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NMPEANCIOBUE

B OcuosHbIX HampaB/eHHAX SKOHOMHuecKoro H couuajbHoro paspurugs CCCP
ra 1986—1990 roasl ¥ na nepHox Ao 2000 roma oTMeueHa HeoOXOZMMOCTL YCHJe-
HHs MONCKOB H Da3BeIKM NMOJ3EMHBIX BOA AJS HCINONb30OBAaHHS HX B HApPOAHOM XO-
3siicTBe.

[Mo13eMHuble BOAB! SIBASIOTCS HCTOUHHKOM CeJbCKOXO3stHCTBEHHOTO BOAOCHalXKe-
Hifsl, & OPH HANHYHH XOpOWIeH 3auHThl OT 3arpA3HeHHH HX HCNOJb3YIOT B LedsX
X039{iCTBEHHO-TINTBEBOTO BOAOCHAGIKEHNsT KPYMHEIX HACEJeHHHX MYHKTOB H TOPOJOB.
CxeMbl KOMIIEKCHOrO HCHOJB30BaHHS MOBEDXHOCTHHIX H NOJA3eMHHIX BOL peasH3o-
BaHul B TaKHX KPYMHBIX roponaax, Kak Kues, T6usucit, Pura u xp.

Heratusubie TeHAEHIHH H3MEHEHHsi KauecTBa BOJLH B TOBEPXHOCTHHIX BOIOHC-
TOUHiIIKaX (peKax, BOLOXPAHHJHUIAX, 03epaX) NPHBOAAT K HEOOXOXMMOCTH Cyluect-
BEHHOI0 COBEPLICHCTBOBAHHS OUMCTHHIX COOPYKeHHH, H XOTH# paspaGoTaHbl TEXHO-
JIOTHUECKHE PEelleHHs JAJsi KOHAHUHOHHDOBAHUS MOBEPXHOCTHHIX BOA Jaxe IIpH
BBICOKOIN  CTeNeHH MX 3arPsS3HEHHS, COCTOSIHHE OCBOEHHS CePHHHOrO BHIMYCKa CIENH-
aJbHOTO BOXOOUHCTHOrO OGODYNOBaHHs, peareHTOB, CPeACTB KOHTPOAS W aBTOMAaTH-
3alHii IPOLECCOB BOAOMOATOTOBKM [0 HACTOSLIErc BPeMeHH HeyJOBJIeTBOPUTEJBbHOE.
CyuieCTBeHHBIM CAEPXKHBAKOIIHM (AKTOPOM B Pa3BHTHH COBPEMEHHBIX TEXHOJOTH-
YeCKHX MIPOLECCOB NMPH OUYHCTKE BOABI CTAHOBHTCH H HEOGXOZHUMOCTb NPHHUHMUAJb-
HOTO H3MeHeHHs N0JAX04a K O6beMaMm KaNHTaJbHBIX BJOXEHHH HAa CTPOHTENBLCTBO
BOOOUHCTHBIX COOPYMKEHHH, KOTOpble NOJXKHBl BO3pPacTaTs ropa3fo 6oJee BHCOKH-
MH TeMIIaMH,

B 3THX YCJAOBHSIX eIWHCTBEHHOH aJbTePHATHBOH PAa3BHTHUS XO3AHCTBEHHO-NMHUThE-
BOIO BOAOCHAGXeHHst OCTaeTcsl pacliHpeHHe MacwITa6oB HCIOJb30BAHHA IOA3EMHBIX
BO1, XOTS 3TO HM B Koell Mepe He HOJ/IKHO GHITh NPHUHHONH 3aMelJleHust pa3pabGoTKH
H OCBOEHHH Ha IPOH3BOJCTBE HANEXHHIX OUHCTHBIX COOPY¥eHHH NPH HCMOJb30BAHUH
B K3auecTBe HCTOUHMKA BOJOCHaGkeHHs B TOH HMJM HHOH CTeleHH 3arps3HeHHHIX BOA.

B Hacroswell paboTe Hapsily C ONHCaHHeM OCHOBHBIX NPHHUHNOB NPOEKTHPO-
BaHisi COODYXeHHft AJs 3a60pa NOM3EMHBIX BOJX OXapaKTepPH3OBAHBI NPOrpeCCHBHbIE
Me101n HX CTPOHTeJbCTBA W OGycTpoficTBa. BomosabopHble cOOpyXeHHst paccMar-
pHUBAIOTCH B KOMILIEKCE € CHCTEMaMHM HCKYCCTBEHHOTO BOCHOJHEHHS MOJA3EMHBIX BOJ
(MBIIB), mcrmoJb30BaHMe KOTOPHX INO3BOJSET 3KCIJIyaTHPOBaTh BOAOG3a6OpPH B Of-
THMA.1bHOM THADOAHHAMHUYECKOM DeXHMe H OCYHIECTBJSATH pPeryJHpOBaHHE KauecCTBa
oTéupaeMoll U3 BOAOHOCHHIX TNJAaCTOB H NOJAaBaeMOM NOTPe6HTeMO BOAE. BaXXHBM
acreRToM B3KCMAyaTandu BOAO32aGOPOB OCTaeTCs NOALEPXKaHHe HX CTaGHJIbHOTO Aef-
CTBlSl B TEUEHHe Bcero mepuola aMopTulauud. TexHHuecKHe CPeJCTBa H TEXHOJOTHS
npon3BoAcTBa 3THX pPaboOT, ONMHCAHHBIE B HAHHON KHHUTe, O0ecneuHBalOT  yCIeUiHoe
pelleiite yKa3aHHBX 3ajay. BmjoTHyo K 3THM Npo6ieMaM NDHMBIKAIOT M BONPOCH
PEKOHCTPYKUHH BOA03aGOPHBIX COOPYXKeHHil, PacCMOTPeHHBle Kak CMOcOOH  MHTEH-
ciduKkaguu AeHCTBYIOUIHX BOA03a6OPOB.

Bniepsble B OTeuecTBEHHOH JHuTepaType HOAPOGHO OMHCaHO OGOCHOBaHHE TeX-
HOTOTIIH 00e3¥Ke/Ie3uBaHus NOA3eMHBIX BOJ B IJacTe C XapaKTePHCTHKOH yCTaHOBOK
NepHOLHYeCKOr0 H HeNPepHBHOrO AeHCTBHA.

B. C. AaekceeBblM HamucaHsl npefucioBHe ¥ TaaBe 4—10, 12—14, 1719,
H. A. IaotauxkoBeM —raasw 1—3, 11, 15, 16, 20, T. M. KomMyuapom — raapa 21.

ABTOPH BHPAXalOT rJayBOKYI0 NPH3HATENbHOCTh KaHA. TexH. HayK A. ®. [lops-
Ay, B3sBUIEMY Ha ce6s TPYA N0 PELUEH3MPOBAHHIO PYKOTHCH H CHAeiaBlIeMy IO Hell
PAA LeHHHIX 3aMeuaHuil.



I'JIABA 1. NOA3EMHBIE BOJbl,
UX UCITOJIb3OBAHHE

1.1. YcaoBus 3ajeraHus NOA3EMHBIX BOJ,

Hsyuenvem NOA3EMHBIX BoJ 3aHHMAaeTCsi HAyKa T'HAPOreOJOTHs.
OrMeTnM KpaTKo BaXKHeHIlIMe THAPOreoJOrHuecKHe NMOKAa3aTenH H yC-
JIOBHsl 3ajieranis NOA3EeMHBIX BOJ, ONpefessiollie HCNOJIb30BaHHE HX
BO103a00paMHu AJsi BOAOCHAGXKeHHS, OGBOIHEHHS, ODOIUEHHSI H ApPY-
rux notpe6HoOCTeH.

IMox3eMHuble BOAB MO THAPABIHYECKHM YCJIOBHSM AEJIAT HA HANoOp-
Hble H Oe3HAalopHBlE, a NO YCJAOBHSIM 3aJ€raHus — apTe3HAHCKHE H
rpyutoBbie (puc. 1.1). Takoe pasjpeneHnHe [0 HEKOTOPOH CTelleHH ycC-
JoBHO. HanpuMep, moanuTka apTe3uaHCKuX Bojg OGespamopHasi, T. €.
noA3eMHble BOAbl He NOAHHMAKIOTCS BBHIUIE BOJOBMELAIOUIHAX HOPO/.
Tlpu BHIXOXE HANMOPHEIX BOA HA NMOBEPXHOCTb 06pasyeTcsi BOCXOASILHE
HCTOYHHK (CM. puc. 1.1), a npu BHXoxe Ge3HANOPHBIX — HUCXOSIIHH.

B peunbix nonrHax OOGBIYHO OTKJIAABIBAIOTCS PHIXJble, TAK HA3BIBA-
€Mble aJIIOBHANbHbIE, BOAONPOHHLAeMBle NOPOAb (NECOK, TrpaBHui,
ranbka), Ha ypOBHE KOTOPHIX HAXOLATCS TPYHTOBbIE BOAH (HE TOMBKO
6Ge3nanopHble, HO H HaNOPHHE), & TaKXKe [JIHHHCTHE MOpoiH. B mex-
HHKOBHIX OTJIOKEHHsX Yallle BCTPEYAIOTCS HANOpHbBIE M ciaboHamop-
Hble BOAB (TakXke B NeCKax, IDaBHH M raseundkax). Heo6xoaumo
OTMETHTb, UTO IIHPOKO pacClpoCTPaHEHHble NOA3eMHble BOAHl IO CTele-
HH MHHEDaJH3allHH Pa3AessoT Ha npecHble (1o 1 r/m), co/oHOBaTHE
(mo 25 r/n), conennle (a0 50 r/n), pacconsl (6Gonee 50 r/n).

33J’I€I'a}0T noa3seMHble BOJAbl B PAa3JHUYHBIX THAPOTe0JOTHYECKHX
cnosix 671H3 NMOBepXHOCTH 3€MJHM HJIH yalle Ha rayOHHe, IpeBHIIIAIO-
Lieft NeCATKH M COTHH MeTPOB. B OTAeNbHBIX CAyUasix HCIOOJB3YIOT
npecHble BOAH, 3ajerawiiHe Ha rayb6unax no 1 kM u Gosee; MHHe-
panbHble, TepMaldbHble U NPOMbILLIEHHBlE (A5 H3BJIeyeHHs Hoxa, 6po-
Ma H ADYrHX XHMHUeCKHX 3JIeMEHTOB) dyalle 3ajerailoT Ha OOabIIuX
rnybuHax. YC/0BHA 3ajieranus H PacnpoCTPaHeHHs] MOJA3EMHBIX BOA
B CCCP u3yueHH AOBOJIBHO NMOAPOOHO, HO A5 KOHKPETHOrO HX HC-
NOoJb30BaHHA HYXHHB JeTajbHele uccaefoBanus. Ilpu oueHke 3kc-
NJYaTalHOHHBIX 32NaCOB MOA3EMHBIX BOJ MO NAHHHIM U3BLICKAHHH BHI-
RENAI0T YUYaCTKH BOllOHOCHOﬁ CHCTeMBbl, HA KOTOprX NnoaA BJHSAHHEM
€CTeCTBEHHBIX H HCKYCCTBEHHBIX ()aKTOPOB, BK/IKUAS IKCIJIYaTallHIO
NMOJA3eMHBIX BOJ, CO31AI0TCH ONaronpHsATHHIE YCJAOBHS MO CPaBHEHHIO
C OKPYXaIOWHUMH TJIOMIAAAMH [sst or6opa NMOA3EMHBIX BOJA COOTBET-
CTBYIOIIHUMH BOJ03a60paMH B KOJHUeCTBe, HeOOXOXHMOM AJs LeJse-
BOTO HCNOJNB30BAHHS B HAPOXHOM Xxo3sificTBe. Takue ydacTKH Kiac-
CH[I)HHHPY}OTCSI Kaxk MeCTOpO}KﬂeHHﬂ NOA3eMHBIX BOJ, KOTOpHIE Xa-
PaKTepH3YIOTCA, B YaCTHOCTH, CJEAYIOLWIMMH YCJOBHAMH 3aJieraHus
noazeMunx pop (mo JI. C. SI3Buny u mp.): 1) B mpemenax coBpeMeH-
HBIX M norpeGeHHBIX PeUHBIX AOJHH; 2) B apTe3HAaHCKHX OacceliHax;
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Puc. 1.1. Cxema 3ajeraHus Noj3eMHHX BOJ,

I — ranHe; 2 — neckd; 3 — TPelHHOBATHE fl KaBEPHO3HbIe H3BECTHSKH; 4 — ypOBeHb
6e3HanopHHX BOA, 5——ypOBeHb HamopHHX BoA; 6 — TO e, BHIIE y{)OBHﬂ 3eMJIH;
A — Bocxomsiui ucrouHnk; B — peka; B — Gaccefin rpyntoBmXx Bon; | — apresuan-
CKHii BOJOHOCHMHA ropu3OHT; Il — rpyHTOBHE BOAW B aMJIOBHANBHHIX OTJOXEHHAX

3) B KOHyCax BHIHOCA, NPeATOPHHIX Melipax # MeXTropHHX BNajHHAX;
4) B OrpaHHYeHHBIX MO NJOWAMH CTPYKTYpPax HJAH MAaCCHBAX TPeLlHH-
HBIX H TPEIlHHHO-KAapPCTOBBLIX NOPOJA, a TaKXKe B 30HAX TeKTOHHYECKHX
HapyuleHHH; 5) B NMeCYaHbIX MAaCCHBAaX MNYCTHHb H MNOJYNYCTHIHD;
6) B HaIMOPEHHHIX H MEXMOPEHHBIX BOJHO-J€IHHKOBHIX OTJIOXKEHHSX;
7) B TaJHKOBHIX 30HaX 006/1aCTH Pa3BHTHS MHOTOJIETHEMED3JABIX MO-
pOA, a Tak¥ke B APYIHX YCJOBHSIX (HanmpHMep, B psille BOJIOHOCHBIX
rOPH30HTOB, NPHYPOYEHHBIX K TPelllMHOBATHIM M 3aKapCTOBAaHHHIM H3-
BCCTHAKAM KaMeHHOYrOJbHOH cHcTeMH IlOogMOCKOBHOro apTre3HaHCKO-
ro 6acceiina).

1.2. Hcnonb30BaHHue NOJA3EMHBIX BOJR,

O6uiee MHPOBOEe HCNOJb30BaHHe MOA3eMHBIX Box B XX B. AAsl Xo-
35/CTBEHHO-NIUTHEBOTO BOMOCHAGXKEHHS HACeJeHHBIX INYHKTOB, MpoO-
MBILITIEHHHX TPENNpDHSITHHA, a TakXe B CeJbCKOM XO3SHCTBe pe3KO
Bo3pocao [6]: B Hauane Beka TOMOBOfi pacxol COCTAaBJASAA OKOJO
400 M3, x 1970 r. on yBeanuusaca go 2600 kM3, T. e. ctan B 6,5 pasa
Gosbie, a kK 2000 r. HaMeuaeTcss yBeauueHHe 10 5800 km3. Ilpu sTom
HaubonbUIMA pacXol MOA3eMHBIX BOJ NDHXOAHTCS Ha OpOLIeHHe.

MupoBas NpOMBIJIEHHOCTh 32 3TO BpeMs YBeJHUHJa TOROBOE
norpe6aenne ¢ 30 go 650 kM3, 1. e. noutH B 22 pasa. Ilo naunmm Y. C.
3exuepa, H. U. INnortankoBa u JI. C. fI3puHa, uaubGojee KPYMHBIM
norpe6utenem noasdeMubix Bog B CCCP sBasieTcss B HacToslllee BpeMs!
KOMMYyHa/IbHOe Xxo03siiicTBo. O6mufi ot6op noxsemunix Boy B CCCP
IJisi KOMMYHaJIbHOTO X03siicTBa (M, BepOSITHO, YacTbio /S NPOMBILI-
JEHHOCTH) B mocjelHee BpeMs coctaBiaser 320—350 m3/c. Has cenb-
CKOX0351iCTBEHHOr0o BOJOCHaGXeHHs1 H o6Boxdenus nacrbébuu;, B CCCP
pacxonyercst okoso 180—200 m3/c u aas opoileHHs — okojio 250 m3/c.
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Bcero B CCCP nons3eMHbiX BOA HCHOJb3yeTcss okojo 800 m3/c, uam
25 gM3/rol, 4TO cocTaBjsieT MO YKA3aHHBIM JaHHBIM HeGOJbIIYIO
YacTb HX NMPOTHO3HPYEMEBIX peCypcoB. B oThaneHHO# NepCneKTHBE A5
TOPOJACKOTO H CeJbCKOXO3SIUCTBEHHOTO BONOCHAOKEeHHSI ¢ OOBOJHEHH-
eM nacTOHIl, HaMeyaeTcsl HCNOJAb30BaTh OKOJO 2 THIC. M3/C, HIH OKOJIO
60 xkM3/rox NOA3EMHEIX BOJ, YTO COCTABJSET JHIIb 1/s YacTb OOGHMIHX
nporuosupyeMelx pecypcoB. Ho B HekoTOpeIX palioHax, HalpHMep B
MoanpaBun, norpe6HOCTh BIBOe MNpEBBIIIAET NPOTHO3HPYEMble pecyp-
cel. CaenyeT Tak:Ke y4HTBIBaTh, YTO 3TH PeCypchl (HMeEWOTCH B BHAY
npecHble BOABI) PacnosioXeHol HepaBHOMepHO Ha TeppuTopHH CCCP
H HepelKo Aajleko oT morpebutens. IloaToMy Hcxons H3 TEXHHKO-
9KOHOMHUYECKHX NOKasaTejefl He Bcerga iesnecoo0pasHO HX HCHOJb-
30BaTb AJ5 XO3HCTBEHHO-NHTHEBOTO BOXOCHAGKEHHS.

ITo nocnennum nauubM [25] mporHo3wl aajbHefilero yBeaHuYeHHS
norpeGjeHuss NOA3EMHBIX BOJ H3MEHHJHCh B NOJb3y HX OSKOHOMHH.
Tak, B CIIIA B 1970 r. Bogo3a6op NpecHBIX BOX Ha XO3S{ICTBEHHbIE
HyXzapl cocraBasa 450 km3/rox. K 2000 r. nmpexmosiaraercss HCHOJb-
3oBaTh 370—500 kM3/rox, T. e. npumepHo Ha ypoBHe 1970 r.

1.3. 3aKkoHOAaTELCTBO MO NOA3EMHLIM BOLAM
H TeXHHYeCKHe HOPMAaTHBBI

BaxkHeHIIHM 3aKOHOM BOJOMNOJb30BaHHS ABASIOTCH «OCHOBHI BOJ-
HOro sakonogaresbcTBa Coto3a CCP m cowsHblx pecny6auk», yTBep-
sxnenusie 10 nekabps 1970 r. BepxoBueim CoBetrom CCCP,rje ycra-
HOBJIEHBl OCHOBHBle TPEOOBAaHHS K BONPOCAM HCIOJb30BAHHS BOJAHBIX
pecypcoB. B cratbe 21 ykasaHo, 4TO, KakK NMPaBHAO, HCNOJb30OBaHHE
NOA3EMHBIX BOJ IHTHEBOIO KayecTBa MAJH HYXI, He CBS3aHHEIX C
NHTbeBHIM H GHTOBBIM BOJOCHaGXeHHeM, He ponyckaercs. Ilpu oueH-
Ke KauecTBa NHTbeBOH BOABl cJjelyeT pykoBoacTBoBathcsi I['OCT
2874—82, a TakiKe YyKaszaHUSIMH MHHHCTEPCTBA 3APaBOOXPaHEHHs
CCCP o npenesbHO JONMYCTHMBIX KOHLEHTPANHsIX BPEAHBIX BEllECTB.
IIpu BbIGOpE NMOBEPXHOCTHBIX BOJ, HaPHMeD NpU GeperoBoil HHGHb-
tpauuy, npu MBIIB u npu ycTpoHcTBe NOA3eMHBIX BOAOXPAaHHJHULL
pekoMeHayeTcsl npHHUMAaTh Bo BHuManne 'OCT 2701 —84.

O6mue ykasaHusi mo BeIGOPY HCTOUHHKOB LEHTPAJH30BAHHOIO XO-
8IHCTBEHHO-NIUTbEBOTO BOAOCHaOKeHHsT onpeaensores [OCT 2761 —
84. lns npeiynpexXaeHHs 3arpsisHeHHsi MHHHCTEPCTBOM 31paBoOXpa-
Henngs CCCP paspaborano «Ilosoxkenne o mopsiake NpoeKTHPOBaHHS
H SKCHJYATaHHH 30H CAHUTAPHOH OXPaHB HCTOUHHKOB BOAOCHAGKe-
HHS1 H BOJONDPOBOJOB XO3SHCTBEHHO-MHTHEBOTO BOAOCHAaGXKEHHS». STO
NoJ0}KeHHe YTBEePXKAEGHO TJIABHBIM TOCYAapPCTBEHHbIM CAHHTAPHBIM
Bpauom Coioza CCP [13]. B pasBurHe »sToro mnosoxenus BHUHU
BOATEO Toccrpos CCCP paspaGorannl «Pekomennanun no ruapo-
FeONOTHYECKHM pacyeTaM [JIs ONpejelieHHs rpaHun 2-ro H 3-ro Nosicos
SOH CaHHTapHOH OXpaHbl MNOA3EMHBIX HCTOYHHKOB XO3SIHCTBEHHO-
DHTLEBOrO BojoCHaGKeHus» [15].

Tlpyu HCKyCCTBEHHOM BOCMOJIHEHHH MON3€MHBIX Boi MuHHCTEPCTBOM
aapaBooxpanenuss CCCP 26 mapra 1979 r. yrBepxnensl «CaHHTapHBIe
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npaBHJIa MO YCTPOHCTBY H IKCIIyaTallHH BOJ03a60OPOB C CHCTEMOH
HCKYCCTBCHHOIO BOCIOJIHCHHSI TNOJ3EMHBIX BOJA XO35HCTBEHHO-NHTbE-
Boro HasHaueHHsi» [18]. Tlpu nmpoekTHpoBanuH BOA03a6OPOB CJEHYeT
yunTeiBaTh «Knaccudukanao skcnnyaTanHoOHHBIX 3a0acOB M TPOTHO-
3UPYEMBIX pecypcoB NoA3eMHBIX BoA» [8], a Takxke «MucTtpykuuio no
NPUMEHEHHI0 KJaCCHOUKAIMKH 3KCIJyaTalHOHHBIX 3aMacoB INOA3eM-
HBIX BOJ K MECTOPOXKIEHHSIM NMHTbEBBIX M TEXHHYECKHX Bon» [7].

B Hacrosilee BpeMsi He CYIIeCTByeT OOILECOIO3HOrO CTaHAapTa
A5 OLEHKM KauecTBa MOJHBHBIX BOA NpH opomeHHH, Ho BHUUTuM
B 1984 r. paspa6oTansl peKOMenJalHuu 10 OLEHKe KauecTBa BOABI [Jst
opolleHusd. B HekoTophix pecny6anKax pa3paboTaHbl OTHEJNbHBIE PEKO-
MEHJAUHA U PYKOBOACTBA IO MCNOJb30BAHHIO MHHEPaJM30BAHHBIX BOJ
(Typkmenckas CCP), nmpenaxunx Boj (¥36ekckass CCP u Ka-
saxckass CCP). KauecTBo BOaB IJisi OPOIIeHHs 3eMejb Ha iore YK-

pannst HopMmupyeTcs T'OCT 25900—83.
Coio3BoanpoekToM B 1986 r. paspaGoTaHbl HODMAaTHBBI KadyecTBa
BOJibl, OCHOBHBIe NOKA3aTelH KOTOPLIX TPHBENEHH B TalJule.

OueHKa KayecTBa BOABI AJf OpoliteHHs] H 06BOLHEHHS MO BeJHukHe obuted

MHHEpaJH3aUHH
BeanunHa
Kaucerso Bofm Mo MuHepa- TIpurofHocTh BOAW NS ueded TIpHroHOCTb BOXR
MilHepaJdH3auHH ”gg;’é'"" OpoUIeHHS Ass 0GBOAHEHHS
/n
Ipecnas 0,2—0,5| Bnoane npuronna Brosne npurogHa
Yuepenso 0,5—1 | To xe, npu orcyrcTBuH cBoGoa-| To xe
npecHas HOI'C ApeHaXKa HeOOXOZHMHL Me-
pH, TpefyNnpeXAalouiHe HAKOM-
JeHHe uwenaoyed
Caalocon0H0BaTas 1-3 [Ipurogna ans nouB Beicokoil| [Ipuroauwa Bo BCe
MPOHHUAEMOCTH [OpH  XOPOLIEM| CE30HH '0Ja
JApeHaxe ¢ noxbopoMm  coaeyc-
TOHUUBRIX KYJbTYP
Y\epeHHO 3—5 JonyctuMa B ycloBusiX Xopoiwio| Yca10BHO NpPHTORHA
C0JI0HOBATAS ofecneueHHoro ApeHaxa CTpPH-| (B OCHOBHOM 3HMOMH
MeHeHHeM NPOMBIBOK M 10160-| H OCEeHBIO)
POM COJIEYCTOHYMBEIX KYJbTYpP
CuabHOCOeHA 5—10 | Ilpumenuma B cayuae xpafimeii] IIpurogma TOJBKO
HeOOXOAUMOCTH H B 0c000 6Ja-| ocenbi0 M 3uMOHN
FONPHATHHIX YCAOBHAX
Couensle BOABI 10 IIpakTHUeCKH HeNmpHrOJHK INpaktuueckn He-
H pacconst NPHIOAHBL

YKasaHHole B TabJHIle HOPMATHBbI YTOYHAIOT C Y4YeTOM COCTaBa
pPacTBOPEHHBIX CoJeH.

1.4. Tunsl BON03a60poOB NMOA3EMHBIX BOJ,

Boxosabopbl MOJA3eMHBIX BOJ COCTOST KAK H3 OTACJBHBIX COOpY-
JkeHHH (KanTaXKHBIX) HJIsI NOJY4YeHHs MNMOJ3eMHBIX BOJ, TaK H H3 HX
cuereMsl (BoZ03a60pOB); OfHO KaNTaXHOe COOPYIKEHHE TaKiKe MOXKHO
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Ha3BaTb BOR03a6opoM. CyliecTBYIOT CiaeAylOUIHe THOB KaNTaXXHBIX
COOpY3KeHuH U BoJ03a6opOB.

KanraxHble cOOpyXeHMs IS NpPHEMa BOABl H3 BOCXOMNSMIHX H
HHCXOJSALIMX UCTOYHHKOB (KJlOueH, POOHHKOB) paccMOTpeHn! B I 11.
B 3aBHCHMOCTH OT YCJOBHIH BBIXOAAa Ha NOBEPXHOCTb 3€MJIH H3 BOZO-
HOCHOTO TOPHM30HTA KallTaXXH MOTYT HMeTb PAa3/HYHYIO KOHCTPYKUHIO:
B BHAe ApeHaXHBIX TPy6 co COOpPHHIM KOJIOALEM M KaMepoi, omHoOH
KallTaXKHO# KaMepHl, a HHOTAA B BHJE aXThl C OTBOAHON Tpyb6oii. Ta-
KHe COOPYXKeHHs B HacTosillee BpeMsi BCTPEUalOTCSl CPaBHHTEJNbHO
penko. Camoe BaXKHOe — PACNOJOXHTh KaNTaKHble COOPYXEHHS IO
BHIXONA Ha MOBEDXHOCTb 3€MJH, UTOOBl INpefynpelHuTh 3arps3HeHHe
TIOA3€MHBIX BO/.

TFopu3onTanbHBie BOm03aGopsl B BHAE ApeHAXHBIX TPYO W ranepei,
npHMeHseMble JJIs 3aXBaTa IPYHTOBHIX BOJA, YK/IAARBAIOT B BHIPHITHE
KaHaBbl H DacrojaraloT Ha ryOHHe oObiurO He Gonee 5—8 m. U3
FOPH3OHTAJMbHBIX BOA03aGOpPOB Boja moctynaer B cOOpHBIT KoJomer
(kamepy).

FopusonTanbuble JydeBble BoA03a6Opbl NPOOYPHBAIOT H3 ULEHT-
pasbHOH WIaxXTh-KaMeph! W yamie NPHMEHSAIOT A/ 3aXBaTa IPYHTOBBIX
BOJ, a B NOCJeRHee BpeMs — H IS 3aXBaTa HamopeuX Boi. Coopy-
JXalTCs OHH CPaBHHTENBHO PelKO, KaK NPaBHIO, Ha TraybuHe J0
10—30 M u Goaee.

lFopusontanbible Bofo03abopst B BHAE WITOJNIEH M KAPH30B (Ha IIy-
6unax no 20 M u Gosee). Ilocaennue mpenactaBasioT co6Gofi ApeBHHM
crmoco6 kanTtaka noxseMubix Bog. B CCCP onn nmpumensaucs B 3a-
KaBKasbe H Ha lore TypkMeHHH, 3a py6exoMm —B Hpane, Hanpumep.
B HacTosiiee BpeMsl KSAPH3bl He COODYXKAIOT, HO paHee BbIMOJHEHHbLIE
SKCIJIYaTHPYIOTCA H PEMOHTHDPYIOTCS.

HlaxTHble KOMOANB UCNIONB3YIOT Yallle IPH HeboablHX obbemMax
noTpeGaennss U TryOGHHe 3ajeranisa NOA3EMHBIX Bod A0 20—30 M.
Jlng 3axBaTa MOA3EMHBIX BOJ COOPY2KalOT CKBa*KHHbI pa3IHUHBIX KOH-
CTPYKIHH: OAMHOUHBIE AJs1 HeGO/bLIMX NOTpe6HOCTeH, HECKONbKO HJH
JlaXke MHOXKECTBO CKBaXKHH, KOTOpHeE OOBeAHHSIOT B CHCTEMY BOJO3a-
GOpOB CyMMapHOH HpPOH3BOAHTEBHOCTBIO N0 HECKOJbKHX COTE€H M
Jaxe Thicsy Ky6omeTpoB B ceKyHay. Bomo3abophl H3 CKBaXXHH NMpHMe-
HSIOT TPH 3aXBaTe KaK TPYHTOBBIX, TaK M apTe3HAHCKHX MOA3eMHBIX
Bofi. CKBaXHHBI HJAH BOA03a00OpH H3 CKBAXXHH NPHMEHSIOT NpPH IMIy-
6HHe TOJOUIBB BOAOHOCHOTO closi Gosnee 8—10 M.

Ins oco6mx ycaoBHH, HampuMep B pafioHAX MHOTOJIETHeH mepaJlo-
TH, cefiCMHUeCKH aKTHBHBIX, NIDHMODPCKHX H ADYTHX cheuudHIeCKHX
YCJIOBHI, COOPYXKAIOT BOR03a60PH! 0CO60H KOHCTPYKIHA.



FJIABA 2. 3KCIIVIYATALHOHHDBIE 3ANIACDHI
NOA3EMHBIX BOJ,

2.1. Tlonsatue 06 9KcnAyaTalMOHHBIX 3aNacax
NOJA3eMHBIX BOA M METOAB! UX OLEHKH

Iox skcnayaTallHOHHBIMH 3alacaMH MOJA3EMHBIX BOJA NOHHMAIOT
HX pacxofl, KOTOPHH MOXeT ObITb NOJYUeH Ha MeCTOPOXKAeHHH C Io-
MOLIBIO PAllHOHAJbLHBIX B TeXHHKO-3KOHOMHUECKOM OTHOIIEHHH BOJ03a-
GOpHBIX COOPYXKeHHH NpH 3alaHHOM peXHMe 3KCIJAyaTalluH H TpH
KayeCTBe -BOJH, YAOBJETBOpsiOLleM TPeGOBaHHSIM WEeJEeBOr0 HCIOJb-
30BaHHS B HADOAHOM XO3SIHCTBe B TeUeHHe DACYETHOTO CPOKa BOJO-
norpe6saedns. [Ipu OleHKe SKCNyaTallHOHHBIX 3aNacoOB MOJ3€MHBIX
BOA, KpOMe TOro, HeoOXOJHMO YUHTHIBaTb IOJIOXKEHHE YPOBHEH BOIH
B HUX (NHHAMHYeCKHX ypoBHefl), a TakXe HX H3MeHeHHe BO BPEMEHH.
Kraccudukanus sKCHIyaTalHOHHBIX 3aMacoB H3JoXKeHa B pabore
I'K3 npu CoBere Munucrpos CCCP [8].

OKcnTyaTallHOHHBle 3amachl MOA3EMHBIX BOJ AJISi NMPOEKTHPOBAHHS
BOM03a00PHBIX COOPYXKeHHHl NMOACYUHTHIBAIOT IO pe3y/abTaTaM MpOBe-
JCHHBIX Ha MeCTOPOXKIEHHH JAeTasJbHHIX Da3BeJOYHHIX HJAPOreoJioTH-
YeCKHX PaboT W MO JAaHHKIM KCINyaTallHH MOA3EMHBIX BOJ OGHIUHO C
JAOTOJIHHTENbHEIMH Pa3BeOYHBIMH paGoTaMH. JKCIJyaTalHOHHLIE 3a-
nacel NOJA3eMHBIX BOJ, YTBepXjpaeMmble AJAs NPOCKTHPOBAHHA M  DKC-
niayaTtalHH, oTHocsTcsl K kateropusim A, B u C. Kpome Toro, no cre-
NEeHH H3YYeHHOCTH BBIAEJSIOT NPeABapHTEJNbHO OLEHEHHbIE KCIya-
TallHOHHbIE 3anmachl Mo KaTeropuu C,, KOTOpHE HE MOTYT BXOHHTb B
SKCN/AyaTallHOHHHE 3amacel AJS NPOEKTHPOBAHHS H 3KCIJyaTallHH;
OXHAKO OHH SBJSIOTCS OCHOBAaHHEM IJsi RaJbHEHLIHX HCCJaeNOBaHHMH
M YTOUHEHHA 3anmacoB no 6osee BHICOKHM KaTeropusM. Jlis mepcmek-
TUBHOH INpeJBapHTeNbHOH ONEHKH 3allacOB NOJ3EMHBIX BOJ BHIJENs-
10T TaKk Ha3blBaeMble pecypchl P, KOTOpbie OLEHHBAlOT COIJaCHO
«Knaccuduganuu» [8] Ha ocHOBe 06l1ero THAPOTEOJOTHUECKOrO aHa-
JH3a, TEOPeTHYECKHUX NMPeANOCHIOK, re0JIOTHIeCKOTO H THAPOreoJorH-
YeCKOTo KapTHPOBAHHHA, THAPOXHMHUECKHX, THAPOJOTHUECKHX H BOJO-
6a1aHCOBHIX HCCJEAOBAHMH, CAHHTAPHHIX YCJIOBHH, OTPaxKalOMWAX IO~
TeHIMaJbHble 3KCIyaTalHOHHBle BO3MOXHOCTH HCIOJb30OBaHHA HOJ-
3CMHBIX BOA.

IMpumenenne knaccHPHKAUHH 3aracoB MOJA3EMHBIX BOJ IJs Npo-
eKTHPOBAHHSA H NMPOrHO30B HCNONb30BAHHS HX N BOJAOCHAGKEHHI H
APYrux uejefl B NEPBYI0 ouepellb ONpeessieTcsl CYHIECTBOM caMofi
«Knaccupurauun» [8] u Gonee meranpHo «HMucrpykumedi 'K3 mpu
CM CCCP» [7], a rakxe «MeronnueckaM pykoBoxcTeom BCETMHI'EQO
0 pasBellke H OleHKEe 3KCIJYaTAalHOHHHX 3amacoB NOA3EMHBIX BOJ
Ansi BojlocHa6xenHust» [9] u ApyruMu noco6usMH. DKCIYyaTalHOHHEIE
3amacel MOJ3eMHBIX BOJ MO CTeNeHH H3YUeHHOCTH, KaK OTMeUYeHO BHI-
ule, pasnensioTcs Ha 4 xaTeropuH: or 6osiee usyuenHwx A, B u C,
L0 MpeABapHTe/IbHO OleHeHHOH Cp, a NPOTHO3HBIE peCypPCH MO CTele-
HY ©00CHOBAHHOCTH OTHOCATCS K KaTeropHu P. Jletassnble TpeGoBa-
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HHA K Da3JHYHBIM KaTeropusaM H3YUeHHOCTH 3ailacoB NOA3€MHBIX BOA
H3JIO2KeHH HHXKe.

DKenayaTallHOHHBIE 3aMacH MOA3eMHBIX BOJ IO HAPOAHOXO3SHCT-
BEeHHOMY 3HAUYEHHIO Pa3ReNsiOTCd Ha JBe Tpynnsi: 6anaHCOBble H 3a-
OanancoBuie. [lepBble 3KOHOMHUECKH Ie/eCOOGPA3HO HCIOJAb30BAThH
yKe ceflyac npu CylleCTBYIOHIeH HJIM OCBauBAaeMOH TeXHHKE H3BJeye-
HHsl TOA3EMHEIX BOJA BOA03a6opaMH; HCNONb30BaHHe BTOPHIX B Ha-
cTosilllee BpeMsl TeXHHYECKH HEBO3MOXKHO, SKOHOMHYECKH Hellcaeco-
06pasno WM HeHaZexHo. 3abanaHCoOBHE SKCIJYaTalHOHHHIE 3aMachl
MOA3EMHEIX BOJ VUUTHIBAIOT H [OACYMTHIBAIOT, eCJH JIOKa3aHa HX
BO3MOXHOCTb peajiu3aili¥ B mepclnekTHBe. [IpH nopcuere skciyara-
HHOBHBIX 3aMacOB MOA3eMHBe BOAH NMOAPAa3AeAsiiOT MO T'HAPOTe0JiorH-
YeCKHM, TeXHHKO-9KOHOMHYECKUM, CaHMTapHBIM H APYTHM [OKasaTe-
JISIM MX NPHMeHeHHus.

Tlpu npoekTHpOBaHMM WM OCBOGHHH 3aNMacoB NOA3eMHble BOAB Je-
JISIT Ha TPYNnbl HCXOAS M3 CJOKHOCTH THAPOTe0/OTHYeCKHX YCJOBHI,
a TaKXe M3 3KOHOMHYECKHX (PaKTOPOB H HAJeXHOCTH KOJHYECTBeH-
HOTO OIpelesleHHsi pacxofa MOA3EMHHIX BOJ, NOAyYaeMBIX M3 BOJO-
3abopos. Ilpm sToM uMeercs B BHAY [AOCTOBEPHOCTH OINpejeseHHst
SKCIJAYATAIMOHHBIX '3a0aCOB MOA3EMHBIX BOA OT JOCTATOYHO TrapaH-
THHHOTO 110 KaTeropHH A 10 HeCKONBKO MeHee AOCTOBepHOro B u 3a-
TeM Mence goctoBepmoro Ci. B «Kaaccupuxamuu» u «HMucrpyxuun»
BBIAEASIOTCA TPH TPYNNB MeCTOPOXKAEHHH IO NPHU3HAKAM CJOXKHOCTH
IUPOreoJIOTHYECKHX YCJIOBHH H, OUeBHIHO, TOUHOCTH KOJHYeCTBEHHBIX
OHPGI{EHQHH?{ BeJIMUUHBI 3KCONAYyaTanMOHHbIX 3aMacoB NNoA3eMHBIX BOM.

Ons 3TUX Tpex TPYNm H ONpefessiercsl NPOIeHT OUEHKH 3KCIayaTta-
HHOHHKIX 3anacos no Kareropusim A, B u C.

K nepsoii epynne orHOCATCS MeCTOPOXAeHHS (Yy4acTKH) € 1po-
CTHIMH THIPOTEOJOTHYECKHMH YCIOBHSMHM, CHOKOHHBIM  3aJICraHHUCM
BOXOHOCHBIX MOPOJ, MaJOH3MeHsIOIelics | JerkoonpeaeseMod Moul-
HOCTbI0 BOJOHOCHOTO TOPH30HTA, OLHOPOAHBIMH (PHUILTPALHOHHBIMH
CBOJCTBAMH, SCHO BBIJIGNSIOMIEMHUCST HCTOYHHKAMH (GOpPMHpOBaHUS
9KCIJIYATAILMOHHBIX 3aMacoB M OMaronpUsSTHHIMM CaHHTAPHBIMH YCJIO-
BHAMH (C y4eTOM Opramu3ailMH 30H CaHHTapHOH oxpaHmn). Bce 310
onpefieifieT BeJHUYMHBl SKCIJIyaTalHOHHBIX 3allacOB INOA3EMHEIX BOJ
¢ GoJsiee HaJeXKHOH OIEHKOH BeJHUHMHBI SKCIVIYaTaHHOHHBIX 3allacoB
no kareropuun A —ue menee 40%, no xareropun B —409% u mo xa-
teroput Cy—20%.

Ko sropoii epynne MecTopOXIeHHH OTHOCATCA YYACTKH CO CJIOXK-
HBIMH THAPOreoJIOrH4eCKHMH YCJAOBHSIMH: HeBHIJePXKAaHHOCTbIO MOMIHO-
CTH B CTpPOEHHSA BOJOHOCHBIX TOPHU30HTOB, HeOHHOpOJIHOCTb}O (i)HJIpra‘
LHOUHKX CBOHCTB BOAOBMENAMONIHX MOPOM, CJOXKHOCTBIO I'HMADPOXHMH-
yeckHX ycsoBHi. Ha rtakux ywacTkax pasBellka MeCTOPOXIeHHH ¢
BEICOKHM TMPOLEHTOM OlleHKH MO KaTeropHH A SKOHOMHUYECKH Henese-
coobpasna. DKCIJyaTallHOHHBe 3anacsl B ocHoBHoM (60%) ounenn-
BAIOTCS AJIS1 NPOEKTHPOBaHHs mo KaTeropun B, 20% — o xareropuu
C, u TonsKo He Menee 20% — no KaTeropuu A.
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K Tperveii epynne MeCTOPOXKIEeHHMH OTHOCATCA YYacTKH C OueHb
CIOXHBIMH THAPOre0JOrH4eCKMMH YCJOBHSIMH: BBICOKOH H3MEHYMBO-
CThI0 MOLIHOCTH H CTPOECHMS BOJOHOCHBIX FOPH30HTOB, HX (DUABTpAlH-
OHHBIX CBOHCTB, a TakXke THAPOXMMHUECKHX H T€OTepMHYECKHX YCJIO-
Buii. B «Knaccupukanuu» [8] ormeyaercs, ¥To pasBeika TpeTbelt
TPYNIBI MECTOPOXKAEHHH C BHIsSIBAeHHeM KaTeropuu A Helesecoo6pas-
Ha BCJAEACTBHE BHICOKOM HX CTOMMOCTH M HH3KOH 3()QeKTHBHOCTH.
DKemtyaTallHOHHBIE 3aMacsl NOA3€MHBIX BOJA TPETheH TPYINB MeECTO-
poXKAEHHll OUEHHBaWOTCs Mo KaTeropusm B —70% u C;—30%. K
3TOH ke rpynne B «KiaccHpHKAlHH» OTHOCHTCS HCKYCCTBEHHOE BOC-
nosnenue noxsemunix Box (MBIIB) m, BuguMO, noaseMHsie BOJOXpa-
puanima, Oguako cjleAyeT OTMETHTb, 4TO B HACTOsLIee BPeMsi PAaCUETH
HBIIB, ocoGenno GeperoBble BoA03a0Opbl K BOCIOJHEHHe TPYHTOBBIX
BOJ NIPH MPOCTHIX YC/JOBHSIX ¢ HHOHUIBTpAalHOHHBMH OaccefiHaMH, pas-
paboTaHnl JOBOJBHO Xopolio. [TosToMy, no HalleMy MHEEHIO, IPH Ta-
KHX VCJAOBHAX MOXHO Ipeactarasts ux B I'K3 mo Bropoil rpymme.

PasBenannbie H paccyuTaHHble 0aNaHCOBBIE 3aNach MOA3EMHBIX
BOJA AJisi TPOCKTHPOBAHHS NOJIKHHI ObITh yTBepXiAeHn I'K3 wuam B
COOTBETCTBYIOLIHX CAYYasX TePPHTOPHAAbHBIMH KOMHCCHSMH N0 3a-
nacaM NoJie3HbIX HCKomaembix MunucreperBa reosorun CCCP (TK3)
IpU KaTeropUsiX H3YYEHHOCTH 3aMacoB MOA3EMHHIX BOJ mo Taba. 2.1.

TaGanua 2.1, TaGauna KaTeropHi SKCIJIYATALHOHHBLIX SaNACOB MOA3EMHBIX BOJ,
(N0 CAOKHOCTH YCAOBHUIE)

Tpynns sKcnayaTal#oRHHX samacos, %
Kareropsn sanacos nepsas (npo- |BTOpas {(cnoX-| TpeTbs (OueHB
cTHiE yCiOo- HElE ycxo- CROXHBIE YCHO-
8HA) BHS) 8HA)
A+ B, He MeHee 80 80 —
B toM uucae:
A, He meHee 40 20 —
B, ne menee — — 70
Cy 20 20 30

B cayuae, eciu BO3SMOMKHOCTh OCBOEHHS NMOL3EMHHX BOJ MJIsS BO-
JocHaOXeHusT HAM OPOHICHHsT HIDKe COOTHOLIeHHH 6aJlaHCOBHIX 3alla-
COB, MPpHUBeAeHHHBX B Taba. 2.1, To 3TO pelllaeTcd HpH YTBepXKACHHH
3anacos B K3 CCCP (TK3) B Buae HCKIIOUEHHS.

Bo Bcex cayuasix ROMXKHO OBITb AOKA3aHO, YTO KAaYeCTBO MOJYy4Ya-
eMbIX IMOA3EMHBIX BOJ HJIH HE H3MEHHTCS HJH H3MEHHTCH, HO B Aomy-
cruMbix npenenax (FOCT 2874—82 nnsi BomocHaGXeHHsi) W B 3aBH-
cuMocTH OT TpebGoBaHHH moTpebuTess. VYCJIOBHsS 9KCIJAyaTamHH TOA-
3eMHBIX BOA HOJXKHBl GBITH AOCTATOYHO H3YUEHH! AJs TOJYUYEHHST HC-
XOAHBIX AAHHHX AJS NPOEKTHPOBAHHsA HA pacueTHHI Cpox (YPOBHH
BOJH H ee PaCXoj O 3JeMeHTaM BOAo3abopa).

Jnst yTBepKAeHHS NPOMHUINEHHBIX 3amnacoB (xateropuu A, B u
C1), XpoMe TOrO, HOJXKHH OBITH OG0CHOBAHBI H NPEIBAPHTENLHO OIE-
HeHH 3allaCHl 10 KaTeropuu Cz, a MMeHHO: TeOJIOTHYeCKHe H THIPO-
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reoJjioruyeckKue ycJOBHA MeCTOPOXKIEeHHs NOA3EMHBIX BOA yCTaHABJIH-
BalOTCsi B OOLIMX YepTax MO AAHHBIM €JHHUYHBIX Pa3BelOYHBIX CKBa-
XHUH 60 Mo aHajoruu ¢ 6oJiee H3YueHHBIMH yuacTkamu. KauecrBo
BOZBI NIPH 3TOM OLEHHMBAIOT N0 eNUHHIHLIM aHaJu3aM Npo6 BOAH H
COOTBeTCTBYIOIIUM TpeGOBamHsIM K 3TOMy KauectBy. [Ipu 3Tom
3KCIJIyaTallHOHHBIE 3aMachl TOfA3eMHBIX BOJ MOJACUMTHIBAIOT MO JaH-
HEIM ONpoGOBAaHHS eIMHHYHBIX pPa3BeAOYHBIX BHIPAGOTOK, aHANH3Y
THIPOreOJIOTHUECKHX YCJIOBHH, AHAJOTHHM H SKCTPaNoJSUMH NAHHBIX B
GJIM3KHX YCJIOBHSIX, OLEHEHHBIX 1O 0ojiee BBICOKHM KATETOPHAM H3Y-
YeHHOCTH.

JIas mepcrneKTHBHON OLUEHKH MOJA3EMHBIX BOJ| ONPENENAIOT 3amachl
no kareropuu P Kak NPOrHO3UPyeMble HAa OCHOBAHHHM KapT THEPOreo-
JIOTHUeCKHX CBEeMOK, IPeJNo/araeMblX FeOJIOTHUCCKHX H THAPOreOJo-
PHYECKHUX YCJIOBHI, YUMTHBAsE BO3MOXKHOCTb OOHApYXKeHHsI HOBHIX MecC-
TOPOXK/JEHUH NMOA3eMHBIX BOJA C YUETOM AHAJOTHH SKCIJIYATAUHMH NOA-
8eMHBIX BOJ B HOpenmojaraeMulx ycaoBusx. Cleiyer OTMeTHTb, 4TO
JIAaHHHE THADOTeOJNIOTHYECKHX CbeMOK, o0cobeHHO B wMacuirabax
1:50000 u kpynHee, crefyeT HCNOJB30BaTh NPH OLEHKE 3aMacoB BCEX
TpeX YNOMSHYTHIX TPYNN MeCTOPOXKIAEHHH N0 HX H3YUEHHOCTH.

Heo6xoauMo yyecTp, YT0 3KCIAYATAUHOHHLIE 3aMaChl MOA3EMHBIX
BOJl CO BpeMeHEeM MOTyT MOAJekarh mepeyTBepxkienuio B TK3 CCCP
(u TK3) B cnyuyae nepecMorpa KOHAHUHHN, TpeGOBaHHi, CTaHAAPTOB,
TeXHHUYCCKHX YC/JAOBHH, TeXHOJOrMM 3JKCMJyaTaldl, pPeKOHCTPYKUHH
BOA03260pHBIX COOpYXKeHHI, HAPYUIeHHST MPHPOAHBIX H B 0CODEHHOCTH
BOOXO3SIHCTBEHHBIX, 4 TAKXKe CAHUTAPHBIX YCJIOBHH; BCE 5TO AOJKHO
NPOU3BOAUTHCH C YICTOM AAHHHIX IO PEXKHMY MOA3eMHHIX BOJ NPU HX
3KCNAyaTanHMy HAa paccMaTPUBAeMOM YYacTKe.

B nacrosillee BpeMsi OOGLIENPHU3HAHO, YTO IKCIJYaTalHOHHBIE 3a-
mach MOA3eMHBIX BOj (OPMHUPYIOTCH 3a CYeT eCTECTBeHHHX HX 3ama-
COB — €MKOCTHHIX (M YHPYTHX), a TaKXe 3a CyeT IIPHBJEKaeMbIX B
npollecce 3KCNJYATAUlUd H UCKYCCTBEHHOTO UX BOCIOJHEHHUS.

BrinlenpusesenHoe noHuMaHHe (GOPMHPOBAHHS SKCITYaTALHOHHHIX
3arnacos NoA3eMHBIX BOJI SIBAAETCH CXeMOI’I, KOTOpasag yTOouYHAeTCa AAA
pa3HBIX THAPOreoJorHYeckKHx ycaoBHi. Caenyer uMeTb B BHAY, YTO
NPH 3KCIIyaTALMM 3allacOB TOA3EMHBIX BOA B KOHKPETHBIX YCIOBHAX
nepBoHayaNbHb (cTaTHyecKHil) ypOBeHb HX CHHXKAEETCsl, YyTO, KOHeU-
HO, H3MeHAeT TUApOAHMHAMHUYECKHe YCJIOBHA. Toabko NpH Kanraxe
HCTOUHHKOB (KJioueH) MOXKHO CO34aTh YCJOBHSI IKCIJyaTallHH HX C
oueHb HeOGOJBIIUM TOHHKEHHEM YPOBHSI BOJB, HO W B 3TOM cJjyiae
Hepellko MOHUIKAIOT eCTeCTBeHHBIH ypoBeHb BOAHL. [Ipu skcnayaranun
TNOJ3eMHBIX BOJ CO CBOOOJAHBIM 3epPKaJOM €MKOCTHHIE 3amachl IMOCTY-
NaT B BOL03a60pH BCIeACTBHe CHHXKeHHS UX YPOBHS, a B apTe3HaH-
ckux (HAmOPHBIX) CHCTeMaX MCIOJB3YIOTCH B 3TOM Cjyuae YOpyrue
3anacel BOZOHOCHOro ropusonTa. IlonydenHe NpuBJeKaeMBIX 3andcoB
34 CueT MOBEPXHOCTHHIX BOJ BO3MOXKHO, HANpHMep, NPH SKCIIYaTAlUH
GeperoBrIx BOA03a6OPOB: BOAA U3 PeK, BOAOXPAHMJHLL H 03ep MOCTY-
HaeT B BOAOHOCHBIH TOPH3OHT B Pe3y/bTaTe NOHHKeHHS ypoBHa (OT-
Kauka BOABI) B BOJ03abopax u BOLOHOCHOM TOPH3OHTe.
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2.2. TuapoOreoIOrHYeCKHe UCCIAEAOBAHHS

SKCUAyaTAaUHOHHEE 3aMachl ¥ PecypChl NOA3EMHHEIX BOJ, ONpefesi-
10T Ha OCHOBe Pe3y/JbTaTOB IMAPOre0JIOTHUECKHX HCCHAeJOBAHMH pas-
JIUYHHX THIIOB MeCTOPOXAeHHH nox3eMHHX BoA (cM. pasa. 1.1) m
IPYNN HX 3KCIMYAaTaUMOHHBIX 3amacoB (cM. Tabn. 2.1). HMcecnenoBanus
OPOBOAAT MO TPeM OCHOBHBIM HampaBJeHHsAM: 1) naomagHoe KapTH-
poBaHHe pasHoro Maciitaba Ha OCHOBAHHH THAPOreoJIOTHUECKHX
CheMOK; 2) mpeABapHTeNbHas pas3Beika; 3) AeTanbpHas pas3BedKa.

I'upporeosiornyeckde CbhbeMKH H HMX KapTHPOBaHHe OCYLIeCTBJASIOT
B caefyiomux macwrabax: or 1:5000000 po 1:500000 — menko-
macwtabuete; ot 1:200000 xo 1:100000— cpennemacuitaGuele; OT
1:50000 no 1:25000 u Goaee peTanbHBE — KPYMHOMAacCIUTABHbIE,

B nacrosimiee Bpems CCCP oxBaued B OCHOBHOM CpejgHeMmacuuTal-
Hoii cpemKofi M 1:200000. Takyio CbeMKy BBIIOJNHAIOT B OCHOBHOM
nyTeM MapUIPYTHBIX HCCJEHOBAHHI, KAPTHPOBOUHOro OGYpeHHS C T'HI-
pOoreocJIorHYeCKuM OHpD6OBaHHeM CKBAaXHH, a TakKXe C TNOMOHIBKO
23po(OTOChEMKH H KOCMOCBEMKH € HCIOJNB30BAaHHeM HAHHBIX MO TH-
MOBBIM y4YaCTKAM; HCIOJB3YIOT HAaG/IIOJeHHs 32 peXXHMOM MOJ3eMHBIX
BOJ M CBefeHHs MO 3KCNJAYATAlMH NMOA3eMHBIX BOA. Ilpu KapTHpoBa-
HHH, B OCOGEHHOCTH [JIsi U3YYeHHs IMIYGOKHX MOA3eMHBIX BOJ, HCIOJIb-
3yIOT reoH3HYeCKHe HCCAenOBaHHA. IIpu onpoGOBaHHH CKBAaXHH Olle-
HHBAIOT XHMHUECKHH cOCTaB moA3eMHBX Boj. OO0s3aTe/lbHO YYHTHIBA-
IOT reoJIoTHYecKHe AaHHbie, MatepHans THAPOreoJOrHUeCKOro KapTH-
poBauus HeoOXoAMMBl J[AJsST OLEHKH TNEpCHeKTHB HCHOJb30BAHHS
MOA3eMHHBIX BOJ H HX Pa3BeiKH — MpPefABAPHTENIbHOH H 3aTeM HeTaJb-
HOH.

Ha ocHoBanHM RaHHBIX CHEMOK C YYETOM pe3yJbTATOB TeOpeTHue-
CKHX pa3paboTOK OIeHHBAIOT NPOTHO3HPYeMble DPEeCypChl MOA3eMHBIX
BOJ M HAMeYaloT MeCTOPOXKJAEHHSI NOA3eMHBIX BOJA IJs Pa3BelKH,
a TaKXKe OIlEHHBAIOT PecypcH MOA3EMHBIX BOA IO Karteropuu P.

IIpenBaputesnbHass pasBeika NOA3eMHBIX BOA HMeeT CBoeli leJbiO
BHIAEJHTE B 060CHOBATH MECTOPOXKIEHHs NMOA3EeMHBIX BOJ ANS AeTalb-
HOIl pasBenkd. OCHOBHHIM METOAOM INIPeJBAPHTENBHOH Pa3BelKH fBJs-
ercs GypeHHe Pa3BeJOUHBIX CKBAXKHH H onpoboBaHHe HX C ONpejeJe-
HHEeM HM3MeHEHHS THAPOre0JOTHYECKHX INOKasaTenell Kax Ha yyacrke
MeCTOPOXKIeHHs, TAK W 3a ero npefesaMH, OoNpele/sIOLIHMHE YCAOBHSA
¢hopMHPOBaHUS SKCNJYaTANHOHHBIX 3aNacoB MOA3EMHBIX BOA HA YKa-
3aHHOM MecTopoXpeHHH. Ha ocHOBaHHHM JAHHBIX PA3BeAKH OIpefens-
10T KOJIMYeCTBEHHHIE SKCIJYaTAllHOHHBIE 3aMachH MNOA3eMHBIX BOX C
npeJBAPHTENbHEIM SKOHOMHUYECKHM aHAJH30M BapHaHTOB BeIGopa BO-
no3a6opoB. CocTaB pa3BefOYHHX PaGoOT 3aBHCHT OT THAPOTenJIOrHYe-
CKHX YCJOBHI, KOTOpHle OLEHHBAIOT MO CJAOXKHOCTH (cM. Taba. 2.1),
a Taxk¥Xe OT METOJOB ONEHKH 3KCIJYAaTAUMOHHBIX 3aMacOB NMOA3EeMHBIX
Box (cM. pasa. 2.3): rHAPOAMHAMHYECKHX (QHAMHTHUYECKHX C MOZe]H-
poBaHHUeM), rHAPABAHYECKHX, METOJOB AHAJOrHMH M KOMOHHHDOBAH-
HeIX. B cocTaB pasBegouHnXx paGoT BXOAAT GYpeHHe Pa3BeJOUHHX H
ONBITHO-PA3BEAOYHBIX CKBAXKHH C OTKAUYKAMH AJs ONpefeseHHs ycno-
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BHH 3ajeraHHs I CTPOCHHS BOJOHOCHHBIX TOPH30OHTOB, AeOHTOB H IO-
HHXKEHHH ypoBHeH, kK03pHINEHTOB QUABTPANMM M APYTHX TapamMer-
pOB, HeOOXONUMBIX [JIs OUEHKH SKCIJAYaTALHOHHBIX 3aNacoB HOA3EM-
HBIX BOA. Mcnonn3yoT TakXKe reodH3nyecKHe MeTOIbl U aHaJOTHIO.

Ha ocHoBauuu npeaBapuTenbHOfl pas3BeNKH SRCIVyaTallMOHHBIE
3amachl OLEHHBAIOTCS 110 KaTeropusiM B ocHoBHOM Cp; u C; W uyacTHu-
HO B; npH NMPOCTHX YCJAOBHSIX M HAJMHYMH HANEKHOTO aHAJOra BO3-
MOXKHO YaCTb 3KCINYATAHHOHHBIX 34NacoB OUEHHBATL NO KaTero-
pun A. Tlpu olenke 3KCNIYaTalHOHHHX 3aMacoB NOJA3EMHBIX BOJ IO
JlaHHBIM NpeJBapUTENbHOH pa3BeAku uesecoobpas3Ho BKIOYATbL Mpes-
BapHTeNbHBIN SKOHOMHYECKHH AaHAAH3 BapHaHTOB BOR03a60pOB H HX
HaJeXHOCTb, 4 TAKXe aHaNu3 caHHTapHHX ycnosuil. [lostomy Ha cra-
JUMH TIPeABAPUTENBLHON pa3BelKH CJAeyeT NPHUBJIeKaThb CHEllHaJHCTOB
10 HCMOJIL30BAHMIO MOJ3EMHHIX BOJ, TaK KakK BHIOHpaETCs yYacToK
(MecTopoXenue) AJsS AETANbHBIX THAPOTEOJOTHUECKHX HCCJIeI0Ba-
Buitl. [Ipu cOOTBeTCTBYIOLIHX YC/JIOBHSIX HCIONh30BaHHSI NOA3EMHBIX
BOJ, HampHMep INpH BapuaHTe 0eperoBHX BOZ03a0OpOB, BKJAIOYAKOT
TUADPOJIOTHYECKHE M THIPOMETEOPOJOTHYeCKHe HCCACROBAHHUS, AAS KO-
TOPHIX B OCHOBHOM HCTIOJIB3YIOT gaunbie I'uapomercnyKObl.

Jleranpuble THAPOreONOrHYECKHe HCCIEOBAHMS HA HOBBIX MeECTO-
POXKACHMSAX W HCCAENOBAHHUSA C aHAJH30M 3KCIIyaTalHU HA MECTOPOK-
JeHusix ¢ paboTaouiuMi Bogo3zabopaMu ROaXKHB! GbITh ZOCTATOUHHIMH
BAJS OLEHKH 3KCIVIyaTallHOHHHIX 3alacOB NPOeKTHPYeMBbIX BoA03a6o-
POB; NIPH 3TOM KATCTOPHH H3YUYEHHOCTH AJISI Pa3HON CTeNeHW H3yyeH-
HOCTH JOJIKHBI OHITh HE HHXKE YKasanueix B Tabm. 2.1.

Heranbnas pasBelka C LEJbIO YBeJUYEHHS NPOU3BOAHTENbHOCTH
YHACTKOB, 2KCHJAYAaTUPYIOHIHX NOJA3CMHBIE BOJBI, BeIeTCd ¢ MEHBbIIHM
ob6bemom Oypenusi u onpoboBanus CKBaXKHH, YeM Ha HOBBIX yuacCTKax,
H OCHOBLIBACTCS NPEHMYLIECTBEHHO Ha AHANH3€ 3KCOAYyaTallH¥ MOM-
3eMHBIX BOJA. DKOHOMHUIECKHE aHAJH3 BapHaHTa BOX03a6OPOB C yT-
BepXAaeMpIMH AN HHX 3KCOJAYATAllHOHHBIMH 3ailacaMH IOA3CMHHX
BOJ, JOJIK€H COTJIACOBLIBATBHCH € NPOEKTHBIMH OPTaHH3ALHUAMHU.

OcHOBHOH MeTOJ THAPOTEONOrHUECKHX HCCIAEAOBAHHH MOA3EMHBIX
BOZL NpU AETANbHON pa3BelKe — OypeHHe CKBaXKHH M ONPOGOBaHHE HX
OTKaYKaMH IS NOJyUeHHs pacueTHbIX mapamerpos. Ilpu mpocreix
THAPOTEOJIOTHYECKHX YCJOBHAX OOBIMHO OCYIIeCTBJIAIT OypeHue H
onpo6oBaHHe ONBLITHHX H OIMBITHO-PA3BEJOYHBLIX CKBaXKHH C Haba0xa-
TeJIbHBIMH CKBaXHHAMH AJsi OlpellesieHHs MOIIHOCTH, KO3 HHIHEHTOB
$huabTPanHu U APYTHX HapaMeTPOB BOAOHOCHOIO TOPH30HTA; Ompele-
JS0T TaKke Ae0HTH M MOHMMKeHHe ypOoBHeH B ckBamuuax. JIas ciox-
HBEIX T'HPOTe0JIOTHUECKHX YCIOBHH MOXKeT 0Ka2aThCsd HeOOXORXHMBIM
npoBefenue ONBITHOH OTKAUKH M3 YaCTH HaMeyaemMoro Bojosabopa
NOA3EMHBIX BOA C ONpeZielieHHeM NPOH3BOAUTENBHOCTH AHHAMHYECKHX
ypoBHeHl u KauyecTBa BOAH. [I15 oUeHb CJOXKHBIX THIPOTe0JOTHYECKHX
ycaoBHE KpoMe ONBITHBIX HA0M0AAaTeAbHBIX U NONOJHUTEJbHBIX pas-
BeJOUHBLIX CKBAXKHH € OTKAaYKaMM H3 HHX H ONpeJe/eHHs IapaMeTpoB
BOJAOHOCHHX TOPH3OHTOB, KaK NPABHJIO, IPOBOASTCS ONBITHHIE H ONBIT-
HO-3KCITyaTalHOHHBle OTKAaYKH M3 BOZ03abopa mona3emubix Box. Ilpu
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H3bICKaHWH HCTOYHHMKOB (KJIouel, POZHHKOB) NDPOBOAAT HAOJIOACHHA
H cOOHpaIOT HAHHBbIe B TeueHHe TpexX JieT ¢ aHaAu3oM (GOpPMHPOBaHHSA
Ce30HHUH M MHOrOJleTHeH H3MeHUMBOCTH AeOHTAa HCTOYHHKA M KayecT-
Ba BOAH IIpH DACHIHPEHHH Tepuoja HaGMIOLeHHH MHHHMYM A0
11—13 Jner.

Bo Bcex YKasaHHBIX Bhlllle YCJOBHSIX TPH OUEHKE dKCMJNyaTalHOH-
HLIX 3aaCOB MOJA3EMHBIX BOJ AJsi NPOEKTHPOBAHHS HeOOXOLHM aHAIH3
ycaoBuit GOPMHPOBAaHHS SKCHJYATANHOHHBIX 3amacos (BO3MOXKHO, €
FHAPOJIOTHYECKHMH H THIAPOMETCODOJIOTHYECKHMH TNOKa3aTelsIMH) C
onpexelieHHeM KauyeCTBa BOABI M CAHHTADHBIX YCJOBHH, a TaKXKe OLeH-
KO BO3MOXKHOCTH HM3MEHeHHH BCeX NOKasarteseH SKCHAyaTalHOHHBIX
3aMacoB MNOJ3eMHHIX BON HA pacueTHH NepHOX — O6nuHO 25 JjeT,
Onnako HOpH NOCTEHEHHOM CTPOMTEJNbCTBE W OCBOeHHH BOA03a60poB
NOA3eMHEIX BOJ TOYHOCTb ONpelefeHHs] HKCIAYaTAllHOHHBIX 3alacoB
NOA3eMHBIX BOA OCOOEHHO BaXKHa, B YACTHOCTH, Ha OGuauxkahuiue 10 get;
0Py 3KCIJYyaTALWH NMPOU3BOAHTENbHOCTb BOX03a6OPOB YTOUHSETCS, H
JJig pajbHeHIIero HCIoJb30BaHHs Jyulie MPOH3BOLHTh IPOBEPKY pac-
4eTOB SKCMAYATAHOHHBIX 3alacoB.

2.3. OcHOBBI PacyeTOB 3KCNAYATAUHOHHBIX
3anacoB NOA3E€MHBIX BOJ,

B 3aBHCHMOCTH OT yCJAOBHI SKCIAYaTallHOHHBE 3allachl MOCYT HC-
[OJIb30BATbCS NPH YCTAHOBHBIIEMCSI H HEYCTAHOBHUBIIEMCH peXXuMmax.
B nepBoM cayuae Ipu COXpAaHEHHH NPHPOAHBIX U BOAOXO3SHCTBEHHHIX
YCJAOBHil 3amachl paCCUHTBHIBAIOTCS HA HeOrpAHHYEHHBIH CPOK, BO BTO-
pOM — Ha OrpPaHHYeHHBIH CPOK C YYeTOM [ONYCTHMOTIO THOHHXKeHHS
YPOBHSI.

IIpumepoM YCAOBHO YCTAHOBHBIIErOCST peXuMa TOR3EMHHIX BOJ
MOTYT CJYXUTb GeperoBuie HHGUILTPAIHOHHBIE BOX03A60pH Npu obec-
NeyeHHOM MHHHMAJbHOM yPOBHe W Dacxojie MOBEPXHOCTHHIX BOJX, XOTH
NPOUCXOLHT Ce30HHOe W MHOroJeTHee H3MEHeHHe YPOBHel H PacxohoB.
Ilpn ynpyroM pexHMe SKCHIyaTalluW apTe3HAHCKHX BOJ TPOUCXOLHT
HocTelleHHOE CHHXKEHHe YDOBHell, H pacyeT 3KCHJYaTALHOHHHIX 3ama-
COB TOA3EMHBIX BOJX BelleTCs Ha JONYCTHMOe CHHXKeHHe YpOBHell B
IKCIYAaTANHOHHEIX CKBAXHHAX HA ompepejeHHb#l cpok. OnHaKo uMme-
I0TCsl CAydYaH, HanpuMep NpH SKCIOAYAaTAllHH CEHOMAHCKOTO apTe3HaH-
CKOro BOJOHOCHOrO ropusoHTa B KueBe, Korna mpu mocTeneHHOM yBe-
JH4eHHH NPOU3BOIHTE/IBHOCTH H NOHHXKeHHH YPOBHA BOJH HAYAJI0Ch
npeobnafawiiee nurasue u3 JlHenpa, u MPH NMOCTOSTHHON HPOMU3BOAH-
TEJBHOCTH BOA03aGOPOB DEXKHM SKCIAYATAUHH CTAJ CTPEMHTBCS K
ycTaHoBuBIleMycsi TuNy. Takum 006pasoM, 3KcniyaTallHOHHble 3ana-
Chbl MOJ3EMHHIX BOJ CJEAYeT pacCUuTHBaTb AAS COOTBETCTBYOUIHX
THAPOre0JIOTHYECKHX YCJAOBHH NO YCTAHOBHBLIEMYCS M HEYCTaHOBHB-
HieMyCs peXHMaM C y4eTOM MOJOXKeHHs1 YDPOBHeH H BO3MOXHBIX H3-
MeHEHH THADOJOTHUECKHX W THIAPOreosOorHyeckux yciaosuil. Ilpu
TAKHX pacyerax Heo6XONMMO NHPEAyCMATPHBATH BO3MOXKHOCTB COXpa-
HeHHs TpeGyeMOro KauecTBa BoAbL. Ilocienmnee 0oCoGeHHO BaXKHO, KOr-
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Ja B 3IKCITyaTallHOHHbIE 3anachl BXOASIT NpHUBJeKaeMhble 3amachl MO-
BEPXHOCTHBIX BOJ, Hanpumep npu GeperoBuix BojosaGopax. B sToM
cayuae ocolGeHHO BaXKHO NpeAyCMaTpHBaTh COXpaHeHHe HONMYCTHMOTO
Ka4eCTBA MOBEPXHOCTHBIX BOJ, NMHUTAIOIMX MOA3CMHble BOABL. Takoe
XKe TpeGoBaHHe NOJKHO NPeAyCMaTpHBATLCA H HJIS CHCTEM HCKYCCT-
BEHHOTO BOCHOJIHEHHS MOA3eMHBIX BOA. MeToxasl pacuera 3KCmayaTa-
UMOHHBIX 3aMacOB MOA3eMHBIX BOJ JiJisl NMPOESKTHPOBAHUS BOA03a00pOB
ONpeleNsIOTCST CJA0XKHOCTBIO THAPOreO0JOTHYECKHX H B ONpefeseHHBIX
cay4asix THAPOJIOTHYECKHX M METeOPOJIOTHUECKHX (BKJouas KJHMAT)
ycaoBuil., BaXKHe TakXKe MeTOAMKA U NETaNU H3LICKAHHH H, B YaCTHO-
CTH, pacrofioXeHue pasBeZOUHHX M ONMBITHBIX CKBAXHH, a TaKxe JApYy-
IHe CcOCOOGH BCKPHITHSI BOJOHOCHHBIX [OPH30HTOB, MeToAuKa ompobo-
BanMs OTKAa4YKaMH, onpeJeieHHe PACUCTHHIX [lapaMeTpoB, IPHMeHeHHe
reopu3UYeCKUX HCCIENOBAHUN, BpeMS HCCACHOBAHHH M DAA APYrHX
ycnosuii. KpoMe Toro, caenyer uMeTb B BHAY, YTO B 3aBHCHMOCTH OT
THPOre0JIOTHYECKHX YCJAOBHH NMOA3E€MHBIe BOJBl JOOBIBAIOT PA3JHUHBI-
MH BHZaMH B0A03a00pOB; CKBAXXHHAMH, IIAXTHBIMH KOJIOAlaMH, ro-
PH3OHTAJBHBIMH H JyYeBBIMH BOJ03a00paMH, Pa3JHYHEIMH KaNTaXKaMH
HCTOUHHKOB, YTO TaK¥Ke BJIHAET Ha BHOOP pacuetHHX (opmyn. 3arem
clefyeT YUYHTHLIBATh CXEMAaTH3AUHI0 THAPOTeO0JIOTHYECKHX YCIOBHH €
OCpeflHeHHEeM paCUeTHHX MapaMeTpOB.

B Hacrosiiee BpeMs MpPH pacyeTax SKCHYyaTallHOHHHX 3a7acoB
MOA3EMHBIX BOJ NPHMEHSIOT CJeAYIOLIHe MEeTOAB PacyeTOB: T'HAPOLH-
HAMHYECKH ¢ mpHMeHeHHeM BHIYHCJHTE/IBHBIX H aHAJOTOBHX MAallUHH,
FUApaBJIuYeCKuH, 6aTaHCOBBIN, METOX aHAJIOTHH B KOMOMHHPOBaHHBIH;
CNeAyeT YYUTHIBATH TaK¥Ke HepaBHOMePHOCTb noTpebienus Boawl. [lpu
BOAOCHAOXeHHH HAaceJeHHBIX NYHKTOB B JIeTHee BpeMsi NOTPeGHOCTD
yBenuunBaercss (Ce30HHAs]) M MEHSIeTCSl B TedeHHe CYTOK (uacoBas);
yacoBasi HepaBHOMEDPHOCTb MOXKET DeryjJupoBaThCs C pe3epByapaMHu.

[Ipu ucmonb3oBaHHE NMOA3eMHBIX BOA AJS OpOILeHHs NOTpeOHOCTD
B BOJ€e MOsABJIsteTCS B BereTanHOHHBIH, NMpeAnoceBHo#l u nocaeybopod-
HEIl TEPHOLB, CJAeZOBATENbHO, HAJHIO Ce30HHAS HePAaBHOMEPHOCTb
notpebiennsi. BO3MOXHOCTH HCNIONBb30BAHMSA NOA3eMHBIX BOJ € Yy4eTOM
OpHBNEKAEMbIX 3KCIIYaTAUHOHHEIX 3aMacoB B psjlie CJAyuYaeB OCJIOXK-
HSIOTCSL HepaBHOMEPHOCTBIO eCTEeCTBEHHOro NHTAHHS MOM3EMHBIX BOX
H ux pacxoga. Takoil mpuMep MOXHO OTMeTHTh B KOHyCaX BBIHOCA.
Tlpu cesoHuoit u MBOrosneTHell HepaBHOMeDHOCTH IIMTAHHsA, a TaKXe
CTOKa MOJ3eMHBIX 30H B KOHYCaX BRIHOCZ H OJHOBpPeMEHHOH Ce30HHOH
HepasHOMepHOCTH notpebJieHHss BOJAB AJIST OPOLICHHST MOXKHO B psifie
cjyuaes CO3AaTh XPaHHIHIIA NMOA3EMHHX BOJX.

HepaBnoMepHOCTh BO3MOXKHOCTH NPHBJCHEHHS 3KCINYaTaHOHHBIX
3a0acOB IIOA3eMHBIX BOA MOXKHO OTMeTHTb, HampuMep, NPH 3KCHAya-
Taiup GeperoBhX BOLO3a00OPOB B Clydae HEPABHOMEPHHIX DACXOHOB
H ypoBHeil pekn. OdeHb BaXKHO YYHTHIBATHL SKCIJNyaTaUHIO MOA3EMHBIX
BOJ TIpH YCTaHOBUBILEMCS H HeyCTaHOBHBIleMcs pexumax. Ilpu ycra-
HOBMBILEMCSI peXHMe MNPOH3BOJAMTENBHOCTh BOJ03a00PHBIX COOpYHKe-
HHfI ¥ yPOBeHb MOJ3eMHBIX BoJ OyayT nmocrosiunbl. Ilpun Heycranosus-
meMcs peXXMMe MOTYT BOSHHKHYTh CjelyloliHe curyamuu: 1) mpowus-
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BOJHMTEJIbHOCTb MOCTOSIHHA NPH H3MEHSIOUEMCsI YPOBHe BOARI; 2) Mpo-
H3BOJUTEIbHOCTh H3MEHAETCS NMPH NOCTOSHHOM YPOBHe BOIH; 3) H3Me-
HAIOTCS NPOW3BOLHTENHHOCT, H YPOBeHb BOAHL. Haige pacyeT Begercs
IpH 3aJaHHOM H BO3MOJXKHOM PacxoJe BOXHL

[Ipu pacuerax 3KCIJIYAaTALHOHHBIX 3aNacoB TNOJA3EMHHIX BOJ CJe-
JOBaJio OB YUHTHBATH HX JoCTOBepHOCTh. B Taba. 2.1 Ha ocuose
KATeropuil 3aMaCOB H HX CYMMBbl ONpPeletdioT TPH TPYHIH MECTOPOXK-
JEHHH IO CJIOXKHOCTH OIleHKH. DoOJiee JOCTOBEpPHOH sBJeTCss nepsast
rpynna (OpocTele THAPOreOJIOTHYECKHe YCJIOBHS) H HauMeHee NOCTO-
BepHOH — TpeThsl rpynna (BecbMa CJOXKHbIe THAPOreoJOTHUECKHE YC-
aoBusi). OpHAKO U TPH OUEHb CJAOXKHBIX YCJOBHUSAX, €CJH NPOBECTH
ONBITHO-3KCIIMIYATAILHOHHEH 0T60p H3 BOAO3a60pa B HeGJaroNpUSTHHIH
HepHold, a TakkKe NPaBUJIbHO y4ecTh (DOPMHpPOBAHHE TOA3EMHBIX BOX
B pasbHelIeM, MOXHO NMOJYYHTh AOCTATOUHO AOCTOBEPHOE 3HAUEHHE
IKCIAYaTallHOHHBIX 3aNacoB moA3eMHHX BoJ. ClepyerT Takxe OTMe-
THTb, YTO SKCIVIYATALMOHHBIE 3aNMacH NONYYaloT H3 BOA03aGOpPOB NOA-
3eMHBIX BOJI, KOTOpbie MOIYT H3MEHSTH CBOM XaPaKTEPHUCTHKH (H3HOC
HACOCOB, HENOIYCTHMOE NajfeHHe YPOBHed B CKBaXKHMHAX, 3aHJIeHHE
¢HILTPOB W MPOY.), YTO MOBJHSET HA WX NPOHU3BOAUTENBHOCTb. [lo-
3TOMY NPH HM3MEHEHHH 3KCIUVIyaTallHOHHBIX 34MacOB CJeAyeT TaKkKe
ananusuposarts paborty BomoszabopoB. Bompoc 06 3KCHAYaTaHOHHBIX
3amacax MOX3eMHHEIX BOJ M HX THApOreoJoruueckodt ouenxe OoJee
nozxpot[iﬁlo ocsemien B paGorax JI. C. fIsBuna, bB. B. BopeBckoro
n 1p. [9]

TJIABA 3. NPOEKTHPOBAHHE BOJ1O3ABOPOB
NOA3EMHDIX BOJ,

3.1, Bono3aGoph! nMOJ3eMHBIX BOJX H CXeMbl BOJOCHAGKEHHS

IMpoexkTupoBaHue BOA03aGOPOB NOA3EMHBIX BOJA ABJSETCSH YACTHIO
TIPOEKTHPOBAHHST BOXONMPOBOAHBIX HJIM APYTHX CHCTEM, T. €. KOMILUIEK-
ca BCceX COOPYKeHHH BOJOCHAOXKeHHS, ODOLICHHS, CHCTEM OXJaXKeHHs
u T. . llpm stom caenyer yuureiBaTh yxazanus CHull 2.04.02—84.
X03s1/CTBeHHO-TIATbEBOE  BOJOCHAGXKEHHE TOJB3YETCS TPHOPHTETOM
nepei APYTHMH MOTPeGHTeNIIMH NOJA3EMHBIX BOJA, 4TO yKasaHno B «Oc-
HOBax BOAHOro 3akOHomaTeabcrBa Cowo3a CCP u cowsuux pecny6-
ank» [10]. Srto ompemensiercss 0GbIYHO BBHICOKHM KAueCTBOM MNPECHBIX
HOASEMHHX BOJA H HX Jyulliel 3aUIHIIEHHOCTHIO OT 3arpsasuenud. Iloa-
3eMHBIE BOJBI CJIeflyeT NMPOEKTHPOBATh B KauecTBe HCTOUHHKA C yye-
TOM KOMILJIEKCHOTO HCTIOJb30BAHMS BOJHHX pPecypcoB, paspabGoTaHHOro
B COCTaBe reHepasbHEIX NNaHOB paHona. IlorpeGuuil pacxox moasem-
HO#l BOAKI B NMPOEKTEe BOJOCHAGKEHHS, OPOLIEHHST W AP. ONpelessercs
N0 pacueTy NMOTPeGHOCTH, .a TaK¥ke € YYeTOM aHAJIH3a NPUPOAHKIX,
TeXHHUYECKHX, IKOHOMHUECKHX H CAHHTADHBIX YCJOBHH BO3MOMKHBIX HC-
TOYHHMKOB H C YUETOM H3MEHEHHs 3THX YCJOBHH.
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Tlon3emHBle BOABI, KaK OTMEUAJOCh, JOOGBIBAIOT CHELHATBHEMHU
ycTpoficTBaMu — BO03abopaMu pa3HLIX THOOB ¢ YYeTOM YVCJaOBHE 3a-
JieraHus NOJA3eMHBIX BOX, Hx (opMmupoBanus H obecnedeHHs HOTpel-
HOTO pacxXOja B TeueHHe PACUETHOrO CPOKa, a B psle caydaeB H B
nepcreKTHBe. DTOT Pacxol JOJNXKeH YAOBJIETROPAThH NOTpebHTENSI He
TOJBKO € YYeTOM H3MEHeHH§l YCAOBHH W HOTPeGHOCTH HO TOAAM, HO
TakXe IO MecsallaM, AHAM H yacam BoJonorpebaenus. Ilpu sroM us-
MeHeHHe Pacxofa, ocoGeHHO B TeueHHE CYTOK, MOXKHO DEryJupoBaTh
C y4eTOM BCeX YCJOBHH KaK H3MeHeHHeM NPOM3BOAHMTEbHOCTH BOJO-
3a60pOB, TaK W BKJIOUEHHEM DeryJHpYIOUIUX eMKOCTell B CHCTEMY COO-
pyxeHuil Bogonposofa. Hanpumep, B cucreme BogonpoBoga Buibgiwo-
ca HePaBHOMePHOCTb Pacxoja B TeUeHHe CYTOK Peryjaupyercs 3a cuer
BOJAH pe3epByapoB, a Geperosoil BOL03abop NOA3EeMHBIX BOA paboraer
C NMOCTOSHHOH NPOH3BOAUTENBHOCTHIO, YTO OKA3aJA0Ch BeChbMa 3KOHO-
MHYHEIM.

BonosaGopul B cucteMe opolleHust 06buHO paGoTaiOT ¢ HEPABHO-
MEepHOH IPOM3BOJAUTENBHOCTRIO BCAEJACTBHE H3MEHeHHS] MOTPeGHOCTH B
BOJe B TeYeHHe roja, Mecsies, AHell W Haxe yacoB. OfHAKO MO KO-
HOMHYECKHM cOOOpaKeHHsIM DeKOMeHIYeTCS HCXOAS U3 PeasbHBIX
YycJOBHHE OpPraHH30BaTh PaBHOMepHY0 padoTy BOR03aBOPOB NOA3EM-
HHX BOJ B MOJHBHOH nepuoj. Jasi opolleHHS 1efecO06pasno HUCHOJb-
30BaTh NMOJ3eMHBle BOAH B paifiOHe MOJMBHHIX mJaouwafe#, a nas xo-
3HCTBEHHO-IUTBEROTO BOAOCHAGKEHHST TI0 CAHHTAPHEIM COOOpaxe-
HHSIM BOJ03a0OpHl, B ToM uHCJe OeperoBhie, 1esecoo6pasHo ynansTh
ot norpeburens Ha 3—10 KM BHIlle MO TeyeHHO pekH. IIpw ucmosb-
30BaHHKM ANA XO3AHCTBEHHO-NHTLEBOTO BOAOCHAGIKEHHS apTE3HAHCKHX
BOJ, XOpOIUO 3aHIMIIEHHBIX OT 3arpsi3HeHHs], BO3MOKHO PaccpenoTo-
YeHHoe pacmpejesieHHe BOX03a00POB Naxe HA TEPPUTOPHH TOPOLA, UTO
YyAeweBasieT PACIPELENUTENbHYIO CETh.

3.2. HamexHOCTh CUCTEM BO/I03A0OPOB MOA3EMHBIX BOJ,

HopMaTiBbl, Ha OCHOBe KOTOPHIX OCYIIECTBJISIOT IPOEKTHPOBaHHe
B0#03a60OpOB MOA3EMHBIX BOJ, BKJAIOHAIOT B celsi Kak o6s3aTenbHble
nmocobusi (OCHOBHI 3aKoHoAaTeabctTB, crtaHaapth, CHullet u mpow.),
TaK W MHCTPYKIHH B peKOMeHfanun [7—10; 13—19].

HapexHocTe paboThl cHCTeM B0OJ03ab0pOR ¢ uxX 06OpyROBaHHEM
olipefensieTcsi AOCTOBEPHOCTHIO OUEHKH SKCIVIYyaTALMOHHBIX 3allacoB
HoJ3eMHBIX BOA (ri1. 2.3), HafeXHOCThIO pacueroB. JIOCTOBEpHOCTH
OLlEHKH JKCINIYATANHOHHBIX 3aMaCOB NOA3EMHBIX BOJA MPAKTHYECKH BHI-
TekaeT u3 Taba. 2.1.

TIpousBoxurenbHOCT BO03260OPOB, HanpiMep GePeroBuiX, 3aBUCHT
OT NOJOKeHHs yPOBHeH B IIOBEPXHOCTHBIX BOAAX M, B YAaCTHOCTH, OT
caMoro HH3KOro YPOBHS BOJBI, HallpuMep B peke, NPH KOTOPOM obec-
1IeYUBATCS HEOOXOAUMBIH PACXOA M IPORKTHAA IPOM3BOAUTENBHOCTH
BOL03a6OpPOB, a TakXkKe OT 3aWJeHHss JHA BOLOeMa; IocjelHee omnpe-
AensieT crelleHb CONPOTUBJIEHHS [BHIXKEHHIO BOJBL, a CJeZOBATENbHO,
H YpOBEHB ee B Bogo3abope. Citelyer UMeTh B BHAY, UTO HaLeXHOCTh
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paBoTel BOX03a0OpPOB TO OIEHKE IKCIIYaTAalHOHHBIX 3alacoB B COOT-
BETCTBHH C KATEropusiMH AOCTOBCpHOCTH (cM. Taba. 2.1) yrounsercs,
0co0eHHO B NepBBbIH NEPHOJ IKCHMJAyaTallHH, ¥ TOTAA OHA BO3PACTAET.

TIpu oueske nagexunoctu paborTsl BO03a00POB CyllecTBeHHOE 3Ha-
YCHHe MMeeT KOHCTPYKIHSI CAMHX BOJ03200pOB, a TaKikKe HaJeXKHOCTDb
HACOCOB, BOJOBOAOB M Ap. KOHCTpyKuHs BOxo3abopos moJXkKHA YUM-
THIBATH U3MeHEHHe NPOU3BOAMTENBHOCTH BO BPeMeHH, B TOM 4HCJe IO
3aHJIWBAHMIO H pereHepanuu ¢uAbTPoB cKBaxKHMH. Heobxoaumo Takxe
06ecneuuTh HOPMANbHY PaboTy NMOrPY’KHBIX JEKTPOHAaCOCOB B CKBa-
JKHHAX ¢ YYETOM H3MEHeHHst QJHHAMMHUYECKHX YPOBHEH H H3HOCA CAMHX
3JeKTPOHACOCOB, 0COOeHHO B 6eCHIBTPOBHIX CKBaXKHHax H3 BOJO-
HOCHBIX TMeCKOB. BaxXHo TakXe YUHTBIBATb H3MeHeHHe CAHHTapHHIX ycC-
JOBMH M BO3MOXKHOCTb 3arpsi3HeHHs1 HOA3eMHBIX BoA. Bce ato cienyer
ApOBepSTh NPH H3YYeHHH peXHMa 3KCIJYATallMH NOJ3eMHHIX BOJ, BO
BpeMst naGuiogeHHH 32 OXpaHOH MOA3EMHHX BOJA OT 3arpsA3HeHHs H
KOHTposig paboThl 060pyAOBAHHUS.

Ins oleHKH HaZeXKHOCTH GeperoBhX BOX03a6OpPOB H3 MOJA3eMHBIX
BOJ pacueTHyio 00eCHedeHHOCTb MOXKHO NpHHEMATh no Ttabs. 3.1.

Tab6anua 3.1, OOGecrieueHHOCT MHHMMAJDbHBIX CPEJHEMECSUYHLIX PACXO/0B BOJM,
HX ROTYCTHMOE CHHIKEHHE M RJIMTEJbHOCTh ROMYCTHMOro
niepepbiga JJS pa3HbIX KaTeropuii Bojgo3alopos

JlonycTHMoe CHH)XeHHe To-
Karero- TIpouenr rauu, %, cpepHeMecaqHOro
XapaxTepucrsaxa BoZonorpeburens pHs Boflo- | ofecnme- pacueTHOro pacxopa, AJH-
3aGopoB | YeHHOCTH TENALHOCTbL CHMIKEHHA pac-
Xona, AONYCcTHMHE mnepepus

Topon ¢ Hacenennem GoJee 50000 1 97 He Goaee 30

gesl. KpynfiBle H BaKHBie TPeANpH-

ATHS

Topoxn ¢ nacencuneM a0 50 000 ven. I 95 To xe

Cpegure NpPeANpHATHS, TPYNNOBHE He Goaee 10 cyt
CeJbCKOXO3SAHCTBEHHEE BOJAONPOBO- [Tepepuis ne Gosee 6 u
Jivss

Topoga H HaceseHHble MYHKTH A0 1 90 He Gonee 30

500 wen. He Gosee 15 cyT
MecTtHble NpPeANPHATHS Tlepepris ne Gonee 24 u

CucTeMB  Ce/ILCKOXO3SIICTBEHHOrO
obBosHeHHA (macTOHIZ) OTHENb-
HbIX nyHKTOB. Opoulenne

Tlpn cpepHeMeCsUHBIX pacxojgax HOJXKHA NpoBepsATbCst HEOOxOmH-
Masi PeryJHpyiomas eMKOCTb BOJOHOCHOTO TOPH30HTA IJsi obecmeue-
HHS NOAAuH BOABI MPH MHHHMAJbHBIX BHYTpHMECSYHBIX PacXomax H
COOTBETCTRYIOIHX MHHHMAaJbHHX YPOBHSX B CkBaxuHax. OueHky Ha-
JeXHOCTH BOA03a6OpOB, COCTOSIIIMX H3 CHCTEMBI CKBAaXHH, MOXKHO
OPUHSATL NPH HAJHUKH Pe3ePBHEIX CKBAXHH H KBaJHQHIHPOBAHHOM
00cnyKHBAHUA (KAYeCTBEHHBIH PEMOHT H CROEBPEeMEHHAS 3aMeHa He-
ucnpaBroro oGopynoBaums). IIpum 3TOM UHCIO pe3epBHHIX CKBaXHH
LOJKHO OHITh HEe MeHee yKasaHHOro B Taba. 3.2.
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Ta6anna 3.2, Uncao pe3epBHBIX CKBAXKHH B 32BHCHMOCTH OT KaTeropHH
Boposabopa (cM. TaGa. 3.1) u uHcaa pabouux CKBaAMUH

Uncao pe3epBHBIX CKBAaXHH MPH KaTeropusx
Bososabopa

Uueao palodHx CKBaXHH
I 11 It

1—4 1 1 1
5—12 2 1
13 u Gonee 20% 10% -

Hapexnocte Bpyrux Bogo3alopoB ciefyeT NPHHHMATh C Y4eTOM
CJIOJKHOCTH THAPOTEOJOTHUECKHX, TEXHUYECKHX, CAHHTAPHBIX H MPOYHX
YCJIOBHH, a TAKXKe pe3ybTaTOB AETaJbHOIO H3yYEHHS.

I'JIABA 4. 9KCNINIYATAILHOHHBIE CKBA)KHHBI
HA BOAY

4.1. CriocoGbt GypeHusi CKBAKHH

Boaosabopsl u3 ckBaxXuH HauboJsiee pacnpocTpaHeHB B MpPaKTHKe
X035/CTBEHHO-NHTBEBOr0 BOJOCHAOXKeHHA. HIX coopyxaloT And DoObIYH
NOJA3EMHBIX BOJ, 3ajerawllux Ha rayOuHe Gosjee 10 M pu MOILUHOCTH
BOJOHOCHOTO nsacra He meHee 5—6 M. I'iy6uH2 BOZ03a6OpHEIX CKBa-
JKUH HHOrAa npesniaer 1000 M. B cucTeMax cefbcKOX03AHCTBEHHOTO
BOJOCHAOXeHHS BOA03aGOpHHIE CKBAXHHB IO PAacHPOCTPAHEHHOCTH
YCTYNAIOT JHLIL WAXTHHIM KOJOAUAM, OAHAKO AHANA30H BO3MOMKHOTO
TIPHMEHEHHUS] CKBAXHH 3HAUHTENbHO LIHpE.

B nmpakTHKe COOPYMKEHHsS CKBAXKMH Ha BOAY NOJYYHJIH pacopocT-
paHeHHe cJjeAylliue cnocoOni GYpeHHs: BpallaTesibHBIN € NPAMOH
NPOMBIBKOH, BpalllaTeJbHBIH ¢ O6paTHOH NPOMBIBKOH, BpalaTebHbIH
¢ NPOAYBKOH BO3AYXOM H YJapHO-KAHATHHHA. YCHIOBHS NpPHUMeHEHHS
pasAHYHBIX cHOCOO0OB GypeHHs ONpeAesioTess cOGCTBEHHO TeXHHYECKH-
MM H TEXHOJOrHYeCKHMH 0COOEHHOCTAMH GYPOBBIX YCTAHOBOK, a TaKXKe
KauecTBOM paboT MO COOPYXEHHIO CKBAXHH. YCJOBHA TPHMEHEHHA
PasAuYHEIX CHOCOGOB OypeHHH CKBaXKHH Ha BOAY NpPHMEHHTENBHO K
CYUIECTBYIOLIEMY CTaHOUHOMY NapKy npuseleHn B Tabu. 4.1. IToapo6-
Hble XapakTepHCTHKH OYPOBBIX YCTAaHOBOK INpHBEJCHH B CNPaBOYHU-
ke [22]. Cnenyer oTMeruTh, 4To NpH Bubope cnocoGa GypeHHSI CKBa-
JKHH Ha BOAY HeOOXOAHMO YYUTHIBATH He TOJbKO CKOPOCTb NPOXOAKH
CKBaXKHH M TEXHOJOTIHYHOCTh METOJA, HO M obecleyeHHe TaKHX mapa-
METPOB BCKPHITHS BOAOHOCHOTO NJacTa, NPH KOTOPHX JedopMmanus
nopox B npu3abofinofi 3one HabaORaeTcsd B MHHHMAJbHOH CTeNeHH H
ee IPOHHIAEMOCTh He CHHMIKAeTCH B CPaBHEeHHH € IJIACTOBOH.

ITpu n1poeKTHPOBAHKH BOA03a6OPHLIX CKBAXKHKH cnocob 6ypeHHs BRIGH-
paioT HCXOAS M3 Fe0JOTHYECKHX M THAPOreOJOI'HYECKHX YCJOBHH, Tpe-
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6yeMoro AHaMeTpa CKBAaXXHH, TeXHHKO-9KOHOMHUYeckoi wUenecoolpa3s-
HOCTH HpHMeHeHHs crnocoba OypeHHs B KOHKPETHHIX YCJAOBHHAX. Tex-
HHKO-KOHOMHYECKAs [eIecoO6pasHOCTh NPHMEHEeHHs TOTO HJH HHOTO
cnocoba GypeHus ompefesseTcs C yU4eTOM TPeX OCHOBHHIX MOKa3sare-
Jefi: KayecTBa M JOJTNOBEYHOCTH CKBaXKHMHHI, NPOAOJKHTENBHOCTH H
CTOHUMOCTH €€ COOPYXKEHHH, OAHAKO peliaiolluM JOJIKHO OBITh NMPOH3-
BOJACTBO JOJIOBEUHBIX CKBAXKHH, COXPAHMIOIIHX HEH3MeHHOH BOIONpO-
HHL@eMOCTb HpH3a0oHHOl 30HBI AJHTeJbHBIE MEPHOAL BPEeMeHH.

Ilpn BeI6Ope cmoco6a 6ypeHHs BOAO3a0OPHBIX CKBAXHH CJelyer
pyxoBoacTBOBaThes Tabu. 4.1.

Ta6aunua 4.1. Pekomennauus no spi6opy cnocoba Gypenns

Cnoco6 GypeHus VYenosns npHMeHeHds

YaapHo-KaHaTHHA B pHIXABIX M CKaJbHHX NOPOJax NPH IyGHHe
ckBaxun Ro 150 M H HavYa bHOM JHameTpe
CKBaXuHH Gonee 500 mm

Potopumit ¢ npsiMolt npoMHBKoOR B pHXJHX H CKa/lbHBIX TIOpOAAX MnpH moGoi
ray6HHe CKBAaXKHH C HavaJbHHM JHAMeTPOM
Jo 500 MM H C NpoMBIBKOH WYHCTOH BOXOH,
MOJHMeDHHIMH MJIH TIJIHHHCTHIMH DacTBOpaMH
Kom6unupoBanusiit (yaapno-xkanar- | Ilpu ray6une ckpaxun Gonee 150 M ma me-
BB H DOTOPHHHE c npaMoli mpo- | HamopHHe W cnaboHamOpPHHe BOJOHOCHHE
MHIBKOIT) FOPH3OHTH, TNpeACTaB/eHHHE DHXJILMH  OT-
noxeHHAMH. Jlo KDOBAH BOAOHOCHOTO ropH-
30HTA — POTOPHH ¢ IVIHHHCTHIM DPacTBOPOM,
M0 BOAOHOCHOMY T'OPH3OHTY — yAapHO-Ka-
HATHH#R

Poropruit ¢ o6patHoft npoMLIBKO# B nmopoaax I—IV kareropuit ¢ comep:xaHHeM
B PHXJHX H CBSA3HHX OTJIOXKEHUSX He OoJee
109 BanyuoB mpu rayGuHe CKBaxuH %0 200 M

KonoukoBHit B ckajbHHX mMOpoAax NpH ZHaMeTpe CKBAXHH
?500150—200 MM 1Tipu ray6uHe Gypeuus 1o

M
PeaktiBHO-TYpOHHHBL IMpu ray6uarax 500—1000 M 1 Goaee ¥ 6Osb-

IHX JHaMeTpax CKBAXKHH

Has noBuenus: 5¢(eKTHBHOCTH NPOXOXKAEHHS CKAJbHBIX HOPOJI
YAapHO-KaHATHBIM CHOCOOOM peKOMeHAyeTCsl NpHMeHATb BHOpOyAap-
#ele 6ypoBhe cuapsinet BC-1 u BC-2, paspaboranuse BHUUIC u
Tpecrom [Ipom6ypBoa (Taba. 4.2).

Ta6awua 42 TexuuuecRas XapaKTepHCTHKAa BHGPOyZapubix GypoBbix cHApALOB

Mapxka cHapsiaa
X
apaKTepUCTHKA BE-1 BC2
Huaverp 6ypenns, MM 250—300 350—400
Macca cuapsaga, kr 935 ¢ nonorom 1500 ¢ monotom
& 250 Mm & 350 mm
Bricora cuapsiia Ges KamaTtHOro 3amka, My | 6050 5430
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BubpoynapHsele OypoBble cHapsaAsl obeclieyuBaloOT HaHeceHHe MO
3326010 NOCPeACTBOM NOANPYKHHEHHOrO yJapHHKA CepHH AONOJHH-
TeJAbHHIX YAAPOB B MOMEHT KOHTAaKTa J0J0Ta ¢ NOPOJAOH B NPOMEXYT-
Ke MeXAy OCHOBHbIME ynapamu. Ilpu sToM ckKopocTh GypeHHs BO3pa-
craer B 1,6—2 pasa. OcoGeHHOCTH GYpPeHHs CKBaXKHH € NpHMeHeHHeM
BHOPOYNApHBIX CHApsiAOB H3JioXKeHn! B pabore [24]. Tlpm Gypenum
CKBaXKHH DOTOPHBIM CNOCOOOM ¢ TJIHHECTOH IIDOMBIBKOH He BCeraa
obecneunBaeTcss BCKPHITHe BOXOHOCHOTO TOPH30HTa 6e3 CylleCTBeHHOM
TAHHH3ALIHE CTEHOK CKBAXHHB], a NOCAeJyWOliee OCBOSHHe He ycTpa-
HsfeT NOJHOCTbIO MOCJAeACTBHA ramHu3anmmd. [losTomMy 3HaunTesabHAs
4yacTh THAPABJHUECKHX NOTepb NPHXOJNHTCS HA NPH3AOOHHYIO 30HY
CKBaXHHBI, YTO CYIECTBEHHO YMeHbIlaeT BEJHUHHY AONYCTHMOTrO IO-
HHKeHHs YPOBHS BOJH B 3KCOJyaTallHOHHOH ckBakHHe. Kpome TOrO,
OpH 3aK0JbMAaTHPOBAHHOH Npu3aloiHON 30He CKBaXHH CPOK HX 3¢-
(hekTHBHOf cayXO6bl 06BIYHO He NpeBplmaer 2—3 JeT. B cBsA3u ¢ Tem,
4TO MO 3TOM HPHYHHE COOPYXKAITICH MaJjoneOHTHble BOLO3abOpHBIE
CKBAaXHHBI, ¥ B IOCJeJHHe TOAb HNPH BCKPHITHH BOAOHOCHBIX NJAacCTOB
ofpo6GoBaHK Ge3IVIHHHCTHE PACTBOPH M PAcTBOPH B3 OGHICTPO pasJa-
raliuxcd coelHHeHHH, 060CHOBaH B onpoboBaH cnocol6 BCKPHITHS
NeCYaHsX BOJOHOCHEIX TOPH3OHTOB BOJOTHIAHOBRIMH pacTBOPaMH.
OTH pacTBOPH XapakKTepH3YIOTCS NOBHIIEHHOH BS3KOCTHIO: B BOTHOM
pacTBope ¢ KOHUeHTpauueir or 1 go 5 9% rumana-1 Bs3KoCTb 0O
CIIB-5 uamensercs ot 16 mo 27 ¢, a npu npuMeHeHHH runasa-0,7 —
or 18 no 72 c. IosHllleHHAs AJIOTHOCTh PacTBOpa CHOCOGCTBYeT yJayuy-
UIeHHOMY BBIHOCY IIJiaMa H3 CKBAXHHBI, CYIIECTBEHHO yMeHblias Mo-
rJOLieHHe NPOMBIBOUHOA KHAKOCTH BCJACACTBHe KOAryJAfLMH IIjama
B pacTBOPe HOHAMH HOJHBAJEeHTHHX MeTasasnoB. Pacxoj BOAZOrHIAHO-
BHIX pacTBOpoB 0oJiee yeM B 3 pas3a HHXKe pacxoja TeXHHUYECKOH BOAH
npu GypeHHH B aHAJOTHYHBIX ycjoBHAX. [Ipomece pexoJbMaTauMH
nJacta NOPH BCKPHITHH €ro BOAOIHNAHOBBIM PacTBOPOM OKa3biBaeTcs
MecHee 3aTPYAHHTENLHHIM, YeM pa3lIHHH3aUMs, H NPOAYKTHI KOAryJs-
IHH THOAHA JIErKO BHIMBIBAIOTCA B XOJe NMPOKAYKH CKBAXKHHBL.

JlonosHUTEIPHBIM NPEEMYINECTBOM BOAOTHIAHOBHIX PacTBOPOB 4B-
JsieTcss MX HHTHOHpYIOlLlee AelicTBHe HAa pPasMBIB NPOXOJHMMBIX TJIHHH-
CTBIX OTJIOXKeHHH.

TexHosorus NPOXOIAKH CKBaXHH ¢ BONOTHIAHOBHIMH pacTBOPaMH
aHajoruyHa oGHIYHOH ¢ NpsMOH NMPOMBIBKOH, HO 0053aTeNbHBIM YCJIO-
BHeM SBJSETCS HelmpephHBHOCTh BoAocHaOxkeHus. OO6beM pacTBOpa
H3MEHsieTcd B 3aBHCHMOCTH OT (HJILTPALHOHHBIX CBOHCTB HOpOA H
HaxoAHTCs B npenenax ot 5 xo 20 m3. PexoMeHayeMasi KOHUEHTPALHs
runana (mo runany-1) B pacreope — 3,5 %. Ilpu BckpHTHE BOZOHOC-
HBIX FOPH30HTOB HEJONMYCTHMO CMeIIHBaHHe BOJOT'HIIAHOBOIO PacTBOPA
¢ TJAHHHCTHIM pacTBOPOM BBHAY 00Opa30BaHHA YPe3BHYAHHO TPYAHO
yaanaseMoil u3 npu3aGoHHOH 30HBI IVIMHOTHOAHOBOH KOPKH, KOTOpAas
He TOJBKO KOJbMATHPYeT BOAOHOCHBIH NJaacT, HO W 3aTPYAHSET YAa-
JeHHe M3 MJacra CKOaryJupoBaHHoro runasa. Ilpu naxoxneHun He-
MOCPEACTBEHHO Haj BOJAOHOCHBIM MJIACTOM He NepekPHTHX TpyOamu
TJIHHHCTHIX TOPOJA BCKPBITHE BOJOHOCHOTO TOPH30HTa BOAOTHHAHOBHIM
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pacTBOpOM ciefyeT OCYLIeCTBIATL € NojaveH NPOMBIBOYHOH XKHAKO-
cTH Ha c6poc.

Pacnapamomasicss TNpOMbIBOUHAS 3KHAKOCTb, IHPENJNONKEHHAS BO
BHUUI'uMe, cocToHT u3 BOAH K MOAH(HIHPOBAHHOIO KpaxmaJa, KO-
TOpBIfl R0GaBASIOT K BOAE B KoJguyecTBe 4—5 9 mo macce. JlonycTumo
HCTIOJIb30BaHHe BOJHOMA CyCeH3uH, cofepxanieh 3 Y% kpaxmana u 3 %
OeHTOHHTOBOH MM MecTHOH raHHB. IlpuroroBiieHnas npoMbiBOuHas
KHJIKOCTh pacnajgaercss yepe3 3—4 cyT, OIHAKO ee pachaj MOXKeT
OBITh YCKODEH MPH KHCIOJAb30BaHUH (epPMEHTa — aMHJAOCYOTHAHHA, HO-
6aB/IsieMOr0 K CYyXOMYy Kpaxmaay B xojudectse 0,02—0,03 9 mno mac-
ce. IlgoTHOCTE KpPaXMaNOrMIHHHCTOTO pacTBopa okodo 1,02 rfemd.
Tlpumenenne pacnafamlIlHXCsi PacTBOPOB NPH GYPEHHH CKBaXHH HA
Bony B bpsiuckoit, CaparoBckoii o6nactsax u Kanmunkoir ACCP aano
YAOBJETBOPHTENbHBIE Pe3ybTaTHI.

4.2, Tunbl, KOHCTPYKUMH CKBAXHH H DHILTPOB CKBAXKMH

THOob M KOHCTPYKUHMH cKBaXHH. [IpoekTupoBaHHe KOHCTDPYKIHI
CKBaXHH Ha Bomy peraamentrpyercs CHull 2.04.02—84. B cayuyae
3ajieraHMs Ha IOBEPXHOCTH 3€MJIH YCTOHYHBBIX CKaJbHHIX HOPOA H OT-
CYTCTBHH BEPXOBOAKH NPH YMApPHO-KAHATHOM OypeHHH JHONycKaeTcs
OJHOKOJIOHHASl KOHCTPYKIHS CKBaKHHH. [IpH cOOpYKEHHH CKBaXKUH
B aJUIIOBHAJbHHX OTJIOXKEHHSX, COAep¥KallHX I'PYHTOBHIE BOAH, CKBa-
KHHY CJeAyeT KpelluTh MABYMS KOJIOHHAMH TPYO: KOHAYKTOPOM H
(bHABTPOBOI KONOHHOM, BHIBOJHMOMN Ha MOBEPXHOCTH 3eMJIH.

Tlpm BCKpHITHH B pa3pese ABYX BOJOHOCHBIX TOPH3OHTOB, BePXHHH
H3 KOTOPHX He HaMeueHO 3KCNJAYyaTHPOBaThb, NOCAEAHUH NOJJCIKHT
nepekpHTHIO rayxofi KosoHHOH. [lpu GosblIOM KOJHYECTBe 3aJjeraio-
LIHX BHIIE 2KCIAYaTallHOHHOTO TOPH3OHTA BOJOHOCHBIX NJIACTOB KaiK-
IOBIH M3 HHX HeoOXOAHMO nepekpuiBaTb. IIpu 2TOM TAyXYi0 KOJOHHY
ciaeflyer 3arayGasTe B BoJAOYIop. B cxBaxkmHax, KoTophie GypsaTcs
YAApHO-KaHATHHIM CNOCOO0M, NpPH 3HAYUTENbHBIX INyOHHAX, YUHTHBAS
GOJbllIHe BBLIXOAH OOCAaAHBIX KOJOHH, BO3MOXHO IIPHMEHSITH HECKOJb-
KO TEXHHYECKHX KOJOHH. BBIXOA KOJOHH MOXeT OHITb CYIECTBEHHO
yBeJHYeH Npu npHMeHeHHH BuGpomMosnora BBC-1. B ycrofuusbx BO-
JOHOCHBIX NOpPOJNAaX CKBaXKHHa MOXeT paboTaTh OTKDPHITHIM 3a60eM,
B PHIXJBIX BOJOHOCHBIX OTJOXKEHHAX CJefyeT NPeAyCMaTPHBATH JO-
NOJHUTENbHYI0O (PUJIBTPOBYIO KOJOHHY, KOTOPasi MOXET BHIIOJHATH
POJBL BOAONONbEMHOH.

IIpu npoxoake cKBaXKHH POTOPHBIM CNOCOGOM ¢ NIpsiMOH u oGpar-
HO¥M NMPOMBIBKOH CKBaXKHHY KDemsiT ABYMS KOJOHHAMH TPY6: KOHAYK-
TOPOM H 3KCHJIyaTallHOHHOH KOJOHHOH. 3aTpy0HOe NPOCTPAHCTBO KOH-
BYKTOpa ¥ MeXTpyGHOe NPOCTPAHCTBO KOHAYKTOPA M SKCIJAYATAIHOH-
HOM KOJVIOHHBI HEMEHTHPYIOT. JTO MTO3BOJHAET HAAEKHO H30JHPOBATh
HE3KCIIyaTHPYeMbllt BOAOHOCHHH ropusont. Ilpu Heo6xomumocTu ye-
TaHOBKH B CKBaXKHHY Hacoca, NMpeBbINalonlero no raGapuraM BHYT-
PeHHHI AMaMeTpP 3KCIIYaTallHOHHOH KOJIOHHBI, HEoOGXOAHMO NpHMe-
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HSATb KOHCTPYKLUHIO CKBAXKHHBH ¢ YCTAHOBKOH 3KCIJyaTalHOHHOH HJIH
¢uabTPOBOH KOJIOHHH! BIOTAH HA cajibHUMKe ¢ noabamMayHofl neMeH-
tanuefl. B 3TOoM ciydYae sKemiayaTalHOHHAS KOJOHHA BHIe faliMaka
TEeXHHYECKO! KOJIOHHH HMeeT My®dTy ¢ JeBofi pe3pboit M CajbHHK, 4TO
NO3BOJISIET OTBEPHYTH BEPXHIOW YaCTh KOJIOHHBI.

BecsMa nmpocTa M 3KOHOMHYHA OJHOKOJOHHAS KOHCTPYKUHS CKBa-
KHHH ¢ QUABTPOM Ha CaJjibHHKe, YCTAHABJAHBAaeMOM BHOTaH. Ty KOH-
CTPYKIHIO CJelyeT 0 BO3MOMKHOCTH NPUMeHHTh yallle, TAe 3TO AONY-
CKaIOT re0JJOTHYECKAE H FHAPOreOJOrHyecKHe YCAOBHA.

Ilpn xanmraXe BORNOHOCHBIX T'OPH30HTOB, NMPHYPOUEHHHIX K TOHKO-
H MEJKO3EPHHCTHIM NOPOMAAM, CleAyeT MPeiycMaTPHBATh BO3MOXKHOCTh
ycrpoficTBa JABYXCJIOHHON TpaBHIHON WM TpaBHiiHO-miecyaHo# oOcuim-
KH C YCTAHOBKOH BCIIOMOTaTeJIbHOH KOJIOHHHL.

Tunst u KoHcTpyKuMu ¢unabTpor ckeaXuH. OuibTPH CKBaXKHH Ha
BOAY HOJ/IKHH ofecneunBath CBOOOAHBIA NOCTYN BOXBI B CKBaXHHY,
HaJIeXXHO 3aLHIATL ee OT NMECKOBaHHS NPH MHHHMAJbHBIX THApPABJH-
YecKHX MoTepsix, obecneduBaTh yCTOHUUBYIO pabOTy CKBaXXHH B Teye-
Hue AJHTEJBHOTO BPEMEHH, a B Cjydyae KOJbMaTayka BOAONpHeMHOH
NOBEPXHOCTH JONMYCKATh BO3MOXKHOCTh MPOBEJEHHS BOCCTAHOBHTENb-
HBIX MEPOHPHATHH ¢ HCIOJb30BAHHEM pAa3jIHUHBIX peareHTOB-pacTBO-
pHuTesiel WM COBMECTHOIO HMIYJABCHOTO W PeareHTHOIO BOCCTaHOBjIe-
HHS OPOH3BOJAHTENBLHOCTH CKBaXKHH. :

I'uapaBiAnyeckne HCCAENOBAHHS DPA3JMYHBIX KOHCTPYKUHE (HABT-
pOB MOKAa3bIBAIOT, YTO OCHOBHbIE NOTEPH HANOPa NPHXOAATCA Ha KOH-
TaKTHYIO 30HY Kapkaca (BOJONPHEMHYIO NOBEPXHOCTb) H I'DaBHUHAHON
06CHIKH (BOAOBMeN{ane! NOPOAH).

C yueToM NDHHIHNA HAJOMXEHHH IPaBHS HAH NOPOJ HA BOAONPH-
€MHYIO IOBEPXHOCTh (DHJABTPA CKBAXKHH HA BOAY HX MOXHO Da3AesHTh,
Kak 1nokasaHo Ha puc. 4.1.

HawuGoablllee pacnpocTpaHeHHe HAWIAH YaCTHIE3aAepKHUBAKOLIHE
GUALTPH, KOTOPBIE BKJAIOYAIT (HABTPH-KapKach H (HABTPH € JHO-
NOJHHTEJbHOR BOJAONPHEMHOH NOBEPXHOCTHIO. B 3THX KOHCTPYKIHSAX
s dekrT NpeNOTBPALEHHS NECKOBaHHA NOCTHUraeTcs TakuM HOAGOpOM
pasMepa OTBEPCTHA OTHOCHTE]IbHO pasMepa YacTHI, BOJOHOCHHX [10-
pon uaM rpaBHIHON OGCHIIKH, NpH KOTOpoM cobaionawrcs aubo KpH-
TEPHU TeOMEeTPHYECKOH HempochHlaeMOCTH, JHOO pacdeT BeleTcd Ha
dopMHPOBaHHE B KOHTAKTHOH 30He €CTECTBEHHOro (QuJbTpa 3a cyeT
CBOAOOGPA3YIOIHX YACTHI. B 3THX KOHCTPYKUHMAX HeH3GeXHB HeKo-
TOpble KOHTAKTHHE THAPaBIHYECKHe NOTEePH, NOCTHraOLHEe MaKCHMY-
Ma B caydae GHABTPOB ¢ Kpyrjo# nepdopannelt npu dso (dso— pas-
Mep YacCTHIL BOAOHOCHBIX MOPOJ HJH IPABHHHOK OOCHINKH, COOTBETCT-
syownit 50 %-HoMy cozepiKaHui0 B mpoGe), paBHOM JAHAaMeTPy OT-
Bepcerusi. KOHTakTHBIe NOTepd YMEHBIIAIOTCA COOTBETCTBEHHO TPH
yBeJinueHHH dsp KOHTAKTHPYIOIHX ¢ QHJABTPOM YACTHI.

QUIbTPH ¢ OTKJIOHHTENEM TPaBHA XapaKTePH3YIOTCH HalHIHeM
TAKHX SJIEMEHTOB BOJOHPHEMHOH NOBEpXHOCTH, IPH KOTOPHX HCKJIO-
yaercs NPAMOe HAJOXeHHe BOJOHOCHMX MOPOA HJHM IPaBHHHHIX yac-
Tdn Ha GuabTP. B KauecTBe TAKHX 3JEMEHTOB HCHOJB3YIOT MOCT0OG-
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SUNLTPLI EYPOBLIX CKBAXUH HA BOAY

C YACTULESAREPKUBAILUMI C OTKNOHUTENEM
FPABUTALVOHHBIE
OTBEPCTUAMU rPABUA (NECKA)
€O CKBO3— NOPUCTHIE € MOCTO- CPEBPUCTON o w
HbiMU OBPA3HLIMU BOAONPUEM- & 2
OTBEPC — - OTBEPC ~ HOM NOBEPX- g g
TUAMY THAMM HOCTbI0 2 = |
Sl MRRRE
T 2 X
AbPYA-| | rrABUA- BnoY- s z 8 e
THE HHIE HBIE § 5 & E]
g 4 os =
1 |2E |5
BENE- 2 SE g
BbIE 8 2 of =
MHOro— z \:‘-[ .
NPOBO-| CNORHLIE _TJ —
NOMHBIE C PHIXTIOM OBCHINKON,
- C PbIXNIOM OBCHINKON, CO3/ABAEMOR 8 CKBAXUHE
CETHA CO3/ABAEMOM B CKBAXKMHE
ThIE
CPLIXNOR
3ACHINKON

CO3ZABAEMBIE CO3ABAEMBIE

B CKBAXUHE HA
MOBEPXHOCTH

1

[KO)KVX OBHE—| KOPSHH‘!ATN:I

Puc. 4.1. Knaccudukauus GuiabTpoB BoA03AGOPHBIX CKBAKHH

pasHue OTBepCTHS, KO3HPbKH H CJAQXKHBIH Npoduab QUIABTPOBHX OT-
BepcTHl, a TakXe peOPHCTYI0 BOJONPHEMHYI0 HOBEPXHOCTb.

B rpaBUTANHOHHHIX KOHCTPYKLHAX yCTPAHBAIOT IIHPOKHE BOAOHPH-
eMHBe OTBEpPCTHS, B KOTOPHX TPYHT YAePXKHBaeTCsd OT BBIHOCA TNOX
nefcTBHEeM CHJIBI TsXKecTH. K HUM OTHOCSATCS KOJIOKOJIbHBIE, YallleYHHIe,
TapeJbyaThie, 30HTHYHbLIE, XOHHBIE H APYTrHe KOHCTPYKIHH.

Janubie 06 OCHOBHBIX THHAX (QHILTPOB # 00JACTH HX NPHMEHEHHSA
npuBefeHbl B Ta6a. 4.3. B Heft chopMyaupoBans ofuiae Tpe6oBaHHs
K GuabTpaM H AHANA30HB HX HCMOJbL30BaHHs. B KaXAOM KOHKPETHOM
cayyae KOHCTPYKUHIO (HIBTPA ciejyeT BHIOHPATh B COOTBETCTBHH C
H3JaraeMoil HuXe MeTOAHKOH. Bce oxapakrepu3oBaHHBe KOHCTPYKIHH
BO3MOXHO NPHMEHSATh ¢ KOHTYPOM DPHIXJIOH I'PaBHiiHOH OOCHINKH, €O3-
naBaeMo# Ha 3a6oe BOA03a60pHON CKBaXKHHHI.
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B cBfI3H C perdoHasNbHBIM CHHXKEHHMEM HANOPOB NOJ3EMHHIX BOJ B
CeJbCKOXO3AHCTBEHHOM BOJAOCHAOXeHHH pAza obJacTell CTpaHul NpH-
XOJHUTCA OPHEHTHPOBATBCS Ha KaNTa) BOJOHOCHHIX IJIACTOB, 3aJeraio-
mux Ha ray6usax 200 M u Gosee. JlmanasoH KOHCTPYKUHH GHABTPOB,
NpUMEHAEMBIX A0 HACTOSILIEr0 BPeMEHH IpU OBOPYAOBAHHH BOAOHOC-
HBEIX [IeCKOB Ha 3THX IMyOHHAX, HeBeAHK. ITO, KaK NPaBHIO, DHABTPH
ya TpybuaToM KapKace ¢ BOHAONDPHEMHOH MOBEPXHOCTbIO M3 CETOK ra-
JIYHHOTrO IJIETEHHSI, pexe HCNOJb3YeTCs MPOXOJKA CKBAXKHH C YIIHPEH-
HeIM 3260eM M TNOCAEAYIOWUM YCTPOHCTBOM TpaBHAHBIX (UIABTPOB
NyTeM 3acHIIKH rpaBusd WIH B KOXYXoBOH Monudukauun. OgHako yer-
pOHCTBO rpaBUAHOTO (UJIbTPA B CKBaXKHHE ¢ YHIHPEHHEM BechbMa TpPY-
JOEMKO, TpH YCTAHOBKE KOXYXOBHIX (HJILTPOB CYLIECTBEHHO YBEJH-
YHBaeTcs AMaMeTp OypeHHd, YTO YaCTO OKa3hiBAaeTCsd HEeIKOHOMHUHBIM,
a2 DPH YCTAaHOBKE CeTYaTHX (PUALTPOB NPOH3BOJAKTENBHOCTb CKBAXKUH
He YAOBJIETBOpSAET 3asBJEHHBIM NOTpPeOHOCTSAM, H THAPaBJAHYECKHE
NOTepH Ha CKBaXHHe CYUIECTBEHHO NPeBHIIAIOT NJIACTOBHIC.

B Taxux ycJOBHAX MOXKHO NPHUMEHATh KOHCTPYKHHUY (PUALTPOB, B
KOTOPHX HCKYCCTBEHHO CO3JaeTcsl aHaJor NOPUCTOH cpelbl NyTeM
MHOTOC/IOHHOH HpOBOJIOYHON OOMOTKH, KOAKCHAJBHOH YCTaHOBKH
uapTpoBEHIX TPY6 M NepekpecTHOl HAMOTKH CTEKJOXKIYTa B CTEKJO-
IJIACTHKOBBIX (HABTPAX. DTO MHOTOCJONHBIE NPOBOJOUHBIE (DHABTPH
no nareuty CIIA — woBasg monudHKauua KOXKyxoBoro ®HibTpa €O
cMelleHHo# nepdopalnnel KoXXyxa H KapKaca — H CTeKJONJaCTHKOBHE
OHIBTPHL

Muorocnofinblfi NpoBOJMOYHHE (QHJIBTP H3TOTOBJAIOT € IIOMOLLBIO
MHOTOKpaTHOH HpoBOJIOYHON o6MOTKH mepdopuposannoii Tpy6r. Ha-
PYXHBIH cJI0ff TPOBOJIOKH HMeeT TaKHe 3a30phbl, KOTOpHE YIASPKUBAOT
TOJNBKO KDPYNHBIE YAaCTHUH Necka. PaccrosHue Mexay HPOBOJOCKaMH
BHEIHero CJIos 3ajfaercss GJH3KUM K JHAMETDPY 3epeH, COOTBETCTBYIO-
memy 95 %-HoMmy comepkaHuio B npobe IO KPHBOH 3epHOBOTO coOCTa-
Ba. Illar o6MOTKM CcpefHero €Jjosi NPHHHMAaeTCs MeHblLIe HapyKHOTo
M BMecTe ¢ TeM 6OJiblle AHAMETPa 3epeH, CcoOOTBeTCTBYMOIEro 75 %-
HOMY COnepKaHHIO YacTHI B npobe neckoB. BHyTpeHHHuit cyioft (B yacT-
HOM CJyyae OH MOXKET OTCYTCTBOBATb) HMeeT ellle MeHbUIHH 3a30p
(MeHblle pasMepa 3epeH, coorsBercTyiomero 50 %-HoMy comepKanHIo
B npoGe). Ilpu Takolt KOHCTPYKHHE GUILTPa KPYNIibie YaCTHUH [eCKa
8a/1ep:KHUBAIOTCA HA HaPYXKHOM CJI0€ NPOBOJOYHOR 0OMOTKH, HMEHEeM
MaKkcHMasbHble 3a30pH. Ha kaxaom nociefyiomeM cjoe BOJIOHpHEM-
HOH MOBEPXHOCTH OTCEHBAIOTCs Bce GoJiee MEJKHe YaCTHIIBI Necka.

OnulTHHE HCCJAEfOBAHHS B J1a6OPATOPHBIX YCJAOBHAX IIOKA3alH,
YTO B paccMaTpHBaeMoil Moau(HKaLHK CONPOTHBJEHUA PHILTPOB He-
3HAYHTEIbHO IIPEBHINAIOT CONMPOTHBIECHHS KOHCTPYKIHH € PHIXJOH rpa-
Buiinoii oOchnko#. Iloneprie uccnemoBanus GHILTPOB Ha HePTAHBHIX
H Tra30BhIX CKBAaXMHAX TMOKAa3ajlM, 4YTO YAOBJAETBOPHTENBHO 3TH KOH-
cTpykuuu GuIbTPOB pabGortaioT npu koddduiMeHTe HEOXHOPOMHOCTH
KanTHpyeMuIX neckos, Gonbliem 2. B 3tOoM cayyae NpH OTHOCHTENLHO
HeGOMBIINX THADPABAMYECKHX NOTEPAX NeCKOBAaHHA CKBaXKMH HE Ha-
6,1101,a710Ch.
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B oreuecTBeHHOIl NpAaKTHKe MHOrOC/OfHBIE MPOBOJOUHHE KOHCT-
pykuuu onpo6oBaau B Asoso-Ky6anckoM apresuanckoM Gacceiine,
OJIHAKO B CKBAXKHHAX YCTAHABAHBAJH (QUIBTPHL C HAPYXKHHM CJIOEM
0GMOTKH ¢ HaHMeHbIIHM 3a30pom. JlaBopaTopHuie HCCAEOBAHHS 3THX
$UALTPOB B KOHTAKTe ¢ JIOGEpelKHM NeCKoM, HMelomuM Koadhhuiu-
enT dunpTpanuu 10—12 M/cyr, nokasanu, 4To NPOHHLAEMOCTH cOOCT-
BeHHO Tesa OHILTPA, N0 AAHHEIM NPHBA3HOrO IHE30METPA, HECKOJBKO
BHIIe NpoHHaemMocTH neckoB {20—25 m/cyT), a ¢ yuyeTOM KOHTAKT-
HBIX THAPABIHYECKHX NOTEPb NPOHHUILAEMOCTb (HJABTPA COCTABJSET
5—8 m/cyT npu cpefHeM 3HAUeHHH MokasaTens 060GIIEHHOTO CONpPO-
THBJIEHHSA, paBHOoM 0,42.

Onwbit MaccoBoro NPHMeHeHMs 3THX KOHCTPYKUHH IpH o6opyaoBa-
HHH CKBaXKHH Ha BOAY B AsoBo-KyGanckom apresmanckoM Oacceline
npH ycTaHoBKe uALTPOB Ha raybuny Gosee 100 m mokasan, uTo B
obuiem cJiydae NECKOBAHMS CKBaXHMH He HabOmawopanaock. OgHako Jo-
NOJIHHTe/IbHBIE CONPOTHBAEHHS B NpU3abofHONR 30He OCTaBajHCh 3HA-
YHTEABHBIMH, T. €. MHOrOCJONHBIe NPOBOJOYHBIE (PHABTPH B BapHaHTe
Kpacuopapckofi KOMIJIEKCHOH TIeONOrHYecKON SKCHENHHHH He HMeloT
KaKuxX-1u00 npeHMYyIiecTs, HCNOAb30BaTh TAKOIO PoJa (GHJIBTPH MOX-
HO TOJMBKO B TOM CJyuae, KOrjla pasMep OTBepCTHH HapyXHOH 0OMOTKH
Gonbllle pa3mepa OTBEPCTHI BHYTPEHHEro KOHTYpa.

