilpu co3nannn B miacte OTOPOYKH Habjwjaercs AOCTATOYHO 3¢-
(deKTHBHOE CHIKEHHe KOHUEHTPAIHH KHCJIOpoda B OTOHpaeMOH Bode
H, C/e/l0BaTe1bHO, TAKOH TeXHOJOIHYECKHHA NpHeM MoxkeT OblTb peko-
MEHIOBAaH K WHPOKOMY BHeJpenHio. [IpH aTom obpamaeT Ha ceba
BHHMaH{e TOT (AKT, 4TO YCTAHOBJIEHHblE B OMNBITAX MaKCHMaJbHHeE
KOHUEHTPAUHH OKa3plBAKOTCA 3HAYMTE bHO HH¥XKe pacuetHnX Co, mas-
O6bscHeHde TOMY, NMO-BHAHMOMY, CleAYyeT HCKAaTb B OPOSBJACHHH
3¢deKra AHCICPCHH; 32 cUeT AHCNEPCHH MPOHCXOAHT AONOJNHHTENbHOE
yMeHblleHHe KOHIeRTpannu Fe?t B Boze.

21.5. TeXHONOTHUCCKHE pacyeThl CHCTEM BOJOCHAOMERUS
C YCTAHOBKAMH ofe3kese3HBAHHSA MHKJIHYECKOTO THNA

Oapefeneide TNPONOAKHTENLHOCTH 3ANHTHOrO JeficTBUE J0HBI
«3apaaKH» naacta. M3 kavecTBeHHOro aHajH3a pellleHHHi cleayerT, uTo
npy AGOM. Hallepes 32aHHOM SHAaYEeHHH C;,,/CF%2+<1 (rze Cx-—He-
KOoTopas 3aHKCHPOBAHHAs KOHLUEHTpPAlMS Kede3a B 30HE «3apsixu»
HiacTa) cyllecTBYeT BIOJHe OJHO3HAYHAS 3IABHCHMOCTb MeXay Ges-
pasMepubiMH napamerpaMH X H T. Drta 3aBHCHMOCTBb, OTpaXKalomias
3aKOHOMEDHOCTb MPOABHXKEHHS (QPOHTA 3aNaHHOH KOHLEHTPAUHH K
CKBaXKHHe, HMeeT BHJL

C 24
T=In{exp(X)—1)—1In (—’if— 4). (21.48)
€1

B pasnbHefiuieM Hac OyldeT HHTEPECOBATHL MpeiesbHas CHTYALHs,

Koraa ¢poHT ¢ 3anannoit koHuexTpauwefl Cy MOAXOAHT K CKBAaMHHE

(1. e. nocturaer ceuenns r=rp). IIpu 3ToM npuMem Cp=90,3 mr/na, uro

coorpercrByer Tpe6opanuww ['OCT 2874—83 «Bonma nuteeBasg». HUs

3TOrO YCJOBHS HakleM f, — BpeMf 3alIHTHOrO HEHCTBHS 30HBI «3a-
PALKH» T.TaCTa

1

fo=to* + - In {exp (X,) — 1} — B (21.49)

3
P reltEe 2t

WM B aBToMoleabHO 08aacTH (mpu Xo>3 ¢ ouwlHbxo#, ¥e NpeBHIIAI0-
wed 1,5 %) smecro (21.49) moxeMm 3amucarts

ty— At —B, (21.50)
rae
In (C JCx— 1)
A=lg—b . B FIH T Loye Qs (or5p
BCre2+ B2+ Cro2t &
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3apucumocty (21.50) — aHajJor XOpoLiO H3BeCTHOrO ypaBHEHHS
H. A. llIunosa. Hs (21.50), (21.51) BuaxO, yTO BpeMsl 3alllHTHOTO
HAelicTBHS 3aBHCHT OT pa3MepoB 30HBI «3apAAKH» NJjacta, pacxoia
OTKAUKH, a TaK¥Xe OT NapaMeTPOB, XapaKTepPH3yIOUIHX IIpouecc af-
copOluHi KHCJAOPOZA W MIpollecc OKHC/IeHUA Kejesa. IIpd 3Tom ¢ po-
CToM 061:e,\{a 3aKAYKH B IJacCT a3pHpOBaHHOﬁ BOABH H KOJHYEeCTBa
afcop6HPOBAHHOTO KHCIOPOAA f, YBeJdHUHBAeTCs, a C NOBLILICHHEM
pacxofia OTKauKH CHHXKaeTcs; NPH NMPOYHX PaBHBIX YCJAOBHSIX BpeMd
3aUIHTHOTO AEHCTBHA yMeHbLIaeTcst ¢ MOBHILIEHHEM COAepPXaHHA XKe-
Je3a B NOA3eMHON BORe,

