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NPEAUCJHOBHE

B OcHoBHBIX HanpaBJeHHAX 3KOHOMHueckoro H couuanbHoro passutus CCCP
Ha 1986—1990 roawl u na nepiox ao 2000 roma oTMeueHa HeoOXOZHMOCTb YCHJe-
HUsi NOHCKOB H DasBelKH MOJ3EMHBIX BOA MAJs HCMOJb30BAHUSA HX B HApPOJHOM XO-
3AHCTBE.

[To,13emHble BOABI SABJASIOTCSH HCTOYHHKOM CeJbCKOXO3STHCTBEHHOTO BOJAOCHAOXKe-
Hisl, & OpH HAJHYHH XOPOLIEH 3aulHTHl OT 3arpsi3HeHHH HX HCNOJBb3YIOT B ILeNsX
X037CTBEHHO-THThEBOI'0 BOAOCHAOXKeHHsT KPYNHBIX HACEJNEeHHBIX MYHKTOB H TOPOAOB.
Cxextbi KOMIJIEKCHOTO MCIOJb30BAHHS MNOBEPXHOCTHHIX H MOA3EMHBLIX BOJL peaJH3o-
BaHbl B TaKMX KPYNMHBIX ropoaax, Kak Kues, T6unuck, Pura u np.

HeratuBubie TeHACHIHH H3MEHEHHst KauecTBa BOALI B MOBEPXHOCTHBIX BOJOHC-
TOuHiiKaX (pekaX, BOAOXPAaHHJHIIAX, 03epaX) NPHBOAAT K HEOOXOAMMOCTH cCyllecT-
BOHHOrO COBEpPLIEHCTBOBAHHS OUHCTHHIX COOPYIKEHHH, H XOoTs paspaboTaHbl TEXHO-
JOTINECKIe pellleHusi AAs KOHAHIHMOHUPOBAHHS MNOBEPXHOCTHHIX BOA JAaxe IIpH
BLICOKOI! CTEeMEeHH HX 3arpA3HeHHs, COCTOSIHHE OCBOEHHS CePHHHOrO BHIMYCKa CNELH-
a.1bHOT'0 BOJOOYHCTHOro OOOpYLOBaHHUs, peareHTOB, CPeACTB KOHTPOJAS H aBTOMAaTH-
3alHil NPoLeccOB BOAOMOAIOTOBKH A0 HACTOfALIEro BPeMEHH HEYIOBJETBOPHTEJbHOE.
CvileCTBCHHBIM CHAEPXHBAOWHM (akTOPOM B Pa3BHTHH COBPEMEHHBIX TEXHOJIOrH-
qeCKIX IPONecCOB MPH OUHCTKE BOJABI CTAHOBHUTCA H HeOOXOQHUMOCTb NPHHUHMHAJb-
HOFO W3MeHeHHMs MOAX0oAa K OOGbeMaM KAaNHTaJbHbIX BJIOXKeHHH HA CTPOHTEJNbCTBO
BOJOOUYHCTHBIX COOPYMKEHHH, KOTOphle MAOJIKHB BO3pacTaTh ropa3go GoJsiee BBHICOKH-
M TeMIIaMH,

B 3THX yca0BHSIX eAHHCTBEHHOH aJIbTEPHATHBON PA3BHTHA XO3AHCTBEHHO-NHThE-
BOI'0 BOJOCHAGMXeHHs OCTaeTcsi pacuidpeHde MacwiTaboB HCMOJAb30BAHUA IOA3eMHBLIX
BOJ, XOTS 3TO HM B KOell Mepe He HOMKHO OBITh NpUUHHOM 3aMelJieHHs paspaboTkH
H OCBOEHHS HAa NMPOU3BOJACTBE HAJEMHBIX OUHCTHHIX coc}g}rn{e:mﬁ NnpH HCMOJB30BAHHMHU
B KaU€CTBe HCTOYHHKA BOAOCHAOXKeHHS B TOH HJAM HHOH CTeNeHH 3arps3HEHHHX BOA.

B Hactosimelt paGoTe Hapsily ¢ ONHCaHHEM OCHOBHBIX MPHHUHNIOB TNPOEKTHPO-
BAHIS COOPYMeHHt ans 3a60pa MOA3EMHLIX BOJ OXapaKTepH3OBaHbl IPOI'PECCHBHbLIE
Me101sl HX CTPOHTeJbcTBa M o6ycrpoiicTBa. Bopozabophble COOpPyXeHHS paccMmar-
PHBAIOTCS B KOMIJIEKCe € CHCTeMAMH HCKYCCTBEHHOrNO BOCHOJHEHHS MOA3EMHBIX BOX
(MBIIB), Hcrnosb3oBaHHe KOTOPHX NO3BOJSAET IKCNAyaTHpoBaTh BOA03a0OPH B Of-
THMA.1bHOM THAPOAHHAMHUYECKOM peXHMe H OCYUIeCTBJAThH peryJHpoBaHHe KayecTBa
oTOlpaeMOl H3 BOLOHOCHBIX NJACTOB H NOJaBaeMoil MOTPe6GHTENIO BOABL. BaXXHBIM
acrleKTom 3KCNJAyaTainiu BOA03a6OpPOB oOCTaeTcsi MOAAePKaHHe HX CTaOHJIBHOTO JeHl-
CTBUS B TeyeHHe BCEro nmepuola amMopTH3anHH. TeXHHUeCKHe CPelCTBa H TeXHOJIOTHS
nponssoicTsa 3THX pa6oT, ONMHcaHHble B HNAHHOH KHHre, o0ecleuHBalOT yCeurHoe
pelleiiiie YKa3aHHBIX 3ajay. BmyoTHyi K 3THM npobjeMaM INPHMBLIKAIOT H BONPOCHI
PEKOHCTPYKIHH BOA03a60OPHBIX COOPYXKEHHH, paccMOTpPeHHble Kak CnocoObl HHTEH-
ciiduKagHH AeHCTBYIOLIHX B0OA03a6OPOB.

Brnepsble B OTeuecTBEeHHOH JuTepatype mnoapobHO onucaHo OOOCHOBaHHe TeX-
HOJOTIH 00e3¥Keje3UBaHHs NOJ3eMHBIX BOJ B IJaCTe C XapaKTepPHCTHKOH yCTaHOBOK
nepHoaH4YecKoro H HeNnpepHBHOrO AHCTBHA,

B. C. AnekceeBblM HamHcaHbl npeaucjoBue W raasst 4—10, 12—14, 1719,
H. A. INaooTtuukoBuM —raasuw 1—3, 11, 15, 16, 20, T'. M. Kommyuapom — raasa 21.

ABTODB BHIPAXAOT rAy0OKYi0 NMPU3HATENbHOCTh KaHA. TexH. Hayk A. ®. Ilops-
diHY, B3siBieMYy Ha ce6s TPyR NO PEUEH3HPOBAHHIO PYKOMHCH H CHAeiaBlueMy IO Hel
PAL LleHHHIX 3aMeuaHHH.



I'JIABA 1. MTOA3EMHDBIE BObI,
UX UCNTOJIb3OBAHHE

1.1. YcaoBHuA 3aJeraHus noa3eMHbBIX BOJ,

M3ydenHeM nmoA3eMHBIX BOJX 3aHHMAaeTCss HAayKa THAPOreoJOrHsl.
OTMeTHM KpaTKo BaXXHeHLIHe THAPOreoJOrHyecKHe NMOKAa3aTeJH H yC-
JIOBHSI 3aJIeraHusi NMOA3E€MHBIX BOJ, oNpefAensiiolllHe HCNOJb3OBaHHE UX
Bono3abopamMu Ans BOAOCHaGXKeRHS, OOBOJAHEHHS, OpOLIEHHS H ApY-
rux notpeGHOCTEH.

ITonzemMHuble BOAB MO FHAPABJIHYECKHM YCJOBHSIM IEJAAT HA HANOP-
Hble M Oe3HamopHble, @ MO YCJAOBHSIM 3ajJieraHdsi — apTe3HAHCKHE W
rpyatoBbie (pHc. 1.1). Takoe pasgeneHHe Q0 HEKOTOPOH CTeNeHH YC-
JoBHO. Hanpumep, noanutka apTe3naHcKux Boa Oe3nanopHas, T. €.
MOjA3e€MHble BOABl HE MOAHHMAIOTCH BbllIle BOAOBMENIAOIIHX TOPOJ.
ITpu BrIXOKEe HANMOPHBIX BOJA HA NMOBEPXHOCTb 06pa3yeTcss BOCXOAAILHM
MCTOYHHK (CM. puc. 1.1), a npu BuXoAe Ge3HANOPHBIX — HUCXOASILH.

B peuHnix nonuHax OOBIYHO OTKJAABIBAIOTCS PHIXJbIE, TAK HA3HIBAa-
€Mble aJIOBHAJbHBIE, BOAONPOHHIaEMble NMOPOAB (MEecOK, TrpaBHi,
rajbkKa), Ha ypOBHe KOTODPBIX HAaXOASTCS TPYHTOBbIE BOAH (HE TOJBLKO
6esnanopsble, HO W HaNOpHBIE), a TaKKe IJIMHUCThle MOpoAH. B nex-
HHKOBBIX OTJOMKEHHsiX Yallle BCTPEYaAKOTCs HaNoOpHble H caabonamnop-
Hble BOAB (Tak¥Ke B NeCKax, rpaBHH H raneynHkax). Heo6xoaumo
OTMETHTb, UTO IIHPOKO pPACIpOCTPaHEHHbIe NMOA3eMHbIe BOAH IO CTele-
HU MHHEpanH3aUHH pasiensiloT Ha npecHble (no 1 r/n), conoHoBaTHe
(mo 25 r/n), conennle (mo 50 r/n), pacconnt (Gosee 50 r/n).

3aneralT NOA3eMHBIe BOIAbl B PAa3JHYHBIX THAPOre0JOrHUeCKHX
ci0sX O6J11M3 NMOBEPXHOCTH 3€MJIM HAH udallle Ha rayOuHe, NpeBHIIAK-
IIled NECSITKH U COTHH MeTPOB. B oOTaenbHBIX CAyYyasix HCIOJb3YIOT
IpecHsle BOABI, 3aJjeramlllde Ha raybunax no ! kM u 6osee; MuHe-
pasbHble, TePMaJbHble U NPOMBILIIEHHBle (Aas H3BJeYeHHS HOxa, 6po-
Ma M JApPYrdX XHMHUYECKHX 3JIEeMEHTOB) wyallle 3aJseraloT Ha OO0JbIIHX
rnyObuHax. YCnOBHsl 3ajerandss U PacnpocTpaHeHHsi MOA3EMHBIX BOJ
B CCCP Hu3yueHb AOBOJBHO MOAPOOGHO, HO A5 KOHKPETHOrO MX HC-
NOJb30BaHHSI HYXHBI JAeTalbHble uccaeAoBaHusA. Ilpu oueHke 3kc-
NAyaTaluOHHBLIX 3aMacOB MOA3EeMHBIX BOJ IO NAHHBIM H3bLICKAHHH BHI-
AeNAI0T YYaCTKH BOJOHOCHOH CHCTEMbl, Ha KOTOPBIX NOJA BJHSHHEM
€CTEeCTBEHHBIX M HCKYCCTBEHHBIX (PAKTOPOB, BKJAKUYAS 3IKCIJIyaTalHIO
NMOA3EMHBIX BOJ, CO3MaI0TCs ONaronpHsiTHbE YCJAOBHS MO CPaBHEHHIO
C OKPYXaWWHUMH NJOMAAAMH AJass oT60pa NMOA3eMHBLIX BOJA COOTBET-
CTBYIOHIHMH BOA03a60OpaMH B KoJaHuecTBe, HeOOXOLHMOM JHas leJe-
BOro HCIOJIL30BAHHS B HApOAHOM Xxo3gHcTBe. TakHe YuYacTKH Kjac-
CHOHUHPYIOTCA KAk MeCTOPOXKIEeHHs IMOA3eMHBIX BOJ, KOTOpble Xa-
PaKTepH3yIOTCHd, B YaCTHOCTH, CJEAYIOLIHMH YCJIOBHAMH 3ajeraHHs
noaseMublx Boa (no JI. C. §I3BHHy M Ap.): 1) B mpenenax coBpeMeH-
HBIX H norpeGeHHBIX PeYyHBIX NOJHH; 2) B apTe3HaHCKHx OaccedHax;

4



135"11 4 5 4

/
L N ST A b
fﬂ&" 1 E = ,_I-: Wil ‘.- __h.-(_h‘-' 5 B. ‘:‘
75 i[|1 T LN : —rvf
T sl
or 1 7
25 ¢ ! | } l *
I
! 1 il Yl H L L L | |!I xl !: J_l i
J 20 40 60 80 700 120 140 760 XM
1 ] 2 m,j ~X=X=X 4 =l-1-15§

Puc. 1.1. Cxema 3ajieraHiusa noa3eMHBX BOJ

] — ranHH; 2 — neckHd; 3 — TPELIHHOBATHE i KaBEPHO3HHE H3BECTHSIKH; 4 — ypOBeHb
Ge3HanoOpHHX BOA; & — YpPOBeHb HAmoOPHHIX BOJA; 6 — TO e, BHIlle YPOBHA 3eMJIH;
A — Bocxoxsimuii HcTouHHK; B — peka; B — Oacceiin rpyHroBuX Boa; | — apresman-
CKHiI BOAOHOCHBIA ropHu30oHT; Il — rpyHTOBHIE BOAH B aJJAIOBHAJbLHHIX OT/JAOXKEHHAX

3) B KOHYCax BBIHOCA, NMPeAropHBIX Hinekdax U MeXropHbX BlajaHHaX;
4) B OrpaHHYeHHBIX MO NJOWIAAH CTPYKTYpaxX HJAH MAacCCHBAx TPeLIHH-
HbIX U TPEIIHHHO-KapCTOBHIX NMOPOJ, a TaKXe B 30HAX TEKTOHHUECKHX
HapyUIeHHH; ) B MEeCYaHBIX MacCHBAX MNYCTHHb H MNOJYNYCTHIHb;
6) B HAaIMOPEHHBIX H MEXMOpPEHHBIX BOIHO-JE€AHHKOBHIX OTJOXEHHSAX;
/) B TAaNUKOBBIX 30HAX 00J/1aCTH Pa3BHTHUS MHOTOJIETHEMEP3JBIX IIO-
poi, a Tak¥ke B JAPYrHX YCJOBHAX (HampHMep, B psiie BOMXOHOCHBIX
rOPU30OHTOB, NMPHYPOUEHHHIX K TPEIIHHOBATHIM H 3aKapCTOBAaHHBIM H3-
BCCTHAKAM KaMeHHOYTrOJbHOH CHCTeMBl IloAMOCKOBHOro apTe3HaHCKO-
ro 6acceina).

1.2. Acnoab3oBaHHe NOA3EMHbBIX BOI

Of1iee MHPOBOe HCIOJMb30BaHHe NMOA3eMHBLIX BOA B XX B. AAs XO-
3HCTBEHHO-NUTHEBOIO BOJOCHAGXKEHHS HAcCeJeHHBIX IYHKTOB, MpoO-
MBILIVICHHBIX NPeNNpHATHH, a Tak¥Xe B CeJbCKOM XO35IHCTBe pPe3Ko
Bo3pocao [6]: B Hauase Beka TONOBOH pAacxoj COCTaBJASJA OKOJO
400 xM?, K 1970 r. on yBennuusacsa po 2600 xm3, T. e. ctaa B 6,0 pasa
6oabie, a k 2000 r, HaMmeuaeTcs yBeanueHde no 5800 xm3. Ilpu sTom
HaubosbIIHH pacXol MOA3eMHBIX BOJI NPHXOAHTCS Ha OpOUIEHHE.

MupoBass NpOMBILIJIEHHOCTh 3a 3TO BpeMsl YBeJHUHJa TOAOBOE
norpebaenne ¢ 30 go 650 kM3, 1. e. noutu B 22 pasa. Ilo naunsim U. C.
3ekuepa, H. U. ITnoruukoBa u JI. C. f3BuHa, HaubGojsee KpYNHBIM
notpebutenem nopseMublx Bog B CCCP sgBasiercss B HacTosllee BpeMs
KOMMYHa/lbHOe Xx03sificTBO. O6wmu# orbop noasemunslx Box B CCCP
JUIi KOMMYHaJabHOro X03siicTBa (H, BEpOSITHO, YacCTbK AJS NPOMBILI-
JEHHOCTH) B nociaefHee BpeMms cocrtaBasier 320—350 m3/c. Ins cenb-
CKOXO03HCTBEHHOr0 BOJOCHAaOGXeHHss u oO6BomHeHus uactbuu; B CCCP
pacxonyercs okoao 180—200 m3/c u ans opouienus — okoao 250 m3/c.
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Bcero B CCCP noasemubix Boja Hcnoab3yercss okoao 800 m3/c, nawu
25 gm3/ron, 4To CocCTaBJsIeT MO YKAa3aHHbIM JAAHHBIM  He(OJbIIYIO
YacTb HX NMPOTHO3HPYEMEIX pecypcoB. B oTmasieHHOH NepclekTHBe A4
FOPOJCKOTO H CeJbCKOXO3HCTBEHHOr0 BOJNOCHA0kKeHHsT ¢ 0OBOAHEHH-
eM NnacTOHIL HaMedaeTCs HCMOJNb30BaTh OKOJ0O 2 ThIC. M3/C, HJIH OKOJO
60 km3/rom mMoOA3eMHBIX BOJ, YTO COCTABJIfeT JHIIbL 1/s yacTs OOMIHUX
IIPOTHO3HpYeMbIX pecypcoB. Ho B HeKOTOpHIX paHoOHax, HanpHMep B
MoapaBuu, notpeOGHOCTp BABOe NpPEBBLIIIAET NPOrHO3HPYeMble pecyp-
col. CaefyeTr Tak:xe yuHTbIBATh, YTO 3TH pecypchl (HMeOTCS B BHAY
IIpeCHble BOABI) pacnoioxeHbnl HepaBHOMepHO Ha TeppHTOopHu CCCP
H HepelKo Aaneko oT norpebutens. IlostomMy HcCXoms H3 TeXHHKO-
SKOHOMHYECKHX IOKa3aTeJell He Bceraa uesecoo6pa3HO HX HCHOJb-
30BaTb AJS XO35IHCTBEHHO-NIHTHEBOI0O BOJAOCHAOKEHHS.

ITo nocnexnum AauubiM [25] mporHossl panbHeilero yBeJHYEHHS
notpebJeHHss NOA3EMHBIX BOJ H3MEHHJHCb B NOJAb3y HX 3SKOHOMHH.
Tak, B CIIIA B 1970 r. Bopo3adop npecHBIX BOJ Ha XO3fHICTBEHHbLIE
HyKapl coctaBaga 450 kM3/ron. K 2000 r. npeanosaraercss HCNOJb-
3oBaTh 370—500 kMm3/roa, T. €. npuMepHo Ha ypoBHe 1970 r.

1.3. 3aKoHOAATENABLCTBO O NOA3EMHBLIM BOAAM
M TeXHUUYECKHEe HOPMAaTHBbI

BaxXHeHIIHM 3aKOHOM BOAONOJb30BaHHUSI ABAATCA «OCHOBBI BOJ-
HOro 3akoHomatesbcTBa Coio3a CCP u colo3HbX pecnyGJaHK», yTBEp-
skneHHsie 10 nekabpst 1970 r. BepxoBubiM CoBetom CCCP,rae ycra-
HOBJIEHBI OCHOBHblE TpeOOBAHHA K BONPOCAM HCINOJb30BAHHS BOJHBIX
pecypcoB. B cratbe 2] ykasaHo, YyTO, Kak NpPaBHJO, HCINOJb30BaHHE
MOJA3E€MHBIX BOJ NHTbEBOrO KaueCcTBa MIJd HYXJ, He CBS3aHHBIX C
NUTLEBHIM H GHTOBHIM BomocHaGxKeHHeM, He gonyckaercss. [lpu oueH-
Ke KayecTBa NHTbEBOH BOABI cJelyeT pykoBoacTBoBaTbcsi ['OCT
2874—82, a TakXKe yKaszaHusiMu MHHUCTEPCTBA 3APABOOXPaHEHHS
CCCP o npeaesbHo AONYCTHMBIX KOHLEHTPANHUSX BPEeIHBIX BEIlECTB.
[Ipu BbiGOpe NMOBEPXHOCTHBIX BOJ, HanmpuMep npu GeperoBoit HHG Hb-
Tpauuu, npu KMIBIIB u npu ycTpodcTBe NOA3eMHBIX BOAOXPaHHJHULIL
pekoMeHayeTcss npuHuMaTh Bo BHUManue 'OCT 2701 —84.

OO6uue ykaszaHds Nmo BeIGOPY HCTOUYHHKOB 1LIE€HTPAIH30BAHHOTrO XO-
3SIUCTBEHHO-NIUTbEBOro BOJAoCHalOxenus onpeaeaswotTes 'OCT 2761 —
84. [as npeaynpeXAeHus 3arpsa3HeHuss MHHHCTEPCTBOM 3ApaBoOOXpa-
Henuss CCCP paspa6otano «[losoxKenue o nopsiake NpoeKTHPOBaHHS
M 3KCHJYaTallHH 30H CAHUTAPHOH OXPaHbl HCTOYHHKOB BOAOCHAa(Ke-
HHS ¥ BOAONPOBOAOB XO3SIHCTBEHHO-NUTHEBOI'O BOAOCHAOKEHHSI». DTO
NOJOXKEeHHe YTBepPXKAEeHO TJaBHBIM T'OCYAAPCTBEHHBIM CAHUTAPHBLIM
Bpayom Coioza CCP [13]. B pasBurne 3Toro mnoJsoxenus BHUU
BOIOTI'EO Toccrpos CCCP paspaborannl «PekoMeHnnanuu mo rugpo-
reOJIOTHYECKHM pacyeTaM IJIs oNpejeeHusl FpaHul 2-r0 H 3-ro noscos
SOH CaHHTApPHOH OXpaHb MOA3E€MHBIX HCTOUYHHKOB X03fHCTBEHHO-
MHTLEBOr0 BofocHaGxkeHus» [15].

[Ipn HCKyCCTBeHHOM BOCIOJIHEHHH MOA3EMHBIX BoJ MHHHCTEPCTBOM
anpaBooxpaHenuss CCCP 26 mapra 1979 r. yrBepxKaeHnl «CaHHTapHBIE
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npaBHJga MO YCTPOHCTBY H 3KCIJyaTalHd BOJA03a60OPOB C CHCTEMOH
HCKYCCTBCHHOIO BOCIIOJIHEHHSI IOA3C€MHBIX BOJ XO03sHCTBCHHO-NHTbe-
Boro HasdHaueHusi» [18]. Ilpu mpoekTupoBanun BOA03a60OpPOB CiEAYyeET
yunteiBath «KaaccudHKanHw 3KCNAyaTalHOHHBIX 3alacOB H NPOTHO-
3HPYEMBIX pecypcoB NOA3eMHBIX BoA» [8], a Takxke «HMucTpykuuwo no
NPUMCHEHHI0O KJaCCHOHUKAIHH 3KCNJyaTanHOHHLIX 3alacoB MNOJ3eM-
HbIX BOJ K MECTOPOKAEHHSM NMHTbeBbIX M TEXHHYECKHX Bod» [7].

B macrosillee BpeMsi He CylieCTByeT OOILECOIO3HOrO CTaHapra
A19 OUEHKH KauyeCTBa TMOJHUBHBIX BOj NpH opomeHuH, Ho BHHUUT'uM
B 1984 r. pazpa6oTaHsl peKOMeHAALHH MO OlleHKe KauecTBa BOJAbI Jid
opolleHHs. B HekoTOpbiXx pecnybiaukax pa3paboTaHbl OTAEJbHBIE PEKO-
MEHJAUUH U PYKOBOACTBA MO HCIOJb30BAHHIO MHHEPAJH30BAHHBIX BOJ
(Typkmenckaas CCP), npenaxknbix Bopx (¥36ekckas CCP u Ka-
zaxckass CCP). KauecTBo BOAbl I/15i OpOllleHHsi 3eMeNb Ha iore Yk-
pannsl Hopmupyercss FOCT 25900—83.

Coio3BoanpoexkToM B 1986 1. paspaboraHbl HOPMAaTHBBI KayecTBa
BO/bI, OCHOBHbIe INOKa3aTeJn KOTOPbIX NpHBeAeHbl B TalbJuue.

Ouenka xayecTBa BOAM AJ$ opollleHds W oOBOAHEHHA MO BeJHuHHe o0uteh

MHHEpaJdH3aUUH
BeauuHHa
KauccTBo BOAK MO il Y MMpuronnocts BOAM 178 neneft [MpHroaHocTs BOAH
MiiHepaaH3alHH "ggf{ﬁ,"" OpOMIeHHS Ans oGBOAHEeHHs
r/n
[Ipecnas 0,2—0,5| Bnoane mpuroznna Bnoane npurogHa
YvepenHo { 0,5—1 | To xe, npu orcyrcTBun cBobon-{ To xe
npecHas HOr'o JpeHaXXa HeOOXOZHMBI Me-
PH, MNpefynpexpaiollHe HAaKOIN-
JeHue uieJoyen
Caabocononosaras | 1—3 [Ipurogna nast mouB BhicOKoOft| [Ipuroana Bo  BCe
NMPOHHUIIAEMOCTH NpPH XOpOUIeM | c€30HBl roaa
ApeHaxe ¢ noabopoM  coJeyc-
TOHUYUBHIX KYJbTYP
YviepeHHo 3—93 JlonyetuMa B yCJOBHSIX XOpouwio| YCJAOBHO NPHTOAHA
coJoHOBaTaf obecneueHHoro JApeHaXa CnpH-| (B OCHOBHOM 3HMOH
MeHeHHeM NpPOMBBOK M 1oabo-| 1 0OCeHbIO)
POM COJEeYCTOHUHBHIX KYJBTYP
CuabHocoeHasd 5—10 | llpumenrma B cayuae xpafineii| [Ipurogua TONBKO
HeoOXoauMocTH H B 0cob60 6Ja-| OCeHbI0 U 3UMOH
{ FONPHATHBIX VCIOBHAX
Coaenble BOIB 10 | IlpakTHuecKH HempUroHbI [IpakTHueckH He-
" paccons NPUTCOAHEL

YKaszanuble B TalJiHIe HOPMAaTHBbI YTOYHAIOT

o iy

pPaCTBOPEHHBIX COJIeH.

C yueTOM COCTaBa

1.4. Tunsl BoR03a00poB NOA3EMHBIX BOJ

Boxo3za6opbl NMOA3EeMHBIX BOJA COCTOSIT KaK H3 OTHCJAbHBIX COOpPY-

Kenu#l (KanTaXKHblX) M8 MONYyYeHHs MNMOA3EMHBIX BOJ, TaK H H3 HX
cicTeMbl (BOL03abOpOB); OHO KallTaXXHOe COOPYKEHHE TaK¥Ke MOKHO
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Ha3BaTh BOJ03abopoM. CyluecTBYIOT CieAYIOUIHE THNB KaNTaXXHBIX
COOPY3KeHUH U BOA03abOPOB.

KanraxHble cOOpYXKEHHMs IJs NpHeMa BOABI H3 BOCXOASIIHX H
HHCXOASILIHX HUCTOYHHUKOB (KJAl0UueH, POAHHKOB) paccCMOTpeHs B Ii. 11.
B 3aBHCHMOCTH OT YCJOBHH BBIXOAA HA NMOBEPXHOCTh 3€MJIH H3 BOIO-
HOCHOrO TOPH30HTA KalTaXH MOTYT HMETh PAa3JHYHYIO KOHCTPYKILHIO:
B BHIe JpeHaXHbIX TpyO6 cO COOPHBIM KOJMOALEM M KaMepoid, OXHOH
KallTaxXKHOH KaMepbl, a HHOTAa B BHJAE LIaXThl ¢ OTBOAHOH Tpyboi. Ta-
KHe COOpYyXeHHsl B HacTosiliee BpeMsi BCTPeUalOTCS CPaBHHTEJNbHO
peako. Camoe BaXXHOE — PaCMOJOXKHUTL KaNTaxKHble COOPYKEHHS J0
BHIXOla Ha MOBEPXHOCTb 3eMJIH, uTOOBI MpeAYNpedHTb 3arpsi3HeHHe
TNOA3€MHBIX BO.

lFopusonTanbHpie BOR03a00Opnl B BHAE ApPEHAXHLIX TPYO M rajaepe,
NpHMeHsieMble IJs 3aXBaTa TPYHTOBHIX BOJA, YKJAaJAKBAIOT B BHIPHITHE
KaHaBbl H pacrnogarailoT Ha riaybuHe oOniuHO He Gosee 5—8 M. U3
rOPHU3OHTaMNBbHBIX BOA03a0OpPOB BoAa mnoctrymnaer B COOpPHBIN KoJozell
(Kamepy).

F'opu3OHTaNbHBIe Jy4éBhle BOA03a00ppt NMpoOypHBAIOT H3 UEHT-
pPasbHON HIAXTH-KaMeph! ¥ yalle NPHMEHSIOT AJs 3aXBara FPYHTOBHIX
BOJA, a B HoCjefHee BpeMs —H AJs 3axBaTa HanopHeix Boia. Coopy-
JKalTCd OHH CPABHHUTCABHO PENKO, KaK MpaBHAO, Ha raybGuHe [0
10—30 m u 6ouce.

[opu3onTanbHble BOA03a00ps B BHAE IITOJIEH M KAPH30B (Ha IuIy-
6unax 1o 20 M u Goaee). Ilocaennne npeacTasasiioT cob6OH JpeBHH
cmocob kanTaxka moaszeMHbix Boa. B CCCP onn npumensiiuch B 3a-
KaBKa3be M Ha lore TypkMmeHHH, 3a py6exkoM —B HMpane, Hanpumep.
B nacrosiiee BpeMsi KIPH3bl HE COOPYXKAlOT, HO paHee BHINOJHEHHBIE
9KCIJIyaTHPYIOTCS U PEMOHTHPYIOTCH.

HlaxTHble KONOAUB HCMONBL3YIOT yalle npH HeboJbiHX ob6beMax
notpebaeHnss ¥ rayOuHe 3ajeranusa noaseMHex Boa Ao 20—30 wm.
s 3aXBaTa NMOA3EMHBIX BOJ, COOPYKAIOT CKBAXKHHB! PasJHUHBIX KOH-
CTPYKUHH: OAMHOUHBIE AJis1 HeGOAbIIHX MOTpeOHOCTEeH, HECKONbKO HJIH
JaXe MHOXKECTBO CKBaXKHH, KOTOpble 00bCAHHSAIOT B CHCTEMY BOJAO3a-
60pOB CYMMAapHOH TMPOH3BOAHTENbHOCTHIO JAO HECKOJbKHX COTEH H
npaxe Thicsiu Ky6oMeTpoB B CeKyHay. Boao3abGophl H3 CKBaXXHH NpHMe-
HSIOT NMPH 3aXBaTe KaK TPYHTOBBIX, TAK H apPTe3HAHCKHX MOI3eMHbIX
Bof. CKBaxHHBI HJIH BOM03a0OpHl H3 CKBaXHH NPHMEHSIOT NMPH Tay-
6HHe MOJOIUBLI BOJOHOCHOTO cJ0os 6osee 8—10 M.

JIns oco6BIX YCNOBHH, HaNpHMep B pafioHaX MHOTOJIETHEH Mep3Jio-
THl, ceiCMHYECKH aKTHBHBIX, MPUMOPCKHX M APYIHX crneuHpuUUeCKHX
YCJIOBHI, COOPYXKAaIOT BO03a60ps!l 0COO0H KOHCTPYKIHH.



I'JIABA 2. 3KCIIJIYATALUOHHDBIE 3ANACHI
NMOA3SEMHBIX BOL

2.1. TlousiTHe 00 3KCNAyaTAUMOHHBIX 3anacax
NOA3EMHBIX BOJ U METOAB! UX OLEHKH

[lon skcnayaTallHOHHBIMH 3anacaMH NOJA3E€MHHIX BOJ TOHHMAIOT
HX pacxol, KOTOPHIH MOXeT ObiTb MOJAYYeH Ha MeCTOPOXKAEeHHH C Io-
MOIUbIO PallHOHAJbHBIX B TEXHHKO-DKOHOMHUYECKOM OTHOIIEHHH BOJAO3a-
OOpHBIX COOPYXeHHH NpPH 3aNaHHOM peXHMe IKCHJIyaTallHH H IIpH
KaueCTBe BOJAH, yAOBJETBOpsiOlleM TpeGOBaHHSIM 1eJeBOr0 HCHOJb-
30BaHHsl B HApPOAHOM XO3fIHCTBe B TeYEHHe PacueTHOro CPOKa BOJO-
norpebyaeHusi. Ilpu OlleHKe 3KCNJAyaTalHOHHBIX 3alacOB MOJA3E€MHBIX
BOA, KPOMe TOro, HeoOXOAHMO YUHTHIBATb INOJIOXKEHHE YDOBHEH BOJHI
B HUX (AHHAMHYECKHX ypOBHEH), a TakXe HX H3MeHeHHe BO BPEMEHH.
KnaccudHukanus 3KCHJAyaTallHOHHBIX 3aMacoOB H3J0XKeHa B paboTe
I'K3 npu CoBere Munncrpos CCCP [8].

IJKCnayaTallHOHHBle 3aMachl MOA3eMHBIX BOA AJS IPOEKTHDPOBAHHS
BON03a00PHBIX COOPYXKeHHH NOACUHTHIBAIOT IO pe3yabTaTaM I[poBe-
ACHHBIX Ha MeCTODPOXIEHHH JAeTa/sIbHBIX Pa3BelOUHbIX THADPOIe0JiOoTH-
YeCKHX paboT u Mo AAaHHBIM 3KCHJAyaTalHH NMOA3EMHBIX BOJ OOGBLIYHO C
JONOJNIHHTENbHBIMH Pa3BeIOYHBIMH paboTaMH. DKCNAyaTallHOHHbIE 3a-
nacel NOA3EMHBIX BOJ, yTBepXnaeMble AN NMPOEKTHPOBAHHA H 3KC-
njyaTalndHd, oTHocsaTcs K kareropusiMm A, B u C. Kpome Toro, no cre-
NCHH HM3YYEHHOCTH BBIAENSIOT NPEeABAPHTENBHO OLEHEHHBbIE 3KCIya-
TallHOHHBIE 3amacel Mo KaTeropuu Cs, KOTOpble HE MOTYT BXOAHUTL B
3KCNJyaTalHOHHBIE 3anachi AJs NpOeKTHPOBAaHHS H 3KCIJAyaTallHH;
OIHAaKO OHH SIBAAIOTCS OCHOBAaHHEeM HAJisi AaJibHEeHIIHX HCCJaeL0BaHHUM
H YTOUHEHHsA 3anacoB no OoJsiee BHICOKHM KaTeropusaM. Ilas nepcnek-
THBHOH NpeJABapHTeNbHOH OLEHKH 3aMaCoB NOJA3eMHBIX BOJ BhIJe/s-
I0T TaKk Ha3blBaeMble pecypchl P, KOTOpbie OIIeHHBAlOT COrJacHO
«Knaccudurauuu» [8] Ha ocHoBe o6ulero THAPOTEOJOTHYECKOTO aHa-
JH3a, TEOPETHUECKHX NMPEeATNOCHI/IOK, IeOJTOTHYECKOTO H THAPOreoJIOoTH-
YeCKOT0o KapTHPOBaHHA, THAPOXHMHUYECKHX, THAPOJOTHUYECKHX H BOJO-
0asiaHCOBHIX HCCJEJAOBaHHH, CAHHTAapHBIX YCJAOBHH, OTpPaxKaWOIHX HoO-
TeHI{HaJIbHbIe 3KCNIyaTalMOHHBle BO3MOXKHOCTH HCIOJbL30OBaHHSA MOX-
3CMHBIX BOJ.

[IpuMeHeHHe KaacCHQHKAUHH 3anacoB NOA3eMHBIX BOJA MJS Tpo-
eKTHPOBAHHS H NPOTHO30B HCNOJb30BAaHHA HX JJIsS BOAOCHAOXKEHHA H
APDYrHX LeJed B NEPBYIO ouepellb ONMpeAenasieTCss CYIIeCTBOM CaMOR
«Knaccudpukanuu» [8] u Oosee gmeranbHo «Hucrpykuueit 'K3 npu
CM CCCP» [7], a Takxke «Meronnueckum pykooacteom BCEIT'MHI'EO
o pas3Be/lke H OICHKe 3KCNAYaTalHOHHHIX 3amacOB MOA3EMHBIX BOJ
Ans BofocHaGxKenusi» [9] H npyruMu nocoGHAMH. JKCIIYaTAIHOHHEIE
3amacel MOJA3eMHBIX BOJ MO CTeNeHH H3YUEeHHOCTH, KaK OTMEUEHO BHI-
uie, pasjaensiorcs Ha 4 KateropHH: or 6onee u3yuenHnix A, B u C,
A0 NpeABapHTeNbHO OlEHeHHOH C, a NMPOTHO3HBIE pecypcH MO CTele-
HU ©0OCHOBAHHOCTH OTHOCATCS K KaTeropHu P. JlerasbHble TpeGoBa-
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HHUA K Pas3jJHUHBIM KaTeropuaM H3YVUeHHOCTH 3ailaCoB MOA3eMHBIX BOXA
H3JI02XKeHbl HHXKe.

DKCIJIyaTallHOHHBIE 3aMachl NMOA3eMHBIX BOJA 10 HAPOAHOXO3SHCT-
BeHHOMY 3HAYeHHIO Pa3feldOTCs Ha ABe Tpynnel: 6asaHCOBble H 3a-
GasancoBele. [lepBble 3KOHOMHYECKH ienecoo0pas3sHO HCMOJAb30BATH
y2Ke ceH4ac NpH CYHIECTBYIOLIEH HJIM OCBAWBAaeMOH TeXHHKe H3BJeue-
HUS II0A3eMHBIX BOJ BoA03abopaMH; HCNOJNb30BaHWe BTOPHIX B Ha-
CTosllliee BpeMsi TeXHHUEeCKH HEeBO3MOXKHO, SKOHOMHMYECKH Helc/1eco-
o6pa3no HJIM HeHaZexkHo. 3abajiaHCOBHIE 3KCINyaTAlHOHHBIE 3amacHl
MOA3EMHBIX BOJ YYHUTHIBAIOT M INOACYHUTHIBAIOT, eCJH J0Ka3aHa HX
BO3MOXXHOCTh peaniM3aiuu B nepcrnektuse. IIpu nopcuere sxcmayara-
[IMOHHBIX 3aMacoB NOA3eMHBE BOJAB MOAPA3ACAAT [0 THAPOreoJorH-
YECKHM, TEeXHUKO-3KOHOMHUEeCKUM, CAHHMTapHBIM ¥ APYTrHM [oOKasaTe-
JISIM UX NPHMeHeHHSs.

Ilpu npoekTHpOBaHHHM M OCBOEHHH 3amnacoB NOA3eMHble BOAH [e-
JST Ha TPYNNsl HCXOAS M3 CJOMKHOCTH THAPOTreoJOrHYeCKHX YCJIOBHH,
a TaKXe U3 3KOHOMHYECKHX (PAKTOPOB H HaAeKHOCTH KOJIHYEeCTBeH-
HOTO OMNpelesleHUs pacxoja MOAIEMHHX BOJ, NOJyYaeMBIX H3 BOAO-
3abopoB. Ilpm 3ToM HMeercs B BHAY HOCTOBEPHOCTh OMNpelesieHHS
SKCNJYATAIHOHHBIX '3aM1aCOB MOA3€MHBIX BOA OT JAOCTATOYHO rapaH-
THHHOrO MO KAaTeropHH A J0 HeCKOJBKO MeHee JOCTOBEPHOro B u 3a-
TeM Mence goctoBepuoro Cy. B «Knaccubuxamuu» u «HMHCTPYKUHU»
BBIAEJASIIOTCS TPH TPYNNBl MeCTOPOXKAEHHH IO MNpH3HAKaM CJOXKHOCTH
FUAPOre0JIOTHUECKHX YCJIOBHH H, OYeBHAHO, TOYHOCTH KOJIHUECTBEHHHBIX
onpeAeneHul BeJHYHHBl IKCINYATAHOHHBIX 3alacOB MOA3EMHBIX BOI.

s 3TuX Tpex rPynn H onpeaensercss NPOUEHT OLEHKH 3KCIayaTa-
IHOHHEIX 3anacoB no Kareropusm A, B u C.

K nepsoii epynne OTHOCATCS MeCTOPOXAeHHs (YyuyacTKH) ¢ 1po-
CTHIMH THIPOTe0JIOTHUECKHMH YCJIOBHSIMH, CIHOKOHHBIM  3ajICraHHCM
BOAOHOCHBIX MOPOL, MaJOH3MeHsIonIcHCs H JIerKOOonpeae 1aeMOH MOl -
HOCTbIO BOAOHOCHOTO TOPH30HTA, OXHOPOAHBIMH (QUIBTPAIHOHHBIMH
CBOWCTBAMH, SICHO BBIAENSIOLIHUMHCA HCTOYHHKaMH (OpPMHPOBaHUSA
SKCIAYATAIHOHHBIX 3aMacoB M 6J1arONPHATHBIMH CAHHTapHBIMH YCJI0-
BHSMH (C ydeToM oOpranu3allMH 30H CaHHTApHOH oXpaHbl). Bce 370
onpejensieT BeJHUUHBl 3KCHAYATALHOHHBIX 3aMacOB TOA3EMHBIX BOJ
¢ 6oJsice HaJeXHOH OIEHKOH BeJHUHHBI 3KCIJIYAaTallHOHHBIX 3alacoB
nmo kareropuu A —He menee 40%, no kareropuun B — 409 u mo xa-
teropuu Cy~—20%.

Ko sropoii epynne MecTOpPOXKJAeHHH OTHOCATCA YYaCTKH CO CJIOXK-
HBIMH THAPOreoJOrH4eCcKUMH YCAOBHAMH: HeBBIJEPKAHHOCTBIO MOIIHO-
CTH W CTPOEHHS BOJOHOCHBIX TOPH30HTOB, HEOXHOPOAHOCTBIO (PHABTPA-
IHOHHKIX CBOHCTB BOJOBMEIAIONIHX MOPOMA, CJAOMKHOCTBI THAPOXHMH-
yeckux ycaoBui. Ha rtakux yuacTkax pasBellka MeCTOPOXKIEHHH C
BEICOKHM IIPOLEHTOM OLIEHKH MO KaTeropHH A 3KOHOMHUYECKH Hemese-
coobpasna, DKCIAyaTalHOHHBle 3anacsl B ocHoBHOM (60%) ouenw-
BAIOTCH AJS NpoeKTHpoBauus no kateropun B, 209% —rno Kateropuu
C, u ToJbKko He Menee 20% — no kaTeropuH A.
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K tperveii epynne MeCTOPOMKIAEHHH OTHOCATCA YYacTKH C OYeHb
CJOXKHBIMH THAPOreoJIOrHYeCKHMH YCJAOBHUSAMHU: BBICOKOH H3MEHYHBO-
CThbI0O MOLIHOCTH M CTPOCHHS BOZOHOCHBIX NOPH30HTOB, HX (PUABTPAIH-
OHHBIX CBOHCTB, a TakK¥e THAPOXHMHUECKHX H TEOTEPMHUYECKHX YCJIO-
BHII. «Knaccupurkanuu» [8] ormeuaercs, 4To0 pasBelKa TpeTbe
TPYMNITBI MECTOPOKACHHU ¢ BbIABJeHHeM KaTeropuu A Heuesecoobpas-
Ha BCJEJCTBHE BHICOKOH HX CTOHMMOCTH M HHU3KOH 3(P(EKTHRHOCTH.
JKCMTyaTallHOHHBIE 3anacel NOA3€MHBIX BOJ TPETBEH TPYINBl MECTO-
pOXKAEHHH OLEHUBaWTCa No Kateropusm B —709% u Ci—30%. K
3TOll ke rpynne B «KnaccupHranuhi» OTHOCHTCA HCKYCCTBEHHOE BOC-
noaHedHe noa3demubsix Bon (MBIIB) u, BugumoO, moaseMHbie BOJOXpa-
nuauma. OgHako claeAyeT OTMETHTh, YTO B HACTOsLIee BpeMs pacueTHl
HUBIIB, oco6enno 6GeperoBrle BoA03a0OPH U BOCIOJHEHHe T'PYHTOBHIX
BOJX TPH NPOCTHIX YCJAOBHAX ¢ HHOUABTPAaUlHOHHBIMH OacceHHaMH, pas-
pabdoTaHbl AOBOJBHO Xopoulo. ITostomy, mo HamleMy MHEHHIO, NIPH Ta-
KHX VCJAOBHSIX MOXKHO NpeAcTaBasaTh HX B I'K3 1o BTopoit rpynmne.

PasBenanHbie M pacCcyuTaHHele 0a/1aHCOBBIe 3aNachl MOA3EMHBIX
BOJ A/l TIPOEKTHPOBAHHSA AOJXKHBI OBITh yTBepXaeHn K3 uau B
COOTRETCTBYIOUIHX CAYYaSAX TEPPHTOPHANbHBIMH KOMHCCHAMH [0 3a-
nacam noJe3Hbx HckonaemMblix MunucreperBa reosiorud CCCP (TK3)
NpH KaTeropHusix H3YYEHHOCTH 3aMacopB MOA3eMHBIX BoA mno taba. 2.1.

Ta6auna 2.1, Tabauna xKateropMii SKCNAYATAUMOHHLIX 3SaNACOB NOA3IEMHHX BOJA
(N0 CAOKHOCTH YCAOBHH )

——— e e —— s e e —_ —— = - B i e s smusias e — aa i e s — - v ——— S i rm—

e —  ——

rpynnu EKEEJI}'aTallHOHHHK 3anacun %

Kareropsr 8anacos meppas (npo- {Bropad (cioxk-| Tperba (O4eHs

cThi€ YCJAO- HEE YCJXO- CNoXHBle Yycio-
8HA) BHA) 8HA)
A+ B, He MeHee 80 80 -

B ToM uucue:

A, He MeHee 40 20 —
B, ne Mmenee —— - 70
C, 20 20 30

B caydae, eciim BO3MOXKHOCTh OCBOEHHSI MOA3EMHBIX BOA AJAsS BO-
AoCHa0XeHusT UM OPOLICHHS HHKe COOTHOUIeHHH 0ajaHCOBHIX 3alla-
COB, MPHBeACHHBIX B Tabs. 2.1, To 9TO peuiaeTcs HNPH yTBepKACHHH
zanacoB B 'K3 CCCP (TK3) B Buae HCKIIOUEHHS.

Bo BCex cayuasix HOJXKHO ObITb AOKa3aHO, YTO KayecTBO MOJayua-
eMbIX MOA3EMHBIX BOJ HJAH HE H3MEHHTCH HJH H3MEHHTCS, HO B ZOMY-
crumblx npepenax (FOCT 2874—82 nns BomocHab)XeHHs) W B 3aBH-
cuMocTH OT TpeGOBaHHH mnoTpebuTenss. YCAOBHs SKCINJAyaTamHH TOA-
3eMHBIX BOA JOJIXKHBI OBITh AOCTATOYHO H3Y4eHHI AJIS TOJYYEHHs HC-
XOAHBIX NAHHHBX AJS I[POEKTHPOBaHHS Ha pacueTHHH CpoK (YPOBHH
BOJAL H ee pacXxOx MO 3JjeMeHTtaM Bojgo3abopa).

Jns yTBepXKaeHHA TIPOMHIUITEHHBIX 3amacoB (kateropuu A, B u
Ci), KpOMe TOTO, HOJXHHI OBITh OOOCHOBAHBI H TIPEABAPHUTENBHO OIé-
HeHBl 3anacel N0 KaTeropuu Cs, a MUMEHHO: TeOJOrHYecKHe H THAPO-
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reoJIOTHYECKHe YCJOBHS MeCTOPOKASHHS NOA3eMHbIX BOJ YCTAHABJIH-
BaloTCs B oOLIMX YepTax NO AAHHLIM €AHHWYHBIX Pas3BeJOYHBIX CKBa-
XUH U600 1m0 a”ajaorum ¢ 6osee u3ydeHHHIMM yyacTkKaMu. KauecrBo
BOJIbI TIPH 3TOM OIEHHUBAIOT MO eJHUHHYHBLIM aHajau3aMm Npo6 BOAB H
COOTBETCTBYWOIIUM TpeboOBanHsiM K 3TOMY KauectBy. Ilpu 3Tom
3KCIJyaTallHOHHBIe 3anacel NMOA3EMHBIX BOA MNOACUUTHIBAIOT MO HaH-
HeIM ONpo6OBaHHS eAHHHUYHBIX pa3BefOYHBIX BHIPAOOTOK, aHaNH3y
FPHAPOTeOJIOTHUECKHX YCJIOBHH, aHAJNOTHH H 3KCTPANONSUHH AAHHBIX B
OJM3KHUX YCJOBUSX, OUEHEHHBIX N0 0ojiee BBICOKHM KATErOPUAM H3Y-
YeHHOCTH.

Jinsi mepCneKTHBHOH OUEHKH MOJ3eMHBIX BOJ ONPEAEJsIOT 3amnachl
no Kareropuu P Kaxk nporHosupyeMbie Ha OCHOBAHHM KapT THAPOreo-
JIOTHYEeCKHX CBheMOK, MpeanojaraeMblX TeOJOrHYCCKUX H THAPOreonJo-
THUYECKHUX YCJIOBHH, YUHTHBAass BO3MOKHOCTb OOHAPYXKEHHS HOBBIX MecC-
TOPOXKJAEHHH NOJA3eMHBIX BOJ € YUeTOM aHaJOTHM 3KCIJIyaTauuu Nof-
8eMHBIX BOJ B NpeanoJaraeMblix ycaoBusix. Clheayer OTMeTHTb, 4TO
NaHHBE THAPOTreOJIOrHYECKHX CBeMOK, 0co0eHHO B Maclurabax
1:50000 u kpynHee, cieJyeT HCNOJb30BaTh MPH OLEHKE 3aMacoB BCeX
TpeX YNOMSHYTBIX TPYNN MeCTOPOXAEHHH N0 HUX H3YUEHHOCTH.

Heob6xonumo yuecTb, UTO 3KCIJyaTAIHOHHbIE 3aMachl MOA3EMHLIX
BOJ CO BpeMeHeM MOryr nopjexarn nepeytsBepxaenuio B K3 CCCP
(1 TK3) B cnydae nepecMoTpa KOHAMIHH, TpeGOBaHHN, CTaHAAPTOB,
TeXHHYCCKHUX YCJAOBHH, TEXHOJOTHH 3KCIJyaTalUuH, PeKOHCTPYKUHH
BOA03a00pHBIX COOpYXKEHHH, HAPYUIEHHS MPHUPOAHBIX H B 0COOEHHOCTH
BOJIOXO3SIMCTBEHHBIX, a4 TAKXKe CAHUTAPHBIX YCJOBHH; BCE 3TO AOJXKHO
MPOU3BOAUTHECH C VIETOM HAHHBIX IO PEeKHMMY NOA3eMHBIX BOA NpPH HX
3KCMAYaTauuu Ha PacCMaTPHBRAEMOM YuacCTKe.

B nacrositiee BpeMsi oOMIENPH3HAHO, YTO 3KCHJyaTallHOHHbIE 3a-
MaceH IOA3eMHBIX BOA (POPMHPYIOTCSI 3a CYET eCTeCTBeHHBIX HX 3ama-
COB — €MKOCTHBIX (M YNPYrux), a TakKXe 3a CUeT IPHUBJNEKAEMBIX B
npollecce 3KCIYyaTallHd ¥ HCKYCCTBEHHOTO UX BOCHOJIHEHHS.

BrinlenpuBeienHoe NOHUMaHHe (GOPMHPOBAHHS SKCIIYaTalHOHHBIX
3arMacoB MOA3EMHBIX BOJ SIBJSIETCS CXeMOH, KOTOpas YTOUHsIeTCss AJS
pPa3HBIX TFHAPOreOJIOTHYECKHX yeaAOBHH. Cheayer UMeTh B BHAY, UTO
NpH 3KCOJAYyaTalHd 3allacOB MOA3E€MHBIX BOA B KOHKPETHHIX YCJIOBHAX
MepBOHAYAJBHBIH (CTaTHYECKHII) YpOBeHb HX CHHXKaercs, uTO, KoHey-
HO, H3MeHseT THAPOJNMHAMHYeCKHe YCJaOBHSA. TOABKO NMPH Kamraxe
MCTOUHUKOB (KJiouel) MOXKHO CO3JaThb YCJOBHSI 3KCIJAyaTallUH HX C
oueHb HEOGOJbIIUM NOHHKXEHHEM YPOBHSI BOAB, HO H B 3TOM Cjyuae
HepeKo MOHUXKAIOT eCTeCTBeHHBIH ypoBeHb BOAH. [Ipu skcnayaraunuu
NMOA3eMHBIX BOJ CO CBOOOAHLIM 3epKaJjJOM eMKOCTHBIE 3anacChl I10CTY-
nawT B BOA03a00pHl BCAEACTBHe CHUIXKeHHS UX YPOBHS, a B apTe3HaH-
cKuX (HamoOPHBIX) CHCTEMAaxX WHCNOJB3VIOTCH B 3TOM CJydae YOpyrue
3anachel BOAOHOCHOro ropusonTa. Ilosydgende npuBieKaeMBIX 3aMdcoB
3a CueT MOBEPXHOCTHHIX BOJ BO3MOXHO, HaNpHMep, IIPH IKCIJIyaATALUH
OeperoBeix B0a03a60pOB: BOAA U3 pPeK, BOAOXPAHHUJHULL H 03ep mOCTy-
MaeT B BOJOHOCHBIA TFOPH3OHT B pe3y/bTaTe NMOHHUXKEHUS YPOBHS (OT-
Kauka BojJbl) B BOA03abopax u BOLOHOCHOM IOPH3OHTE.
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2.2. I'mgporeoNOruyeCKHe UCCaefOBaHHA

DKCNAyaTALHOHHBIe 3a0aChl H pecypchl NOA3EMHBIX BOJA Onpefess-
IOT HA OCHOBe pPe3yJbTaTOB TFHAPOTreONOTHYECKHX HCCAeJOBAHHH pas-
JUYHBIX THIOOB MECTOPOXAEeHHH mNoa3eMHbiXx Box (cMm. pasa. 1.1) w
IPYNN HX 3KCOJAyaTalHoOHHBIX 3amacoB (cMm. Tabu. 2.1). HMccaenoBaHus
NPOBOAAT MO TPeM OCHOBHBIM HamnpaBjaeHHAM: 1) nsaouiagHoe KapTH-
poBaHHe pas3Horo wmaciutaba HAa OCHOBAHHH THAPOreoJorHYeCcKHX
CbeMOK; 2) mpeABapHTe/bHAas pa3Beaka; 3) HdeTasbHas pasBefKa.

'mpporeosiornyeckue CbhbeMKH H HX KAPTHPOBAHHEe OCYLIECTBASIOT
B caeaywoumux macmrra6ax: ot 1:5000000 po 1:500000 — menko-
macimrrabusie; ot 1:200000 zo 1:100000 — cpeapuemacuitabusie; OT
1:50000 mo 1:25000 u 6osee peTanbHBIEe — KPYNHOMacTabHbIE.

B Hacrosimiee Bpems CCCP oxBaueH B OCHOBHOM CpejgHeMmacuiTal-
Hou cpeMkod M 1:200000. Takyio CbeMKY BBLIIOJHSIOT B OCHOBHOM
nyTeM MaplIpPyTHBIX HCCJen0BaHHH, KapTHUPOBOUYHOro OypeHHst C T'HI-
pOreoJIorHYeCKHM OnpoboBaHHeM CKBAXKHH, a TaKXe C TOMOUIBIO
a3podOoTOCheMKH H KOCMOCBHEMKH C HCIOJb30BAaHHEM AAHHBIX IO TH-
MOBBIM y4aCTKaM; HCHNOJAB3YIOT HaO/MIOAeHHs 3a peXMMOM MOoA3eMHBIX
BOJA M CBeleHHsI MO 3KCHAyaTauMu noA3eMHbix Box. Ilpu KaprHpoBa-
HHH, B OCOOEHHOCTH AJIS M3yYeHHS TJAyOOKHX NOA3eMHBIX BOJ, HCIIOJb-
3y1I0T reoH3HyeckHe HccaenoBaHud. Ilpu onpo6oBaHMH CKBAXKHH Olle-
HHUBAIOT XHMHYECKHH cOoCTaB moa3eMHBIX Boa. O0s3aTe/IbHO YYHTHBA-
IOT TeoJIOTHYeCKHe AaHHbie, MaTepHajas ruaporeosjorHuecKoro KapTH-
poBaHus HeoOXoxuMbl AJs1 OLEHKH T[epCHeKTHB HCIOJb30BAHHA
MOA3EMHKX BOJ M HMX pa3BeiKH — mpefBapHTEeJbHOH H 3aTeM HeTaJb-
HOH.

Ha ocHOBAHHH JAHHBIX CHEMOK C YYEeTOM pe3yJbTATOB TeOpeTHue-
CKHX pa3paboTOK OLEeHHBAIOT NPOrHO3HpPYeMble pecypChl MOA3EMHBIX
BOJ ¥ HAMEYAIOT MeCTOPOXKAeHHS TIOA3eMHBIX BOJA AJs pa3BelKH,
a Tak¥Xe OLEHHBAIT PeCcypPCH MOA3eMHHX BOA IO Karteropuu P.

[IpeaBapuresnbHasi pasBejka INOA3EMHBIX BOJ HMeeT CBoe#i Ledbio
BLIAEJHTh H 0O0CHOBATHL MeCTOPOXKJIEHHS MOA3EMHBIX BOA AJ5 AeTalb-
HOU pa3Beaku. OCHOBHHIM MeTOAOM TIPeABAPHTEIbHOH Pa3BelKH fBJs-
eTcst OypeHHe pa3BeOUHBIX CKBAXKHH W onpoboBaHHe HX C onpejene-
HHEM H3MEeHEeHHsI THAPOreO0JOrHYeCKHX NoOKasareJedl Kak Ha ydacrke
MECTOPOXKIEeHHSsI, TAK U 3a ero mnpefiejlaMu, olpeAensiOIUMH YCIAOBHA
GOpMHPOBAHHS 3KCNJAYaTAalHOHHBIX 3aNlacoB NOA3E€MHBIX BOJA HA yKa-
3aHHOM MecTopoxkaedHu. Ha ocHOBaHMH HAHHBIX Pa3BeIKH onpenens-
IOT KOJIHYeCTBEHHBIE 3JKCIJAyaTallHoHHBIe 3anace NOA3eMHBIX BOJ C
npeABapHTENbHBIM 3KOHOMHYECKHM aHAJIM30M BapHaHTOB Bribopa BO-
no3a6opoB. CocTaB pa3BefOYHHX PabOT 3aBHCHT OT THAPOreoJOrHye-
CKHX YCJOBHH, KOTOpHie OIEHHMBAIOT Mo CcJoXHOCTH (cMm. Taba. 2.1),
a Tak¥e OT METOAOB OIEHKH 3KCHJYaTAlHOHHBIX 3amMacoB NOoA3eMHBIX
Box (cM. pasn. 2.3): rHApOAMHAMHYeCKHX (AHANHTHUECKHX C MOMAeJH-
pOBaHHEeM), THAPABJHYECKHX, METOAOB AaHAJOrHH H KOMOHHHPOBAH-
HeiX. B cocraB pasBemouHbix paboT BXoAAT OypeHHe Pa3Bef0YHHX H
OMBITHO-PA3BEIOYHBIX CKBAXKHH C OTKAYKAMHU AJs ONpeiesieHHs YCJ0-
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BHH 3ajeraHHsg H CTPOEHUS BOAOHOCHBIX TOPH30OHTOB, AeOHTOB M MO-
HHXKEHHH ypoBHeH, K02(p(PHUIHEHTOB (PUABTPANUM M APYTHX Napamer-
POB, HEOOXOAUMBIX AJIS OUEHKH 3KCIAYyaTAlHOHHBIX 3aNAacOB NOA3EM-
HBIX BOA. Mcnonb3yoT Takke reopH3uyecKkue MeTOAbl H aHaJOTHIO.

Ha ocHoBaHHM npeaBapuTeNbHOH Ppa3BellkH IKCIJyaTallHOHHBIE
3anachsl OUEHHUBAIOTCS MO KateropusaMm B ocHOBHOM C, u C, ¥ yacCTuuy-
HO B; 0pH NPOCTHX YCAOBHUSIX M HAJHUYHH HAJEXKHOTO aHajaora BO3-
MOXKHO YaCTb 3KCIJYaTAlHOHHLIX 3anacoB OUEHHBAThL NO KaTero-
pun A. Ilpu ounenke 3KCNAYAaTallHOHHBIX 3al1aCOB NOA3EMHBIX BOJ MO
JaHHLIM NpeABApHTEJbLHOH pa3BelkH LesecoobpasHo BKIOYAThL Mpen-
BapHTE/bHbBIH 3KOHOMHUYECKHHA AaHA/JH3 BAapHAHTOB BOA03a00pOB H HX
HaJdeXKHOCThb, a TakXe aHa/Nu3 CaHHTapHbIX ycnaoBui. [loatoMy Ha cra-
AMH TIPeABAPHUTENbLHOH pa3BeJKH CJeAYyeT NPHUBJEKaTb CHEILHAJHCTOB
N0 HCNOJbL30BAHHWIO NMOA3EMHBIX BOJ, TaK KakK BboIOHpaeTcd Yy4acCToK
(MecTOpOXKAeHHUE) AN JAETAJbHBIX THAPOreOJOrH4eCKUX HCCAeOBa-
Huii. [Ipu CcOOTBETCTBYIOHIHX YCJOBHSIX HCIONB30BaHHS NOA3EMHBIX
BOJ, HalpHMep NpPH BapHaHTe OeperoBuHiX BOA03a00OpOB, BKJAIOYAKOT
THAPONOTHYECKHEe U THAPOMETEOPOJIOTHUECKHe HCCACHOBAHHS, AAA KO-
TOPHIX B OCHOBHOM HCTONB3YIOT Aanubie ['MapoMeTciyKOHhI.

JletanpHble THAPOTreOJOTrHYECKHe HCCAENOBaHHSl HA HOBBIX MeCTO-
POXACHHUAX U MCCJENOBAHHUSA C aHAJHU30M 3KCNJIYaTAllHH Ha MECTOPOXK-
JeHnHsax ¢ paboraruiHMH Boao3abopaMu AOAXKHB ObITh AOCTATOUHBIMH
JAJIsT OUEeHKH 3KCNJYAaTallHOHHBIX 3anacoB MNPOeKTHPYyeMblX BOR03ab0-
POB; NMPH 3TOM KATErOPHH H3YUYEHHOCTH AJISI Pa3HON CTENeHU H3YyyeH-
HOCTH AOJIXHBI OBITh He HUXXE YKa3aHHBIX B Tabum. 2.1.

Ieranbnass pasBelKa C UeJbI0 YBeJUYCHHS INPOU3BOAHTENHHOCTH
Y44aCTKOB, SKCIVIYaTHPYIOUIHX NOA3EMHBIE BOJbI, BeJeTCA C MEHBUIUM
o6bemoM Oypenus u onpoboBanus CKBaXKHH, UeM Ha HOBBIX yduacCTKax,
H OCHOBLIBAETCHA TNPEeHMYHIeCTBEHHO Ha aHalH3e 3KCOayaTaluu I[101-
3eMHBIX BOJA. DKOHOMHYUECKHE aHAJAM3 BapHaHTa BOX03abopoB C yT-
BepXKAAEMBIMH JJIsI HHX 3KCIJIyaTAallHOHHBIMH 3aflacaMd INOA3CMHBIX
BOJ, JOJIKE€H COTJAaCOBLIBATLCS C MPOEKTHBIMH OpPraHH3alHsIMH.

OcHoBHOH MeTOJ THAPOTeONOTHYECKHX HCCJIeOBaHHH MOA3eMHBIX
BOJi IPU [€TaJbHOH pa3BeliKe — OypeHHe CKBaXHH MU onpolOBaHHE HX
OTKaYKaMHu [Ans MOJyYeHHst pacyeTHblX mapamerpoB. Ilpu npocteix
THAPOre0JIOTHYECKUX YCJOBHAX OOBLIYHO OCymIecTBAAT OypeHue H
onpoboBaHue ONBITHHIX H OIBITHO-PAa3BeJOUHBIX CKBaXMH ¢ Habawpa-
TeJbHBIMH CKBaXHHAMH ANS ONpelleleHUS MOULIHOCTH, KO3 (PHIHEHTOB
GHALTPANHH U APYTHX NMapaMeTPOB BOAOHOCHOTO TOPH30HTA; Ompexe-
JASIOT TaKXe AeOUTH U NOHHXKEHHe YPOBHEH B CKBaxKuHax. [las crox-
HBIX THAPOTEOJOTHUECKHX YCJIOBHH MOMKET 0Ka3aThCsl HeoOXOmHMBIM
npoBeieHHe ONBITHOH OTKAYKH K3 YaCTH HaMeyaeMoro BoJo3abopa
NMOA3eMHBIX BOJA € oNpelelieHHEM NPOH3BOAMTENBHOCTH AHHAMHYECKHX
ypoBHel u KadecTBa BOAH. /I oUeHb CJAOXKHBIX THAPOTEOJOTHUECKHX
YCJAOBHA KpOoMe ONBITHBIX HA0MI0ZATENbHBIX H AOMNOJHHUTEJbHBIX pas-
BeOUYHBIX CKBAXHH C OTKAYKAMH H3 HHX M ONpedeNeHHs 11apamMeTpoB
BOJOHOCHHX IMOPH30HTOB, KaK NMPAaBHJIO, MPOBOASTCS ONBITHHE H ONBIT-
HO-3KCIVIYaTallHOHHBle OTKaYKH H3 BOA03abopa noa3eMuulx Box. Ilpu
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M3bICKaHWH HCTOYHHUKOB (KJOueHd, POAHHUKOB) NPOBOAAT HaOJMIOACHHA
n coOMpawT JAaHHbIe B TeUueHHe TpeX JeT ¢ aHaAu3oM (OPMHPOBAHHA
Ce30HHOW H MHOrOJIeTHeH H3MeHUYUBOCTH AeOMTAa HCTOYHHKA H KayecT-
Ba BOAH I[IpH paclIMPEHUH mepuoia HaOJOJeHHH MHHHEMYM [0
11—13 ner.

Bo BCcex YKa3aHHBIX Bhillle YCJAOBHSX NMPH OlleHKe 3KCHJAyaTauHOH-
HbIX 3alaCOB NOA3EMHBIX BOJ AJsi NPOEKTHPOBAHHSA HeOOXOAHWM aHAJNHU3
yCcA0BHH (GOPMHPOBAHHA JKCIHJyaTAallHOHHBIX 3amacorB (BO3MOXKHO, C
FHAPOJOTHYECKUMH H THAPOMETCOPOJIOTHYECKHMH TNOKa3aTelsIMH) ¢
onpeaeeHHeM KayeCTBa BOABI M CAHHUTAPHBIX YCAOBHH, a TaKKe OleH-
KO# BO3MOXKHOCTM H3MEHEeHHH BCeX NoKasaTesdel 3KCNayaTamHOHHBIX
3almacoB MNOA3eMHBIX BOJ Ha pAacUeTHHd nepHom — OObIUHO 25 JjeT.
Onnako NpH TOCTENeHHOM CTPOHUTEJbCTBE M OCBOEHHH BOA03a060pOB
NOA3eMHBIX BOJ TOYHOCTb OMNpeleNeHHs SKCIAYaTallHOHHLIX 3aMacoB
NoA3eMHBIX BOA 0COOeHHO BaXHAa, B WACTHOCTH, Ha Oauxatiuiue 10 Jer;
NpY 3KCNJAYyaTallHH NPOH3BOAHWTENBHOCTH BOA03a00OpPOB YTOUHSETCS, H
IJs AaJibHeHIIero WCMOb30BaHH Jyullle MPOH3BOAUTE TPOBEPKY pac-
YeTOB 3KCNAyaTalHOHHBIX 3aMacoB.

2.3. OcHOBBI pacyeTOB IKCNJAYATAUHOHHBIX
3anacoB NOA3eMHBIX BOA

B 3aBHCHMOCTH OT yCJAOBHH 3KCHAYyaTallMOHHBIE 3aMacel MOryT HC-
NOJIb30BATbCA NMPH YCTAHOBUBIUEMCSI M HEYCTAHOBHUBLIEMCSl peXHMaX.
B nepBoM cayuae NpuU COXPAHEHHH NPHPOAHBIX U BOAOXO3AHCTBEHHBIX
YC/JAOBHH 3amachl paCCYUTHIBAIOTCSH HA HEOrpaHHYEHHBLIH CPOK, BO BTO-
pOM — Ha OrPAaHUYEHHBIM CPOK C Y4eTOM AONYCTHMOTO TNOHHIKeHHS
YPOBHS.

[IpuMepoM YCJAOBHO YCTAHOBUBIIErOCS peXuMa TNOA3EMHHIX BOJ
MOTYT CAV2KHTb OeperoBrie HHOUABTPALIHOHHBIE BOA03a00PH NpH obec-
NeYeHHOM MHHHMAJBHOM YPOBHe M pacXoje NMOBEPXHOCTHHIX BOJ, XOTH
NPOHCXOJAHT Ce30HHOe W MHOroJicTHee H3MeHeHHe YpOBHEeH H PacXoJOB.
[Ipu ynpyroMm pexume 9KCIIyaTalW{ apPTe3HAHCKHX BOJ MPOHCXOLHT
NOCTeNMeHHOe CHHUXKEHHe YpOoBHell,  pacyeT 3KCMNAyaTalHOHHLIX 3aMna-
COB MOA3EMHBLIX BOJlL BeJeTCd Ha AONYCTHMOe CHHXKeHHe YPOBHed B
9KCIJYaTALHOHHBIX CKBAXHHAX Ha onpenejeHHbl cpok. OxHako uMme-
I0TCA CAyd4aH, Hanpumep MPH SKCIOAYaTallHH CEeHOMAHCKOro apTe3uaH-
CKOro BOJOHOCHOro ropusontTa B KueBe, Korna npu nocTeneHHOM YBe-
JH4YeHHH MPOUSBOAUTENBHOCTH H HOHHWKEeHHH VPOBHS BOJAB HAYaJ0Ch
npeobnagamwliiee NuTaHue u3 JlHenpa, u NpH NMOCTOSTHHON NMPOHU3IBOIH-
TeIBbHOCTH BOA03a00pPOB peXHM 3IKCNJAYaTalHH CTAaJ CTPEMHTBCA K
ycranoBuBlllemycss Tuny. Takum oOpasoMm, 3KCnavaTallHOHHBIE 3arna-
Cbl MOJA3eMHBIX BOJA CJeAYeT pacCcUdTHIBATh AN COOTBETCTBYIONUIHX
THAPOre0JOrHYeCKHX YCAOBHH MO YCTAHOBHBIIEMYCS H HEYCTAHOBHB-
[eMyCsi peXHMaM ¢ YYeTOM I[IOJIOXKeHHSI YPOBHEeH W BO3MOXKHBIX H3-
MeHCHHM THAPOJOrHYECKHX H THAPOreosorHueckux yciaosuid. [lpu
TAKUX pacuerax HeOOXOAHUMO NpeAyCMATPUBATH BO3MOXKHOCTb COXpa-
HeHus Tpebyemoro KadectBa Boibl. [locaennee oco6eHHO BaxKHO, KOr-
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Jla B 3KCIJIyaTallHOHHBIE 3amachl BXOASIT NPHBJieKaeMble 3anacel Mo-
BEPXHOCTHBIX BOJ, Hanpumep npu OeperoBuix BoAo3abopax. B aToMm
caydae oco6eHHO BaXKHO NMpPeAyCMaTpPHBATh COXPaHeHHe AONYCTHMOroO
KaueCTBa MOBEPXHOCTHBIX BOJ, NMHTAIOUIMX NOA3CMHbIe BOABL. Taxoe
Ke TpeOoBaHHe NOJIKHO NMPelyCMaTpPHUBATLCS M AJSI CHCTeM HCKYCCT-
BEHHOTO BOCHOJIHeHHS MOA3e€MHBIX BOA. MeToxbl pacuera 3KCHJjayara-
IHOHHBIX 3aMacoB MOA3EMHBIX BOJ s IMPOEKTHPOBAHHUS BOA03abOpPOB
ONpelNeNIAIOTCS CAOXKHOCTBIO THAPOreOJOrH4eCKHX H B Olpele/eHHBIX
caAy4asix THAPOJIOTHYECKHX W MeTeOpOJIOrHYecKHX (BK/OYas KJAUMAT)
ycnoBui. BaxKHB TakXKe METOAWKA M AETAaJH H3bICKAHMH H, B 4aCTHO-
CTH, paclloJiOXKeHHe pa3BeJOYHHIX W ONBITHHIX CKBaXHH, & TaKxke Jpy-
I'e CNOCOOBI BCKPHITHS BOAOHOCHBIX TOPH30OHTOB, METOAHKA onpobo-
BaHHs OTKA4YKaMH, onpeleNieHHe pPAaCUeTHBIX IlapaMerpoB, NPHMeHeHHe
reo3HYeCKHX HCCJeAOBaHHH, BpPeMsl HCCACJOBAHHH M PpAd APYTHX
ycaoBuii. Kpome TOro, cjaeayer umeTb B BHAY, 4TO B 3aBHCHMOCTH OT
T'HAPOre0JOTHUECKUX YC/IOBHH MOA3€MHble BOIABl JOOBIBAIOT Pa3JIHYHBI-
MH BHAaMH BO0J03a00pOB; CKBa*XMHAMH, IIAXTHBIMH KOJIOAIlaMH, ro-
PH30HTAJbHBIMH U JYYeBBIMH BOZ03200paMH, pasnHYHBIMH KallTaXaMH
HCTOUHHKOB, UTO TaKiKe BJAHsET Ha BHOOp pacueTHbX popmya. 3areM
cleAyeT Y4YHTHIBATh CXE€MAaTH3alHI0 THAPOTeO0JOrHuyeCKHX YCJIOBHH C
OCpefHeHHeM pAaCyeTHBIX NapaMeTpOB.

B Hacrosiilee BpeMs fpuU pacdeTaX 3KCIJAYaTallHOHHBIX 3aMacoB
MOA3SEMHBIX BOJ NPHMEHSIOT CJHEAYIOLlHe MeTOAH PpacyeToB: THAPOAH-
HAMHYeCKH# C mpHMeHeHHeM BHIYHCJHTENbHBIX W aHAJOTOBBHIX MAalUHH,
FHADABJIHYeCKHH, GalaHCOBbIil, METOJ aHAJNOTHH H KOMOHHUPOBAHHLIN;
CIeIyeT YYHTHIBATh TaKXKe HepaBHOMepHOCTh moTpebienns soasl. [Ipn
BOLOCHAOMKEHHH HAacCeJIeHHBX NMYHKTOB B JIeTHee BpeMsi NOTPeOHOCTH
yBesHUHBaeTCs (Ce30HHAs) H MeHseTCs B TeueHHe CyTOK (uacoBaf);
yacoBasi HepaBHOMEPHOCTb MOJKET peryJuHpoBaThes C pe3epByapaMH.

ITpu ucmosb30BaHHM NMOA3eMHBIX BOA AJis OpOWIeHHs MOTPeOHOCTD
B BOJE NMOoABJAETCS B BereTallMOHHBIN, MpeAnoceBHoN u mnocaeybopou-
HBIH TePHONBI, CAeAOBATENbHO, HAJHIO Ce30HHAS HEPABHOMEPHOCTh
noTpebaenns. Bo3MOXKHOCTH HCNOJb30BAHHUS M0J3eMHBIX BOJA € YUeTOM
MPHBJAEKAEMBIX 3KCTJIYaTAUHOHHBIX 3aMacoB B psle clAydyaeB OCJOXK-
HSAIOTCS HEPABHOMEPHOCTBIO €CTECTBEHHOr0 MHTAHHSA MNOJ3€MHBIX BOJ
H uX pacxopa. Taxoit nmpuMep MOXXHO OTMeTHTh B KOHYyCax BBIHOCA.
[Ipu ce30HHONi U MHOrOJeTHEH HepaBHOMEPHOCTH [MTaHHsA, a TaKXKe
CTOKa MOA3eMHBIX 30H B KOHYCAaxX BHIHOCA H OJHOBPeMEHHOH CEe30HHOH
HepaBHOMepHOCTH MoTpebJeHHss BOAB [JIs OPOIIEHHS MOXKHO B psiie
cayuaes CO3AaTh XPaHHIHIIA NOA3EeMHHX BOZ.

HepaBHOMepHOCTh BO3MOXKHOCTH INPHBJICYECHHA IKCIyaTalHOHHBIX
3anacoB MOJA3EMHBIX BOJ MOXHO OTMETHTb, HalpHMep, MPH 3KCNAYa-
Tauuu GeperoBHiXx BOA03a060OpPOB B CJydyae HEPABHOMEPHHIX pPACXOHOB
H ypoBHell pekH. QueHb BaXXHO YUHTHIBATL 3KCMAYaTAUHIO NOA3EMHBIX
BOJ NpH YCTaHOBHBILEMCS M HeyCTaHOBHBIleMcst pexXumax. I1pu ycra-
HOBHBIIEMCST peXMMe NPOH3BOAHTENBHOCTh BOA03a0OPHBIX COOpYKe-
HHI M ypPOBeHb MOA3eMHBIX BoA OyayT mocrosinndl. Ilpm HeycranoBuBs-
meMcs peXXHMe MOTYT BO3SHHKHYThH CjelyloliHe cutyanuu: 1) mpowus-
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BOJIHTEJILHOCTb MOCTOSIHHA NPH H3MEHSIOLEMCsi YPOBHE BOJBI; 2) Mpo-
H3BOJMUTEJNBHOCTh U3MEHSETCS NMPH MOCTOSSHHOM YPOBHE BOJH; 3) H3Me-
HSIOTCS MPOU3BOAUTENILHOCTh H YPOBeHb BOAKI. Halle pacyeT BegeTcH
NpH 3a/laHHOM H BO3MOXHOM pacxoje BOIBHI.

[Ipu pacuerax 3KCIJIYATALHOHHBIX 3alacOB MNOJ3EMHBIX BOJA CJie-
noBajio OBl YUHTHIBaTh HX JocTOBepHOCTh. B Tabn. 2.1 Ha ocHoBe
KaTeropuit 3amacoB ¥ HX CYMMBl ONpPefe/sioT TPH TPYNNE MEeCTOpPOXK-
JCHH# TI0 CJIOKHOCTH OlleHKH. DoJsiee JOCTOBEpPHOHM sBJSIeTCs nepBasi
rpynna (mpocThie THAPOreOJOTHYECKHe YC/AOBHS) W HaHMeHee JOCTO-
BepHOH — TpeThs rpynma (BecbMa CJOXKHBIe THAPOreoJorHuecKHe yc-
aoBusi). OpHAaKo H NPH OUYeHb CJAOXKHBIX YCJOBHAX, €CJAH NPOBECTH
OTIBITHO-3KCIIYATAUHOHHEH oTO0D M3 BOAO3abopa B HeOJaronpusiTHHIN
Nepuol, a Tak¥Ke IPABHJBHO y4ecTb (OPMHPOBAHHE TOA3EMHBIX BOX
B HaJbHeHlIeM, MOMHO NOJYYUTh AOCTATOUHO AOCTOBEPHOE 3HAUCHHE
SKCNAYaTalHOHHBLIX 3allacoB MOA3eMHHIX BOA. CJexyeT TakxKe OTMe-
THTh, YTO KCIJIYaTallHOHHbIe 3amachl NOJY4YalT H3 BOA03a060POB MOA-
3eMHBIX BOJ, KOTOPBbIe MOTIYT H3MEHSITh CBOM XapPaKTePHCTHKH (H3HOC
HacocoB, HENONMyCTHMOe INajgeHHe YPOBHEH B CKBAXXHHAX, 3aHJIEHHE
GHUILTPOB M MPOY.), UTO NMOBJHAET HA HMX NPOH3BOAHUTEJNbHOCTb. Ilo-
3TOMY NPH H3MEHEHHH 3KCIVIYaTallHOHHBIX 3aMacoB CAeAyeT TaKkKe
aHanu3upoBaTe pabotry Bomo3zabopoB. Bompoc 06 3KcnayaTallHOHHBIX
3amacax NOJ3eMHBIX BOJL H HX THAPOTeoJOorHuyeckod oimeHke OoJiee
nogpo6Ho ocsewen B pa6orax JI. C. fssuna, bB. B. Bopesckoro

n ap. [9].

FJIABA 3. IPOEKTHPOBAHHE BOJO3ABOPOB
NMOA3EMHBIX BOJ

3.1. BonosaGopnl noi3eMHBIX BOJ H CXeMB BONOCHAOXeHHS

IIpoekrTupoBaHue BOJA03a6GOPOB MOA3EMHBIX BOJ ABJSETCH YaCThIO
NMPOEKTUPOBAHUS BOAONPOBOAHBIX HWJIH APYFHX CHCTEM, T. €. KOMILUIEK-
€a BCeX COOpPYXKeHHH BOAOCHAOXeHHS, OPOLICHHS, CHCTEM OXJaXIAeHHSH
u T. . Ilpm stom caeayer yuutniBaTh ykaszauusi CHull 2.04.02—84.
X0351HCTBEHHO-TTUTbEBOE  BOAOCHAOXKeHHe TMNOJIb3YeTCd INPHOPUTETOM
nepei APYrUMH NMOTPeOHTeJsIMH MOJA3EMHBIX BOA, 4TO yKaszaHo B «Oc-
HOBax BOAHOro 3akoHopxatTenbcrBa Cowo3a CCP u cowssux pecny6-
anky» [10]. dto onpexensiercsi o6bIYHO BHICOKHM KaueCTBOM MNpPECHBIX
MOA3EMHHIX BOJA H HX JYyUllleli 3aUIMUIEHHOCTBIX OT 3arpsisHenud. Ilox-
3eMHBIE BOABL CJIeflyeT MPOEKTHPOBATH B KauyecTBEC HCTOYHHKA C yue-
TOM KOMTIJIEKCHOTO HCMOJIb30BAHHS BOJHHBIX pecypcoB, paspaboTaHHOIO
B COCTaBe reHepaJibHBIX NaHoB paHona. [lorpeGHBIA pacxox mojasem-
HO# BOAKI B NPOEKTE BOJOCHAOKEHHS, OPOLUEHUS ¥ AP. ONpenesgaeTcs
o pacyeTy mOTPeOHOCTH, . a TaKXe ¢ YYeTOM AaHAJH3a NPHPOAHHIX,
TeXHHUYECKHX, SKOHOMHUECKHX H CAHHTAPHBIX YCJOBHH BO3MOKHBIX HC-
TOUHHKOB H C YUETOM H3MEHEHHS 3THX YCJIOBHH.
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[Tog3eMHBle BOABI, KaK OTMEYaaoch, MAOOBIBAKT ClleUHAJbHEIMHU
yCTpoiicTBaAaMH — BOA03a60opaMu pa3HbLIX THNOB C YY4eTOM YCJIOBHH 3a-
JIeTaHHs I10J3eMHBIX BOJ, X (QOPMHPOBaHHA U obecnedeHus norped-
HOrO pacxola B TeyeHHe PacueTHOro Cpoka, a B pfAle cjaydaeB W B
nepcrnekTUBe. DTOT pacXon AOJKeH YHAOBJAETBOPATH NOTpPeGHTEeNSI He
TOJBKO C YY€TOM H3MEHEeHHs YCJOBHH M MOTPeOHOCTH IO roAaM, HO
TakxkKe MO MecallaM, AHSIM W yacam Bogonorpebsienud. Ilpu stom us-
MEHeHHe pacxoja, oco0eHHO B TeYeHHe CYTOK, MOXHO PeryJupoBaTh
C YY4eTOM BCeX YCJIOBUH KaK H3MeHeHHeM MPOU3BOAMTEJbHOCTH BOJO-
3a00poB, TaK M BKJIOUEHHEM PEryJHPYVIOHIHX eMKOCTeH B CHCTEMY COO-
pyXeHuil Bojonposoja. Hanpumep, B cucteMe BogonpoBoxa BuibHio-
ca HepaBHOMEPHOCTb PACXOAA B TeUEHHE CYTOK DPeryJupyercs 3a cyer
BOIBI pesepByapos, a 6eperoBoi BOA03abop MOA3eMHBIX BOJA paboraer
C MOCTOSIHHOH NPOU3BOAMTENBHOCTHIO, YTO OKa3aJ0Ch BeCbMa 3KOHO-
MHUYHBIM.

Bono3abopsl B cHcTeMe OpolleHHsT oObiuHO paboTalT ¢ HepaBHO-
MEepHOH NPOU3BOJAHUTENBHOCTBIO BCJAEACTBHe W3MEHEeHUS] NOTPeOHOCTH B
BOJe B TeYeHHe roja, mecsies, AHeHd u JAaxe yacoB. OAHAKO MO 3KO-
HOMHUYECKHM CcOOOpa’keHusiM pPeKOMeHAYeTCS HCXOASE H3 pealibHBIX
YCJIOBHH OpPraHM3oBaTh pPaBHOMCpHYIO paldoTy BOA03ab0OpOB NOA3EM-
HBIX BOJA B IMOJIHBHOH mepHOA. Ilast opolieHHA 1eseco0O6pas3no HCIOJb-
30BaTh MOJA3€MHBIe BOJAH B paiOHe NOJHBHBIX IJouiajed, a aJas Xo-
35HCTBEHHO-IUTBEROI0 BOAOCHAOXKEHHS MO CAHHTAPHHM COo0paxKe-
HUSIM BOZ03abopbl, B ToOM HHcsae OeperoBwie, HesnecooOpas3Ho yAaasTh
ot norpebutens Ha 3—10 kM BHUIe M0 TeyeHHo pekd. Ilpu ucmosin-
30BAHUU AJisl XO35UCTBEHHO-NUTHEBOTO BOJAOCHAOXKEHHS apTe3HaHCKHX
BOJ, XOPOIIO 3allHINEHHBIX OT 3arps3HeHHs, BO3MOXKHO paccpenoTo-
YeHHoe pacnpejeieHde BoJA03a60pOB Aaxe Ha TEPPUTOPHUH rOpoOIa, 4YTO
viaeleBnsieT pHCHpE‘:HGJIHTEJIbHYPO CETh.

3.2. HaaexHOCTh CHCTEM BOA03a00POB NOJA3EMHBIX BOX

HopMaTHBBI, Ha OCHOBE KOTOPBIX OCYHIECTBJSIIOT NMPOEKTHPOBaHHE
B0O/103a00pOB IMOJA3eMHBIX BOJ, BKJAIOYAlOT B celda Kak o6si3aTesbHbIE
nocobusi (OCHOBH 3aKonomarteabvcTB, craHaaprth, CHuller m mpou.),
TaK ¥ MHCTPYKIHKH U peKOMeHZauuu [7—10; 13—19].

HamexHocTe paboThl cucTeM BOA03a00pPOB ¢ uXx 000pyAoOBaHHeM
olnpepensieTcsi AOCTOBEPHOCThI0 OLEHKH 3ISKCOJYATALUOHHBLIX 3aMlacoB
Nnoa3eMHBIX BoA (ra. 2.3), HafAeXKHOCThbIO pacuetroB. JlOCTOBEPHOCTH
OIIEHKH IKCHJYATAUHOHHBIX 3aMacOB MOA3EMHBIX BOJ NPAaKTHYECKH BHI-
Tekaer u3 tabna. 2.1.

IlpousBoauTe bHOCTD BOL03a60POB, HanpuMep 6GeperoBniX, 3aBHUCHUT
OT MNOJIOXKEHUs1 YPOBHEH B MOBEPXHOCTHBIX BOJAAX H, B YaCTHOCTH, OT
caMoOro HH3KOro ypoOBHSI BOABI, HallpuMep B peke, NpH KoTopoMm obec-
MeYuBalTCd HeOOXOAUMBIH pacxon W MPOeKTHAs NMPOU3BOAMTEIbHOCTD
BOJ03ab0OpoB, a TakKXe OT 3aW/JeHHA AHA BOAOeMa; IocjellHee omnpe-
JensieT cTreleHb CONPOTHBJEHHS JBHXKEHHIO BOJBL, a CJeJ0BaTesbHO,
H ypoBeHb ee B Bojao3abope. Caelyer uMeTh B BHAY, UTO HaAeXHOCTh
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paGoTel BOm03ab0OpOB MO OIEHKE 3KCNAYaTAalHOHHLIX 3aMacoB B COOT-
BETCTBHH C KaTeropusMu AOCTOBCPHOCTH (cM. Tabu. 2.1) yrounsercs,
ocoO0eHHO B NepPBHIM NMEPHOA 3IKCHAyaTalHH, H TOTAAa OHA BO3pacTaer.

IIpu ouenke HameXHOCTH paboTH BOZ03a0OPOB CyLleCTBEHHOe 3HA-
YeHHe HUMeeT KOHCTPYKIHS caMHX BOA03a00OPOB, a TaK¥XKe HAAEXKHOCThb
HacocoB, BOAOBONOB H Ap. KoHeTpykiuus Boxo3abOpOBR AOJIXKHA Y4YH-
THIBATH H3MEHeHHe MPOH3BOAHUTEJNbHOCTH BO BPeMeHH, B TOM YHCJe IO
32HJWBAHUIO U pereHepaunud GpUALTPOB CKBaxKuH. Heobxoxumo Takxe
o6ecrnedyuTh HOPMAaNbHYI0 pabOTy MOrPYKHBIX 3JEKTPOHACOCOB B CKBA-
’KHHAX ¢ Y4eTOM H3MeHeHHst JHHAMHYECKHX YPOBHEH M H3HOCA CAMHX
3JeKTPOHACOCOB, 0C00eHHO B 06eCHUABTPOBHIX CKBaXKHHAX M3 BOJO-
HOCHHIX MecKOB. BaxXHO TakXe YUHTHIBATL H3MEHEHHe CAHHUTAPHHIX YC-
JOBHH W BO3MOXKHOCTb 3arpsi3HEeHHs NOA3eMHBIX BoAa. Bce 3To caenyer
NPOBepAThL NPH H3YUEeHHH pEeXHUMa 3KCIJIyaTallud NOA3eMHBIX BOJ, BO
BpeMsi HaG.roJeHUH 32 OXPAaHOH INOA3EMHHX BOJA OT 3arps3HeHHs H
KOHTpoJIg paboTel 000pynOBaHHS.

Oas OUeHKH HafeXHOCTH GeperoBHX BOAX03200pPOB H3 MOA3eMHBIX
BOJ pacueTHYio OOeCrneyeHHOCTh MOXKHO NPUHEMATH no Tabsa. 3.1.

Ta6anua 3.1, Ob6ecneueHHOCTh MHHHMAJbHBIX CPeAHEMeCAYHBIX PacXOAOB BOJM,
HX RONMYCTHMOE CHHIKEHHE H JJHTeNbHOCTL AONYCTHMOro
nepepbisa AJsl pa3HbIX KateropHit Bogozaéopos

S - _— e — = A S - st e et —— . —— R S 5 . ——— e~ MRS w Bem ©m——

JlonyctHMoe cHHXXeHHe no-

Karero- [TponeHT nauu, %, cpeaHemeca4YHOro
XapaktepucTHKa BoRonorpeburensd pHs Bollo- | ofecme- pacdeTHOro pacxopna, AJH-
3a060pOB | YeHHOCTH TENbHOCTE CHHMIKEHHA pac-

Xona, AONYCTHMHEIR nepephis

s —— 5 EEEL  — ——
R i —_ . -

TFopon ¢ Haceaenuem GoJee 50 000 I ! 97 He Goaee 30

gey. Kpynible W BaXHbie NpeAnpH-

ATHA

'opon ¢ naceneuveM a0 50 000 uen. 11 95 To xe

Cpenuse npeANpHSATHS, TPyNNoBLie He Gonee 10 cyr
CeTbCKOXO35IHCTBEHHEE BOJLONPOBO- [TepepuB He Goaee 6 u
Jbl

lopoga ® HaceseHHBle NMYHKTH JO 111 9% He Gonee 30

500 wes. He Gonee 15 cyT
MecTHBe NpeanpHATHS [lepepuiB e Gosee 24 u

CucreMn  Ce/IbcKOXO3AHCTBEHHOIO
o06BOAiHEHHA (mactbHlla) OTHENb-
HbIX MyHKTOB. Opouenue

Y

T L -

IIpu cpeaHeMecstuHBIX pacxonax OJIKHA NMPOBEPSATbCS HEOOXOMH-
Masi peryJHpyomas eMKOCTbh BOJOHOCHOTO TOpPH30HTa AJs obecneue-
HUSI NOAAuYH BOABI MPH MHHHMAJBHBIX BHYTPHMECSUHBIX pacxojgax H
COOTBETCTRYIOIMX MHHHMAJbHbIX YPOBHSX B CKBaxXuHax. OueHKy Ha-
AEeXHOCTH BOA03a00pOB, COCTOSAUIMX H3 CHCTeMBl CKBAaXHH, MOXKHO
NPUHATH NOPH HAJHUMKM PE3epPBHHIX CKBAXHH H KBaJHOUIHPOBAHHOM
06¢cay:KHBaHHA (KaueCTBEHHBIH PEMOHT H CROeBpeMEHHAs 3aMeHa He-
HenpaBuoro o6opyAoBanusi). Ilpm 3TOM 4HCAO pe3epBHHIX CKBAaXHH
NOMKHO OBITH He MeHnee YKa3aHHOro B Tabu. 3.2.
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Tab6auna 3.2, YUkcno pe3epBHLIX CKBAXKHH B 32BHCHMOCTH OT KATErOpHH
Bopo3abopa (cm. Ta6a. 3.1) H uncaa paGouHX CKBaAXKUH

- pia . — T e e e B e e T e =y g, S A e o

——— e R i e

Uncho pesepBHBIX CKBAXHH MpH XaTeropusax
sonrosabopa
Yucao paﬁnqnx CKBaXHH T e s maaaee
I 1§ 111
5—12 2, | —
13 u 6onee 20 % 109% _

HapexuocTs npyrux Bojao3abopoB caefyeT NPHHHMATh € YYETOM
CJI0XXHOCTH THAPOreOJOrHYEeCKHX, TeXHUYECKHX, CAHUTAPHBIX H NPOYHX
YCJOBHH, a TaK¥Xe pe3y/bTaTOB AeTaJbHOIO U3yUYEHHS.

I'JTABA 4. SKCIIJIYVATALLUOHHBIE CKBA)KHHI)I
HA BOAY

4.1. CriocoObt OypeHHs CKBaXKHUH

Bonosabopnl u3 ckBaxuH Haubosiee pacnpocTpaHeHBl B NPAaKTHKe
X03AHCTBEHHO-NIUTHEBOro BoAocHabxkenus., Mx coopyxaioT Anas noO6bUH
MOA3EMHBIX BOJ, 3ajeramlliux Ha raybuHe Oojee 10 M npH MOIUIHOCTH
BOJJOHOCHOTQ nJjacra He MeHee 5—6 M. ['1yO6uHa BOL03a0OpHBEIX CKBa-
}KuH uHorga mnpesnimiaer 1000 M. B cucreMax cenbcKOX039HCTBEHHOTO
BOJOCHAOXeHHA BOA03a00pHBIE CKBaXHHH II0 pacnpocTpaHEHHOCTH
YCTYNAKT JHIIp LIAXTHHIM KOJIOAILAM, OAHAKO AHANAa30H BO3MOXKHOTO
IIPHMEHEeHHUS] CKBAXXHWH 3HAYHTEJbHO LIUPE.

B npakTHKe COOpPYXEHHs CKBaXXHH Ha BOAY NOJYYHJIH pacnpocT-
paHeHHe CJeAyolliHe CHocoOn OypeHHsl: BpallaTeJbHBIH C NPSAMOH
NPOMBIBKOH, BpalulaTeJbHbBIi ¢ OOpaTHOH NPOMBIBKOH, BpallaTeJbHbIH
¢ NPOAYBKOH BO3AYXOM H YAApHO-KAHATHHIH. YCJOBHS NpPHMEHEHHUS
pasaugHBIX cnocoGOB OYypeHHs onpeAesroTcss cCOGCTBEHHO TeXHHYECKH-
MH H TEXHOJOrH4eCKHMH 0COOeHHOCTAMHU O6YPOBBIX YCTAHOBOK, a TaK¥Ke
KayecTBOM palboT NO COOPYXKEHHI0 CKBAXHH. YCJAOBHS NpPUMEHEHHA
pPasJHIHHX cnocoG0OB OypeHHs CKBAaXKHH HAa BOAY NPHMEHHTENBHO K
CYLIECTBYIOIIEMY CTAHOYHOMY Napky npusBefeHws B TabJ. 4.1. [Toxpo6-
Hble XapakTepUCTHKH OYPOBHIX YCTAaHOBOK NpPHBEACHH B CHPaBOYHU-
ke [22]. Cnenyer oTMeTuTh, 4To NpH Bhuilope cnocoGa OypeHus: ckBa-
XHH Ha BOAY HeoOXOAMMO YYHUTHIBATH HE TOJBKO CKOPOCTh NPOXOAKH
CKBaXXHH M TEXHOJIOIHYHOCTh METOJa, HO H olecneueHHe TaKHX mapa-
METPOB BCKPHTHA BOAOHOCHOTO nJacra, NpH KOTOPHIX AedopMaiius
nopoa B npusaboRHOH 30He HAOAIOKAeTcs B MHHHMAJbHOH CTENEHH H
ee NPOHHILAEMOCTh He CHHUIKAETCH B CPaBHEHHH C NJIACTOBO.

ITpu npoeKTHPOBAHHH BOAO3a00PHLIX CKBAXKHH Cnocob 6ypeHHd BLIGH-
pamT HCXOAS M3 reOJOrHYeCKHX H THAPOreoJIOrHYeCKHX YCAOBHH, Tpe-
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6yeMOoro AHaMeTpa CKBAaXKHH, TEXHHKO-3KOHOMHYeCKOH Lesecoobpas-
HOCTH NpHMeHeHHs crnocoba OypeHHs B KOHKPETHBIX YCJAOBH#AX. Tex-
HHKO-3KOHOMHYECKAA 1enecoo0pa3HOCTh NPUMEHEHHs TOTO WK HHOTO
cocoba OypeHusi onpepensercs € yuyeTOM TPeX OCHOBHBIX MOKa3aTe-
Jiel: KayecTBa H JOJNTOBEYHOCTH CKBAXKHHB, MPOAOJIKHTEJbHOCTH H
CTOHUMOCTH €€ COOpPVYIKEHHs, OAHAKO pelIaloliuM AOJXKHO OLITb NMPOH3-
BOACTBO MAOJITOBEYHHIX CKBAXKHH, COXPAHSIOLIHX HeHM3MEHHOH BOAONPO-
HHI1aeMOCTh NMPpH3a00HHOH 30HBI AJIHTeJIbHBIe MEPHOABI BPEMEHH.

Ilpu BeIGOpe cnocoba GypeHHsi BOAO3aOOPHBIX CKBAXHH CJaeAyeT
PYKOBOACTBOBaThes Tabda. 4.1.

Ta6aunua 4.1. Pexomengauus no suibopy cnocoba Gypennd

- — 1T B e E— e P L | et e ey o i— — —

Cnioco6 OGypeHHA Veaosua npHMeHeRdN

e —— dnm

YnapHo-KaHATHHII B pHIX/BIX H CKaJbHHX MOPOAAX NMpPH TayOHHe
ckBaxuu go 150 M W HavasnbHOM jgHaMmeTpe
CKBaxXHuHH Gosee 500 MM

PoTopHHiil ¢ npsiMo#t MpoMHBKOM B pHXJBX H CKaJbHHX MOpOAax NPH JMOGOH
rayOuHe CKBaXXHH ¢ HavaJbHHM JHAMETPOM
Zo 500 MM H € NPOMHEIBKOH YHCTOH BONOI,
MOJHMepHHIMH HJIHM TIJHHHCTHMH DPacTBOpaMH
Kom6unuupoBanunlit (ynapuo-kanar- | Ilpu ray6use ckBaxun Gonee 150 m Ha ne-
HHH H POTOPHHIH ¢ NPAMOH npo- | HanmopHhe W cjaaboHamopHHe BOJAOHOCHHE
MHEIBKO#H ) FODH3OHTH, TMpeAcCTaB/ieHHHE pPHXJHMH OT-
NoxeHHAMH. [lo KPOBJAH BOAOHOCHOI'O TI'OPH-
30HTA — POTOPHBIf ¢ IJIHHHCTHIM pPacTBOPOM,
MO BOJOHOCHOMY TOPH30OHTY — yJAapHO-Ka-
HAaTHHH

Poropruiit ¢ o6paTHofi MPOMBIBKO# B noposax I—IV kateropuit ¢ colepx anHem
B PHXJIBIX H CBS3HHX OTJOXKeHHAX He OoJee
10% BanyHoB npu riyOuHe CKBaXKHH x0 200 M

Kononkoshi B ckanbHHIX mMOpoAax NMpH AHaMeTpPe CKBAMKHH
,}150150—-200 MM TIipu rayOuHe OypeHHs 10

M
PeaktHBHO-TYpOUHHBI [Ipu ray6unax 500—1000 m u 6onee u 60.Jb-

IHX AHaMeTrpax CKBaMHH

ra— ~ e e S, — —— =

Hns noBuimlenus: 3Q(HeKTHBHOCTH NPOXOXKAEHHSA CKAJBHBIX MNOPOJ
YAapHO-KaHATHBIM CNOCOG0OM pPEKOMeHAYeTCss NpuMeHsiTh Bubpoyaap-
Hble OypoBuie cHapsasl BC-1 u BC-2, paspa6oranasie BHUHUIC u
tTpectoMm [IpomGypBox (Taba. 4.2).

Tab6anua 4.2, TexuduyecRas XapakTepHCTHKA BuGpoymapubix GypoBbix cHapsios

— - E———— i i

Mapka cHapspa
X
apaKkTepHCTHKa s el
Huamerp 6ypenns, MM 250—300 350—400
Macca cuapspa, Kr 935 ¢ monotTom 1500 ¢ monoTom
< 250 mwm 2 350 MM
Bhicotra cuapsfia 6Ge3 KanaTHOro samka, My |6050 5430
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BubGpoyaapuble OypoBble cHapAAbl o0ecrneyHBalOT HaHeCceHHe IO
3a6010 NOCPeACTBOM MNOANPYXKHHEHHOrO yAAaPHHKA CepPHH AOHOJHH-
TeJBHBIX YAaPOB B MOMEHT KOHTAKTa A0J0Ta ¢ MOPOAOH B NPOMEXKYT-
Ke MexXay ocHOBHBIMH ynapamHu. [Ipu 3TomM ckKopocTh OypeHHsI BO3pa-
craer B 1,0—2 pasa. OcobGeHHoCTH GypPeHHS CKBAXKHH C NPHMEHeHHeM
BHOPOYAApPHBIX CHAapAAOB H3JOXKeHb B pabore [24]. Ilpm Gypenuwm
CKBaXXKHH DOTOPHBIM CNOCOOOM € TJIHHHCTOH IPOMBIBKOH HE BCerna
obecrneynBaeTcss BCKPHITHe BOJOHOCHOTO IOPH30HTa 6e3 CyLUeCTBEeHHOH
IMIMHH3AllHH CTEHOK CKBAXHHBI, a NOCJeAymolliee OCBOGHHe He yCTpa-
HgeT MOJHOCThIO NOCAeAcTBHI raumHH3auud. [losToMy 3HauuTenbHas
yacTh THAPABJHUECKHX M[OTepb NPHXOAHTCH HA NPH3AOOHHYIO 30HY
CKBAXHHBI, YTO CYUIECTBEHHO YMeHbIlaeT BEJHUHHY AONYCTHMOrO IHO-
HUXKeHHsI YPOBHS BOAH B 3KCHJyaTallHOHHOH ckBaxkuHe. Kpome TOroO,
MpH 3aKOJbMATHPOBAHHOH NPu3alOiHON 30He CKBAXKHH CPOK HX 3¢-
tbexTHBHOI cayxKObl 00BIUHO He NpeBblllaeT 2—3 JieT. B cBA3H C Tewm,
YyTo MO 3TOH NPHYHHe COOPYXKAaWTCA MaJJoneOHTHble BOJO3a0OpHBIE
CKBAXXHHBI, H B NOCJeAHHEe FOABl NPH BCKPHITHH BOJOHOCHHIX NJIACTOB
onpo6GoBaHB GE3rJIHHHCThie PacTBOPH H PAacTBOPHI H3 OBICTPO pasJa-
raloLHXCS COelHHeHHH, 000CHOBaAaH H omNpoOoBaH ¢noco® BCKPHITHA
MeCYaHBIX BOJAOHOCHHIX T'OPH3OHTOB BOJOTHNAHOBBIMH pacTBOPaMH.
OTH pPacTBOPH XapaKTepH3YIOTCH MNOBHILIEHHOH BA3KOCTHIO: B BOJXHOM
pacTBope ¢ KOHLeHTpauueir or 1 jgo 99 rumana-l1 BS3KOCTH 10
CIIB-5 usmeHsietcs oT 16 a0 27 ¢, a npu npuMeHeHHH runaHa-0,7 —
or 18 g0 72 c. IToBbillleHHasl MJAOTHOCTb PacTBOpa CHOCOOCTBYET yJyu<
UIeHHOMY BBIHOCY lIJlaMa H3 CKBAaXHHBI, CYLIECTBEHHO yMeHbllas Io-
rJIOLEHHe NPOMBIBOYHOH XKHAKOCTH BCJEACTBHE KOAryJsLHH IljaMma
B pacTBOpPe HOHAMH NMOJHBAJEeHTHHIX MeTaJjJoB. Pacxol BOAOrHNaHO-
BBIX pacTBOpoB OoJiee yeM B 3 pa3a HHXe PAacXofa TeXHHUYECKOH BOAH
npu OypeHHH B aHaJOrHYHBLIX ycaoBHAX. Ilpomecc pexoJpMaTauuH
MJacTa NPH BCKPHITHH €ro BOAOI'HIAHOBBIM PAaCTBOPOM OKAa3bIBAETCH
MeHee 3aTPYAHHTEJbHBIM, YeM pasrVIHHH3aLMs, H NPOAYKTHI KOaryJsd-
MK THOAaHa JIerKO BHIMBIBAIOTCH B XOJe NMPOKAYKH CKBAa’XKHHHL.

JIONONMHUTENbHBIM NPEHMYILIEeCTBOM BOAOTHNAHOBBIX PAacTBOPOB fB-
JAdeTcs uX HHrHOHpYIolllee ACHCTBHe HA Pa3MbIB NPOXOAHUMBIX TJIHHH-
CTBIX OTJIOXKEeHHH.

TexHosoruss NPOXOAKH CKBAaXKHH C BOJOTHNAHOBLIMH pacTBOPaMH
aHaJOrHuHa OOBIYHOH ¢ MPSAMO# NPOMBIBKOH, HO 0053aTe/lbHBIM YCJIO-
BHEeM $BJSETCS HenpepbiBHOCTb BoaocHabxeHusi. OO6bpeM pacTBopa
H3MEHSETCHd B 3aBHCHMOCTH OT (HJIABTPAIHOHHBIX CBOHCTB NOPOJA H
HaxoauTcsa B npenenax ot 5 xo 20 m3. PexoMeHayeMast KOHIEHTpaLHs
runana (nmo remany-1) B pacrBope — 3,5 %. Ilpu BCcKpHITHE BOZOHOC-
HBEIX TOPH30HTOB HEAONYCTHMO CMeUIHBaHHe BOMOTHIIAHOBOTO pPacTBOpa
¢ IJIMHHUCTHIM pPacTBOPOM BBHAY 0O0Opas3oBaHHsA upe3BLIYAHHO TPYAHO
yaaasieMoii u3 NpH3aOOHHOM 30HBI TVIHHOTHNAHOBOM KOPKH, KOTOpas
He TOJIBKO KOJbMAaTHPYeT BOJOHOCHBIH NJacT, HO M 3aTpyAHseT yha-
JIeHHe M3 nJlacta CKoaryJupoBaHHoro runada. Ilpun nmaxoxkneHun He-
NOCPeACTBEHHO HajJ BOAOHOCHHIM IJIACTOM He INepPeKPHTHX TpyOamH
TJIMHHCTBIX NOPOJ BCKPBITHE BOAOHOCHOTO TOPH30HTAa BOJAOTHIAHOBHIM
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pPacTBOPOM CJieAYeT OCYINeCTBJASAThL ¢ Nojadyeill NPOMBIBOYHOH XKHAKO-
¢Tu Ha cbpoc.

Pacnapatmoulascss nNpOMBIBOYHAS JKHAKOCTb, IPeAJOKEHHAs BO
BHUHT uMe, cocTOUT U3 BOAH H Moau(UIHPOBAHHOIO Kpaxmana, Ko-
TOPHIT N06aBASIOT K BOAE B KoJuuecTBe 4—5 Y no macce. JlonycTAMo
MCIIOJIb30BaHHe BOJHOH CYCNeH3uH, coaepxauieh 3 Y kpaxmana u 3 Y%
OCHTOHHTOBOH HJAH MecTHOH rauHB. IlpuroroBieHHasd NpOMBIBOUHASA
JKHAKOCTh pacnagaercd depe3d 3—4 CyT, OAHAKO ee pacnaj MoOxKeT
OBITH YCKODEH MPH HCNOJNb30BaHHH (depMeHTa — aMHJIOCYOTHAHHA, J0-
6aB/iseMOro K cyxomy Kpaxmajy B Koauyectse 0,02—0,03 % mno mac-
ce. TInoTHOCTE KpPaxMaJjoOrIHHHUCTOTO pacTBopa okoao 1,02 r/emsd.
IlpumeHenue pacnagalmoUiHXcss pacTBOPOB NPH OYPEeHHH CKBaXXHH Ha
Boay B Dpsinckoii, CapatoBckoit o6aactsix u Kaameinkor ACCP pano
YIOBJIETBOPHTENbHBIE PE3YAbTATHI.

4.2. Tunbl, KOHCTPYKIMH CKBAXXHH M PHABTPOB CKBAXKHH

Tunot ¥ KOHCTPYKUMHM CKBaXMH. [IpoekTHpoBaHHe KOHCTPYKIIHH
CKBaxKuu Ha Boay persnamentupyerca CHull 2.04.02—84. B cayuae
3aJjieraHus Ha IOBEPXHOCTH 3€MJIH YCTOHYHBBIX CKaJbHHIX NOPOA H OT-
CYTCTBHH BePXOBOAKH INPH YAAPHO-KAHATHOM OYpeHHH JONyCKaeTcs
OJlHOKOJIOHHASl KOHCTPYKIHSI CKBaxKHHH. [Ipm coOpyXKeHHWH CKBaXKHH
B aJIIOBHAJIBHHIX OTJIOXKEHHSX, CO/AEpXKallHX TPYHTOBBIE BOAH, CKBa-
KHHY CJeAyeT KpeluTb [ABYMS KOJIOHHAMH TPYyO: KOHAYKTOPOM H
¢HALTPOBOI KOJOHHOI, BBIBOAHMOR Ha MOBEPXHOCTh 3eMJIH.

Ilpn BCKXpHITHH B pa3pese ABYX BOAOHOCHBIX IOPH3OHTOB, BEePXHHH
H3 KOTOPHIX He HaMeYeHO 3KCNAYaTHPOBaTh, MNOCAEAHHH NOAJECKHT
MepeKpHTHIO IAyXol KOMOHHOH. [Ipm 6oJsblIOM KOJNHUECTBE 3aJieraio-
KX BbIIIE KCOJIYaTAllHOHHOTO FOPH30HTAa BOJOHOCHBLIX IIJIACTOB KaXX-
ABIH H3 HHX HeoOXOAHMO HepeKkpbiBaTb. IIpH 3TOM TIyxXyi0 KoOJOHHY
caenyer 3aray0adaTe B BOoAOYHop. B ckBaiKHHAX, KoTopblie OypsaTcs
YAapHO-KaHATHBIM CMOCOO0M, NPH 3HAYUTEJbHBIX I'MIyOHHAX, YYHTHIBASA
GoJsibllIHe BHIXOABI OOCAAHBIX KOJIOHH, BO3MOXKHO NPHMEHSATh HECKOJb-
KO TEXHHYECKHX KOJOHH. BHIXOA KOJOHH MoOXeT OBITH CYIECTBEHHO
yBeJHYeH Npu npuMeHeduu Bubpomoaora bBC-1. B ycroliuuBeix Bo-
JOHOCHBIX NOpPOAax CKBaXKHHa MOXKeT paboTaTh OTKPHITHIM 8aboem,
B PBIXJBIX BOJOHOCHBIX OTJOXKEHHSIX CJexyer npeAycMaTpPHBATb HO-
MOJHHTENbHYI0O (PHJIBTPOBYIO KOJOHHY, KOTOpasi MOXET BHINOJHATH
pPOJib BOAONONBEMHOH.

[TIpr npoxoake CKBaXXHH POTOPHBIM cnocoGoM ¢ mpssMOoM H oGpar-
HOM MPOMBIBKOH CKBaXXHHY KpPemsiT ABYMs KOJIOHHAMH TPY0: KOHAYK-
TOPOM H 3KCTHJyaTallHOHHOH KOJIOHHOH. 3aTpyOHOEe NPOCTPAHCTBO KOH-
AYKTOpa U MeXTpyOHOe NPOCTPaHCTBO KOHAYKTOPA M IKCIJIYATALHOH-
HOH KOJIOHHBI LEeMEeHTHPYIOT. IJTO MNO3BOJAET HAAEXKHO H30JHPOBaTh
HEIKCNIYaTHPYeMbit BOAOHOCHHIH ropu3oHT. [lpu HeobxogumocTu yc-
TAaHOBKH B CKBaXXHHY Hacoca, Npesbilialollero no raGapuraM BHYT-
pPeHHHH AMAMeTP 3KCIYaTAaLHOHHOH KOJIOHHBI, HeOOXOAHMO NpHME-
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HATh KOHCTPYKUHMIO CKBaXKHHB ¢ YCTAHOBKOH 3KCIJAyaTalHOHHOH HJIH
¢uabTPOBOH KOJIOHHBI BIIOTA# Ha caJjibHHKe ¢ NoabamMayHoi LeMeH-
tanued. B 3ToM caydae skcnJyaTallHOHHAsi KOJIOHHA Beille OaliMaka
TEXHHYECKOH KOJOHHH HMeeT My(DTy ¢ JeBOH pe3b0o# H CaJibHHK, YTO
MO3BOJISIET OTBEPHYTH BEPXHIOW YacTh KOJOHHBI.

BecpMa npocTa 4 5KOHOMHYHA OJAHOKOJIOHHAA KOHCTPYKIHS CKBa-
JKHHH ¢ (QHALTPOM Ha CajibHHKe, YCTaHABJAHBAaeMOM BIIOTail. ITY KOH-
CTPYKIHIO CJIeAyeT 110 BO3MOXKHOCTH NPHMEHATh yalle, Tie 9T0 AONYy-
CKalOT reoJIOTHYECKHE H THAPOTre0/iOTHUEeCKHE YCIOBHS.

Ilpn xanTa)e BOJOHOCHBIX TOPH30HTOB, NMPHYPOYEHHBIX K TOHKO-
H MEeJKO3ePHHCTHIM NOpOoAaM, CJefyeT NpeAycMaTpHBaTh BO3MOXKHOCTD
YCTPOHCTBA ABYXCJOWHO¥ TPAaBHUHON WJM TPaBHUIHO-TIeCUYaHOH OOCHIT-
KH C YCTAHOBKOH BCIiOMOraTeJbHOH KOJIOHHHI.

Tunpl ¥ KOHCTPYKUMH PuABTPOB CKBaXHH. OUALTDH CKBaXKHH Ha
BOAY JOJI2KHH ofecneunBaTth CBOOOAHBIH HNOCTYN BOABI B CKBaXKHHY,
HaJeXXHO 3allMIIATh ee OT MEeCKOBaHMWS NMPH MHHHMAaJbHBLIX THAPAaBJIH-
YeCcKHX MoTepsax, ofecneynBaTh YCTOHUHBYIO paboOTy CKBaXXHH B Teye-
HHe AJHTEJNBbHOTO BPEMEHH, a B cjyyae KoJbMaTaxKa BOJONPHEMHOH
MOBEPXHOCTH [AOMYCKATh BO3MOMHOCTb NPOBeJeHHsT BOCCTAHOBHTEJb-
HBIX MEDONPHUATHH ¢ HCNOJIL30BAHHEM PA3JIHYHBIX peareHTOB-PacTBO-
pUTEJNeH HJAH COBMECTHOrO HMIYJbCHOIO M peareHTHOro BOCCTaHOBJIE-
HHA NPOH3BOAUTEJNHHOCTH CKBaXHH. ]

wapaBanueckne HCCAENOBAHHSA PA3JHYHBIX KOHCTPYKUHH (HIABT-
pPOB NOKAa3bIBAIOT, YTO OCHOBHBIE NMOTEPH HaNopa NPHXOAATCA HA KOH-
TaKTHYI0O 30HY KapKaca (BOAONDHEMHYIO NOBEPXHOCTb) M T'PaBHHHON
o6chnKH (BOAOBMENIAIOMIEH NOPOMH).

C yueToM NPHHIIHNA HAJOMEHHA TPaBHSA HJAH NOPON HA BOXONPH-
€MHVIO NOBEPXHOCTh (PUABTPA CKBAXKHH HA BOAY HX MOXHO Pas[eJjUTh,
KaK Nokas3aHo Ha puc. 4.1.

HanGoablliee pacnpocTpaHeHHe HAIUAH YacTHIE3aJAepKHUBAIOIHE
GuAbLTPH, KOTOPble BKJAIOYAIOT (PUABTPHI-KapKacel W QHABLTPH C JO-
NOJMHHUTEJbHOH BOAONPHEMHOH MNOBEPXHOCTHIO. B 3THX KOHCTPYKIHAX
s¢ddeKT npenoTBpallleHHs NMECKOBaHHA NOCTHraercs TakHM nonbopoM
pasMepa OTBEpPCTHA OTHOCHTEJIbHO pasMepa YacTHl BOAOHOCHHIX [MO-
pPOA MM rpaBHiiHOH OOCBHIIKH, NPH KOTOPOM cobmionaiorcs AH00 KPH-
TEpHH TFeOMeTPHYECKOH HenpochNaeMOCTH, JHOO pacdeT BejleTcs Ha
¢bopMHpOBaHHE B KOHTAKTHOH 30He €CTECTBEHHOro (HJibTpa 3a CyeT
cBoA006pa3yIHX YyacTul. B 3THX KOHCTPYKUHAX HeH30eXHBl HeKo-
TOpbie KOHTAKTHHE THAPaBIHYECKHe MOTepH, NOCTHraliHe MaKCHMY-
Ma B ciaydae QHIALTPOB ¢ Kpyryiod nepdopanves npu dso (dso— pas-
Mep YacTHIL BOLOHOCHBIX TOPOX HJIH TPABHHHOH OOCHINKH, COOTBETCT-
Bylouiuii 50 %-HoMy comepxaHuio B npole), paBHOM [AHaMeTpy OT-
BepcTusi. KOHTaKTHble IOTEPH YMEHBIIAIOTCH COOTBETCTBEHHO TPH
yBeJIHUeHHH dsp KOHTAKTHPYIOUIHX ¢ QHJIBTPOM YaCTHIIL.

QUABTPHl C OTKJIOHHTEJNEM TPaBHf XapakKTepH3YIOTCH HaJHYHEM
TAKHX 3JEMEHTOB BOJONPHEMHON MOBCPXHOCTH, NPH KOTOPHIX HCKJIO-
yaeTcsi NMpsiMOe HaJOXKeHHe BOAOHOCHBIX MOPOA HJIH IPaBHHHBIX Hac-
Tul Ha ¢GuapTpP. B KauecTBe TAaKHX 3JIEMEHTOB HCNOJIL3YIOT MOCTOOG-
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CO3AABAEMBIE CO3QABAEMLIE

B CKBAXWHE HA
NOBEPXHOCTH

| KOKYXOBBIE | | KOP3UHUATBIE

Puc. 4.1. Kanaccudpukauusa ¢uabTpor BoA03A60PHHX CKBAKHH

pasHble OTBepPCTHS, KO3HPbKH H CJIQXHBIH Npouib (UABTPOBHX OT-
BepCTHH, a TaKXe peOpHUCTYI0 BOAONPHEMHYI0O NOBEPXHOCTH.

B rpaBHTAanHOHHHX KOHCTPYKIHAX yCTPaHBAalOT IIHPOKHE BOAONPH-
eMHble OTBEpPCTHS, B KOTOPHIX T'PYHT yAepXKHBaeTcs OT BBIHOCA MOA
neficTBHeM CHJIbI TSAXKecTH. K HUM OTHOCSITCSl KOJIOKOJIbHBIE, YalleYHHIe,
TapeJjibuaThie, 30HTHYHbIE, AOHHBIE H JApPYrue KOHCTPYKIIHH.

JlaHHBle 06 OCHOBHBIX THMAX (DUALTPOB H 00JACTH HX NPHMEHEHHs
npuBeaeHb B Taba. 4.3. B He#i chopMyaupoBansl obuiue TpeboBaHHA
K GuUAbTPAM H AMANA30HB HX HCNOJb30BaHHA. B KaXAOM KOHKPETHOM
clydyae KOHCTPYKUHIO (uiIbTpa cieayer BHOuUpaTh B COOTBETCTBHH C
H3jaraeMoil Hu¥Xe MeTOAHKOH. Bce oxapakrepu3oBaHHble KOHCTPYKIHH
BO3MOXKHO NPHMEHATh ¢ KOHTYPOM PHIXJIOH IPaBHHHOA OOCHINKH, CO3-
JaBaeMol Ha 3a00e BO#03a00pPHONH CKBAXKHHBHI.
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B ¢Bsi3u ¢ perHoOHaJbHBIM CHUXKEHHEM HANOpPOB NOA3EMHBIX BOJ B
CeJIbCKOX03AHCTBEeHHOM BOJAOCHAOXeHHH pAAa o0JacTel CTpPaHbl NPH-
XOJAUTCSA OPHEHTHUPOBATbCA HA KallTaxK BOAOHOCHBIX IIJ1aCTOB, 3aJjerao-
mwHux Ha ray6usax 200 m u 6osee. Jlnanaszon KOHCTPYKUHH HABTPOB,
NpUMEHsIeMbIX [0 HACTOALIer0 BPEeMEHH NMpu 060pPYyAOBAHHH BOAOHOC-
HBIX [IeCKOB HA 3THUX IMyOHHAX, HeBeJHK. DTO, KaK NPaBUJIO, DHIALTPHI
Ha TpybuaToM KapKace C BOAONPHEMHONH IOBEPXHOCThIO H3 CETOK ra-
JYHHOTO TJIETEHHUs, pexXe HUCMOJb3yeTCsi MPOXOAKA CKBAXKHH C YILIHPEH-
HbiM 3a6oeM # TNOC/AEAYIOUWMM YCTPOHCTBOM TIpaBHAHBIX (UIALTPOB
NyTeM 3achIIKH rpaBUs WJIH B KOXYXOBOoH Moaudukauuu. OXHAKO yCT-
POHCTBO rpaBUHHOTO (PUJIBTPA B CKBa*KHUHE C YIIHPEHHEM BecbMa TpPY-
IOeMKO, TIPH YCTAHOBKe KOXYXOBHIX (PHABLTPOB CYILICCTBEHHO YBEJH-
YHBaeTCs aHaMeTp OypeHus, YTO YacTO OKa3biBAeTCA HEIKOHOMHUHBIM,
a NPU YCTAHOBKE CeTYaThX (DUABTPOB IPOH3BOAHUTENHHOCTb CKBAaXKHH
He YIOBJIeTBOpAET 3asBJeHHbBIM NOTPpeOHOCTSIM, H THAPaBJHUECKHUE
NOTepH Ha CKBaXKHHe CYILIECTBEHHO NPEeBHIIAIOT NJ1AaCTOBHIE.

B Takux ycJOBHAX MOXKHO NMPUMEHATH KOHCTPYKUUHM (PHUIALTPOB, B
KOTOPHX HCKYCCTBEHHO CO3JaeTcd aHaJor IMOPHUCTOH CcpeAbl MyTeM
MHOTOCJIONHON INPOBOJIOYHOH OOMOTKH, KOAKCHA/JbHOH YCTAHOBKH
GUIBLTPOBHIX TPYO6 M NepeKpeCTHON HAMOTKH CTEKJOXKIYyTa B CTEKJIO-
NJACTHKOBBIX (dHIBTPAX. DTO MHOrOCJAOHHbBIE NPOBOJOYHBIE (DHABLTPHI
no nateury CIIA — noBag monudHkKauus KOXKyxoBoro uabTpa co
CMellleHHo#t nepopanied KoxXyxa U KapkKaca — H CTeKJIONJaCTHKOBHIE
OUABTPHI.

MuorocnofiHel#i NPOBONOUHBHIH (HUABTP H3rOTOBJAAIOT C IOMOLLLIO
MHOTOKPATHOH NPOBOJIOUHON 06MOTKH mnepdopuposanHoit Tpybul. Ha-
PYKHBIH CJ0H NPOBOJIOKH HMeeT TaKHe 3a30pPhbl, KOTOphIe YAEPKHUBAKOT
TOJABKO KDYNHbIe YAaCTHUM Ilecka. PaccrosHue MeXAy NPOBOJOKaMH
BHEUIHero ¢Jod 3ajaaercs OJM3KMM K AUAaMETPY 3epPeH, COOTBETCTBYIO-
memMy 95 %-Homy coxmeprkanuio B npobe 1o KpUBOH 3epHOBOrO COCTa-
Ba. Illar o6MOTKH cpeaHero c¢josl NPHHHMAETCHd MEHbIIe HapPYyXXHOTO
M BMecTe ¢ TeMm OoJbllle mHaMeTpa 3epeH, cooTBeTcTBYIouero 75 %-
HOMY COAep:KaHHIO YacTHI B npobe neckoB. BHyTpeHHu# ciof (B yacT-
HOM CJydyae OH MOJKEeT OTCYTCTBOBATb) HMeeT elile MeHbIUWH 3a30p
(MeHbIlle pasMepa 3epeH, cooTBercTBYiomtero 50 %-noMy coxepxanuio
B npo6e). Ilpu Tako# KOHCTPYKUHH (HUALTPA KPYNIible YACTHLL NECKA
3aepIKUBAIOTCSA Ha HAPYXKHOM CJiO€ MPOBOJIOYHOH 0OMOTKH, HMeEIoUIeM
MakcHMaJbHble 3a30pH. Ha xakaom nocleiyioumeM ¢j0e BOAONpHeM-
HO NOBEPXHOCTH OTCEHBAIOTCs Bce Oojee MesJKHe YaCTHIH MecKa.

OnbiTHHE HCCAefOBaHHA B Ja6opaTOPHBIX YCJOBHAX IIOKa3alH,
YTO B paccMaTpHBaeMOH MOAM(DHKALMU CONPOTHB/ICHUSA DHIBTPOB He-
3HAYUTEJbHO NPEBHINAKT CONMPOTHBJIEHHS KOHCTPYKLUHH C PHIXJIOH rpa-
BuiHOH oOcwinkod. [loneswie mccaemoBanus GUABTPOB Ha HePTAHBIX
M ras3oBbIX CKBaXXHHaX MOKa3a/jH, 4YTO YAOBJETBOPHUTEJBHO 3TH KOH-
cTpykuuu $uabrpoB paboraior npu kod3pPUIHEHTE HEOZHOPOIHOCTH
KanTHPyeMuIX neckoB, 6onbiiem 2. B 3Tom cayyae NpH OTHOCHTENBHO
HeOo/IbIINX THAPABJAHYECKHX NOTEPSAX NeCKOBAHHA CKBAaXXHH HE Ha-
6/1101a/10Ch.
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B oreuecTBeHHOH NpakKTHKe MHOrOCJOHHBI® [IPOBOJIOUHBIE KOHCT-
pykuuu onpobosasu B A30Bo-KyO6aHCKOM apTe3snaHcKoM Gacceiine,
OHAKO B CKBAaXHHAX YCTaHABAHUBAJH (DUIBLTPH C HAPYXKHBIM CJOEM
0OMOTKH ¢ HaUMeHBbUIHM 3a30pom. JlabopaTopHbie HCCJAEAOBAHHS 3THX
GHUABTPOB B KOHTAKTe ¢ JIOOEpellKHM neCKOM, HUMeUHM Ko3(pHIlH-
eHT buabTpanuu 10—12 M/cyr, nokasanau, yTo NPOHHILAEMOCTH COOCT-
BeHHO Tesa $HAbTPA, N0 JAHHBIM NPHUBA3HOrO Mbe30MeTpa, HECKONBLKO
BHILIe NpOoHHIIAaeMoCTH neckoB (20—25 m/cyT), a ¢ y4eTOM KOHTaKT-
HBIX THAPABIHYECKHX TOTeph INPOHHIIAEMOCTh (HUABTPA COCTABJASET
5—8 M/CyT Npu cpeaHeM 3HaYeHHH Nokasartens o006IIeHHOTO CONpO-
TUBJEHHS, paBHOM (0,42.

OnwiT MaccoBoro NpHMeHeHHSl 3THX KOHCTPYKUHH npH ob6opynoBa-
HHM CKBaXXWH HA BOAY B A30Bo-Ky6aHckom aptesuanckoM DacceiiHe
npu ycTanoBKe ¢GhuabTPOB Ha rayOuny Gosee 100 M nmokasan, uTo B
obmiem cJiaydae NeCKOBaHUsi CKBaxXKHUH He Habawaanock. Opnako a0-
MOJIHHTeJIbHBIE CONPOTHBJEHHS B NpH3a0OHHOH 30He OCTaBaJIHCh 3HA-
YHTeAbHBIMH, T. €. MHOTOCJOHHbIE MPOBOJIOUHLIE (PHUALTPLHI B BapHAHTE
KpacHopapCko# KOMIIJIEKCHOH Te0JOrHyecKOH SKCHeAHHHH He HMeloT
KaKuX-1ub0 npeuMyuiecTs, HCNOAb30BaTh TAKOTO poja PuaALTpbl MOX-
HO TOJBLKO B TOM CJy4ae, KOrjia pasmep OoTBepCTUH HApYyKHOH OOMOTKH
6oJbllle pagMepa OTBEPCTHH BHYTpPEHHEro KOHTYpa.

CoxpaHeHne MuHHMAaJbHOro Auamerpa OypeHus u (uiabTpa npH
o0opyaoBaHHN CKBAJXHH HA BOAY NPH AOBOJBHO HAJEKHOM NpeAoTBpa-
IeHHH NeCcKOBaHusg ofecneynBaeTcss B cJayuyae uMcloab30BaHus GuabTpa
M3 ABYX KOaKCHaJbHBIX TPyO, nepdopanus KOTOPHIX BHIIOJHeHa IO
BHHTOBHIM JIHHMSIM C PaBHBIM No Beauuude maroM. Ilpu 3tom nepdo-
pallug Ha OfHOH TPyOe cMelIeHa B OCeBOM HalpaB/eHHH OTHOCHTEJBHO
APYro#, a mar BHHTOBOH JHHHH paBeH YABOEHHOH CyMMe LIHPHHBI Nep-
dbopauuu u ee cmemenus. lllupuna xe nepdopanuu paBHa ToONUHHE
MexTpyOHOro npocrpancTsa. KoablieBoe NPOCTPAHCTBO MEXAY TPY-
Oamu 3anosHeHo GUABTPYIOIHM MaTepuasom. Ilpenorspaienue cyod-
¢o3un nocturaeTcsa 6aarofapsi TOMYy, UTo NyTh QHUABTPALHH KHAKOCTH
YAJIMHACTCS] BCJINICTBHE CMellleHHs CcTyneHel nepdopauuu.