CoxpaHeHue MuHHMAJLHOrO AHameTpa OypeHus u uIbTpa NPH
000pyAOBaHHH CKBAXXHH HA BOAY NPH KOBOJBHO HAJEXKHOM NpefoTBpa-
LIeHHH TECKOBAaHHA obecneunBaeTcs B ciyyae UCNONb30OBaHHUsS DUIBTPA
H3 JBYX KOaKCHaJbHHIX TPyO, mnepdopanus KOTOPHX BHIIOJHeHa MO
BHHTOBHIM JIHHHSIM C PaBHHIM 10 Beanunse maroM. IIpu stom nepdo-
pallug Ha ofHO#H TPy6e CMCIeHA B OCEBOM HANPAaBJCHHH OTHOCHTENBHO
Apyrofi, a niar BHHTOBOH JIHHHH PaBeH YABOEHHON CyMMe UITHDHHHI Iep-
tdopannn u ee cmemenusi. llupuna xke nepdopauun paBHa TOJNUIHHE
MexTpyOHOro mpocrpaHcTsa. KosablieBoe NPOCTPAHCTBO MEXKAY TpY-
GaMu 3anogHeHo GHABTPYIOmMMM MaTepuasom. IlpepoTspainenne cyd-
¢dos3uu mocturaetcs 6iaarofaps TOMY, YTO NYTh GHABTPANMH XKHIKOCTH
VAJIHHARTCS BCJeJCTBHe CMellleHus CcTyneHel nepdopanun.

i Menko3epHHCTHX 1 THLIEBATHX BOJAOHOCHBIX NECKOB ONTH-
MajbHag BeJHYHHA CABHra crynene#t cocrasaser 100—150 MM, a mu-
puHa nepdopaluu W TONLIIMHA MeXTpyOHOro 3asopa — 40—50 mwm.
Ilpu stom mar suaToBol sunuu pasen 280—400 mM. Crexsonnacru-
KOBBHIe (PHABTPH NOJYUYAlOT NepeKpecTHOH HAMOTKOH CTeKJOXIYTa pas-
JIMYHOrO JAHameTrpa ¢ HOCJeAyIouiefl NPONUTKOH ero 3MOKCHAHON cmo-
Jaofi. B obuiem ciydae NpHMEHEHHEe YKA3aHHBIX KOHCTPYKUHE DHABLTPOB
npu o60pPYAOBaHHH CKBAXKHH Ha IMYDOKO 3aJjeralomide FOPH3OHTH JO-
CTaTOYHO 0OOCHOBAHHO.

4.3. lloaGop n pacuer PuUALTPOB

B ocroBy noabopa u pacuera GHABTPOB BOJ03a6OPHBLIX CKBaXKHH
DOJKHBl OBITH NOJIOXKEHH cJejyloiHe KpHTepuH: obecreyeHHe HeoO-
XOJAHMOM MeXaHHYeCKOH NMPOUHOCTH MpH YCTaHOBKe (H/IBTPOB B CKBa-
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JKHHY, KOPPO3HOHHON YCTOHUHBOCTH B PACUETHBIH CPOK IKCIJIYATalHH,
MHHHMAaJBHBIX NOTEPhL HANOPa NPH coXpaHeHuH cyddo3uoHHOH ycTol-
YHBOCTH NOPOJA B NpPuUHILTPOBOH 30HE, NOANEPKaHHA CTabHabHON
paboTH CKBaXHH B TeUeHHe Bcero mepHojia NpepnojaraeMoif ux 3Kc-
InyaTalHd Kak 3a cuUeT HaAeXHOr0 KOHCTPYHDOBAHHS (HIBLTPOB H
CKBaXKHH, Tak H obecledyeHHs BO3MOXKHOCTH NPHMEHEHHS B 3KCOAYya-
TAIHOHHBIX CKBAXXHHAX KOMIIJIEKCA Mep MO BOCCTAHOBJEHHIO HX HpO-
H3BOAHTENBbHOCTH. '

TIpounocTHEle XapaKTepHCTHKH HDHIBTPOB, YUHTHBAKOLUIHE pacTaXe-
HHe B cXaTHe (QUIBTPOBOH KOJIOHHB B HanpapieHHH OCH CKBa*KHHEBI
nox jAeficTBHeM co6CTBEHHOTO Beca npu ycTaHoBKe duanTpa u Tpyo,
60KOBOE JaBJeHHEe MOpOoJ H rpaBHHHOH OOCHNKH, a Takke (QUIbTPa-
LHOHHOe AAaBJieHHe NPM NPHTOKe BOIAH B CKBAaXKHHY, BHI3LIBAIOUICE pa-
JHajbHHeEe CHNH CXATHS, YKA3HBAIOTCA B COOTBETCTBYIOHIHX TeXHHUE-
CKHX ycaoBHusX 3aBopoB-usrotosureseit unu [OCTax Ha Brnyckaemylo
CepHi0 KOHCTPYKIUHE ¢ HpuBeleHHeM 06OOGLIEHHOTO KPHTEpHS — TIpe-
JeJbHOH rAyOHHHEI CKBAXHHE, IO KOTOpPOH MONyCKaeTcss YCTaHOBKa
JaHHBHX OHIBTPOB (HanpuMmep, COOTBETCTBYIOLIHE TeXHHUYECKHE YCJIO-
Busa Jlporo6uiuckoro 3asoga Munrasnpoma CCCP). ,

Hecymne cBoifictsa QuAbTPOBO#i KOJOHHB, a CcJAeJOBaTeNbHO, H
CPOKH 3KCINYaTallHH CKBAaXKHHB H3MEHSIOTCH B 3aBHCHMOCTH OT KOp-
PO3HOHHEIX CBOHCTB OTOHPAaEMOH BOAH H KOPPOSHOHHOH YCTOHUHBOCTH
duabTpa. XHMHAYECKAS! KOPPO3HS NPOHCXOAHT, €C/IH B BOJE HAXOAATCS
HEeKOTOPHle KOMNOHEHTH B KOHIEHTPAUHAX, 06YC/JI0BJIHBAIOLIHX PACTBO-
penne merannoB. Takumu KomnoHentamu sBagoTcs COz, O, “HaS,
HCI, H,SO,. Tlpu kanrtaxe Boj NHTLEBOTO KAawyecTBa ¢ HeGOJbLUION
MHHepaau3auuell BO3MOXKHOCTb KOPPO3HH H3-3a HapyLIEHHs YIJIEKHC-
JIOTHOTO PaBHOBECHS CJIeJyeT NPOTHO3HPOBATh, HCNOMNB3Ys MOKa3aTelb
Pusnepa.

DuiabTpE M3 HH3KOYIVIEpPOAHCTOH cTajun 06e3 aHTHKOPPO3HHHBIX
NOKPHTHH NpHMeHHMBl npu Ri=7—8, npu HaAHUHH B KOHCTPYKUHH
JATYHHBHIX MAaTePHA/OB CJeAyeT HMeTb B BHAY, UYTO ONTHUMaJjbHasg 06-
JaCThb HX nNpHMeHeHHs cooTBerTcTByeT Ri=6,5—8,5, HepxkaBelomas
CTalb XapaKTepH3yeTcsd MaKCHMAJbHOH YCTORUHBOCTBIO H NPHMEHHMa
naxe npu Ri=12—15.

Ilpn KanTaxe CKBaXHHAMH NMOA3EMHHX BOJ, COAEpXKallHX CEPOBO-
JOpOX, CKOPOCTh KOPPO3HH CTaJbHEIX TPY6G MOMKeT NOCTHTaTh 3Ha4Hu-
TeqbHHX BeJHYHH —8—10 MM B roj, nostoMy B 3THX cjaydasx o6s-
3aTeNbHO NPHMEHEHHE AHTHKODPO3HOHHHX KOHCTpyxuuit. TIpouecc
3JIEKTPOXUMHUECKOH KOPPO3HH CJeAYyeT NpeloTBpaiaTh, HCIOAB3YH B
KOHCTPYKIMH (UIBTPOB MeTalInl ¢ 6IM3KHMH noreHnnanamu. Cieny-
€T OTMETHTb, UTO CBOHCTBA MOA3EMHHIX BOJ, B TOM YHCJI€ H KOPPO3HOH-
Hele, MOTYT H3MEHATbCA B NpoUecCe SKCNNYyaTallMH CKBAXKHH, M 3TO
06CTOATENBCTBO HEOOXOAMMO YYHTHBATh NPH HX MPOEKTHPOBAHHH B
S3aBHCHMOCTH OT NpeANoJaraeMuX 3aKoHOMepHocTel (opMHPOBaHHA
XMMHIEeCKOTO COCTaBa OTOGHpaeMHBIX BOJ B XOJe IKCIJyaTallHHd BOLO3a-
Oopos. Tak, npu HaxoXaeHHHu B 00/1aCTH BJIHAHHS CKBaXHHK 3a60J0-
YeHHHX YYaCTKOB BNOJIHE BEPOSTHO CYWIECTBEHHOE YBeJHUEHHE B NpO-
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Llecce 3KCmJIyaTalHu B OTOHpaeMoOil BOJe CONepXKaHHA CepOBOILOpPOLA
H Keje3a.

Ilpu BriGope THna GHABTPA CKBaXXKHHEI C BHICOKOH pacuyeTHOH IIPO-
H3BOAHTENBHOCThIO (Gosiee 150 M3/u) craenyer NPHMeHATh KOHCTPYK-
HHH 6OJbLIOH CKBaXXHOCTH CO LIeNAMH, ODHEHTHDOBAHHHIMH B FOpH-
30HTaJbHON NJIOCKOCTH (KapKacHO-CTepXKHeBHle ¢ IIPOBOJOYHOH O06MOT-
Ko#i, puabTpu KoHcTpykuun MITMHU). [Ipu npoekTHOH NMPOH3BOLHTENb-
HocTH ckBaxHuH 100—150 mM3/u Hapany ¢ KapKacHO-CTepXKHEBHIMH KOH-
CTPYKIHAMH AONYCTHMO HCIOJb30BaHHEe (PUABTPOB H3 LITAMIIOBaHHAHIX
MaTepHaJOB H Ha TPY6UATHIX Kapkacax ¢ BOJONPHEMHOH NOBEpXHOCTLIO
H3 NIPOBOJIOKH HJIH IITaMIOBAaHHOTO JjHcTa. [IpH NMPOH3BOAHTENBHOCTH
ckBaxuH 50—100 M3/y B cKBaXHHax JOMYCKaeTCsi YCTAaHOBKA (HJBT-
pPOB ¢ ceTKOl KBajpaTHoro nJjereHHs. IIpu npoexTHOM He6HTe CKBa-
XHH MeHee 50 M3/4 BO3MOXKHO mpHMeHeHHe ¢HABTPOB C CeTYarofi BO-
JonpHeMHOH NMOBEPXHOCTBIO H KOHCTPYKIHH 6JOYHOrO THma.

Ilpr coopyKeHHH 3KCIAYaTallHOHHBLIX CKBAXKHH AJIHTEJBHOTO jefi-
CTBHSI HeOOXOLHMO npedycMaTpHBATh YCTAaHOBKY (HIbTPOB MAaKCH-
MaJbHOH ckBaxHocTH. Cleayer HMeTb B BHAY, UTO nmpelesbHas CKBaX-
HOCTb JJI3 KapKacHO-CTepXHeBHX (HJIbTPOB C NPOBOJOUHOH O6MOTKOM
cocraBaser 40—50 %, nis IeseBBIX H AHpPYATHX (QHIBTPOB MAKCH-
MaJbHag CKBaXXHOCTp coctaBiaser 20—25 9. Hcnosabzosanue n0moJ-
HHTeJbHOH BOJONpHEMHON NOBEPXHOCTH NMPHBOAHT K CHHKEHHIO HeH-
CTByIomieH CKBAaXKHOCTH KOHCTPYKuHH. IlosTOMy mnpeanouTHTenbHee
060pYHOBaTh CKBAaXHHH (HJIBTPAMH-KapKacaMH C COOTBETCTBYIOULeH
rpaBHAHON OOCHIKOIL.

ITpu BoIGOpe PHALTPOB NPHMEHHTENBHO K KanTHPYEMbIM THOAM BO-
JIOHOCHEIX TIOPOJ, MOXHC PYKOBOACTBOBATbCH pe3yJbTaTaMH CpPaBHH-
TeNbHO! OLEHKH HX BOJOMPOHHIIAeMOCTH, NMpHBEJEHHBIMH Ha pHc. 4.2.
Ilpu sToM cienyeT yYHTHBATh, YTO NPOHHIAEMOCTh (DHUIABTpA NOJKHA
66Ty He MeHee mam B 10 pas Gosblie Kosddunuenta PpuabTpanuu
BOJOHOCHBIX MOPOJI.

Huamerp dHabTpa-kKapkaca BHIGHPAIOT HCXOAS H3 IPOEKTHOrO Jie-
6uTa CKBaXKHHH M NapaMeTpoB BoJonoabeMHOro oGopyaosanus. Crne-
IyeT YUYHTHIBATb, YTO CKOPOCTb IBHXXE€HHS BOABI B BOIONONBEMHBIX
Tpy6ax He AoJKHA npeBHnaTh 1,5—2 M/c. PannonansHoe cooTHouie-
HHe auaMeTpa uabTpa dyp W AHAMETPAa CKBAXHHH d 3aNHCHIBAETCH
B Bule: de=(4—b)dy, T. e. TOMuHEA CJ0od TpaBHAHONK OGCHINIKH JOMXK-
Ha cocTaBaath (1,5—2)dy.

Hauny dbuapTpa-Kapkaca HaXOAST HA OCHOBe aHAJH3a THIPOreoso-
THYECKHX YCJOBHH BOJOHOCHBIX NJIAcTOB, NPHHHMAas ee paBHON HX
MOUIHOCTH, eciH nocieiuss Mmewniie 10 M. B 3Tom cayuae npoexrH-
PYIOT CKBaXXHHBI, cOBepllleHHble MO CTENEeHH BCKPHITHA njacra. [lpH
3HAYHTEJbHBIX MOIHOCTAX MJacTa (QHABTPH YCTAHABJAHBAIOT B HaH-
6oJiee BoJonpoHunaeMbx 3oHax. [IpH cJIOHCTOM CTpOEHHH BOAOHOCHOR
TOJIIH BO3MOXKHA YCTAHOBKA SIPYCHBIX (DHABTPOB ¢ NepeKpbiTHEM BOAO-
HeNpOHHIAeMBiX HJIH cJa6onpOHHILAeMBIX OTJIOXKeHHH TJIYXHMH TpY-
6amH.
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Puc. 4.2, NponnnaemMocts GUALTPOB PA3NHUHBIX THIOB B 3aBHCHMOCTH OT CKBAXKHOCTH

I — RapkacHO-cTepXKHeBHe; 2 — NPOBOJOYHEE HA TPYGYaTOM KapKace; 3 — ¢ BOAO-
NpHEMHOA NOBEPXHOCTBIO M3 MITAMIIOBAHHOTO MHCTA; 4 — ceTyarhie QHALTPH C CeT-
KaMH TAAyHHOTO INIETeHHS; § — CTeKJIOMIACTHKOBHE (PHABTDH

B omnoponsom BOJIOHOCHOM rOpH30HTe MOWIHOCTBIO 10—15 M Hau-
Gosiee pauHOHANbHO coOTHOWeHHe //m=0,8—0,9 (I — gauna GuILT-
pa, m — MOUIHOCTb BOJOHOCHOTO TJAacTa), B IJACTE MOUIHOCTLIO
10—15 ™M 3To cooTHolleHHe cjaelyerT NpuHHMAaTh He Gosee 0,7—0,8.
B Gonee MOMHBIX BOJOHOCHHX TOPH3OHTAX AJS OKOHYATENBLHOTO BbI-
6opa anuHB QUIBTPA NMPH 33XAHHOM AHaMeTPe KOHCTPYKIHH LeJeco-
00pasHo HCMOJAb30BATh NPOBEPKY INOCTOSIHCTBA THAPABJIHYECKHX I10-
Tepb C MPHMEHEHHEM KPHTepHsd, corjiiacHo KotopoMy npu [>0,53dg/un
THApaBJHYeCKHe NOTePH H NPHTOK K CKBAXKHHE OCTAIOTCS MOCTOSHHHI-
MH (3nech [ —AiHHA ¢uabTpa, p— KodbPHUHEHT pacxoga, 1 —
CKBaXKHOCTb $UAbTpa).

Benuuuny p MOXHO NPHHSATb, HCNONb3OBAB JaHHLIE pHC. 4.3 HJIH
Taba. 4.4.

3HaueHue 1 OUEHHBaeTCs KaK OTHOIIEHHE NJOWAAH OTBEPCTHH
¢unpTpa K obmelt niaowann ero 60koBoit nosepxsoctH. IIpn HaTHUHK
AOMOJHHTEbHOH BOAONPHEMHOH MOBEPXHOCTH pacyeTHOe 3HAYEHHE
N="MN"2, TAE 1MN(— CKBAXHOCTb KapKaca H 12— CKBaXHOCTb BOJIO-
NPUEMHOM NOBEPXHOCTH, HAIPHMEp CEeTYATOH.

PasMmep npoxomueiIx oTBepCcTHE (pHABTpA HA3HAYAOT C YYETOM
8epHOBOrO COCTABa MOPOJ, CHAATAOUMX BOLOHOCHBIH TOPH3OHT, H CO-
OTBEeTCTBYIOIEr'0 pasMepa HacTHi rpaBuitHoit obchmku. s noxbopa
pasMepa OTBepCTHH QUABTPOB PEKOMEHAYIOTCS 3MIHPHYECKHE COOTHO-
wenus (no C. K. A6pamoBy), npeacraBaennble B Ta6J. 4.5.
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Puc. 4.3. 3apucumocth KoahdHuBEHTA N

pacxofa GuALTPOB OT pasMepa KOHTaK- m/"
rupylomnx wactui, (dzs — pasmep wa- |
CTHI| MecKa, cooTBeTCTRYIOMHA 259 -Ho- g5 7
MYy COAEPEKAHHIO B npoﬁei; b — puamerp /1
OTBEpCTHS
p N/ |-

01 3 5 7T 9 tak

Ta6aununa 4.4. Kosdduuuent pacxona brabTPa ¢ yuerom
HAJIOKEHUS TPABHA

&éi‘ Cpenuuft muaMerp rpabus, Ds, MM
Tun ¢aavrpa g%
232 20 16 12 10 8 6 ¢ 2 L4
OB
Hiramnosan- | 3,5 10,8210,81 0,78 10,75 0,69 | 0,60 | 0,48 | 0,32 0,26
HHi co 1e- 7,210,64 0,62 0,57 | 0,53 0,48 10,40 1030 — —
ASIME THIA 11,210,561 0,52 0,46 | 0,41 0,36 [ 030 | — —_— -
«MOCT» 14,6 10,53 10,48 | 0,42 0,37 | 0,32 | 0, — —_
Ipososou- 18,210,511 0,51 |1 0,51 10,50 | 0,48 | 0,46 | 0,41 0,34} 0,32
med  130,810,34]0,34]0,34]0,33]0,32|0,30]0,27{023]|019
Dlenesoit ¢ 4,8/0,810,840,79(0,75}0,680,57| — — —
BHICTYNAIO-
WHMH KPOM-~
KaM#

HOepuatuit 14,8 10,68 10,68 |0,68|0,68|0,68]0,67 0,62 10,481 0,40
C CeTKoH Ha

NOBEPXHOCTH

Ta6anua 4.5. Pasmepn oTeepcTHit $RILTPOB B 3aBHCHMOCTH
0T KO PHUHEHTA HEORHOPONHOCTH BOPON M HX cpenHero pMamerpa

Pexomerayemsie pasmepn oTsepcTHl duabr-
poB B NOPORAX
Tun $unsrpa
ORHOPOZHAIX B OGCHNKAX, B HEOAHOPOAHMLIX H oGCHN«
ky<2 Kax, k,>2
ﬂHpanHﬁ (2,5—3) dso (3*—4) dsn
Ceruarsit (1,5—2)ds; (2——2,5; dso
U.KEJIEBOI‘:[ (1,25—-],5)(150 (1,5——2 dso
TIpoBonounsiit 1,25d50 1,5d50
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B rajseynukax, rpaBHH H KPYNHO3EDHHCTHIX TeCKaxX YCTAHABJIHBA-
10T (QHABTPH-KapKace OOHYHO 6e3 NONMOJHHTENbHOH BOJONPHEMHOH
NOBEPXHOCTH H 6e3 rpasuitHoll 00cHnKH. B cpenHe3epHUCTHIX, MENKO-
3ePHHCTBHIX M TOHKO3EPHHCTHIX NMECKax AJs YyBeJHueHHs oT6opa BOMIHI
H3 CKBaXXKHH H NPOJJIEHHS CPOKa HX 3(h(eKTHBHOrO AeHCTBHSA PEKOMEH-
Iyercsl YyCTaHaBAHBATb PHUIBTPH ¢ rpaBuitHoil ob6cunkoit. I'paBufinas
06GCHIJIKA, KPOME TOro, CAYXKHT BaXKHBIM KOHCTPYKTHBHBIM 3JIEMEHTOM,
‘TIO3BONAOLIMM 3a7aBAaThCs GOJbUIMM PA3MEPOM NMPOXOJIHBIX OTBEPCTHH
¢urbTpa u Goablieil CKBaXHOCTBbIO. ['paBuitHele GHABTPH OOBIYHO
yCTPaHBAIOT H3 OJHOrO HJH JABYX CJ0€B OOCHIIKH (pexe c GOnpLIHM
YHCJIOM CJIOEB).

@Duaptpnl O6s0yHOrOo THHA NMOAGHPAIOT NPH H3BECTHOH BOJLONPOHH-
1laeMOCTH NMEeCKOB BOLOHOCHOro ropusonra k. Koadduuuent puaprpa-
1HH 6JOKOB COOTBETCTBEHHO OLEHHBAIOT 1Mo dopmyne ky®= 100k. Ilpu
pacyete (UABTPOB TPaABHTAIMOHHOIO THNA JONYCTHMHE CKOPOCTH
GUIbTPalMKH BOABL Yepe3 BOAONPHEMHBIE OTBEPCTHS OUEHHBAKIT MO
dopmyie Unon= 0,68z, rAe 2—ko3bduinedT ¢UABTPALHH NOPOAH
uAn rpaBuiiHOM oOcHINKH; B — Koadpduuuenr, 3aBHcAWIMA OT yria
BHYTPEHHEro TPeHHs TpYyHTa H onpejeiseMbli 0o rpaduky Ha
puc. 44.

ITponspoauTenbHOCTL CKBaXKHH ¢ pHABTPAMH TPaBHTAUHOHHOIO
THIA MOXHO CYIIECTBEHHO YBEJNHUHTDb, eCJH OOCHINKY (HIbTPOB BHI-
NONHATh H3 KPYNHO3EPHHUCTOro MarepHana (rpasuf). KpynHocTp rpa-
BHHHOTO MaTepHaja B 3TOM Cjayyae noabHpAIOT COraacHO DEKOMEHAA-
nuam A1s noabopa GUABTPOB ¢ TPaBHHHON OGCHINKOM.

4.4. Mon6op QpuaAbLTPYOUUX OGCHINOK
AJis BORO3a6OPHBIX CKBAXKHH

Jns o6chnKky BOAO3a6GOPHHIX CKBAXKHH CJEAYET HCIOJb30BaTh He-
cybdo3uonHble rpaBuiinbie MaTepHansl ¢ K03 (HUIHEHTOM HEOAHOPOA-
HOCTH MeHee 3—D5, cocTosilHe H3 XOPOUIO OKATAHHBIX HEPACTBOPHMBIX
B BOJE MOPOA.
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ITpu mon6ope cocraBa O6CHINOK BHauaje CHEAYeT OUEHUTb cydh¢o-
3HOHHYI0 ycroltunBocTh nopoj no merony B. H. KouppateeBa. s
3TOrO cTpoAT AnbdepennnaibHyl0 KPHBYIO 3€DHOBOTO COCTaBa NOpO-
Jbl, XapaKTepH3YOILIY0 pacnpelesieHHe 1O pa3MepaM  OTAENbHBIX
dpaknuit. Ecain kpuBas HMeer pPaspbiBH WJIH 3HAYHTEJbHHIE NMPOTHOH
B COOEpPXaHHU OTAENBHHIX Ppakuuil, To 3TO yKa3bBaeT Ha BO3MOXK-
HOCTb MeXaHHuecko# cyddosuu B nopoie. B nporuBHOM XKe ciyjae
HOPOAYy cjenyeT CUHTaTh Hecy(ddO3HOHHOM.

Urobbl onpeneiuTb, Kak Oyaer pasBuBaTbesl cyddosus B NOpofie,
crelyeT Pa3le/HTb ee COCTAB Ha CKeJeT H 3alOoJHHTeIb IO TOYKaM
paspmBa Hau nporuba auddepenuunanbHor Kpupoil. anee cienyer
NOCTPOHTL WMHTErpajibHbie KPUBHIE 3ePHOBOIO COCTaBa CKeJieTa H 3a-
NOJIHUTENST U PAaCCUHTATh THIAPaABJIHUECKHI SKBUBAJICHT NOP CKeJera o

dhopmyare
D*=0,23Va[m/(1 —m)P2V %* Dy, (4.1)

rae a— sMuupudeckul Koad¢uuueHt, papubiii 3,42; m — NOPHCTOCTH CKejJeTa [OPO-
AH; N* — KosduuHenT HEORHOPOAHOCTH cKeneTa MOpoAl; Di; — auaMerp 4acTHI,
coorBercTBYlomuft 17 %-My coaepxaHuio.

YcaoBue, JoCTaTOYHOE JJid BO3HHKHOBeHHs cyddo3uu B nOpole,
C y4YeTOM MNOJYUYCHHBIX NAHHBEIX ONPEINENHTCS HePaBEHCTBOM

DOCK/d5033H> Er (4'2)

rae ds"s, — cpefHMii AHAMETD YacTHH, 3amonHHTeNs; & — CTPyKTypHHE KO9ddHUH-
eHT, onpefeaseMuii o rpaduxy (cM. pHc. 4.7 u 4.8), npa dea=d®2",.

[Ipyr MeHBUIMX 3HAYEHHAX OTHOUIEHHH cyddo3usa B nopoge Oyaer
MecTHas HA KOHTaKTe C rpasBuiiHofi oOchinko# u Bray6p pacnpocTpa-
HATbCA He Oyner.

Hna ouenku pedopmanuu NOPOAH cielyeT CONOCTaBHTb BO3MOXK-
Hyio nopucrocTe ckeserta (puc. 4.5) ¢ pacuerno#l no dopmyse

My =1— (dny,/7), 4.3)

rae 8 — o6BbeMHHA Bec MOPOAH; Mcx — OTHOCHTENBHOE BECOBOE COJEPXKaHHE CKeJeTa
B NOpOJE; y — YAeJAbHHI Bec CKenera.

Ecau pacueTHas NOPHCTOCTH CKejieTa 00Jbllle BO3MOXKHOH, TO NPH
pa3BuTHH cypdo3un BO3ZMOKHBEI OCAJKH NOPOJHL

Pacemorpum cnoco6ul mog6opa napamMeTpoB OOCHNOK OTAENBHO
s necyddosuoHHHX u cypPo3HOHHBIX nOpod.

MonGop mapamerpos o6cbnok mis Hecyddosnonnnx nopoa. Ilpu
noaGope mapamerpoB OOCHIOK AJsg Hecy(ddO3HOHHBIX NMOPOM CHAyala
caeayer ¢ momompio rpadHka (puc. 4.6) H MHTErpajbHOH KpHBOH CO-
CTaBa NOPOAHI ONMPENETHTb pa3Mep cBOAOOOPa3ylOMIHX YacTull, a 3a-
TeM, Hcnoab3ys rpaduku (puc. 4.7 u 4.8), paccuuraTh HOMyCTH-
MBI MexXcaoiHbl Ko3QhHIHEHT

¢=a’(Do/da), (4.4)

rae a/ — nonpaBounu#t Ko3buUMEHT, YUHTHBAOUIMA HePaBHOMEPHOCTh DPaCKIaJKH
yactun rpasufinofl o6cunku (a’=1,03— 1,1).

37



m Py Yo
85K
Q‘? 3 /
D e T % <]

L2 ) ]
o ‘,n /

42 4 2 , //,/

T w N T & 7 2 |
Puc. 4.5. 3aBHCHMOCTb MOPHCTOCTH NO- / / /{

poaM of 1 a5 V =

Puc. 4.6. 3aBHcHMOCTD POLEHTHOIO CO- //
AepxaHu# CBONOOGpasylOmMX wactHy U

0T HEORHOPOAHOCTH MOPOAH 2 4 6 6 W 3
1 — TOHKO3epHHUCTHI Necok; 2 — Men-
KO3CDHHCTHI; 3 — CpejHe3epPHUCTHE H
KPyNHO3ePHHCTH necok

. o B
LT T A
SN U S NN I A e
-t P X4
N~ 12 7 ]
4 s 1
44 -
% W B Gem gL ]
g 17 2348567889
Puc. 4.7. Kpussie 3asucumoctd xomy- Puc. 4.8. Kpusnie 3aBHCHMOCTH ROnNpa-
CTHMBIX MeXcnoinblx ko3gduunentos BOYHBIX KOID(MUMEHTOB IS HEONHO-
OT HEOAHOPOXHOCTH ROPOANI POAHBIX OBGCHINOK OT 7
l—n=1; 2—n=2; 3—n=3; 4— 1 —o6cwnka  Tomuumuoit  10—20 comM;
—1=b; § —n=10 2 — 10 XKe, 5 ™

H3 szaBucumoctu (4.4) noayuyum
Dy =Ed./a’. (4.5)
3areM, yunTthiBasi paseHctBo (4.5), cieayer onpemenuth Dy; 06-
CHINKH
Dy, =D,/0,23Va’ [m[(1 —m) P2V v*. (4.6)

IIpu ussectHom Di;, 3anaBmuch Ko3QdUUHEHTOM HEOAHOPOIHOCTH
TIOPOABI, MOXKHO pacCydTaTh BECh COCTAB rpaBHiHOH OOGCHIIKK C HC-
Ho/Mb30BaHHeM rpaduka mecyddo3uonHux nopox (puc. 4.9). Paccun-
TaHHasl YKasaHHBIM Belule cnoco6oM O6GCHIIKA COOTBETCTBYeT MaKCH-
MajibHO gonycTumol KpynHocTd. [asi onpenefieHuss MHHUMAJBHO JO-
OyCTHMOH KPYNMHOCTH OGCHINKY HCIOMb3YIOT PAaBEHCTBO:

Dﬁo/dm) === 7 e 9. (4.7)
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Puc. 4.9. Kpusnie sepHOBoro coctaBa TeOPeTHUECKH Hecyddo3noHHHX nopox (mo
A. H. Narpawesy)

Tpumep. BoLoHOCHHH NNACT CROXKEH MEJKO3PHHCTHMH NecKaMH dso=0,2 MM ©
n*=3. 3epuoBofi cocTaB IecKoB MpeACTaBiAeH Ha rpaduke (puc. 4.10). Koatpunuent
QuasTpauns nnacra k=10 M/cyr. Hameuaercs yCTpoiCTBO CKBaMHHEH, 060pYHOBaH-
HO# IpaBHiHBIM (QHABTPOM, C TOMUHHOH obebinkn 20 oM.

€06Xx01HM0 TOXO6PATe COCTAB TPaBUAHON OGCHNKH ¢ KOSDODHUHEHTOM HEOA-
HOPOZHOCTH, paBHbIM 3, W nopHcTocThid M=40 %. Ilocrpoum xuddepennuanbHyio
KpUBYIO 3epHOBOro cocrasa mopoan (cM. puc. 4.10). Kak suamo us puc. 4.10, sra
KPUBas XapaKTepu3yeTcst PaBHOMEPHHM CONEPKAHHEM OTAENbHHX (Ppakuuit, oTcyT-
CTBHEM Da3pblBOB ¥ DE3KHX HPOruGOB, 4TO CAYKHT NPH3HAKOM Hecyhdo3uoHHOA
ROPOJH,

Hanee onpenennm no rpaduky (cM. puc. 4.6) npouenTHOe cofepiKaHHe CBOXO-
00pasyolux YacTHI H ¢ MOMOMIBI0 MHTErPasbHOR KPHBOM MOPOAH HX pasmep (dea=
=8‘021 cM). 3atem ¢ moMomisio rpadukos (cM. puc. 4.7, 4.8) paccunraeM KOmycTH-
MEf MeRcaofinui kosdoduuuenr £=3,6 u onpeiennm nonpaBounblil Kosd@HEHEHT
a’=1,03, nocnie wero mo 3aBucHMocTH (4.5) HafiieM AHamerp nop OGCHIIKH

Dy=3,6 - 0,021/1,03 = 0,0734 cm.

Hanee no dpopMyne (4.6) onpenesum D), o6Chnku
a0 0,4 382/

D,, =0,0734/0,23 |/ 3,42 3 =-0,179 cm.

Cocras rpapufiHOf OOGCHINKE paccunTHBaeM no TpadmKy (cM. pHc. 49). Pe-
3yJbTaTh NpuBefeHs B Taba. 4.6.

Ta6auna 4.6. Cocras rpaBuiinoft 0GCHNKH

]~9

Conepxanne, %, dbpaxuuit, MM
Cpennuft amamerp Kos¢du- .
S0, MM 'HoponrooTs 1—2 2-3 ! 3-5 57 7—10
3,9 3 21 17 ’ 24 ! 26 12
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Puc. 4.10. Kpuewe 3epnosoro
COCTaBa NeCYaHoOR BOAOHOCHOR
nopoaB H PEKOMEHAYEMBIX rpa-
BHIAHBIX 06GCHINOK
1 — nHTerpanbHas KpuBasg MOPO-
JE; 2 — nuddepenunannras
KpHBasg MOPOAH; & — HHTErpalb-
Hag KpHBas# MHHHMaJbHO XoOmy-
CTHMOR MO KPYMHOCTH OGCHINKH;
4 — uHTerpanbHasg KpHBaA Mak-
CHMaJIbHO JIONYCTAMOA N0 Kpym-
HOCTH OOGCHIMKA
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Puc. 4.11, Kpusnie 3eproBoro cocrasa

rpaBuiiHO-raJeyHUKOBOM BONLOHOCHO#M

NOPOAN H pPeKOMEeHAYEMbIX TIPaBHANHBIX
obchnok

1 — nHTerpaNbHas KPABas Mopoisl; 2 —
nudoeperunaipHas  KpEpas HOPOAHI,
3 — mArerpajibHas KpHBas 3amnoJHHTeE-
ns; 4 — uHTerpajbHas Kp#sag MHHH-
MasnbHO JOMyCTEMOH no KpymHocTH 06-
CHINKH; & — TO 3Ke, MaKCHMaJbHO XRO-
IYCTEMOR 1O KPYMHOCTH OOCHIKY; 6 —
TO e, CKeJlera

Ilnst ompeneneHHst MMHMMAaJbBHO AONYCTEMOH 10 KPymHOCTH OGCHIIKM BHauale

u3 pasedctsa (4.7) caeayer onpenemuth Dso=28-0,02=0,16 cM, a 3atrem Ha rpaduxe
(cM. puc. 4.10) uepes Touxy Dso=1,6 MM mpoBecTH JHHHIO, apaLiensHyio KpHBo# 1.

IfonG6op mapamerpos oGewnok aasi cyddosunonnnvix nopon. Ilapa-
MeTpul OOGCHINOK IJIsl MOPOJX, B KOTOPHX MOXKeT Pa3BHBAThCS ONacHas
Ias UX ycToHuHBOCTH cyddo3us, cienyeT noabHpaTh MO cOCTaBy 3a-
nojguutensd. OgHakKo B 3TOM cjydyae IPH BHOGOpe cocTaBa cBoaoobpa-
3YIOIHX YaCTHIl NPHOIHKEHHO npuHHMaeTcs dgp=ds5¢?™.

B najbHefimeM RoMycTHMBIH MexcAOHHBIE KoadduuHeHT BHIGHDA-
IOT TaK Xe, KaK H JJis Hecy(pO3UOHHBIX MOPOA, HCNOJAB3YS rpadHKH
puc. 4.6, 4.7 o popmyse

— & (Dy/dyy™). (4.8)

Ecan nopopga noxBepxena cypdo3un ¥ NPH 5TOM pacueTHas MNo-
PHCTOCTL ee CKeneTa MeHblue (paKTHUECKH BO3MOXKHOH, TO NPHMeHATHb
oOGCHINKY MJsi npepoTBpaiienus cyddosun He mMeer cMbicaa. Ecan
KPYNHOCTb OGCHIIKH Oyler GoJblle KPYIHOCTH CKeJleTa [OPOAH, TO
OHa He 3amuTHT ee oT cyddosuu, a, HaoGopoT, OyAeT HHTEHCHBHO
KOJIbMaTHPOBATBCS.
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HNpamep. BopoHOCHHMA MIacT COCTOHT H3 IPaBHHHO-TAJNEYHWKOBHX OTVIONKEHHA ¢
dso=6 MM; 1*=69,9; y=2,7 rfcM® H §=1,94 rfcm®.

3epHoBOH cocraB nopoin npeAcraBiaer Ha puc. 4.11. Hamesaercs yerpofictso
CKBaXHHH ¢ rpasmiinbiM ¢uabTpoM Tomuuuo# 20 cM. Heobxozmmo mopobpate co-
CTaB r%zsxﬁuoﬁ obchnkH ¢ Koa(duureHTOM HEOAHOPOAHOCTH N*=3 H NMOPECTOCTHIO
m=409%.

Buauane crporM amtdepeHuManbHyl0 KpHBYIO HopoAn (pHe. 4.11), Kortopas
XapaxTepusyercd nporuboM B cojiepXanun ¢paxnult Gonee 1 u Menee 2 MM. Caego-
BaTeJbHO, B MOpofe MoXer OHTh cyddosus.

Jas BHACHEeHHs XapakTepa cy(d@o3um NopoRy mo MecTy mporuba puddepeniu-
anpHON KPHBOR pasfie/lHM Ha CKeJeT H 3aNOJHHTeJSb H DPacCyHTaeM HX (paKuHOH-
Beiit coctas (cM. puc. 4.11). Cpenuuil pasMep uacTHIl 3anoJHHTENs d32750=0,32 MM,
ckeaera Dso=17 MM, a BecoBoé conepxautie ckelera B nopoae 66 %.

Hanee no ¢popmyne (4.3) onpenenuM NOPHCTOCTH CKENETa

Moc=1— (1,94 - 0,66/2,7) =0,53.

3arem mo ¢opmyne (4.1) paccuHrTaem ZHaMeTp Nop CKeJeTa NMPH MaKCHMAaJbHO
BO3MOXHOM INOPHCTOCTH

Do =0,23 - 342[0,37/(1 —0,37)] }/8.2 - 0,37 = 1,86 um
Onpegenum OTHOLICHHe

D[ dy,%" — 1,86/0,32 = 5,8.

CornacHo pmc. 4.7, nomyctEMoe otHowenme £=2,9, T. e, Do*=5,8>29, nosro-

My nopoia 6yaer cyddosnonnoh.
aK Kak (akTHieCKH BO3MOXHAs NOPHCTOCTL CKeJera NOPOAH {cM. puc. 4.5)

pasHa 37 %, TO TpH BHHOCE YaCTHL 3ANOJHUTEJS] MPOM30AJET PAspylLUEHHE MOPOALL.
[ns mpemoTspallleHHs OMacHOR AJsi yCTOMUMBOCTH MOpOAM Cy(dosuu cocraB of-
CHIDIKM ROJXEH YIOBICTBOPAThH NONYCTHMOMY MeXc/OHHOMY KosdouuHeHTy, onpe-
nensieMoMy 3asucuMocthio (44) ¢ momompio rpadmxos Ha puc. 4.7 u 4.8: Do=
=0,091 cm.

Hanee onpepemuM Dy o6cbinku o 3asHcHMocTH (4.6)

215 0,40 32,7
D,,=0,091/0,23)/3,42 - S Y 3=0,23 cm.

3areM paccuMTaeMm (paKmMOHHBIT cocTas HeCyddosHouHOR TparHiHON OGCHNKE
¢ nomoumplo rpadnka Ha puc. 4.9. Pesynbrats pacuetoB cBeAcHH B Tabu. 4.7.

Ta6auna 4.7. Cocras necyddosuonnon rpasufinofi oGebinkm

: Conepx{aan; %, paxun#, Mm
Cpennnit K,?f,g’,?;“
AHAMETD, HEOJHO-
MM ponocts | 1—2 23 3~5 57 710 1020
5,1 3 8 18 18 24 22 10

CocTaB MHHEMaJbHO JONYCTHMOR N0 KPYNHOCTH OGCHIIKE HAXOLHTCH TAKHM XKe
obpasoM, kaKk u Aas HecyPPosHOHHMX MOpoX. Jlas 3TOro BHAuaje HO 3aBHCHAMOCTH
(4.2) paccuntbiBaeM Dso oGchinkh: Dso=7-0,32=0,22 cM, a 3aTeM Ha rpaduxe 4.11
uepes TouKy Dso=2,2 MM MH IPOBOAHM JHHHIO, NApAJIEIbHYIO KPHEOH 5.

B ciyuae apyxcioiinoii o6chinku npu noxbope pasmepa rpaBus
BHYTpPeHHEro (OMOPHOrO) CJIOS HCHOJB3YIOT KO3(QHIUHEHT MEKC/IOMH-
HOCTH, paBHbIi 5. MaTepuasn oGCHIIKH JO/XKeH 6HTL OXHOPOAHHIM. Bo
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BCeX CJAyYasx KOJMYECTBO YACTHL, MAKCHMaJIbHOIO H MHHHMAaJbHOTO
AHaMmeTpa B cocTaBe OGCHIIKH He ROJKHO Npeswimath 10 %.

Tonmuna cj0s8 OOGCHIIKH B COOTBETCTBHH C NPHBEJEHHBIMH Bhllle
KpUTepHsIMH JHoJkHa cocTaBaats (1,5—2)dy. MumuManbHyo ee Be-
JHYHHY CleAyeT BHIOHDAThb B 3aBHCHMOCTH OT pPa3Mepa 3epeH I'DaBHf
H necka:

pasMep 3eped, MM . . . . . 075—4 4—12 1235
TOJII{HHA CJI0st OOCHINKH, MM . . 60 70 80

B cKBaXHHAX C MHOTOCJOHHON OGCHINKOf TOJIMHHAY cJIOA H3 TOHKO-
3ePHHCTOrO TpaBHg (Mecka) HHKOrja He cleldyeT TNPHHHMATh MEHbIIe
TOJIIMHLI ONOpHOTO cnosi rpyHTa. [IpuMencHne miasg oOCHNKH GHIALT-
pOB rpaBHsi HEOJHOPOJHOrO COCTaBa Hellenecoo6pasHO H3-3a CyLLeCT-
BEHHOr0O pacC/yoeHHA €ro B IIpoHecce 3aChbIlIKH H 4YepelJOBaHHA CJ0EB
YIUIOTHEHHOH OOCHIMKH ¢ KPYNHO3CPHHCTHIMH CJIOSIMH, Yepe3 KOTOphle
BO3MOXHA Cybdo3usd. B HCKIIOUHTeNBHBIX C/IyYasx AOMYyCTHMO INpH-
MEHSTh HEOJHOPOAHBIA TPaBHi NPH NPHHYAHTENbHOH Tojaue ero Ha
3a60ff CKBAXKHHH IO CHEUHAJBHO CHyCcKaeMbIM TpyGaM HJAH TyTeM
APYrHX TEXHONOTHYECKHX MpPHEMOB, oOecneydBalOUUX YMeHbUICHHE
paccyioeHHs rpaBHs B XOJe 3aKadkH.

Pacxon rpaBHsl aasi o6CHIKH (GHALTPA onpejensercss H3 COOTHO-
LIeHAs

V=(x/4) (D — dy?) la, (4.9)

rie D, — suyTpennnit zmaMerp oGcamsod TPyOH; dg —— HapyXHBIH AnameTp (HJBT-
pa; |— aauda ouastpa; a=1,2— 1,5 — KospbHuReHT, YUHTHBAOWMHKA pacTexaHue
rpasus nox ¢pesep o6canHOd KOJOHHB H HeoOXoAMMHIH 3amac ero Haj BepxoM
GrALTPOBOR KOOHHHI.

I'JIABA 5. HACOCHOE OBOPYJIOBAHHE

5.1. Hacocol H HAcOCHbie CTAHUHH
Jst 06OpYyNnOBaHHS CKBAXKHH

B 3aBucHMocTH OT THHa Bojo3abopa MO YCJOBHSIM OTOOpa BOIBI
BHIAEJSIOT HAacOcHOe OOopynoBaHHe Iisl 3a6opa BOAB M3 CKBAXKHH,
WAXTHHIX KOJOAUEB, JYUeBHIX M TOPH30OHTaNbHHX BOMA03a6OPOB H Ha
KanTaxax HCTOYHHKOB,

Jnst noi'beMa BOAK H3 CKBAXHH HCIOJb3YIOT HAaCOCH C MOTPYKHH-
MH JektpoiBurartessMu thHna OB, ¢ TpaHCMHCCHOHHBIM BaJIOM,
KOrfia COOCTBEHHO HACOC HAaXOJHTCS B CKBaXKHHe, a SJeKTPOABHra-
Tesib — Ha nosepxHoctd 3emau (tuna ATH u HA), n ropusontanbHbie
LeHTpoGeKHEE HACOCH, MPHMEHsSeMbIe TIPH BHCOKOM NOJOXKEHHH YPOB-
Hell NOA3eMHBIX BOJA H MaJjlHIX TIOHHXEHHSX YPOBHA B XOJe 9KCIUIyara-
e Boxosabopos.

Hacocn THna 1B sxozxsit B coctaB 060pyJOBaHKS CKBaXKHH IIy-
6unoii 10—300 M 1npH M3MeHeHHH pacXONOB CKBaXHH OT 4 10

42



375 m3/u. Ilpn stoM MuHepanusanus NopaBaeMoill BOAH He AOJXKHA
npesuiuiaTe 1500 Mr/n nmpu KpaTKOBpeMeHHOM coJepKaHHHM He Oojee
100 Mr/an TBepAbX Mexauuyeckux npumecell. OTHOCHTeJbHas KOppo-
3HOHHAfA yCTOHYMBOCTH Hacoca ofecreunBaeTcs B TeX ciyuasx, Koraa
KOHIEHTPalHs XJODHAOB He Npesnimaer 550 Mr/m, cyanpaToB—
500 mr/n u ceposBozopona — 1,5 mr/u.

Hacocst Tuna DB ogHo- HJAH MHOTOCTYNEHUYATHE C BepPTHKAMb-
HbIM pacnoJioXeHHueM Baja paboraior ¢ nogmnopom ot 1 go 6 M. Pabo-
Ta Hacoca (e3 MOCTOAHHOrO MOJANOpa, a TakKe ero yCTaHOBKa B OT-
CTOHHNKYM CKBAXXHHBI He JOMYCKAaIOTCS, TaK Kak NPH 3TOM NPOHCXOAHT
cropande oOMoTKu apHrarens. Hacochl 3Toro THnma NIDHMEHHMB B
Pa3UYHBIX THAPOrEOJOTHYECKHX YCJOBHAX, HO Ais 3(deKTHBHOH HX
paborhl HeoBXOAMMO TpOBeleHHE KOMIUIEKCHBIX DacyeToB C YUeTOM
B3aHMOMEHCTBUSl CKBaXKMH H THAPABJHYECKHX I[OTepb B BOJZOBOAAX.
TexnHueckHe NaHHble HACOCOB ANl o6OpPYHOBAHHSI CKBaxKHH NpHBeJe-
Hbl B Tabaune.

Texuuueckue Aanunie nacocos tuna JIB, ATH u HA

Hacoe BaeRTpoABATATEND Mi‘:‘ca'
Mapxa é 8 3 §'

>4 Lo g o o

82 | g8 uapsa ¢ |G| il g B

8_%5 Exd ga GEZ| B9 g 2

2e%| 28 g9 8% 23| 2 &

1 2 3 4 5 6 71 8 9

Hacocet tuna 31B

JlIB 4-2,5-65 2,51 65 | HTID]AB-1-93 1,0 2840 1380 1 33 | —

1311B 4-4-45 4 45 | ITI21B-1-93 1,0] 2840 {380 | 29 | —

1211B 4-4-70 4 |70 |1II21B-1,6-93 1,6] 2840 [380 | 33 | —

12LIB 6-4-130 3/K 4 1130 |7M19[0B-2,8-140 2,8] 2840 |380 | — | 90

I21IB 6-4-190 3/K 4 {190 j9TI3IB-4,5-140 4,5} 2840 (380 | — {100

33I1B 6-6,3-85 6,3 | 85 |31I9B-2,8-140 2,8] 2850 {380 | — | 68

331B 6~6,3-85 3/K 6,3 | 85 |7II2]1B-2,8-140 28 — | — |~ |70

4311B 6-6,3-125 3/K| 6,3 {126 |9TID[IB-4,5-140 45 — | — | 85

331IB 6-6,3-125 6,3 {125 [411D]1B-4,5-140 4,51 2850 |380 | — | 75

1311B 6-10-50 3/K 10 50 |7112]1B-2,8-140 2,8] 2850 1380 | — | 73

332LIB 6-10-80 10 80 |3[13]1B-4,5-140 4,51 2840 1380 | — | 72

I9LB 6-10-110 3/K | 10 110 {6IID9[B-5,5-140 5,5] — 1380 | — | 90

I2LB 6-10-140 3/K | 10 [140 |9TI2/1B-8-140 8 — 1380 | — 1120

19L1B 6-10-185 3/K | 10  }185 |9T1D]1B-8-140 8 — 380 — 132

DIIB 6-10-235 10 |235 |6I130B-11-140 11 — 1380 | — |145

33LIB 6-16-50 16 50 |3TI311B-4,5-140 4,5/ 2840 [380 | — | 78
31IB 6-16-75 I'V5 16 75 |TI9IB-5,5-140 5,51 2850 {380 | — |183,2

JlB 6-16-75 16 75 AHII-MO-?,’Q 7 | 2850 1380 1105 {178

3311B 6-16-75 16 75 |3M19]1B-5,5-140 5,5] 2840 380 — 1186

3B 6-16-1107-¥5 16 110 |AII[T-180-8-2 8 | 2850 145 201

JS?_I%BS%’%S;(I)%O 3/K gg %gg gHSﬂB-IMBO 3 —_— — 1143

- T1]1-180-8/2 8 | 2850 380 168 276

3ILB 8-16-140-Y5 16  |140 |TI3/1B-11-180 11 — 1380 | — {150




ITpodorsenue Tabauyot

Hacoc BJIeKTpPONBHTaTENMb Mi‘(ica-
o
Mapka §g % é g' o .
28 a5 Mapka 3 fwz| fm|l e« | §
%Ez 2 Be §§E g5/ 8| 8
El%| =8 2| 599 2E| 2 | 5
1 2 3 4 5 6 L 71819,
2311B 8-25-100 25 {100 {T15OB-11-180 11| 2850 (380 | — | —
DIIB 8-25-140XTI’ 25 (14D [TIDOB-16-140-XT 16 — — | — 1195
2311B 8-25-150 3/K 25 |150 |41 0B-16-180 16 — 1380 | — | 200
12UB 8-25-150 XTpl' | 23 {150 [3[12B-22-180 XTpI' | 22 — 13801 — | 315
3UB 8-25-300A 25 (300 |I120B-32-180 32 | 2900 {380 | — | 390
DlIB 8-40-60 4) 60 |II20B-11-180 11} 2850 {380 | — | 165
SOUB 8-40-90 40 90 |AT1I-180-16/2 16 | 2850 [380 |242 | 367
DUB 8-40-180 40 {180 |I1I21B-32-180 3212300 {380 | — | 375
231B 10-63-65 3/K 63 65 | 2112][1B-22-219 22 — 1380 | — | 203
23UB 10-63-110 3/K 63 |110 [2[121B-32-219 32 — 1380 | — | 268
2391B 10-63-150 3/K 63 150 [2112/]1B-45-219 451 2920 1380 | — | 322
131B 10-63-150 63 |[150 {TI21B-4,5-219 4,5| 2920 {380 | — | 340
1311B 10-63-270 63 1270 | 2I13B-65-219 65 — — | — | 470
31B 10-120-60 Y5 120 | 60 {113 0B-32-219 32 — |380 260 | —
3B 10-120-60 120 | 60 |A11-219-32/2 32 | 2920 {380 |335 | 565
3B 10-160-35I'Y5 160 1 35 |M3IB-22-219T 22| — 380 |264 | —
IUB 12-160-65 160 | 65 | AT 1-273-45/2 45 | 2920 {380 {400 | 673
I31IB 12-160-65 3/K | 160 | 65 |3[131B-45-270 45| — |380 ) — | 385
12UB 12-160-100 3/K | 160 (100 14[13]1B-65-270 65| — [380| — | 420
1311B 12-210-2563 3/K | 210 | 25 |2[ID7[B-22-219 22| — (3801 — | 225
2311B 12-210-55 210 | 55 |2I191B-45-270 45 | 2920 (380 | — | 400
13LB 12-210-145 210 |145 |5I131B-125-70 125 | 2940 {380 | — | 800
23911B 12-255-30T'Y5 255 30 | 2I131B-32-219T 32 — 1380 |260 | —
3B 12-375-30T 375 | 30 | 21131 B-45-219 45 — — | — | 270
SUB 14-210-300X-Y5 | 210 |300 |T121B-250-320 B5 250 — |3000[1818] —
SUB 16-375-175X-¥5 | 375 |175 |1D1B-250-320 B5 250 | — |3000}1702] —
1Y3UIT 16-3000-1000 {3000 |930 |[13B-500-375 B5 500 — |6000j3173] —
YILIT 16-2000-1400 2000 |[1360| 113 1B-500-375-B5 500 — 16000|14325] —
Hacocot Tuna ATH
ATH-8-1-16 30 | 65 |A02-61-4 13 | 1450 |220/} — [2178.7
380
ATH-8-1-22 30 | 90 |A02-62-4 17 | 1450 |220/| — {28652
380
Hacocor Tuna HA
12HA-9x 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

TopusoHTaNbHEIE HEHTPODEXKHBIE HACOCH!

aas 3abopa Boaw

H3

CKBaXKHH HCNOJb3YIOT PEeJKO H B TeX caydasx, Korga AHHaMHUYecKHH
YPOBeHb NOAN3€MHBIX BOJ HaXoaHTcSd B npenesax BbICOTHI BcachlBaHHA
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Puc. 5.1. Hacocnas craHums Haj, cKBaxMHO# (uasemHan)
I —- OroJIOBOK CKBAXHMHH; 2 — HamOpHHE TPyGONPOBOJ € BAaHTY30M H 3aJBHXKKOH;
3 — o6paTHmfi KJanaH, 4 — Bojomep; § — xomoctofi c6poc; 6 — CTaHUMsA ympasJe-
HYUA H IUTH 3J1eKTPOOGOPyAOBAHHSA

HacocoB (Zo 6 M) uam npu oGecrneueHHH paGoOTH HACOCOB MOJA 3aJjH-
BOM. B macnoprHBIX JaHHBIX HAcoca rapaHTHpyeTcs AONycTHMas Ba-
KyyMMeTpHYecKasi BbICOTa BCAChIBAaHHS NPH ONpefleieHHOH Nojpaye H
4yacToTe BpallleHHd Hacoca, NPHBCACHHHIM K HOpMaJIbe]M YCJ]OBPIHM'
sKcmiayatauun (TeMmepatypa Boas 20°C u GapoMeTpuuecKkoe gaBJie-
HHe 10 M Boa. cr.). Kax mpaBujio, rOpH30HTAJIbHBIE HEHTPOOEKHBIE
HacOChl NMPHMEHSIIOT Ha BoA03abopax, KOTAA HACOCHBIE CTAHIIHH pac-
MOJIOKEHH HENOCPEACTBEHHO Y KamnTaXXHOM KaMephl HJaH cOOpHOTO
pesepByapa Ha TODH3OHTAJbHBIX BoJ03a6opax. XapaKTepHCTHKH To-
PH30HTANbLHBIX LEHTPOOEKHBIX HAcOoCOB, BHyckaembix B CCCP, us-
MEHSIIOTCSl B INMPOKHX npefejaXx: IMPOH3BOAHTENbHOCTh — OT 2 [0
12500 m3/u npu nanope ot 15 xo 700 M.

Hacoch ycranaBimBamoT IHpH yCAOBHH HX paboTh MOXL 3aJIHBOM.
Ecan 310 OKaswiBaeTcs HEBO3MOXKHBIM, B CTAHIHH [Jist 3allycka HAaco-
COB NPeAyCMaTPHBAIOT YCTAHOBKY BAKYYM-HAcoca H BaKyyM-KOTJIOB.

Hax ycresiMu BOZ03aGOPHBEIX CKBaXKHMH YCTPaHBAiOT NMaBHJbOHHI,
B KOTOPBIX pPa3MellaiOT OroJIOBOK, 3JIeKTPOABHTaTelb OPH YCTaHOB-
Ke Hacoca tHna ATH n HA, ropusonransHHil neHTpoGexXHuBIi Hacoc,
annapartypy AJis OTOIVICHHS, NycKa, H3MepeHHsl YDOBHS BOJHl B CKBa-
XKHHE, ee pacxolla, a TaKxke aBTOMATH3alMH H YacTb HATOPHOTO TPY-
60TpOBOKA, HAa KOTOPOM YCTAaHABJHMBAIOT 3aABHXKKH, oOpaTHHH KJja-
nag, BaHTy3, Kpau HIas orbopa npo6 BOAH HA aHAJH3 H TPYGONPOBOJ
NPOMBIBHO# BOAB! € 3aABHXKKOH, HeoGxoauMo#l aas c6poca BOAL NPH
NycKe H MPOMHIBKe CKBaxKHHbl. [1aBHIbOHBI HAaJ CKBaXKHHAMH MOTYT
OBITh Ha3eMHBIMH HJH NOA3eMHBIMH (pHc. 5.1, 5.2) u npunuMarTcs B
OCHOBHOM 110 THIOBBIM NpoekraM CorosrunposoAxosa. IIpu npumenennn
AJsl OTKAUKH BOABI HACOCOB C TPAHCMHCCHOHHBIM BaslOM NPOEKTHPYIOT
O6RIYHO HaJ3eMHBle IaBHJAbLOHBI, a NPH HCIOJb30BAHHM HACOCOB THIA
DIIB — noaseMuble. B ciyuae ycraHOBKH Ha CKBaXHHax TOPH3OH-
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Puc. 5.2, Hacochan cranuus Hap ckeamuuofl (mopsemuas)
1 —nacoc DIIB; 2 — apenamuufi Hacoc; 3 — INAT yNpaBJIeHHs

TaldbHBIX LEHTPOGEKHBIX HACOCOB NMaBHJIBOHBLI MOTYT OBITH HaA3eMHbI-
MH, a NpH HEOGXOMHMOCTH COKPalleHHS BBICOTH BCACHIBAHHSA — NOA-
semHbIMH. IIpu ycTaHOBKe BCeX THIIOB HAacOCOB B NOJ3eMHBIX MaBHJIb-
oHax (uWIaxTax) HeNpeMEeHHBIM YCJIOBHeM SBJISETCH MX YCTPOHCTBO B
CYXHX TPYHTaX.

Hanopuble JHHHH HAcOcOB OGOPYAYIOT annapatypodl Anst saMepa
pacxofoB BOABI M MO 3alllHTe CKBaXXHH M BOJOBOAOB OT rHApaBJHYe-
CKHX VIapoB. XapaKTepHbie cXeMHl 060pyJoBaHHS apMaTypoH Hacoc-
HBIX YCTAHOBOK TpHBeXeHH Ha puc. 5.3 1 5.4.

st KOHTPOJS M YNpaBjieHHs BoposabBopHEIe coopy:keHust 06opy-
IoBaHH TMpuOOPOM AJIsl M3MEpeHHs PacXofa BOAbI, MOAaBAEMOH Kax-
IOH CKBaXKHHOH, 3JeKTPOYPOBHeMepOM AJs H3MEPeHHS YPOBHS BOAH
B CKBAJKHHE, MAHOMETPOM A/ OLlGHKH HaBJEHHS Ha Hacocax, MAaHOBA-
KyyMMeTpOM NpH paboTe rOPH3OHTAJbHBEIX HACOCOB HA BCOCe.
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Puc. 5.4. Cxema oGopynosaHHus apmas-
Q TYPO#H FOPH3OHTANLHOIO NEHTPOGEXKHO~
3 ro nacoca
1 —mnacoc; 2-—KOCOH NEPEXOK; & e
J BeachlBaONias BOPOHKA; 4 — MOACTaB-
Ka TOA BOPOHKY; & — BakyyMMeTp;
AVH. TOP. 6 — Tpexxo/0BOf KpaH; 7 — MaHoMerp;
———==||=. 8 — obpaTHHi KaanaH; 9 — 3a/IBHKKH;
< 10 — pentunp; 11 — ykasarenas JAsHxe-
HHf BO3fyXa; 12 — BO3RYXONPOBOA,
BaKyyM-yCTaHOBKH

—% <4 Puc. 53. Cxema oGopyjoBanHf CKBa~
XKHHH HACOCOM H ApMaTypoR

< 1 —mnacoc; 2 — aeKTpoABUIaTENb; 8 —
BOZONOABeMHHE TPYOH; ¢ — 0GcaiHme
TPYGH  CKBAXHHB;, & — repMeTH3YpO-
BAHHHEI OTOJOBOK CKBAXKHHE, 6 — Ma-~
HoMeTp; 7 — cO6pocHOR TpyGONpOBOA;
8 —kpan orGopa npo6; 9— oGpaTHHA
Kaanay; 10— 3zaasHxka; 11— pamnop-

Hutfi TpyGonporoj

4, mox

2

ITpuBox Hacoca DLIB ocymiecTBASETCS KOMIJIEKTHO NMOCTaBISEMOR
cTaHUHe# ynpapJeHHS C 5JeKTPOAHHMH DaTUHKaMH YpOBHeH, KoTopas
obecneynBaer paboTy MOTPYKHOTO HACOCA B pekKHMe aBTOMAaTHUECKOTO
HIH TelleMeXaHHYeCcKOro ynpaBieHusi. HacocHas craHuusi MOKeT pa-
6oTaTh ONMHOYHO HJIH B IPYyINe B peXHMe aBTOMATHYECKOTO YIpaB-
JICHHSL,

5.2. Hacochl ¥ HACOCHBIE CTAHIHA HA FOPH30HTANBHBIX
M JyueBbIX BOK03a60pax ¥ Kanraxax HCTOUHHKOB

Ha ropusoHTanbHBHIX H JyueBBIX BOJ03a060Opax HAXOASAT MpUMEHe-
HHe TNOoA3eMHBIe, 3arny6ieHHNe W WIaXTHble HacocHbe cTaHuuu. Cre-
neHb 3arayGleHust CTaHIHH onpefessieTcsl JOMyCTHMON BaKyyMMeTpH-
4ecKO# BHICOTOH BcachiBaHHsI HacocHoro oGopyaoBamus. Ha ropuson-
TaJbHHX H JYy4YeBHX BOR03a60pax HacOCHHE CTAHIHH, KaK IPaBHJIO,
coBMemialoT ¢ BofocOopHbiM KonoaleM (puc. 5.5). IllaxTHele HacocHBIE

47



-
RN A

1
R =
I\

Puc. 5.5. Hacocmas cranuus B
520 c6opHOM Kononue

— I — mMamuuash 3an; I — Beno-
MorartejibHOe Homemenue; JI1J —
BOjonpueMHast  maxra; 1 —
3JIeKTPOABHTATENb; 2 — OMOpPHAS
4acTh HACOCHOH YCTaHOBKH; & —
BOJOMOAbeMHHEIEE  TPyOONpOBOA;
4 —mnacoc; §— KOAOHKAa YMpas-
JIeHus1 3aJBHMXKoH; 6 — BOJXO-
npHeMHast TOPH3OHTAaJNbHAA Ape-
Ha; 7 — HamopHu TPYGONPOBOA;
8 — kpaH-Gaska

CTaHIMH, COBMellleHHBe C BOAOCGOPHHM KOJOAleM, 06bYHO 060pyay-
10T HacocHhMu ycramoBkamu tuna DB, ATH uin HA. Hacocnme
CTAHIMH ¢ TOPHU3OHTANbHHIMH IEHTPOOEXKHBIMH HACOCAMH Ha KalTa-
KaxX HCTOUHHKOB DACIOJIATal0T HEMOCPEJCTBEHHO BO3Je KalTaXHOH
KaMephl HJH COODHOrO pesepsyapa MO THNOBHLIM MPOEKTaM, paspabo-
TaHHbIM XapbKOBcKHM BoJoKaHannpoekToM, MocrunporpaHcoM H Ap.
IIpu 060opy0BaHHH IIAXTHBIX KOJOAIEB HCHOJb3YIOT HACOCH BCEX yKa-
32HHBIX THIIOB B COOTBETCTBHH C TpeGyeMbHIM BOJOOTO0POM H MOJOKe-
HHEeM JMHAMHUYECKOrO YPOBHS B KOJOXIE.

5.3. OGopyaoBaHue H IKCIIYATANHUSA BOKO3a6OPHBIX CKBAXKHH
¢ fecTpyOnoil YCTaHOBKOH NMOTPYKHBIX 3J1€KTPOHACOCOB

KoHerpyRuuio ycTpoHicTs, o6ecneuHBaOLIMX TOABEM BOJAB H3
CKBaXXHH HAacOCaMH IO O6GcajHbiM Tpy6aM, MOXKHO Pa3feluTh Ha JiBe
rPYINBL: ‘TlepBasi — pa3fejeHHe 30H BCACHIBAHHMA M HAarHeraHums ocy-
LIeCTBNSIETCH NMAKePHBIMH YCTPOHCTBAMH (MEeXaHMYECKHMH, rHAPAEBJIH-
YeCcKHMH, ra30BHIMH), @ yCH/He NepenaeTcs yepes TPOC HA yCTbe CKBa-
®up (pHc. 5.6); BTOpas — repMeTH3alHsl M Nepejaiya yCHAHH NPOHC-
XONSAT B MecTe ycTaHOBKH ycrpoiicrBa (puc. 5.7).

[IpenmymiecTBo ycTPOHCTB NMEPBOH rpyMibl 3akjaiovaercs B TOM,
470 CO3HAETCS BOSMOXKHOCThH MX NPHUMEHEHHS Ha CYLISCTBYIOULHX CKBa-
xkunax. Jlas ycrpofictB BTOPOH rpymniibl TpeGyercs crenHaltbHash KOH-
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Puc. 5.8. YcrpoficrBa Gecrpy6roft noaBecku

@ — C THAPaBAHYECKHM NaKepoM; 6 — c HKONOAHHTENLHON CTYNEHbIO; 8 — C MeXaHHYe-
CKHM NaKepOM; 2--- C HACOCHHM YIVIOTHEHHEM H pasyliOTHeHHEM

CTPYKIHSl CKBAXXHH, HO OHH OTJIHYAlOTCS MNPOCTOTOH YINJIOTHEHHA H
HaJHYHeM YIOPOB, KOTOPBHlE HCKJIHOYAIOT HeOOXOAMMOCTH HCIOJb30Ba-
HHS TpOca WJIH IUTaHT B KauecTBe HECYI[HX.

Ha puc. 5.6, npencraBreHa KOHCTPYKUHS yCTPOWCTBA ¢ THAPAB-
JINYECKHM I[IaKePOM, COCTOfLAsi M3 3JaCTHYHOTO Nakepa I, oxBaueH-
HOTO PE3HHOBBHIM YNPYTHM KOJBLOM &, CKHMAIOIIHM €ro MPH OCTaHOB-
ke Hacoca 4. Boxa mojaercs Bo BHYTPEHHIOIO MOJIOCTh MaKepa depes
crelHaNbHbie 1eJdH B DaTpyGKe 7, cOefHHEHHOM ¢ HacocoM. Ha mna-
TpYOGKe HMeloTcs ABa ¢Januna 5 H 6, oGecneyHBallHe pa3kaTHe na-
Kepa B pajuajJbHOM HaNpaBJieHHH, T. €. K BHYTPeHHe#l cTeHKe o0cajn-
HOH TpyOn 8. aig co3faHHs Nepenajfa AaBJeHUsS MexIy BHyTpeHHel
MOJIOCThIO fTaKePa H HaANAKePHBIM MPOCTPaHCTBOM Ha maTpyOke ycra-
HOBJIEeH Apoccenb 2.

[punuun geficTBHs ycTpoHCTBA, MpPEACTaBJEHHOro Ha puc. 5.6,6,
3aKJ1049aeTcsi B TOM, YTOo Hacoc I cHaGXXeH JONOJHHUTENbHON CTY-
NeHblo 2 ¢ NPHBOAOM OT Basa Hacoca. JlomoJHHTeNbHast CTYNEHb 4de-
pe3 mHarHeTaTelbHHH TPyGONPOBOX 4 mMOBHILIaeT HANOP B KaMepe
nakepa 3. 9To AaeT BO3MOXKHOCTb CO3JaBaTh B KaMepe nakepa GoJee
BLICOKOe JaBJICHHe, YeM B HANOPHOM YacTu CKBaXXHHHW 0GcafHOH TPY-
6nl 5.

THnHYHBIM MeXaHHUECKHM IAKEPHBIM YCTPOHCTBOM SIBJISIeTCS KOH-
crpykuns JOxHUWUTI'uMa. TIpunnun neficteus yerpoiicrsa (puc. 5.6, 8)
OTJIHYaeTCs KOHCTPYKTHBHOH 0COOEHHOCTBIO YIJIOTHHTENBHOIO 3JIEMEH-
Ta 5, KOTOPHIH pasxkuMaercss A0 obGcamuoit Tpy6s 7 mo pactpyGy I
MeXAy ONOPHBIM KOJbUOM 6 H daanneM 2. B paboueM NOJOXKEHHH
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Puc. 5.7. Becrpy6nas moaBecka ¢ repMerH3anHei W onopofi B MecTe HX YCTAHOBKH

@ —C TOANPYXHHEHHEIM KOJbLOM; 6 — ¢ HOCAROUYHHIM THe3xoM Tpecta Kypckcesn-
X03BOJACTpPOH; 8 — ¢ onopHuM daanuem LHHUHUKHBP

yCTPOHACTBO YAEPIKHUBAETCS ¢ MOMOIIBIO I'PY30BOI0 Tpoca 9, a MOHTaX-
HO-IeMOHTaXHble PaboTH OCYILIECTBJASIOTCS TPOcoM & uyepe3 rubkue
cTpons 4.

Henwsitanus mokasany, yTo HaJdWY#de JBYX KaHATOB INPHBOJAHT K
HX CKPYYHMBaHHIO C KaGejeM H 3aTPYAHSET MOHTaXKHO-AeMOHTaXKHbIe
pa6oThl NpH YCTaHOBKe HAacoCca B CKBaXKHHy Ha raybuHy Gosee 30 M.
[TpombiienHoCThI0 pa3paboTaHa KOHCTPYKUHS YCTpPOHCTBa AJs CKBa-
XKHH ¢ auamerpom o6camubix Tpy6 150, 200 u 250 MM (puc. 5.6,2).
VnioTHeHHe OCYyUIeCTBJASIETCSl NOABECKO! 2 NpH mojaye HacocoMm I Bo-
AbI, ‘paSynJlOTHeHHeAHOCJIe BBHIKJIIOUEHHSI HAcCoCa H HaATAXeHHd KaHa-
Ta § AAS CAMBa BOABI M3 HamopHO#H wacTH o6cagHofl Tpy6H 4.

[TepcnekTHBHBI ycTpolicTBa 6ecTpyOHOH TOABECKH C TepMeTH3a-
uyell H omopoit B MecTe HX YCTaHOBKH (¢cM. pHc. 5.7,a). Ha tpyGe I
3aKpenJieHbl HeMOABHXKHbIe KJAHHbSL 2, TOABHXHbIE KIHHbA J Haxo-
AATCS ¢ HUMH B 3allensienny. [loABHXHBIE K/HHbSL 3 ONHPAIOTCA yepes
ynops 4 Ha TOANPYXKHHEHHOE C MOMOIIbIO NPYXKHH & KOablo 6, ycTa-
HOBJIEHHOe Ha TpyOe / ¢ BO3MOXKHOCTbIO NepeMelleHHs B OCeBOM Ha-
npaBJeHHd H HMelolllee BHYTPEeHHHe NPOJOJbHBIE KaHABKH, MePeKpbl-
BaeMble CBepXy KOHIAMH OCH 7 (hacCOHHOro CeueHHs, TNpoxoasulei
yepes Tpy6y /. 3aC/0HKOM 8, JKECTKO CKpPENJIeHHOH ¢ OChI0 7, MepeKpH-
Baercs Tpy6a I, B BepxHell YaCTH KOTOPOH yCTaHOBJIeHa MOATPYXKH-
HeHHas C NOMOLIbI0 NpPYXHHH 9 maii6a /0. YNJIOTHHTENbHBIA 3Je-
MmenT 11 npuxpensen K maiibe /0 u uMeeT BO3MOXKHOCTb NepeMellaThCs
B oceBoM Hanpabsenud. l1aii6a 10 yepe3 Taru 12 u 3aMKOBOE yCTPOH-
cTBO I3 cBsi3aHa ¢ TPOCOM, BHIBEJEHHbIM Ha noBepxHocTb. [lo Kana-
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JlaM B HENOABHIKHHX KJHHbAX 2 nponyuieHd cujoBofi kabess 14 mas
nuTaHus snaekrporacoca 15. Orpaxarens 17, coepuHennuifi ¢ wmafi-
6o#t 10, ycTaHOBNIeH Haj BEepXHHM CPe30M Hanopuoil Tpy6ul I, BepXHsis
4acTb KOTOPO#i nepdopHpoBana orsepctusimu 8. Ilpu nosoxenud
3aCJOHKH 8 «3aKpHITO» MONepeuyHblii pa3Mep BBHIXOAHBIX KOHIOB OCH 7
Gosbiie UIMDHHBI KAHABKH H MeHblle —IIpH IOJOXEHHH 3aCJOHKH
«OTKPHITO».

YerpoitictBo pabGotaer caeayomum obpasom. Ilepex ycraHoBKO#A
HACoCa KOJBLO 6 OCa’XHBAaeTCs BHH3, 3aCJOHKa CTAHOBHTCS B HOJIOZKE-
HHe «3aKPBHITO», TeM caMblM KOHIAMH OCH (DUKCHPYeTCS NOJIOXKeHHe
NOANPYKHHEHHOrO Koablla 6. IloaBUXHbBle KAHHbA 3 3aHEMAIOT HHXK-
Hee NOJIOXEeHHe M He BBICTYNAlOT 32 JHAMETD HeNmOABHXHBLIX KJIHHb-
e 2. Ilpu noxsece Hacoca [5 npyxuna 9 cxuMaercs, YIJIOTHHTENb-
HBlH 37eMeHT [] 0cBOGOXAaeTCsl OT AeHCTBHS NPYXKHHE H MPHHUMAET
CBOMi MHHHMaJbHBIA IO AHAMETpPy pasmep.

Tlpu nocruXeHHH HaMeUeHHOH rJyOHHBI BK/JIIOYAeTCs HAcoc, H NOJA
HamopoM XHIKOCTH OTKPHIBaeTCs 3acjJoHKa 8, mnosopauuBasi ocb 7.
Kouner ocu 0cBo6GOXAAOT OT (DHKCAUMH MOANPYXKHHEHHOE KOJbLO 6,
KOTOpOe, nepeMeniasich BBepX, NOAHHMaeT NOABHKHBIE KJMHBA 3 [0
HX pacKpelIeHHs] MeXJY HeNOJBMXHBIMH KJAUHbSIMH 2 H 006cajHOi
TpyGoit 16. OnHoBpeMeHHO ocaabasieTcsi HaTskKeHue Tpoca. oA aet-
CTBHEM COGCTBEHHOrO Beca M NPYXKHHH 5 Hacoc 15 HaeXHO packpen-
asercss B o6capnoi TpyGe. Ilpu packpemyieHHH Hacoca npyxuua 9 oc-
BoGOxaeTcst OT AeHCTBHsI ero Beca H yepe3 wmaiiby I0 paskumaer
YIJIOTHHTENBHBIH 37eMeHT I1 50 o6caaHol TpyOh!.

Jlnst neMOHTaXKa Hacoca HATATHBAETCS] TPOC, KOTOPHI uepes wiai6y
CKHMaeT NPYKHHY 9, u 0CBOOOKIAeTCSA YNJOTHHTENbHBIH JJIEMEHT, a
Tpy6a I ¢ KAHHBAMH 2 NOAHHMaeTcsl, 0CBOGOXKAAsA KIUHBA 3, KOTOpHIE
CKOJIB3AT 1O 06CaAHON KOJOHHe TPYD, CHKHMasi NPYKHHH J.

Koncrpyxuue#t ycrpofictea IIMK tpecra Kypckcenbxossoacrpoft
(cM. puc. 5.7, 6) npH COOPYIKEHHH CKBaXKHMHBI HA IMyOHHE YCTAHOBKH
Hacoca I/ B o6cannoli TpybGe 8§ mpegycMaTpHBaercsl CIENHAJbHBI Ma-
TPYOOK 7 ¢ NOCAaJOYHBIM I'HE3JOM, Ha KOTOPOe ONHPAeTCss Hacoe ¢
natpyObkom 3. K natpy6ky npuBapen ¢aauneln 4 ¢ pPe3HHOBHIM JHC-
KOM 5, KOTOpHII CayxHT ynaotHuTesneM. Kabeab 9 X snextpoaBura-
TEJIO NPOXOJAHT Yepe3 CaJbHHKOBOE yNJoTHeHHe 2 Ha ¢aaHue. Mon-
TaX OCYIeCTBJSIETCS ¢ NOMOLIbI0 6ypoBwX mitanr 6. Ilpu skcnnyara-
HHH Ha HEKOTOPBIX CKBAa)KHHAX He NPOMUCXOAHJIO HOJNHOE pasjesieHue
30H BCACLIBAHHS M HarHeTaHHs. YBe/JHUeHHE copTaMeHTa OGCaJHBIX
TpyG 3a cyer yCTaHOBKH NOCAaJOYHOro rHe3fia CHHXKaeT 3(deKTus-
HOCTb HX NPHMEHEHHS.

Ha Boposabope Muncka no npoekry IIHUHUKHWBP B 1986 r. Gbi-
Ja mpo0ypeHa CKBaXKHHa, Ha KOTOPOH YCTAaHOBJIeH OJHH M3 IpocTeli-
IIHX THNOB YCTPOHCTB OecTpyGHON mOABeCKH HacocoB. KoHCTpykuus
yCTpoiicTBa COCTOHT M3 OTpe3Ka TPyOhl, K KOTOPOH TIpHBapeH ONop-
Hblil yanen 4 ¢ Pe3HHOBOH NPOKJAAKOH 5 TosuuHON 10 MM M cepbra
2 pna kpensienusi tpoca I (cM. puc. 5.7, 8). Diaekrpuueckuit Kabesn 3
K Hacocy 6 NpOXOJAMT 4epe3 CaJdbHHKOBOe YIJIOTHEHHE B ONOPHOM
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¢aanne. Hacoc ¢ ycrpoficTBoM ycranasiuBaJjcs Ha nepexoje obGcan-
ggﬁ Tpy6nt Dy=2300 MM B naaduabrpoByio Dy==250 MM Ha riyGHHe

M.

CxBaxuuu ¢ OecTpyOHOH YCTaHOBKOH NOIpYXKHBIX HacoCOB Mo-
I'yT 5KCIJIyaTHPOBATbCH H KAk OObIUHbe, H KaK BakyyMHbie. B mep-
BOM CJyuae Nbe30MeTpHYeCKHH ypOBeHb BOAbLI B 30He BCACHIBAHHSA
CKBaXXMHB! BCerja HaXOAHTCA BHIIE OTMETKH Nakepa; BO BTOPOM —
HHMXe Takepa, H TOTZa NOX HHUM BO3HHMKaeT BakyyM. Ecin ckBakuna
SKCILIyaTHpYeTCs ¢ NMOCTOSHHBIM AeOHTOM, TO BaKyyM IO NaKepoM
Hapacraer INOCTeNleHHO, OXBAaThIBasi Bce OOJBIUYIO NO BHICOTE 30HY
BcachiBawumel nojoctu obcagnoit Tpybei. Co BpeMeHEM OH MoOXeT
PacnpoCTPaHHUTbCA Ha (HJALTP H NPHPHALTPOBYIO 30HY CKBAXKHHEL

KOHCTPYKIHSl CKBAaXKHHB C YCTAHOBKOH NOIPYXHBIX 3JIeKTPOHa-
cocoB ¢ OecTpy6HO#M HOABECKOH AOJMXKHA OTBEYATH CAEAYIOIIHM Tpe-
6oBaHusM: obcanHbie TPYOBl MOMKHE o6ecrneyuBaTh repMeTHYHOCTb
U HMeTb OJMHAKOBLI# AZMamMeTp OT MecTa YCTAHOBKH KOJbileBOH
BCTaBKH JO YCThSl CKBAXKHHBI; AMaMeTP 3KCIIYaTALMOHHOH KOJIOHHBI
TPy6 HOJXKEH COOTBETCTBOBATb HOMHHA/JbHOMY JHaMeTpy Hacoca;
KOHCTPYKIHsI OroJIOBKA CKBAXKHHBI AOJXKHA o0eCrneunBaTh NOJHYIO
repMeTH3all{i0, HMeTb CAJbHHKOBHE YIJIOTHEHHs JJIf BLIBOJXHBIX KOH-
1oB xabes.

Il1si 3aMepa ypoBHSI BOAKI B CKBaXKHHe yCTAHABJMBAeTCA Nbe30-
MeTpHuecKasi Tpy6ka d>>3/4"”, coenvHeHHas CO CKBAXKHHOH C HapyxX-
HOH CTOPOHH oOcajmHo¥ TpyOBnl HHXEe YCTAHOBKH Hacoca MJH HpOXo-
Islias BHYTpH obGcamHoit TpyObl M BbIBeJleHHast ¢ IOMOIUBIO CaJIbHH-
KOBOro YIJOTHEHHS uepe3 orosoBOK. Bo BTOpoM c¢iydyae mbe3oMer-
pHueckast Tpy6Ka HCNOJb3yeTcs B KaYeCTBe MOHTAXKHO-AEMOHTAXKHBIX
LITAHT.

BectpybHas BakyyM-CKBaXKHHA JOJXHa OniTh 06opynoBaHa IBY-
Ms nbe3oMerpHuecKHMH TpyOkaMH. OfHA H3 HHMX CBSI3aHA C BHYTpeH-
Hell [OJIOCTbI0 CKBaXKUHBI HHXKe (HAbTpa (B BepxHell wyacTH OTCTOMH-
HHKAa), HMeeT OTKDHITOe YCTbe H (DHKCUpYeT HANoOp BOo BHyTpeHHe#
nosocta QHIAbTPA, Apyras coobuiaercs ¢ obcagHoit Tpyboit Hemocpen-
CTBEHHO IIOJ NaKepoM, HMeeT repMeTH3HPOBAHHOE YCThe H OTBOAS-
11yio TPYOKY, CHAaOKEHHYIO BAKYyMMETPOM.

Stor mnbesomerp ofecneuHBaeT BO3MOXKHOCTb He TOJbKO (PHKCH-
poBaTh BENHUHHY pPa3perxeHHs NOJ NAKEpPHbIM yCTPOHCTBOM, HO HIIpH
HeOGXOAMMOCTH 4Yepe3 CBOe pa3repMeTH3HPOBAHHOE YCTbeé CTPaBJH-
BaTh HAKONHBINHIICS MOJ NakKepoM BO3AYX B aTtMocdepy (lipuy BO3-
HMKHOBEeHHMH 3/eCb [aBJ/eHHs, NpeBbIamuiero armocdeproe) aubo
OTKayHBaTb €ro IpH NOMOIIH IHTAaeMOro OT HaloOpHOTro TPybonposo-
Ja Hacoca, 3XEKTOPHOIO YCTPOHCTBAa, INpHEMHAs KaMepa KOTOPOTO
cO06LIeHa C YCTbeM Nbe30MeTPHUecKO# TpYOKH.

J1s cHHXKeHHs TOoTepb Hanopa Ha oOTeKaHHe NOTOKOM 3JIeKTPO-
IBHTATeJIs HACOCA H HCKJIOYEHHs KABHTAHOHHBIX sBJIeHHH, OCoGeH-
HO B IYCKOBOH NEPHOA, AMAMETP IKCIIyaTaLHOHHOH KOJOHHH TPYyO
HHJKe KOJIbILEBOH BCTABKM 11O JAJIMHE NOT'PYXKHOrO 3JeKTpoHacoca Ha
50 MM u 6oJibllle HOMHHAJBHOTO JHAMeTpa Hacoca.
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I'uppaBnuyeckHe HCHNbITAHHS HANOPHOH YacTH 0OGCafHON KOJIOHHBL
Tpy6 HEoGXOZHMO NPOBOAHTH B COOTBETCTBHH ¢ TPeOOBaHHAMH HC-
NLITaHHH HANOPHBIX TpyGompoBoAoB. JIJsg HCOBITAHHS  YCTPONCTBO
OecTpyOHO# TOABECKH C HOTPYHEIM 3JEKTPOHACOCOM C OOpaTHHIM
KJanaHOM H COOTBETCTBYIOUIHM pa3BHBaeMbIM HAaNopOM Ha 3aKphi-
TYI0 3aBHXKY MOHTHPYIOT B ckBaxuHe. [locaenusis oGopynyercs rep-
METHUHEIM OTOJIOBKOM, a Ha OTBOAsiLeM TpyGompoBojie ycTaHaBJAHBa-
eTcs 3anBuxkka. Ilyck Hacoca mpOH3BOMHMTCA HA 3aKPHITYIO 3aJBHXK-
Ky Ge3 Bblmycka Bo3nyxa u3 obcapuoit kosoHHw TpyO. Ilocne Toro
KaK HacoC CO3LAacT MakCHMaJsbHOe JaBJeHHe, OH OTKJAYaercs. [lo
YJCTaHOBJEHHOMY Ha OTOJIOBKE CKBAaXKHHB MAaHOMETPY OmNpefensior
repMeTHYHOCTL HAMOPHOTO yyacTka obcafHO# KOJOHHH TPY6 H yCT-
poicTBa GecTpy6HOM NOABECKH Hacoca.

Tlpu sxcnayatanuu GecTpyOHOH BakyyM-CKBAaXKHHBI IO TIbE30OMET-
paM (HKCHPYIOT Hanop B (QHUABTPe H BAaKYyM NOJ NAaKepHBIM YCT-
po#icTBOM. DTH JLaHHblE TO3BOJSIOT OIEHHTh YPOBEHb BOAK B CKBa-
KHHE W He JONYCTHTb €ro OTKJOHEHHsS OT 3aJaHHBIX IpPejesos.
INocnennee MoKeT GHIT JOCTHTHYTO PErYJHPOBKON 3aJBHXKKH, pasMe-
LIEHHOH 33 YCTheM CKBAaXKHHBI, a TaKXe YCTAHOBKOH JaTYMKOB HHXK-
HET0 H BEPXHEro ypOoBHeHl aBTOMATHYECKOH CTAHIUH yIpaBJEHHS.
Huxnuit patynk ycranasauBaercs Ha 20—30 cM HHXKe OTMETKH pac-
YeTHOTO YPOBHS, a BePXHHH — HA OTMeTKe HHXKHell JIMHHH Nakepa.

B cayuyae HeponycTHMOTO CHHXKEHHSI BakyyMa IHOJ NaKepoOM ero
BOCCTaHABJIHBAIOT BPpeMeHHON ocTaHOBKOM Hacoca. Ilpu stom yposensn
BOAK IIOJ II4KEPOM INOBBIIIAETCS, CKONHMBIUHICA TaM BO3JyX npHobpe-
TaeT AaBJjieHHe, npeBwilUalolllee aTrMocdepHoe, ¥ MOXKeT ObITb BHIIY-
HleH B aTMocepy uepes NpeJBApHTENbHO pa3repMeTH3HPOBaHHBIM
neesomeTp. llocaenyromeMy nmycky [AOMXKHB npealliecTBOBATh 3a-
JIUBKA TIbe30MeTpHuYeCKOH TPYyOKH BOLOH 1O YCTbS H ee repMeTrH3a-
nus. B sToM cayuae, Korjpa OCTaHOBKAa HAcoCa HEAONYCTHMA HJH
OPUTOK BO3/lyXa 3HAUYHTEJEeH, OTKauKa MOCJAEeJHero NPOU3BOJUTCS
33KEeKTOPOM.

B nepexoaHbIX mpolueccax InycKa H OCTAHOBKH HACOCOB IPH NojAa-
de BoAn 1O o6cafpHbiM TPyGam OTCYTCTBYIOT SIBJEHHSI THApaBaxye-
CKHX YAapOB B CKBa)KHHe, 3@ HCKJIIOUEHHEM CJiyyas MYCKa NpH HaJH-
yuy r1y60KOro Bakyyma B HanopHoil suHuu. [Ipu 3TOM BenuuuHa mo-
BHIIIEHHS JABJEHHS NpPH THAPABIHYECKOM yJAape 3HAUMTENLHO HHXKe,
YeM NPH aHAJOTHYHOM peXXHMe IyCKa HacocCa, YCTaHOBJIEHHOTO Ha BO-
JOHOLbEMHBIX TpyOax.

CkBaxHHB ¢ OecTpyOHON YCTaHOBKOH NOTPYHBIX HACOCOB BO
MHOTHX CJY4asX MOTYT YCHEUIHO 3aMEHHTb CKBAaXKHHB TPajHIHOHHOH
koHCcTpykiHH. HaunGosee 3¢pdekTHBHO HX MCHO/Bb30OBaHHE B CHCTeMe
BojloCHA0XKeHus, KOrja OTKauKa, Kak NPaBHJO, IPOM3BOJLHTCS CpaB-
HHTeJbHO r/1yOOKMMH CKBa)XHHAMH H3 BOJLOOCH/JbHBIX BOJOHOCHHIX
TOPH30HTOB, T. €. TaM, TAe 3KOHOMHs TPYO H BBITOJH, CBA3AHHBEIE C

yMeHbllieHHEM NOTEPh Hanopa Ha INYTH OT NOTPYXHOro Hacoca A0 1o-
BEPXHOCTH 3CMJIH, HauboJiee 3HAUHTENbHDL.
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I'JIABA 6. BOLO3ABOPBI U3 CKBA)KUH

6.1. CxeMBl KOMIOHOBKM BOR03a60POB M NOJAYN BOAM
NPH HCNIONb30BAHNHN NOA3EMHBIX HCTOUHHKOB

Himeercss MHOrO BapHaHTOB CXeM MNOJAaYM BOABI NMPH HCIOJAb30BA-
HHM MOJ3EMHBIX HCTOYHHKOB BOJOCHaGXenus. OZHHM BapUaHTOM
npenycMarpuBaeTcss Mojaya BOJAH HENOCPEACTBEHHO B BOAONDPOBOA-
HYI0 CeTh M3 HerJyOOoKMX NOJA3eMHBHIX BOJA INPH noMowu Gyposoi
CKBaXKHHBI HJIM HIAXTHOTO KOJIOALA H HACOCHO#l CTAaHUHH MEpPBOTO
TMOABEMA, PACNONOXKEHHON B OTAENbHOM 3AaHUHU.

B npyrom ciayyae HCTOUHHKOM BOJOCHAOXKeHHS CJAYKAT MOJ3eM-
HBIE BOJAB Pa3JHYHBIX BOJOHOCHHIX TOPH30HTOB, 3aJeralollHX Ha pas-
HOil ryiy6HHE OT MOBEPXHOCTH 3€MJIH., DKCINYATAlHs OCYIECTBASETCH
NPH NOMOILY TPYNNE BEPTHKAJbHBIX BOA03a060POB, KaXKABH H3 KO-
TOpeIX 060pYNOBaH OTAEALHHIM BOJONOJBEMHHKOM, HANpPaBsIOUIUM
Bosy B COOpHHIA pesepsyap. M3 Hero Boja nmojaercst B ceTb HacOCaMH
BTOPOTO NOABEMa HJIH, MHHYSl ero, HelOCPEJCTBEHHO B CeTb.

HmeroTcst cxeMBbl, B KOTOPHIX NpeAyCMaTPUBAETCsI NoZaya BOAL M3
HErMyOG0KO 3aJjeramomux NoA3eMHHX BOJA I[pH IOMOLIH [PYINOBOTO
BEPTHKaJbHOTO Bojxo3abopa. Boaa mogHHMaeTcst HacocaMH, pacmoJio-
JKeHHBIMH B 3AaHHH CTAHUHH NEepBOTO NojbeMa, mnojpaercs B  c6op-
HEIl pesepByap W 3aTeM B CeTb HACOCAMH CTAHIMH BTOPOTO NOADBEMA.
B HexkoTOpHIX cJydYasix Boja H3 BepTHKaabHOro Bojoszabopa (6ypo-
BOH CKBaXHHBI) NPH MOMOIIM BcachBawLHX Tpybonposomos, pabo-
TAaOIUX 10J BAKYyMOM, HanpasJaseTrcss B cGOpHBIH pesepByap, OTKY-
JAa HacocaMu mojaercss B ceTb. HacocHas craHuus B 3TOM cJaydae
4acTo pacnoJiaraetcsi HEMOCPELCTBEHHO moJ pe3epByapaMu. AHaJjo-
rHYHYIO CXeMY MOXKHO MPHUMEHHTh U NMpH CH(OHHON cHcTeMe BOJOMO-
Javuf.

Ilpu ucrosb3oBaHUH I'YyGOKO 3ajeralouiyX MOA3EMHEIX BOJ, NMOADb-
€M BOJAH H3 BEPTHKAaJBLHOrO Bojo3abopa (6ypoBOil CKBAaXKMHBI) H IO-
naya B cOOpHBIH pe3epByap OCYLIECTBJASIOTCS NPH NOMOWIH 3pJudTa.
KoMnpeccop mpu 3TOM pacnoJsaraercs B 3AaHUH HACOCHOH CTaHIHH.
AHaJOTHYHYIO CXeMY MOJKHO TNPHMEHHTh H NIPH HCHOJNb30BAHHH IJy-
60KOBOJHBIX IOTPYIKHBIX HACOCOB.

OnruMasbHass cXeMa PAachoJOXKeHHs BOJA03a0OPHBIX CKBAXKHH Of-
pelensieTcss THAPOreOJOrHYECKHMHM pacyeTaMH, BHIIOJHEHHBIMH AJA
HEeCKOJIbKHX BapHaHTOB.

6.2. Pacuet BOn03a6GOpPOB M3 CKBAXKHUH

Ilpu pacuerax Bom03aGOpPOB B KauecTBe HCXOLHOH BeJHYHHBHI NMpPH-
HuMaerca AeGHT @, COOTBETCTBYWOIINI MPOEKTHpyeMOoMy BojonoTpes-
JIEHHIO TPH 3aJaHHOM BPEeMEHH SKCILIyaTalHd H MAaKCHMAaJbHO JO-
NYCTHMBIX TIOHUKEHUSAX YPOBHSA Spon.

Benuuuna HONYCTHMOrO TNOHHIKEHHS YPOBHS oONpefensiercd cje-
LYIOIHM oGpasoMm:
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B 683Haﬂ0pHHX BOJOHOCHBIX F'OPH30HTAX

Spon= (0,5 ... 0,7) h, — Ahype— Ahy; (6.1)
B HaHOprIX BOJOHOCHEIX TOpH30OHTax
Saon=H,—[(0,3 ... 0,5m) + Ah,, +Ahy, (6.2)

rae h.— nepBoHauasbHast TyOHHa BoAH; H,--NepBOoHaYa/bHBIR Hanop Haj NMOHO-
uIBOR TOPH30HTA; Ahgac — MaKcHMadbHafu Tyy0HHa NOrpyXKesHHs Hacoca HOJA [HHa-
MHYECKHi YpOBEHb BOAH B CKBaXmuHe; Ahgy — NotepH BOAH Ha BXOJEe B CKBaXHHY;
m — MOHIHOCTbh HAMOPHONO MJacta.

B npocTbiXx THAPOreONOTHYECKHX YCJIOBHAX OOBIYHO MPHMEHSIOT
aHaJIUTHYECKHE METOJH pacueTa BOA03a6OPOB. B CJHOXKHHX Xe ycJo-
BHSIX — CYLIECTBeHHAasT HEORHOPOJAHOCTb BOJOHOCHHIX NJIACTOB, CJOXK-
Hoe (B NJaHe ¥ paspese) OdepTaHHe MX IPaHHI, GOJbIIOe YHCJIO Ba-
PHaHTOB BOJ03a00pa ¢ y4YeTOM BO3MOXKHOCTH 3arpsi3HeHHs, HCTOIe-
HUSL H HCKYCCTBEHHOTO NMOATHTHIBAHHA NMOA3EMHBEIX BOAX — Bosiee mpen-
MIOYTHTEJILHO TIPUMEHeHHe MOJEHPOBaHHUS.

BenuunHa NOHMXKeHHs YPOBHS MOJA3EMHBIX BOJA B JI0G60H TOuKe
BOZOHOCHOTO TOPH30HTa NpeACTaBiasercs CJAeAYIOWHM obGpasom:

IJ1s 6e3HANOPHBIX BOJOHOCHBIX TOPH30HTOB

s=h—/ him TR 6:3)

JJIs1 HANOPHBIX BOAOHOCHBIX TOPH30HTOB
s <= (Q/2rkm) R, (6.4)

rae Q — cymmapubiii fe6HT Bogoorfopa; k& — KosdipHuHeHT GHIBTPALHH BOJAOHOC-
HHX TIOPOJ; M — MOIIHOCTH BOJAOHOCHOTO TopusoHTa (km — Ko3(puuueHr BOXO-
NPOBOAUMOCTH IIacta); A, — €cTecTBEHHAsh MOINHOCTh Ge3HaNOPHOTO BOAOHOCHOTO
FOPH30HTA; R — HAPABIHYECKOE CONPOTHBJEHHE, PACCUATHIBAEMOE B 3aBHCHMOCTH OT
yCIOBHH 3ajeraHus MOA3EMHBIX BOL M KOMIOHOBKH BOAO3a60DHHX CKBaXKHH.

Ias onpeneseHHst NOHHXKEHHST YPOBHSI NOJA3EMHBIX BOA HeNMOCpen-
CTBEHHO B ckBaxHuHe B ¢dopMynax (6.3) u (6.4) HeobGxonaHMO NMpPHHATDH

R=R,+ B (6.5)

rae Ro— BeJHYHHA THAPABIMYECKOTO COMPOTHBIEHHS R B  TOUKE pPaclosiOXeHHS
CKBAXHHB, E — NOKa3zaTesb AONOJHATEJNLHOFO CONPOTHBJCHHS CKBAXHHH [O Ccrelle-
HH M Xapakrepy BCKPHITHA BOXOHOCHOTO mJacTa; P=Qo/Q — oTHoweRKe pacxona
paccMarpHBaeMoli cKBaXHHH Qo K CyMMapHOMY pacxopy Bojosabopa Q.

BeanunHy R MOXHO ONpPefe/uTb B 3aBHCHMOCTH OT IpaHHUYHBIX
YyCJI0BHH BOJOHOCHOIO TjiacTa H cXeMbl Bojo3abopa N0 MHOTOYHCJIEH-
HBIM PYKOBOACTBAaM M MoHorpadusm [1, 23].

PaccMmoTpuM psAnx NpocTefliMX cayuaeB pacdera Haubojee pac-
IPOCTPaHEHHbIX THIIOB BOJ03a00PHBIX COOPYKeHHI.

Odunounble CKBAMURbL U HebOAbULUe 2PYNNbL CKBANCUX B yaaje-
HHH OT rpamm naacra

So = Qq/4nkm [ —E, (r)4at) +E); (6.6)
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epynnol 83aum00eliCT8YIOUWLX CKBANCLUH

’ n
Q cyM r?
§=8,+ 2:aiEi — ) (6.7)
4nkm 4at
i=1
rie Qo — PACX0A ORUMHOUHOH CKBAXHHH, B KOTOPOH ONpEeNsercs MOHHXKEHHe YPOB-
Hs; ro~—— DajuyC STOH CKBAXHHH, r;=ry, Iy, ...— PACCTOAHHA OT Hee JO OCTANLHHX

B3aHMOAEHCTBYIOLINX CKBAXHH; f— BpEeM#A, OTCYMTHBAEMOE OT Hayaja OTKAUKH;
= Qi Q" eyu (1 =Q1/Q"cyn, 02=Q2/Q"cyu); Q'oym — CyMMapHHii Ae6HT BceX cKBa-
HuH; n— obmlee UMCJO CKBAXKHH 32 BHUETOM CKBAXHHH € mHaekcoM «0»; 4 — Ko-
9 HIHEHT NBE3ONPOBONHOCTH.

SnaueHus HHTErpafsHoM noxasarenpHo# GymknuE Ei npeacraBieHH B page
CHPaBOYHHKOB H PYKOBOZCTB 23]

TMpu r?/4at<0,05...0,1
Ei(—— fi)zlnmsm

4at fis

HostoMy npu AIHTeNBHEIX NMEPHOAAX OTKAYKH (opMyas (6.6) u
(6.7) MOXHO TmpeACTaBHTL B BHJE

So==(Qo/2rkm) [In (R"/ro) 4 E|; (6.8)
5 = o+ (Qepu/ 20km) S, In (R/ry), (6.9)

i=1

Tme R’ — HEKOTOPHi YCNOBHH{ PAAMyC BAHAHHA CKBAXKHHE HJH Boxo3abopa H3 He-

GoJbllioro YHCNa KOMNAKTHO DACHOJIOMEHHHX CKBAXKHH, YBEJIHUHBAIOMIHACA BO Bpe-
MEHH.

R=15Vaf. (6.10)

Ilokasarenem AONOJHHTENBHOTO CONPOTHBJCHHAS & B IpHBEJeH-
HBIX (opMysnax OLEHHBAeTCsi HECOBEPHICHCTBO CKBAXKHH IO CTENeHH
H XapakKTepy BCKPHITHS IJIacTa, KOTOpble OOYC/NOBJNEHb MEHbIeH A~
HO! (UIbTPa B CPaBHEHMH C MOIMHOCTbIO BOJOHOCHOTO TOPH30HTa H
JOTIONHATEJIbHHIMH (QHILTPANHOHHHIMH CONPOTHBJCHHSIMH Ha BXOje
B CKBaXKHHY (HECOBepUIeHCTBO 1O XapakKTepy BCKpHTHS maacra). C
BBe/leHHeM 3TOr0 MOKasaTessl TNOHHXKeHHe YPOBHSI IO CPABHEHHIO ¢
COBEpIleHHON CKBAXHHOH BO3PAacTaeT Ha BeJHUHHY

As = (Q,/2xkm) (&1 + &), (6.11)

rre & H E; — AOMOJHHTENLHBE COMPOTHBJCHHN, 06YCHOBIEHHHE COOTBETCTBEHHO He-
NONHOTOH U XapaKTepoM BCKPHITHS NacTa.

3Havenus § Ans Cayuyas, Korja (HILTP NPUMBIKAET K BOZOYNOPY,
npuBejeHn B Taba. 6.1,

Ilpn oueHke BeNHUHHBI E; NMPEANOYTHTENHHO NPOBOJHTbL HCCIELO-
BaHHs B IIOJIEBBIX YCJOBHSIX B XOJE ONBITHO-QHABTPALHOHHHIX paboT
H PacnpocTpaHUTh IOJyuYeHHBle ONBITHHIE JAaHHble NpPH HAEHTHUHBIX
YCJIOBHAIX NPOH3BOACTBa paboT Mo GYPeHHIO, OCBOEHHIO H 06OpPyHOBa-
HHMIO CKBAXMH Ha 3KCONYaTalHOHHBIH BojosaGop. B nepBom npubin-

56



Ta6anua 6.1. INokasatesb CONPOTHBACHHA

%, opu mjr ~_ L
Um
1 3 10 30 I 100 ' 500 1000 2000
0,3 0,05 0,65 2,4 4.6 7,25 10,9 12,45 14,1
0,5 0,025 10,331,131 2,11 3,25 4,82 5,5 6,2
0,7 0,008 (0,12(10,44| 0,85 1,34 2,01 2,29 2,6

Mpumewanusa 1. Ilpu noapzoBanuu tabauuedt clieayer umetb B BHAY, UTO
st Ge3RATOPHBIX NAACTOB M=he— So/2; l=lo— 50/2 (I — pnuna duabtpa; So—
NOHWXKeHHe ypoBHs B ckBaxuue). 2. Ecau ¢uapTp pacnosoxen B cpeliHel 4acTH
naacra, 3Hadenue §;, ompenesaseMoe mo tabua. 6.1, ciepyer yMenwliuts: npu I/m=0,3
na 1,5; ripu I/m=0,5 Ha 0,7.

JKeHUH Tpu OypeHUH CKBaXKHH YZapHBIM HJH DOTOPHEIM Crnoco6OM
C IIPOMBIBKOH YHUCTOW BOHOA H NMpU HCHNOJAb30BaHUH (PUILTPOB, KO3(-
(HULHEHT BOJONPOHUIIAEMOCTH KOTOPHIX B 5—10 pa3 rmnpeswlaer
BOJIOTIPOHUIAEMOCTh TJIacTa, BEJHYHHY § TpH pacuerax CKBaXKHH
MOXKHO He NMpHHMMaTb BO BHHMaHHe. OJHAKO B LleJIOM psijie CaydaeB
BEJIMYHHBI £, MOryT GHITH BeCbMa 3HAUHTEJNbHBHIMH, COH3MEPHMBIMH C
BeJMYHHAMH R U &, a HHOTAA H CYIIeCTBEHHO TNpeBHINATh HX
(Taba. 6.2).

Bodosabopel, cocroswue uz Goavwoeo uucaa s3aumodeiicTayro-
Wux CK6aXCuH B YRAJEHHH OT IpaHHIl BOAOHOCHOrO IJAacTa C IeJbIo
YNpOILIeHHsT PacyeTOB MOXKHO paccMaTpHBaTb B BHAe OGOOIIEHHBIX
cucTeM BON03a6OPOB: JHHEAHOro, KOJNBLEBOro H KpyroBoro (mjomaf-
Horo). OGmas ¢opmyna aJas pacyera KpyroBoro Bogosabopa IJs
JJIUTEIbHBIX NepHONOB SKCIyaTallHH HMeeT BHA!

So = (Qeyu/ 2rkm) [In (R [ rap) - ag (Ino/mrg) + €|, (6.12)

rie Go=0Q0o/Qcym (Qo — AeOHT CKBaXKHHH, B KOTOPOHl ONpejeiseTcs NOHHXKEHHE YPOB-
HAA; Qcyy — CYMMapHHI pacxoj Boposabopa); ro — PajaHyc CKBaXKHHB; O — IOJIOBH-
Ha DAaCcCTORHHA MEXAY CKBAXWHAMH; rpp — HpHBeJEHHHA paauyc obGobuleHHOH CH-
CTeMHB: AJA JHHEAHOA cHCTEMB! rnp=0,37] (/ — mos0BHHA AJIMHB PAJA CKBAXHH),
ANA KOJAbLUEBOA rpp=Ro, (Ro — pajuyc KoJbLa), Aas KpYroso#i (mJIomAanHof) rap=
=0,61 Ry (Ro— pasuyc Kpyra, OKOHTYpUBAIOMHA 0GOGIIEHHYIO CHCTEMY CKBaXKHH).

Bennunna R, KOJbLleBO# W KpyroBo# (IJoOmajgHOM) CHCTeM CKBa-
KHH
o =P/ 2, (6.13)

rae P — mepHMeTp ydacTka pAcloJIOKeHHs CKBAXKHH 1O JIMHHH, coeluHAOUed Kpah-
HUe CKBaXHHH.

[pu onpeaeneHHd TMOHHUKEHHS YPOBHS B TOUKAaX, YAaJeHHBIX Ha
paccTosiude, NpeBblIIaoniee NOJOBHHY MPOTSXKEHHOCTH BoAo3abopa,
T. e. pu r>1,5] B AuHeAHON cHCTeMe CKBaXXHH H r>1,5Ry B Koable-
BOH M MJIOMIAAHOH CHCTEMax, MOXKHO NOJb30BaThCs (PopMysoi

5o = (Qeyu/27km) In (R]1). (6.14)
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Ilpu pacuere meGHTa OJHHOYHBIX H HeOOJBIUIHX TPYNN B3aHMOJEH-
CTBYIOHIHX CKBaXXKHH BOJIM3H peK HJIH KaHaJOB HCMNOJB3YIOTCH  cJje-
nywouiue GopMyan:

st OZHHOUHOH CKBAXKHHB!

8o = (Qo/2nRm) [In (ps/ o) +E[; (6.15)
IJISt TPYNTH B3aHMOJEHCTBYIOIAX CKBAXHH
s =38, (Q/2rkm) ¥ a;1n (p,/ry), (6.16)

i=1
TAe Qo, Qi— PACCTOSIHMS OT TOYKH, B KOTOPOH omnpegensercs MNOHHXKeHHe YpPOBHS

(AN OAMHOYHON CKBAXKHHH Qo) AO COOTBETCTBYIOIIHX 3epKaJbHHX OToGpaeHHH
peaNbHBEIX CKBaXHH OTHOCHTENHHO NPAMOJHHEHHOTo ype3a PekH.

IMpu pacnosnoxeHHu nHHEHHOro psiia CKBaXKHH MapaJsuiesIbHO ype-

3y BOABl B PEKe MOTYT HCHOJb30BAThCA CAeAYyOMIHe (POPMYJHI.
Jost pAna cKBaXXHH OTPaHHYEHHOH NJIHHEL

__9 2L 2 L
so—%km[lnl/l—l- ; +l arcthL -+

+ (=2 -+ z)], (6.17)

rae L — paccrosHse pAfia oT pekd; [ — MONOBHHA AJMHH DANA CKBaXKHH; G — MOJO-
BHHA DPAcCTOSTHHS MeXJy CKBaXXHHAaMH B PALY.

Ilo npusepennoit dopmyiae (6.17) onpenensieTcst TOHHIKEHHE YPOB-
HSl B HEHTPaJbHOH CKBaXKHHE pAzaa.

B Toukax, ymajseHHBIX OT psila CKBAXKHH H JIeXKAllHX HA JHHHH,
npoxoAsiiieii nocepeanne psifa (HOPMaJbHO K HEMY),

. Qeym 1 P4 (y4-1)2 Yy 21L
o= 2nkm[2 In 124 (Y —L)? L]xarctg)‘ml‘”_l’-;-
L 21y
+ T arc tg m. (6.18)
Jnst psina cKBaXKHH HeOrpaHHyeHHOH MJiuHH npH [[L>5
— QoL , 5 (1n 5.
shm[ Loy (m% +g)]. (6.19)

Ilnst onpefenieHHsi NOHHMXKEHHs] YPOBHsSI B TOUKaxX MeXAY peKoH H
pAOM CKBaXmuH, T. €. npu 0<x<L,

S== QcyuX/2lkm, (6.20)
a B ToYKax OT Psila CKBaXHH B riy6p Gepera npu x>4
§ = Qyul /2lkm. (6.21)

KpOMe AONOJIHHTEJIBHOTO CONPOTHBJICHHS], CBSI3aHHOI'0O C HeCOBEP-
{IeHCTBOM BOﬂOS&GOpHHX CKBaXHH, NMPpH pacyeTax cJjeayer YyUHTH-
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BaTh NONOJHHTEJIbHBIE NIOTEDH HANOpa NpPH PACHOJOXKEHHH CKBaXHH
y PeKH, AHO KOTOPOiH CJIOKEHO OTHOCHTEJBbHO CJabONpOHHIaeMHMH B
CPaBHEHHH C NJACTOBHIMH OTJIOXKEHHSIMH. B uacTHOCTH, 3TO Xapak-
TepHO A/l BOAOXPAHHJHINL H PeK C OOHJABHBIM H MEJKOAHCIEPCHEIM
TBEPALIM CTOKOM, NMPHBOASIIHM K 3aHJCHHIO H KOJbMAaTalHH PYCJO-
BHIX OTJIOXeHHH. JloNosHHTeAbHOE NMOHHKEHHE YPOBHSI ASx B OJHMHOY-
HOH uaM OGOOIIEHHOH CHCTeMe B3aMMOJEHCTBYIOIUHX CKBaXKHH ONpe-
Renasercst no gopmyae

Asy = — (Qoyu/ 2mkm) IMVEL (—2L}); (6.22)
AJist THHEHHOTO PSia CKBaXXHH
Asy= Qcy,/2lkmy, (6.23)
rae Y — JONOJHATENBHOE CONPOTHBJACHHE PYCAOBHIX OTpameHHH
_bm [k
b o o (6.24)

rae ko v my — xospduuyent GuABTPAUHKE ¥ MOIIHOCTH CJAOS C NOHHKEHHOH NPOHH-
aeMOCTBIO B pyciie peku; Rim; u km — Ko3(hdHUHEHTH BOJONPOBOAHMOCTH HOPOX
COOTBETCTBEHHO B pyche moj cnaGonpoHunaemoll mpochaofikoli ¥ B Geperax; ¢YyHK-
M Ei(—2LW)) — nHTerpaspHas 3KCNOHEHUMaJbHAass (YHKHMA OT aprymeHra 2=
=2L¢ (L — paccrosiine CKBaXMHH OT DEKH).

Bo Bcex nNpHBeJEHHBIX 3aBHCHMOCTSIX TIOHHXKEHHE YPOBHsI CNpa-
BeAJHBO [Jsi HANOPHHIX BOAOHOCHBIX NJACTOB, re s==H.H (3gech
H.— nepBonauasbHH# Hamop B miacte u H —wHamop B nponecce
akcliiyaTtanuu). Mx MOXHO HcHosb30BaTh H B Clydae pacyeTa CKBa-
JKHH B O€3HaNOPHHIX BOJAOHOCHBIX TOPH3OHTAX, €CJH -BeJHYHHA IO-
HHXKEHHSI YPOBHS He npesnitaer 0,2k, — nepBoHauajbHOH TJIyOHHH
BOAR 0 BOAOYNOpa, A0 BBOXa B aeficTBHe Bojgo3abopa (craTHUecKHH
YPOBeHb).

B cnyuae npoekTHpPOBaHHs OOJBIIHX NMOHHXKEHHH B Oe3HaNMOPHBIX
BONOHOCHBIX TOPH30HTaxX B NPHBENEHHBIX COOTHOIIEHHSX HCKJIOYaer-
Cs BeJAHYHHA m (MOILIHOCTH HANOPHOTO BOAOHOCHOTO T'OPH30HTA), a
B JIeBOH MX 4Y4CTH BMECTO TMOHHXKEHHS YDPOBHS 3anHchIBaeTcss Iapa-

MeTp u, CBSI3AHHEIH C TOHHXEHUEM YPOBHSA B GESHaHOpHOM BOJOHOC-
HOM TOpH30HTE (HOPMYIOH

s =he—h=he—Vhi—u, (6.25)

rae h — ray6¥na BOAH B Hpollecce SKCIAyarauny (IHHAMHYECKHR YPOBEHb).

Tag, sanpumep, Aas OAHHOUHOH CKBaXKHHH (opmyay (6.6) MoxHO
sanucaTb

= [;%a — Ei (fi%) +- E]‘ (6.26

Ananoruuneie npeoGpa3oBaHMsi [ENAlOT H AAS APYTHX CXeM BO-
203a60pOB MO PACNOJOXKEHHIO HX B BOJIOHOCHBIX NJacTax.
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[JIABA 7. KOMIIJIEKCHBIE THAPABJIMYECKHE
PACYETbBI BOLO3ABOPOB U3 CKBA)KHH

7.1. Pacuers! pexxuMoB paGOTHl OJHHOYHBIX CKBAXKHH

CoBpemeHHBle CHCTEMBI BOJOCHAOXKeHHSt M3 MOJA3eMHBIX HCTOYHH-
KOB NPeICTaBAAIOT coO0fi KOMIJIEKC B3aMMOCBSI3aHHBIX COOpPYIKEHHI.
C oIHOH CTOpPOHBI, 3Ta CBsI3b NPOSIBJASIETCS] B pe3yanTaTe HHTepde-
peHIIHH CKBaXHH, ¢ JPYyrod — 3a cueT TOro, YTO B3aHMOACHCTBYIOIIHE
CKBaXXHHBI OObefHHEHbl MeXIy coGOoH CHcTeMOit COGOpPHBIX BOZOBOAOB.
BsaumoneiicTBHe 3THX KDPYIHBIX 3JIeMEHTOB B 3HAYHTEJbHOH CTeleHH
3aBHCHT OT OCOOEHHOCTeH BOAONOABEMHOr0 O0GOPYAOBaHHS, yCTaHaB-
JIHBaeMOTo B CKBaXXHHax.

B cymecrByonux pabotax Io pacuery BOA03a60pOB MOA3EMHHIX
BOJ He YJAeJeHO JO0JKHOrO BHHMAaHHSI 3TOMY OOCTOATEJbCTBY: B HHX
paccMarpuBalorTcst MO0 3aBayd  THAPOTeOJIOTHYECKOTO pacyeTra H
OUEeHKH 3alacoB NOA3EMHBIX BOJ, JHO0O BONPOCH THAPaBJAHYECKOTO
pacyeTa H TeXHHUECKOTO OCHAIUEHHsi CHCTEMbl NOJadYH BOHBl OT CKBa-
xuH. ChoxuBluicss TakuM 06pa3oM NMOAXOX K NPOEKTHPOBAHMIO BO-
03a60poOB MOA3EMHBIX BOJ NPHBOAHT K TOMY, UTO BBEJEHHBIE B JeH-
CTBHE COOPYKEHHs yKe C MepBbIX JeT 3KCIJyaTauud paboTaioT B
pexuMe, He COOTBETCTBYIOIleM pacueTHoMy. Bmecre ¢ TeM 3 ¢exkTus-
Hast pabBora Bomo3aboOpPOB MOA3EMHBIX BOX MOXeT OBITh obecneveHa
JUIUb B TOM CJy4ae, ecjH Ha CTaJHU HX NPOCKTHPOBAHHS H PEKOH-
CTPYKIHH YYHTHBAIOTCSE OCHOBHBIE (DAKTOpPHI, OTpaXKaloil#e B3aHMO-
HelCTBHe OTHRJBbHEIX COODY:KeHHH B Hpolecce dKCHyaTamHH CHCTe-
MBl. B CBSISH ¢ 3THM BecbMa aKTyaJibHOH CTaHOBHICS 3ajaua Mmo fo-
BHILIEHHIO 3(()eKTHBHOCTH ReHCTBHS BON03260OPOB NOA3EMHBIX BOX.
Peluenne 3ToH 3ajay# B 3HAUHTE/BHOH CTeleHH CBsI3aHO ¢ paspa-
6oTKO#f METOAMKH KOMILJIEKCHOTO pacyeTa B0J03a060pPOB HOA3EMHHIX
BOJ H METOJAHKH OUEeHKH 3((eKTHBHOCTH MepOIpHSTHH MO HHTEHCH-
(HKAUHH HX KeHCTBUS.

[Tpu skensyaTtanuu cCHCTeM BOAOCHAGXeHHsi, KpOMe TOrO, Ipocie-
XKHBaeTCsi B3aHMOCBSI3Sb MeXAY [POH3BOJHTEJIbHOCTHIO CKBaXKHH H
801;03860])3 B I€JOM INIpH H3MCHEHUH THAPOJAHWHAMHUYECKOrO peXHMa
NOA3EMHBIX BOJ, a TaKXe THAPABJHYECKHX MapamMeTpOB OTAEJNLHBIX
COOpYKeHHH.

OcHoBHONl 3ajauell KOMNJIEKCHOTO pacyeTa BOJ03a6OPOB MOA3EM-
HHIX BOJ SIBJfeTCS onpefeseHHe HCTHHHBIX 3HAUeHHH PacXOZOB CKBa-
KHH ¥ NOHHXEHHH B HHX YPOBHS BOJABI, a TakKXKe Pacxol0B H MOTepb
Hanopa B COOPHHIX BOZOBOAAX H MapaMeTpoB paGoTe BOJAONOABEMHO-
ro obopynoBauus. IIo3ToMy TakKue pacueTh CJeAyeT NPOBOAHUTb NpPH
pa3/iMyHBIX pacyeTHHIX PEXHMax M Ha DasJjHYHBE TePHOAB IKCIAya-
TallMH BOR03a60poB (T. €. ¢ YYeTOM Ce30HHHIX KoJieGaHHH ypoBHe
H cpaboOTKH 3anacoB MOA3EMHEIX BOJ, KOJbMaTa)Xa H BHXOJa CKBa-
JKMH H3 CTpOSl, OTKJIIOUeHHs OTAGJBHBIX JHHHH COOPHHIX BOJOBOLOB
H T. ) H Ha OCHOBEe 3TOT0 HaMeyaTb CPOKH NPOBEIECHHS MEpOMNpHS-
THH, HANpaBJEHHHX Ha noJAepiKaHHe cTabHJIbHOH paGoThH CHCTEM.
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TOR pacyerTa CHCTEMB «CKBAXHHA —
Hacoc — BOAOBOJ, — pe3epByap»

Puc. 7.1. Cxema mnopauu BOAHW OT
CKBaXHH

1 ~ nacoc; 2 — daasTp

P

Has sroit nesn so BHUY BOIATEO paspaboran naker DPHKJIaIHBIX
nporpaMm H «PekoMmeHpanun no npuMeHeHHio OBM s BHINOJHEHHS
KOMILIEKCHBIX pacyeToB BOA0O3a60POB MOJ3EMHBIX BOJA».

HcxoanbiM MaTepHajioM IJisi BHIIOJHEHHS TaKHX DacyeTOB fABJSA-
OTCH:

a) THAPOreoJOTHYEeCKasr pacyeTHas CXeMa paClOJIOKEHHst BOAO-
3a60OpHBIX H HHOHIBTPALHOHHBIX COOPYXKeHHH;

6) 3anpoekTHpOBaHHAs cXeMa c60pa BOAB OT CKBaXHH;

B) NpHHsATAs B NPOEKTe BLICOTHAs CXeMa NOAaiH BOAbl NOTPebH-
TeJIo.

Ilpu or6ope BOXB H3 CKBaXKHHBl (puc. 7.1) nanop nacoca H 3a-
TpauyHBAaeTCsl Ha MPeojoJieHHe TeOMeTPHYeCKOH BBHICOTH IIOAbeMa BO-
Il 2, IOHHXEHHe YPOBHS s H MOTepb HAamopa B BOROBOAe Ah OT
CKBaXHHH 10 TOUYKHM Nojaum Boae. Hacoc, ycTaHOBJAeHHHH B CKBa-
JKHHE, Pa3BUBAaeT HANOP, PaBHHHA

H=(VP— vc‘r.mp) 4- s +Ah,, (7.1)
rae H —nonnas BecoTa MOAbeMa BOAW H3 CKBaXMHH; VP — oTMmeTka YpOBHA Bo-
AH B pesepByape; Ver.rop — OTMETKAa CTATHYECKOTO YPOBHS TPYHTOBHIX BOJX; S — HO-
HUXeHHe YPOBHS B CKBaXuHe, Ak — MOTEPH Hanopa B BOAOBOAE OT CKBaXHHH 10
pesepByapa, BKJIIOYas IOTEPH Hanopa B BOJLONOJABEMHEIX 'rpyﬁax.

Pasuocts otMeToK (VP — Verrop) — 3TO reOMeTpHYeCKas BHCOTa
noabeMa BOAH H3 CKBaXKHHH. ECiH 3TH OTMETKH He H3MEHAIOTCH, TO
(VP — Verrop) =const. C npyroit cropousl, Hacoc pasBHBaeT Hamop
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B COOTBETCTBHH ¢ ero pabouelf xapakrepucrukoii Q — H, kotopas B
JAHana30He ONTHMAJbHHX 3HAaYeHHH K. IN.A. MOXeT OHTb anmnpOKCH-
MHDOBaHa ypaBHEHHEM

H-=A—BQ?, (7.2)
rae A u B-— napametpn xapakrepuctHkn Q — H mHacoca.
Mopcranoska (7.2) B (7.1) u yuer 3aBucuMocTH S==1)(Q) U Ahy=

=1 (Q) Raer
2= (Q/2nkm)(R +8) + I5AsQ* = A — BQ®. (7.3)

[IpuMennTenbHO K OAMHOYHHIM CKBaXKMHaM ypaBHenue (7.3) Mo-
¥eT OHTH peliieHo rpaduueckn. Muas sroro koopaunatol Q — Hy cae-
AyeT pachoJIOXKHTb TaKHM o6pasoM, utoOn Touka H ==0 Haxomunacs
Ha OTMeTKe Vrrop. TOrKa nHHHS V==const Ha rpaduke (puc. 7.2)
ONpeesIUT FeOMEeTPHYECKYIO BHICOTY NOABEMAa BOJAH H3 CKBAXKHHEL, a
KpuBas | — XapaKTePHCTHKY CKBaXHHH Q —$ (XapaKTepHCTHKA CKBa-
XHUHB MOXeT OHITH NMOCTPOEHA KaK IO ONBITHHIM A3HHBIM, TaK H HA
ocHOBe pasuetoB). HakoHell, 3agaBasicb THAPABJIHYECKHM CONPOTHB-
JIEHHeM, Cl1pOsiT XapakTePHCTHKY BopoBoxa Q — Ahs (xpuBas 2).

IMpu cnoxenun xapakrepucTHk Q —s u Q — Ahy Ha nuHHH V=
==const HaxoxHTCA COBMEIIeHHAs XapaKTEepHCTHKAa (KpHBas 3) CKBa-
JKHHB, BOAOBOAA M pe3epByapa, npejpcraBasiomas cobofi rpadux
33aBHCHMOCTH NOJIHOH BBICOTHL NOAbEMAa BOAB OT NMPOH3BOXHTEJIbHOCTH
CKBaXHH.

Ha puc. 7.2 nokasaHa TakXe xapaxkrtepuctika Q-—H wHacoca,
KOTOpPHIH NpeAnoJiaraeTcss yCTaHOBHTb B CKBaxuHe. [lepeceuenne ee
¢ KpuBok 3 gaer pabouyro TOUKy Hacoca ¢ KoopzuHatamMu Qp u Hp
(rze Qp— meficTBHTENbHAS TPOH3BOAUTENBHOCTb Hacoca M Hp— Ha-
[0op, pa3BHBaeMbli HACOCOM NPH Tako¥ nojade Boxbl). OgHOBpeMeH-
HO C 5THM OIpejeneHbl TaKkKe BEJHUHHB Sp B CKBaXKHHe H Ahg B BO-
JIOBOJE.

3ayacryio W3 HMEIOMIEroca copTaMera He yjRaercs noxobpaThb
Hacoc, pabodass TOYKa KOTOPOro TOYHO Gbl COOTBETCTBOBaja Tpebye-
MbIM 3HaueHHaM Qp HiH H, ckBaxKHHbl. [l03TOMYy Ha NpakTHKe Haco-
¢H noAGHpaT ¢ HEKOTOPHIM 3aMacoM IO HANOPy H NPOH3BOAAT pe-
TyJHPOBaHHe HX NPOH3BOAHTENbHOCTH. Takoe peryJjHpPOBaHHe, Kak
NpaBHJIO, OCYIIECTBJSACTCH C NOMOIIbIO 33a[BHXKEK, yCTAHOBJIEHHBX Ha
HanmopHOH JIHHHH; peXe — H3MeHeHHeM YHcjia pabouux Kojec Hacoca.

B ToM cayuae, Korja NMPOH3BOAHTENbHOCTh HACOCOB PErYJIHPYeTCS
YCTaHOBKOH Apoccelis HA HANOPHOH JIMHHH NPHCOEAHHEHHS CKBAaXKHHKI
K BOJOBOAY, K.I.J. YCTAHOBKH pe3KO CHHJ}KAeTCs H  COCTaBJserT

0=ty |1 — (2/1/ Ha)},

rEe V) — K. IL l. YCTaHOBKH, CHATHH ¢ rpapuka Q — H npu 3agamgoM Q Hacoca;
H, — Hanop Hacoca, cOOTBETCTBYIOIHH NMoxave Q 3a BbNETOM NOTEPh Hamopa Akhs
B BOJOBOJe; 2H — BeaHUHHA ApPOCCEINPOBARHA.

Taxgofi cnoco6 perynHpPOBaHHS BBHAY HESKOHOMHYHOCTH HE MoO-
*KeT OHITh PEKOMEHAOBAH Ha AJIMTENbHOE BpeMs, 0COOEHHO B TOM CJaY-
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wae, Korjga 3Hauenusi zH Beauxku (2H>AHy, rpe AHgz— nanop, pas-
BHBaeMbIi OfHHM pabouHM KOJeCOM Hacoca).

IIpu 2H>AH4 peryanpoBaHHe INPOH3BOAHTENbHOCTH HAaCOCHHIX
YCTaHOBOK CjieflyeT NPOH3BOAHTb H3MEHeHHeM 4YHC/Ia pabouyHX KoJec.
Uucno Kosec, KOTOpble HEOOXOAHMO CHATH € HAcoCa, ONpeaesnseTcs
BeIpaxKeHHeM A=2H[AHy ¢ OKpyrieHHem 7 Ao OsuxKafillero HaH-
MeHbIIEro IIeJOoro 3HaYeHHs.

B Tom cayuae, ecin 2H>7AAHg, TO OXHOBPEMEHHO ¢ H3MEHEHHEM
gyncsia pabounx KoJec Hjsi obecnedeHHs: 3afaHHOH NPOH3BOMHTEJNb-
HOCTH HacoCa NPOH3BOJAHTCSI YCTaHOBKA APOCCE/st HA HANOpPHOH JH-
HHH. BejHYHHA APOCCEJHPYEMOro Hamopa IpPH 3TOM COCTaBJSET

2H' = zH —nAH,,.

Iyers no ycaoBuio TpeGyercsi obecneyuTb NMOfayy BOABI B pesep-
Byap B KosiHuecTBe Qq, mpHueM Qo< Qp. DTOMYy pacxogy Ha CoBMe-
IleHHOM rpaduKe COOTBETCTBYeT Touka B ¢ KoopauHaTamMu Qr u Hi.
Hanop Xe nacoca npu nopave Boabl B KojuyecTBe Q. pasen H'p
(H'x>H,). CnepoBaresbHO, BeJHUHHA APOCCEJHPYEMOro Hamopa Co-
craBasier H'= (H'y — H,). Ha mnepeceuenun nepneHuKyssipa, BOC-
CTAaHOBJEHHOT0 M3 TOUKH B Ha ocb abcumcc, ¢ aunusaMu I u II nexat
HCKOMble 3HAUYeHHsi Bcex nepeMeHHbix zH’, Ahy ¥ s HpH moxade BOAH
B KostHyecTBe Qp.