3anayeli TexHOJOTHUECKHX PaCyeTOB CHCTEM BOHOCHabKeHHS ¢ yc-
TanoBKaMu OGe3Xene3uBaHHS ABASeTCS HAXOXJEeHHE TAKHX BeJHUHH
Qs i 1 Qo Iy MO CKBaXKHHaM, MPH KOTOPbIX 0OecneUmBaeTCs Helpe-
pLIBHAS Mofaqa BOAB! MOTpebuTes 0 B 3afaHHOM Qs (HaH TpebGyeMoM)
KO.JHUecTBe,

3xecs cleayeT OTMETHTh, YTO AHANa30H HCKOMBIX BeJHYHH SIBJISET-
ca orpatnyeHtbpiM. C OXHOH CTOPOHBI, 3TH OrPaHHYEHHS 3aJI0MCHEL
HEeIoCpecTBCHHO B 3aBucHMOCTH (21.50), ¢ Apyrof — OHH BHITEKAIOT H3
TpebGoBanuil, KOTOpble HeOOXOAHMO YUHTBIBATL NPH 3IKCILIyaTamHH
BOM03a00OpHbEIX H HATHETATE bHLIX (MOrNOLIAOMIKX) CKBaXHH. ITO B
NepBYIO Ouepedsb BHINOJAHEeHHE YCJIOBHH

Q() < QO max; Q3< Qa max» (2] 52}

rie Qo max H Qs max — MAKCHMAJbHO NONMYCTHMBE PacXoAB BOAM  COOTBETCTBEHHO
IPH OTKAYKE R 3aKadke,

B pspe cnyuaeB B 3aBUCHMOCTH OT KOHKpPeTHBIX YcJoBHH (B 4acT-
HOCTH, OT THIIA, cXeMbl M PeXHMa 3KCIJyaTalMH CHCTeMbl BOAOCHAO-
HeHHs1) MOTYT MOSIBHTbCSl H JPYrHe OrpanHfyeHHs.

PacyeTsl OIHHOMHBIX ycTaHOBOK. IpocTefimnasi cx¢Ma cCHCTeMH! BO-
JocHaOXeHHs — 3TO OAHHOUHAsl CKBaXHHa, MOjcoelnteHHasa K cbop-
HOH emKocTH (pHc. 21.3,a). Ilpn nepeo6GopynoBaBHu CKBaXHHbI IOJ
YCTaHOBKY A5 o0e3Xede3HBaHHA BOAGl B MJacte oha paboTaer cie-
AyiomnM o6pa3oM. B TeuenHe BpeMeHH f; BOMa OTOHpaeTcsi H3 CKBa-
XKHHB ¢ PpacxOfoM Q, M nogaercs B cOOPHYI0 €MKOCTb; ONHOBPEMeHHO
C 3THM YacTb BOAH B KOJHYecTBe (s HampaBnseTcss W3 €MKOCTH ToO-
Tpe6HTe.FllO. 3aTEM CKBaXHHa OCTaHaBJHBaeTcsd H B Hee B TeUYeHHe
BpeMeHH f, H3 €MKOCTH nojaercs BOAa ¢ pacxofoM Q. TIIpu aTom
nofaya BOAB NoTpebuTeNK He NpekpaujaercA. TakuM obpasom, cbop-
Hast eMKOCTH NMpefHa3HaueHa ANA aKKyMYJASUHH 06e3KeNe3eHHON BOLRBI
B o0beMe, AOCTAaTOUHOM JJsl KOMMNeEHcalUHH BoAONOTpebieHus H A5
«3apﬂm{n» BOAOHOCHOTIO IIs1acTa. CJIE}IOBaTEJIbHO,

W=1,(Q— Q) W=1,(Q+Qs). (21.53)

rae W — o6bem BOLM, HAKOIIEHHHS B eMKOCTH 3a BpeMsi OTKaukH fp H cpaboTan-
Huf 32 BpeMs fs.

3meck BO3MOXHL! ABa cAyuas: a) TPOH3BOAHTEJLHOCTb CHCTEMAEI
BoAocHaGXeHHs Qs 3ajlaHa H OLHOBPEMEHHO C OnpcaeseHHeM Qs f,
B Qo fy ROIXeH OBTHL ycTaHOBJEH pabounit o6beM Wy cbopHofi eMKo-

245



ctH; 6) 3axan ob6beM W, Tpebyerca HaliTH KOJHUeCTBO o6e3Kene3eH-
HOH BOAH, KOTOpOe MOMXeT GHTb NOLaHO NOTPeGUTENIO, eCY YCTAHOBKA
SKCIJIYaTHpyeTesl INPH MaKCHMaJbHO JAONYCTHMBIX pacxoiax Qgmax
H Qs max.