Hasi MelKo3epHHCTHIX H TNbLIEBATHIX BOJOHOCHBLIX NECKOB ONTH-
MaJibHAag BeJIHYHMHA ciBHra crynesei cocrasiaser 100—150 mmM, a mu-
puHa nepdopalluy H TOJNIHHA MeXTpyOHOro 3aszopa — 40—50 mM.
Ilpu sTomM mar BuaTOBON JAuHHHH paBeH 280—400 mm. Crexsnonnacru-
KOBBIE (pUABLTPHI NMOJYYAIOT NEepeKpPecTHON HAMOTKOH CTeKJOXKIyTa pas-
JHYHOrO JAuamerpa ¢ MocaeAylouied NMPONHUTKOH ero 3MOKCHAHOH CMO-
JoH, B obuiem ciyyae npUMeHeHHe VKAa3aHHBIX KOHCTPYKUHA GuALTPOB
npu 060pyaOBaHUH CKBAXHH Ha rjyboKo 3ajerarmouiHe TOPH3OHTH J0-
CTaTOYHO 0DOCHOBAHHO.

4.3. llopb6op u pacuer ¢uiabTpoB

B ocnoBy noabopa u pacuera ¢pHUABTPOB BOJA03a6OPHBHIX CKBaXXHH
ADOMKHBI OBITH NOJOXKEHH CJAeAYIolHe KpHTepuu: obecneyeHue HeoD-
XOAUMOH MEeXaHHYECKOH MPOUYHOCTH NpPH YCTAHOBKE QHIBTPOB B CKBa-
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XHUHY, KOPPO3HOHHOH YCTOHUHBOCTH B PacCyeTHHIH CPOK 3KCIJyaTalMH,
MHHHMAJILHBIX MOTEPh Hanopa NpH coxpaHeHHuHu cyPdo3nOHHON YCTOH-
YHBOCTH NOPOA B MNPuUHJIBTPOBOK 30He, noaaepKaHusg CcTabuAbHOH
paboTH CKBaXXHH B Te€UeHHe BCero mnepHofa mnpeanojaraeMod HX 3KC-
nayatalHd KakK 3a cUeT HaAeXHOro KOHCTPYHpoBaHHA (HIBTPOB H
CKBaXXHH, Tak U obeclieueHHsT BO3MOXKHOCTH NPHMeHEHHS B 3KCNaya-
TAUHOHHBIX CKBaXXHHAX KOMIJIEKCa Mep MO BOCCTAHOBJIEHHIO HX IIpoO-
H3BOIAUTEJNbHOCTH. |

[IpouHOCTHBIE XapaKTepHCTHKH (PUABTPOB, YUHTHIBAIOLIHE pacTake-
HHe W c¥XaTHe (HJIbTPOBOH KOJIOHHBI B HanpaBlJeHHH OCH CKBaXKHHBI
nopx ae#cTeHeM CoOGCTBEHHOTrO BecCa npH ycTaHoBKe duiabnTpa u TpYyoO,
60KOBOE mnaBJeHHe MOopoa W rpaBHHHON OOCHNKH, a TakKXe (GUAbTpaA-
LIHOHHOe JaBJieHHe MPH NMPHTOKe BOAB B CKBAaXXHHY, BHI3bIBAKOLIEE Pa-
JHajibHbHEe CHJAW CXATHH, VKA3HBAIOTCS B COOTBETCTBYIOUIHX TeXHHYe-
CKUX ycao0BHsAX 3aBoaoB-usrotopurenei uaun [OCTax Ha BHNYyCKaeMylo
CEepHI0O KOHCTPYKUHI ¢ HpHBeleHHeM OO6OOIMIEHHOTO KPHUTEPHs — mpe-
AeJbHOH TAYOHHBI CKBaXKHHBI, NO KOTOPOH AONYCKAaeTcsd YCTaHOBKa
NaHHBIX (puabTpoB (Hanpumep, COOTBETCTBYIOUiHE TeXHHYECKHE YCJIO-
Busi Jlporo6uuckoro 3aBoga Munrasnpoma CCCP). |

Hecymue cBoiicTBa dHJABTPOBOH KOJOHHB, a cJAeNOBaTeJbHO, H
CPOKH 3KCIJIyaTaUHH CKBAXXHHBH H3MEHSIOTCA B 3aBHCHMOCTH OT KOp-
PO3HOHHBIX CBOHCTB OTOHPAEMOH BOAH H KOPPO3HOHHOH YCTOHYHBOCTH
buNbTpa. XHMHUECKAS! KOPPO3HST NPOUCXOAHUT, €C/IH B BOJLE HAXOAATCH
HeKOTOpble KOMMOHEHTH B KOHUEHTpPaUuHAX, 00yCA0BJHBAIOUIHX PACTBO-
peHue meraanoB. Takumu KoMmnoHeutamu aBaswtcs CO;, Og, "HsS,
HCI, H,SO,. TIlpu kanraxe BoJ NMHTLEBOTO KauecTBa ¢ HeGOJBLLION
MHHepaJH3auHel BO3MOXKHOCTb KOPPO3HH H3-3a HapYyLUeHHS YIJIeKHC-
JOTHOTO PaBHOBECHS CJEAYeT NPOrHO3HPOBATH, HCMOJABL3YA NMOKa3atelb
Pusnepa.

OUABTPH H3 HH3KOYIJIEPOAHCTOH cTann 63 AHTHKOPPO3HHHBIX
NOKPHTHH NpuMeHHUMBl NpH Ri=7—8, npu HaAuYHH B KOHCTPYKIUHH
JATYHHBIX MaTepHa OB C/leAyeT HMeTb B BHAY, UTO ONTHMaJbHasg 006-
JacTh MX NMpHMeHeHHs cooTBeTcTBYeT Ri=6,5—8,5, Hepxapelomas
CTajlb XapakTepH3yeTcsd MAaKCHMA/JbHOH YCTOHYHBOCTBIO H NMPHUMEHHMA
naxe npu Ri=12—15.

[Ipu KanTaxe CKkBaXHHAMHU NOA3EMHHX BOJ, COAEpXKallUX CEPOBO-
A0pOI, CKOPOCTb KOPPO3HH CTAJIBHBIX TPYO MoXKeT AOCTHTaTb 3HaYH-
TeJbHHX BeJdH4uH —8—10 MM B rox, nostToMy B 3THX caydaax 004-
3aTeJbHO NPHUMEHEHHE AHTHKOPPO3ZHOHHHIX KOHCTPykuUMit. IIpoiecc
3JIEKTPOXHMHYECKOH KOPPO3HH CJeAYeT NpefoTBpainaTh, HCMONb3YS B
KOHCTPYKILHH (PUABTPOB MeTandn ¢ O6JH3KHMH norteHuuasamu. Ciaeny-
€T OTMEeTUTb, UTO CBOHMCTBA NOA3EMHBIX BOJI, B TOM YHCJe H KOPPO3HOH-
Hble, MOTYT H3MEHATbCA B MNpOlecCe 3KCNAYyaTal M CKBaXXHH, H 3TO
06CTOATENbCTBO HEOOXOAMMO YUHTHBATHL NPH HX NPOEKTHPOBAHHH B
3aBHCHMOCTH OT IMpeanojiaraeMuX 3aKOHOMEPHOCTEH (POPMHPOBAHHY
XUMHYECKOro COoCTaBa OoTOUpaeMBIX BOJA B XOJe 3KCNJayaTalHH BOAO3a-
6opos. Tak, npu HaXoXaeHHH B 006/1aCTH BAUAHHA CKBaXHHBI 3a60J10-
YeHHBIX Y4aCTKOB BIIOJIHE BEPOATHO CYHIECTBEHHOE yBeJHUYeHHe B Npo-
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lecce 3KcnayaTalHH B OTOHpaeMOH BOAe COAepIKaHHA CepoBOAOpOAa
H XKeJje3a.

Ilpu BoIGOpe THna PHABTPA CKBAaXXHHEI C BbICOKOH pacyeTHOH NpO-
H3BOJAHTeNbHOCTbIO (6Gosee 150 m3/4) chaenyer NMpHMeHSITb KOHCTDYK-
IIHH OGOJBLIOH CKBAaXHOCTH CO LIEJSAMH, ODHeHTHPOBAHHLIMH B TOpH-
30HTAJIbHOM MJIOCKOCTH (KapKacHO-CTepXHeBble ¢ MPOBOJOYHOH O6MOT-
KOH, dunbTpel KoHCTpYKuH MI'MHU). T1pu npoekTHO# NPOH3BOAHTE/b-
HocTH ckBaxHH 100—150 M3/u Hapsaay ¢ KapKacHO-CTepXKHEBbHIMH KOH-
CTPYKUHAMH AONYCTHMO HCIOJb30BaHHe (QUABTPOB H3 WITAaMIOBAHHLIX
MaTepHaJOB H Ha TPYOUAaTHIX KapKacaxX ¢ BOJAONPHEMHOH NMOBEPXHOCTBHIO
H3 TIPOBOJIOKH HJH IITAaMIOBAHHOTO JHCTA. IIpH NMPOH3BOAHTEBHOCTH
ckBaxkud 50—100 M3/y B ckBaXHHAX NONYCKaeTCss YCTAaHOBKA (hHJbT-
pOB ¢ ceTKoi#i KBajapaTHoro nJjereHHs. IIpu npoekTHOM ne6GuTe CKBa-
xuu MeHee 50 M3/4 BO3MOXHO npHMeHeHHe GHIABTPOB C CeTHATOH BO-
JLONPHEMHOHR TMOBEPXHOCTbIO H KOHCTPYKIHH 6JOYHOrO THMaA.

Ilpu coopyKeHHH SKCIJIyaTallHOHHBIX CKBaXXHH AJHTEJbHOTO Jeil-
CTBUS HeOOXOAMMO npeAycMaTpHBaTb YCTAaHOBKY (HJIbTPOB MaKCH-
Ma/JibHOH cKBaxKHOCTH. ClieiyeT KMeTb B BHAY, YTO npeaesbHas CKBaX-
HOCTb AJif KapKacHO-CTepXHeBuX (HJAbTPOB C NMPOBOJOYHOH OOMOTKOM
cocraBasier 40—50 %, ans mieneBBIX H ABPUYATHX (HABTPOB MAaKCH-
MaJjibHag CKBaXKHOCTbL coctaBager 20—25 9%. Ucnonw3oBanue A0noJi-
HHUTeJBHOH BOJONpPHEMHO#H IOBEpXHOCTH NMPHBOAHT K CHHXEHHIO JeH-
CTBYIOUIEH CKBAXXHOCTH KOHCTpYKUHH. IlosTOMY npeanouTHTenbHee
o6opynoBaTh CKBaXHHH (GHIBTPAMH-KapKacaMH C COOTBETCTBYIOLLeH
rpaBHHHOH OOCHINKOI.

[Ipu BoIOOpE PHABTPOB NPHMEHHTENbHO K KANTHPYEMBIM THIAaM BO-
JOHOCHBIX TIOPOJ, MOXKHO PYKOBOACTBOBATbCHA pe3yabTaTaMH CpaBHH-
TeJbHOH OLEeHKH HX BOJONPOHHIAEMOCTH, NpHBEeJeHHBIMH HA pHc. 4.2,
IIpuH 3ToM cJlefyeT YYHUTHIBATb, UTO NPOHHILAEMOCTb (HAbTpA JNOJXKHA
OblTh He MeHee HaH B 10 pa3 Gosslile Kosddunuenta buAbTpaALHH
BOJOHOCHBIX MOPOJ.

IduaMetrp ¢dHAbTpa-Kapkaca BHIOHPAIOT HCXOAA H3 NMPOEKTHOTO JIe-
6UTa CKBa*XHHHI H nmapaMeTpoB BoJonojbeMHoro obopyiaosanus. Cre-
AyeT YYHTBIBATbh, 4YTO CKOPOCTb [ABHXEHHUS BOABI B BOILONOIbEMHBIX
TpyOax He JoJikKHa npesuliaTh 1,5—2 M/c. PanHonanbHoe cooTHole-
HHe auaMeTpa ¢uabTpa dy U HHAMeTpa CKBAXKHHH d. 3aNHCHBAETCSH
B Bule: de=(4-—9)dgy, T. e. TONUIHHA CJIOS TPABHHHOH OOGCHINKH JOJ K-
Ha cocTaBiaaTh (1,5—2)dg.

Jauny ¢huabTpa-Kapkaca HaxXoAsAT HA OCHOBe aHaJiH3a T'HIpPOTreoJio-
THYECKHX YCJOBHH BOJOHOCHBIX MJIACTOB, NPHHUMAs ee pPaBHOH HX
MOIIHOCTH, eCJH nocheluss MeHoiie 10 M. B 3ToM caydae NmpoekTu-
PYIOT CKBaXXHHBI, cOBepllieHHBle NO cTeneHH BCKpuiTHA nJjacrta. [lpH
3HAYHTENBbHBIX MOUIHOCTAX mJjacTta ¢GHAbTPH YCTaHABAHBAIOT B HAaH-
6oJsiee BoAonpoHHaeMbix 30Hax. I[IpH cJoHCTOM CTpOEHHH BOLOHOCHOH
TOJILIH BO3MOXXHA YCTAHOBKA PYCHBIX (PHABTPOB C NepeKpbITHEM BOLO-
HeNPOHHUIAEMBIX HJH cJabonpOHHIAeMbIX OTJOXKEHHH TAYXUMH TpY-
OaMH.
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Puc. 4.2, Nponnuaemocts GUALTPOB PA3NMYHBIX THIOB B 3AaBHCHMOCTH OT CKBAXHOCTH

1 — RapKacHO-CTepIKHeBhe; 2 — NPOBOJIOUHHE Ha Tpy6uaToM KapKkace; 3 — ¢ BOXO-
NPHEMHOH TOBEPXHOCTHIO W3 INTAMMOBAaHHOrO AHCTa; 4 — ceTuaThie QHABTPH C CeT-
KaMH TaJYHHOrO NJICTEHHR; § — CTeKJOMIaCTHKOBHEe (DHABTPH

B oanoponsoM BONOHOCHOM ropu3oHTe MOmHOCTbIO 10—15 M Hau-
Gosee pauHoHaNbHO cooTHoWeHHe [/m=0,8—0,9 (I — pnuna HILT-
pa, m — MOUIHOCTb BOJOHOCHOIrO MJacra), B IJIACTe MOUIHOCTbLIO
10—15 M 5To cooTHOLleHHWe caelyeT NPHHHMATL He Gosee 0,7—0,8.
B Gonee MOMHBIX BOJOHOCHHIX TOPH3OHTAX JJS OKOHYATEIbHOTO BHI-
Gopa ANMHHH QHUIbLTPA MPH 3aAAHHOM JAHAMETPe KOHCTPYKUHH Leseco-
00pa3Ho HCMOJB30BATh NPOBEPKY MOCTOSHCTBA THAPABIMYECKHX MNO-
Tepb C NPHMEHEHHEeM KPHTepHs, corjacHo KoTopoMmy npu [>0,53dg/pn
rHApaBJIHYECKHE NOTEepH MU NPHTOK K CKBAaXKHHE OCTAIOTCH MOCTOSHHH-
MH (31ech [ — anuHa uAbTpa, p— Ko3DPHUHEHT pacxoga, 1 —
CKBaXHOCTb (PUABTPA).

Benuuuny p MOXHO NPHHATbH, HCNOJb30BAB JaHHLIE puc. 4.3 uJH
Taba. 4.4.

3HaueHHe 1 OLEHHBAeTCd KaK OTHOLIeHHe NJOMIAAH OTBEpCTHil
bunbTpa K obiiedl nJjomwaiu ero 60KOBOMH nosepxuHoctu. Ilpu nHanuuuu
AOMONIHUTEJIbHOW BOAONPHEMHOH NOBEPXHOCTH pacCueTHOE 3HAYEHHE
N="NiM2, TAE 11— CKBAXKHOCTb KapKaca H 12— CKBaKHOCTb BOJO-
NMPUEMHOH NOBEPXHOCTH, HAIPHMEP ceTudaToll.

PasMep npoxXomH»IX OTBepCTHH (DHABTPA HA3HAYAIOT C YUETOM
3€pHOBOI'0 COCTaBa MOPOM, CAAraliiHX BOAOHOCHBIA TOPH3OHT, H CO-
OTBETCTBYIOLIEr0 pa3Mepa yacTui rpasuiiol o0cwnku. s nopbopa
pasmMepa OTBEpPCTHiH (UNBTPOB PEKOMEHAYIOTCS IMIHPHUYECKHE COOTHO-
meHua (mo C. K. A6pamoBy), npeacraBiedHble B TabJ. 4.5.
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Puc. 4.3. 3apucumocts kKo3dduumnenta '

pacxoaa $UILTPOB OT pasMepa KORTAaK- &7«” JOp—
rapyiommux wacthy (dzs — pasmep ya- e
CTHI| Necka, cooTBeTcTryomui 25%-Ho- g 5| ]
MY COJIePXKAHKHIO B npoﬁﬁ; b — pramerp \
OTBEPCTHA
P o\ -
r
g1 3 5 7 @& 11 %/J

Tab6auna 4.4. Kosdpduumenr pacxona duastpa ¢ yueToM
HAJOKEHHS IpaBus

]
|
{
ﬁ

5" Cpenuuft nHamerp rpabus, Dsp, MM
Tun ¢uasTpa ﬁé-
25 | 20 16 12 10 8 6 3 2 1,4
08
IMiramnosan- | 3,5 10,82 10,81 0,78 10,75 | 0,69 | 0,60 0,48 1 0,32 | 0,26
HHI cO mie- 7,2 10,64 0,62|0,570,53|0,48(0,40 | 030]| — ——
NSIMH THOA 11,2 10,56 | 0,52 | 0,46 | 0,41 | 0,36 0,30 | — ok —
EMOCT? 14,6 10,53 10,48 |0,42|0,37 | 0,32 0,27 | —
[TpoBoa0uY- 18,2 10,51 { 0,51 | 0,51 { 0,50 | 0,48 | 0,46 0,41 | 0,34 | 0,32
AR 30,8 10,34]0,34 /0,34 /0,330,321 0,30 0,27 10,23 0,19
Hienesoit ¢ 4,8 10,88 /0,8410,79(0,75{0,68|057| — — —
BLICTYNAKO-
INUMH KPOM-
KaMH

Jsipuatrif 14,8 1 0,68 | 0,68 | 0,68 0,68 | 0,68 | 0,67 | 0,62 0,48 | 0,40
C CeTKOH Ha

NOBE€PXHOCTH

Tab6anua 4.5. Paamepnl oTBepCcTHI $HALTPOR B 3aBHCHMOCTH
0T KO pHUMEHTa HEOAHOPONXHOCTH NOPON ¥ HX CPENHEro AHameTpa

PexomeHAyeMBle pasMepnl OTBepcTHR GEABLT-
poB B nopomax
Tun dunerpa
OZHOpoAHLIX B oflcHnKax, B HEOAHOPOAHLIX H OGCHIM«
k<2 Kax, k,>2
Hupuathi (2,5~—3)ds, (3—4)dso
CetuaThifi (1,5—2)dso {2%2,5;1&' 50
mEJTEBGﬁ (1,25Hl,5)d53 (1,5—-2 da{n
ITpoBosounbifi 1,25d 59 1,5d 50
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&, 2000 Puc. 4.4. Tpadux x noabopy o¢uabTpos
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g2 04 06 08 8

B raneynHkax, rpaBHH H KPYNHO3EPHHUCTHIX MeCKax YCTaHaBJIMBa-
I0T GQHALTPH-KapKacH 0O0nuYHO 6€3 NONMONHHTE/NbHOH BOAONPHEMHOU
noBepxXHOCTH M 6e3 rpaBuiHOli OOCBHINKH. B cpeaHe3epHHCTHIX, MEJKo-
3ePHHCTHIX H TOHKO3€PHHCTBHIX NecKax [/ yBesJHueHus oTbopa BOIH
M3 CKBAXXHH U NPOAJIEHHS CPOKa uX 3P PEeKTHBHOro ACHCTBHSA PEKOMEH-
AyeTcs YCTAaHABAHBATh MHUABTPH ¢ rpaBuiHOH obchnkod. ['pasuiiHas
00CBHIIKa, KPOME TOro, CAYKHT BAXKHBIM KOHCTPYKTHBHBIM 3JIEMEHTOM,
TI03BOJIAIOUHM 3a4aBaThcd 60JblIHM Pa3MepoM NPOXOAHBIX OTBEPCTHH
bunbTpa u 6Goabliieit CkBaxHoCTblO. ['paBuiinbie ¢HABTPH OOBIYHO
YCTPAHUBAIOT H3 OAHOrO HJIH ABYX cjJoeB OOCHINKH (pexe ¢ OOJbUIHM
YHCJIOM CJIOEB).

®uabtpel 670yHOro THNAa NOAOGHPaAlOT NPH H3BECTHOH BOMOIPOHH-
aeMOoCTH NMEeCKOB BOAOHOCHOro ropusontra k. Koadduuuent duabrpa-
uuu O6JOKOB COOTBETCTBEHHO oLeHuBaoT no dbopmyne kg’~ 100k. Ilpu
pacueTe GHJIbTPOB TPABHTALHOHHOrO THNA JONYCTHMEIE CKOPOCTH
dbuabTpallid BOAB Yepe3 BOJONPHEMHBIE OTBEPCTHA OUEHHBAIOT IIO
bopmyne Uzon~ 0,68z, rae k— xosdduuueHT ¢GUABTPALHHA NOPOAH
HJAH TPaBUUHOH oOcHINKH; B —Kosdhbuuuedr, 3aBucAllHd OT yrJaa
BHYTPEHHEro TPEeHus TPYHTA H onpeaenaseMbli Mo rpaduky Ha
puc. 4.4.

[Tpou3BOAHTEBHOCTL CKBaXHH ¢ (dHAbBTPaMH TpaBHTALHOHHOTO
THNA MOMKHO CYIIECTBEHHO YBEJAHUHTb, €CJH OOCHIMKY (PHUIbTPOB BHI-
NOJHATH H3 KPYNHO3EPHHCTOro MaTtepHana (rpasufl). KpynHocTb rpa-
BHIHOrO MaTepHana B 3TOM caydae noabHpPalOT COrjacHO PEKOMEHIa-
nuam aas noabopa dHALTPOB ¢ rPpaBHAHON OOCHINKOM.

4.4. Non6op PpuaAbTPYIOWHUX OGCHINOK
AJsi BORO3a0OPHHX CKBAXKHH

s ob6¢biku BOA03a60OPHBIX CKBAX{HH CJeAYeT HCNOJb30BATh HE-
cyddo3uonHbie rpaBuitHbie MaTepuann ¢ K03bGUIHEHTOM HEOAHOPO-
HOCTH MeHee 3—JH, cocTosillHe H3 XOPOUIO OKATaHHbIX HEPaCTBOPHMBIX
B BOJE MOPOJ.
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[Ipu nmonbope cocraBa OOCHINOK BHAaYaJje cielyeT OUEHUTb cyddo-
3HOHHYI0 ycToiuuBOoCTh nopox no Merony B. H. Kouapatbera. [ns
3TOro CTPOAT AHbdepeHlHaNbHYI0 KPHBYIO 3€pHOBOro COCTaBa MOPO-
Jbl, XapakTepH3YIOLIYI0 pacnpefejeHue 1o pa3MepaM  OTAJAbHBIX
dbpakuud. Eciiu xpuBasi HMeeT pa3pbiBhl WJIH 3HAYHTENbHBIE NMPOTHOH
B CONEPXaHHH OTAENbHBIX (Ppakuuit, TO 3TO yKa3blBaeT Ha BO3IMOXK-
HOCTb MeXaHHYecKo# cyddosud B nopore. B mpoTuBHOM XKe cjayyae
MOPoAy cJeayeT cUYHTaThb HecyPPO3HOHHOH.

Urobn onpenenuts, Kak Oyaer passuBathes cyddosus B nmopope,
cleayeT pasfeldTh €e COCTaB Ha CKeJeT H 3aloJHUTE]b IO TOUKaM
paspwBa uau nporuba auddepenuunanbHon KpuBoh. [anee ciaenyer
NOCTPOHTb HHTErpaJbHble KPHBbIE 3ePHOBOTO COCTaBa CcKejeTra H 3a-
NOJHHTEJS M PaccYHTaTh THAPABJHYECKHH SKBHBAJIEHT NOP cKeJjera o

dbopmyae
DOCK:O,23VE[?H/(I -—*HZ)]B'E l’ ‘n* D‘I"}! (441)

rae a-— SMNupuueckuit KoadduiuueHnt, paBubii 3,42; m — nopuCTOCTh CKeJeta MOPO-
ae; n* — ko3 dunHeHT HEOXHOPOJHOCTH cKesjera NOPOAM; D;; — AHAMETP 4acTHI,

coorBercTBYOnHi 17 %-Mmy conepxanuio.
YcaoBue, AocTaTOuHOE AJMS BO3HUKHOBeHHS cyddo3uu B nopone,
C y4eTOM NOAYUYEHHBIX JNAaHHBIX ONpeaeSHTCA HepaBeHCTBOM

Dﬂcl{fd&ﬂaan> E' (4'2)

rae d®?m5 — CpPeAHHH AHAMETP wacTHU 3anodHuTens; § — CTPYyKTypHH#A K03 PumH-
eHT, onpeneaseMuii no rpaduky (cM. puc. 4.7 v 4.8), npH dea=d%2"s.

Ilpu mMeHbLIHX 3HAueHHAX OTHolleHHS cydpdo3ua B nopone Oyuer
MeCTHasi Ha KOHTAKTe C IpaBHHHON OOCHINIKOH H Bray0b pacnpocTtpa-
HATbCA He Oyner.

Hna oueHku pedpopmanuu NOPOAHB CJeJyeT CONOCTaBHTb BO3MOXK-
HYI0 NOPHCTOCTh cKejera (puc. 4.5) ¢ pacuerno# no dopmyJne

Moy =1— {Bncx/'f)r :43)

rae 8§ — o6peMHEIE Bec MOPOAH; Mcx — OTHOCHTENbHOE BECOBOE COJEpKaHHe CcKejera
B NOpoOJe; y — YAENbHHIH Bec CKexera.

Ecnau pacuerHas mOpHCTOCTb ckesieTa 0oJiblile BO3MOXKHOH, TO NpPH
PA3BUTHH CY(PDO3HKH BO3MOXKHBI OCAJAKH TIOPOJHL.

Pacemorpum cnoco6ul noa6opa mnapaMeTpoB OOCHIOK OTAEJNbHO
A5 HecyddPo3uoHHBIX H cYPPO3HOHHBIX NOPOL.

NonGop mapamerpos oGchinOK pJia HecydpdosnoHHbx nopoa. Ilpu
noabope napaMerpoB OOGCHINOK AJa Hecyp(dO3HOHHBIX MOPOJ CHaAUaJa
ciaeayer ¢ momomibio rpaduka (puc. 4.6) H nHTErpaipHOK KPHBO# CO-
CTaBa NOPOALI ONPeNeJHTb pasMep CBOAOODOPA3yOIHX YaCTHl, a 3a-
TeM, HCnoan3ysa rpabuku (puac. 4.7 u 4.8), paccuuraTe JONYCTH-
MBIH MeXCJOHHBIH KO3(PhHIHEHT

t=a' (Dﬂfdcn) ’ (4'4)

rae a’ — nonpaBounui KOo3bHUHEHT, YYHTHBAOIMHMA HEePaBHOMEPHOCTb PpacKJIajiKH
yacTuy rpaBuiinofl o6ennkn (a’=1,03 — 1,1).
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Puc. 4.5. 3aBHCHMOCTD NMOPHCTOCTH MO-
POAW OT 1

Puc. 4.6. 3agucHMOCTb NPOLEHTHOIO CO-
ACPKAHHA CBOROOGPA3YOINX HaCTHIL
OT HEOLHOPOAHOCTH NOPOALI

1 ~— TOHKO3EepHUCTHII MecoK; 2 — Mes-
KOSCPHHCTHIH; J — CPeJHE3ePHHCTHH H
KpyNHO3eDHHCTHHA necok
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Prc. 4.7. KpuBre 3aBHCHMOCTH Jony- Puc. 4.8. Kpussie 3aBHCMMOCTH monpa-
CTHMbIX MeXCAOWHMX Ko3ddunuentos BOYHHX KO3h(pUuMEeHTOB A8 HEOAHO-
OT HEOAHOPOAHOCTH NOPOAH pPoAHLIX OGCHINOK OT 1)
Il—n=1;, 2—9=2; 3—n=3; 4— I — ob6ewinka  TomuuHoit  10—20 cowm;
—N=5; § —n=10 2 — 10 Xe, 5 cM

H3 zaBucumoctu (4.4) nonyyum

D{} = Edcu/a!' [45)

3arteM, yunThiBas paseHctBo (4.5), caeayer onpemeauth Dy; 06-
CHINKH

Dy, = D,/0.23V @ [m[(1 — m) P2V 7. (4.6)

I[Ipu usBectHom Dy;, 3anaBunch Ko3DHIHEHTOM HEOHOPOAHOCTH
MOPOABI, MOXKHO pacCyHTaTp BEChb COCTAB rpaBHitHON OOCHINKH C HC-
HOJIb30BaHHeM rpacduka Hecypdo3uoHHHX nopoxa (pHc. 4.9). Paccuyu-
TaHHast YKasaHHBIM Bbimie cnoco60M OOCHIIKA COOTBETCTBYET MaKCH-
MajJibHO AONYCTHMOH KpynHocTH. s onpegeneHus: MHHHMAJIbHO JO-
NYCTHMOH KPYNHOCTH OOGCBINKH HCIOAB3YIOT PaBEHCTBO:

Dyo/dso=T7...9. (4.7)
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Puc. 4.9. Kpnsue sepHoBoro coctaBa TeoperHdeckH Hecyddo3HoHHHIX nopoxn (mo
A. H. Narpamesy)

Ilpumep. BosloHOCHBIH NAacT cAOXKeH MeJKO3eDHHCTHIMH NeckaMH dso=0.2 MM H
n*=3. 3eproBofi cocTaB MecKoB npeicTaBied Ha rpaduke (puc. 4.10). Kosdduument
¢uipTpannu niacta k=10 m/cyr. Hameuaercs ycrpofictso ckBaxuubl, 060pyAoBaH-
HOH TpaBHHHBLIM (HJBTPOM, ¢ TOMUIHHOH o6cbinkn 20 cM.

eobxonuMo mox06paTh COCTaB TpaBUfiMoll OBGCHIKH ¢ KO3Q)HIHEHTOM HEoa-
HOPOZHOCTH, paBHbiM 3, H nopHcroctbid m=40 %. Iloctpoum auddepennHaNbHYIO
KPUBYIO 3epHOBOro cocrtasa mopoab (cM. puc. 4.10). Kak suano u3s puc. 4.10, sta
KPHBas XapaKTEpH3YeTCsl PaBHOMEPHBIM COJEpKaHHeM otaensHbx d¢pakuuil, orcyrt-
CTBHEM DaspbiBOB U DPe3KHX MPOrHGOB, 4TO CAYKHT TPH3HAKOM Hecydo3uOHHOM
NOPOAHL.

Hanee onpenennm mo rpadmuky (cM. puc. 4.6) NponeHTHOEe cofepKaHHe CBOXO-
O6pasyIolHX YaCTHI H ¢ MOMOIUBI0 HHTErPaibHOR KPHBOH MOPOAH HX pasmep (des=
=8,021 cM). 3aTem ¢ momoubio rpadmkos (cm. puc. 4.7, 4.8) paccuuraeM AOMyCTH-
MBI MeXcaoluslit Kospduuuent E=3,6 u onpesenum nonpasouublfi Ko3(hdHHLHEHT
a’=1,03, nocie wero no 3aBHCHMocTH (4.5) Halfizem AHameTD NMOp OGCHINKH

D, = 3.6 - 0,021/1,03 — 0,0734 cwm.

Hanee no gopmyne (4.6) onpepenam D;; obchinku

R i "] B -2 —

D,, = 0,0734/0,23 |/ 3,42 TE"%I

L)

==0,179 cMm.

Cocras rpasufihoft o6CHNKH paccunTHBaeM no rpadmky (oM. puc. 4.9). Pe-
3yJibTaTh NpuBefiennl B Ttaba. 4.6.

Ta6aunua 4.6. Cocras rpaBuiinoit 06cHNKH

Cuneﬁmanne, %, dpakumit, mm
Cpenanft Anamerp Kosaddn- )
Dso, MM i%%“uiﬂnﬂi 1-2 23 3—-5 57 7—10
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Puc. 4.10. Kpuswe 3epHOBOro
COCTaBa TNecYaHOH BOAOHOCHOM
NOPOAbBl H PEKOMEHAYEMBIX rpa-
BUHHBIX 06CHINOK
I — puTerpanbHas Kpupasg IOpoO-
Ak 2 — nnddepenuuanbHas
KpHBas NMOpPOALI, J — HHTErpaJb-
Hag KpHBAas MHHHMMaJbHO JOmy-
CTHMOHR MO KPYNHOCTH OGCHINKH;
4 — uHTerpanbHas KpPHBas Mak-
CHMaJIbHO JONMyCTHMOH IO KpyII-
HOCTH OOCHINKH

Puc. 4.11. Kpusnie 3epHOBOro cocrasa

rpaBHAHO-TANeYHHKOBOH BOMLOHOCHO#M

NOpPOAN H PEKOMEHAYEMbIX TrpaBHHHBIX
o6chnok

1 — mHTerpajbHas KpuBas Mnopojsl; 2 —
audodepeHunatsias KprBadg IMOPOAH,
3 — mATerpajbHas KpHBasi 3aloJHHTe-
Jns1; 4 — HHTErpannHas Kpusas MHHH-
MaJbHO NONYCTHMOH MO KpynHOCTH 06-
CHITIKH; 5 — TO Ke, MaKCHMaJhHO [J0O-
NyCTHMON MO KPYNHOCTH OOCHINKH; 6 —
TO Xe, cKeflera

Inst onpeneneHus MHHHMAJBHO JOMYCTHAMOH 1o KPYNHOCTH OOGCHIIKH BHauaJse

U3 paseHcrBa (4.7) caeayer onpeneiutbh Dso=8-0,02=0,16 cM, a 3atem Ha rpaduxe
(cM. puc. 4.10) uwepes T0UKy Dso=1,6 MM NpoBecTH JHHHIO, MapaLNeNbHYI0 KPHBOH 1.

lMon6op nmapamerpos o6chHinoOk Aasi cydpdosnonnusix nopoa. Ilapa-
MeTPBl OOCHINOK IJIsT MOPOA, B KOTOPHIX MOXKET Pa3BHBATbCs ONACHas
IJs1 UX ycroWuHBOcTH cyddosud, cienyetr noabupaTth mo cOcTaBy 3a-
nojanurtensi. OnqHako B 3TOM ciyyae NnpH BeOOpe cocTaBa cBOAOOOpa-
3YIOIHX YaCTHI NMPHOJIHKEHHO npHHUMaeTcs dep = d5*2™.

B nanbHellleM DONYCTHMBIH MeXCJIOHHBIH Ko3(p(pHUMEeHT BHIOHpa-
I0T TaK e, Kak H Ajas HecyhPO3MOHHBIX MOPOA, HCMOJNBL3YS IpadHKH
puc. 4.6, 4.7 no dbopmye

— &’ (Dy/ dy™™). (4.8)

Ecain nopoma noasepxkeHa cypdo3HH u IPH 5TOM pacyeTHas Mo-
PHCTOCTb €e CKeJleTa MeHble (PaKTHUeCKH BO3MOXKHOH, TO NMPHMEHSATH
OOCHNKY AJAS NpefoTBpallleHHs cyddo3HH He uMeeT cMbicaa. Ecuau
KPYNMHOCTL OOGCHINKH Oyler 6oJibllle KPYIHOCTH CKeJleTa MOPOAH, TO
OHa He 3alHTHT ee OT cyddos3uH, a, Hao6opoT, OyneT HHTEHCHBHO

KOJIbMAaTHPOBAThCS.
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Mpumep. BoaOHOCHHA NjacT COCTOHT H3 I'PAaBHHHO-TaJEYHUKOBHX OTJIOXEHHHA C
dso=6 MM; n*=69,9; y=2,7 r/cM® H §=1,94 rfcm®.

3epHoBOH cOcTaB nmopoaw mnpeAcrasser Ha pHe. 4.11. Hameuaercs ycrpoficteo
CKBaXWHH ¢ rpaemiinbiM ¢uabrpoM tomiuHofi 20 cm. Heobxopmmo mopo6parth co-
CTaB r%znuﬁnaﬁ obchinku ¢ KosddHIAeHTOM HEOAHOPOAHOCTH MN*=3 H NOPHCTOCTHIO
m=40Y%.

Buauane ctporM AnddepeHuuaisHyl0 KpuBylo mopoan (pec. 4.11), Kotopas
XapaxkTepHayeTcs nporufoM B cofepXaruu ¢paxuuli Gonee ! u Menee 2 MMm. Caefno-
BaT€JbHO, B NOpoJe MoXer OHTh cyddosus.

Ins BHsicHeHHst XapakTepa cybdo3un nopofly mo Mecty mpormba anddepenu-
anbHOM KPHBOM pa3flelHM HAa CKeJeT H 3anoJuHTe]b W paccuuTaeM HX (pakuHOH-
abiii coctas (cM. puc. 4.11). Cpenuuit pa3Mep wacTun 3anonHaTenst d*37;,=0,32 MM,
ckeneta Dso=17 MM, a BecoBoé colepxkauue ckejera B nopone 66 %.

Hanee no ¢opmyne (4.3) onpeaesuM IOPHCTOCTL CKeneTa

Mee =1 — (1,94 - 0,66/2,7) =0,53.

3areM no ¢opmyae (4.1) paccunraeM AHaMeTp NOp CKeJeTa NPH MaKCHMAaNAbLRO
BO3MOXKHOR NOPHCTOCTH

Dy = 0,23 - 342[0,37/(1 — 0,37)] 3/ 8,2 - 0,37 = 1,86 mm
Onpenenum oTHoIIEHUE

D/ d. > — 1,86/0,32 = 5,8.

Cornacuo puc. 4.7, nonyctuMoe otHoweHne £=29, 1. e. Dy**=5,8>2,9, nosro-
My mopona 6yzaer cyddosnoHHOR.

Tak Kak ¢QakTHieCKH BO3MOXHAasi MOPHCTOCTb CKenera NopoAH (cM. puc. 4.5)
asHa 37 %, TO NpM BHHOCE YACTHI 3aNMOJHHTENs] NPOH3OHAET paspyLIEHHE MOPOJIbL.
E[JIH NpefoTBpallleHusi OMAacHOA Aasi yCTOHUYHBOCTH mopoiH cyddosuu cocrar ob-
CHIIKH JOJXKEeH YAOBJAETBOPATbH MONYCTHMOMY MeXcoHHOMY Kos3¢dduuHeHTy, onpe-
ﬂegﬂeuomy sasucaAMocTnio (4:4) c¢ momoulslo rpadukoB Ha puc. 4.7 u 4.8: D=
=0,091 cm.

Hanee onpenenum D;; o6chbiNKU no 3aBHcHMocTH (4.6)

. 0,40 82/
Dy,=0,091/0,23 )/ 3,42 - Y 3=023 cm.

3areM paccyuTaeM (pakuUHOHHBIA cocTaB HecydosnouHOA TpaBHftHON o6CHNKR
¢ nomoiuspio rpaduxka Ha puc. 4.9. Pesynbratel pacuetoB cBejeHH B Tabj. 4.7.

Ta6anna 4.7. Cocras necydpdosnonnont rpasufinoft o6ehinku

w——re CETE

—— ——

: C;:nep}}%anue, %, ti)pamnﬂ, MM
Cpenunft Kg:telaﬁau e [ s o L
AHAMeTD, HeONHO-
. ponHocty | 1—2 2—3 3—5 57 7—10 10—20
0,1 3 8 18 18 24 29 10

CocTas MHHHMAJLHO JONMYCTHMOH 1O KPYMHOCTH OGCHIIKH HAXOAHTCS TAKHM JKe
obpasoM, kak u Aas HecyPdosuoHHBX mopoA. [las 3TOro BrAYale NO 3aBHCHMOCTH
(4.2) paccunthiBaem Dso obchinkn: Dso=7-0,32=0,22 cM, a 3aTeM Ha rpaduke 4.11
yepe3 TOUKY Dsp=2,2 MM Mb TPOBOIMM JIMHHIO, MapaJJIeabHYI0 KPHBOH 5.

B ciyuae mByxcuofiHoit o6chnK: npu nogBope pasmepa rpaBHst
BHYTPEHHEro (OIOPHOr0) CJIOSL HCHOJBb3YIOT KO3(DGDHIHEHT MexKC/a0i-
HOCTH, paBHBIH 5. Marepuan oOGCHIKH J0MXKeH OHThL OAHOPOAHHIM. Bo
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BCeX CJyyasix KOJHYECTBO YACTHU, MAKCHMaJIbHOIC H MHHHMaJjbHOTrO
AHaMeTpa B COCTaBe OOCHINKH He AONXKHO npesnimatsh 10 %.

Tonmuza c¢a08 OOCHLINKH B COOTBETCTBHH ¢ NPHBEAEHHBIMH BhIIlIE
KPHTEPUSIMH Jl0J12kHa cocTaBasTe (1,6—2)dy. MunumanpHyio ee Be-
JUYHHY caeliyer BHIOHpATh B 3aBHCHMOCTH OT pa3meépa 3epeH rpaBus
H mecka:

pasMep 3eped, MM . . . . . 075—4 4-—12 1235
TOJIHHA cJos OOCHIMKH, MM . . . 60 70 80

B CKBaXXHHAX C MHOTOCJOHHON OOCBHIKOH TOJNINHHY cJOSl H3 TOHKO-
3epPHHCTOro TrpaBHA (MecKa) HHKOrAa He cJelyeT NMPHHHMATb MeHbLIE
TOJIIMHLL ONOPHOTO cjosi rpyHTa. IIpuMencuue ansg oOCHINKH QHABT-
poB rpaBHsi HEOZHOPOJHOrO €OCTaBa HellenecooGpa3Ho H3-3a CylLlecT-
BEHHOrO0 PAcCCJOCHHA €ro B INpouecce 3achilKH U 4epeJlOBaHHS CJ0EB
YIJIOTHEHHOH OOCHIMKH ¢ KPYNHO3CDHHCTBIMH CJOSIMH, 4epe3 KOTOphble
BO3MOXKHa cyddo3us. B uCKnOuHTeNbHBIX CAydYasgx AOMYCTHMO TMpH-
MeHATb HEOJHOPOAHBIH TPaBHi NpH NMPHHYAHTEJLHOH ToJaye ero Ha
3a00f1 CKBaXXHWHH TO CMeIHaJbHO CNycKaeMblM TpybaM HAH TMyTeM
APYruX TEeXHOJOTHUECKUX MPHEMOB, oOecneuyHBalOMIUX YMeHbUICHHE
paccJioeHHa rpaBHusl B XO/[e 3aKa4KH.

Pacxon rpaBHs nasi oOCHIKH (GHILTPA onpefensieTcsi H3 COOTHO-

lIeHHuA
V= (x/4) (D — dy?) Lo, (4.9)

raie D;— BHyTpenHnii xpaMerp obOcafHolt TPYyOH;, dg — HapyxKHbIH Anamerp ¢rabT-
pa; | — aauHa ouiavtpa; a=1,2 — 1,5 — Ko3ppHUAEHT, YUHTHIBAOUHA pacTeKaHue
rpasus noa ¢pesep oGcajaHol KOJOHHH H HeOOXOAHMHIA 3amac ero HaAd BepxoM
¢RALTPOBOR KOJIOHHHBI.

I''IABA 5. HACOCHOE OBOPYLOBAHHUE

5.1. Hacocbl H HACOCHBIE CTAHLUHH
s 060pYyROBAHHSA CKBAXKUH

B 3aBHCHMOCTH OT THma Bojpo3abopa noO YcJOBHAM 0TOOpa BOMHI
BHIZEJSAIOT HacOocHoe obGopyaoBaHHe A5 3abopa BOABI M3 CKBAaXKHH,
WIaXTHBIX KOJIOALEB, JYUeBHIX H TOPH30HTaJbHHX BOA03a60pPOB M Ha
Kantaxax HCTOUYHHKOB,

Jnst noibeMa BOAH M3 CKBAXKHH HCIOJb3YIOT HACOCH C MOTPYXKHBI-
MH 3JjeKkTpojiBuratenssMu tuna JLIB, ¢ TpaHCMHCCHOHHBIM BaJIOM,
Korja CoOCTBEHHO HAcOC HaXOJHUTCS B CKBaXHHe, a SJIEKTPOJABHra-
Teab — Ha nosepxHocTH 3emiau (tunma ATH u HA), u ropusoHTanbHbie
LeHTpoGeKHEEe HAaCOCH, MPUMEHSieMble TIPH BHCOKOM NOJIOXKEHHH YpOB-
Hell NMOA3EMHBIX BOJA H MaJblX MOHHXEHUAX YPOBHS B XOJe IKCIJIyaTa-
IHH BOR03abopoB.

Hacocn Tana 3IIB sxomsit B cocTaB 000pYAOBAHUSI CKBAXKHH IJIy-
6unoit 10—300 M nmnpH H3MeHeHHH PacXONOB CKBaXHH oT 4 10
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375 M3/u. Ilpn 3TOoM MHHepanaW3auusi NojAaBaeMoll BOAH He NOJIXKHA
npesBuitiate 1500 Mr/n npu KpaTKOBPEeMEHHOM cojepxkKaHuH He OoJee
100 Mr/a TBepAHX MexaHHyecKux npuMecedl. OTHOcHTeNbHAS KOPPO-
3MOHHAsl YCTOHYMBOCTb Hacoca obecleyHBaeTcs B TeX caydasiX, Korja
KOHIIEHTpallud XJOPHAOB He MNpesbimaer o650 mr/a, cyabbdaroB —
500 mr/n u cepoBogoposa — 1,5 mr/a.

Hacocw Tuna 311B oxHO- HMaM MHOTOCTYNEHUYAaThHie ¢ BepPTHKAJb-
HbHIM pacrnoJsioxXeHueM Basa paborator ¢ nognopom or 1 no 6 M. Pa6o-
Ta Hacoca 6e3 NMOCTOSTHHOrO MOANOpa, a TaKxKe ero ycTaHoBKa B OT-
CTOHHUKHM CKBAXKHHBI He JOMYCKAaIOTCs, TaK KaxK MPH 3TOM NPOHCXOAHT
cropande oO6MoTKH aBHrarensl. Hacocbl 3TOro THnma NPHMEHUMB B
pasHYHbIX THAPOreOJOrHYECKUX YCJOBHAX, HO AAS 3bdeKTHUBHOH HX
paborsl HeoOXOAHWMO TNpoBeleHHe KOMIUIEKCHBIX pacyeToB € Y4YeTOM
B3aUMOAEHCTBHSl CKBaXHH H THAPAB/AHUECKHX TOTepb B BOJAOBOMAX.
TexHuyeckne RaHHble HAcOCOB A o0OPYNOBaHHS CKBaXKHH NpHBeJe-
HBl B TabJHIe.

Texuuuyeckue panupe wacocop Tina (B, ATH » HA

e - a e m——— o e i

Hacoe SNeKTPOABHrATENb Mit;:ca.
' -

Magza 58 | = i & & >
S‘g" dﬁ MapkKa § Em‘g Xm| o | &
2| s 5. 853 8yl 8| B
EeE| =R x| 8| RE| 2| &

1 2 3 4 151 & | 7] 8 9

Hacocet Tuna 31 B

S1IB 4-2,5-65 2,01 65 | ITID]IB-1-93 1,0) 2840 1380 1 33 | —
1211B 4-4-45 4 45 | ITI>B-1-93 1,0] 2840 1380 | 20 | —
I131IB 4-4-70 4 70 | ITI3IB-1,6-93 1,6] 2840 (380 | 33 | —
131IB 6-4-130 3/K 4 130 |71I3]1B-2,8-140 2,8] 2840 1380 | — | 90
191IB 6-4-190 3/K 4 1150 |olI®11B-4,5-140 4 5] 2840 (380 | — {100
33L1B 6-6,3-85 6,3 | 85 |3II511B-2,8-140 2,8] 2850 1380 | — | 68
3311B 6-6,3-85 3/K 6,3 | 85 |7II3]1B-2,8-140 28 ~ | —|—170
431IB 6-6,3-125 3/K| 6,3 }|126 |9TI3]1B-4,5-140 45 — — | — { 85
33L1B 6-6,3-125 6,3 {125 [4112]1B-4,5-140 4.5 2850 [380 | — | 75
1311B 6-10-50 3/K 10 50 |7T12]1B-2,8-140 28] 2850 |1380 | — | 73
331IB 6-10-80 10 80 [31I9]1B-4,5-140 4 5| 2840 {380 | — | 72
I21IB 6-10-110 3/K | 10 |110 |6I19]IB-5,5-140 55 — 380 | — | 90
I2LIB 6-10-140 3/K | 10 140 |9II3/IB-8-140 8 — 1380 | — 1120
121IB 6-10-185 3/K | 10 185 | 9113 1B-8-140 8 — 380 | — [132
SIB 6-10-235 10 235 [6TI31B-11-140 11 — 1380 | — 145
33LIB 6-16-50 16 50 |3I131B-4,5-140 4.5] 2840 380 | — | 78

3B 6-16-75 T'V5 16 75 |TI3B-5,5-140 5,5| 2850 1380 | — [183,2
3B 6-16-75 16 75 | ATIJT-140-7/2 7 | 2850 {380 {105 {178
3311B 6-16-75 16 75 |3113]1B-5,5-140 5,5| 2840 {380 | — |186
ILB 6-16-1107-¥5 16 110 |ATINT-180-8-2 8 | 2850 | — {145 |291
I12LB 8-25-100 3/K | 25 [100 |5I13/1B-11-180 1 — — | — {145
3LIB 8-25-100 25 100 |ATI/1-180-8/2 8 | 2850 |380 {168 [276
D1IB 8-16-140-¥5 16 |140 |TI2IB-11-180 i1 — [380 | — 150
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IIpodonsenue Tabautyot

e mrm—

Hacoc DAeKTPOABHraTE b Mi‘l{ﬁfﬂn
g K MapKa 3 ewE | Em
gg-{ rg;;:'[ E'i- E%E E‘d g %
E2%| =9 8| 58| 28| £ | &
o > lal &  Isl el7lsls
2311B 8-25-100 25 |100 {TI3B-11-180 1112850 (380 | — | —
S1B 8-25-140XT 25 (140 |TI21B-16-140-XT 16 | — — | — 1195
2311B 8-25-150 3/K 25 (150 | 4112 1B-16-180 61 — |380 | — | 200
121IB 8-25-150 XTpl' { 25 {150 |3I12[B-22-180 XTpI' | 22 — 1380 | — | 315
3B 8-25-300A 25 (300 |[I120B-32-180 32 | 2900 [380 | — | 390
3B 8-40-60 4) | 60 |I130B-11-180 [1 | 2850 380 | — | 165
SUB 8-40-90 40 | 90 |AITJ1-180-16/2 16 | 2850 |380 (242 | 367
3B 8-40-180 40 |180 |I13]1B-32-180 32 | 2300 [380 | — | 375
2311B 10-63-65 3/K 63 | 65 |2[12/1B-22-219 22| — 380 | — | 203
231B 10-63-110 3/K | 63 |110 |2[12][1B-32-219 32| — |[380 | — | 268
2311B 10-63-150 3/K 63 [150 |2[12]1B-45-219 45 | 2920 380 | — | 322
1311B 10-63-150 63 |150 |TI21B-4,5-219 4 5| 2920 [380 | — | 340
1311B 10-63-270 63 |270 | 2[12/1B-65-219 65| — | — | — | 470
3B 10-120-60 V5 120 | 60 | 113 1B-32-219 32| — 380 |260 [ —
3B 10-120-60 120 | €0 |AI1]1-219-32/2 32 | 2920 |380 |335 | 565
LB 10-160-35I'Y5 160 | 35 |N3/1B-22-219T 2| — 1380 [264 | —
JIIB 12-160-65 160 | 65 [AI1[1-273-45/2 45 | 2920 {380 (400 | 673
I31IB 12-160-65 3/K | 160 | 65 |3[13/1B-45-270 45 — 13801 — | 385
131IB 12-160-100 3/K | 160 [100 {4I131B-65-270 65| — (380 | — | 420
I311B 12-210-253 3/K | 210 | 25 [2[12/1B-22-219 22| — 330} — | 225
2311B 12-210-55 210 | 55 |2I12]1B-45-270 45 | 2920 (380 | — | 400
I3IB 12-210-145 210 |145 [5I12B-125-70 125 | 2940 {380 | — | 800
2311B 12-256-30T'Y5 | 255 | 30 |2[13/1B-32-219T 321 — |[380 |260 | —
1B 12-375-30T 375 | 30 |2I13/1B-45-219 45| — | — | = | 270
SLIB 14-210-300X-¥5 | 210 |300 |NI21B-250-320 B5 250 { — |3000[1818] —
3B 16-375-175X-¥b | 375 {175 [[13]1B-250-320 B5 250 | — |3000{1702| —
1Y3LIT 16-3000-1000 {3000 (930 |13 OB-500-375 B5 500 | — |[6000|3173] —
Y3LI1 16-2000-1400 (2000 |1360{113 1B-500-375-B5 500 — 16000{4325] —
Hacocot Tuna ATH
ATH-8-1-16 30 [ 65 |A02-61-4 13 | 1450 |220/] — 21787
380
ATH-8-1-22 30 | 90 [A02-62-4 17 | 1450 {220/] — |2865,2
380
Hacocot Tuna HA
12HA-9% 4 80 | 43 |BA0-62-4 17 | 1470 [380/(1080]1269
660
12HA-22 %<6 150 54 |BAO-72-4 40 | 1470 |380/[1231]1541
660

['opusoHTanbHBle LeHTPOOEXKHBIE Hacochl s 3a60pa BOAMI

— — . —— . ——— i e il

H3

CKBaXKHH HCOONB3YIOT PeJKo M B TeX caydasx, Korja AHHAMHUYECKHH
YPOBEeHb NOJ3E€MHBIX BOJA HaXOAMTCS B mpejesax BhICOTH BCAachblBaHHS
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Puc. 5.1. HacocHana cradu#sa Haj CKBaXHHOH (nasemHan)

1 — oro/IOBOK CKBAaXXHHH; 2 — HANOpHBIA TPyOONPOBOA € BAaHTY30M H 3aJBHXKKOH,
3 — oOpaTHH1 KnanaH; 4 — Bogomep; & — xomoctoii c6poc; 6 — CTaHUHA ynpasJe-
HUA M IMHTH 3JIEKTPOOGOPYAOBAHUA

HacocoB (Zo 6 M) uaum npu obGecneueHHH paboThH HACOCOB MOA 3aJH-
BoM. B macnoprtHbIX AaHHBIX Hacoca rapaHTHpyeTcss AoNycTHMas Ba-
KyyMMeTpHYeckasi BbICOTa BCachiBaHHS IIPH ONpeJleIeHHOH Mojaye H
yacToTe BpallleHHs Hacoca, NpPHBeJeHHBIM K HOPMAaJbHBIM YCJIOBHAM
skcnayatauuu (Temnepartypa Boas 20°C u 6apomeTpuueckoe naBJie-
HHe 10 M BoA. c¢r.). Kax npaBHyiO, rOpH3OHTAJIbHblE HEHTPOOEKHBIE
HacoChl MPHMEHAIOT HAa Bojo3abopax, Korfjla HacocHble CTAaHIIHH pac-
MOJIOXKEHH HEMOCPEACTBEHHO Y KamnTaXXHOH KaMepsl HJH cOopHOTO
pe3epByapa Ha TOPH30HTaJAbHBIX BOJ03aGopax. XapaKTepHCTHKH TrO-
PU30HTAJbHBIX HEHTPOOEXKHBIX HacocoB, BeinyckaeMbix B CCCP, us-
MEHSIIOTCA B IIMPOKHX 1npejesaX: TMPOH3BOAHUTENbLHOCTh — OT 2 [0
12500 m3/u npu namope ot 15 go 700 m.

Hacoch ycTaHaBAMBamOT IPH YCJAOBHH MX paboThl 1MoL 3aJIHBOM.
Ecau 310 0KaspiBaeTcs HEeBO3MOXKHBIM, B CTAHIHH [Jif 3alycKa Haco-
COB NpeAycCMaTPHBAIOT YCTAHOBKY BaKyyM-Hacoca H BaKyyM-KOTJIOB.

Hax yctbsiMu BOz03a0OpHHIX CKBaXKHH YCTPAHBAIOT MaBHJbOHBI,
B KOTOPBIX pasMelllal0T OTOJIOBOK, 3JeKTpOoABHTaTeJib NPH YCTaHOB-
Ke Hacoca tHna ATH u HA, ropusonraiabHHil neHTpob6eXHBIll Hacoc,
anmnapatypy AJs OTONJIeHHS, NMycKa, H3MepeHHsT YPOBHS BOJALI B CKBa-
XKHHe, ee pacxolla, a TaK¥e aBTOMAaTH3al{dHd H 4YacTh HANOPHOTO TPY-
60npoBoAa, Ha KOTOPOM YCTAHABJHBAIOT 3aJBHXKH, oOpaTHHH KJja-
naH, BaHuTy3, KpaH AJjs orbopa npob BoAL HA aHAJH3 H TPYOGONPOBOX
MPOMBIBHOHM BOJAB! C 3aJBHXKKOH, HeOOXOAHMOH nJsa cOpoca BOAbl NPH
nycke H NpoMblBKe CKBaxHHbl. [laBHJIBOHBI HaJ CKBaXXHHAMH MOTYT
OLITh Ha3eMHBIMH HJIH NOA3eMHBIMH (pHc. 5.1, 5.2) u npHHUMAIOTCH B
OCHOBHOM 110 THMOBBIM NIpoekraM Corosrunposojxosa. IIpu npumenenun
JJis OTKAUKH BOJABI HACOCOB C TPAHCMHCCHOHHBIM BajiOM NPOEKTHPYIOT
OOBIYHO HaJ3eMHbIe NMAaBHJIbOHBI, a NPH HCINOJb30BAHHH HACOCOB THIIA
IDIIB — nonsemMunte. B cayyae ycraHOBKM Ha CKBaXHHaxX TOpH3OH-
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Puc. 5.2, Hacocnas cranuus Hapn cksamuHoR (mopxsemuas)
1 — nacoc 31IB; 2 — apenaxuufi HacocC; J — KT yNpaBJcHAN

TaJbHBIX LEHTPOOEKHBIX HACOCOB MABHJIBLOHBI MOryT OHITh HaJ3eMHBI-
MH, a TpH HEOOXOAHMMOCTH COKPAlleHHs! BBICOTHI BCAaChIBAHHA — IOA-
semubiMH. [IpH ycTaHOBKe BceX THIIOB HAacOCOB B MOJ3EMHBIX MaBHJ/b-
oHax (mIaXTax) HENpPEeMEeHHBIM YCJIOBHEM SIBJIsSeTCH HMX YCTPOHUCTBO B
CYXHX TpYHTax.

Hanopunle JHUHHM HacocoB OBGOPYAYIOT amnnapaTtypod Aas 3amepa
pPacxofoB BOABl M MO 3allluTe CKBa)XHH M BOJOBOLOB OT rHJpaBJHYE-
CKHX yaapoB. XapakTepHble cxeMhl 060pyNOBaHHS apMaTypoH Hacoc-
HBIX YCT2HOBOK NMpPHBEJEHH HA pHC. 9.3 u 5.4.

Ilast KoHTpOJIS M ynpaBjeHus BoAo3aGopHHIE coopykeHHs 060py-
foBaHb TpubOpOM AJsT M3MepeHHsi PacXofia BOJbI, MOJABAEMOH KaxK-
IOH CKBaXXHHOM, 3JeKTPOYpPOBHEMEepOM A/ H3MEpPEHHS YPOBHS BOJABI
B CKBa)KHHE, MAHOMETpOM J/is OLlEHKH JaBJICHHS HAa Hacocax, MaHOBa-
KYYMMETPOM NpH paboTe ropu3oHTaJbHLIX HaCOCOB Ha BcOCe.
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Puc. 5.4. Cxema oGopynosaHus apma-
Q TYpO# rOPH3OHTANBHOTO HEHTPOGEKHO~
3 ro Hacoca

-T 1 —Hacoc; 2-— KOCOM NEePEXOM; O =

BCachlBalOIasi BOPORKA; 4 — NOACTaB-
Ka MoJA BOPOHKY; & — BakyyMMeTp;
AVH.roP. * 6 — TpexxoA0BOH KpaH; 7 — MaHOMeTp;
—=1l-= 8 — ofpaTHHH KjaanaH; 9 — 3aJBHKKH;
J 10 — gentann; 11— yKasarenn AsHMKe-
HHSI BO3fiyXa; 12— BO3JYXONpoBOA
BaKyyM-yCTaHOBKH

5

o & <« Puc. 53. Cxema o06opyfoBaHHA CKBa=

: KHHH HACOCOM H apMaTypoi

< 1 — nacoc; 2 — a/IeKTPOABHTATEND; 3 —

BOAONOAbeMHEe TpyOn; 4 — 06GcapHbe

‘ TPYOH CKBaXWHB, & — repMeTH3HpO-

— BAHHEIH OrOJIOBOK CKBAaXHHEI, 6 — Ma-
HOMETpP; 7 — cOpPOCHOR TpyOONpOBOA;
8 —kpan orbopa npo6; 9— oGpaTHW#R
kaanad; 10— 3aaBHKKa; 11 — panop-

HEIA TpyOomnpoBoj

N
\
=

[Tpusox Hacoca DLIB ocyuiecTBASETCS KOMIJAEKTHO MOCTaBASEeMOM
CTaHUHeH ynpapjeHHUS C 3JeKTPOAHBIMH AaTUHKaMH ypoBHe#H, KoTopas
obecreyuBaeT paboTy MOTPYKHOTO HACOCA B pelKHME aBTOMAaTHUYECKOTO
HJIH TeJleMeXaHHUecKoro ymnpaBieHus. HacocHasg craHumus MoKeT pa-
6oTaTh OAMHOYHO HJH B Tpyllle B peXHMe aBTOMATHUECKOTo YIpaB-

JICHHHA.

5.2. Hacochl ¥ HACOCHbIE CTAHIMM HA FOPHU3OHTAJBHBIX
M Jy4eBbiX BOA03a00opax M Kanraxax HCTOYHHKOB

Ha ropusoHTanbHBIX H Jy4YeBHX BOA03a00pax HAXOAAT NMpHMeHe-
HHe MOA3eMHBbIe, 3arnybJeHHEe W LIaXTHble HacOoCHble cTaHUuH. CTe-
neHb 3arny6JeHHsE CTAHIHH ONpeAensieTcsl AOMYCTHMON BaKyyMMeTp H-
yecKO# BBICOTOH BcachiBaHHsi HacocHoro o6opymoBanusi. Ha ropuson-
TaJbHHIX H JYYeBHIX BojA03abopax HACOCHHE CTAHUMH, KaK NPAaBHJIO,
coBMelIaloT ¢ BofocOopHbIM Kosoauem (puc. 5.5). lllaxTHele HacocHbIe
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; ' Puc. 5.5. Hacocuas cranuus B
rg&? c6opHoM Koaopue

I — mamuHaut 3an; JI — Beno-
MorarteJibHoe nomeinenawe; J1J—
BOZONpHEMHAsA  INAXTa,; 1—
3MeKTpoABUTaTe]b;, 2 — OMOpHaf
4acTh HAaCOCHOH YCTaHOBEH; J —
BOAOMOABEMHEIE  TpPyOONpoBOA;
4 — Hacoc; & — KOAOHKa Yympas-
JIEHUSA 3aABMXKKOH; 6 — BOJO-
” npHeMHas TOPH3OHTAJbHASA Ape-
Ha; 7 — HamopHuii Tpy6oONpoBOA;
8 — KpaH-6aJKa

| BTSSP F

CTAaHLMH, COBMellleHHBEe ¢ BOXOCOODHBIM KoJoaueM, oObl4HO 000pyny-
10T HacocHBIMH ycranoBkaMu tunma DIIB, ATH unam HA. Hacocuue
CTAHI MM C TOPH3OHTAJbHBIMH IEHTPOOEXKHBIMH HAaCOCAaMH Ha KanTa-
’axX HCTOYHHMKOB pAcCIOJAraloT HeloCPeJCTBEHHO BO3/e KalTaXHOoH
KaMephl HaH COOPHOrO pesepsyapa MO THIOBBIM NPOeKTaM, paspabo-
TaHHBIM XapbKOBCKHM BojokanannpoekToM, MocrunpoTpaHcoM H Ap.
ITpu 060pyAOBaHHH LIAXTHBIX KOJOAUEB HCMOJb3YIOT HACOCH BCEX yKa-
3aHHBIX THIIOB B COOTBETCTBHH C TpeOGyeMBIM BOJOOTOOPOM H IMOJOXNKe-
HHEM JHHAMHUECKOro ypoBHS B KOJOAIE.

5.3. OGopynoBaHue H IKCILIYaTaUHsd BOXO3a00PHBIX CKBAXKHH
¢ 6ecTpyOHO# YCTAHOBKOH NMOrpPyXHHX 3JEKTPOHACOCOB

KOHCTPYKIHIO YCTPOHCTB, OGecneyuBaiOlIuX IMOJBEM BOJABI U3
CKBa’>KHH HAacOCaMHM IO o6cajHbiM TpyOaMm, MOXHO pas3felNuTb Ha [Be
rPYNMNb: TepBas — pa3feseHHe 30H BCACHIBAHHA H HarHeraHus OcCy-
1IeCTBASETCH MaKepHBIMH YCTpOHCTBAMH (MeXaHHYECKHMMH, IHAPABJIH-
YeCKHMH, ra3oBbIMH), a yCHJHe NepefaeTcs yepe3 TPOC HA ycThe CKBa-
xuH (pHc. 5.6); BTOpasi — repMeTH3alHA U Nepejadya YCHIHHA NPOHC-
XOHSAT B MecTe yCTAHOBKH ycrpoiictBa (pHe. 5.7).

[IpeumyllecTBO YCTPOMCTB MEPBOH rpyMibl 3ak/oyaercsi B TOM,
YTO cO37aeTCs BO3MOMKHOCTh MX NMPHUMEHEHHS Ha CYLIeCTBYIOUIHX CKBa-
uHax. Jlas ycrpoficTB BTOPO# rpynibl Tpebyercs crnelnualbHash KOH-
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Puc. 5.6. YerpoficrBa GecTpy6ioft noABecKH

@ ~— C THAPABAHYECKHM TIaKepOM; 6 — C HONOJHHTENLHON CTYNeHblo; 8 — € MexaHHye-
CKHM IIaKepOM; 2~ C HACOCHHM YIVIOTHEeHHEM H pasylLIOTHeHHEM

CTPYKIHSI CKBaXHH, HO OHH OTJIHYAlOTCS MNPOCTOTOH YIJOTHEHHS H
HaJIHYHeM YNOPOB, KOTOPhie HCKJYAKT HeoOXOAMMOCTh HCIOJb30BA-
HHS TpOCa WJM IITAHT B KayecTBe HECYUIHX.

Ha puc. 5.6,a npexcraBieHa KOHCTPYKIMSI YCTPOHCTBA C I'MApaB-
JIMYeCKHM ITaKepoM, COCTOfllllas H3 3JaCTHYHOro makepa I, oXBadeH-
HOTO PE3HHOBHLIM YIPDYTHM KOJBLOM J, CKHMAIOUIMM €ro NMpH OCTaHOB-
Ke Hacoca 4. Boma nojaercs Bo BHYTPEHHIOW IMOJIOCTh MaKepa depes
CrelHaJibHble L1eJH B naTpybke 7, coeJHHeHHOM ¢ HacocoM. Ha na-
TPpyOKe HMeoTcs ABa ¢Jasua 5 u 6, obecrneunBawllbe pas3xaTHe na-
Kepa B paAuaJbHOM HalpaBJieHHH, T. €. K BHYTpeHHell cTeHKe obDcaja-
HOH TpyOu 8. [Ina co3faHusa nepenana AaBJeHHS MEXKAy BHYTPeHHe#H
NOJIOCTBIO MMaKepa U HaANAaKepHBIM NMPOCTPAHCTBOM Ha marpyOke ycra-
HOBJIEH JApoccenpb 2.

[IpuHuun peficTBHS ycTpoHcTBA, MpEACTAaBJEHHOro Ha pHc. 5.6, 6,
3aKj4Yaercs B TOM, YTO Hacoc I cHaGXKeH [ONOJHHUTENbHOH CTY-
neHpl0 2 ¢ NMPUBOJAOM OT BaJsa Hacoca. JIomoJiHHTe/bHAs CTYINEeHb 4e-
pe3 HarHeTaTe/JbHBIH TPyOONpPOBOA 4 MNOBHILIAET HANoOpP B KaMepe
nakepa 3. ATO AaeT BO3MONXKHOCTb CO3/JaBaTh B KaMepe makepa GoJee
BBICOKOe AaBJIeHHe, YeM B HANOPHOH YacTH CKBaXXHHBI 00CafHOH Tpy-
0wl 5.

TUNHYHBIM MeXaHHYECKHM MaKePHBIM YCTPOHCTBOM SIBASETCS KOH-
crpykuusa IOxHWHWI'mMa. Tlpuruun peiicteus ycrpoiicta (puc. 5.6, 8)
OTJHYaeTcss KOHCTPYKTHBHONH OCOOEHHOCTbIO YMJIOTHHTEJIBHOrO 3JIeMEH-
Ta 95, KOTOPHIH pa3xuMaercs Ao oOcamHoit Tpy6sl 7 mo pactpyby I
MEXKAYy OMOPHBLIM KOJbIOM 6 U (yaHuem 2. B pa6oueM NOJOXKEHHH
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Puc. 5.7. becrpy6uas noapecka ¢ repMerH3anHei M Onopod B MecTe HX YCTAHOBKH

a — C NOANPY>XKHHEHHEIM KOJbIIOM; 6 — C NOCaAOuYHBIM THe3lloM Tpecta Kypckceab-
X03BOACTPOH; 8 — ¢ onopHuiM ¢paanuem HHHUUKHUBP

YCTPOHCTBO YAepKUBAeTCs ¢ NOMOIILIO I'PYy30BOro Tpoca 9, a MOHTaX-
HO-IE€MOHTaXHble paboThl OCYLIECTBASAIOTCA TPOCOM &8 uepe3 rubkue
cTpons 4.

HcnpiTanusi mokaszaJjH, 4TO HaJHuHe JBYX KaHATOB NPHBOAHUT K
HX CKPYYHBaHHIO ¢ KabejeM H 3aTPYAHSIET MOHTaXXHO-AE€MOHTaXHbIe
pa6oThl NPH YCTAHOBKE HACOCa B CKBaXXHHY Ha raybuny 6onaee 30 m.
[IpoMbilsieHHOCThIO pa3paboTaHa KOHCTPYKIHS YCTPOHCTBA JJisl CKBa-
XHH ¢ guamerpom obcanubix tpy6 150, 200 u 250 MM (puc. 9.6,2).
YnioTHeHHe OCYLIECTBJSIETCS NOABECKOH 2 mpwW nmopave Hacocom I BO-
ABI, PasynJOTHEHHE — NOCJe BHIKJIOUCHHS HACOCA H HATSXKEHHS KaHa-
Ta 8 NJis CAMBA BOJB M3 HANMOpPHOH yacTH o6caaHOH TpyOH 4.

[TepcnekTuBHBl yCTpoHcTBa 6ecTpyOHOM MNOABECKM C repMeTH3a-
IHefl W OMOPOH B MecTe MX YCTAaHOBKH (cM. pHc. 5.7,a). Ha tpyGe I
3aKpenJieHbl HEMOJBMIKHblE KJHHbSI 2, TOJBHXHble K/IHHbs 3 Haxo-
ASTCS ¢ HUMH B 3auenaendd. [ToagBuXKHble KNHHbS 3 ONUPAIOTCH yepes
yrnops 4 Ha TOANPYXHHEHHOE C MOMOLIbI0 NPYXHH & KOJBILO 6, ycTa-
HOBJEeHHOe Ha TpybOe I c BO3MOXKHOCTbIO NepeMellleHHss B OCeBOM Ha-
MpaBJeHHH H HMelolllee BHYTPEHHHe MPONOJbHbIe KaHABKH, MePeKpbl-
BaeMble CBepXy KOHLIAMM ocH 7 (DaCOHHOro CeueHHs, MNPOXOAsLIeH
gepes TpyOy 1. 3acnoukoi 8, ecTKO CKpeneHHOMH ¢ OChbio 7, MepeKphl-
BaeTcsi Tpy6a I, B BepxHeH YacTH KOTOPOH YCTaHOBJIEHA MOAMNPYKH-
HeHHasi ¢ NOMOLIbI0 NpYXuHB 9 manba 10. YNJOTHHTENbHHIH 3Jie-
MeHT /1 npukpenJsien K ma#be /0 u uMeeT BO3MOXKHOCTh NepeMelllaThCs
B oceBoM HanpabaenuH. [llafi6a /0 uepe3 taru /2 u 3aMKOBOE yCTPOH-
cTBO 13 cBsI3aHa C TPOCOM, BHIBEJEHHbHIM Ha NOBepxHocTb. [0 KaHa-
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JlaM B HENMOJABHXKHHIX KJHHbSAAX 2 NpPOnyileH CHJoBOH Kabesabp 14 nas
nutaHusi sjektponacoca 15. Orpaxarens 17, coelHHeHHBIH ¢ IIaf-
60#t 10, ycraHOBJIeH HaJ BepXHHUM CPe30M HanopHoH Tpybul I, BepXHAA
JacTb KOTOpOH mnepdopHpoBana orsepcrusimu I[8. IlpH nonoxKeHuH
3aCJIOHKH 8 «3aKpBHITO» NONepeyHblH pa3Mep BBIXOAHBIX KOHLOB OCH 7
6oabnie LIHPUHBI KAHABKM M MEHbIIE — IIPH  TMOJIOXKEHUH 3aCJOHKH
KOTKPHITOY.

YerpoHctBo paboTaer caeayiomum obpasom. [lepen ycranoBko#
Hacoca KOoJblLo 6 oca>XHBaeTcs BHH3, 3aCJJOHKa CTAHOBHTCH B MOJOXKe-
HHe «3aKpbITO», TeM CaMblM KOHLAMH OCH (DUKCHPYETCS MNOJIOXKEeHHE
NOANPYXHHEHHOTO KoJblla 6. [ToaBHUXKHBIE KJAHHbSA 3 3aHHMAKT HHXK-
Hee MOJOXKeHHe H He BBICTYNAaloT 32 JHaMeTp HeNOABHXXHBIX KJIHHb-
eB 2. Ilpu noxsece Hacoca 15 npyxuHa 9 cxuMmaercs, YNJAOTHHTEJb-
HBlit 37eMeHT /] 0CBOOOXKAaeTcsi OT AeHCTBHS NPYKHHB H NMPHHUMaET
CBOH MHUHHMAJBbHBIH NO AHaMeTpy pasMep.

[Ipy AocTHXXEeHHH HaMeueHHOH rayOuHBI BK/JIIOUAeTCs HAacoc, H MoK
HamopoM XXHIAKOCTH OTKpHIBaeTCsi 3acJoHKa &8, NOBopauyxBasi ocb 7.
KoHubl ocH 0cBOGOXKAAKT OT (PHUKCALMH MOANPYKHHEHHOE KOJIbLO 0,
KOTOpOe, nepemeniasicb BBepX, NMOJHHMaeT NOABHUNKHEIE KJHHbA 3 A0
HX pacKpell/leHHs] MeXAY HeNOABUXHBIMH KJUHbAMH 2 H o0caaHOH
Tpy6oit 16. OnHoBpeMeHHO ocnabasieTcss HaTsKenue Tpoca. [lon neit-
CTBHEM COQCTBEHHOrO Beca U NPYXHHB 5 Hacoc 15 HageXHO packpen-
asiercss B o6caaHoi TpyGe. Ilpu packpenseHuun Hacoca npyxuHa 9 oc-
BOOOXKaeTCsl OT AeHCTBHS ero Beca H uepe3 waiby [0 pa3xkuMmaer
YIJOTHUTENbHBIH 3JeMeHT [1 n0 o6caaHol TPpyOHI.

Jlois neMOHTaxXa Hacoca HaTATHBAeTCsl TPOC, KOTOPLI yepe3 niaiuly
CKUMaeT NPYKHHY 9, u 0CBOOOXKNaeTCsl YNJOTHUTENbHBIH 3J€MEHT, a
Tpy6a I ¢ KIHHBSAMH 2 NOAHUMAaeTCs, 0CBOOOXKAAsA KAHHbS 3, KOTOphHIe
CKOJB3AT N0 00CaAHO! KOJOHHe TPyD, CKUMas NPYKHHBI J.

Koucrpykuueit ycrpofictBa IIMK tpecra Kypckcenbxo3soacrpoit
(cM. puc. 5.7, 6) nNpH COOPYXKEHHH CKBAXKHHB HA IJyOHHE YCTAHOBKH
Hacoca I/ B o6cagnofi TpyGe 8 nmpeaycMatpuBaercsl CHEllHAJbHBIH Ma-
TPYOOK 7 ¢ NMOCAAOYHBIM THE3ZI0M, Ha KOTOpPOe ONHpaeTcss Hacoe ¢
natpyOkom 3. K narpyOky npuBapen dJjanen 4 ¢ pe3HHOBHIM HHC-
KOM &, KOTOpHIH CayxuT ynnaotHuresneM. KabGeabp 9 K snektpoaBura-
TeJI0 NMPOXOAHT Yepe3 CaJbHHKOBOE YyNJOTHeHue 2 Ha ¢uanme. MoOH-
Ta) OCYLIeCTBJIsIeTCs ¢ MOMoUIbI0 OypoBbiX mTaHr 6. [lpu skcnayara-
IIHH HAa HEKOTOPBbIX CKBaXHHAX He NPOMUCXOAHJIO NOJHOE pa3jejeHHe
30H BCaCbLIBAaHHWsl H HATHETaHHs. YBeJHUeHHE copTaMeHTa O0OCagHBIX
TpyO 3a cyer yCTAaHOBKHM NMOCAJOYHOr'0 THe3lla CHHXaeT 3(GheKTHB-
HOCTb UX NMPHMEHEeHHS.

Ha Boposabope Muncka no npoekry IHUUKHUBP B 1986 r. 6ni-
Ja npobypeHa CKBaXHHA, Ha KOTOPOH YCTAHOBJEH OJHH H3 npocTref-
IIHX THNOB YCTPOHCTB OecTpyOHOlN noiBecKH HacocoB. KoHcTpykuus
YCTPOHCTBA COCTOMT H3 OTpe3Ka TpyOnl, K KOTOpPOH mpuBapeH Omop-
HbIH (Janen 4 ¢ pe3HHOBOH NPOKJNAAKO#H § TonwuHo#i 10 MM H cepera
2 pas KpenjeHus tpoca I (cm. pHc. 8.7, 8). DnekTpHuecKuil Kabean 3
K Hacocy 6 NpOXOAUT yepe3 CaJbHHKOBOe YIJOTHEHHE B OINOPHOM
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dnanne. Hacoc ¢ ycrpoificTBoM ycTaHaBJHBaJCA Ha Nepexoje obcan-
Ho#t Tpy6n Dy=300 MM B HagduabTpoByro Dy==250 MM Ha rnyGHHe
38 M.

CkBaxuHbl ¢ GecTpyOHO# YCTAaHOBKOH TOIPYXKHBIX HAacoCOB MO-
I'yT 3KCIJIYaTHPOBATbCS H KAaK OObIYHbIE, H KAK BakyyMHune. B nep-
BOM CJyuae Nbe30MeTPHUYeCKHH ypOBeHb BOJABI B 30HE BCACHLIBAHHA
CKBaXHHBI BCErja HaXOAHTCS BbIle OTMETKH Nakepa; BO BTOPOM —
HHXe TlaKepa, W TOrja NMoj HHM BO3HHKaeT BakyyM. Ecin ckBaXkuHa
SKCIJIYAaTHPYeTCs C NOCTOSIHHBIM NeOHMTOM, TO BAKyyM MNOJ IakepoMm
Hapacraer NOCTelleHHO, OXBAThIBass Bce OOJBIIYI0O NO BHICOTE 30HY
BcachiBalouled noJioctu ob6cannoit tpybni. Co BpeMeHeM OH MOXeT
PacnpoCTPaHHTLCS Ha (HALTP H NPHPHALTPOBYIO 30HY CKBAaXKHHHBI.

KOHCTPYKIHS CKBAaXHHBH C YCTAHOBKOH NOTrPYIKHBIX 3J€KTPOHA-
cocoB ¢ Oectpy6GHoil nmoaBecKO!l AOJXKHA OTBeuaTb CJAEAYIOIUHM Tpe-
6oBanusiM: oOcaaHbie TPYOH AOJMKHB 0O0eCledHBaThb TepMeTHUYHOCTH
H HMeTb OJAMHAKOBbIH AHMaMeTP OT MecTa YCTaHOBKH KOJIbLEeBOH
BCTABKH JO YCTbsl CKBAXXHHBI; JHAMeTp SKCIJAYaTAlHOHHOH KOJIOHHBI
TPyO HOJIXKeH COOTBETCTBOBAaTb HOMHHAJBHOMY JHaMeTpy Hacoca,
KOHCTPYKIMSI OroJIOBKa CKBAXKHHB HOJI)KHA o0OecrneywBarbh IOJHYIO
repMeTH3al 0, HMeTbh CaJIbHHKOBHIe YNJOTHEHHS AJA BBIBOAHBIX KOH-
o8 KabeJs.

s 3amepa ypoBHSI BOABI B CKBaXKHHe YCTAHABJIHBAETCS Nbe30-
MeTpHueckass Tpyb6ka d>=>3/4”, coenMHEHHasi CO CKBaXKHHOH C Hapyx-
HO# cTOpOHbl OOcajnHoi TPyObl HHXKE YCTAHOBKH HAacoca HJH NIpoXo-
asamas BHYTpH obGcaaHo# TpyObl ¥ BbiBeJeHHAas C IOMOIUbBIO CaJIbHH-
KOBOT0 VIJOTHEHHS 4yepe3 orosioBokK. Bo BTOpoM cjydae mNbE30MET-
pHyeckas Tpyb6kKa HCNOJb3yeTCs B KaYeCTBE MOHTAaMKHO-AEMOHTaXKHBIX
IITAHT.

Becrpy6Hasi BakyyM-CKBaXKMHa AOJKHa ObITb 0bopyaoBaHa AIBY-
Msl nbe3oMeTpHdyeckUMU TpyOkamMH. OnHa M3 HHX CBfI3aHA C BHYTpEH-
Hel MOJIOCTbIO CKBaXKHHBI HHUXKe (HAbTpa (B BepXHEH YacTH OTCTOH-
HHKA), HMeeT OTKPbiToe yCTbe H (DHKCHpPYeT HANoOp BO BHYTpPeHHEH
NoJAOCTH (uJbTpa, Apyras coobuiaercs ¢ obcapuoit Tpyboii Hemocpen-
CTBEHHO INOJ MNaKepoM, HMeeT repMeTH3HPOBAHHOE yCThe H OTBOAS-
1yio Tpy6Ky, CHaOXKeHHYI0O BAKYYMMETPOM.

3tor nbe3oMeTp oOecmeyHBaeT BO3MOXKHOCTb He TOJNbKO (PHKCH-
poBaThb BeJHUHHY paspeeHHs MNOJ MAKEePHbIM YCTPOHCTBOM, HO HIpH
HeOOXOAUMOCTH 4Yepe3 CBOe pasrepMeTH3HpOBaHHOe yCTbe CTpPaBJIH-
BATh HAKONMMBINHiiCS NOJ IaKepoM BO3AYyX B atMocdepy (Ipu BO3-
HUKHOBEHHH 3JeCh M[aBJeHMsi, NnpeBblllapliero arMmocdepuoe) Jaubo
OTKayHMBaTh €ro NpPH IIOMOLIH IHTaeMOro OT HaMOPHOro TPyOonpoBo-
Jla Hacoca, 3XKeKTOPHOro YyCTpo#cTBa, NpHeMHass KaMmMepa KOTOPOTO
coob1IeHa C YCTheM Nbe30MeTpHUeCcKOH TPYOKH.

J1si cHHIXKeHHsI NMOTepb Hamnopa Ha oOTeKaHHe NOTOKOM 3JeKTPo-
JBUTAaTeJs] HACOCA M HCKJ/IOUEHHs KaBHTALHOHHBIX SIBJEHHH, OCoOeH-
HO B NYCKOBOW INePHOA, AHMAMETP SKCIJIyaTalHOHHOH KOJOHHH TPYO
HHXXe KOJIbLIEBOH BCTABKH 1O AJHHE IOTPYXKHOro 3JIeKTpoHacoca Ha
50 MM H GoJjibllle HOMHHAJBHOTO JMaMeTpa Hacoca.
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['uapaBanyeckHe HMCNbITAHHA HANOPHOH YacTH 00CaAHOW KOJOHHBI
Tpy® HeoOXOAMMO NPOBOAHTH B COOTBETCTBHM ¢ TPeOOBAaHHAMH  HC-
MbBITAHHH HanopHbIX TpybGompoBoaoB. [lJisi HCOBITAHHA  YCTPOHCTBO
6ecTpyOHOH TNOJABECKH C NOTPYKHBIM 3JIEKTPOHACOCOM C 0OpaTHHIM
KJanaHoM M COOTBETCTBYIOLMM pasBHBaeMbIM HANOPOM Ha 3aKphbl-
TYIO 3aABHXXKY MOHTHPYIOT B ckBaxHuHe. [locnenusis obopynyercs rep-
METHYHBIM OrOJIOBKOM, a Ha OTBOAsALleM TpybonpoBoje ycTaHaBJHBa-
eTca 3aaBuKka. Ilyck Hacoca nmpoH3BOAHMTCA HA 3aKPHITYIO 3aJBHK-
Ky 06e3 Bbimycka Bo3ayxa u3 ob6capHod kKosoHHB Tpy6. Ilocne rtoro
KaKk HacoC CO3JacT MakCHMaJjJbHOe aaBieHHe, OH oTkJAwuaercs. Ilo
YCTAHOBJEHHOMY Ha OTOJIOBKE CKBAaXXHHB MAaHOMETPY OIpefeasiioT
repMeTHYHOCTh HANMOPHOTO yuyacTka o6GcapHOW KOJOHHH TPy6 H YCT-
poiicTBa OecTpyOHOH NOABECKH HAcoca.

[Ipu skcnayartauuu GecTpyOHOH BakyyM-CKBaXKHHBl IO Tbe30MeET-
paM (HKCHPYIOT HAnop B (HUJAbBTPEe U BAKYYM NOJ TaxKepHbIM YCT-
pPOMCTBOM. OTH AaHHble MO3BOJSAIOT OIEHHThH YPOBEHb BOJAH B CKBa-
KHHe M He JONYCTHTh €ro OTKJOHEHHS OT 3aJaHHBIX IIpejesoB.
[locnennee MoXeT 6BITH NOCTHTHYTO PETYJIHPOBKOH 3aJiBUXKKH, pasme-
HIEHHOW 3a yCTbeM CKBaXHHBI, a TAKXe YCTAHOBKOH JaTYHKOB HHXK-
Hero ¥ BEPXHEro ypOBHel aBTOMAaTHYECKOW CTAHIHH YyIpaBJeHHS.
Huwxuuin patuuk ycranasiauaercsi Ha 20—30 cM HHXXe OTMETKH pac-
YeTHOTO YPOBHf, a BEePXHHH — HA OTMETKe HHXKHEH JIMHHH Nakepa.

B cayuae HeionycTHMOTO CHHXKEHHsI BakyyMa IOJ NAKepoOM ero
BOCCTaHABJHBAIOT BPeMeHHOH ocTaHOBKOM Hacoca. Ilpu aTtom yposenn
BOJAB! NOJ INAaKepOM TOBBLILUIACTCH, CKONHMBIIKHHCA TaM BO3AYX npuobpe-
TaeT [aBJieHHe, NpeBbilIaNOLlee aTMOcepHOoe, H MOXeT ObITh BHIY-
IleH B aTMoc(epy uepes npenBapHTENbHO pa3repMeTH3UPOBAHHBIN
noesomerp. [locnenyromeMy nycky MAOMXHB mpealllecTBOBaTh 3a-
JIUBKA Tbe30MeTpHYeCKOH TPYyOKH BOJOH 10 yCThSi H ee repMeTH3a-
nusi. B 3ToM caydae, korja OCTAaHOBKA HAcOCa HEJAONYCTHMA HJIH

MPHTOK BO3JyXa 3HAUMTENEH, OTKAauYKa TIOCJAEAHEro IPOHU3BOJHUTCS
KEKTOPOM.

B nepexoaHbIX mpoleccax nycKka H OCTAHOBKH HACOCOB IpH NoJAa-
Ye BOAH NO oOcagHbiM TPpy6am OTCYTCTBYIOT SIBJIEHHSI THJApaBJjHye-
CKHX VAApOB B CKBaXXHHe, 32 HCKJIOUEHHEM CJyyas NyCKa NpH HaJH-
yud rAyO6oKOoro BakyymMa B HanopHo# Juuuu. [Ipu 3TOM BeauuuHa mo-
BHILICHHSI 1aBJEHHS TPH THAPABJIHYECKOM yAape 3HAUHTEJbHO HHXKeE,

yeM NPH aHAJOTHYHOM peXKHMe IyCKa Hacoca, YCTAHOBJEHHOIO Ha BO-
NONMOABEMHBIX Tpybax.

CkBaHHbl ¢ OecTpyOHOH yCTaHOBKOH NOTPYXXHBIX HACOCOB BO
MHOTHX CJY4asiX MOTYT YCIeUIHO 3aMEHHTb CKBaXXHHBI TPaiHIHOHHOM
koHCTpYkuHu. HauGosee 3¢ppekTHBHO HX MCIOJb30BAaHHE B CHCTEMe
BOLOCHA0XeHHsl, KorZla OTKayKa, Kak NPaBHJO, IPOH3BOJLUTCS CpaB-
HHUTEAbHO TJAYOOKHMH CKBaXXHHAMH H3 BOJNOOOHJbHBIX BOJOHOCHBIX
rOpU30HTOB, T. €. TaM, rJe 3KOHOMHSI Tpy® H BHITOABI, CBSI3aHHBIE C

yMeHblIeHHeM TOoTepb Hanopa Ha NYTH OT NOTPYXKHOrO Hacoca A0 Mo-
BEPXHOCTH 3¢MJIH, Hauboaee 3HAUUTEIbHBI.
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I'JIABA 6. BOOLO3ABOPbI U3 CKBA)KUH

6.1. CxeMbl KOMIIOHOBKH BO03a00pOB M MOJKAYMU BOJAHI
NPH HCNOJNb30BAHHH NOA3EMHBIX HCTOYHHKOB

FMeercss MHOro BapHaHTOB CXeM NOJAauyd BOABI MPH HCIOJAb30Ba-
HHH MOA3EMHBIX HCTOYHHKOB BOJOCHaOXeuusi. OQHHM BapHaHTOM
npeanycMaTpuBaercs mojgaya BOAL HENOCPeACTBEHHO B BOAONPOBOA-
HYI0 CeThb H3 HErNyO0OKHMX NOA3EMHBIX BOJ MNpPH nomouu Oyposo#
CKBaXXHHbl MJH LIAXTHOTO KOJOJAIA M HAaCOCHOH CTaHUHH MepBOro
noaneMa, pacnojioxKeHHOH B OTHAE/NbHOM 3JaHHH.

B Apyrom cayyae HCTOYHHKOM BOAOCHAGXKeHHS CAYKAT MOA3EM-
Hble BOJABI Pa3JHYHBIX BOJOHOCHBIX TOPH30OHTOB, 3ajerarmouix Ha pas-
HOH IJIyOHHE OT MOBEPXHOCTH 3eMJIH, JKCHJyaTamusi OCYIeCTBASETCS
NpYH NOMOLIH TPYNNbnl BePTHKAJbHBIX BOA03a00POB, Ka*KJABIH H3 KO-
TOpbHIX 060pYA0BaH OTAENbHBIM BOJONOABEMHHKOM, HamnpaBJisiiOllUM
Boay B cOOopHBIN pesepByap. M3 Hero Boma nojpaercs B CeTb HACOCAMH
BTOPOTO NOAbEMa HJAH, MHHYS €ro, HemoCpeACTBEHHO B CETh.

HMMeroTcst cXxeMbl, B KOTOPBIX NpeAyCMATPUBAETCH NMojaua BOJABl U3
HerJiyboKo 3a/ieraloiiHx noA3eMHBIX BOJA IpH NOMOILIH TIpPYHINIOBOrO
BePTHKaAJbHOTO BOfo3abopa. Boma mojaHuMaercss HacocaMH, pacrosio-
XEeHHBIMU B 3[laHUH CTAHUMUH NepBOro noabeMa, nogaercs B  cOop-
HEIH pe3epByap H 3aTeM B CeTb HACOCAMH CTAHUHH BTOPOro NojAbeMa.
B HexoTopHIX cJay4dasx Boja M3 BepTHKaJAbHOro Bojo3abopa (6Gypo-
BOH CKBaXXHHbI) NPH NOMOIIH BcachBawuiHx Tpybonposonos, pabo-
TAIONIUX N0J BAKYYMOM, HanpasJ/sieTcsi B COOpPHBIH pe3epByap, OTKY-
Aa HacocaMH mojaercsi B ceTb. HacocHas craHuMsi B 3TOM cayyae
yacTo paclnoJiaraeTcs HenocpelICTBEHHO MNOJ pe3epByapaMH. AHano-
THYHYIO CXeMY MOXXHO MPHUMEHHTb U NMPHU CUPOHHOH cHUcTeMe BOJOMO-
nayu.

[Ipn ucrnosnb3oBaHuu IAy00OKO 3aJjerawpiinX MOA3EMHBIX BOJ, NOAB-
€M BOJAB M3 BepTHKaJbHOro Bojpo3abopa (OypoBOH CKBa>kMHBI) H IO-
faua B COOPHBIH pe3epByap OCYUIECTBJSIOTCS TPH MOMOUIH 3pJiudra.
KoMnpeccop npu 3TOM pacnoJsaraercs B 3JAaHHH HACOCHOH CTaHLMH.
AHaJOTHYHYIO CXeMy MOXKHO NPUMEHHUTb H NPH HUCMNOJb30BAHHU TJY-
OOKOBOJAHBIX MOTPYIKHBEIX HACOCOB.

OnrtuMasbHas cXema pacnoioXkeHHss BOA03a0OPHBIX CKBAaXKHH OI-
peneasieTcss THAPOreOJOrHYeCKHMH pacyeTaMH, BBHINOJHEHHBIMH A4
HEeCKOJIbKUX BapHaHTOB.

6.2. Pacuer BON03a00POB H3 CKBAXKHH

[Ipu pacuerax Bop03aGoOpOB B KauecTBe HCXOJHOH BeJHYHHBI NPH-
HUMaeTca AeOHT , COOTBETCTBYIOIUH MPOEKTHPYyeMOMYy BOJAONOTPeO-
JIEHHIO TIpH 3aJaHHOM BpEMeHH 3KCIJyaTalHdH ¥ MakCHMalbHO JO-
NYCTHMEIX TIOHHIKEHUSIX YPOBHS Syon.

Bennuuna MONYCTHMOrOo TOHHXKEHHS YPOBHSI olpejaessieTcd cie-
AYIOUIHM o0pasoM:
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B 6e3HAaNOpPHLIX BOAOHOCHBIX TOPH30HTAX

$aon = (0.5 « .. 0.7) b, — Altyp— Bhig: (6.1)
B HAIIOPpHBIX BOJOHOCHBIX TOPH30OHTAaX
Saon=H,—[(0,3...0,6m) + Ah,,c +Ahy, (6.2)

rae h.— nepBoHavaanHast ray6uHa BoAaH; H,-—nepBorayajbHHE Hanop Haj nojo-
IBOR TOpH30HTA; Ahgac — MakcHManabHasa riayOHHa NOTPYXKEHHA Hacoca NOA [AHHa-
MHUYECKHI ypOBeHb BOJAH B cKBaXuHe; Ahy — NoTEPH BOAH Ha BXOJAE B CKBaXHHY,
m — MOUIHOCTh HAMOPHOrO MJACTA.

B npoCTBIX THAPOreOJOrHYeCKHX YCJIOBHUAX OOBIYHO MpPHMEHSIOT
aHaJIUTHUYECKHEe MEeTOJAbl pacyera BOA03a60pPOB. B CIOXKHHX XKe ycao-
BHUSIX — CyLIEeCTBeHHAas HEOAHOPOAHOCTb BOJOHOCHBIX NJIACTOB, CJAOXK-
Hoe (B IJIaHe M paspe3e) ouepTaHHe MX TPaHHUl, 6OJblIOe YHCJIO Ba-
pHaHTOB BOA03abopa ¢ yueTOM BO3MOXHOCTH 3arpsi3HeHHs, HCTOIIe-
HHSI ¥ UCKYCCTBEHHOTO MOANHTHIBAHUSA IIOA3e€MHLIX BOA — Oojee npen-
IOYTHTEJbHO NPHMEHeHHe MOJAEeJHPOBAHHA.

BeauunHa TNOHHMKEHHs YpPOBHSI MOA3EMHHIX BOJA B JOOH TouKe
BOJIOHOCHOTO TOPH30HTa NpeAcCTaB/sieTcsl caeAylluM obpasom:

JJisi 6e3HanopHbIX BOJOHOCHBIX FOPH30HTOB

s i, o ]/h;— ;%- R; (6.3)

AJIs1 HANIOPHBIX BOAOHOCHBIX TOPH30OHTOB
- (Q/2xkm) R, (6.4)

rae Q — cymmapubiit Ae6ur Bomoorbopa; & -— KodpduitneHT GUABTPALHH BOAOHOC-
HHX TOPOJ; m — MOIWIHOCTh BOAOHOCHOTO TrOpH3oHTa (Am — Ko3dduuuenT BOjO-
MpOBOLHMOCTH IlJiacta); A, — e€cTecTBEHHAas MOILHOCTh Oe3HaMOPHOTO0 BOAOHOCHOIO
FOPH3OHTA; R — TrHApPAaBIHYECKOE CONPOTHBJEHHE, pAacCYHTHIBAEMOE B 3aBHCHMOCTH OT
YCJIOBHI 3ajeraHus IOJA3EMHBIX BOJA M KOMIOHOBKH BOA03a00DHBIX CKBaMHH.

Ilns onpeaeneHHst NMOHHXKEHHS] YPOBHS TNOA3EMHBIX BOJ Hemocpen-
CTBEeHHO B cKBaxuHe B popmynax (6.3) u (6.4) Heo6xOAHMO TIPHHATH

R = R,+ &, (6.5)

rae Ro— BeJHYHHa rHAPaBJMYECKOTO CONMPOTHBAECHHS R B TOUKe pAacnoJOXKeHHs
CKBaXHHBI;, § — MOKa3aTesb HONMOJHHTEJNbHOTO CONPOTHBJIEHHS CKBAXHHH N0 Crerne-
HH H Xapakrepy BCKDBITHS BOROHOCHOr0 miaacra; P=Qo/Q — oTHowmeHWe pacxona
paccMaTpHBaeMoOi CKBaXHHH Qo K CYMMapHOMY pacxoly Bojo3abopa Q.

BennyuHy R MOXHO ONpefeNnTb B 3aBHCHMOCTH OT TI'pPaHHYHBIX
YCJOBHH BOJOHOCHOTO MJACTa M CXeMhl Bojo3afopa MO MHOrO4HcJeH-
HBIM PYKOBOACTBAM M MoHorpadusm [1, 23].

PaccMoTpuM psin npocTeHlllEX CayuaeB pacuera HaubGosee pac-
IPOCTPAHEHHbIX THIIOB BOA03a00PHBIX COOPYKEHHIH.

Odunounbie ckBANCUHbL U HebOAbulle 2PYnnbl CKBANUK B yaaje-
HUH OT I'PaHHI NJjacra

So=Qq/4rkm|[—E, (r,2/4at) +E); (6.6)
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epynnsl 83aumo0eliCT8YOWUX CKBANIUH

’ n
Q cyM™ ; r3
§ =S4 E‘IIE*‘("“L’ * (6.7)
4k s dat
rae Qo — pacxon OAMHOUHOH CKBAXHHH, B KOTOPOH ONpejeisiercs NOHHXKeHHe YPOB-
HAA; ro— Pazuyc 3TOH CKBAXHHH, ry=ry, ry, ...— PACCTOAHHA OT Hee JO OCTANbHHIX

B3aHMOJAEHCTBYIOLIMX CKBaXHH; f-— BpeMs, OTCIMTHIBAEMOE OT HayaJa OTKAUKH;
;= QifQ eyu(i=Q1/Q cyn, 02=0Q2/Q cyn); Q’cym — CyMMapHHfi He6GHT BceX CKBa-
XKHH, n— o0llee YHCJO CKBAXHH 3a BHUETOM CKBaXHHH ¢ uHuekcoM «0»; g — KO-
3¢ GHUHEHT NBE30NPOBOLHOCTH.

3naueHHA HHTErpaNibHON NOKA3aTebHOH ¢vukuun Ei npeacrasieHH B paje
CIPaBOYHHKOB H PYKOBOHACTB [23].

[pu rp/4at <0,05...0,1
Eﬁ( i'";" )_IHQ_,QSM

4at r,—’

IlosToMy nmpH RJIHTeNBHHIX NEPHOXAX OTKAYKH dopMyan (6.6) H
(6.7) MOXKHO MpeACTaBHTb B BHAE

So== (Qo/2rkm) [In (R’ [rs) + E]; (6.8)
$ == 5o + (Q'epu/ 2ekm) Sy 1In (R/1), (6.9)

i=1

rae R’ — HekoTOpH# YCMOBHHIA paaMyc BIHAHMS CKBAXKHHB HJH Bofo3abopa H3 He-

GoJbIIOro YHCAA KOMNAKTHO PACHOJOMEHHHX CKBaXKHMH, YBEJHUHBAIOWHACH BO Bpe-
MEHH,

R=15Vat. (6.10)

[lokasarenem JNONOJHHTENBHOrO COMNPOTHBJIEHHS & B TpHBELEH-
HHX (OpMYJax OLIEHHBAeTCss HECOBEPINEHCTBO CKBAXKHH MO CTENeHH
H XapakTepy BCKPBITHS MJIacTa, KOTophle 00YCNOBJEHB MEHbIIeH JJH-
HOH (PUIbTPa B CPABHEHHH C MOILHOCTBIO BOMOHOCHOTO TOPH30HTA H
AOTONTHATEJNBHBIMH (DPHILTP ALLHOHHBIMH CONPOTHBJEHHSIMH HA  BXOJE

B CKBAXHHY (HeCoBepIIEHCTBO NO XapakTepy BCKpuITHS naacra). C
BBeJleHHEeM 3TOr0 MOKa3aTessi NOHHXKEHHe YPOBHS MO CPaBHEHHIO C
COBeplIeHHOH CKBaXXHHON BO3pacTaeT Ha BeJHUHHY

As = (Q,/2=km) (& -+ &), (6.11)

rae & H &, — NoMONHHTENBLHBE CONPOTHBACHHS, 06YCJIOBIEHHBIE COOTBETCTBEHHO He-
NOJHOTOH H XapaKTepom BCKPHITHA MIacTa.

3HaueHHds § AAS cayyas, KOrja (GHALTP NPHMBIKAET K BOAOYIOPY,
npuBefieHsl B Tabua. 6.1.

[lpu oueHKe BeJHYHHBI §; NMPEANOYTHTEIBHO IPOBOAHTb HCCHEAO-
BAHHSA B IIOJIEBHIX YCJOBHSIX B XOJ€ ONBITHO-(QHUABTPALHOHHBIX paboT
H PacnpocTpaHHTh NOJyYeHHBle ONBITHBIE JaHHble NPH HASHTHYHBIX
YCJIOBHAX NMPOH3BOACTBA paboT mo 6YpPeHHIO, OCBOCHHIO M 06GopyjaoBa-
HHIO CKBAXXHH HA 3KCIJYaTAlHOHHBIH BOmo3abop. B nepBom npubiu-
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Ta6anua 6.1. Iokazareab CONPOTHBACHHA

s - e e

t: opu rrUr_._ ; ___.__.‘ I
I/m
1 3 10 30 100 500 1000 2000
0,3 0,06 [0,65]24 | 4,6 7.25 10,9 12,45 14, 1
0.5 0,025 [0,33] 1,13} 2,11 3.25 4,82 5,5 6,2
0,7 0,008 [0,12|0,44| 0,85 1,34 2,01 2,29 2.6

IIpumeuanuna 1. Ilpu noassoBanuu Tabauued creayer uMers B BHAY, YTO
AN Ge3HANOpHBIX NAACTOB M=Hhe— So/2; I=lo —50f/2 (I — anuHa ¢uabTpa; So—
NOHWXEHHe YpOBHs B ckBa)kuHe). 2. Ecau ¢uabTp pacnosoxkeH B CpelHeH YacTH
naacra, 3Hauenue §;, onpeneaseMoe no taba. 6.1, caenyer ymennliuts: npu [/m=0,3
wa 1,5; rpu I/m=0,5 na 0,7.

—t—— — — i — e

o — e e — —— e

KeHUU Tnpu OYpeHUH CKBAXKHH YAAPHBIM HJH POTOPHBEIM CHOCOOOM
C NMPOMBIBKOH YHCTOH BOJOH H INPHU HMCINOJIb30BaHHUH (PHJIBLTPOB, KO3(P-
¢uLHeHT BOAONPOHHULIAEMOCTH KOTOPbIX B O—10 pa3 nmnpeBwillaeT
BOLONPOHHUIAeMOCTh IJ1acTa, BeJIHUHHY § TNpH pacueTrax CKBaXHH
MOXHO He NpHHHUMATb BO BHUMaHHe. OJlHAKO B lLeJOM psifie cjaydaeB
BENUYUHB! & MOryT OBITh BeCbMa 3HAYUTEJbHBIMH, COUSMEPHMBIMH C
BeJIMYMHAMH R U &, a HHOrAa H CYLeCTBEHHO MNpeBHIIATh HX
(Taba. 6.2).

Bodosabopel, cocroauwe uz 60a6U020 4uCAQ B83AUMOOeliCT8YIO-
Wux cKkeaxcuw B yAaNeHHH OT TrpaHHl] BOJAOHOCHOro NJjacra ¢ LeJblo
YIpPOLIEHUS] pacyeTOB MOXKHO paccMaTpHBaTb B BHAe 0000LIEHHBIX
cucTeM BOA03a00OpOB: JHMHEHHOro, KOJBLEBOro ¥ KpyroBoro (MnJoman-
Horo). O6mas ¢opMyna pajas pacuyera KpyroBoro BoposabGopa AJisi
AJIMTEeJNbHBIX NEePHOJOB 3KCIAYyaTallHH HMeeT BHL:

So = (Qeyu/27km) [In (R 1ny) + a0 (Ina/7ry) +E,  (6.12)

rae ao=0Qo/Qcyn (Qo— AeOHT CKBaXHUHBI, B KOTOPOH oNpejesseTcs NOHHKEeHHE YPOB-
HA; Qcywx — CYMMapHHIH pacxoa Bojao3abopa); ro — paaHyc CKBAXKHHBI; O — TOJIOBH-
Ha PACCTOAHHA MEXAYy CKBAXXHHAMH, rnp — NpHBEAEHHBIA paauyc oboObiuieHHO# CH-
CTeMBl: AJA JHHeHHOH cucreMBl rnp=0,37! (/ — nosoBHHA AJHHH pAAA CKBAXHUH),
AN KOAbIeBO#A rpp=~R, (Ro — paauyc xoJablia), AJsa Kpyroso# (nJomanHo#) rmp=
=0,61 Ry (Ro— pannyc Kpyra, OKOHTYpHBalOmuHA 060OGUMIEHHYI0 CHCTEMY CKBaXHH).

Benuunna R, KOJbLEBOH M Kpyroso# (NaomamHOH) CHCTEM CKBa-
KHH

RD-—-—P/Q'E, (613)

rae P — nepuMeTp yyacTKa pacmoJIOXKEHHS CKBAXKHH 1O JIHHHH, COeAHHSAIOWIe# Kpa#-
HHe CKBaXXHHBHI,

[Mpu onpeneseHHH NOHHUMKEHHS YPOBHS B TOYKAX, YAaJEHHBIX Ha
paccTosiude, TNpeBbllIallee NOJOBHHY HPOTSI)KEHHOCTH Boxo3abopa,
T. e. pu r>1,5/ B NUHeHHON cHcTeMe CKBaXXHH H r>1,0R; B KOJblle-
BOH M TMJOLIAZHOH CHCTeMaX, MOXHO MOJb30BaThCs (HOPMYJIOH

So = ( Qeyw/ 2nkm) 1n (R/ 7). (6.14)
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[Ipu pacuere gebuTa ONHHOYHBLIX H HEOOJBLIHX IPynn B3aHMOJeH-
CTBYIOIHX CKBaXXHH BOJIH3H PEK HJH KAHAJOB HCNOAb3YIOTCA cJe-
ayioliHe popMyaIH:

IAJ1S1 OITHHOYHOH CKBAaXKHHHI

so == (Qo/2nRm) [In (py/ 7o) + &) (6.15)
AJiS TPYNNH B3aHMOAEHCTBYIOIHX CKBAXKHH
s = 8o+ (Q/2xkm) 3 a,1n (p,/r,). (6.16)
i=1

rAe Qo, Qi — PacCTOAHHA OT TOYKH, B KOTOPOH onpenensiercs TMOHHXKeHHe YpPOBHA
(AN ORHMHOYHOR CKBaXHHBl Qo) A0 COOTBETCTBYIOIIMX 3epKaJlbHHX oOTo0paXKeHHH
peaNbHBbIX CKBAaXHH OTHOCHTEJBHO INPSAMOJHHEHHOrO ype3a PekH.

[Ipa pacnosioXeHHH JHHEeHHOro psiia CKBaXXHH fapaJiesibHO ype-
3y BOJABI B PEKe MOTYT HCMOJb30BaThCA CJAEAYIOIIHE (OPMYJIHL
Jns paxa cKBaXXHH OrpaHHYEHHOH AJHHEI

__Q 2L -
So Qﬂkm[ ]/H- + E arc tg +

—l—:—(ln 2 g)] (6.17)

ro

rae L — paccrosiide psafga OT PeKkd; [ — MOJOBHHA AJHHH PAAa CKBaXHH; G — [oJo-
BHHA PACCTOAHHMA MeXJy CKBaXKHHAMH B PALY.

[To npusenennoit hopmyse (6.17) onpenpensieTcss NMOHHXKEHHE YPOB-
HSl B IEHTPAJbHOH CKBaXKHHE pAAa.

B Toukax, yAaJeHHBIX OT psifla CKBAXHH H JEeXalHX Ha JHHHH,
npoxoAsiieil nocepennHe psina (HOpMaabHO K HEMY),

Qyw [1 4 BHy+L)? _ y AL
So= 2::13:?1[2 In 12 (Y —=L) L]Xarctg)‘_p_‘_ﬂ |
L 21y
+-I—arctgy=ﬂ_LL_F. (6.18)
Jns psiga CKBaXKHH HEOrPAHHYEHHOH AJMHHBI npH [[L>5
_ Qcym nL , o L. 1
0= iebm [z T (lnnrﬂ +E’H‘ (6.19)

Ias onpenenenusi NOHUXKEHHsI YPOBHSI B TOYKAX MEXAY PEKOH H
pAAOM CKBaxHuH, T. €. npu 0<x<L,

S= Qeynx/2lkm, (6.20)
a B TOYKax OT psila CKBAaXHH B rjy6b Oepera npu x>4
$ = Quyul /2l kern. (6.21)

KpoMe nonoJHHTENBHOTO CONPOTHBJEHHS], CBA3aHHOTO C HECOBEp-
MeHCTBOM B0A03a0OPHEIX CKBaXKHH, NMPH pacyeTax cjegyeT YUYHTHI-
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BaTh JAOIIOJNHHUTENbHBIE NOTEpPH HAamopa MNpH PAacClOJIOXEHHH CKBAXHH
Yy PeKH, AHO KOTOPOH CJIOKEHO OTHOCHTENBHO CnabONnpoHHIIaeMBIMH B
CPaBHEHHH C NJACTOBHIMH OTJIOXKEHHSIMH. B uacTHOCTH, 3TO Xapak-
TePHO AJISl BOAOXPAHMUJHIL H PeK C OOHJABHBIM H MEJKOAHCNEpPCHBIM
TBEPABIM CTOKOM, MPHUBOASIIAM K 3aHJCHHIO H KOJbMaTAaUHH pPYCJO-
BHIX OTJIOXKeHHH. [loNoNHHTEeNbHOE NOHHXKEHHE YPOBHA ASx B OAHHOU-

HOH uad 00OOLIEHHOH CHCTeMe B3aUMOACHCTBYIOUIHX CKBaXKHH Ompe-
JesisieTcst o popmyJe

Asy == — (Qeyu! 2rkm) ILVEL (—2LY); (6.22)
AJIS NHHEHHOro psifa CKBAXKHH
ASy= Qcyu/2lkmy, (6.23)
rae \p — JONOJHHTEIbHOE CONPOTHBAEHHE PYCJOBHIX OTpaMeHHMA
__ vy ko
km kimlmﬂ’ (6.24]

rae ko 1 mo — KodpduuHeHT PUABTPALHH H MOIIHOCTb CJOA C HOHHIKEHHOH NMPOHH-
LaeMOCTbI0O B pyche peku; kym; u km — Ko3pPuuHEeHTH BOAONPOBOAHRMOCTH MOPOJ
COOTBETCTBEHHO B pyCjie MoA caabGonmpoHuiaemoil mpocioikoii H B Geperax; ¢yHK-
uua Ei(—2L+p) — unTerpanbHas 3KCNOHEHNHAaJbHAsd (YHKUHS OT aprymeHra 2=
=2y (L — paccTosiHHe CKBaXKHHBI OT PeKH).

Bo Bcex mnpHBeJeHHBIX 3aBHCHMOCTSX TNOHHXXEHHE YPOBHS CHpa-
BeAJIHBO JJS HAaNOPHBIX BOJOHOCHBIX NJacToB, rae s=FH.H (3mech
He — nepBoHauaJbHH# Hanop B nyacre . H —wHanmop B mnponecce
skcnayaTtanuu). X MOXHO HcNoJb30BaTh M B Cjydae pacyeTa CKBa-
KHH B Oe3HANOPHHIX BOJAOHOCHBIX TOPH30HTAaX, €CJH BEJHUYHHA IIO-
HHXKEHHsI YPOBHsi He mnpesuillaer 0,27, — nepBoHaYanbHOH TAYOHHH
BOAH 10 BOAOYNOpa, A0 BBOAA B AeHCTBHe Bono3abopa (CTaTHUECKHH
YPOBEHB).

caydae MNPOEKTHPOBAHHS OOJBIUIHX TNOHHXKEHHIT B OGe3HaNOPHBIX
BOJOHOCHHEIX TOPH30HTax B MNPHBEJACHHBIX COOTHOLIEHHSIX HCKJIOYaer-
C BeAHMYMHA m (MOIIHOCTH HANOPHOTO BOAOHOCHOrO rOpH3OHTA), a
B JIeBOH HX UdCTH BMECTO NOHHXKEHHS ypPOBHS 3alMHChIBaeTCs TNapa-

MeTp u, CBSI3AaHHHIH C TIOHHXXKEeHHeM YPOBHsI B Oe3HamopHOM BOJOHOC-
HOM TOPH30HTE (POPMYJIOH

s=h,—h=h,—Vh2—2u, (6.25)

rie h — ray6una BOAHW B Mpolecce dKCIayaTaunu (IHHAMHYECKH YPOBEHb).

Tak, sanpumep, Ans OAHHOUHON CKBaXKHHH dopmyay (6.6) mMoxHO
3anucaThb

= [z:k — Fi (;;)%]. (6.26

Anajorugnnie npeo0Opa3oBaHusl AeNalOT H AAsS APYTHX CXeM BO-
n03a60pPOB MO PacnoJqOoXeHHI0 HX B BOJOHOCHBIX MJiacTax.
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FJIABA 7. KOMIIJIEKCHBIE THOAPABJAHWYECKHE
PACYETDHI BOLO3ABOPOB U3 CKBA)XHUH

7.1, Pacuerb! pexumoB paGoThl ONHHOYHBIX CKBAXKHH

CoBpeMeHHBIE CHCTEMB BOJOCHAOXXeHHSI M3 IMOJA3€MHBIX HCTOUHH-
KOB NPeACTaBASIOT COO0H KOMIJIEKC B3aHMOCBSI3aHHBIX COOPYIKEHHH.
C oZHOH CTOpPOHBI, 3Ta CBS3L NPOSABJASETCST B pe3yanTaTe HHTepde-
peHIHH CKBaXHH, ¢ ApYrod — 3a CyeT TOrO, YTO B3aHMOACHCTBYIOIIHE
CKBaXKHHB OOBbeIMHEHBH MeXAy coboH cHcTeMoH cOOpHBIX BOAOBOAOB.
B3auMopelicTBHe 3THX KPYNHBIX 3JIEMEHTOB B 3HAUHTeJbHOH CTeleHH
3aBHCHUT OT 0coOeHHOCTeH BoaonoabeMHoro o0060pPyAOBaHHS, yCTaHAaB-
JHBAaeMOro B CKBaXKHHaX.

B cywecrByloniux paborax no pacuery Boa03aGopoB MOA3eMHHX
BOJ He YAEJNEeHO AOJIXKHOrO BHHMAaHHs 3TOMY OOCTOSITEJbCTBY: B HHX
paccMaTtpHBaloTcsA JHOO 3ajlayd THAPOTEOJIOTHYECKOro pacyera ®H
OLeHKH 3anacoB MOA3eMHBLIX BOJ, JHOO BONPOCH THAPABJAHYECKOTO
pacyeTa M TEeXHHYECKOro OCHAIleHHs CHCTeMbl MOJAayH BOJABI OT CKBa-
XKHH. CHOXHUBIUHHCA TakHM 006pa3oM NOAXOA K NMPOEKTHPOBAHMIO BO-
J103a60poB NMOA3EMHLIX BOJA NMPHBOIAHT K TOMY, UTO BBEJEHHBIE B JIeH-
CTBHE COODYKEHHsI yXKe C MepPBbIX JieT JKCIJsyaTauudn paboTaioT B
pexuMme, He COOTBETCTBYIOLeM pacueTHOMY. Bmecte ¢ teM 3¢ ¢eKTHB-
Hasi pabGora Bom03abopOB NOA3EMHBIX BOJA MOXeT ObTh obfecneuerna
JUIIb B TOM CJIy4Yae, eCJHM Ha CTAAHH HX NPOEKTHPOBAHHSA H PEKOH-
CTPYKLHH YUYHTHIBAIOTCSI OCHOBHble (AKTOPBI, OTpaXKawlpe B3aUMO-
JIEHCTBHE OTAGJbHBIX COOPYKEHHH B INpolecce SKCIJyaTalHH CHCTe-
Mbl. B CBSI3H C 3THM BechbMa akKTyaJbHOH CTaHOBHICA 3ajaua no Io-
BBIIICHHIO 3@ (PeKTHBHOCTH NeHCTBHS BOA03a00OPOB MOA3EMHBLIX BOM.
Pewenne 3T0H 3ajayu B 3HAYHTE/NbHOH CTeNleHH CBsi3aHO ¢ paspa-
GOTKOH MEeTOAHKH KOMIIJIEKCHOTO pacyeTa BOA03a0OpOB HOA3EMHBIX
BOJ H METOAHKH OLEHKH 3(Q(GEeKTHBHOCTH MEPONPHATHH [0 HHTEHCH-
(pHKALHU WX OeHCTBUS.

[Ipn akcnayatanuu CHCTeM BOJOCHAOXEeHHsi, KpOMe TOro, Ipocie-
XKHBaeTCsd B3aHMOCBSI3b MEeXKAY MNPOH3BOJHTEJBHOCTHIO CKBAaXXHH H
Bojo3abopa B LeNOM NPH H3MEHEHHH THAPOAHHAMHYECKOTO pPEeXHMa
MOA3EMHBIX BOJ, a TakKXe THAPABJHYECKHX MapaMeTrpoB OTAEJbHBIX
COOpPYIKEHHH.

OcHOBHOH 3ajaveil KOMINJIEKCHOTO pacyeTa BOA03a0OpPOB INOH3EM-
HBIX BOJ SABJASIETCS oNpeAe/ieHHe HCTHHHBIX 3HAa4YeHHU pacXod0B CKBa-
’KHH ¥ NMOHHXKEHHH B HHX YPOBHS BOJbI, a TakK¥Xe pacxol0oB H NOTeph
Harmopa B COOpHBIX BOAOBOJAX U MapaMeTpoB paboTh BOAONOABEMHO-
ro obopynoBanus. IloaToMy Takue pacueThl cjeayeT INPOBOAHTb NpH
pa3jHYHBIX pacUeTHBIX pPeXHMax H Ha pasjiHYHbBIe MePHOAL KCHAya-
TallUH BOH03a00pOB (T. €. C yYeTOM Ce30HHBIX KojieGaHHH ypoBHel
i cpabOTKH 3amacoB MOA3EMHBIX BOJ, KOJibMaTa)XXa H BHXOJa CKBa-
KHH H3 CTpOS, OTKJIOUEHHS OTAEJbHBIX JHHHH COOPHHX BOAOBOJOB
H T. II.) H Ha OCHOBe 3TOr'0 HaMeuyaTb CPOKH NPOBEACHHS MEPONpPHS-
THH, HANpaBJIEHHHX HAa noAlep:KaHHe cTaOHJbHOH paloTHl CHCTEM.
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Pre. 7.2, TpadoaHaAHTRYECKHA Me-

TON, pacyera CHCTEMH €CKBAXKHHA —
HACOC — BOAOBOJ — pe3epByap»

Puc. 7.1. Cxema nopayu BoaW OT
CKBAXKHH

1 — nHacoc; 2 — drabTp

Hasa aroit nean so BHUM BOJIT'EO paspaboran nmakeT NPHKJIAAHBIX
nporpaMM H «PekoMeHAanuu no npHMeHeHHio IBM sl BbIIONHEHHSA
KOMIJIEKCHBIX pacyeTroB BOA03a00POB MOA3EMHBIX BOJ>.

HUcxoaHbiM MaTepHaJoM IJs BHINOJHEHHs] TaKHX pacyeToB sIBJA-
KOTCA:

a) THAPOreoJIOTHYECKAass pacyeTHass CXeMa pacloJioKeHHs BOJO-
3a00pHBIX H HHQHIBTPALHOHHBIX COOPYXKeHHH;

6) 3anpoeKTHpOBaHHasl cXxeMa c60pa BOABI OT CKBaXKHH,

B) NpPHHATAs B NMPOEKTe BHICOTHAs cXeMa NOAAadYH BOIALI NOTPeOH-
TEJIO.

[Ipu or6ope BOAB H3 CKBaXXHHb (puc. 7.1) namop nacoca H 3a-
TpayHBaeTcss Ha NPEOJOJieHHe TeOMeTpHYECKOH BBHICOTH INOAbeMa BO-
Ibl 2, TOHHXXEeHHe YPOBHS S M NOTepb Hanopa B BoAoBOAe Ah OT
CKBaXHHH JIO TOYKH nojaaun Boaul. Hacoc, ycTaHOBJIeHHBHIH B CKBa-
’KHHE, pa3BHBAaeT HaNop, paBHbIA

H= (VP e vcr.rnp) “‘ ) +Mn= (71)

rne H — nonnas BHcOTa NOAbeMa BOAW H3 CKBaXMHH; VP — oTMeTKa YpOBHS BO-
AH B pesepByape; Ver.rop — OTMETKAa CTATHYECKOTO YPOBHSA IPYHTOBHIX BOA; § — IO-
HHUXKeHHe YPOBHA B CKBaXHHe; Ahs — NMOTEPH Hamopa B BOAOBOJE OT CKBaXHHHI JIO
pesepByapa, BKJIOYas INOTEPH Hanopa B BOAONOABEMHHX Tpybax.

Pasnocts 0tMeTO0K (VP — Verrep) — 3TO reOMeTpHUeCKas BHICOTA
noabeMa BOAB H3 CKBaXHHH., ECAH 3TH OTMETKH He H3MEHSIIOTCS, TO
(VP — Verrop) =const. C npyro#t croponbl, Hacoc pa3BHBaeT HANOP
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B COOTBETCTBHH C ero pabouefi XxapakrepucTukod Q — H, xotopas B
JHana3oHe ONTHMAaJbHBIX 3HAUEHHH K.M.JA. MOXeT OHTH annpoKCH-
MHPOBaHa ypaBHEHHEM

H=A4—BQ? (7.2)
rae A u B — napamerpu xapaktepuctHku Q — H macoca.
INopcranoBka (7.2) B (7.1) u yuer saBHcuMOocTH S=1(Q) " Ahs=

=1 (Q) maer
2 — (Q/2xkm)(R +8) 4 IsAsQ® — A — BQ®. (7.3)

[IppMenuTeIbHO K OAHHOYHBIM CKBaXKHHaMm ypasHenue (7.3) Mo-
¥KeT OHTH pellleno rpaduyeckH. Ilns sroro koopaunate Q — Hjy cae-
AyeT pacroJOXHuTb TakKHM 00pa3oM, uTob6nl Touka H =0 Haxomunach
Ha OTMeTKe Verrop. 10rAa auHHs V==const Ha rpaduke (puc. 7.2)
ONpeieJIUT IFeOMeTPHUECKYI0 BHCOTY INOABeMa BOAHW H3 CKBAXXHHEHI, a
KpHBas I — XapaKTePHCTHKY CKBAaXHHH Q — § (XapakTepHCTHKA CKBa-
XKHHB MOXeT OBIThb MOCTPOEHA KaK IO ONBITHHIM A3aHHLIM, TaK H Ha
OCHOBe patuetoB). Hakonell, 3afxaBasicb TrHAPAaBJHYECKHM CONPOTHB-
JeHHeM, C1poAT XapaKTepHCTHKY BopoBoxa Q — Ahs (kpuBas 2).

Ilpu cnoxenun xapaktepucTHk Q —s u Q — Ahy Ha aunHH V=
=const HaxogHuTCcsA COBMEIleHHAasl XapaKTepHCTHKA (KpusBas 3) CKBa-
KHHBI, BOAOBOJA H pe3epByapa, npeiacrasasioulas coboit rpadux
3aBHCHMOCTH MOJHOH BBICOTH NMOABEMa BOABI OT NPOH3BOAHTEJIbHOCTH
CKBaXHH.

Ha puc. 7.2 nokaszana Takxke xapakrepuctuka Q—H Hacoca,
KOTOPBIH TNpeArnoJiaraeTrcsi yCTAaHOBHTb B CKkBaxKuHe. Ilepeceuenne ee
c KpuBok 3 maer pabouyio TOYKY Hacoca ¢ kKoopAuHatamu Qp u Hj
(rme Qp— AedicTBHUTENbHAS NPOH3BOAMUTEABLHOCTH Hacoca H Hp— Ha-
Nop, pasBHBaeMblii HACOCOM NpHU TaKok nogave Boabl). OpHOBpeMeH-
HO C 3THM ONpeesieHbl TaK:Ke BEJHYHHBI Sp B CKBa*KHHe u Ahp B BO-
JIOBO/JI€.

3ayvacTyio M3 HMeEWOHIerocs copraMera He yAaercsi noaobparts
Hacoc, pabodas TOYKAa KOTOPOro TOYHO Obl COOTBETCTBOBaJsia Tpebye-
MbBIM 3HaueHUAM Qp unu H, ckBaxkuubl. [1o3TOMy Ha npakTHke Haco-
CHl NoAOHpAIOT ¢ HCKOTOPBHIM 3amacoM IO HANOpy H NPOHU3BOAAT pe-
[yJHpOBaHHE HX NPOH3BOJAHTENbHOCTH. TaKOe peryJHpPOBaHHE, Kak
MpaBHJIO, OCYILIECTBJACTCS ¢ NMOMOIIbIO 3a[BHKEK, YCTAHOBJIEHHBIX HA
HanopHOH JIHHHH; peXe-— H3MEHeHHeM yHcjaa paboyux KoJjec Hacoca.

B ToM caydae, Korja NpOH3BOAHTEJbHOCTH HACOCOB PETYJIHPYETCS
YCTaHOBKOH JApoccelis Ha HANOPHOH JIMHHH NMPHCOEAHHEHHS CKBAXKHHBI
K BOJOBOAY, K.IH.J. YCTAHOBKH pe3KO CHHKAeTcd H  COCTaBJIfieT

="y |1 —(2/1] Hy)},

rae 1 — K. IL . YCTAHOBKY, CHATH# ¢ rpaduka Q — H npu 3agaHHoM Q Hacoca;
H, — nanop Hacoca, COOTBETCTBYIOUIHH Nojgade Q 3a BHYETOM IHoTeph Hamopa Ak,
B BOAOBOAE; 2/ — BenHYHHA APOCCEIHPOBAHHA.

Takoft cnoco6 peryaupoBaHuS BBHAY HEIKOHOMHUHOCTH HE MO-
KeT ObBITh PEKOMEHJO0BAaH Ha AJIMTEJIbHOE BpeMs, 0COOEHHO B TOM CaY-
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wae, Korfga 3HaueHHs 2H Beaukn (2H>AHy, rpe AHyz— nanop, pas-
BHBaeMblii OAHUM pabouHM KoJiecOM Hacoca).

[Ipu 2H>AHy; perynupoBaHHe TPOH3BOAMUTEIbHOCTH HACOCHHIX
YCTAaHOBOK CJieflyeT NMPOH3BOAHTb H3MeHeHHeM uYHCJaa paboyHX KoJec.
Yucno Kosec, KOTopble HeOOXOAHMO CHATH € HACOCAa, ONpeAeasieTcs
BoipaxeHueM n=zH[AHy ¢ okpyraeHuem 7 Ao OsHXKafillero Hau-
MEHbUIErO IIeJIOro 3HaYeHHsI.

B tom cayuae, ecan 2H>#AAHg, TO OZHOBPEMEHHO ¢ M3MEHEHHEM
yucaa pabouux Kogec Aas obecrnededHHs 3aJaHHOH INPOH3BOIHTEJb-
HOCTH HacoCa NMPOH3BOAHTCS YCTaHOBKa ApOCCesasi HA HANOPHOH JH-
HUH. BesHuHHa ApoccesHpyeMOro Hamopa NpPH 3TOM COCTaBJsieT

2H' — 2H —nAH,.

ITyete no ycnoBuio Tpebyercs obecneduuTb NMopady BOABI B pesep-
Byap B KoJHuecTBe Qp, npHieM Qr<Qp. DTOMYy pacxomy Ha COBMe-
ieHHOM rpadHKke COOTBETCTBYeT ToukKa B ¢ KoopauHaTamu Q. u Hi.
Hanop e nacoca npu nozaude BOAbI B KoJHuecTBe @ paBen H';
(H'y>H,;). CnepoBaTenbHo, BeJHYHHA APOCCEJHPYEeMOro Hamopa co-
craBasier H'= (H'y — H,). Ha nepeceuenun nepneHAHKyJspa, BOC-
CTAaHOBJIEHHOrO H3 TOUKH B Ha ocb abcuuce, ¢ auuusamu I u II mexar
HCKOMble 3HaYeHHsi BCex nepeMeHHbix 2H’, Ahy ¥ S HPH nojpade BOAHI
B KOJIHYeCTBE Q.

IIpu usaMenenmn KakoH-1HO0O H3 coCTaBJAAMIHX (CM. pHC. 7.2)
NPOUCXOAHUT CMellleHHe paboueii TOUKH HAacoca IO XapaKTePHCTHKE
Q — H. Tak, sanpuMmep, cpaboTka 3anacoB NMOA3EMHBIX BOA NMPHBOAUT
K YBEJHYEHHIO FeOMEeTPHYEeCKOH BBICOTHI MOABbeMa H3 CKBaXHH, T. €.
K yBeJHYeHHI0 H Hacoca M COOTBeTCTBEHHO YMeHbllleHHI0 Q. AHajo-
THUHasi KapTHHa Ha6/ai0naeTcs M MPH YBeJHYEHHH THIPaBIHYECKOro
CONPOTHUBJICHHs1 (HIbTPAa CKBAXHH, 00YCJOBJEHHOro KOJbMaTaxKeM.