TIpu usmeneHnu Kaxko#-iub60 H3 cocTaBAsOMX (CM. pHC. 7.2)
NPOHCXOAHT CMelleHHe pabouyell TOYKH Hacoca IO XapaKTePHCTHKE
Q— H. Tak, HanpuMep, cpaGoTKa 3anacoB MOX3EMHBIX BOJ INPHBOAUT
K YBeJHYCHHIO MeOMeTPHYEeCKO BBICOTHI NOXbEMA H3 CKBaXHH, T. €.
K yBeiuueHuio H Hacoca W COOTBeTCTBEHHO yMeHblienHio Q. Amnano-
THYHAsi KapTHHA Ha6,iojaeTcss H NPH YBeJSHUYEHHH THAPABIHUECKOrO
CONPOTHBJEHHs (HIbTPAa CKBAaXKHH, OOYC/JIOBJIEHHOr0 KOJbMaTaXeM.

Bpemsi T, B TeuenHe KOTOPOTO He MPOHCXOAHT HapylleHHs Yc-
J0BHH Sp<Spom HIH Qp==Qr, MOXKHO CYHTATh MEPHOJAOM YCTOHYHBOR
pa6orn ckpaxkud. OZHAKO Ha NpPaKTHKe 3TO BpeMsA, KaK NpasHJO,
OKa3blBAaeTCsi MeHbllle PaCYeTHOrO CpPOKa AEHCTBHSI CKBAaXHH.

Honyerum, yTo xapakTepHCTHKa CKBaXXHHb (pHC. 7.3, @, KpuBasi 1)
Orls1a ONpeneJieHa Ha NEPHOX COOPYXeHHs, a B Npouecce ee 3KCIjaya-
TallHH THAPaBJIHYECKOe CONpPOTHBJAEHHe (HJAbBTPAa BO3POCIO, H  Xa-
paKTepHCTHKa CTajsa onpejessitbesi Kpuso#t I1. B pesynbrate 3THX
H3MeHeHH# pabouasi ToyKa Hacoca CMECTHTCsi H3 TOYKH B B TOuKy B’.
Ipu sToM, KaK BHEHO M3 rpadHka, MOHHXeHHe YDOBHS BOAB B CKBa-
XKHHE COCTABHT §'>>S, a NMPOH3BOAHTEJNbHOCTb €€ YMEeHbUIHTCS] Ha Be-
anuuny AQ. Uro6bl rpaduyeckHe mocTpoeHHsi ObLiH Oosiee HarjsA-
HbBIMH, Ha pHC. 7.3, @ xapakrepuctuka Q — H Hacoca 3aMeneHa Ha
TaK Ha3blBAeMYI0 APOCCEJbHYI0 XapaKTePHCTHKY, NOJYYCHHYIO BBIUH-
TaHHeM M3 opAHHAT H moTepb Hanmopa B BOAOBOAR Ahg.

Has oGecneueHns TpeGyeMoil NPOH3BOJHTENbHOCTH YCTaHOBKH B
KOJHyecTBe Qq CefAyeT yMeHbUIHTb NMOTEPH HAmMopa Ha Apocce/e Ha
BeJqMUHHY (S'—S), H OHH MOJXKHB cocTaBuTb (2H) == (2H) —
— (s"—s). Ilpu sTomM mMOHHXKeHHe ypOBHS BOAH B CKBaXHHe BO3pa-

€6



g, 3)

2 H SH
—_—F | -
e < A
S it ' C RN
= L NSy oS _+48)_ N INE Ners
2 S b A 7’
S //\?\\ //// ;, \\
0 : N\ ‘.P /// N
B 1 L7 ZP vP
| sl T 27 It e i Il
40 1 S nunmA ZP-AS -
!
! | || [
0, 44", q
8)
SM A p —
NNNNN {100 L\k —
- -1680 ™ [/, — j\iu
3 ol L] TN iz ™ N
% £ -100 \ 10—+ —t—— = — A D
= g 80 R \ 80 =
. N e
g -40 40 s
-20 - 20— — — ]
Vi L _ |
N 0 30 2520 15 10 5 2 W0 B0 Qe
-y R - S
5=
E § 40— | — L
-1 *60 T
5 (%]
£ +6§-— — = -
ool (L L L,
.t by [ts)2alt,]
NEPUOA PABOTN‘FKBA}KHHM

Puc. 7.3. T'padoananuTaueckuit METOR PEMIEHHa 32434

@ — peryJHpOBaHHe NPOU3BOJAMTENLHOCTH CKBaXHHH; O — pacueT NPHPOCTa NMPOH3BO-
RuTeNbHOCTH ckBaxHH npH MBIIB; s — pacuer u poxbop Bojonozbemuoro o6opyno-
BAHHS APTE3HAHCKHX CKBaXHH

craeT. ITosToMy Tako#i croco6 perynupoBaHHs MPOH3BOAHTEJIBHOCTH
MOXHO NPHMEHATh JIHUIb B TEYEHHEe ONPEAeNEHHOro CPOKa 3KCIJya-
TauMH, NOKa NMOHHKEHHE B CKBaXKHHe OYNeT MeHblie, YeM Sgom, HJH
noxa sxauenne (zH)'>0.

Ha puc. 7.3, @ Touka ] COOTBeTCTBYeT VCJIOBHIO, KOrZa npu Q==
=Qy, (2H>0), a s=spn Ilpu Heusmennom (2H)’ nanvrefmui
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POCT CONPOTHBJICHHsI BHI30BET CHHXKEHHE NPOH3BOJHTEJNBHOCTH yCTa-
HOBKH. BMecre ¢ TeM, ecnu ymenplints (2zH)’ po 3HaueHH#, NPH KO-
TOPHIX MNOJada BOAbl OT CKBAXXHHBl COCTaBHJa Obl Q, TO BO3pacTeT
TIOHHXKEHHE YPOBHSI BOABl B CKBaXKHHe H S NPEBBICHT Sgon. CuaeAoBa-
TeJbHO, XapaKTePHCTHKa CKBaXXKHHbI, TNpelcTaBjeHHas KpHusoit [II,
COOTBETCTBYET YCJOBHSIM, Korja (HJIbTP NpefenbHO 3aKOJAbMaTHPO-
BaH H JaJjibHefilllasi 9KCIUyaTallusi YCTAHOBKH 0e3 OCYIIeCTBJIeHHS
KOMIJIeKCa MEepONPHSATHH N0 BOCCTAHOBJIEHHIO TNPOH3BOJHTEJNbHOCTH
CKBaXXHHBI OKA3bIBAaeTCsi HEBO3MOXKHOHK.

Perenepanneii QuabTpa CKBaXKHHH yHaeTcss XOOHTbCH yMeHbllle-
HHsi THIPaBJAHYECKOTO CONPOTHBJEHHsi N0 3HAueHHH, OJH3KHX K Ha-
ganabHoMYy. Toraa npu apoccenupyemoM nanope (2H)’ NpoH3BORHTEb-
HOCTb YCTaHOBKH COCTaBHT Qu>Qr, a Mo Mepe pocTa CONPOTHBJIEHUS
nofaya BOAM OyZeT CHHXKAaTbCsi H JIHIIb NPH AOCTHXKEHHH Npelelb-
HOH 3aKONbMaTHPOBAHHOCTH (HJIbTPa CKBaXKHHBl OKaXeTcs paBHOH

Q. :

Beenenne B gefictBue cucreM MBIIB Br3bIBaeT NOBHIIEHHE YPOB-
Hsl TPYHTOBHIX BOJ, & 3TO, B CBOI0 O4epelb, NPHBOLT K YBeJHUCHHIO
IPOH3BOAHTENbHOCTH HacoCa, YCTaHOBJEHHOr0 B CKBaxHuHe. Bmecte
¢ TeM. Aas obecneueHHs 3aJaHHOr0 MNPHPOCTA INPOH3BOLHTEJBHOCTH
TakXKe HeOOXOJAHMO OCYIIECTBJISITh PETYJNHPOBaHHe paGOTH HACOCA MK
NIpOH3BOJHTD €TO 3aMEHY.

HonyctuM, uto ycranoBka VBIIB BBenena B JAeficTBHE B MOMEHT
BpeMeHH =T, (koraa QHJIbTP CKBaXKHHbBI IPEIENbHO 3aKOJIbMaTHPO-
BaH) u ofecneynsna NOBHIIEHHE YPOBHsI Ha BesiHuHHy As. Torama, oc-
HOBHIBAsiCh Ha THAPOTEOJIOTHUECKHX pacyeTax, OKa3blBaeTcsi BO3MOXK-
HBIM TIOHTH Ha yBesjH4eHHe 0T6Opa BOXH C AOBEJAEHHEM €ro A0 BesH-
4HHH Qr, pPaBHOM:

Q. = Q.- [2rkmAs] (R, + E)], (7.4)
rie Ro— QuIbTPAaLHOHHOR COMPOTHB/IEHHE BOAOHOCHOrO MAACTa NPH AEHCTBHH  BO-
J03a60PHOR CKBaXXHHH; § — fOnoJHHTENbHOE CONPOTHBIEHHE Ha HecoBeplIeHCTBO
CKBaXXHHBH B MOMeHT BpemeHH Ts.

Ha puc. 7.3, 6 Benuunna Q, siBnsiercsi abeuuccoit Toukn C, nexa-
Hiel Ha NMepeceYeHHH XapaKTePUCTHKH cCKBaXHHB (auHHSA 1) W nuuuu
a6 (Sgon+AS). YuurniBasi, uto As=QesRes/2nkm, (rne Re¢ — QpuabTpa-
LHOHHOE CONpPOTHBJIEeHHe BOZOHOCHOrO MJAacTa NPH AeHCTBHH YCTAHOB-
ku HMBIIB), MOXHO HalTH np:

1 = Ro/(Ro + &), (7.5)

rae Mr— K. 0. A. ycraHosku WBIIB, koTophii mosker 6bITh NOCTHIHYT B JaHHBIX ycC-
JIOBHSAX.

PaccmoTpuM, Kakoe xe OyfeT MoJsydeHO 3HAUeHHe 1), eCJIH B CKBa-
XHHE OCTaBHTh Hacoc, NojolpaHHmi 6e3 yuera paGoThl YCTaHOBKH
UIITIB (cM. puc. 7.3,a). B atom cayuae anst HaxXOX[eHHsi HOBOH pa-
6ouelt TOuRKH pacoca HeOOXOAMMO OT JHHHH 2P= (2P — As) 3aH0BO
BOCCTaHOBHTb XapakTEPHCTHKY CKBaXHHBl [0 IlepeceyeHHss ee C
ApoccesIbHOH XapakTepHCTHKOR Hacoca (puc. 7.3,6). A6cuuccof
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Puc. 7.4. Cxema K pacuery CKBaXHH NpH CH(OHHOM Bopo00TGOpe

TOURH JI” onpejensieTcst pacXof CKBaXKHHH Q” ¢ yueToM ApoCceqnpo-
BaHHs Halopa Hacoca Ha peanuuny (zH)’, a a6cuuccolt Toukn B” —
pacxon ckBaxHHb Q' mpu (2H’)=0. Kak BHAHO u3 rpadHKOB, BBe-
AeHHe B geiicTBHe ycTaHoBokK VIBIIB 6e3 3aMenbl BOAONOABEMHOTO
obopynoBaHusi CKBaXXHH OyfeT BCerZa NPHBOAHTb K 3aHHXKEHHIO 1.

B apresuanckux GaccefiHax YpPOBHH MOJ3E€MHHIX BOJA MOTYT Haxo-
AHUTbCSI Ha OTMETKaxX, NPeBHIIAIIHX OTMETKH NOLaYH BOAH NOTpe-
Gutenio. JTo NO3BOJSET Ha HavaJbHOM 3Tale OCYULeCTBJATh SKCIJY-
aTalMiO CKBaXXHH B peXXUMe CAMOH3JHBA H JHIUb N0 HCTEYEHHH Ofl-
peleNieHHOr0 BpeMeHH IlepeXOAHTb Ha OTKauky BOAB HACOCaMH.
XapakrepHblit rpadHK H3MeHeHHs! BO BpeMeHH Hanopa NpH AeHCTBUH ap-
TE3HaHCKOH CKBaXXHHBI B peXXHMe CaMOH3JHBAa C MOCTOSIHHBIM pac-
Xxoa0M Qr mpexcTaBJeH Ha pHc. 7.3, 8. F3 Hero BHAHO, YTO B TeueHHe
NepBHX f; JieT 3KCIVIyaTallHH HaNoOp Ha YCTbe CKBaXKHHbI HaXOXHTCS
Ha OTMeTKax Bblllle I0BepXHOCTH 3eMyn. IlosToMy, eciHm Boma oOT
CKBAaXXKHHBI MOJAETCSt B pe3epByap, pPacHosiOXKeHHBIH Ha OTMETKe 3eM-
JIH, TO BPéMeHeM [==f; onpejeasieTcsi NPOROJKHTENbHOCTb paGoTH
CKBaXXHHBl B peXkHMe CaMOH3JHBA.

Insi obGecniedenHsi 3ajaHHON MOJAYH BOAbl NMOTPEGHTENIO NPH >
>1%; B CKBaxHHe CJeJyeT YCTAHOBHTb HACOC; BbIOHpPATb MapKy Haco-
ca caefyeTr ¢ yueroM AaJjbHelillied cpabOTKH 3anacoB NOX3€MHBIX BOJ.
Meronuka nopbopa HAcOCHHIX YCTAHOBOK Ha pasjHuHbie TEPHOAL
BpeMeHH HJAMIOCTPHPYeTCss Ha pHC. 7.3, 8, rie B KoopiuHaTax S —1
npeiacTasied IpatdHMK H3MeHEeHHsl BO BpeMeHH Hanopa NOJ3€MHBIX BOL,
a B KoopauuHatax Q — H — apoccenbHble XapaKTePHCTHKH HACOCOB C
y4eTOM Hanopa B BOAONOABEMHLIX TpyOax.

ApanoruuseiM 06pa3oM BHIIOJNHSIIOT PacyeT H B cjyuyae CH(OHHO-
ro orbopa Bogbl H3 CKBaxuH. EcC/iH, HanpHMep, HMeeTCs OJHHOYHAS
CKBaXXHHA, OT KOTOpO# BOoja Mo CH(pOHHOMY BOXOBOAY NOJaercs B
cOopHBIH peseppyap (pHc. 7.4), rpadoaHaJHTHUECKHH pacyeT CBOIHT-
CA K BHINOJHEHHIO CJAeAYIOMHX nocTpoenuil. B Koopausatax Q —H
CTPOHTCSI 3aBHCHMOCTb S=v%(Q), T. e. XapaKTepHCTHKa CKBaXXHHH
(xpuBast 1). Jlalee X OpAHHATaM XapaKTepHCTHKH CKBAaXXHHH MpH-
6aBisl0TCH 3HaueHHs1 Ahy — MoTepu Hanmopa B BOJAOBOJE — H TIPOBO-
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JHTCSE JIHHHUSA 3, oTpaXawllas OTMETKY HAalOJIHEHUSA BOAH B pe3epBy-
ape, OTCYHTAHHYIO OT CTATHCTHYeCKOro ropusonra. Ha mepnenauky.is-
pe, onyuleHHoM u3 TOYKH A nepeceuenus JuHui 2 m 3, aexar pac-
YyeTHLIE 3HAYEHHS Sp U Ah,, COOTBETCTRYIOMINE Q).

7.2. Pacuer cHcTeM NOZAayM BOXB OT CKBAXKHUH

Pacemorpum npocrefitiyio cxeMy Bogo3abopa B BHIE JHHEHHOro
psiza ckBaxkuH, paGoraiomiux Ha oXHH cOopHHI BOAOBoA (pHC. 7.5).
Hanop, TpeGyeMbili Ansi mojaun BoAb B KoauuecTBe Q. H3 Ji060oi
n-# CKBaXXHHB Ha 3aAaHHYIO OTMETKY, COCTaB/IsieT

H,=z+4s,4-AH,

Tie S,— NOHHXKEHHE YPOBHS BOAb B JI0GO# n-A cxBaXuHe, olpepessiemMoe ¢ ydue-
TOM JeACTBHSI OCTaJBHMWIX CKBaXuH; AH — motepn Hamopa B BOXOBOJE OT n-H CKBa-
AHHB JI0 TOYKH c6opa BOJXHL

n—1 N n—i N
AH, =1, i};}l A, (121 Qj""‘ f§1 Qj) +LoA, (gal Q1)2~ (7.6)

B ckBaxuHax MOryT GHITb YCTAHOBJEHB HACOCH PAa3HBIX Mapek.
ITosToMy Hcxoanas cucreMa ypaBheHu# Qn mnst pacuera N HeusBect-
HBIX BeJHYHH NPHHHMAET BHA

B,Q,* +s, - AH,— (A, — z) = Ah, (7.7)

man=1,2 38, ... N.

Hennuetinas cucreMa ypapuenu#t (7.7) pemaercs MeTogoM Io-
clefoBaTeNbHbIX NpubauKenuil. B KauecTBe nepBoro npHOIHXKeHHS
MOxHO npHHATH Q,=Q/N, rae Q — npoekTHasi NPOU3BOJHTENBHOCTD
BoJ03a60pa, U, NMOACTABHB 3TH 3HaueHHs B ypaBuenme (7.7), wuaiitu
Ah, (rze Ah,— HeBsi3Ku MOTepb HamNopa Mo Kaxiomy #3 N ypasue-
HHil, BO3HHKAIOIlMe H3-3a TOTO, YTO NpPHHSTHie 3HaueHus Q, He YIOB-
JICTBOPSIIOT CHCTEME ypaBHEHHH).

Ecau ycaoBue

AR, | <Ce (7.8)

He BHIMOJHSAETCH, TO 3HauyeHHe Q, caenyer H3MEHHTh Ha Beauyuuy AQ,.
Benuunta nonpaBodHoro pacxoga AQ. Aasi KaXKAOro /f-r0 ypaBHe-
Husl MOXKeT ObITh NPUOJHKEHHO paccyuTaHa no gopmyJae

n-1 N n—1
AQ,; — O,SAhn/{BnQn 4 lig::l 4; (2 QJHE: Qi)+

j=1

N
R+en}
o, =1z 7.9
oy (5 Q) +BEES (7.9
u NpHHEMAaeTCs CO 3HAKOM 4+ BIg —, COOTBETCTBYIOUIHM 3HAKY He-

BSI3KH Ah,.
Cucrema ypaBuenuii (7.7) cuumraercs paspeleHHoii, Korga B npo-
necce moceAOBaTeIbHHX NPHOAHKeHHH HaWJeHH TakWe 3HAYeHHT
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Puc. 7.5. Cxema mnopcoexMHeHMs CKBAXKHH JHHefiHOro paaa K cGOpPHOMY BOAOBOAY

Qn, npu KOTOpHIX BHNoaHsfeTcs ycaosue (7.8). IMocie storo BHIuHC-
JSFIOT Spt

Sn=_QJ— (Rnn +§/m) + En* __‘Ql—

2nkm =1 2=nkm

Tle UHIEKC ¥ YKa3bIBaeT Ha TO, YTO H3 CYMMH HCKIOUEeH neH j=n. Kpo-
M€ 3TOro, ONpeAeNSIOT BeJHYHHB HANOPOB HACcOCOB

H,=z+4s,--AH, (7.11)

2 TaKXe¢ pacueTHbIC 3HAUCHHA pacxXoJ0B M NOTEPh Hallopa B JHHHUAX
CeTH.

Hafigennrie B pesysnbrarTe NOBepOYHOro pacuera 3HaueHnus: Q; H
§; MOTYT He YHAOBJICTBODHUTDH OrpAaHHUYCHHUAM BHAA

igli Qj > Q’ Sj<snorlv Qmin< Ql< Qmax' (712)

rae Qmin, Qmex — COOTBETCTBEHHO MHHHMAJBHBIA K MaKCHMalbHB pacxojsl ycra-
HOBJ/ICHHBIX B CKBAXHHAX HACOCOB.

B atom cnyuae Heo6XomuMo aHG0 NpPOHM3BECTH 3aMeHY HAcOCOB
N0 CKBaXXHHAM, I'Jie He BHIIOJHSAIOTCS BTOPOe WJIH TpeTbe YCJ0BHE
(7.12), au6o otperyaupoBath ux pa6Gory Ha TpeGyeMBlil peXHM 3KC-
nayaranuu. Ilas storo pacuer BoA03a60pOB IPOBOAAT B CJAEAYIOUIEM
HOpSIAKE.

Ry (7.10)
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CHayasa BHIIOJHSIOT THAPOTeOJOrHuecKHe pacueThl BOA03a6OPHBIX
coopyxeunl. [Ipy 5TOM B 3aBHCHMOCTH OT NOCTAHOBKH 3ajxauH (obec-
neyeHHe MaKCHMAaJbHOH WM 3aAaHHON NPOH3BOAHTEJIbHOCTH BOLO3a-
6opa) YUHTBHIBAIOT yCJIOBHS paGoThl BOL03a6OpHBIX CKBaXKHH: a) B
pexuMe S;=Sgom; 0) B pexume Q;=const ¢ co60IEHHEM YCIOBHSA

N
'E‘Q,=Q; B) npH KOMOMHUpOBaHHOM pexume (nmo nm. a u 6), KOraa

TpebyeTcs Mo pAAY CKBaXXHH OGECNEYydTh BHINOJNHEHHE YCJAOBHA §j=
==Snom, 4 MO OCTANBHBIM — Q;=const.

B pesysibrare ruApOreosIOrHYECKHX pPacueTOB ONPENEeNsiOT BeJH-
YHHB ; N0 CKBAaXKHHAM, NeHCTBYIOIHM B PeXKHME S;=Spom» H B
CKBaXHHAX, KOTOpHle HeHcTBYIOT B pexuMe Q;=const. Ilo 3aBepie-
HHH THJPOTEOJIOTHUECKHX pacueTtoB NPOBOAST THAPaBJAHYECKHH pac-
Jer cucTeMbl cOopa Boabl OT CKBaXXHH, B pe3yjbraTe KOTOPOro ycTa-
HaBJIHBAIOTCS] PACXOALI M IOTEpH Hamopa B JIHHHSIX CETH, a TaKXe
cBOGOAHbBIe HAmopbl B TOYKAX MPHCOEAMHEHHS CKBaXKHH K cOOPHBIM
BogoBoAaM. Ilo H3BeCTHHIM 3HAUCHHSIM NOHMXKEHHI YDPOBHS BOAHl B
CKBaXuHax H CBOGOXHBIX HANOPOB PAacCUHTHIBAIOT TpedyeMble HAmoOpH
# nMoAGHpaioT Hacock! (Ipu HEOGXOAHMOCTH OCYUIECTBJISIIOT HX pery-
JHPOBaHHe Ha 3aJaHHYKW MOAAYy BOABI M3 KaXKAOH cKBaXHHH). [Ipu
BHIIOJIHEHHUH PACUETOB B TaKOH MNOCJeA0BATE/NbHOCTH NPOH3BOMXHTEJb-
HOCTL BOAONOABeMHOro 060pymoBanust 6yAeT B TOYHOCTH COOTBETCT-
BOBATh. HAMEUEHHOMY peXuMy paboThl CKBAXKHH.

Tlpu pemenun nogoGHBIX 3axay CJAeAyeT OPHEHTHPOBATHCH HA HC-
noan3osanue IBM [17].

Tipumep pacuera. BomosaGop pasMelnaercss B nofiMe PeKH H MPEACTAaBJEH wie-
CTBI0 B0J03aGOpPHHIMH cKBaxuuaMmu (puc. 7.6). CxBaxuHb OTGHPAIOT TNOA3EMHBIE
BOABI M3 OJHOPOJHHEIX TECKOB YeTBeDTHYHOTO Boapacta. Momuocte 06BoaHeHHOA
TOJIUIIH TeCKOB cocraBasier M=20 M. B ocHOBanuH BOZOHOCHOTO FOPH30HTZ 3aJeraioT
TARHB, CayXaulke BogoymopoM. CmepxXy nnact mepeKpHIT NecyaHo-CYTJMHHCTHIM €J10-
eM MOIHOCTBIO nopsinka 2,5—3 M. Koadduuuent ¢uibTpanuud nopoj BOJOHOCHOTO
ropusonra Re=20 M/cyr. IloaseMubie BOJAb 3ajeralotr Ha ray6uie 2 M OT mOBepx-
woctu 3emuH. Ilo cBoeMy XHMMHYeCKOMy COCTaBy OHH OTHOCATCH K TufpokapGoHar-
HO-KaJILLMEBOMY THIY ¢ MOBHIIEHHBIM COAEpXKaHHeM Xejeza — 30 05— wmr/a ©
CKJIOHHBI K 0CaJK006pa3oBanuio.

CkBaXHHB DPaclonaraloTess BAOJb Gepera peku Ha pacCcTosinkd 25 M OT ypesa
BOoAH. PaccrosiHue MeXAy CKBAaXXHHAMH B PAAY Takke paBao 25 M. Bce CKBaXKHHH
HMEIOT OJHHAKOBYIO KOHCTPYKWMIO: pajuyc Oypenus r.=0,4 M; paauyc ¢umsrpa
ro=02 M; pauna ounsrpa ly=30 M; kosbdumuent duasrpammn nopoi npuzaboi-
HOH 30HH E¢=4,069 M/cyT.

WNudunprpaunounsii Gaccefin pasmemaercs B NeHTPe Bojo3alopa Ha paccrof-
uuu 40 M oT ypesa Boan B peke. Jlnuna uHQHUALTPAUMOHHOTO GacceliHa COCTaBAAET
125 M, a npou3BoAHTENBHOCTb NpHHATA paBHO# Qs=0,052 m*/c. [Ipeaycmorpeno,
4TO BOAA OT CKBaXHMH JOJIKHA [OJABaThCsid B pe3epByap, PacnosioXeHHHH 3a mpe-
JesaMH Bojfo3abopa. Pacietnas oTMeTKa HanoNHeHHd BORB B pesepByape Haxo-
autesi Ha 70 M BHIE CTaTHYECKOrO TOPH30OHTA.

PaccMatpuBaeMas CHCTEMa BOJOCHAGKeHHs JOMKHA ofeCneiHTs MOAAYY BOAH
norpebuteno Q me Menee 100 M3/u (2400 M3/cyT), W nPH 3TOM NOHHMKEHHE YDOBHS
BOJAB B CKBaXKMHAX He AOJDKHO B TeUeHHE PAaCyeTHOro cpPoka HX SKCIIyaTalHH mpe-
BBHICHTD 337aHHOR BeJHUMHB Spon=5 M.

Tpe6Gyercs Ha OCHOBe KOMIIIEKCHBIX PacyeroB NPOAHANH3UPOBATh DEXHM 3KC-
IIyaTaudy BOZ03a00pa € YUETOM BO3MOXHOIO KOJABMAaTaXka CKBaXKHH (ONpefienHTh
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Puc. 7.6. Pacuernas cxema cbo-
Pa M nojxaus BOAM OT CKBAaXKHH

OBO3HAYEHUA

@J’}_"
72

N 6 5 g 0
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LnB?1 CxB2 (rB3c (x84 Lxl5 kb6

TIePUOJL YCTOHYMBOR HX paboTh, T. e. BpeMs Ts) H OCYIIECTBUTH NOAGOD BONONOLBEM-
HOro OGOPYJOBAHHA C €r0 PEry.IHPOBKOH HAa 3aAaHHYIO MOAaYy BOMMI.

Conporupienne g O06YCJIOBIEHHOE KOJbMAataeMm BOJO3a6ODHHIX  CKBAKHH,
PaccuuTHIBAIOT N0 dopMy.Ie

k re
) = (g —1) 1 5 (7.13)
k(t) = kg [1 — %’— (1— e*‘ﬂ‘)r, (7.14)
0

roe No/no — GespasMeputtli napamerp (No— npeledsHas eMKOCT (PHIBTPA H 71—
€ro HavajpHas NOPMCTOCTh); Coy — MApaMeTp, XapaKTEPHSYIOHH HHTEHCHBHOCTH
KObMaTaka CKBaXHH (Co — KOHUEHTDanWa B OTKauHBaeMOH Boje KOJLMATHPYIO-
HUX COEJMHEHHH, Y~ KOHCTAHTAa CKOPOCTH BHIMAAEHHA KOILMATAHTa H3 BOAH H
OCaXK/eHHA ero Ha (QH/IbTPe CKBAXKHH).

Jlng BLIABIEHHS 3aKOHOMEPHOCTEH H3MEHEHHS NMPOU3IBOAHTENHHOCTH OT AEJBHBIX
CKBAaXHH M BOA03200pa B NEJIOM THAPOTEOJOrHYECKHE DAacuerhi C/eAyerT NPOROAHTH
C 3aJlaHHEM HA CKBaXKHHAX YCAOBHA §;=Sgen. B 3TOM C/yyae HalifieHHble 3HAUEHHS
Q; CKBaXHH COOTBETCTBYKT KX MaKCHMAa/bHOH NMPOH3BOAHTENBHOCTH. IIpH BHmOHe-
HHHM TAaKHX DacyeToB C yYeTOM BO3DACTaHHs §p NPOU3BOIAMTENHHOCTh CHHXKAEICH, H
MOMKeT 0Ka3aThCd, YTO K HEKOTODOMY MOMEHTY BDEMEHH OHA CTAaHET DaBHON HJH
Jaxe meusbllelt, yeM @ TpebyeMas.

Hns onpesesenns NMepHOAA ycTOHYHBOM PaGOTH CKBaXUH THAPOTeOJOTHUECKHES
pacuersl HEOGXOLMMO BBUIONHSATHL HAa Pa3JHYHBE MOMEHTH BDEMeHH C ONpeleeHHeM
Ha KaXAOM lIare MO BpeMeHH 3HaueHHH Q; CKBaXKHH U NPOBEPKOH BHLINOJNHEHHSA
yenosus 2Q:i=>Q. Pesyabratel takux pacueros mo 1(6), 2(5) u 3(4) ckBaxkunam
npeicraBiens Ha puc. 7.7. Tam e npHBefensl rpaduku u3MeHenus Ex(f) uZQ;(ﬁ).
Pacuernl BHMOJHEHB NDH YCI0BHE S;j=5 M (No/no);=1 u coy=0,0368 mec—!, 3
PHCYHKAa BHIHO, YTO NEPHOA YCTOMUHBOH PaGOTH cuCTeMBl cKBaXXuH Ts COCTaB/sieT
18 wmec. Tlpu ¢>Ts cyMmapHas mozaya BOAH OT CKBaXHH OKa3hBAaeTCs MeHblIe
TpeGyemoii (Q=100 M*/w), crepopaTenbHO, NMPOHSBORHTENBHOCTH Bomosabopa ne
ofecneunBaercs.

CrienylomuMy 3TanaMH KOMIUIEKCHHIX DACYeTOB SBAAIOTCS NPOBEJEHHE T'HADAB-
JIMYECKHX PAcCyeTOB CHCTEMB c60pa BOAM OT CKBaXHH H BHGOP COOTBETCTBYIOIIETO
BOJIONIOABEMHOTO 00opynosauns, Takue pacueTsl CJAEAYET HPOBORHTE C HCHONB3O.
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I'JIABA 8. IAXTHBIE KOJIOALLbl

8.1. Cnocolnl coopyKeHusi HAXTHHIX KOJOALeB

Ilaxtuetit konomen (puc. 8.1)npencraBasier co60#l BepTHKANbHYIO
BHpa6GoTKy, NONepeyHoe ceueHHe KOTOPOH MO CPaBHEHHIO CO CKBa-
JKHHAMH MMeeT GosblliMe pa3mephl. IIpHMeHeHHe HMIaXTHHIX KOJIOAIEB
OrpaHHYeHO SKCHJyaTallHel BOJOHOCHBIX FOPHU3OHTOB, 3ajleralolluX Ha
CPaBHHTEJbHO HEGOABUIMX Tay6uHax — 06eryHO A0 20—30 M.

Orosi0BOK KOJOALA MpefiHasHadeHd KNS 3allHETH €ro OT 3arpss-
HEeHHBIX NOBEPXHOCTHRIX BOJA, a TaKXKe JAJS CO3MaHHS yHOOHBIX YcCJO-
BH Ias 3KRCnayaTtamuu (mojibema H pasbopa BOAH, HaOMOAeHHd 3a
cocrosHHeM M paboToil Kojoana). B MeCTHOCTAX ¢ HH3KHMH 3HMHHMH
TeMIepaTypaMH YCTPOHCTBO OroJioBKa B CPaBHHTENbHO HerayboKHX
KOJI0ALaX HeoOXOAMMO TakXKe H AJs NpeNOTBpallleHus NpOMep3aHusd
BOZHL.

Ilng npempoxpaHeHHs KOJIOALla OT O6GpYyIIeHHs: M H3OJSALUH OT 3a-
TpA3HEHHH ero CTeHKH YKpemasioTcsi u obpasyior ctBod. [locaenunit
CAYKHT CBA3YIOUHM 3BEHOM MEXKAYy HAX3eMHOH YacTbio (OroOJIOBKOM)
¥ BOJAONpPHEMHOH YacThio KOJIOANA, a TakXKe AJs pa3MelleHHs B HeM
BOJIONOABEMHOr0 000pyAOBaHUsA. Bo3BbillieHHe OroJioBKa KOJOALA HaX
NOBEPXHOCTbIO 3€MJIH IO CAHHUTAPHBLIM YCJIOBHSM NPHHHMAKOT He Me-
Hee 0,8 M. [lnst mpenoxpaHeHHsl OT 3arpsi3HEHHH OrOJIOBOK MepeKpHI-
BalOT KPHIUIKOHN; HAaJ HHM YyCTPaHBaioT HaBechl Hau 6yiaku. Bokpyr
KoJoAalla (B 3eMJe) YKAAAKBAOT IVIHHAKBIA 3aMOK, a TOBEPXHOCTL 3eM-
JH AAS AyYIIero OTBOZA BOXBI MOCTSIT MM acthaJbTHPYIOT ¢ YKJOHOM
B CTOpOHY OT KoJoana. OrojioBok # cTBOJ AOJNXKHBE OBLITh HENpPOHHILA-
eMBIMH, YTOGH MOBepPXHOCTHAs BOJAA MJIH FPYHTOBasg H3 CaMhIX Bepx-
HHX BOMOHOCHBIX (HESKCIJIyaTHpYeMBbIX) TOPH30HTOB He MoOrja Ipo-
HHKAaTb B KOJIOAEI.

BogonpueMHyio YacTb WIaXTHBIX KOJIOAUEB B  3aBHCHMOCTH OT
THAPOTe0/IOTHISCKHX VCJIOBHH H TiyOHHBI YCTPaHBAIOT TOJBKO B JHE
#JIH CTEHKaX WJH Xe B JHe H cTeHKax Kosaoxna. Ilpu mpueme BoAb
Yyepe3 AHO MOCJeAHee NOJKHO OBITb 0GOPYHOBaHO I'paBHHAHBLIM QHILT-
poOM uaH mjuTol M3 mopHucroro Gerona. Ilpu nmpHeme xe BOIH Yepe3
CTeHKH B HHX JOJXKHBI GHTb YCTPOEHHl clellHajbHble OKHa H3 MOpHC-
Toro OeroHa WJIE OKHa, 3aloJHeHHble rpaBHAHbBIM Guaprpom. Coort-
HOIlleHHEe CpeJHUX NHAMETPOB YaCTHI, B IPaBHAHOM (HJIbTPe H MOpO-
Iie peKOoMeHayercss npHuuMarth 1 : 5.

B 3aBucHMOCTH OT poja MaTepuana, HCIOJb3yeMOIo HJs KpemnJe-
HHS CTEHOK, CyIIecTBYIOIlHe KOHCTPYKIHH LUAXTHBIX KOJOALEB MOTYT
6GbITh MojgpasgesieHb! HAa AePeBSHHBIC, H3 KaMEHHOH H KHPMUIHOH
Knaaxy, GeTonnble H Xejne306eTOHHbBIE.

HepeBsunnit cpy6OBEIE KOJOAeL — 3TO MpOCTeHIIHA H BMeCTe C
Tem B psAfle pafioHOB Halliefi cTpaAbl HauboJiee pacNpOCTPaHeHHBIH
THN WaxTHOro koJoxna. K Hegocratkam ero cieayeT OTHECTH HeJOJ-
TOBEUHOCTb AEpeBSHHOI0 KpemJeHHs H NPHBKYC, MpHIaBaeMblii BOJAe
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Puc. 8.1. Cxema maxThoro xosoaua
I —ravusiHpd 3aMOK; 2 — OTCHINKA;
8 — oronoBok; 4 — crBON; 5 -— BOMLO-
npHeMHast 4acth; 6 — 3ymnd; 7 — M-
HaMHYeCKHf YDOBEHb

IpeBeCHHOH, a TakXe HeA0OPOKAYECTBEHHOCTh BOABLI NPH €€ 3arHH-
BaHHH.

Bonee nonaroseunsl HiaxTHBIE KOJOAUH u3 6eToHa, xene306eroHa,
KHPIHYA H KAMHS;, 5TH KOJMOXLUB B GOJbUICH CTENEHH COOTBETCTBYIOT
H CaHHTApHBHIM 'rpeéonannxm

B GonbumipHCTBE CyuaeB MPOXOAKY LIAXTH LENECOOOPAsHO Mexa-
HH3HPOBATh, TaK KaK AJS MEXaHH3HPOBAHHOH NPOXOAKH LIAXTHHIX KO-
JOAIEB YiXe paspaboTaH psAA crenuanbubix arperatos (KIIK-25,
KIIK-30 u ap), KOTOpHle MO3BOJAIOT OJHOBPEMEHHO BHINOJHATb H
KpenJleHHe HX CTEHOK Xeje300eTOHHBIMH KOJbIaMH. DTH arperatst

MOIYyT CaMOCTOSATENBHO NepeABUraTbCA, TaK KaK CMOHTHPOBAHHI HA
aBTOMaIllHHe.

Texuuueckue xapakTepucThks arperara KIIK-25

Oawmwa, v« . . . . . . . . . . . . . 6700
Dupuga, MM . . . . . . . . . . . . . 2140
Bbicota, MM . . . . . . . . . . . . . 3200
Macca, xr . . .. 5250
IlaaMerp HIAXTH JO ycrranonxu obcannbix Koazeu, wM . . 1230
HanGonbuwias ray6usa Gypewast, M . . .o 30
Moutsoers Mammue, JC . . . . e 30
Cpepusist NMPOH3BOAKTENLHOCTD npoxomm Ha rnyéuﬂy no

25 M, m2fq . .o 1—1,15
Pacxon ropiouero 3a 1'a paﬁm‘m xr . ce 10
Boicota BHIIKH, MM . . . . - . . ©bb500
Yucno oﬁcny:xusazomero nepconana gen.:

MOTOPHCT . . e e e e e e 1

paoune . . .. c e 2

TIpu yerpoificTse konoaues myénnou cebiie 15—20 M ueobxoxu-
Ma HCKYCCTBEHHAs BEHTH/ISLHS WIAXTH; NPH HAJIHYHH BPEAHHIX Ia-
30B BEHTHJISILHSI MOXKeT NOTPefOBATHCH H B Hojee MeJKHX KOJOAHAX.
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B npouecce MpOXOZKM IIAXT HPHXOJHTCA MPHMEHATh H BOAOOT/IHUB.
Ilpu neGosiblIOM MPHUTOKe BOAB BOXOOT/IHB MOXKeT OHTb OCyleCTBJIeH
6anpsiMH, a npu GONBIIOM — HacocaMH. B OTAe/bHBIX CAyd4asx MOXeT
OHITb OCYUISCTBJIEHO Hpe)lBapHTeJIbHOE BOJAOIIOHHU>KEHHE.

B 3aBHCHMOCTH OT COCTaBa NOPOX MPOXOAKY MIAXTH - KOJIOAUEB
MOXXHO BHIOJHSTH CAEAYIOUIHM 00pasoM: a) B MOPOZaX CPaBHHTE/b-
HO ITIPOYHHIX, HeOGBaJIMBAOMIUXCH (HANPHUMEp, B CYXHX JIECCOBHIHMBIX
CYIJIHHKaX M [MJOTHBIX [VIHHAX, MATKHX Mepreasx, MejaX, MSIKHX
A3BECTHAKAX H Ap.~— Ge3 BpeMeHHOro KpenjeHHs; 6) B MOpoRax Me-
Hee NpPOUHHIX, T. €. He YJAEPKHBAIOUWHXCS B BePTHKaJbHOH CTeHKe, —
C MpHMEHeHHeM BPEMeHHOTO KpeNJieHHs; B) B NOPOAAXx HeyCTOHYH-
BBIX — ¢ OJHOBPEMEHHBIM YCTPOHCTBOM MOCTOSIHHOIO KpemlJieHHS.

I MOCTOSIHHOTO KpEmJieHHA CPYOOBHIX KOJOAUEB NPHMEHSIOT
IVIaJIKOCTBOJIbHBIE (HEeCYYKOBATHIH) JiecoMaTepHas, 3aroTOBJICHHBIH
3apanee, T. e. 3a 5—6 mec. 1Ko ero ykaaakd. Haubosnee pacmpocrpa-
HeHa KBajipaTHast (opMa TIONEePeyHOro ceueHUs] CPyBOBLIX KOJOAUEB
¢ pasmepaMu B cBetry or 1X1 go 1,6X1,6 m (pexe 2X2). Pasmepu
MONEepPEeYHOro ceueHHst KOJOANa BHIOHPAIOT HCXOAS H3 CIEAYIIIHX Yc-
J0oBHH: ymoGCTBa mpoOHM3BOACTBA PaboT 1O OTPHITHIO KOJOALA H
ycTpolicTRa ero BOAOIDHEMHON YAaCTH, PasMelleHHS B KOJOAle 3KC-
IJ1yaTanuoHHOro 060pyAOBAaHHS.

B tex cayuasix, Korja HeoOXOMHMO HMeThb B KOJOAIE 3amac BOAHIL,
HJIH Tpe6yeTCsi YBeJHYHTb €r0 BOAO3aXBAaTHYI CHOCOGHOCTb, HIH KOT-
A2 5TO BHI3BAHO YCJIOBHSAMH NPOXOAKH (HampHmep, Npd TpPOXOXKae-
HUH CPY6OM JIErKOOMAHBAIOIIHX TECKOB), caMYI0 HHXXHIOK YacTb KO-
Jojua YIHPSOT, Npu 9ToM o6pasyetest matep. lllarpam takxe npuna-
10T KBaJPaTHOE ceueHHe co CTOpPOHaMH 2...2,6 M mpH yrje HakJOHA
ITAaTPOBOH YacTH K BepTHKaMH 30—45°.

Cpy6 B maxTy MOXHO YCTaHaB/JAHBaTh OMHHM H3 CJelyHIOHIMX ClO-
co6os: 1) cGopkoii 3apaHee HPHrOTOBJIeHHOTO cpyba B uIaxre, npen-
BapHTE/NbHO BHIPHITOH Ha MOJHYIO TayGHHY; 2) ONYCKHHIM cmocoboM
¢ HapallMBaHHEM BEHIIOB CBepXYy; 3) TO Xe, ¢ HapalllHBaHHEM BeH-
OB CHH3Y; 4) INAaTPOBLIM CIOCOGOM.

Oro/ioBoK KONOAIla mpencTaB/sier cofof cpy6 MeHbLIEro ceyeHUs
(ot 0,7%X0,7 no 1X1 M), BrICTYnaAK0OWHKH HAajA NOBEPXHOCTRIO 3EMJIH Ha
0,7—0,8 M, o6muTHH TecoM H cHabxeuublt Kpoiukod. Ilpm oGopy-
JOBAHHM KOJOJALA AJd NMOABEMa BOAB BOPOTOM YCTPaHBAlOT HaBec, a
NPy NPHMEHEeHMH pPYYHOro (HAH MeXaHHYeCKOro) - Hacoca — chelu-
anbHy©0 Oynky.

Kosioausl H3 KaMEHHO# WM KHPHWYHON KJaafaku — nHaubosee 10J-
roBeuHsle BO03a60pHbIe COOPYXKeHHsS, OHM B Oosbllefl CTeleHH
VAOBJIETBOPAIOT ¥ CaHHTapHbIM TpeGoBaHuAM. [las KpellleHHS CTEHOK
KOJIOAlla MOXKHO NPHMEHATh KPENKHI MOCTeJHCTHH HJH INTYYHBIH
KaMeHb, He PaCTBOPSIOUHICS B BOJAe M HE OKpalIMBalOUMi ee (Ha-
NpHAMEp, KeJNe3UCTH M KPEMHHCTBIH H3BECTHSK HJIH NeCYaHHk) a
TaKKe XOPOLIO OBO0XKKEHHBIH KHPIHY — OOLIKHOBEHHHIH H JieKalbHBIH.

K/afiKy CTEHOK KOJIOALA H3 KAMHS HJIH KHPIIHYa BHMOJIHSAIOT, KaK pa-
BHUJIO, HA LleMEHTHOM pacTBOpe cocTaBa 1 : 3uau 1 : 4. BHyTpexHHe CTeH-
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KM KOJIOALA, 2 TAKIKE HAPYXKHYIO CTEHKY HaZ3eMHOH ero 4acTd IUTYKa-
TypsT ueMenToM. KaMeHHEIM H KUPNHYHBIM KoOJOAIaM OOBLIYHO MpHAA-
10T Kpyrayw ¢opmy npu auamerpe B cBety 0,75—1,5 M u Goaee. He-
ry6oK¥e KaMeHHBle KoJogust (go 5—6 M) MOryT mMers H KBajpar-
Hyio ¢opmy ¢ pasmepamu B cBery ot 1 X1 no 1,25X1,25 M. Pasmepn
9TH 3aBHCAT OT HA3HAUYCHHsS KOJOALA M oxupaeMmoro ae6ura. O6uIuHO
TOJIIHHA CTEHOK B KaMeHHBIX Konoauax GmBaer 25—80 cm. Kupnuu-
HHle CTEHKH JEeNaloT He MeHbIIE YeM B OXHH KHPIHY.

OrosioBOK B KaMEHHBIX M KHUPIHUYHBIX KOJOALAX YacTo AeAAoT
00yxeHHHIM. CyKeHuyi0 (noJ3eMHYI0) ¥ HAaJ3eMHYIO YacTH KOJOALA
BHIMOJIHAIOT 43 KHpNHYa, GETOHHBIX MJH Keae300eTOHHbIX KoJjen. Ec-
JIM e Haj3eMHas 4acThb KOJOAIla MMEeET TOT Ke JHaMeTp, 4To H MOJ-
3eMHasl, TO OrOJIOBOK MOKET GBHITh BHINOJNIHEH B KaMEHHBIX KOJOAIAX
B BHAE KJajaku H3 Oojiee MaCCHBHBIX KaMHelf, a B KHPIHUYHBIX — H3 TOH
Ke KHPNUYHOH KIajKH.

Beronuble B XKejae3o0eroHHBle KOJOAUL Hanbojiceé COOTBETCTBYIOT
CaHHUTapHHIM TPeGOBAHHAM H MOTyT OBITH PEKOMEHJOBaHH B KayecTBe
BON03a60PHBEIX COOPYIKEHHI ISl MHTHEBOrO BOAOCHAGKeHusi. Bo MHO-
THX cJydasx 9TOT KOHCTPYKTHBHBIE THI KOJOAIA, HECMOTPS Ha BHICO-
KYIO CTPOHTENbHYIO CTOHMOCTh 1O CPAaBHEHHIO ¢ JCPEBAHHEIMH KOJOI-
IaMH, MOXET OKa3aTbcs HauboJjiee BRHIFOJHEIM B TeXHHKO-S5KOHOMHYe-
CKOM OTHOUICHHH.

Beronnble u Xene3o6eTOHHBle KOJOAUB OBIBAOT TpeX THUMNOB:
CNJIOUIHKE ¢ HaOuBKOH omainy6Ku, YCTAHOBJIEHHOH B TOTOBOH 1I3XTe;
H3 TOTOBHX OETOHHBIX U 2KeNe300eTOHHBIX KOJiell; U3 IroTOBHX 6eTOH-
HBIX U KeJe300eTOHHBIX CErMEHTOB. B mNpakTHKe BomocHaOxeHHA B
HacToslliee BpeMsl NMPHMEHAKT IVIaBHBIM .00pa3oM KOJOAIB!, 3aKpen-
JIeHHBle KeJe306eTOHHBIME KonlbluaMu. Jlpyrae Tamel xene300eToH-
HBIX KOJIOJIEB IOYTH HE NPHMeHSIOT. DeToHHBle KomoAusl ycTpaH-
BalOT BEChMa PEAKO — B TeX CAyuasiX, KOrja Heo6XOIHMO pPa3MeCTHTDH
B Hiaxte HacocHoe o6opymoBaHue HJH MMETh GOJbIIOH 3amac BOXHL.
Hx genaior KpyrablMH, JuaMeTpoMm B cety 1,2 M IIpH TOJIIMHE CTe-
HOK He MeHee 12 cM.

Hau6onee nepcmeKTHBHBI [MIaXTHHIE KOJOAUH H3 COOPHBIX Keje-
306€TOHHBIX 371eMeHTOB. B THMOBOM mpoekTe aias ray6un 10, 20 u30 M
HIaXTHbIE KOJOAUBI NMPHHATH H3 COOPHHIX 2Kese3006eTOHHBIX KOJelH ¢
¢anpuaMu Beicotol 1,05 M H BHyTpeHHHM AuHaMerpoMm 1 M npH TOJ-
miuHe cTeHoK 8 cMm (puc. 8.2).

B ycTo#iuuBHIX I'PYHTaX CTHIK KOJI€[ B CTBOJie 3aAJBIBAIOT I1e-
MEHTHHIM PacTBOPOM, a B MecyaHbBIX FpyHTax( Korxa BCJEICTBHe 3a-
KJIHHUBAHHS MOXKeT NPOH30HTH HABHCAHHE KOJOHHBI), MPUMEHSIOT CHe-
uaJbHblE KOHCTPYKIHH CTHIKA, paboTaioliye Ha pas3psiB.

BojgonpueMHass yacTb NpHHATA B BHAe KOJblL@a H3 mopucroro Oe-
TOHa, aPMHPOBAHHOIO TaKOH Ke ceTKofl, yTo u obcaznuble xkemesobe-
TOHHBIE KOJbIIa CTBOJA KOJOAIA, NMpPHYEM A TNpHAaHHS GoJbluef
OPOYHOCTH B KOJblAaX BepXHeH M HHKHEH yacTell MMeIOTCS mosica H3
Gerona. B HuxHeH dYacTm Koloaua YKJAAaAHBAIOT TPeXCAOHHBIA 06-
patubiil ¢puabTp (cM. pHe. 8.2).
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Puc. 8.2. KOHCTPYKUHS HECOBEPIIEHHOTO
MAXTHOrO KOJMOAHA W3 cGOpHHX XKeaeso-
6ETOHHBIX KoJel
a— INMaH U paspes; 6 — AeTalbp BOJONDH-
eMHO/ YacTH; 8 — TeJecKONHueckas KOH-
cTpykRuuMs koaopua; I -—uasrp; 2-—
KOAbUA; 3 — BeHTHAAUHOHHAS Tpyba; 4 —
me6eHOYHOe  KPenjeHHe; 5 — IVIHHAHBIA
3aMOK; 6 — JOMHasi TJIHTA W3 TOPHCTOFO
6Gerona; 7 — BRAAABIMIM H3 nopucroro Oe-
ToHa; & — rpaBuiiHas® MNOJCHINKA; 9 — Me-
TaJNHYECKOS KOJBLO ONYCKHOTO TpHCHO-
cobneuns;; 10 — tamnon u3 6eroua; 11—
uebens; 12 —rpapnfl; 13— mecok; I4 —
BOJOHOCHHHA TPYHT

ITpu BckphITHE 3260€M KOJIOANA MeCYAHBIX H MJBIBYHHBIX PYHTOB
ero kpendar xojbnamu guamerpom 0,65 M. B stom ciyuae B HecoBep-
HIEHHBIX KOJIOAUAX NOHHBIA QHABTP yCTPAaHBAIOT B BHJe GETOHHOH ap-
MHPOBAHHOH MNJHTH, YKJajHBaeMmOH Ha IieOeHOYHO-rpaBUiiHyl0 06-
CHINKY, TOMLMHY KOTOPOH NPHHHMAIOT paBHo# 30 cM.

CosepliesHble KOJOAUB ray6uHoft 20 B 30 M HMEIOT HECKOJbKO
HHYI0 KOHCTPYKUHIO, BKJIKYAOMIYIO 3yMId H3 Xeae300eTOHHHIX KO-
Jgell. Pa3paboTky IAXTHBIX KOJOALEB H3 JKejAe300eTOHHHX KOJell
MOJKHO MeXaHH3upoBaThb npu nmomomiu arperatra KIIK-25, KILIK-30 u
Ap. B cBA3HBIX rpPYHTax AHAMeTP NPOXOAKH MAXTH TaKHM arperatom
cocraBager 1230 MM. B mecyaHBIX W NUIBIBYHHBIX TIPYHTaX KOJOMEIL
TPHXOAKTCA pa3pabaThiBaTh TeJCCKONMYECKHM CIOCOGOM, MpH 3ToM (B
cnyyae 3aKJMHHBAHHS KOJOHHB M3 KoJjell nuameTpoM 1 M) pganb-
HEeHIIYI0 MPOXOAKY CTBOJNIA WIAXTHI OCYIIECTBJSIOT GYPOM AHaMETPOM
560 MM c ymupHTeneMm AHaMeTpoM 0 850 MM U 3aKDEMJSIOT Keje3o-
GeTOHHBIMH KOJbIIaMH HHaMeTpoM 650 M.
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8.2. Pacyer pe6uta maxTHHX K0J0J1EB

Tlpu onmpegeneHuu AeGHTa LIAXTHBIX KOJOALEB OOBIYHO HCXOXAT
H3 CTALHOHADHOTO MX PeXHMa, MPHU HTOM YUHTHIBAIOT: a) cXeMy Io-
CTYNJeHHSI BOABI B KOJOJel (uepe3 AHO, Yepe3 CTEHKH HJIH Of-
HOBPEMEHHO 4uYepe3 JHO M  CTeHKH); ©6) TrHApaBJHYECKOE CO-
CTOSIHHE  SKCMJAYaTHPYeMOro  BOJOHOCHOTO  TOpPH3OHTa  (Hamop-
Hoe, Ge3HanopHoe, a B HEKOTOPHIX CJIyyasix W CMellaHHOe); B) dopmy
HOIMEPeyHOro CEUeHHsi KOJOALA B MJaHe (Kpyraas, KBagpaTHas), a
HHOTAa u ¢dopMy ero nHa (miockas, Hambosee pacnpocTpaHeHHas, H
nosaycpepudeckas).

B mpuBoaumbix HuxXe GoOpPMy/ax NPUHSATO, YTO IIAXTHHE KOJOILB
HMEIT KPyriyio ¢popMy monepedsoro ceuenust B nuane. Ecau Heo6x0-
AMMO OMpEeneauTh HEOHUT KOJOALA KBAApaTHOH (OPMH, TO pacyer ¢
JOCTATOYHOH HJsi NMPAKTHKH TOYHOCTbIO MOXKHO BHINOJHATH 1O TEM
®e (opMyJiaM, HO B HHX HYXKHO 3aMEHHTh BEJIHYHHY pajauyca KOJOA-
1a 7o BEJHYMHON CTOPOHBI MONEPEYHOro CeyeHHs KOJIOANA a, IPUHAB 7=
=0,6a.

IIpuTok BOAMW Yepes MJIOCKOe AHO KOJOAIA HECKOJbKO MEHbIe,
uyem uepes nodycoepy. ONHAKO COOPYXEeHHEe KOJOAUEB C IJIOCKHM
HHOM 3HaUdTeJNbHO MNpolle, 4yeM ¢ noaycdepuyeckuM. bBoabuuucrso
pACUCTHBIX GOpPMyYJ HMEIOT B BHIY IIAXTHBIC KOJOAUH ¢ MJIOCKAM QHOM,
M03TOMY I/ OGOOINCHHS B STH (OPMYJAH BKIIOYEH KO3(PHUHEHT
¢$opMH AHA KOJOAUA @, 3HaUeHHE KOTOpOro mpuuaTo no Popxreiime-
Py; AN NMJIOCKOro AHa a==4w, Aas noaychepHyeckoro — a=2m.

Koaonupl, paGotawinne anoM. IIpubaukeHHOe pelileHHe 3afaYd O
NPUTOKe BOAH K LIAXTHOMY KOJIOALY, paboTalouieMy CBOHM AHOM, Obl-
no pauo C. K. A6pamosnim u B. JI. babywkaubim. ITonyuennsie uMu
pacueTHbe GOPMYJbl LS ONnpeneseHuss Ae6HTa KONOAUEB HUMEIOT cie-
AVIOIHHA BUI.

Koaodypi, axcnayarupyroujiie HanopHsle 8006t
HHo KoJ0AIa MJOCKOE:

Q= 2rRSory . (8.1)

= 4 2aresin —— 40,515 %Ig-&

2 V T2 4dm

m+ V m? 4

Tpu cooTHowieHuu ro/m<<1/2 s1a dopMyna Moxer OHTH C joCTa-
TOUKOH AJST NPAKTHKH TOYHOCTbIO YIPOINEHA W NMPHBEAeHA K BHAY:

Q= - - 2nks,r, 5 P (8.2)
B .
5+ (1+1,181g m)
JHo noxycdepuueckoe:
=g 31’.k50f0 (8'3)

o ®
T4+ (|+1,1szg m)
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®opmyan (8.2) u (8.3) Gbimu mpoBepeHbl IKCIEPHMEHTANbHO H
MOKa3aJ/H HOCTaTOYHYIO AM4 NPAKTHKH TOYHOCTD.

Konrodypi, axcnayarupyrouue besnanoprsie 8006l
JHo nyockoe:

Q=—‘ - rQ‘X!kSQrO - R . (8,4)
— 4 2arcsin ———2———— 4. 0,515 ~> g —
2 T+VT2+r02 T 4H
[Mpu coorHomenuu ro/T<<1/2 popmyna (8.1) ynpomaercs:
_ Qﬂksorg (8 5)
o sigR) -
(14 1sie )

rie Q — neGur Kosoxua; k — koaddHuHEHT (HIBTPALMH IKCHJIYaTHPYEMOTro BOJXO-
HOCHOIO TOPH30HTA; So — NMOHHXEHHe YPOBHS BOXEl B KOJOAUE {Cuutas OT CTATH-
QEeCKOr'o, COOTBETCTBEHHO Nbe3OMEeTPHYECKOro HJH CBO6OE,HOI‘O s To=— pDAamHyC KOJIOA-
na; H -— MomHocTs 6e3HanoOPHOro BOJOHOCHOTO TOPH3OHTA; — paauyc peficTBUA
Ko104na; T — paccTosHHe OT AHZ KOJOAUA AO BOLOYNODA.

Kosonub, paGoratoiiye crteHkamn. Jlas onpejeneHus JeGura
LWIAXTHBIX KOJIOAUEB, PabOTAIOIIMX CTEHKAaMH, MOXHO JIPHMeHHTb ¢op-
MyJsibl JIJOmOH, OPHHHMAIOIHe B ZAaHHOM cJjydae CJeAyromHui BHA:

JJ11 HAMOPHBIX BOJX

Q—2.73 7%, (8.6)
g -;0—
4ns 6e3HaNOPHBEIX BOX
Q=137 M‘:}&ls_o, (8.7)
Ig-;o-

JJS CMeIlaHHHIX YCHOBHH (IpH HaJHUHM ABYX 30H — HAMNOpHO# H
6e3HanopHOM)

Q=137 M‘ (8.8)

Ig .

Kosnonubi, paGoTatoive OHOBPEMEHHO AHOM M CTEHKAMH, 3KCIIy-
aTHpyouMe GesnamopHble BOAb. JIeOHT MIaXTHBIX KOJOALEB, 3a/103KeH-
HBIX B 6e3HaNMOPHBIA IJacT H paboTalOIUX CTEHKaMH M IJIOCKHM
JHOM OJHOBPEMEHHO, MOXKHO ONpPENeIHTh NyTeM KOMOHHHDOBaHHOTO
ucnonb3oBanusa ¢opmya (8.4) u (8.7). nas sToro mOTOK, MABHXY-
nmuics BBl AHA KOJOANA, pacCMaTpPHBaeTc KaK Ge3HaNmoOpHHH, a
MOTOK, MOCTYNAIONMH yepe3 ero AHO, — KaK HalOpHHIH.

82



B pesyabTaTe CJIOXKEHHS 3THX ABYX NOTOKOB MOXKHO MNOJYYHTh
dopmyay asi onpeieneHusi nebuta Komonna, paboTamolliero Kak CreH-
KaMM, TaK H JHOM. DTa popMyaa HMeeT CaeAylounH BHA:

Q ==mks, [(Qh“ s;e) + P 2o R““‘], (8.9)
_ — 2o .
2318 G+ T(l+l,18]g4r)

riie A — BRICOTA NOHHXKEHHOT'O YpOBHA NOA3EMHHX BOA HAJX JAHOM KOJOALA.

Npumep. Onpenenuts MeGHT WIAXTHOI'O KOJOANA, SKCIIYaTHpYOllero GesHamop-
Hie BORAHW K paboTaioiiero OAHOBPEMeHHO CTEHKAMH H JHOM.

3apano: H=6 m; k=1 Mfa; so=1,5 M; ro=1 M; T=3 mM; R=60 M.

Peurenne: npefBapHTenbhd onpepenseM hA=H — I'=6 —3=3 M. 3ateM 1o ¢op-
myae (8.9) noacunTHBaeM zebur KONMONA:

Q=314.1. 1,5[.?_:_3:_1_15’_._

60
2,311g—-

- 2:10 ] = 7,85 mM8/u.

1 60
+ 3(1+I,181g4'3)

TJIABA 9. TOPH30HTAJIbHBIE BOO3ABOPHI

9.1. KoHCTPpYKIMH FOPH30HTANLHBIX BOK03afopon

TopH3oHTanbHEIE BOX03aGOPH NPEACTABAAIOT cO60H BOLOCGOPHYIO
TpaHIIeI0 HJIH BoZocGopHYyI ranepeio, o60pyJOBaHHYI0 HJs NpHEMa
BOJB M3 BOJOHOCHOTO IJIacTa H OTBOAA BOABI B MECTO PacCHOJOXKEHHS
BoZ0pasBopHHIX yCTpoHcTB. Boso3aGopHOoe COOpYKeHHe TOpPH3OHTaMb-
HOTrO THINA COCTOHT M3 BONONPHEMHOH H BOAOOTBOAALEH (BOAONPOBO-
Asleil) uyacTelf, CMOTPOBHIX H BEHTHJSIHOHHBIX KOJNOXUEB, PacHofo-
JKEHHBIX Ha JIHHHH BOZ03abopa H BopocGopHoro pesepsyapa. [opu-
30HTaNbHEE BOA03a00pH 3¢ ¢eKTHBHH B TeX Cayuasax, Korja Heo6XxomnH-
MO NePeXBaTHThb UIHPOKHH MOTOK MOA3EMHBIX BOJ, MPH HeGOJBIIONH ero
MOIUHOCTH (HamnpHMep, NPH HCNONB30BAaHHH NMOA3EMHBIX BOJ aJIOBH-
aJbHHIX OTJIOXKEHHH B PeuHbIX JOJHHAX).

BononpuemHas 4acTh CHYXKHT AJA IpHeMa BOAHW H3 BOJOHOCHOrO
n1acTa, AN 4ero NMOBEPXHOCTh ee CHaGxKaeTC OTBEPCTHAMH M Tec-
YaHO-TPAaBHAHBIM (HILTPOM (B caydyae 3abopa BOABI M3 NeCYaHHIX
nopo). Dr1off YacTH NMPHAAIOT HEKOTOPHIH YKJOH, Gnarofaps KOTO-
poMy BOZa CaMOTEKOM CTeKaeT B HampaBJeHHH Pa3BHTHS BoLo3abopa
(B mpefle1aXx BOZONPHEMHOM YacTH BOJA 3al0JHAET JMUIb YacThb ero
CeyeHus).

BozmooTBoAsAIYy0 YacTh JesaloT IMYXOH, OHA TaKKe HMeeT YKJIOH,
HO MoXeT paboraTb NMOJHBIM ceueHHeM. B Hekortophix Bonosabopax
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Puc. 9.1. Tpanweitnsie Bogo3a6opnt

o) 5)
a — KaMeHHO-lleGeHyaToro THnNa, 6 —
| Tpy6uaroro THna: I — ob6paTHas 3a-
| 2 CHNKA TPaHUIEH MECTHHM TIPYHTOM;
2 — pauna; 8 — KPYNIHO-3ePHHCTHE
necky; 4 —rpaBufl; 5 — pBaHHi Ka-
MeHb; 6 — IperaxHas TpyGa

BOJOOTBOJSAINAS YacTh OTCYTCTBYeT, TOrAa BOJAA HENOCPENCTBEHHO H3
BOJONPHEMHOR YacTH IIOCTynaeT B BOAOCOOPHBIE pe3epByap.

Jnsi ocMOTpa BeHTHJSIUAM H DEMOHTA B TPOlLecce SKCIAYaTalHi
Bofo3abop B TNpejedax BOJOIPHEMHOH H BOLOOTBOAAIEH wyacTelf
CHaGKaloT CMOTPOBHIMH KosoAnaMH. M3 Bopoc6opHoro pesepByapa
BOJa CaMOTEKOM WJIH IIPH MOMOILIM HACOCOB NOCTYNaeT B BOJOMPOBOJ-
Hble COODYIKEHHS.

B KOHCTPYKTHBHOM OTHOIIEHHH TIOPH30HTaJbHBIE BOL03aGOPHI MOA-
pasjensioTcss Ha TpaHlneHiHble (KaMeHHO-me6GeHUaThle H TpyGuaThe),
rajepefinpie (BOZOCOOPHBIE rajiepen U INTOJbHH) H KSAPH3HL.

Kamenno-meGenuatsie Bomosabopm (puc. 9.1, a) — HauMeHnee co-
BeplleHHble CoopyXenHusi. MX NpuMeHSIOT JuIlb NPH 3axBaTe MOA-
3eMHBIX BOJ Ha TVIy6HHe 2—3 M OT NOBEPXHOCTH 3€MJIH H IIpPEHMY-
LIECTBEHHO [JS1 BPeMeHHOro BolOcHaGXenud. B HumxkueHl yacTH Tpau-
ey YKJIAABBAOT QHALTPYIOIIHA MaTepHad, pa3Mep KOTOPOrO YBeJH-
YHBaeTcsl K Cepe/lMHe TPaHINeH, HanpuMep NieGeHKY (B meHTpe), rpa-
BHH H necox (o BHEIIHEMY KOHTYDY).

[IpumensieMble A1 GUIBTPYIOIIHX OGCHINOK MaTepHatbl  (MecKH,
rpaBHif, rajbka u meOeHb) nepea YKAAAKOH JOMKHEI ObITh NPONyLie-
Hhl Yepe3 COOTBeTCTBYIOINHe IPOXOTH (CeTkH) Asg or6opa uacTHI, He-
ob6xoxumoit KpynHocTH. [IpH HanuYWK B rpaBHH, a 0cOGEHHO B MecKax
npuMecefi (MJIHMCTHIX, IVIMHHCTBIX HJM TNBLIEBATHIX YaCTHI) PeKOMeH-
JlyeTcsi npejBapHTesibHasi NPOMBIBKA HX Bomo#. Cjaelyer Takxke OT-
MeTHTb, YTO KaMeHHO-nmie6eHuaTOoe 3anojHEeHHe TPaHIIEH He JOJKHO
pacTBOPATLCA MOJ, AeHCTBHEM BOIBI, a NMOTOMY KapGoHaTHHe (med,
cnabblif H3BECTHSAK M T. A.) M T'MICOHOCHBIE NOPOAH A% 3TOH LEJH He-
npurofHs. [ayGHHY TpaHIleH HasHayaloT ¢ yYeTOM THAPOreosoruge-
CKHX YCAOBHH, TO eCTh I'IyOHHH 3a/leraHHsi  MOIHOCTH MOAJEXAIIEro
3KCOAYyaTalMH BOLOHOCHOrO ropH3oHTa. Bricory duabtpyromesr o06-
ChIIKKM NMPaKTHYeCKH npHHuUMalOT B npefenax 0,3—0,4H (rme H-—
BCKPHITasi MOUIHOCTb BOJOHOCHOTO faacTa). TOMIHHY (QHIbTPYIOIIHX
caoes npuHuaMaior 100—150 MM 1ia xaxpaoro ciaos (60abliHe 3Ha-
YeHHst — sl CJI0eB C KPYyNHbHIM MaTepuanoMm). Hlupuny tpanmwen yc-
TaHABJHBAIOT HCXOMsl H3 KOHCTPYKTHBHBIX ocobeHHOcTell Bogosabopa
(9HcsIO M TOMINMHA CIOEB) H YCJAOBHH NPOH3BOACTBa PaboT: OHA OGHIU-
Ho cocrasasger 0,8—1,2 M.
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Tpy6uatnie Bopo3abopnt (pHc. 9.1, 6) — GoJlee KanHTaAbHBIH THII
BOJ03a60PHOTO COOpPY:KEeHHS; HX MOXKHO NPHMEHATb NpH FayGHHe 3a-
JeraHus NoA3eMHBIX BoA 10 4—5 M. Ot KaMenHo-meGenyaTHx TpyO-
gaThie BOZ03a60pbl OTJIMYAIOTCH TEM, YTO BHH3Y TpaHILIeH, Takxke 3a-
NOAHEeHHOH QHUJABTPYIOLIMM MaTepHaoMm, Ans Gojee cBOOOIZHOTO CTO-
Ka yKJaAblBaloT JpeHaxkHble TPy6Gbl (KepaMHueckHe, acGecToLeMeHT-
HBle, OeTOHHHE, XKene306eTonHbie). B mocnenHue rogs HayHHAIOT HC-
NOJIb30BaTh Takxke TpyGodHAbTPH M3 NOpHCTOro Marepuana (Gero-
Ha, nmoJHMep6eToHa), KOTOpble YNPOILAIOT KOHCTPYKLHIO BOHo3a6opa
(OHH NO3BOJSIOT HJH IOJHOCTBIO OTKA3aThCAd OT QHUJABTPYIOIHX 06-
CHIIOK HJIM K& OTPAHHYHTHCH YKAAJKOH OXHOTO CJI0s).

B rtunosom npoekre I'mnpoBoxxosa paspaGoTaHbl KOHCTPYKIHH rO-
PH3OHTaJbHHEIX BOJ03a60pPOB Tpy6uaTOro THNma [JAS1 JABYXCTOPOHHErO
(puc. 9.2) M OZHOCTOPOHHEro MpPHTOKA K HHM NOA3eMHBIX Box. OHH
COCTOAIT H3 JPeHaXKHOH acOecTONEMEHTHOH TpyOnl auamerpom 150 mm,
CMOTPOBBIX KOJIOJNEB, pacnojaraemelx uepes 50 M, u ogHoro cBop-
Horo Kosmoaua. Bokpyr tpyObl ycTpaHBawT (GHUALTP U3 IIPOMBITOrO
rpasus Hau wWebHA. ['ny6uHa 3anoxkeHHblx Tpy6 npHHATAa 3—4 M,
ykaoH 0,009, KoroBaH NOA KOAOAUB H TpPaHWIEK paspabaTHBaercd
3KCKaBaTOpPOM, 060PyNOBAHHLIM AparaaliHOM.

BoznocGopHble rajieper yCTpauBaliOT OTKPBITEHIM cnocoGoM: BHagage
pa3pabaThiBalOT TpaHIIElO, a 3aTeM Ha ee JHe BO3BOAAT rajepelo,
O6GBLIYHO MPOXOAHYI0 HJIH MOXYnpoxonHyio. [lomepeuHoe ceueHue Ta-
KHX rajiepefl MPHHHMAIOT KPYrbIM HJIH NPSMOYTOJBbHBIM, NPHUEM HX
001eKy OOHYHO BHIMONHAIOT H3 COOPHBIX KeNe306eTOHHBIX 3Jie-
MeHTOB. PaspaboraHb! Takke KOHCTPYKUUH BOLOCGOPHBIX rajepefi ¢
BOAONPHEMHLIMH 3JIeMeHTaMH u3 nopucroro Oerona (puc. 9.3). Ilpu-
MeHeHHe BOJOCOODHHIX raJjepeii orpaHuyeHo TAyOHHON 3aJjieraHus
OA3eMHBIX BOJ He cBblllle 6—8 M, Tak Kak Goablias riyGHHA PesKO
YCJIOXHSIET NPOH3BOACTBO PaGOT H YBEJHUHBART HX CTOHMOCTD.

Ilpu Goabumimx rayGuHax CcAelyeT NepexoduThb Ha BOXOCGOpHbIE
HITOJNbHHM, TTyOMHA KOTOpHIX He jumurtHpyercsa. HMx B oTaMuHe OT ra-
Jepell oCyLIeCTBASIOT NOX3eMHbIM (TYHHeJbHEIM) cnocobom. Ouibt-
pyIOIHEe 3JeMeHTH MOTYT OBITh YJIOKEHH TOJbKO B Tpeaenax 06-
JeNRH.

Ilpu ycrpo#icTBe TropH3OHTafBHBIX BOLO3aBOpPOB AAs Nepexsara
HOAPYCAOBLIX MOJ3eMHBIX BOX HX TaKiKe pacrnonaraioT HOpMalbHO K
HanpaBJeHHI0O HX NBHXKHHSA, T. €. Haubojee 4acTo MONEpPeK peYHBIX
nonuH. Ilpu HCnonb3oBaHHM HHPHILTPALHOHHBIX BOA TOPH3OHTANb-
Hble BOH03a6OpBI pacnonaraloT napaJjenbHo OeperoBofl JHHHH BO-
JloeMa HJIH BOJOTOKA.

Ksapusel — 3T0 OpHIHHAJbHBIE COOPYXEHHS, JOBOJIBHO IIHPOKO
pacnpoCcTpaHeHHBIE B NONYNYCTHHAX (MalOBOAHBIX MECTHOCTAX), Npes-
ropHsix pafioHax Cpemned Asuu, 3akaBka3dbsi u Ap. OHH cayxkar Aaf
MOJIyUeHHS BOAH H €€ BHIBOXA CAMOTEKOM HA TMOBEPXHOCTbh 3eMJH
M3 CPaBHHTeNbHO TAyOOKO 3a/eralollHx BONOHOCHHIX MiacToB. [Ipu
HoMOIH KAPH30B YacTO yAaeTcs MOAYYHTh TpeGyeMoe KOJHYECTBO BO-
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Boda

Puc. 9.2. KoHCTPYKUMH T'OPH3OHTAJNBHBIX B003260pOB TPYy6IATOro THIA
@ — pacnoJioXeHHHe BAOAb M0 TOTOKY; 6 — PacnosioMeHHHE HOPMAJbHO K IOTOKY:
1— c6opunlii KomoZAel; 2-— CMOTPOBHE KOJOAUH; J&-—ile6eHb, BTPaMOOBAHHHA B
rpyHT; 4 — oZepHOBKa; § — puabTpylomas obchinka; 6 — BOROYNOPHHA miaacT

Il ¥3 OGBOJHEHHBIX TPELIMHOBATBIX IVIHH HJH TJHHHCTHIX OTJIOXKe-
Hull, coxepXalnux HeGOoIbIIHe TPOCIOH BOAOHOCHHIX IECKOB.

Kspus npeicrasnsier cobofi psig IAXTHHX  KoJoAues-wypdos,
NpOfiIeHHBIX 10 BOAOHOCHBIX IOPOJA, MeXAYy KOTOPHIMH MOA3EMHBIM
cnoco6om (IITONBHAMH MaJ/Oro CeYeHHs) IPOXOAAT BOAOCOOpHBIE Tra-
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Puc. 9.3. BonocGopnass ranepesi ¢ MOPHCTOGETOHHBIMH BOJOTPHEMHLIMH 3/1EMEHTAMU

G — nolepeunnlit paspes; 6 — DPONOABHBEIE paspes: I — HOPUCTOGETOHHAA BCTAaBKa;
2 — xenesoGeronnas mikra tosuuHol 20 cM; 8 — meGeHouHas MOATOTOBKA

JiepeH HeNOCPEACTBEHHO B BOJOHOCHOM cJoe. B mparTHKe cTpOHUTE/b-
CTBa KAPH30B KOJIOAIb OOBIYHO BHITMOJIHSAIOT POJIb Pa3BeJOUHHIX LIYP-
(0B, IPH TOMOILH KOTOPHIX, C OZHOH CTOPOHH, BHISACHAIOT BOAOHOCHOCTH
TIOPOJL H YCJIOBHS HX 3aJI€TaHHS, a C IPYrOH — Uepe3 HUX NOAHHMAIOT NO-
POy, BhHIHHMaeMmylO NpH POXOAKe IITOJNbHH, a B CaAydae HEOGXOAUMO-
CTH CHOYCKalOT KpeneXHHH MaTepHal. BMecTe ¢ TeM 3TH KOMOIIH,
pacnosnaraeMele OGHYHO Ha pacctosiHMH 5—50 M ogux OoT  Apyroro
(uem ycToftuuBee MOPOABI, TeM DPexXe), OLHOBPEMEHHO CJAYXaT H Aaf
BeHTH/AUMH (TyyOHHA KOMOAIEB yacTo pocturaeT 50 m u 6oaee).

TlpakTuKoft ycTaHOBJIEH CHEAYIOUWHA NMOPSAOK COOPYIKEHHS KSApH-
30B: CHayaja NPOXOAAT KOJOZUB-MIYPGH, a MOCAe BHISICHEHHS IIO-
JIOXKEHHSI BOLOHOCHBIX NOPOX MeXJy KOJOAILAMH NPOXOAST BOROCGOp-
Hble rajneped. [anepelo pacnonaralor Takum 06pasoM, yTo6hl OHA OJ-
HOH cBOeH NONOBHHOHM BXONH/IAa B BOLOHOCHHH CJIOH H KanTHpoBajda
ero, a ApYro# npoxoxusa Gx B BOXOHENPOHHLAEMBIX NOPOAAX H CJY-
XHjla NYyTAMH BBIXOJA KaNTHPOBAHHOH BOAM Ha JHEBHYIO TNOBEpX-
HOCTb. B yCTOAUHMBBIX MOpOJax KpelieHHEe IUTOJbHH B KAPH3aX OGBIY-
HO He NPeJyCMaTpUBaIOT; B 0O6BAIHUBAIONIHXCS XKe NOPOAAxX NPHUMEHSIOT
JlepeBsSIHHOE KpeljieHHe CIVIOIIHBIMH BA3aHBIMM paMaMH IPH BHICOTe
ux 1 — 1,2 M u mupune 0,5 — 0,6 m.

Insi ABYXNIacTOBHX CHCTEM C BEPXHHM Ge3HANOPHEIM H HHIKHHM
HaINOPHBIM BOJOHOCHBIMH TOPH30HTAMH MOA3EMHBIX BOJ Iejiecoofpas-
HO NpHMeHeHHe KOMGHHHPOBaHHOrO TFOPH3OHTAJALHOrO BOJ03aGopa C
BePTHKA/NIbHHMH CKBaXKHMHaMH, [POHAEHHBIMH B HHXKHHHA mnacr. Ilpu
5TOM T'OPH30HTA/NbHAs [PEHa Hrpaer pojb BORZOCGOPHOIO KOJMJIEKTOPa
H OJHOBPEMEHHO AJs CKBaXuH-— BOLOOTBOAHOro 3jxeMenta. C 37Ol
HeJbl0 K TOPH3OHTAJNILHOH TPy6uaToil ApeHe TNOJAK/IIOUEHH NaTPyOKH
(GuABTPOBEIX CKBAaXHH. YCTbSl CKBAXKHH COBMEUIAOT CO CMOTPOBBIMH
KOJIoAaMH H OGOPYAYIOT 3aABHKXKAMH.
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Topu3onTanbHas ApeHa KaNTHPYeT BepXHHH Ge3nanopHH{l BOLOHOC-
HBIH TJIACT, a CKBAXXHHBI — HUXKeNeXaliHfl HaNOPHHIA TOPH3OHT NOA-
3eMHHIX BOJA,

Bonoszabop coopyXaloT c NpejBapHTeJbHHIM OGypeHHeM CKBAaXKHH
Ha HHXHHH BOJOHOCHBI CJOH M yCTAaHOBKOH 3aJBHXKEK Ha yCThAX
ckBaxuH. [locse npoknajfkun B TpaHLIESX TOPH3OHTANBHHIX APEH OCY-
IecTBJIsSETCS Bpe3Ka B HHX (CHH3Y MM COOKY) narpyGKOB CKBaXKHH.

CMoTpoBble KoJIOAUB H BOJocOOpHBle pe3epByapbl. Jlast ocMoTpa,
BEHTHJNALHH W PEMOHTa TOPH30HTAJbHHIX B0J03a6OpPOB YCTPaHBAIOT
CMOTPOBBIe KOJIOAIH!, KOTOpHIE pacnosaraioT gepes 50—75 M B BOgO-
3abopax Tpybuartoro tuna u uepes 100—150 M — B Bojo03abopax ra-
Jaepefinoro THna. Kpome T10ro, cMOTpOBEIE KOJOAIBI JO/KHKE OHITH yCT-
poeHH Ha y4acTKe Bonosaﬁopa NpH H3MEHEHHH €ro HanpaBJjieHHUS B
niane, neperubax npoduias B B MecTax ycTpoHcTBa mepenajos, a Tak-
JKe B Hayase BOfo3abopa (B BepXHeH ero 4acTH).

B xsipH3ax CMOTPOBHIE KOJIOAIK He YCTPAHBAIOT, TaK KaK HX QYHK-
I[HH MOTYT BHINOJIHSATH HIAXTHBIE KOJOALKI, pacrnoJjaraeMble Ha CpaBHHU-
TeJbHO HeOONbUIMX PacCTOSIHUAX ONHH OT JApyroro. B KameHHO-nie6eH-
gaTeIX BoJ03a6opax CMOTPOBHe KOJIOALB TaKXKe He IpeaycMaTpuBa-
101. B Bomo3aGopax TPyOuaToOro THIA CMOTPOBbie KOJOMIK JesaloT
Kpyriofi ¢opMbl, oOHYHO H3 GETOHHBIX HJIH KeJe300eTOHHHIX KoJsiell
BHyTpeHHHM AuameTpom 0,75—1 M. B Boso3abGopax rasnepefinoro THna
CMOTPOBble KOJOJBI MOXKHO yCTPaHBaTh KaK Kpyriofl, Tak H KBaf-
paTHOH ¢GOpPMBI; HX BHIOJHSIOT OOBIYHO H3 OeToOHA HJIH XKele306eToHa.
Paamepnl KoJioues onpelensiioOTcs KOHCTPYKUHEH H pa3MepaMu rasne-
pel M ITOJBHH, ¢ KOTOPLIMH OHH CONPSATAIOTCS.

Kaxaeii ropusonTaidbhbll BoZ03abop 3aKaH4YHBaeTCss BOLOCOOD-
HHM pe3epByapoM, B KOTOPHIl BOJAAa NMOCTYImaeT caMOTEKOM: H3 pe3ep-
Byapa B BOJOPa30OpHBIe YCTPOHCTBA BOJA MOXeET MOAABATBCA CAMO-
TEKOM HJIH HACOCaMH.

BopmocGopHble pe3depByapbl mpn HeGOJbIIOM 3arayGjeHHH HX B
3eMnio (o 5—6 M) yc¢rTpaHBalOT KeaApaTHofl HMAH NPAMOYroJibHOH
¢$opMmH, a npu GoapnioM 3aray6iaexud — Kpyriaoli. Heobxoaumee pas-
Mepbl HX onpeneasiorcss Ae6HTOM Boxozabopa u Tpebyevoll BeauuH-
HoHl Bojo3abopa.

9.2. TpaccupoBanne ropH3OHTAIbHBIX BON03a60poB

TopusoHranbHble  BOJA03a0OpH  HambOJee YacTO YCTPaHBAOT HA
KOpeHHHBIX CK/IOHAaX; KaK NPaBH/IO, HX pAaclonaraloT HOPMajabHO K JBH-
JKeHHIO MOJ3eMHBIX BOJ, OGBIYHO B BHJE BHITAHYTOH MO NPOCTHPAHHIO
HOTOKa OJHOH CIJIOWIHOH MAH HEeCKOJbKHX IIPEepbIBHCTHIX JHHHH.

He Bcerna penecoo6pasHo pasBHBaTh TOPH3OHTANBLHBIN BOJ03aGop
Mo OAHOH JIHHHH; HHOTAA YAOOHO H 9KOHOMHYHO MOCTPOHThL BOJ03a6oP,
COCTOSINIMA M3 OTHeJbHHX YYacTKOB, pacCloJOXKeHHHX B HauGosee
61aronpUATHBHIX B THAPOre0JOrHueckKOM OTHOLIGHHH MecTax M obbefu-
HEeHHBIX B OOLLYIO CHCTeMy IIPH [OMOLIH BOOOTBOISILIHX JIHHHH, HOX-
BOASIHX BOAY B elHHBIl BOJOCOODHBIH pe3epByap.
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B kfApu3ax, ycTpauBaeMHX B MHpelropbfAx, JHHHIO Bojo3abopa
pacnosiaraloT HOpMaJibHO K CKJOHY, T. €. MO HOTOKY IOJ3eMHBIX BOJ.
[Mpu 3anoxennn Bonosab6opa Ha BOAOpPa3ZeNbHBIX yuacTKax MJH Ha
yyacTKax ¢ 3aMellJieHHBIM HBMIKeHHeM TNOJA3eMHBIX BOZ HamnpasJeHHE
BOM03a6OPHEIX JHHHA MomeT ObITb HPUHSATO JIOOBIM, YAOOHHM IJA
npousBojicTBa pabor.

Conpsixenrle OTJelbHHX JHHMA TOPH30HTANbHOIO BOO3ab6opa B
nJaHe OCYLIeCTBASIETCS B CMOTPOBBIX Kosojuax. [opH3oHTaJbHOMY
BOJZ03abopy cliefyeT npHAaBaTe YKJOH, HanpasJeHHbIH K BOZOCOOPHO-
My pesepByapy. YKJOHB Hajo TpPacCHpOBaTh TakdM o6pa3oM, 4TOOGH
CKOPOCTH JBHXKeHHA BOJAH IO HaNpaB/JeHHIO K pe3epByapy Bo3pacTa-
au. DTo NpejoXpaHsieT BoJo3abop OT 3auJjeHHs HaHocaMH 6sarofaps
BHINAJeHHIO B3BellleHHBIX B BOJe YacCTHI, HpH 3TOM ocoboe 3HauyeHue
MMeIOT MHHHMaJIbHble YKJIOHBI.

VKI0HBE yCTaHaABJAHBAIOT THADABIMYECKHM pacueToM. B KauecTse
OpPHEHTHPa MOXKHO peKOMeHJZoBaTh CJejlylollHe 3HAaYeHHS MHHHMA/b-
HBIX VKJIOHOB: IJf1 KaMeHHO-eGeHuaTHXx BOX03a60poB [min==0,01;
Ajas TPy6uYaThix BoA03aGOPOB [min==0,002; nas rajsepefiHelx BOJO3a-
60pOB Imin=0,005. T1pu 3anoxeHun aHa BOZ03aBOpPOB B CaMOM BOJO-
HOCHOM ILIacTe TPacCHpOBaHMe 3HAUMTeJbHO objerdaercs, BHOGOP
YKJIOHA OMNpe/ie/isieTcs TOJbKO THAPAaBJIHYECKHMH YCJIOBHAMH.

9.3. Onpenenenne neGuTa ropu3OHTANBHBIX BOf03a6opoB

TopH3oHTaNbHHe BOJ03ab0Opbl uallle Bcero yCTpaHBAalOT B BHJe
ONHHOYHOH (He B3auMOJeHCTBYIOLleHl ¢ NDYrUMH) JIHHHH, paclosioXKeH-
HOt HOpMaJIbHO K JBHXKEHHIO NOA3EMHBIX BOJ. SHAUHTEJBHO pexe 3TH
XHHHH pacnosiaralot BAOJb IO TeYeHHIO MOTOKAa MOX3eMHBIX BOA (Ha-
fpHMep, Tpu ycTpoficTBe KAPH30B). B 3aBHCHMOCTH OT yCJOBHS 3a70-
JKEHHS TOPHU3OHTaJbHHIX BOA03a00OpOB IO OTHOWIEHHIO K BOJAOYHOPY
pa3nuyaloT BOX03abophl coBepilleHHbie, JeXalllHe CBONM OCHOBaHHeM
Ha BOJOYNOpE, ¥ BOJ03a6OPH HecoBeplleHHBe, He NOCTHTraMOIHEe BOJO-
ynopa.

Haubosee yacTo ropu3oHTa/ bHBle BOK03a6OpH IPUMEHSIOT AJS
SKCIyaTanuy O6e3HaNOpHHIX NMOJ3eMHBIX BOJ, HO B HeKOTOPHIX CJayya-
fIX X MOXKHO HCHOJb30BaTb H IPH 3KCINyaTaudH HANOPHHIX BOJOHOC-
HBIX TOPH3OHTOB, TPH 3TOM pacyeThl NPOBOJSAT IViaBHHIM 06pasoM B
YCJOBHSIX HX CTalHOHApHOTo pexkuMa. JleGHT ropH3OHTAJNBHOTO COBEp-
IIeHHOro B0J03ab0pa, 3aj0kKeHHOr0o B Oe3HANOPHHH BOAOHOCHBIH
mjacT H NPHHUMAIONIEro BOAY TOJBKO ¢ OLHOH CTOPOHH (caydal pac-
nofoxeHHs: BoJo3abopa HOPMaJibHO K TOTOKY NOJA3EMHHIX BOA), MOXK-
HO onpeJenuth no ¢popmyae lomou

H2 —h2
Q=L =, (9.1)

rae Q —nefur Bogosabopa; L —ero mauna; k— xoadpprument QuAbTpalHH BOJO-
HocHoro maacta; H -——ero MomuocTh; b — rayOGHHAa HANOJHEHHS BONO3afopa BOAOMH;
R — panuyc neficrsHs Bomosabopa.
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Puc. 9.4. Pacueruas cxema nputoka Puc. 9.5. Pacyetnas cxema nmpHTOKa BO-
BOAL K FOPU3OHTAJbHOMY HECOBEpileH- Jbi K FOPU3OHTANABHOMY HECOBEPIHEHHO-
HOMY BOA03360py, BCKPHIBAWOIIEMY Ha- My BoOH03abopy, OKCIIyaTHPYIOUIEMY
MOPHbI BOJOHOCHUBIA nAacT 6e3HANOPHLIA BOJNOHOCHBIA naact
1 — cratuveckuii yposeumb; 2 —ropu- 1— craTnueckuii ypoBeHb; 2 — ropH-
SOHTaAbHHE Boxo3abop; & — mbesoMer- 30HTaJbHEE Bogosabop; J — jenpec-
pHuecKas AenpeccHOHHAs Kpupas; 4 — CHOHHAas KpuBast; 4 — BOAOYMOp; 9 —
BOAOYNOP; & — BOJAOHOCHHH maact BOJOHOCHBIH IJIACT

[Ipy mocTymieHHH BOAB C ABYX CTOPOH (cayuaH pacnonoxkeHHs
Bog03abopa BAOJIb 110 NOTOKY) Ae6GHT, ompelensieMbll mo dopmyne
(9.1), yasausaerca. [l ompefefieHuss [JeGHTa TOPH3OHTAJbHOIO He-
COBEPIIEHHOro BOA03a60pa MOXKHO HCHOJb30BaTh Gopmyan A. B. Po-
MaHoBa. IIpH BCKPBHITHH HamOpHOr0 BOJOHOCHOTrO miacTa (puc. 9.4)
tdbopmyna uMeer TakoH BHA

Qoma— TS (9.2)

Tle §~— NMOHHXeHHE Nbe30MeTPHYECKOT0 YPOBHS MOA3eMHHX BOX MpH padoTe BOAO-
3a60pa B MeCTe €ro pacnoJoXXeHus; M -— MOIHOCTh HANOPHOTO BOJOHOCHOTO NJAAcTa;
r — pajnyc BOK03a60pa; MoXKeT GHTb mpuusAT paBubM 0,60 (rme b — mmpuHa BOZO-
3a60pa); J2 ~— paccrosnHe OT B0OA03a60pa BBePX MO NMOTOKY A0 HEKOTOPOH TOUKH, rae
B0703a60D yXKe He BJHSeT HA MOHUXKEHHe yPOBHS INOA3EMHHX BOJX (MoxeT OHTB
NPHHATO PaBHHM R — IR, rae i — ecreCTBeHHH IpajueHT NOTOKA MOA3EMHHX BOJ,
a R —paanyc neficteus BojposaBopa); [y — paccrosnne Ot BOR03abopa, HO BHH3 MO
noToKy (MOXeT OHTh MPHHATO paBHHM R-+iR); B=Ii+1ls.

[Tpu pacnonoxeHuu Bo103abopa BAOJb IO NOTOKY B 06e CTOPOHHI
OT Hero (opMHUpyeTCs CHMMeTDHYHas JellpeCCHOHHAs KpuBas; B 3TOM
cayuqae lj==l,.

B cayuae BCKpbITHSI 6e3HAaNOPHOrO BOAOHOCHOrO mJjacta Qopmyna
uMeeT caenylomui sua (puc. 9.5):

Q=1a(q,+ ¢ +¢), (9.3)
_ R (h?— ho?) _ k(h?—ho?)
o o, P o1,

_ mk(Hg—h—T)

qs

" ln (T /nwry + nly1,ITB ’
h—Hy—T, hy—H,—T,



rae H;— Hamop Ha paccTOsHuM {; BHH3 MO HOTOKY; Hp— Hamop Ha paccTosHud [z
BBepX 1O NOTOKY; Ao — HANOP BOAS! B BOX03a60pe, cuuTas OT yciaosHod juuuu A—B;
T — paccrosiude OT BOZOYMOPA RO TOH Ke JIHHHH,

Ilpu pacnonoxennn Bofosabopa BAosb No NOTOKY Hyi==H;, hy==ha
U j=kL=R.

Torna dopmyaa (9.3) npuauMaer BHA

Q=L (2¢9,4q), (9.4)
2._ 1t
roe ;=g ’i,(.';‘l_ﬁi“;)m.

B CHOXHHIX THAPOreoJOrHYeCKHX YCJAOBHAX (HEOXHOPORHOE CTpoOe-
HHe NJacra) JAe6HT BOJ03a60pa peKOMEHAYETCs ONpenetsTh Ha OCHO-
BE 3JIeKTPOMORENHPOBAHHS.

Nlpumep. Onpenenurh AeOMT rOPH3OHTANBHOrO BOZO3a60pPa HECOBEPIUEHHOTO TH-
fla, 32J10KeHHOr0 HOPMa/bHO K Oe3HalmOPHOMY NHOTOKY MOA3eMHHIX BOA.
L 235%11&0: He=10 M; Hi=9M; ho=0; [;=200m; [,=250 a1; T=5 m; k=1 umfu;
= M.
Pemenne: npensaputensio naxoaaM L=200+250=450 m.

200 A
Hy = 1/4—57)(102~92)+9*a9,45 M; By=10—5="5m; by =9 —~5=4M.

Cuagana onpesensieM BeNHUMHH Gy, g2 H gs:

1(43 — 03) 1(52 — 02)
T ————— el 3 Jyg. iy —— s sy 3y
'R 5 200 0,04 M3/4; gy o . 550 0,05 m3/y;
3,14.1(9,45—0-5)
g3 = : ~ 0,2 M3/y.
2.31g 5 3,14 - 250 - 200

3,14-0,5+ 5. 450
3arem 1o ¢opmyne (9.3) maxomum Q=250(0,04+0,05402)=72,5 m¥/a.

9.4. Moadop duabTPyOmHX 0GCHNOK
BJIS TOPH3OHTANBHBIX BOZ03a6OPOB

Marepuan®l, npeiHa3HaueHHbE 1 GUALTPYIOUIHX OGCHINOK, XOJ-
JKHH YAOBJCTBOPATL TPeOOBAHHAM INPOYHOCTH H MOPO3OCTOHKOCTH.
I'paBuii u uiebeHs H3BEPIKEHHBIX NOpOJ (TPAHHTH, CHEHHTH, RHOPHTHL,
rab6po, mnopdHpH, JHUDApPHTH, 6a3a’AbTHl H T. I.) C IVIOTHOCTBHIO
2,3—2,7 /M3 unu ke 0co60 NPOYHBIE pa3HOBHAHOCTH OCAJOYHBIX TIOPOJK
(xpeMHHCTBIe H3BECTHSIKH ¥ XOPOLIO CLeMeHTHPOBaHHBIE NECYAHHKH) C
WIOTHOCTBIO 2—2,4 T/M3 TpH BpeMEHHOM CONPOTHBJICHHH Ha CXKaTHe
He MeHee 600 Kr/cM2 NPHrOJHH 1451 BHYTPEHHUX CJIOEB OGCHITKH.

Hsst HapyXHHX C/ioeB OGCHIIKH IPHUTOAHBI HMPHPOXHBIE MeCKH —
NPOAYKTH BHIBETPHBAHHS H3BePXKeHHHX Nopof. PuabTpyoomas obebin-
Ka He JOJIKHA 3aufsiThesl, KOJbMATHPOBATHCA H HOJABEPraThCs XHMH-
geckoll cyddosHn; KoauyecTso yacTHi pasMepom <<0,1 MM gomycka-
etcs He Gosee 3—5 %. Jlnsa noa6opa cocTasa PUILTPYIOIUHX OGCHIOK
B BOJ03a6opax FOPH3OHTAJLHOTO THIA PEKOMEHAYeTCs NOoNb30BaThCH
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Puc. 9.6. Kpusnie nast nop6opa cocraBa mepsoro cios $huabTpa (cxema aBHKeHHs
BOJbI CBEPXY BHH3)

Q4 — H3 TPABENHCTRIX MATEPHANOB NpPH TOJNLIKHE CHOSE (PHABTPR A p>8Dso; 6 — Ha
eGeHHCTHX MaTepHa/IOB NDH TOMIHHE C10S PHABTPA He.==>6Ds5,

pacuetubiME rpagukamu B. C. Hcromunoit (BHHM BOATEO), co-
CTaBJICHHBIMH NMPHMEHHTEIbHO K PA3JIHYHBIM CXEMaM JBHKEHHS BOXHIL

B necuanbix H rpaBelHCTBIX BOJZOHOCHHIX IOPOAAX ¢ KOIPDHIHEH-
TOM HEOJHOPOAHOCTH Mrp=dgo/d10<C10 u cpefnumM IuametpoM dso>
>0,15 MM NpH JBHXCHHH BOABI CBEpPXYy BHH3 NepBbill CJ10il ¢uabTpa
cllefyeT MoAOHpaTh, HCNOJb3Ysi rpaduku (puc. 9.6), BuipakawouHe
3aBHCHMOCTH D'so/dso==f(np), rae cliownoll JuHHEeH NpOBegeHH OC-
PEnHeHHble KPHBHIE, NMYHKTHPHBIMH — orubatomue. [Ipu noan3osannu
CIVIOLUHBIMH JIHHHSIMH PacCyeT BeJeTcs AJis OCPeJHEHHOIO COCTapa Io-
pox. Ilpu nonb3oBannH Ord6aOMHMH (NYHKTHPHBIMH) JHHHSMH [OA-
Gop W MPOBEPKY BHMOJHAIT ¢ 3amacoM. 3mech D’sy, dsp— cpennue
AMAMETPBI YaCTHIL A/ CMEXHBIX CJI0€B NOPOJ (COOTBETCTBEHHO (PHIBT-
Pa H BOJOHOCHOTO Mn1acTa); D'ey, dgo — KOHTPOIHMPYIOIIHE AHAMETPHI Ya-
crun; D'y, dig— neACTBYIOMHMe IHAMETPH YACTHL; Tjrp — KOIDDHIH-
eHT HEOJHOPOAHOCTH BOMOHOCHOTO IJacTa; Mg — KO3((HIUEHT Heol-
HOPOJAHOCTH QuabTPYIOniel o6chinKy (cj0si GHALTPA).

B Tex xe ycaoBuax (nmp<<10 u ds=0,15—0,7 MM), HO npn aBH-
KEHHH BOJAH CHH3y BBEpX, He JONYCKAsh KOHTAKTHOFO 3a10pa MeaKo-
3ePHHCTOH MOPOAB B MOPH Gojlee KPYNMHOH, mNepBblit cioil (puabTpa
noaGpaioT no rpaduky, n3o6paxeHHoMy Ha puc. 9.7, a. Ilpn 6okoBo#
CXeMe JBHXKEHHsI BOAB (T. e. MapaIeJbHO QHIBTPY), a TaKkKe OTCYT-
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Puc. 9.7. Kpusnie pas nopGopa coctasa mepsoro ciios ¢uastpa Dgo/D’1p<<10

a— npH ABHXKEHHH BOAKW CHHU3y BBEPX Ha IECUaHOM OCHOBaHHH; 6 — mpd GOKOBOM
ABHXKeHHH BoAw Ipu [<C1,3deo/d1o<<10
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AUAMETP YACTUL, MM

Puc. 9.8. Kpusnie 3¢pHOBOro cocrasa BOAOHOCHOTO necyaHoro mnacta (/) u duabT-
pa (2 3)

CTBHH KOHTAKTHOIO pa3MbiBa 6GoJsiee MeJKO3ePHHCTOH MOPOAB KPYI-
HOCTh MaTEePHaJIOB IJisI BOJOHOCHBIX ILIACTOB, XapaKTEepPH3YIOUHXCH
K03 HHIHEHTOM HEOJHOPOAHOCTH Mrp<<l10 u d5=0,15—0,7 MM, BH-
6upator mo rpaduky, H3o6paxkenHoMy Ha puc. 9.7,6. Koadduunent
HEOJHOPOAHOCTH (HJIBTPYIOIHX OOCHIIOK PEeKOMeHIyeTcsi NMPHHHMAaTb
He Gosbre 10, T. e. np==10.

Hasi rpaBesHCTO-TaJIedHHKOBBIX BOJOHOCHHX IOPOJ C MeCUaHBIM
3anoJHuTeNeM B Koauuectre g>10—20 % no macce, K03 HLIHEHTOM
HEOMHOPOMHOCTH Mrp==10—20 u KoapbuuuenToM bHALTPALHH k<
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< 0,05 M/c nepBHit coll punbTpa (KaK NPH ABHKEHHH BOABl CBEPXY
BHH3, TaK H CHHM3y BBepX) NpeAsaraercs nogbHpaTh, BHAEJSAS H3 BO-
JROHOCHOTO IJIACTa ero pacueTHy GpakiHio ¢ Ko3(hOHIHEHTOM HEOA-
HOPORHOCTH nep==10 (cuMras or meakHx yactuu). s atofi pacueTHOH
9acTH H CJefyer NoaGHparth mepsmil ciaoit ¢puaeTpa (cM. puc. 9.7).
Bropoi#i M TpeTuli CJOH (QHJIbTPA NMOAGHPAIOT MO TeM Ke rpadHKam
(cMm. puc. 9.6, 9.7, a), npunuMas nepBbHil €0l OOCHIKH 32 BOAOHOC-
HHH myacT.

Tonwuny cioes ¢puibTpa BHOUPAOT B npefenax Ag=>2Dso — 2Ds,
HO H3 YCJIOBHH NMpPOH3BO/ACTBa pa6oT oHa He JoaxHa O6HTh MeHee 0,1 M,
onrumanbHoe aHayenne — 0,15—0,2 M.

Npumep. DBopOHOCHE mnaacT NpeAcTaBieH NHJeBaTHIM mneckoM (puc. 9.8) ¢
dmin=0,02 MM; d;o=005 MM; ds50=0,17 MM; ds0=0,20 MM; dmax=1 MMm;
Nepdeo/dio=4 (kpusast I). Ilogo6paTs mepBHft cioft OGCHINKM NpPH ABHXEHHH BOAB
csepﬁr BHHS.

puHHMaeM K03 QHUIHEHT HEOAHOPOAHOCTH O6CHNKH My=D’go/D’10=8. OtHo-
menne D’s50/Dso MOXHO npuHsTs or 3 ao 15 (c 3anmacoM). Baavane paccuntaem
gpns;gol 3epHOBOTO cocTaBa oGcunku npu Dso/dso=3. BojoHocHHE mWiacT uMmeer
50=0,17 MM,

Torna D’50=0,17-3==0,51 MM. YuursiBasi, uro yactat <0,1 MM B dunsTpe He
HOMKHO GHTh >3 %, npunumaem D/,0=0,15 MM, a D’60=0,15-8=12 MM. D'max
npunumaeM ~5 MM. 3Has D%y, D’s, D’6o H D’max, CTPOMM NEPBYI0 TPAHHYHYIO
KDHBYIO 3€pHOBOro coctaBa (uibrpylomel o6chinkd — xpuBasg 2 (cM. puc. 9.8).

TTonoGubM 06pa3oM CTPOHM H BTODYIO TPaHHuHyI0 KPHBYK npH D7sefdso=15.
Onpenensiem D’50/dso=0,17-15=255 mMm. Toraa D’so npurumaem 35—4 MM, a
Dyo=0,5 MM. D’max npunumdem 10—15 mm. Ilo momydennbiM snadersaMm D’yo, D’so,
D’¢p 1 D’max CTPOMM BTODYIO I'DAHHUHYIO KPHBYIO 3€DHOBOrO coctaBa (HibTpylollielt
o6cHnKH — KpuBas 3 (cM. pue. 9.8).

MartepHans, COOTBETCTBYIOLIHE 3ePHOBOMY COCTaBY MeXJAy KpuBHMH 2 H 3,
MOMHO HCIOJB30BATh AJS NEPBOro cNOst GHALTPA NPH YCHOBHH, YTO KOSOHIHEHT
HEOAHOPOAHOCTH HX paBeH 8.

IlpurogHocTh HMelOLErocs MaTepHana [js (GuIbTPa IMPOBEPSIOT
caefyomum obpasoM. 3Has 3epHOBOH COCTaB BOJAOHOCHOTO mjacra H
KappepHOro MaTepHaJia, npeiHasHauY€HHOro O (bﬂ.ﬂb’l‘pa, onpeness-
for otHoWerHe D’sofdsy 1 KoahHLHEHT HEOZHOPOLHOCTH KaPbePHOTO
matepHana D’g/D’10; ua rpadpuke (cMm. puc. 9.6,a4) HaxoaAT TOUKY
nepecevenns. Ecau 9Ta Touka momafaeT B 06aacTh JAONYCTHMBIX 3HA-
YyeHH#, TO MaTepHaJ MOXKHO HCIOJAb30BaTh A (HALTPA, B NPOTHBHOM
cjydae maTepHaml HEHpHFOEEH H HYXKJAa€TCSd B COPTHPOBKE.

9.5. Pacuer BOAONpHEMHON NOBEPXHOCTH
ropH3oHTAJbHBX BOJ03a60poB TpyGuaToro Tvna

Bononpuemuble oTBepcTHs B cTeHKax TpyOw. [luamerp Kpyribix
CBepJIeHHX OTBEPCTHHl MPHHHMaIOT He MeHee 1—1,6 cM, WwHpHHY Iie-
au —He menee 0,5—1 cM. B cTeHkax GeTOHHBIX H XKeJie306eTOHHBIX
TPY6 M rajepesix OTBEPCTHs BHINONHSIOT OJHOBPEMEHHO C H3TOTOBJE-
uueM TpyG. Jlis aTOrO B MecTax pasMellleHHS OTBEPCTHH 3aK/NaJBIBAOT
npoMacjeHHble JiepeBSIHHBEE NPOGKH, KOTOPHE YAANSIOT MOC/A€e CXBATHI-
BaHus GeroHa. JlmaMeTp oTBepCTHil NMPHHHMAIOT He MeHee 2—2,5 cMm.
Heo6xoauMoe 9HCIO BOZONPHEMHBIX OTBEPCTHH ONpeAeNsiOT I'HApas-
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Puc. 9.9. Cxema K THADaBIHYECKOMY 7
pacyery  BONONPHEMHOTO  OTBEPCTHA e B A
TpyOu - AU L
1 — noBepXHOCTh T'PYHTOBHIX BOX B OK-
pyxaiomeM TrpyHre (kpuBas jemnpec-
cuu); 2 — ypoBeHb BOAH B (PHILTpPalH-
OHHOK OOcHINKe, J — ypOBEHb BOALI B
1py6e; 4 — KoHTYp OGHabTpYyOWied 06-
CHINKH; g — YYaCTOK BHICAYMBAHHA Ha
BHEIIHeM KouType ¢uabTpyiomefi 06-
CHINKH; flo — TMOTepH Hamopa IpH HCTe-
YEHHH BOAH uepe3 BOJONDHEMHHE OT-
BEpPCTHA

JHYECKHM pacyeToM. IIpH sTOM pas3iHyalOT: a) OTBePCTHS, PacHoJo-
XeHHBle B BepXHe#l Ham GokoBOil wacTH TPyOHI; 6) OTBEpPCTHS, paclo-
JIOJKeHHbIe B JOHHOH 4acTH TpyOHl.

Ha puc. 9.9 npuBenena cxema K FHZPaBJIHYECKOMY pacyeTy OTBep-
cTHH, PACmOJIOKEHHBIX B BepXHeli Hau OokOBOH uacTH Tpy6n. Uepes
BOJONPHEMHOE OTBEPCTHE NMPOMCXOIMT HCTEYEHHe BOJH H3 (HIBTPYIO-
mel o6CHIIKH BO BHYTPEHHIOW IOJNIOCTh TPYOH, KOTOPOE CONPOBOXKIA-
eTcsi HEKOTOPHIMM TOTepsIMH Hanopa hy. 3afiaBasi JONYCTHMYK Be€JIH-
YHHY 3THX NOTEPb, MOKHO ONpPEeNesUTh YHCAO OTBEPCTHH Ha | M IJBHB

b= —, (9.5)
1wy V 28hy
rie g — OpUTOK K Boj03a6opy Ha 1 M AJuHBI (ONpefesseTcs THAPOTEOoNOrHYECKHM
pacueToM); wWo — MJIOMANL ORHOTO OTBePCTH (A1 BepTHKANBHHX mesell B pacuer
NpUHAMAETCA MJONMIAAb OTBEPCTHS HHXKE YPOBHA BoJM B Tpy6e); g — ycKOpeHue cH-
Jbl TAXKECTH; B — Ko3dduuneHT pacxopa.
Koastduuuenr pacxoga oTBepCTHil mepBOro THNA (pacmojoXKeHHbIX
B BepxHell ujii GOKOBOH gacTu TpyOwl) ONpeiensioT B 3aBHCHMOCTH OT
uyicaa PelHONbACA W OTHOIIEHHS dyyffe, THE fo— pasMep OTBEPCTHS
(muaMeTp uiu WHPHHA LIeNH, 3a30pa); diy — pa3Mep dpaxuuu o6cChHI-
KH, cooTBeTcTByonnit 17 % mo KPHBOK pacyeTHOro rpaHyJoOMeTpHue-
ckoro cocrtaBa (cM. Tabauuy). B pacueTHHIi cocTaB BK/IIOYAKOTCA
¢pakuun kpynHee 0,4fp— B cayuae xpyranx otsepctuit u 0,6/—B
ciydae lueell WIH 3a30pOB.

3unauenns kosdduuuenra pacxona

dz_r;to

Re
0.4 0,65 1 1,6 2 3 4 8
108 0,33 | 0,27 0,21 0,33 |04 [0,47]0,51 0,55
104 0.31 0,95 0,20 0,33 |04 |0.48]0)51 /0,55
5.10 0,98 0.24 0,19 0,32 |04 |048|0/52]0.56
2.103 0,22 0.2 17 0,29 |0.36|0.35|0.48 | 0,53




Uucno PefironbAca BHYHCASIOT N0 dopmyne
2gh
Res_{o.l/__g.o,, (9.6)
v

rfe v— KuHeMaruieckufi kosduuuent sasxkocrd, passui 0,0131 cm?/c npn Temne-
parype soan 10°C,

Pacuer oTBepcTHit BTOPOro Tuna (pacno/ioXXeHHHIX B AOHHOK 4acCTH
TPYOBl) BBHINMOJHSIIOT: 2 ) IO YCJAOBHIO NPeJOTBPAlleHHs BHIHOCA (DHJb-
Tpyoulell 06CHNKK H3-NOA TPYOHI; 6) 110 BeJIMYHHE AONYCTHMEIX NOTEPb
Hanopa. M3 nByX mosiyueHHHIX 3HAUeHHH NMPHHHMAIOT HanbosblIee YHC-
J1I0 OTBEPCTHH.

YenoBue NpefOTBpALlCHHS BBHIHOCA HMeeT CJEeLYIOUHH BHA:

Uy==0,2 l/ gdy . (9.7}
PR Up — CKOPOCTH IOTOKA B OTBEPCTHH; g — YCKOPEHHe CHJbl TSHKeCTH; dijo — pasMep
¢pakuuit ofcemky, coorBercTByomuit 10 % mo KpHBOA ee IrPaHyJOMETPHYECKOrO C€O-
cTasa.
Cornacuo ycsoBHo (9.7), 4HCaI0 JIOHHBIX OTBepCcTHH Ha 1 M AJTHHBE
TPYOH ONpenensioT no dpopmyne

I — (9.8)
w, - 0,21 gdy,

Pacyer HOHHBHIX OTBepCTHi IO BeJHYHHe AONYCTHMHIX MOTEPbL Ha-
nopa BunosasioT no dopmyne (9.5) ¢ yueTom ciaeAylOmHX 0COOEHHO-
cTell onpenenenus KoappHuUEeHTa pacxoaa:

a) BeqHuydHy di; BHIOHpAIOT U3 COCTaBa TPYHTE, 32 HCKIIOUEHHEM
10 % Mmesnkux ¢paxuui, KOTopble MOTyT GHITb BHECEHB H3-TMOA TPYOHI
npu cobmonennu ycnosua (9.7);

6) B cayuae dp/ty<<l B pacuer NMPUHAMANT 3HAaYeHHe KO3(hHIH-
€HTa pacxoja npH dyff=1.

JonyctaMble notepn Hanopa mo ¢opmyne (9.5) npuHHMAOT C yde-
TOM ofecrieyeHHsT MakKCHMaJbHOU -9 (PeKTHBHOCTH BOAONPHEMHOH IIO-
BepXHOCTH. [IpH OnMacHOCTH XHMHUYeCKOro KOJbMaTaXka OTBePCTHH Be-
JHUYHHY TOTepPb HANopa CJaeAyeT NPHHHMAaTh He Gosee 0,5—1 cm, yun-
THiBasi BO3MOXKHOCTh YBE€JAHUYECHHUSI MOTEPH NO MEpe KoJabMaraxa.

Ecinn npuHATh, MHHHMaJbHOe 3HaueHHe KosbhduuueHTa pacxoaa
n==0,17, TO OPHEHTHPOBOYHO MOXHO ONpeJeJHTb YHUCJO OTBEPCTHH MO
dopmyne

n= 9 _=~0271, (9.9)
0,17w, 1/ 981 - 1 @

TIe g — YACAbHbIA BOZONPHUTOR, cM3/c, wo — IVIOMAAL OTBepCTHS, CM2,

®opmynoir (9.9) pekoMeHAyeTCs NMOMBL3OBATLCA AJMsI pacueTa YHcaa
OTBEpPCTHHl B mepBom mpuGiaukeHuH. Eciu npu atoM obmias miomanb
OTBEpPCTHH OKasmiBaeTcs Gosee 1'% mTomanH MOBEpXHOCTH TPYOH, TO
cliefyeT onpeleNsiTh YHCAO OTBepPCTHH GoJee TouHO 1Mo dopmyne (9.5).
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OTBepcTHS HA TOBEPXHOCTH TPYOH pasMemialoT ¢ y4eTOM MakKcH-
MaJIbHO! BOJONPONYCKHO!N CHOCOOHOCTH M YCJOBHH HPOYHOCTH TPYOHL
OTBepcTHs CAeAyeT pPa3MellaThb He BHULE YPOBHs BOAB B TpyGe. Pac-
CTOSIHHSI MEXKJAY OTBEPCTHAMH >KeJaTeJbHO NPHHHMATbL HE MCHEC 4eM
B 15—20 pas Gosblue pasMepa orBepcTHH. Torja OTBepPCTHS NPaKTH-
YeCKM He BJMSIOT Ha NMPOYHOCTh TPyOHl. B mporuBHOM ciiyuae HeobXo-
AMMO VUHTHIBATH CHIDKEHHE NPOYHOCTH TPYOHl NOJA BJIHSHHEM BOJLONDH-
emHbix otBepcTHil. KoadduuneHT cHUXKEHHS MPOYHOCTH BBIYHCISIOT 11O

tdbopmyiie

kpy=Py|/P=1—t]c, (9.10)
rae Py, u P — npounocts mnepdopHpoBaHHON H uenmepdopupoBaHHoil Tpy6; ¢ — pas-
Mep oTBepcTHH  (Bmouib TPYGH); € — paccrosiiMe MeXAy OTBepCTHAMH  (BAOJR
TPYyGH).

3a3opst Ha cThiKax TPy6. BO3MOXKHOCTH HCMOJNB30BAHHSI 3230POB
B KauecTBe BOJXONPHEMHBIX OTBEPCTHE HNPOBEpSIIOT THAPABIHUYCCKAM
pacueroM. Heo6xoauMO, uTo6H NPOHHIAEMOCTh QHALTPYIOMEH obchin-
K4 Obiia B 10 1 GoJsiee pa3 Bblllie IPOHHIIAEMOCTH OKPY2KAIOWEro rpyH-
ta. Toraa MOXKHO cuHTaTh, 4TO (HIBTPALHOHHHIA MOTOK B OOCHIIKE
ABHXKeTCS BIOJAb TPYOB OT CepellHHB 3BeHa K 3a3zopaM. [IBHikenue
HoTOKAa B OOCHINKe CONPOBOXKAAETCS NOTEPSIMH Hanopa Ay, BETHUYHHY
KOTOPOro MOXKHO ONpefe]HTh o dopmyJae

hy = qL2/kywy - 8, (9.11)
rie L — gnuHa TPYOGbHl, T. €. PacCTOSHHE MeXJy 3a30paMH; § — NPHTOK Ha | M Tpy-
Gul (ompesensieTcs rHAPOreONOrHYECKHM PacdeToM); @e — MJIOMARL MOTOKA B (OHJIBT-
pylolie#t ofchnke, paBHAs NJOMAZM OGCHIKM HHXKe ypOBHS BOAM B Hell (mpuGas-
KEHHO — HHXKe YDOBHA BoAbl B TpyGe); ke — kospdunuent ¢Haprpandu GHIBTPYIO-
me# o6CHnKy.

Briuncaennyio no ¢opmyae (9.11) BesuunHy notepb Hamopa cpas-
HHBAIOT C HEKOTOPOI RONYCTHMOH BesHuuHOH [hg], ompenensiemoit yc-
JgoBHeM 9bdeKTHBHOCTH pabors Boxosabopa. lipu orcyrersuu ocoGmix
TpeGOBaHHA CleAyeT NPHHHMATh AONYCTHMYI BeJHUHHY norepb [hgl
He 6onee 3—5 cm. Ecan hg<C[hg], TO 3a30pbl Ha CTHKaX TPYO MOXKHO
HCIOJb30BaTh B KadecTBe BOAONpPHeMHbIX oTBepcTHfi. Ecan hg>[hg],
TO CJeAyeT mpeAycMaTPUBATh CTielHalbHble BOJONPHEMHBIE OTBEDCTHSA
B CTE€HKax Tpyo.

3a30p, HCNOJIb3YeMBbIl B KauecTBe BOAONPHEMHOTO OTBEDPCTHS, CJie-
LyeT OCTaBJsITb OTKPBITBIM TOJbLKO B HHIKHel HacTH TPYObl, IpHMEPHO
Ha /5 ee OKPYXHOCTH. BepxHsis yacth 3a30pa NoJKHA ObITh NPHKPHI-
Ta WM 3afesaHa Bo H36eXaHHe NPOCHIIAHHS TPYHTa WJIH OOGCHINKH
B TpyOy. HeobxonuMmulit pasMep 3a3opa ONpefeNsiiOT M'MAPABAHIECKAM
pacueroM. OueBHAHO, YTO 3a30p paboTaer Kak AOHHOE OTBEPCTHe, MO-
9TOMY IJs1 ero pacuera Hcnoab3yioTes ¢opmyns (9.5) n (9.8), koro-
pble IPHMEHHTEJbHO K 3230py NPHOODPETAIT CACAYIOMHMA BHI:

Wy = “"‘E.:”? (9.12)
0.2V gdi

P | — (9.13)
PV 2gh,
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Puc. 9.10. KoHcTpyktHBHas cxema
Tpy6uaToro poposabopa
1 —ypoBenr BOAH B TPyGe; 2 — ypo-
BEHb BOJH B OuAbTPYIOIIeH OOCHITKE;
3 — rpyba
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Puc. 9.11. Kpuphie rpanyJOMETPHUECKOTO COCTABA

1 — rpyura; 2 — Quaprpyooliel O6CHIKH; 3 — TO Xe, HO HCKJIIOYEHH (QPaKIyy MeHb-
e 0,4%,

rie g -—npHTOK Ha | M 1py6ni; L — fauHa TPYOHW (paccTOfHHe MEXKIYy 3a30paMmH);
ocrafeHBe 00603HaYeHHS JAAHH B noscHeHHsx K dopmynav (9.5) u (9.8).

Kosth¢unent pacxoia onpejensiercs Kak H panee. Ms asyx sunave-
HEH W; OKOHYATE/AbHO NPHHHMAIOT HaHOOJblKe, H B 3aBHCHMOCTH OT
pa6ouell anunbl 3330pa (uepe3 KOTOPYio BoAa noctynaer B TpyOy)
onpefensoT HeOOXOAHMYIO IHPHHY 3a30pa.

Tpumep pacueta, [lana KOHCTPYKTHBHas cxema Bojposabopa (puc. 9.10). Tpy6a
acbecroneMentnas. JlauHa ssena Tpy6m L=300 cm. @uantpyomas olcuilka
{puc. 9.11) umeer xosdpdumuent ¢uiabTpaunun ke=1800 M/cyr=2,08 cv/c. Ilpurtox
K BONO3alopy cocrasiaser ¢=2,3 m3fcyt, uad 26,6 cm®/c. B pacuere ua | M pauHH
on pasen 0,266 cM?/c. HeoGxoxuMo paccyHTaTh BOAONPHEMHYIO HOBEPXHOCTH TPYGHL

Bapuanr 1. CHayana mpoBepHM BO3MOXHOCTL HCMO/Bb30BAHHSA B KayecTBE BORO-
HpHeMHEX OTBepcTHiI 3a30poB Ha cTwkax Tpy6. [as pacuera no Qopmyse (9.9)
BHUHC/JSEM MAOAAb TOTOKA B G(HEAbTpyOIleli ofcwinke. CoraacHo puc. 9.10,
wn63gg%35)3-32—1f2-n/4-362=1765 ex?.  Tlo dopwyne (9.11)  wmaxomum  he=

= —————————- =) 8] cM. [ToTepH HE3IHAYHTEJbHE!, MOITOMY 3430DH Ha CTHIKaX MO-
2,00- 1765- § P ' y 3a30p

JKHO ACTMONb30BATH B KAUECTBE BOJNONPHEMHHIX OTBePCTHH.
Ilo dopmyne (9.10) BHIHCAsieM HEOGXOAMMYIO NAOWAZb 3330pa, MpellBapH-
TensHo uafas mo puc. 9.11 (xpuBas 2) die=0,29 e

0,266 - 300
e —r ' B A LR

Wy =
0,2}/ 981-0,29



Ilo ¢opmyne (9.9) mnomaznb Gyaer 3aBeloMO MeHblle. 3230p NPHKDHIBAEM CBep-
Xy Ha 2—3 pyHHB OKpyXHOCTH TPyGH. IauHa orkpmTofi wacTu 3asopa ls='§" n-33=

=34,6 cm. Heobxonumas mapuHa 3a30pa by=ws/ls=23,7/34,6=0,69 cm.

Bapuant II. Crhiku TpyS 3aKpHTH MyQTaMH; BOJAONDHEMHEE OTBEPCTHS B CTeH-
Kax TpyG; OTBepCTHA HpocBepauBaloTcsa. JlHameTp oTBepcTHS npuHEMaeM fo=1 cM.
MMaomans oTBepeTHs Wo=0,785 cm2.

Inst pacuera udcna OTBepCTHH nmpefBapHTessHO NpHEHMAEM ho=05 cM. Ilo
1V/2.981-0,5

0.0731 2390. B cocraBe ¢uasTpyomed

ob6cuinkn (eM. prc. 9.11) BrgeaseMm uacth ¢ ¢pakuusimu kpynHocThio 0,44,=0,4 cm H
B BHjeeHHOR yacTH (kpuBas 3) HaXomuM d;7=5,6 cM.
Tpu di7/to=5,6/10=0,56 1 Re=2390 maxoaum no taba. 9.1 snauemue u=0,21.
Io dopmyne (9.5) BuuHCHsIeM HeoGXoauMoe uucao oTBepetHit HA 1 M TPYGHI:
26,6
= : =5,15.
0,21.0,785.2.981-0,5 ’
Ipunemaem n=6. Ins cpaBHeHHs BRIYHC/ISEM YHCJIO OTBepCcTHR MO TpPHGJHKeH-
HO#t dopmyne (9.8):

¢dopMmyne (9.6) naxozum Re=

n

OrBepcTust paaMelllaeM ¢ ABYX CTOPOH TPYGH. PaccTofHHs MEXKIY OTBEPCTHSMA
B paay npumaMaeM lo=30 cM.

9.6. Pacuet BoponpuemMHo#it cnocobHocT Tpyo
B TOPU3OHTAJNBHBIX BOgo3abopax

Tuppasnuueckde pacueTsl NPOBOAAT JJs ONpejesieHHs NHaMeTPOB
Tpy6. Ecin xe nuaMerpsl Tpy6 H3BECTHBI — PACCUHTHIBAIOT YKJOH BO-
no3abopa, obecneynBaOUIEro NOCTYNAIME pacXon BoAbL. BenHuuHy
OTBOJAMMOTrO pacxofia @ onpefessioT, BBIMOMHSAS HAPOTe0JOrHYeCKHe
pacuersl. JlonycTHMYIO CPEXHIOID CKOPOCTh ABHXKEHHS BOAH B Tpyb6ax
BLIGHPAIOT M3 YCJAOBHS HEJONYCTHMOCTH 3aHjieHHs TPYO H pa3MbiBa
OKpY2KaiIero rpyiTa (Ha yyacTKe nephOpHpPOBaHHBIX TPYO).

CkopocTh ABHKEHHSI BOAb B TpyGax npuHuMaioT 0,15—1 m/c. Has
TPYO, YJIOKEHHHX B IVIHHHCTHIX TPYHTaX, HAaHMEHbIUYIO CKOPOCTh JABH-
JKeHusi npHHAMalT B npefeiax 0,15—0,2 m/c; B necuansx IpyHTax —
0,3—0,35 m/c. OntumanbHas ckopocts AHxkeHHs 0,5—0,7 m/c. Han-
GOMbIIYI0 CKOPOCTh Ha3HaualoT He GoJjee 1 m/c. Ha rayxux yuacrkax
Tpy6 CKOPOCTh TEUEHHS MOXKHO JOBeCTH A0 1,5 M/c, ecnd 3TO He npH-
BOJHT K 3aMETHOMY 3aryyOJeHHI0 BORo3abopa.

Ilponycknas cnocoGHOCT, TPYO AOJXKHA COOTBETCTBOBATb MaKCH-
MaJibHOMY oXugaeMmomy ne6ury. Ilpu aToM He cielfyeT AOGHBAThCH
3anoJiHeHHst Tpy6 BOJOA HA Bce cedyeHHe. MakcHmanbHast nponyckHas
CnocoGHOCTh COOTBETCTBYET TJyOHHe 3anosiHeHHs Tpy6 (puc. 9.12)
h=0,9—0,93, a sanbosapliasi CKOPOCTb [ABHIKEHHS BOJAH INpH HaINOJ-
Henuu Ha 0,18d. TlpakThueckn riyOHHY HANOJHEHHs B BoAo3abopax
cleayeT npHHAMAaTh He MeHee 0,3d.
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Puc. 9.12. 3asucumocts K0ahdHUHENTOB o ¥ P OT cTeneHu sanomHenus Tpy6 BojOR
I —xpusas o= (h/d) —no cKopocTHOMY NpH3HAKY; 2 ~ KpuBas B=h/d —mo mpo-
TyCKHOHA CrocoGHOCTH

3Hasg npuToOK Q, NMOCTYynaomuiA B BOA03a60P, AONYCTHMYIO CKOPOCTh
JABHIKEHHS BOABl B TPYOAX Unon H 3aJaBIIHCh CTENCHBI0 3aNOJHEHHS
TpyD h/d, BHUHCASIOT fuamerp TpyoO:

d=V 4Q[frvgy, (9.14)

rie P —Ko3dOuiUHEHT, 3aBHCAUHA OT CTENEHH 3aMOJHeHHs h/d, onpenenseMbii mo
KpuBo#t 2 (cM. pue. 9.12).

Hexona us yenoruit HOpManbHO#M 9KCIUTyaTaudn Bogozabopa 3ToT
AHAMETD AOJKeH ObiTh He MeHee 200 M.
Yxaou Tpy6 onpenensior no gopmyne esn

i = Q*/s*c*R, (9.15)

TAe S§-— MJOWLaJb KHBOTO CEYEHHst NMOTOKA; KR — rHApABJHYEcKHll pajuyC; € — KO-
9¢dunHeHT CONPOTHBICHHS.