a) Pacweret npu sadannodl npoussoduresvroctu ycrarosku. Hc-
Kjiouasd ¢ noMOLlpI0 cooTHoutewmit (21.53) meauunnn Q, m Q, H3
(21.50), 3annniem

o WA 1)~ BQlt - Qi — BW (21,54)
AQty

Hz (21.54) cnenyer, uto #,>0 Juilln B TOM ciyuae, ecaH fy HaXo-
JAHTCS B IHaNa30He 3HAYeHHH
1<ty < by, (21.55)

rae 1;, z — KOpHH ypasHeHHa QoW (A — 1) — BQJfo+BW=0, panHue

ls

t],ﬂx [W(A . ]) "‘Bos] + 1’ [2‘:’(;(‘4— I) — BQJ" - 4BWIQ‘§". (2!56)

a o6peM W BHOpaH K3 YCIOBHA

W,) W, W= BQ.«[(A:; 1) :;'2 V:‘”‘. (2].57)

31ech PeROMEHAYETCH CJAEAYIOWHE NOPALOK TPOBeJeHHS pacueTos.
CHayana BuUHCAAIOT W* u ¢ yueTOM COOTHOLIeHHSI NMOAGHPAIOT HEKO-
Topeiii 060beM W. Ilasee mo (21.56) oueHHBaAIOT 3HAUEHHSs fy,» A CO-
rnacdo (21.55) nasuauaror Bpems £ Jad npunsatex W u fy paccyg-
THIBAIOT f3 H ONPEXENAIOT

Qo::""wi T Qs‘ QSE-W_ - Qs-
4 f3
Heo6xonuMo mpH 3TOM paccCMaTpHBaTh HECKOJbKO PAcCUeTHbIX Ba-
pHanToB paboThl YCTaHOBKH. Takne BapHaHTol o6pasymorcs 3a cyet
OpHHsiTHA Pa3anunbix W u BapbHpOBaHUS BPEMeHH [, B JHANa30He
{1 < tp<lt.

Nipumep 1. TpeGyeTcs 3aNpPOCKTHPOBATh YCTaHOBKY 00e3XKeqe3HBAHHA TPOH3IBO-
AuTenpHocTh0 Q=50 M3/4, ecan mu3BecTHB: Qp max=75 M4, Qs max=65 r3/u,

CF%H =18 ur/a, o, 5, =05 (xr-w/a)~", £E=287 Mria.
Hadnem anagenns napamerpor A u B
2,87
A=l4 =14 e = 12,15
BCpez+ 0.143 - 18
B '_n_.(_cf_ef_'*_/_ffm” o1 (1,8/03-1) o0
Bop2.+Cpo 2t 0,143-0,5- 1,8

Tlo ¢opmyse (21.57) nposenem pacyer

12,5 - 50 [(12,154 1) 4+ 2V 12,15]
(12,15 — 1)8

W o= = [0],15 M8,
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Puc. 21.20. Tpadoana HTHUECKHR MeETOl pacyeTa YCTAHOROK HA 3aJaHHYI UPOH3BO-
AATEALHOCTE

a— Wo=200 M% 6— W, =300 u% I — Qo=F(to); 2— Qs=f(fo); 3— ta==to

Cornacro (21.57) pabouudt o6bvem cOopHOR eMKOCTH NOMKeH OGubith Godpuie W*
[Tpumem ero pasnmv 200 M2 Torga

P [200(12,156~1)~-12,5 . 50]j:V[‘200(I2,l5--l )—12,5 . 502 —4 . 12,5.200.50
b2 2.30 ’
gyro faer H=164 4 H £,=30,46 u. B o6racth f,, » MOXHO 3a7aBarhbes MOGLIM 3Ha-

uenneM fo. HonomuM fo=3 4 W npoBefleM naasuelimne Boluncaexua. [To dopmyne
(21.54) nahaewm £

. _[200¢12,5—1)--12,5 . 5013 —50 - 9—-12,5 - 200
o 12,15.50-3

=1,02 4

H OTpefeTHM
Qo=200/3+50=:116,67 m3/u;
Qs==200/1,02—50=146,08 m%/u.

Kak' BHAHO, TIpH fo=3 4 3pauenns Qo W Qs NPeBHIANT CHOH 1IPeleIbHbe 3HA-
gerna. CHUXEHHS DacueTHHIX BEIHUHH Qo H Q3 MOXHO NOGHTHCR YBEIHYEHHEM g

Peayavtate AsanHefiinx pacyeroB npn W=200 m® npeicrasieHul B BHAE Tpa-
¢uxop ua puc. 21.20, a. M3 sthx rpaduxos BHAHO, YTO € pocToM [ pPacxoi Qo wue-
npepHBHO cHHXKaercs. I'padrkn fa=[(fo} B Qs=f({0) HMeloT Gonee CHONKHNE BHA.
C ysesnyerveM TPOLODKHTENLHOCTH OTKayKH BpeMst f; Ckadafta BO3pacraer, a 3a-
TeM CHEDKAETCH; NpH 3ToM Qs, Ha060poT, cHAYaNa CHMKAETCA, @ 3aTeM BO3pacTaer.