Bpemsi T, B TeuenHe KOTOPOTO He MPOHUCXOAHT HapylleHHs Yc-
JOBHH Sp<TSpop HAH Qp==Qr, MOXHO CUHTAThb MEPHOAOM YCTOHUHBOM
pabors ckpaxXuH. OZHAKO HaA NpakKTHKe 3TO BpeMs, Kak NpaBHIIO,
OKa3bIBaeTCsi MeHbllle paCyYeTHOr0 CpPpoOKa AEHCTBHS CKBaXXHH.

JlonycTHM, 4TO XapaKTepHCTHKA CKBaXXHHbl (pHuc. 7.3, a, KpuBas )
Oblsia OnpezesieHa Ha NMEPHOJA COOPYKeHHs, a B Npolecce ee 3KCNJya-
TAllHH THIPaBJIHYECKOe CONMPOTHBJEHHe (HJIbTpa BO3pPOCJIO, H  Xa-
PaKTepPHUCTHKA CTaJjia onpenensaTbcss Kpusoi [/. B pesyabrate 3THX
u3MeHeHHH paboyas TouKa Hacoca CMeCTHTCs M3 TOYKH B B TOuky B’
[Ipu 3TOM, KaK BHAHO H3 rpadHka, MOHHXKeHHe YPOBHS BOJAbLI B CKBa-
XKHHEe COCTAaBHT §'>S, a NMPOH3BOAHTENbHOCTbH €€ YMEHBLIHTCSI Ha Be-
anuuHy AQ. UYro6wl rpaduueckne moctpoeHHs Oblin Oosee Harysi-
HBIMH, Ha pHC. 7.3, a xapakTepucTHKa Q — H nHacoca 3aMeneHa Ha
TaK Ha3bIBaeMYI0 JPOCCEJbHYI0 XapaKTepHCTHKY, NOJYYEHHYIO BbIYH-
TaHHeM u3 opAuHaT H norepp Hamopa B BOAOBOAE Afs.

Hnsi obecneuenus Tpe6yeMoit MPOH3BOAHTENbHOCTH YCTAHOBKH B
KoJiHYecTBe Q. CaefyeT YMEeHbIIHTh NOTepPH Hamopa Ha Apoccese Ha
BeJHYHHY (S’ —S), H OHH JOOJXKHB cocTaBHTb (2H)'=(zH) —
— (8" —s). Ilpu sToM NOHHXKeHHe YPOBHS BOAH B CKBaXHHE BO3pa-
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Puc. 7.3. 'padoananuTuueckuit MeTon peunleHHs 3anav

@ — peryJiHpOBaHHe NPOH3BOAMTENBHOCTH CKBaXKHHBI; 6 — pacueT NpHPOCTa NPOH3BO-
RuTeNbLHOCTH ckBaxHH npy MBIIB; 8 — pacuer u moa6op BojaonoawremMHoro o6opyxno-
BAHHS aPTE3HAHCKHX CKBaiKHH

craer. IlosToMy Takoii cmoco6 perynnpoBaHus IPOH3BOAHTEJIBHOCTH
MOXHO MpPHMEHATh JIHIIb B TEYEHHE ONpPENeJeHHOr0 CPoKa 3KCnJjya-
TallHH, I0Ka NMOHUMKEHHe B CKBaXuHe OYJIeT MeHblie, YeM Spon, HJIH
noka 3Hauenue (2H)’>0.

Ha puc. 7.3, @ Touka [] COOTBETCTBYeT YCJOBHIO, Korga npu Q==
=)y, ?zH)»O), a S==Spon. IIpu Heuamensom (zH)’ panbHefmInM
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POCT CONMPOTHBJEHHS BHI30BET CHHXXEHHE TNPOH3BOAHTEJIBLHOCTH YCTa-
HOBKH. BMecTe ¢ TeMm, ecnn ymenbluuth (2H)’ no 3HaueHH#H, NPH KO-
TOPHX TNOJauda BOAB OT CKBAaXXHHBl cocraBmaa O Qp, TO BO3pacTeT
NIOHHIKEHHE YPOBHS BOJABLI B CKBAXHHe H § NMPEBBICHT Sgon. CJieoBa-
TeJIbHO, XapaKTePHCTHKa CKBaXXHHBI, TNpelcTaBleHHass KpuBoi [f,
COOTBETCTBYET YCJOBHSIM, KOrjza (HJIBTP TNpeae]bHO 3aKOJbMaTHPO-
BaH H JajbHeHllass 3KCIJyaTallds YCTAaHOBKH O0e3 OCYILIeCTBJIEHHs
KOMIJIEKCa MEpONPHSITHH N0 BOCCTAHOBJEHHIO TPOH3BOLAHTEJbHOCTH
CKBaXXHHBl OKAa3bIBAETCS1 HEBO3MOXKHOH.

Perenepanueit ¢uabTpa CKBaXHHB ynaercss A0OHUTLCH YyMeHblle-
HHsI THAPAaBJHUYECKOTO CONPOTHBJIEHHs [0 3HaueHHH, OJIM3KHX K Ha-
yajbHOMY. Toraa NpH ApPoCcCeHPYEeMOM Hamope (zH)’ IPOH3BOJUTEb-
HOCTb yCTaHOBKH COCTaBHT (u>(Qr, a Mo Mepe pocTa CONPOTHBJIEHHS
nojada BOAW OyJeT CHHXKATbCA H JIHIIL NpPH AOCTHXKEHHH Mpeelib-
HOM 3aKOJIbMaTHPOBAHHOCTH (PHAbTPa CKBAXKHHBI OKaXeTCs pPaBHOH

Qr. -

Beenenne B aeiictBHe cHcTem MBIIB Bhi3miBaer nmosullieHHe ypOB-
HsI TPYHTOBHIX BOJ, a 3TO, B CBOIO odepelab, NPHBOMAIT K YBEJIHUYEHHIO
MPOH3BOAHTEJIBHOCTH HacocCa, YCTAHOBJEHHOrO B CKBa)XHHe. Bwmecre
¢ TeM. Aasi obeCrnedyeHHss 3aJaHHOrO NPHPOCTA MPOH3BOAHTEJBHOCTH
TakXe HEOOXOAHMO OCYULIECTBJISITh PEryJHpOBaHHe paGoTH HACOCA HIH
IIPOH3BOJHTDL €r0 3aMEHY.

Honycrum, uto ycranoBka VMIBIIB BBeaena B AeficTBHE B MOMEHT
BpeMeHH {=T; (xoraa QHIbTP CKBaXXHHBI NpelesbHO 3aKOJIbMAaTHPO-
BaH) u ofeclneunsia TNOBHILIEHHe YPOBHS Ha BeaHYHHY As. Torma, oc-
HOBBIBAsICb Ha THAPOTe0JIOTHYECKHX pacuerax, OKa3blBaeTCs BO3IMOXK-
HbIM TIOHTH Ha yBeJHYeHHe OoTOOpa BOAH C AOBENEHHEM ero A0 BeJH-
YHHH Qr, PaBHOW:

Q= Q-+ [2rkmAs [ (R, + E)], (7.4

rie R, — ¢unpTpanHoBHOE CONPOTHBJAEHHWE BOJOHOCHOTO ILIACTa MPH AEHCTBHH  BO-
H03a60pHON CKBaXXHHH; § — JONOJIHHTENbHOE CONPOTHBJEHHE Ha HecoBeplieHCTBO
CKBaXKHHEl B MOMEHT BpeMeHH 7.

Ha puc. 7.3, 6 Benuunna Q; siBasercs abcuuccoir Touku C, Jexa-
llleit Ha NepeceyeHHH XapaKTePHCTHKH CKBaXXHHbl (MHHHS 1) u nHHHH
ab (Sgon+As). YuursiBasi, uTo As=QgRe/2nkm, (rape Rs — unbrpa-
LLHOHHOE CONpPOTHBJEHHe BOJOHOCHOrO NJacTa NpH AeHCTBHH YCTaHOB-
ku WMBIIB), MoXuo Ha#TH 1!

T = R/ (Ro + &), (7.9)

rape Mr— K. 1. & ycradoBku HBIIB, KoTophliii moKer OblThb NOCTHIHYT B RAHHBIX yC-
NOBHSAX,

PaccmorpuM, Kakoe ke Oyler nojiydeHo 3HadyeHHe 1), eCJIH B CKBa-
XKHHe OCTaBHTb Hacoc, NogobpanHmiii 6e3 yuera paboTh! yCTaHOBKH
UIITIB (cM. puc. 7.3,&). B atom cayuae ansi HaxOXJIeHHsi HOBOH pa-
6ouelt TOYKH Hacoca HeOOXOAHMO OT NHHHH 2P= (2P — As) 3aHO0BO
BOCCTAHOBHTb XAaPAaKTEPHCTHKY CKBaXHHbl [0 llepeCeueHHss ee C
ApOCCesibHOH XapakTepHCTHKON Hacoca (puc. 7.3,6). A6cnuccod
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Puc, 7.4. Cxema K pacuery CKBaXKHH NpH cHOHHOM BOL0OTGOpE

TOUKH I’ onpenensieTcss pacxof CKBaXXHHH Q” € yueToM ApoCCeIHPO-
BaHUs Hanopa Hacoca Ha BeaHuuHy (zH)’, a abcuuccoit Touku B” —
pacxon ckBaxuHb Q' npu (2f’)=0. Kak BHAHO u3 rpaduxos, BBe-
AeHHe B gekcTBHe ycTaHoBok VIBIIB 6Ge3 3aMeHb BOAONOABEMHOIO
0bopynoBaHusi CKBaXXHH OyneT BCerja NPHBOAHTb K 3aHHKEHHIO 1.

B apre3snanckux 6GaccefiHax YpPOBHH NOA3EMHHX BOJ MOTYT HaXo-
AUTbCSI Ha OTMETKaX, NPeBHIIAIOLHX OTMETKH NOJAYH BOAB MNOTpe-
Gutenio. DTo NO3BOJSET Ha HAYaJbHOM 3Tale OCYLEeCTBJAThL SKCIJY-
aTalHi0 CKBaXHH B peXXUMe CAMOHM3JHBA H JIHIUb 1O HCTEUEHHH OIl-
peAeseHHOro BpeMeHH IepeXOAHTb Ha OTKayKy BOAB HAaCOCAMH.
XapakrepHbifi rpaHK H3MEHEHHs] BO BpeMeHH Hanopa NpH JeHCTBHH ap-
Te3HAHCKOH CKBAaXXHHBI B peXHMe CaMOHU3JIHBa C NMOCTOSIHHHIM pac-
XomoM Qr mpencTaBjieH Ha pHC. 7.3, 8. VI3 Hero BHIHO, YTO B TeueHHE
NepBHIX f; JIeT 3KCIJyaTallMd HaNop Ha yCTbe CKBAaXHHbI HAXOMHTCS
Ha OTMeTKax Bbillle NOBEPXHOCTH 3eMJid. IlosToMmy, ecaiu Boja oOT
CKBaXXHHBI MOJAeTCsi B pe3epByap, pacnosOXeHHBH Ha OTMETKe 3eM-
JH, TO BpeéMeHeM [=={; onpeaesieTcss NPOAOJKHTEJbHOCTb paboTH
CKBaXHHbl B pexkuMe CaMOU3JIUBA,

Hansi obecneyeHHsi 3ajaHHON NOJAuYH BOABLI NOTPeOHTENO NPH >
>1%; B CKBaxKuHe CJeJyeT YCTAHOBHTbL HacoC; BbiGHpaTb MapKy HacCo-
ca ciregyetr ¢ yueToM AaJbHellleii cpabOTKH 3amacoB MOJ3€MHBIX BOJ.
Metonuka nogbopa HaCOCHHIX YCTAHOBOK Ha pasjHYHbie TEPHOAH
BpEMeHH HJIJIIOCTPHpPYeTCs Ha pHC. 7.3, 8, rae B KoopAHHaTax S —f
npeicTtaBied rpaHKk H3MEHEHHs BO BPEMEeHH Hanopa NOJA3e€MHBIX BOJ,
a B Koopauuatax Q — H — ApoccenbHble XapaKTePHCTHKH HACOCOB C
YY€TOM Hanopa B BOAONOIbEMHBIX TpyOax.

AnasorHYHBIM 00pa3oM BBHINOJHSIOT pPacyeT H B cjayuyae CHEPOHHO-
ro orbopa BoAbl M3 CKBaxuH. ECnH, manpuMmep, HUMeeTcsl OJHHOUHAS
CKBAXXHHA, OT KOTOpPO#l BOoJa Nno CHGOHHOMY BOJOBOAY NOAAETCS B
cOopHbIH pesepByap (pHc. 7.4), rpadoaHalUTHUECKHH pacyeT CBOIHT-
Cf K BHINOJHEHHIO CJeAYIOLIHX nocTtpoeHud. B koopaunarax Q — H
CTPOHTCS 3aBHCHMOCTb S=1vy(Q), T. €. XapaKTepHCTHKA CKBaXHHH
(kpuBas I). Jlanee X opAHHATaM XapaKTepPHCTHKH CKBAaXXHHHI INpH-
OaBssil0OTCH 3HA4YeHHs Ahg — norepw Hanopa B BOAOBOAE — H TNPOBO-
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JUTCS JHHHUA 3, OTpaXKawilas OTMeTKY HAalOJIHEHHS] BOJAL B pe3epBy-
ape, OTCYHTAHHYIO OT CTAaTHCTHYecKoro ropu3oHra. Ha nepnenaukyas-
pe, ONyLIeHHOM M3 TOYKH A mnepeceueHHsa Jauuuét 2 u 3, jexkar pac-
YeTHbIC 3HAUYEHHS Sp U ARy, COOTBETCTBYIOHIHE Q).

7.2. Pacyer CHCTEM MOAAYH BOAB OT CKBAXKMH

PacemoTpum npocreiitiiyio cxeMy Boao3abopa B BHIE JIHHEHHOTO
psnza CKBaXkKHH, paboTalolluX Ha OAHH COOpHHIH BOAOBOA (pHC. 7.5).
Hanop, TpebyeMulit fast NoAauu BOAW B KoauuectBe Q. H3 060#H
n-# CKBaXXHHBI Ha 3aRaHHYIO OTMETKY, COCTaB/IsieT

Hn”—'_:z +Sﬂ-i_ AHH:

rie S,— NOHHXEHHe YPOBHA BOJAM B JIOGOA n-A CKBaXHHE, ONpejpenseMoe C ydge-
TOM JAEHCTBHS OCTAJBHBIX CKBaXHH; AH — norepn Hamopa B BOJAOBOJAE OT M-H CKBa-
XHHB 10 TOYKH c6opa BOJHL.

n—1 N n—1 N
AH, =1, 3 4(3,Q;— 3 Q) +LA(Z QP (79)

B ckBaxuHax Moryr OHTb YCTAaHOBJEHH HACOCH PAa3HbLIX Mapex.
ITosToMy ucxoaHasi cucTeMa ypaBHeHH# Qn Anas pacyetra N HcH3BecT-
HBIX BeJUYHH NPHHHUMAET BHJ

B,Q* +s,--AH,— (A, — 2) = Ak, (7.7)

man=l1,23, ... N.

Henuue#inaa cucrema ypasuenuit (7.7) pemiaetcss MeToAoM 1O-
cjenoBaTe/bHBIX NpubsaukKeHud. B KauecTBe nepBoro npubJHKeHHS
MOXKHO NpHHATL Q,=Q/N, rae Q — npoekTHasi NPOH3BOAHTEJIbHOCTD
Bof03ab0opa, u, NOACTABHUB 5TH 3HAUCHHS B ypaBHeHue (7.7), HAUTH
Ah, (roe Ah,— HeBSi3KH NOTepb Hanopa Mo Kaxagomy u3 N ypasue-
HHUH, BO3HHKAIOIHe W3-3a TOrO, UTO NPHHATHe 3HayeHus Q, HE YIO0B-
JNETBOPSIOT CHCTEMe YPaBHeHHH).

Ecau yciaoBue

AR, | <e (7.8)

He BBINOJHSAETCH, TO 3HaueHHe @, clefyeT U3MCHHUTH HA BeJHYHHY AQ,.
BesuuyuHa nonpaBodHoro pacxoza AQ, AJasl Ka:KAOrO n-ro ypasHe-
HHS MOXeT ObIThb MpHOJHKEHHO pacCyHTaHa no gopmyJe

8Q, — 0,50, /(B,Qu+ I3 4, (0,—'F, @)+
S R+t
+ady (3 Q) +2E] (7.9)
H NpHHHMAeTCd CO 3HAKOM -+ HJH —, COOTBeTCTBYIOIIHM 3HAKY He-

BA3KH A,
Cucrema ypaBuennit (7.7) cuumraercs paspelieHHOM, Korxa B Npo-
necce MocJaefoBaTe/IbHBIX NPHOJMHKEHHH HaHIeHBI TakKHe 3HAYeHHS
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Puc, 7.5. Cxema nojxcoeguHeHHs CKBAXHH JHHEAHOro paaa Kk c6opHOMY BOAOBOAY

Q., npu KOTOpHIX BHINoJHAeTcH ycaoBue (7.8). Ilocae storo BhIYHC-
JSIOT Sp:

2nkm

rae dHAEKC * yKasbiBaeT Ha TO, YTO M3 CyMMH HCKJIIOueH uned j=n. Kpo-
M€ 3TOro, oNnpelesIoT BeJHYHHBl HAIIOPOB HACOCOB

H,=2z+s,- AH, (7.11)

a TaK¥Xe€ pacueTHble 3HAUeHHS pacxoJ0B W MOTEepb HAMOpa B JIHHUAX

CeTH.
HafigeHHsle B pe3ysabTaTe MOBepOYHOro pacuyera 3HauyeHuss Q; H

S; MOTYT He YAOBJETBOPUTH OrpaHHUCHHAM BHJA
N
E‘l Qf ;2’ Q’ sj<snﬂfl' Qmin“‘*(x Q;< Qmaxs (7.12)
}'ﬂ

rae Qmin, Qmax — COOTBETCTBEHHO MHHHMAJbHBIH H MAaKCHMAaJbpHBI pacxonsl ycra-
HOB.JEHHBIX B CKBaXXHHAX HACOCOB.

B stom cayyae HeoOGXoAuMo nubO0 TPOH3BEeCTH 3aMeHY HacoCoB
N0 CKBaXHHaM, rie He BHIIOJHSIOTCS BTOpPOe UNH TpeThe YCJOBHE
(7.12), nubo orperynupoBath ux pabory Ha TpeOyeMblii peXHM 3SKC-
nayaraunuu. IIns sToro pacuer BoA03a60pOB NPOBOAAT B CJEAYIOUEM
nopsiAKe.

Sr.'.:_Q‘n_( nn +§Hﬂ +F Rﬂv (710)
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CHayana BHIMOJHSIOT THAPOreOJOrHYecKHe pacyeTs BOJA03a6OPHBIX
coopykeunit. [Ipu 5TOM B 3aBHCHMOCTH OT MOCTAHOBKH 3anaun (obec-
neyeHHe MaKCHMAaJbHOH HJIH 3aAaHHOH MPOH3BOJUTENbHOCTH BOJAO3a-
6opa) yYHTBIBAIOT ycJa0BHA paboThl BOM03a6OpPHBIX CKBaXMH: a) B
gemnme S;==Spon; 0) B pexuMe Q;=const ¢ cobsroneHHeM YCJIOBHSA

'EIQ;=Q; B) mpu KOMOMHHPOBAHHOM pexume (mo nm. a u 6), Koraa
TpebyeTcs MO pAAY CKBaxXHH ob6ecrnedydTb BBIMOJHEHHE YCJAOBHA Sj=
==Spom, @ MO OCTAJbHHIM — Q;==const.

B pesysibrare ruApOreosOrHYeCKHX pacueroB OlpefessiiOT BeJH-
YHHB Q; MO CKBAaXHHAM, NeHCTBYWOIIUM B DEKHUME S;=Spom, H B
CKBaKMHAX, KOTOphHle HeHcTBYIOT B pexume Q;=const. Ilo 3aBepiue-
HHH THAPOTrEOJOTHUECKHX PpacyeToB NPOBOASAT THAPABJHYECKHH pac-
Jyer cUCTeMhbl cbopa BoAbl OT CKBAaXXHH, B pe3yJbTaTe KOTOPOro ycTa-
HaBJIHBAIOTCS PAcXOABl M NMOTEpPH HAmopa B JIMHHAX CeTH, a TaK¥Ke
cBOO6OAHBIE HAMOPBI B TOYKAX MPHCOCAMHEHHS CKBAaXHH K COODHBIM
BogoBoAaM. Ilo M3BeCTHHLIM 3HAUeHHSIM NOHUXKEHHH YPOBHS BOAHl B
CKBaXHHaX H CBOOOAHBIX HANOPOB PacCUMUTHIBAIOT TpebyeMbie HAMoph!
#H noabupaior Hacoch (IpH HeOGXOAMMOCTH OCYUIECTBJSIOT HX pery-
JUPOBaHHE Ha 3aJaHHYI0 MoAady BOABI M3 Ka)Kno# ckBaxuHul). [lpu
BHINOJIHCHHH pacueToB B TAKOH MOCJAeA0OBATE1bHOCTH NPOHU3BOJAHUTEJIb-
HOCTb BOAONOABEMHOr0 060opymoBaHus 6GymeT B TOUHOCTH COOTBETCT-
BOBATh HAMEYEHHOMY peXKuMy paboThl CKBaXKHH.

[Mpu peumienuu nomo6GHBIX 3aaay CJAEAYeT OPHEHTHPOBATHCS HA HC-
noanr3oBanue IBM [17].

lipumep pacuera. Bonosabop pasMmeuiaercs B MnoidMe peKH H TpejACTaBNeH ile-
cThi0 BoAO3abopubiMu ckBaxuHaMu (puc. 7.6). CkBaxunHbl OT16HpPaKT MNoJA3EMHBIE
BOAB H3 OJHOPOAHBIX MECKOB 4YeTBepTH4YHOTO Bo3pacra. Momuoctes o06BoaHeHHOA
TOJIIH TMecKoB cocraBaser M=20 M. B ocHoBanu# BOXOHOCHOTO FOPH30HTA 3aJeranTt
ITMHBI, cayXaulde BonoynopoM. Crepxy maact MepekpuiT necyaHo-CyTJHHHCTHIM €J10-
eM MOILIHOCTBIO Topsiika 2,0—3 M. Koabduunent ¢uiabrpanud nopog BOAOHOCHOTO
ropusonta Re=20 M/cyt. Iloa3eMuble BOAKL 3aaeralor Ha rayGHHe 2 M OT nOBepX-
HOcTH 3eMJH. [lo cBoeMy XHMHYeCKOMYy COCTABY OHH OTHOCATCHA K THAPOKapOOHAarT-
HO-KaJbUHEBOMY THNY ¢ MOBHUIGHHBIM COAepXKaHueMm xejesa — 10 05—1 wmMr/a
CKJOHHB K 0CaJK000pa3oBaHHIoO.

CxBaKHHBI pacnojaraioTcsi BAOAb Oepera peku Ha pPacCTOAHMH 25 M OT ype3sa
BoAK. PaccTosiuue MexJy CKBaXXUHAMH B PsAy TakXe paBHo 25 M. Bce CKBaXHHbI
HMeIOT OJMHAKOBYIO KOHCTPYKUHMIO: paguyc Oypenus re.=04 M; paauyc ¢uiastpa
ro=02 Mm; nauna ounerpa lpy=30 M; kosddunuent ¢uasTpanu nopod npusaboi-
HOH 30uH kgy=4,069 M/cyT.

Mudunprpaunonss#t Gacceiin pasMmeliaercs B mHeHTpe Bojo3alopa Ha paccrof-
Huy 40 M or ype3a Boaw B peke. [lnuna uHUABTPANHMOHHOrO HaccerHa cocraBaseT
125 M, a mnpou3BoauTeNbHOCTH NpHuATa paBHoit Qs=0,052 M3/c. IlpexycMmotpeno,
YTO0 BOAAa OT CKBAaXXHH JOJJKHA TIOAABaTbCsd B pe3epByap, paclosOXeHHHH 3a mpe-
AexaMu Bojozabopa. Pacuernass oTMeTKa HaNoJHeHHs BOABl B pe3epByape Haxo-
auTcsad Ha 70 M BHIIE CTAaTHYECKOTO I'OPH3OHTA.

PacemarpuBaeMasn cHcTeMa BopocHaGXeuHss AOJMKHA oDecleuyHTh NMOZayy BOAH
norpeburenio Q me Menee 100 m3/u (2400 m3/cyT), U npu 3TOM MNOHHXKEHHE YPOBHSA
BOIOB B CKBAa)XKMHAX He AOJXKHO B TeUCHHE DPACUYETHOrO0 CPOKA HX 3KCIyatauuH npe-
BHICHTh 33 aHHOA BeMHUMHB Spon=05 M.

Tpe6yercss Ha OCHOBE KOMIJIEKCHHIX pacyeTroB MpPOAHAJAH3HPOBAaTh DEXHM 3KC-
AnyaTauHd BOA03a60pa € yyeTOM BO3MOXHOrO KO0.J1bMaTa)Xka CKBaXKHH ﬁ)l‘lp&ﬂ&ﬂﬂTh
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Puc. 7.6. Pacuernas cxema cbo-
pPa H NOXayH BOAB OT CKBAXKHH @

.
Cg) OEO3HAYEHUA
oy \% N H'_HHHHH
% y3an 7/

Nl By S G g 0
00/25 125/25 127/25 206/25
LnB1 (kB2 b3c Gl 4 {xld kb6

TIEPHOJL YCTOHYHBOH HX paboThl, 1. e. BpeMs Ts) H OCYNIECTBHTHL NOAG0D BOAONOABEM-
HOro O60pPYHAOBAHHS C €ro PEry.JHPOBKOH HAa 3aAaHHYIO TIOKAYy BOAHI

ConporuBierue E. 0O6yCIOBIEHHOE KO.IbMAaTaXKeM BOAO03a6OPHBLIX  CKBaXHH,
paccuHTHIBAIOT MO ¢opMy.ie

¢p (1) t(—i-— l)ln e, (7.13)
R(t) o
10 =k¢[1 H%-(l o], (7.14)

rone No/no — 6e3pasmepunléi nmapamerp (No— npezeiasHas eMKOCTb fujasTpa W n—
ero HayainpHasg MOPHCTOCTb); Coy — NMAPAMETP, XapaKTEPHIVIOMHI HHTEHCHBHOCTB
KOJbMaTa)xa CKBaXHH (co — KOHUEHTPAUHA B OTKAauWBaeMOH Rome KOJIbMATHPYIO=
IIUX COCJHWHEHHH, Y — KOHCTAHTAa CKODOCTH BHIMAJEHHS KOJALMATAHTA M3 BOAH H
OCaXAeHHA ero Ha QHJIBTPE CKBAXKHH).

Hdns BHIABNEHHS 3aKOHOMEPHOCTEH H3MEHEHH TPOH3BOAUTENBHOCTH OTAABHBIX
CKBAXXHH H BOM03a60pa B HEJIOM THAPOreoJOrHYeCKHe pacueThl CJeAYer MPOBOAHTH
C 3ajlaHHeM Ha CKBAXHHAX YCJNOBHA §;=Sjon. B 3TOM cjyuae HalifleHHBIe 3HAUCHHS
Q; CKBAaXHH COOTBETCTBYHIOT HX MaKCHManbHOH NMpOW3BOAHTENbHOCTH. Ilpu BHMOaHe-
HHH TAKHX pacyeToB C YYETOM BO3DACTaHHA Er TPOH3BOAMTENbHOCTH CHHKAETCH, H
MOXET 0Ka3aThCHl, YTO K HEKOTOPOMY MOMEHTY BpPEMEHH OHAa CTaHeT pPaBHOH HJIH
Jaxke MeHblell, yeM Q Tpebyemas.

Hasi onpeaenenus mnepuoaa ycToHuHBOH PAaGOTH CKBAXKHUH THAPOTEOJOTHYECKHE
pacueThl HEOGXOAHMO BHINOJHATHL HA Pa3jHYHBIE MOMEHTH BPEMeHH C ONpeHcJeHHEM
Ha Ka)JOM LIare no BpeMeHH 3HaueHHH Q; CKBaXKHH M TIPOBEPKOH BHINOJHEHUA
yenopusi 2Q:=>Q. Pesysasratel Takux pacuero mo 1(6), 2(5) u 3%4) CKBajXKHHAM
npeAcTaBienbt Ha puc. 7.7. TaM e npuHBefeHbl rpaduku u3MeHeHus Ex(?) HEQ;%}.
PacueThl BRIMOJHEHB MPH YC10BHH S;=5 M (No/ng);=1 1 coy=0,0368 Mmec—!. U3
PHCYHKA BHJHO, 4TO MEPHOJ YCTOHYHBOH PalOTH CHCTEMHM cKBaXuH Ts cOocTaBaAsieT
18 mec. Ilpu ¢>Ts cymMapuasa nmojaua BOAbBI OT CKBAaXHH OKa3bBaercs MeHbuIe
tpeGyemoin (Q=100 m3/4), cnepopatenbHo, TNPOHIBOAMTENBLHOCTL BOAO3abopa  He
obecneunBaercs.

CreaylollEME 3TanaMH KOMMJIEKCHBIX PAacueToB SBAAIOTCA NPOBEAEHHe THIApPAB-
JHYECKHX PacueToB CHCTEMB! c60pa BOAB OT CKBaXHHM H BHGOP COOTBETCTBYIONLEro
BOAONOABEMHOTO 06opynoBauus. Takwe pacueTsl cJAeAyeT NPOBOAHTh € HCMOJB3O-
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Puc. 7.7. Pacuernnie rpapnxku n3menenun Bo spemenH Ex(?), Q;(f) n ZQ(¢) npu mefi
CTBMH CKBRXEHH B pexume S;=const

Puc. 7.8. PeayapTatil rWapasiau- o OE03HAYEHUA:
yecKoro pacyera cGopHBRIX BOAD-
BOJKOB HA MOMEHT BpPEeMEHH
f = Tﬁ 9 Q- ”;,q
‘fé; N AT
(J)
Y TC
H=73,62 NN - H=7362
O @
b - )
H=700 H>76.05 H=75,65 %E E . H=00,685 H=2,08 K758

7 Jb, 783 Sr-x,ﬁ JJ, 1723 ; 7 a3, 773 _
8,035 0,400 0,400
82167 [ &=16I8 [ §-1823 Q125 /S4~163 /0,167

BaHHeM B KauecTBe HCXOJHHIX AAHHBIX BHYHCJEHHHIX 3HAyeHHH (; u S; MO CKRAXKHHAM
Ha MOMEHT BpeMeHH {=T,.

Pe3yabTaTh THAPABJAHYECKHX pacyeTOB COOPHHIX BOAOBOAOB NpEACTaBACHH Ha
cxeme pEC. 7.8,°a AaHHHEe No BHOpaHHOMY BOAONOABEMHOMY OOODYNOBAHHIO CBe-
ZeEH B Tabanny. -

Teneps Heo6XONHMO NPOAHAVH3HPOBATb, HACKOJBKO NDABHAbHO NOROOGpanH mno-
IpyXinie CKBaXKHHHHE HACOCH ® YCTAHOBJEHA CTENEeHb HX DPEryjaHpoBauus (7. e. B
COCTOSIHHH JIH ofecmeunTs 3TH HACOCH cTabunbuylo pabory Bono3a6opa B TeueHre
BpeMend 7,). Has 2T1oro cleayer BHNOJHHTHL NOBepoUHHE pacyeTH cucTeMu clopa
B NOAauH BOAH OT ckBaxXuu (pHc. 7.9, taba. 7.1).

H3 nauHbX, NPEACTABJEHEHX Ha pHCYHKe, BHAHO, 4YTO BHayaje IPOH3BOLH-
TEJbHOCTh CKBAXXMH (H WX CyMMapHas [OJada) HEeCKOJbKO Buie TpelGyemoff, a no-
HHJXeHHe ypOBHel MeHblle, 4eM Sgom. C BoapacraiueM Eg(f) npoH3BOAHTENHHOCTH
CKBaXHH Q; cHHXaeTrcs, a §; YBeJHUHBAETCA H K MOMeHTY BpeMeHn /=71, BO BCeX
CKBAXKHHAX S; OKa3BIBAGTCH PABHBIM Sjyon H ZQ;=Q.
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Puc. 7.9. Pacuernne 3Hauenus H3ameHenus S;(f), Q;(f) n Z Q;({) npu nacocHoik
SKCNAyaTalHH CKBAXMH

Texnuyeckass XxapaKTepHCTHKA BOAONOABbEMHCro obopyaosanus

1 | 16,79 | 5 | 81,00 |13LIB8-25-100 110, 81 29,72
2 16,38 o 81,06 [139L1B8-25-100 111,22 30,16
3 16,23 5 80,66 |1311B8-25-100 111,34 30,68
4 | 16,23 5 | 80,66 |13LIB8-25-100 111,34 30,68
L5) 16,38 S 81,06 [13L1B-25-100 111.22 30,16
6 | 16,79 | 5 | 81,09 [1311B8-25-100 110,81 29 72




I'JMABA 8. IHAXTHBIE KOJIOA 1L bI

8.1. CnocoOnl coopyKEHHS MAXTHBIX KOJOALEB

Hlaxtupii kKosnomen, (puc. 8.1)nmpeacrasnsier co60#i BepTHKAJbHYIO
BHpa6GOTKY, Nonepeynoe ceueHHe KOTOPOH IO CPABHEHHIO CO CKBa-
JKHHAMH HMmeeT Oosblide pasmepbl. [IpumeHeHHe IIaXTHBIX KOJOALEB
OrpaHuyeHO 3KCIJyaTalliel BOAOHOCHBIX FOPH3OHTOB, 3ajeraiollux Ha
CPABHHTEJNbHO HEOOJBWIKX raybHHax — o6uuHO A0 20—30 M.

OroJioBOK KOJOALA NMpeAHa3HayeH AJfA 3alHTH €ro OT 3arpss-
HEHHBbIX NMOBEPXHOCTHHIX BOJA, a TaKXKe IJd CO3AaHHA YyHOOHBIX YCJIO-
BHH Ias 3Kkcnayaranuud (nmoabeMa M pa3bopa BOAH, HaOJMOAEeHHH 32
cocrosiiieM H paboTOil Kosoaua). B MecTHOCTAX ¢ HHSKHMH 3UMHHMH
TeMIeparypaMi YCTPOHCTBO Oro0JIOBKa B CPaBHHUTENbHO HEraybOKHX
Kosioauax HeoOXOAMMO TakXe H AJs NpelOTBpalleHHs NpPOMEep3aHusd
BOJHI.

Ilns nmpenoxpaHeHHMsl KOJIOAIla OT O6pylLieHds] M H30JALMHM OT 3a-
TpA3HEHHN ero CTeHKH YKpenasiioTcsi u ob6pasywoT ctsoJ. Ilocaennni
CAYXKHUT CBA3YIOUIHM 3BEHOM MEXAY HaA3eMHOH 4acTbio (OroJI0BKOM)
H BOJAONPUEMHOH YacTbi0 KOJOALA, a TakXe AJs pa3sMellleHUs B HeM
BOAONOABEMHOr0 060pyA0OBaHHsl. BO3BbIlIeHHe OroJOBKa KOJOAUA Haj
MIOBEpXHOCTbIO 3€MJH IO CAHHTAPHBIM YCJIOBHSM INPHHHMAKT He Me-
Hee 0,8 M. [as npenoxpaHeHHsl OT 3arpsi3HEHHUH OrOJIOBOK MepPEKpbI-
BAlOT KPHIIKOH;, HajJ HHM YCTpaHBaioT HaBechl uau Oyaku. Bokpyr
KoJoala (B3emJe) YKJAaALBAIOT IMIHHAHBIA 3aMOK, a TOBEPXHOCTh 3eM-
JH AJS JAyYIlero oTBoAa BOABI MOCTST HJAH acaJbTHPYIOT ¢ YKJIOHOM
B CTOpOHY OT KoJsiogua. OrojloBOK 4 ¢TBOJ AOJKHHE GbITb HENpOHHILA-
eMBIMH, 4TOOBI MOBepXHOCTHAS BOJAA HJH IPYHTOBasi U3 CaMHIX BepX-
HUX BOJOHOCHBIX (HESKCHJyaTHpPyeMhiX) TOpPH30OHTOB He MoOrJja INpo-
HHKaTh B KOJOJell.

BoponpueMHYyi0 9acTb WIAXTHHIX KOJOALEB B 3aBHCHMOCTH OT
TUIPOreO0JOrHYeCKHX YCAOBHH M rayOHHBI YCTPaHBAIOT TOJbLKO B JIHE
HJIH CTEHKAaX UJH Xe B JHe H cTeHKax kKoaonua. I[lpu npueme Boan

yepe3 AHO NOcJedHee AOJXKHO OBITb 0060pyaOBaHO I'paBHHHBIM QHABLT-
pOM HJM NJHTOH M3 mopuctoro Oerona. Ilpu npHeMe ke BOALI Yepe3
CTeHKH B HHX JOJXKHBI OBITb YCTPOEHBl CHelHajbHble OKHA M3 INOpHC-
Toro GeroHa HJIH OKHa, 3amoJHeHHble rpaBHAHBIM (uabTpoM. CoOT-
HolleHHe CpeAHHX NHAMETPOB YAaCTHULl B I'PAaBHUHOM (HJIbTPe H MOpo-
Jie peKOMeHayercsd npHaUMarhb 1 : 5.

B saBucuMOCTH OT poja MaTepHaJsa, HCIOJb3yeMOro AJisi KpemJe-
HHS CTEHOK, CyLIeCTBYIOIlHe KOHCTPYKUHH IIAXTHBIX KOJOAUEB MOryT
O6blThb MOAPA3NeJieHbl Ha JepeBSHHBIC, H3 KaMEHHOH H KHPNUYHOH
KnaaxH, OeToHHbIEe H Xeje300eTOHHbIE.

IlepeBsuHb#l CpyOOBHIH KOJOHEL — 3TO TNpOCTeHIIHH H BMeCTe C
TeM B pAAe paHOHOB Hallled CTPpaHbl HauboJiee pacnpocTPaHeHHBIN
THN WaxTHoro goJaoxuna. K Hejpocrarkam ero c¢JjeayerT OTHeCTH HeHOJ-
rOBEYHOCTb JepeBAHHOTO KpemJeHHs W MNPUBKYyC, NMpHIaBaeMblii BOAe
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Puc. 8.1. Cxema maxtTHoOro xoJoaua

] — rauusuBpid 3aMOK; 2 — OTCHITNKA;

d — oronoBox; 4 — CTBOJ; & —— BOKO- 1

npHeMHas 4actb; 6 — 3yMmnd; 7 — au-
HaMHYeCKHA YpOBEeHb
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JIpEeBeCHHOH, a Tak¥Xe HeNO0OpPOKAYeCTBEHHOCTh BOABI NMPH €€ 3arHH-
BaHMWH.

bBosee noaroseunsl WIaxTHHE KOMOAUBL M3 6eTOHA, XKene300eToHa,
KHpIIHYa ¥ KaMHA; 3TH KOJOAUH B OoJbllell CTENEeHH COOTBETCTBYIOT
H CAaHHTApPHBIM TPeBOBAHUAM.

B OGoJbIIHHCTBE CNy4YyaeB NPOXOAKY MIAaXThl 1€1€C0006pasHO Mexa-
HH3HPOBATb, TaK KAaK AN MEXaHH3HPOBAHHOH NPOXOAKH IIAXTHBIX KO-
JojaueB yxe paspaborTan psaa chneunanabusix arperaros (KIIIK-25,
KIIK-30 u zap), KOoTOpHIE MO3BOJAIOT OAHOBPEMEHHO BHINOJIHATL H
KpenJieHHe HX CTEHOK XKeje3006€TOHHBIMH KOJbIAMH. ITH arperarsl

MOI'YT CaMOCTOATEJBLHO nepeaBuraTbhCd, TaAK KaK CMOHTHPOBAaHBI Ha
aBTOMAaNliHHE.

Texuuueckue xapakrepucThku arperata KIIK-25

Anawa, Mm@ . . . . . . . . . . . . . 6700
Mapuna, vM . . . . . . . . . . . . . 2140
Bbicora, MM . . . . . . . . . . . . . 3200
Macca, xr . . . . . . . . . . . . . 59%0
JmaMmerp maxTel D0 ycTaHOBKH o0caiHBIX Kojel, MM . . 1230
Haubonpmwan ray6una Gypewmss, m» . . . . . . . 30
MoltHoCTh MAMIHEBL, JL.C. . . « . v + v . . 30
Cpennsist NPOH3BOAHTENLHOCTL NPOXOAKH HA TAYGHHY [0

25 M, M%q g o W B % . . . . 11,15
Pacxon ropiogero 3a | 9 paboTH, Kr . G W oF W 10
Bricora BHIUKH, MM vomr o owF oW o W W ow = g HboB
Uueno obcnyXuBatolero nepconana, yen.!

MOTOPHCT . ® € ¥ w ¥ & % % & % 1

pabome . . o« & & v ¥ % & . 2

Ilpu ycrpofictse kosoaues ray6uHoit cshime 15—20 M HeoOxonu-
Ma HCKYCCTBEHHAf BEHTHJISUHUA IIAXTH; NPH HAJHYHH BPEAHHIX Ia-
30B BEHTHJSILIHS MOKeT noTpeboBaThCA H B 6ojee MeJKHX KOJO[IaXx.
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B npouecce nmpOXOAKH IIAXT NPHUXOLHUTCH NMPHMEHATb H BOAOOTJHB.
IIpu ne6GonbilioM MPUTOKe BOJABI BOAOOTJHB MOKeT OBITb OCYLIeCTBJIeH
6anbsiMH, a npH GoOABILIOM — HacoCaMH. B OT/Ae/bHHX CAyyYasX MOMKeT
OhITH OCYHIECTBJIEHO MpeABaPHUTEIbHOE BOJAOMOHHKEHHE.

B 3aBHCHMOCTH OT COCTaBa MOPOA MPOXOAKY NIAXTH! - KOJIOALEB
MOXKHO BBIMOJHATH CAEAYIOUIUM 00pa3oM: a) B mopoaax CpaBHHTENb-
HO IIPOYHBIX, HeoOBaJHBawMIUXCS (HAMPUMEp, B CYXHX JIECCOBHIHMIX
CYrJIHHKaxX M MJOTHHIX I[VIHHAX, MSACKHX Meprejdx, Menax, MSTKHX
M3BECTHSIKAX M Ap.— 6e3 BpeMeHHOro KpenJeHHs; 6) B MOpPoAax Me-
Hee NPOYHHIX, T. €. He YJepXKHBAIOUIHXCS B BEePTHKAJbHOH CTEHKe, —
C NpPHUMEHEeHHEM BPEMEHHOrO KpeIlJeHHs; B) B NMOpogax HeyCcTOHYH-
BbIX — ¢ OJHOBpPeMeHHBIM YCTPOHCTBOM MOCTOSAHHOrO KpelnJjeHHs.

s MOCTOSIHHOTO KpemJeHHs1 cpyOOBLIX KOJOAUEB NPHMEHSIOT
IIAJKOCTBOJIbHBEIY (HECYUYKOBATHIH) JiecoMaTepHaj, 3aroTOBJICHHBIH
3apaHee, T. e. 3a 5—6 Mmec. g0 ero ykaaaku. Haubonee pacnpocrpa-
HeHa KBajparHast ¢opMa NolepeyHOro ceueHHs] CPyOOBHIX KOJIOAUEB
¢ pasmepamu B cBery or X1 mo 1,6X1,5 m (pexe 2X2). Pasmepu
MONMepPeyHOro CeueHHs KOJOALA BHIOHPAIOT HCXOAS H3 CJeAYIOIHX ycC-
AoBHH: yapo6cTBa npoH3BOACTBA paboT MO OTPHITHIO KOJOAUA H
ycTpo#icTBA ero BOAOIPHEMHON 4YacTH, pa3MellleHHs B KOJOJIe 3KC-
nJjyaTamuoHHOro o0opynoBaHH .

B Tex cayuasix, Koraga HeoO6XOAHMO HMeThb B KOJOALE 3alac BOABI,
win TpebyeTcss yBeJHUHTh €ro BOA03aXBAaTHYKO CNOCOOHOCTb, HJIH KOT-
A2 3TO BBI3BAHO YCJAOBHSIMM NPOXOAKH (HampHmep, NMPH TNPOXOxKAe-
HHUM CPYOOM JerkoOMTHBAOLIHX NEeCKOB), CaMYyI0 HUKHIOK 4YacTb KO-
J0AUA YINHPAIOT, Npd 3ToM ob6pa3yetcs matep. llarpam raxkxke npuna-
I0T KBaJPAaTHOE CeyeHHe CO CTOPOHAMH 2...2,5 M mpH yrie HAKJIOHA
ITaTPOBOH YaCTH K BepTHKanu 30—45°.

Cpy6 B 1mIaXTy MOXKHO YCTAHABJHUBATh OJHHM H3 CJAEeAYIOUIHX ClO-
coboB: 1) cbGopkoii 3apaHee MPHUroTOBJAEHHOro cpyba B 1axre, Npen-
BapHTENbHO BHIPHITOH Ha MOJNHYI0 ray6uHy; 2) ONYCKHBIM CIOCOOOM
C HapallHBaHHEM BEHIOB CBepXy; 3) TO Xe, ¢ HapallHBaHHeM BeH-
IIOB CHH3Y; 4) MWATPOBLIM CIOCOOOM.

OrosioBoK KosoAua mpepcrasdasier coboit cpy6 MeHblIero ceyeHHs
(ot 0,7X0,7 1o 1X1 M), BrICTYNAWUIHHA HaJ NOBEPXHOCTHIO 3€MJIH HA
0,7—0,8 M, obmiuTHi TecoM H cHabGxeuun#t Kpoimko#. Ilpu obopy-
JIOBAHHH KOJOJALA AJS MOABEMa BOAB BOPOTOM YCTPAHBAIOT HaBecC, a
NP NPHMEHEeHHMH PYUYHOTO (HJIH MeXaHHYeCKOro) - Hacoca — CHellu-
anbHYIO OYyAKY.

KoJsiopupl ¥3 KaMEHHOH HJAH KHPNHYHON KJajaku — Haubolee 10J-
roBeuHble Bomo3abopHble COOpPYXKeHHs, OHH B Oojblledl CTeNeHH
YAOBJETBOPAIOT M CaHHTAPHBIM TpeboBaHusM. [lns KpellleHHS CTEHOK
KOJIOALlIAa MOXKHO NPHMEHSITh KPENKHH MMOCTeJHCTHH HJAH IITYYHBIHA
KaMeHb, He PaCTBOPAIOWHICS B BOAE M HE OKpalIMBawUHi ee (Ha-
MpHUMep, JKeJe3HCThH H KPEMHHCTHIH H3BeCTHSIK HJH NecYaHHk) a
TaKxKe XOpOouIo O0GOXKIKEHHbIH KUPNHY — OOBIKHOBEHHHIH H JieKaJbHBIH.

KaagKy CTeHOK KOJIOALLA H3 KaAMHS HJIH KHPIIMYa BHIMOJHSAIOT, KaK npa-
BHJIO, HA LleMeHTHOM pacTBope coctaBa 1 : 3uaunl : 4, BuyTpeHuue CcTeH-
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KH KOJIOAILA, a TAKXKEe HapYXHYIO CTEHKY HaA3eMHOH ero 4acTH LITYKa-
TYpAT UeMeHToM. KaMeHHBIM # KHPNHYHBIM KoJiomluaMm oObIYHO Mmpupa-
10T Kpyraywo dopmy npu auamerpe B cBety 0,75—1,6 M u Gonee. He-
ry60KHe KaMeHHBble KOJOAUH (10 5—6 M) MOryt uMeThr H KBajppar-
Hylo ¢opMy c pasmepamu B cBeTy ot 1 X1 no 1,26X 1,250 M. PasmepH
9TH 3aBHCSIT OT Ha3HAUYEHHa Koaoaua H oxupaemoro geburta. O6HIUHO
TOJNIUIMHA CTEHOK B KaMeHHBIX Koaoauax 6mBaer 20—80 cM. Kupnuy-
HEle CTEHKH [EJalOT He MeHbUIE YeM B OJHH KHPMHY.

OrosoBOK B KaMEHHBIX M KHPIHUHBIX KOJOJAIAX YacTo [AesnaloT
00y:xkeHHHM. CyxeHHylo (NOJ3eMHYI0) H HAJ3eMHYI0 YacTH KOJOALA
BHINOJNIHSAIOT U3 KHpnuua, OETOHHBIX HJH Keae300eToHHbIX KoJein. Ec-
JIM K€ Haj3eMHas YacTh KOJIOAIIAa MMe€T TOT XKe nuaMerp, YTO 4 MOA-
3¢MHasl, TO OrOJIOBOK MOXKeT OBITh BBIMOJHEH B KaMEHHBIX KOJOAuUax
B BHAE KJaajaKH u3 GoJjiee MaCCHBHBIX KaMHel, a B KHPMHYHBIX — H3 TOH
K€ KHPMUYHOH KJaAKH.

beroHHble B XKegae300eToHHble KOJOAUB HauboJsice COOTBETCTBYIOT
CaHUTaPHBIM TPeOOBAHHAM U MOryT OBITh PEKOMEHJIOBAHH B KauecTBe
BON103a00pHBIX COOPYKEHHH NS MHTHEBOro BOJOCHAGXkKeHHusi. Bo MHo-
FUX CJY4asiX 3TOT KOHCTPYKTHBHBIH THN KOJOAIla, HECMOTPS Ha BHICO-
KYI0 CTPOHTEJNbHYIO CTOHMOCTh MO CPaBHEHHIO C JAepeBAHHBIMH KOJOI-
[laMH, MOXET OKasaThCsl Haubojiee BHIrOJHBIM B TeXHHKO-3KOHOMHYE-
CKOM OTHOLICHUH.

betouHble u Xene300€TOHHBIE KOJOAILI OBIBAIOT TpexX THIIOB:
CIIOUIHBEIE ¢ HaOuBKo# omajayOKH, YCTAaHOBJIEHHOH B TOTOBOH IIaxTe;
M3 roTOBHIX GETOHHBIX W KeJe300eTOHHBIX KOJjiell; U3 FOTOBHIX 6eTOH-
HbIX H KeJe300eTOHHLIX cerMeHTOB. B mpakTHke BomocHabOxKeHHA B
HacTosiliee BpeMsi NMPHMEHSAIOT IJ1aBHBIM .00pa30oM KOJOAIK, 3aKpen-
JieHHBle Xene306€TOHHBIMHE KoJblaMd. [pyrue Tunel xene3zo0eToH-
HBIX KOJIOAIEB TMOYTH HE NPHMeHAIT. DeToHHble Koaoaubl ycTpaH-
BalOT B€CbMa PEAKO — B Tex cJaydasiX, Koria HeoOXOIHMO pa3MEeCTHThb
B HiaxTe HacocHoe obopynoBaHue HJIH HMETh GOJBLIOH 3amac BOIHL.
Hx penalor KpyrJablMH, juaMerpoMm B cBety 1,2 M NpH TOJUIHHE CTe-
HOK He MeHee 12 cM.

Hau6onee nmepcrneKTHBHBI [IAXTHBIE KOJOAUHK M3 COOPHHIX KeJse-
306eTOHHHX 3J€MeHTOB. B THnoBOM npoekTe aas ray6un 10, 20 u 30 M
aXTHble KOJOMIBl MPUHATH U3 COOPHHIX KeJ€300eTOHHBIX KOJEI C
danbiamu BeicoTOH 1,05 M u BHYTpeHHHM JauaMerpoM 1 M npd TOx-
uigHe cTeHoK 8 cM (puc. 8.2).

B yCTOMYHBEIX IPYHTaX CTHIK KOJIel B CTBOJIe 3aJ€NbIBAIOT [e-
MEHTHLIM PacTBOPOM, a B MecYaHbIX rpyHrax( Koraza BeCJeaCcTBHe 3a-
KJIHHHBAHHUS MOXKET NMPOU30OHTH HABHCAHHE KOJOHHBI), MPUMEHSAIOT Ce-
HAJbHBIE KOHCTPYKIHH CThIKa, paboTarollue Ha pa3phlB.

BoponpueMHas 4YacThb NpPUHSATA B BHAe KOJblla M3 mopucroro be-
TOHA, apMHPOBAHHOIO TaKOH ke ceTKOH, uTo u obcaauble Keaesobe-
TOHHBIE KOJbLlA CTBOJA KoJojlla, NpuyYeM aas npunanus GoJablueit
IPOYHOCTH B KOJbllaX BepXHeH U HUKHEH yacTell HMEIOTCH mnosica H3

6erona. B HuXHEH YacTu KOJOAUA YKIaABBAaOT TPexXCJOHHHIHA 06-
paTHbIH ¢uabTp (CM. pHe. 8.2).
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Puc. 8.2, KOHCTPYKUHA HECOBEpPLIEHHOTO
MaxXTHOr0 KOJojaua H3 CcOOpHHLIX Xeae3o-
OeTOHHBIX KoJiell

a— 1aH H paspes; 6 — fAeTalb BOAOMPH-
eMHOH 4YacTH; 8 -— TeJecKOonHyeckas KOH-
CTPYKuHs koaoaua; I — ¢unerp; 2—
Koabna; 3 -— BeHTHAAWHOHHAS Tpyba; 4 —
neGeHOYHO®  KpemJieHue; & — TAHHAHBIR
3aMOK; 6 — JOHHas TAHTA M3 HOPHCTOro
6erona; 7 — BRAAABIMIK K3 nopucroro Ge-
TOHa; 8 — rpaBufiHaf® TNOACHINKAE, 9 — Me-
TAJJTHYECKOE KOJbLO ONYCKHOTO TpHCHO-
_ cobaeunsi; 10 — tamnon u3 6erowua; I -

i s mebenb; 12— rpasnii; 13 — necok; 14 —
S

- BOAOHOCHHIA FPYHT

ITpu BeckpriTHH 3260eM KOJOAIA NMeCYaHBIX H IVIBIBYHHBIX I'PYHTOB
€r0 KpemsrT KOMbIAMH AHAMETPOM 0,656 M. B s3Tom cayuae B HecoBep-
LIEHHBIX KOJIOAIaX AOHHBIH PHABTP yCTPaHBAlOT B BHJe OETOHHOH ap-
MHPOBAaHHOH IVIHTHI, YKAaAHBa€MOH Ha 1LieOEHOUHO-rpaBHAHYIO  06-
CBHINMKY, TOJIIHHY KOTOPOH NMPHHHMAIOT paBHOo# 30 cM.

CosepuieHnbie KoaoAubl raybunoit 20 ¥ 30 M HMEOT HECKOJBKO
HHYI0 KOHCTPYKIHIO, BKJKYAIOHIYIO 3yMI(p H3 Xeae306eTOHHBIX KO-
jgell. Pa3paboTKy IIAXTHBIX KOJOALEB H3 kKese300eTOHHBIX KOJel
MOKHO MexanH3uposaTp npu nomowmu arperara KIIK-25, KIIK-30 u
Ap. B CBA3HBIX rPYHTAax AHAMETP NMPOXOAKH IMAXTH TAKHM arperaToM
coctaiager 1230 MM. B nmecyaHbIX ¥ MJBIBYHHBIX TpPYHTAX KOJOHEI]
NPHXOAHTCA pa3pabaThiBaTh TeJECKONHYECKUM ctocoboM, npr 3ToM (B
Cryuyae 3aKJIMHHBAHHS KOJIOHHBI M3 KoJjell JAuameTpom 1 M) panb-
HeHINYI0 MPOXOAKY CTBOJIA IIAXTHI OCYIIECTBJASIOT GYPOM IHaMeTpoOM
560 MM ¢ ymupurenem auamerpoM no 850 MM H 3aKpenasiioT XKejeso-
6eTOHHBIMH KOJIbLAMH JuaMeTpoM 650 mm.

80



8.2. Pacyer nefuTa maxTHHX KOJOJLEB

[Ipu ompemeneHuu AeOuTa MIAXTHBIX KOJOALEB OOBIYHO HMCXOAAT
M3 CTAIlHOHADHOI'O WX PEeXKMMa, MPU 5TOM YVUHTHIBAIOT: a) cXeMy Mo-
CTYNJIEHHsI BOABI B KOJOAel (uepe3 AHO, 4Yepe3 CTEHKH HIH OJ-
HOBPEMEHHO uepe3 JHO M  CTeHKH); ©6) ruapasjiHyecKoe CO-
CTOSIHHE  SKCNJIYyaTHPYeMOro  BOJOHOCHOINO  FOpU30HTa  (Hamop-
Hoe, 6e3HaNoOpHOe, a B HEKOTOPHIX CJAyuasx U cMelllaHHoe); B) ¢opMmy
ROMEPEeyHOro CEYeHHsI KOJOALA B MJaHe (KpyrJjas, KBajaparHasi), a
uHorAa u dopMmy ero nHa (mjaockasi, HauboJsiee pacnpocTpaHeHHasi, H
noaycdepuueckas).

B npuBOAMMBIX HUXKe (OPMYJaaxX NPHHATO, YTO LIAXTHHIEC KOJOMIH
HMEIOT KPYIiyio ¢opMy momepeyHoro ceueHusi B niaHe. Ecan HeoOxo-
AHMO ONpeneauTh AeOHUT KOJOALLA KBAaxpaTHOH ¢GOpMH, TO pacuer c
JlOCTAaTOYHOM AN NPAKTHKH TOYHOCTBIO MOXKHO BBIMOAHATH MO TEM
xe dopMysaM, HO B HUX HYXHO 3aMEHHTh BeJHUHHY pajauyca KOJOA-
1a 7, BEJAUYUHON CTOPOHBI NOMEPEYHOro CeYeHHs KOJOAIA a, IPUHSAB 1 ==
=0(,6a.

IIpuToK BOmWLI yepe3 IIOCKOe AHO KOJOALLA HECKOJbKO MEHbIe,
yeM gepes nodaycoepy. OLHAKO COOPYXKEHHE KOJOAUEB ¢ MJIOCKHM
HZHOM 3HAUHTENBHO MNpolle, yeM ¢ moaychepudyeckuM. bDonplinHcTBO
pacueTHHIX GOpPMYJ UMEIOT B BUAY WIAXTHBHIE KOJOAUH C MJIOCKHM JIHOM,
MosToMy AAsi 0606IeHus B 3TH (OPMYAL! BKJIOYEH KO3)GPHIHEHT
¢opMH ZHA KOJOAUA @, 3HAUeHHE KOTOPOro NPHHATO no Popxredme-
py; AJS MJIOCKOro fHa a=4mx, Aas Noaychepryeckoro — a==2x.

Konopupi, paGoratwiine auoM. IIpubauxeHHoe pelieHde 3a4aud O
NpHTOKe BOLH K MIaXTHOMY KOJIOALY, paGoTalouieMy CBOHM JHOM, Obi-
1o gano C. K. A6pamoBbim u B. M. babywkuubm. ITonyyennsie umu
pacueTHbie GOpMYyJBl ANS ONpeneseHus NeOHTA KOJOMAIEB HMEIOT cJe-
AVIOIHA BHUI.

Koaolystl, axcnayarupyroujue Hanopusle 800¢ut
HHO KoJIOAIla MJIOCKOe:

Q= f""% —. (8.1)
l-{—Qarcsin ~2e— - 4 0,515 E-ig—~
: m+V m g L

[Tpu cooTHollieHuH ro/m=<<1/2 3ta dopMynaa Moxer OHTH C HOCTa-
TOYROH AJIA NPAKTHKH TOYHOCTBIO YNPOIIEHA U NMPHBEAeHA K BHAY:
Onks,r
=L Ry 8.2
1.181lg—~
2 T m (l Tl.lulig m)
JIHo noaycdepuyeckoe:
ik
Q= B0 (8.3)
ro R
1 4 ——(l -+ I,ISIg-——)
m m
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@opmyan (8.2) u (8.3) 6blin npoBepeHb IKCIEPHUMEHTANbHO H
oKa3aJH AOCTATOUHYIO AJS MPAKTHKH TOYHOCTb.

Koxrodyst, akcnayarupyroujue 6e3nanopusie 8000bL
JIHO nJyockoe:

Q—" - r??tkSﬂrE - R ) (8_4)
— 4~ 2arcsin e 10,515 > 1g —
% T+VTry 1 o
IIpu coorHomenun ro/T<<1/2 dopmyna (8.1) ynpoiaercs:
2rekes T
Q= —— 2070 =T (8.5)
{} —
— (}+1,181g4H)

rae Q — pebur koaoana; k -— KospduuueHT PHABTPAUMH ISKCIIAYaTHPYEMOro BOJAO-
HOCHOMO TOPH30HTA; So — MOHKH}KEHHE YPOBHSI BOAH B KoJoAue {(CuuTas OT CTATH-
YEeCKOI'0, COOTBETCTBEHHO Nbe30MEeTPHYECKOro HJH cnnﬁnnﬂoro}e; ro— pagHyC KOJIOA-
na; H — MoumHocrs 6e3HANoOPHOro BOMOHOCHOrO TOPH3OHTA; — panuyc peHcTBHA
Koaoaua;, T — pacctossHHe OT AHa KOJOoAla A0 BOJOYIIOPA.

Koaopusi, paGoratoumine crenkamu. Jlas onpeneneHus nebuTa
IIaXTHHIX KOJIOAUEB, paboTalollHX CTeHKaMH, MOXKHO IIPUMEHHUTb Pop-
Myabl JLIOMIOH, MPUHUMAIOUlHe B JaHHOM CJiydae CAeAYIOUIHH BHA:

IJ15l HANIOPHBIX BOJ,

Q=273 2, (8.6)
ig -;;]"'
Ans 6e3HAaNOPHBIX BOJ
Q=137 k (2H *}:”_Lsﬂ ; (8.7)
lg?ﬂ'

IJS CMEIIaHHBIX YCNOBHH (NPH HAJHYHH JIBYX 30H — HaMOPHOH H
be3nanopHo#H)

0 =1.37.50% —R’") . (8.8)

ig 7

Konoanbl, paGoraouiMe oOAHOBPEMEHHO AHOM ¥ CTEHKaMH, 3KClay-
aTHpyWOiHe Ge3HamopHbie BOABL. JIeOUT mIaXTHBIX KOJIOALEB, 3a10XKeH-
HbHIX B Oe3HaNOPHBIM MJacT H paboTalOUMX CTEHKaMH H IJIOCKHM
AHOM OJHOBPEMEHHO, MOXKHO ONpeAeNHTh NyTeM KOMOHHHPOBAHHOIO
ucnonb3oBanus ¢opmyn (8.4) u (8.7). [as sToro MoToK, HABHXKY-
Hixicad BBILIe XHA KOJOAIA, pacCMaTpHUBaeTcd KakK Oe3HANMOpHHIHA, A
MMOTOK, MOCTYNAIoNuil yepe3 ero AHO, — KaK HaINOpPHBIMN.
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B pesysabTaTe CAOXKEHHS 3THX ABYX NOTOKOB MOXHO MOJYYHTh
dopmyay aas onpeneneHus aebuta konozna, paboTarouiero Kak CTeH-
KaMM, TaK H AHOM. JTa popMysa UMeeT CaeAyIOUUHHA BUI:

Q — mhks, [ ZA=50) ¢ . =l ]l (8.9)
2 31g- g, o (]+]18[g—-R—)
<y 8 r 9 T : 4T

rie A — BHICOTA NOHHKEHHOIO YPOBHA NOJA3EMHWX BOA HAA AHOM KOJOAINA.

Mpumep. Onpenenwrb HeOHT WIAXTHOTO KOJIOZUA, S3KCIIyaTHpylollero Ge3Hamop-
HHe BOAH H paboraioillero OAHOBPEeMeHHO CTeHKAMH H JHOM.

3anano: H=6 m; k=1 Mfa; so=1,0 M; ro=1 M; T=3 MM, R=60 M.

Pentenne: npeaBapHresbHO onpenensieM A=H — T=6 —3=3 M. 3areM no ¢op-
Myae (8.9) noacumTHiBaeM maebur xoa0ana:

=814 5 1.5 ?'3"‘6*05
2,31]g"i’"

~ 2-10 | =785 M¥/u.

1 60
-} 3 (1+1,18ig4.3)

I'JIABA 9. TOPU3OHTAJIBHBIE BOJO3ABOPDI

9.1. KOHCTPYKIHH rOPH3OHTANBLHBIX BOL03abopoB

['opu3oHTasbHBle BONO3a6OPH NpPEACTaBASIOT co60H BOXOCGOPHYIO
TpaHIel0 HJIH BoAocOOpHYIO rajepeio, o60pyZOBaHHYI0 AAA TNpHEMaA
BOJABI M3 BOJOHOCHOr0O IJlacTa M OTBOZA BOJABI B MECTO PacHOJOKEeHHS
BOJA0Opa3bOpHEIX yCTpoHCTB. BoJgo3abopHOe COOpPYKEHHe TOPpH3OHTAJb-
HOI0 THUMAa COCTOHT M3 BOZONPHEMHOH H BOAOOTBOASLIEH (BOAOMNPOBO-
Asued) yacTed, CMOTPOBHIX M BEHTHJASIHOHHBIX KOMOXIEB, Pacnoso-
JKEHHBIX Ha JHHHH Bogo3abopa U BopocbopHoro pesdepyapa. [opu-
30HTaNbHBIe BOA03a00pH 3¢ (EeKTHBHH B TEX CJyyYasx, Koraa HeoOXOmTH-
MO MepexXBaTHUTh IMIHPOKHH MOTOK MOJA3EMHBIX BOJ NPH HeGOJBUIOH €ro
MOIHOCTH (HampUMep, NPH HCMOAB30BAHHH NOJA3E€MHBIX BOJ aJNI0OBH-
aJIbHHX OTVIOXKEHHH B PEYHBIX JNOJHHAX).

BononpHeMHass 4acTh CJHYXHT AJSI NPHEeMa BOJAL H3 BOJOHOCHOrO
nnracra, ANd 4Yero NMOBEPXHOCTb ee cHabGXaeTcs OTBEPCTHUSIMH H Tec-
JaHO-TPABHHHBEIM (GHALTPOM (B caydae 3abopa BOAB H3 MeCYaHHX
nopon). IDTofi YacTH NMPHAAIOT HEKOTOPHIH YKJIOH, 61aroiapss KOTO-
poOMy BOZa CaMOTeKOM CTeKaeT B HampaBJeHHH pa3BHTHS Bojo3abopa
(B npejflenax BOAONPHEMHOM YacTH BoJa 3aloJIHSIET AHUIb YacTb €ro
CeyeHHS).

BomooTBOASALIYI0O YacTh JAeNal0T IMYXOH, OHA TakiKe HMeeT YKJIOH,
HO MoXeT paboraTb MOJHHM ceueHHeM. B HekoTopbix Boposzabopax
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Puc. 9.1. Tpanmeinnnie Bogosabopu

a — KaMeHHo-11e6eHyaToro THNAa; 6 —
TpyGuaroro THna: I — obpaTHas 3a-
CHNKAa TpaHNieH MEeCTHHM IPYHTOM;

% 2 — pauHa; 3 — KPYNHO-3ePDHHCTHE
o T necky; 4 —rpasufi; 5 — pBaHHi Ka-
- s e A bl MeHb; 6 — npeHaxHas Tpyba
Ve R
vl -:::é:'ﬂaf;

" R
...."I'F'|I rrry

i -y o
[ kelerceed”

. L3
LU, T

BOZOOTBOJSIlAS] YacTh OTCYTCTBYET, TOrJla BOJAA HENOCPEACTBEHHO H3
BONONPHEMHOH YacTH IOCTynaeT B BOAOCOOPHBIA pe3epBYyap.

Jisi ocMOTpa BEHTHJSIIHH H PEMOHTAa B Npollecce 3KCIyaTallHH
BoJ03abop B mnpejesax BOLOINPHEMHOH H BOLOOTBOASUIeH wacTefi
CHafbXkaloT CMOTPOBEIMH KosoduaMu. K3 Boxoc6opHOro pesepByapa
BOJAa CaMOTEKOM HJIH [PH MOMOIIH HACOCOB TOCTYNaeT B BOAOMNPOBOA-
Hble COOpYXKEHHUS.

B KOHCTPYKTHBHOM OTHOIIEHHH T'OPH30HTaJbHBIE BOJ03a6OPHI MO~
pasjiendloTca Ha TpaHiuelHble (KaMeHHo-meOeHuaTbhie H TpybuaTnie),
rajepeifinsie (BOLOCOOpHBIE rajepen W WITONbHU) U KSPU3HI

Kamenno-meGenuatoie Bomosabopm (puc. 9.1, a) — HauMeHee CO-
BeplleHHble COOpYyXKeHHsA. MX NpuUMeHSIOT Juilb NPH 3axBaTe MOA-
3€MHBIX BOJ Ha IVIyOHHe 2—3 M OT NOBEPXHOCTH 3e€MJH H [pPeHMY-
HIeCTBEHHO AJS BPeMeHHOro BoJocHabGXenusi. B HuXXHeH yacTH TpaH-
ey YKJaABBalOT QHALTPYIOLIHA MaTepHaa, pa3mep KOTOPOTO yBeJH-
YHBaeTcs K cepefHHe TpaHIleH, HanpuMep mebeHKY (B meHTpe), rpa-
BHH H necoX (Mo BHELUIHEMY KOHTYpY).

[IpumensaeMule 1aa GUALTPYIOMIMX OOGCHIMOK MaTepHadnl (MecKH,
rpaBHH, rajbka u mebeHb) nepea yKJAaAKOH AOJMXKHBE OBITH Nponylie-
HBl Yepe3 COOTBeTCTBYIOIMe IpoXOoThl (ceTkH) aJjs orbopa uvacTHil He-
o6xonumoit kpynHocTH. [IpH HaAHYHK B rpaBHH, a OCOGEHHO B MecKax
npuMeced (WIHCTHIX, TVIHHHCTBIX HJAM TNbLIEBATHIX YacTHL) PeKOMEH-
nyeTcsi NpeABapuTesibHasg NPoOMbIBKa HX Bojou. Cieayer Takxke OT-
MeTHTb, 94TO KaMeHHO-uiebeHUaToe 3anoJiHeHHe TPaHIIEH He JOJKHO
pacTBOPATLCA IMOA AEHCTBHEM BOJBI, & IIOTOMY KapOoHaTHBle (MeJ,
cJabbifi H3BECTHSK H T. .) M THICOHOCHBIE MOPOAH AJS 3TOH LEJH He-
npurogHH. [ny6HHY TpaHlmleH Ha3HAyalOT ¢ YYETOM THAPOreoJoruge-
CKHX YCJIOBHH, TO eCTh I'MyOUHB 3a/eraHusi U MOLIHOCTH NMOAJIeXAaIEro
3KCIAyaTauud BOLOHOCHOr'O ropu3oHTa. Bwicory duabTpyiomei o6-
ChINIKM NMpakKTHYecKH npHHuUMawT B npefenax 0,3—0,4H (rpe H—
BCKPHITast MOIIHOCTb BOAOHOCHOrO MaacTa). TOMIHHY (UABTPYIOLIHX
cioep npuaHMaiorT 100—150 MM mas kaxpaoro cjos (60abluke 3Ha-
YeHHS — AJs CJIoeB C KpynHbIM MaTtepuanoM). llupuny tpaHimen yc-
TaHaBJHUBAIOT HCXOAS H3 KOHCTPYKTHBHBIX ocobeHHOocTel Bogo3abopa
(YHCJIO M TOJIIMHA COEB) H YCJIOBHH NMPOH3BOACTBA PaboOT: OHA 06bIu-
Ho cocrtaBasger 0,8—1,2 M.
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TpyOGuatsie Bopo3aboput (pHC. 9.1, 6) — GoJlee KanUTaAAbHBIA THI
BOM03a00PHOr0 COOpPYKEHHS; HX MOXKHO NPHMeHATb NpH raybHHe 3a-
JIeraHus NoJA3eMHBIX BOJ 10 4—5 M. OT KaMeHHO-UlebeHIATHIX TPYO-
yaThie BOZ03abopbl OTAHYAIOTCS TEM, YTO BHH3Y TpaHIUeH, Takxe 3a-
NOJIHEHHOH (QHUABTPYIOLIHM MarepHanaoMm, aas 6onee cBOOOZHOrO CTO-
Ka yKJaAblBalOT ApeHa)KHble TPyObl (KepaMHuecKHe, acbOecToueMeHT-
Hble, 6€TOHHBIe, XKeJye300eToHHbie). B nocaenHue rogn HAaUYHHAIOT HC-
NoJib30BaTh TaKxKe TpyO6odHAbBTPH H3 MOPHCTOro Marepuana (6ero-
Ha, noJuMepbeToHa), KOTOpble YNPOIIAl0T KOHCTPYKUHIO Boxo3abopa
(OHH MO3BOJISIIOT MM IOJHOCTBIO OTKA3aThC OT QHUABTPYIOMIHX 00-
CHIOK HJIH e OrPaHUYHUTHCHA YKJAAAKOH OJHOr0 CJ0s).

B TtunosoM npoekte I'mnpoBoiaxo3a paspaboTaHbl KOHCTPYKIHH TO-
PH3OHTaJbHBIX BOA03a60pOB TPy6UYAaTOTO THNA AAA JABYXCTOPOHHEro
(puc. 9.2) ¥ OZHOCTOPOHHEro MPUTOKA K HHUM NOA3eMHBIX BoA. QOHH
COCTOAT U3 APEHAXHOH acbeCTOueMeHTHOH TpyOw auamerpom 150 mm,
CMOTPOBBIX KOJONILEB, pacnosiaraeMelx uepesd 50 M, U omHoro cbop-
HOro Kosoaua. Bokpyr tpy6bl ycTpauBamwT (PUABTP U3 IPOMBITOTO
rpaBusi HAU UieOHA. ['nyOuHa 3anoXeHHbIXx TPpyO npuHsATAa 3—4 M,
ykiaoH 0,009, KornoBaH noj KOJAOAUB H TpaHuei paspabaTeiBaeTcs
9KCKaBaTOPOM, 060PYA0BAHHBIM JparaaliHOM.

Bonoc6opHble rajiepen yCTpauBaloT OTKPBITBIM CcOcOOOM: BHauaJse
paspabaTbiBalOT TpaHIIel0, a 3aTéM Ha ee JHe BO3BOAAT Trajeperw,
OOBIYHO MPOXOJAHYI0 HJH noaynpoxonnyio. ITonmepeunoe ceueHue Ta-
KHX rajJlepedl NPHHUMAKOT KpYrJablM HJH NPSAMOYIOJIbHBIM, TIPHUEM HX
06zieiKy OOBIYHO BBHINOJHSIIOT H3 COOPHBIX KeNe300eTOHHBIX 3Jie-
MeHTOB. PaspaboraHbl Takxe KOHCTPYKLUHH BOJOCOOPHBIX rajiepedl c
BOLONMpHEMHBIMH 3JIEeMEHTaMH U3 mopuctoro 6eroHa (puc. 9.3). Ilpu-
MeHeHHe BOJOCOOpHBIX rajsepedl orpaHuuyeHo TAyOHHON 3ajeraHus
NoA3eMHBIX BOJA He cBbllle 6—8 M, Tak Kak OoJabliasi rayOHHA pesKo
YCJIOXKHSET NPOHU3BOACTBO PabOT W yBENUUHBALT UX CTOHMOCTD.

IIpu Gosabmux rayOuHax cjaelyeT NepexoAHTb Ha BOAOCOOpHbIE
HITOJIbHH, TAyOMHA KOTOPBIX He NUMHUTHpyeTcs. MIX B OT/IHUHE OT ra-
Jiepeil OCylecTBAAIOT MOA3EMHBIM (TYHHEeJbHbIM) crnocobom. PuAbT-
pylollHe 3JIeMEHTH MOTYT OBITb VJOXKEHBI TOJBKO B Tmpejgenaax 06-
JENKH.

[Ipu ycrpoficTBe ropu3oHTaNbHBIX BOAO3a6OpPOB mJs MepexBara
MOAPYCJOBLIX TNMOJA3€MHBIX BOJA HX TaKxKe pacnojaraloT HOpMa/jbHO K
HalpaBJeHHI0 HX HNBHXKHHA, T. €. Haubojiee yacTo nomepeKk pevHBIX
nonuH. Ilpu HCnonb3oBaHMM HHOHUILTPAUHMOHHBIX BOJ TOPH30HTAJb-
Hble BOJ03a60OpH pacnoJsiaraloT napaJienbHo 6eperoBoii JHHHH BO-
noeMa HJIH BOJNOTOKA.

KApH3bl — 3TO OPHIHHAJbHble COODPYKEHHS, JOBOJBHO ILHPOKO
pacnpocTpaHeHHBIE B MOAYNYCTHHAX (MalOBOAHBIX MECTHOCTAX), Npea-
ropuslx pafionax Cpepnedl Asuu, 3akaBKasbs U Ap. OHH CaAyXKaT AAA
MONYYEeHHS BOAHW H ee BHIBOAA CAMOTEKOM HaA TNOBEPXHOCTh 3eMJH
U3 CpaBHHUTEJbHO TAYOOKO 3aleraloUiHX BOLOHOCHBIX nuaactor. [Ipu
TOMOIIH KSAPH30B YacTO YAaeTcs NMONYYHTHL TpebyeMoe KOJAUUECTBO BO-
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Puc. 9.2. KOHCTPYKUHMH TOPH3OHTAJbHBLIX BOA03260p0B TPyG6IATOrO THIA
@ —- DACTIOJIOXKEHHHE BJOJAb MO NOTOKY; 6 — pacnojioxkeHHbIe HOPMAaJbHO K MOTOKY:
1 — c6opHHR KoJOAEL; 2-— CMOTPOBHE KOJOAuE; J-— mebenb, BTPaMOOBAHHHA B
rPyHT; 4 — 0JepHOBKA; & — pHAbTpyIOMAs 06CHNKa; 0 — BOAOYNOPHHH maacT

JAbl ¥3 OOBOJHEHHBIX TpPeLIHHOBATHIX IVIMH HJH TJHHHCTBHIX OTJOXKe-
HUH, coAepKalux HeOoaAblIHe MMPOCJOU BOAOHOCHHIX IECKOB.

Kapus mnpeacrasasier cobofl psigi 1WAXTHHIX KOJOAUEB-wypdoB,
NpofiicHHBIX 10 BOAOHOCHBIX MOPOJ, MEeXJAYy KOTODHIMH II0J3€MHBIM
crioco60oM (IITOABHSIMH MaJIOro CeYeHHs) NPOXOAAT BOJOCOOpHBHIE Ta-
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Puc. 9.3. BopocGopras ranepes ¢ nopucToGeTOHHHMH BOLONPHEMHBIMH SJEMEHTAMH

@ — NOlepeyHni paspes; 6 — NPOAONbLHBIA paspes: I — NOPHCTOGETOHHAN BCTaBKa;
2 — xenesoberonnasi naura romuuHofi 20 cM: § — meGeHouHasi MOATOTOBKA

JIEpeH HeNOCpeACTBEHHO B BOJOHOCHOM cJioe. B MpakTHKe CTpPOHTEJb-
CTBa KAPH30B KOJOXIbI OOBIYHO BHINMOJHSAIOT POJNb Pa3BeJOUHBIX LIYp-
(OB, IPH IOMOIIH KOTOPHIX, C OAHOH CTOPOHH, BHISICHAIOT BOJOHOCHOCTS
MOPOJ H YCJIOBHA HX 3aJI€raHus, a C APYrod — yepe3 HUX HOAHHMAKT IO-
POy, BBIHHMaeMmylO MpH NPOXOAKe MITOJNbHH, a B caydyae HeoOXoAHMO-
CTH CHYCKalOT KpenexXHbiH MaTepHad. BmecTe ¢ TeM 3TH KOJOAILH,
pacmosaraeMble OOBIYHO Ha paccTOAHHH 5—50 M OAMH OT ApYyroro
(uem ycToHiuMBee MOPOAbLI, TeM pexe), ONHOBPEMEHHO CJYXKaT H AN
BeHTHISAUHH (rayOHHa KoJoAueB uacTo jgocturaeT 50 M u Gousee).

[IpakTHKOl yCTaHOBJNEH CAEAYIOUHHA NOPSAOK COOPYIKEHHS KSPH-
30B: CHavalla NPOXOAAT KOJOAUH-MIYP(DH, a mnocjae BBISICHEHHS IO-
JIOKEHHS BOJOHOCHBIX IIOPOA MeXAy KOJOAUaMH NPOXoxsAT Boaoc6op-
Hble raneped. ['anepeio pacmosnaraloT Takum 06pasoM, 4TOGL OHA Of-
HOM CBOell MOJIOBHHOH BXOJAHJIA B BOJAOHOCHBIH C/IoH H KanTHPOBaja
€ro, a Apyrod npoxojusaa Gbl B BOAOHENPOHHLAEMHBIX NOPOAAX H CJAY-
XHl1a TMYTAMH BBIXOJAa KaNTHPOBAHHOH BOJAB Ha HHEBHYIO MOBEpPX-
HOCTb. B yCTOAYMBHIX NMOpOAax KpelvieHHe IUTOJNbHH B KspH3ax 0Oblu-
HO He NMPeAyCMaTpHBAIOT, B 00BaJIMBAIOLIHXCA Xe IOpPoAax NMPHUMEHSIOT
JAepeBsiHHOe KpenjieHHe CIVIOIIHBIMU BA3aHBIMH paMaMH IIPH BHICOTE
ux 1 —1,2 M u mupune 0,5 — 0,6 M.

Has ABYXNMnacTOBHIX CHCTEM C BepXHHM Oe3HANOPHEIM M HHIKHHM
HanopHBIM BOJAOHOCHBIMH TOPH30HTAMH NOX3EMHBIX BOJ ILeJecOo6pas-
HO NpHMeHeHHe KOMOMHHPOBaHHOIO TOPH30HTANbHOTO BOA03abopa C
BEPTHKA/NbHHIMH CKBaXXHHaMH, NPOHACHHBIMH B HHXHHH mnacr. [lpu
9TOM TOPH3OHTaJbHAsi JPEeHA Hrpaer pojb BOAOCGOPHOIO KOJJIEKTOPA
H OAHOBPEMEHHO IJifi CKBaXHH — BOAOOTBOJHOro 3jeMenta. C 3To#
Henbi0 K FOPH3OHTAJILHOH TPYyOYaTOH ApeHe NOAKIIOYEHBH NAaTPyOKH
(GHUIBTPOBHIX CKBAXKHH. YCTb CKBAXKHH COBMEUIAlOT CO CMOTPOBBIMH
KOJIOAaMH U O0OpYAYIOT 3aABHXKAMH.
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[opusouranbHas npeHa KanTHPyeT BepXHHH Ge3HanopHHH BOJLOHOC-
HBIH MJIACT, 4 CKBaXHHBI — HUXeJeXAallH# HaNopHBI# TOPH30HT MOA-
3eMHHIX BOZ.

Bonoszabop coopyXKaiT ¢ npeABapuTeNbHbIM OypeHHeM CKBaXHH
Ha HHXKHHH BOJAOHOCHBIH CJIOM U yCTAHOBKOH 3aJBHXKEK Ha yCThAX
ckBaxuH. Ilocne npoknaaxku B TpaHLlesX TOPH3OHTANbHBIX APEH OCY-
IECTBJASETCHA Bpe3ka B HHUX (CHH3Y uau cOOKY) nmarpyOKOB CKBaXKHH.

CMmotpoBble Koaoausl u BOAOCOOpDHBIe pesepByapbl. Jlis ocMmoTpa,
BEHTHJIIIMK W PEMOHTAa TOPHU3OHTAJbHBIX BOJ03a00OPOB YCTPaHBAKOT
CMOTPOBBIE KOJIOALLI, KOTOpble pacnonaraiorT yepe3z 50—75 M B BOJO-
3abopax Tpybuatoro THna u uyepe3 100—150 M — B BOAO3abopax ra-
aepefinoro tuna. Kpome 1oro, cMOTpOBBIE KOJIOAIL JOJIXKHHE OBITH YCT-
poeHnl Ha yyacTKe Bojo3abopa NpH H3MEHEHHH €ro HalpasJjieHUS B
niane, neperubax npoduas U B MecTax yCTPOKHCTBa mepenajos, a Tak-
2Ke B HauaJje Bojo3abopa (B BepXHel ero 4acTH).

B ks#pu3ax cMOTPOBEIe KOJIOAUK He YCTPAUBAIOT, TAK KaK HX (YHK-
IIHH MOTYT BBINOJIHATH LIAXTHLIE KOJOALH, pacnosiaraeMble Ha CpaBHH-
TeJbHO HeGOJMbIIUX pacCTOSHHUAX OAMH OT Apyroro. B kaMeHnHo-uie6eH-
gaThHX BoJo3abopax CMOTpOBbie KOJIOALL TAaKXKe He IpeaycMaTpHBa-
1I0T. B Bojao3abopax TpyOuaTtoro THNA CMOTPOBbie KOJOANLI AesaloT
Kpyrjiofi ¢opmel, OOBIYHO ®3 OeTOHHBIX HJH 3Kene300eToHHBIX KoJjell
BHyTpeHHHM Auamerpom 0,75—1 M. B Bososabopax ragaepefiHoro Tuna
CMOTPOBBIe KOJIOAIBI MOXKHO YCTPaWBaTh KaK KpyrioH, Tak H KBaj-
patHo#i ¢oOpPMBI; HX BRINOJHSIOT 00BIYHO H3 OeToHa HAU Keae3zobeToHa.
Pasmepn KoJozlleB onpeAensiioTc KOHCTPYKUIHeH W pa3MepaMu rare-
pel HJH LWTOJIbHH, C KOTOPLIMH OHH CONPATAIOTCH.

Kaxasiii ropu3oHTanbHblfi Bogo3abop 3aKaHuHBaeTcs BOgocbop-
HHM pesepByapoM, B KOTOPBIH BOJa MOCTyNmaeT caMOTEeKOM: H3 pesep-
Byapa B BojOpa30opHble yCTPOHCTBA BOAA MOXET NOJABaThbCi CaMO-
TEKOM HJIH HACOCaMH.

BoaocOopHble pesepByapbl mnpu HebosblioM 3arnyGieHHH HX B
3eMnio (o 5—6 M) ycTpauBalOT KBaApaTHOH HAM NPSIMOYrOJAbHON
¢opMH, a npu Goabliom 3arayOnenud — Kpyriod. Heo6xoaumele pas-
Mepsl HX onpeneasiiorcss Ae6HTOM Bojao3abopa u TpebyeMoH BedHYH-
HOH Bozo3a6opa.

9.2. Tpaccuporalne ropusOHTAJIbHBIX BOA03a00poB

[opusonranbusie BoA03abophl HaunboJee yacTO yCTpaHBAOT HA
KOpeHHHBIX CK/JI0HAX; KaK NPaBW/0, HX pacnonaraloT HopMaJjbHO K JBH-
}EeHHIO MOJ3eMHBIX BOJ, OOBIYHO B BHJAE BEITAHYTOH MO NPOCTHPAHHIO
NOTOKa OJHOH CIVIOLIHOH MJAH HECKOJbKHX IIPEPBLIBHCTBHIX JHHHH.

He Bcerna menecoo6pasHo pasBHBAaThb TOPH30HTAJNBHBIH BOL03a60p
Mo OJHOH JIHHHH; HHOTJLA yNOOHO H SKOHOMHYHO MOCTPOHTH BOA03aGOpP,
COCTOSIUIHH M3 OT[AeJbHHX YYacCTKOB, pAaCHoOJIOXKeHHBIX B HaHOoJsee
GaronpHATHHIX B THAPOTeoJIOrH4ecKOM OTHOIIEHHH MecTax M o0bhefH-
HeHHBIX B OOLIYI0 CHCTEMYy IPH NOMOLIH BOAOOTBOASILIHX JHHHH, MOA-
BOASILINX BOAY B eHMHBIH BOAOCOOPHBIA pe3epByap.

88



B Kkfpu3ax, ycTpauBaeMHX B MpeAropbsx, JHHHIO Boxo3abopa
pacnosiaraloT HOpMAJIEHO K CKJIOHY, T. €. IO NOTOKY IOA3eMHHIX BOJ.
[Ipu 3anoxenuu Bogo3abopa Ha BOAOpa3ZeNbHBIX YyYacTKax HAH Ha
y4acTKax ¢ 3aMelJieHHbIM JBHIKeHHeM TOJA3eMHBIX BOJ HarpaBJieHHE
BON03a6OpHBIX JHHHHA MoxkeT ObITb HNPHHSATO JIOOBIM, YHOOHBIM AJA
NPou3BOJcTBa paboT.

ConpsKeHHe OTAeNbHBIX JHHMA TOPH30HTaJbHOrO BOJO3abopa B
nJaHe OCYIUIECTBJASeTCS B CMOTPOBBIX KosoauaxXx. [opH30HTaNbHOMY
BOJ03ab0py cJieayeT npHAABaTh YKJOH, HanpapJieHHBIH K BOXoc60OpHO-
My pesepByapy. YKJOHBI Hajgo TpaccHpoBaTh TakKHm o6pa3oM, YTOOH
CKOPOCTH ABHMXKEHMS BOIbl II0 HANpPaBJeHHIO K pe3epByapy Bo3pacra-
au. DTO NpenoxpaHsieT BoAo3abop OT 3aujeHHs HaHocaMu 6Jaarojgaps
BHIMA/IeHHIO B3BellleHHBIX B BOJE YacTHIL, MPH 3TOM ocoboe 3HAYEHHE
HMEIOT MHHHMaJIbHBIE YKJOHBHI,

YKaIOHB yCTaHaBJAMBAIOT THAPABJAHYECKHM pacueToM. B KauecTBe
OPHEHTHpPa MOXHO pEKOMeHAOBaTh CJeAYIOllHe 3HaYeHHS MHHHUMAJb-
HbIX YVKJIOHOB: JIJi KaMeHHO-IeOeHyaThX BOR03a6opoB [min=0,01;
g TpyO4YaTHX BoA03abopoB [min==0,002; mna raaepeiHbX BOAO3a-
60poB [min==0,005. Ilpu 3anoxeHUu AHa BOR03aBOpPOB B CaMOM BOJO-
HOCHOM IlJlacTe TPACCHpPOBaHHe 3HAUUTEJbHO obaeryaercs, BHOOD
YKJIOHA oNpepesieTcsl TOJBKO THAPAaBJAHYeCKHMH YCJOBHUAMH.

9.3. Onpenenenne aeOUTA ropH3OHTANBHBIX BOA03a60pOB

TopusoHTaNbHHEe BoAO3abopbl yallle Bcero ycTPaHBalT B BHIE
ONHHOYHOK (He B3aWMOJEHCTBYIOIIEH ¢ APYTUMH) JIHHHH, PacCloJOXKeH-
HOH HOPMAaJIbHO K ABHXKEHHIO MOA3EMHBIX BOJA. 3HAUHTEJIbHO pexe 3TH
AHHWH pacrosiaraloT BAOJIb MO TeYeHHIO MMOTOKA MOA3eMHBIX Boja (Ha-
npuMep, NPpU YCTPOHcTBe KAPH30B). B 3aBHCHUMOCTH OT yCJOBHA 3aJ0-
XEHHA TOPH30HTANbHBIX BOA03a0OpPOB MO OTHOLIEHHIO K BOJAOYHOpPY
pasnugalor BOJ03ab0OpHI coBepllleHHble, JeXalllHe CBOMM OCHOBaHHeM
Ha BOJOYNoOpe, H BOA03aBOPH HeCOBeplieHHBle, He AOCTHUrallHe BOJO-
yrnopa.

HanGosee wacto ropu3onTajdbHble BOZ03a60pPH IPUMEHSIOT MJIA
SKcIiyaTanud Oe3HaNmOpPHBIX NMOA3eMHBIX BOJ, HO B HEKOTOPHIX Cjayda-
X KX MOMKHO HCMOJIb30BaTh H IPH IKCIyaTauHH HANOPHLIX BOAOHOC-
HBIX TOPHU30HTOB, TIPH 3TOM pacyersl NPOBOJAAT IVIaBHHIM 06pasoM B
YCJAOBHSIX X CTalMOHAapHOro pexuma. le6HUT ropu3oHTaNAbHOTO COBEp-
LieHHOro BOA03a60pa, 3aJOXKeHHOr0 B 6Ge3HaloOpHHIA BOJOHOCHBIH
onacT U NpUHWUMAIOIIEro BOAY TOJBKO C OJHOH CTOPOHBI (cayyayu pac-
noJoxeHusi Bojlo3abopa HOPMaJbHO K MOTOKY MOA3EMHHIX BOX), MOXK-
HO onpenenuTh o ¢opmyae [liomon

0=is-2

2 42
2R '’
rae Q — nebur Boposabopa; L —ero anuna; R —xosdpduuuenr uAbTPaLHH BOXO-

HocHOro mJiacta; f —ero Mouuocte; A — ray6HHa HaMOJHEHHS BOAO3a6opa BOLOH,
R — panuyc neficrBusi Bogosabopa.

(9.1)
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Puc. 9.4. Pacyernas CXxeMa NpHTOKA

BOJALI K FOPU3OHTAJBHOMY HECOBEpUICH-

HOMY BOA03a60py, BCKPHIBAWOLIEMy Ha-
NOPHBH BOAOHOCHBH nAACT

1 — cratuyeckuii yposeub; 2 —TOpH-

30HTAJbHHH B0OA03260p; 3 — Mbe3OMET-

pHuecKas JenpeccCHOHHAas Kpupad; 4 —
BOJOYNOP; & — BOAOHOCHHH MIaCT

Puc. 9.5. PacuetHag cxeMa NMPUTOKA BO-

Abl K FOPH3OHTANABHOMY HECOBEpLIEHHO-

My Bojo03abopy, SKCHIyaTUPYIOWEMY
6e3HanopHLIf BONOHOCHBHIA naact

1 — craTHueckuii ypoBeHb; 2 — ropH-

30HTaJAbHRIH Boposabop; & — jenpec-

cHOHHas KpuBas;, 4 — BOAOyNOp, 9 —
BOJAOHOCHKL INJACT

[Ipu mocTynJeHHH BOJAB C JABYX CTOPOH (ciaywyad pacnosoxKeHHd
Bofio3abopa BAOJB IO MOTOKY) meOut, onpejeaseMbii 1o ¢Gopmyne
(9.1), ynBausaerca. [na onpegeneHus AeOHTa TrOpH3OHTaJAbHOIO He-
COBEPILIeHHOro BOL03a6opa MOXKHO HCIOJb30BaTh Gopmyisl A. B. Po-
MaHoBa. IIpd BCKDBITHM HANOPHOrO BOJOHOCHOrO mjacra (pHc. 9.4)
dbopmMyna uMeeT TaKOH BUAI:

O < — 8 (9.2)
I m nlyl,
ar Bm

rie §-— MOHHXXeHHE Nbe3OMeTPHYECKOr0 YPOBHS MOA3EMHHIX BOA Mpu padoTe BOLO-
3abopa B MecTe €ro pacnojoXXeHHH; M — MOLIHOCTh HAMOPHOTrO BOAOHOCHOrO MJAacTa;
r — pajnyc Bojposabopa; Moxer ObiTb npuuAT paBuuiM 0,60 (rae b — mupuHa BOJO-
3a6opa); {2 — paccrosinve oT B0A03a60pa BBepPX MO NMOTOKY X0 HEKOTOPOH TOUKH, Ie
B0103a60p yxKe He BJHAeT HA MOHUKEHHe YPOBHS MOA3eMHHX BOX (MoXeT OHTB
NPHHATO paBHhM R — iR, rae i — ecTecTBeHHHIH TI'pajHeHT NMOTOKA MOJA3eMHHX BOJ,
a R —panuyc neficTBua Boaosabopa); Iy — paccrossHHe OT BOx03abopa, HO BHH3 MO
noToxy (MoOxeT OHTH mpHHATO paBHEM R+iR); B=I[+1l..

[Tpu pacnosno:KeHuHu Bojo3abGopa BAONb IO NOTOKY B 00e CTODOHEI
oT Hero ¢bopMHpPYeTCsS CHMMeTpPHuHas JAellpeCCHOHHAs KpUBasi; B 3TOM
cnyuae li=ls.

B cayuae BCKpHITHSI 6e3HAIOPHOro BOJOHOCHOrO Ijiacta gopmysa
HMeeT caeaylomuit sua (puc. 9.9):

Q=ua(q + ¢+ ), (9.3)
__ k(hy?— hy?) _ k(R —h?)
=T T o,
_ Tk (Hs—h—T)
n(T/ar) 4+ alLL/TB’
h,—H,—T, hy—H,—T,

1

qs
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rae H, — Hamop Ha paccTOsHHH /; BHH3 MO NOTOKy; H; — Hamop Ha paccrosHud Iz
BBEpX MO MOTOKY; o — HAMOp BOAH B Bogo3abope, cuuTas oT YCiorHOR JuHui A—Bb;
T — paccrosinHe oT BoAoymopa A0 TOH Xe JIHHHH,

Ilpu pacnonoxenuu Boposzabopa Brosnb no Notoky Hy=H,, hj=h,
U li=l=R.

Torna dopMyna (9.3) npuHHMAaeT BHJ

Q=L (2¢,+¢s). (9.4)
k(h® — hy?
S | ltho)_

B CJOXHKX THAPOreoJOTHUECKHX YCJAOBHAX (HEOXHOPOXHOE CTpOe-
HHe NJaacra) AeOHT BON03a60pa peKOMEHAYETCS ONpelneasaTh Ha OCHO-
BE 3JI@KTPOMONEJIHPOBAHNS.

Hpumep. Onpenenuts me6HT ropH3OHTAJBHOrO Bono3abopa HECOBEpIIEHHOTO TH-
na, 32;J0XKeHHOI0 HOPMaJibHO K Oe3HaNOpHOMY MOTOKY MOA3eMHHX BOA.
i 2%%,!{&!{0: Ho=10 M; Hi=9M; ho=0; ;=200m; [,=250 m; T=5 m; k=1 m/xg;
= M.
Pemtenue: npeasaputensio Haxoaum L=200-4250=450 m.

Hg = %—g(fﬁ’mgﬂ) + 9% =0,45m; By=10—-5=5M; Ay =9—5=4 M.
Chadana onpesenseM BeJHYMHH §), g2 H g3’
1 (42 — 03 1(52— 02
1= ——(2 200”]"**-—*0,04 M3/4; Gq= (Q 550 L = 0,05 m3/4;
3,14 . —0 =5
gs = ’ 8.6 -0 ) — o 0,2 M3/y.

5 A i +5yﬁm4m_
o 5mmm5 5 - 450

3ateM mo ¢opmyne (9.3) maxomum Q=250(0,04+0,05+02)=72,5 m¥/a.

9.4. Moabop PuaAbTPyOIHX COCHNOK
AJSl TOPH3OHTANbHBIX BON03a00pOB

Marepuanbl, npejHa3HaueHHble 1 GHUABTPYIOUIHX OOCHINOK, XOJ-
JHBl YAOBJETBOPATL TpeboBaHUSIM MMPOYHOCTH H MOPO3OCTOHKOCTH.
I'paBuii u mebeHb H3BEPKEHHBIX NOPOA (TPAHHTH, CHEHUTH, JTHOPUTHI,
rabopo, noppupsel, JaHNAapuUTH, 06a3aAbTH H T. .) C IJIOTHOCTHIO
2,3—2,7 /M3 unu xe 0cob60 NpOUHbIe pa3HOBHAHOCTH OCARXOYHBIX NMOPOJ,
(KXpeMHHCTbIe M3BECTHSIKH W XOPOIIO CIleMeHTHPOBAHHBIE NMECYaHHKH) C
JIOTHOCTBIO 22,4 T/M3 NpH BpeMeHHOM CONPOTHUBJIEHHH Ha CXKaTHe
He meHee 600 Kr/cM2 NPHUTrOAHKBI AJS BHYTPEHHHX CJIOEB OOCHITIKH.

st HapyKHBIX CJioeB OOCHITIKH IIPUTOJHBI NPHPOJAHBIE NEeCKH —
NPOAYKTH BHIBETPHBAHHA H3BEPXKEHHBIX MOPOA. PuabTpyomas obcoin-
Ka He JO0J’KHa 3auJifAThCsd, KONbMATHPOBAThCA H MOABEPraThCs XHMH-
YecKoH cyd@o3HU; KOoAuuecTBO uacTurn pas3Mepom <<0,1 MM Homycka-
ercst He 6osee 3—5 % . Jlast nombopa cocTaBa GUALTPYIOIHX OGCHINOK
B BOJ03a0opax ropH3OHTAJbHOrO THIA peKOMeHAYeTcs MOJAb30BAThCHA
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Puc. 9.6. Kpusnie aaa noa6opa cocraBa nepsoro cios duabTpa (cxema ABHIKEHMS
BOLbI CBEPXY BHH3)

@ — H3 TPABENHCTHIX MAaTepHAJNOB NPH TOMUHHE CIOS (GHALTPA He po=>8Dse; 6 — u3
meGeHHCTHIX MaTepPHaNoB NPH TOJILHHE C10si (PHALTPA he.o=6Ds5,

pacuetubiMu rpagukamu B. C. HMcromunoit (BHUUW BOIT'EO), co-
CTaBJICHHBIMH NMPHMEHHTE/NbHO K PA3/IHYHBIM CX€MaM JABHXKEHHS BOIBIL

B necuannix M rpaBeJHCTBIX BOJOHOCHHIX NOPOAax ¢ K03 GbHIHEH-
TOM HEOJHOPOJAHOCTH TMrp==deo/d1o0<<10 U cpeanum auamerpoMm dso>
>0,15 MM npu ABHXKEHHH BOABI CBEPXy BHH3 IepBbiil Ca0i (HIBTPA
CjaenyeT NOoAOHPATh, HCNONB3Ysi rpaduku (puc. 9.6), BHpaxaoUHe
3aBHCHMOCTH D'so/dso==f(m¢), rie CIVIOWHOH JHHHEH TPOBeIEHBI OC-
peareHHble KpHBble, NYHKTHPHBIMH — orubawomue. [Ipu noabsoBanuu
CIVIOIIHBIMH JINHHSIMH pacyeT BeAeTCsl AJig OCPeJHEeHHOro COCTapa Mo-
pon. Ilpu mosb3oBavHH OrHGAONMMH (NYHKTHPHBIMH) JHHHSIMH HOJA-
60p W MPOBEPKY BHIMOJHAKT ¢ 3amacoM. 3xeck D’s, dsy— cpeanne
AHAMETPB! YACTHIL AJISI CMEXKHBIX CJI0€B NOPOJ (COOTBETCTBEHHO (QHJLT-
Pa H BOJOHOCHOTO mnacra); D', dg — KOHTPOSHPYIOULHE IHAMETPH! Ya-
ctal; D’yo, dio — NeHCTByIOUIMe AHAMETPH! YACTHIL, Trp — KO3 HILH-
€HT HEOJHOPOAHOCTH BOJOHOCHOTO MJacTa; 1g¢ — KoabdHIHeHT Heol-
HOPOJAHOCTH QUIbTPYIOmEH o6ChINKH (c10s GuanTpa).

B Tex xe ycnoBHAX (np<<10 u ds=0,15—0,7 MM), HO npu ABH-
KEHUH BOJAH CHH3Y BBEPX, He AOMNYCKAasi KOHTAKTHOrO 3amopa MeJKO-
3€PHHCTOH MOPOAL B NOPH GoJiee KPYMHOH, nepsbiil caoH (GuAbTpa
noa6pawot no rpaduky, nsobpaxeHHomy Ha puc. 9.7, a. Ilpu 60xkoBo#
CXeMe JABHXEHHs BOABI (T. e. Mapa/ajenbHO QPHAbTPY), a TAKKE OTCYT-
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Puc. 9.7, Kpusnie ana nmoaGopa cocrasa nepsoro cios ¢unstpa Deo/D’10<<10

a — NpH ABHXEHHUH BOJAHN CHH3y BBepPX Ha INeCuaHOM OCHOBaHHH; 6 — npH GOKOBOM
aBHXeHHH BOAH npu [<C1,3deo/d;4<<10

T T

COMEPKAHUE YACTHL | %o

.

SXAJI LERITIZE R
|

- 6y N O S oo T Qo
Qh':_ QD' o % % % - - ™~
f:::‘ § = Y S W & R 3 %

AWAMETP HYACTHKL, MM

Puc. 9.8. KpuBni¢ 3€pHOBOro cocrasa BOII,;H%BHOFO necyanoro nnacra (/) ¥ puIbT-
pa (2, 3)

CTBHH KOHTAKTHOro pa3MbiBa 6oJsiee MeJKO3ePHHCTOH MOPOABI KpPYII-
HOCTh MAaTepHAaJIOB AJISI BONOHOCHBIX IJIACTOB, XAapaKTepPH3YIOLLIHXCH
KO3 PHUHEHTOM HEOAHOPOAHOCTH Nrp<<10 u dso=0,15—0,7 MM, BH-
Oupator Mo rpacduky, usobpaxkenHoMmy Ha puc. 9.7,6. Kosddpuuuedr
HEOXHOPOAHOCTH (DUABTPYIOWIUX OOCBLIIOK PeKOMeHIyeTCsl NMPHHHMATh
He Oosbure 10, 1. e. np==10.

HAJisi rpaBesIHCTO-TaJIeYHHKOBBIX BOJAOHOCHHIX INOPOJA C IMeECYaHBIM
3anoJIHUTeNIeM B KoJsnuectse g>10—20 % mo macce, ko puuHEHTOM
HeOQHOPOMHOCTH Mrp==10—20 u kKospduuuentroM buaprpauun k<
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< 0,05 M/c nmepBuifi caoii puabTpa (KaK NMpPH ABHKEHHH BOJABI CBEPXY
BHH3, TAaK M CHH3y BBepX) mnpepsaraercs noabHpaTh, BHAENAS H3 BO-
AOHOCHOTO NJacTa ero pacyeTHyo dpakuHio ¢ Ko3pdHUIHEeHTOM HEOX-
HOPOJHOCTH 1pp==10 (cuHras or meJKHX yacTHL). [sig 9TOH pacyeTHOMH
YJacTH M CJeAyer noabuparh nepemi cjaoit ¢puantpa (cMm. puc. 9.7).
Bropo#t u TpeTH#i cjOoH (uHAbTPa NOAOHPAIOT MO TEM Ke rpadHkam
(cMm. puc. 9.6, 9.7, a), npunuMas nepBHi ca0# OOCHIIKH 32 BOAOHOC-
HBIH nJacT.

Toamuny cnoes ¢uabrpa BHGHPAIOT B npepenax Ag=>2Dss — 2Dy,
HO M3 YCJOBH# NpPOH3BOJACTBA paboT ona He JojaxkHa OHTL Menee 0,1 M,
onTuManbHoe 3HayeHne — 0,15—0,2 m.

Mpumep. BojoHOCHHE nJacT npeAacTaBNeH NHIeBaTHM mneckoM (puc. 9.8) c
Amin=0,02 MM; d10=005 MM; d50=0,17 MM; de=0,20 Mum; max=1 MM;
Nrpdeo/dio=4 (xpuBas I). Ilopo6paTe mepBHR ciaO¥ OOGCHINKHY NMpPH ABHXKEHHH BOAB

caepﬁz BHH3.
puHHMaeM Ko3hduuHEeHT HEORHOPOAHOCTH O6CHNKH Me=D"¢0/D’10=8. OTHO-

menne D’so/Dso MOXHO NpuHAT, oT 3 po 15 5{: sanacom). Buavane paccyutaem
gpnaygc; 73epuoaoro coctraBa obcuninku TNpH Dso/dso=3. BOROHOCHHE NA4CT HMEET
50=\, MM,

Torpa D’50=0,17-3=0,51 mM. YuurniBas, uro 4actan <0,1 MM B ¢uibTpe He
ROKHO OHTb >3 %, npuuamaem D/ 0=0,156 MM, a D’ =0,15-8=1,2 MM. D’max
npuiumaem ~5 mm. 3uas D’y, D’s, D’¢o H D’max, CTPOHM NEPBYIO T'PAHHUHYIO
KPHBYIO 3€pHOBOTO cocTaBa Guibrpylomel o6chinkH — kpuBas 2 (cM. puc. 9.8).

ono6HbM 06pa30oM CTPOHM H BTOPYIO IpaHHYHYI0O KPHBYIO 1ipH D’sefdso=15.
Onpeneasiem D75/ds0=0,17-15=255 mMm. Torpa D’y npunumaeMm 3,5—4 MM, a
Dso=0,5 MM. D’max npuuamaem 10—15 mm. Ilo noaydesnbiM 3HadeHHsaM D'y, D’se,
D’¢o u D/max CTPOUM BTOPYIO I'DAHHUHYIO KPHBYIO 3€PHOBOrO coctaBa (HAbTpyOlleH
06cHNKH — KpHBas 3 (cM. pHe. 9.8).

MartepHanbl, COOTBETCTBYIOLIHE 3€DHOBOMY COCTaBy MeXJy KpHBHMH 2 H J,
MOXXHO HCIOJB30BaTh ANA NepBoro cios GuibTpPa NPH YCAOBHH, YTO KO3DPHUHEHT
HEOJHOPOAHOCTH HX paBeH 8.

ITpuromHocTs HMeONIErocss MaTepHaJsa A (HIbBTPA NPOBEPSIOT
caeayromaM obpa3oM. 3HAasg 3epPHOBOH COCTaB BOJAOHOCHOIO mjacTta H
KapbepHOro MaTepHasa, NpeJHasHauyeHHOro AJsi QuiabTpa, Onpene/s-
jor oTHowleHHe D’so/dsy B Ko3(ppHIHEHT HEOAHOPOAHOCTH KapbepHOro
matepHana D’g/D’y0; ua rpaduke (cMm. puc. 9.6,a) HaxoAAT TOUKY
nepeceyenus. Ecau 9Ta Touka nomajaeT B 06J1acTh AONMYCTHMBIX 3Ha-
yeHHH, TO MaTepHaJ MOXHO HCMOJb30BaTh A PHALTPA, B NIPOTHBHOM
cjaydae mMaTepHaJ HENPHIOJeH H HYXKAAaeTCsd B COPTHPOBKE.

9.5. Pacuer BOAONPHEMHOH NOBEPXHOCTH
rOPH3OHTAJNBHBIX BOA03a00pOB TPYOUATOrO THIA

BononpueMHble OTBEPCTHS B CTeHKax TPyOb. J[lnamerp Kpyranx
CBepJeHEIX OTBEPCTHil MpHHHMAIOT He MeHee 1—1,0 cM, WHPHHY Ile-
nn —ue menee 0,5—1 cM. B crenkax 6eTOHHHX H Xeje300eTOHHBIX
TPy6 M rajlepesix OTBEPCTHSI BHINOJHSAIOT OXHOBPEMEHHO C H3rOTOBJIE-
HueM TpyO6. Ias sToro B Mecrax pasMelleHHs OTBEPCTHH 3aKJaJbIBAlOT
npoMacjeHHble AepeBsiHHBIE NPOOKH, KOTOPHEe YAANMSIOT NMOCja€e CXBATHI-
Banusi Gerona. [Imamerp oTBepcTHil NMPHHHMAIOT He MeHee 2—2,0 CM.
Heob6xoauMoe 9HCIO0 BOAONPHEMHBIX OTBEPCTHH ONpeAeNsioT ruApas-
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Puc. 9.9. Cxema X ruapaBaHyecKOMy F ooy . v woom A e BB
pacMeTy BOJOIPHEMHOr0  OTBEPCTHN LoF L wmig BT T e ¥ kel e
TPpYyOnt T ! . : ' e
1 — noBepXHOCTh I'PYHTOBHIX BOX B OK-
pyxKaloomeM rpyHte (kKpuBas jenpec-
CHH); 2 — ypOoBeHbh BOAH B (pHIbTpAIH-
OHHOt OOCHINTKEe, J — YpOBE€Hb BOAB B
1pybe; 4 — KOHTYp (HAbTPyIOUied 006-
CHINKH; s — yYaCTOK BHICAYMBAHHA HA
BHEHIHeM KOHType ¢uiabTpyloneii o06-
ChINKH; Mg ~— NMOTEpH HANOpa MpH HCTe-
YeHHWH BOAH Yepe3 BOLOMPHEMHHE OT-
BEPCTHSA

JHYeCKHM pacuyetoM. [Ipu 3TOM pasauyalOT: a) OTBEePCTHS, PaCHoOJNO-
JKeHHBle B BepXHe#l unu 60KOBOH uyacTH TPYOH; 6) OTBEpPCTHHA, pacno-
JIOJKEHHbIE B JOHHOH YacTH TpyOnl.

Ha puc. 9.9 npuBeaena cxeMa K IHAPaBJHYECKOMY pacyeTy OTBep-
CTHH, PaCmoJIOKeHHBIX B BepXHell Hau 60KOBO# uyacTH TpyOnl. Uepes
BOJONPHEMHOE OTBEPCTHE MPOHCXOIHT HCTEYEeHHE BOABI H3 (QHILTPYIO-
el OOCBINKH BO BHYTPEHHIOI NOJOCTb TPYOBI, KOTOpOE CONPOBOKAA-
eTcsl HEKOTODHIMH TOTepsiMH Hanopa ho. 3anaBasi AONYCTHMYIO BeJIH-
YHHY 3THX MOTEPb, MOXKHO ONpeNeNHTh YHC/JA0 OTBEPCTHH Ha | M AJHHbI

I S 9.5)

Te ¢ — OPHTOK K BOX03a6opy Ha 1 M AaHHH (ompejensieTcsi THAPOreoNOTHYECKUM
pPacyeToM); W, — IJIONIAAb OJHOTO OTBepcTHA (ANS BepTHKANLHBIX mieJeH B pacyer
NPpHHHMARTCA TJIOIIAAL OTBEPCTHS HUXKe YPOBHS BojAbl B Tpybe); g — YCKOpeHHe cu-
Jbl TAKECTH; p — K03 PuuHeHT pacxojaa.

Kosdhduupent pacxoma oTBEPCTHIl NEPBOro THMa (pacHoJOKeHHBIX
B BepxHeH usu OOKOBO# yacTu TpyOnl) onpeaessiitoT B 3aBHCHMOCTH OT
yucda PefiHOJNbACAa M OTHOLICHHS dy;ffo, Tae fo— pasMep OTBEPCTHHA
(AnameTp MJIH LIMPHHA leJH, 3a30pa); diy — pasMep Gpakuuu oOChHil-
KH, cooTBeTcTBYIOMHHE 17 % nmo KPHBOH pacueTHOro rpaHyJoMeTpuye-
ckoro cocraBa (cM. Tabauny). B pacdeTHBIHd COCTaB BKJKYAOTCA
dpakuuu kpynHee 0,4fp— B cayuae kpyriablx oTtBepctHid H 0,6f/p—B
caydae liejei WJIH 3a30pOB.

3nayeuus KospdHuuuedra pacxona

- dt:.-'.}fnm B - o
Re
0.4 0,65 1 1.5 2 3 4 6
103 0,33 0,27 0,21 0,33 0,4 0,47 | 0,51 1 0,55
104 031 0.25 0.20 033 |04 |0,43|0.51}0,55
5-103 0,28 0,24 0,19 .32 0,4 0,48 | 0,52 | 0,56
2- 103 0,22 0,2 0,17 0,29 0,36 | 0,35 | 0,48 0,5&




Uucno Pelinonbca BHUHCASIOT N0 dopMmyne

Re = fﬁV 2gh, ’ (9.6)

rae v — Kugematnueckuft kosdpduunent sazkocrd, pasewmit 0,0131 cm?/c npu Temme-
patype Boan 10°C,

Pacuer otBepcTui#i BTOporo Tuna (pacmnoJioXeHHbIX B AOHHOH 4acTH
TPYOhl) BHINMOJIHSIIOT: & ) MO YCJAOBHIO NMPeAOTBPAIllleHHs BBIHOCA (PHJIb-
TpYIOlLeH OOGCHINKH H3-1IOA TPYOB!; 6) 110 BesHUYHHE AONYCTHMLIX NMOTEPh
nHanopa. Y3 aByx mosiyyeHHHIX 3HAUeHUH NMPUHHUMAIOT HAaHOOJIblICE THC-
JIO OTBEPCTHH.

YcnoBue NpefOTBpallleHHs] BHIHOCA HMeeT CAeAYIOUIHA BHA:

0,=0,2V gdy, (9.7)

Ie Up — CKOPOCTb MOTOKA B OTBEPCTHH; g — YCKOPEHHe CHJIbl THAXKECTH; djo — pasMep
¢parkuuf obcwnku, coorBercTByIOmui 10 9, mo KpuHBOH ee rpaHyIOMeTPHYECKOrO CO-
cTaBa.

Corsacuo ycsoBHio (9.7), 9HC/I0 JOHHBIX OTBEpPCTHH Ha 1 M AJIHHEL
TPYOH ONpenensioT no gopmyne

no> -l (9.8)

Pacyer AOHHBIX OTBEpPCTHH IO BeJHYHHE JONYCTHMBIX MOTEPh Ha-
nopa BHINOJHAT Mo popmyne (9.5) ¢ yueToM claelyoUHX ocOOeHHO-
CTed onpeleneHus KoapduiHesTa pacxoja:

a) BeqHuyuHY di; BHIOHPAIOT H3 COCTaBa TPYHTA, 32 UCKJIOUYEHHEM
10 9% Meakux dpakuui, KOTOpble MOTYT ObITb BHECEHBl H3-NMOA TPYOH
npu co6uoneHun ycaoBusa (9.7);

6) B cayuae dy/fp<l B pacyerT NMPHHHUMAKT 3HaA4YeHHe KO3(DPHLH-
€HTa pacxoja npu dyffp=1.

JonyctuMble nmoTepH Hanopa no ¢popmyae (9.5) nmpuHHMaIOT C yde-
TOM oOfecreyeHHsi MAaKCHMaJbHOH 9(P(EKTHBHOCTH BOAONPHEMHOH IO-
BepxHocTH. [Ipn omacHoCTH XMMHYECKOTO KOJbMaTaxa OTBepPCTUH Be:
JUYHHY TOTePb Hanopa ciaeayeT npuHuMath He Gosee 0,5—1 cM, yun-
THBAsl BO3MOXKHOCTh YBEIHUYEHHs MOTEPH MO Mepe KoJbMarTaxa.

Ecnn npuHAT, MHHMMAJAbHOe 3HaueHHe Ko3ahduuueHTa pacxona
u==0,17, TO OpPHEHTHPOBOYHO MOKHO ONpPEJeJHTb YUCIAO OTBEPCTHH MO

dopmyne
PSS SRRt oY (9.9)

0,17w, V/ 981 - 1 o

TAe § — YIEABHBIR BOAOMPHTOK, cM3/c, wo — NMJiomaap OTBepcTus, cM2,

dopmysoir (9.9) pekoMeHAYyeTCS NMOJIL30BATHCA AJISI pacyeTa yucia
OTBEPCTHH B mepBoM npubianxeHuH. Eciu npu 3tom obmiast nyomanb
OTBEpCTHH OKasniBaeTcs Gosee 1Y mniomaan noBepXHOCTH TPyOH, TO
clelyeT onpelensiTh YHCA0 OTBePCTHH Gosiee TouHO Mo (opmyie (9.9).
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OTBepcTHs HAa TOBEPXHOCTH TPyObl pasMemlalOT C y4YeTOM MakKcH-
MaJbHOH BOJONPONYCKHOH CIMOCOOHOCTH M YCJOBHH NMPOYHOCTH TPYOHL
OTBepcTus CJaeAyeT pasMemiaTh He BhIlIE YPOBHS BOAH B TpyDe. Pac-
CTOSIHHST MEIKAY OTBCPCTHSIMH XKeJaTeJbHO NMPHHHMAaTb HEC MCHEE 4YeM
B 15—20 pa3 Ooabliie pa3Mepa orBepcTHH. Toraa oTBepcTHs NpPakTH-
YecKH He BJMAIOT Ha NPOYHOCTH TPyOBl. B NpOTHBHOM cjiyyae HeobXo-
AHMO YUMTBIBATH CHHXKEHUE NMPOYHOCTH TPYyOBI MOJA BAHSHHEM BOAONDPH-
eMHHX oTBepcTHH. KoadpuuneHT cHHKEHHSI TPOYHOCTH BBIYHCJSIOT IO

dhopMmyJie
ky=Pg/P=1—t]c, (9.10)

rae Py u P —npounocts NepopupoBanHoii H HenepdpopupoBaHuoin 1py6; f— pas-
Mep orBepcTHH  (BAOsib TPYOHl); ¢ — paccTosinHe MexAy OTBepcTHAMH  (BAOJb

TpyOH).

3a3opsi Ha cTHiKax TPyO. BO3MOKHOCTH MCMONB30BAHHS 3a430pOB
B KayecTBe BOJONPHEMHBIX OTBEDPCTHH MNPOBEPSAIOT T'HAPABIHUECKHM
pacueroM, Heob6xoauMO, yToOH NMPOHHILAEMOCTh (GHABTPYIOIEH OOCHIN-
K1 Obivia B 10 1 GoJice pa3 BhIlE NPOHHUILACMOCTH OKPYKAIOLIEro rpyH-
Ta. Toraa MOXKHO CYHTaTb, 4TO (PHABTPALHOHHBIA NMOTOK B OOCHIIKE
ABHIKETCSI BHOJIb TPYOBl OT CepeiHHBl 3BeHa K 3as3opaM. [IBHiKXeHHe
noToka B OOCHINIKe CONMPOBOXKAAeTcsl MOTEPSIMU Hanopa Ay, BEIHUUHY
KOTOPOr0 MOIKHO ONpelesHTb 1o dopMmyde

hy = qL?/kywy, - 8, (9.11)
rie L — nadHa TpyOHl, T. €. paccTosiHHe MeXAy 3a30paMH; g — NpuToK Ha | m Tpy-
6u (onpefensieTcst rHAPOreoJOrHYeCKHM pacyeToMm); Wg — NJIOMAAL NTOTOKA B PHJILT-
pyoiiei oOCHMNKe, paBHas NJomaAH oOOGCHIIKKH HHXe ypOBHA BOAb B Hedi (mpHOaH-
KEHHO — HHXKe YpOBHHA BoAM B Tpybe); ke — Koshpduuuedr ¢uabTpaudu GUILTPYIO-
mei OO6CHINKH.

Bruiuncaennyio no ¢opmyae (9.11) BenuunHy notepp Hamopa cpas-
HHBAIOT C HEKOTOPOH MONMYCTHMON BEJHUHHOH [Ag], ompenensieMoi yc-
JosueM sddexkTuBHOCTH paboTh Bojo3abopa. Ilpn orcyrersuu 0co6mIx
TpeOOBaHH# cleAyeT NPHHUMAThb AONYCTHMYIO BCJAHUHMHY norepb [Ag)
He Goaee 3—5 cm. Ecan hg<<[hg], TO 3a30pHl Ha CTHIKAX TPYO MOXKHO
HCIIOJIb30BaTh B KadecTBe BOAONPUeMHBIX OoTBepcTHil. Ecam hg>[hsl,
TO CJeAyeT NpeaycMaTpuUBaTh CllellHalbHBe BOJAONPHEMHBIE OTBEPCTHA
B CTEHKax Tpyo. _

3a30p, HCNONb3yeMblii B Ka4eCcTBe BOAONPHEMHOFO OTBEPCTHS, CJie-
AYyeT OCTaBJATbL OTKPBITHIM TOJBKO B HHXKHCH YACTH TPYOBI, IpUMEPHO
Ha !/3 ee OKpYXHOCTH. BepxHsist wacTh 3a30pa AOJMXKHA ObITh NPHKPHI-
Ta HJA4 3ajenaHa BO H30eXaHHe MNPOCHINAHHS TPYHTA HUAH OOCHINKHU
B TpyOy. Heob6xonumeiii pasmep 3a3opa OnpeaensiioT THAPABIHYECKHM
pacyeroMm. O4eBHAHO, YTO 3a30p paboTaer Kak AOHHOEe OTBepPCTHE, IO-
9TOMY JJIsi €ro pacuerta Hcnoab3ywTest dopmyns (9.5) u (9.8), koto-
pble TPUMEHHUTEJbHO K 3a30py NpHOOpeTalT CACAYIOUHA BHI:

TN . WO (9.12)
0,2V gdy

w, = — L (9.13)
E-LV ‘Zgh.;,
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Puc. 9.10. KoHcrpykrHBHAas cxema
Tpy6uatoro sogosatbopa

e BN 1 — ypoBennr BOAB B Tpybe; 2 — ypo-
“ s n-ﬁ’ ¥ A BeHb BOJAK B GHAbTpyOUlEH OOCHNKE;
£ Jo= n;éaﬂ' x 3 — tpyba
O o Oo ! G0 4B E‘:__
npﬂ o \\ K=" :ﬂ{: 4l ?
< f"-’;’- o 02 oA 5
aaﬂc’ “:“. % i %
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Puc. 9.11. Kpusnie rpanysoMeTpuyeckoro cocrana

1 — rpynra; 2 — dunbTpyiolledi 06CHNKH; 3 — TO Ke, HO HCKIIOYEHH (PPaKNHH MeHb-
e 0,4t(}

rie g —IpHTOK Ha 1 M TpyO6ui; L — AAHHA TPYOH (pacCTosiHHe MexXJy 3a30paMmH);
ocTaJbpHHe 0003HayeHns NaWw B nosicHeHHax K dopmymam (9.5) u (9.8).

KospdunedT pacxoia onpejenasiercst Kak u panec. M3 aByx 3nave-
HHH @, OKOHUATEeJbHO NPHHHMAIOT HauboJbluHe, H B 3aBHCHMOCTH OT

pa6oueil AJuHBl 3a30pa (uepe3 KOTOpYI0 BoAa nocTynaer B TpyOy)
onpeensiioT He0OX0AHMYI0 WHPHHY 3a30pa.

Mpumep pacuera. Jlana KOHCTPYKTHBHAs cxeMa poposabopa (puc. 9.10). TpyGa
acbecronementHad. JlauHa 3sena Tpybm L=300 cM. QuabTpyromas oOcHIKa
(puc. 9.11) umeer Koapdumuent ¢uabrpanun Re=1800 M/cyr=2,08 cm/c. IlputoK
K BOJN03aGopy cocrasaser ¢=2,3 M3[cyr, nmu 26,6 cM®/c. B pacyere ma | M JJHHH
on pasen 0,266 cm2/c. Heo6xoaumMo paccyHTaTh BOXONDHEMHYK MOBEPXHOCTH TPYOHL

Bapuanr 1. CHayana npoBepHM BO3MOXKHOCTB HCMOJb3OBAHUA B KayecTBE BOXO-
NpHeMHHX OTBEpPCTHH 3a30PoB HA CTHKAaX T1py6. [las pacuera no ¢opmyne (9.9)
BHUHCASEM maoliiaab noroka B QuasTpyoileli  obcwnke. CormacHo puc. 9.10,
wn83g%35gb%§~lf2-ﬂf4-362m1765 em?,  [lo dopwyne (9.11) wmaxomum  hep=
= = bl T hiIK -

5.00. 17658 0,81 cm. IMoTepu He3HAYHTEJNbHH, MOITOMY 3430PH HA CTHIKAX MO
JHO HCMONb30BATb B KAa4Ye€CTBE BOJOMNpPHeMHBX OTBEPCTHQ.

[lo ¢opmyne (9.10) BoiyHcAseM HEOOXOAMMYIO MNJOLLAAL 3a30pa, mnpelBapu-

TenbHO Haiiast no puc. 9.11 (xpusas 2) die=0,29 eM

266 - 300
Wy = L] ws 23 7 cM2,

0,21 981 - 0,29




ITo popmyne (9.9) nnomans 6yner 3aBenoMo Mewnbine. 3330p NPHKPHIBAEM CBep-
Xy Ha 2—3 AnuHbl OKpyxHOCTH TPyGu. JJuHAa OTKpPHTOR yacTH 3a30pa lam? n-33=

=34,6 cm. HeobxoauMasn mupunHa 3a30pa b= w,/ls=23,7/34,6=0,69 cMm.

Bapunanr II. Ctukn TpyG6 3akphiTHi My({TaMH; BOJONpPHEMHKie OTBEPCTHA B CTEH-
Kax 1py0; oTBepCTHs mpocBepnuBaTcA. IIHameTrp OTBepCTHS mnpHHHMaeM fy=1 cM.
[Taomane orBepcTast wo=0,785 cm2.

Jns pacuera yHcna OTBEpCTHE npeaBapuTesbHO mnpunumaeM ho=05 cm. Ilo

1V 2.981.05

0,0731
obcumnku (cM. puc. 9.11) Brieasiem uyactb ¢ ppakuuAMH KpynHoCThiO 0,4{0=0,4 cM H
B BblneseHHOH yacTH (kpuBas 3) HaxoauMm di;;=5,6 cM.

[lpu d,7/t=5,6/10=056 1 Re=2390 naxoaum mo taba. 9.1 3nauenue n=0,21.
[To dopmyne (9.5) BoiuHCHsieM HEOGXOAMMOe 4HCNO OTBepcTHR HA 1 M TPYGHi:

) 26,6
0,21 - 0,785 . 2. 981 - 0,5

Ilpunamaem n=6. [las cpaBHeHHs BHIYHCJASEM YHCAO OTBepcTHH MO npubJaHKeH-
HO#A Qopmyne (9.8):

¢opmyne (9.6) naxoaum Re= -=2390. B cocrase ¢uasTpynomed

—5,15.

26,6
n=— U,?ﬁ‘é’é" =6,8.

OrBepcTus pasMellaeMm ¢ ABYX CTOPOH TpyOu. PaccTosiuHs MeXAy OTBepCTHSMH
B psaay npuuHMaeM [o=30 cm.

9.6. Pacyer BOZONPHEMHOH CIOCOOHOCTH TPYO
B rOpU30HTAJNbHBLIX BOAO3ab0pax

I'mapasinyeckue pacueTsl NpOBOASAT AJsl OonpefesieHHs] AHAMETDOB
Tpy6. Ecnn ke guameTpnl Tpy6 H3BECTHBI — PACCUHTHIBAIOT YKJIOH BO-
nosabopa, obecneunBamOUiero NOCTYNAaOUWHKH pacxon BoAbl. BelHuyHHy
OTBOJAHMOTIO pacxojfa Q onpeaensioT, BBINONHAS THAPOre0JOrHYeCKHE
pacuersl. JlonycTHMYi0 CpelHIOI0 CKOPOCTb ABHXKEHHS BOJABI B Tpybax
BLIOMpAIOT H3 YCJIOBHS HEAONYCTHMOCTH 3auJieHH TPyO H pa3MHIBa
OKpy2Kaiomero rpyiata (Ha yuacTke nepgopupoBanubix Tpy0).

CropocTs ABHXKeHHS BOAbl B Tpyb6ax npuuumaioT 0,15—1 m/c. Has
TPy O, YJAOMKEHHBIX B IVIHHHUCTHIX TPYHTaX, HAHMEHbIIYIO CKOPOCTh JBH-
XKeHust npuHuMaloT B npegenax 0,15—0,2 m/c; B necuaHbX rpyHTax —
0,3—0,35 m/c. OntumanbHas ckopocts asuxkeuus 0,56—0,7 m/c. Han-
60/bIIYI0 CKOPOCTh Ha3HayawT He Gosee 1 m/c. Ha ryxux yuacrkax
TPpyO CKOPOCTh TEUEHHSI MOXKHO AOBeCTH A0 1,5 M/c, eciu 3TO He NpH-
BOJUT K 3aMeTHOMY 3aryny6JeHHI0 BOg0o3abopa.

IlponyckHas cnoco6HOCT, TPYyO M0JIKHA COOTBETCTBOBATb MaKCH-
MaJibHOMY oOXupxaemoMmy JeOuTy. Ilpu sToM He cienyer no6GHBaThCA
3anoJiHeHHs1 TpyO BOAOH Ha Bce ceueHHe, MaKcuMasbHasi nponyckHas
CcloCOOHOCTh COOTBETCTBYET TJyOHHe 3anojiHeHHs Tpy6 (puc. 9.12)
h=0,9—0,93, a Hauboabllass CKOPOCTb ABHXKEHHS BOABL NPH HANOJ-
HeHun Ha 0,18d. IlpakTHueckHn ray6uHY Hano/sHeHHs B Bomo3abopax
cJeAyeT npuHuMaTh He meHee 0,3d.
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Puc. 9.12, 3apucumocts K03pduuueHTOB o ¥ B 0T cTeneHH 3anonaHeHus Tpy6 BOROH

I —xpuBas o=y (h/d) — no ckopocTHOMYy npusuaky; 2 ~-kpusas B=h/d —no npo-
MyCKHOH CrnoCOGHOCTH

3Hasi npUTOK (, MOCTYnawuHi B BOJ03a60P, AONYCTHMYIO CKOPOCTh
JBHIKEHHA BOABI B TPYDOAX Unon M 3aAaBIUHCh CTENCHbLI0 3aNOJHEHHS
TpyO h/d, BHuHCASIOT AUaMeTp TPYO:

d= V4Q/B'“%nﬂnqr (914)

rie P —xo3huuHeHT, 3aBHCAWMA OT CTeNeHH 3amOJHeHHs hfd, onpepensembli Mo
KpuBoit 2 (cM. puc. 9.12).