Ilnomanp XUBOTO CeueHHs § W TMApaBaMuecKuil paauyc R spas-
10TCS PYHKUMAMH CTeNeHH HanoJHeHHs h/d W BHYHCASIOTCS 1O Gop-
MyJiaM:

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

Koadduuuentst o u B 6epyT us rpaduxa ua puc. 9.12. Koadpdpuiu-
€HT COIPOTHBJACHHS ¢ BHUHcAOT no ¢opmyae H. H. Iasnosckoro

c=RV[n; y=2Vn—0,13—075VR (Vn--0,1), (9,18)

TAe n— KodhQuIHEeHT 1IepOXOBATOCTH, 3HAUEHHS KOTOPOrO NPH pacuete TPYyO npu-
wumator 0,012—0,015.
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3Hauenus Ko3p¢HuIiHeHTa ¢ B 3aBUCUMOCTH OT 71 H THAPABJIHYECKO-
ro paauyca R MOXKHO TakXe OllpelesndTh H no popMmyae Maruaura

c=1.R"n, (9.19)

Ha nepdopupoBannbx yyacTkax TpyO BOja NoCTynaeT H3 IJacra,
NO3TOMY NO AJHHE TPYOGH pacxon OyAeT NMepeMeHHHIM: yBeJHUHBAETCH
OT HyJsl B Haudajie Bojo3abopa, T. €. B cedeHnn x==0, o Q B KoHIe
BOj03abopa, T. e. B CeueHHH ¥==q. [lHamerp TPyO B 3TOM Cjyyae Tak-
Ke onpegensitor no dopmyne (9.14), B Kotopo#i Q — pacXox B KOHIe-
BOM CedeHHH BoZo3abopa.

CunTasi, 4TO NOCTYNJIEHHE BOABl M3 NJacTa MPOHCXOJHT PaBHOMEP-
HO IO JI/IHHe BOA03a60pa, YKJIOH B MPOH3BOJBHOM CEYeHHH HA PaccTos-
HHH X OT Hauaja MOXHO HalTu no gopmyJe

stz

[ X2 9.
t L3s3c2R (9-20)
a CpefHHH YKJIOH BCEro Boja03abopa AMHHON a — no dopmyne
ip == Q/3s**R. (9.21)

I'unpapinvecknit pacyer BHIIONHSIOT TaK e, KaK H pacuer nepdo-
PHPOBAHHBIX YYacTKOB BOJ03abopoB u3 0OOBIUHBIX TPyO, — mo ¢opmy-
aam (9.20) u (9.21).

IJIABA 10. IYYEBBIE BOJLO3ABOPbI

10.1. Tunsl, KOHCTPYKUMH, YCAOBHSI IPHMEHEHHS

Jlyuesbie BOA03a6OPH B OTEUECTBEHHOH BOXOXO3SHCTBEHHOH MpaK-
THKE MTPHUMEHAIOTCS OTHOCHTEJbHO Peiko. B nmocjiefHne TOAH MONIYYHIH
pacnpocTpaHeHHe MaJibie JiyueBhle BOA03a6OPH!, OTIHYAIOMHECS CpaB-
HUTEbHO HeOONbLIOA AJIHHOH Jy4ell — FOPH3OHTANBHBIX CKBAXKHH.
OnwiT MPOEKTHPOBAHHS M SKCIVIYATalHH JyUeBHX BOA0326OPOB MOKa-
3a., yTo UX HauboJsee nenecoo6pPa3HO MPUMEHSATb B BOAOHOCHHIX TJia-
CTax, KpoBJisi KOTOPHIX 3ajeraer Ha riy6une He 6onee 156—20 M u npu
OTHOCHT€JIbHO HeOO/IbIIOH MOIHOCTH BOAOHOCHOTO NJAacTa, HAaXxoAsd-
ulefics B mpepenax 5—20 M. JlyueBsle Bo#03aGophl MO3BOJSIOT OCY-
WECTBHTb OTOOP BOABI MOJA PYC/JAOM PEKH HJIH JOXKeM BOAOXPaHHJHILA
H 3Q(EeKTHBHO KanTHPOBAaTb HEOJHOPOAHBIE B paspes3e BOJOHOCHBIE
0.1aCTHl, yCTPauBas Jiyun B HauboJsiee NPOHHILAEMBIX 30HAX pa3pesa.

Ilo ycnosusaM mpousBoAcTBa pPaBoT JyueBhbie BOAO3aBOPH HC PeKo-
MeHJyeTcs IPHMEHSTh B IPaBHIHO-TaJIEYHHKOBHIX NOPOAAX M B Iecya-
HbIX BOAOHOCHHIX IJjlacTaX C BKJAIYEHHAMH BaJIyHOB.

B cocras ayueBbix BOA03aGOPOB BXOAAT BOAOCOOPHHE KOJOMAEI
(axta), BogoONpHEMHHBIE 1yYH-QHALTPH (FOPH3OHTAIbHbE CKBAXKHHEI)
H HacocHas yCTaHOBKA. B 3aBHCHMOCTH OT T'HAPOreQJIOTHYECKHX YCJIO-
BHil NPHMEHSIOT CJAEAYIOUIHE CXeMbl JY4YeBHX BOJA03a6ODOB: BOA03a-
6opo 06LIYHOrO THIA C OAHHM SIPYCOM FOPH30OHTANBHEIX CKBAXKHH, MHO-
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rosipycusifi Jyuesoll Boxo3abop ¢ pacnosioxenueMm pHIBTPOB HA pas-
HEIX YPOBHSIX, MaJiblii JIyueBoil BOA03a6op ¢ HeHTpaJbHOH BOJOC6OpHOH
CKBaXXHHOH, cOOpyKaloT KOTOPYIo 6ypenueM. I1pHHIUNKANBHO BO3MOXK-
HO yCTpoHCTBO KOMOHHHPOBAHHHX BOA03a00DOB ¢ BEPTHKAJBHBIMH HIH
HaKJIOHHBIMH CKBaXKHHAMH-YCHAHTENAMHU, KOTOPBe 6YpAT U3 BOXOCOOD-
HOro KoJO0Aua H KanTHPYIOT HHXKeJieXalui BOJAOHOCHLIH FOpH3OHT.
Jns ycuwieHHs IPUTOKA B BOXOCGOPHBIA KOJIOJEN B CTEHKAX M AHHILE
MAaxTe YCTpauBawT (pHABTPYIOIHEe BCTABKH U3 NOPHCTHX MAaTepHA/IOB
(nogncroro 6eToHa, NOPHCTOH KEPaMHKH H T. I.).

aXHeHlIHe 3JeMeHTH CTPOHTEJbCTBA JIy4eBOTO BORO3aGopa —
COOpY:KeHHe INAaXTHOTO CTBOJIA, TOPH3OHTAJbHHIX Jyuelf (CKBaXiHH) H
06OPYROBaHHE MOCHEHHX BOAONPHEMHLIMH YCTPOHCTBAMH € NOCIEAYIO-
mWefl TPOKAYKOH.

10.2. CnocoOb! ¥ TeXHHYECKHE CPENCTBA
NpOU3BOACTBA pabGor

Bopoc6opublit maxTHbIH KOOI, CYKHUT AJsi c6opa BOXbL H MOXKeT
NPOXOAUTHCA CJIERYIOLIMMH cnoco6aMH.

CTpOHTEAbCTBO IMAXTHBIX CTBOJOB CRHOCOGOM «CTEHA B TPYHTE».
Cymuocth crnocofa 3akaiyaercss B TOM, UYTO OrpaX1aiounias CTeHKa
LWIaXTHOrO CTBOJIa BO3BOAHTCS B TpaHiuee, 60pTa KOTOPOH YHepKHBa-
10TCsl OT OOpylUIeHHs IpH NOMOLIY IVIMHHCTOTO PacTsopa, CO3ZAIOHIETo
B Heill u36nITouHOe HaBjehne. PopMa WaXTHOIO CTBOJA MOXKeT OBITh
KBajpaTHOH HaM Kpyraoll. CTeHKa cTBoJia HMeeT ToJuiHHy 0,3—0,5 M
H MOXeT 6bITb BHHOJHEeHa H3 GeTOHa, MOHOJIHTHOIO HJIH COOPHOro Xe-
Je306eToHa, Bo3BeleHHe ee OCYUIECTBJASIOT OTHEALHBIMH CeKIHSAMH-
saxBaTkamu. Berosuposaunue senyT meroxom BIIT (BeprukanpHo ne-
peMemawomnxes Tpy6). Monrtax cOopHOH  3Kele306eTOHHOH CTEHKH
BHINOJHAOT H3 OTHENbHBIX 3JEMEHTOB C TOCJAEAYIOUIHM 3aMOHOJHYH-
BAHHEM HX CTHIKOB.

Tpanieio pazpaGathiBaloT OypOBHIM ClOCOGOM clielHaNbHBIMU ar-
peraramu u Mamunamu [(CBJ-500, 6appaxkuas mamuHa BM-10/5,
6appaxnas mammHa BM-50(0,5)], tpanmelinsiMH gApariafiHaMH H
rpefipepamu.

I'pyHT B mIaXTHOM CTBOJIe MOXeT pa3pabaThiBaThCsl HACYXO € Npo-
BelleHHEM TAYGHHHOrO BOJONOHMIKEHHS HJIH [OBEPXHOCTHOro BOJOOT-
JIMBa, a Takxke M3-NOX BoAnl 6Ge3 Bojgomonu:Kkenusa. Jnsi paspaboTku
TPYHTa BHYTpPH WAXTHOrO CTBOJA HCMONB3YIOT rpefidhephl, ruApo3NeBa-
TOPHI.

CTPOHTEJNbCTBO MWAXTHBIX CTBOJAOB TNPH NMOMOLIM CeKYH(HX cBait.
YerpoficTBO MX OCYyLiecTBAAT OYPOBHIM POTOPHBIM CTaHKOM, HampHu-
mep 1BA-15B, Hcnosib30BaHHeM JIHAEDPHO-HANPABAAIOUWAX TPYOS ABYX
THNOB: H3BAeKaeMmbiXx H3 ckBaxu JIHT-M wu ocraBisieMbX B HHX
JIHT-O. YcTaHOBKY TakHX TPYG B CKBaKHHAX H H3BJleueHHe H3 HUX
Tak:Ke BHIIOJHSAIOT 6YPOBHIM CTAHKOM.

Tlepen nauajdoM GypeHHsi CKBAaXHH /i OOecleyeHHs HX BepTH-
KaJbHOCTH Ha NOATOTOBJEHHOH JJISI CHeNHaNbHBIX paboT miowiajiKe
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ycTpaHsaioT QopLIaXTy H3 MOHOJHTHOTO XKedesobeToHa. CTPOUTENbCT-
BO IIAXTHLIX CTBOJOB STHM CIOCOGOM COMPsizKeHo ¢ GoJblION ClIOXK-
HOCTBbIO OGECleucHHs] BEePTHKAJBHOCTH CKBAXKMH INpH MX Oypenus,
BhHIEMKH I'PYHTa H3 CTBOJIA, a TaK)Ke CO 3HAYHTeIbHHIMH KalHTaJbHEIMH
3aTpaTaMi.

CTpOoHTeabCTBO WAXTHHIX CTBOJOB cnocoGom 3anaBnuBanua. U3
OTIBITa CTPOHUTENBCTBa HIAXTHBIX CTBOJIOB MajbIX pasMepoB B CEUYCHHH
H 3HAYHTCAbHON rayGHHE (Gosee 15 M) H3BECTHO, 4TO CTBOJB M0A06-
HOrO THNa 06JajalOT CpaBHUTEABHO HebGosbmol maccod (60—80 1),
KOTOPO#l HeJOCTAaTOYHO A5 NMPEOJOJEHHS CHJ TPEeHHS, BO3HHKAWOUIHX
MCKAY CTEHKOH CTBOJIA H TPYHTOM.

Jlnsi yMeHblleHHs CHJ TPEHHS! NPHMEHSIOT NOJAMbIB, THKCOTPONHEE
py0Oaiuk, snokcuaHble 06Ma3kd. OLHAKO 3TH MepPONPHUATHS 3a4ACTYIO
He ofecneynBalOT HOPMAJBHOTO NOTPYXKeHHS IMIAXTHBIX CTBOJIOB ITIOZ
JeiicTBHeM COGCTBEHHOTO Beca, 0COGEHHO B HEOAHOPOJHOM IpPYHTe.

Bo u3fexanue 3aBUCaHHS CTEHKH CTBOJIA €€ 3a4aBIUBAIOT B IPYHT
C NOMOWIbIO JOMKPAaTOB, ONHPAIOMNXCH HA YNOPHYIO KOHCTPYKIHIO,
KOTOpasi MOXeT ObiTb Pa3iHYHOH. 3aJaBAHBAIOT OrpaxKAAOUIYI0 CTeH-
Ky CTBoJa Mo Mepe Pa3pabOTKH IPyHTa H BBLJAYH €0 Ha NOBEPXHOCTh
CO CIEAYIOUIHM ONEePeReHueM pexymell KPOMKH HOXKa NOBEPXHOCTH
3abos: B NecKax H NJAbIBYHaX — Ha 1,5-—2 M, cynecsix u cyraHHKax —
Ha 0,75 M u B rau#ax —Ha 0,5 M. 2T0T cnocob morpyReHus WaXTHHIX
CTBOJIOB NMPUMEHSIOT [IPH HAPAUIHBAHAM CTeH COOPHEIMH eJse300eToH-
HBIMH H TPYHTOBHIMH KOJIbIAMH HJIH NPH BBHITOJAHEHHH HX H3 MOHOJHT-
Horo xkese3o6eToHa. [IpakTHKa nokasbiBaet, 4To YCTPOHACTBO MIAXTHBIX
CTBOJIOB pPeHTabGeNbHO NPH HX AHAMETPe A0 3 M — H3 XeJe306eTOHHBIX
KoJiell, a CBHlle 3 M — M3 MOHOMMTHOTO xene3oberoHa. Ilorpykenne
orpaxjarmolleil CTeHKM LIaXTHOTO CTBOJA B IPYHT C NOMOIIBIO 3a]aB-
JIUBAHMSA OCYUIECTBASAIOT Ha InyOude cBbille 20 M ¢ THKCOTpOIHOH
py6awkoit. Ilpn c6opHoft orpaxjamolieii CTEHKe MAXTHOrO CTBOJAA
coennHeHie 6JIOKOB B KOJbIA H KOJEW MeXAy cobofi BHINONHSIOT MO-
CPeNCTBOM SJIEKTPOCBAPKH 3aKAaNHEIX HeTaned.

3a py6exoM CTBIKH KOl IIaXTHOTO CTBOJA CKJGHBAT MEKMLY
C0o00i1 pacTBOPOM M3 JBYX KOMIOHEHTOB: CMOJBl H YHCTOIO necKa [17}.
Bpems 3aTBepaeBanus pactBopa 8—12 u.

PaspaboTky rpyHTa H BEHAAUy €ro Ha MOBEPXHOCTb OCYLIECTBISIOT
JIenecTKOBLIM rpefipepom. [lns 3anaBanBaHus WwaXTHBIX CTBOJOB NMPH-
MEHSIOT THAPaBJIHYeCKHe NOMKpaTh ycuaueM 500—1500 kH ¢ xonom
wrtoka 0,8—1,2 m (mapxu gomkpartos [1-10, JIT-642, CB-199 u np.).
Has cospanust HeOGXOAUMOTO NABJEHHSI NPHMEHSIOT HACOC BHICOKOTO
nasnenus H-403E.

B nensx noBblmeHHs NPOH3BOAMTENLHOCTH TPYAa, MAKCHMAJIBHON
VHIYCTPHAIH3ALNN U MeXaHH3alMH paboT, yaydilleHus yCJIoBuil Tpyaa
pabounx M COKpalleHHs CPOKOB CTPOHTE/]bCTBA TPECTOM YKPTHApO-
crendynaamenterpoit (r. [IHenponeTpoBCK) pa3pabOTaHa CrELHANb-
Hasi TEXHOJOTHA Sl CTPOUTEAbCTBA INAXTHHIX CTBOJIOB JIYUEBEX BOJO-
3abopos. Ona BKAOYACT CAeAYIOLHE ONEPaLHH.
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1) YcrpolicTBO aHKEePHBIX ONOP, KOTOPbIe CAYKAT A KpelseHHs
crenuanbHON THAPABIHYECKOH YCTAHOBKH HA YCHJHe BAABJIHBAHHA JIO
4000 xkH. Vix BHNOJABSAIOT H3 cBall B POCTBEPKOB.

2) VctaHoBKa HOXa u yCTpPo#cTBO ¢opumiaxthl. M3 meHTpanbHOH
yactd Oyayuieft ¢opLiaxTe BHIHHMAIOT BepPXHHH CJOH pPas3HOPOXHOTO
IpyHTa JIO ero CPAaBHHTEJbHO OLHOPOAHOTO CIOKEHHS. 3ateM 06paso-
BaHBOe yruyGJieHHe 3aCHIMAIOT mecKOM [0 OTMETKH HH3a (OPLUAXTH U
JOpabaThBAIOT IPYHT NOJ KOJbLO (GopLIaXThl HA ee BhicoTy. [lanee Ha
BHIDOBHEHHOE NeCYaHOe OCHOBAHHE CTPOrO B TOPH30HTAJbLHOM IMOJO¥Ke-
HHH YCTaHABJHBAIOT HOX M K HAPYXHOH ero MOBEPXHOCTH NPHKpens-
10T TMPOKJMAJKy H3 TpaHcnopTepHo# JenThl (omany6ky). Ilocae storo
YCTAaHABJAMBAIOT H 33aKpemJIsiOT apMarypHble Kapkachl (GOPLIAXTH H
GETOHHPYIOT ee,

3) MoBTax 3agasjuBaouiell ycTaHoBKH. CTaHHHY 3aJaBJAHBANONLel
YCTAHOBKH C NPHBAPEHHBIMH K HEH ONOPHBRIMH IJUTAMH YCTAHABJIHMBA-
IOT Ha aHKepuble pocTBepKH. Iloche ee BbIBEpKH ONMOpHBIE IJIHTHI IIPH-
BApHBAIOT K NJMTaM B OTOJIOBKE aHKEePHBIX pocTBepkos. Janbueilmi
MOHTa}X 3aJaBJIHBAIONIEH YCTABOBKH BHIMOJHSIOT B COOTBETCTBHH C pY-
KOBOJACTBOM 110 €e MOHTAXKY H IKCIUIyaTalHH.

4) MonTax nepBoro xeae306eToHHoro Koabua. Ha 3apukcuposas-
HH# B ¢opiiaxTe HOXK C TOUHOH 0 HEMY LEHTPOBKOH yCTaHaBAHBAKOT
Kpasom MKI-25BP nepBoe cTeHOBOe Xesne306eTOHHOE KOJbLO. 3aTeM
C MOMOLIbI0O Ieofe3HYeCKHX HHCTPYMEHTOB NPOBepAOT TOPH30HTANb-
HOCTb TOJIOKEHHS HOXa W BEPTHKAJBHOCTb CTeH Ke1e306eTOHHOTO
KOJbLia B AByX B3aHMHO MEPHNeHAHKYJASpHBEX maockoctsax. [Tocae atoro
8akjaJHyl0 JeTalb XeJe300eTOHHOro KOJbLa NPUBApHUBAIOT K HOXY,
Ha CTEHOBOe KeJe300eTOHHOE KOJbLO HAaBEUIMBAIOT CTPEMSAHKY, VK-
PeIJISIOT ero H CPe3aloT Ha HeM MOHTaXKHble MeTNH, 331aBJAHBAIOT nep-
Boe kene306eTOBHOE KOJbLO, pazpabaThiBaiOT IPYHT B IIAXTHOM CTBO-
Jie, MOHTHPYIOT ¥ 3aJaBJHBAIOT MOCACAYIONIHE KOJbIA.

IIpu norpyxeHHd WAXTHONO CTBOJA B TPYHT KOHTPOJb 3a ero Bep-
THKAJNbHOCTBI0 OCYLIECTBJASIOT COOTBETCTBYIOUIeH CHCTEMOH aBTOMATH-
KH, YCTAHOBJEHHOH HA CIELHAJbHOH 3alaBJHBAONICH [HAPABIHYECKOH
ycranoBke. CHCTeMa KOHTPOJAS He JONYCKAeT OTKJOHEHHS LIaXTHOTO
CTBOJIA OT ero BePTHKa/bHOH OcH Gojee uem Ha 3°. B ciayuae oTKio-
HEHHSl OT 3TOro TpeGOBaHHSI MPOHCXOAHT aBTOMATHYECKOE BLIPABHHBA-
HHe ero. B peaysnbraTe oGecneyHBaeTcst BHICOKOe KauyecCTBO paboT NpH
CTPOHMTENbCTBE WIAXTHOrO CTBOJIA JJIsS JIyueBOro Bofosabopa.

BHeApenne ONHCAHHON BHILIE TeXHBOJOTHH TPECTOM YKPrHApoOCHel-
QyHLAMeHTCTPOH TO3BOJIHJIO BYETBEPO COKDATHTH MNPOJOJIKHTEJ]b-
HOCTb COODYXKeHHS HIaXTHHX CTBOJOB IO CPABHEHHIO C HCIOJb30OBAHH-
eM cnoco6a «cTeHa B rpyHTe». CPOKH CTPOHTENbCTBA B JIECCOBBIX IPYH-
Tax OAHOrO IIAXTHOrO CTBOJA YMeHbUIHIHCh A0 1,6—2 mec,

CTpOHTENbCTBO IAXTHBIX CTBOJIOB ONYCKHBIM CHOCOOOM ¢ MexaHu-
SHPOBAHHOH NPOXOJAKOH M KpemneHuem. Jlnd CTpOHTENbCTBA INAXTHHIX
CTBOJIOB JIyUEBBIX ApeHaXKeil ONYCKHBIM cnoco60M B BecbMa CTECHEH-
HBIX YCJOBHAX 3acTpoeHHOl TeppuTopuu HHcTHTyTOM BHOTEM pas-
paGoTaHa ycTaHOBKAa AJs MX MEXAaHH3MDOBAHHOH TDOXOAKH H Kpef-
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aenust, C npuMeHeHHeM AAaHHOHN YCTAHOBKH MOZKHO COOPYXKaTb INaXTHHE
CTBOJIBI B TPYHTaX, [pPeACTABJEHHBIX NECKaMH, CYTJIMHKaMH, LJiH-
HaMH, [VMIHHAMH C BKJIOYeHHeM TaJbKH H cAa0biM necuaHukoM. Tex-
HHUECKasi CKOPOCTb NIPOXOJKH H KpPellJIeHHs 1axTHoro ctBosa 0,5 m/cme-
ny. IlpoBefeHHble HCNILITAHHS NOATBEPAHIH, UTO pa3paboTaHHAs yCTa~
HOBKa COOTBETCTBYET 3aJaHHBIM VCJIOBHAM COOPYMKEHHS LIAXTHHIX
CTBOJIOB.

OtaebHBIe y3/161 YCTAHOBKH AOCTABJSIOT OGBIYHBIM aBTOMOGHIBHBIM
TpancnopToM. Jast 3Kcnsyatauun ee HeoOXOAMMa IJoLIajKa pasme-
pom 15X 15 M. CMOHTHPOBATh YCTAHOBKY MOXKHO 3a OJHY-ABE CMEHH.
Hanuyne ruapaBauueckoro mpuBoma obecrneunBaeT GesonacHble ycJo-
BUS TPyAa B YCAOBHSX NOBHLILTEHHOH BJaXKHOCTH. AHa/NH3 3aTpar Bpe-
MEHH Ha TeXHOJOTHYECKHe ONepalHH NOKa3al, YTo NyTeM YJIAyqlieHus
OPraHH3alUMH TPYAa M COBEPUIEHCTBOBAHMS TEXHOJOTHYECKHX MPHEMOB,
a Tak¥Xe yJAy4qilleHHS] KOHCTPYKTHBHBIX DJIEeMEHTOB YCTAHOBKH H KpenH
MOXKHO IIOBBICHTh MPOH3BOJHTENIBHOCTh YCTAaHOBKH H CKOPOCTH COOPY-
JKeHHS KogJoxua no 1 m/cmeny.

YcrpoicTBo Ayuesbix GuabTpoB. MasecTHn 1Ba croco6a BCKPHITHS
BOJIOHOCHOTO TJacTa JyYeBHIMH CKBA*KHHAMH IIPH CTPOHTEJbCTBE JIy-
yeBnIX BOR03abopoB. Onun u3 uux BrnepBble npumedun B CIIA Pasn-
nefl, a Bropo#t, B llIBefinapuu, — @ensman. B HacTosilee BpeMst 3TH
C110co0bl NPOJOMXKAIOT IIHPOKO HCIIOJIB30BATh B MPAaKTHKE COOPYIKEHHS
JyueBHX BOJ03a60POB Il MHTHEBOTO H X03AHCTBeHHOTO BOAOCHAGKe-
nus, oco6eHHo wacto 3a pyb6exom (CHIA, ®PI, ®pauuus, IOrocna-
sud, Mtanud, [Noasma, Beurpus u np.).

YeTpoficTBO JyueBBIX FOPH3OHTAaAbHBIX CKBAXHH MO crocoby Pan-
Hes OCHOBAHO HA MNPOMABJHBAHMH B pHIXJBlEe NECYaHO-TPABEJHCTHIE
TPYHTH QHABTPOBHX TPYG NOMKPAaTaMH H3 WIAXTHOI'O CTBOJA JYYeBOTO
Boio3abopa.

Cnocob6 ycTpoHCTBA rOPH3OHTAJbHHEIX CKBaXKHH PeJbMaHa OTIHUA-
ercq OT cnoco6a Panues TeM, 4TO CHavaia H3 LMIaXTHOTO CTBOJIA Jiyde-
BOro BoAo3abopa mnpopasauBaloT obcaanyio Tpy6y. ITo okoBuanuH
NPOXOJIKH JIyUeBOH CKBaXKMHLI B 06Cannyio TpyOy BBOJSAT PHALTPOBYIO
TpyBy. 3atem H3 Jy4eBOll CKBaXHHBLI H3BJeKalOT oGcainylo Tpyby H
HCTONB3YIOT ee /5 MPOXOAKH NOC/eNyOLHX JAYUYeBBX CKBaXuH. JlaH-
HH CcnOCO6 NPHroJeH AJsl CTPOHUTENbCTBA JIYYeBHIX BOZ03aGOPOB B
0JHOPOJHBIX NecyaHbIX rPpyHTax 6e3 rpasus.

[Tpu ycTpolicTBe ropH30HTaNbHEIX CKBAXKHH B GOJNbUIHHCTBE Cayya-
€B NPEeAyCMaTPHUBAIOT IIPHMEeHeHHe JOMKPATHBIX TOJKAMIIHX YCT-
pOfCTB, KpoMe TOro, BO3MOXKHO HCIOJb30BaHHE BpallaTe/bHBIX, BHOG-
POYAapHBIX U APYTHX BHAOB FOPH3OHTANBHOTO GYpeHHSsL.

M3 TexHHUYeCKHX CpPeACTB, NMPHMEHSEMHX 33 PYGeKOM, KOTOpHe
TaK)Ke MOXKHO HCHOJIb30BATb AJIsl COOPYKeHHS JYUeBbIX CKBaXKHH, HaH~
OosbliMi MHTEpEC MPEACTaBASIOT CTaHKH AJsl OYPeHHs] TOPH3OHTANb-
HBIX CKBAaXKHH, BbiyCKaeMble snouckoit ¢upmoir TOH3D BOPHHTI
cepun TOP (cM. Tabamiy). B oCHOBY X MeHCTBHS TMOJOXeH IPHHIUHMI
OypCHHsl TOPH30HTAJbHOH CKBAaXKHHB JLBOHHON KONOHHOH TPy6, OCHa-
LEHHBIX MOPOAOPA3PYLIAIOIHM HHCTPYMEHTOM, NPH KOTOPOM BHEUIHAS
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KOJOHHA TPYO CJAYXKHT CBOeOGPAsHBIM UIHTOM AJA BHYTpelHeH KO-
nouust Tpy6. CTaHKH IS TOPH3OHTaJ bHOTO Gypenus cepnn TOP oc-
HaUleHp JABYMS IINHHAEAAME, aBTOHOMHO BPalalOIHMH BHYTPEHHIOI
H BHEIUHIOK KOJOHHBI TPYyG C OHHHAKOBOH CKODOCTHIO B ONHOM H TOM
e HalpaBJeHHH. DTo NO3Bosder OYPHTb FOPH3OHTANbHHIE CKBAXKHHBI
IO CAeLYIOUIHM CXeMaM: a) OJHOBDEMEeHHO IBYMsi KOJOHHaMH TpPYG;
6) BHauaje 6ypeHHe CKBaXKHHBLI KOJOHHOM BHYTpEHHHX TPYD, a 3aTeM
ee paclIMPeHHe KOJNOHHON BHEIHHX TpPYO.

TexHuueckag XapakTepHCTHKa GYPOBHIX CTAHKOB
Rast Gypenus ropHU3OHTANLHBIX CKBRXKHH cepd TOP

TeXAAYECKHE HNaHHBIE TOP-§ TOP-M TOP-a roP-1
Taybuna 6Gypenusi, M:

KepHOBOE ¢ 06PaTHON NPOMBIBKOH 150 500 1000 1500
npusaboliHoe NHEBMOYAapHoe 50 150 300 -
VYennue nopaun, kH 0-—-30 060 0—100 ] 0230
CuioBast ycraHoBka, KBt 18,5 37 55 55

Pasmepni, Mu:
AJuHA 3420 3540 4000 5000
WHPHHA 600 700 800 1420
BHICOTA 680 900 900 1400
Macca, kr 1200 2100 2700 7500

Dypenue TODH3OHTAJNBHON CKBAXKHHBI OCYLIECTBASIOT IVIaBHBIM 06-
pasom BHyTpeHHeH KoJOHHOH TPy6 (uinaHr) ¢ GYpOBBIM  JOJOTOM.
Buemmnsisi KOJIoHHA TPY6 CJAYKHT NPEHMYLIECTBEHHO A NpeaoXpaHe-
HUA BHYTDPeHHe#l KOJOHHH TPYS OT BAHAHHS OKPYXKAOUIHX NOPOJ.

Hanuune npuBOJOB ¢ BHICOKHMH KPYTSILIHMH MOMEHTaMH Ha Gypo-
BHIX cTankax cepun TOP, 6oabuioe yeuane Hx NOKAYH, HCIOJIbL30BAHHE
JBOHHOH KOJIOHHE BHICOKONPOUHLIX TPYO MO3BOJSIOT BECTH BHICOK0060-
potHoe OypeHHe TOPH3OHTAJbHON CKBaXKHHBI Jaxe B HeyCTONYHBHIX
CHJIBHO HapYIUEHHHIX IPYHTax B 2—6 OnicTpee no CpaBHEHHIO ¢ O6HU-
HBIM crocobom OypenusA. BypoBnle craHkm obecredeHb IHEBMOYIAap-
HEIMH, TPeXIIapONICUHBLIMH, KPecTOOODA3SHBIMH H a/JMa3HLIMH JOJ0-
TaMH.

IIneBMOynapHOe [0JI0TO yCHeLHO TNPHMeHAIOT Adas Oyperus no
TBepALM TNopoaaM. Ilpu yzapuo-BpamateibHoM GypeHrH oHO pabo-
Taer oT NpH3abOIHOTO MOJIOTKA, KOTOPBIH pacilosoKeH B IHTOBOMH
6ypunbHOl TpyOe u mponBHraercss oJHoBpeMeHHo ¢ He#i. Illnam orso-
OHTCS ¢ MOMOUIBIO BOSAYXa Uepe3 KOJbHeBOe MPOCTPAHCTBO MEXIY
OypOBLIMH IITAHTAMH M UIMTOBOM HapyxHo#l TpyOGoit. Tpexmapomey-
HOe JOJIOTO, 3aKpelieHoe Ha BHYTPeHHell KOJOHHe OYPHABHHX TPYO,
NPUMEHSIOT B OCHOBHOM NpH GypeHHH IO IecuaHbM H TPaBHHHBIM MO-
ponam, TPeLIHHOBATHIM 30HAaM, a TaK¥e MATKEM nopoxaM. Kpecroo6-
pa3uoe JOJOTO, TPHMeHSIeMOe BMECTO TPEXUIApPOIIeYHOro A0J0Ta AJs
6ypenHs TOPH30OHTAJBHOH CKBAXKHHHI IO TBEDPAHIM MODPOZAM, IPHTONHO
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Takxke JJg OypeHHs NO [JIHHHCTHIM TPYHTaM. AJMa3HHM JOJOTOM,
HAXOASIIMCS HA BHYTPeHHeH KOJOHHe TPyO, BeiyT OypeHHe ropH3oH-
TaJabHOW CKBAXHHBI 10 TBEPAHM mopoxam c oT6opoM Kepna. Ilocruen-
HHiI mpu 06paTHOH NPOMBIBKE BHLINYCKAeTCH HEIPEPHIBHO Yepes3 BHYT-
PEHHIOK KOJIOHHY TPYO.

N3 6ypoBBIX CTAHKOB, BHIIYCKAaeMuX snonckoll ¢upmoir TOHD
BOPHHI, zns coopyeHHsi JiyueBHIX TOPH30HTAJBHBIX CKBAXKHH J0-
CTaTOUHO MCNOJABL30BaTh TONBKO ABe Momenu: TOP-S' u TOP-M, npu-
yeM B TeX CIyuasix, KOrjla CKBaXKHHH 3aAai0Tcd Gonbuiof anuab (40
200-—400 m u Goaee). Hcnosbp3oBanue TaKUX CTAHKOB, AJNHHA KOTOPHIX
oKosio 4 M, TpeGyer CTPOHTEABCTBA HIAXTHEIX CTBOJIOB NOBBIIIEHHBIX
pasmepoB (nuamerpom o 9—10 m).

K uHc/y M3BECTHBIX CTAHKOB OTEYeCTBEHHOTO NMPOM3BOACTBA, Mpej-
Ha3HAYEHHBIX AJ COOPYXKeHHS TrOPH3OBTAJNBHBIX CKBAXHH, MOXKHO
oTHecTH TakXe Gyposble cranku b-15c¢, JIBC-4, CBI-200, BI'A-2,
Bbr'A-4, CbI'-1M, CB/1-1, BHUK-2 n ip. Xapakrepnas HX 0COGEHHOCTH
3aKJIOYaeTcss B TOM, uTO OypeHHe MMH CKBaXKHH OCYLIeCTBJASIIOT B yC-
JIOBHSIX, KOTAa He TpebyeTCs ClelHAJbHBIX MepONpHATHI, NpPeAOTBpa-
AKX 06pyleBHe CTeHOK CKBAXKHH. AHAIH3 KOHCTPYKUMI HaHHBIX
CTaHKOB MIOKA3BIBAET, UYTO OHH MOTYT OBITH HCIOJB30BaHEL IJISl COOPY-
JXEeHHsI TOPH3OHTAJbHBIX CKBAXHH Jy4eBHIX BOA03a6OPOB JIMLIb B Kpen-
KHMX TPeIlHHOBATHIX NOPOHaX.

Hucruryrom BUOTEM paspaboran cnoco6 BCKPHITHS BOAOHOCHOFO
naacTa JIYUeBBIMH TOPH3OHTAJbHBIMH CKBaXXMHAMH C COXPAHEHHEM ec-
TeCTBeHHOH BOAONPOHHILAeMOCTH TPYHTOB B OPH(HIABTPOBOH 30He H
npeJoTBpalieHHeM oOpYIUeHHs CTeHOK CKBaXKMH Ha Inepuopy o6opy-
JOBaHHA HX (uAbTpaMH. CYImIHOCTb cnoco6a 3aKMiouaeTcss B NPOXOJAKE
AyueBOil FOPH30HTAAbBOI ApeHaXHOH CKBAXKHHEI B BOAOHOCHOM mJja-
CTe ABOHHOH BpamiaiolleH KOJOHHOH: IIHEKOBOH H KOJOHHOH pabovux
(o6caznmx) Tpy6 ¢ NMPHMEHEHHEM B KaueCTBe NPOMBIBOYHON JKHAKOCTH
NoJ3eMHONH MM TEXHHUYECKOH BOAH. B 3THX ycaOBUAX QHUABTpAIHS
€CTeCTBEHHOTrO INMIMHHCTOrO PacTBOPA NPH €ro MHPKYAALHH IPOHCXOLHUT
yepe3 CTEHKH CKBaXKHHHl B ee npu3aboiinoli 3ose. B pesyabrare cpe-
3aHUs] CTEHOK CKBaXKHHBI 00ecleyHBaeTCs MAaKCHMAaJbHOE COXDaHeHHe
€CTeCTBEHHOH BOAONPOHHIIAEMOCTH BOLOHOCHOFO Iiacra. [IpH BCKpH-
THH BOJOHOCHOTO IIJIaCTa, COAEPIKALIero necuapble TPYHTHI, [VIHBH3a-
LHH CTEHOK CKBAaXKHHH He IPOHCXOMAHT.

DTOT €nocoG BCKPHITHST BOAOHOCHOTO IJIACTa JIYYEBBIMH CKBAXKHHA-
Mu Baubosee 3 heKTHBEH M NMePCHEKTHBEH, 0COGeHHO Npu GypeHHH
CKBaxKHH B CJa6ONPOHHUAEMBIX IVIHHHCTHX, a Takke B IeCYaHBIX
TpYHTaX.

Jns peanusaunu STOoro cmocoba BCKPHLITHS BOJOHOCHOTO IJIacTa
JyyeBHIMH cKkBaXHHaMH B uuctutyte BHMOIEM paspaGorana ycra-
HOBKa JiyueBoro 6ypesus ¥YJIB-130. C noMouibio 3T0# YCTAHOBKH MOX-
HO M3 INAXTHBIX CTBOJIOB riyOHHOR o 30 M H JUaMeTPOM He MeHee
3,6 M COOpYyXaTh JiydeBEHle TOPH3OHTAJNbHbE CKBaXKHHH B DHIXJBIX
nopojax Kpenocrbio no mxade IIporoabakonosa menee 3.
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Yeranoska YJIB-130 (pue. 10.1) cocroHT H3 TPeX OCHOBHHIX Y3JIOB:
OypoBOrO arperata, MyJbTa ynpaB/leHHd u MacjioCTaHuuu. DBypoBoi
arperat SIBJASIETCS OCHOBHBIM DPaGOYHM OPraHOM, COCTOSIIIIHM H3 JBYX
Bpamaresei — Bpautatenss 3 pabounx (o6caasmx) Tpy6 / H Bpama-
Tenst 6 OYPHJABHBIX LITAHr — LIHEKOB 5. Bpamarteas paGounx Tpy6
pasMemieH Ha HOOABHXKHON pame 7, KOTOpas NOCPEACTBOM THADPOLH-
JIHHJpa TOJAauYH NepefBHraercsl 0 HanpaBJAAOUINM PaMbl HA BeJIHYH-
Hy xoxa 1000 Mm. Ha memoxBuxHO# paMe 8 (B nepenuefi 4acrH)
ykpenjen noaxsar 2 Aas pabouux TPyO (rHAPOKIIOY), MpefHa3HAYEH-
HH AJg UX CBHHUMBAHHsI H Da3BHHUMUBAHHSA, a Ha KOpHyce HHJIHHApA
Mojayu pacnosioxkKeH MOAXBAT-ynop ajas yxobcra u obneryenns pabo-
Thl TPH HapalllHBaHHH CEKUHH pabGouux TpyO6. HenmoxBuxkuas pama mo-
cpeacTBOM ocefl W CTOHKHM HIADHHPHO COGIHMHEHA C ONOPHOH PaMoH
CBapHOH KOHCTPYKIHH, HA KOTOPOH YCTaHOBJeHH AOMKpaTH 9, NO3BO-
JSIOULHe TPUAATL PaMe yroJ Hakjosna #10° (kK ropu3oHTy).

BypoBoii arperat ¢ nyabToM ynpaBieHHs 4 MOHTHPYIOT B IIaxXT-
HOM CTBOJIE Ha MOATOTOBJEHHOM paboueM MOJKE, BHIBePSAIOT HA 3a/aH-
HBIA yroJl BePTHKAJbHBIMH JAOMKpaTaMu 9 H pacUIHpSAIOT B CTEHKH
CTBOJIa yepe3 crelHajibHble YIOPH rOPH3OHTaAbHBIMU AOMKpaTamu 10.

Macsioctanuus npeiacTaBisieT co60d aBTOHOMHHIH 670K, npeAHa-
3HaueHHBI /A MOJaYu Macaa K npuBogam Gyposoro arperara. Ona
CMOHTHPOBaHa Ha €JXHHOH cBapHO{l pame, Ha KOTOPO# YCTaHOBJIEHH
macaobak B cbope ¢ ¢uABTpaMu rHAPOCHCTeMHl Tpakropa T-74 u pe-
AYKTOPOB Hacoca ¢ NPHBOJOM OT 3aekrTpoxBuratenss A02-81. Macno-
CTAHIMIO PACHOJAraloT Ha NMOBEPXHOCTH BOJIH3H HIAXTHOIO CTBOJA.

TMonxnoyenne 3JeKTPOABUTATNS K CHJIOBOH CeTH OCYIECTBJASIOT
nocpeactBoM nyckareis tuna [1A-532 u kuomounoit cramuuu KY-12.
Kpome Toro, x myckaresio NMoAcoefnHeHa AyOJupyloLlasi KHONKa aBa-
puiiroro orkatouenuss KYB-11, naxoxaulasics B IaxXTHOM CTBOJIE HENO-
CPEICTBEHHO Y MyJibTa yIpaBJeHHS.

PazBogka MacJONPOBOLOB BKJAIOYACT PyKaBa BHICOKOTO M HH3KOIo
HIaBJlieBHus, a TakXe TpyGompoBojabl. Bce MacjonpoBoAsl H Tpy6onpo-
BOZBI OCHAIleHH HEOOGXOAUMOI apMaTypol AJNS NONKNIOUeHHS K I'HAPO-
arperataM. [1yabT yhpaBjeHHss CMOHTHPOBAH B BHAE OTHAEAbHOr0 6J0-
Ka W npelHassaues IJs ynpasiaenus paboToli npusoaoB GypoBoro
arperaTta, MacJOHACOCOB M 3JEKTpoABHraTens MacaocTanuuu. On co-
CTOHT H3 CBADHOIO OCTOBA, HA KOTOPOM CMOHTHDOBaHA NaHEJb C KHON-
KaMu # PYKOSITKAMH NYCKOBOH, ynpaBasioue#l u peryaupyioumiei am-
naparypH.

Texuuyeck#e Ranubie yctanorkd YJIB-130

Tay6una Gypemus, ¥ . . . . . . . . J4o 130
Juaverp Oypemust, MM . . . . . . . . 1o 200
Buicora Gypenus (or noska), MM . . . . . 600
¥rosm HakJiOHa CKBaXKHHH K TOPH3OHTY, rpag . . =10
MunnManbueil  BHYTpeHHHE JAMaMeTp  IAXTHOTO

CTBOJA, M . . . . . « .+« .« . . . 35
Vennmue mojawu, kre (kH) . . . . . . . 7450 (745)
Xon nojaun WHCTpyMeHTa, MM . . . . . . 1000
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I podorwenue
CkopocTh nojauy, M/mm
pabouas . . e« « +« « + . . RO185
MaHeBpOBasg . . no 10
Yeuaue anas H3BACUeHHST padotmx 'rp%ﬁ re (KH) . 11300(113)
Kpyrsamufi Moment (max), kr-M (x . mo 1500 (15}
Ckopocth 06paTHOrO X014, MfMBH

paboyas . . . . .« « .+« .+ .« mol2

MaueBpoBas . .« . mo7
Juamerp pabGounx (o(ica;mmx) pr6 MM . . 168
Yucno oboporos pabourx Tpy6, 06/mMHH (c—‘) . 0—6
JnaMerp IHEKOB, MM . .« . 140
Usncno 060poTOB IIHEKOB, 06/MHH (c*‘) no 160 {2,8)
Kp(ymmuu MOMEHT KOJIOHHH ILIHEKOB (max), KT M

H.n) .. no 90 (0,9)

Hpuson BpamaTeJleﬁ 0 nonaqu (perynnposanne

GeccryneHuartoe) . . . THApaBJIHYecKuH
Jasnienne paGouee MaKCHMaJmHoe Krc/cvvx2 (Ml’l) . 100 (10)
Tpusoy HAacocOB MAacCJOCTAHIHA . . «  aaekTpuueckuii

Moinnocts asexktpossHrarens, kBr . .
Tabapurs ycTaHOBKa (Gypoaoro arpera-ra) MM:

AJAHHA . . . . 2500

WHPHHA . . . .+ . .« .« . . . . 800

BHCOTA . . . S 32211
Macea yeraHOBKH, Kr . . . . . . . 7 1200
TaGapuTel MacnoCTaHIKY, MM:

MIHBA . . &« « o« o« .+ o« o« .« . . 1600

WHEPHHEA . . . . . . . . . . . 900

BEICOTA . . . e e« . . . . 1250
Macca Macaoc'raim,nn xr . e . . .. 800
Macca GypoBoro HHCTpyMeHTa, kK* . . . . . 7350

I'mpponpuBox yCTaHOBKH NO3BOJAET NJIABHO peryJHpoBaTh Bpa-
mende pabounmx Tpy6 M IIHEKOB, YTO NaeT BO3MOXKHOCTb YCTaHaBJIH-
BaTh ONTHMAJbHLIF peXHM GypeHHs JyueBOH CKBasKHHB H 060pyHoO-
BaTb €e Pa3JHYHBIMH THNAMH (PHJIBTPOB.

10.3. Pacuer nebura ayuesbix BoA03a00poB

Jle6uT ONMHOUHOM TOPHU3OHTAJbHON CKBaXKHHH NpPH ee paboTe B
HanopHOM MJIaCTe MOXKHO NOJCYHTATh N0 GopMyJe

Qe — o TS, (10.0)

]/ R? foprotg L _ (20 7
In lﬁ+r02+l“ arctgro—-gl( A sin h )

The T--IIpOBOJIHMOCTb BO).'I,OHOCHOI‘O nnacta; h— €ro MOLIHOCTH; § — MOHHXKEHHE
Haz ropH30HTaNbHOM cxBaxuHOH; R — pasuyc ZeficTBua BoRo3abopa; ! — AJHHA TO-
PH3OHTAJILHON CKBAaXHHH; ro— €@ pajuyc; (o — paccTOsHHe OT OCH CKBaXHHH JO
noaouwiByl IJacra.

Sty ¢GopMyay ¢ HEKOTOPHIM NPHOGIHXKEHHEM MOXKHO NMPHMEHHTb H
I/ 6e3HANIOPHEX NJIACTOB, €CJAH NPHHATb h==Fcp.

Has onpenenenus gxeém‘a OJMHOYHBIX H KYCT2a CHMMETPHYHO pac-
nonoxennsix B HeM n (1<n<4) ropusontanpusix ckpaxud IO. I1. Bo-
pucoesiM ¥ B. TI. Ta6akoBbIM MeTOJOM (HILTPAUUOHHBEIX COTPOTHB-
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nenuit (mpu go==h/2) nosyyeHa KOCTATOYHO NPOCTAas NPHOJHIKeHHAA
dopmyna

eals
= . 10.2
SR e (102
Lt M o,

Besnnuuua A 3aBHCHT OT N:

Aovaleee2.0.03.. 004
Mn).. b 2,000 1,86...1,78

®opmyay (10.2) mMOxHO nmepenucars Tak:

Qx= 2_“"‘kh‘s"» ( 10.3)

rie Qx— nebur KycTa CKBawkuH; Ry — 3KBHBANEHTHHI{I pajuyc 6oJbuioro Ko/lonaua,
JeOHT KOTOPOTO paBeH AeGHTYy KycTa IOPH3OHTAJBHBIX CKBAXKHH:

Ry=In (I/2) + (R)M)In (k] 2%r,). (10.4)

[1pou3BOAUTELHOCTL JYYEBOTO BOZ03a60pa, COCTOSIIETO H3 CHM-
MeTPHUYHO DACHONOKEHHBIX Jyuell, IpH HeyCTAHOBHBLIEMCS IBHKEHHH
MOXHO onpesenuTh no gopmyne I'. A. Pasymosa [17]

e Zmk(RE2 AN 10.5
Q= at 15,6 3D+3,6° (10.5)
(‘“‘;-?';:)H-—*:m
m "/l+3D, [

rie he ¥ ho — COOTBETCTBEHHO CTATHYECKNH M JHHAMHYeCKHHA yPOBHH MOA3EMHHBIX BOJ;
N —uHCIO TOpH3OHTANBHHX JYYeBHX CKBAXKHH; @ — KO3(hOHUHEHT YPOBHENDPOBOR-
HOCTH MJ1acTa; m — CPeIHsAs ero MomHocTb, paHast 0,5(he-+ho); I — oTHOCHTENBHAS
IJuHa TOPH30OHTaNbHOR CKBaXKuMbl, paBHas [/m; D — ortHOCHTENILHEIH RHaMeTp BORO-
c6opHoro Konoaua, pasHuii D/2m; D —ero puamerp; n=360°a (@ — yron Mexay
JyuaMH, rpaf.).

Heo6xoxuMo OTMETHTb, YTO pacueTsl IO NPHBeAEHHHIM 33aBHCHMO-
CTAM MOFYT TPHBECTH K 3HAUHTEJbHBIM IIOTPEHIHOCTSIM, eClNH He Y4H-
THIBATh THAPABJIHKY NOTOKA COOCTBEHHO B TMOPH30HTAJbHBIX HPEHAX.

TIpu pacuere ne6ura nyyeBoro BOR03abopa pekOMeHIyeTcst onpene-
JATh NMOHHXKEHHe HA MOBEPXHOCTH APEeHbl, BHUHTAS H3 NOHHKEHHS
YPOBHS BOIbI B BOAOCOOPHOM KOJIOAIE MPH OTKAYKe § THAPABIHYCCKHE
NOTepH B FOPU3OHTAJBHBIX JyuaX, olipelesseMbie NO GopmyJe

- MR v 10.6
hw.—(l-i— Gro) o (10.6)
rae Vox = Q‘Ef 021\‘(; N

I, ro— AfuHA ¥ pajHyc cKBaxuH-myuell; Qs N — ReGUT M UMC/IO PaBHONEGHUTHHIX
Jdyueli; g — yCKOpeHHe CHAHl TsXecTH; A* — kosduunenr noTeps, pacnpe/leseHHbX
®O AJMHE JyYa.
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Ilotepn, cBsisaHHBIE ¢ MPHTOKOM BOJAK Yepe3 BXOAHBIE OTBEPCTHS
tunbTpoB, He yuuThBalOTCA. OueBHAHO, YTO HEYYET JAOTOJHHTEJNbHBIX
NoTeppr Halopa NPHBENET K NMOJYUYEHHIO (DaKTHUECKH 3aHHKEHHOTO je-
6uta nyuesoro Bopo3zabopa.

M. C. TapmuumeM nonyueHo pellleHHe 3afaud LJs1 ONpenesieHHdA
JOTOJIHUTEJIbHBIX NOTEPb HaNopa B JIYUEBBIX CKBaXKHMHAX AJS cJydast
[IOCTOSTHHOTO MPHTOKA MO JJHHE CKBAXKHHH B NPEANOJOKEHHH, UTO
AONOJIHHTE/IbHBIE NMOTEPH Hamopa AHy B BORZONMpHEMHBIX OTBEPCTHAX
CBA3aHH ¢ pacxoaoM (o uepe3 OJHO OTBEPCTHE H3BECTHHIM COOTHOUIE-
HHEM

Q) =npw,V 2gAH,, (10.7)
rae WU — KoahpHuHeHT pacXofa; wy— IVIOMAAb NPOXOJHOTO OTBEPCTHS.

Heo6xonuMoe cyMMapHOe JONOJHHTENbHOE MOHHMKEHHE TPH MOCTO-
SIHHOM pacXoJle Ha €AHHHIY AJHHBI APEHH MOJYYEHO B BUJE

sl |Gt (@) 009
2g \mrc? 3 8r, 4 \Inp
rae re — pajHyc NPOAOJNBHOI'O OTBepCTHA (HAbTPA CKBaXAHH, P — Koadbuuuenr
Bycanecxa B BHIPAXKEHHH IIOTOKA KOJIHYECTBA JABHXKEHHS; T} — CKBaXHOCTb (bHJ!pra.
TectoBrie pacueTsl (aKTHUECKHX 3HAYEHHH NOHHXKEeHWH YpoBHel
npu 3agaHHoM Bojgootbope mnpm B=1, p==0,05—0,3, A*=0,1 u
n=2,5 9, NOKa3HBAWOT, UYTO HAOMOJHHTEJbHOE TOHHKEHHE HANOpa B
JIyueBBIX CKBaxKuHax MoxkeT gocturath 40 % o6imero, npuyem morpeu-
HOCTb BO3pAacTaeT NpH yMEHbUIEHHH .
Hcnosb3oBanne sasucumoctu (10.8) ans onmpenesneHHs nompaBKH
K TOHHXEHHIO YPOBHS BOAH ofecreuHBaeT CyllecTBEeHHoe Mpubinxe-
HHe pe3y/bTaToB pacuera febuTa K JeHCTBHUTENBHON €ro BeJTHUHHE.

TJIABA 11. KANITA)K HCTOYHHUKOB

11.1. TunporeosorauecKue yCIOBHS BHIXOAA HCTOYHMKOB
H OLIEHKA MX NPOHU3BOJHTEJbHOCTH

Hcerounnku (XJI0ud, DPOOHHKH) SBJSIOTCS BHXOAAMH MOA3eMHBIX
BOJ Ha MOBEPXHOCTb 3€MJH. YCJIOBHS BHIXOHA HCTOYHHKOB BeCbMa pa3s-
HOOOpa3Hu. B OCHOBHOM HX HAeJAT Ha HUCXOASAIIHE H BOCXOAsLIHE
ucrounuku. Ha puc. 11.1 noka3aH HHCXOAAWMHA HCTOUHHK C ABYMS
BLIXOZIAMH Ha NOBEPXHOCTh 3€MJIH: ¢ PACcXOioM Qi — Ha MOBEPXHOCTH
3eMJIH; C PAcX0oJoM Q-— npenupyeMbiM pekoil. Kantax A mosHocTbio
nepexBaThiBaeT 06a BHIXOMAa HCTOYHHKA.

Tlpu ananuse ne6HTa BOCXOASIIIHX HCTOYHHKOB HEOOXOZHMO HMETb
JlaHHLle 0 THAPOTreOJIOrHYECKHX YCAOBHAX BOJOHOCHOrO IOPH3OHTA, NMH-
TaIONIero HCTOYHHK, U B OCOOEHHOCTH JAeTaJjbHble faHHble 00 yCloBHAX
BBIXOJla HCTOYHHKA. BOCXOAsiliMe HCTOYHHKH MOTYT SBJISATHCS BBIXOZA-
MH TOJbKO YaCTH BOJB MOA3EMHOro NOTOKAa, Hanpumep B Bearopoze
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E7 02 B33 a4

Puc. 11.1. Kantax HCTOYHHKZ mnyTeM
NOJHOT0 NepexBara MOA3EMHOr0 MNOTO-
Ka

1 — rajieyHHKH C TieCKOM; 2 — NecKH;
3 — BOJOHOCHH#R CJIo# B mneckax; 4 —
BOJOHETIPOHHIIAeMasa TIOPOJa; Q,——Bu-
X0J HCTOYHHMKA C KamTaxeM A, Tmoa-
HOCTBIO 3aXBATHIBAIOUIME TOJ3eMHHE
BoAH; Q:— HHXHHI (BTOpOfl) BHXOX
HCTOYHHKA J0 Kanlraxa B peKy

mf B2 B33 [-34

Puc. 11.2. Cxema BOCXOAAIEr0 HCTOY-
HHK2 M3 TPEUHHOBATHIX BEPXHECEHOH-
cKkux menos B besropone

1 — pemoBHAaJIbHRIE M AJJIOBHAJBHBIE
OTJIOMEHHs; 2 — TpellHHOBATHIA BOJO-
HOCHBH MeJ; 8 — IVIHHHCTHIH MeJ, B OC-

HOBHOM BOJIOHENpoHHUaeMulll; 4 — NyTh

BOCXOASLIEro TMOTOKa TMOJ3E€MHEIX BOJA;

A — MecTo BHIXOJa HCTOYHHKA; B —
peka

Puc. 11.3. Hcrounuk, BHITEKAWIUA M3
c¢6pocoBofi TPEeHIMHBI ¢ NOJHLIM ApeHa-
3eM BOJOHOCHOrO FOPH3OHTA

1 — BojoHenpOHHIIAEMBEIE MepreaH; 2 —

TPELUIMHOBATHE BOJAOHOCHHE MepreJiy;

3 — BoJlOHENIPOHHIlaAEMEIe TJIHHHCTHE

cnaHub; 4 — JauHua c6poca; 5 — nyTh

BOCXOASLIEr0 TOTOKA MOJ3EMHBIX BOJ
no auHHHE c6poca; 6 — HCTOYHHK

E47 B3z @39 B4 E=15
[e16

(puc. 11.2), uam XKe NOJHOCTBIO JPEHHPOBATb BOJOHOCHBIH TOPH3OHT
(puc. 11.3).

B nepsoM cayuae {cM. puc. 11.2) Npu NouHXKeHHH YPOBHS B HC-
TOUHHKe (HANmpHMEp, NYyTeM OTKAYKH) MOXHO PacCUHTHIBATH HA YCTOH-
YHBOe yBejHuYeHHe nebuTa. Bo BTOpoMm cayuae, KOrja OfMH HCTOYHHK
HJH TPyNna HX JPEHHPYIOT MOJHOCTHIO BOJOHOCHBIH T'OPH3OHT, MOJY-
YUTh YCTOHUHBOe yBenmuenue nebuta caoxkHO. McTOUHHK MOXKeT BH-
XOJHTb HEMOCPEACTBEHHO H3 NOPOLB BOLOHOCHOTO TODH30HTA B BHIE
COCPeOTOYEHHOH CTPYH HJIH Yepe3 TOJILY PHIXJbIX NopoA. B nocnennem
cayyae 4acTh BOABI W3 BOAOHOCHOro cJosi  (MHOrja 3HAYHTE/bHASA)
pacTexaeTcss MO YKa3aHHOH TOJUle PLIXJOA NOPOAB, He BHIXOAS HA
NOBEPXHOCTh 3eMJH. [loHHXKeHHe YPOBHS B HCTOYHHKE NPH TAKHX ycC-
JIOBHSIX HE TOJbLKO YBEJNHYHBAET MNOCTYNJEHHe BOABI H3 BOLOHOCHOrO
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FOPH30HTA, HO TaKXKe HPHBJEKAeT BOAY, PACTEKAILYIOCH MO TOJLIE
PHIXJIOH MOPOJH.

YBennuenue AeGHTa BOCXOASAMIEr0 HCTOYHHKA B 3TOM CJydae MOXK-
HO MOJY4YHTb NMYTEM PAaCYHCTKH ero BuIX0Aa HaM (uro Gosee pauHo-
Ha/lbHO) MYyTEM BEPTHKAJbHOrO KamTaxa (MIaxXTHHHA KoJjodel HJH
6ypoBas ckBaxmuHa). Takoe ycTpoHicTBO KanTaxa (hakTHUeCKH AEHCT-
BYeT KaK MOHHUIKEHHEe YPOBHS BOABI B KOJOALE.

TIpon3BOAHTENBHOCTL HCTOUHHMKA OOBLIYHO OLICHHBAIOT Ha OCHOBA-
HuH HaGjogennii 3a ero XeOHTOM M COMOCTaBJIeHHS 3TOro febura ¢
¢darkTopaMu, BIHSOILEMHE Ha ero u3MeHeHHe. Ho oco6eHHO BaXHO HpH
aHaJiu3e H3MEeHEHHSA neﬁma HCTOUHHKOB YYHTLIBATL THAPOTEOJOTHYE-
CKHe YCJOBHs BbIX0JAa M H3MEHEHHe STHX YCJOBHH IpH KamTaxke (cM.
puc. 11.1, 11.2). Anann3 o6HIMX THAPOTEOJOTHUECKHX YCIOBHH — 006-
JacTH NHTAHUS, HAKONJIGHHS W CTOKAa, & TAKXe y4yacTKa BHIXOfa HC-
TOUHHKA — OUEHb BaXKEH JJIS OLLEHKH M3MEHUYHBOCTH JebGuTa mnocsiejHe-
'O H palHOHAJBLHOIO €ro kKanrtaxa ¢ HeJbio YBEJAHUYCHHS neﬁmos,
0COO0EHHO B MEPHOAR MHHHMMAJBLHHIX PacXOJOB.

HsMenedne BesHUMHB NHTAHHS BOLOHOCHOTO TOPH30HTAa HEBOJb-
IOro pacmpoCTPaHCHHS AOBOJBHO OHICTPO — Yepe3 HECKOJbKO JHei,
a MHOrJa H Yepe3 HeCKOJbKO YacoB — CKA3BIBAETCS HA PAacxohe HC-
tounukoB. OHAKO B nHTEpaType M3BECTHHl TaK¥Xe CJAYYaH, KOTAA 3TO
BaHsHHe OBHapyXuBaeTcs ToabKo uepe3 1—1,6 roxa; Takoft mpumep
MEJIEHHOrO0 BJHSHHS B OGJACTH NHTAHMA Ha JACOHT KApH30B ONHCAH
IJisi ceBepnoro nogHoxus Koner-Hara.

Taxkum 00pa3soM, TOJbKO THIATENBLHOE H Iy0OKOe H3yueHHE THI-
POJIOTHYECKHX YCJOBHI NO3BOJSET MPABU/IBHO aHATH3HPOBATh JaHHBIE
HabGaoAeHnH 32 AeOUTOM HCTOYHHMKA H CAEJATh NPABHJIbHBIE BHIBOJIBI
06 3KCIAyaTalHOHHOM BenuunHe nebuta. M3MeHneHHe npoH3BOAHTENb-
HOCTH HMCTOYHHKA MOXKET NMPOHCXOLHTb TaK¥Ke NOA BJHAHHEM H3MEHE-
HHST THAPOTEONOTHIECKHX YCAOBHH KaK eCTeCTBEHHHIX, Tak M B ocobeH-
HOCTH TE€XHOT€HHBIX.

Hsmenenne He6GHTa HCTOUHHMKA SIBJISETCH BECBMA BaXKHbIM 3JeMCH-
TOM AJsl OLEHKH NPaKTHUECKOro HCMOJb30BaHHs ero. CpefHHl MHOTrO-
JeTnuii pacxox Qo 6yzeM Ha3bBaThb HOPMOH pacxoja, a CpeiHuil Me-
csiuHbIH Q) M TOHOBOH pacxol Qy COOTBETCTBEHHO MeCSIYHOH M Tono-
Boii HopMaMu pacxona. OrtuolleHHe pacxofia Q 3a J0Go# OTPe3oK
BpeMeHH K HOpMe pacxofa (o GyAeM Ha3biBaTh MOIYJbHBIM Koadpodu-
[IMEHTOM B, XOTOPHIH paBeH:

k= Q]| Q,. (11.1)

OTHOLIEHHe MAKCHMAaAbHOTO PacXofia Qmes K MHHHMAJIBHOMY Qmin
6ynem Ha3biBaTbh Ko3(QHIHEHTOM HEPABHOMEPHOCTH Kg:

ka = Qmax/len' (“'2)

BaxuedluuMu XapaKTepHCTHKaMH Ae6HTa HCTOUHHKA SIBASIOTCA
HOPMA pacxoaa, MHHHMANbHBII H MaKCHMaJbHBIH DACXOAH, Koaddu-
IIMeHT HepAaBHOMEPHOCTH H MOAYJbHHH K03GGHUHEHT AN MHHHMAJb-
HOTO pacxofa. DTH XapaKTePHCHTKH H3MEHSIOTCS B 3aBHCHMOCTH OT
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cpoka HabGmogenu#i. MHHHMAaJbHHIA pacXoX BBOAHTCS OOGHIYHO NpH
OLleHKe MOJIe3HOH OTZAyM MCTOYHHKA KakK pacuetHuit. OnHako caepyer
YYHTBIBATh, YTO MAaKCHMaJibHOe NOTpeB/eHHe MOMKeT COBMACThb C MH-
HHEMaJ/IbHBEIM PacXOAOM HCTOUHHKA.

Ozauu ToNbKO HaOnOAeHHsI 34 TOA HJIH 32 HECKOJbKO JIeT HelO-
CTaTOYHH; HA OCHOBAHHH HX BBIBOJHTb XapPaKTEPHCTHKH JJS UCTOYHH-
KoB 0e3 anaju3a 3aKOHOMepHOCTel pexuMa Henb3sd. Tak Kak 3a Hc-
TOYHHKOM Ha0/11072I0T OGHYHO Majio BPEMEHH, TO HEOGXORHMO MYTeM
BCECTOPOHHEro AaHajH3a BHIABJISATH TEPCNEKTUBH H3MEHEHHs JAebuTa.

st oueHkH u3MeHeHHs] ReBGHTA HCTOYHHKA BO BPEMEHH MOXKET CJy-
JKUTb XpoHoJioruueckuit rpadux pebura mcrounuxka (puc. 11.4). Ilo
3TOMY rpaduKy HArJIsiAHO BHAHB BEeJHUYHHBI PacXodOB, a TakXe pac-
IpedeseHde MO NepHOAAM rOAAa MHHHMYMOB M MAaKCHMYMOB pacxoia.
ATtoT rpadHK cOCTaBJeH MO MecsyYHBIM HopMaM pacxopa. Ha wero
nenecoobpasHo TaKXKe HAHOCHTL 3J€MEHTH, OT KOTOPHIX 3aBHCHT He-
OHT MCTOYHHKA, T. €. JIsT COOTBETCTBYIOILHX CJAYuaeB OCaJKH, TeMIe-
patypy, BJaXKHOCTb BO3AYXa, PacX0ji H YPOBHH MNOBEPXHOCTHHIX BOI.
ITo TakoMy coBMemienHoMy rpaduxky MOXHO CYAHTh O (akTopax,
BJMAIOIHX HA JeOHT KJoua.

HOns cyXIOeHHsi O MOBTOPSEMOCTH HeOHTOB PasiHYHOH BENHUHHHI
MOXHO BOCIOJB30BATHCS 3aBHCHMOCTBIO (PYHKIHOHAJIBLHOTO XapaxTepa
MeXay BeIHUMHOf NeGHTa H 4YacCTOTOH ero moBTOpsieMOCTH. Takue
QYHKIHH HOCAT Ha3BaHHe (QYHKUHH paclpeleNeHHsA: HX Jyullie BCEro
NpEeNCTaBUTh B BHJE JOMaHOH KPHBOH, Ha3bBaeMOH MOJUIOHOM — MHO-
TOYTOJNIbHHKOM pacnpeiesenus. Jis MOCTPoeHHs NOJHroHa nebura
HCTOUHHKA CJIEAYeT aMIJIHTYAy KPaHHHX OTKJIOHEHHH 3TOro nebura
pPasfe/uTh Ha pPa3Hble HHTEPBAJBI H NMPOH3BOLHTL MOAcHET JeT, MeCd-
LeB HJIH AHeH B KaXAOM HHTepBaJje.

[osicuuM noctpoenue Moaurona ua npumepe puc. 11.5. HauGonbune
pacxons goxoasT no 10 a/c. Henum pacxonsl Ha uuTepBans 1o 0,5 j/c
H TIOLCYHTHIBAEM YHCJIO MeCsleB, HA KOTOpble MPHUXOAATCA PACXOMAMI
B 9TOM HHTepBaje (cM. Tabauuy). 3aTeM H3 CepeIHHH HHTEDBAJIOB
npoeoasaT abemucen (B Macmtabe), cOOTBETCTBYIONIHE UHC/IY MECSIEB
¢ pacxoaom B AaHHOM HuTepBaje. KOHIE 3THX abCuHCC COEAMHSIIOT H
TakuM 006pa3oM HOjyuaeTcs NOJHIOH, HJIH MHOTOYTOJbHHK pacnpene-
nenus (cM. puc. 11.4).

[pu yBennuenun yucia jer HabaOJeHHH U YMEHbIIEHHH HHTEpBa-
Jna JoMaHas KpuBas (TOJIMroH) B mpefene npubiuXkaercs K mNias-
HOH KpuBOM, KOTOPAsi HA3EIBaeTCS KPHBOH UacCTOTHl MJHM KPHBO# pac-
npenesnenns. KpuBasi pacnpeaeieHus JMaeT HarJsjHOe NpeACTaBJeHHe
0 TIOBTOPSIEMOCTH Pa3JIHYHBIX AEOHTOB.

Hns omeHKH 00ecNneyeHHOCTH Pacxoj0B HCTOUYHHKOB MOXKHO BOC-
NO/Jb30BATBLCS KPHBOH 0GECMeuyeHHOCTH HJH NPOAOJIKHTENbHOCTH. IJTa
KPHBaf MOJyuaeTcs NyTeM MOCJAEA0BATEeJbHOTO CyMMHPOBAHHS KPHBOH
yacToTH. IIpH 3TOM obecleyeHHOCTh OOBIYHO ONMpPEAE/sieTCs B NMPOLeH-
tax. Takas KpuBas JaeT BO3MOXHOCTb ONpPeleNuTh 00ecrneyeHHOCTDb
pacxona Gonee npaeuabHo, OGecneuennoctu 90 % coorBeTcTBYeT pac-

xon 1 a/c (cM. puc. 11.4).
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Puc. 11.5. Kpusass oGecneyeHHOCTH MHHHMAJBHBIX NeGHTOB HUCTOYHHKA

1 —xpuBas obecreyeHHocTH Mo ¢yHkunsM IHapave; 2 — kpusas obecnegeHHOCTH N0
(aKTHYECKHM TOUKaM; & — TOUKH BHYHCHeHHs No ¢yskuusM Ilapave; 4 — ToukH NO
harTHYeCKHM RAHHHIM

“BTepBaﬂ, Jljc Yucao Mecaues HHTEDB&J!, Jl/c Ygeao MecAleB

10-9,5 2 5—4,5 6
9,59 0 4,5—4 2
9-8,5 1 4—-3,5 4
8,5—8 0 3,5—3 11
8-7,5 0 3—2,5 8
7,57 0 2,52 18
7—6,5 1 2—1,5 18
6,56—6 3 1,5—1 38
6—5,5 1 1-0,5 42
5,5—5 1 0,5—0 -
Hrtoro 156

Co BpeMeHEeM M3MEHSIOTCSI He TOJLKO pPAacClpefieleHHe W BEJHYHHA
MeTeopOJIOTHYEeCKHX H FHAPOJIOTHYECKHX SBJNEHHH, HO TakXKe W THAPO-
reoJIOTHYECKHE YCJIOBHSA, KOTOpHE ONPEAeNsioT NUTAaHHE W YCNOBHS
BHIXOfa HCTOUHMKA. Takum o6pa3oM, NpocTas CTATHCTHKA H3MEHEHHs
NebHTa HCTOYHHKA He TONbKO HPH KOPOTKHX, HO M NPH AJHTEJbHBIX
HabnofeHusX TpebyeT aHann3a OTKJ/OHEHHS BeJHYHHBI M paclpene-
JeHHus1 sToro gebura. il omeHKH 3aKOHOMEPHOCTH SIBJEHHH H3MeHe-
Husl ne6HuTa HCTOYHMKA MOXHO BOCHOJBb30BATHCS METOLAMH MAaTeMaTH-
qecKOH CTATHCTHKH.

Ilpn onpenenennn XapakTePHCTHKH nAeOHTa HCTOYHHKA HaHOO0Jb-
IWHA HHTepec NpeACTaBAsfeT H3MeHeHHe HOPM pacxona, OZOBOH HOp-
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MH pacxXxola, MHHHMAaJIbHOI0O H MaKCHMaJbHOTO pacXoloB, a TaKxke
MHOroJieTHee H3MEHEHHe pacXOAOB 33 OMPENEe/ICHHbBIE MECAILL.
Cpennee apudMeTHueckoe psifa, WIM B JAaHHOM Cjayuae HoOpMa
pacxona, onpefiensiercs opmyiof
i=n
i=1%i
xO = --—‘—»n N (} 1.3)

Tae Xxo— cpefHee apHGMeTHYECKOE; Zt’{ X;— CyMMa TNDH3HAKOB WJIM apryMeHTOB,

B HalleM caytae — AeGHTOB; n — 4HcI0 BceX o0beKToB, B HamleM ciaydae — HaGbJIoAe-
Huil Ae6uTOB.

VictuuHOe cpeflHee 3HAUEHHE MOJYYAaeTCs TOJNLKO B TOM CJydYae,
ecsn qucjo HabaomeHuit n GeckoHEYHO Besanko. CpenHee apudMeTH-
gecKoe Xp ANA OrpaHMUEHHOro psiga HabmoaeHu#t sBasercs npubin-
JKeHHBIM, OTJIHYAIONIMMCSA OT HCTHHHOIC X Ha BeJHYHHY 0o Benuuuna
0o Ha3nBaeTcsi oMHOKON apudMeTHYECKON CepellHHbl H JJS CpelHed
OMAOKH CHMMETPHYHOIO psifa BuipaxkaeTcs GopMmyson

—“iG/V-Z, (11.4)

TIe G — cpefHee KBaAparuuHoe OTKJIOHeHHe (CTaHJAAPTHAA BAPHANHA), HIH CPENHAS
omnbka oTRenbHOro HabMOReHHs

_ 2
o — + .Z (xi xo) o (115)

n——l

rge n—gucjo HabmomeHni.
[Ipu n>30 B 3uamenatene ¢opmyan (11.3) MoXHO cTaBHTH He
n—1, a n; o 1 0p ABASIOTCA HMEHOBAHHBIMH UHC/IAMH.
XapakTepucTHKa BapHanuu B Ge3pa3MepHOil BeJHUHHe, T. €. K03~
¢unuent papuanuu Co, onpepensiercs no gopmy.e

21:] (ki_' 1)2
C,= e 11.6
n _— ] ’ ( )
rie xi/x, o6o3saueno uepes k; 3ToT Ko3dHIHERT ME Ha3BAMH MOLYJIbHHIM.
Uncno HabmofeHHit, NpH KOTOPHX NoJyyaeTcs cpefHee apudmern-
Yeckoe ¢ 3aJlaHHOH TOYHOCTBIO, onpeneasgercs 1o Gopmyne
= ey (11.7)
a2
Iis XapakTepHCTHKH aCHMMETPHYHOCTH psifa HabaioneHuit ciy-
XKHT KO3 HINEHT aCHMMETPHH

127 (ki — 103

s nCva ’

Ipu ;27 (x — %) ==0 psan 6ymer cummerpuuen, T. e. Cs=0. Ko-

o¢duuHeHT acHMMETPUH JaeT BO3MOMKHOCTb CPaBHHBATh PSAH C OXH-
HAaKOBHIMH CPEeIHHMH apH(bMETHYECKHMH H Da3HBIMH 1 H O.

(11.8)
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CnenyeT mMeTh B BHUAY, UTO TNPH MajoM uucyie HabmogeHHd cpen-
HeKBa/JpaTHuHas ommuGxa KoaddHIHEHTa aCUMMETPHH [oJyyaeTcs
Goabwio#t. Tak, npa n=10 owmmbra cocTaBjasier 77,59 BeJHUHHB KO-
sbduumenta acuMMerpun, npu n==20 —55 % u pnaxe npm n=100
omubka Gyner paBua 24,5 %. Popmysnu AN BEPOATHHX OMHGOK, KO-
TOpble BO3MOXKHE Ang 50'Y cayuaes, 6yAYT chaeayoLHe:

B Xp Axzy= +0,67 —ff:;; (11.9)
¥on
s 6 Asgy= +0,67 (11.10)
2n
g Co ACys= +0,67 S VT 2¢.2. (11.11)
2n

IIpeneapHyio omHOKY MOXKHO NPUHATH PABHOH yueTBepeHHOH Bepo-
ATHOH. Popmynn ommbox (11.9), (11.10) m (11.11) oTHOcATECR K
psiaM CHMMETPHUYHOTO BHJ2, MTO3TOMY OHH He OTBEYAIOT MOJHOCTBHIO
omnOKaM B aCHMMETPHUHBIX psmax.

Jns mocTpoeHHS TeOpeTHUECKOH KPHBOH 0GECmEeueHHOCTH Pacxona
MOXHO BOCNOJMBL30BaThes ¢yukuuel pacnpenenenns Hlapane, KoTopas
COOTBETCTBYeT OOIleMy BHAY KpHBOH pacupepeienns. Ha puc. 11.6
[0Ka3aHo cpaBHeHHe KpHBOH obecnedensHoctn Mo ¢ynxnuu Hlapane
¥ o GakTHUECCKHM JaHHEM. K3 3Toro pucyHka BHAHO HPEHMYLIECTBO
H3Y4eHHs1 obecreueHHOCTH NO TeopeTnueckuM KpuBbiM (Illapabe) ans
obecneuennocty 80—95 9.

,UJIH HCCJ/IEAOBAHUSA 3aBHCHMOCTH MEXAY II€5PITOM HCTOYHHKA H
METeOPOJNIOTHUECKHMH, THAPOJOTHYECKHMH H ADYIAMH BJHSIOUIMMH Ha
Hero GakTOpaMH, a TakXe AJs1 HCCIENOBAHUS CBS3u MeXAYy Ae6uToM
HCTOUHHKA H JeOuToM aHajora 3a mapaJuiefbHbie MepHoabl Habaone-
HHA MOXHO BOCHOJb30BaThes MeToAoM Koppensiuuit, Koppenstusnas
3aBHCHMOCTp MEXAY ABYMsA BEJIHUHHAMH MOXET BBIpaxaTthCsl I
psna cayuaeB ypaBHeHHEM NPsSMOi perpeccuu

g

Yy— Yo=r-2 (X —x;), (11.12)
Sx

Tle Xo H Yo — CPeiHee apHpMerHyeckoe paAfa; r— Ko3DOHIHEHT KOppeasALHH, SB-

JISIIOIMACH MepOH CBA3H MEXAY BeJIHYHHAMH.

Ilpu r=1 umeer Mecto QyHKuHOHANbHAS CBA3b. TeOpETHUECKH Ha-
JIHUHE KOPPENSITHBHOH CBA3H MeXAY CPaBHHBAEMBIMH SIBJICHHAMH Oy-
HeT uMeTh Mecro npu r>0,5. TIpm mpaxkTHuecKkux pacuerax xoppens-
THBHYIO CBAI3b HCMONB3YIOT Ipu r>0,7.

Koadduiuent koppeasinuu onpeaeasor no hpopmyne

=) (= x0) (11.13)

.

VEE':'{ (vy.—y,)? i.~1(x1 J"o)}l
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Puc. 11.6. Kantax HHCXOAALLEr0 COCPEMOTOYEHHOr0 BMXOAA MCTOUHHKAZ B BHAE Kafle

TaxHOA KaMepu

1 — mepenuBhast u rpsAsesas Tpy6a; 2 — nuratespHas TpyGa; I — NpHeMHAas wacTh
NepeJuBHOR TPYOH; 4 — BOROCTHB AJs NepesnBa; § — SaABHMKKA NHTATENbHON TPY-
Onl; 6 — rpsizeBble KJamaHel; 7 — pacnpefesHTeNbHAS YACTb KaMepH; 8 — o6uuil Bo-

pocnus; 9 — Bentunsnus; 10 — npreMHas 4aCTh KaMephl

B ¢opmyne (11.12) o, u oy, — cTaHpapTHBle BapHALHH WM CPeA-

HEKBaJpaTHUHHe OTKJOHEHHS ¥ M X OT HX CPeJHHX — Yy H Xo.
CranzaprHble BApHALHH BBIUHCIAIOT N0 GopMmyaam:

V3

n-—1

Gy

VE;-:" (91— 90)*
Gy == — T o T
n—1
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BeposTHas omwnbka Ko3(p@HIHEHTa KOPPeJALHH BHUHCAACTCA MO
dopmyae

Ar= 40,67 =1 (11.16)

l/n

Kosp¢uuuent r2Y_ B ypasnennu (11.12) ompenensier cobok yrom
Sk

HaK/JAOHA TPSAMOH perpeccHH H HAa3bIBaeTcda Kod(h(dHIHEHTOM perpec-
cun. B ypaBrenun (11.12) xosdduunent perpeccuu y no x obosxaya-
ercs uepes RY/x; KoaduuHeHT perpeccHu x Ho y — uepes R*/y; mno-
cleHuii paBHsieTCA rOx/oy,. B 3TOM ciydae ypaBHeHHe perpeccHu
HMeeT BHI

x-——xomr-zf- (4 — 8o)- (11.17)
y
Kos¢pdhunuentsr perpeccuu cBSI3aHH ypaBHeHHeM

RY[x-Ri[y=r. (11.18)

IMpu GyHKIHOHAJIBHOM CBA3H MEKAY BeJHUHHAMH X H Yy 06e JNHHHH
PETpecCHH CJAHBAIOTCSA B OAHY

Py 11.19
R %= e (11.19)

s ycTaHOBNEHHS CBASH OZHOH NepeMeHHOH C ABYMs, HampuMep
Y € Xy B Xp, TIOJNB3YIOTCS COOTBETCTBYIOIIMMH (OPMYJaMH H3 MaTeMa-
THYECKOHN CTATHCTHKH.

B ruzporeosora4eckix sIBJeHHAX, KaK U B pAje APYTHX, He Bcerfa
MOXHO NPHMEHHTb NpAMOJNHHEHHYI0 KOPPe/filHio; B 3TOM Cayuae
cBs3b 06JeKaeTcst B Gosee CAOXKHYI0 (OPMyJy KPHBOJNHHEHHOH Kop-
pessiTHBHOH 3aBHCHMOCTH. 3a Mepy CBsI3H TAKOH 3aBHCHMOCTH MpH-
HYMaeTCsl BeJIHUYHHA KOPPENSTHBHOIO OTHOLIEHHA, BHIYHCJIEHHE KOTO-
poit moBOJMBHO cnoXHO. IlosTOMY ANsT CyXKAeHHs O XapakTepe CBSI3H
NpH KPHUBOJHHEHHOH KOppesUAHd MpPOLle MOCTPOUTh MPHOIHIKEHHYIO
KpHBYIO IpaduuecKuM NyTeM.

Tak Kax GONBHIMHCTBO KPHBHIX YAOBIETBOPSETCS YPaBHEHHSIMH
CTeneHHABX (YHKIHHA, TO MOXKHO BOCHOJb30BATbCH 3THM CBOHCTBOM,
H KOPDeJNHPOBATh HE HEMOCPEACTBEHHO BEJNHUHHH, a HX JIOrapudMbl.
Torna mbl MOJNyYuM He KPHUBONHHERHYIO, a MPAMOJHHEHHYIO KOppe/s-
LHMIO, CJE[0BATENbHO, YPABHEHHE NPAMOH perpeccuy jorapuadmuueckoit
aHaMmopdo3bi.

ITonb3oBaThest aHAMH30M CBSI3H MO yPaBHEHHAM pErpeccHH xeja-
TeNbHO INpH uHcJae 4YneHoB psaga Ooablue 10; ecnn Ke UHCAO UEHOB
Gyner Menbllle 10, TO cleAyeT HCKaTh NPOCTYIO I'PaHUECKYIO CBA3b,
B 0COBEHHOCTH NMPH KPHBOJNHHEHHOH 3aBucHMOCTH. IIpH HanHunH Ko-
poTKOro psiaa Hab/oOAEHHII MOCTPOEHHE BHIBOZOB MO METOJAM MarTe-
MaTHYECKOH CTATHCTHKM BJeueT 3a co6oif 3HaumTeNbHble OwHOKu. B
CBSI3H C 3THM BeCbMa BAaXKHBIM SBJIFETCH PacCUIHpeHHe MepHoLa HJH
psina HabmodeHnd. DTO MOXKHO CHeNaTh CAEAYIOINIHMH NpHEMaMH.
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IlycTe MH ¥MeeM KOPOTKHMH mepHon HabiiofeHuil 3a xebHTOM HC-
TOYHHKA H AJHMHHHIH NepHoA HabMIOZeHHil 32 MeTeOpOJOTHYECKHMH
37eMeHTaMu (OCaJKH, TeMnepartypa H Ae(HIHT BIaXKHOCTH), KOTO-
pble ONpefie/ISIIOT B HalleM Cjayyae NHTaHHe HCTOYHHKA. Boiuncaum
Ko3(pHIIHEHT KOpPeJNsSHH MeXAy HCCleAyeMOH XapakTepHCTHKOH Je-
6uTa HCTOYHHKA AJIsT HMeIOIIerocs psiia HaGMIOAEHHA H COOTBETCTBY-
IOWHMH 3TOMY PsAAy METeOpOJOTHUECKHMH 3jeMeHTaMH. EciHn cBsi3b
HaJeXHas, TO N0 MeTOAY KOppPeJsiiHH ONpele/sioT 3aBHCHMOCTb Xa-
PaKTEPHCTHKH NebHTa OT METEOPOJIOTHYeCKOTO JIeMeHTa.

Ilpu npsamonnuuefinofi koppeasiunn B oOlleM BHAe MNoJydYaeTcs
ypaBHEHHC

x=ay+0, (11.20})

rae x-- XapaktepucTuka neGHTa BCTOYHHKA; ¥ — METEODPO.IOTHUECKHI SJAEMEHT;, a4 —
Ko3bdulHeHT; b — nocToAHuAS.

Ypasuenne (11.20) ecTb ypasHeHme mpsiMoil perpeccus, e mnpo-
XOAsllled Yepes Hayaa0 KOOpPAHHAT. JlJisi yacTHOTO Cayyas NMOCTOAHHAS
b=0, u Torma Mbl MOJyYHM ypaBHEHHe NPSMOH, NpoxoidmeH Yepes
HavaJao KOOpJAHHAT

1=ay. (11.21)

Ilpu kpuBONHHEHHOH KOPPeIAIHHE ClAYeT CHauala NOJAyUUTh ypas-
HeHHe TPSMOH perpeccun norapudMuyeckoil anamopdoss

lgx=algy+b (11.22)

M 3aTeM OT Hero (IOTEHIHPOBAaHHEM) NepPeXOAHTb K YPaBHEHHIO CTe-
NEeHHBIX GOYHKUHA

x=cy’, rae lgc=0. (11.23)

Taxum 06pa3om, ycTaHaBIAMBAeTCs CBA3b MEXKAY HCCICAYeMOil Xa-
PakTepHCTHKOH Ae0HTa M METEOPOJIOTHUECKHMH 3JeMeHTaMH. 3areM
N0 MeTEOPOJIOTHYECKHM JAaHHBIM 3a Bech NEPHOJ MOXKHO ONpeeaHTh
HCKOMYI0 XapaKTepHCTHKy pebHTa mo ypaBHemHsm (11.20)—(11.23).
Taxum 06pasom, nepexoJHM OT KOPOTKOIO psina HabmiofeHH# K 60Jb-
mwemy. Tlpn Hanuyuu anmanora W AJMHTEIBHBIX 32 HAM HaGaoneHHH
MOXKHO KODOTKHH psii HabmiofleHnii HCCleAyeMOro HCTOUHHKA TpHBe-
CTH K JJHHHOMY, COOTBETCTBYIOLIEMY NO NEpHoAy HabmogeHuii aHa-
JIOTY.

B psae ciayyaeB HCTOUHHKH BO3HHKAIOT B pe3yJjbTaTe NOANOpa
NOTOKa I'PYHTOBHIX BOJ.

O6muM ans Bcex HCTOYHUKOB, 06PA30BABIIMXCS B pe3yabTaTe NOA-
Hopa TPYHTOBOTO [I0TOKA, fBJASETCS NOJNHOe NEePeropakHBaHHe €ro,
YACTHYHO® HJH yMeHbllleHHe BOJONPOBOASIIMX CBOHCTB BOJOHOCHOrO
cnosi. [locnenuee siBneHHe HabuiofaeTcsl, HaNpHMep, B TPYHTOBRIX
NOTOKaX KOHYCOB BBIHOCA, FJe HHXKE M0 NMOTOKY OTJAaraloTcs IJIHHHC-
THie YacTHUH H 00pasyloTes MajoNpOHHIAeMHe H BOJOHENpOHMIlae-
Mble NIPOCTIOH.
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Kantax HCTOYHHKOB, 06pasoBaBIIHXcA B pe3yabTate NOALOpa
FPYHTOBOTO HOTOK3, HECKOJBKO BHIOH3MEHSIETCA B 3aBHCHMOCTH OT
rHfporeojorayecknx yciosuil. HanpuMep, npu HaJHyHE NOANIOPa Kall-
Tax HCTOYHHKA Lejecoo6pasHo fesaTs B Bufle ApPeHaXHbIX TPy, ra-
JepeH, FOPH30HTANBHOTO BOA03260pa WM B BHAE KOJOXIEB.

Ouenka 5KCNIyaTalHOHHBIX 3aNaCOB HHCXOASIUIHX HCTOYHHKOB CBO-
NUTCA K onpejesieHHIO CTelleHH obecnmeyeHHOCTH Ae6GHTa INpH SKCILIY-
aTal{H HCTOYHHKAa M B HEKOTOPHIX CJydasx TakXe K OUEHKe 3aXBaTa
NOA3EMHOr0 NOTOKa, D710 HeslaeéTcss HA OCHOBAHHH aHaJH3a THAPOTeo-
JIOTHYECKHX YCJOBHH H TeX H3MEeHEHHH, KOTopble MPOH30HAYT HpPH YCT-
poficTBe KanTaXa HCTOYHHKA, a TaKXe aHajH3a N0 RaHHHM HabJlo-
JeHHH 32 H3MEHUHBOCTHIO JeOHTa.

B oHeHKY 3KCHJIyaTAllHOHHBIX 3aMacoB HCTOYHHKOB g Jioboro
mepHofa KOJXKHBI BXOAHTh aHAJH3 THAPOTEOJOTHUECKHX YCJIOBHH M
coobpaxeHHs O BJHSHHH YCTpPOfCTBa KanTaXa. 3aTeM aHaJH3UPYIOT
HabJofen st 32 H3MEHYHBOCTBIO AebGHTa. MeTOAMKY OLEHKH H3MEH-
YHBOCTH JeGHTa BEHIGHPAIOT B 3aBHCHMOCTH OT CPOKOB H gucja Habmamwo-
Jeuuit 3a HeOHTOM HCTOUHHKA, OT 3JEeMEHTOB, KOTOPHE BJHSIOT Ha
nebut, OT HAJHUYHS aHAJIOTOB, a TaKXe B 3aBHCHMOCTH OT TpeGyeMO#
TOYHOCTH OLEHKH, KOTOPas, B YACTHOCTH, ONpeleJisieTcs: HOTPeGHOCThIO
B BOZe.

HauGonee ynpomeHHo#l OmeHKOH 3KCIJYaTamHOHHBIX 3allacoB HC-
TOYHHKOB fIBJSI€TCSA COCTaBJIeHHe TabJaHim 1o ge0HTaM M XPOHOJOTH-
yecKnx rpadukos ¢ BHOOPKO# MHHHMAJbHBIX H MaKCHMAaJbHHIX Je-
6uros. Takas oueHka sBasercs npuGiauxennof. Ilpu piauTeabHOM ps-
Ile HaBMIONEeHHH COCTABJAAIOTCS SMIIHPHYECKHe KPHBLIE pacrpefeseHHust
H ofecneyeHHOCTH; TaKOH MeTOA MAaeT BO3MOXKHOCTh Gojee TOUHO
OHEHHTb M3MEHUHBOCTb H 0GecrnedyeHHOCTb Ae6UTOB HCTOUHHKOB,

TlocTpoenne sMnupuYecKoifi M TeOpeTHYeCKOfl KpHBHIX obecrmeueH-
HOCTH JaeT BO3MOXHOCTb MaTeMaTHUeCKH HCCJAENOBATh BepOSITHOCThb
pas3iHyHOK obecnieyeHHOCTH JieGura.

Bonee yriyGnennsl#t aHaJIH3 H3MeHUHBOCTH AeGHTOB HCTOUHHKOB
NoJy4aT NPH COMOCTaBAEHHH NAaHHWIX Hab/wofeHHi 3a Ae6HTAMH C
JA2HHBLIMH HAOJIOJIeHH N0 37€MeHTaM, BAHSIOUMMM Ha He6HT (OCaaKH,
BJIaXKHOCTb, THAPOTEOJIOTHUECKHE 3JEeMEHTHI); 3TO CONOCTaB/IeHHe 0CO-
Genno uenecoo6pasnHo NPHMeHSTb NPH KOPOTKOM psifie Habuaofenuii
3a jgeburaMu H AJHHHOM psifile HabmioZeHuii 3a 3JeMeHTaMH, OT KO-
TODBIX 3aBHCHT H3MeHeHHe AeOHTOB HCTOYHHKOB. TakoH aHaMH3 MOXK-
HO JeJ1aTh M0 METOAY KOppessiuit M0 MeTOAY PacIIHPEHHOTO NEPHO-
Aa uabmonenuit. TIpn HaJIHunH amajora ¢ AJHHHBIM PANOM HabJo-
JeHnd 1enecoo6pasHo OleHHTh H3MeHYHBOCTb Ne6HTA 0 MeTOAy aHa-
JIOTHH aHAJHTHYECKHM H rpadHyeckuM crnocobamu.

[Ipu pacuete NPOH3BONHTENBHOCTH BOCXOASIIMIMX HCTOYHHKOB HYX-
HO CHayala NpPOaHaJIH3HPOBAThb FHAPOTE0JOTHYECKHe YCAOBHS, Ha OC-
HOBaHHH Yero MoXHo OyAer caenatb NpoOrHo3 o0 yBeJHYeHHH ecCTe-
CTBEHHOTO Ae0uTa, a 3aTeM PeIlHTh 3aJaly O 3aKOHOMePHOCTAX YBe-
JMueHHs Ne6HTa NMPH PA3JHYHBIX NOHUKEHHAX YPOBHS BOAB. OTa
3alaya peillaeTcs TakK.
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Ilo maHHBIM O Ae6HTe NPH PA3THYHBIX TOHHXKEHHAX CTPOSIT KpH-
Byi0 ne6HTa WJIM COCTABJSIOT ypaBHeHHe AeGmra. Ilpu npamonnueii-
HO¥ 3aBuUCHMOCTH aebuTa Q 0T HOHMXKEHHST S MOXXHO NPHMEHATb YPaB-
HEeHHE

Q=4S (11.24)
rjae g— yAe bHH ge6ur.
Ilpn napaGonuueckofi 3aBUCHMOCTH IPHMEHSETCS ypaBHEHHE

S=aQ+ 6@ (11.25)
rRe @ ¥ & — napaMeTpH ypaBHEHUA.
Iast creneHHbx Gynkuuii B 06meM BHJAE HCNOJAb3YETCS] YpaBHEHHe

S=aq, (11.26)

Tle ¢ H ¢ — NOCTOSHHHE AJS HCKOMOR 3aBHCHMOCTH, HJH B BHAe Jorapudpmuueckoh
anaMopdo3H

lgS=rclgQ-+ b, (11.27)
rae b=1ga.

[1s1 nocTpoeHus: KPUBLIX Re6HTa WM COCTABJEHHS YPaBHEHHi He-
0o6xoouMo HUMETh He MeHee Tpex ToueK. [IpH THAPOreoJOrHUECKHX
YCJAOBHSIX, KOTJ@a TIPH BbIXOJe HCTOYHHKA 3aCTh BOABL TepsieTcs Ha
NOJ3eMHOE pacTeKaHHe, NOCTPOeHHe KPHBbIX AeOHTa W  YPABHEHHHA
CJleflyeT BeCTH € YYeTOM H3MeHeHHs KOJHYeCTBa pacTeKalleHCs BOAHL.
Heobxoanmo uMer» B BHAY, UTO XapakTep CBA3H He6HTa C NMOHHXKE-
HHEM YPOBHsI MOXET MEHSTbCS B 33aBHCHMOCTH OT MeHsiouleficid Be-
JMYHHB PACXOfia AAHHOTO HcTOUHHKA. [103TOMY NPHHATOE ypaBHEHHE
MO3KeT OHTb CIPABEAJHBO B NPEAESAX KaKHX-TO NOHHXKEHHH H YAOB-
JETBOPATh C MeHbLIEH CTeNeHbI0 TOYHOCTH HJHM COBCeM He YJOBJeT-
BOPSITb 3a NpejleNaMH 3THX NoHHXKeHn#. Bojee crporo pacuers! Boc-
XOASIIHX HCTOUHHKOB C NOHIMXKEHHEM YDOBHS BBHIXOAA Ha NIOBEPXHOCTh
caenyer AejaTh KaK AJS NMOJ3EMHBIX HANOPHHX BOZ.

€KOTOphle BOCXOASALIHE HCTOYHHKH HMEIOT JOBOJBHO paBHOMep-
Hpifl nebur. OgHAKO y MHOTHX H3 HHX HaGJIOAAIOTCS CE30HHHIE, MHO-
roJeTHde, NepHOAMUECKHe W JApyrHe koaebaHus aebura. Muoroser-
HHe KojebaHus Aeb6HTa BOCXOASHIAX HMCTOYHMKOB CBsI3aHBI C MHOLO-
JIETHHMH KJIHMATHYeCKHMHM H THAPOJOTHYECKHMH H3MeHeHHsMH. DBo-
Jee CTPOrc pacyerbl BOCXOASLIHX HCTOUHHKOB C MNOHHXKEHHEM YDPOBHS
BOAB Y BHIXOAA HA NOBEPXHOCTb CAEAYeT JAenaTh Kak AJs HaNopHHX
BOJ.

Cesonnnle koJe6anus aebura oTMeuaoTCs B psige HCTOUHHKOB. Ha-
ApHMep, BOCXOASIHA NPECHBIH HCTOUHHK M3 BeDXHECEHOHCKHX MeJOB
B Bearopoze HMeer ce30HHBle Ko.eGaHMs YPOBHA oKoJo | M; 3TO
JAeT B €CTECTBEHHBIX YCJIOBHAX KO3(DQHUHCHT HEPaBHOMEPHOCTH Xe-
6uTta nopsifka ABYX *.

* HcToundHK KanTHPOBAH WIAXTHHIM KOJNOALEM B BHAE De3epByapa, M3 KOTOPOro
OTKayHBaeTcs BOJA. YPOBEHb 3aMepsIOT B 5TOM pesepByape.
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Kosnebanust atMochepHOTo HaBjenus BJAHSAIOT HA H3MEHEHHE ypPOB-
HS M COJlepKaHHe rasa B BOCXOASIIHX HCTOUHHKAX, a 5TH 00CTOATEb-
CTBa, OUEBHAHO, BAHSAT Ha AeOHT 5THX HCToYHHKOB. Ha me6utr Boc-
XOASIIMX HMCTOYHHKOB OKAas3bIBAIOT BJAHsIHHE M ApyrHe ¢aktopel. Ha-
npuMep, Ha AeOHT YMOMSIHYTOro BhILIE HCTOYHHKA B Desiropojae Baus-
et noanop p. Cesepckuil Houen.

PacneT OGECHQ‘IGHHOCTH SKCHJIyaTaHHOHHHX 3aHaCOB BOCXOAALIHX
HCTOYHHKOB, KOTOpPBI€ MOJHOCTbIO JPEHHPYIOT BOJOHOCHBIl TOPH3OHT,
MOXHO HeJaTb KakK [AJ5 HHCXOASIIHX HCTOYHHKOB. Jlasl BOCXOASIIHX
HCTOUHHKOB, KOTODbIE SIBJASIOTCH BBIXOAOM YaCTH BOABI IOJ3E€MHOTC
NOTOKa, aHaJu3 06ecreueHHOCTH 3KCIJIYATAHOHHBIX 3a1acoB, KpoMme
HCMOJb30BAHHS METOAMKH, JNpUMeHseMOfl AJs HHCXOASIIHX HCTOYHH-
KOB, CleAyeT AejaTh NO MeTOAaM, NMPHUMEHSIEMHM IJs pacuyeToB IOA-
3eMHBIX HANMOPHBIX BOJ.

11.2. XapakTepucTHKa BOJb HCTOUHUKOB

CocTaB BOABl HHCXOASLIMX HCTOYHHKOB M3 PBIXJBIX OTJOKEHHH
(neckoB) OOGHIUHO H3MeHseTcss MaJjo. BOgplume KoseGaHHS CcOCTaBa
BOAB HabmONalOTCS Yallle B HCTOUYHHKAX, BBIXOAALIHX H3 TPeUIHHO-
BaThIX M 3aKapCTOBAHHHX NMOPoA. TakK, KapCTOBBIH HCTOYHHK H3 H3Be-
CTHsKa B HcTOKax D. DBenofi (pafion Hanpunka) Bo BpeMs BeceHHEro
CHeroTasiHusl B ropax KaBka3a JaeT oueHbp MYTHYIO BOAY €O 3HauH-
TeNbHbIM GaKTepHaJAbHHM M XHMHUECKHM 3arpssHenneM. Hekoropbie
HCTOYHHKH B paloHe KHCJIOBOACKa, BHIXOASILIHE H3 TPEUIHHOBATHIX H
3aKapCTOBAHHBIX H3BCCTHSKOB H HaXoisiiiuecs: Gausko ot obaacTd
THTaHUs, BO BPpeMsl AOXKJeH TakXe HMEIOT MYTHYK BOJY C NOKa3a-
TessiMH 3arpsisHeds. OAHAKO KOTAa Obli0 3alleMEHTHPOBAHO HECKOJb-
KO GaMxafLINX KapCTOBBIX BOPOHOK, TO IOMYTHEHHe BOJH BO BpeMs
JOXKJAeH NOYTH NPEKPaTHAOCE.

Hanbonpine xoseGanus teMnepaTypsl BOAB H ee COCTaBa OGBLIUHO
HabawoAaTcs B HCTOUHHKAX, HMEWIHX o6JacTs, NHTauus BOMH3H OT
30HBl Pa3rpysKH, H NPHYPOUYEHH K TPCLHIHHOBATHIM H KAPCTOBBIM H3-
BeCTHSIKaM: B BOJIe TAKHX HCTOYHHKOB BO BpPeMsi CHEroTasiHHs U 60Jb-
X NOXKAEH BCTPEYAIOTCsl He TOJBKO MHKDOOPTaHH3MBL, HO TakXe
BHAHMbIC. HEBOOPYXEHHHM TIJ1a30M pacTHTeJbHble H XKHBOTHHIE Opra-
HH3Mbl. Bompoc 06 H3MeHYHBOCTH COCTaBa HHCXOASIIHX HCTOYHHKOB
pelwiaercs Ha OCHOBAHHH CONOCTABJEHHS KOMIJEeKCa THAPOTeoJorH-
YeCKHX YCJAOBHA ¢ (H3HKO-XUMHUECKHMH H OGHOJNOTHUECKHMH (BKJIO-
yag OaKTepHOJOTHYEeCKHE) aHaJH3aMM, MOJYYeHHBIMH Tpu Habawoae-
HHUAX 33 PEXKHMOM NOA3EMHBIX BOA.

Muorne BOEXOAfIHe HCTOUHHKH 06/1aJal0T 3HAUHTENbHBLIM TOCTO-
SIHCTBOM XHMHYeCKOTo cocTaBa NoAseMuHXx Boa. Hanpumep, no Kefianb-
raky, MHHepaadsanus BuclajzeHcKoro MuHepajbHOTO HcTouHHKa Kox-
6pyuHen 3a 36 ner usmenunacs ¢ 8,262 no 8,241 r/xr, 1. e. Bcero Ha
0,26 %. Opuako B psjfie HCTOUHHKOB HaBJI0OAalOTCS KOJeBGaHHS cocTa-
Ba BoAbl. Hanmpumep, obmiast 3eCTKOCTb BOJH HANOPHOrO IMPeCHOTo
HCTOYHHKAa M3 BepXHeCeHOHCKOro Mejia B Dearopoae kosaebiercs ot
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7,3 no 9,1 Mr-axB, 4To cocTasiasier oxodo 18%. B ToM ke HcTouHHKe
KoJieGanus XxJop-noHa cocTasasioT Gojgee 50%. Iocaennee o6bsAcHd-
eTcsl, HO-BHAHMOMY, IpHMELUIHBAHHEM [PYHTOBLIX BO.

11.3. KanraX MCTOYHMKOB

Tapporeosioruueckue yc/aoBHS BBIXOZA HHCXOASIIHX H BOCXOAA-
IIMX HCTOYHHKOB pa3jiHuYHBL. B CBSI3H ¢ 3THM HECKOJbKO Pa3jHYHb H
KOHCTPYKUHE HX Kanrtaxe#d. OfHaKo HeKOTODHle NPHHIHNB KaNTaxed
BOCXOASIHIHX M HHCXOASILIHX HCTOYHHKOB sABJAAIOTCS o6muMH. Kpome
TOTO, MEXAY HHCXOAAIIHMH H BOCXOJSIIIHMH HCTOYHHKaMH eCTb HpO-
MEXKYyTOUHBIE THIB, YTO, KOHEYHO, BJHSIeT Ha BHOOD KOHCTPYKLHH
kKanraxe#. [Ipu ycrpolicTBe KanTaxeil BCeX HCTOYHHKOB CJeAyeT ydyH-
THIBATb cJefyioliHe o6lHe OCHOBHbIE NMOJOXEHHS.

1. TloxseMuyio Bo@y ciegyer 3aXBaTHTb KalTaXXeM [0 BHX0A HA
NOBEPXHOCTb, YTOOH COXPAHHTb €e IHEeHHble CBOHCTBA H NPeAOXPaHHTb
or 3arpssHenHs. Takoe TpeGoBaHHe SBJIsIeTCS BTOPOCTENEHHBIM IpPH
HCNIOb30BAHHH HCTOUHHKOB HJS ODOHMIGHHS H B HEKOTOPBIX JAPYTHX
caydasix. Jlisi MEHEPaabHBIX BOA 0COGEHHO BaXKHO COXPAHHTb HE TOJb-
KO XHMHYecKne, GakrepHOJIOTHUECKHe, HO H (H3HueckHe CBOHCTBa,
HanpHMep AJS Ta3HPOBAHHBIX, TEPMAJIbHBIX H NPOYHX HCTOUHHKOB.

2. Kanrax no BO3MOXHOCTH ROJIXKEH NepexBaTHTh IIOJHOCTBIO HC-
TOYHHK C ero AepHBATAMH H HANPABHTHb NOTOK HCTOYHHKA B NPHEMHYIO
4acTh, KOTOpast 4acTO KOHCTPYKTHBHO odopMsiercs B BHAE KaNTaxkHoOH
KaMephl.

3. Kanrax mosxeH OBITb pacCuHTaH Ha HPONYCK He TOJbKO MH-
HHMAaJbHOTO, HO H MAaKCHMAJbHOTO pacxojia, B YaCTHOCTH IYT€M BHI-
IyCKa 4epe3 MmepesuaBHYIO TpyOy.

4. Kanrax, Kak [IpaBHJO, KOJXKeH OHTh YCTPOEH TakuMm o6pasoM,
4yroGbl He Co3AaBaJjicsl NMOAMNOpP eCTeCTBEHHOTO ypOBHSI H 4TOOHI, cJje-
JIOBATeNbHO, HCTOYHHK He MOT YATH MO APYTHM NIYTAM.

Kanrax HuCXOHAIIHX HCTOUHHKOB NPH COCPEAOTOYCHHOM BBLIXOJE
NPHHEMAIOT B BHAE KanTaxHo# kKamepsl (puc. 11.6). B cayuyae ecan
HCTOUHHK BBIXOAHT IO IIOZOLIBE BONOYNOPHOH IIOPOABI B BHAE He-
CKOJbKHX MJH MHOTHX CTpYH, HallpuMep H3 pHIXJBIX OTJOXEHHH, 3a-
XBar BHINOJHAIOT TOPH3OHTAJbHBIM BOA03a60OpOM B BHIE APEHAXHBIX
Tpy6 uaH rajepeH, 3aTeM BOAa NOCTynaer B Kamepy HAu B Goaee
IpOCTyIo pacnpeaenutenpHyio kamepy. Bogocans (cm. puc. 11.6) noa-
XKeH NpPOoNyCcKaTh MaKCHMAaJbHBII pacxXoi HCTOUHHKa 6e3 moamopa ec-
TECTBEHHOro YpOBHS. B 3aBHCHMOCTH OT THAPOTEOJOTHYECKHX YCJO-
BHII KOHCTPYKILHSI Kanraxeil HHCXOAALIHX HCTOUHHKOB H3MEHSETCH.

[Tyrem panHOHaJbHOTO Kamraxa HeOGHT HCTOUYHHKOB MOXeT OnTh
yseanuen. Hanpumep, ne6ur kanraxa B Hamcm Bcaeacrsue moanopa
yeeanuen ¢ 6—7 fo 60 n/c. OnHako cieayer HMeTb B BHAY, YTO NOJ-
IOp HCTOYHHKA [aeT BO3MOXHOCTb NOBBICHTb MHHHMYM pacxofa, HO
9TO MEepONpHATHE CJefyeT NPOBOAHTL JHIIb MOCJe THIATeNbHOTO T'HI-
pOreoJIOrHUCCKOTO H3y4YeHHS, TaK KaK HCTOYHHK NpH NOANOpe MOXeT
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HAaHTH BBIXOA B JPYroM MecTe, TOT'[a BMeCTO INOBLIIIEHHS MHHHMyMa
pacxoja KanTax octaHercs 6e3 BOABL

Hekortopbie HabaiofgenHs NoKasa/H, YTO 3HAYHTENbHAs PacYHCTKA
BBIXOJOB KJI04YeH H NOHHIKeHHEe eCTeCTBEHHOTO YPOBHS BJEKYT 3a Co-
6oit B psile CAyuaeB CHHXKEHHe MHHHMYMOB pacxojaa HcTouHHKOB. Ta-
Koe siBjienHe Habawoganoch Ha ucrounnkax KafizepOpynuen u  CrHK-
ceHllelfH, pacnosoxeHHbix B61u3u Benbl. Oanako, HanpuMmep, u3BecT-
HO, UTO NpH HAJHYHH JepHBAaTOB CHHXKeHHe OLITOBOTO yPOBHS Yy IJjiaB-
HOTO BBIXOJAa HCTOYHHKa HOBHIIIAET B psJe cayyaeB Kak oOGHIHH
pacxoj MCTOYHHKA, TAK H MHHHMYM ero.

B ocnoBHOM KanTax BOCXOASIIMX HCTOYHHKOB CJefyeT HelaTh
00s13aTe/IbHO C Y4eTOM YCJIOBHH BBIXOJAa HX Ha IOBePXHOCTb 3eMJiH.
Hanpumep, B ycl0BHSAX COCPENOTOYEHHOTO BHIXOAA Ha IIOBEPXHOCTb
seman (cm. puc. 11.2) kantax mesecoo6pasHo BHIIOJHATL B BHIE
LIAXTHOTO KOJIOA1A-KaMephl, 060PYAOBaHHOTO NPHEeMHOH HAH cOpOCHOH
Tpy6oifi. B yciioBHSIX BbiXoga HCTOUHHKa (cM. puc. 11.3) nmpuBemenuas
cXeMa KanTaxa MoxeT GbITh BLINOJHEHA TaK Xe, KaK yKa3aHo BbilIe,
HO IIPH 9TOM NPOH3BOAHMTENBHOCTHL ero GyfeT O6JH3Ka K eCTeCTBEHHOMY
BoiXoAy. Ilnsi yBenHueHHS] HPOH3BOAHTENbHOCTH, 0OCOOEHHO B MEepHOABL
HH3KOr0 pacxo/ia eCTeCTBEHHOTO BBIXONA, CXeMy KalTaxa CJeayer
NPOEKTHPOBATL B BHAE CKBAXKHH HJAM YIJyOJeHHHEIX INAXTHHIX KOJOA-
nes. B 3ToM ciayuae pacuerT BBINOJHAKT C yYeTOM APEeHHPOBAHHA BO-
JOHOCHOTO FOPH30HTA, KaK JAJis NOJA3eMHBIX BOA (cM. puc. 11.2).

I'JIABA 12. IPOEKTHPOBAHHE BOJO3ABOPOB
NOA3EMHDBIX BOJ B PAMOHAX MHOTOJIETHEH MEP3JIOTbl

B ycnoBuax MHOroneTHeil Mep3JiOTH NOJA3eMHbIe BOJBI, HCIOJb3Y-
eMHe AJs BOJOCHAaGXeHHs, TOAPA3ACHSIOT Ha HaJAMEP3JOTHEHIE,
NpHypoUYeHHBle K TaJMKaM IOJ pyclaMu H NOHMaMH pek (MOApPYCHO-
Bble, NMOHMeHHWIe, NOJO3ePHKEE), 3ajleraloliie Ha TOJIIe MepP3JOThi;
MeXMep3JI0THRIe, 3ajeralliie BHYTPH TOJHIH Mep3JbX NOPOA; NOA-
Mep3J0THHE, 3ajeraioliHe MoJ ToJlledl Mepanabsix nopoa. Hcrou-
HHKH BOJIocHa0XXeHHs1 B ceBepHOH CTPOHTEJNbHO-KJIHMAaTHuUeCKOH 30He
JOJ/IXKHBI O6ecneynBaTh 3a60p BOABI C MAaKCHMAaJIbHO BHICOKOH TeMIle-
paTypoil nasl yAellleBleHHs! e€e NOJAOTPeBa, AOJKHBL ObITb PacrosoxKe-
Hel BOJMH3H NOTpeGuTesnss W obeCnedHBaTL 3amac BOAbI, AOCTAaTOYHBIH
17151 BoAOCHaGKeHHSI C [HKJIOM NOTeph HA JbA000pa3oBaHHe, HCIape-
HHe W Npomep3anHe. Mcrnoab3oBanHe noA3eMHBIX BOJA B CeBepHbIX pafl-
OHax OGoJiee INPeANOYTHTENAbHO B CPaBHEHHH C [OBEPXHOCTHBIMH.
Bo3MoXHOCTH NOJIydeHHSI HaJiIMeP3JOTHBIX TaJHKOBLIX BOJ JA0OJIXKHa pea-
JIH30BLIBAaTHCH B GOJBUIHHCTBe PErHOHOB, HO NpH obecliedeHHH palHO-
HaJbHbIX COODYXKeHHH AJs 3a6opa BOAH H CHelHalbHHIX MEPONpHSA-
THH N0 peryJIHPOBaHMIO CTOKa M 3aNacoB MOAPYCJAOBHIX BOA. 3amachl
NOAPYCAOBHIX HAAMEP3JOTHHIX BOA H pa3Mephl TAJHKOB LOJINKHEI One-
HHBATbLCS HA HAYaJ0 HX NONOJHEHHS C MOMeHTa OTTaHBaHHS IIpo-
MODOXXeHHHBIX PYCJOBHX OTJI0XeHHH.
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BeaencTBre CA0XKHOCTH 3alUHTHI CKBaXXHH OT NPOMep3aHus, TPYA-
HOCTH 00pPaGOTKH BOAH C BBICOKOH CTeNeHbl0 MHHEPANH3aLHH, 60Jb-
IUAX 3aTpPaT Ha OypeHHe DPa3Be/lOYHO-IKCIIYaTAHOHHBIX CKBAXHH
AIpH HMCNOJbL30BAaHHH MOAMEpP3JOTHHIX BOX, CJeAyeT OPHEeHTHPOBAThHCH
Ha HCNOJB30BaHHE HAOMEP3JIOTHBIX H MEXMEP3JOTHHIX MOASEMHEIX BOA.

Ocobyio BaXHOCTb IIpH NPOEKTHPOBAHHH BOJ03a0OPHBIX COOpY¥Ke-
HH{l NpeACTaBIASIOT AaHHbIE O THAPABJIHYECKOH CBA3H MeXAy PycJo-
BBIMH H IOAPYCJOBHIMH BOAaMH, BeJTHUHHE BOJONPOHHUAEMOCTH, TPH-
Be/leHHOH K pacueTHOH TeMnepartype, cBefeHHs 00 IKCIJIyaTalHH BO-
103a60pOB B aHaJIOTHUHLIX YCJOBHSX B TeUeHHe He MeHee ueM 2 JeT,
JaHHble O HAJHYHM H pa3Mepax TaJHKOB, 06saCcTH M XapakTepe HX
NHTAHUS H CPaBOTKH C YUeTOM BO3MOXKHBIX H3MEHeHHH Mep3JOoTHO-
TPYHTOBBIX YCJIOBHII, XapaKTepHCTHKa 00Opa3oBaHHs HaJjeled, MaaH-
Hble O BO3MOXKHOCTH H3MeHEHHS] KaueCTBa BOLB H THAPOTEOJIOTHIECKHX
yCJOBHH B CBSI3H € 9KCIJAyaTanHe#d Boxo3aboOpHBIX COOPYXKeHHH, 0CO-
GeHHO NpH OTTaHBAaHHH MEpP3JIOr0 H NPOMepP3aHHH TaJoro I'PyHTa.

MexMepanoTusle H TMOAMEP3IOTHEIE BOAB 3a6HPAKOT IOCPEACTBOM
CKBaXXHH, 060pysoBaHHHX Hacocamu tuma JDLIB. Kanrax Haameps-
JOTHHIX BOA Gosiee NpeJNOYTHTENeH IIaXTHHIMH KOJOANaMH, ApeHaMu
H rajgepesiMH, GoJlee HafeXKHHIMH IO CPaBHEHHIO CO CKBaXHHAMH B
oTHoUleHuH mpoMep3anus. IIpu cjoxennn O6eperos pek, OCTPOBOB HJIH
pyces pek BHICOKONPOHHLaeMBIMH NOpOAaMHu 3(PPexTHBHO NPHUMEHEHHe
MHQAIBTP AIHOHHBIX BOJ03aBOPOB. YYaCTOK PacClOJOKEHHS HHQHIb-
TPalHOHHOTO BOJ03a60pa BHIOHPAIOT B 30HE MHHHMAJbHO 3aHJEHHBIX
PYCJIOBBIX OTJIOXKEHHH, He OOMep3alollHX NOHHBIM JbAOM H C HaH-
foJblliefi MO aAbio HHOUABTPAIHH B pyCie.

Tun Bopo3abopa Ha MepeMep3alomIHX peKax BHIOHpalOT C yueTOM
cpaboTKH 3amacoB I'PYHTOBBIX BOXN H NpOMep3aHHS TajHKa C MOMEHTa
OTCYTCTBHSI CTOKa AO OTTaHBAHUS NPOMOPOKEHHOTO IPyHTa B pycJae
pekd. [lnst BHYTPHTOAOBOTO Nepepacnpencienus 0 yBeJHueH s IKCaya-
TAlHOHHBIX 3anacoB Haamepa3aoTusix BoA lO. B.Skynnn pexoMmenpyer
NpHMeHsTh NMOAAdy BOAH B MJacT Bhllle 1O MOTOKY OT BOA03abopa
TOPSIYHX BOJ CHCTeM OXJaXJeHHs NPOMBIIUIEHHBIX NpeJUPHATHA H
31eKTPOCTAHIHE; OTTaHBaHHe MHOTOJIETHEMEP3JABIX TPYHTOB peUHOH
BOJIOf C NpUMeHeHHeM (HJIBTPALHOHHO-APEHAXHOTO cnocoba, ycTpofi-
CTBO HeryybOKHX NepeMblUexk H3 CYIVIMHKa H IJIHHB, TNpOpe3alomux
BePXHIO, HanboJee BOAONPOHHLAEMYIO UacCThb aJJIIOBUs, YCTPOHCTBO
BpeMEHHBIX NpOCTeflIHX 3amlpyA, PacnojiaraeMbiX HeCKOJbKO BhIlle
HJM B CTBOpe KalTaXXHBIX COOPYXKEHHH, yCTPOCTBO Mep3JOTHBIX NOf-
COB, IIMYHTOBBIX CTEHOK H BHCAYHX NepeMblueK W3 CYIJIHHKA H TJIHHBI,

Npope3aINHX BEPXHIOW, HanGojleec NPOHHIAEMYI0 YacTh  aJlIIOBHA
HHXKe BOA03aGOPHBIX COOpPYXKeHHH (IpH MOUIHOCTH BOJOHOCHOTO Ta-
auka 6—10 M), yrensienHe BOJOHOCHOTO Ta/iHKa CHeroM Bbillle BOJO-
3abopa, ero HCKYCCTBEHHOe nonoJHenne. OnpefieseHHblil HHTepeC Npea-
CTaBJIsIeT HCKYCCTBEHHOE TNOMOJHEeHHe HAaJMEP3JIOTHBLIX BOA Yepe3 HH-
$uabTpanHoHHble GacCeAHEl ¢ HCTOAb30BaHHEM B KauecTBe HCTOYHHKA
NONOJIHEeHHUs TassHHUA CHEra.
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Puc. 12.1. KOHCTPYKTUBHBIE CXEMBl HECOBEPHIEHHBIX WAXTHHIX KOJOAUER

4 — OOBIYHOr0 MIAXTHOrO KOJIOALA; 6 — IIaXTHOrO BaKyyM-KOJ0aua: I — BO3AyX0-
HenpoHHIaeMBe CTeHKH; 2 — mepeKpHTHe BOAOCGOpHOH KaMepn; 3 — 6eroH HAH
Kene3o6eron; 4 — neHTpOGeKHEA HACOC C TOPH3OHTAJbHHIM BaJOM; 5 — BCacH-
BalollHk TpyGonposoa; 6 —- nanopuwit tpy6omposoa; 7 — tpyba AAA BO3AYXa;
8 — craTHueckuit ypoBeHb [PYHTOBHX BOX; 9— ypoBeHb B BOAOCGOpHON Ka-
Mepe; [0 — 3epkano rpyHTOBHX Boz; Il — rajeudHdkOBHf TPyHT; 12 — cymecs;
13 — Bopoynop; 14 — uwnetp; 15 — Baxyym-Hacoc; 16 — naTuHkH ypoBus; 17 —
Nbe30MeTPUUYECKHIT YPOBEHb BOAW B BOmOCcGOPHO KaMepe

Puc. 12.2. KoncrpykTHBHAs cxema jaot-
KOBHIX JpeH

a — MOHOJHTHAS  H3 KejesobeToHa;
6 — cGopHast U3 KeNe300eTOHHHX JOT-
KOB; @ — jpeHa H3 CTasNbHHX Tpy6

B ceBepHOii CTpOHTE/BHO-KNMMAaTHUECKOH 30He AAs YCTPOMCTBA
NaBUJIbOHA HAJ CKBAXHHAMH OCBOEHO NMPOM3BOJCTBO METAJNHUECKHX
KOHTeHHEPOB, BO3MOXKHO HX YCTPOHCTBO H3 GJIOKOB M MaHeseil Ha crie-
HHaJbHEX TPYHTOBHX MOAYIIKAaX NpHu o0s3aTeNibHOM OTBOJE TaJbX H
JAOXKJEeBHIX BOJ C IJIOMIAZ0K HACOCHHX craHuuiA. KoHeTpykuus orosos-
KOB CKBaXXHH KpoMe oOecledeHHS] HX IepPMETHYHOCTH AOJKHA (HK-
CHPOBATb YCThbsI C YYeTOM BO3MOXKHOCTH BePTHKAJIbHOI'O NEepeMellleHH st
IpH BO3AEHCTBHH CHJI MOPO3HOTO NydYeHHS TPYHTOB H NPH MPOCAAKAX,

CBAI3AHHBIX C UX CE30HHLIM NPOTAUBAHHEM.

3abop moapycnoBHX BOX HH(HIBTPALHOHHBIMH BOA03a60paMH IO-
3BOJISIeT pellarh Npob/ieMbl BOZOCHAGXKEHHsS] HACEIEHHEX MeCT H Tpo-
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MBIIIJIEHHOCTH B CEBEPHHEIX perHoHax npu 6oJbliofi BOZOIPOHHKIaeMO-
CTH BOJOHOCHBIX MOPOA M MOIIHOCTH mJjacta xo 20 M. B stom cayuae
NOpH YycTPolicTBe WIAXTHOTO KOJIOALA JOXKE €ro HHXHEH KDOMKH IpH
npueMe BoAbl yepe3 RHO AOJKHO OBITL PaclogoXKeHO Ha PacCTOSHHH
0,56—0,7 paauyca kosomua. Ilpu MowmnocTH miacra OGoabme 20 M
JIONYCKaeTcs: NpUMeHeHHe MAaXTHHX BaKyyM-KOJOANEB.

Kosonus GonpmiMX HHAMeTPOB YCTPaHBAIOT M3 MOHOJHTHOrO Xe-
aezoberona, a MPH AHaMeTpe 3 M H MeHee NPHMEHSIIOT XKeJe306eTOH-
Hble KoJibia. B maxTHHX KoJdoAuax sddexTHBHOCTL 0T60Opa BOAbI BO3-
pacraer NpH CO3QaHHH BAKyyMa B HAaABOJHOH YacTH BOAOCGOPHBIX
Kamep (puc. 12.1). BakyyM-Hacochl AJs OTKAYKH BO3AyXa H3 BOXO-
cOOpHOH KaMepsl MOXHO YCTaHaBJIHBATb B KOJOAUEe Ha Ji00o# OT-
MerKe. PaboTa BakyyM-Hacoca aBTOMAaTH3HPYeTCsl o YPOBHIO BOAH B
BogocOopHO# kaMmepe, THe YCTaHaBJIHBAOT ABa JAaTdHKa YPOBHS IJs
ynpasieHHs paboTofl HACOCOB H RAaTUHK CHTHajla aBapHAHOTO YPOBHS,
paboTaouiue oT Pa3JHYHbIX HCTOYHHKOB TTHTAHHS.

OTkauKy BHIIEJIHBIIEroCs H3 BOJBl BO3AyXa NpH XOpOIIo 3arep-
METH3HpOBaHHOH BoXOcOOpHONH KaMepe MOXKHO BECTH HENpepLIBHO
9XKEKTOPOM HJH ¢ moMmollbio TpyGompoBoAa, NOACOENHHEHHOTO K CH-
¢oHy HJH Bcacy Hacoca.

B ceBepHBIX pafioHax npu 3abope noApycNOBHIX BOJL XOPOUIO 3ape-
KoMeHpoBadH cebsi, 0cO6EHHO B YCJOBHAX MOJHOCTBIO HJH YaCTHUHO
nepeMep3aiollHX peK, MOAPYCAOBLIE JPEHH H rajlepeq.

B BOMOHOCHBIX TOPH30HTaX MOIIHOCTbIO §ojiee 2 M B KauecTse BO-
NONIPHEMHOTO 3JleMeHTa Bojo3abopa meaecoobpasHo MPHMEHSATh JIOT-
KOBBle APEHHl U3 Keje300eTOHHBIX, CTaJbHbIX HJH AEpeBSHHBIX KOPHI-
TOOGpPa3HbIX IJAE€MEHTOB, HMEIOUIHX TAyXHe CTeHKH H_YCTaHOBJEHHBIX
OTKPHITBIM AHHIIeM Ha (HAbTPyloliee ocHoBaHHe. JIOTKOBasi npeHa
MoXeT OblTb BHIOJHEHa B BHJAe mejbHoro aaeMenta (puc. 12.2, a),
COCTOZLIEr0 M3 TJYXOro CBOAA, IJIOCKOro JHHIA C ONOPHLHIMH IpaHs-
MH H BOA03a6OpPHBIX OKOH, BHIXOASILIHX B BOAOOTBOASLIYIO MOJOCTD.
Ilpena MOXKeT COCTOSITb H3 JABYX 3/€MEHTOB: BOAOOTBOASAIIEro JIOTKa,
BOCIIPHHHMAIOIIETO YaCcTh HArpy3KH OT I'PYHTa H BOZONpHEMHOro JOT-
ka (puc. 12.2, 6). B BBICOKONPOHHIAEMBIX TPYHTaxX H NPH YKJIanke
APEHH! TIOA PYCJO MOXKHO NPHMEHATh APeHy H3 CTaiabHO# TpyOnl (pHc.
12.2, 8).

B BOZOHOCHBIX OTJIOMEHHAX MOIIHOCTHIO MeHee 2 M NPHMEHSIOT
NJOCKYIO APeHY, BHIIOJHEHHYIO H3 nmepdopHpOBaHHLIX TPYO, YJOMKeH-
HbIX B pax (puc. 12.3) ma puabrpyiomee ocHoBanne ToawHHO# 0,15—
0,26 M. Ceepxy uan TpyOamu oTchimaercst ob6pathunii Guabtp. B He-
ONHOPOAHBX MO 3€PHOBOMY COCTaBY PPyHTaX NpH KOdhpHUHEHTe He-
opHoponHocTH Gosiee 50 ropH3OHTaJdbHBIC BOAO3a6OPH  YCTPaHBAIOT
METOJIOM BHIMOPaXXHBaHHs ¢ MHHHMAaJbHHM HapyLWIeHHEM €CTeCTBEH-
HOTO CJOXKEHHS MOPOJ WJIH C HENpPepHIBHOH OTKAuKOH B Mpolecce CTPO-
HTeJbCTBA TPaHUIeH JNJs1 YCTPOHCTBA APeHHI.