IMpu -W=200 M°® 3HaueHHe Qo OKA3HBaeTCs Meubile, YeM Qo max, YXKe NpH fo=
=8 4. B T0 Xe BpeMs BO BCEM AHaNla30He H3MeHeHHs fy BeaMuHHa Qs oKasHBaeTcH
bousbuie, 9eM Qs max. IT03TOMY NPH TaKHX 3HaYCHHHAX pacueTHHX napaMerpon paboTa
YCTAHOBKH 00€3KEeNe3HBAHAA NOA3CMHLIX BOJA HEAO3MOXKHA, TAK KaK He BLIMOAHseTCS
OJHO H3 MOCTABAEHHBIX YCI0BUE (Q: Qs max)-
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PacuerHHe anauenns napamerpoB Qo, fs 1 Q, upy W=2300 M® npHeexeHH Ha
puc. 21.20,6. Hs conocrapienns rpapukoB puc. 21.20 BuA#o, 4TO ¢ yBeaHueHHeM
eMKocTH OalllHy pe3eppyapa BO3DPACTAET BPEMA fa, @ PAacXol 3aKAUKH Qs CHHKAETCH.
Tlpn sToM YKe NpH #>2,6 u BeJnUHHA Q, OKa3HBaeTcs MeHbWe, ueM Qs mez. Of-
HAKO B 3TO BpeMsl pacxofd Q elle UPOJONKAET NPEBHIIATH CHO® MAKCHMAALHO RO-
NYCTHMOE 3Bayenne Qpmasx. O61acTL NODYCTHMHX peINeKHil OrpaHHYHBAeTCd AHama-
30HOM M3Meneuns fo ot 12 po 18 w (mpy £ <12 4, Q¢>Qomax, a4 NpH £,>>18 4y,
Q> Qs max)-

6) Pacuers: npu 3adannom obzeme W, c6opuod emxocrtu. Vekmo-
9as ¢ NOMomlbio cooTHomerHi {21.53) 4 u £, w3 (21.50), sanumewm

Qs __ [Wo4 B(Q-DI1Q . (21.58)
Qv (AW, — BQo)(Qy — Q) — WoQ, Y

3aech Qs/Qo>0, ecau Q==Q, 3agaeTcs U3 YCAOBHA

QA Qe Wi 215
Q< Qs Q; Qo T AT (21.59)
[Ipu 37oM, ecat Qomax> Qo* [rae Qo*= (A — 1) Wo/A], 1o pacxoa
OTKaykH Qp 3afaercsi M3 YIoBHA Qp<<Qo*; B NPOTHBHOM CcJyuae
Qo= Qomax.
Pacuernl pekoMerjyercsi IpOBOANTL B caeiyiomiem nopsiake. Ioc-
Jle TOrp KaK BuiGpaHo 3HauedUue Qo o dopMyne (21.59) Buiuncnseres
Qs* H HasHauaerTcs HekoTopoe (Q==Qs; 3aTeM no (21.58) onpepeadior
Q./Qo ¥ BuuHCAAIOT (5, Hanee HAXOAAT {3 H f;. Ecan BoMucaenHoe
3HaveuHe Q, npesnitiaeT Qsmax, TO CAEAYET NPHHATH APYrOC, MeHbilee
3HAueHHe Q; H PacueTs! NOBTOPHUTL 3aHOBO; MPOH3BOAHTEJbHOCTbL YC-
TAHOBKH CyHTaeTcsi ofecrmeyeHHOM NPH BRINOAHEHUH YCAOBHA Q<<
éQamab

Tlpumep 2. TpeByeTcs ONpeReNHTH MAKCHMANBHYIO TPOH3BOAHTENLHOCTH YCTa-
HOBHH TIPH CACIYIOMMHX HCXOAHHBX AaHHbIX: A=12,15; B=125 4; Qo max=75 M%/a;
Qs max=65 M3fy; Wp=200 m3.

Hmeem

00 ¢{12,15 —1
¥ = ?__‘__-E:m_) = 178,4 m3/4,
12,5

B nauHoM ciayyae Qo max/Qo* H, CJ€0BATENBHO, MOKHO MDHKATE Qo* =75 M3fu.
Tipu 3ToMm

200 - 75
.75 ~ — 64,95 w2/u.
Q=T 5 00 12,15 75 w/

Honoxum Q=60 M3y u no dopmyte (21.58) BhuucauM Qs/Qo. Hmeenm
Q [200 + 12,5 (75 — 60)] - 60

= . - 3,147
Q (12,15 - 200 — 12,5 - 73)(75 — 60) — 200 - 75

i Q.=3,147.75=236,04 »3M (1. . Qs> Qs max=065 M3/u).