Hcxons u3 yesaoBuil HOpMaJbHON 3KCTIayaTauuH BOK03abopa 3TOT
JHAMeTp AoJIXKeH OblTh He MeHee 200 mw.
Yxa0H Tpy6 onpeaeasior no gpopmyae Iesn

i == Q?/s%®R, (9.15)

TAe §— NJOUIallb 3KHBOTO CEYEHHs NOTOKA; R — FHADABJAHYECKHH pamuyc; ¢ — KO-
3¢ duineHT CONPOTHBIACHHS.

[lnomans XUBOro ceueHHst s W IMApaBJIHUECKHAH paauyc R sBas-
JOTC (PYHKIHAMH CTENeHH HanoaHeHHs h/d W BHUHCAsAIOTES no dop-
MyJiaM:

s = Brd?/4; (9.16)
R = ad /4. (9.17)

Kosddunuentsl a # B 6epyr us rpaduxa Ha puc. 9.12. Koadbdpumu-
€HT COIIpOTHBJEHHA ¢ BHUHcASOT no ¢opmyae H. H. IMasaosckoro

c=R'n;, y=2Vn—0,13 -0V R (Vn-0,1), (9,18)

rAe n — Ko3QOHiHeHT IEPOXOBATOCTH, 3HAYEHHS KOTOPOro TMpH pacuere TPyO npH-
mumator 0,012—0,015.
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3HayeHHs1 KO3pdHIHEHTA ¢ B 3aBUCHMOCTH OT 1 U THAPaBJHYECKO-
ro paauyca R MOKHO TakXe olipefiesuTb H Mo ¢opMyae MaHuHHTA

¢c=1.R"n. (9.19)

Ha nepdopupoBanHbiX yyacTkax TpyO BOja MOCTyNaeT H3 NJACTa,
MO3TOMY MO AJHHe TPYOH pacxold OyJeT mepeMeHHHIM: YBeNHYHBaAETCH
OT HYJfl B HauaJsie Bojxo3abopa, T. e. B cedeHuu x==0, 10 Q B KoHIe
BOjA03abopa, T. e. B CeyeHHH X==q. [lHamerp TpyO B 3TOM C/ayyae Tak-
XKe onpefensiior no popmyne (9.14), B Koropo#t Q — pacXoa B KoHIle-
BOM CeYeHHH BOA03abopa.

Cumrtas, 4TO MOCTyNJIeHHe BOABI M3 NJacTa NMPOHCXOAHT paBHOMeEp-
HO MO JUIHHe BOJA03a60pa, YK/IOH B MPOH3BOJBHOM CEYEeHHH Ha PaccTOs-
HHH X OT Hayajna MOXHO HalTu no Gopmye

: Qa2
T e 9-
y L3s3c2R (-2}
a CpelHHH YKJOH BCero Boaoszabopa mauHOi o — no dopmye
ip = Q/3s**R. (9.21)

I'uapasiuyecknit pacyer BHIMOJIHSAIOT TaK K€, KakK H pacyer nepdo-
pHpOBAaHHBIX Y4YacTKOB B0OJA03abopoB H3 oObUHBIX TpyD, —no ¢opmy-
aam (9.20) u (9.21).

JIABA 10. JIVYEBBIE BOLO3ABOPbI

10.1. Tunsl, KOHCTPYKUMH, YCIAOBHS NIPHMEHEHHSI

JIyueBbie BOn03a6ophl B OTEUECTBEHHOH BOXOXO3sHCTBEHHOH Mpak-
THKE NPUMEHSAIOTCS OTHOCHTEJbHO pelikKo. B moc/seanne TOAH MNOJYyYHIH
pacnpoCcTpaHeHHe MaJbie JIyuYeBble BOR03a60pH, OTIIHYAKOIIHECS CpaB-
HHTEJbHO HeOO/bILIOH AJHHOW JydYel — FOPH3OHTAJbHHIX CKBaXHH.
OnbiT MPOEKTHPOBAHHS M 9KCIUIYaTAlHMH JYYEBHX B0J03260POB MOKa-
3a.1, 4TO HX HaHboJee 1eecoo6pasHo MPUMEHATL B BOAOHOCHBIX MJa-
CTax, KPOBJst KOTOPHIX 3aJjieraer Ha ray6une He O6oaee 15—20 m u npwu
OTHOCHTEJIbHO HeOO/bIIOH MOIHOCTH BOAOHOCHOTO NJ1acTa, HAaXoAd-
mieicst B npefenax 5—20 M. JlyueBble Bom03aGophl MO3BOJASIOT OCY-
LECTBHTL OTOOP BOABI NOA PYC/JAOM PEKH HJIH JOXKEeM BOAOXPaHHJHIIA
H 3 (PEeKTHBHO KaNTHPOBATL HEOJHOPOAHBIE B pa3pe3e BOJOHOCHBIE
N.1acTul, YCTPAHBas JYYH B HauboJiee NPOHHIaeMbIX 30HAX pa3pesa.

llo ycnosusiv nmpoussoacrsa paboT JyueBnie BOA03aGOPH HC PeKo-
MEHAYeTCS NPHMEHSTh B FPAaBHHHO-TAJIEYHHKOBHIX NMOPOAAX H B Iecya-
HbIX BOAOHOCHHIX IJIACTaX ¢ BKJIOYEHHSMH BaJIVHOB,

B cocraB ayueBbiXx B0Z03a6OpPOB BXOAAT BOXOCGOPHHE KOJOAELL
(lnaxra), BogoNpHeMHbIE NYYH-GHIBTPH (rOPH30HTA/bHEE CKBAXKHHbI)
H HAacOCHast yCTAHOBKA. B 3aBHCHMOCTH OT THMAPOre0JIOTHYECKHX YCJIO-
BHII NDHMEHSAIOT CJACAYIOUIHEe CXeMbl JYYeBBIX BOZ03a6OpoOB: BO03a-
60pol OGBIYHOTO THNA ¢ OAHHM SIPYCOM FOPH3OHTAJBHBIX CKBaXKHH, MHO-
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rosIpyCHBIH JyyeBo# B0OA03ab0Op ¢ pacnojioXeHHeM (PUILTPOB HA pas-
HBIX YPOBHSIX, MaJblil y4yeBo#l BOL03a6op ¢ LEeHTPaJbHOH BOAOCOOPHON
CKBaXKHHOH, coopyzKaioT KoTopylo 6ypenueM. [IpHHLHNIHANBHO BO3MOXK-
HO YCTPOHCTBO KOMOHHHPOBAHHHX BOA03a00POB ¢ BePTHKAJAbHBIMH HJIH
HaKJOHHBIMH CKBaXXHHAMH-YCHJIHTEAAMHU, KOTOPHIe 6YpAT U3 BOLOCOOD-
HOTO KOJIOAIlAa H KanTHPYIOT HHIKeseXKallHH BOXOHOCHLIH TOPH3OHT.
Has ycunenust npuToKa B BOAOCOOPHBI KOJOAEH B CTEHKAX H AHHILE
IAaXTH YCTPAHUBAOT (PHABTPYION(HEe BCTABKH M3 NOPHCTHIX MAaTepHANIOB
(nc}gucmro 6eTOHA, MOPHCTOH KePaMHUKU H T. 1.).

aXXHeHlIHe 3JeMeHTBl CTPOHTEJLCTBA JyyeBOoro Bomo3abopa —
COOpYyXKeHHe WIAXTHOIO CTBOJIA, TOPH3OHTAJbHHX Jyuell (CKBaXHH) H
060pyROBaHHE NOCAEIHHX BOXONPUEMHBEIMH YCTPOHCTBAMH C NOCAERYIO-
el MPOKAYKOH.

10.2. CnocoObl ¥ TeXHHYECKHE CPECTBA
NpoOU3BOJCTBa padboT

Bojpocbopublit maxTHbI KOJOALL, CAYKHUT AJs1 c60pa BORB U MOXKeT
NPOXOAUTHCH CJASAYIOIHMH criocobaMH.

CTpOHTENBCTBO MAXTHBIX CTBOJIOB CnOCOOOM «CTéHa B TPYHTE».
Cyumgocth cnocoba 3akaiouaeTcess B TOM, UYTO Orpa/jaamouias CTeHKa
IIaXTHOrO CTBOJIa BO3BOJAHTCSI B TpaHiuee, 6opTa KOTOPOH yHAepiKuBa-
I0TCSt OT OOpylIeHHsT IIPpH NOMOIH IVIMHUCTOrO pacTsopa, CO3Aaloliero
B Heli H3GbITOUHOe HaBJjeHHe. PopMa WAXTHOTO CTBOJA MOMKET OBITh
KBaApaTHOH uau Kpyrao#. CTeHka ctBoJjia uMeer ToqauuHy 0,3—0,5 M
H MO3eT ObITb BHIOJHeHAa U3 6eTOHAa, MOHOJHUTHOTO UJAH COOPHOro XKe-
Je3obeToHa, Bo3BeaeHHe ee OCYUIECTBJASIIOT OTAEALHBIMH CEKIHUAMH-
saxBaTkamu. Beronuposanue BeayT meroaom BIIT (BepruxanpHo me-
peMeuraouiuxesi Tpy6). Monrax cOOpHOH Kelle300€TOHHONH CTEHKH
BHIMOJHAT W3 OTAE/NbHBIX 3JeMEHTOB C TOC/AEAYIOUIHM 3aMOHOJHYH-
BaHHEM HX CTHIKOB.

Tpasiuero paszpabaThiBaioT 6YpOBHIM cloco60M clienHalNbHBIMU ar-
peratamu H mamuuamu [(CBJII-500, 6appaxuas mamura BM-10/5,
Gappaxnas mawmHa BM-50(0,5)], TpasumelinsiMH AparjaiHaMH H
rpeiepamu.

I'pyHT B IAXTHOM CTBOJIe MOXeT pa3pabaThiBaThCsl HACyXO C mpo-

BeJlcHHEM TAYOMHHOrO BOJOMOHHIKEHHSI HJH [MOBEePXHOCTHOrO BOMOOT-
JIMBa, a TakXKe HU3-nojx BoAabl 6e3 Boponouuzkenud. Has pa3paboTKH
TPYHTa BHYTPH IIAXTHOTO CTBOJIa HCMONB3YIOT rpefideprl, ruApo3eBa-
TODHI.
CTpOHTENbCTBO MAXTHBIX CTBOJOB TNpPH MOMOUIH CEKYW{HX CBaM.
YcTpoiicTBO MX OCyHiecTBASIOT OYPOBHIM POTOPHBIM CTaHKOM, Hampu-
mep IDA-15B, ucnonb3oBanHeM JHAEPHO-HANPaBAAWIIHX TPYO ABYX
THNOB: H3BJdeKaeMbiXx M3 ckBaxuH JIHT- u ocraBasieMbix B HHX
JIHT-O. Vcranosky Takux TpyO B CKBAaxKHHAxX M HU3BJeueHHe M3 HHUX
TaK:Ke BBINOJHAKT 6YPOBLIM CTAHKOM.

lMepen mauanoM GypeHHsI CKBaXKMH A/ oOecleyeHHs HX BEpTH-
KaJbHOCTH HA MNOATOTOBJEHHOH MJISi ClelHaJbHBX paboT naouiagke
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YCTpausaT (opliaxTy H3 MOHONHTHOTO xefae3oberoHa. CTpOHTENIBCT-
BO LIAXTHLIX CTBOJIOB STHM CNoCOOOM COMpsizKeHO € OoJbUIOH CJIOXK-
HOCTbIo OOecleueHHss BePTHKAJbHOCTH CKBAaXKHH NpH HX Oypenuw,
BbHIEMKH I'PYHTA H3 CTBOJIA, a TaK)Ke CO 3HAYHTeJbHBIMH KaNHUTaNbHBIMH

3aTpaTaMH.

CTpoHTesbCTBO WAXTHHIX CTBOJIOB CcNOCcOOGOM 3aaasiaHBaHug. U3
OTbITa CTPOHUTENBCTBa LIAXTHHIX CTBOJOB MajlblX pa3MepOB B CEUEHHH
H 3HAUNTCAbHOH ray6unn (6osee 15 M) H3BeCTHO, 4TO CTBOJBL M0OL00-
HOro THna o06aafalT cpaBHUTENbHO Hebosbwod maccod (60—80 T1),
KOTOPOH HeJOCTATOUHO AJfi NPEeoJOJEHHSA CHJ TPEHHS, BO3HHKAIOUHX
MCAKAY CTEeHKOH CTBOJIA H TPYHTOM.

JIns yMeHbINEHHS CHJ TPEHHS NMPHMEHSIOT NMOAMBIB, THKCOTPONHEE
pyOalukd, 3noKcHAHbIe 06Ma3ku. OfHAKO 3TH MEePONPHUATHS 3aYacTyiO
He 00eCneyHBaIOT HOPMAJILHOIO MOTPYXKEHHS IIAXTHBIX CTBOJIOB IO
JelicTBHeM COOCTBeHHOro Beca, 0COGeHHO B HEONHOPOJHOM TPYHTe.

Bo u3bexanue 3aBHCaHHS CTeHKH CTBOJA €€ 33JaBIUBAIOT B [PYHT
C NOMOUIbI0 JOMKPATOB, ONHPAIOUIHXCS HA YNOPHYI0 KOHCTPYKILHIO,
KOTOpasi MoKeT ObiTh Pa3NHYHOH. 3a/laBAHBAIOT OrpaxKAaloUyi0 CTeH-
Ky CTBoJIa O Mepe pa3paboOTKH rpyHTa H BBLLAYH ero Ha NMOBEPXHOCTh
CO CJEAYIOUMM OnepexkeHHeM pexyuiefl KPOMKH HOXKAa NOBEPXHOCTH
3abof: B MeCKax ¥ NibIByHax — Ha 1,6—2 M, cynecsix U CyraHHKax —
Ha 0,75 M u B rmuHax —Ha 0,5 M. 3T0T Cn0cob NOrpyxKeHHs HMIaXTHBIX
CTBOJIOB NPHMEHSIOT NPH HapauIHBaHHH CTeH COOPHBHIMU KeJe300eToH-
HBIMH H TPYHTOBBIMH KOJIbIIAMH HJIH TIPH BBINOJHEHHH HX H3 MOHOJHT-
Horo xene3obeTona. [IpakTHKa noka3biBaeT, UTo YCTPOHCTBO IIAXTHHIX
CTBOJIOB peHTabeNbHO NPH HX AHaMeTpe A0 3 M — H3 XKese300eTOHHBIX
XoJiell, a CBHIle 3 M — H3 MOHOJUTHOrO }xeae3obetoHa. [lorpyxkenne
Oorpaxjamonei CTeHKd WAaXTHOTro CTBOJA B IPYHT ¢ NOMOULLIO 3a/aB-
JUBaHHS OCYHIeCTBASIOT Ha TayOuse cBbile 20 M ¢ THKCOTPOMHOM
py6awkoi. Ilpn c6opHoM orpaxpaarwuieif CTeHKE MIAaXTHOrO CTBOJA
coeinHeHHe OJI0KOB B KoJblla H KoJiell MeXAy co0o# BHINOAHSIOT MHO-
CPeICTBOM SJEKTPOCBAPKH 3aKJaNHBIX geTalie.

3a py6exoM CTBIKH KOJEl WIaXTHOTO CTBOJA CKJAEHBAIOT MEKI
co00i pacTBOPOM M3 ABYX KOMIOHEHTOB: CMOJbl H YHCTOrO necKa [17].
Bpewms 3atBepieBanHsa pacrBopa 8—12 u.

PaspaGoTky rpyHTa M BHZ34y €ro Ha NMoOBepPXHOCTb OCYLIECTBJISIOT
JienecTKOBHIM rpefiepoM. Jlng 3anaBauBaHus MIAXTHBIX CTBOJIOB IIPH-
MEHSAIOT THApaBJHYeCKHe AOMKpaTH ycunuem 500—1500 kH ¢ xonom
wmrtoka 0,8—1,2 M (mapku gomkparos [1-10, JIT-642, CB-199 u np.).
Hias cospanis HeoGXOAHMOTO JaBJeHHSI NPHMEHSIOT HACOT BHICOKOIO
nasnenusi H-403E.

B menax noBbllleHHs NPOH3BOAHTENLHOCTH TPYAa, MAKCHMAJBHON
HHIYCTPHATH3ALMN U MeXaHH3alHH PaboT, YAyYUIEHHsT YCJAOBHH TPYAa
PabouYHX H COKpamleHHs CPOKOB CTPOHTENbCTBA TPECTOM YKPIUApPO-
cneudysnamenterpoit (r. [IHenmponeTpoBck) pa3paboTaHa crenHasib-
Hasl TCXHOMOTHSA AAA CTPOUTENbCTBA LIAXTHHIX CTBOJIOB JIYUEBEIX BOJAO-
3abopos. Ona BE/0OYAET CAefylOUIHe OnepalHH.

103



1) YcrpolicTBO aHKEPHBIX ONOP, KOTOPble CAYIKAT A KpelJeHHs
Cliel{HaJIbHOH THAPABJHYECKOH YCTAHOBKH Ha YCHJIHe BJABJAUBAHHA IO
4000 xH. VX BLINOAHSIOT H3 CBall U POCTBEPKOB.

2) YctaHoBKa HOXKa M YCTpPOHCTBO ¢opumiaxthl. M3 unentpanbhoil
yactd Oyayulefi ¢opliaxTH BBIHUMAIOT BEPXHHH CJIOH DasHOPOLHOrO
IPYHTa O €ro CpaBHHUTEJbHO OLHOPOAHOrO CJOKeHHS. 3aTteM 06pa3so-
BaHHOe yrayOJieHHe 3aChINAIOT meCcKOM 0 OTMETKH HH3a (OpIUAXTH U
A0opabaThBAIOT IPYHT MOJ KOJAbLO (OPLIAXTHl HA ee BhicoTy. [lanee Ha
BHIDOBHEHHOe NeCcYaHoe OCHOBAHHE CTPOrO B TOPH30HTAJBLHOM IOJOXKe-
HHH YCTAHABJMBAIOT HOX H K HAPYKHOH ero IOBEPXHOCTH NPHKpeNnJs-
IOT NMPOKJAAKY M3 TpaHCnoprTepHoil nenTbl (onmany6ky). Ilocae atoro
YCTAaHABJIMBAIOT H 3aKpelslOT apMaTypHble Kapkachl (OpLIaXThl H
6eTOHHPYIOT ee.

3) MonTax 3axaBauBamuiell ycTasoBKH, CTaHHHY 3a]aBJAHBaIOLIeH
YCTAHOBKH C NMPHBAapPeHHbIMH K HEH ONOPHBIMH IJINTAMH YCTAHABJHBA-
IOT Ha aHKepuble pocTBepKH. [locie ee BbIBepKH omopHbIe NJKTHI NPH-
BADHBAKOT K IJIHTAM B OTOJIOBKE AHKEPHBIX pocTBePKOB. [lanbHedAlinH
MOHTAaX 3aJaBJIHBAIOUIEH YCTAHOBKH BHIIOJHAKT B COOTBETCTBHH C pYy-
KOBOACTBOM 11O ee MOHTAXY H 3KCILIyaTalHH.

4) MoHTax nepBoro kenezob6eToHHoro koabua. Ha 3adukcuposas-
HH# B ¢dopiiaxTe HOXK C TOYHOU MO HEMY LEHTPOBKOH yCTaHABJAHBAIOT
Kpasom MKI'-25bP nepBoe cTeHOBoe xene306eTOHHOE KOJAbLO. 3aTeM
C MOMOIIBIO reofie3uYeCKUX HHCTPYMEHTOB MPOBEpPsAOT TOPH30HTAND-
HOCTb IIOJIOXKE€HHS HOXKa H BEPTHKANBLHOCTb CTeH KeJe300eTOHHOrO
KOJIblia B JIByX B3aHMHO MePIeHAHKYAgpBEX miaockoctaXx. [Tocae aToro
3aKJajJHyl0 AeTalp KeJe300eTOHHOro KOJblla NMPHUBApHUBAIOT K HOXY,
Ha CTeHOBOe KeJe300eTOHHOE KOJblO HABEUIMBAKT CTPEeMSHKY, VK-
PeIIgiOT ero H cpe3arT HA HeM MOHTAaXHble NMeT/IH, 3aJaBJAHBAIOT nep-
BOoe KeJie300eTOHHOE KOJblO, pa3pabaTHBAIOT IPYHT B IIAXTHOM CTBO-
Jie, MOHTHPYIOT U 3alaBJAHBAIOT NMOCAEAYIOUHE KOAbIA.

[Ipu norpyeHud LWIAXTHOIO CTBOJA B IPYHT KOHTPOJb 32 €ro Bep-
THKAJbHOCTBIO OCYUIeCTBJSIIOT COOTBETCTBYIOLIEH CHCTEMOH aBTOMATH-
KH, YCTAHOBJIEHHON HA CIIeLHAJbHOH 3aJaBJAHBAIOLICH THADABJIHYECKOH
yctasoBke. CHCTeMa KOHTPOJS HE JONYCKaeT OTKJIOHEHHSI LIAXTHOIO
CTBOJIa OT ero BepTHKa/JAbHOH ocu GoJsiee ueMm Ba 3°. B ciayuae oTKIO-
HeHHsl ot 3TOoro TpeGOBaHHS NPOHCXOAHMT aBTOMATHYECKOE BhIpAaBHHBA-
HHe ero. B peayabraTe ofeclieyBaeTcst BHICOKOe Ka4ecTBO pabOT NpH
CTPOUTEJbCTBE MIAXTHOrO CTBOJIA AJIs JIyUeBOro BoJo3abopa.

BHelpenne OMHCAHHOH BHIE TEXHOJOTHH TPECTOM YKprujpocnei-
(QYHLAMEHTCTPOH II03BOJHJIO BYETBEPO COKPATHTh MNPOJOJIKHUTEJb-
HOCTbL COOPYXKEHHs LIAXTHHX CTBOJOB MO CPABHEHHUIO C HCIOJb30OBAHH-
eM crnocoba «cteHa B rpyHTe». CPOKH CTPOHTEJNbCTBA B JIECCOBbIX IPYH-

TaxX OJHOrO MIAXTHOTO CTBOJA YMeHbLIHAKCh A0 1,0—2 mec.
CTpOHTEILCTBO INAXTHBIX CTBOJIOB ONYCKHBIM CNOCOOOM € MeXaHH-
3SHPOBAHHON NPOXOJKOH M KpenaeHuem. Jlnsd cTpOHTENbCTBA IIAXTHBIX
CTBOJIOB JIYUEBBIX JApEHaKell ONMYCKHbIM cllocob6oM B BecbMa CTECHEH-
HBIX YCJ0BHAX 3acTpoeHHOH Tepputopun MHctHTyToM BHOTEM pas-
pa6oTaHa ycTaHOBKa AJs HX MEXaHM3HDPOBAHHOH IIPDOXOAKH H Kpe-
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aenusi, C npuMeHeHHeM AaHHOH YCTaHOBKH MOXKHO COOpY¥KaThb IIaXTHHE
CTBOJIbI B TPYHTaX, NpPeACTABJEHHBIX NecKaMH, CYrJHHKamH, [JIH-
HaMH, TMHHAMH C BKJIOYEeHHeM TaJbKH H caabbiM necuaHukoM. Tex-
HHUYCCKasl CKOPOCTb NIPOXOJAKH H KpellJieHHst waxTHoro cTBoaa 0,5 M/cme-
Hy. IlpoBefienHble HCIBITAHHS NOATBEPAMIH, UTO paspaboTaHHas yCTa-
HOBKa COOTBCTCTBYET 3aJAHHBIM YCJOBHSIM COOPYXKEHHSI LIaXTHBIX
CTBOJIOB.

OtaenbHble Y316 YCTAHOBKH AOCTABJASIIOT OOBIYHBIM aBTOMOGHIBHBIM
TpancnoproM. asl 3KCcnuyaTauun ee HeoOXOAMMa MJolilajika pasme-
pom 15X 15 M. CMOHTHPOBATh YCTAHOBKY MOXKHO 3a OJHY-ABE CMEHH,
Hanuyue ruapaBnnyeckoro npuBona obecneuuBaeT Ge3omacHbie yCJ0-
BHS TPyAa B YCJOBHAX NOBBILICHHOH BJAAXKHOCTHU. AHaJH3 3aTpPaT Bpe-
MEHH Ha TeXHOJOTHYecKHe omnepaulHu Nokasal, 4To NYyTeM YJAy4lIeHHS
OPraHM3alluy TPYAA W COBEPUIEHCTBOBAHHS TEXHOJOTHUECKHX NMPHEMOB,
a TakXe yJyullleHHSI KOHCTPYKTHBHBIX 5/IeMEHTOB YCTAHOBKH H KpelH
MOKHO TIOBBLICHTH MPOH3BOAHTENBLHOCTh YCTAHOBKH H CKOPOCTH COOPY-
JKeHHsl Kojoauna ao 1 m/cmeny.

YcrpoHcTBo JyueBbix GuabTpoB. M3BecTHH ABa cnoco6a BCKPHITHS
BO/IOHOCHOIO MNJ1acTa Jy4yeBLIMH CKBaXKHHAMH IIPH CTPOHTENbCTBE JIy-
yeBblX BOAo3abGopoB. Unun us HuX Bnepsble npumedus B CIIA Pan-
Hedd, a BTOopoH, B lllBeiinapuu, — @enpsman. B HacTosillee BpeMms 3TH
CHOCOOHl MPOJOJKAIT WHPOKO HCIOJAB30BaTh B MPAKTHKE COOPYIKeHHS
JyueBHX B0OZ03a00poOB AJil MUTHEBOIO H X03SHCTBeHHOTO BOJOCHaOXKe-
HisA, ocob6eHHO yacTo 3a pyb6exkom (CHIA, ®PI, ®pauuus, KOrocaa-
Bus, Mrtanus, [Tonapua, Bearpus u ap.).

YCTPOHCTBO JIyUeBHIX TOPH3OHTAJbHBIX CKBaXKHH MO crnoco6y PaH-
Hesl OCHOBAHO HA NPOAABJMBAHHH B DPHIXJble NECYaHO-TPABEJHCTHE
TPYHTBI (PHJABTPOBBLIX TPYO NOMKpAaTaMH M3 IAXTHOTO CTBOJIA JIYUEBOTO
Boao3abopa.

Cnoco6 ycTpoHCTBA ropH30OHTAJNBHBIX CKBaKHH PeJbMaHa oTaHYA-
eTcst OT crnoco6a Pannes TeM, 4TO CHauasna M3 IaXTHOTO CTBOJIA Jyue-
BOTO BOJA03abopa mnpojapauBaloT obcaanyio tpy6y. Ilo okoHuauuu
NPOXOJKH JiyueBOH CKBaXKHHH B 00cannyo Tpyoby BBOASAT PHALTPOBYIO
TpyOy. 3arem H3 JIyUeBOH CKBAXKHHBI H3BJIEKalOT o6GcajHyio Tpyby H
HCMONB3YIOT ee Al NPOXOAKH NOCJeAVIOUIHX AYyYeBHX CKBaxkuH. JlaH-
HHfi ¢noco6 npurofeH AAsl CTPOHUTENbCTBA JYYeBbIX BOZ03aGOpOB B
OJHOPOAHBIX NecyaHbIX rpyHTax 6e3 rpaBus.

[Tpu ycTpolicTBe ropH30OHTaJbHEIX CKBAXKHH B GOJIbUIHHCTBE CAyYa-
€B NPEAyCMaTPHBAIOT TIPHMEHeHHEe [OMKPAaTHHIX TOJKaOUIHX yCT-
POHCTB, KpOMe TOr0, BO3MOIKHO HCIIOJb30BAHHE BpalllaTeJbHHIX, BHO-
POyZapHBIX U APYTHX BHAOB FOPH30HTANBLHOrO OYpeHHS.

M3 TeXxHHYeCKHX CpeACTB, NMPHMEHSEMBIX 32 PYGeKOM, KOTOpHIE
TaK;Ke MOMKHO HCIOJIb30BATh AN COOPYKEHHS JYUYEBBLIX CKBaKHH, HaH-
OOJIPLLIKH HHTEpeC MPEeACTaBJASIOT CTAHKH A8 OYPeHHs TOPH30HTAMb-
HBIX CKBaXXMH, Bhinyckaemble snoHckoit ¢upmor TOH3S BOPHHTI
cepun TOP (cM. Tabauny). B oCHOBY uMX NeHCTBHS NOJOXKEH YPHHLMII
OypeHHs TOPH3OHTAJbHOH CKBaXKHHBEI JABOWHOH KOJOHHOH Tpy6, OcHAa-
11eHHBIX MOPOAOPA3PYIIAIOLHIAM HHCTPYMEHTOM, NPH KOTOPOM BHEUIHASA
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KOJOHHA TPYO CJAYXKHT CBOeoOpasHbLIM UIHTOM [JIsi BHYTPEHHEH KO-
Jouuu Tpy6. CTaHKH HJsi ropH3OHTanabHOro Gypenust cepuu TOP oc-
HalleHbl ABYMS IUNHHAENSIMH, aBTOHOMHO BPAIaIOIIUMU BHYTPEHHION
H BHEIIHIOW KOJOHHB TPYOG C OHHHAKOBOH CKOPOCTHIO B OJHOM H TOM
Xe HanpasJdeHHH. ITo NMO3BoJsiseT OYPHTb MOPH30HTaANbHBIE CKBAXKHHbBI
Nno CJAEAYIOUIUM cXeMmaM: a) OJHOBPEeMeHHO JBYMS KOJOHHaAMH TDPYO;
6) Buauase 6ypeHHe CKBaxKHHBI KOJOHHOH BHYTpeHHHX TPy0, a 3aTeM
ee paclIHPeHHe KOJOHHON BHELIHHX TPYO.

TexHuueckasm XapakTepucTHka OYpPOBHIX CTAHKOB
aas Gypenus ropu3OHTANbHBIX CKBAXHH cepuu TOP

s ———

TexHHYECKHE NaHHBIE TOP-S TOP-M TOP-o TOP-1
Fny6una Gypenus, M:

KepHOBoe ¢ 06paTHOH NPOMBIBKO 150 500 1000 1500
npusabolitoe NHEBMOYAapHOR 50 150 300 —
Yeuaue mopaun, kKH | 0-30 0—60 0—100 | 0-—220
CwioBas ycTaHoBka, KBT 18,5 37 55 53

Pasmepni, Mum:
AJHHA 3420 3540 4000 5000
HIHPHHA 600 700 800 1420
BHICOTA 630 900 900 1400
Macca, xr 1200 2100 2700 7500

——— e — i re—

bypenne rOPH3OHTAJIbHOH CKBAXHHBI OCYUIECTBASIOT IJ1aBHBIM OG-
PasoM BHYTPeHHeH KOJOHHOH TPy6 (uinaur) ¢ OypoBBIM  JAOJOTOM.
Bueninsisi KOJOHHA TPyO CJAYKHT NPEHMYIIECTBCHHO AJs NPeAOXpaHe-
HHUS BHYTPeHHeH KOJOHHHB TPY6 OT BAHSHHS OKPYXKAIOIIHX IMOPOA.

Hanuuue npuBOJOB ¢ BHICOKHMH KPYTSIIIHMH MOMEHTAMH Ha OYpo-
BHIX cTaHKax cepun TOP, 60ablioe YCHINE HX TIONAYH, HCTOJIH30BAHHE
IBOHHOH KOJIOHHBEI BBICOKONPOUYHLIX TPYO MO3BOJSIOT BECTH BBICOKO0DO-
potHoe OypeHHe rOPH30HTAJBHOH CKBaXKHHbBl JaXKe B HEYCTOHUHUBBIX
CH/ILHO HapVINeHHHIX FPYHTax B 2—6 ObICTPee 10 CPpaBHEHHIO ¢ 00ObIY-
HBIM cIloco6om Oypenusi. bypoBnie cTaHKH obecredeHbl NMHEBMOYHAp-
HBIMH, TpexIlapolleUHBIMH, KpPecToOOpPa3HBIMH H aAMAa3HBIMH J0/0-
TaMH.

[THeBMOYyapHOe [0JIOTO YCMEIIHO NPHMEHHAT Ajs OypeHus 1O
TBepAKM mnopoxaM. Ilpu ymapro-BpawatesbHoOM OvpeHHu oxo pabo-
TaeT OoT Ipu3aboiHOTO MOJOTKA, KOTOPBIH pPaciiosoXeH B UIUTOBOH
6ypuabHol TpyOe W npoaBuraercsi ojHoBpeMmeHHo ¢ HeH. lllnam orBo-
IUTCS C TIOMOLIbIO BO3AYyXa uepe3 KOJblleBOe NMPOCTPAHCTBO MENKIY
OypOoBuIMM IUTAaHTAaMH W UIMTOBOH HapyxKHoit TpyOoil. Tpexmaporiey-
HOe JOJOTO, 3aKpelieHOe Ha BHYTPeHHell KOJOHHe OYpHAbHHX TpPYO,
IIPHMEHSIOT B OCHOBHOM TIpH OypeHHH 110 NeCUYaHLIM H FPaBHHHBIM NO-
poaam, TPEIHHOBATHIM 30HaM, a Tak¥Xe MATKHM nopojiaM. Kpecroob-
pa3Hoe AOJAOTO, NpHMeHsieMOe BMECTO TPeXLIapouledHoro A0J0Ta AJSA
OVpeHHs TOPH3OHTAJbHOH CKBAXXHHBI IO TBEPABIM NMOPOAAM, NPHTOJHO
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Takxe AJasg OypeHHs NO TJIHHHCTLIM TPyHTaM. AJMAa3HBIM J0JIOTOM,
HAXOASIUIUMCH Ha BHyTpeHHeH KoJoHHe TpyO, BeayT OypenHe ropH3oH-
TaJbHOW CKBaXHHBI 10 TBePAHIM moponam ¢ orbopoMm keprna. Ilocaen-
HMil nmpu 0OpaTHOH NPOMBIBKE BbINYCKAaeTCsd HENpepLIBHO uepe3 BHYT-
PEHHIOIO KOJIOHHY TPYO.

M3 6ypoBBIX CTAHKOB, BHINYyCKaeMbX snonckoid ¢upmod TOHD
BOPHUHI, ana coopy»eHHs JiyueBBIX IODH30HTAJbHBIX CKBAaXKHH J0-
CT4TOYHO HCHOJb30BaTh TOAbKO ABe mopeau: TOP-S” u TOP-M, npu-
yeM B TeX CAyuYasiX, KOrja CKBaXKHHBl 3aAal0Tcad GONBIIOH AJHHBL (X0
200-—400 m u Goaee). Mcnonp3oBaHHe TaAKHX CTAHKOB, AJHHA KOTOPHIX
OKoJio 4 M, TpebyeT CTPOHTEeNbCTBA HIAXTHBIX CTBOJIOB TOBBbILIEHHBIX
pasmepoB (muamerpom A0 9—10 m).

K uyucay HM3BEeCTHBIX CTAHKOB OT€YeCTBEHHOrO NMPOH3BOACTBA, Mpen-
HA3HAYEHHBIX AJ8 COOPYXKeHHs TIOPH30HTANBbHBIX CKBAaXHH, MOXKHO
oTHecTH TakXe Oyposble crauku b-15¢, JIBC-4, CBI'-200, bI'A-2,
bIr'A-4, CbI-1M, CB/I-1, BUK-2 u jap. XapakTepHas HX 0C0OO6eHBHOCTH
3aKJaoyaercssi B TOM, uTo 6ypeHHe UMH CKBAXKHH OCYIIECTBASIOT B yC-
JOBHSIX, KOrla He TpeOyercs ClelHAJbHBIX MEPOINPHATHH, NpeaoTBpa-
uapuiux obpyliesde CTeHOK CKBa*KHH. AHA/NH3 KOHCTPYKUHH NaHHBIX
CTAaHKOB MMOKAa3bIBAET, YTO OHH MOrYT OBLITh HCIONB30BAHBI AJSI COOPY-
YKEHHS] TOPH30HTAJbHBIX CKBAXKHH JIYUeBHIX BOA03a00pOB JHIIL B Kpen-
KHX TPelHHOBATHIX IMOPOAaX.

Hucruryrom BUOTEM paspaboran crnoco6 BCKPHITHSI BOLOHOCHOTO
naacTa JyueBbIMH FOPH3OHTAJbHBIMH CKBaXXHHAMHM C COXPAHEHHEM ecC-
TCCTBEHHOH BOJONPOHMIIAEMOCTH TPYHTOB B NPHDHILTPOBOH 30HE H
npefoTBpanieHHeM 0oOpYLIeHHs CTEHOK CKBaXKHH Ha Ilepuoj o6opy-
AOBaHHs HX ¢uiabTpaMH. CyuHoCcTbh cnocoba 3aK/I0uaeTcsi B NPOXOAKe
NyuyeBOH TOPH30HTAJNbHON JAPeHAXHOH CKBAaXXHHLI B BOJOHOCHOM MJia-
CTe ABOHHOH Bpaulalouled KOJOHHOH: INHEKOBOH M KOJIOHHOH pabouyux
(o6cagumx) Tpyb ¢ nNpHMeHeHHEeM B KaueCTBe NPOMBIBOUHON JKHIKOCTH
NON3eMHOH HJAHM TEXHHYECKOH BOAH. B 3THX ycaoBUAX GUALTpALUS
€CTECTBEHHOr0 IVIHHHCTOrO pacTBOpPa IPH ero UHPKYJASAUHH NPOUCXOAUT
yepes CTEHKH CKBaXKHHBI B €e IpHu3aboiiHo# 30ne. B pesynbrare cpe-
3aHHUS] CTEHOK CKBAaXKHHHI 00ecleyHBaeTcss MAKCHMAJbHOE COXPAHEHHE
€CTeCTBEHHON BOAONPOHHIIAGMOCTH BOAOHOCHOrO IJacra. IIpH BCKpHI-
THH BOJOHOCHOrO IJAacTra, COAepiKalllero mecuagble TPYHTHI, TJIHHH3a-
ILHH CTEHOK CKBAXKHHBI HE NMPOUCXOLHT.

DTOT €nocol BCKPHITHS BOAOHOCHOTO MJACTa JYYeBbIMH CKBaXKHHa-
Mu Haubosnee 3¢¢deKTHBEH M NepPCNeKTHBEH, 0COGeHHO TNpH GYpeHuH
CKBa)XMH B CJa60ONPOHHIAEMBIX IVIHHHCTHIX, 4 TakxXe B NeCYaHhIX
TPYHTaX.

[lna peasu3auuu 3TOoro cnocoba BCKPHITHS BOAOHOCHOIO IJacra
JyyeBbiMH cKBaXXHHaMH B HHcTHTYyTe BMOI'EM paspaborana ycra-
HOBKa JyueBoro 6ypeuus YJIB-130. C noMouibio 5TOH YCTAHOBKH MOX-
HO M3 WIAXTHBIX CTBOJIOB rayOHHOH A0 30 M H AHaMeTPOM He MeHee
3,0 M COOPY3KaTbh JyYeBHe TOPH30HTAJbHbIE CKBAaXKHHB B PhIXJbIX
nopojax Kpenocrbio no mwkande IIpoToabskoHoBa menee 3.
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YeranoBka YJIB-130 (puc. 10.1) cocToHT H3 TPeX OCHOBHHIX Y3JIOB:
O6ypoBOro arperara, NyJabTa YNpaB/eHHS M MacJOCTaHUHH. DypoBoH
arperat SBJASIETCSI OCHOBHBIM paboyHM OPraHoM, COCTOSILIHM H3 ABYX
Bpanareneii — Bpauiatensi 3 pabouux (ob6caxumx) Tpyé / m Bpama-
Tend 6 OYpHJIBHLIX LITAHT — LIHEeKoB 5. Bpamarenr pabouux TpyoO
pa3MelieH Ha NOABHXHOH pame 7, KOTOpas NOCPEACTBOM TIHAPOLH-
JHHApPA NOJAYH NepegBUraeTcs Mo HanpaBJAOUIUM paMbl Ha BeJIHYR-
Hy xoxa 1000 mm. Ha nenoxpBuxHo# paMe 8 (B nepennell 4acTH)
ykpenjen noaxsart 2 Ans pabouux Tpy6 (rHApoKNI0Y), NpeaHA3HAYEH-
HEIH AJS X CBHHUHBAHHS H Pa3BHHUHMBAHHUA, a Ha Kopnyce UHJIHHApA
MOJaY¥ PACMOJIOXKeH MOAXBAT-ynop ajasg yaobcrBa u obaerdenuss pabo-
Thl NIPH HapalUlHBaHUM CeKUHH pabouux Tpy6. HemoxBuxuasg pama mno-
CpeACTBOM oOced M CTOHKH LIAPDHHPHO COEJHHEHA ¢ ONOPHOH PaMOH
CBapHOH KOHCTPYKIIHH, Ha KOTOPOH YCTaHOBJIEHH AOMKpaThl 9, N0O3BO-
JSOUiHe TPUAATh pame yroJ HakJona =4-10° (K ropH3oHTY).

BypoBoii arperat ¢ nyabToM ylpaBieHHs 4 MOHTHPYIOT B IaxT-
HOM CTBOJIE Ha MOJATOTOBJEHHOM paboueM NMOJKE, BHIBePSIOT HA 3aKaH-
HBIH yroJl BepTHKAJbHBIMH JOMKpaTaMu 9 MU pPaclIupsiioT B CTEHKH
CTBOJIAa Yyepe3 cnellHajibHble YIOPHI rOPH3OHTAJbHBIMEH AOMKpaTamu 0.

MacnocTanuusa npeiacrasiasier co60i aBTOHOMHBIH 6J10K, nNpeAHa-
3HaYeHHBbIR AJs NOJauyd Macaa K npuBojgam Gyposoro arperata. Oua
CMOHTHPOBaHa Ha eJHHOH CBAapHOH pame, Ha KOTOPOH YCTAHOBJIEHH
maca00ak B cbope ¢ hHALTPaAMH THAPOCHCTEMBl TpakrTopa T-74 H pe-
AYKTOPOB HaCoca ¢ NpHBOAOM OT 3aekrpoxBuratenss A02-81. Macno-
CTAHIHIO PacIosaraloT Ha NOBEPXHOCTH BOJAH3H MIAXTHOrO CTBOJIA.

Iloakntoyenue 3JeKTpoABUraTeNs] K CHIAOBOH CETH OCYLIECTBJISIOT
nocpenacTBoM nyckarenst Tina I1A-532 u kwonouno#t cranuuu K¥-12.
Kpome Toro, Kk myckaTtenio nojacoeauHeHa ayOJaupyloulasi KHONKa aBa-
puiigoro orkatoyenuss KYB-11, naxoasuiascs B 1aXTHOM CTBOJI€ HENO-
CPeICTBEHHO y NYJbTa yIpaBJAeHHUS.

Pa3Boika MacJiONpOBOAOB BKAKYAaeT pyKaBa BHICOKOTO H HH3KOIO
NlaBJeHHsi, a TakXe TpyGonpoBoibl. Bce Macaonposoibl H Tpybonpo-
BOJBI OCHAllleHbl HeOOXOAUMOH apMaTypOH Aus NOAKJIOUeHHs K THAPO-
arperataM. IlyabT yhpaB/ieHHsi CMOHTHPOBAH B BHIAe OTAeAbHOro 6Jo-
Ka W NpelHassayed AJAsi ynpaBaenus paboTrod mnpusogos OypoBoro
arperarta, Mac/JiOHAaCOCOB M 3JeKTpojaBurarens Macaoctasuuu. Om co-
CTOHT M3 CBAaDHOTO OCTOBA, Ha KOTOPOM CMOHTHPOBaHa NaHeab ¢ KHOMN-
KaMH H DYKOSITKAMH NYCKOBOH, YHNPaBJASIOUICH W peryaupymoouied am-
napaTrypsl.

Texunueckne aaHuble yctanoekH YJ1b-130

Fay6una Gypenwdss, ¥ . . . . . . . . no 130
Huamerp OypeHHs, MM . . « « .+« <« . no 200
Bricota Gypenuss (or moska), MM . . . . . 600
¥Yros Hak/ioHa CKBAaXXHHBI K TOPHM3OHTY, rpag . . =*=10
MuunMmaneHeil  BHYTpeHHHH  JAHaMeTrp UIAXTHOTO

CTBOJNA, M . - =« + o =+ « « « « . 35
Yeuawe mopaum, kre (kH) . . . . . . . 7450 (745)
Xox nomayum HHCTpyMeHTa, MM . . . . . . 1000
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Ilpodosscenue
Ckopocth mofiauH, M/MHH:
paboyas . . . . . . .+ . Bo 1,85
MaHeBpoBas . . . Jno 10
Yeunue aas A3BACYEHHS paﬁoqux Tpﬁﬁ Kre (I{H) . 11300(113)
Kpyramuit MoMent (max), Kr-M . . Ro 1500 (15)
Ckopocth 00paTHOTO X044, M/MHH:

paboyas . . . . . . .+« +« . . . #pol2
MaHeBpoOBas : + a2 9w Aod
Huamerp pabGounx (oﬁcanubrx) prﬁ MM . . . 168
Uucno oboporos pabouux tpyl, ob/mun (c~1). . 0—6
IlnaMerp uiHeKoB, MM . .« . 140
Yuciao uﬁopoma IIHEKOB, oﬁ[mm (c*‘) . . . po 160 (2,8)
Kpyrsiiit MOMEHT KOJIOHHH WIHEKOB (max), Kr-M
(v H.m) . . zo 90 (0,9)
IMpuson BpamaTe.neﬁ H MOJLauH (perynupnaanue
GecctynmeHyaTtoe) . . . THApaB.JIHYECKHil
Jassienne pabouee MﬂKCHM&JIbHO& KI‘C/’CM* (MI’I) . 100 (10)
[lpuBon HacocoB MAacjAOCTAHUHH . . . . . 3J]eKTPHUECKHH
Momnocts 3nekTpoaBHrarteas, kBr . . . 30
FabapuTe yCTaHOBKH (Gypaﬂom arpera*ra) MM
AJIAHa . . . . . A . . . . 2500
WHPHHA . . . + « + « « .+ . . 800
BHICOTE . « +« « « o o o « & « . 1250
Macea yeraHoBKH, Xr . . . . . . . . 1200
I'aGaputsl MacJOCTaHIIHH, MM:
BIEHE <« = « © & 2 & % % % » = 1060
W¥pHHA . . . . . i 3 : 900
BbIcOTa . . 5 T
Macca Mac.alocTaHuHH KT . o« % s 2w o« 800
Macca 6ypoBoro HHCTpyMeHTa, Xr . . . . . 7350

I'apponpuBox yCTaHOBKH TNO3BOJAET NJAaBHO peryaupoBaTh Bpa-
mende pabounx Tpyb6 H HIHEKOB, YTO JaeT BO3MOXKHOCTb YCTaHaBJIH-
BaTh ONTHMAJIbHBIA pEeXHM OypeHHs JyueBOH CKBaXKHHH H 060pyno-
BaThb €e Pa3jHYHbBIMH THIAMH (HJIBTPOB.

10.3. Pacuet neGura Jyuesnx B0%03a060poB

JleOUT OMHMHOUHON TOPHU3OHTAJNbHOH CKBaXXHHH NpPH ee paboTe B
HaMopHOM NJIaCTe MOXKHO NOACYHTATh N0 (POopMYyie

O oo e o T ey (D)

]/ R WS LK ;ﬂ_ﬁ_)
In £=+r{}=+l— Iarcigrﬂ—ﬂ( h sin—

rae T — NpOBOAHMOCTh BOAOHOCHOTO MJacTa; h — ero MOWHOCTH; S — NMOHHXEHHE
HaJi TOPU3OHTAJBHOR CKBaXXMHOK; R—-pa;lﬂyc nedcTBusl Bogo3abopa; [ — AJNHHA ro-
PH30HTAJBHON CKBaXHHBI; ro — e panHyc; Qo — pacCTosiHHe OT OCH CKBaXHHH A0
NoAOWBH TJIACTA.

STy GOpPMYJy C HCKOTOPBHIM NPHOJIHKEHHEM MOXKHO NPHMEHHTb H
ang 6e3HanOpPHBIX NJIACTOB, €CJAH NPHHATL A==h¢y.

Ilas onpenenenus Ae6HTa OJMHOUHBIX H KycTa CHMMETPHYHO pac-
noJioxxenHbix B HeM n (1<n<4) ropusonTanbubix ckBaxuu lO. Il. bo-
pucoBaiM u B. Il. Ta6akoBeiM MeroAOM (HIBLTPANHOHHBIX CONPOTHB-
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nenuii (mpu ap==h/2) nonydena AOCTATOYHO NpOCTass MPHOJIHIKEHHASN
¢popMmyaia

nTls
LI ¢ _ 2
Q llR hl h |10:2)
nI +rz£ n?:‘l‘.f.:,

Benuuuua A 3aBHCHUT OT N

PRURR FUUDUE JUDUE: SURR
Mn)...d.....2.....1,86...1,78

@opmyny (10.2) mMOxHO nepenucarb Tak:

Onkhs
__ 2nkhs 10.3

in —

Ro

rie Qx — ne6uT KycTa CKBaXHH; R, — 3KBHBaMeHTHHI! paauyc GoJblIoro Koaoaua,
ReBGHT KOTOPOTO paBeH He6HTYy KyCcTa rOPH3OHTAJBHBIX CKBAMHH!

R,=ln (1/2) + (kM) In (k) 2%r,). (10.4)

[Tpou3BOAUTENLHOCTL JYUEBOro BOA03a00pa, COCTOALIEr0 H3 CHM-
MEeTPHYHO PaACHOJIOKEeHHBIX JyueH, MPH HeYyCTaHOBHBIIEMCS NBHMKEHHH
MOKHO onpeaeanTh no ¢opmydae I'. A. Pasymosa [17]

o 2mk(hl RN 10.5
Q= at 15.6 3D43,6 {0=9)
In : & ;;2325)314“ COSRM
( ™ Y/ T+3D !

rine he ¥ ho — COOTBETCTBEHHO CTATHYECKMH M JHHAMHYecKHH ypOBHH MOA3EMHHX BOJA;
N —uHcino ropH3OHTAJNBHBIX JyYeBHX CKBaXHH; @ — KO3(p}HuHeHT ypOBHENPOBOA-
HOCTH [acra;, m — cPeanss ero MowuocTs, paBHas 0,5(he+ho); [ — OTHOCHTE/IbHAS
AJHHA TOPH30HTAJNBHON CKBaXKuHbl, paBHast [/m; D — oTHOCHTEJIbHEIH JHaMeTp BOAO-
c6oproro koloaua, pasusiii D/2m; D — ero puamerp; n=360°c (a — yroa Mexay
JyYyaMH, rpap.).

Heo6xoiumM0 OTMeTHTb, YTO pacueThl N0 NMPHBEeJEHHBLIM 3aBHCHMO-
CTIM MOTYT NPHBECTH K 3HAUHTEJbHBIM IIOTPEHIHOCTSM, €CNH He YYH-
THIBATh THAPABJHMKY NOTOKA COOCTBEHHO B NOPH3OHTANBHHIX NpEHAX.

IIpu pacuere nebura nyyeBoro Bojfo3abopa pekoMeHayeTcs onpene-
NSTh NOHHXKEHHe HA NMOBEPXHOCTH ApPEHb, BHIUHTAA H3 NOHHXKEHHA
YPOBHSI BOJABI B BOAOCOOPHOM KOJIOALE NMPH OTKAauKe S THAPaBAHYCCKHE
NOTepH B FOPHU3OHTAJBHBIX JYy4aX, onpelenseMbie N0 popMmyJe

— AN vox 10.6
e (1+6fu)9g’ k0]
rae  Uow= Qe

O QﬂrugN 1

I, ro — AZMHA ¥ pajgHyc ckBaxuH-iyueft; Qs N — nebut u uucio paBHOAEOUTHHX
Jyueli; g — yckopenHe CHIH TAXectH; A* — Koa(QduuKeHT nOTepb, pacnpefefieHHBIX
WO AJHHE Jyya.
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IloTepH, cBsi3aHHBIE C NMPHUTOKOM BOALI Yepe3 BXOJMHBIE OTBEPCTHS
¢ usabTpOB, HE yuuThIBalOTCd. QueBHAHO, YTO HEYYET JONOJHHTEJNbHBIX
NoTepp Hanopa NpHBEJET K MOJYUeHHI0 (aKTHUECKH 3aHHXKEHHOIO Je-
6uta nyueBoro Bojao3abopa.

M. C. TapumuieM noJyuyeHO pelleHHe 3agaud AJs ONpeneeHHs
JOINOJIHUTENbHBIX NOTEPh HANOpa B JYYEBHIX CKBaXKHHaAX AJs cjaydasd
MMOCTOSTHHOTO NPUTOKA MO JAJHHE CKBAXHUHH B TNPEANOJOKEHHH, UYTO
AONOJIHUTEAbHble MOoTepd Hamopa AHy B BOAONpPHEMHBIX OTBEPCTHSAX
cBfA3anul ¢ pacxoaom (o uepe3 OJHO OTBEPCTHE H3BECTHLIM COOTHOIIIE-
HHEM

Q,=uww,V 2gAH,, (10.7)
rae Y -— Ko3pdHUHEeHT pacxoia; W — IJIOMALL NPOXOAHOIO OTBEPCTHS.

Heob6xonuMoe cyMMapHOe HOIOJHHUTEJNbHOE MOHHMKEHHE NMPH NMOCTO-
SIHHOM pacXoZle Ha eAUHHIlY ANUHBI APEeHHl MOJYYEHO B BHAE

By (Q )‘*‘[(n4_g+1_*£)+_l_(_£¢,)2], (10.8)
2g \nr.? 3 87, 4 \ Inp
rae rc — pajHyc IpPOAOJLHOI'O OTBEPCTHA (PHAbTPAa CKBaXKHHH, P — Ko3dduuuent
ByccHHecKa B BHIPRXKEHHH IIOTOKA KOJIHYECTBA JBHKEHHS; T) — CKBaXKHOCTb (PHIBTPA.
TecToBble pacyeThl QAKTHUYECKHX 3HAUEHHH NOHUXKEHHH YpOBHeEH
npu 3agasHoM Bogootbope npu B=1, wnu=0,00—0,3, A*=0,1 u
N==2,5 % NOKa3uBalOT, YTO AOMOJIHHTEJbHOE TOHHKEHHE HAMopa B
JYUEBbIX CKBaxKHHaxX MoxKeT pocturath 40 Y oOulero, npuyem mnorpeti-
HOCTb BO3pacTaeT NPH YMEHbUIEHHH .
Hcnosnb3oBanue s3aBucuMmoctd (10.8) nnst onpeneneHHsi monpaBKH
K MOHHXKEHHI0 YPOBHS Boan obOecrneddHBaeTr cyllecTBeHHoe MpHOJIHKe-
HUe pe3yJbTaToB pacueTa gebura K AeHCTBUTENbHOH ero BeJHUHHE.

FJTABA 11. KANITAK HCTOYHUKOB

11.1. 'mpporeonornyecKue yCJA0OBHS BHIXOIAa HCTOUHHKOB
H OLEHKA MX NPOU3BOAMTEJNbHOCTH

Hcrounnku (KJa0UH, POAHHUKH) SBJISIOTCS BBIXOJIAMH ITOJA3e€MHBIX
BOJl Ha MOBEPXHOCTb 3€MJIH. YCJIOBHSA BBIXOAAa HCTOUHHKOB BeCbMa pa3-
HOOOpa3Hbl. B OCHOBHOM HX JeJIAT Ha HUCXOJsillHe H BOCXOAsAUIHE
uctounnku., Ha puc. 11.]1 noka3aH HHUCXORAWMA HCTOYHHK C JABYMSA
BHIXOJIAMH Ha NOBEPXHOCThL 3€MJIH: ¢ pacxoAoM Qi — Ha MOBEPXHOCTH
3eMJIH; C PacXoJoM Q- npenupyeMmbiM peko#. Kanrax A moaHocThio
nepexBaThiBaeT 06a BbIXOa HCTOYHHKA.

Ilpn ananuze nebuTa BOCXOAAIIHNX HCTOYHHKOB HEOOXOAHMO HMETh
LaHHbIe O THAPOreOoJOrHYECKHX YCAOBHSAX BOAOHOCHOIO FOPH30OHTA, MH-
TAIOUlero HCTOYHHK, H B OCOOEHHOCTH JeTaJsibHble JaHHbie 00 yCl0BHAX
BbIXOJla HCTOYHHKA. BOCXoAsilline HCTOYHHKH MOTYT SIBJSATbCS BBIXOAA-
MH TOJIbKO YaCTH BOJABl MOA3EMHOr0 TNOTOKAa, Hanpumep B Bearopone
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Ea7 12 B3 g4

Puc. 11.1. KantaxX HCTOYHHKA nNyTeM
NOJHOrQ0 NepexBara mnoA3EeMHOro norTo-
Ka

I — rajeyHHKH C TIeCKOM; 2 — MecKH;
3 — BOJIOHOCHHIH CJ0OH B TecKax, 4 —
BOJOHeNponHuaemMas nopoja; Q;— BH-
XOJ HCTOYHHKA C KanraxeM A, TmoJ-
HOCTBK) 3aXBATHIBAIOUIHH TIOJ3€MHHE
BOAH; Q2 — HHXHHI (BTOpoft) BHIXOJ
HCTOYHHKA 10 KaNTa)ka B peKy

Puc. 11.2. Cxema BoOCXOAsIlEro HWCTOY-
HHK2Z H3 TPEIMHOBATHIX BEPXHECEHOH-
ckux meqnos B bearopone

I — pemoBHAJNbHBIE H AJJIOBHAJNBHLIE
OTJAOXKEeHHS, 2 — TpellHHOBATHIH BOJO-
HOCHHBIH MeJ; 3 — IJIHHHCTHIH MeJI, B OC-

HOBHOM BOJIOHENpOHHIIaeMblH; 4 — NMYTh

BOCXOASMIIEr0 TMOTOKAa TMOMA3EMHBIX BOJ,

A — MecTo BHIXOJA HCTOYHHKA, B —
peka

Puc. 11.3. Hcrounuk, BHITEKAWIKA u3
c6pocoBoii TpemlMHH C NOJHLIM ApeHa-
XeM BOJOHOCHOI'O MOPH3OHTA

1 — BOjOHENpOHHIAeMBIe Meprean; 2 —

TPEUIHHOBATHE BOAOHOCHHIE MEPreH;

Jd — BOJIOHENPOHHIlaeMbBie TIUHHCTHIE

cnaHue; 4 — auHua c6poca; § — nyTh

BOCXOASIIEro NMOTOKA TOA3eMHBIX BOJ
10 JHHHE cOpoca; 6 — HCTOYHHK

; 3 -
T2 N

2000

(puc. 11.2), HiH Xe MOJHOCTbIO NPEHHPOBATH BOAOHOCHBIA TOPH3OHT
(puc. 11.3).

B nmepsoM cayuae (cm. puc. 11.2) NIpn NOHHIKEHHH YDOBHS B HC-
TOYHUKe (HanmpHUMEpP, NyTeM OTKAUKH) MOXHO PAacCYHTHIBATHL HA YCTOH-
YuBoe yBesinueHHe neburta. Bo BTOpoMm cayuae, Korjza OIHMH HCTOUYHHK
HJAH TPyNna HX JAPEHHPYIOT MOJHOCThIO BOJOHOCHBIH TOpH3OHT, HOJY-
YHTh YCTOHUHMBOe yBennueHue nebuta cnoxkHo. UcTOUHHK MOKeT BH-
XO/JHTh HENOCPEACTBEHHO H3 MOPOJAB BOAOHOCHOIO TOPH30HTAa B BHIE
COCPENOTOUYEHHOM CTPYH HJH Yepes3 TOJNILY PHIXJbIX nopod. B mocnennem
c/lydae yacTh BOABI H3 BOMAOHOCHOrO c¢Josl (HHOrAa 3HAUYHTEJbHAS)
pacTekaeTcsi MO YKa3aHHOH TOJIIe PHLIXJOA NOpPOAH, HE BHIXOAS HA
NoBEepPXHOCTb 3eMAH. [loHHIKeHHe YPOBHSI B HCTOYHHKe TMPH TAaKHX ycC-
JIOBHSIX HE TOJBLKO YBeJHUHBaeT NOCTYNJEHHE BOABI H3 BOAOHOCHOrO
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rOpH30HTA, HO TaKXKe IMDHBJAEKAeT BOAY, PacTEeKAaWULYIOCH MO TOJLILE
PHIXJIOH TOPOAHL.

YBeauyeHHe AeOHTA BOCXOASALLEr0 HCTOYHHKA B 3TOM CJydyae MOXK-
HO MOJYYHTbL MYTEM PaCUHCTKH €ro BuIX0Aa HAH (uro Gosee pauHo-
HaJIbHO) MYTEM BEpPTHKAJbHOro Kanraxa (MaxTHHH KoJodell HJIH
6ypoBast CKBaXXHHA). Takoe yCcTPOHCTBO KanTa)a (pakTHYeCKH AEHCT-
ByeT KaK MOHHUIKEHHe YPOBHS BOAbLI B KOJOALE,.

ITpou3BOAMTENBHOCTh HCTOUHHKA OOBLIYHO OIEHHBAIOT HA OCHOBA-
HHH HabaoaeHHH 3a ero HeOUTOM H CONMOCTaBJIEHHS 3TOro Aebura c
dakTopaMH, BAHAIIHMHE Ha ero udMeHeHHe. Ho oco0eHHO BaXHO IpH
aHanu3e H3MeHeHHs AeOHTa HCTOYHHKOB YYHTBIBATh THAPOTEOJIOTHYE-
CKHe YCJOBHS BHIXOJAA H M3MEHEHHe 3THX YCJOBHH NpH KanTaxe (CM.
puc. 11.1, 11.2). Ananu3 o6GUIHX THAPOreOJOrHYECKHX YCJIOBUH — 06-
JIaCTH TIMTAHMS, HAKOMJIEHHSI W CTOKa, & TaK¥XKe y4yacTKa BHIXOHa HC-
TOUHHKA — OU€Hb BAXKEeH JI/I1 OLLEHKH H3MEHYMBOCTH JeOHTa MOC/e[He-
ro M PalHOHAJNLHOIO €ro KanTa)ka ¢ LHeJblo YBeaHuceHHS AcOHTOB,
0cOOEHHO B MEPHOABI MHHHUMAJbHBIX PACXOJO0B.

lsMeneHHe BEeJIHUHHBI MHTAHUS BOJOHOCHOTO TOPU30HTA HEOOJb-
LIOro PacnpOCTPAHCHUS AOBOJBHO OHICTPO — Yepe3 HECKOJBKO JHEi,
a WHOTJa M uepe3 HECKOJbKO YacOB — CKAa3bIBACTCHA HA pacxoj]e HC-
ToudHKOB. OIHAKO B JAHTEpPAType H3BECTHBH TAKXKe CAY4YaH, KOrAa 3TO
BJIHsiHHe O6HapyXKuBaeTcss ToJbKo uepe3 1—1,6 ropa; Takoil mpumep
MEIJIEHHOr0 BJHSIHHA B 00JaCTH NHTAHHS Ha ACOHMT KSIPH30B OIHKCAH
nJisi ceBepHoro nogHoxus Komnert-/lara.

Takum 006pa3oM, TOJBKO TulaTeAbHOE W [JyOOKOE H3YuyeHHe TH[I-
POJIOrMYECKHX YCJOBHH MO3BOJSET MPABHAbHO aHAJH3HPOBATh NaHHbIE
HabmoaeHult 3a AeOUTOM HCTOUHHMKA M CAEJAaTh NPABHJIBHBIE BHIBOJHI
06 skcnsyaTanuoHHo# BesuunHe pebuta. MaMmenenue nmpoussoauTenb-
HOCTH HCTOUYHHKA MOIKET NPOHCXOAHTb TaKXKe NOJ BJAHAHHEM H3MEHE-
HHSI THAPOTEOJOrHIeCKHX YC/AOBHI Kak eCTeCTBEHHHX, TaK H B ocobeH-

HOCTH TEXHOT€HHBLIX.
HUsmenenune aebura HCTOUYHHKA ABJSAECTCH BeChbMa BaXHbIM 3JICMEH-

TOM AJ51 OLIEHKH NPaKTHUECKOro HCNOJb30BaHHs ero. CpefHHH MHOrO-
JeTHHR pacxof Qo OyneM Ha3eBaTh HOPMOH pacxoja, a CpeaHHi Me-
cauHblil Q) H romoBOH pacxoA Qe COOTBETCTBEHHO MECSUHOH H TOJ0-
Boi HOpMaMH pacxozna. Orpomenne pacxofia Q 3a J060H OTPe3oK
BpeMeHH K HOpMe pacxona Qo OyaeM Ha3biBaTh MOLYJLHBIM KO3 (H-
[IHEHTOM R, XOTOPhIH paBeH:

E=Q/ Q. (11.1)

OTHODIEHHe MAKCHMAaJbHOrO pacXofna Qmay K MHHHMAJBHOMY Qmin
6yxeM HasbBaTbh KO3(D(HOHIHEHTOM HEPABHOMEPHOCTH Kg:

Ry == Qma.r/ Qmin' (11'2}

BaxueHIHMH XapaKTepHCTHKAMH JAeOHTa HCTOYHHMKA SIBJISIOTCSA
HOpMa pacxoja, MUHMMAJBHBIA H MaKCHMaJbHBIA DPacXoinl, Koaddu-
IIHEHT HEPABHOMEPHOCTH H MOAYJbHHH KO3(DGHIHEHT ANS MHHHMAJIb-
HOTO pacxoja. DTH XapaKTEPHCHTKH H3MEHHIOTCA B 3aBHCHMOCTH OT
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cpoka HaOmoneHH#. MuHHUMAJAbHBIH PacXoA BBOAUTCH OOLIUHO MNpPH
OlleHKe MOJIe3HOH OTAAayM HCTOUHHMKA KaK pacuetHu#t., OnHako caenyer
YYHTBIBATh, YTO MAKCHMAaJsbHOE NOTpebsieHHe MOMKET COBIAaCTh € MH-
HHUMAaJIbHBIM PacXofoM HCTOYHHKA.

Onen Ttonbko HaOnOAeHHS 3a TOA HJAH 33 HECKOJbKO JeT HeHdo-
CTaTOYHH; HA OCHOBAHHH HX BBHIBOAHMTH XAPAKTEpHCTHKH AJSI UCTOYHH-
KoB 0e3 ananu3a 3aKOHOMEPHOCTeH pexXHMa Hesb3sl. Tak KakK 3a Hc-
TOYHHKOM HAO0/MI0AaI0T OOBIYHO MaJio BpEMEeHH, TO HeOOXOAHUMO MyTeM
BCECTOPOHHETO aAHaJH3a BbLIABAATH NEPCMEKTHBBI H3MEHEHHA ,IIEﬁHTa..

Hnst OleHKH H3MeHeHHs] febUTa HCTOYHHKA BO BpeMeHH MOXKeT CJy-
XKUTh XPOHOJIOrHYeCKHH rpadux nebura ucrounuka (puc. 11.4). Ilo
3TOMy rpacduky HarasiAHO BHAHL BEJMYHHBI pPacXoAOB, a Tak¥ke pac-
npefesieHHe MO IMepHOAAM roga MHHHMYMOB H MAaKCHMYMOB pacxoja.
3ToT rpaduk cocTaBJieH MO MecsiYHBIM HOpMaM pacxozma. Ha Hero
nenecoo0pasHo TakKXe HAHOCHTb 3JIEMEHTH, OT KOTOPHIX 3aBHCHT je-
OUT MCTOYHHKA, T. €. IJIs COOTBETCTBYIOILHX CJAyyaeB OCajAKH, TeMmIie-
paTypy, BJaXKHOCTb BO31yXa, PACXOJ H YPOBHH NOBEPXHOCTHHIX BOJ.
Ilo TakoMy coBMmenienHOMy rpadHxky MOXHO CYAHTB O ¢akropax,
BJAMSIONIHX HA AeOUT KJaua.

Jns cyXaeHuss O MOBTOPSCMOCTH NeOHTOB pas/JHYHOH BEJHYHHH
MOXHO BOCIOJIb30BATbCsl 3aBHCHMOCThIO (PYHKUHOHAJNBHOIO XapaxTepa
MEeXAy BEeNHYMHOH AeOHTa M 4acTOTOH ero mMoBTOpseMOCTH. Takue
(OYHKIMH HOCAT Ha3BaHHe (PYHKUHH pachpelesieHHs: HX JIy4Yllie BCEro
NpeACTABHThL B BHJAE JJOMaHOH KPHUBOH, Ha3bBaeMOH MOJUIOHOM ~— MHO-
rOyrofibHHKOM pacnpeaeneHus. Jlis MOCTPOeHHs NMOJHroHa nebura
HCTOUHHMKA CJeAYeT aMIJINTYAY KPaHHUX OTKJOHEHHH 3Toro nebura
pa3AeJHTh HAa Pa3Hble HHTEPBAJbl H MPOH3BOAHTH MOACYET JIET, Mecd-
LieB HJIH AHEH B KaXAOM HHTepBae.

[MosichuM nocTpoenue noaurona wa npumepe puc. 11.5. HaubGonbune
pacxonn goxoasT no 10 a/c. denum pacxoas Ha uuTepBan no 0,5 a/c
H TOACYHUTHIBAEM UHCJO MeCsiliéB, HA KOTopbie MPHXOAATCA PaCXOMIbI
B 95TOM HHTepBaJe (cM. Tabauuy). 3aTeM H3 CepefHHBH HHTEPBAJOB
npoBoasiT abcuucce (B Macwitabe), COOTBETCTBYIOUIHE YHC/AY MecsleB
C pacXoAoM B JAaHHOM uHTepBaje. KoHIB 3THX abcyucC COeAHHSIOT H
TakuM 00pa3oMm MnosyuaeTcsl NMOJUIOH, HJIH MHOIOYroJbHHK pacnpeje-

neHus (cM. puc. 11.4).

[Ipu yBennueHun umciaa jer HabnONeHUH M yMeHbUIEHHH HHTEPBa-
na JoMaHasi KpuBasi (mosurou) B mpenene npubnuxaerca K IMiaab-
HOH KpHBO#H, KOTOpasi HAa3BIBAeTCH KPHBOH YaCTOThl HJIHM KPHBOH pac-
npeneaeHusi. Kpusasi pacrnpeneneRus JaeT HarAsigHoe IpeACTaB/eHHE
O MOBTOPSIEMOCTH Pa3/IHUHHIX AeOUTOB.

Mns oueHKH oO0OecieyeHHOCTH pPacxoj0B HCTOYHHKOB MOXHO BOC-
N0J/ib30BAaThCsl KPUBOH 06ECeueHHOCTH HJHM NPOAOJIKHUTENbHOCTH. JTa
KpUBas MoJyyaeTcs MyTeM MOC/AeA0BATENbHOTO CyMMHPOBaHHSI KPHBOH
yacToTH. IIpH 3TOM obecliedeHHOCThL OOLIYHO ONpelesisieTcs B NPOLCH-
tax. Takas KpuBas MaeT BO3MOMKHOCTb ONpPelesuTh OO0ECNeyeHHOCTh
pacxoaa Gojee npaBuabro. O6ecneuennocty 90 % coorBeTcTBYET pac-

xon 1 a/c (cMm. puc. 11.4).
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Puc. 11.5. KpuBas o0ecneyeHHOCTH MHHHMAJBHLIX NeOHTOB UCTOYHHKA

1 — xpusas oGecneueHHocTH nNo ¢yrruuaM Ilapawre; 2 — kpupas obecneyeHHOCTH MO
(haKTHYECKHM TOYKAaM; 3 — TOUKH BHYHCIAeHHR No ¢yukuuam Ilapave; 4 — ToykH MO
(haKTHYECKHM NAHHHM

A——— e i e v — e v m— T = e - - - = pmm e emm - R T A ——

HUHTepBan, ajc Uncao mecalles I HuTepran, ajc UHcno mecanes

10—9,5 9 5—4,5 6
9,5--9 0 4,5—4 2
9—8,5 I 4-3.5 4
8,5—8 0 3,5—3 11
8—17,5 0 3-92,5 8
7,5-7 0 2,52 18
76,5 1 21,5 18
6,5—6 3 1.5—1 38
6—5,5 1 1—0,5 42
5,5—5 1 0,5—0 -

Hrtoro 156

——s e A A . Lam PR T —— —— e —

Co BpeMeHeM H3MEHSIOTCS He TOJbLKO paclnpejesieHHe H BEeJIHYHHA
MEeTEOPOJIOrHYeCKHX M MHAPOJIOTHYECKHX SIBJEHHH, HO TakXKe H THADPO-
reoJIOTHYEeCKHe YCJAOBHS, KOTOpble ONpenedsioT NUTAHHE H YCIOBHSA
BbHIXOna HCTOUHHKA. Takum o06pa3oM, nmpocras CTAaTHCTHKA W3MEHEHHS
nebuTa HMCTOYHHKA He TOJbLKO HPH KOPOTKHX, HO W HpH AJHTEJLHBIX
HaOnoAeHuaX TpebyeT aHa/iu3a OTKJOHEHHS BeJHUYHHBI W pacnpese-
JieHHs sToro pebura. [as ONeHKM 3aKOHOMEPHOCTH SIBJIEHHH H3MeHe-
HHS peOHTa HCTOYHHKA MOXHO BOCHMOJbB30BATLCS METONLAMH MaTeMaTH-
JeCKOH CTATHCTHKH.

[Ipu omnpemeneHHn XapakTepPHUCTHKH neOHTA HCTOYHHKA HaHOO/b-
Kl HHTepec NpeAcTaBiseT H3MeHeHHe HOPM pacXoja, FOAOBOH HOp-
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MBI pacxolla, MHHHMaJbHOrO H MAKCHMaJIbHOIO pacXol0B, a TaKxXe
MHOTOJIETHeEe H3MEHEHHe PAacXOJOB 3a ONMpPEHe/JeHHHE MeCsIIbl.

Cpennee apudMeruueckoe psiia, Wid B AAaHHOM CJyuae HoOpMa
pacxozna, onpenensiercs ¢opMyoH

¥, Bl (11.3)

Toe Xo— CpefHee apHPMETHYECKOE; Ei;"{ X;— CyMMa TNpPH3HAaKOB HJU apTyMEHTOB,

B HallleM cayuae — AeOHTOB; n — uHc/do BeeX o0bekToB, B HauieM cayyae — Habaione-
HUH HEOHTOB.

HcTunHoe cpenHee 3HaueHHE MOJyYaeTCsl TOJBKO B TOM Clyuyae,
ecsau yHesao HabmopaeHu# n 6eckoHeuHo BeaHko. Cpennee apudmeru-
qecKoe Xo ANSA OrpaHHuYE€HHOro psina HabualoaeHuH siBasercs nNpuOIH-
JKeHHBIM, OTJIHYAIUIHMCH OT MCTHHHOIO X Ha BeJHYHHY Op. BennuuHa
0o HasnBaeTcsi olubKo# apudMeTHUECKOH CepefuHb H A CcpeaHed
OMHOKH CHMMETPUYHOTO PAAa BuipaxaeTcss Gopmynoi

aﬂ—_via/]/?, (11.4)

rie O — cpeaHee KBajparvuyHoe OTK/JOHeHHe (CTaHAapTHas BapHalMs), WIH CpelHAA
omnbKa oTmeabHoOro HabmwaeHHsd

TR
g = i‘/zﬂﬁl({i i , (11.5)

rge n— qdciao pabmopenui.

[Ipu n>30 B 3namenatene dopmyast (11.3) MoXKHO CcTaBUTH He
n—1, an; o u oy 9IBASAIOTCA HMEHOBAHHBIMH YHCJIAMH.

XapakTepHUCTHKa Bapuanuu B 6e3pa3MepHOil BelHUUHE, T. €. K03d-
dbuunent papuanuu C,, onpenensierca no popmy.e

127 (ky—1)2
Cﬂ, == V;_i:_ll;;:} i_“'")"“ 'y ( 1 1'6)

rae xi/x, o6o3Haueno uepe3 k; 3ToT Ko3pduIHEHT MB Ha3BA/lH MOAYJbHHM,

Yucno HaOMOACHHH, MPH KOTOPHIX NOJYyUYaeTcs cpenHee apudmeru-
YecKoe ¢ 3aJaHHOH TOYHOCTBIO, ONpenesisieTca no gopmyae

2
n— 10 (11.7)
(X
I XapakTepHCTHKH AaCHMMETPHYHOCTH psiia HabJlofeHHit cay-
XKUT K03 PHIIHEeHT aCHMMETPHH

=R (ki —1)3
C,=—"" —— (11.8)
nCy3
Tpu 3027 (x — x0) =0 psin 6yzer cummeTpuuen, T. e. Cs=0. Ko-
obdHIHEHT aCHMMETPHH Aa€T BO3MOXKHOCTb CPaBHHBATh PsAH ¢ ORH-
HAKOBBLIMH CPEAHHMH APHPMETHUECKUMH U Pa3HBIMU N U O.
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Cnenyer uMeTh B BHAY, UTO MPH MaJOM uHchne HaOMOAeHHH cpen-
HeKBajfpaTHuHasg omub6ka KoaddHIMeHTa AaCHMMETPHH I[OJyYyaeTcs
Goabwo. Tak, npu n=10 ouwrnbka coctaBaser 77,5% BeJHYHHBI KO-
spduinenta acuMmmerpuu, npu n=20—>55 % u maxe npu n=100
omubka 6yner paBHa 24,5 Y. Popmyan aas BepoATHHX OWHOOK, KO-
Topble BO3MOXKHHE Ans 50 Y cayuaes, OVAYT caeayiouise:

g
BASi X, Axzy= 10,67 —=-; (11.9)
Von
Ans o Azgy= 40,67 —1_1-; (11,10)
2n
Co ;
pas Co ACyso= 10,67 —"=V'1 + 2C 2. (11.11)
2n

[TpenenbHyio omubKy MOXKHO NPHHSITH PABHOH yueTBepeHHOH Bepo-
ATHOH. @opmyam ommbok (11.9), (11.10) wu (11.11) orHocATCE K
paAxaM CHMMETPHYHOIO BHAA, MO3TOMY OHH He OTBEYAIOT IOJHOCTHIO
omu6KaM B aCHMMETPHUHBIX psnax.

Hnf nocTpoeHHs TeOpeTHUECKOH KPHUBOH 0OeCmeueHHOCTH pacxosna
MOXHO BOCIONb30BaThbCs pyHkUHeR pacnpenenenus Hlapawe, kotopas
COOTBETCTBYeT OOLieMy BHAY KpHBOH pacnpenenenusi. Ha puc. 11.6
IOKa3aHO CpaBHeHHe KpHBOH oOecnedennocTH no ¢yrxkuum Ilapave
# 110 pakTHUeCKHM JNaHHLM. M3 5Toro pucyHka BHAHO NPEHMYIIECTBO
H3YyueHHs obeclleueHHOCTH MO TeopernueckKuM KpuBbim (Illapabe) ans
obecrnieuennoctu 80—95 %.

st uccieROBAHHS 3aBHCHMOCTH MeXAYV AeOHTOM HCTOYHHMKA H
METEeOpPOJIOrHUeCKHMH, THAPOJIOTHYECKHUMH U JAPYIHUMH BJHSIONIMMH Ha
Hero dakTopaMH, a TakXkKe AJs HCCAEAOBAaHUA CBA3H MeXAY JNeOHTOM
HCTOUHHKA U NeOMTOM aHaJjora 3a napaJsielbHble NMeprHonbl Habmawome-
HHH MOXHO BOCIOJBL30BATLCA METOJAOM Koppenauud. KoppensaruBHas
3aBUCHMOCTb MEXAY ABYMS BEJHUHHAMH MOXET BhIpaxaThCd [/
psina cnyuaeB ypaBHEHHEM IIPSIMOH perpeccuu

y— po=r-2 (£ —2,), (1112

Ty

rne Xo H Yo— CpelnHee apHPMeTHUYECKOe PsAaa; r— KO3DODHUHEHT KOpPpPeNsAlHH, AB-
JAIIIHACA MepPOH CBSI3H MEX/AY BeTHYHHAMH,

Ilpu r=1 umeer Mecto QyHKuHOHAIbHAS CBA3b. TeOpeTHUECKH Ha-
JJUUHE KOPPEeAsITUBHOH CBA3HM MEX/AY CPaBHHBAeMBIMH SBJICHUAMH OY-
AeT uMeTb Mecto npu r>0,5. IIpu npaxkTHueckuXx pacuerax xoppensi-
THBHYIO CBfI3b HCMOMB3YIOT mipu r>0,7.

Koadphuuuent koppeasiiuu onpeaeasor no popmyne

I=n

=1 Wi —y) (X1 — x) (11.13)

T —————— . g B iy b e T o T

—— .

r_h_—. e 2 gy -
V Uzt (4 — 902 U (= 2o)?
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Puc, 11.6. Kantax HUCXOAALIEr0 COCPEAOTOYEHHOr0 BHIX0/a HCTOYHHMKA B BHAE Kaf=
TAXKHOH KaMepH

1 — nepenuBHasi W rps3eBas Tpy6a; 2 ~ nurarteabHas Tpy6a; 3 — npHeMHas YacTh

MepeJHBHOH TpYObl; 4 — BONOCIHB AJS MepeJHBa; & — 3aABHKKA MHTATeNbHOHN TPY-

6bl; 6 — rpsizeBble KJalaHbi; 7 — pacnpelesHTeJbHAs YacTh KaMephi; 8 — o6IHH BO-
nocnuB; 9 — sBentunanus; 10 — npueMHas 4acTh KaMephl

B ¢opmyne (11.12) ox ¥ oy — cTannapTHble BapHAalUMH HIH CPeA-
HeKBaJpaTHUHble OTKJOHEHHS Yy M X OT HX CPeHHX — Yo H Xo.
CTaHzapTHble BapHallME BBIYHCAAIOT No GOpMyiaM:

o el
Vs -
LD = RO

n—1

(11,14)

x

R
» =1 Yo)* (11.15)

n—1

Oy
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BepositHas ownbka Kos3ppHUHeHTa KOPPeasANHH BHUHCAAETCS IO
bopmy.ie

Arﬂ¢0,671:f. (11.16)
V n

Kosbduuuent r’¥_ B ypaBHenun (11.12) ompegmeasier co6of yroxa
..‘L'
HAaKJOHA NPSMOH perpeccHu M Has3biBaeTCs KO3 GHIHEHTOM perpec-

cun. B ypaBuennn (11.12) xosbduuueHnt perpeccun y no x o603Haya-
eTca uepes RY/x; ko3 bHUIHEHT perpeccHu x mo y —uepes R*/y; mno-
cNenHuil paBHseTCA royx/oy. B 3TOM ciydae ypaBHeHHE perpeccHH
HMeeT BHI

x— Xy =% (y— ). (11.17)
y
KoatphHnueHTH perpeccHn CBSI3aHH ypaBHeHHEM
RV[x -R*[y=r2 (11.18)

IIpu ¢pyHKUHOHAJNBLHOH CBSI3H MCIKAY BeJHYHHAMH X H Yy 00€ JTHHHH
PErpecCHH CJAHBAIOTCS B OJHY

Y[ % = - 11.19
R [%m e (11.19)

Hns ycTaHOBJEHHS CBSI3H OJHOH NepeMeHHOH ¢ ABYMs, HanmpuMmep
Y C Xy H Xp, IOJNB3YIOTCS COOTBETCTBYIOLUMHU (hOpPMYyJaMH U3 MaTeMa-
THUECKO# CTATHCTHKH.

B rupporeosioru4ecKHxX sIBJEHHSIX, KaK U B pAAe APYrHx, He Bcernaa
MOXHO MPHMEHHTh NPSAMOJIHHEHHYIO KOppeasliHio; B 3TOM cjayyae
cBsI3b OOJieKaeTcss B OoJiee CAOXKHYI0 GopMyny KPHBOJHHEHHOH KOP-
PeJsIITHBHOH 3aBHCHMOCTH. 3a Mepy CBsi3H TaKo# 3aBHCHMOCTH MpH-
HUMAeTCsl BEeJIHUMHA KOPPEeNSTHBHOIO OTHOLIEHHS, BBIYHCJIEHHE KOTO-
poit 10BOJLHO c¢nOXKHO. Ilo3TOMy ansa cyXKaeHus o Xapakrtepe CBSI3H
NpU KPHUBOJHHEHHON KOPPeNsLlHH MPOULE MOCTPOUTH MPHONHIKEHHYIO
KpPHBYIO IpauyeCKUM NyTeM.

Tak kak OONBIIMHCTBO KPHUBBIX YAOBJETBOPSIETCS YPaBHEHUSIMH
CTeNeHHBIX (YHKIHH, TO MOXKHO BOCHOJb30BATHCH 3THM CBOHCTBOM,
H KOPPEJNHPOBATh HE HEMOCPEeACTBEHHO BEJHYHHB, a HX JIOlapu(MBbL.
Torpa Mbl NONYYHM He KPHBOJHHEHHYIO, a MPAMOJHHEHHYIO KOppens-
ILHI0, CJIeNOBATENbHO, YPaBHEHHE NPAMON perpeccuu JorapupMuuecKoi
aHaMmopdo3si.

Ilonb3oBaThecsl aHANH30M CBSI3H MO YPaBHEHHAM PErpeccHH xeja-
TeNbHO NPH YHUCJe UNeHOB psma Ooabliue 10; ecnd xKe YHUCIO UJEHOB
6yner Mennllie 10, TO caeayer HCKaTb NPOCTYIO rpadHyecKylo CBs3b,
B OCOOEHHOCTH MPH KPHUBOJHHEHHOH 3aBHCHMOCTH. IIpH HanWuHH KO-
POTKOro psna HabJOAEHHH MOCTPOEeHHEe BHIBOJLOB [0 METOJAM MarTe-
MaTHYEeCKOH CTATHCTHKH BJeueT 3a co00ft 3HauuTeNbHble OUWIHOKH. B
CBSI3H C 5THM BeCbMa BaXHBIM SIBJAFETCS pacUIHpPEeHHE MepHoaa HJIH
psiaa HabaAeHHH. DTO MOXKHO CAenaTh CACAYIOLHMH NpHEMaMH.
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IlyeTs MB HMeeM KOPOTKHE nepuona Habgiogenuit 3a aebuTOoM HC-
TOYHHKAa H AJHHHHIM NepHoJ HaOJIOJeHHH 3a MeTeOopPOJOTHYeCKHMH
3neMeHTaMH (ocajakd, TemnepaTtypa H HAedHIHT BJIaXKHOCTH), KOTO-
prle ompeAesslOT B HaLleM CJydyae NHTAHHE HCTOYHHKA. DBriuHcaum
Ko HIlHEeHT KOpPETSLHH MEXAy HCCAeAyeMOH XapaKTepHUCTHKOMH Je-
6uTa HCTOYHHKA JJISI HMeloHierocs psana HabialofileHHA H COOTBETCTBY-
IOUIAMH 3TOMY PSAAY METEeOpPOJOTHUeCKHMH 3jeMeHTaMH. Ecan cBA3b
Hajle’XHasl, TO N0 MeTOAY KOppensillHH ONpejensiioT 3aBHCHMOCTb Xa-
pPaKTepPHCTHKH NeOHTa OT METEOPOJOrHYeCKOro 3J1eMeHTa.

Ilpu npamonununedno# xoppeasiiux B oOlleM BHAe MOJYyYaeTcs
ypaBHEHHC

x=ay+ b, (11.20)

rae X -- XapaxkTepHcTHKa Je0HTa HCTOUHHKA; Y — METEOPOJOTHYECKHIl 3JeMeHT, a —
Ko3bhunueHT; b — nocrofnuag.

Ypasuenne (11.20) ectv ypaBnenme npsiMoii perpeccuu, He npo-
XOAslllled yepes HA4aJ 0 KOOPAMHAT. [L/1s 4acTHOrO CaydYas MOCTOSHHAS
b=0, u Toria Mbl NMOJYYHM YypaBHeHHe NpPSAMOH, NPoXoAsAlel dUepe3
HayaJa0 KOOpJAHHAT

X==ay. (11.21)

Ilpn xpuBoMMHEHAHON KOPPeNALHH CIeAyeT CHaYaJ/a NoJy4YHTh ypaB-
HEHHe NMPAMOH perpeccuu jJorapupmuueckoi anamopdossl

lgx—alg y+b (11.22)

M 3aTeM OT Hero (MOTeHUHpOBaHHEM) NEpeXOAHThb K YPaBHEHHIO CTe-
NeHHBIX QYHKUIHH

x=cy’, rae lgc==>. (11.23)

Taxum o6pasoM, ycTaHaBauBaeTcsl CBf3b MEXKAY HCCAeAyeMOil xa-
PAaKTePHCTHKOI Ae0HTa M METEOPOJOTHYECKHMH 3JeMeHTaMH. 3areM
0 METEOPOJIOTHUECKHM JaHHBIM 3a Bech NEPHOA MOKHO ONpeleaHTh
HCKOMYI0O XapakTepHCTHKy pebHTa mo ypasHenusm (11.20)—(11.23).
Takum 006pa3oM, nepexoHuM OT KOPOTKOIrO psina HabJioAeHHH K 60Jb-
memy. Ilpn HannyMm aHanora ¥ ANMTEIBHBIX 32 HHM Habmonenuft
MOXKHO KODOTKHH psijl HabJaiofleHHHA HccJaedyeMOoro HCTOUYHHKa TpHBe-
CTH XK JAJNHHHOMY, COOTBeTCTBYIOUIEMY IO NepHOAy HabuawojeHHH aHa-
JIOTY.

B psne ciaydaeRr HMCTOYHHKH BO3HHKAIOT B pe3yJabTaTe NoAmNopa
MOTOKa TPYHTOBHIX BOJ.

OO6mum nns BceX HCTOUHMKOB, 06pa30BaBIIHXCH B pe3yJabTaTe MOJA-
nopa TPYHTOBOrO IIOTOKA, ABJASAETCS NOJHOe NeperopaXHBaHHe ero,
YaCTHYHOe HJH yMeHbllelde BOJONPOBOASAUIMX CBOHCTB BOJOHOCHOTO
caosi. [locnennee sBneHue HabmaojgaeTcsi, HanpuMep, B TPYHTOBBHIX
NOTOKaxX KOHYCOB BBIHOCA, FAe HHXKE IO MOTOKY OTJarailoTcs INIHHHC-
Thleé YacTHIHR H 06pasyloTess MajoNpOHHUAaeMBle H BOJAOHeNpOHHIIae-
MBble TIPOCJIOH.
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Kantax ucTouHHKoB, o6pa3oBaBLIHXCS B pe3yJabTaTe MoAiiopa
FYPYHTOBOTO NOTOKa, HECKOJbKO BHAOH3MEHSIeTCSI B 3aBHCHMOCTH OT
THAPOreoJorHyecKux ycnoBui. HanpuMep, npu HaJHYHM NOANOpPa Kafl-
Ta¥X HCTOYHHKA Hesecoo6pasHo fAeqaTh B BulAe ApeHaXHbIX TPyO, ra-
JiepeH, TOPH30HTaJbHOTO BOA03ab0pa HJH B BHAE KOJOALEB.

OueHka 3KCNJayaTalHOHHBIX 3aMacoB HHCXOASUIHX HCTOYHHKOB CBO-
OHTCSL K onpedeseHHI0 cTelleHH oO0ecreyeHHOCTH AeOHTa NpH 3KCIIY-
aTalHH HCTO‘[HHK& H B HeEeKOTOPBIX cJaydasX TakKxke K OHCHKE 3axBaTa
MOA3EMHOr0 NOTOKa. JTO HeJsaeTcss Ha OCHOBAHHH aHaJu3a TI'HApPOTeo-
JIOTHYECKHX YCJOBHH H TeX H3MEHeHHH, KOTOpble MPOH30HAYT IPH YCT-
poiicTBE KallTa)Xa HCTOYHHKA, a TaKXe aHaJjgH3a [0 AaHHHM HabJio-
JleHHH 32 H3MEHUYHBOCTbHIO AeOHTa.

B oueHKy 3KkCnJyaTalHOHHBIX 3aMacoB HCTOUHHKOB HJsi Jio6oro
NepHoAa HAOJKHBI BXOAHTh AHAJNH3 THADPOTEOJOTHUECKHX YCJIOBHH H
cooOpaxeHHd O BJHSHHH YCTpPOHCTBA KanTaxXa. 3atTeM aHaJHU3HPYIOT
HabJofeHus] 32 H3MEHUHBOCTbIO aebura. MeTORMKY OLEHKH H3MEH-
YHBOCTH JeOHTa BHIOHPAIOT B 3aBHCHMOCTH OT CPOKOB H 4Hcaa Habarw-
AeHHH 3a JeOHTOM HCTOYHHKA, OT 3/eMeHTOB, KOTOpBIE BJHSIOT Ha
HeOHT, OT HAJHYHSA aHAJIOTOB, a TaK¥Xe B 3aBHCHMOCTH OT TpebyeMoi
TOYHOCTH OLleHKH, KOTOpasi, B YaCTHOCTH, oNpelessieTcss NOTPeOHOCThIO
B BOJle.

Haun6onee ynpouenHo#t onenxoit 3KCnJyaTamHOHHBIX 3aMacoB HC-
TOUHHKOB SIBJSI€TCA cocTaBlJeHHe TabJaHiy 1Mo ae0HTaM H  XPOHOJOTH-
YeCKHX l‘panHKOB ¢ BHIOOPKOH MHHHMAJbHBIX H MAaKCHMAaJbHBIX Je-
6utos. Taxas oueHka ssasiercs npubauxennoil. Ilpn anureabHom ps-
Ie HaOMIOAeHHi COCTABJAIOTCS 3MIHPHYECKHe KPHBble paclpeneseHus
H ofOecrieyeHHOCTH; TaKOH MeToJA JaeT BO3MOXHOCTb 6ojee TOUHO
OLEHHTh H3MEHUYHBOCTb H o0bOecrneYeHHOCTb AeOHTOB HCTOYHHKOB.

[locTpoenue sMmnupuyeckofi M TeOpeTHUYECKOH KpHBHIX obecrmeueH-
HOCTH JaeT BO3MOXHOCTb MaTEeMaTHUYECKH HCCACAO0BAaTh BeDOATHOCTDH
pa3aHyHOH obecrieyeHHOCTH Hebura.

bonee yrayGnenunifi aHaJ H3 H3MEHYHBOCTH AeOGHTOB HCTOYHHKOB
NoJAYyyaloT NPH COMNOCTaBJeHHH HNaHHWX HabaiofeHHi 3a HeOHTaMHu C
AAHHBIMH HAOJIOfleHHH N0 3/M€MeHTAaM, BJAHSIONMM Ha AeGHT (0CcaAKH,
BJIaXKHOCTb, HAPOTE0JOTHYECKHe 3JeMEHTHI); 3TO COIOCTaBjIeHHe 0CO-
6enHo Hesecoo6pasHo NPHMeHATb NPH KOPOTKOM psife Hab.iofeHHil
3a JneOHTaMH H AJIMHHOM psifle HabuioJeHuil 3a 3JeMeHTaMH, OT KO-
TOPLIX 3aBHCHT H3MeHeHHe AeOHTOB HCTOYHWKOB. Tako# aHaldu3 MOXK-
HO e1aTh MO METOAY KOPPeJsiHH H 10 MeTOAY PacIiHPEHHOTO NMepHO-
na nabmonenuit. Ilpn HajTuuyul amajora ¢ AJHHHBIM PSAAOM HaOJI0-
ReHH# nenecoo0pasHo OUEHHThL H3MeHYHBOCTh AeGHTa MO MeToldy aHa-
JIOTHH aHAJHTHYeCKHM H rpadHuecKnM crocobamu.

[Ipu pacyete NMPOH3BONHTENBHOCTH BOCXOASIIIMX HCTOYHHKOB HYXK-
HO CHayaJja NMpOoaHaJH3HPOBATb TFHAPOreoJOrHYeCcKHe YCJOBHS, HA OC-
HOBaHHH YE€ro MOXHO OyAer caeJatb NPorHo3 o6 yBeJHYeHHH ecTe-
CTBEHHOTo Ae0HTa, a 3aTeM pelIHTb 3aJauy O 3aKOHOMePHOCTAX YBe-
JiHUeHHs1 NeOHTa NpPH pas3aHYHBIX TNOHHIKEHHSX VPOBHS BOAM. ITa
3ajaya peuraercs Tax.
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[lo maHupiM 0 Ae6uTe NpPH Pa3JHUYHBIX TMOHHIKEHHSIX CTPOSAT KpH-
Byio ne0HTa WJIH COCTABJASIOT ypaBHeHHe aeburta. [lpm npsMonunne-
HOH 3aBHCHMOCTH aebuta Q oT MOHUXKEHHS1 S MOXKHO NPHMEHATh YpaB-
HEHHE

Q=gS, (11.24)
rae g — yaeabHbR gebur.
[Ipu mapaboauyeckoli 3aBHCHMOCTH IIPHMEHSIETCSI YPaBHEHHE

S —aQ+bQ?, (11.25)
rae @ v b — napaMeTpn ypaBHEHHA.
Hnsa creneHubix ¢yuknuii B 0061ieM BHJAE HCNOJb3YETCS YpaBHEHHE

S =aqQ’, (11.26)

rae a 1 ¢ — NOCTOSIHHBIE A1 HCKOMOH 3aBHCHMOCTH, HNM B BHIe JorapndMuueckon
a"Hamopdo3sn

lgS—clgQ+ b, (11.27)
rae b=I1ga.

a5 mocTpoeHHsi kpUBHIX Ae6GHTa HAH COCTaBJEHHS YpaBHEHHH He-
obxoauMo HMeTb He MeHee Tpex Touek. [IpH rmaporeoJorHyeckux
YCJOBHAX, KOTAA NPH BHIXOAe HCTOYHHKA 3acCTb BOABl TepsieTCAd Ha
NOJ3eMHOE pacTeKaHHue, NOCTpPOeHHe KPHBBIX JeOuHTa H ypaBHEHHHA
CJeAyeT BeCTH C y4eTOM H3MeHEeHHS KOJHUeCTBA pacreKauieHcsi BOAHL.
Heob6xoaumo uMeTb B BHAY, UTO XapakTep CBA3H ne6uTa C MOHHIKE-
HHEM YPOBHSI MOXeET MEHSTbCS B 3aBHCHMOCTH OT MeHSWOLIeHCS Be-
JHYHHB Pacxofa JZaHHOTO HeTouHuKa. [103TOMY NpHHATOE ypaBHEHHE
MoxeT OBIThb CIpaBeAJHBO B NpPeAeJaX KakHX-TO NOHHXKEHHH H YAOB-
JeTBOPATH C MEHbIUEH CTeleHbI0O TOYHOCTH HJH COBCeM He YAOBJIET-
BOPSITb 3a NpejeNaMH 3THX TNoHHKeHHH. Dojee cTporo pacuersl BOC-
XOASULHX HCTOUYHHKOB C MOHHJXEHHEM YPOBHS BBIXOJA Ha [IOBEPXHOCTh
cJenyeTr AesaTh Kak JAJsl NOA3EMHBIX HANOPHHX BOA.
eKOTOpPble BOCXOASIIHE HCTOYHHKH HMEIOT HOBOJBHO paBHOMEp-
Hoifi ge6duT. OgHAKO y MHOTHX H3 HMX Ha0JI0Aal0TCA Ce30HHBIE, MHO-
roJeTHHe, NMepPHOAHYECKHe H JApyrue KojaebGanusi nebura. MHuoroaer-
HHe KojebGanus AebGHTa BOCXOASIIHX HCTOYHHKOB CBsI3aHBI ¢ MHOIO-
JeTHHMH KJIHMATHYECKHMH H THAPOJOTHYECKHMH H3MeHeHHAMH. DBo-
Jlee CTPOro pacdeThl BOCXOASLIHX HCTOYHHKOB C NMOHHXKEHHEM YDOBHSA
BOAB Y BBIXOMA HA NOBEPXHOCTb cAeAYeT A€NaTh Kak AJs HaNoOPHHX
BOZ.
Ce3onnble KoJe6anus ae6uTa 0TMeUalOTCs B psAxe HCTOUHHKOB. Ha-
npAMep, BOCXOAALIKA TIPECHBH HCTOYHHK H3 BePXHECEHOHCKHX MEJOB
B Bearopoie HMeeT ce30HHBIe KoaebGaHHs YPOBHA okKoJdo | M; 270
Jlaer B €CTECTBEHHBIX YCJOBHAX KO03(P(PHUHCHT HEPABHOMEPHOCTH M-
6uta nopsaka ABYX *.

* HeTOuHHK KanTHPOBAaH LIAXTHHIM KOJOAUEM B BHAE pe3epByapa, H3 KOTOPOro
OTKayHBaeTcs BOJAa. YPOBeHb 3aMEPSIOT B 3TOM pe3epByape.
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Kosebauusa armochepHOro AaBjJeHHUs BJIHAIT HA H3MEHEHHE ypOB-
HSI M COJePKaHHe ra3a B BOCXOASILIHX HCTOYHHKAX, a 3TH 0OCTOATENb-
CTBa, OUEBHJAHO, BJAHAT Ha AeOGHT 3THX HCTounHMKoB. Ha me6HT Boc-
XOAAUIHX HCTOUHHKOB OKa3blBalOT BJAHSIHHE W ApyrHe dakrtopnl. Ha-
npuMep, Ha AeOHT YNOMSAHYTOro Bhille HCTOYHHKa B Dearopone Baung-
eT noanop p. Cesepckuit Joner.

Pacuer obecneyeHHOCTH 3KCIJYaTallHOHHBIX 3alaCoOB BOCXOASILIHMX
HCTOYHHKOB, KOTOpble IMOJHOCTbI0O APEHHPYIOT BOJAOHOCHBIH TOPH3OHT,
MOXXHO NleJ1aTh KakK NJs HHUCXOASHIHX HMCTOUYHHKOB. Jl1s BOCXoASIIIHX
HCTOYHHKOB, KOTOpbie SBJASAIOTCSA BbIXOJAOM 4YaCTH BOABLI NOA3€MHOrO
NOTOKa, aHaJu3 00eCneuyeHHOCTH 3KCIUIYaTallMOHHBIX 3allacoB, Kpome
HCHOJNb30BAHHS MeTOAHMKH, IIpHMEHSseMOH AJd HHCXOASIMHX HCTOYHH-
KOB, cjAelyeT AejaTh N0 MeTOAAaM, NMPHMEeHSeMHM AJS pacyueToB IOA-
3€MHBIX HAMOPHBIX BOJ.

11.2. XapakTepHCTHKA BOJB HCTOUHHUKOB

CoCTaB BOABl HHCXOASUIMX HCTOYHHKOB M3 PBIXJABIX OTJOXKEHHH
(neckoB) 0oOBIUHO H3MeHseTCss MaJgo. Boabmine KonebGaHHS COCTaBa
BOAB Haba0AaOTCA Yallle B HCTOYHHKAX, BHIXOASIIHX H3 TPellHHO-
BaTblX M 3aKapCTOBAHHBIX MOpoA. [ak, KapCTOBHIH HCTOYHHK H3 H3Be-
CTHsIKa B HCcTOKax p. benoi#t (pa#ion Hanbunka) Bo BpeMs BeCeHHErO
cHerotasHuss B ropax KaBka3sa JaerT oueHb MYTHYIO BOAY CO 3Ha4H-
TeJbHbBIM OaKTE€PHAJAbHEIM H XHMHUYECKHM 3arpsizHenneM. Hexoropoie
HCTOUHHKH B paioHe KHCIOBOACKA, BBIXOASILIHE H3 TPEIIMHOBATHIX H
3aKapCTOBAHHBIX HM3BCCTHSAKOB H HaxXoasiiiHecss O6au3ko ot obJgacTH
NMUTAaHHUSA, BO BPeMs HOXKJAeH TakXe HMeEIOT MYTHYK BOAY C IT0OKa3a-
TeNssMu 3arpsisHenusi. OaHako Koraa Obl10 3alleMEHTHPOBAHO HECKOJb-
KO OJHKaHUIHX KapCTOBBIX BOPOHOK, TO NMOMYTHEHHe BOJABI BO BpeMms
AOXKAEH NMOUYTH NPEeKPaTHJIOCE.

Haunbonpline kojebanus TeMnepaTypsl BOIAH H ee COCTaBa OOBIUHO
HabJAal0TC B HCTOYHHKAX, aMeromnx objacTs MuUTaHHs BOJNH3H OT
30HbI Pa3rPy3KH, H NMPHYPOUYEHH K TPCUIHHOBATHIM H KapPCTOBBIM H3-
BeCTHAKaM: B BOJie TAKHX HCTOYHHKOB BO BPeMs CHEroTasiHHs U 00Jb-
HIHX AO0XKAEH BCTPEYAIOTCS He TOJBKO MHKPOOPTaHHU3MBE, HO TaKXe
BHAHMbBIE- HEBOOPYXKEHHHM TIJ1a30M PacTHTEJbHble H XKHBOTHBIE Opra-
HH3Mbl. Bompoc o6 H3MEHUHMBOCTH COCTaBa HUCXOAAIIMX HCTOYHHKOB
pewraeTcss Ha OCHOBAHHH CONOCTABJEHHS KOMILJIeKCa THAPOTEOJOTH-
YECKHX YCJOBHH C (PH3HKO-XUMHUECKHMH H OHOJOTHYECKHMH (BKIIO-
yag OakTepHOJOTHYeCKHE) aHAJH3aMH, MOJYUYeHHBIMH NPH Habmone-
HHAX 32 PEXHMOM INOA3eMHBIX BOL.

Muorue BocxoAslliHe HCTOUHHKH 06,1a7a10T 3HAYHTEALHBIM IOCTO-
SIHCTBOM XHMHYeCKOro cocTaBa NnoA3eMHHX Boa. Hanpumep, no Kelian-
raky, MHHepaJH3alnuss BHCOaA€HCKOro MHHEpPaJbHOTO HCTOYHHKa Kox-
6pyHHeH 3a 36 geT u3Menunaco ¢ 8,262 no 8,241 r/kr, 1. e. BceTo Ha
0,26 %. Onnako B psise HCTOUHHKOB HabJI04al0TCsl KOJebaHHS cocTa-
Ba BoAbl. Hampumep, obuias KecTKOCTb BOAH HAMOPHOrO IPECHOro
HCTOYHHKA H3 BepXHeCeHOHCKoro mesa B Dearopoage konebaercst oT
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7,3 1o 9,1 Mr-axB, uyto cocrasisier okoao 18%. B tom XKe ucTouHHKe
KoseGanusi XJgop-HoHa cocraBasioT 6osiee 50%. IMociennee o6bscua-
eTcsl, NOo-BHAHMOMY, IPHMEUIHBAHHEM TPYHTOBBLIX BOI.

11.3. KanTax MCTOYHHKOB

['mpporeosiornueckde ycJOBHSI BBIXOJAa HHCXOASUIHX H BOCXOAf-
IIHX HCTOYHHKOB pasjiHYHBL. B CBSI3W C 3THM HECKOJNBbKO Pa3jHUHBL H
KOHCTPYKIHH HX Kanraxed. OfHaKo HEKOTOpPBIe NMPHHUHNB KanTaxed
BOCXOASIIMX H HHCXOASILIHX HCTOYHHKOB sIBJAfAIOTCS oO0muMH. Kpowme
TOro, MEXAY HHCXOASLIHMH H BOCXOASLUIHMH HCTOUHHKAMH €CTb IpO-
MEXYTOYHbIE THMBI, YTO, KOHEUHO, BJAHSIET Ha BHOOP KOHCTPYKIHH
KanraxeH. [Ipu ycrpoficTBe KanTaxXeif BCeXx HCTOYHHKOB CJejyeT y4yH-
TbHIBATb CJAefYIOUHe OOLIHe OCHOBHBIE MOJIOXKEHHS.

1. TloxzeMuyo Boay ciaeiyer 3aXBaTHTb KalTa)XeM A0 BbIXOAAa HA
NOBEPXHOCTb, YTOOHI COXpPAHHTb €€ IeHHble CBOHCTBA H NpeAOXpaHHTDb
OT 3arpsi3HeHHsi. Takoe TpebGoBaHHE SIBJSIETCH BTOPOCTENEHHBIM IMpPH
HCIONb30BAHHH HCTOYHHKOB AJISI OPOLUEHHSI H B HEKOTOPHIX JApPYrHX
cnyuasx. Jjis MuHepaabHBIX BON 0COGEHHO BAXHO COXPAHHTb HE TOJb-
KO XHMHYecKHe, OakTepHOJOrHYeCKHEe, HO H (QH3HUECKHE CBOHCTBA,
HalpuMep AJS T'a3HPOBAHHBIX, TEPMAJbHBIX H NPOYHX HCTOYHHKOB.

2. Kanrax mo BO3MOXHOCTH JOJIKE€H NepexXBaTHTb NOJHOCTHIO HC-
TOUHHK C €ro AepHBATAMH H HAIIpaBHTb NOTOK HCTOUHHKA B IIPHEMHYIO
qacTh, KOTOpasi 4acTo KOHCTPYKTHBHO odopMJisercss B BHAE KaNTaXHoH
KaMephl.

3. Kanrax noaxeH ObITb pacCuHTaH Ha IpPONYCK He TOJbKO MH-
HHMAaJbHOTO, HO H MAaKCHMAaJIbHOIO pacxo/ia, B YaCTHOCTH IyTeM BHI-
ycKa uepes nepejHBHYIO TpYOy.

4. Kanrax, Kax NpaBujo, A0JXeH ObITb YyCTPOEH TakHM obpasoM,
yroObl HE CO3MaBaJiCid NOANOpP €CTeCTBEHHOro YypOBHS H 4TOORI, cJje-
AOBAaTeNbHO, HCTOUHHK He MOT YHTH 0 JPYIrHM NYTHAM.

Kanrax HHCXOASLIHX HCTOYHHKOB MNPH COCPeAOTOYEHHOM BBIXOJE
NpHHAMAIOT B BHJe KanraxHo#i kKamepbol (puc. 11.6). B cayyae ecan
HCTOYHHK BBLIXOAHT IO NOAOIIBE BOAOYINOPHOH NOPOABI B BHAE He-
CKOJbKHX HJH MHOTHX CTpYyH, HanpuMep H3 pHIXJbIX OTJOXKEHHH, 3a-
XBaT BBINOJHSIOT I'OPH3OHTAJbHBIM BOJA03a00OpOM B BHAE JAPEHAXHBIX
Tpy6 HJIH TajepeH, 3aTeM BOJa NOCTyMaeT B KaMepy HJAH B OoJee
NpocTyio pacnpeaennrenbHyo kamepy. Bogocans (cm. puc. 11.6) noa-
XKeH NponycKarh MAaKCHMAaJbHBII pacxoJ HCTOYHHKA 6e3 mojamnopa ec-
TECTBEHHOTO YpOBHS. B 3aBHCHMOCTH OT THAPOTEOJOTHYECKHX YCJo-
BHH KOHCTPYKIIHSI KanTaXXed HHCXOASLIHX HCTOYHHKOB H3MEHSETCH.

[TyreM pamHOHaAbHOrO Kamraxa AeOHT HCTOUHHKOB MOXET ObITh
ypeanuen. Hanpumep, ne6ur kanraxa B Hancu Bcaeacrsme noanopa
yBeaudyen ¢ 6—7 po 60 afc. OpgHako caeayer uMeTb B BHAY, 4TO MOJ-
MOop HCTOYHHKA NaeT BO3MOXKHOCTb IOBLICHTD MHHHMYM pacxofa, HO
9TO MEpONpHATHE CJeAyeT MPOBOAHTDL JHIIL MOCJ]e TINAaTeJbHOro I'HA-
POreoJJOTHYECKOTo H3y4YeHHS, TaK KaK HCTOUYHHK TNpPH NOANOpe MOXeT
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HAaliTH BBIXOJ B APYIOM MecCTe, TOTAda BMeCTO INOBBILIEHHS MHHHMyMAa
pacxojaa Kantax ocTaHercs 6e3 BOJIDL

Hekotopbie Habaooaenud NokasaJaH, YTO 3HAYHTEIbHAas PaCcyHCTKA
BLIXOJOB KJIOUel H NOHHXeHHe €CTEeCTBEHHOTO YPOBHS BJIEKYT 3a CoO-
6oit B psifie CjayyaeB CHHXEHHe MHHHMYMOB pacxoja HCTOYHHKOB. Ta-
Koe siBnenHe Habawaanoch Ha HcTouyHHkax Ka#sepOpynuen H  CrTHK-
CeHllelH, pacnojoxeHHbX BOH3n Benbl. OaHako, HanpHMep, H3BeCT-
HO, UTO NpH HAJHUHH JAepHBATOB CHHXKEHHe OLITOBOIO YPOBHS Yy IJiaB-
HOTO BBIXOAA HCTOYHHKA NOBbILIAeT B psfie CAy4YaeB Kak oO6UIHH
pacxoa MCTOYHHKA, TAK H MHHHMYM ero.

B ocHoBHOM KalTax BOCXOASLIHX HCTOYHHKOB CcJaeAyeT JAeaaTh
06s13aTeIbHO C Y4eTOM YCJOBHH BBIXOJa HX HAa TOBEPXHOCTb 3eMJH.
Hanpumep, B ycJI0BHAX COCPEAOTOUYEHHOTrO BHIXOAd Ha TOBEPXHOCTH
zeMad (cm. pue. 11.2) kanrtax penecooOpas3HO BLINONHATHL B BHIE
IaXTHOTO KOJOAUAa-KaMephl, 060PYAOBAHHOTO NPHEMHOH HIH COPpOCHOH
Tpy6Goii. B yciioBHsIX BbIXoaa HCTOUHHKA (cMm. puc. 11.3) nmpuBenenunas
cXeMa Kanraxa MoXeT ObLITh BLIIOJIHEHA TaK XK€, KaK yKa3aHo BLILIE,
HO IIPH 3TOM MPOH3BOAHTENbLHOCTh ero OyjaeT OJIH3Ka K eCTeCTBEHHOMY
BoIxoay. st yBeaH4YeHHS] NPOH3BOAHTENbHOCTH, 0COOEHHO B MepHOABE
HH3KOr0 pacxola eCTeCTBEHHOIO BBIX0AA, CXeMy KallTaxa CcJeayer
IPOEKTHPOBATh B BHJAE CKBAXMHH HJH YrJayOJIeHHBIX HIaXTHHIX KOJOJM-
neB. B 3ToM cayyae pacdeT BBHIIOJHAKT C YYeTOM APEeHHPOBAHHA BO-
JOHOCHOTO TOPH30HTA, KaK AJs NOA3eMHBIX Boj (cMm. pue. 11.2).

I'JIABA 12. IPOEKTUPOBAHME BOAJO3ABOPOB
NOA3EMHDBIX BOJ B PAHOHAX MHOTOJIETHEHW MEP3J10Thl

B ycioBHsAX MHOroJieTHedl Mep3JiOTH NOJA3eMHbie BOJABI, HCIOJAb3Y-
eMBle fAJs1 BOAOCHaOXeHHs, TNOAPAa3AeJAIOT HA HaAMep3JIOTHHIE,
NpHypOYeHHBle K TaJHKam IOJ pyCAaMH H NOHMaMH peK (MOApYyCHO-
Bble, NOHMeHHbIe, NOJ0O3ePHBLIE), 3aJeralliiHe Ha ToJIle Mep3J0THl;
MeXMep3JIOTHHIe, 3ajeraluiie BHYTPH TOJLIH Mep3JblX NOPOA; IMOA-
Mep3JIOTHHIe, 3ajeralollidie Moj ToJlleld Mep3ablx nopoxa. Hcrou-
HHKH BOJAOCHAOMXeHHsI B CeBepHOH CTPOHTEJbHO-KJIHMAaTHYeCKOH 30HE
JOJXHbl 00ecneyrBaTh 3abop BOJABI C MakKCHMa/JbHO BBLICOKOH TeMIle-
patypoil aJs yHAellleB/leHHs €e NMOAOTPEBa, AOJKHBI ObITb pacmnojoxe-
Hul BOMH3H noTpeGuTenss M obeCrneyHBaThL 3amac BOAbI, AOCTATOUHLIH
AJs BOAOCHAOGXKeHHSI C HKJIOM NoTepp HA JAbaooOpa3oBaHHe, HCHape-
HHe U Npomep3anHe. Mcnoab3oBanHe NOJA3eMHBIX BOJI B CeBepHbIX paH-
OHax Oonee MNpeANOYTHTEeNbHO B CPaBHEHHH C TOBEPXHOCTHLIMH.
BosmoxnocTs nosyuyeHHs HaiMeP3AOTHBIX TaJHKOBLIX BOJ A0JXHa pea-
JIH30BLIBATLCH B OOJBIIHHCTBe PErHOHOB, HO Npu obGecleyeHHH paLHO-
HaJIbHbIX COOPYXeHHH AJas 3abopa BOAB H CHellHAJbHBIX MepoOnpHs-
THH 110 PEeryJHpPOBaHMIO CTOKa M 3aMacoB NOAPYCJAOBHIX BOA. 3anacsl
NOAPYCJOBLIX HAAMeP3JOTHHIX BOA H pa3dmMephl TaJAHKOB HOJIXKHH Olle-
HHBAThCS HA HAauajJo HX NONOJHEHHSI ¢ MOMeHTa OTTauBaHHsg MNpo-
MOPOXeHHHBIX PYCJOBBIX OTJAOXKeHHH.

127



BeseacTBHe CAOXKHOCTH 3allUThl CKBaXXHH OT IpoMep3aHusi, TPYA-
HOCTH 0OpPabGOTKH BOAL C BHICOKO# CTENeHbI0 MHHeEpaJH3alHH, 00Jb-
INHX 3aTpaT Ha OypeHHe DPa3BeJOYHO-3KCIJIYaTANHOHHBIX CKBAXHH
NPH HMCNOJBb30BaHHH NOAMEP3JOTHLIX BOJX, CjaelyeT OPHEHTHPOBAThCA
HA HCNOJIb30BaHHEe HAAMEP3JOTHBIX H MEXMEP3JOTHBIX NIOA3EMHBIX BOA.

Ocobyio BaXKHOCTh NPH NMPOEKTHPOBAHHH BOA03a0OPHBIX COOpyXKe-
HHfl NMpeACTaBASIOT JAaHHbIe O [HAPABJHYECKOH CBSI3H MeXAYy pycCJo-
BHIMH H [OJAPYCJOBBIMH BOAAMH, BeJHUHHE BOAONPOHHIAEMOCTH, TPH-
BeleHHOM K pacueTHOH TeMmnepartype, cBeneHus 00 3KCIJyaTalHH BO-
7103a60pOB B aHAJIOTHUHBIX YCJOBHSIX B TeUeHHe He MeHee ueM 2 JeT,
JlaHHble O HAJHYHH W pa3Mepax TaJHKOB, 006/1acTH H Xapakrepe HX
NMUTAHHA H CPabOTKH C YUeTOM BO3MOXKHBIX H3MEHEeHHH Mep3JIOTHO-
TPYHTOBBIX YCJIOBHH, XapakTepHcTHKa oOpa3oBaHHst HaJeleH, JAaH-
Hbl€ O BO3MOXHOCTH H3MeHEHHSI KaueCTBa BOAB H THAPOT€0JOTHUECKHX
VCJOBHH B CBSI3H C SKCMJyaTamHeld Bom03abopubBIX COOPYXKEHHH, OCO-
OeHHO NMPH OTTAaHBAHHH MEpP3JIOr0 H NpPOMep3aHHH TaJIoro TpyHTa.

MexxMepssioTHbIE H TOAMEP3JOTHBIE BOAbI 3a0HPAlOT NOCPEACTBOM
CKBaXHH, oBopymoBaHHHX Hacocamu tuna J1IB. Kanrax Haameps-
JOTHHIX BOA OoJsiee MpeANOYTHTEJEH IIaXTHHIMH KOJOANaMH, ApEeHaMH
H ranepesMi, 00/iee HafeXHBLIMH MO CPaBHEHHIO CO CKBaXHHAMH B
oTHOollenun npoMepsanus. IIpu croxkennn Geperons pek, OCTPOBOB HJIH
pycea peKk BBLICOKONpPOHHIaeMbIMH NoponaMHu 3O GExTHBHO NpHMEHEeHHe
HHGHUABTP ALHOHHBIX BOA03a00pPOB. Y4acTOK pacHoJiOXKeHHSI HHEHJb-
TPALHOHHOI'0 Bof03abopa BHIOHPAIOT B 30HE MHHHMAJbHO 3aHJICHHBIX
PYCJOBHIX OTJIOXKEHHH, He OOMep3aioliHX AOHHBIM JIBAOM H C HaH-
foablied naoUianbi0 HHOHABTPAIHH B pyCJIe.

Tun Bopo3abopa Ha mepeMep3alolHX peKax BhIOHpaiOT € yUeTOM
cpabOTKH 3amacoB I'PYHTOBHIX BOX H NpoMep3aHHS TajHka C MOMEHTa
OTCYTCTBHSI CTOKA AO OTTaHBaHHUS NPOMOPOKEHHOrOo rpyHTa B pycJae
pekH. [l BHYTPHTOAOBOTO NepepacnpeacieHls  yBeJHueH s IKCTIya-
TAMOHHBIX 3amacoB HaaMmep3aoTubix BoA IO. B. SIkyHHH pekoMenayer
NpPHMeHsITh MOAAYy BOAH B MJIaCT BHILE MO MOTOKY OT BOA03a6opa
TOPSIYHX BOJi CHCTEM OXJIaXAeHHS NPOMBILIIIEHHHX MpeANpPHATHH H
3/IeKTPOCTAHIHH; OTTaHBaHHE MHOTOJETHEMEP3JbX TPYHTOB PpEYHOH
BOJION C NMpuUMeHeHHeM (PHJIBTPALHOHHO-APEHaXHOTo cnocoba, yCTpO#-
CTBO HeraybOKHX NepeMbluek H3 CYIVIHHKa H TVIHHBI, TNpOpe3aroliHX
BepXHIOO, HanbGoJee BOAONPOHHLAEMYIO 4acThb aJJIOBHs, YCTPOHCTBO
BPeMeHHbIX MPOCTEHUINX 3alpyh, paclojiaraeMbiX HECKOJbKO BHIIIE
WK B CTBOpE KalTaXXHBIX COOPYXKEHHH, yCTPOHCTBO Mep3/JOTHBIX MOs-
COB, HIMYHTOBBIX CTEHOK H BHCAYHX NepeMblUeK H3 CYrJIHHKa H TJIHHBI,

npope3aolinX BEPXHIOKW, HauboJec INPOHHUAEMYI0O YacTh  aJJIHOBHA
HHXe B0OA03a0OPHBIX COOpYXKeHHH (DPH MOLIHOCTH BOJOHOCHOTO Ta-
auka 6—10 M), yTenJieHHe BOJOHOCHOTO TaJIHKa CHerom Bbillle BOJO-
3abopa, ero HCKYCCTBEHHOe nonoJHenne. OnpejeseHHblii HHTepecC Npea-
CTaBJSIeT HCKYCCTBEHHOE TNOMOJHeHHe HaJAMepP3JOTHHIX BOJ Yepe3 HH-
QUABTPalHOHHBIe GACCeHHEl C HCIOJb30BaHHEM B KaueCcTBe HCTOUHHKA

[IONOJIHEHHA TasAHHS CHeEra.
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Puc. 12.1. KOHCTPYKTHBHBIE CXeMBl HECOBEPIIEHHHIX WIAXTHHX KOJOALEB

@ ~— 00OKYHOr0 LIAXTHOr0 KOJIOANA; 6 — MAXTHOro BakyyM-KoJsoaua: I — BO3LYXO-
HeNpoHHLaeMble CTeHKH; 2 — MepeKpHTHe BOAOCGOpHON KaMmepH; 3 — 6eToH HIH
Kese300eToH; 4 -— neHTpobexHHi HAcOC C FOPH30HTAJbHHM BaJIOM; 5 — Bcachl-
BalolHi Tpybonposoa; 6 -- Hanopuwit TpyGompoBoa; 7 — tpybGa AMA BO3AyXa;
8 — craTHUeCKHii ypOBeHb T[PYHTOBHX BoA; 9 — ypoBeHb B BojocO6opHOf Ka-
Mepe; I0 — 3epkano rpyHToBniX BOx, Il -— rajeuHuKOBHIH TPYHT; 12 — cynecs;
13 — sopoynop; 14 — punerp; 15 — Bakyym-nacoc; 16 — natuuku ypoBusi; 17 —
Mbe30MeTPHUYECKHH YPOBEHb BOAW B BOgOCGOPHO#N KaMmepe

Puc. 12.2, KonctpykTHBHAas cxema JgoT-
KOBBIX JApeH

a — MOHOJIMTHAA  H3 Keje3o0eToHa;
6 — cbopHas H3 XKeNe300eTOHHHX JOT-
KOB; 8 — JIpeHa H3 CTanbHBIX TpyD

B ceBepHOH CTPOHTENBHO-KJAHMATHUECKOH 30He A/ yCTpO¥HCTBA

IIABHJbOHA HAaJA CKBAXHHaAMH OCBOEHO NNPpOHU3BOACTBO MeTaJJIHUeCKHX

KOHTEeHHepOB, BO3MOXKHO HX YCTPOHCTBO M3 6JOKOB H maHeseil HA cre-
HHAJAbHHX TPYHTOBHIX MOAYIUKaxX mnpu o0s3aTe/bHOM OTBOJE TAaJbIX H
AOXJIeBBIX BOJ C MJOILAAOK HACOCHBIX CTaHUHH. KOHCTPYKIUHS OroJioB-
KOB CKBaXHH KpoMe obecleyeHHs] HX TepMETHUHOCTH JOJXKHA (DHK-

CHPOBAaTb YCThS C YU4e€TOM BO3MOIXHOCTH BEPTHKaJbHOro nepeMellleHHUs

MpH BO3JEHCTBHH CHJ MOPO3HOTO MydyeHHs TPYHTOB H NPH NpocafKax,

CBA3AHHBIX C HX CE€30HHLIM NPOTAaHBaHUEM.

3a6op MOAPYCJAOBBIX BOA HH(DHIBTPALHOHHBIMH BOA03a60paMH MO-
3BOJIsIeT pellars npobJaeMbl BogoCcHAOXKeHHs HACeJeHHHX MeCT H Npo-
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MBIIIJIEHHOCTH B CEBEPHBIX perHoHax npu 60JbllIOH BOAONPOHHILAEMO-
CTH BOJOHOCHBIX MOPOA H MoOIIHOcTH naacta Ao 20 M. B stom cayuae
MpH YCTPOHCTBE IMAXTHOTO KOJOALA JIOXKE €ro HHXHEH KPOMKH MpH
npueMe Boabl 4epe3 AHO ROJKHO OBITH PaclogoXkKeHO Ha PacCTOSIHHH
0,5—0,7 paauyca xoaomua. Ilpu Momnoctd naacra Ooabwme 20 M
JIONYCKaeTcsl NPHMeHEHHe MIaXTHBIX BaKyyM-KOJOALEB.

Kosonups O6oapumiux AHAMETPOB YCTPAHBAIOT H3 MOHOJHTHOTO Xe-
ae3oberona, a TpH AHaAMeTpe 3 M H MeHee HPHMEHSAIOT XeJie300eTOH-
Hble KoJbua. B maxTHex KojaoAnax 3¢ @dekTHBHOCTL 0TOOpa BOALI BO3-
pacTaeT NpH CO3laHHH BakKyyMa B HaABOAHOH YacTH BOROCOOPHBIX
Kamep (puc. 12.1). Bakyym-Hacochl AJa OTKayKH BO3JyXa H3 BOJO-
cOOpHOH KaMephnl MOXHO YCTaHaBJIHBaThb B KOJOALe Ha Jwobo#t oT-
MeTke. Pabora BakyyM-Hacoca aBTOMATH3HPYeTCH MO YPOBHIO BOAH B
BojocOOpHON xaMmepe, Tle YCTAHABJHBAIOT ABa NaTYHKa YPOBHA AJ4
ynpaBaeHus pabGoToil HAcOCOB H AATYHK CHIHala aBapHAHOrO YPOBHS,
paboraloline OT pa3jIHIHbIX HCTOUHHKOB THTAHHS.

OTxauKy BHAEJHBLIEroCs H3 BOJABI BO3JiyXa MpH Xopollo 3arep-
METH3HPOBaHHOH BOJOCOOPHOH KaMepe MOXKHO BECTH HENpepbiBHO
9KEKTOPOM HJH ¢ noMollbio TpybornpoBoAd, NOACOEAHHEHHOrO K CH-
¢oHy HIH Bcacy Hacoca.

B ceBepHBIX palioHax npH 3abope NoApYyCJOBBIX BOJ XOPOLIO 3ape-
KoMeHnoBaau cebsi, ocO6eHHO B YCJOBHAX MOJHOCTBIO HJH YacCTHUHO
nepeMep3aoUiHX peK, NOAPYCAOBLIE APEHbl H rajepeq.

B BONOHOCHBIX TOPH3OHTaX MOUIHOCTbIO OoJiee 2 M B KauecTBe BO-
NONPHEMHOTO 3JeMeHTa Bofo3abopa nejecoobpasHo NPHMEHSATH JOT-
KOBHl€ APEHBl M3 XKeJae300€TOHHBIX, CTAaJbHbIX HJH AEPEBSIHHbIX KOPHI-
TOOGPA3HbIX 3JEMEHTOB, HMeEIOUIHX TJYXHe CTeHKH H YCTaHOBJEHHBIX
OTKPHLITHIM JHHIIeM Ha (QuAbTpPylollee ocHoBaHHe. JIOTKOBas npeHa
MoxeT ObiThb BbINOJHEHa B BHJAE HeJbHOro 3jeMeHTa (puc. 12.2, a),
COCTOZIIero M3 TJAYyXOro CBOAA, MJOCKOro JHHIA C ONOPHBIMH I'paHd-
MH ¥ BO#O3abOpHLIX OKOH, BHIXOASUIHX B BOAOOTBOAALIYIO HNOJIOCTb.
Ipena moXeT cOCTOSITb H3 JABYX 3/J€MEHTOB: BOAOOTBOASALICIO JIOTKA,
BOCIIPHHUMAIOIIET0 YacTb HarpyskuH oT IpyHTa H BOAONpHEMHOro JOT-
ka (puc. 12.2, 6). B BbicOKONpOHHIAEMBIX TPYHTaX H INPH YKJIajke
APEHBl TTOX PYCJIo MOXKHO NPHMEHATb APeHY H3 CTajbHOH TPyOBI (pHC.
12.2, 8).

B BOZOHOCHBIX OTJOMXKEHHAX MOIIHOCTbIO MeHee 2 M INPHMEHSIOT
JOCKYIO ApeHY, BHIIOJHEHHYIO H3 meppopHpOBaHHBIX TPYO, Ys0XKeH-
Heix B psin (puc. 12.3) ma uabTpyioliee ocHoBaHHe ToauluHOH 0,15—
0,26 M. Cepxy Hax TpyOamu oTchimaercst ob6patubii Guabrp. B He-
OXHOPOAHHIX MO 3€pPHOBOMY COCTaBY IPYHTax NpH KOdhQdHiHeHTe He-
onnoponHocTH Gosnee 50 ropuaoHTaJbHLie BOA032a0OpH  YCTPAHBAIOT
METONOM BBIMOpPaXKHBaHHA ¢ MHHHMAaJbHHM HapylleHHeM eCTeCTBEH-
HOTO CJIOXKEHHUS TIOPOJ HJH C HEeNpepbIBHOH OTKA4YKOH B Npoliecce CTpo-
HTEJbCTBA TPaHUIeH AAs YCTpOHCTBA IHPEHHI.