ITpu 3abope Boaw JOJXKHaA ObiTh ofecrnedeHa 3allHTa BOLOTIpHEM-
HBIX YCTPOHCTB OT Nepemep3aHHsi, AJd 4ero NpefycMaTpHBAOT: MakK-
CHMallbHOe 3arny6aeHHe BOZONPHEMHBIX YCTPOHCTB (KOJIOMUEB, ADEeH)
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Puc. 12.3. Cxema ycTpoficTBa MJAOCKOMH == e
ApeHs

1 — nepgpopuposannas Tpy6a; 2—- nie-

GeHb (rpaBuil); & — KpYNHO3epHHCTHIK

Necok; 4 — CpefHe3epHHCTHH NeCOK;

5 — rpaBuiiHO-Ta/IeYHHKOBBI IPYHT

B BOAOHOCHble OTJIOXeHHS; ABOHHbIE KDHIIKH JIOKOB CMOTPOBBIX H
BOJONPHEMHBIX KOJIOAUEB; TENJSKH HAA BOAONPHEMHEIMH ILIaxTaMu;
yTenjeHHe KOJOJAleB HAa APeHaX H rajiepesx, HeNOCPEeACTBCHHO CaMHX
ApeH H ra’aepeit TopdoM, abJOM, CHEroM; Co3zaHHe MOWHBIX GHIALT-
pyomHxX 06CHIIOK BOKPYT Apen (rasnepeit), NPOXOAAILHX yepe3 Mep3-
avic Gepera, ans oOBoAHeHHS W yTennaeHus yuacTkoB Geperos BOan-
3u BOA03a6OPHLIX YCTPOMCTB; yTelJeHHe pPyCesN PeK H YyMeHblleHHe
TOJIMIMHB JibJAa NYTeM CHEro3ajep:KaHusi, Co3JaHHe HCKYCCTBEHHBIX
HaJsenell, MOKPbITHE IOPHCTHIM JbJOM INPH AaJbHECTPYHHOM JOXAe-
BaHHH; 3JeKTpooborpes BOAONPHEMHBIX YCTPOHCTB; c6poc oTpabo-
TaHHOH moporpero#l BojHl, napa.

Ina npepoTBpallleHHsl 3aMep3aHHs BOAbB B CTBOJIAaX CKBaXKHH He-
o6XoxuMo obecrneunBaTh HENPEPLIBHYIO OTKAUKY, AaxKe eCau AJS 3TOro
npuxoautest cbpaceiBaTh yacTh oTGHpaeMoro pacxoja B BOJOHOCHHIH
nJacT NPH nepepeiBaX B OTKaukKe, SMH30JHYCCKOHR NMOJa4el B CKBaXH-
HY Tenjio# BoAbl HJH napa, o60TpeBOM JHHEHHBIMH HCTOYHHKAMH Tell-
Ja, B ToM uHcJae 3JjieKTpokabeneM. [ns oborpeBa CkBaXXHH NpHMe-
HAIOT reodusnyeckHe 3jnekTpokabenn, paboTalomue B pexume Ha-
rpeBaTeibHHX 3JeMeHToB. Muuaapasom CCCP jansa oGorpesa ckaa-
XKHH paspellieds reopusnyeckne kabenm mapox KTII-03, KTII-06,
KTO-1, KCOII, KIIKT-2, KTB®-6.

Komnern rpewomero kabeas onyckawoT Ha 2—3 M HHXe HHXHEH Trpa-
HHIB Mep3J0TH. PeXHM BKJIOUYeHHS 3JeKTPoobOorpeBaTeNbHOrO Ka-
6ens ponXen ObITb COrNacoBaH C pPeXXHMOM OTKaukH: Npu pabore Ha-
coca rpewomuii Kabeib OTK/IIOYaeTcs, NPH OCTAaHOBKE HAcOCa H CHH-
JKEHHHU TeMnepaTypsl BOAB B CKBaXKHHe HHXe JONYCTHMOH — BKJIO-
gaeTcs. .

[Ipu npoekTHpOBaHHH HACOCHBIX CTAaHUHH M Pe3epBYapoB B CeBep-
HOH CTPOHTENbHO-KJIHMAaTHYECKOH 30He MPeAyCMATPHBAIOT MAaKCH-
ManbHY0 GJOKHPOBKY HX C TENJIOBHIMH NYHKTAMH [0 NOJOTPEBY BO-
Jbl, C AHCIETYEPCKO-TENJOBBIMH KBapTaJbHBIMH Y3J1aMH, COBMelleHHe
HACOCHBIX CTaHIMA C pe3epByapaMH YHCTOH BOABI, C OYHCTHBIMH COO-
pYXEeHHSIMH, Pa3MelllcHHe B ORHOM NOMEIHIEHHH HAaCOCOB DPa3iHYHOTO
HA3HAYeHHS:  XO3AHCTBEHHO-IIPOTHBONOXAPHOTO, IHPKYJSAIHOHHOTO,
TeXHOJOTHYeCKOTo H AP.
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Apmatypa Ha BcachlBaIOWIHX K HANOPHHX JIMHHAX HACOCHBIX CTaH-
IHA AOJXKHA OBITH PAacCroJioXKeHa B OTallIMBaeMbIX NMOMEIIEHHAX MM
HaCOCHBIX CTaHUHUAX. Jlasi YCKOpeHHSI CTPOHTeJbCTBAa peKOMEHAyeTCs
HPOeKTHPOBATh HACOCHHIE CTAaHIHH H CTPOUTEJBHYIO 4YacTb De3epBY-
apoB M3 YKPYNHEHHBIX 3JIEMEHTOB 3aBOJACKOIO H3rOTOBJIEHHSI B KOM-
MJIeKTHO-0JI0UHOM HMCHOJIHEHUH.

TJIABA 13. HCKYCCTBEHHOE BOCTIOJIHEHHE
NMOA3EMHBIX BOJI (MBIIB)

13.1. MpuHuunuanpubie cxemsl UBMB

HckyccrBeHHOe BOCHOJIHEHHe 3aNacoB IOA3EMHBIX BOJA MO3BOJIfeT
yBEJIHYHTh NPOU3BOAHTEALHOCTh AeHCTBYIOUIHX BOA03abOPOB, CO3RATh
HX TMPHHIMNHAJBLHO HOBble THMOBBle KOMIOHOBKH, obecne4yuBallue
3HauHTeNbHOE COKpallleHHe MJolafeH OTYYKACHHBIX CeJIbCKOXO03sfCT-
BEHHLIX 3€MeJib, a TakKXe NPHHHMAThL PallHOHaJbHble pelileHHA IIpH
NPOEKTHPOBAHHH 30H CAHHTAPHON OXpaHH BOA03a60OpOB.

Metog UBIIB no3BoJisieT peliuTh psiji BAKHBIX TeXHHUECKHX 3aaU
B 06/1acTH XO3fHCTBEHHO-NHTbEBOr0 BOJOCHAGXKeHHs, HpPHrauuu, o6-
BOJHEHHs MACTOHIL, 3aLIUTH BOAOKOCHBIX FOPH3OHTOB OT 3arpA3HeHHs
H 3acoJieHust U T. 4. KpoMe yBeJHueHHS 3amacoOB HaMeyaeMoro K 3KcC-
nayaTallid BOAOHOCHOrO TOPHU30HTa 3a CuUeT BOJ NOBEPXHOCTHBIX HC-
TOYHHKOB HWJM APYroro BoAOHOCHOro ropusonta, merox MBIIB naer
BO3MOXHOCTb YBEJHUHTH NPOH3BOJHTENBHOCTb JefCTBYIOUWIHX BOAO-
3a60poB MOA3EMHBIX BOM, a TakKe YJAYYLIMTh KaueCTBO KaK TIOBepX-
HOCTHHIX BOJ, TAK W BOJA SKCIJNyaTAallHOHHOro ropusoHTa. B pafionax ¢
3acyuinuBeiM KaAuMatoM Metron MIBIIB o6ecneuuBaeT cosjgaHue NOA-
3eMHBIX BOAOXPAaHHJHIL, 33WHIIEHHBIX OT HCIAPEHHA.

B0O3MOXKHOCTb MCKYCCTBEHHOTO MOMNOJIHEHHS TNOA3EMHBIX BOJ Ompe-
JeNsieTcsl HaJHyHeM MCTOYHHKA MNOMOJHEHHS H KauyeCTBOM BOJMI, [HA-
pOreoJOrMueCKHMH M KJIHMATHUCCKHMH YCJIOBHAMH, OCOOEHHOCTAMH
CTPOHTENbCTBA M IKCILIYaTallHH HHOUABTPALMOHHEIX coopyxeHuit. Ha-
pbosiee Heaecoo0Pa3HO OCYLIECTBAATh HCKYCCTBEHHOE NONOJIHEHHE 3a-
macos MOA3EMHLIX BOJ B palioHax PasBHTHS ORHOPOJAHBIX B paspese
6e3HanopHBIX BOZOHOCHBIX TOPH3OHTOB NpH HEGOJBUIOH MOIUIHOCTH
c1abonpOHUILAEMBIX HOKPOBHBIX OTJIOXKEHHH.

B cocraB coopyxkeHuil MBIIB BxomaTr coopyxenua Aaas 3abopa
BOAK H3 MCTOUHHKA TOMNOJHEHHS, NMPeABapHUTeJbHOH MOArOTOBKH BO-
ABl, CHCTeMH MOAAYH ee Ha MHHUIbTPAUHOHHBIE COOpyXkKeHus, col6CT-
BeHHO Bogo3abopa MoA3eMHBIX BOJ M YCTPOHCTBa AJsi NoC/eayollel
MX NOArOTOBKM Nepen nopaued morpeGuresnto. OcHoBHas 0COGEHHOCTb
cuctemst MIBIIB 3akniouaercss B HaMMYHH HHOUIBTPALMOHHBIX COODPY-
XKeHu#l, KOTophie pa3fensiloTCs Ha ABa OCHOBHHIX THNA: OTKpPHITHE
(6accelinbl, KaHabl, MJOWAAKH H AP.) M 3aKpbITHe (CKBaXKHHH, KO-
JIOAILH, Trajepen).
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Puc. 13.1, Cxembl NOA3eMHLIX BOAOXPAHHIHIL

a — OTPa/JEeHHOE ECTECTBEHHHIM BOJOHENPOHHUAEMHM MacCHBOM; 6 — ¢ NOX3eMHOH

nnorudoli: I — Gaccefin; 2 — Bogosabopuas CKBaXHHa, 3 — auadparma; 4 — BOgo-

c6opras razepes; §, 6 — ypOBHH MOJ3EMHHIX BOJ TPH MOJHOM 3amOJHEHHH H cpaboT-
Ke BOJOXPaHHIHIIA

SKONAP P Lo PERy S | ¥
27222222
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Puc. 13.2. Cxema co3faHust B HCTOJb-
30BAHUA NWH3 TIPECHBIX BOJ
I — Takblp; 2 — MHH33a NPECHOH BOMH,
d —conensie  BOAH; 4 — BOAO3a6op;
5 — ckBaxHHa, OTKauHBawlas coJe-
HYIO BOAY

Puc. 13.3. Cxema HCKyCCTBEHMHMOTo mo-

NOJHEHHss HHUKHero (9Kcnayarnpyemo-

ro) HamoOPHOTO BOMOHOCHOrO TOPH3O0H~

T4 3a cueT BepxHero (B KOTOPBIH mpo-
HCXOMAT QUABTPALUS M3 PEKH)

1 — BopnosabopHas ckBaxHHA; 2 — JApe-

HaKHO-TIOTVIONIAI0as CKBaXKHHA; 8 —

peka

Henecoo6pa3HocTh MPUMEHEHHS TOTO HJAH HHOTO BHAA HHOHUABTPA-
LHOHHBIX COOPYKEHHH OINpenensieTcsi THAPOreoJOrHUeCKHMH, KaHMa-
THYECKHMH YCJOBHSAMH yyacTKa paboT, KaueCTBOM BOAH B HCTOUHHKE
TIOTONIHEHUs, HaluyHeM CBOGOAHBIX MJolaned 3emenb. Mubuaprpa-
ILHOHHBIE COOPYXKeHHS MOTYT OBITb HeNpepLBHOrO H NEePHOLHUECKOro
IeHACTBHA.

HauGonee pacnpocrpanenHas tunoBas cxema MBIIB npencrapas-
eT coO0H OJHH MM HeCKOJbKO HHOHIbTPAHHOHHBEIX 6acceHHOB H BO-
n03a00p NOA3eMHBIX BOJ H3 CKBaXXHH C OXHOH MAM OOEHX CTOPOH
Gacceitna. Ha puc. 13.1 mpencraBieHB cXeMbl NMOA3EMHBIX BOZOXpa-
HUJIHI, YCTPaHBaeMbIX NMPH HAJHUHM €CTeCTBEHHHIX BBHICTYIIOB B BOJO-
YNODHOM OCHOBAHHH MM HCKYCCTBEHHO CO3JaBaeMBIX HeNPOHMIlLaeMbIX
3aBec (Gappaxeit). Takoro poga cxema NMONMOJHEHUs 3aMacoB MOA3EM-

133



Puc. 13.4. CxeMa HCKYCCTBEHHOro Mo-

TIONHEHHSI HHXKHEr0 HAMOPHOTO BORO-

HOCHOTO TOPH3OHTA 34 CHYET BEPXHEro,

HO ¢ oforalienneM TOCJAEHHETO uepes

OTKDHITHIE HHOUILTPALHOHHBIE COOPY-
WeHHs

1 ]‘f . I — BozcsabopHas ckBaxuHa; 2 — ape-
HayKHO-TIOMVIOLIAIOIas CKBaXHHA, & —

A Ll e
P -L%’fﬁ% Gacceftn
S b b i

HEIX BOJ HaKGOJee 5p(eKTHBHA B BOLOHOCHHIX TOPH3OHTAX PEUHBIX
ROJIMH, TIPH 3HAUYHTENbHBIX IPAJAHEHTaX NMOTOKA NOA3eMHBIX BOA M He-
PaBHOMEDPHOM BO BPEMEHH BHNaJeHHH aTMOCHEpPHBIX OCaAKOB; SBJSIO-
UIHXCST OCHOBHBIM MCTOYHMKOM IIMTaHHS NOA3eMHHX Box. Co3nanue
NOA3EMHHIX Gappaxell B yKa3aHHBIX YCJIOBHSIX 3aTPYAHSET CTOK MOX-
3eMHBIX BOJX M O0eclieuuBaeT CYLIECTBEHHOE YBEJMUEHHE HX 3aMacos,
KOTOpBIC MOKHO MCHOJIB30BAThb B 3aCyLLIHMBHE IEPHOAH A/ OpOile-
HHS U IPYrux nenef.

Ha puc. 13.2 nokasan npumep cosganusi JHH3 IPECHBIX BOJ, B BO-
ZIOHOCHBIX TODPH3OHTAX € MOJ3EMHBIMH BOJAAMH MOBHIIIEHHOH MHHepa-
Jusaunt. Takyio CXeMy ycHemHO NPUMeHSIM NPH OPraHH3AUHH JIHH3
npecubix Bog B Typxmenuu. [lpm mcmoabsoBanuu B cxemax MBIIB
3aKPHITHIX HHQHIbTPANHOHHBX COOPYXeHHMEl B KauecTBe MOCAEXHHX
HanGo/lee WHPOKO MPHMEHSIOT CKBAXHHH WM LIAXTHHE KOJOLIBL.
Pasnnvaior mornomaiomue ckBaxuuEH, paboraollue B pexume cBo-
GoaHoro Ha/NMBa, HarHeTaTelbHble CKBAaXKHHBI, B KOTOpbIe TpexycMar-
PHBAeTCs 3aKauka BOJAH, W APEHAKHO-NOrNOLIAIOLIHE CKBAXKUHE: HMH
JApEHHPYIOT HEIKCIIyaTHPYeMble BepXHHe BOLOHOCHHIE TOPH3OHTHI, BO-
ABl KOTOPBIX NEPEBOAATCS B HHMKe3aJEraolufl SKCIayaTHPYeMuIl BO-
HOHOCHbIT rOPH30KT. BepXHUit BOAOHOCHEIH FOPHSOHT MPH STOM MOXKET
TNOTIONHATLCS (HAbTPALHEHd PeUHBIX BOZX (puc. 13.3) WJm H3 OTKPHITHIX
HHQUIBLTPALHOHHBIX cOoOpyKeHnit (puc. 13.4).

HckyceTBennoe monosiHeHHe C MCMOJBb30BAHHEM MOA3EMHHX BOJ
BEPXHET0 rOPU30HTa HHOTAA OCYUIECTBJAIOT B 30HaX PaclpoCTPaHEHHS
MHOTOJIeTHeMep3nbix mopoA. [lpu sTom B seTHe-oceHBuH CC30H CKBa-
FKHHBl WJTH KOJIOALBl 3a0HPamT HaAMEP3NOTHHE, TAJNHKOBHE BOAHI,
KOTOpBle MOXHO YaCTHYHO HCIOJb30BaTh AJIS BOAOCHAGKeHus, a ya-
CTHYHO 34KaYUBaTh B NOAMEP3JOTHBIH BOZOHOCHBIH FOPH30HT. B 3uM-
He-BeCEHHHH NMePHOA NMPH NOJHOM IPOMEP3aHHH HAAMEP3JOTHHX BOJ
H NOBEPXHOCTHOI'O BOJOHOCHOTO HCTOUYHHKA BOAY OTGUPAIOT M3 HO.-
MEP3JIOTHOrO KOMILJIEKCa,

Ilpu kpatkoBpementom (g0 1—1,5 Mec) cpoke MarasuHHpOBaHHI
NOJ3€MHBIX BOX MpPeCHbie BOAH MOMXKHO HARaNJHMBAaTh B BOJXOHOCHBIX
nnacCTax ¢ COJEHHIMH BOAaMH. B 3TOM clyuae HarHeraTelbHYI CKBa-
HUHY HOCJie HEKOTOPOrO MEepPHORA MarasHHHUPOBAHHs NPECHBIX BOX B
BOLOHOCHOM nJlacTe ¢ COJIEHBIMH BOAAMH HCMOJb3YIOT B KAYeCTBE BOJO-
3a60pHO.
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13.2. OTKpbiThle HHPRABTPALHOHHBIE COOPYKEHUSA

OtkpriThie HHOUAbTpauuoHHbe coopyxkeHuss (I tan HBIIB) wuc-
NOJNB3YIOT, Kak INPaBHJIO, JJs1 TOMOJHEHHs! 3allacOB MOA3EMHBIX BOX
HepBOro OT MOBEPXHOCTH 3eMJIH BOJOHOCHOIO TOPH30HTA, He HMeEIOLIEero
TOKPOBHEIX OTJIOXKEHHH WJIH MepPeKpHITOro CJAOSMH CaaboNpOHHIIaeMBIX
nopoa MaJjoi Momnoctd. Hau6osbliee npuMenenne B cucremax VIBIIB
HAULIM HHOUIBTPALHOHHble Oaccefinsl. MHbunbTpanuoH#ble KaHasbl
no cpaBHeHHI0 ¢ OaccefiHaMH HMelT OOJbLIYIO AJIHHY H HHCJIO HX B

cocTaBe YCTaHOBKM OOBYHO Mano. MHOQuAbTpalMOHHbeE IJIONMIAAKH
oTnuyawTes or 6accefinoB Manofi raySuHoi. KanaBo-6opo3poBrie HH-
GUALTPallHOHHEIE COOPYIKEHHS CXOAHHI C COOTBETCTBYIOLIIMMH HppHra-
IHOHHBIMH BOAOPACHpeAeHTeIbHEIMU CHCTeMaMHu. B KauecTBe OTKpHI-
THIX HHQHIbTPALHOHHBIX COOPYXEHHH MOXKHO TaKXKe HCII0Jb30BaTh
ecTeCTBEHHbie H HCKYCCTBEHHble MURMXKeHHs penbeda (oBpard, Gajkw,
cTapopeubsi, Kapbepel, NPYAb), a TakXKe pycaa BpeMeHHBIX H MOCTO-
SHHBIX BOROTOKOB. MHOUABTpanHOHHBle faccelHB HMEWT, KakK NpaBH-
210, IPAMOYTOAbHY (GOPMY B NJAaHe W TpamenenjanbHoe (pexe mps-
MOYTOJIbHOE) TCaepeuHoe H NPOAOJNbHOe ceueHHe.

Ha kpynmueix ycraHoBkax MBIIB npumensioT GaccefiHbl IHPHHOR
no aHy 15—30 M, maunoii 200—400 M u ray6Gunoit 1,56—2 m (pexe
g0 3—4 M). Ilpu Hanuunyu crabonpoHUlaeMBIX TOKPOBHBIX OTJIOKEHHH
IHHIa OaccefiHOB Bpe3alT B XOPOUIO (HIALTPYMOUIHE NMOPOAH HA TJay-
6uny He menee 0,5 M. OOmas ray6uHa GaccefiHa OT AHHINA JO BepxXa
OTKOCa AOJXKHa MpeBHIIaTh TYOHHY ero HaNlOJIHEHHS He MeHee yeM
Ha 0,5 M. HrbunprpannonHbie GaccefiHH ycTpauBarT Ge3 3arpysxi
mHa (pHc. 13.5,a), c necuanoit sarpyskofi aHa (puc. 13.5,6), c rpa-
BuiiHOA -3arpyskoit AHa (puc. 13.5,8), ¢ 3arpyskoil aHa H yKJajaKoH
ApeHaxXHbIX Tpy6 (puc. 13.5, 2).

[Mecuanyio ® rpaBuiiHyl0 3arpy3ky AHa NpeAyCMaTpPHBAWT MNpH
ycrpolicTBe GacceHHOB B I'paBHHAHO-TAJEUHHKOBHIX OTJIOXKEHHAX. Toa-
WIHHa 3arpy3ku ob6biuHo cocraBaser 0,5—0,8 M. PaBoune uepTexu
BXOZHBIX Y3J10B OINBITHBIX H ONMBLITHO-NPOH3BOACTBEHHBIX HH(HUIBLTPAIH-
OHHHIX GaccefiHOB Tpex THHopa3MepoB pa3dpaboTaus CoW03BOAOKAHAJ-
MPOEKTOM H MOTYT OHTb PeKOMeHAOBaHH AJS MPaKTHYECKOTO HCMOJb-
30BaHHUS.

Pabounii nukn OaccefiHa BKJNOUaeT NMepHOA 3aTOMJIEHHS ero jaHa,
HaloJIHeHHs 6GaccefiHa A0 NpeleNbHBIX OTMETOK TPH IOCTOSHHOM HH-
GUIbTPALHOHHOM Dacxoje, COXpaHeHHs HEH3MEHHOro YPOBHSA TIpH TO-
CTellEHHOM yMeHbIICHAH HHQHJIBTPALHOHHOTO pacXoia, OTNOPOKHEHUS
OaccefiHa W mepHOx ero uHCTKH. [IpepenpHas rayGuHa Boanl B Gaccefl-
He ompejessiercqg ero KoHCTpykuueft. Hns GaccefiHOB B cpeqHe3epHH-
CTHIX H KPYNHO3EPHUCTHIX MecKax ¢ KoadduiieHTaMH pHABTpALHH OT
10—20 no 60—80 M/cyT MakcHMajbHBIE CKOPOCTH HHQUJIBTPAIHA
O6HIYHO HAXOASTCH B mpeenax 1—3 M/cyt, Gaccefiinl B MEJKO3epHH-
CTHIX [IECKAX M CYNEeCSX XaPaKTePU3YITCH MHHHUMAJIbHBIMH CKOPOCTSMH
HHpHnbTpauuun — o 0,5 M/cyr. B rpaBuiiHO-rasieyHHKOBHIX IOpOAAx
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Puc. 13.5. Cxemn uHbHALTPALHOHHBX GaccefiHon

@ — O6JerieHHOro THIA Ha NECYaHOM OCHOBAHHMH, 6 — KalHTaJAbLHOTO THHA ¢ Ilecya-

HOfi 3aTpy3KOH U KpelleHHeM OTKOCOB; 8 — C IPaBHIHON 3arpyskofi; e — ¢ ApeHaxeM

mon nuueM Saccefina (¢ 0OcHnKol rpaBMeM ¥ neckowm): I — rpaBnil; 2 -— Kpenae-
une; 3 — necok

CKOpPOCTH HH(HABTpPalMH MOryT AocTHraTh 3HadeHuit 20—30 m/cyT n
BHIILIE.

ITpousBonuTeNpHOCTE 6aCCEHHOB MOXHO ONPEREJIATh IO AHAJOTHH
C JNeHCTBYIOILIMMH YCTAHOBKAMH HCKYCCTBEHHOIO IONOJHEHHS H pacue-
tTaMH. OcHOBHasi 3azaua pacueTa MHQHUIBTPALHOHHHX COOPYXKeHHH —
onpepeseHde CKOPOCTH HHGPUABTPAUuH WM HHABTPANHOHHOrO pacxo-
Za, KOTOpHIH GyAer nocTynaTs B BOAOHOCHHIM HjacT B pa3jHYHHE Ile-
pHonsl BpeMeHH. B ofuem caydae pacuer GaccefHOB BeAyT C Y4eTOM
pexuMa HX 3KCIUIyaTauuy B NePHOA HaloJHeHus, HOALepXKaHHA IO-
CTOSIHHOTO YPOBHSH, ONOPOXKHEHHUsI H YHCTKH.

OnHako NPOMU3BOAMTENBHOCTh 6GacCefHOB MOMKHO OLEHHTh H TIpH
ynpolueHnoM rpadHKe HX SKCILIYaTalMH, COOTBETCTBYIOUIEM DPEXHUMY
noAjepKaHHsi MOCTOSIHHOTO MaKCHMaJIbHOrO BO3MOXKHOro yposas H u
NOCTOSIHHOTO pacxofa Q.

Ilpu Hy==const ¢uAbTPalHOHHBEIA pacXoh oONpeAeasicT no ¢op-

MyJe
AH,
== —_— 13.1
Q ]/ T (13.1)

rae fo=AH,/2MQ; M — conepxaune B3BelieHHHX UYaCTHY B Boje, NoJaBaeMoil B
Gaccefin (MyTHOCTB; =RyVex (kn-— Ko3hduuuenT QuABTpPaLHd OCaAKa-IJIEHKH Ha
JHe Oacceflna, yex — OOBEMHas MacCca CKeJseTa MJIEHKH).
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[Ipu npoHumaembix OTKOCAaX K Pacxopdy, onpejenseMoMy 1o ¢op-
Mynae (13.1), no6aBasieTcst pacxof yepe3 OTKOCHI
Q°=0,67Q. (13.2)

B ¢opmyne (13.1) ¢, — HeKOTOpOe HauaJbHOe BpeMs, COOTBeTCTBYIOllee 3aja-
BA€MoMy HA4aJbHOMy pacxofly Q* (o6viuno mpunuMaercs ot 5 mo 10 m3/cyr).

IIpu Q=rconst npousBogUTEeNBLHOCTL GaccefiHa C HelPOHHIAeMbIMH
OTKOCaMH HaxoAAT TMo popMmye

e Sw_ v/ AHa
C=Q*=]/ T (13.3)

a C IpOHHHAaeMBIMH OTKOCaMH

Q* = Q,* = L‘/[Bz+ 3BV 1+ mzz;rt 2 (1 + m*) Hy] AHu (13.4)

Beanunun Q v Qo* no ¢opmynam (13.1) u (13.3) npeacrasasitor
cobofi pacxonnl Bojononauu B 6accefiH, KOTOpHE HYXKHO MOANEDKHUBATD
IIOCTOSIHHBIMH JJIst TOrO, 4TOOb K KOHUY nepHofa I* rayGuHA BOXH
B Gacceiine cocraBuna Hy. B ¢opmynax (13.3) u (13.4) m — 3anoxe-
HHe OTKOCOB, B u L — COOTBeTCTBEHHO LIMpPHHA H A/MHHA GacceiiHa IO
AHYy. PacuerHoe 3HaueHHe MYTHOCTH M yCTaHaBJHBAaOT [0 HaHHBIM
THIPOJIOTHYECKHX €XKelrOJHHKOB KaK CpeflHee 3a NepHOMA, COOTBETCT-
BYIOIMHA QUABTPONHKAY GacceiiHOB.

IMapaMeTp A MOMKHO OTpefesATh NYTEM HCCJAEHAOBAHHH HAa OIBIT-
HOM GaccefiHe, HHQUILTPOMETPe MM (PUILTPANHOHHOM TpHuGOpe, HC-
NOJIb3Yst COOTBETCTBYIOIIHE pacueTHble 3aBHCHMOCTH, HelOCpPe[CTBEH-
HbIM OIpelesieHHeM BeJHUHMH Ry H yex TPH o6CaefoBaHHHM Gaccefina
nocjie ero ONOPOXKHEHHS MJH B Ipolecce 3KCIIyaTalHH. B mepBoM
NPUOTHKEHHN Ry M Yex, @ 3HAUHT, U BEAHUMHY A MOXKHO BHLIYHCJIHTD
70 JAHHBIM O COJIepPKaHHH TJIMHUCTHIX H MeJKONbIIeBaThlX ¢paknui P
(puc. 13.6). I'padHK, npuBelleHHHI Ha 3TOM DHCYHKe, COCTaBJjieH Ha
OCHOBe DKCIIEPHMEHTAJbHbIX HCCAEAOBaHHH, NPOBEJEHHBIX B MOJCBLIX
YCJIOBHAX Ha psAfe BOA03a0OPOB MOA3EMHBIX BOJA C HCKYCCTBEHHBIM
TOANHUTHIBAHHEM.

I1pousBoaMTeIBHOCTL HHOUABTPAUHOHHBIX COOPYKEHHH OTKPBITOrO
THIIa MOXHO BOCCTAHABJHBATb C UX IIPEJBAPHUTEJbHHIM ONOPOXKHEHHEM
unu 6e3 omopoxkHeHHsA. B mepBoMm cinyuae mpoBOASAT BCHailKy, 6opo-
HOBaHHe, PHIXJIeHHE H CHSITHE 3aHJIEHHOTO CJIOS BPYUHYX HJH MeXa-
nusMamu. I1pu pyuHo# uHCTKe cHHMalOT Haubosee 3arps3HEHHBIH CJa0i
fecka ToJmMHoi 1,5—3 cM BMecTe c MJIeHKOH.

Perenepanus Ge3 ONMOPOXKHEHHs NMO3BOJISIET HENPEPHIBHO IKCIIya-
THPOBaTh HHQHUNBTPAUOHHBE COOpYKeHHA. A 3TOH mead npomyc-
KaloT IOBLIIIeHHble PACXOAK BOABI, HCIOJNB3YIOT 3eMCHApPSAbl Pas3/uu-
HBIX THIIOB, YCTAHOBKH C BHICOKOHANODHBLIMH CTPYSIMH Ha MOCTOBOM
kpaHe. ns Gopb6H c 3aHjeHHeM HHGUILTPALHOHHBIX COOPYKEHHH
OTKPHITOTO THIIA MOXKHO HCIOJb30BaTh M T'HAPOGHOJOrHUECKHE MeTO-
Abl: pa3BejleHHe BJaroar00HBEIX PACTEHHH H PHIGHL.
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2 wr/i Puc. 13.6. 3aBucumocrb 0606 EHHOrO

kr/H cym napamerpa A=~yc, OT NpPOUEHTHOrO
(o macce) copepxaHus B BOAE, moja-

3 5\ BaeMOfi Ha HHOUILTPAUHIO, MEIKOIbl~

~ NeBATHIX M CAMHHCTHIX (paxumii

25 N

15 —

75 .

20 40 60 2%

VCeTaHOBKH HCKYCCTBEHHOIO MOMOJHEHHS C HCHO/Nb30BaHHEM OT-
KPBITHIX HHGHABTPALHOHHBIX COOPYXKEHHH YCHeurHo MPHMEHHIOT B
CCCP (8 Jlarsuu Ha Bomosalope «bBanresepc», B JIuTBe Ha BOJO3a-
Gope «Jiiryasii», B HepHoBuax, Ha HepHeeBCKOM Bomo3abope, B MBa-
Ho-®pankoscke, B Kaayre, HoBokysHneuke u psiie APYTHX TOPOLOB
i1 pPailoHOB).

13.3. 3akpuiTbie HHPHILTPALUHOHHBIE COOPYKEHHS

VHHABTpALHOHREE COOPYKeHHst 3akpuiToro THia (11 THn UBIIB)
peKOMEeHAYeTCst TMPHMeHATb B TOM cjydyae, KOra Ha MOBEPXHOCTH
3eMJIH 3aJeralT OTHOCHTeNbHO cJjabolpoHHIlaeMble MOPOAE WK IPH
COMCTOM CTPOEHHM 30HBI a3pallHH. DTH COOPYXKeHHsl NPeHMyllecTBeH-
HO pacnpocTpaHeHbl B pafioHax, rae YCTPOHCTBO M 3KCIJyaTalHs
HHQHUABTPAHOHHEIX 6acCelHOB M APYTHX OTKPHITHIX COOpY2KeHH it
KpaiiHe 3aTpymHeHH (HampuMep, B pafionax, rae HabJIOKAKNTCA nec-
yaHble ¥ MbLIbHBIE GYPH W TPYAHO rapaHTHPOBaTh TPebyeMoe Kau4ecTBO
BOZB B OTKPHITHIX COOPYXKEHHSIX MW KOTAa MPOHCXOAMT HX mpomepsa-
HHe B 3HMHee BpeMs).

B 3aBHCHMOCTH OT XapakTepa pa3MellleHHs B BOLOHOCHOM Iliacre
3aKpHITHE HHQUALTPAUHOHHbIE COOPYMKEHHS MOAPA3ALNAWTCA HA TO-
pH3OHTaNbHEE M BepTHKaJbHbe, [OPH3OHTa/IbHbIE 3aKPHTHE HHOHD-
TpaLMOHHBEIE COODPYKEHHS, TakHe, Kak TpyGuaThie JPeHHbI, rajeped H
IITOJIbHY, He HallAH UIHPOKOrO NPHMEHeHHS B NpPaKTHKe BOCHOJHEHHH
3a1acoB MOA3EMHBIX BOA. DTO B NMEPBYIO Ouepeib OOBACHSAETCS OTCYT-
CTBHeM 3(@dEKTHBHBIX METOZOB BOCCTAHOBJIEHHS HX HPOHSBOAHTENb-
HOCTH H HEeCOBEPILIEHCTBOM CaMHX KOHCTPYKUHH.

HauGoablllee pacnpocTpaHerye MOJYIH/IH BePTHKANbHEIE 3aKPhITHE
HHQHIBTPAUHOHHEE COOPYXKeHHs: WYPDH, WaXTHHE KOJOAUB H OY-
poBbie ckBaxuHbL. Ilypobl, Kak NPpaBuIo, yCTPAHBAOT AHAMETPOM
10 4 M ¥ npH rayGuHe YpoBHSI IPYHTOBHX BOA JHo 5 M (puc. 13.7).
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Pue. 13.7. Cxemu mypdor
a—wypd, paboraomuii xgHOM; 6 — Mypod,
paborawmuii gHOM H GOKOBHIMH CTEHKAaMH:
I — xene3o0eronHsle Koablia; 2 —— peMeHTa-
uusa; J— duabrp; 4 — BogonojawilHe TPy-

Obi; 8 — BOJONPHEMHbLIE OTBEPCTHS

Puc. 13.8. CxemMa maxTHOro Kojoaua

I — Mertanniyeckoe KOJIbLO ONYCKHOTO MNpH-

cnocobneHus; 2 ~— duabTp; 3§ — BojonpHeM-

Hble OKHa; 4 — XKene300eToHHble KOAblia, § —
TaMmnoH u3 6etoHa M 200; 6 — neMeHnTanus

Crenku mypdoB Kpensit GeTOHHBIMH KOJbLAMH, a Ha JHe YKJAaJABBa-
10T QUAbTPYOLLYI0 3arpysKy. Ecin HeoGXOAMMO YBEJHYHTh HHOH/IB-
TPALHOHHHIH PacXol, MOXKHO 3arny6HTb Wypd M YCTaHOBUTh B BGOKO-
BbIX CTE€HKax chnenuasbHble (QUIBTPYIOMIHE 3JEeMEHTH M3 [OPHCTOro
GeToHa, MOPHCTOM KePaMHKH MJM KOXYXOBHIX BCTaBOK € MORoGpaH-
HBIMH 3aMOJMHHTE/SAMH.

laxTHple KOJMOAUBI 1es1ecoo6pasHo YCTPauBaTh, KOrja YpOBEHb
TPYHTOBHIX BOJA Haxojurtcs Ha ray6use po 30 M. HudbuabTpauus us
IWaXTHBIX KojoaueB (puc. 13.8), Kak u M3 mypdoB, MoXKeT NPOHCXO-
AUTH yepes JAHO, GOKOBHle CTEHKHM HJIH OJHOBPEMEHHO uYepe3 GOKOBbIe
CTeHKH H JHO.

ITpu pabore KonoAua TONBKO AHOM BO H36eXaHHe KOJbMAaTaa
BOJOBMEIIAIOMIHX MOPOX B 3aBUCHMOCTH OT HX I'DaHyJOMeTpPHYECKOro
COCTaBa B OCHOBAHHH KOJIOAUA YCTPAHBAIT OXHO- MJH ABYXCJIOHHBIH
ngcqaﬁo-rpaanﬁnﬂﬁ GuALTP ¢ TOAUIMHOH KaXKAOro c€J1oS He MeHee
15—20 cm.

ITpu paBore Kos0ANa CTEHKaMu B Npeaesax BCKPHTOH YacTH BOLO-
HOCHOTO Il1acTa B CTeHKax Mpope3aloT BOAONPHEMHBIE OKHA H yCTpau-
BAIOT OAHO- WM ABYXCIOHHBIH NecyaHo-rpaBUiHbIA GuibTp. Tomuwuny
KaXJ0ro cnosi OTCHIIKA TaKke NMPHHUMAIOT o 15—20 cM, a KpynHOCTh
dpakunii NOAGHPAIOT B COOTBETCTBHH C PeKOMEHZANHAMH Mo f1oabopy
¢bunbTpos. IIypdr 1 mwaxTHEE KOJOAIUB 1eaeco06pasHee BCero coopy-
®arb B Ge3HANOPHLIX BOXOHOCHHIX TOPU30OHTAX, CJOMKEHHBIX KPYIHO-
06/IOMOUYHEIMH TIOPOJAMH C BHCOKOH NPOHHILAeMOCTBIO.
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Puc. 13.9. Cxemp! HCRONb30BAHWS MNOTNOMAMHKX, APEHAXKHO-NOMNOWAKIMHAX ¥ CKBa-
KHH JBOHHCIO HL3HAYCHEs B CHCTEMEX MOMOJHEWHs 3aMacoB NOJA3EMHBLIX BOJ M 3a-
IMTH BoRo3aGopos

4 -— CHCTEMa H3 NOroLLapIledl H BOJ03aGOPHON CKBaXKHHB; 6 — CHCTEMa MarasH-

HHPOBAHHS C HCNOJNb3OBAHHEM TPYHTOBHIX BOJ, OTGHpacMbix GeperoBniM B0403a60PCM,

HJIH NOANHTHBAHHE HE HACHILUleHHOro BOJOl MacTa, THAPaBJAHYECKH He CBS32HHOTO

C PeKofi; 8 — OpraHH3alius CaMOTEYHOrO NepeTOKa H3 BePXHEro rOpH3OHTA B HHXHHE,

2—T0 Xe, H3 HHXHETO FOpH3CHTZ B BepXHHIl, 0 -— ruapabaudeckuii 6apbep BOAO3a-
6opa y Mops

HanGouabillee pacnpocTpaHenHe M3 BceX 3aKPHITHX HHOHJIbTPAIH-
OHHBIX COOPYKEHHH INOJYuUHJIH OypOoBble CKBaXKHHBI, KOTOpHle 1O Ha-
3HAYEHHUIO W YCJIOBHAM JKCHJIYaTallHH MOXKHO MOApa3je]HTb Ha cJje-
Ly1OlHe THIIBL

TlepBut Tu —3TO TaK Ha3HBaeMbie MOIVIOUIAOUIHNe CKBAXKHHHI,
ofecrnieynBaoNife NOAaYy BOAHL IIOCJe ee NMPeABApHTeNbHOH NOATOTOB-
ku (puc, 13.9) HemocpencTBEHHO B 3KCHJAyaTHPYeMBIH maact. ITd
CKBa’KHHBI MOXKHO SKCHJYaTHPOBAThb KAK B peXXHMe NOIJOLIEHHA IPH
CaMOTeYHOM IMojiaue BOABL, TAaK H B PeXXHUMe NPHHYAHTEJbHOH 3aKaukKH.
Tlornomwamuiie CKBaXXMHH NPHMEHAIOT He TOJBKO AN MONOJHEHHUSA
3anacoB NMOA3EMHHIX BOJ, HO Tak¥Xe JJsi CAeAYIOUIHX Iefeli: co3AaHHus
THApaBinuecKHx 6aphepoB, NPeAOTBPALIAIOIHX HHTPY3HIO MOPCKHX
BOA B 3KCIJIyaTHpyeMbie BOJOHOCHHIE FOPH30HTH (cM. pHc. 13.9); ans
CO3AaHHsl JHH3 NPEeCHbIX BOJA B IJacTaX C COJeHHIMH; B CHCTeMax
06OpPOTHOTO BOJOCHA6XeHHS M YCTaHOBKaxX KOHAMHHOHHPOBAHHA BO3-
Jyxa, KOria BOJOHOCHBIH IIaCT HCIOJB3YyeTCH B KauecTBe TeNJIOBOR
peryaupyomie eMKOCTH.

Ko BTOpOMy THIY OTHOCATCS APEHAXKHO-NOIVOIAKIHe CKBAXKHHD,
npeaHasHadeHHHle A APEHHPOBaHHS BepxHero ropusosra (puc. 13.10)
¢ mogauell BOABLI B HMIKHHH 3KCIJyaTHPYEMBIil NJacT HaH, Hao6opoT,
AN TepeToKa BOAbI M3 HUXKHEro HamopHOTO mJacTa B BepxHHE Oes-
HaNMOPHBI HJM MeHee HANMOPHBIA 3KCIayaTHpyeMblii ropHsost. Ilpm
HeOoOXOMMOCTH H COOTBETCTBYIOILEM OOOCHOBAHHH APEHaKHO-TOrJo-
mjaplHe CKBaXXHHB MOryrT OBITh OCHallleHBl BOZOMNOXbEMHBIM 000py-

140



Puc. 13.10. KoucTpyxiuun norjomaiomei # APeHaKHO-TIOTJIOMAIOMEH CKBAXKHH
@ — MOrJIOLIAIOLIAsT CKBaXKHHA; 0 — JApeHaHO-TorIomaniias CKpaxXana: | — danbr-
pOBHIH Kapkac;, 2 — 06cafka; 3 — npobka; 4 — OTCTOHHHK; & — 9KCIUTyaTaUHOHHAs
KOJIOHHA, 6 — KOHIYKTOp; 7 — 3aTpy6Has UEMEHTHPOBKa; 8 — cajbHuK; 9 — HalJio-
naTelbHas CKBa)kHHA; 10 — 3aTpyOHbIN NbE3OMETD

617 7
SRR ——
B (WA ¥

Puc. 13.11. CxemMa BXOZHOrO y3Ja nOrJomaomei CKBaXHHH

1 — norsiomiawiag CKBaxuHa, 2 — HablojaTeNbHas CKBaXHHA, 3 — mbesoMerp; 4 —
BOlOMED; 5 — 3a[BHKKA; 6 — MaHOMETD; 7 — BaHTY3

AOBaHHeM M paboTaTb OXHOBPEMEHHO B peXKHMe MNOrJOLIeHHs (mepe-
TOK) HJH OTKa4KH.
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TloMHMO yKa3aHHBHIX BHIllle THIIOB, HMEIOTCSI CKBaXXHHBI ABOHHOTO
HasHayeHHs, paboTaloliHe NMONePeMeHHO KaK NOIVIOIAIOMIHE H BOJO-
3abopuple. Takne CKBaXKMHBI, HaNpHMep, HCIOJB3YIOT 1Js1 oGora-
LIeHHs1 TIOAMEP3JIOTHOrO BOAOHOCHOTO TOPH30HTA B JETHHH MepHON,
YTOGH HCNOJB30BaTh BOAY 3HMOM, HJIH AJ CO3[AHHSl 3alacOB B 3HM-
HHA NEPHOA ¢ MOCJeAYIOIKM ee 0TGOPOM B JieTHee BpeMsl roAa.

KoHeTpyKuHs BOXONPHEMHOR YacTH CKBaXKHHB ABOHHOrO Ha3Ha-
YeHHsl He OTJHYaeTCss OT KOHCTPYKUHH Norjoluaiomedt ckpaxuusl. Ilo-
[JIOIAIOINHe CKBAXKHHE, KaK NPaBHJIO, COOPYKAIOT GOJBIIMM JHaMeT-
pOM C YCTaHOBKOH (GHJLTPOB H3 AHTHKOPPO3HOHHHIX MATepHaJOB H
yCTPOHCTBOM rpaBHAHON 0OCHINKH. JlpeHaKHO-NOTJOMAOIINE CKBAXKH-
HH (cM. puc. 13.10) oGopyayior duabTpamu Ha o6a ropusonra. s
yAYUullleHHs1 YCJIOBHl JPEHHUPOBAHUS HJH NepeToKa IpaBUHHYIO 06CHII-
Ky MOXHO YCTPaMBaTb He TOJbKO B HHTEPBaJie YCTAHOBKH (HJBLTPOB,
HO H B npefeax caabonpoHHIaeMOH NPOCTIOHKH.

Hns koHTposs 3a paboTOd CKBAXKHH HEOGXOAMMO MPELYCMOTPETh
COOTBETCTBYIOIlee O6OPYNOBaHHE, INO3BOJSIONICE H3MEPSATh PACXOL H
KOJIMYECTBO BOJH, INOCTyNawmllee B IJACT 3a BpeMs SKCILIyaTanHH
CKBaXXHHEl; PeryJHpOBaTb NOAAYY BOJb B CKBaXKHHY H HOJHOCTBIO
OTKJIOYATb CKBaXXHHHl OT IHTAIOLLEr0 BOJAOBOAA; H3MepATb AHHAMH-
YeCcKHe YPOBHHM BOJAH B CKBaXKHMHE, HAa KOHType OGCHINIKH H BOJH3H
cKBaxXHHH. CXeMa pa3MeIIeHHSI H YCTAHOBKH Ibe30METPOB MJsi KOH-
TPOJs 3a paboToii norJomawlled CKBaXkHHE NpHBefeHa Ha puc. 13.10,
a THNoBas cXeMa BXOJHOTO y3Jja naHa Ha puc. 13.11.

B cxBaXKHHB IBOHHOrO Ha3HaueHHs, paboTalolliHe MONepeMeHHO
B peXHMe INOIJIOUIeHHs ~— OTKA4KH, BOJY MOXHO NOAaBaTh IO TpPeM
cxemaM (puc. 13.12): B KOJIbUEBOH NPOMEXYTOK MEXKAY BOMOIOABEM-
HOH M 00calHO! KOJOHHAMH C YCTAHOBKOH CNelHaJbHOTO NaTpyOKa
Ha ycTbe cKBaXHHH (pHC. 13.12, @); HeNOCPEACTBEHHO Yepe3 MOrpyx-
HO# Hacoc (pHc. 13.12,6), B KOTOpOM NpexBapHUTENbHO AEMOHTHPYIOT
o6paTHHIH KJaamaH; 1O ClNeHHAJbHO CMOHTHPOBAHHOH KOJIOHHE
(puc. 13.12, 8), KOTOpYIO ONYyCKAIOT IOX YPOBEHL BOABI B CKBaXKHHE.
CxeMa BXOJAHOr0O y3/ia CKBaXKHHBI ABOHOTO Ha3HAuYeHHs TOKa3aHa Ha
puc. 13.13.

B cayuae skcniyaTalMH CKBaXXHH NIBOHHOTO NEHCTBHSI B PEXHMe
HOTJIOLIEHHs BOAY NOJAIOT MO NOABOAfALICH JHHHH 3 IIPH 3aKPBITOH
3aaBHXKe Ha 06BofHON JHHHH. Ecan Tpebyercss 3aMepUTh pacxoll BO-
IHl, MOJaBaeMOll B CKBAaXKHHY, 3aKPHIBAIOT 3aJBHXKY 6 Ha NOABOIA-
IIeH JIMHUM M OTKPBIBAIOT HAa 06BOXHOM. IIpH nepeKnIIOueHnH CKBaXKHHEI
IBOHHOTO HeHCTBHS B PEXHM OTKAYKH HEOGXONHUMO COPOCHTH NepBbIE
NOPUHH OTKauHBaeMoil Boxwl. Il 2TOr0 3aJBHXKH Ha IOABOASIIEH
H HallOPHOH JIHHHSIX 3aKPHIBAIOT, a Ha JHHHH c6poca OTKPHIBAIOT.
Tlocae Toro xak KauectBo OTKauHBaeMo# BOALI CTAHET YJAOBJIETBOPATH
HeoO6XOAUMBIM TPeGOBAHHSM, CKBAaXKHHY IepeKJIoualoT Ha HaAMOpHYIO
JIHHHIO.

B 3aBHCHMOCTH OT KOHKpeTHHIX YCJOBHi IOfAaya BOAbl B IOLJIO-
Lal0IHe CKBAXXHMHEI BO3MOXHAa M 6e3 COOTBETCTBYIOLIEeH BOZONOATrO-
TOBKH. HanpuMep, B paiioHax, 3aTOIJIAEMBIX B NepHOJ AOXKIAeH, NMpPH-
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Puc. 13.12. Cxemsl n0oJa4u BOAK B CKBAXKHHB JABOMHOI0 Ha3HAYCHHSA

G — B KOJIbIeBOA MPOMEKYTOK MeXIy BOAONOABEMHON H OGcaZHOH KOJOHHaMH C yc-

TAHOBKOH CNenHaxbHOro NaTpyb6Ka Ma ycTbe CKBaXKHHBI, 6 — HeNOCPeACTBEHHO uepes

NOrpy’KHON Hacoc, B KOTOPOM NpefBapPHUTEJbHO NEMOHTHPYIOT OOPAaTHBIH KJAamaH; 8 —

MO CHelHaJlbHO CMOHTHDOBAHHOH KOJOHHE, KOTOPYIO ONYCKAaloT HOoJ YPOBEHb BOXH
B CKBaXHHE

Puc. 13.13. Cxema BXORHOro y3/ia CKBaXKWHH ABOHHOro Ha3Ha4yCHHH

1 — cxBaxuHa J[ABOHHOIC Ha3sHAueHHs, 2 — HabumwogaTelbHble CKBAMXHHH, J — HOABO-
Astasi nuHEHS; 4 — JHHES QIS OTBOAA OTKAauyHBAeMOH BOAH;, & — cOpocHasi JIMHHA;
6 — 3aABHXKH; 7 — BaHTy3; 8 -— obpaTHbifi Kaanan; 9 — 3aTpyOnbfi Hbe3OMerp

MeHHME! CXeMHl, IpHBeneHHbe Ha puc. 13.14,a u 6, a npu pacnoso-
JKeHHH IorJollamiiei CKBaXKHHH BOJIM3H peKH, O3epa HJIH KaHana
MOXKHO NPHHATH KOHCTPYKILHIO OrOJIOBKA CKBaKHHBI, NPUBEJEHHYIO Ha
pHc. 13.14, 8.

OcHoBHast 0COGEHHOCTb pacyera INPOH3BOLAUTENbHOCTH CKBAXKHH,
NPUMEHsieMbIX IJIsI HCKYCCTBEHHOTO IOMOJHEHHS 3amacoB NOA3eMHBIX
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Puc. 13.14. Cxema nopauu BOAH B MOrJIOHIAIOUIAE CKBAXHHHK e3
BOAONOATOTOBKH

a, 6 — ycTpoiiCTBO OTOJIOBKAa CKBaXKHHBHI B paioHaX, 3aTOMJIIEMbIX

B NIepPHOJ ROXJeil; 8 — KOHCTPYKHMS OroJIOBKa CKBaXXHHB BOJH3H

BogoeMa: | — 3KCIMyaTalMoHHAA KOJOHHA; 2 -— saTBOp; 3 — Tpy-

6a d=50—75 mM; 4 — rpaBuiiHpil GuabTp; 5 — nepdopupopauHasn
Tpy6a

BOJ, COCTOHT B HEOGXOZMMOCTH ydera NpPOLECCOB KOJbMaTaxa (HIb-
TPOB H NPHCKBAXKHHHHEIX 30H II1acTa. B 3aBHCHMOCTH OT XapakTepa H
¢u3udeckofl CYLUHOCTH IIPOLECCOB, NPOTEKAIOIUX NPH paboTe CKBa-
JKHH, Pa3/JHualoT CAeAyIOliHe BHAB KoJaMaTaxKa: 1) MexaHHuecku#,
BO3HHKAIONINHA H3-3a HAJH4YHs B NOJaBaeMOH B CKBAaXKHHHI BOJE B3Be-
IIeHHBIX BEleCTB OPraHHYeCKOr0 WM MHHepaJbHOro NMPOHCXOXKIEHHS;
2) BoamymiHBE, 00YCJIOBJAEHHBI HaKONJIeHHeM B nopax ¢uabTpa BO3-
AyXa, TpPOHUKAIOIIEro BMecTe ¢ 3akauHBaeMoH BOJOH MM o6pasyio-
merocsi B pe3yJbraTe AecOpGUHH H3 BOAH; 3) XHMHUECKHH, CBS3aHHBIH
C HapYLIEHHAeM THADPOAMHAMHYECKHX H TeMIIepaTypPHHIX YCJOBHH B
naacte (M3MeHeHHe AAaBJIeHHss M TeMlepaTyphl) H B3aHMOJEHCTBHEM
3aKAUHBAEMHBIX H [JIACTOBHIX BOJA ¢ 06pa30BaHHEM TPYAHOPACTBOPHMBIX
XHMHUYECKHX coeInHeHHMil; 4) Onosorauecknit, o6yc/OBJEHHEIH pasBH-
THeM Xeje306akTepHil, cyabbaTperyunpylomix 6aKTepHit # APyTHX
BHAOB GHONOrHYECKOH HesiTebHOCTH.

B pesyjbTaTe KoJbMaTa)Ka BO3PACTAET CONPOTHBJIEHHe (HUIBTPA-
MM BOABI, H NPH paboTe MOrJOMAIIIHX CKBAXKHH C NIOCTOSIHHBIM pac-
X0fIOM YBEJMYHBAETCH HANOpP HA YCTbe, a HPH 3aKauKe ¢ MOCTOSHHLIM
HanopoMm CHHXaeTcsl HX NPOH3BOAHTEIbHOCTD.

Ha nauanbHOM 3Talle SKCIJIyaTallds NMOTVIOIIAIONIHX CKBaXKHH, KaK
NPAaBHJIO, OCYINECTBJASETCS ¢ MOCTOSIHHBIM pacxomom (Q=const). Has-
3a KosibMaTa)ka Bo3pacraer Hanop H Ha ycTbe CKBaXkHHH, H K HeKoO-
TOPOMY MOMEHTy BpeMeHH Ty OH CTAHOBUTCSl DPABHLIM AONYCTHMOMY
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3HaueHn0 Hypop. B wacTHoM cayuae, ecin ckBaxKHHa paboTtaer B pe-
JKHMe CaMONOrJjouleHusi (T. €. INPOUCXOAHWT CBOGOAHHIA HAJHB B Hee
BOAB), BeJHUHHY Hyop IPHHUMAIOT PABHOM OTMeTKe ycThsi. C MOMeEHTA
BpeMeHH T; CKBaXKHHAa MOXeT SKCIJYaTHPOBAaTbCs KaK B pexHMme
H=Hyop=const, Tak u npu Q==const. B nocsenHeM ciyuyae ycTbe
CKBaXKHHBI 'epMeTH3HpYyeTcsl H BOJAA Nomaercss Hacocom. Ha npakruke
nenecoo6pasHee OCYIIECTBJASATb IKCNAYATAllHi0O CKBAXHH B PekHME
Q =const.

Jnsi norJomanmHX CKBaXKHH, paboTalOIIHX B pexume Q==const,
TNOBBIILIEHHe HANOpa COCTABHT

Ah = Ahy + By, (13.5)

rae Ah, — noBHlIeHKe Hallopa B MJacTe Haj NEepPBOHAYaJbHEIM ypoBHeM, 06yc/OB-
JeHHOe TaK Has3hbiBaeMBIM BHEHIHHM COﬂpOTHBJIeHHeM Ahch—HOTepH Hanopa, CBsA~
3aHHbie ¢ BHYTPEHHBM COIpPOTHBJeHHeM B CKBaXKHHC H B npﬁcxsamunnoﬁ 30He.

TlepBylo M3 yKa3aHHBIX COCTABJAIOIAX Ahy omnpenensiiorT N0 O6HIY-
HO#i dhopMyJie noA3eMHOH rmpamuxn:

rae £ m—koaddunnent GHABTPAUHE H MOIIHOCTH NJacTa (B Ge3HANMOPHHX MJa-
crax m=20,8hc, rie h.— nepBoHadaipHan TFAyGHHA BOAH 10 BOLOYHODE); R — ¢yHK-
uus BHeWHero rHAPaBIHYECKOrO CONPOTHBJEHHS, ONpEfensieMas B 3aBHCHMOCTH OT
pa3MepoB H reoMerpruecKoli GOPMH BOJOHOCHOTO MJiacta, yCIOBHA Ha €ro TpaHu-
112X, a TakXe pa3MepoB CKBaXKHHH.

Bropyio cocraBasionyio Ahexs dopMyast (13.5) onpenmensitor cie-
AyiomiuM o6pasom:

9 el
Moy = 5o b E=Eye +E0 (13.7)

rae §-—-—Bemmpma BHYTpEHHero COHpOTHBﬂeHHH a HHJEKCaMH <H.C» H «K» 00603Ha-

YeHbl BEJNYMHEL, oéycnosneﬂnﬂe HenoJAHOTOR BCKPHITHUA MJacTa H KOJibMaTaxeM.
Tlo cyuiecTBy, B Ipoliecce SKCIJIyaTallHH TOTJIOMAIOIHX CKBAXKHH

HeOOXONHMO NPOTHO3HPOBATHL H3MEHEHHE BeJHYHHH &y CompoTHBJje-

HHe XKe En ¢, KAK NPABHIIO, BO BpEMEHH He H3MeHsieTCs.
JlonosHuTeNbHOE CONPOTHBJIEHHE COCTAaBHUT

§K=O,5(—£—wl)1n(l+a2), (13.8)

rae ky — ko3ddunKHeHT HUABTPANHK 3aKONBMATHPOBAHHOrO CJOS TPYHTA
_ k- Q¢ \
wan be=0.5( —1)in prar (13.9)

I'paduku BO3pactaHHs AONOJHHTEJLHOIO CONPOTHBJIEHHS, COOTBET-
CTBYIOIlHe PAaCCMOTPEHHHBIM BhIle 3aKOHOMEPHOCTSIM, MpHBENEHH HA
puc. 13.15. Bo Bcex cayuasix AJsi MPOTHO3a BEJIHUYHHH £ HCXOHLHBIE
napaMerpsl (Ru, Yew, @, PN, y) HEOGXOAHMMO ONpPenessiTh KCIepHMEH-
TajbHbM nyTeM. HaHGonee Haje)kHble HNaHHBIE MOXKHO HOJNYYHTH HA
ocHOBe HabJiofenu#i 3a pa6oTol HOIJIOU[AIOUINX CKBAXKHH HA Hauyajb-
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Puc. 13.15. Bo3pacTanne conpoTHBACHHA Ex, o0yclioBAeHHOro NPOsABJIEHHEM pasauy-
HOro BAAA KoJbMaTaXa

a — o6pa3oBaHHe NJEHKH; 6 — MocTeneHHOe HAKOMJIEHHe B3BeCH B MOPAaxX MOPOA NpH-
CKBaXKHHHOW 30HBI; 8 — HAKONJIEHHE B3BECH B MOpPax NMOPOJA TNPHCKBAXHHHOK 30HH
B PaBHOBECHBIX YCJIOBHSX

HOM 9Tane HX sKcmayartauud. ITo 3THM JaHHBIM yTOYHSAIOT H KOPpeK-
THPYIOT HaMeuaeMble PEXHMbl SKCIJyaTalHH CKBaXXHH H CPOKH HX
pereHeparyu.

TJIABA 14. OCOBEHHOCTH UCITIOJIb3OBAHUS
NOA3EMHBIX BOA NJIA CEJIbCKOXO3AMCTBEHHOIO
BOOOCHAB)XEHHUSA

14.1. BechuabTPOBBIE CKBAXKHHBI

Ilpu opraHu3anuu CeJbCKOX03iCTBEHHOTO BOLOCHAGXKeHus1 Ha Oa-
3¢ MOA3EMHBIX BOJ HeOO6XOAHMO 06eCHeuHTb BBICOKYIO HAAEXHOCThb
BO03a6OPHBIX COOPYKEHUMH B YCJIOBUSX HepaBHOMEPHOro BoxooTbopa,
IPAKTHYECKOTO OTCYTCTBHs pe3epBHPOBAHMsI CKBaXXHH BBHAY HH3KOH
KaTeropuiHOCTH OGbEKTOB BOAOCHAGXKEHHs, BapbHPOBaHHS nebOHTa
BO#03a6opoB B LIHPOKHX mnpepenax. IIpu 3ToM ciaeayer y4YHTHIBATH,
4TO BOA03a60OPH MJs CEJIbCKOXO35IHCTBEHHOIO BOLOCHaGXeHHsl 3ada-
CTYI0 COOPYXKaloTcsd B TPYAHOLOCTYIHBIX paloOHAx, The 3aTpyAHEHH
IPOU3BOACTBO PaGOT CO CTPOHTEJIbCTBOM JOMNOJHHTENbHBIX BOX03260-
POB, 1OCTABKAa MaTepHAaJOB H 060pyNOBaHHS.

B 3THX yCa0BHSIX HauGoJjbllee pacHpoCTpaHeHHe MOJYUYHJIH BOAO-
3a60opHble CKBaXXHHBI H LIAXTHBIE KoJoAubl. OJHAKO HMEHHO B CeJb-
X03BOMOCHA6XKEHHH 3HAUHTENbHBIH mporpecc GbJI AOCTHTHYT B CTPOH-
TenbcTBe 6eChHIBTPOBHIX CKBAXKHH M CHElHAJbHBIX THIIOB BbICOKOJe-
6UTHBEIX BOJN03a6OpPOB MOA3EMHBIX BOJ, MNpHMeHseMBIX Ha 06beKTax
OpOLIEHHsI C HCIIOMb30BaHHEM O] 3€MHOT0 HCTOYHHKA.

BecuabTpoBble CKBaXXHHBI HCIOJMb3YIOT AJsi 0TOOpa MOA3EMHBIX
BOJl H3 PHIXJHX MecYaHBIX OTJIOXeHHH, 3a/ieralol#x, KaK MNPaBHJIo,
Ha Goubmrux 1ay6buHax. OTiadunTesNbHAsT OCOGEHHOCTb 3THX CKBaXKHH
COCTOHT B HCKYCCTBEHHO CO3[aBaeMOH BOAONPHEMHOH KaBepHe, Ieo-
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MeTpHYeCKHe pa3Mephl KOTOpO# o6ecleuuBaloT TpeGyeMbli BOLXOOTOOP
6e3 neckoBaHHsA. a5l co3Manus KaBepHbl HEOGXOAMMO, 4TOOB KamTH-
pyeMBIfl BOJOHOCHBIH TOPH30HT 3ajeraj I[ON YCTOHUMBOH KpOBJEH.
Hanbosiee naneXHo#t B OTHOIIEHHH COXpaHEHMs] YCTOHYHMBOCTH CHMTA-
eTCs1 KPOBJISL NOPOM, TNpPENCTABIEHHAA H3BECTHAKAMH, HOJOMHTAMH,
MOLIHBIMH CJOSIMH IIOTHHX IMHH. Kpome TOro, BaXKHBIM YCJOBHEM
yCIIEHIHOTO NPOH3BOACTBA paboT Mo yCcTPoHCTBY GectHabTPOBOH CKBa-
XHHBl ABAAETCS OTHOCHTENBHO c1abas clleMeHTHPOBAHHOCTb 3€PHHCTHIX
HOpOJ BOAOHOCHOTO NJjacTa, obecneunBaomias 3¢¢eKTHBHBIA Pa3MbIB
KaBepHbl. BecuabTpoBEle CKBaXHUHbl MO3BOJAIOT AOCTHTaTh XOPOIIHX
pe3yJipTaTOB MPH KanTaXe BOAOHOCHHX T'OPH3OHTOB B IBLIEBATHIX H
MeJIKO3epPHHCTHX NeCKax, rae noabop U yCTPOHCTBO IPaBHUAHBIX QHIbT-
pOB 3aTPyAHUTENbHEL

Onno M3 BaXKHBIX TOCTOHHCTB 3THX BOJ03a60pPOB NMOA3EMHEIX BOX —
ycrofiuuBag paGota BO BpeMeHH NPH COXpaHEeHHH HeH3MEeHHBIMH F'HAPO-
JMHAMHUYeCKHX YCJOBHH BOJOHOCHOTO NJAacCTa, TAK KAaK Npolecch XH-
MHYeckKoro u OHojiorHyeckoro KoJabMaTaxa 3Jech He HaG/II0HAOTCH.
BMmecre ¢ TeM npH NPOEKTHPOBAHUM H CTPOUTENbCTBE GeCHIBTPOBHIX
CKBAaXKHH CJAEAYET UMETh B BHJY, UTO HX HEJb3s YCTPAHBATh NPU NpEN-
H0.1araeMoM IPOTPecCHpYIOLIeM CHHXKEHHH IIbe30METPHYECKHX Hallo-
pOB KanTHpyeMoro BOJOHOCHOTO NJ1acTa, NPH KOTOPOM MOTYT CYIIECT-
BEeHHO HM3MEHSThCA II0KA3aTeNH YCTOHYMBOCTH NOPOA KPOBJAH H OCY-
miaeTcsi caMa BOfoNpHeMHast KaBepHa. HesicHBI nepcnekTHBE Pa3BHTUS
cTpouTenbcTBa 6ecPUABTPOBHIX CKBAXKHH ¢ TOUKH 3PEHHs BO3MOXKHBIX
JIOKQJIBHBIX TIPOCAJOK H PErHOHAJBHOTO OCENaHHSI HOBEPXHOCTH 3eMJIH
He TOJbKO Noj BAHSAHHEM cPabOTKH 3anacoB MOA3EMHBIX BOJ, HO H BHI-
HOCa 3HAYNTeJbHHIX 00beMOB MODOX NpH pa3MbiBe KasepHsol. Chaenyer
YUHTHIBATE BO3MOXKHOCTh BPEMEHHOIO TeCKoBaHHSl G6echUiabTPOBHIX
CKBaXXHH B TEPHOJA TNYCKOB-OCTAHOBOK HACOCOB, MOITOMY IPOEKTH-
pOBaHHe HX B CHCTeMe BOAOCHa6XeHHs 6e3 NPOMEXYTOUHOH €MKOCTH
HenenecoobpasHo.

KoHcTpyKkuun W TeXHONOTHS cCOOPYKeHusi 6eCHABTPOBBIX CKBAXKHH.
KoncrpykrHBHoe oOT/Hude 6GechHIBTPOBEIX CKBAXKHH 3aKJIIOYaeTCH B
Ha/JHYHH BOJONpHeMHOH KaBepHel. @opMa KaBepHH OlpelensieTcs
XapaKTepom IepecanBaHHs BOAOHOCHBIX TopoXd. Ilpu omHOpOIHOM
CTpOEHHH BOJOHOCHOro IJIacta o6pasyeTcs KaBepHa B BHIE BOPOHKH,
HO OHa MOXeT OHTb M KOHycoobGpasHo#t (puc. 14.1). Ipu caouctom
CTPOEHHH BOAOHOCHOH TOJIIIH B XOJe NPOKAYKH MOXKeT C(hOpMHPOBATH-
C5l HECKOJIbKO CaMOCTOsITeJbHBIX KaBepH. Ilpm ycrpoiicTBe KaBepH
oO6bem BbIHECEHHOTo mecka Kosebmercs ot 3—5 mo 200 M3 u Goaee.

KaBepny paspabaTHBalOT NyTeM OTKayKH BOAONECUAHOH IYJbIbI
apaudToM. B nepBoHAUAJbLHBIE MOMEHT (POPMHPOBAHHS KaBepHBI HEOG-
XOAHMO JMOJHBAaTh BOAY B CKBaXKHHY. TeXHOJIOrHsl IPOKAUKH CKBAXKH-
HBl 3PJAHGTOM NPH Pa3HBIX JHAMETPAaxX CKBaXKHH NOJAPOGHO paccMoTpe-
Ha B cnenuasnbiHoM pykoBoactBe [3]. Ormerum Jmumb, uTo Tpouecc
pasMbiBa KaBepHH MOXKHO YCKODHTb, HCHOJNb3Ysl CllellHaJjibHble HacajA-
KH, obecrneunBaoliie HANPAaBJEHHBIA THAPOPa3MBIB MOPOAH B CKBa-
KuHe.
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Puc. 14.1. Koucrpykunu GecHuIbTPOBBIX CKBAKHH

a — CKBaXKHHa C BOJONpHeMHOR KaBepHOH B BHIe BOpOHKH (oGcaiHble TpyGhH HOBe-

JeHbl N0 BOMOHOCHOIO TOpH30OHTAa); 6 —TO Xe, HO o6GcafHHe TpyGH ACBeleHH RO

KpOBJH (NpOuHble MOPOAbI KPOBJMH He TPeGYyIOT KpelleHHA HX TpyOaMH); 6 — To Xe,

HaJl KaBepHOH cBoj o6Gpyulenns; 2 — oGcajfHble TPYGH HOBefeHB A0 BOJOHOCHOTO

FODH30HTa, HAJ KaBepHOH cBoj OOpYylleHHS; 0 — CKBaXXHHa C yIJHHeHHON BOLOHpH-

e€MHOH KaBepHOH B mepec/iaHBaIOLleMC BOJOHOCHOM TOPH30OHTe, BODOHKH 06pa3oBaHEl
B KaXIOM PHIXJIOM cloe

B ycioBHSIX BO3MOXKHOro OGpDYIIECHHSI TOPOX KPOBJH H NJIHTENb-
HOro IeCKOBaHusl NIPH NPOKauKe KaBepHY 6ecuibTpOBOH CKBaXKHHBI
3anoJHAIOT IpaBHAHBIM MaTepHaJoM. I1OCKOJIBKY pa3Meph KaBePHBHI
OOBIYHO JOBOJILHO BeJIHKH, NPH NOx6Ope COCTaBa rpaBHs IJs 3aCHIIKH
KaBepHH MOXKHO 3a1aBaThC KO3G(PHIHEHTOM MEXKCJIOHHOCTH, PABHBIM
15...20.

HeycroftunByio pa6oTy GecHIBTPOBHIX CKBAaXHH (MHOTOKpaTHHe
06BaJsbl KPOBJH, 3aHOCH KapepH NMOPOAOH H NMEeCKOBAHHE) MOXHO JHK-
BHIHPOBATh IIyTeM ycTaHOBKHM ¢uabrpa. Ilponecc nepeobopynoBanus
6ecHIBTPOBBIX CKBAXKHH B (HJILTPOBHlE BKJIOYAET Te XKe OlepalHy,
YTO H O6blYHAs ycraHOBKAa ¢uiabTpoB. OXHAKO ecqu NPHYHHOH Hame-
yaeMoro nepeo6GOpyAOBaHHA siBjaseTcsi o6pyllleHHe NOPOJA KPOBJH B
npenesbl 3ajeraHusl BOJAOHOCHOT'O IJIACTA, B pe3yJabTaTe UYero pesko
yXyamawmTres (puabTpalHoOHHbe XaPAKTEPHCTHKH 3TOH 30HH, TO pabo-
qye YacTH (HJIbTPa ClelyeT pacloNaraTh HHXKe 3TOH 30HH, 4 MHTEp-
BaJl OPOJA KPOBJIH NepPeKpHBATh MyXoH maadHAbTPOBO#H TPYO6OH.

OcHOBHOe TeXHOJIOTHUecKoe TpeGoBaHHe TIPH COOpyXkKeHHH Gec-
(HABTPOBHIX CKBaXKMH — CO3JlaHHe KaBepH Heo6GXOAHMEBIX pa3MeEpOB,
o6ecneuyHBAOMIAX YCTOHUUBHIE BONONPHTOK 6e3 neckoBaHHdA. Ilpu sTom
pa3Mep KaBepHHl OJHO3HAYHO OlpejeJsercss ee riayOHHOH, pagHycoM
rx H YIJIOM OTKOCa MECKOB B BONOHACHILIEHHOM COCTOSIHHH, paBHOBe-
cHe KOTOporo o6Gyc/OBJIHBAeTCA HeHCTBHEM CHJI TPeHHS M T'HAPOJAHHA-
MuuecKoro nasjieHHs. B o6uieM cayuae pajuyc KaBepHH B BepXHeil ee
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yacTu sBAsieTcs GYHKIHeil NiacTOBOr0 JAaBieHHs P, MOHHKEHHs
YPOBHSI S, MJIOTHOCTH BOABL o, €€ BSI3KOCTH W, YCKODEHHSI CHJIB TsiXKe-
CTH g, CPeIHero pasMmepa mecyaHbIX 4acTHI dso, MJIOTHOCTH YaCTHI Ps
M MOIIHOCTH BOXOHOCHOro mjacra m. [lpu Manoi cxHMaeMOCTH MaTe-
pHasna BOJIOHOCHOTO MJACTA H NOCTOSIHHOH BSI3KOCTH M TJIOTHOCTH BO-
LBl M TIeCKa 3aBHCHMOCTb MEXJY eOMEeTPHUECKHMH pPa3MepaMH Kapep-
Hbl OechHNbTPOBON CKBaXKHHBI, MOHHMKEHHEM Hamopa B CKBaXKHHe H
pa3MepoM YacTHI MecKa MOXKHO 3alHCcaTh B BHAE

redm=149(s/m, d/m). (14.1)

Munipa u AnxaHenu MPOBeJH 3KCIepHMEHTabHbIe H J1aGopaTop-
Hble HCCJENOBAHHA MO HM3yYeHHIO (GOPMHPOBAHHS KaBepHH B TPYHTO-
BOM JIOTKE B HANOPHBIX YCJOBHAX MPH MOCTOSHHOA MOILHOCTH IJIacTa
M HarpysKe Ha mJjact, paBHo#t 2,5 T. B omelTax HCnoab30BaJiuCh TPH
Pa3HOBHIHOCTH OJZHOPOJAHBIX NECKOB. B Xx01e OMBITOB H3ydYaJjach pas-
paboTka KaBepHbI AJs KaXKAOr0 MOAENHPYEMOTO BOAOHOCHOTO NJjacra
NPH H3MEHEHHH HaBJeHUsi MYTeM ONpPeLeJIeHHs] pafuyca rx U FNyOHHEI
KaBepHbI lx. OTMeyeHo, 4TO PafMyC KaBepHHl Yy KPOBJH IJIACTa yBEJH-
YHBaeTCs NPH MOHHXKEHHH [ aBJEHHS H, CIeJOBATENIbHO, PACXOAa BOMHI,
a Takke ¢ yMeHbIIEHHeM pa3Mepa YacCTHI, CJIaraiolliHX BOAOHOCHHIH
nxact. [Ipuuem BiusiHHe pa3Mepa 4acTHIL Ha GOPMHpPOBAHHE KaBEPHBI
HE3HaYHTeNbHO. Ha OCHOBe NpOBeJEHHBIX SKCHEPHMEHTOB MOJYUeHa
3aBHCHMOCTb

P = 0,338350:562 (100, ) ~0-1101/,0.548, (14.2)

Jast ynob6cTBa pacueToB pasMepoB KaBEPHBI COCTABJIEHA HOMO-
rpamma (puc. 14.2).

Ilpu rugporeosiornyeckux pacuerax GecHAbTPOBHIX CKBaXKHH
padHyC KaBepHbl Yy KPOBJH BOAOHOCHOTO NJjacTa MaJjio BJHsIET Ha
ux ne6uT. [lelicTBHTENBbHO, BeJIHUHHA BOLOTPHTOKA B TAKYIO CKBAXKHHY
B OCHOBHOM 3aBHCHT OT XapakTepa OTKOca M IJyOHHB KaBepHb. Ho
B TO JKe BPeM$ [Jis ONpPeieIeHHOro padoHa paGoT BO3MOXKHO NOCTpoOe-
HHE KOPPEJSIHOHHBIX 33BHCHMOCTEH MeXHy THM PacXOMOM, PacCyH-
TaHHBIM IIPeJiaraeMbiM METOAOM, H NpPHBeJEeHHBIM pagHycoM KaBep-
HbI, KOTOpr}?{ I03BOJISICT NPOTrHO3HPOBATHL IPOH3BOAHMTEJNHLHOCTH CKBa-
>kuH. KpoMe TOro, HCmO/Nb30BaHHe NPHBEAESHHOH HOMOIpPaMMbI MOXET
0Ka3aThCsl MOJE3HBIM AJisi OGOCHOBAHHSI TEXHOJOTHH TPOH3BOACTBA
pa6or u moabopa NPOU3BOXHTENLHOCTH 3pAHdTa.

[TpencraBnsier uHTepec M dKCIEPHMEHTAJbHOE ONpelesicHHe 3aBH-
CHMOCTHM pajHyca KaBepHbi OT ee rayOHHel. [I'paduk, npuBemeHHbIH
Ha puc. 14.3, yka3piBaeT Ha OJHO3HAYHYIO CBsI3b TI'eOMETPHUYECKHX
pa3MepoB BOPOHKH (ee pajumyca H IAyGHHBI) JAJIS NMECKOB Das3jHYHOMN
KpyoHocTH. [I'Jiy6MHa yBenHYHBaeTCH MO Mepe YBGJHUEHHs pajaHyca
KaBCpHB. 3aBHCHMOCTb 7y OT IAYOMHBI KaBepHH lx 3amHCHBaETCH
¢dopmyJoit

re— 1,25 = 1,6931,1:04, (14.3)
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Puc. 142, HomorpamMMa K onpepeseHuio 7 2 3 45 678950
paapnyca KaBepHn GechuabTpOBOA CKBa-
EKHHB Puc. 14.3. 3aBucHMoCTh Tay-
Ounbl KaBepHe OT ee paiaWy-

ca

PaccMOTpHM NpHMep OLEHKH COOTHOLIEHHsi Pa3MepoB KapepH Gec-
¢uabTposoit ckpaxXuusl Ne 1 B r. )Kno6une (BCCP). Becduabrposas
CKBaXHHA KaNnTHPOBaJia BOJOHOCHHI FOPH3OHT B CEHOMAHCKHX TIECKAX,
NOACTHJIAEMBIX IJIOTHHIMH TJMHAMH KeJJIOBefickoro Bo3pacra MOI-
HOCThI0 12—17 M. BopoHOCHBIE NECKM NEPeKPHIBAIOTCS MEpPresbHO-
MeJIOBOH Tosliefi BepxHero Meja. MepresbHO-MeJ0Basi TOJINA TaKKe
06BoIHEHA. MOIIHOCTL BCKPHITHIX NMECKOB B CKBaxKHHe Ne 1 cocrasuna
9,7 M, dsp=0,25 MM, NOHHKEHHe YPOBHsI B CKBaXKHHE B XOJe OTKauKH
§==14,35 M. CooTBeTCTBYIOLIHe BEJHYHHEI I/ pacueTa NapaMerpoB
KaBepHH pasHbul: 100d/m=0,26, s/m=1,48. Beauuuna ry/m mo HOMO-
rpamMMe (cm. puc. 14.2) pasna 0,48 u BesMuMHA pajguyca KaBepHH —
4,75 M. 'ny6una xaBepHs! 10 rpaduky (cM. puc. 14.3) npu ry=4,75 M
pasHa 2,7 M, T. e. BecbMa GJH3Ka K NOJYYEHHOH NyTeM ee 3aMepa
(l=2,8 M). Anasnornuno nas cksaxunsl Ne 38 B r. Porauese (BCCP),
KanTHPYIOIIEH TaKXKe CEHOMAaHCKHH BOJOHOCHBIH FOPH3OHT, N0 AAHHBIM
onuTHHX paGor CraHkeBHua W Ap., HMeeM s/m=1,15 npHu ds=
==0,25 MM, 100d/m==0,23 u rx=4,5 M.

Crporo rosopsi, BeJHUHHA pafgHyca KaBepHH TOJ KPOBJEH BOJO-
HOCHOrO TOPH30HTa, B DaBHOH CTENlEHH, KaK H ee rayOMHA, CJaYyXKaT
XapaxTePHCTHKAMH, KOTOpHE AAIOT JIHIIL KAuecTBeHHOE IpeacTaBJe-
HHe O TeOMeTPHUYECKHX OCOOEHHOCTSX BOJONPHEMHON uacTH OecdHibr-
poBOH CKBaXKHHBE. B TO e Bpems OHH MOTYT GHITH HOBOJBHO HAMEK-
HbIM OPHEHTHPOM IIPH HPOECKTHPOBAHMH OeCHIbTPOBHIX Pa3BENOYHBLIX
H JKCIJIyaTAMOHHHWIX cKBaxKMH. CYAHTb O pajHyce BOIONPHEMHOH
KaBepHb MOXHO IO CONMOCTABJICHHIO HAHHBIX O €ro BeJHUYHHE H IIPH-
BeJICHHOM pajiHyce GecHAbTPOBOH CKBAaXKHHB rpp. OPHEHTHPOBOUHO
BeJIHUHHY TPebyeMoro MOHHKeHHs YPOBHS NPH pa3MbiBe KaBepHH Gec-

GUABTPOBOH CKBAXKHHBI MOXKHO OIPEIE/]HTb, HCIOJb3Ysi 3aBHCHMOCTb
(14.2).
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Pacuer Bopno3zaGopos u3 GechuabTpoBbix ckBaxuH. [las oBocHo-
BAaHHBLIX pacueTOB 6eCOUJILTPOBBIX CKBaXXHH Ha CTafHH pa3BejKH
1iesiecoo6pa3Ho onpefensiTe HE TOMKKO (HABTPALHOHHBIE TTapaMeTpHl
BOJOHOCHOTO nJjacra (Kosp@HUHEHTH BOLOMNPOBORHMOCTH, (QHJIbTPa-
IiHH, NTbe30NPOBOAHOCTH), HO W ONLEHHTb NPHBEJEHHH pajHyC CKBa-
KHHBI, COOTBETCTBYIOIHH TEXHOJOrHUECKOMY peXHMYy (GOpMHpOBaHHSA
kapepHul. Haunbosiee HafeXXHO 3T napaMeTpsl ONEHHBAIOT 0 JAHHHM
KYCTOBHIX OTKadek. IlapaMeTpnl MJAacTOB NPHU 3TOM ONPeHESIOT 10
OGUICTIPUHSITHIM METOJAHKaM. 3HAUCHHS fyp ONPENENsIOT aHAJUTHUYECKH
Hiu rpadoaHaTUTHUYECKH, HCIOMb3Ys dopMyay Hionion. B mociennem
cnyyae cTposT rpaduK B KOOpIAHHATAxX ASe, ;— lgr:/ro u npu uspect-
HOM YKJOHe B npsMo# JIMHHH B 3THX KOOPAHHATAX, a TaKXe HayaJhb-
HOM opauHAaTe A OUEHHBAIOT

g rap = A/ B. (14.4)

Tlpn HANMHUYMH RaHHBIX O HECTALHOHADHOM peXHMe (CHHXKEeHHH-
BOCCTAHOBJIEHHH) YPOBHSI B LEHTpanbHOH (6ecHAbTPOBOM) CKBaXKHHE
H KO3¢@HIHEHTe Mbe30NPOBOAHOCTH, PACCYMTAHHOM 110 HaGJIONATENb-
HHIM CKBaXXHHAaM, CTPOSIT rpaduk

T—
So=14(lgt) nmm sOxQ)(,lg '—t—t)

rae So — MOHHXEHHe YDOBHSI B CKBaXKHHe; [ — BpeMs CHHXEHHSt (BOCCTaHOBJEHHS
ypoBHs); T — obmas JVINTENbHOCTh OTKayKH.

Ouenus yxaon B rpaduka so=1(lg{) u navanpuyw opaunaty A,
MOXKHO 3alHCcaTh

Ig (@/ryp) = A/B +0,35.

Tlpu oAMHOUHBIX OTKAuKax BEJHYHHY rgp 6eCHHABTPOBOH CKBAMKH-
HBl MOXKHO, OUEBHAHO, ONPEJETHTh TOJAbKO IIPH H3BECTHHX NapaMeTpax
BOAOHOCHOTO Tiacta. CjelyeT HMeTb B BHUAY, YTO ’pp, ONpENeJeHHBIH
B 3TOM CJjyuae, cjeflyeT NOACTABJATb NPH NPOrHO3e NPOHU3BOAHTEINb-
HOCTH TOJIBKO B TO COOTHOIIEHHE, KOTOPOE HCIOJb30BAJIOCh NPH OleH:
K€ rnp (NPpH AEACTBHM TPYNN CKBAXKHH C HCNOJNB30BAHHEM NpPHHIIHNA
CNOXKEHHSI TeUeHHIl).

Tlpn ycraHOBHBLIEMCSI peXHMe OTKAUKH H3 OJHHOUHOH CKBaXKHHE
BeJIMUHMHY NPHBEAECHHOrO pajHyca ONpelefsioT 1o gopmyJie

rap = 0,16Qy [ k5o, (14.5)

rie Qo — pacxol CKBaXKHHbI NPH TOHHXKEHHH So; £ — KodbduunueHr GHIBTPAUHH
naacra.

TIpn HeycTaHOBHBmIEMCH peXuMe (HABTPANHH CJAEAYET TOJb30-
BaThCsl COOTHOIIEHHEM

(14.6)

Hast pacuera rm, mog6opoM HO 3TOH 3aBHCHMOCTH HeO0O6XOAMMO
IMeTb CBEACHHS He TOJILKO 0 KosbduuHeHTe GHIBTPANHHA NJacTa, HO
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H 0 ero mbe3onpoBofHocTH. IIpu oTHOcHTesBHO GOablION cTeNeHH
BCKPBITHSI NJIACTa MOXKHO NOJb30BaThCs NPH YCTAHOBHBLIEMCS H He-
CTalliOHAPHOM peXHMe (PHIbTPAUHMH COOTBETCTBEHHO (hOpMYJIaMH
Jiomwou u Telica B npeANONOXKeHHH, UTO ryp B 3THX cayuasix Gygper
KOMILJIEKCHBIM TiapaMeTPOM, BeJIHUHHA KOTODOTo ompegpeasiercs cober-
BEHHO paAHyCcOM KaBEpHH, a TaKXKe CTENEHbIO H XapaKTepOM BCKpHI-
THA IIJIacTa.

IIpn u3BecTHOM 3HAYEHHH rpp, MO JAHHBIM ONBITHHX pabor, NpH
ap=Ix/m<C0,1 npousBoaHTENBHOCTH BOJ03abopa H3 oxunHOUHOH Gec-
¢GbuabTPOBOH CKBaXKHHBI Olpedeasercs no gopmyne Popxrefimepa

Qo = 2rkrngS, (14.7)
W IIpH HEYCTAHOBHBUIeMCS pexHMe (DUABTPaLUM 1m0 dopMyJe

QﬂkrnpSO

Q=——r (14.8)
erfc — 2
2 V at

B nnacrax oTHOCHTEbHO HeGOJBUION MOLIHOCTH IHpH an==>0,3—0,4
NPOH3BOJAHTEBHOCTh CKBaXKHHBI ONpexessercs no ¢opmynae [diomon
NPH YCTaHOBHBLIEMCSl PeXHMe Hau No ¢opmynae Teifica npu Hecramuo-
HapHOM pexuMme. Hapsany ¢ TexuosorudeckMMH ¢paktopaMmH, olpee-
JSIOINHMHE 1eeCO06Pa3HoCT H  BO3MOXKHOCTh CTpOHTeNbCTBa Oec-
(OHUIBTPOBHIX CKBAaXKHH, BeChbMa BaXKHa NpeIBapHUTeNbHAs OUEHKAa HX
THApaBanYecKol 3 (heKTHBHOCTH B CpaBHEHHH CO CKBaXKHHaMH, o6o-
PYROBaHHBIMH ¢HAbTpaMH. O4eBHAHO, 4To GeCHHABTPOBBIE CKBAaKHHbI
NpH NPOYHX PABHBIX YCJOBHSX PaUlHOHAJbHO NIPHUMEHSATb B OTHOCH-
TENbHO MAaJIOMOHIHBIX BOJOHOCHBIX T'OPH30HTAX, KOTAa BJHSHHE HX
THAPONHHAMHUYECKOIO HECOBEepLIEHCTBAa IO CTeNeHH BCKPHITHS IJacTa
B CONOCTaBJIEHHH ¢ (QUIBTPOBHIMH CKBaXXKHHAMH HeBeJHKO. Becduibt-
POBBIe CKBAXKHHBI MPEANOUYTHTEIbHEE B OTHOCHTENbHO C1a6ONpPOHHIIae-
MBEIX BOLOHOCHBIX OTJIOXKEHHAX, XapaKTepH3YIOIHXCs GOoablIuM Cclen-
JIEHHEM YaCTHIl, B KOTOPHIX MPHXOMHTCS YCTAHABJAHBATL JHO60 GUALTPH
¢ MHorocJofino#i o6¢cHnKO#, au6o npuberatb K YCTAHOBKE (DHJABTPOB
¢ TIOBBHILUIEHHBIMH THAPABJAHYECKHMH CONPOTHBJICHHAMHU.

14.2. Bono3a6opbl U3 CKBaXKHH C YIUUPCHHBIM
OCHOBaHHEM

BhIesslIOT ABA THNA CKBaXKHH C YIHHDEHHBIM OCHOBAHHEM: CKBaXKHHM
¢ yUIMpeHHeM B BOAOYIOpe H COOCTBEHHO B BOAOHACHINIEHHBIX HECBS3-
HBIX MOpOoAax. YCTPOHCTBO YIIHPEHHOTO OCHOBAHHS CKBaXXHH B BOJO-
ynope 6buto npepnoxeno M. @. XacunbiM. CyllHOCTh 3TOrO Crocofa
34KJI0YaeTcss B YCTPOHCTBE <«KOTJIOBOH» IMOJIOCTH HJH CHJAbHOTPEHIH-
HOBaTO# 06J1acTH B KOHTAKTHOH 30He BOAOYNOpa ¢ BHIIeJexailed
BOROHOCHOH mopono#d. Koten B NmiacTHUHBEIX TPYHTax HJH TPEIIHHOBA-
tas o6aacTe B CKaJbHHIX NMopomax o6pasyrTcsi B3pPbIBOM 3apsijia
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Puc. 14.4. CxemMa mnocsef0BaTe LHOCTH PaGOT NMPH YCTPOHCTBE CKBAXKKHW C YUIHPEH-
HHM OCHOBAHHEM B BOJOYNOpe

@ — OypeHHe CKBaXHHbI, YCTAHOBKAa 3apsiia H Ta300TBOAHOH TPy6u; 6 — moabeMm

o6cajHoll TPyGHl; 8-— B3pHIB; & — AOGYPHBAHHE CKBAKWHEL, YCTaHOBKA QuapTpa: [ —

o6cannas Tpyba; 2 -—rasooTBOAHas TPy6a; 3 — NETOHHPYIOWMi wWwHYp; 4 — 3apsj;

5 — Kancio/b-AeTOHATOP; 6 — MPefOXPAHHTEbHHE XOMYyT; 7 — BHIGPOC BOAH H Ta-
30B; 8 — yHIHpeHHOe OCHOBaHHe; 9 — GHILTP

B3pHIBYATOrO BEIECTBA B HHKHEH JaCTH CKBAXKHHH, KOTOpast 3aray6-
asieTess Ha 1—3 M B Bofoymop. B nuactuuHHIX MOpoRax IpH B3pHIBE
co3fiaeTcss KaMydJerHas MoJ0CTh, 06pa3oBaHHe KOTOPOH CBA3aHO B
OCHOBHOM € YMJIOTHEHHEM T'PYyHTA.

Benuunna n gopma mosoctH 3aBucsT OT pasmepa H GOpMbl 3aps-
Jla, SHEPrHH M XapakTepa NEMACTBHS B3PBHIBUATOrO BEIIECTBA, CONpPO-
THBJIEHHS] H CTENEHH OJHOPOAHOCTH Mopojh. lHaMerp KOTJIOBBIX MOJO-
creil cdepuyeckoit dopmer mocturaer 1,6 M u mopsiaka 10 M npH
CO3/1aHHH MOA3eMHEIX eMKOCTeH.

B cKaJbHBIX TOpHBIX MOPOAAX pe3y./ibTaT AeHCTBHsS B3pHIBA MPOSB-
JfeTCS B BO3HHKHOBEHHHM HOBOH M YBeNHUYEHHH CYIECTBYIOIeH TpellH-
HOBATOCTH MOPOJ.

IIpu ycrpoficTBe CKBaXKHH ¢ YIIMPEHHBIM OCHOBAHHEM B JIHHHCTOM
Bogoynope B r. Kpemrsc (YCCP) 6bliin nonyyeHs! YIHPCHHBIE OCHO-
BaHHs JHaMeTpoM 2,5 M HPH B3pHIBE 3apAA0B BecoM 50 K H JHAMET-
pom 3,4 M —npu B3pniBe 3apsaoB BecoM 100 kr. Ymupenue B BOAO-
ynope umeer GopMy HHJIHHAPA, HA 6OpTax VIIHPEHHs B pe3yapTaTe
YACTHYHOrO BHIIIOpa rpyHTa obpasyercs Baauk Beicotoli 0,4 M. Taxkoe
yUIHpeHHEe OCHOBAHHS CKBAXKHH B IIPOH3BOACTBEHHBIX YCJOBHAX obec-
NeyH/10 yBeqHdyeHHe uX nebuta B cpennem Ha 23 %. Ilpu ycrpoiicrse
CKBaXKHH C YIIHPEHHBIM OCHOBaHHeM B Bojoymope M. @. Xacun npen-
JIOXKHJ CEAYIOIYIO HocaefoBaTesbHocTh pabor (puc. 14.4). Crauana
6ypuresi CKBakHHa ¢ 3aray6JeHHeM B BOZOYNOP Ha ray6umy 1—3 M,
ofecreynBalOUMM pa3MelleHHe B3PHIBUATOrO BewlectBa. Han 3apsuom
ycraHaBJHBaercs Tpy6a auamerpoM okoJo 150 MM 1sis BHIGpoca rasos
B atmMoctepy nocse B3pHIBa, a 3aTeM Ha 5—7 M NogHHMaeTcs ofcaf-
Hpie TPYO®l. Ilocne B3pHBa 3apAna cKBaXkKHHa noGypHBaeTcs MO HH3a
YUIHDEHHSl, YCTaHABJHBaeTCss GHIBTP H NPOBOAHTCS npokauka. s
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CO3[JaHHSl YIIHPEHHOrO OCHOBAHHS AMAaMeTPOM 10 4 M B 3aBHCHMOCTH
OT cTpoeHHs1 nopox Tpebyercs 3apsa Becom ot 10 go 300 kr.

Ha ocHoBe pmeranpHbix J1a60pPaTOpHBIX HCCJAeXOBaHHE NOKa3aHO,
YTO PacXoj CKBaXXHH B 0e3HANlOPHOM IJacTe C YIIHPEHHBIM OCHOBa-
HHEeM B BOAOYIOpe MOXKHO paccyHrarh No dopmyae

2H —
Qo= "_ks_(_hﬁgﬂ)_ , (14.9)

rae ro-— pajHyc YIIMPeHHOro OCHOBaHHsS B BOZOYNOpE; rc — PafiHyc CTBOJA CKBa-
AKHHBI; § — MOHHMKEHHEe YPOBHS BOABl B CKBa)HHe; H — MOIIHOCTb 006BOJHEHHHX NO-
pox; k— koapdunnent ¢punbTpanud; R — paanyc BIHSHUA.

QPopmyaoii (14.9) ¢ nocraToyHOfi HaZeXKHOCTBIO MOXKHO II0JB30-
BaThest npu Hfrg>4 u R/H<<30.

CkBaXuHBH ¢ yUIHPeHHeM B BOJOHOCHOM TOPH30HTE COOPYXaioT,
HCNIONIb3Ys PaCUIMPHTEeNH ABYX THIOB: FHAPOMeXaHHYeCKHi ¢ pa3aBH-
ralomyMHucsa 04 AaBJICHHeM HArHEeTAHHs IPOMBIBOUHOH XHIAKOCTH pe-
KYHHMH JONACTAMH, KOTOphle CXKHMAIOTCS INPH CHATHH JaBJCHHS
HATHeTaHHs XHUAKOCTH, HJH IKCUEHTPHUYHHH sonactaofi [1]. Buauaae
POTOPHHIM CNOCOGOM GYpST CKBaXXHHY HOpManbHHEIM AHametpoM. Iloc-
Jie JOCTHIKEHMS MPOEKTHOH TyOGHHBE YTOYHSIOT MHTEpPBaJbl KallTHpye-
MBIX BOJOHOCHHX IJ1aCTOB. 3aTeM B CKBaXXHHY ONYCKalOT Ha OYypHJb-
HOH KoJIoHHe pacimiuputenb. [lpu narseranuu no 6ypoBofi KOJOHHE H
yepe3 pacUIHPHTeNb [VIHHHCTHIH PacTBOpP B CKBaXKHHE 3aMeHSeTCH BO-
JOH, H HayHHaeTCs NpoLecc paclIMPeHHs: YAaJsdloTCd 3aKOJabMaTHPO-
BaHHBle [JIHHOH NMOPOAH Npu3abofiHofi 30HH. B Npouecce paciiupeHHs
npomeiBKa npsamas. [Tocne okoHuaHHsi paciliHpeHHs W NogbeMma 6ypo-
BOrO HHCTPYMEHTa B CKBaXKHHY ONYCKalOT (HJBTPOBYIO KOJOHHY H
0OCHIIAIOT ee rpaBHeM. YCTOHYHBOCTh CTEHOK CKBAaXXHHHl B XoJe YKa-
3aHHHX paboT o6ecneynBaercss MoAlepxkKaHHeM YPOBHS IPOMBIBOYU-
HOH XKHAKOCTH V ycThsl ckBaxkuuhl. [lo nauumM C. JI. Ipaxnanca, npu-
MEHeHHe YKa3aHHOf;I TEXHOJIOTHH NPH BCKPBITHH BOLOHOCHHIX II1aCTOB
H YCTaHOBKe rpaBHIHBHIX (HJABTPOB IO03BoJHAO0 B KpacHomapckom
Kpae, 1o HaHHBIM onpoboBauus 6osee 100 cKBaXKHH, YBENHUUTh YAeJb-
HBl 1eOHT A0 ABYX pas Mo CPaBHEHHI0 ¢ OCBOEHHEM CKBAXHH Npo-
MBIBKOH H cBaGHPOBaHHEM.

ITpu pacmmpenun Bcero MHTepBaJa KaNTHPYeMOro IjacTa pacyeThl
TAaKHX CKBAXKHH aHAJIOTHYHBI PaHee PaCCMOTPEHHHIM IIpHEMAaM OLleHKH
MPOU3BOAUTENLHOCTH OJHHOYHBIX M B3aHMOJNEHCTBYIOUIMX CKBaXHH.
B To Xe BpeMs yCTPOHCTBO VIUIHPEHHBIX CKBAXXHH BO3MOXKHO JIHIIb
B ocHoBaHMH. Tak KakK B 3TOM cjydyae ycTOHYHBOCTh OGpasyeMmoH Ka-
BepHb! 0GBIYHO ofecleYynBaeTCsl He TOJNLKO NPOTHBOAABJAEHHEM MPOMBI-
BOYHOH XHAKOCTH, HO M [VIHHH3alHeHd CaMHX CTEHOK KaBepHH, lieJe-
coo6pa3no NpUMeHATh KapOoHaTHBIE PACTBOPH C NMOCACAYIOIEH coJs-
HO-KHCJAOTHOH 06paGoTKOH CKBaXKHHBI. Texuojoras pa6oT B 3TOM
ciyyae BKJIOYaeT: GypeHHe CTBOJA CKBaXKHHB ¢ 06CaaKkofi MM NOA
3alHTOi OypoBOro pacTBopa, pa3bypuBaHHe YUIHMPEHHOH NOJOCTH €
NOMOMBI0 GYPOBOro Wi BHOpaUHOHHOTO pacUIHpuTesi, MOHTaX (QHIb-
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Puc. 14.6. Bauauue pajnajbHOro yWIHPeHHs HA TPOH3BOAMTE]b-
HOCTb CKBAaKMHH

a—mnpu bim=15 u re/m=0,01; 6—npu b/m=15 u r¢/m=0,05;
6— npu b/jm=>5 u rc/m=0,01; 2—npu b/m=>5 u rc/m=0,05

Tpa C YCTAaHOBKOH PajHalbHHIX CEKLUHH H BOCCTAHOBJIEHHE BOJLOMPOHH-

aeMocTd NpH3a0OHHON 30HBI COJITHO-KHCJOTHOH 06paboTKOM.
TIpuTOK K CKBaXXHHEe NMPH COBMeCTHOH paborTe ee GOKOBOH IOBEpX-

HOCTH H YUIMPEHHOTo OCHOBAHHS CJeAyeT pacCyuThiBath (puc. 14.5)
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B COOTBETCTBHH C TOUHHIM pellieHHeM, MoayyeHHHIM B pabore [1]. CkBa-
XKHHA PaJHYCOM 7 BCKPHIBaeT BCIO MOIIHOCTb BOJAOHOCHOTO IJacTra m.
B HHXHell 4acTH CKBaXXHHH CHEJNaHO YIIHPEHHe PafHycoM ry. Bogmo-
HOCHBIf MJacT NpeAlogaraeTcss OLZHOPOAHBIM, a CKBaXKHHA JKCIIyaTH-
pyercs ¢ IMOCTOAHHEIM pacxofoMm (Qo. B maacTe WMOHHXKeHHe craTHde-
ckoro Hanopa H, coxpaHsercsi Ha pacCTOSHHH r==}, MOCTOSAHHEIM B
TedeHHe Bcero IepHofa OTKAukH. B 3ToM ciyuae NOTOK K CKBaxKHHE
6yleT 0OCeCHMMETPHUHBIM.

3ajnaya pellleHa ¢ BhIeJNeHHeM ABYX ()parMeHTOB: HepBH ¢par-
MEHT B 30He re<{r=ry H C<{r<{m; BTOpOH ¢parmeHT —B 30He
ry<r<<b n 0<r<{m. TlpaBoMepHOCTb TaKOH NPEANOCHIJIKH H3yua-
JNach MyTeM HMCCJENOBaHHS paclpeneseHus NOTeHIHanoB BOIH3H CKBa-
JKHHB C YIIHDEHHHIM OCHOBaHHEM. YCTaHOBJEHO NPaKTHYECKOe OTCYT-
CTBHe nedopManuii SKBHIOTeHIHa el IpH r/m>1,5.

Bausnne yUIHPEHHOTO OCHOBAHHS H ero reOMeTpHYeCKMX pa3mepoB
Ha MPOH3BOAHTEJBHOCTb CKBAXKHHB HJLTIOCTPHPYeETCS rpadukaMH, npH-
BeJleHHbIMH Ha pHC. 14.6, Ha KOTOpHIX NOKa3aHO H3MCHEHHE OTHOIe-
Hust Qo/Q (3mech Qo — HeOHT CKBAaXKHHH C YIUHDEHHBIM OCHOBaHHEM,
Q — pacxon rHAPOIHHAMHYECKH COBePUIEHHON CKBAaXKHHBI, HMelolllel
TaKOH Ke Paauyc ro Mo BCeMy CTBOAY) OT ry/m aas b/m=15 u 5 u
IByX 3HayeHu#t ro/m==0,01 u 0,05.

OueBHIHO, YTO BJHSHHE YIIHPEHHS OKAa3blBAeTCS MAaKCHMaJbHBIM
IpH MaJjoi MOIIHOCTH IJIacTa M MpPH HANHYHHA BONH3H CKBaXKMH KOH-
Typa NHTaHus (T. e. Maablx 3HaueHu#t h/m). Pacyern yka3mpiBaloT Ha
BO3MOXKHOCTh CYIIECTBEHHOrO YBEeJHYEHHS MPOH3BORHTENIBHOCTH CKBa-
KHHB TIpH YVIUHPeHHH ee OCHoBaHHA. Tak, B cayyae b/m==>5, uro BnoJ-
He peasnpHO, AeGUT CKBaXKHHB Bo3pacraer B 2 pasa npH ¢/m=0,1 n
ry==0,5 M. Takoe yulHpeHHe CKBa’KHHHE TeXHHYECKH OCylUleCTBHMO H,
HECOMHeHHo, siBiseTcs 3 ¢eKTHBHEM CPEACTBOM YBeJHUeHHs ee IpO-
H3BOXHTEJBHOCTH.

14.3. Bono3a6opbl U3 CKBaXKHH, COOPYIKAEMBIX 1O CIHOCOOY
DeHHHCOHA, ¥ NPH NMocafKe PUIBTPOB ¢ KOHYCOM

Ilo cnoco6y BenHucoHa ocyHiecTBAsIOT OypeHHe 1eHTPaJbHOM
CKBaXKHHBI, B KOTOPYIO YCTaHaBJIHBAIOT (HHIBTP 3aJaHHOTO AHAMETPa.
3artem B HeNOCPeACTBeHHOH 6aH30CTH OT Hee Ha paccTostHHH 0,5—1 M
IpOXOAAT 4—5 CKBax<HH, NpefHa3HAYeHHBIX AJS MOJAYH B HHX rpa-
BHst. OQHOBpPEMEHHO ¢ OTKAYKOH BOAONecYaHO# CMeCH M3 LleHTPaJbHOH
CKBaXKHHBl B T'PaBHHHO-NIHTaTeNbHBlE CKBAaXHHBl NOJAIOT I'PaBHH, KO-
TOphIil NepeMemaercss K ¢HAbTPY. B pesyaspTate dopmupyercs rpa-
BHHAHBIH GuabTp GoJblIOro AHaMeTpa, o6GecNeYyHBAOUIHA MOJYUeHHE
MOBHIIEHHHX NeGHTOB M HaAEeXKHYH 3KCIJyaTallHio BoJ03abopoB Ge3
¢y O3HOHHBIX TIPOHECCOB.

[lpn nocagke GHABTPOB ¢ KOHYCOM [0 BOJOHOCHOIO IOPH30HTA
CKBaXKHHy 3akpemsitor KoHaykropom [1]. Ilocre 3toro B ckBaXKHHY
Ha HaAQHABTPOBOH KOJOHHE ONYCKAIOT (GHIBTP ¢ 6aUIMAKOM-KOHYCOM.
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TaG6aunua 14.1. Mpusenentnie
AMaMeTPhl CKBa)XKMH HA OIHOM
u3 mogosabopos r. Kypcka

gzg S y .
4 g Se g ) T T
= £ | g=8 | 3 Sl
% B 3 ] o
3 i =53 EH S
¢ oo = S
s = | 3si | iz o
a 3 E=% B e
5 z S4% ga e
] s g=g 25 L S
= = > ¥ =k —
Cnoco6 Bennucona —
27 0,325 | 307,2 | 0,038 jus S
28 0,325 | 120 0,001 [ 2
29 0,325 360 0,106 1% N, -
30 0,325 | 268,8 | 0,004 I
31 0,325 | 321.4 | 0,052 g )
32 0,325 | 264 0,004 ! .
33 0,325 322 0,042 1 ’
34 0,325 288 0,02 H ’
35 0,325 360 0,106 11 g
36 0,325 | 288 0,102 jus
37 0,325 | 672 1.2 - T
38 0,325 | 360 1,106 T 5
39 0,325 | 360 0,106 T ’
40 0,325 | 360 0,106 : TR
50 0,325 | 334 0,154 8-Sl By Yord |
PotopHbiit ¢ rIWHHCTOR NPOMbIBKOH 7 sullt ¢
I 0,273 108 4-10-9 - ’
2 0,273 108 4.10-° .
3 0273 | 122,4 |3-10-®
YaapHbii A SR
4 0,273 | 168  13.10-5 S RN
11 0,273 108 4.10-° "
12 0,273 117,6 |2-10-8 Puc. 14.7. Cxema ycTpoii-

CTBa TpaBHiinoHd OOCHINKK

PoTopHblk ¢ 66paTHOH NPOMbIBKOH
P b pov ¢ npuMenennem Ganmimaxa-

uyncTOl BONOH

KoHyca
126 0,273 | 180  [9-10-3 . o
88 0'325 | 158,4 |2-10-5 I— obcatubie TpyGu; 2 —
246 0'325 | 328’8 |0,032 uantp Ha Korouke Tpy0;
s , B 3 — xoyHueckui Gammax

Tlepen nauanom GypeHHs NPOCTPAHCTBO MeXAY (DHIBTPOM H KOHAYK-
TOPOM 3allONIHAIOT TPaBHeM Ha BhicoTy 2—3 M. B xoae Gypenus mopo-
Ia BHIOMpaeTrcs XeJOHKOH, a rpaBHii moctymaer Ha 3aboit (puc. 14.7).
[ocne okoHuanus GypeHHs 3a60# CKBaXKHHBEI OYHINAIOT OT MOPOABI A0
HH3a GalllMakKa-KOHyCa M 3aTeM 3achaloT rpaBHiiHyio noaymky. Coo-
PyXEHHe CKBaXXHH YKaBaHHOﬁ KOHCTPYKHHH pPEeKOMeHAYeTCd A0 ray-
6unpl 70—80 M B OZHOPOAHEIX BOAOHOCHHIX TOPH30HTAX 6e3 TJIHHH-
CTHIX IPOCJICEB.
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Pauvonanphasi B psle THAPOreo/IOrHYECKHX YCAOBHH yHapHO-Ka-
HaTHOro 6ypeHHs CKBaXKHH Ha BOAY TEXHOJIOTHS MOTPYKeHHs (QHJBT-
POBOH KOJIOHHBI € KOHYCHBIM GalNIMaKOM-PaCUIHDHTEJEM H OJHOBpe-
MEeHHOH 3aKauKoH IPaBHs He BCerja JaeT OXHIAaeMOEe MOBbLIIEeHHE
NPOU3BOJHTENLHOCTH TPYJAa H3-3a HeJA0CTATOYHOH NOrpyxamome# cro-
COGHOCTH, HCHONb3yeMOf IJs1 3afaBJHBaHHs TPyO IONHCIACTHOH CH-
cTeMbl, IPOMO3JAKOCTb KOTOPOH CO3LaeT HAONOJHHTE/JbHBIE TPYAHOCTH
npu paboTe ¢ KoaoHHOH. [Tocanky ¢unpTpa ¢ KOHYCHBIM GaliMaKOM-
pacuinpuTesneM NPH yCcTpoiicTBe cKBaxKHE ray6uHoli Ko 60 M ¢ rpasuii-
HO-NIPOBOJIOYHBIMH (PHJABTPAMH OCYHIECTBJSIOT ¢ NMOMOMUIbIO BHOGpPaTOpa
BII®-I ¢ npuxoansiM oTBepcTHeM, paspaboranHoro BHHUHUIC. Bub-
patop BII®-I obecneunBaer paGoTy nopoaopas3pyuIalOUIero HHCTPY-
MEHTa MJIH XeJOHKH C OJHOBpEeMEeHHHIM BHOPAIlHOHHHIM NOTPYKEHHEM
o6canHoil HAH QHILTPOBON KOJNOHHBI H HCKJIIOYaeT BO3MOXKHOCTb MpPH-
XBaTa (HIBTPOBHIX KOJOHH IPH HX YCTAaHOBKe C OJXHOBPEMEHHOH 3a-
CHINKOf rpaBus. BubpaunHonHoe [eliCTBHe MO3BOJSIET YJYUYINHTL YCJIO-
BHsi (HODMHPOBaHHsl TPaBHUHOrO (QHUABTPA, HCKJIOUHTL €ro 3aBHCaHUE
H pacllMpeHHe KOHTYpa YKJAaAKH.

ITpu coopyxeHHH CKBaXKHMH YKa3aHHBIMH CIOCOGAaMH TOJIHHY I'pa-
BHiiHOrO QHJABTPA, a CNEAOBATEJbHO, AHAMETP KaBepHHI, 3aNOJHEeHHOM
rpaBueM, oleHuTb TPyAHO. Ilostomy Taxue BomozaGopsl MOXHO pac-
CYHTHIBATb Ha OCHOBe [IOCTAHOBKH ONHITOB B NAHHBIX THAPOTe0JOTHUe-
CKHMX YCJOBHAX H NPH NPOEKTHpyeMoM cnocobe mpoxoikd. Moxkuo
JHUIb OTMETHTh, UTO NPOM3BOLHTENBLHOCTh 3THX CKBAXKHH M HX NpHBe-
HNCHHBIH fuaMeTp 6YAyT He MeHblIe, YyeM NMPH TPAaLHIHOHHBIX crocobax
NPOXOAKH POTOPHBLIM CIOCOGOM C NMPOMHIBKOH IVIHHHCTHIM PacTBOPOM,
¢ o6paTHOH NPOMBIBKOH 4HCTOH BOROH M yAapHBM crnoco6om. OGocHO-
BaHHEM 3TOrO MNOJIOXKEHHS] MOLYT CAYXKHTb Pe3yAbTaTH HCCJIeXOBaHHIH,
nposenennsix uHcruryroM BOJITEO Ha ogHoMm  H3 B0no3aGopos
r. Kypcka. Ha Bogosabope skcniyaTHpyloTCsi CKBaXHHBI, IPoGypeH-
Hble Da3JHYHBIMH CIOCO6aMH M 06GOpYAOBAaHHBIE IIPOBOJIOYHBLIMH
¢uabTpaMu Ha TpybuaTom nepdopHpoBaHHOM Kapkace. CKBaXXHHBI
KanTHPYIOT aJ/1I0BHAJbHO-CEHOMAaH-aib6CKHe BOLOHOCHHIE MECKH B JIO-
aune p. Cefim. Benuunna BOZONPOBOZMMOCTH TOPH30HTa B CPelHeM
cocrapasieT 380 m2/cyr.

ITpr ycrpolicTBe ckBaXuH no cnocoby DeHHHCOHa Be/IMUHHA NPH-
BeleHHOro Juamerpa koJjebiaercss B 3HauHTeNbHHX Npegenax: 0,001 —
1,2 m npu dakruueckoM puamerpe puapTpa 0,325 M H pacCTOAHHH OT
LEeHTPaJbHOH A0 I'PaBHHHO-IHTATENBHBIX CKBa)KHH, paBHOM 0,8—1,5m
(tra6a. 14.1). Tako# pa3bpoc 3HaueHHH NPHBENEHHOro JUaMeTpa 00b-
ACHSIETCS OCylecTBIeHHeM OypeHHsi ¢ YCTaHOBKOH B HEHTPaJbHOH
CKBaXXHHe He TOJBKO (HJIbTpa-KapkKaca, HO W NPOH3BOACTBA B HeM
o6cuinkd. IIpu 3TOM, BO3MOXHO, OTCYTCTBYeT HENOCPeACTBEHHHIH KOH-
TaKT IPaBHs B HEHTPAJLHOM W IpaBUAHO-MHTATeNBHHX CKBaXKHHAX,
YTO, B CBOIO Ouepeib, BhI3HBaeT HedpdekTHBHYIO pabory rpaBHiiHOTO
tunpTpa B mesoM. C ykaszaHHbeM clocoboM ycrpoiicTBa (HJIBTPOB
KOHKYpHpyer JHIIb CcNocof pOTOpHOro GypeHHs CKBaXKHH O60JbLIOrO
pHaMeTpa ¢ o6paTHO# nMpoMuIBKo# uHcTol Bomoft. Ilpu pacuerax cka-
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Puc. 14.8. Cxema yxpyn-
HeHHOro Bomo3aGopa w3
CHCTEMBI CKBAXKHH
@ — YKDYIHEeHHHIH  BOAO-
3a60op B BHAe TpaHUIeH;
6 — yKpYDNHEHHBIH  BOJO-
3a60p H3 KOJBLEBOH CH-
CTeMBl CKBaXXHH; 8 — yK-
pylHeHHHHA BOZO3abop B
BHIe DAacXONSLUHXCS Jy-
yeit: I — Bomo3aGopHuie
CKBaXHHH; 2 — rpaBuil-
HBle CKBAXHHB

XHH paccMaTpuBaeMoro Tuma 000OHIeHHOe CONPOTHBJEHHE MOIKHO
MPHHHEMAThL PABHEIM HYJIO, T. e. NPHUBeJEHHHBIH JHaMeTp GHIBTPA — IO
(aKTHIECKOMY 3HAUEHHIO.

14.4. YkpynHenusle Bop03a6opbt 3 CHCTEM
COBMEINEHHBIX CKBAXKHH

Ilpn HeOGXORHMOCTH TOJYYeHHS GOMBLIHX KOJIHUECTB BOALI B OI-
PaHHYCHHOM N0 pa3Mepy 30He, a TaKXKe NIPH CJOMCTOM CTPOEHHH BOLO-
HOCHOH TOJIIIH, KOT/la CTPOHTENLCTBO BOA03a60OPOB MO crocoby Benwu-
COHa HEBO3MOXKHO, 1e/eco00pasHo YCTPOACTBO YKPYMHEHHHX BOLO-
3a60poB u3 cHcTeM CKBaxHH [1]. OTauuHTe bHAS 0COGEHHOCTH TAKHX
YKPYTIHEHHBIX BO403a60POB COCTOHT B GYPEHHH CKBAaXKHH GOJBILOTO
AHAMeTPa, HapyXHble KOHTYPbl KOTOPHIX MEPeceKaroTcs, a BHYTPEHHsAA
N0JOCTb 3aNoJHseTcsl rpaBHeM. BypenHe CKBaXKHH BHIOAHSIOT YAap-
HbIM CHOCOGOM B BHAe psifia Tpauule#t (puc. 14.8,a), KoabLeBOH cHe-
TeMer (puc. 14.8,6) nam B BHAe pacxoasimuxcs aydeii (puc. 14.8, 8).

B nepsoM ciydae BogooT6Op OCyIIeCTBAsieTcs H3 KpaBlHHX CKBa-
’KHH, B KOTOPHIX YCTaHABJIHBAWOTCA KapKackl (HJBTPOB, BO BTOPOM H
TpeTbeM c/lydasX — H3 LeHTPaJbHBIX CKBaXKHH. PaccmartpuBaeMble yk-
PYNHeHHbIe BOX03a60OPH COBMEWIAIOT AOCTOHHCTBA CKBAYKHH, KOJOMAIEB
H TOPH3OHTAJbHBIX JYYeBHIX BOZ03a00poB. B oTiHuYHe OT CKBaXKHH,
yCTpauBaemMbix no cnocoly BeHHHCOHA, B HHX O6ecleuHBaeTCs HALEK-
Has CBS3p BCEro rPaBHHHOrO MaccHBa M CO3JAETCs 3HAUHTEJNbHAS BO-
IOTpHEMHAs NOBEPXHOCTb MPH MEHBIIHX 3aTParax.
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14.5. JIByXKo0J/IOHHbBle KOHCTPYKIHH CKBAXKHH

OcobenHocTH NMPUTOKA BOAB B (PHJIBTP BOXO3aGOPHO¥H CKBAXKHHHI,
CBSI3aHHBIE C HEPABHOMEPHOCTHIO HAarPY3KH ero BOJONPHEMHOH MOBepX-
HOCTH IO BBHICOTE, NIPeRONpee/inin HeoGXOZHMOCTh TAKOI'0 KOHCTPYK-
THBHOI'O MX BHINIOJIHEHHs, KOTOpPOe B IOJIHOM Mepe ofecneunBaso 6hl
Kantax BOJOHOCHOIO Iljlacra IO BCeH MolHOcTH. B ofumem caydae
Goslee paBHOMEPHOro NPHTOKA B CKBaXKHHY MOXHO NOGHTBCS NpPH de-
penOBaHHH B CTBOJIe YYACTKOB (PHJIBTPOB C IVIYXHMH Tpy0aMH, OfHAKO
9TO IPHBOJHT K HEKOTOPOMY YBeJHUEHHIO HECOBEepIIEHCTBA IO CTENeHH
BCKPHTHA IjacTa. BuecTe ¢ TeM BapbHpOBaHHe TAaKHX MapaMeTpoB
KOHCTPYKLH{l CKBaXHH, ollpelelsOIUX HEPABHOMEPHOCTh HX HArpys-
KM, KaK JJHHa (UAbTPA, ero AHameTp, Kod(h(HLUHEHT Pacxona HJH
CKBaXHOCTh, He BCErna BO3MOXKHO HJH onpaBxaHo. Tak, Gosee pas-
HOMepHBIH NpuUTOK obecneunBaerTcd B GHALTPAX ¢ GONBUIHM BXOJHLIM
conporuBienneM. OueBHAHO, YTO NPOEKTHpPOBaHHe H YCTPOHCTBO
¢HALTPOB TAKOTO THIA HelejecooGpasHul. [lostoMy mas wHTeHCHOH-
KallHH BORooT6opa B MJAaCTax GOJBIIOH MOIIHOCTH MOXKeT GbTh BIOJ-
He ONpaBHAaHO COOPY:KeHHe CKBAXKHH [BYXKOJIOHHOH KOHCTPYKIHH.
OcoGenno 3@ deKTHBHO COOPYXKeHHE TAKHX CKBaXKHH Ha OpolllaeMbiX
MaccHBax, Korfa HeOOXOoAMMO MNOJYYHTP MaKCHMajbHYI0 HPOH3BOAH-
TeJbHOCT, B 3aJaHHOI TOUKe BOJOHOCHOro mniacta. COopy’KeHHe BHI-
COKOHPOH3BO,!IHT€JIbeIX CKBaKHH HO3BOJIACT CYUIECTBEHHO COKpaTHTh
3aTpaTH Ha CTPOHTENbCTBO KOMMYHHKAIHH, MOABE3NHLIX NyTel, 3jek-
TpoceTe#l, YMEHbIUHTh 30HY OTYYyXKIEHHS CeJNbCKOXO3SHCTBEHHBIX Yro-
JHHA H COKPaTHTb 3KCIJIyaTallHOHHbIe 3aTpaThl. AHaJIH3, [IPOBELEHHBII
I'unpoBOAX030M, MOKAa3LBAET, YTO CTOHMOCTh COOCTBEHHO CKBaXKHHBY
H ee o6opynoBaHHe B 6—8 pa3 MeHbIle CTOHMOCTH BCIIOMOTaTeJIbHBIX
MEpONpPHATHH.

JByXKONIOHHEE CKBaXXHHBl B Pa3BHTHE TEOPETHYECKHX H IKCIEPH-
MeHTaubHbIX HccaenoBannii BHUW BOJAT'EQO 6ruin Bnepssie nocTpoe-
HH nof pykosoacTsoM B. Il. Tkauenko Ha yuactkax Kamencko-Jlnen-
poBckoro, b. 3HaMEHCKOro BepTHKAJbHBIX ApPeHa)kell, B OpomaeMoM
MaccHBe «KameHCKHME nof» u Ha Bojgosabope r. Hepkacch. B aByxko-
JIORHOf KOHCTPYKLUHH CKBAaXKHH B KadecTBe IIePBOH BOXONOXbEMHON
KOJIOHHH HCIOJIb30BanH HaA(UIBTPOBHE TPY6H. Bropyio BojonogbeM-
HYI0 KOJOHHY Bpe3aju B OTCTOMHHK H YCTaHABJHBAJH NapajjiesibHO
¢unpTpy B KOHTYpe o6chnkd. OfHOBpeMeHHasl OTKayKa U3 JABYX BOJO-
NOAbEMHBIX KOJIOHH ofeclieynBaJla yBeJHUYEHHe BOAOOTGOpA H CHocob-
CTBOBaJia BKJ/IOUeHHIO B paboTy HHXHeH uacTH (GHAbTpA, 4TO 0COGeH-
HO BaXKHO NPH (QHIBTPALUHOHHOA HEOXHOPOAHOCTH NMOPOX B paspese ¢
3ajieraideM B IIOJOLIBE BOJAOHOCHOIO I/IaCTa BBICOKONPDOHHIIAEMBIX
OTJIOXKEeHHH.

B kauecTBe npuMepa OneHkH 3(Q@eKTHBHOCTH ABYXKOJOHHOH KOH-
CTPYKIHH CKBAXKHH MOKHO IpHBECTH ONHT ONpPOGOBaHHS CKBa’KHH Ha
opouraemom MaccuBe «Kamenckuft nox» u Bojgo3zaGope B r. Uepkacchl.
ﬂpeHH}KHaﬂ CKBaXXHHa Ha oOpollaeMOM MacCHBe «Kameﬂcxuﬁ non»
6mina npobypena auamerpoM 1200 MM u B Hee GbisI YCTaHOBJIEH Kap-
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KacHO-CTepxkHeBOH (HJIBTP C BOZONOABEMHOH KOJNOHHOH AHaMeTpoM
325 mMm. s orGopa BoaH M3 HHXKHell YacTH B OTCTOHHHK (HIBTpA
npHBapeHa BTOpas KOJOHHa MeHbllero auamerpa — 220 mMm. Bouue
¢uIbTpa AHaMeTp BTOPOH KOJMOHHH paBeH 325 mMM. MaxkcumanpHas
TOJLIHHA KOHTYpa rpaBHiiHOH 0OCHIKH cocraBuaa 230 MM.

Ha ckBaxkuHe GBUIH yCTaHOBJEHH JIBa IIOTPYXHBEIX Hacoca
B11B-10-120-60. OTkauky NPOBOAHJH pa3fenbHO H3 KaxaoO# BOJO-
HNOABEMHON KOJNOHHB H OXHOBPEMEHHO IIpH TpeX NMOHHXKeHHSX YpPOB-
Hs S;, S; u S; (raba. 14.2). Kak crepyer H3 ONBITHHIX AAaHHBIX, IIPH
HCIIOJIb30BaHHH JABYXKOJIOHHOH KOHCTPYKIHH ofecleunBaercs Aaxe
HEKoTOpoe yBeJHUYeHHe yIeabHOro geb6HTa NMpH oTOOpe CYHIECTBEHHO
Gospluiero pacxofa BoAbl 06G0OHMH HacoCaMH.

Ta6aunpa 14.2. Naunsie onpoGoBaHRA CKBAKHHBI ABYXKOJOHHOMN
KOHCTPYKUHH HAa opoiiaeMoM MaccHBe «KameuHbiit nop»

Hangnie onpoSopanns Hacoe 1 Hacoc 2 C‘;,’;”;ii‘;{‘:"
Tlonuxenue ypoBHS, M:
i 8,86 7,4 9,1
S, 7,55 6,1 8,65
Ss 5,4 5,6 8,1
Pacxon orkauku, M3/u:
[N 133 105 151
Q. 111 88 145
3 80 79 138
VaeasHbtit pe6ut, M3/u:
I 5,4 5,11 5,97
q: 5,27 5,29 6,02
qs 5,23 5,08 6,13
CpenHuil yae1sHbl ae6ur, M3/4 5,33 5,15 6,05

e+ e e e e o

AHajioruyHble ONHTHBIE PabOTH ObI/IM TPOBEfeHH Ha CKBAXKHHAX
OIHOro M3 Boao3abopos r. Yepkaccu. [{uamerp cksaxud Ne 1 u Ne 2
cocrapasa 900 muM, a guameTp GUALTPOBHIX KOJIOHH COOTBETCTBEHHO
273 u 325 mm. HonosHuTteabHas BOAONOAbEMHASI KOJIOHHA HMeJa Tak-

Ta6anna 14.3. Pesyabratht onpoGoBanus CKBaXKHH
ABYXKOJOHHOW KOHCTPYKuuM Ha BORo3aGope r. HepKaccn

YzneavHbifi pac-

Howmep
oo Bx onsac Pasion | Tonmmemie | 08 e ok
KHAB Bt
1 | Ha GunsTpoBO# KOJMOHHH 8,06 0,88 9,16
W3 BcnoMoratensHOR KOMOHHB 7,88 0,89 8,8
U3 nByx KonoHH 15,97 1,72 9,28
2 | M3 ¢uasTpoBofl KOMOHHE 31,1 3,57 8,68
Ha BcnomoratensHoit kosoHHH | 23,04 2,63 8,76
Hs xByx Konoud 52,34 5,87 8,9
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4 8 12 15 20 2% 28 @nre Puc. 14.9. T'paduxu pacxopoMeTpu

g JABYXKOJNOHHOA KOHCTPYKUHH CKBa-
=2 \ KHH NP PA3AHYHOM TONOKEHHH
z N Bcaca HaHOCa
3] - ij il N A 1 — B cpenset yacTd QuabTpa; 2 —
5 /,/ Hax QHILTPOM; J — B OTCTOMHHKE
A AR
56 *"Xi\ ’

[0 - \"§s«-~ NN S

3Ke cOOTBeTCTBeHHO AHaMmeTpsl 273 u 325 MM. CKBaXKHHBI KaNTHPOBAJIHA
BOJOHOCHBEIH TODH3OHT, MPHYPOUYEHHBII K PA3HO3GPHHCTHIM IeCKaM
(rabn. 14.3).

Kak u B mpelsiiylleM cjydae, INpH ABYXKOJOHHOH KOHCTPYKLHH
CKBaXXHMH oOecrmeunpaercsl MojyyeHHe GOJBUIHX PacxojoB Npu cOXpa-
HeHHH YJeabHOro jaebura. PacxofoMerpusi cKBaXKHHH Ne 2 mpH pas-
JEeNBbHOM BOXOOTOOpE W OTKauke H3 ABYX KOJOHH CBHIETEeJbCTBYET
0 CYLleCTBEHHOH HEepABHOMEPHOCTH HATDY3KH (HJILTPOB NPH OTKayKe
BOAH H3 BepxHeft u HHXKHef uacrell puabTpa (puc. 14.9).

TJIABA 15. CBONCTBA U KAYECTBO NMPECHbBIX
MOA3EMHDBIX BOJ1

15.1. ®du3ndecKne CBORCTEA BOABI

PaccMOTpUM HEKOTOphle CBOKCTBa BOJB — (DH3HYECKHE, XHMHUE-
ckHe, (PH3HUKO-XUMHUECKHE H MHKDOGHOJIOrHIECKHE, KOTOphle Hauboaee
CYIIECTBEHHB! NPH HCIOJB30BAHHH NOA3CMHBIX BOA AN BOAOCHaOXKe-
HHA H OpOlleHHA. TeMmepaTypa MOA3EMHBIX BOJ, BKJodasi 06.1acTH
MHOTOeTHel Mep3joTH, KoneGiercs, kak mpaemio, or 0°C  xo
15—20°C. B paiionax MHoroJieTHeil Mep3jIOTH TeMmIeparypa NOA3eM-
uHXx BoA u3MeHsercss oT 0 1o 4-2...4-3°C, B yMepeHHOM KInuMaTe —
npuMepHo or +3 mo +12°C u B loxubix pafionax CCCP nmocruraer
B HeKoTOpHx cayyasx +20°C u Gosee.