Janbreliuwe pacyeTt No ompefeneHyd Q=Q; a Tak¥Ke MPOAOIKHTEILHOCTH
nepKonoB g W f, NpHBeaeHs Ha puc. 21.21. Kax BuaHO u3 rpafHKoB, MakcHMambHas
UpOH3BOAMTENLHOCTL YCTAHOBKH cocrapiser Q=45 u3/u. TIpr 310M NDOAOMKHTEIL-
HOCTb TIEpHOZA OT6Opa O6e3esne3eHHOH BOAMW paBHa #r==6,7 u, a MPOROIKHTEIB~
HOCTL TEPHOJA 3AKAYKA B NJIACT a3PHPOBAHHOH BOAH N0AKHA 6wTh f:=18 1.
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Puc. 21.21. Tpadeananuruneckui we- Q, .M
TOX Paciera YCTAHOBKH HA MAKCHMAMb- T Gl
FYI0 MPOIBOAHTENBROCTD W, =200
! — gpusas #y; 2 — kpuBas fy; 3 ~ Kpu- 2251 Q. mox =P5ey
Bas Qs ?

175

125

75

250 | - . o

i 45 50 35 88, MYy
TakoRt MozXOn SABASETCA NPHOIMIKEHHHM, TAK KAK NPH BLNOJHeHHM DACYETOB
npuHuMaercs E==coust; He yudTniBaercs 3asHcaMocTh E={(Qs/Qo, f5}. Moatomy aas

IKCILAYATALHH HeoOXOIHMO NPUHHMATL TakoH peXHM paloTH YCTAHOBOK, KOTOPHIA
6ol 6ol 6H30K K YCJOBHSM TPOBEIEHHS ONHTOB No NpobHOoMY oO6e3xese3HBarHI.

PacueTst MHOrOCKRaXKHHHHX cHCTeM BOROCHAGxenus. PaccMorpHM
CHCTeMY BogocHalxeuusi (puc. 21.3, 6), cocroamyw H3 N CKBaXHH,
paboTalomKX Ha ORHH COOpHLIA BOJOBOA (HJAH NMOJAMOUIHX BOLY HENO-
CPeACTBEHHO B BOXONPOBOJAHYW ceTb). Bydem cumTaTh, 4TO NPOH3BO-
NHTeJbHOCTH Bojo3abopa Qs siBasieTc 3afJlaHHOR H MOMHMO 3TOTO H3-
BECTHH pacxoin Qsmax ¥ Qomax, @ TaK¥e HCXOAHAA KOHUEHTPaUHA
x)enesa Cp, 4o ¥ OCPe/HeHHble N0 CKBaXHHAM NMapaMeTpsl Op,24 H a0,/
/ng.

TlpumeM, 4TO Ha «3apALKYy» BLIBOJAHMTCA JHUIL OQHA CKBaXHHA H
3aKa4Ka BOABI B Hee NMPOH3BOAHTCA ¢ pacxodoM Q.. Torza H3 ycioBHA
obecreuernsi TpebyeMmofi HOpMbl BOAONOTPeG/eHHA B KOJAHUecTBe Qs
pacxof OTKaYkH MO KaxKMOH M3 ocraBiuinxcs B pafoTe CKBAXKHH AOJI-
XKeH GbiTh PaBeH:

Qu=1(Q;+ Q,)/(IN—-1), {21.60)
Ilpn 3ToM HeOBXOAUMO BHNOMHEHHE YCIOBHA
to=(N-—1)¢,. (21 .61)

TTocsegnee o3Hadaer, 4TO 3a BpeMs fy, MOKa H3 KakOH-TH60 OaHol
CKBAaXHHH MPOH3BOANTCA oTGOp 06e3xe e3eMHON BOAH, AOMXKHA OHTH
3apeplieHa «3apAJKa» OCTAAbHHX CKBAXKHH.

TMoacTaBans suavenns Qp u £, no (21.60), (21.61) B (21.50), no-
JIY4HM Clefyollee YpaBHeEHe:

§ 3

(N;l‘)ts{/l ?%m—l}fgw 0. (21.62)
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YpaBHe}me HMeeT OTHOIIEHHe OTHOCHTEJIbHO f, JHUIb B TOM cnyuae,
€CJH BHINOJIHAETCH YCI0BHe

Qs
Q> (21.63)

Tloncrasnss supaxenne ana A w3 (21.51) B (21.63) B yuuTnBas
NPH 3TOM, uTo £==f{Qs, Qo, {s) MOKEM 3aNMHCaTb

f i BC Q
o, = [1 —exp(—gg )] >1————, (21.64)

@02__ ig?«ta (Qs+ "V 3) .
‘ 1y (Q; +Q5)

Taknum obpasoM, BHAHO, YTO YCTAHOBJAEHHE MHHHMAJbHOIO pacxo-
na Qs 0PH KOTOpoM BuiNmoiHsieTcsi ycqoBHe (21.64), cBssauo ¢ Ha-
XOMEeHHEeM BpeMeHH fz==fomiy. BMECTEe ¢ TeM, eCJHH Pacxol 33KaUKH
3aaBaTh COrJacHO YC,JOBHIO

(21.65)

BC, 5,Q
Qumax > Q> Q. QF = — 122 (21.66)

Co,,

To 3HaueHHs I, HafJeHHble H3 pelllenHs ypaBHenua (21.62), oxaau-
BawTcs Beerna 6oaplie fymin.