[Tpu 3abope Bomel AOJXKHA ObiTh obecnedeHa 3amiHTa BOAOTPHEM-
HbIX YCTPOHCTB OT NepeMep3aHHus, AJs 4ero npeaycMaTpHBAlOT. Mak-
CHMallbHOe 3arny6JeHHe BONOMPHEMHBIX yCTPOHCTB (KOJOAUEB, APEH)
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Puc. 12.3. Cxema ycTpoHcTBA MNMAOCKOM
ApeHbl

1 — nepdopupoBannas tpyba; 2 - me-

i ——— - —

GeHy (rpaBuil); & — KpyNHO3epHHUCTHIK RTER L E;F;,»T T Ty

eV G- . - - < B,
. e " Py

Nnecok; 4 — CpelHe3epHHCTHH NeCoK;
& — rpaBUHHO-TaJJeYHHKOBBI FPYHT

B BOJOHOCHbIe OTJOXEHHS; ABOHHBIE KPBHIILIKH JIOKOB CMOTPOBBLIX H
BOJONPDHEMHBIX KOJOAleB; TENNASKH HAJA BOAONPHEMHLIMH LIaXTaMH;
yTenJeHHe KOJIoAlleB Ha APeHaX H raziepesx, HENOCPEeACTBEHHO CaMHX
ApeH H ranepei TopdoM, JbAOM, CHErOM; CO3AaHHE MOUIHBIX (HJIBT-
pylomHX OOCHINOK BOKPYr apen (ranepeii), NpoxXoAsilliHX yepe3 Meps3-
Jbic Oepera, njs oOBOJAHEHHS H yTenJeHus ydactkoB OeperoB BOJH-
30 BON03a0OPHLIX YCTPOHCTB; yTelJeHHe pycesJ PeK H yMeHbIlleHHe
TOJLIHHBl JbJa [yTeM CHEro3anepXaHHs, co3JaHHe HCKYCCTBEHHBIX
Ha/J€aeH, NOKPBITHE MOPHCTHIM JbJAOM IPH JaJbHECTPYHHOM AOXKJe-
BaHHH; 3JeKTpoobOOrpeB BOAONpPHEMHBIX YCTPOHCTB;, c6poc orpabo-
TAaHHOH NomorpeTtoil Bojabl, napa.

Jlas npepoTBpallenus 3aMep3aHHs BOAB B CTBOJAaX CKBaXKHH He-
o6XoaHMo obecrneynBaTh HENPEPHIBHYIO OTKAuYKy, Aaxe ecau AJS 3TOro
npuxoautcsi cbpacniBaTh yacTh OTOMpPAaEeMOro pacxosa B BOJOHOCHHH
N71acT NPH nepepbiBaXx B OTKaukKe, 3MH30AHYECKOH I0Jayed B CKBaXH-
HY TenJioi BOAbl HJAH napa, oborpeBoM JHHEHHBIMH HCTOYHHKAaMH Tell-
JNa, B TOM uucne 3nerrporabenem. [lng oborpeBa CKBaxKHH NpuMe-
HAIOT reodusnyeckune 3jaekTporkabenn, paboTaioinine B pexumMe Ha-
rpeBaTenbHuX 3JeMenToB. Muusapasom CCCP ans oborpeBa cksa-
XHH paspeliedn reodpusunygeckue kabenn mapox KTII-03, KTILI-06,
KTO-1, KCOII, KIIKT-2, KTE®-6.

Konen rpewouiero kabesas onyckalmor Ha 2—3 M HHXXe HHXXHEH rpa-
HHIB Mep3noTnl. PeXuMm BKAIOUeHHS 3JeKTpooborpeBaTesbHOrO Ka-
6esst noaXen ObITb COraCoBaH ¢ peXHMOM OTKauku: npu pabore Ha-
coca rpewmu# Kabeab OTKJAWYAeTCs, NPH OCTAHOBKE HACOCa H CHH-
KEHHM TeMiepaTypnl BOJAbl B CKBaXXHHe HHXe nonycmmon—nmm-
gyaeTcs.

[Ipn npoekTHpoBaHHH HACOCHBIX CTAaHHHH H pe3epBYapoB B ceBep-
HOH CTPOHUTEJbHO-KJIHMATHUYECKOH 30He NpeAyCMaTPHBAIOT MAaKCH-
MaJbHYI0 OJOKHPOBKY HX C TENJOBBIMH NYHKTAaMH TO MNOJOTPEBY BO-
Abl, C AUCHETYepPCKO-TENJOBLIMH KBAapTaJbHBIMH y3J1aMH, COBMelIeHHE
HACOCHBIX CTaHIH¥ C pe3epByapamMHu YHCTOH BOJbl, C OYHCTHBIMH COO-
PYKEHHSIMH, Pa3MelleHHe B OJHOM NOMEIUIEHHH HACOCOB pPa3JHYHOTO
Ha3HAYeHHA:  XO3AHUCTBEHHO-NPOTHBONOXKAPHOTO, UIHPKYJASAILLHOHHOTO,
T€XHOJOTHYECKOTO H AP.
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ApMatypa Ha BcaCblBAalOLIMX H HANOPHBIX JHHHAX HACOCHBIX CTaH-
WA JOJXHA OBITH PAacCIOJioKeHAa B OTalJMBaeMbIX NOMEUICHUAX HJH
HacocHbIX cTaHUHusAX. Hasi yCKOpeHHsI CTPOHTENbCTBa peKOMeHAyeTCs
NPOEKTHPOBATh HACOCHLIE CTAaHIMH H CTPOHTEJNbHYIO 4acTb pe3epBy-
apoB H3 VKPYIHEHHBIX 3JIeMEHTOB 3aBOJCKOIO H3rOTOBJEHHS B KOM-
MJIeKTHO-0JIOUHOM HCIIOJIHEHHH.

FJIABA 13. HCKYCCTBEHHOE BOCTIOJIHEHME
MOJA3EMHBIX BOJ (MBIB)

13.1. Mpunuunuansusie cxemsi HBIIB

HckyceTBeHHOe BOCMOJIHEHHe 3anacoB NOA3EMHBIX BOJA TMO3BOJsET
YBEJHYHTh NPOU3BOAHTEJLHOCTL AEHCTBYIOUIMX BOA0O3abOpOB, CO3AATH
HX TPHHIMNHAJTBHO HOBble TUNOBble KOMIOHOBKH, oOecneuuBalolline
3HaYUTeJbHOEe COKpallleHHe TJoulafedl OTUYKAEHHBIX CeNbCKOXO3SMCT-
BEHHBIX 3€MeJib, a TakXe NPHHHMAThb pallHOHAJIbHLIe pelleHHsa TIpH
NMPOEKTHPOBAHHH 30H CaHUTAPHOH OXPaHbl BOA03a060POB.

Metoa UBTIB nosBosisieT peliuTh psifi BaXKHBIX TeXHHUYECKHX 3a/1ayu
B 00/1aCTH XO35IHCTBEHHO-NHTLEBOr0 BOAOCHAOMXKEHHA, HPPHrallHH, 00-
BOJAHEHHS NMAacTOHI, 3aLUUTH BOAOHOCHBIX FOPH3OHTOB OT 3arps3HEHHS
H 3acosieHust U T. A. KpoMe yBeJHUeHHs 3anacoB HaMeyaeMoro K 3KcC-
nJjayaTallid BOAOHOCHOTO TOPH3OHTa 3a CueT BOJA ITOBEPXHOCTHBIX HC-
TOYHHKOB HJH APYroro BOAOHOCHOro ropusonta, meron MBIIB naer
BO3MOXKHOCTb YBeJHUHTH NPOU3BOAHTEJbHOCTh [AEHCTBYIOUIHX  BOJO-
3a60poB MOA3EMHBIX BOJA, a TakKXke YAYYLIUTL KayeCTBO KaK IOBepX-
HOCTHBIX BOJl, TAK H BOJ 9KCIJyaTallHOHHOro ropH3oHTa. B paioHax c
dacymnuBbiM KaumatoMm Meton MBIIB obecneuuBaer cosgaHue INOA-
3eMHbIX BOAOXPAHHJHIL, 3aIUHIIEHHBIX OT HCIIApEeHHS.

B03MOKHOCTb HCKYCCTBEHHOrO IMOMNOJIHEHHS NOA3EeMHBIX BOJ Ompe-
Aensiercs HaJHYyHeM MCTOYHHKA NOMOJHEHHST U KayeCTBOM BOJB, [HA-
pPOreOJOrH4eCKHMH H KJAHMAaTHYCCKHMH YCJAOBHAMH, OCOOEHHOCTSIMH
CTPOMTEJILCTBA M HKCIJyaTaluu HHOHUIBTPALHOHHBIX CoOpyXKeHu#. Ha-
nboJee nesecoo6pa3HO OCYUIECTBJIATL HCKYCCTBEHHOE NOIOJIHEHHE 3a-
nacos MOA3EMHBIX BOJ B paliOHax Pas3BHTHS OAHOPOAHHIX B paspese
6e3HamOPHBIX BOAOHOCHBIX TOPH30HTOB NpH HEGOABUION MOLIHOCTH
cnabonpoHHllaeMbIX TOKPOBHBIX OTJIOXKEHHH.

B cocraB coopyxeHuid MBIIB Bxonst coopyxenua Ajas 3abopa
BOABK M3 HCTOUHHKA TMONOJHEHHs, NpeABapHTeJbHOH IOATOTOBKH BO-
Abl, CHCTeMBl MOAAYH €e Ha HHOHUIbTPALHOHHBIE COOPYKeHHs, cobCT-
BEHHO Bojgo3abopa MoA3eMHBLIX BOA H YCTPOHCTBa AJisl MocCJeayloled
MX MOJArOTOBKH Mepexn mopaueit morpeburento. OcHoBHasi 0COOEHHOCTD
cyctembl MUBIIB 3akawuaercss B HaaHuuu MHOHUIABTPALHOHHBIX COOPY-
JXeHHH, KOoTopble pas3fgensiioTcsi Ha ABa OCHOBHBIX THNA: OTKPbLITHIE
(GaccediHbl, KaHaJbl, MJOWAAKH W AP.) H 3aKpbiThie (CKBaXKHHH, KO-
JOAIBI, Tajiepen).
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DU HMD S

Puc. 13.1, Cxembl noji3eMHBIX BOJAOXPAHHAHLYL

a — OTPaxKJIeHHOe eCTeCTBEHHBIM BOJOHENPOHHLAeMbLIM MacCHBOM; 6 —— ¢ MOA3eMHORA

miaotuHo#i: I — Gaccefin; 2 — Bono3abopHas CKBaXXHHa; J — nHadparma; 4 — BOJO-

c6opHas ranepes; 5, 6 — ypOBHH MOA3EMHBIX BOJ| TMPH MOJHOM 3anOJHEHHH H cpaboT-
Ke BOJOXPaHHIHIIA
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Puc. 13.2. Cxema CO3J1aHHS M MCNOJb-
30BaHHS AHH3 NMPECHBLIX BOJA

I — taknip; 2 — NHH3a [PECHOH BOJM;

3 — conennie  Boab; 4 — BOAo3abop;

J — CKBaXkKHHa, OTKauuBaollasg coJje-
HYI0 BOJY

Puc. 13.3. Cxema HCKYCCTBEHHOro mo-
MOJIHEHHS HHXHero (IKCNAyaTHpyemo-
r0) HANMOPHOr0 BOAOHOCHOrO rOpPH3O0H-
Ta 3a cuer BepxHero (B KOTOpPHIH mpo-
HCXOAUT (PHABTPALHSA M3 PEKH)

{ — Bojo3abopHas CcKBaxHHA; 2 — Ape-
HA KHO-TIOMIONIAINAA CKBaXHHa, I —

peka

Ilenecoo6pa3HOCTb MPUMEHEHHSI TOrO HJH HHOro BHAA HHQHJALTpA-
IIMOHHBIX COOPYKEHHH OmpeaensieTcsi THAPOreoJOrHUYeCKHMMH, KJIHMa-
THUECKHMH YCJOBHAMH yyactka paboT, KayeCTBOM BOABI B HCTOYHHKE
NONOJNHEHHUsA, HaJuyHeM CBOOOAHBIX MNJowaned 3emenb. MHduabTpa-
ILMOHHBIE COOpYXKeHHs MOryT ObITb HeNpPepLBHOrO H MepPHOAHYECKOro
HEeHUCTBHA.

Hau6onee pacnpocrpaHeHHas TunoBas cxema MBIIB npeacrasas-
eT co00H OAMH HJIH HECKOJbKO HHDHUJABTPALHOHHHIX 6acceiiHOB U BO-
no3abop MOA3eMHBIX BOJA M3 CKBAXHH C OAHOH MJAH OOEHX CTOPOH
Gacceitna. Ha puc. 13.1 npencraBieHbl cxeMbl NMOA3EMHBIX BOXOXpa-
HUJIKIL, YCTPauBaeMbIX NMPH HaJIMUUH €CTeCTBEHHBIX BHICTYNIOB B BOJO-
YIIOPHOM OCHOBAHHH MJIH HCKYCCTBEHHO CO34aBaeMbIX HeNPOHHLaeMBbIX
3aBec (Oappaxe#H). Takoro poaga cxema MNOIOJHEHUS 3amacoB MOJA3eM-
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Puc. 13.4. CxemMa HCKYCCTBEHHOro mno-

NOJHEHHA HHXKHEr0 HanopHoro BORO-

HOCHOrO TOPH3OHTA 34 CYET BepXHEro,

HO ¢ o0orailiendeM mNocCAenHero uepes

OTKPbITHE HHQHIbTPAUHOHHBIE COOPY-
WKeHHs

I — BoncsabopHast ckBaxkuHa, 2 — Jpe-

Ha)XHO-MOrJioLamias CKBaxHHa, 3 —
Gacceln

HBIX BOA HaKOo/ee 3pdekTHBHA B BOLOHOCHBIX TOPH3OHTAX pPeuHbIX
AOJHH, TIDH 3HAYHTEJbHBIX IPAAHEHTAaX NMOTOKA MOA3eMHBIX BOA H He-
PaBHOMEPHOM BO BPeMEHH BHINMaJeHUH aTMOChepHBIX OCaAKOB; SABJSIO-
OIHXCS OCHOBHBIM HCTOYHHKOM IIMTaHHUSA IOA3eMHBIX Box. Co3ganue
MO/3eMHHIX Oappaell B yKa3aHHBIX YCJOBHSX 3aTPYAHSIET CTOK ITOJ-
3EMHBIX BOX H O0OecleYHBaeT CYIIECTBEHHOE YBeJIMUEHHE MX 3aracos,
KOTOPBIC MOZKHO HMCNOJIb30BaTh B 3aCylLIMBHE INEPHOAHW IS opollle-
HHUS U IPYTHX Lened.

Ha puc. 13.2 nokasau npumep cospanus JHH3 NpeCcHHX BOJA B BO-
AOHOCHLIX TOPH30HTAX C MOJA3EMHBIMHM BOJAMH MOBBIILEHHOH MHHepa-
Jusauui. Takylo cXeMy ycmeulHo NPUMEeHANH NPH OPraHH3AlHH JHH3
npecHbix Box B Typkmenun. [lpu mcmoan3oBanuum B cxemax WMBIIB
3aKPHITBHIX HHPHIBTPAUHOHHEX COODYXKEHHIHl B KauecTBe MOCTEAHHX
HanOoJiee MIHPOKO NMPHMEHSIOT CKBAXHHBI WJH IHAXTHBIE KOJOMIHL.
PasiuvaioT norsomamimne ckBaxHHH, paGoTaoliue B pexuMe CBO-
GOLHOro Ha/JHBa, HarHeTaTe/JbHble CKBAXKHHbI, B KOTOpble TpenycMar-
PHBAETCs 3aKa4Ka BOJAH, H APEHAXKHO-TIOTJIOUIAIOIIHe CKBAXKUHB: HUMH
APEHHPYIOT HEIKCNIyaTHPYeMble BepXHHE BOLOHOCHbIE TOPHU3OHTHI, BO-
Abl KOTOPBIX NE€PEBOAATCH B HHUKE3AJEramollHA 3KCHAYaTHPYEMHIH BO-
JIOHOCHBIH TOPH30HT. BepXHUI BOAOHOCHBIfI FOPH3OHT MPH 3TOM MOKET
NOTIOJHATLCA (PHAbTPAUHEH peduHHX BOR (puc. 13.3) MM H3 OTKPHITHIX
HH(HUABLTPALKOHHBIX COOpykeHuil (puc. 13.4).

HckyceTBeHHOe MoMosHEeHHE C MCTIONB3OBAHMEM  MOA3EMHBIX BOA
BEPXHEro ropu3oHTa HHOTJAA OCYUIeCTBJAIOT B 30HAX PaclpoCTPAHEHHS
MHOTOJIETHeMep3nbix nopoA. Ilpu stom B gerHe-ocednuii ce3oH ckpa-
AKHHBI WM KOJIOANBl 3a0HPAOT HaAMEP3JOTHHE, TaJUKOBHE BOMBI,
KOTOpbIE MOXHO YaCTHYHO HCHONB30BaTh AJA BOJOCHaOKeHus, a ya-
CTHYHO 3aKauuBaTh B NMOJIMEP3JOTHBIH BOLOHOCHBI rOPH3OHT. B 3uM-
HE-BECEHHHH NepHOA MPH MOJHOM NPOMepP3aHHH HAaAMEP3NOTHHX BOJ
H TIOBEPXHOCTHOrO BOJOHOCHOTO HCTOYHHKA BOJAY OTOGHDPAIOT M3 MHOA-
MEP3JOTHOro KoMIJIeKca,

IIpu xpatkospemenHom (g0 1—1,5 Mec) cpoke MarasHHHpOBaHUS
IOASEMHBIX BOJ NpeCHbie BOAH MOXHO HakKanJAHMBaTh B BOJAOHOCHBIX
naCTax ¢ coneHuIMy BoAaMu. B sTom caydae HarderaTelbHYIO CKBa-
KHHY IOCJTe HEKOTOPOro MepHona Mara3HHUPOBAHHS NMPECHBIX BOX B
BOAOHOCHOM nJlacTe ¢ COJIEHBIMH BOAAMM HCMOJB3YIOT B Ka4eCTBE BOJO-
3a00pHOH.
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13.2. OTKpbiThle HHPHABTPALHOHHDBIE COOPYXKEHHS

OTtkpoiThie HHpHAbTpauHOHHBIe coopyxXeHus (I tun HMBIIB) wuc-
MOJIb3YIOT, Kak IIPpaBHJO, ANl NMOMOJHEHHs 3allacoB NOA3EMHBIX BOZA
NepBOro OT MOBEPXHOCTH 3€MJIH BOAOHOCHOIrO rOPH30HTA, HE HMeEIOIero
MOKPOBHHIX OTJIOXKEHHH HJIM MepPeKPHITOro CJAOSIMH CaabonpoHHILaeMBbIX
nopoa MaJo# Momuoctd. Hauboasuiee npuMerenne B cuicreMax VIBIIB
Hauy HHUAbTpalMOHHble OaccefiHnl. MHduabTpanuoHHBle KaHaJbI
no cpaBHeHH0 ¢ OacceiHaMH HUMeOT OOJbLIYIO AJHHY H YHCJIO HX B

COCTaBe YCTaHOBKH OOBYHO MaJso. HHOHUAbTPALHOHHHE MJOHIAAKH
OoT/NH4YaloTcss oT DacceiiHoB Manod rny6uHod. KawaBo:-60po3foBhie HH-
GHABTPAUHOHHDBIE COOPYXKEHHS CXOAHBI C COOTBETCTBYMILHMH HppHra-
IIHOHHBIMH BOAOpacnpeaeNHTeIbHEIMU CHCTeMaMHu. B KaudecTBe OTKpHI-
THIX HH(pHIBTPALHOHHBIX COODYXEHHH MOXKHO TaK¥Ke HCIO0Jb30BaTh
eCTeCTBEHHbIe M HCKYCCTBEHHble MURHIKeHHus1 penbeda (oBparu, 6ajkH,
CTapopeubsi, Kapbephl, NPYAb), a Tak»Xe pycJda BPeMEHHBIX H MOCTO-
SHHBIX BOAOTOKOB. MHOMUAbTpauHoOHHBIe OacCedHB HMEIT, KaK NpaBH-
70, IPSAMOYTOAbHYI0 (OPMY B NJaaHe M TpaleueHfanbHoe (pexe mpsi-
MOYTOJIbHOE) MefepeuHoe H MPOAO0JbHOEe CeueHHe.

Ha kpynuuix ycraHoBkax HMBIIB npumensiior 6acceidiHbl MHPUHOH
no aHy 15—30 M, maunoii 200—400 M u raybuno#t 1,6—2 M (pexe
10 3—4 m). Ilpu Hanuuuu caabonpoHHIaeMbIX MOKPOBHBIX OTJIOXKEHHH
AHHIa GaccefiHOB Bpe3alT B XOPOLIO (pUABLTPYIOUIHE MOPOALI Ha Tay-
6uny He menee 0,5 m. OOmas ray6uHa GaccefiHa OT AHHILA AO BepxXa
OTKOCa AOJXKHa MpeBHUIaTh IMYOHHY ero HamoJHEeHHs He MeHee yeM
Ha 0,0 M. MHudunrbrpanuonHsie 6accediHH ycTpauBarT 0e3 3arpy3ki
nHa (pHc. 13.5,a), ¢ necuaHoit 3arpyskoii aHa (pHc. 13.5,6), c rpa-
BUHHOM -3arpyskoii AHa (puc. 13.5,8), ¢ 3arpy3koit fAHa H yKJaaAKoH
ApeHaxXHbIX Tpy6 (puc. 13.5, 2).

[Tecuanyro # rpaBHiiHyW 3arpy3ky AHa NpeayCMaTpPHBAIOT TIPH
ycTpoHcTBe OacCefiHOB B I'paBHHHO-TaJeUHHKOBBIX OTJOXKeHHSAX. Toa-
IMHa 3arpy3kH oObidHo cocraBaser 0,5—0,8 M. PabGouHe ueprexH
BXOAHBIX Y3JI0B OIBITHBIX H ONMBITHO-MPOH3BOACTBEHHBIX HH(pHUABTPAIH-
OHHHIX 0OacceHHOB Tpex TunopasMepoB pa3paboTaHs COK3BOAOKaHAJ-
MPOEKTOM M MOTYT OBITH PEKOMeHAOBaHBl AJSI MPAKTHYECKOTO HCMOJb-
30BaHHA.

Pabouufi nukn OaccefiHa BKJIIOYaeT NMepPHOA 3aTOIJIEHHS €ro JHa,
HAaMoOJIHEHHA 6accedHa MO TNpeAeSbHBIX OTMETOK INPH IIOCTOSHHOM HH-
GuAbTpallHOHHOM pacXoge, COXpaHeHHSI HEH3MEHHOrO YPOBHS NpH TO-
CTeIICHHOM YMeHbIIeHHH HHQHJIBLTPALHOHHOTO pacxoja, ONMOPOXKHEHHS
OaccedHa W mepHox ero 4MCTKH. [lpenenpHas ray6uHa Boawl B Oaccel-
He onpejessiercqg ero KoHcTpykuHed. ns 6accefiHOB B CpexHe3epHH-

CTHIX H KPYNHO3EPHHUCTHIX MecKax ¢ KoappHiHeHTaMH (HABTpALIHH OT
10—20 no 60—80 M/cyr MakcuMmajbHBIE CKOPOCTH HH(MHJILTPAIHA
OOBIYHO HAXOAATCS B npegenax 1—3 M/cyT, 6acceiHH B MEJIKO3EPHH-
CTHIX MEeCKaX H CyIlecsiXx XapaKTepH3YIOTC MHHHMAJbHBIMH CKOPOCTSIMH
HHGHABbTp auuH — no 0,5 M/cyT. B rpaBuiiHO-ra/eyHHKOBHIX MOpOjaax
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Puc. 13.5. Cxemnt uHpuabTpaunoHHHX Gaccefinos

@ — 00JIETYEeHHOr'0 THII2 Ha MecyaHOM OCHOBAHHH, 6 — KaMHTaAbHOTO THHA ¢ Mecya-
HOM 3arpyskod W KpemneHHeM OTKOCOB; 8 — ¢ TPaBHHHOH aaryyaxoﬁ; e — ¢ JpeHaxeM

noa puuuieM Oaccefina (¢ OOCHNKOA rpaBHeM M NeCKOM):

— rpaBuil; 2 — gpenae-
HHe: 3 — Nnecox

CKOPOCTH HH(QUAbTpallMH MoryT AocturaTh 3HaueHuir 20—30 Mm/cyT H
BHILLIE.

IIpousBonuTeILHOCTh 6aCCEHHOB MOXKHO ONpPEAEJsATh 10 AHAJOTHH
C JeHCTBYKOILIMMH YCTAHOBKAMH HCKYCCTBEHHOro MNOMOJHEHUS H pacuye-
TaMd. OcHoBHasi 3aja4ya pacuera HHOHUAbTPALMOHHBIX COOPYXKEHHH —
onpejeseHde CKOPOCTH HHOMHUJIAbTPAUHMH HAH (QHIBTPAUMOHHOrO Pacxo-
Ia, KOTOPH#H OyAeT IoCcTynaTh B BOJOHOCHBIH MJAAacT B Pa3jHyHBIE Ile-
puonbl BpeMeHd. B obuem caydae pacuer GaccefiHOB BeAYT C Y4YeTOM
pexumMa HX 3IKCIJiyaTaluu B TEpPHOA HAIOJHEeHHs, NOAAEpPXKAaHHA MO-
CTOSIHHOTO yPOBHS, OMOPOXKHEHHSI W UHCTKH.

OnHako NPOU3BOAHTENBHOCTh GacCeHHOB MOMKHO OIEHHTb H TpH
YIpoLEeHHoM rpaduKe HMX SKCNJAYaTalMH, COOTBETCTBYIOUIEM PEXHUMY
MoAAepkKaHHST MOCTOSTHHOTO MaKCHMaJbHOTO BO3MOXKHOro ypoBHs H u
MOCTOSAHHOTO pacxoha Q.

[Ipu Hy==const ¢uabTpallHOHHEIA pacxof onpeaeasioT no dop-

MylJie
AH.
o= - ’ 1 .1
Q I/QM(,__%, (13.1)

rae fto=AH,/2MQ; M — conepxaune B3BemieHHHX YacTHU B BoAe, I0AaBaeMoll B
Gaccefin (MytHocTh, A=ZRivex (Bn— Ko3®OduUMHEHT OHABTPALHH OCaNKa-TJIEHKH Ha
nHe Oaccefina, y.x — o60beMHad Macca CKeJieTa TJIEHKH).
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ITpu npoHumaembix OTKOCax K pacxopy, onpejenseMoMy 1o ¢op-
myne (13.1), no6aBasieTcs pacxop yepe3 OTKOCHI

Q° —0,67Q. (13.2)

B cdopmyne (13.1) #, — HekOTOpOe HayaJbHOe BpeMs, COOTBeTCTBYIOllee 3a/a-
BaeMoMy HadaJibHOMY pacxoay Q* (o6uyHo nmpunHuMaercs oT & mo 10 m3/cyr).

[Ipu Q==const npousBoAUTENbHOCTb GaccefiHa C HeNPOHHI@eMbIMH
OTKOCaMHU HaxojasaT no popmye

*_~*= AHH 3
Q ""'"QO MT*: (13‘ )

d C NpOHHIaeMBbIMH OTKOCaMH

0% — QO*=L‘/[BE+33V1+mw:;T4;2(1 + ) Hul AHyu (13 4)

Beauuuns Q u Qo* no dopmynam (13.1) u (13.3) npencraBasiior
coboit pacxoanl Bojononauu B HacceiH, KOTOpHE HYKHO NMOAAEPKUBATD
NOCTOSSHHBIMH AJ51 TOro, 4ro6b K KOHuy Inepuona I* ray6uHa BOAH
B Gacceiine cocraBuna Hy. B ¢dopmynax (13.3) u (13.4) m — 3anoxe-
HHe OTKOCOB, B u L — cOOTBeTCTBEHHO UWIMPHHA W AJHHA GacceiiHa 10
auny. PacueTHoe 3HaueHwe MYTHOCTH M ycTaHaBJAHUBAKWT [0 AAHHBIM
THAPOJIOTHUECKHX eXeroJHHKOB KakK cpeJHee 3a MepPHOI, COOTBETCT-
BYIOILMH (DUJIBTPOLHKIY OacceiHOB.

[lapaMerp A MoXHO ompeaensiTb NYyTeM HCCAEAOBAHHN Ha OINBIT-
HOM OacceHHe, HHOHIBTPOMETPe HJH (HIBTPAIHOHHOM npuHbOpe, HC-
MoJb3ysi COOTBETCTBYIOIMe pacueTHble 3aBHCHMOCTH, HeNOCpPelCTBeH-
HBIM OINpeleneHHeM BeJIHUHH Ry U yex NpH obGcnepoBaHun Oaccelina
mocJje ero OIOPOXKHEHHA HJAH B IIpoliecce 3KclayatauHu. B nepBoM
NPUOJIHKEHUH Ry U Yex, @ 3HAYHT, H BEAHUYHHY A MOKHO BBLIYHCJHUTH
M0 JaHHBIM O COJEPKAHHUH I'MIHHUCTHIX U MeJKONblIeBaThiX ¢hpakuui P
(puc. 13.6). I'paduK, npuBefleHHHII Ha 3TOM PHUCYHKe, COCTaBJeH Ha
OCHOBe 3KCIIePUMEHTAaJbHbIX HCCJAEJ0BaHHH, NMPOBEJEHHBIX B TOJEBLIX
YyCAOBUAX Ha psAfe BOA03a0OpPOB NOA3EMHBLIX BOA C HCKYCCTBEHHBLIM
MOJANUTHIBAHHEM.

I1pousBoauTenbHOCTL HHOUABTPAIHOHHBIX COOPYKEHHIT OTKPHITOro
THIla MOXHO BOCCTAHaB/HBATbH C HX IIPeJBAPUTEJIbHEIM ONOPOKHEHHEM
uay Ge3 onopoxkueHHs. B mepBoMm ciayuae MpoOBOAAT BcHaWKy, Gopo-
HOBaHHE, pPBHIXJeHHe W CHATHe 3aHJIEHHOrO CJOS BPYUHVIO HJAH MeXa-
Hu3MaMu. I1pu pyuHo# uucTKe cCHHMaIOT Haubonee 3arpsi3HeHHBIH Ca0IT
necka ToJmiHHoi 1,5—3 cM BMecTe C ILJIEHKOH.

Perenepanusa 6e3 ONOpPOXKHEHHsi MO3BOJIsieT HelpepbiBHO 3KCILIya-
THPOBATL MHQHUAbLTPANHOHHBIe COoopy:KeHHs. Ilna 3Toii wenu npomyc-
KaroT MOBBbILIEHHble PAacXOJbl BOJABI, HCIOJB3YIOT 3eMCHAapsAbl pPas3jHy-
HbIX THIIOB, YCTAHOBKH C BBLICOKOHAIIOPHBIMH CTPYSIMH Ha MOCTOBOM
kpaHe. Jlng GopbOb ¢ 3aHjeHHEeM HMH(MHUALTPALHOHHBIX COOPYKEHHI]
OTKPBITOrO THIIa MOKHO MCIIONbL30BaTh M T'HAPOOHOJOrHYECKHE METO-
Abl: pa3Be/leHHe BAaroJ0OUBLIX PACTeHHH H PHIGHI.
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2 P Puc. 13.6. 3asHcHmocTb 00006IE€HHOTO
Kr/Heym o napamerpa A=~Kycx OT NPOUEHTHOrO
(no macce) copepxaHHa B BOAE, moja-

35 BaeMOH Ha HHOHALTPAUHIO, MEJAKONhLI-
- NeBATHX H FAMHHCTHIX (pakiud
?J \ — .
15 ROVNRREEES: S ————

!
7.5 ” )

20 40 60 2 Yo

VeTaHOBKH HCKYCCTBEHHOTO TMOMOJHEHHSI C HCHOJb30BAaHHEM OT-
KPLITLIX HH(HABTPALHOHHBIX COOPYXKEHHH YyCreuwHO MPHMEHSIOT B
CCCP (B JlarBuu Ha Bomosabope «bantesepc», B JIuTBe Ha BOJO3a-
Gope «diiryasii», B YepHoBuax, Ha UYepHeeBcKOM BoAo3abope, B HBa-
no-®panxoncke, B Kaayre, HopokysHeuxe u psiie APYraxX ropoios
{§ paliOHOB).

13.3. 3akpuiThie HHPHIBTPAUHOHHBIE COOPYKEHHS

WupuasTpaHonnble coopyxenus 3akpsitoro tana (11 tun WBIIB)
PeKOMEHAYeTCs TMPHMeHATb B TOM cJjydae, KOIAd Ha MOBEPXHOCTH
3eMJIH 3aJeralT OTHOCHTEeNbHO c¢JalolpoHHIlaeMbie MOPOAB HJAH IPH
CJOHCTOM CTPOEHHH 30HHI a3palHH. OTH COOPYXKeHHs NPeHMylleCcTBEH-
HO pacnpocTpaHeHbl B paHoHaX, rae YCTPOHCTBO H 3IKCIHJAyaTalHS
HHHABTPAUHOHHEIX GacCeHHOB H  APYTHX OTKPHITHX COOpYXKeHHH
KpafiHe 3aTpyAHeHsl (Hanmpumep, B pafioHax, rac HaO/IONAKTCA Iec-
yaHbie W MBJIbHBIe GYPH H TPYAHO rapaHTHPoBaTh TpebGyeMoe KauecTBO
BOALI B OTKPHITHIX COOPYKEHHSAX HJH KOrjZa NPOHCXOAHMT HX IpoMmep3a-
HHe B 3UMHee BpeMs).

B 3aBUCHMOCTH OT XapakTepa pa3MellleHHSI B BOJOHOCHOM IjaacTe
3aKpHIThie HHOUABTPALHOHHBIE COOPYKEHHS MOAPA3ALNATCHA HA FO-
PU3OHTAJbHEE H BepPTHKaibHble. [OPH3OHTANbHEIE 3aKPHTHE HHQHIb-
TpallAOHHHE COOpYKeHHS, TakHe, Kak TpyOuaTbie ApeHbI, rajeped H
UITONbHH, HEe HAUIIH UIHPOKOro NMPHMEHEHHS B NMPAKTHKe BOCNOJHEHHHA
3aMacoB MOA3EMHEIX BOA. DTO B MepByi0 odepedb OObACHAETCS OTCYT-
cTBHeM 3(@eKTHBHBIX MeTOAOB BOCCTAHOBJEHHA HX MPOHU3BOAHTEJb-
HOCTH H HecOBEpLIEHCTBOM CaMHX KOHCTPYKIIHH.

HauGonbllee pacnpocTpaHeRHe IOJYyIHIH BepTHKaJbHbBIe 3aKPhITHE
HHUABLTPALMOHHBIE COOPYXKeHHA: IWYpOH, WaxTHBEe KOJOAUB H Oy-
poBbie ckBaxHHB. Lypdbl, Kak npaBuIo, yCTPAUBAOT AHAMETPOM
10 4 M H TIpH rayOHHe ypOBHsSI I'DYHTOBHX BOA Mo 5 M (puc. 13.7).
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Puc. 13.7. Cxemu mypdos X

a —mypd, paGoraromuit amom; 6—wmypd, PO .- No]<] olt
paborawlisid AHOM H OOKOBLIMH CTEeHKaMH: i, - Rodo ik
1 —- ene300eToHHLe KOMbla; 2 -—peMenta- | ° . O D%"’Q &
uus; 3 — duaptp; 4 -— BogomojawuiHe TPy- “0O. .« | .l .

6bi; 3 — BOJONPHEMHLIE OTBEPCTHS Pl o %

B o

Puc. 13.8. Cxema maxTHOro KoJaoaua BTN == =5 %
I — meTtajsiHueckoe KOJBLO ONYyCKHOrO MOpH- | .- 7 o O L
crocoOneHus; 2 ~- guabTp; J— BoAONPHEM- > 2 O
Hble OKHa; 4 — XKeJe300eTOHHBe KOoJlblia; § — . O

tamnoH u3 Gerona M 200; 6§ — nemeHTal U i G e

Crenku wypgoB KpenAt GeTOHHBIMH KOJbLIAMH, 4 Ha JHe VKJaJlbIBa-
10T (UABbTPYIOLLYI0 3arpysky. Ecau neobxopumo yBeJHUYUTh HHQPHIb-
TPAUHOHHBIH PacXOd, MOXKHO 3arnyOuTh mypd W ycTaHOBUTh B GOKO-
BBIX CTeHKax chnenuajbHble (QUIABTPYIOLIHE 3J€MEHTH H3 [OPHCTOro
OeTomna, MOpHCTON KepaMHKH HJH KOXKYXOBBIX BCTaBOK C NoAo6paH-
HBIMH 3aNOJHHUTENSAMHU.

[laxTHple KOJOAUBI Leeco06pa3HO YCTPaHBaTh, KOrAa YPOBEHB
TPYHTOBHIX BOJ HaXOAHMTcA Ha riy6uHe po 30 M. HHbuAbTpauus us
WaxTHHIX KojoxueB (puc. 13.8), Kak u M3 mypdoB, MOXKET IPOUCXO-
AUTb Yyepe3 AHO, OOKOBHle CTCHKH HJH ONHOBPEMEHHO yepe3 GOKOoBbIe
CTEeHKH H JHO.

IIpu paGoTe KosoALa TONBKO AHOM BO H36eXaHHe KOJbMaTa)a
BOLOBMEUIAIOMIHX MOPOJA B 3aBHCHMOCTH OT HX TPAaHYJOMETPHYECKOro
CoCTaBa B OCHOBAHHH KOJIOAUA YCTPAHBAIOT OLHO- HJH ABYXCJOHHBIH

necyaHo-rpaBUAHBNE GHIBTP C€ TOJNUIHHOH KaXKAOro CJOS HE MeHee
15—20 cMm.

I1Ipu paGote kos0oAla CTeHKAMH B TpefesaX BCKPHITOH YacCTH BOJAO-
HOCHOTO Il1acTa B CTeHKax NMpope3aloT BOAONPHEMHBIE OKHA M YCTPaH-
BAIOT OJHO- HJIM ABYXCJOHHHIH IecyaHo-rpaBUiHbIN GuabTp. Toawuny
KaXA0ro cj1os OTCHIIIKH TakXke npuHHUMaloT no 15—20 cM, a XpynHocTb
(ppakuui NOAGHPAIOT B COOTBETCTBHH C pEKOMeHZANMAMH Mo 110a60py
¢unbTpoB. Hlypds u maxTHbe KOJOAUD Heseco0bpasHee Bcero coopy-
XaTh B 0€3HANOPHLIX BOJOHOCHBIX TOPH3OHTAX, CJOMKEHHBIX KPYIHO-
06TOMOUHBIMH NTOPOJAAMH C BHICOKOH NMPOHHILAeMOCThIO.
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Puc. 13.9. CxeMpl HCNOAB30OBAHHA NOTAOWIAMIMX, APEHAXKHO-NONAOWAWUHX H CKBa-
KHH JMBOKHCIO HL3HAYSHEN B CHCTEMSX NOMOJHEHHA 34MacoB MOA3eMHBLIX BOA M 3a-
IHTH BOAO3abopor

a — CHCTeéMa H3 norjouiamomeii ¥ BoAC3a00pHOH CKBaXHHH; O — cHCTEeMa MarasH-

HUPOBAHHS C HCINOJb30BAHHEM TIPYHTOBBIX BOJ, OTOHpacMbix GeperoBuiM BOA03a00OPCM,

HJH NOJANHTHBAHHE He HACHLILIeHHOro BOJAOH IlJIacTa, TrHAPABIHYECKH He CBSI3aHHOTO

C pexoil; 8 — OpraHH3allHsi CaMOTeYHOro MepeToKa H3 BePXHEro ropH3oHTa B HHIKHHH,

2 — TO Xe, W3 HHXKHEro FOpH30HTa B BEDXHHIl, 0-— ruapaBiaudecKHit 6apbep BOAO3a-
6opa y mMops

Hanboablllee pacnpocTpaHeHHe H3 BceX 3aKPbITHIX HHQHAbTpALH-
OHHBIX COOPYXEeHHH NOJAyuHJH OypoBble CKBaX*XHHBI, KOTOpbie MO Ha-
3HAYEHHI0O M YCJOBHAM 3KCINAyaTallHH MOXHO NOApa3jiejHTb Ha cJe-
AVIOUHe THIIBL.

[lepBwit THII — 3TO TAaK Ha3biBaeMble IOIVIOLIAOUIHEe CKBa>XHHBI,
obeclieuHBaloNiHe NOAa4y BOABI II0CJe ee MpPeJBapHTeJbHOH MOArOTOB-
Ku (puc. 13.9) HenmocpeacTBEHHO B 3KCOJAyaTHPYeMbIH mnJjact. ITH
CKBAXXHHBl MOXHO SKCHJYaTHPOBATb KAaK B peXKHMe MNOMVIOLEHHA TNPH
CaMOTeYHOH Mojade BOJABL, TaK H B pPeXXuUMe NPHHYAHTEJbHOH 3aKaYKH.
[Nornomarpiie CKBaXKHHH NPHMEHSIOT He TOJBKO [AJs TMONOJHEeHHSA
3amacoB NOA3EMHBIX BOJ, HO TakKXe IJSi CACAYIOUIHX Llesel: CO3/LaHHus
THApaBJIHuecKnx 6apbepoB, MNPeROTBPALIAOIHX HHTPY3HIO MOPCKHX
BOJA B 3KCIJIyaTHpPyeMble BOAOHOCHBIE FOPH3OHTHL (cM. puc. 13.9); ansd
CO3JXaHHS JIMH3 TPEeCHbBIX BOA B IJacraXx C COJIeHBIMH; B CHCTeMax
060pOTHOrO BOJOCHAOXKeHHsI W YCTAaHOBKAaX KOHJAHIMOHHDOBAHHA BO3-
Ayxa, Koria BOAOHOCHBIH MJACT HCIOJAb3yeTCs B KauecTBe TeNJIOBOH
peryaupyioueHd eMKOCTH.

Ko BTOpOMYy THNYy OTHOCATCS APEHAXHO-NMOIJIOLaKlHe CKBaXXHHD,
npexHasHadeHHule OJS APEHHPOBaHHUSA BepXHEro ropusoHTa (puc. 13.10)
C mojaved BOABI B HUXKHHH 3KCNJyaTHPYeMBIH MJaacT HaH, HaobopoT,
AJiA TlepeToKa BOJbI M3 HHXKHEro HamnopHOro mnJjacra B BepXHHH Oes-
HamoOpHbIH HJH MeHee HaNMOPHBIH 3KCIayaTHpyeMblii ropu3oHT. [Ilpm
HeoOXOAHMOCTH M COOTBETCTBYHIIEM OOOCHOBAHHH APEHaXKHO-TNOIJO-
IiaolHe CKBaXHHB MOryT ObITH OCHallleHB BOZOMOABEMHHBIM 000py-
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Puc. 13.10. KOHCTPYKIUHH NOrJOWAOIMER H APEHAXKHO-NOTJIOMAIONIEH CKBAXKHH

a — morJiollauas CKBaXHHa; 6 — APEHaXHOo-TNoroulanan CKBaxuHa: I — QAabT-

poBHI Kapkac, 2 — o6caaka, 3 — npobka; 4 — OTCTOHHHK, 5 — sKcenayaTauHoHHasA

KOJIOHHA, 6 — KOHAYKTOp; 7 — 3aTpy6Hasi UEMEHTHDOBKa; &8 — cajbHuK; 9 — Haluio-
JateibHas CKBakuHa; 10 — 3atpyOHhIii Nbe30OMETP

T | B3 7
Q= 3 : Ll
b e - | ~2 J

:%,[_ﬁ 45 “: . t

Puc. 13.11. Cxema BXOAHOro y3Ja norjomamnleH CKBAXKHHE

1 — morsiouiampilas CKBa)HHa;, 2 — Habw/jaTejbHas CKBaxuHua; J— noeszoMerp; 4 —
BOJOMED; 5 — 3a/IBHXKA; 6 — MaHOMETD; 7 — BaHTY3

poBaHueM H paboTaTb OXHOBPEMEHHO B pexXHMe NOraolleHust (mepe-
TOK) HUJIH OTKAauKH.
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IToMHMO yKa3aHHBHIX BHIIIE THIIOB, HMEIOTCS CKBaXXHHBI JIBOHHOIO
Ha3HaueHHsi, paboTalolliHe MoNepeMeHHO KaK MNOIJIOLIAIOIIHe H BOJMIO-
3abopHble. Takue CKBaXXHHBI, HampHUMep, HCIOJAb3YIOT HJsi obora-
IeHHs1 TOAMEP3JIOTHOrO BOAOHOCHOIO TOPH30HTAa B JIETHHH MEPHOX,
YTOOGH HCNOJB30BATH BOAY 3HMOH, MJIH IJIsi CO3JAaHMs 3aNacoB B 3HM-
HHH NepHOJ ¢ NOCJAeAYIOIIHM ee oT6OPOM B JieTHee BpeMs rola.

KoHCTpYKUHS BONONPHEMHOH YacTH CKBaXHHBI ABOHHOrO HAa3Ha-
YeHHs He OTJIHYAaeTCsi OT KOHCTPYKUHH NOrJollaniued cKpaxKHHH. [1o-
II0IANOIIHe CKBAXKHHEI, KAaK NPaBHIO, COOPYKAIOT 6OJNbIIHUM AHAMET-
pOM C YCTAaHOBKOH (HJIBTPOB H3 AHTHKOPPO3HOHHBIX MAaTepHaJsOB H
YCTPOHCTBOM IrPaBHHHON 0OCHINKH. JIpeHaXXHO-NOIJOWA0IHe CKBAMXKHU-
HHl (cM. puc. 13.10) obopyryior ¢punbtpamu Ha oba ropusonta. Ias
YAYYLIeHHs YCJOBHI APEHUPOBAHUSI HJH NEPeTOKa rpaBHHHYI0 06CHII-
Ky MOXHO YCTpaHBaTb He TOJBKO B HHTEpPBAje YCTAHOBKH (PHJLTPOB,
HO H B Ipefenax cjabonpoHHIaeMOH NMPOCJIOHKH.

Ins KoHTposis 3a paboToil CKBaXXHH HEOOXOAHMO MPEeayCMOTPETh
COOTBETCTBYIOILlee 000OPYHAOBAHHE, TO3BOJSIOLICE H3MEPSITh pPacxoi H
KOJIHYECTBO BOJABI, TOCTYyNawlllee B IJIACT 3a BpPeEMSl SKCIJyaTalHH
CKBaXXHHBI; peryJHpoBaTh NOAAYy BOJABl B CKBAXHHY H IOJHOCTBIO
OTKJIIOYAaTh CKBAXHHBI OT MHUTAWOLIEr0 BOAOBOAA; H3MepsATb JHHAMH-
yeCKHe YDOBHH BOJIbI B CKBAaXXHHE, HAa KOHTYpe OOCHINKH H BOJH3H
CKBaXHHH. CXema pa3MelleHHs H YCTAHOBKH NbE30METPOB IJIs KOH-
TPOJisi 3a paboToH moryomiaKlied CKBAaXKHHH NpHBeneHa Ha puc. 13.10,
a THMOBasi cXxeMa BXOJHOrQ y3ja paHa Ha puc. 13.11.

B cxBaXHHB JBOHHOrO Ha3HayeHHsi, paboTaloliHe MONepPeMeHHO
B peXHMe INOIVIOLIEeHHs — OTKA4YKH, BOAY MOXHO M0oJAaBaTh MO TPeM
cxeMaMm (puc. 13.12): B KOJbLEBOi NPOMEXKYTOK MEXAY BOAONONbEM-
HOH ¥ 00caJiHO¥ KOJOHHAMH C YCTAHOBKOH CMNelHaJibHOro natpybka
Ha ycTbe CKBaXHHBl (pHc. 13.12, a); HemocpeACTBEHHO uepe3 MOorpyx-
HOH Hacoc (pHc. 13.12,6), B KOTOpOM NpeABAPHTENbHO AEMOHTHPYIOT
obpaTHHi KJanaH, 10 CHeNHaJbHO CMOHTHPOBAHHOM KOJIOHHE
(puc. 13.12, 8), KoTOpYi0 ONYCKAIOT NOJ YPOBEHbL BOAB B CKBaXKHHE,
CxeMa BXONHOr0 y3Jjia CKBaXHHH NBOMHOIO Ha3HAaueHHs TNOKa3aHa Ha
puc. 13.13.

B cayuae sKkcmiyarallHH CKBaXXHMH JABOHHOTO HEHCTBHSI B PEXKHME
MOTJIOUIeHHs BOAY NOAAIOT NO MNOABOASAIIEH JHHHH 3 TIPH 3aKPHITOH
3aJiBHXKKe Ha 0o06BoAHOI JHHHH. Ecau Tpebyercs 3aMepHTh pacxol Bo-
Abl, IOJaBaeMON B CKBaXHHY, 3aKpPHIBAIOT 3aABHXKKY 6 Ha NOABOAS-
IeH JJHHHHM U OTKPBHIBAIOT HAa 06BOAHOH. IIpu nepeksoueHnu CKBaXKHHbI
JBOHHOTO HEHCTBHSI B PeXHM OTKAuKH HE06XonumMo cOpPOCHThL NepBbie
MOPLUHH OTKauHWBaeMoH BoAbl. [lJjisi 3TOro 3aaBHMXKKH Ha MNMOABOASILUEH
M HaNOPHOH JIMHHAX 3aKpHIBAIOT, a Ha JHHHH cbpoca OTKPHIBAIOT.
Ilocse Toro Kak KauecTBO OTKauHBaeMOH BOABI CTaHET YAOBJIETBOPSATH
HeOOXOAUMBbIM TpeOOBAaHHAM, CKBAXKHHY MEpEeKJIOUaloT Ha HaNOPHYIO
JIUHHIO.

B 3aBHCHMOCTH OT KOHKPETHHIX YCJOBHI Nojaya BOALI B IIOIVIO-
1Ialomue CKBAaXXHHBI BO3MOXKHa U 0e3 COOTBETCTBYIOLIEH BOAONOAIO-
TOBKH. HanpuMep, B paloHax, 3aTONJSEMBIX B NepHOJ AOXKIEH, NpH-
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Puc. 13.12. Cxemnbl noaauu BoAHM B CKBAXKHHB NBOHHOro Ha3HAUYEHHSA

G — B KOJIbLEBOH TPOMEKYTOK MEXAy BOAONOABEMHOH H 00CaaHON KOJOHHAMH C YC-

TAHOBKOH ChenuanbHoro natpybfka ua ycThe CKBaXHHB, O — HelOCpPeACTBEHHO 4Yepe3

NOrpysKHOH Hacoc, B KOTOPOM MpeABapHTENBHO AEeMOHTHPYIOT OOpaTHHIH KJanaH; 8 —

MO CnelHadbHO CMOHTHPOBAHHOH KOJOHHE, KOTOPYIO ONYyCKalT NoA YPOBeHb BOJH
B CKBa)XHHe

Puc, 13.13. Cxema BXxonHOro y3ja CKBaXWHb AROHHOro Ha3Ha4uCHHS

I — cKkBaKHHa [BOHHOI'O HasHaueHus, 2 — HabawJaTeJbHble CKBaXHHH, 3 — NOABO-
asiuiasi JUHHA; 4 — JHHUS AJS OTBO/MA OTKAYHBaeMOH BOAM; & — cOpoCHas JIHHHA,
6 — 3aiBUXKH; 7 — BaHTy3; 8 — obpaTtHnfi kaanaH;,; 9 — 3aTpyOAHf Nbe30MeTP

MeHHMBI CXeMHl, NpHBeneHHble Ha puc. 13.14,a u 6, a npu pacmoJo-
KEHHH TIOIJIOWIAloMmied CKBa*KMHBEI BOJIM3H pEeKH, 0O3¢pa HJH KaHana

MOXKHO TIDHHSTb KOHCTPYKIIHIO OrOJIOBKA CKBaXXHHBbI, NPUBENEHHYIO HA
puc. 13.14, s.

OcHoBHasi 0cO6E€HHOCTb pacueTa IPOH3BOJIMUTENbHOCTH CKBaXKHH,
MPHMEHsIeMBbIX HJisi HCKYCCTBEHHOIO TNOMOJHEHHs 3amacoB MOA3eMHBIX
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Puc. 13.14. Cxema nmonauu BOAR B NOrJAOHa0OHIHE CKBaAXKHHHM 0e3
BOAONOArOTOBKH

a, 6 — yCTpOHCTBO OroJIOBKa CKBaXXHHBl B paHoHaX, 3aTONJIAEMBIX

B NMepHOJ NOXKIei; 8 — KOHCTPYKIMA OroJIOBKa CKBaXKHHB BOJH3H

BofloeMa: I — 3KCNAyaTallMOHHAs KOJOHHA; 2 -— 3aTBOp; 3 — TPy-

6a d=>50—75 MM; 4 — rpaBuiiHbii GuaALTP; 5§ — MepdopupoBanHas
Tpyba

BOJl, COCTOHT B HeOOXOAMMOCTH yuyeTa IIpOLeCCOB KOJbMaTaxKa (HIIb-
TPOB H NPHCKBAXXHHHBEIX 30H IIacTa. B 3aBHCHMOCTH OT XapakTepa H
¢Hu3HUECKON CYLIHOCTH IPOLECCOB, NMPOTEKAaIUUX NPH paboTe CKBa-
HH, Pa3j{ualoT cAeAyIolliHe BHABI KoJMaTa)»Ka: 1) MexaHHUeCKHH,
BO3HHKAIONIHH HM3-32 HAJWYHs B NOJABaeMOH B CKBAXXHHBl BOJE B3Be-
IIeHHbIX BELECTB OPraHUYeCKOro HJAH MHHEPAJbHOr0 NMPOHCXOXKIEHHS;
2) Bo3nymIHBLIH, 00yCAOBMIEHHBIH HAKONJEHHEM B Iopax (HAbTpa BOS3-
AyXa, TMPOHUKAIOUIEro BMecTe C 3aKauMBaeMoH BOJOH HJ/IH obpasyio-
Lierocsi B pesyJibTaTe HAecopOuun H3 BOAH; 3) XHMHUECKHH, CBA3aHHBIA
C HapyLIeHHeM THAPOAHHAMHYECKHX H TeMIepaTypHHIX YCJOBHH B
naacte (H3MeHeHHe NAaBJIEHHs H TeMIlepaTypbl) H B3aHMOJIEHCTBHEM
3aKauHBae€MBIX H IJACTOBHIX BOJ ¢ 06pa3oBaHHEM TPYAHOPACTBOPHMBIX
XAMHUECKHX cOenHHeHHH; 4) OGHONOrHYecKHH, O6YCJ/OBJEHHBIH pa3BH-
THeM XKeJse3o6akrepnil, cyabdaTpeayuupyrKUx 6aKTepuid H APYTHX
BHIOB OGHONOrHYECKOH NesATeIbHOCTH,

B pesysnbTaTe KoJIbMaTaxKa BO3PAacTaeT CONPOTHBJEHHe (PHABTpA-
MK BOABI, H IIpH paboTe MmoryonjalomHKX CKBaXKHH C NMOCTOSIHHBIM pac-
X0OM YBEJUYHBAETCS HANOP HA yCThe, a NMPH 3aKayKe C NOCTOSHHBIM
HarnopoM CHHXKAeTcsl HX NPOH3BOAUTEIbHOCTD.

Ha HauvanbHOM 3Tamne 3KCNJyaTalds MNOIJIOMIAIONIHX CKBAXHH, KakK
IPaBHJA0, OCYLIECTBJSIETCH ¢ MOCTOSIHHBIM pacxomom (Q=const). HUs-
3a KoJbMaraxa Bo3pacraer Hanop H Ha ycTbe CKBAXKHHH, H K HEKO-
TOPOMY MOMEHTY BpeMeHH T, OH CTAaHOBHUTCS PaBHBIM JONYCTHMOMY
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3HaueHHio Hyop. B wacTtHOoM cayudae, eciu ckBa)XKHHa paboraetr B pe-
KHMe CaMOIOrJolleHuss (T. €. NPOHCXOAHT CBOOOAHBIH HAJHB B Hee
BOAB), BeJTHUHHY Hpop NPUHUMAIOT PABHOH OTMeTKe ycThd. C MOMeHTa
BpeMeHH T; CKBaXXMHAa MOXeT 3KCIJYyaTHPOBATbCH KaK B pexHMme
H=H ,px=-const, Tak u npun Q==const. B nocsenHeMm ciayyae ycTbe
CKBaXKHHBI repMeTH3HpYyeTcd H BOJa nopaercd HacocoM. Ha nmpakrhke
llesjecoob6pa3Hee OCYILECTBJAATb 3KCNAYaTalHi0 CKBAaXHH B peXHMeE
Q =const.

Jlisi morJiomialomiux CKBaXKHH, paboramomux B pexuMme Q==const,
MOBBILIEHHEe HAOpa COCTABHT

ﬁh _— Ahﬁ + Ahﬂ{ai ( ]3.5)

rae Aho — moBHIIEHHe Halopa B NJacTe Haj NepBOHaYaJbHHIM YpOBHeM, 06ycJOB-
JeHHOe Tak HasbiBaeMbIM BHeIUHHM CONpOTHBJIeHHeM; Aficxs — MOTEPH HaNopa, CBA-
3aHHble ¢ BHYTPEHHHM COMPOTHB/eHHeM B CKBaXXHHE H B NMPHCKBAXKHHHON 30He.

[lepByio M3 yKa3aHHBIX COCTaBJASIOUAX Ahy onpenensiioT 0o o6bIy-
HOK (opMyie NMOA3eMHOH THAPAaBIHKH:

Q
Ah, = —— 13.6
0 9 ;m R! ( }

rae £ B m-— xo3pdbuuuent GHUABTPALHK H MOUIHOCTh NJacTa (B 6e3HaMOPHHIX MJa-
crax m=20,8h., rae h. — nepBoHavaipHadA ray6HHA BOAH 10 BOAOYyNOpa); R — QyHK-
IIHS BHEUIHero I‘H,Elp&BJIH'-!ECKOI‘O COMPOTHBJeHHSA, ONpELensieMas B 3aBHCHMOCTH OT
pa3MepoB H reoMeTpHuecKoii ¢GopMB BOJOHOCHOrO MmJjacta, yCJOBHH Ha ero rpaHu-
114X, a TaK¥Xe pa3MepoB CKBaXHHH.

Bropyio cocraBasiionyo Ahexs GopMyan (13.5) onpepensiior chae-
AyouipM 06pasoMm:

_ 9 e
AhCHB Qﬂkfﬂ. E’ E_EH.C +EK! (13-7)

rae § — BeJHYHHA BHYTDEHHero COMPOTHBJIEHHS, a HHAEKCAMH <«H.C» H «K» 0603Ha-
yeHs! BEJAHYMHBI, OOYCJOBJICHHble HENOJNHOTOH BCKPHITHA MacTa H KOJbMAaTaKeM.

Ilo cyuiecTBy, B Mpolecce 3KCIJyaTalHH IOTJOMIAOLUIHX CKBAaXKHH
HeOOX0AHUMO NPOTHO3UPOBATH H3MEHEHHe BeJHUHHH Ex. ComnpoTHBIe-
HHUe XKe Exc, KaK [IPaBHAIO0, BO BpEMEHH HE H3MEHseTC.

JlononuHTEeNbHOE CONPOTHBJ/IEHHE COCTABHT

ER=0,5(;’*—.-_-1)1n(1+a2), (13.8)

rae kg — K03 HIHeHT (PUIbTPALHH 32KOJbMATHPOBAHHOIO CJOA TPyHTa
el ® _ Q¢ \
nan =05 (== —1)in——, (13.9)

I'pacduxku BO3pacTaHHsl AONOJHHTEJIbHOIO COMNPOTHBJIEHHS, COOTBET-
CTBYIOLMe PAacCMOTPEHHBIM Bhbillle 3aKOHOMEPHOCTSIM, IpPHBEAEHB HA
puc. 13.15. Bo Bcex cayuasix pjsi mporHo3a BEJHUYHHBI & HCXOAHBIE
napaMetrpbl (Rm, Yex, @, PN, y) HE0OX0AHMO ompenessiTb SKCIepHMEH-
TaJbHBIM nyteM. Haubonee HajeXHble HAaHHBIE MOXHO ITONYYHThH HA
OocHOBe HabusiofenHii 3a paboTOH morJoumarUiHX CKBAaXKHH HA HayaJb-
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Puc. 13.15. Bo3pacranse conpotHBieHHs £y, o0ycloBJeHHoro MnposBJieHHEeM pa3auy-
HOrO BHAA KoJbMaTaxa

a — obpasoBaHue MJeHKH; 6 — MocTeneMHoe HAKOMJeHWe B3BeCH B MOpax MmOPOj MpH-
CKBAaXXHHHOW 30HHBI; 8 — HAKOMJIEHHE B3BeCH B MOpax NOPOJ NPHCKBAXHHHOH 30HH
B PaBHOBECHBIX YCJOBHAX

HOM 3Tane HX 3KcrnJuyatauud. [Io 3THM AaHHBIM YTOUYHSIOT W KOppeEK-
THPYIOT HaMeyaeMble PEXHMbl SKCIJyaTallHH CKBaXXHH H CPOKH HX
pereHepaluH.

I'JIABA 14. OCOBEHHOCTH HCITOJIb3OBAHHA
NOA3EMHBIX BOA AJIA CEJbBCKOXO3AHWCTBEHHOIO
BOOLOCHAB)XEHHUH

14.1. becuabTpOBBIE CKBAXKHHbI

[Ipu opraHu3auun CeabCKOXO3HCTBEHHOr0 BOAOCHAa6GXeHuss Ha Oa-
3¢ TNOA3eMHBIX BOA HeO6X0AHMO 006eCrneyHTh BBLICOKYIO HANEXHOCTDH
BOM03a6OPHBIX COOPYXKEHUH B YCJOBHSAX HepaBHOMepHOro Boaoorbopa,
MPAKTHUYECKOro OTCYTCTBHSI pPe3ePBHPOBAHMSI CKBaXXUH BBHAY HH3KOH
KaTeropuiHOCTH 06beKTOB BONOCHAOXeHHSl, BapbHpOBaHHA nebHTa
B0#03a60pOB B HIHPOKHX npepenax. I[Ipu sToM cienyeT yUHTHIBATh,
uTO BOAO03a60OPHI AN CEJbCKOXO3SIHCTBEHHOr0 BONOCHabXKeHus 3aua-
CTYIO COOPYKAlOTCsi B TPYAHOAOCTYNHBIX padoOHAX, TIAe 3aTpPyAHEHH
MPOH3BOACTBO PaboT €O CTPOHTENBCTBOM MHONMOJHHTENBHHX BOX03a060-
pOB, AOCTaBKa MaTepuaJsioB U 060pya0OBaHHS.

B sTHX yCn0BHAX HaHubOJblilee pacnpocTpaHeHHe MOJYYHJIH BOMAO-
3a6opHble CKBaXXHHBI H LIaxTHble KoJjoaubl. OQHAKO HMEHHO B CeJib-
X03BOAOCHA6XEeHHH 3HAUUTEJbHBIH mporpecc 6bl1 AOCTHTHYT B CTPOH-
TeJbCTBe 6ecHHABTPOBHIX CKBAXKHH H ClellHAJbHBIX THIIOB BBICOKOJe-
GHTHBEIX BOA03a6OpOB IMOA3E€MHBIX BOJA, IpHMeHsAeMBIX Ha OObeKTax
OpOLIEHHS C HCIIO0Jb30BaAHHEM NOJA3€MHOT0 HCTOUHHKA.

BechuabTpoBble CKBaXKHHBI HCIOJAB3YIOT NJsi 0T60pa NOA3EMHBIX
BOJ H3 PHIXJIBIX IeCUaHbIX OTJOXKEeHHH, 3ajeralolliux, KakK [pPaBHJIO,
Ha OGosbuinx 1aybuHax. OraunudTenbHass OCOOGEHHOCTh 3THX CKBAXHH
COCTOHT B HCKYCCTBEHHO CO3JlaBaeMOH BONONPHEMHOH KaBepHe, Teo-
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MeTpHYEeCKHe pa3Mephl KOTOpo# obecneuuBaloT TpebyeMBld BOAOOTOOP
6e3 neckoBaHufA. s co3panusi KaBepHbl HEOOXOAHMO, YTOOB KaNTH-
pyeMbll BOJOHOCHBIH TOPH3OHT 3aJjieran [OJA YCTOHUHBOH KpOBJEH.
Hawnbosiee HaneXXHoH B OTHOLIEHHH COXpaHEHHS YCTOHYHBOCTH CUHTA-
eTCd KpOBJIsI NMOPOMA, TNpeAcTaBaeHHAs H3BeCTHAKAMH, JHOJOMHTaMH,
MOUIHBIMH CJOSIMH IJIOTHHX IJIHH. Kpome TOro, BaXHbBIM YCJIOBHEM
YCIIELIHOTO NPOH3BOACTBA paboT MO yCTPOHCTBY OechHIBTPOBOH CKBa-
KUHBl ABJASETCS] OTHOCHTENBHO Caabasi ClileMeHTHPOBAHHOCTL 3€PHUCThIX
MOPOJ BOJOHOCHOI'O MJjacTa, obecneunBaouias 3hdHEKTHBHBIA pa3MbIB
KaBepHbl. becunbrpoBhle CKBAXKHUHBI MO3BOJAIT AOCTHTaTh XOPOUIHUX
pe3yJbTaTOB NPH KanTaxke BOAOHOCHBIX TOPH30HTOB B IBIAEBATHIX H
MeJIKO3ePHHCTHIX NeCKaX, rae Noabop u YCTPOHCTBO IPaBUHHBIX (PHIbT-
POB 3aTPYAHUTEJBHHI.

OnHo H3 BaXXHBIX JOCTOHHCTB 3THX BOH03a60POB MOA3EMHBIX BOJ —
ycToHuMBasg paboTa BO BpPEeMeHH NPH COXpPaHEHHH HeH3MeHHbIMH I'HAPO-
AMHAMUYECKHX YCJOBHH BOJOHOCHOrO NJIACTa, TAK KaK NPOIecCh XH-
MHUYeCKoro H OHoJIOTHYECKOr0 KOJbMaTaxka 3JeCh He Hab/mopaoTcs.
BMecte ¢ TeM npu NpOeKTHPOBAHHUH U CTPOUTENBCTBE OeChHUNBTPOBBIX
CKBAXKHH CJlelyeT UMeTh B BHAY, UTO HX HENb3sl YCTPAHBATh NPU Npen-
MoJ1araeMoM IpPOTPeCcCHPYIOUIeM CHHIXKEHHH Nbe30MEeTPHYECKHX Halo-
pOB KAaNnTHPYeMOro BOAOHOCHOTO IJ1acTa, NPH KOTOPOM MOTYT CYILECT-
BeHHO H3MEHSIThCA INOKA3aTend YCTOHMYHBOCTH NOPOA KPOBJAH H OCY-
aercsi caMa BOAoONpHeMHasi kKaBepHa. HesicHbI nepcneKTHBbLl PA3BUTUN
CTpOHTENbCTBA 6€CHHABTPOBHIX CKBAXKHH C TOUKH 3PEHHSI BO3MOMKHBIX
JIOKAJBHBIX TIPOCAAOK H PErHOHAJBHOTO OCEAAHHSl MOBEPXHOCTH 3E€MJIH
He TOJIbKO Noj BJAHsHHeM cpaboTKH 3amacoB MOA3EMHBIX BOMA, HO H BHI-
HOCa 3HAYHTEJbHBIX 06beMOB MOpPOJ INPH pa3MbiBe KaBepunl. Ciaenyer
VUHTHIBATh BO3MOXHOCTh BPEMEHHOTO TIeCKOBaHHSI 6ecdUNbTPOBHIX
CKBaXXHH B INEPHON TNYCKOB-OCTAHOBOK HACOCOB, TO3TOMY IIPOEKTH-
pOBaHHE HX B CHCTeMe BOmOCHabOxkeHuUs 6e3 NPOMEKYTOUHOH €MKOCTH
HelesaecoobpasHo.

KOHCTPYKLHHM M TEXHOJOTHS COOPYXKeHUs 0eCPHIBTPOBHIX CKBAXKHH.
KOHCTpYKTHBHOEe OT/aHYHe O6eChHIbTPOBLHIX CKBAXKHH 3aKJIUYaeTcs B
Ha/JH4YHH BOJONPHEMHOH KaBepHbl. QopMmMa KaBepHBl OlpeaesieTcs
XapakKTepoMm IMNepecJaauBaHHsI BOAOHOCHBIX nopold. [Ilpu oxHopoaHOM
CTPOEHHH BOJOHOCHOIro Ilacta ob6pa3yercsd KaBepHa B BHJE BOPOHKH,
HO OHa MoXeT OHTh H KOHYycoobpasHo# (puc. 14.1). Ilpu craoucrom
CTPOEHHH BOAOHOCHOH TOJILH B XOJe NPOKAYKH MoKeT ¢hOpMHPOBATDL-
CA HEeCKOJbKO camocTosiTenbHbIX KaBepH. Ilpu ycTpoiicTBe KaBepH
o6beM BBIHECEHHOI'0 Mecka KoJsebserca ot 3—5 po 200 M3 u Gouee.

KaBepny paspabaTeiBalOT NyTeM OTKAaYKH BOAONECYAHOH MYJIbIIbI
spandToM. B nepBoHayaJbHBIH MOMEHT (POPMHPOBAHHS KaBepHbI HEOO-
XOAHMO JOJHBATh BOAY B CKBaXKHHY. TeXHOJIOrHsl NMPOKAYKH CKBAXKH-
Hbl 3pJUGTOM NPH Pa3HEIX AHAMeTpax CKBaXKHH MoApoOHO paccMoTpe-
Ha B cnenuanbHoM pykoBoactBe [3]. Otmerum Juumb, uyTo mpolecc
pasMbiBa KaBepHBI MOXHO YCKOPHUTb, HCIOJb3ys clelHajbHble HacaX-
KH, obecrneuuBaiouiHe HANPABJEHHBIH THAPOPa3MBIB NMOPOJALI B CKBa-
JKHHE,
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Puc. 14.1. KoHcTpykuuu GecPuabTpOBBIX CKBAKHH

a — CKB43KHHA C BOJONpHeMHOH KaBepHOH B BHIe BOpOHKH (ob6camHble TpyGH HoOBe-

DeHbl 10 BOJOHOCHOTrO TOpH30HTA); 6 —TO e, HO ob6caaHne TpyGH AOBeleHH A0

KpOBJH (NpOYHble MOPOALI KPOBJAH He TPeGylOT KpellleHHS HX TpybamH); 8 — TO Xe,

HajJ KaBepHOH cBOA o6pylleHHsl; &-— obcaaHble TpYOH J0OBefeHH OO0 BOJOHOCHOTO

FOpH30HTa, HaJ KaBepHOH cBoja OOpylIeHHs; 0 — CKBa)XHHa C yAJHHeHHOHR BOJONPH-

eMHOH KaBepHOH B mepecJaHBalollleMCst BOJOHOCHOM TOPH30HTe, BOPOHKH 06pa30OBaHH
B KaXXJOM PHIXJIOM CJ0e

B ycia0BHAX BO3MOXKHOro O6GpYUIEHHS IOPOJ KPOBJH H JJHTE/b-
HOro TMeCKOBaHusl TNpPH INPOKauKe KaBepHY O0eCPHIbTPOBOH CKBAXKHHBI
3anoJHAIOT rpaBUHHBIM MaTepuaJsioM. IlockoJbKy pasMephl KaBepHbBI
OOHYHO JIOBOJILHO BeJIMKH, IpHu noxabope cocraBa rpaBus AJis1 3aCHINKH
KaBePHBI MOXKHO 3a4aBaThCsi KO3 GHHUIHEHTOM MEXKCJOHHOCTH, PaBHBIM

15...20.

HeycrofiuuByio pabory GecHabTPOBBIX CKBaXKHH (MHOTOKpaTHHE
06BaJibl KPOBJH, 3aHOCHl KaBePH NMOPOAOH U NECKOBAHHE) MOXHO JHK-
BHAHPOBATh NyTeM YycTaHOBKH ¢uabtpa. Ilpouecc nepeobopynoBanus
6ecPHIBTPOBLIX CKBAXKHH B (DHJALTPOBBIE BKJIOYAET Te Ke OllepallHH,
YyTO H OObIYHAs ycTaHOBKA ¢uabTpoB. OXHAKO eCcau NPHYHHOH Hame-
yaeMmMoro Inepeob6opynoBaHHsl sisjasieTcsi oOpyllieHHe NOPOA KPOBJIH B
npenesbl 3ajeraHusi BOJNOHOCHOTO MJacTa, B pe3yJabTaTe 4Yero pe3Ko
YXyAUalTcsd (uAbTPAllHOHHBIE XAPAKTEePHCTHKH 3TOH 30HBI, TO pabo-
YHe YacTd QHUIbTpa CAeAyeT pacnoJsarath HHXe 3TOH 30HHB, a HHTEP-
BaJl nOpoa KPOBJH NepeKphBaTh FMYXOH HAAPHJABTPOBOH TPYOOH.

OcHOBHOe TexHOJOTrHuecKoe TpeGOBaHHE TIPH COOpPYyKeHHH Oec-
(GHABTPOBHIX CKBAaXKHH — CO3JlaHHe KaBepH He0OXOAHMBIX pPAa3MepoB,
ob6ecrneuHBalOIHX YCTOHYHBHIH BOAONPHTOK 6e3 meckoBauus. Ilpu sTom
pasMep KaBepHbl OAHO3HAUHO ONpeaeJsercs ee rayOHHOH, pamHyCcoM
rx W yrJOM OTKOCAa MEeCKOB B BONOHACBILUIEHHOM COCTOSIHHH, paBHOBe-
CHe KOTOpOro o6ycJIOBJIHBAETCSl HAEHCTBHEM CHJ TPeHHS H THAPOAHHA-
MHUYecKoro napiseHus. B obmeM ciaydae paauyC KaBepHbH B BepXHeH ee
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YacTH $SIBJseTCH (YHKLUHeH mnJjacTOBOro JaBjeHHUA P, NOHHXEHHS
YPOBHSA S, NJOTHOCTH BOAHL P, ee BA3KOCTH W, YCKOPEHHSI CHJBI TSXKe-
CTH g, CpeiHero pasMmepa mecyaHblXx 4acTtHl, dsy, MJOTHOCTH YACTHL Ps
¥ MOLIHOCTH BOJOHOCHOrO mJjacra m. Ilpu Manol CxKHUMaeMOCTH maTe-
pHana BOJAOHOCHOI'O NMJAaCTa H NOCTOSHHOW BA3KOCTH H IJIOTHOCTH BO-
bl M IeCKa 3aBHCUMOCTb MEXJy reOMeTPHUYECKHUMH pa3MepaMH Kapep-
Hbl 6ecHUNbTPOBOH CKBAXKHHBI, NMOHHIKEHHEM HAaNopa B CKBaXKUHe H
pa3MepOM YaCTHIL eCKa MOXKHO 3alMHCaTb B BHAE

re/lm=14¢(s/m, d/m). (14.1)

Mumipa u AnnKaHend NpoBeJH 3KCIEepHMEHTaJbHble H JabopaTop-
Hble HCCAENOBAHHUA N0 H3yUYeHHIO HOPMHPOBAHHS KaBEPHHI B I'PYHTO-
BOM JIOTKE B HANMOPHBLIX YCJAOBHAX NPH MOCTOSSHHOH MOILHOCTH IJIacTa
M Harpyske Ha nJact, paBHOH 2,5 T. B onbtax HCNONb30BaJHCh TDPH
Pa3sHOBHIHOCTH OJHOPOAHLIX MEeCKOB. B xome oNbITOB H3ydasiach pas-
paboTKa KaBePHBI AJs KaXAOTO MOAENHPYEMOro BOJOHOCHOIO IJjacra
IIPU H3MEHEHHMH NaBJICHUS NYTeM ONpPeAesieHHs] pafuyca rx U TNYOHHB
KaBepHbl [;. OTMeyeHo, 4To pafuyc KaBepHbl Y KPOBJH IJIACTa yBEJIH-
yHBaercs NMPH NMOHHXKEHHH NMABJIEHHS H, CJe0BaTeNbHO, pacxoia BOIHI,
a TakxKe C YMeHbLIeHHeM pa3Mepa YacTHI, cJaraloiluxX BOAOHOCHBIH
nxact. [Ipuuem BausAHHe pa3Mepa 4acTHIL Ha (OPMHUPOBAHHE KABEPHHI
HE3HaYUTeIbHO. Ha OCHOBe NpOBeJeHHBIX 3KCHEPHMEHTOB IOJydyeHa
3aBHCHMOCTD

r = 0,338350:562 (100, )—0-1101/,0.548, (14.2)

Jnsi ynobcTBa pacueToB pa3MepoB KaBEPHBl COCTaBJieHA HOMO-
rpamma (pHc. 14.2).

[Ipu rupporeosnornyeckux pacuerax 6eChHIbTPOBBIX CKBaXKHH
pagHyc KaBe€pHbHl y KPOBJH BOJOHOCHOIO MJaacTa MaJo BAHseT Ha
X peOHT. JleficTBHTEe/ILHO, BeJIHYHHA BOJONPHTOKA B TAKYI0 CKBAaXKHHY
B OCHOBHOM 3aBHCHT OT XapakTepa OTKOoca M ray6HHb KaBepHbl. Ho
B TO XK€ BpeMs AJs ONpelesieHHOro paoHa paboT BO3SMOXKHO NMOCTpoOe-
HHE KOpPpeJasillHOHHBIX 33BHCHMOCTEH MeXAY 3THM pacXxoaoM, pacCyH-
TaHHBIM NpefnaraeMblM METOAOM, H INPHBeJeHHBIM pPajgHyCOM KaBep-
Hbl, KOTOPBIH NO3BOJISIET NPOrHO3HPOBATL NMPOH3BOAUTENBHOCTh CKBa-
)uH. Kpome TOro, HCnosb30BaHHe NPHBEACHHOH HOMOTpamMMbl MOXKeT
OKa3aTbCs MOJIE3HBIM JAJsi OOOCHOBAHHSI TEXHOJIOTHH TPOM3BOACTBA
paboT 1 moabopa MPOH3BOXHUTENLHOCTH 3pAHPTA.

[TpeacraBasier uHTepec H 3KCIEPHMEHTAJbHOE ONpelesieHHE 3aBH-
CHMOCTU pajHyca KaBepHHl OT ee IJIYOHHB. ['paduk, npHBeAeHHBIN
Ha puc. 14.3, ykasbiBaeT Ha OAHO3HAUHYIO CBSI3b TIeOMETPHUECKHX
pa3MepoB BODOHKH (ee paiuyca ¥ IJyOHHBI) HJist NECKOB Pa3JIHYHOH
kpynHoctu. ['my6uHa yBenHuHBAeTCH [0 Mepe YBEJHUYEHHsS pajaHyca
KaBCPHbl. 3aBHCHMOCTb 7y OT TNyOHHBI KaBEPHHl /i 3alHCHIBaeTCH
bopMyoH

re — 1,25 = 1,693/,1:0¢, (14.3)
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papnHyca KasepHnl OechuabTpOBOH CKBa-
KHHH Puc. 14.3. 3aBucWMocTh ray-

OuHbBl KaBEpHH! OT €€ paany-
ca

PaccMoTpHM mpHMep OLEHKH COOTHOLIEHHst pasMepoB KasepH Gec-
¢uapTpoBoi ckBaxuubel Ne 1 B r. JKaobune (BCCP). Becdhuabrposas
CKBAXXHHA KanTHPOBAa/ia BOJAOHOCHBIH I'OPH30HT B CEHOMAHCKHX TecKax,
MOACTHJIAEMBIX NJOTHHIMH TJIHHAMH KeJJOBEHCKOro BO3pacta MOLI-
HOCTbI0 12—17 M. BopoHocHble NECKH NEpeKkpBIBAIOTCH MePreJbHO-
MEJIOBOH TOJllell BepxHero mesa. MepresibHO-Me/0Basi TOJIA TaKXKe
06BoaHEeHA. MOLIHOCTHL BCKPHITHIX MECKOB B cKBaxuHe Ne 1 cocraBuna
9,7 M, dsp=0,25 MM, OHHKEHHe YPOBHS B CKBAXKHHE B XOJe OTKAUKH
s=14,30 M. CoOTBETCTBYIOLIHe BeJHYMHBl [Jisi pacuera MapaMeTpoB
Kapepuol paBHbl: 100d/m=0,26, s/m=1,48. Beanuyuna rx/m 1mo HOMO-
rpamme (cMm. pHc. 14.2) pasna 0,48 W BesHuMHA pafuyca KaBepHH —
4,75 M. 'nybnuna xaBepHs! no rpacduky (cM. puc. 14.3) npu rx=4,75 M
paBHa 2,7 M, T. e. BecbMa OJIH3Ka K NOJYUYEHHOH NMyTeM ee 3amepa
(lk=2,8 M). Ananoruuno pas cksaxkuuasl Ne 38 B r. Porauese (BCCP),
KanTHPYIOUIEH TaKXe CeHOMAHCKHH BOJLOHOCHBIH FOPHU30HT, MO JAHHHIM
OnkITHHX pabor CraHKeBHuYa H Ap., HMeeM s§/m=1,15 npu ds=
=0,25 MM, 100d/m=0,23 u roy=4.,5 M.

Crtporo rosopsi, BeJIHUHHA pajaHyca KapepHH IOA KPOBJEH BOJO-
HOCHOrO TOPH30HTA, B PaBHOH CTeNeHH, KaK H ee raybHHa, CJayXaT
XapaKkTepUCTHKAMH, KOTOpHe AAIOT JHUIb KauecTBeHHOe IpeAcTaBJle-
HHe O TeOMeTPHYECKHX OCOOEHHOCTSAX BOAONPHEMHOH yacTH GechUabT-
pPOBOH CKBaXXHHH. B TO e Bpemsi OHH MOryT OHITb JHOBOJIbHO HaXEX-
HBIM OPHEHTHPOM IIPH IPOEKTHPOBAHHH OeCHHJIbTPOBLIX Pa3BeLOUYHBIX
H 3KCNJIyaTallHOHHBIX CKBaXXWH. CyAHTh O pajauMyce BOJONpPHEMHOH
KaBePHLI MOXKHO IO COMOCTABJEHHIO HAAHHBIX O €ro BeJHUHHE H TIPH-
BeICHHOM pajHyce 6eCHIbTPOBOH CKBAXHHBI rpp. OPHEHTHPOBOYHO
BEeJIHUHHY TPeOYeMOro NMOHHKEHHs YPOBHS IIPH pa3MbiBe KaBepHH 6ec-

(GHUAbTPOBOH CKBAXKHHBI MOXHO ONPENeJHTb, HCIOJb3Ysi 3aBHCHMOCTD
(14.2).
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Pacuer Bono3aGopos u3s GechuabTpoBbiX ckBaXuH. Jlnsg o6ocHO-
BAHHBIX pacueToB OecUJbTPOBHIX CKBAXKHH HA CTAaAHH pa3BelKu
1esecoo0pasHo ONpeneasiTe He TOJMBKO (QHIABTPALHOHHBIE NapaMeTpHl
BOIOHOCHOrO mJacrta (KoapduuueHTh BOAONPOBOAHUMOCTH, (HABTpA-
LHH, Nbe30NPOBOAHOCTH), HO H OLEHHUTb NPHBEAEHHHH paauyc CKBa-
XKHUHBI, COOTBETCTBYIOUIHH TEXHOJIOTHUECKOMY peXHMYy (GOPMHpPOBaHHSA
kaBepHbl. Hanbosiee HafleXKHO 3TH mapaMeTphl OLEHHBAIOT MO AAHHKM
KYCTOBBIX OTKauek. IlapaMerpsl mJaacToB IpU S5TOM ONpeNensioT M0
o6 IICNIPHHATHIM METOAMKaM. 3HAUEHHUS 7pp ONPeNnessiloT aHaJHTHUECKH
HAH TpacdoaHaJHTHUECKH, HCTIOAb3Ys dopmyay [donion. B nocnennem
cayqyae CTPOSIT rpacpmc B KoOpAuHaTax AsSo, i —1gri:/ro v npu H3Becrt-
HOM YKJIOHe B NpsiMOH JIHHHH B 3THX KOOpDAHHATAX, a TaKXe HadYalb-
HOM opAMHATE A OUEHUBAIOT

Ig rop = A/B. (14.4)

[Ipy HanHuMKH HaHHBIX O HECTALLHOHAPHOM peXXHMe (CHHXKEHHH-
BOCCTAaHOBJEHHH) YPOBHSI B UEHTpaJbHOH (6echuabTPOBON) CKBaXKHHE
H KO3 (HIUHEHTe Nbe30NPOBOAHOCTH, PACCUYHTAHHOM MO HA6JIOAATENb-
HBIM CKBaXHHaM, CTPOAT rpaduk

by o B it
so=1 (Ig2) man so=1(lg ——)

rae So — MOHHXKEHWe YPOBHS B CKBaXKHHe; [ — BpeMs CHHXEHHSI (BOCCTaHOBJEHHS
ypoBHS); T — o6u1as AJHTEJBHOCTh OTKauKH.

Ouenns ykaoH B rpaduxa so=1(lg{) u navaasHyio opaunary A,
MOXKHO 3allHCaTh

g (@/rap) = A/ B +0,35.

IIpH OAMHOUHBIX OTKAUYKaX BEJHUHHY rgp 6eCHHALTPOBOH CKBAMKH-
HBl MO2KHO, OY€BHJIHO, ONIPENENHTb TOJbKO IPH H3BECTHHIX NMapaMerpax
BOJOHOCHOTO myacta. Caenyer WMeTb B BUAY, UYTO rpp, ONpeHeseHHBIH
B 3TOM cJjayuae, cJellyeT NOACTABJATH NPH INPOTHO3e NPOH3BOAHTENb-
HOCTH TOJIBKO B TO COOTHOLICHHE, KOTOPOE HCI0Jb30BAJOCh NPH OIEH-
K€ rpgp (NpH AEGHCTBHHM TPYyIN CKBAXHH C HCNONb30BAaHHEM NPHHIHNA
CNOXKEHHS TeUeHHH).

[Ipu ycraHOBHBLIEMCSI PeXHME OTKAUKH M3 OJHHOYHOM CKBAMXKHHH
BEJIHUUHY NPUBEAEHHOr0 pagMyca ONpeaeasiorT 1o ¢popMmyse

fup = 0,16Qo/ £5,, (14.5)

rae Q¢ — pacxol CKBaXHHBl MHPH NOHHXKeHHH So; R — KodpduuueHT GHIBTPAIHH
naacra.

[Ipy HeycTaHOBHBHIEMCS peXHMe (HAbTPAIMH CJeAYyeT I0Jb30-
BaThCsl COOTHOLICHHEM

r
Q_ _ erfc—®_

S

(14.6)

Hns pacuera rnp moabopom no 3TOH 3aBHCHMOCTH He0oOXOIHMO
UMeTh CBEAECHHSI He TOJIBKO O KO3((HIHeHTe (PHAbTPALHH NJACTA, HO
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H O ero nbe3onpoBoAHOCTH. IIpu oTHOcHTENBHO OOJALLUIOH CcTENEeHH
BCKPHITHSI IJJacTa MOXKHO I0Jb30BaThCS NPH YCTAHOBHBILUEMCH H He-
CTAllHOHAPHOM pexXHMe (HAbTPALlHH COOTBETCTBEHHO (DopMyJaMH
Jonwou 1 Tedica B NpeAllONOXKeHHH, YTO rpp B 3THX cayuasix Oyaer
KOMIIJIEKCHBIM TilapaMeTpOM, BeJHUYHHA KOTOPOro omnpenensiercs cobcer-
BEHHO PaAHyCcOM KaBepHBI, a TaK¥e CTENEHbI0O H XapakKTepOM BCKphi-
THS IJlacTa.

[Ipu u3BeCcTHOM 3HAUEHHH ryp, N0 JAAHHHIM ONBITHHIX pabor, IpH
an==Ilx/m<<0,] NpoOH3BOAHTENBHOCTb BOJO3abopa H3 OAHHOUHOH Oec-
bHUAbTPOBOH CKBaXHHBI Onpelesnsiercs no popmyne dopxrelimepa

Qo = 2rkrppSo (14.7)
H [IPH HEYCTAHOBHBLIEMcS pexuMe (hUAbTpallUH no dopmyJe

Eﬂkrn SG
Q, = — f_np . (14.8)
2V at

B naacrax oTHOCHTENbHO HE6OJBUION MOHIHOCTH NpU an—=>0,3—0,4
NPOU3BOAHUTENbHOCTh CKBaXKUHBI omnpexnensiercs no QopMmynae [lomnioH
IpH yCTaHOBHBIIEeMCs pexXuMe Hau no ¢opmyne Tedica npu HecrauHo-
HapHOM pexuMe. Hapsny ¢ TexXHOJOTHYeCKHMH (haKTopaMH, olpefe-
NSIOMHUMHE 11e/iecoo6pa3HOCTh H  BO3MOXKHOCTB CTpoHTebCTBa Gec-
(OHUNBTPOBLIX CKBAXKHH, BeCbMa BaXXHA NpeaBapHTe]bHAsl OLEHKa HX
rHApaBiandecKol 3 (eKTHBHOCTH B CPaBHEHHH CO CKBaXKHHaMH, 000-
PYAOBaHHBIMH ¢uaAbTpaMH. OueBUAHO, YTO 6eCHHIBTPOBLHIE CKBAXKXHHBI
NpU MPOYHUX PaBHBIX YCJOBHSX pallHOHAABHO NPHMEHSATh B OTHOCH-
TE€JbHO MAaJIOMOIIHBIX BOJOHOCHBIX TOPH30HTAaX, KOTAAa BJAHSIHHE HX
THAPONHHAMHUECKOTO HECOBepIIEHCTBA IO CTeNeHH BCKPHITHA IJjacra
B COMNOCTaBJIEHHH ¢ (HIBTPOBHIMH CKBaXXKHHaMU HeBeJHKO. bec(huibr-
pPOBBIe CKBAXKHHBI MPEAINOUTHTE/IbHEE B OTHOCHTENbHO C/1abONpOHHiiae-
MBIX BOJOHOCHBIX OTJIOKEHHAX, XapaKTepH3YIOIHXCs OOo/abIUMM cuern-
JIEHHEeM YaCTHL, B KOTOPHIX NMPUXOAHTCH YCTAaHABJAHUBATh AHOO PHABTPH
C MHOrocJoiHo#t o6¢hnKOH, aub6o npuberath K yCTAHOBKE (DHUIBLTPOB
C TIOBHILIEHHBIMH THAPABJHUECKHMH CONPOTHBJIEHHSIMH.

14.2. Bono3a6opbi U3 CKBaXHH C YIUUPEHHBIM
OCHOBAHHEM

Briiensior [Ba THNA CKBAXHH C YUIHDEHHBIM OCHOBAHHEM: CKBaXHHBI
¢ yUIHDEeHHeM B BOAOYIOpe H COOCTBEHHO B BOJOHACHIIIEHHBIX HECBSA3-
HbIX MOpoAax. YCTpPOHCTBO YUIHPEHHOTO OCHOBaHHA CKBaXXHH B BOJO-
ynope 6biio npepaoxkedo M. @, Xacuunm. CyuiHocTs 31010 cnocoba
3aKJI0UaeTcss B YCTPOHCTBe <«KOTJOBOH» IIOJIOCTH HJH CHJIBHOTPEUIH-
HOBAaTOH 006/MacTH B KOHTAKTHOH 30He BOAOYMOpa ¢ BhHIIIeJeXallleH
BOAOHOCHOH mopoaoH. Koren B NJaCTHYHBIX IPYHTax WJIH TPEeLUIHHOBA-
Tass ob6JacTh B CKaJbHBIX Noponax oO0pas3ylTcs B3pPbIBOM 3apsijia
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Puc. 14.4. Cxema nocnenosaresbHOCTH PaGoOT nPH YCTPOACTBE CKBAXKMHM ¢ YUIHPEH-
HH/M OCHOBAHHEM B BOAOYNOpe

a — OypeHHe CKBAaXXHHbI, YCTAHOBKA 3apsia H Tras00TBOJHOH TpyOu; 6 — nogbeM

oGcaaHOH TPYObl; 8 — B3pbIB; & — A00YypHBaHHe CKBaxKHHE, YCTAaHOBKA ¢uapTpa: [ —

o6cannas Tpyba; 2-—ra3zoorBoaHas Tpy6a; 3 — HeTOHMPYIOLHH WHYp; 4 — 3apsaj;

5 — Kamncio/b-AeTOHATOP; 6 — NPeJOXPAHHTENbHBIN XOMyT; 7 — BHIGPOC BOINW M Ta-
30B; 8 — yumnpenHoe ocHoBanHe; 9 — QUABLTP

B3pBIBUATOrO BellleCTBA B HHXKHEH YacTH CKBAaXHHH, Kotopas 3aray6-
asieTcss Ha 1—3 M B Bofoynop. B muacTHYHHIX MOpOZax NpPH B3pHIBE
co3naetrcss KamydJerHas mnoJocTs, o6pasoBaHHe KOTOPOH CBSI3aHO B
OCHOBHOM C yNJIOTHEHHEM TPYHTA.

Besauunna u Qopma mojaocTH 3aBUCST OT pasmepa H GOPMbI 3apsi-
Aa, 5HePpruH W XapakTepa AEHCTBHS B3PBHIBIATOrO BelLECTBA, CONpO-
THBJIEHHs] H CTeNeHH OJHOPOAHOCTH Nopoxd. luaMerp KOTJOBBIX HOJO-
credl cpepuyeckod opmb gocturaer 1,6 M u nopsaxka 10 M npw
CO31aHHH IMOJA3EMHBIX €eMKOCTEeH.

B ckaJbHBIX rOpPHBIX MOPOAAX pe3ybraT AeHCTBHUS B3PHBA MPOSB-
AAETCA B BO3HHKHOBEHHH HOBOH H YBEeJHYEHHH CYLIECTBYIOUIEH TPelLlH-
HOBATOCTH TOPOJ.

I1pu ycrpoficTBe CKBaXKHH C YHIHDEHHBIM OCHOBAHHEM B TJIHHHCTOM
Bogoynope B r. Kpemrac (¥YCCP) Oblid nmonyd4eHsl YUIHDEHHBIE OCHO-
BaHHs JAHaMeTpoM 2,5 M [PH B3pHIBe 3apsfioB BecoM 50 Kr H mHAMET-
poM 3,4 M —npH B3pbiBe 3apanoB BecoM 100 kr. YwupeHHe B BOAO-
ynope umeer ¢GopMy UHIHHAPA, Ha OoOpTax YUIHPEHHS B pe3yJbTaTe
YaCTHYHOro BbINlOpa rpyHTta obpasyercs BaJHK Beicotoil 0,4 M. Takoe
yllHpeHHe OCHOBAHHSI CKBAXKHH B IIPOH3BOJACTBEHHHBIX YCJOBHsIX ofec-
NeyH;10 yBeqHdyeHHe HX nebura B cpenHem Ha 23 9. [Ipu ycrpoificTae
CKBaXXHH C YIIHPEHHBIM OCHOBaHHeM B Bogoymope M. ®. Xacun npex-
JIOXKHJ CJeNYIOIYIO NocjaefoBaTenbHOCTh pabor (puc. 14.4). Crauana
OypHuTCcs CKBaxKHHa ¢ 3araylJ/eHHeM B BOAOYNOpP Ha raybuuny 1—3 wm,
obecneyuBalOUIMM pa3MellleHde B3PHIBYATOro BelecTBa. Hax 3apsaom
ycTaHaBlHBaercs Tpyba AuameTrpoM okojo 150 MM asis BHIGpoca ra3os
B atMochepy nocJie B3phIBa, a 3aTeM Ha 5—7 M NogHHMaeTcd obcaj-
Hple TpYOu. [locne B3pHBa 3apsma ckBaxXKuHa Jo6ypHBaeTcsi A0 HH3a
YUIHDEHHs], yCTaHaB/JAHBaeTCs (GHUABTP H NPOBOAHTCA Npokayka. s
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COo3JaHKs YIIHPEHHOTO OCHOBAaHHS AHaMeTPOM A0 4 M B 3aBHCHMOCTH
OT cTpoeHus nopojn Tpebyercs 3apsia Becom ot 10 xmo 300 kr.

Ha ocnoBe peranpHbiXx JaGopaToOpHBIX HCCJAEJOBAHMH II0OKa3aHO,
YTO pacxoj CKBaXKHH B 0Oe3HANODHOM IJjacTe C YIUHPEHHBIM OCHOBa-
HHEM B BOJAOYIIOpe MOXHO pPacCuHTaTh IO popmyJe

oo DS CH = 51 05) (14.9)
InR/r.

rie 7o— pajHyc YLIHPeHHOro OCHOBaHHS B BOAOYNOpe; r¢— pajHyc CTBOJA CKBa-
AKHHbI; § — MOHHXEHHe YPOBHS BOJAbl B cKBaxHHe; H — MolHOcTh 06BoAHEHHBIX NO-
pox; k — koadpduuHeHT PHIABTPANHH; R — panuyc BIHSHHA.

Qopmyaoin (14.9) ¢ pocratoyHOH HAAEXHOCTBIO MOXKHO IMOJb30O-
BaThes npu Hirg>4 u R/H<30.

CkBaXHHB ¢ YIUHpeHHeM B BOJOHOCHOM T[ODH30HTE COOpPYKaloT,
HCIONb3Ysl pacUIHpHTeJNH ABYX THIOB: FHAPOMeXaHHUeCKHi ¢ pa3aBH-
raloNIUMHCS MO AABJE€HHeM HarHeTaHHs MPOMBIBOYHOH KHIKOCTH pe-
XKYIIHMH JONACTSMH, KOTOpble CXKHMAIOTCA [PH CHATHH AaBJCHHSA
HarHeTaHUs XHAKOCTH, WJIH 3KCLUEeHTPHUYHBIH JonactHoi [1]. Buauane
POTOPHBIM CIOCOO60OM GYPAT CKBAXHHY HOpMaJbHBIM guaMerpoMm. Iloc-
Je NOCTHXKEeHHS NMPOEKTHOH IMyOHHB YTOUHSIOT HHTEpBaJbl KallTHPYye-
MBIX BOAOHOCHHIX IIJ1aCTOB. 3aTeM B CKBaXKHHY ONYCKAlOT Ha OYypHJb-
HOH KoJIoHHe paciuupurtesb. [Ipu nHarHeranuu no 6ypoBoil KOJMOHHE H
yepes paclUIdpHUTe b TJIHHHCTBHIA pacTBOpP B CKBaXKHHe 3aMeHfAeTCA BO-
AOH, W HAYHHaeTCs MpolLecc pacUIHPeHHs: YAAJaSAI0TCH 3aKOJbMaTHPO-
BaHHBlE [VIMHO# NMOpPOABl NpH3abo0HHOA 30HK. B Npouecce paciiHpeHHs
npomeiBKa npsamas. [locie okoHyaHusi pacililMpeHHs M NnogbeMa 6ypo-
BOr0 HHCTPYMEHTa B CKBaXHHY ONYCKalOT (HABTPOBYK KOJOHHY H
0oOCHINAIOT ee rpaBHeM. YCTOHYHBOCThH CTEHOK CKBAaXKHHBI B XO4e YKa-
3aHHBIX paboT of6ecmeuyHBaeTcs NoAJepXaHWeM YPOBHSI NPOMBIBOY-
HOH XHAKOCTH ¥ yeThs ckBaxKuHbl. [lo panuwim C. JI. IIpaxauca, npu-
MEeHeHHe YKa3aHHOH TEeXHOJIOTHH IPpH BCKPBITHH BOJOHOCHBIX IIJ1aCTOB
H YCTAaHOBKe rpaBUHHBIX (UABTPOB MO3BOJUJAO B KpacHoLapCKoM
Kpae, mo naHHeM onpoboBanus 6ojee 100 ckBaxkuH, yBeJUYUTh YA €J]b-
Hblfi 1eOGUT A0 ABYX pa3 N0 CPABHEHHIO C OCBOEHHeM CKBAXKHH MNpo-
MBIBKOH H CBAaOHPOBAaHHEM.

[Ipu pacuiupenuu BCero HHTEpBaJsa KalTHPyeMOro Ijacrta pacyeThl
TAKHX CKBAXHH AHAJOrHYHB pPaHee PacCMOTPEHHBIM IpHEMAaM OILeHKH
MPOU3BOAUTEIBHOCTH OAHMHOYHBIX M B3aHMOACHCTBYIOIHX CKBaXHH.
B To Xe BpeMsi YyCTPOHCTBO VIIHPEHHBIX CKBAXHH BO3MOXKHO JIHUIb
B OCHOBaHHMH. TaK Kak B 3TOM CJyyae YCTOHYHBOCTH OOpa3yeMoOH Ka-
BepHbl 0OBIYHO obeclieUHBaeTCsl He TOJNbKO NMPOTHBOAABJIEHHEM NPOMBI-
BOYHOH XXHAKOCTH, HO M IJIKHH3alHeH CaMHUX CTEeHOK KaBepHHI, LeJe-
coob6pa3no NpuUMeHATh KapOoHaTHBIe PACTBOPH ¢ MOCAEAYIOHIeH COJs-
HO-KHCJOTHOH 06paboTKOH CKBaxKHHBI. TexHOJOrAs paGoT B 3TOM
cayyae BKJlO4aeT: OypeHHe CTBOJIa CKBaXHHB ¢ 00CagKoH MJM TOA
3amuToR OypoBoro pactBopa, pa3bypHBaHHe YUIHDEHHOH MOJIOCTH C
MOMONIbI0 6YPOBOro WiaH BHOPAUHOHHOIO paclIHpHTe s, MOHTaX (QHJIb-
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Puc. 14.5. Cxema K pacueTy CKBAXKHHBI C YIIHPEHHHM OCHOBAHHEM

a) ),
4 Q4 _
2% 224
18+ f\-‘§ 18
14} 14
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0 g1 02 03 04 85tym o 01 07 43 44 rym
b 2)
4/ ) a,/a -
22t 22
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14t 14
{ 4 I ! ; 1| A 2 1 =
41 42 03 04 O5rym g 41 82 03 04 rm

Puc. 14.6. BauaxHue paauaNbHOro ymHUPeHHd HA NPOU3IBOAMTENb-
HOCTb CKBAXKHH

a—npH b/m=15 u re/m=0,01; 6 —npu b/m=15 u r./m=0,05;
8 — npu b/m=5 u ro/m=0,01; 2—npu b/m=5 u r./m=0,05

Tpa C YCTAHOBKOH pagHaJbHBIX CEKILHH H BOCCTAHOBJIEHHE BOJONPOHH-

1aeMOCTH NpH3abOHHON 30HBI COJITHO-KHCJAOTHOH 06pabOTKOH.
[IpuTOK K CKBaXXHHe NPH COBMecTHOH pabore ee GOKOBOH IOBEpX-

HOCTH W VIIHPEHHOro OCHOBAHHS CJeAyeT pacCuuThiBath (puc. 14.5)
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B COOTBETCTBHH ¢ TOYHHIM pelleHHeM, NoayyeHHbIM B pabore [1]. CkBa-
KHHA PAJHYCOM 7. BCKPbIBaeT BCKHO MOLIHOCTb BOJOHOCHOTrO Iljacra m.
B uuXHell yacTH CKBaXKHHBI CIeNaHO YIIHPEHHe paauycom ry. Bojgo-
HOCHBIH NJacT Npeanojaraercss ONHOPOAHLIM, a CKBaXXHHA 3KCIJyaTH-
pyercs ¢ NOCTOAHHBIM pacxoaoM (p. B nsacTe TOHHXKeHHe CTaTHye-
cKoro Hamnopa H, coxpaHsiercsi Ha pPacCTOSIHHH r==D, MOCTOSHHBLIM B
TeyeHHe BCero NnepHoia OTKaykH. B 3ToM cJjiyyae NMOTOK K CKBajKHHE
OyzeTr 0OCeCHMMETPHUYHbLIM.

3anagya peuleHa ¢ BhiAeJeHHeM IBYX ¢parMeHToB: MepBuiil ¢par-
MEHT B 30He re<r<{ry H C<<r<<m; BTOPOH ¢parmMeHT — B 30HE
ry<<r<<b u 0<{r<<m. TlIpaBoMepHOCTb TaKOH NPEANOCHIIKH H3yya-
Jach NMyTeM HCCJeNOBaHHs paclpenefeHHs NMOTeHIHanoB BOJNH3H CKBa-
XKHHBI C YUIHPEHHBIM OCHOBaHHEM. YCTAHOBJIEHO IIpAaKTHYeCKoe OTCYT-
cTBHe nedopMmalluii SKBHIOTEeHIHAJeH NIpH r/m>1,5.

Bausinve ymiHpeHHOro OCHOBAHHS H ero reoMeTpHYeCKHX pa3mepoB
Ha MPOH3BOAHUTEIbHOCTb CKBAXKHHBI HJJIIOCTPUpPYeTcs rpadHKaMHu, NpH-
BeJeHHbBIMH Ha puc. 14.6, Ha KOTOpBIX MOKA3aHO H3MCHEHHE OTHOLIe-
HAA Qo/Q (3mechk Qo — HeOHT CKBa*XHHH ¢ YUIHPEHHBIM OCHOBAaHHEM,
Q — pacxXoja THAPOAHMHAMHUYECKH COBePUIEHHOH CKBAaXKHHBI, HMeIOIlleH
TAKOH 3Ke PajHuycC re MO0 BCeMy CTBOJAY) OT ry/m ans b/m=15 u 5 u
IBYX 3HaueHud ro/m==0,01 u 0,05.

OueBHAHO, YTO BJIHSIHHE YUIHPEHHSI OKAa3biBAeTCS MAaKCHMaJbHbIM
NpH ManoOl MOUIHOCTH IJiacta M NPH HANHYHH BONH3HM CKBaKHH KOH-
Typa NHUTaHUs (T. e. Maabix 3HaueHui b/m). Pacyersl ykasmiBaloT Ha
BO3MOXKHOCTh CYHIECTBEHHOrO YBeJHYEHHS NMPOH3BOJAHUTENBHOCTH CKBA-
XHHBI IPH VUIHPEeHHH ee OCHoBaHHA. Tak, B cayyae b/m==5, uTo BNOJ-
He peasbHO, AeOHT CKBaXKHHBl Bo3pactaer B 2 pasa npu ¢/m=0,1 u
ry==0,5 M. Takoe yuiHpeHHe CKBaXXHHH TeXHHYECKH OCYIIECTBHMO H,
HECOMHEHHo, ABJsieTcs 3(pheKTHBHBIM CPeACTBOM YBeJHYEHHs ee Ipo-
H3BOJHTENbHOCTH.

14.3. Bon03a6opnl H3 CKBAaXKHH, COOpPYIKaeMbIX Mo cnocoly
bennucona, u npu nocaake PuabTPOB C KOHYCOM

ITo crmoco6y BeHHuHCOHa ocyHlecTBASIOT OypeHHe LeHTPaJdbHOH
CKBAXXHHBbI, B KOTOPYIO YCTAHABJHUBAT (PHABTP 3aJaHHOrO AHaMeTpa.
3aTeM B HelocpeACcTBeHHOH GJH30CTH OT Hee HA paccTosaHuH 0,0—1 M
NpoXoasit 4—5 CKBaxHH, npegHasHayeHHBIX AJs NOJayd B HHUX rpa-
BHs1. OQHOBPEMEHHO ¢ OTKA4YKOH BOJONECUYaHOH CMeCH H3 LIeHTPaJbHOH
CKBAXXHHBI B IPaBHHHO-NIHTAaTeJIbHblC CKBaXKHHbl MOAAIT TPaBHH, KO-
TOpBIH NepeMeniaetcsi K ¢uabTpy. B pesyabrare dopmupyercs rpa-
BUHBIH (QuabTp GoJbHIOro AHaMerpa, oOGeCleyHBAIOUIHHA MOJYYCHHE
MOBHILIEHHBIX Ne6GUTOB M HafeXKHYI0 KCIJIyaTaluio BoJ03abopoB Oe3
¢y O3HOHHBIX TIPOLLECCOB.

[Ipn nmocazke HuABTPOB ¢ KOHYCOM [0 BOAOHOCHOIO I'OPH30HTa
CKBaXXHHY 3akpenysitor KoHAykropom [l]. Ilocne storo B CKBaXKHHY
Ha HaAGHUILTPOBOH KOJOHHE QNyCKawT GHABTP ¢ 6AUIMAKOM-KOHYCOM.
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Ta6aumua 14.1. Mpusenentsie
AHAMETDPH! CKBAaXKHH HAa OJHOM
u3 soposatopos r. Kypcka

e — = i i e

2 x5
4 g' O — g ;a_s
£ & Es g &5
5 S 3 e =3
@ = ﬁ@:: E*
5 a =§;‘:~§ i 3
& 3 E "2 =23
2 = EES & =
=] = 3= = Ak
T == [ #]
H > ¥ =g
Cnoco6 BennucoHa
27 0,325 307 .2 0,038
28 0,325 120 0,001
29 0,325 360 0,106
30 0,325 268,8 0,004
31 0,325 321 .4 0,052
32 0,325 264 0,004
33 0,325 322 0,042
34 0,325 288 0,02
35 0,325 360 (0,106
36 0,325 288 0, 102
37 0,325 672 1,2
38 0,325 360 1,106
39 0,325 360 0,106
40 , 325 360 0,106
50 0,325 384 0,134

PoTopHblii C MNIMHHCTOH NPOMbBIEKOH

I 0,273 | 108 4.10-9

2 0,273 108 4.10-9

3 0,273 122.4 13-10-8
YaapHbii

4 0,273 168 3.10-5

1 0,273 | 108  |4-10-°

12 0,273 117,6 |2-10-8

PoTopHblii ¢ o6paTHOH nPOMbIBKOH
YHCTOH BONOH

126 0,273 | 180  [9-10-5
188 0,325 | 158,4 {2.10-5
246 0.325 | 328'8 0,032
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Puc. 14.7. Cxema ycTpou-

CTBa TPaBHHHOH OOCHINKH

¢ npumenenHeM Gammaxa-
KOHYyCa

1 — oGcaguble TpyOH; 2 —
(HALTP Ha KOJACHKE Tpyo;
3 — KOHHuYecKu#i GamMak

Ilepen Havanom OGypeHHss NPOCTPAHCTBO MeXAY (HIABTPOM H KOHAYK-
TOPOM 3allOJIHSIOT rpaBHeM Ha BhicOTY 2—3 M. B xoae GypeHHsi mopo-
Ia BeIOHpaeTcs XeJOHKOH, a rpaBHid nocrynaer Ha 3aboi (puc. 14.7).
[Tocne okoHuaHus O6ypeHHs 3a60#i CKBa*KHHBI OUHILAIOT OT MOPOABI A0
HH3a OallIMakKa-KOHyCa H 3aTeM 3aChilaloT rpaBHiHY0 noayuiky. Coo-
Dy2KeHHe CKBAXXHH YKa3aHHOH KOHCTPYKUHH DEKOMCHAYeTcs HO TIay-
6unpl 70—80 M B ONHOPOAHBIX BOAOHOCHBIX TOpH30HTAX 6e3 TJIHHH-

CTHIX MPOCJICEB.
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PaunvonanbHas B psile THAPOreOJOrHYECKHX YCJAOBHH yHapHO-Ka-
HaTHOro OypeHHs CKBAXHWH Ha BOAY TEXHOJOTHSI NMOrpyxeHus GHABT-
POBOH KOJIOHHBI ¢ KOHYCHBIM OGaHIMAaKOM-pPaCUIHPHUTESEM H OZHOBpe-
MEHHOH 3aKadYKOoH T'PaBHsl He BCerga naeT OXHAaeMoOe MOBHIIIEHHE
NPOH3BOJMUTENLHOCTH TPYAA H3-3a HeJOCTATOYHOH IOrpyxKalomieH cro-
COOHOCTH, HCIONb3yeMOH AJIsi 3aJaBJHBaHHs TPyD NMOJHCIACTHOH CH-
CTEeMBbI, TPOMO3AKOCTb KOTOPOH CO34aeT HAONOJHHTEJbHBIE TPYEHOCTH
npu pabore ¢ xonoHHoH. [locaaky ¢duabTpa ¢ KOHYCHBIM OaliMakoM-
pacuidpuTeseM NPH YCTPOHCTBe CKBaXKHH ray6uHoi o 60 M ¢ rpasuii-
HO-NIPOBOJIOUHBIMH (PUIBTPAMH OCYHIECTBJISIOT ¢ MOMOIIbI0 BHOpaTopa
BII®-1 ¢ npuxonnsim oTBepcTHeM, paspaboranHoro BHHHUIC. Bu6-
patop BII®-I ofecneunBaer paGoTy nopoaopas3pyilaioliero HHCTPY-
MEHTa MJIH ¥KeJOHKH ¢ OJHOBpPEeMeHHbIM BHOpPaIlHOHHBIM NOT'PYIKeHHeM
o6cagHON HIH (PUIBTPOBOH KOJOHHBI H HCKJII0UYaeT BO3MOXKHOCTb NMpH-
XBaTa (HILTPOBHIX KOJIOHH I[PH HX YCTAHOBKE C OZHOBpPEMEHHOH 3a-
CHIMKOH rpaBusa. BuOpanHoHHoe neiCTBHe MO3BOJSIET YJAYYLIHTE YCJO-
Busi (pOpPMHPOBaHHSA TPaBHHHOro (UAbTPA, HCKJAIOUHTH €0 3aBHCaHHe
H paclIHpeHHe KOHTypa YKJaAKH.

[Ipu coopyXeHUH CKBaXKWH YKa3aHHBIMH coco6aMy TOJMIHHY I'pa-
BHHHOro GHJBTPA, a CNeA0BaTeJbHO, AHAMETP KaBepHHI, 3aMO/IHEHHOH
rpaBHeM, oLeHHTb TpyAHO. IloaTomMy Takue Bomo3abopbl MOMKHO pac-
CYHTBIBATh HA OCHOBe IIOCTAHOBKH ONBITOB B JAHHBIX THAPOTreoJIOrHue-
CKHX YCJOBHAX H NPU NPOEKTHPYEeMOM crnocobe mMpoXoAKH. MoXKHO
JHUIL OTMETHTb, YTO NPOM3BOAHTENbHOCTh 3THX CKBAXKHH H HX NpHBe-
LEeHHBIH fHaMeTp 6yAyT He MeHblile, yeM NPH TPAAHLUHOHHBIX criocobax
NPOXOAKH POTOPHBIM CIOCOOOM ¢ NMPOMBIBKON TJIHHHCTHIM PacTBOPOM,
¢ o6paTHOH NpoMBIBKOH 4HCTOH BOmOH M yAapHeiM cnoco6oM. O6ocHO-
BaHHeM 3TOro INOJIOXKEHHS MOTYT CJAYXKHTb pe3yJbTaThl HCCJIeJOBAaHHH,
nposeaenHnix HHcTHTyToM BOJITEO Ha oaHom #3 Bojo3a6opos
r. Kypcka. Ha Bogo3abope skcnnyaTHPYIOTCs CKBaXHHbI, NMpobypeH-
Hble Pa3JHYHBIMH crnoco6aMH M 0060pYHOBAHHBLICE IIPOBOJIOYHBLIMH
¢dunbTpaMu Ha Tpybuatom nepdopHpoBaHHOM Kapkace. CKBaKHHHI
KanTHPYIOT aJJIIOBHAJIbHO-CEHOMaH-aJdb0CKHe BOJOHOCHBIE NECKH B J10-
nune p. Cefim. DBesnnunHa BOAONPOBOAMMOCTH TOPH30HTA B CpelHEM
cocraBasier 380 m2/cyT.

[Ipu ycTpolicTBe cKBaXHH Mo crnocofy DeHHHCOHA BesHYHHA MPH-
BeJeHHOro Auamerpa kKojaebaercs B 3HauuTeabHHX npenenax: 0,001—
1,2 m npu dakruueckom auamerpe buapbrpa 0,325 M M pacCTOSHHH OT
LLeHTPAJbHOH A0 IpaBUHHO-NHTATENbHBIX CKBaXXHH, paBHOM 0,8—1,5M
(raba. 14.1). Takoii pa3bpoc 3HaueHHiH NpuUBeleHHOro AHaMmeTpa 00b-
ACHSETCS OCyllecTBNeHHeM OypeHHs ¢ YCTAHOBKOH B IEHTPaJbHOH
CKBaXXHHe He TOJbKO (PHJABTpPa-KapkKaca, HO H TNPOHU3BOACTBA B HEM
o6cuinkd. [Ipu 3TOM, BO3MOXKHO, OTCYTCTBYET HENOCPEACTBEHHBIH KOH-
TaKT IpPaBUs B HEHTPAJbHOH H IpPaBHHHO-IHTATeJbHBIX CKBaXHHaX,
YyTO, B CBOIO ouepenb, Bui3pBaeT HeaddeKTHBHYIO paboTy rpaBHHHOTO
bunpTpa B mesoM. C ykaszaHHBM crnocobom yctpoiicrBa (GuaLTPOB
KOHKYpHpYyeT JIHLb cloco6 poTOpHOro OypeHHs CKBaXKHUH O0JbIIOTO
auaMerpa ¢ o6paTHoi NPOMEIBKo#H yHcTOH Bogo#. Ilpu pacuerax ckBa-
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Puc. 14.8. Cxema yxpyn-
HeHHOro Bopo3abopa H3
CHCTeMBI CKBAXKHH

@ — YKPYIHEHHBIH  BOAO-
3abop B BHAE TpaHlleH;
6 — yKPYNHEHHHH  BOJO-
3a60p H3 KOABLUEBOH CH-
CTEMBl CKBaXXHH; 8 — YK-
pyNHeHHBIA BoAo03abop B
BHJIE pacxoasiuiuxcs Jay-
qe: 1 — Bono3aGopHbie
CKBaXuHul; 2 — IpaBHHi-
Hble CKBAXXHHLI

ZKHWH paccMarpuBaeMoro THna 000011eHHOe CONpPOTHBJIEHHE MOMKHO

MPHHHMATh PABHBIM HYJIO, T. e. MPHBeXEeHHHI AHaMeTp GHIBTPA — IO
(paKTHYECKOMY 3HAUYEHHIO.

14.4. YkpynHeHHbie BOJ032a60OPBI U3 CHCTEM
COBMELIEHHBIX CKBaXHH

IIpn Heo6XoAHMOCTH MOAYUYEHHS GOJBUIHX KOJHYECTB BOLBI B OF-
PaHUYEHHOH MO pa3Mepy 30He, a TaKXKe IMPH CJAOHCTOM CTPOEHHH BOJIO-
HOCHOH TOJIIIH, KOrla CTPOHTE/IbCTBO BOA03a6OPOB 1Mo cnocoby Bewuu-
COHa HEBO3MOXKHO, 1e/1ec000pa3Ho YCTPOHCTBO YKPYIHEHHBIX BOJIO-
3a00poB u3 cHcTeM ckBaXuH [1]. OTauuHTe IBHAS OCOGEHHOCTh TaKHX
YKPYNHEHHBIX BOA03a00OPOB COCTOHT B GYPEHHH CKBAXKHH GOJbIIOTO
1HAMETPa, HapyXXHbie KOHTYPbl KOTOPBIX NEepeceKarTesi, a BHYTPeHHAS
10J0CTb 3aMOJNHACTCS rpaBHeM. Dypenue CKBaXKHMH BHINOJHSIOT yAap-
HbIM CTIOCOOOM B BHJe paja Tpauleit (puc. 14.8,a), KoabueBo# cuc-
TeMs! (pHc. 14.8,6) uau B BHAe pacXoasimuxcs aydeii (puc. 14.8, 8).

B nepsom cayyae BomooT60p oOCyluiecTBAsieTcsl H3 KPafHHX CKBa-
AHH, B KOTOPHIX YCTaHABJHBAIOTCS KapKachl (QHJbTPOB, BO BTOPOM H
TpeTheM cJaydasX — H3 IeHTPaJbHbIX CKBaXKHH. PaccmaTpuBaembie VK-
PYNHEeHHBble BOA03a00pH COBMEUIAIOT NOCTOMHCTBA CKBAXKHH, KOJOMLIEB
H TOPH3OHTAJBHBIX JY4eBHIX BoA03ab6opoB. B orTiaHuyke OT CKBaKHH,
ycTpauBaeMblX no cnocoly BeHHHCOHA, B HHX o6ecneuuBaeTcsi HajLexK-
Hasi CBA3b BCEro rpaBHAHOrO MacCHBA M CO3MAETCS 3HAUMTENbHAS BO-
AOTpHEMHAsl IOBEPXHOCTb NMPH MEHBbUIHX 3aTparax.
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14.5. JIByXK0JIOHHbIe KOHCTPYKIHH CKBAXKHH

Oco0GeHHOCTH NMPHTOKA BOAB B (UJABTP BOA03aGOPHOH CKBAXKHHEI,
CBSI3aHHbLIE C HEPABHOMEPHOCTHIO HATPY3KH ero BOAONPHEMHOH MOBepX-
HOCTH IO BBICOTE, MpefoNnpenesnin HeOOXOAHMOCTh TAKOIO0 KOHCTPYK-
THBHOT'O HX BBINOJIHEHHSA, KOTOpOe B IOJHOH Mepe o6ecneyHBaso OHl
Kanrax BOJOHOCHOTO IjlacTa IO BCeH MOLUHOCTH. B obumieM cayyae
6osiee paBHOMEPHOro NPHTOKA B CKBaXXHHY MOXHO AOOHTHCS NpPH de-
peaOBaHHH B CTBOJIe YYaCTKOB (PHILTPOB C IVIVXHMH TpyGaMu, OHAKO
5TO IPHBOAHUT K HEKOTOPOMY VBeJIHYeHHIO HeCOBEpLIEHCTBA M0 CTeNneHH
BCKPHITHA NsacTa. BwmecTe ¢ TeM BapbHPOBaHHEe TaKHX MapaMeTpOB
KOHCTPYKUHA CKBaXXHH, olpeleNsIOUMX HEPABHOMEPHOCTb HX Harpys-
KM, KaK AJHHA (HJAbTPA, ero AHaMeTp, Ko3(dHIHEHT pacxona HJH
CKBaXXHOCTh, He BCeraa BO3MOXKHO HJIH OllpaBxaHo. Tak, OoJsee paB-
HOMEpHbIH NPHUTOK obecneunBaercs B (HALTPax C OOJNBIIHM BXOJAHBIM
conporHBjeHdeM. (QueBHAHO, YTO NPOEKTHpPOBaHHE H  YCTPOHCTBO
(GHABTPOB TaKoOro THIa Hele/jecoo6pasHbl. [loaromy mas uHTeHcHH-
KalHu BogoorGopa B maacTax GoJbIIOH MOIIHOCTH MOXKeT ObiTh BIOJ-
He ONpaBAaHO COOPY:KeHHe CKBaXKHH JABYXKOJIOHHOH KOHCTPYKLHH.
OcobGenno 3@ PeKTHBHO COOpPYKeHHe TAKHX CKBAaXKHH Ha OpOIlllaeMHBIX
MacCHBax, KOrJa HeOOXOAHMO MOJYYHTh MAKCHMAaJbHYIO NPOH3BOHHU-
TeJIbHOCTh B 3aJaHHOH TOYKe BOJAOHOCHOro nnacra. CoopyeHHe BHI-
COKOINPOH3BOJAHTENbHBIX CKBa*KHH MO3BOJIsieT CYIUECTBEHHO COKPATHTH
3aTpaThl Ha CTPOHTEJNbCTBO KOMMYHHUKAIHH, MOABE3AHLIX NMyTeH, 3/eK-
TpoceTe#l, YMEHbIUUTh 30HY OTUYKIEHHS CeNbCKOXO3SUCTBEHHBIX Yro-
JHH H COKPATHTh 3KCIJYaTallHOHHBIE 3aTpaThl. AHAJIH3, IPOBELCHHHIH
I'unpoBOAX030M, MOKAa3hIBAET, YTO CTOHMOCTh COOCTBEHHO CKBAaXXKHHBI
u ee o6opyoBaHHe B 6—8 pa3 MeHbllle CTOHMOCTH BCIIOMOraTeJbHBIX
MepOINpHATHH.

JIBYXKONOHHBIE CKBa’XHHLI B Pa3BHTHE TEOPETHUECKHX M 3KCIIEPH-
MeHTanbHbIX HeeaenoBauuii BHUUW BOJATEQO 6wiin Bnepsrie mocTpoe-
Hb nofl pykoBoacTBoM B. I1. Tkauenko Ha yuactkax Kamencko-lHen-
pPOBCKOro, b. 3HaMEHCKOro BepTHKAJBHBIX JApeHaxKeH, B OpolaeMoM
MaccHBe «KaMeHCKHH noA» u Ha Boao3abope r. Hepkaccul. B AByXKo-
JIOHHOH KOHCTPYKIHH CKBaXHH B KayecTBe NEPBOH BOAONOABEMHOH
KOJIOHHH HCTOJb30BaMH HAAPHUALTPOBEIE TPYOH. BTopyio BogonogbeM-
HYIO KOJIOHHY Bpe3ajd B OTCTOHHHK W YCTAaHABJAHBAJH IapasiefbHo
¢unbTpy B KOHTYpe 06cHNKH. OfHOBpeMeHHas 0TKaukKa U3 JBYX BOJAO-
NOABbEeMHBIX KOJOHH obecleynBaJia yBeJHUYEHHe BOA0OOTO60Opa H ClIOCO6-
CTBOBAaJia BKJ/IIOUeHHIO B paboTy HHXXHEH yacTH QHIbTpPa, YTO OCOOEH-
HO BaXXHO NpH (HIBTPALHOHHOM HEOLHOPOJHOCTH NOPOJ B paspese C
3ajJleraHdeM B IIOJIOLIBE BOAOHOCHOTO IIJ1aCTa BBICOKONPOHHIIAEMBIX
OTJOXKEeHHH.

B xauectBe npuMepa OieHKH 3PdeKTHUBHOCTH ABYXKOJOHHOH KOH-
CTPYKUHH CKBaXKHH MOXKHO NPHBECTH ONBIT ONpoGOBaHHS CKBaXHH Ha
opomraeMoM MaccHBe «Kamencku#t noa» u Bogoszabope B r. Hepkacchi.
}fpeuamﬂaﬁ CKBaXHHa Ha opolllaeMOM MaccHBe <«KaMeHCKHH NOA»
6nna npob6ypena nuamerpom 1200 Mm U B Hee OblT YCTAHOBJEH Kap-
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KACHO-CTePKHeBO# (HJABTP C BOAONOABEMHOH KOJOHHOH AHaMeTpoM
325 mM. [las orbopa BoAW M3 HHXKHEH YacTH B OTCTOHHHK (PUJIBTpA
NIpHBapeHa BTopasi KOJOHHA MeHbliero Auamerpa — 220 mM. Bpoiure
¢uabTpa AHaMeTp BTOPO# KOJOHHH paBeH 325 mMM. MaxkcumanabHas
TOILLIHHA KOHTYpa rpaBHiiHOA oOCBIIKK cocTaBuaa 230 MM.

Ha ckBaxXuHe OBIIM YCTAHOBJEHH JIBa TOTPYXHBIX Hacoca
S11B-10-120-60. OTkayky NOpPOBOAHIM Pa3feNbHO H3 KaxKaOH BOJO-
MOJbEMHON KOJOHHBI H OJXHOBPEMEHHO INpPH TpeX IMOHHXKeHHAX YPOB-
Ha Sy, S, u S; (rabn. 14.2). Kak caenyer H3 ONKBITHHIX JaHHBIX, NPH
HCIIOJIb30BaHUH ABYXKOMOHHOW KOHCTPYKIHH obeclleyHBaercss naxe
HeKoTopoe yBeJHYeHHe yaeapHoro AebHTa NpH oTOOpe CYHIECTBEHHO
6oabilero pacxojia Boisl 000HMH HaCoCaMH.

TaGauna 14.2. lauxsie onpoGoBaHHA CKBAKHHB ABYXKOJOHHOH
KOHCTPYKIHH Ha opoiiaeMoM macchBe «KameHHblH nmom»

Hangsie onpoboBanna Hacoc 1 Hacoc 2 Cu;iiii?ﬁaﬂ

Ilonnxkenue ypoBHS, M:

i 8,86 7.4 9,1

S, 7,55 6,1 8,65

S 5,4 2,6 8,1
Pacxon orxkauku, M3/u:

Q, 133 105 151

Q, [11 88 145

Qs 80 79 138
YneabHblil ge6uT, M3/u:

g 514 : ¥ 1 1 5! gT

g nar 5,29 6,02

gs 5,23 5,08 6,13
Cpeauuit yaeasHbH aebur, M3/4 5,33 5,15 6,05

B e R ]
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AHaJiorHYHble ONKTHBIE PaboTel ObIIH NMPOBEeACHH Ha CKBAaXKHHAX
oxHOro u3 Bopo3abopos r. Uepkacen. Jluamerp ckBaXuH Ne 1 u Ne 2
cocrapasta 900 MM, a guametp UABTPOBHIX KOJIOHH COOTBETCTBEHHO
273 u 325 mm. JononHuTebHasaA BOAONOAbEMHAsl KOJIOHHA HMeNa Tak-

Ta6auna 14.3. PesyapraTsl onpo0oBannsl CKBAaXHH
ABYXKOJOHHOH KOHCTPYKIHMH Ha BOmo3aGope r. YepKkacchl

A Tt L REEETET-Sneraen 8 | S L TV — e, T s

i — —mr ——— —_—

Yiensawft pac-
Houep Pacxon, TTonmKenne | xOf, Ji/c Ha 1 M
CKRa- Baa orxauka alc YPOBHS, M | MOHH3KERHSL YPOB-
KHAB BA
I | U3 ¢unbTpoBofi KOJNOHHH 8,06 0,88 9,16
M3 BenoMoratenbHOR KOJOHHH 7,88 0,895 8,8
| U3 aByx KOMOHH 15,97 1,72 9,28
2 | M3 ¢uapTpoBOil KOJOHHBI 31,1 3,57 8,68
M3 BenoMoraTelbHOR KOJOHHE 23,04 2.63 8,76
H3 aByx KOJNOHH 52,34 5,87 8,9
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By = ABYXKOJMOHHOA KOHCTPYKUHH CKBA-
g oA ’_3./],-' XHH TIPH PA3dHUHOM TOMONKEHHH
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2 5< ..__4>(__ SE| LATTI. ” ]
T A \J
c 8 >4
E ___.Jr —— ‘:‘_:-h_i\;:;_ Y, NS | .  E—

!? = _______._::"“'_*.‘:!l-.-- A e et )

JKe coOTBeTCTBeHHO AHaMeTpsl 273 u 325 MM. CKBaXKHHBI KalTHPOBAJH
BOJOHOCHBIH TOPH3OHT, NMPHYPOYEHHBIH K Pa3HO3EPHHCTBIM IeCKaM
(taba. 14.3).

Kak u B npeAslaylieM cJyyae, IpH ABYXKOJIOHHOH KOHCTPYKIHH
CKBaXXHH olecneuupaeTcss MoJjayueHHe OOJBLIMX PacxomoB NpH coxpa-
HeHHH yaeabHOro nebura. PacxogomMerpus CKBaXXuHHBI Ne 2 NpH pas-
AETBHOM BOM0OTOOpE H OTKAaYKe H3 JABYX KOJIOHH CBHICTEJbCTBYET
O CYIleCTBEHHOH HEPABHOMEPHOCTH HArpY3KH (QHJILTPOB MPH OTKauKe
BOABLI M3 BepxHell U HHXHel yacrell puabTpa (puc. 14.9).