ViaMeHeHHe TeMIlepaTyphl BOJBl 3HAUHTENBHO BJAHsET HA ee QHIBT-
pallHOHHHIE CBOHCTBA: Tak, NpH Temnepartype Boxsl 0°C aGcomoTHag
BSI3KOCTH BOAB cocraBader 1,79 cm, a mpu Temmneparype ee 20,2°C —
1 cn. DTo 06CTOATENBCTBO HYXHO ocobenno yuurmBate npu HBIIB,
Koraa, nanpumep mas 1 tuna WBIIB, npumMensioTcss MHQHUIBTPALHOH"
HBle OTKPHITHE GacCefiHB, B KOTOPBIX TeMiieparypa MOBepXHOCTHBIX
BOJ B YMEPEHHOM K/HMaTe KoJsebGsiercd MNPHMEPHO OT +20°C no
+1°C u, cnenoBaTeqbHO, CKOPOCTh (GHABTPALlMH NPH TOM Ke IpajH-
eHTe HANOPA B 3UMHee BPEMS MOXKET CHIbHO yMeHblIaThCs. GHabTpa-
LMoHHBE CBoficTBa ocajka (mienku) B Gacceitnax MBIIB 1 Ttuna
H nopop moj 6accefiHaMu yMeHbUIATCA OOPATHO MNPOHOPHHOHATBLHO
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YBeAHYCHHIO a6COMIOTHON BA3KOCTH. DTO TaKMKe BAXKHO JJ/s OeperoBhIX
UHQUIBTPALHOHHBIX BOJ03a60POB.

Pasnuuaior Bogy npospauuylo, ciaGoonajecuupyiooulyio, omnaJec-
LEDYIOILYIO, CIeTKa MYTHYIO, CHJABHO MYTHYIO (MYTHOCTb BOAH OLEHH-
salor no 'OCT 2874—88). MyTHOCTb ONpefensioT TaKXe No KoJuye-
CTBY B3BellleHHHX BemiectB. JKesesucTsle BOAB, NOJyYaeMble M3 BOJO-
3a00poB, HepeiKo NPH OKHCJEHHH Ha BO3AyXe GLIBAIOT 0T ONAaJeclH-
PYIOIHX 0 MYTHBHIX.

B nonsemHBIX Bojax oObluHO He HabJarofaeTcss NMOBLIIeHHAs IBeT-
HocTh (ompenmeasiercss mo I'OCT 2674—82 ans nutbeBoil BOAH). 3a-
nax, XKaK MpaBHNO, OTCYTCTBYeT, OAHAKO OH MOXET GBIThb OTMeueH HPH
HaJHYHH CYyAbGhaTpeiyIHPYIOIHX H APYrHX MPOLECCOB. DJIEKTPONPO-
BOJAHOCTh NpeCHHX BOj KoseGaercs B mpedenax 33-10-5...1,3-10-23
Onm-M.

15.2. XuMHueCKHii COCTAB NMOA3EMHBIX BOJ,

IIpecubie momseMuble BoAn HMenT MuHepanusauuw no 1 r/n. dada
BOLOCHAOXEeHHs B 3aCyLIIMBBIX pafioHAX MOTYT HCIOJb30BaThCs HOA-
3eMHBIe BOAB C MHHepanu3anuei 10 2—3 r/n. Jasa opolueHHs H nact-
OuIHOrO BOXOCHAOXKEHHST SKCIVIYATHPYIOTCST B COOTBETCTBYIOLIUX CJIY-
yasix mojA3eMHBle BOAB ¢ MHHepaauszauued go 5—10 r/a (cM. ra. 1).
Munepanuzanus BoJbl BaXKHA He TOJBKO AN OLEHKH €e KayecTBa, HO
KaK TNOKaszald IOoCHeNHHE MHCCHefOBAHHS, 3TOT NOKAa3aTelb Cyuiect-
BEHHO BJIHSeT HAa BEJHYHHY CKOPOCTH ¢uabrpaumu (puc. 15.1). Hs3
PHCYHKa BHAHO, 4TO Aa)e HeGOJMbIIHE H3MEHEHHS MHHepaJH3aIHu
3aMEeTHO H3MEHSIOT CKOPOCTh QHIBTPALHH.

M3 pacTBOpeHHHIX 3/MeMEHTOB B NOA3EMHBIX BOXAX NPHCYTCTBYIOT
npocreie Housl Nat, Ca?t, Cl-, caoxusle Honnl HCO3—, COz2~, SO.2-,
NOs~ u B SHayHTeNILHO MeHbUIEM KOJIHYECTBE JAPYrHe, KpoMme TOro,
HeJHCCONHHPOBaHHble MoMekynsl H kKosmouasl (HpSiOs), a Takxke pac-
TBopeHHbie Ta3pl (COz, HoS, O2) u np. B pacTBopeHHHX B BOJe Benle-
cTBax BhIeNdI0oT MakpokoMmmoHeHTw (Nat, Ca%t, Cl-, SO2, HCO;-,
NO;~), koTopsle siBisiOTCA NpeoGaagaloOlHMi BO MHOTHX THIAxX TNOJ-
3eMHBIX BOJ.

Ins xapaKTepHCTHKH KaueCTBa BOAbl, ocobenHocrell ero ¢op-
MHpPOBaHHA,  BaXeH  OKHCJIHTENbHO-BOCCTAHOBHUTENbHBIH  TOTEH-
puan Eh, KoTopHH B 3HAYHTENBHOH CTeNeHH 3aBHCHT OT Ia3’oBOTC
cocraBa Boan (Og, Hy u np.). B cBsI3u ¢ 9THM OKHC/IHTeIbHO-BOCCTA-
HOBHTEJNbHHH NOTEHIHAJ C/eYeT ONpelesisiTh HENOCPEACTBEHHO B Me-
cTe BHIX0Ja O0TGOpa NMpoOBI ropH30HTA. B NPHPOAHBIX MOA3EMHBIX BO-
ndax BeqnunHa Eh o6wiuno kosaebmerca B mpemenax -+500...—300,
a pH=4—10. Tlokasaresb KucJa0Of M WenouHof cpeani pH u oxucau-
TeJbHO-BOCCTAHOBHTENBHEIN noTeHnuaa Eh BaxHB AJMA NPOrHO3a Ka-
4ecTBa BOAB. CpaBHeHHE PA3/THUHBIX OKHCJIHTEJIBHBIX COCTOSIHHH mpec-
HBIX W CI1200MHHEpa/NH30BAHHHIX NON3EMHBIX BOA OpH pasHux pH
BHI3BIBAET 3aTPYAHEHHs NpPH OlleHKE NMPOrHo3a GHOXUMHYECKHX Npolec-
coB. B 3THX Cayuasdx NpHMEHSIOT YCJAOBHBIH nokasartesab rH, peannb-
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Puc. 15.1. 3asucumocts  cKOpoctH
¢uabTpaunu V OT BEAHYMHB MuHepa~
o AM3aUHH M GuabTpyemoir Boam (mo
= T. H. Naudeposy)
1— ana ocagxka Ne 1; 2— nas ocan-
Ka Ne 2

\‘Q.

0 42 oh G5 08 mymm

Has BeJHYHHA KOTOPOro mpeacraBasger co0OH 3HayeHHe MapiHa/bHOTO
JaBjnenus Bojopona. [lokasarenp rHy, MoxHO ompenenuth H3 ypaBHe-
Hus, yunthBaomero c¢Bsi3p pH u Eh (rHz — skcnepumenranabuo He
onpepesercs):

tH, = Eh /0,029 + 2pH. (15.1)

Beanuuna rH; He MoOXKeT pacCMaTpHBaThCs KakK aGCOJIOTHBIN Io-
Ka3zarejgb OKHCHIHTEJNbHO-BOCCTAHOBUTENBHOTO COCTOAHUA TIOA3€MHBIX
BOJ, HO ABJsieTCsl 3HAUeHHeM MapUHAJbHOTO AaBJIeHHST BOAOPOJA, BHI-
PaXKEHHOTO B 3JIEKTPHUECKHX eHHHILAX.

B moAseMHBIX BOAAX, HCHOJb3YeMBIX AJsi BOJLOCHAGMKeHHs, BCTpe-
yaeTcs pAN 3JE€MEHTOB, colepXKaHHe KOTOphix JuMurupyercs ['OCT
2874—82 (raba. 15.1).

Tab6auna 15.1. KoHuenrpanus HOPMHPYEMBIX EMEHTOB
B npecHux Bopax mps pH=6,5...8,5, Eh=-+4500...—300 »B

DneMeHTR! NAK, mr/a Hpeél e,‘l’é’g;é’,ﬁf},’;“ :lgg'sleeg ToB

Crponnuft 7 0,n— 10n
Bepuiuit 0,0002 0,000 — 0,0n
Mess 1 0,00n —0,0n
1unx 2 0,00n — 0,1
Caunelr, 0,03 0,00n — 0,0n
Keseso 0,3 0,n— 10n
Monu6zen 0,25 0,00n —0,0n
Mubsax 0,05 0,00 — 0,0n
Cenen 0,001 0,000n — 0,01
drop 0,7—1,5 0,n— 101

* Beauuuna n usMensiercd ot 0 1o 9... 10.

15.3. MuxpoGHoOIOrHs MOA3EMHLIX BOJ M UX KayecTBO

K MHKpOOpPraHH3MaM OTHOCATCA He BHAHMble HeBOOPYKEHHBIM I1a-
80M MHOTHE BHABI OJHOKJIETOYHBIX OPraHH3MOB (6aKTepHH, PHKKETCHH,
BOJAOPOCJH H Jp.), 8 TaKkXKe KHBOTHHIX (Ipocrefilline — KIYTHKOBHIE,
CapKOIOBHle, CHOPOBHe H HH(Y30pHH). PasMepn HX—oOT JAoJjefi 10
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JeCATKOB H COTEH MHKPOMeTpoB. Bupycsl H (aru uMeroT pa3Mephl
MHOrO MeHbIIIHe — JlecAThie H COThie JOMH MHKPOMETPOB.

Mukpooprauu3mMbl XapakKTepH3YIOTCSl Pas3/HUHBLIMH cnocob6aMH NH-
TaHHA W NBIXaHHS, YTO ONpEeJessieTcs HX BHAOM H SKOJOTHUCCKHMH
YCJOBHSIMH, OCOGCHHO OKHC/IHTENBHO- H BOCCTAHOBHTeNBHBHIMH. [lo
cnocoby MHTAHHS MHKPOOPraHH3MBI Pas3fe/siOT B OCHOBHOM Ha aBToO-
TpodHEIe H rereporpodHsie, Cpenn aBTOTPOPHHX OpraHuaMoB (4acTb
Bofiopocsiell u GakTepui) BuiensioT (GoTOAaBTOTPOQHEE, HCNOMb3YIO-
IlHe HEePrHi0 cBera A/ YCBOEHHs YIVIEKHCJOTH H NOCTPOEHHA opra-
HHYECKOTO BELIeCTBA, H XeOMaBTOTPOQHBIC, KOTOPHIE HCHOJb3YIOT
SHEPIrHI0 OKHUCAEHHUS Pa3JjHuHbIX BellecTB. ITuieli rereporpodos sBad-
I0TCSl KHBBIE W MepTBHe opraHuaMbl. OpHako HEKOTOphle aBTOTPO(H!
HCTIONB3YIOT M OPraHHdYecKHe BellecTBa, a IeTepoTPOdH — HeOpraHu-
geckHe. OHA 4acTh OPTraHU3MOB KHUBET B a3poOGHHEIX YCJOBHAX, APY-
ras — B aHa3pOOHBIX.

MukpoopraiuaMbl B NPECHBIX NOJ3€MHBIX BOAaX OBbIIH OGHAPYKEeHB
Gosiee cra seT TOMY Hasal. BauMauHe K 3TOMYy BONPOCY HPHBJICUEHO
B CBfI3H C BHISIBJEHHEM psina Oosie3Heft NMPH HCNOJb30BAHHH NHTLEBOH
BOJHl, cOJepXallel naTtoreHHble OakTepHH, HaOpHMEp CaJIbMOHEJJH,
OprottHoro tTuda u naparuda, xojepHoro BubpHoHa H ap. B cBsi3m ¢
3THM AJI OLEHKH CRHHTAPHOIO COCTOSIHHSI MHTHEBOH BOAB ONpPEHLsfAIoT
KOJIMMHAEKC ¥ KOJHYECTBO KOJOHHUH GaKrepuil NMpH NoceBe Ha cpege
MITA* (no I'OCT 2874—82), korza npopacTaloT B OCHOBHOM Camnpo-
duTe. Jlpyrux MHKPOOPraHU3MOB TIDH 3TOM He BBIABJAIOT, XOTA HX
KOJHYECTBO AJi OYeHb YHCTHIX BOJX MOXKeT OHThb npuMepHo B 10¢—10%
pas GoJblie.

C. M. JIpaueBBIM yCTaHOBJeHA CBA3b MEXAY AAHHBIMH CAHHTaPHBIX
AHAJIH30B M OGLIHM cofiepKaHueM GaKTepHil B BOAC O METOAY NpAMO-
ro cuera—mno A. C. PasymoBy (raba. 15.2). Dra cBA3b OTHOCHTCA
K NOBEPXHOCTHBIM BOJAaM, HO €l0 MOXHO NOJIb30BaThCSl H JJIfl MOA3EM-
HBIX BOA.

Ta6auua 152, CpaBHeHHe YHCAA MHKPOGOE MO NPSAMOMY CUETY
¢ MOKa3aTesiMH CAHHTAPHOTO aHajau3a

Mukpo6Hoe Uncno MHK-
3arpssHeHREOCTh BORH Koaututp ynono | POGOB WO mps-
MOMY CUeTy

Ouenb uncTas 10—100 n-10! 105
Usncras 10-1 n-102 108
YMepeHHO 3arpsi3HeHHas 1-0,05 n-108 108
3arpsizHeHHas 0,05—0,00> n-104 107
I'pasuan 0,005—0,001 n-108 107
Ouens rpszHas 0,001 n-108 108

B ra6a. 15.3 npuBenenn GakTepHONOTHUECKHE AHAJU3bI BOABL H3
CKBAXKHH, 3KCN/IYaTHPOBABLIHX APTE€3HAHCKHE BOJOHOCHbIE TOPH3OHTHI
B KaMEHHOYroJIbHBIX usBecTHsiKaXx (MockoBcKas 064.). [lo mpo6am

* MyconenTonHbIfi arap — NHTaTeNbHAs Cpeja.



BOJB MMEIOTCH TaKXe CaHuTapHHhe (GaKTepHOJIOrHYeCKHe aHAJH3bLI CO-
raacio FOCT 2874—82. Koaunupeke mouyTH BO BcexX caydasx <3,
a KOJHYeCTBO KOJIOHHMH nmpu noceBe Ha cpexe MITA oGeruno 0 u pexe
1—2 xoqoumnit/a, 1. e. no TOCT 2874—82 Bona Guia KaacCHHUIHPO-
BaHA KaK OYeHb UHCTad.

Tab6aumua 153. Cogmepxkanne GakTepuit B BOAAX M3 APTE3HAHCKHX CKBAXKHH
B KaMeHHOyI”OJleHX H3BECTHAKAX

KonuvecTBo Gakrepuft Mo MeromaM
noceBa Ha KI:;’:‘;;’I:;[;};HX ¢pexax, lgﬁlﬁﬂ%e'g;
OGBbexr 3yuo§y, “rric.
MITA Karayca I‘An ;f‘?’;?ﬁ;, ) KonoRHA/MA
Horunck (2 ckBaxunbl) 4-—-10 80—90 43—65 5—-8
Tloc. 3enenntit (1 ckBaxuua) 12 100 90 10—12
Tlononsck (3 ckBaxuub) 825 21190 18—120 63—68

B CCCP Boza, nosaBaeMasi NOTPeBHTEMIO i X03sIHCTBEHHO-TIHTb-
€BHIX HeJsel, Noaxkna orBeuath TpeboBanusm ['OCT 2874—82. Caepo-
BaTeJIbHO, BOA, NMOJy4aeMas H3 BOJOHOCHOrO FOPHU30HTA ¢ HCKYCCTBEH-
HBIM BOCTOJIHEHHEM, MPH HECOOTBETCTBHH OCYLaPCTBEHHOMY CTaHAAp-
Ty ROJXHa MPOXOJHTH MOCJeAylollyio ouHcTKy. B ykasannom I'OCTe
NPHBOAATCA NpefesbHble HOPMB! AJsi MHTbeBOH BOJABI: GaKTepHAJbHBIE
nokasarens; obmue Gu3HUECKHe H XAMHYECKHe NOKAa3aTe/id; KOHIEHT-
panus TOKCHUECKHX BeIlECTB H OPraHOJIeNTHUECKHEe MOKA3aTE]H.

CyMmMapHasi KOHIEHTPAIHsi TOKCHUHBIX BEIIECTB, a TaKXe cymMMap-
HOe COAepXKaHHe CYJb(paToB M XJOPHAOB, €C/H TOCJAeJHHE NpPHAAKT
Boje NPHBKYC, He JOJNXKHB ObITh 00Jee CYMMBl JOJEBHX YYacTHi
(TI0 OTHOLIEHHIO K MX TpelelbHO JONYCTHMOH KOHIEHTpPAIlHH)

Cy/C 4+ GCy/Cy+ ... +C,/C, < 1, (15.2)

rae Ci, Ca ... Cn — OOHADYXeHHBe KOHNeHTpAlUHH, Mr/a; Ci, C:, Cn - IpeleibHule
KOHIEHTPALlHH N0 HOPMe, Mr/i.

Bonoponnsiii moxasaTens goskeH GuITh B npefenax 6,5...8,5. Cae-
AyeT yYHTHIBATH TaK¥Ke JOMONHHTEIbHBIE PEKOMEHAALHH O AOMYCTHMBIX
KOHUEHTPALHAX pa3AHYHBIX BeIIeCTB, YCTAHOBJIEHHHX MHH3ApaBOM
CCCP. Ocratorcsi B cusie OKa3aTeNH NPeleIbHO MaKCHMAJbHBIX KOH-
LEHTPaUKi BemecT, He Bomeaumux 8 FOCT 2874—82.

3anaxu W NPHBKYCH SBJSIIOTCS Yallle Pe3yJbTaTOM JKH3HEAESITe/b-
HOCTH H OTMHPAaHHsS MHKDPO- M MakpOOPraHH3MOB B Boje; HauboJee
YCTOHUHBBEIY ¥ TPYAHOYCTPAaHHMBIH 3eMJIHCTHIH M 3aTXAblH 3anax BHI-
3HIBAIOT AKTHHOMHIETHL.

B Tpe6GoBanus K KauecTBY XO3SIACTBEHHO-THTbEBHIX BOJ He BXOAAT
NaHHHe O HAJHYMH B HMX BPeJAHHX H ONAaCHBIX PACTHTEJNbHBIX H XKH-
BOTHBIX OXHOKJETOUHHIX M MHOTOKJETOUHBIX MHKPOOPraHH3MOB, Ha-
npuMep amed ¥ Ap.
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TOCT 2874—82 He cOMEPXHT TakXKe AaHHHIX N0 BApycam. Ho npe-
JE€JbHO AONYCTHMBble nOKasaTteJH no KHIIeYHOH MaJjiouKe H KOJIHYECTBY
GakTepuit B 9TOM HOPMaTHBHOM AOKYMeHTE NO3BOJAIOT OLEHHTh BOAY
kKaK 6e3BpefHYIO TI0 BHpPYCaM.

15.4. H3MeHeHne XHMHYECKOTO COCTABA B KaYyeCcTBa
NOA3EMHBIX BOJ NMPH MX IKCIIIyaTauMH

VameHeHHe COCTaBa M KauecTBa MOJ3eMHBIX BOJ B €CTECTBEHHBIX
YCJ10BHsIX OOBIYHO NPOHCXOAMT MeaseHHo. Ilpm skenamyarauus BoXO-
3a00paMH TNOX3EMHBIX BOA, 0coDeHHO npH Tay0OKOM HX 3aJjeraHHH,
B TeYeHHEe HECKOJbKHX JeT MOXKer HabsionaTbcd He3HAauHTebHOe H3-
MeHeHHe KaueCTBa NOA3eMHBIX BOX. Hampumep, AaurtenpHas sKCIiaya-
TalliAg apTE3HAHCKHX BOJXOHOCHBIX FOPH3OHTOB, MPHYPOUEHHBIX K OTJO-
KEeHHAM KaMeHHOYroJbHOH u JMeBOHCKOH cucreM IloxmockoBHO# KoT-
JIOBHHBI, TOKA3a71a, YyTO COCTAaB NMOA3EMHBIX BOJ 3aMETHO He H3MEHHJCH.

Opnako HepeixH cjaydau HM3MEHEHHSI COCTaBa TOJ3eMHBIX BOX B
npomnecce dKCHAyataguu. Takoe H3MeHEHHe HHOTZAa MoxeT OHTh CTOJb
BHIPAXKEHO, UTO BOJABI CTAHOBSITCSI HEMPHUTOAHLIMH WJIH MaJjiONPHUrONHH-
MU IAf HCNOJB30BaHMs. Hanpumep, B NOA3eMHBIX BOAAX CPEeRHEro
capMara B OfZHOM M3 NYHKTOB Ha lore epponefickoi yactu CCCP 3a
4 roga 3KcHayaTallMd CyXOil O0CTaTOK B Boje yBesnHuuacsi ¢ 800—1000
Jo 1800—2200 mr/m; Boma craja HEOpHUrOAHOH NJf XO3AHCTBEHHO-
IHTBEBOTO BOJOCHAGKEHHS.

B HekoTopmIx cayuasx nabaiofaerTcd H3MEHEeHHe COCTaBa MOJ3EM-
HBIX BOJ, HO OHH OCTAIOTCSI MPHTOAHBIMH JJs HCHoib3oBaHus. Hanpu-
umep, Ha KaBxase 3a 25 jeT sxcnjyartauud OJHOTO M3 KPyHHeHIIHX
BORO3aGopos noxseMubx Box Illonapckoro BogonpoBofa HabMOAANOCH
JJI5l Pa3nuYHBIX BOXOHOCHBIX TOPH30HTOB M CKBAXUH YBE/JHYEHHE CY-
xoro ocratka Ha 30—150 Mmr/n, yBenuuenHe o6IUeH JKECTROCTH BOJKE
Ba 0,2—1 Mr-sxB/n, a Takxke HEKOTOpPOE yBeJTHUEHHe CONEPIKAHHSA
cyns(ATOB H XJOPUIOB.

XapakTep W YCJOBHS H3MEHEHHsI COCTaBa TOJ3eMHBIX BOA pasHO-
o0pasHu. B oxuux cayyasx yeennuuBaeTcs HX ofliasi MHHEpa/M3a-
HHA, B APYrUX — H3MeHSieTCss XMMHUeCKHi cocTas Bojsl. OTMeuawTcs
CAYYAH H3MEHEHHs KeCTKOCTH BOJ, HAOMIOXAeTCs XHMHUYECKOE H MHK-
poOHOMOrHIeCKoe 3arps3HeHHe.

Cnenyer OTMETHTh, YTO M3MeHEHHE COCTaBa MOA3EMHLIX BOA Hemo-
CPeACTBEHHO Ha ydyacTKe KanTaxa oOBYHO OTCTaeT BO BPEMEHH OT
BO3HUKHOBeHHA (akTopa, o0yc/aOB/IHBAIOLIEr0 5TO H3MeHeHHe. Takoe
OTCTaBaHHe MOXeT ObITh BecbMa 3HAUHTEJbHHIM. B OXHHX cayuadx
HN3MeHeHHUs] HOCAT NOCTEeNEeHHBIH XapakTep; B APYrHX — Habmawomaercs
peskoe ckaukooGpasHoe kosiebaHHe COCTaBa MON3EMHBIX BOX KaK B
ONHOM, TaK W B Pa3HBIX KANTAXKHBIX COOPYXKEHUAX ONHOTO M TOTO Ke
BOJIOHOCHOr'O TOPH3OHTA.

[Ipu npaBuibHOM NPOEKTHPOBAHHH YCTPOHCTB H  IKCIUIyaTallHH
cuctem MBIIB Bopma o6wiuHo coorBerctByeT TtpeGoBanusm ['OCT
2874—82. Opuako, Kark NPaBUIO, AAsl TNPO(HIAKTHKH COXPAHEHHS
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GaronpUATHEIX OaKTepHANBHBIX TOKa3aTesiell NPOBOAAT AONONHHTENb-
Hoe xJopHpoBaHuc BoAbl. OueHb BaXKHO, YTO NPH KPAaTKOBPEMEHHOM
YXYALIEHHH KageCTBA HCXOAHOH NMOBEPXHOCTHOH BOAH BOJOHOCHHIH ro-
PH3OHT (M3 PBIXJBIX NOPOA) BHINOJHSET (QYHKUHH Oapbepa, Mpenor-
Bpalilas peskoe yXyAlleHuWe MojydaeMoli H3 B0OJ032GOpOB BOXBL.

BausiHne OKHCJAHTENbHMX NPOUECCOB B 30HE a%PaliHH H B IPYHTO-
BBIX BOJAX NpPW 3KCHJyaTalMH HA H3MEHEHHe KayecTBa Bofnt. PaccMmor-
pHM 3To Ha NpHMepe 3KcIayarauud MBITHILHHCKOrO Bojosabopa
(MockoBckas 0671.). BomoHOCHBIfI TOPH3OHT NPHYpPOYeH B OCHOBHOM
K (QUIOBHOIVIILMANBHBIM M JPEBHEAJTIOBHANBHEIM  I1eCUaHO-TpaBe/n-
CTBIM OTJIOXKeHHAM MolHOoCThIo A0 15—30 M. PaccmartpuBaeMbiii Bo-
JOHOCHH FOPH3OHT OTACJSETCS OT HHXKeJeXKalluX MNOA3CMHBIX BOA B
KAME@HHOYTO/NbHEIX H3BECTHAKAax IOPCKHMH rauHamu. IlepexpoBaercd
BOAOHOCHHBII T'OPHU3OHT COBPEMCHHBIMH annoBHANLHBIMH IECHaHOo-TaAu-
HHUCTHIMH OTJIOXKEHHAMH H TOpdoMm.

DTOT BOXOHOCHBIH FOPH3OHT, PACTIONOKEHHHI B BepX0BbsiX p. y3H,
Ha BoJiblliell YACTH CBOEro PachpocTpaHeHHS mpeacrasiser cobofi Gac-
CellH TPYHTOBHIX BOJ, MEeCTaMH HMEIOLIHX Hamopuelil xapakrep. Ha
TEPPHTOPHH PACIPOCTPAHEHHS BOJOHOCHOTO TOPH30HTAa HMEIOTCSI TOp-
thsiHple 60J0T2, BOfa KOTOPHIX THAPABJIHYECKH CBSI32HA C TPYHTOBBIMH
BOJ@MH.

Uepes 106 ner sxkcnayaTauHd ypoBeHb B CKBaXKHHAX Bonosabopa
CHH3HJICS N0 CPABHEHHIO ¢ NepBOHAUANbHBIM NpHMepHO Ha 13 M.

ViameHeHue cocTaBa NOJA3eMHEIX BOJA, B HACTHOCTH, NPOHCXOLHJO
B pe3y’abTare caeayioliux npoueccos (taba. 15.4). Tlpu ocymennu
TophAHBIX GoJoT craHoBHTCA Oosiee JerkuM AOCTYN KHCJAOPOAA BO3-
AyXa B OCYLIeHHYI0 30HY TOP(AHHKA, B Pe3yJbTaTe OKHCJAEHHS NHPHTA
obpasyercsi cepHas kHCaoTa. IlocjenHsis MpH HachIeHHH Topda BO-
IO CBSI3HIBAeT OCHOBaHHA cojel Godee cnabnix KHeaoT, obpasyd
cynandarel. HacTs cepHOfl KHCJIOTH OcTaercs CBoOoxHOH. 3arem INpH
NPOCAYHBAHHHM OCAAKOB 3TH Cyab(daThl PacTBOPAIOTCS, YBJEKAIOTCH
BHH3, NIONAAAI0T B BOJOHOCHBIH T'OPH30HT H YBeJMYHBAIOT MHHEpPaTH-
3anHio BoAbl. Takue npoliecchl Gbia OOHapyXeHH HA yuacTKax BOJAO-
HOCHOTO TOPH30HTA, NMEPEKPHITOTO CBePXy Topdom.

TaGauna 15.4. UsMenenne cocTaBa moa3eMHol BOJbI
npu skcnayarauyud MuITHIHMHCKOTO BoZO3a6opa

Cyxot Obwasn xecT- - —_ 24

S0£7, cl—, Fe T,

BpeMs skcujdyaTauud oc;z;fgx, Mx‘{%c;;;n h rf/.n i Me/a
Hauano (npubnuxenno) 145 2,23 4 8-8 4 2,5 l 0,31
106-i1 rox skcnuyaTauun 501,7 7,75 139,56 5,1 1,3

H3MeneHne cocTaBa MOA3EMHBIX BOJ HA 9KCIIYATHPYEMOM yyacTKe
BOJHOCHOTO TOPH30HTA NYTEM NPHTOKA C APYrHX YYACTKOB TOro e
ropusonTa. Mamenenne cocTaBa moj3eMHHX BOJ NMPH HX 3KCIJyaTauHH
HabJ01a710ch B apTe3HAHCKOM TOPH30HTE, NMPHYPOUEHHOM K JebeldH-
CKHM caosiM (paMeHCKOro sipyca BepXHero OTfesia AEeBOHCKOH CHCTEMBH,
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B palioHe Tyas. B ponuse nHeGoablioH peukH Hal NeGCAAHCKHMH
CIOIMH 3aJIeraloT HemoCpPeACTBEHHO YeTBEPTHUHBIE OTJIONEHHH, a MO
BOOpasjenam JeGeAsiHCKHE CJOM NPHKPHITH HHXKHEKaMeHHOYTOJbHBI-
M# [VIHHAMH, H3BECTHSKAMH ¥ NeckaMu. JleGenstHCKHe CJIOH NpPEACTaB-
JeHbl CBEPXY H3BECTHAKAMH, a HUXKe — Mepec/iauBaHueM H3BECTHAKOB,
JAOJOMHTOB, I'VTHH € TIPOCJOSIMH THIICOB,

B nosune pekH NMoj3eMHBIE BOAH B BepxHefl yacTH neGelsiHCKUX
C/IoeB 3HAUATEJNBHO ONIpECHEHH, a raylxke W N0 BOAOpa3fesnaM MHHe-
paju3allHsl H KeCTKOCTb HOA3EMHBIX BOJ B TEX Ke OTJIOXKEHUSX 3HAUH-
Te1bHO OoJsplile. DBiHXKe K pedKe pacrnoJioXXeHa CKBaXkKHHa, KoTopas
BCKpHIJI2 apTe3HaHCKHe BOABI B BepXHeH 4acTH Jebe/sIHCKHX CJOEB.
TIpu axcnnyatanuu cKkBaXkXHHB 00beM HonyuaeMoll Bofs paBed 50 M3/u
u3 pepxHef 10—15-MeTpoBoli Tosmu JeGeJsIHCKHX H3BECTHAKOB. 3a
106 ser skemayaTauuH cyXoifl ocTaTOK yBeauuyusacsa c 518 wr/a po
974 wmr/n, o6mwas xkecTkKocTb—c 8,6 Mr-sks/n mo 16,61 mr-sgs/a,
SO —c 121,4 mr/n no 464,4 mr/an u Ca*— ¢ 120,4 Mr/a o 344,2 mr/a.
Ilo Mepe yrayGsieHHst pa3BefodHON CKBAXKHHBI OKOJIO TOTO e yyacrKa
ObLIH TOAYUEHH! CASAYIOIHe AaHHBE: NpH raybune 47 M obuias xecr-
KOCTh Boxel cocraBuna 6,46 mr-ske/n, upu raybune 57 M —
11,2 mr-sxs/a u upu raybune 65 M — 18,68 Mr-s3xB/n. DTo AcCHO MOKa-
3bIBALT, UTO HMEEeT MecTo mojcoc 6oJjee MHHEDAJH30BAHHBIX H JKECT-
KuX BojJ ¢ GOJBINHX I'VIYOHH H3 TOrO Ke BOAOHOCHOTO I'OPH30HTA.

HameHenne coCTaBa NMOA3EMHBIX BOJ, NPH NOACACHIBAHMH M3 ApY-
THX BOJAOHOCHBLIX FOPH3OHTOB NPH HANHYHH AedeKToR 06CaANHBIX KONOHH
B CTBOJIE CKBaXHH. B KauecTBe NPHMepa MOXKHO NPHBECTH IKCKNIyaTa-
nuio B KpeMy BOJOHOCHOTO TOPH30HTa C BOAoil XOpOINEro KauyecTma,
BHILE KOTOPOI'O HAXORHTCS BOLOHOCHBIH TOPH30HT C 3arpsi3HEHHBIMH
U arpecCUBHBIMH BOAaMH. 3TH BOAOHOCHBIE TOPH3OHTH Da3ieseHbl IVIH-
Hamu. MaMeHeHHe coCTaBa BOAB B 3KCNAyaTHPYeMOM HHXKHEM BOJO-
HOCHOM TOPH30HTE MPOH3OLIIO BC/IeACTBHE HPOPKABEBUIMX 0OCAAHBIX
TPyG CKBaxKHHBI BepxHero ropusoura (taba. 15.5).

Ta6auna 15.5. HameHnenne cocTaBa noA3EMHHX BOJ BCACACTBHE
HEYAOBNETBOPHTEALHOIO TEXHHYECKOTO COCTOSIHHA CRBAaXKHHBI

CKBaXKHHa CKBa)HHa CKBaXHHa CKBaxXHHa
¢ o6cafubBIMH |C NpOpXKaBes- ¢ ofcafHbIMH | ¢ NpopXaBes-
TTokasatens Tpy6GaMmu, ue | wumr oficap- || IToxasarens | TpyGamu, He | wumH obcan-
HMEMHMI HbIMH pr- HMCIOIIEMHA HEIME pr-
nedexToB Gamu RedeKkToB Gamu
Bxyce IMpusatauit  |Coaonoma- ||Cl- 244 720
THf SO,-2 22,8 48
Temnepary- 17,5 17,5 NH,* Her 21,2
pa, °C
Ca, Mr/a 46,4 59,1
Mg?+ 24,2 16,6
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I'JIABA 16. CAHUTAPHAS OXPAHA

16.1. 3apayn caHHTAPHOH OXPaHBI

B noc/iennee BpeMst OTMEUAIOTCA CJAYYaH 3arPA3HEHUS] NOBEPXHOCT-
HBIX W MOA3eMHBIX BoA. Takue 3arpsi3HeHHsI CBSI3aHBI B OCHOBHOM €O
c6pocoM HEOUHIIEHHBIX BOJ B PeKH, HapylleHHEM HODM MpPOeKTHpoBa-
HUS M CTPOHTEJbCTBA, a TaKXKe 3JKCIUIyaTauueli TIHAPOTEXHHUYCCKHX
COOpyKeHHUit, B YaCTHOCTH BOAOXPAHWJIHDL U KaHaJoB (6oJbline yTed-
KH H Hp.), 3acoJeHHem NOA3EMHBIX BOA (Aa)Ke apTe3HaHCKHX) NPH
HeYNOBJETBOPHTEJbHON SKCIyaTallMH ODOCHTENbHBIX CHCTeM (3aco-
JICHHE TPYHTOBBIX M aPTe3HAHCKHX BOA), cOPOCOM B DEKH MHHepaJH-
30BAHHBIX M COJIEHBIX BOJ NPH FOPHBIX pa3paboTkax H Ap.

st ynydnieHHst KauecTBa NMOA3EMHBIX BOJ H NpPeAyNpeXAeHHA HX
YXYHMIIEHHs YCTaHOBJeHM 30HB caHuTapHoH oxpasbl. CoraacHo
pasg. 111 «OcHoB BogHoro 3akonoparesnbcrsa Cowaa CCP H COM0O3HBIX
pecny6ank» [10] s 6HTOBOrG H X03sHCTBEHHO-TIHTHEBOTO BOXOCHA06-
XeHust NpedyCMaTpPUBAETCs OXPaHa NOBEPXHOCTHHIX H MOA3EMHBIX BOJ
OT 3arpsi3HeHHs C YCTAHOBJIEHHeM COOTBETCTBYIOIIHX 30H CaHHTaPHOH
OXpaHnl Jas oBeciedeHHs KX CAaHHTAPHO-3MHAEMHOJOTHYECKOH Ha-
JeKHOCTH.

B sapaud caHuTapHOW oXpaHbl, TakKHM 06pa3oM, BXOJAHT Mpexy-
npexneHHe 3arpsi3HeHHH MOBEDPXHOCTHBIX H MOA3EMHBIX BOA, @ TaKXke
BCEX COOPYKeHHE CHCTEMbi Bog03abopoB mojseMHbIX BoA. B skcmaya-
TallHOHHBIE 3aMachl MPECHBIX MOA3EMHBIX BOX BO MHOTHX CJIy4asix BXO-
ISiT MpUB/MEKaeMble 3aMacH 3a cueT (QHIbLTPAUMH MOBEPXHOCTHBIX BOJ.

Bce CaHHUTapHBIE MepOHpHHTHﬂ BHIOOJIHAXTCA B COOTBETCTBHH C
«OcHoBaMu BomHOro zakonoxatenbcTBa Cowsa CCP # coio3HBIX pec-
ny6aHK> W HOPMATHBHHIMH JIOKYMEHTaMH MHHHCTEPCTB 3paBOOXpa-
HeHust CCCP ¥ colo3HBIX pecny6nHK.

OCHOBHBIM JOKYMEHTOM II0 OPraHH3aIlHH OXPaHbl NOJA3eMHHX H I0-
BEPXHOCTHHIX BOA OT 3arpsAsHenHs apjsercs «[losoxenne o nopsaxe
NPOEKTHPOBAHHSI M SKCIJIYaTauHH 30H CAHHTApHOH OXPaHBl HCTOYHH-
KOB BOJOCHA6XKeHHs XO3SHCTBEHHO-MHTHEBOro HasHayeHusts [13].

16.2. 3onbl cCaHUTAPHON OXpaHB

B cootBerctBun ¢ «[losoxenuem O nopsjke NPOEKTHPOBAHHSA H
9KCMIYaTANMH 30H CAHUTAPHOH OXPaHH HCTOYHHKOB BOJAOCHAGKeHHs
H XO3SAHCTBEHHO-NHUTHEBOr0 HA3HAYCHHA» YCTAHOBJIEHHI TPH MOSICA 30H
CaHHTAPHOM OXPaHbl: MepBHIl Mosic (OAC CTPOrOTO pexuMa)— Ha yua-
CTKe BOA03a60pPOB MOA3EMHBIX, a TaKXe BCEX BOJOMPOBOAHBIX COOPY-
JKeHu#, BKJIIOYas BOAOBOA OT Bojo3abopa NMOA3EMHBIX BOA A0 paclpe-
AenuTeJbHON ceTH motpe6utend. Bropo#l u Tpermii nosca (mosca
orpaHuHYeHuft) 30H CaHUTAapHOH OXpaHBl BKJIOUAIOT TEPPHTOPHIO, HA
KOTOPO{i OXPAHSIIOTCSt OT 3arps3HeHHs HCTOYHHKH MHTaHHS NMOJA3EMHBIX
BOA M HX SKCIVIyaTallHOHHBE COOPYXeHHS.
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B xaxpofi 30He yCTaHABJHBAeTCs CHEHHAAbHBIH PeXHM BOJAOXO-
35HCTBEHHBIX H HADOJHOXO03sHCTBEHHHX MepONPHATHH — CTPOHTENbCT~
Ba H SKCIVIyaTaHHH XHJHX H NPOH3BOJACTBEHHHIX COODYKEHHH, pe-
KDealuH, ApYruxX Meponpusatuii, B psjxe ciyuyaeB caHHTapHBle OXPaHHbIE
MepONPHATHS PACHPOCTPAHSIOTCS H Ha MOBEPXHOCTHHE BOJIM, KOTOpHE
IBJISIOTCS HCTOYHHKOM IHTAHHS MOA3EMHBIX BOJK.

Has yuactka l-ro mosica 30HB CAHHTAPHOH OXpaHB! TIpH TOBEpX-
HOCTHHX BOJAaxX B 3aBHCHMOCTH OT MECTHHX YCJOBHE PEeKOMeHAyercs
crenyionlas yAaNeHHOCTh TPaHHL mnosica (CTpOroro pexHma) OT BOAO-
3abopa. Hng pex u KaHajos (NPOTOYHHIX BOJOEMOB) TPaHHIb JOJK-
HBl HAXOLHTHCS:

1) BBepx no Teuennio — He MeHee 200 M oT Boxo3abopa;
2) BHH3 no rteuenHio —He MeHee 100 M ot Bomo3abopa;

3) mo mpujeramolleMy K Bojo3abopy Gepery — He Menee 100 m or
JMBHH yD€3a BOAH JICTHE-OCEHHEH MeXKeHH;

4) B HanpaBJeHHH K TPOTHBONOJOMKHOMY OT Boio3abopa Gepery
NpH IUAPHHE PeKH WiaH KaHajaa Menee 100 M — Best akBaTopHs M Ipo-
THBONOJIOXKHBIA Geper mupuHO# 50 M OT THHHH ypesa BOJBI IIPH JieTHe-
oceHHeH MeXKeHH, a NPH IUHpHHe DeKH WJH KaHazna Gomee 100 M —
n0Jioca akBaTOpHH MHPHHOH He Menee 100 m;

5) A7 HENPOTOYHHIX BOMXOEMOB (BOJOXPAHHJIHIN, O3€p) TrpPaHHIBL
1epBOro Mosica AOJXKHB HAaXOXHTHCS B 32BHCHMOCTH OT CAHHTapHBIX
H THIPOJIOTHYECKHX YCJAOBHA TO aKBATOPHM BO BCeX HanpaBsJieHHAX
He MeHee 100 M OT JTUHHH ype3a BOAH B NEPHOA JeTHE-OCeHHEeH Mexe-
HH, HO Ha BOX03a6opax KOBIIOBOI'O THIA B NpeAeaH l-ro mosica BKIIO-
yaercs BCA aKBATOPHA 3TOrO KOBIIA.

Boj03a60opsl NOA3€MHBIX BOJ, KAK NPABHJIO, NOJIKHBI Paclosarath-
Cs1 BHE TEpPHTODHH NPOMBILULICHHBIX NPEANDHSATHH U XHJAOH 3acTpoi-
xH. Ha yuactke Bomo3abopoB H3 IOA3€MHHIX BOA I'paHuuH l-ro mosica
30HK! CAHHTAPHOR OXpAaHHI PacHoJIaraloTcs:

1) Ans saMMINEHHHIX OT 3arpsA3HEHHs] ¢ NOBEPXHOCTH 3EMJIH MOA-
3eMHBIX BOJ (HamopHHIX)— He MeHee 30 M OT Kpas Bojmo3aGopa;

2) 1Jd HEAOCTATOYHO 3aIlHUICHHBIX OT 3arps3HeHHs] TOA3EMHBIX
BOA (IPYHTOBBIX) —- Ha paccTOsiHUH 50 M.

Jas Bomo3aGopoB, pacno/ioKeHHHX Ha TeppHTOPHH obbeKkTa NpH
HCKNIOYEHWH BO3MOXKHOCTH 3arpsi3HEHHs MOUYBHl M MOJA3EMHBIX BOJM, 30-
Ha 1-ro mosica cokpalulaercd MO COIJIACOBAHHIO C MECTHBHIMH OPTaHaMH
CaHHTapHO-9NUAEMHONOrHYeCKOH CNyXOm f0 15—25 m.

IIpu VIBIIB rpanuna l-ro nosica HoAXHa YCTaHABJAUBAThCH Ha
paccrosiHun He MeHee 50 M or Bopozabopa H He meHee 100 M oT
HHOQHJIbTPAILHOHHBIX cOOpyXkeHH# (6accefiHOB, KaHamoB H jAp.). B rpa-
HHLB 1-r0o mosica GeperoBrlx (MHQHIBTPALHOHHEIX) BOA03260POB MOA-
3¢MHBIX BOJ (KpOMe NHTAlOMHX MX NOBEPXHOCTHHIX BOA) CJeayer
BKJIIOUATH BCIO NPHOPEXHYIO TEPPHTOPHIO MEXIAY BOA03aboOpOM H INO-
BeDXHOCTHBIMH BolamH. [na noapycnosBex BOZ03a60poB 30H2 1-ro
nesica yCTaHaBJIHBaeTCsl, KaK s NHOBEPXHOCTHHX BOJ.
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I'paHunsl 2-r0 ¥ 3-T0 NOSCOB 30H CAaHHTaPHOH OXpaHH AJs BOKO-
3a60pOB C YYeTOM BJIHSIHHSI NOBEPXHOCTHBIX BOJl YCTaHaBJIHBAIOTCH,
HCXOAS H3 CJeNYIOUHX MNOJOXeHHA. STH rpaHHUbl JONKHB YUHTHIBAThb
NpUPOIHbIE H, B YACTHOCTH, KIMMAaTHUYECKHE, THAPOJOTHUECKHE, a TaK-
e CaHHTapHble ycaoBHs. CaHHTapHble YCJIOBHS NpHUJeEraiuiero pas-
OHa HOJXKHBI COOTBETCTBOBaThb «OCHOBaM BOJHOrO 3aKOHOAATEJbCTBA
CCCP wu cowo3ubix pecny6ank» [10].

I'pannusl 2-ro mosica JOJIKHBI OHITH yHAajeHsl OT Boaosabopa,
4T0Gbl OGECHeYUuTh CaMOOYHINEHHE MOBEPXHOCTHBIX BOA mnpu 95 Y
06ecrnedeHHOCTH PacXofa NPOTOYHOrO BOAOTOKA H IPONOJNKHATENbHOCTH
JIBHIKEHHS BOABI OT TPaHHILI 30HBI 2-r0 mosica B TeuyeHHe 3—5 cyT
B 3aBHCHMOCTH OT KJHMAaTHYECKHX, M'HJPOJIOTHYECKHX M JPYTHX YCJO-
BHH.

Ilpu Hanuuuu CYROXOACTBA CJIeAyeT IPaHHIY aKBATODHH CYHTAThb
no Jguuun ¢apsaTepa. Huke N0 Te4eHHIO NPOTOUYHBIX BOLOEMOB TIpa-
HHIB 2-TO mosica ycTaHaBiuBaoTcs Ha 250 M. panuusl 3-ro nosica
JJ1s1 MOBEPXHOCTHBIX BOJA B O6GIIeM COBNMAfalOT C IPaHHIAMU 2-ro mosi-
ca, Ho OOKOBBIE T'PaHHIBLI YCTAHABJIHBAIOTCS HA PACCTOSIHHH 3-—5 KM,
BKJII0Yasl IPHTOKH, WJIH J0 JUHHH BOJOpa3jena.

T'panunst 2-ro u 3-ro NosICOB 30H CAHHTAPHOH OXpaHbl ONpPeAeNsioT
M3 yCJOBHH NpelynpexkACHHS BO3MOKHOCTH 3arps3HeHUs] [OBEPXHO-
CTHBIX BOJX Ha yuacTke Bojo3abopa. I'panunbl 2-ro u 3-ro nosicoB 30H
CAaHHUTAPHOI OXpaHbl BOJ03a00POB U3 NMOA3EMHBIX BOJ YCTaHaBJIHBAIOT
H3 [OJIOKEHHS, YTOOH B BOJAOHOCHBIH TOPH30HT Ha y4acTke Box03abo-
Pa He HOCTYHNanH XMMHYECKHe H MUKPOOHMONOTHYECKHE 3arpsi3HEHHs.
Has 3TOro Hy>KHO THIDPOJHHAMHYECKH ONpPENE/IsiTb PacCTOSIHHE OT
BHEIIHHX IPaHui 2-ro nosica, YTo6bl 3a BpeMsl IBHXKEHHs BOABI B BO-
JIOHOCHOM TOpH30HTe K BOZ03a6opy mpousomno camoouuinenue. Hyx-
HO OTMETHTb, YTO HEKOTOPbIe XHMHYECKHE 3arpPS3HUTENH OUeHb YCTOfi-
YUBHl H He MOAJAIOTCS CaMoouHlleHHI0. B aTom cayuae chaenyer
npefycMaTpHBaTh MEPOIPHSITHS, HCKIIOYAIOIHe 3arpsi3HEHHE, HCXOAS
H3 BpeMeHH TPOJBHKEHHS 3arps3HUTE/]S M BpPEMEHU S3KCILIyaTailHH
Bono3abopa. I'paHHusl 3-r0 mosica 30Hbl CAHHTApPHOH OXPaHH oNpeje-
JSIOT B IOCJIEAHEM Clydae THAPOLHHAMHYECKHMH pacueTaMH, 4YTOOBI
3arpsi3HeHHe He AOCTHIVIO BOZO3a0opa INOA3eMHBIX BoA. B cayuae
YCTOHYMBOrO 3arpsi3HHTENS, He MOANAIOIerocss CaMOOUMINEHHIO, CPOK
JBHKCHHS [/ 3allMThl OT XHMHYECKOrO 3arps3HeHHs NPUHHUMAaeTCs
HECKOJIbKO GOJibllle CPOKa TEXHHUYECKOH 3kCIyaTauud Boposabopa.

Ot Bom03ab0pOB MOA3EMHBLIX BOA K NMOTpeburesi0 UAYT BOAOBOJIBI,
KOTOpble TakKke AOJKHH HMETh CAaHHTAPHO-3aIMHUTHYIO NOJOCY. ITH
HOJIOCH! TIPHHHMAIOTCS N0 06e CTOPOHBI OT KPaiHHX JHHUH BOLOBOJOB.
[Ipu OTCYTCTBUH IPYHTOBHIX BOJ NPH JHameTpe BoAOBOAOB Jo 1000 MM
IIHpHHA MOJIOCHl MPHHHMaeTcs He MeHee 10 M u mMpH AnaMeTrpe BOJO-
BoAa Gosee 1000 MM — He MeHee 20 M. [IpH HaJMHMYUU TPYHTOBBIX BOA
Takasl 0JI0OCa CAaHHTAPHOHR OXpaHbl AoJxkHAa ObiTh He MeHee 50 M. Ilo
COIVIACOBAHUI0 C MECTHBIMH OPTraHaMH CaHHTAapHO-3MHIEMHOJOruye-
CKOH cayKO6bl pasMep HIHPHHBI OXPaHHOH HOJOCHI MOXeT OBbITh COKpa-

LIeH.
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18.3. NMpoexTHPOBaHHE 30H CAHNTAPHON OXpambi

IIpoekTHpOBaHHe 30H CaHHUTAPHOR OXPaHbl MOJA3EMHBIX W MpPH He-
00XOJHMOCTH TOBEPXHOCTHBIX BOJ OCYLIeCTB/IAIOT ¢ yyeToM «Ilosoxke-
HHg O NOps/iIKe NPOEKTHPOBAHUS W SKCIJAyaTalHH 30H CaHUTapHOH
OXpaHBl HCTOUHHKOB  XO03AfCTBEHHO-NHTHEBOr0 HasHayeHus» [13],
«PexoMenganuii mo rHAPOreoJOTHYECKHM pacueTaM IJsi OlpeAeseHHs
rpaHuil 2-r0 H 3-r0 NOSICOB 30H CAHHTAPHOR OXPaHbl NMOA3EMHBIX HC-
TOYHHKOB XO35I{iCTBEHHO-TUTHEBOr0 BojocHaOxeHus» [15] u ¢ yueTom
CHHulI 2.04.02—84.

Ilosica caHHTapHOH OXpaHbl YCTaHABJIHBAIOT Ha OCHOBAHHH H3ydue-
HHS YCJOBHH, IPH KOTOPBIX BO3MOXKHO 3arpsi3HeHHe OTMEYCHHBIX BbI-
e 00BECKTOB CHCTEM 3KCIyaTalluH BON03aGOpOB, a TaK¥Ke Pe3yib-
TATOB aHaJH3a NMOBEPXHOCTHHIX W MOA3eMHHBIX BoA. IIpu mpoekTHpoBa-
HHH 3TH 30HBl BKJIOYAIOT B COCTaB IIPOEKTa BOA03a6OPOB MOA3EMHBIX
BoA. B mpomecce skcnayaTalHH OCYLIECTBISIETCS CAHHTAPHBIN HAA30p
c ot6opoM nNpo6 u HX aHanu30M. B pe3yabrarte MoryT OBITb NpoOBele-
HBl JOMOJHUTEAbHbIe CAHHTapHbIe MEPOIIPUATHA. I/ICCJIQIIOBaHI/Ie HCTOY-
HHKOB BOJOCHAOXKeHHsl AJsI NPOEKTHPOBAHHS OXPAHHBIX CaHHTAPHBIX
MepONpHsITHA BeAyT IO mporpaMme, H3l1oxeHHOH B npua. 2 k TOCT
8761—84 «HcTOUHHKY 1IeHTPAJIN30BAHHOrO XO3SHCTBEHHO-NUTHEBOIO
BOJOCHAOXKeHUS».

IIpoeKkTHpOBaHHe 30H CAaHUTAPHOH OXPaHbl BHINOJHSIOT B COOTBET-
CTBUH CO CTaAHSIMH H3BICKAHHH H TmpoekTHpoBaHus. [IpH mpoekTHpo-
BAHHHM 30H CAHHTApHO# OXpaHbl 0COOEHHO BaX*KHO H3Y4YHTb YCJOBHS H
BO3MOXHOCTH 3arpsI3HEHHs] NMOA3E€MHBIX BOJA, & HMEHHO: HMeIOIHHCH
HJIH BePOAITHBIN HCTOUHHK 3arps3HEHHs H €ro IoKasare/H, JJNHHY IYTH
IBUXEHUS TOA3eMHON BOJH OT HCTOYHHKA 3arPs3HCHUSI K CHCTEMeE
BOJ03a60POB, CKOpPOCTH ¢HAbTPaIlHH, COPOUHOHHbBIE CBOHCTBa MOPOJ
[0 OTHOHICHHIO K XHMHUYECKUM H OHOJIOTHYECKHM 3arpsi3HHTeNsIM, dop-
MHpOBaHHe HCTOYHHKA 3arpsI3HEHHA, a TaKkKe MEPHOABl H NPOLOJAKHU-
TEeNbHOCTH MCXOJHOrO 3arpsi3HeHUs. B mpoekTe 30H caHMTapHOH oxpa-
Hbl I CTaAHH NpeABapHTENBbHOH W AeTaJbHOH pasBeAkH CJjenyer
HAMETHTh Tl0sica 30H caHHTapHOH oxpaHbl. IIpu npoekTHpoBaHHH 2-rO
i 3-T0 MOSICOB 30H CAHHTAPHOH OXpaHbl KpoMe YKa3aHHBIX MaTepHaJjoB
MOXHO MOJb30BaThes «PekoMeHAamusiMH 10 pacueraM IJjis omnpene-
JeHHS rpaHuil 2-r0 # 3-T0 NMOSICOB 30H CAHHTAPHOH OXPaHBl NOJ3EMHBIX
HCTOYHHUKOB XO3sIHCTBEHHO-THTHEBOr0 BOROCHaOxenusi» [15], a Takxke
pa6oro#t B, M. Tombnbepra u C. I'. T'azna [5].

OpraHusaiusi 30H CaHHTapHOH OXpaHB B0OJ03a6oOpOB NOL3EMHBIX
BOJ He HacT TpeOyeMHX pe3y/abTaToB 6e3 cCHCTEMAaTHUECKOro KOHTPOJA
3a KaueCTBOM IIOA3eMHBIX BOJA M B ciaydae HeoOXOIHMOCTH NOBEPXHO-
CTHHIX BOJ, 2 TaK¥Ke BBINOJHCHHEM OXPAHHBIX MePONPHUSATHH OT 3arpsas-
HEeHHsi TOA3eMHBIX BOA. Opranusauus HabmofeHud 3a caHUTapHOH
0XpaHOH TIOA3EMHBIX BOJ, BOL03a00OPOM H CBSI3aHHBIMH C HHMH COOpY-
KeHUsIMH, a TaKkKe B CJIydae HEOOXOZHMOCTH H INOBEPXHOCTHHIMH
BOJaMH NOJKHA BXOAHTb B NPOEKT 30H CaHHTapHON oxpaHbl. Takue
caHuTapHbie HaGMIONeHNS ClefiyeT TPOBOAHTL CHcTeMaTHUecKH. O6mui
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CaHUTapHBIH OCMOTP CHCTEeMBI BOA03a6OPOB MOJ3eMHBIX BoJ (B ciyuae
HeoOXOAHMMOCTH M TNOBEPXHOCTHHIX BOJ), a TakK¥ke Y4aCTKOB CaHHTap-
HO# OXpaHBI C/lelyeT JeqaaTh He pexe 1—2 pas B mecsl.

T'ocynapcTBeHublfi caHHTApHBIA HAA30D 32 YCTPOHCTBOM H IKCHaya-
TanHeil cHcTeM BOX03a60pPOB NOA3EMHBIX BOJA OCYUIECTBJSIOT OPraHbl
CAHHTAPHO-3MHAEMHOJOTHUECKOH ¢/yk6b MHHHCTEPCTBa 3ApaBoOXpa-
Henuss CCCP. OueHb BajKHO HAMETHTh MEPONPHSITHS, KOTOPhl€ MOTYT
yuecTb HebJaronpHaTHoe BO3JEHCTBHE Ha KayeCTBO NMOA3eMHHIX BOJ,
noJyyaeMbIX BoA03abopaMH.

I'JIABA 17. ©3BMEHEHHWE NTPOU3BOAUTEJIbHOCTH
BOOO3ABOPOB NNOA3EMHDBIX BO IPH
3KCINIYATAL U H

H3MenenHe NPOH3BOAHTENBHOCTH BOA03a60poB B oblleM ciaygae
onpeaensiercss H3MEeHEHHeM T'PaHHYHBIX YCJIOBHH BOJOHOCHOTO IJIacTa,
HCTOUIEHHEM 3aracoB MOA3EMHBIX BOJ, KOJbMaraxeM BOAONPHEMHBIX
gacreil BOJ03a6OPHBIX COOpPYKeHUil. YMeHbluieHHe ne6GHTa BOH03a60p-
HBIX CKBaXHH, H3MCHEHHe COOTHOIICHHS OT6HPaeMBIX PacXoJoB BO
B3aHMOJEHCTBYIOUIHX CKBaXKHHAX H KOJOALAX 00YCJIOBIHBAIOT HEOOXO-
JHMOCTh KOPPEKTHDOBKH NPOEKTHBIX JAaHHBIX B TeUeHHe NEPHOAA 3Kc-
IJIyaTalHH BCJEACTBHE HECOOTBETCTBHSI XapaKTEPHCTHK HAaCOCOB, 3a-
JIOXKEHHBIX B MPOEKTE, H3MEHHUBUIHMCS NeGHTAM H NMOHHIKEHUSIM YPOBHS
B CKBaXXHHaX.

CoxpadeHHe THAPDOAHHAMHYECKHX [apaMeTpOB BOJOHOCHBIX ILjiac-
TOB TEXHHYECKH, KaK NPaBHJIO, He 00eClHeYHBAeTCs, 32 HCKJIIOYCHHEM
OCYIIECTBJIEHHST MEpONPHATHH 10 HCKYCCTBEHHOMY MNOJINHTHIBAHHIO
NOA3E€MHBIX BOJ Ha [elcTByIOUIHX BORo3abopax. B Gosblieir creneHH
BO3MOKHO HogJepxaHue CcTabHUIBHON paloTel BOH0O3aBOPHBIX COOPY-
JKeHHH: CKBaXHH, KOJOMIEB, Jy4eBBIX BOA03a6opoB H T. 1. HauboJb-
masi 3¢(EKTHBHOCTb TAKOro BO3JAeHCTBHS obecneyHBaeTcss NPH mpa-
BHJIbHOM YCTAHOBJEHHH NPHYHH pa3BefaHHOH (NPOEKTHOH) M AeficTBHU-
TeJbHOH MPOH3BOJHTEIBHOCTH BOJ03a60POB.

IlepBast rpynma NpHYHH CBs3aHa ¢ KayeCTBOM pabGoT nmo BO3Bede-
HHIO BOA03a6OpHBIX coopy:keHHH. Tak, npu GYPeHHH CKBaXKHH pOTOP-
HEIM CIHOCOGOM C TJIHHHCTBIM PacTBOPOM, POTOPHBIM cmocoBom ¢ mps-
MOH HMJH OOpaTHOH HPOMBIBKON UHCTOM BONOH 6e3 NpeNoTBpAalIEHHS
pa3MbiBa 3aJIeraloUHX B BEPXHHX YaCTSX Paspe3a IVIMHHCTHIX MPOCJ]O-
€B, MPH YCTaHOBKe (DHJIBTPOB CO 3HAYHTENbHbHIM T'HAPABIHYECKHM CO-
MPOTHBJIEHHEM HJIH HCIOJBb30BaHHH HEKAYeCTBEHHOH IpaBUiHOH 00-
CBHIIKH BEJHKa BEPOSTHOCTh [NTHHH3AaIHH CTEHOK CKBAaXKHHbBI H MEXaHH-
4ecKHH KOJIbMAaTax (QHIAbTPOB, UYTO MOXKET IPHBECTH K CHHXEHHIO
NPOH3BOJHTEIBHOCTH CKBaXKHH.

[Ipu coopyeHHH BOJONPHEMHOH YaCTH CKBa*KHHB HJH Jo6oro
APYroro BoA03aGOPHOIr0 COOPYIKEHHs, a TaKKe B XOJe JKCIyaTauHH
B MOPHCTOH cpefie MOPOA BOXOHOCHOTO IJlacTa HJIM TPaBHiHOH ob6chin-
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KH B OTBepPCTHSIX GHIBTPAa HAKaNJHBaeTcs OcCafoK. B pesyibrare
H3MEHSIOTCA CTPYKTYPHBHIE TOKa3aTeJHd MOPHCTOH CPeABl H yMeHblIa-
eTcs ee BOJOINPOHHIAeMOCTb, IIpu 3TOM CTelleHb H3MEHEHHS NPOH3BO-
IMTEABHOCTH CKBAaXXHHBI 3aBHCHT OT HAacCHIIEHHS NOPOBOro MPOCTPaH-
CTBa KOJbMAaTaxKeM.

CooTHoOUIeHHe TEKYIIeH K H HAyaJbHOH Ky MPOHHLAEMOCTEH IIpH
Ko/bMaTaxe TPH3aO0AHON 30HBI CKBAaXKMHH MOXeT ObITh OIIHCAHO
3aBUCHMOCTDIO

KKy = (w,/w)? (n]n,)3,
te N H W — COOTBETCTBEHHO TEKYIIHe SHAUEHHS MOPHCTOCTH H YAEMbHOH NMOBEPXHO-
CTu TOPHCTOH CPeNH, a flp M Wo — HayajpHBle 3HAYEHHS 3THX IapaMeTpoB.
[Ipu npakTHYECKHX pacueTaXx H3MEHEHHEeM YAEJbHOH MOBEPXHOCTH
MOPUCTOH cPeabl MOXHO NpeHe6pPeuh M OTHOLIGHHE TEKyuleH MPOHH-
aeMOCTH K HepBOHaqaﬂbHOﬁ MOXHO ONpPeAe/HuTb KaK

Klro=(n[ny)?
HJIH K[Ky=(1—a)?,

37ecp @ — HACHIIEHHOCTH NMOPOBOrO MPOCTPAHCTBA OCAAKOM amb/ne NPH bwpg—n
(b — yHenbHH#E 06BeM OTIOXKEHHH KOJbMAaTaxa).

KospMaTax CKBaXKHH [IPOCJEXKHBACTCS B OTHOCHTENBHO HeOOMBINOH
Mo pasMepaM 30He, NpHJeramomell K CKBaXXHHe. 3aMeTHOEe H3MEHeHHe
IPOHHILAEMOCTH OTMEUAETCs] Ha PAacCTOSTHHH He Gosee 1 M OT CTEHKH
¢$uIbTpa W OOHIYHO BJHSAHHME 30HH C W3MEHEHHOH (yMeHbIIEHHOH)
TPOHHL@EMOCThIO YUHTBIBaeTCSI MPH pacyeTe CKBaXKHH IOKa3aTelem
ee 0606HIeHHOTO CONMPOTHRJIeHHS (IOKaszaTtesdeMm CKHH-addexTa), cyM-
MHDYeMBIM C THAPaBJIHYECKHM CONPOTHBIEHHEM ILIaCTa M C NOKa3aTe-
JISIMH, XapaKTePH3YIOUIHMH THAPOAMHAMHYECKOEe HECOBEPIICHCTBO CKBa-
uH. Besnundy noxasaTtensi, 06yCJHOBJAEGHHOTO KOoJNbMaTaxeM Ex B 30HE
panHycoM 7y, OMpefessioT no gopmye

K r
gx =\ n-=,
Ky e
rie re— paguyc ¢uibTpa. 3HAueHHe K B HepUOJ ONpejeteHHs Ex OUEHUBAKT MO

JaHHHM O pacXofe, OTOHPaeMOM HS CKBaXXHHB, U DasHOCTH NOHHXeHMHA yposuefi
B LEHTPAJbHON CKBaXKHHE W NMPH(HJIBTPOBOM IIbe3oMeTpe.

Ananu3 BAHAHHS CTYNeHYAaTOTO H3MEHEHHs NPOHHIIAEMOCTH B IPH-
3a60fiHO 30HE CKBaXHH Ha IIPHTOK K HeH Ha OCHOBe pelLIeHHs
B. H. IllenkaueBa noxaswiBaeT, YTO NPH H3MEHEHHO!H NPOHHILAEMOCTH
npu3abofiHoil 30HBE CKBAaXHHBI 3a CHUeT CO34aHHA I'PaBHHHON OOCHIIKH
Hanbonee HHTEHCHBHOe NpHpalleHHe MPHTOKAa MPH IPOYHX PaBHHIX
YCIOBHSIX HaGJIORAETCS MPH ry/rg=3, HaNee XKe TeMN H3MEHEHHS
COTIPOTHBJICHHST M PacXOAa CKBaXKHHBH CTAHOBHTCSl MeHbIle, T. €. 3Ha-
YUTeJIbHOE YBEJHYEHHE OTHOILUEHHS ryx/ry He NPHBOJHT K CYIULECTBEH-
HOMY YJYYLIEHHIO THAPaBIHYECKHX XapaKTePHCTHK CKBaXHHH. Ilpu
re/r>>10 BenHYMHA CONPOTHBJIEHHS NpPH3a6OMHOA 30HBI oOCTaeTCs
NpakTHYECKH TMOCTOSHHOR M paBHO# 4,5 Nmpu NpoHULaeMOCTSX rpaBuii-
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HO¥ OOCHINKH H ¢unbTpa, orinyamouuxcs B 20 pas. OpHako TakoH
aHaJNH3 MOXKeT PacCMaTPUBAThCA JIHIIL KaK NpHOJHMeHHBIH. B nedi-
CTBHTEJIBHOCTH Xe clenHpHKa paboThl IPaBHAHLIX (DHABTPOB CKBAXKHH
3aKJI0YAEeTCsl B TOM, YTO B KOHTAKTHOI 30HE BOJAOHOCHBIX IOPOJX H Ipa-
BHSI BO3HHMKAIOT MeCTHble THApaBJHYeCKHE HOTePH, OOyCJOBJEHHbIE
HanoKeHHeM IOPOJ PasJHYHO# MPOHHIIAEMOCTH H IPOIECCAMH KOJb-
Maraxa oOchnkH. Kak mpaBumo, NpOHHIIAeMOCTb OGCHINKH B HadaJb-
Hblf nepHox paGoThl CKBAasKHMHBI YBEJHYHBASTCS OT KOHTAKTa [PaBHs
¢ MEeCKOM K CTeHKe (HabTpPa. B nanbHelllleM NPH XMMHYECKOM KOJb-
Maraxe pachpeleseHHe NMPOHHIAEMOCTH B Ipejenax OOCHIIKH H3Me-
HSIETCSl M HAUMEHBIIYIO MPOHHIAEMOCTh NPHOOpeTaeT CJoH PaBHs HJH
NOPO/Ib!, HEHNOCPENCTBEHHO KOHTAKTHPYIOUIHMH ¢ KapkacoM (QHabTpAa.
VsMeHeHHe NPOHHIIAEMOCTH TPaBHs, HAaXOIHBIIErOCS B KOHTAKTe C
neckamH, NMOJUHHSAETCS SKCIOHEHIIHAJbHOH 3aBHCHMOCTH. [lapaMerpnl
3TOH (PYHKIMH 3aBHCAT B CBOIO ouepelb oT KO3bhPHIHEHTa MeKCaoH-
HOCTH IpaBHsl H NeCKa, oNpeje/sIOllero MeXaHH4eCKHH KOJbMaTax.

PaccMOTpHM BJIHSIHHE 30HBI OIpaHHYEHHOrO pasMepa BO.JIH3H CKBa-
JKHHBl Ha NPHTOK K HEH H BEJHYHHY COMPOTHBJIEHHS, IPOHHIIAEMOCTD
BHYTPH KOTOPOH H3M@HSIETCS MO 3aKOHY

rgy —- fq)
K(r)=rky+ (Ky—kq) exp{——a ———}, (17.1)
T
rie ko — xodddunuent GUIBTPANHH NJACTA; Ko — HayalpHasi NPOHUILAEMOCTb Ipa-
BHHHOrO ¢Gu/IbTpa; o — napaMeTrp OYHKIHH.

OG6BIYHO B MOJIEBHIX YCJOBHSIX JIEFKO PEasH3yercss ONpelieleHHe
HEKOTOPOTro CpejiHEro 3HaueHHs KO03(h@HIHeHTa QHAbTPaNHH, KOTOpOe
YYHTHIBaeT Bce CTPYKTYpHbIe H3MeHeHHs, I[pouclleflliHe B Hpollecce
MEeXaHHYECKOro KoabMaraxka. TakuM o6pa3oM, IPOHHIAEMOCTb MpH-
3a60HHON 30HB MOXKHO NMPENCTaBHTL Cjelyloliefl BesHIHHOM:

1 r
xc,,=—————5 “x(r)dr. (17.2)
fx—f‘b ’Q)

B coorBerctBun ¢ (17.1) cpenHee 3HaueHHe MPOHHIAEMOCTH IS
saBucuMocreit (17.2) cocraprr

Kep == byt o =Fn L [1 — exp (ua-'_’f:fi)]. (17.3)

ry —ry o T'e

r

re—Tg¢ ¢
IIpu a—r—~<l MOJKHO OrPaHHYHTBHCS [IBYMsl UJI€HAMH Pa3somxe-
HUs axcnouenq}m B psanl u Ipu 31oM u3 (17.3) moayumM, UTO Rnx==Kj.
Tipu ManbiX 3HAUEHHAX o MPOHHLaeMOCTh NPUGUILTPOBOH 30HH GJIH3-
Ka K HayaJbHOH MPOHHIAEMOCTH HE3aKOJIbMAaTHPOBAHHOIO I'PaBHHHOTO
¢duaprpa (puc. 17.1). Tlo Mepe yBennuenus xoacpduiHeHTa o HabO-
JaeTCsl 3aMeTHOe YMeHblleHHe cpeaHell MpoHHiaeMocTd o6eunkH. [Ta-
paMeTp @ XapakKTepH3yeT CTelleHb MeXaHHYeCKOHi KOJbMaTalHH 06ChIN-

KH YaCTHI[aMH BOAOHOCHOH MOpPOJHI.
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Puc. 17.1. HW3meHeHue cpeaHero
3HaueHHa Ko3dduuueHta duabTpa-
MU B 3aBUCHMOCTH OT O

1/

&~
. ]

e

IToTepu Hanmopa B npu3aGoOHHOH 30He CKBaXKHHBI ONHCHIBAET ypaB-
HeHue

As=—("®idr. (17.4)
o

Y4dThIBas, YTO NPOHHNAEMOCTb B Mpefesax NPHQHIbTPOBOH 30HBI
nperepneBaer H3MEHEHHs] B pPe3y/bTaTe MeXaHHYeCKOro KoJbMaraixka,
HOJY4HM cJAejyolliee BEHIpakeHue AJs1 OTepb Hanopa:

r
As————g—j b_dr - (17.5)
2zm ryT¥ (r)

HnrerpupoBanue ypasHenus (17.5) ¢ yuwerom (17.3), T. e. Ge3
OCpelHeHHs] TPOHHIIAEMOCTH corsiacHo (17.2), BBIIOJHEHO YHCJIEHHBIM
MeTog0M ¢ npuMeHeHneM DBM M-22. HurerpupoBanue Npou3BoauIOCH
npu rx==0,4 AN pasNHYHEIX 3HAUeHHH ry M C H3MEHEHHeM Tmapa-
MeTpa KOJbMaTalUuy o B KaXKJOM HHTEpBaje WHTErPHUPOBAHHS.

Pesyabrarsl pacueToB MOKa3blBalOT, UTO C I'HApPAaBAHYECKOH TOUYKH
3peHHs NMpH 3aJaHHOM jHaMeTpe OYPeHHs yBeauueHHe paauyca (H/Ib-
Tpa BO BCeX CJy4Yasix IPH NPOYHX PABHBIX YCJIOBHSX 00YyCJAOBIHBaET
yMEeHbIlleHHe TIOTepb HANoOpa M yBelHYeHHe [PHTOKA K CKBaXKHHe.
YUUTBIBAsi OTMEYEHHOE SIBJI€HHe yMeHbIIeHHS THAPaBJIHYECKHUX TMOTEpb
C YMEHbUICHHEM BEJNHUHHHI ry/ry, NPH NPOEKTHPOBAHHH CKBAaXHH He-
00XOXMMO HCXOAHTb H3 YCJAOBHS MaKCHMAaJbHOTO yBEJHUEHHS NHAMET-
pa xapkaca ¢uabTpa. C IpYrod CTOPOHBI, NPH I'y/ry>5 HHTEHCHBHOCTb
BO3PACTaHHsl CONPOTHBJICHHH CKBaXKHHBI CYIIeCTBEHHO YBENHUHBAETCH
H MaKCHMaJIbHOE 3HAUCHHE CONPOTHBJEHUS MOXKeT GbiTh NPHOIHKEHHO
OHpEJeJIEHO C HCIONb30BAHHEeM 3Toro Kpurepus. CiefoBarenbHO, NpH
BCeMEpPHOM yBeJHYeHHH AMaMeTpa (pHJIbTpa-KapKaca ONpenelsioluMH
AOJIKHB ABAATbCS Cyh(O3HOHHbIE KDPHUTEPHH IPH NPOEKTHPOBAHHH
CKBaXKHUH.
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CyulecTBeHHBIM NPH NPOEKTHPOBAHHH M CTPOHTEJIBCTBe BOA03a6OD-
HbIX CKBaXXHH H APYTHX BOX03a0OpPOB ABIAETCA H CTelleHb HepaBHO-
MEPHOCTH MeXaHHYeCKOH KOJIbMaTalM¥ TrPaBHAHBIX HJAH OJOYHBIX
puabTpoB. OnbiT MOKAa3HBAaeT, YTO BEJHYHHA o A Pa3/IHUHBIX KOH-
CTPYKIHA (PHIBTPOB H3MEHSIETCs B 3HAUUTEJNbHHIX Mpefenax: or 0,5 —
s GunbTpoB ¢ puixyiofi  obGcbmko#t g0 5—10 —mpu npuMeHeHHH
6NOYHBIX KOHCTPYKUHH MJH C BORONPHEMHOH [OBEPXHOCTBIO M3 He-
TKaHbIX MaTepHasoB. Pusuueckun 370 00bsSCHAeTCS HAKOMJICHHeM B
30He, KOHTaKTHpyollell ¢ BOXOHNPHEMHO” .IOBEPXHOCTbIO, TOHKO3epHH-
CTBIX WJIM IVIHHHCTHIX YaCTHI[ IPH NpPOKauKe CKBaXKuHbl. IIpu puixaof
rpaBuiHOH OGCHINKe 5TO fIBJEHHe NMpPHCylle GHABTPAM C MaJBIM KO3(-
GOHLUHEHTOM MeXC/IoHHOCTH (MeHee 5).

IMpocnexuBaolHecst B XOfe 3KCIIyaTanHH MPOLECCH XHMHYECKO-
ro ¥ GHOJIOTHYECKOrO KOJIbMATaxXa HHTEHCHBHee IPOHUCXOAAT NpH yBe-
JHUeHHH napaMeTpa ¢ HJIHM BO3PaCTaHHH HAYaJbHOA HepaBHOMEPHO-
CTH H3MeHeHHs BOJONPOHHIAeMOCTH NMpuHILTPOBOi 30HH. IlpH 3Kc-
NJyaTalHOHHOM KOJbMAaTaxe BCJAeACTBHe HAPYIUEHHS T'HAPOTeOXHMH-
4eCKHX YCJOBHil B BOLOHOCHOM IIIacTe, CMelleHHS HieJOYHO-KHCAOTHOTO
PaBHOBECHSI M3MeHSIeTCsi OKHCIHTeNbHO-BOCCTAHOBHTE/IbHOE COCTOSIHHE
NOX3EMHBIX BOJ, B 30He MAKCHMAaJbHEIX CKOpOCTefl BOJIH3H CKBAXKHHEI
B NpHOHUABLTPOBOH 30He OTNAraioTCsi HEPACTBOPHMEIE B BOZe COSNHHe-
gua. HaubGonee HeycTOHYMBHIM OKa3BIBA&TCS paBHOBeCHe KeJse30Co-
Jepxallux, KapGOHATHHIX M CepoCOZepiKallUX coeluHeHui. [Ipoueccr
XHMHUYECKOr0 KOJIbMaTaXa HHTEHCHOUIMPYIOTCS B 30HE KOHTAaKTa Me-
TANJIHYeCKOT0 GHUNBTPA.

B npudHIbTPOBOK 30HEe B YCJOBHAX KOHTAKTa NOJ3eMHBIX BOZ C
atMoc(epHEIM BO3LYXOM, NapUHa/bHOE HaBJEHHe YIVIEKHCJOro rasa
B KOTOPOM HHYTOXKHO MAaJIO, H MOHHXKEHHS JAaBJeHHs NMPOHCXOAHT He-
copbuusi cBOGOJHON YIVIEKHCJIOTH M3 MOA3eMHBIX BoJj. Ilapanieneuo
B MOA3EMHBIX BOLAaX, OGBUHO OOeJHEHHBIX KHCJIOPOAOM, Habsogaercs
€ro MOrJIOIIeHHEe U3 BO3LYXa, B pe3y/ibTaTe yero Fe?r okucasercs HO
Fes+ ¢ o6pasosannem Fe(OH)s— OCHOBHOrO —KOIBMATHPYIOLIETO CO-
€N HHEHHS.

Ananornuio 06pasyloTCsi OTJIOXKeHHS TPYAHOPacTBOPHMOroO THIPO-
KCHLAa MapraHlia B Nopax H Ha ¢uabTpe. H36hTOK KapboHAT-HOHOB
npu auccounauuu HCOjz~ cBsi3biBaeTCs KaTHOHAMH KaJjblHS, BCerja
NDPHUCYTCTBYIOIEMH B BOJOHOCHBIX MJ1acTaX, KanTHPYeMHX NPH BOJO-
crabXeHHUH.

CrnenoBaTe/bHO, IPOLECC XHMHYECKOTO KOJbMaraxXa Ipu3aboii-
HBIX 30H CKBaxKHH NIpH 3ab6ope ruApOKapOOHATHO-KAJBIHEBHX BOJ
KOHTPOJHUDPYETCS COAEpXKaHWeM COeQHHeHHH Keje3a, MapraHia, ABY-
OKHCH KPeMHHS H UX CTaGHIBHOCTHIO.

Ilns onpefeneHHss BO3MOMKHOCTH TeYeHHs! DEaKUHH DasJjlOXeHHS
6ukap60oHATOB XKele3a W BHINAAEHHS KapOoHaTa KaJblHi HEOOXOZHM
pacuer CTaGHJIBLHOCTH NOJ3€MHEIX BOA B €CTeCTBEHHOM COCTOSHHH.
HauGonee yno6Ho Ha OCHOBE JaHHBIX XHMAYeCKOIO aHajH3a BOAH
paccunThiBaTh BeJHUHHH PHg, OTBeualolllne paRHOBECHOMY COCTOSTHHIO
B pacTBOpe YIJIEKHCABIX coefdHenufl. Ecnu dpakTuyeckas BenuynHa pH
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AanHo#l Boxawsl HUKe DHs, 3T0 sABnsercss pesyabraToM H3GHITKAa B pac-
TBOope CO, HaJ paBHOBeCcHOH KoHUeHTpauueH. Takue BoAn CHOCOGHB
pacTBopsiTb KapOoHnatHhie o6pa3oBaHHsi. Ilpu 3Hauenusix pH mauxo#
Boanl Bhillle pHs copepxxanune CO, B Hell MeHbllle PABHOBECHOH KOH-
IeHTPAIHH H OHA cnoco0Ha BHIAENATH H3 PacTBOpa 0CajoK KapboHara
xaabius. Bennunna pH, onpepenserca no CHull 2.04.02—84.

ITokazarenem CTaGHJIBHOCTH BOABI M CHOCOOGHOCTH K BbIAeJICHHIO
OCaIKOB ABJISIETCS HHJEKC HACHIIEeHHUS, paBHBIA pasHOCTH MeXAy dak-
THUYeCKH H3MepeHHO# Benuundoi pH u pHs:

I —pH —pH,. (17.6)

Boapmo#t 06beM HCCAeAOBaHHil MO HM3yYeHHIO YCTOHYHUBOCTH Kap-
6onarHeIX cucrem Obiyl IpoBefeH Pu3HepoM, KOTODHIH omnpeness BO3-
MOJKHOCTb BhifieJieHHs KapOoHara KaJbllus B cucreMaXx 0OOPOTHOTO
BOJOCHAGKEHHS TIPH Pa3JHYHBIX cOooTHOUIeHusix pH paBHOBecHOro Ha-
CHIIleHHs M AeHCTBHTENbHO# BeaHuHHON PH moa3eMHBIX BOA:

Ri = 2pH, — pH. (17.7)

OKCnepHMEHTaMHU YCTaHOBJIEHO, 4To NPH Ri<7 BoAH Bcerpa CKJIOH-
Hbl K BBIIEJEHHIO KOJbMaTHpylomux obpasopanuii. Boiienenue CO:
B NpHGHUILTPOBOA 30He NMPHBOAHT K NoBbimenuo pH, npu stom Han-
Goslee UHTEHCH(MHUHDYeTCS THAPONH3 GHKapOOHATa Keje3a M yBesH-
YHBAETCsl CKOPOCTb OKHCJEHHsi 3akHCHoro Xxesesa. Ilpu pH=7...8
CKOPOCTb OKHCJIEHHS ¥KeJje3a COH3MepPHMa CO CKOPOCTbIO TEUEHHS! BOAH
B NPH(HILTPOBHIX 30HAX CKBaXHH. IIpu Gosee rnyGOKOM yaaleHHH
cBOGOJHOM YIJIEKHCJAOTH pasfoxeHHe OGUKapOOHAaTOB NPHBOJHT He
T01bKO K ob6pasoBaHHi0 Fe(OH);, HO W K BhIMajeHuio H3 pacTBopa
Kap6oHaToB KasblHs H Maruus. Ilpollecc KosbMaTaxa (GHABTPOB CO-
efUHEHUSIMH Hese3a GyNeT HATH TONbKO B OKHCIMTENbHOH 0GCTaHOBKE
npy HaJHYHH B BOAAX KHCJIOPOAA, HeoGXOAUMOro AJs NEepeBOAa HOHA
XKejle3a B TpexXBaJleHTHYI0 GopMy. Aspanus e NOJA3eMHHX BOJ HaH-
6oNlee HHTEHCHBHO NPOHMCXOAHT B HEMOCPeACTBEHHOH O6JH30CTH OT
CKBaXHHB. Kpome TOrO, B OTAENbHBIX CAy4Yadx OKHCJIEHHE 3aKHCHOI'O
xKeJesa OCYLIECTBJASAeTCS 3a CUeT KHCJIOPOAA, colepixkallerocad B He-
3Ha4YHUTeJIbHbIX KOHIEHTPAIHAX B BOJC, IIDH UHTEHCHBHOM MNEpeMelid-
BAaHHUH, BHI3BBAHHOM TypOyau3allHeil MOTOKa B TPaBHUHHOH OGCHINKE H
tbuapTpe.

Veennuende pH ® aspanuu B NPpHOUILTPOBOIH 30He HPHBOAMT K
BBHIJEICHHIO H3 TOJ3eMHHIX BOA CyAb®HIOB MeTaMioB, OcobeHHO HH<
TEHCHBHO 3TH NPOIECCH NPOCJAEKHBAIOTCA NPH B3aHMOJEHCTBHU Cepo-
BOJOPOACOAEPKAUHX BOJ C MeTaJJHYeCKHMH 2JeMeHTaMH (HILTPOB.
XapakTepHble acCOUMANMH KOJbMAaTHPYIOWIUX OTJIOXKeHHH OOHapyKeHb
IpH SKCIJIyaTalluk BOAO3a0OPHBIX CKBaxuH B 3anamHoi Cubupw, rae
B cOCTaBe KOJbMaraHTa mpeobaanaior xenedodocharibie KOMIJIEKCH.

IlNst KaueCTBeHHOro NPOrHO3a KOJbMaraXa NpeACTaBJsieTCs pa-
LHOHAJNbHHIM Pa3felHTh NOJ3eMHble BOAbI B COOTBETCTBHH C HX CIO-
COGHOCTBIO K BBIAEJIEHHIO 3aKyNOPHBAIOLIHX OTJIOXEHHH Ha Clelyio-
IIHEe THHH.
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1. ArpeccuBHHE NOA3€MHBIE BOABI, HE COAEPIKAIllHe XKese3a C 8T-
pHILATENbHHIM MHAEKCOM HacCHIeHHS KapGOHATOM KaJbliHsl, B KOTOPHIX
npouecchl KOjbMaTa)Ka MPH OTCYTCTBHHM a’PallHd HJH JaXe NpPH Ha-
JMYHH HEKOTOpOro IOACOCAa BO3AYXa B NPHGHIbTPOBYIO 30HY pasBi-
BalOTC OYCHb MeAJEHHO M HX MOXHO He NPHHHMATh BO BHHMaHHe.

2. JKenesocopepxaillie BOAH C TOJOMXKHTENbHBIM HHAEKCOM HacH-
LleHHs,, B KOTOPHIX, KaK NPABHJO, HET DPAacTBOPEHHOIO KHCJIOPOAA,
B crabHubHBle BOABI NPH TOJHOH H30JSIHH BOAHOH IOBEPXHOCTH OT
aTMocepHOro Bo3Ayxa (CaMOH3NHBAIOHIMECS CKBAXKHHBI), Xapakre-
PH3YIOTCST MeLJICHHHM TeYeHHeM Mpollecca 3apacTaHMst IPH HHTEHCHB-
HOM BOgooT6Ope.

3. XKenesocomepxaiue BOIB C MOJOXKHTENBHEIM HHIEKCOM HacChl-
uleHuss H crabHiabpHble BOAH, MpPH Bcex cnocobax BomooT6opa cnocob-
Hbleé K HHTEHCHBHOMY BBIIGJIEHHIO KONbMATHPYIOIIHX COSJIHHEHHH.

4. Bozapl, He cojepaliHe Keje3a C BBICOKHM IOJOXHTEIbHBIM
3HaYeHHeM HHAEKCa HachlLUeHus. B aroMm ciayyae B NpHOUILTPOBBIX
30HAX CKBaXKHH H JpeHaxkel orjiaraercs KapGoHAT KaJbilus.

5. Boabl, copepXallye KpeMHEKHCJIOTY. B npuduibTpoBOil 30HE
CKBaXXHHbl CO3MAIOTCS YCJIOBHA, GJaronpusiTHble AJs1 ee KOaryJsiiHH,
B pe3yJbTaTe uero o6pasyloTcs KOareau B3aHMHOTO OCaXKACHHS Kpem-
HEKHCJIOTHI C THAPOOKHCHIO XeJesa.

6. Boxnl, cozepaaliHe CepOBOAOPOJ, XapaKTepH3YWTCA, KaK Mnpa-
BUI0, Pa3BUTHEM KOJIbMATallHOHHBIX IIPOLECCOB C OTJIOXEHHeM Ha
¢$uIbTpe H B NPHPUILTPOBOH 30He CYAb(HAOB METAJJIOB.

7. Boxn ¢ xenesopochaTHBIMU COCIHHEHHSIMH TPU SKCIIyaTaunHl
BO03a00PHBIX COOPYKEHHH XapaKTepH3yloTcsi 00pa3oBaHHEM B MpH-
$huIbTPOBO# 30He cnenuduyeckKHx aMophHEIX Kene30(0ochaTHEIX KOM-
TIOHEHTOB.

Ha craguu meraspHBIX THIPOTEONOTHYECKHX HCCJAEJOBAaHHH C HC-
N0JIb30BAaHHEM OXaPaKTEPU30BAHHHIX KDHTEpPHEB CJeAyeT HaBaTh
NpEeABAPUTEIbHBIH KauecTBEHHBIH NPOTrHO3 BO3MOXKHOCTH H Ipennofa-
raeMoll HHTEHCHBHOCTH KOJIbMAaTallHOHHHX NpomeccoB. OuyeBHAHO, HET
CMBbICJIa TIpH 3THX HCCAEJOBAHUAX MPOBOJUTHL ANHTCJbHBIE OTKaUKH
C HeJbl0 OIEHKH HHTEHCHBHOCTH CHHXKEHHS [POH3BOJHTEJNbHOCTH
CKBaXHH B CBSI3H C KoJbMaTaxkeM. Peilleine 3TuXx BOHNPOcOB Gojiee
1eecoo6pas3Ho OCYLIECTBJASATh, B HAYaJbHBIH TEPHOA IKCIIyaTalluH
BOJ03aGOPHBIX CHCTEM HJH METOAOM aHAJOTHH.

[IpodunaxTHyecKHe MepPONPHUATHS, MO3BOJISIONIHE HECKOJIbKO CHH-
3HTh HHTEHCHBHOCTH IPOIIECCOB XUMHYECKOr0 KOJbMAaTa)ka, CaexyeT
npeaycMarpHBaTh KaK NPHU KOHCTPYHPOBAHHH CKBAXKHH, TaK U B MPO-
necce ux paboru. Ilpu skcnmyaranuu CKBaXKHH B BOJOHOCHBIX T'OpH-
30HTaX C MOA3EMHBIMH BONAMH, CKJIOHHBIMH K BBIACJEHHIO KONbMaTH-
pylomux o6pa3oBaHHH, cieAyeT H30eraTb HEpPaBHOMEPHOTO pPeXHUMa
9KCNJAyaTallHH, B Pe3yJabTaTe KOTOPOro NMPOHCXOAHMT adpaliMs MOA3eM-
HBIX BOJ, HajeXHO TepMEeTH3HpPOBAaTb YyCTbA CKBAaXHH, HCK/IIOYaTh
HCIIONB30BaHHe 3PJH(PTHHX BOAONONBLEMHHUKOB, NPOBEPAThL paboTy 06-
paTHBIX K/IalaHOB MOTPYXKHHX HACOCOB C TeM, UYTOOH IPEAOTBPaTHTD
MOCTYIJIeHHe a3pHPOBAHHHIX BOJ B HHTEPBaJ YCTAHOBKH (pUIBTpA.
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Kapanuaabgoe petlieHHe BONPOCA O NMPeNOTBPAllleHHH XHMHYECKOTO
KOJIbMATaa CKBaXHH MOKeT ObiTh 0becneyeHO JHIUL NPH CO3MaHUH
CrellHaIbHOM 3alHTH  BOXO3a00PHBIX CKBAXKHH — IyTeM NPOXOAKH
BOKPYI HHX BCIHOMOTATEJNBHBHIX CKBAXXHH, B KOTODble NOJAaeTcs aspH-
poBanHas BOAA. Ilpu 3TOM KOJBMATAHT OTJNAraeTcs B yHaJeHHHX OT
CKBaXHHB 30HAX M HHTEHCHBHOE CHMXKEHHe ee [POH3BOAHTETbHOCTH
Taxiv obBpa3om MoXKeT GbITh NMpefoTBpauleHo. B obiem ciyuyae cae-
LyeT OTMETHTb, YTO NPOQUIAKTHYECKHe MEPOIPHATHS He HCKJIIOYaloT
XMMHOYECKOro KoJbMaTaxa (pHUIbTPOB M NPHPHIBTPOBLIX 30H CKBAXKHH
H TIPH HAJWYHH STHX NPONECCOB HeoOXOJAUMO NpeAycMaTpHBAaTh pery-
JSPHYIO pereHepalfio CKBaXKHH Ha OCHOBe TpPOrHO3a CHHXKEHHs HX
NPOU3BOXUTENBHOCTH.

[Iporneccs XHMHYECKOTO KOJNbMAaTaXa, NPOUCXOASIINE B NPAPHALT-
PUBBIX 30HAX CKBAaXKWH, HHTEHCHQHUUPYIOTCS MHKpPOOHOJIOrHYECKHMH
npoueccaMu. OCHOBHOH NPHUIHHOH 3TOro SIBASIOTCA 3KeJe30- H Mapras-
1eBble GAKTEPHH, KOTOPbIe B HECKOJBKUX BHAAX NPHCYTCTBYIOT BO BCeX
BOLOHOCHBIX MOPOXAaX I MOA3CMHBIX BOLAX H B pe3yJbTaTe Ku3HEAesd-
TEJIbHOCTH OCaXAAIOT KeJAe30 H MapraHen H3 NOA3EMHHEIX BOJ.

JAns mpAKTHYECKHX medell BaXKHO 3HaTh HeoOXoJHMBie YCIOBHs
pa3BUTHA JKejae306aKTepHii ¢ TeM, 4TOOBI HMEThb BO3MOXKHOCTH MNPO-
THO3HPOBaTh OHOJOTHYECKHH KOJNbMaTax CKBaXKHH H Ha3HayaTb cClle-
niduyeckue CcHoco6bl HX pereHepailuu. [ns pasBuTHS Keqde30- H
mapraHueBbix Gakrepuil BennyuHa pH xoaKHa HaXOAHTbCS B Npene-
aax 5,4—7,2. Conepxanie Fe?t B Boje He AOMKHO OBHITH MeHbIle
1.6 Mr/n u He npesbimate 10—12 Mr/n, Tak KakK NpH KOHIEHTPalHH
3aKHMCHOrO XKene3a Gojiee 14 Mr/a pocr Gakrepuil HeBosMoxeH. Ilox-
3eMHas BOJAa JOJIXKHA COAEpPXKATb YIJICKHCIOTY.

B nonzemHeix Boaax O6axkTepHH OOBIUHO MOSBIAAKTCS MPH KOHIEH-
Tpanuu Kucaopoxa Gosee 5 Mr/m. Takoe copepKaHue He sIBJaseTCs
MINMMa/bHBIM, TAK KaKk B MOJA3EMHBIX BOJaxX BCerja MPHUCYTCTBYIOT
cvab(aThl H HUTPATHl, KOTOPble NPH Pa3JOXKEHHH HX CyJlbpaTpenyiu-
PYIOIIMMH H AeHUTPUPHHHPYIOMMMH GaKTEPHSIMH OCBOOOXKAAIOT KHC-
aopon. Kpurepuewm, ompenensionisM 6oJiee TO4HO BOSMOXHOCTh Da3BHU-
THS JKETe30- H MapraHueBrx GakTepHi, ABJsSeTCS MOKa3aTeab AaBje-
HiA HEAHCCOIMHPOBAHHBIX BOXOPOAHBIX HOHOB B BOJE, CBS3LIBAIOIIHHE
Eh n pH:

En
rH 07020 + 2pH. (17.8)

210 cooTHOWeHue cnpaBenmuso npu rH==>5...25. B o6mem caydae
A1 MacCOBOTO Pa3BHTHs Kesle30- H MapraHueBbix Oakrepuil u, cie-
JOBaTe/AbHO, OHOJIOrMYEcKOro KOJbMaraxa HeoOXOAHMO BBIIOJHEHHE
CIIeYIONUX YCJAOBHE.

1. Hanuyme Xeneso- u MapraHieBblX GaKTepHH.

2. Hanuuue Fe?t unu Mn?+ B moa3eMHBIX BojaXx. MuHHMAa/bHas
KOHLEHTpauusi, paBHas 1,6 mr/i, Moxer ObTb OPHHATA B PACUET TOJb-
KO ANS yCJOBHH 3aCTOHHON Boxbl. B mporouHo#i Boxe xene306aKTepHH
Pa3BHBAIOTCH M NpH MeHbIIEH KOHIEHTpallHU XKeJe3a.
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3. OkucauTeIbHO-BOCCTAHOBHTE/bHbBIE YCJOBHA NOJKHBI XapakTe-
pHaoBaTtbesl BesquunHamMu Eh>—104-20 MB, a rH=14,541. Ilpouecc
pa3BuTHA GakTepufi MHTEHCHOHIHPYETCS C YBeJHUEHHEM CKOPOCTH
bunbTpanuu, Tak Kak B 3TOM CJydae YBeJIHYHBACTCA HHTEHCHBHOCTb
nocrynneuts nuatanus Fe*r, Mn%t k GakrepHaM.

TenneHuus moa3eMHbX BOJ K OMOJOrMYeCKOMY KOJbMAaTaxXy CKBa-
KHH MoXer OBbITh ONpefesieHa Ha OCHOBE KOMILIEKCHBIX GHOJOrHye-
CKHX H XHMHMUYeCKHX HccaeaoBauuil. Jlag 6HOJOrHUECKUX HecaenoBanuf
B CKBaXKHHAxX IPd ONBITHO-QHABTPALHOHHBIX paboTax Heo6xoauMO
yCTaHABAMBATh NpefMeTHBIE CTEKJia M BhIAEPIKHBATh HX TaM B TeUeHHE
yeThHIpex Helesb. Ilocsie 3TOro CTeKNa H3BJIEKAOT H aHAJH3HPYIOT NMOA
MuKpockonoM. IlapansienbHo NPOBOAAT XHMHUECKHe aHAH3bl NMOJ3EM-
ubix BoA. Ha ocHoBe 0606uleHnsl pe3y/abTaToB G6akTepHOTOTHUECKHX H
XMMHUECKMX aHAJH30B NOJA3eMHHEIX BOJ MOXKeT OHITb CHe1aH BHIBOJA
0 BO3MOXKHOCTH GHOJIOTHUECKOrO KOJbMaraxa (HIBTPOB M NPHQHALT-
POBBIX 30H CKBaXKHH.

Tlpu monydyennu CBeA€HHH O BO3MOXKHOCTH PasBHTHA XKene300ak-
Tepuil B GHAbTpe W NPUGMUILTPOBOH 30HE CKBaXKHH CJEAyeT IIpely-
cMaTpuBaTh nNPOQHIAKTHUECKHE MEPONPHATHA N0 NOANEPIKAHHIO HX
crabunpuoii paborsl. HamGonee RoCTYyNHBI cnoco6 — nepHOJHUECKOE
XJOpHPOBaHHE CKBAXKHMH C OCTATOUHON KOHUEHTpalHel xaopa 5—7 mr/a
[4]. IIpu 3TOM BO3MOXHO XJIOPHPOBAHHEe CKBAXKHH MyTeM MOLAYH BOAH
C XJIOpOM H3 HANOPHOro BOZOBOAA (NpH CHATOM oOpaTHOM KianaHe
norpyxuoro uacoca). ITocie BBemenHs pacTBopa XJOPHOH H3BECTH
B CKBaXXHHy Illeiecoo6pasHo BRIOYHTH Hacoc Ha 30—50 mMun u sarem
OTKJIIOUMTE €ro ¢ TeM, uTo6n Obl 06paboTan He TOJMBKO (HABTP, HO
H NpHHUILTPOBasi 30HA CKBaxKuHH. OJHAKO NepHOAHUHOCTL XJOPHPO-
BAHUS (HJABTPOB CKBAXHH -JJisl NOJAABJIEHHsT NeATEIbHOCTH XKejle30- H
MapraHueshx Oakrepufi HeOGXOAHMO yCTaHABAMBATH KOHKPETHO A
Kaxnaoro o6bexra pa6ot. Ilo uMerominMcs RaHHBIM, XJOPHPOBAHHE Iie-
JgecoobpasHo ocywecTsasath 1 pas B 3—4 wmec.

Bosee ycrofuuBbifi 3¢ deKT HA ANHTENbHBIE TNEPHOAL BpPEMEHH
obecneynBaer ycTaHOBKa B ¢HJAbTpe CIEUHAJbHOrO HCTOYHHKA raMma-
ayueit [4]. B xauecrBe TAKOro HCTOUHMKA ONpOGOBaHO NpUMEHEHHE
PaiHOAKTHBHOrO KoGaJbTa M Ie3Hs, NOMEIIeHHBIX B IePMETHYHO 3a-
KPHTOM H3Jyuartele. 3allUTHOe HeHCTBHe raMMa-00jyueHHsi MPOTHB
GHOJIOTHUECKOro KOJbMAaTa)ka CKBa)KuH obecrneuyBaeTCd NpPH HHTeH-
cuBHoCTH m3nyyenns 100 pajn/u.

BHe 3aBHCHMOCTHM OT NPHPOAL KOJbMAaTaxKa CKBaXHH 3aKOHOMEp-
HOCTH H3MEHEHHsS HX NPOH3BOAHTENBHOCTH ONpelesisiioTCs HHTEHCHB-
HOCTBIO HAKOIJIEHHsI KOJIbMATaHTa B MOPHCTOH cpejie U pa3MepoB 30HH
KonpMaTaxka. MsMenenue BO BpeMeHH KO3(¢HuUHeHTA (HMABTpaluH B
30He KoJbMaTaxa k(f) moxeT OHITb 3al1aHO (POPMYJIOH

E(t) =koe=tlv, (17.9)

The T— BpeMs penakcaum, pasHoe l/coy (co — HagajpHasA KOHCTPYRUHA KONBMATH-
PYIOHIHX COERHHEHHA B BOAE, Y — KOS HIHEHT KONbMATARHH).
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ITpu Benuunne rpsiseeMkocT N, paBHO MOPHCTOCTH
k (t) = ke, (17.10)

CoOTBeTCTBEHHO MOHHXeHHe YpOBHsSI B CKBa)xXuHe ONpeRensieTca
COOTHOIIEHHEM

3¢ 11
s QEUT Ry, (17.11)
2rkm r,

rie Q — pacxoj OTKauRH; M — MOIIHOCTh MaacTa; Rp-— pafiHyc BAHSHESA; ro-— pa-
JHYC CKBAXHHBL.

CrnenoBaTeNbHO, YAeNbHEIH AeOHT onpenensieTcs BhpaxMeHHeM
g = qe=3. (17.12)

OHo crnpaBef/MBO NPH MPEANONOMKEHMH, 4TO KOIQPUUHEHT (HiIb-
TpalMH H3MeHsieTcs B Mpefenax Bcell of6aacTH niacra, I'ie pacmpo-
CTpaHdaeTcd BOSMYILUSHHE OT ﬂEﬁCTBHH CKBa>KHHHI.

MoXHO npeACTaBUTh, YTO KOJIbMaTaX HanOo/ee HHTEHCHBHO NPOAB-
JseTcsl B HEMOCPEeACTBEeHHOH ONH30CTH OT CKBaXKHHH B ofaactd
ro—re (ro— pamuyc ¢uabrTpa u ro— paguyc GypeHHs CKBaXWHH), a
3a mpexenamu 3toffl obnacrtu npu r>rc, Koagduuuent QuiabTpanuH
nopoj He u3MeHsercs. DTO NpPeATNONOXEeHHE ONpaBibiBaercs TeM 00-
CTOATENLCTBOM, 4TO 30HA KOJbMATaxa, Kak MPaBMJO, HeBEeJIHKAa U He
npepuimaer 0,5—0,7 M [4]. Penrenne 3anaun o nputoke BoAbl K CKBa-
KHHE NpPH HaJuYHH BOJM3M Hee 30HH C KOJbIEBOH HEOLHOPORHOCTDIO,
rae k(f) ecTs QYyHKUHS BpeMeHH, HMeeT BUI

—-9 [jpfa 17.1
rThae
. fe o 1Ny —-3c,t]"' 714
g,(.._( o, )ln =, kd,“kq,{l V(1 —emse) " (17.14)
H, CIeJ0BaTeNbHO, YAENbHBIA Ae6HT CKBAXXHHB PaBeH:
q(t)=—2m—, (17.15)
In—= 4 &
Te
Ipu N/ny=
[ * et _ ] e 17.16
£ [k%es 1]in-e, (17.16)

Ins oleHKM TapaMeTpoB KoJbMaTaXa ypaBHeHHe NPUBOAMTCSA
K BUIY

lgyzlgg-:;-}—ﬁt, (17.17)
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ThE

y=—%_ 41, B=12305c.
ln—ri
Ty

Benununsa B onpenensiiach B PasjHYHBIX [HAPOTEOJOrHYECKHX YC-
JIOBHSAX HA OCHOBe JJIHUTeJbHBIX HaOlI04eHHH 32 H3MEeHeHHeM YyAeJbHbIX
Ae6HTOB BOJ03a0OPHBIX CKBAXKHH M NOKasaTenell uX I'HApPaBIHYeCKOro
conpotusienud. ITo 35 ckBaxnnam B Geperosoil 30He KpacHoaapckoro
BOJAOXPAHHIHINA 3HAYEHHA P H3MeHAJNHch B npexenax 1,1-10-2—
8:10~2 npu cpeanem 3uaueduu 4,5-1072, OueHKH 3TOr0 HepaBeHCTBA
B LlesIoM 1o Bogo3abopy no 208 ckBaxkuHaM Jaju 3HaueHue f=2.102,
4YTO xapaKTepnsyeT dHaJIOTHYHYIO O TeMIaM TEeHACHIHIO CHHXKEHHA
IMPpOU3BOAHUTEJ]bHOCTH B CBSI3H C KOJbMaTaxKeM.

Ananornunbple pacuers, DpoBeJeHHble [ CKBaXuH BORo3abopa
«banrtasepcs r. Puru, kanTupyounx orioxenus Baatufickoro Mops,
No3BONHAH ONpefenuTk BenauuuHy PB=2,0-10-2. OcpeaHeHHble 3Haue-
HHUA B B pasamyuHbIX rEAporeosornueckux ycaosuax B Ilososxbe, Ilpu-
JHenpoBbe, Ha rOPoAcKHuX Bojgo3abopax Kypcka, Boponexa, Ileuopsr,
00beKTaX CeNbX03BOAOCHAGKEeHHS N0 AaHHBIM 188 skcniyatauuoOHHBIX
CKBaXXuH u3MmeHsiorcs ot 1,4-10-2 5o 4,5- 102

Hexonsi w3 mopMartuBHOro 3HaueHus P==2,0-10-2 npu OpoOeKTHpO-
BaHHHY CKBAaXXHH MOXeT OHITh NpHUHATA BeMUUHNHA MEXKPEMOHTHOIO Ie-
pHoja CKBAXHuH B npefesax 2—-3 jJeT. MakcuMabHble 3HaUeHUsT MeX-
PEeMOHTHOro HepnOJa NPHHUMAIOTCA AJS CKBaKHH, 000PYAOBAHHBIX
BLICOKONPOHHULLAeMbIMH (PUALTPAME € PHLIXJI0H TpaBHilHOH 0OCHLINIKOILL.

TJIABA 18. PEMOHT BOJ1O3ABOPOB
NOA3EMHBIX BOJ,

18.1. MeToabl BOCCTAHOBJECHHUS NTPOHU3BOAHTEIbHOCTH
CKBaXXHH

dddexrTneHas pabora Bof03aBOPOB MOA3EMHHIX BOA NPH HaJHUHE
NpoueccoB KOJbMaTaxa BO3MOXHA TOJNbKO NPU YCJOBHH 06s3aTelb-
HOTO NPOBeJeHHsT BOCCTAHOBHTENbHBIX Meponpusatuii. OCHOBHOe Ha3Ha-
YeHHe PEMOHTHO-BOCCTAHOBHTENbHBIX PaboT — nojagepkanne CTabub-
HOH 3SKCHIAyaTaluu BOAO3aOOPHBIX COOpyXkeHHH. VYcnmex »sTux pabor
obecrieunBaeTcsi 0OOCHOBAHHBIM BHIOOPOM MeEXPEMOHTHOrO NepuHOAa.
ITo Mepe ero yBeinueHHs YCJHOXKHSAETCH TeXHOJOTHS 006pabOTKH BOAO-
3a60PHHIX COOPYIKEHWH # YBeJHUHBAETCS ee CTOMMOCTb. TeXHOJOrHS
BOCCTAHOBJIEHHS NPOH3BOAUTENLHOCTH CKBaXKHH IOAPOGHO oONucaHa
B [1, 2]. B cBA3H ¢ 3THM OXapakTepHuayeM NPHHUHNHAJbHBIE OCHOBHI
BOCCTAHOBHTEIbHBIX MEPONPHATHH W HX NPHMEHeHHS IPU SKCHAyaTa-
Ilu¥ BOJO3a60pPOB.
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OcuosHoit 3aaauefi pa6oT npH BOCCTAHOBJAEHHH NPOH3BOAHTE/IbHO-
¢TIl CKBaxKHH Ha BOAY, 000pYNOBAHHBIX (HALTPAMH, SIBASETCS yhaJje-
Hile KOJbMaTHPYIOLIHX OTJOXeHH# ¢ (QHABTpPA H H3 NPHPHALTPOBOH
soubl. 1IpH 3TOM ryiaBHast TPYAHOCTL 3aKJOYAETCS B YAAJeHHH KOJb-
MaTaHTa C HApYHOH NMOBepXHOCTH (GHIbTPa H H3 rpaBHAHON 06CHII-
KM (BOJAOHOCHHIX TMOpoA). PemieHHe 3Tofl 3afadyl JOCTHraeTrcs pactBo-
perneM KOJbMATHPYIOIUINX OTJIOXKEHHH NPH MOjave peareHra B mpHsa-
O0iiHyI0 30HY CKBaXHHbl JHGO TakuM pas3pyHIeHHeM KOJbMaTaHTa H
HeyeHTa o6pacTaHufi, HPH KOTOPOM pa3Mep oO6pasyromuXxcs KoabMa-
THPYIOIAX YaCTHL CTAaHOBHTCS MeHbllle pa3Mepa nop rpaBHHHOH 06-
CHIIKH H OHH BBIHOCSATCS NPH MOCAEAYIOUleldl HIM OZHOBPEMEHHOH C
HMOYALCHEIM BO3ZEeHCTBHEM IIpOKauKe.

CoenoBatenibHO, €CJH HCKJIOYHTh METOAbI OYHCTKH BHYTpeHHel
NOBePXHOCTH (HUIBTPA, TO [0 XapakTepy BO3AEHCTBHS Ha QHABTP M
npHGHABTPOBYIO 30HY MOIKHO BBUIEJIHTH JBE OCHOBHBIE I'DYIIBI METO-
JIOB: peareHTHble H HMOy.abcHble (pHc. 18.1).

TlepBas rpynna u3 3THX METOAOB NMpeAHa3HaueHa [IJs pacTBOPEHHS
KOIbMaTaHTa, H 3ajavyell TEXHOJOTHYECKHX HCCIefOBAaHHH SABJSETCS
non6op BHAA peareHTa, ero KOJHYecTBa, 00OCHOBaHHEe PaLMOHANbHOH
TEeNHOJOTHH 00paboTKH B 3aBHCHMOCTH OT THAPOreO0JOTHYeCKHX YCJ0-
BHIi H KOHCTPYKUHH CKBAaKHHBI, HaeKHOI0 METOAa KOHTPOJs X0Aa
00paboTKH U KPHTEPHS IJ51 OIlEHKH ee OKOHUAHHS.

[Ipn ocymecTBiaennn HMNYJAbCHOH pereHepanun HeoOXOJHMO Olle-
HHTb BO3MOXHYK CTeleHhr ApoOGHMOCTH 0OpasoBaHHil B NPHPHILTPO-
BOii 30He M AEKOJbMaTalHH CKBaXHH NPH OCYIIECTBJEHHH 00pabOTKH
TPl MHHHMaJbHBIX HEPTCTHUECKHX 3aTpaTax, a TakXe HPH YCJIOBHH
obecrieueHHsi COXPAaHHOCTH caMoro (HabTpa. CouctaHHe HMMNYJbCHBIX
M peareHTHHIX METONOB NPH3BaHO ofecneuntb OOabLIyIO 3(PdeKTHB-
HOCTb BCJEJCTBHE CO3LaHHs 0oJiee paBHOMeDHOfi BOZONPOHHIIAEMOCTH
nopoA B NpHGHABTPOBOH 30He IIO BEPTHKAAH H Pa3BHTOH MOBEPXHOCTH
KO.IbMAaTaHTa NpH HMIY.IbCHOM BO3AefiCTBHH, 4TO obecneudBaeT HHTEH-
CHBHOE H COBepIUeHHOe PaCTBOPEHHe BHYTPHUIOPOBOTO LIEMEHTA.

UMnyabcHoe Bo3feiCTBHe HAa CKBAXKHHB SBJISIETCS OJHHM H3 HaH-
fosce yacTo NPHMEHsSeMbIX METOJOB pereHepauuu. 10 0oOYCJIOBJIEHO
NPOCTOTOH MPHMEHSEMOro 000PYAOBAHHS M OULYTHMBIM 3 ¢eKToM, 10-
CTHIAeMbIM TOCJIe OTHOCHTEIBLHO HeTPYHOeMKHX paboT. Ilist ocBoeHHs
W pereHepald¥ BOKO3aGOPHHIX CKBaXKHH B HACTOAILEE BPeMS HCNOJb-
syetcst B3pbiB Toprex u3 netonupytoumero muypa (TIHI), ocymects-
JeHHe B CKBaXXHMHE 3JIEKTPOTHAPABIHYECKOrO YAapa, THEBMOB3PhIBA H
aMna03uy. DBanszkoe mo XapakTepy BO3IefCTBHE CKBaXXKHHA HCIBITHI-
BaeT Npu ny/abCHpylouleil npokauke spAH(PTOM, IMyCKaX-OCTaHOBKaX
MOTPY>HbBIX HACOCOB, cBAGHPOBAaHHH, rHAPABIHYECKHX YAAapax B (QHIb-
Tpe, co3/faBaeMblx cOpachiBaHHEM B HEro KEJOHKH HJH KaKoro-au6o
ApPYroro IOCHABHOTO Ipy3a, a TakxKe cO3/laHHeM B3PHIBHOH CMecH
rasoB HEMOCPeACTBeHHO Ha 3a6oe BOCCTaHABAMBAeMOl CKBaXHHbBL Jlas
B3pbiBHON 06paboTkn npuMensitoT Topneas: TAHI (TOIH-50, TOHI-25,
THUI-B) ¢ geronupyiomum winypom mapka JUI-B nnn JUHIY-B, a
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Takxe ¢yracasie Topneawn tuna TII uau @-2, obecneunuBaroiue cos-
Ianue naBjieHud Ha ¢uanTpe n0 30—40 MIla.

B ckBaxuuax, o6OpPYNOBAaHHBIX MeTAJNIMYECKHMH (QHABTPAMH
(rpy6uaTHMH, KAPKaCHO-CTEPIKHEBLIMHE, CIIHPAJbHO-IPOBOJIOYHHMH) Ha
PHIXJIbIe BOJOHOCEBIE OTJOMKEHHS, NETOHHPYIOIIMH IIHYD B3PHIBAIOT B
olHy HUTKY. [Ipu oGopynoBaHMM CKBaXHH (uIbTpaMH ¢ ceryaToil Bo-
JONpUEeMHON MOBEPXHOCTHIO, OJIOYHBIMU W IJTACTMACCOBBIMH KOHCTPYK-
UMM MPHMEHSITh B3PHIB JETOHHPYIOLIErO LIHYPa HE PEKOMEHAyeTCs.
Yeranosneno, uto Hanbonee 3¢dexTuBHO MpumeHeHne B3puBa TJIIII
B CKBaXMHAX, KCIJYaTHPOBABUIMXCSA A0 BOCCTAHOBHTEJIBHHIX Mepo-
npusiTuit He 6osee 2—5 aer. IIpu B3puiBe T/ B ckBaxnue B mepuon
skcnayatauun Gosee 3 pas pe3ko BO3pACTaeT BEPOATHOCTL paspylie-
#Us QUABTPA H BHIXOJA CKBAXKHHB U3 CTPOA. B CKaJbHHIX BOJOHOCHHIX
MOpoAAax € YCTAHOBJEHHBIM B HHX TPYOUATHIM MJH KapPKacHO-CTEPXK-
HEBBIM (UABTPOM HCMONBL3YIOT (pyracuble topnensl uan T/ u3z 2—3
HUTOK.

AaekTporuapasandeckas o6paborka ocyuecTsasercs Ha Oase Huc-
7I01b30BAHHS  CNEIHATH3HPOBAHHBIX YCTAHOBOK, o0eCrnedyHBaomuX
co3nanue sjexkTporuapasandeckoro yaapa (3I'Y) no aamsHe ¢uabrpa.
Ilpu 31OM Ha CreHKY (uabTpa co3paercss pasiedne po 5—6 MIla.
B03MOXKHOCTL peryJHpOBaHHS BeJHYHHB HMIYJAbCOB H HX KOJHUECTBA
CYLUEeCTBEeHHO pacurupsier 061acTb MPHMEHEHHS 3TOTO MeTOMA, HCIOJb-
30BaHHe KOTOPOro BO3MOXKHO B MeHee MPOUHBIX KOHCTPYKUHAX (PHIb-
TPOB, B TOM uHCJE C C€TYaTOH BOXOMPHEMHOH IOBEPXHOCTHIO HJIH B
niacT™MaccoBuix ¢uasrpax. Ilpu DI'Y-o6paborke B CKBaxHHAX, 060py-
IOBAHHKIX TPYGUATHIMH, KAPKACHO-CTePXHEBBHIMH (DHIABTPAMH C BOJO-
1IpHeMHON MOBEPXHOCTbIO H3 NPOBOJOKH HJH LITAMIOBAHHOTO JIHCTA,
nocratouno nposepeduss 300—500 umnyascoB va 1 M. M Quabrpa, Aas
ceryateix ¢GuabtpoB — 100—200 umnysabcoB. B ckaJbHBIX H MOaY-
CKaJAbHBIX MOPOAAX, 060pyA0BAHHLIX NMepOPHPOBAHHHIMH TPYGaMH, Ko-
JHYECTBO HMIYJAbCOB HA | M. M HeoOCAXXeHHOTo HJM INep(hOpHPOBAH-
Horo 3a00s no/KHO GbITh He MeHee 500.

TIHeBMOMMIYIbCHOe BO3AEHCTBHE obecnmeuyHBaeTcs CHENHAJU3UPO-
BauHeiMH ycrasmoBkamu ACII-T u ABIIB-150, coszamomuMu ¢ mo-
MOUIbIO CXKATOT'0 IPH BHICOKOM JaBJEeHHH BO3AYyXa B CTBOJe CKBAXH-
HH BOJIHBI NMOBHILEHHS JaBJeHHS MHTeHCHBHOCTbIO 10 4 MIla u ¢unp-
TpalHOHHBe MOTOKH C BHICOKHMH rpagHeHtaMu (raba. 18.1).

B mosyckajabHBIX H CKaJbHEIX NMOpPOAAax NMpH 06paboTKe CKBAXKHH
CO3JaI0T MAKCHMAJbHO BO3MOXHOe fNaBJieHHe B BO31yXocOOpHHKe H
IpPH MaKCHMAaJbHOM 0GbeMe NTHeBMOKAMEpH, a KOJHYECTBO HMIYJbCOB
Ha 1 0. M ¢uabTpa HoaKHO GHTh He Meree 10.

CyumiectBeHnbli 3¢¢QekT MoxXKeT OHTH AOCTHTHYT IMPH ra3’oBOM
B3pHBe H [PYIUX UMNYJbCHBIX BO3AeHcTBHAX. ONBIT HMIYJbCHOH pe-
reHepalHy CKBaXXHH HA BOAY AOCTATOYHO BEJNHK M I03BOJfAET C JHO-
CTATOYHON HAJEXKHOCTbIO CAENAaTh BBLIBOJ O BO3MOXHOCTH BOCCTaHOB-
JIeHHs1 TpOoH3BoAHTe IbHOCTH cKBaXXuH A0 40—70 Y mnepBoHauaJpHOH
IIpH MeXPEMOHTHOM MepHOfle B YCJIOBHAX INoCHenyoLieH SKCHayara-
nuu He Meree 1 rona.
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TaGauna 18.1. TexnHonorudeckue napamerpol
THEBMOKMIYAbcHOR 00paboTku

Juamerp duabTpa, MM

Tun duabrpa TexRogorHUECKHEe NMapaMerpst

168 219 273
Cetyatuit O6beM NHeBMOKaMepH, J 0,3 0,5 1
Hasaeune B BO3ayxoc6opuu-{ 4—6 6—8 8—10
Ke, Mlla/em?
Yucno uMnyabcos wa 1 . M| 2--3 3—5 5-8

¢uabTpa, WT.

Kapkacro-cTepxKue- O6beM NDHEBMOKAaMepH, J1 ,3 R

Boii  (cnupanpHO-npo- |[aBaenne B BosayxocGopHH-{ 10—15 | 10—15 | 10—15
BOJIOYHHE) ¢ npoBo- |ke, MIlajem?
nounolt o6MoTKo# muam |Hucso uMmnyancos ma 1 m m 4-5 5-8 8—12
€ WITAMODOBAHHBIM JH- |(DHABTPA, WIT.
cTOM

PearentHas o6pa6oTKa CKBaXHH HCIONb3YETCS B NPAKTHKE BOJO-
cuabxkenuss B CCCP Gosee 30 ser. PacTBopenue KOJbMAaTHPYIOUIHX
OT/IOXeHHH B NMPHOHILTPOBOH 30He M (PUIBTPE BOXO3a6OPHLIX CKBa-
JKHH TO3BOJISIeT NOGHTLCS NPH COOTBETCTBYIONIHX THAPOAHHAMHUYECKHX
YCJI0BHSAX H COCTaBe KOJbMAaTaHTa IPaKTHUYECKH HepBOHaqa‘TIbHOﬁ npo-
H3BOJMTENLHOCTH cKBaxuH. Haubosee pacnpocTpaHeHHBIM H Jerko-
JZOCTYNHBIM PacTBOPOM SIBJSETCA COJNSAHAS KHCJIOTA, OQAHAKO B HACTOS-
Iiee BpeMst MOAOGPaAH P KOMINOSHUHH PeareHToB, NO3BOJSIOMIHX PO~
BOAuTL OGPAGOTKH IPAKTHUECKH BO BCEX THAPOTEOJIOTHYECKHX YCJIO-
BHSX H NPH Da3HBIX KOHCTPYKUHAX $UIsTpOB. [ToaGop pearenra ocy-
mecTBAA0T N0 taba. 18.2 B COOTBETCTBHH € COCTAaBOM KO.IbMAaTaHTa
U THIIOM (HALTPA.

YerolunBocTe (QHABTPOB B KHCJIOTAX XapaKTePH3YeTCsl B TeXHH-
YeCKHX YCJIOBHAX HA HX NPOHM3BOACTBO U NMPHMEHEHHe, COCTaB KO.Ib-
MaTaHTa Ha QHJIbTPaXx H B IJacTe HAEHTHOHIHPYeTCs Ho OCaiKaM,
OTOGpaHHBIM C BOAOTOABEMHHIX TPYS WJAM HACOCOB, OAHAKO B 60Jb-
HIMHCTBe CJIy4aeB B COCTaBe KOJbMaTaHTa NpeobsajfaioT THAPOKCH/E
Kenesa. B mensx npenorTspauieHHss KOPpo3HH B xoje 06paGOTKH B
COJISIHYIO KHCJIOTY BBOAST HHTHGHTOPH KaTanud-A wuan  xartanue-B
B KOHUeHTpanusax cootsercTBenHo 0,5 u 0,05 %. SO1d uuraburoph
JONYLIeHb K HCHOJb30BAHHIO B CHCTEMaX XO3SHCTBEHHO-IIUTHEBOTO
BOJOCHaGXKeHHs.

IIpu npoumx paBHBLIX ycaoBHAX Hauboabuias 3¢QeKTHBHOCTL 06-
paboTOK AOCTHraercs NHpH NPHUMEHEHHH COJISSHOH KHCJIOTH (KOMIIO3H-
uun I v 7 (cm. taba. 18.2), 61M30K K HeH MO CTeneHH PacTBOPeHHs:
AMTHOHHT HaTpHs (komnosmuusa 5). PactBopsomas crnoco6HOCTs pac-
TBOpAa THAPA3HHa COMAHO-KMCIOrO (Kommosunusi 2) coctasaseT 609%,
6ucysndarta HaTPpua BoAaHOro (kommosuuma 4) —40 9%, pacreopa
cy.abpaMuBoBoR KHca0TH — 10 % pacreopsioniell cnioCOGHOCTH COJs-
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Ta6aunua 182, Ycnaosns npuMeHEeHHs: PeareHToB
NPH pereHepauiu BoA03a00PHBIX CKBAKMH

Pearedts
& Cocr Vc‘roﬁqusogfb .
aB KoJa BITT-
5 KoMriosHuss Kornenzpa- AT menorau
"
1 { HCI+NasP30ys 20...25-+-0,1| Fe,0;, Fe(OH)s, Kucnortoyeroii-
FeCQ;, FeS, CaCOs,|unsn
MgCO:’,
2 | NoH,-2HC1+NasP3044 8,..104-0,1 !To Ke lTo Ke
3 ! NHgOaH-FNasPsOm 8.. lO—!—O,l l » ‘ » B
4 \YHSO4H20+ N35P30|o 5.. .7+0,1 FQQO:;, Fe(OH)g, »
FeCQO,, Fe
A l NapS:04+4NasP3040 6...841 | Fe;0;, Fe(OH)s, Heycrofiuupit
6 Nasp:’,Om 5...8 F6203, FB(OH)3, To xe
HIH FeCO;, CaCoOs,
(N3P04)5 MgCOS
7 | HC1+NasP3019 5...10+2,5 | To ke u FeS YerohiunBel B
pasbagiienHofl
KHCJI0TE

HOf KHCJIOTBI. Bce mepeunc/ieHHble peareHTH, 3a HCKJIOUeHHeM COJISi-
HOH KHCJIOTH, NOPOLIKOOGpPa3HbIe.

Hns ob6paGoTkn onHON Bono3abopHoll ckBaxuHbl TpebyeTcss B 3a-
BHCHMOCTH OT AHaMeTpa W AJAHHK (uabTpa oT 300 mo 1100 xr HCI
COOTBETCTBEHHO NpH auaMerpax 6” u 12”7 u nopomkooGpasHhX pea-
TeHTOB B TeX Xke ycaoBHsaX oT 25 go 80 kr. Texnosorus peareHTHOil
pereHepallHH CKBaXXHH [eTaJbHO H3JI0XKeHA B psife H3AAHHBIX PYKO-
BoacTB [17] m momorpacduit [2, 4]. OT™MeTHM, YTO BO3MOXKHHEI ABE ee
peanH3alliH: PeareHTHAas BaHHA H IHKJIHUYECKoe 3alaBiiHBaHHe, obec-
NeunBaiolliee BO3BPATHO-NOCTYNATeNbHOe [BHXKEHHe pearesTa B MpH-
$uIBTPOBOH 30HE.

Crnoco6 pearenTHOH BaHHBI HCHOJIb3YIOT MpH IyOGOKOM 3aseraHui
ypoBHsI noaseMubIX Box (Gosaee 30 M). Ee pexoMenmyemast mpono.t-
sureapHocrs 10—12 u. PereHepanus repMeTH3HPOBAHHBIX CKBaXKUH
Gonee 3dekTuBHO obecneynBaercsi UHKIHYeCKOH o6paborkod. [lpu
3TOM BO3BPAaTHO-MOCTYNATeJbHOE ABHXKEHHE CO3RaeTcsl MyTeM MOCae-
J0BATEJbHOrO TOBLILIEHHS M CHATHSA NaBJCHHS HJIH BaKyyMHDOBaHHEM
CKBAXKHHB C TOCJeAyiollell ee pasrepMerHsaiieii. IIpeBritienne nas-
JeHHsl Haj €CTeCTBeHHBIM NJIAaCTOBHIM OOJIXKHO cocTaBaate 0,15—
0,2 MIla/cm? npu DmpoLOJKHTEJbHOCTH 3aAaBJHBAHHS B Mpejejax
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10 MHMH H CHATHS AaBJeHHs A0 5 MuH. O6Iias NPOJOJIKHTENBHOCTD 006-
pabOTKH B 3TOM peXuMe oObuHO He npesnimder 2 u. [lo paccmartpu-
BaeMOH TeXHOJIOTMH BOCCTaHOBJEHO OKoJ0 10 TeIc. BOAO3a6OPHBIX
ckBaxuH. Dosee 20 smer oHa yCHeHIHO MpuMeHsieTCs Ha Bojgo3abopax
r. Pury, roe HOpMaTHBHHH CPOK CAYXOBI CKBAXHMH 6Jarofaps 3TOMY
nipeBbilleH B 2 u GoJee pas.

B cocraBe KoJapMaTHpyoOLHX 00pa3oBanuil GUABTPOB H NPUDHIABT-
POBHIX 30H Ha BoZo3abopax r. Puru nmpeobmagarT coefHHEHHs XKene-
3a (Fe;O; naxomurca B npepenax 73,3—80,4 %), coeauHeHHs KaJb-
LU, MATHUSL U APYTHX KOMIIOHEHTOB MIPalOT NOAYHHEHHYIO POJib.