CaenoBaTelbHO, MOXHO PEKOMeHA0BaThb CJAeNyIOMAll NOPAROK Bhi-
NoMHCHHSL pacueroB. Briyncasas no (21.66) Q.* n 3agaBascs HeKOTO-
puM Q, Ha ocHose ypaBHeuusi {21.62), onpesensiior Bpemsi f;.  Ira
onepauHs GHakTHUECKH CBOAMTCA K HAXOXIEHHIO KOPHeH TPaHCUEHACHT-
HOT'O ypaBHEHHA H NO3TOMY 34ech legecooOpa3Ho npHMenenHe IBM.
Hanee, 3uaq Q u f,, no dvopMynam (21.60) u (21.61) paccuHTHBaIOT
Qo ¥ t,. Tlogofunle BLIUMCTEHHA MPOBOAAT ANSA PSAA 3HaueHHHE Q. H
H3 BCeX MNOJYYeHHHBX BAPHAHTOB AHAJH3MPYIOT JKLIL Te, IO KOTOPHIM
BroNnsieTcsi yenosue Qo<< Qmax.

TIpH pacueTe KpPYMHEIX CHCTeM BOJAOCHA0XeHHMA BHUHMCJIEHHAHA [I0
(21.66) BesnnunHa Q,* MoXeT okasartbes Gosblle Qumax. B Takux cu-
TYALMSAX NPHXOAUTCA MATH HO NYTH YBeJHUeHHA UHcJa CKBaXKHMH (yc-
TAaHOBOK o0e3Xele3uBaHHsi), eAHHOBPeMEHHO BHBOAMMBIX Ha «3apHA-
Ky». TO PaBHOCHJILHO BBHIAEIEHHIO HA BOHO3abope KAK 6H CaMOCTOs-
TeJbHEX MojicHCcTeM, KaXAyw M3 TaKux MOJACHCTeM PACCYMTHBAKT MO
H3NOXeHHOfl Bhille MeTofuke. Tak, HanpuMep, ecaH Ha Bojo3abope
BMeeTcs deTHoe YHcAo N CKBaXXHH ¥ Tpe6yeTCA BBOJIHTb HAa «3apsf-
Ky» He N0 OJHOH, a [0 ABE CKBAXKHHE, TO BO BCEX pPacueTHHIX 3aBHCH-
MocTax npusumaercas N==0,5N, Q,=0,5Q;; npu stoM Q,* yMmensblua-
eTcsl BABOE.

NMpumep 3. CucreMa BOLOCHAGKEHAR W3 JBYX CKBAXKHH (pafiouel H pesepBHOH)
paboTaer ¢ NPOH3BOZMTENLHOCTHIO Qo=1000 M3fcyT. BoHOHOCHHA TOPH3OHT, 3ale-
raloni Ha ray6mHe 120 M OT MOBEPXHOCTH 3€MAH, MPEACTABIEH MEJKO3ePHHCTLIMH
FMAYKOHHTOBLIMH TleckaMp. Momocts nNaacra M=6 M, xosdpuuuent rasTpanuy
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neckoB k=10 M/cyT, mopucrocts np=0,25  Iloasemiuble BOAH HaNMOpHble, OTMETKA
CTATHYECKOTO YPOBHS HAXOAHTCH HA IayGHue 70 M.

CKBaXKHHH SBJAIOTCA COBEpPIUEHHBIMK MO CTeNeHHd BCKPHTHA NJacra H paclo-
J4ralrcs HA paccTOfHHH Jo=35 M oa#a ot apyrod. HcxornHe nanHme AJs pacyeTa:

CFe02+=1.55 MI/a, Op o4 =04 (ur-u/n)~!, @p,=0,00243 u='. Tlpm atoM Qo max=

=60 Ms/‘ly Qa max =20 M3/'-l H C020=12 MF!JI.

B nansoM npuMepe (mpu N=2} cdcrema nO/DKHA PaboTaTs CHERYIOIHM 06pa-
SOM: Koraa K3 oauofl CKBaXKHWUH NPOH3BOAHTCA OTKAYKA, YacTb OTOHpaeModl Boiau
8 KoandectBe Qs HanpaBinfercsd NOTPEGHTENIO, 4 YacTs B KoJnyecTse Q, nojaercs
B OCTAHORIEHHYIO CkBaX#Hy. B Takom pexume meppas ckBaxvHa paboraer B Teue-
HWe BPeMEHH fo, MOKA KOHILEHTPAaNHA XKeje3a B oTOHpaeMol Boje MeHwite Cp; aateM
fipouecc B cuaamunax'ueuaercs, T. € HayHHAaeTCHd OTKAUYKa BOAB H3 BTOpOﬁ cKBa-
JXHHH, & TepBaf CTAHOBUTCH HA <&33APAAKY>S.