I'JIABA 15. CBOACTBA U KAYECTBO MPECHBIX
MOA3EMHDBIX BOLL

15.1. ®Pu3nuecKue CBOMCTBA BOJM

PaccMoTpHM HeKOTOphie CBOHCTBAa BOIH — (DH3HUECKHE, XHMHYE-
CKHe, (PH3MKO-XHMHUYECKHE H MHKPOOHONOrHYecKHe, KOTopble Hauboaee
CYLIECTBEHHB! TIPH HCIOAb30BAaHHH NOA3CMHBIX BOJA I/ BOAOCHAOXKe-
HHS ¥ opOlleHHusd. TeMmepartypa NOA3EMHHIX BOJ, BKJiodas 00sacTH
MHOTOJIeTHel MepanoTH, koseGaercs, kak mpasuao, or 0°C 1o
15—20° C. B paiioHax MHOrojieTHeii Mep3JOTH TeMieparypa NoA3eM-
HHX Box uaMmensierest or 0 mo +2...4-3°C, B yMepeHHOM KiHMaTe —
npumepHo or +3 a0 +12°C u B toxubx paitonax CCCP pocruraer
B HeKoTOophix caydasix +20°C u Gouee.

sMeHeHHe TeMIepaTyphl BOJAB 3HAYHTEJbHO BJHfET HA €€ QHIBT-
pallHOHHBIE CBOWMCTBA: Tak, NpH TeMminepatype BoAw 0°C abcomorHasn
BSI3KOCTb BOAB cocraBasger 1,79 cm, a mpu temneparype ee 20,2° C —
1 cn. D70 06cTOSTENBCTBO HYXHO ocobenno yuyureiBaTh npu KIBIIB,
korna, Hanpumep aas I tuna MIBIIB, npumedsiiorcs MHQHIBTPAILHOH-
Hble OTKPHIThIe GacCefiHBl, B KOTOPHX TeMIeparypa NOBepPXHOCTHBIX
BOL B YMEPEHHOM Kaumarte koJsebaercd mnpumepHo ot +20°C no
+1°C u, caegoBaTeJbHO, CKOPOCTh (pUABTPAUMH MPH TOM Ke IpajH-
eHTe HANoOpa B 3HMHee BPeMs MOKeT CHIBbHO yMeHbIIaThCsi. PHIbTpA-
LHOHHBIE CBOHcTBa ocaika (maenxku) B Oaccefinax WBIIB I Ttuna
H Topof noj GacceHHaMu yMeHbMIATCA 0OpaTHO MPOHOPHHOHAJIBLHO
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YBEJIHYEHHIO a0COJIIOTHON BA3KOCTH. DTO TaKXKe BaXHO AJs OeperoBbixX
HHOHUIBTPAUHOHHBIX BOA03a60POB.

Pasnu4aior Bofy npos3pauHylo, caaboonajeCUupYOLYy0, oOnaJjec-
LHPYIOULYIO, CJIerKa MYTHYIO, CHJIBHO MYTHYIO (MYTHOCTb BOAB OLEHH-
saloT no 'OCT 2874—88). MyTHOCTb ONpeAeNSIOT Takxe N0 KoJuye-
CTBY B3BellleHHHIX BeuiectB. JKenesucrsle BOAB, NojJyyaeMble M3 BOJO-
3a00poB, HepeAKO NPH OKHCJAEGHHH Ha BO3Jyxe OhIBAlT OT ONAaJecliH-
pYIOIHX A0 MYTHHIX.

B nonseMHbix Bogax o6blYHO He HAOJIONaeTCs NMOBLILIEHHAS IBET-
Hocth (ompenpeasiercss nmo ['OCT 2674—82 naa muTbeBOH BOAMI). 3a-
nax, KaK npaBHJ/O, OTCYTCTBYeT, OAHAKO OH MOXKeT ObITh OTMEUYeH MpH
HAJHYHH CYJb(arpeiylHPYIOIIUX U JPYrHX NpOLecCcoB. DAEKTPONpo-
BOAHOCTb NpeCHBIX BOA KoJae6Gaercs B npeaenax 33-10-5...1,3-103
Om - M.

15.2. XuMHUYECKHH COCTaB NMOA3EMHBIX BOJ

[Ipecubie moxseMuble BoAW HMeWT MuHepanusauuio ao 1 r/a. s
BOMOCHAOXKEHHsT B 3aCYULIUBBIX padOHAX MOTYT HCHOJb30BATBHCS TNOA-
3eMHble BOAbI ¢ MHHepaau3daiued no 2—3 r/a. Hag opolleHHs H nacr-
6uLHOrO BOAOCHAOXKEHHST SKCIIYAaTHPYIOTCS B COOTBETCTBYIOIUX CJV-
yasix NMoj3eMHble BOAB ¢ MuHepanaHsauue#r po 5—I10 rfa (cm. ra. 1).
Munepanusaius BoAbl BaXKHA He TOJNBKO JJS OUEHKH €e KayeCTBa, HO
KaK I0Kaszalu NoCJefHHe HCCAeAOBaHHsS, 3TOT NOKas3aTedab Ccyniect-
BEHHO BJIMSIeT Ha BEJHYHHY CKOpPOCTH (puabrpauuu (puc. 15.1). H3
PHCYHKA BHAHO, 4YTO Jaxe HeOO/blliHe H3MEHEHHS MHUHepaJU3alUH
3aMeTHO H3MEHSIIOT CKOPOCTh QUABTP Al HH.

M3 pacTBOpeHHBIX 2/€MEHTOB B MOJA3EMHBIX BOAAX NPHCYTCTBYIOT
npocreie HoHsl Nat, Caz+, Cl-, caoxuble HoHbl HCOz~, CO.%, SO2-,
NO;~ u B 3HauHTeNALHO MeHbUIEM KOJHuYecTBe ApYyruHe, KpoMe TOro,
HeJHCCOIMHDPOBaHHbBle MOMeKyAbl H Koaaouasl (HzSiO;), a Takxke pac-
tBopeHHbie ra3sl (COz, HoS, Os) u ap. B pacTBopeHHBIX B BOAE Belle:
cTBax BhIAEasAOT MakpokoMnoHeHTsl (Nat+, Ca?*t, Cl-, SO%, HCO;,
NO;™), KoToprle aBasiiOTCS NpeolaagalolliMi BO MHOTHX THIAX NOJA-
3eMHBIX BOJ.

Hns xapakTepHCTHKH KayeCtBa BOAb, ocobenHnocrelt ero ¢op-
MHPOBAHHfA,  BaXeH  OKHCJHTEJbHO-BOCCTAHOBHUTE/NbHHIH  IOTEH-
uian Eh, Kotophit B 3HAYHTENbHOH CTemeHH 3aBHCHT OT I'a3oBOTO
cocraBa Boanl (Oz, Hy u np.). B cBfI3u ¢ 5THM OKHCIHTENbHO-BOCCTA-
HOBHUTEJbHEIH NOTEHIHAN CJAelyeT ONpeAesisiTh HeNocPeJCTBEHHO B Me-
¢Te BBIXoja 0T60pa npobbl ropH3OHTa. B NpHPOAHBIX NMOA3EMHHIX BO-
nax BeauyunHa Eh o6siuno kosebsercsa B npegeaax +500...—300,
a pH=4—10. Tlokasarennr kucjofi u UiesouHoH cpean pH u oxkucau-
TeJ1bHO-BOCCTAHOBHTENbHBEIA noreHunan Eh BaxHB A4 NpOrHo3a Ka-
yecTBa BoAB. CpaBHeHHE PAa3THYHBIX OKHCJAHTENbHBIX COCTOSIHHH mpec-
HbIX U CJa00MHHEpPAaNH30BAHHBIX MOM3EMHBIX BOJ TNpH pasHux pH
BHI3bHIBAET 3ATPYAHEHHs NpH OLEHKe NPOorHo3a GHOXHMHYECKHX Ipolec-
coB. B 3THX Ccayuyadx NpHMEHSIOT YCJAOBHBIA Nokasareab rHz, peans-
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HV,HMM_ _ = Puc. 15.1. 3aBHCHMOCTH  CKOpOCTH
; ZL-‘ buaprpauun V OT BeaMYMHBI MuHepa-
1 _ JAM3aUHH M ¢QuAbTpyeMOR Boam (mo
I. H. Nandepory)

I— ana ocagka Ne 1; 2— nna ocan-
Ka Ne 2

a0 42 04 86 48 m;mn

Hasi BeJHYHHA KOTOPOTO mpeacraBifdeT co00H 3HaYeHHe MapiHAIbHOIO
Aasaenus Bojgopona. Itokasarear rH, MOXHO onpenenuTh U3 ypaBHe-
HHs, yuuThBawowero cBsa3p pH u Eh (rHa — skcnepumenranbuo He

onpeneasieTcd) :
tH, = Eh /0,029 4 2pH. (15.1)

Bennunna rHy; He MoXKeT paccMaTpHBaThCs KaK aOCOMIOTHBIH MO-
Ka3aTeJb OKHCJAHUTENbHO-BOCCTAHOBHTEJBHOTO COCTOSAHHSA TOA3EMHBIX
BOJ, HO ABJsieTCsl 3HaYeHHeM MapLHaJbHOIO AaBJeHHA BOAOPOAA, BHI-
PaXKeHHOI'0 B 3JIEKTPHUYCCKHX € HHHILAX.

B moa3eMHBIX BOMAX, HCNOJB3YeMBIX HJs BOJOCHAaOXKeHHs, BCTpe-
yaercss PAN 3JEMeHTOB, colepKaHHe KOoTOphiX JuMutHpyeted ['OCT

9874—82 (taba. 15.1).

Ta6auua 15.1. KoHHEeHTPARKHA HOPMHPYEMBIX 3JEMEHTOR
B npecHuix Bopax npu pH=6,5...8,5, Eh=+500...—300 mB

DneMeHTH NAK, mr/a Hpe# E::;In;{:ﬂfgﬁﬁ Eiisﬁﬂef on

CrpoHnuit T 0,n— 10n
Bepuanuit 0,0002 0.000n — 0.0
Meas 1 0,002 — 0.0n
Ilunk 2 0,00n —0,n
Caunery, 0,03 0,007 — 0,0n
Keaeso 0,3 0,n— 10n
Monu6aen 0,25 0,00n — 0,0n
Mpblbsk 0,05 0,00n — 0,0n
Ceanen 0,001 0,000 — 0,0n
®Top 0,7—1,5 O,n — 10n

* Beauunna n usMensercad or 0 no 9... 10.

- s C ——

15.3. MuKpoOHOJIOTHSA MOA3EMHBIX BOJl H HX KayeCTBO

K MHKpoopranu3MaM OTHOCATCH He BHAHMble HeBOOPYIKEHHBIM Ijia-
30M MHOTHe BHIB OJHOKJETOYHBIX OPraHH3MOB (0akTepHH, PHKKETCHH,

BOJIOPOCNH U [pP.), @ Tak¥Ke XHBOTHHIX
CapKOAOBHIe, CIIOPOBBie U HH(MY3OpPHH).
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AeCATKOB W COT€H MHKPOMeTpoB. Bupycel H (ard HMEIOT pa3Mephl
MHOI'O MEeHbIIIHe — ecAThie U COThie AOJAH MHUKPOMETPOB.

MukpoopranusmMbl XapakTepH3yloTcsi Pas3jHYHBIMH crnocobaMu IH-
TaHHUS U JABIXaHHS, UTO ONpeAeJiseTcsd HX BHIAOM H 3SKOJOTHYECKHMH
VCJOBHAMH, OCOOCHHO OKHCIAWUTENBHO- MW BoccTaHOBUTenbHHIMH. Ilo
crocoby nHUTaHHsI MHKPOOPraHU3Mbl pa3/ie/isiioOT B OCHOBHOM Ha aBTO-
Tpodubie H rereporpodHbie. Cpeau aBTOTPOPHHIX OpPraHu3MoB (4acThb
BojOpocael W OakTepui) BpIAEASIIOT (POTOABTOTPO(HBIE, HCIOJB3YIO-
lllHe 3HEePrur0 cBera AJd YCBOEHHUS YIJIEKHCJOTHI M MOCTPOCHHUA Opra-
HHYECKOTO BElIeCTBA, H XEOMAaBTOTPO(PHBIE, KOTOPbIE HCMNOJb3YIOT
3HEPTHI0 OKHCJACHHS pa3juuHbIX BewectB. [Iuwei rereporpodos saBad-
I0TCA XKHBBI€ W MepTBbie opranu3Mbl. OgHaKO HEKOTOphIE aBTOTPOdH
HCTIONB3YIOT H OpraHuYecKHe BellecTBa, a reTepoTpodr — HeopraHu-
yeckde. OnHa 4acTh OPraHU3MOB KHBET B a3pOOHBIX yCJHOBHAX, APY-
rag — B aHa’poOHBIX.

MuxkpoopraiusMel B IPECHBIX NOA3EMHBIX BoJax OblH OOHAPyMKeHH
G6onee cra net ToMy Hazal. BEuMaHHe K 3TOMYy BONPOCY IIPHBACYEHO
B CBfA3H C BBIABJeHHEM psina 00Je3Held NPH HCMOJb30BAHHH NUTLEBOH
BONBI, COBepKalllel nmaToreHHole GaKTepHH, HAUPUMEP CaJbMOHEJIH,
6promiHoro tTuda u naparuga, xonepHoro sHOGpHoHa H ap. B cBsaA3M ¢
THM JOJA OLEHKH CAHUTAPHOIO COCTOSIHUSI MUThEBOU BOABI ONPEAEdioT
KOJHHHACKC W KOJNHYECTBO KOJOHHH Oakrepuil nmpu noceBe Ha cpefe
MITA* (no FT'OCT 2874—82), korma npopacTalOT B OCHOBHOM Canpo-
dpurnl. Ipyrux MHKPOOPraHW3MOB TIPH 3TOM Heé BHABJAAIOT, XOTA HX
KOJIHYECTBO AJS OYEHb UHCTBHIX BOJ MoOKeT OnTh npumepso B 10+—10°
pa3 GoJablie.

C. M. JlpaucBHM yCcTaHOBJIeHa CBA3b MEXAY AAHHLIMH CAHHTAPHBIX
AHAJH30B H OOILUM colepKaHueM OakrepHil B BOJAC 10 METOAY NPAMO-
ro cuetra—no A. C. Pasymosy (tabxa. 15.2). 3rta cBI3b OTHOCHTCS
K NOBEPXHOCTHBIM BOJAaM, HO €10 MOXKHO NOJb30BaThCA H AJfA MOJA3EM-
HBIX BOJ.

Ta6aunpa 15.2. CpapHeHHe yucla MUKPOOOR MO mpsiMOMY cYeTy
C MOKAa3aTeJsiMH CAHHTAPHOrO aHaju3a

. Uncsio MHK-

3arps3HeHHOCTh BOA KoaHTHTD Mmﬂiﬁg{;& poGoe mo mps-

MOMY CYeTy
Ouenb uncras 10—-100 n-10! 105
Uncras 10-1 n-102 108
¥MepeHHO 3arpsiHeHHas 1-0,05 n-103 108
3arps3HenHasn 0,05—0,005 n-104 107
I'pasnas 0,005—0,001 n-10° 107
OdeHnb rpssHas 0,001 n- 108 108

J— e . = e |
i —— .

B rtaba. 15.3 npuBeieHsl OaKTepHOJOTHUECKHE AHAJAH3BI BOJAB H3
CKBAXKHH, 3KCN1YaTHPOBABUINX AapTe3HaHCKHC BOJOHOCHbIE TOPH3OHTHI
B KaMEHHOYroJbHBIX Hu3BecTHsKax (MockoBckas 0064.). Ilo mpobam

T —— o . 3

* MsaconenTonHBI arap — nuTaTeabHas Ccpejia.
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BOJAB HMEIOTCH TaKXe CaHHTapHuoe OaKTepHOJIOTHYECKHe aHAJIM3Hl CO-
rmacio 'OCT 2874—82. Kosuunjaeke Mo4TH BO BeexX cayyasax <3,
a KOJMYeCTBO KOJIOHHi nmpu moceBe Ha cpefe MIIA o6wiuno 0 u pexe
1—2 xoaounwuit/n, 1. e. no T'OCT 2874—82 Bona Oblna KaacCHPHIHPO-
BaHa KaK OuUeHb YHCTaf.

Tab6aunua 153. Comepxanue GakTepuii B BOJAAX H3 APTEIHAHCKHX CKBAKMH
B KAMCHHOYIOJILHHX H3BECTHAKAX

ey s R ———— ——

Konuyectso GakTepHft MO Merolam |
Ba Ha NHTATENbHEIX Cpexax,
HoceBa axn‘qu]:nﬂfﬂn pex noﬂﬁuhluﬂc?‘p?
O6nexr 3YMOBY, ThiC.

MITA Kidyca I‘AH 1&0};{:‘2;} ) KonoREA/MA
Horunck (2 ckBaxuHB) 4—10 80—90 4365 5—8
IToc. 3enenntit (1 ckBaXkuHa) 12 100 90 10—12
IMononsck (3 cKkBaXKuHH) 8—25 21—1901 18—120 63—68

P

B CCCP Bojaa, nosaBaeMasi noTpeOHTENIO AT X035HCTBEHHO-TIHTD-
eBbIX Ilesied, foaxHa oTrBedarth TpeboBanusiMm ['OCT 2874—82. Caepno-
BaTeJbHO, BOAA, NOJAy4aeMasi H3 BOLOHOCHOIO I'OPH30HTA ¢ HCKYCCTBEH-
HBIM BOCNOJIHEHHEM, NPH HECOOTBETCTBHH I'OCYAAapPCTBEHHOMY CTaHAAp-
Ty HOJKHA TMPOXOAHTH MOCaeAyIoUlyr ouHcTKy. B ykazannom ['OCTe
NPUBOASITCA IpeleJbHble HOPMB! AJsi MHTHEBOH BOJAbI: OaKTEpPHAJbHBIE
1oKasarenu; obuiHe QuU3HYECKHe H XHUMUYECKHe NTOKAa3aTejH; KOHILEHT-
palus TOKCHYEeCKHX BellleCTB H OPraHOJENTHYECKHe MOKa3aTesH.

CymMMapHasi KOHILEHTPAIHsi TOKCHYHBIX BEIeCTB, a TaK¥XKe cymMMmap-
HOoe coJepKaHHe CYJb(haToB M XJOPHAOB, eC/u TIOCJAEAHHE MNPHAAIOT
BOJe NPHBKYC, He AOJXHB ObITh OoJsee CYMMHE J0OJEBHX YYacCTHH
(10 OTHOIIEHHIO K HX NpeAeJbHO AOMYCTHMOH KOHUEHTPAIlHH)

Ci/C +CyiCy+ ... +C,iC, < 1, (15.2)

rae Cy, Cy ... Cn — OOHApyXeHHble KOHLeHTpAUHH, Mr/a; Cy, C: Cn — npenesbHule
KOHIIeHTpalliH N0 HopMe, Mr/i.

Bonopoanwiii moxasatens KoJikeH OwITh B npeaenax 6,5...8,5. Cue-
AyeT YUYHTHIBATH TaK¥e NOMONHHTENbHBIE PEKOMEHJALHH O AONYCTHMBIX
KOHUEHTPAUHAX pa3iHYHbIX Bel[eCTB, YCTAaHOBJEHHHX MHH3ApaBOM
CCCP. Ocraiotcsi B cuJjie NMOKa3aTeqH NpelebHO MAKCHMAJAbHBIX KOH-
IeHTPaUHul BemiecTB, He Bomenuux 8 FOCT 2874—82.

3anaxu U NPHBKYCH SBJSIOTCS yallle Pe3yJbTaTOM JKH3HEACSTEb-
HOCTH H OTMHDaHHsi MHMKDO- H MaKkpOOPraHH3MoB B Boje;, Haubouee
YCTOHUMBHIH M TPYAHOYCTDPAHHUMBIH 3eMJHCTHH H 3aTXJABIH 3anax Bbl-
3HIBAIOT AKTHHOMHIIETHL.

B TpeboBaHHs K KauecTBY XO3SHMCTBEHHO-NMUTbEBLIX BOJ He BXOAAT
AaHHble O HAJHYHH B HHX BPeJHBIX H ONACHBIX PACTHTENbHBIX H XKH-
BOTHBIX OAHOKJETOYHBHIX W MHOrOKJIETOUHBIX MHKPOOPraHH3MOB, Ha-
npumep ameb u Ap.
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TOCT 2874—82 He cOMepPKHT TakxKe AaHHBIX Mo BHpycaMm. Ho npe-
JeJIbHO AONYCTHMBblEe NMOKA3aTeJH MO KHUIeYHOH MaJjloykKe H KOJHYECTBY
GakTepuil B 5TOM HOPMATHBHOM JOKYMeHTE NO3BOJAIT OLEHHTb BOAY
Kak 0e3sBpeAHYIO II0 BHpYyCcaM.

15.4. U3MeHeHHe XHMHYECKOTO COCTABA M KayecTBa
NOA3CMHBIX BOJA NPH HX IKCNJAyaTalnH

lsmeHeHnHe cocTaBa M KauecTBa IOA3E€MHBIX BOJ B €CTECTBEHHBIX
VCJAOBHSIX OOBIYHO NPOMCXOAUT MeiAJeHHo. Ilpu 3kcnayarauud BoLO-
3afopaMH MNOA3eMHBIX BOA, ocobeHHO npH rayOboOKOM HX 3ajeraHHUH,
B TEUCHHe HEeCKOJbKHX JIeT MOXKeT HabJioaaTbCd He3HAUYHTEJbHOE H3-
MeHeHHe KayeCTBa NOA3eMHBIX BOA. Hanpumep, mnurtenpHas skcnaya-
TallHsd apTe3HAHCKUX BOJOHOCHBIX MOPH30HTOB, IPHYPOYEHHHIX K OTJ0-
KeHHSIM KaMeHHOYIrOJbHOH u JAeBOHCKOH cHcreM [ToagMOCKOBHOH KOT-
JOBHHBI, NOKAa3saJa, uTO cOCTaB NOA3eMHLIX BOJ 3aMETHO He¢ H3MEHHJICH.

Opnako HepeaxH caydau H3MEHEHHs COCTaBa TNOA3EMHBIX BOJA B
nporecce 3KcHayaranii. Takoe u3MeHEHHe HHOI'AA MOXKeT ObITh CTOJb
BBIPAXKEHO, UYTO BOJBI CTAHOBSATCS HENPUIOJXHLIMH HJIH MaJjiONPHIOAHBI-
MH JAad HCToJab30BaHus. Hanpumep, B NOR3eMHBEIX BOJAAX CPEIHEro
capmMara B OJHOM H3 NYHKTOB Ha iore esponeirickoit yvactu CCCP 3a
4 roma 3KCOAyaTalHH CYXOit ocTaToK B Boje yBeauuuiacs ¢ 800—1000
no 1800-—2200 mr/a; Bojxa crana HeNpUroAHOH AJ8 XO38HCTBEHHO-
IIHTbEBOr0 BOJXOCHAaOXKEHHS.

B HexoTOphIX cayuasix HabJlOfaeTcs H3MEHEHHEe COCTaBa IOJA3eM-
HbIX BOJA, HO OHH OCTAIOTCS MPHTOAHBIMH AAg HCNoab3oBaHusa. Hamnpu-
Mmep, Ha Kaskasze 3a 25 ser srchniyartanHu OBHOTO H3 KPyNHeHUIHX
BOKO3a6opos nox3eMHubix Box [Hlonapckoro BogonpoBona Haba0OAaI0Ch
A1 Pa3NHYHBIX BOMOHOCHBIX TOPH30HTOB H CKBAXXHH YBeJHUEHHE CY-
xoro ocrarka Ha 30—150 mr/a, yBenuuenue oOimieHl KECTROCTH BOJE
Ha 0,2—1 Mr-sxB/j, a TakKXke HEKOTOpOe yBeJHUE€HHE CONEepIKaAHUA
Cyab(aToB U XJOPUMOB.

XapakTep M YCJIOBHS H3MCHEHHS COCTABA NOJ3eMHBIX BOJA Pas3Ho-
00pasHH. B oxuux cnygaax ypejnyHBaeTcs HX ofbuias MHHepaJsiu3a-
LHs, B APYrUX — H3MEHSeTCsd XMMHYECKHH cocTaB BoAb. OTMeuanTcesd
CJAy4Yau H3MECHEHHS XeCTKOCTH BOI, HE!GJHU,IIHETCE XHMHUYECKOE H MHK-
poOHOJIOTHUECKOE 3arpsi3HEHUeE.

Cneayer OTMETHTb, YTO H3MEHEeHHE COCTaBa MOA3EMHLIX BQJA Helo-
CpPeACTBEHHO Ha ydacTke KanTtaxa OOBIYHO OTCTaeT BO BPEMEHH OT
BO3HHKHOBEHHSI (akTopa, oOyCJOBIHBAIOLIEr0 3TO H3MEHeHHe. Takoe
OTCTaBaHHe MoXeT OLITh BecbMa 3HAYUTeJibHLIM. B ogHHX cayuasax
M3MEHEeHHs1 HOCAT IOCTeNeHHBIN XapakTep; B JAPYrHUX — Habawopaercs
peskoe ckaykooOpasHoe KojeDaHHe COCTaBa MOA3eMHBIX BOJA Kak B
OAHOM, TaK H B Pa3HbIX KANTAXHBIX COOPYXKEHHSIX OXHOTO H TOrD Ke
BOZAOHOCHOI'O TOPH30HTA.

[Ipy npaBUJbHOM NPOEKTHUPOBAHUM YCTPOHCTB M SKCHJAyaTallHH
cictem HBIIB Boga o6wiuHO cootBercTByeT TtpeboBanusm [OCT
2874—82. OpHako, Kak NpaBUI0, AAA TNPOPHAAKTHKH COXPAHEHHS
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OnaronpUsATHEIX OaKTepHANbHBIX MOKA3aTeNeH NPOBOAAT AOCMOJHHUTEb-
Hoe xJopupoBaHHC BoAbl. OUeHb BaXHO, YTO NPH KPATKOBPEMEHHOM
VXYALIEHHH KaueCTBA HCXOAHOH MOBEPXHOCTHOH BOABI BOLOHOCHBIH IO-
PH30HT (U3 PBHIXJBIX NOPOJ) BHINOJHSET (PYHKUHH Oapbepa, Npenor-
Bpalilagd pe3koe yXyIlleHue noJaydyaeMod H3 BOA03a0OPOB BOMAHI.

BausiHue OKMCHAHTENBHBIX NMPOUECCOB B 30HE a%pallHh M B TPYHTO-
BbIX BOlaX MPH IKCNJAyaTallUd HA U3MEHEHHEe KayecTBa BoAbl. PaccMoT-
PHM 3TO Ha NpHMepe 3KcnayarauudH MBpITHIHHCKOTO BoAosabopa
(MockoBckassi 006J1.). BoJOHOCHBIH TOPH30OHT HAPHYPOUEH B OCHOBHOM
K (AIOBHOrASUHANABHBIM H JAPCBHEANMIOBHAJNLHHIM  IleCUYaHO-TpaBesu-
CTBIM OTJOXKeHHAM MouiHocThio A0 15—30 M. PaccmaTpuBaeMbiii Bo-
JOHOCHH M FOPH30HT OTACJSIETCS OT HHXKEJEeKAalHUX MOA3CMHBIX BOA B
KaMeHHOYTOJbHBIX H3BecTHsiKax lopckumu rauHamu. [lepekpoiBaercs
BOAOHOCHBIH TOPH30HT COBPEMCHHBIMH AJJIOBHANLHBIMH TMECYaHO-TJIH-
HUCTBIMH OTJ/IOJKEHHAMH H TOPOM.

ITOT BOAOHOCHBIH TOPH3OHT, pACNOJOKEHHBIH B BEPXOBbIX p. Ay3Hl,
uHa OoJbIIEeH YaCTH CBOEro pacnpoctpaHeHHsl mpejacrasJisier coboi Hac-
CeliH TPYHTOBBIX BOJ, MeCTaMH HMEIOIIHX HanopHbld Xapakrtep. Ha
TEPPUTOPHUH PacCHPOCTPAHEHUS BOJOHOCHOTO TOPH30HTA HMEWTCS TOp-
hsiupie 6070Ta, BoJa KOTOPHIX THAPABJHUECKH CBSiI3aHA C TPYHTOBBIMH
BOJaMH.

Uepes 106 jer sxkcnayaTainud ypoOBeHb B CKBaXKHHAX Bonosabopa
CHH3HJICH MO CPABHEHHIO ¢ NepBOHAYANbHBIM NPHUMEPHO Ha 13 M.

MaMenenue cocraBa NOA3EMHEIX BOJA, B YacTHOCTH, MPOUCXOLHUIO
B pe3yJabTaTe chaeaylollux npoueccor (taba. 15.4). Ilpu ocymennu
TOphAHBIX OoJ0oT CTAaHOBHTCA Ooaee JerkuM JOCTYI KHCJOPOAa BO3-
AyXa B OCYLUeHHYIO 30HY TOPp)SAHHKA, B pPe3ysbTaTe OKHCJACHHS NMUPHTA
obpasyercsi cepHas kucjaora. [locsaenHsis Npu HacwlleHHH TOopdha BO-
IOl CBfI3LIBAeT OCHOBaHHA coJed Oofee cnabbiXx KHEAOT, o00pasysd
cyabdatel. HacTe cepHO# KHCJAOTH ocraeTcs cBoboxHOH. 3atemM MpPH
MpOCAYUBAHHH OCAAKOB 3TH cyabdaTbhl PacTBOPAIOTCS, YBJAEKAIOTCA
BHH3, NOMaAai0oT B BOAOHOCHBIH T'OPH30HT H YBEJHUHBAWOT MHHEpaJH-
3anuio Boabl. Takue npoueccel Obiia OOHAPYXKEHbl HA yuacTKax BOMO-
HOCHOTO TOPH30HTa, MEPEKPLITOTO CBEPXY TOPp(OM.

Ta6auna 15.4. Hamenenne cocTaBa NMOA3IEMHON BOAbLI
npH sKcnayatauyud MBITHINHHCKOIO BOfO3abopa

- f e - - s = Y o ——— s P

- — - et —

o e T vt S A w o w—

. l
Cyxoft Ob6masn xecr- - - 91
SO&, Cl™i Fe T,
BpeMsa skcunyarauud uc;i};:x, Mﬁ?':;;fﬂ . rf;’.u e/ Mr/a
Hauano (npubauxenno) 145 2.23 4,8—-8,4 2.3 0,31
106-# roa skcmayaranwn | S501,7 | 7,75 | 139,56 51 | 1,8

H3MeHeHHe coCcTaBa MOA3EMHBIX BOJ, HA IKCMAYaTHPYEMOM yYacTke
BOAHOCHOr0 rOPH30HTA NMYyTEM NPHTOKA ¢ APYrHX YYacTKOB TOro xe
ropusoHra. MameneHne coctaBa moJ3eMHHX BOJA NMPH UX 3KCNAyaTauHuu
HabJsona/0ch B apTe3HAHCKOM TI'OpPHU30HTE, NMPUYPOUEHHOM K JebelsH-
CKUM CJIOSIM (DaMeHCKOro sipyca BepXHero OTAeNia JeBOHCKOH CHCTEMBH,
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B panoHe Tyael. B ponune HebGoablloOH peuykH HaA JaebeAAHCKHMH
CIOSMH 3aJIeraloT HEMOCPEeACTBEHHO YeTBEPTHUHBIE OTJOXKEHHUd, a MO0
BOgOpaszienam JebeAsiHCKHe CJHOH TPHKPLITH HHXKHEKaMeHHOYTOJIbHbi-
MM [JIHHAMH, H3BECTHSIKAMH H neckaMu. JlebensitHCKHe CJIOH Npeacras-
JeHbl CBEPXy H3BECTHAKAMH, a HHUXKe — NepecjauBaHHEM H3BECTHAKOB,
AOJOMHTOB, I'THH C IPOCJOSIMH T'HIICOB.

B monuHe peKH moaseMHbie BOABI B BepXHeH 4acTH JebeIsiHCKHX
CI0EB 3HAYUTENBHO ONPECHEHBl, a ray0xke U no BOAOpas3jaesaM MHHE-
pa.IH3allHsl U XKECTKOCTb MOA3EMHBIX BOJA B TEX XKe OTJOXKEHHUAX 3HAUH-
TeabHO OoJblle. DJiHXKe K peuyke pacrnojioXeHa CKBaXKHHa, KoTopad
BCKPbIIA apTe3HAaHCKHC BOABI B BePXHeEH YaCTH JebOeAsiHCKHX CJIOEB.
IIpu sxcnuyatauuu ckBaXHuHbl 00beM nosyuyaeMolt Boas paBeH 50 m3/u
13 pepxHed 10—15-mMeTpoBo# TONIIM JeGeASTHCKHX H3BECTHSKOB. 3a
106 ser skcnayaTanuH CcyXo#t ocTaTOK yBeauuuwsica ¢ 518 wmr/a po
974 wmrfa, o6mas KecTkocThb—c¢ 8,6 mMr-a3ks/a  no 16,61 Mmr-sks/a,
SO2%—c 121,4 mr/n no 464,4 vr/n u Ca?r—c 120,4 Mr/n go 344,2 mr/a.
Ilo Mepe yrayOneHusi pa3BeloYHONH CKBAXKHHBI OKOJIO TOT'O € y4aCTKa
Obl.IH NOJYYeHb! CAefyIollHe naHHbpie: Npu rayObuHe 47 M obulas KecT-
KOCTb BOABl cocraBuna 6,46 mr-skB/n, npH raybuHe 57 M —
11,2 mMr-3xk8/n 4 npu rayoune 65 M — 18,68 Mr-skB/n. 3To ACHO MOKa-
3BIBACT, YTO HMEET MecTO Mmojcoc 6oJsiee MHHePAaJH30BAHHBIX H 2KeCT-
KHX BOJ ¢ OOJBILIHX TAYOHH H3 TOro e BOJAOHOCHOTI'O I'OPH30HTA.

HameHeHHe cocCTaBa NMOA3EMHBLIX BOJ NPH NOACACHIBAHWH H3 APy~
THX BOJAOHOCHBIX FOPH3OHTOB NPH HAJHYMH Ae(deKTOR 00CaANHBIX KOJIOHH
B CTBOJIe CKBAXHH. B KauecTBe NpUMepa MOXKHO NMPUBECTH IKCKIJIYaTa-
nui0 B KpeMy BOJOHOCHOIO TOPH30HTA € BOJAOH XOpOINEero KayecTBa,
BhllIe KOTOPOT'0 HAXOMAHTCS BOAOHOCHBII TOPH30HT € 3arpsi3HEHHBIMH
H arpecCHBHBIMH BOJAAMH. DTH BOJOHOCHBIC FTOPH3OHTHl Pa3jiesieHnsl IVIH-
HamHu. VaMeHenue cocTaBa BOAM B 3IKCIJAYAaTHPYEeMOM HHXKHEM BOJO-
HOCHOM TODH30HTE MPOH30IIJIO BCJAEJACTBHE MPOpIKaBeBIIHX 00CaAHBIX
TPpYO CKBaXKHHH BepXHero ropusonra (raba. 15.5).

Tabauna 15.5. HamMeHenne cocTaBa noA3eMHBIX BOJA BCJAEICTBHE
HEYAOBNETBOPHTEABHOr0 TEXHHYECKOr0 COCTOSIHHA CRBaXHHb

—y— 1 = ot iy A b S

] —— — -

CKBaXxHHa CKBaxHHa |[ CKBajXHHa CKBaXHHa
¢ 06cafiHbIMA | ¢ NpOpHKaBes- ¢ o0cafHLIMH | C TpOpaBes-
ITokasaTens Tpy6GaMH, He | wumH oficax- || IToxasateab | TpyGamu, He | wumu obGcan-
M M EIOLLH MH HLIME TpY- HMEIOIWHMH HEHIMH TpY-
nedekToB Gamu i nedexToB Gamu
Bxyc Mpustani | CoaoHoBa- "CI" 244 720
TH S0O,-2 99 8 48
Temnepary- 17,5 17,5 NH,+ Her 21.2
pa, °C
Ca, Mr/n 46,4 99,1
Mg+ 24 .2 16,6 i
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S T T ] ——— o ara T =
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I''TABA 16. CAHUTAPHASI OXPAHA

16.1. 3apaun CAHHTAPHOH OXPaHb

B nocsennee BpeMsi OTMEUAIOTCA CJAYYaH 3arpsisHEHHst NIOBEPXHOCT-
HBIX ¥ NOA3eMHBIX BoA. TakKHe 3arpsi3HeHHsl CBsi3aHbl B OCHOBHOM CO
c6pocoM HEOUHUIEHHBIX BOX B PEKH, HapylleHHEM HOPM MpPOeKTHpoBa-
HUSL U CTPOHUTEJbCTBA, a TAKXe€ IKCIVIyaTauued TIHAPOTEXHHYECKHX
COOpYXKeHHH, B YaCTHOCTH BOJAOXPaHHJIMIL U KaHa/joB (6osbiue yTeu-
KH H Ap.), 3acojieHHeM NOJA3eMHBIX BoA (Ja)Ke apTe3HaHCKHX) IpH
HeYIOBJIETBOPHTEJNbHOA SKCIJyaTallHu OpPOCHTeJbHBIX CHCTeM (3aco-
JICHHE TPYHTOBBIX H apTe3HaHCKHX BOA), cOPOCOM B PEKH MHHEpaJH-
30BAHHBIX H COJIEHBIX BOA NPH IOPHHIX pa3paboTkax H AP.

Has yaydlleHHst KayecTBa NMOA3EMHbBIX BOJ H NPeAynpeXIeHHS HX
YXYNLIEHHs] YCTaHOBJEHH 30HB CaHuTapHOH oxpaHbl. CoraacHo
pasa. III «OcHoB BomHoro 3axonoparesnbcrea Corw3a CCP u cOM0O3HHIX
pecny6auks> [10] ans GHTOBOrO M XO3SHCTBEHHO-NHTHEBOr0 BOJOCHA0-
JKeHHS NpeAyCMaTpHBaeTCsd OXpaHa NOBEPXHOCTHHIX H MOA3eMHBIX BOX
OT 3arpsA3HEHHs C yCTAHOBJIEHHEM COOTBETCTBYIOLIHX 30H CaHHTAPHOH
OXpaHbl JJas obecrneuyeHHsA HX CAHHTAPHO-IMHAEMHOJOrHYeCKOH Ha-
Je3KHOCTH.

B 3amayd caHHTapHOH oXpaHBl, TaKuM o0pasoM, BXOIMT IMpeny-
npexaeHHe 3arpsa3HEHHH MOBEPXHOCTHBIX H MOA3EMHBIX BOJA, a8 TaKXKe
BCEX COOPYXKeHHH CHCTeMbl Box03abopoB MoA3eMHBIX BOA. B 3kcmaya-
TallHOHHBIE 3aMachl NPeCHbIX MOA3eMHBIX BOA BO MHOIHX CjydYasix BXO-
JAT NpHUBJeKaeMble 3aMacH 3a CYeT QHALTPALMH MOBEPXHOCTHBIX BOI.

Bce caHHTapHbie MepONPHATHS BHIOJHAITCA B COOTBETCTBHH C
«OcHoBamu Boxuoro saxkoHoxatenscTBa Cow3a CCP u cOw3HBIX pec-
ny6aHK» ¥ HOPMATHBHBIMH JOKYMEHTaMH MHHHCTepCTB 31paBooOXpa-
HeHust CCCP M col03HBIX pecnyOJiHK.

OCHOBHBIM HOKYMEHTOM IO OPraHHU3alluH OXPaHbl MOA3EMHEIX H IO-
BEPXHOCTHEIX BOJ OT 3arpssHeHHs sBjasercst «Ilojoxenue o mopsnake
NMPOEKTHPOBAHHS H SKCIJAYaTaillHH 30H CAHHTAPHOH OXPaHbl MCTOUHH-
KOB BOJOCHaOXeHHs X03AHCTBeHHO-MUTHEBOrO HasHaueHus» [13].

16.2. 3oHbB CAHHTAPHOW OXpPaHBI

B cootBetctBuHM ¢ <«[losoxkKeHHeM O NOpsAAKEe NPOEKTHPOBEAHHA H
SKCIAYaTalHH 30H CAHHMTAPHOH OXPaHBl HCTOYHHKOB BOJOCHAOXKeHHS
H XO3SAHCTBEHHO-MUTLEBOTO HA3HAUEHHA» YCTAHOBJIEHBI TPH MOfACa 30H
CaHHTapHOHA OXpaHhl: MepBHIll Mosic (oAc CTPOroro pexuMa)— Ha yya-
CTKe BOA03a60pOB MOA3EMHEIX, a TaK¥Xe BCEX BOAONPOBOAHBIX COODY-
JKeHH#, BKJAoYasg BOAOBOA OT BOjo3abopa MoA3eMHBIX BOJA JXO paclpe-
RenuTeabHofl ceTH moTpeburens. Bropod H TpeTHH mosica (nosica
OrpaHHYeHHMii) 30H CAHHTAaDHOH OXPaHbl BKJIOYAIOT TEPPHTOPHIO, HA
KOTODOit OXPAHSIIOTCS OT 3arpsA3HEHHs] UCTOYHHKH MHTAHHSA MOA3EMHBIX

BOA M HX 3KCHJayartailHOHHBE COOPYXEHHA.
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B kaxno# 30He yCTaHaBJAHWBAaeTCsl CAECIHAJNBHBIA PEXHM BOAOXO-
35HCTBEHHBIX H HAPOJHOXO35IHCTBEHHBIX MEPONPHATHH — CTPOHTENbCT-
BA H SKCIVIYaTalHH XHJIHX H NPOU3BOACTBEHHBIX COODYIKEHHH, pe-
KpeaiuH, aApyrux Meponpuatui. B pane cnydaeB caHHTapHbie OXpaHHEIE
MEpPONPHATHS PACIPOCTPAHSIOTCA M HA TMOBEPXHOCTHHE BOJH, KOTOPHIE
SIBJISAIOTCA UCTOYHHKOM MHUTAHUS MOA3E€MHHIX BOJA.

Has yuacrka l-ro nmosica 30HB CaHWUTapHOH OXpaHbl NpH MOBEpX-
HOCTHBIX BOJA2X B 3aBHCHMOCTH OT MECTHBIX YCJOBHH pEKOMeHAyercsd
clenyionlasi yAaJeHHOCTh TPAaHHI, nosica (CTpororo pexuma) oT BOJO-
3abopa. das pex u KaHajoB (NPOTOUYHBIX BOAOEMOB) TpaHHIBI AOJXK-
Hbl HAXOMAHTBLCS:

1) BBepx mo TeueHH1o — He MeHee 200 M ot Bogo3abopa;
2) BHHM3 mo TeuenHuio — He MeHee 100 M or Bomozabopa;

3) mo mpHJerawlleMy K Boao3abopy Gepery — He menee 100 M oT
JHHHH ype3a BOJAH JEeTHe-OCEHHEH MEeXKeHH;

4) B HalpaBJieHHH K TPOTHBOIMOJOXHOMY OT BoJo3abopa Oepery
NpH LUAPDHHE peKH HaH KaHaja MeHee 100 M — Bcsi akBaTopHsl H Npo-
THBONOJIOXKHBIA Oeper mwiHpHHOA 50 M OT JIHHHH ype3a BOABI IPH JeTHe-
OCeHHEH MEeXeHH, a TPH IIHPHHe PeKH HAH KaHana OGoaee 100 m —
MoJioca aKBaTOPHH LIHPHHOH He MeHee 100 wm;

D) ANl HENPOTOYHBIX BOMOEMOB (BOAOXPAHHUJHIN, O3€p) IpaHHIbL
IePBOro MOsiCa AOJKHEI HAaXOAHMTbCS B 3aBHCHMOCTH OT CaHHTapHBHIX
H THAPOJIOrHYECKHX YCJIOBHH MO aKBaTOPHH BO BCeX HanpasJeHHSX
He MeHee 100 M OT NMHHUHK ype3a BOAB B MEPHON JETHE-OCEHHEH MeiKe-
HH, HO Ha BO03abopax KOBIIOBOI'O THIA B Npenean 1-ro mosica BKJIO-
yaercsi BCA aKBaTOPHA 3TOr0 KOBHIA.

Bonosabopbl nox3eMHbIX BOA, KaK NMPaBHJO, AOJKHBI pacrnosarath-
CS1 BHE TePPHTOPHH NPOMBIULJIEHHBIX MNPEANPHATHH H XKHJI0H 3acCTpOH-
xu. Ha ygactke Bomo3abopoB H3 MOA3EMHBLIX BOJA I'paHuub l-ro nosica
30Hbl CAHHTAPHOH OXPAaHH pPacrnoaaraioTcs:

1) Ana 3alMINEHHBIX OT 3arpsA3HEHHS C NMOBEPXHOCTH 3€MJH NOA-
3eMHHIX BOJ (HamopHHIX)-— He MeHee 30 M OT Kpas Bojno3abopa;

2) IOad HEAOCTATOUHO 3allHNIeHHBIX OT 34rpsA3HeHHs NOA3EMHBIX
BoA (FPYHTOBBIX) —- Ha paccTrositiuu 50 M.

s Bom03a60OPOB, pacrnoJiOXKEeHHHIX Ha TEePPHTOPHH 0oObBEKTa NpH
HCK/TIOU€HHH BO3MOXKHOCTH 3arpsi3HeHHsl MOYBLI H MOA3EMHBLIX BOJ, 30-
Ha 1-ro nmosica cokpallaercsi IO COrJIaCOBAHHIO C MECTHBIMH OpPraHaMH
CAHUTAPHO-3NHAEMHUOJIOrHYECKON cyXOnl 10 156—25 M.

[Tpu UBIIB rpannua l-ro mosca HnojXuHa YcTaHaB/JHBATbCS Ha
paccrosHun He meHee 50 M or Bopo3abopa u He meHee 100 M oT
HH(HIbTPALHOHHBIX COOpYXeHHH (6acceitHOB, KaHanoB M Ap.). B rpa-
HHLB 1-ro mosca OeperoBblX (HHPHABTPALHOHHBIX) BOA03a60OpOB NOA-
3eMHBIX BOJA (KpoMe IHTAalONHX HX MOBEPXHOCTHHIX BOA) CJeAyeT
BKJIOYHTb BCIO MPHODPEXHYIO TEPPHTOPHIO MEXKAY Bogo3abopoM H no-
BEPXHOCTHBIMH BoiaMH. [{ns noxpycnoBhix BOH03a60poB 30Ha 1-ro
nesca yCTaHABJIHBAeTCH, KaK JAJNfA NOBEPXHOCTHHIX BOJ.
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I'panHnbl 2-ro B 3-r0 NOACOB 30H CAHHTAPHOH OXPaHBl AJA BOXO-
3a00poB ¢ y4YeTOM BJIHAHHSI NOBEPXHOCTHBIX BOJ YCTaHaBJHBAIOTCH,
HCXOASl M3 CJEAYIOUIHX NOJOXKEeHUH. STH rpaHUIbl AOJKHB YYHTHIBATH
NPUPOAHbIE H, B YACTHOCTH, KJIHMATHYECKHE, THAPOJOTHYECKHE, & TaK-
e CaHHTapHble ycaoBHSI. CaHHTapHble YCJIOBHSI NMPHJIEraluero pai-
OHa JOJIXHbI COOTBETCTBOBaTh «(CHOBaM BOAHOIO 3aKOHOAATEJbCTBA
CCCP wu cows3ubix pecny6auk» [10].

['panuuel 2-ro mosica JOJXKHBI ObITh YyAaJeHbl OT B0A03abopa,
yTOoObl OOEeCHeyuTh CAMOOYHIEHHE TNOBEPXHOCTHBHIX Boa npu 90 Y
00eCneYyeHHOCTH pacXxoAa MPOTOYHOI0 BOAOTOKA H MPOAONKUTEJbHOCTH
JNBHXKEHHSI BOABI OT TPaHHIBI 30HBI 2-r0 Mosica B TeYyeHHe 3—5 CyT
B 3aBHCHMOCTH OT KJHMAaTHUYECKHX, THAPOJIOTHUECKHX H JAPYTHX YCJO-
BHH.

[Ipy HanuYHH CYAOXOACTBA CJ€JYyeT I'PAHHIy AKBATOPHH CUMTAThb
no JuHHH (apBaTepa. Huike no TeyeHHIO NMPOTOYHBIX BOJOEMOB rpa-
HHULB 2-r0 NOsica ycTaHaBauBamTca Ha 200 M. ['panuust 3-ro nosca
IJIsi IOBEPXHOCTHBIX BOJ B 00ileM COBNAafalOT ¢ rPaHHIaMH 2-r0 Nosi-
ca, Ho OOKOBBHIE I'PaHHIBI YCTAHABJHMBAIOTCA HA PACCTOSIHHH 3—-D KM,
BKJIIOYasl NIPHTOKH, WJIH A0 JIHHHH BOJAOpasaena.

I'paunusl 2-ro u 3-ro NOsACOB 30H CAHHTAPHOH OXpaHbl ONpPENeNsIoT
H3 YCJOBHH MNpefynpexkJeHHs BO3MOKHOCTH 3arps3HeHUs AOBEPXHO-
CTHBIX BOJ Ha yuyacTke Bojo3abopa. ['paHuunbl 2-r0 ¥ 3-ro NosiCoB 30H
CAHHUTAPHOIl OXPaHbl BOA03a0OPOB W3 MOA3EMHBLIX BOJ YCTAHABJIHBAIOT
M3 MOJIOXKeHHS, YTOOb B BOAOHOCHBIH TOPH30HT Ha y4acTKe B0A03abo-
Pa He MOCTyNaJH XHMHUECKHe H MUKPOOHMOJNOruyeckHe 3arpsi3HEHHs.
Hsi 3TOro HY*HO THAPOAHHAMHUYECKH ONpEeAe/iiTh PAaCCTOSIHUE OT
BHELIHUX I'PaHul 2-ro Inosica, 4ToObl 3a BpeMsl ABHXKEHHS BOAbI B BO-
JOHOCHOM rOpH30HTe K BOA03abopy mpousolno camooudienue. Hyx-
HO OTMETHTb, YTO HEKOTOPbie XHMHUYECKHEe 3arpsi3HHTENH OUeHb YCTOH-
YHBHI H He MOJAAAIOTCH CaMOOuHIieHHI0. B 3ToM cayuae caenyer
NpeaycMaTpUBaTh MEPOIPHATHS, HUCKJIOUAIOLHe 3arpsisHeHHe, HCXOAA
M3 BpEMEHH MNPOJABHXKEHHS 3arps3HHUTE/Ns H BPEMEHHU 3SKCIJIYaTalHH
Bojo3abopa. I'paHHubl 3-ro mosica 30Hbl CAHHTApPHOH OXPaHHl olipeje-
JAI0T B NOCJeAHEeM CJjydyae THAPDOXHHAMUYECKHMH pacyeTaMH, dYTOObI
3arpsi3HeHHe ye JOCTHIJIO BoAo3abopa moa3eMHbIX Boa. B ciyyae
YCTOHUYHBOro 3arps3HHTEN, He MOAJNAINIErocss CaMOOYHIIEHHIO, CPOK
JBUKEHHS OJS 3alllUThl OT XHMHYECKOro 3arpsi3HeHUsl TMPHHUMaeTcs
HECKOJIbKO 00Jbllie CPOKa TeXHHUYECKOH 3IKCIJyaTauud Bogo3abopa.

Or BOA03ab0OpPOB MOA3EMHBLIX BOJA K NOTpeOuTe 10 HAYT BOAOBO/HL,
KOTOpble TaKiKe MNOJAXKHBI MMETb CAHHTAPHO-3AIUHTHYIO MOJOCY. ITH
MoJIOChl IPHHHUMAKOTCSA Mo 00e CTOPOHbI OT KPaMHHX JIMHHH BOALOBOJIOB.
[TIpu OTCYTCTBHHM IPYHTOBBIX BOA NPH AHamerpe BoaoBoaoB Ao 1000 mm
MIHPHHA MOJOCHI MPHHHMaeTcsl He MeHee 10 M H MPH AHaMeTpe BOJIO-
Boga Oonee 1000 MM — He meHee 20 M. IlpH HaNMHYHUH TPYHTOBHIX BOXA
Takas moJoca CaHHTapHO# oxpaHbl AoJkHa ObiThb He meHee B0 M. Ilo
COIJIACOBAHUI0 C MECTHBIMH OpraHaMH CaHHTapHO-3MHIEeMHOJOTHYe-
CKOH Cay:KObl pa3mMep HIHPHHBI OXPAHHOH MOJOCHI MOXKeT ObiThb COKpa-

LIEeH.
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16.3. NMpoexTHpOBAHHE 30H CAHNTAPHOH OXpansl

[IpoekTupoBaHUe 30H CAaHHUTAPHOH OXpaHpl MOA3EMHBIX U IPH He-
00XOJHMOCTH MOBEPXHOCTHHIX BOJ OCYUIECTBASAIOT ¢ yyeToM «Ilosoxke-
HHSA O MOpSAJAKe MPOEKTHPOBAHUS U SKCNJAyaTallHH 30H CaHUTAPHOH
OXpaHBl MCTOUHHKOB XO3fHCTBEHHO-NHTHEBOr0 HaszHadeHus» [13],
«PexoMeHgauuit mo rUAPOrecJIOTHYECKHM pacueTam AJIst OnpeleeHHs
rpaHyn 2-ro 4 3-ro MOSICOB 30H CAHHTAPHOH OXPaHbl MOA3EMHBIX HC-
TOYHHKOB XO3SIHCTBEHHO-NHUTbEBOT0O BojoCHabGxeHuss» [15] u ¢ yderom
CHull 2.04.02—84.

Ilosica caHuTapHOK OXpaHbl YCTAaHABJHBAIOT Ha OCHOBAHHUH H3yue-
HHSl YCJOBHY, MPH KOTOPLIX BO3MOXKHO 3arpsi3HeHHe OTMCUEHHbBIX Bbl-
e 0ObEKTOB CHCTEM 3KCNJAyaTallin Boa03abopoB, a Tak¥ke pe3yJib-
TAaTOB aHaJH3a NMOBEPXHOCTHBIX W NMOA3eMHBIX BOA. IIpu mpoekTHpoBa-
HHH 3TH 30HBI BKJIOYAIOT B COCTaB NMpPOEKTa BOA03a6OpOB MOA3EMHBIX
BoA. B mporecce skcnayaTalHH OCYIIIECTBJSIETCS CAHHTAPHBIH HAaJ30p
¢ orbopoM npob6 M HX aHanu3oM. B pesynabrate MoryT OBITH NnpoBene-
HBEI JIOMOJIHUTEIbHble CAHHTapHble MeponpusaTHsa. Mccrnenosanue ucrou-
HHKOB BOAOCHAOXKEHHUSs AJS NPOEKTHPOBAHUS OXPAHHBIX CAHUTAPHBIX
MEpPONpHUSATUH BEAYT MO NporpaMme, H3AoXKeHHOH B npua. 2 K TOCT
8761—84 <«HcTOUHMKH HEHTPaJH30BAHHOIO XO3SIHCTBEHHO-MUTHEBOIO
BOAOCHAOKeHUSI».

[IpoekTHpOoBaHHe 30H CAHUTAPHOH OXpaHbl BHIMOJHSIOT B COOTBET-
CTBHH CO CTAAMSIMH H3BICKAHHH H NpOEKTHpOBaHHA. [Ipu mpoekTHpoO-
BaHHH 30H CAHHTApPHOH OXpaHLl OCOOEHHO BAaXKHO HU3YYUTL YCJOBHS H
BO3MOXHOCTH 3arpsi3HEHHsT NMOIA3E€MHBIX BOJ, a4 HMEHHO: HMEIUHHACH
HJIH BEPOSITHBIH HCTOYHHK 3arpsf3HeHHsl H ero nokasarelH, JJIHHY NYTH
IBHXEHHUS TOA3eMHOH BOABI OT HCTOYHHKA 3arpsi3HCHUS K CHCTEMeE
BOJM03a60POB, CKOPOCTH (HJAbTPAIlUH, COPOIHOHHBIE CBOHCTBa MOPOJA
M0 OTHOLUEHHIO K XUMHUYECKUM H OHONOrHYECKHM 3arpsA3HuTeNsiM, dop-
MHpOBaHHe HCTOUHHUKA 3arpsi3HEHHS, a TaK¥XKe MEePHOAbl U MPOAOIKHU-
TE€NbHOCTH HCXOJAHOI0 3arpsisHeHUs. B nmpoekTe 30H cCaHHUTAapHOH OXpa-
Hbl JAASl CTaJHH MpeABapHTeJLbHOH U AeTasbHOH pa3BeAKH CJieayer
HaMeTHTh T0sica 30H CaHHTapHOH oxpaubl. [IpH npoekTHpoBaHHH 2-T'0
1 3-TO MOSCOB 30H CAHHTApPHOH OXpaHbl KPpOMe YKa3aHHBIX MaTepHaJoB
MOKHO MO0Jb30BaThbcsd «PekoMeHAanUsIMH NO pacyeraM AJis onpele-
JeHHsl rpaHui] 2-10 U 3-T0 MOSICOB 30H CaHHTAPHOH OXPaHHl MOA3eMHBIX
HCTOUHHMKOB XO3SHCTBEHHO-NHTHEBOro BojocHalOxenust» [15], a Takixke
pa6oroit B, M. Toasnbepra u C. I'. 'azaa [5].

OpraHu3anus 30H CAHHTApHOH OXPaHbl BOA03aOOPOB MON3E€MHbBIX
BOJ He macT TpeOyeMHX pe3y/bTaToB 6e3 CHCTEMATHYECKOrO KOHTPOJA
33 Ka4yeCTBOM MOJA3eMHBIX BOJ H B cjiyuae HeoOXOJIHMOCTH MOBEpPXHO-
CTHBIX BOJ, a TaK¥ke BbINOJHEHUEM OXPAaHHBIX MEpPOIPHUSTHH OT 3arpss-
HEeHHsi MOA3eMHBIX BOA. Opranu3aiiusg HabAOJeHUH 3a CaHUTApHOH
OXpaHOH TMOJA3EMHBIX BOJ, BOA03a00POM H CBSI3aHHBIMH C HHMH COOpY-
KEeHHsIMH, 4 TaKXe B cjJyuae HeOOXONMUMOCTH H TOBEPXHOCTHBIMH
BONAMH JOJKHA BXOJHTb B NPOEKT 30H CAHHTAPHOH OXpaHBL. Takue
canuTapHbie HaGMIOAEeHHS CJeflyeT NPOBOAUTh CHcTeMaTHUecKH. O6mui
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CaHHTapHBIH OCMOTDP CHCTEMBI BOA03a6OPOB MOA3EMHBIX BOA (B caydae
HeOOXOJHUMOCTH M TMOBEPXHOCTHHIX BOA), a TakK¥ke y4aCTKOB CaHHTap-
HOH OXpaHBI CJeAyeT AejaTh He pexe 1—2 pa3 B MecHil,

[ocynapcTBeHHBIfi CAHHTAPHBIA HAA30p 32 YCTPOHCTBOM M 3KCIJaya-
TalHel CHCTeM BOA03a60pOB MOA3EMHBIX BOJ OCYUIECTBJSIIOT OPraHbl
CAHUTAPHO-3MHAEMHOJOTHYECKOH CayKO0b MHuHHUCTEpCTBa 3ApaBooxpa-
HeHHg CCCP. OueHp BaXXHO HAaMETHTb MEPOIPHSATHS, KOTOPBI€ MOTYT
yuecTb HeOJaronpusiTHoe BO3AeHCTBHE Ha KayecTBO MOA3eMHBIX BOJ,
noJyyaeMblX B0oJ103a00paMH.

I''TABA 17. UBMEHEHHWE NNPOU3BOAUTEJIbHOCTH
BOOAO3ABOPOB IMNOA3EMHDBIX BOJ IPH
AKCIJIYATALUH

MN3MeHeHHe NPOH3BOAHTENBHOCTH BOA03a060OpOB B oOLleM cayyae
onpeAesasieTcsl H3MEHEHHeM TI'PaHHYHBIX YCJIOBHU BOJOHOCHOrO 1.J1acTa,
HCTOILIEHHEM 3aMacoB MOA3EMHBIX BOJI, KOJbMAaTaxeM BOJONPHUEMHBIX
yacTefi BOA03a0OPHBIX COOPYIKEeHHH. YMeHbuicHHe AeOHTa BOA03abop-
HBIX CKBaXXHH, H3MEHEHHe COOTHOLIEHUs OoTOGHpPaeMBIX PacXogoB BO
B3aHMOJIEHCTBYIONIHX CKBaXXHHaX H KOJOALAX 00YCJIOBJIHBAIOT HEOOXO-
JIHMOCTb KOPPEKTHPOBKH MPOEKTHHIX AaHHBIX B Te€YeHHE NMEePUOAA IKC-
MJyaTaiHH BCJEACTBHE HECOOTBETCTBHS XapaKTEPHCTHUK HACOCOB, 3a-
JOMKEHHBIX B NMPOEKTE, H3MEHUBIIHMCS Ae6HUTaM H MOHHKEHUSM YPOBHS
B CKBaXKHHaX.

CoxpaHeHHe THIADOJAHHAMHYECKHX MapaMeTpPOB BOJOHOCHBIX ILjac-
TOB TE€XHHYECKH, KaK MpPaBHJO, He 006eCneyuBaeTCs, 3a HCKJIIOYEHHEM
OCYUIECTBJIEHHSI MEpPONPHUATHH [0 HCKYCCTBEHHOMY NOANHTHIBAHHIO
MOJ3EeMHBIX BOJ Ha AeHCTBYIOUIHX Bojao3abopax. B 6osbiueii creneHH
BO3MOXKHO HNoanep:kaHue ctabujbHOH padoTel BOA03a0OPHBIX COOPY-
KEeHHH: CKBaXXHH, KOJOJIEB, JyueBHX Boxo3abopoB u T. A. Haubouab-
mas 3(pGEeKTHBHOCTh TAKOro BO3AEHCTBHS oOecmedyHBaeTCs MNpH Impa-
BHJIbHOM YCTaHOBJIEHHH NMPHYHH pPa3BeAaHHOH (IPOEKTHOH) M AeHCTBH-
TeJbHOH MPOH3BOAHTEJIBHOCTH BOA03a00POB.

[lepBast rpynna NpHYHH CBsi3aHa C KayeCcTBOM paboT 1o BO3Beje-
HHIO BOAO3a6OPHBIX CoOpYyXeHHH. Tak, npu GYpeHHH CKBaXKHH POTOp-
HLIM CHOCOO0OM ¢ TIJIHHHCTHIM PacTBOPOM, POTOPHHIM crocobom ¢ mps-
MOH HJH OOpaTHOH NPOMBLIBKOK UHCTOH BOAOH 6€3 MpeaoTBpallEHHS
pasMbiBa 3aJieralolHX B BEPXHHX YacTHAX pas3pe3a IVIHHHCTHIX [POCO-
eB, [IPDH YCTaHOBKe (PHJbTPOB CO 3HAYHUTEJbHBIM TIHAPAaBJIHYECKHM CO-
MPOTHBJEHHEM HJH HCNOJb30BAHHH HEKAYeCTBEHHOH IpaBHAHOA 00-
CHIMKH BeJHKAa BEepPOSITHOCTb IVIHHH3ALHH CTEHOK CKBaX*KHHbI H MEXaHH-
YeCKHH KOJIbMaTax (DHJIbTPOB, YTO MOXKET MPHBECTH K CHHIXEHHIO
MPOU3BOUTEJBHOCTH CKBAXKHH.

[TpH coopys:KeHHH BOJONPHEMHOH YaCTH CKBaxKHHB HJH J000Oro
APYroro BoA03a00pPHOr0 COOPYIKEHHS, a TaK¥kKe B XOAe SKCIIYaTalUHH
B MOPHCTOH cpelie NOPOA BOJOHOCHOIO MJjacTa HJIH TPaBHHHOH o6CHI-
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KH B OTBepPCTHAX (PUAbTPAa HaKalN/JHBaeTcsi ocafok. B pesyabTare
H3MEHSIOTCA CTPYKTYpHBIE MOKa3aTeJH NOPHCTOH CpeAbl H yMeHbIia-
erTcsi ee BOJONPOHHI@eMOCTh., I[Ipu 3TOM cTeneHb H3MEHEeHHs IPOH3BO-
AUTEAbHOCTH CKBaXXHHBI 3aBHCHT OT HacChLIUeHHS MOPOBOro NMpPOCTPaH-
CTBa KOJbMAaTaxkeM.

COOTHOWIEHHe TeKYILIeH X M HayaJbHOH Ky MPOHHUILAEMOCTEH IIpH
KolbMaTaxe NpH3ab0AHOM 30HBI CKBAa*KHWHH MOXKeT ObIThb OIIHCaHO
3aBHCHMOCTBIO

K[Ko = (wo/w)? (n]n,)3,

TAe 7 H W — COOTBETCTBEHHO TEKYIHe SHAYEHHS NOPHCTOCTH H YAEJbHOH NOBEPXHO-
CTH IOPHCTOH Cpejn, a My H Wo— HauaJpHBE 3HAUEHHS ITHX NapaMeTpoB.

[lpu npakTHueckKuX pacyeTax H3MEHeHHeM YAeJbHOH INOBEPXHOCTH
MOPUCTOH cpeAbl MOXKHO IpeHeOpeYb H OTHOINEHHe TEKYyUIeH IPOHH-
1laeMOCTH K NepPBOHAYAJbHOH MOKHO ONpPEeAe/NHTh KaK

klko=(n/n,)?
HH Klk,==(1—a)?,

31echp @ — HACHINEHHOCTh MOPOBOr0 HPOCTPAHCTBA OCafKoM A=b/n, Npa bw=pny—n
(b — yaenbHBit 06B€M OTJIOXKEHHH KOJbBMAaTaxa).

KonbMaTax CKBaXKHH NMPOCJEKHBACTCS B OTHOCHTENbHO HEGOBIIOH
M0 pa3MepaM 30He, NpHJeramulesl K CKBaXKHHE. 3aMeTHOE H3MEHEeHHe
MPOHHLAEMOCTH OTMEUaeTCsi Ha PacCTOsIHHU He Oosee 1 M OT CTeHKH
¢burbTpa M OOBLIYHO BJIMSIHHE 30HBI ¢ U3MEHEHHOH (YMeHbLIEHHO¥)
NPOHHIAEeMOCTbIO YYHTBHIBAeTCS IIPH pacuyere CKBaXHH IOKasarejeMm
ee 00001IEHHOTO CONPOTHBJEHHS (MokasateseM cKHH-3d(eKTa), CyM-
MHUPYEeMBIM C I'HApPaBJHYECKHM CONPOTHBJACHHEM IJacTa M C IOKa3are-
JSIMH, XapaKTePHU3YIOUIHMH THAPOAHHAM HUECKOe HEeCOBEPLIEHCTBO CKBa-
KUH. BesHuHHY nokasaTtesi, o0OyCNOBJAEHHOTO KoJbMaTaXeM Ex B 30He
PanHyCOM ry, ONpPEeAEensoT 1no ¢popmyae

K r
g -—( 1) In-Tx,
Ky o
rie re— paauyc GHIbTpa. 3HayeHHe K B OepHOA onpeaeteHus Ex OUEHHBAIOT MO

ZaHHHIM 0 pacxofe, OoTO6HpaeMOM H3 CKBaXXHHBI, M PasHOCTH NOHHXXEHHH ypOBHeH
B LEHTPAJIbHOH CKBaXHHE U NPHPHILTPOBOM MLE3OMETPE.

Ananus BAHAHHS CTYNEUYATOrO0 HU3MEHEHH IPOHHIAEMOCTH B NpPHU-
3a00#HOH 30HE€ CKBaXHH HAa IPHUTOK K HEH HA OCHOBe pelleHHS
B. H. IlleakaueBa noxkasbiBaeT, YTO NMPH H3MEHEHHOH NMPOHHILAEMOCTH
npu3abofiHoil 30HEI CKBAaXKHHBl 3a CUET CO3LAAaHHS IpaBHHHON OOCLINKH
Hanbonee HUHTEHCHBHOe INpPHpalleHHe MPHTOKAa MNPH MPOYHX PaBHHX
YCJIOBUSIX HAOGJIOfaeTcs NpH ry/rg=3, nKajee XKe TEeMI H3IMEHEHHA
COTIPOTHBJIEHUS] U PacX0ja CKBaXKHHbl CTAHOBHTCSI MeHblle, T. €. 3Ha-
YHTEJbHOE YBEJHYEHHE OTHOLIEHHS 7y/ry He NPHBOAHT K CYyLIECTBeH-
HOMY YJYYIIEHHIO THAPAaBIHYECKHX XapaKTePHCTHK CKBaXXHHH. Ilpu
r/r>10 BenHUMHA CONPOTHBJEHHS MNPH3AOOHHOH 30HH OCTaeTCs
NPaKTHUYECKH NMOCTOAHHOM M paBHOH 4,5 Npu NpoHHIaeMOCTAX rPaBHH-
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HOH OOCHINKH H ¢HaAbTpa, oraHyalomuxcsa B 20 pa3s. OnpHako TakoH
aHAJH3 MOXET PacCMaTPHUBAThCH JHIIL KaK NpHOJHKeHHBIH. B gmei-
CTBHUTEJBHOCTH e chnenudHra paboTsl rpaBHAHBIX (DHABTPOB CKBAaXKHH
3aKJI0OYaeTCs B TOM, YTO B KOHTAKTHOH 30He BOJNOHOCHBIX MOPOJ H rpa-
BHSI BO3HHMKAlOT MECTHbie TIHApAaBJHYECKHE NOTEepH, OO0yCJOBJIEHHbIE
HaJIOJKeHHeM MOpPOJ pa3JIHYHOH NPOHHIAEMOCTH H NPOIEeCCaMH KOJib-
Maraxa obcoinkH. Kak npaBunao, NPOHHIIAeMOCTb OOCHINKH B Haya/lb-
HbIH MepHoJ paboThl CKBAMXKHHBI YBEJHUHBAETCS OT KOHTAKTa IpaBHs
C NeCKOM K CTeHKe (puabTpa. B nanpHedlleM IPH XHUMHYECKOM KOJIb-
MaTaxe pacnpejesleHde NPOHHIAEMOCTH B Ipenenax OOCHINKH H3Me-
HEeTCS W HAUMEHbIIYIO MPOHHIAEMOCTb NpHoOpeTaer CAOH I'PpaBHs HJH
MOPOJAB, HENOCPEACTBEHHO KOHTAKTHPYIOLIHH ¢ KapkacoM GHIAbTpA.
M3MeHeHHe NPOHHIIAEMOCTH TPaBHs, HAXOJHMBIIEroCss B KOHTAKTe C
MeCKaMH, MOJUHHSETCS SKCIOHEHIUaJbHO#H 3aBHCHMOCTH. IlapaMerphl
3TOH (PYHKIHH 3aBHCAT B CBOIO ouepeAb OoT KOI(p(PHIIHEHTa MeXKCJI0H-
HOCTH I'paBHsl M MeCKa, onpeneasiollero MeXaHHYeCKHH KOJabMarax.

PaccMOTpUM BJIHSIHHE 30HBI OTpaHHUYEHHOI'o pasMepa BOIM3H CKBa-
JKHHBl Ha TPHTOK K HEH W BeJIHUHHY CONPOTHBJIEHHS, NMPOHHIIAEMOCTh
BHYTPH KOTOPOH H3MEHSETCS MO 3aKOHY

K (r) = o+ (16 — z) exp{ e ~], (17.1)
T
rie Rnp — Ko3dpouuuent UIbTPAUMU NMIACTA;, Ko — HadajbHas MNPOHUIA€MOCTh Tpa-
BUHHOrO $HIBTPA; a — napameTrp (QpyHKIHH.

OO6blYHO B MOJEBBIX YCJOBHSIX JIETKO peaJjH3yeTcs OlnpeneneHHe
HEKOTOPOro CpelHero 3HayeHHs KOI(p@PHuUeHTa (PUABTPAIHH, KOTOpPOE
VYHUTBIBAET BCe CTPYKTYpHLIE H3MeHeHHsl, IpOHClIejlliHe B Mpolecce
MeXaHHYECKOro KOoJbMaraxa. TakHM oOpa3oM, MPOHHIIAEMOCTb MpH-
3a60MHOM 30HBLI MOXKHO MPEACTABHTL CaeAyloilllel BeJHUHHOH:

| T \
Kep “}H_rq} Srqlk {rJ dar. (17,2)

B coorBercrBuH ¢ (17.1) cpenHee 3HaueHHe NPOHHIIAEMOCTH IS
saBucuMocrei (17.2) cocraBrr

— : ry —
,l{,‘cp=:: kn_}_ FCU kﬂ ___!._ . [I W e){p (“ a.___}.'_(br_‘?_.)]' [17.,3}

— 7T

Ilpu uf—K-r--ﬁq-)#s:q_l MOXKHO OTPAHHYHTLCA NBYMS YJE€HAMH pasJoxe-
HHS aﬁcnoHeH[Prbi B psin ¥ npu 3atoMm u3 (17.3) nmonyumMm, uT0 Rp=«K,.
Ilpu MaJbiX 3HAUEHHSX @ MPOHHIAEMOCTh NPUPHIBTPOBOH 30HH OJH3-
Ka K HayaJbHOH NMPOHUIIAEMOCTH HE33aKOJbMAaTHPOBAHHOIO I'PaBHHHOTO
buapTpa (pue. 17.1). Ilo Mepe yBenudeHus xkoaddpuilHeHTa o HabaMO-
JlaeTCs 3aMeTHOe yMEHbIIeHHe cpeaHell MpoHHLaeMoCTH oOChINKH. [1a-
pPaMeTp o XapakTepH3yeT CTeleHb MeXaHHUYEeCKOH KOJbMaTaluHuHu oOChin-
KH YaCTHUAMH BOAOHOCHOH MOPOAHI.
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Puc. 17.1. HW3meHeHHe CpeaHero
3HayeHua KoadouuueHta oduabTpa-
IHH B 3aBUCHMOCTH OT O

3 4 1-rp/re

Ilorepn Hanopa B npu3abOHHOH 30HEe CKBaXKHHbI OIHCbIBAET YpaB-
HEHHe

As = — (' idr. (17.4)
"

Y4HTHIBas, YTO NPOHHIAEMOCTb B Npeaeax NPHPHABTPOBOH 30HHI
npereprneBaeT H3MEHEHHUS B Pe3yJbTare MEXaHHYECKOro KoJbMaTazxka,
NOJYYHM CJaeAyolliee BHpaXKeHue AJs NOTepb Hamnopa:

As—-9_(0_dr_ - (17.5)
2nm r¢rx(r)

HurerpupoBanue ypasHenus (17.5) c¢ ygerom (17.3), T. e. 6e3
OCpeJHEHHs] NMPOHHIIaeMOCTH corjacHo (17.2), BBINOJHEHO YHCJEHHBIM
MeTOA0M ¢ nmpuMeHeHHeM DBM M-22. MuterpupoBaHue NpOH3BOLHIOCH
npu rx==0,4 AN pasIHYHHIX 3HAYEeHHH ry M C H3MEHEHHeM Iapa-
MeTpa KOJbMaTalluH o B KaxXKJOM HHTEpPBaJie HHTErPHPOBaHHSI.

PesyabTarsel pacyeToB NMOKa3blBAIOT, UTO C THAPABAUYECKOH TOUKH
3peHHsi NPH 3alaHHOM AHaMeTpe GYPeHHsl YBEJHUEHHE pajHuyca (H/b-
Tpa BO BCeX CJy4YasiX MNpPH MPOYHX PaBHbIX YCJIOBUSAX OO0YyCJOBJHBAET
yMEHblIIeHHe IIOTepb Hamopa H yBeJHUeHHe [IPHTOKA K CKBaXXHHe.
YYHUTBIBasi OTMEYEHHOe SIBJEHHE YMeHbIIeHHs THAPaBJIUYECKHUX MOTephb
C YMEHbIIEHHEM BEJHUMHBI ry/rg, NPH NMPOEKTHPOBAHHH CKBAXKHH He-
O0XOJAMMO HCXOAHTb M3 YCJOBHS MAKCHMAJbHOTO yBeJHUYEHHUS AHAMeET-
pa Kapkaca ¢HuabTpa. C Apyroét CTOPOHbI, NPH rk/ry>>D HHTEHCHBHOCTD
BO3paCcTaHHUs CONPOTHBJICHHH CKBAaXKHHbI CYIIeCTBEHHO YBEJHUHBAETCH
H MaKCHMaJ/JIbHOe 3HAYCHHE CONPOTHBJEHHS MOXKeT ObITb MPUOJHKEHHO
ONpENeJICHO C HCIIONb30BAHHEM 3TOro Kpurepus. CrnegoBarenbHO, NMpH
BCEMEPHOM yBeqHUeHHH AHaMeTpa (PHIbTpa-KapkKaca olpeaesiolNiuMHU

AOJIKHBL SABJAATbCS CYyPPO3HOHHBIE KPHUTEPHH IIPH NPOEKTHPOBAHHHU
CKBaJKHH.
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CyulecTBeHHBIM NMPH NMPOEKTHPOBAHHH H CTPOHTE/ILCTBe BOLO3a6OD-
HbIX CKBaXHH W APYrHX BOA03a0OpOB fABJAAETCS H CTelleHb HepaBHO-
MEPHOCTH MEXaHHYeCKOH KOJIbMAaTallHH TIPaBHHHBIX HJAH OJOYHBIX
buapTpoB. OnbiT NMOKa3LBaeT, YTO BEJHYHHA o AJA Pa3/IMYHBIX KOH-
CTPYKUHA (HIBTPOB H3MEHSIOTCS B 3HAaYUTEJbHHX npeaenax: or 0,5 —
piasi GUABLTPOB C PbIXNOH O0O6CHINKOA po 5—10 —npH NpHMeHEeHHH
6/0YHBIX KOHCTPYKUHH HJIH C BOAONPHEMHOH IMOBEPXHOCTBIO H3 He-
TKaHbIX MaTepHaJioB. Pusuuecku 370 0O0BsCHSAETCA HAKOIJICHHeM B
30He, KOHTAKTHpPYIOWEelH ¢ BOAONPHEMHO” OBE€PXHOCTBIO, TOHKO3epHH-
CTHIX MJIH TJIHHHCTHIX YaCTHIl NPH NpPOKauKe CKBaXKHHH. [Ipu prixJof
rpaBufiHON OGCHITIKE STO SIBJIEHHE NpHCYylle QHALTpPaM C MaJhIM K03p-
GUIHEHTOM MeXXCJOHHOCTH (MeHee 5).

IIpocnexkHBaolHecss B XOAe 3KCIyaTanHH NMPOLECCH XHMHYECKO-
ro u OMOJIOrHYecKOro KOJbMaTaxkKa MHTEHCHBHee NPOUCXOAAT NpH yBe-
JHYeHHH TNapaMeTpa @ MJH BO3DaCTaHHH HAYaJbHOH HepaBHOMEPHO-
CTH H3MeHeHHS BOAONPOHHIAeMOCTH NpudHAbLTpOBOH 30HH. Ilpu 3Kc-
NAYaTallHOHHOM KOJbMaTaxe BCJAEeACTBHe HApYIIeHHS THAPOTeOXHMH-
YeCKHX YCJIOBHI B BOLOHOCHOM IJjlacTe, CMellleHHA L{eJJOYHO-KHCJAOTHOTO
PaBHOBECHS H3MeHSIeTCH OKHCIHTEe/]bHO-BOCCTAHOBHTE/bLHOE COCTOSIHHE
MOA3EMHBIX BOJ, B 30He MAaKCHMMaJbHBIX CKOpOocTeH BONH3H CKBAXKHHBI
B NpHUIBTPOBOA 30He OTNAraloTCsi HepacTBOPHMBIE B BOLEe COGNHHe-
Husa. Haubonee HeyCTOHYHBBIM OKa3bIBAeTCS PaBHOBeCHe KeJe30COo-
AepiKalux, KapOOHATHBHIX W CepoCOAepIKalluX coeAnHeHUH. TIpolieccH
XHMHYECKOr0 KoJibMaTaKa HHTEHCHDHUIUPYIOTCS B 30HE KOHTAKTa Me-
TaNJIHYeCcKoro ¢GpHuIbTpa.

B npuduabTpOBOil 30He B VCJOBHUSIX KOHTAKTa NOA3eMHBIX BOx C
aTMOC(epHBIM BO3AYXOM, MapUHa/JbHOE [AaBJeHHe YIJIEKHCJIOro rasa
B KOTOPOM HHYTOXKHO MAaJiO, H NMOHHXKEeHHS HaBJeHHS INMPOHCXOAHT He-
copbuusi cBOOGOAHOM YI/IeKHCJIOTH M3 Moa3eMHBIX BoA. [lapannesnbHo
B MOA3EMHBIX BOAAX, 0ObIYHO OOelHEHHBIX KHCJI0POAOM, HabnopaeTcs
€ro MOrJIOLUEeHHE U3 BO3AyXa, B pe3yabTare uyero Fe®*h oxkuciasiercs HO
Fe3+ ¢ ob6paszoBannem Fe(OH)s— OCHOBHOrO KOJBMATHPYIOIMIEro CO-
eHHEHHUS.

Ananoruyno o06pa3yloTCs OTJOXKeHHS TPYAHOPACTBOPHMOI'O THAPO-
KCHIa MaprasHua B nopax ¥ Ha ¢uabtpe. M36biToOK KapOoHAT-HOHOB
npu aucconHauud HCOj;~ cBsiI3niBaeTCsi KaTHOHAMH KaJblUHs, BCerja
NPHCYTCTBYIOLUMMH B BOJOHOCHBIX NJacTax, KanTHPYeMHX NPH BOJO-
cHabXeHuHu.

CnepoBaTenbHO, mMpoLECcC XHMHUECKOrO0 KOJbMaTa)Xa Ipu3aboi-
HBIX 30H CKBaXXKHH Ipu 3a0ope ruiapokap6OHATHO-KaJbIHeBHIX BOJ
KOHTPOJHPYETCA COAepXKaHHeM COeJHHeHHH Xeje3a, Maprasiia, IBY-
OKHCH KPEeMHHS H UX CTaOHJIBHOCTHIO.

Ins omnpeneneHHsi BO3MOXKHOCTH TeYeHHSI PEAKUHH pPa3JOXeHHS
6uKap6oHATOB XKele3a M BBINaJeHHsS KapOoHaTa KajbiHs HeOOXOIHM
pacuer CTaOMJIBLHOCTH MOA3EMHHEIX BOJ B €CTeCTBEHHOM COCTOSIHHH.
HauGosee yno6Ho Ha OCHOBe NAHHBIX XHMHYECKOr0 aHajiH3a BOAHI
paccuuThiBaTh BejiHulHbl pHs, OTBeuaiolllue paBHOBECHOMY COCTOSTHHIO
B pacTBOPE YIVIEKHCABIX coefdHeHHll. Ecnu dakTuyeckas BenuunsHa pH
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AanHo# Bojwl HHMKe pHs, 3TO aBasiercst pesyabrarom u36HTKA B pac-
TBope CO, Hajx paBHOBeCcHOH KoHUeHTpauue#. Takue BoAbl CHOCOOHH
pacTBOpATh KapOGonaTHhe oOpasoBaHHsA. [lpu 3uavenusix pH nauuo#
BoAbl Belllle pH; comepxanne CO, B Helt MeHbllle PABHOBECHOH KOH-
LleHTpauHu U OHAa cnocoOHa BHIAENSITL U3 pacTBOpa 0CajoK KapboHaTta
Kaabuusa. Bernunna pH; onpenensiercs no CHull 2.04.02—84.

[TokazaresemM CcTaOUNBHOCTH BOABI M CINOCOGHOCTH K BBIAEJEHHI
OCaZIKOB AIBJSIETCA HHJCKC HACBHIUICHHS, PABRHBIH Pa3sHOCTH MeXAY Qax-
THUECKH u3MepeHHO#H BeauunHod pH u pHs:

I —pH — pH.. (17.6)

boabmoit 00beM HCCIeNOBAHHH MO H3YUEHHIO YCTOHYHBOCTH Kap-
foHaTHBIX CHCTeM ORli npoBeneH Pu3HepoM, KOTOPHIH onpenenasy BO3-
MOXKHOCTb BbIieJIeHHSI KapOoHara Kajbluusfg B cHcTeMax 00OpPOTHOrO
BOAOCHAOGXKEHUS TIpH pas3JHYHbIX COOTHOUeHUsiX pH paBHOBeCHOTO Ha-
CHIIIleHHUsT U AEHCTBHTeJbHOH BeJHYHHOX PH mnoaseMHBIX BOA:

Ri — 2pH, — pH. (17.7)

DKCNepHMEHTaMH YCTaHOBJEHO, 4To NPpH Ri<7 BoAH Bcerna CKJIOH-
Hbl K BBIACJEHHIO KoJbMatTupyoiiux ob6pasopanuil. Boiaenernune COg
B NpudHUIbTPOBOH 30He NMPUBOAHMT K MHoBbimleHHo pH, npu 3ToM Had-
GoJlee HHTeHCH(HUHDYeTCS THAPOJH3 GukapboHATa XKejne3a H yBeJH-
YHBAeTCs CKOPOCTb OKMCJEHHS 3akHCHoro xenesa. [lpy pH=7...8
CKOPOCTE OKHCJIeHHS XKeJje3a COU3MepHMa CO CKOPOCTbIO TeUeHHSI BOAB
B NpuGUABTPOBLIX 30HaX CkBaXuH. [Ipu Goaee ray6oKOM yaajeHUH
CBOOOAHON YIJIEKHCJAOTH pa3jomxeHHe OGUKapOOHATOB TNPHBOAHT He
To1bKO K obOpasoBaHHio Fe(OH); HO W K BbimafeHHio U3 pacTBopa
KapOOHATOB KaJblluss B Maruus. Ilpollecc KoJsibMaraxa (GHIALTPOB CO-
eHHEHUAMH XKene3a GYNeT UATH TOJbKO B OKHCJIHTeNbHOH 0OCTaHOBKE
NpH HaJHYHH B BOJAAX KHCJOpPOAA, HeOOXOAHUMOro AJS NepeBOJA HOHA
)Kesle3a B TpexBaJieHTHYIO opMy. Aspanus e M0oJA3eMHBIX BOJ HaH-
60Jiee MHTEHCHBHO NMPOHCXOAHT B HENOCPeACTBEHHOH OJH30CTH OT
CKBaXXHHBl. Kpome TOro, B OTAeJbHHIX CJAyYasiX OKHCJIEHHE 3aKHCHOIO
KeJleza OCYLIECTBASIeTCSI 3a CyeT KHCJOpOma, coAepiKallerocss B He-
3HAUYHTEJNbHbIX KOHIUEHTPAUUSIX B BOJAE, NPH HHTEHCHBHOM MNeEpeMeEllH-
BaHHWH, BHI3BAHHOM TYypOyau3alue#l MOTOKa B TPaBHHHOH OOCHIIKE H
¢uabTpE.

YBenuuyenne pH u aspauuu B NPHUOPHIBTPOBOH 30He INPHBOAHT K
BLIICJICHHIO M3 TOJ3eMHHX BOX CyAbdunaoB MetayoB. OcobeHHO HE-
TEHCHBHO 3TH MNpPOLECCH NPOCJAEeXKHBAIOTCA NPH B3aUMOMAEHCTBHH Cepo-
BOIOPOACONEPKAUUX BON C MeTaJJIHYeCKUMH 3JeMeHTaMH (HUJLTPOB.
XapakTepHble aCCOUHALHH KOJbMATHPYIOLIHX OTJOXKeHUH OOHapyXKeHb!
NpH 3KCHJyaTalnuu BoA03abopHBIX CKBaxKHH B 3anaaHoi Cubupwu, rae
B CcOCTaBe KOJbMAaTaHTa npeodaanaior xeneszodocharabie KOMIIEKCH.

Ilisi KayeCTBeHHOro INPOTHO3a KoJibMaTaXa MNpeacCTaBJisieTcsi pa-
IIHOHAJbHBIM pasAe/IHTh NOJA3eMHBle BOJAbI B COOTBETCTBHH C HX CHO-
COOHOCTBIO K BBIAENEHHI0O 3aKYNOPHBAIOLIHX OTJOXKEeHHH Ha CleAyio-
II[He THIIH.
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. ArpeccuBHbLIe NOA3EMHBIE BOABI, HE COAEpIKAlllHe KeJje3a C 8T-
pHIlaTE}JIbHHM HHAEKCOM HaCHhIIICHHSA KﬂpﬁOHaTOM KaJIbIIusd, B KOFOPbIX
npouecch KOabMaTaXa IPH OTCYTCTBHH a3pallHH HJH Ja)Ke NPH Ha-
JAHYHH HEKOTOPOro Iojacoca BO3AyXa B NPH(DHILTPOBYIO 30HY PasBH-
BalOTCS OYEHb MEAJIEHHO M HX MOXKHO He NPHHHUMATh BO BHHUMaHUe.

2. )KenesocoaepiKaillie BOAH C MONOKHTENbHBIM HHAEKCOM HacChl-
LIeHHs, B KOTOPHIX, KaK [PAaBUJIO, HET PAacTBOPEHHOIO KHCJOPOAA,
¥ crtabOHJbHBIE BOABLI NPH TOJHOH H30JSAUHH BOJHOH NOBEPXHOCTH OT
aTMochepHOro Bo3ayxa (CaMOH3NHBAOUIHECS CKBAXKHHBI), Xxapakxre-
PH3YIOTCH MEAJeHHHM TeueHHeM Mpollecca 3apacTaHus NpPH HHTEHCHB-
HOM BOAoOTOOpE.

3. XKesesocomepxamue BOAB C NOJNOXKHTEAbBHEIM HHJAEKCOM HaCHI-
ulenusi U crabuabHble BOAB, NMpPH Bcex cnocobax Boaoorbopa cnocob-
HBle K HHTCHCHBHOMY BbIJCJIEHHIO KOJbMATHPYIOLUIHX COCAHHEHHH.

4. Boampl, He comepXalllie Xejge3a C BBICOKHM TMOJOXKHTEJIbHBIM
3HaYeHHeM HHJAEKCa HachlleHHs. B 3toMm cayyae B NpHOHUIBTPOBHIX
30HAX CKBaXXHH U NpeHaxkel ornaraercs KapOoHaT KaJbiiHA.

5. Bonawl, comepxkallne KPEMHEKHCAOTY. B mnpuduabTPOBOH 30He
CKBaXXHHB!l CO3JaIOTCA YCNOBHA, OJaronpusiTHble AJs ee KoaryJsiud,
B pe3yJibTaTe 4yero o0pasylTcs KOoarejid B3aHMHOIO OCaXKACHHA KpeM-
HEKHCJOTHI C THIPOOKHCHIO 3KeJsesa.

6. Boxnl, conepxaliHe CepOBOAOPOA, XapakKTEePH3YIOTCH, KaK Mpa-
BH.10, pPa3BHTHEM KOJIbMaTallHOHHBIX MPOIECCOB ¢ OTJOMKEHHeM Ha
¢$HIBTPE H B NPH(HHUALTPOBOH 30HE CYJb(MUAOB METAJJIOB.

7. Bonwl ¢ xene3opochaTHHIMU COeJHHEHHSIMH MPH SKCILTyaTalHl
BOJ03a00PHBIX COOPYXKEHHH XapaKTepH3yloTcs Oo0pa3oBaHHEM B MPH-
¢buIbTPOBOH 30He cnenHpHUeCKHX aMOop(dHBIX XKene30(pochaTHEIX KOM-
TIOHEHTOB.

Ha craguu peranbHBIX THAPOTEOJOrHYECKHX HCC/AEJOBAaHHH C HC-
N0.1b30BAHHEM OXapPaKTePHU30BAHHBIX KPHTEpHEB CJeAyeT HaBaTh
npeABAPHUTEJbHBH KaueCTBEHHBIH NPOTHO3 BO3MOXKHOCTH H NpeanoJa-
raeMoil HHTEHCHBHOCTH KOJbMaTallHOHHBIX NpoueccoB. OueBHAHO, HET
CMBICJIa NPH ITHX HUCCAEAOBAHUSAX IPOBOAHTL AJHTEJBHBIC OTKAUKH
C IeJbI0 OIUEHKH MHTEHCUBHOCTH CHHUXKEHHS IMPOU3BOJHUTENBHOCTH
CKBaXHH B CBSI3H C KoJbMaTaxeM. PelueHHe 3THX BONpocoB OoJce
11e1ec000pa3Ho OCYIIECTBJASATL B HayaJbHBIH NEpHOA 3IKCIJIyaTallHH
BOA03a6OPHBIX CUCTEM HJH METOAOM aHaJOTHH.

[Ipohunakruyeckue MepONPUATHSA, MTO3BOJSIOIIHE HECKOJbKO CHH-
3UTh HHTEHCHBHOCTH IPOILECCOB XHMHUECKOrOo KoJbMaTaxa, Ciaelyer
NpeaycM4TpUBaTh KAaK NPH KOHCTPYHPOBAHHH CKBAXKHH, TaK U B MPo-
mecce ux paborw. Ilpu sKenayaramuu CKBa*XKHH B BOJOHOCHBIX TOPH-
30HTax C MOJA3EMHBIMH BOJAMH, CKIOHHBIMH K BBIAEJEHHIO KOJbMAaTH-
pyowHx obpa3oBaHuH, caeayer H3beraTb HEpaBHOMEPHOrO peXKHMa
SKCIJIYaTallHH, B Pe3yJabTaTe KOTOPOro MPOHCXOAHMT aspallHs MOJL3EM-
HBIX BOJ, HaJexKHO PepMETH3HPOBATb YyCThA CKBAaXHH, HCKIKOYaTh
HCMOAB30BaHHe IPJAUDTHHIX BOAONOABEMHHKOB, NPOBEPAThL paboTy 06-
PATHBHIX KNaMaHOB MOIPYXHBIX HACOCOB ¢ TeM, YTOOH IPEAOTBPATHTH
MOCTYIJIEHHe a3pHUPOBAHHLIX BOJ B HHTepPBaJ YCTAaHOBKH (PHJIBTpA.
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Kapauua/jbHOe pelieHHe BONPOCAa O NPEeNOTBPAaLleHHH XHMHYECKOTro
KO TbMaTama CKBaXKHH MOKeT ObiThb 00OelneyeHO JHIIb NPH CO3AaHHH
CNeUHAIbHOMN 3alIHTH  BOAO32a00OpPHBIX CKBAaXHH —INyTeM IPOXOAKH
BOKPYI HHX BCIIOMOTATEJNbHHIX CKBAXHWH, B KOTOpble MOAAETCHd a3pH-
poBanHas Boxa. IIpM 3TOM KOJBbMATAHT OTJiaraeTrcs B YJAAJEeHHBIX OT
CKBaXHHbLI 30HAX H HHTEHCHBHOE€ CHHXeHHe €€ INPOH3BOAHTEJbHOCTH
TakiiM odpa3om MoXKeT ObiThb NMpeaoTBpauieHo. B obuiem cayyae cae-
AyeT OTMCTHUTh, YTO NMPOPHIAKTHYECKHE MEpONMPHUATHS He HCKAIYAIoT
XHMHIYECKOro KoJbMaTaxka (pUAbTPOB H NPHPHUIBTPOBBIX 30H CKBAXKHH
H NpU HAJIMYHU 3THX MPoOIECcCOB HEOOXOAHMO MpeAyCMAaTpHBATh pery-
JSIPHYIO pereHepainuio CKBaXHH HAa OCHOBe NpPOrHO3a CHHMKEHHS HX
OL3BOAUTENBHOCTH.

[Ipomecck XUMHYECKOI'0 KOJbMaTaXXa, NPOUCXOAsiiHe B NPHPHUIbT-
pPUBBIX 30HaX CKBAaXKWH, HHTEHCHQUUUPYIOTCH MHKPOOHOJNOTHYSCKHMH
npoueccaMu. OCHOBHOH NMPHYHHOI 3TOro ABJASAIOTCH ¥XKeJj1e30- H Mapras-
1eBble OAKTEPHH, KOTOPbIE B HECKOJBKHX BHAAX NMPHUCYTCTBYIOT BO BCeX
BOLOHOCHBIX MOPOZAX I MOA3ECMHBIX BONAX H B pe3ysbTaTe XKH3HEAes-
TeJbHOCTH OCaXKaM0T 3Keae30 W MapraHel H3 MOA3EeMHBIX BOJ.

Ans NpakTHYeCKHX ileqeldl BajKHO 3HaThb HeoOXOAUMbIe YCJOBHS
pa3BUTHA Keae3o0akTepuit ¢ TeM, 4TOOB HMETh BO3MOMKHOCTbL IMpPO-
rH031poBaTh OHOJOTHYECKHI KOJMbMATa) CKBaXKHH W Ha3HayaTh cle-
niipnyeckue cnocobGbl WX pereHepallud. s pasBHTHA XKejle30- H
mapranueBsix 6axkrepuii BenvupHa pH noakHa HaXOaHUThCS B npene-
nax 5,4—7,2. Conepxane Fe?t B BOme He HOJKHO OBITH MeHbIIe
1.6 Mr/a u "e npesniaTe 10—12 Mr/a, Tak Kak NpH KOHIEHTPAIHH
3akucHOro xKenesa Gojee 14 mr/a pocr Gakrepuii HeBo3MoxKeH. Ilox-
3eMHasi BOAa JAOJMXKHA COAEepKaTh YIJCKHUCIOTY.

B noa3emMHbiX Bojax OGakTepdu OOBIUHO MOSABJAAIOTCS! NPH KOHIIEH-
Tpanuu Kacaopompa 6oaee 5 mr/a. Takoe copep:kaHHe He SBJSETCSH
NIINHMaJdbHBIM, TAK KAaK B TOA3E€MHBIX BOAAX BCEraa IPHCYTCTBYIOT
cvab(aThl [ HATPATHl, KOTOPbie NMPH Pa3/OXEHHH HX CyJb{aTpenyi-
PVIONIHMY H AeHUTPUPHUHUPYIOIMHUMH OaKTepHSIMH OCBOOOKAAIOT KHC-
nopoa. KpurepueM, onpenensiomiuM 0oJiee TOYHO BO3MOXKHOCTh Da3BH-
THe JKeJe30- H MapraHiueBslx OakTepHi, sBAseTCs MOKas3aTesab JaBlie-
HIIA HEAHCCOIMUPOBAHHBIX BOXOPOAHBIX HMOHOB B BOJAE, CBA3LIBAIOIIHI
Eh u pH:

fH=--—E" . 4 9pH. (17.8)

0,029

3To0 cooTHOIleHHe cnpaBennuso npu rH=5...25. B o6uieM cayyae
11 MAacCOBOTO Pa3BHTHs XKeJje30- H MapraHileBbix GakTepud u, ciae-
AOBaTeNbHO, OHOJOrHYECKOTo KoJbMaTaxKa HeO0OXOAMMO BBINOJHEHHC
CJIeAYIONMX YCJIOBUU.

|. Hanunuue Xene3o- u MapraHueBblX OaKTepHH.

2. Hanuuue Fe?t uau Mn2+ B mox3eMHbIX Boaax. MuHuMaJbHas
KOHLeHTpauusl, pasHas 1,6 mr/n, Moxer ObTb NMPHHATA B pacyeT TOJb-
KO AJaS YCJIOBHUH 3acTO#HOI Boabl. B mpoTOYHOH Boae xene306aKTepHH
Pa3BUBAIOTCS M NPU MEHbIIeH KOHIEHTPALlHU XKese3a.
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3. OKHCIUTENbHO-BOCCTAHOBHTENbHbIE YCJAOBHS MAOJXKHBI XapakTe-
pu3oBathCca BeauunHamu Eh>—104-20 mB, a rH=14,53-1. Ilpouecc
pa3BuTHa 6akTepuft uHTEeHCHUUHPYETCST C yBeaWyeHHeM CKOPOCTH
¢unbTpaLHH, TaK KaK B 3TOM CJaydae YBeJHUYHBAETCS HHTEHCHBHOCTH
nocrynaenus; nuranus Fe*r, Mn®>+ Kk 6akTepusM.

TenaeHn s nMoA3eMHBIX BOA K OHOJIOrHYECKOMY KOJibMaTaXy CKBa-
XXHH MOXer ObITh OlpefeneHa Ha OCHOBe KOMIIIEKCHBIX OHOJIOrHYe-
CKHX H XHMHUYECKHX HccaenoBaHuil, [Ing GHOJOTHYECKHUX HeCJenoBaHuH
B CKBaXXHHAaX IpPH ONbITHO-QHUABTPAUHOHHBIX paboTax Heo6GXOAUMO
YCTAHABJAUBATL NpeJMeTHLIe CTeKJa U BhIIePIKHBATh HX TaM B TEUeHHE
yeThIpex Henesab. [locje 3TOro cTekna H3BJAeKalOT H aHAJH3HPYIOT NMOA
MHKpockonoM. [lapannenbHo NPoBOASAAT XHMHUECKHe aHAJH3bl MOA3eM-
Heix BoA. Ha ocHoBe 0606uieHHs pe3ynbTaToB 6aKTEepHOJOTHUECKHX H
XUMHUECKHX AaHaJH30B NOA3EMHBIX BOJ MOXKeT OBITb CHejaH BHIBOA
O BO3MOXKHOCTH OHOJOTHUECKOT0o KOJbMaTaxKa QHIBTPOB H NPHOHALT-
POBBIX 30H CKBAXKHH.

[Ipu mosydedHu CBelleHHII O BO3MOXKHOCTH pa3BHTHA Kele300ak-
Tepuil B QHUAbTpEe M NPH(MHUIBTPOBOI 30HE CKBAXKHH CJaedyeT Ipedy-
CMaTPUBaTh NPOPHIAKTHUECKHE MEpPONPHUATHS TI0 NMOALEPIKAHHIO HX
crabuabpHoii padotrhl. HamubGosee mocTynHbiil cnocob — nepHOJHUYECKOE
XJIOpHPOBAHHEe CKBAXHH C OCTATOUHON KOHIEHTpallHel Xjaopa 5—7 Mr/a
[4]. ITpu 3TOM BO3MOXHO XJOPHPOBAHHEe CKBAXKHH IyTEM NMOJAYH BOAH
C XJOpOM H3 HamopHOro BOoJoBoAa (NpH CHATOM OOparHOM KJanaHe
norpyxHoro nacoca). Ilocjie BBeaenuss pacTBopa XJIODHOH H3BECTH
B CKBaXHHY llesiecoo6pa3Ho BKAIOYHTh Hacoc Ha 30—50 MuH u 3arem
OTKJIIOUMTh ero ¢ TeM, uroOu Oblnm 06paboTan He TONLKO (PHALTP, HO
H NpHPHILTPOBas 30Ha ckBaxHHH. OJHAKO NEPHOAHYHOCThL XJOpPHPO-
BAHMSA (HIBTPOB CKBAXHH JJIsl MOJAaBJIeHHs] NesiTeJbHOCTH XKejle30- H
Maprauuessx OakrTepuii HeoOXOAHMO yCTAHABIHBATh KOHKPETHO /S
Kaxjaoro obbexkra pabor. ITo uMeroniumMcs faHHBIM, XJIOpHPOBaHHUE 1€~
JecoobpasHo ocymecTsadarh 1 pas B 3—4 Mec.

Bonee ycrofiumBbiii 3¢(QeKT Ha AJHTEJbHblE TEepPHOAH BpEMEHH
obecrneuuBaeT ycTaHOBKa B GHUAbTpe ClelHa]bHOrO HCTOUHHKA raMma-
ayuedi [4]. B kauecrBe TaKOro HCTOYHHKA Onpo6OBaHO NpUMEHeHHE
PaiHOAKTHBHOrO Ko6asbTa M Ue3ds, NMOMeIIeHHBIX B IepPMETHYHO 3a-
KPHTOM H3ayuyaTtese. 3alllHTHOe AEHCTBHe ramMma-oOsayueHHs: NPOTHB
GHOJIOTHUECKOTO KOJAbMAaTaxa CKBaXHH obecneuHBaeTcsl INPH HHTEH-
cuBHocTH usaydennsa 100 pana/u.

BHe 3aBHCHMOCTH OT NMPHPOAL KOJbMaTa)a CKBaXHH 3aKOHOMeEp-
HOCTH HM3MEHEHHH HX NPOH3BOAUTENBHOCTH ONPeNessioTcss HHTEHCHB-
HOCTbIO HAKOIJIEHHs KOJbMAaTaHTa B NMOPHUCTOH cpejie H pa3MepoB 30HH
KoabMaTaxa. MsMeneHne BO BpeMeHH KO3 @QHUHEHTA (QMAbTpaUHH B
30He KOoJbMaTaxa k() MoxeT ObITh 3aAaHO (POPMYJIOH

k() =kt (17.9)

rae T— Bpems pejakcauuH, pasHoe l/coy (Co — HavaibHasa KOHCTPYKUHA KOJIbMaTH-
PYIOBIHX cOEAHHEHHH B BOZe, y — KO3(Q@HUHEHT KOJAbMaTauKH).
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[Tpu Benuunne rpsizeeMkocTH N, paBHOH NMOPHCTOCTH
k (t) = kge—3¢t, (17.10)

CoOTBeTCTBeHHO MOHHXeHHe YPOBHS B CKBaXXHHe OMNpeRessercs
COOTHOILIEHHEM

3c,1t
Qe nRa, (17.11)

2rkm I,

N ===

ric Q — pacxol OTKaiKH; m — MOIIHOCTp MJjacTa; Rp-— pPafgHyC BAHAHHA, ro-— pa-
JHYC CKBAXKHHBL

CnenoBaTesibHO, YAeNbHBIH AeOUT onpefesisieTcsi BhpaxKeHueM
g = g,e—3a, (17.12)

OHo chpaBefuBO TMPH MPEeANOJNOXKeHHH, UTO KO3(QQHIHEHT (PHIb-
TpaUMK H3MeHseTcsl B mpefenax Bceil o0nacTH mjacta, I'Ae pacnpo-
CTpaHsieTcd BO3MYIUEHHE OT ASHCTBHS CKBAXHHBHL.

MoXHO npeAcTaBUTh, YTO KOJAbMaTaX HauOoJiee MHTEHCHBHO MPOsB-
JsieTcsl B HemoCPeACTBeHHOH GJH30CTH OT CKBaXKHHB B obJjacrtd
ro—re (ro— panuyc ¢uabTpa U ro-—— panuyc OypeHHA CKBaXHHHI), a
3a nmpefenaMu 3TOH obaactu NPU r>re, K03Q(uuueHT PUABTPAIUH
NOpOA He H3MeHserTcsl. DTO NPeANoJoXeHHe ONpaBjAbBaerTcs TeM 00-
CTOSITEbCTBOM, YTO 30HAa KoOJbMaraxa, KakK NpaBujo, HeBeJHKa H He
npesbimaer 0,5—0,7 M [4]. Pemenne 3agauu 0 NPUTOKE BOJAHL K CKBa-
}HHE NPH HaJHUHH BONU3H Hee 30HH C KOJbLEBOH HEOLHOPOAHOCTDHIO,
rae k(f) ecTb GYyHKLHSI BpeMeHH, HMeeT BH]

i 17.1
pat = [ln ; +EH]. (17.13)
rae
Eu::( :“ 1)1!‘1-—?3-. k{b:’—’——- kﬂcb[l___%r_ (1 .—-g“"3ﬂﬂf)]m (17-14)
D 0

H, cJef0BaTeNbHO, YAeJbHBIA JeOUT CKBAXHHB paBeH:

q(t) = —p—. (17.15)
In—= 4 &
e
ITpu N/ny=1

— [ 2 gt — ] n-< 17.16
. ["%es ! ro ( )

IIas oleHKu MapaMeTpoB Ko/JbMaTaXa ypaBHEHHe IPHBOAUTCA
K BHAY

Igy_lgk':¢+ﬁf. (17.17)
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rae

y: EKr + 1, 3: 1,30500T.
In—=
Fo

BennunHa P onpepensinachk B pas3iH4HBIX T'HJPOreOJOrHYECKHX YC-
JIOBHSIX HA OCHOBe JJHTeNbHBIX HabI0AeHHH 32 H3MEeHeHHeM YJeJbHbiX
1e0uToB BOA03a0OPHBIX CKBAXKHH M NOKa3aTelell HX 'HAPaBJIHUECKOro
conpotusnenud. [1o 35 ckBaxxunam B Geperosoii 30He KpacHozapckoro
BOJOXPAHHJHUILA 3HAaueHHdA f H3MeHAJHch B npeneaax 1,1-10-2—
8-10—2 npu cpenHem 3Hauenun 4,5-1072, OueHKH 3TOr0 HepaBeHCTBA
B IleJioM 1o Bogo3abopy no 208 ckBaxkuHaMm ngaqu 3Hauenue f=2-10-2,
YTO XapakTepHu3yeT aHAJOTHYHYI0 MO TeMIaMm TeHACHIHI0O CHUXKEeHHS
MPOU3BOAHUTEBHOCTH B CBS3H C KOJbMaTaxXeM.

AHanoruuyHble pacueTsl, NpoBeJeHHble M5 CKBa)HH B0A03abopa
«banTtasepc» r. Puru, kantupylownx oraoxeHus Baatufickoro mops,
N03BOJNUIH onpenenutt BeanuuHy B=2,0-10-2. OcpenHeHHnle 3Haue-
HHSL B B pas3sau4HbIX FHAporeoJorunueckux ycaosuax B ITosoaxksne, Ipu-
AHeNnpoBbe, HA ropoAcKux Bojaoszabopax Kypcka, Bopouexa, Ileuopsr,
00beKTax ceabX03BOJOCHAOKeHus o HaHHbIM 188 skcnayaralHOHHBIX
CkBaXuH usMmensworcsd or 1,4-10-2 no 4,5-10—=

Hcxons w3 "HopmaTtuBHOro 3HavyeHus B==2,0-10-2 npu npoekTHpo-
BAHUH CKBAXHH MOMeT ObIThb NPHUHSTA BeaHUYHHA MeXPEMOHTHOro me-
pHoJla CKBaXXHH B mpejenax 2—-3 jeT. MakcuMalbHble 3HAaUYCHUSA MeX-
PEMOHTHOrO IHepuojna INPHHUMAIOTCA AJS CKBaxKHH, 00OPYAOBaHHBIX
BLICOKONPOHULaeMbIMHE (QUALTPAMHE C PHIXJIOH rpaBHHHOA OOGCHINKOIL.

FJ1ABA 18. PEMOHT BOJ1O3ABOPOB
NOA3SEMHBIX BOJ

18.1. MeToAbl BOCCTAHOBJEHUS NMPOU3IBOAHTEIHLHOCTH
CKBAXHH

O dekTnBHas pabora Bon03abOPOB MOA3EMHBLIX BOJA NPH HaJIHUHK
NpoLeCcCOB KOJbMaTax»<a BO3MOXHa TOJbLKO NPH ycJoBHH obs3areib-
HOTrO NMpPOBeJeHHsT BOCCTAHOBHTEJIbHBIX Meponpustuii. OCHOBHOe Ha3Ha-
yeHHe PEeMOHTHO-BOCCTAHOBHTEJbHBIX PaboT — noAnep:kanue cTabuIb-
HOW BKCIJIyaTauu#d BOJO3a0OPHBIX COOpPYXKeHHH. Ycmex 3Tux pabor
obecneunBaeTcss OOOCHOBAHHBIM BbLIOOPOM MEXKPEMOHTHOIO NepHoja.
[To Mepe ero yBennueHHs1 yCaAOXKHSeTCS TeXHOJAOTHsI 06pabOTKH BOKO-
3a00pHBIX COOPYIKEHHWH u YBeJHYHBAETCSA ee CTOMMOCTh. TexXHOJOrus
BOCCTAHOBJIEHHS NPOH3BOAHTEJNbHOCTH CKBaXHH MOAPOOHO ONHCaHA
B [1, 2]. B cBA3u ¢ 3THM oXapakTepusyeM MNPHHUHNHAJbHbIE OCHOBHI
BOCCTAHOBHTE@IbHbIX MEPONPHATHH W HX NPHMEHeHHS NPH 3KCHJayaTa-
IMH BoA03abopoB.
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OcHosHO#l 3amaueii paboT NpH BOCCTAHOBJEHHH TPOH3BOAHMTEJbHO-
CTH CKBa»HH Ha BOAY, 00OpYAOBaHHBIX (PHUABTPAMH, SBJASETCS yAaJtie-
Hile KOJbMAaTHPYIOUINX OTJOXEeHHH ¢ (puabTpa H H3 NPHPHALTPOBOH
sounl. [IpH sTOM riaBHas TPYAHOCTh 3aKJOUaeTCss B YAAJEeHHH KOJb-
MaTaHTa ¢ HAapyKHOH MOBepXHOCTH (HIbTPa H H3 rpaBHHHON 0O6CHII-
KM (BOJOHOCHBIX MOPOA). Peliedne sToit 3ajaun AOCTHraercs pacTBO-
pPCHHEM KOJbMAaTHPYIOUIHX OTJOXKEHHH NMPH nopavye peareHra B NpH3a-
00I1HYI0 30HY CKBaXHHBl JHOO TakuM pa3pylleHHeM KOJbMaTaHTa H
neyMeHTa obpacTaHus, nNpuH KOTOpPoM pasMep 0o0Opas3ymoluHXcs KOabMa-
THPYIOLIHX 4YaCTHI CTAHOBHMTCS MeHbllle pa3Mepa nop rpaBHHHOH 00-
CLINKH M OHH BBIHOCSATCS MPH MOCJAeAYIOUeH HJIH OZHOBPEMEHHOH C
HMIYJbCHBEIM BO3AEHCTBHEM NpOKaukKe.

C.iepoBaTenbHO, €CJAH HCKJKYHTh METOAB OUYHCTKH BHYTPeHHeil
MOBEPXHOCTH (HUABTPA, TO [0 XapakTepy BO3AEHCTBHS Ha (QUAbTD H
NpHOUABTPOBYIO 30HY MOKHO BbII€JHTh ABE OCHOBHBIE TPYIIbl METO-
NIOB: peareHTHbe W UMNyabcHble (pHc. 18.1).

IlepBas rpynna u3 3THX METOAOB NpeaHa3HayeHa AJd pacTBOPEHHs
KO/ibMaTaHTa, H 3ajauveil TEeXHOJOrH4YeCKHX HCCJAEeJOBAHHH SBJSETCHA
noabop BHAA peareHTa, ero KoJauyecTBa, 000CHOBaHHE PalMOHAJAbHOH
TeXHOJOrdH 06pabOTKH B 3aBHCHMOCTH OT THAPOTEOJOrHYeCKHX YCJIO-
BHII U KOHCTPYKLHH CKBAaXHHbI, HAIe)XHOI0 MeTOAa KOHTPOJSA XOAQ
00pabOTKH U KPUTEPHS AJiA OLEHKH ee OKOHUAHHUS.

[Ipn ocymecTBnenur HMMyJabCHOH pereHepanuu HeobOXOAHMO oOlle-
HHTb BO3MOXKHYIO CTeneds ApobUMocTi 0OpasoBaHHH B NPHUPHILTPO-
BOIl 30HE W OEKOJbMAaTAllMH CKBAXHH MPH OCYIIeCTBJEHHH 00pabOTKH
Npll MHHHMAaJbHBIX 3HEPIrCTHUCCKHX 3aTparax, a TakXe HpH YCJOBHH
oOeCneyeHusi COXPAHHOCTH camoro ¢pHuabTpa. CouctaHHe HMNYJbCHBIX
H DPeareHTHHIX METONOB NpPHU3BaHO obecneuHTh OOJAbLIYID 3(QeKTHB-
HOCTb BCJIEACTBHE CO3AaHHA 00Jee paBHOMEPHOH BOAONPOHHUAEMOCTH
[MOpPoA B NPUMHUABTPOBON 30HE MO BEPTHKAJH H PAa3BHTOH MOBEPXHOCTH
KO.IbMaTaHTa NMPH UMNY.IbCHOM BO3AeHCTBHH, 4TO 00ecneuHBaeT UHTEH-
CHBHOE H COBeplUEHHOe pacTBOPeHHe BHYTPHIIOPOBOIO LEMEHTA.

HmnysbcHoe BO3AEHCTBHE HAa CKBAXKHHBI SIBJASETCS OAHMM H3 Hau-
60.1c¢ 4acTo NPUMEHSeMbIX METOJOB pereHepaiuu. 1o oOYCJAOBJAEHO
POCTOTOH NMpHMEHsIEeMOro o0OpPYAOBAHUST H OLLYTHMBIM 3P (eKTOM, A0-
CTHraeMblM NOCJE OTHOCHTEJbHO HeTpypoeMkux pabot. Ilasi ocBoeHuS
¥ pereHepanud BoA03a0OPHBIX CKBAXKHMH B HACTOANIEE BPEMS HCMOJb-
syercst B3pbiB Topnex u3 petonupytomero muypa (TIHI), ocymects-
JleHUe B CKBaXKHHe 3JEKTPOrH/APaBJHUYECKOro YAapa, MHeBMOB3phIBA H

AMII03HH. DBau3koe mo XxapaxkTepy BO3JeHCTBHE CKBaXKHHA HCIBITHI-
BaeT MPH NYJbCHPYOUIell TNpoKauyke 3pJAHPTOM, HNyCKax-OCTaHOBKaXx
MOTPYXKHBIX HacOCcOB, cBaOHpPOBAaHHUH, THAPABJANYECKHX yaapax B (PHIb-
Tpe, co3jlaBaeMbix cOpachiBaHHeM B HEro XeJOHKH HJH Kakoro-iubo
APYroro TOCHIIBHONO Ipy3a, a Takxe cO3JaHHeM B3DHIBHOH CMecCH
rasoB HEMOCPeACTBEHHO Ha 3aboe-BOCCTaHABAMBAeMOH CKBaxHHBL. 4
B3pbIBHON 06pabotku npuvensitor topnens TAHT (TOII-50, TOI-25,
TII-B) ¢ agerowupyromum wmuypom Mapku JHI-B uan JAIIY-B, a
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Takxe ¢yracuaple Topneasl Tana THI uau ®-2, obecneuuBaoliue co3-
nanue naBiaeHusl Ha ¢uabTpe a0 30—40 MIla.

B ckBaxuHax, o00OpPYAOBAHHBIX MeTAJJAHYECKHMH (QHIBTPAMH
(rpy6uaTEIMH, KaPKacHO-CTEPIKHEBLIMH, CITHPAJbHO-IPOBOJIOYHHMH) Ha
pPbIX/ibié BOAOHOCHBIE OTJOMKEHHS, AETOHHPYIOIIHHA HIHYP B3pHIBAIOT B
OIHy HHMTKY. I[Ipu o6GopynoBaHuu CKBaxKHH (UIBTPAMH C CeTYaTOH BO-
OOTNIPHEMHOH TMOBEPXHOCThIO, OJIOYHBIMH M IJ1aCTMACCOBBIMH KOHCTPYK-
LUMAMI NMPHMEHSITh B3PHB JETOHHPYIOLLEro LIHypa He peKOMEHAYyeTcs.
YcranoBsneHo, uto HanGosee 3d¢ekTuBHO npumeHeHue B3peiBa 1JIII
B CKBAXMHAX, 3KCIJAYaTHPOBABUIMXCSA OO BOCCTAHOBHUTEJbHBIX MepO-
npustuii He Gosee 2—5 aet. IIpu B3puiBe T/IL B ckBaxKuHe B Mepuoj
skcnayatanuu 6onee 3 pas pe3Ko BO3pacTaer BePOSITHOCTHL paspyiie-
HAS (QHABTPA H BHIXOAA CKBAXKHHBI U3 CTPOA. B CKANbHBIX BOJOHOCHHIX
MOpoAAax ¢ YCTAHOBJEHHBIM B HHX TPyOuaThiM MJH KapKacHO-CTepK-
HeBBIM (DUABLTPOM HcMoAb3yIOT (pyracHble Topneasl uau T uz 2—3
HUTOK.

AaekTporuapasauyeckana o6paborka ocyulecTasiercss Ha 6ase uc-
10JIb30BAHHS CHEIHaJH3HPOBAHHBIX YCTAHOBOK, obeCneunBamomux
co3fianue vjaekTporuapasguveckoro yaapa (2I'Y) nmo aaunde ¢uaprpa.
Ilpn 3TOoM Ha creHKy ¢uabTpa co3pnaercs pasieHne po 5—6 MIla.
B0O3MOXHOCThL perysipoBaHUs BeJHYHHB HMMNYJbCOB H HX KOJHUECTBA
CyLIeCTBEHHO pacuriupsier o6gacTh NPHMEHEHHS 3TOr0 MeTO0Ja, MCMOJb-
30BaHHe KOTOPOro BO3MOKHO B MeHee IMPOUYHBIX KOHCTPYKUHAX (PHJIb-
TPOB, B TOM YHCJE ¢ CETYaTOH BOJONPHEMHOH INOBEPXHOCTBIO HJIH B
naactMaccoBuix ¢puastpax. Ilpu ' V-06paborke B cKBaxHHaX, 000py-
HOBAHHBIX TPYOUATHIMH, KaPKaCHO-CTEPXHEBHIMH (HABTPAMH C BOJO-
[IPHEMHON MOBEPXHOCTbIO H3 IPOBOJOKH HJH LITAMIOBAHHOIO JIHCTA,
nocratouno nposeneruss 300—500 umnyascoB Ha 1 n. M ¢Quarrpa, Aad
ceruareiX ¢uabtpoB — 100—200 umnysancoB. B CKaabHHIX H TOJAY-
CKAJbHBEIX Mopojax, 060pyA0OBAHHKIX NMep(OPHPOBAHHBIMH TPyOaMH, KO-
JHYECTBO HMIOYJAbCOB HA | N.M HeoOcaXXeHHOro HAM Nep¢OpHPOBAH-
Horo 3a6os noaxHO ObiTh He MeHee 500.

IHeBMOUMNYJIbCHOe BO3AeHCTBHE o0ecnmeunBaeTcs CHELHAJH3UPO-
BagieiMH ycranoBkamu ACII-T u ABIIB-150, cosparmomumu ¢ no-
MOIILbIO CXKATOro NPH BBLICOKOM JAAaBJEHHH BO3AyXa B CTBOJIe CKBAaXH-
HB BOJIHBl MOBHIIEHHS naBJeHHs uHTeHCHBHOCTBIO A0 4 MIla u duab-
TpalHOHHBIe MOTOKH C BHICOKHMH rpaaneHTaMu (raba. 18.1).

B noayckanbHBIX H CKaJbHBEIX MOpoAax NpH obOpaborke CKBaXKHH
CO3/1a10T MAaKCHMAaJibHO BO3MOXHOe [aBJjleHHe B BO31YXOCOOpDHHKe H
PpH MaKCHUMAaJbHOM 06beMe NHEBMOKAMepH, a KOJHYECTBO HMITYJIbCOB
Ha 1 n. M ¢puabTpa noaxHo OniTh He Meree 10.

CymecTBeHHbIH 3(P¢eKT MoXKeT OLITh HNOCTHTHYT IIPpu TasoBOM
B3pDHBe H APYrHX HUMMOYJbCHBIX BO3AeHCTBHAX. ONBIT UMIYJAbCHOH pe-
reHepaldH CKBaXXHH Ha BOAY AOCTATOYHO BEJHK H MO3BOJSAET C JO-
CTAaTOYHOH HaNeXHOCTbIO CAeJaTh BbIBOJ O BO3MOXKHOCTH BOCCTAHOB-
JEeHHs TMPOH3BOAUTENbHOCTH CKBaXHH A0 40—70 Y mnepBoHauaJbHOH
IIpH MeXPEMOHTHOM MepHOJde B YCJOBHAX MOCAeaymolleH SKCIayara-
iy He Medee 1 roxa.
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Ta6auna 18.1. Texuonorudeckue napamerpn
NHeBMOUMNYJIbCHON o0paborku

Hduamerp duawTpa, MM
Tun duabrpa TexRoJOrHYECKHEe NMapaMerTphl
168 219 273

CetyaThit O6beM nMHEBMOKaMepHl, J 0,3 0,5 1

IlaBaenue B Bo3ayxoc6opHu-{ 4—6 6—8 8§—10

ke, MIla/cm?

Yucao uMnyascos Ha 1 . M| 2--3 3—5 5—8

hunwTpa, UIT.
Kapkacho-cTepxue- O6beM NHEBMOKaMepH!, J 0.3 0,5 1
BoH  (cnupaapHo-npo- |[aBaenHe B Bo3pyxocGopuu-| 10—15 | 10—15 | 10—15
BOJIOYHHIK) ¢ mnpoBo- |ke, MIla/cm?
nounoil o6Mmortko#i unu |Ydcao umnyascoB na 1 m. M| 4-5 5—8 8§—12
C WTAMIOBAHHEIM JH- |(DUJABTPA, WT.
CTOM

PearentHas o06paGoTKa CKBAaXXHH HCIOJb3YETCS B NMPAKTHKE BOJO-
ciabxennst B CCCP 6osee 30 ner. PacTBopenHe KOJbMAaTHPYIOUHX
OTJIOXKEHHH B NPHPHILTPOBOH 30He H (UIALTPE BOA03a6OPHLIX CKBA-
XKHH NMO3BOJIsSIeT NOOMUTHCA NPU COOTBETCTBYIONIHX THAPOAHHAMHYECKHX
YCAOBHSAX H COCTaBe KOJIbMaTaHTa NPaKTHYECKH NEePBOHAYAIHHON Mpo-
H3BOJHTEJbHOCTH cKBaXXMH. Haubosee pacnpocTpaHeHHBIM H Jerko-
AOCTYNHBIM PacTBOPOM SIBJISETCS COJIsIHAS KHCNOTa, OJHAKO B HACTOA-
lee BpeMsl NMOJOOPAH psj KOMIO3HIHH peareHTOB, MO3BOJSIOUIHX MPO-
BOAUTh OGPabOTKH MPAKTHYECKH BO BCeX THAPOTeOJOTHYECKHX VCJ0-
BHSAIX H NPH Pa3HBIX KOHCTPYKUHAX (puasTpoB. [loabop peareHra ocy-
miecTBAsA0T 1Mo tabs. 18.2 B COOTBETCTBHH € COCTAaBOM KO.JIbMAaTaHTAa
H THIIOM (HJbTpA.

YeToHYHBOCTL (QHALTPOB B KHCJIOTAX XapaKkTepH3yercsi B TEXHH-
YeCKHX YCJOBHMSIX HAa HX MPOH3BOACTBO M MPHMeHEHHE, COCTAB KO.Ib-
MaTaHTa Ha (UJIbTPAX H B NJAaCTe HIAEHTHQHUHPYETCH No OCalKaM,
OTOOpaHHBIM € BOJOMOABLEMHHIX TPYO WJIH HACOCOB, OAHAKO B 060.ib-
HIHHCTBE CJy4aeB B COCTaBe KOJIbMaTaHTa TpeobsajgaioT THAPOKCH/IH
XKenesa. B mensx npenorepauieHds KOPpPo3uH B xoae 06pabOTKH B
COJISIHYIO KHCJIOTY BBOASIT MHTHOHTOPH KaTanmuh-A HJaIH xartandu-bB
B KOHIeHTpanusax coorBerctBedHo 0,5 u 0,050 %. OTu uHrHOHTODPHI
AONYUIEHB! K HCHOJBb30BAHHIO B CHCTEMAaX XO37HCTBEHHO-MMHTHEBOTO
BOAOCHAOXKeHH.

IIpu npounx paBubIX ycaoBHSAX HauboJgbliasgs 3(pGeKTHBHOCTh 00-
paboTOK AOCTHraercs NpU NMPUMeEHEHHH COJSHON KHCJOTH (KOMIO3H-
urn I v 7 (cm. taba. 18.2), 61H30K K Heil MO CTeneHH PacTBOPEHHs
AUTHOHHT HaTtpHs (koMmno3uuus 5). PactBopsmoilas crnoco6HOCTh pac-
TBOpPA THAPA3HHA COJSHO-KMCJAOTO (KoMmo3uumus 2) cocrtasiseT 609%,
Oucynnpata Hatpusa BojaHoro (kommno3uuus 4) —409%, pacreopa
Cy.1b(paMHUHOBOH KHCJOTH — 10 9 pactBOpsiomieii cnoco6HOCTH COMAs-
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Ta6anua 18.2. Ycnosus nNpuMeHEeHHs PeareHToB
NPH pereHepanHn BoX03200PHHIX CKBAXKHH

Pearedtnl [
= YeToAuNHBOCTE
‘ KoHIleHTpa- CocraB KoabMartadrta pusbrTpa m oGCHM-
= KoMiio3H1us nHs, KH K KHCHIOTAM
&
I | HCI14+NasP30y0 20...2340,1] Fe,03, Fe(OH)s, | Kucnotoyerofii-
FeCO;, FeS, CaCQOs;,|unsn
MgC03
2 NgH; ~2HC]+N35P30M .R. e IO—}-{]‘, I To xe To xe
3 NH303H+N%5p3013 8. . 10-][-{]', I p h -]
4 NHSO;'HEO*‘F Naapaom D s .7"|‘0, | FQQO:;, Fe (OI’I]E, »
| FeCOs, Te L
7 | NagSe044-NasP30,9 6...841 | FeoOs, Fe(OH)s, HeycTofiuushl
6 Nﬂ5p30m 5 PO .8 FEQO:}, FE{OH)a, To xe
HIIH FECOg, CHCOE,
(NaPOy)s MgCO;
7 | HC14-NasP30y0 5...104+2,5 | To xe u Fe§S YerofiunBnl B
pa3baBiaeHHoOI
KHUCJ0Te

HOH KHCJOTHIL. Bce mepeuncneHHble peareHThl, 3a HCKJIIOUeHHEM COJIfi-
HOH KHCJIOThHI, NOPOUIKooOpasHble.

Hasa o6paboTku oaHOf Bon03abOpHOH CKBaXKHHbI TpebyeTcd B 3a-
BHCHMOCTH OT JHaMeTpa W AJHHH ¢uabTpa oT 300 mo 1100 xr HCI
COOTBETCTBEHHO NIpH auamerpax 6” u 12”7 m nopomxkooGpasHbX pea-
FEHTOB B TeX e ycaoBHAX oT 25 po 80 kr. Texnosorus peareHTHOIl
pereHepalHH CKBaXXHH JeTajJbHO H3JOXKeHa B psiie H3AAHHBIX PYKO-
BoacTB [17] u monorpaduit |2, 4]. OTMeTHM, YTO BO3MOKHH IBe ee
peasn3alldd: peareHTHas BaHHA H IHKJHUYECKOe 3aaaBjHBaHHe, obec-
neunBaloliee BO3BPATHO-NOCTYNATeNbHOE JIBHXKEHHe peareHTa B MpH-
GUIBTPOBOH 30HE.

Crnoco6 peareHTHOH BaHHBI HCINOJb3YIOT NPH T1yOOKOM 3ajeraHuH
YpOBHSI noa3eMHblX Boj (Oosiee 30 M). Ee pekoMeHayemass mpojao.t-
AHTedbHOCTh 10—12 u. PereHepanus repMeTH3HPOBAHHBIX CKBaX<HH
doaee 3pderkTuBHo obecneuynBaercs: LHKJAHUeckoll obpaborkod. [lpu
3TOM BO3BPaTHO-MOCTYNAaTeJLHOe NBHXKEHHe CO3Aaercs IyTeM [oC.e-
J0BAaTeJbHOTO TOBLILIEHHS] W CHATHS JAaBJeHHS HJH BaKyYMHPOBAHHEM
CKBAXHHBI C TMOCJeAYyIollell ee pasrepMmeTH3alueii. [IpeBriieHHe 1aB-
JeHHS HaJ eCTeCTBeHHBIM MNJ4aCTOBBIM AOJXKHO cocTaBadTh 0,15—
0,2 MIla/cM2 npu MPOJOJIKHTENbHOCTH 3a1aBJHBAHHS B Ipejenax
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10 MuH H CHATHA naBJieHus A0 5 MuH. O61Las NPOAOIKHTENbHOCTb 00-
paboTKH B 3TOM pexXuMe oOnuHo He npesniniaer 2 u. [lo paccmatpu-
BaeMOH TEXHOJIOTMH BOCCTaHOBJieHO OKoJa0 10 Teic. BOAO3a6OpPHBIX
ckBaxuH. bosee 20 sner oHa ycCHellHO MpHUMeHsieTCs Ha Bojo3abopax
r. Puru, rae HOpMaTHBHHIH CPOK CAYXKObI CKBaXHH Oaarofaps 3ToMy
fipeBbllieH B 2 u Gosee pas.

B cocraBe koJabMaTHpyWOLIHX 0O0pa30BaHHi GHABTPOB H NPUDHIALT-
POBBIX 30H Ha Bomo3abopax r. Puru npeobaafaioT CoeAHHEHUS XKeje-
3a (FeyO; maxonurca B nmpepenax 73,3—80,4 %), coennHeHHsT KaJb-
ILHs, MarHHS U APYTUX KOMIIOHEHTOB MTPalOT MOAUHHEHHYIO POJib.

BoccraHoBsieHHe MPOH3BOAUTENBHOCTH CKBAXKHH BOR03abopoB Mpo-
U3BOAMUJOChH IHKJHYECKHM 3aJaBJHBAHHEM MOHOpPEareHToB (COJSHOMH
KHCJOTHI, TpHnoaudochara HATPUsi) U NoJaupeareHTOB (MOAKHCIEH-
Horo pacrBopa rTpunoaugocdara HaTpUs, COMSAHOH KHCJAOTH H pacTBO-
pa ANTHOHHTA HATPHS co cTabuausupyoouuMu no6aBkaMu ¢ocgartos).