BoccraHoBsieHHe MPOH3BOAUTENBHOCTH CKBAaXKHH BOJ03a6OpOB mpo-
H3BOJHJOCh IHKJIHYECKHM 3aJaBJIMBAHHEM MOHOPEareHTOB (COJAHOMN
KHCJIOTBI, TPHNoJHGochaTa HATPHS) M NOJHpeareHToB (NMOAKHCIEH-
Horo pacrBopa Tpunoaudocdhara HaTpHA, CONTHOA KUCAOTH H pacTBO-
pa AHTHOHHTA HaTpHs co CTaGHAM3HpYOMKUMH Ko6aBKaMHu ¢ocdaTos).

KucnotHele pacTBopnl (CosisiHasi KHCJOTA, NMOAKHMCAEHHHH PacTBOP
¢doctaToB) roTOBHIMCH B 3a/JMBOUHON €MKOCTH, NPUIOTOBJIEHHE pac-
TBOPOB M3 MOPOIHKOOOPAa3HBIX peareHTOB (AHTHOHMT H TpHImoJHupoc-
(aT HaTpUs) NPOH3BOAHIOCH HENOCPEACTBEHHO B CTBOJIE CKBAXKHHBI
NPH NDOMOIIM CKATOTO BO3AYXA, M0JAaBAEMOT0 B HHXKHIOI 9acTb (PHJIb-
Tpa. 3ajaBiMBaHHe PacTBopa 3a KOHTYpP (uJbTpa OCYLUECTBJAAIOCH
IaBJeHHEM CXkKaToro Bosayxa He Bbiie 0,16 MITa B Teuenue 5—15 mun
¢ mocaenywoiiuM c6pocom npaejaenust (3—5 MuH). Bpems okonYanus
06paboTKH CKBaXKHH ONpeAesaJoch No CTabGHAM3alHE JAHHBIX O BOC-
CTaHOBJEHHH YPOBHS XXHAKOCTH B CTBOJIe CKBAXKHHBI B Iponecce IHK-
aHdecKofi 06pabOTKH, UTO CBHAETENbCTBYeT O NpeejbHO BO3MOXKHOM
YMeHbIIeHHH HAaCHIEHHOCTH MOPOBOr0 NPOCTPAHCTBA KOJAbMATAHTOM
(npu u36HTKe pearenta). B o6ieM cayuae BpeMsi o6paGoTKH B 3aBH-
CHMOCTH OT BHAA peareHTa M KOJHMYeCTBA KOJAbMaTaHTA H3MEHAJOCh
ot 60 no 160 MuH. BpeMsi nmpoKayKM CKBaXXHH Iocje o0paGOTKH He
npesuiazio 2 u. Ha Bogosza6opax r. Puru 6ui10 o6paborano 384 cksa-
*Kuup (Taba. 18.3).

B peayabpTate 06paboTOK yAeabHBI AeOHT YBEAHYHICST Y CKBAXKHH
¢ rpaBHHHO-KJIEeBHIMH (QHJIbTPaMu B 2 pasa; ¢ KepaMHyeckuMu B 1,9:
¢ rpaBufiHo-npoBosoudbiMH B 1,8; ¢ ¢duabTpamu KoHcTpykuuu Tuwma
B 1,8 pasa u B nesom no Boposabopam B 1,9 pasa.

XapaxkrepHo, 4to 3(QeKTHBHOCTD peareHTHbHIX 00paboTOK OKa3hl-
BaeTCsi MaKCHMaJIbHOH NPH HX NMPOBEAEHHMH B NepHOA 2—3 JeT Hociae
HadaJja 3KCNJAyaTalliM CkBaXXuH. Tak, mo oJHOMY u3 Bofo3abopos B
nosnune p. Boaru (puc. 18.2) 6nu1o monydeHo, 4ro Haubojee meseco-
o6pa3Ho MPOBOJAHTh LHKJAHUECKYIO PEareHTHYIO PereHepallyio He MO3J-
Hee, yeM Yepe3 5 jer paGoTH CKBaXXHH NpPH MEXPEMOHTHOM IepHONe
He Gosee 2 Jer. Tlpu Gonee AjuTesbHOM CpOKe 3KCHJyaTallMH CKBa-
XKHH Tepef perenepanmeil Heo6xoAuMO GoJiee HHTEHCHBHOE HMMYJbCHO-
peareHTHOe HJU TepMOpeareHTHOe BO3AeHCTBHE.

HmnyabcHo-peareHTHbIE METOAB COUETAIOT HMIYJbCHOE BO3JAEHCT-
BHE ¢ MOCJeAylolell MM ONHOBPEeMeHHOH peareHTHo# 06paboTkofi.
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HX IKCAAYaTalMH TMPR HHKAHYECKOH pe-
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Taé6anauna 18.3. dddekTHBHOCTL HUKAAYECKHX PeareHTHHWX o6paborox
CKBaXMH BORo3aGopos r. Purn

Yucao VBenuuenne
Pearenr CKBa- Tun ¢unbrpa yAenbHOro ne-
XKuH GHTa, pas
Baarasepc
Coasnas Kucjaora 27% 26 Kepamuueckuht 1,6
9 | Koncrpykuun Tuma 1,2
Coasnas xueaora co crabmmusu- | 36 | Kepamuueckuit 2
pviominMu Robaskamu docdaror 14 Konerpykunn TuMa 2,1
ConsHast kuciora 5% wu tpumosu- | 25 | I'papuitno-kneesoft 2
¢docoar narpus 3% 4 | Kepamuueckuft —
10 | Koucrpyruun Tuma
Banatazepc-1
CoasHast kucaora 279, 22 Kepamuueckuft 2,5
8 Konerpykuun Tuma 1,9
Cosisiuass Kucaora co crabuansu- | 26 Kepamuueckuht 1,6
pyouuMyE nobaskamu docdaros
Coasnasa xucnora 5% wu tpunoau- | 12 | Tpasuiino-Kieeso#t 2
docdat HaTpus 3%
Bakwomyiixa
CoasHas kucnora 27% 8 Kepamudeckuit ,2
16 | Koncrpykuuu Tuma -
Coasnas gueniotra co crabunmsu- | 22 | Kepamuueckuit 1,6
pyiomuMH pob6aekamu docdaros
Pembepru
ConsHast xuciora 27% 30 | Kepamuueckuil 1,6
ConstHast  gucsiota  co crabuamss- | 33 » 1,6
pywomuMu gobaskamu docdartos
Taya-1
Coastras xucnora 279% 13 [ I'pasuiino-npoBOTOYHBIH 2
Co1aHas  kucnota co crabuamsu- | 65 | To xe 17

pYIOIHMHE Jo6aBKaMu ocdaros

IIpu 3ToM pasamuarT BHOPOpEAreHTHYI pereHepallHio, COYeTAIOULYI0
IIMIYIbCHOe BHOpaUHOHHOe BO3JeHCTBHE ¢ peareHTaMH H NpOBeJeHHe
AHCKPETHOI'O HMIyJbca ¢ peareHTHolt oBpaborkoil. Bubpopearentnas
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o6paboTka nposoaMTcs Ha Gase paspaboranHbix B. B. Bepcrosniv
subpartopos THna BYP npu Hanuuuum 3abofiHoro pabouero opraHa.
Sror BHJ 06paGOTKH BO3MOXEH B COUCTAHHH CO BCEMH BHAAMH pea-
FeHTOB.

OnHako OTHOCHTENBPHO HH3KHe 3HAYEHHS THAPORHHAMHYECKHX NaB-
Jiennit, He npespmanomue 0,2—0,3 MIla, He no3BONAIOT CYLIECTBEHHO
paclHpuTh 06JacTh NpHMeHeHus: BUOpopeareHTHOH 06paboTKu B CPaB-
HeHUH ¢ LHKjgudeckof. Ho crenmeHp ynaneHHs KoJbMaTaHTa H3 NpH-
(uabTPOBOH 30HBI CKBaxKHHBI NpH BHGpopeareHTHOH 06paboTke BO3-
pactaetr ¥ BO3MOXKHO AOCTHXEHHEe TIPAaKTHUECKH I€PBOHAYAJbHOTO
VAeIbHOTO HeGHTa CKBaXKHHBI B CAyYae, eCHH AJHTEIbHOCTH €e IKC-
nayarauud o o6paboTKH He mpeBbiliaer 3—5 jer. B gaurensHo pa-
60TaBIIHX BOAO3aBOPHBIX CKBa)KMHAX O6oJiee JIPEANOUYTHTENbHO COye-
Talue HHTEHCHBHON HMMYJBbCHOH H peareHTHOH 06paboTKH.

OnnitT npuMenenust copMecTHoro BapmBa T ¢ nuxauyeckoi pe-
areHTHOH 06paboTKOil Ha ckBaXuHax B 30He KyHOHIIEBCKOrO BOAO-
xpauuanma, Kaxoeckoro opoxpanusiuiia m Kuesckoro Bomosabopa
r. Kypcka -nokasan, 4To yAeJbHBII AeOUT B CpeAHEM YBeJIHUHBAJCSH
B 3 pasa, Ha CKBaxkuHax B pafione KyHOHIIeBCKOro BOAOXPaHHJHING,
9KCIJIyaTHpOBaBIIHXCsi Jo ofpabotku 14—19 ner, B 7,6 pasa. Yaens-
HBIfi ge6ur Onl BocctaHoBIeH B cpexneM xo 60 9 nepBoBayanbHOTO.

ITaeBmMouMnyabcHasi 06paboTka CKBaXKHH € NOCACAyOWEH WHKIH-
4ecKoi peareHTHOH 06paboTKOH NMPOBOAMJIACh Ha CKBAXKHHAX CeIbCKO-
Xo3gficTeeHHOro BomocHabxenus Tambosckoii o6s. u Ha KueBckom
BoAo3abope r. Kypcka. Jlas npoussoiacTBa paboT NpHUMEHsJICA IHEB-
mouvnyabcunifi arperar ACII-T. B TamGoBckoil 0651, CKBaXHHH o6pa-
6aThHIBAJIECH NHEBMOHMIYJbCAMHU B Npefenax paboueli wactd GUABTPOB
cHH3y BBepX. Uucao peficoB nHeBMOxaMmepnl oT 4 Ao 6, KoJuuecTBoO
IHeBMOUMNYAbcoB 361—437 npu naBieHun B Bo3ayxocGopHuke oT 12
o 2,2 MIla.

Hanee ckBaXunn 06pabaTbhiBajIHCh PACTBOPOM COJMISHOH KHCIOTH
co crabmausupyomumu fobapxamu docdaros. Bossparno-nocryna-
Te.1bHOe ABHXKEHMe DAacTBOpa B 3aKOJbMATHPOBAHHON NPHOHIBTPOBON
30He CKBAXHHH 06eCHeUHBANOCH NMEPHONMUYECKUM ero 3a4aBJHBAaHHEM
3a KOHTYP OGHJIbTpa HAaBJE€HHEM C3KaTOro BO3AyXa, II0[1aBae€MOro Of
KOMIIpeccopa GypoBoro arperata, ¢ NOCJAeAYIOMHM COPOCOM JABJCHHUS.
Pesyjbpratel  3THX KOMOHHHPOBAaHHBIX 00paboTOK INIpHBEACHH B
Taba. 18.4.

B pesysbrare KOMGHHHDOBAHRON 06pabOTKH yAeJNbHbIH ne6uT yBe-
anunsicsi B 2—6,6 paza npu CymeCcTBEHHOM CHHIKEHMH [OKasaTedst
06061menHOro conpoTuBaeHus. Ilpu 3TOM yheabHBIH AeGHT CKBaXHH
GBI BOCCTAHOBJIEH NPAKTHUECKH A0 NEPBOHAUAJbHHIX 3HAYeHHH, npH-
yey 59,8 O, ob6umiero NpHpalleHHs YEeAbHOro AEOHTA NMPHUXOAUTCS Ha
NHeBMOUMNYJibCHYIO 00paboTky, 40,2 % — Ha pearenTHyio 06pabGoTKY.

CkBaxunsl KueBcKoro Bojo3abopa B BHAE JHHCHHONO psina KanTH-
PYIOT BOLOHOCHBIH KOMILIEKC, IPHYPOYEHHHH K YETBEPTHYHBIM H CEHO-
MaH-anbOCKHM TleCKam CO cpeHell BeJHUHHOR BOXONPOBOJHMOCTH
oxkoao 350 m2/cyt, Ckpaxunn ray6unoli 35—37 M oBopyjioBaHE rpa-
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Ta6auna 18.4. Iddexrusuocts o6paGorok cksaxuu TamGosckoR o6
TIHEBMOMMITYJABCHBIM cIOCO6OM ¢ mocaeAywuell HHKAHUECKOH
peareHTHO# 0GpaGoTKOR

Y
!
i
|
;
]
1

ITHeBMORM- :
- PeareHTHast o6pa- o ]
-} nynbcHan . o o , aR
§ |gg | ofatoma | & e g8g | E%8ds
3 ) ] - @4 1)
2 gRE | B0, | heere |l EE . noce hiing gxg | 22°8+
EE 853 | Gotkn | Goren | SSE | &P | alrone- | S | 35EEE
¥ = - > 5.}5 o (ay) |OWTa, pas | OEx | @axoEd
4690 1 0,1410,62| 4,4 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 11,58] 1,76 2,04 1,29 2,27 102
2847 1,811,03/1,64] 1,6 2,07 1,26 2 115

BHHHO-IPOBOJIOYHBIME HABTPaMU RHaMeTpoM 245—299 MM. 3xech
IHKJHYecKast peareHTHasi o06paboTKa NPOU3BOAHNACKE NOCJTE IHEBMO-
HMAOYJAbCHON . 06pabOoTKH repMeTH3HpOBaHHOTO ¢uAbTpa. OO6paboTky
IPOH3BOJHIH PacTBOPOM IHTHOHHTA HaTpusa. [las npou3BOACTBa pa-
60T NpHUMEHAACS TakXKe nHeBMouMmnyJabcHbll arperat ACII-T. Tlocxe
3aKaukH pacTBOpPa B (QHIbTP CKBaXKHHbl MPOU3BOAMJIH ITHEBMOUM-
nyabCHYI0 06paboTKy, B XOAe KOTOPOH NHEBMOCHApsii NepeMemiancs
uepe3 10 ¢M Docse KaXAOro BBIXJIONA B Hpefeiax pabouedr yacTu
¢GUAbTPA OT ero BepXHEro A0 HUMKHEr0 KOHIa H Haobopor (2--4 pa-
3a). JlaBienHe B BO3AYXOCOOpPHHKE B Xole 06paGOTKH H3MEHSJIOCH OT
11 no 2,6 MIla. [JaBaenue BO3AyXa MOA MaKepPOM HAXOAHJIOCH B mpe-
ngenax 0,04—0,13 MIIa. Jlanee npoH3BOAHAHM IIHKJIHYECKYIO PeareHt-
Hyio 06paborky. Ilpn 5TOM B KaXXIOM IHKJIe BO3BpaTHO-NOCTYNaTeh-
HOe JiBHXKeHHe pPacTBOPa B 3aKOJbMaTHPOBaHHOH 30He 00ecneuHBasoCch
JaBJleHHEM CJKATOr0 BO3AYyXa OT KoMmmpeccopa B mpegenax 0,04—
0,12 MIla B Teuenue 5—10 MuH ¢ nocienylOMmHM cOpPOCOM NaBJieHHs
10 aTMOCdepHOro.

B pesyaprare npoBeJeHHHX 00palOTOK YAenbHBIH AeGHT CKBaXKHMH
yeennyuacs B 1,7—4,8 pasa u B cpennem cocraBua okono 70 Y mep-
BoHayajbHoOTO (Tabna. 18.5).

IMocae nposenennbix 06pabotok na KnesckoM BomosaGope 1. Kyp-
CKa OBlJIO MPOCHEXKEeHO H3MEeHeHHe YAeNbHBIX AeGHTOB CKBaXHH BO
BpeMenu (puc. 18.3). Uepes rog nocine 06paboTku yheabHblll ae6uT B
CpeflHeM IO CKBaXKHHaMm cocTaBHa 93,5 Y ROCTUTHYTOTO B pe3ynbTaTe
o6pabotkn. HeoOX0AHMO OTMETHTb, YTO NMPH 3TOM YyHAENbHBIE AeOHTHI
cKkBaxHH OueHb Oam3ku. Uepe3 nBa roxa mociie 06paboTKU 3aKOHO-
MEpDHOCTH H3MEHEHHs YAeNbHBIX NeOUTOB MeHSIOTCS. MOXHO BHACIUTD
JBe TPYNNbl CKBaXHH ¢ Pa3HbIM TeMIIOM CHUJKEHHs YAeJbHBIX Ae6HTOB.
Ynenpuslii neOHT CKBaXKHH NepBO# TpPynNnsl B C¢peXHEM COCTaBJSET
84,8 % npocTuryToro B pesyJbTaTe o06paGOTKU, BTOPOH Tpynmbl —
57,1 %. Ilpu sTom JiMIIb B ABYX CKBa’KHHAX BTOPOH TPynnbl yAesbHble
AeOHTHl CTaJu HEMHOTO HMXe YReJbHBIX [1eGHTOB, 3a(HKCHPOBAHHHX
o 06paborku.
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YAENLHLIA AEBHT, %

1 i 2
BPEMS NMOCHE UMNYNLCHO-PEATEHTHOM OBPABOTKH, TOA

Puc. 18.3. Cunxenne yaeabHbX AeGHTOB CKBAKHWH NOCHEe MMOYJAbLCHO-DEAreHTHORX 0G-
pa6oTkH (LHQPH — HOMEDA CKBAXKHH)

Ta6auuna 185. 3pdhexTHBHOCTD UHKAHYECKHX 00paBOTOK CKBAKHH
Kuesckoro sonosabopa r. Kypcka ¢ npeaBapHTebHON NHEBMOUMIYALCHOR
00paboTKOi B repMeTH3HPOBAHHOM dUIbTPE

. TMokasateap 0606-

[ it nebur, v Y . -
B o lge | VOmMREST | god | wemercimmons | Sere
&2 g g nepB nepen | nogcne E % E‘ N ;* | ;;c;l: ) Zﬁ;%c}:’igg:?
£S 5= - . : 35 | Ao obpa- e HO NeppoHa-
RE | SEE| BT | Govea| Sk | £EE | Gomn Soten | mamsmoro. %
13 9 3,7 |1,2 135 29 - - 94,6
21 8 7.1 |18 | 49| 27 — - 68.5
2| 8| 10 1.8 | 35| 1.9 14,7 | 9,8 348
23 8 | 108 |31 36| 21 9.1 5.6 61

24| 3| 10 4.8 | 941 2 - - 93,6
% s | 15 5.3 |10/8] 2 — - 72

% 8 | 11,2 |4 st 2 11,2 | 6,7 72,3
27 8 | 134 j2,8 |134] 458 14 10,6 100

28 8 | 11 3.1 | 86| 28 -~ - 76,5
29 8 | 13 3.4 108 32 — - 827
30 8 | 12 1.7 | 45| 26 30,7 | 13,5 37.5
31 7 | 15 16 | 41| 206 28’1 | 1805 97.6
32 8 | 12 28 | 954 34 - 2 795
37 | 4 7 2.7 | 45| 1.7 23.3 | 16,4 64.2
8 7|1 76 | 1.7] 202 94 | 27 100

50 | 7| 13,7 |2:8 | 7.2] 26 ot’2 | 7.3 52,5

Iuxauueckasn pearenTHass o6paboTka ¢ mpeABapHTEIbHOH THEBMO-
uMnynbcHOH 06paboTKOH CKBamXuH, 060PYAOBAHHBIX T'PABHHHO-IIPOBO-
JOUHBIMH GUABTPAMH, N03BOJIMIA Nocke 3—9 JieT 3KCIITYaTallH CKBa-
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KHH YBSJIHUHTHL HX YIASALHH ne6HuT B cpeaneM Ha 709 OTHOCHTEJNBHO
NepPBOHAYAJIBHOTO.

ITpu nueBMopearenTHO#t 006paboTKe CKBAXHH 6e3 repMeTH3allHH
cetyariXx (PUABTPOB NPH PA3JIMYHBIX CPOKAX SKCIJIyaTallMH CKBAXKHH
(or 2 mo 14 net) nocTHraeTcs yBeJHUueHHe YHeJAbHOro Aebura B cpel-
Hem xo 67,1 % orHOCHTENBHO TIEPBOHAYANLHOTO. BpeMsi crabGunpHOR
paGoTHl CKBAXKHH 1OCJHE HMIYJbCHO-pPeareHTHHIX 06paboTOK cocTaBasfd-
er He MeHee 10 Mec, U MeXKDEMOHTHHI MEPHOA CKBaXKHH NpPH NMOA06-
HOTO poja ux 06paboTKax MoxeT ObITh MPUHAT B Npenenax 2—--3 Jaer.

Bauskuit spderr HocTHraeTcsi mpH COBMECTHOM NpomeneHHu DY
H peareHTHOH 06paboTKH, HO NMPH 3ToM Tpebyercsi NpHMEHeHHe Clie-
HHAaAbHOTO THIA PAa3PAAHHKA, OGECHEeYHBAIOUIEr0 H3OJSIHIO Paspsif-
HOTO yCTPOHCTBa OT 3JIEKTPOSHMTa (pearenTa).

TepmopearenTHasi 06paboTKa TPEANOUTHTENbHA B JUIHTENIBHO KC-
nayaTHpOBaBIIHXCA ckBaxkuHax. Haubonee sabdexTHBeH NOAOrpeB CoO-
JSTHOM KHCJOTH, KOTOPHI OCYIMECTB/IAT 32 CYeT HPHMEHCHHS 5K30-
TePMHUYECKHX PEAreHTOB, BBOAHMBIX B COJSHYIO KHCJIOTY (6e3BOAHEIK
XJOPHCTHE ANIOMHHHE, Mariuil), CNeUHaJbHHIX TePMOCHAPSANOB HJH
T2Hos.

Ta6aunua 18.6. 3pdexTHBHOCTL TepMoOpeareHTHHX 006paGoTOK CKBAXKHH
sofosabopa Banarssepc

XapaKTepHCTHKa pearemTa y-“e"’;‘;/"":. ‘f)eﬁ‘"' IlocTHTRY-
Yucno THill yAedb-
|
;:é\}?:u s!‘:rcarlll.:};a- §é Koﬂuem'r%ag’mx peareu- 6é § o |y o | renuo mep-
2ER B5,.| 6% | 2«E | sowauam-
- ‘ 825 | o5 {885 | moro. %
S8&L| Hal | NaPow | Atct | 55| 28 | 288
80 15 | 6002750 003 | 7.8]108] 6,6|11,4] 1053
81 15 | 600l27’5] 003 | 79}108] 54]1005] 9.6
44a | 10 | 460|27’5] 001 |11'7|966| 79]17:4) 652
152 13 560 { 27,51 0,01 8,4124,8]15,4| 24,6 101,7
151 13 700 | 27,5 0,01 13,6 [ 22,71 4,1}114,4 63,8
158 13 | 600|27'5| 002 | 82]2304|139]{209]| 892
150 13 | e00|27'5| 002 | 88|28t |163]271| 96,2
156 14 | 700|27’5| oos | 7'5|25°9| 21’8458 1777
163 14 | 700|27°5] 004 | 20|547|185|27'8] 498
167 14 700 | 27,51 0,04 3,8129,5]10,7] 13,9 47,9

Ha Bonosabope Banarasepc r. Puru tepmopearenTuste 06pabot-
KH TMPOBOJMJIHCH Ha CKBaXXHHaX, 0OOpYAOBaHHBIX KepaMHYeCKHMH
¢unprpamMu (taba. 18.6). Tlocne 3aiamBKH B repMeTH3HPOBAHHYIO
CKBaXXHHY COJISHOH KHCJOTH €O cTabuiusMpyomuMu xo6askamu Qoc-
(datos B obsacTh (QUIBTPA YCTAHOBHJH TEPMOCHAPsiA, 3aMOJHEHHBIN
XJIODHCTHIM ajiloMHHHeM Oe3BoAHEIM. O6paboTka MPOXOAHJIA BHKIHTE-
CKH 3a cueT dHepruu oOpasoBaBliuxcs ra3oB B npeaesax 0,08—
0,15 MITa.

CpaBHMTEIbHO HE3HAYHTEJbHOE yBeJHYeHHEe YAeNbHEIX AeOHTOB
ckBaxun Ne 163, 167 oTHocHTeJbHO NepBonauanpHoro (49,8 u 47,9 %)
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Moxer ObHTh O0BSICHEHO HEROCTATOYHHIM KOJHYECTBOM BBEJACHHOTO
GesBoguoro xJgopuctoro ajiwomuuus (4,0 u 3,8 %). B ocranbumix ciy-
Yasix yAENbHBIH HeOHT CKBaXXHH OB YBeNHUCH B CpeiHeM [0 3Haye-
HUH, 6,IU3KHX K TepBoHauaabubiM (99,4 9%).

TIpu o6paborke ckBaXuH B 30He KpacHomapcKoro BOAOXpaHHIHILA
B KayecTBe TepMOpPEareHTa HCIONb30BAaJH TaKXe G6e3BOAHBI XJOpHC-
TH# amomudul u maruuil. O6paboTka npousBoAuiacy 6e3 3a1aBjauBa-
HHUs pacTBOpa 3a KOHTYD QuABTPA CXKaTeIM BO3AYXOM, TaK Kak ypo-
BeHb TPYHTOBHIX BOJ pacnoJarajcs y BepxHel yacTu ¢uibTpa. B npo-
Hecce TEPMOKHCJIOTHHIX 00paboTOK B (DH/IBTPE CKBAXKHUH NPOH3BOAH-
JIOCH H3MepeHHe TeMNepaTypel KHCJHOTH {IPH IOMOIIM TePMHCTOPOB
KMT-4, ycranoBneHHBIX B BepXHeifl u cpenuell wacra ¢uasTpa. Ycra-
HOBJIEHO, UTO IIPOMCXOAHJ MOXbEeM TeMNepaTypHl 10 56—75° C. Crenenb
BOCCTAHOBJIEHHsT TPOM3BOJUTEIBHOCTH CKBAaXKHH OLEHHBaJach IyTeM
COIOCTABJEHHs1 AOCTHTHYTOrO IpHpalleHus AebHTa MpH CaMOH3JHBE
OTHOCHTeJIbHO Rebuta fo obpaborku (rada. 18.7).

Ta6auua 18.7. ddextdBHOCTL TepMopeareHTHHIX 06paboTok
ApesaHbIX ckBaxuH KpacHopapckoro BOROXpaHHIHIIA

" Pearentn Mokasatear 0606- U
g i o6 R 2
Howep i R
S 1 95 e e e e oy e =g
::;:;iau HCQ_‘I', NaS&OW, ng;rc’p:? i Zo ofpa- nocne o frocne g % s g
a ’ GorkH o6pa- | obpa- | gbpa- EN
6otkn | Gotku | GoTkH & a
87 | 600 1 AlCls — 50 9,9 7,8 3,6 19 150
88 | 500 1,5 |AICl,—78 | 7.3 5.6 |092]4,8 41,7
89 | 500 1 AlCl; — 60 5,1 4,1 1,23 15,14 317,9
187 | 900 —~  |Mg—40 = o{o7e| 241 21701

Kak BHIHO W3 NOAYYEHHBIX AAHHBIX, TPHUMeHCHHE TepMOCHApPAAA
TI03BOJIMJIO TIONYYHTh OULYTHMHIH 3hdeKT npu TepMopeareHTHHX obpa-
6oTkax: NpHpallleHHe MO AeOHTY CKBaXKHH OTHOCHTENBHO AebuTa A0
06paGoTKH HaXopHuTcs B Npemenax 150—421,7 %.

Ina oueHkH 50QEKTHBHOCTH IDHMEHEeHHS TepMocHapsifia OblaH
NpOoBefeHH TePMOKHCIOTHHE 06pabOTKH CaMOU3IMBAIOMIMXCS CKBAXKHUH,
B XOIe KOTOpHX B GHIbTpnl nopasanu no 300 1 uHTHGHPOBAHHOM
CONAHON KuchoTH 25%-HOH KOHUEHTpAUHH CO CTAOHIH3HPYIOUIHMH
no6aBkaMu M 1o 45 Kr rpaHynupoBaHHoro Mmaruusl Ha 3a6oéi. Ilpn
3TOM TeMIlepaTypa HarpeBa KHCJOTH He NpeBbiuanta B cpeanem 40°C.
Ilocae pmocTHXKeHUSI MaKCHMAaJbHON TeMmIleparyphl 3afaBjHBaHue Ha-
TperToif KHCJOTH B 3aKOJIbMATHPOBaHHYIO NPHGHILTPOBYIO 30HY HpO-
p3ponuny Bopoit (1,5—2 M3) ¥ B TakoMm TNOJIOXKeHHH CKBaXKHMHA OCTa-
Bajach 18—20 u, mocje yero NMPOU3BOAKJIH 3PJIHDTHYIO IPOKAUKY.

Ipu Bcex TepMOKHCHIOTHBIX 06paboTkax Hab/0AanCcsa ras3nudTHbI
NOABbEM XKUJKOCTH 10 TPpaBUiHON OOGCHIIKE H CTBOJY CKBaXKHHHL. B pe-
3yJbTaTe TePMOKHCJOTHHX 00paGoTOK necsiTH CKBaXKHH € 3aCHIKOH
marHust Ha 3a6oii AeGuT CKBaxHH Obl1 yBelHueH B cpensem ¢ 3,14
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no 6,59 m%/4. CpaBHHTesbHBIe NaHHble 20 ()eKTHBHOCTH Pa3/HUHBLIX Me-
TogoB 006pabOTKH CaMOHW3JIHBAIOUIHXCs CKBaXuH KpacHogapckoro Bo-
JlOXpaHuIulia npuBenensl B Taba. 18.8.

Ta6aunna 18.8. pdekTHBHOCTS PAIJMUHLIX PEATEHTHHIX METOROB
06padoTKkH caMoH3AMBAOWKXCHA cKBaXun KpacHopapckoro BoaoXpanudauma

CpepHee npHpameRHe
Yncno JNeOHTa OTHOCHTEb-
Croco6 06paboTkH CKBaXXHH | Ho meGHTa Ao 06pa-
6oTxH, %
TepMokucaoTHas o6paGoTka INPH NOMOLIH TEPMO- 4 276,7
CHapsia
TepMokHcaOTHAs 06paboTKa ¢ 3aCHIKOH MAarHHs Ha 10 109,8
3abofi
KucaoTHas BaHHA ¢ 3ajJaBJHBaHHEM KHCJAOTH BOAOH 137 100,8

TepMokHcioTHAsE 06paGoTKa npu NOMOIIM TepMmOcHapsina obecre-
4yuBaeT yBeJHueHHe NPOH3BOAHTENBHOCTH CKBaXuH GoJjiee 4eM B fABa
pasa MO cCPaBHEHHIO C APYTHMH HCHOJIB3yeMEIMH PEareHTHHIMH MeTO-
JlaMH, 4YTO CBHJeTeJbCTBYeT O OoJbllefi BO3MOMKHOCTH H3BJCUeHHS
KOJbMaTaHTa K3 NPpUHUILTPOBOH 30HHL

18.2. MeToabl BOCCTAHOBJEHUS NPOU3IBOAHTENbHOCTH
JyuesBbiXx BOA03a60pOB

CHHuXeHHe NPOH3BOJAMTENLHOCTH JyYeBHIX B0J03abOpoOB, COOPY-
KaeMpix B 6eperoBoii 30He peK C NOAPYCJIOBBIMH JIyYyaMH-JPeHaMH,
BHI3BIBAETCH KOJbMaTalHell PYC/JOBHIX OTJIOXEHHH H  BOJOIPHEMHOH
NOBEPXHOCTH APeH. 3aKOHOMEPHOCTH H3MeHEHHS! yaeabHoro aebura
JY4YeBHIX BON03a00OPOB aHaJOTHUHBI CKBaXXMHAM H B GOJIBHIMHCTBe
cjlyyaeB ONHCHIBAIOTCSE 3aBHCHMOCTBIO, GJIH3KOH K SKCIOHEHIHAJIbHOH
(puc. 18.4). B 06061eHHOM BHAE OHH OMHCHIBAIOTCS 3aBHCHMOCTHIO
BHa g==g 00RI+328 q1o COOTBETCTBYeT YMEHBIIEHHIO YAENBHOTO Je-
6uta 3a 42 mec. B 2,5 pasa. Bojiee HHTeHCHBHOe CHHXXeHHE YAeJbHOTO
ae6urta syueBoro Boaosabopa Gulsio 3aduxcupoBano B Kyriope (Ppan-
uns, ITapuxkckuit GaccefiH), rie jyueBele BOZ03abOpbl KanTHPOBAJH
BOJAOHOCHHI/ TOPH3OHT B aJJIIOBHAJBHBIX OTJIOXeHHAX D. Jlyapsl.
3aech ynenbHHE ne6UT cHuXKaJscs B 2 pasa yxe uepes 1—1,5 4 ake-
nayatauud. OnHOM M3 OCHOBHBIX NPHUYHH HHTEHCHBHOrO KOJbMaTaxa
B 3TOM cCiyyae sIBWIach GHOJIOTHUeCKasi AesTeJBLHOCTh XKejie300aKre-
puii.

Tlpu BOccTaHOB/IEHHH NPOH3BOLHTEJIBHOCTH APEH HCHNOJB3YIOT Me-
XaHHYEeCKyI0 YHCTKy €pLIOM, NPOMBIBKY HX C IpHMeHeHHeM THApPOHa-
CafOK H peareHTHYI0 06pabOTKy myTeM 3ajaBjiMBaHHsA peareHTa 3a
KOHTYp ¢uibTpa. B KyTiope npH pereHepanuu jydyeBniXx BOR03abopoB
6B/l UCIOJIb30BaH OGUIMPHBIA KOMIJIEKC METOJOB: MeXaHHyeckas OUH-
cTKa ¢ nocjiepymouel o6paborkoil nosugpocharaMu, CONSAHO-KHCAOT-
nas o6paboTKa, pereHepalusi CMeCbi0 OPFaHHUECKHX H MHHePasbHBIX
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32 7 6ura ayuesoro Boaosagopa B r. Bea-
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KHCJIOT, 2pJiH(THAS NIpoKayKa APeH, XJOPHUPOBAHUE IS NOAABJIEHHS
6unoIornuecKod HesATeJBHOCTH Kesie300aKTepHil u, HakoHel, AoGypH-
BaHHe HOBHIX Jiyueil ¢ 000pyAOBaHHEM HX IJIACTMACCOBBIMH (HIbTpa-
MH u TpyGamMu. Hu ORMH H3 NepeyHC/ICHHBIX CIOCOGOB pereHepamHu
He ofbecmeynsi BOCCTAHOBJEHHs NEPBOHAUYAJBHOH YyIenbHOH MPOH3BO-
JHTENBHOCTH BoRo3abopa. Ilocne o6paGoTku OHa He mpesbicuia 70—
809 nepBoHauasnbHOH. BeposiTHO, 3TO CBA3aHO CO 3HAYHTEJIBHOHN CIOXK-
HOCTBIO PaBHOMEDHOrO 3aJaBJHBAHHS DEAreHTa B JYUH-APEHH, 0CO-
6eHHO NPH 3aTONJICHHBIX BOAOBHIIYCKAX APEH.

B paBHO# CrenmeHH 3aTPYAHHTEJbHA H OUHCTKA 3aKOJBMATHPOBAaH-
HOTO CJIOSt PYCNOBBIX OTJIOXKEHHH, IPOHHLAEMOCTh KOTOPHX YMEeHbLIa-
ercsl NMPH HHTEHCHBHOM Bojo3abope. Jlns 5To#f HenH MNPUMEHSIOT
OYHCTKY pyC/ia PeKH € MCIOJb30BAaHHEM 3eMCHApPSINOB, ClHeNHANbHBIE
BOJOCTPYHHBEE IPHCNOCOO/IEHHS U PHIXJIHTEAH LHA.

VHTepecHslit OMBIT 3KCOMyaTalldd MOAPYCJOBOr0 BORO3aBopa Jy-
YeBOr0 THIA CHCTEMB BOJOCHAOXKeHHs r. BapliaBH, COOPYKEHHOTO
nox pycaoM p. Bueawn, npoananusupoBan A. I'pyuBanbpom. Bopmosa-
60p COCTOHT M3 Tpex MIAXTHBIX BOJOCOOPHBIX KOJMONHEB. B xogme aran-
HOro CTPOHTEJBCTBA HA NePBOH ouepenu ObLT MOCTPOeH BoZo3abop ¢
npoexkTHO! npoussopurenbHoctbio 150 000 M3/cyt. K c6opHOMY KosOA-
1y Oniin nogcoenyueHH 15 JrydyeBblx ApeH auamerpom 300 MM ¢ pau-
HOH Kaxnoro Jyua okosao 100 m. Bee nyyn opHeHTHpPOBaHH NOX PycJo
peku, a 3arsnybaenue ux cocrabiser 6—7 m. Ilpu pacmmupenun Bogo-
8a6opa OHIJIO 3aNPOEKTHPOBAHO M NOCTPOEHO €lle JBa KOJOANA C
BOCEMbIO JIYUEeBBIMH JBYXbSDYCHHMH ApeHamH. IIpoekTHas mpousBojH-
TeJNbHOCTH Kaxnoro u3 uux 50 000 m3/cyT.

Tlpu sxkcmsyaranuu nepsoro Bojfo3abopa HaGMIOAanoCch TOCTeNeH-
HOe CHHXXeHme ero Aeb6ura. HecmMoTps Ha TO 4TO IpHMeHeHHE YHCTKH
pycia 3eMCHAPSIAaMH C NOMOIIBI MEXAaHHUYECKHX YCTPOHCTB, OTKJIIO-
geHHe BOJ03a60pa MPHBOJAHMJIO K YBEJHUCHHIO KOJHYECTBa OTOHpaeMoi
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BOAH, 3TOT 30 (eKT OBl KPAaTKOBPEMEHHBIM, & NMPOYHUCTKA PYCJIOBBIX
OT.10KeHH{i KOMIIpeccoOpOM Aaja OTpHIAaTeJbHBIE pe3yabTaThl. 3a
10 et mMpOM3BOAMTENBHOCTL BORO3abopa cHu3umack c¢ 150000 no
100 000 M3/cyt, a B oTAeabHble NEePHOAH Oblia 3HAYHTENBHO HHIKE.
Ilas BOcCTaHOBJIEHHS TIPOM3BOJHTENBHOCTH BOA03a6opa GHIIO HCMOJib-
30BaHO THAPABJIHYECKOe NPOMBIBOUHOE YCTPOHCTBO, CMOHTHPOBAHHOE
Ha noHToHe. OHO BKJIIOUAET HACOCHKIE arperaThl IPOH3BOAHTEIBHOCTHIO
180 n/c u gaBnenuem 0,1 MIla ¢ pabGouum HAKOHEUHHKOM H3 JBYX
Tpy6 nuamerpom no 100 MM, yKpellJleHHBIX Ha NOXBHKHOH paMe, Ite-
penBHramoniefics B BepTHKanbHOH MockocTH. Ha xoHue Kaxpoiu Tpy-
6bl YCTPOCHB! CONJIA, HANpaBJACHHBle BBEpPX NOJ yrjioM 45° a Takxke
pasMblBaloulHe comyia (FMAPOHACAalAKH), HAampaBJeHHbe BHH3, AJA pas-
MBIBa JOHHEIX OTJIOXEHHH,

Iponecc meroabMaTanuu PyCJOBHX OTJOMKEHHH CBOAMTCA K mepe-
MEIleHHI0 HACaJKOB, KOTOpbie 06ecneyuBaloT MPOMBIBKY IJiacTa Hajk
JApeHaMH, H TOPH3OHTAJBHOMY YAAJEHHIO HIHCTHIX 00pa30BaHHil BHH3
N0 TeueHHIO pekH. CKOPOCTb ABHIKEHHsi BOAB B PeKe NPH 3TOM CIIO-
cobe nekonbMaTanuu JAoykua OblTe He Menee 0,3 M/c. B pesysbrate
Taxko# meKosnMartanun Ha IlpasxkckoMm BomozabGope r. BapuaBu yaenb-
HBIH pebut 6w yBeauuen ¢ 12—30 na/c no 32—35 /e, a npoussonu-
TeJBHOCTH JOCTHIVIa NepBOHauasabHOK — 150 000 m3/cyr. Hosas ye-
TAaHOBKa JJisl AEKOJbMAaTallHH PYCJOBHIX OT/okeHu# IIpaxckoro so-
no3a6opa oGopynoBaHa NEHTPOOEXKHHM HACOCOM INPOH3BOAHMTEbHO-
cteio 100 afc ¢ npaBaennem 0,5 MITa. Takum obpa3om, mas pereHe-
pamuu JydeBnlx Boxo3abopoB paspaboran psp  npucnocoljeHuil H
YCTPOHCTB, OJHAKO NPOH3BOACTBO paBoT okasniBaercsa 0oJjee TPyHpoeM-
KHM, 9eM BOCCTaHOBJICHHE IPOH3BOJUTE/JIBHOCTH BEPTHKAJbHBIX CKBa-
JKHH.

18.3. MeTonbl BOCCTaAHOBJICHUS NIPOU3BOAUTENBHOCTH
INAXTHBIX KOJIOALEB

Ilpu xuMHuecKoM ¥ OGHOJIOrHYECKOM KOJbMartaxe BOZONPHCMHOMN
YacTH WIAXTHHIX KOJIOALEB NPHUMEHSIOT peareHTHble U KOMOHHHPOBaH-
Hple METOABl perenepanHH. BMecTe C TeM ONBIT NOKa3wiBaeT, YTO B
GO/IBIIMHCTBe cayuaeB ycToluMBas paGoTa HIAXTHHIX KOJOAIeB Obec-
MeYyHBaeTcsl HX MEXaHWUYeCKOH MMM THAPABAMYECKOH uHcTKol. [las
5TOH uesu paspaboraH psin ycTaHoBOK. OXHHM u3 BapHaHTOB TakKoH
ycranoBku sBaseTcs Malimga KasHHUHMMICX (OUIK-3) ¢ paGounm
opranom B BuAe 0anpH, nonyualomell KorneGaHHSA OT KECTKO 3aKpel-
JIEHHOTO 3JIeKTPHuecKoro BuGparopa. Mamuna OILIK-3 ocobenno -
(eKTHBHA B TOM CJydYae, KOrla B KOJIOANAX MaJoO BOXHL.

Fuﬂpaannqecxuﬁ IIPHHIKI YHCTKH KOJOAUEB peaJqu30BaH B THUX-
POLMKJIOHHOH HacocHOH ycranoBke I'LlY ¢ TeneckonmuuecKHM TOAB-
eMHO-CIIYCKHBIM MeXaHu3MoM Ha Gase aBroMamiunni 3MJI-131. Yera-
HoBKa paspaboraHa KasHHMUBX u cocTOHT M3 MHOrOCTYNEHYATOro
Hacoca, THAPOLHKAOHHON TOJbeMHON KaMepH H THAPO3JeBaTopa.
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Puc. 18.5. Cxema ruapounknosHolf Hacoc-
Hoit ycranosku T'ILY nns 4uMcTKH KoJoj-
ues Koncrpykuuun KasHHHUBX
f — apromamuna 3WJI-131; 2 — neGenxa
TMoABEMA BBHILIKH; & — THAPOLHKJIOH-CTY-
cTuTeNb, 4 — MMAPOLHKJIOHHAS HacocHas
YCTaHOBKA; 5 ~— NOJUbeMHO-CIIYCKHOH Mexa-
HH3M YCTaHOBKH; 6 — 6JOK; 7 — CTONKa;
8 — maxTHHA KoJojel; 9 -—— TeJecKomuye-
cKasf wacth; [0 — BcaceiBawmias JuHHA;
11 — nanopHas Jauus; 12 — rupgposesa-
TOp ¢ THADOLHK/IOHHHIM HacamkoM; I3 —
nysapna

VYeranoBka paboraer caepyiomium obpasom (pue. 18.5). Ilpu no-
MOILH TEJIECKOIIHYECKOro ycTpoHcTBa 9 onycKaloT ruaposseBatop 12
0 IHAa WAXTHOTO KOJoAUA 8. YCTAaHOBKY 3alOJHAIOT BOJOK H MycKa-
10T ee B pabory. PaBouass XugkocTh, NONaB 1o HamopHo#t TpyGe 11
B THAPO3JIEBATOP, MONYTHO 3acaCHBACT H3 KOJOANA JOHHHE HAHOCHL
13 u nopaer ux no Tpy6e 10 B MPHEMHYI0 KaMepy THIPOLHKJIOHHOIO
Hacoca 4. B xamepe rUAPOUMKJIOHA NPOHUCXOMAMT OTAEJCHHE oOcalka
oT ocBeTJieHHOM )uaKkocTH. OcBeTyeHHas XKUAKOCTh HACcOCOM MoOpaercs
06paTHO B THAPO3MEBATOP, a OCAJOK TPAHCNOPTHPYeTCs B THAPOLMK-
JIOH-CTYCTHTENb 3, Te Noj AeHCTBHeM JaBJieHHS CTPYHHOFO amnnapara
IPOUCXOAHUT ero yuuoTHeHue. Takum 06pasom, B MauIHHe CO3AdeTcs
8aMKHyTas rufpasjiHyeckasi cHcTeMa, Tpebylolas HeGOJbLUIOrO KOJH-
yecTBa XHAKOCTH AJsi Pa3MHiBa M YRAJEHHUs JOHHBIX OTJOXKEHHH H3
WAaXTHOrO KOJOALA.
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TJIABA 19. HABJIIOJEHUS HA BOJO3ABOPAX
NMOA3EMHBIX BO IMPHU UX 3KCIVIYATALNH

19.1. OcHoBHbBIE 3a/a4H H COCTAB HAOJIOAEHMIH

Bonpochl H3yueHHs 3KCIJIyaTallHH TNOJA3E€MHBIX BOJ, BKJIOYas TaK-
e BOJ03260pH ¢ obopyAoBaHHeM H NOAadeH yepe3 paclpelefHTeNb-
HYI0 CeTh NMOTPeOHuTeNI0, a TakkKe cOCTaB HabJIOJeHHH H HX aHalu3, B
JTepaType OCBEUIEHB OYeHb MAJO.

B ny6auKanusx 1mo rHAPOTEONOTHH pacCMaTPHBAIOTCH B OCHOBHOM
BONpoCH HaOAOAenHil 3a NOA3eMHBIMH BofaMu Oe3 HcciaeJoBaHHiI ca-
MHX BOJ03a060poB u 63 KOMIJIEKCHOrO aHajiu3a TakHX Habaioaenuil.

Heobxoaumo KOMIJIeKCHOe H3YyYeHHe TOA3eMHBIX BOX H BOA03a6o-
POB M3 HMX, BKJIOUas BONPOCH 3KcIIyaTalun o60pyaoBaHHs BOLO3a-
60pOB M HACOCHBIX CTaHllHi, pe3epBYapoB, BOAOBOAOB, & TaKXe IIpH
HeOOXORHMOCTH H3yueHHe THADOJOTHYECKHX U  MeTeOpOJIOTHUECKHX
nokasareneil. KpoMe TOro, ROMIKHH NPOBOAUTHCA CAHHTapHHE Ha-
6atofenns (cMm. ra. 16).

Caefyer OTMeTHTb, WTO THAPOTEOJIOTHUECKHE YCJOBHS H CHCTEMH
Bofo3abopa NOA3eMHBEIX BOX ¢ MX OGOpPYAOBaHHEM BeCcbMa pPa3sHOO0G-
pasubl. ['1aBHON 3afavell H3yueHHs SKCILIYaTanHH BOA03aBOpOB MOX-
3eMHBIX BOJ| SIBJIFeTCS BHISIBJIEHHE H3MeHEeHHs OCHOBHHIX MokKasartejef
H B OCOGEHHOCTH H3MeHeHHe YPOBHell BOABI, CHHXKeHHE NPOH3BOAH-
TEeJbHOCTH, YXyAllleHHe KayecTBa BOAH, @ Takxe NOBHIIEHHE €& CTO-
HMOCTH.

YMenbllleHHe TPOHU3BOAHTENBPHOCTH BOA03aGOPOB MOXeT GHITh CBA-
3aHO C MOHHXKEHHeM YDOBHeH NMOA3CMHBIX BOX B pafOHC BOL03aGOpOB,
C YBeJIHUEHHEM CONPOTHBJEHHUH IPH BXOAE BOAB H3 BOJOHOCHOTO TO-
pH30HTa B BOJ03a0OpHI, H3HOCA HACOCOB H JPYTOTO TEXHHYECKOTO 060-
PylLOBaHHs, & TaKikKe C H3MeHeHHeM INPHPOAHHX YCJOBHH W YCHOBHE
(hOopMHpOBaHHsl HOA3EMHBIX BOA. YXYALIeHHe KauecTBAa NoJjydaemoH
BOJIbI MOXeT [POHCXOAMTh B CHAY pa3HoOGpa3HBIX NPHYHH (CM. pasi.
154, ra. 15).

Ha noBblUlenre CTOHMOCTH BJAHSET, B YAaCTHOCTH, HOHHIKEHHE YPOB-
Hsi BOJAH B CKBaXHHax (M B APYrHX BOA03abopax), a Takxke yxyaule-
HHE B CBSI3H C 5THM K. I Ji. HaCOCOB, H3HOC HacocoB H T. A. Ilo-
cllefHUe NPHYHHB BJMSIOT HA CHHXKEHHe NPOHU3BOLHTEJBHOCTH BOJO-
3abopa, nu60 yBeJHueHHE PAcXOfa SJEKTPOIHEPTHH, HJIH NPOHCXOAUT
H TO, u Apyroe. CHHXKEHHe YPOBHEH IO THAPOTEONOTHYECKHM YCJIOBH-
AM H IOA BJAHAHHEM 3KCINIyaTalHH B apTe3HAHCKHX BOAAX JNOCTHraeT
JIeCATKOB H COTEH MeTpOB; B IPYHTOBHIX BOJAX CHHXKeHHE YpPOBHei
OpH SKCIVIyaTallHH 3HAYUTEJNBHO MeHbIle — pedko A0 20 M. Takum
06pa30M, NPH IKCHJYyaTallHH MOA3EMHBIX BOA HeoOXoAuMO HAGMIOAATH
H M3yuaTb YPOBHH H KaUeCTBO NOJ3EMHBIX BOX, a Takxke pabory Bo-
1,03a60POB, UX NPOH3BOAHUTENBHOCTh H COCTOSIHHUE.

Habatonenus 3a ypOBHAMH H KaueCTBOM NOA3EMHHX BOJA C aHAJAH-
30M H3MEeHEHHsS YCJOBHA HX (OPMHDOBAHHSA, a TaKXe C YUCTOM aHa-
JH3a NoKasaTeJe#dl SKCIJyaTallHH BOA03a0OpOB # CAaHHTAPHHIX YCJIO-
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BHI MO3BOJISIIOT CAEJN4Th BHIBOJ O KayecTBe paGoTH 3THX BoRo3abo-
POB, CTAaOHJBHOCTH WIH H3MeHEHHH TIPOH3BOIAHMTENbHOCTH H KauecTBa
BOJbI, NOJaBaeMo#i Bogo3abopoM, a TakXKe O ero TeXHHYECKOM COCTO-
SIHHH.

19.2. TIpuGopsl aJsi OCHAMEHHA HAGAIOAATENLHBIX CKBAKHH

ITpuGopnt Aas onpejpesneHHst YpoBHeH H TemmepaTypol BoAbl B Ha-
6a10aTe/IbHEIX CKBAaXKHHAX NPHMEHSIOT KaK CTalHOHApHHE C Peruct-
pauHed nokKasaHMH Ha MecTe H HA DAacCTOAHHH, TaK H NepeHOCHbIe
C pa3soBbIM H3MEpEHHEeM.

Iast u3MepeHHs: YPOBHS BOAB B HAGJIONATEJNbHBIX CKBAaXKHMHAX ya-
Ile TPHMEHSIOT NPOCThie M JellieBbie NepeHocHble ypoBHeMepsl. [lua-
Na30H HX H3MepeHHil nmo rayb6use cocraBaser 50—200 M u naxe
500 m. Yaute npuMeHs0T YPOBHEMeDH C XJIONYIIKOA AHamerpom 16—
40 MM u ¢ pyaetkoit (PC-20 u PC-40) past ray6uH M3MepeHHS COOT-
percrBerHo 20 u 40 M u ¢ karymkoi (T'TTI-126) npu puamerpe XxJo-
nywky 40 MM # raybune usMepenusi o 100 m. [uana3oH usmepeHui
CTalHOHAPHBIX 3JeKTpOypoBHeMepoB cocTasaser H50—500 m aus pas-
JIMYHBIX THIOB M AHAMeTpoB jarydka (wame 12 MM, aas  Tuna
3B-1M — 20 mm).

CransoHapHbie YpOBHEMEDH XapakTePH3YIOTCS LIHPOKHM Auana-
80HOM XapaKTepHCTHK. PasiHyamoT clefyioline IPYNNb yPOBHEMEPOB:
1) ocHoBHas — o [QHANasoHy H3MepeHust Kosaebanufi ypoBHS; 2) no
PACIONIOXEHHIO IO OTHOINGHHIO K YPOBHIO BOJABI. HHXKe HJAHM HA YpOB-
He; 3) mo (YHKUMOHAMBHOMY IpH3HAKY: IIOKA3LIBAWOIHE, PErHcTPH-
pYIOLIHe M CHTHAJH3HDYIOUiHe; 4) H3MepeHHs Ha 00beKTe H LHUCTaH-
HHOHHBIE; 5) mo crnocofy H3MepenHs: INOMJABKOBHIE, THAPOCTATHYE-
CKHE H 3JIeKTpHUECKHe.

YpoBHemepHl ¢ cHrHajH3aUHell Ha PacCcTOSHHH IPHMEHSAIOT B 3KC-
NyaTalHOHHBIX CKBaXXHHaX. TemnepaTypy BOAH B HaOAKOZAaTeJbHBIX
CKBAXKHUHAX ONPEAeJsIoT IMYGHHHBIMH NPHOOPAMH, HO AJS NOJYyYeHHS
JNeHCTBUTENBHON TeMnepaTypsl HOJ3eMHbIX BOA HEOOXOAHMO BBHINOJ-
HHTb NPEABAPHTENbHYIO IPOKAUYKYy ¢ DAacXolAOM He MeHee Tpex obbe-
MOB BOAbl B CKBauHe, Takue ONDeAeJEHHS TeMmneparypsl NPOH3BO-
ISIT TEPHOJHYECKH, B YACTHOCTH, NPH NMOMOLLM TAK HA3bIBAEMBIX Jie-
HHBHIX PTYTHHIX TEPMOMETDPOB.

Ecau nonyueHHble ryOUHHEIM TePMOMETPOM 3HAUeHHsS TeMmmepary-
pPHl mocje OTKAYKH u 0e3 NPOKAuKH OAMHAKOBH, TO B [ajbHeHINeM
MOXHO OT NPOKauKH IpH 3aMepax TeMmmepaTyps B HabJ01aTesNbHBIX
CKRaxHHax OTKasarbcs. O@HAKO JZOCTATOYHOCTh NPOKAUKH CKBAXKH-
HBl IpH TPex oGbeMax BOABI, YKA3aHHLIX BhILIE, JOJKHA NPOBEPATHCS
nyTeM yBelHYEHHs! NPOAOJIKHTEJILHOCTH 5TOH NPOKAUKH ¢ COOTBETCT-
BYIOIIMMH 3aMepaMH TeMIepaTypel IIyOHHHBIM TePMOMETPOM H B
OTKayHBaeMo#l BoJie Ha NOBEPXHOCTH (Y H3JHBA).

IIpo6E BoAnl AJS aHAJIH3a OTOHPAIOT H3 HabJIOAATeNbHBIX CKBa-
JKHH TIOCJIe JOCTaTOUHOH TPOKAuKHM ee HA TOBEPXHOCTH HJAH MPH Io-
MOIIH OMYCKAEMOTO B CKBaXKHHY NPOGOOTOOPHHKA.
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AHanusw BOAH BHINOJHSIIOT B JaGOpaTOpHH, HO HEKOTODHIE NOKa-
3aTeqH ee KayecTBa ONpPeJe/sIOT aBTOMaTHYeCKHMH npubopaMu u, B
YyacTHOCTH, onpefenennuss pH, TemMnepaTyph, LBeTHOCTH, COJAepXKaHHH
kucaopona, BITK. AstomaTtuueckoe omnpeleseHHe KHCJIOPOAA, HANPH-
Mep, npoussoautcss anaauszatropoMm AKBA-C, koTopbifi COCTOHT M3
H3MepHTeNbHOrO yCTpoHcTBa (xaTyMKa), CaMONHUIIYLIero MHJAJIHaMIep-
smerpa KC¥2-003 u apyrux peranefr. DtoT aHanausatop ocobeHHo Ba-
xen B cucreMe VMBIIB I Ttunma ¢ undunptpaunoHubiMH GaccefiHaMH.
IIpu noctynnenuun Boaw B GaccefiH ciefyeT yBeJHYHBAThb COJepIKaHHE
KHCI0pOJa B BOJe, KOTOPHIl PacXoAyeTcs Ha yJayulleHHe ee KauecTBa
B Gacceiine, HAHCTOH NJeHKe, 30He a’Palldi H BOJOHOCHOM T'OPH3OHTE
no NyTu ABHKeHHs K Boposzabopam. IloatoMy u3MeHeHHe cOlepKaHHS
KHCJIODOZA HYXKHO OmpelefsiTb Ha STHX 4YeThipex yuactkax. Cojuep-
JKaHWe KHCJIOpOAa, a Takxke pH onpenensioT Ha MecTe, Tak Kak Co
BpeMeHeM COJepIKaHHe DaCTBOPEHHBIX 'a3oB B BOJAE MeHseTcs.

19.3. Pasmemenue HaGaonarenbHoH CEeTH.
Cpoku Habmopenui

Pasable rujiporeosoruuyeckHe, THAPOJOrHYecKHe, TeXHHUECKHE H
CaHUTaPHBlE YCJOBHS JHKTYIOT Pa3aHYHOe pa3MelieHHe HabmogaTesb-
HBIX OYHKTOB, HX YMCJIO H CPOKH HAaGJIONEHHs NPH AKCIJIyaTalluH MOA-
3eMHBEIX BojJ. HabnioleHus 3a NOA3eMHBIMH BOJAMHU NPH HX 3KCHJAya-
Tauun 0Co6eHHO BaXKHHI B 30He CTPOTOro CaHuUTapHoro pexuma (l1-k
nosic), KOTopasi BKJIOUaeT yyacTOK BOR03aGOpOB CO BCeMH COOpYiKe-
HUAMHE H ofopyroBaHHeM. 3aTeM HYXHBH HaOMIOAeHUS H H3YUeHHe NoJ-
3¢MHBIX BOJ BO BTOPOM H TpeTbeM IOSICAX CAHHTApHOH OXpaHhl, KO-
TOphie A/t 'PYHTOBHIX BOJX OOBIYHO coBmajamwT ¢ obgaacTbio popMmu-
POBAHHA IKCIIYATALMOHHHEIX 3aMlacoB; BO BTOPOM M TpeTheM MOSCax
Ha pacyeTHHl CPOK 5KCIJIYaTallHH BO3MOXKHO H3MeHeHHe (opMupo-
BAaHHS MOA3EMHBIX BOJ — MOJIOXKEHHEe HX YPOBHeH, KauyecTBa BOABI H
ec pacxoxa. Korma ¢opMupOBaHHe HKCHJAYyaTaUHOHHLIX 3anacos IOJ-
3eMHBIX BOA CBS3aHO C MOBEDXHOCTHBLIMH BOZAMH DeK, 03ep, BOLOXpa-
HIJIHI, & TaKXe ¢ PasHBIMH T'HIPOTEXHHUECKHMH M MEJTHOPATHBHBIMH
MeponpusTHAMH (OCyHIeHHe, ODOLICHHE), a TaKke TFOPHBIMH paspa-
6oTkaMmu NMOJE3HBIX HCKONaeMbIX, pasMellleHue HaGMI0AaTeNbHOH CeTH
BKJII0YAeTCs B NPOEKT 30HBI CAHUTAPHOH OXPaHHL

Miuoroo6pasue THAPOreoJOruYecKHX H APYIHX YCJIOBHH, a Takxke
THIIOB H CXeM BOZ03a60pOB MOA3EMHBIX BOX ¢ HX o0OpynoBaHueM oc-
JOXKHSAET KOHKPeTHHIE YKa3aHHs N0 PasMemleHHio AJsl BCeX BO3MOXK-
HEIX cjydaes HaOmogaTeNbHBIX NYHKTOB 32 PeXKHMOM MOA3eMHBIX BOA.
Opnako npuHLHNHAJbHble TpeGOBaHHS K HaONIOJeHHSM 3a MOA3EM-
HBIMH BOZAMH NPH 3KCIJYAaTanHH MOXHO CPOPMYAHPOBAaTH H DPeKo-
MeHJ0BaTh, YUUTHIBAS IDH 3TOM HMeRIOUIHiCS ONHT N0 H3MEHeHHIO
ypoBHeil, pacXoja H KayecTBa moj3eMHBIX BoA. Cjepyer InpH 3TOM
yUUTBIBATb, UTO H3MEHEHHsS IPOH3BOAMTENBHOCTH M KauecTBa BOJH,
noJjydyaeMo#l Boao3aGopaMH, MOXKeT 3aBHCeTb OT M3MeHeHHH, IPOHCXO-
ASIWHX B CaMuX Bojo3abopax. OnHH M3 TakHX NPHMEPOB YXYAIISHHUS
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KauecTBa BOAH OTMeueH B pasp. 15.4 ra. 15. TlostoMy B HabaoneHu-
X, a 3aTeM W B MX aHaJu3e CJefyeT yuecTb COCTOsSiHHe BOR03abopoB
MOA3EMHBIX BOJ C HX 060PYNOBaHHEM.

Taxkum o6pasoM, ciexyeT NPOU3BOAHTL HAGJIONEHHS 32 YPOBHAMH
M KaueCTBOM MNOA3EMHBIX H NMOBEPXHOCTHHIX BOJ, a TaKXe 3a pacxo-
IOM BOJBI M ee KaueCTBOM H3 BOA03a6OPOB, TEXHHUYECKHM COCTOSTHHEM
noc/eAHHX, BKJlOYass oGopypoBaHue. Pasymeercs, HabaoneHus 3a
NMOJ3eMHBIMH BOJAMH H BOp03abopaMm NOJKHBl YUHTHIBATH JAaHHBIE
no caHuTapHoMy cocrosinuio. Ilociennee ofycnosauBaer Oosee ne-
TanbHble HAGJMOAEHHs] B 30He cTpororo pexuma (I) m Menee peranb-
Hble — Bo II u III 3oHax orpanHHueHHd. B 3aBHCHMOCTH OT THApOreo-
JOTHYECKUX YCAOBHH OGBIUHO BHIGHPAIOT M THN BOA03a6opa; THAPOreo-
JOTHUECKHE YCJIOBHsI TAKXKe BJAHSIOT Ha NepeyeHb HeOOXOXHMBIX CaHH-
TapHBIX MeponpusituH. B CBA3H ¢ 3THM, HANpHMED, MOXKHO BbIIENTUTD
CAeAYIOUHE THAPOTEOJOTHYeCKHe YCAOBHS:

1. HanopHble BOAH H, B HaCTHOCTH, apTe3HAHCKHE, A TAKXKe B IIO-
rpeGeHHbIX NOJMHAX pPeK, XOPOUIO 3ANIHIIEHHbIX OT 3arpsi3HEHHs.

2. BesHanopHele BOABI, He 3allHUICHHHIE CBEPXY OT 3arpsa3HeHHs
(Brasu OT MOBEPXHOCTHHIX BOX).

3. BesnanopHble BOAb ¢ GIH3KHMH y4acTKaMH NUTAHUS H3 NOBepX-
HOCTHBIX BOJ, M3 YYaCTKOB OpOUIEHMs, a TAKXKe CBA3aHHBIE C ydacT-
KaMH OCYyIUeHHA.

4. BeperoBbie HHPHILTPALHOHHBIE BOXO3A6ODHL.

5. Cucremu HMBIIB.

6. Tlonsemubie BoAH B OCOOBIX YCJHOBHSX (MHOTOJeTHSST Mep3Jo-
Ta, BO3MOXHOCTb 3aCOJICHHSI H Jp.).

Habmionenus 3a TeXHHUECKHM COCTOSIHMEM BOJ03a00pOB, CBsI3aH-
HHIX C HHMH APYTHX CcOOpyXeHHH u 060pyNOBaHHS, HEOOXOAMMBI BO
BCeX cJayyasx.

W3 npuBeneHHo# BBIIe CXeMbl pa3JAYHbIX THAPOTEOJOTHUECKHX
YCJIOBHI MOXKHO OTMETHTb CJeAyiolilue HauGoJee BaxHble OOBEKTH
Habniofenus.

1. Tpu sKcnAyaTauHu apTe3HAHCKAX H BOoOOLIE HAMOPHBIX BOJ,
XOpOLIO 3aNIHLUIEHHBIX OT 3arpPsi3HEHHs U BJAAM OT o6sacTell MHTAHHS:

a) NOHWMMKEeHHe YPOBHeil BOAbI NIIPH 3KCIJYaTallHH, B OCOGECHHOCTH
B 9KCIHJIYaTALHOHHBIX CKBAXHHAX;

6) BHsBJICHHe CBSI3H C APYIHMH BOJAOHOCHBIMH TODH30HTaMH, a
NpH PasBHTHH 3KCIyaTallHy Aaxe BOSMOXKHOCTb NMOAMHTHIBAHHS H3
IIOBEpXHOCTHHX BOJ (HampHMep, NPH 3KCIJAYaTallHH COJOMAHCKOTO
BOJOHOCHOTO ropH3onTa B KueBe NMHTaHHe 3a cyer Bof [lmenpa u B
CBSI3W C 3THM H3MEHEHHe 3KCINIYaTalMOHHBIX 3aMacoB TMOA3EMHBIX
BOJ).

2. Tlpu skcnayaTauun Ge3HaNoPHBIX BOJ, He 3alllMUICHHBIX OT 3a-
rpPA3HeHHs M NHTAIONMIHXCS 3a cueT aTMOChEepHHX BOA:

a) BHISIBJAeHHe HeJAONYCTHMOTO TOHHXKEHHS YPOBHS BOAB IpH
SKCIIyaTayHOHHOM OTGOpe, TMpeBHilalouleM 3KCIYaTalUOHHbIe 3ana-
CH M TeXHHYECKHe BO3MOXKHOCTH;

6) caguTapHble OXpaHHble MEPOIPHATHS MOA3EMHBIX BOA.
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3. Tlpu sxcnayaraunu NOA3eMHBIX BOJ, HMEONIHX OJAH3KYIO CBA3b
¢ TIOBepXHOCTHLIMH BOJAMH, ¢ YUaCTKAMH OPOUIGHHS HJH OCYIUCHHS:

a) BAHSHHE TOBEPXHOCTHBIX BOJ, a TAKXKe YYacTKOB OpOLUEHHS H
OCYUIeHHS Ha YPOBHH MOA3EMHBIX BOJ, HX KaueCTBO H NPOH3BOJXHTENb-
HOCTh B0J103a60pOB;

6) canurapHHle OXpaHHBE MEepONpHSATHS NO NOJA3eMHHM H NOBEpX-
HOCTHBIM BOZAM.

4. Ilpu GeperoBbix UHGHJILTPALHOHHHX Bomosabopax u MBIIB:

a) peXXHM NOBEPXHOCTHBIX BOA( YPOBHH, PACXOAbl, KaYeCTBO BOJH
C YUeTOoM MHKpPOOPraHU3MOB), 3aHJieHHe JHA PEKH, BOAOXpaHHJHILA
Ha yYacTKe MHTAaHHS MOJ3eMHBIX BOJ;

6) u3MeHeHHe KadeCTBa BOAMB, NOJyyaeMOH H3 BOH03abOpOB;

B) H3MCHeHHe YpPOBHeH B NON3eMHBIX BOAAX M BOAO3abopax u3
HHX, a TakXe NMPOU3BOJUTENLHOCTH NOCJENHHX;

I) CaHHTapHBIe OXPAaHHBIE MEPONpPHSITHA MO NOA3eMHBIM H NOBEpX-
HOCTHBIM BOZAaM.

5. Ilpu nox3eMHBIX BOAAx B 0COGBIX YCJAOBHSAX JOMOJIHHTENBHO Clle-
AyeT U3yYaTb BJIHMsIHHE 3THX YCJAOBHH, HanpuMep:

a) B paffoHax MHOroMeTHeifl Mep3JOThl BONPOCH 3aMep3aHHi H
OTTAHBAHHsS TPYHTOBBIX HAAMEP3JOTHHIX, MEXKMEP3JOTHHX H jaxe
MOAMEpP3JOTHHX BOJ IPH 3KCNJIyaTallHH, a Takke BOL03a6OpPOB H TPY-
6onpoBonoB. (Takoe XKe 3ameyanue oTHOocHTCs K cucremam HBIIB
H NOA3eMHBbIM BOAOXpaHHAHUaM. B cBsA3u ¢ 3TuM oco6eHHO BaXHO
H3yyeHHe TeMmNepaTypsl NOA3EMHBIX H NOBEpPXHOCTHHIX BOX, a TaKxKe
KayecTBa NOCHEJHHUX H, B YAaCTHOCTH, IO MYTHOCTH);

6) B JMH3aX HPECHHX BOX, NJIABAIOIIHX Ha COJEHBIX, BaXHO H3Y-
yeHyue KayecTBA BOAH H OCOGCHHOCTH ero H3MeHeHHs no riybuxe B
30He KOHTAKTa MPECHHX H COJICHHIX BOA;

B) B APYrHX OCOOBIX yCJIOBHSX (MOBHILEHHAs CeHCMHYHOCTbL, NpO-
cajoyHnle TPYHTH H Ap.) IOJKHB YUHTHIBAThbCS HAGMIOACHHSA 32 HX
BJIHSHHEM Ha MOJA3eMHble BOJHL.

Cpoxku or6opa npo6 BOAbI Ha aHAJH3 NPHHHMAIOTCH B 3aBHCHMO-
CTH OT T'HADPOJIOTHYECKHX M THAPOTEO0JOTHUecKHX H ocoBeHHO CaHHTap-
Heix ycaoBuit. Hanpumep, or6op Boasl u3 BOA03a60pa MOBEpXHOCTHHIX
BOX: TOJNHble aHAAH3 — |—3 pasa B roj # B aBOJOK, COKpaleHHbIe
aHaJu3el — 3—5 pa3 B Mecdll, aHaNH3H MYTHOCTH ~— KaXAblfi JAeHb.
[Tocse mpenBapuTenbHOH OUHCTKH — Kak AJs Bojgo3abopa TIOBePXHO-
CTHBIX BOJA. M3 HHOpHUIbTpaHUOHHHIX 6acCeiHOB: MO CHEIHAaJbHON Npo-
rpaMMe — XHUMHYECKH# H MHKPOOHOJNOTHYeCKHH AaHaJH3 AJs BBIICHE-
HHSl YCJAOBHH B HH(HIBTPALHOHHOM OaccefiHe u yJyulleHHs KauecTBa
BOJBI TIOCJe NPOXOMXKAEHHS MJICHKH H 30HBI Aa9pallHH.

I'uapomerpuueckne HaOMIOZEHHS TO pexe Jydllle [OAy4aTh oOT
I'ngpomercayx6ul. CaMOCTOsITeNbHBHlE THAPOMETpHYECKHe Habmiozne-
HHSI Ha peKe CJeAyIOUIHe: a) 3a ypOBHEM BOJbi eXeJHeBHO; 0) 3a pac-
X0A0M BOAM B peke 1—3 pa3a B Mecdn, B NaBOAKH H CaMYI0 HH3KYIO
mexenb. Ilocje BHISIBJeHHsI CBfISH PAacxOJOB BOABI PeKH H YpOBHell
CPOKH ‘3aMepOB pPacXolOB COKpalilaioTces. B pexe W B HHOHJIBTpALH-
OHHOM GacceflHe 3uMO# BeAyTCs HAbJMIONEHHs 3a TOJIIHHON Jbjaa, a

205



B peke —ellle 32 o6pa3oBaHHeM JOHHOrO JbAa. o Mepe Hago6HOCTH
BeayTcsl HaGMIOfeHHsT O 3aHJICHHI0 JHA PEKM M YBeIHYeHHIO GHIb-
TPAIHOHHBIX CONPOTHBJEHHH,

19.4. O6paborka Habaonennil 3a Noi3eMHBIMH BOLAMH
H BOJ03a00opamMu NpPU IKCANYaTAUNH

Tlpu o6paGoTke HabaiOfeHHH 3a PeXHMOM IOJ3EMHBIX BOA IpH
3KCNAyaTalu# BOX03a0OpOB B NepByl0 OdYepedb CHCTEMAaTH3HPYIOT
MoJyueHHbIE JaHHBble B BHAe TaGJaHL ¢ ykasanHeM JaT. 3aTeM IIpo-
BePSAIOT COOTBETCTBHE NPOEKTHHIX AAHHHIX (hakTHUeCKHM HabmiofeHH-
AIM M0 NPOH3BO/JUTENBHOCTH 3KCIJIYaTALlHOHHBIX CKBaXKHH, Bogo3abopa
B LeJOM, YPOBHSIM BOJH B JKCIVIYAaTAallMOHHBIX M HaGmiofaTe’bHBEIX
CKBAXKHHAX, 4 TaK¥XKe KayeCTBY NOA3€MHBIX BOJA HA OCHOBAHHH AaHHBLIX
ananu3oB npo6. Eciu BMecTO CKBAaXKHH 3KCIIYaTHpPYyeTCst Apyrofi THI
BOZ03a60pa, TO COMOCTABJAIOT Pe3yabTaThl HabMOJeHHH C TPOEKTHHI-
MH JaHHHMH. Bo Bcex cayyasix, Koraa NpocCTexHBaeTcsi 3aMeTHas
CBSI3b NOJA3EMHLIX BOJ C NOBEPXHOCTHBHIMH, aHAJIH3UPYIOT 3aKOHOMEp-
HOCTH H3MEHEHHS NPOH3BOAHTENLHOCTH OTAENbHHX 3JeMEHTOB BOJO-
3a6opa, ypoBHeH BOAH B HAGMIOAATENbHBIX M JKCIJIYATALHOHHBIX
CKBaXHHAX, a TakXe KayecTsa BOJAH, NojyyaeMoll BoaoszaGopom, NpH
HeoOXOZMMOCTH ¢ H3MEHEHHsIMH B IIOBEPXHOCTHHIX BOAaX. Awxanaus
TakoH CBSI3M TPOH3BOJAMTCS CTATHCTHYGCKHMH H aHAJHTHYECKUMH
MeToJaMHu.

Bomosabophl M3 CKBaXKHH NpH HETJYGOKOM CHIXKEHUH YPOBHS (He
Gosece 6—8 M OT MOBepXHOCTH 3eMJH) obopyayiorcs cudouom (r. Pm-
ra, cucreMa VBIIB) ¢ o6mumM BcacwBalomum TtpyGonpoBogoM. Ho
9TO peAKe NpHMEHsieTcs, TAK KaK TOHHXKeHHe YDOBHA B CKBaXHHax
naxe Ha 1—3 M TIpH YKa3aHHBIX CXeMaX MOXKeT BHI3BaTh CHHXKeHHe
NIPOH3BOJAHUTEJBHOCTH, 4 HHOTAZ M NpekpallieHde MoAaud Bojsl. B
TakHX BoA03a6opax oco0eHHO HEJOMYCTHMO CHHYKeHHe YDOBHS B CKBa-
SKHHAX NPOTHB MPHHATOIO B NMpOEKTe.

Heo6x0AuMO BHIMOJHHTL AHAJH3 C LleJbl0 YTOUHEHHsI apaMeTpoB
BOJOHOCHOT'O TOPHM3OHTA AJA pacyeTa BOA03aGOPOB MOA3EMHHIX BOZ
H TpPOrHo3a JHandbHeflllell 3KCIAyaTalHH: IPOM3BOAMTENBHOCTH, Ka-
yecTBa BOJAHI, nojoKenHs yposueil. [lng WBIIB, wmanpumep, I Tuna
ocobeHHO BaKeH MPOr€o3 paboThl HHOHILTPALHOHHHX OacceliHOB 1O
NPOH3BOAUTENLHOCTH M YJIYUIIeHHs] KayeCTBa BOJBI, a TaKXKe BO3MOX-
HBIX H3MEHeHHH BONOXO3fHCTBEHHBIX YCAOBH.

Pacemorpum Aaa NIpuMepa aHalH3 HEKOTOPHIX H3MeHeHufi pac-
YeTHHIX MapaMeTpoB paboTh BoA03abopoB (AeOHTH, YPOBHH, KayeCTBO
poasl). MMea naunble o pabGote BOJ03a60Opa H YPOBHAX, MOXHO pe-
mars Tak Ha3blBaeMyio o6paTHyio 3ajauy AJst olpeAeneHus KoapdH-
HHeHTa (QHIBTPAILLHH, YPOBHENPOBOAHOCTH M Mbe30NPOBOIHOCTH.

Cnenyer uMeTp B BHAY, UTO NOAXOH K aHajaH3y HabJioneHHR 3a
NOJA3eMHHIMH BOZAMH H BOA0O3a6opaMu 3aBHCHT OT THJPOreoJOTHYe-
CKHX, THAPOJOTHUECKHX, TeXHHYECKHX H CAHHTAPHHIX YCJOBHH, H3Me-
HeHufl, BHABJGHHHX H NporHo3upyeMbix. O OyZeT OTIHYATHCA TIPH
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nposefieHnn HabmofeHHHE 32 Bomo3aGopaMu 3KCIIyaTHPYeMOro apre-
3HAHCKOTO BOAOHOCHOTO I'OPH30HTa B Pekax BAaJH oT objacTH HHTa-
HHA, 33 OGeperoBulM HH(UILTPANHOHHLIM BoJ03abopoM. Moryr Takxe
BO3HHKHYTb HONOJNHHTENbHBe ofcTosTenbcTBa. Hampumep, Boxa B BO-
Hozabope ¢ OTMEUYEHHHIM YYaCTKOM AapTe3HAHCKOI'O TOPH3OHTA MOXKeT
HMeTh MOBHILIEHHOe COZEpIKAaHHe Kejesa, KOTOpoe NPH IKCIYaTalHH
OyneT BuTafarh Ha QUALTPAX CKBAXKHH, YBCJAHUHBAsT CONPOTHBIEHHS
OpPH BXOAe BOJAH B CKBaXXHHY. B uTore npu coxpaHenuu nebura Oyler
Ha0/110aThcsl NOHHMeHHe IMHAMHYECKOTO YPOBHS B CKBajKHHE WIH
IPY COXPAHEHHH HHWHAMHYECKOrO YDOBHS OyAeT NPOHCXOLHTb YMEHb-
mieHne AeOHTa CKBaXKHHBL [lONONHHTENBHBIM OOCTOATE/NLCTBOM  MO-
XKeT SABIATHCA NMEPeTeKaHHe BOAHK M3 [JPYTHX BOAOHOCHBIX I'OPH30HTOB
B SKCIJIyaTalHOHHBIY apTe3HaHCKHH, 4TO 3aJepIKUT paclpocTpaHeHHe
JIENpecCHOHHOH BOPOHKH M NOHMIXKeHHe YpoBHs BoAinl. Ilpu skcmaya-
Talluun GeperoBoro Bomo3zabopa MoxXeT HaOmoAaTbcs 3aHiIeHHe pycaa
PEKH, B CBA3H C YeM BO3SHHKACT AONOMHHTEJLHOEC CONpPOTHBJACHHE ABH-
JKEeHHIO BOJB M MOHHIKEHHEe YPOBHsI €e B CKBaXKHHaX B0J03abopa.

Ilpu ananH3e W3MeHeHHS pacXofa MCTOYHHKA OUeHb BAaXKHO YUH-
THIBATh YCJIOBHS NUTaHHS BOogoHOcHoro ropusonra. Juas HMBIIB ana-
aH3 ux pexuMa saBucur ot Tuna UBIIB (cm. roi. 13), a Takke oOT
pAZa NOMOJHHUTEeNbHBIX YCJIOBHH H, B YaCTHOCTH, THAPOTeOJOrHIeCKHX
u xauMatuueckux. Hanpumep, nnst VIBIIB I tuna manbBonee onpege-
asiomum ¢$akropom saBasieTcs paboTa MHPHAbTpauHOHHOro Gacceilna.
KOTOPHIfi mHTaeTcsl OGBYHO MOBEPXHOCTHOH BOAOH H OAHOBPEMEHHO ee
oyunraer, OuHcTka BOAB — CJOKHHHA (QUALTPAIHOHHBEIN Mpomece,
BKJIOYAIOUIMI MeXaHHUECKOE 3afleprKaHHe R3BCIIEHHBIX BEHIeCTR, a TaK-
WKe XHMHUecKue, PHU3HKO-XUMHUECCKHe H OHOJOTHYeCKHE MpPOLeCCH B
MEeHSIOIMUXCA YCAOBUAX B TedeHHe (HALTPOLNKIA.

TJIABA 20. PAILUOHAJIU3AILUS B CHCTEMAX
BOJLO3ABOPOB NMOJA3EMHBIX BOJ1

20.1. TeopernuecKkue U NPAKTHUECKHE OCHOBbI
panHoHANN3aLHH CHCTEM BOX03260POB TNOJ3EMHBIX BOJ,

Pannonanusanus Boxo3aGopoB MOA3EMHBIX BOJ MOMKeT BKJIIOYATh
NPUHLIHIIHAABLHO HOBBlE DelleHHs, a Takxe pa3pabOTKy H Hpensoxe-
HHs mo JgeransaM. OHa [0JKHA CONPOBOMKAATHCH CHHIKEHHEM CTOHMO-
CTH BOABI( C Y4YeTOM KaIHTaJOBJOXKeHuH) 6e3 yxXyilieHHsa KauecTsa,
HalleXXHOCThI0 paboThl BOK03a60poB, a B Psiie CIyyaeB yBeJHYeHHeM
HX TnpousBojguTensbHocTH. CnenugHka BoA03360POB NMOA3EMHBIX BOK
COCTOHT B TOM, YTO MX HPOEKTHPYIOT, CTPOAT M AKCHJAYATHPYIOT Ha OC-
HOBaHHH Pe3y/bTAaTOB THAPOreOJIOTHYECKHX H3bICKAHHH M  OIEHKH
SKCIIyaTallHOHHBIX 3aMacoB, a AJs lejdeld X03AHCTBEHHO-THTLEBOI'O
BOZOCHaGXeHHst HeOOXOAHMO elle HpPOBEfeHHE HCCCNOBAHHMA MNpH
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NPOEKTHPOBAHHM H OPraHHM3alHH 30H CAHHTApPHON OXpaHB ¢ COOTBeT-
CTBYIOIHM HKCIJYaTALHOHHBIM HaJA30POM.

Heranvnas ruaporeoJioruueckass pasBefKa M OLEHKa SKCIjyaTa-
ILHOHHBIX 3a[1acOB MOJ3eMHBEIX BOJ NPHYPOUCHH K HX MeCTOPOKACHHSAM
¥ TMPAKTHYECKH K YIacTKaM, Ha KOTOPHX MPOEKTHPYIOTCH BOA03a6OPHL.
Takum o6pasoMm, yuacToK, Ha KOTOPOM HpPOEKTHpYyercs BOJ03a6op noa-
3eMHBIX BOJ, ONpeAessiercss pasHooGpasHLIMH T'HAPOrE0JOrHYCCKHUMH
YCJAOBHAMHE, a AJIsS XO3sHCTBEHHO-THTHEBOro BOJOCHAOKEHHS ellle H
CAHUTApPHBIMH YCJAOBHsIMH. KpoMe TOro, nmpoeKTHpoBaHHE BoAo3abopa
HOA3EeMHBIX BOJ M, B YacTHOCTH, €ro pacmojioXKeHHe, a TakxkKe
OTHAJIeHHOCTb OT NOTPeOHTesst, CBA3AHB ¢ 3KOHOMHUYeCKHMH TpeboBa-
HHAMH. Bbl6Op yuacTka M yCNOBHSI 3KCIVIYATALHH INOASEMHHIX BOJ
HepelKo B3AHMOCBSI3aHB C JAPYTHMH BOJOXO3fHCTBEHHBHIMH MEpONpHA-
THsAMH pafiona. Jlas toro urofb npaBHJBHO peliaTh Bompoc 06 ycr-
poficTBe u SKCILTyaTalMH Boxo3a60pa MOA3EMHBIX BOJ, MPOEKTHPOB-
LIHKaM HeoGXOAHMO 3HAThL Pe3yJabTaThl FHAPOreOJOrHIeCKHX H3BICKA-
HHii, 0COOEHHOCTH THAPOre0JOrHYeCKHX, CAHHTAPHEIX H SKOHOMHUECKHX
HoKasaTesefl yyacTKa HameuaeMoro Bojosabopa Ajsi geTajbHOH pas-
BEJKH.

W3 u3n0XeHHOTO BHAHO, UTO pallMOHANH3aLMsA NPH NPOEKTHPOBa-
HHH, CTPOHTEJLCTBE M JKCIJAYaTaluu (HA OCHOBAHHMH CTAllMOHAPHBIX
Habatoaenni) Bojo3ab0OPOB NOJA3EMHBIX BOJ MOXKeT MpeRaararbcs
TaKXe THAPOTeOJoTaMH, MPOBOASIIEMY H3bICKaHHA B OUEHKY SKCHIY-
4TalHOHHBIX 3aNacoB NOJ3EMHBIX BOX, a TaKke CaHMTapHOH HHCIEK-
uueir. ITpoekTupoBmiEKH BOK032a60OPOB MOA3GMHBIX BOJ JOJIXKHB GblTh
B KypCe MPOBOAMMBIX H3BICKAHH{ H, B HacTHOCTH, BHOOpa BOJOHOC-
HHIX TOPH30HTOB, MECTOPOXKAEHHS AJS JETAJbHBIX M3HICKaHMH, a Tak-
e OLEHKM SKCIAYyaTauHOHHHIX 3anacoB. OCHOBHBIMH  palHOHAJIH3a-
TopaMi BOZ03a6OPOB MOA3EMHHIX BOJ AOJXKHH OHITH MPOEKTHPOBIUHKH
H 3KCIIY aTaMOHHHKH.

PanuoHasu3alusi CHCTeM BOA03a60ODOB MOA3EMHBIX BOX OCHOBHI-
BaeTcsl Ha TEOpeTHUECKMX M3BICKAHHAX M TMPAKTHYECKHX 3HAHHSIX KOM-
nJjekca BOA03a6OpOB NMOJ3eMHBIX BOA. B psle cayuaeB pamHoOHasH-
3alus onpefensieTcss 5KOHOMHYECKHMH YC/OBHSIMH, @ TakXe Xapak-
TepPHCTHKAMH KOMILJIEKCa BOXOMPOBOXA B lesoM. 'Haporeosoruueckue
yClI0BHsL BecbMa pa3HooOpasHbl, a NpH 3KCINIyaTaluHH, KpoMme TOro,
HYXHO YMeTb OIEHHTb BO3MOXHOCTh HX usMemenuit. [Ipu ucmosabso-
BaHuM MOA3EMHBIX BOJ JJfl XO34HCTBEHHO-NHTLEBOTO BOJAOCHAGKEHHS
OHH AOJIKHBI TIO KauyecTBY COOTBETCTBOBaTh, Kak mpasuio, I'OCT
2874—82, T. e. 6BITb OPECHHIMH C JHUMHTHPOBAHHBIM COJAEepXKAHHEM
pacTBOpeRHbIx BemecTB. Jlast opOlIeHHSt 1 NACTGHIHOTO BOAOCHAGKe-
HHst Tpe60BaHHs K KauecTBY BOAH npusexens B Taba. 1.1.

IMpecusle u craGoOMHHEPANH30BAHHbBIE MOA3EMHbIe BOABI MHTAIOTCA
3a cueT NOBEPXHOCTHHIX BOJ, C KOTODBIMH OHH yacTo (0co0eHHO IpYyH-
TOBHIe) GJM3KO CBSI3aHB, a IPH IKCIIYaTallHu NHTAHHE HErMyGOKHX
Nox3eMHBIX BOJ 33 cUeT MOBePXHOCTHHIX O6GbIYHO ycHiuBaercsl. Cie-
JOBATEbHO, IIPH NPOEKTHPOBAHUH CHCTEMbl SKCIIYATAlUHH ITOA3EMHBIX
BOJ Cl€AyeT YYATHIBATh KaK FHAPOJOrHYECKHe, TaK H KJIHMaTHUeCKHe
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ycaoBua (B TOM YHC/Ie MeTeOPOJIOTHYeCKHe — OCaJKH, TeMiepaTypy
H Ip.).

Bonosa6opsl B psiie ciayuaeB NpeACTaBASiOT coGOH COOpPYKEHHs,
OCHallleHHbHle HacOcaMH, 2JeKTPOMOTOpaMH, Pa3HBIMH HM3MepHTeNbHBI-
MH npubopaMH, aBTOMATHKOM, T. €. KOMIJIEKCOM TeXHHYECKOTO 0GOpy-
ZOBaHu{, HCHOJb30BAHHEM H NPOEKTHPOBAHHEM KOTOPHIX HeOGXORHMO
XOpOUIO BJafleTb. 3aTeM BOA03a6OPHI BKJIOYAIOT 30HB CaHHTAPHOH
oxpaHb. Kpome TOro, mpu paunHOHANbHOM IPOEKTHPOBAaHHH BOAO3a-
60pOB NOA3eMHBIX BOA HYXKHO YUYHTHIBaTh OOGINHE KOMIJIEKC BOAOXO-
3HCTBEHHBIX MepoNpuATHH paliona, KOTOPbIe 4aCTO ¢ YKa3aHHBIMU
BOf03260paMH B3aMMOCBsi3aHbl. B3 [JOJIKHOrO aHaIM3a B3aHMOCBSI3H
KOMIIIEKCa BOJOXO3HCTBEHHBIX MepPONPHSITHH B psAAe cayiaeB MOryT
BO3HHKHYTb Cepbe3Hble YXYAIIeHHs KauecTBa NOJA3eMHBIX BOA H Ta-
PaMeTpPOB X SKCIJIyaTalHu.

20.2. Ouenka ycjaoBuii paliHOHaIH3ANMH N0 THNAM
BOZ103260POB MOA3EMHBIX BOJ

Paunonajsusanus pasaHyYHBIX THIOB BOM03a00POB NOA3EMHBIX BOJ
onpegensieTcss HX TeXHHYECKHMH OCOGEHHOCTSIMH, a TaKKe pasMelle-
HHeM OGOpDYAOBAaHHA H KOHCTPYKUHE#H OTJAeNbHBbIX aJeMenToB. Kpome
TOIO, CYHIECTBYET 3aBHCHMOCTb OT NPHPOXHBIX YCJHOBHH, B TOM UHCJe
OT THAPOTCOJNOTHUECKHX H B COOTBETCTBYIOLHX cJAy4adX THAPOJO-
THYeCKHX YCJOBHH a TaKKe MX H3MeHeHHe B IIpouecce 3KCIIyaTa-
UHH; CKa3blBaeTcsi BJMSAHHe BOXOX03AHCTBEHHBIX MEpPONPHATHH B
pafione. Ilpunnunuajbuble MepONpUATHS AMS yayullleHus paboThl Bo-
103a60poB, oco6eHHO NPH yMEHbUIEHHH NPOU3BOAHTENLHOCTH H YXYA-
IIEHHH KayecTBa BOAB, OOINEH3BeCTHH, HO MX He BCerja NpocTo pea-
JH30BaTh, HCXOAS H3 NPHPOAHBIX YC/JAOBHH, TEXHHYECKMX BO3MOXKHO-
cTell ¥ 3KOHOMHYECKHUX TpeboBaHHUM.

PacemoTtpum maubosee wacTo BCTpeYalolipecs CHCTEMH! Boj03abo-
POB INOJ3eMHBIX BOJA H3 HECKOJbKHX CKBaxkHH. Ilo BOmomogbemuomy
060pPYXOBAHUIO MX MOXHO pPasie/uTh Ha [Be TPYNIH: IepBas — CI10-
TPYKHBIMH 3JEKTPOHAcOCaMH M ¢O cOOPHHIM BOJAOBOROM K pery.nu-
pyolieMy pesepByapy; Bropas —c¢ cHOOHHEM oBopynoBaHHeM HBCa-
CHIBAIOIIMMH HaCcOCaMH.

IIpumem caepyiolnue T'HAPOreoJOTHUECKHe M OCHOBHblE TeXHHUEC-
KHe YCJOBHS TPH pa3MmellleHHH Bojo3abopa: a) sKcnayartamus ray6o-
KHMX apTe3HaHCKHX BOJ H3 BOJOHOCHOTO T'OPH3OHTZ B NecKax BAajH
ot o6JlacTH NMHTaHHsA, XOpollas 3allHIIEeHHOCTL OT 3arps3HeHus, no-
rpy:KHble 3JeKTpoHacochl; 6) GeperoBoit Bomo3abop ¢ MNOrpyXKHBIMH
3JEKTPOHACOCAMH B HECUaHO-TPaBHHHBIX AJIOBHAJNBHBEIX OTJIONKEHHSX
mouaocToio 20—30 M; B) cudonHui Bogo3abop ¢ UBIIB B mecuaunnix
oT10XKeHHsX mMoltHocTbio 20—30 M Ha Gepery osepa.

B cayuae a) (ocoGeHno NpH HaJHYHHU JKeJE3HCTHIX HOA3eMHKIX BOA)
yaule Bcero HaOmiofaercs 3auneHHe QUAbTPA M NPHUPHUIBTPOBON 30HK
B 3ePHHCTHIX mopoaax (meckax). KpoMme Toro, B yKasaHHHIX apre3u-
AHCKHX BOJax NpH NPHHATHX YCAOBHSIX HA6miogaeTcst HempephiBHOE
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CHHJKEHHE YPOBHS W Ja¥Ke TNpH NepHOAHYECKHX 3aMeHax NOrpYyKHbIX
3JIEKTPOHACOCOB CHHXKaeTCst UX K. M. A. IIpu NMOHMIKEHHH YPOBHSA B 9KC-
NJyaTHPYEMOM BOJOHOCHOM TODH30HTe MOXKeT HalJI0faThCs NepeToK
BOAK M3 APYTHX BOJOHOCHEIX TOPH30HTOB H, B HACTHOCTH, 1IPH Hapy-
LWIEHHOM CTBOJIe CKBaXKuubl. Ha 5THX yacto BeTpeuaomuxcesi ocoGeH-
HOCTSX CleAyeT COCPEeHOTOYHTh BHHMAaHHe, PallHOHAJH3HPys BOAO3a-
6opHt.

B cayuae 6) BaxHO 3aNMPOEKTHPOBATh OeperoBoil Box03abop Tak,
uyTEGH TMPH AOCTATOUHOM PACXOAE PEKH W MHHHMAJLHOM YPOBHE BOLH
B Hell 6nl1 obecmeuen pacxon Bogo3abopa. CHuskeHHe 3KCIayaTamu-
OHHOM NPOU3BOAHTENBHOCTH BOZo3abopa HabawoAaeTcs NPH 3aHNEHHH
IlHa PeKH, YBeJIWYHBAIOLIeM CONPOTHBJICHHE NpH ABHKCHHM PEUHOH BO-
sl X BOR03aBOpy, CHHXKAIOUEM YDOBHH BOJOHOCHOTO TOPH3OHTa H
ckBaxuH, TIpu ONHOBpeMEHHOM 3HAYHTCILHOM MPHTOKE TI'PYHTOBHIX
HeNe3UCTHIX BOJ TMPOUCKXOXHT 3aufieHHe QUABTPA CKBAXKHH, B TOM YHC-
Jie TIDH NOATOKe BOX peKH, Gojee BOraThX KHCIODOROM.

C nenbio yBeJHYEHHs! TIPOU3BOAHTENIBHOCTH OeperoBoro Boxo3abo-
pa u ero nponyckHofi CMocoGHOCTH ¢ 3aMeHOH 0TPabOTaBIIHX MOIPYXK-
HBIX 3JIEKTPOHACOCOB HOBHMH BHIOJRHO YCTPauBaTh AONONHHTEIbHBIE
UBIIB I tuna ¢ uaduabTpauHoHHBIMH OaccefiHaMu.

B cayuae B) (cudonnbit Bonosabop ¢ UBIIB) saMerHoe cHmxe-
HMe YpOBHsSI BOAW B cKBaxkuHax (Ha 2—3 M) BHI30BET 3HAUYHTENLHOE
yMeHblleHHe pacXola Boo3abopa H jaxe IpeKpalieHHe ero AeHcr-
Bus. TTosToMy BONmpOC MojfepXaHHus ypoBHA BOAL B Bopo3abopax
AIBJISTeTCST [VIABHEIM.

20.3. TipaMeps panHOHAJIHM3ALHM BORO3200DOR
NoA3eMHBIX BOJ,

PaccMoTpuM npuMepH BHEApEHHs PallHOHAMM3AlMH IKCITyaTHPY-
eMBIX Bogo3abopos. B omuoM u3 xpymnex roposos IlpuGantuku Bo-
BOTNIPOBOA MOny4an BoAy M3 GeperoBhiX BOi03abOPOB, KOTOpBiE pabo-
TaJdu ¢ GOABLIIHM YHCIOM cKBaXuH. CiaefyeT OTMeTHTb, UTO NPOIYCK-
Hasg CHOCOGHOCTh pacHpele/IHTeNLHOH ceTd ropospa Ghia HEAOCTATOU-
Ha. BogonpoBon umen KoHTppesepByaphl. TpeGoBasnoch yBeaHYHTh
nozauy BoAs norpeGurento. Ilpu cymecrsoasuied cxeMe HeOGXOAUMO
6bl7I0 YBEJIHUHTH YHCJAO CKBAaXKHH BOA032060pa, HO STOMY MPENATCTBO-
Baja HEHNOCTATOYHAS MpONYCKHAsl CIHOCOOHOCTb —pacHpefeNuTeNbHOM
ceTH. PallioHanu3aTopckoe MNpeoXKenHe COCTOSIO B CAENYIOLIEM.
CKBaXuusl BoJ03abopa mepeseny Ha paBHOMepHYIo pabory ¢ mopauet
BOALI B PETYJHPYIOUHe Pe3epPByaphl, UHCHO M OGUIYIO eMKOCTb KOTO-
pHIX HapacTH/H. M3 9THX pe3epsyapos BOAy 3a0Hpana HACOCHAs CTaH-
nus I1 nogbema, Kotopas yBeNHUHBaJa NOAAdy AHeM, KOrjaa Bo3pacra-
Jo BojomoTpeG/aeHHe B TOPOJE, a HOUbIO HANpPaB/sia ee B KOHTppe-
3epBYapH, pacXox KOTOPHX Gosblite, ueMm morpebjienue B ropose. [lpn
STOM H3MUIIKH BOAH HOIARAJH B KOHTPPe3epBYapH, H3 KOTOPHIX BO-
na B yacel HauGosbllero norpebienHus NoxaBatach B paclpeneurelb-
HYI0 ceTb. B HouHoe BpeMsi JefCTBOBAN MOHMKEHHHH Tapud 3a JJek-
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Tpoanepruto. Ilpu 3Tux ycsaosusix pabora Tpyb6 pacnpenenuTebHOM
ceTu yayyliujgace (nojfaya B NHKH BOAONMOTPeOeHHS ¢ ABYX CTOPOH),
a Hanop B YacCel NHK NOAHAJJCH. Bee 310 HaJjo eXeroAHyr 3KOHOMHIO
Gosee 100000 py6. nmpu nosuilleHHH 3G EKTHBHOCTH HCNOIb30OBAHHS
pacnpelleIMTeILHOR CceTH. DTO — NpHUMEP KOMILIEKCHOH panHOoHaJH-
3auHM BOA03a00pa BMECTe C BOROIPOBOAOM.

TloBuimrenne xoadduuuenra mnosesHoro AeficTBHs Bojosabopa, OT-
JeJNbHBIX er0 3JEMEHTOB, HACcOCOB H Op. fBJASETCS PE3yJbTaToM pa-
HuoHanu3auuu. PaccMorpum HekoTopwle mpumepsl. IIupoko pacripo-
CTpaHEHO B CKBAaXHHAX NPHMEHEHHe TNOTPYXKHBIX 3JEeKTPOHACOCOB.

Hepeaxo ouu pa6oralor ¢ Hu3kuM K. M. 4. OZHA U3 NpHYHH — HAJHYHE
nmecka B OTKauHBaeMOH BOJe H3 CKBaXKHHBI, YTO BBI3HIBAeT yBesjHUe-
HHe 3a30pa MeXJAy paGouHMH KOJeCaMH M HanpapJsioLIHM anmnapa-
toM. OcobeHHO CHIBPHO 3TO siBJeHHe ollylnaeTcs B OecHIBTPOBBLIX
CKBa)XKHHAX H3 BOJOHOCHOTO [OPH30HTa, NPHYPOUEHHOTO K NecKaM, a
TaKXe H3-32 YacTHIX OCTAHOBOK H MYCKOB Hacoca. B GechuabTpoBhIX
CKBaXKMHAX HacoChl MPHXOAHTCS MeHATh 1—2 pasa B roi, 4ro yaopo-
KaeT CTOMMOCTb coopyKeHusi. Paluonanusanuss B GechuIbTPOBHX
CKBaXXMHaX CBOJAHTCS K 3HAUHTENbHOMY COKpAIEHHIO UHCJIAa IYCKOB
H OCTAHOBOK 3JIEKTPOHACOCOB, 3aCHIKe Ha 3a00H rpaBusi ¢ MeNKOi
rajbkofi, a TakkKe OGOCHOBAHHOMY YMEHBIIEHHIO NeOHTa CKBaXKHHBI.
Bece 210 BO3MOXKHO B ONpEASNCHHBLIX CAyyasX.

Bpennoe zefictBHe OkazpiBaeT 0oJbluast BHICOTA BCACHIBaHHS Ha-
coca: yMeHblllaeTcsi NPOH3BOAHTENLHOCTh Hacoca, BO3HHKAeT omacHoe
siBJIeHHe KaBHTalMH, CBS3aHHOe ¢ BblAeJeHHEM Tapa H PacTBOPEHHHIX
B BOJIe ra3os, 00yCNOBJHBAIOIIEe MEXaHHUECKOe H XHMHUECKOe paspy-
WeHWe MarepHana Hacoca. Ilpu oueHn GOJBINOH BbiCOTE BCACHIBaHHS
npekpaniaeTcs nofaua BOJAH, Hacoc paboTaer BXOJOCTYIO, Harpepaercs
1 paspylaercs.

TnaBHBIY HEJOCTATOK MPH pPeryJupoBaHHM PaboTHl MOrPyKHHIX
3JIeKTPOHACOCOB 3aKJAIOUaeTcss B TOM, YTO NPHMEHSIOT aCHHXPOHHBIE
3MeKTpOoMOTOpH. YacTora BpamieHust NpH NPAKTHYECKH NPHMEHseMbIX
MOILLHOCTSAX TOKa He peryaupyercsi. [IpuHIHNHANEHO MOXKHO peryJs-
poBaTh YAacTOTY BpALICHHS ACHHXPOHHOTO 3JEKTPOMOTOpPA H3MEHEHH-
€M YacTOTHl MepeMeHHOro TOKa (IPAMO NpONOPIHOHANBHO) H YHCJA
nap mosiocos. M3 3Toro caeayer, yro peryiHMpoBaHHe acCHHXPOHHOTO
3J1EeKTPOMOTOPA CJIOXKHO H NMpaKTHUYECKH NOKa He NpHMeHsercs. Bax-
HBIM 3JEMEHTOM palHOHAJMM3alMH SBJAsETCH NOBHIUeHHe K. M. . BCEro
B0A03a6opa B 11eJIOM H OTARJbHHIX €ro COCTaBJSIOUINX; OJHAKO B psife
caydaeB 3TOT K.I. . HYXKHO CYHTaTh noka ycaosHbeM. Ou BBOAHTCS
umamu snepssie. Il Bcero Box03abopa H OTHAENbHBIX ero 3JeMeHTOB
aBTOPHl BBOAAT K. M. A. B CIEAYIONIEM BHAE:

ko= Qp/Qp. (20.1)

rre k. — Koa((QHUIHEHT NONE3HOr0 RefcTBHS Beero BON03a60pa B €ro COCTAB/SIOLIHX;
Q¢ — dakTHUECKasT NPOH3BOXHTENBHOCTb, M3/Tof; Qp—— MaKCHMa/JbHO BO3MOXHas
pauHOHAJbHAS NPOH3BOAHTENBHOCTD, M3[TOM.
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HsBecTHO, YTO CKBAXKHHBEI C 3aH/SeMbIMH (DHJALTPAMH HYXKAAOTCH
B TePHOAHYECKON YHCTKe. B NMepHOAB MeXAy percHepalluedl CKBaXuH
neGHuT uX IocTOoSHHO yMeHblIaercs. [IpH panHoHaAbHOM pereHepamuu
¢GuaLTpa HOBHIH NeGuT cKBaXuH GyReT Gosblie NPeXHEro H TOrAa K
yBesHuuTcs. IIpH 3TOM, KOHeUHO, HYXKHO y4eCThb SKOHOMHYECKH BHI-
roAHLIC 3aTpaThl Ha PEMOHT CKBaXKHHBI, ONPaBALIBAIOIIHE NOBHIICHHE
k.. Tlpumepom TNOBHILIeHHS K. I A. HHQUILTPAIMOHHBIX COOPYMKEHHH
cucrem WUBTIB siBisiercs THAPOAHHAMHUSCKHH K.I. X. HHQHIbTpAIH-
OHHBIX COOPYIKEeHHH ky, OnpefessieMuiil 10 popmyJe

k= AQ/ Qs (20.2)

rae AQ — pacxon Bozosabopa 3a cuer MBIIB; Qs — pacxoi BoiH, TojaBaeMbl Ha
naHIbTPALHOHEBE GacceHHBL.

Bror Koapuuuent uccaeayercs B cucremax VIBIIB I u II Tuna
u 06biuno He mpesnimaer 0,5, Ho B cHcreMe MBIIB T6unucu cocras-
aser okoao 0,8—0,9. Bucoru#t ky; UBTIB TOunucu ob6bscHsercss B
OCHOBHOM IPHPOAHEIMA YCJIOBHSMH: HeGosbllasi MOIIHOCTb BOAOHOC-
HOTO ciost (0K0JI0 6 M) W BO3MOXHOCTh YCTPOHCTBA TOPH3OHTAJbHOIO
Boxosabopa.

YBeauuenne ky (pamuoHaJH3ALHA) BO3MOXKHO IIPH 3KOHOMHYECKH
BHIFOJHBIX YC/AOBHSX: YBEJHYCHHH LJIHHBI PAaCNoJIOXeHHs BOxosabopa,
COKpallleHHH PACCTOSIHHSI MEXAY SKCIUIyaTallHOHHBIMH CKBaXKHHAMH H
NOHHXXEHHH AMHAMHYeCKOrO ypOBHs1 B Bogmosabope. Ilpu Geperosmix
BOA03a60pax, pacmo/ioXeHHHX OOBIYHO Ha MepBOfi HAATOAMEHHOH Tep-
pace (0coGeHHO, KOTJa CKBaXKHHB B0J03a00opa Mo AHaMeTpy No3BO-
JSIOT YCTAHOBUTHL MOTPYKHOH 3/1eKTPOHACOC OOsblueli MPOUSBOLHMTEb-
HOCTH H BOJOBOJ KO paclpefeNuTeNIbHOH ceTH BOJONPOBOAA HMeeT
3allac ANS YBEJHYEHHs TPOH3BOLHTENBLHOCTH), 0e3 OOJAbUIHX 3aTPaT
YCTpaHBAOT HOMOJHHTENbHOE HCKYCCTBEHHOE NHTaHHe BOR03abopoB
(UBIIB). MeponpusThe CONPOBOXKIAeTCS YBeJHUCHHEM IIPOU3BOLH-
TeJLHOCTH BOA03abopa ¥ yMeHbILeHHeM CTOHMOCTH BOAH. B Pure emie
HeaBHO BOJOCHAaGKeHHe ofecmeurBasoch B OcHOBHOM 3a cuer MIBIIB
1 tuna c noxauedt Bogsl okosio 1 m3/c. [lorpe6HOCTh B BOJE MOCTOSHHO
pospacrana. Ilponyckuas crmocoGHocTs BogoBoga ot cHcreMm MBIIB
10 TOpOfa I03BOJISIA YBEJHYHTL pacxoi Boxel. Kpome rtoro, o6Ha-
PYXKHIOCH BHICOKOE IIOJIOXKeHHe YPOBHeH NMOA3EMHBIX BOX Ha OLHOM M3
YYaCTKOB, I'ié OTCYTCTBOBAJH 3KCIJIyaTallHOHHBlE CKBaXXHHHL. Tpebo-
BaJoch A0GaBHTH HeGOJbIIOE YHCAO HHQHUILTpANHOHHHIX GacceliHoB
H YCTPOHTL NOMOJHHTEJbHEI CHOHHEIR BOA03a60p U3 CKBaKHMH. DKO-
HoMH4ecKHE 3(Q(eKT COCTOSAN B  YBEJHUEHHH NPOHU3BONHUTENBHOCTH
VIBIIB u cHHXeHMH CTOMMOCTH BoAbl 6jarojaps 6osee s(pPpeKTHBHOMY
HCIIOJb30BAHHIO BCEH CHCTEMBL

B cucreme VUBIIB I tuna ua p. AparBu ocyllleCTBJieHa CJeAyroLiast
panuonaiu3anus. BOXOHOCHBI TOPH3OHT MPHYpOUeH K TpasHiHo-ra-
NEUHUKOBBIM OTJIOXKeNHSIM, MO3TOMY AHO HHOUJIBTPAIHOHHHIX Gaccef-
HOB 3achillajid NPHBO3HBIM JAOPOTHM IlecKoMm. IIpu 3TOM He y4uTHIBa-
Jiu HaJHyYHe NecKa B CaMHX TPaBHHHO-TAJeYHHKOBHIX OTJIOXKEHHSX.
Korga »To BHISCHHJH, TO NPEeANOXKHIH 3KCIIyaTHPOBATh OaccedHml

212



6e3 3acHIKH IEeCKOM, UTo ofecnmeuHso SKOHOMHIO. Panee HHuiabTpa-
LHOHHBIe OaccefiHpl HMeJH HHKA 2—3 roja 6e3 OYHCTKH OT IJIEHKH.
Buisio NPeANoXeHo YHCTHTh MJICHKH 4epe3 MoJAroAa, YTo 3HAYHUTENSLHO
MOBBICHJIO MPOHU3BOAHTENBHOCTL GacceliHOB, oco0eHHO B KOHIE HOBOIO
HHQHILTPALHOHHOTO MOJYTOAHYHOTO LHKJIA. B pe3ysnbrate 3THX ABYX
MepONpPHATHH 3HAYUTENABHO YBEJIHYHUJIACH NPOU3BOJLHTEJILHOCTD CHCTe-
mu UUBIIB, cakonoMaeHo okoso 400 000 py6/roa.

[JIABA 21. KOHAHILTHOHHPOBAHHUE NOJA3EMHDIX
BOJI HA BOJO3ABOPHBIX COOPY)XEHHSX

21.1. [IpuBuMnuaibHble CXEMBl YCTAHOBOK 00e33Keie3HBAHMS.
CucreMbl BOROCHAOXeHHs ¢ YCTAHOBKaMH o0e3Kee3uBanus
NoJA3eMHBIX BOJ,

B npHpPOAHBIX YCAOBHSX HPH OTCYTCTBHH HCTOYHHKOB OakrepH-
aNbHOTO M XHMHUECKOro 3arpsiaHeHHsl NOA3EeMHble BOJB OOBIYHO YAOB-
JeTBOPSIOT THrHEHHYECKHM TPeGOBAaHHAM, HO NpPH 3TOM MOTYT cofep-
XKaTb oNpefleleHHHE KOMIOHEHTH B KOJHYECTBAX, HECKOJIbKO IPEBbI-
WAIOUHX YCTaHOBJEHHYIO FOCYAapCTBEHHBIM cTaHzapTom Hopwmy. Tak,
HanpuMep, HauGojee WHPOKo Ha Tepputopuu CCCP mpeacraBieHb
JKeJe3ncTole NMoJ3eMHBle BOABI (¢ comep:kaHHeM i XKeaeza GoJsee
0,3 Mr/n). Oug mpoceXuBAWTCA B TAKHX KPYNHLIX Per#oHax, Kak
3anafHo-CuOHpCcKast HH3MEHHOCTh H CEBEP eBPONeHCKOH TePpHTOPHH
CCCP, na Hansuem Boctoke u Ha ceBepe Kaszaxcrana, B meHTpanb-
Holt yactu PCOCP, Ha Ykpauue, B Besopyccun u Ilpubanture. 3a-
YacTyI0 OAHOBPEMEHHO C KeJe30M B NOA3EMHBIX BOAAX NMPHCYTCTBYIOT
TaKk¥e Mapraser, CepoBOZOPOA, aMMOHHHHLIE COefAHHEHHS, (TOp H
tdocarter {(a B psille CAYYAEB H TAXKETIHE METAJNJB).

Hanuune B nmopa3eMHbIX BOAax 3arpsi3HSIIOUIHX KOMIIOHEHTOB (B
JaCTHOCTH, XeJje3a, mMapraHma H Ap) 3HAUHTENBHO YCJIOKHSET pelle-
HHe npobaeMsl BogocHaGxeuus, TaK KaK B 3TOM clyyae Ge3 mpexBa-
putenbHOH 06pabOTKH OHH He MOTYT ObIThb NOJaHpl MoTpebuTesNIo.

B HacTosilllee BpeMs OUHCTKA NOJA3eMHBIX BOJ OT JKeJje3a IpPOH3-
BOJHTCA Ha CHnenHalJibHbIX YCTaHOBKAX HA3eMHOro THIA — CTaHUHAX
obe3xkene3uBanns. 3eCh MMEeTCH MHOMKECTBO PasHUYHbIX METOJOB H
TEXHOJIOTHYECKHX CX€M BOAOMNOLAIOTOBKH, HTO B BHQQHTQJIbHOﬁ Mepe
obycaoBieHo MHoroo6pasneM (PopM H KoHUeHTpaLH# keje3a, ¢ KOTo-
PLIMH IPHXOJLHTCS BCTPEYAThCS HA NPAaKTHKE.

Han6ojee mpocTiM H PACIPOCTPAHEHHRIM METOLOM VIAaJieHHS JKe-
Jiesa H3. BOALI ABJsIeTCS aspaius H (QHABTPOBAaHHE yepe3 NecyaHbie
¢unpTpel. B 3TOM cJyyae B KauecTBe OKHCJIHTENS HCIOJb3yeTcs KHC-
Jgopox Bosayxa. OpHako Takof Merol HPHMEHHM JIHINDL IIPHU olpele-
JEHHBIX YCAOBHSAX: Xeje3a B MOL3eMHOH BoJe HoJxKHO BHITb He Boliee
5,0 mr/a, cepoBomopora o 0,5 mr/n, pH==6,7, okucaseMocts He Go-
dee 6—7 Mr/n M HleJ0YHOCTb He MeHee | Mr-3kB/1. B npucyTcTBHH
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AMMOHMAHBIX COCRMHEHHUH M OPTaHHYECKHX BeILleCTB, a Takke HpH Go-
JeC BHICOKHX ROHIGHTPAlHAX CEPOBOLOPOAA INPOHECC OYHCTKH BOXH
OT XKeJie3a NPOTeKaeT 3HAYHTENBHO XYXKe.

[ps HanuyuH B MOJA3EMHHIX BOAAX Mapranlla 3alayH BOZOMOAIO-
TOBKH YVCIOXKHAIOTCA, ColepXaHHe MapraHna B [UTbeBOH BOZe He
Joaxno npepuuiate 0,1 Mr/n. B 10 Xe BpeMs NnpH o6e3xese3WBaHUH
NoA3eMHHX BoJ 3((eKT HeMaHraHallHH, KaK NPaBHIO, OKa3blBaeTCd
OueHb HH3KHM; AJs1 yHajeHusl XKe MapraHma TpebyeTcsa clenuanbHas
o6paGoTka ca0s (HABTPYIOLeHl 3arpy3Kd KOPOrOCTOALIHMY peare-
TaMmH.

Ilpu ouyuCTKe CTOHMOCTb MCIOJB30BaHHS NOA3EMHBIX BOJX AJA Ie-
Jefi BOZOCHAGKEHHsT PE3KO BO3pacTaeT, H 5TO IVIaBHHM 00pasoM Of-
pene.n;{e'rcyi GOJBIIHMH 3aTpaTaMH Ha CTPOHTENbCTBO H 3KCIJAYyaTanHio
coopyxenuit BOXONOATOTOBKH. [laxke B TOM cjiyyae, KOTAa NPHMeHSIOT
HauboJiee HSKOHOMHUYHBIE MeTOLB OYHCTKH BOALI (HampuMep, aspamuio
¥ (uwibTpoBaHHE) MONOJNHHTENbHBIE 3aTpPaThi OKas3bBAIOTCA BecbMa
sHaunTenpHbIMH. IIpH 3TOM ONpefesieHHble TPYAHOCTH BO3HHKAIOT B
CBSI3H ¢ HeoGXORHMOCTBIO yAajeHHs, 06pabOTKH M CKIAZHPOBAHHSA
(3axopoHenusi) o6pasyloliuxcs oCcafAKOB.

ITupokne mepclieKTUBE B PeiieHHH NpobJeMbl BOXONOATOTOBKH OT-
KprBalOTCH nopu nepexofe K reOTeXHOJOTHYECKHM MeTodaM OYHCTKH
NOA3eMHBX BOJ 6sarofiaps CO3JAaHHIO HCKYCCTBEHHBIX TCOXHMHYECKHX
6GapbepoB — 30H ¢ Pe3KO H3MEHEHHHMH (DH3HUKO-XHMHUCCKHMH H OHO-
XHMHUUECKHMH YC/IOBHSIMH, IJleé IPOHCXOAHT LlesieHaNpaBJIeHHOe KOH-
LIeHTPHPOBAHHE TeX HJH HHBIX 3/JIEMCHTOB HENMOCPEACTBEHHO Ha BOJNO-
3a60pHBIX COOPYKeHHSAX (B BOZOHOCHOM ILIacTe).

YeranoBku 06e3kelie3HBaHHs (LHKJIHYECKOTO THINA) BHIMOJHSIOTCH
B PasjiHuYHBIX MofH(pHKaNHsAX. 3a pyOexkoM, HampuMep, LIHPOKOE pac-
NpOoCTPaHeHHe MOJYYHJIH TaK HasbiBaeMhbie MHOMOCKBaXKHHHBIE YycCTa-
HOBKH (pHc. 21, a), KOrAa ANd NOAAYM B MJACT a3PUPOBAHHOH BOAMI
coopymawrcn crendasnibHbie CKBAaXWHbBI, KOTODPbIe pa3M€IlI310T Ha pac-
crosindn 5—10 M mo pafHycy OT SKCHJYyaTalHOHHOH, CUMTAeTcHd, HUTO
9HCAO0 HX JOJAKHO OBIThH He MeHee MsATH. TakHe YCTaHOBKH B OCHOBHOM
HCNOJB3YIOT NMPH OUHCTKE NOA3EMHBIX BOJA HeraybOKO 3aseramwiHx
FOPH30HTOB B CXeMax BoAOCHabweHHs HeGoabmHX o06bekToB. HX
OGBIYHO MONCOeAMHSIOT K cOopHOMY peaepByapy. IlpuHuun ux paboTH
caenywouui (puc. 21, 6). Hacoc sabupaer BoRy u3 pesepByapa, KO-
Topasi aspHpyercs (C MOMOLIBIO 33KEKTOPHOTO YCTPOHCTBA) HMJIH HACHI-
maercss KHCIOPOKOM (C MOMOLIBI0 OKCHIeHepaTtopa), W NoLaeT e¢ B
nuTaTeabHble CKBaXuHHL. Ilo 3aBeplleHHH LHK/Ia 3aKaukH B pabory
BKJIIOUAeTCSl NMOrPyXHOH HACOC,  YCTAHOBJEHHBI B 3KCIYaTamHOHHON
CKBaXKHHe, W OuHllleHHAs] B IJ1acTe BOAA CHauaJsa NepekauyHBaeTcs B
pesepsyap, a Aajee HampasJsercs norpeburenio. ONHT 3KCNIYaTalnHA
MHOTOCKBaXKHHHBIX VCTAaHOBOK uMeeTcss B Benuro6puTanud, QuHIAH-
fun, Msenun u OPT.

YeTpoicTBO MONOJHHTENLHEIX (THTATeNbHBIX) CKBAXHH BHISHIBAET
CYIECTBeHHOE YHOPOXKaHHE YCcTaHOBOK (0COOeHHO 3TO  CKa3hlBaeTCs
TOr/la, KOTAA MOA3eMHBIe BOAH HaxoAsTcsA Ha Goabmo# raybune). Io
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Puc. 21.1. Cxema (a) u cucrema (6) MHOrOCKBAaXHHHOM YCTAHOBKH AJs OGe3xene-
BHBAHHA NMOL3EMHHIX BOX B NJacTe

I — Boposabopuas ckeaxuna, 2 — TpyGONPOBOAL MOAAYH BOABI MOTPEBHTEMO; 3, 5 —-
TO Ke, B INACT; &4 — yCTPOHRCTBO /A BBOJA PeareHToB WAHM aSpaunkH BOXH; 6 — Ho-
FJIOIIAOIIHe CKBAXKHHH

TCXHOJIOTHYE CKHM XK¢e COOépa}KeHHF{M OHH He SIBJSIOTCH CTOJL Heob-
XOUMBIM 3/1€MEHTOM YCTAHOBOK, TaK Kak 3aKaukKy B MJaCT OKHCJAH-
TeJIs1 MOXHO OCYIUeCTBJSITL H HEHNOCPEHCTBEHHO yepes BO).IO3860prle
CKBaXHHBI.

B CCCP npuMeHAOT oXHOCKBaXKHHHBE ycTaHOBKH (puc. 21.2). B
3aBHCHMOCTH OT KOHKDETHBIX T'MADOTEONOTHYECKHX YCIOBHil H TEeXHH-
HeCKOro COCTOSIHHSI CKBAXKHH YCTAHOBKH BHIIONHSIIOTCA B ABYX MOJAH-
¢buKanusx: co cBoOOAHBIM HAJHBOM WM ¢ NPHHYRLHTENBHON 3aKAYKOMH
B IJ1ACT adpHPOBAHHON BOAHI.

Bo BCex ONHOCKBAMKHHHBIX YCTaHOBKAaX o6CafHAs KONOHHA CKBa-
AHHPL NpeBpaIlaeTcsi B CBoeo6pasHyr 0apGOTaXkHYI0 KOJNOHHY, B
KOTOPO# IIPOHCXOJUT NONHOE CMeIIeHHe BOABI € BO3LYXOM, PaslieleHHe
CMecH ¥ yjajieHHe H3ObITKA BO3JLyXa H OTAYBAE€MbIX H3 BOJHl rasoB
(CO; u HpS). Ilpu mBuxkesuu BOAM 1O KOJOHHE B HAMPaBJEHHH 3a-
60s1 pasmep IHCTEPTHDPOBAHHBLIX B BOXe BO3AYLIHHIX Ny3bipeil He OC-
TaeTcsi NOCTOSHHBIM, C ONHOH CTOPOHBI, B PE3YJbTaTe KOaJecHeHIHH
4acTb MaNeHbKHX Ny3nIpell YKPyNMHACTCS H OHH BCIABIBAIOT (ABHra-
SICb NPOTHBOTOYHO MO OTHOUIGHHIO K BoAe); ¢ ApPYroit —3a cyer no-
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Puc. 21.3. Cucrema BopocHaGxkenust (a, 6)
€ YCTaHOBKaMH 00e3kKelNe3NBaHRA WHKAHUECKO-
T0 THRA
I — ckBaxuHa; 2-— NOTpyXHOH Hacoc; 38—
BOJONONbEMHAs KOJOHHA; 4 — o6paTHH# Kiaa-
nau; 5 — 3agBHXKKa; 6 — 3XKeKTop; 7 — KOMIO-
nen; 8 — Boposox; 9 — pesepByap

Pue. 21.2. Ycranoska pas 0GesRenesHBaHus
ROA3EMHLIX BOX B NJacTe

1 — ckBaxHHA;, 2 - OrOJOBOK; 8 — BOJONO B~

eMHasi KO/MOHHA; 4 — norpyXHol Hacoc; § —

¢uasTp; 6 —mopaomuii Tpy6onposoy; 7 - |

3aABHKKA; §— o0paTHHIl KaIanaH; 9 — omex-
TOp
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BHILIEHHST AABJEHHS M COOTBETCTBEHHO PAacTBOPUMOCTH BO3AYyXa B BO-
Ie HaGuioLaercss YMeHbLICHHE PasMepoB nyseipeil. DTH ABa NPOTHBO-
MOJIOXKHO HaNpaBJeHHBIX Npouecca oO0ecHedHBAKT HONOJHHTeIbLHBIH
KOHTAKT BOALI ¢ BO3AYXOM, YTO B KOHEUHOM cyeTe NPHBOAHT K YBCJH-
YEHHI0 PACTBOPAMOCTH KHCJOpoJda B Boxe. B ycraHoBKax co cBoGof-
HBIM HAaJHBOM B CKBaXXHHY a3pHPOBAaHHOH BOJABl KOHIEHTPAUHS KHC-
Jopoxa o6buHO cocTaBisieT 8—12 Mr/ua, 4yro mo 3HayeHHsIM 6JIM3KO K
pacrBopumoctu O, mpu P=0,1 MIla B Bomax ¢ Temmeparypo#t 7—
10° C. B cayuae e npuHYAHTENbHOH 3aKAaQKH BOJHI B IJACT a3pHPO-
BaHHOA BOAbl (KOTAA OrOJIOBOK CKBa’KHH SIBJSIETCSI FePMETHYHBIM), a
AJs1 yRaJleHHs H36pITKa BO3AYyXa H OTAYBaeMbIX H3 BOAH Ias3oB MpH-
MeHsIeTCsl KJTamaH-BaHTY3 WM BeHTHJb, OTPeryJHDOBAaHHBIA Ha 3alaH-
Hoe H36LITOYHOE ZaBJieHHe, NOL KPHIIKOH OroJI0OBKa focTHraercs Gonee
BHICOKAsi KOHUEHTPAIlHs KHuCIopojga — Ko 20 mr/n.

YcranoBku Ha pHC. 21.2 MOTYT HCIOJNH30BaThCS B Pas/iHYHBIX CH-
cremax BojgocHabxkenus. Ilpocrefilive H3 TakHX CHCTeM, Koria JHo-
NYCTHMO NPHMEHEeHHe YCTAHOBOK CO CBOGOAHLIM HAJTHBOM B CKBAXKHHY
aspHpoBaHHOH BOAH, NOKaszaHw Ha pHc. 21.3. B ycaoBusix, Tpebyio-
X NPHHYZMTEbHOR 3aKaYKH B IJ1aCT a3PHPOBAHHOH BOABI, BOIpOC
O NPHMEHHMOCTH YCTAaHOBKH IO TOH HJIH HHOH cXeme NOJXKeH pe-
IaThCST B KAXKAOM KOHKPETHOM cJyuae ¢ ydeToMm crenudHuku obbekra.
3aech BO3MOXKHBI pasjHyYHble BapHaHTHl. B 4YacTHOCTH, BMeCTO CTa-
HHOHapHOro 06OpYAOBAHHS I1aBHJILOHOB CKBAXXHH TOBBICHTE/IbHBIMH
HacocaMH (HJH KOMIPeCCOpaMH) MOXKHO MNOHTH IO IYTH HCIOJb30Ba-
HHS JIETKHX TepPelBHXKHBEIX HACOCHBIX (HJIH KOMIIPECCOPHBIX) YCTaHO-
BOK MJIH, H2060DpOT, YCTPOHTL €AWHLIA LEeHTPATH30BAHHBI y3zen nad
IPUTOTOBJICHHSA a3PHPOBAHHOH BOAL H TIOAAYH €€ C COOTBETCTBYIOLIH-
MH PacXoZOM H HanmopPoM B KAXIYIO CKBaXKHHY.

21.2. MoaeMpoOBaHHE NPOUECCOB «3aPARKA» KHCAOPOLOM
BOJOBMENIAIOIINX NOPOK

OcHOBHble NOJOKEHHS ¥ HCXOJAHbIC YPaBHeHHS. B mepuon 3aKauxu
B NJACT a3pHpOBaHHON BOAM NPOHCXOAHT afgcopbuus (Tounee, XeMmo-
copOunsi) KHCAOpPOAAa Ha nopomax maacra. llentpoMm anst apcopGumu
O, npH 3ToM CHyXaT KaK HOHbl METaJJOB, TaK H PasjHYHbE MHHe-
paJibHble H TJIHHHCTBIE YaCTHIBI, OCAXKIEHHbIe Ha MOBEPXHOCTH H 3a-
KJIIOUeHHBle B MOpax cKeseTa cpeinl. ApcopOuus KHciIopoga B AaH-
HOM cJyuyae sIBJiseTcsl JIHMHTHpYloLle# cTagHe#l TaKuX peakKlH#, Kak
KOHTaKTHO€ OKHCJIEHHe NOBEPXHOCTHLIX HOHOB H NOBEPXHOCTHOE KOMII-
nekcoobpa3oBaHue, 6iarofapsi KOTOPHIM MOPOAH NJacTa NPHOGPETaIoT
cBoeoGpa3unic CBOHCTBA — OHH CTAHOBSATCS pPeaKIHOHHOCIOCOGHBIMA.
3Ty COBOKYIHOCTb NPOLECCOB, He MOANAIIHXCHA Pa3felbHOMY H3yde-
HHIO, B JajbpHehieM GyZeM yC/0BHO HaselBaTh «3apfiKofi» miacra.