PaccMoTpiM HECKoJbKo NOApo6Hee METOAHKY NPOBEAEHHS TEXHOJOTHYECKHX pac-
uetoB. [lpexpe Bcero nafnem Q.* u B

o BCro2+ % 0,143 1,55 45
PG, 12

o

= 0,83 u3/y;

I (1,55/0,3 — 1)
~0,143.0,4-1,55
TakuM o6pasom, peineune ypasuenHA (21.62) MoxHo nckate B obgacth Qs*>
>0,83 M3y,
B xauectee IIpHMepa paccMOTpUM rpadoaHaldTHIeCKHR MeToj pacueTa AJA
touks Q.=3 M3/u, 3pece HMeem N=2 u, cnepoBaTtenbHo, ypapHeHse (21.62) aanm-
chiBaeTcs B Bije

= 16,09 4.

3
——— 1 }#3==16,09; £ ={;
(A45+3 3 y H 3 ]

rae A=1+ 54,14 {1 — o [1—exp(—¢p )}, 9o, = 0,0103,.

O60auayHyM JeBYIO YacTb NOCJAEAHEro ypaBHenHs weped f(f;) W nposezeM pac-
yer f(fs) And pasMHuUHMX f5. Pe3ynbTaTi npuBejeHH B Ta6n. 21.6, a rpaduueckoe
peulenue yparHeRHS npeacrtaBieiio Ha pue. 21.22. Tlpu Q.=3 M3/u umeeMm fo=fy=
=86 u. Jaiewefilune pacueTd Mo STOMY NpdMepy BHTOTuSIAcH HA DBM. Pesysb-
TaTel HX B BHAE rpaduka f,=f(Q,) npusenenw wa puc. 21.22. B nauHoM cayuae
(npu N=2) pacxon, otkaukd pasen Qs+ Q.

Ta6anua 21.6. 3uaveuus f(f;) npr Q:=3 M3/

i, 9 %0, A HEN
70 0,714 16,44 1,043
75 0,765 17,30 6,097
80 0,816 18,13 10,653
85 0,867 18,93 15,589
90 0,918 19,71 20,889

Tak xak Qo He MoXer Obith Gombtte Qpmax, TO Qampen)=Qo max — Qs=60—
~—45=15 M3/u, H, CJIe0BATEILHO, MAKCHMAJbLHO AOMYCTHMHHA PacXoX 3aKAUKH HOJ-
MeH cocTaBasaTh He 20, a 15 M3/,

[ToMHMO YKA3AHHHX OrPaHHUEHHH HEOBXORHMO TAKXKE yuecTb YCJIOBHE, NMPH KO-
TOPOM He MPOHCXOAHNo GH flepexBata a3pHPOBaHHOH BOJM, 3aKayHBaemo# B IIACT
gepe3 OfHY CKBaXKHHY, npyroft, paboraiomel B 3TO BpeMA B PEMKHME OTKAUKH,
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Puc, 21.22. I'padimueckoe peienne yparHeHns

) . T
20+
8=16,09
BFLT T T T A (A
£ltg) i
ol |
¢ |
st |
IR
0 &0 e v

BpeMs, 32 KoTopOe 9acTHIA XHAKOCTH ycHemaer NpPoHTH paccTosiHne /o OT no-
raouwamel 10 B0103a60OPHON CKBaXKHHM, ONpeAeaReTcs BHpa)KeHHEM

2
t= 2-"i‘-'ff'ﬁli-1-‘(3.,). (21.67)
Qo
rae 3 sy g %
F(30) =05y 10,5 (1 — B,2) — 8y In 8] 8o = o (21.68)

Tpaguk atof yHKuUAR npH Qo=Qs+Q, npexcraren na puc. 21.23. M3 mero
BHAHO, YTO 06aCTb AOTYCTHMEHX pelleHHH HAXOAHTCR B JHaNa3oHe BpeMeHH f,=fp
or 25 5o 38 4 M COOTBETCTBEHHO Pacx0a0B @, or 6,4 mo 11,2 M3/u.

flpumep 4. PaccMOTpPHM pe3ysbTaTH pacueToB, BHIIOJHEHHHX AN Bozosabopa
«Tays-3» r. Purd. 3pech (cM. mpuMmep 1)} 3agelicTBoBaHO 14 CKBAaXHH pacuerHofi
NPOH3BO ARTEABHOCTBI0 Q=630 M3/u. HMexoanwe paHHHe: CFe 9y =2 Mr/1, O 24—