KucnotHbele pacTBOpPH (COAAHAS KHCJAOTA, MOAKHMCAEHHBIH PacTBOp
¢ocaToB) rOTOBHJIUCHL B 3aJHBOYHON €MKOCTH, IIPUrOTOBJIeHHE pac-
TBOPOB M3 MOPOIKOOOPA3HBIX peareHToB (AMTHOHHUT H TpHMoJHOC-
¢at HaTpHUsi) NPOHU3BOAWIOCH HEMOCPEACTBEHHO B CTBOJIe CKBaXKHHB
NPH MOMOILM CXKATOrO BO3AYXa, MOAABAeMOro B HHXKHIOK YacTb (HJb-
Tpa. 3ajaBauBaHHe pPacTBopa 3@ KOHTYP (uAbTPA OCYLIECTBJSAJIOCH
JaBJIEHHEM cXaToro Bosayxa He Beie 0,16 MI1a B Teuenne 5—15 mun
¢ nocaeaywouuM cbpocom apasaeHua (3—5 MuH). BpeMs OoKOHUaHHA
06paboTKH CKBAaXHH OnpeAensjoch no crabHaM3alHH AAaHHBIX O BOC-
CTAaHOBJIEHHH YPOBHSI XHAKOCTH B CTBOJIe CKBaXKHHBI B Ipolecce I[HK-
aHuYecKo# oO6paboOTKH, UTO CBHAETENbCTBYET O MpefesbHO BO3MOXKHOM
YMeHbIIeHHH HACHIIIeHHOCTH MOPOBOr0 NPOCTPAHCTBA KOJbMATAHTOM
(npu u36niTKe peareHTta). B obuiem ciyuae Bpems oOpaGOTKH B 3aBH-
CHMOCTH OT BHJa peareHTa M KOJIHUECTBA KOJbMAaTaHTa H3MEHSJO0Ch
ot 60 no 160 muH. BpeMs npoKadykH CKBaXXHH Iocae oOpabOTKH He

npepnuago 2 u. Ha Bonozabopax r. Puru 66110 o6paborano 384 ckBa-
KuHpl (Taba. 18.3).

B pesyJsibTaTe 06paboTOK yAesabHBIN AEOHT YBEJAHUHJCA Y CKBAXHH
C TpaBHHHO-KJIeeBbIMH (HJIbTPAMH B 2 pasa; ¢ KepamuueckuMu B 1,9:
¢ rpaBHfiHO-npoBOJOYHEIMH B 1,8; ¢ (uabTpamu KoHCTpyKuuH THMa
B 1,8 pasa u B nesom no Bogozabopam B 1,9 pasa.

XapaktepHo, 4to 3((PEeKTHBHOCTb peareHTHbIX 00pabOTOK OKa3hl-
BaeTCsl MaKCHMaJibHOH NMPH HX NMPOBEAEHHH B IlepHop 2—3 JeT Mocie
HaydaJja 3KCNJayaTalluH CKBaXKHH. Tak, o OJAHOMY H3 BOA03a0OpOB B
noaude p. Boaru (puc. 18.2) 6nu10 monyuyeHo, yTo Haubosee meneco-
o6pasHo MPOBOAHTH IHKJHYECKYIO PeareHTHYIO PEereHepamnuio He MO3A-
Hee, yeM 4epe3 5 JjieT paboTH CKBaXKHH NPH MEXPEMOHTHOM IlepHOJe
He Gosee 2 Jer. Ilpu Gosee AJIHTENBHOM CpoKe 3KCIJyaTalHH CKBa-
XHH mepej pereHepanueil Heo6xoauMo 60Jiee HHTEHCHBHOE HMMYJIbCHO-
peareHTHOE HJH TepMOpeareHTHOE BO3JeHCTBHE.

HUMnyabCHO-peareHTHbie METOAB COUeTal0T HMMYJbCHOE BO3JAEHCT-
BHEe ¢ MOCJEAyIOINeH HIM OAHOBPEMEHHOH peareHTHoH o06palboTKOf.
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Puc. 18.2. 3ddext BOCCTaHOBIACHHSA YAENb-
Horo aebura ckBaxuH Ky#fGnmescxoro

o 1

BOLOXPAHHAKINA B 3aBHCHMOCTH QT CpoKa 3T

MX IKCMAyaTallHH MpH IHKAHYeCKOH pe- 252‘ 8-

arenTHoit o6paboTke as o
:-.é-ll 6k~
$£2
g
=
GEg an
ﬁ:{: i : N i i |
d 2 4 & 8 10 2 1%

CPOK AHCINYATAUMH, RET

Tab6arua 183. 3pdekTHBHOCTL HHKARUECKHX peareHTHHX o6paborTox
CKBaXHH Bofo3aGopos r. Purn

Yucao YBenugeHue
Peareur CKBa- Tun ¢uabrpa yAenbHOro He-
MHH 6HTa, pas
banartasepc
Coasnasg kucaora 279, 26 | Kepamuueckufi 1,6
9 | Konerpykuun Tuma 1,2
Coasanas xuciaora co crabuausu-| 36 | Kepamuueckufi 2
pvioluMu pobaBkaMH docdaror 14 | Koncrpykunn Tuma 2.1
Coasunas kucaora 59 wu Tpunmoau- | 25 | I'paBuiiHo-KneeBo# 2
¢docar Harpus 3% 4 KepamMuvecKufi -
10 | Konerpyknun Tuma —-
bantasepc-I
CoasHast Kucaora 279, 22 | Kepamuueckufi 2,5
8 | Ko"crpykiuun Tuma 1,9
Consmasa gucmora co crabuamsi- | 26 | Kepamuueckuil 1,6

PYWOIHMHE Ko6aBkamu ¢ocdatos
Co.isHas kucyora 5% wu rtpunoau- | 12 | T'pasuitno-KieeBoil 2
docdat Harpus 3%

3akiomyfixa

Coasnas kucaora 27% 8 | Kepamuueckuil 2,2

16 | Komcrpykunu Tuma ~—
Coasnas kucnota co crabuiusu- | 22 | KepamuueckHit 1,6
pyviomuMH AaobaBkamu docdaron

Pembepru

Coassnas xucnora 27% 30 | Kepamuueckuii 1,6
Consinas Kucjaora co crabuausn- | 33 » 1,6
pyomuMu pob6aekaMu docdaros

laya-1
Coasinast kucaora 279 13 | T'paBuitHo-npoBoJIOUHKI 2
CosiHass  xueadota co crabummsu- | 65 | To xe 1,7
DVIOLIUMH No6aBKaMu GochaTos

[Ipn aToM pasnnuaoT BHGPOPEAreHTHYIO pereHepallHio, COYETAIOULYIO
IMITy/1bCHOe BHOpalHOHHOe BO3/eHCTBHE ¢ peareHTaMd H NpPOBeJeHHE
JIHCKPETHOTO HMIyJbca ¢ peareHTHo#t o6paborkoil. BubpopearentHas
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o0pabotka npoBoauTcss Ha Gase paspaboranHbix B. B. Bepcroshim
Bubparopos tuna BYP npu vanuyuu 3aboiiHoro pabouero opraua.
ITOT BUA 06pabOTKH BO3MOXKEH B COUCTAHHH CO BCEeMH BHUAAMHU pea-
FeHTOB.

OnHako OTHOCHTENBHO HH3KHEe 3HAUEHHS THAPOAHHAMHYECKHX Jas-
Jiennit, He npespimalomue 0,2—0,3 MIla, He NO3BOASIOT CYILECTBEHHO
pacuupuTh 006JacTh npuMeHeHus: BubpopeareHTHOH 06paboTKuU B CPaB-
HeHHH C UHKJIHYeCKoH. Ho cTeneHp ynaneHHs KoJbMaTaHTa M3 NpPH-
pHabTPOBO# 30HB CKBaXKHHBI NpH BHOpPOpeareHTHOH 06paboTke BO3-
pacTaeT H BO3MOMKHO [OCTHXeHHE TIPAKTHUECKH I€PBOHAYAJbHOTO
VAeJbHOTO HAeOHTa CKBaXKHUHBI B CJayyae, eCJH AJHUTEJIBHOCTH €€ 3KC-
nayatauudn 10 o6paboTKu He npesbiliaer 3—5 Jer. B pautesbHo pa-
60oTaBIMX B0OA03a0OPHHIX CKBaHHax Oojiee NPEANOUTHTENBHO COYe-
Taliie HHTEHCHBHOM HMNYJABCHOH U peareHTHOH 006paboTKH.

OnuiT npuMenenust copmectnoro 3puBa T ¢ NHKIHYECKOH pe-
areHTHOH 006paboTKOH Ha CcKBa)KMHAaX B 30He KyHOblIeBCKOro BOAO-
xpanunnma, Kaxosckoro BopoxpaHuaulia u KHeBcKoro Bopo3abopa
r. Kypcka -mokasan, 4yro yJAeJbHB# AeOHT B CpEHEM YBEJIHUYHBAJCH
B 3 pa3a, Ha CKBaXKHHaxX B padone KyHORIIIEBCKOro BOJXOXPaHHJIHIIE,
SKCNJIyaTHpoBaBlinxcss fo obpa6otku 14—19 ner, B 7,6 pasa. Yaens-
Hbii feGuT OBl BOCCTaHOB/AEH B cpeaneM no 60 9 nepBoHaYaJbHOTO.

[TneBMouMnyabcHast o6paboTKa CKBaXKUH € NOCACAYIOUWIEH LHKIH-
gecko# peareHTHOHi 06paboTKOH NMPOBOAMJIACH HA CKBAXKHHAX CeJIbCKO-
Xo3aficTBeHHOro BomocHabxenuss TamBoBckoit 06a. u Ha Kuepckowm
Bofo3abope r. Kypcka. [lasi npousBoacrBa paboT npHUMeHsuICs IIHEB-
mouMnyabcubii arperat ACIT-T. B Tam6oBckoi 0671. ckBaXXHHH 06pa-
6aThIBaJIMCh MHEBMOHMMYJbCAMu B npenenax pabouell vacTH PUABTPOB
CHH3Yy BBepX. Uucio peficoB nHeBMOraMepnl oT 4 o 6, KOJAHUYECTBO
NHEeBMOHMNY1LCOB 361—437 npu naBjenuH B Bo3ayxocbopHuke ot 12
no 2,2 Mlla.

Hanee ckBaxXunHu o6pabaThiBajiiCh PacTBOPOM COJITHOM KHCJOTH!
co crabunusupyowuMu gobaBkamu ¢docdaros. BossparHo-nocryna-
Te.1bHOe JABHXKEH}e PAcTBOpa B 3aKOJbMATHPOBAHHOH NPHOHIBTPOBOH
30He CKBaXHHH 00eCneyHBaoch NMEPHOJHUYECKHM €ro 3alaBJHBaHHEeM
32 KOHTYp OHJIbTpa AABJEHHEM CXaToro BO3JAyXa, IOAABaeMOro OT
KOMIIpeccopa 6ypoBoro arperata, ¢ NOCJeAYIOIWHM COPOCOM AaBJEeHHUS.
PesyabraTel 3THX KOMOHHHPOBAHHBHIX 00paboTOK INpPHBEACHH B
Taba. 18.4.

B pesysbTaTe KOMOUHHPOBAHROH 06pabOTKH YHesbHLIH NeOHUT yBe-
Jinumiacs B 2—6,6 pasa mpu CyUeCTBEHHOM CHHXKEHHH IOKasaTeJs
0606menHoro conpotusientsi. Ilpu 3TOM yheabHBI# AeOHT CKBaXKHH
O6LI1 BOCCTAHOBJIEH MPAKTHUECKH O NepBOHAYaJbHBIX 3HAYeHHH, NpH-
yem 09,8 9, obliero npupalleHuss yaeabHOro Ané6HTa NPUXOAHUTCS HA
nHeBMOUMNYJibcHYIO 00paboTky, 40,2 % — na peareHTHyl0 06paboTKy.

CxkBaxunubl KueBckoro Bono3abopa B BHAE JHHCHHOIO psiia KamTH-
PYIOT BOAOHOCHBIH KOMIJIEKC, IPHYPOUYEHHBIH K YE€TBEPTHUHBIM H CEHO-
MaH-anbOCKHM IleCKam CO CpPefHeHd BeJHUHHOH BOJONPOBOJHMOCTH
okosao 350 m2/cyt. CkBaxuHn! raybuHos 30—37 M 06opyAoBaHBI Ipa-
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Tabannua 184. IddextusHocth 06paborok cksaxuu Tambosckoit o6a.
NMHEBMOHMIIYAbCHBIM cIOCO6OM ¢ NoOCAeAyouiel HHKIHYECKOH
peareHTHOH 00paboTKOH
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2E | Bed |0oa oGpa-| BH4 | oopa | YRems | EUS | BEsis

2F |22 | T SE& | 8o, |ouma, pas | OE% | AEE2S
4690 1 0,14 10,62 | 44 0,92 1,5 6,6 92
43134 ] 0,23 10,66 | 2,87 0,95 1,44 4,1 95
1684 2 0,9 {1,581 1,76 2,04 1,29 2,27 102
2847 1,81 1,0311,64) 1,6 2,07 1,26 2 115

BHIHO-IIPOBOJIOYHBIMH ¢ uAbTPaMu AHameTpoMm 245—299 mMm. 3xaech
LUKJIHYecKas peareHTHasi o6paboTka NPOH3BOAHMIACH INOCJTE ITHEBMO-
UMNYJbCHOH . 00pabOTKH repMeTH3upoBaHHOro ¢uabtTpa. O6paboTKy
NPOH3BOAMJIU PAacTBOPOM AHTHOHMTA HaTpusa. ns npou3BOACTBa pa-
00T npuMeHsyCs TakXke nuHeBMouMmnysabCHbi arperat ACII-T. TTocae
3aKaukH PacTBOpa B (UALTP CKBAXKMHBI MPOH3BOAMAH TNHEBMOUM-
nyjabCHYl0 06pabOTKy, B X0Ae KOTOPO# NHEBMOCHapsii NepeMeliascs
yepe3 10 ¢M Docse Kaxporo BeIXJoma B npenenax pabouelt yacTu
¢uabTpa OT €ro BepXHero A0 HUXKHEro KOHHa W Haobopor (2—4 pa-
3a). JlaBienue B BO3AYX0cOOpHHKe B XoAe oOpaboOTKH H3MEHSJIOCh OT
11 no 2,6 MIla. [laBnenne BO3ayXa moj MakepoM HaxOAHJIOCh B Ipe-
neaxax 0,04--0,13 MIla. lanee nmpoM3BOAH/AM IHKJIHYECKYIO peareHt-
Hy1o 00paboTKy. Ilpu 3TOM B KaXKIOM LHKJe BO3BPATHO-NOCTYNaTedb-
HOe JABHXKeHHe PacTBOpPa B 3aK0OJbMaTHPOBaHHOH 30He 00ecneyHBaoch
JaBJieHHEeM C3KAaToro BO3/liyXa OT Kommnpeccopa B mnpeaenax 0,04—
0,12 MIla B Teuenue 5—10 Mun ¢ nocneaylmHUM ¢BpOCOM QaBJieHHUs
J0 aTMOC(HEPHOTrO.

B pesyabTraTte mpoBefieHHKIX 00palOTOK VACABHBIH HAEOHUT CKBAXKHH
yBenuuunacs B 1,7—4,8 paza u B cpeanem cocraBua okojno 70 9, mnep-
BoHayaabHOro (Tabna. 18.5).

Ilocae mpoBenennnix o6paborok Ha KueBckom BomoszaGope r. Kyp-
CKa OBlIO NPOCJAEXKEeHO H3MEHEHHe yeJbHBIX AeOHTOB CKBaXXHH BO
BpeMenu (puc. 18.3). Hepes rox nocne 06paboTku yaeabHbilt Ae6UT B
Cpe/lHeM 110 CKBaXXHHam coctaBui 93,5 ¥ AOCTUTHYTOro B pe3yabTaTe
o6paboTku. Heob6X0AHMO OTMETHTb, YTO NMPH 3TOM YyAEJbHBIE NeGUTHI
CKBaXXHH OueHb Oau3ku. Uepe3d ABa roxa nocje o6pabOTKH 3aKOHO-
MEPHOCTH H3MeHEeHHsI YIeJbHBIX NeOUTOB MeHSAITCH. MOXKHO BHIAEJHTh
ABe TPYNNBl CKBAaXKHH ¢ Pa3HbIM TEMNOM CHHXKEHHS YHEeJbHBIX XeGUTOB.
YnenpHbolii AeOHT CKBaXXWH NepBOH Tpynnsl B CpeflHEM COCTaBJseT
84,8 U, mocTurHyToro B pesyJbTaTe o006pabOTKH, BTOPOH TPynNbsl —
57,1 %. Ilpu 3ToM auIIb B ABYX CKBaXXHHAX BTOPOH TPYNNbl yAedbHble
HNeOHuTHl CTaJli HEMHOTO HHXKe YAedbHBIX JAeOHTOB, 3aHKCHPOBAHHKIX
o0 06paboTKHu.

193



8

8

(S

S

YRENbHLIA AEBNT, %

3
]

B

1

2

BPEMSA NOCNE MMNYNLCHO-PEAFEHTHOR OBPABOTKH, TOJ

Puc. 18.3. Cunixenne yAeAbHbIX ReOHTOB CKBAKHH MOCHe HMNYJAbCHO-PEAreHTHOR 00-

pa6oTKH (HHDPH — HOMEPA CKBAXKHH)

Tabauna 18.5. IpheKTHBHOCTE UHKAHYECKHX 06paBGOTOR CKBAXKHH
Kuesckoro somosaGopa r. Kypcka ¢ npeaBapHTeIbHOR NHEBMOHMNYAbCHOR
00paboTKOH B repMeTH3IHPOBAHHOM DHIAbLTPE

5
T

e

: " IToxasateab 0606- )
d lgs | s off | wesnoro compors- | OEETOROR
s, | 6 85y | — | Moro acoms
SE |5 E w1 HEDRO HEPE § BOLAC 3 %é no obpa- | MoOcae HO napnnna:
2R | SEE| B | Soreon| Soren | 25% | Gomam Sovey | TamwHoro. %
13 9 3,7 1,2 3,0 2,9 - — 94 6
21 8 7.1 I,8 4.9 2.7 - - 68,5
22 8 10 1,8 3.5 1,9 14,7 9.8 34,8
23 8 10,8 3,1 3,6 A | 9,1 5,6 61

24 3 10 4.8 9,4 2 - —- 93,6
25 8 15 5,3 |10,8 2 - —- 72

26 8 1.2 4 8,1 2 11.2 6,7 72,3
27 8 13,4 2,8 113,4 4,8 14 10,6 100

28 8 11 3,1 8,6 2.8 — o 76,5
20 8 13 3,4 10,8 3,2 - — 82,7
30 8 12 1,7 4,5 2,6 30,7 13,5 37,5
31 7 15 1,6 4,1 2,6 28,1 18,5 27,6
32 8 12 2,8 9,541 3,4 - - 79,5
37 4 7 2.7 45 1,7 23.3 16,4 64,2
48 7 17 7,6 1.7 2.2 9,4 2.1 100

50 7 13,7 2,8 7,2 2,6 21,2 7,3 52,5
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Ilugnndeckaa pearedTHas 00paboTka ¢ npeABapHTE/JbHOH NMHEBMO-
BMNyabcHOH 006paboTKOl CKBaxKHH, 000OpPYAOBAHHBIX I'PABHHHO-TIPOBO-
JOYHHIMH (HIBTPAMH, N03BOJHAA NOcke 3—9 JeT 3KCIIyaTanHu CcKBa-



XKHH YBEJHUHTh WX YAEAbHBIH AeOHT B cpeaHeM Ha 709 OTHOCHTEJBHO
MepBOHAYaJbHOTO.

IIpu nueBMopearenTHOR 006paboTKe CcKBaXHH 0e3 repMeTH3alHH
ceTuatelX (PUABTPOB NPH pPas3jHUUYHBIX CPOKAX IJKCIAYaTallUH CKBAaXKHH
(oT 2 no 14 ner) mocTHraeTcsi yBeJqHuyeHHe yHenbHOro AeOHTa B CpeA-
Hem xo 67,1 9% orHOCHTeNBHO MepBOHayanbHOro. BpeMs cTaGHABHOR
paboOTH CKBAXKHH MOCJe WMIYJbCHO-peareHTHhX 06paboTOK cocTaBJs-
et He MeHee 10 Mec, U MeXpeMOHTHBIH NMEPHOA CKBaXKHH NPH NMOA0O-
HOro poAa HX 06paboTKax MoxKeT OBITh MPHHAT B npepenax 2--3 Jer.

Bauskuil apdekr HocTHraeTcss nNpH COBMecTHOM npoBeaeHuu II'Y
H peareHTHOH 0OpabOTKH, HO NPH 3TOM Tpebyercsi NMpHMEHEHHe CHe-
IHa/ibHOTO THIA pa3psiAHHKA, O6CCHeuHUBAIOIIEr0 H30JAALHIO pas3psn-
HOTO yCTPOHCTBa OT 3JEKTPOJAHTa (pearenra),.

TepmopearedtHasi 06paboTKa npeAnouTHTENbHA B AJIHTEJIHHO 3KC-
NJyaTHPOBaBINHXCA ckBaxkuuax. Haubonee sddexTuBen moaorpes co-
JNSHOH KHCJIOTBI, KOTOPBIH OCVUIECTBJSAIOT 32 CYET NMPHMEHEHHS 3K30-
TePMHYECKHX PEareHTOB, BBOAMUMBIX B COJSHYKO KHCJIOTY (6e3BOAHLIHA
XJIODHCTHH AaJIOMHHUH, MarHHii), creuHanbHBIX TepPMOCHapsAAOB HJH
T2Hos.

Ta6anua 18.6. 3pdekTHBHOCTL TepMopeareHTHHX 00paGoTOK CKBAXHH
Bono3abopa baarssepc

XapaKTepHCTHRa peareHTa ?nen;g?g hﬁ"ﬁ"ﬂ | JLoCTHTHY -

Ypeno | Thift yaenb-

HoMmep neT Ty Hbégngﬂggfif

;?:HB:H sr;c::::&a- sk KnHuenzp:}aEt’;Hﬂ peareu- éé E‘m L. | Temsuo mep-
aE" G| OF | 2«¥ | moHauams-

© g5 SsZ| ob | 885 #oro, %

Caea| HCI NasP;O | AlCl; | EE = =S E OV

80 15 | 600275 003 | 7.8|108]| 6,6]11,4] 1053
81 15 | 600}27.5| 003 7'9110'8| 54105 96.6
144a 10 | 460|27.5] olo1 117|266 7.9|17.4] 65,2
152 13 560 | 27,51 0,01 8,41248|15,4| 24,6 101,7
151 13 700 | 275 | 001 1135|227 4,1 14,4 63,8
158 13 600 | 27’5 | 0°02 821234139209 89 2
159 13 600 | 27,51 0,02 8,8128,1]16,3]|27,1 96,4
156 14 700 | 275 | 0’04 75]925.9|921.8|458| 177,7
163 14 700 | 27.51 0.04 140|547 185] 978 49’8
167 14 700 | 2775 | 0,04 381295107139 47'9

Ha Bomosabope bBanra3epc r. Purw tepmopeareHtuole 06pabdoT-
KH MPOBOAMJHCHL Ha CKBa)XXHHAaX, o00pyNOBaHHBIX KepaMHYeCKHMH
bunprpamu (taba. 18.6). Ilocne 3anuBkH B repMeTH3HPOBAHHYIO
CKBaXXHHY COJISIHOH KHCJOTHI €O cTabHyiu3HpyromuMu aob6askamu ¢oc-
tato B obsacTe pUABTPA YCTAHOBHAM TepMOCHApsA, 3aMOJHEHHBIH
XJIODUCTBIM aJioMHHHeM Oe3BoaHBIM. O6paboTka MpoxXoAHIa HHKIHYE-
CKH 3a cdyeT 3Hepruu oOpasoBaBluuxcs ra3oB B npeaenax 0,08—
0,15 MI]a.

CpaBHHTENIBHO HEe3HaUHTeJbHOE YyBelHYeHHe YAeAbHBIX Ae6UTOB
ckBaxuH Ne 163, 167 oTHocHTeabHO NepBonauaapnoro (49,8 u 47,9 %)

195



MOKeT ObITh OODbACHEHO HEAOCTAaTOYHBIM KOJIHYECTBOM BBEAEHHOTO
6e3BoaHoro xJgopucroro ajtomunus (4,0 u 3,8 %). B ocranbubix cay-
Yyasix yAeNbHBIH AeOUT CKBaxXHH Obl1 YBeJAHUCH B cpeAHeM A0 3Haye-
Hu#l, 6, 1M3KHX K nepBoHauya bHbIM (99,4 %).

I1pu obpaborke ckBaxHH B 3oHe KpacHOAapCKOro BOAOXPpaHHIHIIA
B KauyeCTBe TepMopeareHTa HCIOAb30BaJH TaKXke 0e3BOAHBIH XJOpHC-
THH aJqioMHHUHA U MarHui, O6paboTka npousBoAusach 6e3 3afaBiauBa-
HHUs pacTBopa 3a KOHTYD (HJABTpPa CXaTblM BO3AYXOM, TaK Kak ypo-
BeHb I'PYHTOBHIX BOJ pacnoJaraJcs y BepXHell yactu puabTpa. B npo-
ecce TePMOKHCIOTHHIX 00paloTOK B (uUIBTPE CKBaXXHH TPOU3BOLU-
JIOCh H3MEpEeHHe TEeMMepaTypsl KHCJOTHl TIPH NMOMOILH TEePMHCTOPOB
KMT-4, ycraHoBneHHBIX B BepXHell W cpenHeil gacrtd ¢uiapTpa. Ycra-
HOBJIEHO, YTO NIPOUCXOAKJ MOKXbeM TeMnepatypH go 56—75° C. Crenenb
BOCCTAHOBJIEHHSI TIPOH3BOJAHTENBHOCTH CKBaXKHH OLCHHBaJach IyTeM
ConocTaBjeHHss AOCTHTHYTOTO IpupallleHHst AeOuTa TMpH CaMOM3JIHBE
OTHOCHTeJbHO Aebuta o obpaborku (rabda. 18.7).

Ta6aunua 18.7 3pdextusHocTs TepMopeareHTHLX 06paboTok
ApeHaXHbLX ckBaxun KpacHopapckoro BOAOXpaHHIHIILA

e ——— i il ikl

I T P

Honep NeBHs CKBaXKHH HKHHBI, M4 §§'=’
ckea- | 25% | Na.P.O . RS TR T AN : o
o LT RS g | e o2 | 828
6OTKH 60TKH | GOTKH -

87 | 600 1 AICI3 — 50 9,9 7.8 136 |9 150
88 | 500 1,5 |AICls —78 7,3 5,6 0,92 | 4,8 421,7
89 | 500 1 AICls — 60 5.1 41 |[123]|514]| 3179
187 {900 | — |Mg— 40 - o lolre |24t | 27

— i . -

Kak BHAHO M3 NOAYYEHHBIX AAHHBIX, NPUMeHCHHE TepMocHapsAAa
NO3BOJIHJIO TIOJIYYHTH OHIYTHMHIH 3G deKT npu TepMopeareHTHHX obpa-
6oTkax: mpHpalleHHe Mo AeOUTY CKBaXKHH OTHOCHTENBHO nAebuTa A0
o6paboTku naxonurcs B npenenax 150—421,7 9.

s ouenku 3¢@dEKTHBHOCTH NPHMEHEHHS TepMocHapaaa OblJH
NpoBefeHH TePMOKUCIOTHHE 00pabOTKH CaMOH3UBAIONIMXCH CKBAXKUH,
B Xome XoTophix B (uiapTpsl noaabadu no 300 1 HHrHOMPOBAHHOH
cosisiHOM KucaoTH 25%-HOM KOHUEHTPAUHH CO CTAOGHIH3HPYIOUIHMH
no6aBkamMu M no 45 Kr rpaHysaupoBaHHoro MarHus Ha 3abofi. Ilpu
3TOM TeMIlepaTypa HarpeBa KHCJOTH He mpeBniliana B cpeaHeM 40° C.
IMocne pocTuXKeHHsT MaKCHMAJIbHOH TeMmIepaTyphl 3aJaBjHBaHUE Ha-
rpeToli KHCJOTHI B 32KOJIBMATHPOBAHHYIO NPHGHUILTPOBYIO 30HY IpO-
n3Boauan Bonod (1,0—2 M3) W B Takom TOJIoKeHHH CKBAaXKHHa OCTa-
Basach 18—20 uy, nocae yero NMPOH3BOAMJH SPJIHPTHYIO NPOKAUKY.

[Tpu Bcex TepMOKHCTOTHHIX 06pabGoTkax HabJ0AanCA TasanOTHLIA
noabeM XHUAKOCTH Mo TPaBHUHHON OOGCHINMKE H CTBOJY CKBaXKHuHBH. B pe-
3yJbTaTe TEPMOKHCJOTHHX 00paboOTOK JecsiTH CKBaXHH C 3aCHINKOH
maruus Ha 3a6oi ne6utT CKBaxXuH OblJ1 yBeNHueH B cpennem ¢ 3,14
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no 6,59 M3/u. CpaBHHTesbHBE AaHHble 3O (MEKTHBHOCTH PAa3JIHUHBIX Me-
TOA0B 006pabOTKH CaMOM3JIHBAIONIMXCS CKBaxKuH KpacHopapckoro Bo-
AOXpaHuaulla npuBesensl B Tabua. 18.8.

Ta6auna 18.8. 3ddekTHBHOCTL PAJHYHBIX PEareHTHHX METONOB
00paldoTKH cCaMOHM3JHBAOWMXCA cKBAXHH KpacHOonapckoro BoAOXpaHHAHIIA

CpeaHee npHpalileHHe
Yncno JeO6HTa OTHOCHTEJb-
Cnoco6 06paGoTKH CKBaXXHH | Ho me6HTa no oO6pa-
GoTKH, %
TepMmokucaoTHas o6paGoTKa npPH NOMOLIH TEPMO- 4 276,7
CHapsaAa
TepmokucnoTHass o6paboTka ¢ 3acHINKOH MArHHS HAa 10 109,8
3aboii
KncnoThas BaHHa ¢ 3aJaBJHBaHHEM KHCJAOTH BOJOf 137 100,8

TepMokucioTHass o6paboTkKa npu nomollu TepMOcHapsina obecrne-
YHBAeT yBeJHUeHHe NPOU3BOAUTENBHOCTH CKBaXuH 60Jiee 4eM B JiBa
pasa IO CPaBHEHHIO C APYTHMH HCIOJb3yeMBIMU PEareHTHHIMH MeTO-
AaMH, 4yTO CBHAETeJIbCTByeT O OoJsiblileH BO3MOXHOCTH H3BJI€UeHHS
KOJbMaTaHTa U3 NPUGHALTPOBOH 30HHL.

18.2. Meroabl BOCCTAaHOBJEHHS NPOU3BOAHTENBHOCTH
Jy4YyeBbiX BOA03a60poB

CHuXKeHHe NPOMU3BOAMUTEJBHOCTH JyueBBIX BOA03abopoB, COOPY-
)KaeMbix B OeperoBoil 30He peK C NOAPYCJIOBBIMH JyuYaMH-APeHaMH,
BbI3bIBAETCA KOJbMaTauHeil pycCJOBBIX OTJOXKeHHH H BOAONPHEeMHOH
NOBEPXHOCTH ApeH. 3aKOHOMEPHOCTH H3MeHEHHS yaejabHOro aAebura
JVUeBHIX BOA03a00OpPOB aHA/NOTHUYHBl CKBAaXHHAM H B OOJIBLUIHHCTBE
cJlyyaeB ONMHUCHIBAIOTCS 3aBHUCHMOCTBIO, GJIM3KOH K SKCIOHEHIHaJbHOH
(puc. 18.4). B 060061ieHHOM BHAE OHH ONHCHIBAIOTCH 3aBHCHMOCTBHIO
BUfaa g=—=e 00®R4328 yrg COOTBETCTByeT YMEHLIUEHHIO yAEJBHOrO He-
6uta 3a 42 Mec. B 2,5 pa3a. Bosiee HHTeHCHBHOe CHHXXeHUe YNebHOIO
nebuTa ayueBOro Bonosaﬁopa 6nls10 3adukcupoBano B Kyrtiope (Ppan-
unst, Ilapuxckuii GacceiiH), rae JjydyeBble B0J03abOpbl KanTHPOBAJH
BOAOHOCHBIH TOPH30HT B aJIJIIOBHAJIBHBIX OTJOXEHHAX p. Jlyaph.
3aech yAeabHHH feGUT CHHXAaJjics B 2 pasa yxe depes 1—1,5 4y sKe-
nayaranud. OnHOH H3 OCHOBHBIX MPHYHH HHTEHCHBHOTO KOJbMaTaxa
B 3TOM cJydae sIBUjach GHOJoruueckas nesiTeJbHOCTH XeJse3obakre-
PHH.

[Ipu BOCCTaHOBEHHH NMPOH3BOAHTEJBHOCTH APEH HCHOAL3YIOT Me-
XaHHYeCKYI0 UYHCTKy €pUIOM, NMPOMBIBKY HX € NpHMEHeHHeM T'HAPOHa-
CafoOK H peareHTHyw 00paboTKy nyTeM 3aaaB/jiMBaHHsA peareHra 3a
KOHTYp ¢uabrpa. B KyTiope npu pereHepanuu Jy4yeBbIX B0A03a00OpoB
6bl1 MCTOJB30BAH OOUIMPHBEIR KOMILJIEKC METOJOB: MeXaHHYeckast OUH-
cTKa ¢ nociaeaymoiieét o6paborkoit nmonudocharaMH, CONAHO-KHCIOT-
Hass o6pab0TKa, pereHepalmHsi CMeChbi0 OPraHHYECKUX M MHHepaJIbHHX
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g.a/c M Puc. 18.4. Cuuxenue yaensHoro ne-
J2 o D 6ura ayuesoro soposaGopa e r. Bea-
rpase (fOrocnhaBusi) BO BpeMeHH
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KHCIO0T, 3paudTHAs NpoKauKa APEH, XJOPHPOBAHHE NJS MNOMABJICHUSA
OHOJIOTHUECKOH HeATeJbHOCTH Kesie300aKTepHi H, HaKOHen, Ao0ypH-
BaHHe HOBHIX Jiyuel ¢ 000opyAOBaHHEM HMX TMJIACTMAcCOBBIMH (hHABbTpA-
MH H Tpyb6amu. Hu oauMH H3 NepeuncjeHHBIX CIOCOOOB pereHepaiyu
He obecneyus BOCCTAHOBJIEHHS TNEPBOHAUAJNBHON YHeJNbHOH MPOH3BO-
AuTenbHOCTH Bojo3abopa. Ilocsae o6paboTku oHa He mpeBbicuna 70—
809 nepBonauanbHOH. BeposiTHO, 3TO CBS3aHO CO 3HAYHTEIHHON CJIOXK-
HOCTBIO PaBHOMEPHOro 3aAaBJHMBAHHA pEAreHTa B JIyUH-APeHH, OCO-
GeHHO TPH 3aTONJIEHHBIX BOAOBBINYCKAX ApPeH.

B paBHO/ CTeneHH 3aTPpYAHHUTE/bHA H OUHCTKA 3aKOJIbMAaTHPOBaH-
HOTO CJIOS PYCJOBBIX OTJOXKEHHH, NPOHUILAeMOCTb KOTOPHIX YMEHbIIA-
e€Tcsd NMPH HHTEHCHBHOM Bopo3abope. [las 3TOH HeAH MNPHMEHSAIOT
OYHUCTKY PYC/ia PeKH € HCIOJbh30BAHHEM 3eMCHAPAAOB, ClIellHAJbHEIE
BOAOCTPYHHBIe NMPHCIOCOOSEHHSA U PBIXJHTENH JAHA.

Hutepecupit ONMHIT 3KCIJyaTalldd MOAPYCJOBOro Boxo3zabopa Jay-
4YeBOro THHa CHCTeMbl BOAOCHAOXKeHHs r. BapluiaBwi, COOPYIKEHHOTO
nox pycaom p. Bucanl, npoananusuposan A. I'pyuBanbnom. Bomosa-
60p COCTOMT M3 TpeX HIaXTHBIX BOAOCOOPHHBIX KosioaueB. B xome aran-
HOTO CTPOHUTEJbLCTBA HA MEPBOH ouepexn OblA MOCTPOeH BoAo3abop ¢
npoekTHO# mpousBoaureabHocthio 150 000 mM3/cyt. K c6opHOMy KoaOA-
Ly Oblsin MoAcOoeaHHEHH 15 JyueBbIX ApeH Auamerpom 300 MM ¢ anau-
HO# Kaxpaoro ayua okoJyio 100 M. Bce nyuu opHeHTHpPOBaHH NOJ PyCJo
peku, a 3arsybsaeHHe ux cocranisseT 6—7 M. Ilpu pacmuperuu Bono-
8at6opa OBIIO 3alpPOEKTHPOBAHO M MOCTPOEHO eumle JABa Kojoauma ¢
BOCEMbIO JIyUeBHIMU ABYXbsIDYCHBIMH ApeHaMH. IIpoekTHas IpOH3BOLH-
TeAbHOCTb Kaxaoro u3 Hux 50 000 m3/cyT.

Tlpu skcnayatallud mepBoro Bojfo3abGopa HaGJMI0Aa0Ch TIOCTENeH-
HOe CHHXeHHe ero Aebura. HecMOTps Ha TO 4TO NpPHMEHEHHE UHCTKH
pycna 3eMCHapsilaMH C NMOMOUIBI0 MeXaHHUECKHX YCTPOHCTB, OTKJIO-
gYeHHe BOA03a60pa MPHBOAMMIO K YBEJHUEHHIO KOJHYECTBA OTOHpaeMoH
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BOABI, 3TOT 3¢ deKT OBl KPaTKOBPEMEHHBIM, a MPOUYUCTKA PYCJOBBIX
OTJ0XKEHHIl KOMIIpeccOpOM AaJjia OTpPHIaTe/ibHBle pe3ynabTaThl. 3a
10 Jer npoM3BOAUTENBHOCTH BoAo3abopa cuusuaace ¢ 150000 no
100 000 m3/cyT, a B oTHesbHble MNepHOAB! Oblia 3HAUMTENBHO HHNKE.
Ilnst BOCCTAHOBJIEHHS TIPOH3BOAMTENBHOCTH BOA03a6opa OBIIO HCIOJIB-
30BaHO TH/APABJ/IHUECKOe INPOMBIBOYHOE YCTPOHCTBO, CMOHTHPOBAHHOE
Ha noHToHe. OHO BKJIIOYaeT HACOCHKIE arperaTsl NIPOU3BOAHTENbHOCTHIO
180 a/c u paBaenuem 0,1 MIla ¢ paGounm HAKOHEUHHKOM H3 JBYX
Tpy6 auamerpom no 100 MM, ykpenneHHbIX Ha NOABHUXKHOH pame, Ie-
peaBHramwliefics B BEPTHKANBHOH NAOCKOCTH. Ha koHue kaxpo# Tpy-
Obl yCTPOCHB! cOmJa, HalpaBJEHHBIE BBEPX MOJA yrjoMm 45°, a Takxke
pas3MbliBaloliye conja (THAPOHACAAKH), HANpPaBJCHHbIe BHH3, AJiS pa3s-
MBIBa JIOHHBIX OTJOXEHHH.

[Iponmecc meko.abMaTalHH PYCAOBHIX OTJOXKEHHH CBOAMTCS K Iepe-
MELIeHHI0 HacafKOB, KOTOpbie 06ecnedyuBaloT MPOMBIBKY MJjacTa Haj
ApPeHaMH, H TOPH3OHTAALHOMY VAAJEHHIO WIHCTHIX 0Opa30BaHHil BHU3
no TeyeHHIO pekH. CKOPOCTh IABHKEHHs BOAH B PeKe NPHU 3TOM CIO-
cobe nexoapMaTanuu AoakHa OblTe He Menee 0,3 M/c. B pesyiibrare
Taxko# nexkonbMaTanuu Ha IlpaskckoM Bomozabope r. Bapuiaswl yAesb-
HeIH nebur 6wl yBearuen ¢ 12—30 a/c no 32—35 s/c, a npoOH3BOAH-
TeJbHOCTH AOCTHIVIa NepBonaudanapHoO# —- 150 000 m3/cyr. Hosas yc-
TAHOBKa JJig AeKOJbMaTalluu pycaossix orjoxeHnuét IIpaxkckoro Bo-
no03a6opa obGopynoBaHa IeHTPOOEXHHM HACOCOM INPOH3BOAHTENbHO-
cteio 100 s/c ¢ maBaennem 0,60 MIla. Takum o6pa3om, anas pereHe-
panuu JyueBnIX BoA03aGopoB pa3paboran psjg mpucHocobJgeHHM |
YCTPOMCTB, OIHAKO NPOH3BOACTBO paboT oka3biBaercsi 6ojiee TPyaoeM-
KHM, 9eM BOCCTAHOBJICHHE INPOM3BOJHTEJIBHOCTH BEPTHKAJbHBIX CKBa-
KHH.

18.3. MeToanl BOCCTAHOBNIEHUS NPOU3BOAUTENbHOCTH
IAXTHBIX KOJMOALEB

ITIpu xuMHueckoM u OHOJOrHUYCCKOM KOJAbMaTaxe BOAOMNPHCMHOHN
YacTH IIAXTHBIX KOJOALEB NPHMEHSIOT pearcHTHble H KOMOHMHHDPOBaH-
Hbie MeTOAbl perenepanHy. BmecTe C TeM ONBIT MOKa3pBaeT, YTO B
60JBUIHHCTBe cayyaeB ycTOHuHBasi paboTra UIaxXTHHIX KOJOAleB obec-
MTeYHBAETCA HX MexXaHHUYeCKOH HJH THApPaBJHYecKOH uucTKoM. [las
3TOH uenu paspaborad psin ycTaHoBOK. OfHHM H3 BapHaHTOB TaKOH
yctaHoBKH siBasieTess Mmaliyga KasHHUHUMOICX (OIIK-3) ¢ pabouum
opranom B Buie 0aanH, moayuamouei kKomebGaHHs OT XKeCTKO 3aKpen-
JeHHOro 3Jjekrpuueckoro Bubpartopa. Mawnna OIIK-3 ocobenno ap-
(beKTHBHA B TOM CJjyuae, KOraa B KOJIOAIlaX MaJo BOAHL.

I'mapaBnndecKkHd MPHUHIHUI YHCTKH KOJOALEB peasu30BaH B THA-
POIMKJOHHOH HacocHOM ycraHoBke ['LlY ¢ rTeneckonuueckum NOAB-
eMHO-CIIYCKHBIM MeXaHH3MoM Ha 06ase aBtoMamiuuni 3MJI-131. ¥Ycra-
HoBka pa3paborana KasHHWUHMBX u cocrour u3 MHOrocryneH4aroro
Hacoca, FHAPOIHKJIOHHON NOABEMHON KaMepsl H THAPO3JeBaToOpa.
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Puc. 18.5. Cxema ruapouuknoHHoit Hacoc-
Ho# ycraHoBku T'LLY nas 4ucrkH Komdon-
ues KoHcTpykuuu KasHHHUBX

I — apromaminia 3WJI-131; 2 — aeGenka
nmoabemMa BbllIKH, J — THAPOUHKJIOH-CTY-
cTHTENb, 4 — THAPOIHKJIOHHAS HacoCcHas
YCTAHOBKA; § — NOA'BEMHO-CIIYCKHOH Mexa-
HH3M YCTaHOBKH; 6 — 6J10K; 7 — CTOHKA;
8§ — WaxTHHA KoJojen; 9 — Telneckonuue-

cKafd uacrb; IO — BcacuiBalOmas JuHHAA,
11 — nanopnas Juuus; 12 — regposJesa-
TOPp C THAPOLHKJOHHBIM HacankoM; [3 —
nyJsiblia
g
.-"","r
//
71
il
2
48, 73
g

-~
P -

YcranoBka pa6oraer caenyiomuMm oopasom (puc. 18.5). Ilpu mo-
MOILH TEJEeCKONHYeCKOro yctpoHcerBa 9 omyckaloT ruaposseBatop 12
10 IHa WAaXTHOro KoJoaua 8. YCTaHOBKy 3amOJHSAKT BOAOW U myckKa-
10T ee B pabory. Pabouasi ®ujnkocTh, Nonas no HanopHo#d tpybe 11
B THApPO3JEBATOpP, MONYyTHO 3acCacChlBaeT H3 KOJOAIA JOHHBIE HAHOCH
I3 ¥ nopaer ux mo Tpybe [0 B NMpHEMHYI0O KaMepy THAPOIHUKJIOHHOIO
Hacoca 4. B kaMepe ruUApPONHMKJOHA NPOHCXOAMT OTACJNCHHE OCalKa
oT ocBeTJieHHOH KuakocTy. OcBeTneHHAs XKUAKOCT, HACOCOM MOAAeTCH
o6paTHO B THAPO3JeBATOP, a OCAAOK TPAHCHOPTHpYyeTCs B THAPOLHK-
JIOH-CTYCTHTENb 3, TAe NOoA AeHCTBHeM JaBJieHHs CTPYHHOFO annapara
NPOUCXOAHUT ero yuuotHeHue. TakuMm 006pas3oM, B MallliHe CO3AaeTcH
saMKHyTasi THApaB/JHYecKass cHcTeMa, Tpebylonias HeOOJbIIOro KOJH-
yecTBa KHAKOCTH JAJs pa3MhiBa U YAAJEHHs NOHHLIX OT/OXKEHHH H3
IIAaXTHOrO KOJOAUA.
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FJIABA 19. HABJIIOAEHHUSI HA BOJAO3ABOPAX
NMOA3SEMHBIX BOJ INNPU UX SKCINJIYATALLUH

19.1. OcHOBHBIE 3a/1a4H ¥ COCTAB HAONIOAEHUH

Bonpocel H3yueHHs 3KCIJyaTallWH NMOA3EMHBIX BOJ, BKJOuas Tak-
JKe BOA03ab0pH ¢ 000pyJaoBaHHeM H NOJayeH yYepe3 pacnpelenHTe/b-
HYIO ceTh NMOTpPeGUTENI0, a TaKKe cOCTAB HabOMIOJEHHH H MX aHalu3, B
JiiiTepaType OCBelleHB O4eHb MaJlo.

B nybOaukanusax 1mo rHAPOTe0JIOTHH pacCMaTpPHBAKOTCA B OCHOBHOM
BONpochH HaOAWAelHH 32 MOA3eMHLIMH BoJdaMu Oe3 HCCaeJOBaHHH ca-
MHX BOA03a060poB H 6e3 KOMNJEKCHOrO aHalu3a TakHuxX HabaoJenHi.

HeobxoauMo KOMIJIeKCHOE H3yueHHe MOA3eMHBIX BOJA H BOA03abo-
POB M3 HHX, BKJKOUasi BOIPOCH 3KCHJayarallud oOOpyAOBaHUS BOAO3a-
OOpOB M HACOCHBIX CTAHIMH, pe3epBYapoB, BOAOBOAOB, a TaKxe IpH
HEeOOXOAHUMOCTH H3yueHHEe THAPOJOTHYECKHX H MeTeOpOJOTHYeCKHX
noxkasarejeid. KpoMme TOro, ZOJKHBI NPOBOAUTBCA CaHHTApHHE HAa-
6aofenus (cM. ra. 16).

Cnenyer OTMeTHTb, YTO THAPOTEOJIOTHYECKHE YCJOBHS H CHCTEMH
Bojo3abopa NMOA3eMHHIX BOJ ¢ HX 0o0OpyJOBaHHeM BecbMa pPa3H000-
pasubl. ['1aBHO! 3aflayel M3yueHHs 3KCOJjayaTamud BOA03abOpOB MOJI-
3eMHBIX BOJ SABJSETCH BHIBJEHHE H3MEHEHHs OCHOBHHIX MoOKa3aTejed
H B OCOOEHHOCTH H3MeHeHHe YPOBHeH BOJALI, CHHUXKeHHEe MPOH3BOAH-
TeJbHOCTH, YXYAllleHHe KayecTBa BOJAL, & TakK¥Xe NOBBHIIIEHHE €e CTO-
HMOCTH.

YMeHblIeHHe NPOH3BOJHTENBHOCTH BOA03a60POB MOXET OHITh CBA-
3aHO C NOHHXEHHeM YPOBHEH NMOA3CMHBLIX BOJA B paHOHC BOA03abopoB,
C YBEJHYEHHEM CONPOTHBJIEHHH NPH BXOJe BOAK H3 BOJJOHOCHOTI'O Tro-
pH30HTa B BOA03a0OpHI, H3HOCA HACOCOB H APYroro TexHHyeckoro 06o-
pYAOBaHHs, a TakKXke C H3MeHeHHeM NPHPOAHHBIX YCJOBHH H YCJOBHH
dbopMHPOBaHHS NOA3eMHBIX BOA. YXYAUIeHHe KaueCTBAa MNOJYYaeMOH
BOABI MOXeT IPOMCXOAHUTH B CHJIY pPa3HoOO6pa3HblX NpHuUHH (CM. pa3sn.
15.4, ra. 15).

Ha nosblllenHe CTOHMOCTH BJIHSIET, B YaCTHOCTH, NIOHHKEHHE ypOB-
Hsl BOAB B CKBa)XXHHax (M B Apyrux BoAo3abopax), a Takxke yxyxauie-
HUE B CBS3H C 3THM K.II.[l. HACOCOB, H3HOC HacocoB MU T. A. Ilo-
cJlefiHHe NPHUHHBI BJHSAIOT HA CHHXKEHHe NMPOM3BOAMTENBHOCTH BOJO-
3abopa, nub0 yBeJUHueHHE pacxOfia 3JNEKTPOIHEPLHH, HIAH NPOHCXOMHT
U TO, U Jpyroe. CHUXKEHHUe yDPOBHEH 110 THAPOTeOJOrMYEeCKHM YCJIOBH-
M W NOJA BJHAHHEM 3KCIJIyaTallid B apTe3HaHCKHX BOAAX NOCTHTaer
NeCATKOB H COTeH MeTpPOB; B TPYHTOBHIX BOZAaX CHHXKEHHE ypOBHeMH
NpH SKCIAyaTallHH 3HAUUTEJIbHO MeHbIle — pefAko A0 20 M. Takum
06pa3oM, NpH IKCHAyaTalHH NOA3EMHLIX BOJA HeoOXOAHMO HabaOAaTh
H M3yuaTh YPOBHH M KaueCTBO IIOA3E€MHBIX BOJ, a4 Takxe pabory Bo-
n03ab0pOB, X NPOU3BOAHUTEIBHOCTD H COCTOSIHHE.

HabawoaenHs 3a ypOBHAMH M KaueCTBOM NOA3EMHHIX BOJ C aHAJH-
30M H3MeHEHHsl YCJOBHI HX (GOPMHPOBAHHS, a TAaKXKe C YYCTOM aHa-
Ju3a MOKasaTeJeH SKCIJayaTalHH BOA03a0OPOB H CAHHTAPHBIX YCJO-
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BHH NO3BOJISIIOT CAeNaTh BHIBOA O KadecTBe paboThl STHX BOZ03a00-
poB, CTAOHJBHOCTH HJH H3MEeHEHHU TIPOM3BOJIHTE/bHOCTH H KauecTBa
BOJIbI, MOZaBaemMoil Box03aboOpoM, a Takke O ero TeXHHYECKOM COCTO-
STHHH,

19.2. TpubGopsl na8 OCHAMEHHA HAONIOAATENbHBIX CKBAKHH

IIpuGopnl AAs ompenesieHHst YpoBHEH H TeMllepaTypsl BOAbl B Ha-
Oar0aTe/IbHBIX CKBAXKHHAX NPUMEHSAIOT KaK CTallHOHApHBIE C PErucT-
palldeli NOKAa3aHHH Ha MecTe M HA PACCTOAHHH, TaK H INepeHOCHbIe
C pa30BbIM H3MEpEeHHeM.

Ins u3MepeHus YpOBHSI BOABl B HAOGJIONATENbHBIX CKBAXKHHAX Ya-
Ile MPUMEHSIOT NPOCThie M JelleBble NepeHOcHBe ypoBHeMmephl. [lna-
Ia30H MX H3MepeHHH no raybusHe cocraBaser O50—200 M u gaxe
500 M. Yame npuMeHSIOT YPOBHEMEPH C XJONYWKOH aAuamerpom 16—
40 MM u ¢ pyaetkoit {(PC-20 u PC-40) nns rayOuH H3MEPEHHS COOT-
BeTcTBeHHO 20 u 40 M m ¢ karyukoi (I'TII-126) npu puamerpe XJo-
nywku 40 MM u raybune usMepenus po 100 m. [[nana3oH usMmepeHui
CTALMOHAPHBIX 3JEeKTpOypoBHeMepoB cocTaBiasier 50—500 m ausa pas-
JUUYHBIX THIOB W AuaMeTpoB jaruvka (uame 12 MM, aaa THna
IB-1M — 20 mm).

CranHoHapHble YpOBHEMepbl XapakTepH3yIOTCs DIHPOKHM [Hana-
S80HOM XapakTepHUCTHK. Pa3nuyaroT Cae/lyiouiHe TPYMNIb ypPOBHEMEPOB:
1) ocHoBHAs — Mo AMAanaszoHy H3MepeHus kKoqebauufi yposHs; 2) 1o
PacnoJIOXEeHHI0 110 OTHOLIEHHIO K YDPOBHIO BOJABI: HHXe HJH Ha YPOB-
He; 3) nmo (PYHKUWOHANBHOMY NpH3HAKY: NOKa3biBalolllHe, pEerucTpu-
PYIOIIHE M CHTHAJH3UDYIOUiHe; 4) H3MepeHHs Ha O0beKTe H KHCTaH-
IHOHHbIE; 5) mo crnocoby H3MepenHs: NOMNJaBKOBbie, THAPOCTATHUE-
CKHe H 3JeKTpHYeCKue.

YpoBHeMepHl ¢ CHTHAJAM3alUWeH HA PacCTOSHHH TMPHMEHSIOT B 3KC-
IJIyaTallHOHHBLIX CKBaXKMHaxX, TeMnepaTypy BOAB B HaO/I0AaTEJbHBIX
CKBaxXHMHAX ONPEAesioT rJIYOHHHBIMH NpHOOPaMH, HO AJS NOJYyYeHHS
NeHCTBHTENbHON TeMnepaTypsl MNOA3EMHBIX BOJA HEOOGXOAHMMO BHINOJ-
HHTb NPEABAPHTEJbHYIO NMPOKAuKy € pacxoJoM He MeHee Tpex obbe-
MOB BOJAbl B CKBaxKHHe. Taxue onpefeneHusi TeMmieparypsl NpoOH3BO-
AST TEPHOAHYECKH, B YACTHOCTH, NIPH NOMOILUM TAK HA3bIBAEMBIX Je-
HHUBHIX PTYTHBIX TEPMOMETPOB.

Ecau nosydyenHble ryOUHHBIM TEPMOMETPOM 3HAuUEHHS TeMileparty-
pbl mocJe OTKA4YKH W 0e3 NPOKaukKH OAMHAKOBBI, TO B [ajbHEHIIEM
MOXKHO OT NPOKAYK{ NMpH 3aMepax TeMmepaTypsl B HaOJI0gaTeNbHbIX
CKRAXHHaX OTKa3athcsl. OAH2KO AOCTATOYHOCTb IIPOKAYKH CKBAXKH-
HHl NpH Tpex o0beMax BOAbI, YKa3aHHLIX BbIlIE, JOJKHA NPOBEPATHCS
NyTeM YBeJHYEHHS NPOAOJIKHTENbHOCTH 5TOH IPOKAYKH C COOTBETCT-
BYIOIIMMH 3aMepaMu TeMmepaTtypbl IJyOHHHBIM TepMOMETPOM H B
OTKayHRaeMoH BoJe Ha MOBEPXHOCTH (y H3JIHBA).

ITpo6sl BoAbl AJs aHanH3a orOuparoT M3 HabJlOJaTebHBIX CKBa-
SKHH TIOCJe AOCTATOUHON NMPOKAUKH ee Ha TOBEPXHOCTH HJAH MPH IO-
MOILH ONYCKAeMOro B CKBAaXKHHY NPOOOOTOOPHHKA.
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AHanu3sl BOJAB BHIMOJNHSIOT B JabGOpaTOpHH, HO HEKOTOpbie NOKa-
3aTesld ee KayeCTBa ONpedeNsiloT aBTOMaTHYeCKHMH npubopaMu u, B
YyacTHOCTH, onpenenenuss pH, TemMnepaTypsl, LUBETHOCTH, COAepKaHHUS
kucaopona, BIIK. ABromaTuueckoe onpeieseHue KHCJIOPOAA, HANpPH-
Mep, mpousBoauTcs aHaauzatopoMm AKBA-C, KoTOpBiii COCTOHT H3
H3MEpUTEeNLHOTO YCTPOHCTBA (mATUHKA), CaMONHUINYLIero MUJAJHAMIIEp-
Merpa KC¥2-003 u apyrux ageraneit. DToT aHaauszatop ocobeHHO Ba-
xen B cucteMe VIBIIB I tuna ¢ undunprpannodnsimu 6accefinaMi.
[Ipn moctynaenun Boau B GaccefiH caeayeT yBeJHUHBATh COAEPIKAHHE
KHCJOpPOAA B BOAE, KOTOPHIH pPacXoAyeTcss Ha yJayulleHHe ee KauecTBa
B OacceliHe, HAKHCTOI NAeHKe, 30He aspallyd H BOJOHOCHOM TOPH30HTE
no NyTH ABHKeHUS K Boao3abopam. IToaToMy H3MeHeHHe COAepKaHHSA
KHCJIOpOAA HYXKHO OnpedensiTb Ha 3THX ueThipex yuyactkaxXx. Conep-
KaHue KucaopoAa, a Takxe pH omnpenpeasior Ha mecrte, TaK Kak ¢o
BPpEMEHeM COJiepKaHue PaCTBOPEHHBIX T'a30B B BOJNE MEHSIETCS.

19.3. Pa3mewicuue Ha0J0HaTEAbHOH CETH.
Cpoku HabmopeHuH

Pasnble rufiporeosioruyeckde, ruUApPOJOrHYecKHe, TeXHHUECKHEe H
CaHHTaPHBlEe YCJAOBHS AHKTYIOT PasjHYHOe pa3MeuieHHe HabJrogaTeb-
HBIX MYHKTOB, HX YHCJO H CPOKH HAaOGNIONSHHS NPHU IKCIJIyaTalluH oA~
3eMHBIX BoA. HaGatofeHus 3a mMoa3eMHBIMH BOAAMH IIPH HX 3Kcnaya-
Tauud O0Co0eHHO BaXKHHI B 30He CTPOroro CaHutrapHoro pexuma (l-#
osiC), KOTOpasi BKJWOYaeT VuacToK BOA03aboOpPOB CO BCeMH COOpYKe-
HUAMH H ofopyroBaHHeM. 3aTeM HYXKHB HabJIOASHHS H H3Y4YeHHe NOoJ-
3¢MHBIX BOJ BO BTOPOM H TpeTbeM MOSICaX CAaHHUTApPHOH OXpaHbl, KO-
TOpbie A7 TPYHTOBBIX BOA OObIYHO coBmagait ¢ obaacteio dpopMu-
POBaHHS 3KCHJYaTallHOHHBIX 3aMacoB; BO BTOPOM H TpeTheM HOACax
Ha pacyeTHHId CPOK 3KCIJYaTallHu BO3MOMKHO H3MeHeHHe (POPMHPO-
BAaHHS MOJA3eMHBIX BOJ — MOJIOXKEHHe HX YPOBHeH, KauecTBa BOJALI H
ec pacxonpa. Kornma ¢opmHpOBaHHe 3KCNAYaTAUHOHUHBIX 3anacoB NOA-
3¢MHBIX BOJA CBH3aHO C NMOBEPXHOCTHBIMH BOLAMH DPeK, 03ep, BOJAOXpa-
HUJHLL, @ TakKXe ¢ Pa3HbIMU I'HAPOTEeXHHUECKMMH H MeJHOPATHBHBIMH
MeponpusiTuaMu (oCyuieHHe, OpoOlleHHe), a TakXkKe TOpPHbBIMH pa3spa-
6oTKaMu MOJIE3HBIX HCKOMaeMbIX, pasMelieHHe HAGJIOAaTeNbHOH CeTH
BKJIIOYAETCH B MPOEKT 30HBl CAHHTAPHOH OXPAaHHI.

MHuoroo6pasue ruApOreoJOrHYecKHX H APYrHX YCIAOBHiH, a TaKKe
THIIOB H CXeM BOJ03a60pOB MOA3EMHBLIX BOJ ¢ HX ofopynoBaHuem OC-
JOXKHSIET KOHKPeTHbie YKa3aHHsdg [0 Pa3MelleHHI0 AJs BCeX BO3MOXK-
HbIX CayuaeB HaOnlofaTeNbHBIX NMYHKTOB 32 PEXXHMOM INOA3eMHBIX BOJ.
OnHako npuHIHNHAJbHble TpeGoBaHua K HabJIOAEHHAM 3a MOA3eM-
HbIMH BOJAAMH TNPH IKCIAYATAUHH MOXKHO CHOPMYIHPOBATL H PEKO-
MEHJI0BATb, YUHUTHIBAs IPH STOM HMEIOUIMHCA ONBIT MO H3MEHEHHIO
YpOBHEH, pacxola H KayecTBa noja3eMHbIX BoA. Caexayer Tmpu 3ToM
YUHTHIBATb, YTO H3MEHEHHS MNPOH3BOAHUTEJbHOCTH M KaueCcTBa BOJHI,
noJydyaemMoit Bojo3abopaMH, MOXKeT 3aBHCeTh OT HU3MEHeHHH, IPOUCXO-
ASUIHX B caMuX Bopo3abopaXx. OAHMH U3 TakuX NPUMEPOB YXYALISHHUS
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KayecTBa BOJABI OTMeueH B pasa. 15.4 ra. 15. IToatomy B HabmwoneHu-
fX, a 3aTeM H B MX aHanu3e CJeAyeT yuecTb COCTOSIHHE BOA03a00pOB
IOJ3€MHBIX BOJA C UX O0O0PYROBAaHHEM.

Takum o6pasom, caeayeT NpouU3BOAHTL HAOMIOAEHHS 3a YPOBHSAMH
M KayeCTBOM IOA3€MHBIX H NOBEPXHOCTHBIX BOJ, a TakK¥ke 3a pacxo-
IOM BOJbl ¥ €¢ KauecTBOM H3 BOA03a60pOB, TEXHHUYECKHM COCTOSTHHEM
nocaeAHuX, BKJlouass o6opypoBaHue. Pasymeercs, HabmoaeHus 3a
MOA3eMHBIMH BOAAMH H BOgo3abopamMu JOJKHBI YUHMTBIBATH HaHHbIC
Mo CAaHMTAPHOMY cocrosiHuio. [locnenHee obycnoBauBaer Oonee ge-
TaJbHble HAGJIOAeHUs B 30He cTpororo pexuma (I) u Menee meranb-
Hole — Bo II u III 30Hax orpanuuyeHui. B 3aBHCHMOCTH OT I'HAPOTreo-
JIOTHYECKHUX VCJAOBHH 06BIUHO BHIOHPAIOT ¥ TUN BOA03a6opa; THAPOreo-
JIOTHYECKHEe YCJIOBHsi TaKXe BJUSIOT Ha nepeuyeHb HeoOXOAHMMBIX CaHH-
TapHLIX MeponpHaTHH. B cBfI3W ¢ 9THM, HaANpHMeEp, MOXKHO BBIACTHUTH
CAeAYIOUIHEe THAPOreoJOrHUeCKHe YCJIOBHS:

|. HamopHbie BOAM ¥, B HaCTHOCTH, apTe3MaHCKHE, a TaKXke B TIO-
rpe6GeHHbIX JNOJMHHAX peK, XOPOUIO 3aUMUIEHHbIX OT 3arpsi3HEHHs.

2. Besnamopunie BOABI, He 3aUiHLIeHHBIE CBEPXY OT 3arpA3HeHHSA
(Braau oT NMOBEPXHOCTHBHIX BOM).

3. Besnanopuble BoAbl ¢ OJH3KUMH y4acTKaMH MUTAHHS H3 NOBepX-
HOCTHBIX BOJI, ©3 YY4acTKOB OPOLIeHHs, a Tak¥ke CBsi3aHHbIe C y4acT-
KaMH OCYLUeHHH.

4. BeperoBbie HHPHABTPALHOHHBIE BOAO3A00OPHI.

5. Cucremu MBIIB.

6. IToxseMubie BoAH B 0OCOOBHIX YCJOBHSIX (MHOTOJIeTHSISI Mep3Jo-
Ta, BO3MOXKHOCTb 3aCOJICHHS U AP.).

Habmoaenus 3a TeXHHYECKHM COCTOSIHMEM B0J03ab0pOB, CBsI3aH-
HHIX C HHMH JADPYTHX coopyxKeHu#l u oOopynoBaHHs, HEOOXOMHMBI BO
BCcex cJaydasix.

3 npuBegeHHOo#l BHIIE CXeMbl PAa3JHYHBIX THAPOTEOJOTHUECKHX
yCJOBHH MOXKHO OTMETHTb CJAeAyioliHe Haubo.jee BaxHble OOBLEKTH
HabMIOAeHH .

1. TIpu sxcnayaTauuu apTe3HaHCKuX H BOOOUIe HAMOPHBIX BOJ,
XOPOLIO 3aMHUIEHHBIX OT 3arPsI3HEHHsS] ¥ BAAJH OT O6JacTell MHTAHHS!

a) MOHHIKCHHE YpOBHEH BOABI NPH 3KCIJyaTalHH, B OCOGEHHOCTH
B 3KCNAYAaTAUHOHHBIX CKBAaXHHAaX;

6) BbIsIBJIeHHE CBSI3H C JAPYTHMH BOJOHOCHBIMH TODH30HTAMH, a
npH PAasBHTHH KCIAYaTallHH JAaxke BO3MOMKHOCTb NMOATHTHIBAHHA U3
NMOBEPXHOCTHHIX BOA (HanpHMep, NpH 3KCHJAyaTallHu COJOMaHCKOTO
BOJLOHOCHOTO ropHsouTa B KueBe muranme 3a cuer Boix [lnenpa u B
CBSI3M C 9THM wu3MeHeHHe 3KCNAYaTallMOHHBIX 3aMacoB TOA3EMHbBIX
BOJ).

2. Ipu skcnayatauuu Ge3HanopHbLIX BOJ, HEe 3aIIHUICHHBIX OT 3a-
rpsi3HeHHs M MUTAIONHXCHA 32 CueT aTMOC(hEepHHIX BOA:

a) BHIfIBJeHHe HEJONYyCTHMOIO TOHMXKEHHS YPOBHS BOAb MpH
9KCIMIyaTauHoHHOM OT6OpE, NpeBhialonleM 3KCNJyaTanHoOHHbIe 3ana-
Chl U TEXHHYECKHe BO3MOXKHOCTH;

6) cauuTapHble OXpaHHble MEPONPHATHS TNOA3EMHBIX BOL.
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3. Ilpu sxcnayarauuu noa3eMHbIX BOJ, HMeEWOHIHX OJH3KYIO CBS3b
C NOBEPXHOCTHLIMH BOAAMH, ¢ YUACTKAMH OPOIUEHHS HJAH OCYIICHHS:

a) BAuSHHE TOBEPXHOCTHBIX BOJ, a TaK¥Ke YYaCTKOB OPOUIEHHS H
OCYIIeHHSI Ha YPOBHH MOA3EMHBIX BOJ, HX Ka4eCTBO H NPOHU3BOAHTE/Ib-
HOCTh B0A03a60OpOB;

6) caHHTapHble OXpaHHbIe MEpPONPHSTHS MO NOA3EMHBIM H NOBEpPX-
HOCTHBIM BOZAM.

4. Ilpu 6GeperoBelx HHOMUIBTPAUHOHHHIX Boaoszabopax u HMBIIB:

a) peXHM NOBepXHOCTHBIX BOA( YPOBHH, pacxoAbl, KaueCTBO BOJAH
C y4eTOM MHKpPOOPraHH3MOB), 3aHJieHHE JHA PeKH, BOAOXpaHHJHINA
Ha yYacTKe MHTAHUS NOA3EMHBIX BOJ;

6) H3MeHeHHe KayecTBa BOJAHI, NoOJyuaeMOH H3 B0J03ab0poB;

B) H3MEHeHHe YpPOBHEH B NMOA3eMHBIX BOAAX H Boao3abopax H3
HHX, a TaKXe NPOU3BOAUTEJIbHOCTH NOCJEIHHX;

') CaHHUTapHble OXpaHHblE MEPONpPHSITHS NO NMOA3EMHBIM H NOBEpX-
HOCTHBIM BOZaM.

0. Ilpu moa3eMHBIX BOJaX B 0COGHIX YCAOBHSIX JAOTOJHHTEJbHO CJie-
AYeT M3YYaTh BJAHSAHHE ITHX YCJOBHI, HaANpUMep:

a) B paifloHax MHOroJIeTHEeH Mep3JIOTH BONpPOCHl 3aMep3aHus H
OTTAHBAHHS TPYHTOBBIX HAJAMEP3JIOTHBIX, MEXKMEpP3JOTHBIX H JaxKe
MOJAMEp3JIOTHBIX BOA IIPH 3KCNJyaTalluH, a TakXe BOA03a00pOB H TPy-
6onpoBomoB. (Takoe ke 3aMeyanHe oTHOcHTCc K cucremam HWBIIB
H NOA3eMHbIM BOJAOXpaHHAHIAM. B cBf3H ¢ 3TUM OCOGEHHO BaXKHO
H3yyeHHe TeMmNepaTypsl NOA3EMHBIX M NOBEpPXHOCTHHIX BOA, a TaKxkKe
KayeCTBa NMOCAEAHHX H, B YaCTHOCTH, IO MYTHOCTH);

6) B JWH3axX NMPeCHBHIX BOJ, INJIaBAIONIHX Ha COJEHBLIX, BaXKHO H3Y-
yeHHe KayecTBa BOABI H OCOGEHHOCTH ero H3MeHeHus no rayOuhe B
30HEe KOHTAKTa NMPECHBIX H COJIEHbIX BOJ;

B) B APYTrHX OcoOBbIX YyCJOBUSIX (MOBBLIMIEHHAS CeHCMHYHOCTL, NMPO-
CajouyHBpe TPYHTH H ApP.) AOJKHBI yUHTHIBaThbca HAGJI0AeHHS 32 HX
BJIHSIHHEM Ha MOA3eMHbie BOJHI.

Cpoku otr6opa npo6 BOAbI Ha aHaJH3 NMPUHHMAIOTCH B 3aBHCHMO-
CTH OT THAPOJOTHYECKHX W THApPOreoJorHuYecKHX H ocoBeHHO CaHHTap-
uelx ycaoBuit. Hanpuwmep, or60op Boabl H3 BOA03a00Opa MOBEpXHOCTHHIX
BOJ: MOJHBle aHaJH3bl — 1—3 pa3a B rox ¥ B NaBOAOK, COKpalleHHbIE
aHaJu3bl — 3—5 pa3 B Mecsll, AaHaJH3bl MYTHOCTH ~— KaXXAblf JAeHb.
[Tocne mpeaBapuTe/NbHON OUHCTKH — Kak AJas1 BoAo3abopa TMOBEPXHO-
CcTHHIX BOA. M3 uHpuAbTpanHOHHBIX 6acCeHHOB: MO CHEHAJIbHOMN Npo-
rpaMMe — XHMHUYECKHH H MHUKpOOHOJOrHYeCKHH aHaJH3 [Jis1 BHISICHE-
HUS YCAOBHH B HHOHUJABTpANlHOHHOM OacceiiHe u yJYUIlleHHs KayecTBa
BOABI NoOcJe NPOXOXKAEHUS NJCHKH H 30HBI a3palluH.

['uApoMeTpuyeckue HabjaioaeHHs MO peke Jaydlle mnoaydath oOfT
[ngpomercayx6ul. CaMocToaTeNbHBE THAPOMETpHYECKHe HabJione-
HHS Ha peKe ClAeAyIOlIHe: a) 3a yPOBHEM BOJbi eXeaHeBHO; 0) 3a pac-
X0A0M BOAH B peke 1—3 pa3a B Mecsl, B NaBOJAKH H CaMYI0 HH3KYIO
mexenb. Ilociie BHLIAIBJIEHHSI CBSI3H PacXolOB BOALI PeKH H YpOBHeill
CPOKH 3aMepOB pacXoA0B cokpamawnoTcsi. B peke u B HHQHABTpAUH-
OoHHOM OGacceiiHe 3UMOH BeAyTCa HaOJlOAeHHS 33 TOJILIMHOHM Jbja, 4
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B peKe — ellle 3a o0pa3oBaHHeM AOHHOro Jawaa. Ilo Mepe HagoGHOCTH
Benyrcsl HabMONEHHS NO 3aMJIEHHIO AHA PEKH U yBeJuuyeHHO GHiIb-
TPallHOHHKIX CONPOTHBJIEHHH.

19.4. O6paborka HaGaOAeHHH 32 NMOJA3eMHBIMH BOLaMH
M BoAO3a0opamMu Nnpu IKCIJAyaTauuH

Ilpu obpaborke HabulOfeHHH 3a PEXHUMOM MOJA3EMHBIX BOA IpH
3KCNJAyaTallid BoA03a0OpOB B INepBYX0 Oyepelb CHCTEMAaTH3HPYIOT
MoJdyueHHbIe JaHHble B BuAe TabJaHl C yKaszanHeM gar. 3aTeM IIpo-
BEPSAIOT COOTBeTCTBHe NPOEKTHHIX AaHHbIX (akTHUeCKHM HAaOJaI0fleHH-
fIM 110 TIPOH3BOJAHTENBHOCTH 3KCIIIyaTallHOHHBIX CKBaXHH, Boxo3abopa
B LIeJOM, YPOBHSIM BOJIbl B 3KCHJAYATALMOHHHIX M HalmiofaTesabHBIX
CKBAXKHHAX, a4 TaK¥Xe KayeCTBY MOA3EMHBIX BOJL HA OCHOBAHHH AaHHBIX
ananu3oB Mnpo6. Ecau BMeCTO CKBaXKHH 3KCNJAyaTHpyeTcst Apyrofi Tunl
Bonosabopa, TO COMOCTABAAIT Pe3yabTaThl HaOJIOJEHHH ¢ NPOEKTHHI-
MH AaHHBIMH. Bo Bcex cayuasix, Korma THpoCieXHuBaeTcs 3aMeTHas
CBSI3b NOJA3EMHBIX BOJ C NOBEPXHOCTHHIMH, AHAJH3UPYIOT 3aKOHOMEp-
HOCTH H3MEHEHHS TIPOH3BOMAHMTENLHOCTH OTHAeJbHHX 3JEMEHTOB BO/J0-
3abopa, ypoBHeill BoAbl B HaOJIOAATENbHEIX M SKCHJAYaTALHOHHBIX
CKBaXHHAaxX, a TakXe KauecTBa BOJAbI, NoJyyaeMou Boaosabopom, NpH
HeOOXOAUMOCTH C H3MEHEHHSMH B IOBEePXHOCTHHIX BOAAaX. AHaJu3
TakKoi CBSI3W TIPOH3BOJMUTCH CTATHCTHYECKHMH H AHAJHTHYECKHMH
MEeTOAaMH.

Bono3abopsl H3 CKBaXHH NMpH HerJyGOKOM CHHXKEHUH YpOBHA (HE
6osee 6—8 M oT moBepxHOCTH 3eMJau) obopyayworcs cudonoMm (r. Pu-
ra, cicrema HBIIB) c¢ o6mum BcacwBawomum TtpyGonposogom. Ho
3TO pelAKO NpHMeHsieTcHd, TAK KaK NOHHIXKeHHe YPOBHA B CKBaXHHax
naxe Ha 1—3 M npH YKa3aHHBIX cXeMaxX MOXKeT BbI3BAaThb CHHIKeHHE
NIPOU3BOAMTENBHOCTH, a4 HHOTA2 M NpekpallleHHe TNOAAuYH BoAB. B
TakHX BoJ0o3abopax ocoOEHHO HEJONYCTHMO CHHY>KeHHe YPOBHSA B CKBa-
JKHHAaX NPOTHB NPHHATOrO B NMPOEKTe.

Heo6x0AUMO BBLIMOJHHTbL aHAJH3 C llesblo YTOUHEHHs MapaMerpoB
BOJOHOCHOI'O FOPHU30OHTAa [AJ4 pacyera BoJ03a60OpPOB MOA3EMHBIX BOJA
H NMPOrHo3a JAajbHeHIlled 3KCNJAyaTauHH: NPOU3BOAMTENBHOCTH, Ka-
yecTBa BOJAB, noJsoxXenus yposuedt. [dnsg UBIIB, wanpumep, I tuna
0coOeHHO BaKeH MPOrHO3 paboTH HHPHALTPALHOHHHIX 6acceHHOB IO
NPOU3BOAHTENLHOCTH M YAYUlleHHsI KauecTBa BOJABI, 4 TaK¥Ke BO3IMOX-
HBIX H3MEHEHHH BOAOXO3SHCTBEHHBIX VCIOBHH.

PaccMoTpuM aasi NpuMepa aHaJ/H3 HEKOTOPHIX H3MEeHeHHdl pac-
YeTHBIX mapameTpoB paboTh BoA03abopoB (AeOHTH, YPOBHH, KayeCTBO
Boanl). Umesa naumsble o pabGore Bomo3abopa H YpPOBHAX, MOXKHO pe-
IIaTh TAK HasblBaeMylo o0paTHYIO 3a4au4y AJs OonpefieneHHs KO3 PH-
IIHeHTa (UIbTPALHH, YPOBHEINPOBOAHOCTH WU Mbe30NPOBOJHOCTH.

Cnenyer uMeTh B BHAY, YTO MOAXOA K aHaJ H3y HaOJOfeHHH 34
NoA3eMHLIMH BOZAMH ¥ BOjo3abopaMu SaBHCHT OT THApOreoJoruie-
CKHX, THAPOJOrHYECKHX, TeXHHYECKHX H CAHHTAPHEIX YCJOBHH, H3Me-
HeHull, BHISIBJIEHHHX H NporHosupyeMuix. Ou 6ygeT OoTauYaTeCd TNpPH
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nposefeHun HaONMIOAeHHH 32 BOA03ab0OpaMu 3KCIIyaTHpYeMOro apTre-
3HAHCKOT'O BOJOHOCHOrO TOpPHU30OHTA B Pekax BAajaH oT 006sacTH MHTa-
HHsl, 32 OeperoBuIM HHOUILTpPAIHOHHBIM BOoAO3abopoM. MoryT Takxe
BO3HUKHYThL AONONHHTENbHble o0crositenbcTBa. Hamnpumep, Boga B BO-
nozabope ¢ OTMe4yeHHHIM VYaCTKOM apTE3MaHCKOI'0 IOpHU30HTa MOXKeT
HMeThb MOBBILIEHHOE COAepXKAaHHe JKeje3a, KOTOpOe NPH 3KCIJyaTalHH
OyneT BuIMAZarth Ha QUIABTPAX CKBAXHH, YBCJHUHBAsA CONPOTHBJEHHA
NPH BXOZe BOJAHB B CKBaXHHY. B uTOore npu coxpaHeHuu aebura Oyaer
HaOI0fAaTbCA TNOHHXKEeHHE AWHAMHYECKOTO YPOBHS B CKBayKHHE HJIH
NPH COXPAHEHHH HHHAMMYECKOro YpoBHA OyneT NPOHUCXOAUTb YMeHb-
ieHue ge0uta cKBaxXHubl. JlonosHUTENBHBIM 0O0CTOSTENLCTBOM  MO-
XeT ABAATHLCA nepeTeKaHue BOAB M3 APYrHX BOAOHOCHBIX TOPH3OHTOB
B 3KCHJYaTallHOHHBIH apTe3HaHCKHH, UTO 3aAepXUT paclpocTpaHeHHe
IENpecCHOHHON BOPOHKH H IOHWXKeHHe VpoBHS BoAaw. Ilpu skcnaya-
Tallun OGeperoBoro Bono3abopa MoxXeT HaOJsojfaThcsl 3aH/IEHHe pycha
PEKH, B CBSI3H C YeM BO3HHKAeT AONOJHHTENbHOE CONpPOTHBJACHHE HNBH-
JKEHHIO BOABI M TIOHHXKEHHe VPOBHS €€ B CKBaxKHHAX Bojpo3abopa.

[Ipu anamn3le U3MeHeHHS pacxoja MCTOYHHKA OUeHb BaXXHO YYH-
THIBATh YCJIOBHS NuUTaHHsA BojaoHocHoro ropusdonra. [das HMBIIB aua-
au3 ux pexuma 3aBucut ot thuna WMBIIB (cm. ra. 13), a Takke oOT
pfifa AONMOJHHUTEJbHBIX YCJHOBHH M, B WACTHOCTH, THIAPOreoNOrHYeCcKHX
u kaumatuueckux. Hanpumep, nns VUIBIIB I tuna naubonee onpene-
asomuM ¢akropom aBaseTcs pabora HHPHAbTpauHOHHOro OacceHHa.
KOTOPHIH NMUTaeTcs OOBHUHO NMOBEPXHOCTHOH BOMOH M OAHOBPEMEHHO ee
oyuntaer. OuncTka BOAB — CAOXKHBIH (QUALTPANHOHHBIH MPOIECCE,
BKJIOUAIONIMHA MeXaHHYecKoe 3ajieprKaHie B3BCIICHHBIX BellleCTB, a TaK-
Xe XHMHYeCKHe, PH3UKO-XHUMHUEeCKHe u OHONOrHYECKHe MpOolecCH B
MEHSIIOMUXCSA YCAOBUAX B TeueHHe DUIAbLTPOIHKIA.

FJIABA 20. PALUOHAJIU3AILUS B CHCTEMAX
BOIO3ABOPOB NMOJA3SEMHBIX BO/J],

20.1. TeopeTHyeCcKue ¥ NPaAKTHYECKHE OCHOBHI
panyHoHaNIH3alUMUH CHCTEM BOA03a60OpPOB NOJA3IEMHBIX BOJL

Pannonanuszanus Boao3aGopoB MOA3EMHBIX BOL MOMKET BKJIKOYAThH
NMPHHLUMIHAJBHO HOBBIE pelleHHUs, a Takxe pa3paboTky H Hpenjoxe-
HHust mo neranasaMm. OHa A0/KHA CONPOBOXKAATBHCS CHUMKEHHEM CTOHMO-
CTH BOABLI( C yuYeTOM KaNlHTaJOBJOXKeHH#) 0e3 yXy[llleHHsa KauecTsna,
HafieXXHOCThIo paboThl BOM03a00poB, a B psje CAyyaeB YBeJHUeHHEM
HX NpOU3BOAMTENbHOCTH. CnenudHka BOA03a00POB NMOJ3EMHBIX BOA
COCTOHT B TOM, YTO HX NPOEKTHPYIOT, CTPOAT H 3KCNAYATHPYIOT Ha OC-
HOBAHHH Pe3yJIbTAaTOB THAPOreoJIOTHYECKHX H3bICKAHHM M OLIEHKH
IKCIAYATAILHOHHBIX 3aNacoB, a AJf ledeHd X03AHCTBEHHO-TIHTLEBOI'O
BOLOCHaOXeHHst HeoOXOAMMO elle NPOBeNieHHEe HCCHE/JOBAHHH MPH
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NpPOeKTHPOBAHHHM M OPraHH3alHH 30H CAHHTAPHOH OXpaHBI C COOTBET-
CTBYIOLIUM 3KCMJYyaTAllHOHHBIM HAA30pOM.

Iletranvnas rugporeosioruueckasi pa3BefkKa M OLEHKa S5KCIJyaTa-
IIHOHHBIX 3aMAaCOB MOJA3eMHBIX BOJ MPHYPOUYCHH K HX MECTOPOKAEHHAM
M NMPAKTHUECKH K YYacTKaM, Ha KOTOPHX MPOEKTHPYIOTCH BOJA03a6OPHL.
Takum ob6pasom, yuacToK, Ha KOTOPOM NpOeKTHpyercs BOA03abop noj-
3eMHBIX BOJX, ONpeAensercs pa3HoOOpa3HBIMH THIPOre€OJIOTHYCCKHMH
VCJIOBHSIMH, a AJS XO3SMCTBEHHO-THTHLEBOro BOJAOCHAOXKEHHS eIllle H
CAHUTAPHBIMH YCJAOBHAMHU. KpoMme TOro, npoeKTHpoBanHe BoAo3abopa
MOA3eMHBIX BOJA M, B HacTHOCTH, €ro pacnojoxeHue, a TakxkKe
OTAaJeHHOCTb OT NoTpeOHTe s, CBA3AHB ¢ YKOHOMHYeCKHMH TpeboBa-
HUSMH. Bol6Op yuyacTKa ¥ yCJAOBHS 3KCNJAYaTauHH HOA3EMHHX BOJ
HepeaKo B3aHMOCBSI3aHH C APYIHMH BOJOXO3SINCTBEHHBIMH MepOIpHS-
THAMH padona. [as toro yro6nl NpaBHABLHO peluaTh Bompoc 00 ycT-
poHCTBE H IKCHJAyaTaUHH BOA03a00pa MOA3CMHBIX BOXA, NMPOEKTHPOB-
IIHKaM HeoOXOAMMO 3HAThL Pe3yabTaThl T'HAPOreo0/IOTHYECKHUX H3BICKA-
HUH, OCOOEHHOCTH THAPOreOJOrHYecKHX, CAHUTAPHBIX H S3KOHOMHYECKHX
moKa3aTesiefi yuacTka HamedaeMoro Bojo3abopa A JeTajibHOH pas-
BEAKH.

M3 uanoxenHoro BHAHO, UTO pallHOHANM3allMs NpPH HPOEKTHPOBA-
HHH, CTPOMTEJIbCTBE H JIKCOAyaTauuu (HA OCHOBAHHH CTAalHOHADHBIX
Habatopenuit) Bono3abopoB moA3eMHBIX BOJ MOXeT INpenJararbes
TaK¥Ke THAPOreoJOraMH, MPOBOASIIIHMH H3bICKAaHHA H OUEHKY KCIay-
aTalHOHHBIX 3aMacoB NMOA3EMHBIX BOJ, a TakKXKe CAaHHTApHOW HHCIEeK-
unue, IlpoekTupoBIIHKH BON03a60POB MOA3EMHBIX BOJ JAOJKHBI ObITh
B KypcCe IMPOBOAMMBIX HM3BICKAHHH H, B YaCTHOCTH, BuIOOpa BOJOHOC-
HHIX TOPH30HTOB, MECTOPOXKACHHS AN JeTajbHbiX M3BICKAHHH, a TaK-
e OHEHKH 3KCHAyaTallHOHHHIX 3anacoB. OCHOBHLIMH paiHOHAJTH3a-
TopaMi BOK03a60OPOB MOA3EMHBIX BOA AOJKHBE OLITH MPOEKTHPOBILHKH
H SKCIJIYaTallHOHHHKH.

PaupoHasM3aldsi cUcTeM BON03a60pOB TOA3EMHBIX BOX OCHOBBI-
BaeTcsl Ha TEOPETHUECKUX M3BICKAHHAX M MPAKTHYECKHX 3HAHHIX KOM-
njaekca BoA03a60pOB NMOA3eMHBIX BOA. B pade cayyaeB pauHOHAJIH-
3alusl ompeaensieTcss 3KOHOMHYECKHMH YCJAOBHSIMH, @ TakXe Xapak-
TePUCTHKAMH KOMILJIEKTA BONOMPOBOZA B LeJoM. ['Haporeosornueckue
yCJIOBHS BecbMa pas3HooOpasHbl, a NOPH 3KCOJyaTalHH, KpoMe TOro,
HYXXHO YMeThb OLEHHThL BO3MOXHOCTb Hx m3aMenenumit. Ilpu ucmosnso-
BAHHH IOA3EMHBIX BOA M/ XO3SHCTBEHHO-MIHTLEBOTO BOAOCHAGXKEHHSA
OHM HOJIKHBI MO0 KaueCTBY COOTBETCTBOBaTh, Kak mnpasuao, ['OCT
2874—82, 1. €. 6BIThL NPECHBIMH C JHMHUTHDOBAHHBIM COJAepXKaHHEM
pacTBOPeHHbix BellecTB. [{/s OPOIIEHHSt M MACTOHUIHOrO BOAOCHAOKe-
HHst Tpe6OBaHHS K KaueCcTBY BOAH npuseiens B Taba. 1.1.

[Mpecusie u cnraGoMHHEpANH30BaHHbIE NMOA3eMHbIe BOABI MHTAKTCA
3a CueT MOBEPXHOCTHHX BOJA, C KOTOPHIMH OHH YacTo (0COGeHHO IpYyH-
TOBbIe) OJM3KO CBSI3AHHB, 4 NPH SKCIOAYaTallHd NMHTaHHE HerayOO0KHX
NOX3eMHBIX BOJ 33 cYeT IOBEPXHOCTHHIX OOBIYHO ycHauBaercs. Cie-
JIOBATEJIbHO, NPH MPOEKTHPOBAHHH CHCTEMbI IKCIJIYaTAUMH MOA3EMHBIX
BOA CJAEAYeT YUMTBIBATH KaK THAPOJOTHYCCKHe, TaK H KJIHMaTHYeCKHe
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YyCJIOBHSI (B TOM 4YHC/Ie€ MeTeOpOJioTHYEeCKHEe — OCajKH, TeMIepaTypy
H np.).

Bonoszabopsl B psifie CjayuaeB NPeacTaBAsSiOT Cobo#t COOPYKEHHS,
OCHallleHHble HAaCOCaMH, 3JeKTPOMOTOPaMH, Pa3sHBIMH H3MEPHTEJbHHI-
MH npubopaMH, aBTOMaTHKOM, T. €. KOMIJIEKCOM TeXHHUECKOTO 060py-
AOBAHHUSA, UCHOJb30BAaHHEM H INPOEKTHPOBAHHEM KOTOPBIX HeOOXOAHUMO
XOpolLlo BJAaAeTb. 3aTteM BOA03abOpPH BKJIIOYAIOT 30HB CaHHTApHOH
oxpanbi. Kpome TOro, npu paunHoHaJbHOM INPOEKTHPOBAaHUH BOJ03a-
60poB MOA3eMHBIX BOJ HYXKHO YUYHTHIBaTh OOINHA KOMIJEKC BOLOXO-
3MCTBEHHBIX MEpONpPHUATHH paHOHAa, KOTOPBIE 4YacTO ¢ YKa3aHHBIMU
BOn03200paMH B3aWMOCBsI3aHBl. HC3 MONIKHOrO aHa/lIM3a B3aHMOCBSI3H
KOMIJIeKCa BOAOXO351HCTBEHHBIX MePONPHATHH B pAAe CaAyiaeB MOryT
BO3HHKHYTb Cepbe3Hble YXYAILICHUHs KayecTBa MOJA3EMHHIX BOJ H Ta-
paMeTpoB HX SKCIJyaTanuH.

20.2. OueHka yc/qoBUil palHOHAH3AUMH 1O THNAM
BO103a00pOB MOA3EMHBIX BOJ,

PauunoHasinsanusi pasJauyHBIX THINOB BO03a00pPOB NMOA3EMHBIX BOJ
onpeaesseTcss HUX TeXHHUYECKHMH OCOOEHHOCTSIMH, a TakKXe pa3Melie-
HHeM OOOpPYAOBAHHA H KOHCTPYKLHEH OTAENbHBIX 3JeMEeHTOB. Kpome
TOIO, CYLIeCTBYeT 3aBHCHMOCTb OT NPHPOAHBIX YCJOBHH, B TOM YHCJe
OT CHAPOTEOJIOTHYECKHX H B COOTBETCTBYIOUIHX cjaydasX THAPOJO-
THYECKHX YCJAOBHHA a TakKXKe HX H3MeHeHHe B Ipouecce 3KCmJayaTa-
IHH; CKas3blBaeTCsl BJHSHHE BOJOXO3AHCTBEHHBIX MEpDONPHATHH B
patione. Ilpunnunuanbubie MepPONPUATHA AJS yJayulleHHsT paboThl Bo-
103a60poB, 0co6eHHO NPH YMEHbUIEHHH NPOH3BOAHTEJBLHOCTH H YXYA-
IIeHUH KayecTBa BOAbI, 00IeH3BeCTHH, HO MX He BCErga NnpocTo pea-
JH30BaTh, UCXOAS H3 NPHPOJAHBIX YCAOBHH, TEXHUYECKMX BO3MOXKHO-
cTed M 3KOHOMHYecKHX TpeOoBaHHH.

PaccmoTpum nauboaee yacto BCTpeuaioulHecs CUCTeMbl BoA03abo-
POB NOA3eMHBIX BOJ H3 HeCKOJbKHX CKBaXHH. ITo BoOponoawmemHOMY
000pYAOBAHHIO HX MOXHO Pa3feJHTh HA ABe TPYIINb: nepBasg — C no-
rPYKHBIMH 3JeKTpOHacocaMu H ¢O c¢OOpPHBIM BOJAOBOAOM K Pery.u-
pyIOUIEMY pesepByapy; BTopasi — ¢ CHPOHHBIM 000OpyAOBaHHEM H BCa-
CHIBAIOIIIHMH HaCOCaMH.

[Ipumem caepyioliine T'HAPOTreoJOrHYeCKHe M OCHOBHbIE TeXHHYEC-
Kue YCJAOBHS NPH pa3MelleHHH Bojpo3abopa: a) skcnayaramus ray6o-
KHX apTe3HaHCKHX BOJ M3 BOJOHOCHOIO TOPH30HTA B mecKax BAaJH
oT 06Ji1acTH NHTAHHd, XOpoLlas 3alHLIEHHOCTb OT 3arpsA3HeHus, Ino-
TPYXKHBIe 3JeKTpoHacochl; 6) 6GeperoBoi B0oao3abop ¢ NOrpy:KHBIMHU
3JEKTPOHACOCAMH B NECUaHO-TPABHMHBIX aJJIOBHAJBHBIX OTJOXKEHHAX
moutroceTsio 20—30 M; B) cudoHHu# Boxo3zabop ¢ UBIIB B nmecuansix
oT/0XKeHHuaX MolnocThio 20—30 M Ha Gepery osepa.

B cayugae a) (ocobeHHO NpPH HAaJMHYHHU XKeJ3HCTHIX NOA3EMHBIX BO)
yalle Bcero Ha6Jsiojaerca 3auseHHe QUIAbTPA U NPHPUILTPOBOH 30HH
B 3epHHCTHIX mopoaax (meckax). Kpome Toro, B yKa3aHHBIX apTe3H-
AHCKHX BOJax MNpH NPHHATHIX YCJOBHAX Habaopaercs HenpepbBHOE
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CHHUJKEeHHe YPOBHSI M ja)e TpH NepHOAHYECKHX 3aMeHaX MOTPYKHBIX
3JIEKTPOHACOCOB CHHXKaeTcs uX K. 1. A. [Ipu moHuIKeHHH ypPOBHS B KC-
MJIVaTHPYEMOM BOAOHOCHOM TOPH30HTE MOXKeT Haba101aThCs NepeTok
BOAM M3 APYrHX BOJOHOCHBIX TOPH30OHTOB H, B YAaCTHOCTH, TIPH Hapy-
HIEHHOM CTBOJIe CKBaXuHbl. Ha 3THX YacTto BcTpeyalouuxcs 0OCOOGCH-
HOCTAX CJeAyeT COCPeAOTOUMTh BHHUMAHHe, pallHOHAJH3HPYsl BOAO3a-
Goprr.

B ciayuae 6) BaXKHO 3aNpPOEKTHPOBaThb OeperoBOoH BOA03abop Tak,
yToObl NIPH AOCTATOYHOM PaCXOAe pekKd ¥ MUHHMAJIbHOM YPOBHE BOIHI
B Hell Onl1 obecrieden pacxoj Boxos3abopa. CHuiKeHHe 3KCIIyaTallu-
OHHOM TNPOHU3BOJAKTEJbHOCTH BOZO3abopa Habalojaercsi NMPH 3aHJICHHH
IHA peKH, yBeJHUHBAIOUIEeM CONPOTHBACHHE NPH ABHXKCHHH PEUYHOH BO-
b K BoZ03abopy, CHHKAIOUIEeM YPOBHH BOJIOHOCHOTO TOPH30HTa H
ckBaxuH, [Ipy oAHOBpeMEHHOM 3HAYHUTEJbHOM TIPHTOKE TPYHTOBBIX
KeNe3HCTHIX BOJX TPOHCXOAHUT 3aHjieHHe (PUIbTPa CKBAXKHH, B TOM UHC-
Jie TIpH NOATOKe BOX PEeKH, HoJiee OOraThiX KHCJIODOAOM.

C uenpio yBeJHUEHHS] TPOMIBOAUTENBHOCTH OeperoBoro Boa03abo-
pa 1 ero npomnyckHofi cMocoOHOCTH ¢ 3aMeHOH OTPaBOTaBIIHX MOrPY K-
HBIX 3JEeKTPOHACOCOB HOBBIMH BHIIOJAHO YCTpauBaThb ,I{OHOJIHHTE‘JII;:HH?I
HBIIB I tuna ¢ undHAbTPAaUHOHHBIMH OacceliHaMu.

B cayyae B) (cudounnit sonoszabop ¢ MIBIIB) samernoe cuuxke-
HHe YPOBHSI BOAB B CKBaXKHHaX (Ha 2—3 M) BBI30BET 3HAYHTEIbHOE
yMeHblleHHe pacxoia Bojo3abopa H jpaxe npekpalleHHe ero AeHcT-
pus. [1oaToMy BOmpoc MmoajAepKaHHs YpOBHA BOAbH B BoAo3abopax
sSiBAsieTCs TJIaBHBIM.

20.3. INpumepsl paunoHaIH3aLMK BOL03260POB
NOA3eMHBIX BOJ,

PacemoTpum npumepsl BHEADEHHS pallHOHAAM3ALMH IKCIIyaTHPY-
eMbix BopxosaGopos. B omuom u3 Kpynnwix ropojos Ilpubantuku Bo-
BONPOBOA Moaydan BoJy H3 GeperoBmix BOR03abopoB, KOTOpbie pabo-
TaJu ¢ OOABIINM YHcjJoM ckBaxuH. CriefyeT OTMETHTb, UTO NPOIYCK-
Hasi CIMOCOGHOCTh pacnpefe/IHTe/IbHOH CeTH ropopa GHjia HexOCTaTOY-
Ha. BojonpoBox umen KoHTppe3epByaphl. TpeGoBajioch YBEJIHYHTH
noxayy Bois Norpeburenio. IIpu cymecrBoBaBlied cxeMe HEOOXOAHMO
Obl10 YBEJHYHTL UHCJIO CKBaXHH BOA03a00pa, HO 3TOMY MNpensiTcTBO-
Bajia HeHOCTAaTOYHAsl NMPONYCKHAsi cnOocoOHOCTb  pacrpelesHTeJbHOH
ceTH. PalloRanu3aTOPCKOe NpeAsIoXKeHHe COCTOSIO B CJAEAYIOUIEM.
CkBauubl BoJ03a6opa nepeBesiu Ha paBHOMepHYo paboTy ¢ mopaueH
BOALl B pEryJHpYIOUlHe pe3epPBYaphl, UHCAO H OOIIyI0 €MKOCTb KOTO-
pHIX HapacTHaH. M3 3THX pesepsyapoB BOAy 3abupasa HacoCHasi CTaH-
nust 11 noxbema, Kotopasi yBenHUHBaJsa noJady AHEM, KOraa Bospacra-
Jo BojomoTpebjeHHue B TOpOAe, a HOUbIO Hanpas/sja ee B KDHTF]pe-
3epBYapH, PacxoA KOTOPwIX GoJblie, yem motpebjienue B ropoge. lpn
5TOM H3JHIIKH BOABI MONanajJH B KOHTPpPe3epByapH, H3 KOTODHIX BO-
fia B yachl Hauboabllero norpebaeHus NofaaBagach B pacnpenesuTeNb-
HYIO CeTb. B HouHOe BpeMsl JiefCTBOBAN NMOHUKEHHHIH Tapud 3a 3Jek-
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TpoaHepruio. Ilpu 3TUX yenoBusAx pabora Tpy6 pacnpenesUTebHOH
ceTH yayulliujack (nojfada B INHKH BOAONOTpeOJeHHus ¢ ABYX CTOPOH),
a Hamop B yacChl NHK NOAHsAJCHA. Bce 3T0 a0 eXerofHym 3KOHOMHIO
Gonee 100000 py6. npu noseilleHHH 3D (PEKTHBHOCTH HCNMONb30BAHHS
pacnpelenuTe/JbHOH CeTH. DTO — NpHMEP KOMIMJACKCHOH paiHOHAaJIHU-
3alHH BOJ03a0b0opa BMecCTe ¢ BOAONPOBOAOM.

llosuimienune kKo3a(puumenra noJieddoro AeHCTBHS Boao3abopa, OT-
AeJIbHBIX €r0 3JIEMEHTOB, HAacOCOB H Mp. ABJAfAETCHA pe3yJbTaToM pa-
nuoHanusanuu. PaceMorpum Hekortopwie npumepn. lllupoxo pacripo-
CTpaHEHO B CKBAaXKHHAaxX MpHMEHEeHHe TIOTPYXHHIX 3JIEKTPOHACOCOB.

Hepenko ouu paborarorc HU3KHM K. M. A. OaHa U3 NIPHYHH — HAJHUHE
lecKka B OTKauuMBaeMOH BOJAe u3 CKBaXHHBI, YTO BBI3HIBACT YBeaHye-
HHe 3a3opa MeXAy pabOYyHMH KOJIeCaMH M HanpasJAOUIHM annapa-
ToM. Oco6eHHO CHJIBHO 3TO sBJeHHe ollylulaeTcs B O0ecuabTpOBLIX
CKBaXXHHAaX H3 BOJAOHOCHOrO rOpPH30HTa, NPHUYPOUYEHHOTO K MeckKaM, a
TaKKe H3-3a YacThIX OCTAHOBOK H NYCKOB Hacoca. B 6echuIbTpOBHIX
CKBaXHHAaX HaCcoOChl NPHXOAUTCH MeHATh 1—2 pasa B rof, 4ro yaopo-
XKaeT CTOHMOCTbL coopyxKeHusi. Paumonanusanuss B OechuAbTPOBHIX
CKBaXXHHAX CBOAMUTCS K 3HAUYUTEJbHOMY COKpAILEHHIO YHCJA TNYCKOB
H OCTaHOBOK 3JIGKTPOHACOCOB, 3acuinke Ha 3a00H rpasHs ¢ MeJAKOH
rajqbkol, a TakxKe O6G0OCHOBAHHOMY YMEHbLIEHHIO neOuUTa CKBAXKHHDI.
Bce 370 BO3MOXKHO B ONpeAeJeHHBIX ¢AyyasX.

BpeaHoe npeiicTBue oKasbiBaeT 0OJblUasi BHICOTA BCACbIBaHHs Ha-
coca: yMeHbllaercsi MPOU3BOAMTENBHOCTh HAaCOCa, BO3HHKAET OMacHOoe
fiBJIeHHe KaBHTallkH, CB3aHHOE ¢ BblAeNeHHeM mapa H pacTBOPEHHHIX
B BOJE ra3oB, 00yCJOBJHBaOlIee MeXaHHUECKOe W XHMHYECKoe paspy-
lWeHHe MaTepuasna Hacoca. Ilpu ouyeHb GosbILOA BbICOTE BCACHIBAHHS
npekpauniaeTcs nojgava BOJAH, Hacoc paborTaer BXOJNOCTYIO, HArpeBaeTcs
U paspyuiaercs.

I'naBHK# HEZOCTATOK MNMpu PeryJHpOBaHHH PalbOTHl MNOrPYKHHX
3JIEKTPOHACOCOB 3aKJKUaeTcsl B TOM, UYTO IPHMEHSIOT ACHHXDOHHBIE
3JeKTpoMOTOphbl, HacToTa BpauieHust INpH NPAaKTHYECKH NPHMEHsSeMBIX
MOUIHOCTAX ToKa He peryaupyercd. IIpHHUHIHANBEHO MOXKHO peryJiu-
pOBaTh HAacTOTY BpAaLIeHHs ACHHXPOHHOTO 3JEKTPOMOTOPA H3MEHEHH-
eM YacTOTH! MepeMeHHOro Toxka (DPSAMO NpONOPUHOHANBHO) H YHcAA
nap noaiocos. M3 aroro caeayer, uro peryJupoBaHHe aCHHXPOHHOTO
3JIEKTPOMOTOpa CJOXKHO M MpaKTHUECKH NOKa He NpuMeHsercs. DBax-
HLIM 3JIEMEHTOM PAallHOHAJH3AlHNH SIBJASETCH MOBBIIIEHHE K. 1. I. BCero
BOA03a00opa B IEJIOM H OTAEJbHBIX €ro COCTaBJSAIUIMX; OJHAKO B psje
caydyaeB 3TOT K.I. JI. HYXKHO CUHMTatTh noka ycaosHbiM. OH BBOAHTCSA
HaMu Bnepsuie. g Bcero Boxo3abopa H OTHAEJBHBIX ero 3JIeMeHTOB
aBTOPHI BBOAAT K. 1. I. B caeAyIoueM BHIE:

ke = Qp/ Qp: (20.1)

rae k. — KoadduluHeHT NONe3HOro ZeficTBHSA Bcero BoA03abopa H ero COCTaBASIOUIHX;
Qo — bakTHUECKAS NPOH3BOAHTENBHOCTh, M?/rof; Qp— MakKCHMAJbHO BO3MOXKHAS
pauHoHa/bHasi NMPOH3BOAHTENBHOCTH, M3/TO/.
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H3BecTHO, YTO CKBAXHHH C 3aMNAE€MBIMH (QHJALTPAMH HYXAAIOTCA
B NEpPHOJHUYECKON YHCTKe. B nmepHOAn MeXIy pereHepailMed CKBaXHuH
NeGHT UX NMOCTOSHHO yMeHblIaercs. [Ipu paunHoHanbHOH pereHepanuu
¢buabTpa HOBHIA NeOHT CKBaXHH OyaeT OoJblle NpexHero H TOrAa K
yBesHyutcs. IlpH 3TOM, KOHEYHO, HYXKHO YUeCThb 3KOHOMHUECKH BHI-
roAHLIC 3aTpPaThl HA PEMOHT CKBAXHHBI, ONpPaBAbIBalOUIHE MMOBBLIIICHHET
k.. IlpumepoM mNOBHIIEHHS K.I. A. HHQUJILTPANHOHHBIX COOPYKEHHH
cucrem WUBTIB siBasieTcsi THAPOAHHAMHUECKHH K. M. L. HHQHJIbTpaIu-
OHHBIX COOPYKeHHH Ry, OnpeaeasieMblil 10 (popMyJie

kH:AQ/Qﬁ! (20-2}

rae AQ — pacxon Boposabopa sa cuer UBIIB; Qs — pacxon BoAH, MojaBaeMblH Ha
HHODUILTPALHOHHBIE OacCeHHHI.

Dtor Koapdunuent uecaeayercs B cucremax MBIIB 1 u II Tuna
u o6uiuHo He npesuimaer 0,5, Ho B cucteme MBIIB Tonnucu cocras-
nser okosao 0,8—0,9. Bucokuit &y UBIIB TOunucu obpsicusiercs B
OCHOBHOM MPHPOAHBIME YCJOBHSIMH: HeOoJsblliasi MOLIHOCTb BOHAOHOC-
HOro cja0sl (0K0JIO 6 M) M BO3MOXHOCTb YCTPOHMCTBA IMOPH3OHTAJbHOIO
Bof03abopa.

Yeenuuenne ky (pamuoHanu3auHsi) BO3MOXHO NPH 3KOHOMHYECKH
BBITOAHEIX YCJIOBHSIX: YBeJIHUCHHH AJIMHBI PacmnosoxeHHs Boposabopa,
COKDAallleHHH PaCcCTOSAHUA MeXIy 3KCIJIyaTaluHOHHBIMH CKBAXHHAMH H
MOHHXEHHH AHHAMHUeCKoro ypoBHs1 B Bomo3abope. Ilpu OGeperoBmix
Bof03abopax, pacmoioKeHHbIX OOBIYHO Ha NepBOfi HAAMONMEHHOH Tep-
pace (0oco6eHHO, KOTZa CKBaXXHMHBl BOXO3a0opa mo AHaMeTpPy NO3BO-
JAIOT YCTAHOBHTDL IMOrPYXHOH ajMeKTpoHacoc OObluel MPOU3BOAMTE/b-
HOCTH M BOJLOBOX JAO pacnpefesIUTeJbHOH CeTH BOJONpPOBOAA HMeeT
3allac AJs YBEJHUECHHS] NMPOU3BOLUTENLHOCTH), 6e3 OOo/bLIHX 3aTpar
yCTPaHBAIOT NONOJHHTEJBHOE HCKYCCTBEHHOE IMTaHHe BOA03abopoB
(UBIIB). MeponpusaTHe CONPOBOXZAeTCsl YBEJHUEHHEM IIPOH3BOAH-
TeJILHOCTH BOJ03a6opa W yMeHbLieHHEM CTOHMOCTH BOAH. B Pure ermie
HelaBHO BoAocHabkeHHe ofecneunBasoch B 0cHOBHOM 3a cuet MIBIIB
I Tuna c nomauest Bogw okono 1 M3/c. [TorpebHOCTL B BOZE IOCTOSIHHO
pospacraia. Ilponycguas cnoco6HocTs Bogosoga or cHcerems HMIBIIB
10 TOpoAa MO3BOJIS/IA YBEJHUYHTH pacxoi BoAbl. Kpome toro, ofHa-
PYXHJIOCh BLICOKOE MOJIOXKeHHe YPOBHeH MOA3EMHbIX BOA Ha OXHOM W3
YYaCTKOB, TAe OTCYTCTBOBAJH S3KCIJIyaTallHOHHble CKBaXXHHHL. Tpebo-
BajJock A00aBuTH HeOGOJbLIOE YHCIO HHOHILTPALHOHHHIX OacceiHOB
¥ YCTPOHTL JOMOJHHUTENbHBI cHOHHBIE BOA03a6Op U3 CKBAKMH. JKO-
HOMHYecKHH 3(h(heKT COCTOAJN B YBEJIHYEHHH IIPOH3BONHTENBHOCTH
VIBTIB u cHHMXeHHH CTOHMOCTH BOAB! 6jiarojaps OoJjiee 3ppeKTHBHOMY
HCIIOJNL30BAHHIO BCEH CHCTEMBI.

B cucreme UBTIB I tanma ua p. Aparsu ocylliecTBiieHa cJieayromias
panHonaJgu3anuA. BoLOHOCHBI/i TOPH3OHT NMPHYpOYeH K IpaBHMHO-Ta-
NTeUHUKOBBIM OTJIOXKEeMHSM, MO3TOMY AHO HHHUJIBTpanHOHHHIX Oaccelt-
HOB 3achbilajii NPHBO3HBIM AOPOTHM NeckoM. IIpH 3TOM He YYHTHIBA-
JHM HaJHYHe IeCKa B CAMHX TPaBHHHO-TaJeYHHKOBHIX OTJIONKEHHSX.
Korga 3To BHISCHHJH, TO NPEeAJOXKHIM 3KCMJAyaTHpPOBAaTb GacceHHEB!
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6e3 3achINKH neckoM, uTo obecneuuno 3KOHoMmHuio. Panee undpniabnTpa-
ILlHOHHBIe OaccediHB HMEeJH HHKA 2—3 roga 06e3 -OYHUCTKH OT IJIEHKH.
Boljio npeasioxeHo YHCTHTD NMJIGHKH Yepe3 MoJroAa, YTo 3HAYHTENbHO
MOBBICHJIO MPOH3BOAHTENBHOCTL GaccedHOB, oco0€HHO B KOHIE HOBOIO
HHOHIBLTPALLHOHHOrO MOJYTrofAH4YHoro LHKJIA. B pesyabrarte 3THX HBYX
MepONPHATHH 3HAYHTEJNbHO YBEJHUHJAch NPOHU3BOAHTENILHOCTb CHCTE-
M UBIIB, cakonoMieHo okosio 400 000 py6/roa.

IJ1ABA 21. KOHOUIIUOHUPOBAHHUE NOA3EMHBIX
BOJi, HA BOJLO3ABOPHbBIX COOPY)XEHHAX

21.1. MpuHUMOHA/IbLHBE CXeMBl YCTAHOBOK 00€3:Ke1e3HBaHHUS.
CucreMbl BOROCHAa0XeHHSA ¢ YCTAHOBKAMH 00e3:Kee3nBaHudA
NoA3€MHBIX BOJ

B npuHpOAHBIX YCIOBHSX IIPH OTCYTCTBHH HCTOYHHKOB OakTepH-
aJ1bHOTO H XHMHUECKOro 3arpsi3HeHHsl NoA3eMHble BOAH OOBIUHO YIOB-
JIeTBOPSAIOT THTHEHHYECKHM TpPeOOBAHHAM, HO NPH 3TOM MOLYT coAep-
)KaTb olpefle/ieHHbBe KOMIIOHEHTHl B KOJIHYecTBaX, HECKOJbKO NpPeBbi-
IIAIOUIHX YCTAHOBJIEHHYIO FOCYAapCTBEHHLIM CTaHZapTom HopMy. Tax,
HanpuMmep, Haubosee mHpoKo Ha Teppuropun CCCP mnpencraBiaesbl
XKenesucrole NoA3eMHble BOAbI (¢ coxep:aHHeM XKejesa OoJiee
0,3 mr/n). Oan npocaeXXKHBAOTCS B TAKHX KPYNHBIX PErHoHax, Kak
3anajHo-CHOHpCcKasi HH3MEHHOCThL H CeBep eBpPONEHCKOH TePpHTOPHH
CCCP, na Hanvuem Boctoke u Ha ceBepe KaszaxcraHna, B meHTpansb-
Holt yacty PCOCP, na VYkpauue, B Benopyccun u Ilpubanrtuke. 3a-
YaCTyI0 OAHOBPEMEHHO C KeJIe30M B NOJA3eMHBIX BOJAAaxX NPHCYTCTBYIOT
TakMKe Maprasern;, CepoBOAOPOA, aMMOHHHHLIE COeAHHEHHS, (TOp H
docharel (a B psAle caAydaeB H TAKEJIble METAJJB).

Hannune B mofA3eMHBIX BOJAx 3arpsi3HSIOHIHX KOMIIOHEHTOB (B
YaCTHOCTH, Keje3a, MapraHma H Ap) 3HAUHTENLHO YCJOXKHSET pelie-
HHe npoOJieMbl BogocHaOXeHUsl, TAK KaK B 2ToM cCjyyae 6e3 npeaBa-
puTeJbHON 06pabOTKH OHH He MOryT ObITh NOAAHBI NOTpebHTe/IO.

B Hacrosilee BpeMsi OUHCTKA MOA3EMHBLIX BOJA OT }KeJje3a IpOH3-
BOJAMTCS Ha CleNHaJbHLIX YCTAHOBKAX HA3€MHOr0 THIA — CTAHLHAX
obe3xese3uBaHus. 3/1eCb UMEETCS MHOXKECTBO Pa3JHYHBIX METOHOB H
TEXHOJIOTHYECKHX CXe€M BOJOMOJATOTOBKH, UTO B 3HAUHTENLHONH Mepe
o0yciaoBieso MHoroo6pasneM (popM H KOHIeHTpaUHH xeJje3a, ¢ KOTO-
PBIMH NPHXOLHUTCS BCTPEYATHCH HA NMPAaKTHKE.

HaubGoaee npocTbiM H pacHpOCTPaHEHHBIM METOJOM YAAJeHHS XKe-
Jie3a H3. BOALI fABJsIeTCS a’3panus H (HABTPOBAHHE yepe3 NecuaHbie
GuabTphl. B 3TOM CJydYae B KauecTBe OKHCJAHTEJS HCMNOJb3YeTCs KHC-
Jopox Bo3nyxa. OgHako TAKOH MeTOA NPHMEHHM JHIIL NPH onpexe-
JCHHBIX VCJAOBHAX: JKejle3a B MOA3EMHOH BoJAe AOJKHO OHITH He Gojiee
5,0 mr/a, ceposopopona ao 0,5 mr/n, pH==6,7, okucasemoctr He 6o-
lee 6—7 Mr/1 H HIeJOYHOCTH He MeHee 1 Mr-3kB/i. B npuCyTCTBHH
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AMMOHHUAHBIX COCAHHEHHH H OPraHMUYECKHX BEIIleCTB, a TakkKe NpH 6o-
JleC BHICOKHX KOHIEHTpalHaX CEpOBOAOPOJAA NPOLECC OYHCTKH BOAH
OT 2KeJjie3a NMpoTeKaeT 3HAUHTEJbHO XYIKeE.

[Ipn Hanuuuu B NMOA3EMHBIX BOAAX Mapraslia 3alayH BOAOMNOAIO-
TOBKH VCaOXKHSIOTCA, ColepXaHHe MapraHia B IMHTbeBOH BOJAe HE
poaxHo npesuiuiate 0,1 mr/i. B 10 e BpeMsi npH obe3xKesle3HBAHUU
NnoJ3eMHBIX BoJ 3(h{deKr AeMaHraHalH, KaK NPaBH.IO, OKa3blBaeTCA
OYeHb HH3KHM; AJS yHaJeHHS e MapraHua TpeOyeTcsa clleluHanbHad
o6paboTKa c0d (QHABTPYIOLIEH 3arpy3sk¥ HOPOrOCTOSUIHMH peareH-
TaMH.

[Ipu oumcTKke CTOHMOCTb HCHNONb30BAHHA NOA3EMHBIX BOJA Aid 1le-
JeH BOAOCHaOKeHHsi pe3KO BO3pacTaeT, H 3TO IJIaBHHM 00pasoM Oil-
penensiercss GOJBUIHMH 3aTpaTaMH Ha CTPOHTEJNbCTBO H SKCITYaTanHIO
COOpY2KeHHH BOJAONOATOTOBKH. [laxe B ToM ciiyuae, KOTAa NPHMEHSIOT
HauboJsiee SKOHOMHUHBIE METOAB OYHCTKH BOALI (Hampumep, aspamuio
H (uabTpoBaHHe) AONOJHHTENbHBIE 3aTpaTht OKAa3bIBAIOTCS BecbMa
sHauHTeJbHBIMH, [IpH 3TOM oOlpeiesieHHble TPYAHOCTH BO3HHKAIOT B
CBSI3H C HeoOXOAHMOCTBIO yaaneHHS, OOpabOTKM H CKJaJHpOBaHHUA
(3axopoHenusi) oOpasyoliUXCcAd 0CaXKOB.

Illupokue nepcreKTHBh B pelueHHH npoOJeMbl BOXONOATOTOBKH OT-
KPHBAIOTCS NpH Nepexofie K TeOTeXHOJOTHYECKHM MeToAaM OYHCTKH
NOA3EMHHX BOJA Oaarogaps CO3MXaHHI0O HCKYCCTBEHHBIX €OXHMHYECKHX
GapbepoB — 30H ¢ PE3KO H3MEHEHHBIMH (PH3HKO-XHMHUECKHMH H OHO-
XHMHYECKHMH YCJIOBHSMH, TJle NMPOHCXOJHT llesieHarnpaBieHHOe KOH-
LIEHTPHPOBAHHE TeX HJAH HHBIX 3JIEMEHTOB HEMOCPEeACTBEHHO Ha BONO-
3a00PHBIX COOPYKEHHAX (B BOLOHOCHOM Ijiacre).

YeranoBku ob6e3sKese3HBanHs (LUKJAHUECKOTO THMA) BHIMOJHSIOTCH
B PasJMYHBIX MofH(pHKalHsAX. 3a pyOeXoM, Hampumep, LIHPOKOE pac-
MPOCTPaHEHHE MOJYUMJAH TaK Ha3biBaeMbie MHOTOCKBAXKHHHBIE YCTa-
HOBKH (puc. 21, a), KOrla AAS MOXauYd B NJAACT a3PHPOBAHHOH BOJBI
COOPYIKAIOTCSH CHelHabHbie CKBAaXXHHBI, KOTOPble pa3MellaloT Ha pac-
crogHun 5—10 M no pamgHycy OT 3KCHJyaTalHOHHON, CYHTAeTCH, UTO
YHCJ0 HMX HOJIKHO OBITh He MeHee MATH. TakHe YCTAHOBKH B OCHOBHOM
HCHONb3VIOT NMPH OUHCTKe NOA3eMHBIX BOX HerayOOKO 3a/jeramoiiHx
FOPH30OHTOB B CXeMax BoAocHaOxenuss HeGoapmux o6bekros. Hx
0OBIYHO MONACOeHHSIOT K cOopHOMY pesepsyapy. IIpHHiHN HX paboTH
caeaywounit (puc. 21, 6). Hacoc 3abupaer Bogy u3 pesepByapa, KO-
Topasi aspHpyercs (C MOMOLLbIO 3KEKTOPHOTO YCTPOHCTBA) WJIH HAaChi-
aeTcss KHCJIOPOAOM (C MOMOLIBIO OKCHIeHepartopa), M TNoKaeT ee B
nuraTejbHble cKBaxKHHB. [lo 3aBeplieHHH LHKJIa 3aKaukH B pabory
BKJIOUAeTCSl NMOrpPy*HOH HAcOC, YCTAHOBJEHHBIH B 3KCIIYaTalHOHHOH
CKBAXKHHE, W OYHIleHHAs B IJacTe BOJAA CHAuaJa NepeKayHBaercss B
pesepByap, a jAaJjee HanpasJsiercd norpeburenio. ONbIT 3KCMAYaTalHH
MHOTOCKBAXHHHBIX VCTAHOBOK uMeercs B BenugoO6puTanuH, OuHASH-
nun, lsenun u OPT.

YerpolicTBO JOMOMHHTENIBHEIX (MHTATEbHBIX) CKBAXHH BHISBIBAET
CYIIeCTBEHHOEe YAOopoXKaHHe YCTaHOBOK (ocOoOeHHO 3TO CKa3bhiBaeTCs
TOrjla, KOTAA MOA3EMHBle BOAW HaXoAsTcsd Ha Oonbmof raybune). Ilo
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Puc. 21.1. Cxema (a) W cucremMa (6) MHOrOCKBaMKHHHOM YCTAHOBKHM AJs o0e3xene-
3HBAHUA MOA3IEMHLIX BOX B NJjacte

I — Bono3abGopHas ckBaxuna, 2 — TPyGONPOBOA NMOAAYH BOAB MOTPeGHTENO; 3, § —
TO XKe, B IJacT; 4 — ycTPOHCTBO AJMSA BBOAA DEAreHTOB W/IH a3paunHH BOAH; 6 — mo-
IVIOLAIOIHe CKBaKHHH

TE€XHOJIOTHUE CKHM 2Ke CcOOOparKeHHSM OHH He SIBJSIOTCA CTOJL Heoh-
XOAHMBIM 3/IEMEHTOM YCTAHOBOK, TaK KAaK 3aKa4Ky B MNJACT OKHCJH-
TeJsI MOXHO OCYILEeCTBJISITh H HENOCPEJCTBEHHO uepe3 BOx03abOpHEIE
CKBaXKHHBI.

B CCCP npuMeHSIIOT 0ZHOCKBAaXKHHHBIE ycTaHOBKH (puc. 21.2). B
3aBHCHMOCTH OT KOHKPeTHBIX THAPOTeOJOTHYECKHX YCJIOBHH H TEXHH-
YeCKOTO COCTOSIHHSI CKBAXKHH YCTAHOBKH BHIMOJHSIOTCA B ABYX MOIH-
¢bukanusax: co cBOGOAHBIM HAJIMBOM MM ¢ TPHHYAHTeJbHOH 3aKaUKOM
B MJACT a3pHPOBAHHOH BOAHI.

Bo BCex ORNHOCKBAXKHHHBIX VCTaHOBKaX o6CafHas KOJOHHA CKBa-
XKHHBI NpeBpaliaercs B cBoeoOpasHyww O$apO6OTa}HYI0 KOJOHHY, B
KOTOPOH NMPOHCXOLUT MOJNHOE CMEeLIeHHe BOAH C BO3AYXOM, pasfesieHHe
CMeCH H yjaJieHHe H30bITKa BO3A4yXa H OTAYBAEeMbIX H3 BOJH ra30B
(CO; u HpS). Tlpu pBuxXenun BOXBI MO KOJIOHHE B HANMpPaBJEHHH 3a-
60s1 pasmep AHCIEPrHPOBAHHEIX B BOXe BO3AYWIHHX NY3HpeHl HE OC-
TaeTCsl NOCTOAHHBIM, C OAHO# CTOPOHBI, B pe3yJbTaTe KOaJeclieHIHH
YacTb MaXEHBKHX IY3bIpedl YKPYNHSOTCA W OHH BCIJIBIBAIOT (JBHra-
ICb TIPOTHBOTOYHO MO OTHOLUEHHIO K BOAe); ¢ APYro# —3a cueT mNo-
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Puc. 21.3. Cucrema sopocHaOxenus (a, 0)
¢ YCTAHOBKAMH 00e3XKeJle3HBAHHA NHKAHUECKO-
ro THna

1 — CcKBaXHHa; 2 — norpyxHofi Hacoc; J—

BONIOMOABEMHAA KOJOHHA, 4 — 00paTHHHA KJia-

naH; 5§ — 3aABHKKa, 6 — 3XKeKTop; 7 — KOJO-
net; 8 — Boaosoxn; 9 — pesepByap

Puc. 21.2. Ycranoska nas 00e3XKeNe3HBaHHA
non3eMHLIX BOX B nJacte

1 — ckBaxHuHa; 2 — OroJIOBOK; d — Bogonoadb- |-..--
eMHasi KOJOHHA; 4 — MOrpyXHO#t Hacoc; & — |-
buawTp; 6 — nojawomuii Tpy6omposox; 7— |-V,

3aABHXKa; 8§ — o0paTHBI KJAamnaH; 9 — 9xex-
TOp
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BBHILIEHHUS AABJEHHS H COOTBETCTBEHHO PAaCTBOPHMOCTH BO3AYXa B BO-
ne HabJonaercss YMeHbLIeHHe PasMepoB nysbipei. DTH ABa NPOTHBO-
OJIOXKHO HaNpaBJeHHLIX mpouecca oO0ecrneyHBAOT NONOJHHTEIbHDLIA
KOHTAKT BOABLI ¢ BO3AYXOM, UTO B KOHEUHOM CYeTe MPHBOAUT K YBEJH-
YEeHHI0 PACTBOPHMOCTH KHCJOpoAa B Boxe. B ycraHoBKax co cBobon-
HBIM HaJHBOM B CKBaXXHHY a’pHPOBAHHOH BOJBl KOHIEHTPAIHS KHC-
Jopompa ob6bluno cocraBiasier 8—12 mr/a, yro no 3HayeHUsAM OJH3KO K
pacrBopumoctn O, npu P=0,1 MIla B Bozax ¢ TeMmneparypoi 7—
10° C. B cayuae xe npHHYAHTEJbHOH 3aKaUKH BOALI B IJIACT a’pHpPO-
BaHHOH BOAbl (KOrfa OTroJIOBOK CKBaXKHH SIBJISIETCSl TEPMETHYHLIM), a
MJIsi yaaneHuss U30bITKa BO3AYyXa W OTAYBAaeMLIX H3 BOABI Ta30oB IMpH-
MeHsIeTCs KJamaH-BaHTY3 HJH BeHTHJb, OTPeryJHpOBaHHBIH HA 3alaH-
Hoe U306bITOUHOE JaBJieHHE, M0 KPhIIIKOH OTr0JI0BKa JOoCTHraercs foJjiee
BHICOKAsi KOHUEHTpalHsa Kucaopoga — no 20 mr/i.

YcTaHOBKH Ha pHc. 21.2 MOryT HCHOJIL30BATHLCH B PasjiHUHBIX CH-
cremax BomocHabxenusi. Ilpocrefinine M3 TakHX CHCTeM, Koraa Jo-
NYCTHMO NPHMEHeHHe YCTaHOBOK CO CBOOOAHBLIM HAJHBOM B CKBAXXHHY
a’pHPOBAaHHOH BOABI, NMOKa3aHb Ha pHc. 21.3. B ycaoBusax, tpebyo-
LHX TNPHHYAHTEJLHOH 3aKAUYKH B MJACT a3pHPOBAHHOH BOJALI, Bomnpoc
O INPHMEHHMOCTH YCTAHOBKH MO TO# HJH HHOH cXeMe ROJXKeH pe-
HIATHCS B KAXJAOM KOHKPETHOM cJyuae C y4yeToMm crnenHPHuKH oObekrTa.
3aech BO3MOXHBI pasjiHYHble BapHaHTol. B 4YacTHOCTH, BMecTO cTa-
LHOHapHoro 060pYAOBAHHUS MABHJLOHOB CKBAXHH TOBBICHTEJIbLHBIMH
HacocaMHu (HJH KOMIpecCopaMH) MOKHO NMOHTH IO NYTH HCIOJb30BAa-
HHSI JIeTKHX TepPeABHIKHBIX HACOCHBIX (HMJIH KOMIIPECCOPHBIX) YCTaHO-
BOK MJ/H, Hd060pOT, YCTPOHTL €AHMHBIfi LieHTpaJH30BaHHBIA y3en Hasl
NPHUTrOTOBJIEHHS A3PHPOBAHHOM BOJAB H NOAAYH ee C COOTBETCTBYIOLIH-
MH pacXoJoM H HAamoPoM B KaxIyi0 CKBdKHHY.

21.2. MoaenupoBaHHe NPOUECCOB «3aAPARAKU» KHCAOPOAOM
BOJOBMEL[AOUIHX NOPOX

OcHOBHBle NOJOXKEHHS M HUCXOAHBIE YPaBHeHHHA. B mepuox 3aKauyku
B NJAacT a3pHPOBAHHOH BOABL NPOHCXOAHT amcopOuus (TouHee, XeMo-
copbuus) KHciaopoAa Ha nopomax maacra. LlenTpoMm nas axcopbuuu
Oy npu 3TOM CAYXKaT KakK HOHBI METaJJIOB, TaK H Pas3jHYHbLE MHHe-
pajibHble H [JHHHCTbHIE YaCTHIBI, OCaxAeHHbIe Ha NMOBEPXHOCTH H 3a-
KJIOUeHHble B rnopax ckKeJeTa cpefbl. Axcopbuusi KHciaopoga B AaH-
HOM Cjiyyae sIBJisieTcsl JIMMHTHPYIOLeH CTafiHed TaKuX peaKilHH, Kak
KOHTAKTHOE OKHCJICHHe MOBEPXHOCTHLIX HOHOB H NOBEPXHOCTHOE KOMII-
neKcooOpa3oBaHHe, Oaarofapsi KOTOpBIM MOpPOALl NJacTa NpHoOpeTaoT
cBoeoOpa3Hbie CBOHCTBA — OHH CTAHOBATCS pPeaKIHOHHOCNOCOOHBIMM.
STy COBOKYIHOCTh NPOIECCOB, He MOJJNAIOUIHXCH pa3feJbHOMY H3yue-
HHIO, B AaiabHeHwieM 6yaeM YCJOBHO Ha3blBaTb «3apsiiKoi» mjaacra.

[Ipouecc «3apsinkH» BOXOBMENIAIONMHX MOPOA KHCJOPOAOM MOXKET
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ObITh ONMHCAaH HU3BECTHOH CHCTEMOH ypaBHEHHH NHHAMHKH aJacOopOLHH.
Jns cayuas papHaJbHOrO MOTOKA 3TH YPABHEHHA HMEIOT BHJ

dCo q:0Co, . 0Cp;
e 4 D0 700 g, 21.1
5 T ror T ot 2L1)
{3 e
zﬁazp{c*a. Co.). (21.9)

rae CO: (r, t) — KOHUEHTPauHUs PAacTBOPEHHOTO B BOJAE H Cﬁ (r, ) — agcopbupo-
E

BAHHOTO Ha NMOBEPXHOCTH NOPOJA KHCJOPoJ2a B CeUEHHMH HA PACCTOSHHH I OT CKBaXH-

HEl B MOMEHT BpeMeHH f; ¢;— NpH 3aKauke BOAH B Iaact (Aas i=i& NpHHHMAETCH

paBHBIM: §,=Q,/2nM, a npu orkauke (ans i=2) gi=—qo " Go=Qo/20M; M —

MOLIHOCTh MJACTa; F(C*E}' ; Cm) — KHHeTHUecKas (QYHKUHS, OTpa)kawmas Mexa-
g

HH3M ajicop6UHM KHCJI0DPOAA.