Tpouecc «3apsiak#» BOROBMEIAIOMHX MOPOA KHCAOPOJOM MOKET
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6LITh OMHCAH U3BECTHOH CHCTEMOH ypaBHeHHil NHHAMHKM aJXcopGuuH.
Jas cayuas pamHanabHOrO NOTOKAa 3TH YPaBHEHHA HMEIOT BHI

dCo, q,0C02+ acm

ot =0 (21.1)
JCp, ,
0 —F(C, Co 219

rae Cgp, (r, t) — KOHUEHTPauHs PACTBOPEHHOTO B BOAE H C-O- (r, ) — agcopbupo-
2
BAHHOTO HA TOBEPXHOCTH NIOPOA KHCJIOPOX2 B CEYEHHH Ha paCCTOHHHPl r OT CKBaXH-

HBl B MOMEHT BpeMenu f; g; — Ipu 3aKauke BoAW B maact (ans i=1 npnamaerca
paBabIM: ¢,=Q,/2nM, a Tpu otkauke (Ans (=2) gi=—@o ¥ Go=Qo/27M
MomHocTy naacra; F(C* 5.’ Co ) — KuHeThueckas (yHKuHs, m-paxcaxomaﬂ Mexa-

HH3M aJcopOUHK Kucﬂopona

Ipn panbHeilieM aHajgu3e OTPaHHYHMCA JABYMs NpocTeiilINMH Me-
XaHH3MaMH HeoOpaTuMoH aAcopOIHH KHCJAOpOJAA, cudTasg YTo KHHETH-
yecKas QyHKIHA MOXKeT GHITh NpeAcCTaBlIeHa B BHJE

2 —A); 21.2

F (C*5, Co,)= {C 50 { o) (21.2a)

’ 20,Co,, (21.26)

rie C*.é. — npeaesbHas aACOPGUHOHHAS €MKOCTb MOPOJ 1O OTHOIIEHHIO K KHCJIO-

pony; 8(t — Ao) — penvra-pyuxuns Hupaka u Ay — BeHUHHA, paBHas

ng+ I )(r2 — 1 C*5

- (no+ Tp ) (72 — 1?) s Foy——2, (21.3)
295 Co,,

Ipencrasienne kuHernueckol GyHkuuu B Buie (21.2a) mpeano-
Jlaraet, 4To aJcopOuusd KHCAOpPOLA sABAsieTcs HeoOpaTHMOH, a caM 1po-
necc mpoTekaer ¢ 6eCKOHEYHO GOJIBLIOH CKOPOCTHIO; B caydae (21.26)
VIHTHIBaeTCSl KOHEUHAsi CKOPOCTb HAKOIJIEHHS KHCJIOpOAa Ha mopopax
njaacta (31ech @o, ~— KOHCTaHTA CKOPOCTH amcopOuun).

JlMHAMHKa «3apsiiKH» TOPOA NpH HeoGpaTHMoi MrHOBeHHOH an-
copGuuu kucaopona. [lis crajgHu 3aKauké B INIaCT a3pHPOBaHHON
BOJHI pellenue cHCTeMul ypaBHenHit (21.1), (21.2a) oreickuBaercs npu
CIEAYIONHX YCAOBHSX:

t=0,r>ry Co,(r, t)=Cg (r, ) =0; (21.4)
r=re t>0; Co,(r, t)=Co,, (21.5)

Ilpumensis k (21.1)—(21.2a) u (21.4), (21.5) mnpeobpasoBanue
Jlannaca no {, nMeeM

iz _
42— —nopCo, — C*5,exp (—ub); (21.6)
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Co
COe(ro’ P)_“;’O (21.7)

rae Eo, (r, p)= ]mcon(r, tyexp(—pt)dt v p —napaMerp mupeoGpa3zoBanus Jlannaca.
0

IIpu stoM ydreHo, YTO

?B (£ —2,) exp (—pt) dt = exp (—Aop).

Pewenune ypauenusa (21.6) npu ycaosum (21.7) umeer B usobpa-
WKEeHHAX cJenyIomuil BUA:

_ Co,,
Co, (1, p)=—p—-—exp{-k,,p). (21.8)

Ilepexons B (21.8) x opurnHajy, HOJXyIUM
Co, (r, t) = Co, H (t —1). (21,9a)

CoorserctenHo aas Cp, (r, ) MoXeM 3amucars

CGQ(", t)=C*62H (f--)\o), (2].96)

rae H(t — Ao) — epuununas Qyukuus, xoropas npu (<A, paBHa 1, a npu >k
paBHa 0.

Hs camoro onpeaenenust kuHeTHIecKoH pyHkuuu (21.2 a) caepyer,
YTO afAcopOuHS KHCIOPORA HMeeT MeCTO JIHIIb NpH f==MAy (Hpu f7=
=My menbTa-pyukuusi Hupaka passa 0). CnemoBaTesibHO, Ha OCHOBe
cootHomernuss (21.3) npu f=Ahg MOXHO HaHTH NOJIOXKeHHe TPAHHIBI
¢ponTa ancopﬁunn

=V rd+ 2] (n, 4 To.). (21.10)

B naHHOM c/iydae B MEPHOA 3aKAaYKH adpUPOBAHHOH BOAK B IJIacT
OnHOBpeMeHHo ¢ (ponTOM ajfcopOuun 06pasyercss H (POHT moOpLIHe-
BOTO BHITeCHEHHS; MOCHENHHE ri== Vr+2qst/ng. Tlpu r<r* HHKaKHX
H3MeHeHUH KOHueHTpaunu,Co,(r t) u C5(r,f) He INPOHCXOAHT, H B
obnactu ro<r<r* oHn cooTBercTBeHHO paBHbl Co, u C3*.  Ha rpa-
Hulle r*(¢) xoruentpauuu Co,(r,t) u Cp (r,f) H3MeHSIOTCS CKAYKOM
oo HyJas, u Bobjgactu r*<r<r; OHH TakXe paBHHl HYJIO, a 32 Npelle-
JaMu (ppPOHTA BHITECHEHHS] HAXOMSTCS ¥KeJe3HCThle NMOA3eMHble BOLBL

K MOMeHTY OKOH4aHHSI 3aKauKH PpPOHT afcopOiuHuu pacupoOCTpaHseT-
cs Ha paccTosinue r*(f3) =R, OT CKBaXHHH, KOTOpoe MOXeT OHTb
paccuntano mo (21.10) mpu ¢==1f;; COOTBETCTBEHHO MHPH STOM r*;=
—'Vr02+2q3t3/n0 Ipaduku, orpaxawmiHe pacnpefelieHHe KOHIeH-
Tpauufi B 30He «3apANKH» IJacTa NpH f==f,, N0Ka3aHH Ha puc. 21.4.
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B nepuoa OTKaukd BOAA, COAepKaiiascs B 3oHe ro<r<Ro, C KOH-
ueHTpanueit kucaopona pasuoit Co,, Oyner OTOMPAThCS M3 CKBAKH-
Hpl BIJOTL JO MOMeHTa BpeMeHH fo**=Qutano/Qo(#t0+T0,). Tlpu
5TOM B CHJIY NpHHSATOH T'HIOTE3H 0 HeoOPATHMOCTH aAcopOmHH, Io-
CTYIJIeHHe B 3Ty 30HY B MOMeHT BpemerH (*=Q,f:I'0, /Qo(n0+T0,)
06ECKHCTIOPOIKEHHOH BOJAH He BHI3nBaeT HaMeHenus Cpy* M mosTomy
npu t>f** KOHHeHTpamHus KHCJAOpOAa B oTOHpaeMoH BOJe oOKaxeTca
TakXe paBHOH HyJIO (cM. pHe. 21.4).

KonnuecTBo KHCIOPOAA, KOTOPOEe 3a MHKJ 3aKauKa-OTKaukKa HaKo-
AHJIOCH B 30HE «3apSAKH» Mj1acra, MoxeT OHITH paccuHTado no dop-

MyJe
Poﬁ = Qstacoso - Qoto*‘&COzo = Qafag’ (21 .1 1)
rze = Coylon ] (Mo + To,). (21.12)

JluHaMHKa «3apsiKu» NOPOX NpH HeoOpaTHMOH ancopOuMH KHC-
Jopona, nporekaomed no peakuuu 1-ro nopsiaka. B stoM cayuae pac-
npegesnenue KoHuentpaunu Co,(r,f) u Cg, (r,f) B nmeprox 3akadkd
B IJIaCT a3PHPOBAHHOH BOAKI ONpeReNdeTcss H3 pelleHHd CHCTEMH
ypaBuenu#i (21.1), (21.26) npu ¢;==¢,. Kpaesnie ycioBusg IPUHHEMAIOT-
ca B popme (21.4), (21.5).

Pelllenne 3TO# 3agaun H3BECTHO H HMeeT BHJ

—dpn A
Co. (1, ¢) = Co, exp (»-—QL—)H(t~11); (21.13)

ngy

— oy A
o (1, ) =e0o, (t—h) exp (22 H (£ ). (21.14)

1y
rae H(f— L) — enunnynas GyHKiHs;

PN Uik 1) (21.15)
2g, ’

Hs (21.14) cnenyer, uTo MakcHMaJsbHOe KOJHYECTBO a4COPOHPO-
BaHHOTO KHCJIOPOJA HaKalJIHBAaeTCs BOJMIH3HM CKBaXKHHBl (NpH r==ry,
M=0 un Cj, (r0, ) =ao, Co,ot): Mo Mepe yAaJNeHHs OT CKBaXuHH (C
pOCTOM r) KOHUEHTPAUHS CHHXKAETCS A0 HyJs (NpH r==rj, Ay=={ COOT-
BeTcTBenHo HMeeM Cg (ry, f)==0). PacnpepneneHne KOHLeHTpanui Ha
MOMEHT OKOHYaHHSl 3aKauKd B IJIaCT aspHPOBAHHOH BOJH NOKA3aHO
Ha puc. 21.5, a.

[Ipu nmpunsitom 3fecr MeXaHH3Me afcopOHuH NpoilecC «3apsAKH»
NOPOA KHCJIOPOAOM MPOJOJIKAETCST H B MEPHOM, OTKAUKH BOJABI H3 CKBa-
KHHB BIJIOThL KO MOMeHTa BpeMeHH fo* = Qsfs/Qo, MOKa He GyndeT OTO-
6pana BCsl NMOXAHHAs B IJACT BORA. DTO SIBJISIETCS CYI[ECTBEHHBIM OT-
JIHYHEM OT cJ1yuas, PacCMOTPEHHOro B NpeIBIAYLIEM pasiele.

B nepuox OTKauKH B OKPECTHOCTH CKBaXKHHBI OYAYyT HMeTb MeCTO
nBe obaactu (puc. 21.5, 6), pasmeneHuble MeXAy co6oH nepemela-
ollleficss BO BpeMeHH TpaHHuell (pPOHTa BLITECHEHHS a3pHPOBaHHOH
BOJB
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Puc. 21.4. Cxema u rpadMky TMAPOXMHAMHYECKHX H KMHETHMECKHMX oGjacTedi npH pa-
Gore ycranoBok o6e3xene3nBaHus

a — cranys 3aKa4KH (MOMEHT BpeMeHH f=f;); 6 — cTaiusi OTKAYKH

V(2 Ins). (21.16)

B nepso# oéﬂacm ro<r<R(t), rle CONEpKHTCsS yacTHuUHO obec-
KHCJIOPOXKeHHAas BOJd, NPOAOIKAETCH NPoLecc afcopOUHH KHCJIOPOAa;
BO BTOpO#H xe o6gacta R (t) <r<r;* maxonurca noixsemuas soxa (npo-
Hecchl, NpoTeKaollHe B 3TOR o6JacTH, aHAJH3HPYIOTCS B pasn.21.3).

Pacnpenenenne xonuentpauuii Co,(r,t) u Cg (r,f) B nepuon or-
KauK¥ BOJBI H3 CKBaXKHHBLI ONpefeligerTcss H3 pelleHHS CHCTeMHl ypasB-
Henuit (21.1), (21.26) npu g;=— go. HauannHnle ycaoBust Als  pe-
LUieHHs 3a4add npuHHEMalTcea corgacHo (21.13) u (21.14) mpm t==t,,
a rpaHHuHOe ycjaoBHe umeet BHA Co, (r;*, £) =0. '

PewlenHe 3afayd NOCTAaTOYHO NPOCTO HAXOAHTCH MeTOAOM Npeol-
pasoBaHus Jlamaaca. ITostomy, onyckasi NpOMeXyTOYHble BBIKJAAKH,
3andileM JHUIL OKOHUaTeJNbHble pacueTHble (opmynsl. HMmeem:

1715 11epBoO# 06sacTH ro<r<R ()

an A
Co, (7, t) = Co, exp (__ o ___q>9_,f_); (21.172)

ny *

(25— M)‘Po,

%0 \ |1 "oli)
l—e —i e —_ 2 21.176
x 1o (55 fleso (=% (21176

AJst BTOpo#t o6aacTH R (f) <r<ri*

Co. (1. £) = a0,Coy, (ts— }) {1+ %
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Puc. 21.5. Pacnpesenende KOHUEHTPAUHUH KHCAOPONA B 30HE «3aPSAKH» mjaacra

@ — CTajHf 3aKauk# (MOMEHT BpeMeHm f={f;); 6 — CTaJHA OTKAUKH; 8 ~— BHXOAHAS
xpusas Cq, (ro, ); 2— crajus 3aKaukH (MoMmenT BpemeHH i=1;)

Co,, (. ty==0; (21.18a)
- - — 1*
Cs,(r, t) =20Lo, (ts—MN) {1 + e, P
-2 —agh

x[l-—exp(-—wﬂ}exp (——-io’——) (21.186)

13 L5

an ts
l‘lle (poim —::3—_ (1_‘_%_)_
0 0

Conepxanue KHCJIOPoIa B BOJE, OTGHpaeMoOl H3 CKBAXHHbI, Ofpe-
neasiercst mo (21.17a) npu r=ro; B 31T0M cayqae A;==0 M COOTBETCT-
BEHHO HMeeM ,

Po,
Co, (e, t) = Co, exp (-‘—}F-). (21.19)

Ipadux Boixomuo#t kpuBoii Co, (ro, ) nNOKazan ma puc. 21.5, 6.
®opmyna (21.19) npasomepua npu t<to*; mpu t>4* Co, (ro, £)==0.
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3uasa Co, (ro, t) npu {<Cf*, HeCJOXKHO PacCUHTATh KOJHYECTBO KHC-
JOPOAA, KOTOPOe 32 HHUKJ 3aKayKH-OTKAUKH aicopbHpOBasoch B 30HE
«3apsAAKH» BOAOHOCHOTO Iitacta. Mimeem

t*
Po, = Q.t,Co, — Q%Y Co, (ro t) dt, (21.20)
CJeloBaTeJbHO,
pOa-—‘ Qatag:
rie E=Co, {1 — o' [1—exp (—gpo,)]}. (21.21)

21.3. MoaeanpoBaHHe npoiecca OKHCJEHHS XKeJe3a
B 30HE «3aPSAKH» MJaacta

OcHOBHBIe TO/OXKEHHsI M MCXOAHBle ypaBHeHHs. [Ipu Tako# TexHo-
JIOTHH OYHCTKa NMOA3EMHOH BOJABI JOCTHIaeTCSd HCKJIIOUHTENbHO 32 CYET
peaklui, NPOTeKaloIlHX Ha AKTHBH3HPOBAHHON MOBEPXHOCTH MNOPOX
(npu mosHOM OTCYTCTBHH B BOAE PacTBOpeHHoro kucaopoaa). Ecrect-
BEeHHO, YTO TNIPH 3TOM YMeHbIaeTCsl KOJHYECTBO aAcopOHPOBAHHOrO
KHC/I0poAa (OH pacxoiyeTcs Ha OKHCJEHHE JKeje3a W APYTHX HHrpe-
JHMEHTOB); CHHXKAETCS COOTBETCTBEHHO H PEaKUHOHHAs aKTHBHOCTb 30-
HBl «32pARKH» NJacTa.

CaenyeT OTMETHTB, YTO NMajeHHe AKTUBHOCTH SABJSACTCS HE TOJbKO
CJIeACTBHEM BHILIEYNOMSHYTHIX peaknuii. OHO NPOHCXOAUT TaKkKe B
pesyapTaTe OJOKHPOBAHHS AKTHBHBIX HEHTPOB Pa3jHYHOTO poja He-
PEaKUHOHHOCIOCOOHBIMH (TPYAHOOKHUCASIEMBIMH) OPTaHHYECKHMH CO-
ennnenusimi. Co6CTBeHHO roBOps, u3-32 HEAOCTATKa HHPOPMAlHM
0 BCeX HMEIOLIHXCA 31eCh INpolleccax, No-BUAHMOMY, BPSL JH palHO-
HaJlbHO CTPEMHTBCA K MAaKCHUMaJbpHOH oOGLIHOCTH HX onucanuda. ITosrto-
My OTP@HHYHMCA JHIIb 2HAJH30M MPOCTEHIIETro cayyasi, KOTaa B 30HE
«3apsAKH» NJACTa HUMeeT MECTO OAHA HeoOpaTHMas peakius MeXay
BOAHKEIM JKej1e30M H aAcOpOHPOBAHHBLIM KHCJIOPOJOM.

B Takofi mocTaHOBKe NPOUECC ONHCHIBAETCS CJACAYIOMIEH CHCTEMOM
ypaBHEeHHH

aCFe2+ _ 9 aCFe‘H-

ny + 9,2 +Cﬁgc|=e2+ =0
o ot r or (22.22)
== — Bor21C5.Crat

rie P — crexHoMerpHueckuii Kosduunent, koropuit pasen 0,143, T. e. GymeM cun-
TaTh, YTO KHCJIOPOA, aAcOpGHPOBaHHBII Ha NMOPOAAX MJIACcTa, PACXOAYETCH TOJBKO Ha
OKHCJIEHHE 2KeJe3a,

Huxe, Ha ocHoBe ypaBHeHu#i (22.22) OGyayr npoaHanu3HPOBaHb
JBe pacueTHble CXeMBI: MepBasg COOTBETCTBYET YCJOBHIM, KOTA2 B
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30He «3apAfKH» NIJacTa HCXOAHAsl KOHLUEHTPalHud aAcopOHPOBaHHOrO
KUCJIOpOAA BCIOAY IOCTosAHHAs (caydall HeoOpaTHMoOli MIHOBeHHOH al-
cOpOUHH KHCJIOPOAA); BTOpas — OTpaxaeT CJaydafi HepaBHOMEpPHOMH
«3apsaakH» miacrta (4rto Habaionaercss npH HeoOpaTHMoH ajcopOuuu
KHCJIOpOAa, npoTeKalomedl no peaknuu 1-ro nopsiaka).

JdunHamuKa oxuciaeHus xexae3a (I1) npu pasHOMEpHOM HAYANLHOM
pacnpejeneHuu ajcopGupoBaHuoro kucjaopopa. Ilpu neobGpaTuMoit
MrHOBeHHO# ajacopOuun Kucaopoda (cM. puc. 21.4) K MOMEHTY OKOH-
YaHHs 32KAYKH Y CKBAXKHHBI HMEIOT MECTO BE 30HBI: nepBast ro<r <Ry,
rie Co,(r, t)=Co, u Cg,(r, t:) =Cp,*, u Bropast Ro<r<rs*, B mpe-
nenax kotopolt Co,(r, t3) =Co,(r, t;) =0. JHo uauana nmpouecca 071-
KauKH MOJA3eMHAsT BOAA HAXOMHTCH 3a rpaHuuell ¢HPOHTA BHITECHEHHS
H TM03TOMY peakuusi Mexay xenesoM (II) m azcopGupoBaHHLIM KHCIO-
poIOM 31ecb HAaUHHAETCsl HE C MOMeHTa BpeMeHH f==0, a Juwb npH
t=t*, rae t*—BpeMsi, 3a KOTOPOe YACTHIH MNPOXOAAT NyTh OT rf*
pite) Ro.

Bpewms £* onpezensieTcs U3 CAEAYIOUICIO COOTHOMICHHUS

r,*’ — Ry? == 2q,t%*/n,

H, CJeIOBATENbHO, [*==Qst:T 0, /Qo(no+To,).
KpaeBnie ycnosus s pewenust (22.22) 3anucHBaloTCs B BHJE
t=t* r<Rg Cg,(r t)=C* 24 (r.t)=0; (21.23a)

r= Ro; >t CFe“‘ (l', t) = CFe02+’ (21.236)

rae C ~— KOHHeHTpanus xeiesa (II) B moxsemuo#t Boge. .

Fe°2+
Pemenne aToft 3aayn UMeeT BUJ
CFe 9y eXp(X) — I4-exp(T)
(]
% ew (21.25)

C*5, exp(X)—l+exp(T)

x = pe2Cloy RE =1

rae . T =fopgs Cogp [t —1*—
— MM] (21.26)
290

I'padukn usMenennst Cppey/Cp 2+ ¥ C5 /Cq* 1o T npu pasauu-
HbiX X noxasansl ma puc. 21.6. U3 pasnwx puc. 21.6, ¢ BumHoO, uTO
npu jobom ¢ukcuposanHoM I kouueHTpanus xedesa (II) yGuBaer
¢ pocroM X, a B Kaxfol Touke (T. e. npu dukcupoBaHHOM X) yBeaH-
uuBaeTrcs BO BpeMeHH 7. O3Tu H3MeHeHHS! 0OYCJOBJCHB CHHMKEHHEM
KOHIEHTpaluu ancopbuposaHHoro kuciopopa {(puc. 21.6,6) wu coor-
BeTCTBEHHo MaJeHHEM peaKIHOHHOH AaKTHBHOCTH 30HBI «3apAAKH»
nJacra.
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Puc. 21.6. Pacnpepenenue
CFe2+/CFe 0+ =H(X, T) n C(—)_:/C*‘6_:=f(X, T)

HuHamuka oxkucaeHusa xenesza (II) npu HepaBHOMepHOM Hauajb-
HOM pacnpele/eHHH KOHUEHTPAUHH aACcOPOMPOBAHHOrO KHCJIOPOAA.
Haiizem petieHne cucteMbl ypasnenuil (21.22) npu ciaeayiolHux ycmao-
BHSIX:

t=0,r<rp Cs (r. t)=F(r), Crot (r, 8)=0; (21.27)
r=rg t>0; Cpot(r. t)===Cgo, (21.28)

rae f(r) — GyHKuus, onuchHBAOIlas paclpeieneHHe KOHUEHTPauud ajacopGupoBaH-
HOPO KUCIOPOJa B 30HE <«3apsikd» Maacra (ro<r<r;*) mepex HauanoM OTKAUKH.
IMonoxum
. r2 - r2 .
ff ey, Nyt — (T (21.29)
2g,
B HOBHIX NepeMeHHBIX T, A; ypaBHenus (21.22), (21.23) sanuwyrcs B
BHAE

oc
g —Et 6 01C5Crns 21.30)
LAY Fe2+~ 0, Fe2+

9Cs,

—5;— == —”BGFJ-I'CG:CFJ'I" (21 .31)

PaccmoTpum cayuait, koraa npu 1=0 (T. e. B MOMEHT NoCTyIIe-
HMsl JKeJe3UCTHIX MOA3EMHBIX BOJ B 30HY «3apsiIKH» IJlacTa) Hayallb-
HOe paclipeflefieHHe KOHHEHTPAUMH aAcOPOMPOBaHHOTO KHCJIOPOAA
onuchiBaeTcs dopmysoi (21.186). Toraa, yuntsiBasi, uto (f3—M) =
=Qo)s/Q,, yca0BHA Aasi peuteHust ypasuenmit (21.30), (21.31) 3anm-
fieM B BHAe

an Co Qo
C'62|==o (Agy )= 0,70, X073 {1+ t* Qs %

Qs )\3Qo‘P02
A e
X [l —exp (——%9—'«)]} exp[— noéoo(to* — )\3)]; (21.32)
(4] O3
Cee2t i, =0 (s ©) = Cpep4e (21.33)
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HecsioxHo mokasath, 4TO B 3TOM cayuae Hckomble ¢ynkuuu Cp,
H Cp 2+ onpenensioTcs BHIPaXKEHHSMH:

~ —C= (A exp (X') . _
Cs, = Cp, (ar 0) e 2Dy (21.34)
. exp (T’) .
Cro+= Croot P e (21.35)

rae

A
X' =op2+Co,s {1 — [ l—exp -_(i"i’—)—J} (21.36)

2 tO*
7! — 3°Fe2+CFe02+ (t — )\3). (2] 37)

[pu onmpefesieHHH KOHUEHTPAILHH Xejae3a B Touke r==rq B (21.36),
(21.37) caepyer OPHHATH Az==1e*, TOTA2 TOJYYHM

Xy = opastss E=—Co, (1 —go ' [1 —exp(—go)l};  (21.38)

Ty =Bopa+Creot (t—10%). (21.39)

Co6cTBeHHO TOBOPS, Mbl HMeeM [Ba pelleHHA OAHOH I TOH Xe
3ajayH, OMHCHIBAIOIIeHl Npollecc OYHCTKM BOAH OT ¥XKeje3a B MJjacTe
OpHU CO3A2HHH HCKYCCTBEHHBIX OKMCJHTEJNbHBIX T€OXHMHYECKHX 0apb-
€pOB, OTJIHUAIOIHXCS APYL OT APYra JHIb H3HAYaJbHOH THIIOTE30H
0 MexaHH3Me ancopOUHH KHCJOPOAA Ha BOAOBMENIAKOUIMX MOPOAAX.
[MoayyeHHbie NPH ToM DPacUeTHHlE 3aBHCHMOCTH HMEIOT OJHHAKOBHIH
BHJ; pa3/HYHe COCTOHT .IHUIb B BbHIpaXKeHHAX AJs Oe3pasMepHbIX na-
paMeTpoB BpeMeHH H KOOPAHHATHL.

Jl1s comocTaBieHHs 3THX pellleHUH pacCMOTPHM C.ielylOUH# NpH-
mep. Ilmacrt umeer momuocTh M==20 M W npeacTaBjeH NeCYaHbBIMH
OTJIOKEHHSIMH, TOPHCTOCTh KOTOPHIX rnp==0,25. ConepxaHue xKeje3a
Cre2+ B NOA3EMHEIX BOAAX, NPHYPOUCHHHIX K STOMY KOJIEKTOPY, CO-
craBasier 2 mr/a. IlycTs 3amaHo, 4TO 3aKaykKa aspHPOBAHHOH BOAH B
naact npu Co, =10 mr/a mpoBoantach ¢  PacxoloM Q:=30 m3/u
B TeueHHe f,=120 u; orbupasacr BOAa H3 CKBAXKHHH C PacxolioM
Qo=060 wm3/u. JlonycTHM, 4yTo B pesyJjbTaTe 3TOTO IKCIepuMeHTa (HA
OCHOBe 0OpaGOTKH OMBITHOH BBIXOAHOH KPHBOH) ONpENeNeHBl € p24=

=056 (Mr-ufa)—t u §g=7,3 mr/a.

Pacnosarass sTHMH JAaHHBIMH, TpOBeJeM pacHeT paclpeae/cHHS
KOHIEHTPAlMil KeJje3a B 30He «3apAiKM» Mjacra [0 PelleHHsIM
(21.24) u (22.35).

B cayyae HeoOpaTHMOH MTHOBeHHOH aAcopOuUHH KHCIOpOna Npo-
tece obe3kene3HBaHHsl NPoTeKaeT B 30He ry<r<R, [rae Ry—rpann-
na ¢ponTa afcopGuHH, KoTopas ompexeasercs no (21.10) npu t=t,)
H HauHHaeTcsl C MOMeHTa BpeMeHH f*, korna (GPOHT MOJA3eMHBIX BOX
¢ Hcxoanoil kouuenrpauuei Cp o4 NPOHACT paccTosHHe OT ri* no Ro.
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Ias pacuera Ry u #* Heobxoxumo 3HaTh I'o, — KoHcTaHTy I'eHpH u30-

TepMBl afcopbnum Kucaopora. Ilocaennss mMoxer OuiTh BHIUHCJAEHA
Ha ocHoBe (21.12). Mmeem

£ _To _o73 (21.40)

H, CJIefl0BATENbHO,
To,=— 213 M _ 676, (21.41)

Ilpu stom ri* Y Qufs/nMne=15,14 M, RoxVQsts/nM (no+To, ) ==
==787 M u t*=TI0,t*/(ny+To, ) =43,8 u.

B cnyuyae HeoGpaTHMOl afcopOuUHH KHCIOPOAA, NPOTEKAoIEHd Mo
peaknuu l-ro mopsifika, npomecc o6Ge3Kene3UBAHUS HAET BO BCeH 06-
JacTH OT ry A0 ri*, paHee 3aHATOH aspHpoBaHHON Boxoi. Ilpm 3TOM
AJst BeIMONIHEHHsA pacyeToB no (21.35) W, B yacTHOCTH, NpH Ompejese-
HMH apryMeHTa X’ HeoOGXOAHMMO 3HATh BEJHUHHY Qo,. IIDH H3BECTHHIX

EH Coﬂo NocaeHAsT MoXKeT OHITb yCTaHOBJeHa Ha ocHoee (21.21);

3mecp UMeeM @o, =3,6.

I'padukn, uadoCTpHpYOLIHe paclpe/ie/ieHHe KOHUEHTpalHi Ke-
Jiesa B 30HE «3apPAAKH» NJIACTa, PACCUHTAHHHIE COOTBETCTBEHHO IO
¢dopmyaam (21.24) u (21.35), npusenenst Ha puc. 21.7.

nepBOM cjyyae, NpH HeoGpPaTHMOH MTHOBEHHOH axCcoOpOUHM B
obnact ro<r<R, mpu {<t¥, xaK yXe OTMeyajoch paHee, KOHICHT-
panusi aAcopOHPOBAHHOIO KHCJOPOAA ~— BEJMYHHA MOCTOSIHHASE H BCIO-
Ay ona pasHa: Cz* =To, Co%. 3aech CKOPOCTh peakilMH OKa3hiBa-

eTcsi IOCTATOYHO GOJBIIOH H MO3TOMY (POHT KENE3HCTHIX MOX3EMHHIX
BOX (pHc. 21.7,a) oTHOCHTENIBHO MEIJIEHHO NPOABHraeTcss K CKBaXKHHE,
Bo BTopom ciyuae Haua/nbHOe paclpefeseHHe KOHLEHTPALHH ancop-
GHpOBaHHOIO KHCJOPOJA HEPABHOMEDHOE: y CKBAXKHHBI KOHICHTPAIUs
BBIlle, a 0O Mepe yaanedus or Hee Cy (r, 0) ymeHblaeTcss u INpH

r==r;* ona paBHa Hy.JI0. B culy 3TOro B CCYEHHH r==r; CKOPOCTb pe-
aKIHK PaBHA HYJIO H JHLIb N0 Mepe JOBOJBHO GBICTPOro HPOABHKEHHS
GpoHTa KeNe3HCTHX NOJA3eMHBIX BOJ K CKBaXXHHe HaGmaopaeTcss IIo-
CTeneHHoe 3apoxkienHde peaxkuuu (puc. 21.7,6). O6pawaer na cebs
BHHMaHue TOT QakT, YTO HECMOTPS Ha CYIIECTBEHHOE PAa3jHuHe B pas-
Mepax 30H «3apsAKH» MJacTa KHCJIOPOAOM, B 06OHX caydaax ¢poHT
KeJIe3HCTHX BOJ AOCTHIAET CKBAXKHHBI B OJHH M TOT 3Ke¢ MOMEHT Bpe-
MEHH H JaJjiee NMPOHCXOAMT abCOMIOTHO CHHXPOHHOE IOBBILICHHE KOH-
NEeHTpaluH XKeJe3a B OTOHpaeMo# Boxe.

21.4. HarypHble nccaeaosanus no ofe3xenesnBaHHIO
MOA3E€MHBIX BOJ B IJIacTe

Mem}mqecxne YKA3aHHA no OnpeAcHEeHHI0 mapaMerTposB npouecca
obesxenesuBanns. Jlns pacueTa ycTaHoBoK ofe3kenesmBaHus Heo6-
XO0auMo pacnoJgarars AaHHBIMH IO napaMmeTpam KHHETHKH «3apsaAaKu»
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Puc. 21.7. PacyerHnle npoduay KOHEHTPauMi XKeJje3a B 30HE «3apPAAKH»

a —-cnyuaii Heo6paTHMOH MTHOBEHHON ajcopOuun KHCaAOpoaa; 6 — ciyyadh HeoOpa-

THMO} aACOPOLUMH KHCAOPOAa INoO peakuun 1-ro mopagka: J—i=10 cyr; 2-—

=20 cyr; 8—1¢=30 cyr; 4—1i=40 cyr; 5—¢=50 cyr; 6—t=60 cyr; 7—
t=65 cyr; 8 —{=65,5 cyr; 9 — =66 cyr; 10 —#=66,5 cyr; 11 —t=67 cyr

naacTa KHCJA0poAOM H KuneTHKH okuciaeHus Fe (II). Iloasrumu napa-
MeTpaMH NOApasyMeBaloTcs BeqnuuHbl [o, (KoHctanta I'enpu Hso-
Tepmbl aficopOuun Oz) HIH 0o, (KoHCTaHTa cKopocTH axcopbuun Oz)
H Opzo+ (KOHCTaHTa CKOPOCTH OKHCJEHHsi XKeJe3a alcopOHpOBaHHHIM
KHCJI0pOAOM). 3HaueHHS HX 3aBHCAT OT Henoro psiaa (axkTopoB H, B
94CTHOCTH, OT COCTaBa BOLOBMEUAIOMHX NMOPOJ, FE€OXHMHUECKHX YCJIO-
Buit (Eh, pH nokasartenefi cpensl, popM, B KOTOPbIX HaXOAHTCS KeJjie-
30, H HAJMYMsi B BOJE, a TAKXKe Ha I0POJAax NJacTa BellecTB, HHTHOH-
PYIOIIMX HJIH KaTaJH3HPYIOLIHX NMPOLECC OKHCJEHHS XKeae3a) H T. T.
ITosToMy onpenensTh MapaMeTphl Hpolecca PeKOMeHAyeTcss Ha OCHOBe
06paGoTKH ONBITOB MO NpoOHOMY 0O0e3XeJie3aHBaHHIO BOJHl B I11aCTe,
KOTOpble B CBOX Ouepelh CJeAyeT NPOBOJAHTb HENOCPEACTBEHHO Ha
CKBaXKHMHaX, pPacrnojaralolHXcss Ha yyacTke [JeHCTBYIOLIEro HJaH mpo-
eKTHpyeMoro Bofo3abopa (B NocjefHeM Caydae Jijis 9TOH HeJH MOryT
HCIOJb30BAaThCs Pa3BelOYHO-3KCIAYATAIHOHHbIEe CKBAYKHHEL).

Tepen HayajoM ONBITHHIX PaboT HEOGXOAHMO NpoBecTH cOOp H
aHaJM3 HMCIOLIUXCS JHTePaTyPHHIX W (OHAOBBLIX MaTepHaJioB O HpH-
PONHBIX YCJIOBHSAX pafioHa H, B YacTHOCTH, IIOIIaAKH BOX03abopa,
a TaKXe NPOCKTHOro pellleHHsl Mo cHcreMe BojocHaGxenus. Ilpu sToM
IOJKHBEL GHITh OCBEIIEHbl CAEAYIONIHE BONPOCH:

a) reoJoruueckoe cTpoeHHe (cTpaTHrpadus, JHTOJOTHSA) H THAPO-
reoJlorHyecKHe YCJOBHSL palona (rayOuHa 3ajeraHusi BOJOHOCHOTO
mJacTa H XapakTep ero KOHTAaKTa ¢ OKPYXaIOIHMH MOPOAAMH, COCTAB
BOJOBMEIIAIOIHX NOPOA H HX (PUABTPAIHOHHBIC NMAapaMeTphl, YCAOBHSA
NUTAHHSA TMOA3EMHBIX BOA H B3aHMOCBfA3b HX C BOJAMH ApPYTHX rOpH-
30HTOB, a TakK¥Xe MOBEPXHOCTHbIMH BOJAOEMaMH, PpEXHM MNOA3EMHBIX
BOL);

6) KauecTBO MOA3EMHBIX BOJA SKCIIyaTHPYeMoro ropusonra (¢u-
3uYecKHe cBoficTBa, xHMHueckHE coctaB H Eh— pH-moxasarenn
BOJIH);

B) XapakTepHCTHKa B0J03a6opa (IPOH3BOJHTEJHHOCTb CHCTEMBE
BOJOCHAOKEHHs, YHCJ0 CKBAXHH M CXeMa HX pacroJjIoXeHHs, KOHCT-
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PYKTHBHbIE 0COOEHHOCTH CKBaXKHH (TJYOHHA, THN (HJILTPA H €TO AJH-
Ha), HX NPOU3BOAHTENBHOCTL M TEeXHHUECKOe COCTOSHHE Ha MNepHOA
coopyKenus -(yleJbHEe JNeOHTH CKBAXHH HJIH IOKA3aTeH AOMO.JIHH-
TENBHOTO CONPOTHBJICHHS HA HECOBEPIUEHCTBO CKBAXHH), cxeMma cbopa
H MOJAAUH BOAB OT CKBAXHH, HANOPbl BOAH B COOPHBLIX BOAOBOJAX.

OnHOBpeMeHHO € THM NPOBOJHTCS PEKOTHOCUHPOBOUHOE O6GCHeno-
BaHHe CHCTeMbl BONOCHAOXKEHHdA; YTOUHAIOTCA (PaKTHYecKHe NeOHTH
CKBaXHH, ONpeAeSSIOTCS CTaTHueCKHe H JHHAMHYeCKHe YPOBHH BOAH
B CKBaXXHHAX [DH HapyUIEHHOM pexKHMe, H3MepSIOTCs HAlOpPhl BOAH
B c6opubix BomoBogax. Ha ocHoBe 3THX HaHHBIX NpHHHMaeTcs pelle-
HHe N0 OGYCTPOHCTBY YCTAHOBOK O0e3KeJIe3HBaHHSl MO TOH H.IH HHOH
cxeme puc, 21.2. O6s3atesbHBIM NpH ofcjJe0BaHUH sABJAsSETCA NpoBe-
JleHHe KOHTPOJIbHBIX aHAJH30B BOAB HA KeJje3o (M, 10 BO3MOXKHOCTH,
namepene Eh — pH).

ITpn BHINOJIHEHHH ONBITOB NO Npo6HOMY 006e3XKese3HBAHHIO B Ile-
PHOA 32KaukKH B NJACT a3PHPOBAHHOH BOABI MPOH3BOAATCH 3aMephl Q,
u W,=Ql;, a B nepHoj OTKAYKH H3MepsIIOTCS PACXOA H KOHUEHTpa-
IHs KHCHOPOAA H XKejesa B 0TOHpaeMOH Bojle Ha PasJHUHbIEe MOMEHTH
ppemeni. [lpu 3ToM orxauka NPOZOMKaeTCsl XO HNOJHOrO BOCCTAHOB-
JeHHsT HCXOJHbIX NOKazareseil KayeCTBa NOA3eMHOH BOJBI.

ITo 3aBepuIeHHH TaKHX ONBITOB MOJIYYAIOTCS ABe HH(OPMALHOHHLIE
kpuBnie: NepBas Co, (f) oTpakaer H3MCHeHHe KOHILEHTPALHH KHCJAO-
poia B a3pipOBAHHON BOJAE, KOTOPAs HCNOJNL30BANACh AJIS «3apsaiKu»
nijacra; Bropas Cp2.(f) HeNOCPEACTBEHHO XaparTepHayeT d(bdeKTHB-

HOCTh IPOLECCA OUHCTKH HOA3eMHHBIX BOA OT XKeJe3a.

Pacnonaras nasgpiMH 06 o0iieM KOJHUYecTBe NOJAHHOTO B IJaacT
kucsiopona (ono pasHo WyCo, ) n KONHMYECTBE KHCJIOPOAA, OTOOpaH-
HOro ¢ BOJOH W3 CKBAXKUHBI, HECJOKHO PACCUHTATb TY €ro 4acTh, KO-
TOpasi aacopOHpoBanac, Ha BOAOBMEUIAIOUINX Nopoaax; Gosee TOro,
no BBIXOAHOH KPpHBOH Co:(!) MOXKHO ONpeAe]UTb NnapaMerpsl aacopb-
g O.. OpHako B AefACTBHTEJIBHOCTH He Becb ancopOHpPOBaHHBIN
KHCIODPON SIBJSETCS aKTHBHBIM C TOUKHM 3PeHHSl OKHCJCHHs Kerie3a H
6ojiee TOTO, 9acTh €ro 3/€Ch TAKXKE MOXET PacXoxoBaTbCcsl H Ha ApPYy-
rue napa/iiesabHo mporekaiouide peakuuH. [lostomy Bce HcKoMBie ma-
paMeTpbl Ipollecca Onpeiesth Mo BHXOAHOA KpUBOil Cr,24 (f).

O6pabotky onbTHbIX AaHHBIX M0 Cp o4 (f) pexoMenayercs NpOBO-
IHTh TpadoananutHyeckd. Ilnsa 3TOro Ha OCHOBe BHIXOAHOH KpPHBOH
Cro+ —1t (puc. 21.8,a) crpoutcs BCHOMOrateabHblii Tpaduk (pHc.
21.8,6), rae no ocy OPAMHAT OTKAAJBIBAIOTCA SKCIEPUMEHTAJbHBIE
snauenns In (Cp 2+/Cr2+ —1), a no ocu abeunce — BCp 24 (f —fo*).
B atom cayuae BenHuHHA Op,2+ ONpPEAENAETCS 10 HAK/IOHY JIHHHH,
NPOBeIeHHO! Yepe3 OMBITHBIE TOUKH, K OCH OPAMHAT (Op.2+==I/A), a
napameTp £ paccuHThIBaeTcs 1Mo gopmyae

— 9 nfexp O+ 1] (21.42)
W3°Fe2+
rie [ — OTpe3oK, oTCeKaeMull Ha OCH OPJAMHAT.
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Puc. 21.8. T'padoanainuTHYECKHIT METOA onpefie]leHHs apaMeTpos npoiecca

a—rpaduk BeXOLHOH KpHBO# C 6 — BcrnoMorartenbHuill rpadHK; 6 — rpa-

Fe2+; a
buk dynxuun E/CqH =F(pg)

B aBroMonesnbHoM o6jactd o6wUHO BHIIOMHseTCS ycaoBHe 1>
H mostoMy BMecTo (21.42) MOXHO Hcrmosb30BaTh 0o/ee HMPOCTYIO 3a-
BHCHMOCTb

E= Qul/W,o, 1. (21.43)

IIpu meo6paTuMOH MrHOBEHHOH amcopOUHH KHCJIOPOAA E olnpene-
asercst cornacuo (21.11). Caegopatennno, npu ussectux & Co,,
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u no umeeM Io,==not/(Co, +&). B cayuae meoGpaTHMOH HepaBHO-

BeCHO# aficopGuHu KHCAOPOJAa MPOBOAHTCS pacueT KO3Q(HIHEHTA @ o,
Jlas onpenenends ao, HMeeM

€/Co.= 1 — o~ [1 —exp (—go,)]- (21.44)

3nasg £ u Co%, Ha ocHoBe (21.44) BhuHcaAsieTcst @o, (414 yaoOer-

Ba ONpeJie/ieHHsl (o, MOMKHO HCHOJIB30BaTh rpadHK, MPeACTaBACHHBIH
Ha pHc. 21.8, 8), a Aanee paccuMTHBaeTCs

90,/ My == 90,Q/%2 Qo + Qa)- (21.45)

¥ OPH H3BECTHOM Mo HAXOIHTCSH QO,.

Onbitel 10 00e3kene3NBaAHHI0 NOA3EMHBIX BoA B miacte. Onpene-
JeHHe MapaMeTpoB Npotiecca ofe3xKesne3WBaHHsl MOA3EMHBIX BOX B
niacTe SIBASIETCS HOBBIM BHAOM THAPOreOJOTHUECKHX paboT, KOTOpbie
NOKa enle He MOJYYHJIH NOCTATOYHOTO 060CHOBAHHS.

OnbiThl 110 00€33Ke/e3HBAHHI0 MOX3EMHBIX BOJ  IIPOBOJIHJIHChL HA
IPOMBILIJIEHHBIX YCTAHOBKAX B PA3JIHYHKEIX FHAPOreOJOrHYecKHX W THA-
POXHMHYECKHX YCJIOBHSAX.

Bodosabop <«Tlaya-3» (JlarBCCP) uHOUIBTPANHOHHOTO THMA
pacrnosnaraercsi B udayunHe p. [ays ma ee npaBoM Gepery. OH npen-
ctaBJeH 14 Bom03aGOPHLIMH CKBAXXHHAMH, COODYXKEHHBIMH Ha pac-
crostiuu 80—100 M oT JHHHH GeperoBOr0 ypesa; pPacCTOSHHE MEXAY
ckBaxkunamu B psaay 50 M. Iloxsemunie BOAB Ha ydacTKe BoA03abopa
3ajieralor Ha ray6uHe 2—7 M OT MOBEPXHOCTH 3€MJIH H NPHYPOYEHBI
OHH K aJIIOBHAJIbHBIM OTJOXKEHHSIM H3 CpelHe- H KPYNHO3ePHHCTOrQ
necka. MolllHocTh OGBOAHEHHOH ToJaIM Kogaebgaerca oT 14 npo 27 M.
Koaddunuent BogonpooguMoctu kM ==400—600 m?/cyt. B ocunoBa-
HHH [J1acTa 3aJeralT cjaabolnpoHHIlaeMble IVIHHBI, 4 CBePXY OH mepe-
KPHIT HEOJHOPOAHHIMH 1O JIHTOJOrHYECKOMY COCTaBY MOpDOXAMH (mouy-
BEHHO-PACTHTENbHBIA €TI0/ HMeeT MOIIHOCTh nopsaaxa 0,2—0,5 M; au-
JKe HaxOLATCA TOHKO- B MEJKO3EPHHCTHE MEeCKH, BKIIOYAIOIHE Majo-
MONIHBIE POCJOH TJHH CO 3HAUHTEJNbHBIM COJEPIKaHHEM CoJeH XKesesa
U OPTaHHYEeCKOro Martepuasa).

[lo XHMHYECKOMY COCTaBY MOJ3eMHble BOJAH OTHOCATCH K THApPO-
Kap6oHAaTHO-KaJbIIHEBOMY THIY H HMEIOT He3HAYHTEJNBHYIO MHHEpPaJ/H-
sanmio. IlenounocTs BOAH KogeGiercs B mpepenax 3,2—4 Mr-sxs/i,
OKHCJsIeMOCTh HaMmeusiercst ot 5 o 7 mr/a O, u pH cocrasaser
6,4—6,8. TemnepaTypa NMOA3eMHbIX BOJ OTHOCHTEJbHO NMOCTOSIHHASA; B
3uMHee BpeMs {=7°C, a B Jetnee /=9°C. XapaKTepubiM AJsl NOJA-
3EMHBIX BOJ SIBJISIeTCSl NOBBIILEHHOE COAEpKaHHe Xeje3a (IO OTANb-
HBIM CKBaXkKHHaM) u Mapranina. OGbYHO NMHKOBHE KOHLEHTPALHH Ke-
Jaeza A0 2 Mr/a oTMedarorcess co 2-ro mo 4-i u ¢ 9-ro mo 11-& mecsuw,
KOoria Beimagaer GOgblias 4acTh aTMOC(EpHHX 0CankoB (HO-BHAHMO-
MY, CBSI3aHO 3TO ¢ BHIILEJaYHBAHHEM XEJE3HCTHIX COeJHHEHHH H3 30HBI
aspalHu); B OCTaJbHOE BpPeMs CORepXKaHHE Keje3a B Boje Kojebner-
cs B npenenax 0,5—1 mr/a.
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Boposa6op «Tays-O» BBenen B peiicTBHe B HOsOpe 1964 r. Ilepso-
HAYaJbHO BCE CKBAXHHB OBIH NpOOYypeHbl YAAPHO-KAHATHBIM CIOCO-
GoMm Ha ray6uny 24—34 M u obGopynoBaHbl HIBTPAMH H3 IOPHCTOH
KepaMHKH Ha Tpy6uaThix nepOpPHPOBAHHBIX KapKacax AJHHOH lp=
=14 M. B HayajpHBLIH NEPHOA 3IKCIIYATAUUH NPOH3IBOAUTEIBHOCTH
Bomo3abopa cocraBiasiia Qs==14 Thic. M%/cyT. 3aTeM B pe3yJbTaTe HH-
TEHCHBHOIO KOJIbMaTaxa (JUIBTPOB CKBAXKHH KeJe3HCTHIMH OCaAKaMH
OHa pe3Ko CHH3HWJach H K 1968 r. cocraBusa nopsiaka 5—6 Teic. M3/cyT.
B 1969 r. yacTh CKBaxXHH BoA03abopa (Hauuuas ¢ 6-# no 14-10) Ouinu
nepebypeHa. JTu AyOHpYIOUIHE CKBAXHHBl COOPYKEHBI Ha paccros-
Husx 4,5—5,5 M or paHee MOCTPOEHHBIX; OOOPYAOBAHBl OHH KapKacHO-
CTepXHEeBLIMH (HJIbTPAMU ¢ NPOBOJNOYHON OOMOTKOH M rpaBuiiHoNl 06-
cuinkoil. C 1970 r. Bopo3abop «[ays-ID» skcnayaTtupoBajcs NPH CPea-
HecytouHo#i mopade B 10—12 Toic. M3 a B 1978 r. on Gbi1 3aKOHCEP-
BUpOBaH. [IpHYMHOH 3TOMY siBHIaCh HEOOXOXHMOCTb CTPOHTEJBLCTBA
CTAHIIHU o0e3xene3UBaHHA.

Mo cymecTBylomel cxeMe BoAa, MOCTynaiollas OT CKBax{HH B c60p-
HBIH BOZOBOA moj Hanopom B 50—60 M, xajee Mo MarucTpasbHOMY
TpyOOnPOBOAY AJHHOH 22 KM MOmaeTcs HeNOCPEeACTBEHHO B FOPOACKYIO
BOZONPOBOAHYI0 ceThb. CoOpyXKeHHe JKe CTaHUHH 06e3XKene3uBaHHs
npeAnonaraer YCTPOHCTBO HA IVIOLEAZLKe BOHO3a6opa AOMOJHHTENBHO
c6opHOro pesepByapa H HACOCHO¥ CTAHIIMH BTOPOro MOABEMA.

B 1980 r. na Bomosabope «I'aya-D» Obl1 OPraHU30BaH ONBITHBIM
CTAllHOHAD AJsi TIPOBEIEHHA WCCASHOBaHHH H OTPabOTKH pPasJHUHBIX
TeXHOJOTHYECKHX TNPHEMOB MO PEryJHPOBAHHIO KauecTBa MOA3EMHBIX
BOA B ILIACTe.

Ha uernipex ckBaxuHax Bojgoszabopa (Ne 5—7, 9) mnpoBoauiHCh
ONBITH [0 06€3¥keNe3UBAHHI0 OA3EMHEBIX BOX B [I1acTe Ha YCTaHOBKAX
HEKJAMYecKoro THna. Hume npHBefeHbl HCXOAHblE MOKAa3aTesd KauecT-
Ba BOABI, OT6HpaeMoOi M3 3THX CKBAaXKHH, a TakKke PaBHOBECHBbIC KOH-
LEHTPAIHH, PACCUHTAHHBIE IO YPABHEHHIO

C v
Eh - 0,996 — 0,178 pH —0,0952 Ig [MIO‘?’}
55,85
ans peakunu Fe2t+30H-=Fe(OH);+eé.

HoMep cksaXuubl
5 6 7 9

1lenoynocTs, Mr-3KBfJI . . 36 38 32 35
Ogucnsemocts, Mria O . . . 5,2 5,8 6,1 5,3
Cyxoit ocratok. Pc, mrfa: 23 24 225 238
pH. . . . . . . . . 65 68 66 65
Eh(p) . . . . . . . 0,11 006 0,1 013
HKeneso, mrix: .
110 XUMHUECKOMY aHaaH3Y . 208 1,55 1,04 09
pacyeTHoe . . . . . 1,84 1,4 1,22 0,85

[Tockosibky 06liiee conecofepXaHHe MOA3EMHBIX BOJ HEBEJIHKO, TO
MPH BHIIOJHEHHH TEPMOAMHAMHUYECKHX pAcUeTOB HOHHAH CHJA PacTBO-
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pa npuEEManach pasHoit: 1==0,000022P;, a K03 ¢HLHEHT aKTHBHO-
CTH HOHOB onpeneasics mo dopmyne 1gvp o, =—0,522YI (rne zi—
zapan uonos Fext), Ilo ucxopubiM moKasaTessiM KayecTBa BOJALI BUA-
HO, 4TO KOHUeHTpauu® Fe?t, ycranoBieHHbIe Ha OCHOBE XHMHYECKHX
aHa/lM30B, AOCTATOUHO XOPOLIO COIAACYIOTCH C PACYETHBIMH. JTO CBH-
AETENBCTBYET O TOM, UTO CHCTEMa HAXOAMTCH B MOJOXKEHHH, OJH3KOM
K TePMOAHHAMHYECKOMY paBHOBECHIO, M coiepkaHHe xenesa (II) B
NOA3EMHBIX BOAAX BOA03a6opa KOHTPOJHpYeTcs ofpasoBaHHeM (MM
pacTBopenueM u BoccraHoBieHHeM) Fe(OH); CaexosaTenso, B aau-
HBIX ycJao0BHAX, noBuimasgs Eh —pH Boab, MoXHo paccuuThiBaTh Ha
MOJIHOE OKHCJIEHHe H OCaXKJAeHHe XKeJe3a B nJjacTe.

Jnsi otpaboTKH TEXHOJIOTHH BCE ORBITHbIE CKBaXXHHBI ObLAH npex-
BADHTEJbHO NepeoGopyaoBaHbl IOJ YCTAHOBKH AJAs 00e3Kese3HBaHHA
HNOA3EMHBIX BOJ B MJAacTe B COOTBETCTBMH co cxemoM puc. 21.2,a.
YcnoBus, IpH KOTOPBIX BBIUIOJAHSJIHCH ONBITH 10 NPOGHOMY obe3xele-
3WBAHMIO, NPHBeAeHH B Tabma. 21.1.

Ha cxkpaxxunax Ne 5, 6 u 7, rae pacxojibl oOTKaukd Qo OBLIH HOCTA-
To4YHO 60.bUIMMH, NPOBEXEHO MO ABA ONBITHBIX I[HKJA2; MOJyYeHHBIE
1IpU 9TOM RAaHHBE HO H3MEHEHHIO CONEPXKAHHS KHCJIOPOAA B OTKAUH-
BaeMo# BOfe cBelleHH B Tabh. 21.2, a BmXoanHe KpHBHE 1o Fe* mo-
Kasanel Ha puc. 21.9. Ha ckpaxure Ne 9 onbT npoBOogmiIcsa ¢ MaabM
PECXOAOM OTKAYKH M ObiJi BHIIOJHEH JIHIIb OJHH TIOJHBIH LLHKJ.

Tabanua 21.1. YcnoBHs NpOBeNeHHS ONBITOB M Pe3YJAbTHPYIOUIHE 3HAYCHHS
napaMerpoB npouecca

as
0% Q, ‘. W, Qo, C02 Cpl+* = . -10%
§ gi LIMKABL MYu g u® M‘?/q HI?IJI (Mr-:i.:)“‘l Mrjat O‘:_l
5 1 18 20 260 75 12,8 0,147 2,83 5,26
2 16,6 | 22,5 |373,5 75 11,9 0,147 2,83 5,18
* o0 = 0,147 a*o, — 0,00522
6 1 17,6 | 23,5 | 413,6] 78 10,8 0,396 1,37 2,41
2 20,8 | 34 707,2| 78 6 0,405 1,11 2,45
G*Fe2+ = 0,400 (2*02 = 0,00243
7 1 21,75] 24 522 85 12,5 0,402 0,95 1,33
2 21,95| 38 834,1} 85 8,9 0,494 1,06 1,36
o* 0y =0,403 a*o, = 0,00135
9 l 1 ] 14,68’ 23,5 | 345 I 30 l 11,4 0,359 2,35 3,43

* Cpesnne 3HaYeHHs napaMerpos.
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Puc. 21.9. BuixoaHul¢ KpuBbie
1 — 1-% ungm; 2 — 2-f gukA; 3 — pacueTHsie KpHBHE
Ta6auna 21.2. Jlaunnle no M3MEHEHHIO KOHUEHTPALHH KHCAOPOAQ, Mr/d,
B OTKAuUHMBacMON BOJE HA MEpBOM IHKAe paboTHl YCTAHOBOK

- —— - -

HoMep CKBamKHHB

t, 1
5 : 6 7
0 12,8 10,8 12,5
0,5 101 - _
1 8.6 7.8 11,3
1,5 7.3 — 10.8
2 5.3 5,8 10,2
2,5 4,7 4,8 -
3 3.2 4,2 —
3,5 3,0 - 8.8
4 2.6 2,8 =
4,5 — 2,6 —
5 — — 7,6
55 0,9 - =
6 i - 6,6
Po./to* 0,41 0,32 0,1
% 7,2 5,6 3,1

O6paboTka BHIXOAHBIX KPHBBIX MO Fe?+ BpiioJIHANACh B COOTBETCT-
BUH ¢ peKkoMeHAanusiMu (cM. c. 230).

Ha ckBaxune Ne 5 06a ONBITHBIX LMK/ BHIIOJHSJIMCH B OJHHAKO-
BBIX YC/IOBHSIX (T. €. NpH OAHHX H TeX XKe o6vemax W, aspHpoBaHHOH
BOAB H HEH3MEHHOHA KOHIEHTPAIHH KHCJIOpoAa); Ha ckBaxkuHax Ne 6
¥ 7 ycloBHs pasiHuyanuch (Ha BTOPOM LHKJE o6beM 3aKauku ObLI
npuMepHo B 1,6—1,7 pasa Goabliie, uem Ha NEPBOM, 4 KOHIIEHTP AL KA
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KHCJIOPOZKA, HA060pPOT, HeCcKOJbKO 3aHumxena). M3 rtaba. 21.1 BuaHo,
9T0 HafileHHble MO ABYM ONBITAM A5 KaXAOH CKBAXKHHB 3HAYEHHS
napaMerpoB G+ H @0,/My OKa3a/iuCh NPHMEPHO PaBHBIMH. ITO B

NepBYI0 OuUepellb CBHAETEJbCTBYST O TOM, YTO BOJOBMelaloliue Nopo-
JIbl TIPEJICTaBJEHBl AOCTATOYHO OJHOPOAHLBIMH NECKaMH H N03TOMY yBe-
JUYEHHe pajAuyca 30HHI «3aPAAKH» NJacTa 3JeCh NPaKTHYECKH HE CKa-
3bIBACTCA HA 3HAYEHHSX Op,o4 H @0,/flo; C APYroi CTOPOHBI, H3 COMO-
CTaBJIEHHs IKCICPHMEHTAJNbHBIX M PACUETHHX BHXOAHBIX KPHBHIX (CM.
puc. 21.9) cnmepyert, uTo NpejpJaraeMas MarTeMaTHueckasi Mojaejb JO-
CTaTOYHO XOPOHIIO OTPa’kaeT BJUSHHE HA NPOUECC BXOAHBIX Napamer-
POB, TaKuX, KaK Qs, t5, Qo, Coy» Cpo2+-

OcTaHOBHMCS Temepb HA BONPOCE O COOTHOUIEHHH MeXAy OOGIIHM
KOJIHYECTBOM KHCJIOpOHA, aACcOPOHpPOBAHHOIO Ha MOPOAAX MHJiacra, H
TeM, KOTopoe INOLLIO HenoCPEeACTBEHHO Ha OKHCJEHHE XKesesa.

B onmrtax Ha Bojo3abope «I'ayf-I» OTKauka NpPOU3BOAUIACH IPAK-
THYECKH A0 MNOJHOTO BOCCTAHOBJEHHs HCXOAHOro Kauecrsa Bojsl. Ilo-
5TOMY KOJHUYECTBO JKeje3a, OCaXKJIEHHOe B I1acTe 3a OfMH IMKJ
paboThl YCTAHOBKH, MOXeT GBITh paccyuTano mo dopmyJe

o0

PFQ(OH)gz Q()S (CFeU?"f' _ CFe7+)dt‘

i,

IMoncrasasa (21.37) npu Ty, onpemeaseMom coraacHo (21.41),
noayyumM Preom), = QslsE/B; MpH 5TOM KOJHYECTBO KHCJIOPOAA, 3aTpa-
YeHHOE HA OKMCJCHHe XKejle3a, COCTaBJfieT Po,* ==BPreom),== Qslsk.
EcrecTsenHo, uto npu pacuere Ppeon), H COOTBETCTBEHHO Po,*, mapa-
MeTp E ROJIKeH OnpeiessiTbCs Ha OCHOBe OGPaGOTKHM BHIXOAHHX KPH-
Boix no Fert (mostoMy smech E==E, 2, M 3HaueHHs Epe2+ Caenyer
NpUHMMAaTh mo taba. 21.1),

OObuiec KosHYECTBO KHCIOPOAA, OCAXKACHHOE B IIACTe, TAKXKE pac-
CYUTHIBACTCS N0 opMyne Po, ==Qsf:E, HO npu 3TOM § npHUHHAMaeTCs
paBHBIM Eo,, @ NOCTeNHANR onpeAesnsieTcss Ha OCHOBe 06PaBOTKH BHIXOJ-
HHIX KpuBbiX 10 O, (raba. 21.2) ¢ HCHOIb30BAHHEM 3aBHCHMOCTH
(21.19). 3nauenns @o,/t*o, , CHATbHIE C JHHEAPH3OBAHHHX Ipa(UKOB
In(Co,,/Co, —f) u paccunranubie no dopmyne (21.21) E=to,, npn-
BeJeHHs B Taba. 21.2.

Kak BHAHO, 3HaveHHs Eo, (Tabn. 21.2) npumepHo B 2—4 pasa
NPEBBIAIT §pot (Taba. 21.1) H cOOTBeTCTBEHHO B NaHHOM CiIyuae
Preony, = (0,25—0,5) P*o,. D10 CBHAETENLCTBYET O TOM, UTO AAJEKO
He BeCb OCAXKAEHHBIA B NJacTe KHCJIOPOX MPHHHMAET y4acTHE B OKHC-
JICHHH JKeJle3a; YacTh €ro pacXoiyeTcst Ha Jpyrue NoGOYHbE PeaKIIUH.

Kypmanxeeackuii sodozabop (2. Jlasaexarnoso, BawACCP) paa-
MelllaeTcq Ha TMEPBOH HaaNOiMeHHOH Teppace seBoro Gepera p. demnl
(Mexay pexoli u crapuunsiM o3epom SInprik). ITox3eMuble BOAHI npu-
YpoueHs! K aJIOBHAJbHBIM NECYaHO-TPABUHHO-TANEUHBIM OTJOXKEHHIM
4eTBEPTHYHOrO BO3pacTa. MoOIHOCTb OGBOAHEHHOH TOJHIH OTJIOXeHHH
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B Npegenax BoAo3abopa koaebiaercst or 4 pmo 12 M; kosddunmuent
¢uabTpawuu nopox k==70—80 M/cyT. B ocHOBaHHM mJacTa HaXoAAT-
Csl CHJIbHO 3arulCOBaHHbie TJMHH Y(PHMCKOTO fipyca; CBEpXy OH Iepe-
KPHIT TOHKO- H MEJKO3ePHHCTRIMH NeCcKaMd ¢ NPOCNOAMH H JHH3aMH
H3 [JIHH H CYIJIHHKOB.

[To xumuyeckoMy COCTaBY NOJ3EMHEE BOABI OTHOCATCH K CyJb(hart-
HO-THAPOK2pOGOHATHO-KaJAbLHEBOMY THHY H HMeEIOT MHHEepaJH3alHio
nopsinka 1—1,5 r/a. O6mas xecTkocTh Boabt koJgebiercs ot 10 no
15 wmr-sks/a. TloMumMo 3TOro oTMeuaercs Take H BHICOKOE cOfepxKa-
HHe B Boje Xene3da (mo 1—2 mram) u  cepoBojoponsa (or 0,3 no
1 mr/a).

PexuM moj3eMHHIX BOZ TecHO cBsi3aH ¢ pexuMmom p. Jema. Ilpu
3TOM HEIOCTOSIHHBIM B TEUEHHE rojla SIBJSeTCA W XHUMHUeCKHH cocTaB
BOJbI.

Ha Bonoszabope pabGoraer 9 ckBaxkuH, ofecneyuBaroliux Iogauy
BOAK B KoJauyecTBe Qs=2,5—3 THC. M3/CYT; IIpH 3TOM CKBaXKHHBI
Ne 1, 3, 4, 10 u 13 skcnnyardpyrotest npu @~ 14—16 M%14, a ocra’b-
abe npd QAs7—8 M3/u. PacmosoxeHne CKBaXHH JHHEHHOE; PacCTos-
nue Mexay Humu no 40—80 M. Ilpu 5TomM Bce oHM yCTpPOEHBI B HAChI-
nmAX BBICOTOH 2,5—3 M, NpeXOTBpAlIAILUX HX 3aTONJCHHE B NEPHOL
naBojKa.

OnuTe 0o obe3kelde3UBaHHIO MOJ3EMHBIX BOA B HJacTe 3[eCh
NpOBOAMJHMCh Ha ckBaxxHHax Ne 3 u 4. Kpusasi, naaocTpupyiomas
KHHETHKY oKuCJeHus menesa (II) B cBoBoaHom ob6beme, noka3aHa
Ha puc. 21.10. dror onbiT NpOBOJHIACH Ha ckBaxuHe Ne3 mpu moAfep-
AHHE DOCTOSSHHON TeMmepaTyphl BOJbl; KOHIEHTPAUHs PacTBOPEHHOTO
B BOjJe KHCJopoja cocTaBisia 7—8 wmr/a. Kak Buawo (puc. 21.5),
JOGHTBCS MOJHOTO okHCJeHHs XKenesza (II) B Takux ycnoBHsX He yAa-
eTcst; yepes 6 u KoHIeHTpauHus Kesnesa (II) cumsmiach (na 50—60 %)
no 0,5 Mr/a, a B AaJbHeHIIeM YxKe NPaKTHUECKH He H3MeHHJIACh.

C uesbio olieHKH 3 exTa Karajusa NpH o0e3Xkeae3UBAHHH BOLLI
B mnacTe Ha ckpaxk#aue Ne 3 OO HEepPBOHAHAJBHO BHINIOJHEHO TPH
npobHHX HHKJIa. Bo BCex cayyasix 3akauka B IJIACT a3PHPOBAHHOI
BOJbI MPOBOAHMJIACH C pacxoloM Q,=10 m%u B Teuenue f,==6 u mpn
C% =10 Mr/a; pacXoi OTKauyku coctaBaan Q=16 m*/u. TlomyueH-

HBle MpPH 3TOM Pe3yJbTaThl MpHBEAeHH Ha puc. 21.11.

M3 mero BHAHO, YTO yXKe Ha NEePBOM LHKJE OTKAYKH K MOMEHTY
or6opa M3 CKBaXKHHBI Bcell MOAaHHON B MJacT BOJABI KOHIEHTpallus
xkenesa (I1) cuusuaace o 0,3 Mr/a. DTo CBHAETENLCTBYET O TOM, UTO
ckopocTh OkHcJenus xkeneda (II) B nuacte Bhilile, ueM B CBOGOAHOM
o6beme. C Apyrofi CTOPOHBI, 3JeCh SBHO MpocjexkuBaercs 3dhekT Ka-
Tanu3a; Mo Mepe MOBTOPEHHs IHKJIOB «3aKAUKa-0TKAauKa» MOBBIIAETCS
peakinHoHHas crnocoGHocTh maacta. [Ipu sTOM, ecau comocTaBHTb BbL-
xonuble kpuBbie puc. 21.11 ¢ 3TaNOHHBIMH, TO CTAHOBHTCA OYECBHAHMBIM,
4TO0 B NepByi0 oYepeAb >(PPEKTHBHOCTH OYHCTKH BO3PACTeT 32 CUET
MOBHIIIEHHs HOPMBI afAcopbuum xucaopoda (yBeanuuBaercss Xo).

st oleHKH mapaMeTpoB nponecca obe3kene3uBaHust BOAH B MJa-
CTe oMHTH MPOBOLH/NCH Ha ckBaxuue Ne 3 u npu W;==220 M3 (Qs=

236
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Puc. 21.12. Bwixoauas KpHRas 3 ) Xyl
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L (L)

=10 M3/u, {,==22 u). Pacxon oTkauku cocTaBasi Qo==16 m%4. Pe-
SYJBTHPYIOLME BLIXOJAHBIE KDPHBBIE IO Kesedy, a Takke BCloMora-
TeJbHHE rpaduku AJA pacuera IMapaMeTpoB [pouecca MPeACcTaB/IeHBl
ua puc. 21.12. Ha ocHoBe 06paboTKu ONMBITHBIX AAHHBIX yCTAHOBJIEHBI
crenyiollne  3HaueHHA KO3 UIHEHTOB:  Op2+ ==0,5(mr-u/n)-4,
ag, /1y=0,0049 g1

Bodozabope. 2. Bpecra (BCCP) 6a3upyioTcs Ha HCNOJIb30BaHHH
NOA3EMHBIX BOJ, MPHYPOYCHHBIX K CEHOMAHCKHM OTJIOXKEHUAM BepXHe-
ro Meja, npeICTaBJCHHBIM MEIKO3ePHHCTHIMH IM1aYKOHHTOBHIMH NECKa-
MH. MouHocTs Bo/oHOCHOTO T1acta xosebiercs oT 30 ao 50 m; Ko3d-
¢uunent Bomonposopumocta kM =200 m2/cyr. IloxcrunaioTest ceHo-
MaHCKHe NeCKH OKCHOPACKHMH clIaGOTPeUIHHOBATHIMH H3BECTHAKAMH.
KpoBist miacTa mpeacTaBJieHa MepresibHO-MEJOBOH TOJUed, a TaKkKe
YeTBEPTHUHBIMHK M 114/1€OT€H-HEOTeHOBBIMH OTJIOXKEHHSMH H3 pa3HO3€ep-
HHCTBHIX MECKOB M MODEHHBIX Cymneced H CyrJIHHKOB.

B XxuMH4eCKOM OTHOLIEHHMH BOABI CEHOMAHCKOTO TOpH30HTa KJjac-
cHOUUMPYIOTCA KaK TMAPOKapGoHaTHO-KablueBbie. OnH HMEIOT MHHe-
panusaumio nopsaka 0,4 r/a, wWenogHocTh 2,5—3 Mr-3KB/H, 1=8C
H 10 BCeM NMOKA3aTeNAM, 3@ HCKJIOUEHHeM BBHICOKOTO COAEpIKaHHA ¥Ke-
nesa (o 2—3 Mr/a), coorsercteyioT TpeGosamusm I'OCT 2874—82.
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Puc. 21.13. Buixoaubie xpHBHe npwu MHOTOKDATHOR  uMiaHuecKoll  akcnayaTanmm
YCTaHOBKH oGeaxenesnBanus (Bonosabop «Iapx CeoGonwi», cke, Mo 8)

[loseBble 3KCHEpHMEHTH TMPOBOXHAM Ha Bojo3abope «Ilapk Cpo-
Oonbl> Ha ckBaxkKHHe Ne 8, 06yCTPOSHHOH TO cXeMe puc. 22.2, a. 3xech
BBILIOTHEHO LIECTb ONBITHBIX IHHK/JOB INIPH NPOMBILIICHHBIX 06beMax
3aKAYKK B NJIACT a3pHUPOBAHHOH BOAbL. 3aKaUKy NPOBOAHIM C IOCTO-
SIHHBIM PACXOZOM Q5==45 M%/4, B Teuenne 1 cyT (T. e. f,==24 4), TaK
yro W,==1000 M3; pacxom oTKauKu cOCTABISLI Qo==45 M3/u.

Meronuka paboTsl cocTosi1a B caeayomem. Ha IIePBOM, TPEThEM,
UCTBEPTOM M IICCTOM UHKJIAX PabOTH YCTAHOBKH BOAAa OTGHpasnach M3
CKBaXKHHBI B TEUEHHE OTPE3Ka BPEMeHH, HeOOXOAHMOr0 HA BOCCTAHOB-
nenHe Fe?t 1o HCXORHOrO ero conepXaHus B MIaCTOBOH BOAE; Ha BTO-
POM H TIATOM HHUKJAX OTKAaYyKy Nperpamialie, koraa Fe* cocTasasio
0,5 mr/a. Tlpu ToM B NepBHIX Tpex LHKIAX KOHUEHTPANHA KHCJIOPOAA
B 32KaYMBAEMOH BOJe TNOXIALPHKHUBANACh NOCTOSHHOH H paBHoH
6—7 Mr/n, a Ha noc/exyIOUIHX TpeX NMK.AaX OHAa cocTaBasda 10—
12 mr/a.

Pesysbratel onHTOB IpefcTaBiens Ha puc. 21.13. O6pa6oTka BbI-
XOAHEIX KPHBBHIX NPOBOAMIACH TIO ONHCAHHON BHIE MeTofuke. Mcko-
MBI€ 3HAYCHHA NapaMeTpoB Ipouecca NpuBeAeHn B Taba. 21.3. Us
BBIXOAHBIX KPUBbIX pHc. 21.13 BHAHO, uTO mpexkpallleHHe OTKAYKH Ha
BTOPOM H MSTOM HHKJAAaX PAGOTh YCTAHOBKH NPH HH3KOM COAEDIKAHUH
xejesa (0,5 mr/n mpoTuB mcxoaHoro 2,6 mr/a) He OKa3HBa.Io npax-
THYECKH HUKAKOTO BJIHSIHHA Ha AanbHeHWIHH XOx mponecca, NIO3TOMY
BHAYEHHS Op,04 M §, HaliieHHbI JJISI NEPBOTO, TPETLETO M COOTBETCT-
BEHHO HeTBEPTOro H WeCTQro HHKJIOB, 0OKa3aJHCh PaBHBIMH. C npyroifl
CTOPOHBL, o0pallaer HA ceGs BHHMaHHe TOT (haKT, UTO pacueTHele 3HA-
YeHHs £ UETKO PEarHpyloT Ha H3MEHEHHsl KOHIEHTPANMH KHCIOPOAA
B IHTATEJbHOH BOJE: IPH YBeIHYEHHH Co,, B nBa pasa (c 6 mr/1 Ha
IepBHIX HHKIAaX A0 12 Mr/a Ha mocjeAylowux Tpex UHKJIax), TaKKe
yseauuuBaioTcs siasoe (cM, Taba. 21.3).
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Tab6auua 21.3. PacueTHble 3HAUEHUA NAPAMETPOB Npouecca
(cxBaxuna Ne 8 somosaGopa «Iapk CroGonwi»)

Howmep uuxna CO%‘ wr/x Opo2+s (Mroufn) - E, wr/x
1 6,1 0,046 3,1
3 5.9 0’048 301
5. 2s = 0,047 =305
4 11,5 0,036 6,22
6 12,8 0,028 _ 6,18
504 = 0,032 =62

BodosaGopel HQ WBEHTOUCKO-TAPTYCKOM B0COHOCHOM KOMRAEKCE
(J1arBCCP). Komnierc mpefcraBjied KOHTHHEHTAJAbHHIMH H NpHOpexX-
HO-MODCKHMH OTJIOXEHHSIMH, COCTOSIIUHMH H3 YepeAYIOUIHXCH CcJ0eB
NecyaHbiX, aJ€BPUTOBBIX H IVIMHHCTHIX NOPO/, H COJEPXHT B OCHOBHOM
npecHble BoAb (¢ muHepaausanuedt 0,3—0,9 r/x). Ot 3anerawouero
HHXKe JIOHAPOBCKOrO TOPH30HTA (BOABI KOTOPOTO OTHOCSITCS K XJIODHA-
HO-CyNb()aTHO-KaJbLHEBO-HATPHEBOMY THNY M HMEIOT NOBHIIEHHYIO
MUHEPAJIH3aIHI0) OH OTAENeH MouHOH Tomme# no 100—130 M Hapos-
CKHX OTJIOXCHHI, a OT 3ajeraiolliero BHIIIE CapraeBCKOro TOPH30HTA
(comepixaiiero MHHEpaH30BaHHBIE CYJb(aTHO-KAAbIHEBBIE BOAB) —
MAYKOH TJIHH H IJIHHHCTHIX Mepreje.

Ha oTmenbHblx yyacTKax pacHpoCTPaHEHHs IIBEHTOHCKO-TApTy-
CKOTr0 KOMIJICKCa BHIASAAIOTCA [iBa BOJOHOCHBIX FOPH3OHTA: LIBEHTOMH-
cxuit (3ajeramoliuii Bolllle) U TapTYCKHH, pasgejeHHBie MEXAY coboil
CJIOUCTOH BOAOYNIOPHOH MAYKOH IVIHH M IVIHHHCTBIX aJIeBPOJHTOB o6uIe#H
MoumHocThIo oT 10 mo 60 M.

B cocraBe IIBEHTOMCKOTO TOPH30HTa BHIAGJSIOTCA aMaTCKHe (3a-
Jieraionye BhIIe) H rayBcKHe BOJLOHOCHBIE CJIOH, pasjHYalomHecsd IO
3€PHOBOMY COCTaBy Caaramilinux HX IIeCYaHHKOB H IIeCKOB. Amarckue
CJIOM CJIOMKEHbI NPEeHMYILECTBEHHO TOHKO3EPHUCTBIMH C/aBOCHeMeHTH-
POBAHHBIMH MECYAHHUKAMH H COJEPHKAT 3HAYHTETbHOE KOJHYECTBO TJIHH
u anesposuros (mo 35%); rayiicke CJIOHM IpEACTaBIEHB MEJKO- H
CpeJHe3epHUCTHMH NeCYaHHKaMHu B COAepXaT MeEHblliee KOJHUECTBO
run (o 15 %). O6mwas MOIHOCTh HIBEHTOHCKOrO ropH30HTA AOCTH-
raer 170 M. Boabl, npHypoOueHHBle K STHM OTJIOXKEHHSM, NMpPEcHbE U
raBHbIM 00pasoM rUgpokapOOHATHO-KA/IbIIHEBO-MATHHEBbIE H JHILUD
TaM, rje MNpOCJeKHUBACTCH THAPABJAHUECKasaA CBA3b IIBEHTOHCKOro #
€apraeBCKOro ropH30HTOB, OTMeYaeTCsl MOBBILIEHHE MHHEPaJH3allMH H
CMEHa XHMHYECKOTo COCTaBa BOJb (OHA CTAHOBUTCS CyJb(aTHO-KAJb-
nueBOH HJH CYJAb(aTHO-KaJbIHEBO-MaTHHEBOH).

Hcecnenosanua 1o oGe3xene3UBaHHIO [OA3EMHBIX BOJ B Iiacre
BHINOJIHSIJINCh Ha TpeX JAelCTBYIOMMX CHCTEMaX BOAOCHADXEHHS: 3TO
Bonosabop r. Llecuca, Bonosabop nocenka Canacnuiac (PuXckuit pait-
oH) ® Bojo3a6op r. IOpmans.
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Puc. 21.15. Boixonusie Kpusnie

Bodosabop e. Lecuca (J1atBCCP) pacnosioxken Ha noanofiMeHHOMN
Teppace JieBoro 6epera p. [aya. On npeacraB/ien CKBaXKMHAMH, KOTO-
PBle paspenbHO 3IKCNJAYATHPYIOT ABA BOAOHOCHBIX T'OPH30HTA: LIBEH-
TOACKMA (rayfckue c/oM) W NMOA3eMHBIe BOABI, MNPHYPOUCHHbIE K He-
PACY/ICHEHHBIM AJIIOBHANbHBIM OTJOXeHHAM p. [ays.

HcenenoBanus no ob6eszxesesupanuio IPOBOAHIHCH Ha CKBAXWHAX,
KanTUPYIOUAX BOABI rayACKUX oTioxkeHuil. B pafione Bogozabopa stor
FOPH30HT 3aseraeT Ha rayOune 100—140 M © uMeeT MOmHOCTL MoO-
psanka 30—40 M. CeepXy u CHH3y OH OTPAHHYeH CJOAMH C126ONPOHH-
HaeMBbIX IVIHH H TVIHHHCTBIX aJeBpoarToB. [ToaseMuble BoAb rayiickus
OTJIOXKeHHH HanopHeie. Ilpn aToM B cHiy Toro, uTo caMa mJomlafKa
BON03a60Opa HAXOAHTCA HA TIOHHKEHHBIX OTMETKAX (M HHXe TOPOACKOI
TePPUTOPHH npuMepHo Ha 80—90 M), CKBAXHHBI CAMOH3JINBAOLIHECS:
Hamop Ha yCTbe CKBAXKHH NPH HX OCTAHOBKe cocrtasisier 10—I15 M.

IMonsemHble BOABI MpeCHble THAPOKAPGOHATHO-KAJbLHEBHE C MUHE-
pamusaunmedi  0,3—0,5 mr/n. OHu XxapakTepusylTCs CAGLYOLIHMH
NOKAa3aTeNisIMH:  mejJ04YHocTh  6,6—6,7 Mr-sxkB/a,  OKHCJASEMOCTH
6—8 mr/a Oy, pH~7,2—7,4, En~80—130 mB. B yc/0Busix paBHOBe-
CHS B CHCTeMe rayicKHe TeppHI€HHHIE OTIOXKEHHS — MOA3eMHble BOABI
npociexuBaerca cBasb (puc. 21.14) mexay Eh u comepxkanuem xe-
ne3d. B nesom ke ANA MOA3EMHBIX BOJ XapaKTEPHO HAJHUHE JKese3a
(IT) B xoauyectse ot 1 go 3 Mr/a.
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OnwiTel Mo 00e3Xese3UBaHHIO BOAH B NJacTe Ha ckBaxuue Ne 8
npeacraBiens Ha puc. 21.15. YcnoBus, npu KOTOPHIX OHH BHIIOJHSI-
JIHCh, a TaKxKe RaHHBle JPYyrHX ONMHTOB IpeAcTaBieHb B Taba. 21.4,
Jlanuble CBHACTENBCTBYIOT O TOM, UTO NPH CO3AAHHH B TePPHIreHHBIX
OT/IOKEHHAX HIBEHTOHCKOro KOMIIIeKCa HCKYCCTBEHHBIX TIeOXHMHUE-
cKHX GapbepoB NPOUCXOAMT JOCTATOYHO 3(PPEKTHBHAH OUYHCTKA BOMHI
B ILJIACTE.

Ilpu nmocrpoeHuu MozZesH, ONHCHIBAOILIeH INpolecC OUYHCTKH BOJHI
B ILJacTe, NpeAmoJaraioch, YTo MoXeT ObTb OKHCJEHO Bce 3KeJieso.
Eciu Xe yuecThb OTMeueHHOe Bbillle OGCTOATENbCTBO, TO BhHIPaXKeHHE
AJS CKOPOCTH peaklud cAelyeT 3amlucaTs B BHAe 6po+ (Cpo+ —

—C*,24)Co,, Tae C*; 2, — KOHUEHTPAUHUS TPYIAHOOKHCISEMBIX  CO-
elMHeHH# Xeae3a. [1pu aTom

- . e~ CAT]
Crat/Crepr == Ca+ (1 —C4) S — O T texp (X = 1] (21.46)

rie Ca==C¥p+[Cropt-

Buixonusle kpusble Cpoy /Cp.2+, paccunTanuwie N0  Qopmysae

(22.45) npu Xo==3, ans pas3nuuHbIX 3HaueHHH C, NpelCTaBJEHB Ha
puc. 21.16.

TaGauuna 21.4. 3navenns napaMeTpoOB NpH NPOBEAEHHH ONKTOB

- a Hexonnoe 0 ; Q c
Mep cKBa- comepxKa- , , . ,
Omgnu Howmep unkna Hugt?:%geaa, Ma;)q T M‘;q Mg;“
8 i 1,4 8,5 120 30 —
2 1,3 8,5 120 B! —
9 1 1 2,2 47,5 30 —
10 1 2,4 6,4 93,5 30 2
12 1 2,6 10 90 30 14,6
2 1,6 242 163 30
13 1 1 10 80 30 —
2 1 19 186 30 43
14 1 1 10,4 98 3 —
2 1 10,4 98 30 —

O6paboTKa ONBITHLIX JAAHHBIX BHIIOJHAJAACH MO 3aBHCHMOCTH
{21.46). Ilonyuennsie npu 3TOM BCHOMOraTejabHble rpadHKu NOKa3aHH
Ha puc. 21.17, a pacyeTHble 3HaueHHS [apamMeTpOB CBelleHH B
raba. 21.5.

Bodocnabocenue 2. KOpmarsl NOAHOCTHI OCHOBAHO HA HCIMOJB30-
BaHWHM MOA3EMHHX BOJ WIBeHTOHCKOro ropu3oHTa. 34ech HAeHCTBYIOT
HeHTpann30BaHHble BOL03abophl; MOMHUMO 3TOro, B dKCMJAyaTallud Ha-
XOAATCH ellle 7 CKBaXKHH, pasMel[eHHBIX HA TePPUTOPHH ropoja, Bola
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Tabauuna 21.5. PacueTHnie 3HAYEHHA MapaMeTpoB
Hoy C* o2+ A, Op 24 @ Ina,
ngg?"“e"%"‘ nf:?}n+ a Mr-3/x (Mrf;/:x;-—: & wrjn l 21-1
10 0,1 3 200 0,015 10,2 0,0075
12 0,3 1,75 112 0,015 4,3 0,0060
13 0,3 2,4 156 0,015 1,4 0,0030

M3 KOTOPBIX HOMAETCS HENOCPeACTBEHHO B BOJOUPOBOAHYIO ceThb. [y-
6una ckpaxkuH 160 M, npoussonutenbHocTs 0T 30 x0 60 M3/u.

HeccnepoBannst nmpoBofwiuch Ha ckBaxKuHe Ne 2, xantupyomei
MOJ3EMHYI0 BOAY C KOHIeHTpallHe# xejaesa Cp .o =1,5 mr/n. Buinoa-
HEHO TPH ONBITHHX lLHMKaa. Ha Bcex HHK/IaxX 3aKayka apPHPOBAHHOH
Boxnt B naact (npu Co, ==9—I11 Mr/a) mnpoBoiHnack ¢ PacxonoMm
Q;=10 M3/u u npomonkKajach B TeueHHe f,==240 u; or6upanach Boja
H3 CKBAXKHHBI ¢ pacxoioM Qo=40 mM%/u.

ITepBuifi ONBITHBIA UMK NPOBOAHJCH IO TpajHLHOHHOH cxeme
«3aKauka — OTKauka». Buxopusie xpusnie Co, (f) n Cp 2, (f) npusene-
Hel Ha puc. 21.18. TIpu o6paboTKe HX MOJYUYEHB! CJIeAYIOLIHE 3HAUEHHS
napaMeTpoB: 024 =0,03 (Mr-u/m)~! u ao, /7e==0,003 u—!; snavenne
a0, /Ny, HalileHHOe 1O BbIXOZHOH KpHBO# Co, (1), cocrasuno 0,05 u—t,

C Henapio oTpaboTKu TEXHOJOTHH OOe3Xese3HBaHHS, NpeJOTBPa-
Hiaoulell mocTymieHde (B HavyaJbHBIA NEPHOJ OTKAYKH) KHCJIOPOACO-
HEepXKaUuX BOI B CHCTEMY BOJOCHAOXKeHHS, MOCJEAYIOUIHe ABa ONHIT-
HbIX I[HKJa HPOBORMJIHCH MO CXeMe «3aKauKa — Co3JaHHe OTOPOYKH —
OTKauKay.
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Cp,2* mr/n

C,,2 , Mrin
- 10)
Q, =10 Mm%
12 8 &« 2404
1~ 6 Caz o=10m'//r

go =40m>y

g6+ 2
a4r
. 0
n2®
oo
L &0 e =1 S S -__J
10 20 30 40 50  Eeym
Puc. 21.18. Buixonnbie kpusnie C (1) M CFe2+(t)
Coza-m’:/‘{"’—"wr‘ e
[_
6k Logmax =5,% 117/ (PACHETHAR) _
5
4 » 2-A UMKN
3 fgma, =24 Mr/Al PACCHETHAR
2 -
1k
) I

2 4 & 8 0 t,4
Puc. 21.19. BoixoaHble KpHBbie COQ(t)

CHHXKeHHe KOHUEHTPauHH KHCJOpOAa B a3pHPOBaHHOM BoOJe NpH
KOHTaKTe ee ¢ NOPOJaMM NJacTa ONHUCHIBaeTcsl YpaBHEHHEM

a
Co.(t] — C». exp <——°¥.)_ (21.47)
! Mo

Ecau #3* — BpeMsi co3JaHHsi OTOPOUKH, TO BpeMs, 3a KOTOpOE NpH
oTKauKe ee 3aAuuil GPOHT NoAOHAET K CKBaxXuHe, pPaBHO: 1*==13*Qa/Qo;
NpH 3TOM NOJHOE BPeMsi KOHTaKTa 3afHero ¢ppoHTa OTOPOUKH ¢ MOPO-
1aMu IJacra cocTaBHT [Ih=1*+1*=15*(1 — Qs/Qo). Ilpunumas B
(21.47) t=t,, MOXHO PacCUHTaTh MaKCHMaJbHyl0 KOHUeHTpauHiO Og,
Koropasi 6yaer Hab/0AaTbcsd B MePHOA OTKaUKH.
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Bropoit ONBITHBIA LHKA NPOBOAMICH HPH f*=10 1 B pacuere Ha
nonyuetne Co, max X D,4 Mr/n; Ha TpeTbeM LHKJIe BpeMs =23 4 u
npud 3TOoM OXHAanock 3aduxcHpoBath Co, max~2,4 Mr/in. Buixoxubie
kpussie Co, (f), HonyyeHHbie B 3TOH CepHH ONHTOB, INpHBEJEHH Ha
puc. 21.19.

Ilpu co3zauuu B maacte OTOPOYKH Hab/amopaercsa AOCTaTOYHO 3¢-
GbeKTHBHOE CHHXKEHHe KOHIEHTPallHH KHCJAopoAa B oTbHpaeMoOH Bone
H, C/IeJOBATENbHO, TaKoll TEeXHONOTHUECKHH ITpHEM MoxeT OBITb peKo-
MEHAOBaH X WIHPOKOMYy BHeApewHio. [lpm aToM obpamaer Ha cebs
BHHMaHHe TOT (aKT, YTO YCTAHOBJEHHBblE B ONBITAX MAKCHMAJBHLE
KOHIGHTPALHH OKa3piBalOTCA 3HAYHTENbHO HHXKe pacueTHHX Co, mas.
O6bsicHeHde 3TOMY, NMO-BHAHMOMY, CJAeAyeT HCKAaTh B IpPOSBJCHHH
a¢derra AHCNEPCHH; 32 cYeT AHCHEPCHH MPOHUCXOAHT AONOJHHTENbHOE
yMeubllleHHe KOHIeHTpauuu Fe*t B Boze.

21.5. TexHoa0oruueckue pacyeTbl CHCTEM BOJOCHAGKEHHS
€ YCTaHOBKaMH 00e3Keje3HBaHKA HUKIUYECKOTO THNIA

Oupeneneiue MPOAOJKHTEALHOCTH 3AUHUTHOrO JEHCTBHS 30HB
«3apsaaKku» naacrta. Mz xauecTBeHHOro aHajH3a peuleHHH clenyert, 4To
npu mo6om. Hanepex 3afanHom sHauenuH Cp/Cp 2+<1 (rxe Cy— He-
KOoTopasi 3a¢HKCHPOBAHHAsS KOHIEHTPAIHS KeJle3a B 30HE «3apsiiKH»
miacra) CYHiecTBYeT BNOJIHE OJHO3HAUHAs 3aBHCHMOCTb Mexay 6e3-
pasMepubiMu mapaMerpamu X u T. Dra 3aBHCHMOCTb, OTpaxalollas
3aKOHOMEPHOCTh NPOABHIKEHHS (POHTA 3aJaHHOH KOHLUEHTPAUHH K
CKBaXKHHe, HMeeT BHA

C
T==In{exp(X)—~l}-ln(-—f—9ﬁwI>. (21.48)
€y

B nanbuefitieM Hac OydeT HHTEPecOBATh NpejesbHas CHTYAlHd,
Korfia ¢(poHT c 3anaHHOH KoHumeHTpanue#l Cy NMOAXOAHT K CKBAXKHHE
(1. e. mocTHraer ceuenusi r="rg). IIpu atom npumem Cp=0,3 Mmr/a, aro
coorsercrayer Tpe6oBanuio [OCT 2874—83 «Boma murbeBas». U3
3TOro YCJAOBHsSI Halfiem fy— BpeMs 3alIHTHOTO AeHCTBHS 30HH «3a-
PAAKHY M1acTa

1

to=to* +
BquQ’i‘CFeo‘z"}“

In{exp (Xp) —1} — B (21.49)

HAH B aBTOMOJe/bHON 06sacti (npu Xo>3 ¢ omWMOKOH, HE NPEBHIIAID-
me#t 1,5 %) smecro (21.49) moxeM 3amucath

fo==At,* —B, (21.50)
rae
In(Cpppq/Cr—1)

_¢ . B st =2 (9151
BCre2+ a"l:e?-i'CFe,?'i' %
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3aBucumocty (21.50) — amasor Xopouwio H3BECTHOrO YpaBHEHHS
H. A. llunoBa. U3 (21.50), (21.51) BmauHO, uTO BpeMs 3aHIHTHOTO
HeficTBHS 3aBHCHT OT Pa3MePOB 30HBI «3apsAKH» NJjacTta, pacxola
OTKAauKH, a TakXke OT NapaMeTPOB, XapaKTepH3YIOLHX Npouecc af-
copbuHn KHCIOPORA M Hpolecc OKHCJIeHHs Xesesa. IIpu 3ToMm ¢ po-
cToM ofbeMa 3aKaUKH B IJIACT adDHPOBAaHHOH BOXB H KOJHYECTBa
aficop6HPOBAHHOIO KHCJIOPOAA I, YBedHUHBaeTcsi, a C MNOBbILICHHEM
pacxoa OTKaukH CHHXaeTcs; NPH NPOYHX PaBHBIX YC/JIOBHAX BpeMs
3alIUTHOTO AeHCTBHA YMEHbUIAETCS C NOBHIIICHHEM COHEpIKAHHS Ke-
Je3a B NIOA3eMHOH BOJe.

3agauell TeXHOJOTHYECKHX pacyeTOB CHCTEM BoAOCHaOXKeHHs C yc-
TaHOBKaMH 00e3XKe/e3WBaHHs SIBISETCS HAXOXKJEHHe TaKHX BeJHUMH
Qs, 13 u Qo, p MO CKBaXHHaM, NPH KOTOpHIX oBecneuYmBaeTCsi Hemnpe-
pbiBHAsi Tofaya BOAB MOTpeGuTeno B 3afanHoM Qs (mnu Tpebyemom)
KOJIHYecTBe.

3pech caeayer OTMETHTDb, UTO AHANa30H WCKOMBIX BEeJHUHH SIBJSET-
cs orpaHundeHHbM. C OXHON CTODOHBI, 3TH OU'DaHHYEHHS 3aJOMKEHbI
HenocpeacTBeHHO B 3aBucuMOcTH (21.50), ¢ Apyroil — OHH BBITEKAIOT H3
TpeboBanuii, KOTOpble HeOOXOAHMO YUHTHIBATD NPH 3IKCIVIyaTallHH
BO03abOpHLIX W HarHeTaTebHHIX (NOTVIOUIAIOMIHX) CKBaXHH. JTO B
[HepBYy10 ouepelb BHINOJHEHHE YCJIOBHH

Q0< QO max» Q3< Qs max» (2152)

rie Qo max M Qs max — MAKCHMaJbHO RONYCTHMHE PacXofbl BOAH  COOTBETCTBEHHO
ﬂpl/l OTKadKe H 3aKadke.

B pdae cayuaeB B 3aBHCHMOCTH OT KOHKPETHBIX ycjosuil (B 4acrt-
HOCTH, OT THIA, CXeMbl H peXHMa 3KCHJIyaTallHH CHcTeMbl BOROCHAO-
JKeHHs1) MOTYT TMOSIBHTBCS M JPYrHe OrpaHHYeHHS.

PacyeTnl opuHOuHBIX ycTaHOBOK. Ilpocrefiiias cxema cHCTEMBI BO-
HocHabxenusi —3T0 OJHHOYHAs CKBaXHHA, MoJcoefnHeHHass K cOop-
Hoit emkocth (puc. 21.3,a). Tlpu mepeoGopynoBaHHH CKBaXKHHbBI IOL
yCcTaHOBKY ans o0e3xKesnesHBaHHS BOJAB B IjiacTe OoHa paforaer cie-
ayiomuM obpaszoM. B Teuenne BpeMeHnm f; BORa oTOHMpaercs 3 CKBa-
XKuHBL ¢ pacxoaoM Qu M mopaercss B cOOPHYIO eMKOCTh, OfIHOBPEMEHHO
C 3THM YacTb BOABI B KOJHYECTBe Qs HallpaBJafercss U3 €MKOCTH IO-
TpebuTento. 3aTeM CKBaXKHHAa OCTAaHABJAHBaeTCs H B Hee B TeUeHHE
BpeMeHH f; H3 €MKOCTH mojaércs BoAa c¢ pacxofoM Qs [Ilpm srom
nofada BoAwl norpeburtenio e mpekpamaerca. TakuM oBpasom, c6op-
Hasi eMKOCTb NpelHa3HaueHa A/ aKKyMYJsHH ofe3kKese3eHHOH BOMABI
B o0beMe, NOCTATOUHOM [ KOMIIEHCALlHH BOJONOTpeOJeHHS W AJA
«3apsilKH» BOAOHOCHOrO nJacra. CiefoBartenbHo,

W= 1y(Q— Q) W="1,(Q,+Qu), (21.53)

rae W — o6bem BOAH, HAKOWJEHHHA B EMKOCTH 3a BpeMs OTKaukd fp H cpaGoraH-
HHi 3a BpeMs fs.

31ech BO3MOXKHBI JBa CAydasi: a) NPOH3BOIHTENbHOCTb CHCTEMBI
poiocHabxenuss Qs 3aZlaHa W OZHOBPeMeHHO ¢ ompepeleHueM Q,, 13
H Qo fo noaxen 6bTh ycranosJaen pabounit o6bem Wy cG0pHOH eMKO-
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ctH; 6) 3aman o6beM W, Tpebyerca HallTH KoJHuecTBO obeaxkeseseH-
HOM BOABI, KOTOPOEe MOXET OHTb NOAAHO NOTPeBHTENIO, eC/iH YyCTaHOBKA
SKCIIYaTHPYeTCs] NPH MAKCHMaJbHO JONYCTHMBIX pacxofaxX Qomax
H U3 max.

a) Pacterot npu sadannoii npoussodutervrocTu ycranosku. He-
Kaouas ¢ noMmoubio cootHomenni (21.53) menuunun Qo m Q; H3
(21.50), sanumem

(WA —1) — BQ,lt, — Qsfs®  — BW
tg== =, 21,54
s 4040, (21.54)

Hs (21.54) caenyer, 4to £;>0 jaullls B TOM cJayHae, eCaH f; HAX0-
JUTCA B JHanas0He 3HAUEHHH
by <ty < t,, (21.55)

rae #, 2 — KopHu ypasuenus Qsto[W(A — 1) — BQgJts+BW=0, paBHbie

t 2:___,[“7(14 —1)—BQJ+ ¥ [W(A"— 1) —BQ}? —4BWQ, (21 56)
A QQS * .
a o6beM W BHOGpaH H3 yCJOBHS

(4-—-1)2
31ech pEeKOMEHAYeTCs CJEeAYIOUHH MOPSANOK NPOBEEHUs PacueToB.
Chadaja BHUHCASIOT W* U ¢ Yy4eTOM COOTHOIIEHHSI NOAGHPAOT HEKO-
Tophiii o6beM W. Ilasee mo (21.56) oueHHBAIOT 3HAUEHHUSA fy,p H CO-
raacio (21.55) masumauator Bpems fo. Ias npunsteix W u fy paccun-
THIBAIOT f3 H ONpPEAENAIOT

w W
Q=" +Qy Q=--—0Qs
¢ ts

Heo6xoanMo npH 3TOM paccMaTpuBaTh HECKOJBKO DACUETHBIX Ba-
puanToB paboTel ycTaHOBKHM., Takve BapHaHTH obpasyioTcs 3a cyeT
OPHHATHSA PasJHYHBLIX W u BapbHpOBaHHS BpeMeHH [y B JAHaNa3oHEe
1 <tp<ts.

Tipumep 1. TpeGyetcs 3anpoeKTHPOBATL YCTaHOBKY OOe3iKene3HBaHHS NPOH3BO-
AuTenbHOCTHI0O Qs=50 M3/4, ecan u3BecTHB: Qo max=75 M3/, Qsmax=65 m3/u,

Crea+ =18 I/, Oy o, =05(ur-u/n)~, £=2,87 mr/n.
Hafigem snayenus napamerpos A u B
¢ 2,87
A=1+ — ~ = | = 12,155
BCpo2+ 0,143 - 18

I (Cppp+/Cx 1) 1n(1,8/0,3—1)
B 2+ Cre 2 0,143.0,5-1,8
Tlo dopmyne (21.57) nposenem pacuer
12,550 (12,15 + 1) + 2 12,15]
(12,15 — 1)?

B= == 12,54

W = = 101,15 M3,
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Puc. 21.20. Tpagoana utHueckuii METOA pacueTa YCTaHOBOK HA 3aMAHHYI0 NPOH3BO-
AHTEABHOCTD

a—Wo=200 % 6—Wo =300 %5 1 — Qu=f(t); 2— Qu=f(te); 3—tamsty

Cornacio (21.57) paGounit 06beM c6OPHON eMKOCTH ROMKeH 6bTh GoMbure W*
IMpumem ero pasumn 200 m3. Torza

PR [200(12,15—1)—12,5 - 50]iV[200(12, 15—1)—12,5 . 50]2—4 . 12,5.200.50
1,2 _ '
2.30

uto paer Li=1,64 4 u £,=30,46 u. B ofnactn 1, , MOXKHO 3a7aBaThCS JTOGHIM 3Ha-
genneM lo. [lomoxum fo=3 4 u nposeneM nansHefimue Boraucaenns. 1lo thopmyse
(21.54) Hafizem ¢

~[200(12,5—1)—12,5 . 50]3—50 - 9—12,5 - 200
- 12,15.50. 3

?‘3 =1,02q

H OfpelenM
Qo=200/3+50=116,67 m3/u;
Qs=200/1,02—50= 146,08 m3/4.

Kak® suaHo, npu fo=3 u snavennsi Qo u Qs NMPeBBINAT CBOH npenesibibie 3Ha-
uenusl. CHUXEHHS pacyetHblx BedauwuHH Qo # Q MOXHO ROGHTBCS YBeNHUeHHEM o,

PesyabraThl paapHe#lnx pacueros mpu W=200 w3 TIpe]CTaBieHE B BHAE I'pa-
¢ukos Ha puc. 21.20, a. M3 5tex rpaukos BHAHO, uTO ¢ poctoM #o pacxox Qo ue-
npepuBHO cumxaercs. Ipadukn fi=f(f) u Qs=[(fo) mMeoT Gomee COMHBI BHA.
C yBenuyenuem NPOROMKHTENBHOCTH OTKAYKH BpeMsi f, cuavana BO3pacrtaer, a 3a-
TeM CHHXaercs, OpH 3TOM Qs, Haoéopor, CHavana CHUMXKAeTCHA, a 3arteMm BO3pacraeT.

Ipa -W=200 m® anauenne Q, okasmiBaercsi Meubile, YeM Qo max, YXe npH fo==
=8 4. B To Xe BpeMs Bo BCeM [HANA30He H3MEHEHHs lp BeJHUHHA Qs oxasmBaetca
6oubme, yem Qs max. ITostoMy npu Takux 3HaueHusix pacueTHblx mapamerpoe pabora
YCTAHOBKH 00e3KeNie3sHBaAHHSA NOA3EMHBIX BOZX HEBO3MOXKHA, TaK KaK He BHIMOJHAETCS
OZHO ¥3 NOCTABNEHHBIX YeAoBHE (Qs<C Qs max).
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Pacuerdile 3Hauenus napamerpoB Qo, - ¥ Q. upn W=300 M® npubeneHH Ea
puc. 21.20,6. Ha conocrasaenus rpapuxkoB puc. 21.20 BuAHO, YTO C YBeJHUEHHEM
eMKocTH GallHy pe3epByapa Bo3pacTaer BpeMsa fs, a Pacxoh 3aKauku Qs CHHIKaercs.
Tlpu stom yxe npu f0>2,6 u BenuuHHa (33 OKaselBaercs MeHblue, YeM @ max. Of-
HAKO B 3TO BPeMsl pacxof Qo elle NPORC/IKaeT NPeBHINAaTh CBOE MAKCHMA/IbHO JO-
nyctHMoe 3Hauenue Qo max. O6/13CTH AOMYCTHMBIX pellleHHil OrpaHuuYMBacTcs AHana-
30HOM HaMeneHHS Io of 12 no 18 u (mpu £ <12 4, Qo>Qomax, a Hpu #>18 y,

Qs>Qs max).

6) Pacuerst npu 3adannom obseme Wy cboproll emxoctu. Vckno-
gas ¢ noMmolpio cootnomennit (21.53) 4, u £, u3 (21.50), sanumem

Qo (AW — BQo)(Qo— Q) — WpQo

3nech Qa/Qo>0, ecan Q==Q, 3amaeTcsd U3 YCIOBHA

# * ___ - W Qo 5
Q<R Q= Qo= o (21.59)

[pu 310M, ecad Qomax>Qo* [rae Qo*= (A4 —1) Wo/A], 10 pacxon
oTKaukH Q, 3ajgaercs H3 ycioBHa Qp<<Qo*; B [POTHBHOM CcJyuae
Q0=Q0max-

Pacuetsl peKOMeHAyeTcs MPOBOAHTH B caeiylomlem nopsake. [Toc-
Jie TOTO KaK BbIOpaHo 3HaueHHe Qo, mo dopmyse (21.59) Buuncasercs
Qs* u HasHauaercs HekoTopoe Q==Q,; 3aTteM mo (21.58) onpeneasior
Q./Qo ¥ BuimHCAsIOT Q5 Hanee HAXOMAT Iz H f. Ecau BhiuucienHoe
sHayenne Q, npeBpiliaeT Qsmax, TO CACAYET NPHHATL APYroe, MeHbIee
3HayenHe Qg H pacueTs! MOBTOPHTb 3aHOBO; MPOH3BOJHTEJIBHOCTb YC-
TAHOBKH CUHTaeTcsl O6ecneuyeHHOH TPH BBIIOJHEHHH YCJIOBHA Q,<C
<Qamax~

Tlpumep 2. Tpebyerca oNpenesHTh MAKCHMANLHYIO MPOH3BOAHTENLHOCTH YCTa-
HOBKH TIDH CACAYIONIHX HCXORHBIX RaHHblx: A=12,15; B=125 y; Qo max=75 M3[u;
3max;65 Msf‘i; Wo=‘—200 M3,
Hnmeem

L, 200(12,15 —1)
o 12,5

B nanHoM cayuae Qo max/Qo* H, CELOBATENBHO, MOXHO MPHHATE Qo*=75 M3 fa.
TIpu atom

= 178,4 m3/u.

200 - 75
575 _ - — 64,95 w3/u.
Q" =75~ "5 15 200 — 12,15 - 75 /95 ue/

Tonoxum Q=60 M3/u u no dopmyie (21.58) Buuucaum Qs/Qo. Nmeen

Q _ [200 + 12,5 (75 — 60)] - 60
Qo (12,15 200 — 12,5 - 73)(75 — 60) — 200 - 75

u Q.=3,147-75=236,04 M3/a (1. & Qs>Qs max=65 M%/u).

Iancrefimne pacuetsl o onpefieneHnio Q=Q a TaxXKe NPOLOIKUTENLHOCTH
nepronos fo W fs MpHBeaeHs Ha puc. 21.21. Kak BumHo n3 rpadHKoB, MaKCHMaabHas
NpOU3BOAMTENBHOCTL YCTAHOBKH COCTABJAET Q=45 w3/u. [Ipn 3TOM NPOHOIKHTENb-
HOCTH MepPHOAa OTGOpa ofesKeneseHHOH BOAB paBHA fo=6,7 4, a TMPORO/IKHTENL
HOCTH TIEPHOJA 3aKAYKH B IJIACT a3PHPOBaHHON BOAB AOMKHA 6uth =18 u
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Puc. 21.21. IpadoananuTuueckuit me- 0, .5+

TOZ pacuera YCTAHOBKH Ha MAaKCHMaJb- T Gl
HYIO NIPO3BOAUTENBHOCTD W, =200
1 — xpusas ts; 29;—- x%nsas to; 3 — kpH- 2251~ Q, mox =784
A 3

175

125

75

25 . n
4@ 45 50 55 0=.g,,~3/q

Taxkof WOAXONX ABAAETCA NpUOMMKEHHBIM, TAK KAK INPH BHIOC/IHCHHM pacyeroB
npuHaMaercs E=const; He YYHTHIBAETCS 3aBHCHMOCTH E=[(Qs/Qo, t:). Tlosromy ans
9KCIAYATAUHH Heo6XOZMMO MPHHHMATh TaKofl pexuM paboTH yCTaHOBOK, KOTOPBIH
6uin 6bl 6AH30K K YCJAOBHAM MPOBEEHHS ONMTOB DO NpobHomy o6e3mesNe3HBAHHIO.

PacueTbi MHOTOCKBAaXMHHBIX CHCTEM BOAOCHAGKenus. PaccMoTpuM
cHcTeMy BofocHaGxenusi (puc. 21.3, 6), cocroamyio 3 N CKBaXHH,
paboTaoniuX Ha OXHH COOPHEIH BOAOBOA (H/1HM MOAAIOLIMX BOALY HEMNO-
CPeACTBEHHO B BOAONPOBOIHYIO ceThb). ByaeM cumraTh, 4TO NMPOH3BO-
IHTEeNbHOCTh Bomo3abopa Qs siBjasieTc 3a/laHHOH M MOMHMO 3TOrO H3-
BecTHH pacxoAn Qumax ¥ Qomax, @ TaKXKe HCXOJHAS KOHIeEHTPaUHA
XKejesa CF%W H OCpelHeHHBle MO CKBAaXKHHAM MapaMeTPH Ope+ H €0,/
Ino.

[lpumeM, 4TO Ha «3apAAKY» BLIBOAMTCHA JIHLIb OJHA CKBAXHHA H
3aKauka BOIbl B Hee MPOH3BOAMTCS ¢ pacxoioM Q, Torpa us ycnosusi
obecrneueHnsi Tpebyemoii HopMHl BoAomoTpebJieHHsT B KOaHuecTBe Qs
pacXoj OTKa4KH MO Ka)AOf M3 OCTABWIHXCA B pafoTe CKBaXKHH A0J-
XeH ObITh paBeH:

Qo=(Qs+ Q,)/(N—1), (21.60)
Tlpu 3ToM HeOOXOZHMO BHINOJNHEHHEe YCJIOBHS
fo=(N—1)t, (21.61)

TlocsienHee o3nauaer, uToO 3a BpeMst fo, MOKa H3 KaKOH-JIH60 oaHo#H
CKBaXKHHB NPOH3BOAHTCA OTGOP 06Ge3kKene3eHHON BOAHI, J0/IXKHA OHTDH
3aBeplleHa «3apsAiKa» OCTA/IbHBIX CKBaXHH.

ToxcraBass sHauenus Qo M #, no (21.60), (21.61) B (21.50), mo-
JIyUHM CJeflyiolilee YpaBHEHHe:

s 3

(N—1)1,{4 6-9~“~---~1}~B:=~ 0. (21.62)
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Ypasnenne HMeeT OTHOWEHHE OTHOCHTEJIBHO {3 JHIIb B TOM Cayyae,
€CJH BBHITOJNHASTCA YCI10BHE

Qs
Q> 7EETS (21.63)

Tloncrasnas supaxenne aasi A u3 (21.51) B (21.63) u yuntnBas
npH 3TOM, 9T E==[(Qjs, Qo, f3) MOXKeM 3amucaTb

EC e2+Qs
9o, = [1—exp (—¢ )] >1 _.“.....;_0_072?_' (21.64)
%
%0, , (Qs+ NQs)
P0, — —Hy (21.65
¥ n, : (Qs + Q) ! )

TakuMm 06pa3oM, BHAHO, YTO YCTAHOBJNEHHe MHHMMAaJbHOIO pacxo-
na Qs 1pH KOTOpPoM BINOJHSeTcs ycnoBue (21.64), cBasano ¢ Ha-
XOXACHHEM BPeMeHH f3==/lgmin. BMECTE C TE€M, €CJIH PaCcXOl 3aKauku
3ajaBaTrhb COrJacHo YyC.IOBHIO

BC. 24 Qs
Qs max>’ Qa > Q:;*s Qav = mf&?i___‘ {2266)

Co,,

TO 3HAUEHWs Iy, HalJeHHHBe H3 pelllenusa ypaBHeHus (21.62), oxa3bl-
BaloTcsl Beerja 0osblie famin.

CrenoBaTesbHO, MOXXHO PEKOMEHAOBATH CJAEAYIOIHH MOPANOK BHI-
TOJTHCHHST pacueToB, Buuucass no (21.66) Q.* m 3agaBasick HEKOTO-
peIM Q, na ocHoBe ypaBHenus (21.62), onpepeasior BpeMs f,. Ira
onepanus GaKTHYECKH CBOAHTCS K HAXOXAEHHIO KOpHell TpaHCUEH JeHT-
HOTO YpaBHEHHS H TOJITOMY 34eCh liedecoobpasHo npuMeHenHe IBM.
Hanee, suas Q; u f;, no dopmyaam (21.60) u (21.61) paccunrsiBapT
Qo u t. TlogoGuble BHIUHCAEHHS NPOBOIAT ANS DsAa 3HaueHHH Q; H
H3 BCeX NOJYUeHHBIX BAapHAHTOB AHAIH3HMPYIOT JHIIL Te, O KOTOPHM
BpinoJHsAETCS YCa0BHE Qo< Qmax.

ITpu pacueTe KpPYNHBIX CHCTeM BoJOCHaOXeHHs BHIUHCJEHHAs [0
(21.66) Besnnunna (Qz* MoXeT oxka3arthcs Goablie Qsmax. B Takux cu-
TyallusiX TPHXOAUTCA MATH TO NYTH YBeJNHUeHHS UHC/Ia CKBaXHH (yc-
TaHOBOK ofe3Xeje3MBaHUA), eHHOBPEMEHHO BHBOAUMBIX Ha «3apsif-
Ky». DT0 PaBHOCHJIbHO BBIIEJEHHIO Ha BOJo3abope Kak OBl caMOCTOsA-
TeNbHEIX NoacucTeM. Kakayio u3 TaKHX NMOACHCTEM PACCUMTHIBAIOT IO
H3J0XKenHo#l Bhillle MeronHke. Tak, Hampumep, ecanm Ha Bomo3abope
HMeeTcsa YeTHoe Ydciao N ckBaXkuu u Tpebyercs BBOAMTH Ha «3apsn-
Ky» He N0 OJHOH, a MO ABE CKBaXKMHH, TO BO BCEX PACYETHHIX 3aBHCH-
MocTsax npuuumaercs N=0,5N, Q,=0,5Q;; npu stom Qs* ymenbuia-
eTCs BJBOE.

Mpumep 3. CucreMa BojocHaGXenus H3 JBYX cKBaXuH (pabouelt M pesepBHOH)
paGoTaer ¢ NPOH3BOLHMTENBHOCTHIO @Q,=1000 M%fcyr. BopoHocHHH TOpH3OHT, 3aJe-
raomui ga ray6use 120 M OT MOBEPXHOCTH 3€MJIH, IpPEJCTaB/]EH MEJIKO3eDHHCTHIMU
TMAayKOHHTOBHIMH Neckamu. Momnocts nnacra M=6 M, Kospounuent ¢uisTpaniu
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neckoB k=10 M/cyT, nopucrocts no=025. Iloxsemuble BoAH HanopHble; OTMETKA
CTATHYECKOTo YPOBHS HAXOAMTCH HA IyOGHHe 70 M.

CKBaXHUHH ABJAIOTCA COBEPIEHHBIMH MO CTeNeHH BCKPHTHA II4acTa H pPACHo-
JaramoTcs Ha paccrosinuu lo=35 M o4Ha ot Apyroi. Hcxonuwe nannme pis pacyera:
CFe,,2+=l’55 MO/, Op oy =04 (Mr-9/a)~', ag,=0,00243 u~'. TIpx 5TOM Qo max=

=60 M3/4, Q3 max=20 M3/u u C020=12 Mr/a.

B nausoM mpuMepe (mpu N=2) cucremMa no/XHa paborath CIefYIOUHM o6pa-
30M: Korla H3 OHOH CKBAXHHH NPOH3BOJMTCA OTKAYKA, yacTb oT6Hpaemo#t BoAH
B KoauuectBe Q, Hanpasisercs HOTPe6uTENIO, 4 YacThb B KoJniecrse Qs mojpaercs
B OCTAHOBJEHHYIO cKBaxuHy. B Takom pexkume mepmas ckpaxkpnHa paboraer B rteue-
Hye BpeMeHH lo, TOKA KOHIEHTPAaLHs XKeje3a B otOHpaeMoil Boje Menbule Cp, 3aTeM
fpouecc B cxsamnﬂax’meaﬂemﬂ, T. €. HauHHAaeTCHd OTKAuKa BOAbl H3 BTOpO!'/‘l CKBa-
KHHB, 4 NOepBas CTAHOBHTCH HA <3APARKY».

PaccMoTpHM HECKOJIBKO MOApPOOHEee METONHKY NpOBeAeHHS TEXHOJOTHYECKHX pac-
yeroB. [Ipex e Bcero Haéinem Q.* u B

o BCro2+Qs  0.143.1,55 .45
et 0,143 1,55 45

= 3/y:
C " 0,83 M3/u;
0,0

In (1,55/0,3 — 1)

©0,143.0,4.1,55

Takum o6pasoM, peweane ypasuenus (21.62) MoxHo nckars B obaacta Q.*>
>0,83 M3/u.

B xauecrse npuMepa paccMorpHMm rpadoananuTHueckuifi  Meron pacyera AJs

Toukn Q.=3 m3®/u. 3pecs uMeem N=2 u, cienoBaTensHo, ypasBrenue (21.62) samm-
chlBaeTcs B Bije

= 16,09 u.

° )
—1 = 16,09; ¢; =1t
(A P 3 ,09; £5=1;

rae A=1+54,14 (1 — 9o [1 —exp (~90,)]}, 90,= 0,0103,.

O603n4auiM JIEBYIO HacTh NOCAEnHero ypaeHemHs wepes [(f.) u npoBeneM pac-
uer f(fs) anst pasyuuHBIX f.. Peayabrarte npeBesenhl B Tabn. 21.6, a rpaduueckoe
pelienue ypasleHHs npexcraBiedio ua puc. 21.22. Tlpu Q.=3 M3/u umeem fi=fo=
=86 u. Jlaisbueiiiude pacuersl No 3TOMy NpuMepy BHNoJusdHcs Ha IBM. Pesynb-
Tarel ux B suje rpaduxa f,=f(Q,) npuBeneHw Ha puc. 21.22. B nasHoM cayyae
(npu N=2) pacxoa orkauki pased Q.+ Q..

Ta6auua 21.6. 3uauenus f(f;) mpu Q.=3 M3y

i, %0, A f(ty)
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 xak Qo He Moxer OGHTh 60abiie Qo max, TO Qsmpen=Qo max — Qs=60—
—45=15 M3/u, H, CIefoBATENBLHO, MAKCHMAJLHO NONYCTHMHHA DACXOX 3aKAUKH HOJ-
Xed cocTaBaate He 20, a 15 m3/q.

ToMuMo yKasaHHBX OrpaHuueHHit HeoGXOAHMO TAKXe yyecTp yCJIOBHE, NPH KO-
TOPOM HE NPOMCXOAHTo OH HepexBaTa A3DHPOBAHHOH BOXHM, 3aKauuBaeMod B MJacT
qepe3 OAHY CKBaXuHy, apyrofi, paboraollefi B 9To BpeMs B DeXHMe OTKAuKH.
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Puc. 21.22. Tpaduyeckoe pemenne ypaBHeHHS

)

9 u

BpeMs, 3a KOTOpOe HacTHIA XHAKOCTH ycneBaeT NPoHTH paccrosiHue /y OT mo-
rjaomamomel 10 Bo103a60PHOR CKBaXXUHH, ONpefensieTcsl BHpaXKEHHEM

= %*Mg‘}l"z*- F (o), (21.67)
0
rae 1 Q
F(30)=(’"’:§5; [0,5 (1 — By2) — Bo In 8] Bo=53-. (21.68)

Ipaduk aroit ¢yukunu npu Qo=Qs+Q, mpexcrasies Ha puc. 21.23. Hs Hero
BHAHO, YTO 06/acTh QOTMYCTHMBIX peuieHu# HaxoAuTCS B AHAna3oHe BpeMeHH fs={p
ot 25 10 38 u M cooTBeTCTBeHHO pacxonoB Qs ot 6,4 no 11,2 M3/u.

Mpumep 4. PaccMoTpuM pe3yibTaThl pacueToB, BHINOJHEHHBIX AJd BOZo03abopa
«Tays-9» r. Puru. 3necs (cM. mpumep 1) 3azeiictBoBaHO 14 CKBaXHH pacyetrHOH
TPOU3BOANTENbHOCTEIO Q=630 M3/u. Hcxopuble paHHHe: CFe op =2 MI/a, O 2 +=

0

=0,33 (Mr-u/a)!, Qo max=0,012 u~1l, MakcuManpHO NONYCTHMHIH DPACXOX OTKAUKH
Qo max=60 M3fu. Ilpu cBoGonHOM HaJMBe B CKBaXKHUH a3pHPOBaHHOH BoaH (T. €.
npu oBYCTPOHCTBE YCTAHOBOK MO cxeMe pHC. 22, a) Qs max=20 M3/u (npu Gospmux
pacxonax MPOMCXOAHT 3aTONJEHHe NABUJILOHOB); B CJyyae NMPHHYAHTETLHON 3aKaukH
(1o cxeme puc. 21.2,2) Qs max=40 M3/u. KoHuUeHTpAIHA KHCAOPOAA B a3PHPOBaHHOM
BOJle cOCTaBAsieT CO20 ~ 8—12 mr/n.

Ilpu ycJOoBHH, 4TO Ha «3apSJAKYy» BHIBOAST N0 ONHOH CKBaXuHe,
HMeeM

Q.* = _1}4§é2_€i39 ==922.5 M3/u.

CJalefioBaTeNbHO, €CJIH HATH IO NyTH OOYCTPOACTBA YCTAHOBOK MO
cxeme pHC. 21.2, @, To Ha «3apsaAKy» NpPHAETCS BHBQAHTb HE IO Of-
HOH, a Mo ABe CKBaXKHMHHI; NpH 3ToM Qz* cocraBur 11,3 M%/u4. Tlpu na-
MOpHOR Ke CXeMe 3aKaYKH pellleHHe CYLIecTBYeT M INPH BHIBOAE Ha
«3apAAKy» 110 OJHOH CKBaX{HHE.

Pacuers no 3TUM [IBYM BapHaHTaM NpeACTaBJeHB Ha puc. 21.24.

Ha BomosaGope «I'ays-O» kK aKcmayaTauuu OBl NPHHAT BapHaHT
C NPUHYAHTENBHOH 3aKaukoH B MJaCT aspHPOBAHHOH BOABI U PEKO-
MEHJOBaH CJepyiomui pernaMenT: Qs 32 ™34, /,=168 u (7 cyr),
Qo= (630+32)/13=>51 w™34. Ilpu 3TOoM pa3Mepbl 30HH «3apAAKH»
njacta B OKPECTHOCTH KaXA0i CKBAaXKHHBI COCTABJASIOT

rr—/ 2 _ l/ _ 2168
s =Mny 3,14-18.0,25 "
a BpeMs ee 3aIIMTHOrO AeficTBUA paBHO: fo==7-13=91 cyr.
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300
anlk
20 2= 1684 (Teym)
- & =£ ()
6ot \ w0 .
\ 4 'f(/sa,d?,) %max iilin/q
I B2 2% W H B 4ew
7] S
Qo151 Puc. 21.24. 3asucamoctu f3={(Qs)
[ I—cxema co cBoGOOHBIM HaJHBOM:
IR 7S N=7, Q,=315 M3/y; 2 —cxema ¢ npH-
10 A BRI AP HyAHTeTbHON SaKaukol: N=14, Q,=
[ S N ,34_’{_ ;\ B =630 m3/u

2 4 5 8 10 12 14 Qun
Puc. 21.23. 3amucamoctn f,=(Q;) n

t=f(Bo, Qs)
3
Puc. 21.25. Tpaduku wusMenenus co- ‘\.}}
Jepxanna XKexesa B OTOHpaeMoii Boae ; 1 ) L
B Apouecce 3KCIJIyaTauHH yCTAHOBOK 20 40 60 80 tem

Beon Bonosabopa B neficTBie ¢ ycraHOBKaMH 06e3xKene3HBaHUS
(o6ycrpoennsiMu no cxeme puc. 21.2, 2) npoussesen B 1984 r. Ilyc-
KOBOH NepHOA NIpOAOJKa/Cs B TeUeHHe yeThipex MecsneB. B 1985 r.
TEeXHOJIOTHsI 06e3rKe/e3nBaHHs NOA3EMHBIX BOA B ITAaCTE HA BOAO3a-
6ope «I'ays-d» npuHSTa MEXKBEJOMCTBEHHOH SKCIEPTHOH KOMHCCHEH.

C MomeHTa BBOJA B 9KCILIYyaTAlMIO H IO HACTOsIIIee BpeMs Ha BO-
nosafope «I'ays-3» MPOBOAHTCS CHCTeMAaTHYECKHII KOHTPOJb 3a pa-
6oToli ycTanoBok oGesxkesne3nBanusi. TlosyueHHBIe NPH TOM HaHHHIE
(puc. 21.25) cBHAETENBCTBYIOT O TOM, YTO (DaKTHUECKOE Bpewms fo yAOB-
MeTBOPHTENLHO COIJIacyeTCs ¢ pacyeTHHIM. Boxa mozaercs B ropon
C KOHLEHTpalluell XKesesa, He npesbiapomed 0,2—0,3 mr/x.
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Vexa 1 py&. 18 xon.

NACTHUKOB HUKOIAHM AJEKCEEBREY — upe-
sire:ccepg KOHCYABTEHT BCEE’HHFEG Munreo Cb@?? JOKTOP
TEXHUYECKHX HaYK, _«:ac.ﬂy}xeﬁﬂw‘fe RESTERh HAVEH B TEXHH-
ki PCOCP, saypear Foevzapereennoli npesmn CCCP,
HPYOBHH COBeTCKuM rxmp@‘:emor H cnenpassey B cbaacty
BOROCHAOKEHNUS, OfHH U3 CCHOBONOJOMHUKGB CORPEMEHHBIX
fSpefcTaBienni 06 3KCHAVATAHHOHEBIX 3a7aCax NON3eMHHX
BOJA W ABTOP HEPROH OTEYSCTBEHHOH Moworpafiii 1o Mero-
ZEKe HX oueHKu. HINpOKe W3BeCTeH TPYIAMH MO HIVUEHUID
BPOMBIMIICHHEIX BOL, HCKYCCTBEEHHOMY NONQIHEHHIS 28MACOB
MGA3CMHBIX BOR W PEryAHPOBAHHIC KauecTha OFfimpacmol
BOEBl B 3THX CHCTeMax, Y4acTBOBAJ B FHIPOreCsoriueckon
cfocHoBanNN, TPOCKTHPOBAHKME ¥ IJKCHEPTHIC BoasUINNETIA
EORG320G0pOB Hawell CTHaHB.

ANREKCEEB BJAZHMUHP CEPIEEBHY — apodee-
€O, NOKTOP TEXHMUYECKHX HAYE, 3aMECTHWIelh AHPERTSp2 na
nayunoi pabore BHUHW BORTEO Yeoccrpon C&,_ . ApTop
MHCOTHX HODMATHBHEIX BOKYMEHTOB, PERCGMENIauni ¥ MoHO-
rpaduii Ho HPOCKTHPOBAHKI W JKCHAVATAUME Boze3ab0poB
HOE3eMENIX BOL, I3BeCreH KaK cnenmaaundy g ¢ TH KOB-
CTPYMPOBAHUS ¥ pacuera $uis pos CKBAKIH KA BOLY, Me-
TOACE ONPOCOBR2KAS BOBOHOCHBIX NJACIGE, GLE 4 B
CTaHOBJCHUSA NPOU3BONHTEIBHOCTR Borozadon
KOMIRUMOHMPOBAHHS Kauecrra ezu“vn,mg
BYIOH{HX BOROsabopax. Mmeer Goace 70 asy
TEABCTB N0 TEXHONOIMH W TEXHRYECKHM epe M ORIA pe-
FEHEPANUH CKBAXHUH B CHCTEMAX BOICCHATMER! Bener
AKTHBHYI0 paloTy B COCTaBe Hayuho-rexamueckars Copera
Fockomnpuponms PCRCP  no zamuve nopzeyumi BN OF
Sarpa3HeHNA ¥ ACTOIEHHS.
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