0

=0,33 (Mr-u/n)—!, Qo max=0,012 u—!, MakcHMaAbHO [ONYCTHMHE PACXOX OTKAUKH
Qo max=60 M3fu. TIpH cBOGOZHOM HaJ/MBe B CKBAXHHH a3pHPOBaHHOH BoAH (T. €.
1pu 06yCTPOHCTBE YCTaHOROK TO cxeMe pHC. 22,a) Qamax=20 M3/u (npH Goabwux
Pacxojax HPOHCXOLHT 33TONJEHHe MABHJILOHOB); B CJyYyae NPHHYAHTEILHON 3aKaukM
(o cxeMe pHc. 21.2,2} Qi max=40 M3/u. KoHuentpanus xdciopoja B aspypoBaHHOA
BOJIe COCTaBAfeT CO?0 2 8—12 mr/a.

HpH YCJOBHH, YTO Ha <34pAAKY» BBIBOAAT 10 OJHOH CKBaiiHHE,
HMeeM

Q*= 3}4382,639 =-922.5 M3/y.

CrnefoBaTelbHO, €CH HATH MO NYTH O6ycTpOHCTBa YCTaHOBOK IO
cxeMe puc. 21.2, a, To Ha «3apAAKY» NPHAETCH BLIBOAHTb HE IO OA-
HOH, 2 10 ABe CKBAXMHHH; npH 3ToM Qp* cocraBut 11,3 M3u. Tlpnu Ha-
MOPHOK e CXeMée 3aKauKH pellleHHe CYIeCTBYeT H IPH BHIBOAE Ha
«3apAAKY» N0 OAHOH CKBalKHHE.

PacueTH 1o 3THM ABYM BapHaHTaM NpeACTaBJjeHbl Ha pHC. 21.24.

Ha Bogosabope «Iays-3» K sxkcrniyatauHd ObBlji NPHHAT BapHaHT
C TIPUHYAHTENbHOH 3aKAauYKOH B NAaCT a3pHPOBAHHOH BOAH M PEKO-
MEHJOBAH CJAGAYIOMHKHE peraaMeHT: Q.32 M3fu, ;=168 u (7 cyr),
Qo= (630+32)/13=51 m3%u. Ilpu 3TOM pasMepsl 30HH <3apAAKU*P
NJ1acTa B OKPECTHOCTH KaX/J0# CKBaXKHHBl COCTABIAIOT

P I/-Bia__z I/-W
d nMny 3,14-18.0,25 "

a BpeMs ee 3aULHTHOrO AEHCTBUS PaBHO: fp=7-13=01 cyr.
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4Ok
Qmox= 15wt Puc. 21.24. 3asucumoctd f2={(Qs)
= SNy I —cxema co cBO6OIHBIM HaJHBOM:
AT ; N=7, Q,=315 M3/y; 2 —cxeMa ¢ npH-
ol s bum Q11207 ~ ByLHTednHOR 3aKaukoll: N=14, Q.=
_._x_n__:,‘,ra....',_,_.l.J,L_...L_J_ =630 m%u
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Puc. 21.23. 3aBucumoctn f3=F(Q;) u
t=f( 0 Qs}

azy WP N XX KK

Puc. 21.25, TpadHkn wWaMeweHHR co-
RepXavHa Kenesa b oTéupaeMoRl Bone ) 1
B npolecce 3KCNAyaTallHH YCTAaHOBOK 0 LW 60 80 team

Beox BogosaGopa B meficTBHE ¢ ycTaHOBKaMu 06e3mese3nBaHus
(o6ycTpoenmiMu no cxeme puc. 21.2, 2) npoussenen B 1984 r. Tlyc-
KOBOM nepHOA NPOAOJIKAJICH B TeUeHHe dyeThipex MecsineB. B 1985 r.
TeXHOJOTHA 00e33ke/e3HBaHHd NOA3EMHBIX BOJ B IJACTé HA BOAO03a-
bope «I'aya-3» npHHsATa MEXKBEeJOMCTBEHHOH 3KCIepTHON KOMHCCHEH.

C MoMeHTa BBOJAa B SKCIJIYATAlHIO H MO HACTOSIlee BpeMs Ha BO-
nosabope «I'ays-D» DPOBOAHTCS CHCTEMATHYECKHI KOHTPOJL 3a pa-
60TO# ycTaHOBOK o0e3xene3nBanHs. losydyeHHble NpH 3TOM JaHHHE
(puc. 21.25) cBHAETENBCTBYIOT O TOM, YTO (PaKTHUIECKOE BpeMs fo YAOB-
JETBOPHTENBHO COTJIACYETCH C pPaCUYETHBIM. Boaa nogaetcss B ropon
C KOHUeHTpanxed xeqesa, He npeswimatomeii 0,2—0,3 mr/a.
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