[Tpa nanbHeliiem aHaJH3e OTPaHHYHMCA ABYMs NPOCTEHIINMH Me-
XaHu3MaMH HeoOpaTHMOH aAcOpOIHH KHCAOpOAA, CUHTAS YTO KHHETH-
yeckasd QYHKUHA MOXKeT ObITh NpeJicTaB/jeHa B BHJE

220 (£ — Ay); 21,22

F (C*ﬁ, Cog)ﬂ ¢ 0, ( A) ( )

: 20,Co0,, (21,26)

rae C*ﬁ — NipenensHas ajcopOUHOHHAS EMKOCTb MOPOA MO OTHOWIEHHI0 K KHCNO-

pony; & (¢ — Ao) — nenbra-pyuxuus Jlupaka n Ap — BeaHuYMHA, paBHas

na+ o ) (r® — 1 ¢*5

R .l b UR N 21.3)
293 CGQD

[IpencraBnenue KuHeTHUeCKoH (yHkIuH B Bulie (21.2a) npeano-
Jaraet, uTo aAcopOuus KHCAOPOAa ABAsieTcs HeoOpaTHMOH, a caM 1Ipo-
nece npotekaeT ¢ 6eCKOHEYHO GOJMBIIOH CKOPOCTLIO; B caydae (21.26)
YVYHUTHIBaeTCS KOHEUHAasi CKOPOCTb HAKOMJECHHS KHCJI0pOJa Ha Nopogax
naacra (3nech ¢o, ~— KOHCTaHTA CKOPOCTH apcopOuuu).

JIuHaMHKa «3apafKu» NMOpoA npu HeoOpaTHMOW MrHOBEHHOH aj-
copbuun Kkucaopora. [ng craauu 3aKaukKd B IJIACT a3pHPOBAHHOH
BOJAHI pelleHHe cHcTeMHbl ypaBHenud (21.1), (21.2a) orwickuBaercs npu
CeYIONIHX YCAOBHSX:

=0, r>rg Co,(r. t)=0Cg(r, t)=0; (21.4)
r=rg t >0; Co,(r, t)=Co,. (21.5)

INpumensia ¥ (21.1)—(21.2a) u (21.4), (21.5) npeo6pasoBanue
Jlanjaca no f, HMeeM

dC - :
_‘?r_l"._ 0x =npCo, — C*5, exp (—op); (21.6)
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Co, (ro. p)=-—", (21,7)

rae Coq, (r, p)= ImCO!(r, t)yexp(—pt)dt u p — napamerp mnupeobpaszoBauus Jlannaca.
0

Ilpn aToMm yureHo, 4TO

[8(¢ =) exp (—pt) dt = exp (—op).

Peuienne ypaBuenus (21.6) npu ycaosuu (21.7) umeer B u3zob6pa-
XEHHAX cAeAVIOMHA BHA:

_ C
Co, (r, p)= -fr’-'iexp( AoP). (21.8)

[Tlepexoas B (21.8) K opurunasdy, NoJy4uM
Co, (r, t) = Co, fT(t — ). (21,9a)

CoorsercTBenHO aJs Cy (r, £) MoXeM 3amucarh

Co, (1, t)=C%5 H (£ —1X), (21,96)

roe H({ — Ao) —ennnngnas oyuxkuns, koropas npu <A, paBHa 1, a npn (>4
pasua 0.

M3 camoro onpeaenenuss KuHeTHYecKoH GyHkuuu (21.2 a) cruenyer,
YTO AaAcopOuHSA KHCJIOPOAA HMeeT MeCTO JHUIb NpPH f==A¢ (Opu (7=
Ao AenbTa-pyuxuus Jupaka pasua 0). CiiegoBaTesibHO, Ha OCHOBE
cooTHoweHus (21.3) npu f=Ak, MOXKHO HAHTH M0JIOKEHHEe TI'PAHHIIH
dpoHTa aﬂcopﬁuﬁn

A ——— e = e el sl —

=V rd + 20,t] (n, + o). (21.10)

B nanHoMm cjiyuyae B NMepPHOMA 3aKa4KH a3pHUPOBAHHOH BOAB B NJACT
ONHOBpeMeHHO ¢ (hpoHTOM ajmcopObuuu o0Opasyercss H (DPOHT NOPLIHE-

BOTO BBHITECHEHHS; TOCHERHHH rj== Yro®+2qst/ng. Tlpu r<r* HHKaKHX
uaMeHneHH# Konuentpanuit Co,(r,f) u Cp (r,f) He MPOHCXORHUT, U B
o6nacti ro<r<r* oHu coorsercTBeHHo pasHbl Co, ¥ C5*  Ha rpa-
Hulle r* () koHuentpauun Co,(r,t) u Cg (r, ) H3MEHSIOTCS CKAYKOM

Io HyJs, H BoOaactu r*<r<rj OHH Tak¥Ke paBHBl HYJIO, a 3a MNpele-
JaM# (pPOHTA BbITECHEHHS] HAXOAATCSl XKeJie3HCTble NOA3eMHbBe BOADL.

K MOMEHTY OKOHUYaHHSI 3aKa4KH QpPOHT agcopOuuu paciupoCcTpanser-
cs Ha paccTosiHHe r*(f3) =R, OT CKBaXHHH, KOTOpOe MOXeT OHTb
paccunrano no (21.10) mpu f==£;; COOTBETCTBEHHO NpPH 3TOM r¥j=

—yfnz+2Q3f3/ﬂu I'pajuku, oTpaxawuiHe pacnpefesieHHe KOHIeH-
Tpanuii B 30He «3apsiAKU» MJacra NpH f==1,, NOKa3aHu Ha puc. 21.4.
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B nepxom OTKaukKu BOAA, COAepiKaliascsl B 3oHe ro<r<Ro, C KOH-
neHtpanueit kuciaopona pasuoit Co,, Oyner oTOHPaThCS H3 CKBAXKH-

Hol BIJIOTbL JIO MoMeHTa BpeMenH Fo**==Qatanto/Qo(r0+T0,). Tlpu
3TOM B CHJAY NPHHATOH THIOTe3H O HeoOpaTHUMOCTH aAcopOnHH, MO-
CTYMJIeHHE B 3Ty 30HY B MOMEHT BpeMenu [(*=Q,f;I'o, /Qo(ne+T0,)
00€CKHCTIOpPOXKEHHOH BOAB He BhI3nBaer H3aMeHeHHs1 Cz* M mosTomy

npu t>10** KOHIEHTpAanHusa KHCA0poda B oTOHpaeMoH BOJe OKaXeTcA
TakXe paBHOH HyJ IO (cM. puc. 21.4).

KonnuecTBO KHCIOPOAA, KOTOPOe 3a IHKJ 3aKa4Ka-OTKaukKa HakKo-
MHJIOCHL B 30He «3apsiiKH» nJjacra, MoxeT OBITL paccyHTaHo no ¢op-

MyJe
PO2 T stacﬂgﬂ = Qofu**cogo o Qataga (21 b 1)
rjne E= C{),ﬁf(},ﬂ/(ﬁ.n—!—ro,). [2112)

JluHaMHKa «3apsaAKu» NOPOX NPH HeoOpaTHMOH ajacopONuM KuC-
JOpOAa, NpoTeKawile# no peakuuu 1-ro nopsaka. B satom cnyuae pac-
npenencHue KoHuentpauuu Co,(r,f) u Cg (r,f) B nepHox 3aKauKH

B NJIaCT a3DHPOBAHHOH BOJAB ONpeAesifieTCsl H3 pelleHHs CHCTeMB
ypasuennit (21.1), (21.26) npu g;==¢,. Kpaesnie ycJ0BHS PHHHMAIOT-
csi B popme (21.4), (21.9).

Pelnense 3TOH 3aga4i H3BECTHO U HMeeT BHJ

— %
Cozfr,t):-C%exp( 0 -)H(t_—-li); (21.13)
gy
—an~ A
Cs, (1 ) =a0,Co, (E—N,) exp ( oy )H(r —1,), (21.14)
0
rae H(f— i;) — enunnynas QynKius;
kl__nu(”"ﬂ-raﬂ) _ (21.15)

)
"'q:l
Hs (21.14) caeapyer, uTo MakCHMajbHOE KOJHYECTBO ancopbupo-
BaHHOTO KHCJOpPOJA HaKaNJaHBaeTCs BOJIH3HM CKBAXHHBI (NpH r==ry,
AM=0 u (l'{—}2 (ro, 1) =0o, Co,ﬁt); o Mepe yAajeHHS OT CKBaXHHH (C
POCTOM r) KOHUEHTPALHS CHHIXKAETCA A0 HyAsl (NpH r==rf, Ay=={ COOT-
BeTcTBeHO HMeeM Cp (ry, f)==0). Pacnpenenenne KOHIeHTpaunu#i Ha

MOMEHT OKOHYaHHS 3aKauKH B IJACT a’3PHPOBAHHOH BOALI IOKA3aHO
Ha puc. 21.9, a.

[Ipn nmpunsitom 3aecr MeXaHH3Me aacopOLHH MpoiecC «3apsiAKH»
NnopoA KHCJIOPOAOM NPOMOJIXKAeTCsI U B NepHOA OTKAauKH BOABI H3 CKBa-
XKHHBl BIJIOTL A0 MOMeHTa BpeMeHH fo* == Qsf3/Qo, MOKa He 6ydeT OTO-
6pana Bcs NOJAHHAs B MJAcCT BOAA. DTO SIBJASETCS CYLIECTBEHHBIM OT-
JIHYHEM OT cJiyuas, pacCMOTPEHHOro B IpeABIAYIIEM pasznede.

B nepuos oTKaukW B OKPECTHOCTH CKBaXHHBI OyAyT HMeThb MeCTO
nBe obnactu (puc. 21.5, 6), pa3neneHHble MeXJy co00oH nepemela-
jolllefics BO BpeMeHH rpanHuell ()pOHTa BHITECHEHHA a3pHpPOBAHHOH
BOJ(BI
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Puc. 21.4. Cxema v rpadMKku FHAPORHHAMMYECKHX H KMHETHYECKHX OoGJacTed npH pa-
6ore ycTaHoBOK 00e3Xene3uBaHHs

@ — CTafuA 3aKauku (MOMEHT BpeMeHH f={,); 6 — cTagHsa OTKAYKH

V= (2qtns). (21.16)

B nepso# OﬁJIaCTH ro<r<:R(t) rae cCONepKHTCS 4YacTHYHO obec-
KHCJIOPOXeHHas BOAA, NPOAOKALTCs Mpolece aZilcopOIHH KHCIOPOAA;
BO BTOpPOH ke obJactH R (f) <r<r* Haxoautcs nojaseMHas Boua (npo-
llecchl, TPOTeKalolHe B 3TOH o6JacTH, aHAJH3UPYIOTCS B pasn. 21.3).

Pacnpenenenune Konuentpauuii Co,(r,f) u Cg (r,f) B mepHoa oT-

KadK{d BONBI H3 CKBaXKHHDLI ONpefleisieTcsl H3 peLleHHS CHCTeMbl ypaB-
Henuit (21.1), (21.26) npu g;=—- go. HavuannHule ycaoBusi ans pe-
lWIeHHs 3ajayd npuHHMalorcs coraacHo (21.13) u (21.14) npu ft==ft,,
a rpaHH4HOe ycnoBHe umeer BUA Co, (7%, ) =0.

PelleHHe 3agauyu AOCTATOYHO MPOCTO HAXOMHTCH METONOM Ipeol-
pa3soBanus Jlannaca, [loatomy, onyckas NMpoMeXyTOUHble BBLIKJIAAKH,
3anduleM JHIIL OKOHYAaTeNlbHBle pacueTHble dopmynan. Mmeewm:

IJs epBo#t 06sacTH ro<r<R (f)

'10211 9ot \.
Co, (7, t) = Co, exp ( = Py ), (21.17a)
4
0O —— i l | 0
CO"’ (f, t] aO’CO’U (ta l) {l | (13 — 11)‘?01 .

X [1-—exp(‘;ff)]] exp(———az{:i), (21.176)

AJs Bropo# obmacth R(f) <r<rs*
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Puc. 21.5. PacnpeseneHde KOHUESHTPAUHK KHCAOPOAA B 30HE «3APANKH» NNACTA

g — CTajHA 3aKaukH (MOMEHT BpeMeHH f={3); 6 — CTaZHA OTKAYKH, & — BHXOLHAfA
kpusasa Cq (re, t); 2— CrafHs 3aKaukH (MOoMeHT BpemeHH f=1;)

Co., (7, ) =0; (21.18a)
A I . £o*
Coﬂ (f, f) :loﬂcozﬂ (53 li) [1 " (t3 — 11) Y0, ~
— A — @ A

X[l—-exp( Po, e 1))]}exp( "o, ) (21.186)
t3 ng,
t

rac ©o, = j;?ﬂ-g (I + %--),

O 0

ConepxaHue KHCJOpOAa B BOJe, OTOHpaeMOH H3 CKBAXHHBI, oNpe-

neasierest no (21.17a) mpu r==ro; B 3TOM cjayyae Ay;==0 H COOTBETCT-
BEHHO HMeeM

t
Co, (ro ) = Co, exp (mfﬂh). (21.19)

to¥

'paduk BuIXOZHOH KpuBoii Co, (ro, {) nNOKasan ua pHc. 21.5, 6.
®opmyna (21.19) npasomepna npu i<<to*; mpu {>h* Co, (ro, )==0.
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3uasa Co, (ro, {) npu 1<<lp*, HECJOXKHO PAacCYUTaTh KOJHYECTBO KHC-
JOPOAA, KOTOpOe 32 HMMKJ 3aKAaUKH-OTKAUKH afcopOHpoBasoch B 30HE
«3apsAKH» BOAOHOCHOTro naacra. MMmeem

1%
P{)2 == Q3fac{)gﬁ-—ﬂ- Qog. Cgﬂ (fﬂ, f) dt. (21,20)
CcJedoBaTeJabHO,
PO& - Qataé:
rAe E=Co,, {1 — o, [1—exp (—go,)]}- (21.21)

21.3. MopeaupoBaHHe npoiiecca OKHCJEHHS XKeJje3a
B 30HE «3apANKH» mJjacTta

OcHOBHbIe MOJIOXKEHUsI W MCXOAHBbie ypaBHeHHs, [Ipu Takoil TexHo-
JJOTHU OYHUCTKA NMOA3EMHOH BOAB AOCTHUIaeTCs HCKJIIOUHTEJBHO 32 CYeT
peaklui, NMPOTeKarollHX Ha AKTHBH3UPOBAHHOW MOBEPXHOCTH TOPOJ
(npu NMoOJHOM OTCYTCTBHH B BOjJ€ PacTBOPeHHOro Kuciaopoaa). Ecrecrt-
BEHHO, YTO MPH 3TOM YMEHbIIaeTcs KOJAHYECTBO anacopOHPOBAHHOIO
KHeJgopoaa (OH pacxoayeTcsl Ha OKHCJEHHE XKeJje3a W APYrHX HHIpe-
JAHEHTOB); CHHXKAeTCSl COOTBETCTBEHHO H pEaKUHOHHAsg aKTHBHOCTb 30-
Hbl «3apsIAKH» NJacTa.

CaeayetT OTMETHTb, YTO NafeHHe AKTHBHOCTH SABJSETCS HE TOJbKO
CJeACTBHEM BBILICYNOMSHYTHX peakilud. OHO NPOHCXOAUT TaKXkKe B
pesyabTaTe OJOKHPOBAHHS AKTHBHBIX HEHTPOB PAa3/JHYHOTO POAA He-
pPEaKUHOHHOCIOCOOHBIMU (TPYAHOOKHCASIEMBIMH) OpPTaHHUYECKHMH CO-
ennHeHHsiMH. CoOCTBeHHO roBopsl, H3-32 HEJOCTaTKa HH(OpMaLHH
0 BCeX HMeEWIIHXCA 34ech Npolleccax, NMo-BUAHMOMY, B JH palHoO-
HaJbHO CTPEMHTHCI K MAaKCHMaJbHOH 0OLIHOCTH MX onHcaHuA. IToaro-
My OTPaHHYHMCSA JHUUIb aHAJH30M IIPOCTEHLIEro cJjayyas, Korga B 30HE
«3apsAKH» MJacrta HMeeT MECTO OJHa HeoOpaTtuMmasi peakuusi Mexay
BOAHLIM XeJje30M U aacopOUpOBAHHBIM KHCJIOPOAOM.

B Takof nocTaHOBKe NpPONECC ONMHCHLIBAETCS CJAEAYIOLIEH CHCTEMOWM
ypaBHEeHHU M

dCF22+ 0o aCFE2+

n Lo, 9, C=C =0

o ot r or I~ “Fe2+™0,“Fe2+ {22 22)
0C— "
_d;}z = suFE2+Ct_)ﬂ CFe2+’

rae P — crexnoMerpHueckHii KostddHuHeHT, KoTopil pasen 0,143, T. e. GyxeM cuu-
TaTh, YTO KHCJAOPOJ, ancopGHpOBaHHBIi Ha MOPOAAX NJACTa, PACXOAYeTCs TOJBKO Ha
OKHCJ€HHE JXKeJle3a.

Huxe, Ha ocHoBe ypaBHeHuit (22.22) O6yayT npoaHaau3HPOBAHM
ABe pacyeTHble CXeMbl: MepBasg COOTBETCTBYET YCJOBHSIM, KOrAa B
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30HE <«3apAAKH» IJ1aCTa HCXOJAHas KOHUEHTpauusi aacopbHpOBaHHOrO
KHCJAOpOJAa BCIOAY nocTrosgHHas (cayualt HeoOpaTHMOH MTHOBEHHOH an-
cOpOLMH KHCJIOPOAA); BTOpasi — OTpaxaer CJay4ail HepaBHOMepHO#
«3apaaku» nsacra (4ro wabaionaercss npd HeoOpaTHMOH ajacopbuuu
KHCJOpOAa, NpoTeKawe#i no peakuuu 1-ro mopsiaka).

JduHaMuKa okuciaeHus xenae3a (I1) mpn paBHOMEpHOM HavaJbHOM
pacnpefeneHud ajxcopouposaHHoro Kucaopopa. Ilpu HeobpaTumoit
MTHOBeHHO# axcopOuun KucjaopoAa (cMm. puc. 21.4) K MOMEHTY OKOH-
yaHHs 3aKaYKH Y CKBAaXXHHBI HMEIOT MECTO [ABe 30HBI: nepBas ro<r < Ry,
rie Co,(r, t:) =Co, u Cz,(r, ) =C5*, u BrOpas Ro<r<ri*, B mpe-
nenax Koropo#t Co,(7, f3) =Co,(r, t3)=0. J[lo Hauyana npouecca OT-
Kauykd MoJA3eMHasg BOJAAa HAXOAHUTCH 3a rpaHHUed (DPOHTA BLITECHEHHS
H MO3TOMY peakuusi mexay xenaeszoMm (II) u agcop6bupoBaHHBIM KHCIO-
poaoOM 3/echb HauHHaeTcsi He ¢ MOMeHTa BpeMeHH f==0, a Juub NpH
{>=t* rne t*-—BpeMs, 3a KOTOpPO€ YaCTHIIbl MNPOXOAAT NyTh OT rj*
A0 Ro.

Bpems t* onpexensercd U3 CAEAYIOHIEro COOTHOLICHHS

r;’ — R? == 2¢,t* I n,

H, CJeNoBaTeabHO, *=Q,f3 0, /Qo(no+T0,).
KpaeBnie ycnmosus jans peltieHus (22.22) 3amucHBAaOTCS B BHIe
t =1t*, r <Ry Cﬁ: (l‘", L‘)'—'="-C*FEQ+(F, f)=0; (21.233)

r== Ro, f>f*; CFEQ+ (J"’, t) == CFEDE"" (21235}

rae CFe 9. — KOHLIEHTDANHs XKene3a (I1) B noasemHuo# BoOJE.
L]

Pemenne 3Toi 3ajaqyH HMeeT BHIA

CFeﬂi . exp (T') : (21.24)
Cpo2+ EXP(X) — I4-exp(T)

-5, _ - (21,25)
C*3, exp (X) — 1 4-exp (T) Y

o0e24C* 0, (R —17)
rie Wi P T *

- 1 == Eupez,;_cﬁﬂg.;. [f ) & -

ny (Ry? — r“}]‘ (21,26)
24,

I'paduxn usMenenus Cpoy/Cp 0+ # G5 /C5* mo T npu pasauny-

HpiX X nmoxkas3ansl Ha puc. 21.6. W3 pmauuwix puc. 21.6,a BuaHO, 4TO
npu Jaiobom ¢ukcupoBanHoMm I kouueHTpauus xenaesa (lI) ybGuiBaer
c pocroM X, a B Kaxjo# TouKe (T. €. npu PUKCHPOBaHHOM X) yBeJH-
UHBaeTCsa BO BpeMeHH 1. ITH U3MeHeHHs OOYyCJOBJeHBl CHHXKXKEHHEM
KOHIIEHTpalluu aacopbupoBaHHOro Kucaopoma (puc. 21.6,6) m coor-
BEeTCTBEHHO MafeHHEM peaKI[HOHHOH AaKTHBHOCTH B30HBI «3apAAKH»
njacra.
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Puc. 21.6. Pacnpeaenenue
Crt+/Cro2+=HX. T) n Cg IC*5 =F(X, T)

JuHamuka okucaeHus xenaeza (II) npu HepaBHOMEPHOM HayaJb-
HOM pacnpelieIeHHH KOHIUEHTPAlUHH afCcoOPOMPOBAHHOIO KHCJ0POAA.
HaiizeMm peuieHne cucteMsbl ypaBueHHit (21.22) npH cieAyIOUIHX yCJ0-
BHUSX:

t=0,r<ry Cg (r,t)=F(r), Ceat(r. t) =0; (21.27)
r=rsy, t> 0; CFEQ+ (r, ) = CFeng'l" (21.28)

rae [(r) — QyHKUHS, ONMHCBHIBAIOUlas pacnpejeneHHe KOHUEHTPAauWH aAcopOHpOBaH-
HOFO KHCJIOpDOJa B 30He «3apsaku» miacta (ro<r<r;*) mepex HayajloM OTKAYKH.

[TonoXuM

S Y WX g Ll /Y (21.29)
29,
B HOBHIX MEepeMeHHBIX T, A3 ypaBHeHHs (21.22), (21.23) sanuumyrcs B
BHJE

oC
y ;:2+ = dFe?‘f'C{_)uCFe?']"; (21 '30)
3
0C~
._55"? s —-ﬁdF{:g_l_Cacheg_l.-. (21 .31 }

Paccmorpum cayuail, Kkoraa npu t=0 (7. e. B MOMEHT NoCTyIe-
HHS JKeJe3HCTHIX NMOA3eMHBIX BOJ B 30HY «3apsilku» IJjacra) Hayalb-
HOe paclnpeliejieHHe KOHIEHTPAUuMH aAcopOHPOBaHHOTO KHCJIOPOAA
onuceiBaeTcs popmynoi (21.186). Toraa, yuuthiBasi, uto (fs—M)=
= QoAs/Qs, yCAOBHs Ansl peuieHus ypasueumit (21.30), (21.31) sanwm-
ieM B BHAeE

an C A
i o . fom DO {1+ W

g |T= QB ng@O!
A a~ Q
X [1 —- exp (_. %"-&)]} exp[ n"é AR )] ]; (21.32)
0 0w 3
Cre2+ ]13=u (Ags T) = CF%2+. (21.33)
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HecsioxHo mokasaTh, YTO B 3TOM cayuyae HCKoMble QyHkuuu Cp
H Cp2+ ompenesisioTcsl BHPaKeHHSIMH:

- — l exp (X’) [ ] .
Co.=Coh O Gy ey -1 ——
_ . exp(T)

rape

A
X’-_—.-_crpeﬁ-t-COaﬁlg{l 13’;1 ll-.exp Bl “ (21.36)

7= ﬁcFegq"CFeg'}' (f s }\3) (21 37)

[Ipu ompenesieHHH KOHIEHTPALHH XKeje3a B Touke r==rq B (21.36),
(21.37) caenyer NpUHATb Ay==F¢*, TOrAa NOJyYHUM

Xy = 0po+te*E, E=Co, {1 —0o,'[1 —exp(—qo,)l};  (21.38)

Ty = B0p2+Crot (E—to*). (21.39)

CoOCTBeHHO TOBOPSA, Mbl HMeeM [Ba pelleHHs OJHOH I TOH Xe
3a/auH, OMHCHIBAIOIIEH IpoLleCC OYUCTKH BOAH OT XKeJje3a B Njacre
NPpH CO3MAHHH HCKYCCTBEHHBIX OKMCJHTEJbHBIX TCOXHMHUYECKHX 6apb-
epoB, OTJHUAMOUIHXCA APYr OT Apyra JHIIb H3HAYaAbHOH THIOTE30H
0 MeXaHH3Me ancopOLHH KHCJA0pPOAa Ha BOAOBMEUIANOIHUX NOpoAadx.
[TonyueHdHse NPH 3ToM pacueTHhle 3aBUCHMOCTH HMEIOT ONHHAKOBHH
BHJ; pas3/iHuHe COCTOMT (HIlb B BHpPaXKeHHAX AJA Oe3pasMepHbIX Ia-
paMeTpoB BpeMeHH H KOOPJAHHATHL.

JL1s1 conmocTaBJeHHs 3THX pelleHHH pacCMOTPHM CIeAYIOUHH NpH-
mep. Ilaact umeer momuocth M=20 M u npeacraBjeH NecYaHBIMH
OTJIOXKEHHAMH, MOpHcTOCTh KOTOphX np==0,25. Copepxanne Xxe’1e3a
Cre2+ B NOA3EMHBIX BOAAX, MPHYPOUEHHHIX K 3TOMY KOJIEKTOPY, €O-

craBaser 2 mr/a. Ilyers 3agaHo, uTo 3aKauka a’spHpOBAaHHOH BOAH B
naact npu Co, =10 Mr/n mpoBoauzack ¢  pacxoaom Q=30 wm3/y

B TeUeHHe f,=120 u; oT6upajacr BOAa H3 CKBAXXHHBl C pPacxoaoM
Qo==60 wm3/u. lonycTHM, uTto B pe3y/jbTaTe 3TOro JKClepuMeHTa (HA
ocHOBe 00pabGOTKH ONBITHOH BBIXOJHOH KpHBOH) ONpeAeNeHbl O .24 =

=0,5 (Mr-ufa)—t u §=7,3 mr/a.

PacnoJsarasi 3THMH [JaHHBIMH, NpoBeaeM pacueT paclnpeaencHus
KOHLGHTPAUHi 3KeJje3a B 30He «3apaiaku» Ijgacra 10 DPeHleHHAM
(21.24) u (22.35).

cayyae HeoGpaTHMOM MTHOBEHHOH aACOpOUHH KHCJIOpOAa MNpo-
ece o6e3¥Kene3UBaHHsl NpoTekaeT B 30He ro<r< R, [rne Ro—rpasu-
na ¢poHTa ancopbuHH, Kotopas onpeneasercsa no (21.10) npu f==t.}
H HayWHaeTcsd ¢ MOMEHTAa BpeMeHH f*, korfia (QpoOHT NOA3EMHBIX BOJ
¢ HCXonHOH KoHueHTpamHueid Cp oy TPOHAET pacCTOAHHE OT rj™ 1O Ro.
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Hans pacuera Ry u * Heob6xoammo 3HaTh ['g, — KoHcTaHTy I'eHpu H30-

TepMbl aacopObuum KucaopolAa. Ilocneauss moxer ObiTh BHYHCIEHA
Ha ocHoBe (21.12). UMeem

- o _ 0,73 (21.40)
0 (74T,

H, CJIeflOBATENBHO,

To,== 22t 1,676, (21 .41)
1—-0,73

[Ipn stom r:* 2 YQifs/nMne==15,14 M, Ro~VQsls/nM (ne+To, ) ==
=787 M u t*=To,6*/(ng+To, ) =43,8 u.

B cnyuae HeobGpaTHMO# afcopOIHH KHCJIOPOZA, NMPOTEKAOUIEH MO
peakuuu l-ro mopsiika, npoiecc obedxene3UBaAHUST HAET BO BCel 06-
JACTH OT ry RO r;™, paHee 3aHATOH aspupoBaHHOil Bomo#i. Ilpm atom
AJsl BeIMOJMHeHHs1 pacueToB no (21.35) H, B wacTHOCTH, NMpPH Onpelee-
HUH apryMenTa X’ HeoOXOAMMO 3HATh BEJHUHHY @o,. [IpH H3BECTHHIX

EH C% MocaefHsAss Mo¥KeT OBIThb YCTAHOBJEHA Ha ocHose (21.21);

3oech UMeeM @o, ==3,0.

'paduky, HANOCTpHpYIOLIHE paclpefeseHHe KOHUEHTpalHH Ke-
jJe3a B 30HE «3apAAKH» MJaCTa, PACCUHTAHHBICE COOTBETCTBEHHO MO
dopmyaam (21.24) u (21.35), npusenenni Ha puc. 21.7.

B nepBom cayuae, npu HeoOpaTHMOH MTHOBEHHOH aAcopOIHH B
o06sacTH ro<r<R, npu < t*, KaK yXe oTMeyajoChb paHee, KOHIEHT-
panusi aacopOHPOBaHHOIO KHCJIOPOAA — BEJHYHMHA MOCTOSIHHAS H BCIO-
Ay ona paBHa: Cg* =To, Co?ﬁ. 31eCh CKOPOCTh peakKiMH OKa3biBa-

eTCsi I0CTAaTOYHO OOJBILIOH H MO3TOMY (POHT KeJe3HCTHIX MOA3eMHHX
BOX (puc. 21.7, a) OoTHOCHTENBHO MEANIEHHO NPOABUTACTCH K CKBAXHHE.
Bo BTOpoM cayuae Haua/bHOe paclpefeseHHe KOHIEHTPAUHH aAcop-
6HPOBaHHOIO KHMCJIOPOJAA HEPABHOMEPHOE: Y CKBAXKHHBI KOHICHTpPAIHS
BBlllle, a o Mepe yaaaenus or Hee Cg (r, 0) ymeHbllaeTcs u NOpH

==r;* OHA PaBHA HY.JI0. B CHAYy 3TOro B CCYCHHH r==r; CKOPOCTb pe-
AKIHY PaBHA HYJIO W JHUIb 110 Mepe JOBOJIbHO OBICTPOro NpOoABHKEHHS
(poHTa KeNe3HCTHX MOA3EMHHBIX BOJA K CKBaXXHHe Habaiojaercs MO-
CTeNeHHoe 3apoXKJAeHHWe peakuun (puc. 21.7,6). Oobpaumaer Ha cebsa
BHHUMdHHe TOT ()aKT, 4TO HECMOTPS HA CYLIECTBEHHOE Pa3juyHe B pas-
Mepax 30H «3apsAKH» NJacra KHCJA0POAOM, B 00oHX caydasix ¢poHT
XKeJIe3HCThIX BOJ AOCTHTAeT CKBAXKHHbI B OJHH M TOT e MOMEHT Bpe-
MEHH H JaJjiee MPOHCXOAHT abCOMIOTHO CHHXPOHHOE NOBBIIIEHHE KOH-
IEHTpAllHH KeJse3a B OTOHpaeMoH BOJe.

21.4. HatypHble HcenenoBaHusi no 06e3Kene3uBaHHUIO
MOA3E€MHBIX BOJ, B MJacTe

MeTonHyecKHe YKA3aHHsi MO ONPENEJEHHIO MapaMeTpoB npouecca
obesxene3uBanus. Jlnsi pacueTa ycTaHoBOK o6e3ikene3mBaHHs He0O-
XOXHMO pacnoJjiarath AaHHBIMH MO NapaMeTpaM KHHETHKH «3apsSAKH»
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Puc. 21.7. Pacuernpie npoduiu KOHIEHTPaUUA XKeje3a B 30He «3apsAAKH»

@ — cayyall Heo6paTHMOH MTHOBEHHOH ajcopbuui KHcIopoaa; 6 — cayyaid HeobGpa-

THMOH afcOpOUHMH KHCJIOpPOAa M0 peakuuu 1-ro nopsagka: [-—1{¢=10 cyr; 2-—

=20 cyr; 3—1t=30 cyr; 4 —1t=40 cyr; 5— =50 cyr; 6 —i{=60 cyr; 7-—
=65 cyr; 8§ — =655 cyr; 9 — =66 cyr; 10 —t=66,5 cyr; Il —1t=067 cyr

nJacTa KHCA0poAoM u KuHeTHKH okuciaeHus Fe (II). ITox stumu mapa-
MeTpaMH NOoApasymeBalOTCHa BeaWuunol [o, (Koncraura I['eHpu H30-
TepMul aficopOuuu Oz) HaM ao, (KoHCTauta ckopocTH aacopOuuH Oz)
H Op2+ (KOHCTaHTa CKOPOCTH OKHCJIEHHSl XKeJje3a aAcopOHpOBaHHBIM

KHCJI0poAOM). 3HaueHHs HX 3aBHCAT OT Lejoro psiaa paxkTopoB H, B
JaCTHOCTH, OT COCTaBa BOJOBMELAIOUIHX NMOPOJA, N€OXHMHYECKHX YCJO-
Buii (Eh, pH nokasartene#t cpensl, ¢opM, B KOTOPbIX HaXOAHTCS XKeJe-
30, 1 HAJHYUs B BOJE, a2 TaK¥Ke Ha MOpPOJaX NJacTa BelecTs, HHIHOH-
PYIOIIMX HJIM KaTaJH3UPYIOIIHX MpPOIECC OKHCJAEHHS Keje3a) H T. IL.
[TosToMy onpenensTh mapaMeTpsl mpoilecca peKOMeHAYyeTcsi Ha OCHOBE
06paboTKH ONMHITOB MO NpoOHOMYy o0eakeje3HBaHHIO BOABLI B I11aCTe,
KOTOpble B CBOIO OuUepellb CJAeAyeT NPOBOJAHTb HENOCPEeACTBEHHO Ha
CKBaXKHHaX, pacrnojiaraloliUxcss Ha yyacTKe AeHCTBYIOLIEro HJH Mpo-
eKTHpyeMoro Bojxo3abopa (B NocielHeM Cayyae AJs STOH LeJH MOryT
HCITOJIb30BaThCs Pa3Be/IOYHO-IKCNIYaTAIlHOHHBIE CKBAKHHBI).

[lepen HayasoM ONBITHHIX pabor HeoOGXOAMMO NpOBECTH cOOp H
aHaJIH3 HMEIOUIHXCS JIUTepPaTypHbIX H (POHAOBBIX MaTepHaJioB O MNpH-
POAHBIX YCJOBHAX paiioHa M, B YaCTHOCTH, IJOLIaAKH BOA03abopa,
a TakiKe NPOEKTHOro pellleHHsl mo cHcreMe BojocHabxkenus. Ilpu stoMm
HOJIXKHBI OBITh OCBELIEHBI CJAEAYIOUIHEe BONPOCH:

a) reoJorudeckoe cTpoeHHe (cTpaTHrpadus, JHTOJOTHSI) W THAPO-
reoJIOTHYeCKHe YcJOBHA paHona (rayOuHa 3aJjeraHusi BOJOHOCHOTO
MJaacTa U XapakTep €ro KOHTAKTa C OKPYXaMOIHMH MOPOAaMH, COCTAB
BOJOBMeNIAOUHX MOPOA U HX (PHUJALTPpAUlHOHHBIC IapaMeTphl, YC/JOBHSA
MUTAHUA TMOA3EMHBLIX BOA H B3aHMOCBA3b HX C BOJAaMH APYTHX ropH-
30HTOB, a2 TakXe IOBepPXHOCTHBIMH BOJOEMaMH, PEXHM I[OA3EeMHHX
BOI) ;

6) KauecTBO MOA3EMHBIX BOJ 3SKCIJAYaTHPyeMOro ropusonra (du-
3HYeCKHe CBOHCTB2, XHMHueckKHi cocraB H Eh —pH-nokasartenn
BOJH);

B) XapakTepHCTHKa BOA03abopa (MpOH3BOAHTEIbHOCTH CHCTEMH
BOAOCHAOKEHHsI, YHCJ0 CKBaXXHH H CXeMa HX pacloJIOXKeHHs, KOHCT-
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PYKTHBHbIe 0COO€HHOCTH CKBaXXHH (rAyOHHA, THN (PHALTPA H €ro AJIH-
Ha), HX MPOU3BOAHUTENbHOCTb H TEeXHHYECKOE COCTOSHHE Ha NepHOA
coopyxKenus -(yAeabHue AeOHTH CKBAXXHH HJH IIOKa3aTesNlH AONO.IHH-
TEJbHOrO CONPOTHBJIEHHUS HA HECOBEPIIEHCTBO CKBAXKHH), cXeMma cbopa
H NoAayd BOAB OT CKBAXKHH, HAMopbl BoAb B COOPHBIX BOJOBOAAX.

OnHOBpEMEHHO C 3THM MNPOBOJHTCA PEKOTHOCLHPOBOYHOE 0OCHeno-
BaHHe CHCTeMbl BONOCHA0XKeHHS; YTOUHAKTCA (akTHUeCKHe AeOHTHI
CKBaXKHH, ONPENEJSIIOTCS CTaTHUYECKHE H NHHAMHUYEeCKHE YPOBHH BOJAH
B CKBa)XMHaX MPH HapYUIeHHOM pexXHMe, H3MepsIOTCA HaNOphl BOAHI
B cOOpHBIX BoaoBoaax. Ha ocHoBe 3THX AaHHBIX NpHHHMaeTCs pelle-
HHe No oOYCTPOUCTBY YCTAHOBOK O0Oe3iKejle3WBAHHUS MO TOH W.JIH HHOH
cxeme puc. 21.2. O6sa3atesbHbIM npu obcaeq0BaHUU fABJAsSETCA NpoBe-
AeHHe KOHTPOJIbHBIX aHAJ/JH30B BOALI HA KeJje30 (H, N0 BO3MOXHOCTH,
uaMepenue Eh — pH).

IIpu BHIMOJIHEHHH ONBITOB NO Npob6HOMY 06e3XKeje3HBaHHIO B Ile-
PHOJA 32KAYKH B IJACT a3PHPOBAHHOH BOJABI MPOH3BOAATCH 3aMephl
u Wy=0Qsf;, a B nepHoj OTKAYKH H3MepsIoTCA pacxXxol H KOHUEHTpa-
LUt KHCTOPOZA H KeJe3a B OTOHpaeMOH BoJe Ha Pa3JHUYHBIE MOMEHTH
Bpemend. IIpy 3TOM orkauka NPOROKAeTCss A0 INOJHOIO BOCCTAHOB-
JeHHs1 HUCXOJHBIX NOKasaTejed KayecTBa INOA3EeMHOH BOJb.

[To 3aBepuIeHHH TaKHX ONBLITOB NOJYUYRKIOTCA ABe HH(OPMAIlHOHHbIE
Kpusnie: nepsasg Co, (f) oTpaxkaer H3MeHeHHe KOHIIEHTPAIHH KHUCJO-
pofa B a3pHUPOBAHHON BOJE, KOTOPAS HCNOJbL30BAJACh AJIS «3apPALKU»
n/jacra; Bropas Cp.(f) HemocpeACTBEeHHO XapakTepH3yeT 3 eKTHB-
HOCTb MPOILIECCA OYHCTKH MOJ3eMHBIX BOA OT XeJje3a.

Pacnonaras nasHpiMu 06 oOuIeM KOJHYecTBe MOAAHHOrO B IJAacT
kuciopona (ono pasuo W3Co, ) M KoJHuecTBE KHCJI0pOAd, OTOOpaH-
HOIO C BOAOHM H3 CKBaXXMHBI, HECJOKHO PACCUHTATbL TY €ro 4acTh, KO-
Topas aacopOupoBasace Ha BOAOBMENIAIOIIMX nNopoaax; Oosee TOro,
no BHIX0JAHOH KPHBOH Co:(!) MOXKHO oNpeneJUTh NapaMeTphsl aacopb-
g O.. OnaHako B AeACTBHTENBHOCTH He BeCb aacopOHPOBAHHBIN
KHCJIOPOA SIBJASETCS AKTHBHBIM C TOUKH 3DeHHs OKHCACHHS 3Kejae3a H
O6osiee TOro, 4acTh €ro 3Jech TAKXKe MOXKeT pacXOoJO0BAaThCs H HA ApPY-
rHe napaJjjiejbHo nporexaiuide peakuHH. [1ostomy Bce HCKOMBIE Ma-
pameTpbl Npoiecca onpeae’iaTb No BHIXOAHOH KpHBOH Cg 24 (7).

O6pabotky onbiTHBIX AaHHBIX Mo Cp oy (f) pekoMenayercs IpPOBO-

IHTb rpadoananutHyecku. [as 3TOro Ha OCHOBE BHIXOAHOH KpPHBOH
Cpot+ —1t (puc. 21.8,a) crpouTcsi BCmoMmoraTesbHbli TpaHk (pHC.

21.8,6), rae no oCH OPAHUHAT OTKJAAABIBAIOTCA 3SKCIEPHMEHTaJbHbIE
snauenus In (Cp 24/Cp 2+ —1), a no ocu abennee — BCr, 24 (£ —fo*).

B srom cayyae BenHYHHA O+ ONpeAeNsA€TCs MO HAKJIOHY JIHHHH,
NPOBEJEHHOH Yepe3 OMBITHBIE TOYKH, K OCH OpAHHAT (Op.2+=]/I/A), a
napaMeTp & paccydThiBaeTCsd no gopmyae

— Q] In[exp 14 1], (21.42)

o
Fpelt
riae J1 — orpe3ok, oTCceKaeMblH Ha OCH OpJAMHAT.
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Puc. 21.8. I'padoanawTHYECKH METOA, onpeleseHHs NapamerposB npoiecca
a—rpapuKk BHXOLHOH KPHBOH CF‘E? 4 6 — BcroMoratesbHbii rpaHK; 6 — rpa-

dHK GYHRIHH E}‘C‘DQ= f(‘Pt}ﬂ]

B aBsroMonesnHOR o6JgacTH 0o6nIYHO BuinoJHsercs yeaosne > 1
H mostoMy BMecTo (21.42) MOXHO Hcnoab3oBaTh 6o0.ee NMpocTyro 3a-

BHCHMOCTHB
E= Qoll/W,op 2+ (21.43)

[Ipu Heo6paTHMOfi MTHOBEHHON afCOPGUHH KHCIOpPOAa E ompene-
nsercs coraacio (21.11). Caeposareabno, npu ussectHux §, Co,,
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 no umeeM Io,=ne&/(Co, +E&). B ciayuae HeoGpaTHMOll HepasHo-

BECHOH afcopOuHH KHCJAOPOAA NMPOBOZHTCA pacueT KO3((HIIHEHTA a0,
Ilns onpenenernus oo, HMeEM

E/Co, =1 — @y~ [1 —exp (—o,)]- (21.44)

uas £ u Co,, Ha ocHoBe (21.44) BHuHCAseTcs @o, (A yaober-

Ba ONpEeNCNEHHs o, MOXKHO HCIOJb30BaThb rpadHK, MpPeAcTaBIeHHBIN
Ha puc. 21.8,8), a nanee pacCUHTHIBaeTCH

00,/ Mo == 90,Qo /%3 (Qo + Q). (21.45)

U IIPH U3BECTHOM g HAXOAUTCH QO,-

OnbiThi o 00e3:KeNe3HBAHHI0 NOA3EMHbLIX BoA B miaacre. Onpene-
JeHHe MmapamMeTpoB Opolecca oOe3ene3HBaHHA MNOA3€MHBIX BOJ B
niacre SIBASETCS HOBBIM BHJAOM THAPOreoJordHyeckKHx paboT, KoTopble
MOKa elle He MOJYYHJIH AO0CTATOYHOrO 060CHOBAHHSA.

OnbiTel 10 00€3XkKe/ie3UBaHHI0 MOA3EMHBIX BOA IIPOBOAMJIHCL HA
NMPOMBILIJIEHHBIX YCTAHOBKAX B Pa3/IMYHBIX FHAPOreOJOTHUECKHX W I'HJ-
POXHMHYECKHX YC/IOBHSX.

Bodozabop «laya-I» (JlarBCCP) uHDUABTPAIHOHHOTO THIIA
pacnosaraercsi B u3ayudHe p. laysa ua ee mpaBom Oepery. OH npen-
cTaBJeH 14 BOm03a06OPHHIMH CKBAaXXHHAMH, COOPYXKEHHBIMH Ha pac-
crosinun 80—100 M oT AuHHK OeperoBOrTO ype3a; pPacCTOSHHE MeXAy
ckBaxkuHamu B psiny 50 m. IlosnszeMusie BOAB Ha yuacTke BoA03abopa
3a/1eraloT Ha raybune 2—-7 M OT NOBEPXHOCTH 3E€MJH H NPHYPOUCHB
OHH K aJJIIOBHANbHBIM OTJOXKEHHAM U3 CcpelHe- H KPYIHO3EPHHCTOro
necka. MolllHOCTh OOBOJHEHHOH TOJMIH KoaeOsercsa oT 14 po 27 m.
Koadduunent Bogonposogumoctu kM =400—600 m%/cyr. B ocnoBa-
HHH 1Jacra 3aJgeralor caabonpoHuilaeMble TJHHBIL, @ CBEPXY OH Mmepe-
KPbIT HEOJHOPOAHBIMH MO JIHTOJOTHYECKOMY COCTAaBy MOpoAaMH (Noy-
BEHHO-PDACTHTEJbLHBIH CJ0H HMeeT MoliHocTh nopsaka 0,2—0,50 M; HH-
Ke HaxogdaTCcsa TOHKO- H MCJKO3epHHCTHIe MEeCKH, BKJAIOYAKIIHE MaJao-
MOIIHble NMPOCJOH TJHH CO 3HAUHTENbHBIM COACPKAHHUEM COJeH Kere3a
H OPraHHyeCKoro MartepuaJna).

[lo XHMHYECKOMY cOCTaBYy NOJA3eMHBbie BOAB OTHOCATCA K THAPO-
KapOOHATHO-KAJbIIHEBOMY THIY H HUMEIOT He3HAYHTEJbHYIO MHHepaJH-
sanuio. IHlesounocTs BOAH KoJsebaercs B nmpepenax 3,2—4 Mr-3kB/J,
OKHCIsIeMOCTh H3MeHsieTess or & so 7 Mr/a O, u pH cocrasaser
6,4—6,8. TemnepaTypa noiaseMHbIX BOJ OTHOCHTEJbHO MOCTOSIHHAA;, B
3uMmHee BpeMst 1=7°C, a B jernee {=9°C. XapakrepubiM JJs NOJ-
3€MHBIX BOJ fABJSIETCA MOBBILIEHHOE cOAepKaHHe Keqeza ([0 OTAENb-
HBIM CKBaXXKMHaM) u Mapranua. O6el4HO MHKOBHE KOHIEHTpallHH XKe-
Ae3a A0 2 Mr/a oTMeuarorcs co 2-ro no 4-i u ¢ 9-ro no 11-&1 Mmecsausl,
Korja Bbhimajgaer O0Jbliast 4yacTh aTMOC(HEPHHX OCAAKOB (MO-BHUIHMO-
MY, CBSI3aHO 3TO C BhHILEJAUHBAHHEM XKeJE3HCTHIX COeAHHEHHUH U3 30HBI
a’spalluM); B OCTaJbHOE BpeMsl CoAepKaHue xejaesza B Bojae KoJjebJer-
cs B npeneaax 0,5—1 mr/a.

231



BomozaGop «Iaysi-O» BBeaen B aefictBe B Hosibpe 1964 r. Ilepso-
HAaYaJbHO BCEe CKBAXKHUHHB OBIJIH NpOOypeHbl YAAPHO-KAHATHLIM CIOCO-
6oM Ha ray6uny 24—34 M u o0opylaoBaHbl (PUILTPAMH H3 MOPHCTOH
KepaMHKH Ha TPyOuaThiXx NepOopHPOBAHHBIX KapKacax MAJHHOH [g=
=14 M. B HayanpHBI# NEPHOA 3KCMIYATAUHH MPOU3BOAUTENIBHOCTH
Bo03abopa cocraBasaa Qs==14 Teic. M¥/cyT. 3aTeM B pe3yJbTaTe HH-
TEHCHBHOIO KOJIbMaTaxa (HIbTPOB CKBAXKHH KeJIe3HCTHIMH OCaiKaMH
OHa Pe3KO CHH3uIach M K 1968 r. cocraBuia nopsigka 5—6 ThiC. M3/cyT.
B 1969 r. vacTh cxkBaxKuH Boao3abopa (HauuHas ¢ 6-i no 14-10) OGuiau
nepebypeHa. ITu AyOJAHpYIOLIHE CKBaXXHHBI COOPYKEHBbI Ha PaccTos-
HUAX 4,5—55 M OT paHee MOCTPOEHHDLIX; OOOPYAOBAHBLI OHH KapKacHO-
CTepP>XKHEBHIMH (DHJIbTPaMH ¢ TPOBOJNOUHON OOMOTKON U rpaBUHHON 06-
ceinkoil. C 1970 r. Bogo3abop «I'aysa-I» skcnayaTHpoBaJcs MpPH Cpel-
HecyTouHo# mogade B 10-—12 Teic. M3, a B 1978 r. o OBlT 3aKOHCEp-
BupoBaH. [IpuuunoOfi 3TOMY siBHAACh HEOOXOAUMOCTb CTPOHTEJBCTBA
CTaHIHH 00e3Kene3UBaHHA.

[To cymecTByiouiei cxeMe BOAA, MOCTynakolilas OT CKBaXUH B c6op-
HBIH BOAOBOA moj Hanopom B 50—60 M, masnee mo MarucTpasibHOMY
TpyOonpoBoay AJAHHOH 22 KM NoAaeTcsi HeNOCPEACTBEHHO B MOPOACKYIO
BOJONPOBOAHYIO ceThb. CoOpyKeHHe XKe CTaHUHH o0e3XKene3uBaHus
npejnonaraer ycTPOHCTBO Ha MJolIaAke BOX03abopa AONOJHHTENbHO
cOopHOro pe3epByapa H HACOCHOW CTAHLUU BTOPOro nmogbema.

B 1980 r. na Bogo3abope «[ays-O» Obls1 OpraHu30BaH ONbITHBIH
CTallHOHAp AJs TNpPOBeAeHHS HCCJACAOBAHHH H OTPAOOTKH Pa3JHUHBIX
TeXHOJIOTHYECKHX TIPHEMOB MO PEeryJHpPOBAHHIO KayecTBA MOA3EMHBIX
BOJ B Tacre.

Ha yersipex ckBaxuHax Bojosabopa (Ne 5—7, 9) npoBoJHIHCH
ONBITH MO 06e3kKene3UBAHHIO MOA3EMHBIX BOJA B IJiacTe HA YCTaHOBKAX
IHKJAHdYecKoro Tuna. Huke npuBeAeHsl HCXOJAHblE TMOKA3aTeNHd KadecT-
Ba BOAbI, OTOUpaeMOH M3 3THX CKBAXKHH, a TaKXe PaBHOBECHBIC KOH-
IleHTpalHH, paCCYHUTAHHBIE MO YPABHEHHI

C
FEETUFEQ_I-“ l 0___3
5,85

Eh = 0,996 — 0,178 pH —0,0952 Ig [

ans peaknuu Fet+30H-=Fe(OH);+é.

HoMep ckBaXuHbi

5 6 7 9

HienounocTh, Mr-3KkBfA . . . . . 3,6 3,8 3,2 3.5
Okucasemocets, Mr/m O . . . . 5,2 5,8 6,1 5.3

Cyxoit ocratok. P¢, mr/u: 23 242 225 238
pH . . . o+ & &~ » & 6,5 6,8 6,6 6,5
Eh(b) . . . . . . . . 0,11 0,06 0,1 0,13

Keaeso, mr/a: g

0 XHMHYECKOMY aHaNH3Y . 208 1,55 1,04 09
P 1.84 1,4 1,22 0,85

pacueTHoe .

[Tockoabky oOlilee conecoaepXaHue MOA3EMHBIX BOJA HEBEJIHKO, TO
NPH BHINOJHEHHH TEPMOAMHAMHYECKHX pacyeTOB HOHHAA CHJA PacTBO-
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pa npuHHMaaach pasHoi: 1==0,000022P,, a KO3 PHIHEHT aKTHBHO-
CTH HOHOB onpeneasiics no dopmyne 1gvgo. =—0,522YI (rae zi—
3apan Houos Fe?t), Ilo ucxomaubiM NMoOKasaTessiM KaueCTBa BOJIbI BHA-
HO, UYTO KOHUeHTpauun Fe?t, ycraHoB/JeHHBIE Ha OCHOBE XHMHMUYECKHX
aHaIu30B, JOCTATOYHO XOPOILIO COrJACYIOTCA ¢ PacYeTHBIMH. DTO CBH-
JIETEIBCTBYET O TOM, UTO CHCTEMA HAXOAHTCH B MOJOXKEHHH, OJH3KOM
K TePMOAHHAMHYECKOMY paBHOBECHIO, H cojepxkanue xeaeda (II) B
NOA3EMHBIX BOAAX BoJ03abopa KOHTPOJHpYeTcH obpasoBaHHeM (HJH
pacTBopenueM H BoccraHoBieHHeMm) Fe(OH)s CaenoBaTennHo, B AaH-
HbIX YCJAOBHAX, moBbiiag Eh —pH Boabl, MOXHO pacCYuTHIBATH HA
NOJIHOe OKHCJIeHHe H OCaXK/IeHHe XKeJje3a B nJjacTe.

s oTpaboTKH TEXHOJIOTHH BCe ONBITHbIe CKBaXXHHBI OblIH Apeld-
BAPUTEJbHO NepeobOpPYAOBaHb IO YCTAHOBKH A5l 00e3xKesie3HBaHHUSA
NoA3eMHBIX BOJ B MJjacTe B COOTBETCTBHH co cxeMol pHuc. 21.2, a.
YcaoBus, IPH KOTOPBIX BBINOJHAJHCH ONBITH M0 Npo6HOMY obe3xkeJe-
3UBRAHHIO, pHBeNeHH B Taba. 21.1.

Ha ckBaxunax Ne 5, 6 u 7, rae pacxoabl oTKauku Qp ObIIM fgocTa-
TOYHO OO0JbUIHMH, NMPOBEHEHO MO JABA ONBITHBIX LHKJIA; MOJyYeHHbIE
MpU 5TOM JaHHBIE N0 H3MEHEeHHWIO COAepXKaHHS KHCJAOPOAA B OTKAUH-
BaeMoO# BOsE cBefleHH B TabJ. 21.2, a BHXoAHHe KpuBHeE no Fet no-
Kasanbl Ha pHuC. 21.9. Ha ckBaxune Ne 9 onbiT mpoBoamiCca ¢ MaJaHM
pPacxoAoM OTKAUYKH H ObiJi BHINOJIHEH JiHWib OJMH MOJHBIK LHKJ.

Tabanua 21.1. YcaoBHS NpPoOBEACHHN ONLITOB H PE3YAbTHPYIOUIHE 3HAYEHHST
napaMeTpoB npouecca

o S
0% 4 Q.. i, W, 0% 502 Op2 o T & 108
Eg: 1nKabt M*"?“I s O M3y HI?!JI {Mr-:,r:)‘“‘l HE‘;H ,:—-1
| 1 [18 |20 260 | 75 128 0,147 2,83 | 5,96
2 __Jﬁig%i 3?&5 75 11,9 0,147 2,83 | 5,18
* gy =0,147 a* o, = 0,00522
5) 1 ‘I?,ﬁ 23,5 | 413,6| 78 10,8 0,396 1,37 | 2,41
2 120,834 |707.9| 78 6 0,405 | 1.11 | 2.45
o* g4 = 0,400 a* . = 0,00243
" l?l,?ﬁl 24 ]522 l 85 12,5 ’ 0,402 0,95 1.33
| 2 | 21095/ 38 |834,1] 8 89 | 0404 |[1.06]| 136
o* o, = 0,403 a*g, = 0,00135
9| 1 |14,63| 23,5;345 ‘ 30 | 1,4 | 0,359 ]2,35' 3,43

* Cpennue 3HayeHHs mapaMeTrpos.
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o
Puc. 21.9. BuxoaHue Kpupnie
1 — 1-% uukn; 2 — 2-f mHKA; J — pacueTHsie KpHBHE

Ta6auna 21.2. Jlauuble N0 H3IMEHEHHIO KOHUEHTPALHH KHCAOPOAA, Mr/d,
B OTKAYHBAECMON BOJE HA NMepeoM lKKJAe paborhl YyCTAHOBOK

= e g e S ——— ————— = L TTEMm | e T L ¢ — e

HoMmep CKBaAKHHB
t, 1
b 6 7
0 12.8 10,8 12,5
0,5 10, 1 — —
1 8.6 7,8 11,3
115 7,3 S 10'8
9 5.3 5,8 10.2
2.5 47 48 b
3 3,2 4,2 -
3,5 3.0 2 8,8
4 2.6 2,8 | s
4.5 - 2.6 -
5 — — 7,6
5,5 0,9 — -
5 _ - 6,6
q}O_./fg* 0,41 0,32 0,1
-EDH ?!m 5}6 3’1

v — il . i

i — e —— P i ety

O6paboTKa BBIXOAHBIX KPHBHIX IO Fe?+ BpimoJiHAJAACh B COOTBETCT-
BuK ¢ pekoMenfanuamMu (cM. c. 230).

Ha ckBaxkuHe Ne 5 06a ONBITHBIX L[MKJIA BHIIOJIHSAJIHCH B OJAHHAKO-
BhIX YCJIOBHSIX (T. €. MPH OAHHX H TeX XKe o6bemax W, aspHpoBaHHOH
BOAL U HEH3MEHHOH KOHIEHTPALHH KHCIOPOLA); HA CKBAXHHAX Ne 6
U 7 ycloBus pasauyanuch (Ha BTOPOM ILHKJE o0beM 3aKaukH OBl
npuMepro B 1,6——1,7 pasa Goablie, ueM Ha NEPBOM, 2 KOHIEHTP Al HA
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KHCJ0DPOAA, HA0060pPOT, HeCKONMBKO 3aHMkeHa). M3 taba. 21.1 BuaHo,
UYTO HadificHHple MO ABYM ONBITAM JAJAS KaXKAOH CKBAaXXUHb 3HAUEHHSA
napaMeTpoB O+ H @0,/Mo OKA3aJHChb MNPHMEPHO PaBHBHIMH. ITO B

nepBYyi0 OUepelib CBHAETENbLCTBYET O TOM, 4TO BOJOBMelllaloliHe MOpO-
ABI TIPEJICTaBJIeHBl AOCTATOYHO OAHOPOAHBIMH NECKaMH M N03TOMY yBe-
JHYEHHE PAJHYCa 30HbI «3aPSAAKH» NACTa 3[4€Ch NPAKTHYECKH HE CKa-
3bIBAETCSA HA 3HAYEHMSIX Op .4 H @0,/Mg; C APYroil CTOPOHBI, M3 COMO-

CTaBJICHHS1 IKCIEPUMEHTAJIbHBIX U PaCYeTHHX BBHIXOAHBLIX KPHBBIX (CM.
puc. 21.9) cnenyer, uTo npeAsaraeMas MareMaTuueckas Mojaedb J0-
CTATOYHO XOPOIIO OTPa)kaeT BJIHSHHE Ha MpPOLecc BXOAHBLIX NapaMer-
POB, TaKHX, KaK Qs, f3, Qo, Co, » Cp 2+

OcTaHOBHUMCS Tenepb HA BONPOCEe O COOTHOLIEGHHH MeXAYy OOLIHM
KOJIHYECTBOM KHCJI0pOoAa, aaAcopOHMpOBAHHOrO HAa MOpOAax MJaacra, H
TEM, KOTopoe INOILI0 HEemOCPEACTBEHHO Ha OKHCJIEHHE KeJe3a.

B onwpiTax Ha Bomo3abope «[aysi-O» OTKayka NMPOU3BOAH.IACH NIPAK-
THUECKH A0 NOJHOro BOCCTAHOBJIEHHs HCXOJAHOro Kauecrsa BOAbI. I1lo-
3TOMY KOJHYECTBO »KeJje3a, OCaXKJeHHOe B MJjacTe 3a OJMH IHMKJI
paboThl YCTAHOBKH, MOXKeT GBITh PACCUHTAHO Mo Gopmye

Do

Preory,= Qo (Cro2+ — Crent) df,

i,
[loncrasass (21.37) npu To', onpenensiemMoMm coraacHo (21.41),
nonyuum Preom), =Qs6E/B; npu 5TOM KOJHYECTBO KHCAOPOAA, 3aTPa-

YeHHOE HA OKHCJCHHe XeJje3a, cocTaBisieT Po,* =BPreom),=Qslst.
EcrecTBenHo, uro npu pacuere Ppeomn), ¥ COOTBeTCTBEHHO Po,*, mapa-

MEeTp E AOJIKeH ONPeACATbCS Ha OCHOBe 0O6PabOTKH BBIXOJAHBIX KpPH-
Boix no Fe?t (nostoMy 3mech §==Ep o+ M 3HAUeHHS E. g CJEAyeT
npuHuMarthe no taba. 21.1),

O6weec KOHYECTBO KHCAOPOAA, OCaXKACHHOE B IlJIaCTe, TaK¥ke pac-

CYMTRIBAETCSl MO ¢opMyne Po, ==Qsf:E, HO npu 3TOM E npHHMMaeTcs
PaBHBIM Eo,, @ MOCJEIHAM onpeAesnsieTcss Ha OCHOBE 06PaBOTKH BHIXOJ-
HbIX KpHBBIX mo O, (Taba. 21.2) ¢ ucnosb3oBaHHEeM 3aBHCHMOCTH
(21.19). 3nauenus @o,/t*o, , CHATBIE € JHHEAPH3OBAHHBIX TpadHKOB

In(Co, /Co, —t) u paccunranubie no popmyne (21.21) E=&o,, npa-
BeJleHH B Taba. 21.2.

Kak BHmHO, 3HayeHus Eo, (1abn. 21.2) npuMmepHo B 2—4 pasa
NPEeBHINAOT Epo4 (Taba. 21.1) H COOTBETCTBEHHO B JAAHHOM C/yuae

Pgeomy, = (0,25—0,5) P*o,. ITo CBHIETENbCTBYET O TOM, 4TO AAJEKO
He BeCb OCAXKACHHBIH B MJacTe KMCJOPOA NPHHHMAeT y4aCTHE B OKHC-
NEHHH JKeJie3a; 4acThb €ro pacXoAyeTcs Ha Apyrue NMo6GOYHbIE peaKilHH.

Kypmankeesckuii sodo3abop (2. Jlasrexarnoso, BawACCP) pas-
MelllaeTCs Ha MEPBOH HAANOKMEHHOH Teppace sneBoro Gepera p. Jlemn
(MexXAy pekodl u crapuunbiM o3epoM Anpsik). IloaseMuble BOAB NpH-
YpOoUYeHb! K AJTIOBHANBHBIM NECYAHO-TPABHEHO-TAJIEUHBIM OTJIOXKEHHIM
YeTBEPTHYHOIro BO3pacTa. MouHOCTs OOBOAHEHHOH TOJUIH OTJOMXKEeHHUH
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B npejgesax BoAo3abopa koaebaercss or 4 npo 12 m; xosdpduuuent
dbuabTpauun nopon k=70—=80 M/cyr. B ocHoBaHHH njacra HaxoxAT-
Csl CHJIbHO 3arUICOBaHHbBIE MIHHBI YPHUMCKOro sipyca; CBEepXy OH mepe-
KPBIT TOHKO- ¥ MEJIKO3EPHUCTHIMH MECKAaMHU C HPOCJOAMH H JHH3aMH
H3 IV1HH ¥ CYTJIHHKOB.

[To xuMudeckoMy COCTaBY MoJ3eMHBIE BOAbI OTHOCATCSH K CyJbdart-
HO-THAPOKAPOOHATHO-KAJbI{HEBOMY THOY M HMeOT MHHepaJu3alHio
nopsiaka 1—1,5 r/a. O6mas XecTKOCTb BoAwl kogebiaercst ot 10 no
15 mr-a3kB/a. IloMuMO 3TOro oTMeuaercss TakXke H BLICOKOE cOnepxa-
HHe B BoAe Kene3a (mo 1-—2 mria) U ceposomopona (ot 0,3 mo
1 mr/a).

PexXxuM mon3eMHbIX BOA TeCHO cBsizaH ¢ pexumom p. [ema. Ilpu
3TOM HEMOCTOAHHBIM B TEUEHHE TOJla SBJSETCH W XHUMHUECKHH coCTaB
BO/Lbl.

Ha BonozaGope paboraer 9 ckBaxkuH, o0ecneyuBalIUHX NoAayy
BOAL B KoJuyecTBe Qs==2,5—3 ThHIC. M3/CyT; MpH 3TOM CKBaXHHBI
Ne 1, 3, 4, 10 u 13 sxcnnyatupyiores npu Q~14—16 M3/4, a ocrajb-
Hhie npd Q= 7-—8 M3/u. PacnojioxeHHe CKBaXHH JHHEHHOE; PaccTos-
uue mexay Humu nmo 40—80 m. [Ipu sTom Bce oHM yCTpPOEHH! B HACHI-
InAX BbICOTOH 2,5—3 M, npeAoTBpaljalOLiuX HX 3aTONJIeHHE B MNEPHOX
NMaBoOJaKa.

OnuTe 1o obe3xkelle3HBaHHIO NMOA3EMHBIX BOoJ B MJacTe 3JeCh
NPOBOAMJIHCH Ha ckBaxkuHax Ne 3 u 4. Kpusas, uanocTpupyoouias
KHHEeTHKY okucJeHusi xenesa (II) B csBoboanom obObeme, noxkasaHa
Ha puc. 21.10. dToT ONBLIT NPOBOAHICA Ha CKBaxHHe Ne3 mpH moaaep-
JKaHHH MOCTOSIHHOM TeMmmnepaTyphl BOAbI; KOHIEHTpalHs pPacTBOPEHHOTIO
B BOJe KHCJopoja coctaBisia 7—8 wmr/a. Kak BuaHo (puc. 21.5),
A06GHTBCS NOJdHOr0 okHcaeHHs xejesa (II) B Takux ycioBHSX He yla-
etcs; yepes 6 u Kouuentpanusa xenesa (II) cuusuaace (na 50—60 %)
no 0,5 Mr/n, a B AaJbHedillleM YxKe NPaKTHUECKH HE H3MeHHJacCh.

C uenbio oleHkH 3ddeKTa karanusa Npu o0e3kKeje3UBAHHH BOAHI
B naacTe Ha ckBaxuHe Ne 3 OBHJIO IepBOHAYAIBHO BHIIOJIHEHO TPH
npoGHBIX LHKJa. Bo BCeX caydasix 3akauka B IUIaCT a3pHPOBAHHOII
BOJpI MpoBoAHaach ¢ pacxoaoM Q,=10 m%u B Teuenue {;==6 u npn
Co,, =10 Mr/n; pacXoi OTKauKH COCTaBAA Qo==16 wm3/u4. Tloayuen-

HBle MpH 3TOM pe3yJ/bTaThl MpHBeAcHH Ha puc. 21.11.

V3 gero BHAHO, UTO YK€ Ha NMEePBOM LIHKJIE OTKAYKH K MOMEHTY
or6opa H3 CKBaXXHHBl Bcefi MOAAHHOH B MJACT BOJAB KOHIEHTpallHA
xemaeza (I1) cuusunace no 0,3 Mr/i1. D10 CBHAETENLCTBYET O TOM, YTO
cKOpocTh OKHcJeHusi xkeneda (II) B muacte Bhiliie, ueM B CBOOOAHOM
o6beme. C Apyrofi CTOPOHBI, 3AeCh SABHO NpoC/eRKHBaeTcs 3(PHeKT Ka-
TaJqH3a; 1Mo Mepe MOBTOPEHHS IHKJIOB «3aKauKa-oTKauka» MOBbIMIAeTCA
peakilHOHHas crnocoOHoCTh naacrta. IIpu 3ToM, eciu CONOCTABUTb BHI-
xonuble KpuBbie puc. 21.11 ¢ 3TaJlOHHBIMH, TO CTAHOBHTCA OYEBHAHBIM,
yTo B NepByio ouyepeab 3Q(PEeKTHBHOCTh OYHCTKH BO3PACTET 3a CUeT
NOBLIIIEHHS HOPMbI aAcopOUHH KHCIOpoAa (yBeauunsaercsi Xo).

JI7ist olleHKHM nmapaMeTpoB npolecca oOe3KeNe3HBAHHSI BOAB B IJIa-
CTe oNMbTHl NPOBOAHANCH Ha cKBaxune Ne 3 u npH W,=220 M3 (Qs=
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BaeMoli Boae (ckBaxuna M 3)
Puc. 21.10. KpuBne OKHCNeHHA Kene-
3a B CROGOXHOM ofbeme

Puc. 21.12. Buixoauas KpHBas (C. 84/C. 2*-1)
CFEQ+/CFE02+“0 ckmawnne N § 5P -

_Féi,_ CedVire
H BCIOMOrarenabHbR rpaduK pas

L 4=48 =
w 0 Cpg?t =G 9riiin 108
pacyera HapaMeTpOB mpoliecca /‘2 f%ﬁ,ﬁmﬁ 146
104

{92

x ~ONbITHLIE TOYKH
-J} ©-PACHETHB'E TOUKY
1 i ]

S 1 15 4 &
pa‘,!:*(t -£7)

=10 M3y, {,==22 u). Pacxoa orkauku cocTaBisn Qp==16 M3/4. Pe-
3YJbTHPYIOLME BHIXOJAHBIE KPHBbIE IO XKeJae3y, a TaKiKe BCIOMOTa-
TeNbHHE rpaduku AJsi pacuera mapaMeTpoB [polecca NMpeACTaBJICHEI
Ha puc. 21.12, Ha ocHoBe 06paGoTKH ONBITHBIX AAHHBIX YCTAHOB/EHDI
CAeAYIOUIMEe  3HAUeHHA  KO3PODUIHEHTOB:  Op2+ =0,5(mMr-u/n)—4,
ap, /[y=0,0049 y—1.

Bodosabope. 2. bpecra (BCCP) 6a3upyloTcss Ha HCNOJb30BaHHH
NOA3EMHBIX BOJ, MPHYPOUEHHHX K CCHOMAHCKHM OTJIOKEHHAM BepXHe-
ro MeJja, IIPeACTaBJeHHBIM MENKO3epHHCTHIMH IIaYKOHHTOBBIMH NECKa-
Mu. MouigocTs BojoHOCHOTO muiacTta xoJaebJsercs oT 30 o 50 M; K03d-
dunent BoponposoauMoctu kM~ 200 m%/cyr. IlogcrunanTcs CeHO-
MaHCKHe NMeCKH OKChHOPACKHMH cJa00TPEUIHHOBATHIMH H3BECTHAKAMH.
KpoBas naacra MpeACTaBJeHA MepresibHO-MeJOBOH TOJILIEH, a TaKXKe
JeTBEPTHYHBIMHM H Na/€Or€H-HEOTEHOBBIMU OTIOXKEHHSAMH H3 pa3HO3€P-
HUCTHIX MECKOB ¥ MOPEHHBIX CyleceH U CYrJIHHKOB.

B XWMHUYECKOM OTHOINEHHH BOAbI CEHOMAHCKOr0 rOpH30HTa KJjac-
cHUUHPYIOTCH KaK THAPOKapGOHaTHO-Kaabuuesble. OHH HMEIOT MHHE-
panu3agmio nopanka 0,4 r/a, wenouHocts 2,5—3 mr-sxs/a, (=8 C
H [0 BCEM MOKA3aTeJAM, 32 HCKJIOUEHHEM BBICOKOI0 COAEpKAHHA ¥Ke-
nesa (mo 2—3 wmr/a), coorserctsyior TpeGoBanusM I'OCT 2874—82.
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Puc. 21.13. Buixoanbie KpuBHe mnpwu MHOTOKPATHOH uMiIMyecKol 3SKCnaAyaTalium
YCTAHOBKH obe3xeneansauna (Bogozabop «Mapkx CsoGonbi», ckp. M 8

[ToneBble sKcTepHMEHTH NPOBOAMIM HA Bofo3abope «Ilapx Cgo-
6oab» Ha cKBaxHHe Ne 8, 06YCTPOSHHOH N0 CXeMe puc. 22.2, a. 3aech
BBIIIOTHEHO IUECTb OMNBITHBIX IHKJOB INPH NPOMBIUIICHHBIX 06beMax
3aKAYKH B NJIACT 43DHPOBAHHOM BOJAbl. 3aKauyKy NPOBOAHJIH C MOCTO-
SHHBIM PacxofoM Q,==45 m%14, B TeweHne 1 cyT (1. e. £,==24 u), TaK
yto W,a=1000 M3; pacxox oTKAYKH COCTABJISLT Qo==45 M3/u.

Meropnka paGothl coctosiia B caeayiomem. Ha nepsow, TPEThEM,
UCTBEPTOM H IIECTOM HHKJIAX PabOTH YCTAHOBKH BOAA OTGHpasnach H3
CKBAXKHHbBI B TEUCHHE OTPE3Ka BpeMeEHH, HeOOXOAMMOr0 Ha BOCCTAHOB-
neHue Fe** 10 HCXOAHOrO ero coNepXaHus B MAaCTOBOH BOAE, HAa BTO-
POM M NSITOM HHKJAAX OTKAYKy INpekpallanu, koraa Fe?t cocTaBasio
0,5 Mr/a. Tlpu sTOM B nepBBIX Tpex LHKIaX KOHIEHTPANUsA KHCJI0pOaAa
B 332KaUNBAGMOH BOJAE MNOAACPAKHBATACH MNOCTOSHHOH M  PaBHOM
6—7 Mr/a, a na nocaexynouIUx TPeX HHKJAAX OHa c¢ocrtasasaa 10—
12 mr/a.

PeaysibraThl ONBITOB NpeacTasiens Ha puc. 21.13. O6paboTka BHI-
XOAHBIX KPHBBIX NPOBOAH/IACH IIO ONHCAHHOH BuIle MeTomuke. Vicko-
MbI€ 3HAYCHHA TapaMeTpoB Mnpouecca npuBegeHn B Taba. 21.3. Us
BBIXOAHBIX KPUBBIX pHc. 21.13 BHMAHO, 4TO mpexpalileHue OTKAukKH Ha
BTOPOM H MATOM HHKJAX PaboThl YCTAHOBKH NMPH HH3KOM COfepKaHHH
#eiqesa (0,5 Mr/n mpoTHB HcxomHoro 2,6 Mr/an) He oKashBaIo NPaK-
THYECKH HHKAKOTO BJIMSHHSA HA AanbHeAWHH X0 mpoiuecca, NO3TOMY
3HAYEHHS O, H §, HAHACHHBIE [JS NEpPBOrO, TPETLEr0 H COOTBETCT-

BEHHO TETBEPTOTO H LIECTQrO IHKJ/OB, OKa3aiucCh paBHBIMH. C ApYrof
CTOPOHBI, OOpamaer Ha ce6s BHUMaHHe TOT (hAKT, UTO PACUETHHIe 3HA-
JeHHs £ YETKO pPearupyroT HA H3MEHEHHs] KOHUEHTPAIHH KHcaopona
B MHUTATEJIbHOH BOJAE: NPH YBeJHYEHHHU Co,, B nBa pasa (c 6 Mr/a Ha

NepBEIX LHKIAX A0 12 Mr/nm Ha mocieAyouUHX TpexX HHUKIax), TakxKe
yBeJIHUMBaIOTCA BABOE (cM, Tabu. 21.3).
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TaOaunuwa 21.3. PacuerHnlie 3HaAUEHHA NapaMeTpoB npouecca
(ckBaxuna Ne 8 BomozaGopa «Ilapk CroGoani»)

Homep umkna CGQ{)’ MEla 0p.2+ (mr-u/a) ~! E. Mr/a
1 6,1 0,046 3,1
3 5.9 0’048 _ 3,01
5.2, =0,047 E=3,05
4 11,5 0,036 6,22
6 12,8 0,028 _ 6,18
92+ = 0,032 §=6,2

Bodosaboper Ha wBeHTOUCKO-TAPTYCKOM BOOOHOCHOM KOMNAEKCE
(JTatBCCP). Komniekc npeAcraBied KOHTHHEHTaJAbHBIMH H NMPpHOpex-
HO-MOPCKHMH OTJIOXEHHSIMH, COCTOSIIUUMH H3 YepPEeAYIOLHXCA CJO0eB
necyaHhbiX, aJ€BPUTOBBIX H MVIHHHCTHIX NOPOJ, H COAEPKHT B OCHOBHOM
npecibie BoAb (¢ muHepaausanuen 0,3—0,9 r/a). Ot 3anerawouiero
HHXKe AOHAPOBCKOI'0 rOPH30HTA (BOJABI KOTOPOTO OTHOCATCS K XJIOPHA-
HO-Cynb(daTHO-KaJbllHEBO-HATPHEBOMY THINY H HMEIOT MOBBHIUIEHHYIO
MUHepa/u3alHI0) oH oTAeseH mMouwHo# Toamed no 100—130 M HapoBs-
CKHX OTJIOXKEHHI, a OT 3ajeraiollero Bolllle CapraeBCKOro ropu3oHTa
(comepxkainero MHHepaJH30BAaHHBIE CYJb(ATHO-KAJbIHEBLIE BOJBI) ~—
MAayKOH IVIHH H TJIHHHCTBIX MepreJen.

Ha orzenbHblx yYyaCTKaX pacnpoCTpaHeHHs IUBEHTOHCKO-TapTy-
CKOT0 KOMIJIEKCAa BHIAENAIOTCA ABA BOMAOHOCHBIX FOPH30OHTA: LIBEHTOH-
CKHH (3ajeraloluii BHILE) H TAaPTYCKHH, pasaeNeHHble MeXAy coboil
CJIOUCTOH BOMXOYNOPHOH MAYKOH TVIHH H TJIHHHCTBIX aJ€BPOJHTOB OOLIEH
MourHocThio oT 10 mo 60 M.

B cocraBe mBEHTOACKOrO TOpPH30HTA BHIAGNAIOTCA aMaTCKHe (3a-
JIeraminue Bhillle) U rayHCKHe BOJOHOCHBIE CJIOH, pa3JHYaIoIHecs 110
3€PHOBOMY COCTaBY CJaraloUHX HX [eCYaHHKOB H MecKOB. AMaTCKHe
C/IOH CJIOKEHbl MPEHMYILECTBEHHO TOHKO3E€PHHCTHIMH C/1a6OCHEeMEeHTH-
POBAaHHBIMH NMECUAHHKAMH H COAEPKAT 3HAYUTE/bHOE KOJHYECTBO TJIHH
u aneBpoauToB (no 35%); raylfickue cJ0OH IPEACTABICHBI MEJKO- H
CpPeAHE3ePHUCTHIMH MEeCYaHHKAMH W COAepkKaT MeEHbIUee KOJHYEeCTBO
rau (go 15 %). O6uag MOmHOCTh BEHTOWCKOTO MOPH30HTA AOCTH-
raer 170 M. Boabl, npHypoueHHble K 3THM OTJIOKEHHSM, IMPECHbE H
raBHbiM 00pa3oM ruAporapOOHATHO-KAJbIIHEBO-MAarHueBble H JHLIb
TaM, IjJie NPOCJEXHBAETCH THAPABJIHYECKAs CBS3b LIBEHTOHCKOro H
CapraeBCKOro FOPH30HTOB, OTMEYAeTCs MOBBLINIEHHE MHHEPAaAH3alHH H
CMEeHa XHMHYECKOro COCTaBa BOABl (OHAa CTAHOBHUTCH Cyab(daTHO-KaJb-
IHEeBOH WJH CYJb(haTHO-KaJbIlHEBO-MATHHEBOH ).

Hccneposanus no o0e3xene3HBAaHHIO MOA3EMHBIX BOA B IjacTe
BHIMOJIHAJHCH HAa TpeX AeACTBYIOIIHX CHCTEMax BOAOCHADXKEHHA: 3TO
Bogo3a6op r. Ilecuca, Bonosabop nocenka Canacnuiac (Puxckuit paii-

OH) u Bono3abop r. IOpmanml.
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Puc. 21.15. BoixoaHsie KpuBbie

Bodosabop e. Lecuca (JTarBCCP) pacnosioken Ha MOANOAMEHHOM
Teppace neBoro 6epera p. ['aya. On npencrasjien cKBaXXMHAMH, KOTO-
pele pasnenbHO 3KCIJAYaTHPYIOT ABA BOAOHOCHBIX TOPH30HTA: IIBEH-
TOHCKHI (raydckde cJ0H) H NOA3eMHBIE BOABI, INPHYPOYCHHBIE K He-
Pacy/JICHeHHbIM aJJIOBHAJbHBIM OTJOKeHHAM p. [ays.

UccaenoBanus no obes:xese3nuBannio NPOBOAHTHCh Ha CKBAKHHAX,
KanTHPYIOIIHX BOABI TayHCKHX OTJOXeHHH. B paiione Bogozabopa 3ToT
FOPH3OHT 3ajeraeT Ha raybune 100—140 M ¥ uMeer MoOmHOCTbL NO-
panka 30—40 M. CBepXy u CHH3y OH OTpaHHYEH CJOAMH C1a6ONpPOHH-
HaeMblX I'VIHH H TVIHHHCTbIX aJeBposHToB. [ToaseMuble BoAb rayiicKux
OTJIOKeHH# HanopHue. IIpu stoM B cHay TOro, yTto caMa mnJjoniajgka
BON03260pa HAXOAMTCS HA TOHHIKEHHbIX OTMETKAX (M HHKe TOPOLCKOI
TepPUTOPHH npuMepHo Ha 80—90 M), CKBAXKHHB CAMOH3.IHMBAIOLLHECS:
Hanop Ha yCThe CKBAXXHH NPH HX OCTaHOBKe cocrasisier 10—15 wm.

IonseMHble BOABI NpeCHble THAPOKAPOGOHATHO-KAJIbLHEBHE C MHHE-
panusaunedi 0,3—0,5 mr/n. Ouu XapaxTepusyioTCs C/EAYIOMHMH
nMoKa3aTeJisMd:  meJoYHocTb  6,6—6,7 Mr-skB/i,  OKHCASIEMOCTH
6—8 mr/a Oz, pH~7,2—7,4, En~80—130 MB. B ycioBusix paBHoBe-
CHSl B CHCTEMe rayHCKHe TeppHIeHHBIE OTJIOXKEHHS — MOA3eMHble BOABI
npocaexuBaercs cBasp (puc. 21.14) mexny Eh u conepxkanuem xe-
ne3a. B mesom xe AJs NOA3eMHBIX BOJA XaPaKTePHO HAJHYHE JKeJse3a
(I1) B xoauuectBe ot 1 mo 3 Mr/a.
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OnbiTel M0 00e3Xene3WBaHHIO BOAL B NJaacTe Ha ckBaxuuHe Ne 8
npeacTaBiedsl Ha puc. 21.15. YcaoBus, npu KOTOPHIX OHH BHINOJHS-
JHCb, a TaKKe AaHHble JPYTrHX ONBITOB mnpeAcTaBJjeHnl B Taba. 21.4.
Jlanuple CBHAETEJbLCTBYIOT O TOM, UTO NPH CO34aHHH B TePPHIE€HHLIX
OTJOXKEeHUAX IIBEHTOWUCKOrO0 KOMIIJIeKCa HCKYCCTBEHHBIX Te€OXHMHUE-
CKHX OapbepoB NMPOHUCXOAHT JAOCTATOUYHO 3P (PeKTHBHAA OUHCTKA BOADI
B MJAacTe.

[Ipy nmocTrpoeHun MoOAenH, ONHChIBalOUle#H NpollecC OYHCTKH BOJAH
B IJ1acTe, MNpeAnonarajocb, 4To MOXeT ObITb OKHCJIEHO BCe 3KeJie30.
Ecau Xe yuecTb OoTMeueHHoe Bbillie OGCTOATENbCTBO, TO BbiPpaXKeHHE
JUISi CKOPOCTH peakllHH cAeAyeT 3anucaTb B BHAe 0Opo+ (Cpor —

—C*_ 24 )Co,, e C*, o, — KOHUEHTPALHS TPYAHOOKHC/ISEMBX  CO-
eAHHeHHH Xenae3a. [Ipu 3ToM

—C —C. exp [(1 — Ca) T] B
Cra+/Cre2+ == Ca+ (1 — C,) (T —Cy T +exp (Xo) — 1T (21.46)

rae Ca == C*Fe?"l' /CFe09+'

Brixonnble kpuBble Cp2, /Cp,2., paccuuTanusie N0 ¢opmyae

(22.45) npu Xo==3, Ang pa3nuuHbIX 3HaueHud C, MNPEACTABJCHH Ha
puc. 21.16.

TaGnuuma 21.4. 3nayetns napaMeTpPoOB NpPH NPOBeAeHHH ONBLITOB

P ——— . iy —_r—— - ———-

= . chunﬂge 0 ; 0 C
Mep CKBa- - , , : "
™ | oy wmena | iR, |G | Y| e | e
8 i 1,4 8,5 120 30 -
2 [,3 8,5 120 20 s
9 1 1 2,2 47,5 30 -
10 1 2,4 6.4 93,5 30 28
(9 1 2.6 10 90 30 14,6
% 1,6 24 2 163 30 —
13 | 1 10 80 30 —
2 1 19 186 30 43
14 ] 1 10,4 98 30 -
9 1 10,4 08 30 s

T

O6paboTka ONBITHBIX JaHHBIX BHIMOJHAAACHL 1O 3aBHCHMOCTH
(21.46). Tloayuennsle npu 3TOM BCIOMoOraTeabHble rpadHKu NOKa3aHH
Ha puc. 21.17, a pacyeTHble 3HaYeHHS [apaMeTpOB CBelleHH B
Taba. 21.5.

Bodocrnabxmernue 2. KOpmarsl NMOJAHOCTbIO OCHOBAHO Ha HCIOJb30-
BAHMH NOA3EMHBIX BOJ IUBeHTOHCKOTO TOpPH30HTa. 3jeCh HAEHCTBYIOT
LeHTpaau3oBaHHble BOA03abophl; MOMHMO 3TOr0, B 3KCIJIyaTallud Ha-
XOAATCA ellle 7 CKBaXKHH, pa3MellleHHbBIX HAa TePPHUTOPHH TOPOLa, BOAA
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Puc. 21.16. Pacuernnie BHIXOAHBIE KPH-
Bhie

Puc. 21.17. BcnomorateabHbie rpadu-

KH 1A pacuera napaMeTporR mnpoliecca
I —ckBaxuna Ne 10; 2 — ckBaxkuHa ¥ wg;gg i(ff_f }g.?.%: )
Ne 12; 3 — ckpaxuna Ne 13 AR

Tab6auuwa 21.5. PacyeTHble 3HAYECHAA MapaMeTpoOR

Cc* ’ Oz 240 o [T,

ﬂﬁgg:{?‘%“ r.l:‘rc}f:-k a4 mﬁw" (Mr i?ﬂ:""i 5 Mr/a 211"
10 0,1 3 200 0,015 10,2 0,0075

{2 0,3 1,75 112 0,015 4.3 0, 0060

13 0,3 2.4 156 0,015 1.4 0,0030

H3 KOTOPHIX MOJaeTCs HEeNoCpPeACTBEHHO B BOJAONPOBOAHYIO ceThb. [ay-

6una ckBaXxuH 160 M, npoussofuTenbHocTh oT 30 10 60 mM3/y.
HccnenoBanusi NpoBOAMAKCL Ha cKBaxuHe Ne 2, KantTupyloulei

NOJ3eMHYI0 BOAY C KOHIEHTpalHed xkemaesa Cp 2. =1,5 Mr/a. Boimoa-

HEHO TPH ONBITHHX IMKaa. Ha Bcex HHMKIax 3akauka a3pHpPOBaHHOH
BoAn B mnacr (npu Co, ==9—I11 Mr/a) mnpoBofHnach C PacxonoM
»==10 M3/u u npomoaxkanacs B TeueHHe f,==240 u; orbupanace Boza

H3 CKBAXHHBI ¢ pacxoioM Qo=40 M3/u.
[TepBHit ONBITHBIA UHKJA NPOBOJAHJCH IO TPaaAHLHOHHOH cxeMme

«3aKa4Ka — OTKayKa». Beixonnnie kpussie Co, (f) u Cp o, (f) npusene-
Hel Ha puc. 21.18. IIpu 06paboTKe uX MOAYYEHBI CJIeAYIOLIHEe 3HaYeHHs
napaMmerpoB: O o4 =0,03 (Mr-u/a)~! u ao, /26=0,003 u—!; 3naueHne
ao, [Ny, HafileHHOe MO BHIXOAHOH KpHBO#H Co, (f), cocraBuno 0,05 u—i.

C ueanwo oTpaboTKH TEXHOJOTHH O0e3XeJje3HBaHHSA, NpeloTBpa-
mamuell nocrynjenue (B HavyaJbHbId NMEpHOJN OTKAYKH) KHCJIOPOACO-
AepKallux BOJA B CHCTEMY BOAOCHAOXKEHHHA, NMOCJACAYIOLIHe Ba ONBIT-
HBbIX I[HKJIa IIPOBOAMJIHCH IO CXeMe «3aKadKd — CO3JaHHe OTOPOYKH —
OTKauKa».
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Puc. 21.19. Buixonnsie kpussie C (7)

CHMKeHHe KOHIeHTPAaUMH KHCJIOpPOAa B a3pUPOBAHHOH BOJAEe IPH
KOHTaKTe ee ¢ NMOPoJAaMH NiacTra ONHCHIBAeTCsi ypaBHEHHEM

f an £
Colti=Coem(— 20

Ecau ;¥ — BpeMs co3laHHsl OTOPOYKH, TO BpeMs, 3a KOTOPOE INPH
0TKauKe ee 3afHHI GPOHT MOJOHAET K CKBaXKHHe, paBHO: {*=1"Qa/Qo;
MpH 3TOM MNOJHOE BpeMsi KOHTaKTa 3afaHero ¢ppoHTa OTOPOUYKH C NOPO-
AaMH mJaacra cocTaBHT [a=I0*+1*=06*(1 — Qs/Qo). Ilpunumas B
(21.47) t==t,, MOXHO pacCyMTarTh MaKCHMajbHYlO KOHLeHTpalHO O,

Kotopas 6yaer HabaoaaThesd B NEPHOA OTKAUKH.
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Bropoii onbiTHBIH IHMKJ NMPOBOAHJACH NpH f;*=10 u B pacuere Ha
nonyueHie Co, max 0,4 Mr/; Ha TpeTbeM LHKJIe BpeMsl [==23 4 u
NpH 3TOM OXHAaJoCh 3adukcHpoBaTb Co, max~ 2,4 Mr/i1. BuXoaubie
kpusste Co, ({), moJsyueHHBIe B 3TOH CepHH ONLITOB, IMpPHBEAEHH Ha
puc. 21.19.

[Tpu co3gauum B msacte OTOPOUKH HabJawjgaercs AOCTATOYHO 3¢-
(beKTHBHOE CHHXXEHHe KOHIEHTpallHH KHCJAO0poAa B OoTOHpaeMOH BOAe
H, CJIeJI0BATeJIbHO, TAKOH TeXHOJOTHUeCKHi NMpHeM MoxkeT ObITb peKo-
MEeHIOBaH K WHPOKOMY BHeApenuwo. Ilpu 3aTom oOpamaer Ha cebs
BHUMaHHe TOT (PAKT, YTO YCTAHOBJEHHbIE B ONBLITAX MAKCHMAaJbHHIE
KOHIIEHTPAllHH OKa3hiBAIOTCA 3HAUHTEAbHO HHXKe pacueTHHIX Co, max.
O6bsicuende 3TOMY, MO-BHAHMOMY, CJAeAyeT HCKATh B NPOSABJCHHH
3¢deKkra AHCNEPCHH; 32 cYeT AHCIEPCHH NPOHUCXOAHT AONOJHHTENbHOE
yMeHbllleHHe KOHUeHTpauuu Fe?*t B Boze.

21.5. TexHos0rnyeckHe pacyerbl CHCTEM BOJOCHAOKEHHS
C YCTAaHOBKAMH 00e3Xe/Ie3UBAHHS UHKJIHUYECKOTO THNA

OupeneneHve MNPOAOJKMUTENbHOCTH 3AUHTHOrO MAEHCTBUA 30HBI
«3apaaku» naacra. M3 kavecTBeHHOro aHajiH3a pelleHHH cleayeT, 4To
npu a00oM. Halepea 3aJaHHOM 3HAYCHUH CRICFEHH«QI (rape Cx — He-

KoTopas 3aHKCHPOBAHHASI KOHUEHTPAIHS XKeJe3a B 30HE «3apsAaku»
MjacTa) CYLleCTBYeT BIIOJIHE OAHO3HAUHAs 3aBHCHMOCTb MexXay Oes-
pa3MepubiMu napaMerpamu X u T. Dra 3aBHCHMOCTb, OTpaxalwllas
3aKOHOMEpHOCTh MPOJABHXKEHHS (POHTA 3aAaHHOH KOHUEHTPAWHH K
CKBaXXHHe, HMeeT BH/

%
FeT _. 1). (21.48)

T=In{exp (X) — 1} —ln(
Ca
B nanbuefinieM Hac OyAeT HMHTEPeCOBATH NpejeJbHas CHTyallHs,
Korfia ¢poHT ¢ 3aAaHHOH KoHueHTpauueidl Cy NMOAXOAHT K CKBaXKHHe
(T. e. mocTHraer ceueHusi r=rg). Ilpu aTom npumem Cr==0,3 mr/a, 4to
coorsercrByer Tpe6oauuio ['OCT 2874—83 «Bopma nurbeBas». U3
3TOro YCJOBHSI HaliieM fo— BpeMsi 3alIHTHOrO JAeHCTBHH 30HBl «3a-
PSIAKHY [171aCTa

L lnfexp(X,) —1} —B (21.49)

fo=to* +
BsF‘ef""'{‘cl-“‘ e 2T

HAH B aBTOMOJeabLHONK 00sacTH (npu Xo>3 ¢ oumubKoOMH, He NpeBHILIAI0-
mei#t 1,5 %) smecto (21.49) moxeMm 3anucathb

t,— Ats* —B, (21.50)
rape
In(C, 54/Cx—1)
Al b o B Tt 78 L gw . Q¥ () 5y
B(:F T ﬁt:rl”e 2+CF e,,2+ Q‘}
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3aBucuMocty (21.50) — anasior Xopouilo H3BeCTHOTO YpaBHEHHS
H. A. llunoBa. U3 (21.50), (21.51) Bmauo, uto BpeMs 3aLIHTHOIO
AeHCTBHS 3aBHCHT OT pa3MepoB 30HBI «3apsAAKH» NJjacrta, pacxoia
OTKAaUKH, a Tak¥XKe OT [apaMeTPOB, XapaKTepHU3YOUHX I[pounecc an-
copbuHu KHCAOpOAa M Npollecc OKHCAeHHs xene3a. IIpu 3ToMm ¢ po-
ctoM oO0beMa 3aKaukKH B MJacT a3pPHPOBaHHOU BOABI H KOJHYECTBa
ajicopOHpPOBAHHOrO KHCJAODOAA [p YBeJAHUHBaercs, a C MNOBbIUICHHEM
pacxoma OTKauku CHHXKaeTCsi; NMPH MPOYHX PaBHbIX YCJOBHAX BpeMs
3aLIHTHOTO JNEeHCTBHA YMeHbIIaeTcd ¢ NOBbIHIEHHEM COAepXKaHHA XKe-
Je3a B IOJ3eMHOH BOJeE.

3amauell TeXHONOTHYECKHX paCueTOB CHCTEM BoJOCHabXeHHSA C Yc-
TaHOBKaMH o0e3Xe/le3uBaHUSl SABJSeTCS] HAXOMXAEHHE TaKHX BeJHUHH
Qs, 1; u Qo I, MO CKBaXHHaM, NPH KOTOPHIX Oo0ecneuymBaeTCs Henpe-
pbIBHAs MOAaya BOABI NOTpebuTenio B 3ajlaHHOM Qs (MaH TpebyeMoM)
KOJTHYEeCTBeE,

3aech ciefiyer OTMETHTb, YTO AHaNa30H HCKOMBIX BeJIHUHH SIBJIfET-
¢ orpaHudeHHbIM. C OJHOU CTOPOHBI, 3TH OTrpPaHHYEHHA 3aJIOKEHbI
HenocpeAcTBEHHO B 3aBHcHMOCTH (21.50), ¢ Apyroit — oHu BHITEKaIOT H3
TpeGoBaHHi, KOTOpble HeOOXOAHMO YUHTHIBaTH INPH 3IKCIIyaTalHH
BO#03ab0pHBIX W HarHeTaTenbHBIX (MOTIOUIAIOUIKX) CKBaXHH. JTO B
MepByl0 ouepedb BhIMOJHEHHE YCJIOBHH

Q{} “g; QD max; Q3< Q3 max: (21 52)

rie Qo max H Qs max — MAKCHMAaJbHO AONYCTHMBE PacXoibl BOAB COOTBETCTBEHHO
NpPH OTKauKe H 3aKauke.

B psae cayuaeB B 3aBHCHMOCTH OT KOHKPeTHBIX ycJOBHH (B yacrt-
HOCTH, OT THIIA, CXeMbl W peXHMa 3KCHJAyaTalluu C¢HcTeMbl BOROCHAO-
JKeHHS1) MOTYT NOABHTHCA H APYrHe OrpaHHYeHHs.

PacuyeTnl OAMHOYHBIX yCTaHOBOK. lIpocTteHiias cxema cCHCTEMBl BO-
HocHabXeHHsT — 3TO OJAMHOYHAs CKBaXXHHa, MojcoelnHeHHas K cbop-
Hol eMKocTh (puc. 21.3,a). Ilpu nepeoBopynoBaHHMH CKBaXKHHBI MOL
yCTaHOBKY 1/ o0e3xKene3HBaHHsA BOJABI B IiacTe oHa paboraer cJje-
ayouuM obpa3zoM. B TeuenHe BpeMeHH fp BOZa OTOHpaeTcsi W3 CKBa-
XHHB ¢ pacxonoM @Qp u noaaercss B COOPHYIO eMKOCThb; OJTHOBPEMEHHO
C 3THM YacTb BOJAbI B KOJiH4eCTBe Qs HampaBjfieTcss W3 €MKOCTH IO-
TpebuTento. 3aTeM cKBaXKHHa OCTAaHABJHBaeTCsi U B Hee B TeyeHHe
BpeMeHHu f; U3 €MKOCTH mojaercs Boaa ¢ pacxofioM Qs Ilpu 3tom
nofgadya BOAbI NoTpebutenio He npexkpauiaerca. Takum obpasom, cbop-
Hasi eMKOCTb MpefHa3HayeHa AN akKKyMYyJsAlnH o0e3Kesle3eHHOH BOJBI
B o0beMe, JOCTAaTOYHOM AASl KOMIeHcalluu BoaonorpebieHuss M AaA
«3apsiIKH» BOJOHOCHOTO Nyiacta. CineloBaTe bHo,

Wﬁfu(QU_Qs)* Wﬁfa(Qs‘i"Qa)' (21'53)

rne W — oObem BOAB, HAKOMJEHHHIH B eMKOCTH 3a BpeMs OTKauku fp M cpaboraH-
HEi 3a BpeMs fs.

31ecb BO3MOXKHBI JABa cjayuasi: a) IPOH3BOAHTEJbHOCTb CHCTEMBI
BojlocHaOXennss Qs 3ajlaHa W OJAHOBPEeMEHHO ¢ onpeneleHueM Qs 7,
H Qo f noaxeH ObIT, ycTaHOBJeH pabouuit o6bem Wy cO0pHO#H eMKoO-
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ctH; 6) 3aman o6bem Wy, Tpebyercsi HaliTH KoJgHuecTBO obesxkeneseH-
HOH BOABI, KOTOPOe MOXeT OBITh NOAAaHO NOTPeOHTe N0, eCliH YCTaHOBKA
3KCIJYaTHPYETCA QNpPH MakKCHMaJbHO JONYCTHMBIX pacxodax Qomax
H Qs max-

a) Pacueror npu sadannoil npoussodureavHocTu ycranosku. Hc-
KJalyasg ¢ noMmoubio cootHowenui (21.53) Beauunnn Qp u Q3 H3
(21.60), sanumem

ts _— [W(A 20 ])___ BQ.S] tl} o Gsfﬂs — BW (21 '54}

e A— et e i o s P e e, r—. .
*

U3 (21.54) caenyer, uto f;>0 auiib B TOM cjyydae, eCJaH f; HaAXo-
LHUTCA B JHanas3oHe 3HAUeHHH
ty < f,< 1y, (21.,55)

rae #;, 2 — KopHu ypaBuenust Qsfo)[W (A — 1) — BQslto+BW=0, paBHble

(W —-1)—BQJ+V {Z;A =D = BRI —4BWQs (9] 56)

ty,0=
a o6pem W BHIOpaH H3 yCJOBHA

R A+ +2VA
W s W, we — B9l ;_’:F)’VL. (21.57)

31ech PEKOMEHAYETC CJeAYIOLHI NMOPSOK NPOBeAeHUs PacueTos.
Curauaja spiuHcasior W* H ¢ yueTOM COOTHOILeHHs NOAOHpAIOT HEKO-
tTophiit 06beM W. Ilanee nmo (21.56) oueHHBalOT 3HaYeHHS f,» H CO-
raacio (21.55) wmaznauaror Bpems fo. Jas npunsthix W u fp paccun-
TBIBAIOT {3 U ONpeAe/IsIoT

W W
Qu:-;_ +Q£' Qsi"""’ﬁQs'
ty fa

HeoGxoauMo nmpu 3TOM paccMaTpHBAaTh HECKOJBKO pacueTHbIX Ba-
puantoB pabortel ycraHoBKM. Takue BapHaHTBl 00pasyioTcs 3a cueT
NpHHATHA pasjuyubix W U BapbHPOBAaHHS BPEMeHH fp B JAHanasoHe
[ <tp<ts.

Mpumep 1. TpeGyercs 3anpoeKTHPOBATH YCTAHOBKY ODe3Keje3HBaHHS NPOH3BO-
autenpHocThio Qs=50 M3/u, ecau u3sectHH: Qo max=75 M3/, Qs max=65 M3a,

CFE“2+ml,8 Mr/1, O o =05 (ur-u/a) =", =287 mr/n.
Hafigem 3navenns napamerpos A u B
& 2,87
- = | e} 15
Al 5. pr 004318 ’
. M (Cre2+/C2— 1) 1n(1,803-1D_ ..
ﬁaFE2'l_CFEu2+ 0, 143 - D,S . 1,8
ITo dopmyne (21.57) npoBenem pacuer
W 12:5:80[(12,15+ 1) + 2V 12,15] 101,15 w0

(12,15 — 1)3
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a) &j
. 2 - - 250
5
225
> 200
175

W, =300 3

1

OBNACTH
ROMYCTUMBIX
PEWEHHMA

@, max =75m4
G max =55ry

&n

w7 ,25‘
f ]
45 ’
? 51 B 25:5,,# 3 6 flﬂ"ﬁ't;#

Prc. 21.20. I'pajoananuTHYECKHi METOA pacueTa yCTaHOBOK HA 3afaHHYI0 NPOH3BO-
AHTENLHOCTD

a— Wo=200 M% 6— W, =300 M% [ — Qo=f(ts); 2— Qs=f(ts); 83— ta=t,

Cornacio (21.57) pabouuit o6beM c6opuOfi eMKOCTH ROKEH 6HITh Goapuie W*
ITpumem ero pasusim 200 M3, Toraa

= [200012,15-1) 12,5 - 501+ V/(200(12, 15—1) 12,5 - 504 - 12,5.200.50
’ 2. 30 ’

uto Aaetr =164 4 H ¢,=30,46 u. B ofnacTi #, » MOXKHO 321aBATBCS JMOGHIM 3Ha-
uennem fo. [lomoxum fo=3 4 u nposenem nansHeiimue BuluncaeHHA. [lo thopmye
(21.54) nafizewm £,

. _[200(12,5—1) 12,5 50]3—50 - 9—12,5 - 200
v 12,1550 - 3

H OfpedenHM

Qo=200/3+50=116,67 m?/u;

Q:=200/1,02—50= 146,08 m3/u.

Kak' puHo, mpu fo=3 u 3uauenns Qo u Q, MPEBHINAIOT CBOH Tpele/bHbe 3HA-
geHnA. CHUXEHHSi DacyeTHbix BEAHYHH Qo H Q, MOXKHO NOGHTHCS VBEeJIHUEHHEM fo.

Pesynbrate paisHe#imux pacyeroB mpu W=200 M° mpeictaBieHbl B BHIE rpa-
Quxos Ha puc. 21.20, a. 3 3tux rpadukos BHAHO, uTO ¢ pocToM #, pacxof Qo He-
npepHBHO cubXkaercs. I'paduku fs=[(f) u Qs=f(fo) HMeOT Gosee CnOKHBI BHA,
C ysennyenuem NPOAODKHTENLHOCTH OTKAYKH BpeMs f; CHayana BO3pacTaer, a 3a-
TeM CHHXaercsi; NpH 3ToM Qs, Haobopor, cHayaaa CHHMKAETCA, a 3aTeM BO3pacraer.

IIpu -W=200 m® snauense Qo OkasmiBaercs Meubile, 4eM Qo max, YXKe TPH fo=
=8 4, B To Xe BpeMs BO BCeM JHANAa30He H3MEHEHHS fp BEIMUHHA Qs oKasmBaercs
Goxbie, yem Q; max. [To3TOMYy NpH Takux 3HAYEHWSX pACYETHBIX napamerpoB pabora
YCTAHOBKH 00€3e/1e3HBaHis NOA3EMHBIX BOJ HEBO3MOXKHA, TaK KaK He BHIMOAHSETCS
OAHO 3 MOCTaB/ieHHBIX YCaoBHE (Q5<C Qs max).

2

= 1,02y
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PacueTHHe 3HaueHysl mapaMerpoB Qo, f- H Qs npu W=300 m® npuBenens Ha
puc. 21.20,6. U3 conocrasienus rpaduxkoB puc. 21.20 BuaHo, 4TO ¢ YBeJHUYEHHEM
eMKocTH OaulHH pesepByapa Bo3pacTaer BpeMs £, a pacxol 3akKauku Qs CHHXKaercs.
Tlpu 3toM yXe npu f0>2,6 4 BeJqWUHHA (. OKasbiBaercf MeHble, 4eM Qs max. OX-
HdKO B 3TO Bpems pacxof Q, eule mpoaoJKaer NpesBHIIaTh CBoe MAKCHMAJbHO JO-
nycTHMoe 3HaueHHe Qo max. O6JacTs AONMYCTHMBIX pelleHHH OrpaHHuHBaeTcd AHana-
30HOM HaMenenus fp or 12 7o 18 u (npu £ <12 4, Qo>Qomax, a Tpu #,>18 y,

Qs> Qs max).

6) Pacuerst npu 3adannom obwveme Wy cboproi emrocru. Vickaio-
yag ¢ nmoMouipio cootnomenuin (21.53) f, u #; u3 (21.50), sanumem

Qs [We+ B(Q —Q)IQ
== : 21.58
Qo (AW, — BQo)(Qp — Q) — Wy ( )

3necy Q3/Qe>0, ecan Q==0Q, 3afaeTcs H3 YCJAOBHUS

* * . . WF}Q(] 5

Q<Qs 4 Qs Q{} AWD"BQU- {21. 9)

ITpu 3ToM, ecid Qomax>Qo* [rae Qo*= (A — 1) Wo/A], 10 pacxon

OTKauku Qp 3amaerca H3 ycJoBHA Qp<Qo*; B NPOTHBHOM cjyyae
QB:QOmax-

PacueTsl PeKOMEHAYeTCsi NPOBOAHTH B caenyloulem nopsake. IToc-

Jie TOro KaK BuIBpaHo 3HaueHHe Qp, mo ¢opmyse (21.59) BuiuHciseTcs

Qs* u HasHauaerca Hekoropoe Q=Q; 3arem nmo (21.58) ompenensiioT

Q./Q, u Bbiuucasior Qs ganee HAXOAAT f; H . Eciau BbuHCIEHHOR

3Hayende Q, npespiiaeT Qgmax, TO CAeAyeT NPHHATL APYroe, MeHblliee

3Hayenue Qz M pacueTsl MOBTOPHTb 3aHOBO; [POU3BOAHTENBHOCTH yC-

TAHOBKH CUHTaeTCs oObOecneueHHON TPH BBINOJHEHHH YCJAOBHA Qp<C

ﬁ QH max-

Mpumep 2. TpebyeTcs ONpefeNHTh MaKCHMAJbHYIO MPOH3BOAHTE/IBHOCTH YCTa-
HOBKM NPH CJACAYIOUIHX HCXOAHBIX AaHHBIX: A=12,15; B=125 4; Qo max=75 Mm%/q;
Qa max=.ﬁ5 Mﬂf'-l; Wﬂ=200 M3,

Hneem

00 (12,15 — 1
G*:Q {12, - D, = 178,4 m3/u.
12,5

B nansom cayuae Qo max/Qo* H, CIeLOBAaTENbHO, MOXHO MPHHATE Qo*=75 M3fa.
ITpu atom

200 - 75
BT e — ~ = 64.95 m3/4.
st =T — 15757200 12,15 - 75 29 WAL

IMonoxkam Q=60 m3/u u no dopmyie (21.58) Bruucaum Qs/Qo. Hmeem

Q _ [200 + 12,5 (75 — 60)] - 60 T

Q, (12,15 200 — 12,5 - 73)(75 — 60) — 200 - 75

i Qs=3,147.75=236,04 M*/u (1. & Qs>Qs max=065 M*/u).

Tlansrefimue pacuers no onpepenennio Q=Q;, a TaxXe NPOAOIKHTEALHOCTH
nepuonoB fo ¥ fs MpHBeaeHs Ha puc. 21.21. Kak BHAHO W3 rpagukoB, MaKCHMAalbHAS
MPOM3BOAHTENBHOCTh YCTAHOBKH cocTaBiser Q=45 m3/u. [Ipn sroM nNPONONKHTENb-
HOCTH MepHoAa OoT6opa O0Ge3XkKeNe3eHHOH BOABI DaBHA to=6,7 u, a TMPOAOJKHTEb~
HOCTb MEPHOJA 3aKauYKW B NJIACT aPHPOBAHHOH BOABI AOJXKHA 6ute =18 4.
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Puc. 21.21. TI'padoanannTHueckun wme- 0, M5y p
TOA pacuera YCTAHOBKH HA MaKCHMaJb- : e Co(t3)d
HYI0 NPO3BOLHTENbHOCTD W. = 200 M3
[
I — xpuBas ts; 2 -——KpuBas fo; 3 — KpH- 2251 Q. mox =757y
Bad Qa 2
1 14
170 #—— ———2s*18% nd
14
125 &
8
75 172
25

Wk s 35 8gm

Taxof noaxon spjasercd nNpubGJHKEHHBIM, TAK KaK MNpH BHIOJTHEHHH DacueToOB
npuHuMaetcs E=const; He yunrwiBaercss 3aBucuMocTh §=/(Qs/Qo, #.). ITosromy Ans
SKCnAyaTanHH HeoO6XOAHMO MNPHHAMATh TakoH pexHM paboTH YCTaHOBOK, KOTOPbIH
6n1 661 61H30K K VCJOBHSIM TNpPOBEAEHHS ONBITOB N0 NpobHoMYy oObe3xese3nBaHHIO.

PacueThl MHOTOCKBAXKHHHBIX cHCTeM BOAOCHAaOXKenms. PaccMoTpuMm
cucTeMy BojpocHaGxenusi (puc. 21.3, 6), cocrosmyo H3 N CKBaXHH,
pa6oTraonuX Ha OXHH COOPHHIH BOAOBOA (HJIH MOJAOUIHX BOAY HEMO-
CPeACTBEHHO B BOJOMPOBOJAHYIO ceThb). ByaeM cuWTaTh, 4TO NMPOH3BO-
AHTEIbHOCTh BOA03abopa Qs sABIAeTCA 3aJaHHOH H MOMHMO 3TOr0 H3-
BecTHbl PacXOoAB Qamax H Qomax, @ TaKXe HCXOAHAS KOHIEHTPAUHA
xenesa Cp, 1o H OCPeHEHHBE MO CKBaXHHAM MapaMeTphl O+ H o,/
[n.

[IpumeM, 9TO HA «3apAAKY» BBLIBOAHTCHA JIHIIL OflHa CKBAaXHHA H
3aKauka BOJApl B Hee NMPOMU3BOAUTCH ¢ pacxoaoM Q. Torma H3 ycnioBHSA
obecrieuennss Tpebyemofi HOpMBl BoAonoTpebieHHA B KoaHuecTBe (s
pacXoa OTKadkH MO KaxJAOH H3 OCTABIIHXCA B paboTe CKBAaXHH AOJ-
XeH ObITh PaBeH:

Qo= (Qs+ Q,)/(N—1), (21.60)
[Ipu 3ToM HeOOXOAHMO BHIMOJIHEHHe YCJOBHSA
to=(N—1)t,. (21.,61)

[TociienHee 03HauaeT, yTo 3a BpeMs fo, MOKa M3 KAKOH-JIHOO OAHOM
CKBaXXHUHB MPOH3BOAUTCH OTGOp 0Oe3Kesie3eHHOH BOABI, HOJIKHA OBITH
3aBeplileHa «3apAJKa» OCTa/JbHBIX CKBaXHH.

[loncraBasa 3xauenus Qg u fo mo (21.60), (21.61) B (21.50), mo-
JIYUHM cJefyiolllee YpaBHEHHe:

(N-—l}ta{A E%EJ‘ }——B::- 0. (21.62)
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YpaBHeHHe HMeeT OTHOWIEHHE OTHOCHTEJNBHO f, JHIlIb B TOM Cayuyae,
eCJIH BHINONHAETCS YCI10BHE

Q
S > (21.63)

Iloncrapnsas Bupaxenue ansa A u3 (21.51) B (21.63) u yuuThiBas
npu 3ToM, ato E=/(Q3, Qo, f3) MOXKeM 3amMHCATh

o] I 1 5CFEQ2+QS 21 64

ort = [1—exp (—oo)|> 1 === (21.64)
%0, , (Qs+ NQs)

£, — — - F . 21.65

e n, * (Qs + Q5) { )

Takum o06pasoM, BHAHO, UTO YCTAHOBJIEHHE MHHHMAJBHOIO Pacxo-
na Qs, MpH KOTOpPOM BhiMoJHsieTcss ycaoBhe (21.64), cBsizaHo ¢ Ha-
XOXJIEeHHEM BPeMeHH f3==/lynin. BMECTe ¢ TeM, €CJIH PacXoJl 3aKauku
3afaBaTh COTJacHO YC.IOBHIO

:
Qamax;}f Q3> Q:;*; Q;': e (2166)

TO 3HaUeHUs [, HAHIACHHble H3 pellleHHa ypaBHedusi (21.62), oka3swb-
BaloTcsl Bceraa 6ogbliie famin.

CrnenoBaTebHO, MOXKHO PeKOMEHJA0BaTh CJAEeAYIOIHH MOPAAOK BbI-
NOJHCHHS pacueroB, Briuucaas no (21.66) Q.* w 3axaBasice HexoTo-
peiM Q, Ha ochoBe ypaBHenus (21.62), onpeneasitor Bpems #,. ITa
onepanus GakTUYECKH CBOAHUTCA K HAXOXKJEHHIO KOPHeH TPAHCUEHAeHT-
HOTO YpaBHEHHS H TO3TOMY 34eCh lieecoobpasHo npHMenenue IBM.
Hanee, 3uasg Qy u f;, no dopmynam (21.60) u (21.61) paccuursvBarT
Qo ¥ fo. TlogoGHble BHIUMCIAEHHUS MPOBOASAT NS DsAA 3HAueHHA Q; H
M3 BCeX NOJYUYEHHBIX BAPHAHTOB AHANH3HPVIOT JHIIb Te, NO KOTOPHIM
BpINnoJiHAeTC yeaAoBHE Qo< Qmax.

[Ipu pacuere KpymHBIX cHCTeM BOJOCHAOXKeHHA BHIUHC/JIEHHAd [0
(21.66) Beamuuna Q,* MoXKeT oxkaszartbcs Ooabuie Qzmax. B Takux cH-
TYAUHAX TPHXOAUTCA MATH N0 NYTH YBeAHUeHHS YHC/JIa CKBaXKHH (yc-
TaHOBOK o0e3XKeJjie3lBaHHs), eHHOBPEMEHHO BHIBOAHUMBIX HA «3apsi-
Ky». TO PaBHOCHJIBHO BhIJEJEeHHIO HA BOJo3abope Kak Obl caMOCTOsI-
TeJbHHIX noacucteM. KaxAyi H3 TAaKuX MOACHCTEM PAaCCYHTHIBAKOT IO
M3JI0KeNHOl Buillle MeToaHke. Tak, Hanpumep, eciu Ha Bojo3abope
EMeeTcss YeTHoe uHcao N ckBaXXuH u Tpebyercst BBOAMTL HA <«3apsij-
Ky» He N0 OJHOHU, a4 MO ABE CKBAXHHbI, TO BO BCeX PACUYETHHIX 3aBHCH-
MocTsax npunumaercas N=0,0N, Qs=0,5Q;s; npu stom Q,;* yMmennuia-
eTCsl BJABOE.

Mpumep 3, CucreMa BogocHaGXeuusi H3 JBYX CKBaXXHH (pabouell H pe3epBHO#)
pabotaer ¢ npousBomurTenpHoCTHI0 Q,=1000 M3%/cyr. BoMoHOCHHH TOPH3OHT, 3aJe-
rajomuid Ha ray6une 120 M OT NOBEPXHOCTH 3€MJIH, NPEACTABJEH MEJKO3eDHHCTHIMH
rMayKOHHTOBbIMH TeckaMu. MomHocts nnacra M=6 M, Kospdunuedt QrIbTpailiu
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neckoB k=10 w™/cyr, nmopucrocts no=10,25 - Iloazemubie BoALl HanopHble; OTMETKA
CTATHYECKOTO VPOBHS HAXOAHTCA HA raybuue 70 M.
CKBaXHHHK SABJIAKOTCA COBEPIIEHHBIMH N0 CTeNeHH BCKPHTHA MJjacra H pacno-
JaramnTca Ha paccrofinuu lo==35 M oaHa ot apyroil. Mcxoanwe nanunie AJs pacyera:
— -1 - ] —_
CFe,;F+"'1’55 MT/J, GFEE+=¢0,4 (Mr-u/a)—t, 110:—-0,00243 y—!, Tlpu 31oM Qo max=

=60 M3/4, Qs max=20 M3/u u C02ﬂ=12 Mr/J.

B npaunsom npumepe (mpum N=2) cucremMa pno/nkHa paborath ciepyiomium obpa-
30M: KOlZ4 H3 OJHOM CKBaMXHHH NPOU3BOAHTCHA OTKAYKA, yacTb oTbupaemMo# BoJH
B KoJauuecrBe Qs wanpapiasercss rnorpebutemo, a yacTs B KoJuuuectBe @, nojpaercs
B OCTAHOBJEeHHYIO cKBaxuHy. B Takom pexume nepsas ckpaxvHa paboraer B Teue-
Hue BpeMEHH lo, MOKA KOHLEHTPalHS XKeje3a B orOuHpaeMolt Boae MeHslule Cj; 3areM
npouecc B CKBaXHHAX MEHSETCA, T. €. HauWHAETCH OTKAUKa BOAbI H3 BTOPOH CKBa-
KHHB, a nepBas CTAHOBHTCA HAa <«3apAaKY».

PaccMoTpuM HecKolbKo noapobHee METONMKY NMPOBEACHHS TEXHOJIOTHUECKHX pac-
yeroB. [Ipexpe Bcero Hafinem Q:* u B

BCeo2+Qs 0 143.1.55. 45
Qs* = L L = 0,83 m3/y;
Co,. 19

In(1,55/0,3 —1)
LT - —16.00 u.
B="0143.04-155 b5

Takum o6GpasoM, pemenne ypasuenus (21.62) moxuo uckars B objacra Q.*>
>0,83 M3/y.

B xauecrse mnpumepa paccMoTpuM rpadoananHTHieckufi Merox pacuera s
Touke Q.=3 m3/u, 3pecr uMeem N=2 u, crenoBaresbpHo, ypaBHeHue (21.62) sanu-
cbiBaeTcsi B Blje

(A - 1)# == 16,09; ¢ ts;
45+3 3 ] ' 3 O

rae A= 1+ 54,14 {1 — oo~ [1 —exp (—p,)]}, 90,= 0,0103%;.

O6o3nauuM JEBYI YacTh NOCJEAHero ypaBHeuHa uepe3d f(fs) m nposemem pac-
yer f(fs) Ana pasAHuHBIX {,. PesyasrarH nprBeaeH B Taba. 21.6, a rpaduyeckoe
peluenHe ypasHeHHSs TpejacTaBiedo Ha puc. 21.22. Tlpu Q;=3 mM3/u umeem fi=[=
=86 u. [aabuefiiune pacuersl MO 3TOMYy npuMepy BHnodusaucs Ha IBM. Pesyas-
TaTl HX B BUje rpaduxa f,=f(Q,) npuBenenn Ha puc. 21.22. B pnanxHom cayuae
(npu N=2) pacxoa orkauku paseH Qs+ Q.

Ta6anua 21.6. 3uaueuns f(f;) npu Q.=3 m3/u

ty, @ ®0, A F(t3)
70 0,714 16,44 1,943
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

Tax xaxk Qo He Moxer OHTh GoJble Qo max, T0 Qsmpen)=Q0 max — Qs=60—
~45=15 m3/u, u, cJeNoBaTe/IbHO, MAKCHMAJLHO MOMYCTHMBH pacxol 3aKaukH HoJ-
¥XeH coctaBasTh He 20, a 15 M3/q,

IToMrMO yKasaHHHX OTpaHuueHHii Heo6XoAHMO TAKXKe yyecTb YCJIOBHe, NPH KO-
TOPOM HEe MPOHCXOAHJo OM mnepexBaTa a3pHPOBAHHON BOAH, 3aKAUHBAEMOH B IJIACT
gepe3s OAHY CKBAXHHY, Npyroii, paboraioileii B 3To BpeMs B peXHMe OTKAUKH.
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Puc. 21.22, Fpaduueckoe pemenne ypaBHeHRA

8=76,09

BpeMs, 3a KOTOpOe HaCcTHIA XHIAKOCTH ycneBaer NPOHTH paccTosHue /o OT mo-
r.rmluammeﬁ a0 Bo,uosaﬁopﬂoﬁ CKBaXXHHBEI, ONpeneafaeTCca BHIpAXKEHHeM

g I Py (21.67)
Qo
e . l_ﬂ_ . . . QE
F(Bo) = (1 — 3.5 [0,5 (1 — Bo?) — o In Bo] Bo= % (21.68)

I'paduk aroit dyukunu npu Qo=Qs+ Q. npexcraBaen Ha puc. 21.23. HU3 nero
BHAHO, yTO 001aCTh AONYCTHMBIX pelleHHH HAaXOAHTCA B NHana3oHe BpeMeHH f;=Ifg
or 25 10 38 U ¥ COOTBeTCTBEHHO pacxoaoB @, or 6,4 no 11,2 M3/u.

Mpumep 4. PaccMoTpuM pe3yabTaThl PacyeToB, BHINOJHEHHBIX AJA BoAo03abopa
«'ays-3» r. Puru. 3pecy (cMm. mpumep 1) 3azeidicTBoBaHO 14 CKBaMHH pacueTHOH
NPOU3BOANHTENLHOCTEI0 Q=630 M3/u. McxoaHbie paHHHE: CFE o4 =2 Mr/a, O 24—

0

=0,33 (Mr-u/a)—!, Qo max=0,012 u—!, MakcuMajabHO AONYCTHMHH pPaCXOJ OTKAUKH
Qo max=060 M3%/u, [lpu cBoGonHOM HaJHBe B CKBAaXHHH a3pHPOBaHHOH BOAH (T. €.
npu o6yCTPOACTBE YCTaHOBOK Mo cxeme pHC. 22, a) Qi max=20 m3/u (npu Gonbwux
pacxojax NMPOHCXOAHT 3aTONJIEHHe MABHJILOHOB); B CJyyae NPHHYAHTEIbHOH 3akayku
(no cxeme puc. 21.2,2) Qs max=40 M3/u. KoHueHTpalL U KHCJIOpPOAA B a3pHPOBaHHOA
BOJle COCTaBJser C'U?ﬂl ~ 8—12 mr/n.

[Ipu ycioBuH, 4TO Ha <«3apsSAKY» BHIBOAST MO OAHOH CKBaXHHe,

HMECM

Q.* — 0,1 435__6_39 ==22.5 M3/y.

CnenoBaTeabHO, €CJH HATH 1O NYTH OoOYCTPOHCTBa YCTAHOBOK IO
cxeMe pHc. 21.2, a, To Ha «3apsAKy» NPHAETCS BLIBOAHTL He MO OA-
HOH, a MO ABe CKBaXHHBI; npH 3ToM Q:* cocrasur 11,3 M%/u. Ilpu na-
TOPHOM e cXeMe 3aKauKH pellleHHe CYLIeCTBYeT M IIPH BHIBOJE Ha
«3apAAKYy» [0 OAHOH CKBaXKHHe.

PacueTH no 3THM ABYM BapHaHTaM INIpeACTaBJeHbl Ha pHc. 21.24.

Ha Bomoszabope «I'ays-D» K 3kcnayaTaudd Obli NPHHAT BapHaHT
C MPHHYAMTENbHOH 3aKaukKoi B NJacT a3pHPOBAHHOHW BOABL H PEKO-
MEHAOBAH CJENYIOIMHH pernaMeHT: Q=32 M%/u, ;=168 u (7 cyT),
Qo~ (630+32)/13=51 m3/u. Ilpu 3TOM pa3Mepnl 30HB «3apAAKH»
nJacTa B OKPECTHOCTH KaXKJI0H CKBAaXKHHbBI COCTABMASIOT

. Qs _ l/ 32 . 168
f xMny, 3.14-18.0,25

a BpeMsi ee 3aLIUTHOrO NeHCTBHS paBHO: fp=7-13=91 cyr.
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Ja0
a0 k-
! 200} £y = 1684 (Tcgm)
L % e
60 % max =20mM %y %”"I"" el
- é 21._? zlﬁ" 30 .J-l‘}i .llﬁz?prr!t’e
Wt _
@y 1514 Puc. 21.24. 3asucamoctu f3=1(Qs)
i I —cxemMa co CBOOOAHBIM HAJTHBOM:
AT N=7, Q=315 M3/u; 2 —cxema ¢ npu-
£0 3 "GY 8,127 ~ - HYIAMTeAbHOH 3aKaukofi: N=14, Q,=
I SRS NN S T 0 NS S B =630 M3/u
2 4 & 8 0 12 1hQmn
Puc. 21.23. 3apucumoctn fa=f(Qs) u
t=1(Bo, Qa)
fFEr'.f_.HfE._-—- _— o — — "‘-‘r
04 -
a3
0z 3N M X
g1 o/
Puc. 21.25. Tpaduxku wu3sMeHeHHs co-
JAepXKanua Kene3a B oTOHpaeMOll BOae P T m——
B npouecce 9KCNJIyaTallHH YCTaHOBOK 20 40 60 80 teym

Beon BoposabGopa B ameficTBHe ¢ ycTaHOBKaMH 06e3Kese3HBaHHUS
(obycTpoeHHsiMu mo cxeMe puc. 21.2, 2) npouspenex B 1984 r. Ilyc-
KOBOH MEepHOA NPOJOJKAJCH B TeUeHHe uyeThIpex MecsineB. B 1985 r.
TeXHOJIOTHsA 00e3xke/e3nBaHus NOA3EMHBIX BOA B IJIacTé Ha BOJO3a-
6ope «T'aysi-O» npuHATA MeXKBEJOMCTBEHHOH SKCIEPTHOH KOMHCCHEH.

C MoMmeHTa BBOJa B SKCINIyaTallHIO H IO HACTOsLEe BPeMS Ha BO-
no3abope «I'aysi-O» npoBOAHTCA CHCTeMATHYECKHH KOHTPOJb 3a pa-
60TO#1 ycTaHOBOK obe3kesne3uBanus. IlosyueHHble NPH 3TOM AaHHBIE
(puc. 21.25) cBHAETENBCTBYIOT O TOM, 4TO (PAKTHUECKOe Bpemsl 7o YAOB-
JETBOPHTEJNbHO coryacyercs ¢ pacuetHeiM. Boma momaercs B ropon
C KOHUEHTpalHen xeje3a, He npeswiiatomei 0,2—0,3 mr/a.
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Uexa 1 py8. 16 xon.

G OTHUKOB HHBKOIAHM AJEKCEEERHY — npo-
feccop, KoucyabTant BCETHHIELO Munreo CCCP, xoxTop
TEXHUYECKHX HAYK, 32CAVHEHHBIA Reqdtesh HAVEE W TEXHH~
ke PCOCP, saypear TFocvaapcreennoli npemur CCCP,
HPYNBBA COBETCKMM FEAPOTe0qacr B CNeumalucT B cfiactd
BOROCHAOKEHUS, OJHH H3 CCHOBOHNOJOMHYKOB CORREMEHHBIX
IpencTaBienkii 00 3KCHAVATAHHOHEBY 2anacax noi3eMHBIX
BOJ, ¥ ABTOP NEPBOH OTCUYCCTBEHHOH MOHOTpAGnd TI0 METO-
ZHKe MX oueHKY. HINPDOKO H3BECTEH TPYIAMH MO HIVUEHUID
MPOMBIINIEHHBIX BOL, UCKYCCTBERHOMY NONOAHEHUIO I3aHACOB
FON3CMHBIX BOJ M PErviHPOBaHHIC Kauecrsa oF0unaeMod
BOOBI B 9THX CHCTEMax, ¥4acTBOBaJd B FUEPOreCiornuecKoy
oGocHOBAaHUN, POCKTHPOBAHKE ¥ IKCHEPTHIO HoibUiINCT2A
BOAG2a00poB Hauiel CTHAaHBIL,

AJJEKCEEB BJAZUMHP CEPFEEBHY — spocdee-
€Op, DOKTOP TEXHMYECKMX HAVK, 3aAMECTHTENb AHDEXTOPA M0
nayunoi paGore BRUU BOATEO Feecrpan CCCP, Arrop
MHCIHX HOPMATHBHHIX JHOKYMEHTOB, PEROMENTaALRE 3 MOHO-
rpaduil Ho DPOCKTHPOBAHKIC ¥ 2KCHAVATAUNE EGI03300pOR
nox3eMHENX BOL. M3secren kKak cneunaancy B cfoacty KoH-
CIPYMPOBAHUS M pacyera $PRI-THCE CKBAKKH HA BOZY, Me-
TOROE ONpoGoR2KHHUS BOAOHOCHBIX NIACTGR, GCRIEHIE W BOC-
CTAHOBJICHHS NPOU3BONHTEIBHOCTH BOO3aGDNEYN CHRBAKIY,
KOHAVUMOHMPOBAHNA KAaYeCTRa MOXICMELIN BCOX Ha ZCHCT~
BYHOHIHRX BOpo3abopax., Mmeer Goace 70 astopciiuy ¢pmac-
TeJIbCTB MO TEXHOJOIHMH ¥ TEXHKYECKHM CPERLTR2M Lif pe-
FEHEPANUM CKBAKYH B CHUCTEMAax BoiccHalmenws. Bexer
ZKTHBHYI0 Ppabory B cocraBe Bayuho-rexaHuueck2ro Cosera
Fockomupuponst PCPCP  no 3amive nop3emebic BoN oF
3arpASHEHNS W HCTOUIEHHS.



